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BJHWSAHUE TBEPAOCTU 3AKAJJEHHOW WU NPEJABAPHUTEJIbHO
JE®OPMHPOBAHHOM CTAJIM HIX15 HA EE ®HU3HKO-
MEXAHUHYECKHME CBOUCTBA H OCHOBHBIE NAPAMETPbI
NMPOLLECCA PE3AHHUSA

I. JI. KYOAPEB, H. H. XOBAX

(IlpencraBiaena HayuyHBIM CeMHHApOM Kadegp TeXHOJOTHH MalIHHOCTPOEHHS, CTaHKOB
H pe3aHHA MeTaJioB)

Bausuuio (GH3MKO-MeXaHHYECKHX XapaKTepDHCTHK  oOpabaTbiBaeMoro
MaTepuaja Ha IMpolecc CTPYKKo00pasoBaHHs H €ro KOHCTAHTHI MOCBSILEHO
GOJIbIIOEe KOJTHYECTBO padOT OTEUeCTBEHHBIX H 3apyOerKHbIX HCCaeJ0BaTedell.
CrpemJeHle yYeHBIX CBS3aTh XaPaKTEPHCTHKH METa/IOB, NOJYUYEHHble MpH
CTAHJAPTHLIX HCNBITAHHSX, ¢ HAIPAKEHHSIMH W AedOopMalHsiMU, BO3HHKAIO-
LIMMH B HpOIecce pe3aHusi, BIOJHe eCTBEeCTBEHHBI, H6O B 3TOM cCJayuae OT-
najaer HeOOXOAUMOCTb B CJIOXKHOM H TPYILOCMKOM 3KCIEDHUMEHTE H IOSB-
JsIeTCSI BO3MOMXKHOCTh pacyeTHbIM NyTEeM CIPEeAEJHTb CHJIbI pe3aHHusi, Ha3Ha-
UUTh HAHOOJMee 3KOHOMHYHBIE pexxuM 006paboTky AAHHOTO MaTepHana. YcCu-
JIMSl Pe3aHHsl Yalle BCETro CBA3LIBAIOTCA C XapaKTePHCTHKAMH  IIPOYHOCTH,
MJIACTHYHOCTH M TBepaocTH Merasnna. OcoOeHHBII HHTepec MpejcTaBasgeT
3aBHCHMOCTb CHJI Pe3aHMsi OT TBEPAOCTH, TaK Kakx OlpejefeHde MOCIeAHe
He TpeGyeT CJI0XKHOro 000py/JOBaHHs H 3HAUMTEJNbHbIX 3aTPAT BPEMEHH.

Ilenbio HAIIHX HCCAEAOBAHUI H SIBHJIOCH BblSICHEHHE BJAHSHHS TBEPLOCTH
Ha mpolecc CTPYxKooOpasoBanus npH touenwn crasu IIX-15. Heeaenosa-
Hili0 IIOABCPTa/iUCh 3aTOTOBKH, HMeIOIIHEe Da3JIHYHYI0 TBEPAOCTb, MOJYYEH-
HYI0, KaK COOTBETCTBYIOIieH TepmMooOpaboTKOfl, Tak H NpeiBAPHTEAbHOM Je-
(opmalMejj OCEBLIM CKATHEM.

TBepaoCTb 3aKajeHHOH cTann Oblna cielyiolias: HB = 250, 300, 350,
400, 500 xe/um?. HaknemaHHbl¢ 3arOTOBKH HMenH TBEpAOCTb HB =— 250,
270, 320 k2/mMm?, OTOXK:KEHHBIe 0€3 IPeABapHTENbHOTO Hak/aena — HB =
= 197 ke/mm?2.

B nepsoii yactu padoTsl HCCJAEA0BaMNCh (PH3HKO-MEXaHHUeCKHe CBOUCT-
Ba yKasaHHbIX craseil. McciemroBadust 1poBEJCHEl HA PasphiB I OCEBOE CrKA-
tue. C:kaThe NPOBeJEHO MHOrOCTYIIEHUATOE €O CMa3KoH, 4TO MNO3BOJIHJIO
NOJYUHTh 3HAUATeJAbHblE IacTHUeCKHe nedopMaluy U HCKIIOUHIO BIHSHHE
TpeHHs Ha Topuax obpasuos [1]. Mcnbitanns Ha paspbiB CTAHAAPTHLIX 00-
pasnoB M3 3aKaJeHHOI N0 pa3JU4HOi TBEPAOCTH CTaJlH IX-15 no3BoanIu
HaM CBSi3aTh TBEPAOCTb 06pA3[OB C XapakKTepHCTHKAMH MPOYHOCTH M mJjac-
THUHOCTH. Pe3ypTaThl THX UCHbITAHHI npeicTasiens B tabi. 1.

Kak BumHo u3 Taba. 1, ¢ yBeaHueHHeM  TBEpHOCTH  [JIaCTHYHOCTD
(6%; W%) yMeHbIIAeTcs 3HAUMTEJIbHO MHTEHCHBHEE, HeM paCTyT Mpeles
TEeKyUeCTH O, H Mpejes MPOUHOCTH oup . IIpn TBEproCTH HV =500 orHo-
CHUTEIbLHOE YAJMHHEHHe | CYXKeHHEe OKa3blBAcTCs IPUMEPHO B 10 pas mcHblIE,
yem y chipoii cTaan tBeprocteio HV = 197 xe/sum?, B TO BpeMsa Kak Mperen
TeKYUecTH H Ipejes IPOUHOCTH YBEJHUH/IHCh TOMBKO B TPH pasa.
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Ta6aunuma 1

nNgn 0?3. HRp ARC HRp "y xem/u? xefm);t? 5 % | % %
1 9 61,5 — 33 195 53 62 20 55
2 17 62,9 — 31,3 194 50 59 19 56
3 18 62,9 — 35,5 202 53,7 61,5 | 18 58
4 5 — 31,6 49,1 305 89 96 15,3 | 44
5 19 — 32,3 48,5 302 90 97 14,9 | 44
6 29 — 32,4 49,1 308 88 96 14,5 | 42
7 1 —_ 32,7 50,0 309 89,3 96 11,5 38
8 2 — 32,4 48,6 309 90 97 14,4 | 47
9 6 — 33,7 49.9 312 93 101 15 45
10 12 — - 31,9 49,1 312 88 92 9 41
11 8 — 38.5 53,9 358 106 115 11 36
12 20 — 38,7 54,1 362 108 113 64 37
13 16 — 38,7 54,3 366 110 116 5 28
14 7 — 42,7 56,8 406 128 132 5 19
21 - 43,2 57,6 413 124 131 7,8 | 28

16 11 — 42,6 57 415 128 128 7,41 17
17 3 — 47,4 60,8 467 153 155 3,6 | 10
18 | 4 — 48,5 61,7 484 162 162 3,5| 3,3
19 10 — 51,4 64,2 513 170 170 46| —
20 14 — 49,3 62,2 514 153 161 — —
21 13 — 50,4 63,9 525 160 160 — —
22 15 — 50,4 63,4 525 159 159 — | =

KpHBBEIEe TeUeHHS, NIOJYUYEHHbIE NIPH CXKATHH CLIPOH, 3aKaJeHHON H npea-
BapuTeJabHo AedhOpMUPOBAHHOH CTaJH, NpejacTaBieHbr Ha puc. 1. Kak cue-
IyeT U3 KPUBHIX TEUEHMs AJsI CLIPOR W 3aKaJeHHOMN CTaJH, ¢ POCTOM HHTEH-
CHBHOCTH HedopManui pacTeT HHTEHCHBHOCTb  HampsiKeHHs. B ofaacrtu
Manablx gedopmMalnuil poctT UHTCHCHMBHOCTH HAMpPAMXKEHHUI ¢ POCTOM HHTEHCHB-
HOCTH AedopMauMil mpoTexaeT Tem ObICTpe, YeM TBepie HCIBbITyeMble 00-
pasupl. B obsactu 6oabinux nedopmauuit 3asucumMocta (6; = f(e: ) umewor
NpSIMOJIMHEHHBI XapaxTep ¢ NMPHMEPHO OJMHAKOBBIM YIJIOM HAKJIOHA U
BCEX HceeqyeMBiX 06paslnoB BHE 3aBUCHMOCTH OT MX TBEPAOCTH. em Bbliie
TBEPAOCTb, TEM BbIll€ PAcCMNOJOralTCsT KPUBBle TEUCHHUS.

KpuBbic TeueHHs /s NpeABAPHTENbHO CKaThlx 00pasuos B oGmact
GOMBIIHK MAACTHIECKUX AehOopMallil HMEIOT TaKKC NPAMOJHHEHHBIH Xapak-
tep. OnHAaKO B OTJIHYMe OT 3aKaJeHHOH CTaju B 3TOM CJydae yroa HakJIOHA
KPUBLIX TEUEHHs] C POCTOM TBEPAOCTH YMEHbLIALTCH.

st TBepaoctu HB = 250 ke/mMm? HaKNOH KPUBBIX TEUEHHS 3aKaJeHHOII
u JedOpMHPOBAHHOH CTajJu TPUMEPHO OJIHHAKOB. [Ipn cpaBHeHHH KPHUBbBIX
TeueHMsi 3AKAJEHHHIX ¥ TpEABAPHUTCJbHO CXKATHIX 00pa3loB, HMEIOMHX
HB > 250 ke/mm?, Bumso, uto jAedopMalHOHHOEe YNPOUYHEHHEC pacTeT Men-
JeHee y nocjepHux. IIpuuemM oTcTaBaHHe POCTa MHTCHCHBHOCTH HaNpPSIZKEHHA
¢ pOCTOM HMHTEHCHBHOCTH Hedopmamuy Tem Oodbllle, YeM BhIlle TBEPLOCTE
CPaBHMBAEMBIX 3aKajleHHEIX M HaK/JenaHHbIX 00pasLoB.

CxuMaembie 08pasibl BbIPE3ajHChb U3 3aTOTOBOK, MpEAHA3HAUEHHBIX
77151 ONLITOB [0 PE3aHHI0, TaK, UTO BTOPHUHOE CKaTHE MPOU3BOJAHIOCH B TOM

9. 3akas 6167 129
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e HanpaB/eHHH, YTO H npeaBapurtenbHass nedopmauus. Takum obpasom,
HMMeeT MECTO NpPOCTOe CTyNeH4YaToe cxkaTHe. [ToATBEpKACHHEM CKa3aHHOro
CAYKHUT TOT (DaKT, 4TO eciu K AePOopMaluu, NOJY4eHHON NPH [OBTOPHOM
CXKAaTHH, NOOABHUTHL BEJHUWHY MPEJBAPUTENBHCIO CXKATHSA, TO 3KCHEPHMEH-
TaJlbHble TOYKH 3aBHCHMOCTH o; =[(€;) J0XaTcsg Ha KPHBYIO TeEueHHS,
TIOJYUEHHYIO MPH cxaTud ceipoit cranu LX15. HckaloueHne cocTaBasiorT
HECKOJIbLKO TOYEK, COOTBETCTBYIOIINX oOpa3uaM, HMeW0IiUM TBEpPAOCTS:
HB=270 n 320 xe/mm? (Ha pHCYHKe OTMeueHbl BepTHKaJbHbIMH LITPHXAMH).
Iipuuvnoil Gosee HMBKHX 3HAYEHHH WHTEHCHBHOCTH HANPSAKEHHH [JsI 3THX
TOYEK SBJASAETCS HajJHMuHe KDHUBOJHHEHHBbIX Y4YaCTKOB Ha KPHBLIX TeUeHHS
npejABapuTe]bHO Ae(QODMHPOBAHHBIX cTajeli TBepaocTblo HB =270 u
320 xe/mm®. TOUKH OTMeUeHHble BePTHKAJNbHLIMH IITPHXAMH, COOTBETCTBYIOT
TOYKaM, JIeKALKM Ha KPHUBOJHHEHHBIX ydyacTKax KPHBBIX TEYEHUS, NOJyUeH-
HbiX 6e3 ydyeTa NnpeABapHTENbHOrO HaKJemna.

[TonyuenHnble sxcnepHMeHTaAbHO KPHUEOJUHEHHble YYACTKH 3aBHCHMOCTH
o; = f(e; ) ans 06pasuoB, UMEIOUHX AOCTATOYHO OOJbILYIO TpPeABAPHTENb-
HYI0 negopMalLHIio, ABASIOTCA, MO HalleMy MHEHMIO, pe3yJbTaToM NpOule-
1Iero OTJblXA.

Ilpouecc orabixa MPOXOAUT TeM MOJHEe, YeM IIUTEbHEe BPeMs OTAbIXE
u Goubllie Aédopmauus [2]. B Hauwem chyyae HCNBITAHHS Ha CKaTHe NPO-
BOAIMJINCL CTycTst 6 MecsAlleB nocje NpeABapuTenbHoll Aedopmauun. Takoi
ILJUTEJNbHBIH CPOK, KaK HaM IyMaeTcs, BIIOJHe NOCTATOYEH /Jisi OTMEYEHHO-
rO pasynpouyHeHHsi, KOTopoe TeM OoJiblle, yeM OoJiblle TBepLOCTh 06pa3sLOB,
a, 3dauuT, 6oabllie PeABAPHUTENbHBIT HaKIen.

CaenyeT 3aMeTHTb, YTO KPHBOJUMHEHHbIe YYACTKH HA KPHBLIX TeUeHUS
NpY MOBTOPHOM CXKATHH CTaJiefl noaydeHol y B onbiTax A. M. PosenGepra u
A. H. Epemuna [3], a Taxxke B pa6ote [4].

Hsmepenne TBepZocTH B IHaMeTPabHOM CEYCHMH CXKAaThiX 06pasLoOB
MO3BOJIMJIO ONPEAENHTb CBSI3b MEXKAY TBEPLOCTbIO, HanpsxkeHHeM H Aedop-
MalHeH.

3aBUCHMOCTb TBEDAOCTH CXKATHIX O6PA3LOB OT HANPSXKEHHs NpeACTaB-
JeHa Ha pHc. 2. C pasbpocoMm, He BHIXOAALIMM 3a NpPeAeJabl TOYHOCTH 3KChe-
puMeHTa, B OOsacTH GONBIIMX TJAacCTHYECKHX AedOpManHil CBA3b MEKIY
TBEPAOCTbIO H HAIpAXKEHHeM BLIPAXKAETCsS ypaBHEHHeM

;=037 HV.

OTkyOHEHHe OT 3TOil 3aBHCHMOCTH TeM OGoJble, YeM MeHblle xeop-
Mauus cxkartHsa. Ecad He CUMTATh TOYKH, COOTBETCTBYIOI(HE COOTHOLUICHHO
TBEPAOCTH M Npeiesa TeKyuecTH (OTMeueHHble Ha pHC. 2 WTpHXaMH), 10
11OTPeIIHOCTL He npeBbiaet 10%.

IMpu Gosee AeTanbHOM pPACCMOTPEHHM OIUCHIBAEMOJi 3aBHCHMOCTH OT-
JeAbHO AN KaxKAOro MaTepHaJsa, yuMThiBas H CBSI3b TBEPHOCTH C MpeaesioM
TEKY4YeCTH MCXOAHOTO marepHana, o6HapyxKHBaeTcs CJeaylollee:

l. Kaxabiii matepran HMeeT cBoio KpuByio o: == [ ([V).

. 2. O6mas 3aBHCUMOCTb [Jis BCeX MaTepHaJsoB GJu3Ka K Orubarolies.

3. HanGonbline OTKAOHEHHs OT OO6llell KPHBOM MMEIT MeCTo NpH Ma-
JBIX TedopManusx.

AHaJIOTHUHYIO 33aBHCHMOCTb TBEPJAOCTH  NedOPMHPOBAHHBIX 0GPa3LOB
OT HHTEHCHBHOCTH HANpPSAXEHHS /5 Pa3JIMYHBIX UEPHBIX W 1IBETHHIX MeTaJi-
aoB nosnyuuga panee [. JI. Ienn [5].

Ecau ceasp mexay o; u HV B o6Gaactn GoabliMx NMJacTHYCCKHX Je-
(opMaiHil yZOBJETBOPHTEJIBHO BBHIpa)KaeTcsl OJHO3HAUHON (YHKIHEH He3a-
BHCHMO OT TBEPJOCTH, TO 3aBHCHMOCTb TBEPJOCTH H HHTEHCHBHOCTH Aedop-
MalMu I8 KaXKAOTO MaTepHasia BbipaxKaeTcss CBOeil KPHBOH BO BCeM /Ha-
nasoHe aedpopmauuit (puc. 3). Uem Bbillle HCXOOHAH TBEPAOCTH, TeM 6OJb-
Ie TBepJOCTb 06pA3lLOB MOC/e CIKATHSA.
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Xapakrep ¥ yroJ HakjaoHa kpuBblx HV ={[(e; ) nas obpasuos, umeto-
WHUX Hexoguyw tBeprocTs HV 2> 300, mpumepHo opummakos. Crajb, 3aka-
aAeHHast go TBeppoctu HV = 250, umeer GoJsiee n1aBHylo KpuBYI0, obpauied-
HYI0 BHITIYKJOCTbIO BBepX. 3apucumocts HV =f(e;) nna obpasuos, He
NpOLIeAIHX TepMUuecKyrd o6paboTKy, BHpaxKaercsg OOIle# KDHBOH, 4TO
BIOJIHE 3aKOHOMEPHO, TaK KakK B 3TOM CJaydae MbI HMeeM IPOCTOe MHOIO-
CTYIeHUaToe CXkKaTHe.

$IBjieHUe pa3ynpOYHEHHs], 0 KOTOPOM FOBOPHJOCH BHINIE, HA pacCMaTpH-
BaeMoOll KpHBO# OOHApy:KHBaeTcsi B TOUKAX, OTMEUEHHEIX BEPTHKAJ/JbHbIMH
uitpuxamu. Kak caeayer u3 rpadukos, piast ob6pasunos teepaoctoio HV 2> 300
HabJ/iofaeTcsl yMeHbUIEHHe TBEPAOCTH Ha oOpasnax, MoJyudBIIHX gedopMma-
uuo B npefenax or e; = 0,05 g0 ¢; =0,1.

Anajornudble pe3yabTaThl noJayueds! B onbitax Il Bpnmxwmena [1].
PesyabraThl HallNX OMHTOB COBMalH ¢ pesyabratamu onoitos II. Bpuakme-
Ha, HeCMOTPS Ha OTJHUMe B MeToAHKe. MBI U3MepsIU TBEPAOCTb He HA TOpLE
oJHOro o6paalna Mnocae Ka)KAof CTYNeHH CXKaTHd, Kak 3To nxeqaad Il. bpui-
KMeH, a B AHAMeTPaJbHOM CEUEHHH HeCKOJbKHX 00Das’uoB, KamKAbIH M3
KOTOpBIX OBl CXKAT [0 PasjHyHOH cTemeHH AedopMmMauyu. YKasaHHoe fB-
aenue Tl. BpujskmeH cuMtaer BO3MOXKHBIM KakK pe3dyabrar sddexra bay-
LIMHTepa.

Hawu u3MepeHusi TBEPAOCTH NPOBEJEHBl B MJICCKOCTH, NMePIeHIHKYIsap-
HOH K Topuy o0pasua, noatomy aedopmauus cxkaTus OT BHEADEHUS HHIEH-
TOpa He HaKAa[blBAeTCd Ha NPelIIecTBYIOLYI0 Ae@opMalMio pPacrskKeHH.
ITo JaeT HaM OCHOBaHHe 3asiBUTh, uTo mnpexpmoso:keHue II. bBpuaxkMeHa
0 TpHYHHAX MaZeHHUst TBepAOCTH ¢ poCTOM jedopMalvy HAUIMMH ONBITAMU
He MOATBEpPXKJaeTcs.

Bo BTOopo#l yacTH paGOTHl MPOBELEeHbl ONBITHI N0 PE3aHHI0 3aKaJeHHOW
¥ npeasapuTenbHo aedopMHpoBanHOll cTadu. OIBLITHI [IPOBEAECHH NPH TO-
JeHHH pPe3llaMH ¢ MeXaHHYeCKHMH KpPellJIeHHSMH NJIACTHHKH TBEPJOro ciia-
Ba T15K6. [eomerpus 3aTouku Oblaa ciaefymoollas: NepefHHil yroJ DpUHH-
magcsg Y = +10°% 0% — 10° ocra;nbeble yrabl 3aTOUKH NOCTOSIHHbE M pak-
Hele @ = 75°, @) =15° a=a;=10° A,=0° panuyc sakpyrieHus RepILHHHI
pesna r = 0,3 mm.

HMsamepenre cHa pesaHusi IPOU3BOAMIOCH YNPYTO-3J1eKTPHUECKUM JHHA-
MOMEHTPOM C MHAYKTHBHBIMH maTunkamu [6]. Kaxk mokaszanu Hamm ONBITHI,
3aBHCHMOCTb CHJI Pe3aHHUsI OT CKODOCTH KaK IS 3aKaJeHHOH, Tak H Jd
npeaBapuTeJbHO CXKaToll A0 pasHoit TBepaoctu cranu LIX-15 Bripaxaercs
TAK HAa3blBAGMOH THOHYHOH KPHUBOH, XapakTepHOH HpPHU pe3aHHu OOLIYHOH
CLIPOW CTaJH.

Ilpu TOUEeHHMH mNpexBapUTEJbHO Ae(pOPMHPOBAHHOH CTaJH NPH NOCTOAH-
HOH CKOPOCTH pe3aHHs BCE TPH COCTaBJSIOLUINE CHJALI PE3aHHS OKa3bIBAIOTCS
Menblle, ueM npu obpaboTke HeHakJenadHoR (HAB =197 ke/mm%), u Tem
MeHblIe, yeM GOJBIIE TBEPAOCTb NPEeABAPUTENBHO cKaToro ob6pabaTbiBaeMo-
ro martepuasna.

ITpu o6paGoTKe 3akaJieHHOH CTaJH CHJLI Pe3aHHsT He 3aBHCHAT OT TBEp-
JOCTH M TPHUMEPHO PaBHbI CHJaM, BO3HHKAIOLIUM TIPH TOUYEHHH CTaJaH
HB = 197 ke/mm2.

Mcknwouenue cocrabisger pe3aHue CTajH, 3dKaJeHHON A0 TBEPAOCTH
HB = 250 — 300 ke/mm®. B sToM ciayuyae CHJLI pe3aHHsi OKa3bBAlOTCH He-
CKOJIBKO O0JBIIMME, yeMm Npu 06paboTKe CHIPOl M 3aKaJleHHBIX 10 TBEPAOCTH
HB = 300 — 500 xe/cu?® [7].

CpaBHeHHe COCTaBJSOIINX CHAB pe3aHusi, BO3HHKaIOUIHMX mnpH obpa-
dorke craau IX-15 oxHoli # Toit Ke TBEpROCTH, TONYUEHHOH TePMHUECKOI
08paboTKOH H NpeABapHTEJbHOH aAedopMailMed, HOKA3bIBACT, UTO CHJbI
P, P, , P, Gonblie B cayuae pesaHdst 3akajJeHHBIX CTaJgefl.
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Bce ykaszaHHble 3aBHCHMOCTH CHJ pPe3aHHUsI OT CKOPOCTH sl 3aKaJjieHHO!
H npeaBapuTelbHO AedopmupoBanHoi craau IIIX-15 umenT Mecro B mupo-
KoM auanaso”e nozay (S =0,056 — 0,708 mm/o6) u npu J0OOOM K3 NPHHS-
TLIX HAMH 3HAYeHHH INEpeJHEero yrja pesLa.

Ha puc. 4 npeacrasieHa 3aBHCHUMOCTb TVIaBHOH COCTaBJSAIOINEH CHJIL,
IeHCTBYIOUeH Ha HepedHEed rpaHd pesuna, OT CKOPOCTH pE€3aHud AJd 3aKa-
JIEHHOH n Ae()OpMHPOBAHHON IO pa3HOH TBepAOCTH cTanu. (Paszenenune cui
pe3aHus Ha CHJIbI, IEHCTBYIOLLHE HA NMepeJHEH U 3aJHeH TPAHAX HHCTPYMeHTa,
npousBefeHo mo mMetoay npod. A, M. Posenbepra [8]).
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Kax cnepyer u3 rpaduka, Bce BbiCKasaHHble BbIlle 3aKOHOMEPHOCTH,
OTHOCHIHeCS K CHJIaM pe3aHHs, 3aMCPEeHHBIM AHHAMOMETPOM, B TMOJHOA Me-
pe MOXKHO OTHEeCTH M K BePTHUKAJbLHOIl TPOEKUHH CHJbI, JSHCTBYICLLEH HA
nepeaHel rpaHu pesua. Jdasa paBHOACACTBYIOUICH T'OPH3OHTAJbLHLIX HPOEK-
UHA cua, NefCTBYIOHIMX HA mepejHedl TpaHH MHCTPYMeHTOB (Rg,3), 3Ta 3aKO-
HOMEPHOCTh BbIpakeHa HeueTKo. B 3TOM cayyae npu paBHO# TBEPAOCTH 3a-
KaJIeHHO#l M NpelBapHUTEJbHO CXKATOH CTajJu Pa3HHIlA B CHJIAX OKAa3blBaeTcsd
HE3HAUYHTENIHON HJH OTCyTCTBYeT coBceM. Takoe HHBenHpOBaHHe CHABI K3
[J1s1 3aKaJleHHOH H Ae(OpMHPOBAHHOH CTa/MH IIPOUCXOAUT IIOTOMY, YTO CHJIb!
Ha 3a/Hel IPpaHH MHCTPYMEHTd, KOTOpPble NPH TOuYeHHH 3aKaJeHHOH CTaju
BLIlIE, yeM NpH 06paboTKe HAK/JAEMAaHHOM, OKA3blBAIOT 3HAUHUTEIbHO OoJibllee
BJHSIHHE Ha TOPHU3OHTAJ/bHble MPOEKUHH CHIALI PE3aHHUA, yeM Ha BePTHKAJDL-
Hyo. C pocTOoM TBepJAOCTH CUMABl HA 3aIHEH TpaHHU YBEJHUHMBAIOTCHA, MIPHUEM
nepenaj UX AAd 3aKaJeHHBIX H MpeJBapHTEIbHO CKAaTblX crajell GoJblinK
JJs1 HODMAJbHOH COCTABJSIOMEH, ueM JJs KacaTeNpHOH, W Tem OOJbLIHE,
ueMm GoJiblie TBEPAOCTb 00pabaThiBAEMOT0O MaTepHuasa.
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Ecau npu TOYeHHH 3aKaJsleHHBIX CTajiell CHJIBL pe3aHHs OKa3ajuch 60Jb-
LIMMH, YeM [PH TOYEHHH NeOPMHPOBAHHEIX HO TOH 3Ke TBEPLOCTH CTaJei,
OnHako, Kak [0KasaJMd HallMd ONBIThE  (pUC. D), ycagka CTPYXKKH
‘TO CJI€JOBAJIO OXKHAATh AHAJOTHYHYIO 3aBHCHMOCTb M JAJfl YCAAKH CTPYXKKH.
{ npy TOUEHHH HaKJENaHHLIX CTaJlell OKasaJjach BHILIE, UeM [/ 3aKAJEHHBIX.
Ilpnuem 3Ta pasHuuma tem Oosblle, 4eM MeHbIle TBEPAOCTb CTaJH.
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[IpuuuHy 5TOTO KaXKyLIErocs Ha NEpBbLIH B3TJSAL HECOOTBETCTBHS, YCY-
ryGasiomerocs: elle TeM, YTO KO03()(UIHEHT TPeHHS NPH TOUCHHUH nedopmu-
pPOBaHHBIX CTaJeH NpH TOH Ke yCalke Bbllie, YeM IIPH TOYEHHH 3aKAJCHHDIX,

V/1aJ10Ch BBISICHUTb OINBITAMH [0 CXATHIO.
Ha kpuBble TeueHHs: (puc. 6), moaydeHHble MPH CXKATHH HAK/ENAHHON H

2aKaJeHHON cTajH, HaHeCceHbl TOUKH 3aBHCUMOCTH o: = f[(€: ), paccuura-
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/80 Jaxa ner
/ -y
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Hble 1O ONbITaM pe3anusi. MHTeHCHBHOCTb XedopMalud NDPH Pe3aHHH NOJy-
yeHa NyTeM INepecyeTa OTHOCHTENbHOrO CABHIa €, PACCUYUTAHHOIO MO ypas-
HEHHIO
02— 20 siny + 1
e = ; (1)
L-cosy

135



B UCTHHHBIA CABMr g no (opmysae Hanau [9]

g:ln[w%[(eﬂ/—ﬂ:??)l], 2)
a 3aTeM B MHTEHCUBHOCTL AedopMaluu
” g
i = .
£ 3)

Kak cnenyer u3 puc. 6, ans sakajennsix crajefl IpH MeHbled pegop-
MauHH HMEIT MeCTO OOJIbHIHE HANPSMKEHHS, YTO M NPHBOLHT, MO HAIEMY
MHEHHIO, K DOCTYy CHJI DPC3aHHs [dJs TeDPMHUECKH 06pa60TaH’Hb1x cragei
B CPAaBHEHHH C TPEJ(BAPHTENLHO neopMapoOBaHHLIMH, HECMOTPSI Ha TO, UTO
NIpH MOCTOAHHOH CKODOCTH De3aHHsA ycajka CTPYKKH GOMblHe Yy TOC/AeIHHX.

Kpatkue BbBOAEBI

. , YeM YMCHBIUIAIOTCA XapakKre-
PHCTHKH NJ1aCTHYHOCTH.
. 2. B ob6aactu GOfbIIMX  TIACTHYECKHX gedopManuid  3aBHCHMOCTD
; =f(g ) HMeer IPAMOJHHEHHBI XapakTep. UeM Bblllle TBEPIOCTb, TEM
Bbillle PACMOJAralTcss KpHUBble TECYEHHS. ¥ros Hak/JOHa KPHUBBIX OCTaeTCs
IpUMEPHO MOCTOSIHHBIM IS BCeX TepMOO6pasoTaHHbIX cTajiech U yMeHbILa-
eTCSL ¢ POCTOM TBEPIOCTH OPEABAPHTEJNEHO Ae(POPMHPOBAHHOH CTANH.

3. 3aBHCHMOCTL TBEDJOCTH OT HHTEHCHBHOCTH HaNpfAKEHHs B 00JacTH
GOMbLINX TJIacTHYecKHX AedopMaluii MoxeT ObITb BbipakeHa ypaBHEHHEM
s; = 0,37 HV mnsa Bcex ucciefyeMbIx crasnefl.

4, 3aBHCUMOCTb TBEPJIOCTH OT HHTEHCHBHOCTH jehopMalu#l BbIpaXKaeT-
csi obuieii KpHBOI st BCeX He IPOLISAIIMX TepMuueckyw 00paboTky 06-
pa3noB.

5. Tlps ToueHnu 3aKaJeHHOR CTa/d CHJBl pe3aHHs, 3aMepCHHble IHHA-
MOMETPOM, H BepTHKaJbHas COCTABJISAIOINAS CHJIDI, AelcTByIOIEel Ha Mepem-
Hell rpanu pesua (npu V =const), Gospue, yeM Npx pe3anyui NpeABapPH-
TeJbHO CXKATOH N0 TOH Ke TBEPAOCTH CTaJH.

6. PesyabTHpyiollas TOPH30HTAJbHBIX COCTABJSIOIIAX CHI, JeHCTBYIO-
IMX Ha TepelHed TpaHu UHCTPYMEHTA, NDUMEPHO OJKHHAKOBA IO BEJIHUHHE
TIpH TOUEHHH 3aKaJeHHON M TNpeJBapUTeNb0 CXKATOH A0 TOH Ke TBepHOCTH
CTaJH.

7. Ycagka CTpy:KKH HpPH TOH e CKOPOCTH DE3aHHs OKa3biBAETCs 607b-
ile TpH pe3aHHH HAaKJeMaHHOH CTajH, 4eM 3aKaJieHHoi. DTa pasHudlla TeM
MeHbllle, yeM GoJbllie TBEPIOCTh CTaJH.

8. Cuapl, felcTBYoOIINe Ha 3a/HHe IOBEPXHOCTH HHCTPYMEHTA, MpH IO-
CTOSIHHON yCaZKe CTPYKKH HMMeloT OoaplliMe 3HAUeHMs NPH TOUCHMH 3aKa-
JIEHHOM CTaJiH.
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