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Раздел №4 «Сопротивление материалов»

Повторение изученного материала. 

1. Задачи сопротивления материалов
2. Общие теории динамики
3. Что является основным расчетным(материалом в сопротивлении материалов)
4. Физико-механические свойства материалов


Новый материал. 
Тема4.2. «Растяжение и сжатие»

1. Характеристика деформации.
2. Эпюры продольных сил.
3. Нормальное напряжение.
4. .Испытание материалов на растяжение исжатие при статическом нагружении,
5. Напряжение предельное, допустимое и расчетное.
6. Условия прочности. 
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OrHocuTenbHas nonepeyHas aegop-
manus. Ilpu pacrsokeHuu (cxaTuu)
npsMoro Opyca KpoMe MHpOIOJIbHOM
Jedopmalnyy € MPOUCXOIUT U3MEHEHHE
IomnepeyHbIX pa3MepoB Opyca (puc.
2.5). IupuHa Gpyca Npu pacTsHKeHUH

Puc. 2.5 yMEHBUIAETCS Ha Avb. Ecnu Ab oTHecTH

K IEpBOHAYAJIbHON LIMPHHE, TO MOJIY-

YUM BBIPDAXXEHWE JUIsl OINpPENEIEeHHs] OTHOCUTENIbHON MONepeYHon Je-
dbopmanuu g,;:

€ =Ab/b

OTHOLIEHNE OTHOCHUTENbHOM nonepedyHol nedopMaluu K OTHOCH-
TEIbHOM NPOJOILHON AeOopMaLK Ha3bIBAIOT K03g@uyuernmom Ilyac-
coHa 1 0003HAYAIOT LU

u=g/e.

Kosdduuuent ITyaccona, Tak xe kak U MOAYJb ynpyroctu E, xa-
pakTepusyeT (QU3MYECKHE CBOICTBA MaTepHalia; ero 3HaueHHue KoJyeo-
JieTcs s Metannos B npenenax ot 0,25 mo 0,35. HekoTopkle 3Haue-
HUs K03 (ULIMEHTa U TPUBENEHbI B TabI. 2.1.

2.3. OcHOBHBIE MEXaHHYECKHE XapaKTEePUCTHKH MATEPUAIOB

MexaHnuyeckrue CBOMCTBA MaTEPUAJIOB YCTAHABIIMBAIOT OINBLITHBLIM
IIyTEM, MCIBIThIBasi 0OpaslLibl HA PACTsDKeHHE. 3aTeM AUarpamMmy pacTs-
JKEHUSI MEPECTPpanuBarOT B KOOpAUHAaTax o u €. Kak BugHo u3 puc. 2.6,
OHA MMEET TaKOH Xe BH/, KaKk U B koopauHatax F, Al (cM. puc. 2.4),
HO 3Ta KpuBas OyJeT XapakTepu30oBaTh YXe He CBOMCTBA oOpasia, a
cBoricTBa MaTepuana. OTMETHMM Ha 3TOM JuarpaMme XapakKTepHbie
TOYKH.

HauGonbuiee 3Ha4eHHe HANPSIKEHNUS], 10 KOTOPOro MaTepHa cJienty-
eT 3akoHy I'yka, Ha3pIBaeTcsl npe/iesioM NPONOPLUUOHAILHOCTH Oy,

Ynpyrue cBoiicTBa MaTepHaaa COXPaHSIOTCS A0 3HAYEHUIN Hamps-
JXKEHHs, Ha3bIBAEMOr0 Nnpeaenom ynpyrocty. Iloa npenesnom ynpyrocru
Oy OHUMAeTCsl TaKoe HauOo Iblllee 3HAYeHHE HATIPSIAKEHUSsI, 10 KOTOPOro
MaTepuaJl He MoJIy4aeT OCTAaTO4YHbIX JedopManuii.

Ha npaxTuke npezen NponopLHOHaIbHOCTH U MIPeleN YIPyrocTu
TPYAHO IMOJNAIOTCA 3aMePY, ITIO3TOMY 3HAUYEHUSI Op U Oy B CIIPABOYHbIE
JaHHBIE 110 CBOMCTBAM MAaTEPHUAJIOB OOBIYHO HE BKIIIOYAIOTCH.

Bonee onpeneneHHON XapaKTepUCTUKON SIBIISIETCS MPENEN TeKyde-
cru. Iloa nmpenesiom TeKy4ecTH MOHUMAETCH TaKoe 3HAYEHHE HATPsIKe-
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Puc. 2.6

HUsl, TIPA KOTOPOM PocT Jed)opManiiy MPOUCXOAUT 6e3 3aMeTHOro yBe-
JiIMdeHUst Harpy3ku. B Tex crmyyasix, Koraa Ha AuarpaMMe OTCYTCTBYET
SIBHO BbIpa)XK€HHAs IJIOLIAAKA TEKY4€eCTH, 3a MPEeAel TEKYYECTH yCIOB-
HO MPUHUMAIOT TaKO€ 3HAUEHUE HANPSIKEHUs, IPH KOTOPOM OCTaTO4-
Has nedopmanus cocrasuser 0,2%. B 3ToM ciydae ycrnogHwlii npeoen
mexyuecmu OyneT 0603HayaTbCs Yepe3 Cpp. Eciu HEOOXOAUMO OTIIH-
YUTH MpeAeNT TEKYYeCTH NPHU PACTSDKEHUU OT IpeJesia TEKYYECTH NP
CKaTHH, TO B 0003HAYEHHE BBOAUTCS NOMOJIHUTENIBHBIM MHIEKC «p»
MK «C» (Orp U Orc). IIpenen TeKydyecTH JIETKO OINpPENENIeTcs IKCIEpH-
MEHTaJIbHO, IO3TOMY OH SIBISI€TCS OOHOW U3 OCHOBHBIX MEXaHMYECKUX
XapaKTepUCTHK MaTepuaa.

OTHOlIIeHHe MaKCUMaJIbHOW CUJIbl, KOTOPYIO CIIOCOOEH BBIIEPXKATh
oOpasel, K ero HayaJbHOM MJIOIIAX MONEPEYHOTO CEYEHUs Ha3bIBAET-
Csl npedenom NPOYHOCU, WU 6PEMEHHbIM CONPOMUBTEHUEM PA3PbIEY — Csp
(cXKaTUIO — Ogc). ClielyeT 3aMETUTD, YTO Ogp HE SABJISIETCS TEM 3HAYEHHU-
eM HamnpsDKEeHUs, TPU KOTOpPOM paspyuiaercs obpasen. dakTuyeckoe
HampspKeHUe, MpU KOTOpOM obpasell pa3pyuaercs, Oyaer 60Jblle, Tak
KaK TJIOLAb MONEPEYHOTO CEYEHUs B ITOT MOMEHT MEHbIIE IEPBOHA-
yaJbHOW TUTOLIAAM BCIIEACTBUE OOpa3oBaHMs LIEHKH (Ha auarpamme
HanpspKeHUE MOJCYUTHIBAETCS OTHOCUTENIbHO NEPBOHAYaIbHOM IJIOLIa-
JI1 TIOTIEPEYHOT0 ceueHus: oOpa3lia). 3HaueHHe Ogp SBIISETCS CPABHU-
TeIbHON XapaKTePUCTUKON MPOYHOCTHBIX CBOWMCTB MATEPUAJIOB U 4acTO
MCIIOJIb3YETCS IPU pacyeTax.

ITpu UCHIBITAHUSAX HA PACTSXKEHHE ONMPENENISETCs Ele OJHa XapaKTe-
PUCTHKA MaTepHaa — Tak Ha3bIBaeMoe YIUIMHEHUe NP pa3pbiBe 0 %.

VajimHeHue mpu pa3pbiBe NpeAcTaBisieT co0o0i 3HaYeHUe cpenHei
0CTaTo4YHO# Jedopmanu, KOTopasi 0Opa3yeTcss K MOMEHTY pa3pbiBa Ha
onpeesieHHON CTaHAAPTHOH A/HHe 00pa3ua. 3a CTaHAApPTHYIO AJIUHY
obpasua npuHUMarT Jubo /o= 10d, mubo ly=5d, rae d — nuamerp
obpasua.

3HayeHWss MeXaHUYECKMX XapaKTepUCTHK HEKOTOpbIX Hauboiee
4aCTO BCTPEYAIOIIMXCS MATEPHAIIOB NPUBE/EHBI B Ta0IL. 2.1.

3 JI. Y. Bepeuna 65
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Ta6auna 2.1

MexaHuuyeckne XAapaKTEepUCTHKH MaTepHaJloB

Marepuain 8 %
lo=5d

Cranp Majioyriepoau-
cras

Cranb 30 He3akaieHHas
Cranb 30 3axkaneHHas

Cranb 45 He3akajleHHas : :
Cranb 45 3akaneHHas |
Cranp Y8 He3akajneH-

Has

Cranb Y8 3akaieHHas

Cranp 30XI'C 3aka-

JIEHHAs

Crans 40XHB 3aka-

JIEHHas

Menpb OTOXKEHHas
Menp npyTKOBast 2
Bpoma 0]

Jlropanb
TexcTtonut

2.4. Pacyersl HA IPOYHOCTH MPHU PACTSHKEHHH U CKATHH *

PasMepbl 37IEMEHTOB KOHCTPYKLHH CIIEAYeT MOAGUPATh TaK, YTOORI
06ecreynuTh UX MPOYHOCTh B pabOTe NpU HaWMEHbLICH 3aTpaTe MaTe-
puana. Ha ocHOBaHMM aHajnM3a KOHCTPYKLHU BBIABJIAETCA Ta TOUKA,
rJIe BO3HUKAIOT HAaUOOJIbIINE HAMPSHKEHHS Opanc. HaNIEHHOE 3HaAUCHHE
HanpsKEHUs! COMOCTABIIAETCS C NOMYCTUMbIM 3HAUCHHEM HaMpsKEHHUS
Ul JAHHOTO MaTepuana U KOHCTPYKLIHH.

Koraa KOHCTPYKLUSI HAXOJUTCA B CTAJMK MPOEKTUPOBAHUSA, TO 3a-
naroTcs kodg@uyuenmom 3anaca n. OH Ha3Ha4YaeTCs M3 KOHKPETHBIX
yCIIOBUii paboThl PACCUMTHIBAEMOI KOHCTPYKLUMH. B Kaxmon obnactu
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[eXHUKH yXe€ CIOXHJIKCh CBOM TPaJWLIMU, CBOM TPEOOBAHUS U CIe-
induka pacuero. Hanpumep, Npu NPOEKTUPOBAHUN CTPOUTEIBHBIX
COOPYKEHU#, pACCYUTAHHBIX Ha HOJTHME CPOKH IKCITyaTallH, 3arachl
[IPMHMMAIOTCS IOBOJIBHO GONBIIUMH (15 = 2...5). IHIEKC «B» MMOKA3bI-
BAET HAa TO, YTO 3arac BBIYUCIAETCA OT Ipelesia MPOYHOCTH Oe.
B aBUAaLIMOHHOM TEXHUKE, TJIe Ha KOHCTPYKLMIO HaKJIaJbIBAlOTCS OI-
paHuYEHHs Mo Macce, K03 PUUUEHTHI 3araca TaKKe ONPEIeIIAIOTCs 10
lIpeeny MpOYHOCTH, HO COCTaBJIAT 115 = 1,3...2,0.

3HaueHue K03 PUIUEHTOB 3araca 3aBUCUT U OT CBOWCTB MaTepHana.
B cnyyae miactM4HOro Mmarepuana ko3dduuueHt 3amaca Oepercs OT
npenena tekydectu (nr = 1,5...2,0), a Ay XpyNKUX MaTEpUaJIOB 3arac
PACCUMTBIBAETCS OT Mpejiesia MPOYHOCTH ¥ NPUHUMAETCS s = 2,5... 4,0.

HasHauuB K03 dULMeHT 3anaca, A1 JaHHOTO 3JIEMEHTa KOHCTPYK-
IIM1 PACCYUTBIBAIOT 00NYCKAeMoe HanpsiceHue

Oy

[G]=%:— um [o]= B

B1>16paB IOIIyCKaeMO€ HaNpsHKEeHUe, COCTaBIAOT yCIIOBUE

Ouanc < [O],

M3 KOTOPOTO OMPEnEIsAOT pa3MeEphI INPOEKTUPYEMOTO 3JIEMEHTA.

ITpumep 2.2

OrnpeenuTh JUaMETPbI MOMEPEeYHbIX ceyeHni 6pyca (MaTepuai — He3aKaJleH-
Hasi crans 30), HATPYXKEHHOTO MO CXeMe, MPUBEJCHHOH Ha puc. 2.3, a. Cuna F =
- 1000 H.

Pemenwue.

1. CHayana HEOOXOIUMO MOCTPOUTD SMIOPEI @ n@. Meroauka U MocienoBa-
TeIIbHOCTD MOCTPOEHHS JMIOP MpeJCTaBieHa B mpuMepe 2.1.

2. OnpenenseM koadduuueHT 3anaca. Ilockoiibky MaTepHal MJIACTUYHBIH,
puHuMaeM ko3dduiueHT 3anaca n, = 1,5.

3. BoluncisieM gonyckaemoe Hanpsokenue. M3 ta6i. 2.1 ais cranu 30 BHINKCE-
BAEM Oyp = O = 330 H/mMm2. Ilocie 3TOro MOXKHO OMPENENUTE AO0MyCKaeMoe Ha-
[PSKEHHUE TTPH PACTSKEHUH U CKATHH!

380
[0], = [0)c =—— =220 (H/mMm?).
1.S

4. TIpoaHaIM3UPOBAB 3MMIOPY HAMpshKeHUH (cM. puc. 2.3, 0), YCTAaHOBUIIH, YTO
Ha JIByX y4acTKax BO3HMKAET OJUHAKOBOE HAIMPSDKEHHE Oyuaus = F/S. TlockombKy
JIAHHBIH MaTepuas paboTaeT OJHHAKOBO HA PACTSXKEHHE M CXKATHE, TO MOXKHO IJIs
J11060T0 M3 3THX ABYX YYACTKOB 3AMKCATh YCIOBHE Onans < [C]:

l@: 220.
S .
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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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B 06uieM cilydae HarpyxeHus Tena (puc. 2.2) Bce BHyTPEHHUE CUIIbL

MOJKHO MPUBECTHU K [TIaBHOMY BEKTODY R ¥ TIaBHOMY MOMEHTY M.
BbiGHpaeM cHCTeMY KOOPAUHAT Tak, 4TOOBI OCh z Obla HalpaBJieHa
[10 HOPMaJIM K CEYeHHIO, @ OCH X U ) PACIOJIOXHM B €r0 MIOCKOCTH.
CrpoeKTUpOBaB IJIaBHBIM BEKTOP M IJIaBHbIH MOMEHT Ha KOOPAMHAT-
Hble OCH, MOJYYMM ILUECTh YPaBHEHWM Ul ONpPENCTICHUS 6HYmpPEeHHUX
cunoswix axmopos. Cocrapisromias BHYTPEHHUX CHII IO HOPMaM K

ceyennto N — HopMalbHast cunia; bl O, U @, SBISIOTCA COCTABIISIO-

INUMHA HO]’ICpC‘-IHOﬁ CHJIbI Q MOMEHT OTHOCHUTEIBLHO OCH Z HA3bIBAIOT

KpyTamuM MoMmeHTOM (Mip), a MOMeHThl M, u M, — M3ruOar0IUMU
MOMEHTaMH OTHOCHUTENLHO ocedl X U y. IIpy 3aJlaHHBIX BHEIUHUX CHJIaX
BCE [IECTh BHYTPEHHUX CHIIOBBIX (PaKTOPOB MOTYT ObITh ONPEEeHbI U3
LIECTH YPABHEHMI PABHOBECHS, COCTABIIEHHBIX /Ul OTCEYCHHOH YacTH
6pyca. Ecnu B MONEepeYHOM CEYEHUH BO3HMKAET TOJBKO BHYTPCHHAA

HopMalbHas cuna N, a mpovue BHYTPEHHHE CUIIOBBIE (axTopel 06pa-
LIAFOTCS B HYJIb, TO MMEET MECTO PACTSHKEHWE MIIM CXKaTue, B 3aBUCHMO-

CTH OT HanpasieHus cumbl N. Eciu B r0nepedHoM cedeHuH BO3HUKAET
TOJIBKO MOMEHT Myp, TO GPYC B JaHHOM CEYEHMH paboTaeT TOIBKO Ha
kpydeHue. B ciayyae, Korjaa BHELIHNE CHIIBI TIPUIIOXKEHBI K Opycy TakuM
06pa3oM, YTO B TOMEPEYHBIX CEYEHUSIX BO3HUKAET TOJILKO M3rUOaroLHUH
MOMeHT M, (uiu M,), UMEET MECTO YHCTBIH U3rub B IUIOCKOCTH Y.
(unu x.). Ecnu B nonepeyHoM Ce4eHUH Hapany ¢ M3TUOArOLMM MOMEH-
TOM, HarpuMmep M,, BOZHHUKAeT U MNoINepeyHas cuia Q,, Tako# ciyyan
HArPyXeHUs Ha3bIBAETCs ITOTEPEYHbIM M3THOOM (B MIIOCKOCTH y.). Bos-
MOYHBI U JPYTHe CIlydau, KOr[a B MONEPEYHOM CEeYeHHUH ACHCTBYIOT pas-
JIMYHbIE CUJIOBBIE (PAKTOPBI; MPH 3TOM OPYC MCHBITHIBAET CIOXKHOE Ha-
npsbkeHHOe cocTosiHue. IIoMMMO HOPMAJIBHOTO HATIPSHKEHUS B CCHCHUH

6YILCT BO3HMUKATh KacaTeJIbHOE HANIPSHKEHUE T B IJIOCKOCTH 3TOTO CEYECHHS.

2.2. PacTsiokeHue U CKaTue

ITox pacTskeHHeM MOHMMAETCS TaKo# BUJI HarpyXeHus, MpH KO-
TOPOM B TOTIEPEYHBIX CEYEHHAX Opyca (CTEpPIKHs) BO3HUKAIOT TOJBKO
HOpPMaJbHBIE CHJIbI, & BCE MPOYNE BHYTPEHHUE CHIIOBBIE (haKTOPbI (mo-
NepedHble CUINbI, KPYTALIMIl ¥ H3THOAoIIe MOMEHTbI) PaBHBI HYJIIO.
CskaTve OTJIMYAeTCs OT PACTSKEHHUs TOJNBKO 3HAKOM Cuibl N: NpH
pacTsHKeHHH HOpMaspHas cujia N HarpaBlieHa OT CEUeHHs (cm. puc. 2.1),
a TIpM CKATUM — K cedeHuto. [1o3ToMy NpH aHaiN3e BHYTPEHHMX CHII
COXPaHSETCs EAMHCTBO MOJXOJA K BONPOCAM PACTXKEHUsS U COKATH.
M cKIIIoueHNe COCTaBAT JJIMHHbIE TOHKHE CTEP)KHHU, ISl KOTOPBIX CXKa-
THE CONPOBOKIAETCS U3rHOOM (cM, oapasy. 2.7).
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3akon I'yka. MHOro4MCIeHHbIE HABIOAEHHS 32 IOBEAEHUEM TBEp-
ABIX TEJl TOKa3bIBAIOT, YTO B IOAABIAIOILIEM OOJBLIMHCTBE ClyyaeB
NIEPEMELICHUS B OMNpPENENIEHHBIX Npeaesiax MPOMOPLUHOHANLHEI AeiCT-
ByIOIIMM cunaM. Briepsbie B 1676 r. I'ykoM 6bl1 chopMyaupoBaH
3aKOH O TOM, YTO «KaKOBa CHJIa, TAKOBa U JAedhopManusy».

B coBpeMeHHO# TpakTOBKe 3aKOH I'yka ONpenenser quneiinyio 3a-
BUCUMOCMb MEHCOY HANPANHCEHUEM U Oeopmayueir:

o=EEt.

3nech K03 GUUMEHT NPONOPLHOHATBLHOCTU E ecTh M0Oyb ynpyz0chiu
nepeo2o pooa, € — nepopmanus, KOTOPYIO IJisi OJHOPOJHOTO CTEPXKHS
MOXHO ONPEAENUTh KaK

BenuunHy € MHOTIa HAa3bIBAIOT OMHOCUMENbHBIM YONUHEHUEM CTEPIKHS
IJIMHOM [, yIUIMHEHHE KOTOPOTo IMOX AEHCTBUEM MPHIIONKEHHOMN CHIIbI
COCTaBuioO Al

Monyne ynpyroctu nepBoro poja siisiercss (pU3MUECKON KOHCTAH-
TOW MaTepuainia; OH ONpPENENsIeTcs JKCIepUMeHTanbHo. JIns HaubGornee
4acTO BCTPEYAIOLIMXCS MaTEPUAJIOB €ro 3HAYEHUs NPUBEIEHBI B Ta0I. 2.1
(cM. mogpasn. 2.3).

Yanunenue crepxkus. Eciu B 3axoH I'yka BMeCTO HanpsKeHHs TMOJI-
craBuTh G = N/S, a BMecTo gepopmauuu € = Al/l, TO st CTEPXKHS, ¥
KOTOPOTO Ha ANMHE /| BHYTPEHHSS HOpPMallbHAas CHJIa NOCTOSHHAs U
TIONIEPEYHOE CEeUCHHE HE U3MEHAETCs, MOIyYHM BbIPaXKEHHE [JIS ONpe-
JIeJIEHUS YIJIMHEHUS CTEPIKHS:

NI

Al =—.
ES

IIpu pemeHun MHOTHX MPaKTHYECKMX 3a]ay BO3HUKAET HeobXo-
AUMOCTb Hapsily C YAJIMHEHHEM, OOYCIIOBJIEHHBIM HATPSKEHUEM O,
YYHUTBIBATh TAKXKE YIJIMHEHHS, CBSI3aHHBLIE C TEMIIEPATYPHBIM BO3-
IEHUCTBHEM.

B sTom cnyyae nedhopmanmio paccMaTpUBAIOT KaK CyMMY CHJIOBOM
M YUCTO TEMIIEPATYPHOU AeopMaLiuu:

e =0o/E +at,

IIe 0. — KO3 GUUMEHT TEMNEPATYPHOTO pacluupeHus matepuana. s
ONHOPOJIHOT'O CTEPXHS, HArpy)XeHHOTO MO KOHLAM M DPaBHOMEPHO
HarpeToro, UMeem
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Nl= —N—l+oclt.
ES

ITocTpoenue 3mop. I'paduk U3MEHEHHS HOPMAabHOM CHIIbI, HAaMps-
JKEHUIl U TIepeMEIeHUI CTEPXKHs BIOJb €ro OCH Ha3bIBAETCs 9niopoil
COOTBETCTBEHHO HOPMAJIbHBIX CHUJI, HaNpSDKEHMH M IEpEMELICHUH.
OMopbl JAIOT HAMJIAAHOE MPEACTaBJIEHHE O 3aKOHaX M3MEHEHHs pas-
JIMYHBIX HCceqyeMbiXx BenuyuH. IlocTpoeHue 3mop paccMOTPUM Ha
KOHKPETHOM MPHUMEDE.

IIpumep 2.1

Jlns 6pyca, M306paxeHHOrO Ha PHC. 2.3, @, IOCTPOUTD 3MIOPbI BHYTPEHHUX CHII,
HaTpsHKEHHUH 1 NepeMelLieHHnil o anuHe 6pyca.

[t
!I"“'lh..

=i B

Ll

Puc. 2.3

Pemienue.

1. BoibupaeM Hayajio OTCYETa B HEMOMBMXHOM ceueHnu (Touka O); MOJoXH-
TeJIbHOE HAMPABJIEHUE OCH Z HAMTPAaBUM IO ocu 6pyca, T.€. BHU3.
2. OnpenenuM peaklnio, COCTABUB OJJHO yPaBHEHHE PABHOBECHUS:

Y F. =0;
No -3F+F=0.
Orciopa Ny =2F .
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3. loctpoum smiopy BHYTpeHHHX cuil N. JlJIs 9TOr0 Ha pacCTOSHUH Zi pacceueM
6pyc 1 pacCMOTPHUM paBHOBECHE HHXHEH yacTH (pHc. 2.3, 6):

SE =0; -N,+F=0.

Otciona N, = F , uTo cnipaBeyINBO 1Ist [ < z; < 3/. B aTuX npenenax B 6pyce BO3HH-

KaeT PACTSKEHHE, TaK Kak N; HampaBjieHa OT CeYeHHsl.
Teneps BbIOEPEM BTOPOIH yuacTok 6pyca 0 <z, </ ¥ PacCMOTPUM PaBHOBECHE
BEpXHel yacTH (puc. 2.3, 8):

ZF:-:.:O; NO—N2=0; 2F—-N2=0.

Otciona N, =2F. Ilockonbky N, HanpaBjieHa K CEYEHHIO, TO GpyC MoJ AeiicT-
BUeM cull No u N, CxuMaeTcs.

ITocne Toro kak onpeenyiIn Bce BHYTPEHHHE HOPMAJIbHBIE CHITBI, MIEPEXOIHM
K MOCTPOEHHIO 3MIOPLI HOPMaJIbHBIX cuil (puc. 2.3, 2). BnpaBo Gymem oTknampi-
BAaTh MOJIOXKHUTEIbHbIE 3HAYEHHUS, 4 BJIEBO — OTPULATEIbHbIE 3HAYEHUS HOPMaJIb-
HBIX CHJI.

AHaM3UPYs MOCTPOCHHYIO 3IIOPY @, 3aMETHUM, YTO BHYTPEHHHUE CUJIbI HE 3a-
BHUCAT OT Pa3MEpOB MOMNEPEYHOIO CEYEHMs, a 3aBUCST TOJLKO OT MPHIIOKEHHBIX
BHEIWHKUX cuil. TlosTtomy mmuHy Opyca pasOMBAIOT HA TAKOE YMCIIO YYaCTKOB,
CKOJIbKO CHJI Ha €r0 JUIMHE MPUII0XKeHO. B maHHOM ciyyae Ob1710 /iBa yyacTKa.

Ilpu mpoBepke NMpPaBHILHOCTH MOCTPOEHMS 3MIOPLI @ crenyeT oOpaTHTh
BHUMAaHHE Ha TO, YTO HA 3MIOPE BHYTPEHHHMX CHJI B TeX CEYEHMSX, TJE ObLIH
NPUIIOXKEHbI BHEIIHHUE CHJIbI, HOJDKHBI OBITb CKAYKH, PAaBHBIC MPUIIOKEHHOMH
BHELLIHEN CHUIIE.

4. ITocTpOHM 3MIOPY HATIPSIKEHUH @ bpyc cnenyer pa3outs Ha yyactku. Ilo-
CKONbKY ¢ = N/S, TO y4acTKOB Ha 3MIOpe OYIEeT CTOJLKO, CKOJBKO pa3 MEHseTcs
TIONMEPEYHOE CEYCHUE; NP ITOM CJIEyeT oOpalaTh BHUMaHHE, YTOObI TIPH MOCTO-
SHHOM TIJIOLIA/IM MOMEPEYHOTo CEYCHUsI HOpMalbHasi cuila Ha amiope N ocTaBa-
nack HeusMeHHOH. C yyeTom aToro Ha smope () 6yayT TP PasIHYHBIX 3HAYCHUS
(0] (pHC. 23, a) 0|=N1/S|=F/S; 62=N|/S2=F/ZS, G3=N2/S2=—2F/ZS=
=-F/S.

5. CTpouM 3miopy nepemelneHuii @ Hauunnats cnemyeT oT HEMmoaBUKHOIO ce-
yeHus, T.€. oT ceyeHuss O. BbIpasum mepemellieHne ceyeHMs, HAXOISLIErocs OT
HEMOABH)XHOI'O HA PACCTOSIHHH Zs

(e}
Sy
i

Ecmu 0 <z, </, To 114 z, = ] nepemenenne

Ul =il
ES
Hnal<z<L2]
Uz =U1+E-Z,
E

62




image5.jpeg
P (z-1); mpu z=2I U2=——F—-l.

U,=U,+
il 2ES

Insa2l<z1 <31

et e E o on =31 U=l
ES 2ES

OTKaabIBaeM BBIUMCIIEHHBIE IEPEMEILICHHS Ha 3MI0pe @(puc. 2:3; ).

Jlnarpamma pactsixenusi. Hanboiee HarsaaHO 0COOEHHOCTH JIHa-
rpaMMBl DACTSXKEHHMs MOXHO IOKa3aTh Ha IpUMEpe HCIbITaHu
06pasiia U3 MaJOYrJIEPOAMCTOH CTaiu (puc. 2.4). luarpamma BBI-
yepueHa B koopauHartax F, Al. Ha KpuBoH MOXHO BBIICTHTH YeTbIpE
30HBI.

3ona OA HOCHT Ha3BaHME 30Hbl ynpyzocmu. 3[eCh MaTepual rnoa-

ynHsieTcst 3akoHy I'yka u Al =%. Ha puc. 2.4 3TOT y4acTOK s

G6mbLIel HACISAHOCTA TMOKa3aH C OTCTYIMJIEHUEM OT macmraba. Y-
nuHeHUs Ha ydyactke OA OveHb Mallbl, ¥ TpsMas OA, bynyuu BbIYED-
yeHHOIl B Macuitabe, copnajgana Obl B npenaenax IIMPHHBL JIMHHH C
OChIO OpAMHAT. 3HAYEHWE CHUIIBI, UL KOTOPOU CNpaBeNiuB 3aKOH
['yka, 3aBMCMT OT pa3MepoB 0bpasua u ¢u3NYECKUX CBOWCTB MaTe-
pHana, o3TOMY TpH JajbHelIIeM PaCCMOTPEHHH AUarpaMMbl pacts-
JKeHU ee TIEPECTPanBalOT B KOOPAMHATAX G H €.

30Ha AB Ha3bIBAeTCs 30HOU 00wjeil mekydecmu, a y4acToK AB -
naowadkoti mexydecmu. 31ech NPOMCXOMUT CYIIECTBEHHOE N3MEHCHHUE
JUTMHBI 0Opasua 6e3 3aMETHOTO YBENMYEHHs Harpy3KH. He Bce mera-
JIbl UMEIOT TJIOLIAAKy Tekydyectd. Hanpumep, y alfOMUHUS, OTOXKEH-
HOW MeIM, JErHPOBAaHHBIX CTajleld MmiIolaaKa TeKy4ecTH He obHapy-
)KUBAETCH.

3ona BC Ha3bIBAETCS 30HOU ynpouHeHus. 30ech YANNHEHNEe obpasua
COTPOBOXAETCS BO3PACTAHMEM HATPY3KH. B craguu ynpo4yHeHHs Ha
o6pasie HamevaeTcs MecTO GYZyIIero paspblBa M HauMHAET 0OPa30BbI-
BaThCS TAK Ha3blBaeMas uienka — MECT-
Hoe cyxenue obpasua. Ilpu nanbHeH-
luem pacTskeHuM obpasiia leika ObicT- F
po nporpeccupyer. HaunHas ¢ TOUKH @
yuiiHeHe o0pasua TMpOUCXOMUT C
YMEHBLICHUEM CHIIbI, HO CPEIHEE Hamps-
KeHUEe B TMOMEPEYHOM CEYEHHMH ILEHKH
BO3pacTaeT. Y UIMHeHne o6pasia HOCUT
B 3TOM Cjyyae MECTHBIH Xapakrep, Io-
sToMy ydyacTok CD Ha3bpIBA€TCs 30HOU
mecmuoti mexyyecnu. Touka D COOTBET-
CTBYET pa3pylLICHUIO obpasua. : Puc. 2.4
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