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Лекция
Тема: Понятие об устойчивых и неустойчивых формах равновесия. Критическая сила. Формула Эйлера при различных случаях опорных закреплений. Критическое напряжение.
Гибкость. Пределы применения формулы Эйлера. Формула Ясинского. График критических напряжений в зависимости от гибкости. Расчеты на устойчивость сжатых стержней.
Задание 1. Изучить тему согласно Приложения 1; написать опорный конспект по теме с ответами на контрольные вопросы в тетрадях по теории по учебной дисциплине ОП.02 Техническая механика.
Задание 2. Ответить на контрольные вопросы.
При изучении темы можете пользоваться электронными учебниками, выложенными на сайте техникума и интернет-ресурсами, подключайтесь к электронной библиотеке ЭБС ЗНАНИУМ (как подключиться выложено на сайте техникума).

Контрольные вопросы:
1. Устойчивая форма равновесия.
2. Критические состояния.
3. Случаи проявления неустойчивости.
4. Критическая сила.
5. Продольный изгиб.
6. Формула Эйлера.
7. Формула Ясинского.
8. Расчеты на устойчивость.
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§26.3. PacueT Ha yCTOAMMBOCTH

B 3aBuCHMOCTH OT UEIM PasiMyaloT TPH BWA PAcyeToB Ha
YCTOIUMBOCTD:

1) npoBepouibiil  pacHeT, KOIZa  Onpeeisior  kodbdmument
Jamaca YCTOWIMBOCTH s, W CpABHMBAIOT NOJYNCHHOE 3HAMCHHC
¢ sonyckaembim [s, |

8, =Fep/F2[s,].
rae F— peficTpytomas Harpyska;
2) onpejiesiene 1onyckaemoil Harpysku [F:
[F1=Fulls,J:

3) MpoeKTHLIH PACTET, KOAIA ONpEAEANOT Tpebyemoe Inatene
MIFIMAILIOTO MOMCHTA HHCPINTH MONEPEHHOTO Ceteis CTEAT:

Iin=F[s,] (W) /(=2 E),

NOC/IE Hero HaxoAAT TMOKOCTh M CPABHMBAIOT C NpeeibHOM.

Pacuer CKaThIX CTEPAKHEH Ha YCTOHYMBOCTH MOKHO CBECTH 110
dopme k pactery Ha npoctoe catue. [IpH pacuere KOHCTpyKuit
HACTO NMPHMEHSIOT CACAYIONIYIO (OPMYY:

[F]=0lo)4.
3jeck, [6,]—ocnoBHOe gomycKaemoe HampsKeHne Ha  CKaTwe,
4 @Ko DGUIMEHT NPOAOILHOTO W3rMba Bermunna
@ 3aBHCHT OT THOKOCTH CTEPXKHS, €ro MaTepHajia W OnpeiesiseTcs
ans craneit mo Taba. 26.1.

m
TaGauna 26.1
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Huknue 3navenus TabaMUbLl OTHOCATCH K CTATAM NOBLILEHHOrO
kadectsa (o, =320 MIla).
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Pacterhi Ha NPONHOCTH W AKCCTKOCTH, NIPOBEICHIbIC B NPEbIY-
WX THaBAX, JeAach B NPCANOAOKENHH. HTO 1pH AehopMaIii
KOHCTPYKIUMH MER/Y BHCLINHMU HATDYIKAMH H  BLI3bIBACMBIMH
MMM BHYTPRHIMMH CHIGMH YIIPYFOCTH HMeTa MECTO YCT O nBa st
GopMa paBHOBeCHS, T.c. TaKas, NPH KOTOPOIl MATBIM
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BOIMYUIAIOUIMM  BOIACHCTBUSM  COOTBETCTBY-
10T MaJIble OTKJIOHEHHS CTATUYECKH HATPYKEH-
HOW KOHCTPYKIAH OT epBOHAHAILHOM  (hop-
Mbi. Harpysku, 1pu KOTOPhIX NPOHCXOMHT
NOTEPS YCTONMUBOCTH, HA3BIBAIOT KpPHTH-
HECKMMH, & COOTBETCTBYIONIME COCTORRMA —

; KPHTHYECKHMU COCTOAHUAMM. Onac-

' HOCTh TIOTEPH YCTORMHBOCTH 0COOCHHO BesTHKA

LI JICTKHX, TOHKOCTEHHBIX KOHCTDYKIMil THIQ
\\/ THOKHX ~ CTEPKHEH, TIacTHHOK H 060sI0veK.
My SIBfCHs TOTCpH  YCTORMMBOCTH BeChMA pas-
HOOGpa3Hbl, HaHGONEe BaxHbl CCYIOLIME Clly-
WaM NPOSIBIICHHS HEYCTORMMBOCTH: 1) NosBelHe
KauecTReNO HOBBIX (HOPM PABHOBCCHS: 2) He-
“esHOBENHE YCTOMMMBbIX (JOPM  PABHOBECHS.
TIPHMEPOM  MOKCT CIYAHTD LICHTPAILHOC CKATHE TEpBOHA-
YAABHO TPAMOTO  YNPYrOro crepkHs. [IpH HeGOMbLMX 3Havc-
HUSX  CKWMAIOMIGH CHALL IPAMOAHCHHA  (DOPMA — CAMHCTBEH-
las # OPUTOM YCToiiMMBas (JOPMA PABHOBCCHS: MAJibizt BOIMYILC-
HUAM 9TOH (OPMBI, KOTOPHIE OCYICCTBISIOTCS, HANPHMED, © M0~
MOIILIO Masioll JIONOIHHTEILHON NONepeYHoi Harpy3kn, cOOTBeT-
CTBYIOT MaJibie NPOTHOLI. [TpH KPHTHUECKOM 3HANCHHM CRUMAIONICH
cnabt Fy, npAMosmHeinas (OPMa CTAHOBMTCA  HEYCTOR4MBOM,
W NOCAe MAlbiX BOIMYHICHHH  CTepKeNh HPHOBpETACT  HOBYIO
(ycroitnsyio) GopMy paBHOBECHS. KOTOPOii COOTBETCTBYET W30-
riyTas och.
KpuTuueckoii cuioii masuipaeTcs mambonbuiee 3nauenme
CRMMAIONICH CHUILL, IPHIOKEHHOI 1eHTPAIBHO, 10 KOTOOii NPAMO-
THHeiinas (OpMa PABHOBECHS CTEPAKHS ABICTCH YCTOHUMBOI

Puc. 26.1
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Warub, cassanmbiii ¢ notepeil YCTOMIMBOCTH CTepKHS NpaMo-
JHHEHNON (POPMBI, HA3LIBACTCH MPOAOILHBIM HITHOOM.

PaccMOTPHM  TORKHI CTATBHON CTepAeHL. JUTHA KOTOPOro
IHAUHTENLHO GOJIBIIE TIONEPeUHbIX PAIMEPOB, CKHMACMBIl CHION
F, Heckobko Gosbuie Fuy (puc. 26.1).

TIDHMEHS MCTOA CedChuil, YOGKIAEMCs, 4TO B pelyabTare
MCKDHBJICHUS OCH B TIONCPCHHBIX CCHCHHAX CTCPAKHSA BOIHHKAIOT
JBA  BHYTPEHHWX CHJOBBIX (JAKTODA-— NpOJOIbHAS cuiia N=F
W wsrnGaionwii Moment M,

Takum 00pa3oM. HCKPHBJICHHBI CTEPKEHb HCTILITBIBAET Couena-
e dedhopmayuil UHTPAALHOTO CKATHA M NONIEPEHHOTO W3rHOA.

TIpH  CKHMAOUIX  CHIAX, AAKC HH4TOKHO IPCBBIUARONIAN
KPHTHYECKOE 3HAueHHE, JIONOAHATEbHbIC HANPSAKEHHA W3rnba no-
CTHIAIOT BeChMa GOJIBIIMX BEAHHHH H HENIOCPECTROHHO YIPOKAIOT
TIPOYHOCTH  KOHCTPYKLMM. T10ITOMY KDHTHHECKOE COCTOSME, Kak
HENOCPE/ICTBEHHO  IPC/IICCTBYIONICE  PA3PYIICHHIO, CHHTACTCA He-
JIOUYCTHMBIM B PeasibHbIX YCJIOBHSAX IKCILyaTauuu. B cBssu ¢ y1um
OMpC/IesiecHHe KPHTHUCCKHX HATPYIOK SBISCTCA OTBETCTBEHHON Mac-
TBIO pactera KOHCTPYKIMH H 1103BOJISET H3GEKaTh NOTEPH YCTOMHH-
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BOCTH BBEJIEHHEM COOTBETCTBYIOUIETO KOdhduUMenTa Janaca
YCTOMMHBOCTH.

s BecHetenis YCTOMMHBOCTH HEoBXOMMO, HTOBbI AciicTayIO-
mas ma  CrepAeHh  Ckumalomas ot F o Obia vembiue
KpiTIICCKOi Fyp.

OGosmauim  fonyckaemyio cximaromyio cut [F ], Tora

[F]=Fo/[s])
rae [5,] nonyckaemuiii kospdmwent sanaca yeroiimmsocty.
OulBIIO, §TO  YCTOWMMBOCTh CTepHs  Obecnedena,  ecin
[5,]> 1. 3naienne xoxbduwciTa sanaca yeroitumpoctn 3amucut
o7 Watnauenna cTepxma W ero Marepwata. Obweno i
craneil [5,]=18..3 A% uyryHoB--S5..5.5 Ui jepesa
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§ 26.2. ®opmyna Jinepa

L1 PacteToB CKATLIX CTEpKHCH Ha YCTORYMBOCTH HEOGXOMUMO
HATh CMOCOOB ONpe/iesienust KPUTHUCCKON CHIbI Fyp.

TlepBbic MCCIC/OBAINS YCTOMMMBOCTH CKATHIX CTEpxiiei Gbim
1poBeienbl axazemikom Tletepbyprekoii AKanewi Hayk, wineii-
lapiem 1o HamoRaLRoCTH, Jleonapom Jittepom (1707 1783).
1. Diinep, npoxummii B Pocciu okono 30 JeT, oCTaBMI HewIria-
MBI Clel B mexanuke W MaTemartnke. COBETCKHi aKajieMAK
C. W, Bamwios mncan: «Bwecte ¢ Metpom | u JIoMOHOCOBBIM
Siidep CTan 0OPHIM reHMe Hamiell AKajieMuH, OnpeeIMBIIM
e ClaBy, €@ KPemocTh, ee MpOJYKTHBHOCTEN. B anbheiimiem
50blIas PAGOTA B OBAACTH TCOPETHHECKOTO H IKCHDHMEHTANIb-
10T HCCIENOBAHMA  BONPOCOB  YCTOMMABOCTH ObiTa  NpOBE/EHa
yockiMm  yuenbiM. nipodeccopom [1eTepByprekoro WHCTHTYTa Hil-
kenepoB TyTeil coodmenns . C. Scumckim (1856—1899), ony6-
1HKOBABIIAM B 1893 . G0ABINYIO pabOTY «ONBIT PAIBHTHS TEOPHH
1POONLHOTO W3O

J1. iiiepom Gbinia nostydena GopMyJia LIS ONpeeNiens KpHTH-
1eCKOi CHITbl Fyy.

Tipusesem Gopmyny Diinepa 6e3 BrBoAa:

Fop=1?Elyy/I2.
ek E— MOAYIb YHPYOCTH [CPBOTO. POJA; Iin— HAHMEHBLIHI
13 OCCBBIX MOMEHTOB MHEDIHH CEYEHHS, MOCKOIbKY HCKPHBJICHHE
“TepAHS MPOUCXOJIIT B TIOCKOCTH HAWMEHbIICH KCCTKOCTH, B HeM
JCTPY/IHO  YOCAMTLCS, CAUMas TIPOJIOJBHON  CHION  Clecaphyio
WHEHKY: [, —NpUBEJeHNasn NJIMHA CTEPKHSA,

L=nl,

nie |- umha crepns, a p—KodhGumMEnT NpUBEACTHA
TR b, 3aBHCAUN OT CHOCOBA JaKPCILICHHA KOHIOB CTOPAKIA,
1HaYe Ha3bIBaeMblil KOIGGHUMENTOM 3aleaKu.
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Buisont dopmysnt Diinepa ocnosan wa 3akome I'yka, kKoTopwiif
CIPABEIUTHB TONLKO /10 TeX NOp, NOKa HANPSKEHHE He MPEBOCXOAHT
npenesa nponopuonaTbHOCTH. T103T0MY (OpMY.IOii iliepa MOK-
HO moap3oBaThCs He Beersia. Jlns  onpesienenHs npeenos
NPHMEHIMOCTH (opMyIb Diiepa OMpeAeiuM  KPUTHYECKOE
HANAKEHNE Oy, T. €. HANPSKEHHE, KOTOPOE BOBUKAET B TOTIEPEt-
HOM Cevenun A CTEpKHA NP /ICHCTBHM KDUTHHECKOH CHIbLL:

Oxp =

Bic/ieM HOTHE HAMMEHILUICTO Pa Uiy Ca HHE P LI nonepes-
Horo. Cevenm crepKis

[N
Tepenmien QopMyiy uis o, Tax:
2E (1 imin)?
BhIPAKCHHE ] /iy =) HA3BIBACTCA THOKOCTHIO CTEPAKH A DTO
Ge3pasmephas BETMUHI, XaPAKTEPH3YIOUIS BIMSHHE DA3MepoB

CIEPARA M CNIOCODA 3AKDCIICHHA CrO  KONIOB. OKOHHATC:IbHO
noysiem

Oxp.

S
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Dopmyiofi iinepa  MOKHO HOMBIOBATHCH 1PH  BHITOJIHEHUH
yC10BHA

G,=n’E/L*<0,
A€ Gy — NPEe] NPONOPUHOHAILHOCTH MaTepHaia cTepxus. Cie-
JOBATEILHO, JOKHO OhITh

NI

Beuuiiy, CTORMYIo B HPABOil MACTH HEPABSHCTBA, HA3LBAIOT
MpeaeqbOd THOKOCTLIO M OBOIMANAIOT ypey.

TMpenenbias THGKOCTL 3aBHCHT TOMBKO OT (QH3UKO-MEXaHWuCC-
KHX CBOCTB MATEpHAZa CTEPKHS M IOCTOSHHA VIS AQHHOrO
Marepnana.

C NOMOIILIO MOHATHS NIPEAETbIOH THOKOCTH YCIOBHE HPHMEHH-
MocTH opmyn iLIepa MOKHO 3amicaTh B BHIC

Az,

r.c. dopmysa Dilepa npUMEHHMA TMUIL B TEX CAYHASX. KOTAA
FHBKOCTL CTEpKNA GOABIIE WM PABHA MPEACABHON THOKOCTH 1%
MaTepuaia, 3 KOTOPOro OH H3roTOBIEH.

BuiuiciM B KauecTBe NPHMEpA 3HAYCHHE Anpe, /UIA HU3KO-
yraepoacToit cramn Ct3.

s cram C13 0,200 MIla, a E=2-10° MIla, Torza

Rupen=+/3:147:2-10°-10°/(200- 10%) = 100.

JUns CrepkHeil W3 HH3KOYIJIEPOAHCTOI
NPUMEHHMA, el WX THOKOCTH A= 100,

AHAIOTHIHO MOKHO BHISHCTHTS, SHAUCHHS NPEACLHOM THOKOCTH
VIS IPYTHX  MATEPHaioB. B 4acTHOCTH, A8 HYTYHAa Aype,=80;
18 AepeBa (COCH) Aypen=110.

B Tex ciyuasx, KorAa THOKOCTh CTEpAHEH MEHbIIE YKAZAHHBIX
Bhillle BeAWdMH, (OpMyla Diiepa CTAHOBMTCS HENPHMCHHMOI
WM pACHeTAX | NOAB3YIOTCH  IMIMPHYCCKOR (G OpPMYJI0ii
Sicunckoro

npens

cramn opwmyaa Jiiepa

Gp=a—bh

rae @ ¥ b—KoaphUIMEnTHI, 3aBHCSIIME OT MartepHajia W onpe-
ACTFeMble 110 TAGAMIAM  CHIDABOMHWKOB. B WacTHOCTH, s
crami C13 mpn TuOKocTaX o 2=40...100 MOKHO NpHHEMATH





