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MN3MEPEHME TBEPJOCTHU 110 METOAY BUKKEPCA

MeTtoaudeckne yKazaHus K MMPOBEICHUIO JTa00paTOPHBIX M MPAKTUICCKUX
3aHATUHN JJIS1 CTYJCHTOB IO HAIIPABJICHUIO MIOATOTOBKH
23.03.01-TexHonorust TPaHCIOPTHBIX MPOLIECCOB M0 Mpoduio «Opranu3aius
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23.03.03-OkcmyaTaiusi TpaHCTIOPTHO-TEXHOJIOTMYECKUX MAIIIUH U KOMITJIEKCOB
1o TpoPuIsiM «ABTOMOOMIIN U aBTOMOOMIILHOE X035HCTBOY, « ABTOMOOMIBLHBIN
CEpBHCY»
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HN3mepenne TBepaocT mo Meroay Bukkepca : MeToguyeckue ykazaHUs K
npoBeaeHuI0 JadopatopHbix 3ansatuil / FOro-3am. ['oc. yH-T; cocT.: M.C. Pazymos;
A.A. T'opoxos Kypck, 2018. 9 c.: ni. 3.

CogmepxaT cBeAeHMS MO BONPOCaM H3MEpPEHHE TBEPAOCTH IO METOAY
Bukkepca. YkaspiBaeTcsl MOPSAIOK BBHITOJHEHUS MPAKTUYECKOTO U JTA0OPAaTOPHBIX
3aHATUHN, TTOAXObI K PEIICHUIO U MpaBUiIa 0(pOPMIICHHUS.

Mertoaudeckne pEeKOMEHJAIUU COOTBETCTBYIOT TPEOOBAaHUS MPOTPAMMBI,
YTBEPKACHHON  y4eOHO-METOAMYECKUM  OOBEIMHEHHUEM TO  CIEHHAIBHOCTH
ABTOMAaTHU3UPOBAHHOTO MAIIIMHOCTPOUTEIHHOTO Mpou3BoicTBa (YMOAM).

[IpennasHaueHo JUisi CTYACHTOB HANpaBlI€HUW MO HANPABJICHHUIO MOJITOTOBKHU
23.03.01-TexHomorusi TPaHCIOPTHBIX TMPOIECCOB 10 Tmpoduinto «OpraHuzamus
MIEPEBO30K HAa aBTOMOOWILHOM TpaHcmopTey, 23.03.03-Dkcemtyatanusi TpaHCIIOPTHO-
TEXHOJOTHYECKUX MAaIIMH M KOMIUIEKCOB IO MNpoPuisiM «ABTOMOOUIH U
aBTOMOOMIILHOE XO3UCTBOY», K ABTOMOOWIBHBINA CEPBUCY.

TekcT meyataeTcsi B aBTOPCKOW peIaKIuu

[Toanmucano B meyats 14.02.18. . ®opmar 60x84 1/16.
Yennew.r. 0,5. Ya.-uzn.a. 0,4. Tupax 40 sx3. 3akaz. 1210 becraTtHo.
Oro-3ananguelii rocyJapCcTBEHHBI YHUBEPCUTET.

305040, r. Kypck, yia. 50 net Oxtsa0ps, 94.



Ieapr padoOTBI: O3HAKOMUTHCS C METOJMKAMU OIPEIAEIEHUs TBEPAOCTH
MaTepuaoB. N3meputs MHUKPOTBEPAOCTD o0pa3LoB, IIPETIOKEHHBIX

MMpCIIoaBaTCiICM.

[lo sromy cnocoOy B MeTaJl BAABIMBAETCS YEThIpEXI'paHHAs ajlMa3Has
nupamMujia ¢ yrioM B BepmuHe 136° U TBEPAOCTh XaAPAKTEPU3YET ILJIOIIAAb
nojay4yaeMoro ornevarka. [Ipu BoaBIMBaHWUM THPaMHUAbl COOTHOILICHUE MEXKIY
JIAArOHAJIAMU TOJYYaIolIerocsl OTNeYaTka MpU U3MEHEHUM Harpy3Kd OCTaeTCs MO-
CTOSIHHBIM, 4YTO TMO3BOJISIET B IIMPOKUX TNpeAeiaax B 3aBUCUMOCTH OT IeJeH
UCCIIEIOBaHUA YBEIMYMBATh UM YMEHBIIATh HATPY3KY.

Ucnbitanust mpoBogar Ha mpubope (puc. 1), uMermeM HEMOABWKHYIO
CTaHWHY, B HW)KHEW 4acTH KOTOPOW YCTAHOBJIEH CTOJUK |, mepeMearomuiics mno
BEpTUKAIM BpalieHneM MaxoBuka 2. OOpasery ycTaHaBIMBAIOT Ha CTOJUKE
UCITBITYEMOW TIOBEPXHOCTBIO (MEPIEHAUKYISIPHON JCHCTBYIOIIEH CUJIe) KBEpPXYy H
3aTeM TMOJHUMAIOT CTOJIMK TOYTH JO CONPHUKOCHOBEHHUs oOpaslia ¢ aaMa3HoOu
NUpaMuI0H, 3aKperieHHON B mmuHAene 3. Haxkatuem nepanu myckoBoro peiyara 4
OPUBOAAT B JIEMCTBUE HATPYyX AU MEXaHU3M, KOTOPBIA YEpe3 phluar nepenaet
NABIICHHUE TPY30B 5, IPEeABAPUTENBHO MOIHATHIX HA aiMa3Hyto nupamunay. [locne

ATOTO OIYCKAIOT CTOJIUK MPUOOpa U MOABOASIT MUKPOCKOII, YCTAHOBJICHHBIN HA
HITaHTe, IPUKPEIVIEHHON K cTaHhHE. C MOMOIIBbI0 MUKPOCKOIA ONPENEIISIIOT JIUHY

AUAaroHajiu IIOJIYYCHHOI'O OTIICYATKa.
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Puc. 1. Cxema mpubopa s HW3MEpPEHHUs TBEPAOCTH BIABIMBAHUEM ajIMa3HOM MUPAMMIBI
(m3mepenue o Bukkepcy): 1- cTOMUK 1 yCTaHOBKHM 00pasiia; 2- MaxoBHK; 3 — IITOK C aIMa3HOU
MUPAMUION; 4 - meallb MyCKOBOIO pblyara; 5 - MoJBecKa ¢ Mpu3Moid; 6 — MUKPOCKOIL.

B kaudecTBe HHACHTOpA HCIIOJIB3YCTCA aJIMadHasd UYCTBIPCXI'paHHAA IIHpaMuaa.C

yIJI0M IpH BepiuHe 136°,

Puc. 2. Cxema u3aMepeHus oTnevarka, MoJIy4eHHOTO BJaBIMBAaHUEM alIMa3HOM
nupamMuabel (u3Mepenne no Bukkepcy)

[ToBepxHOCTH 00pA3MOB MJIs OMPEICICHUS] TBEPAOCTH MUPAMHUJION JOJKHA OBITH
THIATEILHO OTHIIM(OBaHA OymMaroi ¢ MEJIKHM 3€PHOM WIIM JIaKe OTIIOJIMpPOBaHA.
Tommuua wcneITyeMoro obpasia JoJbKHa OBITh HE MEHbBINE 4eM 1,5 nmaroHanu
OTIIeUaTKa.

Teepnocte mo Bukkepcy HV, Tak ke kak u mo bpunenmato, ompenensercs Kak

YCHIINE, IIPUXOAAIICECA Ha CAMHUIY IIOBCPXHOCTH OTIICUATKA:



2P~sing

P
HV:d—22:1,854-d—2 (kecl mm?)
rie P — Harpy3ka Ha mupamuay, Krc; o — YroJl MEXJIy HpPOTHUBOIOJIOKHBIMH
rpansimu mupamuabl  (136°); d — cpenHee apudmernveckoe JUIMHBI 00EHX

JIUaroHaJjIey oTrneyaTka I0Cje CHATUS HArPy3KU, MM.

Uucna TtBepmocty no Bukkepcy W 1o bpuHEUII0O HMMEIOT OJWHAKOBYIO
pPa3sMEpHOCTh U I MatepuanoB TBEpAOCThIO 10 HB 450 mpakTtuuecku coBmagaroT.
BMmecte ¢ Tem u3mepeHus nupamMuaon JaroT 0oJjiee TOUHbIE 3HAUYEHUS JJIsl METAIIOB €
BBICOKOM TBEPAOCTBIO, YEM U3MEPEHHUSI IIIAPUKOM MJIM KOHYCOM. AJMa3Hasi MupaMuia
uMeeT Oonbinoi yron B BepinHe (136°) u nuaroHans e€ oTnevyaTka MPUMEPHO B
ceMb pa3 Oousbllle TIYOMHBI OTIEYaTKa, YTO TMOBBIIAET TOYHOCTb H3MEPEHUS
oTIeyaTKa JAake MPU MPOHUKHOBEHUHU MUPAMUIBI HA HEOOJNBIIYIO T1yOUHY U JesiaeT
ATOT CMOCOO0 OCOOEHHO MPHUTOAHBIM JJIS ONPENCICHHUS TBEPAOCTH TOHKHX WU
TBEP/IBIX CILJIABOB.

[Ipu ucnbITaHUU TBEPABIX U XPYIKUX CI0EB (a30TUPOBAHHOTO, ITMAHUPOBAHHOTO)
OKOJIO YTJIOB OTII€YaTKa MHOTAa 00pa3yroTcsl TPEHIMHBI (OTKOJIbI), IO BUIY KOTOPBIX

MOJXHO CYAUTDb O XPYIIKOCTH U3MEPACMOI'O CJIOA.

5. MeToa usmMepeHrsi MUKPOTBEPAOCTH

JIns u3ydeHus CBOWCTB M IpEBpalllcHUH B CIUIaBaX HEOOXOIWMO HE TOJBKO
3HaTh «YCPEIHEHHYIO» TBEPIAOCTh, MPEACTABIAIONIYI0 TBEPAOCTh B pe3yjbTare
CYMMAapHOTO BIIMSIHUS MPUCYTCTBYIOMINX B CIUIaBe (pa3 U CTPYKTYPHBIX
COCTaBIIAIONINX, HO M OMPEAENATh TBEPJAOCTh OTACIBHBIX (a3 U CTPYKTYp CIUIaBa.
MUKpPOTBEPIOCTH ONMPEAEIAIOT BAABIMBAHUEM aJIMa3HON MUPAMUIKH.

[Tpubop tuna IIMT-3 (puc. 3) umeet mratuB | BEepTUKATLHOTO MHUKPOCKOIIA C
TyOycOM, TIEPEMENIAONIMMCSI BBEPX M BHU3 C IOMOIIBI0 MaKpOMETPHUYECKOTO H
MHKPOMETPUYECKOTO BUHTOB.

[TpubGop cHaGxeH AByMs OOBEKTHBAMHU MJIsi MPOCMOTpPa MHUKponumda mpu

yBenuueHusix B 478 u 135 pa3. Okynsip yBeauuuBaet B 15 pas.



Puc. 3. Cxema mpubopa [IMT-3 g uzMepeHust MUKPOTBEPIOCTH: 1 — MHUKPOCKOIT; 2 —
MaKpOMETPUYECKUN BUHT; 3 — MUKPOMETPUUYECKHUN BUHT; 4 - OKYJSIPHBII MUKPOMETP; 5 — IITOK C
alMa3HOU MUPAMUJION; 6 — ONMAaKUIUTIOMUHATOP; 7 — OOBEKTUB; 8 — CTOJI AJIsl yCTAHOBKU
Mukpouuda; 9 — pyudka crona; 10 — BUHT cTona; 11 — perynupoBouHble BUHTHI; 12 - rpy3sl; 13

— pyYKa Harpy>KeHusl.

OKyJnsipHBII ~ MHKPOMETP HMEET HEMOJBM)XHYK  CETKY, OCTaTOYHBI
MUKpOMETpHUUYeCKui 0apabaHYuK U KapeTKy ¢ MOJBUKHOM ceTkoi. Ha HemoaBrXHOM
CETKE JUIMHOW 5 MM HaHECEHBI IITPUXU C IUPPAMU U YTOIBHHUK C IPSIMBIM YTIIOM,
BEpIIIMHA KOTOPOTO coBmaaaeT ¢ nudpoit 0. Ha moaBmwkHOM ceTke HAHECEH YroJIbHUK
C IPSIMBIM YTJIOM U JIBE€ PUCKHU.

AnMa3zHas TUpaMuiKa UMEET Yroj MEXIy TpaHsMU Npu BepmimHe 136°, T. e.
TaKOM e, KaK U B MUpaMu/ie JUIsl u3MepeHus o Bukkepcy (4To obieryaet nepecyer
Ha yucia Bukkepca). Harpyska st BiaBnuBaHus MUpaMHUAbl CO3aeTcs Tpy3amu 12,
yCTaHaBIMBAaEMbIMU Ha MTOK 5. B mpubope mpumensitor rpyssl or 1 1o 200 r B
3aBUCUMOCTH OT OCOOCHHOCTEW H3ydyaeMOW CTPYKTYpbl W 3a/lad HWCCJIEIOBAHMS.
VY cTaHOBIEHHBI MUKPOIIUTA(] MPOCMATPUBAIOT YEPE3 OKYJIIAP.

C nmoMouipl0 ByX BHUHTOB CTOJHUK IEPEMENIAETCs B JABYX MEPIECHANKYISIPHBIX
HAIPaBJICHUSIX, YTO TO3BOJSIET TEpEeMelarh MHKpouuind u BBIOpaTh Ha HEM

Y4aCTOK, B KOTOpPOM HCO6XOI[I/IMO U3MCPUTL TBCPAOCTD. OTOoT Y4aCTOK CICAYyCT



pPa3MECTUTh B CEpPEJIUHE TMOJs 3PEHUST MUKPOCKONa — TOYHO B BEpIIMHE yria
HETOJBIKHON CETKU. 3aTeM YCTaHABIMBAIOT TPy3bl, MOBOPAYMBAIOT C MOMOIIBIO
pyuku cronuk 9 Ha 180° (oT omHOro ymopa 10 JpPYroro) IJjsi TOJBEICHUS
BBIOPAHHOTO y4acTka oOpasla noj ajiMasHyro nupamuay. Ilociie 3Toro meajieHHbIM
(B Teuenue 10—15 c¢) moBopotoMm pyuku 13 mpubnusurenbHo Ha 180° omyckaroT
IITOK C aJMa3HOW MNHUPAMUION Tak, 4YTOObI anMa3 KOCHYyJCs oOpasma. B aTom
MOJIOXKEHUH  BBIJEPKUBAIOT oOOpazeny mnoj Harpy3koil 5 - 10 c, mocie uero,
noBopauuBasi pyuky 13 B HCXOAHOE MOJOKEHHE, MOAHUMAIOT IUTOK C alIMa30M.
3atrem moBOopauMBalOT cToiuk 8 Ha 180° u Bo3BpamaroT o0pasel; B HCXOAHOE
MOJIOKEHHE TI0]T 00BEKTUB MUKPOCKOMA ISl U3MEPEHUsI AUaroHaiu otnevyatka. Eciu
npuOop MPaBUIBHO LIEHTPUPOBAH, TO H300paKEHHE OTHEYaTKa OKa)XeTcs B IOJie
3peHHs MUKPOCKOIAa Wiau OynaerT OJM3KO K BEPIIMHE YIJIa HEMOJBWKHOW CETKH.
TouyHOCTH COBMEIIEHUST MECTa, HAMEYEHHOTO [JI1 UCIBITAaHUS, C MECTOM
(haKTUYECKOTO BIABJIMBAHUS MUPAMUJIbI COCTABIAECT B 3TOM mpudope 3 MKM. 3aTeM
BpallleHheM BUHTOB 11 TOABOIAT OTIEYATOK K YrOJBHUKY HEMOABM)KHOW CETKHU
TakUM 00pa3oM, 4TOOBI BEpIIMHA YrOJIbHUKA COBMAJIa C JIEBBIM yIJIOM OTIIeYaTKa, a
NYHKTUPHBIE JIMHUHM YTOJbHUKA COBIAJIM C TPaHSMHU JIEBOM yacTH oTneyatka. [locie
ATOr0 BpalleHUEM MHKPOMETPUYECKOTo OapabaHa OKyJsipa MOABOAAT BEPIIMHY
yrOJIbHUKA TIOJBIJKHOM CETKM K TPOTHUBOIOJIOKHOMY YIJy OTIeYaTka; Tornaa
MYHKTUPHBIE JTUHUW YTOJbHUKA TIOJIBU’KHOW CETKH COBMECTSITCSI C TPaHSIMHU MPaBOM
gacTu oTnevyarka. [Ipy TakoM TOJNOKEHUH CETOK JENEHUS MUKPOMETPUYECKOTO
OapabaHuyMKa yKa3bIBaIOT JJIMHY OUAroHaiu otnevyaTka. [loBopauuBas okymsip Ha
90°, onpenensoT TaKKe JJIUHY BTOPOM JUArOHAIM W BBIYHMCISIOT CPEIHION JJINHY
nuaronanu. llodydeHHYIO CpemaHIO [JIMHY TMEpPEeBOASIT MO TaOJMIle Ha YHUCIIO
TBEPAOCTU. YKa3aHHbIE U3MEPEHHUsI MOITYyUYEHHOrO OTIIeYaTKa MPOU3BOASIT HE MEHEE
IBYX-TpeX pa3. Uucna TBEpAOCTH B TaOJIMIIE BHIYUCIICHBI TIO (popmyIie:
HV = 1,854-P/d° kr-c/mMm°

U TIPEJCTABIISIOT YKCIIa TBEPIOCTU 10 Bukkepcy.

Jlns monydeHusi Oojee TOYHOrO pe3ysibTaTa U3MEPSIIOT TBEPAOCTh H3y4aeMOTO

y4dacTka MuKpouuiuda, HampuMep OJHOro 3€pHa, JABa-Tpu pasza. s storo



HE00X0IMMO, YTOObl Ha IUIONIAJAM OJHOIO M TOTO K€ 3€pHa  Pa3MECTHIIHCh, IO
KpallHel Mmepe, aBa oOTiedarka. Mcxonxs M3 3TOro ycioBus, 3KCIEPUMEHTAIBHO
noA0UPaIOT BEIMYMHY HArpy3KH ISl ucciaenaoBanus. HeoOxoammMo, oJlHaKo, y4ecTb,
YTO IIPU OYEHb MaJIbIX Harpy3kax (Menblie 20 Krc) MOTYT MOJIYYUTHCS HEJOCTATOUHO
TOYHbIC pe3yabTathl.[Ipubop mo3posseT GororpadupoBaTh MUKPOCTPYKTYPY CILIaBa

C MMOJIYUYCHHBIMU OTIICYATKAMM.

Puc. 4. Jlutas 6picTpopexyias cTajib Mociae 3aKajky (BUIHBI OTIEYATKH aIMa3HOM
MAPaAMUIBI)

N3mepenuss MUKpPOTBEPAOCTH LIMPOKO MIPUMEHSIIOT [JISl W3YYEHHUS CTPYKTYpbl H
CBOHMCTB cruiaBoB. Ha puc. 7 mokazaHa MHUKPOCTPYKTypa JUTOH OBICTPOPEKYIIEH
cTanu nociue 3akaiku. CTajab COCTOUT U3 KPYIHBIX 3€PEH HEOJHOPOJIHOTO CTPOEHHS,
MPUYEM KaXJ0€ 36pHO UMEET TPU KOHUEHTPUUYECKUX CJIOSA: CEpALEBUHA 3€pHA UMEET
tBepaocth HV 320— 350 (HRC 35), mpomexyrounsiit cioii HV 700—725 (HRC
58) u HapyxH#sr1it cioir HV 940—1000 (HRC 65—67).

6. Ilopsinok BbINMOJTHEeHNUsI padOThI
JIns  BBIMOJHEHUS pPadOT HEOOXOJUMO O3HAKOMHUTBCA C TEOPETUYECKUM
MatepuasioM. JlabopatopHbie pabOThl IO U3MEPEHHUIO TBEPAOCTH BKIFOYAIOT BBIMIOJ-
HEHUE JBYX 3a/IaHUN.
IlepBoe 3amaHume TmipeAycMaTpUBAaE€T NPUOOPETEHHWE HABBIKOB HU3MEPEHUS

TBepAocTH. KaIblii CTyACHT MOJDKEH HM3MEpPUTh C moMorisio mpubdopa [IMT-3



MI/IKpOTBépI[OCTB HECKOJIBKHUX 06pa3u03: CTaJIM, 4YyryHa, HOBCTHBIX MCTAJIJIOB H

MIEHOK (MO0 YKA3aHUIO U MOJI PYKOBOACTBOM JJaOOpaHTA).



