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VIIK 539.3/.4(075.8)

ConpoTHBICHHE MaTEpPUAIOB: METOMA. YKa3. M WHAMBHI. 3aJaHUS IS
cryaentoB /10, obyuaromuxcst mo Hampasienuto 150700 «MammnocTpoe-
nue; / coct. K.H. llykybnuna, A.B. Audpunodren. — Tomck: U3n-Bo Tomcko-
o MOJIMTEXHUYECKOTO yHUBepcuTeTa, 2013. — 56 c.

MeTouyueckre yKazaHusi U WHIUBUAYaJIbHBIC 3aIaHUSI pacCMOTpe-
Hbl U PEKOMEHJIOBAaHbI K M3/aHUIO METOJUYECKUM CEMHHApPOM Ka-
dbenppl TeopeTHyecKor W mpukiagHo Mexanuku 4 mas 2013 rona,
npoTokoa Ne

3aB. kademapoii TTIM,
JIOLICHT ®.A. CumaHKkuH

AHHOTALIUA

Meroa. yka3. u UHAUBUI. 3aJaHusl 10 aucuuiuinae «ConpoTuBiie-
HUE MaTepHalIOBy» MpeaHa3zHaveHbl it cTynenToB MJ10, obyyarommxcs
no HanpasieHuto 150700, «MamumHocTpoeHue». JlaHHass OUCHMILUIMHA
U3ydaeTcs OAUH CEMECTP.

[IpuBeneHo coaep:kaHHe OCHOBHBIX TEM JAUCUUILIMHBI, YKa3aHbI
TEeMbI MPAKTUYECKUX U JTabopaTOpHbIX 3aHATUN. [IpuBeeHBI BapHaHTHI
WHMBHUIYaJbHOTO IOMAITHETro 3aaHus. JJaHbl METOUYECKHUE YKa3aHUS
10 BBINOJIHEHUIO MHMBHUIYaJIbHOTO JOMAIIHETO 3a/1aHMUSI.
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1. MECTO JUCHUIIJIMHBI B CTPYKTYPE
OCHOBHOM OBPA30OBATEJBHOU TPOI'PAMMBI

CoBpeMEHHBIN 3Tall HAYYHO-TEXHUYECKOTO Pa3BUTHUS XapaKTEPU3YeTCs
OBICTPBIM COBEPILICHCTBOBAHHEM TEXHUYECKUX MApaMeTPOB U3JIEIHMA, KOHCT-
PYKLIMOHHBIX MAaTE€pUaJIOB, TEXHOJOIMYECKUX IPOLECCOB, CO3JaHUEM MaTe-
MaTHUYECKUX MOJIETICH U3/, KOTOpbIE 3aTeM CITy>KaT OCHOBOM pa3paboTKu
TEXHOJOTUA W MPOU3BOJACTBA JJIEMEHTOB KOHCTPYKLUMHW W KOHCTPYKIIMH
B 11€JIOM, YJIOBJIETBOPSIOIINX TPEOOBAHUAM HAJCKHOCTH U SKOHOMUYHOCTH.

OCHOBHBIM COAEPKaHUEM TEOPETUYECKON YaCTH Kypca CONPOTHUBIICHHUS
MaTepuasoB SBJISETCS 000OILIEHNE WH)KEHEPHOIO OIbITa CO3/IaHUs MallluH
U COOpPYKEHUH, pa3paboTKa Mojeiell MPOYHOCTHOM HA/IeKHOCTH.

B skcnepumeHTanpHOM yacTH Kypca (OpMHUPYIOTCS peajbHble Hpen-
CTaBJICHUS O CONPOTUBIIEHUU MATEPUAJIOB B PA3IIUYHBIX YCIOBUIX J1eHOpMHU-
pOBaHUsI, OOpETAIOTCA HABBIKM OOpaOOTKM M aHalIM3a pe3yJbTaTOB HMCIbITA-
HUM, a TaKXKe, BEAETCA IIPOBEPKA TEOPETUUECKUX IIOJIOKEHUN Kypca.

Jlist ocBoeHHsI Kypca HEOOXOJUMO MMETh COOTBETCTBYIOIIYIO MaTeMa-
TUYECKYIO IMOJrOTOBKY B 00JIACTH BEKTOPHOM anreOpsl, 1udpepeHnnanbHoro
Y UHTETPAIIbHOTO MCUYUCIIEHUS; BJIAJIETh OCHOBHBIMHU IPEICTABICHUSIMH (HHU-
3UKH TBEPJIOTO TEJIA, TEOPETUIECKON MEXAHUKN, MATEPUAIOBEICHHS.

IIpepexBusutel: «Marematukay, «@Puszuka», «MarepuanoBeaecHue.
B nocnenyromieM 3To NOCIyKUT 0a30i JjIsi OCBOCHUS psiia TUCHUILIMH MPO-
(eccuOHaIbHOTO LIUKJIA.

KopexBusnutel: «Teoprs MamMH M MEXaHM3MOB», «Jleramu MamuH
Y OCHOBBI ITPOEKTUPOBAHUSY, «1IpON3BOICTBO CBAPHBIX KOHCTPYKLMII».
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2. COAEP/KAHUE
TEOPETHYECKOI'O PA3JEJIA TUCIUIIJIMHBI

Tema 1. OcHOBHBIC IOHATHS Kypca

[Ipo4HOCTh, HKECTKOCTh, YCTOWYHUBOCTb, BBHIHOCIUBOCThH (yCTAJIOCTh) —
KaK MOHATHUS, ONPECISAIOINE HaeKHOCTh KOHCTPYKIMA B UX COMPOTHUBIIE-
HUW BHEIIHUM BoszaehcTBusIM. KoaddumumenT 3amaca, kak KOJIMYEeCTBCHHBIN
MOKa3aTeslb HAJIEKHOCTH U SKOHOMUYHOCTH KOHCTPYKLUU.

Pacuetnbie cxembl (Moenn): TBEpAOTO AehOPMUPOBAHHOTO TEJa, T€O-
METPUYECKUX (POPM DJIEMEHTOB KOHCTPYKITMH, BHENTHUX U BHYTPCHHUX CBSI-
3eil MeXIy HMMHM, BHEIIHMX BO3/eWcTBHiL. BHyTpeHHue cuibl B aegopmu-
PYEMBIX TeJaX U UX KOJUYECTBEHHBIE MEPhI: BHYyTPEHHHUE CUJIOBBIEC (PaKTOPHI
U HampsKeHus. MeToj| CeUeHHN U YpaBHEHUSI PABHOBECHS JIJISl ONIPEICIICHUS
BHYTPEHHHUX CUJIOBBIX (hakTOpOB. [loHATHE «HATIPSIKEHHOE COCTOSIHUE.

['eomeTpuyeckue HCKaX)EHUS CTEPKHEBBIX JJIEMEHTOB KOHCTPYKIIHIA
U UX KOJUYECTBEHHBIE MeEphI: nepemenieHus u aedopmaruu. [lonstue «e-
(OpPMHPOBAHHOE COCTOSIHUE» B TOUKE.

[ToHaTHS ynpyrocTH, MIACTUYHOCTH, XPYNKOCTHU. JIMHENHAA yIIPYroCTh
(3akoH I'yka B o0uieil ciioBecHON (OpMYIHPOBKE U MATEMaTHUYECKOM BbIpa-
*eHuu ). [IpuHIUI HE3aBUCUMOCTH IEUCTBUS CUJT (TIPUHITUIT CYTIEPIIO3UIIUN ).
[ToHsTHS TPOCTOTO U CIIOKHOTO (KOMOMHUPOBAHHOTO) COMPOTUBJICHUH.

Pexomenayemasi aureparypa: [1, ctp. 1-13].
MeToanueckue yKa3aHus

OOpaTrTe BHUMaHUE HA CMBICI MOHITHH «HAIPSDKCHHS», «BHYTPEHHHUE
YCUITHSD), «METONl CeUeHHit», «aeopMalui YIOpyrue U IUIACTHYCCKHUCY,
«IPOCTEHIINE BUBI HArpYyKeHus». [1, ctp. 7-13].

Bonpocsl 111 cCaMOKOHTPOJIS

1. Yro moHUMAaETCs MO «HAMPSHKEHUEM) U «HANPSHDKEHHBIM COCTOSIHU-
eM B Touke»? Kakue HanpspkeHus MOTYT OBITh B OJTHOUM TOYKE?

2. KakoBa pa3MepHOCTh HaNPsHKCHU?

3. KakoB ¢u3udeckuii CMbICT BHYTPEHHHUX CHUJIOBBIX (PAKTOPOB, KOTO-
pBIC I KPAaTKOCTH Ha3bIBAIOT «BHYTPECHHHUE CHUJIBDY, KAK OHH OTIPEICIISIFOTCS
B nedopmupyeMbix crepkusax? KakoBa pa3zMepHOCTh BHYTPEHHUX CHIIOBBIX
(haxTopoB?
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4. Yrto moHUMaeTcs Moj «aedopMarusaMm» U «1eGopMUpPOBaHHBIM CO-
CTOSTHUEM B TOYKE», Kakue nedopmariuu OnpeacssiioT TeOMETPUIECKHIE HC-
KOKCHHSI MAaTepUAITLHOTO MUKPOOOBEMA B OKPECTHOCTH TOUYKH?

5. KakoBa pa3zmepHOCTb aedopmariuii?

6. Uto Takoe MPOYHOCTH, KECTKOCTh, YCTOWYMBOCTDH, IJIUTEIHHAS
MIPOYHOCTh?

7. Yrto Takoe ko3(phHUIIMEHT 3amaca U KaKk OH OIpejesseTcs B o0IeM
ciay4dae?

8. Kakue (akTopsl ciieyeT NpUHUMAaTh BO BHUMAaHKUE TIPU Ha3HAYCHUU
kod(pdunrenTa 3amaca?

9. Yto o3HayaeT «maTepual CIUIOMHONW»? [l yero HeoOXoaumo J0-
NyIIEHUE CIUIONIHOCTU MaTepuaia MpHU ero OYEBHUJIHOM JUCKPETHOM 3€pHU-
CTOM M KPUCTAJUINYECKOM CTPOCHHU?

10. [l;ist 9ero HEOOXOAUMO TOMYIIICHUE OJJHOPOTHOCTH MaTepuasa’?

11. Yo Takoe M30TPOMHOCTh U aHU30TPOITHOCTh MaTEPUAIOB?

Tema 2. PacTsikeHue U cokaTHE

BHyTpeHHUE Cwibl B IOINEPEYHBIX CEUCHMSIX cTepkHs. IlocTpoeHue
auarpamm (3MI0p) BHYTPEHHHUX CHUJI OT JAEMCTBHUSI COCPEAOTOUYEHHBIX CHII
U pacIpeieJICHHbIX 110 IJIMHE CTEePKHA (COOCTBEHHOTO BECa).

Hedbopmanyiyi TpoJ0JIbHBIE U MONEPEYHbIE, KOIPPUIUEHT MONEpEeUHON
nedopmanuu (ko3 duiment Ilyaccona). HanpsbkeHust B monepeyHbIx ceve-
HUAX cTepkHs. CBA3b MEXAY HaNpsHKEHUsIMH U eopmanusamu (3akoH ['y-
Ka). Moaynp ynpyroctu Kak *ecTKOCTh Marepuana. OmnpeneneHue nepemMe-
IICHUIN MONEPEYHBIX CEYEHUM CTEPKHS U U3MEHEHUA €r0 JUIMHBI MO JEUCT-
BHEM COCPEIOTOYECHHBIX CHJI, COOCTBEHHOI'O Beca, TeMieparypbl. Dopmyiu-
POBKa YCJIOBUH MMPOYHOCTH U KECTKOCTU. PAa3HOBUIHOCTH pacyeToB U UX CO-
nepkaHue (IPOEKTHBINM, IPOBEPOYHBIN, ONPEIEICHHE JOIMYCKaeMbIX Harpy-
30K) Ha OCHOBE YCJIOBUH NMPOYHOCTU M KeCTKOCTU. CTaTUYECKU ONpenenu-
MBIE CTEPXKHEBBIE CUCTEMBI C Y3JIOBOM Harpy3kou. OrpezesneHne reoMeTpun
nepopmupoBanus. CTaTUUECKH HEONPEICIUMbIE CHCTEMBI: OCOOEHHOCTHU
pacdeTra, MOHTaXHbIE M TEMIIEPATypPHBIE HAINPsDKEHUsA. MeXaHu4ecKue CBOM-
CTBa MarepuajioB. THUMOBBIE auarpaMMmbl AeQOPMHUPOBAHUS IJIACTHYHBIX
U XPYNKUX MaTE€pUAJIOB MPU PACTSHKEHUH U CKATUU. XapAKTEPUCTUKHU YIIPY-
I'MX, MIPOYHOCTHBIX U Je(OpMaIlMOHHBIX CBOMCTB MaTepuasioB. HaznaueHnue
JIOITYCKAEMbIX HANPSKEHUM.

Pexomenayemasi sureparypa: [1, crp. 14-38].
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MeToanuyeckue yKa3aHus

W3zyuas 3T0T pasmen, o0s3aTeNbHO 3aKPENUTe 3HAHUS MPAKTHYESCKUMU
YIPAXHESHUSAMH TI0 ONPEACIICHUI0 BHYTPCHHUX YCWIIMN, HANPSDKCHUW W TIe-
pEMEIIeHNH, CaMOCTOSTEILHO CHOPMYITHPYHTE MPHUHIMII pacueTa CTaThde-
cku Heomnpeaenumbix cuctem (CHC) [1, cTp. 14-38].

Bomnpocs! 1151 caMOKOHTPOJIS

1. Kak KOJIM4eCTBEHHO ONPENECINUTh HANPsHKEHUS B MIONEPEYHBIX cede-
HUSIX CTEPKHS IPU PACTSHDKEHUU U CHKAaTUU?

2. Kak onpenenuts U3MEHEHHE JJIMHBI YaCTU CTEPXKHS IPU pacTsixe-
HUM U CKATHM OT JEHCTBUS COCPENOTOUEHHBIX cui? OT cOOCTBEHHOIO Beca?
OaHOBPEMEHHO OT CHJI U COOCTBEHHOTO Beca?

3. Uro noHumaeTcs noJi )KECTKOCTHIO CTEPKHS IPU PaCTSHKEHUM (CKa-
Tin)?

4. Kak ¢popmynupyercst ycIOBUE MPOUYHOCTU? YCIOBUE KECTKOCTH?

5. Yrto xapakrepusyet kodppuuuent [lyaccona?

6. Kakue cuctembl Ha3bIBAIOTCS CTATHYECKH OMPEACTUMBIMA M KaKHe
HEOTNpeACTUMBIMH, KaK YCTAHOBHUTD 3TO?

7. Kaxue momonHUTENTbHBIC YpaBHEHHS HEOOXOIUMBI AJis pacyéra cTa-
TUYECKU HEOMPEICTUMBIX CUCTEM?

8. Uro Takoe mpeesn MponopLUUOHATIBHOCTH (IIPEAEN YIPYTrocTH), Npeaesn
TEKy4€CTH, BpEMEHHOE CONIPOTUBJIEHHE (IIpee MPOYHOCTH ) MaTepuaa’?

9. Kakue xapakTepUCTUKH OIpPENESIOT CIOCOOHOCTh MaTepuaia Iia-
CTHUYECKU J1€(OPMUPOBATHCS U €70 XPYIKOCTh?

10. U3 kakux cooOpakeHHil Ha3HAYaIOTCS JOMyCKaeMble HApPSKCHHUS
IUIA XpYTNKUX U MJIACTUYHBIX MaTepuanoB?

11. Yro Takoe akTnyeckuil KOAPPHUIMEHT 3anaca U Kak ero ornpeesnTh?

Tema 3. OcHOBBI TEOPUM
HANPSZKEHHOT0 U A1e(OPMUPOBAHHOIO COCTOSHUM

HanpskeHuss B HAKJIOHHBIX CEUEHMSX CTEPKHS IPU PACTIKECHUU
U CKaTHH, 3aKOH MApPHOCTU KacaTelbHbIX HamnpshkeHud. ['paduyeckoe npe-
CTaBJICHUE HANPSKEHHOTO COCTOSHUS IPU PACTSIKEHUU U CKATUM KPyramu
Mopa. Buapsl HanpsoK€HHBIX COCTOSHUM, TJIABHBIC HAIPSDKEHUsSI, TJIABHBIC
momaaku. ['paguyeckoe U aHANUTUYECKOE ONMpPEACIICHUE TJIABHBIX Hampsi-
YKCHUH U UX HAMPABICHUH MPHU IJIOCKOM HAMPSIKEHHOM COCTOSIHHM.

JlebopMUpOBaHHOE COCTOSIHUE TIPU PACTSHKEHUH U CoKaThH. CBSI3b MEXK-
Iy MOJIYJEM HOPMAJIbHOM YNPYrOCTH M MOIYJIEM CABWTa JJisi U30TPOIHOIO
Marepuasia. CBsi3b HANPSHKEHHOTO M e OPMUPOBAHHOIO COCTOSTHUN, 0000-
meHHbd 3akoH ['yka. OO0beMHast nedopmanusi. YaenbHas MOTEHIIMATbHAS
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sHeprus aedopMaluu U €€ COCTaBHBbIC YaCTH: SHEPTUs M3MEHEHUs o0bema
Y DHEPTHsi U3MEHEHHSI (POPMBI.

Teopun mpoyHOCTH (MPEAENTBHOTO COCTOSIHUSA). KpuTepun 3KBUBAJICHT-
HOCTH HalpsKEHHBIX COCTOSHUM. DKBUBAJIEHTHOE HANPSDKEHUE M €ro OIpe-
NEJIEHUE O Pa3JINYHbIM KpurepusaMm. PopmMyIHpOBKa YCIOBHW MPOYHOCTH
IIPY POM3BOJIBHOM HANPSLDKEHHOM COCTOSIHMM JUISl IUTACTUYHBIX U XPYIKHUX
MaTepualoB.

Pexomenayemasn gureparypa: [1, ctp. 72-89].

MeTtoanyeckue yKazaHus

BoigenuTe KOMIIOHEHTHI HANPSY)KEHHOTO COCTOSIHUSA, TJIABHbIEC HaMpshKe-
Hud. M300pa3ute cxeMbl HAMPSHKEHHBIX COCTOSIHUM, CPOPMYIUPYITE KpUTE-
pUHY SKBUBAJIEHTHOCTH HAIIPSIAKEHHBIX COCTOSIHUM.

Bomnpocs! 1151 cCaMOKOHTPOJISE

1. Kak ¢dopmynupyercs 3aKOH MapHOCTH KacaTeJIbHBIX HAMpsHKECHUN
1 KaK €ro NponJUTFOCTPUPOBATH?

2. Kakme cormameHuss TPUHATHI I OO0O3HAYCHUS HANPSHKCHUM
Y MX 3HAKOB IIPU UX U300paKECHUU Ha TPaHSAX JIEMEHTAPHOIO Mapasuiesienu-

nena?
3. Kakue HampspkeHHs Ha3bIBAIOTCS TJIABHBIMH, COTJIAIIICHHE 00 WX
0003HaUeHUAX?

4. Kak omnpefenuTth riaBHbIE HAPSDKCHUS UM UX HANpaBJIEHUS MPU W3-
BECTHBIX HAIPSDKEHUAX Ha TPaHsIX dJIEMEHTapHOro napaienenuneaa (mioc-
KO€ HaIpsuKEHHOE COCTOSIHUE)?

5. Kak ompenenuTh MakCHUMalbHbIC KacaTelIbHbIC HAMPSHKEHUS TPU
MJIOCKOM HAMPsHKEHHOM COCTOSIHUM?

6. Uto Takoe «riaBHBIE AehOpMAITHI»?

/. Yrto moHuMaetcs noja 00001EHHBIM 3aKOHOM ['yka?

8. Kaxk 3ammcats 0000IEHHBIN 3aK0H ['yKa B rI1aBHBIX HAMPSKEHHUSIX ?

9. Kak ompenenuTs ymnpyryro MOTEHIHAIBHYIO SHEPTHIO B dJIEMEHTap-
HOM 00BeMe?

10. Yro Takoe yaenbpHas MOTCHIMAIBbHAS DHEPTHUS, YHEPTUS W3MCHCHUS
(hopMBI, PHEPTUS U3MEHEHHUS 00BEMA 1 KaK MX BBIYUCIISTH?

11. Yro TaKkoe <«OKBUBAJICHTHOE HAMNPSHKCHUE» U KaKUEe KPUTEPUU
WCTIOJIB3YIOT TIPU €T0 OTPEIEIICHUH /ISl TUTACTHYHBIX M XPYIKUX MaTepHaioB?

12. Kak chopmynupoBaTh yCJIOBHE MPOYHOCTH MPU OOBEMHOM Hamps-
AKEHHOM COCTOSIHUU?
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Tema 4. 'eomeTpuyeckue XapakTepucTHKH
IUIOCKHMX CeYeHUM

MareMaTHYeCcKre OINpPEIeIICHUs] TeOMETPHUSCKUX XAPAKTEPUCTHK ILIO-
CKUX (DUTYp: CTATHUECKUE MOMEHTBI, OCEBBIC MOMEHTBI MHEPIIMU U IICHTPO-
OCKHBIH, MOJIAPHBIA MOMEHT nHepiuu. [IpeoOpazoBaHne XapaKTEPUCTHK TIPU
napasuieTbHOM mepeHoce oceil. LlenTpanbhbie ocu. ['maBHbie ocu. Onpenerne-
HUE TIOJIOKEHUS IICHTPa TSHKECTH AJIEMEHTAPHBIX CEYCHHH W COCTABIICHHOTO
U3 3JIeMeHTapHbIX Guryp. HaxokaeHre reoMeTpuIecKiuX XapaKkTepUCTHK Ce-
YEeHUH OTHOCHUTENBHO IIEHTPAIBHBIX oceil. [IpeoOpazoBanme 1eHTPOOEIKHOTO
¥ OCEBBIX MOMCHTOB MHEPIIMU TPY BPAIICHUHU IICHTPAIBHBIX OCel. I 1aBHBIC
IIEHTPaJbHBIC OCH. | JTaBHBIC OCEBBIC MOMECHTHI HHEPITUH CCUCHHUS.

Pexomenayemasn jqureparypa: [1, ctp. 60-66].

MeTtoauyeckue yKasaHus

N3yuast 3TOT pazaen, oOpaTuTe BHUMAHUE Ha OINPEACIICHUE TTOJIOKEHUS
[JIaBHBIX OCEH, OMpe/IeJICHUE TJIABHBIX MOMEHTOB MHEPIIUU MPOCTEHIINX Ce-
YEHUN U CEYEHUH CIIOXKHBIX COCTaBHBIX. [l03HAKOMBTECH C TaOIUIIAMU COP-
TAaMEHTOB MPOKATHOM cTanu [4, ctp. 829-839; 5, ctp. 547-553].

Bonpocsl AJ11 CAMOKOHTPOJIs

1. Kak ompenenuth MOJIOKEHUE LEHTpPA THKECTU IUIOCKOH (PUTYPHI
(momepevyHoro CeYeHMs CTEPHKH)?

2. CKOJBKO MOXKET OBITh IIEHTPATBHBIX OCEH JIJIS TUIOCKOTO CEUCHUS?

3. Kakue ocu Ha3bIBAIOTCS TJIABHBIMH M CKOJIBKO MIX MOXET OBIThH IS
OJIHOM TI0CKOU (purypsr?

4. Yro sBISETCS MPU3HAKOM TJIABHBIX IEHTPAJIBHBIX OCEH M CKOJIBKO
UX MOKET OBITh JIJIs1 OAHOU (PUTYpHI?

5. Jlnst kakux (pUTyp MOJNIOKEHUE TIIaBHBIX [IEHTPATBHBIX OCeH OYEBUTHO?

6. [ns xakux ¢uryp moJoKeHHE OJIHOM TJIaBHOM LEHTPAJIbHOW OCH
OYEBUIHO?

7. CKOJBKO MOXET OBITh TJIABHBIX IIEHTPAJIBHBIX OCEH i (UTYpPHI
C TpeMmsi 1 00Jiee OCSIMU CUMMETPUH?

8. Kak ompenenuth MoJ0KEHHUE TIaBHBIX IIEHTPAIbHBIX OCeH Ui (u-
T'YPBI IPOU3BOJILHON POPMBI?

9. Uem 3amedaTelbHBI OCEBbIC MOMEHTBHI MHEPIIUH M IICHTPOOCIKHBIN
OTHOCHTEJILHO TJIaBHBIX IIEHTPAIBHBIX OCCH?

10. Kak ompenenuTs TIaBHBIE OCEBBIE MOMEHTHI MHEPIIUH VIS DJIEMCH-
TapHBIX (PUTYP U CIIOXKHBIX, COCTABICHHBIX M3 AJICMCHTAPHBIX.
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11. Kakyto uH(pOpMaLMI0O O XapaKTEPUCTHKAX MOMEPEUYHBIX CEUYCHUM
MIPOKATHOM CTaJl MOXHO MOJyYUTh B Tabnuiax e€ copramenra’?

Tema 5. CnBur (cpe3), cmsaTue

[lonsiTue YMCTOrO CABHUra. DJIEMEHTHl KOHCTPYKIMN, pabOTaroIIMX
B YCIOBHUSX YMUCTOrO ciasura. Jledpopmanuu, HanpsbkeHus. 3akoH ['yka mpu
cABure. YcCaoBUE MPOYHOCTU TpH caBure (cpese). M3o0pakeHne HarpsiKeH-
HOTO cOCTOsiHUS KpyroM Mopa. Cmarue. YcioBUe OTCYTCTBUSL CMSITUSL KOH-
TaKTUPYIOLIMX TOBEPXHOCTEM.

Pexomenayemas suteparypa: [1, ctp. 39-42].

Bomnpocs! 1151 cCaMOKOHTPOJISE

1. Kakwue HanpsikeHUs BO3HUKAIOT MPU CABUTE, cpe3e?

2. Kakwue nedopmaiinu XxapakTepusyroT CABUT?

3. Kak m300pa3uTh HaIpsHDKEHHOE COCTOSTHUE IPU YUCTOM CIBUTE Ha
AJIEMEHTApHOM Napajuienenunene?

4. Yto xapakTepuszyeT MOJAYJb CABUIa M KaK OH CBA3aH C MOZYJEM
HOPMAJIBHOHM yIIpyrocTu?

5. Kak paccuuTbhIBaTh CBapHbIE BBl COEANHSIEMBIX 3JIEMEHTOB?

6. Kak paccunuTtbIBaTh 3aKJIENOYHBIE COCTUHEHUS?

Tema 6. Kpyuenue

KpyTsme MoMeHThI (BHYTpEHHUHN CHUIIOBON (PaKTOp) B MOMEPEUHBIX Ce-
YEHUSAX CTEPKHS, IIOCTPOCHHUE AUarpaMM (3I0p) KPYTAIIMX MOMEHTOB. Kpy-
YEHUE CTEPIKHEH KPYTJIOTO IMOIMEPEYHOro CEYCHHS: nedopmariuu, Harpske-
HUSA, YTkl 3aKpy4YUBaHWs. YCIOBUS TPOYHOCTH, KECTKOCTH. KpyueHue
CTEp)KHEH ¢ MPSAMOYTOJBHBIM CEUECHHUEM, TOHKOCTCHHOTO mpoduisa. Pacder
CTaTUYECKU HEOTPEICITUMBIX CUCTEM.

Pexomenayemas smteparypa: [1,. ctp. 43-59].

MeTtoauyeckue yKasaHus

B Ttemax 5 m 6 ocBemaroTcs BHABI HArpYKEHUW, TIPU KOTOPBIX UMEIOT
MECTO KacaTesibHble HamnpsukeHHs. OCHOBHOHM paslien 3TUX TeM KpYy4YEHHE.
OrnpeneneHrue BHYTPEHHUX YCWIMH HANPSHKEHUN U MEpeMENIeHUN Mpu Kpy-
YEHUH AHAJIOTMYHO PELICHUSM ATUX K€ 3a/1ad IPU PACTSHKEHUU U CHKATHM.
[Ipu pemieHnn BOCOJIB3YUTECH METOAOM CEUEHUN U 3aKOHOM [ 'yka mpu Kpy-
YEHUH.
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Bonpocs! 1151 caMOKOHTPOJISA

1. M300pa3uTh pacrnpeselieHne HampsDKeHUH B KPYIVIOM TMONEPEYHOM
U B KOJIbLIEBOM CEYEHUU CTEPIKHSI.

2. Kak ompenenstorcs reoOMETpUYECKHEe XapaKTePUCTUKH (TIOJSPHBIMI
MOMEHT CONPOTHUBJIEHUS U MOJISPHBIA MOMEHT MHEPLIMH) MONEPEYHBIX CeYe-
HUW CTEPKHSA: CIUIOIIHOTO Kpyra, KOJbLEBOr0, TOHKOCTEHHOIO KOJIbLa, Mpsi-
MOYTOJIbHUKA?

3. Uro nmoHUMaeTcs oA «KECTKOCTHIO CTEPKHS» MPU KPYUEHUU?

4. Kak HaxoJsATcsl epeMeIIeHNs ONEPEUHbIX CeUeHUH (Yribl IOBOPO-
Ta) U CTPOUTCS X AUarpamma?

5. IloueMy KomblEBbIE (I10JIBIE) TIONIEPEUHBIE CEUEHUS CTEPKHEN SBIIS-
I0TCS1 00J1€€ ONTUMAJIBHBIMU, YEM CILJIOLIHBIE?

Tema 7. U3ru6

[Tmockmii momepeuHpld M3THO MPSAMBIX CTEep)KHEH (OpycheB, Oajok).
Onpenenenre BHYTPEHHUX YCUIUN (MOMEPEYHBIX CUJI M HM3TUOAIOIIUX MO-
MEHTOB) B IIPOU3BOJIBHOM IOMEPEYHOM CEUCHUU CTEP>KHS U MOCTPOCHUE UX
muarpamm  (omop). JduddepennuanbHbie 3aBUCUMOCTH MEXy Harpy3Koi,
MOTNIEPEYHBIMU CHJIAMH, M3THOAIOIUMHA MOMEHTAMU, UX UCIIOJIb30BAHUE MPHU
MOCTPOEHUU AUarpaMM U KOHTPOJISI TPaBUILHOCTH MOCTPOCHUS.

YucTelid U3rub: aepopManvy, HEUTPAIBbHBINA CIOW, paJlnyC KPUBU3HBI,
KpUBH3HA, paclpe/eicHie JIMHCWHBIX nedopmaluii 1 HOpMadbHBIX HAmps-
KEHUHU TI0 BBICOTE TIOTIEPEYHOTO CEUCHUS CTEpPXKHSA. ParmoHabHBIE (OPMBI
MOTIEPEYHBIX CCUCHUH CTEp)KHEH M3 TJIACTUYHBIX M XPYIMKHX MaTepHajIoB.
[TpokaTHeie mpoduan u cocTaBHbIE. KacaTeapbHbIe HAMPSHKEHUS TPH TUIOC-
KOM IonepevyHoM u3rude Oanok. PacnpeneneHue KacaTeabHbIX HaNpsKEHUN
M0 BBICOTE TMOMEPEYHBIX CEYeHHM paznuuHoi hopmbl (hopmyna XKypascko-
ro). YIJoBbI€ U JUHEHHBIC TIEpEMEIICHHS TOTEPEYHBIX CEUCHHM. YTIPOIIeH-
Hoe nuddepeHnnanbHoe ypaBHEHUE U30THYTOM OCH CTEP)KHS U €r0 MHTET-
pupoBaHHe. YHUBEpPCAIbHBIE ypaBHEHUS YIJIOB TTOBOPOTOB CEUEHUW U H30-
THYTOM OCH.

Pexomenayemas siuteparypa: [1, ctp. 94-121].

MeTtoauyeckue yKasaHus

B ocHOBe OLICHKHM TPOYHOCTH NMPU U3TUOE JIEKUT ONpEJEeTIeHUE BHYT-
pPEHHUX ycWIui Oanku. YcreurHoe NpuMEHEHHe METO/Ia CEYEHUM ISl 3TOTrO
TpeOyeT BEpHYTHCS K YCIOBHUSM PaBHOBECHUS IJIOCKON CHUCTEMBI CHJI U3 pas-
nena «Cratnka» qucuuiuiiHbl « Teopetndeckass Mmexanukay. llpunepxusaii-
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TeCh BBIOPAHHOTO MpaBWjia 3HAKOB U OJHOCTOPOHHETO IMOAXO0Ja K JII00OMY
HCCIIETyEMOMY CEUEHUIO OAJIKH.

Bomnpocs! 1151 caMOKOHTPOJIS

1. Kakoii u3rud Ha3bpIBaeTCs YUCTHIM, IIIOCKUM, TOTIEPEYHBIM?

2. UYto Takoe HEHTpaibHAasl OCh, HEUTpaIbHAS JTUHUS?

3. Uto moHMMaeTcs Mo )KECTKOCTHIO CTEPKHS MPH U3THOE?

4. Kakue npaBuia NpUHATHI AJIs1 3HAKOB IONEPEUHBIX CHJI U U3Trudaro-
IIMX MOMEHTOB B IONIEPEUHBIX CEUECHUSAX CTEPKHEN?

5. Kak onpenenuts s3kcTpeManbHble 3HaYEHHUS U3THOAI0IUX MOMEHTOB
B CEUEHUSX, IJI€ TONepeyHas CUjla OTCYTCTBYET?

6. Kaxue 3HaueHUs momepedyHbIX CHJI M M3rHOAIOIUX MOMEHTOB CUH-
TAIOTCS PACYETHBIMU NPU (POPMYJIUPOBKE YCIOBHM MPOYHOCTU?

7. DopMyIUPOBKHU YCIOBUI MPOYHOCTH MPU U3THOE CTEPKHEN M3 IJ1a-
CTHUYHBIX U XPYIKUX MaTepruaIoB?

8. Kax cBsizana xpuBH3HA YIPYTroW JIMHUU CTEPXKHS C M3THOAIOUIIMHU
MOMEHTaMu?

9. Kak 3amucats nuddepeHnuanibHoe ypaBHEHNUE YIIPYTOM OCH CTEPIK-
HS C OIHUM CHJIOBBIM YYacTKOM, ABYMsI 1 Oosee?

10. Kakoe ypaBHEHHE TOTy4YaeTCsl MOCIE TEPBOTO WHTETPUPOBAHUS
YpaBHEHUSI KPUBU3HBI, T€OMETPUUECKUI CMBICH MOCTOSHHONW MHTETrpUpOBa-
HUS U €€ HaXOXKIAeHUe?

11. Kakoe ypaBHEHHE MOJy4yaeTcsi IOCJIe BTOPOrO HHTETPUPOBAHMS,
Ir€OMETPUYECKUIA CMBICI BTOPOM NMOCTOSSHHOM MHTEIPUPOBAHUSA U €€ HAXOX-
nexue?

12. Yto Takoe «yHUBEpCaJbHbIE€ ypaBHEHUS YIJIOB MOBOPOTA M MPOTH-
00B» METOJla HayaJbHBIX MAPAMETPOB, FTEOMETPUUECKHIN CMBICI MX Hadallb-
HBIX apaMETPOB?

13. T'me cnexyeT OpaTh Hauaao KOOPAWHAT MPH 3alMCH YHUBEPCAIBHBIX
YpaBHEHUH U KaK HAXOAUTh HadaJbHbIE MapaMeTphl?

14. Kak ucnonbp30BaTh YHUBEpPCAJIbHbIE YPAaBHEHMS JJIA pacyéTa CTaTu-
YECKU HEOTPEICTUMBIX OATOK?

Tema 8. Ci10:kHO€ CONPOTUBIICHUE

OcHOBHBIE BHJIBI CIOXHOTO compoTuBieHus. [IpuHIun cymneprno3unuu
B aHaJM3e CJIOXKHOTO conpoTuBieHus. Kocoll m3rul: omnpenenenne Hampshke-
HUN B MPOU3BOJBHONW TOYKE TOMEPEUYHOTO CEUCHHS, MOJIOKECHUS HEHTpaib-
HOM nuHUU. POopMyJIMpOBKa yCIOBUS NMPOYHOCTH. OnpenesieHne nepemMere-
HUM TIONepeyHBIX cedeHui. M3rud ¢ pactsokeHueM (CokaTUEM): OmpeiesieHue
HANpsDKEHUH B TPOU3BOJBHON TOYKE MOTMEPEYHOrO CEUCHUS, MOJIOKECHUS
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HEUTpanbHOU JUHUNA. POPMYJIHPOBKA YCIOBHUSA IPOYHOCTH [UIS XPYIKHUX
U IUIACTUYHBIX MaTepHaAIOB. BHENEHTpPEHHOE pacTsiKeHHE (CHKATHE) CTEPK-
HEW, AIpO CCUECHUS.

N3rub ¢ kpydeHueM CTep>KHEM Kpyriaoro momnepevyHoro cedeHusi. Pop-
MYJIUPOBKa YCIOBUN MpouHOCTH. Pacuér BanoB. OOmMii ciaydail CI0XKHOTO
conpoTtusieHus. DopmMyIMpoBKa yclIoBUA MpoYyHOCTH. OmpeeneHue nepe-
MEIIeHUI CEUCHUMN.

Pexomenayemas gqureparypa: [1, ctp. 123-144].

MeTtoanyeckue yKazaHus

JUJIst  yCcHemrHoro OCBOEHHUSI ATOrO pasjliela CleQyeT O4YEeHb YETKO
IPEJCTaBIATh CXEMY IPOCTEUIINX HArpy>KeHUH — PpacTSKEHHs, CxKaTHs,
KpyueHusi, usruba. Ilpu npousBOIbHOM NPUIIOKEHUM BHEIIHEHW Harpy3ku
BOCITOJIB3YUTECh TEOPEMOW O MapauieIbHOM IEPEHOCE CHUl K ILEHTPY
TSOKECTH TIOTIEPEYHOT0 CEYEeHHs dyeMeHTa. [IpucoeanHEHHbIE TPH TaKoOM
MEPEeHOCE MOMEHTHI, JOJDKHBI OBITh YYTEHBI TPH OICHKE YCIOBUU
HArpy>KeHUsl PaCCMaTPUBAEMOT0 HJIEMEHTA.

Bomnpocs! 1151 cCaMOKOHTPOJIS

1. B 4éM CI0XKHOCTb «CIIOKHOTO COMPOTUBIICHUS»?

2. Kak yCTaHOBUTB, UTO pacCMaTpUBAEMBbIil 3JIEMEHT KOHCTPYKIIMU Ha-
XOJUTCSI B COCTOSTHUU CJIOKHOTO COTIPOTHBIICHUS?

3. Hna kakux (popM MOMEpeyHBIX CEUYCHUH CTEPIKHS KOCOTO H3rmda
HE MOXET OBbITh?

4. MOXHO 1M 3JIEMEHT B COCTOSIHUM CJOXKHOTO CONPOTHBIIEHHUS pac-
CUMTATh OTAEJIBHO IO YCJIOBUSIM NPOYHOCTH HA paCTsHKEHHE (CKatue),
Ha U3rUObI, HAa KPYYEHHE U clieJaTh HA OCHOBAaHUM 3TOTO 3aKIJIF0UEHUE 00 ero
COIPOTHUBIISIEMOCTH?

5. Kak 3anuceiBaeTcst ycaoBue MpOYHOCTH MTPU KOCOM U3rude?

6. Kak 3anuceiBaercss ycioBrue MPOYHOCTH MPU BHELIIEHTPEHHOM JIEHCT-
BUM HArpy3ku?

7. Kak 3anuceiBaeTCsi yCJIOBUE MMPOYHOCTH MPU OJTHOBPEMEHHOM JIEHCT-
BHMM KaCATEJIbHBIX U HOPMAJIbHBIX HANPSHKECHUMN ?

Tema 9. YcToiiuMBOCTH paBHOBECHUS
nedopMHpyeMbIX cHcTeM (MPOI0JIbHBIN H3TH0)

[ToHsiTHSA 00 YCTOMYMBOCTH, MOTEPS] YCTOMYUBOCTH HEHTPAIBHO CHKATHIX
cTepkHel. BnusHue crnocoOoB KperieHus: Ha TMOKOCTh CTEpKHA. 3ajaya
Diliepa 1O ONPENENCHUI0 KPUTUYECKOM HAarpy3Ku U HaNpsSKEHU.
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3aBUCUMOCTh KPUTHUYECKON HArpy3KH OT YCJIOBUM 3aKpEIJICHUS] CTEPKHS.
[Ipenensr npumenumoctu Gopmyisl Ditniepa. MHKeHepHbI MeToJ| pacuéra
CTEpP>KHEW HAa YCTOMYUBOCTb.

Pexomenayemas suteparypa: [1, ctp. 145-157].

MeTOIlI/I‘leCKl/Ie YKRa3zaHus

[Tpu uzyuyenun paznena «IIpogonpHelil U3rnd» oOpaTUTE BHUMaHUE Ha
OTpaHUYEHUE TMPUMEHUMOCTH (GopMynbl Jiiepa MO  ONPEACIICHUIO
KPUTHYECKOM CHJIBI, & TaK K€ Ha CLIOCOOBI KPETIJICHUS CTOEK.

Bonpocsl 1j11 caMOKOHTPOJISA

1. Yrto o3HaYaeT «ImoTepst yCTOMYUBOCTI AJI CKATHIX CTEPKHEH?

2. UTo MOHUMAETCS MO/ «TUOKOCTBIO CTEPIKHSI»?

3. Uto Takoe «xk03¢hHUIIMEHT NPUBEICHUS JUTUHBI CTEPKHS»)?

4. Yro onpenenser Ko3(pOULUNUEHT NPUBEIEHUS JUIMHBI CTEPKHSI U Kak
YCTaHOBUTH €T0 3HaUeHUE?

5. Kak BIusitoT onopHbI€ YCTPONCTBA CTEp)KHS Ha KPUTUYECKYIO Ha-
rpy3Ky?

6. Kak nogoOparb pa3Mepsl MONEPEYHBIX CEUEHUN CTepKHEH, obecre-
YUB UX YCTOMYUBOCTD C MOMOULIBI0 KOA(P(HULHUEHTOB YMEHBIIEHUSI OCHOBHOTO
JIOITyCKAaeMOTO HaIPSHKEHUSI Ha ckaTtre?

Temal0. IIpoyHOCTH NPHU HUKINYECKH
U3MEHAIOLIMXCH HANPSKEHUAX

CrauuoHapHBId PEXUM, OCHOBHBIE XApPAaKTEPUCTUKHM LUKIA. SIBIeHUE
YCTaJIOCTH, DKCIIEPUMEHTAJIbHbIE KpUBbIE ycTanocTh. OnpeneneHue npene-
JIOB BBIHOCJMBOCTHU (YCTaJIOCTH) MpHU pa3IUyuHbIX IMKiIax. {uarpamma mpe-
JENbHBIX aMIUMTYH. OnpeaeneHue npesena BhIHOCIMBOCTH JI pealbHBIX
neraneil. BnusHue kaduectBa 00pabOTKM MOBEPXHOCTH, HAMYMS KOHIIEHTpA-
TOpoB, MacmTabHoro ¢gakrtopa. Koadduimenrt 3anaca ycTajiocTHONH MPOUYHO-
CTH TIPU TIEPEMEHHBIX HOPMAJIbHBIX, TIPU KacaTeIbHBIX HAMPSHKEHUAX, IPH UX
COBMECTHOM JIEUCTBUM (U3THO C KPYUECHUEM).

Pexomenayemasi ureparypa: [1, ctp. 158-161].

MeToanueckue yKa3aHus

[Ipu m3ydyeHun 3Toro pasuena oOpaTuTh 0co000€ BHUMAHHE Ha OMpeie-
JICHUE Tpejielia BEIHOCIIMBOCTH, KaK XapaKTePUCTHKY HAIPSDKCHUS MPeIeiib-
HOTO COCTOSIHWISI TIPY CHMMETPHYHOM ITUKJIC M3MEHEHUs1 HanpspkeHui. Cre-
AyeT oOpaTuTh BHUMAaHHE HAa MEXaHW3M YCTAJIOCTHOTO DPa3pylICHUS W Ha
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CBSI3b IIpeJiea BEIHOCIMBOCTH IIPU PA3JIMYHBIX BUJAX HAIPYXKEHHUs C HAIps-
KEHUSMU TPEJIETBHOTO COCTOSHUS MpHU paboTe Nerajedl B CTallMOHAPHBIX
YCIOBUSIX HArPYyKECHMUS.

Bonpocs! 1151 cCaMOKOHTPOJIS

B uéwm 3akimouaeTcs siBlIeHNE yCTaI0CTH MaTepUaioB?
Yro cienyeT NOHUMATh MOJ CTAUOHAPHBIM PEKUMOM PadbOThI?
Yro Takoe 6a30BO€ YUCIIO LIUKIOB?
Kak onpenensiercst koappUIMEHT aCUMMETPUH LIUKIIA?
Uro ompenensieT mpeaen ycTaiocTu (Ipesei BBIHOCIMBOCTH) MaTe-
puayioB?

6. Kak MOXXHO ompenenuTh MNpenesl YCTaJIOCTH IMPU CUMMETPUYHOM
uKie?

/. Yto nmpencraBigeT quarpaMMa npeaeibHbIX aMIUTUTY?

8. Kak ompenenuts mpeaen ycTaaocTd IpyU IPOU3BOIBHOM KOIPPHUITH-
€HTE aCUMMETPHUHU LIUKJIA?

9. Kak BIHMSIOT Ha COMPOTHUBJICHHUE JIEMEHTOB KOHCTPYKIIHH TpH Tepe-
MEHHBIX HANpPsSKEHUAX KOHLIEHTPATOpPbl HANpPsDKEHHWM, pa3Mmepbl AeTallew,
MX MOBEPXHOCTHAs 00paboTka?

akhwpE

Tema 11 luHamu4yeckoe 1eiCTBHE HATPY30K

Cunbl mHepuyu. Pacy€Thl 37IEMEHTOB KOHCTPYKIIHUM C YYETOM CHJT HHEP-
LIAH TIPU MTOCTYNATEIbHOM JBHKECHUN U PABHOMEPHOM BpAILICHHH.

YapHoe NpuIOKEHUE HArpy3oK. Pacu€rbl KOHCTPYKIMWA MpPU H3TH-
OarouieM, pacTIruBarolleM M CxuMarleM yaapax. CKpyduBarouvii ynuap.
Koaddument nnaamudnocty npu yaape.

Pexomenayemas aureparypa: [1, ctp. 186-197].

MeTtoauyeckue yKasaHus

PacueTsl Ha MPOYHOCTH C YUETOM CHJI HHEPLIUU TPEOYIOT YMEHHS Ompe-
JEIATh YCKOPEHHS IIPU ITOCTYIIATEJIbHOM W BpAllaTEIbHOM JIBMKEHUU, YTO
npeanonaraer oopaimenue K pasaeny «Kunematuka» mucruruinasl «Teope-
TUYECKAs] MEXaHUKAY.

BerInonHsst pacdersl Ha MPOYHOCTD U JKECTKOCTh NP yJIape, HY’)KHO YMETh
ONPENEIATh NMEPEMEILICHUS TIPU PA3JIMYHBIX BUAAX CTATUYECKOTO HArpy>KEHUS,
TaK KakK ATH TIEpeMENICHUs BXOAIT B KO3(DPUIIMEHT TMHAMHUYHOCTH.
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Bomnpocs! 1151 caMOKOHTPOJISA

1. Kak onpenensatpy Harpys3kH, JACHCTBYIOIIHE HA 3JEMEHThl KOHCTPYK-
LUIA IPU UX JUHEHHOM (ITOCTYINATEIbHOM) YCKOPEHHOM JIBH)KEHHUU?

2. Kak ompenensiTe Harpy3KH, JIEUCTBYIOIIME Ha 3JIEMEHTHI KOHCTPYK-
U TpY UX PaBHOMEPHOM BpaliaTeIbHOM JABMKECHUN?

3. Kak onpenenars HanpspKEHUS B JIEMEHTaX KOHCTPYKIUH MPH yap-
HOM JICMICTBUU HArpy30K?

4. B kakux ciay4asx BO3HUKAIOT CKPYUYMBAIOIIME YJapbl U KaK OIpese-
JSATh HATIPSKEHUSI IIPU 3TOM?

5. Kaxk onpenensiercs korhPpUIMeHT TMHAMUYHOCTH MpU yaape?

6. Kax ompenensercs koadHUIMEHT TMHAMUYHOCTH MIPU PAaBHOMEPHOM
[OCTYNATEeIbHOM U BpPAIaTEeIbHOM JABU)KECHHUSX.
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3. COAEPKAHHUE
MNPAKTUYECKOI'O PA3JIEJIA JTUCIIUIIJINHBI

3.1. TemaTHKa NPaKTHYECKUX 3AHATHIA

1. Onpenenenue peakuii ONOp U CBSA3EH.

2. OmpeniesieHre BHYTPEHHUX YCUJIMM HANpsDKEHUH M TepeMeIeHHM
IIPU PaCTSKEHUU, CKATHH.

3. Pacuer cratiuecku HEONPEAETUMBIX CUCTEM P PACTSHKCHUH, CKATHUH.

4. Pac4eTsl Ha IPOYHOCTh U KECTKOCTb MPU KPYUEHUHU.

5. OnpeneneHue BHYTPEHHHMX YCWIHM, HANPSKEHUUA U MEpEMEIEHUN
pu u3ruoe.

6. Kocoif u3ru6. Pacduer Ha mMpoYHOCTh M OMpEIeICHNE TepeMEIICHUN
MIpU KOCOM U3rH0e.

/. BHeLleHTpeHHOe TNpWIokKeHHe Harpys3ku. OnpeaeneHue IMOJI0KEHUS
HEWUTPaJIbHON OCH U OLIEHKA POYHOCTH.

8. CoBmecTHOe jaelicTBue u3rmba u kpydeHus. l[lonsblii pacuer Ha
IIPOYHOCTH BAJIOB.

9. [IpoBepka MPOYHOCTU € YUYETOM CHJI MHEPLMH NPU NOCTYyHaTEIbHOM
Y BpallaTeJIbHOM JBUKEHUU.

10. OuleHKka MPOYHOCTH TPH PACTATHBAIOIIEM, CKHMAIOIIEM, CKPYYH-
BAIOIIEM U U3rHOAIOIEM yaape.

[Ipy U3ydyeHUH TEOPETUUYECKOr0 MaTepHaia ClIeIyeT OOpaTUTh BHHUMa-
HHAE Ha IPAKTUYECKOE NPUMEHEHHME IOJYYEHHBIX 3HAHUNW B COOTBETCTBUH
C IPEABABICHHBIM IIEPEYHEM TEMATUKU MPAKTUYECKUX 3aHIATUH.

B nepuon ceccuu nnmanupyercs 4 yaca NpakTUYECKUX 3aHATHH.

AyIUTOpPHBbIE 3aHATHS TTOCTPOEHBI TO MPUHIUIY OO30pPHBIX MO yKa-
3aHHOU TEMAaTHKE.

1. Onpenenenue peakiuii Oonop ¥ BHYTPEHHHUX YCWJIMM MPU pacTsixe-
HUH, CKATUH, KPYUYSHHUH, H3ruoe (2 gaca).

2. O11eHKa MPOYHOCTU TP MPOCTEHIINX BUJAX HarpyxeHud. [Ipunmmmn
HE3aBUCUMOCTH JCUCTBUSI CUJI U OLECHKA MPOYHOCTHU MPU CIOKHOM COIPO-
TUBJICHUU (2 yaca).

3.2. Ilepeyensn 1adOPATOPHBLIX PadoT

JlabopaTopHBIi MPAKTHKYyM SBJISETCS COCTABHOM 4YacThi0 Y4eOHOTO
npoiiecca 1o aucuuruimae « CormpoTUBICHUE MaTEPUATIOBY.
[enpro mabopaTopHBIX PabOT SBISETCS:
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1. 3yueHue noBeAeHUs pa3IMYHBIX MAaTEPUAIIOB B YCIOBUAX CHKATHS,
pacTsLKEHUs, KpyueHus, u3ruda, mpu yAapHOM JIEUCTBUU BHEITHUX HArpy30K
Y IIpU JCUCTBUM IIEPEMEHHBIX HANIPSIKEHUN.

2. OmnpeneneHne XapakTepUCTUK MTPOYHOCTH, MIACTHYHOCTH, OIpeiese-
HUE€ yHNPYyrMX KOHCTAHT Marepuaia, a, Takke, ONPEAEJICHHE TOIyCKaeMOro
HaIpsHKEHUS TTPU PA3IMYHBIX BUIAX HArpyKEHUSL.

B yueGHOM m1aHe npeaycMoTpeHo 4 yaca J1abopaTOPHBIX 3aHATHIA.

Jlaboparopnasi paGora Nel. VcnbiTaHue ctanbHOro odpasiia Ha pac-
TsbKkeHue (2 yaca).

Iennb padoThI: U3ydyeHHE NOBEICHUS IUIACTUYHOM CTajM, OLICHKAa Xa-
PAKTEPUCTUK IIPOYHOCTH U IUIACTHYHOCTH, YCTAHOBIICHHE IIPENEIBHOIO CO-
CTOSIHUSI U OTIpE/Ie/ICHNE JOMYCKAeMOro HOPMaIbHOTO HAIpshKEHHs [O].

JlaGopaTopHuas padora Ne2 (2 gaca).

a) cneiTanue cranpHOro o0pasia Ha Kpy4yeHHe.

eab padoThl: N3yUCHUE TTOBEICHUS MaTEpUAJIOB MPU JICHCTBUU Kaca-
TEJIbHBIX HampspkeHud — T. OIleHKa MpelesIbHOTO COCTOSHHMSI Matepuaia
B YCJIOBUSIX CKPYUYMBAHHUS, OMPEACIICHHE JIOMYCKAEMOT0 KacaTeJbHOTO Ha-
npsoKeHust [T].

0) JlemoHCTpallMOHHOE UCTIBITAHUE JEPEBSIHHOM OaJIKu Ha U3THUO.

eabp ucnbITAHUSA. BU3yalbHasl MPOBEPKA TEOPETHUUYECKUX 3aBUCUMO-
CTEH MO OMPEACICHUIO TTOJ0KEHUSI HEUTPaIbHOM OCU U ONPEETICHUIO TIepe-
MEUICHUH.

JlaGopatopubie paboTel Nel u Ne2 mpoxoasT BO BpeMs CECCHU U BHI-
MOJTHSIOTCS Ha CIENHAIBHBIX HCIBITATENIbHBIX MaluHax. JIJIsl yKa3aHHBIX
paboT UMEIOTCS B HAIMYMU METOJAMYECKUE YKa3aHUS 110 UX BBIMOJIHEHUIO.
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4. THAUBU Y AJIBHBIE TOMAIIIHUE 3ATAHUSA

HcxonHble NaHHBIE AJIS BBIMOJHEHUS WHIWBUAYAIBHOTO JIOMAIIHETO
3aJJaHHs CTYJIEHT JI0JDKEH BBIOPATh B COOTBETCTBUU CO CBOUM JIMYHBIM HMIU(]-
POM, COCTOSIIIIM W3 TIECTH HPD.

[lepBbie Tpu 1udpHI MHU(ppPa COOTBETCTBYIOT HaYaJIbHBIM OyKBaMm (aMu-
JMHM, UMEHH, OTYECTBa CTyJeHTa. Tpu mocnenyromue mudpsl mudpa coot-
BETCTBYIOT BTOPBIM OyKBaMm (paMUJINU, UMEHH, OTYECTBA CTYy/ICHTA.

Hanpumep: LHykyonuna Kanutonuna HukonaeBHa

Tabmnuua 1
byksa AbB [TJIE | K31 | KJIM | HOII |PCT | YVOX | U |2 | KO
Hudpa 0 1 2 3 4 5 6 7 8 9

udp crynenra:
7 3 4 6 0
a 0 B T II e

|E|7|<1|l:1

INI

= > i<
|

N oo

[Tox xaxxmoit nudpoi mudpa cieBa HaIPABO PacroiaraloT OyYKBbI pyc-
ckoro andaBuTa «a», «o», ... . bBykBamu andasuta 3amudppoBaHa cTpoka Tao-
JUITBI UCXOMHBIX JTaHHBIX, IdpamMu — ctonben. Mckomas BeaWYWHA HAXO-
JUTCS HA MIEPECEUCHUH CTPOKHU U CTOJIOIa (CMOTpETh TabmuIly 2).

4.1. TpeooBanus k opopmiienuro U3 nis cryaenros
KJIacCH4ecKoii 3204H0ii (popmbl 00yuenus (K3D)

NHnuBuayanbHOE JOMAIIHEE 3aIaHUE CIAEAYET BBIOJHATH B OTAEIIBHOM
TeTpajy, KOTopas CAAeTCs MpenojaBaTento. YepTeku U 3CKU3bl BHIMOJHSIIOT-
Csi Ha OTHEJbHBIX JINCTKAX COOTBETCTBYIOIIETO (dopmaTa M TMOJIINBAIOTCS
K BBITIOJIHCHHOMY JIOMAIlIHEMY 3a1aHUI0.

Ha o0nosxxke TeTpanu yka3piBaeTcs: (GaMUIvsl, UMsI U1 OTYECTBO, JOMaIlll-
HUM agpec, mudp, HoMep TPYNILI 1 HOMEP BapUaHTA.

Bce cTpanutibl paboThl 1OTKHBI UMETh CKBO3HYIO HyMEpPAIUIO.

[ToMumoO 3a1aHHBIX, HEOOXOAUMO HAJUYUE PACUETHBIX cxeM. Bce HeoO-
XOJIUMbBIE CXE€Mbl M YEPTEKHU BBIMOJHSIIOTCS C TPUMEHEHHEM CHELUAIBHOIO
MHCTpYMEHTa (JIMHEWKa, KapaHJall, MUPKYIb U T.1.). BO3MOXHO BBITIONHE-
HUE YepTeKeW Ha MEepCOHAIBHOM KOMIIbIOTEpe (IIPU HCIOIB30BAHUU TPO-
rpamm AutoCAD Bepcun 2000, a Tak ke KOMITAC V13 u BhIIe) ¢ pacre-
YaTKOW pe3yJbTaTOB Ha MPUHTEPE WA HA ILIOTTEPE.

PaGora no/zkHa OBITH BBINOJHEHA AKKYPATHO, Pa300p4YMBBIM IO-
YepKOM U C He0OXOAUMbIMHU MOSICHEHUSIMHU.

O06s13aTepHO IPUIIAraeTcsi CIMCOK UCTOJIb30BAHHON JTUTEPATYPHI.
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Crynent K3® nmomkeH ObITh TOTOB 3alllMINATh CBOC WHIWBUIYAIBHOE
3ajiaHue BoO Bpemsi ceccud. 3amurta MJI3 nporucxoauT B UHAUBUIYAIbHOU Oe-
Celle C MPEINoAaBaTENEM 10 BBIIIOJHEHHBIM 3aja4aMm.

CryzieHT, He MOTYYHBIINN MOJI0KUTETFHON aTTeCTalluy N0 WHANBUTYalTb-
HOMY 33JIaHUIO, HE JIOITYCKAETCs K C/1a4ye 3K3aMEHa 10 JAHHOW JUCUUILIHE.

4.2. TpeooBanus k opopmienuro U/I3 nis cryaenros,
00y4aIOIIUXCS € MCMOJIb30BAHUEM THCTAHIHMOHHBIX
oOpa3oBareabHbIX TexHoJoruii (J{OT)

NunuBuyaibHOE 3aaHUE OTIPABIISETCS TMPEMOAABATENI0, KOTOPBIN
KypUpyeT CTyJCHTA.

Ha o65oxke TeTpamy ykaspiBaeTcs GaMWINAs, UM U OTYECTBO, TIOMAIII-
HUH aapec, mudp, HOMep TPYNIBI 1 HOMEP BapHUaHTA.

Bce crpanutisl paboThl JOKHBI UMETh CKBO3HYIO HYMEPAIIHIO.

[TomMuMo 3a1aHHBIX, HEOOXOIUMO HAJIMYUE PacUETHHIX cxeM. Bce HeoO-
XOJIMMBIE CXEMbI U YEPTEkKHU BBITOIHIIOTCA C MPUMEHEHHUEM CIEIUaIbHOTO
WHCTpYMEHTa (JIMHEWKa, KapaHaall, MAPKYIh U T.1M.). BO3MOXHO BBITIOJIHE-
HUE 4YepTeKeW Ha MEepCOHAIBHOM KOMIIbIOTEpEe (IPU HCIOIB30BAHUU MPO-
rpamm AUutoCAD Bepcuu 2000, a tak ke KOMITAC V13 u BbIlIe) ¢ pacrie-
YaTKOM pe3yabTaTOB Ha MPHUHTEPE WM Ha TJIOTTEPE.

PadoTa a0/kHA OBITH BBINOJHEHA AKKYPATHO, Pa300puYMBLIM IT0-
YepKOM M ¢ He0OXOAMMBbIMH MOSICHEHUSIMH.

Odopmiiennbie paGoThl B OTCKAHUPOBAHHOM BapHUAHTE BbICHLIA-
I0TCS IPenoAaBaTeJIIo.

O06s13aTeNBHO MPUIIAraeTCs CIIMCOK UCTIOIB30BAHHON JTUTEPATYPHI.

[Ipu HecooTBeTCTBUU pabOTHI TpeOOBaHUAM OMDOPMIICHHS CTYIEHT TO-
JTy4daeT OTPUIIATENIbHYIO pelieH3uto. B aToM ciydae paboTa gomkHa ObITh HC-
MpaBjicHa ¥ TIOBTOPHO OTIIpaBJicHAa Ha MPOBEPKY IMPEIOJaBaTEIII0 B MUHH-
MaJIBHO KOPOTKHUH CPOK.

Crynentsi, oOydaromuecs ¢ ucnonb3oBanuem JIOT, B oOsi3arensHOM
MOPSAIKE TOJIyYaloT PEIEH3WI0 Ha WHIAUBUAyalIbHOE 3amaHue. [IpaBuimbHO
BBITIOJTHCHHBIE Pa0OTHI CTYICHTY HE BO3BPAIIAIOTCS.

CryneHt, He MOyYUBIINNA MTOJIOKUTEIBHON PEICH3UN 110 UHIUBH Ty IbHO-
MY 33/IaHUI0, HE JIOITyCKAETCs K Cllade SK3aMeHa IO JJAHHOU JIUCIUILIHHE.

4.3. BapuaHTbl HHAUBHUIYAJLHOTO 3a1aHUS
A METOAMYECKUE YKAZAHUS

Kaxxnoe nHAMBUyaIbHOE 33JaHUE CONEPKUT 5 3a1ad.
3agaun Ne 1 u Ne 2 TpeOyroT ocBoeHMst MaTepuaia TeM 1 u 2 (BBelneHue,
pacTshKeHUE, CXKaTHe) MPEICTABICHHBIX B HACTOSAIIMX METOJMUECKUX YKA3aHUSIX.
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JUist pewenus 3agauu Ne 3 ciemyer u3yduthb TeMsl 4, 5, 6 (reomeTpuue-
CKHE XapaKTEePUCTUKH IJIOCKUX CEUCHUM, CABUT, KPYUCHHE).

3amgaun Ne 4, Ne 5 oTpakatroT OCHOBHBIE 3Talbl MPOEKTUPOBOYHBIX U MO-
BEPOYHBIX PAaCcUYETOB MPH IJIOCKOM MOMEPEYHOM H3rude — rema 7.

OcCHOBHBIE TIOJIOKEHUSI TEM, KOTOPBIE HE OTPaXXEHBI B HHIMBUYyaTbHOM
3aJlaHuM, JOJDKHBI OBITh OCBOEHBI M3YYEHHEM TEOPETHUECKOro MaTepuaia
U O3HAKOMJICHHUEM C IMPAKTUUYECKUMHU IIPUMEpPAMHU pacyeToB, PUBEICHHBIMU
B YUEOHBIX ITOCOOUSX, YKAa3aHHBIX B CIIUCKE PEKOMEHYEMOM JINTEpaTyphl.

Tabmauia 2

CBojiHas TabaMIIAa UCXOIHBIX JaHHBIX
K 3a7a9aM No 1, Ne 2, No 3, Ne 4, No 5

Hudpa

wnppa | 5 | 4 | 2 | 3 | 4| 5 | 6| 7| 8|09
Pycckas

OykBa mudpa
«» | Py kH 50 80 | 100 | 120 | 60 90 | 120 | 40 | 100 | 80
«» | P,,kH | 100 | 120 | 60 90 50 80 36 86 64 | 72
«B» | P3,kH 94 45 26 30 55 87 | 100 | 90 86 | 68
«r a, M 0203|0204 05|06 |04 03]|08 105
«I» b,m 04 05|06 |03)|04]|02])|05]|07 ] 0408
«e» Cc,M 0,3 0,4 0,5 0,4 0,6 0,5 0,7 0,4 06 |03
«» | A, cm? 2 4 2 5 6 5 4 6 2 4
«B» | M{,kHm | 50 40 | 100 | 60 80 68 75 | 100 | 90 | 70
«» | M,,xkHm | 100 | 30 80 40 36 | 100 | 28 30 44 | 28
«m» | M3, kHm | 20 80 36 90 50 80 40 80 60 | 100
«e» | q,kH/m 2 8 10 6 4 10 12 8 6 4
[0]crans = 160 MITa, [0 sepeso = 12 MI1a, [T]cran, = 80 M1, Ecrayy = 2 - 10° MIla

Co3naBasi CBOIO pacyETHYIO CXEMYy OTMAaCIITa0MPOBATh €€ COOTBETCT-
BEHHO MCXOJHBIM JaHHBIM.
B meToanueckux ykazaHusx rnpeacraBieHo 10 BapuaHTOB 3aaHUM.

Homep BapuaHTa 3a1aHusl COOTBETCTBYET MOCIEIHEN IU(pe HOMEpa
3aueTHOM KHIKKU. [{udpa HOMb (0) cootBeTcTBYeT 10-MY BapuaHTy.

B pacuetHoli cxeMe Kaxaou U3 MATH 3a7a4 0003HAUYECHBI CUJIOBBIE BO3-
JNEUCTBHUS, TEOMETPUUECKHE PA3MEPbI, XapPAKTEPUCTUKHN CEUYEHUM.

Hamnpumep, 3agaua Ne 1 (Homep 3aganus 2).

P, — neucTByromas Harpyska;

a, b — reoMeTpuUYECKHUE pa3Mephl MPUBEICHHON PACUETHON CXEMBI;

A=A, =4, A;=A,=2A — mjgomaad TMOMNEPEYHOIO CEUCHUS
CTEP>KHEM.
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Ucxonubie naHHble P; HaxXonATcs B MEPBOM TOPU3OHTAIBHOM CTPOKE.
Ota cTpoka 3ammudpoBaHa pycckoi OykBoil «ay». B mmdpe Ham «a» crout
uudpa 7. B nepeceueHun CTpOKU «a» U CTOJIONA 7 HAXOAUTCS UCKOMOE 3Ha-
yeHnue P; = 40kH.

['eomeTpuyeckuii pa3mMep a, yKa3aHHBIA Ha pacuyeTHOUN cxeme 3amudpo-
BaH pyccKoi OykBo#l «0». Ham OykBoi «0» mmdpa pacmomoxxena mudpa 3.
B mepeceuenuu ctpoku «6» u cronbia 3 uckomoe 3HadeHue a = 0,4 M.

AHanoruyHO BHIOMPAIOTCS U IPOYHUE JaHHbIE.

Ecnu B pacueTHoili cxeme nosiBisieTcss MOMeHT M, (kHM) 310 KpyTsmuii
MOMEHT B 3agaue Ne 3.

Ecnu Boi paccmatpuBaete 3agady Ne 4 v Ne 5, To

M;, M, umu M5 — 570 m3rudaromue MoMeHTH (KHM);

P;, P, wiu P; — cocpenoroyeHHbie n3rudarommue ycuus (kH);

( — MTHTEHCUBHOCTh PacipeieICHHON U3rudaroiie Harpy3KHu.
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3agaua Ne 1

AOCOIOTHO KECTKH Opyc Omupaercs Ha MIAPHUPHO-HETOABIKHYIO
OTIOPY U yIIEP>KUBAETCSA B TOPU30HTAIBHOM IOJIOXKEHUU MPU TIOMOIIH CTEPXK-
HEH, apHUPHO COETMHEHHBIX C OPYCOM.

TpeOyeTcs:

1. Onpenenuts ycuiusi, AEMCTBYIOLINE B CTEPXKHSIX, BbIPA3UB UX Yepe3
cuny P.

2. [IpoBepuTh MPOYHOCTH CTEPIKHEH.
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3. OmpenenuTh JOMyCKaeMyr0 Harpy3ky [P], mpupaBusB OoJjbiiee u3
HaNpsDKEHUH ToyckaeMomy [o].

3agaua Ne 2

CranpHON CTyneHYaTblii CTEPKEHb HAXOAMUTCS MOJA JEHCTBUEM MPO-
IOJBHBIX cyiI P.

TpeOyercs:

1. [TocTpouTh AMIOPY BHYTPEHHUX YCUITUH.

2. [locTpouts 3MI0PY ACHCTBYIOIIUX HAMIPSHKCHUA.

3. [locTpouTs MI0py MepemMeIieHui.

4. ITIpoBepUTh MPOYHOCTH U JKECTKOCTh CUCTEMBI.

3agaua Ne 3

K cranpHOMY Basly IpHIJIOKEH PsAJl U3BECTHBIX MOMEHTOB.

Tpebyercs:

1. IlocTpouTk AMI0PY KPYTALIUX MOMEHTOB.

2. OmpenenuTh AUaMETPhl MONEPEYHOr0 CEUeHUs Bajla Ha KaKJIOM CH-
JIOBOM y4acTKe. 3HaYeHUs UX OKPYTIIUTH A0 Onmmxkaitmero u3s psaa 30, 35, 40,
45,50, ...,90, 100 (Mmm).

3. [TocTpouTs MI0pY YIIO0B 3aKPYUHUBAHUS.

4. Haiitu HanOoJIbIIMI OTHOCUTEIIbHBIN yroy 3aKpy4uBaHus Ha 1 meTpe
JUTHHBI.

3apaua Ne 4, Ne 5

Jl7id 3aaHHBIX ABYX CXeM 0ajoK, HAarpy>KEHHBIX YKa3aHHBIMU BHEIIIHU-
MU Harpy3kamu, TpeOyeTcsi:

1. IlocTpouTk 3MOpPEI BHYTPEHHUX ycului Q, u M.

2. [TonoOpate st cxembl (3amaya No 4) nmepeBsHHYIO OalIKy KPYTioro
MOTEPEYHOI0 CEUEHUS.

3. [logoOpatk m1st cxemsl (3agada Ne 5) cranbHy0 OalKy JBYTaBpOBOTO
MOTIEPEYHOr0 ceueHusi (MpU YETHOM HOMEpE 3aJaHusl) WM IONepeyHoe
cedeHue mBesiep (Mpyu HEeYeTHOM HOMEPE 3aJJaHus).

MeToauueckue YKa3aHus 110 PEIICHUI0 3a/ a1

3agaua Ne 1. Pacuer cTaTHyecKH
HeonpeaeJJUMbIX CTEPKHEBBIX CUCTEM

AOCOIOTHO JKECTKMM Opyc OmupaeTcs Ha IMapHUPHO-HEMOIBUKHYIO
OTIOpY B TOYKE A M CKpEIUIEH C ABYMS CTEP KHSIMH TP ITOMOIIM IIAPHUPOB
BuC (Puc. 1.1 a).
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Hano: a=2mM, b=15M;, c=12wm, |y =a; |, =2b; a=45%
[0] = 100 MIla; A= 16 cM?; A; = A; A, = 1A.

Puc. 1.1.

Tpeodyercs:
1) HaliTH yCHIINS ¥ HATIPSDKEHUSI B CTEPIKHSX;
2) HAWTH JIOMYCKaeMyI0 Harpy3Kky P.

IHopsinok BbINOJIHEHHSI
U MeTOAMYeCKHe YKa3aHus K 3agaue Ne 1

1. BerueptuTh pacueTHyto cxemy B MacmTade (Puc. 1.1 a).

2. Paccmotpers ¥ M300pa3uTh KapTHHY BO3MOKHBIX MepeMenieHui
(Puc. 1.1 0).

3. 3anuceiBasg ypaBHEHHsI CTATUKHU, HAUTH CTENEHb CTATHYECKOW HEOTl-
PEACIUMOCTH 3aJ]a4H, T.€. KOJUYECTBO HEU3BECTHBIX, MPEBBIIIAIONIUX YUCIIO
ypaBHEHUH PaBHOBECHSI.

4. CocTaBUTh HEOOXOIMMOE YHCIIO JOTOJHHUTEIBHBIX YPaBHCHUM, BBI-
paxkas TEOMETPUIECKYIO 3aBUCUMOCTh MEXKTY epopMaIiisiMm.

5. Pemrast coBMecTHO 3TH ypaBHEHHS (ITOCJIE€ BBIPAKCHUS TTEPEMEIICHHMA
9yepe3 UCKOMBIC YCHIIUS TI0 3aKOHY ['yka) ¢ ypaBHCHHMSIMU CTaTHKH, OMpee-
JIUTH YCUJTUS B CTEPKHAX B TOJIX P.

6. Beipasuth HanpspKeHHs! B CTEPXKHIX M OTPAHUYUTDH OOJIbIIIee M3 HUX
JIOIyCKaeMbIM HamnpspkeHueM. HalTu gormyckaemyro HarpysKy.

IIpumep pemenus 3agaqu Ne 1

ITox nelictBueM Harpy3ku P B cTepxkHSX 1, 2 BOZHHMKAIOT pacTATUBAIO-
e ycunust N, N,, a B onope peakuuu Ry, Hy. Heuspectubix — 4. OcBo0o-
UM Opyc OT CBs3€H, 3aMEHHMB UX YCHIIMAMHU. 3aliChIBa€M YCIIOBUSI paBHOBE-
CUSl CUCTEMBI (YpABHEHUS CTATUKH) — UX 3.

34

KOMIMJIEKT SJIEKTPOHHbIX

YYEBHO-METOAUYECKUX MATEPUAJIOB


http://tpu.ru
http://portal.tpu.ru/ido-tpu

| | i Matepuanbl npegHasHa4yeHbl A4ns UCNONb30BaHUA B YH4E€OHbIX Lensx
ctyneHTtamm MHcTuTyTa guctaHuMoHHoro obpasosanusa TIY

— N —

YX=H;—N, sina =0
YY=R;,+N;+Ny-cosa—P =0 Q)
YMy=N;-a+N,-(a+b)-cosa—P-(a+c)=0

3ajada OaWH pa3 CTaTHMYECKU HeolpeneauMa. J[omosHUTenpHOE ypaB-
HEHHME TIOJIydYUM, paccMaTpuBasi KapTHHY BO3MOJKHBIX TII€peMeIIeHUM
(puc. 1.1 6). B pe3ynbraTe pacTshkeHus: cTepxHen 1, 2 secTkuit Opyc cMme-
maercs B nojioxxeHue AC;. IIpeneOperasi ropu30HTaIbLHBIM CMEIICHUEM Y3-
0B B u C v cuuTas yrojl HaKJioHa CTEP>KHS 2 HE MU3MEHHUBIIUMCS, HaljeM
13 1o100us TpeyroasHukoB ABB;u ACC;:

ITo 3akony I'yka:
Nily _ Nily

__ Nyl Nl
EA; EA’

All = = = .
EA, E2A

AL,

[Toacrasmnss B (2), nomyuum, yuutsiBas [y = a, l, = 2b:

b2
wim Ny = Ny —. (3)

Nyly _ Nzl
EAx E2A-cosa(a+b)

Hanee pemiast comectHO cuctemy (1) u (3), momydaem:
Ny = 0,92P, N, = 1,2P, 0, = 0,92%, 0, = 0,6=
VYcaoBue NpOYHOCTH MTPOBEPSIEM 110 OOJIBIIIEMY HANIPSXKEHUIO:

o, = 0,922 < [o], orctoma P = [P] < 0%[G], [P] = 167 kH.

3amaya Ne 2. OnpeaeJienrne BHyTPEHHUX YCUIIH,
HANPSAKEHU U nepeMeleHuil
MPHU PACTKEHNHU—C)KATHU CTYNIEHYATOro Opyca

CranpHOW CTYINEHYAThI CTEPHKEHb HAXOJIUTCS MOJ JEUCTBHEM IPO-
noapHbIX cui P. (Puc. 2.1.a).

Hano: a=0,2m; b=0,4m; ¢c=0,3m P, =40xH;, P, =120 «kH,
A; =10 cv?; A, = 14 cv?; [o] = 80 Mlla.
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K
7 /////J/////// gp Fwpa N ngpa o Jwgpa A
S P, =f20 «H o,
8 ] 5 29 Mia /J_._qg
st e ot S8 ML %%
N / o,
. i 40M di
l P,=40 kH cxamue | pacmaxenue
a) 6) B) r)
Puc. 2.1.
TpeOyercsi:

1) MOCTPOUTH AMIOPY BHYTPEHHUX YCHIIHN;

2) TIOCTPOMTH AMIOPY ACHCTBYIONIUX HAIIPSHKCHUM
3) mOCTPOUTH AIIOPY MEPEMEIICHHN;

4) mpOBEPHUTH MPOYHOCTH M KECTKOCTh CHCTEMBI.

HOpﬂI[OK BBIITOJIHCHUA
H METOANYCCKHUE YKa3aHUA K 3aa4e Ne 2

1. Onpenenutsb peakiuio OMOPbI, UCXOs U3 YCIOBUS PABHOBECHS CHC-
TEMBI B LICJIOM.

2. YCTaHOBUTD YHCJIO CHJIOBBIX Y4acCTKOB. HOBBIN CHIIOBOM y4acTOK Ha-
YUHACTCS TaM, TJ€ MOSBIISIETCS HOBAs BHEIIHSS HArpy3Ka.

3. Ilonp3ysick METO/IOM CEUEHHUU OMNpPEACIUTh BHYTPEHHHE YCHIIHS Ha
Ka)XJIOM CUJIOBOM ydacTKe. BHyTpeHHee ycuine B pacCMaTpUBaeMOM cede-
HHUU PABHO CYMME BCEX BHEIIHMX CHUJI, PACIIOJIOKEHHBIX IO OJHY CTOPOHY OT
paccMaTpUBaEMOTO CEYCHMUS.

4. ITocTpoeHue 3MI0p BHYTPEHHUX YCUJIMHM ClEQyeT BECTU Ha OCH, Ia-
pajuienbHOM ocu Opyca. PacTsruparomme ycwinsi OTMEUYaTh 3HAKOM «»,
CKHUMAIOIIUE «—», OTKJIAJbIBAsI 3HAUEHHUS UX MO Pa3HbIE CTOPOHBI OT OCH.

5. OnpeaenuTs HaNpsHKEHUS, JTEUCTBYIONIME HA KaKJIOM CHJIOBOM yya-

N .
CTKE 0; = 7‘. Pesynbratel mpencTaBuTh B BUE rpaduka (3M0phl) C yKa3aHU-

€M PaCTATUBAIONINX «+» U CKUMAIOIINX «—» HanpspbkeHud. CremayeTr y4ecTb,
YTO TIPU M3MEHEHUH ILJIOIIAM TONEPEYHOro ceUeHusl Opyca HaIlpsKEHUsT Ha
€IMHOM CHJIOBOM YYaCTKE Pa3IHyHbI.

6. [Ipu ompeneneHuu nepemMenieHnii HeOOXO0IMMO OTMETUTH PsJ cede-
HUU Ha TpaHUIAX CHJIOBBIX YYaCTKOB U MPU M3MEHEHUH Pa3MepOoB MOMepey-
Horo ceuenus (BB, CC, ...).
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7. IlocTpoeHue 3Mopbl NEPEMELICHUI HAYUHAIOT C OMIOPHOTO CEYEHHS.
[Tepemerienue B onope paBHO HyJo. [lepemenienue 1000ro ceueHust siBIs-
eTcsl ciencTBUeM JehopMaluy y4acTKOB, PacIlOIOKEHHBIX BBIIIE paccMart-
puBaeMoro ceueHus. [Ipu ompeneneHun nepeMerieHuil y1o0HO HCHOJB30-
BATh JMIOPY BHYTPEHHUX yCHIIHM N.

I[e(pOpMaHI/IH JHO6OFO yqaCTKa MOKET 6BITI> OHpeIIeJIeHa 110 3aKOHy FYKa:
Ng-a Np'b
Ala =2 y b — b .
E'Aa EA1
HepeMemeHI/Ie (/1) HOCHCI{YIOIHCFO CCUCHUA paBHO CYMMC HepeMeHICHI/ISI
Hpe,ubl,uymero CCUCHUA U He(bOpMaHI/II/I paCCManI/IBaeMOFO yqaCTKa C ytle-

TOM 3HAKOB ycuiuu Nj.

IIpumep pemenust 3agayu Ne 2

B cBs3u ¢ pekoMeHIanusiMu BbIOpaHa pacueTHasi CXe€Ma U HUCXOIHBIC
JTAHHBIE.

N3o00pakaem pacueTHyro cxemy B maciiTabe. CieBa OT M300pa)keHus
CJIEIyeT OCTaBUTh CBOOOJHOE MECTO JUIsl MOCTPOCHMS SIIOP MPOJOJIbHBIX
CHUJI, HANIPSIKEHUM U NIEPEMELICHUM.

1. Pemienne HauMHaeM C OMpeiesieHUsl peakiluyi onopsl R B 3aieMyeH-
HOM CEYEHHUH. 3aMMChIBAEM YCIOBHUE PABHOBECUS CTEPIKHS.

SE, =0
_R+P,—P, =0
R=P2_P1.

3HaK «+» Mpu ONpeAesieHnd R 03HadaeT, 4To peakuus Omnopbl MOKa3aHa
I10 HAIPABJICHUIO BEPHO.

2. PaznenM cTepikeHb Ha CHJIOBBIE YYACTKH, MPAHUIbI KOTOPBIX OIpere-
JSIFOTCSL TOYKAMU IPUJIO’KEHMSI BHEIIIHUX HArpy30K. B Haiiel cucreme ux JBa.

3. [onp3ysch METOJOM CEUeHUH, OMpeAeTuM MPOoaoJbHbIE cHiibl N Ha
KaXJIOM y4acTKe, HCXOS U3 YCIOBUs PABHOBECHUS OTCEYEHHOM JacTthu. Omnpe-
JieJIeHUe YCUJINM HaYHEM cO CBOOOIHOTO KOHIIA.

PaccmartpuBast yactb cTepikHs, OTCEKaemMyro ceuenueM |-, Bunaum

M= YE, =N, —P, =0
f N, =P, =N,

Puc. 2.2.

Ecnu ceuenne |-| BeinmoiHeHo Ha ydyacTke «b», TO BeIMYMHA
NI:Nb :NC’Nb :P1.
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N, N CnefoBaTenbHO HA ydacTKax «c» U «by»
/ y
' jeifcTBYeT MOCTOSHHOE BHYTPEHHEE YCHIIUE.

Yeunmme N; = 40 kH nanpaBneHo ot ceue-
HUS, CJIEJOBATEIbHO HA Y4YacTKax «c» U «b»
ip‘ IIPOUCXOIUT PACTSKECHHUE.

Puc. 2.3.

Pacnipenienenrie BHyTpEHHUX YCUIIUHN 1O JUIMHE CTEPXKHS yJIOOHO Tpe-
CTaBUTh B BUJE JUATPAMMBI, HA3bIBAEMOU SMIOPON BHYTPEHHUX YCHUIIUU.

PaccmarpuBaem BTOpoOii cuioBoi ydacTok. Beimosnum cedenue |11
3a TOYKOW MPUIIOKEHUS HOBOU CHIIBI P, Ha y4acTKE «a».

PaccmarpuBasi OTCEUEHHYIO 4acTh, 3alMChIBAEM YCIIOBUS €€ PAaBHOBECHSI.

A,': —_
//.»\L“\_,-// No = Ny

l’rﬁ ; 2.E, =P, =P — Ny =0,
) ) ,r—/"ﬂ Orcrona
A=10 c° N; =P, — P, =120 — 40 = 80 xH.
o o
17
Puc. 2.4.

3HaK «+» B pEIICHUH MOKA3bIBAET, YTO YCUJIUE HAIIPABIICHO BEPHO.

Ycunme N, HampaBi€HO K CEYEHUIO, 3TO 3HAYUT HA y4acTKE «a» Mpo-
ucxoauT cxkarve. OTKIaAbIBAEM YCWIMS PACTSHKEHUS U CKATUS MO pa3HbIe
CTOPOHBI OT OCH IUArPAMMBL.

Dmnropa NpoI0IbHBIX CUJI MpecTaBiIeHa Ha puc. 2.1 6.

4. OnpenensieM HaIPsKEHUs, ICUCTBYIOIINE B CUCTEME.

HanpspkeHnue ecth BHYTpEHHEE YCHIINE, IPUXOJAIIEecs] Ha €IUHUILY TT0-
nepeyHoro cedeHus. IIpu pacTspkeHUU, CKaTHUM HAMNpsHDKEHUE PaBHOMEPHO

pacupeacisacTCs 1Mo NorncpeYHoOMy CCUCHUIO

N
0O =—.
A

371ech 0 — HalpsHKEHUE,
N — BHYTpEHHEE YCUIINE;
A — nomaab MONepeyHOro CEYSHMsI CTEPIKHS.
PaszmepHOCTh Hanpsxenus — [1a — nackans (H/M?) nmn MIla — merana-
CKaJlb.
1MIla = 10°Ia

38

KOMIMJIEKT SJIEKTPOHHbIX

YYEBHO-METOAUYECKUX MATEPUAJIOB


http://tpu.ru
http://portal.tpu.ru/ido-tpu

| | (0 MaTepuanbl npegHasHayeHbl NS UCNOMb30BaHUSA B y4EOHbLIX Liensax
cTyaeHTamm MHCTMTyTa AMCTaHLMOHHOro obpasoBaHus TIY

— -

UtoOs! ompeieTnTh HAMPSHKEHNE B TIOMEPEYHBIX CEUEHUAX Opyca, HyX-
HO pAa3JelUTh YUCIOBBIC 3HAYEHUS MPOAOJIbHBIX CHJI HA IUIOMIAJIA COOTBET-
CTBYIOIIMX CEUCHUMU.

N, 40xkH 40000 H , H
=, " Toaw T10-10-wmz 10 ge T H0MIR
N, 40xH 40000 H , H
=, T Taa 1410wz 2010 G =287 Mia
~ 29 MIla
N, 80kH
O = 4% = Tg oz = 574 MIla = 58 Mlla

HauGounbliiiee HampsikeHUE BO3HUKAET HA ydacTke «a» — o, =~ 58 Mlla.

CormocTaBuB, 3TO HampspKeHHE ¢ AonyckaembiM [o] = 80 MIla oGHapy-
KUBaeM, 4TO JEHCTBYIOIIEE HAMPSHKEHWE MEHBINE JOMyCKaeMOTo W IMPOY-
HOCTh Opyca rapaHTHpOBaHa.

5. JIns mocTpoeHus SMIOphl MEpEeMEIeHU HaMETUM PsiJi CEUSHHM s
onpeneneHus ux nepemenieHuit. [Ipu sTom ciaemayer paccMaTpuBaTh CEUCHHUS
Ha TPAaHUIIAX CUJIOBBIX YYaCTKOB, a TaKXKe TaM, TJle€ U3MEHSIOTCS pa3Mepbl
MOTIEPEYHOTO CEUCHHUSI.

Onpenenarbs NepeMenIeHus CIeayeT OTHOCUTEIBHO OMOPHOIO CEYCHUS
Ao — TIEpEeMeIIeHHE OMTOPHOTO CeUEHHs OTCYTCTBYET (A, = 0).

[lepememienue ceuenusi BB 3aBucut ot AedopManuu ydacTka, pacro-
JIOKEHHOI'0 MEXy ceueHueM BB u onopoi.

Agp = Ao+ Aly = —2—
BB 0 «=Fa,

Hedopmanus Al, onpenensiercs npu moMoiy 3akoHa ['yka. OTkiaabI-
BaeM IMOJTyYEHHBIC 3HAYSHUS CJIeBa OT OCH (Ha y4acTKe MPOUCXOIUT CIKATHE).
[TepemerieHue IpsiMO MPOTIOPITMOHAIBHO JJTHHE Me(hOPMUPYEMOTO ydacTKa.

[Tepememienne ceuennss CC 3aBUCHT OT TiepemenieHus cedeHust BB
1 nedopManum ydactka «by.

—N,-a +N,-b
E-A, * E-A;

[lepemenienne CBOOOJHOrO KOHIIA Opyca 3aBUCUT OT MEpPEeMEIICHUS
npeasiaymiero ceuenus CC u geopMaluu yqactka «C».

+N.-c
Apx. = Acc + Al = A + A
1

[ToncunThIBas 3HAYCHHS TIEPEMEIICHNUN OTKJIQJBIBAEM HX C y4ETOM TIO-

JY4EHHOTO 3HaKa (3HaK «—» — BJIEBO OT OCH, 3HAK «+» — BIIPaBO OT OCH).

ACC = }\BB + Alb =
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3agaua Ne 3. OnpenesieHne BHYTPEHHHUX yCHJIHIA,
pa3MepoB NONEePEYHOro CeYeHUs
U NepeMelleHN i NPpU KPYyYeHUun

K cranmsHOMY Bally IPHIIOKEH Psiji M3BECTHBIX MOMEHTOB. (Puc. 3.1 a).
Hamo: a; b; c; M =40kHm; M, =120xHM; D =3d; |[T]=

70 MIla.
a)
Q
/|
d
——
Ceuenne Basia Ha
_7/7/0,00 /\Zﬂ yuacrkax "a"u "b"
40 40 nonoe
0)
S 7 andBS
80 80 7 &
Jnwpa ¢ Ha yuacrtke "¢” cnuiomsoe
B) _llLl-U;
8 b ** B
Puc. 3.1.
TpeoOyercs:

1) MOCTPOUTH AMIOPY KPYTAIIMX MOMECHTOB;

2) ompeneiuTh TUAMETPhI TOMEPEUHOr0 CEUYCHHUS Bajla Ha KaKJIOM CH-
JIOBOM y4acTKe. 3HaYeHHs X OKPYTIUTh A0 Ommkaiimero u3 psana 30, 35, 40,
45, 50, ..., 90, 100 (Mmm);

3) HOCTPOMTH SMIOPY YIJIOB 3aKPyUHNBAHUS;

4) HaiiTh HauOOJIBIIIMI OTHOCHTEIBHBIN YOI 3aKpyunBaHus Ha 1 MeTpe
JUTMHBI.

ITopsiaoK BBHINOJTHEHUS
U MeTOoANYeCKHe YKa3aHus K 3aja4de Ne 3

1. Onpeaenutb OMOPHBII MOMEHT, HCIOJb3YS YCJIOBHUS PAaBHOBECHUS
CUCTEMBI.

2. YCTaHOBUTD YHCJIO CHJIOBBIX YYaCTKOB M BBITIOJHUTH CEYCHHS Ha Ka-
AKIOM U3 HUX.
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3. Ucnonb3ys MeTOA ce€4eHUi, ONPEAEINTh BHYTPEHHNE YCUIIUS HA BCEX
CHUJIOBBIX yJacTKax.

4. Vicxons U3 yCIIOBUS IPOYHOCTH, ONPEACIUTh TUAMETP MONIEPEYHOrO
CCUCHMS Bajla Ha Ka)KJIOM CHJIOBOM YYaCTKE M OKPYTJIMTHL IOJTYy4YCHHBIC 3Ha-
YCHHMS JO YHCEII IPSAIOYTUTEIIBHOTO Psijia pa3MEPOB.

5. IlepeMenieHne mpU KPy4EHHUU XapaKTEpU3yeTCs YIJIOM 3aKpy4duBa-
Myl
Glp'

6. IlocTpoeHue 3MIOpbl NEPEMELICHUI HAUUHAIOT C ONIOPHOTIO CEYEHUS.
Yroa 3akpy4yvBaHHs B OIIOPE PAaBEH HYJIO. YTJIOBOE IEpPEMEIIEHHE I0Ce-
OYIOLIECr0 CEYCHHsS PaBHO CyMME YyIJia IOBOPOTa MPEABIAYLICIO CCYCHUS
U yrjla MOBOPOTa PacCMaTPUBACMOI0 CEUYCHHUSI OTHOCHUTEIBHO IPCABIIYIICTO
CCUCHUS.

HUS1, KOTOPBIN MOXET ObITh ONpE/IENICH Mo 3aKoHy ['yka: ¢ =

PR = Paa T Pp/a-

Yroa noeopota ceuenusi BB otHocuTensHo AA @p/x MOKET ObITh Hail-
Mpg-l
JIeH 110 3aKoHy ['yKa: (p/p = —2'31 a8
p
JedbopManu U mepeMenieHusl OnpeesieM yUUThIBasi 3HAKU BHYTPEH-
HHUX YCHJIMH. YTOJ MOBOPOTA, COBEPIIAOIINNICSA MPOTUB YACOBOW CTPENIKH,
CUUTAETCS MOJIOKUTEIBHBIM, IO YACOBOU CTPEJIKE — OTPULIATEIBHBIM.

IIpumep pemenusi 3agaum Ne 3

B cooTBercTBUM ¢ IMUYHBIM MU(POM BbIOpaHa pacyeTHas CXema U HC-
XOJHBIE JaHHBIE.

N3o0paxkaem uCXomHyr0 cxemy B maciurade. PaccmarpuBaemblii Bas
HAXOJUTCSI B TOPU3OHTAIIBHOM IIOJIOKEHUHU. [[1s MOCTpOECHUsS SIIOP BHYT-
PEHHUX yCUIUH M, ¥ YIJIOBBIX MEPEMELIEHUH (P CIENYET OCTABUTH CBOOOI-
HO€ MECTO IOJ pACYETHOM CXEMOM.

BpigenuM cuioBble y4aCTKM Ha paccMaTpUBAEMOM CXEME — HUX JBa.
['panunbl cuioBbix yyacTkoB B u E. Crenyer oOpaTuTh BHUMaHUE M Ha Ce-
yeHue C, rae U3MEHSIOTCS BUJI U MONEPEYHbIE CEYEHUS BaJa.

1. Onpenensiem omopHbIii MOMeHT M, (peakuuto omopsl). Mcxons us
YCJIOBHSI PABHOBECHSI CUCTEMBI:

YM=M,—M,+M; =0
My =M, — M, =120 — 40 = 80 kHm

3HaK «+», MOJNly4EHHBIN NIPHU ONpPEJEICHNU M, TOBOPHUT O TOM, YTO MBI
MPABUJILHO ONPEJICIIWIA HAITPABJICHUE €T0 JEUCTBUS.

2. OnpenensieM BHYTPEHHUE YCHUJIUS, JCHCTBYIOIIME B CHUCTEME, HC-
MOJIb3Ysl METOJ] CEUCHUU.

ITonxons co cBOOOIHOI0O KOHIIA, BEITIOJIHAEM ceueHue -1,
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\ /\77 OtrcedeHHas 4acThb JOJDKHA HaXo-
/‘7[ :/‘Z_ / JIUTHCS B PABHOBECHH.

/ CnenoBarenbno, M; = M,

Puc. 3.2 M; = M; = 40 xHm

3amMeTuM, 9TO €CIIM MepBOe ceueHUe OyIeT BBIMMOITHEHO HAa y4acTKe «by,
BHYTPEHHEE YCUJINE HE U3MEHUTCS.

\ / M b — M1
\
# X
) 2
/ c
Puc. 3.3.
BrlnonHsemM ceueHre Ha BTOPOM CHIIOBOM YYacTKe.
/ /\Z7 M HewnsBecTHbII BHYyTPEHHUNA MOMEHT
// — ! B ceuenun |l-1l paBen cymme
M )—*——— BHEITHUX MOMEHTOB, PAcHOJI0KEH-
s \ e s e HBIX II0 OJJHY CTOPOHY OT paccMar-
\ 7 7 PUBAEMOIO CEYECHUS.
&

Puc. 3.4.

9T0 CﬂeﬂyeT n3 yCHOBI/Iﬂ paBHOBeCI/Iﬂ OTCquHHOﬁ qacCTH.
2M=M1_M2+MH =O
MII =M2_M1 == 120_40=80KHM

[Io BBIYMCIEHHBIM 3HAYEHUAM CTPOHUM IJMIOPY KPYTALIMX MOMEHTOB.
[Ipn pemieHnu MmodaydeHbl BHYTPEHHUE MOMEHTBI M; u M;; neucTByromme
B Pa3HbIE CTOPOHBI.

YuuteiBas 310, cieayer nokasars M; u M;; 110 pa3Hble CTOPOHBI OT OCH
Ha smrope My,

3. Onpenenenne pa3MepoB MoIepedHoro cedeHus Bana D u d Benem

YCXOJIS U3 YCIOBUS IIPOYHOCTH.
M,
p
T= < [7]
W,

CrnenoBarelibHO, MOMEHT COINPOTHUBIICHUS, O00ECTICUMBAIOIINN MPOY-
HOCTb Ha y4acTke «C» OnpeaeauTcs: U3 COOTHOUIEHUS .

_ Mg™  40000HM 4 3 3
W, = T 70105 57-107* m° = 570 cm”.
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VYyactok «C» Kpyrioro mornepevyHoro cedeHust AuameTpom d.. MomeHr
m-d3
16 °

CONIPOTHUBJICHUS CILIONTHOTO TOTIEPEYHOTO CCUCHUS Wp =
Orcrona:

w-d3

16

de = )(16-570 _ #|9120 V2904 = 14,26 cm
3,14 3,14

OxpyrisieM NOJIYy4YEHHOE 3Hau€Hue A0 ONMKailiero u3 psaa peKoMeH-
nOoBaHHBIX d. = 14,4 cMm.

MoOMEHT COMpOTUBICHHS, 00ECIEUYNBAIOIINNA MPOYHOCTh MOJIOTO Baja
(ygacTku a u b) ompezenseM UCXOAS U3 TOTO, YTO OOJBUINI BHYTPEHHUN
MOMEHT JEHCTBYET Ha YUaCTKE «a».

Mg,"  80xHM 80000 Hm
Wor = [t] 70MIla 70-106 H/m>2
Hcxons W3 3agaHHOTO COOTHOIICHHSI BHEIIHETO M BHYTPEHHEro Jua-
METPOB TIOJIOTO Bajia, BBIPA3uM XapakTepucTuKy W, vepe3 BHEIIHWI ana-
merpD =3d,d, =d, =d.

MOMEHT CONpPOTHUBIIEHHUS IOJIOTO Baja BCIIOMOTATENbHAsl XapaKTepH-

CTHKa, 3aBUCSIIAasi OT MOMEHTA MHEPLUH KOJIbLIEBOT'O CEUCHUS:

Ipg
W, = —+—;
P Pmax

nD* md*
Ip =———).
32 32

3mech [, — MOMEHT HHEPIUH KOJIBLIEBOTO CEUCHHS
Pmax — PACCTOSIHHE OT IIEHTpa Baja 0 TOYKU CEUeHHs, Haubosee yjaa-

= 570 cMm3.

=11,4-10"* m3 = 1140 cm3.

. D
JIEHHOH OT EHTPA Prmax = -
[ToacTasmsist u mpeoOpasysi, moaydaem:

— = —_ 4
Wp—16(1 a®).

3mech a = % = % = 0,333.
Wo1 = 0,196D3(1 — 0,333%) = 0,1935D3.
Hcxonst 3 MOMy4eHHOTO pacyeTHOTO 3HAYCHMSI, MOMEHT COIPOTHUBIIC-

HUS BaJla HA yYacTKe «a» J0JIKeH ObITh He MeHee 1140 cm3,
OnpenensieM BHEIIHUN JUaMETP MOJIOTO BaJia:

31140 3 _
01035 — V5895 = 18,06 cwm.

D =
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. D
Buyrtpennuit nuametrp d = 3= 6 cM. OnHaKo, UCXOJs U3 KOHCTPYK-

THUBHBIX COOTHOILIEHUN BHYTPEHHHUH JHMaMeTp moJioro Baia d, = dj JOJDKEH
OBITH paBHBIM d...
[TpouyHoCTh yuacTka «c» obecnedena, eciu d. = 14,4 cm.
CrnenoBatenbHO, HYKHO B3sTh d, = d), = d,. = 14,4 cM.
Tornma BHEIHUY pa3Mep IOJIOr0 BaJia
D =3d =3-14,4 = 43,2 cwm.

OHpCI[CJ'I}ICM ,HCP'ICTBYIOHIHG HaIIpsDKCHUA Ha BCEX CHJIOBBIX y4acCTKax.

M; _ 40000 40000 Hx

We 42 0,1935:0,00298 3

16

T = = 69,36 Mlla.
JleiicTBytoIIIee HANIPSDKEHUE HA YIaCTKE «Dy»:

T = 40000 40000 40000 Hm
b Wp1 ©0,1935:D3  0,2:0,4323 m3

= 2,5-10°%Ma = 2,5 MIla.

JIelCTBYIONIEE HANPSIKEHUE HA YUACTKE «aA»:

80000 Hm 80000 HM 80000 Hm 6
T, = = = = 5-10°1a = 5 MlIla.
a ™ 0,2:0,432 M3 02:008M3 0,016 M3

BbiBoa: KOHCTpyKIuUs Bana ¢ cooTHomeHneM D = 3d Ha mosioM ydact-
K€ COBEPILIEHHO HEpallMOHAJIbHA, T.K. MaTEpHUal HEIOTrpykeH Oosee yem B 10
Pa3 Opejicr = 5 MIla, a [0] = 70 MIla.

Pa3zymHO mpemyioKuTh BBITOIHUTH BECH BaJl CIUIOIIHOTO KPYIJIOrO Ce-
yerus. Ha ydactke «c» Haiiaennsiii ajuametp d. = 14,4 cm. Ha ywactkax
«b» 1 «a», ecau KOHCTPYKTUBHO OHU JOJKHBI ObITh paBHBIX JUAMETPOB, OTI-
pexnensieM D ucxo/s U3 yCIOBUs MPOYHOCTU HanOoJiee HarpyKEeHHOTO y4acT-
Ka «a».

D= 3\/16Mpacq _ 3\/ 1680000 _ 3[128 103 _ 10,9799 = 18 cu.
Tt[T] 3,14:70-106 21,98

4. OnpeneneHue nepeMenieHuid 1 TOCTPOEHUE BITIOPHI YTIIOB 3aKpy4dH-
BaHUSI.

Bcsikoe nepemenienue ecth ciaeactsue aepopmannii. Jedpopmanuro npu
KPYUEHUHU XapaKTepU3yIOT YIJOM 3aKpyuMBaHUS () U, B 30HE YIPYroro je-

(dhopMupoBaHUs, ONIPENETSIOT 10 3aKoHy ['yKa:
Myl

GIp

311ech:

M., — BHYTpCHHHI1 MOMEHT, ICHCTBYIOLIMI HA PACCMATPHBACMOM YYaCTKE;
[ — nnuHa y4dacrtka;

G —monynb casura, G = 8 - 10* MIla;
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I, ~MOMEHT MHEPIIMH MOMIEPEYHOTO CEUCHHS HA PACCMATPUBACMOM YYACTKE.

OmnpenenseM yroi 3aKkpyqdrBaHus cedeHus B.
Pacuer HaurHaem c onopHoro ceueHus A
@4 = 0 (xecTkas 3aenka).

VYrou 3akpyunBaHus cedeHuss B oTHOCUTENHHO A
__ —Mga
Pp/a = . lor

OTkianpIBaéM MOJYYEHHOE 3HAUYEHUE Ha BIIOPE YIVIOB 3aKpy4YHBaHMS
(Puc. 3.1 B), yuutbiBas 3HaK M,, — BHU3.
[ToBopot ceyenust C paBeH cyMMe AepopMaIiii Ha y4acTKax «a» u «by,
a cJeI0BaTeNIbHO, 3aBUCHUT OT MEPEMEIICHUs CeUYeHUss B 1 oT yria moBopoTa
ceyeHus: C OTHOCUTENBHO B.
—-M a a M I b
Pc =@+t Pc/p = (T T
p1 p1

[ToBOpOT cBOOOIHOTO KOHIIA E OTIpenemnseTcss aHaJIOTUIHO.
—Ma'a+Mb'b+MC'C
GIpl Glpz Glpl

QO = Ppx = Pc + Pg/c =

HOI[CTaBJ'UISI PaCUYCTHBIC 3HAYCHHA, OTKJIIAJAbIBACM HUX C YUYCTOM 3HAKA Ha
OIIIOPC YITIOB 3aKpYyUYHBAHUA.

3amauu Ne 4, NeS. U3rud. OnpenesieHue BHYTPEHHUX
YCHJIMI M Pa3MepoOB MONEPEeYHOro ceYeHus
0aJIOK pa3Iu4YHBbIX Npoduiei

Cxema Oanku, Harpy)XeHHas YKa3aHHBIMH BHEIIHUMHU Harpy3Kamw,
npuBeaeHa Ha puc. 4.1 a.
Nano: a; q; P = qa; M = 2qa®.

45

KOMIMJIEKT 3JIEKTPOHHbIX

YYEBHO-METOAUYECKUX MATEPUAJIOB


http://tpu.ru
http://portal.tpu.ru/ido-tpu

| | i Matepuanbl npegHasHa4yeHbl A4ns UCNONb30BaHUA B YH4E€OHbIX Lensx
ctyneHTtamm MHcTuTyTa guctaHuMoHHoro obpasosanusa TIY

— N —

o7/ /Y Y
_a ____, MZU la_
Impa §
aa ) ga )

qa’ 1 Nqa

A
qa

Puc. 4.1.

Tpedyercs:

1) MOCTPOMTH SMIOPBI BHYTPEHHUX YCHIUH Q, 1 M,.

2) mooOpaTh I cXeMbl (3amada Ne 4) nepeBsHHYIO OajiKy Kpyrjioro
MOTIEPEYHOTO CEUCHUSI.

3) momo0Opath I cxeMbl (3a1aua Ne 5) crajabpHyI0 0ajaKy ABYTaBpPOBOTO
MOTIEPEYHOTO CeYeHHsl (MpU YETHOM HOMEpE 3aJaHusl) WIA IONEpPEeUHOe
CeYeHHe mBeIiep (P HEYETHOM HOMEPE 3a/IaHMUS).

ITopsiaoK BBHINIOJTHEHUS
U MeTOoAM4YecKHe yKa3aHud K 3aga4yam Ne 4, Ne §

1. [IpocTaBuTh M OMpPEAEIUTh OMOPHBIE PEAKIIMU UCXOJs U3 YCIOBHM
PaBHOBECHSI.

Jlns koHcosbHOM Oanku (3amada Ne 4) HCHONB30BaTh ypaBHEHUS
XE, =0,YM =0,
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Jlnst nByomopHo#t Oanmku (3amada Ne 5) mpenmodyTUTENbHEE 3amucaTh
YpaBHEHUSI MOMEHTOB OTHOCUTENBHO JBYX ONOPHBIX ceueHui. [lomyueHHbie
PE3yIbTaThl NPOBEPUTH, MCIIOJIL3YS ypaBHEeHue YK, = 0.

2. OnpenenuTb HEOOXOUMOE YUCIIO ceueHU. Yucio ceuyeHuit 3aBUCUT
OT YHCJIA CUJIOBBIX Y4acTKOB. HOBBII CHMIIOBOM y4aCTOK HaYMHAETCS TaM, TIe
HOSIBJIAETCS HOBOE BHEILIHEE BO3JEHUCTBUE, MO0 MEHSAETCS 3aKOH Harpyxe-
HUS (TIpEeKpalaeTcs 1eUCTBUE PACIIPEAEICHHON HArpy3KH).

3. Ucnonb3ys MeTon ceueHnit n300pa3nuTh paccMaTpUBaeMylO OTCEUECH-
HYI0 4acCTh W 3alIMCaTh BBIPAXKECHUS JUIsI IOCTPOEHUS SIIIOPHI NIEPEPE3BbIBAIO-
mux cunt (. TlepepespiBaromast cuna B CCYCHUN (), paBHA CyMME CHJI, pac-
MIOJIOKEHHBIX 110 OAHY CTOPOHY OT paccMaTpuBaeMoro ceuenus. [Ipu 3anucu
BBIpaXXEHUS (, CIeAyeT NPUAECPKUBATHCS CIEAYIOMIEr0 NpaBuiia 3HAKOB.

Ecnu paccmaTpuBaercst yacTh OajKy, pacloyiokKeHa ClieBa OT CEUeHus,
BHEIIHME CWJIbl HAIIPaBJIEHHBIE BBEPX CUYUTAKOTCSA IOJOKUTEIbHBIMHU, Ha-
IIPaBJICHHBIE BHU3 — OTPULATEIIbHBIMU.

Ecnu paccmaTpuBaercs yacTh Oaliki, pacloJio’KeHa clipaBa OT CEUeHUs,
3HAKM MEHSIOTCA Ha MPOTHBOIIOJIOXKHBIE: HAINpaBJICHHbIE BBEPX — OTpHUIIA-
TEJIbHBI, HAIIPABJIEHHbIE BHU3 — MOJIOKUTEIbHBI.

4. 3anucath BBIPAXKEHUSI JUIsl IOCTPOEHHUS AMIOPBI U3rM0AI0IUX MOMEH-
TOB M,,. I3rubaroruii MOMEHT B Ce4eHUU My, paBeH CyMME MOMEHTOB BCEX
BHEILIHUX CHJI, PACIIOJIOKEHHBIX 110 OJHY CTOPOHY OT paccMaTpUBaeMoro ce-
yeHUsl. MOMEHT BHEIIHUX CHJI CIIEyeT OpaTh OTHOCUTENIBHO TOYKH, pacio-
JIO’KEHHOM B CEYECHUH X;.

3anuceiBast BeIpakeHue M, ClieiyeT pUICPKUBATHCS «TIPABHJIA JIOMKIISD).

MOMEHT CUJTbl OTHOCUTENBHO TOYKH B PACCMAaTPUBAEMOM CEUEHUU CUM-
TaeTcs MOJOXKUTENbHBIM, €CIU OH Je(OpMHUpPYET OCh OalKW TakK, YTO BOJA
CKaIlIMBAETCS.

MOMEHT BHEIIHEW HArpy3KH CIIEIyEeT NMPUHUMATh OTPULATEIBHBIM, €C-

JIK BOJA4 CTCKACT.
Ve,
i (—,’—5 =
7 g
7 7
/

5. BeictpouTts smropsl (rpaduku) pacupeneiaeHuss BHYTPEHHUX YCUITHI
Mo JyuHEe Oalku, OYepuuBasi UX Ha y4acTKaX OTHOAIOIIMMH B COOTBETCTBUU
¢ pyHKIueH, pencTaBasomei Qy,, My .
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6. 3anmucath yclioBre MPOYHOCTH OATTKH B OMTACHOM CEYCHHH
o= M{fy—j’ < [o].

OnacHbIM ceueHUEM SIBISIETCS TO, B KOTOPOM JIEUCTBYET HaMOOJBIIHIA
110 MOJYJIX0 M3rHOArOIKi MOMEHT. Benuunna ero u ectb Mp,cy U JIETKO BbI-
SBJISIETCS IPYU PACCMOTPEHUU AIIOPBI M,

7. Onpenenuth HEOOXOIUMYIO JIJIi 00ECTICUCHUS MPOYHOCTH XapaKTe-
PUCTHUKY MONIEPEYHOTO ceueHus 6anku — W, — MOMEHT CONTPOTUBIICHUS CEYe-
HUSI OTHOCUTEIIBHO HEUTPAIIbHOM OCH.

W, = Mpacq
Z - .

(o]
8. OmpenenuTh aUaMeTp nepeBﬂHE{o]ﬁ Oaku KPYIJIOro TMOMEpPEeyHOro
cedyeHus BeIpasuB W, yepes pasmepsl IONEPEYHOTO CEUEHUS
_wd?  Mpaey
2732 o]’
3 32Mpacq
o]

9. Jlnst OThICKaHUS HY>KHOTO MPOKATHOTO MPOdUIsl ClieyeT 00paTUThCs
B TaOJHIIBI TPOKATHBIX COPTAMEHTOB U BBIOpATh HOMEP NpOodusis, OOIbITUI
MOMEHT CONPOTUBIIEHUSI KOTOPOTo OJIM30K K HaiieHHoMy. [lo aToi xapakTe-
PUCTHUKE BBIUTH HA HOMEP MPOPUIIS.

10. M300pa3uTh momepeuHoe CeYeHue C yKazaHHEM ero Homepa, reo-
METPHUYECKUX Pa3MEPOB U MPOUNX XaAPAKTCPUCTHUK.

IIpumep pemenus 3agaq Ne 4, Ne S

1. OnpesnencHre peakiyii Orop BEAEM UCXO/I M3 YCIOBUN PAaBHOBECHS:
SY=P—R,+Ry—2qa+P=0 (1)
SM,=—P-a+M+Ry-2a—2qa-(2a+3)+P-3a=0(2).

Pemas coBmectHo ypaBHenus (1) u (2) monyyaem:

1 1
R, = ;4% =5 qa.

J171s1 TpOBEPKU PEIIESHUsI PACCMOTPHUM €I11€ OJTHO YCJIOBHE PAaBHOBECHUS:

a
ZMB=—P-3a+M+RA-2a—2qa§+P-a=0.
Nnu:
1 a
—qa-3a+2qa2+§qa-2a—2qa§+qaa=O.
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Peaknun HaiiieHbl BEPHO.

2. Iloctpoenwne smrop nepepessiBatommx cuil Q (Puc. 4.1 0) u w3ru-
Oarorux MmomenToB M (Puc. 4.1 B).

Brinensem Tpu cunoBbix yuyactka: CA, AB, BD. B npenenax Kaxmoro
ydacTKa Ha3HayaeM mepeMenHbie aberucen x; (i = 1, 2, 3).

a) Paccmotrpum ceuenue |-l orcrositiee Ha pacCTOSIHUM X; OT TOCKH C

(Puc. 4.2).
/HX Qx1=P=Q'Cl
[ ; My =P x;=q-a x
/ M/ Oleﬁa
Pl X "

Puc. 4.2.

Cura Ha y9acTKe «a» TOCTOSIHHA, MOMEHT U3MEHSETCS 110 JIMHCHHOMY
3aKOHY.

[TonyyeHHBbIC aHATUTUYECKUE 3HAYEHHUS IONMEPEYHON CHUJIBI U MOMEHTA
CIIeIyeT pacCUnTaTh B HAYAIBHOW M KOHEYHOM TOYKAX KaXKJI0TO y9acTKa.

X1=0:Qy, =P=q-a M, =0;
X1 =a:Qy, =P=q-a,M, =q-a’
Crtpoum smropsl Q u M Ha MepBOM y4yacTKe.
0) Paccmotpum ceuenne |1-I1. K ceuennro mogxoaum ciesa.

K

= /4,

' 14 (

P A A
a X

Puc. 4.3.

OrnpenensieM BHYyTPEHHUE YCWIHS B 3TOM CEUEHUU:
0< Xy < 2a.
sz :P_RAI=P'(a+x2)_RA'x2—M.
IIpu x, = 0:
Qx, =qz—‘7L,Mx2 =P-a—M=q-a?
pu X, = 2+ a:
Qr, =2 =P:3a—R, 2a—M=0.
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Kak Buaum, mnomepeyHas cuiia Ha BTOPOM YYacTKE IIOCTOSIHHA,
a MOMEHT — JuHeHast pyHkuus x,. Hanocum monydennsle 3Hauenus Q, M

Ha SIIOPHI JJIs1 BTOPOTO y4acTKa.
B) PaccmatpuBaem ceuenue IlI-11l. Y1oOuee nomoiitu k 3TOMy CedeHUIO
crnpasa. [Ipu Takom moaxo/ie 3HaKH CIeyeT U3MEHUTh Ha MMPOTUBOIIOJIOKHBIE.

)
of Y @
n_xs_|r

Puc. 4.4.
0<x3<a
Qx, = =P +2qx3, My, = P x3 — ZqJ;—g.
IIpn x3; = 0:
Qx, = =P, My, = 0;
pH X, = a:

Qx, = —P+2qa =qa,M,, =P-a—qa®=0.

[lonepeynas cuiia Ha TPETBEM YYACTKE U3MEHSETCS IO JIMHEMHOMY 3a-
KOHY, a (PYHKITUS H3rHOAI0IIET0 MOMEHTA — MapadondecKasl.
Jnst moctpoenus rpadguka M, HEOOXOAMMO NMPOBECTH HCCIENOBAHUE

Ha SKCTPEMYM:

a
3HaquI/Ie MOMCHTaA IIpUu x* = — JOCTUT'ACT S3KCTPEMYyMaA.
37 2
2
a a qa
MEKETP _ p & (_) U
X3 2 q 2 4

a
JIerKo 3aMeTHTB, 4TO MPH X3 = — MOMepedHas Ciia
— a — —
Qx, =—P+2q5=-qa+qa =0,

oOpamtaercs B 0, 4TO COOTBETCTBYET BTOPOM TeopeMe KypaBCKOro, COrjiacHO

. dm
KOTOpOU Q = o
Jlanee HaHOCHM paccunTaHHbIC 3HAUCHUS (), U M, Ha o1r0psl Q U M.

3. OmnpeneneHre MOMEHTa CONIPOTUBICHUS OAJIKH.
Hcxoas u3 ycnoBusi IPOYHOCTH MPH U3THOE IO HOPMAJIbHBIM HaIlpshKe-
HUSIM:
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M,
Omax = If);ch < [G],

[mojIy4acm HCO6XO,HHMBIﬁ AJI1 IIPOYHOCTH MOMCHT COIMPOTHUBJICHHA CCUCHUSA

Mpacq
Wez "o

3nech Mp,cq PaBEH 3HAYEHUIO MOMEHTA B ONACHOM CEYEHUH OAIKH.
OnacHbIM SBISETCS CEUEHUE, THE Mp,cy NOCTUIAET HAMOOJBIIETO 3HAUCHUS

no Moayito. O0IIKe 3aKOHOMEPHOCTH, KOTOPbIE MOXKHO MCIOJb30BaTh JJIs
IPOBEPKH TPABUIILHOCTU MOCTPOEHUs o1mop Q u M (3Hauenue Mp,c, OepyT
HaJ| WIH [0 OCBIO Ha 3mmope M).

a) Ha smrope mepepesbiBatomux cuil ) B TeX CEYCHMSX, IJie Ha Oalike
MIPHJIOKEHBI COCPEeIOTOYCHHBIE CHIIbl, (y Hac P, Ry, Rgp) Habiromaercs cka-
YOK (pe3Koe U3MEHEHHUE).

BennunHa 1 HanpaBl€HUE CKAYKa COOTBETCTBYIOT MPUIIOKEHHOM CHUIIE.

0) Ha smrope m3rubaronumx MOMeHTOB M B TeX CEUCHMSIX, TIe Ha Oaike
JIEHUCTBYET COCPEIOTOYCHHBIA MOMEHT, HAOJIOJACTCS CKAa4YOK Ha BEIHYHUHY
ATOTO MOMEHTA C YYETOM €ro 3HaKa.

B) B ceuenun, rae nepepessiBatomias cuia @, = 0 uzrubarommii Mo-
MEHT JIOCTUTAET SKCTPEMAIBHOTO HA 3TOM y4acTKE 3HAUCHUSI.

r) Ha ydacTke, rae AedcCTByeT pacnpelielieHHas Harpyska, smopa M
ouepueHa KPUBOJIMHENHO, BBITYKIOCTHIO HABCTPEUY CTpEIKaM Harpy3Ku (.

51

KOMIMJIEKT 3JIEKTPOHHbIX

YYEBHO-METOAUYECKUX MATEPUAJIOB


http://tpu.ru
http://portal.tpu.ru/ido-tpu

| | i Matepuanbl npegHasHa4yeHbl A4ns UCNONb30BaHUA B YH4E€OHbIX Lensx
ctyneHTtamm MHcTuTyTa guctaHuMoHHoro obpasosanusa TIY

— -

5. MPOMEXYTOYHBI KOHTPOJIb

ITocne 3aBepiieHNs N3YYEHUS JUCLUIUIMHBI CTYI€HThI CIAI0T IK3aMEH.

K sK3aMeHy AOIyCKalOTCS TOJIBKO T€ CTYAEHTBI, Y KOTOPBIX 3a4TEHO
WHIUBUTyJIBHOE 3aJIaHue 1 J1abopaToOpHBIE paOOTHI.

Bormpocsl 11l MOATOTOBKH K 3K3aMEHY IPUBEAEHBI B II. 5.1.

OO0pa3er sK3aMeHAITMOHHOTO OWJIeTa MPUBEICH B 1. 5.2.

BOleOCl:I AJI MOATOTOBKH K 3K3aMEHY

Bormpocsl 111 CaMOKOHTPOJISA, TPUBEACHHBIE B TEOPETUUYECKOM pasiesie
JTUCLUIUIMHBI B KOHIE KaXK0M TeMBbI, SIBJISIFOTCS BOIIPOCAMU JIJIsl OJITOTOBKH
K DK3aMEHY.

Oobpa3zen 3x3aMeHAIIMOHHOI0 OMJIeTA

MHUHUCTEPCTBO OFPA30BAHMSI U HAYKH POCCUMCKOM ®EJIEPAILIAN

DenepanbHOE rOCyIapCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE
YUpEXIEHUE BBICHIETO MPOPECCHOHATBHOIO 00pa30BaHuUs
«HAITMOHAJIBHBIN UCCJIEJOBATEJIbCKHUM
TOMCKUM NOJJUTEXHUYECKHU YHUBEPCUTET»
WHCTUTYT IMCTaHIIMOHHOTO 0OPa30BaHUs

BUJIET Ne 13

IO JUCHUIIJIINHE ((COHpOTI/IBJ'ICHI/Ie MaTCpHruaJIOB»

1. Kocoii u3ru6. B uem 3akimoyarorcs 0COOEHHOCTH 3TOTO BUJA HArpy)KEHUS U
KaK IMPOBOJIUTCS OLIEHKA MPOYHOCTU IIPU KOCOM U3THOE.

2. VI310XuTe MPHHIUI pacyeTa CTATUYECKU HEONPEACTHUMBIX CTEPKHEBBIX CHC-
TeM, pabOTaIOIIMX Ha PACTsHKEHUE, CxKATHE.

3. 3agaua 1. TloctpouThs 5mIOpHl BHYTPEHHUX
Llllllliiiis YCUJIMI U HANIPSKEHUM.
; 2.  Ompenenuth NepeMelleHue CBO-
Ay s | 0oHOTO KOHIIA Opyca A.
t P, =100 kH; A; = 10 cm?;
8 P, =160 kH; A, = 16 cM?;
A/ = a=04m, b=02m.

E

CocraBui
nouenT kadeapsl TTIM Hyky6amaa K.H.
3aB. kadenpoii TIIM, nomeHt Cumankun @.A.
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®enepalibHOE TOCYAAPCTBEHHOE OI0/KETHOE 00pa30BaTeIbHOE
YUpeXICHUE BBICIIETO MPOECCHOHATBFHOTO 00pa3oBaHus
«HAIIMOHAJIBHBIN UCCJEJOBATEJIbCKUN
TOMCKHHN NOJUTEXHUYECKUI YHUBEPCUTET»
NHCTUTYT TUCTaHLIMOHHOTO oOpazoBaHHs

BUJIET Ne 1

10 JTUCHUITIIIMHE ((COHpOTI/IBJIeHI/Ie MaTcpHraIoB»

1. M300pa3uTe cxeMaTUyHO M3BECTHBIC BaM IMPOCTEHINNE BHUJIbI HArpyx eHUil
U TIPUMEP CI0KHOTO (KOMOMHUPOBAHHOTO) HATPY>KEHHSL.

2. B uem 3axmouaercs METOJ CEYEHUH U 11 4Ero OH MCIOJIb3yeTcs?

3. 3agaua [TocTpoutsb 3II0pEl BHYTPEHHUX YCHU-

/D T, NefCTBYIOIUX B OaJKe.
q
25 Z P =10kH; g= 4 xH/mM;
% * *, i * * ! a=04mb=1wm.
¥ b ‘ a
a3
CocraBun
noueHT kadenpsr TIIM yxy6muna K.H.
3aB. kadenpoii TIIM, momeHT Cumankva O.A.
53

KOMIMJIEKT 3JIEKTPOHHbIX —— ,
YYEBHO-METOAUYECKUX MATEPUAJIOB


http://tpu.ru
http://portal.tpu.ru/ido-tpu

| | i Matepuanbl npegHasHa4yeHbl A4ns UCNONb30BaHUA B YH4E€OHbIX Lensx
ctyneHTtamm MHcTuTyTa guctaHuMoHHoro obpasosanusa TIY

6. YYHEBHO-METOAUYECKOE OBECIIEYEHHUE JUCIUIIJIMHbI

6.1 JIutepatypa o0s3aTe/ibHAs

1. XoxnoB B.A., Hykyomuna K.H., Kynpusunos H.A., JlorsunoBa H.A.
Conpotusnenne marepuanos. — Tomck: U3a-so TIIY, 2011. — 228 c.

2. JapxoB A.B. Illlmupo I'.C. ComportuBienue marepuaioB. — M.:
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