Техническая механика
Группа 29-ТЭ
Задание на 30 апреля 2020 г.



Раздел № 4 «Сопротивление материалов»

Повторение изученного материала. 

1. Условие прочности тела?
2. Определение нормального напряжения.
3. Для чего испытывают материал на растяжение и сжатие?
4. Определение предельных, допустимых и расчетных напряжений.


Новый материал. 
Тема 4.3. «Срез и смятие»

1. Срез, основные расчетные предпосылки. Расчетные формулы, условия прочности.
2. Смятие, условности расчета, расчетные формулы, условия прочности.
3. Допустимое напряжение.
4. Условия прочности


Учебник «Техническая механика» Вереина Л.И. стр. 68 – 70
Учебник «Техническая механика» А.А. Эрдеди, Ю.А. Медведев, стр. 190 - 192, пр-ф. 19.9

Проработать конспекты занятий и рекомендуемой литературы.
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HU3KOYIJIEPOAUCTON cTany npuHUMaroT B mpenenax 100...120 Mlla,
Ul KJiemaHblX coeauHeHu —240...320. MIla,. nns apeBeCHHBI
(cocna, my6)—2,4...11 MIla B 3aBHCHUMOCTH OT COpTa JAPEBECUHBI
U HaNpaBJIEHHUS! CXKUMAIOIIEN CUJIbI MO0 OTHOIIEHWIO K HANPABJICHUIO
BOJIOKOH.

IIpuvep 1 Tsara [, coenuHeHHass C BWIKOW 2 TOCpeACTBOM 0onTa,
MOCTAaBJIEHHOT 0. Oe3 3a30pa, HarpyXeHa, kak mokasaHo Ha puc. 19.13,6. Onpenenuth
HANpPSDKEHUST CMSATHS B TOJIOBKE Tsru, ecnm cwia F=32 xH, mumamerp Oonta
d=20 MM, a TOJIMHA TOJIOBKH TATU 0=24 MM.

Pewenue. BbIYACISIEM YCIOBHYIO ILIOLAAb CMSITHUS:

A=d8=2024=480 mm>. -
Onpe):[enﬂeM HamnpsOKEHUsA CMSATHS B TOJIOBKE TATH:
6., =F|A,=32-10%/(480-10%)=67-10° [la=67 MITa.
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5. OmpepensieM QUaMETPbl KPYrjloro 6pyca M3 MOJy4YEHHOrO ypPaBHEHHS: Se=
=4,55 mM2. 3Has, uto S = 172, onpenensieM r; = 1,2 My; d; = 2,4 mM. Ha yuacrke,
rre wiowmans S, = 2S, nuaMeTp d, 6yneT paBeH 3,35 MM.

2.5. Cpe3 u cmsaTHE

Hanpsixkenus u gedpopmawyu npu casure (cpese). B moapasz. 2.1 yxe
YIIOMUHAJIOCh, YTO B IOINEPEYHOM CEYEHHH MOTYT BO3HHMKAaTb Kak
HOpMaJbHbIE O, TaK M KacaTelbHble Hanps keHus T. Ecn K KOpOTKOMY
6pycy, XECTKO 3aJeNaHHOMY OXHHUM KOHIOM B cTeHy (puc. 2.7, a),
NepIeHaUKYJIIPHO K OcH Opyca NPUIIOXHUTD CHILY F, TO B HOMEpeYHbIX
CeYeHUsIX BO3HMKHET BHYTPEHHss morepeyHas cuia () B IUIOCKOCTH
CceueHws, a ClIeJOBaTeNbHO, 1 KacaTelbHOe HanpsokeHne T=0/S.

o

Puc. 2.7

[MapanenbHble ceuyeHHs Opyca CABMIalOTCS OTHOCUTEIbHO APYT
npyra (puc. 2.7, 6) Tak, 4TO BEpXHsAsA IPaHb 0Opa3yeT yroi Y ¢ TOPU3OH-
Tanplo. YCTaHOBJIEHO, YTO KacaTeJIbHOE HAaIpsHKEHHeE T MPSMO Mponop-
LIMOHAJILHO y2110801 deopmayuu Y:

&= Gy

DTa 3aBUCUMOCTb BbIpaXkaeT 3akoH I yka ona cosuza. SIBieHue cpesa
MOHO HabJI0aTh, €CIU CTAJIbLHYIO NOJIOCY MJIM OyMary rnepepesarthb
HOXHHMILAMM, a TAKXe B ClIy4ae, €CJIM K KJIETAaHOMY COEIUHEHUIO MpH-
JI0oXKeHa cuiia, OOnbluasi, YeM Ta, Ha KOTOPYIO JaHHOE COeQUHEHHE
6b110 paccunTano. Ha puc. 2.8 mokasaHo, YTO CHJIbI F' IPUIIOKEHBI
B MJIOCKOCTH CEYEHMi; OHH BBI3bIBAIOT AePOpPMAlMIO CABUIra, U MO-
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JKET TIPOM3OMTH Cpe3 3aKJIeNKH. BOT moyeMy CIABUT YacTO Ha3bIBAIOT
Cpe3oM.
Mojynb yOpyrocTd NMpH CABHUIE 3aBUCHT OT MOJYNS yNPYTrOCTH
[ poma E:
E

T2(l+p)

Ecnu u3BecTHbl E U [, TO MOAYJb YIPYTOCTH IIPH CABUI€ MOXHO
onpenenuts. Hanpumep, s cramu 30 E = 2-10°5 H/mm2, p = 0,3, cre-
JIOBaTeJIbHO,

0y
T9.J503)

ITogyepKHeM, YTO COBHUT — 3TO HaNpshKeHHOe cocrosiHue. Ecmm Bo3-
HUKIIME NP CABUTE AehopMalMy HaXOIATCS B Mpefenax ynpyrocru,
TO TIOCJIE CHATUS Harpy3Ku pasMepbl ¥ GopMa JeTald BOCCTAHABIIH-
patoTca. Ecnm ke medhopMauyy NPEBLICUIIM MpEAeN ynpyrocTH, TO
HabmonaroTca nuactudeckue gedhopmanuu. Ilociae CHATHSA Harpy3Ku
ocTaercs HamedeHHoe MecTo cpesa. Ilo mocTKeHUH MpeneNbHbIX Ha-
NpsDKEHUH MPOU30MIET Cpe3.

=0,77-10° (H/MM2).

Ipumep 2.3
TIpoBepUTH NPOYHOCTE 3aKiIenok (cM. puc. 2.8), eciu [tlep = 100 H/Mm2

Pewenue.

1. OnpenensieM GakTHYECKOE KAacaTebHOE HANPSDKEHHE, BO3HUKAIOIIEE B MOTIe-
PEYHBIX CEYEHHAX 3aKJIENOK MOJ JeHCTBUEM 3anaHHbIX CHil. ITockosbky 4uciIo
3aKJIENOK i = 2 U OHM CPE3aI0TCsl MO OJIHOM MIIOCKOCTH (YMCIIO CPe3oB k = 1), TO

T % = J_ = _ﬂq__ 796 (H/MM2).
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2. OCyIIEeCTBIISIEM TIPOBEPKY MPOYHOCTH 3aKIIENOK: (paKTHYECKOE KacaTebHOE
HAMpPSDHKEHUE B TIOTIEPEYHOM CEYCHHH 3aKJIENKU JOJDKHO ObITh MEHBIIE WM PABHO
JIONyCKaeMOMY KacaTeJbHOMY HampsbkeHHIo Ha cpes. elicTButenbho, 79,6 < 100.

CrneioBaTenbHO, 3akienku nox aeiicteueM F = 50 kH He cpexyTcs.

Cmsarue. le/l CXXaTHU JABYX T€JI BOBHHUKAET ONMMAaCHOCTbL CMATUS 3TUX
niockocrteii. HanpsizkeHusi, BOBHUKAIOIHE HA KOHTAKTHPYIOIUX [10-
BEPXHOCTSIX, HA3BIBAIOTCS HANPSKEHUsIMU cmATHs. CMATHE UMEET MECTO
B 3aKJIEIIOYHBLIX U OOJITOBBIX COEIUHEHUSX. Hanpsm(emde CMsATHA OIlpe-
JENSIOT 110 (hopMmyIie

GCM=F/SCM3

rae F — cuna, ¢ KOTOPOW CAaBIMBAIOTCA KOHTAKTUPYIOLIHE MMOBEPX-
HOCTH, Scy — IJIOLIAAb CMATHS. EcaM NOBEpPXHOCTL CMATHUSA SBJISETCH
KPHBOJIMHEITHOI, TO MJIOAAb CMATHA TAKOH NOBEPXHOCTH BbIMHCJIAETCSI
KaK IJIOIAdb MPOEeKLUH 3TON MOBEPXHOCTH HA ILIOCKOCTh, MepreHau-
KYJISIPHYIO K JIMHUU JeliCTBHS] CMHHAIOIIEH CHJIbL.

IIpumep 2.4

[IpoBEPUTH MPOYHOCTH 3AKJIEMOYHOTO COSAMHEHHS (CM. pHC. 2.8), ecnu [T]ep =
= 100 H/mm2; [6]en = 240 H/mMm2; [o]p = 140 H/Mm2.

Pemenue.

1. [TpoBepsieM MPOYHOCTb 3aKJIEMIKH Ha cpe3 (METOAWKA pacyeTa MpUBECHA B
npuMepe 2.3).

2. IIpoBepka Ha CMSATHE CTEHOK OTBEPCTHil B COEIMHAEMBIX JINCTAX:

F 50000

R AR D B8 PR
i T A i

Opakr. cm =

CrieoBaTeNbHO, CMSTHSI CTEHOK OTBEPCTHII HE MPOU30MIET.

IMonyueHHoe 3HaYeHHE HAKTHUYECKOTO CMSATHSI MEHBILIE JIOMYCKAEMOT0, TaK Kak
10 yCA0BUIO [O]ew = 240 H/MM2.

3. I[TpoBepky MPOYHOCTH JINCTOB Ha PACTSKEHUE BHINOIHAEM MO HOpMyIie

Gt = F/Sis [c]p.

Jlns onpeiesieHus: ONMACHOTO CEYEHHsI B CIIOXKHBIX CIIydasiX OOBbIYHO CTPOATCS JIIIO-
pbl @, a 3aTeM @ B nanHOM ciydae 3amaya Oosee nmpocTas. SIcHO, 4TO ONMacHLIM
ceueHueM siBnsieTcsa ceyeHue A—A. Ilnowans B 3TOM IONMEPEYHOM CeueHHH § =
=10-(120 - 2-20) = 800 MM2, a paKTHYECKOE HATIPSIIKEHHE

50000
KT = e A 63,3 2),
Ot 200 (H/mm?2)

4YTO MEeHbIIE Jonmyckaemoro: 63,3 < 140.
Omeem: MOXHO CUUTATh, YTO IPOYHOCTb COEAUHSAEMBIX JIUCTOB JOCTATOYHA.
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CTEpXKHEH PaBHBI COOTBETCTBEHHO
Ay=2 emi,, A;=4 cm?. Monyms
YHOPYrOoCTH MaTepuaja CTEpIKHeit
E=2-10° MIla. Onpeneants ycu-
JMsl B CTEPXKHSX, a TaKXe BO3-
HUKAIOIME B HUX HATPSDKCHHUS.
Pewenue. Tlpumensist x Oake
HOPUHIHUI  OCBOOOXKIAEMOCTH OT
CBsI3EH, TIOJIyYMM TpU HEU3BECT-
HBIX; peaknuo R, 1apHupa
A u peaknuu R: U Ry CTep)KHEW.
Jns [aHHOM CUCTEMBI MBI
MOXEM COCTABUTb TOJBKO JIBa
YPaBHEHUS] PABHOBECHS: yPABHEHUE
Puc. 19.11 MPOEKIIMUA CUJT HA BEPTUKAJBbHYIO
OChb M YPABHEHHE MOMEHTOB OTHO-
CHUTEJILHO KaKoH-In60 TOUKHM; CIIeIOBATEIbHO, CHCTEMA CTATUYECKH HEONPEACIHMA.
Hns  pemienuss 3aJayd  HEOOXOJMMO COCTABHTh TPEThE, JONOJHUTEILHOE
ypaBHeHHE JedopManuif 37IEMEHTOB CHCTEMBI. [[JIsi 3TOrO TPEACTABUM CHCTEMY
B 1eGOPMHUPOBAHHOM BHIC M HCIOCPEACTBEHHO M3 4YepTeka (TeOMETPHYECKH)
YCTaHOBUM 3aBUCHMOCTb MEXIy Ae(GOpMalUsMU Ppa3IMYHBIX CTEPIKHEH CHCTEMBI.
W3 momobust tpeyrompuukoB ACC' u ABB' mnoiyuaem

Al [(4a)=AL,/(10a),

OTCrO1a
Al =(2/5) AL,

ITockonpky peaknusi R, Hac HE WMHTEPECYET, TO COCTABHM TOJILKO OJHO
YPAaBHEHHE DAaBHOBECUS, & WMEHHO YPAaBHCHHE MOMEHTOB OTHOCHTEJIbHO TOYKH A:

XM.=0; +R.4a—G-5a—F-Ta+ Ry 10a=0.
Vrpomas mocienHee ypaBHEHWE, MOJIYYHM
4R+ 10R;=5G+7F.
[To 3akony I'yka
Al =R;l/(EAy), AL=Rgl[(EA,).
PaznenuM BTOpOe DPaBEHCTBO HA TIEPBOE:
Al |Aly=RyplEA, [(EA,RC]).
Tax xak Al =(2/5) AL, a
A, [A;=2/4, TO 5/2=Ry2/(Rc-4),

oTkyna Rz=5R.
Haxomum Rz u Re:

ARc+50R.=5G+7F, 54Ro=>-40+7-20=340.

Otcrona R-=340/54=6,3«kH u Rz=5R.=5-6,3=31,5 xH.
BeruucnsieM HampspKeHUst G; U G, B CTCPXKHSX:

6, =Rc/A;=63103/(2:10"%)=31,5-10° Tla=31,5 MITa;
6,=Ry/A,=31,5-10%/(4-10"*)="78.8-10° [a="78.,8 MITa.

§ 19.9. CmsaTtume

Ecim getanu xoHCTpykuuu, nepeiarouiie 3HAaUUTEIbHYIO CKIMA-
FOIYFO HArpy3Ky, MMEIOT HeOOJIbIIYI0 IUIONAAb KOHTAKTa, TO
MOXET NPOU3ONTH CMSITHE TMOBEpXHOCTEH maeranedd. [ns mpemo-
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TBpAIlleHWs] CMSTHS, HAaNpuUMep, HOJX TaKu '
A TOJIOBKM OOJITOB MOMKJIAABIBAIOT IIANHOBI
(puc. 19.12).
Jlnsg mpocTOTHI PacyeToB MOJAraroT, YTO
Op¥ KOHTAKTE€ IO IUIOCKOCTH BO3HHUKAIOT

HOpMaJII)HBIe Haﬂpﬂ)I(CHHﬂ CMsATHUs, pdsHomep- 2
HO pacnpede/leHHble IO IUIOIIaaAu KOHTAKTa.
PaC“IeTHOC ypaBHeHI/Ie‘ Ha CMITHE HUMECT BHUL o
. cM
GcM=F/AcM$[¢cm]’ Puc. 19.12

roe F—cxumaronias CHia; [GCM]—IIOHYCKaeMOC HanpsHKEHUEe Ha
cMste;, A.,—IUIomaab KOHTAKTa.

Eciu compukacarouecs IeTajdd CHAEJIaHbl U3 Pa3HbIX MaTepHa-
JIOB, TO Ha CMSTHE TPOBEPSIOT OoJiee MAKuil MaTepUall

IIpu KOHTaKTe OBYX NETaJIeld MO LMJIMHIPHUYECKOW MOBEPXHOCTH
(HampuMep, 3aKJIETIOYHOE COEIMHEHHE) 3aKOH PaClpenesieHus Hampsi-
KEHAHM CMSTHsS 10 IOBEPXHOCTH KOHTakKTa CioxeH (puc. 19.13,a),
HO3TOMY IIPH pacyeTe Ha CMSATHE IUIMHIPUYECKMX OTBEPCTHIM
B pacyeTHyr0 (OpMyNly MOACTABISIOT HE IUIOMAAb OOKOBOiA
MOBEPXHOCTH TOJIYLMJIMHAPA, MO KOTOPOM IPOMUCXOTUT KOHTAKT,
a 3HAYMTEIHLHO MEHBIIYIO IUIOMAAb JAUAMETPAIbHOTO CEYECHUs
orBepcTrs (yCJIOBHAS IUIOMIAAb CMSTHs); TOIAa

A,,=ds,

rae d— aMaMeTp OTBEPCTHS; O— TOJIIMHA COEAUHIEMOM HETasd
(BBICOTA IMJIMHIIPA).

[Ipyu pa3iu4YHONW TOJIIIMHE COEAMHSEMBIX JETAJIE B PACUCTHYIO
(GopMyJly TOJCTABISIIOT MEHBILIYIO TOJIIKHY.

B MaluMHOCTPOEHWH [ONYCKaeMble HANPSDKEHUS Ha CMSATHE
Uil GONITOBBIX, INTH(PTOBBIX ¥ IINOHOYHBIX COCJWHEHHMA U3

| ot
// \ . - . .\C.MHIHUﬂ

/

AedemBumensras
nolBepxHocme cMamus,

Hanps -
KEHUS
cMAmus
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