Техническая механика
Группа 29-ТЭ
Задание на 7 мая 2020 г.



Раздел № 4 «Сопротивление материалов»

Повторение изученного материала. 

1. Понятие упругой линии балки.
2. Балки равного сопротивления изгибу.
3. Понятие косого изгиба.



Новый материал. 
Тема 4.6. «Прочность при динамических нагрузках»

1. Понятие усталости материалов и динамических нагрузках в деталях и узлах машин.
2. Силы инерции при расчете на прочность. Изменение предела выносливости.
3. Динамическое напряжение.
4. Задача динамики в сопротивлении материалов.
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Fnasa 25
MPOYHOCTb MPU AUHAMUYECKUX HATPY3KAX

§ 25.1. MouaTue 06 ycranoctn marepuanos

B npeapLayIX [JIaBaX PAacCMATPHBAJIUCh PACYCTHI HA TPOY-
HOCTb IIpH CTATHYECKOM HATPYXKEHWHM 3IIEMEHTOB KOHCTDYKIH.
OjHAKO MHOTHE MAETai¥ MAliWH paboTaroT B TaKMX YCJIOBHSX,
KOT/JIa BO3HUMKAIONIAE B HUX HANPSUKCHHS TIEPUOIMYECCKH HU3MEHSIOT
CBOIO BEJIMYMHY WM BeluduHy W 3Hak. CONMpOTHBIICHHE KOHCTPYK-
1Ml JeCTBMIO TAKUX HATPY30K CYyIIECTBEHHO OTJIHMYAETCS OT HX
CONPOTHBIIEHAs JEHCTBUIO CTATHYECKON HArpy3KH.

K zieTaJisiM, UCTIBITHIBAIOIIMM IIEPEMEHHbIE HATPY3KH, OTHOCSATCS,
HATIpUMep, BPANIAIONIMECS OCH, BAJbl, IUTOKH MOPIIHEBLIX MALIHH
u 7. 0. LITOK mapoBO#l MalIMHBI HCIBITHIBAET NEPEMEHHbIE HATPY3-
KH, TIPUYEM 3HAK HATPSOKEHHil B IITOKE M3MEHSCTCS B 3aBHCHMOCTH
OT HANpPABJCHHS JBIDKEHAS NOPIIHS (DACTSIKEHHE — CKATHE); TPH
BpAIICHHH BATOHHOI OCH OJHH M T€ K& BOJIOKHA OKa3bIBAIOTCH
TO B pPAaCTSIHYTOH, TO B CKATOM 30HE.

OnbiThl M aHAJIW3 TOJOMOK PpA3JIMYHBIX JIeTajned MalnH
MOKA3BIBAIOT, YTO MATEPHAIIbI (B TOM HHCJIE METAILIbI), JUIHTEILHOE
BpeMsi TOJIBEPraBIINecs JACHCTBHIO NEPEMEHHBIX HATPY30K, MOIYT
paspywamscs NPpU  HATPSDKEHUSX  00.ee HU3KUX, HEM TpPEes
NPOYHOCTH M J@xe NpeseN TeKyuecTd. Paspymienne npu dToM
MPOMCXO/T BCJIEJACTBHE YCTAJOCTH MaTepuaa.

M310KeHHe MaTepuana 9TO# TJIaBbl BEJAETCS B COOTBETCTBAN
¢ TOCT 23207—78 «ConpoTusienue ycranocTi. OCHOBHbIE TEPMHU-
HbI, ONpE/eNieHnss U 06O3HAYEHUs.

VCTalOCThIO HA3BIEACMCA NPOYECe NOCMENeHHO20 HAKONACHUS
nospeaicoeHui Mamepuaia noo Oelicmeues NepeMeHHbLX HanpANCeHui,
npusoOAWull K U3MEHeHulo  Ceolicms,  00pa3osanuio  mpewjun,  ux
paseumuio u paspyuieHulo.

TIpHYMHBI YCTAJIOCTHOTO Pa3pylIeHUs IOKa elle HeJOCTATOUHO
n3yuensl. [10-BUAMMOMY, MOSBIIEHHE MUKPOTPEIIMH SIBJISETCS TJIaB-
HBIM OGpa3oM Pe3yJibTATOM HEOTHOPOJHOCTH CTPOCHHS MaTepua-
OB W HAJMMHAS CJIEIOB MEXaHMYECKOH OOPAGOTKH M TIOBPEXKNCHHI
MOBEPXHOCTH [eTaiy (BOJIOCOBHHBI, PAKOBHHbI, ra3oBble U IIJIaKO-
Bble BKJIIOUEHHs, LADAIWHBI, CJIefbl pesla WM TUTH(OBANLHOIO
KAMHS | T. 1), 4 TAKOKE Pe3yJIbTaTOM KOHUEHTPAIMH HANPSIKCHHI,
0 ueM OymeT WATH pedb B CIEAyIOIEM naparpage.
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Cnoco6HOCTh MaTepuasios npo- ©
THBOCTOSITH YCTAJIOCTH HA3bIBAETCS \
COMpPOTHBIEHHEM yCTalo-
ctu. W3yueHue B CONPOTUBIICHHH
MaTeprasioB BOMPOCOB YCTAOCTH Ti 3
HMeeT OYeHb OOJIBIIOE 3HAYEHHE,
MOCKOJIbKY ~TaKHe OTBETCTBEHHBIE
ieTand, Kak KOJIeHYaThie BaJibl,
rpeOHble  BHHTBI, TOPINHEBBIE MANbIbl, KIANAHHBIC TNPYXHHDL,
IMATYHBl MOTOPOB, OCH -XKEJIe3HOJOPOXHbIX BArOHOB M MHOTHE
JIPYTHE, BBIXOAST M3 CTPOs TJABHBIM 0o6pa3oM BCIEACTBUE pa3-
pyIleHHil YCTaJOCTHOTO XapakTepa.

BBeeM OCHOBHBIE OTpEJIEJICHNs, HEOOXOMMMBIE B [aJIbHEMIIEM.

Bpemsi O/IHOKDATHOH CMEHbI HATIPSKEHHH HA3bIBACTCS MEPH -
onoM. LlukaoM HanpsiKeHUH HaA3bI6aeMCA COBOKYNHOCIb 6CeX
snauenuii wanpaxcenuii © (A T) 3a 8pems  00HO20 nepuooa
T (puc. 25.1).

LMK TepeMeHHbIX Hampspkenwuil (puc. 25.2,a) XapakTepu3yercs
CHIEYIOUMHA  TTAPAMETPAMHU:

1) MakCUMaJIbHBIM HANPSDKEHHEM Oy

2) MHHIMQJIBHBIM HANPSOKEHUEM G ;)
s+ i,
DU g T

Pue."25:1

3) cpeHUM HANPSKEHUEM OC, =

4) aMIUIATYION 1IMKJIA O,

5) Koo QUIMEHTOM ACHMMETPHUM IHKIa R, =
Cmax

3aMeTHM, UTO IWMKJIBI, MMEIOLE OJWHAKOBBIA KOI(DuImenHT
ACHMMETpPHH, HA3bIBAIOTCS MO0 0 HBIMH.

W3 upuBeneHHBIX HopMyIT
u puc. 25.2,a ciemyer, 4To 6
Omax=Om+t Oas Omin=Cm ™ Ca-

B ciyuae paBeHCTBA O, 9

5
M G, 110 aBCOMOTHON BeJH- 75 { \
9YHHE, T.€. €CIH Op,= S ‘|/\1§3

H Opyn=—0C, HMEEM CHM- o i3 7
MEeTPHYHBIH ILMKJI Hamps- 6 o

xkenui  (puc. 25.2,6). Tlpu 9
3TO;\-{I 6,=0, 0,=0, R,=—1.

WMKJT HANpSOKEHUH, H300- 0
paxkeHHBIH Ha puc. 25.2, a, gB- Nel” 3
JISIeTCSl IPUMEPOM aCHUMME - 6 §
TPUYHOTO LUKJIA.

Ha puc. 25.2,6 mnokasan 9
OTHYNEBOH WUKI M3MeHE- 4 3
HHsl HANPsDKEHHId, 1S KOTO-
poro R,=0. Puc. 252
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B ciyuae TNEPEMEHHBIX
KacaTe/bHBIX HANPSDKEHHUI
BCe TpUBEICHHBIC B ITOM
naparpade  ONpe/eJICHAL
M COOTHOILEHUS OCTAroTCs
B crie, HEOOXOAMMO JIMIIb
B obo3HAUCHUAX M HOPMY-
Jax 3aMeHHTh O Ha T.

N MakcnvanbHoe 1o ad-
P57 COJIFOTHOMY 3HAYEHHIO Ha-

npsKEHUE LMKJIA, 1pH KO-
TOpOM MaTepuaj MOXeT COTPOTHBIISTECS  PA3pYIIeHNI0 HEor
paHWueHHO  JIOJITO, HasbiBaeTcs MNpeAeoM  BBHIHOCIH-
BOCTH.

Tpesen BHIHOCIHBOCTH UIA IepeMeHHbIX HOPMATbHBIX HATpPsKe:
HU# TIPH CUMMETPUHHOM ITHKJIE 0603HAYAIOT G _q, NPU OTHYJIECBOM
KJIe — G, TpH LHKJIE C K09hQUIMEHTOM ACHMMETPUN R,—og.

Jlns  onpejenienns npeaena BBIHOCJIBOCTH  TIPOM3BOJAT HA
CreMAaNbHBIX MAllMHAX ~ UCIBITAHUSL 06pa3ioB Ha yCTANOCTD.
HanGosiee pacmpoCTpaHeHbl HCHbITAHUA Ha yCTanocTh Tpu u3rnbde
W CHMMETPHYHOM IHKJIE nanpsokennit. [1peBapuTeIbHO yCcTaHaB-
MBaeMas HAMOONBIIAS MPOJOJUKUTENBHOCTD WCTIBITAHUHA Ha3bIBA-
ercs 62300 MCTBITaHUMA, OOBMHO 32/1aBAEMO}i 4HCIIOM IUKJIOB.

Uueso NMUMKIJIOB HATIPSDKEHUA 10 Hadaa YCTaIOCTHOTO pa3pyle-
Hs HA3bIBAETCS IUKJIMIEeCKOM JONTOBEUYHOCTHI0, 0003HA-
qaemoit N.

Jlns uCHbITARUS HA YCTANoCTh H3rOTOBJISIIOT CEPUIO COBEPILCHHO
OJMHAKOBBIX TINATEJILHO OTIOIMPOBAHHDIX 06pa3ioB (Kak NPaBHIIO,
ne menee 10), MMeronyx B paboueit yacTi CTPOro LMJIMH/IPAYECKYTO
(opMmy; MaMeETp obpasios  5...10 MM. VicnpITanusi  TIPOBOMSAT
B TAKOH MOCJEN0BATEIHLHOCTH. TMepBbiii 0Opasell HArpyxaroT 10
3HAUUTENHHOTO HATIPSUKEHUS Gy, qroOBl OH pa3pylmiics Ipa
CpaBHHUTENIBHO HeboNbIOM  wHcie 1HKI0B Ny Bropoit obpaser
HCIbITHIBAIOT TPH MEHBIIEM HATPSKCHHM O3 paspyllienne pom3oii-
JeT npu OobIIeM UECIE LMKIOB N,. 3aTeM WCIBITHIBAOT
criefyiomue 00pasipl € MOCTENEHHO YMEHBLIATOTIMCSl  HATIPSIkC-
HEEM; OHHM pa3pyluaroTcs mpu Gonbimem uncie wwkios. ITo
IOJTYYEHHBIM JIAHHBIM CTPOSIT KpHBYIO yCcTanocTH—KpUBYIO
Bénepa (puc. 25.3), HA3BAHHYIO MO MMEHH HEMELKOTrOo WHKEHepa
A. Bénepa (]819*1914)7ocnonononom-mxa CHCTEMATHYECKHX HC-
ClleJOBAHMIl YCTAJIOCTH METAILIOB. Ha KpuBOil yCTajioCTH MMeeTCH
yaactox BC, crpemsimmics K FOPH3OHTAJILHOM ACHMITOTE. Oto
O3HAYAeT, YTO IPH ONpeJeICHHOM HanpsokeHuM Gp oOpasell, He
paspymasich, MOKET BbIICpXKATH BecKOHEYHO 0O0JIbINOe  {HUCIIO
MKyioB. OpJMHATA OSTOW ACHMITOTBI M faeT 3HAYEHME TpeJiea
BBIHOCJIHBOCTH.

OnpIT TOKa3bIBAET, 4TO cranpHO#  0oOpasell, BBIIEpXKABIIAI
No=107 1muKiIOB, MOXET BLIJIEPXKATh M HEOTPAHUYCHHOE 9HCII0
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LMKJIOB. DKCNEPUMEHTAJIBHO YCTAHOBJICHO, YTO NPH Jr0boM  acum-
METPUUHOM [HKJIE (HAIIPHMEp, OTHYJEBOM) NPEJIE BhIHOCIMBOCTH
Ul TOTO K€ MaTepuaja BBINIE, YeM MNPH CHMMETPUIHOM ILWKJIC.
DTO O3HAYAET, UTO CUMMEMPUUHbL YuKA Hauboaee ONACHbIL.

Jlnsi UBETHBIX METAJUIOB TIPENIE] BBIHOCIHBOCTH OMpPE/CISIOT
KaK TpaBWiIO, Npu 0ase MCbITAHMA No=107 wm 103? i

IIpe/iest BHHOCIMBOCTH B 3HAYMTENLHOH MEpE 3aBUCHT OT BUIA
nedbopManyu. VICHbITaHUs HA YCTAJIOCTh MPH PACTSHKCHUA — CKATHH
W KDY4eHHH NPOBOMAT pEXe, MOCKOJIbKY OHI TpebyroT Gosee
CJIOKHOTO 06OPYIOBAHUS, YeM B ciydae u3ruba. [103ToMy npesessl
BLIHOCJIMBOCTH TIPH PACTSDKEHHH G _;, ¥ KPYYCHHH T_,; ONPEACISIOT
W3 OMIUPHYECKUX (GOPMYJT MO M3BECTHOMY TIPEJIENy BHIHOCIMBOCTH
G_, TpPH CHMMETPHYHOM LHKJE n3ruba:

o_1,7(0,7...09)0_y; T, ~0580 ;.

B macrosimee BpeMsi /Ul MHOTHX MAaTEPHaJOB HpPE/Iesibl BBIHOC-
JIMBOCTH OTpE/ENeHbl W TNPUBOAATCS B CIPABOYHUKAX.

B cityqae OTCYTCTBHSI OTIBITHBIX JaHHBIX NPE/IEIbl BHIHOCIMBOCTH
[T CHMMETPHYHOTO IWKJIA WM3rHGa MOTYT OBITh BBIMACIEHBI
¢ TNOMOIIBIO XAPAKTEPUCTHK CTATHIECKOH MPOYHOCTH (HANPUMED,

BPEMEHHOTO CONPOTUBJICHUS O'B) N0 CJEYHOIUM Hpﬂﬁﬂﬂ)KCHHblM
SMIIUPUIECKUM COOTHOILICHHUSIM:

JUIsl YTJIEPOAMCTON CTan
c_,~0430,
JUIsl JIETHPOBAHHOM CTaN
6_,;~0,350,+120 MIla;
JUIsL CEporo UyryHa
0_,70450,,

[lpu pacuerax aeTajied, He NMPETHA3HAYEHHBIX JUIA JUIMTEBHON
SKCILTYaTAIlH, BMECTO NpE/esa BBIHOCIHBOCTH YMMTBIBACTCA Mpe-
e OTPAHMHYEHHOH BBIHOCHIMBOCTH Ogy— MAKCHMAILHOE
10 a6COIOTHOMY 3HAYCHUIO HATIPTKCHHC IHKIIA, COOTBETCTBYIOILEE
3a7aBAEMOM  LMKJIMYECKOi oroBeynocTd N (puc. 25.3).

§ 25.2. N3ameHeHne npepena BbIHOCNUBOCTU

TeopeTHuecKUMI H SKCIEPUMEHTAIbHBIME HCCIIEOBAHMSIMH yC-
TAHOBJIEHO, YTO HAMPSDKEHHSI PACIpE/Ie/IEHbl PABHOMEPHO IO ILIO-
@M TOTEPEYHOro CEueHHsl PACTSAHYTOro WM CKaToro 6pyca
TOIBKO TOT/Id, KOTJA TOTIEPEUHble CEueHHs OO IMOCTOSHHBI 1O
JumHe Gpyca, TMG0 M3MEHSIOTCS O¥eHb TUIABHO. VX BBIMMCISIOT
no ¢dopmyne c=N/A.

Peskie U3MCHCHHs (OpMbI W TUIONIA/M TIONEPEYHOr0 CeUeHUs
netaneii (OTBEpCTHS, BBITOYKHM, BBIKPYXKKH, TajTejH, KaHABKH
HaJpe3bl M T. 1) NPUBOJAT K HEPABHOMEPHOMY pacnpenenex—lm(;
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