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Раздел № 4 «Сопротивление материалов»

Повторение изученного материала. 

1. Чем отличается чистый изгиб от поперечного?.
2. Что такое смятие?
3. Что такое предел упругости?
4. Расскажите о методе сечений.



Новый материал. 
Тема 4.8. «Устойчивость сжатых стержней»

1. Критическая сила, критическое напряжение, гибкость.
2. Устойчивость при осевом напряжении стержня.
3. Формула Эйлера.
4. Понятие о продольном изгибе.
5. Расчет на устойчивость.
6. Категории стержней в зависимости от гибкости.
7. Понятие изгиба в деталях и узлах подвижного железнодорожного состава.


Учебник «Техническая механика» Вереина Л.И. стр. 82 – 84
Учебник «Техническая механика» А.А. Эрди, Ю.А. Медведев, стр. 267 - 272












 




[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]

image6.jpeg
BoCTb. OCOOEHHO OMaceH 3TOT BHI lquJOPMaLlHH Npu CKaTHH UIMH-
HBIX CTBp)KHeﬁ C HeGOBIINM OCEBBIM MOMEHTOM HHEepLUHN J.

2.9. Pacyer Gpyca Ha COBMeCTHOe JAelCTBHE Kpy4eHHsl M H3ruoa

JleTany MalIvH O4eHb 4acTo PaboTalOT MPH COBMECTHOM JIEHCTBUHM
M3rubAOIIMX M KPYTALMX MOMEHTOB (HanpHuMep, Balibl PeAyKTOPOB 1
Kkopobok ckopocTeif). YToObl MOXHO OBIIO CPaBHHTb JIBA CIOMXKHBIX
HAMpSDKEHHBIX COCTOSHHS, BBOIMTCSA IOHATHE 3KBHBAJEHTHOTO Ha-
NPSAKEHUS.

DKBHBAJIEHTHOE HANPSIKEHNE Caxp — ITO TAKOE HANPSKEHHe, KOTOpoe
CJIe/lyeT CO3JaTh B PACTAHYTOM 00pasue, YTo0bI ero HaNpsuKeHHoe Co-
CTOsiHMe ObLIO PABHOONACHO C 321aHHBIM.

Ecnn 3HaueHHE oy HAMIEHO, TO 3a/1a4y O MEPe OMAaCHOCTH CJIOX-
HOTO HAINPSKEHHOTO COCTOSHUS MOXKHO CUMTaTh peleHHoi. Koaddu-
LIMEHT 3aMaca N=G,/Cup -

HPH COBMECTHOM JI€HCTBUH Kpy4YeHus u u3rnba 5KBUBAJIEHTHOE
HamnpspKeHue

Konmponsnsie éonpocst u 3adanus

1. Yem OTIHYAIOTCS yNpyrie AeOpMAaLUK OT OCTATOYHbIX?

2. PacckakuTe 0 METO/Ie CeYeHHH.

3. BanuimTe 3aK0H I'yKa Mpy pacTsukeHuH (CKaTHH).

4. YTo Takoe OTHOCHTENIbHOE YITHHEHHE?

5. Kakue amopbl HEOGXOAUMO MOCTPOUTH, YTOOBI BBIMTOIHUTL pPac-
YeT Ha IPOYHOCTH INPH PACTSHKEHUH?

6. Uto o6Iiero 1 B YeM pasin4yde y AMarpaMMbl PacTSKEHHs 06-
pasua u Mmatepuana?

7. Yto TaKoe npezen ynpyrocru?

8. IIpuBeaure 0603HaYeHUs Moynst ynpyrocTu I poxa u ko3addu-
uuenTa Ilyaccona.

9. JIo KaKoro 3Ha4YeHUsi HaMpPsHKEHUS CIIPaBeUINB 3aKoH I'yka?

10. {7nist uero BBOAUTCS MOHSATHE JONYCKAEMOTO HaNpsKeHHs?

11. Kakne HanpsokeHUs B TIONEPEYHOM CEYEHMH BO3HMKAIOT MpPH
Kpy4yeHun obpasua?

12. BanuuuTe 3akoH ['yka Juis cABura. 2

13. YkaxuTe 3aBUCHMOCTh ME@XLy MojyJieM ynpyroctu I poxa u mMo-
nynem G.
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14. Yro Takoe cMaTne? Kak onpefensaercs HanpskeHHe NPy cMATHH?

15. Yto Takoe MoNsAPHbI MOMEHT CONPOTUBIIEHUS?

16. Kakue BHyTpeHHHE CHIIOBbIE (AKTOPhI BO3HUKAIOT B MOMEpPeY-
HOM ce4yeHHH Opyca mpy ero u3ruode?

17. Yem oTiIMYaeTCst YUCTBIH M3rHG OT MonepeyHoro?

18. Kak onpefesnsorcs 3HaKH W3rnbalomuX MOMEHTOB U NOMepey-
HBIX cH1?

19. Kakue HampskeHHs BO3HMKAIOT B IONEPEYHOM CEYEHHMH IIPH
usrube?

20. Yto Takoe ycTOWYNBOCTH?

21. ITo xakoMy HampsDKEHMIO BEJETCA pacueT Gpyca, Ha KOTOpBIi
JIEHCTBYIOT OJJTHOBPEMEHHO M3rUOAIOIMi U KPYTALIMI MOMEHTBI?

22. Kakue cTpoHTeNbHbIE KOHCTPYKLIMM MOXXHO MPH pacyeTax Mpei-
CTaBUTb B BUZIE IBYXOMOPHOi1 Ganku?
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BOCCTAHABIIMBAET CBOKO NMEPBOHAYAIBHYIO (hOpMy
¥ pasMepsl.

2. [lpu ynapHOW HArpyske [jisi MaTepHaia
PACCYMTBIBAEMOTO 3JIEMEHTA KOHCTPYKLUH CIIpa-
Be/UIMB 3akoH ['yka.

3. Vmap cumraercs aGCONIOTHO Heympyrum,
T. €. YIapSIOLUIMi IPy3 MOCE yaapa HE OTCKaKH-
BACT OT YMPYrol CHCTEMBI, @ MPOIOIKAET NIPU €e
neopMaluK MepeMemaThesi BMECTe C HEid.

4. Macca ynpyroii CHCTEMBI, BOCHPHHHMaA-
fOlel  y1ap, Maja 1o CpPaBHEHHIO C MAaccoit
YIAPSIIOIIEro Teja, W TMOITOMY MAcCoil ynpyroi
CHCTEMBI MOXHO TpeHe6peyb.

5. Pabora manarouiero (ymapsromero) Tea
TIOJIHOCTBIO TEPEXOIUT B TOTEHIHAIBHYIO SHEpP-
THIO JiepOpMaliu JIeMEHTa KOHCTPYKIMH, BOC-
NPHHUMAIOLIETO JIefiCTBHE yaapa.

Ipn  crenanHbIX  JONYIIEHHSX PACCMOTPUM  PHOITHKEHHBII
METOJl ONpeJe/eHNs. Hanpsokenndt u Jaepopmanuu Gpyca mnpm
OCEBOM  y/iape.

I'pys G mamaer ¢ BhicoThl /i Ha Heed)OPMHUpYFOIIMICS JHCK,
YKPEIUICHHBIl HAa KOHIE CcTepxkHs AtuHOW [ (puc. 25.7). Pabora,
NpOM3BOJNMAs Ipy3oM G TIpH MAJCHHH, PAaBHA TMOTEHIUAIbHOM
oneprud U jneopmaimu crepkus:

2 2
G(h+Aln):A/;IEA <TaK Kak U:ﬂ:@, oM. §19.5>.

Puci:25.7

2EA 2

3nech E—Momynb ynpyroctu crepxus; Al —ero amHAMHYECKOE
Y/UTMHEHKE; A — IJIOMA/Th NOTEPEYHOr0 CeYeHMs CTEPIKHS.
[MosyueHHoe BbIpaXeHHE MEPENMINEM TaK:

2 26GI 2Ghl
Al} i Alnfﬁzo.
CraTuyeckoe yUIMHEHHE CTEPKHS PABHO
Al,=Gl/(EA),
TOrZIA KBQ/IPATHOE YPABHEHHE NPUHUMAET BH]
AIZ—2Al, AL —2Al h=0.
Pemas 910 ypaBHeHue, mostydum
Al =Alei+/AIZ+2Al.h

(BTOpOHl KOpeHb He GepeM, Tak Kak OH JaeT OTPULATENHHOE
3Hauenne s Al).
Boipaxenne s Al npeobpasyem k Bumy

Al =Al, (1+/1+ 2h/(Al)).
Beesiem 0603HaueHne
ky=14/142h/(AL,),
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rae k,— manamudecknit kosbduument. Torna
AlL=k Al

Ortcrofa cieflyeT BBIBOZ O TOM, YTO NEPEMEIIEHHE, BbI3bIBAEMOE
JIECTBUEM y/ApHOM HArPY3KH, PABHO NPOM3BEICHHIO IMHAMHYEC-
KOro Kod(@uipenTa Ha NepeMelieHne 0T CTATUYECKU TPHJIOKEHHOM
CHJIBI, PABHOH CHJIE TSDKECTH MaJaroLiero rpysa.

Ha ocHOBaHMM JIMHEHHON 3aBHCHMOCTH MEXIy CHJIAMH M Ie-
PEMEIICHHSIMA MOXKHO 3allicaTh

6,=k,Cc,
Ile G, — AMHAMHYECKOE HATPSDKEHHUE.

OnpeniesieRne NepeMeIeHNN 1 HANPSDKEHUN TIPH yIape CBOUTCS,
TakuM 00pa3’oM, K ONpENEJCHHIO TMePEeMEINeHHil U HAIpPsIKEHHH,
BBI3BAHHBIX CTATHYECKH IIPHJIOKEHHOW CHJIOH, PABHOM CHJIE TSIKECTH
NaJAroNIero rpysa, U BBIYACICHHIO AHHAMHYECKOro Kod(hduumenta.

3aMeTuM, YTO MOJyueHHble (GOPMyJbI BEpHbI Kak JUIsl Ciydas
NPOJIOJILHOTO (OCEBOTO) yJapa MO CTEpXKHIO, Tak H Ul Ciiydas
MONEPEYHOTO yaapa 1o Gaike.

PaccMOTpHM cilydaii BHE3AIHOTO INPHJIOKEHHS HATPY3KH, 4TO
PAaBHOCHJILHO JIEHCTBHIO Ipy3a, Magaromero ¢ BoicoThl 1=0. Torma
u3  (GopMyJBl JUIs ONpeJeJIeHHs MHAMUYECKOro Koadduuuenta
cueyet, 4to k,=2, BenencTehe uero mosydaem AL =2Al,
M 0,=20, T.€ NepeMeIIeHHs] U HANPSKEHUs B pe3yJbTaTe
JIEUCTBUSI MTHOBEHHO TPHJIOKEHHON CHIIBI 6060e Goibuie, YeM TIPH
CTATHYECKOM JEHCTBHH TOW JKe CHIIBL

Ecim  BbicoTa majgeHmMst rpy3a /i 3HAYMTENBHO NPEBOCXOUT
Al,, TO pAMHAMHYECKHH KOID(HUIMEHT MOXHO BBIMHCIATH MO
npHGIIKEHHONH (popMyIie

2h/(Al;).

W3 npuBeneHHBIX HOPMYII BHIHO, YTO AMHAMUYECKHH KOodduiu-
€HT Kk, YMEHBIIAETCs NPH YBEIHYeHUH Al,, T. €. IPU yMEHbIICHUH
JKECTKOCTH YNpyroii koHcTpykumn. [10aTOMy futsi cMsirYeHust yiapos

MIMPOKO TPUMEHSIOT NPYXKHHBI M PECCOPBI, 00Jaaolue 3HAYU-
TEJILHOH MNOJATJIMBOCTBIO (MAJIOM JKECTKOCTBIO).

Fnasa 26
YCTOWYMBOCTb CXATBbIX CTEPXHEMN

§ 26.1. MoHATME o npogonbHOM wu3runbe

PacueTsl Ha NPOYHOCTb M KECTKOCTH, NPOBEIEHHBIE B IIPEIBIIY-
UX TJIaBax, ACJaJMCh B NPEANOJIOKEHWH, 4YTO NpH ned}opmaumx
KOHCTPYKIIMM MEX/1y BHEIIHUMHU HArpy3kaMud M BbI3BIBAEMBIMHU
UMM BHYTPEHHHMH CHJIAMM YOPYTOCTH MUMEJIA MECTO YyCTO WyuBas
bopmMa paBHOBECHS, T.e. Takas, NPH KOTOPOH MasbIM
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BO3MYIIAIONIMM BO3JICHCTBUAM COOTBETCTBY-
10T MaJible OTKJIOHEHHS CTATHYECKH HArpYyXKeH-
HO# KOHCTPYKIIMHM OT TepBOHAYanbHON (op-
Mbl. Harpysku, NpH KOTOPBIX TMPOUCXOAUT
noTepsi YCTOMYMBOCTH, HA3BIBAIOT KPHUTH-
4eCKUMHU, & COOTBETCTBYFOIME COCTOSHUS —
KPUTHYECKUMHI cOCTOsAHUAME. Omac-
HOCTb_TIOTEPH YCTOIMMBOCTH OCOOCHHO BEITMKA

Vs

"CTEpXKIiEii, TMUIACTHHOK M 000JIOYeK.
SIBfieHrs MOTEPH YCTOWYMBOCTH BECbMA pas-
HooOpa3Hbl. Hanbosiee BaKHBI CJIEIYIOLIKE. CIIy-
Yau MPOSIBIICHYs HEYCTOMIMBOCTH: 1) nosBIeHUe
_RAUECTBEHHO HOBBIX_(hopM_paBHOBECHs:; 2) HC-
HE3HOBEHME YCTOMYMBBIX _(DOPM. PABHOBECHS.

TpuMepPOM MOXET CIYXHTb HEHTPaJbHOE CXKATHE TNEPBOHA-
YanbHO MNPAMOrO ynpyroro crepxkus. [lpn neGonbumx 3Haue-
HISX  CKAMAIONE  Cuiibl  TIPSIMOJIMHEHHAst  (hopMa — eMHCTBEH-
Has M TPUTOM YCTOW4MBasi (OpMa PaBHOBECHS; MAJIbIM BO3MYIIE-
HHAM 9TOH (OPMBI, KOTOPbIE OCYIIECTBIISIIOTCS, HAmNpUMep, ¢ 1o-
MOIILIO MaJIOH JTOTOJHATENIBHOM MONEPEYHOl Harpy3Ku, COOTBET-
CTBYIOT Malible pOru6bl. [1pi KPUTHYECKOM 3HAYEHHU CKUMAFOLICH
cunbl  Fy, mpsMosmHeiinas  opma  CTaHOBHTCH HEYCTOYHBOM,
M 1ocie MallbiX BO3MYIIEHUH CTepkeHb TPHOOPETAET HOBYIO
(ycroitumByro) (opMmy paBHOBECHS, KOTOPOH COOTBETCTBYET H30-
THyTasi OCh.

KpuTnueckoil CHION Ha3piBaeTcs Hanboibllee 3HAYCHHE
CKUMAFOIIEH CHITBI, TIPHJIOKEHHON HEHTPAIBbHO, 10 KOTOPOii MpsiMo-
JiHHEiHas (pOpMa paBHOBECHS CTEPKHS SBISETCS yCTOHYMBOI.
““VI5TH0, CBA3AHHLIA C NOTEPEH YCTOMYMBOCTH CTEPKHA NPSIMO-
JHeiHOM (POPMBI, HA3bIBAETCS MNPOMOJBHBIM H3rHOOM.

PaccMOTpUM  TOHKHiT CTaJILHOH CTepXkeHb, JUIMHA KOTOPOTo
3HAYUTENBHO OOJIBIIE TMOTEPEUHBIX PAa3MepOB, CKHMaeMblil CHIIOH
F, meckonbko Gonbue F, (puc. 26.1).

Tpumensis METOJ CeueHHMi, yOexmaemcs, 4YTO B pesyjibraTe
WCKDHBJICHHSI OCH B TONEPEYHbIX CEUEHMSX CTEPKHsS BOSHUKAIOT
JBa BHYTPEHHHX CHJIOBBIX (hakTOpa—npojonbuas cuia N=F
W usrubarolmii MomeHT M,

Takum 06pa30M, HCKPHBJICHHBIH CTEPKEHb MCHBITBIBACT couema-
Hue Oehopmayuii NEHTPATHHOTO CKATHS M TONEPEYHOro M3ruba.

IMpun ©KAMAIONMMX CHJIAX, JaXe HAYTOKHO MPEBBILAIONIAX
KPUTHYECKOE 3HAYEHNe, JONOJHMTENbHbIE HATPSDKERNs u3ruba jo-
CTUTAIOT BeChbMa OOJIBIIMX BEJIMYMH U HENOCPE/ICTBEHHO YIPOXKAIOT
NPOYHOCTH KOHCTPYKUHH. I103TOMY KPHTHYECKOE COCTOSIHHE, KakK
HETNOCPE/ICTBEHHO MPE/IIIECTBYIONIEE Pa3pyLICHHIO, CUMTACTCH He-
JIOTYCTHMBIM B PeasibHBIX YCJIOBUSX JKCILUTyaTaluu. B cBsi3u € 9THM
onpe/iesienne KPUTHYECKHX HArPY30K SBJISETCS OTBETCTBEHHOM Hac-
THIO pacyeTa KOHCTPYKIMH U TO3BOJISET M30eKATh MOTEPH yCTOun-

Puc. 26.1
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BOCTH BBEJICHMEM COOTBETCTBYIOIEro Kod(pduuuenrta 3amaca
YCTOWYUBOCTH.

Jlns obecrieyenust yCTORYMBOCTH HEOOXOMMMO, 4TOOBI NEHCTBYIO-
mas Ha CTEpXKeHb COKuMaromas cuma F  Obta  MeHblue
KPUTHYECKOH  Flp.

OGO3HAYMM JIONYCKAEMYIO CKHUMAIOLIYI0 CHibl [F ], Torma

[F1=Ful[s,];
rae [s,]—nomyckaemplit koo(uuHEHT 3anaca yCTOMYUBOCTH.
OueBMIHO, YTO YCTOWYHBOCTH CTEpkHs OOecnedyeHa, €ciu
[s,]>1. 3nauenue xoaduuménra 3amaca yCTOWYMBOCTH 3aBHCHT
OT HA3HAYeHMs CTepXkHs W ero Matepuana. OObMHO ISt
§T8an331712 [sy]:l,S..J; s 4yryHoB—5...5,5; ans gepeBa—
,8...3,2.

§ 26.2. dopmyna DJinepa

JIns pacueToB CXKATHIX CTEP)KHEH Ha yCTOMYMBOCTH HEOOXOAMMO
3HATh CMOCOOBI ONpE/IEJICHHs KPUTHYECKOH CHIIbl Fp.

IlepBhble MCCIIEIOBAHMS YCTOMYMBOCTH CXKATHIX CTEpXHeH ObLIM
nposeenbl akagemMukoM IlerepOyprekoit  AKaEMUM HAyK, IIBEi-
napueM o HALMOHANLHOCTH, Jleomapnom Ditnepom (1707-—1783).
JI. Diinep, Tipoxkusimimii B Poccun okoso 30 JieT, OCTaBMJI HEH3IJIA-
MMBI Criell B Mexanuke U mMatemaTtuke. COBETCKML aKaJIeMHUK
C. M. Baswios mucan: «Bwmecre ¢ Ilerpom I m JIOMOHOCOBBIM
Diinep crayn JoOpbIM TeHHEM Halleld AKaJeMHUH, ONPEeIE/MBIINM
ee ClaBy, e KPENocTh, €€ NPOJAYKTHBHOCTH». B jmasbHeiinem
Gonbias pabora B 0OJACTH TEOPETHYECKOTO M IKCIEPHMEHTAIIb-
HOTO HMCCJIEJIOBAHUsS BOMPOCOB YCTONYMBOCTH OblIa TMPOBEIEHA
pycckuM  yueHbM, mpodeccopom IleTepOyprckoro WHCTHTYTa HH-
sKenepos myTeit coobuenus ®@. C. Scnuckum (1856—1899), ony6-
skoBaBImUM B 1893 1. Gounbliyro paGoty «OmbIT pa3BUTHS TEOPHH
MPOJOJILHOTO H3rHGa».

JI. Ditnepom Gblta nosydeHa hopmyJia Juis ONPEIEseHnst KPUTH-
4ecKOil Cuitbl Fip.

Ipusenem popmyny Ditnepa 6Ge3 BbBOMA:

Fag=13ElLa | 2.

3nech E—MOJy/ib yNPYroCTH NEPBOTO POJA; Inyin— HANMEHBIIMA
M3 OCEBBIX MOMEHTOB HMHEPIMH CEYCHHSI, TOCKOJIbKY HCKPHBJIEHHE
CTEPKHSI NPOMCXOJUT B TJIOCKOCTH HAWMEHBIIEH XKECTKOCTH, B HeM
HETPYAHO YOeIuThCs, CKHMAas NPOJOJBHOW CHIION  CllecapHyro
JMHENKY; /,—UupUBeAEHHAas JAJMHA CTEPXKHS,

L=nl,
rae |—nimHa crTepxHS, 4 B—KO09(GGUINHMEHT TpPHUBEIEHUS

NUIMHBI, 3aBUCAIMA OT Crocoba 3aKperyieHusi KOHIOB CTEPXKHS,
WHave HasbiBaeMbli K0d(hUIHEHTOM 3a/JEIKH.
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Ha puc. 26.2 noka-
5 lF 5 lF lF 3aHBl  Hamboyiee dYacTo
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“)Z; d 6) 2 9 3aleMIIeHbl, HO MOTYT
7% Y o T 7. 2 COMMKATBCS; 2) HUKHUM
A=10 p=20 p=05 p=07  p=i0 KOHEIl 3aKPeryIeH JKecT-
Puc. 262 KO, BEpXHHii — apHUP-
gt HO, KOHI[bI MOTYT cOH-
XaTbest; 0) HWKHWI KOHEl| 3aKpEIUIeH JKECTKO, BEPXHHH HMeeT
«TTABAIONIYIO» 3afENKy. 3aMeTHM, 9YTO 4eM MEHbIIE L, TeM
Goubllle KpUTHYECKas CHJIa, a CIENOBaTeNbHO, M JIomycKaemas
oKEMatolas Harpyska. HanpiMep, CxuMaromas Harpyska CTepkHs,
KECTKO 3amiemyienHas obGommu konmamm (p=0,5), MoxeT ObITh
B 16 pa3 Gousiblie HArpy3KH CTEPXKHS, 3aIIEMJICHHOTO OXHUM
xommoM (p=2). IlosToMy Tam, TIj€ 5TO BO3MOXHO, CICAyeT
OCYIIECTBJIATD JKECTKOE 3alllemyieHue O0OWMX KOHIOB CTEPKHSL.
BeiBox (opMyJibl Diiiepa OCHOBaH Ha 3akone I'yka, KOTOpbIi
CIIpaBe/UTHB TOJIBKO JIO TeX TOp, NMOKa HANPsDKEHHE HE NPEBOCXOIMT
npe/iena nponopuronanbHocTH. [lostomy dopmysioi Ditiepa MOX-
HO I0JIB30BAThCS He Beerma. Jlns OmpesiesieHust NpeJesioB
NpUMEHAMOCTH (opmyns Diiepa ONPEJETUM KPUTHIECKOS
HATNPSUKEHAE Oyp, T. €. HANPSKEHUE, KOTOPOE BO3HMKAET B MONEped-
HOM ceueHMM A CTEPXKHS TPH JEHCTBAM KPHTHYECKOH CHJIBL
Fatiu T2 ELin

ati £ xp,

G A
L (A
BBClICM MOHATHE HAMMEHBILIETO pa aumyca HHEPpUUH nonepey-

HOTO CEYeHHsl CTEpPXKHs
imin =~/ Imin/ 4-

TlepenmmeM Gopmysy Uit Oy, Tak:
7 &
Oup =12 E /(i)
BbIpaxenue p//ipi,=A Ha3bBaeTCsi THOKOCTHIO CTEPKHA Orto
Ge3pa3MepHasi BEJIMYMHA, XaPAKTEPU3YIOLAs BIMAHHE pA3MEPOB

CTEpXKHA H criocoba 3aKpeIJieHust €ro KOHIOB. OKOHYATETHLHO
noJIy4aeM

CTEPXKHS. M TIPUBE/ICHBI
3Hauenus [ a) 00a KOH-
12 CTEPXKHS 3aKPEILIEHBI
MAPHAPHO ¥ MOTYT
cOMmKaThCs; 6) HEXHAK
KOHIE JKECTKO 3aIleM-
NeH, BepXHHiT cBOOOEH;
6) 06a KOHIIA KECTKO

Gy =n2E[A2
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Dopmyoil  Diliepa  MOXKHO TIONL30BATHCS TPH  BBINOJHEHHH
yCIoBHs

Crp=T2E[A* < Op,

TAE Oy — HNPEAEI NPONOPIUOHAILHOCTH MaTepHalla CTEPXKHS. Cre-
JI0BATEJIBHO, JIOJIKHO OBITH

V=L ot

BenmunHy, CTOSIIYRO B NPaBOM YacTH HEPABEHCTBA, HA3BIBAIOT
npefeNbHON THOKOCTHIO M 0003HAYAIOT Agpes.

IMpenenbHasi THOKOCTH 3aBHCHT TOJNBKO OT (hU3MKO-MEXaHWYeC-
KHX CBOWCTB MaTepuaja CTEP)KHS M TNOCTOSIHHA JUIs JaHHOTO
Martepuaa.

C mOMOIIBIO TOHSTHS NPE/IeIbHONH rHOKOCTH yCIIOBHE TIPUMEHH-
Moct (GopMyiel Ditiepa MOXHO 3amucaTb B BHJE

A>hapens

T. e. dopmysa Ditepa nmpUMEHMMA JMIIL B TeX Ciydasx, Koriaa
rHOKOCTh CTepXKHsi OOJIbIIE WM PaBHA TNPEICNIbHON THOKOCTH JUIs
MaTepuaja, U3 KOTOPOrO OH H3rOTOBJIEH.

BbIUMCIIMM B KauecTBe NPUMEPA 3HAYECHHE Agype, JUIS HH3KO-
yraepoaucroit cramm Ct3.

Hns crama Cr3 0,,=200 MIla, a E=2-10° MIla, Torma

Apen=n/ 3:122:24107:10%/(200710°) =100.

Jlns crepkHell W3 HM3KOYTJIEPOAWMCTON cramm dopmymna Diinepa
NPUMEHHMa, ecii uX rubkocth A= 100.

AHAJIOTHYHO MOKHO BBIYHCIIHTD 3HAUECHHS TIPEJIENIbHOM THOKOCTH
JUISL IDYTHX MaTephasioB. B 4acTHOCTH, ISt UYTYHA Agpen=80;
Juis jiepeBa (COCHA) Agpe,=110.

B Tex ciyuasx, Korja ruOKOCTh CTEPXKHEH MeHbIle yKa3aHHBIX
BbllE BeJnuuH, (opMmysa Diinepa CTAHOBHTCS HENPHMEHHMOi
W TUpH  pacyeTax IMOJB3YIOTCS OMIMpHYEcKoil dopmynoii
Scunckoro

Cwp=a—bA,

rae a u b—xo3dUuKeHTDI, 3aBUCSIME OT MaTepHalia M oIpe-
qiessieMble 10 TabiWiaMm  copaBoYHHKOB. B wactHocTH, Ui
cramt Cr3 mpu rubkocrsix or A=40...100 MOKHO TNpPHHAMATDH
a=310 MIla, b=1,14 MIla. Tlpu rubkoctsix A<40 cTep)HI
MOXHO pacCUMThIBATh HA IMPOYHOCTH TNPH TNMPOCTOM CxaThh 06e3
y4era ONACHOCTH TPOJAOJIBHOTO W3rHba, T.e. mo Qopmyse
c=N/A.

Wtak, npu Manbix 3HaveHusx A (L<40) CTepxHM U3 HHU3KO-
YIJIEPOIACTOM CTAJM PACCYNTHIBAIOT HA TPOCTOE CKATHE, TIPH
cpennnx 3Hadennmsx (40<A<100) pacuer BemyT mo (opmyie
Slcunckoro, a mpu Gospmmx (A>100)—mno dopmyie Ditnepa.
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I'papux  3aBrucumoctu
KPHATHYECKOTO Hanpsoxe-

- Tpamas Acurckozo HHSL OT THOKOCTH Juist

CTepXKHell U3 HU3KOYTJle-

POMMCTOM cTamm u300-

fimg ”g%'l paxeH Ha puc. 26.3. Ot-

S 5 METHM CleIyommue 06-
12 CTOSITENIBCTBA:

1) npn Manbix 3Ha-

Manse A [Comome 4| Gomwze A A ISHMAX L KkpHrmieckoe

(A<40) \(40sa<100) (A >100) HAIPSDKEHUE Gy, PABHO

Hpeesy TEKYy4ecTH O

Puc. 263 2) mpy CpemHHX 3Ha-

YEHUSX A KPHTHYECKOE

HalpsOKEHHE MEHbIIE npenesia TeKy4ecTu O,;, HO GoutbIie npenena
NPONOPUUOHATBHOCTH (G < Oyp < O, );

3) npu GONBIIKMX 3HAYEHHSAX n KPHTHYECKOE HANPSHKEHUE MEHbIIE

TIpeJiesia MpOoNnOPUUOHAIILHOCTH.

§ 26.3. PacyeTbl Ha YCTOM4YUBOCTL

Bu 3aBUCUMOCTH OT LEJHU pasjm4arT TpH BHJA paACYETOB Ha
YCTOMYMBOCTD:

1) npoBepouHBIA pacyeT, KOTJa ONpENENSIOT Koo punmenT
3amnaca yCTOﬁ‘ll/IBOCTH Sy U CpaBHHUBAIOT TIOJIyY€HHOE 3HayvYeHHe
C JI0mycKaeMbiM [s, |:

sy=Fo/F> [sy]’

rae F— neiicTByrolas Harpyska;
2) onpenenenue nomyckaeMoil Harpysku [F J:

[F]:Fxp/[sy];
3) IPOEKTHBIH pacyer, KOTJa ONpeNeNstoT TpebyeMoe 3HaveHHe
MHHHMAJILHOTO MOMEHTA WHEPIMH TOTIEPEYHOTO CEUeHHS! CTEPKHS:

ILnin>F[s,] (1)?/(n2E),

T0C/IE Yero HaXOAAT TMOKOCTh M CPABHMBAIOT C NPEIE/IBHOM.

Pacuer ckaTeiX cTepkHell Ha YCTOMYMBOCTH MOXHO CBECTH IO
(opme k paciery ma mpoctoe cxatwe. Ilpu pacyeTe KOHCTPYKLHA
HaCTO TNPUMEHSIOT CJEAYIONIyo (opMyJy:

[Fl=o[o.]4.

3nech [o,]—ocHoBHOE mOmycKaemoe HAlpsOKEHHE Ha  CKaTHe,
a ¢—KodpduumeHT npogonbLHOro wu3ruba. Bemmumma
¢ 3aBHCHT OT TMOKOCTH CTEpXHS, €r0 MaTephaia M ONpENe/seTCs
Juis cranei mo Tabu. 26.1.
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Tabnuma 26.1

A 30 50 60 80 100 120 140 160
0] 0,92 0,86 0,82 0,70 0,51 0,37 0,29 0,24
0,91 0,83 0,79 0,65 0.43 0,30 0,23 0,19

Huxuaue 3HAYCHUS Ta6ﬂﬂlﬂ>l OTHOCATCSI K CTaJsIM IIOBBILEHHOIO
kavyectsa (o,>320 MIla).

Pacuersr TOKa3bIBAKOT, 4YTO HaunboJee BBITOJTHBIMH IIPU pa60Te
CTCP)KHCFX Ha CXaTHe SBJISIOTCS KOJIBLIEBBIE U KOpOﬁ‘laTble TOHKO-
CTCHHBIC CEYECHHUS. HOK&S&HO, 4YTO 3aMEHa CXKaThIX CTCp)KHeﬁ B BHJIE
YrOJKOB ¥ [BYTaBPOB TPYOYATBIMH CTEPXKHSMU JAE€T SKOHOMHIO
B Mmatepuane 10 20...40%.

Ipumep 26.1. IIpoBeputh Ha YCTOWYMBOCTH CTOiKY (puc. 26.4), ecnm /=3 m,
s,]=2, matepuan croiiku crams Cr3, F=65kH, d=60 mm.

Pewenue. JINsi 3a7aHHOTO 3aKPCIUICHHS KOHILOB CTOHKH p=1.

Tposepum mpumennmocTh  Gopmystbt Ditnepa. st Kpyra I, =I=mnd*/64;

i=\/I/4; A=nd?/4, orkyma i=d[4=60-10"3/4=15-10"3 m.

Onpentenam rubkocts croiikm: A=p//i=1-3/(15-103)=200> 100, crenoBatens-

HO, (opmyna Diiepa TpHMEHMMA. BBIYHCIUM KPUTHYECKYIO CHILY:
Fop=7?Elya/(pl)?=n2-2-10%-10% x
x 60*-10712/[(1-3)264]=143-10° H=143 xH.

Onpeznensem kodpduument 3anaca ycrowunsocti: s,=Fy,/F=143/65=2,2>2,
CJIEAOBATENIbHO, YCTOMYMBOCTb CTOMKM obecreueHa.

Tipumep 26.2. HaiiTm KpuTHUeCKylO CHITY F,, W [ONYyCKaeMyio HArpysky
[F'] nns crofixu kombueBoro_ceuenms u3 cramu Ct3 (puc. 26.5), ecmu JoTycKaemoe
HamnpsKeHHE Ha CKaTHe [c;c =140 MITa. Onpeaenuth, ¢ KakuM KodDHUIMEHTOM
3amaca  YCTOMYMBOCTH S, OyAeT paGoTaTh CTOfika TNpH HATPY3Ke, paBHOI
JOTyCKaEMOH.

Pewenue. BblMuCIIieM MOMEHT HHEPIMHM KOJbLEBOTO CCHCHHS:

Iin=1=(rc/64) (D *—d*)=(n/64)(100-1073)*~(90-10*)*=169-10~* m*.

Tnomaas NONEpeYHOro CeveHHs CTOMKH

A=(r/4)(D?—d?)=(r/4) [(100-1073)2~(90-1073)>] =14,9-10"* m?.
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Ipumep 2.6

OnpeenuTh ANAMETP KpYrjioro TonepeyHoOro ceueHus Opyca, HarpyxKeHHoro
warnGaoum MoMenTom M = 600 xH-M (cm. puc. 2.15, a), ecnt JIOTyCKaeMoe
nanpsikenne [0, = 160 H/mm2.

PemeHue.

1. TIocKkoIbKY 3MIOpa M3THBAIOIIMX MOMEHTOB Y)KE H3BECTH, & 6pyc umeer mo-
CTOAHHOE TIOTIEPEUHOE CEHEHHE, TO OMPE/IENAEM MOMEHT CONPOTHBIICHHA

We=W, =ﬂﬂ=w=375000m,43),
[olp 160

2. OnpejienseM MaMeTp Kpyriioro 6pyca:

W, =01D% 375000=01D% D= 103/3750 =155 (Mm).

2.8. YcToiuMBOCTH NPH 0CEBOM HATPYKEeHUH CTEPKHS

Tlon ycmoﬁwueacmblo TOHUMAETCA CBOMCTBO CHCTEMBI caMocCTOsA-
TENBHO BOCCTaHABIIMBATh CBOE nepnm-laqa.ﬂbﬂoe COCTOSIHME T10CJIE TOTO,
Kak el ObUI0 COOGLLleHO HEKOTOpOE OTKJIOHEHHE OT IMOJIOKEHHUS pamm—
pecysi. ECIM CHCTEMa TaKMM CBOWCTBOM He obnajgaer, TO OHA Ha3blBa-
eTcsi Heycmotusoil (TOBOPAT, YTO MPOU3OULIA 0Teps yCTOMYMBOCTH).

82

Cucrema, MNOTepsBIIAs YCTOHYMBOCTh, MOXET BECTH cebs mo-
pasHOMY, HO MEPeXof K HOBOMY MONIOXKEHUIO PABHOBECHS COMPOBOX-
JaeTcs BObIIMMH MepemererusAMit. KiaccuueckiM NpUMEPOM Heyc-
TOIYMBOTO PABHOBECHS ABJIETCA PABHOBECHE LIAPHKA Ha BBIMYKJIOH
nosepxuoctu (puc. 2.17, a). Mareiiiuee OTKJIOHEHHE OT 3TOTO IOJIOo-
JKEHHS TIPUBEIET K TOMY, YTO LIAPHK CKATHTCA BHUI (puc. 2.17, 6, 6).
Ilonas B BOTHYTYIO OBEPXHOCTD, WAPHK Gy/ieT HaXO/UThCA B COCTOA~
HUHM YCTOIYMBOTO PABHOBECHS. Ecnu Terepb €ro BbIBECTH M3 9TOTO
COCTOSHHUS, OTKIOHHMB BJIEBO MW BNPABO, OH BEPHETCH B nepBoHa-
YaNbHOE MOJIOKEHHE.

SIBJieHUe MOTepH YCTOWYHBOCTH MOXKHO HabmoaaTh M yNpyrux
Tex Ha LesToM psizie puMepoB. HanGoree MpOCTBIM Cllydac SBIIAETCS
MoTepsi yCTOHYMBOCTH LEHTPANLHO okaToro crepikHs (puc. 2.18). Ipu
JOCTATOYHO GOJBIION CHle CTEPXKEeHb HE CMOXKET COXPaHHMTb MPAMO-
JMHeitHy0 (OpMY U M30THETCS. TIpousoiifer MoTeps yCTOHIMBOCTH.

B

EN
LY

Puc. 2.17 Puc. 2.18

ToHKOCTEHHAs TPY6a, HATPY)KEHHAS BHELIHUM JaBIICHHUCM, TaKxKe
MOJKET TOTepAT ycToiiuusocTh. TIpn sTOM Kpyrosai (dopma ceueHHs
TEPEXOMUT B JJUTMIITHYECKYIO, 1 Tpy6a CIUTIOIMUBACTCA.

Brepssie 3a7aya 06 YCTOMYMBOCTH CTEPXKHIA 6bla MocTaBlieHa U
peiuea JI. DiinepoM B cepeauHe XVIII B. [TosTOMy, KOrJa peydb UACT
06 yCTOIYMBOCTH CKATOTO CTEPXKHS, yMOTPeOIAIOT BHIPAKEHUE «ycToM-
YHBOCTb CTEpXHs Mo Ditnepy». Diinep onpeneui 3HAueHue MepBOi
KPUTHYECKON (3iinepoBoii) CHIIbI AT MPOAOTBHO CKATOTO CTEPXKHS C
IAPHUPHBIM OTMPAHUEM (puc. 2.19):

. mEJ

xp = 2

ITo AOCTHXEHHH KPUTHYECKOMN CHIIbL
Fip NPAMOJIMHENHHAS ¢dopma paBHO-
BecHst CTAaHOBUTCSl HEYCTOHYMBOM.
TIPOROTIBLHO CXKATHIE CTEPXKHH He-
06X0auMO MPOBEPATH Ha yCTOMYH- Puc. 2.19
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