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AnHotanus.IJens. Ha OCHOBE COIOCTaBHTENHFHOrO aHANM3a TEOPETHYECKHX IPEIIIOCBIIOK U PE3yJbTaTOB IPOBEAECHHBIX
9KCIICPIMEHTOB OOOCHOBATh WHCIIOJIB30BAHHE PaBHOMEPHOH nedopManmy M XapaKTepUCTHK Ie(OpPMAIMOHHOTO YIPOYHEHUS II0
Koncunepy-XapTy kak mapaMeTpoB COIPOTHBICHHSI CTalH BSI3KOMY paspymieHuio.Memoouka. AHAINTHYECKUE WCCIICOBaHUS
COBPEMEHHBIX MPEJCTABICHUH 00 yCIOBHSAX MAaKpOJOKAIM3alMM  IUIACTHYECKOM JedopManu B COBOKYIHOCTH C
9KCIIEPHUMEHTAIBHBIMH HCCIIEIOBAHUSAMU TIOBEACHHS IO HAarpy3Koil CTalbHBIX OOBEKTOB U3 HHU3KOYIJIEPOAUCTOH CTaau B
HEYNPOYHEHHOM M YIPOYHEHHOM XOJOIHOW nedopmanueii M 1e(OPMALMOHHOM CTApeHHEM CTPYKTYPHBIX COCTOSHHSX C
HCTIONB30BAHUEM B TOM 4YHCIIE OOJBIIMX BBIOOPOK SKCIEPUMEHTANBHBIX JAHHBIX M HX CTaTHCTHYeCKOi 00paboTkoit.Pesynomamui.
ITosryueHsl B 3aBHCHMOCTH OT CTPYKTYPHOI'O COCTOSIHHSI CTajM YEThIpEe OCHOBHBIX THIA JMarpaMm JedopManyu U paspylleHus,
XapaKTepHU3yolyue B TOM YHCIE YPOBEHb COIPOTHBIICHHS BSI3KOMY pPa3pyIICHHUIO, ITOKA3aHO OJAronpHsATHOE BIMSHHE Ha 3TOT
YPOBEHb MHTEHCUBHOCTH JIe()OPMAIIIOHHOTO YIIPOYHEHHS U MOATBEPKAECHO CTAaTUCTHUYECKH OJIAarONPHUSTHOE BIMSHHE ITOCIEHETO Ha
BEJINUMHY PAaBHOMEPHOH nedopManmy B paMKax KaHOHWYECKHX ypaBHeHmil Koncmnmepa-Xapra. IIpemnosxeHEBl: kak 0OBsSCHEHHE
HaOJII0IaeMBIX KOJMYECTBEHHBIX OTKJIOHEHUH B HKCIICPHMEHTE OT YKa3aHHBIX YPaBHEHHUI, TaKk M HCIOJIF30BAaHHE UX B KauecTBE
OLICHKH BEJMYHHBI JUCIEPCHH CBOWCTB MHUKPOOOBeMOB. OOOCHOBAaHO HCIOJB30BAaHME 3HAUCHUS PABHOMEpPHOU aedopmanuu c
yKa3aHHEM BEJIMYMHBI OTKJIOHEHMS 3TOr0 3HA4YEHUs OT 3HadeHus KoddpduumeHra neOpPMALMOHHOIO YIPOUHEHUS KaK Mepbl
CONPOTHUBIIEHHS BsI3KOMYy paspymenuto.Hayunaa noseuzna. BriepBbie mpejnoxkeHa U 000CHOBaHA TEOPETHUECKU XapaKTEPUCTHKA
COIIPOTUBIICHHS BA3KOMY DaspyILICHHIO cTaau B (opMe 3HAUCHHs PaBHOMEPHOW aedopMaluu ¢ y4eTOM BEIMYMHBI OTKIOHEHHS
3HAUCHUS STOH BEIMYMHEI OT ONPEAENIEMOr0 B IKCIIEPHMEHTE 3HAUeHHs Kod(duimenTta 1epopMalmOHHOTO YIIPOUHEHHS KaKk MephI
IUCHEPCUH paclpelieNieHus] 3Ha4eHHH CKOPOCTH — Ae(OpPMAIIOHHOTO YIPOYHEHUS B MHKPOOOBEMax HArpyxaeMoro oOBeKTa.
BriepBrle moka3aHO, YTO NPH JOCTATOYHO OOJBIIOM 00beMe BBHIOOPKM U TIPABHUIBHOM OMpEJeNCHNN 3HAYeHHH paBHOMEpHOI
nedopmarnuu ep, ko3hpunueHT o B ypaBHeHnu ¢, = an (Koncuuep-Xapr), rae n — koddhunuenT nehopManuoHHOTO YIIPOYHEHUS,
630k k eaunuie. Ilpakmuueckas 3nauumocmo. IIpenioxkeHO BKIIOYUTH B NEPEUEHb CBOMCTB ONpPEAENIAEMBIX MPU CAATOUHBIX
WCTIBITAaHUAX  XOJNOAHOAC()OPMHUPOBAHHBIX M3IENUIl, OCOOCHHO TOABEPXKEHHBIX HHU3KoTemmeparypHomy (mo 100 °C)
ne(h)OpMAIMOHHOMY CTapEHMIO, HOBYIO XapaKTEPHCTUKY CONPOTHBICHUS BA3KOMY Pa3pyLICHUIO: €p C YKa3aHUEM OTKJIOHEHHUs (n-ep).
[IpennoxeH pexuM cTapeHus, yBEINUUBAIOLINHA 3HaUEHNE €p M YMEHBIIAOIIUI BENUYUHY (N-€p).

Kniouesvie cnosa: MakponoKalu3alus IUIACTUYECKOI aeopMalny, OJHOOCHOE pacTsKeHue, Ne)OpMAlMOHHOE YHpPOYHEHHE,
xonomHas nedopManus, cTapeHue, KodhGuIenT nedopMaioHHOTO YIIpouHeHHs, ypaBHeHne Koncungepa-Xapra, COIpoTHBICHHE
BA3KOMY Pa3pyIICHHIO

XAPAKTEPUCTUKH MAKPOJIOKAJI3ALI IJIACTUYHOI
NE®OPMALII ITPU OTHOOCHOMY PO3TSII'YBAHHI CTAJIEBUX
OB'EKTIB TA iX OIIIPB’SI3KOMY PYHUHYBAHHIO
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AHotanis. Mema. Ha OCHOBI MOpPIBHAIBHOTO aHAN3y TEOPETHYHUX IEPEIYyMOB 1 DPE3yNbTaTiB IMPOBEACHHX EKCICPHMEHTIB
OOIpYHTYBaTH BHKOPUCTaHHsS piBHOMIipHOI fnedopmarltii i xapakTepucTuk aedopmaniitnoro 3minnenss no Koncuugepy-XapTy sk
rapaMeTpiB OIopy crTall B’S3KOMY pyHHyBaHHIO. Memoouka. AHANITUYHI JOCI/UKEHHS CYYacHHX YSBJICHb IIPO yMOBH
MakpoJoKamizarii miactudHoi aedopmanii B CyKyImHOCTI 3 €KCIIePUMEHTAIEHIME JTOCTIPKCHHSIMU TTOBENIHKH ITiJ] HAaBaHTAXKEHHIM
CTaleBUX O0'€KTIB 3 HU3BKOBYIJICHEBOI CTali B HE3MINHEHHOMY i 3MII[HEHOMY XOJOAHOIO nedopmariero i nedopmamiiaum
CTapiHHAM CTPYKTYpPHUX CTaHAX 3 BUKOPHCTaHHAM B TOMY YHCII BEJIMKHX BHOIPOK €KCHEPHMEHTAIBHUX JAHUX Ta 1X CTAaTUCTHYHOIO
06po6Koto. Pezynsmamu. OTprMaHi B 3aJISKHOCTI BiJl CTPYKTYPHOI'O CTaHy CTalli YOTHPH OCHOBHUX THIHH jAiarpam aedopmarii i
pYHHYBaHHS, 1110 XapaKTEePH3YIOTh y TOMY YHCII PiBEHb ONOPY B’S3KOMY PYHHYBaHHIO, [IOKa3aHO CIIPUSATIUBUH BIUIUB Ha LieH piBeHb
iHTEHCHBHOCTI JepOpMaLlifHOrO0 3MIlHEHHA Ta MiATBEP/PKEHO CTAaTUCTUYHO CIPUSATIMBUHA BIUIMB OCTaHHbOI HAa BEJIMYHHY
piBHOMIpHOi nedopmanii B pamkax KaHOHIUHHMX piBHAHb KoHcupaepa-Xapra. 3ampornoHOBaHO: SIK MOSCHEHHS CIOCTEPEKYBAHUX
KiJbKICHHX BIIXWJICHb B €KCIEPHMEHTIB BiJ 3a3HAUEHHX PIBHAHB, TaK 1 BUKOPUCTAHHS IX B SIKOCTI OI[IHKM BEJIMYMHU AWCIIEPCil
BJIACTUBOCTEH MikpooO'eMiB. OOrpyHTOBaHO BHKOPHCTaHHS 3HAYCHHS PIBHOMIpHOI aedopmarii 3 3a3HAUCHHSIM BEIIMYMHU Bil
XWICHHS I[bOTO 3HAYCHHS BiJ 3HAYCHHA KoedimieHTa nedopMamiiHOro 3MIIHEHHS SK 3aXOAH ONOpY B’S3KOMY PYyHHYBaHHIO.
Haykoea nogusna. Briepiie 3anponoHoBaHa i 0OrpyHTOBaHA TEOPETUYHO XapaKTEPUCTHKA OMOPY B’SI3KOMY PYHHYBAHHIO CTali B
¢dopmi BenuuuHM piBHOMIpHOI Aedopmanii 3 ypaXyBaHHSIM BEIHUYHHM BiIXHJICHHsS 3HAYCHHs L€l BEIMYMHH BiJ BU3HAUYEHOTO Yy
CKCIIepUMEHTI 3HaueHHs KoediumieHTa nedopMmariifHOro 3MiNHEHHS sK Mipd JucrIepcii po3MOAily 3HAueHb MIBHUAKOCTI
nedopmariifHoro 3MinHEeHHsS B MiKpoo0'eMax HaBaHTakxyemoro oG'ekta. Bmepie mokaszaHo, 10 HOpH JOCTaTHBO BEIUKOMY 00Cs3i
BUOIPKH 1 IpaBHJILHOMY BU3HAYCHHI 3HAYCHb PIBHOMIPHOI nedopmaii ep, koeditieHT o B piBHsHHI ep = on (Koncungep-Xapr), ae n —
koedimieHT aedopmamiiHOrO 3MIIHEHHS, OMM3bKHHA 10 OoAuHUIL. IIpakmuuna 3nauumicms. 3aTPOIIOHOBAHO BKIFOUUTH IO
MepeNIiKy BJIACTHBOCTEH BH3HAYAEMUX IIPH 34aBAIBHUX BUIPOOYBAHHSIX XOJOAHOAE(HOPMOBAHHUX BUPOOIB, OCOOIMBO ITiABEPHEHHX
Hu3bKOTeMIepatypaoMy (1o 100 °C) medopmaniiiHOMy cTapiHHIO, HOBY XapaKTEPUCTHKY OIOPY B’SI3KOMY PYHWHYBaHHIO: €p i3
3a3HaYCHHSIM BiIXMICHHS (n-€p). 3alpOIIOHOBAHUH PEXUM CTapiHHS, IO 301IbIITy€e 3HAYEHHS € 1 3MEHIITy€ BEIMUUHY (N-€p).

Kniouosi cnosa: wmakponokamizauis riactudHoi Jedopmalitii, OAHOBICHHE po3Tsr, AedopmaiiiiHe 3MIIHEHHs, XOJOAHA
nedopmartis, crapinns, koediuient nedopmariiiiHoro 3minnenHsl, piBHsHHs Koncuaepa-XapTa, omnip B’I3KoMy pyiHYBaHHIO

CHARACTERISTICS OF MACROLOCALIZATION PLASTIC
DEFORMATION UNDER UNIAXIAL TENSION STEEL OBJECTS AND
THEIR RESISTANCE TO DUCTILE FRACTURE

GUL Yu. P.!,Cand. Sc. (Tech.), Associate professor
IVCHENKO A. V.%,Cand. Sc. (Tech.), Senior Research Officer
KONDRATENKO P. V.**, Graduate student

CHMELEVA V. S..#,Cand. Sc. (Tech.), Associate professor
PERCHUNG. 1.%*, Cand. Sc. (Tech.), Associate professor

"Department of metal heat treatment, National Metallurgical Academy of Ukraine, Gagarin Avenue, 4, 49600, Dnipropetrovsk,
Ukraine, tel. +38 (0562) 46-24-53, e-mail: kaf.tom@metal.nmetau.edu.ua, ORCID0000-0003-3754-7731

2* Department of metal heat treatment, National Metallurgical Academy of Ukraine, Gagarin Avenue, 4, 49600, Dnipropetrovsk,
Ukraine, tel. +38 (0562) 46-24-53, e-mail: armst 2000@mail.ru, ORCID0000-0002-4518-1744

3* Department of metal heat treatment, National Metallurgical Academy of Ukraine, Gagarin Avenue, 4, 49600, Dnipropetrovsk,
Ukraine, tel. +38 (0562) 46-24-53, e-mail: achriman@yandex.ua, ORCID 0000-0003-2242-3496

4 Department of metal heat treatment, National Metallurgical Academy of Ukraine, Gagarin Avenue, 4, 49600, Dnipropetrovsk,
Ukraine, tel. +38 (0562) 46-24-53, e-mail: kaf.tom@metal.nmetau.edu.ua

* Department of metal heat treatment, National Metallurgical Academy of Ukraine, Gagarin Avenue, 4, 49600, Dnipropetrovsk,
Ukraine, tel. +38 (0562) 46-24-53, e-mail: perchun_galina@ukr.net, ORCID 0000-0001-9013-4659

71



CTpoOHTEJbCTBO, MaTepHaioBeleHHne, MaIUHOcTpoeHnne: CrtapoanydoBckue utenus — 2016

Annotation. Purpose. On the basis of the comparative analysis of theoretical prerequisites and experimental results to justify the
use of uniform deformation and strain hardening characteristics on Consider-Hart as parameters of resistance of steel viscous
destruction. Methodology. Analytical study of modern concepts about the conditions of microlocalization plastic deformation in
combination with experimental studies on the behaviour of steel under load objects from low-carbon steel in soft and hardened by
cold deformation and strain ageing of structural conditions using including large samples of experimental data and their statistical
treatment. Findings. Obtained depending on the structural state of the four main types of charts of deformation and fracture
characterizing in including the resistance of viscous destruction shown a beneficial effect on the level of intensity of strain hardening,
and confirmed a statistically favorable impact on the value of uniform deformation in the framework of the canonical equations of
Consider-Hart. Offered: as explanation for the observed quantitative deviations in the experiment from the above equations, and use
them as estimates of the magnitude of the dispersion property of micro volumes. It justifies the use of the uniform deformation value
indicating the deviation of this value from the values of the coefficient of strain hardening as a measure of resistance of viscous
destruction. Originality. First proposed and justified theoretically characteristic of the viscous resistance to fracture of steel in the
form of the value of uniform deformation taking into account the deviation values determined from experiment the values of the
coefficient of strain hardening as a measure of dispersion in a distribution of speed values of strain hardening in micro load of the
object. It was shown that at a sufficiently large volume of sample and the correct determination of the values of uniform strain ey, the
coefficient a in the equation e, = an (Consider-Hart), where n is the strain hardening coefficient, close to unity. Practical value.
Proposed to include in the list of properties defined by acceptance tests cold-formed products, especially susceptible to low-
temperature (to 100 ° C) deformation aging, a new characteristic of the viscous resistance destruction: e indicating the deviation (n-
ep). Proposed mode of aging that increase the value of e, and reduce the value of (n-ep).

Keywords: macrolocalization plastic deformation, uniaxial tensile tests, strain hardening, cold deformation, aging, strain
hardening coefticient, the equation of Consider-Hart, the resistance of the viscous destruction

BBenenue

IIpu OIICHKE KOHCTPYKTHUBHOM MIPOYHOCTH
METAJUIOM3ACINA, B TOM 4YHCIE XapaKTEPHCTHK
CONPOTHUBIICHUSI Pa3pyLICHUIO, OCHOBHOE BHUMaHUE
yaensieTcs ONPE/IEIICHUIO XapaKTEPUCTHK
CONPOTHUBIICHUIO XPYNKOMY pa3pyIIECHUIO BCIIECICTBUE
€ro HH3KOW JSHEPrOeMKOCTH U KaTacTpo()UIHOCTU
MPOTEKAHUs €ro  3aKIIYUTECIFHOW  HECTaOWIBHOM
CTaJMH: BBICOKOW CKOPOCTH MPOTEKaHUs Mpolecca Mpu
MTOCTOSTHHOW VT CHIDKAIOMIEWCsl Harpy3Ke WIH BOOOIIe
6e3 BHemHero monaBoxa oSHepruw. Jlo cux mop
JIOCTATOYHO IIHPOKO PACIPOCTPAHEHO MHEHHE, UYTO €CITHN
HarpyxaeMmblii 00bekT (HO) HaxomuTcs B BA3KOM

COCTOSIHMM, TO €ro MEXaHMYEeCKOE  IIOBEJCHHE
OTHOCHUTEIIBHO CTA0WJIBbHO W JAKE CTaIus Pa3pylICHHS
HE HMEET YKa3aHHBIX BBILLIE MIPU3HAKOB
KaTacTpO(QUIHOCTH. Taxkoit MOJXOI, 0JTHAKO,

MOTEHLMAJIBHO ONaceH. JJocTaTouyHO JaBHO 0Opalaioch
BHMMaHHE Ha ONACHOCTh U BO3MOXKHOCTbH MPOTEKAHUS B
HO t.H. Ba3koro paspymenus (BP) mo xpynkomy Tuy,
ecmu B HO BelpakeH Tpomecc  JIOKAJIH3aIHA
miactrudeckoit nedopmanuu (JIInJ) [9]. Tlocnemnmii,
KakK M3BECTHO, XapakrepuszyeTcs cocpeporouenuem [1m]]
B JIOKQTBHBIX O00BEeMax ¥ BBICOKOH CKOpPOCTBIO
npotekanus npouecca [1n/]. Tak kak mo A.X. Korrpemry
poub 1]l mpu BP 3akmiouaercs B “oTBojeMarepuaia oT
¢dponrapacrymeitpeniuasr” [7], To omacHocts BP HO
0 XPYHNKOMY THUIy MpsIMO CBfi3aHA CO CTEIEHBIO
CKIIOHHOCTH MeTajuia B jnanHom HO x  JIIIaJ.
CrnenoBaTtenbHO,  aKTyalbHOW — 3ajadeidl  sIBISETCS
uccieqoBaHWE W pa3paboTKa METOAMK OIpelelIeHUs
xapakTtepuctuk comnpotusienus BP (CBP) HO xkaxk
XapakTepUCTUK  ycloBUU  mepexona  Mukpo-JIITnJ{
(xapakTepHO# 11 moOoi cranuu [/l aHU30TPOITHOTO
Marepuana) B Makpo-JIIIn/l. [TpuHIHUIHAIHHO Ba’KHBIM
3[eCh SIBIIIETCS OOCYKICHHWE U OSKCIIepUMEHTaJIbHAS
MpOBepKa KOPPEKTHOCTH KAaHOHWYECKHX YpaBHEHHH
Kouncuaepa-Xapra, CBS3BIBAIOIINX 3HaueHue
paBHOMEpHOW JieopMalMu €, C XapaKTepPUCTHKAMH

nehOpMaImOHHOTO YIPOIHCHHSI ay) nmpu
paccmoTpernu mMarepuana HO kak M30TpomHOTrO M mpu
OTCYTCTBHU  CYIIECTBEHHBIX OTKJIOHEHMM CBOWCTB
MHKpPOOOBEMOB OT CpPEJHUX UX 3HAUYEHHH MakpooObema
HO [13]. Bcero yepe3 5 ner nocie myonukanuu padoTsl
[13] Obuto moka3aHo, u4ro mpu AeHOPMALMOHHOM

CTapeHUuu CTaNu  ygenuuenue CKOPOCTHU ay
COTIPOBOXKIAETCS.  yMeHblleHueM 3HaueHHuH ep, 4To
NPOTUBOPEYUT YypaBHeHHIo pabortsl [13] wu ObLIO
MoATBEepXkIeHo B mocienytomem  [1, 3]. B

00CTOATETLHOM aHATTUTHIECKOM 0030pe [8]c cchlTkoi Ha
paboter 1990 — 1997-x romoB (cm. Hamp. [10]) Taxxke
CTaBATCSA TION COMHEHHWE ypaBHeHHS pabotel [13].
OpHako, TOKa HE MPEUIOKEHB! IpYyTHe, aleKBaTHBIE IO
CBOCU MPOCTOTE W BO3MOXKHOCTSIM IKCIEPUMEHTAIBHON
MPOBEPKH BBIPAKCHHS, 10 CPABHEHUIO C YpaBHCHHEM
Kouncupepa-Xapra. [la u cratuctuueckas mpoBepKa
MOCJIETHETO HE MPOBOAMIACH, PABHO KaK WM TPUYUHBI
OTKIIOHCHUI OT HHX HE HCCIICOBaHBI B HaJJIC)KAIICH
CTCIICHHU. Hannas pabota 1m0 OOOCHOBaHHIO
BO3MOXXHOCTH ompenenenus xapakrepuctuk CBP mpu
OTHOOCHOM  DACTSDKEHHH  TIPOBEICHa C  Y9eTOM
W3JI0KEHHOTO BHIIIIE.

ean

O6ocHOBaHWE I11€71€CO00Pa3HOCTH  UCIOIB30BAHUS
3HAYCHHUS PABHOMEPHOH aedopMaiMyd P OJHOOCHOM
PACTSDKCHHHM C YYETOM BEIUYUHBI OTKIOHCHHS OT
ypaBueHus KoHcupepa-Xapra kak —XapaKTepUCTHUKH
CBP.

MeTtoauka

DKCIIEpUMEHTHI MPOBEICHBI HA Pa3IMYHBIX 00pa3max
nuameTrpoM oT 6 g0 10 MM, H3rOTOBJIEHHBIX W3
pPa3sNUYHBIX ~MapoK  HHU3KOYIJIEPOIOUCTOM CTalH C
conepxannem yriepoaa ot 0,04 no 0,20 % (macc.momns)
U C Ppa3IudHbIM CTPYKTypHBIM coctossHueMm (CC).
HccrenoBann  Takke  HATypHBIE  METaJUIOM3IEIHS
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(6ontel) ¢ HamuuueM (YHKIHOHAIBHBIX HAJPE30B
(pe3b0Ob1). Pazmmunoe CC  uccrnenyembiX  0OBEKTOB
JIOCTHTAJIOCh: PA3IMYHBIMU CIIoco0amMu pOpMHUpPOBaHUS
reomerpurn HO (ropsgast u xomomHas nedopmanms),
peXUMaMH TepMHUYEeCKol 00paboTKH, CHocoOoM U
CTETIEHBI0 XOJOTHOW IedopMald C MOCIETYIOUTIM
CTapeHHeM TIpH pa3IUYHBIX TeMmIeparypax. Bce
MIEPEYNCICHHBIE OOBEKTHl IIOABEPTalH OJHOOCHOMY
pactsbxennto Ha MammHe FP 100/1, ¢ 3anuchio MOIHBIX
TEXHUYECKHUX JuarpaMMm JeQopMalnuu U pa3pylIcHHS
(TAP) ¢ mocenyromel nepecTpoiikoil MX B HCTHHHBIE U
orpe/ieJIeHNeM MCTHHHOW paBHOMEPHOMW jedopManuu e,
n kodddunuenta neopMalMOHHOTO YIPOYHEHHS N B
ypaBHeHun XoiutomoHa.Ha omHOM n3 0OBEKTOB
HU3KOYTJIEPOANCTON KaTaHKE — B COCTOSIHUM ITOCTAaBKH H
Iocyie XOJIONHON OeOopManny Ha pasziINdHyI0 CTENCHb
pacTsHKEHHEM M KPYYICHUEM C TIOCIEAYIOMINM CTapeHUEM
IIPH Pa3IUYHBIX TEMIIEpaTypax UCCIeI0BAIN BIUSHUE 78
PEKUMOB TePMHUUYECKON M AeopMaIioHHOW 00paboTKH
Ha yKa3aHHbIE BbIILIE CBOMCTBA IIPU PACTSIKEHUH. Tak Kak
KaXIOMY THIy pEXHMa IIO/BEprajiu 5 o0pas3uoB, TO
MOJTyYCHHAsT BBHIOOPKA M3 78 HE3aBHCHUMBIX BEIIMYHH —
pe3ynbrar 390 ucneiTanuii. Ha ocHOBe 3TOH BBIOOPKH
IyTEM €€ CTaTUCTUYECKOH 0O0paboTKM W3BECTHBIMHU
METOJIaMH HCCIIE0BAIN CTENEHb KOPPESIIUN MEXIY €p
U N W BHJ IONy4YaeMbIX ypaBHEHHIl perpeccuu.Cxema
OJTHOOCHOTO PACTSHKEHHUS BRIOpaHA MOTOMY, YTO TP HEH
0COOEHHO HaTJBITHO TIPOSIBIISIETCS poib
nehopMaImOHHOTO YIPOIHCHHUS ay) 7
reoMerpudeckoro pasynpounenus (I'P) B ycioBusx
nepexoga ot  mukpo-JIInJl x  makpo-JIIInJ.
[lonmy4yeHHBIC JaHHBIC AHATM3UPOBAIU, B TOM YHUCIE C
MPUBJICUYCHUEM ITOAXO0JI0B, OMUCAHHBIX B paborax [2 — 6,
9,11, 12, 14].

PesysabTaThl

AHanu3 TOKa3bIBaCT, 4YTO OO0JACTh PABHOMEPHOU
nepopmanuu (OPJ]), xapakTepu3yromascs coXpaHeHUEM
reoMmerpudeckoro mogpoouss HO ncxogHoMy, MOXKET Kak
HanmuyecTBoBaTh Ha TJIP, Tak uW mpakTHuecku
OTCYTCTBOBATh HAa HUX B 3aBUCHMOCTH OT ucxonuoro CC
HO (cwm. puc. 1, a). Ilpu aToM HaOmonatoTes 4 OCHOBHBIX
BapmaHTa xoma ¢yHKmHH P AAD: 1) OPJ
COOTBETCTBYEeT pocTy P ¢ pocrom Altnpu Hanu4yuu
XOpOLIO  BEIpaKeHHOro Makcumyma P;  2) OPJ]
COOTBETCTBYET pocTy P u mpumepHomy noctostHcTBY P ¢
poctom Al (mBe cramum OPJl npu “pasmbiTom”
makcumyme P; 3) OPJ] coBmamaer TOJBKO CO BTOpPOM
cragueit OPJl o 2-my Bapuanty; 4) OPJ] npakTniecku
orcyrcTByeT: Makpo-JIIInJ[ HaumnaeTcs cpa3y mpu
nepexone k makpo-IlnJl. Ilocmennuit BapuaHt umeeT
MECTO — B HCCJIEJOBAHHBIX IpeHesiiaXx — TOJBKO IIPH
OTIPENICICHHBIX ~ HEepaBHOBECHBIX  HcxonHelx  CC:
YIIPOUYHEHHE XOJIOTHOMN nedopmManuei +
HU3KOTeMIleparypHoe crapenue.Tak kak mocime OPJ]
ciaenyer crtaaus Makpo-JIIIn/l, compoBoxaatomiascs
HecTaOMIbHOU cTaguei BP, T.e. momHas moteps Hecymiei
cnocobnoctu HO, To yBenuuenne CBP MoxHO 0xHIaTh
(mpu  mpoYMX paBHBIX YCIOBHSAX) B  CICAYIOICH
TIOCJIEI0BATENILHOCTH BAPUAHTOB Ha puc. 1, a: 4), 3), 1),

2). [Jpyrummu crnoBamu, BbIpaxeHHas cTagus Y c
HEPE3KMM  MOCICAYIOIMM  IEPEeXOoJ0M K  JTamy
npeobmaganus [P wag JIY — obecmeunt Hambosbiee
CBP HO. KoneuHo, 31ech BaxHa u mpoTspkeHHOCTH OP ]
3HaYeHHE €, INpPUYEM, OCOOCHHO Ha CTaIud
npeobmananus JIY wax I'P. [Toatomy mpu 2-M BapuaHTe
CIIeIlyeT yKa3bIBaTh HE TOJNBKO 00IIee 3HAYEeHHUE €p, HO U
s3Hauenne craguu OPJl, tme JIY>I'P. IlpomsBomnas
P=SF, no crenenu nepopmanuu e:

G_P—G_S an )
Oe Oe Oe

rae S — HCTUHHOe HampsbkeHue, a Fy — wucTuHHas
mwiomans nomnepedHoro cedenuss HO, mo3BossieT
onpeaenuTs ycaosue nonyuenus OPJ]

oS

Oe

KaKk TMpeoOiajlaHue WM PaBEHCTBO CcKopoctd IV
oTHocHUTeNbHO ckopoctu I'P. YcioBue 1o BbIpaxeHHIO
(2) ormmuatorcst ot ycmoBus Kocunepa-Xaprta[3]:

F,-S

OF,
>—-5 (2
275 )

e

MaKCHUMaJIbHOE 3HAYCHUE OP[] OTpaHUYEHO
paBenctBamu S = 0S/de, a e)'™ =n. DTuM ¢ ozHOH
CTOPOHBI, HCKITIOUAIOTCS DKCIIEPUMEHTAIIBHO

Habmromaemele BapuaHTsl 2) u 3) (puc. 1, a), a ¢ gpyro
HE YYHUTHIBAETCS BEChMa BEPOSTHOE BIMSHHUE BETUIUHBI
JWICTIEpCHI pacrpeesienus 3Hauenuii 0S/de u 0F,/de
B MHKpOOOBEeMaxX peajbHbIX Merauudeckux HO Ha
orpannueHue OPJ]. BrioiaHe BeposTHO Takke, UTO MpH
peanmsanuu  BapuaHtoB  OPJ] ¢ coOmomenuem
npumepHoro paBeHcTsa JIY u I'P nauanehas cranus BP,
MPOUCXOJAIAs KaKk 00pa3oBaHKE “‘BaKaHCHOHHBEIX' IIOp
(BIT) [5], moxer He TONBKO YycwimBaTh [P uepes
yMeHbIIeHne “kuBoro” cedenns HO, HO W ycwimBarth
Y, naBas 3¢dekT cBOoeoOpPa3HOTO ITUCIIEPCHOHHOTO
TBEPACHHUS [4]. O6o6mmenne TTOJTYICHHBIX
SKCIIEPUMEHTANBHBIX JaHHBIX, NIPUBEJCHHOE Ha puc. 1,
0, TOKa3pIBaeT, YTO 3TH JAaHHBIE, C OJHOH CTOPOHEL,
MOJTBEPKIAIOT OJArONPHUATHOE BJIHMSHUAC YBEIHUYCHHS
MHTEHCUBHOCTHU J[Y Ha 3Ha4YeHHUE €, KaK XapaKTepUCTUKU
CBP. C npyroil CTOpOHBI, TOIBKO HpPHU CPABHUTEIBHO
paBHOBecHOM HcxoaHOM CC KCIIepUMEHTAIbHBIE TOUKH
COOTBETCTBYIOT YPaBHEHHIO €, = 1, HO IIPH yIIPOYHEHUHU
XOJIONHOH aedopMalueil ¢ ImocaeyonnuM CTapeHueM, a
takke pu Hanmmund y HO QyHKIMOHANBHBIX HAAPE30B
(pe3pObl) — OTKIOHEHHS OT YKa3aHHOTO YpaBHEHHS
CyIIECTBEHHEI.

JlanHBIC, IPUBEICHHBIC HA PHC. 2, TOKA3BIBAIOT, YTO MPH
WCTIOJb30BaHUN  JIOCTATOYHO OOJBIIONH BBIOOPKH C
cymectBeHHO pa3nuyabiMu CC CTau Kak CPaBHUTEIHHO
PaBHOBECHBIMH, TaK W HEPABHOBCCHBIMH (CM. pa3ziei
Mertoauka), HaOIIOIaeTCsl XOpolas CTaTHCTHYECKU
JOCTOBEpHasi ~ Koppemsiius B (opMme  JIHHEHHOH
BO3pacTarolield 3aBUCUMOCTH MEX/y 3HAUCHUSIMU €p =
fin). Ilpm »5TOM yKa3aHHAs 3aBHUCHMOCTh BIIOJIHE
OTIMCBHIBACTCSl ypaBHEHHEM €, an, TA€ o, XOTA H
MEHBIIE EIUHMIKBI, HO 0au30K K Heil. CiemoBaTennbHO,
CTaTUCTHICCKH SKCIIEPUMEHTAIIFHO B o0rmem
noATBepkaaercs 3to ypaBHeHue Koucunepa-Xapra BO
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BCSIKOM  ciy4dae JUIsl HHU3KOYIJIEPOIUCTOW  CTallH,
moJ(BEpracMoil  XoJMoaHoOH jaedopMalid  OJHOOCHBIM
pacTshKeHHEM B YCIIOBUAX — cla0OH  CKOPOCTHOM
3aBHCHUMOCTH Ae()OpMHUPYIOIIEro HanpspKeHus. B To xe

BpeMss  XOpOIIO  BHJIHO, 9TO0 OONBUUUHCINBO
OKCNEPUMEHMATIbHBIX MOYEK NeHCUM  HUMNCe NPAMOIL,
COOTBETCTBYIOIICH  ypaBHEHHWIO €, = N, T.c.
KOMUYECMEEHHble — OMIKIOHEHU  OM  KAHOHUHECKO20
VpasHeHus  umelom — Mecmo 6  OOIbUWUHCMGE
uccieoogannvix  cayuaes. llemecooOpasHo, OJIHAKO,

paccMaTpuBaTh O3THU OTKJIOHCHUS HE KaK OCHOBaHUC
HEKOPPCKTHOCTU KAHOHUYECKOI'0 YPABHCHU S

P H
4
3
2
1
Al mm
a
03
€p
025 °
[ ]
02
[ ]
0,15 1 .
0,1 . L
0,05
O, L ¢
0 n
0 0,05 0,1 0,15 02 025 03
0

Puc. 1 — Habrrooaemvle 6 sxcnepumenme 6apuanmol
U3MEHeHUs. Ha2pY3KU 8blile npedeia meKyyecmu (cxemul)
ona HO u3 HusKkoyenepooucmotl cmanu ¢ pasiudHsiym
ucxoonvim CC (@) u 3a8ucumocms medcoy 3Ha¥eHUAMU
KoaghPuyuenma deghopmayuonno2o ynpouHeHus n u
PasHoMepHol depopmayuu e, no ypasHeHuio
Kouncuoepa-Xapma (1) u oannvle sxcnepumenmog 6
uccredosanuvix npedenax (mouxu) (6) / Observed in the
experiment options change the load above the yield limit
(schemay) for loading the object from low carbon steel
with different initial structure state (a) and the
dependence between the values of the coefficient of strain
hardening n and uniform deformation of e, by the
equation of Consider-Hart (1) and the experimental data
in the investigated range (dots) (b)

(Benb CTaTHCTUYECKU €, PACTET C YBEIHUUEHHEM N), d — C
YuemomM YKA3aHHbIX Gblule OONYWeHUll Npu 6bi800e
ypasuenuii Koncudepa-Xapma — Kax KoauvecmeeHHyo

Mepy  Oucnepcuu  pacnpeoeneHus — 3HaA4eHutl

MUKPOOOBEMAx HO. ITocnennue TT03BOJISIET
paccMarpuBaTh  3HaueHHe  (h-€,) KAk  BaXKHYIO
COCTaBJIAIONIYIO IIpearaeMoil xapakrepuctuku CBP: e
u (n-e,), a ¢ JApyroi CTOPOHBIL, - peHIaTh 3aAauy:
CyLUIECTBEHHO He H3MeHsAs JApyrux csoiicte HO
(HampuMep, ypoBHsI MPOYHOCTH), YMEHBIIATh 3HAUCHHE
(n-ep) 3a cUeT yBENMWYEHHS OIHOPOJHOCTH CBOWMCTB

as ¢
de
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Puc. 2 — Koppensyuonnas 3a6ucumocms mesicoy
3HAYEHUSIMU PABHOMEPHOU depopmayuu e, u
BHAYEHUAMU KOIPPuyueHma oeghopmayuoHH020
VAPOUHEHUs N HU3KOY2AePOOUCTNON CINAU,
N00BEPSHYMOT PA3TULHBIM PENCUMAM MEPMUYECKOU U
dehopmayuoHHO-mepmMuueckol oopabomxku: a —
onpeoenenue e, no MoyKe OKOHYAHUS YEeTUYeHUs]
HaepysKu; 6 — onpedenenue e, o CPeOUHHOU MoUKe
ompesxa npumeprozo nocmosncmaea nazpysxu / The
correlation between the values of uniform strain e, and
the values of the coefficient of strain hardening n low-
carbon steel subjected to various regimes of heat and
deformation-thermal processing: a — the definition of e,
by the end point of the load increase; b — the definition of
ep by the midpoint of the line segment of the approximate
constancy of the load

Haquaﬁ HOBM3HA N MPAKTHYECKAsA HEHHOCTH

Breperie npemioxkeHa u 000CHOBaHA TEOPETUYCCKU
XapaKTEPUCTHKA COMPOTHBIICHUS BSI3KOMY Pa3pyIICHHIO
ctam B (opMe 3HAUCHHS paBHOMEpHOW aedopmarm ¢
YY4ETOM  BEJMYMHBI  OTKJIIOHEHHs  3HAYeHHs  ITOU
BEJIMYMHBI OT OTPEENIIEMOTO B SKCIIEPUMEHTE 3HAYCHUS
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Kod(pdunueHTa JaeGOpPMAMOHHOIO YIPOYHECHUS KaK
MEpBbl JUCIEPCUU pPACHpECICHUS 3HAYCHUA CKOPOCTH
nehopMaIMOHHOTO  YNPOYHEHUST B  MHKpPOOOBEMax
HarpyaeMoro oObekTa. BrmepBple moka3zaHO, YTO TpH
JIOCTaTOYHO OOJIBIIIOM 00BEME BHIOOPKH M MPaBHUIHLHOM
OTIpEe/ICIICHNN 3HAUCHUH paBHOMEpPHOU aedopmaru ep,
ko3 dunreHT o B ypaBHeHHH €, = an (Koncuumep-Xapr),
rae n — kodpduiment aeGopMaoHHOTO YIPOIHEHUS,
OJIM30K K CTUHHIIC.

IIpennoskeHO BKIIOUUTH B IEPEUCHb CBOUCTB
OTpenesIeMbIX npu CaTOYHBIX UCTIBITAaHUSAX
XO0JIOTHOAe(hOPMUPOBAHHBIX uzaenui, 0C00EHHO

MIOJIBEP’KEHHBIX HHM3KOoTeMneparypHomy (mo 100 °C)
neopMalOHHOMY CTapEHHIO, HOBYIO XapaKTEpHUCTHKY
COIIPOTUBIICHHS BA3KOMY Pa3pYILICHHIO: €, C yKa3aHHEM
OTKJIOHEHHUS (n-€p). IIpemnoxkeH pexuM CcTapeHwus,
YBEIMUYMBAOIMNA 3HAYEHUE €, M YyMEHbIUAIOWUN
BEIHYHUHY (n-€p).

BoIBOABI

1. Ha ocHOBe aHAIMTHYECKUX U OKCIICPUMCHTAJIBHBIX
I/ICCJIeZlOBaHI/Iﬁ YCTaHOBJICHO, 4To 3HA4YCHUC

paBHOMEpPHOIt nedopmanuu npu OJIHOOCHOM
PACTSDKCHHHM MOXHO OOOCHOBAaHO WCIIOJB30BaTh Kak
XapaKTePUCTHKY COTPOTUBIICHUS BSI3KOMY Pa3pyIICHHIO,
mpudeM HauboJiee ero OImacHoN HecTaOMIbHOM CTany.

2. IlokazaHo, uto ypaBHeHHE €, = f{n)Koncunepa-
XapTa TpH HCIOJB30BAHWM JTOCTATOYHO OOJBIION
BBIOOPKH KauyeCTBEHHO JOCTOBEPHO, & KOJMYECTBEHHBIC
OTKJIOHEHHSI OT HEro MOXXHO PacCMaTpHBaTh KaK Mepy

HEO/IHOPOJAHOCTH CBOICTB MHKPOOOBEMOB
HArpy»aeMoro 00bEKTa.

3. [IlpemmoxkeHa KOMIUICKCHAsS XapaKTECPUCTHKA
COMPOTHUBJICHUSI  BS3KOMY  pa3pylICHUIO: 3HAYCHHS
paBHOMepHOW  nedopmammu  (e,), KoadduIreHTa
JNe(OPMAIIMOHHOTO  YOPOYHCHHS (N) W BEIWYHHEI

OTKIIOHEHHUs OT 3aBHcuMocTH KoHcmaepa-Xapra(n-ep).
[Ipy npoYKX paBHBIX YCIOBHSIX COMPOTHBICHUE BSI3KOMY
pa3pylieHHI0O pacTeT C yBEJIMYEHHEM €p, N u
YMEHBIICHHEM (n-€p).

4. Tlpu COOTBETCTBYIOUIEM BHJE AHATPAMMBI
nedopManuu U paspymieHuss oco00 Ba)kHOE 3HAUEHUE
JUIS YKa3aHHOW BBINIE XapaKTCPUCTHKH MMECT BEIHYMHA
€p, COOTBETCTBYIOIIAst IOCTOSIHHOMY POCTY Harpy3KH.
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