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BBenenue

[Ipu skcrTyaTanuu aBTOMOOWJIST UMEIOT MECTO (DPM3MYECKOE M3HAIIMBAHUE
JeTajel, NOTepss yCTAIOCTHONM MMPOYHOCTH UX MaTepHuasa. Kak Impu skcruryaTanuu
aBTOMOOWJISI, TaK U TPU €ro XpaHEHUH MPOUCXOMAAT W3MEHEHHUS, CBSA3AHHBIE C
KOpPPO3UEH, IIOTEPEN KECTKOCTH, CTPYKTYPHBIE H3MEHEHUS M XHUMHYECKHE
IpEeBpalICHNs] B METaulax, MOTEps HEKOTOPBIX CBOMCTB (HalpuMep, YHNPYroCTH,
IJIACTUYHOCTH U Ap.). [Ipoliecchl ctapeHus Bcerja cBa3aHbl CO BpeMeHeM. B cBs3u
C OTUM /JI pELIEHUs 3aJad PEMOHTa HEOOXOIMMO 3HaTh 3aKOHBI CTAPEHUS,
YCTAHABJIMBAKOIIME 3aBUCHUMOCTh IIOBPEKJIECHMM OT BpeMmeHu. Hampuwmep,
TOJILIMHBI U3HOIIEHHOI'O CJIOSl, OCTaTOYHOIO Mporuda npu nedopmanuu AeTaiu,
IUIOIIAIM WM TIyOMHBI TOBPEXKIECHHOTO KOPPO3UEH CIIOS B 3aBUCHUMOCTH OT
HapaOoTku. Vcrosp30BaHne ITHX 3aKOHOMEPHOCTEH MO3BOJISET NMPOTHO3UPOBATH
oTEPI0 pabOTOCIIOCOOHOTIO COCTOSTHUS aBTOMOOUJIEM U €70 COCTaBHBIMU YaCTSAMHU.

Co BpeMeHEM pa3Hble JE€Talld aBTOMOOWJIS BBIXOAST W3 CTPOS U UX
NPUXOAUTCS MEHATh. [I[pruunHOI TOMY SIBJII€TCS U3HOC AeTallel Tu00 UX Je(EKTHI.
Bce nedexTtsl aBTOMOOMIBHBIX JAETajeil MOXKHO pa3AeiuTh Ha TPU TPYMIIbL:
KOHCTPYKTUBHBIE, TPOU3BOJICTBEHHBIE U 3KCILTyaTalMOHHbIE. K KOHCTPYKTUBHBIM
nedekTaM OTHOCATCS T€, KOTOPBIE SIBIISIOTCS CJIEICTBHEM OIIMOOK, JOMYUIEHHBIX
Ha JSTane KOHCTpyupoBaHusi aBToMoOuis. [IpousBoncTBeHHBIE AEPEKTHI - 3TO
ne(deKThl, BO3HUKIINE B pe3yibTaTe OLIMOOK MPHU W3TOTOBJIEHUH WA PEMOHTE
TPAHCIIOPTHOTO cpelcTBa. YTO KacaeTcsi HKCIUTyaTallMOHHBIX N1€(EeKTOB, TO OHU
BO3HHMKAIOT JIMOO IO MPUYMHE HENPABWIBHOIO TEXHUYECKOTO OOCITyKUBaHUS,
an00 H3-3a €CTECTBEHHOro M3HOca. [IpMuMHONW BO3HUKHOBEHHMSI €CTECTBEHHOIO
U3HOCA JIeTajed SABISETCA IOCTOSIHHOE TPEHHE MEeXAy NPWIETaloluMu

IMOBCPXHOCTAMHU, a TAKIKC YCTAJIOCTh ITOBEPXHOCTHOI'O CJIOSA MAaTCpHUAJIOB



Jlekuuss 1. KOHCTPYKUMOHHBIE MeTAIMYECKHE MAaTepUHaJbl B
aBTOMOOMJIECTPOECHUH

ABTOMOOWIIbHBIE ~ JI€Tadd  HW3rOTAaBIMBAIOTCS U3  YIJIEPOJUCTHIX,
JIETUPOBAHHBIX, CIEHUAIBHBIX CTAJIIEW, YyT'YHOB PA3JIMYHOW CTPYKTYpPBI, IBETHBIX
CIUIABOB, OTJIMBAaE€MBIX Ha pa3iudHONM OcHOBE. COOTBETCTBEHHO IpU UX
BOCCTAHOBJICHHH HCIIONB3YIOTCS pa3sHOOOpa3HbIE PEMOHTHBIE MaTepHaibl. Bribop
CHO0CO00B, TEXHOJOTMUYECKUX BapUAHTOB U PEXKHMMOB BOCCTAaHOBJICHUS JeTalel
HEIIOCPEJICTBEHHO CBA3aH CO 3HAaHUEM XUMHYECKOIO COCTaBa, CTPYKTYpHI,
MEXaHUYECKUX, (PU3MUECKUX U TEXHOJIOTMUYECKUX XapaKTEPUCTHK TEX METAJUIOB U

CIIIIaBOB, U3 KOTOPBIX OHU U3I'OTOBJICHBI.

1.1. TpeGoBanusi, npeabsBJIAeMbIe K METAJLJIAM U CILJIABAM

B npomecce akcrutyatanuu  aBTOMOOWiIeM — pabodre  MOBEPXHOCTH
OOJIBIIMHCTBA, WX JETAJICH MOJBEP>KEHbl H3HAIIMBAHUIO TOJ[ BIUSHUEM CHJI
TPEHUsI, KOPPO3UOHHBIX BO3JCUCTBUN W Apyrux npuunH. Kpome Toro, MHorue
JeTalld BOCIPUHUMAIOT MpU paboOTe 3HAUUTENIbHBIC JUHAMH YEC KHUE€ Harpy3Ku,
BO3HUKAIOIIME MPU CTOPAHUM Ta30B B KaMepe CropaHus IUJIUHIPOB JIBUTATEIICH,
M3-3a JICUCTBUSI MHEPLMOHHBIX CHUJ, MPU HAPYLMIEHUH COOCHOCTH COIPSKEHHBIX
arperatoB, MEXaHM3MOB M JI€Taliei, B pe3yJbTaTe YAaCTOTHBIX KOJeOaHUU, MpHU
TOPMOKEHUU aBTOMOOWJISA, yIapax KOJIeC O MPEMsITCTBUS (HEPOBHOCTU JOPOTH) U
Mo JApyruM Opu4YruHaM. MHOrue JAeTalii BOCHPUHUMAKOT CUCTEMATHYECKHE
MEepEMEHHbIE HArpy3Ku MW TO3TOMY MOTYT TMOJIBEPrarbCsi  yCTAJIOCTHBIM
paspymieHusaMm. K Takum JeransiM B MEPBYKO OYEpedb CIEAYyET OTHECTHU
MPOJIOJbHBIEC OAJIKK U MOMEPEUYNHBI paM, PECCOPHBIC JTUCTHI) MPY>KUHBI MOJBECKH,
MOJIyOCH H JIp.

CompsikeHHBIE ~ paOodrie  TMOBEPXHOCTH  aBTOMOOWJIBHBIX  JeTajei
MOABEPKEHBI PA3IUYHBIM BUJAM MEXaHHUYECKOTO U KOPPO3UOHHO-MEXaHHUYECKOTO
W3HAIIMBAHMS, B YaCTHOCTH abpa3MBHOMY U Ta30a0pa3uBHOMY (KJIAIllaHbl, TUIIb3bI
HUWJIUHIPOB U JIp.), YCTaJOCTHOMY (paOoyue IMOBEPXHOCTH 3yOUaThIX BEHIIOB

MEeCTEPCH, NOAIIMUITHUKOB KAa4YCHHA U T. H.), OKNCJIIUTCIIbHOMY (HOpH_IHI/I, T'OJIOBKH



WIMHIPOB, MOPUIHEBBIE KOJBIA U Jp.), U3HAIIMBAHUIO TIPU (PPETTUHT-KOPPO3UU
(peccopHbI€ JHCTHI), @ TaK)Ke KOMOMHUPOBAHHOMY BO3CHCTBHUIO MEPEUHCICHHBIX
U IPYTUX BUJIOB U3HAIIMBAHU (THJIb3bl WIMHIPOB, KJIanaHbl U JIp.).

B oTHomeHuu cMa3ku yciaoBHsI paOOThI COMPSIKEHHUM IeTaneil aBTOMOOUIIS
HE OJAMHAKOBBI. JIUIIIb NOJIIMITHUKY KOJIEHYATHIX BAJIOB (KOPEHHbIE U IIATYHHBIE)
paboTalOT MpU YCTAHOBUBILIEMCS PEXKHMME B YCIOBUAX TUAPOJWHAMUYECKOU
CMa3ku, paboTa  HEKOTOpbIX  JeTajei (Hanpumep, MOAIIMITHUKOB
pacnpeenuTeNbHbIX BAJIOB) IPOTEKAET HA TPAHUIIE YCIOBUNA THAPOIUNHAMUYECKON
U TOTYXUAKOCTHOM CMa30K; OOJBIIMHCTBO K€ JeTajeil paboTaeT mpu rpaHUYHON
cmaske. TakuM 00pazoM, MOXKHO 3aKJIIOYUTh, YTO COOTBETCTBEHHO XapaKTepy H
BEJIMYMHAM BOCIIPMHMMAEMBIX HArpy3oK, BHUJAaM TPEHUs U YCIOBUSAM CMa3Ku
COMNPSKEHUA Y3JI0B M arperaroB aBTOMOOMIIEH padOTalOT B CIIOKHBIX YCIOBUSX.

Oco0eHHOCTH HMCTIONIb30BaHUS aBTOMOOMIIEH HE MO3BOJISIOT MPHU pa3paboTke
UX KOHCTPYKLHM C LIEJIBIO ITOBBIICHUS HAJIC)KHOCTU U YBEJIMYEHHUS pecypca UITH
10 MYTH YBEJIUYECHUS CEUEHUI, rabapuUTHBIX pa3MepOB U Macchl aeranei. [loatomy
K MarepuajaM, [PUMEHSAEMBbIM IIpU MX I[POU3BOACTBE U BOCCTAaHOBJICHUHU,
NPENBABISIIOTCA BbICOKME TpeOoBaHMs. OHM JOJDKHBI HAJEXKHO OOECredyrBaTh
CTaTUYECKYI0 M JAUHAMHUYECKYIO IPOYHOCTh HM3TrOTOBISAEMBIX W3 HUX JETAJICH,
rapaHTUPOBATh BBICOKYK0 M3HOCOCTOMKOCTb TPYILHXCA IOBEPXHOCTEH, a B psle
CJIy4aeB TAKKE TEMIIEPATYPHYIO U KOPPO3HOHHYIO CTOMKOCTb.

VYka3aHHBIM TpeOOBaHUAM XOPOILIO OTBEYAIOT JIETUPOBaHHBIE cTanu. B
HOPMAJIM30BAaHHOM U OCOOEHHO YJIYYIIEHHOM COCTOSIHUM OHU 00€CTIEUMBAIOT MpU
OTPaHUYEHHBIX CEUEHUSX HEOOXOJUMYIO MPOYHOCTh HU3TOTOBISIEMBIX M3 HHUX
JeTaned, a B pe3ysbTaTe XUMHKO-TEPMHUYECKONH 00pabOTKH € MOCIEIyOIIUMU
3aKaJIKOW W HU3KOTEMIIEPATypHBIM OTIIYCKOM - BBICOKYK) TBEPAOCTb H
U3HOCOCTOMKOCTh pabOYuX MOBEPXHOCTEH MpH OONBIINX yAEIbHBIX Harpy3kax. 3a
CUET COOTBETCTBYIOIIETO MOAOOpPA JETUPYIOIMX KOMIIOHEHTOB Y U3TOTOBJISIEMBIX
JeTajed JOCTUTAKOTCA TMPYKUHSIIME CBOMCTBA, KOPPO3MOHHAs CTOMKOCTb,

JKApPOMPOYHOCTh U JIPyTHUe CHEIHalbHBIE KadecTBa. B aBTOMOOWIIECTpOCHUU



IIMPOKO PACHpPOCTPAHEHBI JETUPOBAHHBIE CTAIM MpPH OOJBIIOM pPa3HOOOpazuu
UCITIOJIb3YyEMBIX TPYMI, MAPOK U XMMHUYECKOTO COCTABA.

OnHako HeENb3s HE YYUTHIBATh, YTO CTOMMOCTb JIETUPOBAHHBIX CTajiel
HAaMHOT'O IMPEBBIIIAET CTOUMOCTh Ka4Y€CTBEHHBIX YIVIEPOAUCTBIX cTasied. [loaTomy
HapsiAy C JIETUPOBAHHBIMU TPU M3TOTOBJICHUU aBTOMOOWJIBHBIX JeTaliel
OpUMEHSIOTCST  OoJiee  JClIeBble  HHU3KOJIETHUPOBAHHBIE M KauyeCTBEHHbIE
yraepoaucteie ctaid. OHU TPUMEHSIOTCS BO BCEX CIy4asx, KOIJa 3TO HE
BBI3BIBAET CHWKEHUS HAJEKHOCTH U PECYpCa COOTBETCTBYIOLIMX JETalCH, a
CJIEIOBATEIbHO, U TE€X arperatoB M y3J0B, B KOHCTPYKIHIO KOTOPBIX OHH BXOJT.
Hampumep, Takue Jnetand, Kak TIOJYyOCH, IIKBOPHM IOBOPOTHOM Uamgsl,
MOPIIHEBBIE MAJBLBI Y TPY30BbIX TSKENBIX MAIWH, U3TOTOBIISIFOTCS, KaK IPaBUIIO,
U3 JIETUPOBAHHBIX CTAJIEH; y JIETKOBBIX ABTOMOOMWJIEN M Ipy30BUKOB HEBBICOKOM
Ipy30MOABEMHOCTH  JUIsl NPOM3BOJACTBA  AHAJIOTMYHBIX  JIeTajel  OOBIYHO
UCITOJIB3YIOTCSI KAQYECTBEHHBIE YIVIEPOAMUCTHIE CTaM Mapok cranb 40 u cranp 45
(npu moBepxHOCTHOM 3akanke TBY).

B kadecTBe 3aroToBOK aBTOMOOMJIBHBIX JETallell MCHOJB3YIOTCS MOKOBKHU,
HITAMIIOBKH, YEPHOE U LBETHOE JHThE. [lepBbie JBa BHJIa 3arOTOBOK OTIMYAIOTCSA
HauOosiee ONAarompusiTHOW CTPYKTypoHM MeTaila, a, CIEJOBaTelbHO, U
HAaWIYyYIIMMU MEXaHWYECKHMH CBOMCTBAMHM H3TOTOBJISIEMBIX W3 HUX JACTAJICH.
[To3TOMy B KOHCTPYKLMSX aBTOMOOWJIEH KOBAaHBIX M INTAMIIOBAHHBIX JeTajied
00BIIMHCTBO. VICXOIHBIM MaTepuanoM Ui U3TOTOBJIEHUS TIOKOBOK U IITAMIIOBOK
ABJISIETCA MeTauonpokaT. OIHAKO H3-3a OTHOCUTEIBHO BBICOKOM CTOMMOCTH
METAJIJIONPOKATa U CIOKHOCTH Olepanuii 00pabOTKH METAJIOB JABJICHHEM B TEX
cllydasix, KOTJa Harpy3kH JeTajleil OrpaHUYeHbl, 11e1eco00pa3HO BMECTO MOKOBOK
WCIIOJIb30BaTh OTJIUBKU (IIPU M3TOTOBJIEHUU KPOHIUTEWHOB, MEaneil, KOpInycoB U
T. 1.). [Ipu u3roTtoBieHUM nerangeii OCOOCHHO CIIOKHOW (DOPMBI JINTHE YaCTO
SIBJISIETCSL €AMHCTBEHHO BO3MOKHBIM CIIOCOOOM M3TOTOBJICHUS 3arOTOBOK (0JO0KOB
JIBUTATENEH, TOJIOBOK 0JIOKA, KAPTEPOB KOPOOOK Nepeaay, KapTepoB pPeAyKTOPOB U
npyrux neranei). Haubosee aemieBbIM BHJIOM YEPHOTO JIUThs,, HO BMECTE C TEM

HAaNMMCHEC IIPOYHBIM ABJISICTCA YYT'YH C INIACTHMHYATbIM I‘pa(l)I/ITOM. MexaHn4yecKkue



KauecTBa dYyryHa MOTYT OBITh TIOBBINICHBI 3a CYET €ro Moaudukamy,
JIETUPOBAaHUA, CHEIHAIbHON TepMuueckod oOpaboTku. B cBsizu ¢ 3TuM B
aBTOMOOUJILHOM  TPOMBIIIUICHHOCTH  IIUPOKO  MPUMEHSIIOTCS  YYTYHBI  C
IIAPOBUIHBIM TpauTOM, JETHPOBAHHBIE W KOBKHME YyryHbl. KOBKHE UyTyHBI
00ecCleynBalOT HAWBBICIINE MEXAaHWYECKHE KaueCTBAa HU3TOTOBIISIEMBIX W3 HUX
JieTanei, OIHaKO JOPOTH U CJIOKHBI M0 TEXHOJOTUU UX TEPMHUUYECKON 00padOTKH.
UyryHbl ¢ MIApOBUAHBIM Tpa@UTOM TIO CBOMM MEXAHHMYECKHUM KadecTBaM
NpUOJINKAIOTCI K KOBKUM, HO 3HAQUMUTENHbHO JCIICBJIEC W MPOIIE MO TEXHOJIOTHU
M3TOTOBJNICHUSI 3aroToBoK. [losToMy B mocienHue roAsl B aBTOMOOWJIBHOM
MPOMBIIIJIECHHOCTH MaTepuan psaa JAeTaled, NPEeXIe HW3TOTOBISABIIMXCS U3
KOBKOT'O YyT'yHa, 3aMEHEH Ha YyTYH C IApOBUIHBIM IPaUTOM.

JIns  nanpHEWIero TMOBBIINICHUS JAWHAMUYECKUX KaueCTB aBTOMOOWIIEH
00JBIIIOE 3HAYCHHE MMEET MAaKCHMAJIbHO BO3MOXKHOE CHUKEHUE MACChl. JTOMY B
3HAYUTEILHON Mepe CHOCOOCTBYET H3TOTOBJICHHE ABTOMOOWIIBHBIX JeTanel u3
CIUIAaBOB Ha AaJIOMHHHUEBOM, IIMHKOBOM, MAarHhW€BOH OCHOBE, a TaKxXe
CUHTETUYECKUX MaTepHalioB, 00JaCTh MPUMEHEHUS KOTOPHIX C TOJaMH
HENPEPHIBHO YBEINYUBACTCS.

Jlnst obecrieueHrsT BBICOKMX U CTAHJIAPTHBIX KAadeCTB aBTOMOOWMIJIBHBIX
JeTanel W OJMHAKOBBIX YCIOBUUA HX 00pabaThIBAEMOCTH CTald, YYTyHbl U
[BETHbIE METAJUIBI JIOJDKHBI 00JIalaTh TOCTOSSHHBIMM ~MEXaHMYECKUMH U
TEXHOJIOTUYECKMMU CBOMCTBAMHU, HE MEHSIOIIMMUCS CYILIECTBEHHO B 3aBUCUMOCTHU
OT MapTUX WU IUIaBKU. [103TOMY mpW M3rOTOBIEHWM OTBETCTBEHHBIX JETaeu
aBTOMOOMJIEH 4acTO MPUMEHSIOT Ka4YE€CTBEHHBIE YIJIEPOJIUCThIE CTalU, B KOTOPBIX
Kojebanue conaepxkanusi yriaepoma orpanuueHo g0 0,05 % mnporus 0,09 % B
TECTUPOBAHHBIX CTalsAX. [I0 3TOM k€ MPUYMHE HAXOASAT MPUMEHCHHUE YYTYHBI U
[BETHBIC METAJUIBl 3aBOJACKMX MApOK C HECKOJbKO HM3MEHECHHBIM MPOLEHTHBIM
COAEP>KAHUEM OTJIECJIbHBIX KOMIIOHEHTOB [0 OTHOLIEHHUIO K CTAHJAAPTHBIM MapKaM.
B HekoTophIX ciydasx B aBTOMOOMJIECTPOECHWU HAXOIAT NPUMEHEHHUE MapKu

JICTUPOBAHHBIX cTtajiei u APYIrux MCTaJUIOB U CIJIaBOB, HC IMPCAYCMOTPCHHBIC

I'OCTowm.



1.2. Xumuyeckuii  cocTraB, MexaHudeckue, ¢Gusndeckue "
TEXHOJIOTMYEeCKHE XAPAKTEPUCTUKH METAJLIOB U CILJIABOB

XYMMHMUYECKHII  CcOCTaB BIMAET Ha MEXaHUYeckue, (¢U3HUECKUuEe W
TEXHOJIOTUYECKHE CBOMCTBA METAJUIOB M CIulaBOB. Ha cBOMCTBa cTanel B MEPBYIO
ouepe/lb OKa3blBaeT BIUSHUE TNPOLEHT COJEpKaHWs B HUX yrieponaa. Jus
MPOU3BOJICTBA ABTOMOOWMJIBHBIX JI€Tajled MPUMEHSAIOT, KaK MpaBWjIo, Mallo- U
CPEIHEYTIEPOIUCTHIC KAYECTBEHHBIE U BRICOKOKAYECTBEHHBIE CTalM, COJEp KaIIe
o 0,5 % yranepona. Ilpy W3roTOBIEHWHM TMPYKUH M PECCOp MNPUMEHSIOT
BBICOKOYTJIEPOJUCThIE CTalld C coaepkanueM yriaepoaa o 0,70 %. Kpome Toro,
BBICOKOYTJIEPOJUCTBIE CTAJIM IIUPOKO HCHOJB3YIOTCA B aBTOCTPOCHUU U
aBTOPEMOHTHOM ITPOU3BOJICTBE IIPU U3TOTOBJICHUU PEXKYILETO HHCTPYMEHTA.

C TMOBBIIICHHEM COJEpXKAaHUS YIJEpoJia B CTAIM YBEIUYUBACTCA €€
BPEMEHHOE COINPOTUBIICHUE U MPEAENT TEKy4YECTH, TBEPAOCTh B HOPMAIIM30BAHHOM
U OTHYIICHHOM COCTOSHUM M YMEHBIIAIOTCS OTHOCHUTENIBHOE YIUIMHEHUE U
yaapHas BA3KOCTb. Kpome TOro, ¢ yBeJIMYeHUEM COJIEp KaHUs yriepoja B CTald
CHUYKAETCS €€ CBAPUBAEMOCTh M BO3PACTaET TBEPAOCTh MOCIE 3aKaJIKHU U OTITYCKa.
[IpakTryeckn 3akajike TMOJBEPraloT YriIepOJUCThIE CTAM C COACpPKAHUEM
yraepoga ot 0,40 % u BbImie (HEKOTOPBIE JIETUPOBAHHBIC CTAIM MPUHUMAIOT
3aKaJIKy IpU MEHbBIIEM MPOLUEHTHOM COJIEpKaHHUH yriiepoaa). ManoyriepoaucToie
ctanu (yriiepoAaucThie U JETMpOBaHHBIC) ¢ cojepxkanueM yriepoaa mo 0,30 % u
HIKE C MEJIbI0 MPUIAHUS UM BBICOKOW TOBEPXHOCTHOW TBEPAOCTU MpHU
COXPAHCHMM BS3KOM M TIPOYHOM CEpAIEBUHBI YaCTO IMOJBEPral0T XUMHKO-
TepMUYECKON 00pabOTKEe C MOCIEAYIOIIeH 3aKalkol M HU3KOTEMIIEpaTypHbIM
OTIyCKOM.

Ha cBolicTBa uyryHOB B MEpBYIO OYepeab OKa3bIBaeT BIuUsHHE (opma
rpa@uTH3UpPOBAaHHOTO B HHUX  yriepojga (comepkaHWUE  TOCIEIHErO0 B
aBTOMOOWMIIBHBIX JETalsAX OOBIYHO KojebaeTcss B mpeaemax 2,2-3,8  %).
Hauny4dmieit npovYHOCTHIO M IJIACTUYHOCTHIO 00JIaIal0T KOBKHE YYTYHBI C
OKPYTJIBIMU  (TJIOOYJISIpHBIMU) ~BKJIFOUEHUSIMH  TpaduTa, OJM3KM K HHM TIO

CTPYKTYpPE ¥ CBOMCTBAM BBICOKOIIPOYHBIE YYT'YHbI, MOAU(DULIUPOBAHHBIE MarHUEM;



3aTeM HAYT MOAU(DHUIMPOBAHHBIE UYTyHBI, MOJIy4aeMbleé C HCIOJIb30BAaHUEM
Ipyrux MOAU(DHUKATOPOB; XYAIIUMHU KayecTBaMHU OOJANalOT Cepble YYTyHBI C
IUTACTUHYATHIM TPapUTOM.

MexaHnyeckue U Apyrue XapakTepUCTUKHU CTale U YyTyHOB MOTYT OBITh
3HAYUTENIbHO TIOBBIIIEHBI 3a CYET BBEJEHUS B HX COCTaB JIETHPYIOIIMX
KOMIIOHEHTOB.

MexaHu4ecKkue XapakTepUCTUKH METaUIOB W CIUIABOB  ONPENEISIOTCS
HKCIEPUMEHTAIBHO Ha 00pa3lax Npy pa3IMyHbIX BUAAX UX HATPYKEHUS.

OOBIYHO HCTIBITaHUSA 00Pa3lOB MPOBOAT HA PACTSHKEHUE, U3THO, YIapHYIO
BA3KOCTh, YCTAJIOCTHYIO BBIHOCIMBOCTH M MOBEPXHOCTHYIO TBEPAOCTb. UyryHbI
UCHBITHIBAIOT Takke Ha cxkaTtue. CyllecTBYIOT U APYTUE BUJIbI UCTIBITAHUHN, OJTHAKO
JUTSl KOHCTPYKIIMOHHBIX aBTOMOOMJIBHBIX MaT€pUajoB OHU UCIIONb3YIOTCS PEAKO.

K ocHOBHBIM (hH3HUECKUM XapaKTEpUCTHUKAM METAJUIOB M CILIABOB CJIEIYET
oTHeCTH TUIOTHOCTH (o cucreme CHU  xr/m3), kosdhduIMeHT IUHEHHOTO
pacmmpenus 106mm/(mm -°C), TemniepaTypy IuiaBieHus B rpaaycax Llenbcus (vim
K) u TemnepaTtypHbie Touku (pa30BbIX MpeBpallleHui aycTeHuTa B nepiauT (Arl)u
deppur (Ar3) u nepiura (Acl) um ¢eppura (Ac3) B aycTEHUT. YKa3zaHHBIE
¢uznyeckue  XapaKTepUCTUKM B 3HAUMUTEIBHOM  CTENEHU  ONPEIEISIOT
paloHaldbHbIE TEMIIEPATYPHbIE PEXHUMbI IUIABKHM, KOBKM W TEPMHUYECKOU
00pabOTKH METAIIJIOB U CIJIABOB, UX TEXHOJIOTMYECKHE CBOMCTRA.

[lon  TEXHOJIOTMYECKUMHU  XapaKTEPUCTHUKAMU  OOBIYHO  MOHUMAIOT
CIOCOOHOCTh ~ METAJJIOB M CIUIABOB  MOJBEPrarbCcsi TEM  WIW  WHBIM
TEXHOJIOTUYECKUM ONEpaLsAM C LEIbI0 MOJYyYEeHHs M3IETUN ¢ HEOOXOAMMBIMU
cBoiicTBaMH. K TEXHOJOTMYECKUM XapaKTEPUCTHKAM OTHOCAT >KUJIKOTEKY4YeCTb,
neopMUpyEMOCTh,  MPOKATMBAEMOCTh, CBAPUBAEMOCTb, 00pPabATHIBAEMOCTH
pezanueM u Ap. [IpuMeHHTENPHO K aBTOPEMOHTHBIM W aBTOTPAHCIOPTHBIM
OpEeanpUsITUSIM  HauOoJblllee  MPAKTUYECKOE  3HAYEHHUE  HMEIOT  Takue
TEXHOJIOTUYECKHE XAPAKTEPUCTUKU METAUIOB M CIUIABOB, KaK CBApUMBAEMOCTb U

MeXaHU4ecKas 00padaThIBAEMOCTb.



Mexannyeckyro 00pabdaTbiBa€MOCTh METAIJIOB W CILUIABOB  OOBIYHO
OLICHMBAIOT IO M3HOCY PEXYIIEH YacTH WHCTPYMEHTA, BBINOJIHEHHOIO U3
owIcTpopexyiei craau P18 wiam TBepmoro tutaHokoOanbroBoro criaBa T5K10.
3a 3TaJIOH MPHU 3TOM Yallle BCEr0 MPUHUMAIOT HOPMAJIM30BAHHYIO KaYECTBEHHYIO
yraepoauctyio ctanb 45 (HB 170-180). CymiecTByOT U Apyrue MeToAbl OLCHKH
MEXaHUYEeCKO 00padaThIBa€MOCTH METAJJIOB, B YaCTHOCTH MO cuje pe3aHus. B
3TOM CiIy4ae MOJTYYCHHBIE Pe3yIbTaThl OOBIYHO CPABHUBAIOT CO 3HAUCHHUEM CHIIBI
pe3aHus, BO3HUKaroIeh npu oopadorke ctamm Al2.

CBapuBaeMOCTh OIpeNesieT CIOCOOHOCTh METAIOB M CILIABOB MOJy4YaTh
IIPU  ONTUMAJIIBHOW TEXHOJOTHMM TPOYHBIA W HW3HOCOCTOWKMU IIOB WIIU
HaIUUIaBJICHHBIM MeTaul 0e3 CYIIECTBEHHOTO CHIDKEHHS OSKCIUTyaTallMOHHBIX
KAueCTB BOCCTAHOBJICHHOW WM W3TOTOBJICHHOW JETAM WM CBAPHOTO Y3Ia.
OOBIYHO CBAPUBAEMOCTH OIICHUBAETCSI TepMUHAMU "xoporas” (0e3 orpaHruueHuit),
"BHoJIHE  yAOBIETBOpUTENbHasA", "yaoBierBoputenbHas', "orpaHnnueHHas'
(3aTpyaHeHHas), '"BechbMa 3aTpyJHEHHas" W Ap. YKa3aHHbIE TEPMHUHBI
YCTAaHABJIMBAIOTCSL COTJIACHO HAKOIUIEHHOMY IPOU3BOJCTBEHHOMY OMNBITY W MO

pe3ynbTaTraM JJa0OpaTOPHBIX HCCIIETOBAHUM.

Jlexkuus 2. KOHCTPYKIIMOHHBIE YYIT'YHbI

2.1. Buabl uyryHos

CrmuraBel Kene3a ¢ yriepoaom, coiepxkamme Oonee 2,14% yraepona,
Ha3bIBalOT 4vyryHamu. lIpelcraBieHHblE Ha JauarpaMMe JKeJie30 — YIJepo.
YyT'yHbl Ha3bIBAlOT OEJBIMU MO BUAY U3JIoMa. benblii 1BET u3ioMa OOBICHIETCS
TEM, YTO B OCJIbIX UyTryHax BeChb YIJIEPOJ HAXOAHUTCS B CBSI3aHHOM COCTOSIHHWH. B
COOTBETCTBHM C (ha30BbIM cocTaBoM Oeinbix 4yryHoB (@ + II) atommel yriepojaa
HaxoJsITCS B CBSI3aHHOM COCTOSSHUM — 4YacTh B BHUJIE€ TBEPIOTO pacTBopa

BHenpeHus: Fea(C) ¢ 0ObeMHOLIGHTPUPOBAHHOW KyOMUYECKOW KPUCTAILTHYECKON



pemieTkoit epputa, U YacTh B BUAEC XMMHUYECKOTO COEAMHEHUS C JKEIE30M —
nementuta Fe3C.

benple uyryHbl B KauecTBE KOHCTPYKIIMOHHOTO MaTepuaia HE MCHOJb3YIOT
BCJIEZICTBUE UX XPYIKOCTH. DTO BBI3BAHO HAJIUYHEM B CTPYKTYpE OENBIX UyTYHOB
nenebypura JI (IT + 1), kotopsiit obmamaer Beicokoil TBepaocThio 4 000 MIla u
HYJIEBBIM 3HAYE€HUEM OTHOCHUTEJILHOIO YAJIMHEHUS IIPU PACTKEHUHU.

Oxono 80 % OenbIx YyryHOB HMCIOJB3YIOT B KadecTBe moiydadpuxaTa ams
BbltulaBku crand. OcrtaBmmecs 20 % mnepepa®aThiBalOT B TaK Ha3bIBacMble
rpaUTU3NPOBAHHBIC YYTYHBI, B KOTOPBIX YaCTh yIJIEpO/ia MEPEBOISAT B CBOOOHOE
COCTOSIHHE B BUJIE CAMOCTOSITENbHOM (pa3el rpaduta. I'paduTH3MpOBaHHBIE YYTYHbI
IIMPOKO  NPHUMEHSIOT B MAalIMHOCTPOEHMH B KAadyecTBE  JIEHIEBOTO
KOHCTPYKIIMOHHOTO MaTeprajia JUTEHHON TEXHOJIOTUU.

I'padut sBaseTcss OAHOM M3 AIOTPOIHBIX MOAM(UKALMNA yriepoaa ¢
IEKCarOHAJIbBHOM  KPUCTAJUIMYECKOM  pemeTKoM.  ATOMBI  yriepoga B
KPUCTAJUIMYECKOW penieTke rpaura pacnoioKeHbl B BUJE MapajlIeIbHbIX CIOEB
(puc. 1). Cpsa3p Mexay aTOMaMH B CJIO€ OCYIIECTBISETCS CUJIbHBIMU
KOBAJICHTHBIMU  CBSI3SIMH, a MEXJIy CIOSMHA JEUCTBYIOT OoJiee criaOble
MoOJIeKyJIsipHble  cBsi3U. Kpucrammur rpaduta MOXHO NpPEACTaBUTh B BHJIE
MHOTOCJIOHON CTOIKH OIPOMHBIX IUIOCKHX JBYXMEPHBIX MOJEKYJ CO CIaObIMU
CBA3SIMU MEXIy chosiMu. Pa3Mepsl aTOMHBIX IIOCKOCTEH TrpaduTa MOTYT
mocturats 1 ¢ 10% aM. BeencTBre Manoil MeXCI0eBO# MPOYHOCTH MEXaHHIECKHE
cBoiicTBa rpadgurta Huzkue. [Ipu paccMOTpeHHH CTPYKTYpbl rpadUTU3UPOBAHHBIX
YYT'yHOB TpauT cuutaroT (azoi, UMEIIIEeH MPaKTUYECKU HY-JIEBYIO MPOYHOCTb.
['paduToBBIE BKIIOUEHHUS] pPACCMATPUBAIOT KaK IyCTOThl B CTPYKType 4YyryHa.
Bmecte ¢ Tem HanMuMe B CTPYKType CBOOOJHOro rpadura ompeaenser psj
IPEUMYIIECTB rPpapUTU3UPOBAHHOTO YYT'yHA MEPE]] CTAIBIO:

Xopolee CTpy>KKo0Opa3oBaHUE: CTPYyKKa Mpu 00pabOTKEe UyryHa Chllydas,
a He HempepbIBHAS KaK y CTalH;

XOpOILIMe aHTHU(PPUKIMOHHBIE CBOWCTBAa Onaromapsi CMa3bIBAIOLIEMY

NENCTBUIO rpaduTa;



BBICOKHE JIeMI(UPYIOLIUE CBOKWCTBA (TallleHre BUOpaluii);

NPAKTUYECKH IIOJIHOE OTCYTCTBUE UYYBCTBHTEIBHOCTH K ITOBEPXHOCTHBIM
nedekTaM U KOHIIEHTpaTOpaM HampsDKEHUH B BUJE HAIPE30B, OTBEPCTUH U IPYTUX
HApYIICHUN [EJTOCTHOCTH JETaJH.

Ha amarpamme xene30 — yriiepo/i, HOJy4YeHHOW B YCIOBHUSX €CTECTBCHHOTO
OYeHb MEIJICHHOTO OXJaXKICHHUS JKEIE30YyIJIEPOJIUCTBIX CIUIaBOB, TpaduT
orcyrcTByeT. (OOpazoBanme Tpadura B UYYryHaX SBISCTCS PE3yJIbTaTOM
UCKYCCTBEHHOTO BMEIIATEIhCTBA B TMPOIECC TMEPBUYHONW KPHUCTAUIA3AINN
KHUJKOTO pacTBOpa YIJIepoJia B Kelle3€ WM CO3JaHUS YCIOBHM ISl BBIJCICHUS
cBoOoaHoro yriaepoaa CcB B Buje rpadura B MpoIECce pacraaa IEeMEHTUTa Ipu
BTOPUYHON KPUCTAJUTH3AIH YyTyHA:

Fe;C — Fe + CcB

@®opma TpadUTHBIX BKIOYCHHH BO MHOTOM OIpEIENSIeT MEXaHHYECKUE

CBOMCTBA IrpapUTU3UPOBAHHBIX YYT'YHOB U 3aBUCHUT OT YCIOBUN KPUCTAJUIU3AIUH.

Puc. 1. Kpuctannmyeckaa peLueTKa

rpadmTa: a, ¢ — Kpuctannorpadpmnyeckmne ocu

['padutrzupoBaHHbIe YYTYHBI KIACCU(PUIUPYIOT MO JIBYM KPUTEPUSIM: IO
dbopme BKiItOUeHUM rpaduTa U CTPYKTYpE METAIUTMYECKOM OCHOBHI UyT'yHa.

CepbIMU Ha3bIBAIOT YYT'YHBI, B KOTOPHIX BKJIIOUEHUS TpaduTa B MIOCKOCTH
nuda UMEIoT TiacTuHYaTyo Gopmy (puc. 2, a). Hazpanue uyryHbl noydusu mno
TEMHO-CEPOMY LIBETY U3JIOMA.

Cepble uyryHbl 001a/1af0T HAUMEHbIIEH TPoYHOCThIO. [ImacTurakYM rpaduTa B
CEpPOM YYT'yHE MOXHO pacCMaTpUBaTh KaK TPEHIMHBI, HAPYIIAIOIIUE I[ETOCTHOCTh
Metaiia. OHM yMEHBIIAIOT MPOYHOCTh UyryHa MpPH PacTsSKEHUH. Uem KpymnHee

IJJACTUHKU rpaduTa U MEHEee PaBHOMEPHO UX paclpejesieHne Mo o0bemy, TeM



MEHBIIIE TTPOYHOCTh YyTryHa. BritoueHus rpadura HE OKa3bIBAIOT MPAKTHYECKOTO
BIUSHUS HA TIPOYHOCTHh MPH CKATHH, TaK KaK MPU TAKOM HATPYKCHHUH TPEIIUHBI
3akpbIBatoTcs. [Ipeaen mpoyHOCTH UyryHa MpH CKaTud B 3 — 5 pa3 OoJiblle, 4eM
Ipy pacTsDKeHWH. HapyineHue CIUIONHOCTH BKIIIOYCHHSIMU TpaduTa 3aMEeTHO
CHIDKAIOT MOJIYJIb YIIPYTOCTH YyTYHA.

KoBkuii 4yryH MMeeT XJIONMbEBUIHBIC BKIIOYeHUs Tpadurta (puc. 2, 0).
Ha3Banme 10CTaToOYHO YCIOBHOE, TaK KaK KOBKHE UYYTYHBI KOBaTh HEJb3S, HX
MEXaHMYECKHE CBOWCTBA HE  MO3BOJSIIOT  OCYIIECTBUTH  IIJIACTHUYECKYIO
nedopmarmio. OHM Ha3BaHBl KOBKUMHU BCJIEACTBHE MX OTHOCHUTEIHHO BBICOKOU
TJTACTUYHOCTH TI0 CPABHEHHUIO C CEphIMU dyryHaMu. OTHOCUTEIIBHOC YIJTHHEHUE
OpU PACTSDKEHHH Yy CEpOro 4yryHa HACTOJIBKO Majo, 4YTO HE BXOJUT B
KOHTPOJIbHBIE TIOKA3aTeIN CBOMCTB, a Y KOBKOTO 4yTr'yHa MOKeT npeBbimaTh 10 %.

B BBICOKONPOUYHBIX YyTyHax rpaduT UMEET MapoBUIHYIO hopmy (puc. 2, B).
Ha3Banue oTpaxkaeT BBICOKME MEXaHHYECKHE CBOMCTBA TaKUX UYTI'YHOB.
[[TapoBuaHBIE HAPYIICHUS CIUIOITHOCTA METALTHYECKON OCHOBBI OKa3bIBAIOT
MEHbIIIee BIUSHUE HA MEXaHUYECKHE CBOMCTBA BBICOKOMPOYHOTO YyryHa, 4YeM
IJIACTUHYATBIE HAJape3bl B CEpOM dYyryHe. PasHOBHJIHOCTBIO CEpOTro YyryHa
SBJISIETCSI UYTYH C BEPMUKYISIPHBIM rpaduToM (puc. 2, ).

B rpadgutr3npoBaHHBIX YyTyHAX YTIEPOd COACPKHUTCS KaK B CBI3aHHOM, TaK
U B CBOOOJTHOM COCTOSTHUSIX.

oo cBobGoaHoro yriepoaa CcB B oOmeM coxaepkanuu yriaepoaa CooOr
Ha3BIBAIOT CTEMEeHbI0 rpaduTuianuu. CTPyKTypa METaNIMYECKOW OCHOBBI UyTyHA

ONPEAEIAETCS COAEPKAHUEM B HEM CBSI3aHHOTO yraepoaa Cyg,.



Puc. 2. MUKPOCTPYKTypa rpaduUTU3NpoBaHHbIX 4yryHoB (x250): a — cepbliif;

6 — KOBKWIM; B — BbICOKOMPOYHbIN; I — C BEPMUKYNAPHbIM rpadmutom

Tabnnua 1. Knaccnoumkauyms rpadmUTMaMpoBaHHbIX YyryHOB
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XapaxTepHcTika Cepurii ayryn | Kokt ayryw | = FOK0IP0H
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[Ipn mpou3BOACTBE Ha aBTO3aBOAAX UYT'YHHBIX aBTOMOOWJIBHBIX JeTasieit
LIMPOKO UCIIOJIB3YIOTCS TECTUPOBAHHBIE YYT'YHBI C IUIACTUHYATHIM U IAPOBUIHBIM
rpauTOM, KOBKME UYT'YHBI, @ TaKK€ CHELUaJIbHbIE YYTYHbl — JIETUPOBAHHBIE C
yIY4IIEHHBIMA WJIW CHEUU(PUUECKUMHU, 10 OTHOUICHHI0 K TECTUPOBAHHBIM
MapKaMm, CBOICTBaMM; TaKU€ UyTyHbl IPUMEHSIOTCSA COIIACHO Pa3pabOTaHHBIM U
YTBEPKJACHHBIM TEXHUYECKUM YCIOBUSAM HNPEINpUITHUA WIM OOBbEeAUHEHUN

aBTOMOOMIJIbHOM MPOMBIIILICHHOCTH.

2.2. YyryHsl ¢ IJIACTHHYATHIM M WIAPOBUAHBIM rpaduToM, KOBKHE
YYI'yHbI

YyryHel ¢ I1ulacTUHYaThiM TpapuToM oOo3HayatroTcss OykBamu CY, ¢
mapoBuHbM Tpadpurom — BY, koBkue uyrynel — KY. Iludpsr nocne
0003HAUYEHUS MapKd y UYTYHOB C IUIACTUHYATBIM TIpaQUTOM U UYYT'YHOB C
IIAPOBUIHBIM  TIpaUTOM COOTBETCTBYIOT OOECIEUYMBAEMOMY BpPEMEHHOMY
CONPOTHBICHHIO HA pACTSDKCHHE, BBIPAKCHHOMY B Kre/mm’. Llubpsr B
0003HAUYEHUAX MapOK KOBKMX UYT'YHOB O3HA4alOT: IE€pBasi — BPEMEHHOE
CONPOTHBIICHHE Pa3pbIBy, KIC/MM’; BTOpask — OTHOCHTEIBHOE yHIHHEHHE, Y.
KoBkue 4YyryHbl MO CpaBHEHHIO C Yyr'yHaMu C IUIACTUHYATBIM TrpauTom
OTJMYAIOTCA 3HAYUTEIBHO O0Jiee BBICOKMMU MPOYHOCTHIO U IUIACTUYHOCTBIO.
OpHako B MOCJIEOHUE TOJbl BHICOKONPOYHBIM YYTyH C IIAPOBHUJHBIM TpapuTOM
(ULIT") Onaromapst COYETaHUIO psfa TOJOXKHUTEIbHBIX (PU3NKO-MEXaHUYECKUX
CBOMCTB C BBICOKOM TEXHOJIOTUYHOCTBIO BBITECHSET B psANE CIy4aeB IIpU
MPOU3BOJICTBE aBTOMOOWIBHBIX jAeTaneil koBkud uyryH (KY), nutyro u gaxe
KOBAaHYIO CTallb.

UyryHsl npu pas3iuBke B (OPMBI C LEIBIO pa3MEIbUYCHHS BKIIOYEHUI
rpaduta MOIUGUIUPYIOT BBEJCHHUEM B KOBII MEJIKOAUCIIEPCHBIX HEBBITOPAOLINX
npuMeceld, B 4aCTHOCTH (EPPOCHITUINS, CHIIMKOKAIbLUSA, Pa3IMYHBbIX CIOKHBIX
JUTaTyp, BKIOYas peakozeMmenbHbie Metamibl (P3M); npu oTnmBke neraneil u3
UHII" B oOosoukoBbie (GOpMBI TMPUMEHSIOT B CHCIHAIBHONW 3alllUTHON Cpele

CWIbHOJIEHCTBYIOIIME  MOAM(PHUKATOPHI HAa  OCHOBe MarHusa. HaumbGomnee



pacpOCTPAHEHHBIE B ABTOCTPOCHUU THIIBI

U MapKu YyI'yHOB M IIPUMEPHI

HU3TOTOBJIIEMbBIX U3 HUX I[eTaJIeﬁ IMPHUBCICHLI B TalJI1. 2.

Tabnunua 2. Hanbonee pacnpoctpaHeHHble B KOHCTPYKUMAX aBToMobunen

TUNblI U MAPKU YYTYHOB U NMPpUMepPbl U3rotaB/inBaeMbIX p,eTaneﬁ

Ne | Tumbl uyryHoB Mapxku | U3roraBiuBaemele AeTanu
YyT'YHOB
1 | Cepsie CUl5 | BoyckHele u BBIITYCKHBIE
CU20 | TpyOompoBOABI ~ JBUTATENCH, OJIOKH
CY25 | uunuHApOB JBUTATENECl, MAaXOBUKH,
HaXUMHBIE JIUCKH CLEIUICHUW, OJIOKH
LHUAJIMHIPOB KOMIIPECCOPOB, KapTephl U
KPBILIKA KapTepoB KOpPOOOK Iepenad,
MOKpBIE€ TUJIb3bl HWJIMHJIPOB U TUJIb3bI
JIBUTATENIE BO3IYIIHOTO OXJIAXKICHHUS,
TOpMO3HBIE  OapabaHbl, ITUIUHAPHI
TUAPOTOPMO30B U CLCTUIEHUH U JP.
2 | JlerupoBaHHbIE u| lloTY | Monomerammueckue TUJIB3BI
MaJIOJIETUPOBAHHBIE 3aBOJOB | IUIMHAPOB, KJIAIIAaHHBIE THE3/1a,
TWIb3bl  LOWIMHIPOB  JIBUTATEJNIEH,
ITOPIIHEBBIE KOJBLA, TUCKU CLEIIICHUN
3 | BeicokonernpoBaHHbIE [IoTY |BcTtaBKM B BEPXHIOIO 4YacTh MOKPBIX
3aBOJIOB | TMJIb3 UJIMHIPOB, KJIAITAHHBIEC THE3/1a
4 | BeicokompoyHbIe c | BU45s, IlopuiHeBble  KOIBLA,  KOPOMBICIIA
mapoBuiHbIM Tpadurom | BUS0, KJIAIIaHOB, KOJICHYATbIE BaJIb,
BY60, pacnpenenuTeNbHbIe  Bajlbl, KapTEpPbl
nmo TVY |kopoOok mepenad, CTYHUIBI KOJIEC,
3aBOJIOB | TOpPMO3HBbIE  OapabaHbl,  OalIMaku
peccop, KpOHIUTEHHBI JBUTATENEH U
MTOJBECKHU
5 | KoBkue KY35- Kaprepbl TiaBHBIX mepenay, KapTepsl
10, 3aJlHUX MOCTOB, KapTepbl pYJEBBIX
KU37- | mexanu3moB, vamku auddepenimana,
12 CTYIHIIBI KOJIEC, TOPMO3HbIE OapabaHbl,
KPOHIITEHHBI, NEAATN
6 | Meramokepamuyeckue, |Ilo TV | Hampasmstomnue BTyJIKH KJIalaHOB
CIIEKaeMble 3aBOJIOB
7 | OrOeneHHbBIC I[To TY |Jnga HamiaBKM TapeiaoK TOJIKATENEH,
3aBOJOB | KOPOMBICENI ~ KJAalmaHOB,  KYJIauKOB

pacnpeeUTENbHBIX BaJOB NIPU  HX
PEMOHTE




2.3. CnenuajibHble YyT'YHBI

IIpn IIPOU3BOACTBE aBTOMOOMJIbHBIX neTanen UCIIOJIB3YIOTCS
aHTU(GPUKIMOHHBIE W pa3JIdYHbIe CIHElUalIbHbIE JIETUPOBaHHBIE 4YYTryHbl. U3
JIETUPOBAHHBIX YYT'YHOB M3TOTOBIIIOTCS, KakK MPAaBWIIO, TWIb3bl LUJIWHIPOB
JBUTaTeliei, a BCTABKM B BEPXHIOKD YacTb HEKOTOPBIX M3 HUX — U3
BBICOKOJIETUPOBAHHOTO YyTyHa. [TopuiHeBbie KOJIbLIA COBPEMEHHBIX
aBTOMOOWJILHBIX JIBUTATEJCH B OOJIBIIMHCTBE CIIY9aeB HW3TOTOBIISIIOTCS U3
HU3KOJICTUPOBAHHBIX  WJIM  BbICOKOMpouHbIX  uyryHoB (YIII').  Cepsrit
HU3KOJIETHPOBAHHBIA YYT'YH MO MPOYHOCTHBIM Kadye€CTBAM 3HAYUTEIIBHO YCTYIIAE€T
BBICOKOITPOYHOMY. JIernpoBaHHbBIE W BBICOKOJIETMPOBAHHBIE YYTYHBI, a TaKKE
MAapraHieBble YyTyHbl ayCTEHUTHOI'O KJacca IPUMEHSIOTCS IJI U3TOTOBJICHUSA
KJIAMIAHHBIX THE3J M KOPOMBICENI KIJAIlaHOB; JJIsi IPOM3BOJCTBA IOCIEIHUX
ucnosib3yror  Taxke  YUIII;  1mmga  HamwiaBku  TOJNKATENEd  MPUMEHSIOT
HU3KOJICTUPOBAHHBIA  OTOCJNICHHBIH 4yryH. HekoTopble 4YyryHHbIE JI€Taiu
(HampaBJISAIONIME BTYJIKU KJIAMAHOB, MOJIITUITHUKOBBIE BTYJIKH, OPITHEBBIC KOJIbIIA
U Jp.) MOTYT H3TOTOBJISITHCSI HE JIUTHEM, a CIEKAHHEM U3 IMOPOIIKOOOpa3HBIX
IIMXTOBBIX MaTepuasoB (pu Temmeparype oxoio 1100°C mox nasiaennem 6,5-10°
Krc/cM” B TeUeHHe MPUMEpHO 2 4.). B KauecTBe MCXOIHBIX MATEPHAIOB IIPH 3TOM
UCIIOJIB3YIOTCSL  JKEJIE3HbIN, TpadUTOBBIN, XPOMOBBIM M MEIHBIA MOPOIIKH.
MertannokepaMuueckue  JeTaii  00JIajaloT  BBICOKOM  M3HOCOCTOMKOCTBIO

6nar0z[ap>1 CITOCOOHOCTH BITMTHIBATH CMa3Ky B UMCIOIIHUCCA ITIOPBI.

Jleknus 3. KOHCTPYKIIMOHHBIE CTAJIN

KoHcTpykiimoHHble  CcTanum  MOJAPA3ACSIOTCA HA  YIVIEPOAMCTHIE U
JIETUPOBAHHbIE; T€ W APYTUE€ BBIMYCKAIOTCS Pa3HBIX KJIACCOB U HA3HAYCHUN U
perIaMeHTUPYIOTCS pa3HbIMU roCy1apCTBEHHBIMHU CTaHJapTaMU. B
aBTOMOOUJIE-CTPOEHUU TIPU MPOU3BOJICTBE JI€Tael MCIOJIb3YIOTCS CTaJIM MHOTHX

KJIACCOB U MapOK, MPUYEM, UHOTJA CO CKOPPEKTHPOBAHHBIM IO OTHOILICHHUIO K



['OCTy XMMUYECKHM COCTABOM, WJIM AK€ CBOMX HOBBIX MAapOK, YTBEPKICHHBIX
no tTexHuueckuM ycnosusaM (TY) npeanpustuii. B aBTopeMOHTHOM MPOU3BOICTBE
(APII) Takke NOPUMEHSIOTCS MHOTHE CTaJId TPU HM3FOTOBJIECHUU OTACIbHBIX
JeTanei, HecTaHIapTHOTO 000pyaoBaHus, pucnocobnenuit. Kpome toro, 3nanue
MaTepHaioB, U3 KOTOPBIX M3TOTOBJICHBI aBTOMOOWJIBHBIE ACTaId, HEOOXOIUMO
PEMOHTHUKAaM TPy BHIOOpE ONTHUMAIbHBIX BapUAHTOB TEXHOJOIMYECKUX

MPOIIECCOB U MAPUIPYTOB UX BOCCTAHOBJICHUSI.

3.1.¥Yraepoaucroie cranu. I[lpuMeHeHHMe YIJIepOAUCTBIXA CTajieil B
aBTOMOOMJIECTPOCHHUH

B Hacrosiiee BpeMsi cTalb SIBJISIETCS OCHOBHBIM BHUIOM MNPOAYKIWH
NPEANPUATANA YEPHOM MeTauryprui. HoMeHknaTypa cTanbHOM NIPOIYKIIMK BECEMA
oomupHa. M3ectHsl He Menee 2000 mapok craneit. M3 obmiero kojudecTBa
BBITUIABJISIEMOM cTanmu okoJio 80 % cocTaBiisieT yriepoaucras crtaib. OcTaBmecs
20 % npuxomsATcs Ha JOJIO JIETUPOBAHHBIX CTAJIEH CO CHEHHATbHBIMU
ceorictBaMu. C pa3BUTHEM COBPEMEHHOM TEXHHMKM K CBOWCTBaM cCTajei
NPEABSIBIAIOTCS HOBBIC TOBBIIICHHBIE TPEOOBaHUS, B CBSI3U C YeM O0BEM
MIPOU3BOJICTBA JIECTUPOBAHHBIX CTAJICH B JaibHEHIIEM OyAeT BO3pacTaTh.

VYraepoaucrass crtaidb OTHOCUTCS K CaMbIM JEHIEBBIM METAJUIMYECKUM
MatepuajiaM MPOMBIIIJIEHHOTO TMPOU3BOJACTBA M  00JIalaeT ONTUMAaJbHBIM
COOTHOIIIEHHEM II€Ha — YPOBEHb MOTPEOUTEIHCKUX CBOMCTB.

K rmaBHOMY Te€XHWYECKOMY IOCTOMHCTBY YTJEPOAMCTBIX CTajed ciemayer
OTHeCTH uX BbICOKMH Mmonynb ynpyroctu (E = 210 TI'Tla), uro mno3BomsieT
MCIIOJIB30BaTh YIIEPOANCTHIE CTAIM B TAKUX CHJIOBBIX 3JIEMEHTaX KOHCTPYKIIHH,
r7ie KECTKOCTh MaTepuaja OINpenenser padoTOCIOCOOHOCTh KPYNMHOradapuTHON
KOHCTpYyKIuu. [IpuMepom sBISIOTCS Hecylue (GepMbl MOCTOB, IIJIMHIPHYCCKUE
000J104KH pa3HOTO Ha3zHaueHus u Jp. HeoObxoaumMo Takke OTMETUTh, YTO MOJYIb
YOPYTOCTH OTHOCHUTCSI K CTPYKTYPHO HEYYBCTBUTEIBbHBIM XapaKTePUCTUKAM
MaTepuana. BenwduHa MOIyNs YNPyrocTd OMNPENENseTcs, TIaBHBIM 00pa3oM,

CBOMCTBaMH BELIECTBA HA aTOMAaPHOM U KPHUCTAINIMYECKOM YPOBHSX CTPYKTYpBI, a



pa3TUYHBIC METOJbI TIOBBIIEHUS YPOBHS MOTPEOUTEIHCKUX CBOWCTB CTallH
MPAKTUYECKA HE BIMSIIOT HA MOJIYJb ymnpyroctu. Hampumep, Takoii Hambosee
HIMPOKO HCIOJBb3YeMBbI COcO0 BO3ACHCTBUSA, Kak TepMHUYecKas 00paboTka,
MOBBIIIAET TBEPJAOCTh M MPOYHOCTH CTadu JO 5 pa3, HO HU3MEHEHUE MOIYJs
YOPYrOCTU TPU 3TOM COCTaBIAeT HE Oosiee 5 %. DTO MO3BOJIIET HCMIOIH30BAThH
YTIEPOJUCThIE CTAlld ISl M3TOTOBJICHUS KPYMHOrabapuUTHBIX JeTraieil 0e3 ux
MOCJICYIOEH  TepMUYECKOH  00pabOTKM,  yIOpOXKalomeld  MPOU3BOJICTBO.
MexaHudeckue CBOWCTBA TEPMHUYECKH HE YIPOUYHEHHOM YriIepoauCTON CTaiu B
OOJBIIMHCTBE CIydaeB O0ECIEeUYMBAIOT MPOYHOCTH JACTANM, IUIOManb u (opma
MONEPEYHOT0 CEUCHUSI KOTOPOI BBIOPAHBI IO KPUTEPHUIO HEOOXOIUMOM JKECTKOCTH
JIeTalu.

K HecOMHEHHBIM JOCTOMHCTBAM YTIJIEPOAUCTON CTaJM OTHOCATCS U €€
TEXHOJIOTUYECKUE CBOWCTBA: XOPOIIWE JIMTEUHBIE CBOWMCTBA, JIETKO MOJAACTCS
0o0paboTKe [aBJICHHEM, pE3aHUEM, XOPOIIO CBAapPUBAETCS, YTO I[O3BOJSET
W3TOTOBJISATh JCTAIM M3 YIJIEPOJUCTON CTald HamOoJiee MNPOU3BOAUTEIHLHBIMU
coco0aMyM  MaccoBOro  MPOM3BOJACTBA. Bce 3TO  ycuiaMBaeT  TEXHUKO-
HKOHOMUYECKYIO0 KOHKYPEHTOCIIOCOOHOCTh YIJIEPOAUCTOMN CTaH.

CrajisiMu CUMTAIOT KEJIE30yTIIEPOAUCThIE CIUIaBbI, comepxkamue a0 2,14%
yriepoaa, OJHAKO, TMPAKTUYECKOE NPUMEHEHHE HallIM TOJBKO  CTalH,
coaepxkamue yriaepona n0 1,3%. DTo BbI3BaHO TE€M, YTO MPOMOPUHOHATBHBIN
COZIEp’KaHHMIO YIJIEpOJa POCT TMPOYHOCTH CTalyd MPUOCTAHABIMBAETCS IO
IocTkeHuu ero coxaepxkanus 0,8 %, W ganpHenIee MOBBILICHUE COAEPKAHUS
yriepoga TPUBOAUT K mnaaeHuto npouyHoctd (puc. 3). Ilpomoipkaromieecs ¢
YBEIIMYEHHUEM COJIEpKaHMs YriepoJa MaJeHUuE IJIACTUYHOCTU U BSI3KOCTU CTaIU
pPE3KO YXYAIIaeT €€ MOTPEOUTEIbCKUE CBOMCTBA, a MPOJOJDKAIOUIANUCS POCT
TBEPJIOCTU HE KOMIIEHCHUPYET OTPULIATEIILHOTO BIMSHUS COJIEPKAHUS yriepoaa Ha
MPOYHOCTh U BSA3KOCTh CTaJIU.

PaccmoTpeHHOE BIMSIHUE COJIEpKaHUS YIJIEpo/ia Ha MEXaHUYECKHUE CBOMCTBA
CTAIM HAXOJWT OOBSICHEHHWE B TMPOMOPIMOHATHPHOM COJECPKAHUIO YIJepoaa

N3MCHCHHUHN CTPYKTYPLI CTAaJIN. B )103BTCKTOPIJIHOI>’I CTaJIN YBCIIMYCHUC COACPKAHUA



yraepoaa ot 0,03 mo 0,8 % mpuBOIUT K U3MEHEHUIO CTPYKTYPHI CTalIu OT pepputa
JI0 TIEPJIUTA C COOTBETCTBYIOLIMM M3MEHEHUEM CBOWCTB: TBEPAOCTh U MPOYHOCTH
BO3pACTAlOT, a IUIACTUYHOCTh YMEHbIIAETCS. B  3a3BTEKTOMAHON CTanu B
CTPYKTYpE MOSBIIAECTCA LEMEHTHUT, C YBEIUUYEHHEM COACPKAHUsS yriepoaa B CTaau
JIOJIsI LIEMEHTUTA B CTPYKTYpE TAKXKE BO3pPACTAET. DTO MPUBOIUT K CHHKECHUIO
MIPOYHOCTH, YTO COMPOBOKIAAETCA YMEHBIICHUEM IJIACTUYHOCTHU, U AaJbHEHIIEMY
pOCTY TBEPIOCTH.

B craium kpome yriiepona Bcerjia NpPUCYTCTBYIOT HEU30EKHbBIE MPUMECH,
KOTOpbIE TONAJalT B CTallb B IPOLECCE €€ BBIUIABKM U3 HCXOJHOTO ChIPbS
(>kene3Has pyaa, KAMEHHOYTOJIBHBIN KOKC U Jp.), BO3AYIIHONU aTMOC(EpPHI, a TAKKE
B BHJE 4YacCTUIl (PYTEPOBKH METAUTYPIHUECKUX arperartoB M pas3iMBOYHBIX
ycTrpoicTB. Henz0exxHble MpuMecH WA NPOAYKThI KX B3aUMOACHCTBUS C JKEIE30M
YMEHBILAIOT TO0JE€3HOE («WKHBOE») CEUYEHUE CTajJbHBIX JeTajeil, CHIDKasg HX
IIPOYHOCTb.

Takue npumecu, kak cepa u (pocdop, ABIAIOTCS BPEAHBIMU.

Cepa oOpa3syer ¢ Kele30M XHMHUYECKOE COCAMHEHHE — CYIb(pu] XKeiesa
FeS. B mponecce nepBUYHOM KpUCTAUIM3alMU CTaIM OOpa3yeT-Ccsid SBTEKTHUKA
coctraBa Fe— FeS c¢ Ttemneparypoit mnaBinenuss okxosnio 1000°C, mnpuuem
KpUCTAJUTM3AIUs CYyIb(UIHON IBTEKTUKH KaK JIETKOIIJIABKOW MAacChl MPOUCXOIUT B
MOCJIETHIOI OYepe/lb, T. €. paclojiaraeTcs OHa MO rpaHulaM 3epeH. B mponecce
nocyenyromeil ropsyeit  o0pabOTKM ciuTKa JaBieHHEM (TpOKaT, KOBKA),
npoBoauMoM nipu temnepartype cBeiiie 1000 °C, rpaHulbl 3epeH OIUIABIISAIOTCS, a
npu aedopmalii B CIUTKE TMOSIBISIOTCA TpelMHbL. JIJisi yCTpaHeHHsl 3TOro
nedekra, Ha3bIBAEMOI0 KPACHOJIOMKOCTBIO, B COCTAaB CTajld BBOJST Maprasell,
KOTOPBIM CBsA3bIBaeT cepy B cyinbdua Mmapraniia MnS. C xene3om cynbhunu
MapraHiia He oOpa3yeT JETKOIUIaBKYI0 IBTEKTHKY, TeMIIepaTypa €ro IUIaBJICHUS
(oxomo 1600 °C) BeIme Temmepatyp oOpaOOTKH CIHWTKA MaBJICHUEM W TIPH ITUX
TeMIepatypax Cyiabua wMapraHia IUIaCTUYEH, HE XPYINOK, T. €. SBJICHUE

KpaCHOJIOMKOCTH IIPpCAO0TBPAIIACTCA.



docdop, pactBopsisic 10 1,2% B deppute, NPUBOAUT K XJIATHOIOMKOCTH
CTalld, KOTOPYIO XapaKTepu3yloT TeMIeparypoll oxpymuumBanus ctand 50.
Cuwurator, yto Kaxbie 0,01 % ¢ocdopa B cocTaBe cTanu NpUBOAAT K MOBBIIICHUIO
nopora xjanHonomkoctu Ha 25 °C. bopn0a ¢ gaHHBIM neeKToOM cTanmu KpaiHe
3aTpyAHUTENIbHA U OCHOBAaHA Ha YCTpaHEHUM 3arpsi3HeHust GochopoM HCXOJIHOTO
CBIPbSl Ha CTAJMH MOJTOTOBKH €€ K METAJLTypru4ecKOMY MPOU3BOJICTRY.

Bpenneie mnpuMecu CKIOHHBI K JIMKBAIlMH, TOSTOMY Jaxe TPH HUX
COJIep>KaHUM B CTaJIM B Mpeesiax perJaMeHTUPOBAHHBIX HOPM BO3MOXKHO HaJu4He
30H, OOorameHHBIX (GocPopoM WM Cepod. DTO NPHBOAUT K HEOOXOIUMOCTH
BBISIBJICHUS JIMKBAIlMA BPEIHBIX TPHUMECe B CTaimd. MeToauka BHU3YaJbHOTO
HaOJTIOICHUS JMKBAINH OCHOBaHa Ha TpaBJICHUN Makponuda
COOTBETCTBYIOIIUMH PEAKTHBAMHU.

O6pasyromuecs CO u CO, BBACISIOTCS M3 KHUIKOTO MeTaula B BHJIC
MHOKECTBEHHBIX IY3bIPHKOB, co3/1aBasi 3(Q(eKT KumneHus craiud. Te rasoBble
BKIIIOUEHUS, KOTOpPBIE OCTAIOTCA B TeJE 3aTrBepeBIIero ciutka (puc. 4), B
Opolecce  MOCHEAYIOUIEH  ropsueld  MpPOKaTKM  3aTBEPAEBIIETO  CIUTKA
3aBapWBAIOTCA, B YACTHOCTH, MPOKAT KHUILIIEH cTaad HE HMeeT Opaka 1o
HECIUIOIIHOCTH. PacKuCIeHHyl0 MapraHiieM CTajldb Ha3bIBAIOT KHISAIIEH U

0003HaYal0T B MapKUPOBKE CTaiM OykBaMu «Kmm». Kumsmias crams Hambosee

aenienas.
Gy, MITa - 8, %
HB
3000 120 60
HB
100 50
Puc. 3. BanaHune copepkaHmAa yrnepoga B
2000 80 G 40 .
B CTaNn Ha ee mexaHun4yeckue ceoiictea: HB, oB, 6 —
60 30 COOTBETCTBEHHO TBEPAOCTD, BpeMeHHoe
1000+ 40 ) conpoTusiieHue (npegen NPOYHOCTH npu
o Z
pPacTaXKeHMU), OTHOCUTENIbHOE YAJIMHEHME MpU
20 10
pacTaXKeHun (NNacTMYHOCTD)

0 0.2 0.8 1.4C, %



bnarogaps HH3KOMY COIEp)KaHHIO KpPEMHHS OHa 00JaJaeT BBICOKUMU
BA3KOCTBIO W  IUIACTUYHOCTBIO. [lo3TOMY KHOSIIyrO CTaldb HCIOIb3YIOT
IIPEUMYIECTBEHHO B BHJE JIMCTOBOIO IIpOKaTa JUIsl M3TOTOBJICHUS JeTajei
METO/IOM XOJIOJHOM ITaMnoBku. CaMoe MaccoBO€ MPUMEHEHUE KHUIIAIAs CTajb
HaxOIUT B NPOU3BOJACTBE KYy30BHBIX JETAJIECH TPAHCIOPTHBIX CPEACTB, B
YaCTHOCTH, aBTOMOOMJIS.

JUii  MakCUMaJbHOIO  YJaJd€HUs  KHUCIOpOJa  CTallb  PACKHCIAIOT
IIOCJIEOBATEIbHO TAaKMMM PACKHUCIUTEISIMHM, KakK MapraHel, KpEeMHHUH U
QIIOMMHUM, CBA3BIBas KHUCJIOPOA B CWIMKAaTHBIM IIUIAK CJIOKHOIO CO-CTaBa,
KOTOpbIN yaamstoT. [locne BBeeHUST BCEX PACKUCIUTENEH aKTUBHOCTh KMCIOPOIa
CHIDKAETCsl J0 OINpEAENICHHBIX NPEJCIOB B pe3ysbTaTe pacKHUCIeHUs, OypHOe
Bbiiesienne CO u CO, mpekpaiaercs, pa3iauTas B U3JI0KHULBI CTAllb BEIET ce0s
CIOKOMHO, Tra3pl M3 HEE IOYTH HE€ BBIICIHIIOTCA. Takyr CTajdb Ha3bIBalOT

CIIOKOMHOM 1 0003HAYAIOT B MAPKUPOBKE OYKBAMU «CID».
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Puc. 4. Ta3oBble BKAWYEHUA B
CNUTKaxX CTau:
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CrnokoitHas cTayib 00JaaeT JyUIIUMHU TOTPEOUTEIbCKUMH CBOMCTBaMU, YeEM
kurnmas. CIMTOK TaKON CTaJIM TUIOTHBIM M OJTHOPOJTHBIMN.

CnokoiiHasi cTajb NOpeAHAa3HAYCHA ISl M3TOTOBJIEHUS OTBETCTBEHHBIX
JeTajed MaliuH U Oo0OpyJOBaHMS, OHAa 0OoJiee Joporas, 4eM KHUIIAIIas CTallb.
VYiaopoxxaHve BbI3BAHO KaK BBEJCHUEM JIOTIOJHUTEIBHBIX PACKHUCIHUTENICH
(beppocuuLIvil U CUITUKOAIFOMUHUM ), TaK 1 00pa30BaHUEM YCATOYHOU PAaKOBUHBI

B BEPXHEH YacTU CIUTKA, KOTOPYIO OTpE3al0T M MYCKalT B IMeperiaB. ITo



3HAQUYUTENBHO CHWXXAET BBIXOJ TOAHOrO Meraia. MHorma mnpu pacKuciaeHun
MapraHiieM M KpPEMHHUEM M3 CTalu YyAAIseTcsl He Bech Kuciaopoa. OcraBmmiics
PacTBOPEHHBIN KMCJIOPOJ BBI3BIBAET KPATKOBPEMEHHOE KUIIEHUE MeTajuia. Takyro
CTaJIb HA3bIBAIOT MOJYCIOKOMHON. OHa 3aHMMaeT MPOMEKYTOYHOE MOJIOKEHHUE
MEXy KHISILEH M CIOKOMHOM CTajlbl0 MO CTOMMOCTH M HOTPEOUTENbCKUM
cBoiicTBaM. [1osrycriokoiiHy10 cTajab MAPKUPYIOT OyKBAMU «IICH.

Mapranen ¥ KpeMHHM, BBOJAMMBIE B CTAJIb B KAa4ECTBE TEXHOJIOTMYECKOU
N00aBKHM, MOMHUMO TEXHOJOIMYECKOIO BIIMSHUS OKa3bIBAIOT HEMOCPEICTBEHHOE
BJIMSIHUE HA CBOMCTBA CTAJIM, KAK IPUMECH OHU MOBBIIAIOT POYHOCTH CTAJIH.

Kucnopon oka3bIBa€T OTpHULIATENBHOE BIMSHUE HA CBOWCTBA CTajM, TaK Kak
OH 00pa3yeT OKCUbl, KOTOpble BMECTE€ C HUTpPUJIAMH, — HPOAYKTaMHU
XUMHUYECKOTO B3aMMOJECHUCTBUSI aTMOC(EPHOro a30oTa ¢ METAUIOM — BXOJAT B
COCTaB HEMETAIUIMYECKUX BKJIIOYEHUH. B mponecce mMpoKaTku CIUTKa XPYIIKUE
OKCUJBI DPACIOJArarOTCi B HANPABICHUM IPOKATKM B BHJE CTPOYEUHBIX
BKIIIOUEHUH (puc. 5). HeMeraminueckue BKIIOUEHUS CHHXKAIOT MPOYHOCTh CTAJH,
IIO3TOMY MX COAEpPKAaHWE B CTald PErIaMEHTUPYIOT. JUIsi KOHTpOJS JINTON
(cnutku) u AehopMUPOBAHHOM (MPOKAT) CTAJIM MPUMEHSIOT METOJ CpPaBHEHUS
MUKpoOLUIM(a C 3TAJOHHBIMH IIKajaMu. Mcnonb3yeTcss msATHOAUIbHAS IlKaia
HEMETAJTMYECKUX BKJIIOYEHHM, COTJIaCHO KOTOPOM C yBeJIMUYE€HHEM HoMepa Oaniia
3arpsiI3HEHHOCTh CTaJIM HEMETAINIMYECKMMHU BKIIOYEHUSIMU BO3pacTaeT (puc. 6).

Hemerannuueckue BKIIIOUEHUSI UMEIOT TEMHBIN 11BeT. UTOOBI HE CIyTaTh MX
C TEMHBIMH TPaHULIAMHM 3€pEH, KOTOPBIE BBIABIAKOTCA IPHU TPABICHUHU
MUKponuida, s ONpeleSeHUsT HEMETaUIMYECKUMX BKIIOYEHUN HCHONb3YIOT
HETpaBJieHble MHUKPOUUIN(BI. AHaNMU3 MPOBOASAT MPHU CTAaHIAPTHOM YBEIMUEHUU
%100, KOTOpO€ COOTBETCTBYET YBEIMUYECHHUIO ITAJIOHHBIX 00pa3IIOB.

Menko3epHUCThIE MaTepHalibl UMEIOT Hanbosiee OIaronpusiTHOE COYETaHUE
¢u3nKo-MexaHnyeckux cBoucTB. [loaToMy BennymHa 3epHa SBISIETCS OJHOU W3
BAKHEMIINX XapaKTEpUCTHK CTajdu. BennuumHy 3epHa OLIEHUMBAKOT NPU MOMOILIU
ATAJIOHHOM MIKANBI 3€PHUCTOCTH cTanu (puc. 7). 3epHa ucciemyeMoro oodpasia

CTaJIX1 BBIABJIAIOT IIYTEM TPABJICHHA ITOBCPXHOCTHU MI/IKpOH_UII/I(i)a XUMHUYCCKHUMH



peaktuBamu. lllkana 3TalOHHBIX pa3MepoB 3epeH AecATHOAIbHAs. Y BETUYeHHE
HOMEpA LIKaJIbl COOTBETCTBYET YMEHBIIECHHUIO BEJIMYMHBI 3epHa. s onpeneneHus
BEIMYMHBl 3€pHA, TaK JK€ KaKk B CJIyd4ae HEMETAUIMYECKUX BKIIOYECHUH,
UCIIONB3YIOT yBenuueHue < 100.

VYraepoaucTeie cTany KIacCu(UUUPYIOT [0 HaA3HAUYEHUIO U Ka4eCTBY.

IIo Ha3HAYEHUIO YIVIEPOAMCTHIE CTAJIN PA3ACIAIOT Ha KOHCTPYKLMOHHBIE U
UHCTpYMEHTaNbHbIE. CTaqyu KOHCTPYKUIMOHHOTO HAa3HAYEHUS MCHOJIb3YIOT IS
U3TOTOBJIEHUS JAeTajlel MalmMH M OOOpyJOBaHUS, CTPOUTENBHBIX M APYIHX
KOHCTpyKIMH. M3 craseli WHCTPYMEHTAJIbHOIO HA3HAYEHUsS U3TOTOBIISIIOT
peXYIIUMHA W IITAMIOBBIA HMHCTPYMEHT HJisi OOpabOTKM MaTepHalioB, a TaKKe
WU3MEPUTEIIbHBIN UHCTPYMEHT.

Hasnauenune cranei onpenensercs coaepKaHueM B HUX yIVIEpOJa, KOTOPOe
BIIMSIECT HA CTPYKTYpPY M cBoicTBa craneil. Cramu ¢ coaep:kanuem yriaepona 1o 0,7
% Ha3bpIBalOT KOHCTPYKLMOHHBIMU. 110 conmepkaHuIO yriepoaa OHM OTHOCSTCS K
JO3BTEKTOMAHBIM cTasiM. VX CTpyk-Typa mnpeacTaBieHa 3epHamu pepputra O u
nepauta Il, oOecrneynBaromMMH ~ JAOCTATOYHYIO JJII  KOHCTPYKIIMOHHOTO
MpUMeHEHUsT TacTuyHOCTh. Cramu, coxepxkamme 0,7... 1,3 % yrnepona,
Ha3bIBAIOT MHCTPYMEHTAIBHBIMHU. DTO CTAJIM 3BTEKTOMJHOTO M 3a3BTEKTOUIHOTO
cocraBa. CTpyKTypa HMX COCTOUT M3 IepauTa U LeMeHTUTa. C MOBBILIEHUEM
COZEpKaHMs yTIiepoAa NPOYHOCTh M IUIACTUYHOCTH 3a9BTEKTOMIHOM CTaju
naaaroT (CM. puc. 3), 4TO 3aTpyJHSAET BO3MOKHOCTh UCIIOJIb30BAHUS UX B KAUECTBE
KOHCTPYKIIMOHHOTO Marepuana. Ho mpu 3TOM BO3pactaeT TBEpAOCTh, KOTOpas
SBJISIETCS OCHOBHOW XapaKTEPUCTUKOW MHCTPYMEHTA.

B ocHoBe kmaccuukanum crajged Mo KayecTBY JIEKUT COJEp)KaHue
BpeAHbIX Npumeceit — cepol U pocdopa. [lo gonmycTumMomy coaepx aHuio cepbl U
docdopa yriepoaucTbie CTaIH MOAPA3IEISIIOT Ha CTald OOBIKHOBEHHOT'O KauecTBa
(mo 0,05 % xaxnmoi u3 mpumecei), kadectBeHHbie (10 0,04 % kaxnoi) u
BbICOKOKadecTBeHHBIC (110 0,03 % kaxoi).

Haubonee wmmpokoe mNpUMEHEHHE TOJYYWIM YIJIEPOJUCTBIE  CTalld

OOBIKHOBEHHOT'O KayecTBa KaK CaMbIi JEIIEBBbI MaTepuasl KOHCTPYKIMOHHOTO



HazHaueHus. O0BEM MPOU3BOJICTBA ITOM TPYMIBI CTane coctaBisieT okoio 50 %
CYMMapHOTO  BBIyCKa  BCEX  YIIEPOAMCTBIX  cTa-ieil. B ocHOBHOM
KOHCTPYKIIMOHHBIE YTJIEPOAUCTHIE CTATH OOBIKHOBEHHOI'O Ka4eCTBA UCTIOIB3YIOT B
CTPOUTENBCTBE, ITUPOKO MPUMEHSIOT B CETCKOXO3MCTBEHHOM MAIIMHOCTPOSCHUH
U B IyTEBOM XO3SUCTBE IKEJIE3HOAOPOKHOro TpaHcnoprta. KadecTBeHHBIE U
BBICOKOKAQYECTBEHHbIE KOHCTPYKIIMOHHBIE YTJIEPOJUCThIE CTAIM TaKXKe HAaILIu
MHOTOCTOPOHHEE MPUMEHEHHNE B TEXHUKE.

B o0o3nHaueHne Mapkud  yrIepOJUCTONM  KOHCTPYKIIMOHHOM  CTalH
OOBIKHOBEHHOTO KauecTBa BXoAAT OykBbl CT, mudpbl 0 — 6 (yCIOBHBIN HOMEP
MapKd B 3aBUCHMOCTH OT XMMHYECKOTO COCTaBa CTalld, C yBEIMYCHHEM HOMeEpa
COJIEpKaHUE YIJepo/a B CTAJIM BO3pPACTaeT) U OYKBbI, ONPEACISAIOLIUE CTEIECHb
pPacKWJICHUS CTand (KN — KHISIas, TIC — MOJMyCIIOKOHHAs, CI — CIIOKOHHAas).
Hanpumep, mapku Crlkn; Ct2nc; Cr3cr.

KadecTBeHHbIE  yIiIepOAUCTBIE KOHCTPYKIIMOHHBIC CTald MapKUPYIOT
JIBy3HAYHBIM YHWCJIOM, YKa3bIBAIOIIUM CpETHEE COACpKAHHE YyTIepoaa B COTHIX
noJiax npoteHta, Hanpumep 08; 10; 55. Ecau ctanu moJHOCTBIO HE PACKUCIICHBI, B
o0o3HaueHue a00aBisA0T OykBbI K, rnc. Hampumep, cranp 15km, 20 nc. ([ns
CTIIOKOMHOM cTanu OyKBBI HE JOOABJISIOT.)

NHcTpymMeHTalIbHBIE CTaIM OOBIKHOBEHHOTO KaueCTBa HE TPOU3BOISTCS.

NHCcTpyMEHTAIBHBIE  YTJIICPOIUCTBIC KAYECTBEHHBIC CTAld MapKUPYIOT
OykBoil VY (yriepoaucrasi), ¥ 4YHCIIOM, YKa3bIBAIOUIUM CpEIHEE COJCpKaHUE
yriiepona B JeCAThIX Aoyisix mnpoueHTta. Hampumep, Y7, Y8 — VI3, B
0003HAYECHNN BBICOKOKAYECTBEHHBIX CTaJieil 000N TPYIIbl B KOHIIE MapKH
ykasbiBaeTcs OykBa A. Hanpumep, Y10A, 45A.

Taxum oOpazom, MapKUpPOBKa METAJIOTIPOTYKITUU COJICPIKUT
omnpeneneHnyto uHpopmanuio. [Ipumeps pacimdpoBKE HEKOTOPHIX MAPOK CTaICH
MIPE/ICTABIICHBI JaJiee:

Cr3kn  — yrjepoaucras CTalb KOHCTPYKLUMOHHOIO  Ha3HA4YEHUS,
OOBIKHOBEHHOI'O Ka4yeCTBa, T.€. colepUT cepbl okoo 0,05 % u dhocdopa okoio

0,05 %, a, cnemoBarelbHO, YKa3aHbl 3HAYEHHS BPEMEHHOIO COMPOTUBIICHUS



(mpenena MPOYHOCTH MPHU PACTSKEHUU) Gy; OTHOCUTEIBHOTO YHJIMHEHUS MpU
pacTshHKEHUW O; KHUIMSIIas, T.€. PacKHUCIeHAa MapraHiieM; o00JaJaeT BBICOKUMU
BS3KOCTBIO U IIACTUYHOCTHIO, OITOMY PEKOMEHI0BaHAa ISl XOJIOAHOU 00paboTKH
naBieHueM; udpa 3 — HOMEp MapKHu CTaH;

ctanp 45 — yriepoaucTas CTajlb KOHCTPYKIMOHHOTO HAa3HAYEHUS C
conepxkannem yriuepoga 0,45 %, T. €. OHa JOIBTEKTOUJIHAS,, UMEET CTPYKTYPY B
paBHOBecHOM cocTtostHuH @ + I1 (peppuT u mepint); kKauecTBEHHAs, T.€. COACPIKUT
cepol He Oonee 0,04 % u dochopa ne 6osee 0,04 %; cnokoitHas (B mMapkax
Ka4eCTBEHHBIX KOHCTPYKIIMOHHBIX CTajel OyKBBI CIT HE YKa3bIBAIOT);

V12A — yrunepogucrasg CTajdb MHCTPYMEHTAJIBHOTO HA3HAYEHHS C
conepxkannem yraepoaa 1,2 %, T.e. oHa 3a3BTEKTOUJIHAS, UMEET CTPYKTYpY B
paBHOBecHOM coctostHuu II  + I[Il(mepiur ©W UEMEHTUT BTOPHUYHBIN);
BBICOKOKauecTBeHHas (OykBa A B KOHIIE Mapku), T.€. CO-JECPKHUT Cepbl HE OoJiee
0,03 % u docdopa ue 601ee 0,03 %.

HexoTopbie BuUbl YIIEPOAUCTHIX CTAIEH MapKUPYIOTCS BHECHUCTEM-HO,
HaIlpuMep, aBTOMATHBIC CTajM, MPUMEHSEMBbIC JJIi U3TOTOBJICHHUS OOJTOB, TaeK,
BUHTOB U JIPYTMX KpENEKHBIX JIeTajied Ha CTaHKax-aBToMaTax, CoJeprKar
MOBBIIIEHHOE KoJindecTBO cepbl (10 0,3 %), docdopa (1o 0,15 %). ABTOMaTHBIC
CTIM MapKUPYIOT OYKBOM A B HayaJie MapKd M YHUCIOM, YKa3bIBAIOIIUM
coAepKaHUE yTIIepoJia B COThIX Aoyisix mnpoueHta. Hampumep, Al12, A20 u T.1.
JluTeltHpie cTamM UCHONB3YIOT ISl (PaCOHHOTO JINThS, OCOOEHHO B TPAHCIIOPTHOM
MaIllMHO-CTpOeHUU. WX MapKupyrT [ABY3HAUHBIM YHCIOM, YKa3bIBAIOIIUM
CpeIHee COJIepKaHKUEe YIJIepoJia B COThIX JIOJSAX MpoleHTa, U OykBoil JI — muTas,

Hanpumep 15J1, 40J1.
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Puc. 6. IJTanoHHas LWKana HemMeTaNNMYecKux BKAYeHUn: 1—5 —  6Gannbl

3arpA3HEHHOCTN MeTa/I/la HeMeTan/1Im4eCKUMU BKIKOYEHUAMMU

Puc. 7. 9TanoHHasn wKana 3epHUcTocT ctanun: 1 — 10 — 6annbl pasmepa 3epHa

VYranepogucTele  cTand, NpUMEHsSEMble B  aBTOMOOWJIECTPOGHUH U
ABTOPEMOHTHOM TPOU3BOJICTBE, MOXHO TOJAPA3ACIUTh HAa CTalId OOIIETO
HazHaueHus ('OCT 380-88), kauectBennsie yriepoaucteie ctanm (I'OCT 1050-
74) u ctanu crneuuagbHOro Ha3HaueHus. K yriaepoaucTbiM crienuagbHbIM CTasIM
MOKHO OTHECTH CTaji MOBBIIMIEHHOW M BBICOKOW 00pabaThIBAEMOCTH pe3aHHEM
(TOCT 1414-75), yrneponucteie npyxunHo-peccopubie ctamu (TOCT 14959-79),
HEJErHpoBaHHble yriiepoauctele ctand st ommBok  (I'OCT  977-75) m
CPEIHEYTIePOIUCThIE CTAIN MOHMKEHHON NMPOKATUBAEMOCThIO, H3TOTAaBINBAEMbIE

o TY MunasTonpoma.



Cramu  oOmero  Ha3HA4YeHWS  NPUMEHSIOTCA U1 W3TOTOBJICHUS
MaJIOHArPY>KEHHBIX aBTOMOOWJIBHBIX HOpPMasei, HECIOXKHBIX MPUCIIOCOOTEHUN U
HECTaHJapTHOT0 000PYI0BaHUS B PEMOHTHOM MPOU3BO/ICTBE.

VYraepoauctele  KOHCTPYKIITMOHHBIE CTalM TMOBBIIMIEHHOM W BBICOKOU
oOpabarbiBaemoctu peszannem (I'OCT 1414—75) Onaromaps HX BBICOKOM
TE€XHOJIOTUYHOCTU IIUPOKO MPUMEHSIOTCS IIPU MAacCOBOM MPOU3BOACTBE JIETAJIEH,
B YaCTHOCTM B OTEUECTBEHHOM aBTOMOOMWJIECTPOCHUM TIPU HCIOJIb30BaHUU
aBTOMATHYECKOTO CTaHOYHOro oOopyaoBaHus. [IpemmyiiecTBOM cCHeIMaIbHBIX
CTajell C TMOHWKEHHOW MPOKAJIMBAEMOCTHIO, pa3pa0OTaHHBIX Ha MPEANPUSTHUAX
aBTOMOOMJILHON  TMPOMBIIIJIEHHOCTH, SBJISIETCS  BO3MOXXHOCTh — OO€CHEUCHUS
BBICOKOW TOBEPXHOCTHOM TBEPAOCTH JAETal€d TMpPU COXPAHEHUU BA3KOU
CEpJILIEBUHBI METAJUIA B pe3yJIbTaTe OOBIYHON OOBEMHOM 3aKaJIKH.

Eciu nmnpu  U3roToBIeHUU aBTOMOOWJIBHBIX JETalled  HMCIOJb3YIOTCS
KaueCTBEHHbIC CTaJM C yMEHbIIeHHbIMU 10 OTHomIeHUI0 K ['OCTy konebanusimu
COAEpKaHUSI B HHUX YIJIEPOJA, IMOCIEC MapKu CTajdd MUIIETCS CJIOBO 'CENeKT',
Hanpumep: "cranb 45 cenekT". YIriaepoaucTbhle KaYeCTBEHHBIE CTAIHM IIHPOKO
pacrpocTpaHeHbl B aBTOMOOWJIBLHOM MPOMBIIIJIEHHOCTH JJIi HW3TOTOBJICHUS
OTBETCTBEHHBIX aBTOMOOMJIbHBIX J€Tajei, a Tak’keé B PEMOHTHOM IPOW3BOJICTBE
MIPY U3TOTOBJIEHUU MPUCTIOCOOJIEHUN U HECTaHIapTHOTO 00opyoBanus. B tabin. 3
MPUBOJATCS TMPUMEPHl TMPUMEHEHHUST HauboJiee PpaclpOCTPAHEHHBIX MapoK
YTAEPOIUCTHIX Ka4eCTBEHHBIX cTaynie. Kak B aBTOMOOMIBHOW MPOMBIIIIICHHOCTH,
Tak 1 B APII BO3MOXHBI cilydyan BPEMEHHOI'O OTCYTCTBUS T€X WJIA MHBIX MapOK
ctaieii. B Tabn. 4 nmnpuBeaeHbl PEKOMEHAAIMU IO 3aMeHe HauboJsiee

pacrpoCTpaHEHHBIX MapoOK CTajei.

Tabnnua 3. Hambonee  pacnpocTpaHeHHble B aBTOMOGWAECTPOEeHUU
KOHCTPYKLMOHHbIE YrNepoancTble CTasn U AeTaU, U3rOTOBNEHHbIE U3 HUX

Ne | Mapku ctanu N3rotasameaemble geTtanu

1 | Cranu 50NMN0O (kopombicno knanaHa 3WJ1-130), 58 (55MMN),
NOHUMKEHHOM 60NN (Beaomana UMAMHAPUYECKAS LIECTEPHA NAaBHOM
npokanusaemoctu | nepegaun 3WU/1-130, Begomasa KOHMYECKAA LUEeCTepHA




FA3-53A, BTopuuHbIi Ban FA3-53A), HUMPA (wectepHu
MOIyOCH, KpecToBUHbI auddepeHLmana)

2 | 08, 08kn, 10 Kopnyca cTeknonogbeMHUKOB W ABEPHbIX 3aMKOB,
KOXYXa CUCTEMbI OXNaXKAEeHUA, OPbI3rOBUKN ABUraTens,
ABEPKM KabWH, Kpbl/ibA, FYLWNTENN, WMTKN pPaamnaTopa,
NaHenn KanoTa, Kopnyca BO34yLWHOro ¢unbTpa, AeTanm
KabMH M Ky30BOB, KPOHLUTEMHbI, KPbIWKN KAanaHHbIX
MEeXaHW3MOB, peryanpoBoYHbIe NPOKIAAKM,
MACNooTpaXKatenu, ramkm, Wwypynsol, aertanu
npucnocobi1eHnin, HecTaHAapPTHOro obopyaoBaHUA

3 |15, 15kn [OVCKN Konec /Nerkosbix aBTOMOOMAEN, pPas3UYHbIe
Nnanblbl U OCK, BONTbI U BUHTbI C KPYF/1I0M, ONYKPIAOM,
LUAVMHAPUYECKOMN, MOTaNHOW U APYTMMK FO/I0OBKaMM

4 |20, 20kn, 25 Banbl w“ 4yepBAKM pyneBoro ynpassieHUA, Banbl
ynpaBneHMAa KOpobKOM nepenay, KapAaHHble Babl,
TPOCbI CTEK/IONOAbEMHUNKOB, Hamnepbl, AeTaNn pblyara
PYYHOro TOPMO3a, BW/IKU NEpeKNYeHua nepesad,
BKNAAbIWWM  pynesBblX TAr, pbld4arn nNepeKknryYeHus
nepeaay, Pas/INyHble KPOHLITENHbI, TPOCbI YNpPaBaAeHNA
KapbtopaTopom u ap.

5 130,35 KapaaHHble pnaHupl U BUIKK, WIECTEPHU KONEHYATOro
Bana, WeCTEepPHM  MACAAHOrO  Hacoca, Kopnyca
MAPOLNAMHAPOB  ONPOKMAbIBAIOWMNXCA  YCTPOMCTB
CaMOCBaN0B, BblABUXHbIE MM/1b3bl TMAPONOAbEMHUKOB,
OYKCUpPHbIE KPIOKK, BUNKU NEepekntoyeHua nepesau,
LWNWABbKK KONEC, LWECTUIPaHHble pe3Hble 6oNTbl, AeTanu
HecTaHZapTHoro obopynoBaHMA

6 |40,45 KoneHyaTtble Banbl AgBuratena W KoOmNpeccopa,
pacnpegenutenibHble  Basbl, MNOPLHEBble Ma/blpl,
NONYOCU HEKOTOPbIX MAPOK NErkoBbiX aBTOMObOMAER,
OCW LWeCTepeH 3a4Hero xoaa, NOBOPOTHbIE LUKBOPHMW,
BUAKM  KapAaHHOro  Bajla, BeHUbl  MAXOBWKOB,
Pa3*KMMHble  KYNaKM  KONOAOK TOPMO3a, LWTaHru
TONKaTeNel, WNUAbKU FON0BKK B10Ka U gp.

7 |50, 60 Begombie aoncku cuenneHus

Tabnnua 4. BO3MOXHble 3aMeHbl Haumbonee  pPacnNPOCTPAHEHHbIX B
aBTOMOOMIECTPOEHUM MAPOK CTaNeN

Yrnepogucrtble ctanu JlernpoBaHHble cTanu

3ameHaemble | MapKu CTanei- | 3ameHsiemble Mapku cTanein-3ameHuTenemn
MapKu 3aMeHuTeNnemn MapKu

Crl 08, 10 40r2 55[, 60T, 4512

Cr2, BCT3 10, 15,15r 452 60r, 651, 50I2,30X




Cr3 20,15r,200 151 200,251
Crd 20,20r,25,25I 30r 35I,401
C15 30,30r,35, 35T, 40, 40T 15X 15XA, 20X, 12XH3A
C16 45,451, 50, 501 20X 18XI'T, 12XH3A,30X
08 10 12XH3A 20XH3A,20XHP, 25XT'T, 20XI'HP
10 15 15XM 12X2H4A
15 151,20 18XI'T 20XM
20 20r,25 25XI'T 30XI'T, 20XI'P
25 251,30 25XI'M 25XI'M, 30XI'T
30 30r,35 35X 25XI'T,15XITH2TA
35 5l,40 40X 40X
40 401,45 38XA 45X,40XH
45 45T, 50 40XH 35X, 40X,40XH
50 50r, 55 30XMA 45XH
30XrcC 35XM, 38XM
30XTCA, 35XICA

3.2 JlermpoBanHble cTaau. [IpeumyinecTBa JJeripoBaHHBIX CTaJIel

TexHuyeckoe  INPUMEHEHUE  yIVIEPOAUCTOM  CTald  OTPaHUYMBACTCS
OpUCYIIUMU €l 0coOeHHOCTSIMU. CylleCTBEHHbIM HEJOCTATKOM YIJIEPOAMCTON
CTalu SIBIIETCS €€ HU3Kas NPOKAJIMBAEMOCTb. JTO HE IO3BOJSET PEaJvu30BaTh
NOTEHUUATbHBIE BO3MOXHOCTU CTajd B KPYIMHOTrabapUTHBIX KOHCTpYKUMsX. [lpu
3aKaJIKe MACCUBHOW JETaId TEPMHUYECKOMY YIPOYHEHUIO IOJABEPracTcs TOJBKO
IIOBEPXHOCTHBIN CJIOW JETald TOJIIMHOW B IOJIOBUHY KPUTHYECKOIO AUAMETPA,
KOTOPBIN ISl YTJIEPOAUCTBIX CTaned He mpesblimaeT 25 MMm. CepaueBuHa JeTanu
COXpAaHSIET CTPYKTYpYy, 4, CJIEHOBATEIbHO, M HHU3KHE MEXAHWYECKHE CBOWCTBA
HE3aKaJICHHOW CTaJu.

He wmeHee BaxHOE OrpaHMYEHHME HA TEXHUYECKHE BO3MOKHOCTH
YIJIEPOAUCTON CTAd HAKJIAIbIBACT PE3KOE YMEHBIICHHWE €€ IUIACTUYHOCTU U
BA3KOCTH C YBEIMYECHHEM COJIEp)KaHUs yriepojaa. JTO OTrpaHHMYEeHUE OCOOEHHO
HArJIsiAHO BBISBISIETCSI B CBOMCTBAaX 3adBTEKTOMIHOM CTalM: WHCTPYMEHT U3
YIJIEPOAUCTOM CTaldu XpPYNOK, OH HE BBIACPKUBACT YIAAPHBIX HArpys30K.
[IpuemiieMyro I8 pPEXYLIEr0 HWHCTPYMEHTA BS3KOCTh YIVIEPOAUCTAs CTajb

COXpaHsIET TOJBKO 10 conepaHus yriepoaa 1,3%. Ilpu Oonbinem coaep:kaHuu




yriaepoja HHU3KHA YpOBEHb IUIACTUYHBIX CBOWCTB HE IO3BOJSET HCIIOIb30BAThH
YIJIEPOIUCTHIE CTANIM B KAUECTBE MHCTPYMEHTAIIBHOI'O MaTepHUaia.

JUIs1 ycTpaHEeHHsI OTMEYEHHBIX HEAOCTATKOB B COCTaB YIJIEPOAUCTON CTaJH
BBOJSAT JIONOJIHUTEIbHBIE XHUMHYECKHE BJIEMEHThI, T.€. €€ JETHpylT, a
II0JIy4aeMbl€ IIPU 3TOM CTaJIU Ha3bIBAIOT JIETMPOBAHHBIMU.

Hapsny ¢ ycTpaHeHMeM IIyT€M JIETMPOBAaHMs IPUCYIIUX YIIEPOIUCTOM
CTJIM HEJOCTATKOB MOKHO TaKXe€ JOCTUIraThb HYXHBIX CBOMCTB, T.€. IOJy4aTh
CTAJIA CO CIELUAJIbHBIMM CBOWCTBAMM, HAIpUMEP KOPPO3HMOHHO-CTOMKUE,
YKapOIPOYHbIE, HEMAarHUTHBIE U JIP.

OpxHako cTporo pa3rpaHUyYUTh YIJIEPOAKMCTYIO CTallb U JIETHPOBAHHYIO CTAJIb
JIOCTaTOYHO CJIO’)KHO. B mporecce BBIIABKM B CTajlb HEU30€XKHO MOMAIAI0T
pa3Hble XUMHUYECKHME OJJIEMEHThl M M3 HCXOJHOIO ChIpbs, M B BHIE
TEXHOJIOTMUECKHUX J100aBOK, U M3 OKPY’KAIOLIEH ra3oBOi cpejabl, U B pe3yibTare
B3aMMOJECHCTBUS JKUAKOTO MeTajuia ¢ GyTepOBKOM METAaTypruueCKUX arperaTtos.

B camoii kene3Hol pye B HEKOTOPBIX KOJUYECTBAX MOTYT IPUCYTCTBOBATh
TAaKU€ DJIEMEHTBI, KAaK XpOM, HHKENIb, TUTAH W BaHAJUi, KOTOPbIE HaXOIAT
IIMPOKOE TNPUMEHEHHE B TPOM3BOJICTBE JETHMPOBAHHBIX CTalleld, KOTJa HX
CHELMAbHO BBOAAT B CTajb B KayeCTBE JIETUPYIOLIUX A00aBOK. B HeEKoTOpbIX
pyZlax couepiKaTcsl TakKe MeJlb, [IMHK, OJIOBO, CBUHEL U Ipyrue anemeHTsl. Kpome
TOTO, B COCTAaB LIMXThl BBOJSAT METAJUIONOM, COJEpKaHHE KOTOPOro B Hauboiiee
NEPCIIEKTUBHOM B HAcTOsLIee BpeMs KOHBEPTEPHOM crocole crajeBapeHus
nocturaet 30 %. Tak kak METAJUIONOM HE Pa3JEIAIOT [0 XUMUYECKOMY COCTaBY, B
100011 cTanu, B KOTOPYIO HE BBOJAWJIM CHEUATBHO JOOABOK JIPYTUX XUMHUYECKHX
AJIIEMEHTOB M KOTOPYIO TEXHOJOTH CUMTAIOT YIJIEPOAUCTON, TEOPETUUECKU MOYKET
IIPUCYTCTBOBATH JIt000H 3neMeHT [lepuoanueckoii cucremsl J[. 1. Menaeneesa.
JlernpoBaHHOM CUHTAIOT CTajdb, B KOTOPOM COAEPKAHUE OIPEACIECHHBIX
XUMHUYCCKHUX DJIEMEHTOB HE HIDKE 3aJlaHHBIX BenuuuH: He MeHee 0,001 % Gopa; 0,1
% TuTaHa, IUPKOHUS, HUOOUS, BaHaaus u mMonuoaena; 0,5 % kpemuus u 1,0 %

BCCX APYTUX 3JICMCHTOB.



[To cyMmMapHOMY COAEPKaHUIO JIETUPYIOMIUX 3JIEMEHTOB PAa3INYa0T HA3KO-
(menee 5%), cpeane- (5... 10%) u BeicokonerupoBanubie (0osee 10%) cranu.

Hapsiny ¢ monoxuTenbHbIMH CBOWCTBaMH JIETUPOBAHHBIE CTaIM 001alar0T
pPSAZIOM HEAOCTATKOB, KOTOPBIE MPAKTUYECKH HE CBOWCTBEHHBI YTIJICPOJIUCTHIM
CTaJISIM.

JlernpoBaHHbIE CTAJIM MTOABEPKEHBI CIETYIONIUM BUaM JAe(EKTOB.

Henopumnas  nukeayus  popmupyercs B TpoIlecce  MEPBUYHOM
KPUCTAJUIM3AIMU KaK YTJIEPOJUCTHIX, TaK M JIETUPOBAHHBIX cTayei. OJHaKo B
MPOIECCe EeCTECTBEHHOTO OXJAXKICHHWS CIUTKA JCHAPWUTHAS JIMKBAIMs B
VIAEPOIUCTHIX  CTAAX MPAKTUYECKW HMCYE3aeT, TaK KaK COOTHOIICHHE
KOMITIOHEHTOB CTaJldi B OOBbEME 3€pHa BBIPABHUBACTCS B pe3yibTare nuddy3uu
yriepoaa. Koadbdunuent nuddy3un ierupyronmx 31€MEHTOB B KPUCTATTMYECKOU
pelieTke Kene3a 3HAuUMTENIbHO HIbKe, 4yeM yriepona. [loatomy peHapuTHas
JUKBAIMSl B JICTUPOBAHHBIX CTANAX MOCIE HMX OXJAXKICHUS COXPAHAETCS, YTO
CHW)KACT X CBOMCTBA. [|y1s1 ycTpaHeHUs TaHHOTO JeeKTa HEOOXOIUMO TTOBBICHTH
kKodhpureHT nuddy3un JIerupyommux JIEeMEHTOB. DTO JOCTUTAETCS B Ipoliecce
1 Py3MOHHOTO OT)KHTA, KOTOPBIA PEKOMEHAOBAH ISl YCTPAHCHUS ICHIPUTHON
JIMKBAIIUH.

Kapbuounas nuxeayus BO3HHUKAET BCIEICTBUE Pa3HOM IJIOTHOCTHU JKelie3a U
KapOWIOB JICTUPYIOIIMX 3JIEMEHTOB, KOTOpPHIE HAa3bIBAIOT CIICIUAIBLHBIMU
kapOugamu. [110THOCTH OONBIIMHCTBA CHEIUATBHBIX KapOUIOB HUKE MIIOTHOCTH
KeJesa, MoATOMY OHU 00pa3yroT B CTalM MECTHbIE CKOIUIeHUs. JlaHHBIN nedekt
OYCHb OMACEeH, TaK KaK CKOTUICHHsI KapOWIOB MPHUBOIAT K PE3KOMY KOJIEOAHUIO
CBOWCTB JIETUPOBAHHOM CTAJIA O CEYEHUIO JETAJIHU.

Yerpanuth  kKapOUJHYIO — JIMKBAllMIO ~ TEPMUUYECKOM  00paboTKoOi
JIESTUPOBAHHOW CTaly HEBO3MOXHO. KapOwmHble CKOIJieHUs pa3OuBaroT U
OTHOCUTEIHHO PABHOMEPHO PACTIPEIEISIIOT 0 CEUEHUI0 3arOTOBKA METOJIaMH
oOpaboTku naBimeHueM. JlaHHBIA BUI JedeKkTa HAOIIOMACTCS TONBKO B CTAJAX,

JICTUPOBAHHBIX Kap61/m006pa3yfoumMH OJICMCHTaMH, TaKMMHM KaK THUTAaH,



UPKOHUMN, HIOOMH, BaHa Ui, BOJIbGpam, MOJIUOACH, XpOM, MapraHell (IpuBeIeHbI
B TIOPSIIKE YMEHBIIICHUSI KapOu1000pa3yromieil CnoCOOHOCTH).

[IpakTHueckoe 3HaAUYE€HHE TMPEACTABICHHOTO psifa KapOUg000pa3yroumx
AJIIEMEHTOB 3aKJFOYAETCS B BO3MOKHOCTHM IPOTHO3UMPOBATH KapOHmooOpasyroliee
MOBEJICHUE BBOJVMBIX B CTAJIb JIETUPYIOLIUX 3JEMEHTOB. Eciu cTalnp JIerupoBaTh
HECKOJBKUMH  KapOUJI000pa3ylolnuMy  AJIEMEHTaMH, TO CIEIYyeT OXKUIaTh
oOpa3oBaHus KapOWIa TOJBKO TOTO XUMHUYECKOTO dJIEMEHTA, KOTOPHIM HAXOIUTCS
B Py KapOuI000pa3yronInX 3JI€MEHTOB JIEBEe.

O6mmMu eeKTaMu JISTHPOBAHHBIX CTAJICH C TIOBBIIIIEHHBIM COJCPKaHUEM
XpoMa SIBIIIIOTCS omnyckHas xpynkocmo Il pooa u ¢rnokensi.

OtnyckHast xpynkocts Il poaa mposBisieTcs B JIETUPOBAHHBIX CTAJSIX IMPHU
MEJIJIECHHOM OXJIaXJEHUU B obsactu Temmeparyp okoyio 550 °C. OrmyckHyio
xpynkocTs Il pona Ha3bpIBatOT 00paTUMOIA.

[Ipeaynpeauts OTIYyCKHYIO XpynkocTh Il poma OBICTpBIM OXJaxaACHUEM
CTaJIBHON JeTany B pabOuMX YCIOBUSX JACHCTBYIONICH TEIJIO-BOM MAaIIUHBI HE
BCETJla BOBMOXKHO. YMEHBIIUTH cojepkanue pocdopa g0 yposus meree 0,001 %,
HEOOXOJMMOro JJIsl TPEAYNPEKICHUS] OTHYCKHOM XPYNKOCTH, JUIsl cTrajel
MacCOBOT0 MPUMEHEHHUS TaKK€ HE MPEACTABIAECTCS BO3MOKHBIM, YUYHUTHIBAs, YTO
JomycTuMoe cojiepkanue docdopa naxke B 0COOOBBICOKOKAYECTBEHHBIX CTaJISIX
yaaercs obecneunth Ha ypoBHe 0,025 %. Haubosiee peaqbHbIM U IIMPOKO
MPAKTUKYEMbIM CIIOCOOOM TpeaynpexaeHuss oTnyckHoil xpynkoctu Il poma
SBJISIETCS BBEJCHUE B CTajb MOJIMOIeHA B kKoymuecTBe okoio 0,5 %. O6pazyemble
UM  KapOuael npensaTcTBYOT aud@y3unm  dochopa k rpaHuLAM 3€peH U
MPEAYNPEKIA0T MOSIBIECHUE OTITYCKHOM XPYMKOCTH.

®nokenamu (ot HeM. flocke — xJ10mbs) Ha3bIBAIOT TpeUTMHBI B MeTaliie. Ha
TpPaBJICHOW MOBEPXHOCTH NUIM(a OHM MMEIOT BHUJ MEIKHUX TpPEIIWH, & B HU3JIOME
BBITJISAIAT, KaK O€Jble XJIOMbeBUAHBIC MATHA.

@I0KeHbl BO3HUKAIOT B MPOIECCE OBICTPOrO OXJAXKICHUS TUIACTUYECKH
neOpMHUPOBAHHBIX XPOMUCTHIX cTajel B umHTepBaie temmeparyp 200...20°C.

[TpuuuHoit oOpazoBaHus (JIOKEHOB SIBJISIETCS COJIEPIKANTUNCS B METAJIJIE BOJIOPO/I,



KOTOPBIN MPU BBICOKOI CKOPOCTH OXJIAXKIEHUS HE ycrieBaeT npoaudPpyHaupoBaTh
K MIOBEPXHOCTHU CJIMTKA W, BBIACISSACH B TOJIIE MeTasuia, o0pa3yeT mopbl. OI0KeHbI
peaxo oOpa3yroTcsl B JIMTOM CTalH, TaK KAaK JUTOW METAJUI PHIXJIbIA M TOPUCTHIM,
yTO O0O0JIer4aer yjaajJeHue Boaopona u3 craiau. DOIoKeHbl MNPAKTHUYECKH HE
BCTPEYAIOTCS B JIETANSIX CEYEHUEM MEHBIIE 25 MM.

Hanuuue ¢aokeHOB pe3ko yXyaIlaeT CBOMCTBAa CTalud U JejlaeT ee
HEMPUTOAHON JIJIs1 KOHCTPYKIIMOHHOTO MPUMEHEHUS.

[Ipeaynpeauts oOpa3oBaHue (IOKEHOB MOXXHO IIyTEM YMEHbIIICHUS
ckopoctu oxjaxiaeHus Hwxke 200°C, T.e. cO31aHHEM YCIOBHMA ISl yIaJICHHS
BOJIOpoJia u3 cranu nytem auddys3uun. [Ipu BakyyMHOU IJIaBKE WM BaKyyMHOMH
pa3iIMBKE CTaJM BOJOPOJ YIAISETCS W3 paciuiaBa, 4TO TAKXKE MPEAYIPEXIACT
dbopmupoBaHue (PIOKEHOB. YCTpaHUTh O0OpazoBaBIIUECS (DJIOKEHBI B HEKOTOPHIX
cllydasx IO3BOJISIET TOCJIeayrouas IulacTuyeckas nedopmaius, B IpOLEcce
KOTOPOM BO3MOKHO 3aBapHUBaHHE TpellrH. DIOKEHBI YCTPaHSIOTCS KOBKOW WIIU
IIPOKATKON Ha MEHBIINW pa3Mep 3arOTOBKH.

HudepHsiit U3710M HaAOMIOJAETCS TOJNBKO MOCHEe ropsyed nedpopmanuud u
BBI3BIBAETCS HEPABHOMEPHBIM pacCIpelesieHueM COEAMHEHU cepbl, Qocdopa,
KHCIIOpOJAa U APYIMX INpUMeEced. Ycalo4yHble PAKOBUHBI U Ta30BbIE Iy3bIPU IPU
IPOKAaTKEe BBITATUBAIOTCA, 00pa3ys cjJou 3arps3HeHHoro Mmetamna. llpu
pa3pylIeHUH IO TaKOMY CJOK H3JIOM TOJy4aeTcs CJIOUCTBIM, C OCTPbIMHU
3a3yOpuHaMy U BbICTynmamu. Tepmudeckoil oOpabOTkoW mudEepHBbI H3JI0M HeE
ucnpapisercs. [1oJHOCTBIO YCTpaHUTh €ro MHOTAA YJAETCs TOJIBKO MEePEKOBKOM
ctanu. Ctalib ¢ TaKUM J1e(PEKTOM Yallle HapaBJIsioT B MEpPEIIaB.

B3aumopneiicTBue JIErHPYIOINMX JJIEMEHTOB € KOMIIOHEHTAMH CTAJIH.
OCHOBHBIMM KOMIIOHEHTAMM CTalld SIBJISIIOTCS JK€Je30 U yriiepoAa. boapmmHCTBO
JETUPYIOLIUX 3JIEMEHTOB C KEJIEe30M 00pa3yloT TBEpJble PAaCTBOPHI 3aMEIICHUS.
Hckmrouennem siBnsieTcss 00p, KOTOPBIM 00pasyeT ¢ >Kele30M TBEPIIbIil PacTBOP
BHeJIpeHUsl. MHOTHE JIETUPYIOIIUE DJIEMEHThI, PACTBOPSIOIIMECS B Kejese,
0o0pa3yloT TakKe XUMUYECKHE COEIMHEHHUS C YIIepoAOM — CHelHaIbHbIe

kapouasl. Kpome Toro, nervpyromue 3jeMeHTbl MOTYT OOpa3oBbIBATh U ApPyrue



XUMUYECKUE COEAUHEHUS: C KUCIOPOJOM — OKCHJABI, C a30TOM — HUTPHUJBI.
Hekoropble Jerupyromme 3J€MEHTbl HE B3aMMOJEHCTBYIOT C KOMIIOHEHTaMH
CTaJIM U HAXOJSATCS B CBOOOJHOM COCTOSIHMH, 00pa3ysl caMOCTOSTENbHYIO (pazy. K
TaKUM JJIEMEHTaM OTHOCSTCS cepebpo u cBuHel. Meap npubmusurenbHo a0 1 %
pacTBOpsieTCSl B Kelie3e, a MpU OOJBIIEM COJEPKaHUM HAaXOJIUTCS B CBOOOJIHOM
COCTOSIHUM B BUJE OTHECNbHOU (ha3bl. XUMUYECKHUE COCIUHEHHUS JIETMPYIOUIUX
AJIIEMEHTOB C YIJIEPOJOM M JPYTMMH 3JEMEHTAMU CTAJIA TaKXe MPUCYTCTBYIOT B
BUJIE OTIEIbHON (pa3pl. XUMHUECKHE COEIUHEHUS JIETUPYIOIIMX 3JIEMEHTOB C
KEJIe30M U MEX]Ty COO0M Ha3bIBAIOT MHTEPMETAIIHIAMU.

PactBopsisich B a-kerne3e, JIETUPYIOIIHNE 3JIEMEHThI OKa3bIBAIOT 3HAYUTEIBLHOE
BIIUSIHME HAa CBOWCTBA CTajM, MOCKOJBKY (DEppUT, KOTOPHINA SIBISETCS TBEPIbIM
pacTBOPOM YTiiepoja B o-xkenese, 3aHumaet 110 90 % B CTpyKType cranei.

BHenpeHne B KpUCTaNIMYECKYIO pemieTKy (eppura aTOMOB JpPYTUX
AJIIEMEHTOB, HampuMmep, Oopa, HCKaKaeT €ero KpPUCTAUIMYECKYIO0 PEIIETKY.
OOpa3oBaHue TBEPAOrO0 PACTBOpPA 3AMEIICHHS TAKKE CO3[AaeT HaIpSKEHUS B
KPUCTAJUIMYECKON peleTke ¢eppuTa, Tak Kak pa3-Mepbl aTOMOB JKelie3a U
JETUPYIOLIETO 3JIEMEHTa paszinyarorcd. Eciu aToOMHBIA paguyc JErHpyroLero
JJIEMEHTa MEHBUIE, YEM Yy JKEJe3a, TO IapaMeTp KPUCTAJUINYECKON PEIIETKH
dbepputa yMmMeHBIIAETCS, TOT/IAa KaK DJIEMEHTHI C OOJIBIIUM aTOMHBIM PaJUyCOM
YBEJIMYMBAIOT MEPUOJ PEIIETKHU >Keme3a. VMckaxkeHne KpUCTalInyecKor peleTKd
0-Kele3a  BBI3BIBAET  COOTBETCTBYIOIIEE H3MEHEHHWE CBOMCTB  (eppu-Ta.
BOJBIIMHCTBO XUMUYECKUX 3JIEMEHTOB, UCIOJIb3YEMbIX B KAUECTBE JIETUPYIOIIHUX,
MOBBIIIAET MPOYHOCTh M CHMKAET MJIACTUYHOCTD CTaJIH.

OpHako, TOBBIIAS TBEPAOCTh M MPOYHOCTH (PeppuTa, JETUPYIOIINe
AIIEMEHTHI (32 MCKIIIOUEHHEM HUKEIs) CHIXKAIOT €ro IUIACTUYHOCTh U yIapHYIO
BA3KOCTb.

Haunbonee mmumpoko s JIETUPOBaHUS CTaJed WCIOJIB3YIOT Maprasertl,
KPEMHHUI, XpOM, HUKEIb, BOJIbPpam, MOIUOIeH, BaHa Ui, HHOOUM, TUTaH U 00p.

Mapraner;, B HeOOJbUINX KOJMYECTBAX COAEpXKAIIMICI BO BCEX CTASIX —

KaK yri€poJuCTbIX, TaK MW JICTUPOBAHHLIX, MCIIOJB3YCTCA B  Ka4CCTBC



TEXHOJOTHUECKON M00aBKM MAJI1 PACKUCICHHUS CTaJId U YCTPAHEHUS BPEAHOTO
JEHCTBUS cepbl — KPAaCHOJIOMKOCTH. B jxee3e mapranel pacTBopsieTcs B JIIOObIX
COOTHOIIICHUSIX, 00pa3ysi TBEpAbIA pa-cTBOpP. JIerupyromum 3JeMEHTOM MapraHel|
CUMTaeTcsl mpu coaepkaHuu B cramm Oonee 1 %. Ilo cpaBHeHMIO ¢ ApyruMu
JETUPYIOUIUMU ~ DJIEMEHTaMM  OH  HauOoJiee  3HAYUTEIBHO  TOBBIIIAET
MPOKAJIMBAEMOCTh CTaju. Takke mapraHelr] 3HAYWUTENIBHO MOBBIIIAET TBEPIOCTH
CTaJIM, HO IIPU COAEPKaHUU ero cBbie 1,5 % cTtanb pe3ko TepseT MIaCTUYHOCTD,
MO3TOMY 3TO COJEp>KaHWE MapraHiia B CTaJIU B OOJBIIMHCTBE CIIy4aeB SIBISIETCS
npefenbHbiM. OgHako nOpu ero coiep:kaHuu okoio 13%, uro sBusieTcs
UCKIIIOYEHHEM M3  oOlero mpaBwia, CTallb  NPUOOPETAaeT  BBICOKYIO
U3HOCOCTOUKOCTB.

BBenenue maprasiia NpUBOAMT K CHUJIBHOMY POCTY 3€pE€H ayCTEHUTa IpH
neperpese cranu. llosTromy OOBIYHO BMECTE€ C MapraHueM B CTajb BBOJAT
KapOu1000pa3yrolue 3J1eMEHThI, KOTOPbIE CIOCOOCTBYIOT U3MEIbUEHHUIO 3€pHA.

KpemHuii — oIHMH M3 caMbIX paclpOCTPAHEHHBIX B IMPUPOJAE IJIEMEHTOB.
OTO NETKOOKHUCIISAIOMUNCS 3JIEMEHT, OOBIYHO OH HAXOJUTCS B BUJE OKCHJIOB U €T0
BOCCTAaHOBJICHHE U3 OKHCIEHHOM (OpMbI TpeOyeT 3HAUUTENbHBIX 3aTpaT YHEPTUU.
B mpousBoacTBe ctanu KpEMHHMM NMPUMEHSETCA B KadyecTBE packuciaurelnd. llpu
cojepkanuu B ctaiu Boime 0,5 % KpeMHUH CUMTAETCS JIETUPYIOIIUM 3JIEMEHTOM.
B ’xenme3e kpeMHUU pacTBOpsAETCS B JIOOBIX COOTHOUIEHUsX. Ero BiusHuE Ha
IIPOYHOCTH U TUIACTUYHOCTH CTAJIA AHAJIOTUYHO JeUCcTBUIO Maprasna. Coxepxanue
€ro B JIETUPOBAHHBIX CTAJIAX OTPAHMYMBAIOT mpenenoM 2 %, MpeBbIIICHHE
KOTOPOT'O MPUBOJMT K PE3KOMY CHMXKEHHIO TUIACTUYHOCTH CTAJIH.

XpoMm pacTBOpsieTCS B IIEMEHTUTE U 00pa3yeT ¢ YIJIepoaoM KapOWIbI,
MO3TOMY €ro IIUPOKO MCIHOJIB3YIOT ISl JIETUPOBAHUS CTaJIed KOHCTPYKLIMOHHOTO
HA3HAYEHHUs. 3aMETHO YIPOYHSS CTalb, XpPOM MaJIO BIMSAET HA €€ IUIACTHYHOCTD,
CYLIECTBEHHO YBEJIMYMBAET MPOKATUBAEMOCTb cTaj. bmaronmapst oOpa3oBaHMIO
KapOUJIOB TOBBIIIAET HU3HOCOCTOMKOCTH cTaiu. Ilpu comepkanuu Oonee 13 %

MPUIAET CTATU KOPPO3UOHHYIO CTOMKOCT.



Hukens — onuH u3 Hambojee LEHHBIX, HO ACPHUIMTHBIX JIETHPYIOIINX
aneMeHToB. Hukenb oka3piBaeT Hambosee OaronpusiTHOE BIMSHHE Ha CBOWMCTBA
CTaJIM: TIOBBIIIAET MPOYHOCTh, MPAKTUUYECKH HE yMEHbIIAas €€ IIacTUYHocTU. B
CTaJIb HUKEJb BBOJAT B KosruecTBe 70 10 %.

Bonshpam u MomubOneH — camble JOpOrHe U OCTPOJe(UIIUTHEIE,
JIETUPYIOUIUE 3JIEMEHThI. B cTanb WX BBOAST B HE3HAYUTEIBHBIX KOJIMYECTBAX:
OOBIYHO B JAECATHIX AOJsAX mporeHta. Kak Bombdpam, Tak u MONMHOIEH CHUIBLHO
MOBBIIIAIOT MPOKAIIMBAEMOCTb cTayu u, SIBJISSICh CUJIbHBIMH
KapOumo00pa3oBaTensiMi, HM3MeNbualoT 3epHO. VX BBemeHHe  ycTpaHseT
OTIYCKHYIO XpYyNKOCTh Il poma, MpuCyllyl0 XpOMCOAEpKalluM JIETHPOBaHHBIM
CTaJISIM.

Bananwmii, HHOOMH, TUTAaH — CHIbHBIE KapOuaooOpazoBaTenu. VX BBOAST
JUIs U3MeNIbYeHMsI 3epHa B KosinyectBe He Oozee 0,3 %, Tak kak mpu OOJbIIEM
COIEp’)KaHMM OHU CHWXAIOT MPOKAIMBAEMOCTh CTald W NPUBOIAT K €€
OXPYITYUBAHHUIO.

bop BBomaT B Mukpomo3zax g0 0,005 % c 1enbl0  MOBBIIMICHUA
IPOKAJIMBAEMOCTh CTAJIM. OJTOT OJJIEMEHT sBiseTcs Haubosee 3(pPeKTuBHON
n00aBKOM 71l YBETUYEHUS! MPOKATMBAaeMOCTh. Takoil ke 3(PpQekT MoxkeT ObITh
ToCTUTHYT npu BBeaeHun 0,2 % MonuoaeHa win 1 % HUKes.

OcoO0enHocT  TepMu4yeckoid o0padorku. Tepmuueckas o0OpaboTka
JETUPOBAHHBIX CTajled MMEEeT CBOM OCOOEHHOCTHM, OTJIMYAOLIUE €€ OT
TepMUYECKON 00pabOTKH YIIIEpOJAUCTHIX CTaJIEH.

Kputnueckue touku. BceaeactBue Oojiee HU3KOTO, 4eM Yy yriepoja,
ko3 dunmenTa quddy3un JESTUPYIOMINX AIEMEHTOB B KPUCTAIUTMICCKON PEIICTKE
’Keje3a BCEe MPOLECChl BTOPUYHOM KPUCTAUIM3AIMU B JIETUPOBAHHBIX CTaJISIX
IIPOUCXOIAT C MEHBIIEW CKOPOCTBbIO, YE€M Y YIIEPOAMCTBIX craned. Jlmsa
BBIPABHUBAHUS CKOPOCTEW BTOPUYHOM KPUCTAUIM3ALMMU JIETUPOBAHHBIX CTaJICH
HE00X0auMO cOnMu3uTh KodhduIeHTsl TudPy3un Terupyromux 31eMEHTOB U
yriaepoaa. OTO  JOCTUTaeTcs  MOBBILIEHUEM  TeMIepaTypbl  00paboTKu

JIETUPOBAHHOM CTAJIM. 3HAUYEHUS TEMIlepaTyp Kputhuueckux touek Al, A3u Acm



Juist nerupoBaHHbIX ctaneil Ha 30...50°C Bbllleé COOTBETCTBYIOLIUX TEMIIEPATyP
JUISL YTJIEPOAMCTBIX CTAJIEH ITPU OJMHAKOBOM C HUMH COJIEpKaHUU YIJIEpOJa.

Ckopoctu HarpeBa W OXJIaxAeHUA. Bce nerupoBaHHbIE CTaad MEHEe
TEIJIONPOBOAHBI [0 CPABHEHUIO C YTIEPOAUCThIMU cTaisiMu. [loaTromy HarpeBathb
U OXJIAXJaTh JIETUPOBAaHHBIE CTAlM CIEAYET C MEHBIIEH CKOPOCTbIO, YEM
yIJIEpOAMCThIE CTalIW. B NpOTHBHOM ciyyae B JIETUPOBAaHHBIX CTalsfX H3-3a
HEPaBHOMEPHOI'O MPOrpeBa MO CEHYECHHIO JI€TaJd MOTYT BO3HHKHYTh BHYTPEHHHUE
HanpspbkeHus. Eciin nx BeaMunHa NpeBBICUT IPOYHOCTHBIE XapaKTEPUCTUKU CTAJIH,
TO JeTajlb TOJBEpPrHETCS HeoOpaTuMoMy (OPMOM3MEHEHHIO: OHA MOXKET
ne(opMUpOBATHCS UM TPOU3OMAET TPEIIMHOOOpa30BaHUE.

B nmpomecce oxnaxIeHHs IpPU 3aKaJKe JIETUPOBAHHOW CTalM Ha
TEPMUYECKHE  HANpsDKEHMs,  BO3HMKAIOIIME  BCJIEACTBHE €€  HHU3KOU
TEIUIONPOBOAHOCTH, HAKJIJAbIBAIOTCS HAIIPSDKEHUS U3-3a U3MEHEHHsI 00beMa CTalu
B pe3yibTare oOpa3oBaHMsl MapTeHcuTa 3akaiku. [loaTomy g Goree miaBHOTO
OXJIQXKJICHUS JIETHPOBAHHOM CTAJM B MPOLECCE 3aKAJKU HCHOJB3YIOT HE BOAY, a
JIpyrue cpenbl C MEHbIIEH OXJIaXAAIoIEeH CHOCOOHOCTBIO, T.€. C MEHBIIEH
TEIJIOEMKOCTBIO, HanpuMmep, Macio. HekoTopele Mapku JErMpOBaHHBIX CTaJled
3aKaJIMBAOTCS MPU OXJAXICHUM HA BO3AyXe. BBeleHHe JIErupyromux 3JIEMEHTOB
YMEHBIIAET KPUTHUYECKYIO CKOPOCTH 3aKAJIKH cTaiau. Vcronap30BaHHE B KayecTBE
OXJIQKJAIOIIMX Cpel IPHU 3aKajlKe JIETMPOBAaHHBIX CTaJled Maciia WM BO3AyXa
OOyCIIOBJIGHO MMEHHO TE€M, YTO KpUTHYECKass CKOPOCTb MX 3aKaJKU MEHBbLIE
CKOPOCTHU OXJIQXICHHSI CTAJIA B 3TUX CPEIax.

BrnugHue Jerupyrommx 3JIEMEHTOB Ha JuarpaMMmy H30TE€PMHUYECKOTO
IIPEBpAILCHHs] ayCTEHUTAa. PacTBOpssch B JKeje3e, JIETUPYIOIIHE 3IIEMEHTHI
OPUBOAAT K TOMY, YTO JUarpaMma HM30TE€PMUYECKOrO IMPEBpAIICHUS ayCTEHUTA
Bugousmensiercss. OOnacTb NEPAUTHOTO MPEBpAILlEHUS CMENIAeTCsl BIIPABO.
CrnenoBaTeslbHO, KPUTHYECKAS] CKOPOCTh 3aKAJIKH JIETUPOBAHHOW CTalld, KOTOPYIO
ONpENENSIIOT KaK KacaTeJbHYI0 K KpHUBOW Hadaja MEpIUTHOrO MpeBpalLleHUs
ayCTEeHUTa, yMEHbIIAeTCsA. 3HAUEHUSI KPUTHUECKUX ToueK MH 1 MK noj BIUsHUEM

00aBOK JIETUPYIONIUX AJIEMEHTOB YMEHbINAIOTCS. VcKiroueHueM sIBIsieTCs



KOOaJbT, BBEJCHHE KOTOPOTO B CTajlb HE CKa3bIBaeTCs Ha MOJIOKeHUH MH u Mk.
CHIXEHHE KPUTHYECKMX TOYeK MH M MK HPUBOJMUT K TOMY, YTO COJEpPKAHUE
OCTaTOYHOTO AayCTEHWTa B 3aKaJICHHOM JIETUPOBAHHOW CTaau OOJbIIEe, YeM B
YTIEPOIUCTON CTAId PABHOTO COJIEPKaHUS Yriiepoaa.

BiusiHue nermpyromumx SJ€MEHTOB Ha OTIycK. V3MeHeHue TBEPAOCTH
3aKaJICHHOW JIETUPOBAHHOW CTajlud B TMpPOLECCE OTIyCKa NpU TeMIepaType
npubnau3utesbHo 10 350°C moguuHsAeTCs TEeM K€ 3aKOHOMEPHOCTSIM, KOTOpbIC
MMEIOT MECTO B CIIydae OTITycKa yriepoaucteix craneit. o 200°C TBepaocTs Kak
YTIEPOJUCTHIX, TAK U JISTUPOBAHHBIX CTAJIEH U3MEHAETCS HECYLIECTBEHHO, TaK KaK
CTaJb COXpaHseT OAHO(DA3ZHYIO CTPYKTYpPy: MApPTEHCUT 3aKalKUd IOCTEIEHHO
npeBpauaeTcs B MapTeHCUT oTiycka. [Ipu 6osee BbICOKMX TeMIiepaTypax OTIyCKa
CTalb MpUoOpeTaeT JBYX(a3HYyl CTPYKTYpY, COCTOSIIyI0 Hu3 ¢eppura Hu
LEMEHTHUTA, KOTOPBIM HMMEET 3€pHUCTYI0 QopMmy. DT JByX(asHble CTPYKTYpbI
KJIACCU(PUIMPYIOT MO BEIMYMHE 3€PEH LEMEHTHUTA: MEJIKO3EpPHUCTas CTPYKTypa
Ha3bIBAETCSI TPOCTUTOM OTIYCKAa, a KPYMHO3EPHHUCTAasT — COPOUTOM OTIIyCKA.
[TosiBieHHEe B CTPYKTYpe MATKOro (Qeppura MNPUBOIUT K PE3KOMY MaJCHHUIO
TBEPIOCTU KaK yIJIEPOAUCTOM, TaK U JJETUPOBAHHOM CTaJIH.

B omiimumne oT mpoI0oIpKarIerocs najeHus: TBEPIOCTH YIIEPOIUCTON CTaIH
npu Ttemneparype otmycka cBeimie 350°C TBepAOCTh CTalu, JIETUPOBAHHOM
KapOuA000pa3yoIMMHU 3J€MEHTaMU, HayuMHAeT Bo3pacTarh. lIpu Temmepatype
okono 550°C TBepAOCTh JIETUPOBAHHOW CTAJIM JIOCTUTAa€T MAaKCHUMAaJIbHOTO
3HAUEHUS, B pAJIE CIIy4aeB MPEBOCXO/ TBEPAOCTh 3aKAJIEHHOM CTaly JI0 OTITyCKa.
[Ipy nanpHEWIEM MOBBIIE-HUA TEMIEPATYPhl OTIYCKA TBEPAOCTH JIESTUPOBAHHOU
CTaJIA BHOBb HAYWHAET YMEHBIIATHCS.

[loBbIlIEHNE TBEPAOCTH JIETMPOBAHHOM CTalM B pPE3yJIbTaTe BBICOKOTO
OTITyCKa Ha3bIBalOT BTOPUYHOM TBEPAOCTHIO.

Bocxonsiryro  BeTBh  KpUBOW  BTOPUYHOW  TBEPJAOCTH  OOBSCHSIOT
oOpa3oBaHUEM JHCIEPCHBIX, T.€. OYEHb MEJKHX BKIIOYEHUNH KapOUI0B
JETUPYIOLIUX JJIEMEHTOB — CIIeUUalbHBIX KapOugoB (cmeuxapOuaos). Mmes

pa3Mephl, COMOCTaBUMBIE C pa3MepaMH AUCIIOKAIlMi, YacTHUIbl CHenKapOuI0B



TOPMO3ST MPOJIBH)KEHHE AUCIOKALMA MO BO3JECHCTBUEM BHELIHErO YCHUJIUS, T.€.
ynpouHsaT ctanb. [Ipu Temmepatypax okono 550 °C crneukapOuabl HaUMHAIOT
YKPYIHATBCA IyTeM CaOusHUS BriItoueHud. Ilpouecc ykpynHeHus kapOuaoB
JETUPYIOIIMX 3JIEMEHTOB HAa3bIBAIOT Koaryisuuend. OTHOCHUTEIbHO KpYIHbBIE
BKJIFOUEHUSI KapOWIOB HE SBISIIOTCS MPEMSITCTBUEM Ha IyTH IE€PEMEIIECHUs
JUCIIOKAalMi TOJ| BO3/JEWCTBUEM BHEUIHEM Harpy3kH: IUCIOKALMU UX IPOCTO
OorubaroT, HE TOPMO3S CBOETO JIBWXKEHUS, BCIEACTBHE YEro IMpH TEMIEpaTypax
ormycka Bbimie 550°C cranp pazynpounsercs. OQHUM W3 MPOSBICHUM Mpouecca

pa3yNpOYHEHUS CTAIIU SABJISIETCA MAJICHUE €€ TBEPIOCTH.

MapxkupoBka. JlerupoBaHHbIE CTadd MapKUPYIOT codeTaHueM uudp u
OykB, 0003HayarOIMX XWMHUYECKHE »JJIEMEHThl B cocTaBe cranu. Ludpsl,
pacno-jioXKeHHble Tepel OYKBEHHOW 4YacTbl0 MAapKUPOBKH, I1OKa3bIBAIOT
co-AepxaHue yriaepoaa B ctanu. llepBble nBe Hu(pbl NOKa3bIBAIOT COACpPKAHUE
yriepoja B COTBHIX JOJSIX MPOLEHTa, OJHO3HAYHOE YMCIO — B JECATHIX JOJIX
npoueHnTa. Ilpu comepxanun yriepoga oxoso 1 % uudpy nepen OyKBEHHBIMHU
0003HaYEHUSIMU OITyCKAIOT.

Copepxanue yriepoja B JIETUPOBAaHHOW CTald, Kak M B Clyyae
YIJIEpOAMCTON CTalld, XapaKTepU3yeT ee Ha3HaueHue (MHCTpyMEHTaJbHasi CTajlb
WM KOHCTPYKLIMOHHAA).

OOpaTuM BHUMaHHUE, YTO MO YUCIy LIUp WIK MO UX OTCYTCTBUIO Mepen
OYKBEHHOH 4aCThI0 MAapKHPOBKH MOKHO OMPEACIUTh HAa3HAYCHHUE JETUPOBAHHOM
crany. OJHO3HAYHOE YHCIO U €ro OTCYTCTBHE YKa3bIBaeT, YTO JAaHHAs Mapka
CTaJIi PEKOMEHAYETCs JUIsl U3rOTOBJIEHUsI MHCTpyMeHTa. HeoqHO3HauHbIe yKcia B
Havajlle MAapKUPOBKM TOKAa3bIBAIOT, UTO CTajlb HMEET KOHCTPYKIIMOHHOE
Ha3Ha4YCHHUE.

Jlis MapKUpOBKHM HCIIONB3YIOT O0O3HAUEHUE BBEICHHBIX B COCTaB CTallu
JIETUPYIOIIUX JJIEMEHTOB OyKBamMu pycckoro aidasuta: H — HuKenb; X — XpoM;

K — kobanber; M — momubnen; I — mapranen; JI — menp; P — Gop; b —



Huobwmii; 1] — mmpkonmii; C — xpemuuit; [1 — docdop; U — penkozemenpHbIC
metaibl; B — Bonbdpam; T — turan; @ — Bananuit; KO — anromunmii.

[lepBbie 1HMGPHI B MapKUPOBKE CTaliel YKa3bIBAIOT CpPEIHEE COJEp KaHHe
yriepoaa: B COTHIX JOJAX MPOIEHTA B KOHCTPYKIMOHHBIX CTajsiX; B JIECSATHIX
JIOJISIX MIPOLIEHTAa B UHCTPYMEHTAJIBHBIX CTAJISIX.

Hudper, crosimme mnocne OyKBBL, YKa3bIBAIOT COJAEp)KaHUWE JTaHHOTO
XUMHUYECKOTO dJIeMEeHTa B TIporieHTax. OTcyTcTBUE IUGPHI TOCIe OYKBBI O3HAYAET,
YTO COJAEpKaHWE JAHHOrO 73yeMeHTa B craid okono 1 %. HckiroueHus
COCTaBIISIIOT T€ XUMUUYECKHUE DJIEMEHTHI, COJEpKaHUE KOTOPhIX B CTald, MpHU
OTCYTCTBUU CTOSIIIMX 32 OYKBEHHBIMU OOO3HAUCHHSIMU JjieMeHTa 1udp,
COCTaBJIIET COOTBETCTBEHHO jAecsThie (TuTan T, nupkonuit LI, anoduit b, Banaguit
@, momubsieH M) u Teicsiunble (60p P) qonu nporeHTa.

MapKupoBKa CJIOKHOJETUPOBAHHBIX CTaJ€ld HECKOJbKO OTJIMYAETCS OT
MAapKUPOBKH JIETUPOBAHHBIX CTallel KOHCTPYKUMOHHOIO M HHCTPYMEHTAJIBLHOIO
Ha3HAYCHUSI.

Hampumep, mIapuKONOANIUITHUKOBBIE CcTaid oOo3HavyatoT OykBoi I,
owicTpopexyiue — OykBod P (oT anrn. rapid — OBICTpBI), aBTOMaTHbIE —
OyKkBOI A, KOTOpBIE CTAaBAT B Hauaje OYKBEHHOM YaCTH MapKUPOBKHU.

JlerupoBaHHble CTaJidi  OOBIKHOBEHHOTO KauyeCcTBa HE  BBIMYCKAIOT.
BricokokauecTBEHHbIE U OCOOOBBICOKOKAUECTBEHHBIC JIETMPOBAHHBIE CTalU
o0o3HauaroT cooTBeTcTBeHHO OykBamu A u III B koHue MapkupoBku. bykBa A,
HaxoJsI1asicsa B HaYaJIle MapKUPOBKH, 0003HAYAET aBTOMATHYIO CTallb.

Oco0OBBICOKOKAUECTBEHHBIE CTalu (COJEpXKaHWE BPEIHBIX MpUMEced —
menee 0,015 % ceper m Menee 0,025 % docdopa) momydyaror B mporiecce
AJIEKTPOIIIAKOBOTO TEperuiaBa CTaiM, YTO HAILIO OTPaXEHUE B MapKUPOBKE
cTasiei aTou rpynmsl B Bune Oyksol L1, mocne aeduca B koHI1ie mapku. OcraabHbIe
JIETUPOBAHHBIE CTAJIM OTHOCSTCS K TPYIINE KaY€CTBEHHBIX CTAJICH.

[Ipy omnucaHuu JIETUPOBAHHBIX CTAJIEM BMECTO TEKCTOBOTO Ha3BaHUs
XUMHUUYECKUX DJIEMEHTOB HCIOJB3YIOT HMX CHMBOJIBI, KOTOPBIE IPUBEACHBI B

ITepuomnueckonn cucreme snementoB Jl. M. MengeneeBa. Ha mpumepe



MapKUPOBKH Psia JETUPOBAHHBIX CTaJel PacCMOTPUM, KaKyr0 WH(OpPMAIUIO OHA
COJICPKHUT.

12X18HI9T — 0,12% C, T.e. cTanb UMEET KOHCTPYKIIMOHHOE Ha-3HAYCHHUE;
18 % Cr; 9 % Ni; 0,1 % Ti; cTanp kauecTBeHHas, T.e. coaepxkanue S u P He 6osee
0,04 % kaxmaoro;

9XC — 0,9% C, T1.e. ctans uncrpymentanbas; 1 % Cr; 1 % Si; cranp
KadecTBeHHas, T.€. S U P< 0,04% xaxmoro;

XBI' — 1 % C, T.e. crans unctpymentainbHas; 1 % Cr; 1 % W; 1 % Mn;
cTanb KadecTBeHHas, T.€. S 1 P < 0,04 % kaxmoro;

38X2MIOA — 0,38 % C, T1.e. ctanb kKoHCTpyKIMoHHas; 2 % Cr; 0,1 % Mo;
1 % Al; cranp BeicokokauecTBeHHas, T.€. S u P < 0,03 % kaxoro;

08X13-III — 0,08 % C, T1.e. cranb koHCcTpykuuoHHas; 13 % Cr; cranb
0Cc00O0OBBICOKOKauecTBeHHasA, T. €. S u P < 0,025 % kaxxnoro;

X155 — 1 % C, mapukonoamumnHukoBas ctaiab; 1,5% Cr; cranb
KadecTBeHHas, T.e. S u P < 0,04 % xaxnmoro. OO6paTuM BHUMAHHUE, YTO
conepkanue xpoma B mapke [1IX15 ne 15 %, kak ObU10 OBI IPU OTCYTCTBUU OYKBBI
[II B Hayane mapkupoBKH, a 1,5 %;

P18 — 1 % yraepoma, OsicTpopexymas crtaimb, 18 % W; cramb
Kade-cTBeHHas, T.. S u P < 0,04% kaxnoro. O6paTiM BHUMaHHE, YTO HAJIUYWC
BoJb(pamMa B MapPKUPOBKE HE OTPaAKEHO OYKBEHHbIM OOO3HaueHueMm. B
OBICTpOPEXKYILIEH CTaau TiepBble MHUQGPHI Bcerga o0003HAYAOT COACpKaHUE
BOJIb(pama.

DKCIepUMEHTaIbHBIE MAPKU CTaJIeil JO HAKOILJICHUS JaHHBIX, HEOOXOIUMBIX
st ux Bkimodenust B 'OCT, mapkupyrot coueranuem 0ykB DU wmu OI1 u mudp,
O3HAYaroUMX NOPSAIKOBBIM HOMEp Mapku ctanu. [lepBast OykBa o003HavaeT 3aBo/,
BBIITYCKAIOIIUNA JTaHHYI0 MapKy CTalld, BTOpasi — XapaKTepU3yeT YpPOBEHb
OoTpabOTaHHOCTH TEXHOJIOTMH IPOM3BOJICTBA JAHHON MapKH: HCCIEIOBaTEIbCKAs
unu npoOHas. MH-dopmanuss 0 XUMHYECKOM COCTaBe CTaIM B MapKUPOBKE
orcyrctByer. Hanpumep, OW415 — wuccinemoBarenbckas Mapka —CTallH,

BbIMyckaemas 3aBoioM OAQO «neKTpocTanby, NOPAIAKOBBIA HOMEP Mapku 4135.



Knaccupukanus. JlermpoBanHble CTanu IO CTPYKType OENSAT HA NATh
KJIACCOB:  MEPJIUTHBIA,  (QEppUTHBINA, AyCTEHUTHBIM,  JIeACOYpPUTHBI U

MapTEHCUTHBIM.

3.3 CTajm nepjauTHOIO KJjacca

B paBHOBECHOM COCTOSIHMHM, KOTOPOE€ JOCTHUTAeTCs MYTEM OTXKHUra C
MOCHEAYIOIIMM  MEUIEHHBIM  OXJIAKJICHUEM, CTPYKTypa HHU3KOJIETHPOBAHHBIX
CTaJell COOTBETCTBYET AMAarpaMMe COCTOSIHUSA JKeJle30 — yriiepo. B 3aBucumoctu
OT COAEPXKAHUSA YIJIEpPOJa pPa3IMYalOT HHU3KOJIETMPOBAHHBIE JOJBTEKTOUIHBIE
ctamu co crtpykrtypod @ + II (Ha puc.8,a mokazaH JIEBBIM HUXKHUNA YroJ
JarpaMMbl COCTOSIHUS KeJIe30 — YTIIEPO/), IBTEKTOUIHBIE, UMEIOLIUE CTPYKTYPY
IT1 [® + L], n 3a3BTeKTOMAHBIE cO cTpykTypou II + L(II. BenencrBue Hammuums
NepJIUTa B CTPYKTYPE 3TUX CTaJIeH MIPH JIFOOOM COJEpKaHUU YIIIepoaa UX OTHOCST
K HepiauTHoMy kiaccy. CTamu NEepJIMTHOro Kjacca (WJIM TEPJIUTHBIE CTaln)
cozepkar 10 5 % Jerupyronmx 3aeMeHToB. Kak Hanbosee JeiieBbie OHU MUPOKO
IPUMEHSIOTCS. B TEXHUKE B KadyeCTBE MAaTEPUAIOB KOHCTPYKIHOHHOTO U
WHCTPYMEHTAJIILHOTO Ha3HaueHus. Hanpumep, koHCcTpykmonHyto crans 10XCH/L
IIUPOKO IPUMEHSIOT B CYAOCTPOEHHH M MOCTOCTPOEHHH, a TaKxke Ui
W3FOTOBJICHHUSI HECYIIMX KOHCTPYKLMH JPYTrMX HWH)KEHEPHBIX COOPYKEHUH,
UCIIBITHIBAIOIINX MEPEMEHHbIE TUHAMUYECKUE HArpy3KH B YCIOBHSIX CYTOYHBIX U
CE30HHBIX TEIUIOCMEH. M3 MHCTpymMeHTanbHbIX crajeid orMmetum craiib XBCT,
KOTOPYIO IIAPOKO MCHOJIB3YIOT JJISI M3TOTOBJIEHUS JJIMHHOMEPHOTO PEXYILETO

MHCTPYMEHTA OOJIBILIOTO MOMEPEYHOTO CEUECHHUS.

3.4 Ctaamn peppuTHOTO Kjacca.

[Ton BAMSIHUEM ONPEAEIEHHBIX JIETUPYIOIIUX SJEMEHTOB JHUarpaMma
COCTOSIHUSL JKEJIe30 — YIJIepOJ BUAOU3MEHsIETCs. BBeieHue B COCTaB CTalId TaKUX
Jerupyromux sneMentoB, kak Cr, Mo, W, V, Si, Ti u ap., B KOJIM4eCTBE BBIIIIC
OTPENICICHHOT0 3HAYCHUsS NPUBOAUT K pacHidpeHuro omgHodasHoi obnactu [D]

(puc.8,0). [laHHple  JeTHpYyIOIIME  SJEMEHThl  Ha3bIBAIOT  BJIEMEHTAaMH,



pacupsrONMMI 00J1aCTh TBEPJOTO pacTBopa yriepona B Feo(pacmmpstomuymu
dbepputHyto 06acth). Ctanu, JETHPOBAHHBIC STUMHU JIIEMEHTAMH B KOHIICHTPAIHH
BBIIIE MPEIETBbHOTO 3HA4YEeHMsI X, HA3bIBAIOT CTalsIMU (EPPUTHOTO Kiacca, WU
(beppUTHBIMU CTAJISIMHU.

[Tpumepom sBisieTcss cranb 08X13 — nHambOosee aemnieBas KOPPO3UOHHO-
CTOMKasi CTajlb, KOTOPYIO TPUMEHSIOT JJIi H3TOTOBJICHMS JIOMATOK MapOBbIX

TypOHH.

3.5 Crajim ayCTEHUTHOT0 KJacca

BBengenuemM B cOCTaB CTaJd JIETUPYIOIIMX KOMIIOHEHTOB Ni WM
Mnpocturaercss pacmmpenue ojaHodaszHoir obmactu [A] (puc.8, B). Ot
JIETUPYIOUIUE AJIEMEHTBl Ha3bIBAIOT AJIEMEHTAMHM, paclupsitonumu obnacte Fey,
WK 00JacTh ayCTEHUTHOM (a3bl [A], Tak Kak TBEpJbld pacTBOp yriepoja B Y-
xKeyne3e — 3TO aycTeHuT. IIpu conep:kaHuM JNaHHBIX JIETUPYIOLIUX 3JIEMEHTOB
BBIIIIE MPEJEIBHOrO 3HaUeHMs Y JierupoBaHHble N1 W/uiam Mn cTaiam OTHOCATCS K
CTaJISIM ayCTEHUTHOTO Kjacca W Ha3bIBAIOTCS ayCTEHUTHBIMH. [IpuMepom MoOXkeT
ObITh KOHCTpYKIMOHHAs ctanb 12X18HI10T, koTopyro MIUPOKO HNPUMEHSIOT IS
U3TOTOBJICHUSI TEXHOJOTHYECKOro OO0OpYyAOBaHMS XHUMHUYECKOH, MHINEBOM U
JIPYTUX OTpaciieid MPOMBILUIEHHOCTH.

AyCTEeHUTHBIE CTaJId 00JIaIal0T BCEMHU CBOWCTBaMHU aycteHuTa. OnHOU W3
OCOOCHHOCTEH ayCTEHWTA SIBISIETCSI OTCYTCTBHE Y HETO MarHUTHBIX CBOICTB, OH
HeMarHuTeH. CTajau ayCTEHUTHOTO Kilacca Takke HemMarHuTHel. Ho B oTiauune ot
ayCTEHHUTa, KOTOPbIA B VYIIEPOJUCTBIX CTajsX CYLIECTBYET TOJBKO TMIPH
TEMIIepaTypax BbILIE TEMIIEPATYPbl KpUTUUECKON TOUKH Acl JernpoBaHHbIE CTAIN
ayCTEHUTHOI'O KJIacCa HEMAarHUTHBI M NPHU HOPMAJbHBIX TEMIEpaTypax, TaKk Kak

COAEPKAT ayCTEHUT B CTPYKTYPE U MIPU HU3KUX TEMIIEpaTypax.
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Puc.8. Bananue nernpyowmx 3neMeHToB Ha NoanmopdHoe npesBpalleHMe Kefesa C
obpasoBaHMEM NernmpoBaHHbIX CTanein nepnautHoro (a), depputHoro (6) u aycteHuTHoro (B)
KNnaccoB (NOKasaHbl COOTBETCTBYOLWME 061aCTN AMarpammbl COCTOSIHUA XKene3o — yraepog): G,
S, P, Q — cTaHAapTHble TOYKU AMarpammbl COCTOAHUSA Xeneso—yrnepog; [A], [®], [® + A] —
oaHodasHblie obnactu aycteHuTa (Fey), pepputa (Fea) u asyxdasHas obnacTb co CTpyKTypon @
+ A (pepput Fea n aycteHut Fey); M[® + U] — nepaut (3BTekToMaHas cmecb deppuTta M
uemeHTuTa); @ + M, M+ LIl — cTpyKTypHbIE COCTaBAAOWINE AOIBTEKTOUAHOM N 323BTEKTOUAHOM
ctann; X, Y— npegenbHas KOHUEHTPAUMA NErnpylowmx 3N1eMeHTOB B CTanu GeppuTHoOro wm

dYCTEHUTHOTIO K/N1aCCa COOTBETCTBEHHO.

MarHuTHble CBOMCTBA MOTYT CIYKUTh MPOCTEUIINM JUArHOCTHYECKUM
KpUTEPHUEM IS pa3/iesieHUs JIETUPOBAHHBIX CTaJe (PEPPUTHOTO U ayCTEHUTHOTO
KJIaCCOB: (DeppPUTHBIE CTAJU MPUTATUBAIOTCS MarHUTOM, a ayCTEHUTHBIE CTajlu HE
MPUTATUBAKOTCA.

OCc00EHHOCTBIO BBICOKOTEMITEPATYpPHOTO TOBEACHUS CTajell (PEeppUTHOTO U
ayCTEHUTHOT'O KJIACCOB MPHU COJCPKAHUU B HUX COOTBETCTBYIOIIUX JIETUPYIOIINX
AJIEMEHTOB BBIIIE MPEACIBHBIX 3HAYEHUM X HUY COOTBETCTBEHHO SBIISIETCA
oTCyTCcTBUE TosiiMopdHoro mpespainienus Feoa«> Fey. OT1o o3Hauaer, 4To Takue
CTaJIM B OTJIMYME OT YIJIEPOJIUCTHIX B MIPOIIECCe TEPMUUECKON 00pabOTKH HE MOTYT
o0pa30BbIBaTh TMEPECHINICHHBIA TBEPJbIA pacTBOp yriepoga B Feo, T.e. He
MOJJAIOTCA 3aKAJIKE C IEIbI0 TMOJYYUTh B CTPYKTYpE MAPTEHCUT 3aKAIKU WU

COOTBETCTBYIOIIEE TMOBBIIICHUE TBEPJOCTH. Te€M HE MeHee CTaiu (PeppUTHOrO H



ayCTEHUTHOT'O KJIACCOB MOJBEPTalOT TEPMHUUECKOW 00pabOTKe B BUJE HarpeBa Ji0
temriepatyp 1050...1200°C u ObICTpOTO OXJ@XICHHUS B BOJE, Macjie WIA Ha
Bo3nyxe. Takas TepMuueckas oOpaboTka craned (eppUTHOIO U ayCTEHUTHOTO
KJIACCOB TAaK)X€ HOCHUT HAa3BaHWE 3aKaJKH, HO B OTIMYHE OT TEPMUUYECKOH
00pabOTKH YIJIEPOJUCTHIX CTajled B JaHHOM Ciy4yae YIPOYHEHUS CTajiu
OOUBAIOTCS BBIJICJICHUEM MEJIKOJIMCIIEPCHBIX BKIFOUSHH.
BricokoTemnepaTypHblii  HarpeB 3THUX CTaj€d MPOBOMAT C  LENbIO
MaKCUMAaJIbHOTO PACTBOPEHHUS JIETUPYIOIIHUX JIEMEHTOB B (peppUTE UIIU ayCTEHUTE,
a mnpu OBICTPOM  OXJAXIECHUU OOPa30BABUIYIOCS CTPYKTYpPY YCHEBAIOT
3agukcupoBaTh. OTMYCK WM CTapeHHE B TaKOM CiIy4yae IMPOBOAAT IyTEM
MOBTOPHOTO HAarpeBa OBICTPO OXJIAKIECHHOW CTalM J0 TeMIIEpaTyp 600...800°C ¢
MOCJEAYIOMIEN UINTEIBHON BBIAEPKKON MPU KOHEYHOW TEMIIEPATYPE MOBTOPHOTO
Harpesa c LeJbI0 NPUOIN3UTh CTPYKTYPY CTAJIU K PABHOBECHOMY COCTOSIHUIO, YTO

COIMPOBOKIACTCA BBIACICHUCM AUCIICPCHBIX BKJIIOUCHUH ynpqumomeﬁ (1)3351.

3.6 CTauam Jege0ypuTHOIO Kjacca

B xene3oyriepoaucThIX CIUlaBax JieneOypuUT SBISETCS XapaKTEpHOU
CTPYKTYPHOM COCTaBIISAIONICH Oenbix 4yryHOB. OJHAKO TOJ BJIMSHUEM J100aBOK
HEKOTOPBIX JIETUPYIOIIUX OJJIEMEHTOB, TakuX Kak Bolbppam W wu apyrue
KapOu1000pa3yrolue HJIEMEHThI, JuarpaMMa COCTOSHHS JKeJe30 — YIJIepo]l
nedopmupyetcsi: Touku E m S cmematorcs BieBo (puc.9) u, tTakum o0Opazom,
nene0ypuT, MPUCYTCTBYIOIIMN B IKEJIE30yTJIEPOJAUCTHIX CIUIABaX TOJIBKO B
CTPYKTYp€ UYT'YHOB, TOSIBIIIETCSI B CTPYKTYp€ JIETUpO-BaHHOU cTanu. K cramsm
7e1e0ypUTHOTO KJIacca OTHOCSITCS OBICTPOPEKYIIUE CTAIH, HapuMep, ctaiib P18.

OOGBIYHO B CTPYKTyp€ TMPEBpalIeHHOTO JjeAcOypuTa MpU HOPMaIbHOU
temriepatype npucyrctByeT neMentut (JI*(I1 + 11)). [leMeHTUT BXOAUT TakKe U B
coctas nepiuta I1 [® + 11]. LlemenTHT 00MamaeT BRICOKOM TBEPAOCTHIO, HO BeChMa
xpynok. Huzkasi miacTUYHOCTh JeAeOypuTa SIBISETCS OCHOBHBIM IPENATCTBUEM

1 IIPUMCHCHU A OeIBIX YYT'YHOB B TCXHHKC.



E Puc. 9. BauvaHue nervpyowmx snemeHTOB Ha

Anarpammy COCTOAHMUA wreneso—yrnepoa npu
911

0bpa3oBaHMM NEerupoBaHHbIX CTanen nenebypuTHoro

|
I
|
|
l
|
|
1

g Knacca  (nMokasaHa  cooTseTcTBylOWas  o6nacTb
L 2 avarpammbl): G, S, E, P, Q — cTaHAapTHble TOYKM
|| | M+Ky+J1 (M+K)
I Anarpammsl; S', E' — cMellieHHble MONOXeHMA Toyek S
0,8 C. %
m E B pesynbTaTe nerMposaHus BoAbOPamMoOM U
APYTMMK Kapbupoobpasyowmmn snementamu; M, Kil, 1* (N + K) — nepaut, BTOpWYHbIe

cneukapbuabl M nepebypuT NpeBpaLLeHHbI, B COCTaBe KOTOPOro TaKKe crneukapbuabl

B cransax neneOypuTHOTO Kjacca CTpyKTypa JieneOypuTa BUIOU3MEHSETCS.
BcenenctBue Hamuuus B CTAIM  KapOWA000pa3yloImUX SJIEMEHTOB BMECTO
IIEMEHTUTA B COCTaBE KakK IpEeBpallleHHOro Jieaedyputa, TaK W MepuTa
oOpazyroTcs  cheukapOujbl, T. €. CTPYKTYpHOM COCTaBJsIOIICH  cTranei
nenebyputHoro kiacca ssisgerca JI*(II + K), comepkamuii crienkapOUbI.
[ToaToMy B OT/IIMUME OT KOBKOTO UyryHa JIETUPOBAHHBIC CTAIW JICACOYpUTHOTO
KJlacca MOTyT ToJBepraThCsi o0paboTke maBieHHEM. Tak, KOBKa CIIHMTKa
JIeneOypUTHOM CTalu SBIIETCS 00sS3aTeIbHONM TEXHOJIOTHYCCKOW omeparuei B

MpoueCCe N3roTOBJICHUA U3 HCC MHCTPYMCHTA.

3.7 Ctajiu MapTeHCUTHOIO0 KJjacca

Jlanupie  cTranmum  SABISAIOTCS  MonaudUKanMend  JETMPOBAaHHBIX — CTajei
depputHoro  knacca. [loBblllieHUE  COAEpKaHMUSI  yIAEpoJa  pacIIupsieT
ayCTEHUTHYIO 00JIaCTh Ha IMarpaMMe COCTOSIHMS cTaliel peppuTHOro kiacca. [lpu
PaBHOM COJIEp’KaHUM JIETUPYIOIMIUX 3JeMeHToB, Hanpumep 13% Cr (puc.10), npu
COOTBETCTBYIOILIEM COJIEP’)KaHUM YIJIEPOJa B CTAJM OKA3bIBAETCS BO3MOXKHBIM
HarpeTb €€ J0 ayCTEHUTHOTO COCTOSHUS. AYCTEHHMT IMpU OXJXKICHUU CO
CKOPOCTBIO BBIIIE KPUTHYECKOW CKOPOCTH 3aKajKH MPEBPALIACTCS B MapTEHCUT

3aKaJIKH.
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Puc. 10. [paHuUbl QayCTEHUTHOM 06NACTU B  /IETMPOBAHHbLIX XPOMOM  CTaNAX

MapTEHCUTHOTIO K/1aCCa B 3aBUCMMOCTU OT CoaepKaHnA yrnepoaa

3.8 CTajam KOHCTPYKIIHOHHOT0 HA3HAYEHHUSA

B 3aBUCHMOCTH OT oOnacTei IIPUMEHEHUS  JIETHPOBAHHBIX
KOHCTPYKIIMOHHBIX CTaJIe pa3inyaloT CTPOMUTENbHbIE WM MAIIMHOCTPOMUTEIIbHbBIE
CTaJIu.

CrpouresibHbIe CTAJU. [[I8 W3rOTOBIECHUS HECYIIUX KOHCTPYKLMU
OPOMBIIUIEHHBIX 3AaHUA U COOPYKEHUH, NEpUOAUYECKOT0 Npoduis, I
apMUPOBAHUS YKENIE300€TOHHBIX KOHCTPYKIIWH, AJII U3TOTOBIICHUSI CBAPHBIX TPYO
OONBIIOTO aUAMeTpa, TMPEAHA3HAUEHHBIX [JII MarucTpaidbHBIX HedTe- U
ra3onpoBOJOB, JUISl CO3JaHMs TSXKEIOHArpy>KEHHBIX CBAapHBIX KOHCTPYKLHUH, 7S
CTPOUTEIBCTBA MOCTOB U JIPYTUX COOPYKEHUHN UCIOJIB3YIOT CTPOUTENbHBIE CTANIH.

Jletanu  CTPOUTENBbHBIX KOHCTPYKUMH COEAMHSIIOT IPEUMYIIECTBEHHO
TEPMHUYECKON CBapKOil, MO3TOMY OCHOBHBIM TpeOOBaHMEM K CTPOMUTEIbHBIM
CTaJISIM SIBJIIETCA MX XOpollask CBAPMBAEMOCTb. DTO TpeOoBaHUE 00ECIeUunBaETCS
HU3KHM COJepXaHUeM yriepoja B cTaiu. Hu3KonerupoBaHHbBIE CTPOUTEIbHbBIE
cranu conepxkar 1o 0,25 % yrinepona.

JUIst 1IeIOCTHOCTH M MHPOYHOCTH CBAPHOTO COEAMHEHUS, MPEXKIE BCEro,
OIaCHBI TPEILIMHBI, KOTOPbIE MOTYT BO3HUKHYTb IIPH CBapKe.

He menee BaxHBI TpeOOBaHUS K CTPOUTENBHBIM CTaJSIM, CBSI3aHHBIC C
HKOHOMUYECKUMHU MOKa3aTeNsIMU — CTPOUTEIbHAS CTalb JOJHKHA OBITH JIEHICBOM.

JlanHoe TpeOoBaHME MPUOOPETAET OYCHD OOJBINIOE 3HAUYEHUE B CBSA3H C MMOCTOSTHHO



pacTyIIMMHA TPOU3BOJCTBOM M TMOTPEOJCHUEM CTPOUTENBHBIX cTanei. OHo
oOecrieunBaeTCs BBEACHHUEM HEACPUIUTHBIX JICTUPYIOIIMX JJIEMEHTOB B
cyMMapHOM KkoJsimdecTBe 10 3 %. OCHOBHBIMHM JIETUPYIOIIMMH 3JIEMEHTAMHU
CTPOUTENIbHBIX CTaJeil SBISIOTCS MapraHel] U KpEeMHHUW, C MHUKpOA0OaBKaMu
BaHaJus, HUOOUS, TUTaHA, ATOMUHUS M a3oTa. B pe3ynbrare JerupoBaHUs
NPOYHOCTh  CTPOUTENBHBIX  CTajedl  MOBBINIAETCA, T.€.  UCIOJIb30BAHUE
HU3KOJETUPOBAHHBIX OTHOCUTENIBHO JICIIEBBIX CTPOUTENBHBIX CTajel MO3BOJISET
skoHOMUTH J0 30 % wMertamia, 4Yro ompenenseT B OONbIIOW CTENEHU
MPEUMYIIECTBa UX IpuMeHeHus. KpoMe Toro, HU3K0JIErUpOBAHHBIE CTPOUTEIIbHbBIC
CTaJii 00JIaJal0T HU3KMM 3HAYEHHEM I[opora XjaaHoJoMmkocTH. Hampumep,
ctpoutenbHas ctanb Mapku 10XCHJI obGecneunBaeT paboTOCIIOCOOHOCTD
M3TOTOBJICHHBIX M3 HEE KOHCTPYKUIMU npu Ttemreparype no -60 °C. JlanHas cranb
o0nafaeT Takxke arMOC(hepOCTOMKOCThIO, T.€. OHA MOMKET JKCIUTyaTUPOBAThCS B
aTMOC(EPHBIX YCIOBHSIX 0€3 3alIMTHOTO OKpalmBaHus. Hanuuue B cTamm malbix
100aBOK KpPEMHHS, HHUKEIST M MeIu MOoAUPUUIUPYET O0O0pasylollyrocsi Ha ee
MOBEPXHOCTH prKaBUMHY. MoauduirpoBaHHas pKaBYMHA HMMEET XOPOIIYIO
aAre3ui0 C MOBEPXHOCTHIO CTAJIM M JOCTATOYHO BBICOKYIO IUIOTHOCTb, YTOOBI
MPEIOTBPATUTH JaJIbHEHIIIEe MPOHUKHOBEHNE XUMUYECKN aKTUBHBIX KOMIIOHEHTOB
BO3MYIIHOW cpeabl (KUCIOpOJa W TapoB BOJBI) B TONIIY MeTayla.
MoaudunmpoBanue p>KaBUMHbI Pa3BUBAETCS MOCTEIIEHHO B TEYEHUE HECKOJIbKHUX
(o Tpex) JeT, mociie ATOTO CpPOKa MPOIECC KOPpO3uu (PKaBIICHUS) CTaJIbHOU
KOHCTPYKIIMU TTPUOCTAHABIIMBACTCSI.

CrpoutenbHble CTald 00JIAIalOT BBICOKOW IUIACTUYHOCTHIO, T.€. MOTYT
00pabaThIBaTHCS JIaBIICHUEM U PE3aHUEM.

Bricokue TeXHOJIOrM4ecKre U MPOYHOCTHBIE CBOMCTBA HU3KOJETUPOBAHHBIX
CTPOUTENIbHBIX CTAJIEH JOCTUTAIOTCS B PE3yJIbTaTe JUCIEPCHOHHOTO YIPOUYHEHHS
KapOOHUTpUIAMU  JICTUPYIOIIMX  dBJEMEHTOB. JlUCIepCHOHHOE  yIpOYHEHUE

IMPOBOJMUTCA HA CTaAWHU ITPOU3BOACTBA METAJJIOIIPOAYKIIHH.



JIOCTOMHCTBA JIETHPOBAHHBIX CTaJled HauboJiee MOJIHO MPOSBISIOTCS MOCIE
ux TepMuueckoi oOpaboTku. CTpOUTENbHBIE CTAlU MOJABEPraioT HOPMaTU3alUuu
WIH 3aKaJIKE C MOCIEAYIOIUM HU3KUM OTITYCKOM.

MamuHoCTpoUTEIbHbIE CTATH. MalllMHOCTPOUTENBHBIE CTAIA IPUMEHSIOT
IPEUMYIIECTBEHHO [UIsl W3TOTOBJEHUS JeTaled MallluH M TEXHOJIOTMYECKOTO
000py10BaHUSl OTBETCTBEHHOT'O HA3HAYEHUS.

B 3aBucuMocTM OT BHAAa YHOPOYHSIOUIEH TepMHUYECKO 00paboTKu
KOHCTPYKLMOHHBIE CTAJIU JEJAT HA JIBE TPYIIIbL: IEMEHTYEMbIE U YIyUlllaeMbIE.

LleMeHTyeMBbIE CTalM — 3TO HU3KOYIVIEPOAMCTBIE CTAIH C COJEpPKAHHUEM
yriepoaa 10 0,25 %. K 3Tol rpyrne OTHOCSATCS YIJIEPOJUCTHIE, a TAKKE HU3KO- U
CPEIHEIETMPOBAHHBIE CTAJIN.

IlemeHTyeMble cTand MpeAHA3HAYEHbl I M3TOTOBJIECHUS JI€TalieH,
paboTaroUMX B YCIOBUSAX MHTEHCHUBHOTO M3HAUIMBaHUsS pabodell MOBEPXHOCTH B
pe3yibTaTe €€  B3aMMOJCHCTBHS €  KOHTAKTUPYIOIIEW  JETalblo, T.C€.
UCIIBITHIBAIOIINX BBICOKAE TUHAMUYECKHUE U CTATUYECKUE HATPY3KHU.

JUIsT TOBBINIEHUS W3HOCOCTOMKOCTH IIOBEPXHOCTHOIO CJIOSI JIETalu €€
MOJIBEPral0T HACBHIIICHUIO YIJIEPOJOM C MOCIEAYIOMHUMH 3aKaJKOW W HU3ZKUM
orimyckoM. Hambonee pacnpocTpaHeHHBIM CIIOCOOOM JUIsl BBIMIOJHEHUS JaHHOM
TEXHOJIOTHYECKOW OIlepaluu SBJIAETCS LEMEHTalus, 4YTO M  IOCIYXKHJIO
OCHOBAHHWEM JIJI Ha3BAHUS CTAJIEN ATOM TPYNIIbI IEMEHTYEMBIMH.

Brbicokne MexaHWyeckue CBOMCTBA CEpALIEBUHBI JETalld MOTYT OBbITh
oOecrieyeHbl TOJILKO B Mpouecce TepMuyeckod ob6padotku. Ilosromy s
LEMEHTYEMBIX CTaJIell MPOKAIMBAEMOCTb OMPEAEIISIET BOZMOXKHOCTh UCIIOJIb30BATh
€€ I U3TOTOBJICHHUS JIeTaleil OTBETCTBEHHOIO HA3HAYECHUSI.

Jist  neraneit mpoctoid (opmMbl M HEOOJBIIMX Pa3MEpPOB HCHOJIB3YIOT
yriaepoaucTbie ctanu. Jleraan GOJbIINX CEUEHUH M3TOTOBIIAIOT U3 JIETUPOBAHHBIX
cTajied, mpu4emM, 4em OoJiplle pa3Mep JeTalid, TeM 0oJiee JISTUPOBAaHHYIO CTajb
clelyeT Ha3HavyaTh JJIs ooecrnedeHus 00iee BHICOKON MPOKAIMBAEMOCTH.

Xpomucteie cramu thma 20X HamOoliee JEIIeBble W3 CTaJled JTaHHOM

I'pyHIibI. HpOKaHI/IBaCMOCTB HNX HCBCJIMKA, IIOOTOMY XPOMHUCTBIC CTAJIU IIPUMCHAIOT



JUISL U3TOTOBJICHHMSI MEJKHUX JeTajell cedyeHueM 10 25 MM, HCIHBITHIBAIOIIUX B
IIPOLIECCE IKCIUTYaTAllMU CPENHUE HATPY3KH.

OTMeTuM, 4YTO OJMHAKOBOE C YIVIEPOAUCTBIMU CTAJSIMM  3HA4YCHHE
KPUTUYECKOTO IHaMeTpa (25 MM) MOJIYYEHO B JAHHOM CIIy4ae MpHU OXJIAKICHUU B
Macjae, a He B BOJAE, KaK MPHUHATO Ui YIVIEPOAMCTBIX CTaJed. OTO Jaer
3aHWKCHHBIC pe3yJbpTaThl. lCnosib30BaHME Maciia B KayeCTBE OXJIAKIAIOLIEH
Cpeabl NpPHU 3aKaJIKe XPOMMUCTBIX CTAJIEW IMO3BOJSIET MPUMEHATh HX I
U3TOTOBJICHUSI MEJKUX JeTajeil Oosiee CIOXKHOW KOHQUIYypaluH, YeM IpHu
VCIIOJIb30BaHUM YTIIEPOAUCTHIX CTAJIEH.

XPOMOHUKENEBBIECTAIN,  HAIpUMeEp 12XH3A, npuMeHAOT A
W3TFOTOBJICHHsI KPYIHBIX Jeraneil cedeHueM 10 100 Mm. OpgHako jnernpoBaHue
HUKEJIEM TMOBBIMIAET CTOMMOCTH CTajli, II09TOMY XPOMOHHUKEIIEBBIE CTallA
PEKOMEHAYIOT TOJBKO JUIA JE€TAJIEW OTBETCTBEHHOIO HasHauyeHUs. I CHUKEHUs
CTOMMOCTH CTaJId HUKEJIb B PAJIE CIIy4aeB 3aMEHSIOT OoJiee AEIIEeBbIM MapraHIIEM.

Xpomomapranuessiectann, Hanpumep 18XI'T u 25XI'T, Hauwm mmupokoe
IIPUMEHEHUE B OTpaciIsiX  MacCoOBOIO  MAIIMHOCTPOEHHs, TAKUX  Kak
aBTOMOOUJIECTPOEHUE, CTAaHKOCTPOEHHE JJIsI M3TOTOBJIEHHUS 3yOuUaThIX KOJIEC M
LIECTEPEH.

VYayumaemsie ctanu coaepxat 0,3...0,5 % yriaepoaa v pa3HOE€ KOJIMYECTBO
JETUPYIOUMX 3yeMeHTOB. [locne oTkura CTpykTypa MX COCTOUT M3 (epputa U
nepauTa, COJAEp)KaHWE KOTOPOro TeM Bblle, 4YeM OoJblle yriaepoaa u
JETUPYIOIIUX DJIEMEHTOB B cTamv. M3 Ha3BaHMs CTajedl Cleayer, 4YTO OHH
MOJIBEPraloTCsl TEPMUYECKON 00pabOTKE YIydlIEeHHWEM, KOTOpas COCTOUT H3
3aKaJIKU U BBICOKOI'O OTITyCKA.

[locne ynydmieHus cTajld NOpPUOOPETAOT CTPYKTYpy copOuTa OTIyCKa,
KOTOPBIM XOpOIIO BOCHPHUHUMAET yAapHble Harpy3ku. [lodromy ynydimaembie
CTaJld PEKOMEHIYIOT HCIIOJIb30BaTh JII M3TOTOBJICHMS JeTanel, paboTaomux B
YCIOBUSIX JAMHAMHUYECKUX Harpy3ok. Kpome TOro, OHM HMMEIOT HHU3KHI IMOPOT
XJIATHOJIOMKOCTH M MOTYT OBITh PEKOMEHJIOBaHbI JJIsi M3TOTOBJICHUS MAIlUH B

CEBEPHOM HUCIIOJTHCHUH.



Cranu gana  jgeraneil  BbIOMpAalOT 1O  MPOKAIMBAEMOCTH, TaK Kak
MEXaHMUYECKME CBOWCTBA CTaJeld pPa3HbBIX MAapOK IOCIE YIY4YUIEHUsS B Clydae
CKBO3HOM MPOKAJIMBAEMOCTH TMPAKTHUYECKH OJWMHAKOBBI. Uem Oosblle B cTaiu
JIETUPYIOLIUX 3JIEMEHTOB, TEM OOJIbIIE MPOKAIMBAEMOCTb M, CIIEOBATEIBHO, YEM
OOJIBIIIE CeUEHUE JeTalIN, TeM 0oJiee JETUPOBAHHYIO CTallb HYKHO BBIOUPATh.

VYriepoaucteie  yiaydlllaéMble  CTalM  XapaKTEPU3YIOTCS  HEOOJBIIUM
KPUTHUYECKUM JHAMETPOM IIPU 3aKaJIKE, IMOITOMY HMX NPUMEHSIOT I JeTajen
HEOOJIBIINX CEUEHU, paOOTAIOIINX MPU HEBBICOKUX HArpy3Kax.

Xpomuctele ctand tHna 40X noayywnd ImMpokoe mnpumeHeHue. [lpu
3aKaJIKe€ B Macj€ OHM MPOKAIUBAKOTCS B cedeHur A0 30 Mm. XpOMHCTBIE CTaU
OPUMEHSIOT JUIsl MAIIMHOCTPOUTENbHBIX JeTallell HEOONbIINX CEYCHUI.

XpomonukeneBbsiectany, Hanpumep 40XH, oOecrneuynBaroT BBICOKHIA
YPOBEHb MEXAHMYECKUX CBOWCTB B JeTaysiX cedyeHueM 10 70 mMm. B couderannu c
XpPOMOM HHKENIb 00€CIEeYNBAET BBICOKYIO IPOKAIMBAEMOCTh CTAJIM U XOPOLIYIO €€
3aKaJMBAEMOCTh. Takue CTalM NPUMEHSIOT JJISI BBICOKOHATPYKEHHBIX JETAJIEH,
UCIIBITHIBAIOIINX YJIApHbIE W 3HAKOIIEPEMEHHBbIE HAarpy3Kd, HalpuMmep, Ui
W3TOTOBJICHUSI KOJICHYATHIX BajoB. (OCHOBHOW HENOCTAaTOK XPOMOHHMKEIJIEBBIX
CTaJIel — UX BBICOKasi CTOUMOCTb.

XpOMaHCHIIBI — 3TO CTaJIM, KOTOPbIE HAPSAIAY C XPOMOM JIETHPOBAHbI OoJiee
JEMEBBIMA  JIETUPYIOIIMMHU DJIEMEHTAMW — MapraHiueM W KpPEMHHEM, Kak
Hanpumep, ctanb 35XI'CA. XpoMmaHCUIIBI COYETAIOT BBICOKME MEXAHHYECKHE
CBOWCTBA M  XOpPOUIME TEXHOJOTHMYECKHUE CBOMCTBA C SKOHOMHUYECKOU
KOHKYPEHTOCIOCOOHOCThIO, 3aMEHSIOT OoJiee JOPOrve XPOMOHHUKENEBbIE CTAIN B
neTansx manoro cedeHus. OHM  XOpOIIO CBapuUBAIOTCA, 00pabaThIBaIOTCA
JABJICHUEM W PE3aHMEM. XPOMAHCHJIBI MPUMEHSIOT B aBTOMOOMIECTPOCHUM IS
M3TOTOBJICHUSI OTBETCTBEHHBIX JieTalied ceueHueMm 10 40 MM (Baibl, JaeTalv
pYJIEBOr0 YIpaBJIEHUs) U B CaMOJETOCTPOEHUU B BHUJIE JUCTOB U TpyO AJs
CBAPHBIX KOHCTPYKIIUH.

OCHOBHBIM HEIOCTAaTKOM CTaJIEH, JETMPOBAHHBIX XPOMOM, SIBJISIETCS UX

CKJIOHHOCTb K OTHYCKHOW Xpymnkoctd Il poma, mosTomMy MNpakTUKyeMoOe OOBIYHO



JUIS  OTHOCUTENBHO MEJNKHUX JeTajgel ObICTpoe OXJaXJIeHHWE B CiIydae
KPYNHOTa0apUTHBIX JeTaneld HempuMeHUMO. JlJig paAuKalbHOTO YCTpaHEHUS
OTIyCKHOU XpynkocTH Il poma gaHHBIE CTanM JETUPYIOT MOJUOAECHOM U TOJBKO
TaKh€ CTald HCIHOJB3YIOT [ OTBETCTBEHHBIX KPYIHOTA0ApUTHBIX JeTayien
cedenueM 110 u 6osee 100 mm. [Ipumepom saBisercs ctans 40XH2ZMA.

Ecin pabouvMu yCIOBHSIMH OJKCIUTyaTallud JeTald U3  yIydllaeMoi
JIETUPOBAHHOM CTaJI MPEyCMOTPEH (PPUKIIMOHHBINA U3HOC pabouell MOBEPXHOCTH,
TO ee mojaBepraroT azotupoBanuio. Crans 38X2MIOA cnenumansHO pa3zpaboTaHa

AJI1 OCYHICCTBIICHUSA IIPpOoLECcCa a30TUPOBAHUA.

3.9 Cranu ¢ 0co0bIMH CBOIICTBAMH

BoNbIIMHCTBO PacCMOTPEHHBIX KOHCTPYKIIMOHHBIX JICTUPOBAHHBIX CTallei
SIBIISIIOTCS] YHUBEPCAIbHBIMU. JIOCTOMHCTBA 3TUX CTaJlel MO3BOJISIOT UCIOIB30BATh
UX IS W3TOTOBJICHHS JeTajeid W KOHCTPYKIMH caMoro pa3HooOpa3HOro
Ha3HAYCHUSI.

Hapsiny ¢ KOHCTPYKIIMOHHBIMH CTaIsIMA YHHBEPCAILHOTO MPHUMEHCHHS
CO3JIaHbl TaK)kKe KOHCTPYKIIMOHHBIE CTAIH C ONPENEICHHBIMU ()YHKIIMOHAILHBIMU
CBOWCTBaMH, KOTOPBIE OMPEEISIIOT 001aCcTh UX PAIMOHATBLHOTO MPUMEHEHHS, KaK,
HarpuMep, KOPPO3UOHHOCTOWKHE, JKAPOIPOUHBIC, U3HOCOCTOWKHE M 001 Jar0IIne
IPYTUMU CHeM(PUUECKUME CBOMCTBAMH CTalU. X OTHOCAT K CTaJIsIM ¢ 0COOBIMHU
CBOMCTBaMHU.

PeccopHo-npykuHHBIe cTajdu. JlaHHBIC cCTamu JOJDKHBI — 00JagaTh
CBOWCTBaMH, 0OecneunBalonMMHA paboTy YIPYTHX DJIEMEHTOB MAIllMH, KOTOPHIC
NpeHa3HAYCHBI JJIs1 CMSTYCHHS TOJYKOB U YIaPOB MO (PYHKIIMOHAIBHBIM JIETAIISIM
MaIuH 1 000pyI0BaHHUS.

s obecniedeHus: paboTOCIIOCOOHOCTH YIPYTUX 3JIEMEHTOB CTallb JIOJDKHA
UMETh BBICOKHE 3HAYCHUS Tpejeiia yNpyrocTH, OCTaTo4YHas jaedopmManus Jist
TaKOW CTamu He Jomyckaercs. [IOCKONbKY yIpyrue SIIEMEHTHI IOJIBEPIKEHBI

MHOT'OKpPATHBIM Harpy3kaM, CTajib J0JIKHa O6J'IaJIaTB TAaK’KC BBICOKHUM IIPEACIOM



BbIHOCIMBOCTU. KpoMe Toro, cranb JOJKHA UMETh BBICOKYIO MPOKAIMBAEMOCTb,
YTOOBI MTOYIUTh TPEOYEMYIO CTPYKTYPY ¥ COOTBETCTBYIOIIUE CBOMCTBA MO BCEMY
CEUYEHUIO YIIPYTOro 3JIEMEHTA.

JIs1 M3rOTOBJIEHUS PECCOP M MPYKUH HUCMOJB3YIOT CTalu C COACPKAHUEM
yriepoaa B uHrepBaiie 0,5...0,7%. Bblcokne ympyrue CBOMCTBA JOCTHUTAKOTCS B
pe3yibTaTe 3aKalKd € MOCIEeAYIoUUM cpeaHuM oTmyckoM. OOpasyromascs npu
CpPEIHEM OTIYCKE CTPYKTypa — TPOC-THT OTIyCKa — OOECIIEUMBAET BBICOKOE
3HAYEHUE MOAYJISL YIIPYTOCTH CTAJIN.

VYraepoaucteie CTaM NPUMEHSIOT I M3TOTOBJICHUSI MPYXKUH U PECCOP
HEOONBIIOr0 ceueHUs. J[Jig TMOBBINIEHUS MPOKAIMBAEMOCTH CTalu JIETUPYIOT.
[ToCKOJIBKY ynpyrue 3J€MEHTHI IHUPOKO MPUMEHSIOTCS B MAllMHOCTPOEHUU, IS
JISTUPOBAHUSI MCHOJB3YIOT JEHIEBbIE SJEMEHTHI: MapraHelny W KpeMHuil. Jlis
W3TOTOBJICHUS TPYKUH OTBETCTBEHHOI'O HA3HAYEHUSI CTAIH JIETUPYIOT XPOMOM,
HUKEJIEM U BaHA/IHEM.

Ha xauecTBO U paboTOCIOCOOHOCTH MPYXKUH OOJBIIOE BIMSHUE OKA3bIBACT
cocTosiHUE TMOBepxHOCTU. [IpW Hamuuum TpemMH u JApyrux JedeKToB Ha
MOBEPXHOCTH MPY>KUHBI CPOK €€ CIIYKObl yMEHbIIAeTCs. Pa3pylieHre npoucxoauT
BCJIC/ICTBUE PA3BUTUSA YCTAJIOCTHBIX TPEIIMH B MECTax KOHIEHTpaluu
HaMPSHKEHUH BOKPYT ITHX Je(EKTOB.

PabGounii pecypc ynpyrux 3JIEMEHTOB MOXHO 3HAUUTENIBHO YBEJIUYUTH
nyTeM UX OpoOecTpyiHON 00pabOTKHU, MPUBOASAIICH K HAKJIEMy MOBEPXHOCTHOTO
ciosi. B pe3ynbTaTe Hakiena npejaes BBIHOCIUBOCTH MOKET YBEIIMUUTHCS BJIBOE.

JIs M3TOTOBJIEHUS ABTOMOOWJIBHBIX PECCOp HIMPOKO NPUMEHSIOT CTallb
S0XT'A. 3aBepiiaroiie TEXHOJOTHMUYECKONW oOmepalureil H3TOTOBJICHUS Peccop
aBysieTCs JpoOecTpyiiHas oOpaboTKa.

NHorma st WCHONHEHWS  NPYKUH — NMPUMEHSIOT — NUIM(OBAHHYIO
XOJIOHOTSHYTYIO TPOBOJIOKY, KOTOPYIO Ha3bIBalOT cepeOpsHkoil. CepeOpsHKyY
V3TOTOBJIAIOT M3 YIVIEPOAMCTBHIX cTajed. Haknenm mnpu XoloZHOM IIpokare

BBI3BIBACT IMOBLIMICHUC ITPOYHOCTH U YIIPYTOCTHU CTAJIHN.



HommmMnHUKOBbIEe cTAJU. J[JI1 U3rOTOBIEHUS IIAPUKOB, POJUKOB, KOJIEII
MOAIINITHUKOB KaU€HUsl U JIPYTUX JieTaliel (TUTyH>KEepOB, BTYJIOK, HATHETATEIIbHBIX
KJIA[laHOB W JIp.) MCHOJB3YIOTCS TMOJUIMITHUKOBBIE CTaJd, KOTOpPbIE JOJHKHBI
00nafaTh BBICOKOM TBEPIOCTHIO, W3HOCOCTOMKOCTHIO U BBICOKUM TMPEICIOM
BBIHOCJIMBOCTH, TaK KaK B TPOLIECCE OKCIUIyaTalldd OHU BOCHPUHUMAIOT
3HAUWTEbHBIE 3HAKOMEPEMEHHBbIE HArpy3kud (MpUMEpPOM MOTYT OBbITh JI€Taiu
noAmunHuka). 11o-3ToMy B MOJIIMITHUKOBBIX CTalsX HEJOMYCTHUMBI HAJIMYUE
HEMETAJUIMYECKUX BKIIIOUECHM, HEPAaBHOMEpPHOE paclpeleseHue KapOuoBs,
HAJIMYME Ta30BBIX MY3bIped W MOp. DTH ACPEKTHI SABISIOTCS KOHIIEHTPA-TOpaMHu
HaIpPsDKEHUM, BBI3BIBAIOIIMMU OOpa30BaHUE TPEIIMH U BBIKpAIIMBAaHUE METalia,
YTO MPUBOJUT K MPEXKIAEBPEMEHHOMY BBIXO/1y MOAIIUITHUKA U3 CTPOSL.

B pabouem cocTossHUM TOAIIMITHUKOB KAad€HUs JJIEMEHThl KadeHUs —
HIAPUKH WM POJIMKM — JIBUKYTCSl [0 HAPYKHOMY W BHYTPEHHEMY KOJIbIAM
noamunHuka. CTanu ISl U3rOTOBJIEHUS KOJIEL, POJIMKOB M IIAPUKOB HMEIOT
KOHCTPYKIIMOHHOE HA3HAYEHHE, OJHAKO IO COCTaBY, CTPYKTYpE U CBOICTBaM
OTHOCSITCSI K HHCTPYMEHTAJIbHBIM CTaJISIM.

[lonyuuBmiass ~ HauOoJiblliee  MNPUMEHEHHE  KaK  IMOJUIMITHUKOBAS
BbICOKOyTIIepoaucTas crainb Mapku [IX15 sBiseTcs 3a3BTEKTOUMIHON CTalblo,
aerupoBaHHOM XxpomoM. boubiioe coaepsxkanue yriepoaa (1 %) u Hanmuuue xpoma
(1,5%) oOecneunBarOT TOCJHE TEPMUUYECKOM 0OpaOOTKH BBICOKYIO TBEPIOCTh
ctanu. Ee mpumenstoT fyist neraneit HeOOIbIINX CEUEHUH.

JIs TOBBIINIEHUS TMPOKAIMBAEMOCTU CTallb JIOMOJIHUTEIBHO JIETHPYIOT.
YuuTeiBasi MaccoBo€ TPOM3BOJCTBO TMOJAIIMITHUKOB, HCIOIB3YIOT JEHIEBbIC
JIETUPYIOIIUE JIEMEHTBI: MapraHel] U KpEMHUU. ITO MO3BOJISIET IPUMEHSTh €€ 1JIs
U3TOTOBJICHUsI  OoJiee  KPYMHBIX  JIeTalied, YeM TpU  HUCIOJIb30BaHUU
BBICOKOYIJIEPOJUCTOMN CTaJIH.

Tepmudeckass 0O6paboTka cTaneil 3aKIOYaeTCsl B 3aKalKe C MOCIEAYIOIMINM
HU3KUM OTIYCKOM. (OCOOEHHOCTBIO TEPMHUYECKOM OO0pabOTKH 3a’BTEKTOMIHBIX
CTajell SBJISETCA HAJIUYME B CTPYKTYpEe 3aKaJlCHHOW CTall OCTaTOYHOTO

aycrenuta. [IpeBpailieHre ero B TMpoIlecCe XpaHEHUsS WIM DSKCIUTyaTallud B



MapTEHCUT MOXXET BbI3BaTh HW3MEHEHUE pa3MEPOB JAeTaled MOJIMIHUKA. J[s
IPENOTBPALIEHUSI 3TOr0 HEOOXOAMMO YIAIWTh W3 CTPYKTYpPbl OCTaTOYHBIN
ayCTEHUT, YTO JOCTUTAETCS MyTeM 00pabOTKHU 3aKajJeHHOU cTaiu XoyuojoM. Takoit
00paboTKe, HalpUMep, MOBEPraloT NPEUU3HOHHBIC MOAITUITHUKY.

JIist  U3rOTOBJIEHUSI  BBICOKOCKOPOCTHBIX  MOAIIUITHUKOB  UCIOJIb3YIOT
0COOOBBICOKOKAUYE€CTBEHHYIO CTalb, KOTOPYIO MOJIy4aroT nyTeM
AIEKTPOLUIAKOBOIO IepeIuiaBa, Hanpumep, crans X 15-111.

JUist  M3roToBNEHUS  KPYMHOTaOApUTHBIX  POJIMKOBBIX  MOJAIIMITHUKOB
JMAaMETPOM JI0 2 M MCHOJB3YIOT LIEMEHTYEMBIE CTaM, HarpuMmep, Mmapku 12XH3A.
Wx mojBepraroT ra30Boi HEMEHTAMU Ha MIIyOMHY OKOJIO 5 MM, 3aT€M 3aKaJIuBalOT
Y IPOBOJAT HU3KUH OTITYCK.

ABTOMaTHBIEe cTaau. JlaHHBIE CTald BBICOKOM 00pabaThIBAEMOCTU
PE3aHMEM HCIIONB3YIOT JUII MAacCOBOTO IPOM3BOJCTBA KPENEKHBIX JIe-Tajeil Ha
cTaHkax-aBTomarax. OHHM JONYyCKalOT MEXaHMYECKyl0 0O0pabOTKy pe3aHHEM C
BBICOKMUMHU CKOPOCTSIMA pe€3aHUsl MpU BBICOKOM KadecTBe 0OpabOTaHHOMU
IOBEPXHOCTU. JlOCTUTaeTCsl 3TO TEXHOJIOTMYECKOE MPEUMYLIECTBO aBTOMAaTHBIX
cTajiell yBeIMYeHUEM COoJiep KaHusl B HUX cephl U docdopa.

Cepa HaxoauTCs B AaBTOMAaTHBIX CTalsiX B BHJE CyJbpuIa Maprasia,
KOTOpBIN, O0ajgasi cMas3blBAIOIIMM JAEHCTBHEM, OOJEr4aeT MIpOLECC pe3aHusl.
docdop, pacTBopssich B (eppuTe, MOBBIIIAET €0 XPYNKOCTh, YTO CIIOCOOCTBYET
U3MEJIbYCHUIO CTPYXKKU U TOJYYEHUIO TJIAAKOM OrecTsinell MOBEpXHOCTH CTajH
IIPU PE3aHUH.

Opnako Oonpuime a00aBKM cepbl U (Gochopa CHUKAIOT IUIACTUYHOCTh U
BA3KOCTh cTaiu. Kpome Toro, cepa u ¢ochop coxpaHstoT CBOE OTpULIATEIbHOE
BJIUSHAE Ha CBOWCTBA CTajlud Kak BpeAHbIE NPUMECH: cepa NPUBOJIUT K
KpPacHOJIOMKOCTH, a (pochop mpuaaeT cTaiasiM XJIaJHOJIOMKOCTb. [{1si yMeHbIeHus
HEraTUBHOTO BJIMSIHUSL CEpbl B ABTOMATHBIE CTajd BBOJAT IOBBIIICHHOE
KoJinuecTBo Mapranua (10 1,5 %), KOTopslil CBA3BIBAET Cepy U CYIb(ua Maprasiia.

BBenenue CBUHLAIIPUBOIAUT K JanbHENIIEMY YIIYUILIEHHUIO

00pabaThIBa€MOCTH aBTOMATHBIX CTaJlel, CKOPOCTh pe3anus Bo3pactaeT 10 40 %



0€3 CHIKEHHUS CTOMKOCTH HHCTpyMeHTa. CBHUHEI HE pacTBOpSAETCS B CTald, a
HAaXOJUTCA B CTPYKType B BHJI€ MEJIKHX YaCTHIl, YTO TaKXKe CIOCOOCTBYyeT
U3MEJIbYEHHUIO CTpYX)KHU. Kpome Toro, B mpoliecce HarpeBa 30Hbl (PUKIIHOHHOTO
KOHTAKTa PEXKYIIEr0 MHCTPYMEHTA CO CTAJIbI0 CBUHEI IJIABUTCS, YTO YMEHBIIAET
KO3 PUIIMEHT TPEeHUsT KPOMKH pe3lia ¢ JeTalbIo.

ABTOMAaTHbIE  CTalld, JIETUPOBaHHBbIE CBUHIIOM, HaXOASAT IIUPOKOE
NPpUMEHEHHWE B  OTpPACIsSIX  MAacCOBOTO  MAlIMHOCTPOCHUS,  HaIlpuMep,
notpeoutensimu craau AC40 SBISIOTCS aBTO3aBO/BI.

Obpatum BHuUMaHHe, yTo B MapkupoBke AC40 OykBa C oOo3HauaeT He
KpPEeMHUH, a CBHUHEI, 4YTO SBJISICTCS WCKIIOUYEHHEM U3 O00Ilero Impa-Buiia
MapKUpPOBKM JIeTMpOBaHHbIX craned. [ludpa — comepxanue yriepona, a He
CBHUHIIA, B cTanu. CBUHEI B aBTOMATHBIX CTalsAX cojepxkutcs B mpexaenax 0,15...
0,35 %, ero conepxaHrue B MapKUPOBKE aBTOMATHBIX CTaJ€l HE YKA3bIBAIOT.

Hcnonp3oBanne 100aBOK CBUHIIA TIO3BOJISIET TMEPEBECTH B paspsf
aBTOMATHBIX W CIIO)KHOJICTUPOBAHHbBIC CTAJI, HANpPUMEP, ABTOMATHYIO CTaJlb
AC40XT'HM. TIlo o0pabGaTbiBaeMOCTH OHU MPEBOCXOIAT  YTJIEPOIUCTHIC
aBTOMATHBIC CTaJM C TOBBIIMICHHBIM cojepkaHueM cepbl U ¢ocdopa. OmHako
JIETUPOBAHUE YTJIEPOJMCTHIX ABTOMATHBIX CTAJIEN HE YCTpaHSET UX OCHOBHOM
HEJIOCTAaTOK, CBSI3aHHBIM C TOBBINIEHHONW CKJIOHHOCTBIO K KOPpPO3UHU. ITO
OTpaHUYMBAET TMPUMEHEHUE  JICTUPOBAHHBIX  aBTOMATHBIX  CTajed s
M3TOTOBJICHUS] OTBETCTBEHHBIX JETaJIEH MalluH.

Koppo3unonnocroiikne cranu. Koppo3uss HAHOCUT OIpOMHBIN  yiiepo
MPOM3BOJACTBEHHOW  JEATENbHOCTU.  KOppo3moHHOE  pa3pylieHue  OJHOU
HEOOJIBIION JIeTaTl MOKET BBIBECTH U3 CTPOSI MAIIMHY OTPOMHOM cTonmocTtu. [1pu
aBapUHOM OCTAHOBKE TEXHOJIOTMUYECKOro 00O0pylOBaHUS cymMMa yiiepoa
BO3PACTAaET MHOTOKPATHO, TaK KaK B COBPEMEHHBIX YCJIOBHUAX Ka)KJas €IUHUIA
00OpyZIOBaHUST SABJISICTCSI YaCThIO BBICOKOTPOU3BOJIUTEIHLHON TEXHOJIOTHYECKOM
auauu. [lpu BbIXOAE M3 CTPOS OJHOM E€IUHHUIIBI O00OpPYJOBaHUS BCS JIMHUS

BBIHYKICHHO ITPOCTANBACT.



[TpomoprmonaibHO TIpuYHHSIEMOMY yiiepOy Ha Oopb0y C KOppo3ueit
3aTpayMBaIOTCSl OTPOMHBIC MaTepUalbHBIE W TPYIOBBIE pecypchl. Paspaborano
OOJIBIIIOE YMCIIO METO/IOB OOpHOBI ¢ KOPPO3HMOHHBIM pazpylieHueM Mmeramia. U3
OOJBIIIOTO apceHaja 3THUX METOJIOB 3/1eCh PACCMOTPEH HauboJiee paroHaIbHbIH,
OCHOBAHHBIN Ha U3MEHEHUU COCTaBa METAJUIMYECKOrO0 MaTepuasa IyTeM BBEICHHUS
XpOMa, HUKENsS, AJFOMUHHS WIA KpEeMHUsA. B 3TOM HampaBieHUH IEATEIbHOU
OO0pBOBI C KOPPO3UEH CO3/IaHa rpynna KOPPO3UOHHOCTOMKUX CTajeH.

[Ipn BBegeHHMHM B COCTaB CTaldud XpoMa B KoinuecTBe He MeHee 13 %
JIOCTUIaeTcs KOPPO3MOHHAS CTOMKOCTBH CTajdu B arMocepe, MOPCKOI BOAE, pslie
KHUCJIOT, IIEJIoYer, cosiell. B mporecce B3aMMOIEUCTBUSL CTald C KHUCIOPOJOM
BO3/lyXa Ha €€ IMOBEPXHOCTH 00pa3yeTcsl 3alluTHasl IJICHKa CJIOXKHOTO OKCHIA
(Cr,Fe),0;. Hannume xpoma B CTPYKTYpE OKCHAA TNpHUIACT 3aIMTHON IUICHKE
HOBBIE CBOWCTBA, OTJIMYAIOIINECS OT CBOMCTB OKCHJA YKE€J€3a B BUIEC PKABUUHBI.
XpoMcoaepKaliil OKCUJ Keje3a ra3olyioTeH, T.€. SBJISETCA MPEMSITCTBUEM IS
MOCTYIUICHUSI HOBBIX MOPIUH KHUCJIOpOAa K B3aMMOJECUCTBUIO CO CTajlblo, OH
M30JIUPYET METaUl OT BO3ACHCTBHS BHEIIHEW cpeabl. Kpome Toro, 3amurHas
MJIEHKAa MMEET BBICOKYIO aAre3uro (CIEIUISIEMOCTb) K TMOBEPXHOCTU CTald U HE
OTHEJIAETCS OT MOBEPXHOCTU METAILIA.

3amuTHBIE CBOMCTBAa OOpa3yrolIUKCS HAa TOBEPXHOCTH CJIOM OKCHJIOB
MPUOOPETAET TOJBKO MO JOCTHKEHUH CO/IepKaHus XpoMa B ctanu 13 %, npu sTom
U3MEHEHHE CKOPOCTH KOPPO3UM TPOUCXOJUT HE TIOCTEIIEHHO, a CKavyKooOpas3HO
(puc. 11). Ecnu B nerupoBaHHOM cTayin cojaepkaHue xpoma meHee 13 %, To 1o
KOPPO3MOHHOM CTOMKOCTHM OHA HE MUMEET MPEUMYIIECTB Mepes] YIIIepOaUCThIMU
ctansiMu. Takasi cTalb, KaK U yriepoaucTasi, OABEPKEHA KOPPO3UHU.

Koppo3uonHocrtoiikue (HepxaBerolyue) CTad AT Ha XPOMUCTBIE U
XPOMOHUKEIIEBbIE. XPOMUCTBIC SBISIOTCS CTAISIMU (DEPPUTHOTO U MAPTEHCUTHOTO
KJIacca, a XpOMOHUKEJIEBbIE OTHOCATCS K CTaJsIM ayCTEHUTHOTO Kilacca.

JlanuM CpaBHUTENIBHYIO OLEHKY KOPPO3HMOHHOW CTOMKOCTH KOPPO3HMOHHO-
CTOMKHUX CTajeil (peppuTHOrO M ayCTEHUTHOTO KJIACCOB, MCXOAS M3 MEXaHHU3Ma

KOPPO3UH.



VY CTaHOBJIEHO, YTO CKOpPOCTh B3aMMOJEHCTBHS METANIOB C XHMHYECKH
aKTUBHBIMHM CpEJaMU BO3pacTaeT MOJ BIMSHHEM IMPOUCXOIIINIMX Ha padoueit
MTOBEPXHOCTH JIEKTPOXUMHUYECKHUX MTPOIECCOB.

@da30BbBIl COCTAaB BCEX YIIIEPOIUCTBIX, a TAKXKe OOJBITMHCTBA HU3KO- U
CpEIIHETICTUPOBAHHbIX CTajell HeoAHOpoJeH. Paznuume snekTpodusznyeckux
CBOMCTB (a3 NPUBOAUT K TIOSIBJICHUIO MHOXECTBA MHUKpOTalibBaHOMap, a
BO3ZHHKAIOIME NIPU HAJIMYUU BIKHOW CPENIbl TOKH 3apsiIoB YCKOPSIOT KOPPO3HIO
craneii. [loaToMy MHHMMAaJIbHOE BIHMSHUE DSJIEKTPOXMMHYECKHX IIPOLIECCOB U,
CJIEIOBATENIbHO, MAKCUMAJIbHYIO KOPPO3UOHHYIO CTOHMKOCTh OYAYT MMETh CTajH
olHO(A3HOW CTPYKTYpbl — XPOMHCTBIE cTanu (EeppUTHOro Kjacca U
XPOMOHMKEJIEBBIE CTAJIM ayCTEHUTHOTO Kiacca.

Opnako Hen30eKHble NPHUMECH, COJEpXKalluecs B KOPPO3HMOHHOCTOMKHUX
CTaJIIX (PEPPUTHOIO U AYCTEHUTHOTO KJIACCOB, TaKXe€ MOTrYT 0Opa30BbIBAaTh
MUKpOTalibBaHOIAPbl U TAKUM 00Pa30M MOBBIIIATH MHTEHCUBHOCTh KOPPO3HOHHBIX
npoueccoB. Jlns MakCHUMallbHOTO pPAcTBOPEHHSI H3THX IPUMECEH, a TaKke
U30BITOYHBIX CHEUKapOUAOB B 0AHO(DA3HON CTPYKTYype TaKHE CTAJIU MOABEPIaroT
TepMuyeckoil  obOpabotke. Ilpm  3TOM  ayCTEHUT, KOTOpbIA  UMEET
IPAaHELEHTPUPOBAHHYI0 KYOMUYECKYI0 KpPUCTAUNIMYECKYIO PpEHIeTKY, MOKET
pacTBOpUTh OKoJI0 2 % yriepona, a OOBEMHO-LIEHTPUPOBAHHAs KyOuueckas
KpUCTaJUIMUecKas peierka ¢peppura T0nycKaeT pacTBopeHue Toiabko menee 0,03
% yrunepona. IloaTromy mo KOPPO3HMOHHOW CTOMKOCTH XPOMOHHMKEJEBBIE CTaJH
npumepHo B 10 pa3 mpeBOCXOIAT XPOMUCTHIE KOPPOZUOHHOCTOMKHE CTaJIH.

XpOMUCTBIE CTaJIUB 3aBUCUMOCTH OT COJEpP)KaHUS yIiaepoJa MOTyT
OTHOCHUTBHCS K (PEPPUTHOMY U MaPTEHCUTHOMY KJIaccam.

XpomucTsie cTanud (GEppUTHOTO KIacCampy HU3KOM COJAEpPKaHUU Yriepoia
UMEIOT OJIHO(Ga3HYI0 (EPPUTHYIO CTPYKTYpPY, T. €. HE TIpeTeprieBaroT (Ha3zoBOro
npeBpaiienust Fea«—Fey u He MOryT ynpodHsThCS TepMUUYECKON 00pabOTKOMH, T.€.
OHM HE MOJJIA0TCS 3aKaJIKe.

OtcyrcTBUE (ha30BBIX NMPEBpAIlEHUN MMEET Ty HEraTUBHYIO CTOPOHY, YTO

BO3HMKIIAs TpU HarpeBe, HalpuMep, B MPOILECCE CBApKH, KPYHMHO3EPHUCTAas



CTPYKTypa CTaJl HE MOXET ObITh U3MENBUCHA IyTEM €€ TEPMHUUECKO 00paboTKu.
M3-3a 7aHHOTO OCHOBHOT'O HEIOCTaTKa KOPPO3MOHHOCTOMKHX CTajeil (heppuTHOTO
KJlacca €€ KpPYMHO3EPHUCTOCTh MOXKET MNPHUBOJAWTh K OXPYNUUBAHHIO, YTO
OTPaHUYMBAET TEXHUYECKOE MPUMEHEHHE XPOMUCTHIX CTalei PeppUTHOTO Kiacca,
HECMOTPSI Ha TO, YTO U3 KOPPO3ZMOHHOCTOMKHUX CTajiell OHM HauboJiee JIEIICBHI.

[IpeaynpeauTs pocT 3epeH PeppUTHBIX CTaleil Ipu HarpeBe U YCTPAHUTD UX
OXpYIYMBAaHHE IIOMOTA€T BBEACHHE B HMX COCTaB B KAa4eCTBE JIETUPYIOIIUX
AJIEMEHTOB TUTAHA U a30Ta. TUTaH 00pa3yeT ¢ yIriepo1IoM, KOTOPBIM COEPKUTCS B
CTaJii, KapOuJIbl, a a30T, B3aUMOJICHCTBYSI C XpOMOM, 00pazyeT HUTPUIBI XpOMa.
JucnepcHble KapOHJIbl U HUTPUABI BBIIEISAIOTCS MO TPAaHULIAM 3€pPEH U CITyKaT
0appepoM AJIsl UX POCTa.

Haubonee  pacnpoCTpaHEHHbIMH  KOPPO3HMOHHOCTOMKMMH  CTaJsIMU
(beppuTHOrO Kiacca ABISAIOTCS CTalu ¢ cojepkaHueM 13 % Xxpoma, Hampumep,
ctasb 08X 13, KOTOPYIO UCIIOJIB3YIOT B TYPOOCTPOEHUH 711 U3TOTOBJICHUS JOMATOK
TUAPOTYPOUH U MapOBBIX TYpOUH.

VYBeIMYEeHUE CONEpPKAHHUS XpOMa IIOBBIIAET KOPPO3HOHHYIO CTOMKOCTH
XpoMHUCTBIX ctaneil. Ctanb ¢ conepxkanueM 17 % xpoma sBISE€TCS KOPPO3ZHOHHO-
CTOMKOHM B pacTBOpax CJIadbIX KHCIIOT U IIHUPOKO MPUMEHSETCS ISl U3TOTOBJICHHUS
TEXHOJOTMYECKOro 00OpYJOBaHMS 3aBOJOB MHIIEBOM IMPOMBIIIEHHOCTH U
u3/ieTui OBITOBOM MUILEBOM yTBapH, Kak, Hanmpumep, ctaib 12X17.

IIpu conepxkanum B cranmm 25 % XpoMa ee KOPpPO3HOHHAs CTON-KOCTh
IIO3BOJIAET MPOTHUBOCTOATH TOPSYUM Ta30BBIM cpelaM. Takyr CTajb, HalpuMmep,
ctanb 15X25, npuMeHSIOT i1 U3TOTOBJICHUS Ta30BbIX PETOPT, YEXJIOB TEPMOIIAP
U JPYIUX YCTPOMCTB HarpeBaTEeIbHbIX arperaTos.

Bepxuuil mpenen conepkaHus XpomMa B KOPPO3HOHHO-CTOMKHX CTaJIsAX
cocraBisier 25 % (uHorma 28 %), Tak Kak mpu OOJBIIEM COACpKaHUU Xpoma
CHIKAETCS BA3KOCTDb CTaJIM, HAOII0JaeTCsl €€ OXpYITYMBaHHE.

XPpOMUCTBIE CTATM MAPTEHCUTHOTO KJIACCAOTIMYAIOTCS OT (PEPPUTHOM CTAIH
NOBBILICHHBIM COJIEp)KaHueM yriepoaa. B mponecce Tepmudeckoir 00pabOTKH OHU

HUCIIBITBIBAIOT (baSOBOC IIpEBpalCHUC, HUX MOXHO IIOABECPrarb 3aKaJlKEC, B



pe3ysibTate KOTOPOW OHHM MPUOOPETAIOT CTPYKTYpy H CBOWMCTBA MapTEHCUTA
3aKAJIKH.

Koppo3noHHOCTOMKHE CTanu MAapTEHCUTHOIO Kiacca, HalpuMep, CTajb
40X13, wWCHONAB3YIOT I HW3FOTOBJICHHUS XUPYPrUUYECKOTO HWHCTPYMEHTA,
MIPOMBIIICHHBIX HOXEW, JeTalell TOIUIMBHOW amnmapatypsl U 1p. [locne 3akanku
UX TIOJIBEPTAOT HU3KOMY OTIIYCKY.

XPOMOHHKEIECBBIC CTATUUMEIOT OMHO(MA3HYI0 ayCTEHUTHYIO CTPYKTYpY,
BCJICZICTBHME YEro TakK e, KaKk M cTaidu (eppUTHOro Kiacca, HE IMpeTepreBaroT
dazoBoro mpeBpamienus Fea—Feynm mostoMy He MOTyT  yOPOYHSTHCS
TEpMUYECKON 00pabOTKOM, T.€. OHM HE NMPUHUMAIOT 3aKaJIKU. B TO ke Bpems i
HUX pa3pab0TaH PEKUM TEPMHUUECKOM 0OpaOOTKH, aHAJOTUYHBIM 3aKajike, B
pe3yabTaTe KOTOPO# CTaldbh HE MPUOOPETAET CTPYKTYPY MapTEHCHUTA.

OTnMBKa XpPOMOHHMKEIEBOM CTaIu COACPKUT TUCIIEPCHBIE KapOHUIbl XpoMma,
KOTOpbIE MOTYT OOpa30BbIBaTh MHUKPOTaJIbBAaHOMApPhl M TEM CaMbIM CHUXKATh
KOPPO3UOHHYIO CTOMKOCTD. J{J11 pacTBOpeHUs: KapOUJI0B XpoMa B ayCTCHHUTE CTallb
HarpeBaroT 10 1100°C u panee oxJaxaaroT B Boje, GUKCHPYS 00pa30BaBIIYIOCS
CTPYKTYpPY, HE JOMYyCKas BbIJICJICHUS] N30BITOUHBIX KapOUIOB.

[TomydyeHnnass B pe3ysbTare TakodW TepMHUuecKoid 00paboTku onHodazHas
ayCTCHUTHAs CTPYKTypa MPHUIAECT XPOMOHHKEIEBOW KOPPO3UOHHOCTOMKOW CTAIU
BBICOKYIO KOPPO3UOHHYIO CTOMKOCTb.

ITo ypoBHIO (PU3HKO-MEXaHUUECKUX CBOMCTB M 1T0 KOPPO3UOHHOM CTONKOCTH
XPOMOHHKEJIEBbIE  KOPPO3UOHHOCTOMKHE CTaJM  TMPEBOCXOIAT  XPOMHUCTHIE.
XPpOMOHUKENEBbIE CTAIM 00JIAIAl0T BBICOKON BS3KOCTHIO pPa3pyIICHHS, KOTOpas
COXpaHsSieTCSI W TpH OTpPULATENbHBIX Temieparypax. Kpome Toro, oHH
TEXHOJIOTUYHBI: XOPOILIO CBAPUBAIOTCSA, JOMYCKAIOT 00pabOTKY AaBJIEHHUEM Kak B
XOJIOJJHOM, TaK U B HATPETOM COCTOSIHUSAX, UMEIOT XOPOIIUE JUTEHHbIE CBOWCTBA.
B mpomecce 06paboTku naBieHHEM OHHM YIPOUYHSIOTCS B pe3yJbTaTe HaKIIeTa.
[ToaTOMY XPOMOHUKEIEBBIE KOPPO3MOHHOCTOMKHUE CTaJM YacTO MCIOIB3YIOT B

BHJIE TTpOKaTa.



K HemocTraTkaM XpPOMOHMKEINIEBBIX CTAJIEW MOXKHO OTHECTH HX IUIOXYIO
oOpabaTeiBaeMOCTh pe3anueM. Kpome Toro, XpoOMOHUKEJIEBbIE CTAIH JTOCTATOYHO
JIOPOTH BCIIEACTBUE HAIMYUS B HUX OOJBIIOr0 KOJUYECTBA NS(MUIIMTHOTO HUKEJIS.
JIns CHUOKEHUS CTOMMOCTH XPOMOHUKEINEBBIX CTaJEeHd UCIOJIB3YIOT 3aMEHY HUKEIIS
MapraHiemM.

Haubonbiiee  pacnpocTpaHeHWe B MPOMBIIUICHHOCTH — MOJIy4yuia
KOPPO3MOHHOCTOMKAas XpoMoHuKeseBas cTaib 12X18H9. OcHOBHBIM HEAOCTATKOM
3TOM W JPYrUX MAapOK XPOMOHHUKEJIEBBIX CTajed SABISETCA BO3MOYKHOCTH
MexkkpuctaumuTHo koppo3un (MKK), T.e. BO3MOKHOCTh KOPPO3UU MO TpaHUIAM
3€pEH.

[Iposinsiercs MKK npu HarpeBe XpOMOHHKEIEBOM CTald B HWHTEpBAJIC
temneparyp 500...700°C. OTrMeTnM, 4TO 10 TAaKMX TEMIIEPATYP METAUI MOMKET
HarpeBaThbCsl B 30HE TEPMHUUYECKOIO BIMAHHUS IIpupona. B mpouecce TepmMudeckon
00pabOTKM OHU HCHBITHIBAIOT (Pa3oBoe MpeBpalieHUe, WX MOXKHO IOJBEPraTh
3aKajKe, B pe3yJbTaTe KOTOPOHM OHHM NPHOOPETAIOT CTPYKTYPY M CBOMCTBa
MapTEHCHUTA 3aKaJIKU.

Koppo3unoHnHOCTOMKHE CTalld MapTEHCUTHOrO KJacca, HampuMep, CTajb
40X13, wWCcHONB3yKOT [Ji1 M3FOTOBJIEHUSI XUPYPTrUYECKOr0 HHCTPYMEHTA,
ITPOMBILJICHHBIX HOXEW, AeTajeld TOIUIMBHOM ammaparypsl u ap. [locie 3akanku
UX TIOJIBEPTAOT HU3KOMY OTIIYCKY.

XPOMOHHUKENIEBBIE CTaTd HMMEIOT OJHO(DA3HYI0 ayCTEHUTHYIO CTPYKTYpY,
BCJIEZICTBME YEro TaK K€, KaK M cTanu (EeppUTHOro Kiacca, HE MPEeTepreBaroT
¢dazoBoro mnpeBpamieHus Feo«—Fey u mnosromy HE MOIrYT YHOPOUHSTHCS
TEPMUYECKON 00pabOTKOM, T.€. OHM HE NMPUHUMAIOT 3aKaJKh. B To xe Bpems aiis
HUX pa3paboTaH peXUM TEPMUUYECKOM 00pabOTKH, aHAJIOTHYHBIN 3aKajike, B
pe3yNbTaTe KOTOPOM CTajabh HE MPUOOPETAET CTPYKTYPY MAPTECHCHUTA.

OTnuBKa XPOMOHHMKEIEBOM CTall COACPKUT TUCIIEPCHBIC KapOHWIbl XpoMma,
KOTOpbIE MOTYT OOpa30BbIBaTh MHUKPOTajJbBaHOIMAPhl M TEM CaMbIM CHHXKATb

KOPPO3HOHHYIO CTOMKOCTD. {7151 pacTBOpeHust KapOUI0B XpoMa B ayCTEHUTE CTajlh



HarpeBatoT 10 1100°C u manee oxyiakaaroT B Bojae, GUKCHPYsST 00pa30BaBIIYIOCS
CTPYKTYPY, HE JOIYCKast BBICICHUS N30BITOYHBIX KapOUIOB.

[TomyyeHnHnass B pe3ysibTare TakoM TepMHUECKOW 00padoTKu onaHoda3Has
ayCTEHHUTHAas CTPYKTypa MPHUAACT XPOMOHUKEIEBOW KOPPO3HUOHHOCTOMKOW CTau
BBICOKYIO KOPPO3UOHHYIO CTOMKOCTb.

[To ypoBHIO (pM3UKO-MEXaHUYECKUX CBOMCTB U 1O KOPPO3ZUOHHON CTOMKOCTH
XPOMOHHKEJIEBbIE  KOPPO3UOHHOCTOMKHE CTaIM  MPEBOCXOISAT  XPOMHUCTHIE.
XPpOMOHHKENEBbIE CTaIM 00JIaJJal0T BBICOKOW BS3KOCTHIO pa3pylIeHUs, KOTopas
COXpaHsIeTCSI W TNpH OTpPULATENbHBIX Temmeparypax. Kpome Toro, oHH
TEXHOJIOTUYHBI: XOPOIIIO CBAPUBAIOTCSA, JOMYCKAIOT 00pabOTKY AaBJICHHUEM Kak B
XOJIOAHOM, TaK U B Harpe€TOM COCTOSIHUSIX, UMEIOT XOPOIIIHNE JINTEITHbIE CBOMCTRA.
B mpouecce 00paOOTKH JaBIE€HUEM OHHM YIPOUYHSIOTCS B pE3yJbTaTe HaKJIEMa.
[TosTOMYy XPOMOHMKENEBbIE KOPPO3MOHHOCTOMKHE CTAId YacTO HCHOJB3YIOT B
BH/JIE MTPOKATA.

K HemocTtaTkaM XpOMOHHMKEIEBBIX CTaJIE MOMXHO OTHECTH HX IUIOXYIO
oOpabatbiBaeMOCTh pe3aHueM. Kpome TOro, XpOMOHHUKEJIEBbIE CTAIU JIOCTATOYHO
JIOPOTH BCJIEACTBUE HAIMYUS B HUX OOJIBIIOT0 KOJIMYECTBA ACPUIIUTHOTO HUKEIIS.
Jnsi CHUKEHUS CTOMMOCTH XPOMOHUKEJIEBBIX CTaJed UCHOJIB3YIOT 3aMEHY HHUKEIIS
MapraHIieM.

Haubonwiiee  pacnpocTpaHeHue B MPOMBIIUICHHOCTH  MOJy4YMIia
KOPPO3UOHHOCTOMKas XpoMoHMKeeBas ctaib 12X18H9. OcHOBHBIM HEIOCTaTKOM
ATOM W JpPyrux MapoK XPOMOHHUKEJIEBBIX CTajed SBISETCS BO3MOXKHOCTH
MexKpucTauuTHON koppo3un (MKK), T.e. BO3MOXHOCTh KOPPO3UH 0 IpaHULIaM
3€pEH.

[IposBisiercs MKK npu HarpeBe XpOMOHMKENEBOW CTaJIM B HHTEpPBAJE
temneparyp 500...700°C. OTtMeTum, 4TO 10 TAKMX TEMIEPATYp METAUT MOMKET
HarpeBaThbCsl B 30HE TEPMHUYECKOTO BIMSHUS NPUBEICHUM Tpoliecca cBapku. [Ipu
TaKuxX TEMIIepaTypax HarpeBa IO TpPaHUIAM 3€PEH BBIJCISIOTCS JTUCIIEPCHBIC
kapOuasl xpoMa coctaBa Cr23C6. Benencrue Huskoro koddduimenta auddysun

JIETUPYIOUIUX 3JIEMEHTOB B 00pa30BaHMM KapOWJa YYacTBYIOT TOJIBKO T€ aTOMBI



XpOMa, KOTOPBIE€ PacIoiOKEHbl B MPUTPAHUYHBIX ydacTKax 3epeH. B pesynbrare
pa3BUTUSL TAKOTO MpPOLECCa MPUTPAHUYHBIE YYACTKH IMOCTENEHHO OOETHSI0TCS
XpPOMOM H, KOTJa COAEPKAHUE XpOMa CTaHOBHUTCS MeHee 13 %, 3epHa mnepectaror
OBITh KOPPO3HOHHO-CTOMKUMU.

[Ipy KOHTaKTe€ ¢ XMMHWYECKH aKTHUBHOM CpENON Takas CTallb HAYWHAET
KOPPOJHMPOBATH 10 TPAHULIAM 3E€PEH, CBSA3b MEXKIY HUMHU HApYIIAETCS U MaTepHall
TEpsieT CBOIO MPOYHOCTh. J[aHHBIN BUJ nedeKTa OmaceH TeM, YTO BHEIIHE JeTab,
IPOKOPPOIMPOBABIIIas HACKBO3b IO TPAHUIIAM 3€PEH, COXPAHSET CBOIO (opMmy H
rabapuThl, XOTA OIPAKTUYECKH HE UMEET MPOYHOCTH, T.€. JOCTATOUYHO HEOOJBIIOTO
YCHIIHSL, 4UTOOBI OHA pacchlajack. B 4acTHOCTH, HA 3TOM MPUHIUIIE OCHOBAaH OJIMH
U3 CHOCOOOB MOJYYEHHUsS MOPOIIKAa KOPPO3UOHHOCTOMKOW CTamu ISl HYX[
ITOPOIIKOBOW METAJUTYPIHH.

JUis  mpenynpexaeHus MEXKPUCTAJUIMTHOM  KOppO3WHM  HEOO0XOAMMO
YCTPaHUTh BO3MOKHOCTh 00pa3oBaHusl KapOUAOB XpoMa. DTOr0 MOYKHO JOCTHYb
JIBYMS MyTSIMA — YMEHBIICHUEM COJIEP>KaHUS YIiepoJa B CTAJM U BBEACHUEM B
cTaJib 00JIee CUIIBHBIX, YEM XPOM, KapOUJ000pa3yIOLINX IEMEHTOB.

[lomyyeHnue cramu ¢ HHU3KHM COJEpPKAHUEM YTIepoJia BO3MOXKHO, XOTS
TEXHUYECKOE HCIIOJHEHUE JAHHOTO pELIEHHs JOCTATOYHO CJOXHO. OJIHaKo
IPONOPLMOHAIBHO YMEHBIICHUIO COAEPXKAHUS YIJIepoJa B CTald CHHXXAKTCA
TaK)K€ M MPOYHOCTHBIE €€ XapaKTepucTUKU. Kpome Toro, CHHKEHUEe coaepKaHus
yIJIEpOa, XOTS U MOXKET yMeHbUTh BeposiTHOCTh MKK, HO He ycTpanser ee
NEPBONPUUYNHY, TaK Kak JIF00asi CTaidb — 3TO CIUIAB )KeJie3a C yriaepoaoMm, T. €. 0e3
yriaepoja He OyJeT U CTaJlu.

PanukanbabiM pemenueM npobiaembl MKK siBisieTcst ucnonb3oBanue 6osee
CWJIbHBIX, YEM XpOM, KapOujpooOpazoBarenei, B YUClI€ KOTOPhIX THTAH, PEKEe —
HUOOUH. JlaHHBIE 37IEMEHTHI B CUITy OOJIBIIET0, YEM Y XpOoMa, CPOJICTBA K YTIEPOay
CBSI3BIBAIOT HM30BITOUHBIM yTrie pojJ, 00pa3zys COOTBETCTBYIOLIWE CIIELUATbHBIC
KapOuJbl, U TE€M CcaMbIM MpeAOTBpallatoT oOpa3oBaHue kKapOuga xpoma. Tak,
HarpuMep, XPOMOHHUKENEBbIe KOppo3uoHHocToiikue cramu 12X18HIOT wu

12X18H9b ne nonsepxkensl MKK B oTiimune ot cranu 12X18H9.



Bnaroz[apﬂ JaHHOMY PCHICHUTIO OBLIN CHSITBI OTpaHUYCHHA Ha NPUMCHCHHC
XPOMOHUKCIICBBIX KOppOBHOHHOCTOﬁKHX crajeil B KOHCTPYKIUAX, CBA3AHHBIX C
HarpcBOM. DTO MO3BOJIMJIO HMCIOJL30BaTh JaHHBIC CTaJIM B  aBHAIlUU,

PaKeTOCTPOCHUH U IPYTUX 00JACTIX CHEIMATBHOTO MAIIMHOCTPOCHHUS.

Puc. 11. BnauaHue coaep)kaHMA XpomMa Ha

KOPPO3NOHHYIO CTOMKOCTb CTain: w — CKOpPOCTb

13 Cr, % Kopposuw

3.10 JIeI‘I/IpOBaHHLIe H HU3KOJIECITMpOBaHHBLIC CTAJIU B aBTOM06l/IJIeCTpOGHI/II/I

JIJist U3roTOBJICHUS aBTOMOOMJIBHBIX J€Taleil MPUMEHSIOT MHOTHE MapKH
MaJoyTJIEPOIUCTHIX u CPEIHEYTJIEPOIUCThIX JIETUPOBAHHBIX u
HU3KOJIETUPOBAaHHBIX cTaned, mpexycmoTrpeHHbIx ['OCT 4543-2016 u T'OCT
19281-89. MHorna npuMEHSIOT Tak)Ke CTald, HEe BKIIOUCHHBIC B HACTOSIIICE BpEeMsI
B ['OCT u npousBoasmuecs mo TY 3aBoj0B aBTOMOOMIBLHON MPOMBIIIJIEHHOCTH.
B Ttabn. 5 mnpuBoasTcs HauOoyiee paclpoCTpaHEHHBIE TPYNIbl W MapKu
aerupoBanHbix ctaned (I'OCT 4543-2016), npumepbl WX TpPUMEHEHUS TpU
MPOU3BOJCTBE aBTOMOOWIBHBIX JIeTAaJe€ii W  XapaKTepHbIE BapHWAHTBHl HX
TePMUYECKON 00paboTKU. JlerupoBaHHBIE CTalld, KaK MPaBUJIO, TOJIBEPraroTcs
TEPMUYECKON WIIM XUMUKO-TEPMHUUECKON 00paboTKe.

B o00o03HaueHUAX MapoK KOHCTPYKIIMOHHBIX JICTUPOBAHHBIX CTale mudpa
CJIeBa YKa3bIBAET CPEHEE COJIEPKaHKME B JJAHHOM CTallK yIriiepoa B COTBIX JOJISX
NPOLIEHTA; TOCIEayIone OYKBbI W LHUQPBI, PaCHOJIOKEHHbIE IpaBee OYKB,
CBUJIECTEIHCTBYIOT O HAJIMYMUA U TPUMEPHOM COJICPKaHWUM B JAaHHOW cTanmu (B
MPOIIEHTAX) JIETUPYIOMUX KOMIOHEHTOB. Hampumep, crtans Mapku 12XH3A
SIBJIICTCSI BRICOKOKAYECTBEHHOM, JISTHPOBAHHON XPOMOM M HUKEIJIEM, COJIeprKaleh
B cpennem 0,12 % yrneponaa (0,09-0,16), okono 1 % xpoma (0,60-0,90), npumepno

3 % wnukens (2,75—3,15). i1 0oCOOEHHO CHIBHO JACHCTBYIOIIMX Ha CBOWMCTBA



crajei JCTUPYIOIIUX KOMIIOHCHTOB, KAKMMU ABJIAAKOTCA, B YaCTHOCTH, MOJ'II/I6I[GH,

TUTaH, BaHaJAWW W OOp, NPUCYTCTBUE MPHUHATHIX MJII HUX MHIEKCOB B
0003HAaYEHUSAX MApKH CTajJd HE O3HAYaeT, YTO MX KOJIM4ecTBO Oym3Kko K 1 %.
OO6bIuHO conepxanue monnbseHa He npessimaetr 0,6 %, Turana u Banagus 0,20
%, a 60pa OrpaHHYMBACTCS €I1l€ MEHbIIMMHU BEIMYUHAMMU.

Huskoneruposanusie cranu ('OCT 19281-89) o6s1uno conepxar 1o 0,25 %
HeACPUIMTHBIX, HO JOCTATOYHO CHUJIBHO JACHCTBYIOIIUX JIETUPYIOIIUX 3JIEMEHTOB.
Hcnonb3oBaHue 3TUX CTalleld BMECTO YIJIEPOJIUCTHIX MO3BOJIIET YMEHBIIUTh MacCy
U CeyeHue JeTanel mnpu Oo0ecrneyeHUH NpEeXKHUX WM 0oJiee BBICOKHX
MEXaHM4YeCKUX KadecTB. [lo cpaBHEHMIO C Ka4eCTBEHHBIMH YTJIEPOJIUCTHIMU
CTAJIIMU 3TH CTAJU OTIMYAIOTCS MOBBIILIEHHOW MPOYHOCTHIO, H3HOCOCTOMKOCTBIO,
KOPPO3HOHHOM CTOMKOCTBIO OJlarojiapsi YBEJIMYEHHOMY COACPKAHUIO B HHUX
Maprasia, XpoMa, MeJiu, Apyrux npucaaok. Bmecre ¢ Tem oHM OOBIYHO J€IIEBIIE
JIETUPOBAHHBIX CTajel, MOATOMY HCIOJb30BaHUE UX B ABTOCTPOCHHUU C TOJlaMu
yBenmnuuBaercsi. OcoOeHHO OoIbIIoe MPUMEHEHHE HU3KOJIECTHPOBAHHBIC CTaH

IMOJIYUYHMJIN IIPH U3TOTOBJICHUH I[GT&J'IGIZ PaM I'PY30BLBIX aBTOMOOMJIECH (JIOH}KCpOHOB

Y TIOTIEPEYMH), TMCKOB U IPYTUX JIeTajeil Kojec, KapTepoB 3aJHUX MOCTOB.

5 - Hawubomnee

KOHCTPYKIMOHHBIC JICTUPOBAHHLIC CTAJIN U ACTAIN, U3IOTOBJICHHBIC N3 HUX

Tabnuia pacnpoCcTpaHEHHbIE B  aBTOMOOMJIECTPOEHUU

No pynna cranu Mapka ctanu Oetann Tepmuyeckast 0bpaboTka
1 2 3 4 5
1 MapraHuoBucTas 40r, 50r, 4512, 4717 | Monyocw, WwaTyHsl, | 1. YnyJyweHne
KoneHyaTble Banbl | 2. Hopmanuzauus  wnn
ABuratenen ynyylweHnwe u  3akanka
paboumx MOBEPXHOCTEN
TBY
2 XpoMucras 15X,20X Tonkatenu, nopwHesble | LlemeHTauus, 3aKasnka,
nanbubl, KPECTOBWHbI | HU3KOTEMMEPaTypPHbIN
KapaaHa, OTMyCcK
pacnpegenutesnbHble  Basbl
JABUraTenen
3 Xpomucras 30X, 35X, 40X, 45X Banbl 1 wectepHn kopobok | 1. YnyuweHwe
nepegay, 6anku nepegHen | 2. YnydweHue W 3aKaska
ocu,  pblbyarn  pyneBoro | paboumx NoBepXHOCTEW
ynpasneHusl, KpectoBuHbl 1 | TBY
ocun caTennuToB,
KOPOMBICNa, 60nTbI
KOPEHHbIX M LWATYHHbIX
NoALUMNHMKOB ABWUraTenen




1 2 3 4 5
4 Bopucras 40P, 45PT1 LaTyHbI nsuratenen, | 1. YnydweHue
nonyocu u ap. 2. YnyJuweHune "
NOBEPXHOCTHAs 3aKaska
5 XpoMoMapraHueBas 18XIT, 30XI'T, | LLkBopHK, LlemeHTauus nnu
25XI'M, 25XI'T pacnpegenvTenbHble Banbl, | LMAHMPOBAHWE, 3akanka W
LeCTEPHN  MONyoCel, U | HM3KOTEMMepaTypHbIii
caTennunThbl, KOHUYeCcKne | oTnycK
LWecTepHM 3agHero Mocra,
KPeCTOBMHbI KapZaHHOro
WapHupa, WecTepHn wn
Basibl KOPOBOK Mepeaay, ocb
LIecTepHM 3afHero xoaa
6 XpoMoHuKkenesas 12XH2, 12XH3A, | MNopLHeBble nansubl, | LlemeHTauums unm
20XH3A,40XH KpPeCTOBMWHbI KapAaHHOro | uuaHupoBaHue, 3akafnka u
LapHupa, KOHMYECKNE | HU3KOTeMMepaTypHbIN
LeCTepHM 3agHero MocCTa, | OThycK
nonyocesble LIecTepHu,
caTennuThl, KPECTOBWHbI
anddepeHumana
7 XpomomonubaeHoBble 40X2MA LaTyHbI YnydweHne
8 XpomoBaHaaneBsast 40XDA, 60XDA Mpy>XuHbI Knanados, | 1. Yny4weHue
NPYXWHbI noasecku, | 2. ObbeMHast  3akanka,
TOPCUOHBI nosyocei, | BbICOKOTEMMNepaTypHbIN
WaTYHsl ABuraTenen, | oTnyck
KONeHYaTble Basibl
9 XpoMoHukenbMonubaeH | 20XH2M LectepHn nonyoceir U | LlemeHTaums nnu
oBas caTennuThbl, KOHMYECKMe | LUMaHMpOBaHMeE, 3aKanka M
LUeCcTepHU rNaBHOW | HU3KOTEMMEPATYPHBbIN
nepegauu, YepBsKN | OTMyCK
pYNeBoro yrnpasneHus
10 XpoMokpeMHeMmapraHue | 38XI'C Monyocu 1. Yny4yweHwne
Bas 2. YnydweHue u 3akasnka
LLMLIOB
11 XpoMoMapraHueBoHuke | 20XIHP, 14XIH, | Banbl 1 wectepHn kopobok | LiemeHTauus nnm
nesast n | 19XIH, 15XrH2TA nepegad, oCb LIECTEPHU | LMAHMPOBAHME, 3aKanka W
XPOMOMapraHLEeBOHMKE 3alHErO0 XOAa, KPECTOBMHbI | HU3KOTEMMEpaTypHbIN
neeBass C TUTaHOM W 3aQHEro Xxofa, KpecToBWHbI | OTMYCK
60pom KapAaHHOro  LWapHupa w
anddepeHumana,
LIeCTepHU nonyocu n
caTenuTsl, KOHUYecKune
LIecTepHM 3agHero MocTa
12 XpomomonubaeHosaHag | 42XMOA KoneH4atble Banbl YnyJweHue 7
neBas NoBepXHOCTHas 3aKkanka
week TBY
13 XpomomapraHueBoHuke | 20XFHM,  25XTHMT, | Banbl u wectepHn kopobok | 1. Hopmanuzaums — wnu
neeas ¢ MonubaeHom | 30X2FCMA nepegad, BeAoMas | ynydweHue,  UeMeHTauus
unm TUTaHOM n KOHMYecKast LIECTEPHS | UK UMaHnpoBaHue,
XPOMOMapraHLEeBOKpeM rNaBHOM nepegayn, | 3akasnka n
HueBasi C MonMbaeHOM caTeNnnnTbl M KPECTOBMHbI | HU3KOTEMMEpaTypHbIN
anddepeHumana, nonyocm | oTnyck
2. YnydweHue, 3akasnka

wnuues TBY




3.11 PeccopHo-npy:KMHHBIE, BBICOKOJETHPOBAHHbIE KAPOCTOiKMe H
KApPONPOYHbIE CTATH

JlerupoBannbie peccopHo-npyxkunnbie ctanu (IOCT 14959-2016) mmpoxo
MPUMEHSIIOT B KOHCTPYKLHMSIX OTEUECTBEHHBIX aBTOMOOWIJICH AJisi M3rOTOBJICHUS
JeTanel TMOJABECOK — TPYXKUH, JHCTOBBIX peccop, IUIACTUH TOPCHOHOB
aBTOMOOWJIEH, a TaKKe KJIANaHHBIX MPYXUH ABUTATENICH, MPYKUH CIIE-JICHUS |
pa3IMYHBIX APYTUX JeTajeil. B MeHbllel cTeneHu NPUMEHSIOT JJIsl U-TOTOBJICHUS
Pa3IMYHBIX MPYKUH YTIEPOJUCThIE CTalmu, npeaycMoTperHsie TeMm ke ['OCTowm.
PeccopHO-TIpy’KMHHBIE CTQJIM OTHOCATCS K BBICOKOYIJIEPOJUCTBIM, MPUYEM B
KauecTBE JIETHUPYIOUIUX 3JIEMEHTOB JJIsi HUX OCOOCHHO XapaKTEPHO COJEpKaHUE
KPEMHUSI, MapraHiia, XpoMa U BaHaIusl.

BricokonerupoBanusie sxapoctoiikue u xkapornpounsie cranu (TOCT 5632-
72) TPUMEHSIOT NJIi U3TOTOBJICHUS KIIAllaHOB aBTOMOOWIBHBIX JBUTaTENei. B
HEKOTOPBIX CJIy4yasx Ha 3aroTOBKY KJIAaHOB B MHAYKTOPE MPH HUCIOJIb30BaHUU
Crie-aJIbHOTO (PJIFOCa HAIUIaBJISETCS KOJIBIIO M3 KAPOCTOMKOIO CIIaBa Ha HUKEIh-
XpoM-00pucToit ocHOBe. /7151 3TOM 1€/ NPUMEHSIOTCS, B YaCTHOCTH, CruiaBbl Jl1-
616 u OII-616A (nBurarenu BA3), DII-869 (nuratenun KamA3-740). Ilonoctu
KJ1anmaHoB ABurateneil 3M3-53 U HEeKOTOPBIX JIPYTUX 3aMOJHSIIOT METAJNIMYECKUM
HaTpUeM, HCIapeHUue KOTOPOTO BO BpeMs palbOThl JABUTATENS CIIOCOOCTBYET

CHIKEHUIO pab04YMX TeMIIepaTyp TapesioK KJIamaHoB.

3.12 Mapkmu craJjieii, 4yryHOB M IBETHBIX CILIABOB, MPUMEHsSIEMbIX MPH
U3rOTOBJICHUM OCHOBHBIX JeTajled 0Te4eCTBEHHbIX ABTOMOOUIICH

JI1s M3roTOBJIEHUSI KOPITYCHBIX JeTaneid — OJIOKOB, KapTepOB CIEIUICHUM,
roJIOBOK 0OJloKa, a Takke TpyOONpOBOJOB NPUMEHSIOTCS B OCHOBHOM
ATFOMUHUEBBIC CIUIAaBbI Pa3HBIX MApOK M YYTYHBI C TUIACTMHYATHIM TpaduToM,
MOAM(PUIMPOBAHHBIE M cHenuaibHble. bioku u  kaptepbl cuersieHuss 3A3
OTJIMBAIOT W3 MArHUWEBOTO CIUlaBa. bBOJBIIMHCTBO JeTalield  aBTOMOOWMIIEH
cemeiictBa BA3 wsroroBmsaror u3 MarepuanoB no TY 3aBoma. Ilopuinum

HU3TOTOBJIAIOT U3 )KapOCTOfIKHX AITIOMUHHECBBIX CIIJIaBOB, B PAAC CIIY4acB



HETOCTUPOBAHHBIX, KJIANAHbl - W3 KAPOCTOWKUX BBICOKOJIETMPOBAHHBIX CTAJIEH.
KoJsieHuaTeie ¥ pacnpenenuTenbHble Balbl U3TOTABIMBAIOT U3 KOHCTPYKIIMOHHBIX
CTJIEH WM BBICOKONPOYHBIX YYryHOB. JUIsI HOpyrux aAetajeld NPUMEHSHOTCS
KaueCTBEHHBbIE M BBICOKOKAYECTBEHHBIC CTall WIM MOIU(UIIMPOBAHHBIE U
CIELMaJIbHBIC YYTYHBI.

MarepuasioM  BaJOB M IIECTEPEH  SBISIIOTCA  JIETUPOBAHHBIC
KOHCTPYKIIMOHHBIE CTaJIH, KaK IPAaBUII0, HU3KOYTIJIIEPOAUCTHIE. TOIBKO BTOPUYHBIN
Ban aBroMoOusneil I'’A3 u3roroBisieTcss U3 YIVIEPOJUCTOW CTaJIM NOHMKEHHOU
npokanuBaeMocTd Mapku 60I1IT.

MarepraioM KOpITyCHBIX JAETaled 3aJHUX MOCTOB SIBJISIETCS 4Yallle BCErO
KOBKHM 4yryH. Bmecte ¢ TeM B IIOCI€AHHE TOABl KapTepbl CTald 4YacTo
W3TOTOBISAITH ~ CBAapHBIMM; B OTOM  ClIydyae HMX MaTEpHajoOM  SBISIOTCA
HU3KOJIETMPOBAHHbIE CTAJIA. Bayibl ¥ MIECTEpHU 3aJHUX MOCTOB, TaK K€ KaK U Y
KOpOOOK mepeaay, U3roTOBJISIIOT OOBIYHO W3 JIETMPOBAHHBIX MaJIOYTJIEPOIUCTHIX
KOHCTPYKIMOHHBIX cTaneil. Takke Kak W aHaJOrnyHble JAeTagud KOpOoOOK, OHU
NOJIBEPraloTcsl  OOBIYHO  ILIEMEHTAlUMU WM  LMAaHUPOBAHUIO, 3aKalKe U
HU3KOTEMIIEpATYpHOMY OTIIycKy. HawnOosiee pacnpocTpaHeHHBIM MaTEpHAIOM
JeTajed KapAaHHBIX Iepenad SBISAIOTCA YIVIEPOAUCTHIE KAa4ECTBEHHBIC CTAJIU.
KoprycHble neranu pyJIeBbIX MEXaHU3MOB HU3TOTOBIIAKOT U3 KOBKOI'O 4yryHa HIIU
LIBETHBIX CIUIABOB, OCTAJbHbBIE JETAIA - W3 KOHCTPYKUMOHHBIX CTaJIeH

JICTUPOBAHHLBIX WJIHN YITICPOAUCTBIX.

Jleknus 4. IBETHBIE METAJIJIBI U CIIJIABbBI

[Ipy W3roTOBIIEHMHM AaBTOMOOWJIBHBIX JETalied Ha aBTOMOOWJIBHBIX
NPEONPUATUAX I[IUPOKOE NPUMEHEHUE HAXOLAT QJIIOMUHUEBBIC U IMHKOBBIC
CIUIaBbI, CIUIaBbl Ha MEJHOM W IIMHKOBOW OCHOBE, aHTHU(PUKIIMOHHBIE CIUIABHI,
pAa3IUYHOIO BUJA IIPUIIOU, B HECKOJIBKO MEHBIIEH CTEINEHU ITPUMEHSIOTCS MEIHO-

HHUKCJICBbIC 1 MAarHUCBLBIC CIIJIAaBbI.



4.1. IlBeTHBIE aJIIOMUHHMEBbIE, IMHKOBbIE U MATHHEBBIE CILIABbBI

Ocob6eHHO 00JIBIIIOE PACTIPOCTPAHCHHE TPU M3TOTOBICHUU aBTOMOOWMIIBHBIX
netanel umeror amomuHueBble cmuaBbl JuTedHble (TOCT 2685—75) wu
nedopmupyempsie (I'OCT 4784-2019). JlepopmupyembiMU Ha3bIBAIOTCS TaKHe
aTIOMUHUEBBIC (MJIM MarHueBbI€) CIUIaBbl, MoJyhaOpuKaThl U3 KOTOPHIX (JIHCTHI,
NPYTKH, NPOPUIBHBIA MPOKAT, IITAMIIOBKM) MOTYT H3TOTOBIIATHCS 0O0paOOTKOM
napiienreM. JlehopmMupyembie CIiaBbl MPUMEHSIIOT JIJI MU3TOTOBJICHUSI TOPIIHEH
JIBUTATENCH, MOPIIHEH THUAPOUMUIUHIAPOB TOPMO30B U CIEIUICHUH, pa3IMYHBIX
MEJIKUX JIeTaJIel, a TaKKe HOpMaJiel (3aKJIeTIOK U 1p.).

N3BecTHO, 4YTO aBTOMOOWJIbHAS TMPOMBIIUICHHOCTh SIBISETCS TEPEIOBOM
OTpAaCIIbl0 OTEYECTBEHHOTO MAIIMHOCTPOECHUS, B KOTOPOMl MOCTOSIHHO BEIYTCS
Pa3HOCTOPOHHUE HUCCIIEOBAaHUs, HANpaBICHHbIE, B YAaCTHOCTH, Ha pa3pabOTKy
HOBBIX, TIPOTPECCUBHBIX MAaTEPHAIIOB U CIUIABOB, OOJIAJIAIOMIUX BBICOKUMHU
TEXHOJOTUYECKUMU W SKCIUTYyaTallAOHHBIMU KauyeCTBAMH. JTO OTHOCHUTCS U K
QTIOMUHUEBBIM ~ CIUIAaBaM, HCIOJB3YEMbIM JIJIsi M3TOTOBJICHUS TMOPIITHEH U
KOPITYCHBIX JIETAJICH.

MarHueBble CIUIaBbl MO CBOMM MEXaHUYECKHMM KadecTBaM, KakK MpaBUIIO,
YCTYMAIOT aJIIOMHUHUEBBIM, 3aTO OTIUYAIOTCS TEXHOJOTUYHOCThIO — 00JIagatoT
XOPOLIMMH JUTEWHBIMUA CBOMCTBaAaMU. MapKyh MarHUEBBIX CIUIABOB MPHUMEHSIOTCS
JUUISl OTJIMBKY HEHATPYKEHHBIX KOPIYCOB PA3IUYHBIX Y3JI0B U IPUOOPOB.

3HaUUTENHFHOE MPUMEHEHHWE B aBTOMOOWJIECTPOCHUH HMMEIOT B HACTOSIIIEE
BpeMs IIMHKOBBIC cIuiaBbl. [luakoBbie crumaBel mo ['OCT 21437-95 Bkimrouaror
YEThIpe MApKH CIUIABOB, JIBE€ M3 KOTOPBIX OTHOCSTCS K KAaTErOpPUU JIUTEUHBIX
CIUIaBOB, a JIBE — K CIUIaBaM, 00pabaTkiBaeMbIM AaBieHUEM. [IpenycMoTpeHHbIe
ykazanHbiM ['OCTomM wMapku CIiaBoB TMPEIHA3HAYEHBI [JI1 HW3TOTOBJICHUSA
aHTU(GPUKIMOHHBIX AeTanei (BTynok, moamunaukoB). ['OCT 19424-97"CmuiaBbl
nuHkoBble smTeiHble B uymkax" w ['OCT 25140-93 "CmiaBel IIMHKOBBIC
JUTEHHbIE" IO XUMUUECKOMY COCTaBY HEKOTOPBIX MapOK MOYTH TyOJIUPYIOT IPYT
npyra. [Ipenycmorpennsie 'OCTamu cruiaBbl npeaHa3HAYEHBI IS U3TOTOBICHUS

KOPITYCOB CJIO)KHOU (POpMBI KapOIOpaTOpoB, OEH30HACOCOB, AIEKTPOTEXHUYECKUX



U Jpyrux mnpuOOpOB METOAOM JHThs TOJ JaBJICHHEM C OOecredYeHueM
BBIIIOJIHEHNS TOHKMX CEYEHHM C BBICOKOM TOYHOCTBIO M  TJIAJKOCTBIO
IIOBEPXHOCTEH, JNOCTUraromen 8-ro kiacca. [JaBHBIM NpPEeHMMYLIECTBOM 3THX
CIUIAaBOB SIBJISIETCS BBICOKAS YKHJIKOTEKY4eCTh, CIIOCOOHOCTH XOPOIIO 3alOJHSThH
ClIO)KHbIE  (OpMBI;  HEJOCTATOK  LUHKOBBIX  CIUIAaBOB ~ —  HM3Kas
PEMOHTOIIPUTOTHOCTD; IIPU MOJOMKAaX COOTBETCTBYIOIIME NETAIU IPAKTUYECKU HE

MTOJIJIEXKAT MMANKE WU CBAPKE.

4.2. lIBeTHBIE CILUIaBbI HA MEIHOM U IIMHKOBOM OCHOBE

Uuctas Meap WMeeT B aBTOMOOMJIESCTPOCHHH H  aBTOPEMOHTHOM
MIPOU3BOJICTBE OTPAHUYEHHOE MPUMEHEHHE, B OCHOBHOM B JJICKTPONpPUOOpax u
AIEKTPOIUTHICCKAX BaHHAX. 3aTO IMHPOKO MPUMEHSIOTCS MEIHO-IIMHKOBBIC
CIUTIaBHI (JIATYHHU), OJIOBSIHUCTHIE U 0€30JI0BSHUCTHIE OPOH3BI.

Jlatyau  moppasnmensitorcss  Ha  smreinsle (OCT  17711-93) wu
nehopmupyembie  (OCT  15527-2004); mociaenawe B CBOKO  OYepenb
MOJIPA3NICTSAIOTCSI HAa TOMIIAKH, TOJIYTOMIAKH, JAaTyHH, TPEXKOMIIOHEHTHBIE U
MHOTOKOMITOHEHTHBIC JIATYHH DPA3JIMYHOTO KaYeCTBEHHOTO M KOJWYECTBEHHOTO
COCTaBa.

[Tpu npakTUYECKOM MCTIOJIb30BAHUH CIIEYET UMETh B BULY, YTO MOBBIIIICHHUE
MIPOIICHTHOTO COJIEP)KaHUS MEIHU B COCTaBE JIATYHU YJIYYIIAeT €€ IJIACTUYHOCTD,
TEIJIONMPOBOJHOCTh,  AJIEKTPONPOBOJAHOCTh M KOPPO3UOHHYKO  CTOMKOCTb.
OTHOCHTENIEHOE TOBBINIEHUE COJCPKAHUS IWHKA YIydIIaeT oO0padaThIBAEMOCTh
JaTyHH pe3aHueM, MpUpadaThIBA€MOCTbh, MOBBIIIAET M3HOCOCTOMKOCThH, CHUIKAET
cebecTOMMOCTh JIaTyHU. BiirodeHue B COCTaB JIATYHH CBHHIIA YBEJIMYMBACT €€
aHTU(QPUKIIMOHHBIC CBOWMCTBA. Hanmwuuwe B NmaTyHW 0JIOBa, MapraHiia, KpEMHHS,
JKeje3a  TOBBIIAeT €€ MPOYHOCTh W CIOCOOCTBYET — YIIYUIICHHIO
AHTUKOPPO3UOHHBIX CBOMCTB.

PeMoHT nmeraneit 1 y370B, H3TOTOBJICHHBIX W3 JIATYHEH, OOBIYHO TTPOU3BOJISIT

navkou. Marepuaiibl, NIpUMEHSIEMBbIE HAa ABTOPEMOHTHBIX U ABTOTPAHCHOPTHBIX



NPEANPUATUASX JUIS TAWKW JIATYHHBIX JeTalei, MPUBOAATCS B CIEIYIONIEM
paszerne.

B aBTOomMOOuMiecTpoeHMM W aBTOPEMOHTHOM TIPOU3BOJICTBE  IIUPOKO
npuMeHstoTcst Opon3bl: onosstaucThIe MUTelHBIe (TOCT 613-79 u TOCT 614-97);
oJIOBSHUCTHIE, oOpabatbiBaembie naBiienueM (I'OCT 5017-74); 6e30510BIHUCTHIE
muteitHpie (OCT 493-79); 06e3050BIHHUCTBIE, 00padaThIBaeMble JaBICHUEM
(T'OCT 18175-78). Hambonee pacmpocTpaHeHBbI JIsi HM3TOTOBJICHHS JeTajeit
OJIOBSIHUCTBIE OpoH3bl. OHU XapaKTEpU3YIOTCS JIOCTATOYHOW MPOYHOCTHIO,
BBICOKMMH  aHTU(PUKIIMOHHBIMH  KAaueCTBaMH, KOPPO3MOHHOW CTOMKOCTHIO,
XOpouied  TerIonmpoOBOJHOCThIO.  JlepopmupyeMbie  OJIOBSIHUCTBIE — OpOH3BI
OTJIMYAIOTCS, KPOME TOrO, XOPOLIMMHU YINPYyruMu cBoWicTBamu. [loBbIieHne
COJICp’KaHUSI OJIOBA B OJIOBSHUCTBHIX OpOH3aX YBEIUYHMBACT WX MPOYHOCTH U
TBEPAOCTh, HO YMEHBIIAET MJIACTUYHOCTb U YJAPHYIO BA3KOCTb.

B kaudectBe nerupyromux 100aBOK B OJOBSIHUCTYIO OpOH3y BBOJAT LIMHK,
CBUHEI], HUKENb, (pochop. LlMHK U HUKENb yTydlialOT MEXaHMYECKHE CBOMCTBA
OpOH3bl, NMPUYEM HHUKEIb CIHOCOOCTBYET M3MEJIBUYEHHUIO 3€pHA M YIYyULICHUIO
CTPYKTYpBI CIUIaBa; CBUHEL U (ochop yaydliaroT aHTUPPUKIUOHHBIE CBOWCTBA U,
KpoMe TOro, oOpabarsiBaeMocTh pe3anueMm (dochop) U HU3HOCOCTOMKOCTH
(cBunen). Bmecrte ¢ Tem yBenmmuuenue cozaepkanus ocdopa 6omxee 0,35—0,40 %
CHIDKaeT MEXaHWYeCKHe CBoiicTBa cmiaBa. CremayeT OTMETHTh KPEMHHUCTHIE
oponsbl mapku bpKMi3-1 u OepumiueBsie O6ponssl mMapok bpb2, bpbHT1,7;
BbpbHT1,9, obnanaromue ynpyrocteio, IpOYHOCTbIO, XUMHUYECKOW CTOMKOCTBIO,
BBICOKMM 3HAUYE€HHWEM YCTaJOCTHOW BBIHOCIMBOCTH. JTH OpPOH3BI MPUMEHSIOTCS
JUISL U3TOTOBJIGHUSI OTBETCTBEHHBIX MPYKHUH: TEPMOCTATOB, MPOOOK OGeH300aKOB,
KJIataHOB OEH30HACOCOB, MPYKUH KapOropaTopoB U T. n. HekoTopele CrjiaBbl, B
ocooenHoctn  MHXKKT5-1-02-02, mupoko TPUMEHSIOTCS B aBTOPEMOHTHOM

IMPOU3BOACTBC MJIsI CBAPKHU I[eTaJICfI, HU3TOTOBJICHHBIX U3 IBCTHBIX CIIJIABOB.



4.3. Ilpunou U aHTU(PPUKIUOHHBIE CILIABBI

AHTU(DPUKITMOHHBIE CIUIABBI IIUPOKO TMPUMEHSIOTCS B KOHCTPYKITUSIX
aBTOMOOWJIE B KadyecTBE Marepuaja TPYIIUXCS TMOBEPXHOCTEH BKJIabIIICH
KOJICHYAThIX BaJOB JIBUraTeled MW  pa3jMYHbIX BTYJOK. B  kadecTBe
aHTU(GPUKIMOHHBIX CIUIAaBOB B aBTOCTPOCHUU M aBTOPEMOHTHOM IPOU3BOICTBE
HaxXOJAT TPUMEHEHUE OJIOBSHUCTHIC, CBUHIIOBHICE M KaJbIIMEBbie 0aOOUTHI,
CBUHIIOBHCTBIE OpOH3bI M aHTU()PUKLIMOHHBIE CIJIaBBl HA aJIOMUHUEBOM OCHOBE.
[IpeumyIiiecTBOM CTaJCaTIOMUHUEBBIX BKJIAJBIIIEH SBISETCA HX MPOYHOCTb,
Xopo1as TEIJIONPOBOIHOCTD, TEMIIEPATypPOCTOUKOCT, OTHOCUTEJIbHAS
JIEeIIeBU3HA.

[Ipunon pasznuyHbBIX TPYNII M MapOK MMEIOT MIMPOKOE NPHUMEHEHHUE B
aBTOMOOWJIHON MPOMBIILIEHHOCTH, Ha aBTOPEMOHTHBIX M aBTOTPAHCIIOPTHBIX
npeanpuatusax. OnoBsiHHO-cBUHIIOBBIE Tmipunion (I'OCT 21930-76) wumeror
HauOosblllee NPUMEHEHHWE Ha  aBTOPEMOHTHBIX M aBTOTPAHCIOPTHBIX
npeanpuaTuax. 11o0XXUTeTbHBIMU CBOMCTBAMU CEPEOPSHBIX MPUIIOEB SIBIIIOTCS
BBICOKAs MEXaHW4YecKass MPOYHOCTh, IUIACTUYHOCTb, 3JEKTPOIPOBOIHOCTD,

KOPPO3WOHHAsI CTOUKOCTb.

Jleknust 5. METAJIJIBI 1 MATEPHUAJIbI, IPUMEHSEMBIE 11PN
BOCCTAHOBJIEHUU ABTOMOBWJIbHBIX JETAJIEM

5.1. Merajuibl M MaTepuajbl, NMPUMEHsAEMbIe INPH BOCCTAHOBJICHUM
aBTOMOOMJIBHBIX JIeTajIell CBAPKOM, HAIVIABKO M HANIbLIICHUEM

K cBapoyHblM M HaIUIaBOYHBIM MaTepuajgaM OTHOCATCA: CBapoOYHas,
HaIUJIaBOYHAsl, IOPOILKOBAas MPOBOJIOKH; JJIEKTPOIbI; MPUCAJAOYHBIE IPYTKU;
MOKPHITUS (0OMa3zku), (PJIFOCKHI, TOpPIOYUE, 3alTUTHBIE, TJIa3MO00pa3yIoIIUe Ta3bl;

HaIIaBO4YHBIC IMTOPOIIKH, CMCECHU ITOPOIIKOB U JJPYTHUC MATCPHAJIbI.



CBapoyHasi MpOBOJIOKA NpEIHAa3HAYECHA JJI1 U3TOTOBJIEHUS JJIEKTPOAOB IS
PYYHOU JyrOBOM CBAPKH M HAIUIABKM METAJUIMYECKUX JNETAIEW U KOHCTPYKUMH. B
ABTOPEMOHTHOM IPOU3BOJCTBE MAJIOYTJIEPOJUCTYI0 CBAPOYHYIO IPOBOJIOKY
WHOTJa HCIOJB3YIOT M TPH BOCCTAHOBIECHUU JI€TaJedl MEXaHU3MPOBAHHBIMU
Bunamu HamnaBku. ['OCT 2246-70 npegycmaTpuBaer 75 MapoK CBapOYHOU
MIPOBOJIOKH.

B  peMOHTHOM  MpPOW3BOJACTBE  NIpPU  BOCCTAHOBJIEHWUW  JeTajeil
MEXaHU3UPOBAHHBIMHU CIOCOOAMM HAIUJIaBKM IIMPOKO MCIOJIB3YIOTCS MHOTHE
MapKy HaIUIaBOYHOU MpOBOJIOKH. OCOOEHHO pacrpOoCTpaHEHbI MPOBOJIOKA MapOK
Hn-65; Ho-80; Ho-30XT'CA; Hn-40X2I2M; Ho-50X®A; Hno-30X13 u ap.

DneKTpoabl MIMPOKO NIPUMEHSIOTCS B ABTOPEMOHTHOM IPOU3BOJICTBE.

Hapsiny ¢ onekrpogamu  O0IIero Ha3HAYeHUs MpPU  BOCCTAHOBJICHHUU
aBTO-MOOWJIBHBIX  JIeTajeil OPUMEHSAIOT  METAJUIMYECKUE IIEKTPOIBIL,
npeaycmorperasie 'OCT 10051—75 nnga pydHOMl HamiaBKM NMOBEPXHOCTHBIX
CIIOEB C OCOOBI-MH CBOMCTBaMH. YKa3aHHBIE 3JIEKTPOJAbl MMEIOT CTEPKEHb W3
JIETUPOBAHHOM WJIM BBICOKOJIETUPOBAHHOM CTaIM U KAYECTBEHHYIO 0OMa3Ky.

B oOmem ciayyae aetanu U3 MallOYIJIEPOAMCTBIX, YIJIEPOAUCTBIX CTajlel
CBapUBAIOTCS XOPOIIO, M3 CPEAHEYIVIEPOAMCTBIX — YIOBJIETBOPUTEIBHO, W3
BBICOKOYIJIEPOAUCTBIX — IUI0X0. OJHAKO W3 MAJIOYIJIEPOAUCTBIX —CTaJIeH
W3TOTOBIIAIOTCS TMPEUMYIIECTBEHHO TOHKOJHMCTOBBIE JE€Tald Ky30BOB, KaOWH,
ornepeHusi, OOJMIIOBOK M T. M., KOTOpbIE, HECMOTpsS Ha Majoe COJepKaHUe
yTJiIepoza, CBapuBaTh CIOKHO M3-3a OACHOCTH ITPOKOra METAJLIA.

CBapka geranedl W3 JISTUPOBAHHBIX CTAJIEW 3aTPyJHEHA BCIEICTBUE TOTO,
YTO JIETUPYIOUIME BJEMEHTHl AUPPYHIUPYIOT B METaII I1Ba, BHI3BIBAIOT
00pa30BaHME TYTOIUIABKUX OKHCIIOB, OCTAIOIIMUXCS B METAJJIE MOCJE OCThIBAHUS,
MOTYT IPHUBOJUTH K YaCTUYHOM CaMO3aKaJKe OCTBHIBAIOIIEr0 METalla, pa3aInyHON
TEIJIOBOM OCaJKe MeTajula IIBa M JAETaM, K XPYINKOCTH METajula B TOpsYEM
COCTOSIHUM U B PE3yJbTaTe€ BCETO 3TOI0 — K BO3HUKHOBEHUIO 3HAYUTEIbHBIX
BHYTPCHHUX HampsokeHuid, nedopmarnuit u tpenH. Kpome Toro, mpu cBapke

OOBIYHO MOJIHOCTBHIO WJIM YACTUYHO HApYIIAaeTcs TepMUUYecKast o0paboTKa eranen,



KOTOPYIO B YCIOBHUSAX PEMOHTHBIX MPEINPUATANA HE BCErJa BO3MOXKHO
BOCCTAHOBUT.

JIns  yaydlleHWsl KayecTBa  HAIUIABIICHHOTO  METaula  MPUMEHSIOT
MPEIBAPUTEIbHBIN MEPE] CBAPKOW IMOJOTPEB AETANICH, MOCICIYIONIMNA UX OTKUT,
CHelUaibHble JJIEKTPOAbl W OOMa3Kd, BBIOMPAIOT ONTUMAJIbHBIE PEKUMBI
HaIlJIaBKU.

CBapka ¥ HarulaBKa JAeTajeil U3 ceporo M MoIu(UIMPOBAHHOTO UYyTyHa
COMpsDKEHA C TPYIHOCTSIMH, KOTOPBIE BBI3BIBAIOTCS OOpa30BaHHEM IPU CBapKe
TYTOIUIABKHX OKHCIOB JKele3a (Temmeparypa miasienms 1350—1400°C) wu
KpemHusi (Temneparypa miaiaeHus 1600°C), Temneparypa IUIaBICHUS KOTOPBIX
3HAUMTEJIBPHO  TPEBBIIACT  TeMmiepaTypy IutaBienuss uyryna (1200°C),
WHTEHCUBHBIM OTOEJIOM pAacCIUIaBJICHHOIO YyryHa IpPU €ro OXJaXJIECHUU Ha
BO3/yX€, XPYNKOCThI0 uyryHa. OOpa3yroniyecs: TYroljaBKUe OKUCIbI 3aCOPSIOT
CBApOYHBIN II0B WM HAIUIaBJICHHBIM METaJlI, B pe3yJibTaTe OTOeNa IMOIydaeTcs
TBEPABIA TPYAHO OOpadaTHIBAEMBIM IIOB, XAPAKTEPU3YIOIIMIICA HEOJHOPOAHOU
CTPYKTYpOi. BO3HHMKAalOT BHYTPEHHHE HANpPsDKEHHSI B MeTalle, KOTOPbIE MOTYT
BbI3BaTh JedopMalMu © TPEIIMHBI, B OCOOEHHOCTH Yy JeTalell CIO0KHON
KOH(UTypanuu ¢ HepaBHOMEPHOM TOJIIUHON CTEHOK.

Oco0EeHHO CIIOKHO CBapuBaTh JCTaM M3 KOBKOTO YYyryHa, CBOOOHBIM
yIaepoJl KOTOPOro MpU CBapKe, ¢ OJHOW CTOPOHBI, BBITOpaeT, o0pa3ys MOpbl U
pPakOBHHBI B MeETaule, C JAPYrod — TMEPEXOJUT B CBS3AHHOE COCTOSIHHME,
WHTEHCUBHO OTOCJIUBASICh.

IIpu cBapke YyryHHBIX Je€Taledl NPUMEHSAIOT TOpsA4yl0 (MpU MOAOTPEBE
neraner 10 600-650°C) ra3oByr0 U XOJIOJIHYIO JJIEKTPOAYTOBYIO CBapky. Jlis
pacTBOPEHMsI TYIOIUIABKMX OKHUCJIOB MpPU Ta30BOM  CBApKE MPUMEHSIOT
CreliMalIbHBIE (PIIFOCHI, PU AYTOBOM - MHOTOKOMIIOHEHTHBIE 0OMa3KH AJIEKTPOJIOB.
B kadecTBe mpucagoyHOro Marepuaia npu ropsiyer ra3oBOM CBAapKE MCIOJb3YIOT
yyryHHble npyTku Mapok [TH1, IT42 u ap.

IIpr XONOIHOW 3JIEKTPOAYIOBOM CBApKE UYYI'YHHBIX NETAJIEW IPUMEHSIOT

CIICOHUAJIbHBIC DJICKTPOAbI: CTAJIBHBIC, HA MCI[HOI\/’I WA HUKEJICBOU OCHOBE€., BO BCEX



CllydasiXx — CO CHEIUAIbHBIMH CIOXKHBIMH TOKPBHITUSAMU (0oOmaskamu). s
yYMEHbILIEHUs1 OTOeNa TpH CBapKe JeTalel U3 4YyryHa C IJIaCTHHYATBIM,
HIAPOBUJIHBIM TpadUTOM WM M3 KOBKOTO YyryHa MPUMEHSIOT TaKXkKe Tak
HA3bIBAEMYIO CBapKy-TMaiKy MPHCATOUYHBIMH MPYTKAMH U3 IIBETHBIX CPABHUTEIBHO
JIETKOTIJIAaBKUX CIUIABOB, IIPU MCIOJb30BAaHUM KOTOPHIX OCHOBHOW METAIlI JEeTallu
(4yTyH) HEe HarpeBaeTcs 10 TeMIepaTypbl IUIaBICHUS.

CBapka aBTOMOOWJIBHBIX JETAJIEd W3 AJTIOMUHHEBBIX CIUIABOB CBSI3aHA CO
3HAYUTEIBHBIMU TPYJIHOCTSIMU BCJEICTBHE JETKOM OKHCISEMOCTH aTIOMUHUS U
XpPYIIKOCTH €ro B HAarpeToM COCTOSIHUM, HHU3KOW TeMIeparypbl I1JIaBJICHUS
amomuauss  (657°C) u TyromnaBkoctd ero okucioB (2050°C), BbicokoH
TEIUIONPOBOJAHOCTH  AJIIOMUHUSA, 3HAYUTENBHOrO Ko3(d(dulMeHTa TemIoBoro
pacuupeHus (BABO€ OOJBIIETO, YEM Y CTaM) U COOTBETCTBEHHO OOJIBIION yCaaKu
CBapOYHOI'O I1IBa, MOCTOSIHCTBA I[BE€TA pPAaCIUIaBIEHHOTO MeTajjla, YTO MeEIaeT
OpPUEHTHUPOBATHCS CBAPIIHKY.

HecMoTpss Ha TpyIHOCTH, CBapKy JAeTajled W3 aJlOMHHHEBBIX CIUIABOB
ocymectBiasitor 1o APII  pasnmuunbiMu  cnocobamu.  IIpeumyriecTBeHHOE
pacnpocTpaHEHHUE B MOCIEAHHUE TOJIbI MOTYYHIa CBApKa aFOMUHHUEBBIX JETallel B
Cpelle aproHa, NPUMEHSETCS TaKXe CBapKa dJIEKTPOJAaMU CO CIIEHHAIBHON
oOMa3Kol M razoBas CBapKa C HCIOJb30BaHUEM CHELMaNbHBIX (rocoB. Bo Beex
Clly4asiX B KauecTBE OJEKTPOJOB WM MPUCATOYHBIX MPYTKOB HCHOJIB3YIOT
ATIOMUHUEBYI0 cBapo4Hyto mpoBosioky o ['OCT 7871-2019 mo Bo3MOKHOCTH
HanOoJsiee OJMM3KYI0 MO0 XMMHUYECKOMY COCTaBy K MaTepHally OCHOBHOM JeTallu.
[Ipu cBapke B cpele aproHa mnpu TOJIIMHE CTEHOK jAeTaieil He Oojiee 4 MM
UCIIOJIB3YIOT BOJIb(pamoBbie Hemapsmmecs 3ekTpoasl nmo 'OCT 23949—80.
HNonbl Bonbppama mnpu cBapke OOMOapAMPYIOT CBapUBaE€MbIE IOBEPXHOCTH,
pazpylias Ha HUX OKHCHYIO aTJIOMUHUEBYIO IICHKY, YeM 00€CIeUrBalOT Ha/IeKHOE
CIIETJIEHUE YaCTHUI] HAIJIaBIsIEMOTO U OCHOBHOTO METaJLIaA.

[Ipu BoOCCTaHOBIEHHH aBTOMOOWJIBHBIX JE€Talell MeXaHU3WPOBAHHBIMU
BUJIaMU HapallMBaHUS HAWOOJbIIEe NPUMEHEHUE HANUIM MEXaHW3UPOBAHHAS

AJIEKTPONYTOBasl HaIaBKa Moj (arocoM, BUOpOAYroBas HallaBKa, IyroBas



HaIlJIaBKa B CPEJI€ YIVIEKUCIIOTO rasa, a B OCIEAHEE BpEMsI TaKKe IIUPOKOCTOHAs
HaIlJIJaBKa C HWCIOJb30BaHUEM (EPPOMArHUTHOW IIMXTHI, Ta30TEPMUYECKOE U
MJIa3MEHHOE HalbUIeHUEe (MEeTauIu3alius).

B kauecTBe HarUTaBOYHBIX MaTEPHAIOB TMPU MEXAaHU3MPOBAHHBIX BHJIAX
HaIJIaBKM HauOoJiee IIMPOKO HCIHOJIb3YIOT HamiaBouHyio mpoBojioky (['OCT
10543-98), mnpyxuHHYI BBICOKOYIIIepoaucTyio mpoBosioky (I'OCT 9389-75),
cBapouHyto npoBoioky (I'OCT 2246-70), mopoIIKOBYIO IMPOBOJIOKY, MOPOLIKA U
cMecu mopoikoB. HauOosiee pacnpoCTpaHEHHBIH JMAMETP MCIHOJIb3YEMbIX
HaIJIABOYHBIX NpOBOJOK 1,2 — 1,8 MM.

Mexanu3upoBaHHasi ~ HamjlaBka 1nojJ  Quirocom  Onarojmaps — 3aluTe
HaIJIaB-JICHHOTO0 MeETajlla OT BPEAHOTO BO3JCUCTBHUS aTMoc(epHOro BO3ayxa
oOecrieuynBaeT MPHU MPABWIBHONW TEXHOJIOTHH BBICOKHE KAYECTBEHHBIC PE3YIIbTATHI.
B  aBTOpEeMOHTHOM TMpPOU3BOJCTBE HAXOJAT MPUMEHEHUE IUIABJIICHBIE U
KepaMU4yeckue (IIOChl, a UHOTJIA U X CMECH.

[InaBnenbie (IIOCHl MOJYyYarOT CIUIABJICHUEM MCXOJIHBIX MaTepUalioB
MPEUMYIIIECTBEHHO B 3JeKTpornedyax. B HX cocTaB BXOAST IUIAKO3AIIUTHHIE
AJIEMEHTHI, CTAOWIM3UPYIOLIME TOPEHHUE YTH, U JIpyrue 3jaeMeHTbl. OHU UMEIOT
MaJyl0 TUTPOCKOIMUYHOCTh, XOPOIIYIO OJHOPOJIHOCTH, BHICOKHUE TEXHOJIOTHYECKUE
CBOMCTBA, OTJIMYAKOTCS JemeBU3HOM. [lo3ToMy OHM  NpPEeUMYIIECTBEHHO
MPUMEHSIOTCSI TIPU BOCCTAHOBJICHWH aBTOMOOWJIBHBIX AeTanei. HemoctaTkom
TJIaBJICHBIX (DIIIOCOB SABIISIETCS WX clladasi pacKUCIUTEIbHAs CIIOCOOHOCTh U
HEBO3MOXKHOCTh BBEACHHS B HX COCTaB (EppOCIUIaBOB; IO 3TOW NPUYUHE
maBjieHble  (JIIOCHl  MPAKTHUUYECKH HE JICTUPYIOT HAIUIABJICHHBIM  MeETalll.
Kepamuueckue (irochl MogydarOT CMEIIEHHWEM OTIEIbHBIX COCTABJISIONIMX Ha
KUIKOM CTeKJe. B HUX MOXXHO BBOJAUTH (PEPPOCIUIABBI U JICTUPYIOIIAE IEMEHTBI
B IUPOKUX TpEJeax, B YeM M 3aKJII0YaeTcs UX npeumyiiectBo. OgHaKo OHU
JIOPOTH ¥ HEOJTHOPOJHBI IO XUMHYECKOMY cocTaBy. Hambomnee pacmpoctpaneHHas
B aBTOPEMOHTHOM IMPOU3BOJACTBE Mapka kepamuueckoro ¢utoca AHK-18. Jlns

yaaneHus Biaru GIIrockl mepesl yrnoTpedieHneM peKOMEHyeTCs POKAIMBATh.



Ecniu mpu HamnaBke monx cioeM (iroca JIETHPOBAaHUE HAIJIABICHHOIO
METaJIJIa MOYKET OCYLIECTBIATHCS MO-PA3HOMY 3a CYET IPUMEHEHUS JIESTUPOBAHHOU
IPOBOJIOKH, HCIIOJIB30BAHUS CHELMAIBHBIX (PIIOCOB M TOr0O M APYroro
OJTHOBPEMEHHO, TO MPH BHOPOIYTrOBOW HAIUIaBKE JIETMPOBAHHE BO3MOXKHO TOJBKO
yepe3 MPOBOJIOKY. 3aTO IpU NOCIEAHEM crocobe Omaronapst mojaye B 30HY
CIUIABJICHHMSI  OXJIAKJAIOIMIEH  KUIAKOCTH M IPEPBIBUCTOCTH  IpoLEcca
IIPEACTABISACTCS BO3MOXHBIM IOJIy4aTb TBEPABIM M HW3HOCOCTOMKHHN  CIIOU
HEINOCPEICTBEHHO IIOCJE HAIUIaBKM OOBIYHOW YIJIEPOAMCTON IPOBOJIOKOHN 0€3
TEPMUYECKON 00pabOTKH BOCCTAHABIMBAEMBIX JeTaneil. TepMuyeckoe BIUSHUE B
IyOMHY JI€Talu 37€Ch MEHBIIEE, YeM P JPYTUX HAIUIABOYHBIX IMpoLEccax, YTO
MO3BOJIAET MPHUMEHITh BUOPOHAIUIABKY U BOCCTAHOBJIEHHUSI CTalbHBIX JleTajnen
MaJIOTO JUAMETpa, a TAK)KE ITOBEPXHOCTEM YYTyHHBIX JETaled, B TOM YHCIIE
BBIIIOJIHEHHBIX U3 KOBKOIO 4yryHa. lIpu OTKIrOueHHH OXJIaKIarolmen KUIAKOCTU
3TUM CHOCOOOM MOKHO BOCCTAaHaBIMBAaTh Hapy)KHbIE PE3bOOBBIE MOBEPXHOCTHU
neTane.

HarmtaBka B cpene yriIeKMCIOro rasa Halla IIMPOKOE NPUMEHEHUE IpU
CBApKE TOHKOJIMCTOBBIX JE€Tajed, a TakK€ HAIUIABKE HAPYKHBIX TIJIaJAKAX U
pe3b0OBBIX CTaIBbHBIX TMMOBepxHOcTed. [Ipm BoccTaHOBIEHWM JeTalell dTUM
CocoOOM MPHUMEHSIOTCSI TPOBOJIOKHM, B COCTaB KOTOPBIX BXOJIWUT KpPEMHUH,
MaprasHeny WM XpOM. YKa3aHHbIE METAJUIbl SIBISIIOTCS BOCCTAHOBHUTEISIMU U
CBSI3BIBAIOT ATOMApHBIA KUCJIOPOJ, OOpa3yloluiicss B pe3yibTare pacraja
YTJIEKUCIOTO' Ta3a MOJ BIUSHHEM BBICOKMX CBApOYHBIX TEMIIEPATYP, YeEM
MPEAOTBPAIIAIOT OKUCIEHUE HAILJIABJIECHHOTO METAJIA.

B nocnegnue roAasl B aBTOMOOWJIECTPOGHMH UM aBTOPEMOHTHOM
MIPOU3BOJICTBE JUIA TOJYYEHUS IMOBEPXHOCTEH, OTJIMYAIOUIUXCS  BBICOKOU
TBEPAOCTHIO, U3HOCOCTOMKOCTBIO U KOPPO3UOHHOM CTOMKOCTBIO, CTAJI IIPUMEHSATH
CHEeLUaIbHbIE JIETUPOBAHHBIE, YACTO TYTOIUIABKHE MaTEpHANIbl U CIUIABBl. OTH
MaTepuajibl M CIUIaBbl MCIOJIB3YIOTCSI B BHUIE IPYTKOB, MOPOLIKOB, CMECEn

IIOPOIIKOB, CHGHH&HBHOﬁ IMMUXTHI, HOpOHIKOBOﬁ IIPOBOJIOKH, HAHOCATCA H



OINIABJIKOTCA Ta30INIAMCHHBIM W HMHAYKIMOHHBIM MCTOJdAaMU, MIa3MEHHOM

METAJUIN3aNed WU HAIUIAaBKOU.

5.2. Merauibl W Marepuajbl, NPUMEHsieMble JJIsi HaPAIIMBAHUS
AeTajiel 3JIeKTPOJUTHYECKUMH MOKPBLITUSIMH

DJEeKTPOJUTUYECKUE  TMOKPBITUSI ~ MPUMEHSIOTCSI B aBTOPEMOHTHOM
MPOU3BOJICTBE ISl HapallMBaHWs U3HOILICHHBIX IOBEPXHOCTEH JeTajeH,
MOBBIINIEHNUS WX  H3HOCOCTOMKOCTH, B  JICKOPAaTUBHBIX IENAX HW A
npeaynpexjaeHuss  koppo3uu. Kpome  TOro, HUKeleBbIE U MEJHbIC
ANEKTPOJIMTHYECKUE OCAIKU MOTYT MCIOJIb30BAThCS KaK MOJCION MOJ Jpyrue
MOKPBITHS, @ MEJIHBIC OCAJKM €Ie U Tepel [EMEHTAlUed U IMaHuPOBAHUEM JIJIA
3alUThl  TEX T[OBEPXHOCTEW JeTajieil, KOTopble HE TpPeOYIOT HAaChIIICHUs
YIJIEPOJIOM M a30TOM.

Ilepen  SAEKTPOJMTUYECKUM  XPOMHUPOBAHHMEM W HHUKEIUPOBAHUEM
MOKPHIBAEMbIC TMOBEPXHOCTH OOBIYHO TMOJIBEPral0T TOHKOMY NUIM(POBAHUIO U
MOJIMPOBAHUIO C UCTIOb30BAaHUEM IUTH(OBATBHBIX M MOJUPOBAIBLHBIX KPYTOB.

HaubGonpiiee mnpumeHeHHe B aBTOPEMOHTHOM MPOU3BOJCTBE HAILIU
BOMJIOYHBIC KPYTH KaK HanboJIiee JIeieBble: MATKUE - JJIs MUTHGOBaHMS AcTanei u3
ATFOMMHHUEBBIX W IIMHKOBBIX CIUIABOB; TBEpJble — JJIs1 MIIU(OBAHUS CTAIBHBIX
neraneil. Ilpy ToHKOM HITMGOBAHWK BOMIOYHBIMH KpPyraMH MOXET OBbITh
obecrieuen 8-9-if kmacc mepoxoBaroctu mo ['OCT 2789-79. TlomupoBasibHbIe
KPYT'y U3TOTOBJISIIOT U3 BOMIJIOKA, CyKHa, (peTpa, 0531, MUTKaJs, Oallki M KUTIEPHOU
Tkanu. Ha pabouyyr0 TOBEPXHOCTh  MOJUPOBAJIBHBIX  KPYroB  HAHOCAT
MOJUPOBAJIbHBIE TACTHI. [ JIABHEHIIMMHU COCTABJIAIOIMMH TOJUPOBAIBHBIX TACT
SBJISIIOTCST a0pa3uBhbl (OKUCh XpOMa, OKUCh allFOMUHUSI, BEHCKask U3BECTh U Jp.) U
CBSBYIOIME BelecTBa (cTeapwH, mapaduH, >kup U T. 1.). B 1enax moBbIIIeHUS
3 PEKTUBHOCTH TOJHUPOBAHMS B COCTAaB IACT IIEJIECOOOpPa3HO BKIIOYATh
MOBEPXHOCTHO-AaKTUBHBIE  BEIIECTBA:  OJIEMHOBYKO  KHCJIOTY,  pa3JIMuHbIC

smyneratopel u np. Ilpum pemoHTe netaneit xenesHeHueM mIIudoBaHUE U



MOJUPOBAHUE WX TOBEPXHOCTEH MATKUMU (BOWJIOYHBIMH) Kpyramu He
MIPOU3BOJIUTCS.

IToBepxHOCTH JeTajneH, OJABEPracMble AIEKTPOIUTUIECKOMY
HapallMBaHUIO, JIOJDKHBI OBITh THIATENBHO oOuMIleHbl. CMa3Ky H KUp B
AIEKTPOIUTHYECKUX 1IeXaX OOBIYHO YNIAJISIOT ¢ TOBEPXHOCTH JeTalleil HaTUpaHUEM
COCTaBaMH, MPUTOTOBJISIEMBIMU Ha OCHOBE BEHCKOW M3BECTH, WM 0OpabOTKOM B
HIEJIOYHBIX PacTBOpax B CHEIUANIbHBIX BaHHaX. JlJis Jy4iiero ux AeMcTBUS B
HICJIOYHbIE,  PacTBOPbl  BBOJST  CHEHHUAIbHBbIE  J100AaBKH-3MYJIBIaTOPHI,
0OBOJIAaKMBAIOIIME MACISHBIE KAl W CIOCOOCTBYIONIHME OTPHIBY WX OT
MMOBEPXHOCTH JIeTajel. B kauecTBe 3MyJIbraTOpOB MPHU MOJATOTOBKE MOBEPXHOCTEN
M0/ HapalllMBaHUE MMPUMEHSIOT MbLIO, )KUIKOE CTEKIIO, JEKCTPUH U JIp.

D¢ dextuBusl smynsraropst OI1-7, OI1-10.

[lo cpaBHeHHIO C TOpPSYUM XHMHUYECKUM OO€3KHUpUBAHHEM Oolee
3¢ (HEeKTUBHO ropsyee dMEKTPOXUMHUECKOE 00€3KUPUBAHKUE B DJIEKTPOIUTUYECKHUX
BaHHax. Oumimaemast JaeTajdb OOBIYHO ITOJKIIOYAETCSI B KadecTBe Karoja. B
KAaueCTBE AaHOJIa PEKOMEHIYETCS MPHUMEHATh HUKEJIEBbIE WU CTAJIbHBIC
HUKEJIUPOBAHHBIE TIACTUHBI. BO3MOXXHO 1 00paTHOE MOAKIIOUECHHE (I€TAIb-aHO/)
U Jaxe pabora Ha mepeMeHHOM Toke. O0e3KHpUBaHKE JIeTajell BO BCEX CIydasx
OOBSCHAETCSI MHTCHCUBHBIM BBIJICJICHUEM Ha WX TMOBEPXHOCTSIX IMMy3bIPHKOB rasa
(KucIopoia ¥ BOJIOPO/Ia), Pa3phIBAIOIINX KUPOBYIO IJICHKY.

IIpouecc cHATHS OKMCHOW MHUKPOIUIEHKH C IOBEPXHOCTEU AETajield Iepen
MOKPBITUSMHM HA3bIBACTCS JICKAMUPOBAHMEM, WJIM aHOJIHBIM TpaBJIECHUEM. OTOT
MPOIIECC  MOXKET  OCYHIECTBIATHCS  XMMHYECKUM UM DJICKTPOXUMHUYECKUM
cnocobamMu. B aBTOpPEeMOHTHOM TPOU3BOJICTBE, KaK TMPaBUIIO, TMPUMEHSIETCS
AIEKTPOXUMHUYECKOE JeKanupoBaHue. [IpUMEHUTETRHO K XPOMHPOBAHUIO U
HUKEIIMPOBAHUIO OHO MOXET OCYIIECTBISTHCSA HEMOCPEJACTBEHHO B PpadoumMx
BaHHAX I HapaliuBaHus mepekntoyeHneM Ha 30—50 ¢ MOJIpHOCTH BaHHBI
(metasib Ha 2TO BpeMs CTAHOBUTCS AHOJOM) WJIM B CHEHHAIbHBIX BaHHaX. [Ipu
OCTAJIMBAHUM JICKAlUPOBAHHE (QHOJHOE TpPABJICHHE) BCErAa NPOU3BOJAUTCS B

CIICHMAJIbHBIX BaHHAaXx. HpI/I ACKAIIMPOBAHWHU JACTAJIb ITOAKIIOYACTCA B Ka4CCTBC



aHoga. Karomamum B KHCIBIX pacTBOpax Ciay»KaT CBUHIIOBBIE IUIACTUHBI, B
LIEJIOYHBIX — YKEJIE3HBIE.

B  aBTOpEeMOHTHOM  TPOM3BOJACTBE I BOCCTAHOBJIEHUSA  JIETAJICH
ANEKTPOJUTUYECKUM HAapalMBaHUEM NPUMEHSAIOTCS B  HACTOSIIEE BpEMs
XPOMHPOBAHUE, OCTATMBAHHUE, TOKPBHITUS HA KEJIE301UHKOBOM, KEIE30HUKEIEBOMH,
YKEJIE30LIMHKOMAPraHIEBOM, JKEJI€30MapraHiueBoOd M JpPYrux OcHoBax. Jlus
MOJyYCHUs 3alIUTHBIX WU JEKOPATHUBHBIX IOKPHITUA NPUMEHSIOT LHHKOBAHHUE,
MEJIHEHHE, KaJMUPOBAaHHUE, AHOAMPOBAHUE, HUKEIMPOBAHUE, XpPOMHUpOBaHuE. B
OOJIBILIMHCTBE CIYYaeB AJCKTPOIUTUUYECKUE MOKPHITUSI HAHOCSITCS B CHEHHUAIBHBIX
BAHHAX; JOBOJILHO IIMPOKO MPUMEHSAIOTCS TAKXKE MPOTOUYHO-CTPYWHBIE MPOLIECCHI
M DJEKTPOJUTUYECKOE HATHUPAHUE, OCYLIECTBIIEMBIE Ha  CIEUUAIBHBIX
YCTaHOBKAaX.

JIns  BOCCTaHOBJICHWSI ~ M3HOLIEHHBIX  IIOBEPXHOCTEM  JETajed B
ABTOPEMOHTHOM INIPOU3BOJACTBE IIMPOKOE MPUMEHEHHUE IIOJIYUYWIM [OKPBITUSA
ANEKTPOJIMTUYECKUM KeJle30M (ocTtanuBaHue). [ns >Tod 1enu NpUMEHSIOT
AJIEKTPOJIUTBI TOpSiYMe, XOJIOJHbIE U IOHMKEHHOW Temmeparypsl. [lo cocrtaBy
KOMITOHEHTOB 3TH AJECKTPOJMUTH TOAPA3JICIAIOTCS Ha XJOPUCTHIE, XJIOPUCTO-
MapraHIleBble, XJIOPUCTO-CYJIb(aTHBIE U JIp.; UMEETCS TaKKe MOJIOKUTEIbHBIN
ONBIT MCIIOJB30BAaHUS JUJII BOCCTAHOBIICHUS JE€TAIEH KEIE30MapraHLEBbIX,
JKEJIE301IUHKOBBIX, TMHKOHUKEIIEBBIX U APYTUX CJIOXKHBIX MO COCTABY MOKPBITHH.
[TokpeITHS, TOTy4YaeMble MPU YKA3aHHBIX MPOLECCAX, YCTYIAOT XPOMOBBIM II0
TBEPAOCTH W H3HOCOCTOMKOCTH, a TAaKXKE€ MO HAJACKHOCTH HUX CLEIUICHUS C
OCHOBHBIM METAJUIOM, 3aTO IPOLECC DJIEKTPOJUTHUECKOTO IKEJIE3HEHUS B
HECKOJIbKO pa3 00Jee MpOn3BOIUTEIBHBIN 10 OTHOIIEHUIO K XPOMHUPOBAHHUIO.

DIIEKTPOIUT JIJIS JKEJIE3HEHUS B XJIOPUCTHIX BAaHHAX IMOJYy4YarOT TPaBICHUEM
OYMIIEHHOW OT TIpsA3M, OKHUCIOB M JKUpPa METALUIMYECKOW  CTPYKKHU
MajoyriaepoaucToi ctainu B 50%-HoM pacTBOpe COJISTHOM KUCIOThI. MOXXHO Takke
MOJYYUTh XJIOPUCTBIA BJEKTPOJIUT TPABICHUEM BOCCTAHOBJIECHHOTO KEJIE3HOIO

nopoIika (HampuMmep, TOTYCHOW MPOKATHOW OKAJIWHBI) WK TPOPAOOTKOW TOKOM



pacTBOpa XJIODHOIO JKEJIE€3a, B pE3yJbTAaT€ YEr0o TPEXBAICHTHOE MKEIE30
BOCCTAHABJIMBAETCA J10 JIBYXBAJIEHTHOTO.

AHOJBI TIpU JKEJIE3HECHUU TMNPUMEHSIOT Kpyriod ¢GopMbl, HX CleayeT
3aBCIIMBATH B MEMIOYKH M3 CTEKJIOTKAHHM W HE PEXKE OJHOTO pa3a B CMEHY
BBIHUMATh M3 BaHHBI M OYMINATh CTAJbHBIMH IIeTKaMH. BaHHBI JJ1g
AIEKTPOJUTHYECKOTO KEJIE3HCHUSI PEKOMEHIYETCSl OCHAIaTh YCTPONUCTBAMM JIJIS
bUIBTpAMY ¥ MUPKYIISAIIAN JICKTPOJIUTA.

Bce Gombliee pacnpocTpaHeHHE B MOCIEIHUE TOAbI MIPHOOPETAECT MpOoIece
BOCCTAHOBJICHHSI TTOBEPXHOCTEH aBTOMOOWIBHBIX JeTaled (BHYTPEHHUX U
Hapy>XHBIX) AJIEKTPOJIUTHYECKUM HaTupaHueMm. lIpoiiecc mpuBieKkaeT BBICOKOU
MIPOU3BOAUTEIILHOCTBIO, BO3MOYKHOCTBIO HAHECEHUSI ITOKPBITUA Ha CTaJIbHBIE,
YyTYHHBIE W aJIIOMUHHEBBIE ITOBEpPXHOCTU. llpm ocymiecTBieHun mnpouecca
HCTIOJB3YIOTCA METAJUIMYECKUE AHOJbl M3 KHUCJIOTOCTOMKHX METaJUIOB C
00JIMIIOBKOM W3 (eTpa, MOPOJIOHA WM JPYroro THrpoCKONMUYECKOro MaTepuala,
KOTOPBIM TpHU paboTe coo0IIaeTcs BpauaTeabHOE U MOCTyNaTeIbHOE JIBUKEHUE.
[Ipu ocaxxneHUM HENPEPHIBHO BO3HUKAIOT AJIEKTPOJUTHYECKHE MUKPO-BAaHHBI B
MECTE BPEMEHHOTO KOHTAKTA MTOBEPXHOCTH JETAIA U MPOMUTAHHON 3IEKTPOIUTOM
oOJIMIIOBKM aHojaa. biaromapsi HempepbIBHOW ToJade AJICKTPOJIMTA CO3/1aeTCS
BO3MO>KHOCTh HWCIOJb30BaHUS BBICOKHX IVIOTHOCTEH TOKA. [Ipu
AIEKTPOJIMTUYECKOM HATUPAHUU B 3aBUCHUMOCTH OT OCOOEHHOCTEW Impolecca
MPEACTABIACTCS BO3MOXKHBIM  HCIIOJB30BaTh  Pa3HOOOpa3HbIE IO  COCTaBY

AIEKTPOJIUTHI.

Jleknusas 6. KOHCTPYKIIMOHHASA TPOYHOCTH MATEPUAJIOB

MexaHudeckoe paspylieHHe MOXKHO OIpPEACNIUTh KaK J000e W3MEHEHUE
pa3Mepa, (opMBbI WIIH CBOMCTB MaTepuaia KOHCTPYKITMH, MAIITMHBI HJIA OTACIHHON
JETAJIM, BCIEACTBUE KOTOPOrO KOHCTPYKIMS WM MAIlIMHA Y>XXE€ HE MOXKET
YIOBIETBOPUTENHHO  BBIMONHATH  cBOM  (yHkumu. OCHOBHOW  3amadeid

KOHCTPYKTOpa ABJIACTCA CO3JaHHC TaKkou KOHCTPYKIUH, KOTOPAsAd BLIIIOJJHAIA OBI



MpeIHa3HAYCHHBIC €l (DYHKIINU B TEUCHHE 33JJaHHOTO CPOKA M TIPH 3TOM Obliia ObI
KOHKYPEHTOCTIOCOOHOM. YCIENHOe CO3/aHne KOHKYPEHTOCIOCOOHBIX H3/ENNH,
KOTOpbIE HE pPa3pylIaINCh Obl MPEXIECBPEMEHHO, MOXET OBITh OCYIIECTBICHO
JUIIbL TPU YMEHUU TPEABUICTh U OIEHUBATh BEPOSITHOCTH BCEX BO3MOMXHBIX
BHUJIOB DPa3pylICHUs, MPEACTABISIOMIMNX OMACHOCTh I CO3JABAEMBIX H3JICIIUN.
UT0OBI BHIIBUTH BO3MOXKHBIE BUJIBI pa3pyllleHus, He0OX0IUMO, M0 KpailHel mepe,
UMETh NPEJCTaBICHUE 000 BCEX BCTPEUAIONINXCS Ha MPAKTUKE BUJIAX pa3pyIICHUs
U 00 YCIOBHUSAX, MPU KOTOPHIX OHU MOTYT MPOUCXOAUTH. ECIU KOHCTPYKTOp
JKenaeT TOOUThCS ycnexa B MPEAOTBPALICHUU Pa3pylICHHUs B TEUEHHUE 3aJIaHHOTO
CpOKa 3KCIUTyaTallud M3ENHs, OH JTOJDKEH XOPOILIO BIIAJIETh aHATUTHYECKUMU H
(UM) SMIMPUYECKUMU METOJIaMU OLIEHKH BO3MOXKHOCTH paspylueHuil. SIcHo, 4ro
UCCJIEIOBAHUE pa3pyILICHUs, €ro MNpeCKa3aHue W NPEIOTBpAILCHHE SBISIIOTCA
BOXHEHIIMMU 3a/ladaMi KOHCTPYKTOpPA, JKEJIAIOIIEr0 JOOUTHCA ONPENEICHHOTO
ycnexa.

[IpoekTupoBaHue MpeaAcTaBisieT COOOHM HTEPAMOHHBIA MPOLECC, LIEJbIO
KOTOPOTO SIBIISIETCACO3/IaHNE HOBOMMIINYCOBEPIICHCTBOBAHUEYKE CYLIECTBYIOLIEN
TEXHUYECKON CUCTEMBI (MJIM YCTPOICTBA) JJISTyIOBJIETBOPEHUS TOTPEOHOCTEN UIn
JKEJTaHUM 4YeJloBeKa NPU YCIOBUUM SKOHOMHOTO pPacxXO[OBaHUS PECYpCOB U
coOmoiennn  TpeOOoBaHU OXpaHbl OKpyXkatouiei cpenbl. OCHOBHOM IIEJBIO
JH000T0 TEXHUYECKOTO MPOEKTa SBJISAETCS YIOBJIETBOPEHHE MOTPEOHOCTEN WM
JKEJTaHW dYeJioBeKa, WHa4de ATO OyJeT JUisl MHXKEHepa MyCTOW TpaToil BPEMEHHU.
Co3maer 1M KOHCTPYKTOP HOBOE YCTPOWMCTBO WM MOAEPHUBUPYET YXKE
CYLIECTBYIOILIEE, OH JOJDKEH CTPEMHUTHCS CO3JaTh «HAWJIYUIIyIO», WIH
ONTUMAaJIbHYI0, KOHCTPYKIHUIO C YYETOM, KOHEUHO, OTPAHUYEHHOCTH BBIICIICHHBIX
eMy BpeMeHM U cpeactB. K cokaneHuro, Ipu CO3IaHUU CIOXKHBIX TEXHUYECKUX
CUCTEM  YCJOBHS aOCOJIOTHOW  ONTHUMAJIBHOCTH  KOHCTPYKIMHU  3a4acTylo
HEBO3MOKHO ONpPEACIUTh, a TeM 00Jiee MPaKTUIECKH HEBO3MOKHO CO3JaTh TaKyIO
KOHCTpyKIuio. Eciu paxke M ynmactcss ONpeAesuTh YCIOBUS ONTHUMAaIbHOCTU
KOHCTPYKILIMH, CO3JaHME €€ MOXKET MOTpedoBaTh OYeHb OOJBIIMX 3aTpar.

Bo3uukaer HGO6XOIII/IMOCTB OIITUMM3alINu KOHCTPYKIHUH HHXXCHCPHBIMHU



CPEIICTBAMH [0 €€ XapaKTEPUCTUKAM, CPOKY IKCIUIyaTalllH, BECY, CTOUMOCTH WJIH
0 BCEM 3TUM KpPUTEPUAM OIHOBPEMEHHO MpPH YCIOBHHM, KOHEYHO, OCO3HAHUS
OTBETCTBEHHOCTH 33 COXPAHHOCTb PECYPCOB U OKPY’KAIOLIEH Cpebl.

[losiBieHHe  HOBBIX ~ MAaTE€pHAIOB,  HEOOXOIWMOCTH  IOBBIIICHUS
HKCIUTYaTaIl[MOHHBIX CKOPOCTEH M TeMIepaTyp, HEOOXOAUMOCTb CHHKEHHUS Beca,
YMEHBILIEHUSI 00bEMa, YBEJIIMYEHUS] CPOKOB IKCIUTyaTallud, CHUKEHHUSI CTOUMOCTHU
U JIOCTIDKEHHUS DKOJOTMYECKOW COBMECTUMOCTH — BCE JTO BBI3BIBACT
HEOO0XOMMOCTh COBEPLIEHCTBOBAHUS METOJIOB pacyeTa.

Hanpumep, OOBIYHBIME CTaHOBATCA CKOpOCTH Bpamienus Bama 30 000
o0/MuH u Oonee u Temmeparypa skcmryatainuu 1100°C u Beime. MHoOrum
UH)KCHEpaM MPUXOIUTCS UMETh JIEJO0 C PEeKUMaMHU CBEPX3BYKOBBIX IMOJETOB U
KOCMHUYECKHMH YCIOBHUSIMH, SICPHBIM 0OTy4YECHHUEM B COUYETAHUU C TTOBBIIICHHBIMHU
TEMIEpaTypaMd M JUINTEIbHBIM BO3ACUCTBUEM JAMHAMUYECKUX Harpy3ok. He
MEHEE  Cepbe3Hble  NPOOJEMbl  BO3HMKAIOT B  CBSI3U € CO3JaHUEM
CBEPXMUHHUATIOPHON TEXHHUKHU MPOTE30B YIS CEPIACYHOCOCYIUCTON CHCTEMBI WIIH
JPYTUX OPTaHOB YEJIOBEKA.

Bce 3TO BBIHYXKJae€T KOHCTPYKTOPOB M PAacUYETYMKOB Oosiee TIIATEIbHO
UCCIIEIOBaTh IOBEJEHUE MaTepuasoB, BHHMMATEJIbHEE H3ydyaTb OCOOEHHOCTH
YCIOBUH 3KCILTyaTalluu, JOOUBATHCS JYyUIIero MOHUMAaHMs pa3HOOOpa3HbIX BUIOB
MEXaHUYECKOTO pa3pylieHus. Bo3HukaeT HEOOXOIWMOCTh JIyYIEro MOHUMAaHUS
OCOOCHHOCTH HamNpsyKEHHO-Ie(OPMUPOBAHHOTO COCTOSIHUSL MPU AUHAMHYECKOM
Harpy>KeHWU B HEOJArOMPHUSATHBIX YCJIOBHSX M BIHSHUSA TOJIEH OCTATOYHBIX
HaIpsHKEeHUH, BO3HUKAIOMIMX B TMpoliecce M3rotoBieHus. OCO3HaHWE TOTO, YTO BO
BCEX peaJIbHbIX MaTepuanax M KOHCTPYKLHUSAX C CamMoro Haudaja CYyIIECTBYIOT
TPEIIMHONOAOOHBIE  JA€(PEKThl, 3aCTaBWIO pa3padoTaTb HOBBIE  METObI,
MO3BOJIAIOIIME HCCIENOBAaTh paclpoCTpaHEHHE TPEUIMH B YCIOBUSAX Kak
MOHOTOHHBIX, TaK M UUKIMYECKUX HarpyxeHuil. Bo3MOXHOCTH KOHTpoOJIA U
PEMOHTa CTaJld TAaKUMHU K€ BOXKHBIMH KPUTEPHSIMH KadyeCTBa KOHCTPYKIIWHU, Kak

HAJIS)KHOCTh U PabOTOCTIOCOOHOCTb.



[IpoTtuBopeyamiuM TpeOOBAHUAM YBETUYECHHUS MOIIHOCTA M YMEHBIICHUS
pa3MepoB MOXKHO yJIOBJIETBOPUTH, MO0 pa3padaThiBasi HOBbIE, OOjiee MPOYHBIEC U
KECTKHE MaTepualibl, JHO0 3()QeKTHBHEE HUCHOJIb3Ys MPOYHOCTh U KECTKOCTb
UMEIOIINXCs MaTtepuasioB. [lepBas U3 3TUX BO3MOXKHOCTEH OTHOCHTCS K 00JIacTH
MaTepualioBeicHus. BrTopas ke BO3MOXHOCTBH SBIIIETCS OCHOBHOM 3aJauei
KOHCTPYKTOPOB U pacueTyukoB. [l Oosee 3¢h(HEKTUBHOTO MCIOJIb30BaHUS
IPOYHOCTH M JKECTKOCTH CYIIECTBYIOIIMX MATE€pPUAJIOB B YCIOBHUSAX NOCTOSHHO
BO3pACTAIOIIUX TpeOOBaHMM K TEXHUKE 3aBTPAIIHETO [JIHA KOHCTPYKTOPY
noTpedyercsi B MOJHOM Mepe HCHOJIb30BaTh JOCTYIIHBIE €My aHAJIUTHYECKUE
METO/Ibl, UH)KCHEPHBIN OIBIT, TBOPUYECKYIO BBIIYMKY U HHTYHIIHUIO.

B HekoTOpOM cMbICiIE «UA€aTbHOW» KOHCTPYKIUEH Obl1a Obl Takasi, KoTopas
MOJIHOCTBIO pa3pylIMIach Obl 10 UCTEUEHHUH 3apaHee 3aJaHHOro cpoka. pyrumu
CIIOBaMHM, Kaxxaas JeTalb KaXJOro JJIEMEHTa MAaIIMHbl JOJDKHA  OBITh
CIIPOEKTHPOBaHA TaK, 4TOOBI OHA OOpalanack B MbUJIb B TOYHO 3aJaHHBI MOMEHT
BpeMeHU. OJHAKO 1O MHOTMM MpPUYMHAM CO3JaHUE TaKOM KOHCTPYKIUU
HEBO3MOYKHO M, BEPOATHO, JAXKE€ HEXKEIATENbHO, XOTS MMEHHO B TakKOH
KOHCTPYKIMU HAauOO0JIee MOJHO UCIOIb30BAIMCH Obl BO3MOKHOCTU MaTepuaa.

Eciu Obl OBUIO MOXHO H3TOTOBUTH TaKyl0 «HUJCATbHYIO» KOHCTPYKIIUIO,
HENPEMEHHO TNOoTpeOoBajIuch ObI MPOBEIECHUE YTOYHEHHBIX MCCIIEI0BaHUMH,
OOJIBIIOr0 KOJIMYECTBA CIOXKHBIX SKCIIEPUMEHTOB, MTOJIHOTO aHAJIM3a BCEX CBOWCTB
Marepualia, a TaKK€ TOYHOE 3a/IaHHE HKCILUTYaTallMOHHBIX YCJIOBUWA M, KOHEYHO,
TaJaHTJIMBBIA KOHCTPYKTOP, KOTOPBIM MOT Obl OCylIecTBUTh Bce 3TO. [lockomabky
MIPOBEICHUE TAaKUX MCCIEA0-BaHUM TpeOyeT OOJBIIMX 3aTpaT KaK BPEMEHU, TaK U
CPEICTB, TPAMOT-HBI MHXKEHEP JOJDKEH B KaXKIOM KOHKPETHOM CIIydyae yMETb
OLICHUTH 11€JIECO00PA3HOCTh 3aTPaT CPEACTB U TpyAa. SICHO, UTO Tak Ha3bIBaeMmas
ujceanbHas KOHCTPYKLMS, CTOMMOCTb KOTOPOM B JI€CATh pa3 MPEBBIIIAET
CTOMMOCTb «HEUACAIBHON», HO BIIOJIHE MPUEMIIEMON KOHCTPYKLIMH, HE MOXKET
ObITh MPEIMETOM TOpJAOCTH WHXeHepa. Bompoc o ToM, Korjga clieayer
OCTAaHOBUTHCS MPH pacuerax M NPUCTYNUTh K H3TOTOBICHHID KOHCTPYKIIUH,

ABJIACTCA OCHOBHBIM AJISI KAXKAOI'0 MHKCHEPA U PYKOBOIUTCIIA. Yr1oO0mI BBIAICHUTD,



JOCTUTHYTBI JIW OCHOBHBIE II€JIM MPOEKTUPOBAHUS, OOBIYHO AHANM3UPYIOTCS W
YYHUTBIBAIOTCS Cleaytonue (hakTOphI:

1. Bce netanu MaImvHbl WM KOHCTPYKIIMH JIOJDKHBI TIepeaBaTh Harpy3Ky u
COBEpIIAaTh HEOOXOAMMBIC TBKEHUS dY(H(PEKTUBHO U IKOHOMHYIHO.

2. Hu onHa aetanb He OJDKHA pa3pylIaThCs paHbIlle HEKOTOPOTO 3aIaHHOTO
CpOKa dKCIUTyaTalluH.

3. Kaxxnmast metanp MOJDKHA BBITTOJHSTH MPEIHA3SHAYCHHYIO el (DYHKIIHIO, HE
Melas GyHKIIMOHUPOBAHUIO JIPYTUX YacTel MaIlIUHBI.

4. Jlerans HNOJDKHA OBITH TaKOM, YTOOBI €€ MOJXKHO OBUIO U3TOTOBUTH U
CMOHTHPOBATh B MaIlIlHE.

5. CToMMOCTB TOTOBOM JI€TaJIM JOIKHA COOTBETCTBOBATH €€ Ha3HAUEHHIO.

6. Bec nmeranmm M 3aHUMaeMbBIi €0 OOBEM [OJDKHBI COOTBETCTBOBATH
Ha3HAYEHHUIO.

7. JlomxHa OBITH OobOecriedeHa BO3MOXKHOCTb OOCIY)KMBAaHHS M PEMOHTA B
MIPOIIECCE BCETO CPOKa AKCILTyaTallMM KOHCTPYKIMH JeTalled, JUIsi KOTOPBIX 3TO
TpedyeTcs.

8. MammHa WM KOHCTPYKIUS JOJDKHA HE TOJIBKO YIOBJICTBOPUTEIHHO
(GYyHKIIMOHUPOBATh B TEUEGHHME  3aJaHHOIO  BPEMEHH, HO HU  OBITh

KOHKYPEHTOCTIOCOOHOM 1 MPUOBLILHOM JIJIST M3TOTOBUTEIIA.

6.1. OO0mume TpeOOBaHMs, NpeabsBIAsieMble K KOHCTPYKIIHOHHBIM
MaTepuaJjiaM

KOHCTpYKITMOHHBIMA ~ Ha3BIBAIOT MaTEpHAbl, TpeAHA3HAYCHHBIC IS
U3TOTOBJICHUSI  JIeTajell  MaliuH, NOpuOOpOB, HWHXKEHEPHBIX KOHCTPYKIIUH,
MO/IBEPTalOIIecss MEXaHWYEeCKUM Harpy3kaM. Jletanm wmammH W 1puOOpPOB
XapaKTEePU3yIOTCS  OOJBIIMM  pasHooOpazuemM ¢GopM, pa3MepoB, YCIOBUU
skcrtyatanu. OHH pabOTaOT TMPU CTATHYECKUX, NUKIMYECKUX W yJIapHBIX
Harpy3kax, MpHW HU3KUX M BBICOKHMX TEMIIepaTypax, B KOHTAKTE C pPa3TMYHBIMHU

cpenamMu. Ot (GaAKTOPBl ONPENCISIIOT TpPeOOBaHUS K KOHCTPYKIIMOHHBIM



MaTepuaiaM, OCHOBHBIE U3 KOTOPBIX — 3KCIUTYyaTallMOHHBIE, TEXHOJIOTUYECKUE U
HKOHOMHYECKHUE.

DKCIUTyaTallMOHHbIE TpeOOBaHMsSI MMEIOT INEPBOCTENEHHOE 3HaueHue. Jlius
TOTrO 4TOOBI 0OeceunTh PabOTOCIOCOOHOCTh KOHKPETHBIX MAalIUH U MpUOOpOB,
MaTepHual JOJKEH UMETh BBICOKYHO KOHCTPYKIMOHHYIO IIPOYHOCTb.

KOHCTpYKIIMOHHOM TIPOYHOCTBIO HA3BIBACTCS KOMIUIEKC MEXaHUYECKUX
CBOMCTB, 00ECIEUMBAIOUIYI0O HAIEKHYI0O M JUIMTENBHYIO paboTy MmaTepuaia B
YCIIOBHSIX JKCIUTyaTaluu.

MexaHudeckue CBOMCTBA, ONPEAEISIOIUE KOHCTPYKIIMOHHYIO TPOYHOCTh U
BBIOOpP KOHCTPYKLIMOHHOTO Marepuaina, OyayT paccMOTpeHbl nanee. TpeOyembie
3HAYEHUS MEXAHWYECKUX CBOWCTB MaTepHalla JUIsi KOHKPETHOTO W3JEIUs 3aBUCST
HE TOJIBKO OT CHJIOBBIX (JaKTOPOB, HO U OT BO3JIEUCTBHS HA HETO paboyell Cpeanl U
TEMIIEpaTyphl.

Cpena — »xuakas, razoo0pasHasi, HOHU3UPOBAHHAs, paJUallMOHHAs, B
KOTOpOH paboTaeT Marepuai, OKa3blBAET CYIIECTBEHHOE W MPEHMMYILIECTBEHHO
OTpULIATEIBHOE  BIWSHHE HA €r0  MEXaHWYECKHE  CBOMCTBA,  CHIKA
paborocnocoOHOCTh AeTaneidl. B vacTHocTH, pabouas cpena MOXKET BbI3bIBATh
NOBPEXKJICHUE IOBEPXHOCTH BCJIEACTBUE KOPPO3HMOHHOIO  pPacTPECKHUBAaHUS,
OKHCIIEHUSI U 00pa30BaHUs OKAJIMHBI, a TaKXKe U3MEHEHUE XMMHUYECKOro COCTaBa
MOBEPXHOCTHOTO CJIOSl B PE3yJIbTaTe€ HACBIIICHUS HEXKEIATEIbHBIMU 3J€MEHTaMU
(Hampumep, BOAOPOJOM, BBI3BIBAIOLIMM OXpymuuBaHue). Kpome TOro, BO3MOXKHbI
pa3-OyxaHue U MECTHOE pa3pylleHre MaTepuania noj AeiCTBUEM NOHU3ALIMOHHOTO
U paavalmoHHOTO 00sydyeHus. st Toro 4ToObl MPOTUBOCTOSATHL paboueit cpere,
MaTepuai JOJDKEH 00JiafiaTh HE TOJbKO MEXaHMYECKHMMH, HO U OIpeleJICHHBIMU
(U3UKO-XMMUYECKUMH  CBOWMCTBAMH: CTOMKOCTBIO K  AJIEKTPOXMMHUYECKON
KOPPO3HH, KAPOCTONKOCTHIO (OKAIMHOCTOMKOCTBIO), paIMAllMOHHON CTOMKOCTBIO,
BJIArOCTOMKOCTBIO, CIIOCOOHOCTBIO padOTaTh B YCIOBHSIX BaKyyma U Jp.

TemnepaTypHblii auana3oH pabOThl COBPEMEHHBIX MAaTE€pUalIOB OYEHb

mupok — oT -269 no 1000°C, a B otmenbHbix chydasx go 2500°C. [ns



o0ecrniedueHnss pabOTOCIOCOOHOCTH TPU BBICOKOM Temmeparype OT MaTepuana
TpeOyeTcs KaponpoOYHOCTh, a IPH HU3KOM TeMIlepaType — XJIaJ0CTONKOCTb.

B HekoTOphIX ciy4asx BaXXHO Takke TpeOOBaHUE OIpPEIACICHHbBIX
MarHUTHBIX, OJJIEKTPUYECKUX, TEIJIOBBIX CBOWCTB, BBICOKOW CTaOMIBHOCTU
pa3MepoB AeTaneit (0coOOEHHO BRICOKOTOUYHBIX JieTajiel IpruoopoB).

Texnonornyeckue TpeOOBaHMS (TEXHOJIOTMYHOCTh MaTepuaia) HalpaBieHbI
Ha o0OecreuyeHWEe HaWMEHbIIEH TPYAOEMKOCTH W3TOTOBIICHUS JeTale u
KOHCTPYKIMH. TeXHOJIOrMYHOCTh MaTepuaia OIEHUBAETCS 00padaThIBAEMOCTHIO
pe3aHueM, JaBJICHHEM, CBAapHBAEMOCTHIO, CIOCOOHOCTBIO K JIUTHIO, @ TaKXKe
MPOKAJIMBAEMOCTBI0, CKJIIOHHOCTBIO K jaedopManud ©W  KOPOOJICHHIO TMpHU
TepMuueckoll oOpaboTke. TexHOJOrMYHOCTH, MaTepuaiga HMeEeT OOJIbLIoE
3Ha4YeHHE, TaK KaK OT Hee 3aBHUCAT MPOU3BOIUTEIBHOCTh M KA4€CTBO M3TOTOBJICHHUS
JeTajei.

DKOHOMHYECKHE TpeOOBaHUS CBOJATCS K TOMY, YTOOBI MaTepuaid HMeN
HEBBICOKYIO CTOMMOCTh M ObLT AOCTYymHBIM. CTalM W CIUIaBbl IO BO3MOXHOCTH
JOJDKHBI  COJIEP’KaTh MHUHUMAIBHOE KOJIMYECTBO JIETUPYIOIIUX SJIEMEHTOB.
Hcnonp30BaHne MaTepUaNoB, COACPXKAIIMX JICTHPYIOIIME AJIEMEHTHI, JIOJHKHO
ObITh 00OCHOBAHO MOBBILIEHUEM 3KCIUTyaTallUOHHBIX CBOMCTB JAeTajeil.

DKOHOMHYECKHE TpeOOBaHMs, TaK K€ Kak M  TEXHOJIOTMYECKUE,
npuooOpeTaroT ocod0e 3HAaUCHUE TPU MACCOBOM MacITabe Mpor3BOACTBRA.

Takum o00pa3oM, KadeCTBEHHBINM KOHCTPYKIIMOHHBIA MaTepHall JOJDKEH

YIOBJIETBOPSATH KOMIUIEKCY TPEOOBaHUM.

6.2. KOHCTpPYKIIMOHHAS MPOYHOCTH MATEPHUAJIOB H KPUTEPUH €€ OLEHKH

KoHCTpyKIIMOHHAss  NPOYHOCTH —  KOMIUIEKCHAs  XapaKTEPUCTHKA,
BKJIIOYAIOIIAS COYETAHUE KPUTEPHUEB ITPOYHOCTH, JKECTKOCTH, HAJEKHOCTH U
JOJITOBEYHOCTH.

Kputepun npoyHocTi Matepuaia BEIOUPAIOT B 3aBUCUMOCTH OT YCJIIOBUMN €ro
pabotel. Ilpu craTMyeckux Harpy3kax KpUTEpUSMH MPOYHOCTU SIBISIOTCA

BPEMEHHOE COINPOTUBIICHUE GBU MpEIET TEKYYECTHU Gpo (OT), XapaKTepU3yrolIue



COINPOTHBIIEHUE MaTepuaja IJIaCTHUYecKol nedopmanuu. XapakTepUCTUKH G, U
Gp,2 UCIIOJIB3YIOT TAKXKE JUISA OLICHKHM IIPOYHOCTH JETajed NPU KPATKOBPEMEHHBIX
MUKIMYECKUX NIEpPerpy3Kax u mpu MajioM vuciie HUKIoB (< 103).

[Tockonpky mpu paboTe OOJBIIMHCTBA JeTallel MiacTuyeckas aedopMarus
HEJIOMYCTUMa, TO HMX HECYIIYI0 CIOCOOHOCTb, KaK MpaBUJIO, OMPENEISIOT IO
npeneny Tekydectd. [ mpuOIMKeHHOM OIEHKH CTaTHYeCKOW MPOYHOCTH
UCIONB3YIOT TBepaocth HB  (mis  cranmeit  chnpaBemIMBO — 3MIUPUYECKOE
cooTHoleHue o, = HB/3).

bosibmMHCTBO fAeTaneil MallldH MCHBITBIBAET JJIMTEIbHBIE LUKINYECKHE
Harpy3ku. Kpurtepuii uX MNpPOYHOCTM — TMpeaena BBIHOCIAMBOCTH GR (mpu
CUMMETPUYHOM KPYTOBOM H3THOE G.1).

[lo 3HaueHWSIM BBIOPAHHBIX KPUTEPUEB MPOYHOCTH PACCUUTHIBAIOT
JomycTuMble paboune HanpspkeHus. I[lpu sTomM, dYem Oosbllle MNPOYHOCTH
MaTepuaia, TeM BBIIIE JOMYCTUMbIC padoure HANpsDKEHUS M MEHBIIE pa3Mephl U
Macca JIEeTaIH.

OnHako TOBBINIEHUE YPOBHS MPOYHOCTH Marepuala U, Kak CIEICTBUE,
paboyux HANPSKEHUN COMPOBOXKAAECTCS YBEIMUEHUEM YIIPYTHUX AePOpMALIHiA

&mp = O/E,

rae E— monysib HopMaapHOU YIIPYTOCTH.

Jlns orpaHuueHust ynpyrod nedopManuu Matepuan J0JKeH 00Ja1aTh
BBICOKUM MOJYJEM YOPYrocTd (WM CHABUTA), SBISIONIMMCS KPUTEPUEM €T0
XKECTKOCTU. VIMEHHO KpUTepUHM >KECTKOCTH, a HE MNPOYHOCTU OOYCIOBIHUBAIOT
pa3Mepsl CTAaHWH CTAHKOB, KOPITYCOB PEAYKTOPOB U IPYTUX AETANEH, OT KOTOPBIX
TpeOyeTcst COXpaHEeHHE TOUYHBIX pa3MepoB U (POPMBI.

B03MOXHO M MpPOTUBOMOJNOXKHOE TpeOoBaHue. i1 mpyXuH, MeMOpaH U
JIPYTUX YYBCTBUTEIBHBIX YIPYTUX DSJIEMEHTOB NPUOOPOB, HAOOOPOT, BAXKHO

oOecreuuTs OOJbINE YIpyrue nepemernieHus. [lockonbKy
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TO OT MaTepuana TPeOYIOTCSI BHICOKUN MPEAEN YyIPYTrOCTH U HUZKHUI MOJTYJIb
YIOPYTOCTH.

JIns maTepuanoB, WCIOJIb3YyEMbIX B aBUALIMOHHOM M PAKETHOW TEXHUKE,
BakHa 3(PdeKTHBHOCTh MaTepuana 1o Macce. OHa OIICHWBACTCS YACIbHBIMU
XapaKTepUCTUKAMU: YACIBHON MPOYHOCTRIO G,/(pg) (rme p — TUIOTHOCTH
MaTepuana; §— YCKOpEHHE CBOOOJHOIO MaACHUS) U YIEIbHOM IKECTKOCTHIO
E/(pg).

Takum o00pazoM, B KayecTBE KPHUTEPUEB KOHCTPYKIMOHHOM MPOYHOCTH
BBIOMPAIOT T€ XapaKTEPUCTUKHU, KOTOPbIE HAM0OJIEe MOJHO OTPAKAIOT MPOYHOCTH B
YCIIOBUSIX IKCILTyaTal|u.

Kpome craHmapTHbIX MEXaHMYECKHX  XAPAKTEPUCTUK G, U Oy,
XapaKTEPU3YIOIINX METAILUTYPrUYecKOe U TEXHOJIOTMUECKOE Ka4yeCTBO MaTepHala,
JUISL OLIEHKM KOHCTPYKIIMOHHOM TPOYHOCTH HEOOXOAMMBI XapaKTEPUCTUKHU
MPOYHOCTH MPHU pabOYMX TeMIIepaTypax U B IKCILTyaTallMOHHBIX Cpeaax.

Hanpumep, i pacdyera Ha MPOYHOCTH Bayia, padOTAOLIEro BO BIAXHOU
atmocdepe npu 250°C, He0OX0IUMBI G, U Gg 2, E Mpu Takoit Temmeparype, a Takxe
a G.1, ONIPEJICIICHHBIN BO BIAXKHOMW CpEJIC U MPHU HArPEBE.

HanexxHoctb —  CBOWMCTBO  MaTepuana IPOTHUBOCTOSTH  XPYIKOMY
pa3pylmieHu0. XpymnKoe pa3pylICHUWE BbI3bIBACT BHE3AMHBIA OTKA3 JCTAIECH B
yCIIOBUSIX 3KCIUTyatauud. OHO cuuTaeTcsl HauboJiee OMAaCHBIM M3-3a MIPOTEKAHUS C
OOJBIION CKOPOCTHIO TIPH HAIPSIKEHUSX HUKE PACUETHBIX, a TAKKE BO3MOKHBIX
aBapUUHBIX MOCIeACTBUM. MI3BECTHO HEMAJIO aBapui U3-3a XPYNKOI0 pa3pylIeHUs
KOPITYCOB CY/I0B, ()eépM MOCTOB, TPYOOIIPOBOAOB U APYTUX KOHCTPYKIIUM.

Jns  mpeaynpekaeHusT  XPYHKOro  pa3pylleHHs]  KOHCTPYKLIHMOHHBIE
MaTepualbl JOJDKHBI 00JadaTh JOCTATOYHOM TIACTUYHOCTBHIO (O, ) M yIapHOU
Bsi3kocThi0 (KCU). OpgHako 3TH mapaMeTpbl HAJEKHOCTH, OIpPEACICHHBIE Ha
HEOOBIINX JTAOOpaTOpHBIX oOOpasmax Oe3 yuera YCJIOBHM O3KCIUTyaTalluu
KOHKPETHOM JIeTaliv, I0CTaTOYHO MOKa3aTebHbI JIUIIb JJISI MATKUX MaJOMPOYHBIX
MartepuasioB. Mexay TeM CTpEeMIICHME K YMEHBIIEHUIO METaUI0OEMKOCTH

KOHCTPYKIIMM BeAeT K 0ojee MUPOKOMY MPUMEHEHHIO BBICOKOIPOYHBIX M, Kak



IPaBUJIO, MEHEE IUIACTUYHBIX MAaTEepPHaOB C TMOBBIIMIEHHOW CKJIOHHOCTBIO K
Xpynkomy paszpyuieruo. Heo0XoauMo Takke y4YUThIBaTh TO, YTO B YCJIOBHSIX
IKCIUTyaTallul  JEUCTBYIOT  (DaKTOpbI, JIOTIOJIHUTENFHO  CHWXKAIOIIME  HX
IUIACTUYHOCTD, BA3KOCTh M YBEJIMUYMBAIOIIME OMACHOCTh XPYIKOTO pa3pylICHUSI.
OTO KOHIEHTPATOpbl HANpsKEHUM (Haapes3bl), IOHM)KEHUE TEMIIepaTyphl,
JTMHAMUYECKHE Harpy3KH, yBeTMUEHUE pa3MepoB aeTaneil (MacmTabHbli GakTop).

Yrobbl u30€kaTh BHE3AMHBIX IMOJIOMOK B YCJIOBHMSIX OKCIUTyaTallHH,
HEOOXOMMO YYHUTHIBATh TPEUIMHOCTOMKOCTh MarepHaia. TpemuHoCTOMKOCTh —
rpynmna mapaMeTpoB HAJEKHOCTH, XapaKTepU3YIOUIMX CIOCOOHOCTh MaTepuania
TOPMO3UTH Pa3BUTHE TPEIIUHBI.

KonnuecTBeHHas OLEHKAa TPEIIMHOCTOMKOCTH OCHOBBIBACTCS HA JIMHEHHOMN
MEXaHHWKe pa3pylieHus. B CcOOTBeTCTBMM C HEH odYaramMu paspylieHUs
BBICOKOIIPOYHBIX MAaTEpUAJIOB CIyXaT HEOONbIINE TPELUIUHbI IKCILTYyaTalliOHHOIO
WIA TEXHOJOTMYECKOTO TPOMCXOXKJEHUs (MOTYyT BO3HUKaTh IIpU CBapke,
TepMUYECKON  00paboTKe), a  Takke  TpPEeUMHOMOJOOHbIE  Je(EeKThI
(HeMeTaNIMYeCcKue BKJIIOYEHMsSI, CKOIUIEHHS JAMCIOKAauuil U T.1.). TpemuHsl
SBIIAIOTCS OCTPHIMH KOHIIEHTPATOpPaMU HANpPsDKEHWH, MECTHBIE (JIOKAJIbHBIC)
HANpsDKEHUs, B BEPLIMHE KOTOPBIX MOTYT BO MHOIO pPa3 MPEBBINIATH CPEIHUE
pacueTHbIC HAPSKEHUS.

JUist TpenHbl JUIMHOM | 1 paanycoMm I Hanps>KeHre B BEpLINHE

S yp =25 % _ (1)

KoHueHnTpanust HanpspKeHUil TeM 0ouiblile, 4YeM JJIMHHEE TPElIMHA U OCTpee
€€ BEepILIUHA.

JUis TIACTUYHBIX MaTepHalloB OMACHOCTh TaKUX AePEKTOB HeBeluka. B
pe3yJibTare MepeMEIICHUs TUCIOKAMi Y BEPIUIMHBI TPEIIMHBI IPOTEKAET MECTHAs
iactuyeckass aedopManusi, KOTOpash BbI3bIBACT peJaKCaluio (CHUXKEHHE)
JIOKAJIbHBIX HAIPSKEHUM U UX BhIpaBHUBaHUE. K TOMy K€ yBennUYeHHE TUIOTHOCTH
JVCIIOKALMM ¥ BAKAHCUM B BEPILIMHE TPELIUHBI COMPOBOKIAACTCS €€ 3a-TYIJICHUEM,

U AeEeKT MepecTaeT UrpaTh poOab OCTPOTO KOHIIEHTPATOPA HAMPSKEHUH.



XpyIikue MaTepuabl, HA0OOPOT, YPE3BBIUAHHO YyBCTBUTENIBHBI K HAJPE3aM.
B cuny Toro, uto auciokanud 3a0JOKMpPOBaHBI M IUIACTUYECKas AeopMmarius
HEBO3MOJKHA, IPU YBEIMYECHHM CPEIHUX HAINPSDKEHUN JIOKAJIBHBIC HAIPSHKCHUS
MOBBIIIAOTCS] HACTOJIBKO, YTO BBI3BIBAIOT PA3pbIB MEKATOMHBIX CBSI3€M M pa3BUTHE
TpeIMHbL. POCT TpelmMHBI HE TOPMO3UTCA, KaK B IUIACTUYHBIX Marepuanax, a
Hao0opoT, yckopsiercs. Ilocnme noCTHKEHUS HEKOTOPOM KPUTUYECKOM JJIMHBI
HACTYIAeT CaMOIPOU3BOJBHBIA JTABUHOOOPA3HBIN POCT TPEIIMHBI, BBHI3BIBAIOIIUI
XpYIIKOE pa3pyLICHUE.

Tak kak BBICOKONPOYHBIE MaTepualbl  O0JAJAlOT  OMpeeJICHHON
IUIACTUYHOCTBIO, TO JJIi HUX PEajJbHYI OMAacHOCThb MPEACTABISIOT TPEIIMHbI HE
JTH00BIX pa3MepoB, a TOJIBKO KpuTuueckor anuusbl lkp. [logpactanue TpemuHbl 10
lkp TOpMO3UTCS B HHUX MECTHOM IulacTuuecko nedopmanumeir. Ho mpu
OIpE/IEICHHOM COYETaHUU pabovero HanpsKEHUs U JUIMHBI 1e(peKTa paBHOBECHOE
IIOJIOXKEHUE  TPEIIMHBl  HAPYLIAETCS, M  IMPOUCXOJUT  CaMONPOU3BOJBHOE
paspylieHue.

OneHKy HAJEKHOCTH  BBICOKONPOYHBIX  MaTEpUaJOB MO  pa3Mepy
JOMYCTUMOTO Aedekra (MeHbLIEe KPUTHUYECKOro) MpOoBOIAT Mo Kpurepusm K.
NpBuHa. UM 1npemnokeHo ABa KpUTEpPUsS TPEIIMHOCTOMKOCTH, W3 KOTOPBIX
HauOoJIbIIIee MPUMEHEeHHEe uMmeeT kpurepuil K— kosduimeHT MHTeHCUBHOCTU
HaIpsHKEHUH B BepIIMHE TpeluuHbl. OH ONpeAeNsieT pacTIruBatouue HapsyKEeHUs

Gy B JI1000i1 Touke (puc. 13) Bnepeay BEpUIMHBI TPEILIUHBI
S, =K/\/2px )

3HameHaTenb Apobu oOpamiaercs B eauHuiyy npux~ 0,16, mosromy K
YHCJICHHO PaBEH Gy Ha paccTosAHuu ~ 0,16 MM OT BEpIIMHBI TPEUIUHBI.

Kpurepuit K mist Haubosiee xKecTKOro HarpyXeHus (1iockas aedopmarius
pacTsiokeHueM) ob6o3HadaroT K1, a mpu IOCTHKEHUM KPUTUYECKOTO 3HAYCHUS,
Korja craOuiibHasi TpellMHA NepexoauT B HecTtabuibHyto, — K. Kpurepuii K,

ITOKAa3bIBACT, KAKOI'O 3HAYCHHA (I/IHTeHCI/IBHOCTI/I) AOCTUT'aCT HAIIPSAKCHUC BOJIM3HU



BEpLIMHBI TPEIIMHBI B MOMEHT pa3pyiueHus. OH CBS3bIBa€T MPUIOKEHHOE CPEHEE

HaIpSHKEHUE C KPUTUYECKOU IMHOW TPELIUHBI:

chcp=5 \Z@pl ’ (3)

rae o — Oe3pa3sMepHbld KOd(DPUITMEHT, XapaKTePU3YIOMUNA TE€OMETPHUIO
TPEIIUHBI.

3 cooTHowmeHNs (3) clieyer, 4To eanHuna n3Meperms Ky — MIla-mY2

3nauenue K. onpenensroT 3KCIepuMEHTaIbHO Ha 00pa3lax ¢ Haape30M U C
3apaHee CO3/IJaHHOM Ha JHE 3TOTr0 HajJpe3a yCTaTOCTHOM TpeuiuHou. s pacuera
K. mpu HarpyxeHuu oOpa3ua (PUKCHPYIOT YCHUJIME B MOMEHT HOJpacTaHUs
TPEIIMHBl HA HEKOTOPYK JJIMHY M TMepexola €€ K HeCTaOUIbHOMY
PacIpoCTPaHEHUIO.

3nauenne K. 3aBUCHUT OT CTENEHH IJIACTUYECKOHN epopManuu y BEpIIMHBI
TPELIMHBI (€€ 3aTYyIUICHHH) U XapaKTEepU3yeT CONPOTHBICHUE PA3BUTHIO BSI3KOU
TpemuHbl. [lo 3Tol mpuumHe kputepuil K. Ha3bIBAIOT BSI3KOCTBIO pa3pyLICHHUS.
Yem 3Hauenue K;. Oompiie, TeM BBIIIE CONPOTUBJICHUE MaTepHalia BSI3KOMY
paspylIeHUI0O M €ro HaaeKHOCTh. Kpome KauecTBEHHONH XapaKTEpUCTUKU
HaJexxHocTH, K. nomonHseT mapaMerpsl Gpp, U E mpu pacuerax Ha MpPOYHOCTH
JeTanel U3 BBICOKOIPOUYHBIX MarepuanoB (ctaieil o,> 1200 MIla, TuTaHOBBIX
criaBoB ¢ 6> 800 MIla m amroMHHHEBBIX CIUIABOB ¢ G,> 450 MIla). Dror
KpUTEPHUIl TTO3BOJISET ONPENEIUTh O€30MacHbI pa3Mep TPEUIMHbI IPU U3BECTHOM
paboueM HampsHKeHUH WM, HA000poT, 6€30macHOe HaIpsKEHUE MPU U3BECTHOM
pasmepe nedexra. Hanpumep, npu paboueMm HamlpsDKEHUM a, TPELUIMHA JUIMHOM |
Oyner Oe3omacHou 1isi matepuana |l u BeI3oBeT paspymieHue B Marepuane |,
umeroriem Menbinee 3uadenne K (K J<K.II).

JUIst OLIEHKM HAJIeKHOCTH MaTepualia HCIOJb3YIOT TakKe CIEayIoIe
napameTpsl: yaapayto Bs3skocTh KCV u KCT (ymapHast BSI3KOCTb, OmpeaesieHHas
Ha oOpasiie ¢ V-00pa3HbIM KOHIEHTPATOPOM IPU KOMHATHOW TeMIIepaType Wiu Ha
oOpasIie ¢ yCTaJT0CTHOW TPEIIMHOM), TeMIepaTypHbIA OpOr XJIagHoJIOMKoCTH 150

(Temmepatypa, COOTBETCTBYIOIIasi paBHbIM J0isIM (50%) XpYNKUX M BS3KHUX



YYaCTKOB pPa3pylIE€HUs B W3JIOME NPHU ONPENEIECHUU yNapHOU BSA3KOCTH).OIHAKO
3TO Ka4E€CTBEHHbBIE, HEITPUTOJHBIE JIJISl pacyeTa Ha IPOYHOCTh MapaMETPBHI.

[Tapametpom KCV oOLEHMBaWOT MPUTOJHOCTh MaTepuaga g COCYJIOB
JABJIEHUS, TPYOOIIPOBOJOB U APYTUX KOHCTPYKUUIA MOBBIIIEHHON HAJEKHOCTH.

[Tapamerp KCT, ompenensemblii Ha oOpaslax ¢ TPEHIMHOW YCTalOCTH Y
OCHOBaHMsI Hajpesa, Ooiyiee mokaszaTesneH. OH XapakTepu3yeT paboTy pa3BUTHS
TPEIIMHBI IPU yIAPHOM H3rHMO€ U OLIEHHUBAET CIIOCOOHOCTh MaTepuaia TOPMO3UTh
HavaBleecs paspyumenue. Ecnmu marepuan umeer KCT= 0, To 3T0 03Ha4aeT, 4To
MPOIIeCC €ro pas3pylieHus uaeT 0e3 3aTparhl paboThl. Takol maTepwal XpyIoK,
AKCIUTyaTallMOHHO HeHanexeH. W, Haobopor, yem Oosbme mnapamerp KCT,
OIpe/ieNICHHBIN MpU pabouell TemrepaType, TEM BBILIE HAJEKHOCTh MaTepuania B
ycioBusX skcrryaranuu. Tak ke kak U K, KCT yuuTeiBaror npu BbIOOpE
MaTepuaina JUisi KOHCTPYKIHMH 0CO00 OTBETCTBEHHOTO Ha3HAu€HUs (JIETaTeNIbHBIX
anmnapaToB, pOTOPOB TYpOUH U T.I1.).

[Topor XJIagHOJOMKOCTH XapaKTE€PHU3YeT BIUSIHHE CHUKEHHUS TEMIIEpPaTyphl
Ha CKJIOHHOCTb MaTepHalla K XpYNKoMy paspywmeHuto. Ero ompepensdror 1o
pe3ynbTaTaM yAAapHBIX HCIBITaHUI 00pa3loB C HAAPE30M IPHU MOHMKAOLIEHCS
temriepatype. CoueTaHue IPHU TaKUX UCIIBITAHUSAX YIAPHOTO HArPY>KEHHUsI, HaJlpe3a
M HU3KUX TeMmIepaTyp —  OCHOBHBIX  (DakTOpOB,  CIIOCOOCTBYIOIIMX
OXPYIUYMBAHMIO, BAXKHO /JIs1 OLICHKM MOBEIECHMSI MaTepuaia Mpu dKCTPEMaJIbHbBIX
YCIIOBHSIX JKCILTyaTaluu.

O npurogHocTu Marepuania ajs paboThl MPU 3aJaHHOM TeMIlepaType CyIsaT
0 TEMIIEpaTypHOMY 3amacy BSI3KOCTH, PABHOMY pPAa3HOCTH TEMIIEpaTypbl
skcrryaranuu U t50. Ilpu 3TOM, 4em Hmke TemIiiepaTypa Mepexoja B XpyIKoe
COCTOSIHHE 10 OTHOILICHHIO K paboueil Temneparype, TeM 0oJible TeMIEepaTypHbIN
3arac BS3KOCTH U BBIIIE FapaHTHs OT XPYIKOrO pa3pyLICHHUS.

JIOJITOBEYHOCTh — CBOMCTBO Marepualia CONPOTUBIATHCA PA3ZBUTHIO
MOCTEIIEHHOTO paspyuieHust (mocTeneHHoro 0TKa3a), obecrieunBast
paboTOCIOCOOHOCTh JleTasied B TEUEHUE 3alaHHOrO BpeMeHH (pecypca).

[locTteneHHplii OTKa3 — TMOTEpsl MaTepuagoM pabOTOCMOCOOHOCTH, MpHU



HACTYIUICHUH KOTOPOW JETAIM 3aMEHSIOT 0€3 yrpo3bl aBapUHBIX TOCIEICTBUM.
[Tpuunuel moTepu pabOTOCIOCOOHOCTH (IMOCTENEHHOTO OTKa3za) pa3HOOOpa3HBbI:
pa3BUTHE TMPOIECCOB YCTAJIOCTHU, U3HAIIUBAHUS, TMOJ3Y4YECTH, KOPPO3UH,
pagualMOHHOTO pa30yXaHusi W Jp. OTH MPOLECCHl BBI3BIBAIOT IMOCTEIEHHOE
HAKOIUJICHUE HEoOpaTUMBIX TOBPEXKACHUN B Marepuaie M €ro paspyliecHHue.
ObecnieyeHre MOJTOBEYHOCTH MaTepuaia 03HA4YaeT YMEHbBIIEHHE 0 TPeOyeMbIX
3HAQYEHUN CKOPOCTH €ro pa3pylICHUs.

Jns  OGonpmmHCTBa jAeTanedt MammH (6onee 80%) J1OATOBEYHOCTH
OMpENENACTCS  CONMPOTUBIICHHEM  MaTepuana YCTaJOCTHBIM  pa3pyLICHUSIM
(IUKJIMYECKON  JTOJITOBEYHOCTHIO) WM  CONPOTUBJIICHUEM  M3HAIIMBAHUIO
(M3HOCOCTOMKOCTBIO).

[Mukauyeckass  JOJTOBEYHOCTh  XapakTepusyeT  pabOTOCIOCOOHOCTH
Marepualia B yCIOBUSX MHOTOKPATHO MOBTOPSIONIUXCS [IUKIOB HanpsikeHuil. OHa
TEM BBIIIE, YEM HUKE CKOPOCTb 3apOXKICHHS U CKOPOCTh Pa3BUTHS TPEIIUHBI
YCTAJIOCTH.

BaxxHol XapakTepUCTUKON KOHCTPYKTUBHOM IPOYHOCTH, XapAKTEPU3YIOLIEH
HAJIC)KHOCTh MaTepuayia, SIBISETCS >KUBYYECTHIPU LUKIUYECKOM HarpyKEHUH.
[Ton >KMBY4YECTHIO MOHUMAIOT AOJTOBEYHOCThH JETAIM OT MOMEHTA 3apOKACHUS
MEepBOM MAaKpPOCKOMHMYECKOM TpeluHbl ycramoctu pasmepom 0,5—1,0 MM g0
OKOHYATEIBLHOTO Pa3pyIICHUS.

KonuyecTBeHHO XMBYUYECTh KOHCTPYKIIMH OIIEHUBAETCS KoddduimenTom 3
=1—0/tpa3, rae 10 U Tpaz— MPOJIOIHKUTEIBLHOCTh IKCILTyaTallU KOHCTPYKIIUU
JI0 TOSIBJICHUS TpEUMH W JO0 pa3pylieHus cooTBeTcTBeHHO. Konadduiuent
KHUBy4YecTH MokeT kojebatbes ot 0,1 go 0,9. PanHee 3apoxiaeHue TpeudH
yCTAI0CTH OOBICHSETCA Je(peKTaMu MEeTauTyprudeckoro M TEXHOJOTHYECKOTO
XapakTepa, a TaKXke HeyJadyHOM  KOHCTPYKUHMEeW  wu3nenus  (HaJIu4due
KOHIICHTPATOPOB HAIPSKEHUI).

Kuydecth uMeeT 0c000€ 3HAuYCHHME [JI1 HAJAEKHOCTH DKCILUTyaTalluu
u3nenuii,  Oe3aBapuiiHas  paboTa  KOTOPBIX  TOJJCPKHUBAETCS  IMyTEM

NEPpUOAUICCKOIO )Ie(beKTOCKOHI/IpOBaHI/ISI Pa3INIHbIMHA (1)I/ISI/I‘I€CKI/IMI/I METoJaMH



JUIS. BBISIBIICHUS YCTAJIOCTHBIX TpEIIMH. YeM MeEHbIlIe CKOPOCTb pPa3BUTHUSA
TPEIINHBI, TEM JIETYE €€ OOHAPYKUTh.

MN3HOCOCTOMKOCTh XapaKTEPHU3YET CONMPOTHUBIEHUE MaTepHaia pa3pylLICHUIO
MOBEPXHOCTU MYTEM OTACJICHUS €r0 YacTHUI] MOJ BO3JCUCTBUEM CHIIBI TPEHUS.
N3HOCOCTOMKOCTH OLIEHUBAIOT BETMYMHOM, 00pATHON CKOPOCTU U3HAIIMBAHMUS.

JIoJNTOBEYHOCTh  JieTajneld, paboTalIMX TMpU BBICOKMX TeMIepaTypax
(metayin SHEPreTUYECKUX YCTAHOBOK, PEAKTHUBHBIX JBHUraTeliei), OMpeneseTcs
CKOPOCTBIO TIOJI3Y4ECTU— CKOPOCTBIO Pa3BUTHS IIACTHUECKOM nedopmainuu mnpu
MOCTOSTHHOM (HUXE Mpenesia TeKydyecTH) HanpsbkeHuu. OrpaHuyueHue CKOpPOCTH
MOJI3Y4ECTH JOCTUTACTCS TPUMEHEHUEM KAPOMPOUHBIX MAaTEPHUAIIOB.

JlosroBe4HOCTH JieTaseii, paboTaromux B aTMocepe HarpeThiX CyXuX ra3on
WU JKUJKUX DJIEKTPOJIUTOB, 3aBUCUT COOTBETCTBEHHO OT CKOPOCTH XMUMHYECKOMU
WM  DJIEKTPOXMUMHYECKOW KOppo3uu. PaboTocrmocoOHOCT, B TakMX Ccpeaax
COXPaHSIOT XKAPOCTOUKHE U KOPPO3UOHHOCTOMKHUE MaTEPHUAIIbI.

Takum 00pa3om, pabOTOCIOCOOHOCTH MaTepuaja JeTadud B YCIOBHUAX
DKCIUTyaTallM  XapaKTEPU3YIOT  CIEAYIOIIUE KPUTEPUH  KOHCTPYKUHOHHOMU
MPOYHOCTH:

1) xputepun TPOYHOCTH Gy Opp, O.1,KOTOPbIE TPU 3aJaHHOM 3arace
MPOYHOCTH OTMPEIEISIOT TOMYCTUMbIE pabouyne HAINpPsOIKEHUs, MacCy U pa3Mepbl
JIeTaneu;

2) Moaynb ymnpyroctd E, KOTOpbIi mpu 3aJaHHON TEeOMETPHUH JeTaH
ompeNeNaeT BEIUUUHY YIPYTrux aedopMaiinii, T.e. €€ )KeCTKOCTh;

3) mnactuyHOCTh O, Y, yaapHas BsskocTb KCT, KCV, KCU, Bs3kocTbh
paspymenus Klc, mopor xnagHosoMkocTH t50, KOTOpbIE OLEHUBAIOT HAJIEKHOCTD
MaTepuania B 3KCIUTyaTaluu;

4) 1muKINYecKas JI0JITOBEYHOCTb, CKOPOCTH W3HAIIMBaHUS, IOJI3yYECTH,

KOPPO3UH, ONPEALIISIONIME T0JITOBEYHOCTh MaTepuania.

6.3. MeToabl NOBbINICHUSI KOHCTPYKUMOHHOW MPOYHOCTH



BrpIicOKkass MpOYHOCTH M JOJATOBEYHOCTh KOHCTPYKIMH IPH MUHUMAJIBHOU
Macce M HauOONbIIEH  HANEKHOCTH  JIOCTHTAIOTCA  TEXHOJIOTMYECKHMH,
METaJUTypTHYECKUMU U KOHCTPYKTOPCKUMHU METOIAMM.

Haubonpuryto 3¢ PEeKTUBHOCTH UMEIOT TEXHOJIOTUYECKHUE u
METaJUIyprHYECKHE METO/bl, ILEJb KOTOPBIX — IIOBBIIIEHHE MEXaHUYECKHUX
CBOMCTB M KaueCTB MaTepuaa.

N3 MexaHW4YecKuX CBOMCTB BaKHEWIEE — IIPOYHOCTH MaTepuana,
IOBBIIIEHHE KOTOPOU IPU JOCTATOYHOM 3a1ace IJIaCTUYHOCTH U BSI3KOCTHU BENET K
CHI)KEHUIO MAaTepUaJOEMKOCTH KOHCTPYKIMHM M B H3BECTHOM CTENEHU K
MTOBBIIEHUIO €€ HAJAECKHOCTH U JOJITOBEYHOCTH.

IIpo4HOCTP — CBOWMCTBO, 3aBHUCSIICE OT SHEPIMM MEXAaTOMHOW CBSI3H,
CTPYKTYpPbl M XUMHYECKOIO COCTaBa MaTephayia. JHEPrusi MeXaTOMHOTO
B3aUMOJICHCTBUS  HEIMOCPEICTBEHHO ONPEAEISIET XAPAKTEPUCTUKU  YHPYTIHX
CBOMCTB (MOJyJIM HOPMaJbHOW YIPYIOCTU M CJABMIa), a TAKK€ TaK HA3bIBAEMYIO
TEOPETUYECKYIO IPOYHOCTb.

Monynu HOpPMaJabHOM YIPYrOCTH M CABUIA SIBJISIOTCS KOHCTAHTAMMU
MaTepHuaya U CTPYKTYPHO HEUYBCTBUTEIbHBI.

TeopeTnueckas IPOYHOCTH (COMPOTUBIIEHUE PA3PbIBY MEKATOMHBIX CBSI3€H)
B PEAJIbHBIX KPUCTAJUIAX M3-3a HAJIMYUS CTPYKTYPHBIX AE(PEKTOB HE JOCTUTAETCA.
PeanbHasg nMpo4yHOCTh Ha JIBA-TPHU MOPSIIKA HUKE TEOPETUUYECKON U OmpenenseTcs
HE CTOJIBKO MEKaTOMHBIMH CHJIAMH CBSI3U, CKOJIBKO CTPYKTYPOW Marepuania.

CornpoTuBiieHHE MIACTUYECKON JedopMaluu 3aBUCHUT TJIaBHBIM 00pa3oM OT
JIETKOCTH TIEPEMEILECHUs AUCIOKauuid. B CBA3M € 3TUM COBpPEMEHHBIE METOJbI
NOBBIIIEHNS IPOYHOCTH MaTepHaia OCHOBAHbI HAa CO3JaHUM TaKOro0 CTPYKTYPHOTO
COCTOSIHUA, KOTOpOe o0ecrneynBaio Obl MaKCUMaNbHYIO 3aJ€pPKKY (OJIOKHPOBKY)
auciokauil. K mMeronaMm ynpoyHEHHs OTHOCATCS JIETUPOBAHUE, IJIACTHYECKas
nedopMmanusi, TEepMHUYECKas, TEPMOMEXaHHUYeCKas W XMMHKO-TEpMHUUYECKas
oOpabotka. IloBblllIeHME MPOYHOCTH YKa3aHHBIMH METOJAMH OCHOBAHO Ha pse

CTPYKTYPHBIX (haKTOPOB.



VYBennueHne MmIOTHOCTU Auciiokanuii. CUIoBbIE TOJISI BOKPYT JAUCIOKAIIUMA
ABIAOTCA 3()PEeKTUBHBIMU OapbepaMu A JIPYTHX OJIM3KO PaCHOJIOKEHHBIX
nuciokauui. B cBs3u ¢ 3TuM, yem OoJibli€ MJIOTHOCTh JUCIIOKALWN, TEM BBIIIE

COIIPOTHBIICHHUE IIIACTUYECKOMY Ae()OPMUPOBAHUIO.

Jleknus 7. BUJIbl MEXAHUYECKOI'O PAPYHIEHUA

7.1. Buabl paspywenus. Kiaccudukanusi BcexX BO3MOKHBIX BH/IOB
pa3pylLuIeHus.

Bun pa3pylieHusIMOXKHO OIpeneanuTh Kak (QU3WYECKH MpoIecc WU
HECKOJIBKO ~ B3aUMOCBSI3aHHBIX MEXJy COOOW MpoLEcCcOoB, MNPUBOASIINX K
pa3pyLICHHUIO.

Ota cuctemMa OCHOBaHa Ha yyeTe Tpex (PaKTOpOB: XapakTepa pa3pylIeHHS,
OpUYUH pa3pyllleHus U Mecta paspyuieHusa. [logpoOHo 3T (akTopbl
onpenersAroTcs Huwke. Kaxaplii OTHENbHBIA BUJ Pa3spyLICHHs XapaKTEpU3yeTCs
TE€M, KaK MNpOSBISECTCA pa3pylICHHUE, YTO €ro BBI3BIBAECT U TJI€ OHO IMPOUCXOJHT.
Hcnonp3ys pa3nuuHble KOMOMHAIMHM 3TUX (DAaKTOPOB, MOKHO yKa3aThb OyKBaJbHO
COTHH BHJIOB pa3pyuieHus. UToObl moapoOHEe MOSICHUTh CYTh 3TOW CUCTEMBI
KJIaCCU(UKALMHU, pAC-KPOEM COJEpKaHUE KaXkI0T0 U3 ATUX TpeX (PaKTOpoOB.

[lo xapakTepy pa3pyLIEHUSIMOXHO BBIICIUTh 4YEThIpe Kiacca (Mpuyem
HEKOTOPBIE U3 HUX MOTYT COCTOSITh U3 MOAKIACCOB):

1.Yupyras nedbopmariusi.

2.ITnactuueckas aedopmanus.

3.Pa3psIB, Uiy pa3AeiieHUE Ha YacTH.

4 Ismenenne Marepuana: (A) metammyprudeckoe; (B) xumuueckoe; (C)
AJIEpHOE.

ITo npuunHaM pa3pyleHns MOXKHO OIIPENEIUTh YETBIPE Kilacca:

l.Harpy3ku: (A) ycranoBuBmmecs; (B) HeycranoBuBmmecs; (C)
nukianaeckue; (D) ciydaitnbie.

2.Bpems nporecca: (A) ouens Mainoe; (B) manoe; (C) mpoaoKUTEIBHOE.



3. Temnepatypol: (A) nHuskue; (B) xomuartnbele; (C) mnossimieHHbie; (D)
ycranoBuBiuecs; (E) neycranosusimecs; (F) uuknuyeckue; (G) ciyyaliHble.

4.BozneiicTBus okpyxkarorieit cpenpl: (A) xumuueckue; (B) suepHebie.

Ilo MecTy pa3pylIeHUSCYIIECTBYET JBa THNA pa3pyuieHus: (A) o0beMHOE;
(B) moBepxHOCTHOE.

JUIss TOYHOTO OMHMCAHUS KaKOro-MOO BUJA pa3pylIeHUS HEOOXOIUMO
BBIOPATh XAPAaKTEPUCTUKH IMPOLIECCA U3 YKA3aHHOIO MEPEYHsl, HE YIIyCKas U3 BUAY
HU OJIHOTO U3 TPEX OCHOBHBIX (pakTopoB. Hampumep, aiist onucanust pa3pyiieHus B
KAueCTBE  XapaKTepHOIO  IMPOSIBICHHS  MOXHO  BBIOpaTh  IJIACTHYECKYIO
nedopmalinio, B Ka4eCTBE MPUYUH — YCTAHOBHMBIIYIOCS HAarpy3Ky M KOMHATHYIO
TEMIIepaTypy, a B KaueCTBE TUIIAa — OOBEMHBIN THN pa3pyrieHus. Takum oOpazom,
yYKa3aHHBIA BUJ pa3pyLICHHs MOXXHO OINPEACIHTh KaK OOBEMHOE IUIACTHYECKOE
nedhopMUpOBaHUE TOJ| JCHCTBUEM YCTAaHOBUBIIEHCS HArpy3Kd NMPU KOMHATHOMU
Temriepatype. Takol BuJ paspylieHus: 0ObIYHO Ha3bIBaeTCs TeueHueM. OTMETUM,
OJIHAKO, YTO TEPMUH TE€UYECHHE OOBIYHO OIPEAENSIET HE TOJbKO YKa3aHHBIA BUJ
paspylLieHHs: 3TOT TEPMUH UMeEET Oosiee 00U CMBICI.

Hcnonb3yss nepedyucieHHble KIacChl M IMOJKIACCHI TPEX OCHOBHBIX
(bakToOpoB, ONMpENEAIONUX BUJ Pa3pyIICHUs], MOKHO JIaTh OINpPEAEICHHEe MHOTUX
JIpYTUX BUIOB paspyuieHus. [IpuBeseHHBIN MepeueHb XapaKTepUCTUK TMpoliecca
pa3pyllieHUs] HYXJAeTcsd B JOMOJHUTEIbHOM TMOSICHEHUHM M KOHKPETH3alUU,

0COOEHHO MPUMEHHUTEIHLHO K HanOO0JIee OMAaCHBIM BUIaM Pa3pyIIEHUS.

7.2. HabGuroaqaemblie BUABI pa3pylieHUst

B npuBeneHHOM mepeyHe cojiepKaTcsi BCe OOBIYHO HAOJIOJaeMble BUJIbI
MEXaHUYECKOTO pa3pyLICHUS.

1. Yopyras nedopmarniusi, BbI3BaHHAs JeHCTBUEM BHEIIHUX HArpy30K U (UJIH)
TeMIEepaTyphbl.

2. TexyuecTb.

3. bpunenupoBanue.

4. Bsa3koe pa3zpylieHue.



5. XpyInkKoe pa3pyllieHHe.

6. Ycranocts: (A) muoromnukiosas; (B) manonuxnosas; (C) Tepmudeckas;
(D) nosepxnoctHas; (E) ynapnas; (F) koppo3uonnas; (G) ppeTTUHr-yCcTanocTh.

7. Kopposzus: (A) xumuueckas; (B) sanexrpoxumudeckas; (C) meneas; (D)
toyeuyHass (rmurtuHroBas); (E) wmexkpucrammuueckas; (F) wusbuparenbHoe
BoieniaunBanue; (G) osposuonnas; (H) xasurammonnas; (I) BomopoaHoe
noBpexaenue; (J) ouonoruueckas; (K) kopposus noa HanpsHKEHUEM.

8. Msnoc: (A) aaresuonnbiii; (B) a0pasuBnbiii; (C) xoppo3uoHHbIH; (D)
noBepxHOCTHBINM ycTanocTHeid; (E) nedopmanumonnsiii; (F) ymapusii; (G)
(GpeTTUHT-U3HOC.

9. Pazpymienus npu ynape: (A) paspsiB mipu yaape; (B) aebopmupoBanue
npu yzaape; (C) yaapubeiii usHoc; (D) ymapueiii ¢perrunr; (E) ycranocts npu
yaape.

10. ®pertunr: (A) dperrunr-ycranocts; (B) ¢perrunr-uznoc; (C)
(GpEeTTUHT-KOPPO3HSL.

11. ITon3y4ecTs.

12. Tepmuueckas penakcamus.

13. Pa3psIB npu KpaTKOBPEMEHHOMU TMOJI3yYECTH.

14. TennoBoit ynap.

15. 3aeqanne u cxBaTbIBAaHUE.

16. Otkomn.

17. PaguaniioHHOE MOBPEK/ICHUE.

18. BeimyuuBanue.

19. BeimyuuBaHue mpu MOA3Y4ECTH.

20. Kopposus o HanpsoKeHUEM.

21. Kopp03uOHHBIN U3HOC.

22. Koppo3uoHHasi yCTalOCTh.

23. Ilon3y4ecTh C yCTaJoCThIO.

7.3. Buabl MEXaHU4€CKOI0 pa3pylieHust



VYrupyras negopmarivs, BbI3BaHHAS JEHCTBUEM BHEITHUX HArpy30K U (WJIN)
TeMIlepaTyp. DTOT BHJ pa3pylICHHs UMEET MEeCTO, Korzaa ymnpyras (oOpaTtumast)
nedopmaiisi  3JIEMEHTa, BO3HMKAIOIIAs TMPU  JIEUCTBUM  JKCIUTyaTallMOHHBIX
Harpy30K H TEMIEparyp, CTAHOBUTCS HACTONBKO OOJNBIION, YTO JJIEMEHT
yTPayuBaET CIIOCOOHOCTH BBIMIOJHATH MPEAHA3HAYCHHYIO €My (DYHKITHIO.

TexydecTb UMeEET MECTO, Korja Iuiactuueckas (HeoOpaTumas) aedpopMarius
IUIACTUYHOIO 3JIEMEHTA, BO3HUKAIOWAs MpU JEHCTBUM SKCIUTyaTallMOHHBIX
Harpy30K, CTaHOBUTCS HACTOJIbKO OOJIBIIION, YTO OJEMEHT YyTpayuBaeT
CIIOCOOHOCTH BBITIOJIHATH MIPEIHA3HAYCHHbBIE €My (DYHKIUH.

bpunenupoBanue, wiM pa3pylieHUE BJABIMBAHHEM, IPOUCXOJUT, KOrAa
CTaTUYECKUE YCUIIMS B MECTE KOHTAKTA KPUBOJMHEHWHBIX TOBEPXHOCTEN MPUBOIAT
K MOSIBJICHUIO JIOKAJIbHBIX IUIACTUYECKUX JedopManuil y OJHOrO WIH y 000UX
COIPUKACAIOUINXCA 3JIEMEHTOB, B PE3yJbTaTe YEro MNPOMCXOAUT HEOOpaTuMoe
u3MeHeHue @opmbl THoBepxHOCTH. Hampumep, ecaum  MIApUKOMOAIIUITHUK
CTaTUYECKU HArpy>KeH TakK, YTO IIAPUK BJABJIMBACTCS B 000MMYy, IMIACTUYECKU
nepopMupyss €€, TO IOBEpPXHOCTb OOOHMBI CTAHOBHUTCS BOJHUCTOM. Ilpu
JaMbHEHIIEM HCIONb30BAHUN TMOJUIMIHUKA MOTYT BO3HUKHYTH HEIONYCTHMbIE
BUOpALIMH, IIIyM U MIEPETPEB, T. €. HATUIIO €r0 Pa3pylICHUE.

Bsiskoe paspylieHueHaOmonaercs, Korjpa Ijactuyeckas —Jedopmanus
IJIACTUYHOTO 3JIEMEHTA JOCTUIaeT TaKOW BEJIIMYMHBI, UYTO OH pa3feligeTcsl Ha JABE
yacTu. PaspynieHue npoucxoquT B pe3ynbTaTe Mpolecca 3apoXKACHUs, CIUSHAS U
pacnpocTpaHeHUs BHYTPEHHUX O, TOBEPXHOCTh Pa3pyLICHUs MPU 3TOM IJaaKas
Y BOJIHUCTAs.

Xpynkoe pa3pylLIeHUEPOUCXOIUT, Koraa ynpyras nedopmanus 3JeMeHTa
U3 XPYIKOro Marepuaja JIOCTUIaeT TaKoW BEJIMYUHBI, YTO pa3pyllaloTCs
NEPBUYHBIE MEKATOMHBIE CBSI3U M 3JIEMEHT pa3zeligeTcsl Ha JBe WM O0Jiee 4acTu.
BryTtpennue nedexTsl 1 00pa3yronumecs TPEeuuHbl ObICTPO PACTIPOCTPAHSIOTCS 110
MOJIHOTO Pa3pyIIECHUs; TOBEPXHOCTh Pa3pyIleHUs PYU ITOM HEPOBHAs, 3€PHUCTAS.

TepMun ycramocTblpuMeHsieTcsl s 0003HAUEHHs pa3pyLICHUS B BHJE

HCOXHWAAHHOTO BHE3AIMHOI'O Pa3ACICHUA ACTAJIM WKW JJICMCHTA MalllMHbI Ha 1BC



ui 0ojiee YacTH B pe3yJbTare JCHCTBUS B TEUCHHE HEKOTOPOTO BpPEMEHU
[MUKJIMYECKUX HArpy3ok wimm aedopmanuii. Pasz-pymieHne NpoWCXOAWT IyTeM
3apOXKJICHUS] W PACTIPOCTPAHEHUS] TPEIIMHBI, KOTOpas TMOcie JIOCTHKEHUS
HEKOTOPOTO KPUTHUYECKOTO pa3Mepa CTAaHOBUTCS HEYCTOWYMBOM H  OBICTPO
YBEJIMYMBAETCS, BbI3bIBas paspylieHue. Harpy3ku u nedopmanuu, npu KOTOPBIX
OOBIYHO MPOUCXOAMUT YCTAJIOCTHOE pa3pyllieHHe, HAMHOTO HUXKE TeX, KOTOphIE
MPUBOJAT K Pa3pyIlICHUIO B CTATUUECKUX ycioBUsX. Korja BennuuHbl Harpy30K 1
MePEMEILICHUI TaKOBBI, UTO pa3pylleHrue MpoucxoauT Oosiee yem depe3 10 000
IUKJIOB, SIBJICHHME OOBIYHO HA3bIBACTCSIMHOTOLIMKIIOBOM ycTanmocThio. Korma ke
BEJIMYMHBI HArpy30K M TEPEMELIEHUM TaKOBbI, YTO Pa3pYILICHHE IPOUCXOIUT
Menee uvem uepe3 10 000 nuKkiIOB, SBIECHHWE HA3bIBAETCS MAJIOLUKIOBOM
YCTaJIO0CThIO.

Korma mnuknudeckue Harpy3kd u Jedopmaiiuu BO3HHMKAIOT B JIETAd B
pe3yJibTare ACHCTBUS HUKINYECKH MEHSIOIIEroCsl TEMIIEPATYPHOTO OIS, SIBIICHHE
OOBIYHO Ha3bIBAETCS TEPMHYECKOM YyCTajaocThio. Pa3pylieHue, Ha3bIBaeMoe
MOBEPXHOCTHOM yCTAJIOCTHIO, OOBIYHO MPOUCXOJUT MPU HATWYUU BPALAIOIIAXCS
KOHTAKTUPYIOIIUX TMoBepxHOcTel. IIposiBisiercs OHO B BHUAEC MUTTHUHIA,
pacTpeCKMBaHMsI W  BBIKpA-IIMBAHHMS KOHTAKTUPYIOIIUX TMOBEPXHOCTEH B
pe3yabpTare JEeUCTBUSA KOHTAKTHBIX HANPSXKEHUM, MOJA BJIUSHHUEM KOTOPBIX Ha
HEOOJBIION TTyOUHE Y MOBEPXHOCTH BO3HUKAIOT MAKCHUMAJIbHBIC IO BEIUYUHE
HUKJINYECKUE KacaTelbHbIE HANpsDKEHUs. OTH HANPSHKEHUS TOPUBOASAT K
BO3HUKHOBEHUIO TPEIIMH, KOTOpPbIE BBIXOISIT Ha TMOBEPXHOCTh, MPHU OTOM
HEKOTOpBIE YaCTHUIlbl Marepuajia OTACNSIOTCSI. OJTO SBJICHUE YacTO CUYUTACTCS
Pa3HOBUIHOCTBIO HM3HOCA. YJapHas YCTaJOCTh, KOPPO3UMOHHAs YCTaJlOCTh U
(GpEeTTUHT-yCTAIOCTh OYyT OMKCAaHbI HIXKE.

Kopposuss — TepmuH, UCTIONb3yeMbId 711 0003HAUYCHUS IIHUPOKOTO Kiacca
BHUJIOB PA3pyILICHUS, MPU KOTOPBIX JAETAlb WIM AJIEMEHT MAallUuHbl yTPauuBaeT
CIIOCOOHOCTH UCIIOJHATH CBOIO (DYHKITHIO M3-3a HEXKENaTeIbHOM MOpUYM MaTepuasa
B pe3yJIbTaT€ XUMHUYECKOTO WU 3JIEKTPOXUMUYECKOTO B3aUMOJECUCTBUSL C

OKpyXkatomieid cpenoil. KoppozmoHHOe paspylieHHe 4YacTo NpOSIBISETCS BO



B3aUMOJICUCTBUU C JPYTUMHU BUJAMU Pa3pylICHUs, TaKUMH, KaK H3HOC WIIU
yctanoctb. Cpeau MHOTHUX THUIIOB KOPPO3UU OTMETUM CIEAYIONIUE. XHUMHUYECKas
KOppO3Hsl MpeJCTaBisieT coO0M, MO-BUAMMOMY, Hanbojee OOUIUN THI KOPPO3UHU
BCJICJICTBUE HEMOCPEACTBEHHOTO KOHTAKTa MOBEPXHOCTH JETAIU C KOPPO3HUOHHOM
cpenoil. XuMuyeckas KOppo3us MPOUCXOAUT Oojiee WM MEHEe PaBHOMEPHO IO
BCEl  OTKPBITOM TOBEPXHOCTH  JETANU.  JIEKTPOXMUMHUYECKAs  KOPPO3Us
IPOUCXOANT, KOTJa Ba Pa3HOPOIHBIX METaia 00pa3yloT 4acThb JIEKTPUUYECKON
LEMH, 3aMbIKAEMON pPACTBOPOM HWJIA IIEHKOW 3JIEKTPOJIUTA WA KOPPO3UOHHOMU
cpenou.

[lleneBass koppo3usi — B 3HAYUTEIBHOM CTENEHU JOKAJIM30BAHHBIN
OBICTPOTIPOTEKAIOIIUNA MPOIECC B MIEISAX, TPEUIMHAX WA CTHIKAX, T. €. B MECTax,
I7Ie  3aJepKUBAIOTCSI Majble KOJIMYECTBA PAcTBOPA, COIMPHUKACAIOMIETOCS C
KOPPOJUPYIOIIUM MeTaioM. TodeuHas (MUTTHUHTOBAas) KOPPO3Us IPEICTaBIISACT
co0Ol JIOKaNIM30BaHHBIC BO3JCHCTBUS, B PE3YJIbTaT€ KOTOPBHIX MPOUCXOIUT
oOpazoBaHue  yriIyOjaeHWid W SIMOK  HA  TIOBEPXHOCTH  MeETala.
MexkpucTaminieckas KOppO3Hsl XapaKTepU3yeTcCsl JOKAJIbHBIMUA BO3IEHCTBUSIMU
Ha rpaHUIlaX 3€pEH HEKOTOPHIX MEIHBIX, XPOMOBBIX, HUKEJIEBBIX, aJIOMUHUEBBIX,
MarHueBbIX U IIMHKOBBIX CILJIABOB IIOCJIE HEMPABHIBHONW TEPMOOOPAOOTKU WU
cBapkd. OOpa3oBaHHE JIOKAJIbHBIX TajJbBAaHUYECKHX S4YEEK, B KOTOPHIX
OCaXIAIOTCS TPOAYKThl KOPPO3WHU, MPUBOJUT K CYIIECTBEHHOMY CHIKCHUIO
MPOYHOCTH MaTepHaa B pe3yJIbTaTe MEXKPUCTAININUECKON KOPPO3UH.

N36upaTtenbHoe BBHINICIAYMBAHUE TPEICTABISET COOOM KOPPO3ZUOHHBIM
npolecc, B Pe3ysbTare KOTOPOTO W3 CIUIaBa YAAIAETCS KaKOW-IMOO 3IIEMEHT.
[Tpumepamu MOTYT CITY>KUTh MPOIECCHl 0OECIIMHKOBAHUS JTaTyHU U TpadutU3anuu
yyryHa. OpO3UWOHHAs KOPPO3Usi — OTO OBICTPONPOTEKAIOMUNA XUMUYECKUM
mpoliecc, Mpu KOTOPOM B pPE3yJibTaTe BO3JACHCTBUS aOpa3vWBHBIX BEIIECTB WIU
MOTOKOB BSI3KMX MaTepUalioB Ha IMOBEPXHOCTH MaTepHalia MOCTOSHHO B MECTE
KOHTaKTa C KOPPO3HMOHHON cpenoi OOHaKaeTCs CBEXKHUM HE3allUIIEHHBIN
Matepuan. KaBuTalioHHass KOPpO3HUSHAOIIOMAETCS, KOTJAa TIOA  BIUSHUEM

JaBJICHUS IIapa ITY3bIPbKM H KaBCPHbBI B KHAKOCTH JIOMAIOTCA Y ITOBEPXHOCTHU



cocyla JaBJE€HUS, B peE3yJbTaTe€ 4Yero YHAISIOTCA YacTULBl Marepuana |
OTKpPBIBAETCSI JOCTYI KOPPO3HUOHHOM Cpele K CBEXEMY, HE3aUIUILICHHOMY
Marepuainy.

Bonoponnoe moBpexaeHue, XOTs caMO W HE SBISETCS KakKoM-InOo
Pa3HOBUIHOCTBIO KOpPPO3WH, BBI3bIBAECTCS €10. K 3TOMY BHIy MOBpEKICHUS
OTHOCSITCSL ~ HACBIIIEHWE  BOJOPOJIOM,  BOJOPOJHOE  OXpPYHNUMBAaHUE U
oOe3yraepoxuBanue. buonormdeckass Koppo3us NpEACTaBIseT co00i Mmporiecc
KOPpPO3UH BCJIEACTBHE AKTUBHOCTU >KUBBIX OPraHM3MOB, @ HMEHHO IPOIECCOB
NOTJIOIIEHH WMH TNHINM W BBIAEIEHUS OTX0H0B. OTX0maMH  SBIIAIOTCS
BBI3BIBAIOIINE KOPPO3UIO KHUCIOTHI U THAPOOKUCH. Koppo3us moxa HampsikeHueM
— OYEHb BaXKHas Pa3HOBUIHOCTHh KOPPO3UHU.

N3HoC sBAsIETCS HEXKENATeNbHbIM MPOLECCOM IMOCTENEHHOTO W3MEHEHMS
pa3MepoB  BCJIEACTBUE YAAICHHS OTAEIBHBIX YAaCTHL € KOHTaKTUPYIOIIMX
NOBEPXHOCTEH MpPU HUX JBUKEHUHU, OOBIYHO CKOJIB3SIIEM, OTHOCUTEIBHO JPYr
npyra. 3HOC sBisIETCS B OCHOBHOM PE3YJIbTATOM MEXaHUYECKOTO JEUCTBUS. DTO
CJIOXKHBIM IPOLECC, TOYHEE AaXKe PAJ Pa3IU4HBIX IPOLECCOB, KOTOPHIE MOTYT
IPOTEKaTh KaK HE3aBUCUMO, TaK M B3aUMOCBSA3aHO. Pe3ynpTaToM 3THX MpPOLECCOB
ABJIAETCS YAQJICHHE MaTepuaia ¢ KOHTAKTHPYIOIIMX I[OBEPXHOCTEW BCIIEACTBUE
CJIIOKHOTO B3aWMOJCHCTBUS JIOKAJIBHBIX CIBUIOB, BJIABJIMBAHWI, CBAapUBAHMUSI
MaTepHaa, pa3pbiBOB U IPYTUX MEXaHU3MOB.

ANre3VoHHBIM  M3HOCIPOMCXOIUT B  pe3ynbTaTe JEUCTBUS  BBICOKUX
JOKaNbHBIX  JAaBJIEHWH, CBapUBaHUA  MEXIy CcoOOH  IIepoxoBaTtocTen
MOBEPXHOCTEH, MOCIEAYIOIEeH MIacThUecKor aedopManiuu, BOZHUKAOUIEH IPH HX
OTHOCUTEIBHOM  IEPEMELIECHUN,  PAa3pyLI€HUs  JIOKAIbHBIX  CLEIUICHHM
IEPOXOBATOCTEW, yAQJICHUS WM TepeHoca Metawia. [lpuabGpazuBHOM
WU3HOCEUYACTULBl YIAISIOTCS C IOBEPXHOCTH B PE3YNbTATE PEKYIIETO WU
1apanaromero JIeHCTBUS HEPOBHOCTEH Oosiee TBEPIONM U3 KOHTAKTUPYIOIIMX
MOBEPXHOCTEH WIJIM TBEPIBIX YACTHUI, 33JEP>KABIIMXCA MEX]Y MOBEPXHOCTSIMHU.

Kor;[a OIHOBPCMCHHO BO3HHKAIOT YCJIIOBUA KaK A aATrC3MOHHOIO, TaK W IJIA



abpa3MBHOTO U3HOCA U KOPPO3UH, 3TH MPOLIECCHI B3aUMOJICHCTBYIOT MEKIYy COOOH,
Y IIPOUCXOIUT KOPPO3HOHHBINA U3HOC.

[1oBEpXHOCTHBIM YCTAJIOCTHBIN HM3HOC MpPEJCTaBISET COOON H3HAIIMBAHUE
BPAIAIOIINXCS WM CKOJB3SIIMX OTHOCHUTENIBHO APYr ApPYyra KPUBOJMHEWHBIX
noBepxHocTed. IIpu »TOM B pe3ynbrare ACUCTBUSA LUKIMYECKMX KacaTeIbHBIX
HaNpsUKEHUH Ha HEOOJBIION IITyOrHE y MOBEPXHOCTH BOSHUKAIOT MUKPOTPELLIUHBL,
BBIXO/SIIIIME HA IOBEPXHOCThb, OTKAJIBIBAIOTCA MAaKpPOYaCTHUIBI MaTepuaga W Ha
NOBEPXHOCTU O00Opaszyrorcs sAMKU. JlepopmManMoOHHBIE HM3HOC MPOUCXOAUT B
pe3ynapTaTe MOBTOPHOTO IJIACTHMYECKOTO J1e(OpPMHUPOBAHMS H3HAIIMBAEMBIX
MOBEPXHOCTEH, MPUBOIAIIETO K OOpPa30BaHHUIO CETKU TPEUIMH, MPU pOCTE U
O0BEIMHEHUU KOTOPBIX 00pa3yroTcsl YacTUIbl U3HOca. JleopMaloHHBIM HM3HOC
4acTo HaOIOaeTcs Mpu JEHCTBUM YIAAPHBIX HArpy30K. Y JIApHBI U3HOC HMMEET
MECTO IPU MOBTOPHOM YIIPYTOM J€(OPMUPOBAHUU B IIPOLIECCE AEUCTBUS YAAPHBIX
Harpy3ok, 0Opa30BaHUU CETKH TpPELIMH, KOTOpbIE pacTyT TaK e, Kak Ipu
MTOBEPXHOCTHOM yCTAIOCTU. PPETTUHI-U3HOC ONHUCAH HUXKE.

Paspymienne npu yaapenpoucxoauT, KOIJa B pe3ysbrare JIEeUCTBUSA
HEYCTAHOBHMBIIMXCS HArpy30K B JETAJIM BO3HUKAIOT TAaKUE HANPSOIKEHUS WU
nedopMaluy, YTo JeTajb yKe HEe B COCTOSIHUM BBIIIOJHUTH MPEAHA3HAUCHHYIO el
¢ynkiuto. PazpyiieHne OpoOUCXOAUT B pe3yjbTaTe B3auMMOJCHCTBHUS BOJH
HampspkeHU W jeopmanuid, SBISIFOUIMXCS CIEICTBUEM JTUHAMUYECKOTO WIIU
BHE3AIHOI'O INPUJIOKEHUS HArpy3oK. B3aumonelicTBue BOIH MOYKET IPUBOAUTH K
BO3HMKHOBEHHUIO JIOKAJbHBIX HaNpsKeHUW W naegopmanuid, BO MHOIO pa3
MPEBBIIAIOIMINX BO3HUKAIOIIME IIPU CTATUYECKOM IMPUIIOKEHUM TEX K€ CAMBIX
Harpy3ok. Eciiu BeMunHbl HanpspKeHUd U AedopMalifii TaKOBbI, YTO TPOUCXOJIUAT
pazzierieHue AeTald Ha JABE WM OoJiee yacTeil, TO HaMuopa3psiB npu yaape. Eciu
yAap OPUBOAUT K BO3ZHUKHOBEHHUIO HEAOIYCTHUMBIX YIPYTHX WIHA IUIACTUYECKHUX
nedopManuii, Takoe pa3pyuieHre Ha3biBaeTcsaaehopMrupoBanueM mpu yaape. Eciu
IpU TMOBTOPHBIX yJapax BO3HUKAIOT LMKIMYECKUE YINpyrue naedopmaiuu, B

PE3YJIbTATC YCro MOABJIICTCA CCTKA YCTAJOCTHBIX TPCIIHH, IMPH POCTC KOTOPLIX



HaAOJI0JaeTCsl OMMCAHHOE paHee SBJICHUE MOBEPXHOCTHON yCTaJOCTH, TO MPOLECC
HA3bIBACTCSYJAPHBIM U3HOCOM.

Ecimu B pe3ynpTaTe MalbIX OTHOCHTEIBHBIX TOIMEPEYHBIX CMEIICHUN IBYX
MOBEPXHOCTEH TPU yAape, KOTOPhIE MOTYT BBI3BIBATHCS  IMONEPEUHBIMU
nedopManusIMid WIH JEHCTBHEM CIIydalHBIX MajbIX OOKOBBIX COCTABJISIOIINX
CKOPOCTEH, MPOUCXOTUT (GPETTUHT (MOApOoOHEee ASTO sBICHHWE OyJIeT OIMCaHO
HUKE), TO pa3pylICHUE HA3bIBACTCS YIAPHBIM (PPETTUHTOM. Y CTAJIOCTh TpHU
ynapeHaboaeTcsi, Koraa pa3pylieHrue MPOUCXOTUT TPU TMOBTOPHOM JICHCTBHUH
yIapHBIX HArpy30K BCJIEICTBHE OOpa30BaHUS M PACIPOCTPAHCHHS yCTATIOCTHBIX
TPEIIHH.

@OpEeTTUHT MOXKET MPOUCXOJUTh HA MOBEPXHOCTU KOHTAKTA JBYX TBEPJIBIX
TeJ, IPKATHIX IPYT K APYTY HOPMATHHOU CHJION U COBEPIIAIOIINX OTHOCUTEIIHEHO
JPYT ApyTa NUKINYECKUE ABUKCHUS MaJIOW aMIUTATYAbl. @PETTUHT OOBIYHO UMEET
MECTO B MECTaX COCJAMHEHHWM, Tam, TN JBIKEHHUA HE JODKHO OBbITh, HO B
pesynbrare  ACHCTBUS  BUOPAIMOHHBIX  HArpy30K  wid  jaedopManuid
HE3HAUUTEbHBIC ITUKINYECKUE CMEIIEHUs BCe-Takh €CTh. OOBIUHO OTKOJIOBIINECS
pu GPETTHHTE YACTHUIBI MaTeprajia 3aePKUBAIOTCSI MEXKITY KOHTAKTHPYIOITAMU
MOBEPXHOCTSIMU, TTOCKOJIbKY OTHOCUTEJIbHBIE CMEIICHUST UX MAJIbI.

@pETTUHT-YCTANIOCTh MPEACTABIAECT COO0M MPEKIEBPEMEHHOE yCTAIOCTHOE
pa3pyIIeHue IeTalyd MaIluHbBI, Ha KOTOPYIO JIEHCTBYIOT MUKINYECKHE HArpy3KH
win aegopMaliid B YCJIOBHUSX, CHOCOOCTByrOHUX ¢pertunry. [loBepxHOCTHBIC
MOBPESKIICHUS M MHUKPOTPEIIMHBI, MOSBISIOMNAECS B pe3yjbTaTe (PpEeTTHHTa,
UTPAIOT POJIb 3aPOJBINICH YCTAJOCTHBIX TPEIIWH, B PE3yNbTaTe POCTa KOTOPBIX
YCTAJIOCTHOE pa3pylIeHUE MPOUCXOUT MPHU TAKUX HArpy3kax, KOTOpPhIE B APYTHUX
YCIIOBHSIX HE BBI3BIBIN ObI pa3pymieHuss. OpeTTHHT-yCTAIOCTh — OYCHBb OMACHBIN
¥ KOBapHBIM BUJI pa3pyIlICHHs, MOCKOJIbKY (GPETTUHT OOBIYHO MPOUCXOIAUT B
MECTax COCOWHEHWH, HE JOCTYMHBIX IS HaOMIOACHUS, W TPUBOJUT K
MIPESKICBPEMEHHOMY WITH Taxe HEOXKHJIAHHOMY (BHE3AITHOMY)

KaTacTpohUIECKOMY YCTATOCTHOMY Pa3pyIICHUIO.



OpEeTTUHT-U3HOC HaOroMaeTCs, KOorja VU3MEHEHHUS pa3mepoB
KOHTaKTHPYIONUX JeTajeil B pe3yiabTaTe (pPEeTTUHTA CTAHOBATCS HEIOMYCTUMO
OONBIIMMU WJIM TaKWMH, YTO TIOSIBISIOTCS KOHILEHTPATOPhl HAIPSKEHUN W
JIOKQJIBHBIE HAIIPSHKEHUS MPEBBIIIAIOT JONMYCTUMBIN YPOBEHb. DPETTUHT-KOPPO3US
IMPOUCXOIUT, KOIJa B pe3yibTare (peTTUHra CBOMCTBA MaTepuaia JAeTalu
YXYAUIAI0TCS HACTOJIBKO, YTO OHA HE MOKET BBITIOJIHATh CBOUX (QYHKIIUH.

Pazpymienne B pesynbTaTe MOJI3YyYECTH NPOUCXOAUT, KOTJA IUIACTHUYECKAs
nedopmaiiis 3JIeMEHTa MalllMHbl WM KOHCTPYKIMH, HAKOIUICHHAs B TEUYCHHUE
HEKOTOPOTrO BPEMEHU JACHUCTBUSA HANPSDKEHUM WM TEMIEpPaTypbl, NPUBOAUT K
W3MEHEHUSM  Pa3MEpPOB,  BCJIEACTBUE  KOTOPBIX  DJIEMEHT HE  MOXKET
YIOBJIETBOPUTENIBHO BBIMIOJNHATh TpeIHa3HAYCHHYI0 emy ¢yHkiuw. I[Iporecc
MOJ3Yy4YECTH, KakK TMPABWIIO, MOXHO pa3deiauTb HA Tpu cragud: 1 -
HEYCTAaHOBUBIIYIOCS, WM MEPBUYHYIO, ITOJ3YUECTh, BO BpEMsI KOTOPOM CKOPOCTH
nedopmaliii YMEHbIIIAETCS; 2 - YCTAaHOBUBIIYIOCS, WJIM BTOPUYHYIO, MOJI3y4eCTh,
BO BpeMsi KOTOpPOH CKOpPOCTh jaedopmanuyd MPaKTUYECKU IOCTOSIHHA, U 3 -
TPETUYHYIO TIOJI3YYECTh, MPH KOTOPOHM CKOPOCTh Jedopmaiuu MoI3y4yecTu
YBEIIMYUBAETCS (Y4acTO JOBOJIBHO OBICTPO) BIUIOTH N0 paspylieHus. Takoil Bua
pa3pyLICHUs YaCTO HA3bIBAETCS Pa3pbIBOM MPHU IOJ3ydecTu. [Iponsonaer wim HeT
TaKO€ pa3pylLICHUE — 3aBUCUT OT XapaKTepa U3MEHEHHUsI BO BPEMEHU HaIPSKEHUN
Y TEMIIEPaTypHI.

Tepmuueckas pemakcaiusi HaOTIOJAETCs, KOTJa B IPOIECCEe MOJM3YYECTH,
NPUBOASAIIEH K  pellakcalldd  NPEABAPUTEIBLHO  HANPSHKEHHOM WA
ne(opMUpPOBAHHOM JeTaliu, €€ pa3Mepbl MU3MEHSIOTCS TaK, 4TO JETaldb YK€ He
MOXXET  BBITIOJIHATH MpeAHa3HauyeHHoW el  dyukuuu. Hampumep, ecnu
IpEeIBAapUTENILHO HAIpSKEHHbIE OOJThI COCYyJa [aBJICHUS, paOOTAIOLIEro B
YCIOBHUSIX BBICOKHX TEMIIEPATYP, PEIAKCUPYIOT BCIEACTBHUE IOJI3YyUYECTH TaK, YTO
Harpy3ka OT MaKCUMaJIbHOTO JIaBJIEHUS MPEBBIIAET NPEABAPUTEIILHYIO HATPY3KY U
TePMETUYHOCTh COEIUHEHUS] HApYIIACTCs, TOBOPST, YTO OONTHI pa3pyIllIaAOTCs

BCJICACTBHUC TepMquCKOﬁ pCiaakcanuu.



Pa3peiB mpu KpaTKOBPEMEHHOW IOJI3Y4YECTH TECHO CBA3aH C INPOLECCOM
MIOJI3Y4ECTH, OJHAKO IPU 3TOM 3aBUCUMOCTb HANPSDKEHUM M TEMIIEPATypbl OT
BPEMEHHU TAKOBA, YTO IEMEHT PA3IEISIETCs Ha Be YacTH. [Ipu sTOM HanpskeHus
Y TEMIIEpaTypa, KaK NpaBUiI0, TAKOBBI, YTO MEPHOJ YCTAHOBUBLIEHCA IMMOJI3YYECTH
OUYEHb HEIIPOJIOJKUTEIIEH WM COBCEM OTCYTCTBYET.

TernoBoil ygap IpOMCXOIWT, KOTJAa I'PAaJMEHThl BO3HHUKAIOIIEIO B JETaJIM
TEMIIEPATYPHOI'O IIOJISI HACTOJNBKO BEJIIMKH, YTO BCJIEACTBHE IIEPEIAIOB
TEMIEPATYPHBIX AePopMaliil HAUMHAETCS TEKYUECTh UM pa3pylLICHUE.

3aeqaHue HAOIIOJAETCs B Cllydae, KOI/la Ha JIBE CKOJIB3SIIKE IPYr IO APYTY
IIOBEPXHOCTH JEHUCTBYIOT TaKW€ HArpy3kM U TEMIEPATypbl, a CKOpPOCTb
CKOJIBYKEHHMsI, CMa3Ka U YCJIOBUs OKPYKAIOLIEH CPElbl TAKOBBI, YTO B pE3yibTare
3HAYUTEIBHON IMJIACTUYECKON nedopMaluy IEepoXOoBaTOCTEH MOBEPXHOCTEH, HX
CBAapUBaHUs, OTJIAMbIBAHMS U LAPAIAIOIIEr0 IEUCTBUSA POUCXOAUT CYILIECTBEHHAS
JNECTPYKLHS MOBEPXHOCTU U IEPEHOC METAJIIA ¢ OJHOW IIOBEPXHOCTU Ha JAPYIYIO.
3aegaHue MOYKHO CYMTATh OYEHb MHTEHCHUBHBIM IIPOLIECCOM aAr€3NOHHOIO U3HOCA.
Korma ykazaHHple TpoLEcChl HNPUBOJAT K 3HAYMTEIBHOMY OCIaOJICHUIO
COCIMHEHHUS WM, HAo0OpPOT, K CXBaTbIBAHUIO, TOBOPAT, YTO COEAUHEHHE
paspymaercd B pesynbTare 3acAaHus. CXBaTbIBaHUE SBISIETCSA, IO CYLIECTBY,
WHTEHCUBHBIM IIPOLIECCOM 3a€JaHMsi, IIPU KOTOPOM KOHTAKTUPYIOLIUE IETalv
MIPAKTUYECKA CBAPUBAIOTCS W HMX OTHOCHUTEIBHOE IEPEMEIICHUE CTAHOBUTCS
HEBO3MOXHBIM.

Pazpymienne OTKOJIOM DIPOUCXOAUT, KOTZJAa OT IIOBEPXHOCTH JIETAIH
CaMOIIPOU3BOJIBHO OTIENAETCSA 4aCTh MaTepHasa, B pe3yJbTaTe 4ero HOPMAaJIbHAs
paboTOCIIOCOOHOCTh 3JIEMEHTAa MallliHbl yTpaunBaercsa. Hampumep, Oponerura
paspymiaercs B pPe3ysbTare OTKOJIA, KOrAa IPU yAape CHapsga O HapyXHYHO
NOBEPXHOCTh OpOHE3alIUThl B IUIUTE BO3HUKAIOT BOJIHBI  HaNpsDKEHUH,
IIPUBOJSILIME K OTKOJIy C BHYTPEHHEM CTOPOHBI 4acCTH MaTepuasa, KoTopas cama
CTAHOBUTCSI CMEPTOHOCHBIM CHApsAOM. [[pyruM npumepoM pas3pylieHus: OTKOJIOM
MOJKET CIYXXHUTh pa3pyll€HUE MOJIIMITHUKOB KauyeHHs WM 3yObeB IIECTepeH

BCJICACTBHUEC OIIMCAHHOI'O PAHCC SABJICHHUA HOBCpXHOCTHOﬁ YCTaJIOCTH.



Pa3zpymenne BciencTBrue painalMOHHOTO MOBPEKICHUSO3HAYAET, YTO MPHU
paauallMOHHOM OOJYYEHUM TMPOM3OILIM TAKUE WU3MEHEHHUsI CBOICTB MaTepuaia,
YTO JIeTallb YK€ HE MOXET BBITIOTHUTH CBOUX (DYHKIMNH. OOBIYHO 3TH U3MECHEHUS
CBSI3aHBI C TTOTEPEH MJIACTUIHOCTH B PE3YJIBTATE OOJYUCHHUS U CIIYKAT MPUIUHOU
HayaJjia mpolecca pa3pyuieHuss TOro WM MHOTO BHAA. DJIacTOMEPbl U MOJUMEPHI
OoOBIYHO O0Jiee TOABEPKEHbI PAJAUAIMOHHOMY TOBPESKICHUIO, Ye€M METaJlIbl,
[PUYEM TPOYHOCTHBIE XAPAKTEPUCTHKH TMOCICIHUX IMOCIE€ PATUALMOHHOIO
oOJlydeHusT HMHOTJA  YJYYIIAlOTCs, XOTS IUIACTUYHOCTh, KakK IIPaBHIIO,
YMEHBIIAETCH.

Pazpyiienne BbIMyunBaHWEeM HAOJMIOJAETCs, KOTJAa TIPU  HEKOTOPOM
KPUTHYECKONH KOMOMHAIIMM BEIWYUHBI W (WMJIM) MecTa MPHUJIOKCHHUS HArpys3kH, a
TaKke (POPMBI U Pa3MEPOB JICTAIH €€ TIEPEMEIIECHHUS WJIH MPOTUOBI BHE3AITHO PE3KO
YBEJIMYUBAIOTCS TIPU MAJIIOM U3MEHEHUM HArpy3Kd. Takoe HEJIMHEMHOE MTOBEJICHUE
MPUBOJIUT K PA3PYLICHUIO BBIMTYYHMBAHUEM, €CJIHA IIOTEpSBIIAsA YCTOWYMBOCTH
JIeTallb y>K€ HE MOYKET BBIMIOJIHATH CBOUX (DYHKITUH.

Pa3pyiienne BciieACTBUE BBIYYMBAHUS TIPU MOJI3YYECTUIIPOUCXOIUT, KOTIA
[0 HWCTEYCHUHM HEKOTOPOTO BPEMEHM B PE3yJbTaTe Ipolecca MNON3YYECTH
BO3HUKACT HEYCTOMYMBOE COCTOSIHME, T. €. Harpy3kh H TI€OMETPUYECKHUE
mapaMeTpbl JETAIM CTAHOBSATCS TAaKUMH, YTO TEPSAETCA YCTOMYHMBOCTh U
MPOUCXOIUT Pa3pPyILICHUE.

Pazpymienne B pesynbTaTe KOPPO3WH II0J] HampsDKEHUEM HaOJIr01aeTcs,
KOrJla JCHUCTBYIOIIME HANPSOKEHUST MPUBOASIT K BO3HUKHOBEHHUIO JIOKAJIbHBIX
MOBEPXHOCTHBIX TpPEIINH, PaClojaraloiuxcs OOBIYHO BIOJIb TPAaHUIl 3€pEeH, B
JeTaay, HaXOJAIICHCs B KOPPO3MOHHOM cpeae. YacTto oOpa3zoBaHHE TpEIIMH
MHUIMAPYET HAYAJIO MPOLECCOB pa3pylI€HHs APYrux BHAOB. PaspyiieHue B
pe3ysbTaTe KOPPO3WH MO/ HAMpsHKEHUEM MPEACTaBiIseT cO00W OYeHb OMacHBIN
BHUJ] KOPPO3UOHHOTO pa3pyLICHHUS, IOCKOJIBKY €MY IMOJIBEPKEHBI MHOTUE METAJUIBL.
Hanpumep, pazHooOpa3Hble YYTyHBI, CTajld, HEP>KaBCIOIIUE CTalid, MEIHbIC U
AJTIOMUHHEBBIC CIUIABbl TMOJABEPKEHBI KOPPO3HUOHHOMY PACTPECKUBAHUIO O]

HaIpsHKCHUEM B HCKOTOPBIX KOPPO3MOHHBIX CPEaAAX.



Pa3pymienue BciencTBre KOPPO3MOHHOIO M3HOCASBIISIETCS CIIOKHBIM BUJIOM
pa3pyuieHus, Ipu KOTOPOM HEOJIArompHsTHBIE MOCIEACTBUS KOPPO3UU U HU3HOCA
OPUBOJAT COBMECTHO K IOTepe paboTrocnocoOHOCTH Jaetand. B mpouecce
KOPPO3HH 4acTO 00pa3yroTCsl TBEPAbIE a0pa3UBHBIE YACTULIBI, KOTOPBIE YCKOPSIOT
W3HAIIMBaHUE, a B IPOLECCE H3HALIMBAaHUSA B CBOIO OYEPEIb C IOBEPXHOCTHU
NOCTOSIHHO YAAJSIOTCSA 3alllUTHBIE CJIOW U OOHaXaeTcsl CBEXKUHW MeETajll, 4To
YCKOPSIET KOppO3uI0. B3anmHOE BIMsSHHE 3THX NPOLUECCOB JpPyr Ha Jpyra
CYLIECTBEHHO MOBBILIAET ONACHOCTh Pa3pPyIICHHUS.

Koppo3uonHast ycTanocTh mpeACcTaBIseT cOOOM CIOXKHBIN BUJ pa3pylICHHUS,
IIPU KOTOPOM COBMECTHO CKa3bIBalOTCs HeOJaronpustHble 3(h(PEeKThl KOPPO3UH U
YCTAJIOCTH, IPUBOIAIIME K pa3pylICHHUI0. B mporecce KOppo3uu Ha IMOBEPXHOCTH
MeTajula 4acTo 00pa3yroTCs SMKH, CIyXallue KOHUEHTpATOpaMu HanpsbkeHuil. B
pe3ysibTaTe KOHIIEHTpAallMM HaNpsDKEHUH MPOLECC YCTATIOCTHOTO pa3pylIEeHHUs
yckopsiercsi. Kpome Toro, TpeImmHbl B XpYIKOM CJIO€ MPOAYKTOB KOPPO3UHU CITy’KaT
3apOJbIIIAMU YCTAIOCTHBIX TPEUIUH, PACIPOCTPAHSIONIMXCS B OCHOBHOM MeETaJll.
C npyroil cropoHbl, B pe3yibTaTe AEUCTBUS LUKIMYECKUX HANPSHKECHUH WM
nedopmalii NpOUCXOJUT PaCTPECKUBAHUE U OTCIAMBAaHUE MPOLYKTOB KOPPO3UH,
T. €. OTKPBIBA€TCS JOCTYIl KOPPO3HMOHHOW Cpelie K CBEXeMy MeTaury. Takum
obOpaszom, o0a mporecca YCKOPSIOT APYT APYyra, U OMacHOCTh Pa3pyIICHUS MOXKET
OBITH OYEHBb OOJIBIIIOMN.

Pa3pynieHue BCleACTBHE MONA3Y4YECTH C YCTAJIOCTBIO SIBISIETCS BHIOM
pa3pyllieHus, MPOUCXOMSAIIEr0 B YCIOBHUSAX, BbI3BIBAIONIMX OJHOBPEMEHHO U

YCTAJIOCTh, U IIOJI3YYCCTh.

Jdexuus 8. YCTAJIOCTHOE PASPYUHIEHUE JETAJIEA MAIIIUH

CTOMKOCTh METAJUIOB MPOTHUB YCTAJIIOCTHOIO Pa3pyLIEHUs SABISETCA OOHUM
U3 BaXHBIX (PAKTOPOB, BIMSIOUIMX Ha HAJEKHOCTh U JIOJITOBEYHOCTH MAIIIKH.

SIBiieHME  yCTaJOCTHOIO paspylIeHUs JETalle CBsI3aHO C  IUIACTUYECKOMN



nedopMmanueii, Tpu KOTOPOW MPOUCXOAUT peanu3alis pa3IuyHbIX MEXaHU3MOB
B3aUMOJECUCTBUS JUCIOKAIMNA, CKOIUICHUE BAKAHCHU M 3aPOXKIACHHUE YCTATIOCTHOU
TPELIUHBI.

B sTOoM ciokHOM mporiecce OOJBITYI0 POJIb UTPAIOT afcoporms, nuddysumu,
koppo3usa.  IIpomecc  ycTanocTHOrO  paspyll€HHs  YCIIOXKHSAETCS  IpHU
OJTHOBPEMEHHOM LHKJIMYECKOM Harpy>K€HUU U Harpy»KE€HUH TPEHHEM B YCIOBHSX
BO3JICHCTBUSI BHEIIHEW Tra30BOM M KUJKOW cpel. B Takux ycinoBusix paboTaer
OOJBIIMHCTBO JIeTajeil MalllkH.

YCTaHOBJIIEHO, YTO MHOTOKPAaTHOE IIPUJIOKEHUE HArpy30K BBI3bIBACT
paspylieHue JeTalled MAllMH W JJIEMEHTOB KOHCTPYKIMM IIPU HaIPSIKCHUSX,
3HAQUYUTEIBHO MEHBIIMX, YEM B CJIydae OJHOKpPAaTHOTO X Harpyxenws. [lpu
OOJIBIIIOM YHUCJIE TOBTOPHBIX HATPYKEHUU HAMPSHKEHUS, TIPU KOTOPHIX MTPOUCXOUT
paspylieHue, MOTryT ObITb HH)XKE HE TOJIbKO Mpezesia MPOYHOCTH U Ipejena
TEKy4eCTH, HO U MpeJieda YyOpyrocTH. DTO sBJIEHUE ObUIO Ha3BaHO YCTAJIOCTBIO
METAJIJIOB.

BHemHuM MposiBIEHHEM YCTAIIOCTH METAJUIOB SIBJISIETCS BO3HUKHOBEHUE U
pPacIpOCTpaHEHUE MIPX MHOTOKPATHBIX HArpy3Kax XapaKTEPHOTO BHJA TPELIMH Ha
NOBEPXHOCTU H3JEIUIl B TEX MecTax, IJle HMEITCS cielbl 00paboTKu
UHCTPYMEHTOM, MEPEXOAbl OT OJHOIO CEYEHUs K JApyroMy WIM Jpyrue
KOHILIEHTPATOPbl HANpPsOKEHWW. TpPEnIMHbl YCTaJOCTH NOSBIIOTCA HE cpasy, a
nocteneHHo. CHayasia B MeTaJJle HaKaIlUIMBAIOTCS HEOoOpaTUMbIE W3MEHEHUS,
NPUBOJAIINE K BO3HMKHOBEHHMIO MHUKPOCKONMYECKMX TPEIIMH, a 3aTeM
MPOUCXOJIUT MOCTENEHHOE YBEIUUYECHUE U YIIyOJIEHWE UX BHYTPb M3JENUsS MO €ro
CEUEHHUIO, TMOKa OcialJeHue TMOCIEeIHEr0 HE MPUBOAUT K 3aBEpUIAIOIIEMY
XPYIIKOMY Pa3pyLICHUIO METAILIA.

MHOrosneTHue HUCCIEAOBaHHUS YCTAJOCTHBIX MOBPEXKICHUN IO3BOJIUIIN
cAenaTh BBIBOJI, YTO YCTaJOCTh OXBAThIBAET JBE 3HAUUTEIIBHO OTJIWYAIOIIHECS
JPYT OT JApyra 00JacTi HUKINYECKOTO HArpyKeHUs U 1e(OpMUPOBAHHUS, B KaXKI0U
U3 KOTOPBIX Pa3pyIlIeHUE SABIISICTCS CICICTBUEM JICUCTBUS PA3IMUHbBIX (PU3UUECKUX

MexaHu3MoB. OJIHa U3 ATUX 00JIaCTEN — IUKIMYECKOE HArpyXEHUE, MPU KOTOPOM



BO BpEMsI KaXJIOTO ITMKJIA BO3HUKAIOT 3HAYUTEIbHBIE IJIACTHYECKUE AeopMaIiuu.
Ota 007acTh XapakTepus3yeTcs OOJBITUMHU TI0 BEIMYMHE HATPy3KaMH U MaJIbIMH
JOJITOBEYHOCTSMHU, T. €. HEOOJBIIUM YHUCIOM LHUKJIOB JIO YCTaJIOCTHOIO
pa3pyuieHus. OObIYHO 3Ta 00JaCTh Ha3bIBACTCSIMAIOIMKIOBON YCTAIOCTHIO.

Hpyras o65acTh — HUKJIMYECKOE HArpy>KeHHEe, MpU KOTOPOM AedopmMaiius
BO BpeMsl KaXXJOro LMKJIA B 3HAUUTENBHON cTemneHu ynpyra. [[ns stoit obnacTtu
XapaKTEPHbl MaJible Harpy3kd M OOJbIIME JOJTOBEYHOCTH, T. €. OOJIBIIOE YUCIIO
IUKIOB JI0 pa3pylieHHs. DTa 00JacTh OOBIYHO HA3BIBAETCS MHOTOIMKIOBOMN
yCTaIoCThi0. MalloIMKIIOBast yCTaa0CTh OOBIYHO ACCOLMUPYETCs C 00TIACThIO, IS
KOTOPOM YHUCIO [MKIOB 10 paspymieHuss He npesbimaer 104—I105, a
MHOTOIIMKIJIOBAas ~ yCTaJIOCTh €  OO0JacThlo, KOTOpas  XapaKTepU3yeTcs
nonroBeyHocThio 6oree 104— 105 mukios.

[ToBTOpHO-TIEpEMEHHBIE HATPY>KEHHSI 0 CBOEMY XapaKTepy MOTYT OBITh
pa3HooOpa3HbiMU. PasznuyaroT  cienyronue  BUABI  IIMKJIOB  HAIPSKCHUS:
3HAKOIIEPEMEHHBIM CHUMMETPUYHBIM LMKJ, 3HAKOIEPEMEHHBIM ACUMMETPHUYHBIN,
NyJbCUPYIONINHM, 3HAKOMOCTOSAHHbIA. [lukn HampspkeHUE — xapakTepu3yeTcs
MaKCUMAaJIbHBIM HAIPSKECHUEM Oy, MUHUMAIBHBIM Gpin, AMIUTATYION, CPETHUM
HaMpsHKeHUEM U KO3 UIIMEHTOM aCUMMETPUH ITUKJIA.

OCHOBHBIM  KpUTEpPHUEM, XapaKTEPU3YIOUIUM COINPOTHUBJICHHE MeETaslia
YCTAJIOCTHOMY  pa3pylIEHUI0, SBISETCA TpeAesl  BBIHOCIMBOCTH  (IIpeaen
YCTAJIOCTH), KOTOPBIM  JUIsl  3HAKOMEPEMEHHOTO CHUMMETPUYHOTO  IMKJIA
0003HaJaeTcs O.1.

Ilog mnpenenoMm BBIHOCAMBOCTM IMpU JaHHOM R moapa3zymeBaercs TO
HauWOOJIbIIIEE HAIMPSIKEHUE IUKIA Opax, KOTOPOE MOKET BBIIEPKATh MeETasll
oOpasnia 0e3 paspylieHuss OT YCTAJIOCTH MPU HEOTPAHUUYECHHOM YHCJIE IUKIJIOB
Harpy3KHu.

[Tpu ucnpITaHUsSIX OOBIYHO MPUHUMAIOT 33JaHHOE YUCIIO TIEPEMEH HaTrpy3KH
(6aza), KOTOpoe HE [OJDKHO BBI3bIBaTh YCTAJIOCTHOIO pa3pyiieHus. ba3zy
YCTaHABIMBAIOT B 3aBUCHUMOCTH OT MPOTPAMMbI HUCIBITAHUH W CIYy>KEOHOTO

Ha3HA4YCHHA UCIILITYEMOI'O METaJlIa.



BTtopeiM kpuTepueM, KOTOPHIM MOKHO XapaKTE€pU30BaTh CTOU-KOCThb
MeTaJljla MPOTUB YCTAJIIOCTH, SIBJISIETCS JOJTOBEYHOCTh. JlonroBeuHocte N— 3T0
YUCJIO IMKJIOB HAIPSKEHHUs, IPU KOTOPOM IMPOUCXOJIUT pa3pyLICHHE B JTAHHBIX
YCIOBUSIX MUCHbITaHuA. McnblTaHWe Ha  BBIHOCIMBOCTh — 3aKJIIOYAETCS B
YCTAaHOBJICHUH 3aBUCUMOCTHU Gy OT COOTBETCTBYIOIIEH nonroBeyHoctr N.
KpuByt0 BBIHOCIMBOCTH ([IOJITOBEYHOCTH) CTPOSIT MO JAHHBIM, TOJYYEHHBIM MPU
WCTIBITAHUSIX.

Cy1miecTByeT HECKOJIBKO CIOCOOOB MOCTPOCHMSI KPUBBIX BBIHOCIMBOCTH
(mosroBeunoctH). Yarie BCero ux CTPOSAT B KOOPAMHATAX Gpax— IQN B Gpax—N.

B Hactosiiiee Bpemsi B 1uTepaType OMMCAHO MHOTO METOJOB YCTaJTOCTHBIX
UCIIBITAHUI, KOTOPBIE UCIIOJIB3YIOT JIJISl IOCTPOEHUSI KPUBBIX BBIHOCIUBOCTH.

Metonuka yCTalOCTHBIX MCIBITAHUN BKJIKOYAETCS B ciaeayromem. U3
UCIIBITYEMOI'0 MeTaJljla M3TOTaBIMBAIOT CEPUI0 CTaHAapTHHIX oOpasuoB (10—12
MITYK), KOTOpPbIE MOJIBEPraloT UCIBITAHUIO Ha CIICIMANIbHBIX MallnHax. Benunuuny
HaIpPsHKEHUS U YUCTIO0 HATPYKEHUM, PU KOTOPBIX JIOMAIOTCS 00pasilbl, HAHOCST Ha
KOOPAMHATHYIO CUCTEMY C OCSIMU HAIIPSKEHHUE a — YUCIIO [IUKIIOB HarpykeHui N.
[Ipu ucnpITaHUK TOCIENYIONIETO 00pa3iia HANPsHKEHUE YMEHbIIAaT. B pesynbTare
MHOTOKPAaTHOTO TOBTOPEHHS HCIBITAHUN 00pa3yeTcsi CHUCTeMa TOYEK, COSTUHUB
KOTOPBIE MOJYyYAOT KPUBYIO BBIHOCITUBOCTH.

JInst ctanu KpuBasi BBIHOCIUBOCTH, TMOJIyY€HHAs MPU UCHBITAHUU B CYyXOM
BO3/lyX€, MPUOJM3UTENBHO TMOCHEe |—2 MIH. IUKIOB HArpy»eHUW CTaHOBUTCS
MOYTH TOPU3OHTAIBHOM, T. €. Koahduurent KO npubnmxaercs k 1. [loatomy npu
OTpENICJICHUH TIpejieiia BBIHOCIMBOCTH OOBIYHO OrpaHu4uBarOTcs 6—10 MIIH.
LUKJIOB HATPYKECHUM.

KpuBble BBIHOCIMBOCTH IBETHBIX METAUIOB MEJJIEHHO MPUOIMXAIOTCS K
TOPU30HTAIBHOMY YYacCTKy, MO3TOMY HEJb3sl ONPEAEIUTh WX MCTUHHBIA MIpenel
BBIHOCJIMBOCTHU. 32 YCJIIOBHBIM Mpeea BRIHOCIUBOCTH B ATUX CIy4asiX MPUHUMAIOT
TO HMUKJIMYECKOE HANpsKEHHE, KOTOPOE BBIICPKUBAET 00pasell, He pa3pyliasch

IPH YCIOBHOM umcie MukiIoB N, 00sraH0 paBHOM (50...100) 10°.



KpuBas moBpexJaeMOCTH NOKa3bIBAET CBSI3b MEXKIY YHCIOM IMKIOB M
HaIPsHDKEHUSIMU, IPU KOTOPBIX pa3pyLIEHUs METalla €Ile HET, HO YK€ MPOUCXOISAT
HEOOpaTUMbIE H3MEHEHHUS €ro CBOMCTB U MOSBJISIIOTCS IEPBBIE YCTAJIOCTHBIE
TPEIIHHBI.

VYCTanoCTHBI M3JI0M HMMEET JABE PE3KO OTIMYHBIX IPYr OT Jpyra 30HBI.
ITepBast — upe3BblyaiiHO Menko3epHucTas (papPopoBuaHas), UMEIOIIAs IIaaKYIO,
Kak Obl MPUTEPTYIO0 MOBEPXHOCTh M XapaKTEpPHbIE KOHIECHTPUUYECKUE JIMHUU,—
ABJIIETCSI 30HOM IIOCTENEHHOTO pas3pylIeHHs OT YCTaIOCTH. Brtopas 30Ha,
UMEIasi OOBIYHOE KPUCTAUIMYECKOE CTPOCHUE W HANOMHMHAKOWAs XPYNKUN
U3JIOM TIpU  CTaTUYECKOM  Ppa3pylI€HUH, SBISETCA 30HOW MTHOBEHHOIO
3aKJIIOUUTENBHOTO paspyieHus. Yaie Bcero oOpa3zoBaHHE OYaroB pas3pylICHUs

HAa4YMHACTCA C TIOBEPXHOCTHU HUKIINICCKHU H&pr)KGHHOfI JdCTalIu.

8.1. BiiusinMe BHEIIHUX MEXaHNYECKHNX BO3ACHCTBIH HA yCTAJIOCTh

Pe3ynbTaThl ucciaeqoBaHUs Mpoliecca BBIHOCIMBOCTU METalla B BO3yXe
MOKa3aiv, 4YTO NpeAeia BBIHOCIMBOCTA MNPAKTUYECKHM HE 3aBUCUT OT 3aKOHA
M3MEHEHUS HANPsHKEHUN B TEUEHUE OJHOTO IIMKJIA U YaCTOThl U3MEHEHHUS ITUKIIOB
10 1000 I'm. B oCHOBHOM Ha Mpenesl BBIHOCIMBOCTH OKAa3bIBACT BIIUSHHUE BU]
HaMnpsHKEHHOTO COCTOSIHUSA, BEJIMYMHA W 3HAK MAaKCUMAJIbHOTO M MUHHUMAaJIbHOIO
Harpy>KeHUM U CTENEeHb ACUMMETPHUH LUKJIA.

BnusHue acuMMeTpuM LMKIA XapaKTEPU3YeTCs AUarpaMMoi IpeeibHbIX

HaIpsHKeHUH (MOJTHOW JuarpaMMOi BEIHOCIIUBOCTH).

8.2. HekoTopble TeopuH YCTAJOCTH M MOAEIb NpoLecca pa3pylieHHus
NPHU YCTAJTOCTH

B Hacrosimiee Bpemst erie He CyIecTBYeT €ANHOM OOIenpu3HaHHON TEOpUH
YCTAJIOCTHOTO PAa3pyIIeHUs, MOCTPOSHHOW Ha TMPEJICTABICHUSAX O (PU3UUECKHUX
polieccax, COMPOBOXKIAIOIINUX ITO siBJIeHHE. MHOTHe ncciaeaoBaresid 00bSICHSIOT

9TO TEM, YTO B 3aBUCUMOCTH OT CTPYKTYPHOI'O COCTOSAHHUA MATCpHUATIA U YCJIOBI/Iﬁ



LIUKJIMYECKOIO HArpy>XeHUs BO3HUKAIOT M JEHUCTBYIOT pPa3jJU4HbIE MEXaHU3MBbI
3apOKJICHUS U PA3BUTHS YCTAJIOCTHBIX TPEUIUH.

IIpuMeHeHne TEOpUM  HECOBEPUICHCTB  KPHUCTAIMYECKOTO  CTPOCHMS
peanpHOro MeTaula K M3Y4YEHHUIO Ipolecca paspylleHUs MeTaula B YCIOBHSX
UKJIMYECKOIO0 HArpyXKeHHsI MO3BOJIMIO OoJiee ONM3KO MOJOUTH K PACKPBITHIO
(u3NYECKOI PUPOABI YCTATOCTHOTO pa3pyLICHHUS.

Hecmotpss Ha TO, 4TO B HacTrosliee BpeMs €II€ HE YCTAaHOBJIEHA €OUHAas
TOYKA 3PEHHUS HA SBJICHUE YCTAJOCTH, IPUMEHEHUE TEOPUHU IUCIOKALMH INpU
M3YYEHHUH YCTAJIOCTHOTO Pa3pyLIEHUs CYIIECTBEHHO IIOMOTAeT PACKPBITh IIPUPOAY
9TOTO sBJICHHs. DaKTOpamMu, ONPEACTAIOMMMHI 3aKOHOMEPHOCTD Pa3pyLIEHUs NIPU
YCTAJIOCTH, SIBIISIIOTCS BO3BPAaTHO-NIOCTYIATEIbHBIE JIBV)KCHHS JTHUCIOKALMA M HMX
B3aUMOJICUCTBUS MEXAY COO00OW U JpyruMu JeeKTaMu KPUCTAUIMYECKON
pemietku. Bo3Hukatomue mnpu 3ToM  3PQPEKThl AHHUTWIALMU AUCIOKAIUi,
BO3HMKHOBEHUE BaKaHCHM, JIOKAJBHOE IOBBIIICHUE HAPSDKEHUM U TEMIIEpaTypbl
CIIOCOOCTBYIOT 3apO>KJICHUIO TPEIIUH.

JIBrKeHUEe JHUCIOKAaUMid M peanu3auus pasMYHbIX MEXaHU3MOB UX
B3aMMOJICUCTBUS TMPUBOAUT K OOpa30BaHUIO OOJIBIIOIO KOJUYECTBA BAKaHCHUU.
[Tocnenyromass KoaryJsiusi BakaHCHM B IPOLECCE LHUKIMYECKOTO W3MEHEHUS
HanpsDKEHUN 00yclIoBIMBaeT o0pa3oBaHUE UX KOJIOHHM, KOTOpbIE MPEACTaBISIOT
co0oil 3apoablliy TpemMH. JlanpHelee pa3BUTHE YCTAIOCTHBIX TPEUIMH
IIPOUCXOJNUT 32 CYET OCAXKICHHsS BAaKAHCUI Ha IIOBEPXHOCTAX OTUX TPEILUH,
KOTOPOE€ 3aKaHYMBAETCA B KOHEUHOM UTOT€ YCTAJIOCTHBIM Pa3pyLIEHUEM METAILIA.
Takum 00pa3oM, yCTaJOCTHOE pa3pylIeHUE MMEET JBOMCTBEHHBIN Xxapakrtep. C
OJTHOM CTOPOHBI, OHO COIPOBOYKJIAETCS OCAXKIECHUEM BAKaHCHW Ha MOBEPXHOCTAX
MUKPOTPEIIMH B IUIOCKOCTAX MAaKCHUMAaJbHBIX HOPMAaJbHBIX HANpPSKEHUH, a C
APYroM,— KOaryJasiliue BAaKaHCUM B INIOCKOCTAX MAKCHMAJIBHBIX KacaTEIbHBIX
HaNPSKCHUM.

PazBuTHe mporecca paspylieHns MeTajia Ipu yCTalOCTH MOXKHO pa3eiauTh

Ha HCCKOJIbKO IICPHUOI0B.



B nmepBom mnepuose (MHKyOAllMOHHOM) TPOUCXOAUT  HAKOIUICHHUE
IUTACTUYECKON AedopMaliuil U yNPOYHEHUE MaTepHalia B pe3ysbTaTe CKOIUICHUS
JUCJIOKAlMI Tiepe] NMPEnsTCTBUSIMH, B OCHOBHOM Yy IPUIIOBEPXHOCTHBIX CJIOEB.
Takum 00pa3oM MOKHO CUMTaTh, YTO MEPBOM CTagued Mpolecca YCTalIOCTH
ABJIIETCSI AKTMBU3ALMs HCTOYHHMKOB JIUCIOKAlMW. YKa3aHHbIE IPOLECCHI
IIPEUMYIIECTBEHHO IIPOTEKAlOT IIPM  BBICOKMX HalpsDKeHUsAX. Penakcanus
JIOKaJbHBIX HANpPsDKEHUI B MPHUIOBEPXHOCTHOM CJIO€ MPUBOJUT K OOpPa30BaHUIO
OonblIOro yMciaa BakaHcuid. OOpa3oBaHuE BO BpeMsl MHKYOallMOHHOTO IEpHoja
MIOJIOCHI CKOJIBKEHHSI Tak)Ke CIOCOOCTBYET HaKallIMBAaHUIO BakaHcuil. Btopoi
NEPUOJI XapaKTepuszyercs oOpa30BaHMEM MHKPOTPEIIMH, Pa3BUTHE KOTOPBIX [0
KPUTHUYECKHUX Pa3MEpPOB IIPOUCXOIUT B TpeTheM nepuoze. llocnenqnuil, yeTBepThI,
IIEPUOJ Pa3BUTUSA INPOILECCAa YCTAJOCTH HACTYNaeT C MOMEHTA JOCTHXKEHUS
TPEIMHONW KPUTHUYECKUX PA3MEPOB U MPOAOIDKAECTCS IO XPYIKOIO pa3pyLICHUsS
MeTaia.

Ha ocHOBanmm cymecTtBoBaHWs  €AUMHOM  3aBUCHMOCTH  BPEMEHH,
IIPOTEKAIOLIETO J0 Pa3pyLICHHs], OT BEIMYHMHBI PACTATUBAIOLIETO HAINPSOKEHUS U
TEMIIEPATYPbl MOKHO CHENIaTh BBIBOJ O TOM, YTO HAJIMYHME D3TOW E€IUHOU
3aBHCHUMOCTH TPOYHOCTH TBEPABIX T€J YKa3blBa€T Ha OOLIMEe 3aKOHOMEPHOCTHU
IUIACTUYECKON epopMaliiy U pa3pylIeHHs HE3aBUCUMO OT YCJIOBUHM aedopMaluu
Y BUJIA pa3pyLIEHUs] — BA3KOr'0, XPyIKOTO WJIH YCTAIOCTHOTO.

I[Ipu  mukaMueckoM  AepOPMUPOBAHMM  HWHTEHCHUBHOCTh  Ipoliecca
TreHEpUPOBAHUS JMUCIOKAUUWA, WX [BW)KEHHE, KOAryJasiius ¢ aHHUTHIISIIUS
BAKaHCUN MPOUCXOAAT 00Jiee MHTEHCHUBHO, IMOCKOJIBKY CKOPOCTb MPOTEKaHHS
JOKaJIbHBIX MJIACTUYECKHUX JAe(opmalivii Ha HECKOJIBKO MOPSJIKOB BbIIIE CKOPOCTU
IJIaCTUYECKON ehopmManuu Npyu CTaTUYECKOM Harpy>KeHUH.

B cymecTByrOmuUX IUCIOKAMOHHBIX TEOPUSX MPEIIaraeTcss HECKOJBKO
cxeM 00pa30BaHUs TPELIMH, HO BO BCEX 3TUX TEOPHSIX IJIaBHbIE JUCIOKAIIMOHHBIE
MEXaHU3MBbI 3apOKICHUS, Pa3BUTUS TPEUIMHBI U pa3pylIeHUs] METajula OCHOBAHbI

Ha MPOLIECCE CKOIUJIEHUS AUCTOKALMN Y TTPEISITCTBUM.



IIpr wucnonp30BaHMM CYWIECTBYIOIIEH AHAIOTMU MEXAY IPOLECCAMHU
IOTJIOLIEHNS JHEPIUM  KPUCTAIMYECKOW PEIIETKOM IIPU  MEXAHMYECKOM
Harpy>)KCHUM [JI0 pa3pylleHUsT M HAarpeBe MeTaula J0 COCTOSIHMS IIOJIHOTO
pacIuiaBiIeHus], OblIa IOCTPOEHA CTPYKTYPHO-DHEPreTHUYECKAs TEOPHUS YCTAJIOCTH
METauIoB. B 3TOM TeopuM SBIEHUE YCTAJIOCTH CBA3BIBAETCS C Pa3BUTHEM B
JOKAJIbHBIX 00BbEMax MeTala JBYX OCHOBHBIX IIPOLIECCOB: HAKOIUICHHUS
HEYIPYTUX UCKAKECHUN KPUCTALINYECKOW PELIETKH 10 KPUTUYECKOW BEJIMYMHBI U
HapyIlICHUs MEKAaTOMHBIX CBsI3ed B 00bEMax MeTajula C MPEAEIbHO MCKaKEHHON

KPUCTAUINYECKOU PEIIETKOM.

8.3. Biiusinne KkayecTBa MOBEPXHOCTH HA YCTAJIOCTh

TeopeTdyeckd M HKCIEPUMEHTAIBLHO YCTAaHOBJEHO, YTO MOYTH BO BCEX
CIy4yasiX MPOLIECC YCTAIOCTHOTIO Pa3pylICHUsT HAYMHAETCS C MOBEPXHOCTH. ITO
OOBSCHAETCS TEM, YTO METaJUI IMOBEPXHOCTHOTO CIJIOSI MOKET HaXOJUThCA B
HEOJAronpusITHBIX  YCIOBHUSAX  HATrPy)KCHUs, HaNpuUMep, HaNpsHKEHUs Ha
MOBEPXHOCTH MOTYT JOCTUTaTh HAMBBICIIUX 3HAYEHUN (Jake NpHU YCIOBUHU
HEKOTOpPOTo u3ruda jeraned, HOMUHAJIBLHO HArpy»eHHbIX Mo ocHu). M3meHeHue
CEUEHUs [eTalld, MOBPEXKIEHUS M IIEPOXOBATOCTh IOBEPXHOCTH BBI3BIBAIOT
MECTHYIO KOHIICHTPAIUIO HANPSKEHUMN, JOCTUTAIOLIYI0 HAUBBICIIUX 3HAYCHHUI Ha
MOBEPXHOCTHU. B MOBEPXHOCTHOM CJI0€ MPU BO3JEHCTBUU TOBEPXHOCTHO-AKTUBHBIX
U KOPPO3UMOHHBIX CpEl 3apOXkKAAl0TCS M Pa3BUBAIOTCS KPUTUUYECKUE TPEIIUHBI
ycTajiocTu. B CBSI3M ¢ OTUM CTAHOBUTCS OUYEBUIHBIM, UYTO OT KadyecTBa
MOBEPXHOCTH 3aBUCUT HWHTEHCUBHOCTH TMPOIECCA YCTAJOCTHOTO pa3pylIeHUs
MeTasa.

B pesynbrare uccinegoBaHuil ObUIO YCTAHOBJIEHO, YTO KHUCIOPOA U ApPYTHe
ra3pl, BCTYHAlOIIME€ B COEJUHEHHE C UCIBITYEMBIM METAJUIOM, YBEIUYUBAIOT
CKOPOCTh  pacOpOCTPAaHEHHsS TPEIIMH, B  pe3yJbTaTe€ YEro CHIXKAETCS
JOJITOBEYHOCTh O0pas3loB, a IMO3TOMY MOYTH BCSKOE YCTaJOCTHOE HCIBITAHUE

MPEICTABIIIET COOO0 MCTIHITAHNE HA KOPPO3HOHHYIO YCTAIOCTb.



[Ipouecc KOppO3MOHHOM YCTAJIOCTH, MPOTEKAIOMINN B KUAKOW XMUMUYECKHU
aKTUBHOW cpejie, 00nafaroeil CBOMCTBaMH 3JIEKTPOTINTA, 3HAUUTEIBHO CIIOKHEE
mporecca, MPOTEKAIOMIEro B Ta30BOM Cpele, Tak KaKk B ITOM Clydae, KpoMme
XUMHYECKHUX IPOLIECCOB, HAOMIOMAIOTCA U dJIeKTpoxumuueckue. [lpu Hammuuu
KOPPO3UOHHO-arpECCUBHON Cpelbl OJTHOBPEMEHHO MPOTEKAIOT
DIIEKTPOXUMHUYECKUE TIPOIIECCHl KOPPO3UM M IHMKJIHU-ECKOTO Je(popMHUpOBaHUS
MeTaia. DTUM TMpoleccaM MPEANIeCTBYET afcopOLus U3 KOPPO3HOHHOU Cpebl
(MoHOB 1MOO TENBIX MOJIEKYJ) Ha TMOBEPXHOCTH METallla, BBI3BIBAs SIBICHHC
ancopOIMoHHON ycTanocTd. [Ipy BBICOKMX aMIUIMTYyAaX Harpy>KeHHUs B KHCIBIX
cpelax MPOMCXOAWUT MPOIECC HABOJOPAKUBAHUS KATOAHBIX YYaCTKOB IO H
KPUCTAJUIMYECKOTO METaJUula, BBI3bIBas HX OXPYMUYEBAHUE U pa3pyllICHUE.
Koppo3nonHas  ycTaloCTh CONPOBOXKIAETCS MPOTEKAaHHUEM  KOPPO3MOHHBIX
IIPOLIECCOB, CPEAN KOTOPHIX OCHOBHYIO POJIb UTPAET aJcopOLusi, CHOCOOCTBYOIIAs
poCTy uHciaa CABUIOB, YTO B KOHEYHOM HWTOre MPHUBOJUT K OOpa30BaHUIO
YCTAaJOCTHBIX ~MHUKpoTpemmH. [lpu nmanpHeWmeM pa3BUTHH  YCTaJIOCTHOTO
paspyleHus aJcOpOLMOHHBIE SIBICHUS YCTYNalOT MECTO YHCTO KOPPO3HMOHHBIM
SIBIICHUSIM, TIPOUCXOSIIIMM BHYTPH CIBUTOB HJIM BHYTPHU Y>K€ BO3HUKIIUX TPEIIUH
yCTaJIOCTH, B KOTOPBIX MPOUCXOAMUT CHIXKEHHE DJIEKTPOJHOTO MOTEHILMaja IMOoJ
BJIMSHUEM  KOHIIGHTpAallMM HANpsOKeHUWHM M paspyllieHus AeHCTBYIOLIUMU
HANPSOKEHUSIMU  TTACCUBUPYIONIUX TUICHOK OKHCIIOB. JTOT TPOIECC, B CBOIO
o4yepe.b, CIIOCOOCTBYET POCTY TPEIIUH YCTAJIOCTH BCIEACTBHE PACKIMHUBAIOLIETO
NENCTBUS MPOAYKTOB KOPPO3HH, UMEIOIIUX OOJIBIINI 00beM, UeEM 00BbEM MeTaslIa,
U3 KOTOPOTO OHU OOpa3oBajiCh. YBEIMUEHUE YHCIIA MAYEK CKOJBXKEHHS TOJ
BIIUSIHUEM aJICOPOIIMOHHOTO d(deKTa SBIsIETCS MPUYUMHONW MPEUMYIIECTBEHHOTO
00pa30BaHMs BHYTPUKPUCTATUIMIECKUX TPEIIUH MPU KOPPO3UOHHOH YCTAIOCTH.

K ¢akropam, BIMsIIOIIMM HA UHTEHCUBHOCTb CHM)KEHHUS BBIHOCIMBOCTHU NPHU
KOPPO3MOHHOM  YCTaJOCTH, OTHOCSTCS: XHUMHYECKHMH COCTaB CTald, e€e
MEXaHu4ecKkas M TepMudeckas oO0paboTKa, CBOMCTBa KOPPO3UOHHOW Cpejpbl,

HaMPsZKCHHOC COCTOAHHUC U 4ACTOTA ITPHUIIOKCHUA HAT'PYKCHUA.



Pe3ynprarel nccnenoBaHuil MOKa3aid, 4TO IMPU YBEIWYECHUU TBEPAOCTH U
MMPOYHOCTH CTOMKOCTh CTAJIM IMTPOTUB KOPPO3ZUOHHOM YCTAIIOCTH CHHMXKaeTcs. boiee
YCTOMYUBBIMU K KOPPO3HMOHHOM YCTAJIOCTU SIBJISIOTCS KOPPO3HECTOMKHE CTaJIM.
Tepmudeckast 00paboTKa (3aKajka Ha MapTEHCUT C TMOCIEAYIONIMM OTIIYCKOM Ha
TPOOCTUT U COPOMT) yBEIUYUBACT CTOMKOCTh MPOTUB KOPPO3HMOHHOM YCTaJOCTH,
MIPUYEM 3TO YBEJIIMUYEHHE OCOOCHHO 3aMeTHO Tocie 3akanku TBY.

OTpuniatebHOE BIMSHUE KOPPO3HUOHHOW Cpelbl YBEIUYUBAETCS MO MEpe
poCTa €€ arpeCCUBHOCTH.

B pacTBOpax »3JEKTPOJUTOB WHTEHCUBHOCTH CHWXEHHS BBIHOCIUBOCTHU
Oonpuie, yeM B yucTod Boje. OOmias >xe Kopposus (IOoTeps B BECE) YacTO HE
3aBHCHUT OT arpeCCHBHOCTH CpEJbl BCICICTBHE OOpa30BaHUS IMaCCUBUPYIO-IIEH
3alIUTHOW TUIEHKH, KOTOpas MpU LHUKIAYECKOM HArpy>K€HUW pa3pyliaeTcsi U HE
MPEIOXPAHAET OT IMPOTEKAHUS KOPPO3ZUOHHO-YCTATIOCTHOIO ITPOILIECCa.

By Hanpsik€HHOTO COCTOSIHUSI M YaCTOTA U3MECHEHUS HATIPSKEHUS TJIaBHBIM
o0pa3oM TMPOSBISAIOTCS MPU HYJEBBIX IUKIaX. Tak, HampuMep, BBIHOCIUBOCTh
CTAJIM BO3JIyX€ ¥ B BOJIC ITIOYTH OJMHAKOBA IIPU MYJIbCUPYIOIIEM CKATUHU U CHIIBHO
CHIDKAETCA MPU MYyJIbCUPYIOIIEM PACTSHKEHUH B BOJIE.

OTO MO3BOJISIET YTBEPKIATh, UTO KAYECTBO MOBEPXHOCTHU SIBJISECTCS BAXKHBIM
(dhakTOpoM, C TIOMOIIBIO KOTOPOTO MOXKHO JOOMBATHCS HW3MEHCHHMS Ipejesa
BBIHOCJIMBOCTH JI€Tajieii MalllMH.

Pe3ynbrathl  MHOTOUYMCIEHHBIX  HCCJIEJOBAaHUM  BJIMAHUA  KayecTBa
MMOBEPXHOCTH HA CTOMKOCTh METAUIOB TMPOTUB YCTAJIOCTH IIOKa3aiv, YTO
MeXaHuueckass o0paboTKa, pa3IudyHbIe BULI MOBEPXHOCTHOTO YINPOYHEHHUS, MPHU
KOTOPBIX MPOUCXOJIUT HM3MEHEHHE IIEPOXOBATOCTH IOBEPXHOCTH W W3MECHEHHE
HaIpPSHKEHHOTO COCTOSIHUS MOBEPXHOCTHOTO CJIOSi METaJlia, B OOJIBIION CTENeHU
BIIUSIIOT Ha TIpeiesl BHIHOCAUBOCTH. CHIKEHHE IIEPOXOBATOCTU IMOBEPXHOCTH U
MOBBIIIIEHNE MEXaHUYECKUX CBOMCTB (HAKJIEN), B Pe3yJbTaT€ BO3ZHUKHOBEHUS B
MOBEPXHOCTHOM CJIO€ JIeTajel COOCTBEHHBIX HAIpPSKEHUM CXKaTHs, TMOBBIIIACT

npenen BeiHOocauBoCcTH OT 20 10 100% 1 Gonee.



CremeHp NIEPOXOBATOCTH 3aBUCUT OT BHUAA W PEXKAMA MEXAHUYECKOU
oOpabotku. [Ipenen BRIHOCIMBOCTH CHIKAETCS MPU MOBBINICHUH IIEPOXOBATOCTH
U Tpejiesia MPOYHOCTH CTaju.

Brnusane MukporeoMerpun (IMIEPOXOBATOCTH) HA BBIHOCIUBOCTH CTalU
CBS3aHO C YYBCTBUTEJIHHOCTBIO €€ K KOHIEHTpAIMU HaIpSKEHUH, MOAITOMY B
Oonee TPOYHBIX U  MEJIKO3EPHUCTHIX CTalSAX BIMSHHUE MHUKPOT€OMETPHUH
MPOSIBISIETCS] CUIIbHEE, YeM B MSTKHUX, IJIACTHYHBIX CTaIsAX WM B MaTrepuanax C
OOJNBIION BHYTPEHHEW HEOJHOPOJHOCTHIO, HANpUMEpP B UYryHaX, KOTOpbIE
MaJjIOUYyBCTBUTEILHBI K Ka4e€CTBY 00paOOTKHM MOBEPXHOCTH.

[ToBbIIIEHNE CTOMKOCTH TPOTHUB YCTAJOCTH IUTACTHYHBIX MaTepHUaJOB B
3HAUUTEIBLHON CTENEHU 3aBUCUT OT MPOYHOCTH TMOBEPXHOCTHOTO CJOS B
pe3yabpTare HakJjerna npyu MeXaHu4eckor o0paboTke. J[J1s1 MOBBIMICHUSI CTOMKOCTH
MPOTUB YCTAJIOCTU TBEPABIX M XPYNKUX MATEPUATIOB TMOJOXKUTEIHLHOE BIIHSHUE
OKa3bIBAIOT OCTATOYHBIC HATIPSHKEHHUS], CIOCOOHBIE U3MEHSTh ACUMMETPHIO ITUKIIA.

TpyaHo wccrmemoBaTh  BAMSHHAEC  MHKPOTCOMETPHYECKOTO  IapameTrpa
MOBEPXHOCTH (IIE€POXOBATOCTh) HA CTOMKOCTh METaJlJla MPOTHUB YCTaJIOCTHOTO
pa3pymieHuss OTACIBbHO OT BIMSHHUS  XapaKTCPUCTUKHA  YINPOYHCHHUS U
HaIpPSHKEHHOTO COCTOSIHUSI TTOBEPXHOCTHOTO cios. [Ipu comocTaBieHUM JaHHBIX
[IEPOX03aTOCTH TIOBEPXHOCTH C TIPENETIOM BBIHOCIH-OCTH OBUIO  CHEJIaHO
3aKTIOYCHUE O TOM, YTO MEXKIy 3HAYCHHUEM IIEPOXOBATOCTH ITOBEPXHOCTH W
MPENESIOM BBIHOCIUBOCTHU CYIIECTBYET MPOCTasi SKCIOHCHIIMAIbHAS 3aBUCUMOCTb.
OpHako Ha Mpenen YCTaJoCTH BIUSAIOT M Apyrue (HakTOphl, ONpPEAEIISIIONIIe
KaueCTBO TOBEPXHOCTH. TEXHOJIOTHYECKH MOYKHO IIOJIYYUTh IOBEPXHOCTHh C
OJIMHAKOBOW BEJIMUYMHON IMIEPOXOBATOCTH, HO C PA3JIUYHBIMU CTETICHIMH
YOPOYHEHUSI CTPYKTYPhl ¥ HANPSDKEHHOCTHIO TIOBEPXHOCTHOTO cios. Tak,
HaIMpuMep, Ipu NUIM(GOBAHUH MTOTYYAIOT MEPOXOBATOCTh MOBepXHOCTU RZ=2...2,5
MKM, TaKyl >K€ IIepOXOBATOCTh MOXKHO TOJYyYUTh MpH TodeHUH. OIuHAKOBAs
IIIEPOXOBATOCTh MOYKET OBITh TMOJyYeHAa IMPU MEXaHWYECKON U 3JICKTPOIUTHICCKON
noympoBke. OJHAKO CTOMKOCTh MPOTHB YCTAJIOCTH B JTUX Ciydasx Oyner

pasjimiHasg, TaK KaK YCTaJIOCTHas IMPOYHOCTb 3aBHCHUT OT IICPOXOBATOCTH,



MEXaHUYECKUX CBOMCTB, HAIPSHKEHHOTO COCTOSIHHASA MOBEPXHOCTHOIO — CIIOS,
KOTOpBIE SIBIISIIOTCS PE3yIbTATOM 00paObOTKH MOBEPXHOCTH.

VYcranocTHass MpOYHOCTh IIIMGOBAHHBIX JeTajied, paboTaromux B
BO3JYIIHOW Cpele, MEHBIIE II0 CPaBHEHHIO C YCTAJIOCTHOM IPOYHOCTBIO
HOJIMPOBAHHBIX. OTO OOBACHAETCS IMOSBICHUEM B pe3yibTare NUIM(OBAHUSA
3HAYUTENIbHBIX OCTAaTOYHBIX HampsOKEHUM pacTsbkeHus. OHaKo pas3inyHble
criocoObI NITM(GOBAHUS B Pa3TUYHON CTETIEHU BIUSIOT HA YCTATOCTHYIO MPOYHOCTD
cranu. Ilpu TOHKOM nUIM(OBaHMM B MPOJOJIBHOM HANPABICHUU Ipene
BBIHOCJIMBOCTU TIPU U3rMOE€ HE U3MEHSIETCS, a NpH I'pyOOM — MOHMXAETCs Ha
20...25%. Yem BpIIE KJIACC YUCTOTHI IOBEPXHOCTH, MEHBIIE KOHIIEHTPATOPOB
HanpsoKEHUH M OoJiplle BEJIMYMHA OCTAaTOYHBIX CKUMAIOLIUX HaNpsHKEHUH,

HWHTCHCUBHOCTD U FJ'IY6I/IHa HaKJICIIA, TCM BBIIIC BBIHOCIIMBOCTD CTAJIM B BO3JyXC.

8.4. Koppo3uonHasi ycTajaocTb

Koppo3uoHHast ycTanoctb — 3TO MPOLECC pa3pylIeHUs MeTaia Mpu
OJTHOBPEMEHHOM BO3JICHICTBMM MHOTOKPATHOTO (LMKINYECKOIr0) 1e(hOpMUPOBAHHUS
Y XUMHUYECKHU arpeCCUBHBIX CPE.

IIpn KOppPO3MOHHOM YCTaJOCTH TaK K€, KaK W IMPU YCTaJIOCTH, TPELIUHBI
NOSIBJISIFOTCSL B IOBEPXHOCTHOM CJIO€ JIETald U IOCTENEHHO PaCIpOCTPAHAIOTCS
BIUIyOb, NMPUBOJS K YMEHBIIEHHUIO Hecyllero ceueHud. lIpouecc 3akaHumBaeTcs
OBICTPBIM pa3pylIEHUEM OCTaBIIErOCS CEYEHHs JeTald OT MEXaHMYECKUX
HanpspkeHuil. Ha u3noMe oT KOppO3MOHHOM yCTanoCTh OOBIYHO Pa3iuyaroT JBE
30HBI: YCTAJOCTHYIO (C y4acTHEM KOPPO3UH) U 30HY J0JIOMa.

Koppo3uoHHasi ycTamoCTh 3aBUCUT HE TOJBKO OT CTPYKTYpbl MeTallia,
MOJIyYEHHOW B pe3yJibTaTe TEPMUYECKOHM OOpabOTKHM, HO M OT CTPYKTYphl U
COCTOSIHMSI TTOBEPXHOCTHOTO CJIOs, OOpa3yrolerocs MNpu Jpyrux crocodax
IIOBEPXHOCTHOTO YIpOouHeHHsA. HaHeceHne Ha MeTauIM4ecKue AETald TOHKHX
CJIOEB TMOKPBITHS M3 BBICOKOMOJUMEPHBIX MaTEpHANIOB (KalpoHa, SMOKCHUIHOU
CMOJIBI U T. [.) TIO3BOJISIET TOy4YuTh B 3%-HOoM pactBope NaCl KOppO3MOHHO-

YCTaJIOCTHYIO IIPOYHOCTh, PABHYIO YCTAJIOCTHOM TPOYHOCTH B BO3AYLIHOM CpeJe.



D¢} PexTUBHBIM CPEACTBOM 3aIIUTHI OT KOPPO3UU B MOPCKOMN BOJIE SIBISIOTCS
KOMOMHHMPOBAHHbIE METAJUIO-TIOJUMEPHBIE TMOKPBITUS: CHayalda IUIa3MEHHOE
HallbIJICHWE,  HAalpuMep  aJlOMUHUEM, a  3aTéM  HaHECEHUe  ClIos

BBICOKOIIOJIMMCPHOT'O MaTcpurajia.

8.5. AncopOumoHHast ycTaJa0CcTh

AncopOLMOHHas yCTaJIOCTh — ATO MPOLECC pa3pyUIeHUs MeTalia Ipu
OJTHOBPEMEHHOM BO3/ICHICTBHM MHOTOKPATHOTO (LIMKINYECKOTr0) ehOpMUPOBAHHUS
U a/IcOpOUPYIOLINXCS TOBEPXHOCTHO-AKTUBHBIX BEIIECTB.

[{uknnueckoe HarpyK€HHe CTad B PAcTBOPE NOBEPXHOCTHO-aKTUBHOTO
BEILECTBA CYIIECTBEHHO CHUKAET €€ BBIHOCIMBOCTD 10 CPABHEHUIO C HEAKTUBHOM
cpenoil. B pesymprare ACUCTBUS INOBEPXHOCTHO-AKTUBHOM CpEIbl MOKET
HaOJIIOAAThCsl KAK CHUKEHUE, TaK U MOBBIIIEHUE YCTAIIOCTHOM MPOYHOCTU CTAJIH,
YTO 3aBUCUT OT BEJIMYMHBI LIUKINYECKON MEPETPY3KH, ONPEAECIAIOMEH MEXaHU3M
3apOXKJICHHST TPEIIMH YCTAJIOCTH M IPOSBICHMS JEHCTBHUsS BHEIIHETO WU
BHYTPEHHETO a/ICOPOLIMOHHOTO 3 (DeKTa.

3HAYUTENIbHbIE  CKOPOCTH  MHUTpaliu  aJCOpOMPOBAHHBIX  MOJEKYJ
ONPENEIAIOT  HE3aBUCHUMOCTD a7ICOPOIIMOHHBIX (dakTopoB CHVKEHUS
BBIHOCJIMBOCTH OT BpPEMEHU MpeObIBaHMA MeTayla B Cpele, cojaepiKaliei
NOBEPXHOCTHO-aKTUBHbBIE BEILIECTBA, YTO, B CBOIO OUYEpeb, 00YCIOBIUBAET (popmy
KpUBOM  aCOpPOIIMOHHON yCTaloCTH. 3AeCh HEOOXOAMMO TMOAYEPKHYTh TO
OOCTOATENBCTBO, YTO JIsl CPaBHEHHUS B KAaueCTBE HEAKTHBHOW Cpebl B 3TUX
UCCIENOBAHMUSX  ObUI  MPUHAT  BO3AYX, OOJajaroluil  3HAYMTEIbHBIM
KOPPO3HOHHBIM  JedcTBueM.  IIpuueM,  HMHTEHCHMBHOCTb  KOPPO3HOHHOTO
BO3/ICHCTBUS KHUCIIOPOAa, HAXOJSIIErocs B BO3JAyXe, MOXET ObITh Oousblie
WHTEHCUBHOCTH aJICOPOIITMOHHOIO MOHUKEHUSI TPOYHOCTH.

Hecmotpss Ha crenuduyeckue OCOOCHHOCTH pa3pylICHUS MeETauia IMpu
UKIMYECKOM J1e(pOpPMUPOBAHUHN, MHOTHE MOJOXKEHHUS aJCOPOIMOHHOTO BIIHSHUSA
MOBEPXHOCTHO-AKTUBHBIX ~ Cpell MpPU  CTATUYECKOM HArpy>KeHHUH  MOKHO

HCIIOJIBb30BaTh U AJIsA 00BACHEHUS IMPUYXH YCTAJIOCTHOI'O pa3pyIICHUS. B YCIIOBUAX



OJTHOBPEMEHHOTO JACHCTBHUS HAIPSKEHUHN, CTIOCOOCTBYIONINX PA3BUTHIO JIe(HEKTOB
KPUCTAJUTMYECKOW PEIIeTKH MeTauia, U HAIW4Iusl (GU3HUECKH aacopOUPYIOMHUXCS
MMOBEPXHOCTHO-aKTUBHBIX BEILIECTB MIPOUCXOIAT a7IcCOpOLIMOHHOE
IacTU(UITIPOBAHUE (obneruenue MJIACTUYECKOM nedopmariin) 151
aJICOPOLIMOHHOE TOHUKEHUE MPOYHOCTH (BOZHUKHOBEHUE XPYIKOTO Pa3pyIICHUS
IpU  MajblX HWHTEHCUBHOCTAX  HAIpPSHKEHHOTO  COCTOSIHUS,  BIUIOTH  JO
CaMOITPOU3BOJILHOTO TUCIIEPTUPOBAHMUS).

Paznuyaror BHEMIHUI ¥ BHYTpEHHUI ajcopOimonHbie 3¢ dextsl Pebnnaepa.
BremHnii  amcopOunoHHBI  3G(EKT BO3HHMKAET B MpOIECCe aJacopOIuu
MOBEPXHOCTHO-aKTUBHBIX  BemiecTB ([IAB) Ha  BHEmHeEd  MOBEPXHOCTH
nedhopMUPYEMOTO TBEPAOIO Tejla U MPUBOJIUT K €ro MIACTU(PUIIUPOBAHUIO, T. €. K
CHIDKCHMIO Tipeliesia TeKydecTH U Koddduuuenta ynpouHenus. [lpu Takom
JEUCTBUU  AJICOPOIMOHHBIX TOBEPXHOCTHBIX CJIOEB Bcerjga Hablromaercs
3HAUUTEIBHOE UW3MENbYEHUE TMAUYEeK CKOJIBKEHUS M 3€PEHHON CTPYKTYpbI
nedopMupyeMoro Metauia.

BuyTtpennuit agcopO1monnbiii 3PexT BOZHUKAET B MPOIIECCE aJcopOIrK Ha
BHYTPEHHHMX TMOBEPXHOCTAX pazlesia — 3apOJBIIIEBBIX MHKPOTpPEIIUHAX
paspyllieHus, BO3HUKAIONIMX B Ipoiecce aedopMalud TBEPAOTO Tena. ITO
MPUBOJUT K CHUKEHUIO pabOThI, KOTOpas 3aTpauyrMBaeTCs Ha 00pa30BaHUE HOBBIX
MOBEPXHOCTEH M K OOJErYeHUIO PAa3BUTHUS MHUKPOTPEIIUH, YTO MPOSBISETCS B
MOBBIIIEHUN XPYIKOCTU U PE3YCOM CHUKEHHH POYHOCTH.

B ocHoBe BHemHero aacopOUUOHHOTO 3(deKkTa JEKUT UYHUCTO
MOBEPXHOCTHOE B3aUMOJICHCTBHE MaTepuanga CO CPeaoi, MOCKOJbKY auddy3us
oprannueckux Monekyn I[IAB B pemerky meramia HEBO3MOXHa. B pesynbraTe
o0paTtuMoit aicopOIMy MPOUCXOIUT CHUKEHHUE CBOOOTHOM SHEPTUU MTOBEPXHOCTH.
Oddext mnacTuduUpyOMero 1eHCTBUS HaOTIOAACTCS B ONPEACIICHHON 001acTH
cKopoctei 1eOpMUPOBAHUS.

CHmxeHue npejena BBIHOCIUBOCTH MO/ BIUSTHUEM MOBEPXHOCTHO-aKTHBHOM
Cpeabl 3aBUCHUT OT Hpupoabl u kKoHueHTpauuu I[TAB, cBoOWCcTB pacTBOpUTENS,

4acTOThl M3MEHEHWN HamnpspKeHU, (PU3NYECKOro COCTOSIHUS MOBEPXHOCTH U



MOBEPXHOCTHBIX CJIOEB MeETallla. BbUIO yCTaHOBJIEHO, YTO MPHU aaCcoOpOLMH U3
HEIOJISIPHBIX  YTJIEPOJUCTBIX PACTBOPUTENEH CHIKEHHE TMpEeNia yCTaJIOCTH
JIOCTUTaeT MEHBIIMX 3HAYEHUW, YeM Tph  ajacopOuuud M3  MOJSPHBIX
pactBopureneld. CHWKEHUE Tpenena  BBIHOCIMBOCTH  YBEIIMYMBAETCS €
YBEJIMUEHUEM CTEIIEHU aKTUBHOCTH pactBopeHHOro IIAB um pactBoputens, a
TaKX€ C YMEHBIICHUEM YacTOThl M3MEHEHUsS HamnpspkeHHus. C BO3ZHUKHOBEHUEM
OCTATOYHBIX PACTATMBAIOIIMX HANPSHKEHUH B MOBEPXHOCTHOM CJIOE CTalH
a7IcOpOLIMOHHBIN 3(PHEKT CHUIKEHUS BBIHOCIMBOCTU YBEJIMUYWJICS B TpU pasza, a
NOSIBJIEHUE  OCTa-TOYHBIX  HANpPsDKEHUM  CKaTusg  yCTPAHWIIO  CHUIKEHUE
BBIHOCIIUBOCTA B TIOBEPXHOCTHO-aKTUBHOW cpene. OTU HCCIAeAOBaHUS ObLIN
mpoBeNeHbl Ha cralbHbIX oOpasmax (ctanb 20X, 40X) B aktuBupoBaHHOM 2%
oslenHoBOM Kkucimoto macine MC-14. Ocrarounble HanpsHKEHUS PaCTSHKEHUS
CO3/1aBAJIUCh  IyTEM  3JIEKTPOJIMTUYECKOTO HUKEIMpOBaHUA  oOpas3loB, a
OCTAaTOYHBIE CHKUMAIOLIME HAIPsDKEHUS — HaKaTKOW MOBEPXHOCTH 0Opa3LoB
POJIMKAMH.

AncopOunOHHBIA 3(PPEKT CHUKEHUS BBIHOCIMBOCTH IPOSBISETCS IpPU
O4YeHb ManbIXx KOHUEHTpauusx I[IAB B HeakTWBHBIX pacTBOpUTENSAX. TaK,
HaIpuMep, aacopOIMoHHbIN h(EeKT mocThraer MakcuMyma IMpu J00aBJIICHUH K
HEAaKTUBHOMY BazeiauHoBoMy Mmaciny 0,1% mnoBepXHOCTHO-aKTUBHOTO, HO
XUMHUYECKU HEUTPAIIBHOTO LIETUIIOBOTO CIIUPTA.

IIpoMbINIUIEHHBIE CMA304YHBIE Macjia CHMKAOT NpeJe] BBIHOCIMBOCTH IO
CPAaBHEHUIO C TMPENEJIOM BBIHOCIMBOCTH, YCTAHOBJIICHHBIM NPH HCIBITAHUSAX B
BO3AYyIIHOM cpene, Ha S... 10%, a mpu BBEAEHHM B HX COCTaB HECKOJIBKHX
MIPOILICHTOB TOBEPXHOCTHO-aKTUBHBIX J00aBOK (KHPHBIX KHCJIOT) CHIKECHUE
npezena BBIHOCIMBOCTH MOXKET AoCcTUraTh 20%.

BaxxupiM (pakTopoMm B mporiecce aacopOimonHoro B3anmoerictus [TAB c
MIOBEPXHOCTBIO METAJUIA SIBJISIETCS ra3oBas cpeaa. Hamuuume xuciaopona B razoBou
cpeae  oOycioBiMBaeT  0Opa30BaHUE  OKHCHBIX  IUICHOK,  WUIPAIOIIUX
SKPAHUPYIOIIYIO POJib Mo oTHoueHuto K jaedcteuio [IAB. CymectByromme

OKHCHBIC IIJICHKU U IIJICHKU, O6p33y}OH_[I/ICC$[ Ha IMOBEPX-HOCTAX, Pa3BUBAIOIINXCS



IIpU HOUKIMYCCKUX HAIPYKCHUAX TPCIIUH YCTAJIOCTHU, 3HAYHUTCIIbBHO CHHIKAIOT

ancopOmonnsbIil apdext ITAB.

8.6. Oco0eHHOCTH YCTAJOCTHOrO Ppa3pylleHUsl MeETAJIOB IpH
OJJHOBPEMEHHOM LHMKJIMYECKOM HATPYsKEHUHU M HATPYKEHUH TPEHHEM

[Iponiecc yCTamoCTHOTO paspylIeHUs, HAYMHAIOMIMKWCS C MOBEPXHOCTHOTO
closi, B OOJIBIION CTENEHH 3aBUCUT OT COCTOSIHUSI U CBOMCTB BTOPUYHOM
CTPYKTYpbl B TOM cllydae, €Cild JeTalb B YCIOBHUAX pPadOTbl BOCHPUHUMAET
LIUKIMYECKUE HArpy3Kd, a €€ IOBEpXHOCTb — Harpy3Ky TpeHuem, B Takux
yCIOBUSIX pabOTalOT MHOTHME JAETANU pEaIbHbIX Ma-IIMH M MeXaHu3MoB. s
NOBBIIICHUS JOJATOBEYHOCTH W  HAAEKHOCTH JeTaled HeoOXoauMo Ipu
KOHCTPYUPOBAaHUU YYHUTHIBaTh BIIMSHHUE TPEHHUsSI W BBI3BIBAEMOIO MM IpoLEcca
W3HAIIMBAaHUS Ha POTEKAHUE YCTAJIOCTHOTO Pa3pyLIEHUSI.

OT ycnoBuil TpeHHs 3aBUCAT KadyeCTBO IMOBEPXHOCTH, (Pa30BBI COCTaB,
CBOMCTBA, HAIIPSDKEHHOE COCTOSIHUE BTOPUYHBIX CTPYKTYp ITOBEPXHOCTHBIX CJIOEB
Y BUJ IPOTEKAONIEr0 NpoLecca U3HAIIMBAHMS TpylIencs mapel. Takum oOpazom,
YCIIOBHSI TPEHMS ONPEIENSIOT HE TOJBKO H3HOCOCTOMKOCTh, HO M YCTAJIOCTHYIO
IIPOYHOCTH Marepuana. CrnenoBatenbHO, pa3palboTKy Pa3IMYHBIX
TEXHOJIOTUYECKUX MEPOINPUATUN JJI1 MOBBILICHUS JOJTOBEYHOCTH MAIMH HAJ0
OCYIIECTBIIATH IPU KOMIUIEKCHOM y4eTe 000X (hakTopoB.

N3BecTHO, YTO BCE METOABI MOBEPXHOCTHOTO YHOPOYHEHUS, KOTOpHIE
CHIOCOOCTBYIOT TMOBBIIICHUI0 MEXAaHUYECKUX XapaKTEPUCTUK MOBEPXHOCTHOTO
CJIOS, NMPU OTCYTCTBUM KOHIIEHTPATOPOB HANPSHKEHWHM MOBBILIAIOT YCTaJOCTHYIO
IIPOYHOCTh  CTalW.  AHAJOTMYHOE  JIEWCTBHE  OKAa3blBAE€T  YNPOYHEHUE
IIOBEPXHOCTHOTO  CJIOSI, BO3HHUKAIOIIEE II0J BO3ACUCTBUEM CHJI  TPEHMS.
EcTecTBEHHO, 3TO MMEET MECTO IpU TAKUX BHJAX HW3HAIIMBAHUS, KOrJa HE
HaOJIoAaeTCsl CNEA0B MOBPEXKAAEMOCTH MOBEPXHOCTEH TPEHUs, KOTOPhIE MOTYT

UTPATh POJIb KOHIIEHTPATOPOB HATIPSKCHHIA.



Oco00EHHOCTh BIIMSIHMS IIPOLIECCAa TPEHUSI U U3HALIMBAHUSA HA YCTaJIOCTHYIO
OPOYHOCTh CTAJM 3aKJIIOYaeTCs B TOM, UYTO €Ieé B MOMEHT HpupaboTKu
MPOUCXOJUT U3MEHEHUE YHUCTOTHI TIOBEPXHOCTH M (OPMUPOBAHUE BMECTO
MOBEPXHOCTHOTO CJIOs, 00pa30BaBIIErocs B MPOIECCe MEXaHMUEeCKOH 00paboTKH,
KaueCTBEHHO HOBOT'O MOBEPXHOCTHOTO CIIOSI, OMPEEISIONIECrO BIUSHUE KayecTBa
MOBEPXHOCTH Ha YCTAJOCTHYIO MPOYHOCTh CTAIH.

[Ipenen ycTaJlocTH M JAOJITOBEYHOCTh MAaTEPHAIOB IPU OJHOBPEMEHHOM
BO3JICUCTBUM CHJI TPEHUS M TIOBTOPHO-TIEPEMEHHBIX HArpy30K 3aBHCHUT OT
CKOPOCTH CKOJIbKEHUSI KOHTAKTUPYIOIIUX MOBEPXHOCTEH, HOPMAJIbHON HArpy3KH,
ONPENENSIONIEH BEIUUUHY CUIIbI TPEHUS U OKPYKAIOLIEH Cpeibl.

BnusiHue ckOpoCTH CKOJIbKEHUS CBA3aHO, TJIAaBHBIM 00pa30M, ¢ U3MEHEHHEM
CBOMCTB TMOBEPXHOCTHOTO CJIOS B TMPOLIECCE TPEHHS B PE3YJNbTATe Pa3BUTHS
pa3IMuYHBIX BUJOB HW3HAIIMBaHUs (cxBaTbiBaHUs | poga, HOPMaJIbHOIO
OKHUCJIUTEJIBHOIO M3HAIUIMBAaHHUS W TEIUIOBOI'O W3HALIMBAHUA) NPHU H3MEHEHHH
CKOPOCTHU CKOJIbkeHusA. HopMmanbHas Harpy3ka OKa3bIBaeT BIMSHHUE aHAJIOIMYHOE
CKOPOCTH, XOTSI U B MEHBIIIEH CTEIICHHU.

Bonpmiold MHTEpeC NPEACTABISIOT HUCCIENOBAHMUS BIMSHUS Pa3IUUYHBIX
BUJIOB H3HAIIMBAaHUS HA IMPOLECC YCTAIOCTHOIO pa3pylI€eHus, Kak Ipu
HEOJIHOBPEMEHHOM, TaK W IPU OJHOBPEMEHHOM IPOTEKAHWUU 3TUX MPOLECCOB.
[IpoBeneHHbIC UCIBITAHUS HA YCTAJOCTHYIO MPOYHOCTH OOpasioB uU3 ctayiu 45,
IIPEABAPUTEIIBHO MOABEPraBUIMXCs TPEHUIO HA PEXKUMAaX, BBI3BIBABIINX PA3JIUYHbIE
BUJIbl WM3HALIMBAaHUA, I[OKa3ald, 4YTO HauOoOJee OIMacCHbIM C TOYKH 3PEHUS
YCTAJIOCTHOM MPOYHOCTH siBisieTcs cxBarbiBanue | poma. Ilpemen ycramoctu
HOpPMAaJIM30BaHHBIX 00pa3lloB CHU3MJCS Ha 7,7, a 3aKaJIEHHBIX M OTIYLIEHHBIX —
Ha 48,4%. OCHOBHOW NPUYMHOW TOHMXKEHHS BBIHOCIMBOCTH 0OOpa3LoB,
paboTaBImIMX Ha peXuMe cxBaTbiBaHus | pona, sBISETCS KOHLIEHTpALUs
HanpsDKEHUHM,  BbI3BaHHAs  TIOyOMHHBIMU  BBIPBIBAMH,  Hajape3aMu U
MUKpOTpeliMHaMu. Pa3nuyHas cTeneHb CHWKEHUSA YCTaJOCTHOW MPOYHOCTHU
0o0pa3l0oB M3 HOPMAJIM30BAHHOM M OTIIYIIEHHON CTajid, OYEBUIHO, CBSI3aHA C

pPa3IMYHBIM KaYeCTBOM IMOBEPXHOCTHU U BTOPUYHBIX CTPYKTYpP, 0Opa30BaBIIMUXCS



Npu TPEHUM, U PA3HOW YYBCTBUTEIBHOCTHIO CTald K KOHIIEHTpaTOpam
Hanpsokenuil.  Ilocie  ynmaneHus — oyaroB  CXBAThIBaHMSI  yCTaJIOCTHBIE
XapaKTePUCTUKH 00pa3I[0B BOCCTAHABIUBAIOTCS IMOJTHOCTHIO.

Biusinue abpa3uBHOrO BHJa HW3HAIIMBAHMUS HAa CHIDKEHUE YCTAJIOCTHOM
MPOYHOCTH OBLJIO MCCJIEAOBAHO Ha 00pasliax ¢ CAMHUYHBIMH IlapalliHaMu
INIyOMHOW W paguycoM y BEpIIMHBI, paBHBIMU 6 MKM. B cBsi3u ¢ Tem, 4To IJjis
YCTaJOCTHOW MPOYHOCTH JETAJIe TPYyNMOBBIE I[ApANMHLI MEHEE OIMAaCHBI, YeM
CAMHUYHBIC, CHWKEHHE TIpefesa yCTaJIOCTH 00pa3lioB ¢  a0pa3suBHBIM
MUKPOHAIPE30M HE3HAUYUTEIBHO.

PesynbTaThl  ucHbITaHUM  OOpa3IOB, TMOABEPraBIIMXCS HOPMaJIbHOMY
OKHUCJIMTEILHOMY W3HAIIMBAHUIO W HAYaJIbHOM CTaJuy TEIJIOBOTO M3HAIIMBAaHUS,
MoKa3ajau, 4YTO TMpeaed YCTAJIOCTH HOPMAaIU30BaHHBIX 00paslloB  MOCIe
OKHUCJIMTEILHOTO W3HAIIMBAHUS YBEIUUMIICS Ha 16, a nmociie TermioBoro — Ha 19%;
3aKJICHHBIX ¥ OTIYIIEHHBIX — MOBBICWICS COOTBETCTBEHHO Ha 7,2 u 11,5%.

[lonoxxuTenpHOE  BIMSAHUE  OKHCIMTEIHLHOTO M TEIJIOBOIO  BHJOB
W3HAIIIMBAHUS Ha TMpeNesl YCTaJOCTH OOBSICHACTCS IIOBBIIIEHUEM YHCTOTHI
MOBEPXHOCTEH TPEHUS, YIPOYHEHUEM MOBEPXHOCTHOIO CJIOSi U BO3ZHUKHOBEHUEM
OCTaTOYHBIX CKHMAIOIIUX HAIPSHKCHHUM, TIpUdeM, y 00pasIoB, MOABEPraBIINXCS
TEIJIOBOMY HW3HAIIMBAHUIO, PACIIPOCTPAHEHUE IJIACTUUYECKOM aedopmaiiuu ObLIO
oOHapyXeHO Ha OoJibllel rTyOuHe.

B neransx peanbHBIX MaIllMH MPOILIECCHI, CBI3aHHBIE C TPEHUEM, U3HOCOM U
YCTaJOCTHBIM pa3pylIeHUEM, MPOTEKAIOT OJHOBPEMEHHO, MOATOMY CBEJCHUS O
BO3MOXXHBIX M3MEHEHUSX YCTaJOCTHBIX XapaKTEPUCTHK MPU H3HOCE B IpoOIEcce
MMOBTOPHO-TIEPEMEHHBIX HArpy30K IMPEJCTaBIISIIOT 0COOBIM mHTEpec. B pesynbrare
MPOBEJICHHBIX HCCIEIOBAHUM YCTAHOBJIEHO, YTO MPU TPEHUH O€3 CMa3Ku Ha
PEKUME OKHUCIUTEIIBHOTO M3HAIIMBAHUSA MPU OJHOBPEMEHHOM BO3JCUCTBUM CHJI
TPEHUs] B TEYCHHE BCETO TMEpHOJia IHMKINYECKOTO HarpyXeHus HaOIoIaeTcs
3HAYUTEIPHOE TOBBIIMICHUE TIpe/esia BBIHOCIMBOCTH 10 CPaBHEHHUIO C

UCTIBITAaHUSIMU 0€3 MPUJIOKEHUS Harpy3ok TpeHuem. [lpu Tpenwnm 00pasioB u3



HOPMAJIM30BaHHOW cTanu 45 O JaTyHHbIM BKJAABIII MPEAES BBIHOCIMBOCTH
noBbIcWICA Ha 12, a npu HakaTke poJukoM — Ha 21%.

ITonoxuTenbHOE BIMSHUE HA U3MEHEHHUE IPEieIa BBIHOCIUBOCTU CTAIU IIPU
OKHCIIUTEIbHOM H3HAIIMBAHUM OKa3blBaeT MpelBapUTeNbHas mpupaboTKa B
HEHANPSY)KEHHOM COCTOSSHUM. OJTO OOYCJIOBJIEHO YNPOYHEHUEM IOBEPXHOCTHOIO
CJIOSl, CTENEHb KOTOPOrO0 3aBUCUT OT pekuMa mnpupabotku. Tak, Hampumep,
npupaboTka 0e3 cMa3ku oOpa3noB U3 craau 45 B mape ¢ OpOH30BBIMU
BKJIJIbIIIAMHU TIpU HOpMasibHOM pAaBiieHuu 1,0 MIla B tedenue 0,5; 1 u 1,5 4
IPUBOJUT K MOBBILIEHUIO MPEAENIA BBIHOCIMBOCTH 00pa3L0B COOTBETCTBEHHO Ha 9;
21 u 15%.

IIpy TpeHuM B YCIOBUSAX OJHOBPEMEHHOI'O IPOTEKAHMS IPOLIECCOB
CXBaThIBaHUS U JEUCTBUS NOBTOPHO-TIEPEMEHHBIX HArpy30K HaONIOAAETCs pe3Koe
CHI)KEHHME JTOJITOBEYHOCTH M INPEENAa BBIHOCIUBOCTH BCJIEACTBUE BO3HUKHOBEHHUS
Ha  IIOBEPXHOCTAX TPEHUS  OYAroB  IOBPEXKAAEMOCTH.  JlOJTOBEYHOCTH
nUIMQOBaHHBIX 00pa3LOB CHUXKAETCA B 5...6, a moaupoBaHHbIX — B 15...20 pas.

BinsiHME HOpPManabHOIO AAaBJICHUS IIPU TPEHHHM Ha JIOJITOBEYHOCTh CTaJH
OBLJIO MCCIIEOBAHO B Pa3JIMYHbBIX Ta30BBIX CPEAaxX HA CIELHAIBHON OPUTMHAIBHOM
yctaHoBke. OOpa31ibl 151 UCIIBITAHUS U3TOTaBIMBAIIM U3 HOPMAIU30BAHHOM CTaIN
45 C KOHIIEHTPaTOpOM HAamNpsHKEHUM B BHUJE KOJbIEBOro Hajapesa. OOpasiibl
3aKpeIIsUId B UCHBITATEIbHON MallMHE KOHCOJIBHO U MCHBITHIBAIM HA yCTAIOCTh
U3ruboM mnpu BpamleHuu U TpeHuu. OOpazen Harpykajicsi TPEHHEM B MecTe
OKHJIAEMOTO Pa3pyLICHHs OT [IUKINYECKON HArpy3Ku — B HaJIpe3e, MPUYEM C TOH

CTOPOHBI 00pa3ia, e 1elCTBOBAIN IUKINUECKUE PACTATUBAIOIINE HAPSHKCHUSI.

8.7. Posib OKCHAHBIX IUVICHOK MPHU aACOPOIMOHHOM YCTAJOCTH METAJLIA

Jletanu  peasbHBIX MaliuH, padOTaAIHUEe B  CIOXKHBIX  YCIOBHUSIX
[MUKJIMYECKOTO HArpy>KEHUs B paA3JIMYHBIX Ta30BBIX W CMAa304YHBIX CpElax,
MOABEPAKEHBI  QJICOPOIMOHHON  ycTalocTU.  AJCOpOLIMOHHAs  YCTallOCTh
3HAYUTEIHHO YCIOXKHSIETCS, €CIU JIeTall MalluH BOCIIPUHUMAIOT TIpH paboTe erre

Y Harpy3Ky TPEHHUEM.



YcranoctHas NPOYHOCTh TAKUX AETaJCd 3aBUCUT OT CBOMCTB M COCTOSIHUSA
BTOPUYHBIX CTPYKTYp, (OPMHUPYIOIIMXCA Ha TOBEPXHOCTAX TPEHUS O[T
BO3JIEHCTBUEM IJIACTUYECKOMN JAeOpMaIIMK U CPEIbl, 3aMOTHSIONIEH 30HY TPEHUS.

[IneHkn XUMUYECKH aacOpOMPOBAHHOIO KUCJIOPOAA BCErJa MPUCYTCTBYIOT
Ha TOBEPXHOCTH MeETajlla, €CJIM JIeTajJd MAalllUH paboTaloT B Cpelie BO3IyXa.
[IneHkn WHOW MHPUPOABI MOTYT OOpPa30BBIBATHCSA B Ipollecce padOThl JeTajieit
MalluH B YCJOBHUSIX CHEIHUAIBHO CO3JAHHOW Cpeibl, HaIpHUMeEp, NPU BBEACHUU
ONpENICJICHHBIX BEIIECTB B cMa304yHOE Macio. Cpeau TakuxX BELIECTB, B MEPBYIO
ouepe/b, OOJIBIION MHTEPEC MPEACTABIACT MO/, SHEPTUYHO B3aUMOCHCTBYIOMINI
C METaJUIOM M 00pa3yIomuii HOAUIHbBIC IJICHKH.

bbul0 ycTaHOBNIEHO, UTO MpPHU TPEHHWU M U3HOCE O0pa3yroluecs OKHUCHbBIE
IJIEHKU pe3Ko CHIKaroT S(dexktuBHOCTh neiictBus I[IAB, comepxkamnuxcs B
CMa304YHOM Maciie, 1 moatomy 3¢ dext PeOunaepa nposBiseTcs: B MaJIoi CTENEHH.

Ectb Bce ocHOBaHMsI mpeanonaraTb, YTO B Ipolecce aacopOLUOHHON
YCTAJIOCTU Kak MpH padbore neranedl 0e3 MPUIOKEHUs Harpy3Ku TPEHUEM, TaK U
npu paboTe ¢ Harpy3Kol TPEHHEM XHMUYECKHU aJCOPOUPOBAHHBIE IJICHKH TAKKe
JIOJKHBI OKA3bIBaTh SKPAHUPYIOIIEE AEHUCTBUE MO OTHOLIECHUIO K [TAB.

C Umenpr0 TMOATBEPXKIECHHS OTOTO NPEAINOJOKEHUS U UCCIEIOBAHMS
3aKOHOMEPHOCTEW BIMSHHUS XUMHUYECKH aJCOPOMPOBAHHBIX IUIEHOK Pa3IUYHOMN
npuponsl Ha B3ammojenctBue [IAB ¢ MOBEpXHOCTBIO MeTaia B IpoLECCe
a7ICOpPOIIMOHHON YCTaJOCTH OBLJIO MPOBEJACHO MCHIBITAHUE 00pa3IoB Ha yCTAIOCTh
C IBYMsI TUIIAMHU XMMHUYECKH aJICOPOMPOBAHHBIX MJIEHOK: OKUCHOW U HOAUIHOM.

CHauana ObUIO MPOBEACHO OOBIYHOE HCTBITAHWE OOpPA3LUOB HA YCTAJOCTh B
BO3YILIHOW cpejie 0e3 MPUIIOKEHHsI Harpy3KH TPEHUEM U HCIBITAHUE B TaKHX K€
YCJIOBUSIX, HO C JIOMOJHUTEIBHON MOJaueil B 30HYy BEPOSITHOTO H3JIOMa 00paslia
XUMHYECKH YHCTOTO HEHTPAJIBLHOTO Ba3eMHOBOIO Macia. 3aTeM ObLJIO MPOBEACHO
HECKOJIBKO CEpHi HCIBITAHUA Ha aJCOPOLMOHHYIO YCTajlOCTh B PA3IMYHBIX
ra3oBbIX U KUAKUX Cpelax.

AHanu3 pe3ynbTaTOB HCIBITAHUW TOKa3ajd, dYTO Hauboyiee HHU3KYIO

JIOJITOBEYHOCTh CTajb 45 MposIBISET NpU OOBIYHBIX HCIHBITAaHUSX OOpa3loB Ha



yCTaJoCTh B BO3AYIIHOM cpene 0e3 MNPWIOKEHHS HAarpy3Kd TpPEHHEM. OTO
OOBSICHSIETCSI KOPPO3HUOHHBIM JEUCTBUEM KHCIOPOJA, HAXOJIIETOCS B BO3IYXE,
aTOMbl KOTOPOTO, XUMHUYECKH aJCOPOUPYSACh HA IOBEHWJIBHBIX MMOBEPXHOCTSIX
MeTaJljla, BO3HUKAIOMIMX B pE3yJibTaTe€ CABUTOB B IUIOCKOCTSIX CKOJIbKEHUS,
00pa3yloT MOHOMOJIEKYJISIPHBIA OKUCHBIN CIIOM. DTOT CJIOM Ha pa3IMYHBIX dTanax
YCTAJIOCTHOTO pa3pyllIeHUs 3aTATUBaeTCid BHYTPh Kpuctaia. [lpu »Tom dacthb
aTOMOB KHCIIOpOJia TPAHCIOPTHPYETCA BIIyOb MeTajia MO0 aKTUBHBIM I0JIOCaM
CKOJIBKEHHMSI, CO3/1aBasi MPENSATCTBUS JBUKEHUIO TUCIOKAIMH U CIIOCOOCTBYS UX
CKOIUIGHUIO /IO KPUTUYECKOM TUIOTHOCTU. [IpW JMOCTHKEHHWH IUIOTHOCTH
mucokarmit 100... 1000 1/T m* cron OXPYMUMUBAKOTCSI U B HUX 3aPOKIAKOTCA
CyOMUKpPOTpEIIMHBI,  CIOCOOCTByIOImMME  Oojee  OBICTPOMY  YCTaJOCTHOMY
pa3pyIIECHHUIO.

Haunloisiee BBICOKYIO YCTaJOCTHYIO MNPOYHOCTHh CTalb 45 TPOSBISIET MpPH
UCIIBITAaHUHM 00pa3IloB B Cpejie HEUTPAIbHOTO (MHAKTUBHUOIO) Ba3eJIMHOBOTO Macia
BCJIEICTBUE OOpa30BaHHUs MACISHOW IUICHKH, W30JHPYIOMIEH MOBEPXHOCTH
MeTajuia OT JEHCTBUS KHCIOPOJa, HAXOMSIIerocss B Bo3ayxe. PacTBopeHHbIN B
Ba3€JIMHOBOM Maclieé KHUCIOPOJ OKa3bIBAET 3HAYUTEIBHO MEHBIIEE KOPPO3UOHHOE
JIeHCTBHE.

Beenenne B BazenmmuHoBoe Macio [[AB mpuBoautr k aacopOIHOHHOMY
MOHIDKEHUIO YCTAOCTHOM MPOYHOCTH cTanu. [lOBepXHOCTHO-aKTWBHAs Cpena,
BO30YK/1asi UCTOYHUKY TE€HEPUPOBAHUS TUCIOKAIMI, CIOCOOCTBYET JIOKAIBHOMY
pOCTy HE TOJBKO KacaTeIbHBIX, HO M HOPMaJbHBIX HANPSOKCHWA Ha TpaHHIIAX
3epeH, YTO MPUBOANUT K OOPA30BAHUIO U Pa3BUTHIO MUKpOTpemuH. [locne Bbixoma
TPEIIMH HA TIOBEPXHOCTh 110 HUM HAYMHAET MUTPUPOBATH TOBEPXHOCTHO-AKTUBHAS
cpena, oonerdasi pa3psIKy TUCIOKALMK 10 BHYTPEHHUM MTOBEPXHOCTAM pasjiena u
aKTUBHPYS BHYTPEHHHE UCTOYHUKH TUCTOKAITUH.

Pe3ynbTaThl TPOBENCHHBIX HMCCIENOBAHUN TMOKAa3adu, YTO WHTECHCHUBHOCTH
mporecca aacopOIMOHHOTO MOHKEHHUSI YCTATOCTHOW MPOYHOCTH CTaIM 3aBHCHUT
OT HaJWYMs Tla TOBEPXHOCTU OKHUCHBIX WM KaKUX-IHOO NPYTUX XUMHYECKU

aJICOPOLIMOHHBIX TUIEHOK WJIM TUIEHOK BTOPUYHBIX CTPYKTYp, OOpa3yronIuxcs B



npouecce TpeHus. Bce 3TM MIIEHKM WrparoT poJib SKpaHa IO OTHOLICHHUIO K
JEHUCTBUIO MOBEPXHOCTHO-aKTHUBHBIX BELIECTB.

Takum o6pa3zom, oaHUM u3 1yTed APGEKTUBHOTO  MOBBIIICHUS
JOJITOBEYHOCTH, HA/ICKHOCTH, CHWKEHHsI Beca JeTalieil MallliH B ciiydae paboThl
UX B YCJOBHUSIX COBMECTHOTO HArpyXeHus LUKINYECKON HArpy3Kol U TpeHUEM
SBJIIETCSI  ONTHUMHU3AIMS  COYETAaHUs Ta30BOM  Cpelbl, CMa3KHh, CKOPOCTU

CKOJIBXKCHHUA U JJaBJICHUA B 30HC TPCHUA.

Jleknusi 9. KOHCTPYKTHBHBIE M JKCILUIYaTAIIMOHHbIE METOAbI NMOBBIIIEHUSA
M3HOCOCTOMKOCTH J1eTajiel MalluH

9.1 KOHCprKTHBHbIe METO/JbI IIOBbIINICHUA H3HOCOCTONKOCTH

Pa3BuTne KOHCTpYKIIMM MAIlVH MPOUCXOJUT HPHU MOCTOSIHHOM CTPEMIIEHUN
K YBEJIMYECHHUIO UX IPOU3BOAUTEIBHOCTH, YTO IIOYTH BCErAa CONPOBOXKAACTCS
MTOBBIIIIEHNEM MEXAHUYECKOM M TEIJIOBOM HArpy30K IOJABWKHBIX CONPSIKEHUN
neraner. B cBsa3uM ¢ 3TUM mepen KOHCTPYKTOPOM CTOMT 3aJada CO3JaHUs HOBBIX,
0osiee COBPEMEHHBIX y3JI0B TPEHUS. B KOHCTPYKTHBHYIO pa3pabOTKy y3/10B TPEHUS
BXOJIAT:

- OIICHKAa U BBHIOOP NMPUHIMIHAIBLHON CXeMbl Pa0OTHI Y3JI0B TPEHHUS C TOUKU
3pEHMS UX BIUSHUS HA U3HOCOCTOMKOCTh M HA/IE)KHOCTh MALIMH B LIEJIOM;

- BIOOp MaTepuasoB U COYETAHHE UX B Napax TPEHUSX;

- HA3HAUCHHE PA3MEPOB W KOH(UTypalui AeTaiedl ¢ ydeToM MECTHOM U
001111 MPOYHOCTH;

- pa3paboTKa Mep M0 YMEHBIICHHIO OOIUX U MECTHBIX TIEPETPY30K;

- obecrieyeHre HOpMaJbHOTO (PYHKIIMOHUPOBAHUS Y3JIOB TPEHUS B 3aJaHHBIX
YCJIOBHSIX C IIOMOUIBI0 CMa30YHOM CUCTEMBI, 3aIUThI OT 3arPA3HSAIONIETO IEUCTBUS
cpelpl, OMyXIalluX TOKOB M TeperpeBa OT MOCTOPOHHUX HMCTOYHHUKOB TEILa,
BO3JICHCTBYIOIIMX Ha y3€ll B poIiecce padoThl;

- oOecrnieueHne IKCIUTyaTallMOHHOW TEXHOJIOTMYHOCTH KOHCTPYKIIMH;



- 3alIMTa TPYIIMXCS NOBEPXHOCTEM MAETANed W y3J0B OT BO3MOXKHBIX
aBAPUUHBIX NTOBPEXKACHUN ITPU DKCIUTYaTallUH;

- pa3paboTKa Cpe/ICTB JUArHOCTUPOBAHUS Y3JI0B TPEHUSI.

Bbi0op MaTepuasioB 1Jisl TPYHIUXCH JAeTaseil

Tpymuecss netanu B 3aBUCUMOCTH OT HA3HAUEHHUS M3rOTABIMBAIOT U3
KOHCTPYKITMOHHBIX, (DPUKITMOHHBIX, HW3HOCOCTOMKUX W  aHTHU(QPUKIMOHHBIX
MaTepuajioB  OOMIMPHOM  HOMEHKIaTypbl. Bo  MHoOrumx  cioydasx  Ha
KOHCTPYKIIMOHHBIN MaTepuana HAaHOCSIT U3HOCOCTOMKHE MOKPBITHSI, IUICHKU U JIp.
N3 KOHCTPYKIIMOHHBIX CTaJIeW JENaroT JeTald, KOTOPhI€ JAOJKHBI OTBEYaTh
TpeOOBAHUSIM BBICOKOM MPOYHOCTH, KECTKOCTH WJIM MOAATIUBOCTH, a TAaK)KE UMETh
MOBEPXHOCTH TPEHUS: ACTalIM THUIA BaJOB, MaJbIEB, OOJITOB, 3y04aThIX KOJIEC,
CUJIOBBIX LIWJIMH]IPOB, OPIIHEN H T.1I.

OpUKIIMOHHBIE MaTepuajbl - 3TO MaTepHalbl, KOTOPhIE B KOHTAKTE C
METAJJTMYECKOU MOBEPXHOCTHIO UMEIOT BBICOKMM, O0Jiee WJIM MEHEE CTaOWUIIbHBIN
kodhduieHT TpeHus. Matepuanbsl paslensioTcs Ha opraHudeckue (JIepeso,
npoOka, BOMIOK), MeTaJUTMYecKue (4yryH, Taiu Y6, Y7, MapraHiieBasi cTajib U
Jp.), acOecTOKaydyKOBBbIC, TILIACTMACCOBBIC (TEKCTOJMT, acOECTOTEKCTOJIHT,
¢buodpa), criedeHHBIC U3 METHOU U JKEJIE3HBIX OCHOBAX.

N3HococTOlKKE - MaTepuaibl, KOTOpPbIE MPU TPEHUU JaXKE B TIKEIBIX
YCJIOBUSIX HAarpyX€HUs CPaBHHUTEIBHO Maji0 HW3HamuBaroTcs. KoHCTpykiuu:
TUTYH)KEPHBIE Maphl, 3yObsi KOBIIEH HKCKABaTOPOB, JIeMeXa IIYyroB U JIp.

Marepuainbl: KOHCTPYKIIMOHHBIE CTalld, YIPOUYHEHHBIE MO BCEMY OOBEMY
WM 10 paboyuM TIOBEPXHOCTSIM, CHEIUaNbHBIC CTajld, YyTyHBI, CIICUYEHHBIC
MeTaJIJIbl, pe3UHa, TlacTMacca u Jip.

AHTU(DPUKITMOHHBIE - O IIUITHUKOBIN MaTepHall, KaK METAJUTMISCKUN, TaK
U HEMETAJUIMYECKHI, TBEPJIOCTh KOTOPOTO MEHBIIE TBEPAOCTH COMPSKEHHOU
neranu. CBoicTBa Marepualia: JOCTaTOYHAsl CTaTH4YecKas M JUHaAMUYecKas
MPOYHOCTh TIPU TIOBBIIMICHHBIX TEMIIEpaTypax; CIOCOOHOCTh 0OpPa30BBIBATH

MPOYHBIN T'PAaHUYHBIA CIOM CMA304HOrO0 MaTepualia U ObICTPO BOCCTaHABIMBATH



€ro B MECTax, /e OH pa3pylleH; HU3KUN KOA((ULIUEHT TPeHUs MpU TPaHUYHOU
CMa3Ke; BBICOKas TEIUIONPOBOAHOCTh, TEIMIOEMKOCTh, TNPUPAOaTHIBAEMOCTH;
XOpOIasi U3HOCOCTOMKOCTD COTPSKEHUS; HEe JePUIIMTHOCTh MaTepHrala v BHICOKas

TCXHOJIIOTHUYHOCTB.

Br100p MaTepuaioB NIPU KOHCTPYUPOBAHUH Y3J10B TPEHUS

Br100p MatepuanoB NpeacTaBisieT coO0W TPYIHYIO 3a7ady, HECMOTPS HO TO,
YTO TNPAKTUKA MAIIMHOCTPOEHUS pacrosiaraeT OOJbIIMM ONBITOM B 3TOM JIEJie.
Br16op 3aBuCHT:

- OT KOHCTPYKILIMH U Ha3HAUYCHHUS Yy3J1a;

- TEXHOJIOTUH TPOU3BOJCTBA;

- YCIOBUU JKCIUTYaTallUH;

- OT TpeOOBaHUM K 0011IeH MPOYHOCTH JIeTaJICH;

- CPOKa MX CIY>KObI U HaJEKHOCTH TMPU YUETE CTOUMOCTH MaTepHalia U €ro
neUIMTHOCTH;

- 3aTpaT Ha U3TOTOBJICHUE JIETAJICH.

[Ipumep: cmiaBel, coaepxkamue rpadutr Oosiee H3HOCOCTONMKH, 4YE€M HE
coJiepkaiue rpauT, YrJIepoAKMCTas CTallb YCTYyMaeT 4YyryHaM C IIapOBUIHBIM

rpaduTom.

YucsioBble KpUTEPUM PadoTOCIIOCOOHOCTH MATEPUAJIOB B Napax TPeHHUs

[TpoBepKy MpaBUILHOCTH BhIOOpA MaTEpUAIOB Map TPCHHUS M CKOJIBKCHHUS
NP 3aJaHHBIX WM MPUHATBIX COMPATAEMBIX pa3Mepax JeTajeil M OIpeaciiCHHue
ATUX Pa3MEpPOB MIPHU MPOEKTHOM pacueTe MPOU3BOAAT MO HEKOTOPHIM KPUTEPHSIM:

- HanboJiee MPOCTO COCO0 MPOBEPKH 3aKITIOYAETCS B pacuere Mo CpeTHEMY
nasnenuto p. Crnoco0 TpuUTOAEH Il map TpeHus, padoTalomuUX € MajlbIMU
CKOPOCTSIMH CKOJIbKEHHUS TPU HEBBICOKUX TEMIIEpaTypax OKpYyKarolieh cpeiabl, u
UMEET 11eTbI0 00€30MacCUTh COWICHEHUE OT BO3MOXKHOTO 3a¢/TaHNU.

- €CJIM PeXUM TPEHHUS Taphl OMPEIEIAETCS HE TONBKO JaBIEHUEM P, HO U

ckopocThio V. Maes mertoma B cienyromeM: eciad f- xkoadduiueHT TpeHus



CKONbXeHus, To fpV mpeacTtaBiaser coOOW yOEIBHYI0 MOITHOCTh TPEHUSI.
[TockonbKy HazexxHass paboTa y3j71a BO3MOXHA JIUIIh, P TETUIOHATPSKEHHOCTH,
HE IIPEBBIIIAIONICH OMNPENEICHHYI0 BEIWYMHY Uil JaHHOM KOHCTPYKUMH U
YCIOBUHM €€ HJKCIulyaTallu, TO, 00O03HAYuB uYepe3 A MpeAeabHOE KOJIUYECTBO
TEIUIOThI, KOTOPOE MOYKET HAXOAUTHCA C €AUHULBI TUIOIIAAN B €JUHHUILY BPEMEHH,
YCJIOBUE HAIPSKEHHOCTH Y3J1a 110 TEIUIOHANPS)KEHHOCTH MOYKHO 3aIUCaTh:

fpV<A, eciuf=const, TopV < const.

IIpaBuia coueranuss MaTepuaioB

1) Couerarb TBepAbId MaTepHall C MATKHUM, WMEIOIIUM TEMIIEpaTypy
PEKPUCTAJUIM3ALMA HUXKE CpEJHEH TeMIIepaTypbl ITOBEPXHOCTH TpeHMs. Takas
rapa METAJUIOB XOpPOIIO IPOTHBOCTOUT 3a€AAHUI0O M XAPAKTEPU3YETCS BBICOKOU
HAJICKHOCTBIO. XOpOLIMe Pe3yiabTaThl AA0T Mapbl XpOM-pe3uHa IIPU CMa3bIBaHUU
MUHEPAJIBHBIM MAacjiOM M BOJIOM; XpoM- OpOH3a MpHU IUIACTUYHBIX CMa30YHBIX
MaTepuraax.

2) Couerath TBepAbld MaTepuand C TBEPAbIM (COUYEeTaHHWE TMap U3
a30TUPOBAHHOW, XPOMHUPOBAHHOW M 3aKaJ€HHBIX cTajeil). Takue mapbl TpeHHS
00JaIat0T BBICOKOW HM3HOCOCTOMKOCThIO. HaHeceHHe NOKPBHITUN YBEIUYHBACT
HaJIe)KHOCThb paboThl. BbIcOKasi TOYHOCTh M3rOTOBJIECHUS U COOPKU, 3HAYUTENIbHAS
YKECTKOCTh KOHCTPYKILIMM, TIIATEJIbHAs NPUIOHKA, YJYYIIEHUE YCIOBHM CMa3Ku
3HAYUTENIbHO PaCIIUPSIOT 00JacTh MIPUMEHEHUS Map TPEHUS TBEPbIX MaTEPUAIIOB.

3) M306erarb couyeTaHuii MATKOrO mMaTepuasa Mo MSITKOMY, a TakKe map u3
OJTHOMMEHHBIX MaTepuajoB KaxIbplid Apyr mo apyry. [logoOHble mapbsl UMEHOT
HU3KYI0O H3HOCOCTOMKOCTb W HEHalexHbl B padore. Ilpu He3HAYUTENbHBIX
neperpy3kax B mapax oOpa3yroTcCsi OYard CXBAaThIBaHUS U MPOUCXOIUT IiyOOKoe
BBIPBIBAHUE MATEPUAJIOB C B3AMMHBIM HAJIUIIAHUEM UX HA IIOBEPXHOCTH TPEHHUS.

4) IlpumeHsATP B TPYOHONOCTYNHBIX JUISI CMa3bIBaHHUS KOHCTPYKLMSAX
MOPUCTHIE CIICUCHHBIE MAaTEPUAIBI M AHTU(PPUKLIIMOHHBIE CTLIABHI.

5) [IpuMeHATh B KauecTBe (PPUKIIMOHHBIX U aHTU(PPUKIIMOHHBIX MAaTEPHUAJIOB

miacTuueckue Macchbl. OHU MOBBIMIAIOT HAJIEKHOCTh U CPOK CITY>KOBI y371a TpeHUS,



CHI)KAIOT MAacCy KOHCTPYKIIMA W Pacxol JIe(DUIMTHBIX I[BETHBIX METAJLIOB,
YMEHbIIAIOT BUOPALIUH.

6) CrpemuThCs MyTeM BbIOOpa MaTEpUaJOB Mapbl TPEHUS, CMAa30YHBIX
MaTepuajoB WJIM MPUCAAOK K HHUM CO3/aBaTh Mpu padoTe mapbl yCIOBUS
peanm3anyu pexxuMa u30upaTeaIrHOro MepeHoca Mpy TPEHUH.

7) Ilpu BBIOOpPE MaTEepHAIOB YYHTHIBATH BO3MOXKHOCTH IMPH IKCILTyaTaIlldiu
HABOJOPOXKHUBAHUS  TPYIIMXCS  TOBEPXHOCTEH, UYTO  pPE3KO  CHIDKAET
U3HOCOCTOMKOCTh M HAACKHOCTh pabOTHI y37a TpeHus. lIpuMeHsATh, MaTepualbl,
TPYAHO MOIAIOIINECS HABOAOPOKUBAHUIO.

8) CranmpHble AETalu Y3JOB TPEHHS] TMPH OKOHYATEIHHOW JOBOJAKE HX
MOBEPXHOCTh  MOJABEprarb (PUHUIIHON aHTUPPUKIIMOHHOW  Oe3a0pa3uBHOMN

oOpaboTke.

[Hopucrocts MaTepuana

Bo MHOrHX ciydasx TOPHUCTOCTh MaTepuajia TPYIIUXCS JeTajei CIIy)KUT
KOHCTPYKTHUBHBIM WJIM TEXHOJIOTMYECKUM (PaKTOPOM MOBBIMICHUSI HAJCKHOCTU UX
paboThl BCJIEACTBUE VYIYUIIEHUS pEXKUMa CMa3Kd WIA MPOTUBO3AAUPHON
CTOMKOCTH Maphbl. JleTanu u3 CTeIbHOTO JIUThS pab0TaIOT JyUIlle, YeM MOJTyYeHHbIC
JABJICHUEM U3-3a JIY4YIlIer0 CMa3bIBaHUSI CMAa30YHBIMHU MAaCJIaMH.

Mertannu3aluoHHOE  TMOKPBITUE, TOJYYEHHOE  HalbUICHUEM, UMeEeT
nopuctocThb 10 10% oObema.

AHoaupoBaHue u GpochaTupoBaHue CO3aI0T MOBEPXHOCTHYIO MOPUCTOCTb.

[Topuctocts Matepuana oOpa3zyeTrcsi TpU TMOJYYEHUH €ro METOJIOM
MOPOIIKOBOM ~ METAUTYPIHH,  OJICKTPOXUMUYECKUM  CIIOCOOOM,  OOBIYHBIM

METaJUTypru4€CKUM MPOLECCOM, a TAKXKE MPU MEXAHUUECKOU 00paboTKe.

Pacnosioxkenne MaTepuaJioB nap TPEeHUs M0 TBEPAOCTH
Jl1s mapel, KoTopasi oOpa3oBaHa CKOJIB3SIMMH MOBEPXHOCTSIMU, UMEIOIITUMU
pas3Hble TBEPAOCTb U Pa3sMEphl IUIOIAJCH TPEHUS, MOKHO BBISIBUTH CIIEAYIOLINE

J1BA YCJIOBUSL:



1) H1< H2; SI<S2

2) H1 >H2; SI<S2

rie: HluH2- TBEPAOCTHU TPYLIUXCS noBepxHocTen; S 1uS2-
COOTBETCTBYIOIINE IJIOIIA I TOBEPXHOCTEN TPEHHUS.

[lapy c pacnoyio)keHHEeM MaTepuasoB, YIOBIETBOPSIOUIMMHU IEPBOMY
YCIIOBUIO, Ha3bIBAIOT MPSIMOW Napoil TPEHHs, a BTOPOMY YCIOBHUIO - OOpaTHOM
napoii. B mepBom ciydae mo OoJibIIEH MOBEPXHOCTH CKOJB3UT 0OJiee TBEPAOE
TEJ0, BO BTOPOM - 00JIe€ MATKOE TeO.

[Ipumer npsiMOil Maphl: CKOJIBKEHUE 3aKAJIEHHOIO CYNIOpTa MO YyTYHHOM
TEPMUYECKU HEOOPaOOTaHHON CTaHUHE.

[Ipumep oOpaTHOM mapbl: CKOJBXEHHE XPOMHUPOBAHHOTO IOPIIHEBOIO

ajgbla 1o MOBCPXHOCTU TUJIIMHAPA U3 TIICPJIUTHOIO 4yryHa.

3amMeHa B y3J1aX MAIIIMH TPEHUA CKOJIbKCHUSI TPeHHe KaYeHUs

Takasg 3ameHa BO MHOTMX ClIydasX LeJecoo0pa3Ha C TOYKH 3pEHHUs
MOBBIIICHUS HAJIEKHOCTH Pa0OTHI IeTallel 1 SKOHOMHUYHOCTH MAIIIHH.

[ToAIUITHUKY KauyeHUsi UMEIOT CIEAYIOIINE MPEUMYIIECTBA!

- YMEHBIIAIOTCS TMOTEPU HA TPEHUE, MOATOMY OMNOpPbl KadeHUs
1ejgecooOpa3Hee yCTaHaBIMBATh B y3JaX MalluH, pabOTaloMUX C YacThIMU
MyCKaMU U OCTaHOBKaMU;

- Ha W3TOTOBJICHUS BKJIAJBIIIECH MOJIIMUIIHUKOB CKOJIbKEHHSI PacXOAyeTcs
00JBII0E KOJUYECTBO LIBETHBIX METANIOB (ME/b, OJIOBO, CBUHEIL U T.1.);

- YMEHBIIAETCS PACX0Jl CMa30YHbIX MATEPHUAIIOB;

- OTHAJAaeT HaJIOOHOCTD a MIPUHYIUTEITLHOM OXJIaKICHUU;

- YIIPOIIAETCA YXOLI;

- Y BJIOB MPHY MPABWJIBHO HA3HAYEHHBIX MOCAJKAX OTCYTCTBYET U3HOC ILIEEK;

- TNOAIIMIHUKM  Ka4eHUs  CTaHJAPTU3HPOBAHBI, 4YTO  YNPOUIAET
KOHCTPYUPOBaHUE MOAIIUITHUKOBOTO Y3J1a;

- IPUMEHEHHE MOAIIMIHUKOB Kay€HUs YMEHBIIAET CTOUMOCTh MAIlIMHBI.

HC}IOCT&TKI/I INOAIIMITHNKOB Ka4CHUA:



- HEIOCTAaTOYHAs HAJEKHOCTh NPU BBICOKUX OKPYKHBIX CKOPOCTSAX H
JUHAMUYECKHUX Harpy3kax (BbIKPAIIMBAKOTCH);

- OoJsiplIME JAMAMETpalIbHbIE pa3Mepbl MpPU MEHbUIEW JJIMHE, YeM Yy
MOJIIITUITHUKOB CKOJIbKCHHUS,

- HEYJIOBJIETBOPUTEbHAS padoTa B yCIOBUSAX BUOPALIMOHHOW HAarpy3KH;

- 0OJIBITION IIYM TIpH padoTe;

- HEJIOCTAaTOYHasl KOPPO3HOHHAA U TEIJIOBasi CTOMKOCTb;

- 3HAQUUTEJIBHO MEHBIIAS TIPY30MOJBEMHOCTh U JOJTOBEYHOCTH YIOPHBIX
MOJIITUITHUKOB;

- Hey10OHBI, KoT/1a TpeOyeTcs pa3beMHas Oropa.

Yder TemnepaTypHbIX JedopManuii 1eTaIu

PasnuuHasg Temmeparypa B OTACIBHBIX 4YacTAX MAallMH M HaJU4Me
TEMIIEPATYPHBIX TPAJAUEHTOB [0 JIMHE WU TOJILMHE CTEHOK JETalu SBISIOTCA
NPUYMHAMHA HEPABHOMEPHBIX TEIJIOBBIX JA€(POpMalUi.

TennoBsie nedopManuu U3MEHAIOT (POpMY, BEIMUUHY 3a30pOB U HATITOB B
CONPSKEHUAX, B TAK)KE B3aHMMHOE PACIIOIOKEHUE TTOBEPXHOCTEMN, YCTAaHOBIICHHBIX
pu cOopke.

3aaya yuera TeMIepaTypHbIX AedopMaluii Ipu KOHCTPYUPOBAHUU JeTale
Y3JI0B TPEHUS U KOMIIOHOBKA MAallIMHbI CBOAUTCS K:

1) IIPAaBUJIBHOMY HAa3HAYEHHUIO 3a30POB B CONPSIKCHUSAX;

2) pa3paboTke  Mep  JUII  BO3MOXKHO  MEHBIIErO0  HCKaXEHUs
KOH(Urypaluu TPYIIUXCS MOBEPXHOCTEH B paboO4YeM COCTOSHUM U YMEHBIICHUS
OTPULATENILHOTO  BJMSHUSA  HAa  (PYHKIMOHAJbHbIE  CBOWCTBA  MAIIMHBI
NepeMEIIeHH, BbI3BaHHBIE TEIUIOBOM eopMalueil OTIAEIbHBIX €€ y3JI0B.

Jlnia obecniedyeHrss paBHOMEPHOTO M MOCTOSSHHOTO TEMIEPaTypHOTO MOJi B
IIPELM3UOHHBIX, TEXHOJIOTUYECKUX MAlIMHAaX U annaparype CIeayerT:

- WCKJIOYNATh HArpeB MAalIMHbl MPOHUKAIOIIMMHU IPSAMBIMUA COJTHEYHBIMU
JTy4aMmu;

- YMEHBIIUTh MECTHBIA HarpeB nossimenrnem KIIJ[ mexannzmos;



- BBIHECTH 3a MPEJIeTbl MAIIMHbI UM UHTEHCUBHO OXJIAXKJATh UCTOYHUKAMU
TEI1I000pa30BaHUs WIN TEIUIOOTAAYH;

- 110 BO3MOKHOCTH NMPUMEHAT HUPKYJISIIIUOHHOE CMa3bIBaHUE;

- HCIIOJBh30BaTh MPU HEOOXOAMMOCTH JUIsl TOJOTPEBa OTACIBHBIX YacTeh
HarpeThiil BO3yX OT BETPOBBIX IIPUBOJIOB;

- 3aMEHUTh B TMPEHU3UOHHBIX CTaHKaX KIMHOBOW NPHUBOJHON pEMEHb
IUIOCKUM, MEHEE HarpeBaroIuMes Mpu pabdare;

- MPUMEHSTH IIUTKH OKOJIO OTKPBITHIX OBICTPOBpAIIAIONIMXCS JeTalell B

HEJIAX UCIIOJIb30BaAHUS BO3AYyXa MJIA OXJIAKIACHWA MAallMHbI HJIN MCXaHU3MaA.

CnocoObl  yCTAHOBKH  y3JI0B, YMeHbIIAOIIMEe ONMOJHUTEIbHbIE
HArpy>KeHHsl TP MOHTAKe U B IKCILUIyaTaAllUU

VYcTaHOBKA MalllMH M MEXaHU3MOB MOKET OBITh CBSI3aHAa C BOBHUKHOBCHHEM
HAYaJbHBIX HANPSDKEHUM B JIETANAX KOHCTPYKUIHMH, YTO OTPHUIATEIIBHO
CKa3bIBaeTCs KAk Ha OOIIed MNpOYHOCTH JeTajlie, Tak U Ha HAACKHOCTHU
MOABMIKHBIX COUJICHCHUM.

Hanpumep: ycTaHOBKa MEXaHU3MOB M MAIlIMH HA YE€ThIPE TOUKH (JIAIlbl) MpHU
HEJIOCTAaTOYHOM JKECTKOCTH KopIiyca. Marneiimee HEeCOOTBETCTBHE B3aMMHOTO
PACIIOJIOKEHUSI OMOPHBIX MOBEPXHOCTEW M MOBEPXHOCTEM JIal IO BBICOTE WM 10
MJIOCKOCTH 3aTsDKKU  KPEIUICHUsT OOJTOB BBI3BIBAET JAedopmaliyio Kopiryca.
Heob6xomuMo ycTaHOBHTH Ha 3 TOYKH, HAlpUMEp TPEX ToYedHas ITOABECKa

JIIBUTATEJISI B aBTOMOOMIISIX.

3ammTa padounx NOBEPXHOCTEH Map TPeHUs OT 3arpsi3HEHUs

MHorue MamuHbl W MEXaHU3Mbl PabOTalOT B  3albUICHHOW WU
3arps3HEHHON cpene. Ha OTKpbITbIE MOBEPXHOCTH TPEHUSI MAIIMHBI BO3MOXHO
MONaJaHNe OKAIUHBI, PXKaBUYMHBI, METAJUTMYECKON UM UHOM CTPYKKHU U Jp.

Heob6xoauma 3anmra NOBEpXHOCTEW TPEHUS OT 3arps3HEHUMN.



Hanpumep: HampaBisiomye MeTaUIOPEKYIIUX CTAaHKOB IMPH HaAJexKalen
3alIUTe COXPAHSIOT Cielnbl Ma0peHus Wid nuUidoBaHus, HO ucrtedyeHun §-10
HeTpepbIBHON pabOTHI.

3amura oT 3arpsA3HEHUs Noipa3AesseTcs Ha:

- 3aIUTY KPBITHIX y3JI0B TPEHHUS;

- TEpPMETH3AIIMIO 3aKPHITHIX KOPITYCOB B MECTaX BBIXO/a BaJOB WJIN APYTHX
HETOJIBUKHBIX JIETaNCH;

- OUYHCTKY CMAa3bIBAIOIIETO MAaCIIa;

- yJaJeHHue 3arpsA3HeHUH U3 TOIUIMBA, CMa304YHOTO MaTepHaja, BO3]yXa,

ra30B U )KUIKOCTEN.

9.2 MeToabl NMOBBIIIEHUSI U3HOCOCTOMKOCTH JieTajlel W y3JI0B TPeHUsl
MAIIUH B IKCILTyaTalMH

KOHCTpYKTUBHOE COBEpPIIEHCTBO M BBICOKOE KAay€CTBO W3TOTOBJIEHUSA U
YCTAaHOBKHA MAIllMH HE TAPAaHTUPYIOT JJIUTENbHOW M Oe3aBapHilHOW ee paboThI.
JIOTIOJTHUTENBHBIM YCIIOBUEM SIBIISIETCS TPAMOTHAs TEXHUYECKAs JKCIUTyaTauus U
1enecoodOpa3Hasi CUCTEMa PEMOHTOB.

3amauaMy TEXHUYECKOW SKCIUTyaTalliy MAIllUHbI SBISIETCS 0OECTieueHue ee
UCITPAaBHOTO TEXHUYECKOTO COCTOSHUS M Oe3aBapuiHON paOOThl MpU HaJIeKaIIen
SKOHOMUYHOCTH.

YPpOBEHb TEXHUYECKOM IKCIUTYATallUU MALLWH ONPEIEIISIETCS:

- YCTAaHOBKOM MX B HaJJICKAIIEM MECTE;

- pallMOHAJIBHBIM MCIIOJIb30BAHUEM B COOTBETCTBHM C HA3HAYCHUEM;

- KBaJMUKaIMeil 00CTyKUBAOIIETO MepCcoHaa;

- IOCTAHOBKOM yX0/1a U TEXHUYECKOI0 HAaA30pa 3a MalllMHAMHY;

- OpraHu3aluend CMa304YHOr0 X035MCTBA.

BaxHoli mnpeAnochUIKOM MPABMIIBHOTO HCHOJIB30BaHUS UM TPAMOTHOM
AKCILTyaTalliy MAIIMHBI SBJISIETCA HATUYHE:

- €€ TEXHUYECKOIr0 OMMUCAHMUS;

- [IpaBUJI TEXHUYECKOU JOKYMCHTALIUU:



- OCHOBHBIX IMTPaBHJI TEXHUKH 0€30MaCHOCTHU MPU OOCTYKUBAHUU MAIlIUHBI;
- anpOOMa yepTexel U KapT CMa3bIBaHUS.
[les1b TEXHUYECKOTO YXO/a U PEMOHTA - MOJAepKaHue paboTOCIOCOOHOCTH

MalllNHHI.

HN3meHeHre CBOMCTB CMA304HOI0 MATEPUAJIA NIPH IKCILIyaTallMKU

CMazouHblil MaTepuan npu padoTe CTapeeT, T.€. IEPBOHAYAIbHBIE CBONCTBA
U3MEHSIOTCS B pe3ysibTare (U3MYECKUX U XMMHUYECKUX MPOILIECCOB, KOTOPHIM OH
MO/IBEPraeTcs.

OU3NKO-XUMUYECKUE W3MEHEHUsI Macej CBS3aHbl C WX OKHUCICHHE, IO
KOTOPBIM TIOHHMAIOT COBOKYIMHOCTh XWMHYECKHUX INPEBpAllCcHUd B Maclie B
INPUCYTCTBUM KHUCIOpoja. B pe3ynbrare OKUCIEHUS Maciia HU3MEHSETCs HX
XUMHUYECKUHN COCTAB:

a) YBEIIMYUBAETCS COJIEPKAHUE B HEM MCXOJHBIX CMOJIUCTBIX BELIECTB U
00pasyroTcsl HOBBIE;

0) MOBBIIIAETCS INIOTHOCTh U TEMIIEPATYPHAsl BEJINUMHA,

B) Maciio mpuobperaet 0osiee TEMHBIN 1BET;

r) YBEIIMYUBAECTCS BA3KOCTD.

OTy10:KeHMsI HA I€TAJISIX M B CMa3049HOM cucTeMe

OTtnoxxeHus: 00pa3yroTcs B pe3ynbTaTe crapeHust macia. OTIOKEHHS MOTYT
OBITH TPEX BUJIOB: Harap, JaK U OCaKH.

Harap umeeT OOBIYHO 4YEpHBIA MBET, XOTS MOXET ObITb W Oeyoro,
OpPaHXEBOT0, KOPUYHEBOI'O U JP. [[BETOB.

Jlak - 3TO moJIMMEpHBIE 00pa30BaHMUS.

[Ilnak - 5T0 TecTtooOpa3HOE WM TOJYTBEPAOE BEIIECTBO OT CBETIIO-
KOPUYHEBOI'O JI0 YEPHOTO I[BETA, COCTOSIIEE M3 KUIAKOCTU U HEPACTBOPSEMBIX B
HEW BENIECTB, 3arymamwluxXx €€ B AMYyJIbCHI0 WM cycneHsuto. Illmak moxer
BCTpPEYAThCS B BHJIE OTACIBHBIX CTYCTKOB, IaBaromux B macie. [llnak 3abuBaer

(GUIABTPHI U T.0.



IlenooOpa3oBanue

[lena npencrasnser coOoil cOeAMHEHNS MUKPOCKOIIMYECKUX ITy3bIPHKOB rasa
WIM Tapa, OTACNCHHBIX IPYr OT Jpyra IUIEHKOH >KUAKOCTH TOJIIUHON OKOJIO
10"5cm. Ilena obpazyeTcs npu B3auMOICHCTBUE Maca.

OtpunarenbHbIe SIBICHUS LIEHOOOpa30BaHUS:

- YMEHBIIIAeTCs MoJaya MacJICHbIX HACOCOB;

- TIOSIBJISIETCS MyJIbCALIMS JABJICHUS B CUCTEME;

- YXY/IIaeTCs CMa3Ka BCIIEICTBUE pa3pbiBa MACICHOH IJICHKH;

- My3BIPbKAMH BO3IyXa MAcJIO YHOCUTBCS Yepe3 3a30pbl, CTHIKU;

- UCKa)KaI0TCs TIOKAa3aHNs YPOBHS Maciia B KapTepe;

- YCKOPACTCA OKHUCIICHHUC MacCJla.

OO0xaTka MalIuH

Haznauenmne oOkaTku- npupaboTKa B €IMHOM KOMILIEKCE BCEX Map TPEHUs,

BXOJAIIMX B COCTAB MAIIIUHBI.

Bo Bpemst 00KkaTKu AOKHBI ObITh peaIn30BaHBbI JIBA MIpoLecca:

1 - u3HOC MOBEPXHOCTEN HA BEPIIMHAX BOH U IIEPOXOBATOCTH MOBEPXHOCTH
U Ha y4acTKax, IJI€ UCXOJHbIE TEXHOJIOTUYECKUH HETOUHOCTH, Ae(PEKThl MOHTaKa
IIPENATCTBYIOT PACIIPOCTPAHEHUIO MSITHA KOHTAKTA.

2 - TUKBUAALMS UCXOJHOW MIEPOXOBATOCTH MOBEPXHOCTH U (popMHpOBaHHE
HOBOW, C OIPEJECIICHHBIMU apaMETPAMU U HAIIPABJIEHHOCTBIO, XaPAKTEPHBIMU IS
KQ)KJI0M MOBEPXHOCTU TPEHUS IPU padOTE MAILIUHBI.

Kpurepuii olleHKHM OKOHYATENbHON NpUPaAOOTKU:

a) IepEeXO0/ Ha MPSIMOJIMHEUHBIN yYaCTOK KPUBOW U3HAIIMBAHUS,

0) JOCTUXKEHUSI MUHIMYyMa MOIIHOCTH, TOTPeOIsIeMO Ha XOJIOCTOM X011

MaITUHBI,
B) cTabuin3aIs MOMEHTa TPEHUS U TeMITepaTyphl;
r) JIOCTUKEHUE OMPEICIICHHON CTENEeHU MpUJIeTaHUus] KOHTAKTUPYIOIINX
ITOBEPXHOCTEM.

JIMUTeIbHOCTh OOKATKU OMPEAeIISIeTCS:



a) Ha4yaJbHOM BEJIMYMHOM IEPOXOBATOCTH;
0)  TOYHOCTHIO 0OPabOTKM JeTasiel U UX COOPKH;
B) MaTepHaJoM JEeTaleH;

r) pexxrMa 0OKaTKH.

Oco0eHHOCTH KOHCTPYKIMH M 00pad0TKH KOPIYCHBIX AeTajleH

KopnycHsle pgetasii B OOJBUIMHCTBE CIIy4aeB SBISIIOTCS 0a30BBIMH
JIETAISIMU, Ha KOTOPbIE MOHTHUPYIOTCSI OTIIeJbHbIE cOOpOYHbIe enuHulbl. K HuUM
OTHOCSITCSI KOpITyca KOpOOOK Mepead, peayKTopoB, OJOKU IMIMHIPOB, KapTephl U
Jp. IS KOPIYCHBIX JeTale XapaKTepHO HalW4hMe TOYHO OO0pabOTaHHBIX
OTBEPCTHM, CKOOPAMHHUPOBAHHBIX MEXIy COOOM OTHOCUTENBHO 0a30BBIX
ITOBEPXHOCTEMN.

KopmycHele aetanmu mpu BceM HMX MHOT0OOpa3sHM KOHCTPYKLHMHA MOKHO
pa3leanTh Ha JIBE OCHOBHBIE PA3HOBUIHOCTH — MPU3MATHUYECKUE U (IaHIIEBBIE.
Kopnyca npusmaTudeckoro Tuma, HampuMep KOpImyc KOpoOKu mepenad i OJoK
LWINHAPOB JIBUTaTENs, XapaKTEePU3YTCs OOJBIIMMU Hapy>KHbIMU
ITOBEPXHOCTSIMHA U PACIIOJIOKEHUEM OTBEPCTUN HA HECKOJBKHX OCAX. Y KOPIIyCOB
drnanneBoro tuma 06a30BBIMH TOBEPXHOCTSIMU CIIY>)KaT TOPIIOBBIE MOBEPXHOCTHU
OCHOBHBIX OTBEPCTUU U MOBEPXHOCTH LIEHTPUPYIOIINX BBICTYIIOB UJIN BBITOYEK.

KopmycHble netany BBITOITHSAIOTCS JUTBIMU U3 CEPOTO YyryHA U PEXE — U3
cTayi. Matepuanom [Jisi M3TOTOBJIEHUS KOPITYCHBIX JeTayied OOBIYHO CIIyKaT
cepoiii uyryH Mapok CU 24; CY 15; kokuii uyryn KU 35-10 unu anromMuHuEBBIS
cruiaBbl Mapok AJI4, AJI6, AJI9.

KopnycHbie neranu BBUAY MX KOHCTPYKTUBHOM CIIOKHOCTH, KakK MIPaBUIIO,
W3rOTaBIMBAIOTCS B BUJIE OTJIMBOK B TECUYAHbIE M METAJUIMYECKUE (POPMBI WU
JuTheM moj naBieHueM. OTIMBKMA JOJDKHBI O0ECreYrBaTh TE€PMETUYHOCTD
Kopryca. TBepAOCTh OTIMBOK M3 CEporo 4yyryHa aojpkHa Owith 160...240 HB, a
OTJIMBOK U3 AIFOMUHUEBHIX criaBoB — 50-70 HB.

[Ipy U3rOTOBIIEHUHM OTJIMBOK OOJIBIIIOE 3HAUEHHUE MPUIACTCS UX KAYECTBY.

I[O OTIIPpaBKH B MEXaHUYECKUHI IEeX Yy OTIIMBOK YJAAJIAIOT JIMTHUKHU H HpI/I6BIJ'H/I,



TEPMUYECKON O00pabOTKON CHUMAIOT BHYTPEHHEE HAMNPSIKCHUS, OYHUIIAIOT
MOBEPXHOCTh, KOHTPOJIUPYIOT pa3MeEPhl, KAYECTBO MOBEPXHOCTH, TBEPAOCTH U JP.

JIJisi KOpITyCHBIX JIeTalied XapaKTepHO Halnuue 0a30BBIX MOBEPXHOCTEH, a
TaKK€ OCHOBHBIX M KPEMEXKHBIX OTBEPCTUH. ba3oBble MOBEPXHOCTH KOpITyca
CTBIKYIOTCS C IPYTUMH y3JIaMU WJIM arperaramu aBTOMOOUIISL.

OcHOBHBIE OTBEpCTHS TIPEIHA3HAUYCHBI JIJIsI MOHTa)XKa OMOp BaJIOB. TOYHOCTH
JMaMETPAIIbHBIX Pa3MEpPOB OCHOBHBIX OTBEPCTUM COOTBETCTBYET 7 KBAJIHUTETY,
pexe — 8 KBaJuTETy, IIEPOXOBATOCTh mMoBepxHOocTH R a — 2,5 ...0,63 mMkMm.
MexoceBble  PacCTOSIHUSI OCHOBHBIX OTBEPCTHIl  BBIIEPKUBAIOT  COTJIACHO
CTaHJApPTy C JOMYyCKaMmH, O0ECIEeUUBAIOIIUMH HEOOXOAUMYI0O TOYHOCTH PabOThI
3yO4YaThIX M YEPBAYHBIX TIEpeIay.

OTKJIIOHEHHE OTBEPCTUM OT COOCHOCTH YCTaHABIMBAIOT B Mpeaesiax
MOJIOBUHBI JIONyCKAa HAa JUaMETp MEHbIIEro OTBepcTUs. OTKIOHEHHE OT
napasuiesibHocTH ocel orBepcTuil nomyckaercs 0,02...0,05 mm va 100 MM 1JIHHBL.
OTKJIOHEHHE OT TEPIEHIUKYJISIPHOCTH TOPILOBBIX IMOBEPXHOCTEH K OCSIM
orBepctuii pomyckaercs 0,02...0,05 mm 100 mm paguyca. ba3zoBbie TOBEpXHOCTH
0o0pabaThIBalOT C JIOMYCKAa€MbIMU OTKJIOHEHUSMH OT TMPSMOJUHEHMHOCTH Ha
0,05...0,2 MM 110 BCelt JyiuHe U ¢ mepoxoBaTocThio 4,0...0,63 MKM.

basupoBaHne  KOpIyCHBIX  JE€TaJIe  BBIIOJHAKT C  Y4E€TOM  HX
KOHCTPYKTUBHBIX ()OPM U TEXHOJIOTMM HW3TOTOBJIeHUs. PaccMoTpum Haunbosee
pacnpocTpaHeHHbIe cXeMbl OasupoBaHusa. Haunbosiee HaneKHBIMH U MPOCTHIMU
TEXHOJIOTUYECKUMHU 0a3zaMu Tpu 00pabOTKE KOPIYCHBIX JeTajiei SIBISIOTCSA OJlHA
U3 TJIOCKOCTEW HAWOOJIBIICH MPOTSKEHHOCTH M JIBa OTBEPCTHUS, PACIOJIOKEHHbIE
[0 JIMaroHajJu Ha 3TOM IUIOCKOCTHM M KaK MOXHO Jajbll€ YyJale€HHbIE APYTr OT
Jpyra, 4To 00eCreurnBaeT TOUHOE OPUEHTUPOBAHUE JICTATICH.

3aroToBKu nertanelt (raHIeBoro TUMa 0a3upyroT MO TOPIY (UIaHIa ¥ TOYHO
oOpaboTaHHO# moBepxHOCTH OypTHKa. BMecTo moBepxHOCTH OypTHKA B Ka4eCTBE
0a3bl MOXKET OBITh MPUHSTA TTOBEPXHOCTH OCHOBHOTO OTBEPCTHSI.

Ecnu xondurypanus xopriyca He 1mo3BoJisieT 3PGEeKTUBHO UCTIOIB30BATh €TO

MOBEPXHOCTH JUIsi Oa3upoBaHUsl, TO 0OpaOOTKY I11€JIECOO0pa3HO BBINOJIHATH B



IPUCTIOCOOICHUN-CITyTHUKE. [Ipy yCTaHOBKE 3aroTOBKH B CIIyTHHKE MOTYT OBITh
UCIOJIb30BaHbl UYEPHOBBIE WM HCKYCCTBEHHO CO3/IaHHBIE BCIIOMOTaTEIbHbBIE
0a30Bbl€ TMOBEPXHOCTH, IPUYEM 3aroToBKa 0O0paldaThIBAETCs Ha Pa3IUYHBIX
onepanusXx MpU TOCTOSHHOM yCTaHOBKE B MPHUCIOCOOJICHHHM, HO TOJOXKECHHE
CaMoro NMPUCTIOCOOJICHUS Ha Pa3HbIX ONEPALMSIX MEHSETCS.

TexHonornyeckue  MPOIECChl  M3TOTOBJICHUS  KOPIYCHBIX  JeTalied
pa3IMyYHBIX aBTOMOOWJICH HUMEIOT OOIIyI0 MOCJIEA0BATEIbHOCTh BBIMOJTHEHUS
orepanuii MexaHuuecko 00paboTku. OJHAKO CcoJepKaHHE W TOCTPOCHHE
TEXHOJOTHYECKOT0 MPOoIecca OTACIbHBIX AeTalieil MOTYT UMETh OTINYHUS, KOTOPBIE
3aBHCST KOHCTPYKTUBHOW (OpPMBI, pa3MepoB, BUJA 3arOTOBKH, TEXHUYECKHX
TpeOOBaHUI HAa UX WU3rOTOBJIEHUE. THUMOBON MapHIPyT U3TOTOBJICHUS KOPIyCHOU
JIeTaId MOKHO TPEICTABUTh B BUJIE CIEAYIOIEH MOCIEeI0BATEIIbHOCTH

- 00paboTka 0a30BBIX U COMPITaeMbIX IOBEPXHOCTEN;

* (ppe3epoBaHUe WU POTIATUBAHUE IPYTUX OTBETCTBEHHBIX MIOBEPXHOCTEH;

* YEPHOBOE M YUCTOBOE PACTAYMBAHNE OCHOBHBIX OTBEPCTHUH;

CBEpJICHUE, 3CHKEpPOBaHUE, Hape3aHue pe3bObl, pa3BEepTHIBAHUE
BTOPOCTENEHHBIX OTBEPCTUM;
* TOHKO€ pacTaurBaHUE WJIM XOHUHTOBAaHWE TOUYHBIX OTBEPCTHUH;
OKOHYAaTeNbHass 00paboTKa TMOBEPXHOCTEH, 00ecreunBaroNiasi BBHICOKYIO
TOYHOCTh Pa3MEPOB M TOYHOE B3aWMHOE MPOCTPAHCTBEHHOE PACIIONIOKCHHE

ITIOBEPXHOCTEMU.

Bonpocsl aAj1s1 caMonpoBepKHU

1. Kak 3aBUCHT TBEPAOCTh OT CTPOCHUS KPUCTAUTMUECKHUX PEIICTOK JKeme3a,
IIMHKA, MEJIU 1 XpoMa?

2. B yem paznuuure MOHATUH, XapaKTepU3YIOIHUX TPOYHOCTHbIE CBOMCTBA
METaJIJIOB — MPEIEJIOB TEKyUECTH, POUYHOCTH U BEIHOCIHBOCTHU ?

3. KakoBo oTiiMume 1 B KaKuxX €JUHHUIIAX U3MEPSIOTCS 3HAYSHUsI TBEPAOCTH 110
bpunennto u Poksemny?

4. KakoBa CyIIHOCTb U OCHOBHOE Ha3HAUYE€HHE JIMarpaMMbl KeEI€30-yIIepos?



5B qeM 3aKJII0YAETCS NPUHIUTTHATHHOE OTIINYNE CephIX,
BBICOKOIIPOYHOCTHBIX M KOBKHX YYI'YHOB, M KaKOBBI MX TE€XHOJOTHYECKHE
cBoOMCTBa?

6.YeM oTimuaeTcs MapKUPOBKA CTajled OOBIKHOBEHHOTO KadecTBa W
Ka4eCTBEHHBIX YTICPOAUCTHIX cTajeii? Kakum cuMBOIOM 0003HAYarOTCS
BBICOKOKAQYECTBEHHBIE CTAJIH, U YTO MOAPA3yMEBACTCS IOl ’TUM TOHITHEM ?

7.Kakue »srmeMeHThI B HauOONbIIEH CTENEHW OKa3bIBAIOT BIMSHHUE Ha
NPOYHOCTHBIC  CBOMCTBA, IUIACTHYHOCTh, TBEPAOCTh U  YIPYroCTh
JIETUPOBAHHBIX CTaJICH?

8. B yem npuHIMNHAIBHOE Pa3INure MEXy OTXKUTOM M HOpMaIu3auei?

9. KakoBa poJib ¥ 3HAaUCHHE 3aKaJIKH U OTIyCKa IPH TEPMUICCKON 00pabOTKH
cTajnen?

10. Yto moHMMaeTCs MO TEPMUHOM «YJIYUIICHHAS CTaIb»?
11.  [Jns xakux craneit Hanbosee 3¢pdeKTUBHA TOBEPXHOCTHAS 3aKallKa
anekTponarpesom TBY?

12. B 4eMm cXOACTBO W MPUHIUITHAIBHOE PAa3IMIHe MEXKIY IIEMEHTAIIUEH,
a30TUPOBAHHUEM U ITMAHHUPOBAHUEM?

13. Kakume cmiaBel Ha  OCHOBE MEOW  MOJYYMJIM  HauOoJbIee
pactpocTpaHEHUE TPU HU3TOTOBJIICHHE JCTAJICH aBTOMOOWIISA, B YeM WHX
CXOJICTBO U pazinyue?

14. KakxoBo ocHOBHOE Ha3HaueHHE 0Aa0OMTOB U B YeM 3aKJIIFOYAIOTCS
0COOCHHOCTH MX MapKHPOBKU?

15. Kakme BuIbl aTIOMHHHEBBIX CIUIABOB TOJYYWIM PACIpPOCTPAHCHHUE B
aBTOMOOUJIECTPOCHUM U JJIi  W3TOTOBJICHHUSI KaKUX JieTajeil OHH
UCIIOJIb3YIOTCS ?

3aiaHus 11 CAMOKOHTPOJIA

1. Beruepture amarpamMmy pacTsDKEHHUS MallOYTJIEPOAUCTON CTalld U
YKQXUTE€ OCHOBHBIE 3HAUYEHUS COOTBETCTBYIOIIUX MPEAEIOB
IIPOYHOCTH.

2. Pacumdpyiite HmKecnemyromme Mapku uyryHoB: CU18, BYS50,
K435-10 u mpuBenute mpuMepbl BO3MOKHOTO WX HCIIOJIH30BaHUS
JUTSI U3TOTOBJICHUS IeTalieil aBTOMOOMIIS.

3. Pacumdpyiite Huxecnemyromne mapku craneit: 08k, 20mc, 40X,
18XI'T u ykaxuTe uxX KIacCU(PUKAIMOHHYIO TPUHAIJICKHOCTb.



4. Jlaiite pacmimdpoBKY NPUBEACHHBIM MapKaMm CTaJled U YKaKUTE
KaKyl0 W3 HUX IeliecooOpa3Ho mojBepraTh 3akanke TBY: cramb
651, crains 15XT'HTA, crans 45.

6. YkaxuTe Ha3HAUCHUE U BUBI TEPMUUECKON 00pabOTKH,
MIPUMEHSIEMBIE TIOCJIE [IEMEHTAINK U IuanupoBanus.[IpuBeaure
MIPUMEPHI YIYUIIAEMbIX CTAJIEH U YKa)KUTE OCHOBHOE Ha3HAUCHUE
ATOrO BUJA TEPMUUYECKONU 00paOOTKHU.

7. I W3roTOBIICHHWS KaKHUX JCTalcd aBTOMOOWIIS IPUMEHSFOTCS
HKecnenyromme Mapku craneit: 651, 50C2, 60C2XDA. Kakoso
uX 00Ilce HAMMCHOBaHHUE, U KAKOMY BHJIy TEPMHYECKOH 00pabOoTKH
OHHM TTOJIBEPTAFOTCS?

8. PacmmdpyiiTe HIKEIPHBEACHHBIC CIUIaBbI IBETHBIX METAJLIOB:
JI70, JIC59-1, Bp. OIIC4-4-4, bp. C30, b83 u ykaxwute uxX
OCHOBHOE Ha3HAYECHUE.

9. Yro npeacTaBisioT cOO0H CHITyMHUHBI U 111 U3TOTOBJICHUS KaKHX
AeTanell uX UCTIOJIb3YIOT B aBTOMOOHIECTPOCHUH ?

10. VKaXuTe€ OCHOBHBIC TEXHOJOTMYECKHE CBOMCTBA CIIJIAaBOB
IBETHBIX METAUIOB. UTO MOHMMAETCS IMOJI CBAPMBAEMOCTBIO ITHUX
MaTepUalioB, U KaKHE 3JIEMEHThI CHOCOOCTBYIOT YJIYUIICHUIO HX
MEXaHU4EeCKOi 00paboTKu?

11.  IIpuBenure npuMepbl KOPPO3MOHHOCTOMKHX, >KAPOIPOUYHBIX U
KAPOCTOMKUX CTajied, YyKaXWTe MX Ha3HayeHue U o0JacTh
npuMeHeHusA. KakoBO NPpUHLMIMAIBHOE pa3IMuMe IOHATHU
KapOCTOMKOCTh U KapOIMPOYHOCTh?

12.  UYto Takoe aBTOMaTHbIE U JHTeWHBIC cTanu? I[lpuBegute
MPUMEPHI U YKAXKUTE, KaKUE XUMHUYECKHE DJIEMEHTHI ONPEACIISTIOT
UX OCHOBHBIE TEXHOJIOTHYECKHE CBOMCTBA.

Jlekuusa 10. Hemerasnnueckue KOHCTPYKHHOHHbIC MATEPHAJIBI B
aBTOMOOMJIECTPOCHHUH

HeMmeramnnueckue KOHCTPYKIIMOHHBIE MAaTepHalibl MMEKT JOCTATOYHO
OoJNbIIYI0 HOMEHKIJIaTypy. IlpuueM OCHOBOW OOJBIIMHCTBA HEMETALTUYECKUX
MaTepuasoB, NPUMEHSEMBIX B aBTOMOOWIIECTPOEHUH, SBISIOTCA TOJIUMEPHI,

IJIaBHBIM oOpa3zoM, cuHTteTudeckue. K Takoro pojma marepuanam, Mpexie BCEro,



OTHOCAT TIJIACTMACCHI M PE3MHOTEXHUYECKUE W3JENHUS, IMHUPOKO MPUMEHSIEMBIC B
MIPOU3BOJICTBE M PEMOHTE aBTOMOOUJIEH.

BecbMa cyIecTBEHHYIO pOJb I1eJeCO00pa3HOTO MPUMEHEHHSI TIacTMacC B
KaueCTBE MAIIMHOCTPOUTEIBHBIX MaTEPHUAIOB, IMOMHUMO YHCTO TEXHUYECKHUX
COOOpaXCHHI, UTPAIOT YKOHOMHYECKHE. DKOHOMUYHOCTh MPUMEHEHHSI TTACTMACC
IpU W3TOTOBJICHUM W BOCCTAaHOBJICHUM JI€TaNe aBTOMOOWIS BBIpaKaeTcs B
CHI)KCHUH Ce0ECTOMMOCTH WX MPOU3BOJACTBA. Tak, MpU WCIIOJIB30BAHUNA MHOTHX
OTBETCTBEHHBIX METANIMYECKHUX JeTalieii TpeOyercs, Kak MpaBujio, TPU BHIA
0o0paboTku (JIThe, TEPMOOOPAOOTKAa M MeXaHWYecKas o0paboTka) ¢ OOJIBIINM
quciIoM TexHoJormueckux omneparmii (o 30...50), B TO BpeMs Kak JUIs
IJIACTMACCOBBIX ~ JIETAJIe  JIOCTATOYEH TOJIbKO OJIMH BHJA 00pabOTKU —
dbopMmupoBaHHEe ~ ACTAIM  METOAOM  IUIACTHYECKOTO  nedopMupoBaHUS.
DKOHOMHYECKAsh 1eJeCO00pPa3HOCTh MPUMEHEHHS IIIacTMAacC CBsi3aHa  CO
CHI)KCHUEM 3aTpaT Ha HUCXOJHBIE MaTepHasibl BBUAY IIMPOKOMACIITAOHBIX U
HeACPHUIIMTHBIX PECYpPCOB JUII HMX MPOU3BOACTBA (HE(PTH, NPUPOIHOTO U
NPOMBIIJICHHOTO Ta3a, IEIUIF0JIO3bl MU JP.), a TaKXKe MacChl OJHOMMEHHBIX
U3JICTTNH, CIIOCOOCTBYIONINX CHIDKCHHIO MAaTEPHAIIOEMKOCTH, TaK KakK, B CPEIHEM,
IJIOTHOCTH IJIACTMACC IPUMEPHO B JIBa pa3a HWKE MJIOTHOCTU TaKOTo, HAIpUMep,
MeTajlia, Kak aJJlOMUHUH.

Jerann u3 miactMacc He TOJbKO B 4...9 pa3 AemeBiie OJHOUMEHHBIX
JeTanel U3 IBETHBIX METAJUIOB, HO, B OTIEIBHBIX ClIydasX, B 2...6 pa3 Jerienie
JIeTane w3 YEepHBIX MeETaioB. MacmraObl TpUMEHEHHS IulacTMace TpH
W3TOTOBJICHUM M PEMOHTE aBTOMOOWJICH HEMPEPHIBHO YBEIWYWBAIOTCS W, B
ommxkaiiiee BpeMs, MoryT gqoctudb 10% u Oosee oOiie Macchl aBTOMOOUIIEH, a
uX HOMeHKIaTypa MoxkeT npeBbicuTh 1000 emuuun. bombinme BO3MOXHOCTH
JTaTbHEHIIero pocTa MOTPeOJeHUsT IUIacTMacC B aBTOMOOWJIECTPOCHUHM J1aeT
NPUMEHEHUE TOJUMEPHBIX OOMBOYHBIX  TEIUIOM3OJSAIUOHHBIX  MaTepUaJIOB,
TOIUIMBHBIX 0aKOB M, UYTO OCOOEHHO BaXHO, CEPUHHOE MPOU3BOJICTBO

IJ1aCTMAaCCOBBIX KY30BOB.



[IpumeHeHre MIacTMacCc B KOHCTPYKIIMM aBTOMOOWJIS MO3BOJISET CHU3HTH
MacCy, YIY4IIUTh JKCIUTyaTaIlMOHHBIC XapaKTEPUCTUKU aBTOMOOWIIS, MOBBICUTH
€ro TpaBMOOE30IMacHOCTh U KoMdopradenbHOCTh. OCHOBHBIM HaIlpaBJICHHEM
MPUMEHEHUS TIACTMAcC M KOMIIO3UTOB Ha WX OCHOBE B aBTOMOOMJIECTPOCHUH
SIBJIICTCS] BHEIPEHUE KPYITHOTa0apUTHBIX HAPYKHBIX JIeTajcii Ky3oBa. Pa3paboTka
BBICOKOTIPOYHBIX KOMITO3UIIMOHHBIX MAaTEepPHAIOB apMHUPOBAHHBIX CTEKIISHHBIMHU,
YTIAEPOIHBIMU BOJIOKHAMH C TIOJIMMEPHON MaTpHUIEH IMO3BOJIMIA PACIIUPUTH HX
MIPUMEHEHHUE B KAUECTBE HAIPY>KEHHBIX CHJIOBBIX JieTajiel aBToMoOuIs1. CBeeHus
O TMPUMEHCHHWH TMIOJMMEPHBIX MaTePUAIOB B OTCYECTBEHHOM H 3apyOeKHOM
aBTOMOOWJIESCTPOCHUW  JJIT  Y3JI0B W JCTalled  JIETKOBOTO  aBTOMOOMJISA
IpejICTaBICHbI B Ta0uIIe 6.

Tabnuna 6 - [I[puMeHeHne MoJTMMEPHBIX MAaTEPUAJIOB B

aBTOMOOUJIECTPOECHUHU

Mpynna y3noB u geTanen MonnMMepHble MaTepuanb

aBToMObUNS

Monu-
3TUNEH
HW3KOro
[aBneHus

Monu-
npo-
nunex

Monu
ctupon
ABC-
nnacTuk

Monu-
YpEeTaHbI

Monu-
amMmuabl

Monu-
3(upHbIE
CTekno-
NIacTuKm
(npenpern)

Monu-
KapboH
aTbl

1

2

4

7

[JeTtanu BHelwHel 06/MLOBKK
peLLeTKN paavaTopoB,
Cronnepbl, KOMAKM KOJec

+

+

[leTann NaccuBHOW 3aLLUMTBI:
naHenn npmbopos,
6amnepl,
pyneBble Koseca,
BHYTPEHHME
[iBepei,
NOANOKOTHUKM n
noArosIOBHUKM

HaKnagku

++ + +

AMOpPTU3ALMOHHbIE  JEeTaNu:
NPOKIaAKH, noayLLKn "
CMUHKU CUAEHUI

KpynHora6apuTHble
KY30BOB:

MaHenu ABepel BHyTPEHHUE,
MaHenun ABepPeN HapyXHbIe,
Kpblnbs,

KanoTbl, 6araXxH1Ku

JeTanm

+ 4+ + +

EMKOCTHbIE  geTanu  Ans
XPpaHEHUS! XXMAKOCTEN:
TonNMBHbLIE Haku, macnobaku,
6auky ombiBaTenen, 6auku
Ans TOPMO3HOM  >XWAKOCTHK;
pacLmMpuTesbHbIE 6auku,
ALLMKM AKKYMYNSITOPHBIX
6aTapei




1 2 3 4 5 6 7 8
[Jetann 3auenneHus " + +
peMEHHbIX nepegay:
3ybuatble yepBsiyHble
Koneca, 3BEe3404YKM, LUKUBSI,
XpanoBuKK
Oetanu y3/10B TpeHwus: + + +
NOALUIMMHUKN CKOJIbXXEHMS,
BTYJIKM, BKNaAbILLK
KopnycHble aetanu:
KOXYXM, + + +
KPbILLIKX KOPMYyCOB, +
Kopobku, + + +
KOXYXU oTOnuTEneMn, + +
paboune opraHbl KpblibYaTKu + +
BEHTWUNSTOPOB, Hacocos,
KOMMpeccopos, + +
Kopnyca BO3A4YLUHbIX
hunbTpoB
Oetann  cucteM  nuTaHug, + + +
oxnaxaeHus n CMa3sku
asuratensi: Tpybku, npobku,
GUAbTPbI, MAaCNEHKK
CBeToTexHu4eckme  feTanu: +
nnadgoH.l, paccemBaTenu,
3agHue doHapu, Yykasatenu
NnoBOpPOTOB
1 2 3 4 5 6 7 8
[Jetanu obwero HasHayeHus: + + + +
PYKOSITKM,  LUMTKWU,  KHOMKM,
PYYKM, KONMAYKu
Jetann  nHbOPMaLMOHHOMO +
Ha3HayeHus: (upMeHHble
Tabnmubl, CXembl,  LWWKasbl,
TabaMYKM Ha NaeHKK
[Jetanu, noAsepratoLumecs + + +
3M1eKTPOMEXaHNYECKUM
Harpyskam,
3N1eKTPOM30NSALMOHHOIO
Ha3HayeHus:: KPbILLIKK
pacnpegenutenen,
KOMSIEKTOPbI, KaTyLKK,
nepeksoYaTenn, KOHTaKTHbIE
KOJIOAKW, NAaThl
[leTann BHYTpPEHHel OTAENKM + +
canoHa Ky30Ba:
[eKopaTuBHble npounu,
NpoLBbI

MeToAbl NONYyYEeHUA BbICOKOMOJIEKY/IAPHbIX COeAUHEHUA.

B coBpeMeHHOM MALIMHOCTPOEHUMU B KayecTBe KOHCTPYKLMOHHbIX MaTepunanos
4acTo MCMNONb3YIOTCA MONMMEPHble MaTepuanbl. Mpu BblbOpe KOHCTPYKLMOHHbIX
MOSIMMEPHbIX MaTepPMaNoB HEOBXOANMMO yYUTbIBATb UX CBOMCTBA U METOAbI NONYYEHMUA.
B cBA3M c 3TMM yesvro AaHHOU pabomel A81AemcA 03HAKOMsEHUe C OCHOBHbIMU

mMemooOamu CUHME3A B8bICOKOMOEKYAAPHbLIX COeOUHeHUU.




BrICOKOMONEKYIApHBIE COCIMHEHUS WM IOJIUMMEPBI — 3TO BEIIECTBA C OYEHb
OOJBIION MOJIEKYJISIPHOM MAaccoil, MOJEKYJbl KOTOPBIX COJAEpKaT MOBTOPSIOLIUECS

TPYHNIIHPOBKH aTOMOB.
CywiecTByloT [ABa OCHOBHbIX crnocoba noay4yeHUAa BbICOKOMOEKYNAAPHbIX

COeANHEHNI: NOANMEPU3ALMA U NOIMKOHAEHCALMA.

Monnmepusaums — peakums coegmHeEHUs MONEKYN MOHOMepPa, NpOoTeKatowas 3a
CYeT pa3pbiBa KPaTHbIX CBA3EM M He NPMBOAAWAA K M3MEHEHWUID 3/1€MEHTapPHOro
coCTaBa MOHOMepa. B peakumio nonMmepusauMm BCTyNaldT B OCHOBHOM
HeHacbllWeHHblIE MOHOMEpPbI, Yy KOTOPbIX [ABOWMHAA CBA3b HAXO4UTCA  MeXay
YrNepoaHbIMWU aTOMaMKU UAU MeXAy aTOMOM yraepoga v nobbim apyrmum atomom. B
3aBMCMMOCTM OT XapaKTepa aKTUBHbIX 4YacTUL, Pa3/IMYaloT PaAAMKANbHYIO U MOHHYIO
nonumepusaumio. Mpu  paguKkanbHOWM NOAMMEPU3ALMU  MNPOLECC UHUUMMPYETCA
CBOOOAHbIMM paauKanamm, NPU MOHHON NOAUMEPU3ALUM — KATUOHAMM MW AHMOHAMM.

Monnmepusauma ABNAETCA LEMHOW peakuuen n NnpoTeKaeT Yepes HECKOJIbKO CTaanii:

*
R'* + CH, =CHR —> R'— CH,—CHR

+
H*X + CH, = CHR —> CH;=CHRX

MHULMMPOBAHME, POCT Uenn U o0b6pbiB uenu. Ha nepsBol cTagum npoUCXoauT
obpasoBaHue cBobogHoro pagukana (R’*) wam wmona (H'X), KoTopbie nerko

B3aMMOEMNCTBYIOT C HeNpeaebHbIMU COeANHEHUAMM.

Ha BTOpoOI CTaauKM MAET NPOLLECC MHOTOKPATHOrO NpMcoeaMHEHMA MOIEKY/T MOHOMEPa

K YCIOXKHSIOLWEMY KaXKabl pas pagukany uam MoHy.

*

R'= CH,=CHR *+ CHy= CHR —> R'= CH,—CHR =—CH,=—CHR
+ - + -
CH3=CHRX *+ CH,= CHR —> CH;—CHR=CH,— CHRX

Mpouecc O6prBa uenn ceA3aH ¢ UICHE3HOBEHNEM CBO6OAHbIX pagnkanos Ui MOHOB Y

nocnegHero seeHa MakpomoOJ1EKY/bI.



* *x
R'=—CH,=CHR *R'=— CH;=CHR —> R'==CH,~CHR=—CHR=—CH,=—R'

—> CH;=CHR=—CH,=— CHRB * AICl,

+
CHz=CHR—CH,= CHR

AICI;B~
> CHy;=CHR=—CH=CHR *+ [AICI;B ]H"
nOl'IVIKOHAeHcaLI,MFI - npouecc 06pa3OBaHVIFI noanmepos XUMUYECKUM
B3aMMO,CI,el‘/JICTBVIEM MON1eEKYyT MOHOMepPOB, COI'IpOBOH'(ﬂ,aI'OLLI,Ml;’ICFI BblaeneHmnem

HU3KOMONEKYNAPHbIX BelecTB (BoAbl, XNOpPOBOAOPOAA, aMMWaKa, cnupT u ap.). B
npouecce  MOJMKOHAEHCAUMM  NPOUCXOAMT  B3aMMOAENCTBME  mexay  cobol
GYHKUMOHANbHbBIX FPynn, cogep)Kawmx B mosiekynax moHomepos (-OH, -COOH, -NH,,
ranoreHbl U gp.). MoHomepbl, BCTynalowme B pPeakunio MOJMKOHAEHCAUMU, OONKHbI
ObITb HE MeHee YyeM BUPYHKLUMOHANbHbIMUK. B cnyyae 6UPYHKUMOHANbHBIX MOHOMEPOB
NPU KOoHAeHcaummn obpasyroTca NNHENHblE NOAMMEpPDLI (NTMHEMHAA NOAMKOHAEHCAUMA).
Ecnm B nonnMKoHAEHCALMIO BCTYNatOT MOHOMEPBI C GYHKLMOHANbHOCTbIO, PAaBHOM TpPeM
n 6onee, TO 06pasylOTCA pPaA3BETB/IEHHbIE WAW NPOCTPAHCTBEHHbIE MNOJIMMEpPDI
(npocTpaHcTBEHHAA NONMKOHAEHCAUMA). MonAnKoHaeHcauma npoTeKkaeT Mo
CTyneH4YaTomy mexaHu3my. [lepBaAa cTagma — o06pa3oBaHME aKTMBHbIX LEHTPOB
(byHKUMOHaANbHBIX rpynn). MNMpyM KOHAEHCALMWU UCXOAHbIE MOHOMEPbI yXKe cogepKaT
aKTMBHble QYHKLMOHANbHbIe rpynnbl. OgHaKO 6biBaeT U TaK, YTO 3TW rPYNMbl CO34aL0TCA
HENOCPeACTBEHHO B  MpoOLecce MNOJIMKOHAEHCAUMM, Hanpumep MNpU  CUHTE3e
beHonpopmanbaerngHoix, MoYeBMHOPOPMANbAENMAHBIX U aMUHOGOPMANbAETNAHBIX

noanmepos.

O6pasytoLme akTMBHbIE LEHTPbI (METUI0/IbHbIE TPYNMbl) BCTYNAlOT B PeaKL Mo

OH
o f _CH,OH
V4
+ H—=¢Z ——
NH

NOZIMKOAEHCALUM MeXay cobon.

OH

BTOpaFI CTagna — pocCT uenun, ceA3aHa C BblAENEHNEM HUSKOMOJIEKYNAPHbLIX BELLECTB,
npn 3TOM COCTaB 3/1EMEHTAPHbLIX 3BEHbEB MO/IMMEPOB HE COOTBETCTBYET COCTaBY

MCXOAHOIro MOHOMEPA, YTO OT/TUHAET peaKUUNIO NONTMKOHAEHCAUNUN OT NOZTIMMEPU3aLUN.

NHREGH,OH NHNGHz@H
LN o 0 N 2oH
0 + Hw G c €8 Co_
r\hqm..z H™H NH, NH—CH,OH



OcobeHHOCTbI0O CTaaMM pocTa Lenu npouecca NOAMKOHAEHCAUUN sBAAeTcA
HEe3aBMCMMOCTb OTAE/bHbIX aKTOB POCTa Lenu Apyr oT gpyra. Mo3Tomy AaHHbIN npouecc
NPeACTaBAAETCA KaK CyYMMbl OAHOTMMHBLIX  PeaKkuuMii, NPOUCXOAALMNX  MEXAY

MoekKynamMn mMOHOMeEpPa, AMMepa, TPUumepa U T.4.

OH OH oH
2
n *n _t. + 2nH,0

2n
NH=—CH,OH NH=—CH,OH
N + N Co_ — —HN—co—NH—CHz—] + 2nH,0
N—H N—H 2
n
I |
H H
NH=—CH,0H NH=—CH,OH
n co + N CO —— |—HN—CO—N—CH,—| +2nH;0
NH—CH,0H NH—CH,OH
CH,OH 2n
TpeTbﬂ CtTagna — npexKkpaweHmna pocta U O6prB uenn, Hactynaet BcCceacremne

YCTaHOBMBLLEroCcA PaBHOBECHOrO COCTOSIHUA, W3MEHEHWUS CTPYKTYPbl M HapyLIEHUS
9KBUBAJIEHTHOCTU QYHKLMOHAbHbIX FPyNM, YBe/JIMYEeHMA BA3ZKOCTU PeaKUMOHHON cpeapbl
M YMEHbLUEHMA MOABUMNHOCTM  MAKpoMmoneKkyn. [lpoayKTbl NONMKOHAEHCALMM
NPeAacTaBAAT C/OXHYID CMeCb, B KOTOPYHD MOryT BXOAUTb ¢paKkuMn noavmep-
rOMOJIOTOB,  HU3KOMOJIEKYNAPHbIE  COEAMHEHMA,  NOoOOYHble  MPOAYKTbI n

Henpopearnposaswine MOHOMEPDLI.

Jlekuus 11. Ctapenue u usHoc apromoouieit. Crtapenne apToMmooniei
U UX COCTABHBIX YaCTeH

CrapeHuneM Ha3bIBaeTCS MPOIECC HEOOPATUMOT0 U3MEHEHHUS €r0 CBOWCTB U
COCTOSIHUS, OOYCIIOBJIEHHOTO CTPYKTYPHBIMHU TPEBPANICHUSMU, XUMUYECKUMHU

HN3MCHCHUAMHM B MaTCcpHajlax, H3 KOTOPLIX HM3rOTOBJICHBI AOCTAJIM, ad TaKXKE



MOCTETICHHBIM HAKOIUICHHEM B 3JIEMEHTAaX KOHCTPYKIIMU aBTOMOOWIS MHUKPO- U
MAaKpOITOBPEKICHUH MPU IKCILTyaTaALUU.

[Ipu skcrutyaTaniid aBTOMOOWIISE UMEIOT MECTO (PU3MUYECKOE M3HAIIMBAHHE
JIeTAJIeN, MOTEPS] YCTATOCTHOM MPOYHOCTU MX Marepuana. Kak npu skcruryaranuu
aBTOMOOWJISI, TaK U TMPU €ro XpaHEHUH MPOUCXOIAT HU3MEHEHHs, CBS3aHHBIC C
KOppO3UEH, TMOTEpPEN KECTKOCTH, CTPYKTYPHbIE HM3MEHEHUS W XUMHUYECKHUE
MPEBpPAIIEHNs] B METAJUIaX, IMOTEpss HEKOTOPBIX CBOMCTB. lIpomeccwl crapeHus
BCET/Ia CBSI3aHbI CO BPEMEHEM.

IIponecc crapeHnst MexaHU3Ma ONPENEIAETCS MPOLECCaMHU CTapEHHUs BCEX
oOpa3ylolmux €ero Jerajeil M HapyleHMEeM HX B3aUMHOIO PaCHOJIOKEHHUS.
Crapenne geraneid NOPOUCXOAUT B PE3YyJbTAaT€ BO3ACUCTBUS HECKOJIBKHUX
pPa3pyLIUTEIbHBIX MPOLIECCOB U SIBISIETCS PE3YJIbTaTOM BO3ICHCTBUS OOJBIIOTO
yucia (pakTopos.

N3HammBanmueM Ha3bIBae€TCs MPOLIECC OTACICHUS MaTepralia C MOBEPXHOCTU
TBEPJIOTO TeJla W YBEJIMYECHHUS €ro OCTaTOYHOW JedopManu Mpu TPEHUH,
MPOSIBJISIIONIECICS B MOCTENIEHHOM HM3MEHEHUU pa3MepoB U ¢dopmbl Tena. M3Hoc
ABJSICTCS. PE3YJbTAaTOM HW3HAIIMBAHUS W OMNPEIEISIETCA B  YCTAHOBJIEHHBIX
eAUHUIIAX (TOJIIIUHBI CJI0s, 00beMa, MacChl).

[Ipotiecc u3HaMMBaHUSI OOBIYHO MPOUCXOIUT B Tpu craguu. Ha cramum 1
UIeT MNpupabOTKa COMPSDKEHHBIX TOBEPXHOCTEH  JeTaned, 3aHUMAarolul
HEOOJIBIION 0Tpe30K BpeMeHu. [Ipu 3TOM U3HOC U3MEHSAETCS HETUHEHHO, CKOPOCTh
W3HAIIMBAHUS BBICOKAs, HO MOCTEeNeHHO yObIBaeT. Ctaaus 2 siBIseTCS HamboJsiee
IPOJOJDKUTEIBHON M XapakTepuszyercs CcTaOuiabHOCTh mpouecca. CKOpocTh
W3HAIIIMBAHUS B 3TOM ciilydae HeOoubias U noctossHHas. Cranusa 3 — yCKOpPEHHOE
W3HAUIMBAHHUE,  XAPAKTEPU3YIOLIEMCA  PE3KO  BO3PACTAKOLIEH  CKOPOCTHIO
V3HalMBaHus. [IpUUMHON 3TOrO SBIAETCS WM3MEHEHHE YCIOBUUA TPEHUS H3-3a
U3MEHEHUS pa3MepoB B (POPM TPYIITUXCS TOBEPXHOCTEH.

Hedbopmanus netanu MoXeT ObITb oOpaTUMol (ynpyroi) u HeoOpaTUMOM,
T.e. octaroyHou. Jlebopmamusi BO3HUKAET TpPU TOSBICHUU HAMPSOHKEHUN B

MaTepuaJC JACTalu. Ecmu BO3HHUKAIOIIMEC HAIPAKCHUA B MATCpHATIC [A€TaId



MEHBIIIE TpeJena €ro YHIpyroctd, To OyIeT HMMETb MECTO TJIaBHBIM 00pazom
ynpyras nedpopmarms. OnHako ynpyras aegopmaiiis MOKET COIMPOBOXKIATHCS U
OoCcTaToyHOW Jedopmanuedt, HampuMmep, MpU TOBBIIIEHHBIX TeMIlepaTypax.
Ocrtarounass nedopmaiusi HM3MEHSET pa3sMepbl W KOHPUTYpaLUIO JeTallu.
Hampumep, y Takoll CIOXHOM JeTanu, Kak OJOK UMJIMHAPOB JBHUraTels,
U3MEHAETCS TMOJIOKEHUE OCEH TMOCANOYHBIX OTBEPCTUM TMOJ THUJIb3bl, MOJ
BKJIQABIIINA KOPEHHBIX IOAIIMIIHUKOB KOJICHYATOrO0 BaJla, 4 TAKXKE IMOSABISIETCS
KOpOOJIeHME W  HapylIaeTcsl IMOJIOKEHUE O00pabOTaHHBIX  IMOBEPXHOCTEH
OTHOCHUTEIFHO TEXHOJOTUYECKUX 0a3, UTO MPUBOAUT K CHUKECHUIO JOJITOBEYHOCTH
JIBUTATEIISA B LIETIOM.

Pazpymienne npuBOIUT K IMOJHOMY pacwICHEHUIO naetanu. Paspymienus
OBIBAIOT BA3KMMU, XPYIKUMH H YCTAIOCTHBIMHU.

Bs3koe paspyliieHue NpoucxXoauT OT KacaTeJIbHBIX HAIPSKEHUN BCIIEACTBUE
3HAUMTEIBbHOM  miactudyeckodl — nedopmarnuu.  IlinockocTte  pazpylieHui
PacCIIOJIOKEHA O YIJIOM K HANPABJICHUIO NPWIOKEHUSI HArpy3KH M COBHAJAET C
HaIIpaBJICHUEM JCHCTBHS KAcATEJIbHBIX HAIIPSIKCHUM.

Xpynkoe paspylmieHHE MPOUCXOAUT IOA  JCHCTBUEM  HOPMAaJbHBIX
HanpsokeHuidl. Emy mnpenmiectByer HeOosbllas macTudeckas aedopmanusi, U
IJIOCKOCTh  Pa3pyllIeHUs  OKa3blBAaCTCAd  IEPIECHIMKYJIAPHOW  HAIIPABIICHUIO
IIPUJIOKEHUS Harpy3ku. [Iponecc pazpyueHnss COCTOUT U3 IBYX CTAJHN: B IEPBOM
CTaJUU MPOUCXOAUT 3apOXKICHUE TPEILMHBI, @ BO BTOPOU — €€ Pa3BUTHUE Yepe3 BCe
CEUYEHUE JETalu.

YceranmocTHoe pa3pylIeHUe IeTalled SIBISETCS Pe3yJIbTaTOM MHOTOKPATHOIO
IIPUJIOKEHUS HATPY30K U NPOUCXOIUT IIPU HANIPSKEHUAX, 3HAUUTEIIBHO MEHBIIHNX,
YyeM B CJly4a€ OJHOKPATHOTO HAarpyXeHus. TpemmHa Ipu  yCTAIOCTHOM
paspyll€HUH  3apOKAAETCS B  MOBEPXHOCTHBIX  CIOSIX, TJ€ JEUCTBYIOT
MaKkCHUMaJbHble pacTAruBaroie HampspkeHus. [lo mepe ocnabieHus ceueHus
TEMI PAa3BUTHS TPEIIMHBI YCUJIMBAECTCS WM MPHU OINPEHAEIEHHOM OCTaTOYHOM

CCUHCHUH IMPOUCXOAUT IMOJIHOC PA3PYHICHHUC ACTAJIN.



Koppo3ust mpencraBiser co0oil  pa3pyllieHHE METaUIOB  BCIIEICTBHU
XUMHUYECKOTO WA DJIEKTPOXMMHUYECKOTO B3aMMOJECUCTBUS UX C KOPPO3UOHHOM
CpEIION.

DOpo3usi ¥ KaBUTalUMs BO3HUKAIOT MpU JCHUCTBUM HAa METAJUT MOTOKA
KUJKOCTH, JBIKYIIECHCS C OONBIION CKOpOCThi0. Ha mMOBEpXHOCTSAX JeTalieH,
MOABEPraroIeucs: JKUAKOCTHOM 3pO3UU, 00pa3yroTCsl MSATHA, MOJOCHI, BBIMOWHBI.
TakuM NOBpPEXKACHUSAM IOJBEPralOTCsl ACTANIM CUCTEMbI OXJAXIACHUS JIBUraTels,
KpbUIbsl Ky30Ba, BOCIPMHHMMAIOIIME CO CTOPOHBI KOJEC IMOTOK BOJBI, Mecka U
MeNnKuxX KamHed. KaBUTalMOHHOE MOBPEXKJICHHE MeTallla MPOUCXOAMUT TOT/a,
KOTJa HapyllaeTcsl HENPEepPhIBHOCTh IOTOKAa JKUAKOCTHU U OO0pa3yroTcs
KaBUTAIlMOHHBIC MY3bIpbKU. KaBUTAIlMOHHBIE ITY3BIPH, KOTOPBHIE HAXOAATCS Y
MOBEPXHOCTH JETaIM, YMEHBIIAIOTCS B 00bEME C OOJBLION CKOPOCTHIO, YTO
MPUBOJAUT K THAPABIMYECKOMY VYAApy KUJIKOCTH O IIOBEPXHOCTh MeTasia.
CocpenoToueHue B OJJHOM MECTE Ha MOBEPXHOCTH METajla O0JIbIIIOTO KOJIMYECTBA
TaKuX YyAapoB BbI3bIBa€T OOpa30BaHME KaBUTALIMOHHBIX pa3pylICHU B BHUJIC
kaBepH nuameTtpom 0,2 ... 1,2 mm. Takomy pa3pylIEHUIO YacTO MOJIBEPraroTCs
JIeTalld CUCTEMbI OXJIAKICHHUS JIBUTATENsl, THIb3bl MWIMHAPOB, MOCATOYHBIC
MOSICKU OJIOKOB ITUJIMHAPOB MOJT THIIB3Y, TATPyOKH U Ap.

C TedyeHMeM BpPEMEHHM WM II0 Mepe pocTa HapabOTKHM B COCTOSIHUHU
aBTOMOOMJISI WJIM €r0 COCTaBHBIX 4YacTel HacTymaeT Mpenesi, Mociie KOTOPOro
WCIIOJB30BaHNE AaBTOMOOWIIS OKa3bIBaeTCS HEIEIecOOOpa3HbIM: aBTOMOOWIIb
JIOCTUT MPEICILHOTO COCTOSIHHUSL.

[IpenenbHbIM  COCTOSSHMEM aBTOMOOWJII M €ro COCTaBHBIX 4YacTei
Ha3bIBACTCA COCTOSIHUE, NPU KOTOPOM UX JajbHEHIee MNPUMEHEHUE IO
HAa3HAYEHUIO HEIOMYyCTUMO WJIM HeEleaecoo0pa3Ho, JUOO0 BOCCTAHOBJICHHE HX
HEBO3MOXXHO HJIM HelelecooOpasHo. Tak, HampuMmep, HEOOXOJMMOCTh CMEHBI
Macjia B KapTepax arperatoB CBs3aHa C JOCTHIKEHHMEM Macja MpeaesibHOTO
COCTOSIHUSI TIpM HM3MEHEHUH MX CMa3bIBAIOIIMX CBOWCTB;  BBIMOJHEHUE
PETYIMPOBOYHBIX PA0OT OOYCIIABIMBACTCS TIOCTHKECHUEM TPECIbHBIX 3a30pPOB B

COIIPsKCHUAX, 3aMCHA UJIM PEMOHT ACTAJIN JUKTYCTCA M3HOCOM XOTHA OBl OJIHOﬁ c€c



paboueil MOBEPXHOCTU [0 MpPeAENbHOTO pa3Mmepa. KonnuecTBEHHbIE 3HAYEHUS
MOKa3aTejaed  MPENEIbHOTO  COCTOSIHHSL ~ yCTAHABJIMBAIOTCS  HOPMATHUBHO-
TEXHUYECKON JOKYMEHTALUEN.

N3HOC MammHbBI — 3TO €CTECTBEHHBIN MPOLECC YXYAIIEHUS €€ COCTOSHUS CO
BpeMeHeM. PacueT nzHoca MalrHbl MOKET ObITh MOJIE3HBIM IIPH OIPE/IeICHUN
CTOMMOCTH UCIIOJIb30BaHHOTO TPAHCIIOPTHOTO CPEACTBA WU MIPU OLIEHKE €T0

TCXHUYCCKOI'O COCTOSAHUSA.

CymecTByeT HECKOJBKO METOA0B VISl pacdyeTa H3HOCA MALIMHBI:

Merton mnpoOera. JlaHHBIMI METOJ OCHOBaH Ha W3MEPEHHM Ipodera
aBTOMOOWJISI M €r0 COOTHOIIIEHUU ¢ HOpMO#M m3Hoca. Hopma m3HOCa 3aBUCHUT OT
KOHKPETHOTO aBTOMOOWJISI U MOXKET OBITh yKa3aHa B €r0 TEXHUUYECKOM IMaclopTe
WM perjlaMeHTe o0CiIyXKuBaHus. PaccunuTaTh U3HOC MOKHO 1O (popMylie: U3HOC =
(paxTuueckuii mpobder / Hopmy uzHoca) * 100%.

Merton Bo3pacta. DTOT METOJ OCHOBAH Ha y4yeTe BO3pacTa aBTOMOOWJIS C
MOMEHTA €ro BbllTycka. CTeneHb M3HOCA 3aBUCUT OT KOHKPETHOTO aBTOMOOWIIS U
MOXET OBbITh yKa3aHa B €r0 TEXHUYECKOM MaclopTe WJIU OIpEJeeHa OIBITOM.
PaccuutaTh m3HOC MOXHO MO (opmyre: u3Hoc = ((haKTHUECKU BO3pacT / CPOK
ciyk061) * 100%.

Komrmnekcublidi MeToa. JJaHHBI METOJ OCHOBAH HA COYETAHWM PATUYHBIX
dbakTopoB, TakMx Kak MpoOer, BO3pPaCT, COCTOSHHUE AaBTOMOOWJS W JpyTHeE.
Pe3ynpTaT pacuera MokeT ObITh 0oJiee TOYHBIM, HO TpeOyeT 0oiiee CIOKHOIO
MOAXO0/Ia U aHaJIu3a TaHHBIX.

IIpu pacuere wW3HOCA MAaIlMHBl BAXKHO YYUTHIBATh KOHKPETHBIC
XapaKTepUCTUKA aBTOMOOWJISI, TaKMe KaK €ro Mapka, MOJiellb, COCTOSIHUE U
yCIOBUSL AKcIutyatanuu. Kpome Toro, cieayer NpyUHUMATh BO BHUMAHUE Kak
€CTECTBEHHBIN M3HOC, TaK M M3HOC, BbI3BAHHBIM ABAPUSMHM WJIM HENPABUIBHOU

AKCILTYaTalUEN.

[TapameTp 3HaueHue



Mapka Toyota

Monens Camry

["on BBITTyCKa 2015
[TpoGer 100 000 km
Hopma uznoca 200 000 xkm
Cpok ciryx0bI 10 net

B naHHOM npuMepe MOXKHO paccyuTaTh U3HOC MAlIMHBI [10 METOLY IIpoodera.

N3noc = (100 000 / 200 000) * 100% = 50%

Ba)xHO MOMHHUTH, YTO pacyeT HM3HOCA MAIIMHBI — 3TO JIMIIb OJWH U3
WHCTPYMEHTOB [UJISl OLICHKHM TE€XHUYECKOTO COCTOSHHS TPAHCIOPTHOI'O CPEICTBA.
Jns nonmydeHust Oosiee TOYHOM HH(OpMAUUMU PEKOMEHAYETCS OOpaTUThCS K

CIICaINCTaM HJIN ITPOBCCTHU IIGTaHBHBII\(JI TEXHUYCCKUU OCMOTP.

N3HOC aBTOMOOMIISI: OCHOBHBIE (PaKTOPBI
N3HOC aBTOMOOMIISI — 3TO HOPMAaJbHBIN MPOLIECC, B PE3yJIbTaTeé KOTOPOTO C
TEYEHUEM BpPEMEHHM M JKCIUTyaTallud aBTOMOOWJIS BO3HHMKAIOT TOBPEKICHUS U

W3HOC JIETAJIE U 3JIEMEHTOB €r0 KOHCTPYKIIUH.

OcHoBHbIe (haKTOPBI, BJAMAIOLINE HA U3HOC ABTOMOOMJIA:

NHTEeHCUBHOCTh HCIOJIb30BaHUA. YeM uyalrie aBTOMOOWIIb MCHOJB3YeTCs U
yeM OoJibIlle OH TIpoOeraer, TeM ObICTpee MPOUCXOJUT €ro M3HOC. JlIuTenbHbIe
MOE3JKU M0 aBTOOAHY WJIM TPAacCe MEHbILE HArpyKaroT aBTOMOOMIIb, YEM YACThIE
KOPOTKHE IOE€3JIKM IO TOpOdY, C YAaCTBIMH OCTAaHOBKaMU M NEPEKIOYCHUSAMU
nepenad.

KauectBo nopor m ycnoBus skcruryarauuu. [limoxoe kadecTBo mopor,
3MMHHE MEPUOJIBI C COJIEBBIMU pPEareHTaMM, SKCTPEMAJIBHBIE ITOTOJHBIE YCIOBUS U
npyrue (GakTopbl, KOTOPbIE HETAaTUBHO BIMSIOT HA JOPOKHOE MOKPHITHE, PUBOJISAT

K 0oJiee aKTUBHOMY M3HOCY aBTOMOOMIIS.



KadectBo 1 perymsapasiii yxoa. HekoppekTHOE UCTIOIb30BaHUE aBTOMOOMIIS
YW HENpPaBWIBHBIA yXOJ MOTYT YCKOPUTh IIpoliecCc u3Hoca. PerynsapHoe
oOcy>KMBaHME, CMEHA Macjia B JIBUTATeNe U APYrHe MpEeANrCcCaHHbIe MPOUEIYphI
MOTYT IOMOYb IPOJUIHTh CPOK CITY>KOBI aBTOMOOMIIS.

Cruiib  BOXAEHUA. ATpPECCHBHBIA CTWIb BOXJACHUS, 4YacTO€ pe3Koe
YCKOpPEHHE W TOPMOKEHUE, CHIIbHBIE MOBOPOTHI U JPUQT, YACTOE MPEBBIIICHUE
CKOPOCTH W JpPYTHE ONAcHble MAHEBPbl MOTYT MPUBECTH K Oosiee ObICTpOMY
W3HOCY U MOJIOMKaM aBTOMOOMIIS.

Bua wucnonb3oBanus. Ecin aBTOMOOWIH HMCHOJIB3YETCS JUIsl TEPEBO3KHU
TSDKEJIBIX TPY30B WM JJIA TSDKEJIOM padoThl (HampuMep, Ha CTPOMKE), 3TO TaKKe
MOJKET YCKOPUTH MPOLIECC U3HOCA AaBTOMOOMUIIS.

Bo3pact u mnpober aBTtomoOmis. C TeyeHMEM BpPEMEHUM M TPoOErom
aBTOMOOMJII BO3pPAcCTalOT H3HOC W MOBPEXKICHHUS €ro JeTajlied U D3JIEMEHTOB.
Bo3pacT aBTOMOOMIIS TakKe MOXKET IMOBIHATH HAa TEXHUUYECKOE COCTOSHUE €ro
CUCTEM M KOMIIOHEHTOB.

[Ipu oueHke M3HOCA AaBTOMOOWJIS Ba)KHO YUYUTBIBATH BCE ATH (PAKTOPHI U
oOpaTUTh BHUMAHHME HAa COCTOSIHUE PA3IMYHBIX CUCTEM U J€Taneil aBTOMOOWJIA.
PerynsipHblii TEXHUYECKH OCMOTp M OOCIYyXMBaHHUE IOMOTYT TMOJJIEPKUBAThH

aBTOMOOMIIb B HaJICKAIIEM COCTOSAHNMHU U YMCHBIIUTD ITPOLCCC U3HOCA.

Cnoco0bI onpeiesieHUs1 K3HOCA ABTOMOOMJIA

OrnpeneneHue ypoBHsS U3HOCA aBTOMOOWIIS SIBJSICTCS BaXKHBIM ATAroM IMpHU
o1lleHKe ero cocTosiHus. Clieyroliue crnocoObl MOMOTYT BaM OMNPEE/IUTh CTEECHb
M3HOCA aBTOMOOMIIA:

Buemnuit  ocMoTp: BHHMMaTenhHO OCMOTpPUTE Ky30B aBTOMOOWJS Ha
HaJIMYKME IapanuH, CKOJIOB, KOPPO3WUU WM TOBPEKICHUU. YOemuTech, 4TO BCE
JIETAIM HAa MECTE€ W HE OTOpBaHbL. [IpoBEphTE COCTOSHUE KOJEC: IIWHBI JTOJKHBI
UMETh JIOCTAaTOYHYIO IIYOMHY TPOTEKTOPa U HE UMETh TPEUTUH WU U3HOCA.

Tect-npaiiB: [IpoBenuTe TecT-apaiiB Ha pa3NIUYHBIX TUMAxX nopor. Obparute

BHUMAaHHUC Ha pa60Ty ABUTATCIIA, TPAHCMHUCCHUHU, TOPMO3HBIX CHUCTEM U IMOABCCKH.



JIroOble HEeOObIYHBIE 3BYKH, BHOpAIMM WJIM MPOOJIEMbl C yNpPaBIECHHUEM MOTYT
O3HauaTh HAJIMYME U3HOCA WIIK HEUCTIPABHOCTH.

IIpoBepka mox kamotoM: OTKpoOWTE KamoT M OCMOTPUTE JIBUraTellb,
Oatapero, peryisaTopbsl U Jpyrue BaKHble KOMIOHEHTHL. [IpoBephTe ypoBeHb H
nBeT Macia. [Ipu Hanuyuu rpsa3HOro WM 0OTOPEBIIEro Macia, a TaKXKe MPU3HAKOB
YTEUKH JKUAKOCTEH, aBTOMOOUIIHL MOXKET OBITh MOJIBEPKEH U3HOCY.

JlokymenTanusi u  uctopusi oOcmyxuBanusi: [IpoBeppTe  Hanmuuue
JOKYMEHTOB OOCITy’KUBaHUSI U UICTOPUU aBTOMOOUIIS. Y OEIUTECh, UTO PETYIIPHOE
TEXHUYECKOE OOCITyXKMBaHHUE OBLIO MPOBEACHO W BCE PEMOHTHI OBIIH CHEIaHBI
cBoeBpeMeHHO. Hannune noapoOHOil nctopun 0OCTYKMBAHHUS MOXKET YKa3bIBATh
Ha TO, YTO aBTOMOOWJIb OB XOPOILIO YXO0XKEH U BO3MOXKHBIX IIPOOJIEM C U3HOCOM
OBLIO PEIOTBPAILICHO.

Hcnonp3oBaHue auarHocTuyeckoro otopynoBanusi: [Ipu HeobxoammocTu
Bbl  MOXETe  O0paTuThCid K  CIEUUAIMCTaM,  KOTOpPbIE  HCIOJB3YIOT
CTHECIMATU3UPOBAHHOE JUATHOCTUYECKOE 000PYIOBAaHUE ISl IPOBEPKH PA3IUIHBIX
CUCTEM aBTOMOOWJISI. DTO MOXKET BKJIIOYAaTh MPOBEPKY 3JIEKTPOHUKHU, AATUYUKOB,
TOPMO3HOM CHCTEMBI U APYTUX KITFOUEBBIX KOMIIOHEHTOB.

BaxxHo moHuMaTh, YTO OLIEHKA CTENEHW H3HOCAa AaBTOMOOWJIS JIOJDKHA
OPOBOAUTBCA B KOMIUIEKCE C JpYrMMH (akTopaMu, TakKUMU KakK BO3pacT
aBTOMOOWJIS, TPOOET, YCTIOBHS IKCIUTyaTalluy U T. 1. [Ipy moKymnke moaep:kanHoTo
aBTOMOOMJII PEKOMEHJyeTcss oOpaliaThCsi K CHEHHaTUCTaM WM TMPOBOIUTH

OCMOTP C OIIBITHBIM dBTOMECXAHUKOM.

Kak y4ecTs M3HOC MAIIMHBI IPH €€ MPOJAKE

[Ipu npopaxke aBTOMOOWJII Ba)XKHO YYECTb M3HOC, YTOOBI MPABUIIBHO
OLICHUTh €Tr0 CTOMMOCTb M HE IOTepATh IIpU claeilke. B aTtom paspene Mbl
pPacCMOTPUM HECKOJIBKO KIFOYEBBIX AaCIEKTOB, KOTOpPbIE IIOMOIYT BaM Y4YECTb
M3HOC MAlIMHBI U MOJYYUTh MAKCUMAJIBHO BBITOAHYIO LIEHY IIPU IIPOJIAXKE.

1. Buemnnii Bujg



[lepBoe, Ha yTO OOpamIalOT BHUMaHHE MOTEHLHUAJIbHBIE MOKyHaTeld, 3TO
BHEIIHUU BHJ MamuHbl. [IpoBEepuTh Ky30B Ha HaJIM4M€ LApPANUH, BMATHH U
pU3HAaKOB Koppo3uu. Eciau HEoOX0IuMO, HalO BBIMOJHUTH PEMOHT, YTOOBI
MalluHa BBITJISAENa 0oJjiee MPUBIEKATENbHO. BHUMATENIEHO OCMOTPEThH CTEKIA U
dapbl, TPOBEPUTH COCTOSTHUE IIIMH U JUCKOB.

2. TexHnueckoe COCTOsTHUE

BaxxHo olleHHUTh TeXHUYECKOe cocTossHue aBToMobOuis. [IpoBeputs padboty
BCEX OCHOBHBIX KOMIIOHEHTOB — JIBUTaTENlb, TPAHCMHUCCHUIO, TOPMO3a, TOJBECKY.
VYcTpaHuTh BCE HEUCHPABHOCTH W MPOU3BEAUTE HEOOXOIMMOE TEXHUYECKOE
oOciykuBaHue. BaXHO NperoCcTaBUTh MOKYINATEI0 ABTOMOOWIb B IMOJIHOCTBIO

HCIIPaBHOM COCTOSAHUHU.

Pacuer usnoca mo OCAI'O

CerogHsi COrjacHO 3aKOHOJATENbCTBY TpakaaHam, nonaBmum B JTII u
uMmeronuM nerctByronuid noauc OCAI'O, ctpaxoBasi koMmnaHus OyjaeT oOs3aHa
BO3MeCTUTH yiiep6. Ho cymma Hampsimyto OyAeT 3aBUCETh OT BETWYMHBI M3HOCA
aBTOMOOWJISI, OTHENBbHBIX ero neraneid. Ilpomecc pacyera MOXKHO OCYIIECTBUTH
CaMOCTOATENIbHO, HO Y HET0 HUMEIOTCS HEKOTOphie BakHbie ocobeHHocTtu. YTO
OTO TAKOE Ha pgaHHbli MOMEHT pacyeT BeJIUYMHBI BO3MEIICHUS,
BbITJIauuBaeMol mnpu  Bo3HMKHOBeHUM JITII u oOpaieHnn B CTpaxoBylo,
0053aTEIBHO OCYIIECTBIISIETCS C YYETOM H3HOCA TPAHCIOPTHOTO CPEACTBA. YUET
mHoca o OCAI'O — mpouecc BBIUMCIEHHUS CHUXEHHUSI CTOMMOCTH Y3JIOB,
OTJIECJIbHBIX J€Tajel U BCEro aBTOMOOWJIs B 1iesioM. [Ipuuem nporecc BEIYUCICHMUS,
a Takke cam (akT HM3HOCA TPAHCIOPTHOTO CPEACTBA JOCTATOYHO TMOIPOOHO
OCBEIIIAETCA B JACUCTBYIOIIEM Ha Tepputopun P® 3akonHonarenscTBe. [Ipu sToM
W3HOC MOXET OBITh HYJIEBHIM JaK€ HA HE HOBOM TPAHCIIOPTHOM CPEJCTBA.
[Tomo6HOE BO3MOKHO TPHU 3aMEHE BCEX KOMIUIEKTYIONIUX, KOTOPhIE TEM WM KE
WHBIM 00pa3oM BIMSIOT Ha O€30MaCHOCTh JOPOXKHOTO JBWKEeHUS. [losHbIH
nepeyeHb Takux aetaneit orpaxaercs B [Ipukaze Muntpanca PO No20 ot 25.01.11

r. Haubonee cymiectBeHHble (aKTOpbl, KOTOPHIE B MEPBYIO OUYEPEAb BIMSIOT Ha



BEJIMUYMHY M3HOCA: JaTa BBINYCKa TPAHCIOPTHOTO CPEACTBA; BEJIMYMHA Ipobdera
apTomoOmisa. Ilpu sTomM ¢ yderom Bcex HamOojee CYIIECTBEHHBIX (PaKTOPOB
CTOMMOCTh TPAHCIIOPTHOTO CpPEICTBAa MPH HE MHTEHCUBHOM H3HOCE €r0 MOXKET
ObITh cHWKeHa Ha 8-15% B TedyeHne onHoro rojga. Ha pgaHHBIE MOMEHT
CYILIECTBYET IIEJIBIX 5 Pa3iM4HbIX CIIOCOOOB OCYILECTBIICHUS PacdyeTa BEIUYUHBI
JaHHOTO mokazarens. [Ipu 3ToM y3aKOHEHHOM M 0053aTeNIbHOM K MCIOJIb30BAaHUIO
aBigercss Toiabko onaHa. WM3Hoc geraneit mo OCAI'O  Belumcnsercs ¢
UCIIOJIb30BAaHUEM CIIEIUATU3UPOBAHHON (POPMYIIBI.

Ha pgaHHpII MOMEHT OCHOBOIIOJArarOIMM  JOKYMEHTOM, KOTOPBIU
OCYULIECTBJISIET PErYJMPOBAHUE BO3MELICHUS YOBITKOB M B TOM YHUCJE IMOPSAOK
BBIYMCIICHHS BEJIMYHMHBI Bo3MelleHus sBisiercss denepanbubiii 3akoH Ne40-D3 ot
25.04.02 r. (B penakiuu ot 28.11.15 r.). Hanbosiee cyniecTBEHHBIMU pa3jieaMu
JAHHOT'O  3aKOHA, KOTOpble HEOOXOAMMO OO0S3aTE€IbHO  YYWUTHIBATh IpHU
BBIYMCIICHUH, SBIAOTCA: CcT. Nel8 — KTo mMMeer mnpaBO Ha IOIy4YEHUE
paccMaTpMBacMOro  THNA  KOMIIEHCAIIMOHHBIX  BbIiar; cr.  Nel9  —
HEIOCPEICTBEHHO OCYLIECTBIEHUE PA3IMYHOIO POJIa KOMIIEHCALIMOHHBIX BBIILIAT;
cT. No20 — Kak POMCXOAUT B3bICKAHWE BBHITIAT KOMIIEHCAIMOHHOIO XapakTepa B
ciydae, kKorga 910 TpeOyercs; cr. Nel2 — ompeneneHue pa3mepa BBITLUIATHI
CTPAaxOBOTO THIIA, & TAKXE MNOPSIOK OCYIIECTBICHHS IJAaHHOW NPOLENYpHI; CT.
Nel2.1 — kak AOMKHA OCYIIECTBISITBCS HE3aBUCHMAas OKCIIEPTH3a B Cllydae
BO3HMKHOBEHHUSI Takoh HeoOxomumoctu; cT. Nel6 — Bompoc 00s3aTeiabHOro
CTpaxOBaHUs MPHU OTPAHUYEHHOM HCIIOJIb30BAHUU TPAHCIIOPTHBIX CPeACTB. Takxke
BOIIPOC BhIUMCIEHUS BeanuuHbl n3Hoca o OCAI'O 3aTparuBaercs B CIEAYIOMIMX
HOPMAaTUBHO-TIPaBOBBIX AOKymeHTax: [loctanoBnenue I[IpaButensctBa PO No263
ot 07.05.03 r.; m. Ne63 IIpasusr OCAI'O. Cnexyer MOMHUTB, YTO BCE CTPAXOBBIE
KOMIIAHUM 0053aHbl BECTH CBOIO JIEATEIBHOCTh IMEHHO B paMKax 00O3HAYEHHBIX
BBIIIIE 3aKOHOJATEIbHBIX aKTOB. B MpOTHBHOM cilyyae Ha HUX OyJeT Hallo)KeHa
cepbe3Has aIMUHUCTPAaTUBHASA OTBETCTBEHHOCTh. B ciydyae MaccoBOro HapyIieHus
JEUCTBYIOLIErO  3aKOHOAATENIbCTBA BO3MOYKHO JaXe JIMIIEHHE KOMIIAHWU

munen3ud. [lpouenypy pacuera BeIMYMHBI M3HOCA OCYILECTBIISET HE3aBUCUMAs



skcrieptu3a. OOBIYHO € TOAOOHBIM YUPEXKIEHHEM Y CTPAXOBOM KOMITAHUU
3aKJIIOYEH CIeluanbHbIil JoroBop. Ho mpu 3TOM HE0OXOaUMO MOMHHUTH, YTO B
OOJBIIMHCTBE CIy4aeM MOJOOHOTO pojAa YUPEKIACHHsI OCYHIECTBISIOT OLIEHKY He
OOBEKTUBHO, TIOBBIIAS BEIMUMHY H3HOca. lloromy crTour 00s3aTeNbHO
CaMOCTOATENBLHO pa3o0parbes, kak cuutaioT u3Hoc 1Mo OCAI'O. OTHOCHUTENBHO
HEJJaBHO ObUT BBINMYIIEH CHEIHAIbHBIA COOPHUK pa3IMYHOTO poja JeTajeH,
3alacHbIX YacTell — HA OCHOBAaHWU MMEHHO €ro JOJDKEH B 0053aTeIbHOM MOpPSIKE
BBITIOJIHATBCSL  Mpoliecc pacyeta. Eciam  pe3ynabTaT SKCHEpTU3BI, CACIAHHBIN
NapTHEPOM CTPAaXOBOW KOMIIAHUH, OCTPAAABIIETO HE YIOBIETBOPUII, EMY MOYKHO
oOpaTUTbCS B KOMIIAHHIO, KOTOpas CHEHUAIU3UPYETCd Ha IPOBEACHHUH
AQHAJIOTMYHBIX JKCHEpTH3. B HEKOTOpBIX ciydasgxX 3TO MO3BOJIIET Pa3pelIMTh
CUTyallMl0 4epe3 cyd. Tak CTpaxoBbIM KOMIIAHHMSIM BCErJa HEBBITOJHO
BBIIUIAYMBATh IMOJIHYI0 CTOMMOCTh HAaHECEHHOIO0 CBOEMY KIMEHTy yuiepoa.
Cnenyer NOMHHTH O MHOXECTBE HIOAHCOB, HEIIOCPEICTBEHHO CBSI3aHHBIX C
NPOLEIYpPOH OLEHKH BEIMYHMHBI HW3HOCA aBTOMOOWJS, OTAEIBHBIX €ro y3JOB.
Kakue ceituac neicTByroT Tapudbl 3€J1€HON KapThl, IOKA3aHO B CTaThe: TapU(bl
1o 3€JIEHOU KapTe.

Ha paHHBII MOMEHT Il KaXIOro OTAEJIBHOTO Yy3Ja aBTOMOOMJIS
CYLIECTBYET crelralibHas (popMyJia BEIYUCICHUS BEIMYMHBI U3HOCA.

BennunHa wW3HOCAa IMIMH TPAHCIOPTHOIO CPEACTBA  OCYIECTBISETCA
CJICTYIOIINM 00pa3oMm:

Nm=(Hu-Hd)/(Ha-Hmom)*100%,

rae Wi — koJinyecTBeHHas BeJIMYMHA U3HOCA IIMHBL;

HH — BbICOTa ITpOEKTOpA HOBOM IIUHBI KOHKPETHOM MO/IEIIN;

H¢ — BbICOTKA poTEKTOpa CTApOil IINHBI;

Hnon — MuHMManbHass BO3MOXHA JJIsI HOPMAJIbHOM SKCILTyaTallid PE3UHbI
BEJIMYMHA.

N3HOC akKyMyJIATOpHOU OaTapeu BBIYUCISETCS MO CIeAyomei popmyie:

Nak=Taxk/(Tuax)*100%,

rae Mak — u3HoC akKyMyJIATOpHOU OaTapeu;



Tax — Bo3pacT akKyMyJIsITOpHOU Oatapeu;

THak — KakOB YCTAaHOBIICHHBI 3aKOHOJATEIBCTBOM CPOK CITY>KOBI
KOHKpETHOH Oarapeu.

@opMyIbl paccMaTpUBaeMOro TUMna paspadortansl I'ocynapcTBeHHo# [ymoii
JUISL KaXJIOro y3ja aBTOMOOWIIS, KOTOPBIM MOXET TMOCTpaaarh KaKUM-TTHOO
oOpa3zom B aBapuu. [lotomy ecnu pacuer Boiiat no OCAI'O ¢ ydyeroM m3HOca
KOHKPETHBI TPa)XJTaHUH JKEJAeT OCYUIECTBUTHh CaMOCTOSTENIBHO, TO €My
HE0OXO0UMO oyner B 00s3aTEIHLHOM MOPSIAKE UCIIOJIb30BaTh
crienranu3upoBanubie popmyinsl. Camu 1o cebe oHM He ClIO0XHBI. ClemyeT JuIlb
paBUIBHO MOAOUPATH KOA(DPUIIUEHTHI.

[Ipy BO3MOKHOCTH CTOUT O0O0S3aTEIIBHO O3HAKOMUTHCS C TMPUMEPOM
OCYIIECTBIIEHUA pacuera BenmunHbl u3Hoca no OCAI'O. [lmga storo mydine
BOCTIOJIb30BaThHCS (POPMYJIION:

N=Woct+(1np-Uoct)*P/Pmp,

rae Y — Bennunna gusnyeckoro nzHoca TC;

Hoct — pazMep u3HOCa A€TaId OCTaTOYHBI;

Nnp — npenenbHO BO3MOKHBIN TOITYCTUMBIA U3HOCA;

P — yxe n3pacxoq0BaHHBIN U3HOC CUCTEMBI;

Pnp — npexnenbHas BeIMUKMHA pecypca ONpeIeIEeHHON JE€TalI CUCTEMBI.

[Ipumep:

3anansl cinenyromue ycnosus: Unp  80% HMoct 20% P 5% Pop

100%

IIpouecc BBIUKCIIEHUS BBITIOJIHAETCSA HEXUTPOU MOJICTAHOBKOM
COOTBETCTBYIOIIUX 3HAYCHWl B 0003HaueHHYI0 Bbimie Qopmyry: 20%+(80%-
20%)*5%/100%=23%

[Ipy 3amaHHBIX YCIOBUSX MOJy4aeM, YTO BEJIMYMHA M3HOCA COCTaBIISIET
Bcero 23%. IlotoMy cTpaxoBasi KOMIIAaHHS B JJaHHOM ClIy4ae JIOJDKHa Oyner
BO3MECTUTH yIIiepO B pazmepe ocTaBmmxcs 77% OT CTOMMOCTH TOBPEXKICHHOTO
umymiectBa. OOo3HaueHHass BbImie  (opmyna  SBISETCS  YHUBEPCAIBHOM,

MPUMEHHUTH €€ BO3MOXKHO K JIFOOBIM JICTAJISIM TPAHCIIOPTHOTO CPECTBA.



Pasmep makcumanbHO Bo3MmoxkHOTO M3HOca Mo OCAI'O ¢ 01.10.14 r. Obun
npuHAT B pasmepe 50%. J[aHHBIE MOMEHT 3aKpeIuleH Ha 3aKOHOAATEIbHOM
YPOBHE, HApYyUIEHWE €ro MNpPHUBOAUT K CEPbE3HOM  aJIMHUHUCTPATUBHOMU
OTBETCTBEHHOCTH. bBOJIBIIMHCTBO BOAMTENIEH CYUTAIOT JIAHHBIE IONPABKHU
CIIPaBEIJIMBBIMHM, TAK KaK CTPAaxOBbIE KOMIIAHUU W TaK IOJYYarT JIOCTATOYHO
OOJBIION TOXOJ OT BEACHHS CBOEH AesTenbHOCTU. [Ipu »TOM neranu, KOTophle
CYUIECTBEHHO  BIHUSIOT Ha  O€30MACHOCTh  JBIDKEHHUS,  OIIAYUBAIOTCS
cTpaxoBirkoM Bceraa B 100% pa3zMepe — BHE 3aBUCMMOCTH OT HAJIMYMS U3HOCA U
UHBIX (PAaKTOPOB, BIUSAIONINX HA CTOUMOCTD.

IIpu dopmupoBaHUM 3aKOHOJATENBCTBA, KOTOPOE PETYIMPYET BOIPOC
paccMaTpuBaeMOro THUIIA, OBLJIO COCTABJICHO JiBa CHEIHAIM3UPOBAHHBIX MEPEUHS
JeTanei, s KOTOPBIX: CTPaxXOBLUIMK HM3HOCA HHUKOIZIA HE YUYWTHIBAET; H3HOC
YUUTBIBAeTCS B 00s13aTeNIbHOM Topsake. CeroiHsa U3HOC CAEAYIOLUX AeTajei npu
BBIUMCJICHUM PAacCMAaTPUBAEMBIM CIIOCOOOM HE OCYIIECTBISETCS: pPEMHU U
NOAYIIKA 0€30IacHOCTH; Oa/sIOHbl IMHEBMATHYECKOW CHUCTEMBI TOPMO3O0B;
OCTAJIBHBIE COCTABHBIE YAaCTH ITHEBMATHYECKOW CUCTEMBI TOPMO30B; IEPEITyCKHbIE
KJIAllaHbl TOPMO3HOM CHUCTEMBI; 3JIEKTPOHHBIE OJIOKM THEBMATHUYECKOW TOPMO3HOMN
CUCTEMBI; TUAPABINYECKHE YCUINTEIN TOPMO30B; pene ruaponacoca AbC; pene
marauTHoro kiamana ABC; TopMo3Hble KOMOAKM W OapabaHbl, JaTYMKUA: U3HOCA
TOPMO3HBIX KOJIOAOK; TOJIOKEHUS TOPMO3HOW II€ainu; TOPMO3HBIE JHCKHU
MEepPEeIHUX U 3aJHUX KOJEC; CYNIOPTHI U TATM NeAainu (TOPMO3HOI); COCTaBHbIC
YacTH PYJIEBOIO MEXaHU3Ma; IIAPOBbIE HAKOHEUHUKU. [10HBIN NTepedeHs aeTaei,
W3HOC KOTOPBIX HE JIOJDKEH YYHUTBIBATbCS TMPU BBIYUCICHUHM JICHEKHOU
KOMIIEHCAllUM, YTBEPXKAEH MpukazoM Muntpanca Ne365. Ilpu stom cuenyer
YUUTBIBATh, UYTO TMPOLIECC  BBIYMCICHUS  HECKOJBKO  OTJIMYAETCA  MpHU
ocymiectBiaeHun pacuera KACKO. [Ins Takoit mporeaypbl HEOOXOIUMO OyaeT
MCIIOJIB30BaTh CIElHalIbHbIEe MocTaHoBieHUsT Muntocta. K y3mam, aeransm u
MEXaHuU3MaM, KOTOpble HE BOLUUIM B O0O3HAYEHHBIM BBIIE [EPEUYECHb,
MPUMEHSIOTCSI  CTaHJIAPTHBIE pa3pabOTaHHBIE CTPAXOBIIUKAMH COBMECTHO C

nenyratamu  ['ocynapcrBenHoit Jlymbl Qopmynbl. [lpuueM 1 HEKOTOPBIX



JeTaNe yCTAaHABIMBAIOTCS CIenuanbHble KO3 duimenTol. J[aHHBIE MOMEHT
HEO0OXOJMMO YUYHUTHIBATH MPU CAMOCTOSATEILHOM OCYIIECTBICHUH pacyeTa.
[Tponient nzHoca apromoOusiss mo OCAI'O onpeaenuTh T0CTaTOYHO MPOCTO.
NMeHHO MO3TOMY HEPEIKO BO3HUKAIOT CUTYallUM, KOTJA MPOCTHIE CTPaXOBIIMKU
Y3HAIOT O (DaKTe HaJIUYMS MOIICHHUYECTBA CO CTOPOHBI CTPAXOBON KOMIIAHWUHU Ha
JTarle BBIUMCIICHUS BEJTUYUHBI yiiepOa. B Takol cuTyanuu CTOUT MPUJICPKUBATHCS
CJICAYIONIETO AITOpUTMa JEUCTBUI: 3aKa3aTh IJIATHYIO HE3aBUCUMYIO IKCIIEPTHU3Y;
chopMHUpOBaTh HCKOBOE 3asBIICHHE B CYyJ; OXHIaTh CYJIeOHOTrO 3aceaaHwusl.
PaccmarpuBaemoro Ttuna cyieOHas NpakTHKa KpailHe HeoJHo3HayHa. VIMEHHO
MOATOMY HEOO0XOJUMO OyneT 3apaHee O3HAKOMHUThCA ¢ Hel. Takke CTouT
MIPOKOHCYJIBTUPOBATHCS C KBATU(UIIMPOBAHHBIM IOPUCTOM 10 JTaHHOMY BOIIPOCY.
Bo3MOXkHO, HMEHHO ATO TMO3BOJIMUT Pa3peliuTh J€JI0 HMEHHO B TOJb3Y
noTepreBIero. Bes CIIOKHOCTh OOBIYHO 3aKIIOYACTCS B HAIMYMHM TPAMOTHOTO
IOpHUCTAa Y CTPaxoBOM KoMmaHuu. M eciau ymepO ObUI 3aHWKEH HE3HAYHTEIBHO,
BEPHYTbH CpeACTBa OyAET JOCTATOYHO CJIO0KHO. CeroaHsi mpoueaypa BHIYUCICHUS
n3Hoca 1o OCAI'O umeeT odeHb OOJIBIIIOE KOJMUYECTBO CaMbIX Pa3HBIX HIOAHCOB U
ocobeHHocTeil. MMEHHO MOATOMY CTOMT BHUMATEIbHO O3HAKOMHTBCS C

I[eﬁCTBYIOIHHM 3aKOHOAAaTCIbCTBOM.
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