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MeToanyeckue YKa3aHHsl CoOJAep:KaT 3aJa4yd MO0  Pa3jMyYHBIM  pasaeaM
aacuunanabl - «Teopusi  mimactuyHocTh». HasBanmss W HoMepa MNYHKTOB
COOTBETCTBYIOT padoueii mporpaMmme no aucuuiinHe «Teopusi MIacTHIHOCTH.

1.1. HeoO6paTtumsble fepopmannu. IlnacTuuHoOCTh M MOJI3y4YecTh

Monayns FOHra matepuaina crepxss paseH E, npenen tekydectu paBeH G, . CTep:KEHb PacTATMBAETCS
J0 HalpsHKeHUs G >G,. B NepBOM ciydae HarpyKeHHs CTEpKEHb HEMEIJICHHO pas3rpyXkaercs.
MakcumanbHas aedopManusi CTepKHA IOA Harpy3kod paBHa ¢&,. Bo BTOpoMm ciyuae cTepikeHb

HEKOTOPOE BpEMS BBIJICPKUBACTCSA TOJ HArpy3KOM W TOJBKO MOTOM pasrpykaercs. MakcumanbHas
nedopmanus CTep:KHs 1OJ HArpy3koi paBHa ¢,. Kakoe u3 3Tux OByX 3HadyeHuUil Ooiblle U rnouemy?

Jlnia oboux cinyyaeB HalWauTe OocTaTOuHbIe Aedopmaruu, miactuueckue aeopmanuu U aedopManuu
MOJI3YYECTH.

1.2. luarpaMMa OTHOOCHOT0 HAIPY:KEHHS TeJia. AKTUBHOE HAIPY’KeHHe U Pa3rpy3ka

B JaHHOM COCTOSIHMM JJs YIPYIONIacTHYeCKOH Cpelbl Bhi-
MoJNHeH KpuTepnH TekydecTu f(p;;,x) = 0 ¥ HanpskeHUA H3MeHS-
I0TCA cO cKopocThio P;;. IlokasaTs, 4To

of .
npu 6_;741)‘5 < 0 naactudeckne gedopMmalnuu He H3MeHSIOTCSH,
ij

T. e. £f. = 0, 1 UMeeT MeCTO HepaBeHCTBO

ij
a _of . of .

TaKoH Npolecc Ha3biBaeTcs pa3zpy3koi;

1.3. Ilpenes Teky4yecTH. YNIpO4HEHHE

B skcmepuMeHTax co cTalbHBIM 06pa3loM O6GHapy»XeHO,
4TO Mpefen TeKydecTH NP YHCTOM CABHUIe paBeH
23 KH/CM2. HaiTu npefen TekydecTW NpH YUCTOM PaCcCTHAKeHHH,
cYuTafd, YTO cTalb MOJYHHAeTcH KpHTepHio TeKydiecTn Museca



2.1. Ynpyrue u Heynpyrue aegopManuu 4 CKoOpoctu aegopmanmii

[lns ynpyromiacTu4eckou cpejlbl ¢ KpUTEpHeM TeKy4ecTH
Mu3zeca, fuddepeHIEPYyS MO BpeMeHH PaBEeHCTBO

_ =€ P
€ij = 5ij + 62-3‘
¥ MCIOJb3Ys 3aKOH ['yKa # acCOIMHPOBaHHBIN 3aKOH, OJYYUTh Ypas-

nenua llpandmas—Peiicca
L@ 5@ 1

€ij = ol + Ap;;, €k = 37c Pek-

2.2. IToBepXHOCTH HAIrpyKeHHUS

B ynpyroniactudeckou cpefie ¢ ynpoiHeHHeM NMPOUCXOLHUT
MJacTHYeCKoe TedeHHe: éfj # 0. Boipa3auTh MHOXHTelb A B accouu-
MPOBAHHOM 3aKOHe Yepe3 CKOPOCTb H3MEeHeHHA HANpAKeHHH p;;.

O6paTnTe BHMUMaHHe, 4YTO [JAf HJeAJTbHOIIACTHYECKOU Cpejbl
3TOro cflelaTh Helb3f. [lovemy?

2.3. YpaBHeHHe »JHeprerudeckoro Oamanca u HepaBeHcTBO Kuaysmyca-/lrorema nis
YHPYIOIJIACTHYECKOro TeJia

BeiBectu HepaBeHcTBO I[lmanka ans ympyromjacThdeckoro tena u3 HepaBeHcTBa Kitazmyca-/[rorema.
UTo MOXKHO cKa3aTh 0 pabOTe HaNPsLHKEHUH IPU IUIACTUYECKOM J1e(hOpMUPOBAHUU?

2.4. 3axoH cocrosinus. TepMoauHAMHYECKHE OTPAHUYCHHUS 3AKOHA COCTOSITHUSA

B TeopuH mNnacTHUeCKOTo MNOTeHLHA/Na BEKTOP NpHpalleHHs
nJactuueckolf JedopMallid nepneHAMKYJ/sipeH noBepXHOCTH Harpy-
KeHHs (TekyudecTH) B JM0OOH perynsipHOH TOuYKe; JA0OKas3arh, YTO eciu
yIOBJETBOPAETCS KpuTepui Museca, TO BHINOJHAIOTCH YpaBHEHHA

p p p
dei [s1 = den/sy = dem/su.

2.5. IHocryaar /[lpykepa. BpinykiiocTb NOBepPXHOCTH  Harpy:keHus. OO0ocHoOBaHHe
aCCOLMMPOBAHHOI0 3aKOHA TeYeHUs

JlnarpamMmma OTHOOCHOTO PAaCTSDKEHHS CTeP)KHS, MOCTpOoeHHas B koopauHatax €=Al/l;, c=P/F,, rae

HYJIEM 0003HaYEHBI HaYalIbHbIC 3HAYCHUS JJIMHBI U TUIOIAAN TONCPEUYHOTO CCUCHUA CTCPIKHA, UMCCT

y4acToK, MpeAmecTByonmii pa3peBy, rae de>0, a do<0. Kak 3TOT 3KCnepruMeHTanbHbINA (haKT
coryacyercs ¢ nocrynarom Jpykepa?



3.1. UuBapuaHThI TEH30PAa HANPSIZKEHUIT. APryMeHThbl PyHKUMH HATPYKEeHU I
IlokxazaTp,uTo

3HadYeHUs QYHKUHH, ONlpejeNAOIUX KpUTepuH TekydecTn Mu3se-
ca u Tpecka,

MOXXHO BBIPa3UTh Yepe3 BTOPOH U TPeTHH WHBapHAHTHI JeBH-
aToOpa TeH30pa HANpPSKeHUH

d d) (d d d) (d) (d
N LR

3.2. YcaoBue Tekyuectu Museca. YciaoBue Tekyuectu Tpecka

[TokazaTh, 4TO KpuTepuil TekydecTu Tpecka uMeeT ciefy-
IOIIAH (DH3NYECKHH CMBICI: BellM4MHA KacaTeJbHOM COCTABIAMOLIEN
yCHJIHUsS 0 HEKOTOPOHU IIOLIAJKe JOCTHTaeT 3HAYeHUs Ts.

4.1. d¢pdext baymmurepa. U30TponHoe u TpaHCASIMUOHHOE YIIPOYHEHHE

PaccmoTpeTh 3HaKomepeMeHHOE OJHOOCHOE Harpy>KE€HUE CTEp)KHs, €CIHM 33JaH JMHEHHBIH 3aKOH
M30TPOMHOTO YIPOUYHEHUSI M €CIW 3aJlaH JIMHEHHBIM 3aKOH TPaHCISIMOHHOTO ynpouHeHusa. Kak »tu
3aKOHBI YIIPOYHEHHUsI coraacyrores ¢ agdexrom baymmnrepa?

4.2. UneaabHas IJIACTUYHOCTH. Teopema o pa3rpyske

KoHconbHO 3allleMJIEHHBIN CTEp)KeHb Harpy)kaercsd HM3ruOalUM MOMEHTOM, MPUIOKEHHBIM K
CBOOOJTHOMY TOpILy, 3aTeM pasrpyxaercs. Cuuras MaTepuall CTEPXKHsI HJI€aJIbHO IIACTUYECKUM, HAUTH
OocTaTouHble JAeopMmalii U HampsDKeHHs. MOXXHO JM  yTBep)KIaTh, 4YTO B JAaHHOM ciyd4ae
IUTACTUYECKUE U OCTATOYHbIE Je(OPMALIUU — ATO OFHO U TO *Ke?

4.3. IIpocToe (ogHOApaMeTPUYECKOE) U CJI0KHOE (KOMOMHMPOBAHHOE) HATPYKEHHE

MaTtepuan Tpy6yaToro o6pa3lia ONHCHIBaeTCH COOTHOILIe-
HUAMH MOJeNH MJacTHYeCKOrO TedeHHS C KpUTepHeM TeKy4eCTH
Mu3seca ¥ m3oTponHbeIM ynpoiHeHueM. Harpyxxenwe HadmHaeTcs C
Helle(pOpMUPOBaHHOI'O COCTOAHUA U NMPOBOJAUTCA TaK, YTO OTJANYHA
OT HYJA TOJbKO OJHa KOMIIOHEHTa p,, = 0 TeH30pa HalpsKeHUH B
IUJINHIPUYECKON CUCTEMe KOOpAUHAT

[loka3aThb, 4TO cpe/ii KOMIOHEHT TeH30pa AeOpMaluil TOJBKO
OJlHa — £,, = € — OTJHYHA OT HYJA.



4.4. lepopmanuoHHasi Teopus IJIACTUYHOCTH. TeopemMa 0 MpoCTOM HArPyKEHUH

IIpocmuim nazpyacenuem Ha3BIBaeTCs Tpolecc, IpH KOTO-
pPOM BCe KOMILOHEHTHI JleBHaTOpa TEeH30pa HANpsXKeHHH H3MeHAITCS
NPONOPLHOHAIBHO MOHOTOHHO BO3pacTaloOlIeMy NapaMeTpy T:

d
PEJ‘) =TSy, S;; = const.

[loka3aTh, 4TO JJad yIpPYTromIacTHYeCKOr'0 MaTepHala ¢ KpuTepHeM
TekydecTH Mu3seca ¥ M30TPONHBIM yNpOYHeHHeM TNPH Jio6GoMm mpo-
CTOM HarpyXeHnH, HayMHalolleMcs ¢ HeJed)OpMHUPOBAHHOI'O COCTO-
AHUA,

,HalnpaBifiolle TeH30pbl® [eBHATOPOB TeH30pa JedopMaluil u
TeH30pa HalpiXeHWH COBMaJaloT, T. €.

¥ L] ’ \ /
—61 = _—""I 3 rie pp= p” pji y E1 = 5” E.” .

5.1. Yopyromnacruueckoe aedopMuUpoBaHUe. YPaBHEHHs] PABHOBeCHsl, TPAaHUYHbIE YCJIOBHS,
CBSI3b MEKIY HANpPsiKeHUAMH U J1edopManusaiMu

YnpyronjiacTuyeckas cpeja, MOTYHHAIOIIAACT KPHTEPHIO
TekydecTn Museca, IBHXKeTcS B YCAOBHAX IUVIOCKOH AedopMaluy B
JIeKapTOBOH IJIOCKOCTH (T, T3). CyuTas HadalbHOE COCTOSHHE He-
HaNpAXXeHHbIM, TOKa3aTh, YTO

ecIy cpeja HeCXXHMaeMma, TO BHIMOJHEHO

P11 -2‘r P22

P33 =
i KpuTepui TekydecTu Museca npuHUMaeT BHJ

(p11 — p22)? + 4pl, = 4k?, k= o5/V3.

5.2. ManonukjoBasi YCTAJI0CThb. HOBerHOCTHOC YIPOIYHECHUE JaeTaJjie

KoHconbHO 3amieMieHHBIH CTEp)KeHb H3rudaercs CUiIoW, NPUIIOKEHHOM Ha CBOOOJHOM KOHIIE.
Matepuan cTepkHs — yIpyrolacCTHUECKUN C JINHEHHBIM YIIPOUHEHHUEM.

a) CrepxeHb pasrpy3uWjid U Harpy3ujiud B IPOTHBOIOJOKHOM HampasiieHuu. Haliaure mpenenbHyro
HarpyskKy.

0) CrepkeHb MHOTOKpPAaTHO HarpykaeTrcs 3HaKOIepeMEHHOW Harpyskoil. Haitaure 3aBucHMOCTH
nedopMalui OT Harpy3KH JUIsl pa3HbIX TOUEK CTEPIKHS.

B) Jlnst 3a7a4 a) u 6) uccienyiite BIUsSHUE YIPOYHEHHS HA BBISIBJICHHbBIE Y PEKTHI.



5.3. KecTko-uiacTuueckoe Tejio. OCHOBHbIE YPaBHEHUS

IlokazaTh, 4TO oOmpejelsiolljie COOTHOIIEHHS >KECTKO-
HJeaJbHOMIACTHYeCKOH cpefbl C KpUTepHeM TeKydecTH Mu3seca
(accounnpoBaHHBIH 3aKOH) JKBHBAJIEHTHHI COOTHOILIEHHAM

€ .
\/ik————u-j, A >0, ecnn e;; # 0
Veke
(d) _
ng - L —
Jio6ble, y0BJIeTBOPSAIOLIHE ecnd e;; = 0.
d) (d
YCJIOBHIO pgj)pg-i) < 2k?,
3lech e;; — KOMIIOHEHTHl TeH30pa ckopocTeH jgedopmauni. Ha

OCHOBe J2TOH MOOeJqH CKOHCTpPYHPOBATBE ollpefendroluine COOTHOIIe-

HUS HECXKHMaeMOH Jcecmroe6A3Konsacmuueckot cpedvl, KOTOpHIe
COXpaHANN OBl Ty e 00JlaCcTh XeCTKOI'O NoBeJleHus

5.4. IlpuioxeHue TeOPHUHM K BbHIYHMCJICHHIO TMpeleJbHbBIX HArPYy30K H MaTeMaTHYeCKOMY
MO/1eJIMPOBAHUIO TEXHOJIOTHYECKUX NPOLeccoB 00padoTKH MeTa/UIOB IaBJeHHeM

beckoneuno gannunas Tpy6a, HMerolas BHyTPeHHRH paguyc
a W BHEUIHHH pajuyc b, HarpyxaeTcs H3HyTpH JaBleHHEM P, MOHO-
TOHHO BO3pPacTaloWHM OT HyJd. MaTepuan Tpy6sl cYuUTaTh YIPY-
rOHJeaJbHOMIACTHYeCKUM, NOJIHHAIONINMCA KPATEPHIO TEKyYecTH
Muzseca u HecxkHMaeMBbIM — B 3akoHe I'yka K = oo.

[Toka3aTh, YTO B HEKOTOPOM JHaNa3oHe AaBleHHH Pp < P < P«
9TO ypaBHEHHe UMeeT eIHHCTBEeHHOe pellleHHe I panyca B IpoMe-
XKYTKe OT BHYTpPeHHero /1o BHelllHero pajJuyca TpyObl, a NpH JApyrux
3HaYeHUAX JMaBleHHS He UMeeT pelleHMH. HalTH BeJHYHHBL Pg, Py.

6.1. IloctaHOBKA yNPYroniacTH4eCKUX 32124

PaccmoTpuTte 3amauy o JeOpMHpPOBAHMHU 3alEMJIEHHOIO CTEp)KHS pacTArMBamoliedl cuiaod u
MIPUJIOKEHHBIM Ha CBOOOJHOM KOHIIE M3rMOaroIMM MOMEHTOM. MOKHO JIM yTBEpPXKAaTh, UTO PELIEHUE
3aJ1a4M [TOJIHOCTBIO ONIPENEIAETCS] MAKCUMAJIBHBIMHU 3HAYEHUSIMH CUJIbI 1 MOMEHTA?

6.2. Meton ynpyrux pemenuil. Pasziaumunbie mogupukanumu Meroga (MeTod HAYAJIbHBIX
HANPSKEHUH, MEeTO/l MePeMEeHHOMH KeCTKOCTH), 00JIaCTH UX IPUMEHEeHHUSs

beckoHeuHO AMMHHBIA KPyroBOW HWIMHIADP (BHYTPEHHHH paanyc — a, HapyXHbIH — D) Harpyxkaercs
BHYTPEHHUM JiaBjeHHeM p. LlUIuHAp HaxXOOUTCS B COCTOSIHMM IUIOCKOM aedopmaruu. Marepuan
WIMHApA uaeanbHo-TuiacTuyeckuit. Moaynes FOura E, koagduuuent [lyaccona v, mpenen TekydecTu
o,. Onpenenurb 3aBUCHMOCTb PAHAIBHOTO IEPEMEIICHHS] BHYTPEHHEH MOBEPXHOCTH LMJIMHApPA OT

AAaBJICHUA p BO BCEM JJUAIIa30HEC €TI0 U3MCHCHMU.



7.1. YCTOMYMBOCTD CKATOr0 cTep:kHA. Pemienust Iureccepa-Kapmana u llenan

Pemmmre 3amady O BHELEHTPEHHOM CXKaTHHM CTEPXKHS C IPSIMOYTOJIBHBIM IIOIEPEYHBIM CEUYECHUEM.
Marepuan CTepKHs — yIpPyrollaCTU4eCKU C JIMHEWHBIM YIIPOUYHEHHEM. Vcnonb3ylTe METO yIIpyrux
pewenuid. IlonbiTaiitecs onpenenuTs KpUTHYECKYl0 Harpy3ky. K deMy oHa Ommke: K pelIEHUIO
OHreccepa-Kapmana nnu pemenuto Llennu?

8.1. OcHoBHbIE YypaBHeHHMSI IVIOCKOW JAedopMaANUM KECTKO-IJIACTHYECKOro Teaa. Jlmnum
CKOJIb2KeHHs, UX CBOICTBA

JIMHHH CKOJILIKEHUS o0pa3ylor seepooOpasHyro o6JacTs ¢ YIJIOM pacTBopa

30°%; o-JIMMHH — AOYr¥ OKpYKHOCTEH, P-JHHUH ~— panuych JlaBaeHue
Ha JunuH AB paeno k. Hafitu parnenwe Ha aunun AC.
A
k
C

8.2. JIuneapuzanus. IIpocTrie HANPSIZKEHHbIE COCTOSTHUS

Ilpu wramncske ¢ BHTAXKKONR 6e3 TpeHHs Yepe3 KBaJPaTHYIO
MaTpHLY, NPHBOASAIREH K YMEHbILIEHHIO CEUEHHS HA MATHIECAT IPOLeH-
TOB, JIMHHH CKOJIbXKEHHS 3aN0/IHSIOT BeepoobpasHyro 05macTs, KOTOpas
COCTOMT M3 PajMajbHHX NPAMBIX — P-IHHUE U AYT OKpYKHOCTEH —
o.-NMUHKH (pHC. ). HaliTh KoMIIOHEeHTH! CKOPOCTH BIOJb STHX JHHHH
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8.3. OcecummerpuyHoe mnoJie. I'paHu4YHbIe YyCI0BHUSA A HanpsikeHuid. OCHOBHBIE KpaeBble
3aa4M

BeckoHeuHO JMHHBIA KPYroBOW HWIMHIAP (BHYTPSHHUH paauyc — a, HApyXHbIi — D) Harpyxkaercs
BHYTPEHHUM JaBlieHUeM p. L{unnHAp HaXoAWTCS B COCTOSIHMM IUIOCKOW nedopmanmu. Martepuan
WINHIPA JKECTKO-IUIACTHYECKUH, yrpouHeHHeM InpeneOperaeM. Ilpenen texkyuectu o, . Iloctponts

JIMHUH CKOJILKEHUS U HAUTH OpeaACIIbHOC 3HAYCHUEC JaBJIICHHA p.



8.4. Uncnennsblii MmeToa pemenusi. Onpenesnenne moJisi CKopocreit

Cuuras HU3BECTHBIM peIlEHUE MPEAbIAYIIEH 3a/lauu, ONPEIeIUThb, UCTOIb3Yysl ypaBHeHUs I 'eiipunrep,
1oJjie ckopocTel. YTo MOKHO CKa3aTh O COTJIAaCOBAHUU TOJICH HANIPSXKEHUI U CKOPOCTEM?

9.1. U3ru6 moJiockbl, 0c1a0JI€HHOI BHIPE30M

Pemmts 3a1a4uy 06 usrubde nonockl (cM. puc.). Haiitu npeaenbHoe 3HaueHNE N3rHOAI0Iero MOMEHTA.

M

9.2. U3ru6 KopoTKOi KOHCOJIU CHJIOH. BraBiuBaHue mji0CcKOro mrammna

Pemmts 3amauy 00 uzrube KopoTkoi KoHCoNu (cM. puc.). Haiitu npenenbHOe 3HaYeHHE HArpy3KH.

P i
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9.3. Kitun nmoja geiicTBHeM OJJHOCTOPOHHEr0 AaBJieHsi. CokaTHe CJI0SI MEXKIY KeCTKUMU IJIMTAMM

Pemmth 3amady o c)kaTuu CIIOS JKECTKMMH IIEPOXOBATBHIMU IuTamu (cM. puc.). Haiitu npenenbHoe
3HAYEHUE HArPy3KH.

AY

10.1. Tliiockoe HanpsizkeHHOe cocTosiHue. OcecumMeTpu4Has aegopmanus

PaccMoTpeTs ynpyro-njactiueckoe cocTossHHe GHICTPO BpalAoLlerocs Kpyr-
JOr'0 JIMCKAa NOCTOSTHHOH TOJIMHHB! NMPH ycjaoBHH TeKydecTd Tpecka — Cen-BenaHa.
IIpH xakoi yrjoBoii CKOPOCTH JOCTHTZeTCS YHCTO IVIACTHUECKOE COCTOSHHE?

10.2. YcaoBue mosiHOi miacTuyHocTH. HampsikeHHoe cocTosiHMe B IIeliKe PacTAriBaeMoro
o0pa3sua.

IIpoananu3upoBaTh JONYILIEHUSI, HA KOTOPbIX OCHOBaHO pewieHue JaBunenkoBa-CnnupuaoHoBoit
(cm. puc.). IMogydyuTh YHC/IEHHOE pellleHHe YNPYrolJIacTUYeCKOW 3aJadd 0 HANPSKEHHOM
COCTOSIHMH B 1IeliKe MeTOI0M YNIPYrUX pelieHui.
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