Tema: lHlITaMnyeMoCThb JIUCTOBOI0 MaTepuaja, MeTOAbl OLIEHKHU
mTAMIyeMOCTH (2 yaca)
IIlnan nexkuuu

1.ITonamue wmamnyemocmu
2. Memoovwl oyenku wmamnyemocmu

1.IMonsiTHe IWITAMIYyEMOCTH

J1J1s U3rOTOBIICHUS Pa3IMYHBIX JeTael TpeOyeTcss MeTalll C BRICOKMMH TJIACTH-
YeCKUMH cBoiicTBaMu. OCHOBHOM IMMOKa3aTeNb MPUTOIHOCTH MeTailla, NpeIHa3Ha-
YEHHOTO ISl U3TOTOBJIEHUS XOJIOAHOILITAMIIOBAHHBIX JAETAJIE, — €r0 TEXHOJIOIH-
gyeckas 1eopMHpyeMOCTh, XapaKTepU3ylollas CIIOCOOHOCTh MeTajlla M3MEHATH
cBOIO (hopmy Tipu 00pabOTKe MaBiIeHHEeM O€3 HapyIIEHUs CIIOITHOCTH.

Texnonornyeckas 1epOpMUPYEMOCTh BKIIIOUAET MOHSITHUS «UHAMNYEMOCHbY
U «oonycmumoe popmouzmenenuey». IlImamnyemocms — cpaBHUTENIbHAST 0000-
LICHHAs XapaKTEPUCTUKA, OTPAXKAIOIIAsl OBEACHHUE JJMCTOBOIO METAJIA ITPH IITaM-
MOBKE B IMPOU3BOJICTBEHHBIX YCIOBHSX, €r0 CIIOCOOHOCTD IIACTUYECKU AePOpPMHU-
pOoBaThCsI MO 3a/laHHON CXEME, /10 33/1aHHbIX CTeNeHen aedopmannu u npuoOpeTaThb
TpeOyemyto (GopMy B MpoOILECCE TEXHOJOTMYECKOW OIepalud WM Iepexoa.
HImamnyemocms 3a6ucum OT KadecTBa M (PU3NYECKOTO COCTOSIHUS METajia, a
MMEHHO: XUMUYECKOI'0 COCTaBa, XapaKTEPUCTUK ITPOYHOCTH, IIIACTUYHOCTH, AaHU30-
TPOIIHMH, Pa3MEPOB 3€pHA U CTPYKTYPHOT'O COCTOSIHUS, 00beMa HEMETaUIMYECKHUX
BKJIFOUEHH, CKIIOHHOCTH MeTaJljIa K A€()OPMALIMOHHOMY CTapEHUI0, MUKPOT'€OMET-
pUU IOBEPXHOCTH JIMCTOBOI'O ITPOKATa, HAJTMYHSI BHEIIHUX U BHYTPEHHUX J€(PEKTOB
U TIp.

Jlonycmumoe ¢popmousmenenue 3aBUCUT HE TOJIBKO OT IITAMIIyEMOCTH, HO H
OT YCJIOBHM IITAMIIOBKH, OTHOCUTENIBHBIX Pa3MEPOB U (POPMBI JI€TaIH, €€ TEXHOJIO-
TMYHOCTH, COJAEP>KAHUSI TEXHOJIOIMYECKOrO MPOLECCA, CHJI KOHTAKTHOIO TPEHUS,
KOHCTPYKLUH IITAMIOB U UX TEXHUYECKOTO COCTOSIHUSA, 3a30pOB MEXKIY pabounM
UHCTPYMEHTOM, IIPUMEHsIeMOoro obopyaoBanus u mp. Jlonycrumoe popMon3MeHe-
HUE 3aBHUCUT TaKXe OT BHUJA HaANPsKEHHO-Ie()OPMUPOBAHHOIO COCTOSHUSI 30HBI
IacTUUecko nedopmaruu mrammyeMon jaetanud. Yem Ooiibliie CHOKUMAIONIUE
HaIpsHKeHUs: B 30HE Jeopmariuu, TeM OoJiblile peieIbHO BO3MOXKHOE (hOpMOU3-
MeHEeHHe MeTaiuia. 1exHonocuueckas 0epopmupyemocms — TMOHATHE COOUpATETb-
HOE, ONpEeNeNsieMOe CHUCTEMOW: METAJUI—KOHCTPYKIUS JeTaIu—TEXHOIOTUs
HITAMIOBKA— ILITAMIIBI—O000PY/10BaHUE.

[Tpu xopoiieil TexHoIOru4eckoi 1eopMUPYEMOCTH TPOU3BOJACTBEHHBIHN MPO-
1IECC MPOTEKAeT CTA0UIILHO, OTCYTCTBYET OpaK, KAYeCTBO JI€TaJIeH BBICOKOE.

Cy1uiecTByoIIMe METObI OLICHKH IITAMITYEMOCTH METaJljIa MOAPA3AEIISIIOTCS Ha
(bU3BUKO-XMMHUYECKHE, MEXAHHUYECKHME U TEXHOJOTMYECKHE HCHBITaHus (MpoObl),
CTaTUCTUYECKUE U SKCIIEPUMEHTAIbHO-pacUyeTHbIE. Bce mepedncieHHble METObl
CIIy’>KaT, B OCHOBHOM, JJI1 YCTAaHOBJICHHUSI COOTBETCTBUSI KauecTBa MeTaia TpeOoBa-
HUSM CTaHJApTOB IO XMMHYECKOMY COCTaBYy, MEXAHUYECKUM CBOICTBaM, €ro

CTPYKTYpE U TIp.



O1ueHke MITaMIyeMOCTH METAJJIONPOKATa MPEIECTBYET HAPYKHbBIA OCMOTP U
KOHTpPOJIb €r0 pa3MepoOB B COOTBETCTBUU C TPEOOBaHUSIMU cTaHAapToB. s mpo-
BEPKM KavyecTBa MpoKaTa OT NapTUH OTOMPAIOT JiBa JIMCTA WU OJUH PyJoH. Jlucto-
BOU MPOKAT JI0OJKEH ObITH 00pe3aH Co BCEX CTOPOH, ISl PYJOHHOIO ITpoKaTa JOIyc-
KaeTcsl KaraHas KpoMmka. Ha oOpe3HbIX KpoMKax He JOJKHO OBITh PaccioeHui U
TOPLOBBIX TpenuH. [{edekThl riyOrnHOM, MPEBBIIIAIONICH MTOJOBUHY TPENEIbHOTO
OTKJIOHEHHUS TIO0 HIMPUHE JIUCTA, HEAOMyCTHUMBI. [Ipokar B pynoHax He JOJDKEH
UMETh KPOMOK, U30THYTHIX oA yriioM 90° u Gosiee, a TakyKe CKPYUEHHBIX U CMSITBIX
KOHIIOB. J[JIiHA KOHIIA pyJIOHA HETIOJIHOM MIMPUHBI HE JOJI)KHA TPEBBIIIATh IIIUPUHBI
pynoHa. [ToBepXxHOCTB IpoKaTa JOJKHA OBITH O€3 TIJICH, y3bIpei-B3 Iy THIA, BKATaH-
HBIX METAJUIMYECKUX YaCTHIl, PaCKaTaHHBIX 3arpsi3HEHUI U HAJpBIBOB. Pacciioenue
MeTaJljla HEJOMYCTUMO. JIUCTBI U PYJIOHBI TOHKHBI OBITH CMa3aHbl TOHKUM CJIOEM
HEUTPaTbHOTO CMAa304YHOT0 BellecTBa. HoMUHANIbHBIE pa3Mepbl U MpeIebHbIE OT-
KJIOHEHUS 0 JJTMHE, IIUPUHE U TOJIIKUHE MPOKaTa JOJKHBI YAOBIETBOPSATH TPeOO-
BanusiM ['OCT 19903—84 u 'OCT 19904—84.

MeToabl OLIEHKH ITAMIIyEMOCTH

OU3HKO-XUMHYECKHE HCUCIIE/JOBAHHUA

OU3NKO-XUMUYECKUE HUCIBITAHUS METaula BKIOYAIOT XUMUYECKUU aHAIU3 1
Memannozpaghuieckue uccie008aHusl.

C noMouipr0 XMMHMYECKOI0 aHAJIW3a YCTAaHABIIMBAKOT COOTBETCTBUE XUMHYE-
CKOTO COCTaBa MeTajula TpeOboBaHUsAM cTaHAapToB. KpoMe Toro, Xumuueckuii aHa-
JIM3 B COYETAHUM C JAHHBIMU JAPYTUX BUIOB UCIIBITAHUI ITOMOTaeT BBIACHUTH IIPU-
4yiHbI Opaka npu mramnoske. Jlomyctumast MaccoBasi 405151 OCHOBHBIX XUMUYECKUX
3JIEMEHTOB U UX BJIMSHUE HA IITAMIIyeMOCTh JIMCTOBOM CTaJIM yKa3aHbl B Ta0JI. 2.

C nomomibto MeTauiorpauyecKux MCCIEeIOBaHUM OMPENeNsioT pa3Mep 3epHa
beppura, 00bEM HEMETALIUYECKUX BKIOYEHUH U CTPYKTYPHOE COCTOSHHUE Me-
tayuia. OnTUMaIbHBIN pa3Mep 3epHa 3aBUCUT OT (POPMBI IITAMITYEMOM J1€Taju, TOMI-
IIMHBI 3arOTOBKH, CTENIEHU AepopManiuu U psaa apyrux ¢paxktopos. [Ipu upesamepHo
OOJIBIIOM 3€pHE ITAaMIyeMOCTh MeTallla CHIKaeTcs. Kome Toro, kpymHoe 3epHO
BBI3BIBAET IOCJIE MITAMIIOBKH IMOSBJICHUE IEPOXOBATON MOBEPXHOCTH (areIbCUHO-
BOM KOpPKHM) Ha 1e(QOPMUPOBAHHBIX Y4YacTKax JI€Tajid, KOTOpas MOPTUT BHELIHUUN
BUJI. YBEJIMYEHHOE 3€pPHO MPUBOJIUT K pa3pbiBaM JETaIN MPHU TITyOOKON BBITSKKE.

C ymeHbpLIEHHEM Pa3MEPOB 3€PEH IO CPABHEHHIO C ONITUMAJIHBIMU BO3PACTaeT
COIPOTHBIIEHUE 1e()OPMHUPOBAHUIO, YBETUUUBAIOTCS YIIpyrue Aedopmanuu, cyuie-
CTBEHHO BJIMSIOLIME HA TOYHOCTh Pa3MEPOB IITAMIIOBAHHBIX JI€TAJIEH, [IOBBIIIAETCS
U3HOC pab0yMX MOBEPXHOCTEH MyaHCOHOB U MaTPHLLI.

)IOHyCKaeMaﬂ MaccoBasi 10Ji1 OCHOBHBIX XMMHUYECKHUX 3JI€EMCHTOB JIUCTO-



BBIX YIJIEPOJIMCTHIX KAYeCTBEHHBIX cTajieil 08—2(0, X BJMsIHME HA IITAMITYe-
mMocTh (mo F'OCT 1050—84)

Xumuge-  |Jlomyckaemasi |XapakTep BIUSHHS HA MITAMITYEMOCTh CTaJIH

CKUU MaccoBas

DJIEMEHT nmoirst, %

Yraepon 0,05—0,24 VYBennurBaeT MPOYHOCTHBIE XapaKTEPUCTUKH MTPU
OJTHOBPEMEHHOM YMEHBIIICHUH TJIACTUIHOCTH

Kpemuamit  |0,03—0,37 [ToBbllIaeT NPOYHOCTH, TBEPAOCTD U YIIPYTOCTh
(mpy>XKMHEHHE) CTATU

Mapranen |0,25—0,65 VYTpouHseT cTajb, CBA3BIBAET CEPY B CYIb(UIBI

MapraHiia ¥ 3TUM MpeaynpexaaeT 00pa3oBaHue
cynb(duaa xxenesa, yXyalarllero mraMinyeMoCTh
Xpom Hu- 0,10-0,25 CnocoOCTBYeT MOBBIISHUIO TPOYHOCTH MPHU MTOYTH
Kelb 100,25 } HEU3MEHHOM IUIACTUYHOCTH; IIPU TTOBBILLIEHHOM CO-
JepKaHUU — MJIACTUYHOCTD CTAJIM CHUIKACTCS

Cepa Jo 0,04 BrI3bIBaeT XpynkocTb, CriocoOCTBYET 00pa30BaAHUIO
TPEIIMH [IPU BbIpyOKe, THOKE, OTOOPTOBKE U TIp.
docdop o 0,035 BrI3bpIBacT HHTEHCUBHOE YITPOYHEHHE B MPOLIECCE

IITAaMIIOBKH, ITOBBINIACT CKJIOHHOCTH K CTAPCHUTIO

JI1s1 OTHOCUTENBHOM OLIEHKH Pa3MEPOB 3€PEH CYLIECTBYET CIIEIMATbHAS METO
nuka, pernmameHtupoBanHas ['OCT 5639—82, coriacHO KOTOPOMl pa3Mephl 3epeH
ONPEIEIAI0TCA 01 MUKPOCKONIOM ITpH yBennueHuu B 100 pa3. 3epHa, BUIUMBIE IO
MHUKPOCKOIIOM, CPAaBHUBAIOT C ATAJIOHHBIMHU N300pKEHUSIMU, UMEIOIIIUMHUCS B CTaH-
napte. Pasmepnl 3epeH ompenenstor no Oamwiam. KpymHo3epHucras cTpykTypa
CTayii cOOTBEeTCTBYeT 1—3 Gaiiam, menko3epauctas 8—10 6amnam. Eciiu B cTpyk-
Type MeTajljia SIBHO MPeo0IaaroT 1B OCHOBHBIX pa3Mepa 3epeH, TO X 0003HAYaIOT
IBYyMsI HOMepamH, Harpumep, Ne 3—8.

Bonbioe BausiHUE Ha MITAMIyEMOCTh MeTalljla OKa3blBaeT HEPAaBHOMEPHOCTh
pa3MepoB 3epeH (Tak Ha3bIBaeMasi pa3HO3EPHUCTOCTH). JlomycTumasi cTeneHs je-
dbopmaluu Nnpu BBITSHKKE JIETAIEH U3 METaia ¢ HEpaBHOMEPHBIM 3€PHOM CHUKa-
eTcsl. DTO MPOUCXOIUT BCIAEJACTBUE TOTO, YTO B KPYMHBIX 3€pHAX METAJlJIa TOPMO-
YKEHHUE JNBUKEHUS TUCIIOKAIMN U YIPOUHEHHUE 3a CUET BJIUSHUS TPAHUI] HE3HAUU-
TEJIHHO, TTOITOMY BO3MOXHA OOJIbIIIAsl CTETICHb JAeQOopMallii, B TO BpeMs KaKk Mell-
KHe 3epHa 1ePOpMUPYIOTCS 3HAYUTEIILHO MEHbIIe. B pe3ynbrate HepaBHOMEPHOM
nedopmali 3epeH MeTajuia Py MITAMIIOBKE MOTYT MOSBIISTHCS TPEUIUHBI U pa3-
pBIBBL. B CBSI3U ¢ 3TUM NPUMEHEHHE JIMCTOBOM CTalu CO CMEIIAHHBIM (TIECTPHIM)
3€pHOM JTsI BBEITIOJTHEHUST (POPMOUBMEHSIIONTUX OTIepaIliii TUCTOBOM IITAMITOBKH HE-
1eaecoodpasHo.

B cransx, npeaHa3HauYe€HHBIX ISl XOJIOJHOM IITaMIIOBKH, HEPABHOMEPHOCTh
pa3MepoB 3epeH JOMYyCKaeTCs B Mpeiesiax IBYX-TPEeX CMEXKHBIX HOMEPOB 3epeH dep-
puta (I'OCT 16523—70). ITpu mrtamMnoBKe AeTajei CIoXKHON (popMbl 3epHO dep-
pHUTa JOJDKHO COOTBETCTBOBATh Ne 6—9, mpu X0JI0JHOM IITaMITOBKE OOBEMHBIX JIe-
taneir — Ne 6—8.



Hememannuueckue exnrouenuss 00pa3yroTcsi BCIEACTBUE IPOHUKHOBEHHS B Me-
TaJI1 cepbl U3 ToruIMBa U pyasl (FES u MnS), n30eiTKa KMCIOpPOAa B METAIIE B BUJIC
FeO u A1,03 u B3aumonerictBus okcuaa kpemuus SiO; u okcuaa xenesa (1) —
FeO.

HeMmeraminueckue BKIIOYEHHUS PaCcIoiaraloTcs Mo TpaHUIlaM 3€peH MeTasuia U
ATUM CYIIECTBEHHO CHIDKAIOT €r0 MITaMIIyeMOCTb, B CBSI3M C Y€M MaccoBas JOJs
HEMeETaJUINYeCKuX BKItoueHui pernmamentupoBada ['OCT 16523—70, a meToasl ux
onpenenenust 'OCT 1778—70. Uem meHblle MaccoBasi J0Jisi HEMETATUTMYECKUX
BKJIIOUEHUM, TEM IITAMITYEMOCTh METAJIJIa BhIIIIE.

CmpykmypHnoe cocmosinue. 11l TaMIryeMOCTh JTUCTOBOTO METaJlIa CYIIECTBEHHO
3aBUCUT HE TOJILKO OT COAEPKAHUS YTIEpOo/ia, HO U OT €ro CTPYKTYPHOT'O COCTOSI-
HUSI, BKIIFOUCHHI [IEMEHTUTA U CTPOCHUSI MEPIIUTA.

OCHOBHOE BIJIMSIHAE Ha IITAMITYeMOCTh CTalld OKa3biBaeT memeHTUT (FesC).
BxirodeHust CTpyKTYpHO-CBOOOJHOIO LIEMEHTUTA BBI3BIBAIOT PAa3PbIBbI JIMCTOBOM
CTaJM MPHU XOJIOJHOM IITaMnoOBKe. YacTUIIbI YpE3BbIYAITHO TBEPAOTO U XPYIKOTO
[IEMEHTHUTA, pa3IaMbIBasiCh Ha Oosiee MeJKue, 00pa3yroT TPEUIMHBI, paCIPOCTPaHSI-
fomuecs nanee B ¢peppure. B cransax mapok O8km u 10kn mpucyTCTBHE IIEMEHTUTA
B BUJIE KPYMHBIX BKIIFOUECHUI 110 TPaHUIIAM 3epeH (eppuTa OKa3blBaCT OTPUIIATEIIb-
HOE BJIMSIHME M MOXKET NMPUBECTH K Opaky Mo pa3pbiBamM. Menkue BKIIOYEHUS Iie-
MEHTHTA, BXOJIAIINE B COCTAB MEPJINTA, 3HAUUTEIBHO CHIKAIOT OTPULATEIBHOE ET0O
BIIMSIHUE.

Conepkanue BKIIOUEHUN CTPYKTYPHO-CBOOOIHOTO IIEMEHTHUTA B CTAJIA OLICHU-
BatoT mectudamibHo (0—35) mkanoit cornacuo 'OCT 5640—68 B 3aBucCMMOCTU
OT YHCIIa, TPOTSKEHHOCTH, (DOPMBI M PACTIOJIOKEHUSI €r0 YaCTHII.

Jonycmumoe codepacanue CTPyKTYpHO-CBOOOHOTO IEMEHTUTA B CTAJSAX JJIS
XOJIOJTHOM IITAMITOBKH 3aBUCHUT OT MAPKH CTAJIM U KaTErOPUU CI0KHOCTH IITaMITy-
eMbIxX neraner. Hampumep, npy mTaMmnoBKE aBTOKY30BHBIX JI€TAJEH, CIIOKHOU
dbopmbl u3 mucrtoBoi ctanu 08O kareropun OCB comepikanue CTpPyKTYpHO-CBO-
0OJHOI0 IIEMEHTHUTA JIOJDKHO OBITH HE BBIINIE, YeM 2-T0 Oayuia.

IIpr W3roTOBIEHMM AETAJIEW W3 JIMCTOBOM CTajlyd XOpoullas IITaMIyeMOCTb
HaOJII0/1aeTCs, €CIM METaUT MMEET CTPYKTYPY MENKO3epHHCTOro depputa u dep-
puUTa C IEPIUTOM, PACIOJIATalOIIErocs B CThIKaxX 3epeH. [Ipu N3rotoBieHnn aeranen
13 COPTOBOTO MPOKATa XOPOILIEH IITaMITyEeMOCTBIO XapaKTePU3YyIOTCS CTau, HMEIO-
HIME CTPYKTYPY 3€pHUCTOrO nepiauTa (uiu cheporaaibHOro HeMeHTuTa). s cra-
Jeit ¢ conepxkanueM yriaepoaa o6omnee 0,25 % onTuManbHON CTPYKTYpOU cUMTAETCA
COpOUTOOOPA3HBIN TEPJIUT.

Cy1iecTBeHHOE BJIUSHHME Ha IITAMIYEMOCTh METallJla OKa3bIBACT MOI0CUA-
Mocmb MUKPOCTPYKTYPHI, KOTOpasi XapaKTePU3yeTCs OMPEACICHHON OpUEHTUPOB-
KO BBITSIHYTHIX B pe3yJbTaTe IiacTuueckoi aedopmanuu 3epeH dpeppurta. [lomoc-
4aTOCTh (PEPPUTONEPIUTHON CTPYKTYpPHI OIICHUBACTCA IO MIECTHOATIILHOM IIKaJIe
(0—5) mo 'OCT 5640—68, MOCTPOCHHOM 1O MPUHITUITY BO3pacTaHUs dYucia (ep-
PUTHBIX MOJIOC C YYETOM CTETIEHHU UX CIUIOUIHOCTHU U BBITIHYTOCTH 3epeH (x100).

[Ipu M3rOTOBICHNH IITAMIIOBAHHBIX JIETAICH CIOKHOU (hOPMBI HEOOXOIUMO UC-
MOJIB30BAaTh JIMCTOBYIO CTallb, MTOJIOCYATOCTh KOTOPOW HE MpEBBINIAECT 3-T0 Oania.
Ecnu monocuaTocth orieHuBaeTcs 6oJiee BEICOKUM OaiioM (4, 5), 3TO yKa3bIBaeT Ha



YIPOYHEHUE U aHU30TPOIHIO CBOWCTB CTajv, BOSHUKAIOIIUX BCIEACTBUE MPEAIIE-
CTBYIOIIIEH XOJIOAHOM TIIaCTUYECKOU naedopmaruu (Hampumep, XOJOJHOM Mpo-
Katku). JJig ycTpaHeHus MOJ0CYaTOCTH BBICOKOTO 0aiia MPUMEHSIOT PEKPU-CTal-
JIM3aIMOHHBIN OTXKHT.

MEXAHHYECKHE HCIIBITAHUA

Hcnvimanus na pacmsascenue. MeToauka NpoBEICHHSI UCIIBITAHUI HA pacTshKe-
HUE YEPHBIX U [IBETHBIX METAJUIOB — JIUCTOB U JIEHT TOJIIMHON J0 3 MM perjlaMeH-
tupoBaHa ['OCT 11701—84, tonmmunoit cebiie 3 Mm — ['OCT 1497—84, copro-
Boro npokata — ['OCT 1467—77.

[Ipu ucnbITaHUAX HAa PACTSHKEHUE YCTAHABIMBAIOT COOTBETCTBUE XapaKTEepHU-
CTUK MEXaHUYECKUX CBOMCTB MeTalljla TpeOOBaHUSIM CTAaHIApTOB HA TEXHUUYECKHE
yclioBUsI TIOCcTaBKU. Hanmuuue miomagku TeKydecTH Ha AuarpaMMe pacTsKEeHUs
yKa3bIBaeT Ha CKJIIOHHOCTh METaJUla K CTAPEHUIO U 00Pa30BaHUIO MOJIOC CKOJIbKE-
HUSL.

JI1sl OLIEHKH IITAMIIyEMOCTH JINCTOBOTO METajljla, MPUMEHSEMOIO JJIsl IITaM-
MOBKH CJIOKHBIX IO (popMe U rITyOOKHUX JeTajel, KpOMe XapaKTEpUCTUK MEXaHUYe-
CKHUX CBOWCTB, MPEIYCMOTPEHHBIX TEXHUUYECKUMU YCIOBUSAMU (0%, 07, O U TP.), 110
['OCT 11701—84 nonyckaetcs onpeaeneHrne Ko3PpPuirueHTa HopMalabHOU MIIACTH-
YecKkoM aHu3oTponuu R*, mokazarens aepopMallMOHHOTO YIPOYHEHHUS 71, OTHOCH-
TEJIBHOTO PAaBHOMEPHOTO yauHeHus dp [1].

[lox anuzomponueii MTOHUMAIOT pa3TUYNEe MEXAHUYECKUX CBONCTB JIMCTOBOTO
MeTajula B Pa3JIMYHBIX HAIpPaBICHUSX MPOKATKH, KOTOPOE MUMEET TEKCTYpPHYIO U
KpUCTAJIOrpapUuecKyto IpUpOy.

Kospppuyuenm nopmanvnoii anuzomponuu R* onpenenstor 1o pe3ysibraram 1c-
nbpITaHUM Ha pacTskeHue. OH mpencTaBisieT co0oil omuowenue nozapugpmuue-
CKOll Oeghopmayuu no wmupune &, K oepopmayuu no moauiune oopasua & Ha
yuacmke pagHomepHoil oeghopmavuu (0p = 15+20 %) ¢ eviopannom nanpasienuu
npOKaAmMKU.

R* = g,/es = In(b/b)/IN(S /).

[Ipu pasencmee nedopmaiiuii no mupuHe 1 ToauuHe R*=1 merann usomponen.
Paznuuarotr Hopmansryro aHU30TPOIUIO, TPU KOTOPOH KO3 (PULIMEHT aHU30TPOITUU
MPAKTHYECKH OJIMHAKOB B Pa3jIMYHBIX HAMPABICHHUSIX OTHOCHTEIHHO HAIpPaBICHUS
IPOKATKH JIUCTA, HO OTJIMYEH OT €AUHUIIBI, U NI0CKOCMHYI0 aHU30TPOIUIO, IPU KO-
TOpOi KO3(h(PUIMEHT aHU3OTPONMU U3MEHSAETCS B IUIOCKOCTH JIUCTA B Pa3JIMYHbIX
HaAIpPaBJICHUSX TPOKATKHU.

JlJis OLIEHKH aHU30TPOIUH UCIOJNIB3YIOT Koa(duiment [lyaccona mis miaactu-
YeCKoM 00J1acTH W Kodghhuyuenma nonepeunoi oepopmayuu r*, IpeacTaBIIsIO-
el co0oit OTHOIIEHUE JTorapuPMUIECKON AedopMalui CKATUS 10 MTUPUHE 00-
pasua & K nedopManiy pacTsHKEHHUS € B HAlPaBICHUU TPUIIOKEHHOW CHIBL: I*
=¢&pler. CBsi3b Mexy R* u r* ycTaHOBJIeHa B pe3ysibTaTe UCIOJIb30BAHUS YCIOBUS
HEC)KMMAEeMOCTH

r* = R*/(1 + R¥).



Koadduuuent HopmanbHON aHu3oTponuu R* s OONbIIMHCTBA METAIOB
R*=0,2+2,7, 3Haduenus ko3 duiireHTa rmiocKocTHOM anuzorponuu *=0,167+0,73
(mpu R =1, r*=0,5). U3smenenue koddpuimenTa HOpMaabHONU aHU30Tponuu R* B
Pa3IMYHBIX HAIIPABJICHUSX OTHOCUTEIHHO HAMPABIECHUS MPOKATKH JINCTA MTOKAa3aHO
Ha puc. 2.1.

[Ipu olieHKe BIUSHUS aHU30TPONHUH HA IITAMITYEMOCTh METajlJIa YacTo MOJIb3Y-
I0TCSI CpeTHUM KO3 UIIMEHTOM aHU30Tponuu R*, onpeiensieMbIM U3 3HaUYE€HUN KO-
b GUIHEHTOB aHU30TPOITNH, TTOJTYICHHBIX TTPU UCIILITAHUHM 00pa3IloB HA pacTshKe-
HUE, BBIPE3aHHBIX U3 JINCTA, B PA3JIMYHBIX HAMPABICHUSIX — BJOJb MPOKATKH, T10-
nepek W mnox yriamu 45 u 135°, Hanpumep:

R"=0,25-(R; +2-Ry + Ry,) =0,25-(R; +2-Rs +Ryy + Ry ) .

[Toka3zatens neOpMAMOHHOTO YIPOYHEHHS /1 OMPEICIISIOT M0 Pe3yabTaTaM
UCIIBITAaHWI Ha PACTSDKEHKE, OH PaBeH
n=¢,=In"(1,/lo)
WK, YYUTHIBASI, YTO

1= lo"(1 + 5,);
n=m@1+5).  (2.1)

YUucneHHO # paBeH TAaHT€HCY YIJIa HAKJIOHA KPUBOU YIIPOYHEHUS, alllPOKCUMU-
POBaHHOM MpAMON JUHUEH B JOrapuPMUUYECKUX KOOpJMHATAX, €ro (pu3ndeckuit
CMBICII — JIorapudmudeckas cTeneHs 1eopmaluu npu pacTsKeHUH B MOMEHT T10-
TepU ycToWumBOCTH. Meroauka ompeaeneHus R* u n pernameHTHpoOBaHA
I'OCT11701—84.

[[ITammyeMocTh MeTasu1a 3aBUCUT OT R* 1 n. Ecii B 30He mutactudeckoi nedop-
Malliyd BO3HUKAET e(HOPMUPOBAHHOE COCTOSHUE, XapaKTePU3yeMOe CXKaTO-PacTsi-
HYTOW CXeMOW (Hampumep, IpH BBITSKKE CM. TaOJ. 5), MITaMIlyeMOCTh MeTasuia
oosbiie 3aBucutT ot R*. Ilpu R*> 1 nucToBoil MeTay1 XOpOIIO COMPOTUBIISIETCS
YTOUYHEHUIO B OMACHOW 30HE U ATO MO3BOJISIET BECTU BBITSXKKY C BHICOKOW CTEIIEHBIO
nedopmarn. Bmecte ¢ TeM ¢ yBennueHreMm R* Hapyiaercs oceBasi CHMMETpUS Jie-
dbopMupoBaHUsI, BO3HUKAET OKPYKHAsI PA3HOTOIIIMHHOCTh CTEHOK BBITSITUBAEMOMN
JIeTaJid U BOJIHUCTOCTh €€ KPOMKH, YTO BBI3BIBAET HEOOXOIUMOCTh YBEIUUCHUS MPU-
MyCKa Ha 0Ope3Ky HEPOBHOTO Kpasi U, CIEJOBATEIbHO, YBEIUYUBACT PacXo]l Me-
Tajia.

Ecnu B 30He mactuyeckon nedopmaiuu npeBaaupyoT aedopmaiiu ogHooC-
HOTO WJIM IBYXOCHOTO PAacTsDKeHHS (Harpumep, mpu GopMoBKe, cM. TabJI. 5), mram-
MyeMOCTh MeTajuia O0JIbIIIe 3aBUCUT OT I1, TaK KaK MHTEHCHUBHOCTH Je(hOpMAaIHOH-
HOTO YIPOYHEHHUSI METAJIJIa MOXKET MPEBAIMPOBATh HAJl HHTEHCUBHOCTBIO €r0 yTO-
HeHus. XopoIas MTaMIlyeMOCTh  JIMCTOBOM cTaiu HaOmogaetcs mpu R*>1,2+1,7
u n>0,2. Ha mraMnyemMocTh JUCTOBOTO MIPOKAaTa BIMSIET MPOYHOCTh, XapaKTEPU3Y-
eMas 3HaYEHUEM 05, U IJIACTUYHOCTD, XapakTepusyemasi 3HaueHHeM o, Yem
BBIIIIE 05, TEM O0JIbIIIE Yeuine 1e(hOPMUPOBAHNS U BBIIIE KOHTAKTHBIE HAMPSKCHUS.



B cBsI3U ¢ 3TUM MOKET MPOUCXOIUTh BbIAABIMBAHUE CMA30YHOTO MaTepuaa, BO3-
MOXHO CXBaTblBaHUE (HAJIMIAHUE) MeTaia, 3aaupbl. [Ipr 3TOM CTOHKOCTH IITaM-
MIOB YMEHBIIIACTCS. YKa3aHHBIC SIBJICHUS HAOJIOAAIOTCS TPH BBITSKKE JeTae u3
JIMCTOBOTO MpOKaTa, uMeroiiero o >500 MlTa.

P

Hanpabnenue
npoXamay

Puc. 2.1. KpuBas usmenenus kodpuiimeHTa HopMaabHON aHU30TPOIIUU B pa3-
JUYHBIX HAIPABJICHUSIX OTHOCUTEIILHO HANPABJICHUS POKATKU

[Tpu rubke (cM. Tab. 5) Ha 3HaYEHUE YNIPYTUX JAedopManuii (IpyKUHEHHUE) Cy-
IIECTBEHHO BJIMSET OTHOIIEHUE 0y/F, YeM MEHBIIE 3TO OTHOIICHHE, TEM YIIPyTue
nedopmaru MeHbIe. [Ipu HeM3MeHHOM MOy e ynpyroctu £ ynpyrue aedopma-
IIUY YMCHBIIIAIOTCS C YMECHBIIICHUEM 0.

M3MeHeHne MeXaHWYeCKHX CBOMCTB METajula MpH MJIACTUYECKON nedopmanun
OTPAXaIOT OUACPAMMbL UCMUHHBIX HanpsceHutl (KPUBBIC YIPOYHEHUS) W JUa-
rpaMMbl TIJIACTUYHOCTH. [lapamMeTpbl KPUBBIX YIPOUYHEHUS — KPUTCPUU OICHKU
MITAaMITyeMOCTH MeTaJlIa. J[Jis orpeiesieHnst 3TUX mapaMeTPOB UCTIONIB3YIOT Pa3Ind-
HBIC alMIPOKCUMAIIUNA AWarpaMM HCTHHHBIX HAMPSOKCHWH, TPEIIOKESHHBIE PSIOM
uccienosateneit: Kepoepom oi = A + Bei; X. Ceudrom 0i=C(eo+e)™; A. Hanan
o0i=C1&"; I1. JIronBukom o = o, + C2'¢i™ u 1p. B npuBeieHHBIX YpaBHEHUSX 0j; & —
WHTCHCUBHOCTb HanpsbkeHui u nepopmaruii; A, B, C; Cq; Cy; €o; n; ni, m — KOH-
CTaHTBI, OTIPEIeIIIeMbIE 110 pe3yIbTaTaM MEXaHWYECKUX UCTIbITaHUI MeTaluta. Dop-
MYJIBI JUIsl OTIPEIeTICHUs] HHTEHCUBHOCTH HAIpsKEHUH U nedopmanuii npu JIuHen-
HOM PACTSHKEHUU C YY€TOM HOPMAJIbHON aHU30TPOIMY METajlia UMEIOT BU/I:

/3 1+R* . /2 2+R*
O0i =5 5 . px %1 & =45 61
2 2+R* 3 1+R*

I 01, &1 — HaNpsDKeHHE U JiorapudmMuyueckas cTeneHb AedopMalvu mpu Ju-
HEVUHOM PaCTSIKEHUU.




JlnarpamMmbl IUTACTUYHOCTH OTPAXKAIOT KPUTHUECKHE Ae(OopMaIluu PU pa3inuy-
HBIX CX€MaX HaNpsHKEHHOTO COCTOSIHUA. MIX CTpOSIT B KOOpAMHATAX: KpUTHYECKAs
cTeneHb aedopmaluu CBUra A, — Moka3aTeilb HaMpsHKeHHOro cocTossHus K, paB-
HBII OTHOIIEHUIO CPEAHETO THIPOCTATUYECKOTO HAIPSKEHUS 09 K MHTEHCUBHOCTH
KacaTenbHbIX Hanpsbkenuit 7, (K = o/T). JlnarpaMMbl TUTACTHYHOCTH B OCSAX «Ap —
K» ucnosib3yloT NpeuMyIlecTBeHHO MpU pacueTe KpUTUUECKHUX Jiepopmanuii, Bo3-
HUKAIOIIUX MTPU XOJIOAHOM 00bEMHOM IITAMIOBKE. J{uarpaMmsbl MIaCTUYHOCTH, 110-
CTPOCHHBIE B KOMIIOHEHTAX TNIABHBIX KPUTHYIECKUX Aedopmanuii &1 u &1 (ux Ha3bI-
BAlOT JMarpaMMaMH TPECNbHBIX JAeQopMauii Wik AuarpaMMmam# TpeneabHON
HITAMITyeMOCTH), 60Jiee IMIHUPOKO UCIIONIB3YIOT MPHU OMPECIICHUH KPUTHIECKHUX JIe-
dbopmanuii, BOSHUKAIOIIHNX TP XOJIOTHOW JTUCTOBOU IITAMITOBKE.

Hcnvimanusa na meepoocms Ciayx aT sl OPUEHTUPOBOYHOW OLIEHKH CTEIECHU
YIOPOUYHEHUS METaJlIa, OHA OCHOBAHBI HA IIPEATIOJIOKEHNH, YTO MEXKAY TBEPAOCTHIO
nehOpMUPOBAHHOTO METAJJIA U MHTEHCUBHOCTBIO HAMIPSHKEHUH U 1eopMaliuii cy-
IIECTBYET OJHO3HAUHASI 3aBUCUMOCTb. JTO MPEANOI0KEHNE ObLIO MOATBEPAKICHO
uccienoBanusimu I1. bpumkmena, S. b. ®puamana, I'. A. CmupHoBa-Ausiesa, F. /1.
Hens, B. A. Oropoanukosa u 1p. I1o pe3ynpraTaM HCIIBITAHUN HA OJHOOCHOE pac-
TSOKEHHUE, CXKATUE, PACTSHKEHHME C KPYYEHHEM M Ip. CTPOAT TapUpPOBOUYHBIEC IHA-
rpammebl B ocsix: o — HV — & (HV — uucio tBepaoctu o Bukkepcy). Pacronaras
pe3yJibTaTaMu U3MEPEHUIN TBEPAOCTH B Pa3IMYHBIX TOUKaX MJIACTUYECKH JehOpMU-
POBAaHHOM JETaIW W HCIOJIb3Ys TAPUPOBOYHBIE AMATPAMMBI, MOXHO OIPEICIUTH
MHTEHCUBHOCTh HANPSLKEHUM U AepopMaldii B 30HE U3MEPEHUN TBEPIOCTH U, Ta-
KHM 00pa30M, yCTAHOBHTH I10JI€ HANpsDKEHUH 1 qedopmariuii. cnbiTanus Ha TBep-
JIOCTh OTHOCSITCA K HEpa3pyLIAOIINM METOJaM KOHTPOJIA, B 3TOM HX IPEUMYILE-
CTBO ITO CPABHEHHUIO C APYTUMH METOJIAMHU — Pa3pyIIatOIIAMH.

TEXHOJIOTHYECKHE HCIIBITAHHA (IIPObBbBI)

TexHoysioruyeckre UcnbITaHus (MPoObl) MPUMEHSIOTCS JJIsl OTpe/IeNICHUsl Tpe-
JeNbHOU cTeneHu AedopMaliii MeTaula B YCIOBHIX, MOJICTUPYIOLINUX Pa3InYHbIC
orepalry X0J0IHOM ITaMIIOBKU: BBIPYOKY, THOKY, BBITSKKY, paziauyy, GOpMOBKY,
ocanKy u ap. Ecinu nokaszarenu TeXHOJIOTMYECKUX UCTIBITAHUNA periaMeHTUPOBAHbI
cTaHAapTaMu (Hampumep, TiyOHHa JTYHKH B MOMEHT MOTEPU YCTOMYHUBOCTH), TO C
MOMOILBIO TEXHOJOTUYECKHUX MPOO YCTaHABIMBAIOT COOTBETCTBUE 3TUX TMOKAa3aTe-
Jeit TpeOoBaHUAM CTaHapTa.

[Toutn Bce BUABI TEXHOJOTUYECKUX UCIIBITAHUN ITPOBOIATCSA 1O MOMEHTA JIOKa-
JU3aLUU WM OSIBJICHUS TPEUIUH WM pa3pbiBa, MOCIIE Yero PUKCUPYETCs] KpUTHUIE-
CKasi CTeNeHb JedopMallui — KPUTEPHUIl IITaMIIyeMOCTH METala.

Hcnvimanus na evipyoky-npoousky. IX mpoBOJAT € LEIbIO ONPEEIICHUs YCIIOB-
HOTO HAIpsDKEHUS Cpe3a, MPEICTaBISIONIEro co00l OTHOIIEHHE MaKCHUMAaJIbHOTO
YCUJIHSI BRIPYOKU-TIPOOMBKH K IIJIOIAIU MOBEPXHOCTH pasiesieHus (e = Pmax/Fo).
Kpowme Toro, onpeaenstoT riiyOrHy BHEIPEHUS TyaHCOHA B METaJlJI K MOMEHTY I10-
SIBJICHUSI CKAJIBIBAIOLLEH TPEIIMHBI B 30HE pa3pylIeHUs (BBICOTY OJECTSIIEero Mosicka
h). VcnibiTanus BBIMOJIHSIOT B CIICIIUAIILHOM ITAMITE JUIS BRIPYOKH KpyTa quamer-
poM ~32 MM, OCHAILIEHHOM CUJIOU3MEPUTENBLHBIM YCTPONCTBOM, MPU ONTUMAIBHOM



3a30pe MEXy ITyaHCOHOM U MaTpuiieid. Yem Oodbiiie BeicoTa h, TeM MeTaint 6osee
IJIACTUYEH, YeM O0JIbIlIe MPOYHOCTh METAILIA, TEM Oy, OOJIBIIE, @ CTOMKOCTh UHCTPY-
MEHTa HUXKE.

HUcnvimanue Ha nepecu6 u uzeu6. Metajul B BUJ€ JIMCTA WM JICHTHI UCHBITHI-
BatoT Ha nieperud (FOCT 13813—68). 11 3TOro MOJI0CKY MeTalla ONpeeIeHHON
HIMPUHBI 3aKPEIUISIIOT B CHEIUAIbHOM MPUCTIOCOOICHUHA U TPOBOAST MHOTOKpAT-
HBIN 1BOMHOM nmepern6 Ha 180° 10 MoMeHTa pa3pyieHus. Yncao TBOMHBIX MEPETru-
OOB /10 TTOSIBJICHUS TPEIIUHBI SIBJSIETCS XapaKTEPUCTUKOU STOTO BUAA UCIIBITAHUMN.

JIuCTOBOM METAT TAaK)KE WCIBITHIBAIOT HA HM3THO JI0 OMPENEJICHHOTO yTiia
BILTOTHYIO WJIM IO COIPUKOCHOBEHMS CTOPOH 00pasla, T. €. A0 NapaJyIeIbHOCTH €r0
cTopoH. By u3rnba 3aBUCHT OT KauecTBa MeTalljla U €ro TOMMMHBL. Ecnu mocie
UCIIBITAaHUS Ha M3TM0 Ha 00pasiie He OOHAPYKEHO TPEIINH, CYUTACTCS, 4TO 00pa3ell
ucnbiTanue Beiaepxan (FOCT 14019—380).

HUcnvimanue na enyouny gpopmosku ayuxy. OHO ObUIO MPEIIOKEHO MIBEICKUM
UHXKEHEPOM A. DPUKCEHOM. DTOT BUJ TEXHOJOTHYECKUX UCIIBITAHUN MOKA eIIe

HanOoJIee paclpoCTpaHEeH MPH OLIEHKE MITaMITyeMOCTH JIMCTOBOTO MPOKaTa TOJI-
mHoi ot 0,2 10 2,0 MM. UcnibiTanue 3akimovaercs B GOpMOBKe CHepUUECKUM ITy-
AHCOHOM JIYHKH B 00paslle, MPOYHO 3aKaTOM MEXIy MaTpUlled U TPUKUMHBIM
KOJIBITOM (

Hcnpitanue mo DpUKCEHY MPOBOAMUTCS Ha MamuHe-npudbope mona. MTII-101,
2068 MTB-10, peructpupytoieid ycuine GpOpMOBKH JIYHKH U YCUITUE MPUKUMA 3a-
TOTOBKHU. Y cloBUs ero npoBeaenus peraamerntuposans ['OCT 10510 - 2013, B co-
OTBETCTBHUH C KOTOPBIM ycuine npuxknma cocrasisier 10 kH, 3aroroBka B Buae no-
JIOCHI I0JbKHA UMETh WupuHy 90 MM, auameTp myancona 10 u 20 mm. Jlepopmanus
MeTasuia MPOUCXOAUT U3-32 YMEHBIIICHUS TOJIIMHBI 3aTOTOBKU, MEPOU UCTILITAHUS,
B TIpOIIECCE KOTOPOTro B ouare JedopMallii BO3HUKAET IBYXOCHOE paCTsHKEHHE, SB-
asieTcs TryouHa tyHku |E B MusinMerpax B MOMEHT yMeHbIIeHus (cmana) aedop-
MUpyomIero ycuius. Mcnbitanust mo Spukceny Hauobonee IhghekmusHul B TEX CITy-
Yasix, KOrJla MeTaljl IpeJHa3HaYeH JJIsl IOJMYUEHUS CIONHCHBIX NPOCMPAHCMBEHHbIX
BLINYKIBLIX Oemaliell cghepudeckoll u napaboiuydeckol Gopmvl (muna ompasxcame-
Jietl a8momMoOUNbHLIX (hap), TIPHU BBITSDKKE KOTOPHIX B oyare jaepopMariii BO3HUKAET
JIBYXOCHOE PacCTSKEHUE, MPHU IPYrux (POPMOU3MEHSIONINX ONEepalusix Crnocod Ma-
7103 (HEeKTHUBEH.

XapakTtep pa3pyllieHUs M KaueCTBO MOBEPXHOCTU JIYHKHU TO3BOJIIET CYIUTh O
HITAMIIyEeMOCTH METaJlJIa: Pa3pbiB JIYHKH IO JIyT€ OKPYKHOCTH YKa3bIBa€T Ha U30-
TPOIMTHOCTh METaslia, MPSIMOJIMHEUHBIA pa3pbiB CBUIETEIHCTBYET 00 aHHU30TPOIIUU
MeTasuia, MoJIOCYaTOCTA CTPYKTYPhI WM O HaNU4uu JedeKTOB MpoKaTku. Yucras
TJIaJKasi TOBEPXHOCTh JTYHKH XapaKTepU3yeT MEITKO3EPHUCTYIO CTPYKTYpPY, HIEPO-
XOBaTasi — CBUJIETEIBCTBYET O KPYIMHO3EPHUCTON CTPYKTYpe MeTalIa.

Wcnbitanne Ha rryOMHY (POPMOBKHM JTYHKHU MPOBOJAT C IEJIBI0 YCTAHOBJICHUS
kareropun JimctoBoi ctanu mo 'OCT 9045—S80 (I' — rmy6oxkas; BT — Becbma
riyookasi; CB — cinoxnas BeITsKKa; OCB— 0co00 cioxknas BeiTskka; BOCB —



BeChMa 0c000 CI0XKHAas BHITSKKA). UeM O0JbIlie BHICOTA JTYHKH, TEM BbIIIE KaTEro-
pus ctanu. Y nuctoBoit ctanu 08 u 10 B 3aBUCUMOCTH OT €€ TOJIIUHBI U KaTerOpuu
riryouHa nyHku |E nommkHa ObITh HE MeHee 9—12 Mm.

Hamu paccMOTpeHbI HCTIBITaHUS Ha IITAMITyeMOCTb JIMCTOBOTO MPOKATa, TOJIBKO
npeaycMoTpeHHble cTanaapraMu. B PD u psne 3apyOekHbIX CTpaH MPUMEHSIOT
MHOTHE JAPYTrHe TEXHOJOTUYECKHE MPOOKI Al TOM ke LeU, K YUCITY KOTOPBIX OT-
HOCHUTCSI UCTIBITAHUE HA BBITSKKY HMJIMHIApUYecKoro kojmnayka no Ceudty (An-
UM ), HA BBITSDKKY HMJIMHAPUYECKOTO KOJavKa C MOCJIEIYIOIUM OTPBIBOM JTHA T10
Ourensrapary (I'JIP), Ha BBITSXKKY KOHMYECKOTo Koimnayka no dykyu (Snonus) u
MHOTHE JIp.

Haubonee monHblii 0030p pa3iWYHBIX BHJIOB TEXHOJOTUYECKUX HCIBITAHUN
(mpo0) mpuBeneH B pabore AepkuBa AKD MeToapl UCHIBITaHUS JIUCTOBOTO Me-
TasIa.

B Poccuu u 3a pybexoM BeayTcsl UCCIEAOBaHUS 10 ONPESICHUI0 KPUTEPUEB
OLICHKH IITAMITYEMOCTH METaJlJIa HA OCHOBE TEOPHH IUTACTUIHOCTH, a TaKXKe 110 pe-
3yJbTaTaM CTaTUCTHYECKOTO aHaIW3a HKCIIEPUMEHTAJIBHBIX JaHHBIX. OgHO W3
HauOoJiee NepCHEKTUBHBIX HAMPABICHUN 3TUX UCCIEOBAaHUM — OMNpEJEIIEHUE pe-
cypca INIaCTUYHOCTH Ha 6a3€ TEOPUH IIACTUYECKOTO TEUEHHS MeTalljla B COUETaHUU
C pe3yibTaTaMHU W3MEpPEHUs sS4YeeK AEPOPMHUPOBAHHOW CETKH, IMPEIBAPUTEIIHHO
HAHECEHHOM Ha 3arOTOBKY. DTO HAIPABJIEHHE CO3JaHO U Pa3BUBAECTCA TpyAamu A.
. Tomnenona, B. JI. Konmoroposa, W. I1. Penne u apyrux yuensix (P®), C. IL
Kenepom u I'. M. I'yn-Bunbim (CLLA), 3. Mapuunsikom (ITHP).

JIns OeHKH TaMIyeMOCTH JIMCTOBBIX CTalIe UCIOJIB3YIOT TEOPUU pa3pyllle-
HUS OT OTEPU YCTOMYMBOCTH B BUJIE JOKAIBHOTO YTOHEHHUS WJIM MOSBJICHUS CKJa-
JO0K. B KauecTBe XapaKTepUCTUKH JOKalbHOTO nedopmupoBanus A. JI. TomiaeHoB
npeaIoxXui Koa(ppUuiMeHT 3amaca MIACTUYHOCTH:

n= [5i/5i(xp)]<1 ’
d

TAC &, & — HAKOIUICHHAA U KPUTHUYCCKAA NHTCHCHUBHOCTD I[G(l)OpMaI_[I/II/I.

i(xp)

HakomuieHHble nedopManuy ONpenessioT M0 pe3yabTaTaM U3MEPEHHUs JENH-
TEJIbHBIX CETOK, PEIBAPUTEIHLHO HAHECEHHBIX Ha 3ar0TOBKY, KpUTHYECKUE e op-
Malld PACCUUTHIBAIOT:

IPH IJIOCKOM HAIMpPSKEHHOM COCTOSIHUH OJTHOTO 3HAKA
Eiggy = 2MW1-m+m? /(2—m);
IPY Pa3HOMMEHHOM TJIOCKOM HATIPS)KEHHOM COCTOSIHUU

Eippy = 2W1—m+m? /(1+m),

rie m=o1/0y=(2e2+e1)/(2e1+¢2)<1 — mokazaTens HanpsHKEHHO-ASPOPMHUPOBAH-
HOT'O COCTOSIHUS, OTIpeIeIIeMblii 0€3 yueTa aHu30Tponuu. Yem Ouxe # K eUHHUIIC,
TeM OOJIbIlle BEPOSTHOCTh MOTEPU YCTOWYMBOCTU WM Pa3pyIICHUS JCTAIH MOCIe
JIOKaJIM3aIuy B MPOIECCe IMITAMIIOBKH U, CJIEIOBATENIbHO, MITAMITYyEMOCTh MeTaljia
XyXKe.
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Puc. 2.3. Jluarpamma npenenbHbIX aedopmaruit

B nameit ctpane u 3a py0oekoM JIJIsl OIIEHKU IITaMITyEMOCTH MCIIOJIB3YIOT JIha-
rpaMMBbl TPEACNbHBIX JAehopMalluii, YCTaHABIUBAIOIIUE CBSI3b MEX]y KOMITOHEH-
TaMU TJIABHBIX JAedopMalvii €1 U €2 B MOMEHT MOTEPH YCTOMYHUBOCTU OT paspyliie-
Hus. Takoro pona quarpammsbl (puc. 2.3) O6butu npennoxkensl B 60-x romax C. I1.
Kenepom u I'. M. I'yasunbim (CHIA), ¢ MX NOMONIIBIO YCTaHABIMBAIOT TPAHUIIBI
npeaenbHbIX AehopMaluii, 1eMCTBYIOMINUX B IJIOCKOCTH JIUCTA. 30HA KPUTHYECKUX
nedopmalnii pazensieT quarpaMmy Ha JiBe 00J1acTH, HUXKE 3TOW 30HbI HAXOUTCS
o0nacTh 0€30MacHbIX YCIOBUN ITAMIOBKU U BbllIE — 00J1acTh pa3pyuieHud. [1o
OCH OpJIMHAT AUArpaMMbl OTJIOKEHA HAauOOJIbIlasl TJIaBHas J1epopmalius B MI0CKO-
CTH 3arOTOBKH €1 @ IO OCH a0CIIMCC — HAaMMEHbIIas riaBHas gedopmarus 2. 30Ha
MOJIOKHUTEBHBIX 3HAUCHUN €2 COOTBETCTBYET JIBYXOCHOMY PACTSDKEHHIO, TIpH £2=0
HaOmogaeTcs* Tiockoe AeOpMHUPOBAHHOE COCTOSIHME, B 30HE OTPHUIIATEIbHBIX
3HAYEHUM &2-CIKATHUE C pacTsbkeHueMm [27].

JluarpaMMbl ipeiebHBIX TeopMaIuil CTpOsT SKCIEPUMEHTAIILHO TS KK I0H
MapKH ¥ TOJIIMHBI METAJIJIa MO pa3IMyHbIM MeToukaM [ 1]. McribiTanus o cxemam
1 1 7 (Tabn. 3) npenHa3HAvYEHBI JIsl TOCTPOESHUS JIEBOM YACTH TUArPAMMBI, T10 CXeMe
6 — mpaBo#, UCTIBITAHUS 110 OCTAIBHBIM CXEMaM CIy>KaT JIJIsl IOCTPOCHUSI KaK Jie-
BOM, TaKk W MpaBoW yacTu Auarpammbl. OOpasipl ¢ MpeaBapUTEIbHO HAaHECEHHOU
CETKOM B BUJE OKPY>XKHOCTEH qTuaMeTpoM 2—4 MM MOJIBEPrarOTCsl pacTsHKEHUIO Ha
WCIIBITATeNIbHONM MAaIllMHE WJIM B IITaMIle-IpuOope, Ha KOTOPOM IMPOBOAAT TaKKe
(hOPMOBKY U BBITSKKY /10 MOMEHTA pa3pyIIeHUs WU TMOTEPU YCTOMUUBOCTH. J[Jist
YMEHBIIICHUSI KOHTAKTHOTO TPeHUs MpU (POPMOBKE MEXKITY TyaHCOHOM U 00pa3IoM-
3arOoTOBKOM YyCTaHABIMBAIOT TOHKHE IMOJIMYpETaHOBBIE Npokiaaku. CpaBHHUBas
M0JIE HAKOTUICHHBIX B KOMIIOHEHTaxX JedopMalriuii ¢ KpUTUUECKUMHU, OTPEIEISIIOT
3anac MIaCTUYHOCTH B KXXJIOM CEUCHHUM JICTAIIH.



