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«Teopemuueckas mexanuxka» pa3paboTana ypaBHEHUS PABHOBECHUS Tell,

cuuTasi uX abCOTIOTHO TBEPABIMU U HEPA3PYILIUMBIMHU.

Kypc «Conpomuenenue mamepuanoe», CIHERyIOIUNA IIar B MEXAaHUKE,
MO3BOJIAET MOHATh, YTO MPOUCXOJUT BHYTPU HATPY>KEHHBIX TeJl MPOCTONU (HOPMBI;

MpeacKasaTh ux aeGpopMalui, MECTO M YCIOBHS TIOJIOMKH.

«Conpomuenenue mamepuanos» 3TO HaykKa O NPOYHOCTH M KECTKOCTU

OKPYKaIOIUX MPEIMETOB.

IIpoYyHOCTE — CIIOCOOHOCTH TEJla BOCIIPMHUMATh BHEIIIHIOIO HArpy3ky 0e3

pa3pyuIeHuSs;

XécrxocTe — CHOCOOHOCTH Te€la COXPAHATbH CBOM TIE€OMETPUYECKHE

Pa3MECPLI 110 ,Z[GﬁCTBI/IGM BHEIIHEH Harpys3KHu.



[Ipu BcéM MHOrooOpa3uu KOHCTPYKTHUBHBIX D3JIEMEHTOB MAalIUH M
COOPYKEHUU UX BCE MPUOIMKEHHO MOXKHO MPEACTABUThH B BUIE KOMOWHAIIUNA TEI

TPEX OCHOBHBIX (POPM: cmepoicerb, 000104KaA;, MACCUB.

CrepxeHE 3TO TeJO, OJJUH U3 pa3MEpPOB KOTOPOrO MHOTO OOJIbIIE JIBYX JIPYTUX

(xax MUHHUMYM, Ha IOPSIIOK):

[lonnepeuHoe OCb CcTepxHI

CeueHre

OTOT HaMOOJBIIMKA pa3Mep Ha3bIBACTCA AIHMHOM CTEpKHA. OO0bEM
Tela MOXET ObITh O0pa3oBaH IMEpPEMEIICHUEM IIJIOCKONH (UTYpBI
BJIOJIb HEKOTOPOM JIMHWM, NPOXoAsuier 4depe3 €€ ueHrtp. JluHud
Ha3bIBAETCSI OCE0 CTEPIKHS, a MPOMEKYTOUHBIE MOJIOKEHUS PUTYPBI
IpU BIKCHUU 33J1aI0T [IOIIEPEYHEIe CedYeHMs CTepKHs (Bcermaa

MEPIEHANKYIISIPHBIE OCH).

O6oJsrouxa 3TO TEJIO, OAUH U3 Pa3MEPOB KOTOPOIO MHOT'O MEHBIIIE ABYX APYTHUX:

cpeavHHas

TonwuHa NOBEPXHOCTb

/\/

DTOT HAMMEHBIITNI pa3Mep HA3bIBACTCS TOJLHMHOM 000IOUKU

MaccwuB 3T0 TeJo, BCe TPU pa3Mepa KOTOPOro COM3MEPUMBI (OJIHOTO MOPSIJIKA):



B pacuérax 10CTaTOYHO y4YECThb TOJBKO TPU PEANBbHBIE CTATUCTHYECKHE

XapaKTePUCTHKK MaTepuaja: YACIbHYI JKECTKOCTh (Moaynb ynpyroctu  E),

YAEIbHYIO MPOYHOCTH (Mpeaen MPOYHOCTH Op WM MpeAeNn TeKydyecTd Or) U

oTHOcUTeNIbHOE cykeHue (kodddunment Ilyaccona V). OcranbHbie 0COOCHHOCTH

pacy€TurKa He HHTEPECYIOT.

[TosToMy MaTepuan paccMaTpuBaeMbIX 0OBEKTOB MPEINOIAraeTCs !

O,HHOPO,HHBIM.' CBOMCTBaA MaTre€puaia BO BCEX €ro TOYKax OJAMHAKOBEI,

CnmowHsns. 63 MycCToT;

B OonbmmHCTBE 337124 Kypca MaTepHall TakKe MPEAToaraeTcs:

ﬂBOTpOHHBM.‘ CBOMCTBA Marcpuajia OAMHAKOBEI 110 BCCM HAIIPABJICHUAM B HEM

(aHU30TPOITHBI — KPUCTAILT, ICPEBO U T.1.);

Yopyrwu: BOCCTAHABIMBAET MEPBOHAYAIBHYIO (DOPMY U pa3Mephl MOCIE CHATHS

Harpy3KHu.

Ynpyrue CBOWCTBA MNPOSIBIAKOTCS B Marepuanax TOJIbBKO Ha HadaJlbHOMU
ctaquun  aedopmupoBanus. Kypc «ConpoTuBieHHe MaTepuagoB» MOCBSIIEH
pacu€Ty TOBEJEHUSI KOHCTPYKIUHU, (hopMa KOTOPBHIX MPHU HATPYKCHUH MEHSETCS

HC3HAYUTCIIbHO.



KosmnuecTBOo cTeneHey crBob6ogslTella 3TO KOJIMUYECTBO HE3aBUCUMbIX
BO3MOJHBIX €TI0 nepeMemeHHI‘/i. B IIPOCTPAHCTBC Yy TCJIa MICCTH CTCICHEH
CBO6OI[BI; Ha INIOCKOCTHU — TPH; CCJIN TCJIIO MOKCT ICPEMCIIATBCA TOJIBKO BIOJIb
OI[HOﬁ JIMHHUH, 00 IMOBOPAYUBATLCA TOJBKO B OI[HOﬁ IINTOCKOCTH, 3HA4YUT OHO

HMCCT OJJHY CTCIICHb CBO6OI[I)I.
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BHewHsasT CBsA3B OTO I000€ OrpaHUYeHHE IMepeMeNIeHu ToYek

pacCMaTpuBaACMOro TCja, HaJJ0OKCHHOC U3BHC.

5 9 =

KonuuecTBoM cCBsi3ell, HAJIOKEHHBIX Ha TOYKY Teja, MPUHATO CYUTATh
KOJIMYECTBO CTEIMEHEH CBOOOJIBI, 0 KOTOPHIM €€ MepeMelieHUe 3alpernieHo Uiu

OI'paHUYCHO.



Haubonee IMPOCTBIMU ABJIAIOTCA CBA3U, IIOJHOCTBIO MCKIIOYAIOIIUEC TC HIIN

HHBIC IICPCMCIICHUA CEUYCHUM CTCPIKHS — OIIOPLI U 3a/ICTIKA:
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OmHa OmHa IIse Tpn
CBS3b CBA3b CBS3U CBA3U

JItst Tena, HaXOAIIETOCS B PAaBHOBECHH, BHEITHIOIO CBSI3h MOKHO 3aMCHHTH
O00OOIIEHHBIM YCWINEM — peakLuey CBA3¥, OKA3bIBAIONIUM Ha TEJI0, TOYHO

TaKoe€ K€ NEeHCTBHUE:
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Boo011ie roBopsi, peakius — 3To cuia, ¢ KOTOPOH CBS3b ACHCTBYET HA TEJO.



PacuétHaa moaenb

Boo6pakaemble Tena, COCTaBIEHHbIE U3 TPEX OCHOBHBIX (HOPM U TIOXOKHE

Ha pCaJIbHBIC O6’BCKTBI, Ha3bIBAIOTCsA pacqéwmmx MoLmgeJrsaiMyL OTUX 0OBEKTOB.
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PacuetHas
Moaenb

(cTepxHeBas ¢ Harpy3kon)

PeanbHbin
00BEKT

Puc. 1.1.

Pacuérnas mopmenp mpeamnonaracTcs BBITOJIHEHHOW U3 WIEATU3UPOBAHHOTO
MaTeprajia (OIHOPOMHOIO, CILIOMIHOTO) ¢ (PU3NYECKUMH CBOWCTBAMHU MaTepuaa

peabHOTO.

Crporas popmynupoBka:
PacuérTHas Mozess — JITO peajbHbIi OOBEKT, OCBOOOXKIEHHBIM OT

HECYIIECTBEHHBIX JIJIsl JAHHOM 3a/1aud 0COOCHHOCTEH.



OCHOBHbIE NPUHUMUNDI

[Mpurmmn (ot Jyat. Principium — «HaAYajgo, OCHOBa») — YTBEPIXKICHHE,

IIPUHATOC Ha BCEPY oe3 JOKa3aTCJIbCTBA. B AJOCTOBCPHOCTHU IIPpUHOUIIA MOZKHO

Y6CI[I/ITI>C5I TOJIBKO HYTéM MHOTI'OKPATHBIX SKCIICPUMCHTOB.

1) Dpurunun Cen-Bernarna: OCOOCHHOCTH MPUIIOKEHHS HArpy30K HE

CKa3bIBAIOTCA HAa PACCTOSAHUAX, IIPCBBIIIAOMIUX pasMEp 00J1acTH uxX IMPHUIIOKCHUS:
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[Ipuauun  Cen-Benana

IIPUMCHHUMBI  TOJIBKO K JIVMHEHEIM

Puc. 1.2.

YHUBEPCAJICH.

KOHCTPYKLAAM

cmepoicHell pacyémuas cxema

Crnenyrooue aBa NOpUHIUINA

KOHCTPYKIIUSM,

MEPEMELICHNUS] TOYEK KOTOPhIX NPSMO MNPONOPLUHOHAIBHBI HArpy3Kam, HX

BbI3BaBIIMM (MTOJI00HBIE CBOMCTBA MPUCYIIM YIPYTUM OOBEKTaM, aedopmanuu

KOTOPBIX MaJIbl).



2) IpuHOHun HEBZaBUCHUMOCTY HEHCTBUS CHJI: CyMMapHbId 3ddexrt

oT BO3IICﬁCTBHH Ha TCJIO HCCKOJIBKUX CHUJI paBCH CyMMC 3(1)(1)6KTOB oT Ka}KﬂOﬁ n3

9THUX CUJI B OTACJIBbHOCTH.

3) Ipuuunun  HeMBMEHHOCTY  HAYAJNBHEIX pasMEepoB: IIpH

COCTaBJICHUH ypaBHCHI/Iﬁ PAaBHOBCCHA PaCCMATPUBACMBIX TCJI U3SMCHCHUAMMA IJINH

X 4acTeu u YIUIOB MCXKAY YaCTAMH B IIPOUCCCC HAI'PYKCHUA MOKHO HpGHC6p€qB.

Lo nacpyorcenus: llocne naepycenus:
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OTO0T IMPUHOUITI KaCaCTCA MmOJIbKO npoyecca cocmasienus ypaeHeHud paeHoeecu}Z/
Camn NEpEMCIICHNA PACCUUTBIBAIOTCA I10 0CcOOBIM MCTOAUWKAaM M HYJICBLIMH HE

CUHMTAIOTCA.



CunbilBHEeWHNE U BHYTPEHHNMe

BrewryMy HAa3bIBAKOTCS CHIIBI, I[GﬁCTBYIOH.IHQ Ha pacCMaTpuBacMoOC TCJIO
CO CTOPOHBI APYIUX TCII. Ha3bIBAKOTCA CUJIbI, C KOTOPBIMU HaCTHU

TeNa JEHCTBYIOT APYT Ha Apyra BCIEACTBUE €ro AePOpMUPOBAHUSI.

MbICNEHHO
pasgennm

a—) 6) BHY’I‘peHHMe MOMEHTEI HE IIOKAa3aHEHI.

Puc. 1.3.

Yactu Tena IEUCTBYIOT IPYyr Ha JApyra BHYTPEHHUMHU YCUJIMSMH, PaBHBIMU
MO0 MOJYJI0 U NPOTUBOMOJIOKEHHBIMUA TIO HAMPABJICHUIO («IECUCTBUE PABHO

MPOTUBOACHCTBUION ).

Ecnu teno (puc. 1.3.a) HaxoauTCsl B paBHOBECHH, TO U KaXK/1as U3 €ro yacTen
(puc. 1.3.0) Ttaxxe HaXoIUTCs B paBHOBecuHW. Mcxonas u3 3TOro ImpaBHIIa,

BHYTPCHHUC CHJIBI U MOMCHTBI OIIPCACIIAIOT MeToqoM CeYeHHuHn.



MpocTeiwunii BapmaHT metoaa ceyeruit merog PO3Y:

Pa3p63aeM Harpy-xeHHoe 1es10 MbICZ1IEHHO Ha ABe 4YaCTU NJIOCKOCTbIO

Puc. 1.4.

Or6packiBaeM MbICNEHHO OAHY M3 ABYX 06Pa30BaBLIMXCA YaCTel, HeBAXKHO KaKyto

Puc. 1.5.

3ameHsem JeiicTBHE OTOPOLIEHHON YaCTH HA OCTABIIYIOCS TINIABHBIM BEKTOPOM

. A
(packnagpiBaercst Ha Tpu cuiabl: Qy, Q, m Q, =N) u rmaBHBIM MOMeHTOM

A
OTHOCHTEJBHO IIeHTpa ceueHus (packinaapiBaercs Ha: My, My u M, =M,.)

Puc. 1.6.

YpaBHOBEImMBaEM: U3 IECTH yCIIOBUI PABHOBECHS OTCEYEHHON YaCTH

Y F=0, YF =0, YF =0, YM,=0, >M, =0, >M,=0

HaxO1uM mectTs 0006ménubIx yerwmii (Q,, Q,, N, M,/ M M ). 31u ycumus

Ha3bIBAIOTCA BEHYTPEHHWUMNM CHJIOEBBIMI d)azca:'opaMM B JaHHOM CCUYCHHMU.



Bosiee cioxHBIC BapuaHThl MeToJa CeueHUil (HECKOJBKO pa3pe3oB U

pelleHre CUCTEM ypaBHEHHI) OyIyT paCCMOTPEHBI Ha MPAKTUYCCKUX 3aHATHSIX.

MGTOI[ CEUYCHUM INPpUMCHUM TOJIBKO K TCJIaM, HAXOIAIIUMCA B PABHOBCCHUU
nona ﬂeﬁCTBHeM OJHHUX JIMIIIb BHCIITHUX CUJL. Hepej:[ €ro UCIIOJb30BAHHUECM BCC CBsA3HU

JOJIXKHBI OBITH 3aMEHEHBI UX peaKLII/IHMI/I!

*—0 ——> D — —>

CunoBas cxema



Buaobl HarpyeHumsa CTep¥XHsa

OcHOBHOM OOBEKT UccienoBaHus B Kypce «CONMpOTHBICHUE MAaTEpUATIOB) -
CTepXEHb. B 3aBUCHMOCTM OT KOMOMHALM{ HEHYJEBBIX CHJIOBBIX (DAaKTOpPOB B

IMOIICPCYHOM CCUCHUU CTCPIKHA PA3JIMIAIOT CIACAYIOIIHNC BUABI CTO HAI'PYKCHUA!

Bun Harpyxenus Nnmoctpanys

Bce cunoBble (akTophl paBHBI HYINIO, KPOME OCEBOM
pactsiruBatoren cuiisl N :

Y

Pacrsizkenne (c:kaTue)

Bce cunoBbie QakTopbl paBHBI HYIIO, KPOME KPYTSIIETO
MomeHTa M,,:

Y

Kpyuenue

B ceyenuu neicTByeT TONBKO OAMH W3 ABYX M3THOAIOIINX

MoMeHTOB ( My uin My ) wim 06a cpasy:
Y,

X f M, X i
Yucroin icm T i ]
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YucThlil u3rud AONOJHSAETCS Mepepe3bIBAIOIIEH CHUIION:
o X f M X f M X
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N3rub nomomHeH 0CeBOM pacTATHBAIONICH CUITOMN:
Y Y Y M «
BHenenTpenHoe

pacTskeHue (c:xkaTue)

M
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Bcee OCTaJbHbIE  BAPUAHTBl  HA3bIBAIOTCA  «KOMOMHHPOBAaHHBIM
Harpy>kKeHUEM» WU «Harpy)KeHHeM OOILIEero BHIa». 3aMeThTe: B OIpENEICHHE

BHJ1a HArpy>KCHUs HC YIIOMHWHAKOTCA BHCIIHUC CUJIbI, TOJIbKO CHUJIbI BHYTPCHHUC.




HanpaxXeHus

Q,, Qy, N, M,, M,, M_ (Tpu cuisl, Tpyu MOMEHTa) 3TO BCErO JHIIb

IIPUBEJICHHBIE K LIEHTPY CEYECHUS PABHOJACUCTBYIOIINE BHYTPEHHHMX CHII,
pacnpee€HHbIX 0 CEYEHUI0 (BHYTPEHHHMH HAa3bIBAIOT CHIIBI, C KOTOPBIMHU

OTOpOILIEHHAs YaCTh JACHCTBYET Ha OCTaBUIYIOCS):

B OKPCCTHOCTHU HpOI/I3B0J'II>HOI\/JI toukn «K» B cedueHum BBIACIIUM ILIOINAAKY

mwiomanpo AA. PaBHOAEHCTBYIOIIYI0 BHYTPEHHHMX CHJI Ha OTOM IUIONIAIKE

o6o3naunm AR (puc. 1.7a).

3|

Puc. 1.7.

Ipenen oraomenuss AR k AA nmpu AA—( wnHaswpBalOT moswsmM
HanpsxeHueM B Touke «Ky:

. AR
p=lim-"r M p1=10d] (I1.0)

Pazmuunoe Hanpasienne AR u P Ha puc. |.7a u puc. 1.76 oGbsacHsaeTCS

TEM, UTO B IPOLCCCC CTATMBAHHUU INIOIIAAKKM B TOYKY HaIIPpaBJICHHC BCKTOpPA AR

He 00513aTeJIbHO OCTAETCS ITOCTOSHHBIM.



VYTpowEHHO HAMPSKEHUSI MOKHO TPAaKTOBATh, KaK «paclpeesi€HHbIE CUJTBI,
KOTOPBIMM YacTH TeJla BO3JEUCTBYIOT ApPYyr Ha japyra». Bekrtop [P mosHOro
HaIpsHKEHUS! B TOYKE PACKIIAIbIBAETCSl HA BEKTOP HOPMAJBHOI'O HANPSIKEHUST

O, NEPHEHIUKYJSPHBIM IUIOCKOCTH CEUYEHUS M BEKTOP KacaTeJabBHOI'O

HanpsoxkeHns T, JIeXalini B 9Toi wiockoctn P =0 + 7T (puc. 1.76)..

‘Iepe:& IIPOU3BOJIBHYIO TOYKY « Ky B Tene MOXKHO IMPOBCCTU PA3JIMIHBIC

CCUCHMA.

COBOKYNMHOCTh ~ HANPSDKEHWM  JUISI  BCErO0  MHOYKECTBA  IUIOMIAJIOK,
MPOXOAIINX, YEPE3 TOUKY 00pa3yeT HampskEHHOE COoCTOsHue (H.C.) B

3TOU TOUKE.

Hopmanbubie Hanpsixkeanss O uMeErOT 3HaK. [[00KUTENBHBIMUA CUMTAIOTCS

PaACTATrUBaOIINEC HAIIPSKCHUS, OTPULHATCIIbHBIMU — C)KUMAIOIIKUC.

L Pi.
i I .

0>0 0<0



3aBUCUMOCTN MEXAY HANPAXEHNAMMU

MU BHYTPEHHUMU cUNoBbiMmU dakKToOpamm

dQy
o

deT

dA

QﬂeMeHTaprze Yy CuiinsAa BBEIYMCIIARTCA,
KakK IIPpOM3BEOEHMA COOTBETCTBYKIIEI'O
HAaIlIpPAXEeHMA Ha IJIolallb SHGMGHTapHOIZ
IJIomanKy

dN=0o-dA
dQy=1,dA
dQ,=7,dA

BuyTpenHue cuioBble (aKkTOpbl €CTh  PE3yJbTUPYIOIIME  JIEHCTBHS

HaHpH)I(CHPlﬁ, IPUBCIACHHBIC K HCHTPY TAKCCTH NONECPECUYHOTO CCUCHUS .

N:de:ja-dA
A

Q,=[dQ, =(z,-dA
' A
Q,=[dQ, =]z, -dA
A
M =[dN-y=[o-y-dA
' A
M, =[dN-x=[o-x-dA
A

M., :—dex-y+_[de-X:j(—rx-y+ry-x)-dA



Dedbopmauunmn

[Tycte oTpe3ok mmuHHON S, coemumHstonmii Toukn A u B Ttema mpwm
HarpyxeHuu yanuHutcs Ha AS. Torna suuesrirHon pedopmarmeri B TOUKe A 10

HarnpasyieHuto AB Ha3zbiBaeTcs Oe3pa3MepHasi BEIUYUHA:

Epg =lIM— . (1.2)

Jlunetinple nedopMaliiyd B HaNpaBJICHUH KOOPJIWHATHBIX OcCed X, Y WU Z,

HIDKHUE HHIEKCHI IMEIOT COOTBeTCTBYyIomme: €y, €y wm &, .

[TycTs mpsimoii yron o, oOpa3oBaHHBIN TpeMs Toukamu tena A, B u C npu

Harpy’>K€HUU YMeHbWUICsA HA Ao (CUUTAEM B paJMAHAX):

J

Torna yrmoeoy npedopmarnmer B Touke A Tenma B miockoctu ABC

Ha3bIBACTCA 6espa3MepHa51 BCINYHHA:

r=hpse 13)

KoopaunatHasi miockocTh, B KOTOpPOMl neWcTByeT yrioBas Aedopmaiivs

oToOpakaeTcs B €€ HIDKHEM UHIEKCe: Vyy, Yy, , Vx U T.I.



CoOBOKYNHOCTh ~ JIUHEHHBIX  JedopManuil  JUisl  BCErO  MHOYKECTBA
HaIpaBJICHUH, TPOXOAIINX Yepe3 TOUKY Tejla U YIIOBBIX JehopMaluii sl BCEro
MHOKECTBA MTPOXOISIINX Yepe3 He€ ITOCKOCTEN 00pa3yloT gedopMupoBaHHOE

CoCTOsIHMEe B TOUYKC.

[Tycth Kycouek Tena 00bEMOM V B OKPECTHOCTH paccMaTpUBAEMOW TOUKH

(HanmpumMmep, napajuienenumnen ¢ péopamMu BI0JIb KOOPAUHATHBIX OCEH)

TCJI0

OpyU Harpy)XeHuu u3MeHua cBod o00béM Ha AV. Torma o6mémMuon

nedopmManmer B TOUKe A Ha3bIBaeTca Oe3pa3MepHas BEIMUMHA

_im AV
e=lmy (1.4



MOXHO BBIBECTH 3aBUCUMOCTh MEXKJAY OOBEMHOM W JIMHEHHBIMU

nedopmarsaMy B TOUKE:

/}'_——__/7
\% A P
4 & :dyudy
~ - |
== o |
I i |
I dV~l_e | _/71
| | az 7
| 7 dx ! //
L/_/_____L/ dz+adz
y dx+ adx
0 X
dv = dX'dY'dZ - 3/IeMeHTapHbIN 0OBEM
dV' = (dx+ Adx)-(dy + Ady)-(dz + Adz) =
= (dx+¢,-dx)-(dy +¢,-dy)-(dz+¢,-dz) =
=dx-dy-dz-(1+¢,)-(L+¢,)-(1+¢,)
AdV =dV'—-dV =
= dx-dy-dzx
~0 ~0 ~0 ~0

x(l+e te, te,+e6,1te,-6,t8,6,tE 6,6, - )=~

~dx-dy-dz-(e, +¢,+¢,)

AdV
e J—

-faf=%+%+% (1.5)



