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IIpeaunciaoBue

VYyeOHast nucuumiauHa «MexaHHKa MaTepHaioB M KOHCTPYKLHI» 3aHUMAeT
OJIHO U3 LIEHTPAJIbHBIX MECT CpeAr OOUIEMHKEHEPHBIX NUCLMIUIMH MPU MOATOTOBKE
MHXEHEPOB IIMPOKOTO MPOPUIS U CPEU CIIEUUATbHbBIX TUCIUIUIMH MPU MOATOTOBKE
MHXEHEPOB-PACYETUUKOB.

N3ydenne naHHOTrO MpeIMeTa OCHOBBIBAETCA Ha:

— 3HaHUM Teopuu. W3ydeHHIO TEOpEeTHYECKOro MarepHuajia IOCBAILIEHO
OTPOMHOE  KOJMYECTBO  yYEOHMKOB M  MOCOOMH,  pa3IuyYarolMuxXcs  Kak
paccMaTprBaeMbIMU B HUX BOIIPOCAMH, TaK M CTPOTOCThIO n3joxenus [1-3];

— yMeHuH peniath 3anauu [4, 5]. [TonydeHne HaBBIKOB PEIICHUS 3a/1a4 SIBIISICTCS
OYEHb BAXKHOW COCTaBIISIOLIEH MpOIecca U3yUYEHUs JUCIUIUINHBI,

— BJIAJCHUM J1a0OPATOPHBIMH METOJAMHU SKCIEPUMEHTAILHOTO ONpEIeICHUs
MEXaHMYECKUX XapaKTEPUCTUK PA3TUYHBIX MATEPUAJIOB, UCCIIECIOBAHUS MPOYHOCTH U
’KECTKOCTH JIEMEHTOB KOHCTpYKIuii [6-10].

JlanHoe mocoOMe ULEMMKOM TMOCBSIIEHO TOCIEAHEMY pa3liely — BaXKHOMY
crnoco0y modydeHus: MHQOpPMAIMM O MEXaHHMYECKMX CBOWCTBAX MAaTEpHaJiOB U
KOHCTpYKUMUA. B mocoOuu mpuBeneHo OOJbIIOe KOJIUYECTBO PUCYHKOB M MPUMEPOB
JUIs 00JIerYeHursl OCBOCHUS M3JIaraeéMoro Marepuana. Takke CoJIepKaTcsi KOHTPOJIbHbIE
BOIIPOCHI 11 CAMOITPOBEPKHU YCBOCHHSI MaTepHara.

[IpencraBneHHbI MaTepuad MOXKET OBITh PEKOMEHJIOBAaH OOYYalOUIUMCS BCEX
dbopM © HampaBieHUH TOATOTOBKM TMPU M3YYEHUU JUCHUIUIMH «MexaHuKay,
«IIpukmannas  mexanuka»,  «TexHuyeckass  MexaHuka»,  «CoIpOTHBICHHE
maTepuaioB». B To ke Bpems JaHHOe ydyeOHOe mocoOue B TEpPBYIO oOuepellb
IpeIHa3HAYCHO OOYJArOIIMMCS 10 HarpaBieHussM noarotoBku: 15.03.03 [puknagHas
Mexanuka mnpoduib «lIporpaMmHBIE CHCTEMBI KOMITBIOTEPHOTO WHXUHUPHUHTAY;
15.04.03 IlpukianHas MeXxaHMKa IIporpamMma «BblunuciuTenbHasi MeXaHUKa U
KOMITbIOTEpHBIM WHXXUHHpUHTY; (01.06.01 Martematnka u MexaHuka MpopuiIb
«Mexanuka 1eopMUPyEeMOTo TBEPAOTO TENay.



BBenenune

WNnxenepy m000il crnenuaibHOCTH B CBOEHM IMOBCEAHEBHOW pPabOTE YacTo
MPUXOAUTCA M3y4aTh YCTPOWCTBA M MPUHLMUIIBI MEXaHU3MOB, MPOU3BOJIUTH PACUEThHI
Ha TPOYHOCTh (W/MJU 3KECTKOCTh), YCTOMYMBOCTb, BBIHOCIMBOCTH KOHCTPYKIHUH.
HenpaBunbHbIil pacdeT MOKET NPHUBECTH K CaAMBbIM TSKEJIBIM MOCIEICTBUSM, B TOM
YuClie U K TpaBMaMm pabOTHHUKOB Ha MPou3BoJIcTBE. [103TOMY OUYeHb BaXKHO B IIpOLIECCE
MOJAITOTOBKH BBICOKOKBAJIM()ULIMPOBAHHBIX KAJPOB 110 00pa30BaTEIbHBIM MIPOrpaAMMaM
BBICIIIETO 00pa30BaHMUs UCIIOJIb30BATh KOMIUIEKCHBIN MOAXO0] K U3YYEHHUIO CTYIEHTaMU
JTUCIUIUIMH, BKIIOYAIOMINI TeOpeTHUecKue, MpakTUYeCKUe U J1a00paTOpHbIE 3aHITHSL.

HensiMu HacTOSIIIIETO Y4€OHOTO OCOOUS SIBISIOTCS .

— NMPUBHUTH HABBIKM IO SKCIEPUMEHTAJIBLHOMY OINPEACICHUI0 MEXaHUYECKUX
XapaKTePUCTUK PA3IMYHbIX MaTEPUAJIOB;

— O3HAKOMHUTb C METOJaMH MCCIEOBAaHUS TPOYHOCTH U IKECTKOCTH
AJIEMEHTOB KOHCTPYKIMH C HCIOJIB30BAHMEM CTAaHJAPTHOTO JIAOOPATOPHOTO

000py10BaHMUS;

— HAY4YUThb TOJB30BAThCS ammaparypo nans u3MepeHus nedopmanuii u
HaIpsSHKCHUN;

— MO3HAKOMHUTb C METoJaMU OOpabOTKM W TMPEJCTaBICHHUS pe3yJIbTaToOB
U3MEPEHUN.

[IpuBeneHHble TeMbl 1a0OPATOPHBIX padOT M3-32 OTPAHUYEHHOTO O00BEMa
y4eOHBIX YacOB, BKIIIOYAIOT JIUIIIb OCHOBHBIE PAa0OThI, BBHITIOJIHAEMbIE HA YCTAHOBKAX
nabopaTopuu MEXaHMYECKHX HCHbITaHui Kadeapbl «TeopeTnyeckas W NMpUKIATHAS
MexaHuKa» JJOHCKOro rocyJapCTBEHHOTO TEXHUYECKOIO YHUBEPCUTETA.

Ilepen TeM Kak MPHUCTYMHUTH K BBIMOJIHEHUIO 3aJaHHOMN 1a00paTOpHOI pabOoTHI,
CTYZIEHT JI0JKEH:

— YCBOUTb KpPaTKHE TEOPETUUYECKHUE CBEACHHS 10 TeME MPEACTOAIIEH paboThI;

— M3Y4YMTh TPUHIUI pabOThl U YCTPOMCTBO HCIBITATEIILHONW MAIIUHBI WM
YCTaHOBKH, IPUOOPOB ISl U3MEPEHUS HANIPsHKEHUH U tepopmaruii;

— YCBOMTB METOJIWKY BBIMOTHEHUS paboOThl U CIOCOObI  00pabOTKH
AKCHEPUMEHTAIbHBIX TAHHBIX;

— NPOMTH UHCTPYKTAXK IO TEXHUKE O€30MaCHOCTH.



OCHOBHBIE TPEBOBAHHMS TEXHUKHU BE3OITACHOCTHA

K BBIMOTHEHUIO TAaOOPATOPHBIX PadOT CTYAEHTHI TOMYCKAIOTCS TOJIBKO IMOCIE
WHCTPYKTaXKa MO TEXHHUKE O€30MacHOCTH, MPOTHUBOIOXKApHBEIM MepaMm. [IpoBeneHume
WHCTPYKTaKa 0(OPMIIIECTCS MPOCTABICHUEM POCIIHCH B CIICIIHAIEHOM JKypHAJIE.

Bce MexaHWueckwe ~ UCHBITAHWS ~ MaTEpPHAOB  MPOBOAATCS  ydeOHO-
BCIIOMOTATEIbHBIM  TEPCOHAJIOM HA  HCHBITATSNbHBIX MamuHax. CTyaeHTH
CaMOCTOSITEJILHO BBIMOJTHSAIOT Pa0OTHl TOJBKO HA CHCIHAIBHBIX JIA00PATOPHBIX
YCTaHOBKaX I10J] PyKOBOJACTBOM TIPEIIOaBaTEN.

CryneHTaM KaTeropwueckH 3amperniaercs 0e3 pas3pelieHus IpernoaBaTelis
BKJIIOYATh JIA0OpATOPHOE OOOPYJOBaHHE B DJICKTPOCETh M U3MEHSATH PEXHUM €ro
paboTHI.

Bce w3Mepenuss o0pasiioB, HEOOXOIWMBIE IS BBITIOJHEHUS J1a0OPAaTOPHBIX
UCTIIBITAHUM, TPOBOIATCS JO YCTAHOBKM WX B 3aXBaThl WCIBITATCIBHBIX MAaIlWH, a
pa3Mephl MOCjIe UCTIBITAHUS MOYXHO IPOU3BOJIUTH TOJIBKO MOCJIC CHATHUS 00pasIioB ¢
ManuHbl. J[JIs BU3yaJlbHOTO OCMOTpa Pe3yJIbTaTOB UCIBITAHHA MOXHO MOAXOAUTH K
MallMHEe TOJIBKO C pa3pelieHHs mpernojaBareis. [Ipy HCMOIb30BaHMM CMEHHBIX
Ipy30B HE CIIeyeT CKJIaJbIBaTh WX Ha Kpar CToJia BO HW30ekKaHWE MAJACHUS W
BO3MOYXHOT'O TPAaBMHPOBAHHS KMH OKPYKaIOITHUX.

[lpu HapymeHun TpeOOBAaHUI TEXHUKH OE30MACHOCTH CTYICHT HEMEIJICHHO
OTCTpPaHSETCS OT JAJILHEHIIIETO BHIMOHEHHS JIabopaTOpHOU paboThl. Ecim meiicTBus
CTYICHTa HE TPHUBEIM K CEPHE3HBIM IOCICJACTBUSIM, TO OH MOXET OBITh BHOBH
JOIYIIEH K JJA00paTOPHBIM 3aHITHSM JIUIIb [TOCIIE TTOBTOPHOTO MHCTPYKTAaXKA.



1. JlaGopaTopHasi padora Ne 1 «cnbiTaHue HA pa3pbIB CTAJIBHOIO
o0pasua»

Ilenvy padomwr: usydenue mnpouecca AeHOPMHUPOBAHUS MNPU PACTIKEHUU
o0Opaslia U3 MaJOYIJIEpOAUCTON CTalM, ONpPENEN€HUE OCHOBHBIX MEXaHWYECKHUX
XapaKTEPUCTUK TPOUYHOCTH, IJIACTUYHOCTH U MAPKH CTaJIH.

Teopemuueckasa wacms padomol.

MexaHMYeCKUMH  XapaKTEepUCTUKAMHM  MaTepuana  SBIAIOTCS:  MpPeaen
IPONOPLIMOHATIBHOCTH, MPENENl yOPYroCTH, Mpeaesl TeKy4eCTH, Mpenes MPOYHOCTHU
marepuana. OHU ONpPENeNAIOTCA KaK 4YacTHOE OT JEJEHUsS COOTBETCTBYIOUIEH
Harpy3kud (MOJYyYEHHOM HSKCIEPUMEHTAIBHBIM IIyTEM) Ha MEepBOHAYAIBHYIO (10
UCTIBITAHUS) TUIONIAJb TOMEPEYHOro cedeHus. B pe3ynbrate 5TOro mNONIy4yaroT
YCI08Hble HanpsadceHus. Jns BBIUMCICHUS UCMUHHBIX HANPAXCEHUL HEOOXOANUMO
Harpy3kKy pasiejiuTh Ha JACHCTBUTEIbHYI IUIOLIAJb MONEPEYHOrO0 CEUYCHHS,
U3MEHSIONIYIOCA B Mpoliecce AKcrepuMeHTa. OmnpenenuB UCTUHHBIE HANPSKEHMUS,
MOXHO TOCTPOMTh MCTUHHYIO JHArpaMMy pacTsDKEHUs Marepuana, KoTtopas aaeT
Oonee TOYHBIE JaHHBIE O CBOMCTBaX Marepuana, YeM YCJIOBHas auarpamma.
Heob6xonuMo uMeTh BBUIY, uTO 3akoH ['yka, kak ¥ (opMyibl Ha €ro OCHOBE,
CIIpaBEIJIMB TOJIBKO 10 IIPEeIia MPONOPLHOHAIIBHOCTH.

OnHUM M3 OCHOBHBIX BUJOB HCIBITAHWN TPU ONPEACIICHUH MEXaHUYECKUX
XapaKTEPUCTUK KOHCTPYKIIMOHHBIX MAaTEPUAJIOB, BBIITYCKAEMbIX HPOMBILIIIEHHOCTHIO,
SBJISIFOTCS. UCTIBITAHUS HA PACTsKEHHE. Pe3ylbTaThl HCIIBITAHUI MTO3BOJISIFOT CYIUTh O
NPOYHOCTH MATEpPUAJOB NPHU CTATUYECKUX Harpy3Kax, BbIOMpaTh Marepuan s
IPOEKTUPYEMOI KOHCTPYKIMH U UCIOJIb30BATh €r0 XapaKTEPUCTUKH IPU pacueTax
Ha OPOYHOCTH JIETAJICH MAIIUH U 3JIEMEHTOB KOHCTPYKITUM.

Juazpamma pacmasxcenus manoyznepooucmoii cmau.

Ha cnenmanbHBIX UCHBITATENBHBIX MAIIMHAX TOJYYalOT aBTOMATUYECKH
IuarpaMMy PpAacTsKEHUS CTaHIApTHOrOo oOpasia B KOOpIWHATax: Harpyska F —
ynnuaerre Al. Ha 3Toif amarpamMme MOJKHO BBIZCIIUTH HECKOJBKO XapaKTEPHBIX
yaacTkoB (puc. 1.1).

Heb6onbmioit KpuBOIMHEHHBIN HavanbHBIN ydacTok O1A sBIseTCS pe3yabTaToM
00>kaTusi TOJIOBOK 00Opaslia B 3aXBaTaxX M YCTPAHEHHs 3a30pOB B y3Jlax MamuHbl. ETo
HCKIIIOYAIOT, anmpokcuMupys (yaauHss) ydactok AB 10 mepecedeHuss ¢ ocChbio
abcIyce, v MOoMyvYaroT Ha4alo KoopAauHaT — Touky O.

Yyactok OB Ha3piBatoT 30HOW ympyroctu. 31eCh Marepuan MOAYUHSICTCS
3akoHy ['yka: yainHeHue mpsiMo MPOMOPLMOHAIBHO HAarpy3ke 10 HEKOTOPOW CHUIIBI
Fm (rouka B). TIlocne cusatus Harpy3ku gedopmarnus Al=OB wucuesaer.
Hedopmannio, KoTopas MOJHOCTHIO MCYE3AET IMOCJIE CHITUS HArpy3Kd, Ha3bIBAIOT
ynpyeou oehopmayueil.

[Ipu yBenmuenun Harpy3ku 1o Fy (ygacrox BC) HaumHaetrcs OTKIOHEHHE
aUarpaMMbl OT TPSMOW JIMHUHW, a TIOCJE pasTpy3Kd TMOSBISIOTCS OCTATOYHBIC



nepopmanu (Fy (GuUKCUpYIOT Npu MNOSBIEHUWUM OCTAaTOYHBIX Jedopmanuil & =
0,00140,005%).

VYyactok CD Ha3piBaloT 30HOW O0IIEH TEKydecTH, a TOPU3OHTAJIBHYIO €ro
4acTb — MI0WAOKOU meKyyecmu. 371eCb 0€3 3aMETHOTO YBEJIWYEHHUs Harpy3ku F;
MIPOUCXOJIUT CYUIECTBEHHOE yIJIuHeHue oOpasua. Takoi mnporecc aedopMaiuu,
Ha3bIBaEMBIl meKyuyecmvlo Mmamepuand, OH COIPOBOXKIAETCS OCMAMOYHbIMU
(nracmuyeckumu) neopMansiMu, He UCUE3AIOIIUMHU TI0CIIe pa3rpy3ku oOpasia.
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a) 0)
Puc. 1.1. JImarpamMmma pacTspkeHUsI CTalIU: a) MaJIOYTJIEPOIUCTAasl CTalb, 0)
BBICOKOYTJIEPOIUCTAs CTaJh

[Ipu yBenmuenun Harpy3ku 1o Fy (ysacroxk BC) HaumHaercs OTKIOHEHUE
IuarpaMMbl OT TIPSIMOM, a TIOCJIe pa3TPy3KH MOSIBISIIOTCS OCTATOYHbIE Aedhopmaiuu
(Fy uxcupyroT mpu nosiBjieHu# octaTouHbIxX nedopmarwii € = 0,001-0,005%).

Yyactrok CD Ha3bIBaIOT 30HOU 0Oweu mekyyecmu, a TOPU3OHTAIBHYIO €r0
4acTb — MAOWAOKOU meKkydecmu. 31ech 0€3 3aMETHOTO YBENWYEHHUs Harpy3ku F;
MIPOUCXOJIUT CYIIECTBEHHOE yaMuHEeHue oOpasna. Takod mpormecc aedopMainu,
Ha3bIBAEMBIN  meKyuecmvblo Mamepuand, OH COMNPOBOXKAACTCS OCMAMOYHbIMU
(nracmuveckumu) neopManusIMi, HE HCUE3AIOIINMHE TIOCTIE Pa3TPy3KH 00pasIa.

VYyactok DE Ha3bIBalOT 30HOU ynpouHenus, T.K. MaTepuajd BHOBb CIOCOOCH
COIIPOTHUBIIATHCS PACTSHKEHUIO C IMOBBIICHUEM HArpy3KH 10 BeIWuuHbI Fp (Touka E).
3arem Ha yuyactke EK Ha oOpasiie mosBIIsSIETCS MECTHOE CY)KCHUE — wuietikda. YdacTOK
EK Ha3pBalOT 30HOU MmecmHOlU meKyuecmu, T.K. 37eCh YyJIMHEHHE OOpasiia
MPOUCXOIUT 3a cUeT nedopmanuu B 30HE MICHWKH BIUIOTH JO MOMEHTa pa3pbiBa
obpasua B Touke K. Jlepopmarmsa Al = NN; mpm 5ToM ucuesaeT m obOpasen

TNOY4aeT noamyto ocmamouryto nedopmanuto nocne paspoisa Al =ON .

OcHo6Hble MexaHuUecKue XapaKkmepucmuku mamepuaid.

Baxxno ormeTuTh, UTO AMarpamma, noka3zanHas Ha puc. 1.1, xapakrepuszyet
CBOMCTBa He MaTepuana, a o0paslia, T.K. IPU HCHBITAHUU HECKOIBKHX 00pa3loB
Pa3IMYHBIX PAa3MEPOB, CHAEIAHHBIX U3 OJHOTO M TOTO K€ MaTepuasa, MOJy4aroTCs



pa3nuuHbie Mo00HKIe TI0 opMe auarpamMMsbl. J[Jisi modydeHus] JaHHBIX O CBOMCTBaX
MaTepuaia CTpOsT AUarpaMMy B KOOPAMHATAX G — €.

[lo nonydeHHo# auarpamme pactskeHus (puc. 1.1) onpeaensroT ciieayromme
MEXaHWYECKUE XapaKTepPUCTUKN MaTepuana;

a) XapaxmepucmuKu npoYHOCMmU.

IIpeden nponopyuonanrbHocmu — MaKCUMaJbHOE HANpPsDKEHHE, 10 KOTOPOTO
MaTepHal noauuHsercs 3akony I'yka (o = E - €):

_ R (1.1)

O 4
rie Fn, — Harpyska, COOTBETCTBYIOMIAs TpEASTy MPOMOPIUOHAIBHOCTH, Ao —
TUTOINA/Ih CEUeHUs o0pasiia 10 HarpyKeHHus,

IIpeoen ynpyeocmu (ycCIOBHBIN) — HampsKEHUE, TIPU KOTOPOM B MaTepuase
BO3HHMKAIOT ocTaTouHble Aedopmanun He 6omee € = 0,05%:

6 =—YL (1.2)

rae Fy — Harpy3ka, COOTBETCTBYIOLIAs IPENIETY YIPYTOCTH;
IIpeden mekyuecmu (husndeckuil) — HaMpsHKEHHUE, MIPU KOTOPOM TPOUCXOJIUT
POCT IJIacTHUecKoi nedopmaruu 6€3 3aMETHOTO YBEIMYECHUS HATPY3KU :

o, =—1, (1.3)

rae F; — Harpyska, COOTBETCTBYIOIIAS MPEETy TEKYUYECTH.

VY BBICOKOYTIEPOIUCTHIX CTajied, LBETHBIX METAJUIOB, IUIacCTMacc M psaa
IPYrUX MaTepHalioB JuarpaMMa pacTsSHKEHUsS HE UMEeT IUIOMIAAKUA TeKydecTH. B
9TOM Ciy4dae, Hampumep, [JIs BbICOKoyriepomuctod crtamu (puc. 2.1.1 0))
OTIPEICIISIIOT  YCA0BHbIL Npedesl meKydecmu TIPU HArpy3ke, COOTBETCTBYIOILIEH
OCTaTOYHOMY yIJIMHEHUI0 0opasia £=0,2%:

E
0.2 .

Opo = , (1.4)
4,

IIpeoen  npounocmu  (spemennoe  conpomuénenue) —  OTHOLIEHHUE

MaKCHUMaJIbHOW CHJIBI, KOTOPYIO MOJXKET BBIIEpKAaTh OOpasell, K €ro HavalbHOM
TUTOIIAH:

F
GB = . ’ (15)
AO
KpOMe TOI'0, MOXXHO MOJYYUTh UCMUHHOE CONPOMUBTEHUE DA3DBIB) .
F
=—= 1.6
"= (L6)

rae Ay — IJI0IIA b MOMEePEYHOT0 CeueHUs o0pasiia B 30HE pa3pbiBa MICHUKH.
0) xapakmepucmuku npouHocmu.
OmHocumenvHoe ocmamoutoe yoauHeHue Toclie pa3pbipa:

Al _
S:I—’JIOO%:IlI—IOIOO% (1.7)

0 0



rie |1 — paccTosiHue MeXIy puckamu Tocie pa3pbiBa, B MM, lg — pacuerHas anmuHa, B
MM;
OmmuocumenvHoe ocmamouHoe cydicenue MOCIE pa3pblBa:

w = 2410096 = 2o = Auq000 (1.8)
4 4

Yoenvnas paboma — XapakTepu3yeT CIOCOOHOCTh MaTepuaja IOrJIomAaTh
DHEPTHUIO TIPH Pa3phIBE, BA3KOCTh MaTepHajia U COMPOTUBIIEMOCTh €T0 BO3JICHCTBHIO

Hwm
JTUHAMHUYECKUX HArpy30K (HSMepﬂeTCH B — ):
M

a = ‘f/’_: (1.9)
rie W — pabota, 3aTpaueHHasi Ha pa3pbIB 00pas3lia U paBHas IUIOMIAJAN JUATPAMMBI
OA....EKN;. Bbluucnsercs c¢ yderoM MacmitaboB Harpy3ku M YyJIJIMHEHHUS IO
npUOJIMKEHHOU popmyie:

W, =0,85F;Al (1.10)
rae Vo = Agly — 00b€M pacueTHOM yacTu oOpasia A0 UCTIBITAHMUS.

W3 Bcex BBINIE TEPEUUCICHHBIX XapaKTEPUCTUK B WHKCHEPHOW MPAKTHKE
UCTIOJNB3YIOTCSI OCHOBHBIE XapaKTEPUCTUKH: Oy, Oy, O, ¥, @ T.K. UX OmpeeeHne He

BBI3BIBACT TCXHHUYCCKUX 33pr,Z[H€HHI>i.

Bnuanue noemopuvix nazpy3ok Ha mexanHuuecKue ce0UCHEa MAmMepuaios.
Haxkneén.

Ecnu pasrpy3utrh oOpaser; mocjie IOCTHXKEHHS B HEM HaINpsHKEHUU BBIIIIE
npeaena TEeKy4ecTd O, Hampumep, B Touke L (puc. 1.1), To mepo camomnucna
npouepTuT JuHU0 LM, napamensayto nuanu OB. Tlpu sTom ynpyras gedopmanus
Al', = MM, ucuesHeT, a ocTaHeTcs riactTudeckas (ocratounas) Al =OM .

[Ipy TOBTOPHOM HArpyXeHHH TIEPO CAMOIKCLA MPOYEPTUT JIMHHIO,
NPAaKTUYECKH COBMAJAIONIYI0 C JUHUEH pasrpy3kd. B pesynbrate moaydaercs
muarpamma MLEK. TIIpu »Tom BoO3pactaeT Harpyska, OO KOTOpPOW MaTepual
MOAYMHSETCS 3aKOHY ['yKa, M MCUe3aloT IJIOIIA/IKa TEKYUYEeCTH U 4acTh AUArpaMMBbl,
pacnonoxernas jgesee uauu ML. Takum oOpa3zom, Hauago KOOpAUHAT (PaKTHUUECKH
nepemectuTcs B Touky M. OcrtaTtouHoe y/UIMHEHHE Tociie pa3phiBa Oy/eT MEHbIIIE,
yeMm B oOpasiie, He TI0/IBEpraBIIEeMCs MPEIBAPUTEITHLHON MIACTUIECKON aedhopmariii,
T.. MN <ON.

SIBneHre MOBBIIICHUS Mpeaeaa MPONOPIUOHAIBHOCTH MOCHE MIACTUYECKOM
nedopManuy MaTepralia Ipu MOBTOPHOM HArpyXKeHHH Ha3bIBaeTCsi Haxaénom. llpu
ATOM CHHUXAIOTCS MJIACTUYECKHE CBOMCTBA MaTepHaia.

Onucanue ucnvlmamenbHOU MAWUHbL U 00PA3L06.

JlaboparopHyto paOOTy BBINOIHSIOT Ha YHUBEPCAJIbHOM TUIPABINYECKOM
ucnbiTaTeIbHOM Mamune Mapku YI'-20 (wm YHM-60), npegHa3HaueHHYIO IS
UCIBITAHUM 00pa3lioB MaTepUaloB U AJIEMEHTOB KOHCTPYKIUMN CTaTHUYECKUMHU
Harpy3Kamu.



OcHoBHbIMU YacTsiMu MaiiuHa Y1'-20 (puc. 1.2) sSBAsitOTCS: HACOCHBIN arperar,
Mpecc, CUIIOU3MEPUTENb.

HacocHblil arperar COCTOMT W3 3JEKTpPOJABHUrarenass 1 M MacisiHOro Hacoca
BbICOKOro faBieHus 2. Hacoc pa3memién B 0ake ¢ 3ayIUThIM MacioM. MakcuMmalibHOE
JaBlieHue pabouei KUJIKocTu (Macia), co3aaBaeMoe HacOCOM, COCTaBlsieT 0koio 20
MIIa. Hacoc tpybOomnpoBojaMu BBICOKOTO JaBJICHHUsSI COOOIIAETCS C CHJIOBBIM
TUAPOLUMIIMHIPOM 8 U ¢ THAPOIMIIMHAPOM 11 cunonsmepurens.
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Puc. 1.2. Cxema rugpaBiandeckoi ucnpiTaTeabHol MamuHabl Y1'-20

[Ipecc nmeeT ocHOBaHUE 3, BHYTPH KOTOPOTO HAXOAUTCS YEPBSIYHBIN PETYKTOD
JUIsl TOABEMA U OMyCKaHUs BUHTA 4 BMECTE C HIDKHUM 3axBaTtoM 5. BepxHuil 3axBat
CMOHTHpOBaH B TpaBepce 7. C momoImbi0 3aXBaToB 5 3akperuisercs oOpaser O,
UCIIBITHIBAEMBIN Ha pacTsHKEHUE. Y cuine K 00pasiy nepenaércs OT THAPOIMIMHIPA
8, MmepeMeIIarIero no HanpapIsoIM TpaBepey (ctod) 7. [lepemerienre TpaBepehl
yepe3 Tpocuk 9 mepemaércs Ha Oapaban 12 mus peructpamuu  aedopmaiuu
(ynnuuenust) obopasua. CunmonsmepuTtens yepe3 rugpouniuaap 11 nepenaér ycunue
Ha pbelHaxHyro cucrteMy 10 ¢ mpoTHBOBECOM M OJHOBPEMEHHO Ha pEUKYy C
3aKpETUIEHHBIM Ha HEW MepoM CaMOMNUCIa W CTpenKy mudepOiaaTa, peruCTpUpys
Harpy3ky. MaiivnHa cHa0KeHa CaMONUIIYIIMM JuarpaMMHBIM ammaparoM 12 s
3alUCHU JUarpaMMbl B KOOpAHHATaX: Harpy3Ka — epeMellieHue.

JIns ompenesieHUs] MEXaHUYECKUX XapaKTePUCTUK MAaTepUaioB HCHOJb3YIOT
CTaHJIapTHhIC ImHApU4Yeckue (puc. 1.3) m miockue oOpasipsl coriacHo ['OCT
1497-73.
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[=100 mm

Puc. 1.3. Dcku3 numHapuyeckoro odpasia

PacuetHoit nnmuHoM oOpasna lo Ha3pIBaeTCs JUIMHA €ro HUIMHIPHYECKON YacTH,
B Ipelesiax KOTOPOW MPOU3BOJUTCS HU3MEPEHUE OCTATOYHOI'O YJJIMHEHUS TOCIE
paspbiBa. KoHuueckue Tmepexojibl 00eCTeUYMBAIOT YMEHBIICHUE KOHIICHTpAIuu
HaIMpsDKEHUH W HMCKIIOYAIOT BEPOSTHOCTH pa3pyllieHus oOpas3la y TOJOBOK.
[ToBepxHOCTH 0Opa3iia TIATEILHO 00pa0aTHIBAOT.

IHopaook nposedenusn pabomel.

1. Jlns wucmblTaHUs TpeAsiaraloTcsl Kpyrjble Wi  IJIOCKUE  00paslibl,
U3rOTOBJIEHHBIE W3 MAaJOYIJIEPOJUCTOM CTajdu. 3areM [ UUIMHAPUYECKUX
00pa3ioB M3MEPSIOT mITaHreHIupKyaeM (¢ reHoi menenust 0,1 mm) muamerp do B
TpeX CEUCHHSX IO JJTMHE, a JUIsl TUIOCKMX — IIMPUHY Do 1 BBICOTY Np momepeuHoro
ceyeHus. [lo HanMMmeHblIEMY U3 MOJYYEHHBIX Pa3MEpPOB ONPEIestoT Ag. 3amMepsoT
pacueTHy0 JUIHYy 00pa3noB lyp Takke ¢ TouHOCTBIO 0,1 MM U 3aHOCST BCE JaHHBIC B
KypHaJl HaOJII0ICHHM.

2. BceraBmsoT oOpasen; B 3axBaThl 5 MamuHbl. Crierka HaTsSHYB oOpaserl,
NPOBEPSIOT JAMArpaMMHBIM  anmmapaT ¥ HAHOCSAT OCh a0CIUCC JUarpaMMbl,
nmpoBopaunBas 6apadan 12 BpydHYIO.

3. BkitoyaroT MallliHy ¥ HAaYMHAIOT HarpykeHue. [Ipyu noCTHKEeHUN Harpy3Ku
,COOTBETCTBYIOIIEH Touke L Ha nuarpamme cOpachIBalOT HATPYy3KY MPAKTUUYECKH 10
HYJIS, @ 3aTeM CHOBA TMOBBIIIAIOT €€ U AOBOJAT obpasern a0 paspymenus. [Ipu atom
CKOPOCTb Harpy>KeHus He JTOJbKHA mpeBbimath 0,1 nmuHel 00pasiia B MUHYTY, HHA4YE
OyIyT MONy4YeHBI 3aBBIINICHHBIC 3HAYCHUS] MEXAaHMYECKUX XapaKTEPUCTHK, TaK KaK B
ATOM Clly4ae MpOLECC HarpyX’eHus HaJao paccMaTpuBaTh B JIHUHAMUYECKOU
MTOCTaHOBKE.

4. BeiHUMAIOT pa3pylleHHbIN o0pasel U3 3aXBaTOB MAIIMHBI, 3aMEPSIIOT €ro
auamerp B Mecte paspbiBa Oy CIOXUB JBe 4YacTH pa3pylmieHHOro o0pasia,
U3MEPSIOT €To JUTUHY Tociie pa3phiBa .

5.3Hasg macmTad Moay4YeHHOW UarpaMMbl, ONPEAEIISIIOT 3HaueHus, Fr, Fs, F¢ 1
BBEIYHCIISIIOT XapaKTepucTuku mpodHoctd mo dopmynam (1.3) u (1.5), a ucturHOE
3HAYCHHE COMPOTHUBIICHUE PA3PhIBY Gy 110 opMmyiie (1.6).

6. OnpenenstoT xapakrepuctuku miactuaHoctd 6 U W no dopmynam (1.7) u

(1.8).
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7. BbluucasOT yAenbHYH paOoTy a8, 3aTpayeHHYI0 Ha pas3pbiB oOpasia, Mo

dopmyne (1.9).

8. ITo MoIy4eHHBIM 3HAYCHUSAM Or, Gs M O U3 CIPABOYHBIX JaHHBIX (Tadm. 1.1)
ONPENENSIOT MapKy cTaiu. OCTaibHbIE MOKA3aTeNM (Oyy, Oy, O 2, Oy, ¥, @, W) Taxoke

XapaKTepU3yIOT CBOMCTBA MaTepuala, HO HE BIUAIOT Ha BBIOOp MapKH MaTepuaa.

Tabn. 1.1. OcHOBHBIE MEXaHUYECKUE XAPAKTEPUCTUKH PA3IMYHBIX MAPOK CTAJIEH

Mapka cranu IIpenen IIpenen OTHOCHUTETBHOE
MIPOYHOCTH GCf, TEKY4EeCTH Oy, | YIJIMHCHHE O,

MIla Mlla %
Crainp Cr. 0 320 - 470 190 22
yraepoIuCTast Cr. 1 320 — 400 — 33
OOBIKHOBEHHOT'O Cr.2 340 — 420 220 31

Ka4yecTBa Cr. 3 380 — 430 240 27-26

Cr. 4 420 — 520 260 26-23

Cr.5 500 — 620 280 21-19

Cr. 6 600 — 720 310 15-13

Cr. 7 | 700 — 800 u Gonee — 11-9
Cranb 30 480 290 21
yraepOIUCTas 35 520 310 20
KayeCTBCHHAs 40 570 320 19
KOHCTPYKLMOHHAs | 45 600 340 16
50 630 350 14

Cooeporcanue omuéma:

1. HazBanwue mabopaTopHON pabOTHI.

2. Ilenp maGopaTopHOi paObOTHI.

3. UcnbiTaTenbHasi MaliuHa (TUI, MapKa).
4. Dcku3bl 00pa3IoB (JI0 U MOCJIE UCTIBITAaHUSA).

5. UcxonHble TaHHEBIE:

5.1. nameTtp oOpa3ia 10 ucrbiTanus do
5.2. Ilnomaap MONEPEYHOTO CEUECHUS /10 UCTIBITaHUS Ao

5.3. JIlnametp oOpa3iia Iocjie UCIBITAaHUSI B MECTE MICHKHU Oy

5.4. I1nomaap NONEPEYHOTO CEYEHUSI B MECTE IIEUKU Ay
5.5. PacuérHas mmHa oOpasia 1o ucnbiTanus lo
5.6. [lnuHa oOpa3sina nocie ucnbsitanus |y

6. Beluucienus

7. AnarpamMMmBbl pacTsKeHUS

B 6v1600ax 1e00X01MMO OTMETUTH:
— KaK MPOUCXOJUT pa3pyllieHue o0pasiia;
— KaKOBa BEJIMYMHA OTHOCHUTEIBHOTO YIUTMHECHHS TIPH pa3pylICHUH,
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— COBIIQJACT JM JMarpaMMa pacTsLKEHUs ¢ JAuarpaMMOM  MCTUHHBIX
HaIPsKECHUN;
— [I0OYEMY MCTHUHHbBIE HANPSDKEHUS! OOJIbIIE YCIOBHBIX.

Bonipocsl 1151 CaMOKOHTPOJIAL.

1. KakoBa 1ienb tabopaTopHoit paboThl?

2. Jlnsg dYero HyXHa JuarpaMma pacTsSOKEHUS wmaTepuaiga U B KaKUX
KOOpAMHATaxX OHA CTPOUTCA?

3. Ha xakoii MamnHe npoBOAATCs UCHbITaHuA? ONUIIUTE €€ KOHCTPYKIIUIO.

4. Kak paboTaroT CUJIOM3MEPUTENILHOE U 3aMHChIBAIOIEE YCTPOHUCTBO?

5. Kakue oOpa3ibl MpUMEHSIOT MPU UCTIBITAHUU HA pacTskeHue? HazoBure nx
OCHOBHBIE XapaKTEPUCTUKH.

6. Ilouemy nuarpamMma pacTsXKEHHs, TOJyY€HHas Ha MalluHe, HMEeT
HavyaJIbHbIN KPUBOJIMHEHHBINA ydacTok (0147

7. Uto xapakTepu3yeT IuarpamMma pacTsyKeHHs, TOCTPOCHHAs] B KOOPAMHATAX
F — Al: cBoticTBa 0Opas3iia TaHHBIX Pa3MEpPOB WM CBOWCTBA MaTtepuasa?

8. Kakue 30HbI UMeeT quarpaMmma pactsikeHus? ONuInmTe ux.

9. lnst Kakoro ydacTka JuarpaMMbl CripaBeuiuB 3akoH ['yka?

10. Yrto mnoHMMAIOT TOA MPEACIOM MPOMOPLHMOHATIBHOCTH, MPEACIIOM
YIPYTOCTH, PE/IETIOM TEKYYECTH U TPEIeTIOM MPOYHOCTH ?

11. JIns kakuxX MaTepralioB OMPEIETSIOT YCIOBHBIN IIpeies TeKy4ecTH ?

13. Kakue npedpopmanvyd Ha3pIBAIOT YIPYTUMHU, a KaKh€ OCTATOYHBIMU
(uractrdeckumu)? Kak ux onpenenuTh Ha TuarpaMMe pacTsHKeHUS ?

14. Yem oTiinyaroTCs APYT OT Apyra AHarpaMMbl pacTsSHKEHUS MPU MIJIACTUYHOM
U XPYIKOM pa3pylIeHUH MaTepruaIoB?

15. Kakue xapakTepUCTHKH MPOYHOCTH MaTEPUATIOB U3BECTHHI?

16. Kakue XxapakTepUCTHKH IUIACTUYHOCTH MAaTePHAIIOB U3BECTHBI ?

17. Yto Ha3bIBAIOT HAKIENOM ?

18. Kak u3meHst0TcsS MeXaHn4eCcKrue CBOMCTBAa MaTepuaa rnocjie Hakiéna?

19. Kak ucnonb3yioT B TeXHUKE siBlIeHUe Hakinéna? [lpuBenute npumepsl.

20. Korna nmosiBisieTcs 1miekika Ha oOpasie?
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2. JJabopaTopHas padora Ne 2 «McnbiTaHue HA cxxaTHe 00Pa3L OB U3 CTAIH
U YYT'YHa»

Ilenv pabomer: n3ydeHne NOBEACHUS IIIACTUYHBIX, XPYIKUX U aHU30TPOITHBIX
MaTepUaJIOB IIPU CKATUU U ONPEAECICHUE UX MEXAaHUYECKUX XapaKTEPUCTHK.

Teopemuuecmm yacmo pl160mbl. IlToMmuMo wucCHbITAaHUS Ha pacCTAXKCHUC
BTOpPBIM OCHOBHBIM BHIOM J1a60paT0pH0ro HCCICAOBAaHUA ABIACTCA HCIIBITAHUC
MaTCpuaJIOB Ha CXKaTuc. HpI/I OTOM TaKXC€ KaK WM IIpHU PpacCTAKCHUHU, I10JIYy4aroT

auarpamMmy B koopamHatax F — Al. PaccmorpuM 0COOCHHOCTH TOBEICHHUS
pa3IMYHBIX MaTepUANIOB IIpH cxxaTHH (puc. 2.1).
F 2

2 &

? "

Al

Puc. 2.1. JInarpamMmmbl c:kaTtusi 0OpasioB U3 pa3InYHbIX MAaTECPHAIIOB:
1 — MasioyryiepoiucTas ctajib; 2 — YyryH

N3 nuarpammel cxaTusi cTaibHOro obpasma (puc. 2.1, kpuBas 1) BHIHO, 9TO
MEepPBOHAYATILHO HAOJIOJACTCS JIMHEWHAs 3aBUCHUMOCTh MEXKAY Harpy3kamu H
nedopmanusiMu  (moguuHeHWe 3akoHy ['yka). 3areM TOSABISETCS —IUIOMIAKA
TEKYUY€CTH, BBIPAXKEHHAs HE CTOJIb SIPKO, KaK MPH PaCTSHKECHUU.

CranpHOW TWIMHAPWYECKUNA oOpas3el] Mpu CXKATUKW YKOpAuMBaeTCs U
MpUHUMAET O00YKO0Opa3Hyro (opMy BCIENCTBHE TPEHUS MEXKIY €ro TOopIamMu H
Ha)KMMHBIMH TUIMTAMU MallliHbl. BIMsIHUE TpEHUS MOKHO YMEHBIIUTh TyTEM CMa3KH
OMOPHBIX TMOBEPXHOCTEH o00pa3lia WM NPUMEHEHHEM O00pa3loB CHEUUaTIbHON
¢dbopMBI. ITO TaeT BO3MOKHOCTH MOBBICUTH JJOCTOBEPHOCTh PE3YIbTATOB HCIIBITAHU.

[Ipu nanpHelmeM neOpPMUPOBAHMM COTPOTHUBICHHUE 00pas3la pe3Ko
yBeIIMYUBaeTcs, o0pasel] pacIuIOIIMBAETCs, HHOTJA ¢ 00pa30BaHUEM TPEIIMH BIOJIb
oOpaszyronux. Ilpemen mnpoyHOCTHM JUIsl IUTACTUYHBIX CTajdedl Ha CXKaTUE He
CylIeCTBYeT. MOXXHO ONPEIEIUTh TOJNBKO Hpeden meKyyecmu Ha cicamue 1O

dbopmyre:
(2.1)
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Crnenyer noI4epKHYTh, YTO 3JE€Ch TAKXKE, KaK U IIPHU PACTSKEHUH, B pacyeTax
UCIIOJIb3YETCsl MIEpBOHAYaIbHAs TUIOL[ab MOMEPEYHOro ceueHus oopasia Ao.

[Ipu cxxatum yyrynHoro o6pasua (puc. 2.1, kpuas 2) TMHEHHON 3aBUCUMOCTH
MEXAy Harpy3kamu M JedopmanusiMu He HAONIOJAeTCs MPAKTUYECKH C Hadasa
HarpyxeHus. OgHaKo B YCIOBUSAX TeX HEOOJIbIUX NeopmManuil, Ipu KOTOPBIX YyT'YH
paboTaeT B JeTaisiX MAIIMH W COOpYXeHuH, auarpammy F — Al npunumaroT
NPSIMOJIMHEMHOW U CYUTAIOT, YTO MaTeprall NogYuHseTcs 3akoHy ['yka. IIpu atom Ha
auarpaMMe YeTKO BBIpa)KeHa TOJBKO pa3pyluaromas Harpyska F,. OtHomenue Fy k
MepBOHAYAIBLHON TUIomAAu Ag MONEPEYHOI0 CeueHus o0pa3lia Ha3bIBAIOT npedeiom
NPOYHOCMU (BPEMEHHbIM CONpOmusieHueM) YyryHa Ha cykaTtue

o = (2.2)

Ha pucynke 2.2 npencrasiena ¢opma o0pa3ioB cranu (puc. 2.2 a) U 4yryHa
(puc. 2.2 6) 10 ¥ MOCJe UCTIBITAHUS HA CXKATHE.

CranbHoll oOpaser| (puc. 2.2 a) mpu CXaTUU HE paspyiiaercs (TUIACTUYHBIN
MaTepHuai) ¥ ero MOXHO C)KMMATh 10 00pa30BaHMs TOHKOH IUIaCTHHBI.

UyryHHBIH ~ oOpaser,  yKOpayuBaschb  HE3HAYUTEIIBHO, NPUHUMACT
0oukooOpasnyw ¢dopmy (puc. 2.2 06) u paspymiaeTcs BHE3almHO ¢ oOpa3oBaHUEM
TPEIIMH, HAKJIOHEHHBIX K oOch oOpasma mox yriaom o = 45--50° Oo6pazen
paspymaercs TMoJ JeWCTBHEM MAaKCUMAaIbHBIX KacaTeNIbHBIX HAMPSKEHUN Tmax,
BO3HUKAIONINX Ha TUIOIIAIKaX, HAKIOHEHHBIX K OCH Ha yroia o = 45°. Harpy3zouHnas
CIOCOOHOCTh YYryHa MpU pa3pylIeHUH TNaJaeT MNPaKTUYeCKd MTHOBEHHO, YTO
XapaKTEepHO JJIsl XPYNKUX MaTEPHUAJIOB.

Onucanue ucnvimamenbHOU MAUWIUHBL U 00PA3U086.

Pabota BeITIOTHSAETCS HA YHUBEPCAITBHOW MCIIBITATSILHON MallluHe, ONTMCAHHON
BBIIIIE B TabopaTopHO# padoTe No 1.

JIisi ucmbITaHMsT HA C)KaTUE IUIACTUYHBIX MATEepUANoOB (MaJOYTIEPOIUCTHIE
CTaJId, MEb, ATIOMUHUHN, pHUC. 2.2 a) U XPyNKUX (4yryH, puc. 2.2 6) IPUMEHSIOT
MWIHHAPUYICCKHUE 00pa3iibl quameTpoM o 1 BeicoTol ho = (1,5+2,0) do.

do

ho
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do

ho

Puc. 2.2. OcobenHoctu pa3pyiieHusi 00pasioB U3 pa3InyHbIX MaTEPUAJIOB:
@) cTajib; 0) YyryH

[Ipu meHblel BbicOTe 00Opaslia CUJIbl TPEHUS, BO3HUKAIOIIME Ha TOpLAX,
OKa3bIBAIOT 3HAYMTEIBHOE BIIMSAHHE HA pa3BUTHE AedopMalMii U HAa MPOYHOCTH
maTtepuanoB. OOpa3ipl ¢ OOJbIIEH BBICOTON Takke HE PEKOMEHIYETCS MPUMEHSTh
BCJIEICTBHE BIMSHUS MPOOJILHOTO N3rnba Ha pe3ysIbTaThl UCTIBITAHUM.

Iopaook nposedenusn pabomel.

1. IITanreHuupKyIeM H3MEPSIOT MONEPEUHbIE pa3Mepbl U BBICOTY Ka)JIOTO
oOpasia ¢ TouHOoCThIo 0,1 MM U 3aIMCBHIBAIOT B )KypHaJ HaOJIIOIEHUH.

2. Kaxnpiii obpazen; GUKCUPYIOT MEXAY IUIMTAMHU UCHBITATEIbHON MAlllUHBI.
OnycTuB mepo camomuclia Ha JuarpaMMHbIA Oapa®aH, KOTOPBIA MPOBOPAYHBAIOT
BPYYHYIO M HAHOCST HYJIEBYIO OTMETKY — 0Ch Al. 3aTeM BKIIIOUAIOT MaIIMHY.

3. Ilpu ucnbITaHUU CTATBLHOTO 00pasiia Harpy>KeHHe MPOOJIKAIOT 10 TEX TOpP,
IoKa ero moJiHas aedopManus He cocTtaBuT nmpuMepHo Ah = 1/3 ot mepBoHauaIbHOM
BeicOoThI N. [lo guarpaMme OmpesessioT MOJOKEHUE IUIOMIAKA TeKY4eCTH W, 3Has
MacIITab Harpy3KH, BRIYHCIIAIOT IIPE/Ie] TEKYIeCTH Ha cikatue mo popmysae (2.1).

4. Tlpu ucnbITAHUHM YYTYHHOTO 00pasiia 1epopMUpOBaHUE TIPOIOIIKAIOT IO €TO
pazpymieHusa. [lo moOKa3aHHWIO KOHTPOJIBHOW CTPENKH CHIIOU3MEPUTENS U 10
MOJIYYCHHOU JHarpamMMme OMPEEesSioT pa3pylIalonlyl0 Harpy3ky Fg U BeUuCHSIOT

CXK
npezes MPOYHOCTH Ha cxKaThe G, 1o Gopmyie (2.2).

Cooepicanue omuéma:

1. Ha3Banue mabopatopHoii pabOTHI.

2. Ieas paGoTHI.

3. UcnbiTaTenbHast MalmHa (TUII, MapKa).

4. Dcku3bl 00pasIoB.

5. OCHOBHBIE UCXOHBIE JaHHBIE:

5.1. Pa3mepni 00pasioB: nuametp d; BeicoTa h; mmpurHa a; aauHa b.
5.2. [1noiaau nonepeyHbIX ceueHuit 00pasoB Ag.
6. Konmuu MalmHHBIX T1HarpaMM C:katusi 00pasIloB.
/. Pe3ynbTaThl UCIIBITAHUH.

8. Beruncienus
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9. JlnarpaMMmsbl C:kaTUs

B 6b1600ax neo0X0a1MMO OTMETHUTH:
— KaK MPOUCXOUT pa3pylieHue odpasia;
— OCHOBHBIC MEXaHHUYECKHE XapaKTePUCTUKH 00PA3IOB MPHU CHKATHH.

Bonpocwt 0na camokonmpons.

1. KakoBa 1ienb tabopaTopHoit paboThl?

2. Ha xakoii MalmHe mpoBOJSATCS UCTIBITAaHUS ?

3. OnumuTe KOHCTPYKIIMIO UCTIBITATEIbHOW MaITUHBI.

4. OnuiuTe NopsI0K MPOBeACHUs 1a00paTOPHON PabOTHI.

5. 1711 yero Hy>KHa MalllMHHAs TUarpaMma cxxkatus?

6 B kakux KOOpJIMHATaxX TMOJYyYalOT MAIIMHHYIO JUArpamMmy CxKaTusi IMpu
UCTIBITAHUSX?

7. UeM OTIMYAIOTCS JUArPaMMBbI CKATHUS TJIACTUYHBIX U XPYTIKUX MaTepruagoB?

8. Kakue mMarepuanbl Ha3bIBAIOT AaHU30TPOITHBIMU?

9. IlpuBenure mnpuMep W3 TEXHUKUA C PAIMOHAIBHBIM HCIOJIB30BAHHEM
AHU30TPOITHBIX CBOMCTB MaTepuaa.

10. Kakue marepuanbl Ha3bIBAIOTCSI H30TPOMTHBIMU?

11.IlpuBenure mnpuMep U3 TEXHUKH C PAIMOHAJIBHBIM HCIOJb30BaHUEM
U30TPOIHBIX CBOMCTB MaTepuaa.

12. Kakue siBJ€HUS MOKHO OXHJATh MO CPABHEHUIO C OOBIYHBIM UCIBITAHHEM
CTJIbHOrO oOpaslia Ha cCXaThe, €Clu TOpIEBble MOBEPXHOCTU o0Opasiia cMmaszaTh
MAaIIMHHBIM MaciIioM?

13. Kakue xapakTepHble 0OCOOCHHOCTH Pa3pyIICHUS MPOSBISIOTCS Y 00pa3IoB
U3 CTaJIM ¥ YyryHa IIPHU UCTIHITAHUU Ha CKaThe?

14, Kakue MeXaHWYECKHE XapaKTEPUCTHUKA MATEpPHAIOB IMOJYy4YaloT IMpU
UCIIBITAHUM Ha CYKATUE TUTACTUYHBIX MaTEepPUAIOB?

15. Kakue MexaHWYECKHE XapaKTEPUCTHUKHA MATEPHAIOB IMOJYyYalOT MpU
UCIIBITAHUH HA C)KaTHE XPYIMKUX MaTEPUAIOB?

16. Otnuuatorcss M 3HAYCHUS TPEACIOB TEKYy4eCTH TMPU CKATUH H
pacTsKeHUH 00pas3IoB U3 MaJOYTIEPOAUCTON CTalu?

17. MoxHO 1M  OLEHUTh MEXaHUYECKHE CBOMCTBA  MaTepUaoB
HEIMOCPEACTBEHHO 10 MAIIMHHOW uarpamme?

18. B "em omimune B TMOBENEHWU CTAIBHOTO OOpa3iia MpHW HCIBITAHUW Ha
CKaTUE U Ha PaCTsKEHHE?

19. Ilouemy cTanbHOI 0Opa3el] Npu C:KATHUU HE pa3pyliaeTcs?

20. Ilouemy o00pa3ubl M3 4YyryHa W CTaldd MpPU CKATUU MPUOOPETAIOT
00uko00pasHyro Gopmy?
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3. JIaboparopuasi padora Ne 3 «Onpenenenue kodppuunenta Ilyaccona u
MOJYJIsl YIPYTOCTH AJIsl CTAJIM IPU PACTIKESHHUID)

Ilenv pabompi: >KcniepUMeHTaIbHOE onpeneneHue kodddunuenra Ilyaccona
(n) u Mmoxyns ynpyrocty E npu pacTsoKeHUN.

Teopemuueckas uacmo padomot.

[lo 3akony I'yka aOcomtoTHass m0pojoJibHAsE naepopManus CTEpPXKHS MpH
pacTsbKeHUU — CKaTuu cuiior F B mpenenax ynpyrux aeopmariii ornpeaemnseTcs mo
dbopmyre:

w

EA
rae N — npomonbHast (HopMaibHas) cuia; | — pacuémnas onuna crepxkus; E — mooyne
npodonvHou ynpyeocmu (MoOyab ynpyeocmu npu pacmsgcenuu); A — TUIOMAIb
TIOTIEPEYHOTO CEUCHUS CTEPIKHSL.

OmnpenenuB ONMBITHBIM IMTyTEM BEJIMUMHBI OCEBOW HArpy3Kku F 1 BBI3BaHHYIO €10
nponosibHy0 aedopmaruio Al, u, 3Has pa3sMepbl HCIBITYEMOTO CTEPXKHS, MOMXHO
BBIYUCIIUTH MOJIYJIb IIPOJIOILHON YIPYTOCTH TIO (hopMyIie:

F
E=— 3.2
A (3.2)

_ Al
rne F =N, e = ~ — OTHOCHTEIIbHAS POJIOJIbHAS nedopmarnus.

3.1)

[Ton Bo3melcTBHEM BHENTHEW HArpy3KH M3MEHSIFOTCS Kak MPOJOJIbHBIE, TaK U
MIOTIEPEYHBIC pa3Mephbl CTEPKHsI, COOTHOIIEHHE MEXIy KOTOPBIMH TPU PaCTSDKCHHUU
WIN COKATUU JUTSI KOKIO0TO MaTepraia sBJSETCS BEJIMUYUHON MMOCTOSHHON B Mpeaeiax
yapyrux aehopMaiuu.

Koagpdpuyuenmom Ilyaccona | Ha3bpIBaIOT aOCOIMIOTHYIO Oe3pa3MepHYIO

BEJIMYMHY  OTHOIICHUS  OTHOCUTEIBHOM  TmomepeyHoidt  gedopmamum &' K
OTHOCHUTEJIBHOW MPOI0JIFHOM JedhopMaliiu &:

8!

p=— (3.3)
€
. Ab Al

rae € = ?, €= T ; b u | — HavanpHBIC TIOMIEpEYHBIC U MPOIOJBHBIC pa3Mepbl Opyca
COOTBETCTBEHHO.

Taxum oGpazom, kodpdurment Ilyaccona MOKHO BBIYUCINUTD, €CIIH U3MEPUTH
abcoroTHBIC JIMHEHHBIe nedopMmaruu Opyca B monepednoM Ab u npomonsaOM Al
HaIpaBJICHUSIX MPU 3aJaHHON 0ceBOM Harpy3ke F.

Monyns ynpyroctu E u xodddunment [lyaccona | xapakTepu3yoT yOpyrue
CBOMCTBa Marepuaja ¢ ONPEACISAIOTCS SKCHEPUMEHTaNbHO. Jliid pa3auyHbIX
MarepuanoB kodpduiment Ilyaccona wusMmensiercs ot Hyhas (ayisg mpoOKH) 10
BeJIMYUHBI, 01u3Kkoil k 0,5 (ayst pe3unsl U napaduua). [{ns cranu Moayiab yopyrocTa
E npuruMaer 3Hadenus B npenenax (1,8+2,2)-10° Mlla, koagpduuuent ITyaccona p
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— B npegenax 0,25-+-0,33. Ilpu nmpoBeaeHHM NPAKTUYECKUX PACUETOB ISl CTAJIH
MOHO npuHATH E = 2-:10° MIla, p = 0,3.

Onucanue 1a00pamopHoil yCmMaHOGKU.

Bennuuna aOCoNOTHOrO yJUIMHEHHUS M CyXe€HUs oOpasla ompenesseTcs Mpu
oMoIIH menzomempos I yeenbepeepa (puc. 3.1).

Mexanndeckuii TeHsomerp ['yrenOGeprepa mnpuMmeHserca i H3MEpPEHUs
a0COJIFOTHOTO yIJIMHEHUS U CY>KEHUST 00pa3slia.

Tenzomerp ['yrenbeprepa mnpeacTaBiseT coOOW PBHIYAKHYIO CHUCTEMY,
CMOHTHpPOBAaHHYI0O Ha Kopmyce 1, KOTOpblii omnupaeTcss Ha IOBEPXHOCTh
UCCJIElyeMOro 3JIeMEeHTa JBYMSl MpU3MaMU: HEMOJBMXKHOM 2 W TOJBHXKHOM 3.
Paccrosinue Mexnay HIKHUM peOpoM HEMOJBHXKHONM M TMOABMXHOM MPU3M
Has3bIBacTCsA Oaszoi menzomempa W obo3Havaercs S (S=20 mm). Ilpu u3MeHeHuun
paccTosHMsL S B pe3yibTaTe jaegopManuu oOpasla Ha BeJIUYMHY AS HOJBHXKHAS
npu3Ma HaKJIOHSETCS, MOBOPAUYMBASICH BOKPYI €€ BEPXHEro HEMOABUKHOTO pedpa.
IIpu 3TomM KOHen “c” pbryara 4, XKECTKO COEAUHEHHOrO C MOJBHXKHOW IPU3MOI,
CMeNIaeTcsl B TOPU30HTAJILHOM HAMPABICHUHM W TMOJABOJAKOM 6 CMEIIaeT CTPENKy 7,
mapHupHO 3akperui€éHHyto B Touke D. Konen crtpenku 7 mepememaercss BAOJb
MUJUTUMETPOBOM miKansl 5. IleHa ogHOro JejeHMs IMIKaabl TeH30MeTpa paBHa 1073
MM.

5

e

’ Ll

-

S

Puc. 3.1. Mexanuueckuii TeH30MeTp I 'yrenbeprepa
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Pactsxenue oOpasia npou3BOAUTCS MPU MOMOIIU Ppa3pbIBHOW MamnHbl UM—
4P.

n |T T
~ [ ‘ —1
|
i
T3 I Ty

(i—=N ‘

Puc. 3.2. Cxema yctaHoBKHM 00Opa3lia 1 TEH30METPOB Ha pa3pbIBHON MalIuHE
NM-4P

UToOBI UCKITIOUHUTH BIMSHUE HEPABHOMEPHOI'O PACTSHKEHUsI 00pasiia B ciydae
€ro HETOYHOr0 YCTAaHOBKM B 3aXBaT MAaIIWHBI, Ha 00paslle 3aKperuisiioT 1Mo JBa
TEH30METpa MO0 OAHOMY C KaXKJIOM CTOPOHBI, KaK moka3aHo Ha puc. 3.2. Ilpu stom
teHzomeTpsl T1 u T2 wusMmepsitor nedopmanuu B MNPOAOJILHOM HANpPaBICHUH, a
teH3oMeTpsl T3 u T4 — B monepeyHoM HarpaBiIeHUH.

Ilopaook nposedenusn pabomot.

1. HITaHreHUUpPKYyJIeM H3MEPSIOT MOMEepeuHbie pa3Mepbl obpasina b m a c
ToyHOCThIO 0,1 MM. OmnpenensiioT BEIWYUMHY CTyneHU HarpyxkeHus AF u dwucno
OTIBITOB M ¥ 3aIMCHIBAIOT T JaHHbBIC B )KypHal HaOmoaenuii (cM. [Ipunoxenue).

2. Harpyxator o6pazern; Harpy3kamu AF, paBapivu 5 kH w 20 xH u
3aIMCBHIBAIOT COOTBETCTBYIOIINE IMOKa3aHMA BceX TeHzomeTpoB T1, T2, T3, T4.

3. OnbIT NOBTOPSIIOT TPU pasa.

4. BBIUUCHSIOT CPETHIOI0 PA3HOCTH OTCUETOB 10 (hopMyIIe:

An; + An, + An
An; = 1 2 3

3
5. OmnpenenaioT aOCONIOTHOE yAJNUHEHUE (YKOPOUEHHE) Ha CTYyNEHb
HarpyxeHus 15 xH.
6. Beruucasior cpeaHee 3HaUCHUE TPUPAIICHUH MTOKAa3aHUH JBYX TCH30METPOB
T1, T2 nns u3mepeHus IPOOIbHBIX JeopMaruii 1 1ByX TeH3oMmeTpoB T3, T4 — mis
M3MEpEHUs MOMepeyHbIX AedopMaiinii mo popmyaaM COOTBETCTBEHHO:
Aly + Al,

Algp =

2
~ AI3 +AI4

Al'gy =

2
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7. OnpeaensoT OTHOCUTENbHbIE e opMaliu:
Algp
S

— MIPOJIOIBHYIO & =

Al'gy

— MOTIEPEYHYIO ¢ =
7. Onpenensior:
8'
— ko3 unuent Ilyaccona p = H
€

AP 1
— MOAYJb YIPYTOCTH CTAJIM E = =
&

Cooepirrcanue omuéma

1. Ha3Banue naboparopHoii pabOTHI.

2. llens 1abopaTopHON PabOTHI.

3. UcnbiTaTenbHasi MalivHa (TUI, MapKa).

4. VicxoHbIC TaHHBIC:

4.1. [lonepeuHoe ceuenue odpasua:

mupuHa b, BeicoTa &, TUI0Ia b MOMePEUHOro ceueHus A.
4.2. baza TeH30MeTpoB S.

4.3. Koo durrent ypenndenus tenzometpa K.
4.4. TabnuyHble 3HAYCHUS:

- MOJYJIb TIPOJIOJIBHON YIPYTOCTH CTau E;

- ko3¢ dunuent [lyaccona cramm p.

5. Beruucnenus

B éb1600ax He00X0IUMO OTMETUTE:
— COOTBETCTBHE OKCINEPUMEHTAIBHBIX 3HAUYEHUW MOMAYJS YNPYrOCTH U
koa(ddurnenta [lyaccona TabIUIHBIM 3HAYCHUSAM JIJIS1 CTAJIH.

Bonpocel ona camokonmpona.

Kaxoga 1ienp mabopatopHoit paboTsi?

Ha kakoii mamnnae npoBoaaTcst ucnbiTaHus. ONUIINTE €€ KOHCTPYKIHUIO.
OnummuTe MOPSA0K BRITIOTHEHUS 1a00paTOPHOM pabOTHI.

Kax dhopmynupyeTcst n 3anmucbiBaeTcs 3aK0H ['yka mpu pacTsokeHun?

UTo Ha3bIBAIOT MOAYJIEM MPOAOIBHON YIPYTrOCTH MaTtepuana?

KaxoB ¢u3nueckuii CMbICT MOAYJIS TIPOJOJIBHON yIIPYTOCTH MaTepHaa.
Kak 3amuceiBaetcs Qopmyna aOCONMIOTHOTO yAJIMHEHHS Opyca Tmpu
pacTsKEHUN ?

UTo Takoe KEeCTKOCTb CeUeHHUs Opyca MpHU pacTsIKEHUN?

UTO NpoUCXOAUT C MONEPEUHBIMHU pa3MepaMu Opyca MpU €ro pacTsIKEHUU B
MPOIOJILHOM HaIpPaBJICHUH ?

10.YTo0 Takoe OTHOCHTEIBbHAS IIPOI0IbHAsS Teopmalruu opyca?

NogakowdE

© ©
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11.Yto0 Takoe oTHOCUTENbHAS TToniepeuHas Aedopmanuu Opyca?

12. Kak onpenensitorcst 3Ty Aedhopmanuu?

13.Yto Ttakoe ko3 duruent Ilyaccona?

14.KaxoBbI NIpeAeIibl €ro U3BMEHEHHUS ?

15.Kak ycTtpoen mexanudeckuii Tenzometp ['yrendeprepa?

16.Yt0 um uzmMepsroT?

17.4Yt1o Takoe k03(pPULMEHT yBeIUUEHUS TEH30MeTpa?

18. Yrto Ha3wiBatoT 0a30i1 TeH30METpa?

19.Yt1o Takoe cTyneHb HarpyXeHus ?

20. Kak onpenensiercss HauboJIblas Harpy3Kka, IpukiIagbiBacMas K 00pasiry?
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4 JlaGopatopHas padora Ne 4 «McnbiTaHne HA Kpy4eHHe 00pa3unoB W3
CTAJIM U YYyT'yHa»

Ilenv pabomwi: onpenenecHue MEXaHUYECKUX XAPAKTEPUCTUK IUIACTUYHBIX U
XPYIKUX MaTEPUAJIOB IIPU KPYUECHUH.

Teopemuueckasa wacmov padomeol.

B nnxeHepHOi npakTHKe OOJIBIIMHCTBO BaJIOB MAIIMH, BUTHIEC MPY>KUHBI U T.I1.
paborator Ha KpyuyeHue. Ilpu KpydeHHMHM CTEp>KHS KpYIJIOTO M KOJBLEBOIO
NOMEpPEYHbIX CEYEHUH BO3HMUKAET jAepopManus uucToro casura. llpu stom
MAaKCUMAaJIbHBIE KacaTEJIbHbIE HAINPSKEHUS Tmax BOZHUKAIOT B MOBEPXHOCTHOM CJIOE€
CTEp>KHSI B MOINEPEYHBIX W MPOJOJIbHBIX HANpPABICHUAX, a TJIABHbIE HOPMAaJIbHbIE

HaAIIPSDKCHUS O = T, s O3 =T JICKAT B IINIOCKOCTH, KacaTeJbHOU K IMOBCPXHOCTH

max
CTep>KHS, W HampaBlieHbl MojJ yrioM o =45° k ero ooOpasyromeid. B mpouecce
3aKpYYMBaHUS CTAaHJAPTHBIX OOpa3llOB B HCHBITATEIHHOW MAIIMHE MOJYyYaloT

JYarpamMMbl B KOOpAUHATAX KPYTIIIMI MOMEHT My — yroia 3aKpy4yuBaHus .

Mx A

@, pax

Q) 0)

Puc. 4.1. lnarpamMmsbl Kpy4deHus: 00pa3IoB:
a) MaJIOYTJIEPOAKCTAs CTallb; 0) UyT'yH

[Tpu ucnbITanuu cranbHOTO 00pasna (puc. 4.1 a) Mpu yBETUYCHUH KPYTSIIIETO
MOMEHTa OT HyJi [0 HEKOTOPOM BEIUMYMHBI My, CcOXpaHseTcs mpsiMas
MPOMOPUMOHANIbHAS  3aBUCUMOCTh MEXKJY BEJIMYMHOW yIJia 3aKpydyHMBaHUS U
KpYTSALUM MOMEHTOM M. Takum 00pa3oM, B 3TOM HHTEpBaje CIPaBEIJIUB 3aKOH
I'yka npu casure T=Gy, ciaemoBaTenbHO YIIoBYIO JaehOpMaIiio 0Opasina MOXKHO
onpenenuTs 1no hopmyie:
oMo

GJ,

p

(4.1)
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Oty dopmyiy ynoOHO mepenucaTb B BUJE, YA00HOM JUIsl SKCIIEPUMEHTAIBHOI'O
ONpEENECHUS MOOYIA CO8UA’

co=Mb (4.2)

®J,
TeOpeTI/I‘IeCKOC 3HAYCHUC MOI[yJ'ISI CJIBHI'A BBIYUCIIAIOT, I/ICHOJ’IBByH
CIIpaBOYHBIC TaHHBIE, MO0 U3BECTHOU (popMmyiie:
GT — E (43)
2(1+p)
rae £ u |\ — TabnuyHble 3HaY€HUsI MOYJIS MPOJIOJIbHON YIIPYTrOCTH U K03 duumeHTa
ITyaccona myist maTepuana oOpasiia.
IIpeoden nponopyuonanbHocmu npu Kpy4eHuu.

My
THH = VVpLl (4 4)

X

A€ o = y — I’lOJl}lprllj MOMeEHM conpomuesjleHusl nonepednoco ceuernusl CTCPIKHA

X
¢ pacuetHbiM guamerpoM Oo. Ilpu 3TOM KacaTenbHBIC HAMPSDKEHUS B CEYCHUU
pacnpenensorcs Mo JUHeHHOMY 3akoHy (puc. 4.2 a). JlanpHelee HarpyxeHue
oOpaslia MPUBOAUT K HAPYUICHUIO MPSMON MPOMOPIHOHATBHOCTH M JAMarpamma
NEPEXOJIUT B MOJOTYI0 KPUBYIO.

[Mpu naneHeiimem Harpyxenun (puc. 4.2 6) B Matepuaie oOpasia
pa3BuBaroTCA Iactuyeckue nedopmanuu. CHavana OHU  HaOdIOAAlOTCS B
MOBEPXHOCTHOM CJIO€ TPH HAMpPsHDKEHHSX, PaBHBIX MpeAelny TeKydecTH 7r. llpu
nanbHeueM aeOopMUPOBAaHUM 3Ta 30HA JOCTUTAET BHYTPEHHHUX CJIOEB, 00pasys
KOJIBLIEBYIO 30HY IUIACTUYECKOTO AehopMHUpOBaHusa. B 1ieHTpanbHON YacTu ceueHus
HaMpsHKEHUS OYIyT HUXKE Tr, T. €. TAM OCTAaeTCs YIpyras 30Ha.

B kauecTtBe npedena mekyuecmu v, yCIOBHO NMPUHUMAIOT HAIMPSDKEHUS, MPU
KOTOPBIX B 00paslie MOSBISIIOTCS OCTaTOYHbIe yriioBble nedopmanmu ¢ =0,003 pa:

7 =—1" (4.5)

[Ipu mocnenyroieM Harpy>KeHHH TJIACTUYECKas 30HA 3alOJHUT BCE CEUYCHHE
(puc. 4.2 B), Hecymias ciocOOHOCTh MaTepuana OyAeT ucuepraHa U HanpsHKEHUS BO
BCEX TOYKAX CEYCHHs OYyT paBHBI PEIeTy TEKYUYECTH Tr.

Ton Tr (4}
1 2 P T <<
1 2
1 \
/
~ /
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Puc. 4.2. Dnropsl KacaTenbHBIX HANIPSDKEHUH Tpu KpydeHuu (1 — ympyrast
30Ha; 2 — IJIaCTHYECKas 30Ha): a) yrnpyras cTajaus; 0) cTaaus MIaCTHYECKOTO
n1eOpMUPOBAHUS; B) CTATUS pa3pyIlICHUS

B MomeHT pazpymieHuss oOpa3ua BCIEICTBHE YIPOUYHEHHs] MaTepualia
yCJIOBHAs BeJIMYMHA Ipejiesia IPOYHOCTH Tg MOXKET OBITh OIpezeseHa no Gopmyne:

M
o = Mo 4.6
"W, (40)

3
TT o
TAac Wrm :E — naacmuvecKuu MOMeEHNT COnpomueBJleHuUsd nonepevtHoco ceveHus npu

KpyueHuu.

Pa3zpymienue cranpHOro oOpaslia Mpu KPy4YeHHUH MPOMCXOAMT IO TUIOCKOCTH,
NEPNEeHIUKYIIPHOM K ocu o0pasla, BCIEACTBUE cIBUra (cpe3a) Mmoja JAeicTBUEM
KacaTeJbHBbIX HANPSHKEHUHN Tmax. [10700HBIM 00pa3oM pa3pyliaioTcs Mpu KpydyeHUU
BCE€ IUIaCTUYHBIE MaTepuansl (puc. 4.4 a).

UyryHHblil o0Opazell ¢ yBEJIMYEHHUEM KPYTSALIEr0O MOMEHTa HE COBCEM CTPOTO
noxuuHsieTcs 3akoHy ['yka, T. e. quarpamMmma My — @ BIUIOTB 10 pa3pylIeHUs] HEMHOTO
KpuBosnHeiHa (cM. puc. 4.1 6). PaspymieHne oOpasiia MpOMCXOTUT BCIICICTBHE
OTpbIBA 110 HAKJIOHHBIM BUHTOBBIM CEUEHMSIM, PACIIOIIOKEHHBIM HOJ YIIIoM o = 45° k
€ro 0Opa3yroIuM, oJ IEHCTBUEM IIaBHBIX PACTATMBAIOIIMX HAMPSIKEHUH G1 = Tmax.
3epHUCTBII XapakTep HU3JIoMa SIBJISIETCS CIEACTBHEM pa3pylIEHHUs MaTepuana MmyTéM
orpsiBa yactul (puc. 4.4 6). IIpu 3TOM yCIOBHBIN Ipenea MPOYHOCTH Marepuasa
paBeH:

T =1 =— 4.7

Omin Omax Omin
Puc. 4.3. Hanpsk€HHOE COCTOSTHHE 00Pa3I[0B P KPYUCHUHU
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po CTAIb -

a)
Puc. 4.4. Xapaxrep pa3pylieHus: a) CTallbHOM 00paselr; 0) UyryHHbIN 00paserl
Onucanue ucnvimamenbHol MAWIUHBL U 00PA3Y08B.

Pab6ota Beimomnusiercs Ha Marmae KM-50 (puc. 4.5). ManimHa umeeT cTaHuHY,
Ha KOTOPOl CMOHTUPOBAHbI MEXaHU3MbI HATPY>KEHUS U CUTOUSMEPEHUSL.

Puc. 4.5. Kuuemartuueckas cxema UcrblTare/ibHOoN Mamuuasl KM-50

Mexanusm nazpyscenus.

Harpyxxenune o0pa3na, ycTaHOBIEHHOTO B HuHeM 14 u B BepxHeM 10
3axBaTax MalllUHbI, OCYIIECTBIISIETCS CIeAYyOMMUM oOpa3oM. KpyTsiuii MOMEHT Ha
BAJLy JIEKTPOABHUIraTesis 1 uepe3 KIMHOPEMEHHYIO Mepenady IPUBOJIUT BO BPALICHUE
YEpBSYHYIO Mapy, KOTopas uepe3 3yOuatblie 3aneruieHuss 21, 22 u 23 Bpamaer
XOJIOBOM BHUHT 24 ¢ HIKHUM 3axBatoM 14. [[ns pydyHOro HarpykeHusi oOpasua
MalllMHa CHa0KeHa Tak)Ke PYYHBIM MPUBOJOM, COCTOSIIUM U3 PYKOSTKH 18 U 1enHoi
nepenaun 15, HWKHeEe 3y04yaToe KOJECO KOTOPOrO BpamfaeT dYepe3 3y0uaTyro
nepenady 23 xomoBoil BUHT 24. HarpykeHue MOXHO MNPOU3BOAWTH MPHU JBYX

26



ckopocTsix: 1 o6/mun u 0,3 006/MuH (mepememas CTepXeHb 25 CO CKOJNb3sIEH
IIMOHKOW 26 110 3aneruieHus ee ¢ 3youarsiMu kosnecamu 21 wim 22). [lpu pyuyHom
MPUBOJIE IIMOHKA 26 BOOOIE BHIBOAUTCS CTEPKHEM 25 U3 3allCTJICHUs C 3y04aThIMU
nepenayamu 21 u 22. Ilpu 3akpemyieHH B 3aXxBaTaxX MallIMHBI 00Pa3lOB Pa3IMUYHOM
JUTMHBl HWKHUHM 3axBaT |4 mepemermaroT Mo BBICOTE, Bpailas MaxoBHK 16. Yron
3akpyuuBaHus B npenenax 3600 OTCUMTHIBAIOT MO IIKaie 17 CcO CTPEIOYHBIM
ykazatenem 20. J[ig orcuera 1enoro ynciia 000poTOB MallliHA CHA0KEHA CUETYUKOM
19 ¢ npenenom uszmepenust 10 oboporos. [Tokazanus yria 3akpydyuBaHMs MO HIKaJe
17 cOOTBETCTBYIOT OTHOCUTEIBHOMY YIUIy 3aKpy4MBaHMs HUKHEro 14 u BepxHero 10
3aXBaTOB MAaIlIMHBI, YTO 0OECTIEUNBAETCS KOPPEKTOPOM 12.

Mexanusm cunousmepenusi.

[Ipu kpydyenuu oOpasna BepxHui 3axBaT 10 HamaThiBaeT Ha CBOM Bayi 9
TOHKYIO THOKYIO TATY 7, KOTOpas OTKJIOHSET MasTHUK 13 70 Tex mop, moka He OyaeT
YPaBHOBEILIEH KPYTSAUIMHA MOMEHT, BO3HHUKaromMil B oOpasme. llpu oTkioHeHuun
MasTHHKA 13 pbryar 6 mepemMeraet 3youatryro peky S5, MPUBOASIIYIO BO BpPAIlICHHUE
3ybuaTtoe KOJIeCO, HAaCaXEHHOE Ha OCh CTPENKH KpPYroBOoW MIKalbl 4 MOMEHTOB.
OnHOBpEMEHHO MEPO, 3aKPEIUICHHOE Ha peWKe S5, 3almuChlBa€T Ha JUarpaMMHOM
anmapare 3 3aBUCUMOCTh My — ¢. MacmTab 3anmucu yria 3aKpy4uBaHUS @ MOXKHO
MeHsATh B mpenenax: 1 mm = 0,5° umu 1 mm = 0,1°. bapaban 3 npuBoaurtcs BO
BpAIlEHUE OT XOJO0BOro BUHTA 24 rMOKON CBs3bi0 2 [l MpenoTBpALEHUs] PE3KOro
najeHnus MasTHUKAS BHU3 MOCJE pa3pyllieHHus oOpasla K pblyary 6 NpuCOeAMHEH
IITOK MacJIHOro ammoprtusaropa 8. s peryinmpoBaHUs CKOPOCTH OIyCKaHHS
MasiTHUKA MPESyCMOTPEH BEHTWIb 1 1.

Ob6paszuwt 0ns ucnvimanus Ha Kpyuenue (puc. 4.6).

JlnuHa pabodell IMIMHAPUYECKONW YacTH CTaHAAPTHOrO oOpasia OOBIYHO
coctaBisieT lo = 10do. [ 3akperuieHHss B 3axBaTax MallldHBI 00pas3ibl UMEIOT
TOJIOBKU C Jivickamu (rpaHsimMu). C 1eNbl0 YMEHBIIEHUSI KOHIIEHTPAIIMN HAMPSHKEHUN
nepexo/ OT MIJIMHIPUIECKOM yacTu o0pasiia K TOJIOBKaM BBITIOJIHEH 110 KOHYCY.

|
— _ T
1 j li=10d0 Q

Puc. 4.6. O6pa3zer ais UCTIBITAaHUS HA KPYUEHUE

Hopsaook npoeedenusn padomeul.

1. Usmepsitor pacdetHyro jumHY |, aumamerper oOpa3noB 0 W BBIYHCISIOT
MOJIAPHbIE MOMEHTHI conpoTuBieHus: ceueHuil Wp. Pe3ynpTaThl 3aHOCAT B KypHal
HaOmonenuit (cm. [lpunoxenue).

2. 3akperisiioT 00pasell B 3aXBaTax UCMbITATEIbHOW MAlIMHBI, BKIIOYAIOT €€ U
TOBOAAT oOpaszel] 10 paspyuieHus. [Ipu 3tom QukcupyrorT BenuuuHy momeHta M.,
COOTBETCTBYIOILIETO IUIOLIAJKE TEeKy4decTh (sl CTalbHOrO oO0pasia), BEIHUYHHY
MakCUMaJIbHOTO MoMmeHTa M, mnpu paspyimieHun 00pa3loB U  BEIUYUHY
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MaKCUMAJIbHOTO yrja 3aKpy4yuBaHWUs (. Pe3ynbTaThl 3aHOCAT B JKypHal
HaOIIOACHUI.

3. OLIeHUBAIOT XapakTep pa3pyLieHus: 00pasIoB.

4. Boruucasot o Gpopmynam (4.5; 4.6) npeaenbl TEKy4ECTH 7, U POYHOCTH Ty
(s cranpHOrO 0Opasia) u mo Gopmyie (4.7) npeaen NPOYHOCTH Ty IS UYTYHHOTO
oOpa3zua. OnpenensoT OTHOCUTENbHBIN Yroil 3akpyuuBaHus 0,, pe3ynbTaTbhl 3aHOCAT
B )KypHaJ HaOJItOIEHUH.

5. M3o6paxkaroT 1uarpaMMbl Kpy4eHHs CTaIbHOTO M YyTYHHOTO 00pa3iioB.

Cooeprrcanue omuéma.

1. HazBanue mabopaTopHO pabOTHI.

2. llens mabopaTopHON PabOTHI.

3. UcnpiTaTenbHas MalmHa (TUII, MapKa).

4. Dcku3 obpasna (10 1 mociie UCTIHITAaHHMS).

5. McxonHble JaHHBIC:

5.1. PacuerHas qinuHa lo.

5.2. Pacuetnbrit tuametp do

5.3. [lonsspHBINf MOMEHT UHEPLIUU CEYEHHUS Jp .
5.4 TlonsapHbINA U TIACTUYECKUN MOMEHTBI COMPOTUBJICHUS] CEUECHUS
Wy ; Wi

6. Beruncnenus

/. InarpaMMBbl Kpy4eHHUS.

B éb1600ax He00X0IUMO OTMETUTD:
— KaK MPOMCXOIUT pa3pylieHue o0pasIos;
— OCHOBHBIE€ XapaKTEPUCTUKHU MMPOYHOCTHU U MIIACTUYHOCTU MaTEPHUAJIOB.

Bonpocwt ona camokonmpons.
1. Kakoga 1ienb 1abopaTopHOi paboThI?
2. W3 xakuX OCHOBHBIX y3JI0B COCTOMT HCTbITaTeNnbHas Mamnaa KM-507?
3. PacckaxuTe  HazHAYeHHWE U YCTPOMCTBO  OCHOBHBIX  Y3JIOB
UCTIBITaTEILHON MAIlIMHBI.
OnummuTe MOPSA0K BRITIOTHEHUS 1a00paTOPHOM pabOTHI.
Kakoe HampspkeHHOE COCTOSTHME BO3HHMKAET B KaXKI0M Touke oOpasia
py KpydeHuu?
6. Kaxk popmynupyercs 3axon ['yka mpu kpydenun?
Kax BbUHCTAIOTCS HAPSOKEHUS PU KPYICHUH.
8. Kak pacmpenensrorcsi HampsOKeHHUS B TIOTIEPEYHOM CeUeHWW oOpasia
pH ynpyrom aepopMupoBaHuun?
9. Kak pacnpenensrorcst HAMPSOKCHUS B TIOTIEPEYHOM CEUEHUU o0pasiia mpu
MIaCTHYECKOM JehopMupoBaHmm?
10. Yro Ha3bIBAIOT KECTKOCTHIO TMOMEPEUYHOTO CEUYCHHS CTECPXKHS TIPH
Kpy4eHHU?
11. Yro HaA3BIBAIOT MOJISPHBIM MOMEHTOM COTIPOTHBIICHUS ?
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12.
13.
14.
15.
16.
17.
18.
19.

20.

Kakwue cBoiicTBa MaTepuaia XxapakTepu3yeT MOAYJNb CABUTA?

Kaxkast 3aBUCUMOCTB CYIIECTBYET MKy BeananHamu E, G u p ?

Bo ckombko pa3 HM3MEHUTCS BEIWYMHA yria 3aKpPyYWBAHHS, ECIH
IuaMeTp 00paslia yMEHbIIUTCS BIBOE?

KakoBbl oT/IIMUNTETBLHBIE OCOOCHHOCTH JHArpaMM KPy4YeHHUs CTEp)KHEH
U3 IJTACTUYHBIX U XPYIKUX MaTepUAIOB?

[Touemy guarpamMma KpydeHHsS CTaJbHOTO o00Opa3la HE HMEeT
HUCXOJAIIETO y4acTka?

Kakune xapakTepuCTUKHA MPOYHOCTH MOXHO ITOJTYYUTh IMPU UCTBITAHHH
00pas3IoB U3 IIACTHYHBIX MaTepHUATOB?

Kakune XapakTepuCTUKH MPOYHOCTH MOXHO IOJTYYUTH TMPHU UCTIBLITAHUH
00pas3IoB U3 XPYNMKUX MaTepUAIOB?

Kakne xapakTepHCTHKH IUIACTUYHOCTH MOXHO  IOJIYYUTh  TIPHU
UCIIBITAHUH 00PAa3I0B M3 TUIACTHYHBIX MaTepUajIOB?

Kakne xapakTepHCTHKH IUIACTUYHOCTH MOXHO  IOJIY4YUTh  IIPHU
UCIIBITAHUH 00PA3I0B M3 XPYIKHX MaTepHaOB?
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I'JIOCCAPU

OCHOBHBIE OBO3HAUYEHUA
YciaoBHbBIE Tepmun Exnannesi
0003HAYCHHUA U3MepeHus
B CH
Aa AOGCOTIOTHOE TTONIEPEYHOE CyKeHHe Opyca M
Al AOCOII0THOE yITMHEHHE Opyca M
Jmax, Imin ['maBHBIE MOMEHTBI HHEPITUH TIJIOCKOTO CEUCHHUS m?
Jedbopmanuu B HampaBiIE€HUM TJIABHBIX HAIPSHKEHUM
€1, €2, €3 —
01, 02, O3
D, d JnameTp M
[F] Jlomyckaemasi cuiia H
[f] Jlomyckaemasi cTpesa nporuoa M
[1] Jlonmyckaemoe kacaTeabHOE HANPSKEHUE k]
[G] JlonmyckaeMoe HOpMaJIbHOE HaINpPsSHKEHUE Ila
My, M, Nzrubarorue MOMEHTBI  OTHOCHUTEIBHO  TJIABHBIX Hom
’ IIEHTPAJTbHBIX OCEH MHEPIIMHU CEUCHUS Y U Z
M, W3rubarormii MOMeEHT H-™m
. H
q NHTEHCUBHOCTD paclpeeeHHOM N0 IJIMHE HAarpy3Ku —
M
T KacarenbpHoe HamnpsbkeHue Ila
u Koadpumment Ilyaccona —
Fep Kpurnueckas cuna H
My KpyTsammit MoMeHT H-m
i MuHUMaNIBHBIA ~ pagdyC  HHEPUHM  MOINEPEUYHOTO "
CeYeHus
E Moy NpoaoJIbHON yIPYTrOCTH Ila
G Monynb ciBura I1a
o HopmainibHOE HamnpsikeHnue ITa
Jy, Jy OceBble MOMEHTBI HHEPIIMH TJIOCKOTO CEYEHUS m?
Wy, W, OceBble MOMEHTBI COMPOTUBIICHUS] OTHOCUTEIBHO OCE o
yHuz
€' OTtHocuTenpHas nonepeyunas nedopmarus 6pyca —
€ OTtHocuTenpHas PoIoTbHAs AedopMaims Opyca —
A [Tnomaaes nomepeyHoro ceueHus Opyca M2
Jp [TonsipHBI MOMEHT HHEPLHUH TJIOCKOT'O CEYEHHUS m?
W, [TonsipHBIM MOMEHT CONPOTUBIICHUS M
Qy, Q«x ITonepeunas cuia H
Gy G G, G [Ipenen mnpoNOpPLUMOHANBHOCTH, MpPEAENT YINPYrocTH, Ia
npejes TeKy4eCTH, MpeJiesl IPOUYHOCTU
N [IpononbHas cuiia H
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Pazmycm HHEPpINH MOonepeIHOro CCUCHUA

Ly ly . M
OTHOCHUTETIBHO OCe Z | Y.
lpacu PacueTtHas (npuBeneHHas) JyiHa Opyca M
F CocpenoToueHHas cuia H
Sy, Sk CraTtnyeckrue MOMEHTHI IUIOIAIA (PUTYpBI M
f Crpena nporuba M
paj
Q) VYrioBasi CKOpOCTh S
0] Yrou 3aKkpy4uBaHus pan
|y I{eHTpOoOEKHBII MOMEHT WHEPIIMH TIIOCKOT'0 CEYCHHS M
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HEKOTOPGLIE ITOHATHUA 1 TEPMUHBI [10 MEXAHUKE
MATEPHNAJIOB U KOHCTPYKIIMU

1. bpyc — teno, oAHO M3 M3MEpEHUH KOTOpOro (IJIMHA) MHOrO OOJIblIe
ABYX Opyrux. bpyc MokeT UMeTh cedeHrne MOCTOSTHHOE MU MEPEMEHHOE BJIOJIb OCH.
bpyc, wumeromuii TpAMOJMHENHYIO OCb, Ha3bIBaeTCs cmepowcHem. CTEpPKEHbD,
paboraromuii riaaBHBIM 00pa3oM Ha HM3rud, Ha3bIBaeTCS OAIKOU, HA KpydeHHE —
8ANOM.

2. BueniHue cuibl — CUIibl, IEUCTBYIOIIUE HA CUCTEMY CO CTOPOHBI, APYTHUX
TeJ, HE BXOJIAIINX B pACCMaTPUBAEMYIO CUCTEMY.

3. BuyTpeHHue cuiibl — CHIIBI, ICHCTBYIONIUE HA TOUYKU WM TEJIa CUCTEMBI
CO CTOPOHBI T€JI, BXOASIIUX B JAHHYIO CUCTEMY.

4, BriHOCTMBOCTE Marepuana (J1eTajqi) — CIOCOOHOCTh COMPOTHBISATHCS
JEWCTBUIO MHOTOKPATHBIX MIEPEMEHHBIX HATPY30K.

5. ['eomeTprdeckne XapaKTepUCTHKU IIOCKHMX CEUEHHM — TUIONIA/b,
CTATUYECKHE MOMEHTHI TUIOCKUX CEUCHUH, MOMEHTHI HHEPIIUH.

6. ['mnoTe3a TUIOCKUX CENIEHWM — TUIOCKHE CEYCHHS, HOPMaJIbHBIE K OCH

CTEepXHS J0 JaedopMammu, OCTAlOTCS W Tocie JegopMariu  TUIOCKUMU U
HOPMAaJIbHBIMH K €T0 OCH.

7. Hedbopmanust — u3mMeHeHue (GOpMBI U pa3MepoB TBEPAOro Tejla MO
JEHCTBUEM BHEUTHUX CHJL.

8. XKectkocTh — CMOCOOHOCTH KOHCTPYKLIMA W €€ DJJIEMEHTOB He
UCIIBITBIBATh 3HAUUTEIBHBIX JAedOpMaliii Mpy JEeHCTBUU BHEIIHUX HArPy30K.

Q. N3rub — Bua nedopmaiiuy npyu KOTOPOM B TIOTIEPEUHBIX CEUCHUAX OaTKH
BO3HUKAIOT HW3rU0aloNMeé MOMEHTHI M YacTO, OJHOBPEMEHHO C TIOCIEIHUMH,
MOTIEPEYHBIC CHJIBI.

10. Kpyuenune — Bua medopmaliuu, Korja B IMONEPEYHBIX CEUYCHHUSAX Opyca
BO3HUKAIOT KPYTSIINE MOMEHTHI.

11. Hampsibxkenue — Mepa  BHYTPEHHHMX  CHJI, BO3HHMKAIOUIUX B
nehopMHpPYyEeMOM TeJie TI0]T BIUSHUEM BHEIIHUX BO3ICHCTBUIA.

12. TlmactmHKa — TEJNO, Y KOTOPOTO OJIHO M3 M3MEPCHHH (TOJIIHMHA) MHOTO
MEHBIIIE IBYX NPYyrux. VICKpUBIEHHAs IUIACTMHKA B OJHOM WJIM JIBYX HAIPaBICHUSX
Ha3bIBAETCS 00O0JIIOYKOM.

13. IlpoyHocTh — CHOCOOHOCTH KOHCTPYKIIMH W €€  DJEMCHTOB
BOCIIPHHUMATh BHENTHUE HATPY3KH 0€3 pa3pyIIeHHs.

14. Pacrskenue (cxatue) — BuA AedOpManvu, KOTJA MPU HArPYKCHUH B
MONEPEYHBIX CEUEHUSIX Opyca BO3ZHUKAIOT TOJBKO MPOJ0JIbHASL PACTATUBAIOLIAS WU
CKUMaoIIas cuia.

15. CnBur — yrioBas nedopmariusi, KOTopas YUCICHHO paBHA W3MEHECHHIO
BEITMYMHBI IEPBOHAYAIILHO TIPSIMOTO YTJIa B pajuaHax u 0003HadaeTcs .

16. CnoxxHOE COMPOTUBIICHUE — B MOMEPEUYHBIX CEUCHUAX Opyca BO3HHKAET
HECKOJIbKO BHYTPEHHUX CUJIOBBIX (DAaKTOPOB.

17. ConporuBieHrue MaTepuaJoB — 3TO HAyKa O pacdeTe 3JIEMEHTOB
KOHCTPYKIHI Ha MPOYHOCTh, KECTKOCTh U YCTONYHUBOCTb.
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18. VYcTOWYMBOCTH — CIOCOOHOCTBIO TEJl COXPaHATh NEPBOHAYAIBHYIO
(opMy paBHOBECHSI.

19. DOmopa — cxemarnyeckuil rpauK, TMOKa3bIBAIOUIMN KakK IpuU
Harpy>K€HUM KOHCTPYKUHMU BHEUIHUMHU CHJIAMH, PACIPEHEISIIOTCS BEIHYMHBIL:
ycuiiie, HampsbkeHue, neopmanusi.
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IHPUJIOKEHUE

JlabopaTopHuasi padora Ne |
NCHBITAHUE HA PA3PBIB CTAJIBHOI'O OBPA3ILIA

eab pabdoThl: MolydeHUE AUATPAMMBI PACTSIKEHUS, ONPEeICHHe OCHOBHBIX
MEXaHWUYECKUX XapaKTEePUCTUK, U3yUCHHUE XapaKTepa pa3pylieHus odpasiia.

HcnbiTaTeibHAS MAIIMHA.

dopma u pa3mepsl o0pa3na dopma mecTa pa3pbiBa

< dwuamerp B MM dg < wuaMeTp obpasia B

5 3 5 E MECTE pa3pbiBa B MM, O
=3 CEHHOH_IaI[I) & EHnomaz[L TIOTIEPEYHOTO

; 2 [MOTIEPEHHOrO ; SlceueHust obOpaslia B

& Slceuenns B Mm” Fy & =lmecre paspbiBa, My Fu
5 Pacuernas wmna 5 §PacquHaﬂ JUTHHA B MM
S l, ~ =1,

KypHaua HaO0aeHU I
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Harpyska B H

XapaKTepuCTUKa IMPOYHOCTH,

MITa(H/MMm2)

HaNpsHKCHHE B MOMEHT
pa3phiBa Gy

CooTBeTcTBYIOLIAs = AGCOIOTHOE
peaciy S  [YAJIMHEHHUE B MM
PONOPLUOHAIBLHOCTH = Al
=
F i S
<
=
CooTBeTcTBYIOLIAs =  |OTHOCHUTEIBHOE
npeneny Tekydectu F i E VIJTHHCHUC
% -
5 B % -¢
=
o
HaunGomnpmas 3a Bpems 5 OTHOCUTETBEHOE
ucrbITaHus oOpasia F g S |cyxenue B Yo —
<
S 4
B MOMEHT pa3penieHus B mnpenenax
Fp < [IPOIOPLINO-
< § HanruncTu B Il
S S [lonnas B [x-A4
[penen S z A
S
S
MPOMOPIIUOHATIEHOCTH A~ < VaenbHas B
[Ipenen Teky4ecTH ox = JI}K/CMS-a
[Ipenen mpoOYHOCTH O Jlommyckaemoe
HaTpsHKEHUE npu
kod(puireHTe 3amaca
JleficTBUTEIBHOE OTHoleHue npezena

TEKY4IECTH K IpeeITy
[IPOYHOCTH G1/Gs

JAuarpamma pactsKeHust

«

»

20

Broruuncienus

BeiBOA

PyxkoBoaurenb
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JlabopaTopHasi pa6ora Ne 2
NCHBITAHUE HA C/KATHUE OBPA311OB U3 CTAJIU N YYT'YHA
Henb paGoThl: H3ydeHHE XapakTepa pa3pylleHuss 00pas3loB, MOCTPOCHHE
IyarpaMM  CKaTwsl, OMPENENICHUs] OCHOBHBIX MEXaHUYECKUX XapaKTEPUCTUK
MaTepHualoB.

\ |

®opma u pa3Mepbl 06pa3u0i3

J1lo ucneiTaHus Ilocie ucrnisiTanue

Kypunan nadurogenui

Martepuan| Pasmepsl oOpasma 1o Harpy3ka B H XapakTepUCTUKHU
oOpasiia VICTIBITAHUS COOTBETCTBYIOLIAS npouyHocty B MIIa

JUAMETP[BBICOTA| IUIOWIAAL | Ipeaedy | MNpefeny | Npeaen | npenesn
dmMm | h MM | momepeuH. [TeKy4ecTH| MPOYHOCTH [TEKYyYECTHIPOYHOCTH
ceuenus F,| Pr (ms Py (nas o, (ma | o, (nas

MM2 CTalu) | yYyryHa) cTajy) | YyryHa)

Cranb

I[narpaMMa CikaTus
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Boruunciaenust

BriBoa

« » 20 T
PyxkoBoaureb
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YIIPYT'OCTHU OJI5A CTAJIMA ITPHU PACTA) KEHUU

JlabopaTopHas padora Ne 3
OINPEAEJIEHUE KOOPPUIHUEHTA IYACCOHA U MOAYJIA

Y MOZYJIL YIIPYTOCTH IIPU PACTSKEHUH.
HcnpiTaTesbHasi MAalIMHA

LLLr

Cxema pbIY4akHOT0 TEH30MeTpPa
TEH30MEeTPOB M pa3Mephbl 00pa3ua

~
\,\
/

s

N

\\\\\e\\\

Kypuaa nadawoaeHuni

Pactsokenne oOpaslia NpOU3BOJIMUTCA HA MCHBITATEIBHOM MalInHe

CxeMa ycTaHOBKH

=

.
-

Heab padoThl: SKCIIEpUMEHTANBHOE ompeeneHne kodpduuuenta [lyaccona

[TpononwsHbie nedopmaluu

[lonepeunsie nedopmaruu

Ne | Harpys
Ka F, T1 T2 T3 T4
kH Orcue | Pasnoc | Orcue | Pasnoc | Orcue | Pasnoc | Orcue | Pa3znoc
T Th T Th T Th T Th
n OTCUYETO n OTCUYETO n OTCUYETO n OTCYETO
B B B B
An An An An
1 5
20
2 5
20
3 5
20
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O0pabdoTka pe3yabTATOB IKCIIEPUMEHTA

Pacuetnas dopmyna

Mexauunueckue
TEH30METPHI

Tl T2 T3

T4

Cpennsis pa3HOCTb
OTCYETOB (1e71.)

o Anl +An2 +An3

3

AOCOI0THOE yITTUHEHUE

3

i =An; -10
(ykopoueHue) Ha
CTYIIEHb HarpyxeHus 15
kH
Cpennee abCOIIOTHOE Aly + Al

YAJIIMHCHHUC

YKOPOYEHHUE, MM

OTHOCHUTEILHAS
MIPOI0JIbHAS
(momepeyHas)
nedopmanus

Koadpumment Ilyaccona

Moayne ynpyrocry,
MIla

Buruuciaenus

BeiBOA
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20

PyxkoBoaureanb
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JlabopaTopHas padora Ne 4
NCIIBITAHUE HA KPYUYEHUE OBPA311OB U3 CTAJIM U YYT'YHA

Ieap padoThl: onpeaeneHne MEXaHUUECKUX XapaKTEPUCTUK IUTACTUYHBIX U
XPYIKUX MaTEPHUAIOB IIPU KPYUYECHHH.

CxemMa MalIMHBI HA KPY4YeHHe

@opMbl, pa3Mepbl H TeOMeTPHIECKHE XaPAKTEPHCTHKH CeYeHnii 00pa3noB

Marepuan Juametp d MM Pacuers. [TomapH. MoMm. MowmeHT
oOpasia miHa |, MM uHepuuu Jp, conpot. Wp,
vm? MvS
Craiip
Yyryn
Kypnaa nadaroaeHuii
arpy>XeHus u M;, Hm M, Hm ®;, rpan Xapaxkrep
nedopmanuu pa3pylieHus
oOpa3iia
Marepuan
obOpasima
Crainpb
Yyryn

JlnarpaMmmbl Kpy4eHUs CTAJIBHOr0 o0pa3ua B nmpejaesaax
NPONOPUNOHAIBHOCTH
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MacimTa6:
VYron 3akpyd. 1 mm

«

rpaa. MOMCHTOB MM

Boruuciaenus

BruiBoabI

»

20

Hwm

PyxkoBoauresnb
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