o1 a.9.02.02 CONPOTUBJIEHUE MATEPHUAJIOB
TBEPJOCTb MATEPHUAJIOB

Mertoanyeckue yka3aHus K 1a0opaTopHOii padoTte

OnUcanbl METOABE HIMEPEHKHE TBEPACCTH ¢ NPHMESHEHMEM POCYNAPCTBEHHBIX
CTEHAAPTOB HA NPOBCACHHE WCTILITAHME H TpeOOoBaHHA, npenuRBNAEMbE K OfopMNe-
HHID NEPOTOKCAOE HCTILITAHHA [IDHBOAKTUS CIMCOK yYeDHOH M crieuMansHOW nvTEpa-
TYPhl, 2 TAKKe BONPOCH) LA KOHTPONR IMEHHH CTYASHTOB B NpuNoKeHHH NPHBCACHE
T20SHIUA COOTRETCTHHA JHAVCHHM TBEPROCTH, HIMEPCHHBIX PAXTHYHBIMKE METONAMM

Tlpeana3HaueHt AMA CTYAEHTOB AHEBHOH, BemepHed W saouHol gonw obyve-
HHA, KIYHAKLWKRX KYPC CONPOTHRICHMA MATCPHANOR MOTYT OLITH HCNONLI0BAHL OPH
BLIICAHEHUH cooTReTCTRYVIOWEH n2bopatoprof paborw no xypey «ConpoTneienue
MATEPHANGEY



L{enr pabiome: ©IHAXOMHTRCE ¢ CYIIECTRYIOWKMH METOAAMH Onpenene-
HHE TBEPAOCTH, NOAYHTH MIPAKTHYECKHE HaBhIKH B ONPEACICHEM TBEDAOCTR
KOHCTPYKLUMOHHHX MATEpPHANOB M liepecdcTe YMceNl TREPAOCTH, OOpPCRedeMux
PaznHMHBEMHM MCTOIAMN; HAYSHTHCE OUCHHBATL BENHYHHY BPEMEHHOTO CONpo-
THBNCHHA MaTepuana Ge3 paspyleting obpazaa.

1. TlonsTHE © TBEPNOCTH MAaTEPHZNOB
floo meepooCmbIO KOKCIDYKHUOHNBIX MOREPUAROS NOHUMTON CHOCOH-
HOCIMb NOBEPXHOCMHOSO CROR MAMEPUANT CONPORUGTAMBCR YRPY20U U NAGCmu-
HeCKOU OLHOoPpMANURM UMY PASPYUEHIB0 NDU SHeODeHNY & Ne20 Jpyeuzo, boaee
maeepoozo mena {undenmopa). Unpenrop pomkeH OuiTh onpeaeneqnod QopMsl
¥ pa3MepOB M HE NONYyUATH OCTATOUHYIO AeOpPMAlHIO OT AeHCTBHA fpPHKIAIbl-
BACMLIX K HEMY CTaTHYECXHX HIH IOHHaAMHYECKHX Barpy3ox. Bwbop merosa
OnpegesieHNA 3ABHCHT 0T PAsIH4HBIX DaxTOpOB: TBEPAOCTH MaTepiaia, paiMe-
poB aerany {obpazna), TonmMHK €104, TEEPAOCTE KOTOPONO HYXHO 3aMEPHTb K
T. &. Ycnosua onpeacneHms TBepAoctH, TpeboBakua x obopynoBaxmio, npubo-
pas ¥ obpasuam ¥ T. 1. perIaMeHTHPYIOTCH rOCYAapCTBEHHBIMM CTAHAAPTAMHA.
XapaKTepHCTHKOH TBEPHOCTH MaTepuana fBASETCS YHCNO TBEPIOCTH,
KOTOPOE MOXKeT ORpPeNeiiNThCR PRITHHHbIMY criocobamu (bpusenns, Pokselnia 1
T. A.). [loaToMy 4ucna TBEpAOCTH ANR OXHOIO K TOTO XK€ MaTcpyana, onpeac-
NAEMbLIC Pa3iHYHLIME Cnoco0aMu, NONYMAOTCH PAINHYHEIM KaK RO BeJHYHHE,
TaK ¥ 10 pasMepHOCcTH. C NOMOILLIO CNEHANLHLIX Tabnui, ROMOrpaMM, $op-
MYl (IMABPHYECKHX) MOXKHO OCYIICCTRINTS NiepecieT YHees TREPAOCTH-
YuuTuisag HerI0eHbA palipoc IHAICHHH TREPAOCTH 110 NOBEPXHOCTH
OZHOIO M TOTO XK€ MaTepHana, ACHLITAHNAM NOABEPracTes Heckoltbko ofpasios,
a Ha KaKAOM 00pasiic RelaoT HECKONMKO BRIABIMBAHHMA. 3areM NPOBOAAT CTa-
TUCTHIECKYIO 00paboTXy pe3ybTATOR HCHLITANAI.
Henwrranue Ha TBEPAOCTs — DPOCTOH METO] HEPAIPYHIAIGIHKX HCNLITa-
Huit. Ero pesynbTaTl yRs3MAI0TCS C Haubosee pacpoCTpakeHHWIMH HCITLITa-
HHUAMHK H3 CTAaTHYECKOS PACTNKCHHE, HANPHMED, MOXEO OPHCHTHPOBOYHO OfF-
pefenuTh Npeach APOYHOCTH oy .
Himepenne TBEPAOCTH HOAYIHIC WHPOKOE DECTIPOCTPARHEHAE, Kak B 3a-
BOACKOHN TMpPAKTHKE, TaX M NPH BWMNONHCHAH HayaHuX ncchcaomauwii. Taxue
ACTILITAHHA HCHOIb3YIOTCH B CHEAYIOMMNX LETAX:
® I8 OLEHKHM TBCPROCTH CHAROB, XAK XaDAKTEPUCTHKM, KOUBCHEO OTPAKAIO-
el MEXaHHYECKHe CBOHCTRA;

® /1% KOHTPOJA 32 Xa4YeCTBOM TepMideckuX ofpaboTox, BRIsiBAIONMIX HIME-
HEeHye CBOHCTB B NOBEPXHOCTHON CHOE, HAAPRMED, UCNEHTANNAA, TOBCPXHO-
CTHas 3aKalka, 3ReKTpoMexanmyeckan obpaborka u 1. 1;

& I KOHTPOJK 32 HIMEHSHHEM MEXaHMIECKHX CBolcTB a0 Bpemens (Hanph-
Mep, KOHTpOAb 32 COCTOAMHEM TPYOOIIPOBOAOS) H T. A.



. 1.1. Meton Bpuuenns'. Merox HIMEPEHHA TBEPNOCTH METALIOB
o bputienmo (TOCT 9012-59) 3axmouaeTcs 8O BAABIUBAHMY LIAPHKA CTAALHO-
FO Milk H3 TBEPLOrO Cnyasa guametpoM D B o0pasel (M3nenue) noz mefcTBHeM
CUNb, TIPUAOKEHHOH TNEPNEHAMKYNIAPHO NOBEPXHOCTH O0pasua B TeYeHHE oOn-
PeAeeHHOTO BPEMEHH, W W3MEDEHHMH IMaMEeTpa .OTNEHATKA d TOC/Ie CHATHS CHITL]
{pmc. 1).

Yucno tBepaoctu no bpuneamo on-
PEAENZETCH KAK YACTHOE OT JeNeHHs Ha-
rpysku I (Kzc), npwiokenno# k wapHky, Ha
ouaap 1o OCTH chepuieckore or-
neuarka A (ma’}

F |
HB=—. (1
A

CravnapToM MpegycMOTPEHbi che-
AVIOUIME OHaMETPbl CTANLHBIX LIAPHKOB:
10;5;2,5,2 u 1 MM

Jns nomydyeHHs OAMHAKOBLIX 3HAME-
HWH TBEPIOCTH NIPH KCNBITAHHAX OJHOTO H TOTO e MeTanna MapHKaMyu pasHo-
ro gpramerpa nHeodxoaumo, 4tobbl cobMOARN0CH COOTHOUICHHE MEXHY pasMe-
pOM ILApHKa W AeHCTBYIOLLEH Ha Hero Harpyskoit K = F/DX. Othowenne K
rronbupaeTes H3 piaa 3uadennil, npusoaumeix B 'OCTe, ¢ yuetom cpoiicTs Me-
TALNA TAK. YTOOB COOTHOLHEHHE MEXIY IHAMETpaMH LIapHKa M oThedarTka Oni-
10 B HEKOTOPOM auanalzone (/D = 0,24 - (,6). Hanpumep, ans craned 4 BoICO-
xonpo4netx cnnaeos 'OCT pexomenayer npuHHMaTh oTHOWeEHne A = 30, ans
UBETHbIX METAIIOB H CILNABOB INpPWHKHMAEIOT K = 10, a 418 OdeHb MAFKKX Me-
Tanno8 — K = 2.5 (MOAWNNHHKOBSIE CNIABh ) MY Jaxe K = 1 (CBUHEN, ON0BO).

Ha npaxruxe no nuameTpy o oTHe4aTka HAXoAdT YHCRo TBEpnocTH HB,
UCTIOAB3YA TAOMHIIbl, COCTABNEHHLIE /I KaXIOTO U3 PEKOMEHIYEMbBIX COOTHO-
wenuit F u D). CospemMennoe obopynobaHre NO3BOIAET HAXOAHTh TBEPAOCTD,
onpenensin ryOHHY /1 BHEAPEHHUA WapHKA.

TInactuveckoe aepopMUpOBAHHE OOBEMOB METalNlE B OKPECTHOCTH BHE-
APAEMOTO HAKOHEYHHKA CBA3aHO C NPOXOXACHMEM B HHX CTPYKTYPHBIX H3Me-
HeHWi. JINUTENbHOCTh NPOTEKARNUA ITHX NPOLECCOB 3aBHCHT OT CBOHCTB Me-
Tanna. Jns 48pHsiXx MeTannos Aoctarodro 10 — 15 cekyBAa BbLIEPWKKH MOJ Ha-
rpy3xoif, ans 0oapmMECTBA NBeTHLIX — 30 cexyun. B HeKOTOPRIX cnyyasdx AN
3aBEpPIICHAS MNACTHYECKOTO TeuYeHHR ycradamrmusalor 180 cexynn umm ocobo
OFOBAapHBAIOT YCHOBHS HCTIBITAHNA.

Korna TBepROCTh HCIBITYEMOTO METAILIA COU3IMEPHMA C TBEPAOCTRIO Ha-
KOHEYHHKE ~ CTANLHOTO HIAPHKA, TO BCNEACTBAC AedopMaLBH LapHKa HCKaKa-

o0pasna nocic BAABRUBAHHS HIAPMKA

' Bpimente wiu Bpunénne (Brinetl) FOxan Aszycnt (1849 - 1925), waencsnit itokenep, Tpyasi N0 Me-
TAANYPTHH CTAIN H ONPEIENEHHIO TBEPROCTH METALIOR H CnaBor, MeTon onpenentrng TeepLocTh
METULIOB. HAIRAHHLIH €70 HMEREM, TIPEANCHKW) B 1900 1.



eTcs GopMa OTMeuaTKa, YTO BAHAET HA TOYHOCTD pesynbraToB. Bo Hibexanue
CYMIECTBEHHEIX OUIMGOK BCIEACTBHE CMATHA LAPHKA BBOAMTCA OrpaRHYerHe Ha
npHMEHeHne MeToNa Bpusennd: WCABLITRIBAIOT MATEPHANB ¢ TBEPAOCTHIO He
npessiiatolteit 450 HB. Jlng HcnmTanuii BeckMa TBEPIBIX METEPHANOB M-
MOAB3YIOT APYTHe METOAL], HANpHMep, Bikkepca Hin Poxksenna, Tie B Ka4yecTse
MHICHTOPa HCHONB3YIOT AMa3 — CaMilil TBepaAn# Marepuan B IPUPOnE.
Teepaocts no bpusennic obosnavaior cumsonom HEB (Hardness Brinell),
(+Bw):
HB - npy NPUMEHEHHH CTANLHOTO LIADHKA (TBCpROC’I'L aeramm MeHee 450 epuaMn);
HBW — npu NpHMeHEHKH 1IApHKa U3 TBEPAOTC CIUIABA (TBEPROCTL neTand 6onee
450 enunun). Crvpony HB (HBW) mipeninectayer YMCIOBOE 3HAUCHNE TBEPROCTH U3
TpeX 3HaYallWX LHMP, a TIOCAE CHMBOJA YKAIHIAAIOT JHAMETD LIAPHUKA, 3HA!-- -
HUE IPUIOKEHHOM CHAB (B k2¢), TPOLOKUTENRHOCTD BELIEPKKH, €C/IH OHA OT-
jimaeTcs oT 10 win 15 cexynn,

[Tpumepni cbosradenuil:

250 HB 5/750 — teepnocte no bpunennio 250, uaMepenHas CTRIBHEIM ILa-
PHKOM IHamMeTpoM S MM, npe Harpyake 750 xzc¢ (7355 H) 1 nponomkHTEnLHO-
CTd Bhiftepxku 10— 15 ¢;

575 HBW 2,5/187,5/30 — rTeepnocyb no Bpuxenmo 575, u3amepeHHas uapH-
KOM W3 TBEPLOTO CNNABA AMAMETPOM 2,5 MM, 1pu Harpysxe 1875 xec (1839 H) u
[TPOACKHTENILHOCTH BbiZEPXKKY MO Harpysko# 30 c.

[lpu onpeleneHy TBEPROCTH CTANLHAIM 1HAPHKOM WM LUADHKOM U3 mcpnom
cniasa axaMetpoM 16 mm npn Karpyske 3000 xec (29420 H) # npononkurensHo-
cTH BhiepxiH 10 — 15 cexyna TBepHocTs O BpuHenmo 0603HAYAI0T TOABKO b~
CNOBBIM 3HaueHHeM TeepnocTy ¥ cumsonioM HB uru HBW (Hanpmmep, 300 HB).

1. 2. Meton Baxxepcaz. MeTon d3MepeHHns TBEpAOCTH YEPHRIX H
uBeTHRIX MeTaNnoB W cnnasos (['OCT 2999-75) ocHoBan Ha BAABIWBAHHH an-
Ma3HOTO HZKOHCUHHKA B Qmpme NpasusibHOR METHIPEXIPaHHOA [HPAMHAR B
oOpaseu (n3nenKe) NOn AEACTBHEM CHIIEL, IDHIIOKEHHOH B TeUeHHe ONpenesicH-
HOTO BPEMEHH, H M3IMEDEHUH NNHH O0DeuX ZuaroHalel oTne4vaTka, oCTaBmerocs
Ha TIOBEPXHOCTH 00pasiia IToC/e CHATHA HarpysKy.

Yron Mexay MpoTHRONONOKHBIMH IPaHfiMHi ITHpaMuab! 136°, 3dadeHne
Harpy3Kd Ha WHAEHTOpP BRIOHpAIOT M3 Axanasoda ot 1 ao 100 xac.

Mero Bukkepca aBiseTcs OHIM i3 HaUbONeE COBSPUICHHAIX U OYEHD Dac-
[POCTPaHEHHBIX B NaBOPaTOPHOH NpaKTHKe crocobos ONPEACHEHNsA TBEpAOCTH. Boi-
coxas TBEPNOCTL H HECMMHAEMOCTh aiMaia obecHeyunacT HOMbINYIO CTeNCHb
TOYHOCTH ONpeNeleHys TBEPAOCTH MeTO4OM Bukkepca. C-)To OCOGEHHO BAKHO
[pH UCILITAHHH TBEPAKIX MaTepHanos (6onee 500 xzc/mm’). LernocTs MeTORA
COCTOHT TAKKE B TOM, YTO BCACICTBHC MAJIMIX HAIPY30K BIABITHBAHHA YIAETCH

? Hassauue OT aHrAHACKOTO BOSHHO-TIPOMBILILICHHOrO KoruepHa «Vickers Limited».



MCTIBLITHIBATL OYEHb TOHKHE OGpasiM. a TRKKE ONPEAERaTs TBEPAOCT: TOHKHX
NOBEPXHOCTHLIX CIOEB (HADHMED, A30TUPOBAHHON CTanu}. MoxHo onpeaensTs
TBEPAOCTb MENKMX FOTOBWIX MIfICNMH, HE paspyluas B HE MOPTH UX BCHEACTBHE
ManoH BETH4YMHB] OTHEYATKE,

. TseppocTb no Buxxepcy ykasmiBaeTcs B eBMHuuax HV (Hardness
Vickers) u ONpeRenseTcs Kax 4acTHOe OT HeNeHMS Harpy3ka £ (xec) TIPHII0-
KEHHOM K MMPaMUIE, HA NIONIAAb TIOBEPXHOCTA 0TNe4atka 4 (mm’), 1. €. K Tio-
BEPXHOCTH YriTyGaeHns 8 GopMe NHpaMUIL]

HV = 1854 2)

d2
rae d — cpeHee apuPMeTUMECKOe 3HaYeHHe RINA obenx AuaroHane oTnevar-
Ka MOCAe CHATHA HArpy3xH, ux. Mamepenne auaronanei nponzsonst ¢ noMo-
LIbKO MEKPOCKORA. YHCNO TBEPAOCTH HaxosT 0o Tabikuam,

TeepaocTs no Buxkepey npu cunosom sosgeiicTann 30 xec (294,2 Hy u
BPEMEHHU BLIAEPXKH noA Harpyixoit ]0 — 15 cexkyra oGo3uaualor uHdpamy,
XapaKTePHIYIOULMH BEIHYHHY TBEpAOCTH i Gykpamu HV.

TIpumep obosnavernor: 500 HY — teepaocTs 1o Buxxepcy, W3MepeHHas pu
cune 30 xoc n BpeMeny Beiaepxky 10— 135 cexynn.

[py ApYTHX YCIOBMAX MCTbITAHWA nociae 6vke HV ykasnlBaloT Harpys-
KY W BPEMS BBLACPKKH.

[Toumep oboznauenua: 220 HV 16/40 — Teepnocte N0 BHKKepcy, H3MEpen-
Han npH cane 10 xec (98,07 H) # spemeny Buiaepicky 40 cexyu.

3aMevanue O pa3sMEPHOCTH HKCeN TRepaocTH no bpupenamo W Bukkepey.
Cornacuo dopmynam (1) u (2) 3HaUEHHS TBEPAOCTH BRIMHCASIOTCA KAK OTHO-
iIeHHE HarPy3Ku, BLIUHCHEHHOH B K2C K IUIOUIANH OTMEYaTKa, BLIPAXKEHHOHA B
MM, T. €. B K2C/MM ~ Pa3MEpHOCTH Hanpsuennrii Tsepaocts no BpuHenmo
vKa3bliBaeTCR B eauHuuax HB, a no Bixkepcy — B enunnuax HV 6e3 yxaianus
pasmeprocTH. Ecnu yeunne BhpaxeHo B HbloTORAX TO 1A BBIMHC/ICHHS 3Haye-
" Hu# TBepnocTH BMeCTO dopmya (1) (2) Henoe3yoTes QOpMYyNBI:

L

a2

1.3. Meton Poxsenna’. Meton H3AMEpEHHS mepnacm METANOB H
cninapoB no Poxpenany (ITOCT 9013-59) zaknouseTcs BO BHEAPEHHH B NOBEPX-
HOCTE 0Dpasua (WM H3Zenus) ATME3HOTO KOHYCA C YTJOM npe BeputuHe 120°
{lkansl A B C) wiM cTaibHOro mapukKa auaMmerpom 1/16" (1,5875 mMM) (1uxana
B) moa neHCTRHEM NOCHENOBATEALHO APHIArAEMBIX NPEABAPHTENBHON M OC-
HOBHOH CHJI W B ONpEeeRcHMH rayOnHiR BHERPEHHS HAKOHCYHHKA NOCAE CHATHA
OCHOBHOH CHIRL.

* Hassas no wsenw amepuxancxkoro merannypra C. /1. Poxeeara (S. P. Rockwell),

.



Tabauya 1

Poxpeana Hpeanspe- Ocnonnas Obuan penﬁ

@ A 10 50 60 70-85 HRA !

| B 10 90 100 25-100HRB |
C 10 140 150 20-67 HRC

K npenmymectsam Metong Poksenna moxuo orHecTs Sonburyio npous-
BOIMTENLHOCTL BPH ONPEAENEHHM TBEPAOCTH, TAX Kak OTCYET TACEN NMPOU3BO-
AHTCH 3hECh HEMOCPEACTBEHHO NO WiKANe WHIRKaTopa. Bech nponece mimepe-
HMS TBEPAOCTH 38HHMACT BCETO HECKONIBKO CEKYHA.

Hzmepenue maepoocmi: no-uane C. EcA HHASHTOP BRENPUTCH Ha LAY-
OuHY Ay = 0,2 MM, TO TBEPROCTH TAKOTO MATCPHARA YCHOBHO CHMMTACTCH PaBHOM
Hymo. Ecnn xe non aedictanenm Toil ke MATPY3IKH £ HHASHTOP He BHEAPACTCS B
MaTepuan (AnacTrYeckan AeGopMALHA PABHA HYNIO), TO TBEPAOCTL TaXoro Ma-
TepHana NpUHATO cuuTaTs pasnoh 100 eauanuam Poxpenna. Taxiu obpasom, 3a
eAMHULY TBEPAOCTH [IPUHATA BENHIMHA, COOTBETCTEYIOIUAN NICPEMEICHMIO Ha-
KOHeuHHKa Ha 0,002 s pumenenne Takoii "nepesepryTo#i” wkanw (puc. 2}
0GOCHOBAHO Tem, 4TO FIYOHHZ DHEAPEHHS MHACHTOpA ODPaTHO IPONOPIMO-
HA/IbH2 TBEPAOCTH MaTepuasia. [1o3ToMy TBeprocTy Marepaana Oyaer xapakre-
PU3OBATHCA BENHHHHOM (A1, — /1) B MM HAH SHCIOM ACACHREH NO mKane:
hg—-h

: 4)

HRC =

 Puc. 2. Cxema onpeacnenis TREPAOCTA NeTonon Poxseina

Hamepenue meepoocmu no wixare A. Hixary A (maeHtwysa mxase C)
TPUMEHSIOT I8 H3MEPEHNR TBEPAOCTH MPEAMYIMECTBEHHO THCTOBMX MaTepHa-
nos. Ma-ia cHEXeHMs Harpy3KH Ha MHAGHTOpP B 2,5 pa3’a B YMCHbIICHKA BCIER-
CTBHE 3TOr0 rnyOHHN NPOHHKHOBEHHMS HAKOHEUHWKA MUHHMANBHYIO TONIHHRY



KCTILITYEMOro 00pasue WIH HIRENMS YAANOCh CHU3NTD B0 0,4 — 0.7 aem.
Himepernue meépoocmu no wxase B. JIns MHOTHX MATKMX METAIUIOB U

CTINABOB BHeAPEHUE AIMAIHOTO KOHYCA MOMKET OKa3aThes 5Onnuimm, uem 0.2
MM. BB 3TOM citytae 4HCHO TBEPAOCTH, BRYHCIAEMOE NO-POpMyne (4), cTamer
OTPHUATENLHBIM, 9TO JHUIEHO PHIHYECKOTO CMEICIA H HE MOXET XapaKTepHio-
BaTh TBEPAOCTL MATepHana. B aTax cayyasx npuMeHMOT caenylolue Mephl.,

¢  3aMeHAIOT KOHHYECKHA HHACHTOD Ha Cheprieckrii;

o CHMXAIOT Harpy3Ky Ha WHIeHTOP B 1,5 pa3a (co 156 xec no 100 kec):;

s (mewaoT wkany va 30 enunMu (xana B kpackoro usera).
Hvecno TBEPAOGCTH OnpenenseTcs no GopMyne:

}ﬂiB:hO‘h-mom. _ (5)

Q

- TeeprocTh ykaswmsaercs B eAubHuax f/R (Hardness Rockwell) ¢ nobasne-
HHem obosHavends wwkansl (HRA, HRB, HRC), KOTOpOMY npealecTsyeT 4-
CROBOE 3HAYEHHE TBEPAOCTH U3 TPeX 3Havaumux uudp. Teeprocts no Pokeenny
— BeSIMuHYHA bespasmepHasn.

IIpumep obosnawenun: 6] HRC - Tteepaocts 61 enuunu Poxsenna no
wicane C.

JameuaHye 0 11ePEROZE MCeN TRERAOCTH. Bo BCEX YIIOMAHYTBIX Bbilli NOCYAap-
CTBCHHLIX CTAHAPTAX YKAZAHO, YTO 0DIE0 MOWHOZ0 MEPEBOOA YUCER MEEPOOCTiu, U3-
MEPCHHBIX COOMECCIEVIOWEMY MEMOOEMY W MHCHA IMBEPOOCTITY, ONDEORICHHLMY
OPVCUMU MEMOGIMI WU HQ PPOYMHOCS NPU DACANCERUY Ke Cyuiecmevem. OIHAKO
PEe3yNbTaTH NPOREACHHBIX MHOTOYMCIEHHNX IKCNIEPUMEHTOB YKAa3LBAIOT Ha To,
YTO HMEIOTCR, XOTH W NPUOIHAKEHHbBIE, HO JOCTATOYHO YCTOHYHBAIE 3aBMCHMOCTH.

B npunexeHuy npriBeAeHsbl CPABHEHMS TREPIOCTH METANNGB ¥ CHJABOR
110 PA3THYHBIM LIKANAM, YTO NO3BONAET NPOH3BOAUTL NEpecyeT TBepaocTeH.

TlepecueT Tax *e MOXKHO ITPOM3BOANTE, HCIOAL3YA rpa@HKU (pHc. 3).

HIREB HRC
i o 2 70
100 Ed
I ot 60
80 ,—‘,up’ 50
50 - f_}"-"" e M Lo 40
4 I 30
<0 o - 10 4
N I SCE S 0
50 100 150 200 250 B 100 300 500 700 HBA
wriwemZ Krimmma <

Puc. 3. 3asucumocts HRC u HRB et HB craneif (WTpaxoBxol MoKasaso nojye
K pa30poca ONBITHRX TONCK 1% DATFHVHLX MEPOK cTanei)



1. 4. Metoa Llopa* (ynpyroro orcxoxa). Mepoit TBeprocT: smas-
eTCA BHCOTa OTCKOKa BoHxa, nagaomero ¢ onpenenscHdod BWCOTH. Ha menw-
Tyembifi oOpaseny 1 (puc. 4) ¢ BucoTw H nagaer rpys 2 secom () € amMasHbiM
LUaPHKOM 3 Ha Konrue. [uamerp wapwka D = 2,5 mM. Ecnr npu yzape Goiika no
HCTiBITyeMoMy oGpasly BOsHMKIA Ghl TONLKO ynpyras zedopManui, TO OH OT-
cKoyusr Gb1 Ha Ty XK€ BHCOTY, C KOTOPOH RAnan (ecin, KOHEUHO, HE YHHTHBATE
TOTEPH HACTH IHEPTHH HA BPE/IHOE CORPOTHBICHNKE — TPEHNE, CONpOTHRNEHHE
BO3AYXa, Konebanne npuGopa H ap).

2

3 i

Puc. 5. Cxena npibopa lomums

Cmuicn gxcna reeprocts no Illopy 6y-
RET NOHATEH U3 CHeRYIONIMX RaHHLIX. Bricora
oTckoxa h 6Goiika ot nucoxoymeponacmﬁ
CTAnM, 3IaKANECHHOH Ha MAaDTEHCHT INIpPHHITA
paBHOH 32 100 U TRepaOCTr TakoM cramm yc-
ROBHO CuuTaercs pasHoit 100 emuumuam no
[llepy (wkana npubopa umeer 140 pasHX
nenermit). OTCYTCTAHE OTCKOKR COOTBETCTBYET
TBEPAOCTH PEBHOH HYJHO. |

Mexny TBEPZOCTAMA NPH YNPYTroM OT-
ckoke (HSh ) ¥ RpH# CTaTHUECKOM BAABIHBa-
HHK wapyka (HB) HabmozaeTcs JOCTATOMHO
YCTOHHMBAN 3aBHCHMOCTh, OIM3Ka¥ K JIHHEH-

HOH, 8 UMEHHO LS CTANH:
HB = 7- HSh. {6)

1.5. Merton IMoneaw {(aBO#KRHOrO
OTHEeYaTka LlapuKa)

[aBEHLIM METOROM HPOH3BOAMTICE OUEHKaA
TBEPAOCTH  HCOBITYEMOTO MaTepwala B
CpaBHeHuM ¢ TBEPAOCTRIO 3TAnOHa. Mcmbi-
TaHKE APOM3BOIMTCH NyTEM YAApPHOIo BRAB-
TMBAHNA CTRIBHOIO HIAPHKA OAHOBPEMEHHO B
obpazeu pa [lonsm (puc. 5). Ulapuk 2 gna-
MerpoM [ nomemacrcs Mexly obpasnow
ITANOH MOCPEACTBOM MPHGOM | H 3TANOHOM
3. Yaap no Oofiky 4 HaMOGHTCHE DY HBM
MonoTkoM 5. Ilyerh cHna yzapa oxasanachk
paBioit PJ (AMHAMHYMECKan CHnma), a
AMaMETPal OTOTMEYATKOB Ha ofpasHe X
FTANOHE PaBHbl, COOTBETCTREHBO, d H ds.

* Tio uMEHI AMEPHKGHTKOrE npomuumnennyka 20 5. A. iliopa (A. Shore). [ipeanowen B 1906 1.



Toraa teepaocTy no bpunenmo obpasya:

)]

Taxnm 0bpazoM. TeepRocTs 0bpasiia MOKHO OHPEREIHTE 1o Gopmyne (7),
€CNM K3BECTHA TBEPAOCTL NO bpuHenmo 3ranona HB; 4 NMaMeTphl OTNEYATKOB
d, u d. Ha npaxrike HB onpezensieTcs Mo CHCUHANBHNM TaOIHUAM, KOTODHIE
cocTaBieHe! NIOCRe NpeaBAPHTENLHOMO BuaKcaerua HB no ypasuenwo (7) ans
pasmuuHBIX 3HAYeHUH HB5, dyu d.

2. AsMepHTensHne npubopal, 06pazum

B nactosiiee Bpems cymecTBYeT MHOFro npHOOpoB AnS onpeaenerus
TBepROCTH. Hanpumep, ans onpeneneHHs TBepROCTH Ne bpunenmo — npudops
TIL-2. TB- 5004; no Buxkepcy — TIT-2; no Poxsenany — TP-5006. ¥ uupepcais-
Hbli npubop YIIT noseonser onpeneinTs TBEPAOCTE BCEMH TPEMR METOAMY,

B kauecTBe npuMepa noxasaHa CXeMa NOJNyaRTOMaTH4deckoro npubopa
AN W3MEPEeHUs TBEPAOCTH METANNOB MeToAoM bpuuenan {(puc. 6). Obpasey !
KNaaeTCs Ha Mpe/IMETHAIH CTONNK W NOABOIUTCA A0 COMPHKOCHOBEHMKR C LIapk-
KoM Z. YcuiMe oT rpy30B 4 yepes peidary 3 fiepenaercs Ha maphk 2. AsroMa-
THMECKH yAepxKuBaeTes B Tevenur 10-15 c., 3aTeM IPOH3IBORKHTCH aBTOMBTHYE-

3 . CKas pasrpyska.

-~ T TpHHIHNAUIBREIC CXEMb] YCTPORCT-

B B3 npUGOPOB OMpeAeNeHRN TBEPAOCTH MO

NS 2 Bukkepcy H Pokseiny amanormussl. Co

: { cxemamil NpHOOpOB ¥ HHCTPYKUMAME TIO

_ ONpeleschHHIo TBEPAOCTH, NIPENCTABIEHHbIE

i o B naﬁ_opﬁ*rdpﬁu MEXAHHYECKHX HCALITARWH

' KaQeRpsl  CONMPOTHEAEHHA  MATEpPHANIOS,

MOXMO GoJiee NONPOOHO O3HAKOMMTHCS Ha

pabovesm MecTe TIpH EbNONHEeHMW Nabopa-
TOPHOH paboTh.

Tpetopanus k ocOpasuam 1 npubopam
npy ONpeAcseHHH TBEPROCTH OrOBAPURA-
1oTc cooTBeTcTBYIoHMH ['OCTamu.

-

Puc. 6. Cxema mpecca Bpymenns



3. FxChepHMEHTANBRES I8CTH
3. 1. Oopepenenne Toepaccta no Bpaneamo k Poxseany

Cranaapru NpeAyCMATPERMOT CECAYIONME OCHOREC TpeGOBaHNA npu
UIMEpPEHHY TREPAOCTH.

1) NHosepxuocT: ACINTYEMOTo 00paisa AoAMa OHITH THiaTe B0 TOArD-
TOB/EHA K CBODOMHE OT OKANMALE H APYTHX NOCTOPORNUX serzects. TIpA noaro-
TOBKE HOBEPXHOCTH HAAO NPHHUATE MEPL! TPCAOCTOPORHOCTH {IPOTHE BOIMOK-
HOTO HakJIeNna KiH Harpesa DOBCPXHOCTHOO CHOR B PEIYNATATE MCXAHIECKOH
obpadoTKu.

2) Menmtyemuit ofpasen ponmen Swirs Oe3 xopolnenwit u nexars Hs
croiinke npubopa ycronuKHso. Heobxoaumo obpamtars ocoboe suumause u#a
Ka%eCcTBO NOBEPXHOCTH 0Dpasiia He TORBKO CO CTOPOHS! AHERAPEHUN WHIACHTOPS,
HO H cO CBOOOAHOW CTOPOHBI, KOTOPOH OH KAARCTCHA HA NPEJMETHAH CTOAHK
npnbopa — oHa JONAKHA OTH POBHOH, (€3 MECTHRX BLCTYNOB (HATIDHMED, R
AOTIYCKACTCA C 3TOH CTOPOHE HAMHYHE AaXe MCAKHX OTREYXTKOB OF IHapHKA,
KOHYCa WIIH NHPaMHAbi). DTO OOBACHAETCH TEM, YTO NOA ACHCTBHEM HarpysKu
BHICTYNbE OYAYT CMUBATLCS, YTO NPHBRNET K KAKYIUEMYCH YMEHLIIEHHIO TBep-
JAOCTH B pe3ynbTaTe yBENHYeHHS pasMepa A TpeGoBaHHS 3TOro MyHKTa HMEIOT
ocoboe 3HaYeHne TONLKO NPH ORPEACNCHHY TBepiocTH o Pokzeny.

Ofpasels, ¢ HANECEHHBIMK TPEMA OTASHATKAMH, CHHMACTCH C ITPEAMETHO-
ro cToNuka npecca bpunenns. MisMepenne TuameTpoB OTNEYaTKOB NMPOHZBOAHT-
CH ¢ NOMOILBIO CHELHANBHOTO OTCYETHOTO MUKPOCKON2 Ha nabopaTopHOM CTO-
ne. Ha puc. 7 noxaszaHo nzobpaxkeHHe OTneyaTKa, BALHMOE B MHKPOCKOIN {yBe-
JIMYEHHE MHKpOcKona o0biqHO paBso 24), OnMi M3 xpaes ornedaTka HeoOXo-
THMO COBMECTHTE C HYREBLIM IUTPHXOM LIKANK ¥ NPOHIBECTH OTCHET MO WKANe
¢ TouHOCTHO J0 1/2 nenenua. Buaumoe B MHKPOCKONl DacCTONHHE MEXIY
OONBLIIAMH LITPHXAMH COOTBETCTBYET OJHOMY MHUtMMeTpy. [lonyuerHeld pas-
Mep OMaMeTpa OTne-
Yatka  3QNHCHIBAIOT
Cpazy MUIITEMET-
pax. Tak Ha puc. 7
umeeMm: d = 4,75 mm.
Peayneratsl H3Mepe-
HUS JHAMETPOB OT-
MEeYaTKOB PeKOMCH-
OyeTcs 3amucaTe B
npoerokone Ne 1, npu-
BelEHROM HHXE,

Puc 7. H3oOpaxenue 0TNCUaTRA. BUANMOC B MAXPOCKOI
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IIpomoxon Ne ]
Onpeachenne Tecpnocrn ne Gpuneamo

Tun npubops..........ovvvveeeeen vrrrraoms »-Mapis MATEPRAIR. .c.ouc.a. vereensrnenninsarovens
JARAMETY BIRPHER. ..0vvirnceansens Veooreine Tepmuyeckas obpaboria......ceeevee.s temetvareeins
Harpy3xka B8 BRACHTOD....cciiiierarrrevirrironrssassnosres remeesaras viesernnn Nreuambnrsrebeitinnnesens
|
| AdHaMeTp oTneNaTKA
B d, mm :3: ﬂm'i Hucite Teep- Cpenuee
{23 | Hlepsoe | Bropoe P M':? aocrs HB ThEAD 1:;1;’-
' T | MIMepenwe | MiMepeune o aoCTH !

l |
2 !
| | :
I
B | ! |

i * ! 1

*Onpenenenve HB no anameTpy oTNEvaTKa NPeniaraeTca MPOBECTH ¢ NO-
MOLUbIO TAOJTMLL Mt pacCYMTaHHbIX N0 PopMyne J.
Yucna teepnocth HRC u HRB cpasy uMTaiorca no iukasaMm HHIWKaTopa
¥ 32HOCATCH B NTPOTOKOA Ne 2, npuBeaeHHMHA HUKe. 3aNHIIATE NIONYy4YeHHbIC Ba-
MH 4MCRa TBepaocTH cornacHo Tpebosauusm [ OCT.

ITpomoxon Ne 2
Oapeencune TBepaocyy no Poxpenny
Tun apuoopa................ prmrasreaanenas vene MADKS MATEDRAMR, cravevtrinrserrrrarsnransnares
HIkaaa NpMBOPR.....cvvrivinirvensenivasinnns Tepwvaueckas obPRGOTIE. .....o.evevnerveinnen.
Harpyisa Ma HHRCHTOD cucuruwvrsrrrnnss yaueee THA HAUTCHTODPR. (0 uue presrene rrerrraranreen- U
Homep | Yncro teeppocts | Yucno Teepaoct Cpeasner uucsio TRepaoTTH
OfMTE HRC I HRB HRC I HRB
] i i
: | |
2 l
F .‘
3 ;
| i .

3. 2. Tlepecuer uncen TBEpAOCTH

[MpousBeauTe nepecueT nony4enHnix uucen TReproctd HRC n HRB B
yMcna TBepaocTH no bpunennio B . Bocnoib3yBTech QAR 3TOI0 HOMOTpaMMa-
mis HRB = f(HB) u HRC = f{HB), npeacTaBaeHHLIMH Ra PHC. 3 HITH HCTIOAbL3YA
NPMNOKEHKE. 3TH TpaduKK U MpUioKeHKe OLH NOTYUEHS Ha OCHOBAHKH CTa-
THCTHYECKOH 06paboTKs MEONOURCACHHMX Pe3YILTATOB ONLITOR C PA3THYHEIME

MapKaMH cTafien.
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3.3.Cpa3b TBepAOCTH NO bpUHENNIO ¢ OCHOBHLIMM MEeXaHpYe-
CKMMHM XapakTepHCTHKaAMH KOHCTPYKUHOHHBIX MATEPHANOB

TTo n3asecTHOMY HMCHY TBEPAOCTH MATEPHANE MOXKHO OPHEKTHPOBOYHO
OIPeAe/IXTE €ro MEXaHWYEeCKHE XAPAKTEPUCTHKHA. Tak, HApRMEp, KaK MOKashbi-
BAIOT PE3yNbTaThl MHOTOYUCACHRBIX 3KCIEPUMEHTOB, MEXAY YHCIOM TBEPHO-
cTH 1o BprHen:o U BpeMeHRBIM CONPOTHBICHHEM O, [UIA METANLIOB CYLIECT-

BYKOT NPHONHIKEHHbIE 3ABHCUMOCTH, NIPOCTEHINAR U3 KOTOPbIX HMEET BHI:

cg =k-HB, (8)
rae k — xodphuureHT, onpelenieMbli ONWTHHIM nyTeM. Hike mpHBeaeHb:
3IHAYEHUR K /IS HEKOTOPHLIX MATEPHAJIOB.

Crane (Mpu HB < 175). ..o e 34
Crane (mpu HB > 175)........ e . 3,6
AMOMHHEAA. ...l e e e aaaaaan e 4,0
JIHOPANIOMHHMA. ..o ciiiicciaeeaaae breian v 3,7
Menb XONONHOKATAHARA . ...........c.ene... R e 3.5
Meab OTOROKEHHAT. ..o oot v eaea e 4,6

Jns ceporo uyrysa 3aBHCHMOCT: ¢4 = f(HB) meHee panexusa u Gonee

CROXHA.
og =L7-HB-67. (9)
Ins uBeTHRIX MeTannoB ODbIYHO OTHOINEHHE Npexena NPOHMHOCTH OT
TBEPAOCTY HAXOAUICH B LIHPOKUX Npeaenax ¥ CyUIeCTBEHHO 3aBHCHT OT CTere-
HY NpeJBapHTeNbLHOTO HaKnena:
op ={3,5-5)HB. (10)
B ¢popmynax (8), (9}, (10) npegen npousoctn 6, umeeT pasMeprocts MIla, HB
— e/IMHULB] TBEPAOCTH bpunenns.
B sniBOAAX 10 BRIONHEHHOA Nabopatoprod pabore 0TpasUTe COOTRETCT-
BUE TBEPAOCTH MApKe CTANK, YKAa3aTh PACXOXKIEHHE B NMPOLIEHTAX NEHCTBHTETb-
HOT'O H IIEPeCHHTAHHOIO 4HCEN TBEPAOCTH, OTMETHTh, KAKHE XapaKTepRCTHKH
IPOYHOCTHE ONPEHEJIEHE ¥ X COOTBETCTBHE AaHHOH MAapKH CTalH.

4. Bonpoce A caMoNpOBEPKH

1. JlaiiTe onpeAcneHHE NOHATHIO «TBEPAOCTE MATEPHANIAY.

2. INepeurcnure cnocofel ONPEAEHERUA TBEPAOCTH MaTepHana.

3. MMeeTca M CBA3L MEXAY YHCIOM TBEPAOCTH, HaWACHHBLIMHM Daziny-
HpIMA MeTonamu? [MpuBeanTe OPUEHTHPOBOYHO 3TH 3aBHCHMOCTH.

4., VimeeTcd H CBE3b MEXIY TBEPOOCTHIO MATEPHANA H €ro MeXaHHde-
CKHMH XapakrepHcTHXaMH? TIpHBeauTe OPHEHTHPOBOYHO 3TH 3aBHCHMOCTH.
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5. PacckamnTe NOCAENOBATENLHOCTh Ofepalnii H OCHOBREe TpeOOBaHMs
FOCT nph onpeaenennu TaepaocTH no bpuxenmo, Poxsenny 1 Buxkepey.

6. PacexamuTe, NOMB3YACH CXEMOH, YCTpolicTeo Mpecca bpruenna.

7. KakoBh ¢opma ¥ pasMepal HHACHTOPE (HAKOHEWHHKA) NPH Onpeacne-
HHH TBepjocTH 1O bpHHenmio, Pokeeny u BHKKepCy.

8. KakoBbl pa3MEpHOCTH YHCEN TBEPAOCTH, HaiACHHLIX METoAaMH Bpu-
"enna, Poxsenna m Brkkepea.

9. Ilpusenure 3aBUCMMOCTH MEXKIY BPEMEHHHIM CONPOTHBIECHMEM [Uis
YINepORKHCTOM CTATH H €€ TBEpROCThIO 110 bpuHenmo.,

10. IlpuBennTe 3aBUCHMOCTH MEXKAY O ¥ HB [UIX UBETHLIX METALIOB.

11. Hro nonumaeTca noyg tTeepaociso no Poxpenny ?

12. Tlone3yscek cxeMoi, pacckaxuTe ycTpoiicTae npubopa Poksesuia.

13. Tlepeuncnure ocHoBrbie Tpeboranun [OCT npu onpenencusu teep-
noctH no Poxsenny,

14. Tlpusenwre (OpHEHTHPOBOUHO) TBEPIIOCTE CPERHEYINIEPOAKCTOR OTO-
F¥OKeHHON M 3akanenHo# ctanu ne HRB, HRC u HB.

15. YkaxuTe pasMEpHOCTb YuCeN TBEPAOCTH, HAHACHHAIX pa3fudHBEIMY
METOLaMH.

16. Tlo kakoii ¢opmyne nopcumTars TBepAocTk No Bukkepey? Kaxyw
GOpMY HMEET HHACGHTOP NpH OfIpeeneHuH TBEPAOCTH MeToroM Brkkepea?

17. B 4em cylIHOCTE METORA ONpeaeneHns TBepaocTH no Hlopy?

18. B uem cyulHOCTb ONpefe/eHHs TBEPAOCTH METOIOM ABOHHOIO OTMe-
yaTka (no [lonLay)?

5. lNpaenna no TexHHke He30NACKOCTH M 3KCMAYaTauuy o6opy fosang

. 3anpeinaercs npucTYNate K paborte N0 NOAYUEHHR HHCTPYKTaxa MO Tex-

HHKe DE30MaCHOCTH H POCTIMCH B XKYPHAE.

Heobxoanmoe noMuuTe, 410 Hanpsxerue B cetn 380 BonwT. [ToaTomMy He

chelyeT Kacarbcsd MeTajjlHdeckux dactedl obopynosanus ez neobxomu-

MOCTH,

Iepen nauanomM paboTel cneayer YOEAHTHCS B HANEHKHOCTH 323€MIICHHS.

4, Tlpu co3nanuy npersapuTe]brod Harpyaks B 100 H Ha npubope Poxsenna
KAaTErOpH4ecKH 3aiIpellaeTcn NEePeROAHTE MAIYIO CTPEIKY HHIMKATOPA 3a
depHBLE IWTPUX, 3TO BledeT 3a cofo# nonomky npubopa.

tJ

L ]
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ConocTanaenne THCET THEPIOCTN METALIOR ¥ CRIAROS,

Hpunoxcenue

MIMEPERHLIX palasubimi meToRamn: Bpanenns, Baxkepca n Poxpesaa

HB, HV HRB Os, HB, HV HRC T,
Mila Mila
i - el
100 52.4 333 245 212 815
105 57.5 350 250 22.1 835
110 60.9 362 255 23.0 855
115 64.1 382 260 23.9 865
120 67.0 402 265 24 8 880
125 69.8 410 270 25.6 900
130 72.4 430 275 26.4 9]¢
135 74.7 450 280 27.2 930
140 76.6 470 285 28.0 950
145 78,3 480 290 28.8 970
150 79.9 500 295 29.5 980
155 81.4 520 300 30.2 1060
160 82.8 530 310 31.6 1030
165 84.2 550 320 33.0 1060
170 85.6 565 330 342 1090
175 87.0 580 340 353 1120
180 88.3 600 350 36.3 1150
185 89.5 620 360 37.2 1180
190 90.6 640 370 38.1 1200
195 91.7 650 380 38,9 1230
200 92.8 665 390 39.7 1260
205 93.8 685 400 40.5 1290
210 94.8 695 410 413 1305
215 95.7 715 420 421 1335
220 96.6 735 430 429 1365
] 225 97,5 745 440 43,7 1383
230 98.4 765 450 445 1410
235 99.2 785 460 453 1440
240 160 795 470 46,1 1480
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