®EJIEPAJIBHOE I'OCYJAPCTBEHHOE BIOJI)KETHOE OBPA3BOBATEJIbHOE
YYPEKJIEHUE BBICIHIEI'O OBPA3BOBAHUS «<MBAHOBCKAS ITOKAPHO-
CIIACATEJIbHASI AKAJIEMUSI TOCYJAPCTBEHHOM ITPOTUBOIIOKAPHOM
CJIY’)KBbl MUHUCTEPCTBA POCCUMCKOM ®EJIEPAIIMH IO JEJAM
I'PAJKIAHCKOM OBOPOHBI, YPE3BBIYAMHBIM CUTYALIUSIM U
JUKBUJAIIMA MTOCJEACTBUMA CTUXUMWHBIX BEJICTBUM»

JOKYMEHT NMOANMCAH
BNEKTPOHHOM MOANNCHIO

Ceptucukat: 3DA0B7AADF4519B7FFCCBAFB13B97878
Bnageneu: ®enopuHoB Anekcanap Cepreesuy
[encteutenen: ¢ 17.03.2023 no 09.06.2024

MeToanyeckue peKoOMeH A

JJIS1 CAMOCTOSATEIbHOU PadoThI

00y4aKOINUXCH 0 AUCHUILIMHE
«IIpukiaagHasg MEXaHUKA)

CrnenuanbHOCTh
40.05.03 CyneOHast aKcriepTr3a

Croeuunanuszanus
«MHXeHepHO-TEXHUYECKHUE IKCIIEPTU3BD)

HUBanoso 2023



Kponorosa H.A.

Mertoaudeckre peKOMEHAAIMU JJISI CaMOCTOSITEIILHON PadOThl 00YYAOIIMXCS T10
mucuuruinHe «llpukimanHas mexaHukay (Hanee — METOAMYECKHE PEKOMEHAAIUu) T0
cnenpasibHocTH  40.05.03 Cynebnas »skcmeptusza, cnenuanuzanus «HHXeHepHOo-
texHudyeckue oskcneptusb» — HWMBanoBo: HIICA ITIC MUC Poccum, 2023. —
40 c.

Meroauueckue peKOMEHAAMU COJAEpKAT KpPATKOE HW3JI0OKEHUE JUCLUIUIMHBI
«MarepuanoBeieHue» B~ COOTBETCTBMM ¢  TpeboBaHusamu  DenepalibHOTO
roCy/IapCTBEHHOTO0 00Pa30BaTENBbHOTO CTaHAApTa BBICIIEr0 0Opa30BaHUs — CIECLHUATUTET
no crenuanbHocTH 40.05.03 CyneOHas sKcmepTh3a U OCHOBHOM NpOQeccCHOHAIbHON
oOpa3oBaTeIbHONM MpOorpaMMbl BbICIIEr0 oOpa3zoBaHus 1o cheruanbHocTd 40.05.03
CynebHast »3KclepTH3a, COBETHl 10 IUIAHUPOBAHUIO M OpraHU3alldd BpPEMEHH,
HEOOXOIUMOTI0 Ha M3YyYEHHE IUCUMIUIUHBI, MOXKEJIaHUsS MO HU3YYEHHUIO OTACNIbHBIX TEeM
Kypca, pEKOMEHJAIMd TI0 MHCHOJb30BAHUI0 MaTepuajoB  y4eOHO-METOAUYECKOrOo
KOMIUJIEKCA, PEKOMEHJAluu 1o paboTe ¢ JUTepaTypod; COBEThl IO TOJATOTOBKE K
IPOMEKYTOYHOM aTTeCTALUH.

MeToauyeckue peKOMEHJAIMN PacCMOTPEHbl Ha 3acelaHuu Kadeapbl MEXaHUKH,
peMoHTa u feranei MamuH (B coctaBe Y HK «Iloxapotymienuey).
ITporokon Ne « 14 » ot « 10 » masg 2023 r.

Metoanyeckue peKOMEHIAMu 00CYKIeHbl U 0JJOOPEHBI Ha 3acelaHUH METOIUKO-
Nearoruyeckoro copera MBaHOBCKOM moxapHO-cracatenbHo akaaemuun [TIC MUC
Poccun.

[Tporokos Ne_14 ot «_10 » mas 2023 r.

© UIICA T'TIC MYC Poccun, 2023



3

COAEPXAHUE
No
o HanmenoBanue pasnena Crp.
1. | BBenenue. 4
2. | Meroauueckue peKOMEH 1AM M0 U3YYEHUIO TEM TUCIUIIINHBI 5
2.1 | Tema 1. OcHOBHbBIEC MOHSITUSI CTATUKU 5
2.2 | Tema 2. IlpocTsle Buabl Aeopmariuii 15
2.3 | Tema 3. [Ipsimoli nornepeyHbIi U3ruo 24
2.4 | Tema 4. CnoXHOE COIPOTUBIICHUE 29
3. | Meroguueckue peKOMEHJAlMHU JJIsl TOATOTOBKU K IPOMEKYTOUYHOM
aTTECTALlNH 34
4. | CnoBapb TepMUHOB 10 quctuiuinie «[IpuknagHas MexaHuka 39




4

BBenenue

Hucuunnuna «IlpuknanHas MexaHHKa» SBISAETCS OCHOBOM OOIIETEXHUYECKOW M
oOuienpogecCuoOHaNbHONM TMOATOTOBKM HHXKEHepa J0oro npo¢uis, B YacTHOCTH,
MH)KEHEepa MoXKapHOil 0€3011acHOCTH.

Pa3BuTre COBpPEMEHHOM TEXHUKHM CTAaBUT IIEpe]  CHELHUAIUCTAMU  CaMbIe
pa3HOOOpa3Hble 3aJauyd, CBA3aHHBIE C pAcYeTOM pa3JIMYHBIX COOPYKEHUU (3HaHMiA,
MOCTOB, KaHaJIOB, IUIOTUH U T.I1.), C 3KCIUTyaTallueil BCEBO3MOKHBIX MAlllMH, MEXaHU3MOB,
ABUTATENel W, B YACTHOCTH, TaKMX OOBEKTOB, KaK TMOXXapHble aBTOMOOWIIH,
COCTABJISIIOIIME HX Y3JIbl (TUAPONPHUBOABI, Hacockl). KOHCTpyHpoBaHHME MaIIMHBI
HE3aBUCUMO OT TOTO, BBIMOJHAETCS OHO yYalUMCS WJIH ONBITHBIM MHXXEHEPOM, - ITPOLIECC
TBOpueckui. Kaxnas KOHCTPYKTOpCKas 3ajada, Kak IMPaBUIIO, UMEET MHOTO PELICHHM.
Onupasch Ha UMEIOUIMECS TEOPETHYECKUE 3HAHUS, y4alluics AOKEeH BBIOpAaTh H3
MHOTHX BO3MOJKHBIX PELIECHUN OHO, Hawiy4iee. [Ipyu 3ToMm eMy nIpuxoauTcsi IPUHUMATD
BO BHMMAaHHE 4YacTO IIPOTUBOPEYMBBIE TEXHOJOIMYECKME M IKCIUIyaTalMOHHBIC
TpeOOBaHus, NPEABbABIAEMbIE K IPOEKTUpPYeMOMY u3aenuto. Hecmorps Ha MHOrooopasue
BCEX 3TUX NPOOJIEM, PELUIEHHs] UX B ONPEIEICHHON 4acTH OCHOBBIBAIOTCS HA HEKOTOPBIX
OOIIMX MPUHIIUIIAX U UMEIOT OOIIYI0 Hay4dHYIO 0a3y.

O} PexTuBHOCTh OCBOCHMSI TUCHUILINHBI «[IpuKianHas MexaHuKay B 3HAUUTEIbHON
MEpE 3aBUCUT OT COJAEPKAHUS U MOCTAHOBKHU JaOOPATOPHOTO IMpaKTUKyMa, MOCKOJIBbKY
nabopaTtopHble pabOThI SIBISIFOTCS CBSI3YIOIIMM 3BEHOM T€OPUU W MPAKTHKH, MPAKTUKyMa
pelieHusl NPUKIAJHBIX MPAKTHYECKUX 3ahad. JlaHHbIE MEpONpUATHS IO3BOJIIOT
YIAyOIsSITh U 3aKPETIISITh TEOPETUUECKUE 3HAHUS.
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MeToanuyeckue peKOMEeHAAIUHU 10 U3YYEeHHI0 TeM TUCHUILTHHBI
Tema 1. OcHOBHBIEC MOHATHSA CTATHKH

JIBIDKEHUE SIBISIETCS CIIOCOOOM CYIIIECTBOBAHMSI MaTEPHH, €€ OCHOBHBIM HEOTHEMJIEMBIM
cBoiictBoM. [log nBukeHHMEM B OOIEM CMBICIIC OHUMAETCS HE TOJBKO IMEpPEMEIICHHE Tell B
MPOCTPAHCTBE, HO M TETUIOBBIE, XUMUUYECKHE, JICKTPOMATHUTHBIC U JTFOOBIC IPYTUe U3MECHECHHS U
MIPOIIECCHI, BKJIFOYAsl HAIlle CO3HAHUE U MBICITb.

Mexanuka u3y4daer HamOoJsiee MPOCTYIHO W JIETKO HaOmomaeMyro (opMy JBMIKCHUS -
MEXaHUYECKOe JBUKEHUE.

Mexanuueckum OsudicenuemM HA3bIBAEMC KAK NPOUCX00see C MeueHueM 6pemMeHu
UBMEHEHUEe NONONCEHUsT MAMEPUATbHBIX Mel OMHOCUMENbHO Opye Opyed, Maxk U U3MeHeHue
OMHOCUMENLHO20 NOJIOAHCEHUS YACMUY OO0HO20 U MO20 JHce MAMEpPUalIbHo20 mend, m. e. e20
oepopmayus.

Henb3s, kOHEYHO, BCe MHOTOOOpa3ne SBJICHHUIA MPUPOJIBI CBECTH TOJIBKO K MEXaHUYECKOMY
IBW)KCHUIO W OOBSICHUTh MX HAa OCHOBAaHUM IIOJIO)KCHUH OJHOW MEXaHUKH. MeXxaHHYecKoe
IBUKEHUE HUKOUM O0pa3oM HE HMCUEPIBIBACT CYIIECTBA PA3IMUYHBIX (OPM JIBUIKEHUS, HO OHO
BCErJla MPUCYTCTBYET B KAXKION M3 HUX M JOJKHO OBITh UCCIIEIOBAHO PAHBIIE BCETO OCTAIBHOTO.

B cBsi3u ¢ KonoccadbHBIM pa3BUTHEM HAYKH W TEXHHKH CTajl0 HEBO3MOXHBIM B OIHON
TUCIUIUIMHE COCPEOTOYNTh HM3yYE€HHE MHOXKECTBA BOIMPOCOB, CBS3AHHBIX C MEXaHUYECKUM
JIBUKEHUEM PA3JIMYHOTO POJia MaTepruanbHbIX Tel. COBpeMEHHAsI MEXaHHUKA TIPEICTABIsET co00i
HENBIi  KOMIUIGKC OOIUX W CICHUATbHBIX TEXHUYCCKUX JAUCIHIUIMH, TOCBSIIECHHBIX
MPOSKTUPOBAHUIO M PACUETy PA3IMYHBIX COOPYKEHHIH, MEXaHU3MOB U MAIITHH.

MarepuanbHbie Tela, ¢ KOTOPHIMA UMEIOT JIEJIO B ATUX JUCIIUILUIMHAX, BEChbMa Pa3IUYHBI,
HO JIBIDKCHHE HMX 00JalaeT MHOTHMMH OOIIMMH CBOMCTBAMH, HE 3aBHCAIIUMH OT (DU3HUECKUX
CBOWMCTB CaMHX JBHXKYIIMXCS TeJd. OTH OO0IIMe CBOWCTBA MEXaHHUYECKOTO JBW)KCHUS
MaTePHAIBHBIX TEJT U U3Y4YalOTCS B TEOPETUIECKON MEXaHUKE.

Teopemuueckoli  MexaHuKol  HA3bIBAGMCS  HAYKA, usyyaowas oowue  3aKOHb
MEXAHUYECKO20 OBUNCEHUSL MAMEPUATbHBIX Mel U YCIMAHABIUBAIOWAS 00uUe Npuemsvl U Memooul
071 peuieHusi BONPOCOB, CEAZAHHBIX C IMUM OBUNCEHUEM.

Mexanuueckum O8udiCeHUEM HA3bIGAEMCS USMEHEHUe C MmedeHueM 6peMeHU 63AUMHO20
NONOMNACEHUSL MAMEPUATLHBIX MOYEK 8 NPOCMPAHCEE.

Mexanuueckum 63aumooelicmauem HA3bIBACMCS MAKOE 83AUMOOelCmEUue MAmepuaibHblx
mejl, KOmopoe U3MeHsaem Uiy CMmpemMumcs U3SMeHUmy XapaKxmep uUx Mexanuyeckoeo O8UMCEHUS.

JIjist TOro 9TOOBI YCTAaHOBUTH 3aKOHBI JIBIDKCHHSI, OOIIME IS BCEX MaTEpPHAIBHBIX TEl, B
TEOPETHUYECKON MEXaHUKE MPUOETarOT K UCATN3alliu SBJICHHA, T. €. K BBIICJICHHUIO TJIABHOTO, OT
Yero OSTH SBJICHUS CYIIECTBEHHBIM 00pa3oM 3aBHCAT, M OTOPACHIBAHWUIO BTOPOCTEIECHHBIX
00CTOSITENIbCTB, HE CYIIECTBEHHBIX B PACCMATPUBAEMBIX YCIOBUSX. [103TOMY B TEOpETHUECKOM
MEXaHUKE pacCMaTpUBAETCs IBUKCHHE HE TeX (PU3NYECKHUX TeJl, KOTOPhIE PEAIbHO CYIIECTBYIOT
B MPUPOJIC, & HEKOTOPHIX a0CTPAKTHBIX MOJIEJICH, OTPAKAIOIINX TOJIBKO OINpPEIeICHHbBIC O0IIHe
CBONCTBA.

B nunHamuke wW3y4aroTcs 3aBUCUMOCTH MEXAY JABMKCHHEM MATCPUAIBHBIX TEl U
JICHCTBYIOIIMMHU HA HUX CHJIAMH.

[TomoOHOE nenmeHue Kypca MPOTUBOPEYHUT CYNTHOCTH MEXaHHUYECKUX siBieHWi. [Toxoil u
PaBHOBECUE SIBJISIFOTCS JIMIIh YACTHBIMU CIIy4assMH JBUKEHHUS, a HE KAKUMHU-TO OCOOBIMHU
CllydasiMi, KOTOPBIE JTOJKHBI OBITh PACCMOTPEHBI HE3aBUCHUMO OT JIBUKCHHS U B Ka4eCTBE €Tro
MIPEINOCHUTOK. BCe MOI0XKeH s CTaTUKK MOTYT OBITh BBIBEJICHBI U3 3aKOHOB JMHAMUKU. VyT ke
Ha TaKyIo MOCJIEI0BATEILHOCTD B MTOCTPOCHUH Kypca TEOPETHUECKOW MEXaHUKH B By3aX MOTOMY,
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YTO CJIOKHOCTh MaTeMaTHYECKOIo arrapara, TpeOyeMoro Juisi M3y4eHHUsl MEXaHUKH, BO3pacTaeT
[IOCTEIIEHHO, U MOXXHO BECTH €€ H3yYEHHE IapajlUIe]IbHO C U3YYEHUEM Kypca BBICIIEH Ma-
TEMATHKH, @ TOTOMY PaHbLIE NEPEUTH K U3YUYECHHIO CIIEHUAIBHBIX JUCIIUIUIMH.

Teoperndeckas MeXaHHWKa CIY)XUT HAYYHBIM (YHIAMEHTOM UII MHOTHX TEXHUYECKHUX
JucuuIMH. Ee MeromamMu M npUeMaMM IIOJB3YIOTCS IIPM BCEX TEXHUYECKUX pacyeTax,
CBSA3aHHBIX C IPOCKTUPOBAHUEM PA3IIMYHBIX COOPYKECHUN U MAIIMH U UX JKCIUTyaTauuen. Poib u
3HAUEHUE TEOPETUYECKOM MEXAaHUKHM JJI1 TEXHUKH HENpepbIBHO Bo3pactaeT. CrokHenue
po0JIeMbl, IOCTOSIHHO BO3HUKAIOIIME B CBSI3U C TUTAHTCKUM PAa3BUTHEM TEXHHUKH, OpraHu3alien
U Pa3BUTHEM BCE HOBBIX U HOBBIX BHUJOB IIPOM3BOJACTBA U HOBBIX TEXHUYECKHUX CPEICTB, YK€
HeNb3s pelllaTh Ha OCHOBE OJIHUX OIBITHBIX JTAHHBIX, HA OCHOBE OJHOM MpakTUKHU. Tpedyercs
HAy4YHOE MPEABHUICHUE U CTPOTHI MPEeaBAapUTEIbHBIN pacueT, OCHOBAaHHBIE HA TTTyOOKOM 3HAHUH
TEOPUH, IIPUYEM B IIEPBYIO OUEpPEb HA 3HAHUN 3aKOHOB U METOJ0B TEOPETUYECKON MEXAHUKHU.

1.2 AKCHMOMBI CTATHKH

AKCHOMBI CTaTHKU TMPEACTaBISAIOT COOOI0 pe3ylbTaT OO0O0OIIEHH MHOTOYMCICHHBIX
OTBITOB M HAOJIOJIEHUN HaJl PAaBHOBECHEM M JBM)KEHHMEM Te€Jl, HEOJHOKPATHO MOATBEPKACHHBIX
nmpakTUKou. Hekoropble OCHOBHBIE 3aKOHBI MexaHuku [amwiies — HploTOHA ABIAIOTCS
OJHOBPEMEHHO M aKCHOMaMH CTAaTHKH.

1. Axcuoma wuHepuuu. [lo0 Oelicmeuem 63AUMHO  VPABHOBEWUBAIOWUXCSA — CUT
Mamepuanbhas mouka (meno) Haxooumcs 8 COCMOAHUU NOKOS UL OBUNCEMCSL NPAMOJIUHEUHO U
pasHomepHo. AKCMOMa WHEPIHMH BBIPAXAeT YCTAHOBJICHHBIM [annieeM 3akOH WHEPLUU.
AkcuomMa 1 ompenenseT NPOCTEHIIYI0 YPaBHOBEIICHHYIO CHCTEMY CHJ, TaK KakK OIbIT
MOKa3bIBAET, YTO CBOOOJHOE TENO0, HA KOTOPOE JIEHCTBYET TOJILKO OJIHA CHJIA, HAaXOJIUTHCA B
PaBHOBECUH HE MOXKET.

2. Axcruoma paBHOBECHUS JIBYX CUIL. /[ge Cubl, NpuiodiceHHvle K meepoomy memy, 63aumMHo
VPAaBHOBEUUBAIOMCS MOTLKO 8 MOM Cydae, ecliu Ux MOoOYIU pasHvl U eClu OHU HANpasieHvl no
OOHOU NPAMOU 8 NPOMUBONOTIOHCHBLE CMOPOHDL (puc.1.1).

P,

Puc. 1.1. YpaBHOBemeHHas napa CUII B INIOCKOCTH

3. AxcruoMa MpUCOEIUWHEHUS U HUCKIIOUEHHUS YpaBHOBELIMBAIOUIUXCS cuil. /leticmsue
cucmemvl Cul HA meepooe meno He UBMEHUMCH, eclu K Hel NPUCOeOUHUMb UlU U3 Hee
UCKTIOYUMb CUCTNEM) 83AUMHO YPABHOBEUUBAIOUWUXCS CUL.

IIycTh, HampuMep, K TBEPAOMY Tely HPHIOXKEHH CHIbl P, P, P, P,, Tox neficTBHeM
KOTOPBIX TEJIO HAXOJUTCS B IIOKOE MJIM COBEpILAET Kakoe-To ABMkeHue (puc. 1.2). [Ipunoxum k
Tely JBEe pAaBHBIE NPOTHBONONIOXKHO HANpaBleHHblE CHIbl Q,,0,, KOTOpHIE B3aHMHO
YpaBHOBELIMBAIOTCA. ECiiM T€I0 B MOKOE, TO OHO COXPAHUT €r0; €CIU TEJO B ABUKEHUU, TO OHO

OyneT nBuraThCcs MOA JeHcTBMEM HOBOM cucrembl cuil Q,,0,,P,P,,P,,P, Tak e, KaKk MOJ

neiicreueM cun B,P,,P,P,, T... HOBag CHCTéMa CWJI OJKBUBAJICHTHA MpEKHEH. OTO xKe

npomoﬁneT, €CIIM M3 3aJJaHHOM CHCTEMBI CUJI, IIPUJIOKCHHBIX K TBCPAOMY TCIIY, UCKIIOYUTH
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B3aMMHO YPAaBHOBCIINBAIOIINECCA CUJIbI, BXOJAIIUC B €€ cocTas.

Puc. 1.2. YpaBHOBelieHHasi CUCTEMA CUJI B INTIOCKOCTH

CrnenctBue. He uzmensia kunemamuiecko2o coOCmMoAHUs abCOIOMHO mM8epoo20 meid, CUty
MOJCHO NEepeHoCUmsb B00b JUHUU ee OeUCMBUs, COXPAHASL HEeUSMEHHbIMU ee MOOYlb U
HanpasieHue.

4. Axcuoma mapajiesorpamMmma cuil. Pasnooeiicmeyiowas 08yxX nepecekaroujuxcs Cuil
NPUOJCEHA 8 MOouKe UX nepecedenus u uzoopasicaemcs OUA2OHANbIO NAPANNEN0SPAMMA,
noCmpoerHo2o Ha dsmux cunax (puc.1.3).

Puc. 1.3. CnoxeHnue cui 1o npaBuily rnapajieaorpamma

R=P +P, (1.1)
Monyib paBHOACHCTBYIOIIEH CHIIBI ONPEICIISICTCS 110 CIIeAyoIIeH Gopmyie:
R=+/P? + P} +2PP, cosp (12)

5. AxcuomMa AeMCTBUS U MPOTUBOACHCTBHS. Besaxomy deticmseuto coomeemcmayen pagHoe
U NPOMUBONOIOINHCHO HANPABIEHHOEe Npomugodelicmeue. ITa aKCUOMa YTBEP)KJIAeT, YTO CHJIbI
NEUCTBUA Pyl HAa Jpyra JIBYX TEJl PaBHbI [0 MOAYJIKO W HAIPABJIECHBI MO0 OAHOM NPSIMOW B
MIPOTUBOMOJIOKHBIE CTOPOHBI. Takum o00pa3oMm, B MPUPOJE HE CYIIECTBYET OJIHOCTOPOHHETO
NEUCTBUS CUIIbl. Bylyun NpUIoKeHHBIMU K pa3HbIM TelaM, 3TU CUJIbl HE YPAaBHOBEIIMBAIOTCS.
Axcuoma JEHCTBUS W MPOTUBOACHCTBUSI ycTaHOBIeHa HBIOTOHOM M U3BECTHA KaK OJUH U3
OCHOBHBIX 3aKOHOB KJIACCHYECKOW MEXAHUKH.

6. AkcroMa COXpaHEHHUs! PaBHOBECHsI CHJI, MPUJIOKEHHBIX K JehopMHUpYyIOLIEMYCS TeTy
IpU €ro 3aTBepAeBaHUU. Pasnosecue cun, NPULONCEHHBIX K 0epopMUpyrouemycs meiny,
COXpaHsemcs npu e2o 3ameepoeHul.

1.3 HpOeKHHH CHJIBI HA OCH U IIVIOCKOCTD

AHanuTnyeckui MCTOA PCIICHUA 3a1a4 CTATUKHU OCHOBBLIBACTCA HaA IMOHATUH O IMPOCKIUHA
CHJIBI Ha OCb. Hpoem;ued CUlbl HA OCb HA3bleaemcs CKAWUIPpHAA eeludura, paeHasd 83mMoltl ¢
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COOMBEMCMBYIOWUM 3HAKOM ONUHe OMPE3Kd, 3AKI0UeHHO20 MedcO0y NPOeKyusmMu Havana u
KoHya cunvl. TIpoeknus WMeEeT 3HaK IUTIOC, €CIM IepeMelleHHe OT e€ Hayajga K KOHIY
MPOUCXOIUT B TIOJIOKUTEITLHOM HAMPABIEHUU OCH, U 3HAK MHHYC — €CJIM B OTpHIaTebHOM. M3
OTIpEJICNICHUsI CJICYET, YTO MPOCKIMH JAaHHOW CHJIBI Ha JI0Oble MapajuleNIbHbIE W OJUHAKOBO
HaIPaBJICHHBIE OCH PaBHBI IPYT APYTY. DTUM YAOOHO MOJIb30BATHCS MPU BBIYMCICHUN MTPOCKITUU
CHJIBI Ha OCh, HE JISXKAIIYIO B OJHOU IUIOCKOCTH ¢ cuiior. O003HaYaTh MPOSKIIMIO CHJIBI ' Ha OCh
Ox, 6ynem cumBosioM Fy. Torma mst cuit, n300pakeHHBIX Ha puc. 1.4, momydnm:

F =A4B cosa=ab, Q. =—-ED, =—de.

B
i
F i
i
(74 1 i
¢ o 7
’J‘T (7
) i
7 —rd ; , : ¥ A
o a FI‘ &17 V74 Q,I €

Puc. 1.4. [Ipoekuu cuit Ha OCh

Ho wu3 uweprexa BuUIHO, uTO AB, =Fcosa, ED, =Qcosp=—-Qcosqa,. ClenoBaTelbHo,
F.=Fcosa, Q =—Qcosp=0Qcosqa,, T.e. NPOEKYUsi CUlbl HA OCb PABHA NPOU3BEOCHUIO MOOYVIs

CUNbl HA KOCUHYC Y2aad MeddcOy CUNOU U NOJNONCUMENbHbIM HanpasieHuem ocu. Ilpu 3tom
npoeKiust OyAeT MOJOKUTEIbHOM, €CIM Yrol MEeXAYy HanpaBlIEHUEM CHIIBI U MOJIOKHUTEIbHBIM
HaIPaBJICHUEM OCH — OCTPBIA, U OTPULIATEIBLHOM, €CIIU ATOT Yroji — TYIHOM; eclii cuja MeprieH-
JTUKYJISIpHA K OCH, TO €€ MPOEKIIMS Ha OCh paBHA HYJIIO.

IIpoexyueri cunot F na nnockocmes Oxy uasvigaemcsa eekmop Fy,=0B| 3axnouenmuwiii
Mexncoy npoexyuamu Hadanra u kouya cuivl F na smy niockocmo (puc. 1.5). Takum o6pazom, B
OTJIMYUE OT MPOEKLUHUU CWIbl Ha OCb, MPOEKIIMS CUJIbl Ha MJIOCKOCTh €CTh BEJIMYMHA BEKTOpHAs,
TaK KaK OHa XapaKTepU3yeTcsl HE TOJbKO CBOMM YHMCIICHHBIM 3HAYEHHEM, HO U HAIpPaBIICHHEM B
wiockocti Oxy. Ilo moaymto F, =Fcosd, tae 6 — yronm Mexy HanpaBjieHUeM CHibl [ U ee

MIPOCKLUHN [yy.

Puc. 1.5. [Ipoexkuus cuibl Ha IIIOCKOCTH

B HCKOTOPLIX ClIydadX IOJIA HAXOXIACHUA IMPOCKUIHUN CHUJIBI Ha OCb ObIBacT yﬂ06Hee HaWTU
CHavaJia €€ MpOCKUONI0 Ha IJIOCKOCTh, B KOTOpOﬁ 9Ta OCb JICKHT, a 3aTEM HafII[eHHYIO MMPOCKIUTIO
Ha IJIOCKOCTD CIIPOCKTHUPOBATH HA TAHHYIO OChb.
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1.4 MoMeHT cHJIbI OTHOCHTEJILHO eHTpa u ocu. [lapa cua

Bo3HHKHOBEHHE TMOHSATHS MOMEHTA CHJIBI OTHOCHTEIIBHO IIEHTpa CBS3aHO C 3aaadeil o
peruare. IlpencraBum cebe TBepmoe Teno (puc. 1.6), mmeromee chEepUUECKY0 HIAPHUPHYIO
OTI0pYy, MMOMEIIEHHYI0 B IeHTpe O TsSHKeCcTH Tena. Eciu K Temy NpUIIoKUTh CHITy P; Ha HEKOTOpOM
paccTosiHUM /i; OT HEMOJABWKHOU ToUkH O, TO TEJI0 HAYHET BPAIAThCSl BOKPYT 3TOM TOYKH. Eciu
e K TelTy MPWIOKUTH €IIe U APYTYI0 CUily P2, CTpeMsIIylocs BpalaTh TEJIO B HAINpaBlICHUH,
MPOTHBOIIOJIOKHOM BpAIEHUIO CUJIONW P; B TUIOCKOCTH cviibl P; u Touku O, M €CH TPU 3TOM
OTHOIIIEHNE MOAYJNel cuin P, u P, Oyaer oOpaTHO MPOMOPIMOHAIEHO X PACCTOSHUSAM A, U h, OT

HETMOABMKHON Touku O, TO TeNo OYAET OCTaBaThCS B PABHOBECHUHU.
Bpamarensnoe neiictBue cuibl P, OyaeT ypaBHOBEIIMBATHCS BpaUIaTEIbHBIM JEHCTBUEM

cuibl P, ecinu % = % ", ClIe0BaTeNbHO, Ph = Ph,.

Puc. 1.6. Bpamenue tBepaoro tena

Taxum 06pa3zoM, Mepoil BpamareabHoro 3¢pdexra cuiabl OTHOCUTENIBHO KaKOW-T00 TOUKH
(LeHTpa) SIBIACTCS npoussedeHue Mooyia Culbl Ha NieYo, m. e. Ha Kpamuaiuiee pacCmosiHue ee
JUHUU OeliCmeusi om YeHmpa MOMeHmd. DTO NPOU3BEIEHUE HA3bI8Aemcsi MOOYIeM MOMEHmMA
CUTIbI OMHOCUMENLHO 91020 YEeHMPA.

JInisi SKBUBAJIEHTHOCTH BpALIaTEIBHOTO JEUCTBUS JBYX CHJI OTHOCHTEIHHO KaKOTO-THOO
LEHTPa paBEHCTBA MOAYJIEH HMX MOMEHTOB OTHOCHTEIBHO 3TOT0 LEHTPa HEJOCTATOYHO.
Heobxoaumo eme, yToObl COBMANANM IUIOCKOCTH, NPOXOASIIME Yepe3 JIMHUM JIEHCTBUS CUI U
LEHTP MOMEHTOB, M 4TOOBI CHJIbI Bpallajly TEJIO BOKPYI LIEHTPAa MOMEHTOB B OJJHOM U TOM XK€
HaIlPaBJICHUH.

Takum o0pazom, [ TOJHOTO ONpEAENeHMs] BpallaTeabHOro 3(¢eKra CHIIbI
OTHOCUTEJIBHO KaKoro-au0o 1eHTpa HeoOX0JUMO 3HaTh HE TOJIbKO MOJYJIb MOMEHTA CHJIbI, HO U
yKa3aTh IUIOCKOCTb, IPOXOJALIYI0 Yepe3 JIMHUIO JEHCTBUS CUJIbl M IIEHTP MOMEHTA, a TaKkKe
CTOpPOHY BpallleHUs B 3TOH IJIOCKOCTH.

[Tono’keHne IMIIOCKOCTH B IPOCTPAHCTBE OMNPEIENAETCS, KAaK H3BECTHO, IOJIOXKEHUEM
HEePIEeHANKYISIPA K 3TON IIOCKOCTH.

M3 Bcero Cka3aHHOIO BBITEKAET CIEAYIOLIEE BEKTOPHOE OINPENEICHHE MOMEHTA CHUJIBI
OTHOCUTENIBHO TOYKH: MOMEHMOM CUlbl OMHOCUMENbHO Kakou-1ubo mouku O (yewmpa) Ha-
3b18AeMCs  NPUNOJCEHHBIN K OMOU MOYKe 6eKMOp, HANpAGIeHHbll HNEePHEeHOUKYIAPHO K
NJIOCKOCMU, 8 KOMOPOU pACNON0diCeHbl NUuHUA Oeticmeus cunvl u yeump O, u npumom € my
CmMopowy, omkyoa épawjeHue mena CUulou npeocmasisiemcs COBEPUIAOWUMC NPOMUE YACOBOU
cmpenKu.

BekTop MOMeHTa CHIIbI P OTHOCUTENBHO TieHTpa O OyaeM 0603Ha49aTh cuMBOJIoM M, (P).
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Puc. 1.7. MomeHT cribl

Mooyne momenma cuibl OMHOCUMENbHO YeHmpa pageH, Kak ObUIO CKa3aHO BBIIIIE,
npou3eeoenuio Mooyasi Cuibl HA ee niedo, T. €. Ha JUIMHY NEpHEeHAMKYJsApa, OMYIIEHHOIO W3
LEHTPa MOMEHTA Ha JIMHUIO JeHCTBUs cuibl (puc. 1.7).

M, (P)=Ph. (1.3)

MOXHO CKaszaTh, 4YTO MOMEHM CUlbl OMHOCUMENbHO KAK020-TUbO UYeHmpa paeeH
BEKMOPHOMY NPOU3BEOCHUIO PAOUYCA-BEKMOPA 1, NPOBEOEHHO20 U3 YEHMPA MOMEHMA 6 MOUKY
APUNOINCEHUST CUTbL HA 6EKMOP CUTTbL.

M, (P)=rxP. (1.4)

MOMEHT CHITbI OTHOCHTEIBHO TOYKH SIBJISIETCSI OJJHAM W3 BOXHEUIINX IMOHITHNA MEXaHHKH.
O06001I1ast 3T0 TMOHATHE, MOKHO HAXOAUTh MOMEHT OTHOCHUTEIILHO JIF0OOH TOYKH, HE3aBUCHMO OT
TOT'0, MOXKET JIU B ICHCTBUTEILHOCTH TEJIO BPAIIATHCS BOKPYT 3TON TOYKH.

Momenmom cunvt P omHocumenbHo OcCu z HA3bIBAEMCA 63AMOE CO 3HAKOM NIIOC UMU
MUHYC npouszgedenue Mooyisa npoekyuu P, cunvl P Ha NI0CKOCMb, NEPReHOUKYIAPHYIO OCU, HA ee

nievo d, omnocumenvro mouxku O nepeceuenus Ocu ¢ NiIOCKOCMbIO:
M,=+Pd,. (1.5)
[TomoxuMm, 4TO K TBEpAOMY Tely B TOUKe 4 mpuiokeHa cwia P. UToObl BBIYUCIUTH
MOMEHT 3TOH CHJIBI OTHOCHUTEIBHO OCHz, CIEAYeT CIPOCHUpPOBaTH CHIy P Ha TUIOCKOCTH L,
NEPIEHANKYISIPHYIO OCH z, a 3aT€M BBIYHCIUTH MOMEHT €€ MPOEKIHH F, Ha 3Ty IUIOCKOCTb
OTHOCHUTEJBHO TOYKH O MEPEeceYeHHs OCH z C IUIOCKOCTBIO L, MPUMKCAB STOMY MOMEHTY 3HaK
TII0C Ui Munyc (puc. 1.8).

Mz

Puc. 1.8. MOMEHT CHJIbI OTHOCUTEIBHO OCH
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Momenm cunbt omHOCUMENbHO OCU CUUMAEMCA NOJONCUMENbHbIM, eClU, CMOMPA
Hascmpeyy ocu z, MONCHO eudems npoexkyuro P, cmpemaweiica epawyams niockocms L 60kpye ocu
2 8 CIMOPOHY, NPOMUBONONOICHYIO BPAWEHUIO YACOBOU CIMPEKU.

MOMEHT CHITBI OTHOCHTEIHLHO OCH M300pa)KaeTCsi OTPE3KOM, OTJIOKEHHBIM IO OCH T OT
To4KH O B MOJOKUTEIBHOM HANPABIEHUH, €Cii M, > 0, 1 B OTpULIATENbHOM — eciiu M, < 0.

3HayeHHe MOMEHTA CHJIbl OTHOCUTEJIBHO OCH MOXKET OBITh TAK)KE€ BBIPAXKEHO YIBOCHHOMN
IUIOIIAAbIO TPEYroJibHUKA: M, =+2AA4,0B,.

MOMEHT CHJIbl OTHOCUTEIBHO OCH PABEH HYJIIO B ABYX CIydasX:

1) ecnu P, =0, T.€. TMHUS JEHUCTBUS CUJIbI TApAJIJIENIbHA OCH;

2) ecnu d, =0, T. e. IMHUA JEHCTBUSI CUIIBI IlepecekaeT ocb. OTCIOAa CleayeT: ecau cuia u
0Cb n1edicam 6 0OHOU NIOCKOCMU, MO MOMEHM CUbl OMHOCUMENbHO MOl OCU PABEH HYTIO.

Cucmema 08yX pasHulX O MOOYIIO, NAPANIENbHLIX U NPOMUBONOLONCHO HANPAGIEHHbIX
cun Pu P'uasvieaemcs napoti cun. I110cKOCTb, B KOTOPOW HaXOAATCS JIMHUU IEUCTBUA CUl P u
P’ Ha3bIBaeTCs TIOCKOCTBIO Odeticmaus napwt cun (puc. 1.9).

a) d)

a P

Puc. 1.9. ITapa cun

ITapa cuir He UMeeT paBHOAECHUCTBYIOLIEH, OHAKO CHJIBI ITaphl HE YPABHOBEIIMUBAOTCSA, TAK
KaK OHM HE€ HaIpaBJEHbl 1O OxHOM mpsmoH. [lapa cun crpeMuTCs NPOU3BECTH BpalCHUE
TBEPJOTO TeJa, K KOTOPOMY OHa npuiioxeHa. [lapa cui, He umes paBHOJAEHCTBYIOIIEH, OYEBUIHO,
HE MOXET ObITh ypaBHOBelleHa cwiod. Kparuaiimnee paccrosinue d MexAy JIMHUSMU JCHCTBUS
CHUJI, COCTaBIIAIOLIUX Mapy, HA3bIBAECTCS NIeYOM NAPbl CUIL.

JleiicTBUE mapbl CUJI HA TBEPOE TEJIO XapaKTEPU3YETCs €€ MOMEHTOM. Momenm napvi cui
onpeoensemcs npouzsedeHuem Mooy 0OHOU U3 CUN Napsl HA ee N1eyo:

M = Pd (1.6)

Ecnu cunbl Belpaxkatb B HblOMOHAX, a TUIEYO — B Mempax, TO MOMEHT Iapbl CHJI OyJeT
BBIpakaThCs B HBIOTOH-MeTpax (H-m).

MomeHT naphel cuil u300paxaroT BEKTOpoM. Bekmop momenma M napwr P P' nanpagnsaom
NEPREeHOUKYISAPHO NJIOCKOCMU Oelicmeusi napvl Cuil 8 mMakKyl CHOpPOHY, YmoObl, CMOMps
Hascmpeyy 3momy 6eKmopy, 6U0ems napy Cull Cmpemsauerics 8paujams ni0CKOCms ee 0eucmeaus
8 cmopoH, 0bpamuyro epaweruio yacosou cmpenxu (puc. 1.10).

Bmecto BekTOpa MOMEHTa KaX/10M Hapbl CUJl, NEPIEHIUKYISIPHOTO MJIOCKOCTH YEPTEXKA,
YKa3bIBAaIOT TOJILKO HAIPABIEHUE, B KOTOPOM I1apa CHJI CTPEMUTCS BpalaTh 3Ty MIOCKOCTb.



Puc. 1.10. BekTop MOMeHTa napsbl cuil

B atom ciydae momenm napul cun onpeoensiom npouzgeoeHuem MOoOYis CUl HA Niedo
napvl Cui, 835MulM CO 3HAKOM NJAIOC UNU MUHYC, M.e. MOMEHM Napbl CUl pAcCCMAmMpusarom Kax
aneedpaudecKyro 6eNUYUHy:

M =+Pd (1.7)

Momenm napwi cun cuumarom ROLOACUMENbHBIM, eCAU NApa CUl CMPEeMUmcs epawjams
NJIOCKOCMb Yepmedica 8 CIOPOHY, NPOMUBONOJIONCHYIO 8paujenuo yacosou cmpeaku (puc. 1.9), u
ompuyamenIbHbIM — 8 COPOHY 8PALUeHUsL YACOBOU CMPETIKU.

1.5 Ceaszu. Peaknuu cBszei

3aoasaemvle cunvl BbIpaXaroT JeMCTBUE HA TBEPAOE TEJIO JIPYIUX TEJ, BbI3bIBAIOLIUX WU
CIOCOOHBIX BBI3BAaTh N3MEHEHUE €T0 KHHEMAaTHIECKOTO COCTOSHUS.

Peaxyueu ceasu Ha3pIBaeTCsd CHJIa WIM CHCTEMa CWJI, BBIPAXKAIOMAS MEXaHUYECKOE
JICICTBUE CBA3H HA TEIO.

OnHUM U3 OCHOBHBIX MOJOXEHUH MEXaHUKU SIBISICTCS MPUHYUN 0C8006024c0aemocmu
meepovix men om ceéA3ell, COIJIACHO KOTOPOMY Hece0b00Hoe meepooe meno MOACHO
paccmampueams Kak c60000HOe, HA KOMOpOe KpoMe 3a0a8aemblX CUl Oeucmeyrom peaxyuu
ces3ell.

IlycTe, HanpuMep, Ha IIaAKON HENOABHKHOW TOPU30HTAIBHOM INIOCKOCTH MOKOUTCS IIap
(puc. 1.11). IlnockocTh, OrpaHUYMBas JBUKEHUE 111apa, SIBISIETCS 111 HETO CBSA3bIO.

a)

d]

Puc. 1.11. IIpuHuun ocBOOOXI€HUS OT CBSI3U

Ecnu mpicnenHo ocBoOO0UTh map ot cBsizu (puc. 1.11), To mis yaepxaHusi €ero B MOKOE K
HEMY B TOYKE KaCaHUs C IJIOCKOCTBHIO HYXHO MPWIOKUTH cuily NN, paBHyl Becy mapa G 1o
MOJYJIIO U MPOTHUBOMOJIOKHYIO €My 1o HampapieHuto. Cuna N u OyJeT peakuuen IIOCKOCTH.
Torma miap, ocBOOOXKAEHHBIM OT CBSI3U, OyneT CBOOOJHBIM TEJIOM, Ha KOTOpPOE ICHCTBYIOT
3aaBaeMas cuia G ¥ peakuus IIocKocTu N.
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['magkast TUIOCKOCTh HE MPOTHBOJCHCTBYET MEPEMEIICHUIO Tella BIOJb IMIIOCKOCTH MO
AelcTBHeM 3a1aBaeMbIX cui (puc. 1.12, a), HO He JOIyCKaeT ero nepeMenieHs B HalpaBJIeHUH,
NEPIEHANKYIIPHOM IJIOCKOCTH. [lo3TOMY JneiicTBHE IUIOCKOCTH Ha TEJIO BBIPAXKACTCS
HOpMalbHOM  peakumed (puc. 1.12, ©0). Peakyua eonadkoi niockocmu  Hanpasiena
nepneHOUKYIAPHO NIOCKOCTIL.

a) p a P

& 5
Puc. 1.12. CBs3b — riajKas noBEpXHOCTb

Ecau kx xonHiy B HUTH AB, NpUKpEIUIeHHOW B TOUKe A, MOABECUTH Ipy3 BecoM G (puc.
1.13, a), To peakius S HUTH OyIET MPIIOKEHA K TPY3y B TOUKE B, paBHa 110 MOJYIIIO €T0 BeCcy S
Y HallpaBJlieHa BepTUKaiabHO BBepX (puc. 1.13, 6). Peaxyus numu nanpasiena 800716 HUMU.

)
a;AJ
s
B8
6 g8

Puc. 1.13. CBs13b — TOHKHI1 CTEPKEHD

[Tycts Ganka Becom G B TOUKE B ommpaeTcs Ha TIaAKyI0 MOBEPXHOCTh, a B Toukax 4 u D —
Ha I1aJIKMe TOPU30HTAIBHYIO M BEPTUKAIBHYIO IIOCKOCTH (puc. 1.14). Toraa peakuuu onopHoi
MOBEPXHOCTH U ONOPHBIX IUIOCKOCTEN OyAyT MMETh yKa3aHHbIE Ha puc. 1.14 HanpaBiaeHUs.

Puc. 1.14. Peakiuu cBsi3eii Oanku

I[JI)I ONpCaACICHUA Ka)KI[Oﬁ pPC€aKn HYKHO 3HATh TPU €€ 3JICMCHTA. MOAYJIb, HAIIPABJICHUC
U TOYKY TMPUITOKCHHS. Touxka MPUIIOKCHUA PpPCaKIMU, KaK IIPaBUIIO, ObIBaET M3BECTHA.
HaHpaBHeHI/Ie XKC peaKHHﬁ HU3BCCTHO JIMIIb IJI1 HCKOTOPLIX THUIIOB CBSI3EH.
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Ecnu cywecmeyrom 0sea 63aumMHO NepneHOUKYIAPHLIX HANPAGNEHUs HA NIOCKOCMU, 8
OOHOM U3 KOMOPbBIX C653b NpPEensmcmeyem nepemewjeHuro meid, a B OpyeoM — Hem, Mo
HanpaeieHue ee peaxyuu nPpomueonoI0HCHO NePEoMy HAnpaeIeHur.

PaccmoTpuM 1Ba OCHOBHBIX THTIA ONOP 0AJOK U MX PEAKIIHH.

Ha puc. 1.15 wuzoOpakeHa IapHUPHO-HEMOABM)KHASL OMOpa, KOTOpas MpEensTCTBYET
TO000MY TMOCTYNMAaTeIbHOMY JBMKEHUIO Oalku, HO JaeT el BO3MOXHOCTh CBOOOJHO
MOBOPAYMBATLCS BOKPYr ocu IapHupa. [lo cBoell KOHCTpPYKIMM Takas LIApHUpHas omopa
COCTOMT M3 JIBYX 000IM, U3 KOTOPBIX OJHA 3aKperuieHa Ha Oayke, a apyras — Ha HEMOJBUXKHOM
MOBEPXHOCTH. DTU OOONMBI COENMHAIOTCS C MOMOIIBI0 IMWIMHAPUYECKOTO BajiiKa (IIOKa3aHO
CpelHee CEYEeHHE KOHCTPYKIUH). B 3aBUCUMOCTM OT JEHCTBYIOIIMX CHJI BaJIUK MOXET
NPWKUMATBbCA K Pa3IMYHbIM TOukKaM o0OOiMBI. Peakuus R IIapHUPHO-HENOABH)KHOM OIOPBI
MPOXOAUT Yepe3 LeHTp mapHupa O u Touky conpukocHoBeHus 4 (puc. 1.16, a, 0), HO ee MOTYJIb
Y HaIlpaBJICHUE HE U3BECTHBI.

Puc. 1.15. [llapaupHO-HENOABMKHAS OIIOpa Puc. 1.16. Bo3amokHbIE HanpaBIEHUS pEAKIINI
HIAPHUPHO-HEMOABM)KHON OTOPHI

Hlapnupno-noosudicuas onopa, HUXKHAA o0OoOWMa KOTOPOM IOCTaBI€HAa Ha KaTKU, HE
HPENATCTBYET MEpPEMELIEHUI0 Oallki MapajijiesibHO onopHoM miockoctu (puc. 1.17). Ecnu ne
YUYUTBIBATh TPEHUS KAaTKOB, TO JIMHUIO JEHUCTBHUS PEAKUHUHM TAKOM OINOpBI CIENYET CYUTATh
MPOXOASIIEH Yepe3 IeHTP MapHupa MEPIEHANKYISIPHO ONOPHOHN TuIocKkocTh. Takum ob6pazom, He
W3BECTEH JIUIIb MOYJIb ATOW PEAKLUU.

[Tycte B KakoH-HHOYIb KOHCTPYKLMHU CBS3bIO SBIISICTCS CMeEpocenb, 3aKPEIUIEHHBbIH Ha
KoHUax wmapHupamu (puc. 1.18). Ilpumem, UYTO BECOM CTEpXKHS IO CPABHEHUIO C
BOCIIPUHIUMAEMO UM Harpy3koil MOKHO mpeHeOpedb. Torma Ha crep)keHb OyIyT HEeHCTBOBATH
TOJIBKO JBE CHJIbI, NPWIOKEHHble B mapHupax A u B. BooOme 3Tu cuiabl MOTYT OBITH
HaIIpaBJICHbI IIPOU3BOJIBHO.

R |

=
L i ]

Puc. 1.17. lllapanpHO-NIOABUKHAS OTIOpA Puc. 1.18. Peakius B ToHKOM cTepkHe AB

Ho eciu crepxxeHb AB HaxoAWTCS B PaBHOBECUHU, TO IO aKCMOME | NPUIOKEHHBIE B
TOUKax A U B CUJIbI IOJKHBI OBITh HAMpaBl€Hbl BOJb OJHOW MPSAMOM, T. €. BAOJb OCH CTEPKHS.
CrnenoBarenbHO, HArpYKEHHBI HA KOHLIAX CTEPIKEHb, 86COM KOMOPO20 NO CPABHEHUIO C SMUMU
Hazpy3Kamu MOXCHO npeHebpeub, pabOTaeT TOJIBKO HA PAaCTSHKeHHE WM Ha cxkarue. Ecim Takoi
CTEepXKEHb SIBIISIETCS CBA3BIO, TO peakyus N cmepoicHs 6y0em HanpasieHa 00Jb OCU CIMEPIHCHL.
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Axcuoma ceszeti. PaBHOBecue HECBOOOJHBIX TENl U3Y4aeTCsS B CTAaTUKE HA OCHOBaHUU
CIIEYIOIIEH aKCUOMBI: 8CAKOE HECBOOOOHOE MeNl0 MONCHO PACCMAMPUBAMb KAK C80000HOe, eclu
OmMOPOCUMb C8A3U U 3AMEHUMDb UX OelUCMBUe PeAKYUAMU IMUX C853€ll.

Onpenenenne peakuuil cBsA3ed MMEET TO MPAKTUUECKOE 3HAYEHUE, 4YTO, 3HAs MX, MBI
OyneM 3HaTh W CHJIBI JIaBJICHHS HA CBA3M, T. €. T UCXO/JHBIC JaHHBIC, KOTOPhIE HEOOXOAUMBI JJIS
pacdeTa MPOYHOCTH COOTBETCTBYIOIIUX YacTEH KOHCTPYKITUU.

1.6 AHaJTuTHYECKHE YcCaoBUsI paBHOBECHUS l'lpOH3BO.]'leOﬁ CHUCTEMBI CHJI

HeobxonuMble W J0OCTAaTOYHBIE YCIOBHS PABHOBECHS JIFOOOW CHCTEMBI CHII JTArOTCS
paBeHctBaMu R=0, My=0. Halinem BbIT€KaIOIINE OTCIOJa AaHATUTUYECKHUE YCIIOBUSI PaBHOBECHS
MIJIOCKOM cUCTEMBI CHIT. MIX MOKHO MOJTYYUTh B TPEX Pa3IudyHBIX (hopMax.

1. OcHoBHas (opma ycioBuii paBHOBecHs. Tak Kak BEKTOp R paBeH HYIIIO, KOT/Ia PaBHBI
Hym0 ero npoekuuu Ry=0 u R,=(0, To s paBHOBECHSI TOKHBI BBIOIHATHCS paBeHCTBA Ry=0),
R,=0 u M,=0, tne B manHoMm ciy4dae M, - anreOpandeckuii MOMeHT, a O - mobas To4Ka B
IUIOCKOCTH JEMCTBUS CHII.

> F.=0,YF =0,>M/(F)=0. (1.8)

@opMyIbl BBIPAKAIOT CIEAYIOLIUE AaHATTUTUYECKUE YCIOBUS PABHOBECUS: 011 PABHOBECUSL
NPOU3BONLHOU NIOCKOU CUCMEMbl, CUL He0OX00UMO U 00CMAMOYHO, YmMoObl CYMMbl NPOEKYUL
6cex Cull Ha Kaxdcoyro u3z 08yX KOOPOUHAMMHBIX OCeU U CYMMA UX MOMEHMOE OMHOCUMENbHO
106020 yewmpa, nedxdcawieco 8 NI0OCKocmu oetcmeus cui, ovliu pausl Hynto. OITHOBPEMEHHO
paBeHcTBa (2.11) BBIpaKarOT YCJIOBHS pPAaBHOBECHS TBEPAOro Tejla, HAXOISALIErocs MO
JIEUCTBUEM IIJIOCKOM CUCTEMBI CHJI.

2. Bropas hopma ycinoBuil paBHOBECHUS: 0151 PABHOBECUSI NPOU3BOIbHOU NIIOCKOU CUCTEMbl
cun Heobxo0umMo U O0OCMAMOYHO, YMOObL CYMMbl MOMEHMO8 8CeX IMUX CUL OMHOCUMENbHO
Kakux-Huoyosb 08yx yeumpos A u B u cymma ux npoexyuii Ha ocv Ox, He nepneHOUKYIAPHYIO
npamou AB, oviiu pasusl HynI0:

>M (F)=0,>M,(F)=0,>F, =0 (1.9)

3. Tpetbs hopma ycnoBuil paBHOBecHs (ypaBHEHHS TPEX MOMEHTOB): JUIsl PaBHOBECHS
MIPOU3BOJILHOM TIJIOCKOM CUCTEMBI CHJI HEOOXOAMMO M JOCTATOYHO, YTOOBI CyMMBI MOMEHTOB
BCEX 3TUX CUJI OTHOCHUTENBHO JIOOBIX Tpex LeHTpoB A, B, u C, He nexammx Ha OAHON MpPSIMOH,
ObLIM paBHBI HYJIO:

>M (F)=0,>M(F)=0,>M_(F,)=0 (1.10)
Tema 2. IIpocThie BUABI 1edopManmii

ConpoTuBieHNE MaTepUaIoB — HayKa, B KOTOPOM M3JI0KEHbI MPUHIUIIBI U METOJBI pac-
4eTa 4acTe COOPYKEHHUM U MAIllMH Ha IPOYHOCTb, )KECTKOCTb U YCTOUYUBOCTb.

IIpounocms — cIOCOOHOCTb KOHCTPYKLIMU BBIIAEPKUBATh 3a/laHHble HAarpy3ku 0e3 paspy-
LICHMS.

JKecmrxocms — ciocOOHOCTH I€TaNM BOCIIPHHUMATH 33/IaHHbIC BHEITHUE HATPY3KH, HE W3-
MEHSISI COM TIEpBOHAYAIBHBIE (OPMBI 1 pa3MephI BBIIIE HOPM YCTAaHOBJICHHBIX HA OCHOBE YCIIOBHMA
e€ HOpMaJIbHOW PabOTHI.

Yemouiuusocms — ciocoOHOCT KOHCTPYKITUM COXPAHSATh IEPBOHAYANBHYIO (HOpMY paBHO-
BECHSI.

B ominumne OT TEOpEeTHYECKOM MEXaHUKH, B CONPOTHBICHHM MATEpUAIOB paccMaTpHBa-
IOTCSL 3a/1aud, B KOTOPBIX BCE Tejaa NMPUHUMAIOTCA Ae()OpPMHUPYEMBIMH, TO €CTh CIOCOOHBIMU
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M3MEHATh TEPBOHAYAIBbHYIO (GOpMYy H pa3Mepbl MpH ACHCTBUM Ha HUX BHEIIHUX CHIL.
Hedopmanny, MOJTHOCTBIO UCUE3aAIOIIUE NIOCIE HArPY30K, Ha3bIBAIOT YNpyeUuMu, a OCTAIOLIUECS —
TUTACTUYECKUMU WM OCTaTOYHBIMH. MaTepuan Has3bIBaeTCs aOCOJIOTHO YIPYTUM, €CIH TOCIe
IIPEKpaIeHNs] JEHUCTBUS Ha HEr0 BHEIIHHUX CWJI IIOJHOCTBIO HCYE3al0T BBI3BAHHBIEC CHJIAMH
nepopmanuu. B nemsix co3gaHus MpOCTBIX M YAOOHBIX ISl MH)KEHEPHOM NMPaKTUKU PAacyeToB
UCIOJIB3YIOTCSL pa3IMYHble NPUOJIMKEHHBIE METOAbI, KOTOpbIE 3aCTaBJSIOT Npuberatb K
JOMYIIEHUSIM U THIIOTE3aM O CBOWCTBAX MaTEpHaJIOB U XapakTepe Aedopmanuu.
OCHOBHBIE JOIYIIEHNS O CBOMCTBAX MaT€pPUAJIOB:

1) 'unoTes3a CIUIOIMIHOCTH M OJHOpPOJHOCTH MaTtepuana. [lo 3Toil runorese npenmosara-
eTCs, YTO MaTepHaj MOJHOCTHIO 3aIOJHIET BeCh 00beM 0e3 KaKuX-TMOO MyCTOT M CBOMCTBA
MaTepHala He 3aBUCAT OT BEJIMYMHBI BBIJIEIIEHHOIO U3 Tela 00bema.

2) 'nnotesa uzorponHocTy. CrijiomHas cpeaa sIBIIeTcsi H30TPOINHOM, TO €CTh (PU3UKO-Me-
XaHUYECKHE CBOMCTBA MATE€pUAJIOB BO BCEX HANPAaBICHUAX OJMHAKOBBL. Marepuaibl, He
oOmajgaroniye yKa3aHHBIM CBOWMCTBOM, HA3BIBAIOTCS AHM30TPOMHBIMUA. AHHM30TPOIMHO IEpPEBO,
Oymara, hanepa.

3) I'unote3a uaeanpHOl ynpyroctu. /o onpeneneHHbIX NPEAEIOB HarpyKEHUsT MaTepHall
ABIISIETCS UaeanbHO ynpyruM. IIpu Oonbmmx Harpys3kax BCe MaTepHallbl MEpecTarT 00IagaTh
JTUM CBOKCTBOM, a IIOATOMY JJAaHHAsI TUIIOTE3a CTAHOBUTCSI HEIPUMEHUMOM.

Jlony1eHusi, CBI3aHHbIE C XapaKTepoM aedopmanuii:

1) 'mnore3a manoctu aepopmanuii. [lepemenienus, BOZHUKAOIUE B YIPYTUX TENax MOA
BO3JICHCTBUEM BHEIIHUX CHWJI, Majbl [10 CPABHEHHUIO C pa3MepoM Teja. JTa TMIOTEe3a MO03BOJISET
IIPY COCTaBJICHUM YPAaBHEHUN DABHOBECHS HE YUYUTHIBATb M3MEHEHUs B PACIOJOKEHHM CHIL.
VYka3aHHOE AONYILIEHHE HOCUT Ha3BaHME NMPUHIMUIA HAadalbHBIX pa3Mmepos. [IpowmtrocTpupyem
JAHHOE TIOJIOKEHHWE MPOCTBIM HpUMEpOM. MOMEHT cuiabl F OTHOCHTENBHO TOUKM A 3aJENKU
cuntatoT paBHbM Fl, a me Fli , Tak kak paznuna mexnay | u l1 HesHaunTenbHa.

2) I'nnores3a nuHeiHOCTH Aepopmanuii. [lepemenieHust Touek yrnpyroro teiaa npsiMo mpo-
HOPLMOHAIBHBI AIEHCTBYIOIIUM Harpy3kaM. CyTh I0oNylLIeHHs oKaxeM Ha npumepe. Eciu Ganka
npu aeiictBun cuibl F mporaercs Ha BenmuuHy f, TO BIBoe Ooublnasi cuijia BBI3OBET MPOTHO
Oanku B aBa pasa Oospmii — 2f. Tena, A1 KOTOPBIX CIIpaBeIMBa yKa3aHHasi THUIIOTE3a Ha3bIBa-
I0TCS JINHEHHO Ae(pOpPMUPYEMBIMH.

3) [IpuHLMT HE3aBUCUMOCTHU JEUCTBUS CUJl. Pe3ynbrar eiicTBUSI Ha T€JIO CUCTEMbI CUJT HE
3aBUCHT OT IIOPSIAKA IPWIOKEHUs BHEIIIHUX CUJI M PABEH CYMME PE3YJIbTAaTOB IEUCTBUS KAXKIO0N
cuwibl B otaensHocTH. [lycth Ha Teno neiictByer ase cuibl Fi u F2 mpu 3TomM Touka A Ganku
nonyuut nepemeinenue f. Eciau k 6anke npuioxuts cuiny Fi Touka A nosnyuut nepemenienue fi,
npu geiictBun cuibl F2 — mepememenue f. Ilpu onHOBpeMeHHOM JAeMCTBUM 00€UX CHII
nepeMelieHre ToUku A paBHO ainredpandeckoil cymme nepemertenuit fi u fa:

t=t1+f>

YKa3zaHHbI IPUHLWAII HOCHUT HAa3BaHHWE CYINEPIIO3HLIMHM, W OH CIPaBEIUIMB JIUUIb JJIA
JMHEWHO N1e(hOPMUPYEMBIX TEJ.

B comnporuBieHnn MaTepualioB MCCIel0BaHUE BOIPOCA O MPOYHOCTU PEATbHOIO 00BbEKTa
HauyMHaeTcs ¢ BbIOOpa pacueTHOM cxemsl. [IpucTymnas k pacyery, HEOOXOJUMO BBIIEIUTH CaMOe
CYLIECTBEHHOE ISl pacCMaTpUBAEMOro 3JEMEHTAa, OTOPOCHB YACTHOCTH, HECYLECTBEHHBIE IS
PEIIEHHs, HO 3HAYUTEIIBHO €T0 YCIOKHSAOIINE, TO €CTh CO34AaTh PACYETHYIO CXEMY JIEMEHTOB.

PacuerHas cxema — 3T0 peanbHbIil 00BEKT, OCBOOOXKIEHHBIN OT HECYILIECTBEHHBIX OCOOCH-
HOCTEH.

[Ipumep. TpeOyeTcss MpOU3BECTH pacyeT Ha NPOYHOCTh KaHAT MOAbEMHHKA. B mepByro
ouepenb HaJ0 Y4EeCTb BEC IOJHUMAEMOIO Ipy3a, YCKOPEHHUE C KOTOPBIM OH JABHXKETCA, a IPH
O0NBIION BBICOTE MOABEMA, BO3MOXKHO TAK)KE M BEC CaMoOro kKaHara. B Toxe Bpems Haxo OT-
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OpOCHUTH BIMSHUE TAKMX HECYIIECTBEHHBIX (DAaKTOPOB, KaK a’pOJMHAMHYECKOE COMPOTHUBIICHHE,
BO3HHUKAIOIIEE MPHU MOIbEME KJIETH, CUIIbI 0apOMETPUUYECKOTO JABJICHUs] HA Pa3HBIX BBICOTAX H
T.7. JlJIst OHOTO U TOro XK€ 00BEKTa MOXKET OBbITh MPEIAJIOKEHO HECKOJIBKO PacUeTHBIX CXEM, B
MEPBYIO OYepe/lb B 3aBUCUMOCTU OT TPEOYyeMOW TOYHOCTH U OT TOTrO, Kakas CTOpPOHA SIBICHHS
WHTEPECYeT HCCIeoBaTelsl B KOHKPETHOM ciiy4yae. Tak, €cilid B JaHHOM NIpUMEpe HYKHO
OIIEHUTh TOJBKO MPOYHOCTh KaHaTa, TO KIETh U TPy3 JOMYCTUMO PaCCMATPUBATh KaK >KECTKOE
LEJI0OE M CBECTH MX JCHWCTBHE HA KaHAT K CHJIE, NMPUIOKEHHOW HA KOHLE KaHaTta. Ecim
HEO0OXOUMO PEIIUTh BOMPOC O MPOYHOCTH CaMOW KJIE€TH, TO MOCIETHION YXK€ HEJIb3s CUHTATh
a0COJIIOTHO TBEPIbIM TeldoM. Ee KOHCTpYKTHBHBIE OCOOEHHOCTH HAJ0 paccMaTpHUBATh OTACIBHO
U B COOTBETCTBHUH C 3TUM BBIOUPATH /ISl HEE€ UHYIO PACUETHYIO CXEMY.

[To reomeTpudecKkuM MpU3HAKAM BCE PEAIbHBIE TeJla MOTYT ObITh OTHECEHBI K TAKHM pac-
YETHBIM CXeMaM: Opyc, 000JI0UKa, TUIACTUHA U MacCUBHOE Telo. /[ Toro, 4To0bl pacCUUThIBaE-
MBIN DJIEMEHT OTHECTH K OJHOM M3 yKa3aHHBIX CXE€M, HEOOXOJUMO 3HaTh T€OMETPUUECKHUE TPH-
3HAKH KaXKJIOTO U3 HUX.

bpyc — teno, oauH pazmMep KOTOPOTO — JUIMHA — 3HAYUTEIbHO JIBYX JIPYTUX — IIUPUHBI U
tommuHbl. [1o BUIy ocu Opychs MOTYT OBITh MIPSAMBIMH U KpUBBIMH. Eciiu ceueHue nu3MeHsieTcs
o JTMHe Opyca, To OH Ha3bIBaeTCs OPyCOM MEPEMEHHOT'O CEYCHHUSI.

Obonouka — T€10, OUH pa3Mep KOTOPOTO — TOJIIIMHA — 3HAUYUTEIBHO MEHBIIE IBYX ApPY-
TUX — paJinyca KPUBU3HBI U IJIUHBI.

Ilnacmuny MOXHO pacCMaTpUBaTh KaK YaCTHBIN ciydall 000JI0YKH OECKOHEYHO OOJIBIIIOTO
pazauyca KpUBU3HBI.

Maccus — Ten0, BCc€ pa3Mepbl KOTOPOTO COM3MEPUMBI.

2.1 llenTpajIbHOE PACTAKEHUE-CIKATHE

[Tox pacmsocenuem (cocamuem) TOHUMAIOT TakoW BUI JedopMallud CTEP)KHS, MPU
KOTOPOM B €ro IOINEPEeYHOM CEYEHHU BO3HHUKAET JIMIIb OJAWH BHYTPEHHHUH CHUJIOBOH (akTop -
npononbHass cwia N.. IIoCKOIBKYy IpoOAOJBHAs Cuila YHCICHHO paBHA CyMME IPOEKIMM,
IPUJIOKEHHBIX K OJHOM M3 OTCEYEHHBIX 4YacTed BHEIIHUX CWJI Ha OChb CTepXHS (i
IPSIMOJIMHEHHOTO CTEPXKHS OHA COBNAAAeT B KaXJIOM CE€YeHMH C Oocblo (:), TO PACTAKEHHE
(c’xaTue) UMEEeT MECTO, €CJIM BCE BHEUIHUE CHJIbI, JIEUCTBYIOLIME MO OJHY CTOPOHY OT JAHHOIO
IIONIEPEYHOI0 CEYEHMsI, CBONATCS K PAaBHOJACHCTBYIOIIECH, HANPABICHHOW BAOJb OCH CTEPKHS
(puc. 2.1). Ogna u Ta *e NpojoibHas cuia N: nIpU AeMCTBUM Ha pa3jMyHble YaCTU CTEPXKHS
(JIeByr0 WM MpaByr0) UMEET NMPOTUBOMNOJIOKHBIE HAIpaBieHUs. 3HaK N: 3aBUCUT OT XapakTepa
BbI3bIBaeMOil €10 nedopmanuu. [IpogonpHas cuma cuuTaeTcs MOJOKUTEIBHOW, €CIH BbI3bIBACT
pacTsKeHHe JIeMEHTa, U OHa OTpHUIlaTeIbHa, €CIIM BbI3bIBAET Ckatue (puc. 2.2).

“}\u P, P M, =0 M =0

P T— —Te . 5, SR

M £y
o A ——-—- - M<0 ———1 N <0
O — —f—{
-+ ————- o I T R
N
« p, &)
Puc. 2.1. Jlebopmarus pactsokeHus Puc. 2.2 3naueHue u HanpaBlieHHE

HpOI{OJ’IBHOﬁ CHJIBI
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st Toro, 4troObl CcPOPMYIUPOBATH MPEANOCHUIKM TEOPUU pPACTSDKEHHS (CoKaThs)
MPU3MATUYECKOTO CTEpXKHS, oOpaTuMmcs K »JKcrnepumeHTy. IlpencrtaBum cebe CTEpiKeHb,
W3TOTOBJICHHBIM W3 KaKOro-TMOO IMOJATIMBOTO MaTepuana (Hampumep, PE3WHbI), Ha OOKOBYIO
MOBEPXHOCTh KOTOPOr0o HaHECeHa CHUCTeMa MPOAOJIbHBIX U MOMEPEeYHBIX pUCOK (puc. 2.3). Ota
OpTOTOHAJIbHAs CUCTEMAa PHUCOK OCTAeTCS TAKOBOW W TMOCJE MPHIOKEHHS pacTsAruBarouieil
Harpy3kd. llockonbky momepeyHble PUCKH SABISIIOTCS CJ€AaMHU TONEPEYHBIX CEYeHUN Ha
MOBEPXHOCTH CTEP>KHS M OCTAIOTCS MPSMBIMH U NMEPHEHAMKYISIPHBIMU K OCHU CTEP>KHSA TO 3TO
CBUJIETENICTBYET O BBIMOJIHEHUH cunomeswvl nAockux cevenuti (bepnyniu). C ydyeToM eunomessi
006 OMCYmcmeuu nonepeuHo2o 63aumMo0elicmaus NPoOOIbHbIX 60JI0KOH TIPUXOIUM K BBIBOIY, YTO
nedopMalisi pacTsSKEHHUSI CTEPKHS CBOJUTCS K OJHOOCHOMY PACTSIKEHHUIO €ro IMPOJOIBHBIX
BOJIOKOH, U B TOINEPEYHOM CEUEHUHU CTEP’KHS BO3ZHUKAIOT JIMILb HOPMAJIbHBIE HAIPSIKEHUS.
OpTOroHajabHOCTh MPOJOJIBHBIX U TMOIMEPEYHBIX PUCOK CBUJIETEIBCTBYET TakKe 00 OTCYTCTBUH
CIABUIOB, a, CJIEJOBATEIbHO, U CBSI3aHHBIX C HUMU KacaTeJIbHBIX HANPSHKEHUN B MOMEPEUHBIX U
MIPOJOJIbHBIX CEYEHUSIX CTEePXKHs (puc. 2.4).

o)
£ £
L o
Puc. 2.3. DkcriepuMeHTalIbHOE PACTSKEHHE Puc. 2.4 [lonepeunoe ceyenne oopasma

Toraa npononbHas cuiia N' paBHasi CyMMe MPOEKIUU BHYTPEHHUX CHII, JEHCTBYIOIIMX B
JAaHHOM IOTIEPEYHOM CeUeHUU Tuionaapio F (puc. 2.4) oueBuHO OyAET paBHA
v, =[] odr o

DTO COOTHOUIEHUE SBISETCS YPAaBHEHHEM pPAaBHOBECHUS CTATUKH, CBS3BIBAIOLIUM
MPOJOJIbHYIO CHUIy N., U HOpPMaJlbHOE HANpPsDKEHHE G, KOTOpO€ B OOIIEM Ciiydae SBISETCS
byHKIIMEH KOOPAMHAT X U ¥ U MO3ITOMY HE MOXKET ObITh HAl/IEHO U3 OJHOTO JHIb | ypaBHEHUS
cratukd. Takum oOpa3oMm, 3ajauya ONpeesIeHUs HaINpsSHKEHUH J1ake B caMOM IMPOCTOM Cilydae
nehopMUpOBaHUS  CTEPXKHS  (PACTSDKEHWHM WM  CKATHH)  OKa3bIBACTCS  CTATUYECKHU
HEONPENAECITUMOM.

HeoOxonuMoe 111 pemieHUs 3TOM 3a7aud JOMOJHUTEIBHOE YPaBHEHHE BBITEKAET U3
TUIOTE3bI IJIOCKUX ceueHU. [10CKONIbKY OonepeuHble CEUeHHs CTEPIKHS, OCTaBasICh MIIOCKUMHU U
MEPICHAUKYISIPHBIMA K OCH CTEpXHS, B Tporecce aeGopMUpOBAaHHS JHIb TOCTYHATEIBHO
MepeMeIaloTcsl BJIOJIb OCH CTEpPXKHS (YTO NPUBOJUT K OJUHAKOBOMY VAJIMHEHUIO BCEX
MIPOJOJIbHBIX BOJIOKOH), TO MPUXOJUM K YPaBHEHHIO £€=COnst, U3 KOTOPOTO BBUY OJHO3HAYHOCTHU
CBSI3U G M € (JJ1s1 TMHEHHO-YIIPYTroro Marepuaa 3To - 3akoH ['yka: 6=Eg.) BeiTekaer, 4To

G = const.

Pemast coBMmecTHO ypaBHEHHS MOTyduM, 4T0o N:=GF wimi 6 = N/ F.

Takum oOpa3oM, MpU PaCTHKEHUM (CXKATHHM) MPU3MATUUYECKOTO CTEPXKHS HOPMAaJIbHbIE
HampsDKeHWs PAaBHOMEPHO paclpelesieHbl M0 TONEPeYHOMY CEUYEHHMIO, a KacaTesIbHbIe
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HaIPsDKEHUSI B CEYEHUSIX OTCYTCTBYIOT, UTO SIBJISIETCS CJIEICTBUEM THUIIOTE3bI IJIOCKUX CEYEHUH.
Yka3zaHHOe, HECMOTpPS Ha, Ka3aJloCch Obl, 0YEBUIHOCTh U TIPOCTOTY, SABISIETCS (PyHIaMEHTAIHHBIM
pPEe3YyIAbTATOM, CIPABEIMBBIM, CTPOTO TOBOPS, JUIIbL JJIsI MPU3MATUYECKOT0 cTepKHs. OIHAKO B
WHXCHEPHON TIPAKTHKE €ro WCHOJNB3YIT | s TPHOIMKEHHONW OIICHKH HOPMAaTbHBIX
HaIpsDKEHUH B CTEPXKHSAX TMEpPEeMEHHOro ceueHus. [Ipu 3ToM, 4TOOBI MOTPEHTHOCTH (POPMYJIBI
OblJla HEBelMKa, HE0OXOAMMO, YTOOBI IJIONIA/b IONEPEYHOTO CEUYEHHUs CTEPXKHS HU3MEHSIIACh
JIOCTATOYHO IJIABHO BJOJb €TI0 OCH.
YciaoBue MPOYHOCTH TPH PACTSHKEHUU (CKATHUU) MPU3MATHUYECKOTO CTEPXKHS IS CTEPXKHS W3
MJAaCTHYECKOro MaTepuana (T. €. Marepualia, OJMHAKOBO palOTaloOlIero Ha pacTsSIKEHHE |
cxkaTtue) OyJeT UMETh BUI:

ag=N, I F=[g], (22)

rae [o] - gomyckaeMoe HanpspkeHue. HanpskeHne ¢ B yClIOBUM MOACTABIIAECTCA 110 MOJYJIO, TaK
KaK 3HaK G B OJTOM Cly4ae poiu He Hurpaer. [[ns crepkHeM M3 XPyNKHX MaTepHaloB,
HEOJVHAKOBO COIPOTHUBIIIOIIUXCSA PACTSDKEHUIO M CKATUIO, 3HAK HAIPSDKEHUS HUMEET
IPUHLUINAIBHOE 3HAYEHHUE, U YCIOBUE MPOYHOCTU NPUXOAUTCA (HOPMYJINPOBATH OTACIBHO JUIS
PACTSKEHHUSI U CHKATHSL:

crpzf'lfszE[crp] .

o |2 | M| F sla ],

IIe Op U Oc - HaNpPSOKCHUS PACTSHKEHUS M CKaTus, a [Cp] U [Oc] - OTBETCTBYIOIME UM
JIOITyCKaeMbI€ HANPSKEHUS.

B npakTthke MHXKEHEPHBIX pacyeToB, UCXOJsS M3 YCIOBHS NPOYHOCTH, PEIIAIOTCS TPU
OCHOBHBIE 337]a4d MEXaHUKH MaTEepPUAIOB KOHCTPYKLIHMNA. B MpuMeHeHnun K Ciaydaro pacTsKEHMs
(ckaTHst) IPU3MATUYECKOTO CTEPXKHS 3TU 3a7a4u GOPMYITUPYIOTCS CAEAYIOLIMM 00pa3oM.

[IpoBepka npoyHOCTH (IIOBEPOUYHBIN pacueT). DTOT pacueT MPOBOAUTCA, €CIIU Harpy3ka (B
HallleM cllydae ee MpeacTaBisieT N;), cedeHue CTepxHs [ 1 ero Matepuai [G] 3a/laHbl.
Heobxoaumo y6ennuThes, 4TO BBIIOIHSIETCS YCIOBHE IPOYHOCTH:

ag=MN I/ Fg],

[IpoBepounblii pacdeT 3aKIOYaeTCs B TOM, UTO ompenensercs (aKTHUSCKH

KO3(QUIMEHT 3amaca MPOYHOCTH # U CPABHUBAETCS ¢ HOPMATHUBHBIM KO3((UIMEHTOM 3amnaca

[n]:

rae o* - mpenenpHOE (WM OMACHOE) HANPSDKCHHE, T. €. HANpsDKCHHE, BBI3BIBAIOIIEE OTKA3
AJIEMEHTa KOHCTPYKIUU (HATIOMHUM, YTO, HAIPUMED, JUIsI CTEPXKHS U3 TUIACTUYHOTO MaTepuaia
3TO-TIPEJIe] TEKYUeCTH ST WJIM YCIIOBHBIN IpeJiei TeKYUECTH Go2).

[Tonbop ceuenust (mpoekTHBIN pacueT). B sTtom pacdere mo 3amanHoi Harpyske (NV:)
OTPENIETISIIOTCS pa3Mepbl MOMEPEYHOTo ceueHust cTepxkHs (F) u3 3amanHoro marepuana ([G]
naHo). MUHUMaJIbHOE 3HAaYeHUE F IOJy4uM, €CJAM B YCIOBUU IPOYHOCTH TPHHATH 3HAK
paBEHCTBA:

[F] = N:/[c] (2.3)

OnpeneneHue 0onyckaemou Hacpy3ku, TO €CTh MaKCUMAaJIbHOTO 3HAYCHHS Harpy3KH,
KOTOpOE JIONYCKAET AaHHBIA 3JIEMEHT KOHCTPYKIUHU (F ¥ [G] JaHbl) IPH BBIMOJTHCHUH YCIOBUS
MPOYHOCTH:

[N] = [G]F.
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2.2 3akon I'yka
[TycTh mepBOHAYANIbHAS JITMHA PACTSHYTOTO CTEPXKHsI paBHA L, a qnmHa mociie nedopManuu

L:. Ilpupamenne nouuel AL = L; — L — Has3piBaeTcsi aOCONIOTHBIM Y/UIMHEHHEM CTEpIXKHS, a
otHowmeHne AL / L = € — Ha3pIBae€TCs1 OTHOCUTENBHBIM YAJIUHEHUEM.

P I . S _“: P

Puc. 2.5. O6pazen 1o u nocie neopMannm pacTsHKEHUS

M3 MHOXecTBa OIBITOB YCTAaHOBJIEHA CIEAYyIOIIas 3aBUCUMOCTb, KOTOpas IOIyduia
Ha3zBaHMe 3akoH ['yka:
e=o/E,
IJle G — HOPMaJIbHOE HampsKeHue, E — Molysib ynpyroctu nepBoro paga uiu moayis FOHra.

B npenenax manbIx yIIMHEHUN Ui OOJIBLIIMHCTBA MaTE€PUAJIOB CIIPABEJIUB 3aKOH ['yka —
HOpMAaJIbHbIE HAIPSDKEHUS B IIONEPEYHOM CEYEHUHU IPSIMO NPONOPLUUOHAIBHBI OTHOCUTEJIBHON
TuHEeWHoU nedopmaluu € o = E¢.

Koadpdunuent nponopuronansuoctu E - MOaynib mpooibHOM yIpyrocTy, €ero BeIuIuHa
NOCTOSIHHA I Kaxzaoro Martepuana. OH XxapakTepus3yeT JKECTKOCTh MaTepuana, T.e.
CIIOCOOHOCTB CONPOTUBIIATHCS 1€(OPMUPOBAHUIO O] IEHCTBUEM BHEILIHEH HAarpy3KH.

[Tpupamenue 1IuHbI
AL =NL/ES, (2.4)
rae N — nmpozosbHas cuia, S — iomanb ceuenus, L — nnuHa crepxHs, E — monyins FOHra.

Cpennue 3HaueHus E 1y 1711 HEKOTOPHIX MaTepuasoB AaHbl B Tabuuue 2.1.

Tabnuua 2.1 3navenust Mmoayns ynpyrocta £ u xo3dduumenta I[lyaccona v

Marepuan E, Mlla %
Cranb (2-2.2)-10° 0.24-0.3
Turan 1.1-10° 0.25
ANIOMUHHN 0.7-10° 0.32-0.36
Menb 1.0-10° 0.31-0.34
Hyryn (1.1-1.6)-10° 0.23-0.27
Pe3una 1.0-0.8 0.5
[IpoOka - 0
CTeKJIOBOJIOKHO (0.18-0.4)-10° 0.25
JlepeBo 1-10% -
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2.3 CaBur

HampsokeHHOe  coCTOSTHME, TpH  KOTOPOM HAa TPaHAX MPSMOYTOJBHOTO 3JIeMEHTa
BO3HHMKAIOT TOJBKO  KacaTelbHbIE  HANPSOKCHUS T, HA3bIBACTCS  YHCTBIM  CABHIOM.
OKCIEpUMEHTAIbHO YHCTBIA CIBHT MOXET OBITh OCYIIECTBJICH MPH KPYYCHHH TOHKOCTCHHOUN
TpyOHI (puc. 2.6).

Z T
m — —
7 b /
T —S>»X f—‘/' ¢
4 dl\ d c1\

dz

2 — s b
& dx \Eh

Puc. 2.6. [lebopmarius 4ucToro cBura

Paccmorpum  asnmementabced ,  Bbipe3aHHBIE M3 TOHKOCTEHHOH — TpyObl.  [lpm
BO3HUKHOBEHHHU KAcaTEeNIbHBIX HAMPSHKCHUI 3JeMEHT nepekammBaeTcs. Ecnu cuutath rpanbab
3aKpEIUICHHOM, TO TpaHb ¢d CIBUHETCS B IOJOXeHUE ¢,d,. Bece mpsmble yriibl Mexay rpaHsiMu

MU3MEHATCA Ha BEIIMYMHY ¥ , KOTOPBIA HA3bIBAacTCA YoM caBura. KacarenbHble HalpsoKeHUS U
YIOJI CABUTA CBA3aHBI IIPSIMOM MPONOPLMOHAIBHOCTBIO, T.€. 3aKOHOM ['yKka nipu ciBure:

=Gy (2.5)

raeG - MoxysIb caBura (MOAYIIb YIPYTOCTH BTOPOro poxa); st cramn G = 8-10% MITa.

E
Mexnay momynaem ynpyroctu E  u G cymectByeT cBsizh: G = ——— , KoTopas
2(1+ )
MOJITBEPKAACTCS IKCIEPUMEHTANBHO. 311ech U - Koo dumuent Ilyaccona.
2.4 Kpyuenue
m, Jlebopmariisi KpydeHHs BBI3BIBACTCS CKPYYHBAIOIIMMHU
( ( () MOMEHTAMH, TUIOCKOCTH JIEHCTBHS KOTOPBIX MEPIEHIUKYISPHBI
MPpOI0JILHOM ocH (puc. 2.7).

[Ipu xkpydyeHun BO3HUKAET OJUH BHYTPEHHUU CHIIOBOH (hakTop -

Puc. 2.7. . o
KkpyTsmuii MomenT M, . XapakTep pacnpeelieHus] HapsDKEeHUH 110

CEUEHUIO BBISICHUM, PACCMOTPEB I'€OMETPUYECKYI0 KapTUHY Aedopmanuu Bana. st storo Ha
IIOBEPXHOCTH HAHECEM CETKY, COCTOSINYIO U3 JIMHWM, NapajlelbHbIX OCH, W JIMHWM,
MPEICTaBISAIOIIUX COOON MapaliebHbIE KPYTH.
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Ilocne  npunoXeHUs  CKPYUYMBAIOIIET0O  MOMEHTa
HabI01aeM cieayrouiee: oOpasytomue UUJIMHIpA
NPEBPALLAIOTCA B JINHUM OAMHAKOBOIO HAKJIOHA K OCH CTEPIKHS;
napajulesibHbIE KPYTU HE UCKPUBISIOTCS U PACCTOSHHUE MEXIY
HUMU OCTaeTcsd HEU3MEHHBIM, pAaJWYChl, IPOBEJCHHBIE B
TOPLEBBIX CEUEHUSX, OCTAIOTCS MpsiIMbIMHU (puc. 2.8).

Taxum 06pazom, MpHU MOCTPOCHUN TEOPHH HAIPSKEHHO-
neOpMUPOBAaHHOTO  COCTOSIHMS ~ Baja  OpU  KPy4YEHUU
MOJIB3YIOTCA CIEAYIOLIMMU TUIIOTE3AMMU:

Puc. 2.8. Jlebopmarius
Kpy4eHust

1. Ilomepeunble ceueHus Baja OCTAalOTCA Tpu JOedopMmali  TUIOCKUMU U
MEePHNEHIUKYISPHBIMU K OcH Basia. OHU JIMIIb TOBOPAUYUBAIOTCS OAHO OTHOCHUTENIBHO APYroro Ha
HEKOTOPBIN Yroj 3aKpy4nBaHMsl, 0003Ha4YaeMbIil ¢ (TUIIOTE3a INIOCKUX CEUYEHUN).

2. PaccTostHuSI MEXKy TOTIEPEYHBIMU CEYEHUSMH OCTAIOTCSI HEU3MEHHBIMHU.

3. Pammycel, mnpoBeneHHBIE B TONEPEYHBIX CEUYCHHSX, Mpu nedopmaruu  He
HCKPUBIISIFOTCS.

PaccMOTpuM  HEKOTOpBIM  y4acTOK  Baja
uiHou dz .

I[Iycte yrom moBopoTa cedeHHsT ML —m
OTHOCHUTEJIPHO HEMOJBWKHOTO OyAeT @, Toraa yroiu

[OBOPOTa CEYEHHss M —MN, PACIOIOXKEHHOIO Ha
(z M4z [n paccrosinuu dz, oyner @ +dg@.

CreoBaTelbHO, Yol 3aKpy4YMBAaHMs y4acTKa
BaJa JIMHOM dZ paBeH d@.

Puc. 2.9. Kpyuenue Basa

PaccmotpuM nedopmaniuio mpsMOyroibHOTO 3iieMeHta abcd OGeckoHeuyHO Maoit
TOJILIUHBI, BBIJIEJICHHOTO Y MOBEPXHOCTHU Basa (puc. 2.9). Tak kak paanychl OCTAIOTCS MPSIMBbIMU,

10 0Tpe30k O'b MoBOpPaYMBAACH B INIOCKOCTH MONEPEYHOTO CEYEHHs HA yroJl 3aKkpyurBanus d¢,

saiimer nonoxenne O'b,.

d [lpu »TOM oOOpa3syromias ab nepemecTUTCS B HOBOE

m /-IO\m nonoxeHue ab;, cocraBUB C NEpPBOHAYAIBHOH yrom .

N N Ananorn4yHo oOpasyiomas dc TepeMecTHTCs B TojloxKeHue dc, .

a T \d Tak kak JUIMHBI 3TUX OTPE3KOB MPAKTHYCCKH HEM3MEHHBI, TO

: ! yl T . neopmainus  OpsMoyrojbHoro asnementraabed  coctoutr B

‘E/? S, WU3MCHEHUH MIEPBOHAYAIBHO MPSMBIX YTJIOB HAa BEJIMUUHY YIjia ¥ .

- /_I 7IO\ - ) L Takum 00pa3oM, PacCMOTPEHHBIH JJIEMEHT HAXOJMTCS B

bﬁ_/b =X ¢, YCJIOBUSX {HCTOTO CHBMIa H, CIIEJOBATEILHO, HA IO TpaHsx
do 1 JIEWCTBYIOT KacaTeIbHbIE HAPSHKEHUS T .

Puc. 2.10. KacarenbHoe

HaIIpsDKEHUE NIPU KPYYEHUN

B
94 P Y
do
VuursiBas, uto ab =dz,a bb, =r -de, yron cnpura: y =r d_
4
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1
OTHOLIIEHNE d£=9 Ha3bIBACTCSI OTHOCHUTEIBHBIM IIOTOHHBIM YIJIOM 3aKpyYMBaHUS | —
dz M
pan
iy | —
M

y=0-r
Ecnu paccMoTperh Ie(OpMaLHio MPSMOYTOIbHOIO 3JIEMEHTA, PACIONOKEHHOTO —BHYTPH
BaJa Ha NMPOM3BOJILHON LMIMHPHYECKOH IOBEPXHOCTH pajuyca O, TO yron capura ¥ , =6p.

Haiinem 3aBUCHMOCTh MEXIy HAmpsOKEHHSIMH U AepopMmanusaMu npu KpydeHun. C ydgerom
3aKOHa FYKa IIpu YUCTOM CIABHIC
7,=G-y,=G-0-p
"z JABYX MOCJICOIHUX (I)OpMy.H CJICAYCT, YTO YIJIbl CABHUI'a U KAaCATCJIbHBIC HAIIPS’KCHUSA B
IOoICpeYHOM CCUCHHUHU HU3MCHAIOTCA II0 J'II/IHGI‘/’IHOMy 3dKOHY IIPAMO IIPOIOPLHHUOHAIBHO
PaCCTOAHUIO P TOYCK OT HECHTPA CCUCHUSI.

O‘IeBI/II[HO, 4YTO MAKCUMAJIbHBIC KAaCATCJIIbHBIC HAIIPAKCHUA
6y,[[}/'T BO3HHMKATh Y IOBEPXHOCTHU Bajia, TO €CTb IIpU P =F .

Tmax
T, =T =G-0-1.

Boigenum Ha paccTOSHMM p OT LEHTpa CEYEeHHs

aneMeHTapuyo 1womanky dA (puc. 2.11). Kpyrammii MOMEHT

MM, =[t,pdA=G-0[p’d4=G-6-1,.
A A

M

OTCI0/1a TIOTOHHBIN YTOJI 3aKpyunBaHusi @ = ———, a
Puc. 2.11. MakcumanbHble A - 26 G-I~

KaCaTCJIbHBIC HaIIPAXKCHU A P

BeipakeHue G - I p - KECTKOCTb Bajla NPpH Kpy4eHuu, rae I, - NONspHBIA MOMEHT HHEPLIUH.

z-rt ﬂ-(rH4—rB4)
I = T st kpyratoro ceuennst; I, = 5

P
B3auMHbIi yro 3akpy4rBaHus IBYX CEUCHUH, pACIIOIOKEHHBIX Ha paccTosHuu [/

Y
[ Mgy,
¢£G-Iz

- JuIsl TpyO4YaToOro ceyeHusl.

Ecmu B mpenenax IMIMHAPHYECKOTO ydyacTKa Baya JuuHOW [ kpyrsmmit moment M,
MMEET MOCTOSIHHOE 3Ha4Y€HUE, TO
0=0-1= M. 1 3aKoH I 'yka npu Kpy4eHHH.
G-1 »
Takkak 7=G -0 - p, 1O M

MaxkcumanbHbIE KacaTeIbHbIE HANPSXKEHUS, IEUCTBYIOIIUE IO KOHTYPY CEUCHHS:
max = My _M, , (2.6)
1 /4

p p

T
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1

. 3
rae Wp =2 MOJIIPHBIA MOMEHT COITPOTUBIICHUS [ez: ]
r
3 4 4
T-r - (rH —r, )
Wp = T - JUISL KPYTJIOTO CEYCHMUS; Wp = 2— - JUIsl TpyO4YaTOro CeUeHUsI.
“r

H

Tema 3. IIpsimMoii monepevyHbIil U3rud

[Ipu npsiMom monepedyHoM U3rude B CEUEHUSX CTEP>KHSI BOSHUKAET M3rMOaroIUii MOMEHT
M n nonepeunast cuna Q, (puc. 3.1), KOTOpbIe CBA3aHbI C HOPMAJIBHBIMU S M KacaTeJIbHbIMU Ty,
HaIpPsHKEHUSIMU

My=[ [dF , 0,=] c.dF

[
‘L.
—>|_T_I<—r:&
T
P
rrrrrard FELFT AT
ey, .
P Y P PP P PP P P PP P P P Y Y P P PR PV
— - 1—0'3 !
Clju — /._
+— 1+ i
?77???? ! . ! 77??777 B
&)

Puc. 3.1. [Ipssmoti monepedyHsbIii U3ruo

BriBenennas B cirydae 9ucToro m3ruba crepxHs (Gopmyna Juisi IpsIMOTO TIOMEPEYHOTO
u3ruda, BOOOIIE TOBOPS, HEMPUMEHUMA, TIOCKOJIBKY M3-3a CIBUTOB, BHI3LIBAEMBIX KacaTEeIIbHBIMU
HaMpPsDKEHUSIMU  Tyz, TIPOMCXOJUT JETIaHAIUsl TIOTEPEUYHbIX CEeYeHUM (OTKIOHEHHE OT 3aKOHa
IOCKUX cedeHuit). OmHako s 0a’nok ¢ BeICOTOW ceueHus h<l/4 (puc. 3.1) mMOTpemrHOCTh
HEBEJIMKA M €€ MPUMEHSIOT IS ONPECIICHUs HOPMAIbHBIX HAIMPSIKEHUH MONEPEYHOro M3ruda
Kak npubamxeHHyro. [Ipu BeIBoJe yCIOBHUS NMPOYHOCTU NMPU YUCTOM HM3rMOE HMCIOJIb30BaNach
rUrnoTe3a o0 OTCYTCTBUU IIONEPEYHOrO0 B3aUMOACHCTBUS MNPOJOJBHBIX BOJOKOH. [lpum
MONEPEYHOM U3rrOe HAOIIOIAIOTCS OTKIIOHEHHUS OT 3TOU TUIOTE3bI:

a) B MeCTax MPWIOKEHUS COCPEAOTOYCHHBIX cwmi. [lom cocpemoToYeHHOW CHIIOn
HaMpPsDKEHUs! MTONEPEYHOr0 B3aMMOJCHCTBHS MOTYT OBITh JOCTATOYHO BEJIMKH W BO MHOIO pPa3
MPEBBIMIATH IPOJIOIBHBIC HAPSHKEHUS G, yOBIBAasI IPH STOM, B COOTBETCTBUU C MpUHIUIIOM CeH-
Benana, mo Mepe ynaiaeHus OT TOUKH MPUIIOKEHUS CHITHI;

0) B MecTax MPUJIOKEHHUS paclpeiielieHHbIX Harpy3ok. Tak, B ciyyae, MpUBEJCHHOM Ha
puc. 7.12, 6, HanpsKEHUs! OT JaBJICHUS HA BEPXHHUE BOJIOKHA Oaliku oy = -g/b. CpaBHUBas UX C
MIPOJIOJILHBIMH HATPSHKEHUSIMU Gz, IMEIOIIIMU TIOPSI0K

Cgtie 301V g1V

e AINAE e = —_ o =

,5;.;33;5_43 k Bk
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IPUXOUM K BBIBOJLY, UTO HAMPSUKEHHS Gy << G, IPH YCIOBUH, uTO A7 << [°, Tak KaK oy /o, ~
(W/1)? << 1.

[Tomyunm ¢opMyny i KacaTelabHBIX HampsKeHUH Ty.. [Ipumem, meroaumka pacyera
HOPMAJIbHBIX HAaNPSHKEHUH U3BECTHA, YTO KAacaTEeNbHBIC HAMIPSDKEHUSI PABHOMEPHO PaCIPEIeIICHBI
10 LIMPUHE TONEepeYHoro ceueHus (puc. 3.2). Ota NpeanochblIKa BBIIOIHIETCS TEM TOYHEE, YEM
yXKe TONepeyHoe CEeYeHHE CTep)KHsA. TOuYHOe pelleHHe 3aJauud Uil OpSIMOYrOJbHOIO
MONEPEYHOr0 CEYEHUs IMOKA3bIBAET, YTO OTKJIOHEHHE OT PAaBHOMEPHOIO paclpejaeieHus tyz ,
3aBUCUT OT OTHOIIeHusi ctopoH b/h. Ilpu (b/h)=1,0 oHo cocraBmsier 12,6%, npu (b/h)=0,5 -
TOJIBKO 3,3%.

Puc. 3.2. [Ipumep 3amauu nipu aedopmariuu u3ruda 6anKyd Kpyrjioro ceueHust (CTepIKHS)

HenocpenctBenHoe omnpeseneHue HANpsSHKEHUH Ty, 3aTPYTHUTEIBHO, MO3TOMY HAXOIUM
paBHbIE MM (BCJIEJCTBHE 3aKOHA MAPHOCTH) KacaTeJbHbIC HANPSDKEHHS Ty,, BO3HUKAIOIIUE Ha
MPOJOJBHOM IUIOIAAKE C KOOPJMHATOW y DIIEMEHTa JIMHOM dz, BBIPE3aHHOTO M3 OajKH, (pHC.
3.2). Cam sneMeHT nokasaH Ha puc. 3.3. OT 3TOro 3neMeHTa NpoA0IbHBIM CEYEHUEM, OTCTOSIIINM
OT HEWTpaJbHOTO CJIOS Ha ), OTCEKAaeM BEPXHIOI YacTh, 3aMEHss ACUCTBHE OTOPOIIEHHON
HIDKHEH YacTH KacaTeNbHBIMH HAmpsOHKeHUSMH T (MHIEGKC 2y B JajbHEHIIEM OMyCKaem),
paBHOAEHCTBYIOWAs KOTOPBIX dT=tbdz. 3pech, COracHO BTOPOM NpPENIOCHUIKET=const I10
mypuHe 31eMeHTa b. HopmanbHble HampspkeHUsl G U G + dG, ACWCTBYIONIME Ha TOPIEBBIX
IUTOIA/IKAX JJIEMEHTa, TAKKE 3aMEHUM UX PaBHOACHUCTBYIOUIMMU:

MI MI [re)
M, +dM
N, +dN,=| mmaa&% Il
1

X
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Puc. 3.3. Ceuenust 6anku Juisi HAaXOXKACHUS HAMIPSXKEHUS

CornacHo HepBOﬁ MMpCAIIOCHIIKE HOPMAJIbHBIC

HaIlIPpSDKCHUS  OIIPCACIIAIOTCA  YKC
§P = [ ydF
F

HN3BCCTHBIM CHOCO6OM, , TJC Sx® - cTaTMYeCKHii MOMEHT OTCEYSHHOM YacTH IJ1omaamn
IMOIICPCYHOI'0 CCUHCHUA (O OTHOCUTCIIBHO OCH Ox.

jfh_“;
A Ao

FRIGX T
E:l ™

Be |
'

Puc. 3.4. KacaTenbHble HapsKEHUS IPU HOPMAJIBHOM MONIEPEYHOM U3rH0€e IPU3MAaTHUYECKOTO
CTEPIKHS

- 0 Ny, +dT (N, +dN =0,

OTKYyZa IIOCJIC HCCJIIOKHbBIX HpeO6p330BaHHﬁ,
dM,

Y4UuThbIBasdA, 4YTO dz

Paccmotpum ycrioBue paBHOBecusi anemeHTa (puc. 3.4) cocTaBUB IJisi HETO YpaBHEHHE
CTaTUKU 2z

noimyyaeM (OpMylly s KacaTeNbHBIX HANPSOHKCHWHA TPHU
HOPMaJIbHOM IIOIIEPEYHOM M3rH0€ MPU3MATUUYECKOTO CTEPHKHS

0y 8¢
Sy b,
[Tomyuennast ¢dopmyna HasbiBaercsa (opmynoi XKypasckoro. B stoit dopmyne b, -

IApHUHA CCUHCHHA B TOM MCCTC, IIC OIPCACIAIOTCA KAaCATCIbHBLIC HAIPSIKCHUA, a CTaTUYECKUM
MOMCHT, MOACTABJISIEMBIN B Ty (bOpMy.Hy, MOJKET OBITh BBIYMCIICH KaK JJIA BerHeﬁ, TaK U AJIsA
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HUKHEN 4yacTH (CTaTUYECKHME MOMEHTBI 3THX YacTed CEUEHUs OTHOCUTENIBHO €ro LEHTPAJTbHOMN
ocu Ox OTIINYAIOTCS TOJIBKO 3HAKOM, TaK KaK CTATUYECKUM MOMEHT BCETr0 CEUCHHUsI paBEH HYIIIO).

[TokaxkxeM, 9TO AOMUHUPYIOIIAs POJb B pacueTax Ha MPOYHOCTh OAJKH, MOJBEPTHYTOU
MONEepEeYHOMY M3ruly, OyeT NpuHaaIeKaTh pacyeTy 110 HOpMaJbHbIM HanpsKeHusM. it 3Toro
OLIEHUM MOPSIOK max G U max T Ha IpUMepe KOHCOJIbHOM OaIKu:

mast M, Pl Ly F
max o= ———®&— , Mg Ti——m—0
W, P i
M. =Dl P, Fuh?, W.uh.
TaK KaK x & ’QJ’M ’ SO Torna
Pl i
TR T =kl <<l |

max & Fifh0

OTKyJa max T<<maxc, a NmockoabKy [t]/[c] ~ 0,5 To IOMMHHMpPYIOIIMM B 3TOM cjydae OyaeT
pacder MO HOPMAJIbHBIM HANPSOKCHUSM W YCJIOBHE NPOYHOCTH, HAMpHUMEp, Ui Oamku w3
MJIACTUYHOTO MaTepuasa, paboTaromieil Ha mpsiMoil U3rud, KaK U B ClIy4ae YUCTOTO u3ruda Oyaer
UMETh BUJT

PanuonanbHbie GopMbl NONEpPeYHbIX CeYeHUI NMPHU U3rude

HaubGonee pammoHanbHBIM cleAyeT MPU3HATH CeYeHHe, OO0Jamaromnee MUHUMAIbLHOU
TUIONIA/IBIO TIPH 33IaHHOW Harpyske (M3rubaroieM MOMEHTe) Ha Oanky. B atom cirydae pacxon
MaTepuajia Ha M3rOTOBJIeHHE Oayku, OyIeT MUHUMaJIbHBIM. /[l momydeHus Oaiku
MUHUMAJIbHOM MaTepUaJIOeMKOCTH HYXHO CTPEMUTbCS K TOMY, YTOObI IO BO3MOKHOCTH
HauOONBIIMKA 00BEM MaTepuana paboTan TPH HAMPSHKEHUSX, PABHBIX JIOMYCKACMBIM WU
Omm3kuM K HuUM. [Ipexne Bcero paloHANbHOE CEYeHHE Oalku TpU W3rude JIOJKHO
yIIOBJIETBOPATH YCIOBUIO PABHOMPOYHOCTH PACTAHYTOM M cxkaTod 30H Oanku. MHbIMH crioBamu,
HEOOXOAMMO, YTOOBI HaWOOJbIINE HANPSDKEHUS PacTsDKeHUs (max Gp) H HauOOINbIIHE
HaIPSDKEHUSI CKATHS (max Gc) OAHOBPEMEHHO JOCTUTAIH JI0ITYCKAEMBbIX HANPSHKEHUH [Gp] U [oc].

[Tosromy panga OGanku U3 IUIACTUYHOTO Marepuana (OJAMHAKOBO palOTaroIIero Ha
pacTsbKeHue U cxatue: [Gp] = [6c] = [o]), yclioBHe paBHOIPOUYHOCTH BBIMOJIHSAETCS AJISI CEUCHUH,
CUMMETPHUYHBIX OTHOCHTEIHFHO HEUTpanmbHOW ocu. K TakuMm cedeHusIM OTHOCUTCS, HAIpuMEp,
npsiMoyrojpbHoe cedenue (puc. 7.16, a), mpu KOTOpOM OOECIedYeHO YCIOBHE pPaBEHCTBA
maxcy=maxc.. OIHaKO B 3TOM Clly4ae MaTepHuall, paBHOMEPHO pPACHpPEJEIICHHbIN MO BBICOTE
CEYCHHS, TUIOXO MCIIOJIB3YeTCS B 30HE HEUTPAIbHOU OCH. UTOOBI MOTYIUTh OOJiee pariioHaILHOE
CeUYeHHEe, HEOOXOAMMO BO3MOXKHO OOJBIIYI0O YacThb MaTepuajia TMepeMecTUTh B 30HBI,
MaKCUMaJIbHO yJaJeHHble OT HeWTpanbHOU ocu. Takum oOpa3zom, NPUXOAUM K PallMOHATBHOMY
JUTS TITACTUYHOTO MaTepualia CEYeHHI0 B (opMe CUMMETPUYHOTO AByTaBpa (puc. 3.5, 0), y
KOTOPOTO BO3MOKHO OOJIbIIAasi YacTh MaTepuaja COCPEAOTOYEHA Ha MOJKax (TOPHU30HTAIBHBIX
MAaCCHUBHBIX JINCTAX), COCAMHEHHBIX CTEHKOW (BEPTHKAJIBbHBIM JIMCTOM), TOJIIMHA KOTOpPOH (0)
HA3HAYAETCS W3 YCJIOBUH MPOYHOCTH CTEHKH [0 KACaTEIbHBIM HANPSDKCHUSM, a TaKXKe W3
cooOpaxxeHu# ee ycroitunBoctd. K 1ByTaBpOMy ceueHnIo OIM3KO MO KPUTEPHUIO PAIIHOHATIEHOCTH
TaK Ha3bIBaeMoe KopoOuatoe ceueHnue (puc. 3.5, B).
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Puc. 3.5. Hanpsixenust npu usrude 6amok pa3Horo CHMMETPUYHOTO CEYEHUS

Paccyxnasi aHaJlIOrM4HO, MPUXOJUM K BBIBOJY, YTO JUIsl OajOK M3 XPYIKOro Marepuala
HaubOoyiee palMoOHANBHBIM Oyner cedeHne B (GopMe HECHMMETPUYHOTO JBYTaBpa,
yIIOBJIETBOPSIOIIETO YCIOBUIO PABHOIIPOYHOCTH Ha pacTskeHue u cxarue (puc. 3.6):

.J"I[:ﬁragc _ [5p]
Yiw L]
KOTOPOE BBITEKAET U3 TPEOOBAHUS
max oy, [u:.r‘.,_j ]
A F, - [, ]
}f &
FRER O
Fmax (.-_:Jl %’%%ﬂ
" .
% ¥ A x 2 i
Iy ___/,/ ¥
Fnas 0 5? % %
v 77 e
Max o,

a) &) 5/ 2/

Puc. 3.6. Hanpsxenust npu u3rude 6anok pa3HOro aCHMMETPUYHOTO CEYEHUS

Wnes paumoHATIbHOCTH IMONEPEYHOrO CEYEHUS CTEpPXKHEM NpH M3rude pean3oBaHa B
CTaHJAPTHBIX TOHKOCTEHHBIX NPOQWIAX, NOJy4aeMbIX METOAAMU TOPSYETO MPECCOBAHMS WIH
MIPOKATKU M3 PAJOBBIX M JIETMPOBAHHBIX KOHCTPYKLIMOHHBIX BBICOKOKAUYECTBEHHBIX CTajlel, a
TAaK)K€ QJIIOMUHUS M aJIOMUHHUEBBIX CIUIABOB, MOJYYMBIIMX IIMPOKOE PACHpPOCTPAHEHHE B
CTPOUTENIBCTBE, MAIMHOCTPOCHUH, aBUALIMOHHOM MalIMHOCTpoeHuH. IIInpoko pacnpocTpaHeHbl
noka3aHHble Ha puc. 3.6: a - 1ByTaBp, O - IIBEUIEP, 6 - HEPABHOOOKUN YroJIOK, I-paBHOOOKHIA
yrosok. Pexxe BcTpewaroTcst TaBp, TaBpPOLIBEIUIEpP, 3€TOBBI Mpoduiab M 1p. YHOTPEOISIIOTCS
TaKXe XOJIOJTHOTHYTHIE 3aMKHYThI€ CBAPHBIE MPOQHIIH.

[Tockonbky 1O COOOpaKEHUSIM TEXHOJOIMM COPTAMEHT CTaHAApTHBIX Mpoduied 1o
pa3MepaM orpaHuyeH (Hanpumep, HauOoJbIIMN MpokaTHbIM AByTaBp cornacHo 'OCT 8239-72
umeeT BbicoTy 550 MM), TO uid OONBIIMX MPOJETOB NPUXOAUTCS NPUMEHATH COCTAaBHbBIE
(cBapHBIC WU KJICTIAHBIC) OAJIKH.
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Tema 4. CiioxHbIe BUABI AepopManuii

4.1 BHeueHTpeﬂnoe PaACTAKECHUEC-CIKATHC

Bueyenmpennvim pacmsowcenuem-cocamuem Ha3blBaeTCs
Clly4aif, KOrjJia paBHOAEWCTBYIOWIAs CHJ, MPWIOKEHHBIX K
OTOPOULIEHHOW YacTH CTEpPKHS, HaIpaBlIieHa MapaieIbHO OCHU
CTEPKHSI, HO HE COBIAJIAET € 3TOM ochio (puc. 4.1).

BHenenTtpeHHoe pacTsykeHue (CKATHE) HCIBITHIBAIOT
KOpPOTKHE cTepXKHH. Bce ceueHus SBIAIOTCS PaBHOOMACHBIMH,
MO3TOMY HET HEOOXOJAMMOCTH B MOCTPOSHHUH 3IIOP BHYTPEHHHUX
CHJIOBBIX (DAaKTOPOB.

[IpencraBum, 4YTrO  MOCIEe  MPOBEIAEHUS  pa3pesa
paBHOAEWCTBYIOWIAsA F' CHII, ACMCTBYIOIIMX Ha OTOPOIICHHYIO
4acTh W NPUIOKEHHAs K OCTaBLIEHCS MPOXOAUT YEpPE3 TOUKY C
KOOpAMHATaMHU (XF; YF) B IVIABHBIX LIEHTPAJILHBIX OCIX MONEPEYHOro ceueHus (puc. 4.2).

ocb CMEePXHA

Puc. 4.1. JletictBue
PaBHOACHCTBYIOIINX CHII

x F x F ;I(J
M M
y A Xe ! y Y | T Xe ! y Y T Xe !
¥l | : Ye! 1 : Ye! | ;
i ‘ P E i : P i i : p. E
v 70, : ¥ 70’ ; I . 70’ |
a) b) c)

Puc. 4.2. BHenieHTpeHHOE pacTsKeHue-cKaTrue

[IpuBeneM cuity F'B LEHTP TSDKECTU CEUYEHUs, T.€. HAIIPaBUM BJOJb OcH cTepxkHA. [Ipu
ATOM MOSBATCA JBE Napbl cuil My 1 My, OTHOCUTENBHO TJIaBHBIX LIEHTPAJIbHBIX ocell (puc. 4.2.c).

Takum 00pa3zoM, B TOMEPEYHOM CEUYCHHH CTEP)KHS MPU BHEIEHTPECHHOM PACTSDKCHHH U
C)KaTMM BO3HUKAIOT TPU BHYTPEHHHX CHJIOBBIX (hakTopa: HOopMmaibHas cwia N=Fu naBa
m3rubapmmux MoMmeHTa My = Fyru M, = F'Xr OTHOCUTEIFHO TJaBHBIX IIEHTPAIBHBIX OCEH
MIONIEPEYHOTO CEUCHMUS.

dopmyna s HOPMATBHBIX HAMPSHKEHUN MOXET OBITh IMOJIy4eHAa Kak alreOpamdeckas
CyMMa HOPMAaJIbHBIX HAIPSKEHNUW, BOSHUKAIOIIUX OT Ka)KJIOTO BU/Ia HATPYKEHUS:
=£+My-Z+Mz'y

Ay J,

g

TAC yr, Zr — KOOPAHWHATBI TOUKU HIPUIIOKCHHA CHUJIbI F.
My:F-ZF u MZZF'.VF

Jlnst onipesiesieHrs OMACHBIX TOYEK CEYEHUS! HEOOXOAMMO HAMTH MOJ0KEHUE HEUTpanbHOU
JUHUU (H.J1.) KaK TEOMETPUUECKOTO MECTa TOUYEK, B KOTOPBIX HAIPSKEHUS paBHBI HYJIIO.
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My-z M

y +=2¥ ¢
4 J, J,

YpaBHeHHe H.JI. MOJKET OBITh 3aIIMCaHO KakK YpaBHCHHUC Hp}IMOﬁ B OTPC3Kax:

y,7_4
a b
cCJIn
i2 1-2
a:—i b:_i
YF zF
nu

TJIe a U b — OTPE3KH, OTCEKaeMbIe H.JI. Ha OCSAX KOOPJIMHAT.

N3 dhopmyn crneayroT HEKOTOpBhIE 3aKOHOMEPHOCTH, CBS3BIBAIOIIME TOJOKEHHUS IMOJII0Ca
(T.e. TOUKM MPUJIOKEHUS CHIIbI) U HEUTPAIbHOW JMHUHU, KOTOpPbIE YAOOHO HMCHOJB30BaTh A
aHanu3a peuieHus 3anadn. [lepeuncinum cample BaKHBIE U3 3TUX 3aKOHOMEPHOCTEM:

- HeWTpasibHasg JIMHUS BCErJla Paclojio)Ke€Ha B KBaJIpaHTE, MPOTHUBOIOJIOKHOM TOMY, B
KOTOPOM HaxoAuTcs moutroc (puc. 4.3);

- €CIIH TMIOJIOC HAXOJWTCS Ha OJHOM W3 TJIABHBIX OCEH, TO HEWUTpAJIIbHAs JUHUS
MEePIEeHANKYJSIPHA 3TOU OCH;

- €CJIM TOJIOC TPHOIMKaeTCs K LEHTPY TSHKECTH CEUCHHs, TO HEUTpasibHas JIUHUS
yAANSAeTCs OT HETO.

- €CIIM TIOJIFOC JIBMDXKETCSl MO MPSMOW JIMHUHM, TO HEWUTpaibHas JIMHUS MOBOPAUYMUBAETCS
BOKPYT HEMOJIBUKHOW TOYKH.

Puc. 4.3. OcHOBHbIE 3aKOHOMEPHOCTU BHELIEHTPEHHOI'O PACTSHKEHUSI-CIKATUS

I[J'I}I CEUYCHHUM CO CIIOKHBIM KOHTYPOM 3HAHHUC IMOJIOKCHUA HYHeBOﬁ JIMHHUHN OYCHbL BAXXHO.
Haubonpmme mno BeIudrHE HOPMAJIBHBIC HAIIPSKCHUA BO3HHUKAIOT B TOYKaX IOICPCUYHOIO
ceueHus HanboJiee YAAJICHHBIX OT HyneBOﬁ JINHHMU.

Torma
io= J_y i, = Iz
Y V4 Z N4
, — IJIaBHBIE PAJINYChl MHEPIIUU CEUCHHUSI.

HeiitpanbHas nuHUS pa3fensieT MOMEPEeYHOE CEYEHUE Ha 30HbI C PACTATMBAIOIIUMHU U
COKMMAIOIIMMHU HAMPSHKEHUSIMU.

Eciu ceueHne CUMMETPUYHO OTHOCHUTENBHO TIJIABHBIX OCEH, TO YCIOBUE MHPOYHOCTU
3aMUCBHIBACTCS JUIs TUIACTUYHBIX MATEPUANIOB, Y KOTOPBIX [Sc] = [sp] = [s], B BUaE
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N My, M
T max :Z-I-W_;;-I-FZZS[O-]

st XpylKUX MaTepUualioB, Y KOTOPBIX [S¢]'[Sp], YCIOBHE MPOUYHOCTH CIIEAYET 3alUChIBaTh
OTJENBHO ISl ONACHOM TOUYKHU CEUEHHUS B PACTSIHYTOM 30HE:
F M,z M,-
=Sy Beth S[O'p]
A J J

¥y z

a

Y JUI OMACHOM TOUKH CEYEHUS B CHKATOU 30HE:
:E_My-ZZ_MZ'yZ <[O']
A J J ¢

¥y F4

o]

b

TJ€ Z7, V1 ¥ 22, Y2 — KOOPAUHATHI HauOoJiee yJajJe€HHbIX OT HEUTPAIbHOW JTMHUM TOYEK CEUEHHUS B
pacTsaHyTOo# 1 U cxxaToi 2 30HaX CeUCHUs.

BTopsiM mpakTHYeCKHM Ba)XHBIM CJIy4daeM CIOXeHUs aepopmamuil oT u3ruba U oT
MPOAOJIBHBIX CHUJI SBJSIETCS TAaK HA3bIBAEMOE BHEIEHTPEHHOE CXKAaTHE WJIM PACTSIKECHUE,
BBI3BIBAEMOE OJTHUMH IPOIOJIbHBIMY CHJIAMHU. DTOT BUJI HArPY>KEHUS JOBOJBHO PACIPOCTPAHEH B
TEXHUKE, TaK KaK B PEAJbHOM CHUTyallUH IOYTH HEBO3MOXXHO MPHUIOKUTH PACTATHUBAIOLIYIO
Harpy3Ky TOYHO B LIEHTPE TAKECTH.

4.2 U3rud ¢ kpyueHuem

W3rub ¢ KpydeHHEM — BHJ CII0O)KHOTO COIPOTHBIICHHS, IPH KOTOPOM B IOMEPEYHOM
CeueHUM Opyca BOSHHKAIOT M3TUOAIOIINE U KPYTSIIUNA MOMCHTHI.

PaccmoTpum citydail, mpy KOTOPOM BHEIIHHE CHJIBI PACIOJNAraloTcs B IIOCKOCTH
MOMEPEYHOr0 CEUEHHUs, HO HE IEPeceKaroT TeOMEeTPUUecKylo och x (puc. 4.4, a). Cuny F
pas3ioKMM Ha ee cocraBistone Fz, Fy. MeTogoM CedeHH OmpeeuM BHYTPECHHHE YCUIIHS B
MIPOU3BOJILHOM ceueHuu x (puc. 4.4, 6).

toy
ToH-
, 0r
d
" T
o T
' o~
O 0
"
ir
Puc. 4.4. Onpenenenue BHyTPEHHUX YCUITUN Puc. 4.5. AHanu3 HaNPsIKEHHOTO COCTOSTHUS

pu U3rude ¢ KpyuyeHuem
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CHpOGHI/IpOBaB BCC CHJIBI HAa KOOPAWHATHBIC OCH MW COCTABUB YPABHCHUSA MOMCHTOB

OTHOCUTEIIBHO KOOPAMHATHBIX OCEH, HAWAEM BHYTPEHHME Yycuius. M3 1ecTd BHYTPEHHMX
YCUJIUI HE PABHO HYJIIO MSTh.

. N=0; XM,=0;, T=Fe;

2x=0;
Ly=0; Q1 = F1> ) M: 0; M: Fox;
$:=0; Q.=F.  SM=0. M Fyx

Ha BeinenenHom snemente B (puc. 4.5, 6) moka3aHbl IEWUCTBYIOLIME IO €ro TpaHAM
Hanpspkenus (puc. 4.5, a).

OT momepevHbIX CHJI U KPYTAIIETO MOMEHTa BO3HUKAIOT KacaTellbHbIe HampsokeHus t(Qy,
10z, 7. OT U3rubarommux MOMEHTOB — HOpMaJIbHBIE HANpsOKeHUS 6’ ¥ ¢". [l JUIMHHBIX BaJOB U
6anok (£ > 10 d) BIusiHUEM TMOMEPEUYHBIX CHJI YacTo MpeHeoperaT. Takum o0pa3oM, YUUTHIBAIOT
TOJBKO TPU MOMEHTA: KPyTAmMi U aBa m3rubarommx. OT HUX BO3HHUKAIOT TPU HANPSKEHUS:
OJTHO KacaTeJIbHOE U JIBa HOPMAIIBHBIX (pHC. 4.5, 0).

4.3 Kocoii u3ruod

[Tpu paree paccMOTPEHHOM MPSIMOM TIONIEPEYHOM M3THOE HATPYKEHUE U UCKPUBIICHHE OCH
Opyca MpOUCXOIUT B OJTHOM M3 2-X TIaBHBIX TUIOCKOCTEH ceueHus. Eciau cuioBas miIocKOCTh WK
MJIOCKOCTh JI€UCTBUSI M3THOAIOIIET0 MOMEHTA HE COJACPKUT HU OJHOM M3 IJIaBHBIX LIEHTPAIbHBIX
oceil, TO TakoW W3THO HA3BIBACTCS KOCHIM; TPH 3TOM IUIOCKOCTh JCHCTBHUS W3THOAIOIIETO
MOMEHTa 00513aTeJIbHO JOJDKHA MMPOXOIUTH Yepe3 IEHTP TSKECTH cedeHus (puc. 4.6).

YA A4
y
1 y
z -
O\ & X
0] o [TnockocTh o
X JNIEUCTBUS
HaTpy3KH F, P

Puc. 4.6. Kocoii nu3ru6 v BIYMCIIEHHE HOPMAJIbHBIX HAIPSHKEHUM

Ocu Oy u Ox —rnaBHble LEHTpaibHble ocu cedyeHus. Kocolt u3rub ynoOHee Bcero

paccMaTpuBaTh Kak O,[[HOBpeMeHHLIﬁ m3ru0 B 2-X TJIaBHBIX IUIOCKOCTSIX. Tor/:[a MMOJIYy4uM IBC
CUCTCMbI CHJI, KaXKJass U3 KOTOPBIX BbI3bIBACT HpﬂMOﬁ n3ru6. B satom ClIydyac B CCUCHUU 6pyca

BO3HMKAET 4Y€ThIPe BHYTPEHHMX CUIOBbIX akropa: O, O, M u M. llpu nposenennn

pacdera Ha IPOYHOCTh Opyca KacaTeIbHBIMU HAMPSHKCHUSIMU OOBIYHO MPEHEOPETaloT.
BobruncniuM HampsikeHUst OT JIeWCTBUSA COCPENOTOYEeHHOM cuiibl P Ha koHle Opyca B
HEKOTOPOU TOYKE A(x, y) IIOIIEPEYHOr0 CEUYEHMs, YIAJECHHOI0 OT KOHIIAa HAa PAcCTOSHUE Z.

PacknaneiBas cuity P mo ocsim Ox u Oy, Oynem umets (cM. puc. 4.6).
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My =P, -z=—-Pcosa-z, M, =-P,-z=-Psina - z.
HopmanbHble HampskeHus: OT u3rubarommx MomeHtoB M, u M y B TOUKe A(x, y)

M M ., x
Haiinem no ¢popmyse Haspe: 0’ = ——xy; o'=—2"
J, 7,

CymMmapHOe HOpMaJIbHOE HAIPSKEHUE PABHO:

M M x i
xY  MyY | ycosa  xsina

Je o J, J, Jy

c=0'+0"=-

Takum o00pazoM, KOCOW w3ru0® - BUJ CIOXKHOTO CONPOTUBIEHUS, TPH KOTOPOM B
MOTIEPEYHOM CEYCHHHM Opyca BO3HUKAIOT W3THOAIONME MOMEHTHI B JBYX B3aHMHO-
MEePHEeHAUKYISPHBIX MIOCKOCTSIX.
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MeToauueckne PCKOMEHIAIMHA NJIA NOATOTOBKHU K leOMe)KyTO‘IHOﬁ aTrecranumu

CamocrosTensHas paboTa 00yJaroIIerocsi CKIaJAbIBACTCS M3 CaMOCTOSTENILHONW paboThl Ha
aAyIUTOPHBIX 3aHATHSAX © TOJATOTOBKM K 3aHATHSAM BO BHeayJquTopHOEe Bpems. Jlis
CaMOTIOAITOTOBKM K KaXJIOMYy ayJUTOPHOMY 3aHSTHIO TMPEAYyCMATPUBAETCS MPOpaboOTKa TEeMbI
3aHATHUS 0 y4eOHOH nmuTepatype. [Ipu caMOCTOSATENBHOM MOATOTOBKE K 3aHATUSM 00 yUYaOIHICS
MOXKET TIOJYyYUTh HEOOXOJUMYI0 €My KOHCYNbTAIMIO Yy mnpernonaBarelns. KoHcymbTHpoBaHUE
oOydJarIuXcsi OpPraHW30BaHO Ha Kadeape B COOTBETCTBHH C TpadUKOM MPOBEACHUS
KOHCy/bTamid. Ha ayauTopHOM 3aHATHH OOydaroluecs CaMOCTOSITEIbHO TIOJ] KOHTPOJIEM
MIPETIOIaBaTeNsl BBHIMTOJIHSAIOT WHAWBUIYAJIbHBIC 3a/laHUSI B COOTBETCTBHHM C YYCOHBIMHU IEISMHU
3aHSTHS.

[ens mpOME)yTOYHON aTTeCTAIUU O0YJArOIINXCS — KOMITIEKCHAS U OOBEKTUBHAS OI[EHKA
KayecTBa YCBOCHUS OOYYAIOIIMMUCS TEOPETHYECKUX 3HAHWUN, YMEHHs MPUMEHSTH IOJYYCHHBIC
3HAHHSI B PEIICHUH MPAKTHYECKUX 3a]1a4 P OCBOCHUHU YUE€OHOU TUCITUTUTIHBI.

[To oxoHuaHWM ceMecTpa TPOMEXKYTOYHASI AaTTeCTAllUs MPOBOAUTCA B  Gopme
mudGepeHITMPOBaHHOTO 3aUeTa.

B mepwon mOAroTOBKM K 3ayeTy OOydaromuecss BHOBb OOpamaroTCsl K MPOHICHHOMY
yaeOHOMYy Matepuany. [Ipm 3TOM OHM HE TOJBKO 3aKpEIUISIOT TOJy4YeHHBIC 3HAHWS, HO U
MOJIy4aroT HOBBIE. [loaroroBka oOydaromerocs K TMPOMEXKYTOYHON aTTeCTalid JOJDKHA
BKJTIIOYATh B ce0s TPH dTana:

- caMOCTOsITeNbHAs paboTa B TEUYCHHE CEMECTPA;

- HETMOCPEICTBEHHAs MOATOTOBKA B JIHU, MPEIIISCTBYIOIINE 3a4€Ty 10 TeMaM H3ydaeMOoi
JVCIIATUTHHBI;

- TOJITOTOBKA K OTBETY Ha TEOPETUUECKHE BONPOCHI U 3a/1a4H.

OCHOBHBIM HWCTOYHUKOM IPH TOATOTOBKE K 3a4eTy SBISIETCS KOHCIEKT JICKIHH, TIe
yueOHBIII MaTepHal JaeTcs B CHCTEMAaTU3UPOBAHHOM BHJE, OCHOBHBIC IIOJIOXKEHUS €ro
AETAIN3UPYIOTCS, MOJKPEIISIOTCS COBPEMEHHBIMU (hakTaMH M WH(pOpMaLueil, KOTOpbIE B CHITY
HOBH3HBI HE BOILIM B OIyOJIMKOBAaHHBIC MEYaTHBIE MCTOYHUKUA. B X0Je MOJIrOTOBKH K 3a4eTy
o0yJaromumMcs HeoOX0IMMO 00palaTh BHUMaHHE HE TOJIBKO Ha YPOBEHb 3alIOMUHAHMS, HO U Ha
CTENeHb MOHUMAaHHUS U3JIaraeMbIX MPOOIIEM.

JIns  yCHEHIHOTO  TPOXOXKACHUS IMPOMEKYTOYHOH aTTecTalMd 10  JUCHUIUINHE
«[TpuknamHas MexaHHKa» HEOOXOIUMO MOJATOTOBUTHCS IO CIECAYIOIIEMY MEPEYHIO BOIIPOCOB U
MPAKTUYECKUX 33 TaHUMU.

[Tepedens BOIIPOCOB /ISl POBEACHUS IIPOMEKYTOYHOM aTTeCTaIlNN
(B popme nuddepeHmpoBaHHOTO 3a4eTa) IO UTOTaM OCBOCHUS
aucHUIUIAHBL «[IpuKIiIagHas MeXaHHKay

. [Tonsitue 06 abcomrotHO TBepaoM Tene (ITK-5)

. CBs13u u peakuuu cpsizeit (I1IK-5).

. [Ipoexnuust cuitbl Ha OCh U Ha TwIockocTh (ITK-5).

. MomMmeHT cunbl oTHOCUTeNnbHO 1eHTpa u ocu (I1K-5).

. [lonsarue maper cun (IIK-5).

. AHanUTHYECKHE YCIOBHsSI paBHOBeCHUs Mpou3BoIibHOM cuctembl cui (I1K-5).
. Hentp Tsxectu TBepaoro tena (I1K-5).

. Onpenenenue KOOpAMHAT LIEHTPOB TsKkecTel onHOopoAHbIX Teu (I1K-5).

. Mexanunueckas cuctema. Macca cuctemsl (I1K-5).

0. [TpoBeneHue UCTIBITAHKUI YIIIepoauCcTOM cTanu Ha pactsokenue (11K-9).

— O 00 1O\ LN bW~
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28.
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33.
34.
35.
36.
37.
38.
39.
40.
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IIpoBeneHre UCTIBITAHUN Pa3IUYHBIX KOHCTPYKIMOHHBIX MaTepuaioB Ha cxatue (I1K-9).
OcHoBHbIe BUJIBI epopmatinii, n3ydaemeix B «ConpoTtusienue marepuanony (I1IK-5).
Jledopmanus nieHTpasibHOe pactspkenue — cxatue (I1K-5).

Buyrpennss npogoapsHas cuna (I1K-5).

Hopwmanbshbie HanpsxkeHus B nonepeyHbix ceueHusx (I1K-5).

[Tepememenus u nepopmanuu npu pactsokennn (I1K-5).

3akoH ['yka npu pactspkenun — cxxaruu (I1K-5).

[IpoBenenure ucnpITaHU yriiepoaucTon ctanu Ha kpydenue (I1K-9).

[TocTpoenue nuarpamMmbl PacTsHKEHUS IJIACTUYHBIX U Xpynkux matepuainos (ITK-9).
[Tpsimoit monepeunsiit u3rud (I1K-5).

dakxTopsl, OnpeaensIomue TpouHocTs 6anok npu u3rude (I1K-5).

Pacuer 6anok Ha mpounocTs nipu usruode (I1K-9).

daxTophl, onpenessonre IpoYHOCTh OpycheB mpu kpydeHuu (I1K-5).

[Tonsarue nedopmanun kocoro m3ruda (I1K-5).

[Tonsitue nedopmaruu BHEEHTPEHHOTO pacTsukeHus uinu cxkarug (I[1K-5).

[Tonsatue nepopmanmu usruda c kpyuenuem (I1K-5).

[Tonsarue ko3 duumenta 3anaca MpoOYHOCTH U (HakTopsl, ero onpenemsromue (I1K-5).
PacueT Ha MIPOYHOCTH MPU BHELIEHTPEHHOM pacTsbkeHuH uiu cxxaruu (11K-9).

Pacuer Ha npounocTh npu kocoMm uzrude (I1K-9).

OcHoBHbIe MexaHHYeckHe xapakrtepuctuku matepuaios (I1K-5).

Omnpenenenne onacHoro ceueHus 6anok npu uzruoe (11K-9).

Pacuet Ha npouHOCTH U *KecTKOCTh npu kpyuenuu (I1K-9).

[Tonsatue nepopmanmu u3ruda c pactsokeruem (I1K-5).

Pacuer 6anok Ha mpo4HOCTH NpH u3rude ¢ pactsoxernem (11K-9).

[Tonsatue Moayns ynpyrocti Mmarepuaina u pakropsl, ero onpeaenstoniue (I1K-5).
[IpoBeneHnue uCIbITAHUI KOHCTPYKIIMOHHBIX MaTepuanoB Ha u3ru6 (I1K-9).
Omnpenenenne moayns casura npu kpyderuu (I1K-9).

Crioco0Ow1 onpeenenus mporudos 6anok (I1K-9).

Buaytpennue cunobie hakTopsl ipu nonepeunoM uzrude (I1K-5).

[IpaBuia mocTpoeHus SMI0p BHYTPEHHUX cUIOBBIX dakTopoB mpu u3ruoe (I1K-5, ITK-9).

HepequL 3a1a4 JJ1sd IpOBCACHUA HpOMe)KYTOqHOﬁ aTTeCTalnu

(B hopme muddhepeHInPOBaHHOTO 3a4eTa) MO0 UTOraM OCBOCHHS
IUCIUTUTHHEI «[IpUKIagHas MeXaHuKa

1. Kak u3mMeHUTCs yroj 3aKkpydyuMBaHUs ¢ CBOOOJHOTO KOHIIAa Baja (CM. pHUC.), €CJIH JJIMHA

Bana / ysenuuurcs Brpoe (I1K-9)?

yaactke I (cM. puc), ecnu aiMHa ydacTka yBennuutcs B 2 pasza (I1K-9)?

M
A

(—fH

T ‘

2. Kak wu3MeHUTCS BeIWYMHA HOPpMaJIbHBIX HaHpH)KeHI/Iﬁ HA =S l.-.- —

3. CranpHOil cCTepkKEHb KPYIJIOro IOMNEPEUHOTO CEUYECHHUS
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muamerpom 10 mm u anunoit 1800 MM noa AeiicTBUeM pacTsaruBaroiux cuwi P yanunuics Ha 0,8
MM. Onpenenuts Benuuuny cuibl P (T1K-5).
4. TlpoBepuTh NPOYHOCTh CTAIBHBIX OpycheB, H300paKCHHBIX HA PHUCYHKE, ECIH

[c] = 160 MIla (TIK-9).

@
~

~ o a o~ o
3 = = = =
3 = = = =
a =3 (= = o
I N g o <
|l N oL — —
0,5P 3P
P 4P
P
3P P
(] [}
3 3
. . = =
= =)
] o~
jﬁbﬂ)KH jﬁ:ﬂ)KH V P=10kH V P=10kH V P=10kH

5. MenHblil cTepKEHb KPYIJIOro MONEPEYHOro cedeHus nuaMerpoM 14 MM u pnuHoi 800
MM I0J1 AeHcTBUEM pacTaruBaronux cui P yumnmics Ha 0,3 MM. OnpenenuTs BeTUYUHY CHUJIIbI

P (TIIK-5).
o 24 A 24
6. CryneHuarbii CTEP)KEHb IIOABEPTaeTCs
BO3JICHCTBUIO OCEBBIX CWI, 4 — THapaMeTp BEJIUYHHbI 4 2F
e it —————— —_—m - - <—
TJIOUIaM TIOTepeyHoro cedeHus (cMm. puc). Uemy paBHO c
nepemenienue Touku C (ITK-5)? 3l 2 l
. 24 A 24
7. CryneHyarbIit CTEp>KEHb MO/IBEpraeTcs
. 3F 6F
BO3JICHCTBUIO OCEBBIX CWI, A — TapaMeTp BeJIUYUHBI % _____ T
IJIOIIAAM TomepeuyHoro ceuyeHus (cm. puc). Yemy paBHO c
nepemerienne Touku C (TTK-5)? Sl 2

8. CranpHOU cTepkeHb MpsMoyrojpHoro cedeHus (b = 15 mm mw h = 30 mm) moxg
nerctBueM pactaruBaronmx cui P = 72 kH ymmuawics Ha 7,2 MMm. Onpeaenutsb
nepBoHavyanbHyo JuuHY ctepxHs (I[1K-9).

9. CrymeHuaThlii CTEP)KEHb IOJBEPracTCs BO3JICUCTBUIO OCEBBIX CHI, A — MapameTp
BEJTMYHMHBI TUIOMAAN TIOTIEPEYHOr0 ceueHus. Yemy OyIyT paBHBI HOPMAJIbHBIE HANPSDKCHHS B
CEUEHUH, HAXOAIEeMCsl Ha paccTossHuu z = Sum, ecinu [ = [ m (I1K-9)?

10. MenHbiii cTepKeHb KBaIpaTHOTO CEYEHHUS CO

ctoponoit 10 mm u myrHOM 600 MM (CM. pucC.) TTOA AeCTBUEM 2 3 :
- - —4_ ..... [ P R __’— -
pactsaruBaronux cui P yanunuics Ha 0,5 mMm. Onpenenuthb
Benuuuny cuibl P (ITK-9). 3 2 | 1
z

11. K HmwxHeMy KOHIly Tpoca mojseiieH rpy3 Becom P = 75 kH. Tpoc cocrasien u3

npoBosiok auameTrpoM d = 2 mm. Jlomyckaemoe HampspDKeHHE JUIs MaTepHaja Tpoca paBHO [0] =
300 MIIa. 13 kakoro KoMyecTBa MPOBOJIOK JIOJIKEH ObITh cocTasiieH Tpoc (I1K-9).
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12. CranbHOM CTEP)KEHb KPYTJIOro CEYCHHUs OJKEH ObITh MPUMEHEH B Ka4eCTBE CTON0a
JUIl YCTAaHOBKM JIOPOXKHOI'O 3HaKa, KaK yka3aHO Ha pucyHke. HauOounbliee naBieHue BeTpa Ha
3HaK Tpeanonaraercs paBHbIM 50 H/M?. Yrom moBopoTa CTEpXHS B MECTE NPUKPEILIEHHS
HIJKHETO 3aXBaTa 3HaKa HE J0JDKeH mpesbimarh 1°. HanGonbinve kacarenbHble HANPSHKEHHS OT
Kpy4YeHHsI B IONEPEYHOM CEYeHHUU TpyObl HE NOJDKHBI ObITh Oosbiie 25 MIla. Onpenenutsb
auameTp crepkHs. CuMTarh, YTO JABICHUE BETpa Nepefa€Tcsl TOJBKO Ha 3aIITPUXOBAHHYIO

mrommazns (I1K-5).

>

M

L.

1.2™m 1.2m

225 Mm

13. Kak u3MeHUTCs MPOYHOCTh Bajia (CM. PUC.), €CIIU AJIMHA Baia [ yBEIMUUTCS BTPOE IpU
npouyux paBHbIX ycioBusax (I1K-9)?

14. JIBa Baja OIMHAKOBOW JUIMHBI M JIWaMeTpa, HO W3 pa3HbIX Mmarepuanos G, =4G,,
CKPYYMBAIOTCSI OJJMHAKOBBIMU MOMEHTaMH. Uemy OyzeT paBHO OTHOIIEHUE YIJIOB 3aKPy4YUBAHUSA

A (1K-9)? ‘
®, lp
15. TlomoOpaTh KBaApaTHbIE TONEPEUHbIE CEUYEHUS !
OTJENbHBIX YacTel KOJOHHBI (CM. pHC.), €CIu IMpeaesbHas :
Harpy3ka Ha KoJloHHy coctaBuT P = 100 T, a nomyckaemble :
HaIPsDKEHUSI Ha COKATHE CIIEIYIOLIUE: |
Jis ctanu [o] = 140 MlIla; 1
11st uyryHa [o] = 100 MITa; 1
IJ1s1 TecaHoro KamHs [o] = 4 Mlla;
Ju1st OyroBoM kianku [6] = 1,5 Mlla;
11 TpyHTa (mecok) [o] = 0,5 MIla (TTK-9).

Cranb

YyryH

TecaHblit
KameHb

bytoBaa
16. B Opyce Kpyrjioro IONEPEYHOr0 CEYEHUs KNajKa

muamerpoM d=80 MM, W3rOTOBIEHHOIO H3 CTadl C 7 7

JONYCTUMBIM KacaTeJIbHbIM HampsKeHUEeM [T]|max = 40 Mlla,

TpeOyeTcsl ONpeAeInuTh KacaTelbHOE HAINpPSHKEHHE B TOUKE, YAAJIEHHOM OT LIEHTpa CEYEHMs Ha

20 mm (TTIK-9).

TpyHT
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17. Moaynb yOnpyrocTu mepBoro poia mis amomunus E = 7-10 Mlla, xo>pdunuent
ITyaccona u = 0,34. Uemy paBen moayiab ynpyroctu npu casure G (I1K-9)?

18. CranpHON Bayn Bpam@ercs C YIJIoBOW ckopocTbio n = 980 o0/MuH m mepenaér
momHocTh N = 40 kBT. Onpenenuts TpeOyemblil AHaMeTp Bajia, €CIU JOMyCKaeMOe KacaTelbHOe
HanpsbkeHue marepuana [t] = 25 MIla (ITK-9).

19. JlBa Baysa OIMHAKOBOW JUIMHBI M JMAMETpa, HO W3 pa3HbIX MmartepuanoB G, =2G,,

3aKpY4YMBAIOTCA Ha OAMHAKOBBIM yron. Yemy OyneT paBHO OTHOIIEHHE KPYTSIIMX MOMEHTOB

M mx-sy

M, ¢Pl

S1=2 em2
20 I[BYXCTyneHLIaTaH KOJIOHHAa Hal“py}KeHa CHJIaMHn

Py u P> (cm. puc). Marepuan KOJOHHBI — KOHCTPYKIIMOHHAS CTallb

C JOMyCKaeMbIM HOpMajbHbIM HampsbkenueM [c]= 180 MIla. P2 | i
OnpenenuTs NpeAeibHO JONYCTUMYIO Harpy3ky Ha o0e 4acTu * Z

konouHsl (I1K-5). ! 8251
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CJIOBapL TCPMHHOB IO TUCHHUILJIMHE «Hpmmazmaﬂ MEXaHHUKaA»

AOCOIIOTHBIN CABUI — 3TO BEJIMYMHA HAaMOOJBIIEro CMEIIEHUS YacTUL[ MaTepuaya Io
OTHOIICHHIO K UX NIE€PBOHAYAIILHOMY IOJIOKEHUE.

Banka — 3TO KOHCTpPYKTHBHasl J€Tajlb, KAKOTO-TMOO COOPYXEHUS, BBINOJHsSIEMAs B
OOJBIIMHCTBE CIy4yaeB B BUJE NMPSIMOro Opycka ¢ onopamu B 2-X (MM Oosiee) Toukax M Hecylas
BEPTUKAJIbHBIE HArPY3KHU.

Bpyc — Ha3piBaeTcs Telo, OJHO M3 HM3MEPEHHIl KOTOpPOro (UIMHA) 3HAYUTEIBHO
IPEBBIIIAET JIBA JPYTHUX.

Jepopmanusi — 3T0 CHOCOOHOCTH Telda H3MEHATh (OpPMYy M pasMep IOJA JEHCTBHEM
BHEILIHUX CHJI.

Jonyckaemoe HamnpsizkeHHe — 3TO HaNpsHKEHHE, JUIsi KOTOPOro  KOHCTPYKIIMS
paboTocrocoOHast U OHU COCTABJISIIOT YacTh OT HANPSHKEHUH, KOTOPBIE SBIISIOTCS OMACHBIMHU.
KectkocTh — 3TO  CHOCOOHOCTh  KOHCTPYKIHMH (MM OTJEIBHOTO  DJIEMEHTA)

COTIPOTHBIIATHCS YIIPYTUM AePOpPMAITUSIM.

HN3rudawomuii MOMEHT — 3TO COCTAaBJISIOIIME MOMEHTBHI, BO3HUKAIOIIUE B IJIOCKOCTSX
NEPHEeHIUKYIISIPHBIX MOMIEPEUHOMY CEUEHUI0 Opyca.

Kpyrsimumit momeHT (MKp) — 3TO COCTaBJIAIOIIAS JTABHOTO MOMEHTAa BHYTPEHHUX CHJI
MOMEHT, BOSHUKAIOIIHNHI B INIOCKOCTH MTONIEPEYHOIO CEYEHUS.

Kpyuenne — »TO0 Takoil BUA HarpyxeHus Opyca, MNpU KOTOPOM B €ro MONEPEYHBIX
CEYCHHUSX BO3HUKACT TOJIBKO OJMH CHIIOBOU (PAKTOP - KPYTAIINI MOMEHT.

MartepuanabHasi TOUKA — 3TO T€OMETPUUECKAs TOUKA, 00JIa1at01as MacCOM.

Meton ceyeHMsi — IPUMEHSETCS IS BBISBICHUS BHYTPEHHUX WJI B COIPOTUBJICHUU
MaTepuaioB.

HanpsiskeHue — 3T0 4rCiI0Bas MEpa HHTEHCUBHOCTH BHYTPEHHUX CHII.

Harpy3ka — 3TO paBHOBECHAsi CHCTEMAa BHEIIHHUX CHJI, COCTOSAIIAs U3 aKTUBHBIX CHJI U
peaKLun CBA3EH.

HopmasbHast (MpogoJibHAs) CHJIA — 3TO COCTABJISAIONIAS IVIABHOTO BEKTOPA BHYTPEHHUX
CWJI, HAITPABJICHHAS MTEPIIEHANKYIISIPHO IJIOCKOCTH MOTIEPEYHOTO CeUeHuUs Opyca.

ITapa cui — 310 cucTeMa ABYX MapajljIeNbHBIX CHJI, PaBHBIX 110 MOJYJIFO U HAIIPaBJIEHHBIX
B IIPOTUBOIIOJIOKHBIE CTOPOHBI.

Iliiedo cuibl — 3TO KpaTdalliee pacCTOSIHUE OT LEHTpa MOMEHTa 1O JIMHUU JIEWCTBHUS
CHJIBI.

IIpoeknusi BeKTOpa CHJIBI — 3TO IPOU3BEICHHE MOXYJS BEKTOpa Ha COS yIrjia MEexIy
OCBIO U BEKTOPOM.

IIpoyHocTh — 3TO CHOCOOHOCTh KOHCTPYKUMH (MJIM OTHEJNBHOIO €€ 3JIEMEHTA)
BBIIEPKUBATh 33JJaHHYI0 HArPY3KY HE pa3pylasch U 0e3 MOSIBICHHsI OCTaTOYHBIX AepopMaluil.

IIpuHuMND Ha4YaJbLHBIX pPa3MepoB — OTO IepBOHadalbHas Qopma Tena (IJIeMeHTa
KOHCTPYKIIMH) U €r0 HA4aJIbHBIX Pa3MEpOB.

IHonepe4Hblii MOMEHT CONPOTHBJIEHUS — OTO OTHOLIEHHE MOJISIPHOTO MOMEHTA UHEPLIMU
CEYEHUS K €ro pajinycy.

IIpsimoii 4uCcTBIH M3rMd — 3TO TakoWl BUJ HArpykeHusi Opyca, mpu KOTOPOM B €ro
MOTIEPEYHBIX CEUCHHUSX BO3HUKAET TOJHKO OJIMH BHYTPEHHUH CHIIOBOH (PakTOp - M3THOAromuit
MOMEHT.

IIporud Opyca — 5TO JIMHENHBIE NEpPEMENICHUS LEHTPOB TSKECTU IPOU3BOJIBHBIX
MONEPEYHBIX CEYEHUN TTPU U3ruoe.
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IIpeaen BHIHOCAHBOCTH — 3TO HaWOOJbIEe HANMPSHKEHHWE IHMKIIA, IPH KOTOPOM eIle He
MPOUCXOANUT YCTATIOCTHOTO pa3pyIICHUs 10 6a3bl UCTIBITAHUS.

Peakuus cBAA3M — CO CTOPOHBI CBSI3EH K TENTy MPUIIOKEHA CHJIA.

CuJja — 370 Mepa MEXaHHYECKOTO JIEHCTBHUS OJHOTO MaTepHAILHOTO Teja Ha APYTOE.

Cucrema CHJI — 3TO HECKOJIBKO CHJI, IEHCTBYIOUINX HAa KAaKOW-TNO0 OJJHO TBEPIOE TEIIO.

CB000IHOE TeJIO — 3TO TBEPAOE TEI0, KOTOPOE MOXKET MepeMeIaThCsl B MPOCTPAHCTBE B
JT000M HaIlpaBJIEHUH.

CBsi31 — 3T0 Tena, KOTOPBIE OTPAHNYMBAIOT TIEpEMEICHNE TaHHOTO TeJa.

CkopocTh — 3TO BEKTOpHasl BEJIMYMHA, XapaKTepHU3YIOUIas B KaXIbli JaHHBIH MOMEHT
BPEMEHHU HaNpaBJICHUE U OBICTPOTY IBHKEHHS TOUKH.

CraTtuka — 310 00ImMiA pa3aen, u3yJyaroIuii paBHOBECHE TEN U Tella B TIOKOE.

YceroituMBOCTH — 3TO  CIIOCOOHOCTh KOHCTPYKIMHM (MJIM  OTAENBHOTO 3JEMEHTA)
COTPOTHUBIIATHCS YIIPYTUM AePOpMaIUsIM.
YckopeHue — 5TO BEKTOpHas BEIMYMHA, XapaKTePU3YIOIIas OBICTPOTY H3MEHEHHS

HAIpPaBJICHUS U YUCIIOBOTO 3HAYEHUSI CKOPOCTH.

Yupyrasi IMHMSA — 3TO U30THYTas OCh Opyca.

Huka HanpsizkeHMsl — 5TO COBOKYIMHOCTh MOCIEIOBATEIbHBIX HAMNPSKEHUN 32 OJUH
MIEPUOJ UX U3MEHEHHUS.

YucTblid ¢ABUI — 3TO CABUT, MpPH KOTOPOM MaTepuaj PaBHOMEPHO CMEIIAeTcs B
MOTNEPEYHOM CEYEHUH U MPU KOTOPOM BO3HUKAIOT TOJIBKO KacaTellbHbIE HAPS>KEHUS.
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