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1 BBEAEHUE B ITPEIMET

1.1 OcHoBHBIE MOHATHS U 322491 HAYKH 0 CONMPOTHBJICHUH MATEPHAJIOB.
KpaTtkas ncropuueckas cnpaBka

B npomecce cBoeit MPOM3BOACTBEHHOW [EATEIBHOCTH YEJIOBEK CO3JaeT M
WCTIONB3YET MHOXKECTBO Pa3MUYHBIX KOHCTpyKmuid. K mx uwWcmy oTHOCATCS
BCEBO3MOXKHBIC MAIIMHBI ¥ MEXaHU3MBbI, IPHOOPHI, CTPOUTEILHBIC COOPYKEHUS H T.I.
Bce onm B mporiecce MpOSKTHPOBAHUS PACCUMTHIBAIOTCS TakK, 4TOOBI NPH ACHCTBUHN
3aIaHHBIX HArPy30K 0O0eCcTeUrBaIach X MPOYHOCTH, KECTKOCTh M YCTOHUHBOCTD.

Conpomuenenue Mamepuanog - dmo HayKa 00 UHIICEHEPHbIX Memoodax pacdema
HA NPOYHOCHb, JICECMKOCb U YCIOUYUBOCNb DTIEMEHIMO8 MAULUH U COOPYICEHUI.

[Ton npounocmvio TOHMMAIOT CIIOCOOHOCTh KOHCTPYKIMH W €€ merajeid
BBIJICP)KUBATH OTPEACICHHYIO HATPY3KY, HE Pa3pyIIasich.

[Tox orcecmrocmuio MoaAPa3yMEBAIOT CIIOCOOHOCTh KOHCTPYKIMH B €€ SJICMEHTOB
MPOTHBOCTOSATH BHEITHAM HArpy3kam B OTHOIICHWH nedopMmaruu (M3MeHEHHE (GOPMbI
u pasmepoB). [lpu 3amaHHBIX Harpy3kax aedopMalu HE OJDKHBI TPEBBIMIATH
OTIPENICJICHHON BEJMYMHBI, YCTAHABIIMBACMOW B COOTBETCTBHHM C TPEOOBAHUAMH,
MPEABABIAEMBIMA K KOHCTPYKITHH.

Yemoiivueocmoio Ha3BpIBAIOT CHOCOOHOCTh KOHCTPYKIIMH WM €€ SJIEMEHTOB
COXPaHATH OTMPEACICHHYIO HAaYaIbHYIO (JOPMY YIIPYTOTO PAaBHOBECHA.

UToOBI KOHCTPYKIIMA B IIEJIOM OTBEYasia TpeOOBAHUSIM MPOYHOCTH, KECTKOCTH 1
YCTOHYMBOCTH, a, CJAEAOBATEIbHO, ObLJIa HANEKHOW B HKCIUTyaTallMH, HEOOXOAMMO
npuaate €€ »JJIeMEHTaM HauOojiee paluoHAIbHYIO ¢GopMy M, 3Has CBOHCTBa
MaTepHajIoB, U3 KOTOPBIX OHH OyIyT M3TOTOBJISATHCSA, OMPEACTUTH COOTBETCTBYIOITHE
pa3Mephl B 3aBUCHMOCTH OT BEJIMUMHBI U XapaKTepa AeHCTBYIONTNAX CHIL.

Ha mepBerit B3rimsa, MOKET MOKa3aThCs, YTO IS HAJIECKHOTO COMPOTHBIICHHS
3JIEMEHTOB KOHCTPYKIIMM BHEITHEH Harpy3Ke MOCTAaTOYHO YBEJIMUWATH HMX Pa3MEpHI.
JleficTBUTEIbHO, MHOTJAA 3TO TMPUBOIUT K JKeJaeMbIM pesynbraram. OgHako B TEX
cydasix, Korja cOOCTBEHHBIH BEC COCTABJIACT CYIIECTBEHHYIO YacTh ACHCTBYIOIIMX HA
KOHCTPYKIIMIO HArpy30K, YBEIMUEHUE Pa3MEPOB €€ 3JIEMEHTOB, a 3HAUUT M Beca, HE
MPUBEAET K TOBBIIMICHUIO MTPOYHOCTH. YBEIHMUYCHHE PA3MEPOB ABMIKYIIUXCS ACTaeH
MEXaHHU3MOB M MAaIllMH MPHUBOJUAT K BO3PACTAHHWIO CHJI MHEPIIMH, IMOBHIIIACT HATPY3KY,
a TO HEXKEJIATEIBHO, MOCKOIBKY TAaK)KE MOXKET MPUBECTH K Pa3pPYIICHHUIO.

C mnoMmoImpl0 METOAOB COMPOTUBJCHUS MaTEPHAIOB BEAYT IPAKTHUECKHE
pacueThl M OMPEACNAIOT HEOOXOAMMBbIE (HAIEKHBIC) pa3Mepbl ACTajeil MallluH W
Pa3IMYHBIX CTPOUTEIBHBIX COOpYKeHHH. OTHOBPEMEHHO C YCIIOBUSIMH HAJIC)KHOCTH K
KOHCTPYKITUH TIPEABSIBISIOTCS TpeOOBaHMS €€ ACIICBU3HBI M JIETKOCTH. TpeboBaHMs
HAJIS)KHOCTH W HauOOJIbIIIeH SKOHOMHH MPOTHBOpPeUar apyr Apyry. llepBoe oObrdHO
BEJIET K YBEJIMUCHUIO pacxoja Marepuajia (Bcerja JU YBEJIHUEHHE Beca MPUBOJIUT K
POCTY IPOYHOCTH?), BTOPOE ke TPeOyeT CHIIKEHHUS STOT0 Ppacxoja. ITO MPOTUBOPEUNE
SIBJISICTCS] BAKHEHUIIIAM 3JIEMEHTOM HAyYHBIX METOUK, 00YCIaBIUBAIOIINX PA3BUTHE
Hayku «CONpPOTHUBIICHUE MAaTePUAJIOBY.



B HekoTOpmIX cnydasx WHXEHEPY, TOMHMO OCHOBHBIX TpeOOBaHWMH —
HAJC)KHOCTA M HAWOONbIIECH SKOHOMHH, TPHUXOJUTCS TMPH BBHIMOJIHCHWH PacyeToOB
YAOBJIETBOPATh U APYTHM YCJIOBUAM, HampUMep, TPEOOBAHUAM OBICTPOTHI MOCTPOUKH
(Mpu  BOCCTAHOBJICHWH PAa3pYIICHHBIX COOPYKEHHI), MHUHHMAJIBHOTO Beca (TpH
KOHCTPYMPOBAHHUH CaMOJIETOB) U T.]I.

CompoTuBiieHHE MaTEPHAIOB B TEOPETHUECKOW dYacTh OasWpyeTrcss Ha
MAaTEeMaTHKE W OMHPAETCS HA 3aKOHBI W TEOPEMBbI OOIIEeH MEXaHWKHM W B TIEPBYIO
ouepeqb HA 3aKOHBI CTaTUKH. be3 3HaHWsA OCHOB TEOPETHUECKON MEXAaHWUKU HU3YUCHHUE
Kypca CONPOTHUBJICHUS MATEPHUAJIOB HEMBICIMMO. B oTnuumMe OT TeopeTuuecKon
MEXaHWKH COMPOTHBIIEHUE MATEpHAJIOB PAaCCMATPUBAET 337a4UH, B KOTOPhIX Hanbosee
CYIIICCTBEHHBIMH SIBJISIFOTCSI CBOMCTBA Oeqhopmupyemuix meJl, a 3aKOHBI TBHKCHHS TeJia
KaK JKECTKOTO LIEJIOT0 HE TOJIbKO OTCTYMAIOT Ha BTOPOH IUIaH, HO W B Ps/I€ CIydyacn
ABJIAIOTCS TOMPOCTY HECYIECTBEHHBIMHU.

B mpakTtuueckoit yacTu COMPOTUBJICHHE MATEPUAIOB Oa3upyerca Ha usmke u
MmatepuanoBeaeHur. COMPOTUBICHUE MATEPUATIOB HE HKCYEPIBIBAET BCEX BOMPOCOB
pacyeTa Ha TMPOYHOCTh. METOABl COMPOTUBJICHUS MAaTEPHAIOB HE OCTAIOTCA
noctossHHBIMUA. OHHM M3MEHSFOTCSI BMECTE€ C BOSHMKHOBEHHEM HOBBIX 3a/1ad W HOBBIX
TpeOoBaHMit npakTuku. [Ipyu BeIEHWH WHKEHEPHBIX PACUETOB CIIEAYET MOMHHTD, UTO
yCmex TMPAKTHYECKOTO pacueTa JEKUT HE CTOJbKO B MPUMEHEHHUU CJIOXKHOTO
MaTEMaTHYECKOTO anmnapara, CKOJIbKO B YMEHMHM BHHKATh B CYIIECTBO HCCIIEIYyEMOTO
oObeKkTa, HaiiTm Hauboliee yAauHble YIPOIIAMIIKWE TMPEANONIOKEHUS W JOBECTH
pacyeT /10 MPOCTHIX YHCIIOBBIX BHIKIAA0K.

ConpoTHBlieHHE MaTEepHaJiOB, KaK W BCAKas Jpyras Hayka, HWMEET CBOKO
UCTOPHIO, UCTOKHA KOTOPOH YXOAAT B TNIyOb BEKOB. B HEKOTOPHIX CIydyasiX CTPOUTENN
JIPEBHEUIINX COOPYKEHUH (OMUpasiCh, MO-BUAUMOMY, HA MHTYHULHUIO M OMBIT CBOUX
NPEIIIECTBCHHUKOB) HA3HAYATH Pa3Mephl ATUX COOPYKECHHH HACTONBKO yIAYHO, YTO
UX TBOPEHMs BBI3bIBAIOT Y/IWBJICHHE W BOCXHMIIEHHE W B HAIIM AHU. B 1pyrux sxe
cilydasiX, HaoO0OpOT, BO3BOAMMBIC COOPYXKEHHS OKa3bIBAJIUCh JIMOO  CIUIIKOM
MACCHUBHBIMH, JMOO0 HEAOCTATOYHO NPOouHbiMH. Ha 06a3e ymoMsiHYTBIX YCIIEXOB W
HEYJa4 CTajla CKJIAbIBAThCA HAyKa O MPOYHOCTH. OCHOBHBI €€ ObUTA CPOPMYITHPOBAHBI
B TPYJaX BEJTUKOTO UTATBsTHCKOTO yueHoro [, ammmes (1564-1642), koTopsiii mepBbIM
NpoBENT W Omucal OmbIThl MO W3ruOy Oanok. OH BHEpBbIE TOCTAaBMWJI BOIMPOC O
HEO0OXOIMMOCTH MTPOBEACHUS AHAJTMTHYECKIX pacueToB TUTSt OTICHKH
COTPOTHUBIISIEMOCTH CTEP)KHEH NEHCTBHIO BHEIIHWX CHJI. HekoTopble TeopeTHueckue
npennocbuiku  [amunes okasanmuch omuOOYHBIMU. Hampumep, OH mpaBUIBHO
YCTaHOBWJI, YTO COMPOTHBJICHWE M3ru0y Opyca MPSAMOYTOJIBHOTO CEUCHUA
MPONOPIMOHATBHO KBaJpary BBICOTBI CCUCHHA, HO KO3 PHUIHEHT
MPONOPILMOHATBHOCTH UM OBLJT BBIYMCIIEH HEBEPHO.

Crnenytormieit Bexoi B pa3BUTHH HAYKH O MPOYHOCTH OBLITO OTKPHITHE OCHOBHOTO
3akoHa  AedOpMHUpOBAHUS  ympyrux Ten  (medopmanus — ympyroro  Tena
MPONOPIHOHATIbHA AEHCTBYIOIUIMMH HAa HETO YCWIMAMH), OMyOJMKOBaHHOTO B 1678
roay aHrauickuMm yueHbiM P. ['ykom. Dta 3aBUCMMOCTh HW3BECTHA TMOJ Ha3BAHUEM
3akoHa ['yka, KOTOPBI MMEET MCKIIIOYUTENPHO BAKHOE 3HAUEHUE B COMPOTHBIICHUU
MaTepHaJIOB.



B Poccuu nepBbie uccieaoBanus B 00J1aCTH MPOYHOCTH ObUIH MpoBeAeHbI B 40-
x rogax XVIII Beka. Baxknelmmii BkJIag B pa3BUTHE TEOPUHU M3rMba U yCTOHUMBOCTH
CTepHEH BHec merepOyprckmii  akagemuk JI. Owimep  (1707-1783).  Ero
3aMeuaTeNIbHBIM COBPEMEHHUKOM ObLT m3o0perarenb-camoyuka M.IT. Kymnbun (1735-
1818), kOoTOpBIN CHIPOCSKTHPOBAIT NEPEBSHHBIA apouHBIA MOCT 4epe3 Hemy. Otomy
npoekty ganu Omectamryio ouneHky JI. Oitmep u /. bepaymnu. B mawane XIX Beka
IIMPOKYIO HM3BECTHOCTh MOJyYaroT pabotsl (ppaniy3ckoro yueHoro Hasbe (1785-
1836), manmcaBiero NepBbIii CHCTEMATHUECKUN KypC COMPOTHBICHHA MaTEPHAJIOB.
CubHBIN TOYOK K Pa3BUTHIO HAyKa O MPOYHOCTH MOJIyYMsia B IEPHOJ CTPOUTENBCTBA
HKEJIE3HOJOPOKHBIX MOCTOB. K 3TOMY mnepuoay OTHOCATCA TPYIbl BBIJAKOLIETOCS
pycckoro yuenoro J[.W. XKypasckoro (1821-1891), monmyuusimue npu3HaHHE BO BCEM
MUDE.

B xonne XIX - nagame XX Beka BaKHbIC HCCIICIOBAHUSA B 00JIACTH IPOYHOCTH H
yctoruuBocT Obitu TipoBeieHbl X.C. [N'omoBunbiM, ©.C. Scunckum, N.I". ByOHOBBIM,
A.B. I'aponunsiM. Bonbiiast poib B pa3BUTUM HAYKU O CONMPOTHBIICHUU MAaTEPHAJIOB, a
TAKXKE B TMpOMAraHie W pa3BUTHM HAeH, cPopMHpoOBaBIIMXCS K Hadalmy XX Beka,
npuHaanexana C.II. Tumomenko. HanmmucanHple UM YUECOHUKH TMOJIYUYHIA BCEMHPHYIO
W3BECTHOCTb.

B mocnearme TOoABl BO BCIO MIHMPH pa3BEepHYIACh OTEUYECTBEHHAs HAyKa O
MPOYHOCTH, KOT/Aa HaJ BOMPOCAMH MPOYHOCTH CTajau padoTaTh yXke HE OT/EIbHBIE
yU€HBIC, a LeJble Hay4yHble IKOJbl. Beaymme paGotamkm stix mkon: H. H.
HNasunenkos, B. 3. Bnacos, H. 3. bensies, C. B. Cepencen, A. A. Ymanckuii, 1. M.
Pa6unosuu, H. B. Kopnoyxos, H. H. Adanacees. ['pynmna astopos Bo riase ¢ C. JI.
[ToHOMapeBbIM yAOCTOECHA rOCYAAPCTBEHHON MpeMuUu 3a TpyA “Pacder Ha MpoyHOCTH B
MalInHax .

1.2 PeanbHbIii 00bEKT 1 pacueTHasi CXema.
OcHoBHBIE TUNIOTE3BI 0 Ae()OPMHUPYEMOM TeJIe

B compoTtuBneHnn marepuayioB, Kak W BO BCAKOW OTPACiIM €CTECTBO3HAHWA,
UCCJIEIOBAHUE BOIMPOCAa O NPOYHOCTH PeajbHOro OOBEKTa HAUYMHAETCs C BbIOOpa
pacueTHOM cxembl. lIpucTynas k pacueTy KOHCTPYKIIMH, CIEIYeT, TPEXKIe BCEro,
YCTaHOBHTb, UTO B JAHHOM CJIy4ae SBJIACTCS CYIIECTBEHHBIM, a UTO HECYIIIECTBEHHBIM,
HEOOXOJMMO TPOW3BECTH CXEMAaTH3AIlHI0 O0BEKTa M OTOPOCHUTH BCE (DaKTOPHI,
KOTOPHIE HE MOTYT 3aMETHBIM 0O0pa3oM TIOBIIMATh Ha PabOTy CHCTEMBI B IICJIOM.
Taxoro poaa ynporienne 3agaun Wik BEIOOP €€ CXEMBI BO BCEX CIydasX COBEPIICHHO
HEOOXOJMMBI, TaK KaK PEIICHUE C MOJHBIM YYETOM BCEX CBOMCTB PeaIbHOTO O0BEKTa
SABJISICTCS TIPUHITUITHAIIBHO HEBO3MOXXHBIM B CHJIy MX OUYEBHUJIHON HEHUCUYEPITIAEMOCTH.
Hamnpumep, TpeOyercs mpou3BECTH pacueT Ha MPOYHOCTh KaHaTa MOJbeMHHKa. B
NEPBYIO OYEpPEeb HANO YYECTh BEC MOJHUMAEMOrO Ipy3a, YCKOPEHHE, C KOTOPBIM OH
JBUKETCSA, a TIPX OOJBIINON BBHICOTE TOABEMA M BEC CaMOro kaHata. B To ke Bpems
3aBEIOMO HAMO0 OTOPOCHTHh BIIMAHWE TaKWX HECYIIECTBEHHBIX (PaKTOPOB, Kak
a’POIMHAMAYECKOE COTMPOTUBJICHWE, BO3HUKAIONIEE TPH TOABEME KIETH, CHIIBI



0apOMETPUYECKOTO MABJICHUA Ha Pa3HBIX BBICOTAX, W3MEHEHHE TEMIEpPATyphl H
BBICOTHI ¥ IpyTHe (haKTOPHI.

Peanvnviii 00vexm, 0c80002COeHHbIl OM  HECYUWEeCMEEHHBIX 0COOeHHOCmell,
HA3bIBAEMC Sl PACYCIMHOU CXeMOl

JUIs ogHOTO W TOTO K€ PEATbHOr0 OO0BEKTa MOXKET OBITh MPETOKEHO
HECKOJIBKO PACUeTHBIX CXEM, B IEPBYIO OUYEPEb B 3aBHCHMOCTH OT Tpedyemoit
TOYHOCTH U OT TOTO, Kakasi CTOPOHA SIBJICHUS MHTEPECYET UCCJIEAOBATENA B JAHHOM
KOHKPETHOM ciiydae. Tak, eciiu B yIOMSHYTOM MPUMEPE MOAbEMHUKA HYKHO OLICHUTh
TOJIbKO TTPOYHOCTh KaHaTa, TO TPy3 U KJIETh JAOMYCTUMO PaccMaTpUBaTh KaK MKECTKOE
IIEJIOE W CBECTH WX K CHJIE, IPWIIOKEHHOW Ha KOHIE kKaHarta (puc.l.1, a).

Ecnu ke HeoOX0auMO PeluTh BOMPOC O MPOYHOCTH CAMOH KJIETH, TO €€ HEMb34
cunTarh a0COMIOTHO TBEPABIM TeIOM. Ee KOHCTPYKTHBHBIE OCOOCHHOCTH HAaJ0
paccMaTpuBaTh OTACIBHO MW B COOTBETCTBHHM C OSTHM BBIOMpATh IS HEE HHYIO
pacuetnyto cxemy (puc.1.1, 0).

® o

Pucynox 1.1

Ecru mnst omHOrOo M TOTO XK€ OOBEKTa MOXKET OBITh MPEITOKEHO HECKOJIBKO
pacyeTHBIX CXE€M, TO, C JAPYrOd CTOPOHBI, OJHOH PACUETHOM CXeMe MOXKET OBbITh
MOCTAaBJICHO B COOTBETCTBUE MHOIO pa3IHuHbIX 00beKTOB. [lociequee 06CTOATENBCTBO
ABJISIETCS BECbMA BAXKHBIM, TAK KaK, MCCIIEAYS HEKOTOPYIO CXEMY, MOYKHO TMOJIYYUTh
PELIEHHE LENOro Kilacca 3a/1a4, CBOAALINXCSA K JAaHHOU CXEME.

Tak, nampumep, Ha pucyHke 1.2 npuBENEHBI PACUETHBIE CXEMBbI, KOTOPBIE
MOYKHO pacCMaTpuBaTh, Kakx:

a) BHELEHTPEHHO C)KAaThli CTEPKEHb (KOJIOHHA CBEPJIMJIBHOTO CTaHKA, 4acTh
KJIETH IPOKATHOTO CTaHA M T.1.);



0) pamy mon pAeHCTBMEM Harpy3km (Kapkac TOMEpeuHMKa [eXa, KIETh
MPOKAaTHOTO CTaHA | T.J.);
B) HEPa3pe3HyI0 OanKy (KeJIE3HOAOPOXKHBIN MOCT, BAJIOK NMPOKATHOTO CTaHA U

T.1.).

o

exaizesil B xace
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Pucynox 1.2

[Ipu BBIOOpE pacyeTHOW CXEMbl BBOJAUTCA PAN JOMYLIEHWH, U3 KOTOPBIX
OCHOBHBIMH SIBJIAIOTCS CJIEIYIOIINE:

a) MepBoe JOMYILEHHE MPEILyCMaTPUBACT CXeMAMU3ayuio ceoUcme mamepuand,
COIVIACHO KOTOPOMY MaTepHall KOHCTPYKLHMM CUUTACTCA OAHOPOAHOW CIUIOIIHOM
Cpelloi U ABNAETCS U3OTPOIIHBIM.

“Cnnownocms” (unu  “nenpepuvignocms”) o3nauaem, umo 6ecb 00BEM
KOHCIMPYKYUU  NOJAHOCMbIO  3ANOJHEH  GeUeCm8OM U He  COOepICUm nycmom.
[Ipenmonaraerca, 4to Marepuain CIUIONIb 3amojiHAET GopMmy Tena. ATOMUCTHUYECKAs
TEOpUs JUCKPETHOTO CTPOEHUS BEIIECTBA BO BHUMAaHUE HE TPUHHUMAETCS.

OoHopoOHOCMb 03HAYAC  HE3ABUCUMOCMb CBOUCME MAMepUaid om 6eIU4UHbl
6bl0€NIeHHO20 U3 mena o00véma. B NeHCTBUTENBHOCTH MaTepual B CHILY
MOJIEKYJIAPHOTO CTPOEHHSI HE MOXKET OBITh OJHOPOJHBIM. DTO KacaeTcs U METAJIOB,
CTPYKTYpa KOTOpPBIX COCTOMT W3 MHO)KECTBA XAaOTHUYECKH PACMOJIOKESHHBIX
KpuctauioB. OIHAaKO yKa3aHHbIE OCOOCHHOCTH HE ABIIIOTCA CYLLIECTBEHHBIMH,
MOCKOJIBKY pedyb MJIeT 00 UCCIeAOBaHMM KOHCTPYKLMH, pa3Mepbl KOTOPBIX
MIPEBBILIAIOT HE TOJBKO Pa3Mephl aTOMOB, HO U Pa3MePbl KPUCTATNIMIECKUX 3EPEH.

Hszomponnoti cuumaemcsi cniouwinas cpeod, eciu OHA uMeem OOUHAKOBbIE
CBOUCMBA 60 BCeX €20 YACMAX U NO 6CeM HANPABIEHUAM. Y aHU30MpONnHbIX
Mamepuanos Ceolcmeda 6 pasIuyHblX HAnpaeienusx pasiuynvie. K aHU30TPOIHBIM
MarepuaiaM OTHOCATCA JPEBECHHA, CBOMCTBA KOTOPOW BIOJb M TMONEPEK BOJOKOH
CYLIECTBEHHO Pa3/IM4HbI, APMUPOBAHHBIE MaTepHabl, Oymara, TKaHu U Jp.;

0) MaTepra KOHCTPYKITHH pabOTaET B MPEeiax yIpPyrocTH.



Ynpyeocmuio nasvieaemcsi ceoiicmeo meia 60CCManasIU6amMs NEPEOHAYATbHbLE
pasmepel U opmy Oemanu nocie CHAMUS HACPY30K, 8bI36ABULUX Oehopmayuio.

Jleghopmayuu, Kkomopwie NOIHOCMBIO UCHE3AIOM NOCTe CHIMUSL HACPY3KU,
nazvisaiomesi ynpyeumy. OTBIT TIOKA3bIBAeT, YTO AePOopMaIiK SABIIAIOTCS TOTHOCTHIO
VIOPYTHMH JIAIIb [0 TEX TMOp, IOKa Harpy3ka HE MPEBBIIIACT HEKOTOPOTrO
OTPECIICHHOTO 3HAUCHWSI, 3aBHCAIIETO OT YIPYTHX CBONCTB TAHHOTO Marepuana. [Ipu
Harpy3kax, OONBIIUX 5TOr0 mpezeia, AedopMalys UcUe3aeT YK€ He MOTHOCThIo. B
TAaKUX CIydasx TMojiHas JedopManus CKIAIBIBACTCA M3 YNPYrod W OCTAaTOYHOU
(mmacTUYecKon);

B) AepopManmy Tena Maibl IO CPAaBHEHHIO ¢ pa3MepaMu AehOpMHUPYEMOTO Tea.
OTO MO3BOJISET ypAaBHEHHE CTATHKH COCTABIATH JUISL HEAC(POPMHPYEMOTO Telia U B
BBIBOJIaX MCTOJIb30BaTh aHAIN3 OECKOHEUHO MAJIbIX BEJTUUHH,

I') 10 HEKOTOPOTO Tpeaeia HarpyKeHus nedopmari Tesl MpOoIOPIHOHATBHBI
Harpys3ke. JTo JOMYIMEHUE ¢ JOCTATOYHOW TOYHOCTBIO JUISl TPAKTHKHU MTOATBEPIKIACTCS
OIBITOM M Ha3bIBaeTCs 3akOHOM [ 'yKa;

1) TPUMEHHM TIPUHITUI CYNEPIO3UIMK, TO €CTh MPUHUMAETCS, 4TO PPEKT OT
CYMMBI BO3JHCTBUH paBeH cyMMe H(h(PEKTOB OT KaXKA0TO BO3ICHCTBHS,

€) BBOJUTCS THMOTE3a IUIOCKUX CEUSHMH, COTJIACHO KOTOPOH CEUeHUs, TUIOCKHE
U TEpPHeHAMKYIspHble K Och 10 JaedOopMalMd, OCTAlOTCS IUIOCKUMH H
NEePHEeHIUKYIISIPHBIMU K OCH U 1ociie nedopManuu.

Kpome monmymieHuss o0 cxemaTHW3alldd CBOWCTB Marepuaia, YYHUTHIBAIOT
cxemamuzayuio 2eomempuu peanbHoro oobekra. Kakmas KOHCTPYKIHS COCTOWT W3
OTIENBHBIX AeTajiei U 371eMeHTOB. C TEOMETPUUECCKOW TOUKH 3PEHUST OHH MOTYT HMETh
BU Opyca (CTepskHs), 000JIOUKH, TUTACTUHBI WJIA MACCHBA.

bpyc (unu cmepowcens) - meno, 00HO U3 UIMEPEHUli KOMOpoeo (OIuHa)
3HayumenvHo boavute 08yx opyeux (puc.1.3).

[{enmp
msicecmu
cevenusi

Ocwb Opyca (nunus,
COeOUHSAIOUAS
yenmpanvivie
[lonepeunoe ceuenue 6pyca Mo4xu 6cex

(nepnenouxynsipHo Kk ocu opyca) nonepe4nvlx
ceyeHuti bpycay)

Pucynok 1.3

10



CrepxHE OBIBAIOT CILIONIHBIE, TOHKOCTEHHBIC W TOJIbIe (prc.1.4).

Pucynox 1.4

Cpenu crepxHER B CBOIO OUEpeab PA3TUYAlOT OAlKW, KOJIOHHBI, CTOWKH U JIp.
OTO TMOApA3ENEHUE CBSI3aHO TJIABHBIM O0Pa3oM C HAa3HAUYCHHEM CTEP)KHEH W TOM
pOJIBIO, KOTOPYIO OHM WrpaloT B KOHCTpykmmsx. Hampumep, monsatme “Oanka”
ynotpeOseTcss AJis CTepKHEH, paldoTarommx Ha W3rud, a MOHATHS “‘KOJOHHA |
“croiika” — I BEPTUKAIBHBIX CTEPKHEH, KOTOPBHIE pabOTAOT MPEUMYIIIECTBEHHO HA
coKaTue, U T. 1.

Obonouxa — 5mo meno, y KOMOpo2co 00uH pasmep (MOoauund) 3HaA4UmMenbHo

MeHvute 08yx opyeux (puc.1.5, a).
I1nacmuna - nnockas obonouka (puc.1.5, 0).

Obonouxu IInacmunwi
(moHKOCmeHHbIe pe3epayapel, ((hyHOamenmuwvle naumel, NIOCKUE
KOMJIbl, KYNOJd 30aHUl) OHUUYA, KPLIUKU pe3ep8yapos)

/
a <> =

Pucynox 1.5

Maccus — meno, y komopoeo 6ce mpu pasmepa CoOusMepumvl (PyHoameHmeol,
noONnopuvie CMEHKU).

11



ITomumo CXEMAaTHU3alIMK CBOMCTB Marepuala U rcOMCTpUn 00BEKTOB YUYUTLIBAIOT
cxemamusayuro cucmem Cull.

B comporuBneHnMrm MaTepuaioB TPU CXEMATHU3alUM PEATbHBIX OOBEKTOB
BBOJIUTCSL TIOHSATHE COCPEOOMOYEHHOl Culbl, KaK CHIJIBI, KOTOpas TNepenaercs Ha
AJIEMEHTHl KOHCTPYKIIMM Yepe3 TUIOMAAKY, pa3MepaMu KOTOPOW MOXKHO MpeHEOpeubh
N0 CPaBHEHHMIO C pPa3MepaMHu camoro snemeHTta. Hampumep, npu pacuére Opyca,
MOKAa3aHHOTO Ha PUCYHKe 1.6, MOKHO paccMarpuBath rpy3 P Kak CHly, IPHIIOKEHHYIO
B Touke (puc.1.6, 6).

' N
o 15

o—
S

T

Pucynok 1.6

Takoe ympoileHue sABISETCS €CTECTBEHHBIM, TaK KaK pa3Mepbl IUIOMIAAKH, IO
KOTOPOW TPOMCXOAWT TEepeaada CHiIbl Ha Opyc, Majbl 1O CPaBHEHHWIO C OOIMUMH
pa3mepamu Opyca. SIcHO, UTO B peajbHBIX KOHCTPYKIMAX TIepeaada YCHINH B TOUKE HE
OCYILIECTBUMA U COCPENOTOYCHHAs CUJIa MPEACTABIAET COOON MOHATHE, CBONCTBEHHOE
TOJIBKO PACUETHON CXEME.

Pacnpeoenennvivu naepy3kamu Ha3bIBAIOT CHJIBI, MPHJIOKCHHBIC HETPEPHIBHO
Ha TMPOTKEHUM HEKOTOPOM JUIMHBI WM IUIOMWAa KOHCTpykiuu. Clod mnecka,
HACBHIMIAHHBIA HA TPOTyap, TMPEACTaBIsAET CO0OM pacmpeAcsieHHYI0 HarpysKy.
CoOcTBeHHBIN BeC Oallkl KaKOTO-IMOO TEPEKPBHITUS MPEACTABISAET COOOM HArpy3Ky,
pacmpeesiCcHHyl0 MO JJIMHE »dJieMeHTa. PacnpeneneHHas Harpy3ka MOXET ObITh
paBHOMEpHAs WJIA HEPABHOMEPHASI.

3amMeHa  pacmpedcNiCHHBIX CHJI  COCPEJIOTOUCHHOH  pPaBHOICHCTBYIOMICH
BO3MO)KHA TOJIBKO B TOM CJIydae, KOrJa MPOU3BOAMTCA aHau3 Opyca B 1IEJIOM, TO €CTh
B 00BEMaxX, CYHIECTBEHHO TMPEBBIIAIOMMX OOBEM KOHTAKTHOW 30HBL. Ecam B
paccMoTpeHHOM mipuMmepe (cM. puc 1.6, ) HE0OXOaUMO TPOM3BECTH PACUET CaMOM
MPOYILIUHBI, B KOTOPOH MOJABEIIEH I'Py3, TO HCIOJb30BAHUE COCPEIOTOUEHHONW CHIIbI
CTAaHOBHUTCS HEIOMYCTHMBIM.

CocpenoToueHHbIE CHITBI U3MEPSIOT B €AMHAUIAX CHiIbl (HpfoTOHAX — H, kH).

PacripenenenHble Harpy3kd BBIPQKAIOT B E€IUHMLIAX CHJIBI, OTHECEHHBIX K
equamue miomany (KH/M) i k eqummne s (KH/M).

12



1.3 BHemHMe cHJIbI 1 BHYTPEHHHE YCHITHSL
Mertoa ceueHHI

Brewnumu  nazwisaiomces  cuiivl, 6030€lCmeyloumue co CMOpOHvl mel, He
6X005UX 8 paccmampusaemylo cucmemy. BHEIIHAE CUIIBI pa3AeatoTcsa Ha 00bEMHbIE
N IMOBCPXHOCTHEIC.

Obvémnvle cunel pacnpeieNieHbl Mo 00bEMY Tella U MPUIOKEHBI K KKIOH €ro
yacTulle (CUila Beca, CHJIa MAarHUTHOTO TIPUTSKEHUA).

llosepxnocmuvie cubl IPUIOKEHBI K YYACTKAM MOBEPXHOCTH U XAPAKTEPU3YIOT
HEMOCPEJACTBEHHOE KOHTAaKTHOE B3aMMOJCHCTBUE pacCMaTpuBaeMoOro OOBEKTa C
OKpPYJKaIOLLIUMHU TEJIaMU.

B umnci10 BHENTHUX CHJI BKIIOYAIOTCS U peakyuu 6’6'}13612, JOMOJIHAIOIMIUX CUCTEMY
CHJI 10 PaBHOBECHOIA.

[Iyctb cTep:keHp HarpyeH JIoOOH, HO B3aMMHO YPaBHOBEILIEHHOH CHUCTEMOM

cun P, P,... P, (puc. 1.7).
P, P,
——f

I et I
| |
N SR S TR S | _z
. |
—)t———
o / |~ \
p, ”~ P;
Pucynor 1.7

[Ipm yBenmWyeHWW STHX CHWJI MOXET HACTYNUTh MOMEHT, KOT/JAa CTEPKCHb
Pa3pyLIUTCS WU €ro fedopMaIis CTAHET CIUIIKOM OOIBIION.

OTH mporecchl MOTYT MPOUCXOAUTh NOTOMY, YTO B OTIEIbHBIX MECTaxX BHYTPHU
CTEp)KHS BO3HUKAIOT YCWIWA, BEJIMYUHBI KOTOPBIX JOCTUTAIOT BEJIMYMH CHJI
MEXMOJIEKYJIIpHOTO ~ cueruieHns. CrleaoBarenbHO, HEMOCPEACTBEHHOW MPUYMHON
paspyIIeHUs SBISIFOTCS T€ GHYMpeHHUe YCUIus, KOTOPbIE BOSHUKAIOT B CTEPXKHE TPH
JEHCTBUM 3aJaHHBIX HArPY30K.

BennuuHbl BHYTPEHHMX YCHIIME OINPEACTAIOTCS METOJOM CEUEHHM, KOTOPBIi
Ha3bIBAIOT Takke MeTo PO3Y (mo nepBbiM OyKBaM CJIOB).

CyIIHOCTB €ro 3aK/II0YaeTCs B CIEAYIOIIEM.

- Paccexaem (MBICIIEHHO) CTEPKEHB IO CEUCHHIO A, B KOTOPOM CIIEAYET OMPEACITUTD
BEJIMUMHY BHYTPEHHHX ycwiuii (puc.1.8). OOBIYHO CTEpKeHB PACCEKAIOT TUIOCKOCTHIO
NEPNECHIUKYISAPHON K OCH CTEPIKHSL.

- Ombpacvieaem KaKyrO-TuO0 4acTh CTEPKHA (OOBIUHO Ty, K KOTOPOH MPHIIOKEHO
OO0JIbIIIE CHIT).

13
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Pucynox 1.8

- 3amensiem cuibl, EWCTBYIOIME HA OCTABLIYIOCS YACTh, TIIABHBIM BEKTOpOM K
¥ [JIaBHBIM MOMEHTOM M.

- Ypasnoseuwueaem OCTaBUIYIOCS 4aCTh, TaK KAaK IO PacCCUCHUs CTEPIKHS OHA
HAaXOJWJIaCh B PABHOBECHM.

CrpoeKkTupoBaB TJIABHBIM BEKTOP W TJIaBHBIH MOMEHT BHYTPEHHUX CHJI Ha OCH
X,Y,Z, TOJlyYdM IIECTh BHYTPEHHHX CHIOBBIX (pakTopoB (cM. puc.1.8): Tpu cuibl (IV,

0., 0,) u 1pu momenra (M,, M,, M,).

OTH BEJIMUMHBI HA3BIBAIOT GHYMPEeHHUMU YCUIUAMU B CCUCHHUU CTCPIKHA, A
KOTOPBIX HNPHUHATHI CJICAYIOIIUC HAa3BAHUA!

N - nmpononbHas cuna;

Oy , Q) —TIOIepeUHbIE CHITBI

M., M, —n3rnbaromme MOMEHTEL,

M, —xpyTsumii MomeHT (MHOTAA 0603HaUatoT M,,).

OTUM YeThIpEM BHUAAM BHYTPEHHUX YCWIMHA COOTBETCTBYIOT HYETHIPE BHUIA
nedopMary CTepKHS:

1 Pacrsxenne (WTu C:kaTHE), PH KOTOPOM B MOTIEPEYHBIX CEUCHUSIX BOSHHKAECT
TOJIBKO MPOJOJIbHAs cHia V.

2 Capur, mpu KOTOPOM B MOTEPEUHBIX CEUCHUAX BOSHUKACT TOJILKO TONCPEUHAS
cuna Oy (mu Q).

3 M3ru6, mpy KOTOPOM B HONEPEYHBIX CEYEHHMAX BO3HHKAET TONbKO M, mm My
(ancthiii u3rub). Ecim B MOMEpevHbIX CEUEHHUAX BO3HHMKAET M nonepednas cuina (J, To
TaKOW BU M3THOA HA3BIBACTCS NONEPEYHBIM.

14



4 KpyueHue, TpU KOTOPOM B MOMEPEYHBIX CEUYEHUSIX BO3HHMKAET TOJIBKO
KpyTsmin MoMment M, = M,,.

1.4 HanpsikeHus moJiHbIe, HOPMAJIbHbIE U KacaTeJIbHbIE.
OO0mme NpUHUMNBI PACYeTa 3JIeMEHTOB KOHCTPYKLHH

UtoObl 0XapakTepr30BaTh 3aKOH PACIPECIICHUS BHYTPEHHUX CHJI 1O CEUCHHUIO,
HEOOXOIMMO BBECTH MEPYy WX HMHTCHCHBHOCTH. 3a TaKyl0 MeEpYy MPUHUMACTCS
HANPSKEHHE.

Hanpssxcenuem nasvigaemcsi 6HympenHss Cuid, OMHECEHHAs K eOuHuye
nIoWaou 8 OAHHO MOYKe pACCMAMPUBACMO20 CeYeHUs.

Hanpsokenust SBaArOTCA pEe3yabTaTOM B3aUMOAECWCTBUA YACTHIl TEA MPH €To
Harpy>XeHWH. BHEIIHWE CUJIbI CTPEMATCS U3MEHUTh B3aUMHOE PACIOJIOKCHUE YACTHIL,
a BO3HMKAIOIIME TMPU HTOM HAMNPKEHHUS MPEMSATCTBYIOT CMEIICHUIO YacTHI,
OTPaHUYMBAS €TO B OOJBIIIMHCTBE CIy4aeB HEKOTOPOUW MaJIOi BEITMUHUHOM.

PaccmoTpum ceuenue A HekoToporo tena (puc.1.9).

y
P AF |1, AR

aYl =

P
AT A

P, o/
Pucynox 1.9

B oxpectHOCcTH Touku K BhIIEnMM snemenTtapHyro miomanky AF, B npenenax

KOTOPOH BhIsABIEHa BHyTpeHHsas cmna AKR. 3a cpenHee HanpsbKeHHWE HA ILIOIIAIKE
NPUHUMAETCS OTHOIICHUE

AR

ar P

Ecmu ymenbmiate mwiomanky AF, “crarmpas” eé B Touky K, To B mpenmene
MO>KHO TIOJTyYUTh HANPSKEHUE B TOUKE:

. AR
lim Vi
AF—0
BekTopHas BeMUMHEA P NPEACTABIAET COO0M noanoe nanpsicenue B Touke K.

15



HanpsskeHue MMeeT pa3MEpHOCTb CHIbl, AeiéHHoM Ha miomans (H/m? =Ila),

wm (MH/m? =MIla).

PapropelicTByomas BHyTpeHHMX cun AR Moxker OBITh pas3iokeHa Ha TPH

cocrasisomue: HopmanbHyio AN u nse kacarensabie AQy u AQY.
C MX IOMOIIBIO MOKHO ONPENETUTh HOPMAIBLHOE U KaCaTE/IbHOE HANPSIKEHUS.

Hopmanvhoe nanpsigicerue o0o3HavaeTcss O U onpeaesiercs mo Gopmyse
. AN
[im —=o0.
AF =0 AF

Kacamenvivle nanpsaicenus T, v T, ONPENENAIOTCA CIEAYIOIMM 00pazom

A
lim &fo, lim &:

AF—)OAF AF—0 AF

Ty.

Ecmu  yepes Touky K B Tese POBECTH APYTYIO CEKYIIYHO ILUIOIIAKY, TO MOJHOE
HanpspkeHue p OyaeT UMeTh APYroe 3HaAUSHHE.

CogokynHocms  Hanpsadjcenuti, O0elCmEYIouWuUx no PasiuyHviM - NIOWAOKAM,
NPOGEOeHHbIM Yepe3 OAHHYIO MOYKY, HA3BIBACMCS HANPSIICEHHBIM COCMOSIHUEM 6
mouxe.

B pesynbrare pacueToB HY>KHO TOJIYYHTH OTBET HA BOTIPOC, YAOBJIETBOPSET WK
HET KOHCTPYKIUSA TeM TPeOOBaHUAM HAAEKHOCTH, KOTOPbIE K HEH MPEAbABISAIOTC.

Haubonee pacnpocTpaHéHHBIM METOJIOM pacuéTa JAeTalie MalllMH U 3JIEMEHTOB
COOpPY>KEHUI HAa MPOYHOCTh ABIAECTCA PACyém Nno OONYCKAeMbIM HANPANCEHUAM, TIPU
KOTOPOM Ha OCHOBAaHWH aHajW3a KOHCTPYKIMHU BBISBIIACTCS B TEJIe Ta TOYKA, B
KOTOpPOH BO3HUKaeT HauOosblnee HampsbkeHue. llocnenHee comocraBisercs ¢
MPENEIBHON BEJIMUMHOMN Ul JAaHHOTO MaTepualia, U 3aTeEM JEJIACTCA 3aKIIOUYEHHE O
MPOYHOCTH KOHCTPYKIIHH.

B HEKOTOpBIX Cllydasix HCIONB3YETCA METOM pAcyémd Nno paspyuiaoujum
nHacpyskam. B 3ToM Merome myTéM pacuéra HE ONPEACNAIOTCA HANPKEHHS, a
HAXOJWTCSl TIPENEbHAs HArpy3ka, KOTOPYIO MOKET BBIAEP)KATh KOHCTPYKIUS, HE
paspymiascb WIM HE M3MEHSAA CYyIIeCTBEHHO cBowo ¢opmy. [lpenenbhas
(paspymaroias) Harpy3ka COIMOCTABIIICTCS C JICHCTBYIOIICH, B pE3YJIbTaTe YEro
JIENIAI0TCS BBIBOBI O CTENEHH MPOYHOCTH KOHCTPYKIMH B PaO0OUUX YCIOBHAX

Metonsl  pacuéra BHIOMpAOTCS B 3aBHCHMOCTH OT YCJIOBHH  pabOTHI
KOHCTPYKIIMA M TpeOOBaHWH, KOTOpble K Hel mpenbsaBistorcs. Ecnm HeoOxoaumo
NOOUTHCSI HAMMEHBITNX M3MEHEHUH (POPMBI KOHCTPYKIMH, MPOU3BOIUTCS pacyém no
OONYCKaeMbiM NepemMeujeHusm (pacuém Ha HCECMKOCMy). ITO HE HCKIIOYaeT
OJTHOBPEMEHHOW TIPOBEPKH KOHCTPYKIMH HA TIPOYHOCTb.

CompoTuBiicHHE MaTEPUAJIOB JAET UBJIOKEHUE MPAKTUYECKA TMPUEMIIEMBIX
CPEACTB JUISl PEIIEHWA BOIMPOCOB, CBSA3AHHBIX C OMNPEACICHUEM HAIPSIKEHUH,
nedopmanuii U nepemenieHnit. bojaee moapoOHbIE pacueThl JAIOTCS B APYTUX Kypcax.
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2 PACTAKEHHUE U CKATHUE

2.1 BuyTpeHHue yciius B MONePeYHbIX CEYeHUSIX.
IHocTpoeHue 30PbI MPOAOJIBLHBIX CIJL
OnpeaesieHne HANIPSIKEHHSI B MOMEPEYHBIX CEUEHHSIX

oo pacmsicenuem nonumaemcsi makoil 6UO0 HASPYHCEHUS, NPU KOMOPOM 6
nonepeunvix cedenusx opyca (CmepiCHs) 6OZHUKAIOM MOTbKO HOPMATbHBIE YCUIUL, d
6ce npoyue HympeHuue Cuiogvie (pakmopel pasHvl HyJio.

Pucynox 2.1

[lepemawa  Harpy3km  Ha  CTEpXKEHb  MOXET  OBITh OCYIIIECTBIICHA
pasnmmuHbBIME criocobamu (puc.2.1). Bo Beex ciyuasx cucteMa BHEITHUX CHJI 00pa3yeT
PaBHOJCHCTBYIOIIYIO P, HANpaBJICHHYIO BIOJb OCH CTEepKHA. [loaTomMy pacueTHas
cxema onuHakoBa (puc.2.1, 2), ¥ IPOJIOJIBHOE YCHIIHE B JTIOOOM CEUCHUU PaBHO P.

Ha crepxeHb MOryT ACHCTBOBATh HECKOJBKO CHJI BJOJIb OCH CTEpXkHA. [lpum
ATOM MPOJIOJIBHOE YCHITHE OyIET MEHSITHCS MO JUTMHE CTEPIKHSI.

Dnopoii  Hazvieaemcst epaguueckoe uU3006paxcenue UIMEHeHUs YCUus Ul
Hanpsixncenust no OJIUHe CIMepPHCHS.

Buiopy CTPOIT Ha 6a3080i aunuy, OT KOTOPOM MOJOKUTEIbHBIC 3HAYCHHUS
yCWITHi (WA HANPsDKEHHI) OTKIIAZIBIBAIOT BBEPX, a OTPUIATEIbHBIC - BHU3.

DIMOPY 3autmpuxosui8aiom moJibko NePueHANKYJISIPHO 0a30BOW JTHHAH.

IIpooonvioe ycunue pagHo cymme npoekyusi Ha OCb CIMEPIICHS 6CeX BHEULHUX
CUT, NPUNONHCEHHBIX C OOHOT CHOPOHBI O CeYEHUSL.

IIpodonvias cuna cyumaemcsi NONOJCUMETbHOU, eClli  OHA  Gbl3bIBACH
pacmsicenue, u OMpPUYAMEIbHOT, eCllu GbI3bIBACH CHCAMUE CIEPIICHSL.

JInsi TOCTPOCHHS AMIOPHl HEOOXOAMMO BBIYHMCIUTH 3HAUCHUS N Ha KaXIOM
y4acTKe.
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PaccmoTpuM cTepskeHb, Harpy>KEHHbBIH OCEBBIMU CHIIaMu (puc.2.2).

F | 11
P T 6P | P 4P
—> —p——— -
il =
I
_P_>___|_.>NL
S
1l
II
P 6P | N
—p————— < —> -
II
5P
4P
I ®
Pucynox 2.2

OmnpenenuM TPOAONBHYIO CHIy N; Ha KaXIOM Y4YacTKE, HCIIOIb3YsS METOJ
ceuenuii (meton PO3Y).

1 Haiinem npononenyto cuity N; Ha ydactke AB:

- Paspeoicem ctepxenn ceuenuem -1 Ha yaactke AB (puc.2.2, a).

- Omobpocum NPaByIO 4acCTh CTEPIKHSL.

- 3amenum neicTBUE OTOPOIIEHHON YacTH MPOOIBHON cuitoit N; (puc.2.2, 6),
KOTOPYIO HamnpaBHM B TMOJOXHTEIIFHOM HAIMPABJICHUH, TO €CTh TaK, 4TOOBl N
pacTATHBAIA TIPABYIO YaCTh CTEPIKHS.

- Ypasnosecum paccmarpuBaeMylO0 UYacTh CTEPXKHS, JUISI YEro COCTaBHM
YPaBHEHHE CYMM TPOCKIIMI BCEX CHJT HA OCh CTEPIKHSI:

P+N;=0, orkyna N;=-P (yuactok AB cxar).

2 Haiinem mpogomneayto cuity N, Ha yuactke BC:
- Paspeoscem crepxenp ceuenuem II-II B mobom wmecre yuactka BC
(cm. puc.2.2, a).
- Ombpocum NpaBykO 4acTh CTEPIKHS.
- 3amenum nevicTBAe OTOPOIICHHON YacTH MPOJOIBHOMN critoit N, (puc.2.2, 6),
HaIPABJICHHOM OT Tena.
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- Ypasnoeecum paccMaTpuBaeMylo 4acTh CTCPIKHS:
P—6P+N,=0, ortkyna N,=5P (yuactok BC pactsHyT).
3 AHaJIOrMYHO HalieM nMpoaoibHYIO ¢ty N3 Ha yuactke CD:
P—6P+P+N;=0, N;=4P (yuactok CD pacTsHyT).
[To HalineHHBIM 3HAUEHUSM TOCTponM >Mropy N (puc.2.2, 2).

PaccmoTpuM  HampsokeHUs,  BO3HUKAIOIIME B IONMEPEYHOM  CEUCHHUH
pactsaHyTOro ctepkHsa. [Ipu 3TOoM OymeM Monb30BaThCS UNOmMe30i NAOCKUX CeyeHull
(eunomesoti bepuynnu), cOTIaCHO KOTOPOH nonepeunvie cedeniss CMepoiCHsl, NIOCKUe
00 Oeghopmayuu, OCMArOMcs NJIOCKUMU U NOCTIE Hee.

[IpononbHOE ycwime N SBIACTCA PABHOACHCTBYIOIICH BHYTPEHHUX CHJI B
ceuenuu (puc.2.3).

TN
| "y
| —4—
| — =
P | — N=P
fo— ——— — =
/

J
Pucynox 2.3

EcTtecTBeHHO MPEeaNoONOKUTH, YTO UIsl  OJHOPOJHOTO CTEPXKHS BHYTPCHHHE
CHJIBI PacHpe/IeICHbI 10 CEYCHHUIO PaBHOMEPHO. Torma HampspkeHHE BO BCEX TOUKAX
OyIeT 0OIMHAKOBO:

Q.1

rae N - npoaonbsHas cuia, H;

F - miomaas monepeyHoro ceUeHus, M.

BrickazaHHOe TPEeANooKEHUE O PAaBHOMEPHOM PACMpPE/CCHUA BHYTPEHHHUX
YCWIMH TO TMOMEPEYHOMY CEUEHHUIO CTEPXKHA CIPABEMIMBO JIMIIh TOCTOJBKY,
MOCKOJIBKY W3 PACCMOTPEHHS MCKITIOYAIOTCSA YCIIOBUA €r0 3aKPETUICHHS Ha KOHIIAX.
31ech PYKOBOJCTBYIOTCS TIPABHJIOM, KOTOPOE TPHHATO HA3BIBATh MPUHYUNOM
Cen-Benana (ppaniry3cknii yuensiid XI1X B.).
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[Tpunuun CeH-Benana sBiserca oOIIMM, HO MPUMEHUTEIBHO K CTEPIKHAM OH
MOXET OBITh C(HOPMYJTHUPOBAH CIACAYIOMMM 00pa3OM: 6 ceueHuslx, OOCMAMOYHO
VOQNEHHBIX OM MeCm NPUNONCeHUs] BHEULHUX CUT, HANPSICEHUS. MANO 3A8UCSIN OM
Ccnocoba HazPyICeHusl.

OTO 3HAUWT, YTO MPHU U3YUCHHUH PACTAHYTOTO CTEPXKHA JOCTATOYHO MPUHUMATH
BO BHHUMAHHUE TOJIbKO PABHOACHCTBYIOIIYIO BHEIIHWX CHJI, HE HHTEPECYICh
0COOCHHOCTSAMHM MPUTIOKECHUS HATPY3KH.

®opmyoii (2.1) 1 BceMH MOCIEAYIONIMMHE BBIKJIAIKAMH, BBITIOJITHCHHBIMH TS
PaCTAHYTOTO CTEP>KHS, MOXHO TOJIb30BAThCSA M JJIA CIIydas CHKUMAIOIICH Harpys3KH,
TaK KaK C)KaTHe OTIUYACTCS OT PACTSHKEHHS TOJIBKO 3HAKOM TTPOIOIBHOM CHITHI P.

2.2 Jlepopmanuy pH PaCTSKEHUH - CHKATHH.
3akon I'yka. Ko3gduuuent Ilyaccona

Pasmepbl pacTAHYTOrO CTEP)KHA MEHSIOTCS B 3aBUCUMOCTH OT BEJIMYHMHBI
MIPUJTIOKEHHBIX CHJI.
PaccmoTpum pacTsHyThIN cTepkeHb (puc.2.4).

b by i N | | A b, b
a
) : <Y 0
Pucynox 2.4

Ecnmi 10 Harpy:xeHWs CTEp:KHA €ro JUIMHA Obuia paBHa {, TO mocye
Harpyxenus ona craner pasuoi (+ACl. Benmumna Al waswiaerca abcomommusim
yonunenuem cmepocnsd. Tak Kak YYaCTKM PACTAHYTOrO CTEP)KHS HaXOAATCA B
OJIMHAKOBBIX YCJIOBHSIX, TO OMHOCUMENbHAS Oehopmayusi € IO OCH CTEPIKHS OCTACTCS

OZTHOM M TOM K€ U paBHA CBOEMY CPEIHEMY 3HAUCHUIO I10 JUTUHE 14 :

B nmpenenax mManbIX yaMHEHUH A7 TOAABIISAIOMIETO OOJMBIIMHCTBA MAaTEPHAIIOB
CTIPaBEIIIUB 3aKkoH 1 yka 6 omHocumevHotl popme, KOTOPbIA YCTAHABIIUBACT NPIMYIO
NPONOPYUOHATLHOCHL MEHCOY HANPSIHCEHUEM U OMHOCUMENbHOT 0ehopmayuel:

€ (2.2)
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o=¢cFk

y (2.3)

rae E - MOaysb ynpyrocTH nepBoro poaa (moaysb KOHra).

Moaynp ynpyroctu sBisieTcs (DU3MUYECKONM KOHCTAHTOM Marepwana. Ero
OTPEACHAIOT TMYTEM SKCIIEPUMEHTA, €ro Pa3MepPHOCTh Ta ke, 4To U O, T.. [la, Mlla.
Jlns Hamboyiee NMPUMEHSICMBIX MaTEPHAIOB MOJYJb YIPYTOCTH HMMEET CJICAYIOIIHE
3HAUYCHUS

cramp - E=(2,0:2,1)-10°MIla; uyryn - E=12-10° MIla;
mens - E=1,0-10° MIla; nepeso - E = 1,0-10* MITa.

[Toncrasus B popmyiy (2.3) dopmyanst (2.1) u (2.2), momyuum

2.4

N3 ¢dopmynst (2.4) scHO, uTo yeM OOJIbIIE €€ 3HAMEHATENIbh, TEM MCHbIIE
nedopManysa, ToO €CTh TEM KecTde CTepikeHb. [lodTomMy BenmuuHy KX Ha3BIBAIOT
HCECMKOCTNBIO CINEPIICHSI.

Takum o0pazoM, degopmayus npu pacmsijiceruu  NpsimMo  NPONOPYUOHATLHA
YCUIUIo U 0OPAMHO NPONOPYUOHATILHA HCECMKOCTU CIMEPIHCHSL.
®opmyina (2.4) npencrasisier codboit 3axon 1'yra 6 abcontomuoti popme.

[Ipu penreHnr MHOTHUX TIPAKTHUECKHUX 33/1a4 BOZHUKAECT HEOOXOAMMOCTh HAPSIY
C YIMHEHHUSMH, OOYCIIOBJICHHBIMU HAINPSOKCHHUSIMH O, YUMTHIBATh TAKXKE YIJTHHE-
HUS, CBSI3aHHBIC C TEMIICPATYPHBIMH BO3JCHCTBHAMH. B A3TOM cllydae TMOJHYIO
a0COMIOTHYIO nedopManmio paccMaTpUBAIOT KaK CyMMY CHIIOBOM jaedopmaruu u
YHUCTO TEMIEPATYPHOM:

Al = g—; + ol At

TIIe O - TEMIIEPATYPHBINA K03(DUIHEHT JTHHEHHOTO PACIIMPEHUS MaTepHralia,

(IUTst IPUMeEpPa; ey = 125107, o - 165-10'7);
At - pa3HOCTh TEMIIEPATYP 10 U MMOCTIC HATPEBAHUS.

Crepxau, paboTarolpe Ha PacTSHKECHHUE WIH CXKATHE, HCIBITHIBAIOT IOMHMO
TPOIOBHBIX 1e)OPMALIU U TIONIEPEUHBIE.

[lpu pactsoxkennu Opyca ero maawHA yBenmuuwiach Ha AL, a mmpuHa
YMEHBIIWJIACh Ha BeawuuHy Ab=b-b;, wm Aa=a-a; (cm.puc.1.2). Ilpu >tTom
OTHOCHTEJIbHAsI TomnepeuHas aedopmanus Ui W30TPOMHBIX MAaTEPHAIOB IO BCEM
MOTNICPEYHBIM HAIPABJICHUSIM OJMHAKOBA!
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= 4a = A—b (2.5)
a b
OnbIT moka3bIBaeT, 4to €' B 3...4 pa3a MEHbIIIE, YEM E.
Abcomomuas eenuyuna omHouLeHUst OMHOCUMENbHOL NONEPEYHotli Oedhopmayuu
g K OmMHOCUMENLHOU NPOOOILHOI Oehopmayuu € HAZBIBACNCS KOIPPuyueHmom
oepopmayuu unu xosppuyuenmom Ilyaccouna:

L=l (2.6)

Kospdumment nonepeunoit nedopmanuu U, TaK Ke, KaK ¥ MOIYJb YIPYTOCTH
E, aBnsercs XxapaKTEepUCTUKOW ynpyrux CBOWCTB Marepuana.
YdauThIBas, 9TO MPOAOIbHASA U TIONIEpeUHast AeOPMAIAA BCETAQ UMEIOT
NPOTHBOMOJIOXKHBIC 3HAKH, ONYUUM €= —(I-E
, o

UJIH E=—l—. 2.7
uE 2.7)

[Ipu cxxaTuy HampsKEHWE HAJA0 CUMTATh OTpHUIATEIbHBIM. [[sa ompeaenaeHus
YUCJIOBOW BEJIMYMHBI [l HEOOXOAMMO TIPH PACTHKCHWHA WM TIPH  COKATHH
MPU3MATHUECKUX OOpa3IoB 3aMepsATh OJHOBPEMEHHO MPOAOIBHYIO M TONEPEUHYIO
nedopmaruu.

Bennunna u xoneodnercs ot 0 10 0,5.

Jna cramm u =0,25+0,33; pesunbl 4 =0,5;
oponssl  u = 0,32+0,35; kamusa  u =0,16+0,34;
yyryna u =0,23+0,27; npobku u = 0.

kayuyka u = 0,47,

CrnenyeTr MOMHUTS, UTO 4 = const TOJBKO B Mpeaenax 3akoHa [ 'yka.

2.3 Ko puumeHT 3amaca mMpovYHOCTH.
JlomyckaeMble HATPSIZKEHMSI.
Yci10BUus IPOYHOCTH U KeCTKOCTUH. Buabl pacueron

Kak yxe yka3plBaloCh, J€TajlM MAallUH WU JAPYrd€ KOHCTPYKUMU JTOJKHBI
YAOBJIETBOPATH YCJIOBUIO MPOUYHOCTH M JKECTKOCTH. Pasmepsl Aetajied HE0OXOoAMMO
noao0OpaTh Tak, 4TOOBI MO ACHCTBUEM MPHUJIOKEHHBIX HArPy30K OHU HE Pa3pyIIajiuch
¥ HE MOJIY4YrS AeOpMalliH, MPEBHIIIAIONINE J0MyCKaeMbIe.

B gwacTtHOCTH, B MAITMHOCTPOUTENBHBIX JETAIAX, KaK MPABHJIO, HE JTOMYCKAIOTCS
OCTaTOYHBIC JehOPMAIIHH.

Kak paspymenmne netanm, Tak W € nmedopMamyy CBS3aHBI C BEIIMYHHOMN
JECHCTBYIOIUX B HEW HaNMPsOKCHUH. 3HAUWTEIbHBIC OCTaTOUYHBIC aedopmanun
MOSABJIAIOTCS B CIy4yae MPUMEHEHMS IJIACTUYECKOrO MaTepHuasia, KOrja HaIpsKEHUA
JOCTUTHYT TIpeAeNia TeKyuecTd. PaspyllleHHe HacTymaer, KOrja HampsKEeHUA
JOCTUTHYT BEJMYHMHBI BPEMEHHOI'O COMpoTHBicHUA. [Ipu >TOM B ciiyuae Xpymkoro
Marepuaja jaedopmaru OyayT HE3HAYWUTENIbHBIMH. Takum oOpa3om, 0.2 demainetl,

22



U32OMOBNEHHBIX U3 NIACHUYHO2O MAMEPUand, ONACHbIM HANpsIdICeHuem cneoyem
cuumams npeoen mexyvecmu OT, d U3 XPYNKO2O — peMeHHoe conpomusienue Op.

Benwumna npepena Tekyuecth OT M BPEMEHHOTO CONPOTHUBJICHUS Op JIETKO
MOXKET ObITh TMOJIyueHa u3 omnbiTa. HecMOTps Ha 3T0, BBIOOP JOMYCKAEMOTO
HaANPSDKEHUS, TIOJI0KEHHOTO B OCHOBY pacyeTa Ha MPOYHOCTh, OKA3bIBACTCS JOBOJILHO
CJIOKHBIM. OTO OOBSICHAETCS HEOOXOAMMOCTBIO YUECTh CICAYIOINE OOCTOSTENhCTBA!

- HCOJHOPOJHOCTh XApPAaKTEPHCTHK MaTepuaja, B pe3ylibTaTe KOTOPOM
MEXaHMUYECKUE XapPaKTEPUCTUKA MaTepHalia, TOJyYeHHBIE Ha pa3HbIX 00pasmax
Ja)Ke M3 OJJHOTO TPYTKA, HECKOIBKO OTIMYAIOTCS,

- BEIWMYMHA W XapakTep HaWOONBIIMX HATPY30K, JACHCTBYIOIIMX HA
PaCCUMUTHIBAEMYIO JETaITh, OOBIYHO TOYHO HEH3BECTHHI,

- pe3yJbTaThl pacdera SBIIAIOTCS MPUOTUKECHHBIMH, TaK KaK B OCHOBY BBIBOJIA
(bopMyIT TTOJTOKEHBI JOMYIIEHUS, a PACUETHBIC CXEMBI YIPOIIEHHO OTPAKAIOT XapaKTep
paboTBl  PAcCUMTHIBACMBIX KOHCTPyKmmid. [losToMy HE TONBKO mOmMycKaemoe
HANpPsKEHUE JODKHO ObITh BRIOPAHO MEHBIIMM OIACHOTO, HO M HEOOXOJUMO HUMEThH
HEKOTOPBIH 3amac, YToObl 00ecmeunTh MPOYHOCTh Jake B Ciydae Hambojee
HEOJAronpUATHOTO COUCTAHHS MEPEUYMCICHHBIX (PaKTOPOB.

Jlonyckaemoe Hanpsidzcenue — STO HaWOOJIbIIEe HANPSDKEHUE, TMPH KOTOPOM
rapaHTHPYETCS MPOYHOCTh KOHCTPYKITHH.

Jlomyckaemoe HampsiHKeHHE [ o ] MOJKET OBITH OTPENENICHO 1O (PopMyJIIe
o
0
o ]= —.
n

rie 0 - omacHoe Hanpsukerne (O wid O g);

n - xo3pdurMenT 3amnaca MPOYHOCTH, TOKA3BIBAIOIINA, BO CKOJIBKO pa3
JIOMYCKaeMO€ HANpPsHKEHHE MEHBIIIEe OMACHOTO.
KoaddunmenT 3amaca mMpoYyHOCTH 3aBHCHUT OT OTBETCTBEHHOCTH KOHCTPYKIIWH,
YCJIOBHIA PabOTHI, TOUHOCTH pacueTa, PeKUMa HArpyKEHHS U IPYrHX (PakToOpOB.
JIns TUTaCTHYHBIX MaTepPHajoB B Cllydae CTAaTHYECKOM HAarpy3Kd OIaCHBIM
HAMPSOKEHUEM CIICAYET CUMTATh MPeae TeKyduecTu. Toraa

]
o o
n n T
BCJ’II/ILII/IHy 3amaca MPOYHOCTH 1A cTajieu npu CTAaTUYECKOU Harpys3kKe

npuHUMaroT paBHo# A7 =14...1,6.

Jlist XpynKuX MaTepualioB MpPU CTaTUYECKON HArpy3Ke OMAacHbIM HaNpsHKEHUEM
ABJISIETCS] BDEMEHHOE COMPOTUBIIEHUE, U TOTAA

[0]=02-02.
n ng

3anac NpOYHOCTH OOBIYHO NIPUHUMAIOT IR =2,5...3.0.
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Xpynkue Marepualibl JIydille COMPOTHBIISIOTCS CHXKATHIO, a TJIACTHUECKHE —
pacTsbkeHHIO. BbIBOJ BenmuumHBI [0] BechbMa BaXKEH, TaK KaK OT MPaBHIBHOTO
YCTaHOBJICHHS [ O] 3aBUCUT IPOYHOCTh U O€30MACHOCTh MPOCKTUPYEMOW KOHCTPYKIIHH,
a TaKKe DSKOHOMHYECKAas CTOPOHA — KOJIMYECTBO 3aTPauMBaEMOro MaTepuia.
YCTaHOBJICHHEM  BEJIIMYWHBI  JOMYCKAeMOTO0  HAmMpsHKCHHWS  [O]  3aHUMArOTCS
TOCyIapCTBEHHBIC HOPMHUPYIOIIUE OPTaHbI.

B obmem cnydae ycrmoBre MpOYHOCTH MOYKHO 3aITUCaTh CIIEIYIOMUM 00pa3oMm:

o<|ol]

[TpruMEHUTENHHO K PACTHKEHHIO (CHKATHIO) VCI061e NPOYHOCHU BBITIIAIAT TaK.

o= 3ol

(2.8)

Hmes YCJIOBUEC MPOYHOCTHU, MOXKHO BBIIIOJITHUTL mpu suoa pacdemos:

Tpoexmuposounwiii. WspecTHsl Harpyxenue, martepuan ([o]), reomerpus
nonepeyHoro ceueHus. Heo0xoanumo onpeaenute pa3mepsl CEYEHUs

N
#H 2 —=

lo]
lIpoeepounwviti. V3BeCTHBI Harpy:XeHHe, Marepuall, pa3Mepbl MONEPEYHOro
ceueHns. Heo6xo1MuMo pOBEPHUTH BBINIOJTHEHUE YCIOBUSA MPOYHOCTH

N
max — %S [G] :

Onpeoenenue necyweii cnocoonocmu. VI3BecTeH XapakTep Harpy>XeHUs, MaTepuall,
pa3Mepsl ceueHus. TpeOyeTcs onpeaeNnTh, KaKyr0 MAaKCUMAJTbHYIO Harpy3Ky MOXKET
BBIJICPKATh CTEPKCHb

o

Nmaxg[o-]'F-

VYcrnoBre KECTKOCTH HAKIAABIBACT OTrpaHWdeHuss Ha aedopmarmm. [
pacTsKkeHHA (CHKaTHs) YCITIOBHE KECTKOCTH UMEET BU

NY
Al <L [Af] wmn AL = E < [Af] 2.9)

ITo YCIIOBHUIO JKCCTKOCTH BBITTOJIHAIOTCA TC K€ BU bl pACUYCTOB, UTO U 110
YCJIIOBHIO ITPOYHOCTH
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3 PACHET CTATUYECKHN HEONIPEAEJIMMBIX CUCTEM,
PABOTAIOIIUX HA PACTA’KEHUE U C’ KATHUE

3.1 CtaTn4yeckH onpeaeuMble H CTATHYECKH HeompeaeJuMble CHCTEMBbI.
CreneHb CTATHYECKOIT HEOTIPEETMMOCTH

Bo Bcex mpumepax, KOTOpbIE MBI pacCMaTpUBaIM A0 CHUX MOP, PACTATUBAIOLINE
WIN C)KMMAIOIINE YCHIUA B CTEPIKHAX ONPENEIIAIN U3 YCIOBUH PaBHOBECHUS TBEPIOTO
tena. Tak, B ciyuae nmoasecku rpy3a Q (puc.3.1) Ha nByx crepxHiIx AB u AC wmbi
MOxkeM HauTH ycunusa Ny 1 Na, pacTATMBAIOIIME 3TH CTEPIKHU.

B C

N, N

vo vo

Pucynox 3.1

W3 ycrnoBuii paBHOBECHSI TOUYKM A TpPW CHIIbI, NMPHIIOKEHHBIC B 3TOH TOUKE,
JOJKHBI YIOBJIETBOPATH JIBYM YPaBHCHHSAM PABHOBECHS. CyMMa TPOCKITUN STHX CHIT
Ha KOKAYIO W3 JIByX KOOPJAMHATHBIX OCECH JOJDKHA PAaBHATHCA HYJHO. TakuMm o0pazom,
YHCJI0 HEM3BECTHBIX YCHIJIMK (/1Ba) paBHO YHCIY ypaBHEHUWH paBHOBecHs (1Ba), U 00a
yeunuss N; u N, MoryT GbITh HalIeHB! M3 STHX YPaBHEHWM. JTa 3a1a4a Crmamuyecku
onpeoenumasl.

Huaue Oymer o6CTOATH meno, ecimu rpy3 () TOABENIEH HA TPEX CTEPIKHAX
(puc.3.2). B aToMm cimydae T. A HaXOAWTCS B PAaBHOBECHH IO/ ACHCTBUEM YETHIPEX CHIL
O, N;, N> u N3, npuuem TpH TOCIEIHMX SBISIOTCS HEM3BECTHBIMH. YPAaBHEHMH ke
paBHOBECHS JBa, T.€. KOJMYECTBO HEW3BECTHBIX YCHJIMM TMPEBBIMIAET KOJIMYECTBO
YPaBHEHHM CTATHKH.

N;
N[ o N2

1

Pucynox 3.2
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Cucmemvl (KOHCMPYKYUL) HAZLIGAIOMCS CIAMUYECKU HEONPEOeUMbIMU, ecilu
KOJIUYEeCmMeB0 HEUS6ECIMHbIX peakuuﬁ ces3ell 8 HUX npeesviutdem KoJaudecmeo ypaeHeHuﬂ
PasHOBeCUsl, KOMOPbIE MOHCHO 3ANUCAMb OISl OQHHOU CUCEMbL CUL.

Takum oOpazoM, KOHCTPYKLUS, N300pakeHHas HA puc.3.2, ABJISIETCS CTaTUYECKU
HEOIPEIETTUMON.

CremneHb CTaTHUECKON HEOMPEACTUMOCTH CUCTEMBI OTIPEACIIICTCS KOJHUECTBOM
“muimHux” cBA3e. “JIMIIHUMU™ CBS3U HA3BIBAIOTCA JIMLIb IMOTOMY, YTO OHHU HE
SBIIAIOTCS  HEOOXOJMMBIMHU TSI 00ECIICUEHUST PABHOBECHS OCTAJbHBIX 3SJICMEHTOB
KOHCTPYKITHH U €€ TCOMETPUUECKOW HEU3MEeHsAeMOCTH. “JIuimHue” CBA3M MOTYT OBITh
HEOOXOIUMBI ¢ TOUKH 3PEHUSA MPOYHOCTH U KECTKOCTH JIMOO KOHCTPYKTUBHO.

Pasnuya medxcoy uuciom Heus8eCmHuIX YCUMUil U KOJIUYeCm8OM YPABHEeHUl
CMAmMuKy, KOMOpoe MOMCHO COCMasums OJisl OAHHOU KOHCMPYKYUu, onpeoeisiem
yucino  “IUMWHUX”’  Heu38eCmHuIX Wil CMeneHb CMAMmuYeckoil HeonpeoeiumMocmu
KOHCMPYKYUU.

CornacHo OMPEENICHUIO CTENEHb CTAaTUUYECKOW HEOMPEACTIMMOCTH S MOMKHO
HaliTH 1o opmyJie

San—ny, (31)

rIe HNp — KOJIMYECTBO HEM3BECTHBIX PEAKIMN CBA3CH,

Ny — KOJIMYECTBO yPABHEHHUI PABHOBECHS.

PaccmoTtpum erie psa KoHCTpyKimid (puc. 3.3).

p77777777777 /R 777777777777 4 p7777777777777 74

v v v

a 1) 8

Pucynox 3.3

Bce mnoka3zaHHeie Ha puCyHKE 3.3 KOHCTPYKLHMH MOTYT OBITh PEIICHBI C
MOMOUIBIO TJIOCKOHM MapaJuyieNIbHOM CUCTEMBI CHUIL, AJIsl ONPEACTICHUS] PEAKLIUNA KOTOPOH
HEOOXOMMO COCTaBUTh JIBA YPaBHEHHUA. TakuMm 00pa3oM, COIVIACHO OINPEAEICHHUIO,
nepBas  KOHCTpykmmsa (cm. puc.3.3, @), KoTopas HMMEeT JBa CTCPXKHI H,
COOTBETCTBEHHO, [BE PEAKUUM, SBJISETCS CTAaTUYECKW OnpenaenuMoir. Bropas
KOHCTpYKUUsA (cM. puc.3.3, 6) MpH TPeX HEM3BECTHBIX PEAKIUAX CTEPIKHEH MMEET OJTHY
“JIMIIHIOI” CBSI3b W ABIIAECTCA OJWH pa3 CTaTHYECKHW Heompeaenumon. Tperss
KOHCTPYKIHS (cM. prc.3.3, 8) — ABAXKIBI CTATUIECCKHA HEOTIPEACTHMA.
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3.2 CraTu4veckH HeonpeeJUMbIe 331a4i MPU PACTSLKEHNH M C5KaTHH.
ILnan pemienus Takux 3aa4

CraTrudeckn HEOTPEACIIMMBIC CHCTEMbI PACCUMTHIBAIOT MTyTEM COBMECTHOTO
PCIICHUS YPAaBHEHUH, MMOJYYCHHBIX B PE3YJIbTaTe PACCMOTPEHUS CTAaTHUYCCKOM,
reOMETPUUECKON U (PU3UUECKOM CTOPOH 3a7auH.

Cmamuuecxkass  cmopona 3a0a4u. (COCTaBIAE€M YpPaBHEHUS PABHOBECHS
OTCEUEHHBIX JIEMEHTOB KOHCTPYKIIUH, COACPIKAITUX HEU3BECTHBIC YCHITHS.

['eomempuyeckas cmopona 3adaqu. W3o0pakaeM KOHCTPYKIHIO B JIBYX
NOJIOKCHUAX (M0 ® mociie JedopMalid) W YCTAHABIMBACM  CBSI3b  MEXKIY
NEPEMEIICHUSIMI  WiK  1eOpMAIMsIMHA  OTACIBHBIX  DJIEMEHTOB  KOHCTPYKIIHH.
[Tony4ueHHbIe ypaBHEHUS HA3BIBAIOTCS YPAGHEHUSMU COBMECHOCIU Oeqhopmanyuil.

Qusuyeckas cmopona 3a0ayu. Ha ocHoBaHuu 3akoHa ['yka, 3amMcaHHOrO B
abcomoTHON ¢opme (dopmyma (2.4)), BeIpakaem AehOpMaIldH  SIEMEHTOB
KOHCTPYKITHH Yepe3 JACHCTBYIOIIHME B HUX HEW3BECTHBIC yCHIIHA. B ciyuyae M3MeHEeHUs
TeMreparypel K aedopMammsM, KOTOPbIe BBI3BAHBI BHEHIHHMH  YCHITHSMH,
HEOOX0MUMO J100aBHTh JeOpPMAIlMK, BBI3BAHHBIC TEMIIEPATYPHBIM Y UTHHEHHEM.
[ToacrasiisseM TONMydYeHHBIE BBIpAKCHHS ae(OPMAIlMM B YPaBHEHHS COBMECTHOCTH,
MOCJIE YEero Mocjae Hue OyayT COAepKaTh HEU3BECTHBIC YCHITHS.

Cunmes. PemraeMm ypaBHEHHsS CTaTHKH COBMECTHO C  YPaBHCHHUAMH
COBMECTHOCTH JeOopMainvii, 3aNMCaHHBIMH B YCHJIUSAX, W HAXOJUM HEW3BECTHHIE
YCUIIHSL.

PaccMOTpUM HECKOJIBKO TPUMEPOB.

Ilpumep 1

K cranpHOMy crepxHio (puc.3.4, a), 3akpemieHHOMY OOOMMH KOHLIAMH,
npuiiokeHa oceBasd cwiia P. OnpeaenuTs yCHaus, BOSHUKAIOIIKME B BEPXHEH U HIKHEH
YaCTsIX CTEPIKHS.

t
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Pucynox 3.4

27



Yemanasnueaem cmenenvs cmamudeckoi HeonpeoeauMoCmi CIepICHsI.
(nBe peakiuM, OJHO ypaBHEHHUE cTaThku). S=2—1=1,

CrnenoBarelibHO, CHCTEMA OJIMH pa3 CTaTHUECKH HEOMpeaeiuMa

Cmamuueckas cmopona 3a0ayu. OcBOOOAMB CTEPKEHB OT cBs3e (puc.3.4,0) u
MIPHUJIOKHUB TIO €r0 KOHIIAM HEH3BECTHBIC PEAKIIMH, 3aMCHSFOIINE ACHCTBHUS CBA3CH,
3aMuIeM ypaBHEHHE PAaBHOBECHS, IPUPABHSIB K HYJIIO CyMMY TIPOCKITHA BCEX CHJT HA
OCh CTEPKHS:

Feozuempuqeacaﬂ CMOpOHA 300a4. Tak kak KOHIIBI CTCPIKHA 3aKPCIUICHBI, TO

ero o0Ias UIMHA He U3MEHUTCA O ACHCTBUEM CHbl L.
CnenoBareibHO,
Al =0. (3.3)
Qu3zuyeckas CMopoHa 3a0ayu. B IONIEPEUHBIX CEUCHHUIX BEPXHEH YaCTH CTEPIKHS
NEHCTBYIOT YCHIIUS, PaBHBIE peakiyu K4 | a B IIONMEPEUHBIX CEYEHUAX HMKHEH YacTH —
ycunus pasHble peakimu Kp . Beipasum nedopManyu 4acTeit CTEpiKHS Yepes dTh
YCHITHS

Nyc =Ry
NBC = —RB.
CnenoBareibsHo, Al= Ry-a_Rg 2 .
EF EF
Cunmes: A EzRA‘a—RB.bzﬂ
EF EF
Otkyna Ry-a-—Rp-b=0,
Te. R, _Rpb (3.4)
a
[loncrasus (3.4) B ypaBHeHue (3.2), onpeaesnsieM HEM3BECTHBIE PEAKIIUH:
Rpb, Ry —P=0.
a
a b
[Tonyuaem: Ry = P, R,=——P.
& B atvb AT avb

OTH pelieHrs TMOKa3bIBalOT, uTO OoJee KOPOTKas, a ClieloBaTebHO, Oosee
JKECTKask 4acTh CTEPIKHA BOCIIPHMHUAMAET Gobinyto yacts cutsl P (R4 > Rg).

Ilpumep 2

I'pys Q moasemen Ha Tpex crepxuax (puc.3.5). Ilycte kpaitHuME CTEpKHH,
WUMEIOIIAE paBHBIC IUIOMIAJM TOMEPEYHOTO CEUYCHHUS, — CTaIbHBIE, CPEIHUH Ke

crepxeHb — MenHblid. JlnvHa cpemaHero crepxkus (3, kpaiinux {;, normyckaembie
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HanpsokeHus s cranu [Op], a mans memu [0,]. TpebGyercs ycTaHOBUTH pa3Mepsbl
MIOIIEPEYHBIX CEUEHUM ITUX CTEPIKHEN.

[Ipexkae BCEro, YCTAaHOBUM, KAKME BHYTPEHHHME YCHJIMS MOIYT BO3HHMKATh B
KaKI0M cTepikHe. [IOCKOIBKY CTEPIKHH COEIMHEHBI MEKLY COOOK INAPHUPAMHM, TO B
HHMX MOTYT BO3HHUKATH TOJBKO OCEBBIE ycumus (mpoaosbHble ycumus NV). CuMraem ux
PacTATMBAIOIMMH, T.€. HarpasiseM cribl N; oT Toukn A (cMm. puc.3.5, 6).

N; N; N,
oo
>
X
Q
7 y
Pucynox 3.5

Vemanasnusaem cmeneins Cmamuyeckon Heonpeoenumocmu  (HEU3BECTHBIX
peakuuii - 3, ypaBHeHu# paBHoBecus - 2): S=3—/=1.
CucTeMa OIMH Pa3 CTATHIECKU HEONPEIETAMA.

Cmamuueckas cmopona 3a0auu. Jlid ONpPENeNeHus YCHIUH paccMOTPUM
pasHoBecre Toukn A (cMm. puc.3.4, 6). CocraBngeM aBa BO3MOXKHBIX YpPaBHECHHSA
paBHOBECHS:

>X=0; N, sinot— N, sino = 0. (3.5)
DY =0 Q—-N;cosoc—N3;—N,coso=0. (3.6)

U3 ypaBuenus (3.5) cneayert, uto N;= N,, Torna ypasaenue (3.6) npuMeT BH/I;
Q—-2N;cosox—N;=0. (3.7)

I'eomempuueckas cmopona 3aoaqu. Iloa nericteuem cuibl O BCE TPU CTEPKHS
yamanstores (puc.3.6). T.x. N; u N, paBHBI MeX Ty cOOOM, U CTEPHH | 1 2 U3 OAHOTO

marepuaia, To ux ymaenns Al ; u Al 5 GyayT onMHAKOBbIE, W TOYKA A OIyCTHTCS
110 BepTukanu BHu3. OGO3HAUKMM yUTMHEHHE TPpeThero crepikHs - Al 3. VannHenus

JUTHH BCEX TPEX CTEPKHEH OyAyT COBMECTHBI, T.€. M TOCHEe AchOpMaIlii CTCPKHH
OCTAlOTCId COEOUHEHHBIMH B T. A4;.

JInsi HaXO0XKIEHHUS HOBOTO IMOJIOKEHHS TOYKH PA3beIUHUM (MBICICHHO) CTEP)KHU U
n300pa3uM Ha YepTEkKe HOBBIC UTMHBI KpaiHUX cTrepxkHet CC; u BB, yBeIUYUB UX
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winny Ha AL 1=AB; = AC;. Jlna Toro 4to0bl HAWTH HOBBIEC MOJIOKECHUA TOUKH A,

HEOOXOMMO CBECTH BMecTe ymnuHeHHble ctepxHu C(C; w BB;, Bpamas uX BOKPYT

touek B u C. Touku B; u C; coBnaayT B T. 4;, apurasics no nyram C;A4;, BjA;

Pucynox 3.6

Bceneacreue manoctu nedopmarmii 1yrd MOKHO TMPHHSATH 32 MPSMBIC OTPE3KH,
nepnenaukyspasie kK CC; u BB;. HoBoe monmoxenune crepxkueit BA; u CA; nmokazaHo
MYHKTAPOM. [10CKOJIBKY KOHEIl CPEAHET0 CTEPIKHS TOXKE MPHUKPEIICH IIAPHUPOM, TO H

OH TIOMAJET B T. A, a yutnHenune Al 3 Gyner paBHO otpesky AA4;. U3 reomeTprueckmx

CcOoO0pakKeHUIH HAXOIUM, YTO

AB,=AA;cosoxc nm Al; =Al;cosa.

(3.8)

Qusuueckasi cmopona 3aoayu. I1yCTh TUTOINAAM TOMEPEYHBIX CEUCHHH CTEPIKHEH

Ooynyt F;=F, w I3, MOAyb YOPYrocTu ctanu — K., meau — .
[Tpumennm 3akon ['yka B abcomortHoi dopme (dhopmymna (2.4)).

Nyl N3l
Al[ == i 5 Al3 == ke .
EcF] EMF3
[loxcraBum monydeHHbIE 3HAUCHNA B ypaBHEHU (3.8):
Torpa N = Nsls cos o .
Ec FI Em F3
U3 AABC cnenyer, uto 3 = £ ; cos ¢ . Torna N, =N; Bl cos’ o .
F
M*3

Cunmes. Pemas coBmectHo ypasHenus (3.7) u (3.10), momydnm:

O - 2N, Loty cos’o—N;=0.
Ly Fs

Otkyna Nj= Y ;

1+ 2Mcos3(x
Ep b
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e 0 Echy

1+2 Lty cos® o Em ks
EM F. 3
W3 monydeHHBIX (pOPMYIT BHIHO, UTO BEIHYHMHA YCHIHK N 3aBHCHT HE OT
aOCOJTIOTHBIX BeNMMUWH Tuiomanei F u moayneit E, a oT ux orHomenuit. 3a1aBasich

coszoc:NZ.

Pa3IMYHBIMH COOTHOIICHUSAMH A = —1, MBI OyJIEM TTOJTy4aTh Pa3IMuyHbIe KOMOWHAITIH
3
yewnii N;, N, N;. [1o BenuurHaM 3THX YCHIIHM U TOMTYCKAa€MbIM HANPSKCHUAM

N,
MOJKHO HaiTH M BemiumHbl miomanei F; u F; w3 yenosus, uto —L < [O' . ], TOrza
1

WM HAXOMUTh IJiomans F- 3 13 popmyIbl & < [G M], TOTAa
3
F A= F 3M.

B crarndeckn HEOMPENENIUMBIX CUCTEMAX, BAPbUPYS COOTHOIICHUEM TUIOMIAACH
MOTIEPEYHBIX CEUEHUH CTEP)KHEW, MBI MOXKEM OCYILIECTBIIATh PA3IMYHbIE BAPHAHTHI
pacrpeeneHnss yCUIHA MEXIy CTEP>KHAMM, YUUTHIBAS, UYTO YCHIIASA PACTIPEIEIISIOTCS
MPOTMOPLIMOHAIBHO )KECTKOCTH CTEPIKHEH: YeM OOJbIe JKECTKOCTh TAaHHOTO CTEPIKHSA,
TeM OOJIBIIYIO J0JIIO YCHIIUA OH Ha ce0s OepeT, 1 Ha0OOPOT.

3.3 BiusiHue HETOYHOCTH U3rOTOBJICHHS HA yYcuiausl U HAIPSIZKCHU S
B CTATHYECCKH HCOIIPEACITUMbBIX CUCTEMAX

Ilpu uzeomoenenuu 6CsK020 pooa COOPYHCeHUl Helb3s 00ecneyums adCoaOmHo
MoOYHOe GbINOJHEHUe pasmepos ux uyacmetl. Bceeoa HeobOXo0uUMO npou3E00UMs
pacuemel ¢ BO3MOJNCHOCMBIO MeX UM UHbIX HeOOIbUUX HemodyHocmeil npu
uzeomosgieHuu Oemaneil. Eciu mel umeem 0e10 cO CMAMUYECKU ONPeoesumMon
cucmemoti, mo maxkue HemoYHOCMU He 6bi3068YM HUKAKUX HANPSAICeHUl 6 5moli
cucmenme.

Tak, Hanpumep, ecnmu crepxkeb AB  (puc.3.7) Oyaer caeman HEMHOTO KOpoOUe,
YeM TMPENoIarajoch Mo 4epTexkKy, TO 3TO BBI3OBET JHIIIb Jerkoe uckaxenne AABC.

B C

A
1o

Pucynox 3.7
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CoBcem wmHaue cebd TOBEAET CTATUUECKH HEOMPEAENUMas KOHCTPYKIHUS
(puc.3.8).

Pucynox 3.8

IIycTh cpennuii crepkeHb OYAET CAe/IaH KOPOU€e Ha BETUUMHY AA=0.

Onpenenutb yCHIMA, KOTOPHIE BO3HUKHYT B KaXIOM CTEPXKHE, €CJIM HX
COCMHUTh B MPOEKTHOE TMOJIOKEeHHE. [Ipeanonokum, 4To BCE CTEP)KHU PACTSIHYTHI,
T.€. HAIIPaBUM YCHIIAS N; OT TOUKH A.

Yemanasnusaem cmenens cmamuyeckoti HeonpeoenumMoCcmu:

S=3-1=1.
Cmamuyeckasi cmopoHa 3a0a4u:
ZXZO NISanC—NZSlI’lOCZO, T.C. N1:N2
Y =0;N;cosa+N3;+N,cosaa=0; wmm 2N;coso+N;=0. (3.11)

Al
I'eomempuueckas cmopona 3aoauu; Al 3 +—21L =§ . (3.12)
cose
N, N3l
Dusuueckas cmopona saoavu: Al j ==L Ap, =373 (3.13)
Lk IDVeE
Cunmes. [loncraBum ypaBuenue (3.13) B ypaBaenwe (3.12) u yarem, uro
14
(= , Uy=10:
COS&X
Nilcoso N,
Toraa s + . =0. (3.14)

E,F;  E.Fcos’a
Pemas copmectro ypaBaenus (3.11) u (3.13), onpeaenum ycumus Ny 1 Nj:

S E,F; N= N5y,

’  2cosa
ls) 1— Lt F
2E . F,cos” a
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3Hak “+” mepen ycuiaueM N; TOKa3bIBACT, UTO CTEP)KEHb 3 PAaCTAHYT, KaK Mbl U
npeanoaraim, a 3Hak “—  mnepen N; u N, Mmoka3bIBaeT, YTo CTEPKHUA | 1 2 CHKaThl.

[IpuBeneHHBI pacyeT MOKA3bIBAECT, YTO HETOUYHOCTH M3TOTOBJICHHS BJIEKYT 3a
co0Ol HANPsKEHHUs B CTEPXKHAX AK€ MPH OTCYTCTBMM BHEUIHWX BO3JACHCTBHN Ha
KOHCTPYKLHUIO, T.€. BO3MOXXHOCTb MOSBIICHUSA HAYANIbHBIX HANPANCEHUI TOXKE SBISAETCS
OCHOBHBIM CBOWCTBOM CTAaTHYECKM HEOMPEICIUMBIX CUCTEM. Ecimu Bce TpW CTEp)KHA
OyayT caenaHbl W3 OJHOTO MaTepuaja W MMETh OJMHAKOBYIO IUIOIIAfb, TO MPH
neiictBum rpy3a (Q pacTATHBAIOIIEe YCUIIHE B CPEIHEM CTEpKHE OyAeT OoJiblie, 4eM B
KpallHUX, T.K. HQJIAYUE PACCMOTPEHHON HETOUYHOCTH BBI30OBET J00aBOYHOE
paAcTATHBAIOIICE YCHIIME B CPEJAHEM CTEP)KHE W COKUMAKOIIWE YCHUIIUS B KpaHHMX
CTepKHAX. B 95TOM npuMepe HanuuMe HAYajdbHBIX HANPSHKCHUA YCWUIMBACT
HEPaBHOMEPHOCTh Pa0OTHI CTEPKHEN U TIOITOMY SBJISETCS BPEIHBIM.

Ecnn Obl cpenHmii cTep:keHb ObUT JUIMHHEE MPOEKTHOTO TOJOKEHUS Ha
BEJIMUMHY & , TO HAUAJIbHBIE HAMPSKEHUS U3MEHWIN Obl 3HAK U HECKOJIbKO BBIPOBHSLIN
Obl HEPaBHOMEPHOCTb pAaCMpeAeNCHHUs] YCUIUN MEKIy CpPEeAHMMU M KpalHUMH
CTEPXKHSAMU 1O Harpy3koit Q. B 3Tom ciyuae paccMOTpEHHOE CBOWCTBO CTATHUECKH
HEOMPENECIUMbIX CHUCTEM ObIJIO OBl HWCHOJIB30BAHO JUIA  YJIYYIIEHUA paloThl
KOHCTPYKLUH.

3.4 HanpszkeHusi, BOSHHUKAKOIIHE MPU U3MEHEHUH TeMIIepaTypbl

B oaemenmax cmamuyecku HeonpeoenuMvlX CUCMeM HANPANCEHUs MO2YM
makdce  BOZHUKHYMb  OM  U3MeHeHus memnepamypel. J[0801bHO  3HAYUMENbHDIE
HANPSIJICEHUs. 5M020 MUNA BO3HUKAIOM 8 PelbCax, CEAPEeHHbIX 6 OOHY HeNnpepvleHYIO
JquHuto. Tlpu usmeHenuu memnepamypsi peivbcog N0 OMHOULEHUIO K MOil, NPu KOMOopoti
npouszeeoena C6apKa, 6 HUX BOHUKAIOM pACMAUGAIOWUe WU  CHCUMAIOUUE
Hanpsidcenus. Imy 3a0a4y MOJCHO CXeMAMU3UPOBAMsb 6 MAKOM 6UOe. OAH CMEPICEeHb
(puc.3.9), 3augemnenHvlii HENOOBUICHO KOHYAMU Npu memnepamype ti; onpeoenums,
KaKUe 603HUKHYM 8 HeM HANPSJICeHUs NPU USMEHEHUU memMnepamypel 00 t;.

3 3
Rs Y R Rp
—k:____F_z_E_ _____ :\u’_
R N
ﬁ]
~ |
PucyHnox 3.9

CrepkeHb CTPEeMHUTCA YAJIMHUTBCS W Oyaer gaButh Ha omopel A u B. Co
CTOPOHBI THX OIOP Ha CTEPKEHb OyayT AeicTBOBaTh peakiuu Ry = Rp. OHm Oymyt
BBI3BIBATh CXKAaTHE CTEP)KHS. VX BEIWUMHBI HEIb3S HAWTH C TIOMOIIBIO JIHIIH
YPaBHCHHM CTAaTUKH, T.K. IMEEM JIBC HCH3BECTHBIC PEAKITUH MPH OJHOM CTAaTHUECKOM
YpaBHEHUH PaBHOBECHSI:

OEV SN

Cmamuueckas cmopona 3a0auu: Ry - Rg=0,T.e. R4= Rp. (3.15)
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Teomempuyeckas cmopona 3adavu. T.x. 06a KOHIA CTEPIKHS IKECTKO 3aKPEIUICHBI,
TO €ro UIMHAa HE W3MEHMTCH, T.€. HOJHas ae(opManus, BbI3BaHHAsA NEHCTBHEM
Temneparypbl 1 ycunust N, Oyzaer pasaa 0: Al = ().

Torma Al =Al . (3.16)

9710 1 OyIeT ypaBHEHHE COBMECTHOCTH Jedopmariiu
Quzuyeckasi CMoponda 3a0a4u.

N{
IMTockonbky N = - Ry v N = - Rz, TO AENZE, (3.17)
rae o - KodPUITUEHT IMHCHHOTO PACTIKEHNS,
At =1t~ - nepenan TeMIeparyp.
Cunmes. Tloacrasum ypasuenwue (3.17) B ypasuenue (3.16), noayunm

atAr— Bal _ 0,
EF
OTKyJ1a R, = 0 AtEF
u GZEZR—AZO!EAL
F F

[IpuBeneHHBI pacyeT MOKA3bIBAET, YTO HANPSIKEHHWE, BHI3BAHHOE W3MCHEHUEM
TEMIEPATYPhl B CTEPIKHE MOCTOSIHHOTO CEYEHUA C JKECTKO 3alEMJICHHBIMU KOHIIAMH,
3aBHCHT JIMIIb OT MOJMYJIA YNPYrOCTH MarepHuana, ero Ko3(pQHuIMeHTa JMHECHHOTO
pacIIUpEHHuss (¢ W PA3HOCTH TEMIIEPATYP W HE 3aBUCUT OT JUIMHBI W IUIOIIAJA
MOTMEPEYHOT0 CEUCHUS CTEPKHS.

Ecnu pasmepsl cedueHus WM MaTepuai MEHSIIOTCS MO JJIMHE CTEPXKHS, TO 3TO

n
Haj0 yuecTh ipu pacuete Al te. Al = D (M+ ol AL ). (3.18)
1=1 it

Ecu cTepikeHb MMEET BO3MOMKHOCTb YUTMHMTHCA, HA BEJMUMHY O, TO €ro
nedopmanus Gyner papia Al = O .

HMHorna B CTaTMUECKM  HEONPEAECIIMMBIX  KOHCTPYKLUMAX  NPUXOAMUTCA
OJTHOBPEMEHHO YUYMUTHIBaTh BJIMAHUE BHEIIHEH HArpy3Ku, U3MEHEHUS TeMIepaTypbl U
HETOYHOCTHU M3TOTOBJICHUA. Pelienne Takux 3a1a4 BO3MOKHO ABYMS Iy TAMH.

[-ii  nymv — 3TO OJHOBPEMEHHBIH yueT Bcex (akTopoB. B »Tom ciyuae B
ypaBHEHHE COBMECTHOCTH JedopMaluii JOMKHBI  OBITh  BKJIFOUEHBI  YJICHBI,
OTPAKAIOIINE BJIMAHUE BCEX ITHX 00CTOATENBCTB. [losyueHHbIE NIPH 3TOM yCWIHA U
HaNPSKCHUS ABJIAIOTCA OKOHYATEIbHBIMU.

2-1i nymv — pa3feiabHbIi YUET YCUIIMH, BBI3BAHHBIX HArpy3KO#, TeMmepaTrypod u
HETOYHOCTBIO M3rOTOBJCHUA. Pemaercs kak Obl HECKOJBKO OTACIbHBIX 3a7ad, B
KOKIOW M3 KOTOPBIX YUYHTHIBAECTCSA TOJNBKO OMuH W3 (pakTopoB. OKOHUATEIIEHBIC
YCWIHSI U HAIPSKEHUSA OMPENEIAIOTCS MyTeM are0pandyeckoro CyMMHUPOBAHUSA 3THX
BenanuuH. [locneanuii myTh yacTo ABsgeTcs 00Jiee ACHBIM M YAOOHBIM, BbI3bIBAS JIUIIIb
HEOOJIBIIIOE YBEJIMUEHUE KOJMYECTBA BHIKIAA0K. OH HOCHT Ha3BaHUE Cnocoba
Cynepnosuyui.
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4 NU3I'b

4.1 Ilonsitusi 06 u3rude 6aaxku. Buabl onop 1 onopHbBIE peaKIum.
BHyTpeHHUe ycuinsi B 6aJIKe, MX ONpeaeSieHHe H ITPABIJIO 3HAKOB

1100 u32ubom nonumaemcs maxoi 6u0 HA2PYICeHUs, Npu KOMOPOM 8
nonepeynvIX cedenusix Opyca 6O3HUKAIOM U32UOAIOUUE MOMEHNbL.

Hzeub  wuaseieaemcs: UUCMBIM, eclu  U3UOQIOWUL  MOMEHM  SGJISAemCs
COUHCMBEHHBIM CUTLOBLIM (PAKMOPOM, a nonepednvie Culbl OMCYMCMEYIOM.

Onnako Oosblliel YacTblO B TIOMEPEUYHBIX CEUEHHUAX Opyca Hapsaay ¢
M3THOAOIMMM MOMEHTOM BO3HHKAIOT TAaK)KE€ W TIOMEpPEeuHble CWibl. B 3ToM ciydae
n3ru0 HaswsiBaeTCs nonepeunvim. Kiaccudukanus BUIOB W3ruOa MPOU3BOAMTCSA U IO
JPYTHAM TIPU3HAKAM, HEKOTOPBIE U3 KOTOPBIX OYAyT PACCMOTPEHBI B T TbHEHIIIEM.

Cmeporcens, pabomaiowyuii Ha uzeuod, nazvieaemcs dankoit. K cxeme «bamkay»
CBOJATCS MHOTHE MAIIMHOCTPOUTENbHBIC KOHCTPYKITHH (0ajika MOCTOBOTO KpaHa,
BaJIOK MPOKATHOTO CTaHa, 3y0 MIECTEPHH | T.1.).

Brauayie orpaHMUMMCst pPAaCCMOTPEHHEM MIPOCTEHIIIETO ciiydasi u3rubda Oalok,
MIPH KOTOPOM BC€ 33/IaHHBIC HArPy3KH JIEKAT B OAHON TUIOCKOCTH, HAa3bIBAEMOM
cunoeoii. Ha puc.4.1 nokazana 6ajika, y KOTOPO# CHJIOBasA MJIOCKOCTh COBIAIAET C

TUTOCKOCTBIO )Z.

y P M @
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Pucynox 4.1

Ha pacueTnoii cxeme 6aiky MpUHATO 3aMEHATH €€ OChio (cM. puc.4.1, 6). [lpu
9TOM BCE HArpy3KH JOJDKHBI ObITh IPUBEICHBI K OCH OAJTKH, a CHJTOBAs TIOCKOCTh
Oy/eT COBIMAIaTh C MIOCKOCTHIO YEPTEKA.

banku nmeroT Te wim uHbIE OMOpHBIE yeTpoiicTBa. KoOHCTpyKTHBHBIE (hOPMBI
OTI0p BechMa pa3HooOpasHel. [yt pacdera ke OHH CXEeMAaTH3HPYIOTCSA B BUJIE TPEX
OCHOBHBIX THITOB OTIOP
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Llapnupno - nenoosuxcuas onopa (puc.4.2, @) IpensaTCTBYET NEPEMEIICHUIO
Oanky B JBYX HANpaBJICHUAX, U TO3TOMY B HEH BOZHUKAIOT JIBE PEAKLIUH —

BeprukanbHas V4 (wm Yy) u ropusontansaas H 4 (wmm X).

Vi Va V. V.
5 g = Wf : Hi»;é
a o 6 e

Pucynox 4.2

KoHCTpyKTHBHO IIApHUPHO-HETIOABHKHAS OTTOPa MOXKET OBITh BHITIOJTHEHA M3
IByX ctepxHer (cMm. puc.4.2, 6 u 8). IHOTIa ee 0003HAYAIOT TPEYTOILHUKOM
(cMm. puc.4.2, 2). JlanHas omopa He MPEMATCTBYET MOBOPOTY OAJIKH.

Llapnupno-noosuxcuas onopa (puc.4.3, @) IPEnsATCTBYET NEPEMEIICHUIO OATTKA
TOJIbKO B OJIHOM HAITPABJICHUH, TO3TOMY €€ PEAKIHA HANPaBJICHA MEPIEHANKYIISIPHO
OTOPHOW MOBEPXHOCTH KATKOB.

A 4

a o 8 2 0

Pucynox 4.3

HHorma mapHUPHO-TIOIBHKHYIO OMIOPY CXEeMATHUHO H300paKatoT ¢ OJHAM
kaTtkoM (cM. puc.4.3, 0) wm 6e3 Hero — cKoJb3sIas onopa (cm. puc.4.3, ). B
HEKOTOPBIX CITydasxX IMIAPHAPHO-TIOABHXKHYIO OTOPY BBHITIOJIHSIOT B BUIC CTEPIKHS
(cM. puc.4.3, 2 1 0), peakims KOTOPOTO HAMpaBJieHa BOJb €T0 OCH.

JKecmroe 3awemnenue (3aujemnerue uiu 3a0eKka) IPEensITCTBYET ABYM
JUHEHHBIM 1 YTJIOBOMY TIEPEMEIICHUAM H MTO3TOMY €T0 PEAKINs COCTOUT U3 TPEX

COCTABJIAIOIIUX: TOPU3OHTANBHOM cuitbl /14 (nm X)), BepTukansHoM cutsl Vg
(uma Y ) u peaxrusnoro momenra My (puc.4.4, a).
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a 6 8
Pucynox 4.4

WHuorpa 3amemienne n300pakaroT U BBHITIOJHSIOT B BUAIE KOMOWHAIIAA
TIOIBHYKHOW W HETIOJBMKHOM o11op (cM. puc.4.4, 0) Wim Tpex cTepikHer
(cm. puc.4.4, 8).

Bce ati onopbl MOTYT OBITh )KECTKHE W TIOAATIUBbIC. JKECTKHE OTIOPBI HE
nehOPMHUPYIOTCS, a TIOJATINBEIC 1e(POPMHUPYIOTCA, T.€. COCTOAT KaK Obl M3 TPYKUHOK,
JOTTYCKAIOITNX OTPEACIIEHHBIC IEPEMEIIEHHUS OT TIEPEIaBAEMbIX HA HIUX CHIL.
YcnoBHbIe 0003HAYECHUS Y HAX T€ JKE€, TOJIBKO CTEPIKHHU 3aMEHSIOTCS MPY>KHHAMHA
(puc.4.5). beIBatoT OMOPHI ¥ CMEIIAHHBIC — B OJTHUX HAPABJICHUSIX TOIATIIMBHIE, A B

JAPYTHUX HET.
iRA

Pucynorx 4.5

banka, mokazanHas Ha puc.4.6, Ha3bIBACTCA NPOCMOT (08YXONOPHOII).

77/ 77577\

npoJjem KOHCOJIb

Pucynok 4.6

Paccrosinue Mexay onopaMu Ha3bIBACTCS HPOJIEHOM.

Konconwio nazpiBaetcs 6anka, 3aKperyieHHas OAHAM KOHIIOM W HE UMEIOIas
apyrux onop (cM. puc.4.4, a), Wiy 4acTh OaJIKK, CBEIINBAIOIIAACA 32 OTIOPHI
(cm. puc.4.6).

Kak m3BecTHO, Tt OnpeeieHus] HEU3BECTHBIX OMIOPHBIX PEAKIHNA IS TUTOCKON
CHUCTEMBl MOXHO COCTaBUTh TpPU YpaBHeHUs cratuku. [lostomy Oanka Oyxaer
cmamuyecky onpeoenuMol, €CA YUCII0O HEW3BECTHBIX OIMOPHBIX PpEaKIuil He
MPEBHIIIAET TPEX, B MPOTHBHOM Cjydae Oajika CUUTACTCS  CMAMuyecKku
HeonpeoeIuMoll.
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Bremnne Harpy3ku, nefcTByromme Ha 0aaKy, CBOIATCS K COCPEIOTOUCHHBIM
cunam P (xH, MH), napam cun M (kH-m, MH-M) 1 paBHOMEPHO UJIH HEPABHOMEPHO
pacnpeeNeHHbIM 10 JTHHE OAJIKH Harpy3KkaM ¢ HHTEHCUBHOCTBIO ¢ (puc.4.7, a).

Ry [Jy P q Ry M P M, M, 4 *RB
AT % 72;;%*‘) @l s
a Pucynox 4.7

PaBHOMEpPHO pacnpene/ieHHbIE HArPy3KHW XapaKTEPU3YIOT WX HHTECHCUBHOCTHIO
¢, T.. BENWYMHOW HArpy3ku, MPHUXOIAIICHCA HA EAWHULY JTUHHBI Oalku, u

BHIPAJKAIOT B KMIIOHBIOTOHAX HA METp, Mera HerotoHax Ha metp (kH/m, MH/m).
VHTEHCHBHOCTh HEPABHOMEPHOTO DaCIpEeeHHss HArpy3Kd MEHAEeTCs MO JUIMHE

Ganku U 0603HAYAETCA §/(Z).
Cnoco0bl 6b1yuUCIeHUs OROPHBIX PeaKyuti U3yHaloT B KYPCE TEOPETHUECKOH
MexaHuKH. [T03TOMY OCTaHOBMMCS 37€Ch HA HEKOTOPBIX MPAKTHYECKKMX BOMPOCAX.

1 Onoper 06s1uHO 0603Haua0T OykBamu A 1 B. Tpu HEU3BECTHBIE PEAKIIUK
MOKHO HAWTH U3 CIEAYIOIIHUX YPABHEHU PAaBHOBECHUSA:
a) cymMMa IPOEKIHA BCEX CHIT HAa OCh OaJIKW paBHA HYJIIO:

2 X=0 wm > Fgy =0, orxyna naxomsar Hy ( nmm Xy);
6) CyMMa MOMEHTOB BCEX CHJI OTHOCHTEJIFHO MmapHupa A paBHA HyJIIO:
M 4 =0, orkyna Haxomsr Rp;
B) CyMMa MOMEHTOB BCEX CHJI OTHOCHUTENIBHO IapHupa B paBHa HymO:
> Mp=0, orkynanaxomir Ry.
2 Ecnu Ha GanKy AeHCTBYET pacnpeaesieHHas Harpy3Ka, TO [l ONpeAeeH s

peaKui €€ 3aMEHI0T PAaBHOACHCTBYIOIIEH, KOTOPas PaBHA IUIOIIAIA S0P
Harpy3Ku U MPUJI0KEHA B LIEHTPE TSHKECTH 3TOU SIIOPHI.

3 HaiineHHbie peakiiuu 00s3amevho ciedyem nposepumsv, JUisl Uero yao0oHo
WCITOJTB30BATh WJIM PABEHCTBO HYJIIO CYMMBI TIPOSKIIMU BCEX CHJT HA BEPTUKATBHYIO OCh
2. Y=0, unu ycrosre paBeHCTBA HYJIIO CYMMbI MOMEHTOB BCEX CHJI OTHOCHTEIIBHO

kakoi-mu6o Touku C, ornmunoii or A u B, T.e.

ZMCZO.

38



[Ipu BO3mEHCTBIYM BHEIIHUX HArPy30K B JIIOOOM CeYeHUH OAIKH, HATPUMEDP B
ceuernnn [-I (cM. puc.4.7, 6), MOryT BO3HHKHYTB J(Ba YCHIIHsL: monepeuHast cina (J; u
m3rudaromuit Moment M ;.

ITonepeunas cuna Q pasna cymme npoexyuil 6Cex GHeULHUX CUl, NPUTONCCHHBIX

C OOHOIl CMOPOHBL OM PACCMAMPUBACMOC0 CeYeHUsl, Hd OCb, NEPNEHOUKVISAPHYIO OCU
oanxu.

Mzeubarowpuii momenm M pasen cymme momenmoe écex snewnux cun ¢ 00Holl
CMOPOHBL OM PACCMAMPUBACMO20 CEYEHUS OMHOCUMENLHO YEHMPA MAHCECMU SMO20
ceyeHusl.

Vcranosum cneayromue npasuia 3naxkoe nius Q m M B Gankax npu usrute.

Ionepeunas cuna Q 6 ceuenuu cuumaemcst NOJONCUMENLHOT, eCllU GHEULHSIS]
CUNa CMpemMumcsi nOGepHyms OMCEYeHHYIO YACmb OAaIKU RO X00Y 4aco8Oll

cmpenxu (puc. 4.8).
P P q
¢ ¢ Jr vV Y p §

1 g A

Pucynorx 4.8

ARN\N
y 7

Wzeubaiowguii movmenm M 6 cevenuu cuumaemcs nonosxcumensivim, eciu o
8bI3BIBAC COICAMUE BePXHUX B0I0KOH Oanxu (puc. 4.9).

Pucynox 4.9

VuuThiBas npaBmiia 3HAKOB 11 M | crieiyeT o IuepKHY Th, UTO S1I0pY
U3UOAIOUUX MOMEHINOE CIMPOSIIN HA CHCAMBIX 60JIOKHAX.
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4.2 Tlocrpoenue >mop Q u M B 6ankax

Paccmotpum mopsinok noctpoenust smop O u M s wauGonee xapakTepHbIX
CJIy4aeB HarpyKeHus OaJoK.
Ilpumep 1. Cocpeoomouennas cuna Ha c60000HOM KOHYE KOHCOJU

banka (puc.4.10) umeer s oauH yuacTok. Hauano koopawHaT BeIOMpacMm B
KpaiiHeil 1eBoit Touke A 6aliku, OCh Z HAMPaBIsAEM BIOJIb OCH OaJIKK BIPABO.

Yy P
z I
/=%[S 'B z
T4 ——
4 B
P P
Pl

Pucynox 4.10

Boruricnisiem Q) u M B npoussonbHoM cedennn K ¢ abermcecoit z. Cripasa OT
paccMaTpHBaeMOro CEUCHHMS ASHCTBYET TONBKO OAHA crna P, mostomy

O(z)=P; M(z)=—P-KB=—P((—z).

Kak BUIHO M3 THX YPaBHEHHMH, TIONEPEUHas CHla OJMHAKOBA BO BCEX CEYEHHUAX
Ganku, mostomy smopa O umeer Bua npsamoyronbauka. Oynkuus M(z) nuneiina. s
NOCTPOeHHss ee  rpaduka  JOCTATOMHO TMOJYYUTh JIBE TOYKH — B Hadaie W B
KOHIIE y4acTKa:

- ipu z=0 (ceuennve A) My =-P(;
- ipu z={ (ceuenne B) Mp= 0.

Mo »tuM maHHBIM cTponM 3Mmopy M. 3aMeTHM, YTO MOJIOKUTENbHBIE OPAMHATHI
smop O u M otknansiBaeMm BBEpX OT Gasbl.
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Ha puc. 4.10 wrpuxosoii munueit AB; nokasana Ganka B 1e(OPMHPOBAHHOM
cocrossHuu. Kak BHOHO W3 pPHUCYHKA, CXXaTbl HWXHHE BOJIOKHA Oanku. Ecmu
COBMECTHTh OA3MCHYIO JIMHHIO SIIOPHl M3THOAIOIIMX MOMEHTOB C OChIO Oajku, TO

smopa M okaxeTcs Kak Obl OCTPOEHHOM Ha CYKATHIX BOJOKHAX.

Ilpumep 2. Pasnomepno pacnpeoenennas naepysxa Ha xorcoau (puc. 4.11)

, ) 0)2
] :
A K C
74
4

Pucynox 4.11

[Tonepeunyto chty W H3ruGAIONIMA MOMEHT B POU3BONIbHOM ceueHun K Gynem
BBIUKMCIIATh KaK PE3YJIbTAT [EHCTBUS DACTIPENETCHHON HArpy3KH, DAcCIONOKEHHON
CIIEBA OT CEYEHHUS:

Q(Z): —q-AK=—qz.
2
AK z
M(z)=—q-AK -—=—q=—.
2 2

CrenoBarensHo, nonepednas cuna (J(z) u3MeHAeTcs Mo 3aKOHy TPAMOM JIMHKH,
a wsrubarommii Mmoment M(z) — mo napabonuueckomy 3akoHy. J[sl TIOCTPOEHHs
>mopsl () BEIYMCIIAEM OPIMHATHI B IBYX TOUKAX

-mpu z =0 Qy4=0;
-upu z = QOp =—ql

U COEJMHSEM 3TH TOUKU NpsMoit (cMm. puc.4.11).
VuutsiBast, uro smopa M KpuBONMHEWHA, U €€ TIOCTPOCHHS BBIYHCIISEM

OpAUHATHI B TPCX CCUCHUAX!
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Y 2

- npu ZZE Mcz—%,
2
- mpuz=1{ MB:—%

Y TIPOBOJIMM Yepe3 MOJIyUE€HHBIE TPU TOUKH KPUBYIO — Mapadoy.

Ilpumep 3. Haepyska, pasnomepro pacnpeoeieHnast no eceti OJiuHe npoiemd
osyxonopuoii banxku (puc. 4.12)

Yy
Ry q ARB
A’g U B 7
— ; R I —— —
[4
q/l
2 O

Pucynok 4.12

B nmanHOM ciiyuae HEOOXOMMMO CHauaia OMPEACITUTh OTOPHBIC PEAKIUH, IS
Yero COCTaBMM YPABHEHUS PABHOBECHS, a WMEHHO CYMMBI MOMEHTOB BCEX CHII
OTHOCHTEIBHO ONOp. PaBHOAECHCTBYIOIAs paclpeIe/eHHOM Harpysku pasHa ¢f, a

JUHUA €€ NEeHCTBUSA MPOXOANT yepe3 cepeanny Oanku. [lostomy

ZMA :RBf—qegZO; ZMB ZRAK—qégza
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q/

W3 ypaBHEHHU HAXOMUM Ry =Rp= 5

Cuenaem mposepky: ». YV =0; R;—ql+Rp=0; %ﬁ— ql+ q?ﬁ: 0.

CrnenoBarenbHO, peakLuy HalIEHbI BEPHO.

Boluncnsis monepeuHyr0 Ccuily WM M3rMOAOIIMA MOMEHT B MPOU3BOIBHOM
ceuennn K Kkak pe3ynbTarT JNEHCTBHS CHWJI, PACIIONOKEHHBIX cieBa OT ceueHus K,

TIOJTyIHM Q(z):RA —QZ:%E—QZ,' M(Z):RAZ—CIZEZ—Z—T.

OuesuaHo, uto smopa () OyeT orpaHHYeHa HAKJIOHHOM MPAMOM, a smopa M
HPEeCTaBIAET COO0M CHMMETPUYHYIO Tapadoily ¢ BETBAMM, HANPABJIEHHBIMU BHHS3.
JIJ1si OCTPOEHHMS SIIOP BHIUKMCIISEM:

_qt. __qt.
0(0)= I o(¢) X

2 2
2) 2 2 8 2 2

Omopst O u M nocrpoensl Ha puc. 4.12.

Ilpumep 4. Cocpeoomoyennas cuid, NPULONCEHHAsE K 08YXONOPHOT baike

B nanHoM ciaydae umeeM Ha Oanke (puc.4.13) nea yuactka: AC u CB.

Yy
a IP b $
y \[(, C K> /B z
A T T
Z2
14
gl
14
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Pab )
el 1
(
? O

Pucynok 4.13
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[Tpexxne Bcero, HaiaeM OIMOPHBIC PEAKITHH:

ZMBZO; RAE—PZ?ZO,' RA:PTb,'

ZMAZO; Pa—RBK :0,' RB:%'

Pb_, Pa_

Caenaem nposepky: ». YV =0; Ry—P+Rp=0; 7—P+ 0.

Peakuum HaliieHBI PABUITLHO.

Boruncnsem O u M B npoussonsHoM ceuennu K, pacmonoixKeHHOM Ha YIaCTKE

AC:

(0<z;<a): O(z)=R,=—.

Crie1oBaTeNIbHO, BO BCEX CEUEHMSX yYaCTKa MOMEPEYHBIE CHJIBI OJMHAKOBBI M
smopa () UMeeT BUI IPSIMOYTOJIbHHKA.
UsruGarommii momenT M(z) nameHseTcs 110 TMHEHHOMY 3aKOHY:

Pb
M(Z)ZRAZIITZ].

I[J'I?I MNOCTPOCHHA JIHOPBI BEIYUCIIACM OPAMHATLEI HAa I'PAaHUIAX YU4AaCTKa.

mpu z;=0 M ,=0; npn z;=a MCZPTab.

B npomssonsrom ceuennn K, wa ydactke CB (a<z,</(), paccmarpusas
NEWCTBHE CHII, PACTIONOKEHHBIX CIIPaBa OT HETO, MOJYYHM

Pa Pa
Q(ZZ):_RB:_T; M(z,)=Rg 'KZB:7(£_ZZ)-

Kak u na ywactke AC, smopa () na yuactke CB Takke umeer BHI
npAMOyTrosbHuKa. [ mocTpoenus smopbl M HaX0AMM 3HAYEHMS OPAMHAT B TOYKAX

CuB:

npu 22:a MC:_%(g_ZZ):PTfIb, npu Zz :E MB:O‘

B pesynbrare mnomydaem SIIOpel, NOpeACTaBieHHble Ha puc. 4.13.
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OHH MOKa3BIBAIOT, YTO MOPH Z;=a Ha smope () mMomyyaercs CKauoK,

paBHBI 1O a0ComIOTHOM BenWumHe BHemHed cunme P B 5TOM  ceueHuu:

Pb Pa_P(a+b)

=P, ana smope M B 5TOM CE€UEeHUH UMEET MECTO M3JIOM.

[ 14
Ilpumep 5. Cocpeoomouennviii Momenm 6 npojieme 08yXOnopHotl OAIKU
(puc.4.14)
y
M
4 Ry
a —> b
A;i"‘ 'KI\ {C' K? B =
Z
Ry ”l } Z2

Mb
é m O
Ma '
14
Pucynox 4.14

HaXOI[I/IM OIIOPHBIC PCAKIIUHU, HAIIPABUB NX BBCPX:
S Mg=0; Ry—M=0;
> M, =0; Ry(—M=0.
M

U3 ypasreHnii Haxoaum Ry =——; Rp=—m:.

14 14
Caenaem iposepky: >V =0; R, +Rp=0; —%+%:0.

Peakiyu HaliiIeHbI TPABUITBHO.
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Memnsiem Hampasienue R, Ha oOparHoe. Otmerus Ha yuactkax AC v CB

npoussonbHbie ceuenns K; u K, sanuceiBaem ypaBHenus ais Gynkuuii O u M :
- s yaactka AC (0<z;<a)

O(z)=-Ry=-20; M(z)=-Rez=—""z;

- st yaactka CB (a<z,</()

Q(Z)Z—RBZ—%; M(z)= RB'K2B:—%(E—Z).

Ha ocHoBanuu 5tux ypasHenwit ctpoum smopst O u M. Dmopa M
PacHoNOkKeHa YaCTUYHO MOJ OChIO, YaCTHYHO Hajd OChiO. [I0CKONBKY OHa MOCTPOEHa
Ha C)KATBIX BOJIOKHAX, BHAMM, 4T0 Ha yuactke AC CiKaThl HUKHHME BOJIOKHA Oalku, a
na yuyactke CB — BepxHue. DTOMY COOTBETCTBYET M300payKEHHAS IITPUXOBOM JIMHHEH
nehopMUpOBaHHas OCh OaJTKH.

Herpynuo Buaets, uro mpsambie Ha smope M na yuactkax AC u CB
napamnensasl. O6paTiM BHAMAaHUE HA TO, YTO TaM, TI€ NPHIOKEH BHENIHMA MOMEHT
(ceuenme (), na smope O u3meHenuii HeT, a pyHkuus M(X) nperepneBaeT pa3phiB, 1
Ha smope M nonmyuaeTcs CKauoK, PaBHBIH 110 BEIMYMHE BHEITHEMY MOMEHTY.

B uyacTHOM ciiyuae, KOrjJa MOMEHT MPHJIOKEH B ONOPHOM CEYEHWH, Ha
OCHOBAaHHH TIPUBEAECHHBIX BhIE (GopMyIt mpu d=() moaydnuM 5MmOpsI, H300paKEHHbIE
Ha puc. 4.15.
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Pucynox 4.15
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5 M3Irnb. NIOCTPOEHUE JHIOP

5.1 AlndpdepeHnunaabHbie 3AaBUCUMOCTH MEXKAY
HHTEHCUBHOCTBK pacnpeae;ieHHONW Harpys3kKu ¢,
nonepe4yHoi cujoii @ u uU3rudawIMUM MOMeHTOM M

[Tycth Opyc 3akperieH MPOU3BOIbHBIM 00pa3oM (puc.5.1) u HarpyXeH B o0meM
cJlydae pacrlpeesieHHON Harpy3Koi HHTEHCUBHOCTH ( = f ( 4 )

[IpunsATOE HampaBieHue AN ¢, COBMAjaloIIee C OCbl0 Yy, OyaeM cuuTarh
MOJIOKUTETHHBIM.

"M b and? w A 9% au
y. <t el (I | oo
}7 |_) O, 02; 0, J o) i
: z dz - >
a o

Pucynor 5.1

A

&
<€

BBII[eHI/IM Ha Y4YacCTKC, rac HCT COCPCAOTOUCHHLIX CHUJI U MOMCHTOB, MaJIbIi

orpesok (;0; mmnoit dz (cm.puc.5.1,6). OH HaXOmUTCA B PABHOBECHH MOJ
NEWCTBHEM BHEINHEH HArpy3KH, a TAKKE IOMEPEUHBIX CHJI U M3rHOAIOIMX MOMEHTOB,

npuitoxkeHHbIX B ceuenusax O; u O,
[Tockomnpky B 0OlIEM Cllydyae BHYTPEHHHE YCHJIMS MEHSIOTCS BIOJb OCH OaJIKH,
10 B ceuennn (; npumem mx pasueivd O u M | a B ceuenun (0, HECKOJIBKO

oombiamu: Q +dQ, M +dM . Buytpennve ycunms, Kak OObIYHO, H300pasuM B

THOJIOKMTETFHOM HANpaBJIeHWW. B Tpesenax Majuoro orpeska dz OyleM CuuMTath
HArpy3Ky ¢ pacnpeaesieHHOW paBHOMEPHO.

CocTaBuM ypaBHEHHS PABHOBECHS DJIEMEHTA dZ :
Y Fy =0; O+qdz—(0Q+dQ)=0; (5.1)
ZM02:0; de+M+qdz%—(M+dM):0. (5.2)

U3 ypasuenws (5.1), coxparus Ha (| moay4um

Y

" (5.3)

q
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dz

U3 ypasuenus (5.2), cokparuB Ha M wu npenebGperas uieHOM qdz; KaK

BEJIMUMHON BTOPOTO TOPAAKA MAJIOCTH, HAWIEM

dM
=, 5.4
0 a (5.4)
[Toncrasus (5.4) B (5.3) monydnm 3aBHCHMOCTD
q= M (5.5)
7 .

Cootnomenust (5.3)...(5.5) Ha3pIBAIOT OuhghepenyuanvHviMu 3a6UCUMOCTISAMU
npu uzeude, W3 KOTOPBIX MOJKHO YBHJETh, UTO nonepednas cuna () npeocmasisiem
co00ii nepeylo npou3sooHyI0 om us2ubaioue2o momenma M no onune opyca (hopmyna
(5.4)).

llpoussoonas oce om nonepeynoli cunwi () no OiuHe Opyca Oaem
unmeHcueHoCmob 8Heutnetl pacnpeoenennoil nazpysxu g (hopmyna (5.3)).

A u3 dopmynsl (5.5) BUAHO, UTO 6mMOpasi NPOU3BOOHAS. OM U3UOAIOULE20
momenma M no onune Opyca pagna uHmeHCuSHOCMU pacnpeoenreHHol Hazpy3Ku (.

[TomyueHHbIE 3aBUCUMOCTH MOTYT ObITh UCIIOJIB30BaHbI IPU MOCTPOEHUH SITHOP

OuM.

5.2 Anamus quddepeHumnanbHbIX 3aBucHMocTell Mexkny ¢, O u M .
IlpaBujia MOCTPOEHHSI SMIOP BHYTPEHHHX YCHJIMIA

U3 coornomenwmii (5.3)...(5.5) MOXHO caenarh HEKOTOPBIC OOIMHE BHIBOJIBI
0 Xapakrtepe »Smop u3rubarommx MoMeHToB M u nomepeunsix ceuenwit cun O u

COCTaBUTh CJCAYIOIINE NPABUId NOCMPOCHUSI DNIOP:
1 Paccmorpum cnyuaii, korma ¢ = (), T.e. Ha paccMaTPUBAEMOM Y4acCTKe

Oaku OTCYTCTBYET pacrpeeséHHas HarpysKa.
Torna cornmacuo gopmymnam (5.3)...(5.5):

dQ
dz g

nonysaem O =const=C;, a M =C;z+C,.

CnenoBaresbHO, Ha ydacTKax, TJ€ HET pachpejeieHHOM Harpysku (¢ =0),
smropbl () OrpaHUYeHbl TPSMBIMH, APAUIEIbHBIME  0a30BON  JIMHUHM, a 3mopsl M

MNpCACTABIIAIOT c000ii HAKJIOHHbBIE MPpAMBIC, TAHTCHCBI YIJIOB HAKJIOHA KOTOPBIX PABHEBI

O (puc.5.2).
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Pucynox 5.2

2 Ecnmr Ha HEKOTOPOM y4YacTKe:

a) O>0 (cm. puc.5.2, a), te. tga>0, 10 smopa momentoe M Bospacraer

(TIpu MOCTPOEHUM SMIOPHI CJIEBA HAIPABO), T.€. BJIOJIb MOJIOXHUTEIBHOTO HAIPABIICHUS
ocu z (cm. puc.5.2, a);

6) 0<0,1e. tga< 0,10 smopa momentoB M y6wiBaer (cM. puc.5.2, 6).

3 Ha yuwacTkax, rae K Oanke MNPWUIOKEHA PABHOMEPHO paclpeaeacHHas
Harpyska ¢ =const=C (puc.5.3), smopa mnonepeuHoi cuiabl () COMNIACHO

dbopmyne (5.3) orpannueHa HaAKIIOHHOW TIPSMOM

Q:CZ+C1,

a SMIOpa W3ru0aromero MOMEHTA - KBaApPAaTHYHOW mapabosion
2

M:C%+C,z+C2.

q q

YYYYYVYYYYSISYSY TITTTTTTTTTTTY

BT O TaEp

Al

I &M

w

Pucynox 5.3
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[Mockonbky smopy M cTpoMM Ha CXKATHIX BOJOKHAX, TO BBIIYKIOCTh KPUBOM
HarmpaBjeHa B CTOPOHY, MIPOTUBOIOJIOKHYIO ~ HAMNpPaBJICHUIO  JICHCTBUS
pacrnpenereHHol Harpy3ku ¢ (cM. puc.5.3).

2 B ceuennsx, rne O =0, kacatenbHas k smope M mnapamiensHa 6a30BOM
nnun (cM. puc.5.3), a sHauenne M — skcrpemansro. Ecmu (' mepexomut  uepes

HOJIb, MEHA 3HAK ¢ ((+)) Ha (=), 10 M =M T (cM. puc.5.3, a), a npu KU3MEHEHUHN

3HaKa ¢ ((-)) Ha (+) - M =M, (cm. puc.5.3,6).

3 B ceueHusx, rae Kk Oanke MPUIIOKEHBI COCPEAOTOUCHHBIE CHJIBL:
a) Ha smope () OyayT CKauKH Ha BEJIMYMHY STUX CUII (PUC.5.4) M ¢ yUeTOM HX

3HAKOB, TMPUYEM CJEAYeT OTMETHUTh, YTO TPH IOCTPOSHHWH SIMOP CJIeBa HAMPaBoO
HAIPABJICHUE CKAYKa COBMANAET C HAMPABICHNUEM CHIIHI,

6) Ha smope M OyayT H3IOMBI, OCTPHsS KOTOPHIX HANpPaBJIEHbI IPOTHB
HANPaBJICHUS COCPEIOTOUEHHON CHIIBI (CcM. puc. 5.4).

v v ¢ Z

P | || T ST (@

pesnanntil H \JJ_LMM @

Pucynok 5.4

4 B ceueHusax, rae kK Oajike MNPHIOXKEHbI COCPEAOTOUYCHHBIE MOMEHTBI
(puc.5.5), Ha smope M GynyT ckauky Ha BEJMYMHY BHELIHMX MOMEHTOB ¢ YYETOM HX
3HAKOB, IPHYEM JIMHMU SmOpsl M 10 cKauka W MOCA€ HEro NapajuleibHbL, a Ha
smope () wsmenenuii He Oyner. Crieayer, OJHAKO, OTMETHTh, YTO, €CITH B OJHOM

CCUCHUH TMPUITOKCHBI U CHUJIa, © MOMCHT, TO CHJIa BBIZBIBACT MCPCIIOM KW HApPyIIacT
napaJjuiCIbHOCTb.
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5 Ecimm Ha KOHIIE KOHCOJMM WM B KOHIIEBOW omope K Oalike TPHIOKEH
COCPEOTOUEHHBIA MOMEHT, TO B O3TOM CEYCHHHM W3TMOAIOMMA MOMEHT paBeH
BHEIHEMY MOMeHTY (puc.5.6, ceuennme C).

M;
A B

T ®

Pucynox 5.6

Ecnn ’xe B ImapHUpHOW ONope BHEIIHUA MOMEHT OTCYTCTBYET, TO B HEWH
wsrubarommii momenr M =0 (cm. puc.5.6, ceuenme B), uTO HMMEET MecTO B
OOJBIINHCTBE CIIyYaes.
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5.3 XapakrtepHbie ceueHMHs.
IMpunuun nocrpoenus smop O u M pas 6anok mo XapakTepHbIM

CCUCHUSM. HpOBepKa NpaBUJIbHOCTH INOCTPOCHHUSA 3IIIHOP

HauGonee yno6HO ctpouts smopsl 1 M 110 XapakTepHbIM CEYEHHSAM.

Xapaxmepnvivu ceyeHusMu CYUmMaromest CeyeHusl, 6 KOMOPvlX NPULOHCEHDbL
COCPe0OmoYenHvle CUlbl  WIU COCPEOOMOYEHHbIE MOMEHMbL, HAYUHACMCS Ul
3AKAHYUBAEICSL  pAChpedelends Haepy3Ka, cedenus, 6 komopeix () o6pawaemcs 6
HYJb, d MAKXHCE 8 MEeCMAax USMEHEeHUs! HANPABIEHUs! OCU CIEPICHSL WU BeTUYUHBL €20
nonepeyHoco ceyeHusl.

MoO>XHO peKOMEHA0BATh CJICAYIOIINH MOPSAI0K MOCTPOCHUS SITIOP:

1 Haiitn onopuble peakmuu (i1 KOHCOJIM PEAKIUH MOXXHO HE HAXOIUTh U
CTPOUTH SMIOPY OT “‘CBOOOAHOrO” KOHILA Oajaku, HO MPU ITOM OYAET HEBO3MOMKHO
OCYIIIECTBUTDH MPOBEPKY MPABHILHOCTH MMOCTPOCHUS ITIOP).

2 OTMETUTh XapaKTEPHbIE CEUCHHUS.

3 Boruncnuth 3HaueHus () B XapaKTEPHBIX CEUYEHHSX, 3aTEM, “IBHIasch’
BIOJb Oank¥ (GKEJNATENbHO CJIeBa HAmpaBo), MOCTPOMTH dmopy (J, HCHOnb3ys

BBIIICONMCAHHBIE MTPaBUIIA.

4 Bpiuucaute 3HayeHws M B XapakTepHbIX ceueHusX. [ocTpouTs dmopy
M no »tEM 3HaueHWAM, MCIOJB3Ys NPUBEACHHBIE PAHEE MPABUIIA.

[lpoBepka  mpaBwiIbHOCTH ToOcTpoenus osmopsl () u M cogurea

MOCTPOCHHUIO JIIOPHl  TPH  “BIKEHWUHW , TPOTHBOIIOJIOKHOM TEPBOHAYAIBHOMY
(mampumep, cmpaBa HaneBo). Kpome »srtoro crneayer o0paTWTh BHHMaHHUE HA
HampaBJIeHUE CKAYKOB W HAKIIOHOB TPAMBIX HA 3ITOPE

PaccmoTtpum npumep mocTpoeHUs SMIOPhl U1 OAJIKK, MOKa3aHHOW Ha puc .5.7.

1 Cnauana onpeaeiarM peakiidu ornop. [TI0CKONbKY BCE BOSHHMKAMOIINAE  CHIIBI
HaIlpaBJICHbl BEPTHKAJIbHO, TO TOPU30HTAJIbHAS PEaKI|sA IIapHUPHO-IIOABHIKHOMN
OTOpPHI OYJET paBHA HYJTIO.

Nl onpenenenns Ry u Rp coctaBuM ypaBHCHHS PaBHOBECHS B BHAE CYMMBI

MOMCHTOB BCCX CHJI OTHOCUTCIbHO TOUYCK B n AI

EMp=0;, -Ry-6+P-5+q-2-4+M =0 Orxyna R, =51 xH.
M, =0, Rg-6+M-q-2-2—P-1=0 Tlonyuaem Rp =15 xH.

OcyimecTBisieM TPOBEPKY HAWJACHHBIX PEAKIINN:
3Y=0; Py—P—q-2+Ry=0; 51-30-18-2+15=0.

IMonyuaem Toxaectso. CrnenosarensHo, R 4 H RB HalIeHbl BEPHO.
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2 OO6o3HaunMm 6 xapakTepHBIX ceueHui (cM. puc.5.7). OOBIYHO WX HYMEPYIOT
apaOckumu 1mdpamu.

3 Bynewm crpouts smopst O u M | “nBurasice” ciesa Hanpaso.
Bce wnaiinennsie 3Havenmss 0 u M B XapakTepHBIX CEUYEHHSAX CBEIEM B
tabauiy 5.1.
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Tabmuna 5.1

Ceu. Q;, kH M;, kHm

U |Q,=R, =51, M, =0;

2 [0,=R, =51 My=R, 1=51,

3 [0;=R,—P=2I My=M;=51;

& [O,=R,—P-q*2=—15, |[M, =R, 3-P-2-q-2-1=57,

5 105=0,=-15; Ms=M,—M =45

6 |0, =0;s=-15 M, =R, 6-P-5-q24-M=0

4 Omnoxxum monyueHnble 3Hauenus (J; m M; or coorBercTByIOImIX Ga30BBIX
nuHWii B BeIOpaHHOM Maciitabe (macurrabbt 0 u M MOXHO BBIOHpATh HE3ABUCHMO
Apyr ot apyra). CoeMHIM MOyueHHbIE TOUKH MPAMBIMU (32 UCKITIOUEHHEM  y4acTKa
3- 4 na smope M ).

1 Cornacno mnpapunam 2 u 4 smopa M wma yuactke 3-4 orpanuyeHa
KBAIPAaTHYHOW TMapabosIoi, BHIMYKIOCTh KOTOPOW HalpaBlieHa BBEpPX (HABCTpEUy
HANPABJICHUIO HATPY3KH ( ).

[TapaGona wumeer  skctpemym M =M max B touke K, tme QO =0.
Koopaunaty 3toit Touku Z g yaoOHO HAXOAUTH MO GopmyIe

Z[{ :—Qﬂe6 y (51)
q

rne (), — 3HAYCHHE IMONMEPEYHOM CHIIBI  CJIeBa OT OKCTPEMyMa,

T.e. B Haumem ciydae (., = 03 = 21 kH,
q — WHTCHCHBHOCTH DACTPEACICHHOW HArpy3Ky.

2,1

Haiinem Zj = 2 =1,17 m.

Otrkyna Mmax=R,-217—-P-117—-q-117-0,585=63,25 kH-m.
Omnosxxum Ha osmope M touky M max=63.25 kHm wn nocrpoum
napabosy.
[TocTpoeHre S0P 3aKOHYEHO. 3AINTPHXYEM  SIHOPBl  REPHREeHOUKVISPHO
0a30BOil TUHHH.
IIposepum PaBUILHOCTh TOCTPOCHHUS DITIOP.
1 B ceuennax 1 u 6 HET BHEHNIHUX COCPENOTOUEHHBIX MOMEHTOB, T.c. M =0,
4TO W OTpaXkeHO Ha »smope M .
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2 Ha yuactkax 1-2 u manee no touku K QO >0 - smopa M Bospacraer. Ha
ocraibHOM uyactu Oanku (O <0 - smopa M yGbiBaer.

3 Ha smope M B ceuenmsix 1, 3 u 6 BumHbl W310MbI (OOBEIEHBI KPY)KKAMH),
OCTpUE KAKAOTO M3 KOTOPBIX HAMNPABICHHO HABCTPEYy CHJIAM, COOTBETCTBEHHO,

Ry, PuRy.

4 TlpoepuMm mocTpoeHue smopsl (), “nBUrasch” crpaBa HaJIEBO:
Qs =—Rp =—15kH (3Hak «», TK. Rp crpemurcs NOBEPHYTH OaKy
OTHOCHTEIIHHO CEYEHHS 6 TPOTHB XOa YaCOBOM CTPEIIKH);
Qs =0 =—15 kH (na yuactke 6-5 HET COCPEIOTOUECHHBIX CHII);
0, =05 =—15kH (cocpenorouennsiii Moment M He Biwmsier Ha smopy O );
Q;=—Rp+q-2=2IxH (pacnpexeneHHas Harpyska ¢  CTPEMHTCS
MOBEPHYTH OAJIKy B MOJIOKUTETBHYIO CTOPOHY, T.€. TI0 X0y YaCOBOM CTPENIKH);

O, =-Rp+q-2+P=51«H (cuna P Ttoxe nmonoxurensHa),

0,=0,=5IH =Ry,

3 Tlocrpoum smopy M , “neurasics” cripaBa HanEBO:

Ms=Rp-0=0,

Ms;=Rp-3=45 xHwm (cunma Rp BBI3BIBaCT CXKAaTHE BEPXHHX BOJOKOH,
nostomy smopy M crpoum BBepx OT 6asbi);

My =Ms;+ M =57 xkHM (ckauok BBepXx);

M;=Rp-5+M—-q-2-1=51 xHwm (na ywactke 4-3 KBagpaTHdHas
napaboia HampasieHa BBITYKJIOCTBIO BBEPX);

M, =M; =51 xHwm (cunma P ne samser ma smopy M ).

M, =Rg-6+M~-q-2-2-P-1=0.

[IpoBepka OKOHUEHA.
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5.4 [Ilocrpoenue >mop ajasi pam

Pama — koncmpykyus, cocmoswas U3 NPAMONUHENHBIX — CMEPICHEl,
coeodunennvix scecmrumu ysiamu. Oce pamvl npeocmaeisem coboti JIOMAHYIO TUHUIO,
O0OHAKO KANCOBLIL €€ NPAMOIUHEUNBLIL YHACHOK MOJICHO PACCMAMPUBAMb KAK OAJIKY.

BepTukaneHO pacnofioxKeHHbIE CTEPKHHU paMbl MPUHATO HA3BIBATH CMOUKAMU, A
TOPU30HTANIBHBIE — pueendmu. JKeCTKOCTh Y3JI0B yCTPaHSAET BO3MOYKHOCTh B3aUMHOI'O
MIOBOPOTA CKPEIUICHHBIX CTEP)KHEH, T.€. B Y3JIOBOM TOUKE YIJIBI MEXKAY UX OCAMH
OCTaIOTCS HEU3MEHHBIMHU.

PaMbl UMEIOT OMH WJIM HECKOJIBKO JKECTKUX Y3J10B. B JkeCcTKOM y3le TOpuBI
COCIMHSEMBIX  CTEPXKHEH  HE  HUMEIT  OTHOCUTEJIBHBIX  IMOCTYNATEJIbHbBIX
MEPEMEILICHUN, a TaKKE OTHOCUTEIBHBIX MOBOPOTOB. Kakapli NOpsMOJIMHEHHBIN
Y4acTOK pamMbl MOJKHO paccMaTpuBaTh KaK OalKy W CTPOUTH SMIOPY IS KaKIOTO
Y4aCcTKa OTACIIBHO.

B ominume oT OOBIKHOBEHHBIX OajloOK B cedyeHusx pambl, kpome M wu Q,

JeHCTBYIOT eme mpoxoibHsie cmibl N . CregoBartenbHO, WIS paM HEOOXOIUMO
crpouts smopsl N, Q u M .

Jisi cunn N u O cOXpaHstoTCs paHee MPUHATHIE TIPABHIIA 3HAKOB:

- N >0, ecitvi IPOIOITbHBIE CHITHI BBI3BIBAIOT PACTSKEHHE,
- O >0, eciu moNepeyHsIe CUITBI CTPEMSITCS BPAIIaTh YACTH PACCEYEHHOM PaMbl

(OTHOCHUTENIBHO TOYEK, OJIN3KUX K CEUEHHIO) M0 YaCOBOM CTPEJIKE.

Jina M cnenmansHOro mpaBuiia 3HAKOB HE YCTAHABIMBAKOT, A TIPH COCTABIEHUU
BBIPQXKCHUH 14 W3rd0arommMxX MOMEHTOB MPHHHUMAIOT KaKOH-THOO MOMEHT
TIOJIOKHUTEIIFHBIM 110 COOCTBEHHOMY YCMOTPEHHIO.

Pemienne 3amaum HAUMHAIOT C OMpENCTEHUA OMOPHBIX peakuuid. Ecnu pama
HMEET  Omopy B BHJE OKECTKOW 3aJeJIKM, TO PEaAKIMH, KaK MPaBWIO, HE
OTPEACIISIOT, a TOCTPOSHHE MIOP BEAYT CO CBOOOTHOTO KOHIIA PAMBI.

Yeunusa onpenensioT B XapaKTEPHBIX CEUEHUAX paMbl, T.€. B Hayalie U B
KOHIIE YYacTKOB M B Y3JIOBBIX CEUCHUSX. [H3eubaiowuii mMomenm B CEUCHUU
OTNPEACIISIIOT TaK K€, Kak W JUIsl Oalikk, a  OmKIAObI8alom HA CIICAmbIX BOJTOKHAX
pambl. OpAUHATHI YCUIUH OTKIAABIBAIOT NEPNeHOUKYISAPHO K OCH PAMBI.

PaccmoTpum npumep MOCTPOSHHUS SMIOPHI 1151 OAJIKH, TMOKa3aHHOMN Ha pHc.5.8.
OrnpenenuM peakuuu omnop:

2
S My =0; M—R,-(a+b)+P-(d—a)+q%:0
R]:]8,4KH,' 2
S M, =0; M+P-(d+b)+q%—R3-(a+b):0
R3 240,4KH,'

YX=0; Ry=q-c=15xH;
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P=22xkH

d=22m

I M =10kH - m

:7 B! 8|LC!6 op A
| o1 A R, =15xkH
I 1
S |2 R =184xH
| E . o
| O H1 Il

R; =404 kH| [ e O
STy
\ / 2
T

a=1m b=2m

Pucynok 5.8

Mposepxka: .V =0; —R;+R;—P=0
—184+404-22=0;, 404=404.

PaccraBum xapakTepHble CEUYCHHMS W MPOHYMEPYEeM HX Tak, 4TOOBl OHH
CXOJIMITACH K OJHOMY y31Iy, Hanpumep, K yamy C.

OnpenenuM 3HAYCHUS TPOJOJIBHBIX CHJ B XapaKTEPHBIX CEUCHUSX, IJIS Yero
HEOOXOAMMO CIPOCIMPOBATh CHJIbI, IPUJIOKCHHBIC K YaCTH PaMbI, JICKAIICH MO OAHY
CTOPOHY OT pacCMaTPUBACMOTO cedeHHUsA. Takum 00pa3oM, MoydaeM:

N, =N,=0; N3=N,=—R;=—404xH;
N5:N6:—R2:—]5KH,' N7:N8:0.
ITo >tum manHbiM ctporM smopy N . OHa MMeeT BUA ABYX NPSAMOYTOJbHHKOB,

PaCTONIOKECHHBIX HA TIPABOM PHUTEJIE M HA CTOMKE.

OnpenenuM 3Hau€HUs TOMEPEYHBIX CHJI B XapaKTEPHBIX ceueHusAX. B mobom
CEUEHHWM HA yvacTke 1-2 momepedHas cuiaa paBHa K3 W MMEET MONOXKUTEIBHOE
3HAYEeHHE, T.K. CTPEMUTCS MOBEPHYTh YYacTOK MO 4acoBoil ctpenke. Ha yuactke 5-6
THONEPEYHas CUIla TAK)Ke MOJIOMKUTENbHA M paBHa K;, @ Ha y4actke 7-8 momepeuHas
cuna oTpuuarenbHas M pasHa P. B ceuennn 3 monepeunas cuya emé pasna (), a
3areM, Mo Mepe NMPUONMIKEHHS K ceueHHIO 4, OHa BO3pPacTaeT M JOCTUTAET 3HAUCHUS
gcC, uMes IpY 3TOM OTPHULIATENIbHBIA 3HAK.

O0=0,=R;=404xkH; Q;=0; Qy=—q-c=-15xH;
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Qs =0s =R, =184xH; 0, =0 =—P =-22«H.

OHpeﬂeHI/IM 3HAUYCHUA U3T I/I6aIOIJ_[I/IX MOMCHTOB B XdPAKTCPHBIX CCUCHUAX,
PYKOBOACTBYACH BREIIICTIPUBCACHHBIMUA IIPABUJIAMU:

M, =0; M, = Rya =40,4xH - m; M, =M, =40,4xH - u,
2

M4=R361—q%=21,6KH-M; M, =M =10kH - m;

Mi=M-Rb=-268xH -n; M,=0; My=-Pd=-484xH -m.

[Toctpoum smopst O u M (puc.5.9). [IpaBuibHOCTS MOCTpoeHus mopsl M
NPOBEPHM ITyTEM CYyMMHPOBaHHSA MOMEHTOB B y3iie C.

40,4 18 18

15 © 15 éji @

o 22
o 22

JKH —
40.4 @ 40,4 40,4

10

W W IIpoBepka
26,8

48 4 26,8
T

S 21,6
4404
7 Dmopa M
1 @ KH m MIOCTPOEHA BEPHO.
40,4

Pucynok 5.9
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6 CJIOKHOE HAIIPS)KEHHOE COCTOSHUE

6.1 JIuHeiiHoe HANIPSZKEHHOE COCTOSIHUE

[Ipn wu3yyeHUM HaNpsOHKEHWH B MPU3MATUYECKOM Opyce, MOABEP)KEHHOM
OCEBOMY PACTSIKEHHIO CUIION P, Mbl paHee pacCMATPUBAIM TOJBKO HAMPSIKEHHS MO
MIOIIEPEYHBIM CEUYEHUAM, NEPIIEHAUKYJISIPHBIM K OCH CTEPIKHA.

Boruricnum  HanpspKeHWA, ASHCTBYIOIIME TIO KAKOMY-JIMOO HAKIOHHOMY
CedyeHHIO. PaccMOTpUM MNpPHU3MATHYECKHH CTEP)KEHb, PaCTAHYTHIA cuiamu P
(puc.6.1, a).

n n(X ka'l

|
|
|
P lp
9]

Pucynox 6.1

Paspenum ero Ha 1Be 4acTH CEUEHUEM 1M, COCTABIIAIOIIMAM Yroil Ol C MOIeped-
HEIM CEUeHHEM 71K, NMEepHEeHIVMKYISAPHBIM K OCH. 3a MOJOKHTEIBHOE HAIPaBJICHUE
OTCUYEeTa STOr0 yIjla IPUMEM HaIlpaBICHUE IPOTUB XOAA YaCOBOM CTPEJIKU.

OGosnauum momans ceuenus MKk uepes Fy, a mwiomams ceueHus mn
o6o3Haunm uepes F, . IIpu sTom
F 0

F = . (6.1)
cos o

Jlis HaXOKIEHUST HAMIPSKSHHSI TI0 CEUCHUIO MM OTOPOCHUM MBICIICHHO BEPXHIOO
gacTh crepxkHa (cM. puc.6.1, 6) W 3aMeHUM [JEHCTBHE €€ Ha HIDKHIOK YacTh
HAMPSHKEHUAMHU P, , KOTOPBIE PaBHBI

_ P _Peosa
F, F

o

Py =0ycosq, (6.2)
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rie Gp=-—  — HOPMaJbHOE HANPKCHWE MO  IUIOLIAIKE mk,

MEPNEHIUKYISIPHOR K OCH CTEPIKHS.
Jlns Toro uToOBl TIpH JFOOOM YTJI€ HAKJIOHA OL UMETh JIEJI0 BCETAa C OJAHUMH U
TEMH K€ BUJAMH HANPSHKCHUH, PA3JIOKMM HANPKEHUE P, HA ABE COCTABJIAIOIIME:

B TUIOCKOCTH /1K W TIEPIICHIUKYJIAPHO K Hel (puc.6.2, a).

Pucynox 6.2

Takum oOpasom, HampsskeHUs P, , JACHCTBYIONIME 1O IUIOIAAKE A,
3aMEHSEM JIBYMS B3aUMHO TIEPHNEHAMKYJISIPHBIMU HAMPSKCHUSAMU:  HOPMATbHBIM
nanpsicenuem G, W KACAMenvHvbiM Hanpsaxcenuem T, . BemauuHbl 3THX IBYX

HamnpspKeHUH OyyT MEHSATHCA B 3aBUCHMOCTH OT HM3MEHEHHs yrila O MEXIy
HOPMAJIBIO K IUIOIIAJIKE U HAMPABJIECHUEM PACTATUBAIOIIECH CUIIBI:

2
G, = PyCOS 0. =Gycos™q, (6.3)

. . L .
Ty = P SIN 0= Gp)SIn0Ccos 0. = Ecosm 2a. (6.4)

[Ipumem crieayroliee npaguio 3HAKOS.
Hopmuansuvie Hanpsidicenusi 6yoem  cyumams  NONOICUMETbHBIMU, €CIU  OHU
8bI3BIGAION PACMANCEHIE.
Kacamenvnoe nanpsixcenue 6yoem cuumame  NOJONCUMENbHBIM, eCIU  OHO
cmpemMumcst NOGEPHYMb PACCMAMPUBACMYIO YACMb DNEMEHMA OMHOCUMETLHO €20
yenmpa no xo0y 4yacogoli CmpeJiKu.

Ha puc.6.2, 6 mokazaHbl NOJIOKMTEIILHBIE HANPABICHUA HaNpAKEHUH O, U
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[Tpu moboM yrie HakIOHA TIOMAAKKH O. MbI Beeraa OyaeM UMETh JEJO JIUIb
C JBYMS BHAAMM HAMPSOHKCHWH, JACUCTBYIOIIMX B KaXIOW TOYKE MNPOBEICHHOTO
paspe3a: ¢ HOPMaJbHBIMH W KacaTeJIbHBIMH HANPsOKCHUSAMH. OTH JIBa BHJA
HaINPsHKCHWH COOTBETCTBYIOT ABYM BHIaM AedOpMamuid, KOTOPBIC HCIBITHIBACT
MaTepua CTEPKHAL.

Beigenum w3 pacTAHYTOro CTEpPXKHA JBYMS HAKJIOHHBIMH TMapajuieIbHbIMHU
ceuenusmu -1 u 2-2 ToHkuii cioi marepuana (puc.6.3).

Pucynor 6.3

Ha KaXAYI0O  INIOCKOCTb HeﬁCTByIOT HOPMAJIbHBIC  HAIIPAKCHUSA (¢ o>

PaCTATHBAIOIINE DJIEMEHT, M KaCaTEIbHBIE T, , BHI3HIBAIOLINE CABHI CEYEHUU 1-1 n

2-2, mapajuiesibHO OJJHO JAPYTOMY.

Takum 06pa3om, MPHUCYTCTBHE STHX JBYX BHIOB HAMPSKCHHH COOTBETCTBYET
HAJIMYUIO JBYX BHJOB JedopMaiuii: mpoaonbHON nedopmaimu (yUIMHCHUE WA
yKopoueHue) u aedopmarmu capura. ITOMy COOTBETCTBYIOT JBAa BHAA Pa3pyIICHUS
Marepuaja, KOTOpble HaOMIoJaeM MPH MPOBEIACHUH JTa0OpaTOPHBIX padoT — nymem
ompwiea (PacTHKEHUE CTAIBHOTO 0o0pasua) u nymem cosuea (CKaThue UYyTyHHOTO
obpazta).

JIast Toro 4utoObl yOeaWThCS B JOCTATOYHOM COMPOTHBIICHHHM MaTepualia
CTEPXKHS PA3PYLICHUIO OTPHIBA, HEOOXOIMUMO YCTAHOBUTH HAMOOJIBIIEE 3HAUCHHUC
o = 0° (cm. popmyny (6.3)).

Maxkcumym xe T, nomyuures npu Sin2o =1, r.e. npu 2 a=90"u a=45 (cm.
dbopmyny (6.4)). BennunHbsl HanOOIBIIAX HANPSIKEHUH PaBHBIL:

1
0« =0p=—"": max T, :560. (6.5)
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Takum oOpazom, HaubonLUiue HOPMATLHBIE HANPANCEHUS OCUCMBYIOM NO
NIIOWAOKAM, NEePReHOUKVISPHbIM K OCU  CIMEpPIICHs, HAudoIbUiue KacamelbHbie
Hanpsiocenus Oeticmaeyiom no NIoWAOKAM, COCMABTAIOWUM Y20l 45 ¢ nanpasnenuem
OCU CIEPIICHS, U PAGHBL NONOBUHE HAUOOTILULUX HOPMATIBHBIX HANPSHCEHU.

6.2 IToHsiTHE 0 TJIABHBIX HATIPSIKEHUSIX.
Buabl HANPSZKEHHOT 0 COCTOSIHUSI MaTepuaJa

MpbI 03HAKOMHJTUCH C TIOBEACHUEM MaTepHalia MPU OCEBOM HJTH, KaK €ro 4acTo
HA3bIBAIOT, MPOCTOM PACTHKCHWM W CKaTHM. Ha mMpakTHKe, OAHAKO, BO3MOMHBI
cllyuau, KOTJa TOJ JCHCTBHEM BHENTHWX CHJI JJICMEHT MaTepHalia TOJBEPraeTcs
PACTSDKEHUIO WIIM CHKATHIO TIO JIBYM WJIM TPEM HANpPAaBJICHHSM, T.€. HAXOAWTCS B
YCIIOBHSIX CTIOJCHO2O0 HANPSIIICEHHO20 COCHOSIHUAL.

Bbut0 MOKa3aHo, 4TO MPU MPOCTOM PACTSXKEHHUH BO3MOXKHBI HATIPSDKEHUS IBYX
BUJIOB. HOpMaJibHbie M KacarenbHbie. U3 ¢opmyn (6.3) u (6.4) CJIe/yeT, |TO TIO

CEUEHHUAM, MEPNEHAUKYIAPHEIM K OCH pacTaHyToro crepikHs (0¢=(0), BO3HHKarOT
TONILKO HOpMajbHble Hanpsokenus (7 =(0), no ceueHusM, mapajieibHbIM €ro OCH

(062900), HET HA HOPMAJIbHBIX, HU KacaTeNbHbIX Hanpsokeruii (0 =0 u 1 =10).

ITnowaoxu, na KOMOpeIX Hem KACAmenbHblX HANPSIICenul, HA3bI8alomcs.
2NAGHBIMU; HOPMATIbHBLE HANPSIICEHUS HA SMUX NIOUAOKAX HA3ZLIEAIOMCSL 2NIAGHBIMIL
HANPSIICEHUAMU.

B Teopuu yIPYrocTM [OKa3bIBAae€TCA, YTO B KakIOW TOUYKE JIHOOOro
HANPSYKEHHOTO Tea MOKHO IPOBECTH TPH B3aUMHO MEPHEHIMKYJIAPHEIE TIABHEIE
IJIOLIAKU, 4epe3 KOTOPble MEPENalOTCs Mmpu 2IA6HbIX HANPSAJICEHUs, W3 HUX JBa
MMEIOT OKCTPEMAJIBHBIE 3HAYCHHA: ONHO SABJIACTCS HAUOONbUUM HOPMATBEHBIM
HANPSKEHUEM, IPYTOE — HAUMEHBULUM, TPETBE — NPOMEINCYMOYHOE.

B KaI0i TOUKe HANPSHKEHHOTO TEIA MOKHO BBIIEIUTH JJIEMEHTAPHBIN KyOUK,
IPaHAMH KOTOPOTO SBISIOTCA 2naensie naowaoxu (puc.6.4). Marepuan kyOuka
PaCTATMBAETCA WM CHKMMAETCS TPEMS B3aMMHO IEPIEHIUKYJISPHBIMA TJIaBHBIMH
HANPKEHUAMHE, NEPENAOIIUMICS YePe3 STH TPaHHU.

B ciydae mpocToro pacTsKEHHMs OJHA TJIaBHAs IUIOIIAAKA B KAXKIOM TOUKE

nepHneHauKyIsapHa Kk ocu crepxnsa (=(), a nse apyrue napaienbHbl STOW OCH
o

(=90 ). Tak kak 1Mo TEpPBOM IJAaBHON ILIOMIAJKE HOPMAJIbHOE HANPSOKEHUE HE

paBHO HyO (0 # (), a Mo ABYM ApyruM OHO OOpPAINAETCs B HyJIb, TO MPH IIPOCTOM

PACTSKEHUHM WJIM CKATHUHU B KXKIOW TOUYKE CTEPXKHS U3 TPEX TJIABHBIX HAMPSIKEHUMN
TOJIBKO OOHO HE PaBHO HYJIIO: OHO HAIPABJIEHO MApaJIEIbHO PACTATUBAOILEH CUIIE U
ocH crepxkHs. Takoe HaNpsKEHHOE COCTOSHUE MaTepuaa Ha3bIBaeTCs JIUHEUHbIM.
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Pucynox 6.4

Ha npakTuke BCTpeuaroTCs ciiyuau, KOTJa 3JIEMEHT MaTepuaiia, B BUI€ KyOuKa,
MOJABEPraeTcsa PaCTHKEHHUIO WM CXKATUIO IO JBYM B3aUMHO MEPIECHAMKYJISAPHBIM
HaITPaBJICHUAM WM MO BCEM TPEM.

Takoli ciydaid pacnpeneneHus HanpsHDKEHUH B MaTtepuane, Koraa 06d TIIaBHBIX
HaMps>KeHUS HE PABHBI HYJIIO, HA3bIBAETCA NIOCKUM HANPANCEHHBIM COCIMOSHUCM.

Ecnu xe Bce mpu rnaBHBIX HANPAKEHUS HE PaBHBI HYJIIO B pacCMaTpUBaeMON
TOYKE, TO HAJMIIO CaMbIi OOIWH Ciydail pacrpee/icHus] HAMPSKEHUH B MaTepHaie
— 00vbeMHOe HANPANCeHHOe COCMOosHUe, TIPU KOTOPOM 3JIEMEHTAapHbIA KyOUK OyaeT
MOABEPraThCA  PACTSHKEHUIO WA CXKATHIO 1O  BCEM  TPEM  B3aUMHO
MEPIIECHIUKYJIAPHBIM HANPABJICHUSAM.

['maBHBIC HampsDKEHUS YCIOBMMCA B JajibHEWIIeM o0O003HAYaTh OyKBamMu

0,0, n O3. Hymepauuro rnaBHbIX HANpPsKCHUH YCTaHOBHM TAaKMM 00pa3oM,

4ro0Bl G; O0O0O3HAauYaysl0 HaubojblIee MO anredpaudecKkod BenuuuHe, a O3—
HauMeHblee HanpsukeHue. Takum 00pa3oM, JOIKHO COOIIOIAThCS YCIOBUE

CxxumMaroniyie  HampsHKeHWs  yCJIIOBMMCS, Kak ¢ TPekKae, CUYUTaTh
OTPULATENBHBIMA;, MO3TOMY, €CIIM, HAalPUMEP, TJIABHBIE HAMPSIKEHUs OyAyT UMETh
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snauenns +40MIla, - 60MIla, +100MIlla, To Hymepanus HanpsHKEHWH AODKHA
OBbITh TaKOH:

o, =+100Mlla, o,=+40Mlla, o;=- 60Mlla.

Takum 00pazom, clieayeT pa3andyaTh TPU BUA HAPSKEHHOTO COCTOSTHUA:

1 Obwemnoe uanpsiocennoe cocmosnue — KOTJA BCE TPU BHIA TIABHBIX
HANPSHKCHUN HE PaBHBI HYJIIO (HAIPUMED, CIIydai PacTsHKEHUS MM CHKATHS MO TPEM
B3aWMHO MIEPIICHANKYISAPHBIM HATIPABJICHUSM).

2 [lnockoe HanpsdcenHoe coCmosiHue — KOTJAa OJHO TJABHOE HaMpsKECHHUE
PaBHO HYJTIO (CITydail pacTsSHKEHHS WJTH CHKATHUS TIO IBYM HAITPABIICHUSM ).

3 Jluneiinoe nanpsicennoe cocmosiiue — KOTJA JBa TJIABHBIX HAIMPSIKCHUA
PaBHBI HYJIIO (CIy4aid pacTsHKEHUS MM CKATUA BAOJb OJHOW OCH).

6.3 Ili1ocKkoe HANIpsSZKEHHOE COCTOSTHHE

Jlnia npoBepKu NIPOYHOCTH MaTepuaia IpU MIOCKOM HANPSKEHHOM COCTOSIHHH
HEOOXOAMMO HAWTW HauOOJNbIIME 3HAYECHHUA HOPMAJIbHBIX W KacaTelbHBIX
HANPSKCHUH.

Paccmotpum anemenT (puc.6.5), rpaHr KOTOPOTO SIBJIAIOTCA T1aBHBIMU. Ha HuAX

ACHCTBYIOT IJIaBHbIE HampsokeHus O; U O,, a O ;=0 (T1aBHOE HAmpaBlCHHUE,
COOTBETCTBYIOIIEE O 3 , MAPALIEIBHO IUIOCKOCTH 4epTexka). O6a 3TH HaNpsKEHHS
(0; u 0,) OyaeM CUHTaTh PACTATMBAIOLIMMH.

[IpoBenemM Takoe CedYeHHWE, HOpManb M, K KOTOPOMY COCTaBHT ¢
HanpasnerneM / yron ;. 1o sTomy ceuenuto OyayT AEHCTBOBATE M HOPMAJbHBIC
O, ¥ KacatenbHble T, HANpsOKEHMS, 3aBUCAIINE H OT O ; B O ,. C HanpaBIeHHeM
[I'ra xe HOpMAIL Mg COCTABHT YIom (.

[lpumensass npunyun cynepnosuyuu, T.€. PaccMaTpuBas JaHHOE IUIOCKOE
HANpsUKEHHOE COCTOSIHME KAk HAJOKEHHE JIBYX OPTOTOHAIBHBIX OJHOOCHBIX
HaNPsHKEHHBIX COCTOSHAN U UCTIONB3yA popmyiy (6.3), MOXKEM 3amucarh:

O, = 010032a1 +0200s2a2 = 0100S2a1 +0200s2(0c1 +90° ),
2 . 2
WK 0,=0;C08" 0;+0,8in"a;. (6.6)

Ty = é[(;lsinQ(x] +62Sil’l2(12]=§ (SISiI’l2(X] +G2Si1’l2((11 +900)],

nin

o,~-0
T, = %sirﬂal. (6.7)
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Pucynox 6.5

B dopmynax (6.6) u (6.7) nonooxcumenvreim CAUTACTCA YTOJI, HANpPaBICHHbIH
npomue 4acoBOW CTPEJIKU, OTCUUTBHIBATh 3TOT Yroj Beeraa OyAeM OT Hauboivuie2o
(anreOGpanyeckn) TIIABHOTO HATIPSIHKCHHUS.

[Tonb3ysace dopmynamu (6.6) u (6.7) mnd HanpsHKeHUH MO IUIOMIAAKE d-d
(cM. puc.6.5), JErKo HaXOAUM  HanpsHkeHWs MO  miomanke b-b,  ei
NEPIEHMKYISPHOM, MMEIOIIEH HOPMaih N, COCTABIONIYI0 C HANPABICHAEM
HauGOIbIIEro raBHOro Hanpskenus yron B=o;+90° :

op = 6,005’ B+ 6,5in°P =0,c05° (0, +90° )+ ,sin’ (0, + 90° ),
Win
i 2
Op =0SIN"0; +0,c08" Q. (6.8)

T4 = %Sing’g — %sirﬁ(a, +90° ),
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MoJTydaem

75 = —%smm]. (6.9)

N3 nomydyeHHbIX (OPMYJT BBISICHUM CBOWCTBA HANMPSKEHWH, JEHCTBYIOLIMX T10
B3aMMHO NEPHEHANKYIAPHBIM TUIOIIAKAM.
Cnoxum nouneHHo dopmyist (6.6) u (6.8) u momyuum

Oy t0p =0;10, =const (6.10)

OTO CBOWCTBO MOXET OBITh CGOPMYIMPOBAHO TaK: CYMMA HOPMATbHBIX
HAnpsidiceHuti no 08YM 83aUMHO NEePNEHOUKYIISIPHBIM NAOUAOKAM NOCMOSIHHA U PAGHd
cymMMe IABHBIX HANPSIICEHU.

CpasnuBas Beipaxkenus (6.7) u (6.9), nonyunm

Ty =18 (6.11)

CrnenoBaTennbHO,  KacamelbHble — HANPSAJICEHUs  No  O08YM  B3AUMHO
nepneHoOuKYISIPHbIM NIOWAOKAM PASHbL NO GelUYUNHE U NPOMUBONOTIONCHBL NO 3HAKY.
DTO0 CBOWCTBO OOBIUHO HA3BIBAIOT 3AKOHOM NAPHOCHIN KACAMEIbHBIX HANPANCEHUIL,
MpUYEM OHO HMMEET MECTO BO BCEX ClyyasX, KOTJa HMMEIOTCS KacaTelabHbIe
HaANPSKEHUS.

U3 dopmyn (6.6) u (6.7) BUAHO, UTO BEIMYMHBI HOPMAIBHBIX U KaCaTEJIbHBIX
HaMpPsOKEHUH 10 JTI000# TUTOMAKe 3aBUCAT OT YIJIa HAKJIOHA ATOM TUTOIIA KK,

Uccnenosas ypasaenue (6.6) Ha SKCTPEMYM, MOTYYUM, UTO

max Cy= O (mpu ot =0°),
6.12)
min O,= O (mpu & = 90°),

T.€. HauOOJbIEE ¥ HAUMEHBIEE HOPMAIbHBIE HANPSHKEHHS B JAHHOM TOYKE — 3TO
[JIaBHBIE HANPSHKEHWA O] U Op, JCHCTBYIONIME MO B3aMMHO MEPIEHIUKYIIAPHBIM
IJIOIIA/IKaM.

HauGosblilee 3HAUEHHE KACATENbHBIX HANPSIKEHUM, KaK BHAHO M3 (hOPMYJIbI
(6.7) 6yner nipu sin20=1, x=45°

o;,—0
maxt, = e —— (6.13)
2
CnenoBatenbHO,  HauOoOnbUiue — KACAMENbHbIE — HANPAJICEHUS  PAGHbI
NOJYPA3ZHOCU 2NIAGHBIX HANPSNCEHUT U OeTiICMEYIOM NO NIOWAOKAM, HAKIOHEHHBIM K
2NIABHBIM NIIOUWAOKAM HA Y20l o—=45°.
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7 CJIOKHOE HAITIPA’)KEHHOE COCTOSHUE

(mpoao/KkeHNe)
7.1 llpsimasi u oOpaTHAasi 3a1a4M B TLUI0CKOM HAMPSI)KEHHOM COCTOSIHUM

B TCOPHUHU HAIIPAKCHHOIO COCTOAHHA MOKHO Pa3rpaHuiuTh ABC OCHOBHBIX
3aJa4Hu.

IIpamasa 3a0a4a 3aKimOYaeTcs B TOM, 4TO TpeOyeTcs HAWTH HOPMAaJlbHBIE U
KacaTeJIbHbIe HAMPSKEHHA HA MPOU3BOIIBHBIX IUIOMAAKAX (O, U T ), €CIIA U3BECTHBI
TIOJIOJKEHHUS TIABHBIX IUIOMIAJ0K M COOTBETCTBYIOLIME UM IJIABHBIE HANPSDKEHUA O ; K

O ,. JlanHas 3agada OblIa PACCMOTPEHA B IIPEABLAYLIEH JTEKIUH.

Obpamnas 3a0a4a TPETyCMATPUBAET HAXOXKJICHUE TJIABHBIX IUIOMIAIOK |
IJaBHBIX HampskeHUd (O] U Op) MO M3BECTHHIM HOPMAIbHBIM M KacaTeJIbHbIM

HanmpsokeHusM  (0,,T, U O BT ﬂ)’ JEHUCTBYIOIIMM Ha  JBYX  B3aUMHO

MEPNEHAUKYJIAPHBIX TUIOMIAKAX, KOTOPbIE MPOXOJAT 4YEPE3 PacCMATPHUBAEMYIO
TOYKY.

JIAs 3TOrO pemmM COBMECTHO CUCTeMy YypaBHeHMd (6.6), (6.7) u (6.8)
OTHOCHUTENIBHO O, 0, U MOTYyUYHM:

_ 2 . 2 :
0= 0,008 0 +0gSin"a—1,8in2c,

2 2 . (7.1)
0, =0,8in"0+0pcos o+ 1,sin2e.
[TonoxxeHwe riIaBHOM IIOMIAIKHA ONPEASTUM 10 (popmysie
2t
1g200=———%—. (7.2)
O, — O'/g
Hcxmouns yron O, Haiaem:
/ 2
o; =3 (aa +0/3)+ (aa +0/3)2 +47° |,
(7.3)

67



7.2 I'paduueckoe onpeaenenue HanpsekeHuii (kpyr Mopa)

o . O T
Penrenune npsmMoii 3a71aum, T.€. BBIYACICHUE HAMPSDKEHUH ~ & 1 & | MOXHO 3aMEHHTh
rpaduIecKuM TOCTPOSCHHUEM.

Bo3bMeM CHCTEMY NPAMOYTOJIBHBIX KOOpAUHAT ¢ ocsaMu O n T (puc. 7.1).

Ti
Oy Oy
Op 0P
Ta o, t o,
T
0 B / a N ) o g i ia
02} Q C Ko A \ 9
T
o D) Uzl a
%
o] a o

Pucynox 7.1
Omnosxnm Ha ocu O ortpeskn OA u OB, n306paaromniye B OnpeeIcHHOM
0] 402 o
MacmTade YMCIIOBBIC BEITHIHHBI " (oce © ynobHO pacnosarate napamiesibHO

)
HauOOJbIIeMy TJIaBHOMY HamnpsbkeHuto £ ). Ha ¢urype 06a 3Tu HanpskeHus

MPUHSTHI PACTATUBAIOIIMMHA U OTJI0KEHBI HA OCH O g nonoxurensHom HaIlPaBJICHUHU.
Ecnu 661 oqHO Wi 062 HanpsHKEHUs OBLITA CKMMAIOIITUMU, MBI OTJIOKHIIH OBl UX B

MPOTHBOTIOJIOKHOM HAIMPABJICHUH (BJICBO TIO OCH o ).
[Toctponm Ha oTpe3ke AB, kak Ha AMaMETpe, KPYT ¢ EHTPOM B Touke C,
KOTOPBIH HOCUT Ha3BaHKME Kpyra HanmpshkeHui wim kpyra Mopa. Toraa mist

o T o
HAXOXICHHUA ~ & W KacaTeNIbHOTO HANPsDKCHUA & 10 TUIOMAAKe, HOPMaJTh K KOTOPOH
COCTABJISIET ¢ HAMOOJIBIIKMM [IABHBIM HampsbkeHueM yroa & | Hago mocTpouts npu

Touke C LEHTPAIbHBIN YT OJI 2 , OTKJIAJIBIBAsI €ro MOJIOKUTENILHOE 3HAUYEHHUE OT OCH
O nporus xona yacosoit crpenku. Touka Dy, Kpyra HanmpsikeHuii Gy et
COOTBETCTBOBATh BHIOPAaHHOW muTommaake - koopauHatel OK, 1 DK, cooTBeTCTBEHHO
pasusl O u Ty

OTO0 JIeTKo J10Ka3ath. M3 uepreka HaxoauM paanyc Kpyra HarpsoKeHM:
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_AB 0OA-OB o0,-0,
2 2 2

N3 npsamoyronsHoro tpeyrosnsauka K D C nmeem

CD,, = AC = BC

K,D, =CDsin2o = %sirﬂa =T,

Hanee

OK, =OB+BC+CK, =0, +21-92,01792

2

cos20 =

O0,—0 0;,—0
=0, +%(l+cos2a)262 +%2cos2a:

=0, +Glcos20{—0'2 cos2a261 cos20£+62 sinzoc:Ga.

Takum 00pa3oM, KOOPAMHATHI TOYEK OKPYKHOCTU ONPEIENSAIOT HANPSHKCHUS.
Benuuunel O, u3MepaArOTCs OTpe3KamMu IO ocu O . Benwuwnel T, H3MEPSIOTCS

OTPE3KaMH, apajuICIbHbIMU OCH T . ITonoxurenbHBIC TO{ HarpaBJICHBI BBEPX.

Ompenenus MOCTPOCHUEM Kpyra Hampsukenus O, U T, , W300pa3suM UX Ha

YEepTEIKE BBIACICHHOTO AJIEMEHTA, YUUTHIBASK 3HAKH 3TUX HaNpspkeHwi (cM. puc. 7.1).
HanoMHHM, 4YTO MBI YCIOBWIMCH OTCUUTBIBATH YTol O(, ONPEIETSIOIINAN

MOJOKEHUE BHEIMHEH HOpMAaJIn K paCCManHBaCMOﬁ IIomaake, BCCraa OT JIMHUU

AeWCTBUS  HauOonvuieeo (anreOpandeckd) TIaBHOTO HampspkeHus. COBMECTHM

HO3TOMY JIMHUIO JCHCTBUA HAMOONBIIErO TJIABHOTO HaNpsKeHWsA O; € OCbI0 O Ha
Kkpyre, T.e. Toukoil B. Torpa nunust BD  , HakiIOHEHHAs K OCH O NOJ YIJIoM O, OyJeT
napajuieJibHa HOpMaJIi K PacCMAaTpUBAEMOM IJIOINAAKE, 8 3HAUUT, napauienbia Oy ; a
maauss  BDg  Oyner mapamnensHa T, W TMCPHCHAMKY/ISIPHA APYTOW  B3aHMHO
HEPIEHIUKYIAPHON IUIOCKOCTH. JIJIA ONpENEeNeHHOCTH NPHUMEM, 4T0 O, > O B> 2
Ty > 0.

Crenyer moa4epKHyTh, 4TO ABE TOUKH Kpyra - D, u Dy, xapakrepusupyrorme
HaIPSOKEHUS Ha JIBYX B3aUMHO NMEPNEHIUKYJIAPHBIX IUIOMAIKAX (O{) 51 (ﬂ), BCETJa
JIexkAT Ha KOHIAX oxHoro auamerpa Dy Dyg.

[TocTpoennsiii kpyr Mopa TOJTHOCTHIO OMKCHIBAET HANPSIKEHHOE COCTOSTHHC
0
aneMenHTa, u3obpaxeHHoro Ha puc.7.1, 6. Eciim MeHATh yroa o B mpeaenax ot —90

0 .
a0 +90°, TO HaKJIOHHBIE MJIOUIAJKU (OC) u (ﬁ) 3aMMyT IOCIIEA0BATEIILHO
BCCBO3MOJKHBIC MOJIOXKCHUS, @ TOUKH D, 1 D OMUIIyT MOMHBLHA KPYT.
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Takum o00pa3om, 3Has TJIaBHBIE HANPSKEHWs JUIA TUIOCKOTO HANPSKEHHOTO
COCTOSIHMA, MBI MOXXEM C TIOMOIIBIO Kpyra HamnpsOHKeHWH BCECTOPOHHE W3YUUTh
COCTOSIHME MaTepualia B TOUKE, T.€. PEIIaTh APSMYIO 3a0a4).

[Tpu momomm kpyra Mopa MOXHO TaKke pemarb 0OpamHylo 3a0ayy, T.e. TO

HanpsokeHusM O, , O g u Te, T 3 HAXOIHTb ITIABHBIC HAMPSOKCHHSA O 1 0.
OTmeTnMm B cucteMe koopauHaT O u T (puc.7.2) Touxy D ¢ xoopmuHatamu

(0> Ty ) ¥ TOUKY DB C KOOpJIMHATAMH (O'ﬁ , Tﬁ).

Ty o]
0 rﬁ(f | 9B
o Do (0o To) | o 0>
| 7
B C A O o Oy Ogy
O - To,
T, ]
(o] A / —
W, o i
/ Oy ¢ Op
% a o

Pucynor 7.2

Tax xax Toukn Dy, u Dg, cOOTBETCTBYIOLME B3AHMHO IIEPIIEHIMKYIIPHbIM
IJIOLIAKaM, JOJDKHBI JIEXKATh Ha TPOTUBOMOJIOKHBIX KOHIIAX HAMETPa KPyra, TO
TouKa nepeceucHus muun Dy, D g COCBIO O J1aCT LEHTP Kpyra C. OnmcrhiBas u3

touku C kpyr paguycom C D, wm CD 4, TIOITY4HM HA OCH O OTPE3KH OAwn OB,

n3o0pakaromye riasHeie Hanpsokenua: OA=0;, OB=0,.

I[HH onpCacICHUA ITOJIOKCHHA IJaBHBIX  ILUIOIIAAOK  HalaeM noJioc
HANPANCEHUA.

C oroit mensto u3 Toukn Dy, mpoBeaeM JIMHHIO MAPAUICIBHO JTMHUH ICHCTBHS
HampspkeHuss Oy, T.e. ropusoHTtamb. Touka M mnepeceueHust 5TOM nMHUM C

OKPYKHOCTEIO M aBjgeTcs nomocoMm. Coemunss nomoc M ¢ toukamu A u B, monyunm
HAIMPABJICHHS [JIABHBIX HANPSHKCHHH O ; U O , COOTBETCTBEHHO. | JIABHBIC IUTOLIANKA
HEPIEHMKYIIAPHBI K HAWIEHHBIM HAIPABJICHHUAM ITIABHBIX HAIPSIKECHUA,
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Ha puc. 7.2, 6 BHyTpE HCXOAHOTO (HAPYXKHOTO) AJIEMEHTA C HANPSKEHUSMHU

O,, O g u (R 3 BBLIEJICH JIEMEHT, OTPAHWYEHHBIN TJIaBHBIMM IUIOIIAIKAMH, HA

IrpaHAX KOTOPOTO MOKA3aHbI INIaBHbIC HANIPSKEHUS O ; U O 5.

Haiinem 3HaYeHus TIJIaBHBIX HANpsOKEHMH O; U O, COOTBETCTBYIOLIMX

orpeskam OA u OB. meem:

0,=04=0C +CA;
0,=0B=0C-CB.

OueBuHO,
__ O,+0
oc=—2""F,
2
o, —0O ?
CA=CB=CD, =+/CK. + D K2 = “Tﬁ +172

[oncrasnas Beipaxkenns (7.5) u (7.6) B Boipakenus (7.4), momyuum:

2
Gy +0 Gy —C
o, = 2 Pl 12,
2 2
2
0,+0p5 |[0,-0p )
0,=——+—— || =—E| +12,
2 2

nin

o, :é[aa +0p +\/(Ga ~0p )+ 422 }

o, :é[aa +0p —\/(Ga —o4) +4r§}.

Ot Gopmysibl coBnagarT ¢ popmynamu (7.3)

(7.4)

(7.5)

. (7.6)

YunteiBas HIPHUHATOC MPABHUJIO 3HAKOB, Haﬁl[eM BLIPAKCHUC JIA TAHI'CHCA YIJia

HAKJIOHA TJ1aBHOTO HanpsukeHua O ; k ocu O . M3 yepTexa cnemyer, 4To
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Zg%:_MKﬂ:_ MK g _ Ty |
AK g OA-0OKg 0,-0g

Tak kak Toukn D, u D 4, COOTBETCTBYIOIIME B3AUMHO MEPTIECHIMKYIAPHBIM

[IomaaKaM, AOJIKHBI JIC’)KAaTb HA IHPOTHBOIIOJIOKHBIX KOHIAX AHAMCTpa Kpyra, TO
TOUKA IepecedeHns TuHun [, Dﬂ ¢ oceto 0 pmact mentp kpyra C. OnmceiBas u3

touku C kpyr paguycom C D, nmm C Dp. nonywnm Ha ocu O oTpeskn OA u OB,

nzo0paxkatonue riasubie Hanpsokenus: 04 = 07, OB = 0.

7.3 O6beMHO€E HANPSI?KEHHOE COCTOSTHHE.
O0001menHbI 3ax0H I'yka

[Ipu wmccnenoBanmu aedopMarii ¥ BOMPOCOB MPOYHOCTH MPH OOBEMHOM H
MJIOCKOM  HAmpsDKCHHBIX — COCTOSHUAX OyJleM  mpeamnoyiarath, 4YTO  Marepual
MOTUMHSETCS 3aKoHy ['yKa, a AedopMariy MaJibl.

Wzyuas mpoctoe pacrsikeHue (CHKaTHe), MBI BBISICHWIIH, YTO OTHOCHTEIbHAsS
MPOIOJIbHAS AehOpMaIFs MO IHHASTC 3aK0oHy I 'yka

IR (7.7)

a oTHOcWTeNbHas nomnepednas aedopmarms (¢ yderom koddduimenta [lyaccona)

o (0
g'=-pe=-p—
paBHa E (7.8)
YCTaHOBMM 3aBHCHUMOCTh MEXAY AehOPMAIMSIMUA U HANPSIKCHUSIMHA B OOIIEM
ciydae 00bEMHOTO HANPSKEHHOTO COCTOSIHUS, TO €CTh 3amuiieM 000OIIeHHBIH 3aK0H
I'yka.

Paccmotpum nedopmanmio smemeHTa tena (puc.7.3), BHIOpaB ATOT JEMEHT B

BHJIE TIPAMOYTOJIBHOTO TIAPAJUIENENHIIENA, TI0 IpaiaM (d, b u C) KOTOPOro AeHCTBYIOT

IJIaBHBIE HANPSKCHUS 01,0,2,03 (nns BBIBOJA MIPEANIOAraeM, 4YTo BCE OHH
HOJIO)KUTETBHBIE). o
¢ L - yd /I
ctAC” | | > £ |
y —~ =7 |
A i ~+f O
N T
S | |z P
7
Y 2 R [
_ a V_ |
-< atAa -
Pucynox 7.3
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Benencrue nedopmaru pedpa s1eMeHTa H3MEHSIOT CBOKO JJIMHY M CTAHOBSITCS
paBHbiME a +Aa, b +Ab, ¢ +Ac.

Aa Aa Ac
81 =— 82 = — 83 S p—
Beymumaer a a

c , Ha3bIBAKOT I'JTABHBIMHA YJIMHCHUSAMHA
" OpCaCTaBIIAOT co0OM OTHOCHTETBLHBIE YAJIUHCHUA B I'NTABHBIX HAIIPABJICHUAX.

[IpuMenss npuHOA CYNIEPIIO3ULIMK, MOKHO 3aIIMCaTh

;=€ 1€ +& (7.9)

! " "
rae 81, i , €1 - otHOCHTENBHOE VAJIMHEHUE B HANPaBJICHUU 61, BBI3BAHHOE,

o
COOTBETCTBEHHO, HAMPSIKCHUSAMHU gy , 02n93.

HOCKOHBKY HaIlpaBJICHHUC 61 JJIA HAIIPAKCHUA 61 ABJIACTCA IPOAOJIBHBIM, a JJIA

HaMpsHKeHUH 02, 03 _ norepeuHsiM, puMerss Gpopmyiet (7.3) u (7.4), Haxomum

87 _G] 8'/ _ uGZ 8[![ u03
1= ] = MH—,ep =—H—
E E E

[ToncTaBuB noy4eHHbIC yaIMHCHUS B hopmyny (7.5), Oyaem uMeTh

o ) o 1
€] :fl—#f—#f :E[G] (0, +0;)] o

AHaJIOTHYHbIE BBIPAXKECHUA TMOJMYYUM M I TJIABHBIX YUIMHEHUW B JIPYTHX

HampaByieHusIX. B pesynbrare 000OImIeHHBIH 3aKOH ['yKa BBIPA3UTCS CIIEAYIOIAMHA
COOTHOIIEHUSIMH:

1
€ = E[O-] - N(Jz + 03)]:

1
€y = —[Uz - ﬂ(az +03)];

5 (7.11)

1
€3 = E[Us —N(UJ + 02)]-

Otr GOPMYITBI U BEIPAKAIOT 3aBUCUMOCTD MEXIY JIMHCHHBIMU JehOopMaIiisaMu 1
TJIaBHBIMU HAMPSHKCHUAMU B OOIIEM CITydae TPEXOCHOTO HAMPAKEHHOTO COCTOSHUA.
Otcroma J€TKO MOXKHO TOJY4YWTh 3aKOH ['yka Ui TUIOCKOTO HAIpsHKEHHOTO

coctostHuA. Hanmpumep, s cinyyas 02 = 0 OyaemM UMeTh
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1
€] =—(01 —/Ms)’

g
€2 = ?(01 +03) (7.12)
€3 = E(Us - /M])-

B kauecTBe 3aBUCHMOCTH MCKOY I[e(bOpMaHI/ISIMI/I U HAIIPAXKCHUAMHA MOKHO CIIC

YCTAHOBUTH CBA3b MEXKIY OTHOCHUTEIBHBIM W3MEHEHHEM O0bema ® u  rnasHbIME
HANPSKCHUSMH.

Jlo nedopmannu snement 3anmman obvem V) =abc. B nedopmuposarHOM
COCTOSIHUM €r0 00bEM U3MEHUTCS W CTAHET PAaBHBIM

V=(a+ Aafb+ Ab)c + Ac)= ab{] +%j[] +%bj(] +£j =

c
:Clbc(]+£1)(]+82)(]+83): V0(1+81 t ey + 85 +8585 + 6563 +858; +6,6583)

YuuThIiBas HE3HAYMTEIBHYIO BEIHYHMHY jacPopManuid, MOCICTHAMH YCTHIPHMS
YJICHaMH MOXeM npeHeOpeub. Torna OTHOCHTEIbHOE H3MEHEHHE 00beMa
V-V,
gV:—:81+€2+83. (713)
VO
BripasuB TiaBHBIC Y/UIMHCHHWS 4Yepe3 TJaBHBIC HANPSDKCHHUS TIPH TTOMOIIH
dbopmyisr (7.11), morydnM OKOHYATETHHO

1-2u
gy =—— (0, +0, +0;3). (7.14)
E
B  uWacTHOCTH, TpPH  PAaBHOMEPHOM  BCECTOPDOHHEM  CXKATHH,  KOTJa
O;=0,=03=—pD.

SV = —£,
K
E
K=——.
3(1-2u)

Benuuuna K HaswBaeTcst MoOyiem 00vemnoii Oedpopmayu.

W3 dopmymast (7.15) BugHO, uro mpu nedopManvu Tejaa, MaTeprall KOTOPOTO
umeer kodpdumment Ilyaccoma p=0,5 (mampumep, peswHa), 00BeM Tenma He
MEHSIETCH.

rae (7.15)
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8 PACYHETDI ITPU CJIOKHOM HAIIPA’KEHHOM COCTOAHUMN.
TEOPUU ITPOYHOCTHU

8.1 3agaun Teopuii npoYHOCTH

Bakneiimeil 3amaueldl MHKEHEPHOTO pacueTa SBJISAETCS OLIEHKA MNPOYHOCTH
JeTa I 10 W3BECTHOMY HANPSKEHHOMY COCTOSIHHIO, TO €CTh 10 M3BECTHBIM TJIABHBIM
HaMpsDKEHUAM B Kakaoi Touke Tena. HambGonmee mpocTto 3Ta 3amava pemaercs Hpu
NpOCTHIX BHAAX JedopMalii, B YACTHOCTH, MPH OJHOOCHBIX HAMPSHKCHHBIX
COCTOSAHUAX, TAK KaK B 3TOM CJIy4ae 3KCIEPUMEHTAIBHO JIETKO YCTAaHOBUTh 3HAUEHUE
npeAeIbHBIX (OMTACHBIX ) HAMPSKEHHH.

OmnacHoe (TMpenenbHOE) HANPSIKEHHOE COCTOSHHE — 3TO TaKO€ COCTOSIHHE,
NP KOTOPOM MPOUCXOIUT KAY€CTBEHHOE M3MEHEHHE CBOMCTB MaTepHrajia— Mepexoa OT
OJTHOT'O COCTOSIHUA K PYTOMY.

JIsl TIacTHYECKOro MaTepHana OMacHbIM (TPENesbHbIM) OOBIYHO CUHTAETCS
HaNPsHKEHHOE COCTOSHHUE, COOTBETCTBYIOIIEE BOZHUKHOBEHHUIO 3aMETHBIX OCTATOUHBIX
nedopManuii, a A XPYMKOTO — TakKO€, MPH KOTOPOM HAUWMHAETCA pa3pylleHHEe
Marepuana, T0 eCTb:

o Cr , Te O — npeaesn TEKYUECTH I TUIaCTUYHBIX MaTEPUAoB,
Gy Op — pees MPOYHOCTH TSl XPYTIKUX MAaTEPUAJIOB.

[IpenenbHOE HANPSAKEHHOE COCTOSIHUE MOXKET PAcCMaTpUBATBCA KaK Mepa
MMPOYHOCTHBIX CBOMCTB MaTepuasia. Koraa Benercs pacueT KOHCTPYKIMU HA MPOYHOCTh
0 IOIYCKAeMbIM HAIPSHKCHHUAM, HAMPSHKEHHOE COCTOSHUE B HAaUOO0JIee OMACHOM TOUKE
MCCJIElyEMOr0 Tejla COMOCTABIAETCA C MPENENbHBIM Uil JaHHOro marepuana. Ha
OCHOBAHMM 3TOTO COMOCTABJICHUS AEJIA€TCS BBIBOJA O MPUTOJHOCTH KOHCTPYKUuu. B
cllyuae OJHOOCHOTO HAMNPsKEHHOTO COCTOAHMA 3a/aya pelaeTcs BEeCbMa IMPOCTO.
[Tpou3BOaUTCSA MCIBITAHWE HA PACTSKCHHE WM CXKATUE WM OMPEJEIsAETCA OMAacHOe
HamnpsbkeHre. [1o onacHbIM HampsKEHUSIM YCTaHABIIMBAIOT JOMYCKAeMbIe HATIPSIKCHUS

Ha pactsokenue [0 [ win cxkatue [0/, ucnons3ys u3BeCTHBINH KO>(UIMENT 3amaca
npouHocTH. Takum oOpasoMm, yciogue npoyHoCmu Npu OOHOOCHOM HANPSICEHHOM
COCMOSIHUY IPUHUMAET BU/T

o0, </[o.] um o3;<[0]

Paccmotpum Tenepsr BONPOC O TMPOYHOCTH Marepuana MpH  CI0KHOM
HaIpPSHKEHHOM COCTOAHMM, KOTJa B TOYKaX MAE€TaJid JIBA WM BCE TPHU TIJIABHBIX
HanpskeHuda O, Oy, O3 HE paBHBI HYIIO.

B s1tux ciydasx, Kak MOKa3bIBAIOT OMBITHI, OMACHOE COCTOSHUE AJIA OJAHOTO U
TOrO JK€ Marepuajia MOXKET HMMETh MECTO NPH PAa3JWUYHbIX 3HAYCHHSAX TJIABHBIX
HANpPsHDKEHUH O 10, 0'20, 0'30 B 3aBUCUMOCTH OT COOTHOLICHHH MEXAy HHUMHU. B 3TOM
CIIy4ae SKCIEPUMEHT HE TO3BOJSET MOJYUYUTh HEOOXOAUMBIE PE3YyJbTaThl MO ABYM
npuuriHaMm. Bo-mepBbIX, TPYAHO SKCIEPUMEHTAIBHO OCYIICCTBUTH  >KEJIAEMOE
HEOJHOPOAHOE HAMPSKEHHOE COCTOSIHUE B JAHHOM TOYKE, a BO-BTOPHIX, BAPUAHTHOCTh
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HanpPsHKEHHBIX COCTOSIHMM CIMIIKOM Beiuka. [loaTomMy HeoOXoaumo HaWTH crmocod
COCTaBJICHHUS YCJIOBHI MPOYHOCTH NP CJIOKHOM HAMPSKESHHOM COCTOSIHHH, MOJTB3YSICh

BEJIMYMHAMU Gt U Op, MOJIyYCHHBIMH TIPH UCTBITAHUW HA PACTSHKCHHUE W CIKATHE, TO
€CTh TIPH JIMHEHHOM HAINpPsDKEHHOM COCTOSHHM. TakuMm 00pa3oM, 3aaada MPOBEPKH
MPOYHOCTH JETalu B OOIIEM Cliydae, KOrja BCe TPH TIIaBHbIC HANPSHKCHHS HE PaBHBI
HYJIIO, CTABUTCA TaK:

1 OnpenensatoT pacueToM TPH IJIABHBIX HANPsLKEHUA Oy, O), O3

2 BeiOuparor Matepualt, Uisi KOTOPOTo MPH MOMOINHM J1a00paTOPHBIX UCTIBITAHUN

Ha IPOCTOC PACTAXKCHUC HIIM CXKATHC HaXOAAT BCIMYHMHY OIIaCHBIX HaHpﬂ)KeHI/Iﬁ OT

WU Op U YCTAaHABJIMBAIOT JOMYCKAEMOE HAMPSIKEHHUE.
PaccmoTpum, Kkak JMHEWHOE HampsbkeHHOe coctostaue (puc.8.1) moker
TEOPETHUECKH UMUTHPOBATH CJI0KHOE HANIPSHKEHHOE COCTOSTHHE.

(0),
/ O3
O; __)GJ Oy __%Ke
O3 1
0)) ¢
a 4]
Pucynox 8.1

Cocmosinue a cuumaemcsi PAGHOONACHBbIM  COCMOAHUIO b, eciu 6 Oeyx
HANPANCEHHBbIX COCMOAHUAX K03¢d)ulﬂl€Hmbl s3anacd npo4YHocmu paenbsl.

DkeusaneHmuoe HANPANCECHUE — 2MO MAKOE HANPANCEHUE, KOMOPOe Cﬂedyem
co30ame 8 PACMAHYMOM 06]9613?48, umoobwvl e2o HANPANCEHHOE COCMOsHUE Ob110
PABHOONACHO C 3A0AHHBIM.

Ecnu BenuunHa OHxp HailfeHa, T.€. BRIPAXKEHA KAaKUM-TO 00pa3oM uepe3 Oy, Op,
O3 TO 3a7adyy O MEpe OMACHOCTH CIIO)KHOTO HAMpPSKEHHOTO COCTOSIHHSI MOKHO
CUMTATh PEIIeHHON. Bech BOMpOC 3aKimovaeTcs B TOM, KaK BBIPa3uTh O-xp depe3 Oy,

0>, 03 Jlnsg 3TOro paccMOTPUM HEKOTOPHIE THITOTE3bl MPEACTbHBIX COCTOSHHIA,
MOJIOYKEHHBIE B OCHOBY TE€OPHH HMPOYHOCTH.

8.2 IlepBasi Teopusi npoUHOCTH
(Teopust HAUOOJIHIINX HOPMAJILHBIX HaNPsiXKeHNH, Teopus ['asmnes)

CornacHo TMepBOM TEOpUM TPOUYHOCTH, BBICKA3aHHOW emne [‘amuneem u

noanep:xanHoi Jlame (1833r.) u Pankunsiv (1856r.), mpenMyIieCTBEHHOE BIMSHHUE HA
MPOYHOCTH OKA3BIBAET BEJMUMHA HAUOOJIBIIIETO HOPMAITEHOTO HATPSKCHHS.
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CrneoogamenvHo, coenacHo nepeoti meopul NPOYHOCMYU HAPYIIEHUE TIPOYHOCTH
B o0LIeM ciy4yae HanpsKEHHOTO COCTOSHUS HACTYNMUT TOTJA, KOrJa HauOosbliee

HOPMAJIBHOE HANPSDKCHUE JOCTHIACT ONACHOTO 3HAUCHUS O .

[locnenHee ycTaHaBIMBAETCA NPHU NPOCTOM PACTIKEHUHM WM CXKATUM  Ha
o0Opa3uax W3 JaHHOTO Marepuajia. YCIOBHE HAPYIICHHUA MPOYHOCTH TMPH CIIOKHOM
HaIpsHKEHHOM COCTOSIHUM UMEET BHU]T

o,=0."; o3 =0’ (8.1)
Yciosue npodHOCTH ¢ KO (UITMEHTOM 3armaca N UMeeT BH/T
o, <[o./umo;<[0]

0
rae [a ] = 07 . (8.2)

Takum oOpa3zom, mepBas Teopus MPOYHOCTH M3 TPEX TIJIABHBIX HAMPSKEHUIH
YUHUTHIBAET JIMIIb OJHO — HAWOOJbIIEE, MoJiaras, yToO JABAa APYTMX HE BJIMSAIOT Ha
MPOYHOCTh. OMNbITHAS MPOBEPKA MOKA3bIBAET, UTO 3Ta TEOPUs MPOYHOCTH HE MPUTOTHA
JUIsi OOJIBIITMHCTBA MATE€PUAJIOB M A€T YAOBJIETBOPUTENIbHBIE PE3YJIbTAThl AJisi BEChbMaA
XPYNKUX MATepUaIoB (KaMEHb, KUPIWY, KEPAMUKA, HHCTPYMEHTAIIbHAS CTAJlb W T.IL.).
Hcnonb3zoBaHue ee MpHu ONpPeIeTICHUN Pa3MEPOB ETaeH MPH CI0KHOM HAMPSKEHHOM
COCTOSTHMM JIaeT U3NHIIHUE padMepsl. [103ToMy €10 n30eraroT noyib30BaThCs.

8.3 Bropasi Teopusi npouHocTH
(Teopusi HAUOOIBIINX JIMHEHHBIX Aedopmaruii, Teopusi Mapuorra)

Bropas Teopusi TpOYHOCTH TPUHUMAET B KAUECTBE KPUTEPHUS MPOYHOCTH
HauOOJIBIIYF0 10 a0COMMOTHOH  BeNWYWMHE JMHEHHYI0 aedopManmio. Takoe
NPE/UIOKEHNE BIEPBbIE OBUIO BHICKA3aHO, MO-BUAMMOMY, (PPAHIY3CKUMH YUYECHBIMHU
Mapuorrom (1686r.) m Hasbe (1826r.), a 3arem MNOAACPKHUBAIOCH JPYTUMHU
¢dpanmy3ckumu yuensiMa — [lorcene (1839r.) m Cen-Benanom (1837r.). CormacHo
ATON TEOPUH HApYuleHue NPOYHOCMU 8 00ueM Clyyde HANPSICEHHO2O COCHMOSIHUS
Hacmynum moaod, K020d HAubonwuldasi TuHetHdas oegopmayus 0ocmueaem OnacHo20

0
3HAYEeHUA € .
YcnoBue pa3pyiieHua UMEET BUT

€ | =€°. (8.3)
YcnoBue MpOYHOCTH:

80
€ ma| < [€]= — (8.4)
n

Hcnone3ys o0o0meHHbd 3akoH ['yka, BbIpa3uMm yciioBue mpounoctd (8.4) B
HanpspkeHusx. [lycte Hanbonpiee OTHOCUTEIPHOE YIUTHHEHHE €, TOTIa

1

Emax = €1 :E[al —ﬂ(02 +03)]-
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[IpuHAB TipU TPOCTOM PACTKEHUH TOMYCKAaeMOe HaIpshKeHue [C], TeM caMbIM
MBI JJ11 HAUOOJIBILIEr0 OTHOCUTENIBHOTO YJUTMHEHUS JOMYCKAeM BEJIMUMHY

e)-l]

E
[TogcTraBuB BEIpaXEHUS IS Eax U [€] B YpaBHEHHE (8.4), TOTYyUnM

1

E[O'I —u(o; +‘73)]:%

WJIN 01—,11(02 +a3)£[0]. (8.5)
KaK BHUAHO U3 BBIPAKCHHA (85), C IOIMYCKACMbIM HYZKHO CPpaBHUBATL HC TOJIBKO
TO HWJINW HWHOC TJIAaBHOC HaprDKeHI/IC, a #nx KOM6I/IHaI_[I/IIO, TaK HA3BIBACMOC
SKBUBUIICHMHOE (npueeOeHH()e, pacqemHoe) HanpAaiXceHue!
17
Osg =01 — IU(O-Z + 0-3)- (8.6)
OnbiTHAs MPOBEpKa STOM TEOPUM YKA3bIBA€T HA COIJIACYIOIIMECA PE3YJbTaTh
JMIIb J1d XPYINKOTO0 COCTOAHHUA MaTCpHaia (HGFHpOBaHHBIfI YYI'YH, BBICOKOIIPOYHLIC
CTa.]'II/I). Ee HpI/IMCHeHI/IC HGI[OHYCTI/IMO JJTA MaTepI/IaJ'IOB, HC IMOIJUNHAOIIUXCA 3a1<0Hy
FYKa WK HaXOJAIHUXCA 3a IIPCACTIaMH ITPOIIOPIHHOHAIBEHOCTH.

8.4 Tperbsi TEOpUSI MPOYHOCTH
(Teopust HAUOOIBLIIUX KACATEIbHBIX HANPskeHuid, Teopust Kysiona)

B Tpertbeit TeopuH MPOYHOCTH B KAYECTBE KPUTEPHS MPOYHOCTH NMPUHUMAETCS
BSJIMIMHA HAWOOJIBIIETO KACaTeIbHOTO HAMPSDKEHUS. OTa TEOpHUS TPEIIOKEHA
Kynonom B 1773r. m moarBepxknena ombitamu Tpecka (1864r.), I'ecra (1900r.) m
apyrux ydeHsix. COTJIacHO 3TOW TEOPHUH HApyuieHue npoyHocmu 6 obwem ciyuae
HANPSINCEHHO2O COCMOSIHUSL HACMYRUM  Mo20d, Kko20d Haubowulee Kacameivbioe

o
HanpAaMXCceHue oocmueaem ce0e2o npe()eﬂbﬂoeo snavenus T . llocneanee ONpeCaACIACTCA

B MOMCHT Pa3pyLICHHUA IIPHU MMPOCTOM PACTAKCHHU.

VYcnoBue pa3pylieHust UMEET BUJ
o

Tmax — T . 8.7)
YcnoBue NpOYHOCTH:
TO
T S— - (8.8)
n

0
o

1
Tax kak coriacHo Bblpakenuto (6.13) 7,,,. 25(0'1 —03), a 7’ 27, TO

ycnosue paspymieans (8.7) m mpouHoctd (8.8) MOXHO BBIPA3WTh Yepe3 TJIABHBIC
HaANPSOKEHUS TaK:

o,—03=0" (8.9)
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N

o, —03</[0]. (8.10)
JKBUBAJIEHTHOE HAIPsZKCHUE B 9TOM CJIYy4ac 3allMIICTCA TAK:
ar _
Ose =01 —03. (8.11)

TpeTbst TeOpHs MPOYHOCTH XOPOIIO MOATBEPIKAACTCS OMBITOM JII MAaTEPHAIIOB,
OJIMHAKOBO pPabOTalONMX Ha pacTsHKEHUE W CkKaTthe (HampuMep, MATKas CTajb), H
MO3TOMY UMEET IOCTaTOYHO IIMPOKOE pacmpocTpaHeHune. HeqocraTok ee 3akmouaeTcs

B TOM, YTO OHA HE YUUTHIBACT CPEAHETO MO BEJIUYHMHE TJIABHOTO HANPSDKCHHS Oy , UTO
BHOCHT B pacueThl norpemHocts 12...15 %.

8.5 YerBepras Teopusi IPOYHOCTH
(3HepreTuyeckas Teopusi popmousmeHenus, Teopus I'ydepa)

CornacHo 3TOW TEOpUU onacHoe cocmosmue (mekyiecms) 6 obugem ciyyae
HANPANCEHH020 COCMOSIHUSL HACMYNAem moeod, Ko20d YOenvHds NOMeHYUAIbHAS
SHepausi opmousmenenusi oocmueaem ceoe2o npeoeivno2o 3nadenus. llocnemnee
MOYXHO OTPEJEIIUTh MTPH MPOCTOM PACTSHKEHUH B MOMEHT TEKYUYECTH.

YcnoBue HaCTYIUIEHUS TEKYYECTH

Uo = (Ug)r, (8.12)

Uo <[Uq/r. (8.13)

[TorenmmanibHas SHeprusi (POPMOU3MEHEHHUS TMPH CIIOKHOM HANPSHKCHHOM
COCTOSIHMM PaBHA

YcnoBue NpoYyHOCTH

1+
o= K 0'12+o§+0'§—(0'10'2 +0,0; +0'30'1)]. (8.14)

[Tpu mpocTOM pacTsHKEHHH B MOMEHT TeKydecTH (G = G, G, = 63 = 0) umeem
I+p 2

(U(D )T = e G

3E

CnenosarensHo, ycnmosue (8.13) mocne moacranoBku (8.14) m (8.15) moxHO
3ammcarth B BHIC

(8.15)

\/012+a§+a32—(0102 +0203+a301):aT (8.16)
NJIIn
Ji
\/5[(01—02)2+(02—03)2+(03—01)2]=0T- (8.17)
YcnoBue mpouyHOCTH OyI€T UMETh BH/T
1
\/5[(01_02)2+(02_03)2+(03_a,)2]g”7f:[a]. 818)
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DOKBUBAJICHTHOE HanpshxeHue mo 1V teopun

Gg; - \/é[(a] —0,) +(0,-03) +(o; —01)2]. (8.19)

OnpITel  XOpOILIO TMOATBEPKAAIOT YETBEPTYIO TEOPHIO I  IUIACTUYECKHX
MaTepUajoB, OJMHAKOBO paloTaloIMX Ha pacTskeHue-cikatue. Hactyrenue
TEKYUYECTH OTOOPAXKACTCA YETBEPTON TEOPUECH JTyUllle, UeM TPEThEH.

Bce wu3nokeHHbIE TEOPUM OTHOCATCA K M30TPONHBIM Marepuaiam. /[l
AHHU30TPOITHBIX MAaTCPHUAJIOB OHU HCIIPHUT'OAHEI.

8.6 Teopusi npounocTu Mopa

Teopus npounoctu, npeanoxkenHas O. Mopom B Hauane XX Beka, HCXOIUT U3
NPEANONIOKEHUSA, UTO HMPOYHOCMb MAMEPUANos8 6 o00uem Ccaydae HANpa*CeHHO20

COCMOSIHUSL 3a8UCUM, 2NAGHBIM 00pA30M, OM GeIUYUHBL U 3HAKA Hauboavuieeo O) U
HaumeHvuieco O3 enasHvix Hanpsicenuti. CpelHee N0 BEJMUMHE TTIAaBHOE HAIPSKEHHE
JIMIIb HE3HAUWTENIBHO BIMSAET Ha MPOYHOCTh. OMBITH MOKA3BIBAIOT, YTO HEAOY4YeT G)
naeT norpemHocte He Oonee 12...15 %. Ycmosuem npounocty nmo teopun Mopa ams
MaTepHraioB, Y KOTOPBIX [G +] * [G _], Oyner:

lo. ]

G;— O3 S[o+]. (8.20)
[0

OKBHUBAJICHTHOE HAMPsKeHHE 1Mo Teopuu Mopa

o _g, [G+]c53. (8.21)
k6 [c_]

[Ipn OoaMHAKOBOM COMPOTHBJICHUM METajllla PACTSKEHHIO M CXKATHIO, TO €CTh
pH [G +]= [G_], pacuetHas ¢opmyna (8.20) cosmamaer ¢ dopmynoit (8.10),
nonyueHHo# no Il Teopum npoyHocTH.

JlocromncTBa Teopuu Mopa OeccriopHbI, TaK Kak OHM OCHOBAaHBI HAa OMBITHBIX
JAQHHBIX.

OCHOBHBIE HEOOCMAMKU:

a) HeoOXOOUMOCTh psfa CIIOXHBIX OIBITOB C TUIOCKAM W OOBEMHBIM
HaANPSOKEHHBIMHA COCTOSTHUSIMU,

0) Teopus HE YYMTHIBACT BJIMAHWSA HA MPOYHOCTH MPOMEKYTOUHOTO TJABHOTO

HaIpsHKEHUsA O5.

Jlns mpakTU4eckux pacueToB cienyeT pekomenaosars [V (wmm III) Teopwmro
IPOYHOCTH JJIsl MATEpUajoB, OJAMHAKOBO PAalOTAIOIIMX HA PACTSIKEHUE M CIKATHE, U
Teoprto Mopa — U1 MaTepUasnoB, Pa3IM4YHO CONPOTHUBIIAIOLNIUXCA PACTIKCHUIO H
ckaruto (xpynkux). s HEX B HacTosimee Bpems moka emie nmpuMensercs [l teopus
MTPOYHOCTH.
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9 CABUT

9.1 YucTelil CABUT U €ro 0CO0OCHHOCTH

Ha npumepe pactsbkeHust M CkaTusi ObUTM BBISABIICHBI HEKOTOPbIE HanbOoJee
BOKHBIC CBOWCTBA HAMPSKEHHOTO COCTOsAHWA. [Ipw pacTsskeHWHM B 3aBUCHMOCTH OT
OPUCHTAIMHU CEKYIIMX TUIOMIAI0K HA TPAHAX BBIACIICHHOTO MPAMOYTOJIBHOTO 3JIEMEHTA
BO3HHKAIOT HOPMAJIBHBIC U KACATCJIbHBIC HATIPAKCHUA.

Cosuzom nazvieaemcs 6UO HAZPYIHCEHUS, NPU KOMOPOM 8 NONEPEYHOM CedeHul
CIMEPIACHS BOSHUKAIOM MOJIbKO nonepeynsie cuivl (.

JlebopMammto caBura C JIOCTAaTOYHOW CTETICHBIO TPUOIMIKCHHS MOXKHO
MOJIyYNATh TPAKTUYECKH, €CIM Ha PacCMaTpPUBAEMBbIH OpyC C TPOTHUBOMOJIOKHBIX
CTOPOH OyayT JEHCTBOBATh JBE PaBHbBIC CHJIbI, MEPICHAUKYJISIPHbICE K OCH Opyca u
HAIpaBJICHHBIE B MPOTHUBOMOJIOKHBIE CTOPOHBI. [IpuMepoM Takoro IEWCTBUS CHIT
MOJKET SABJIATHCA PE3Ka HOKHUIIAMH METAJUTHUECCKHX JIMCTOB WM MPYTheB (puc. 9.1).

P
ayc 4 _/
e s S s s i
b(ld b d *%
a o 8 P
Pucynox 9.1

JleBast wacth Opyca (cMm. puc.9.1, a) oTaenseTcs OT MpaBOH MO HEKOTOPOMY
ceuennto ab. Tlpu ciapure TMHUM JIEWCTBHA CHIJI PAclONOKEHbI BEChbMa OJIM3KO.
Boo0rie e B MpakTHKE CABUT B YHCTOM BHJIE MOJYUUTHh TPYIHO, TaK KaK OOBIYHO
nedopMaIys CABUTa COMPOBOXKAAETCS U3rudoMm (cM. puc.9.1, 6).

Wcnonb3ys MeTos ceuenus (cM. puc.9.1, ¢), Haxomum, 4to nepeunas cwia O B
ceuennu ab (unm cd) paBHa BHemHelH Harpy3ke P.
[onepeunass cuna () BbI3bIBAET NOsABIEHHME B ceuenun @b mmomaneio F
KaCaTesbHBIX HAMPSKEHUH: [tdF =Q.
F

[IprHKEMas KacaTelbHble HANpsUKEHHs T paclpenesieHHBIMU Mo Iwiomanm F
MOMNEPEYHOr0 CEUCHUsI PABHOMEPHO, OyJ1IeM UMETh

Q=P=F-1,
0 a T r 9.1)
TKY I, = R 5
g F
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PaccmoTpyM 4acTHBIN ciydail COBUTA, Mpu KOMOPOM HA Yemulpex ZpaHsx
gvioenennoco  onemenma  (puc.9.2,a)  eosmuxaiom  MoOILKO  KaAcamenvHvle

HANPSICEHUS.
Takoe HaNPsHKEHHOE COCTOSHUE HA3BIBACTCS YUCHIBIM COBULOM.
T
D
J
O3 %
B
0]
v\ 3 ‘ L 2 —
B K A
Ta N
wk
63 ‘}\DO( GI
a 4]
Pucynox 9.2

Hatinem BenvuvHy U HampaBJICHUE TJIABHBIX HAMIPSKCHHMA MPH TAKOM
HaMpPsHKEHHOM COCTOSIHUU. {711 3TOr0 BOCHOJB3YEMCS TOCTPOCHUEM KpyTa
Hanpsbkenuid (puc.9.2, 0). Ilockonapky B JaHHOM ClTydae

Oy=0p5=0; To4=-T;, Tg=T,
TO, MOCTPOUB KPYT HANPAKECHUN, HAXOAUM, UYTO

612—03:1-, (92)
a TJIaBHBIE MJIONIAJIKK HAKJIIOHEHBI K TPaHsAM 3JIEMEHTA MOJ YIJIOM 45°,
Tpetbst rmaBHAS TUTOIIAKA COBIIAAET C HEHATPY KCHHOM (pacaHOM rpaHbIO
3JIEMEHTA, CIEA0BATENBHO,

o, =0. (9.3)
Paccmotpum nedopmanmio snementa abed (cm. puc.9.2, a). Iockonbky 1o
rpaHAsM »SJE€MEHTa HeT HOPMalbHBIX HANpS)KEHWH, TO BAONL TrpaHedl Her u
yuIuHeHHH. B TO ke BpeMs AMAroHa b (C, COBMAJAIOMAS C HANpaBleHHeM O,
VIIMHSETCA, a auaroHamb bd, copmajaiomas ¢ HANpaBIEHHEM CHKUMAIONIETO
HanpsokeHust O3, yKOopauuBaercs. B pesynmbrare kBanpar abcd mpespamaercs B
pom6 a’b’c’d’.
Takum o6pazoM, AedOpMaIIUs YUCTOTO CABUTA XapaKTePH3YeTCs W3MEHEHHEM
TIepBOHAYATIEHO MIPAMBIX YTJIOB.
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9.2 Jledopmariusi mpu caBUre.
3akon ['yka nipu caBure

Bonee narnsanoe npencTasiieHue o aeopMaiiii 3JeMEHTa MOXKHO TIOJTYUHUTh,
3aKpenuB OJHY U3 TpaHeit (puc.9.3).

Ecmu rpans AB 3akpenuts HenmoaBuxkHO (puc. 9.3), To mox aelicTBrEM
KacareabHBIX Hanpshkenuid rpanb CD cnBuneTcs napamwiensHo AB Ha HeKoTOpyro
senmunny DD ;=CC;=AS, nassiBaemyto abcomommnvim cosuzom. dnementr ABCD
MEPEKOCUTCS, TIPSMBIE YTIIBI IPEBPATATCS B OCTPHIE WIH TYTIbIE, H3MEHUBIIIMCH HA
yroJi Y. DTOT yroil Y Ha3blBACTCA OMHOCUMEIbHBIM COBUCOM WIH Yenom cosuea. OH

CIIY’KAT MEPOH MCKAXKEHUS YTJIOB MPSIMOYTOJIbHUKA.

43

+ C CI_’ D D]

Al

v A B

«

Pucynox 9.3

ITockoNbKy MBI IMEEM JIEJIO € YIPYTUMH AeOpPMaIUAMH, TO 3TOT yroy Oyner
BECbMa MaJIbIM: y=1gy=—-. 9.4)

MOXKHO TOKa3aTh, YTO BEMYMHA Y TPOMOPIHOHAJBHA HAMPsKEHUsM T .

VCTaHOBUM CBSI3b MEXKIY YIJIOM casura Y M KacaTelbHbIM Hanpsuxkenuem T. Ilpu

nepeKoce 3yieMeHTa AuaroHanb AD ymmmHseTcs. 9To yAIMHEHHE MOXHO CBSI3aTh C
JEMCTBYIONIUM HampsbkeHueMm T | yriiom casura Y :

Al =AS -cosd5 |

SZ&ZAScosﬁ sind5" :i.
14 a 2

Hcnoneiys dopmysy (9.2), momyunm €= é’y . (9.5)

AS
TOoT/Ia ot
a
C nmpyroit CTOpPOHBI, YJIMHEHUE AMArOHAJH, BHI3BAHHOE JCHCTBHEM TJIABHBIX
HaNPSKEHUH G; =T M O, = —T, MOXHO HaiTu u3 Qopmyn (7.7), yuuTsIBas, 4TO
T

03201 g:g]:é (G]-p,-02)=E (1+u). (9~6)
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[loncraBus nonyueHHoe 3HaueHue B (9.3), momyunm

T Y
—(l+pn)==,
E( 1y, 3
OTKYIa T—L 9.7)
4 CETTL |

TakuM 06pas’oM, omHocumensHwill cOsue § U KACAMeIbHOe HANPsICeHue T

NPAMO NPONOPYUOHANILHYL, M.e. NPU CO8UCE HANPAIICEHUE U COOMEEMCMEYIOUAs eM)
omuocumenvHas oegopmayus cesizanel 3akonom 1'yka.

E
Benmmunny ————  oOos3nagaror OykBot G W Ha3BIBAIOT MoOyiIeM
2(1+p)
VApY20CMU NpuU cO8U2e WA MOOYIeM YnpyeoCmu 6Mmopo2o pood.
®dopmyna
E
G=— 9.8)
2(1+p)

BBIPAKAECT 3aBUCUMOCTb MEXKAY MOAYJIEM YOPYTOCTH NPH CABUIE U MOAYJIEM
YIPYTOCTH NPH PACTIKEHUU.

Mexny BenvuvHamu £ 1 O g1 OQHOrO M TOro K€ MarepHaia MMEETCs
CJIEAYIOLLEE COOTHOLLICHUE:

G~04E.

Ucnonw3ys popmyiy (9.6), popmyity (9.5) MoxkHO 3amucarh Tak:

=YG

(9.9)

[Tonyuennast ¢popmyna (9.9) HOocHT Ha3BaHWe 3axoHa [yka npu cosuce 6
OMHOCUMENbHON  (popme W TIONIHOCTHIO aHAJIOTMYHA C 3aKkoHOM ['yka mpu
PaCTSIKEHUH:

c=¢k.

[ToacraBum B BoipaxkeHue (9.7) kacarenbHOe HanpskeHUe T 1o dopmysie (9.1)

u yroia casura Y no gopmyse (9.2) u nomydum
_ Pa
GF

Jlannas popmyna npeactaBisier codoit saxon ['yka npu coguee 6 abcontomHoli

¢opme, KOTOPBIA TIACUT, YTO aOCOMOMHBIL COBUS NPSIMO NPONOPYUOHANEH

cogueaioweti  cuie, pAcCMOSHUIO MeHCOY COBUCACMbIMU epaHiAMU U  0OpAMHO
nponopyuonanen ocecmkocmu npu cosuee (GI). 3axon I'yka mns nedopmanuu

(9.10)
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CABHUI'a AHAJIOTHYCH Q)opMyne JJI4  BBIYHUCIICHHA a0COIOTHOTO YAJIMHCHUA IIpH

e

PaCTSIKEHHH: Al =———.

EF

9.3 IIpakTH4YecKue pacueThbl HA Cpe3, CMsTHE U Pa3pbiB
3aKJIENOYHBIX, 00JITOBBIX U CBAPHBIX CO€THHEHHIl

Jleopmanus caBura B YACTOM BHJE HA TPAKTHKE (PAKTHUESCKH HE
BCTpeUaeTcs. B peasibHbIX YCIOBUAX CABUT OOBIUHO COMPOBOXKAACTCS CMATHEM
MOBEPXHOCTENH KOHTAKTUPYIOIIUX 3JIEMEHTOB U U3ru0OM, BBI3BAHHBIM HOPMAJIbHBIMU
HarnpsbkeHusMu. Kpome Toro, kacatelbHble HAMPSAKEHUS TI0 CEUSHUSIM, TIO KOTOPBIM
MIPOUCXOJUT CIIBUT, PACTIPEAEIIAIOTCS HEpaBHOMEPHO. Ha npakTHke, 0JHAKO, C LEJbIO
YIPOILIEHHS pacyeTa YKa3aHHONW HEPABHOMEPHOCTBIO paclpeieNeHIs HanpsHKeHUH
NPEHEOPETatOT U CUATAIOT, YTO HAMPSHKCHUS MO CEUCHUIO (TIPU CABHTE) U TIO
MIOBEPXHOCTH (TIPH CMATHH) PACTIPEACIIAIOTCS paBHOMEPHO. B wacTHOCTH, Takue
JOMYLIECHUA MPUHAMAIOTCA MPU PACUYETE 3aKJICNOK, IIMOHOK, IJTUIOB U T. 1.
PacueTHble HaNpsKEHUs MPUA 3TOM OTJIMYAKOTCS OT JAEHCTBUTEIIBHBIX, a OTOMY HX
CJIElyeT CUMTATh YCIOBHBIMU. ECiM M3BECTHO JOMyCKaeMOe HANPsKEHHUE Ha Cpe3

[t], To nerko 3anmmcars ycnosue npounocTH Ha Cpes:

(9.11)
OTKy/la MOKHO HaWTH IJIOLIa/lb cpe3a Fop 2 ﬁ (9.12)
T
AHaOTHYHO BBITIISAAT U YCIOBUE MTPOYHOCTH TS CMATHA
P
Ocu :_S[GCM]' (9.13)

CM
IHpumep 1 Paccuurars Gonrosoe coemunenue (puc.9.4), ecmu P = 8 kH.

9
A

N P

U1

Pucynox 9.4

n
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TommHa ckperseMbIx TucToB 0= 8 MM, [T ] = 60 MITa, [0 |cw = 200 MITa.
Cuna P = 8 xH ctpemuTtes cpesars COGI[I/IHGHI/IC 110 CEYEHUIO M.

P
VYcnoBue mpoyHoOC cpeze T =—=——7X<|7T
JIOBHE IIPOYHOCTH IIPU CP I d2 []
Orcrona d= |2 '[P ] = 100 = 1,3cm.
‘It

[TpoBepuM CTE€HKM OTBEpCTUW AeTanedl Ha cMmsAThe. J[Jid MpoCcTOThl pacyeTa
MPUHATO CYUTATh, 4YTO [IaBJICHWE PABHOMEPHO paCMpPENeAeTCcsl MO MPOSKIUU

HOHyuHHHHI{pHT{eCKOﬁ MOBCPXHOCTHU CTCHKHU BBICOTOM 5 5 TOFI[a miomaab CMATHA

CM =0d,

P 81073
OTKyZa G,y = = =76,8Mlla <|o],,,.
Yo8d 08107131077 [o].

Ecnmm 6b1 OKkaszanock, 4to O, > [(5]

oy > TO HEOOXOIMMO ObLIO OBl AHAMETP

0oJTa YBETUUNTH, ONPEICIIAB €r0 U3 YCIOBHS COMPOTHUBIICHHS CMSTHIO!

dzi. (9.14)

J- [O-CM ]
Ha cpe3 takke mpuHSATO (YCIOBHO) PACCUMTHIBATH M CBAPHBIE COCIWHEHMUS.
Haubonee pacnpocTpaHeHbl COSTUHEHUS BCTHIK M COSTUHEHUS C TIOMOIIIBIO
YTJIOBBIX M BAJIMKOBBIX MBOB. COCAMHEHUS 8CMbIK IPAMEHSIOTCS, KOT/Aa
COCIMHSIEMBIC JTUCTHI HAXOATCS B OAHOU TIOCKOCTH (prc.9.5, a, 6).

¢ ) ‘
22 NN\NE

-
'\
7

0 6
A-A
5‘] <€ =<£ J
\
| | ibz
P | P 4 9
| H
T L
e 0
Pucynox 9.5
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CoenMHEHHUS C TIOMOIIBIO )271068bIX IIBOB BHITMIOIHAIOTCS, KOT/Ia COSAMHAEMBIE
JIUCTHI MAPAJUICIIbHBI WIIA TIEPICHIUKY/IAPHBI (CM. prc.9.5, 8).

Ecnu HanpaBneHre yrioBoro 1Ba nepneHIuKyIIPHO K ISHCTBHIO CUITBI, TO
III0B HA3bIBaeTCA 10006biM (cM. puc.9.5, 2). I1IBbI, mapaie/ibHbIC YCUITHIO,
Ha3BIBAIOTCS Pianeosvimu (cM. puc.9.5, 0).

Ecaun He yuuThIBaTh HAILIBIBBL, TO B pa3pe3e YIJIOBOH IIOB KMeeT hopMy
pPaBHOOEAPEHHOTO MPSAMOYTOJIBHOTO TPEYToJIbHUKA (PHC.9.6)

m=0.7k

A &

o

Pucynox 9.6

Pazpymienue mBa OyeT mpoOUCXOIUTh 10 €T0 MUHHUMAJIFHOMY CEUSHHUIO
ABCD. 3a pacueTHslii pa3mMep miBa, KpOME €ro JJIHHBI, IPUHAMAIOT BEICOTY M
TPEYTrOJIbHHKA, PABHYIO m=kcos45°=0,7k,

re k — BbICOTa KaTeTa CBAPHOrO I1BA.

Pacuernas ruromap ceuenns msa cocrapur L = ml = 0,7k [

rae { — pacueTHas qyMHA 1IBA.

PacueT cBapHBIX COEMHEHUHN, KaK U 3aKJICTIOUHBIX, YCIIOBHO BEJIETCS B
MPEATNOJIOKEHUH PABHOMEPHOTO PACIIPEACTICHHS HAMPSKEHHUHA MO CEUYSHUIO 111BA.

Paccmotpum pacuer ¢uraHTOBBIX 1 JIOOOBBIX IIBOB, T.€. IIIBOB,
COTIPOTHUBJISAIOIINXCS ACHCTBUIO KacaTeIbHBIX HAPSIKEHUH. YUUTHIBAsA, UTO
COTIPOTHUBJICHHSI CTAIM CPE3Y HUKE, UEM PACTHKEHHIO, COCTABJIAIOIIEH HOPMATbHBIX
HampsHKEHUH B JIFOOOM I1IBE MPEHEOPETaroT U pacyeT MIBOB YCIOBHO MPOU3BOIAT HA
cpe3, MpeAnoaras, 4YTo KacaTeJbHble HAPSKEHUSI PABHOMEPHO PaCIpeaestOTCs 1o
CEUEHHIO.

[Tpu pacuere TOGOBBIX IIIBOB COSAMHEHUS BHAXJIECTKY (prc.9.7) yUUTHIBAIOT
o0a 11Ba ¢ MIOLIAAbI0 CEUCHUS. 3aMUIlIeM YCIOBHE MPOYHOCTH CBAPHOTO I1IBA MPH

P P
COCJIMHEHUH BHAXJIECTKY: T = — = ———— < [‘C ]3.

F 14k !
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Wupeke “3” 03HaYaeT, 4TO U3ACNINUS CBAPUBAIOTCA SJIEKTPUUECKON AyTroi

R

N nl

Pucynor 9.7

Ilpumep 2

Onpenenuts pa3mepbl (IAHTOBBIX IIBOB, COSTUHSIONMMX TOi0Ch (puc.9.8).
Pactsrusaromas cuna P = 14 kH, a gomyckaeMoe HampsuKeHUE Ui METAJLIa IIBa Ha

cpes [’L’ ]3 = 110 MIla . Onpesenuts pacueTHYO AMHHY CBApHOTO 1TBa ¢ -

A—A
52:0,8CM
l§ A RERERRNNEEEN
- P N~
Pef  dilg b =10 cn é» Ng
I \ NERNNRRRNEER
=
7 0, =1cm
- O o
Pucynok 9.8

P
W3 ycnosusa npoYHOCTH WBA T,y = F_ < [T]g.
>

[normans omacHoro ceuenwst I, = 2ml = 203 ,cos45° = 1,406, .

P 140-107°
1,4-8,-[t,] 14-1-1072-110

Pacuetnyro mimny msa £ ) HaijaeMm, A00aBWB K JJIMHE IBA { ems 10 MM,

Torna (= 100=0,091m=9,1cm.

YUHTHIBAs BO3MOXKHBIH Henposap: { b= (+1,0=91+1,0=101 cm.
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10 TEOMETPUUYECKHUE XAPAKTEPUCTUKU
IJIOCKUX CEUEHUN

10.1 CrarnyecKkue MOMEHTDI IUIOCKHX CEeYeHHIl.
OnpenesieHne HEHTPA TSKECTH CJIOKHOI (PUTypbI

[Ipu pemennn 3amad, CBA3AHHBIX, B OCHOBHOM, C W3THOOM, BO3HHKAET
HEOOXOMMOCTh ONEPUPOBATh HEKOTOPHIMH TE€OMETPHUYECKHMMH XapaKTEPUCTUKAMHU
MOMEPEYHBIX CeYeHWi. B cuimy cBOero y3Koro NPUKIAAHOIO 3HAUYEHHA B Kypce
rE€OMETPHUN OHH HE U3yUalOTCH.

K eeomempuueckum xapaxmepucmuxam OmHOCAMCS NIOWAOU NONEPEYHbIX
cedenuil, MOMEHMbl UHePYUU, MOMEHMbL CONPOMUBTIEHUS, PAOUYCHL UHEPYULL.

Bosemem HekoTopoe momepeuHoe ceuenume Opyca (puc.10.1). Cesikem ero ¢
CHCTEMOM KoopauHar X,y .

Y

Pucynox 10.1

ITo aHajgoruM ¢ MOMEHTOM CHJIbI OTHOCHTEJIBHO OCH 3aMHUIIEM MOMEHT ILJIOIIAAN
F OTHOCHTCJIBHO OCH, I(OTOpBIﬁ Ha3bIBACTCA CIMAMUYECKUM MOMEHNMOM:

S, = jde,Sy = jxdF, (10.1)
F F
rae uHaeke 'y 3HaKa MHTErpana yKashlBaeT Ha TO, YTO MHTETPUPOBAHHME BEAESTCS IO
BCcel momaau cedeHus. Kaxnaplii u3 WHTErpajioB NPEACTaBIACT COO0H Cymmy
IPOU3BEICHHI 2JIEMEHTApHBIX IUIOIANOK A’ Ha PaccTOAHUE IO COOTBETCTBYIOIIEH
ocu (X iy ). EauHnna u3mMepeHnus cTaTu4eckoro MOMEHTa — Ms, MM uma em’,
[Ipn mnapamienbHOM MEPEeHOCE OCed BEJIMYMHBI CTAaTUYECKUX MOMEHTOB
MEHSAIOTCS.

Y2 Y
= X2 o
b |
'Z_;\ )
dr Vi
Y2 x,
0, 1,
\ \ x2
0
? Pucynox 10.2
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PaccmoTpum Be mapbl mapajulenbHBIX Oce X7, V7, U X2, Vo (puc.10.2). Ilycts
PacCTOSHUE MEXKIY OCSMH X; U X, PaBHBI d, a MEXIy OCAMH V; U Vo paBHBI b.

Ipeanonoxum, uto F'u S X, S y ; M3BECTHBL. Tpebyercs onpenenuts S X, S vy

W3 pucynka: X, =X, +b; VY, =y, ta.
Hckomple cTaTHYECKHE MOMEHTEI OyIyT PaBHBIL

Sx, = [(v;+a) dr; Sy, = [(x; +b) dF;
F F

nIIn S

Takum oOpazom, npu napainensHom nepesoce ocell CMAamuyeckutl MOMEeHm
MEHSIemesl HA 8EeUYUHY, PAGHYIO NPOU3EEOCHUI0 NAOWAOU HA PACCMOSIHUE MEHCOY
OCsIMU.

Bemuuunbl @ unm b MOryr ObITH MOOBIMH, Kak IMOJIOKHTEIBHBIMH, TaK H
oTpunarenbHbiMU. [lo3TOMY MX Beerna MOXHO moaoOparh (MPUUEM €IMHCTBEHHBIM

00pasom) Tak, uToObl npoussencaue b = § v 8 aF' =8, ;- Torna cratnueckne

- Sx] + aF ; Sy2 = Sy] + bF'. (10.2)

Y

MOMEHTHI ,H S V3 00paIarTCcs B HYJIb.

Ocb, omuoOCUmMENbHO KOMOPOU  CMAMuyeckuii MOMEHM  paseH  HYIio,
nazvigaemesi yenmpanernoil. Cpenu ceMencTBa MapalijieNibHBIX OCeW OHa SBJISETCA
€JIMHCTBEHHOMH.

Touxa nepeceuenus yeHmMpaibHLIX OCEl HA3BIBACNCS YEHMPOM MAHCeCmU
cevenust.

Takum 06pa3zom, KOOPAMHATHI TIEHTPA TIKECTH

— —_*l
a=y.= : (10.3)
AHAJIOTHYHO, TSI OCH ):
le
b= X, = . (10.4)

Ilyrem mnoBOopoTa OCed MOJKHO II0OKa3aTh, 4YTO CTAaTHYECKUHA MOMEHT
OTHOCHTEJIEHO BCSIKOW OCH, TIPOXOJIAIICH Yepe3 IEHTP THKECTH, PABEH HYJIO (TOUKa
MIPHJIOKEHHS PAaBHOICHCTBYIOIIEH CHIT BECa).

JIns BBIYMCIICHHUS] CTATHYECKUX MOMEHTOB CIIOKHOW (DUTYpHI €€ pa3OuBarOT Ha
MPOCTBIE YACTH, JUIA KaXKJAOW M3 KOTOPBIX HM3BECTHBI IUIOLIAAL /[; W TOJIOKEHUE
LICHTPA TAKECTH.

Toraa crarnyeckuii MOMEHT TIOMIAAN OYAET:

Sc=Fy,+Ey,+...+Fy,=

M=

by

Ex,.

Sy=Fx+F,x,+..+ Fx, = L,

INYE

1
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[To dopmynam (10.3) u (10.4) MOXHO HAWTH KOOPAWHATHI IEHTPA TIKECTH
CJIOXKHOM (PHUTYPBHI:

S IF-x, s IF-y
X, ==y == (10.5)
F ZE F §1F;

i=1 i=

10.2 MomMeHTBI HHePIUH TI0CKUX Guryp.
Buabl MmoMeHTOB HHEpIIUN

Ocesbim  (Unu 9K6AMOPUATLHBIM) MOMEHIMOM UHEpyuu niouaou @Gueypel
Hazwi8aemcsi unmezpan no Niowaou NPpou3BeOeHus: 3J1eMeHMAapHbIX NIOUWAOOK HA
K8aopamul uxX paccmosiiust 00 OAHHOU OCU.

Tak, oceBble MOMEHTH HWHEPUUH MPOU3BONBHON urypsr (puc.10.3)
COOTBETCTBEHHO PABHBI:

I, =[y*dF; I, =[x"dF. (10.6)
F F
y
dF
A
2|y
X
0
Pucynox 10.3

Tonsapuvim MOMEHMOM uHepyuu naowaou @Gueypel OMHOCUMENbHO OAHHOT
MouKY (Nooca) Hazvleaemcsi unmezpai no NIOWAoU NPOU3EEOeHUs DNIeMEeHMAPHbIX
NI0WAOOK HA KAOpambl UX pACCMOSAHUL 00 NOIIOCA:

I, :ILpZdF. (10.7)

Ecnu wepes nonmoc npoBeeHa clUcTeMa B3aUMHO MEPIEHINKYIIAPHBIX OCeH X,
¥ (em. puc.10.3), To

pz = x2 + y2.
U3 Beipaxenus (10.7) umeem

1, =l +y?)ar =1, +1,. (108)
F
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BennuuHbI OCEBBIX U MNOJIAPHBIX MOMCHTOB MHCPIMHU BCCT AA ITOJTOKUTCIIBHEI.
UeHmpO563fCHblM MOMEHMOM UHEPYUU HA3bIGACMCA UHmezspdil no I’ZJZOZ/L;a()I/l
npou%e()eﬂuﬁ DJICMEHMAPHbBIX }’l]lOWa()OK HA UX pACCMOAHUA Oom KoopauHamezx

ocei X, y:
I,=[x ydF. (10.9)
F
B 3aBUCHMOCTH OT MOJIOXKEHUA OCEH, EHTPOOEIKHBI MOMEHT UHEPLIMA MOXKET

ObiTh MookuTeNbHBIM (prc.10.4, a) wim otpumarensHeiM (puc.10.4, 6), a Takxke
paseH Hymo (puc.10.4, ).

y y y
dr,)-x db x| x ab
y y Yy Yy
\ X \ X \ Y X
O o) O
a o 8
Pucynox 10.4

Ocu, omHOCUMENLHO KOMOPLIX YEHMPOOEIHCHBI MOMEHM UHEPYUU paseH
HYJII0, HA3BLIBAIOMCSL 2TIAGHBIMU.

Och cummerpur (PUTYPHI BCErna ABISETCS TIABHOM OCHIO, TaK KaK KaKIOW
TOJIOKUTENRHON BeanuuHe XYdF B MepBOM M TPETHEM KBAJPaHTaX COOTBETCTBYET
TakKas e, HO OTPULIATEIbHAs BO BTOPOM M YeTBEPTOM KBajapaHTax (cM. puc.10.4, g).
Jlpyras rnaBHas ocb OyAeT NEepHeHIUKYJISIPHA K OCH CHMMETPHUH.

[asnvie ocu, npoxooswue uyepes yewmp MaANCECMU cedyenus, HaA3bl8AloMCcs
2NIABHBIMU YEHMPATTLHBIMU OCSMU.

B pacuere wuHTEpecylOT BcerAa TIJIaBHbIE LIEHTPAJIbHBIE OCH U MOMEHTHI
MHEPLMHA OTHOCHTENBHO HAX. E/MHWIA M3MEPEHHS MOMEHTOB HHEPLHH — M, a
Taroke MM", e, v’

10.3 MomeHTbI HHEpPLHU MPOCTHIX CeUeHHil

BblupiciiM ~ MOMEHTBI ~ HMHEPIHHMH  MPAMOYIOJbHHKA  OTHOCHUTEIIBHO
HEHTPAIBHBIX OCEH X, , V. , MApAIENbHBIX ero ctopoHaMm (puc.10.5).
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I[J'DI OnpeacjiCHUsA MOMCHTAa HWHCPIUHM OTHOCHTCJIIBHO OCH X, BBIACIIHM
SJICMCHTAPHYIO IINIOAAKy B BHAC Y3KOI'O

IPAMOYTOJIbHUKA ~ BEICOTOH  dy
v IMpuHOi b, momanes koroporo dF = bdy.

) 'dy
77777
w2l | ar A
w{ Y Xc
A
h/2 2
.4
< b >
Pucynox 10.5

OKOHYATEHLHO:

(10.10)

OueBUIHO, UTO

(10.11)

HHTGI‘paII HC HU3MCHHUTCA, CCJIH BCC

nonocku dF =bdy cmecturs
napayuiesisHo ocu X, (puc.10.6).

Ye
dyy |
| 7727777777
dF
Xe
) /
< b >
Pucynox 10.6
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Takum 00pa3oM, MOMEHT MWHEPLHMH NapPaLIeJIOrpaMMa OTHOCHUTEIIBHO
HEHTPAJIBHON OCH X, MapauI€IbHON OCHOBAHUIO, PABEH

J bh’
12

Haiinem MOMEHT MHEPLIMM TPEYroJIbHHKA OTHOCHTEIBHO OCH X, MPOXOIAILEH
yepe3 ero ocHoBanwue (puc.10.7).

y
dy, dF 'y

t (,|\ b(y)
Yy C A G
/ h/3
y Y ¥V x

Pucynox 10.7

BeigenmuM  sieMEHTapHYX) MOJOCKY dfY, mapannenbHyl0 OCHOBAHUIO H
MMEIOLILYIO BHICOTY d) u nmpuny b(y):

dF =b(y)dy.

OueBHUHO, YTO IIKUPHHA MTOJIOCKHU, HAXOAALIEHCS Ha PACCTOSTHUM ) OT OCH X,

b(y)=z(h—y).

CnenmoBaTebHO,
3

PR >, bh
I, =]y dF=[—(h-y)y’ dy=—r. (10.12)
A o h 12

Berurciaum monsApHBIE MOMEHT MHEPLUH KPYra OTHOCHTENIBHO €ro LIEHTpA.
JU1st BBIUMCIIEHNS TIOIAPHOTO MOMEHTA MHEPIMK BBIACITUM 3JIEMEHTAPHYIO MOIOCKY B
BUJIE TOHKOrO Koubia (puc.10.8) Tonmmuoii dp u nmumnoit 270, Thnomaas Takoro
3IIEMEHTa

dF =2mpdp .
[TonspHBII MOMEHT HHEPITAN
I,=] 2dF—27r}f 7d R D (10.13)
p=1p [ptdp=—r-=" .
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Ye

D

Y

53

Pucynox 10.8

Ha ocnoBanuu dopmyssi (10.8)
=1+,

VUUTEIBasA, UTO B CHITy CHMMETPHH Kpyra | .= I y» HHony4aeMm

(10.14)

10.4 MoMeHTHI HHEPIUH OTHOCUTEJILHO OCeii,
NMapaJuJieJIbHBIX HEeHTPAJIBHBIM

Beienem opmyitel mpeoOpa3oBaHiss MOMEHTOB WHEPIIUH MPH MapPALICTHHOM
MEPEHOCE OCEM.

[IycTh M3BECTHBI MOMEHTBI MHEPLIMM OTHOCUTENIBHO LIEHTPAJIbHBIX OCEH X, V U
paccTosiHue MEXIy ocsMu X, ¥ U X;, ¥ (puc.10.9). Tpebyercs onpeaenuTe MOMEHTHI
WHEPUMH OTHOCUTENTBHO OCeH X;, V;, NapajulelbHbIX LEHTPAJIbHBIM OCAM X, J.
CornacHo onpeaeaIeHUIO

2 2

Koopaunarel mo0ol TOYKM B HOBOM CHCTEME KOOPAMHAT X, ) MOYKHO
BBIPA3UTh YEPE3 KOOPIUHATHI B CTAPBIX OCAX:

X;=x+b; y;=y+a.
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XJ
N b/ x ‘\
%
Yy
C y X
Vi
a
X

O
Pucynorx 10.9

[Toncrasum >tr 3HaueHUs B hopmydsl (10.15) u momyuum
L, =[0+a)ydF = [y°dF +2a[ydF +a’ [dF = I, +a’F
F F F F

Bropoe cnaraemMoe SBIAETCA  CTATHUYECKHMM  MOMEHTOM  OTHOCHTEIHHO
LIEHTPAJIBHBIX OCEH, M MMO3TOMY OHO PABHO HYIIIO, T.€. f ydF=S,=0.

F
2
Tora Ix] =1, +a F (10.16)
ITo ananorwumu,
_ 2
]y] =V (10.17)
]x]y] = 1I,, + abF. (10.18)

®opmynsr (10.16) u (10.17) mo3BonAOT chenarh ClEAYIOLIEEe 3aKIIOYEHHUE:
MOMeHm uHepyuu Queypvl OMHOCUMENbHO JII0O0T OCU PABeH MOMEHM) UHepyuu
OMHOCUMENLHO  YEHMPANbHOU OCU, NAPALIeIbHOU  OAHHOI, NII0C NPOU3EeoeHuUe
niowaou Gueypvl Ha K8aAOpam pacCmOosHUSL MeNCOY SMUMU OCSMU.

Ha ocnoBanum dopmynst (10.18) 3akmrouaem, 4to yenmpobesrchvili MomeHm
uHepyuu  OMHOCUMENIbHO  NH000H  CUCeMbl  NPIAMOY2OTbHbIX — Ocell  paseH
YEeHMPOOEHCHOMY —~ MOMEHMY  OMHOCUMENbHO — CUCeMbl  YEeHMPAlbHbX  Ocell,
nApaesibiblX OAHHBIM, WIIOC NPou3sedeHue niowaou @ueypvl Ha KOOpOUHAMbL eé
YeHmpa msicecmu 8 HOBbIX OCsIX.

Koopamuater a u b ciemyer moacTaBisaTh ¢ yuéTOM 3HAKA

®opmyasl (10.16) 1 (10.17) moka3sIBalOT, YTO U3 BCEX MOMEHTOB HHEPIIUH
OTHOCHTENBHO Psi/ia NApAJUIETbHBIX OCEH LIEHTPAIbHbIE MOMEHTHI HHEPLIUT
HAUMEHBIINAE
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11 TEOMETPHYECKHUE XAPAKTEPUCTHUKH
IVIOCKUX CEYEHUU (npoao/rkeHue)

11.1 3aBHCHMOCTH MeKIy MOMEHTAMU WHEPIHH
MPH TIOBOPOTE KOOPIAUHATHBIX OCeil

[lycTe W3BECTHBI MOMEHTHI WHEPUMW MPOW3BOJbHONW (urypsr (puc.11.1)
OTHOCHUTEJIEHO KOOPJAMHATHBIX OCEH X U V.

I =[y’dF; I,=[x"dF; I,=[xydF. Q11
F F .

Pucynox 11.1

TpeOyeTcs ONpPeneUTh MOMEHTBI MHEPIMH OTHOCUTENBHO APYTHX OCEH X7 V),
MOBEPHYTHIX OTHOCHUTENIBHO OCEN X, ) Ha HEKOTOPBIN yroia .

BhIIENMM W3 CEeYEHUs KaKyro-HHOYIb SJIEMEHTapHyro miomanky dF Bokpyr
Toukd A ¢ KOOpAMHATAMH (X,)) OTHOCHTENIBLHO MPEKHENH CHCTEMBI KOOP/IMHAT:

x=0B, y=A4B.
KOOpI[I/IHaTBI TOH € IJIOIIAaAKH OTHOCUTEIbHO HOBOM CUCTEMBbI KOOpAXUHAT 6YI[YTI
xl :OC, y] :AC

BrIpasuM HOBBIE KOODAMHATHI X;, ; 4€PE3 CTapbie X, ¥ U yroya O, NpoBOIsA
scnomorarensasie tuaun CD u BE napannensno ocu Oy, a BD napannensno ocu
Ox;. Tomyuum
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x; =0C =OF + BD = xcos o + ysin a;
11.2
y; =AC = AD — CD = ycos a — xsin a. . (11.2)

CornacHo onpeaeIeHUIO
2 ) 2 :
[x]:]!;y] dr’, ]y]:]_gxl dr’, [xy:]_gxly]dF. (11.3)

[Honcrasus Beipaxkenue (11.2) B Berpaskenue (11.3), momyunm:

[y] = [(xcosa+ ysino)? dF = cos’a [x* dF + sin2a [xy dF +
F F F

+sin‘a jyz dl’ = chosza + Ixsinza + 1y sin2o.

F
1x1 = f(ycosoa - xsina)2 dF = Ixcosza + IysinZa — [y, sinlo.
F
Iy, = f(ycosoc—xsinoc)(xcosoc+ ysina)dF =
F

= (coks*zoa—sin2 Oc)fxde+ésin2a [y2dF —| x*dF |
F F

YunteiBas seipaxenne (11.1), momyuwm:

2

2 ) )
]x] =1cos”a+ 1 sin"a—1,sinla; (11.4)
2 2 .
Iy] =1 sin"a+1cosa+1,,sinla; (11.5)
eIl
]x]y] —]xycos2a+Tsm2a, (11.6)

@®opmynst  (11.4)...(11.6), monydyeHHBIE TPU TOBOPOTE JIFOOOH CHCTEMBI
NPAMOYTOJIBHBIX OCEH, CITPABEUTMBHI U TS IEHTPAITBHBIX OCEH.
CxnanpiBas seipaxkerns (11.4) u (11.5) mounenHo, Haxoaum

le +1y] =I,+1,=1, (11.7)
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Takum oOpazom, npu nogopome NPAMOY2OIbHBIX OCel CYMMA MOMEHMO8
UHepyuu He UBMEHSIemCcs U PAsHd NOJSPHOMY MOMEHNY UHepyuu OMHOCUMENbHO
Hayana KooOpouHam.

[Ipu moBOpOTE CHCTEMBI KOOPAMHAT HA yrojl =90° umeem

[xl =1, Iy] =1, [xly] =l (11.8)

11.2 OnpeaesieHne HANIPABJICHUSI TJIABHBIX OCeil.
I'1aBHBIE MOMEHTBI HHEPIIUH

Kaxk YKE OTMCUAIOCH, HauOoJIbIIES OPaKTUYCCKOC 3HAYCHUC UMCIOT I'JIaBHBLIC
IICHTPAJIBHBIC OCH, HCHTpO6e)KHBII>'I MOMCHT OTHOCHUTCJIBHO KOTOPLIX PABCH HYJIIO.

Byzem 0603Hauath ux Gyksamu #, V. Cregosarensso, 1 uv — 0.
JIst onpeaeneHus MoI0KEHUs [NIaBHbIX LIEHTPAJIbHBIX 0Cel HECUMMETPUYHOU
(urypsl HOBEpPHEM MPOU3BOJBbHYIO HAYAJIBHYIO CUCTEMY LIEHTPAIBHBIX OCEH X U Y

Ha yron ¢ (puc.11.2), mpu KOTOpOM [xlyl =1,,=0.
Y
‘}
u
(o)} X
O
Pucynox 11.2
U3 popmynst (11.6) momyunm
]x Ty
I cos20y +Tszn 200 =0. (11.9)
Ortkyna
21
1g20) = —2>—. (11.10)
[y -1,
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Ionyuennsie n3 Boipaxkenus (11.10) npa 3HaueHus yrna ) OTAMYAIOTCS APYT

or apyra Ha 90° u marT HaM TONOXKEHMS TIIABHEIX Ocei. Kak Jerko Buuers,
. . T
MEHBIIMI W3 STUX YIJIOB MO aOCONIOTHOM BeJlMUMHE He MpeBblaeT —. B

JaJbHEUIIIeM MBI OyE€M TTOJIH30BAThCS TOJIBKO MEHBIITAM YTJIOM.
[IpoBeneHHyt0 mOa ASTHUM YIJIOM (TIOJIOKUTEIBHBIM WJIH  OTPUIIATEITLHBIM )

[JIABHYIO OCh OyZieM 0003HauaTh U.
3HaUYCHKE TJIaBHBIX MOMEHTOB MHEPITMM MOXKHO TOJIYUWTh U3 00ImUX (GopMy

nepexona K noBepHyThiM ocaM (11.4) u (11.5), npunsas a = oy :

I, = ]xcos2a0 +Iysin2a0 — 1 sinloy, (11.11)

I, = ]xsin2a0 +]ycos2a0 +1,,sin20y. (11.12)

Cocrasus u3 Beipaxenuit (11.11) u (11.12) cymMy u pa3HOCTh U BBITIOJTHUB
psi mpeoOpa3oBaHmit, MOMyYnM BeipakeHne st [, w [, , uckmouns yrom Of:

I/ :é[(]x+]y)i\/(]x—]y)2+4]§y } (11.13)

Taxum o6pazom, popmyiter (11.14)...(11.17) mO3BONSIFOT ONPEEITATE TIOJIOKEHUE
TJIABHBIX OCEW W BEJIMUMHBI [JIaBHBIX LIEHTPAJIHBIX MOMEHTOB MHEPLIUH.

Ecnm Teneps BMECTO NPOU3BOJIBHON HAYAIBHOW CHCTEMBI OCEH X, } IPUHATH
TJIaBHBIE OCH, TO (POPMYJIBI TIEpeXoaa K TOBEPHYTHIM OCSIM OyIyT UMETh BH/I;

2 )
]x1 =1, cos“a+1,sin"a;
Iy] :]usin2a+lvcos2a ; (11.14)
1 .2
]x]y1 :§(Iu —1,)sin” 2.

Baxno OTMCTUTL, YTO TIJIABHBIC MOMCHTBI HHCPIHUH O6J'IaI[aIOT CBOMCTBOM

SKCTPEMAIbHOCTH. B 3TOoM Jjerko ybGemutses, npoauddeperumposas 7, ;

(cMm. dopmyny (11.4)) no nepemennoit (X :

dl X, . .
= =—I sin2oa+1,sin20— 1, - 2cos2a =
R
=—2(Icos2o+ - Sin2oi = —2]x1y1 .
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Otcroga ciieyer, 4To HnpoussooHast obpaujaemcsi 6 HOMb Ol mex ocel,
OMHOCUMENILHO KOMOPBIX YeHMPOOENCHbIE MOMEHM UHEPYUU PageH HYII0, MO echlb
IKCMPEMATIbHBIE 3HAYEHUS] UMEIOM MOMEHMbl UHePYyuu OMHOCUMENbHO 2NA8HbIX
oceli.

YuuTeIBas, 4TO CyMMa MOMEHTOB MHEPLIMA OTHOCUTENBHO ABYX B3aUMHO
MEPNEHAUKYIISIPHBIX OCEH ABIIACTCA BETUYMHON NOCTOSHHON, MOXKHO 3aKITIOYUTh, YTO
OTHOCHUTEJIbHO OJTHOW W3 IJIaBHBIX OCEH MOMEHT MHEPLMH UMEET MAaKCUMAJIbHOE
3HAYEHUE, A OTHOCUTEIBHO APYTOil - MUHUMAJIbHOE.

MoXHO pEKOMEHAOBATh CIEAYIOMUN HOPSIOOK ONnpedeneHuss Noa0ICeHUs
2NIABHBIX YEHMPATLHBIX OCell U BEIUYUHBL 2TAGHBIX YEHMPATbHBIX MOMEHINOE UHePYUU
CHLOICHO20 NPOPUIA, COCMOSIULE20 U3 NPOCIBIX YACMElL:

1 Pa3zbuBaem ¢urypy Ha MpOCTHIE YACTH, IJIs KOTOPBIX TUIOIIAAHN U MOJIOKEHUE
WX LIEHTPOB TSKECTH JIETKO OMPEAETUTD.

2 BrpiOupaeM MpOW3BOJIBHYIO CUCTEMY MPSAMOYTOJBHBIX OCEH, MO OTHOLICHHUIO
K KOTOPBIM OMNpPEAeIsieM KOOPJIWHATHI IIEHTPA TSHKECTH 3aJaHHOW (UTYpPHI MO
dhopmymnam:

n n
SF -x, SFE-p
X :S_YZLI l l~y :&:—’:1 - (11.15)
c . > e n : :
FoosE Foosg
i=1 i=1

3 [IpoBoauM UEHTpalIbHBIE OCH X;, }; Kaxa0i (urypsl Tak, 4roObl Haubomee
JIETKO MOXHO OBUIO BBIYMCIMTH MOMEHTBHI WHEpIUH 3THX (GUryp (coOCTBEHHbBIE
MOMEHTBl HMHEPIMH). 3HAs WX, HAXOJAUM MOMEHTHl HMHEPIHH CIOXKHOW (UTYpHI
OTHOCHTEJIFHO IEHTPAIBHBIX OCEH, MapaUICbHBIX COOCTBEHHBIM OCSAM KaXJIOW
COCTaBHOM YacTu GuUrypsl, o opmyiam, morydeHabM u3 ¢opmyin (10.16) - (10.18):

I 2
I,=2( +aiF);
i=1
i 2
I, :izj(]y" +a’F,); ( 11.16)

n
[xy = Z(]xl. +a;b;F; ).
i=1

4 Ompenensem 1o ¢opmyiie
21 v
1g20y) = ———
I, -1
y X
yrojl HakKJIOHA TIJIABHBIX IIGHTPAIbHBIX OCEH MO OTHOIIEHWIO K W3BECTHBIM
LEHTPAJbHBIM OCSM (UIYpbl, MPUYEM, OCb, MPOBEACHHYIO IMOJ MEHBLIMM YIJIOM
(TTONIOKUTENEHBIM ~ WJIM  OTPUIATENbHBIM) Oynmem oOo3Havath OykBOW #, a

MIEPIICHIUKYIISIPHYIO K HEH — OYKBOM V.
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5 OHpCI[eJ'IHeM SHAUCHHUA TIJIaBHBIX HNCHTPAJIbHBIX MOMCHTOB HWHCPHOHUH IIO

dbopmymam (11.13).
6 MOXHO BBITTOJHUT TMPOBEPKY, KOTOpas KOHTPOJIHUPYET MPaBUIBHOCTh
apu(pMETHUCCKUX BBHIUUCIICHHIA:

ay I, +1, =1,+1,;

1
6) Ly =1y, .cO820 +%Sin2a0 =0.

11.3 MomeHTBI CONPOTUBJICHHUS

Ocesvim  MOMEHMOM CONPOMUBIEHUS HA3LIBACINCS OMHOULEHUE MOMEHMA
uHepyuu OMHOCUMEIbHO OAHHOU OCU K paCCMOAHUI0 OM Heé 00 Hauboiee YOanéHHO

MOYKU NONEPEUHOCO CEHEHUA!
I I,
W, =—=X w,=—. (11.17)

’
xmax

y max

3
EI[I/IHI/IHa HU3MCPCHUA MOMCHTOB COIMPOTUBJICHUA — CM .
MomeHTHI CONPOTHUBJICHUA OTHOCHUTCJIbHO I''TABHBIX LCHTPATbHBIX 0CEH UMEIOT

MNPaKTHYCCKOC 3HAUYCHUC. Brruncianm MOMEHTBI COMMPOTHUBJICHUA HCKOTOPBIX IMPOCTLIX

uryp.
1 TIpsimoyroabHUK:
b-h’
I. 2 bW b-h’
W,=—"%*= = ,T.e. W,o=—"; (11.18)
ymax - 6 6
2
b’ -h ; ;
1 . i
%:}@:f:bh’ w, =2 (11.19)
X b 6 6
2

2 Kpyr:
I, I, =R xR x.D°
x TR TR T 20,10, (11.20)

R R 4R 4 32

Jlna  koabueBoro cedeHusi (Tpybda) OrpaHUUYMMCS KOHIEHTPHUUESCKUMHU

OKPYXKHOCTAMHU:
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I. =-(D*'-d*) =-D° y : 4
W,=W="X= _ I-a*)~0,1D°(1-a?),
¢ Tl 35 (=) (1-a”)
rie O = — — OTHOLICHWE BHYTPEHHEro auameTpa d TpyObl K €€ Hapy:KHOMY

nuamerpy D.

Honapuviv MOMEHMOM CONPOMUBTIEHUS. HA3LIBAIOM OMHOULEHUE NOTAPHOLO
MoMenma uHepyuu K pAacCmosiHuio Om noalocd 00 Haubonee YOanéHHOU MOYKU
cevenus:

W, = ]_P
g pmax

Jlia kpyra:
I, 7R’ B z-D’

w,=-"L~= ~0,2D°. 11.21
PR 2 16 St
JI151 KOJIbLIEBOT0 CeYeHNS:
I z.D3
_ip_ 4 3, 4
W'O—B 76 (I-a” )=02D"(1-a" ). (11.22)
2

Kak BuauM, MOMEHT CONPOTHBJICHHWS HE MOMUYMHICTCS  NPHUHIUITY
CYTIEPIIO3HIINH.

11.4 IlonsiTue o paguyce v JLIUTICE HHEPIIHH

MomeHT HHEpIUH (PUTYPBI OTHOCHTETBHO KAaKOH-THO0 OCH MOXKHO MIPEICTaBUTh B
BUJIC IPOM3BEACHU MJIOMIAaAu (PUTYPHI HA KBAPaT HEKOTOPOH BEIHMUYMHBI,
Ha3bpIBaeMoU paanycom Muepumn

I,=[ydF =F-i],

F
rae Iy - paanyc MHEPIMHA OTHOCHTEIBHO OCH X.
Orcrona
, I
I, = = 2 (11.23)
F
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AHAJIOTHYHO
1
i, =, (11.24)
s F
FHaBHBIM I_IGHTpaJ'IBHHM OCiaAM I/IHepL[I/II/I COOTBCTCTByIOT TJIABHBIC pazmycm
AHEPLHU

i, = %‘ i, = ]fv (11.25)

Hampumep, a1 mpsimoyrosibHuKa, u3o0OpaxkeHHoro Ha puc.10.5, rimaBHbie
paanychl THEPLIMKA PABHBI:

o' _ b _|bh _ b

YT N TDen oz Y T\ 2h 23

['maBHbIi paguyc uaepimn s Kpyra (cm puc.10.8) pasen

4
. aD” -4 D
l pu— —2 P —

644 4
[loctpoM Ha THaBHBIX LIEHTPAJIBHBIX OCSAX HWHEPUUU (UTYPHI SJUIHAIC C
HOJ'IYOCHMI/I, paBHBIMI/I TJIABHBIM paz[I/chaM I/IHepHI/II/I, HpI/ILIeM BJOJIb OCH U OTIIOKHUM

OTPE3KH I, , @ BAOIb OCH V - OTpe3kH I, (puc.11.3).

Pucynox 11.3

Tako#t »maumc, HA3BIBAEMBIN SIUNCOM UHepyuu, OOMAmAeT CIACAYIOIAM
CBOMCTBOM: paJWyC HMHEPIWH OTHOCHTEIIBHO JIOOOM  IEHTPAIbHOW  OCH
omnpenenseTcs Kak neprneHaukyssp OA, NpoBEJEHHBIM W3 LIEHTpa >JUIMICA Ha
KacaTeJIbHYIO, MapaJlieIbHYIO pacCMaTpUBaeMOM OCH.
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12 KPYUEHUE
12.1 ITonsitue o kpy4enuu. IlocTpoeHue 3MOPbHI KPYTSAIHX MOMEHTOB

1100 KkpyueHuem noOHUMAEMCs MAKOU 6UO HAZCPYICEHUS, NpU KOMOPOM 8
NONepeyHbIX CeYeHUsIX CMEpPIICHS B03HUKAem Monvko kpymsuuii momenm. [lpoune
cwiioBble (hakTOpbl (M3rUOAIOIINE MOMEHTHI, TMPOJOJBHBIE W TOTNEPEUHBIC CHIIbI)
paBHbI HyJHO (prc.12.1).

MM

| e / (@

: z
e

Pucynok 12.1

CreprxeHs, paboTaronuii Ha KPyueHHUE, Ha3bIBACTCS BAJIOM.

JIns  KpyTSIIEro MOMEHTa, HE3aBUCHMO OT (OpPMBI CEUCHHs, TPHUHSTO
CJIEIYIOILEE NPasio 3HAKOE: €ClTA HAaOJII01aTeN b CMOTPUT Ha MOMEPEYHOE CEYEHHE CO
CTOPOHBI BHEIIHEH HOPMAIU M BHIUT MOMEHT M,,, HANpPABICHHBIA 1O X00Y YACOBOT
cmpenky, TO MOMEHT CUHTAETCS HoaodcumenvHviM. [lpu  TPOTHBOTIOIOKHOM
HaIpaBJICHUH MOMEHTY MPHUIHUCHIBAeTCS 3HaK «MuHYyC». Ha puc.12.1, 6 B ceuennn 4
MOKA3aHHBIA KPYTALIUH MOMEHT SBJISETCS MOJIOKUTEIBHBIM.

3HaKy KPYTAIIMX MOMEHTOB MPOILE OMPEAENATh MO HANpPaBICHHIO BHEIIHUX
MOMEHTOB: KPYTAIIUA MOMEHT B CEUEHUH M, CUUTAECTCS MOJIOKUTEIbHBIM, €CIIH IPH
B3TJISIZIE CO CTOPOHBI CEUCHHS GHEULHell HOPMATU CKPYHUBAIOWUTI MOMEHM HANPABieH
npomue xo0a yacosoi cmpenxu (cMm. puc.12.2, 6).

KpyTamuit MOMEHT B JIIOOOM CEUEHUHN PaBEH CYMME MOMEHTOB BCEX CUJI C OJHOM
CTOPOHBI OT CEUEHHUSI OTHOCHTEIIHHO OCH CTEPIKHSI.
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M]:50 xkHwm M2:350 M3:300 M4:400 M5:200 xkHwm

0/ 1/> 2/' 3/ 4/ 5
lees

22 | | | |

4t -—-—4—-—€-—-%—-(- JE | P | (S AV S S AU (—— S SR -

7T|\ | |\ | |\ e
0 1 2 3 4 5

50 [ [T 111

M,y JKHm
200

300

600

Pucynox 12.2

YKa3aHHbIM TPABUJIOM 3HAKOB PYKOBOACTBYIOTCS TPH TMOCTPOCHHUM SIIOP
KPYTAIIMX MOMEHTOB. PaccMOTpUM mnpuMep TMOCTPOCHUS SMIOPHl  KPYTAIIMX
MOMEHTOB. [IycTh Ha Ban neHCTBYIOT MOMEHTHI M, M, ... M5 (cm. puc.12.2).

Ha passbix yuacTkax Baja KPYTAIIMA MOMEHT OyJET HMMETh Pa3IMYHYIO
BEJIMUHHY.

YHactp Baja cieBa OT MIECTEPHU, K KOTOPOM NPWIOKEH BHEUIHUN
(CKpyYHBAIOIIN) MOMEHT M), HE Harpy>XeH W, €CJI IPeHeOpeub TPCHHEM B OTIOPE,
TO MOKHO CUMTATh KPYTAIUA MOMEHT B ceueHuu 0-0: M,y,0=0.

Yacte Bana cmpasa ot M;=50 xHm Oyner HaXOAUThCS B PABHOBECHH IO
JEHCTBHEM MOMEHTA M M KPyTALIETO MOMEHTA B CEUEHUH -1, T.€. M,y,;. ITockonbky
sHewtHull Momenm M; HampaBleH NPOTHB XOJa YaCOBOH CTPENKH, TO M,,; Oyaer

NOJIOHCUM ETILHBIM.
M1 = M; =50 kH-m.

B ceuennn 2-2 kpyTAmmid MOMEHT M,,, OyAeT paBeH CyMMe BHEIIHHX
MOMEHTOB € YUYE€TOM WX 3HAKOB:

MKPQZMI-MQZMKPI-MZZ - 300 kH-m.

Jlanee, paccysk/1as aHaJIOTHYHO, TTOJTyUHM:
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Mps =M; - My - Mz = My, - M3 = - 600 kHm;
Mkp4 = MKpg + M4 =-200 KH'M,'
MKp5 = MKp4 + M5 = 0

Ha ocnosanuu nonyuenHvlX GenuduH Kpymsiyux MOMEHMO8 NOCMPOUM UX
2NIOPY, OMKIAOBIBASL 8 ONPEOETIEHHOM MACULmade opouHamsi 0m 6a3060%i TUHUU.

Ipumem nonoscumensisie suadenus My, ominaovieams ssepx, xoms MOICHO
npuHsms U 0py2oe NPeonoioNCeHuUe.

Pacnpeoenenue kpymsawux momenmos no oaune 6aid NOKA3ano Ha puc.l12.2,
omryodd 6uoHo, Yymo HAMOOJBIINKA CKPYYMBAIONINKA (BHEUTHHI) MOMEHT HE BCETIa
ABJIACTCS HAMOONBIINM KPYTSIIMM MOMEHTOM Ha Baly. [Ipu pacueme sce 6anos Ha
KpyyeHue 8 (hopMynax UChONwL3YIOMCs 3HAYeHUsl KPYTAIAX MOMEHTOB, KOMOpPbIe
HeoOX00UMo Opams U3 niop.

Hnoeoa mpebyemesi paccuumams  6an  npu  U3GeCMHOU  nepeoasaemot
mownocmu N u yucie ob6opomos éana N . Kax uzeecmuo uz Kypca meopemudeckol
MeXanukuy, Momenm cogepuiaem padoomy na yeie nogopoma. QO0O3HAYUE YelOBYIO

ckopocms 6ana ®, Hatioem, umo 3a eépems t ean nosepwemcsi na yeon 0, (8
paouanax)

Tn
p=w0t="—t,

30
a moment M, coepumt paboty
mn
AZMKP(/):MKPEL
Tornma momHOCTS (paboTa 3a €MUHUILY BPEMEHH )
yoA_Mgrn
t 30
Otcrona cieayer, uto
N
MKp =9,55;, (12.1)

rae N - MOIHOCTb, NepeaaBaeMas Bajaom, KBT;
1 - 4acTOTa BpaIleHHs, 00/MUH;
M,, - xpyTammii MoMeHT, KH M.
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B cmapoii  mexuuueckoil aumepamype  UCNONb308ANACL BHECUCTNEMHAS
eouHuya MowHocmu — Jowaounas cuna (1.c.). Ecimu  nepeoasaemas 6anom
MOWHOCMb USMEPSIEMCSL 6 J1.C., MO

N
Mk‘p :7,]6;

12.2 Hanpsixenusi v AepopMaLiii NpU KPy4YeHUH KPYrJjioro Bajia

[Ipm pacuere Bana Ha Kpydye€HHE PELIAIOT ABE OCHOBHBIE 33Jaud: ONPEAECIAIOT
HaMpsOKCHUS, BO3HUKAIONIME B CEUCHHWHM, W HAXOJAT YIJOBbIE TEPEMEIICHHUS B
3aBUCHUMOCTH OT BHEITHUX MOMEHTOB. Perenue 3Tux 3aa4 CyleCTBEHHO 3aBUCUT OT
(dbopMbI CceueHHsT W TPEACTABISET OONBIIYIO CIIOKHOCTh [UIsl IIMPOKOTO Kjacca
TOHKOCTEHHBIX CTEPKHEM.

[Ipu pacuere 3agauM O KPYYEHUM Baja MCHOJB3YIOT 2UNOME3)  NIOCKUX
cevenuil, B OCHOBE KOTOPOH TOJIO)KEHO MPEANOIOKEHHE, YTO NpH AchopMaIiu
KPYYCHHSA KPYTJIbIE TIOTIEPEUHBIC CEUEHUS OCTAFOTCS TUIOCKMMH W TIOBOPAYMBAIOTCS
OJIHO OTHOCHUTEJIBHO APYTOro Kak *KECTKOE LIEJIOE.

OmnpITl  TIOKA3BIBAIOT, YTO TPH CKPYYMBAHWW Bajla KPYIJIOTO CEUCHUSA
momentom M (puc.12.3) nmpoucxommT — chedyiomiee:  Bce  00pasyrolnue
TMOBOPAYMBAIOTCS HA OJMH U TOT XK€ V201 cosued Y. paauychl, HAHECEHHBIC Ha

TOPIIEBOM CEYEHWH, Tocie aedopMald HE WCKPHUBISIOTCS, PACCTOSHHUA MEXIY
CMEKHBIMU CEUYECHUSAMH IMPAKTUYECKH HE MEHSIOTCA, T.€. cedeHus /-1 u 2-2 (cm.

puc.12.3, a), noBopauMBasch APYr OTHOCHTENBHO APYra HA Y20l 3akpyuusanus d,
COXPAHSIOT MEKLy COOOM paccTosHue dz.

Pucynox 12.3
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UtoObl ompenenvTh HANPSHKEHUS B TOMEPEUHBIX CEUCHMSIX CTEPXKHS,
PaccMOTPUM, MPEKIE BCETO, CIMAMUYECKYIO CMOPOHY 3A0aY.

[TockosbKy MpU KPYYEHWHM B CEUECHHUHM JICMCTBYET €IMHCTBEHHBIA CHJIOBOM
dbakTop — KpyTAmUHA MOMEHT M,,, KOTOpBHIi BBI3BIBACT TOJBKO KacaTellbHbIC
HANpPSDKCHUS, B KAUECTBE YPABHCHUS PABHOBECHUS COCTaBUM CYMMY MOMEHTOB
OTHOCHUTEJIBHO OCH BaJIa:

SM,(P)=0; My,—[ptdF=0
F

nJIn

M w = jpT dF . (12.2)
r

rze 7 - KacareJbHOe HANpPsDKEHHE, ASHCTBYIONIEE HA AIIEMEHTAPHOM TUTOIAIKE
dF, pacmoNO)KCHHOW Ha TPOW3BOJIBHOM pACCTOSHMM OT IIGHTPA CCUCHHSA
(puc.12.3, 0).

XapakTtep  pacmpeleiieHHs — HANPSOHKCHWH MO CEUCHHIO  BBISCHUM,
PaCCMOTPEB 2COMEMPUUECKYIO KAPMUHY 0ehopmayul Baja IPH KPYICHUH.

JIist 3TOro JABYMsI TIONICPSUHBIMHM CEUCHHMSIMH BBIACTUM M3 Opyca 3JIEMEHT
JUIMHOW dz, W3 HETO NBYMS HWIMHAPHUUECKUMH TOBEPXHOCTAMHU C PaaHyCaMH p |
p+dp BBIIEIAM dJIEMEHTapHOE KOJbIo (puc.12.4).

Pucynox 12.4

[IpaBoe TOpILIEBOE CEYEHUE TMMOBOPAUMBACTCA MPU KPYUYEHHH OTHOCHTEIBHO
nesoro Ha yroin d¢ . O6pazyiomas TuHAS AB TOBOpAauMBAETCA MPH 3TOM HA YTOJl Y |
3aHuMaet nonoxenue AB;. Otpe3ok BB; paseH pdo wnu yiz .

CnenoBareiibHO,
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y=p—. (12.3)

VYron ynpeacrasiseT co00H HE YTO MHOE, KaK YroJl CIBUra MUJIWHIAPUIECKON

do
noBepxHOCTU. Bennuuna d_ o0o3HayaeTcss 00BIYHO uYepe3 O W Ha3bIBaeTCA
Iz

OMHOCUMENbHBIM  Y2JIOM 3aKpYy4usanusi W TPEACTaBIsAseT cOoO0H yrojl B3aUMHOTO
MOBOPOTA JBYX CEUCHUMN, OTHECEHHBIN K PACCTOSTHUIO MEXTY HUMHU:

d
o =42 (12.4)
dz
Benvuuna © aHAJIOrMYHA OTHOCHTELHOMY YUTMHEHUIO TIPH
PacTKEHUH (A( /¢ ) BBozs 060o3HaueHre O, moayurm
Yy =0p. (12.5)

Teneps paccMOTpUM u3suueckyo CMOpoHy 3a0aqu, YCTAaHABIMBAIOIIYIO CBS3b
MEXKy HanpspkeHueM U aedopmariei. [IocKonmbKy Mpy KPyYSHHUH KayKIbIi dJIEMEHT
BaJla MCIBITHIBACT Ae(OPMAITHIO CIBHIA, TO, MOJCTABIAS B 3aKOH | yKa NPH CIBHIE
(9.7) 3nauenue yraa casura (12.5), momygaem

T=Gy=GOp. (12.6)
N3 dopmynsr (12.6) BumHO, YTO KacaTeNbHbIE HAMPSHKCHHUS T MPAMO

MPOMOPIUOHAIbHBI PACCTOSHUIO O OT LIEHTPA CEUCHHUS U MAKCHUMaJIbHOTO 3HAUYCHMS
OyIyT IOCTUTaTh Y TOBEPXHOCTU NIPU P = I

T =", =GO.

[Toncrapnss ypaBaenue (12.6) B ypasuenue (12.2), Oynem uMeThb

M,,=GO[p’dF=GO1,.
F

Omciooa nonyyum Gopmyny 018  OMHOCUMETbHO2O Yeld  3aKPYYUSAHUS
KPY2l1020 CIMEpPIICHS.

o9 _ My
dz Glp'

[Ipoussenenue (G / p HA3BIBAIOT JICECIMKOCIbIO CINEPIICHS. NP KPYUCHUIL.

(12.7)

U3 ypasuenust (12.7) nerko onpenenuts d(:
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dp=—2—, (12.8
® G, )
OTKyda
M0
¢ = Glp (12.9)
rac g — pacCTOAHHUC MCXKAY CCUCHHAMM, AJIA KOTOPBIX OIPCACIIACTCA

B3aWMHBIH yros moBopota ¢. Beipaxkenue (12.9) mpeacrasnser coboit zaxon [yka
npu KpydeHuu.

Tenepr moacrasum B ypaBaenue (12.6) 3naueHme O COTIACHO BBIPAKEHUIO
(12.7) n nomyuum

(12.10)

Takum 00pazoMm, kacamenvlvie HaNPAXCeHUsi 6 NONEPEYHOM CeYeHUU
pacnpeoenenvl 800Jb paouyca no JUHEHUHOMY 3aKOHY U UMeIOm HauboavuLee 3Havenue
6 mouxax Haubonee yoaneHHvlx om oceti cmepoicHsi (puc. 2.5)

Tm ax.

Pucynox 12.4

MaxkcrumanbHOE KacaTebHOE HANPSDKEHUE, ISHCTBYIOMIECE HA ieprudepun
CTEPIKHS,

M M
__ Kk __ Kk
Umax = [—pmax - 7% ) (12.11)
P P
]P . 3
rac Wp = ——— — NOJEIPHbIU MOMEHM CONPOMUBIEHUA, CM .
max

dopMmyIibl NOJSAPHBIX MOMEHTOB COMPOTHUBIICHUS MIPUBEICHBI B JIKIMu 11.
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12.3 Ycii0Bus IPOYHOCTH H KECTKOCTH

Ycnosue npounocmu npu kpydenuy MOXHO 3aITUCATh, UCTIONB3YS HOPMYITY TS
OTIPECIICHUS MAKCUMAJIBHOTO KacaTeIbHOTO HAMPSIKEHUS:

M
Tmax = - S [T]
W, , (12.12)

rae [7] - nonyckaemoe Hanpsikenye pH KpyUeHHH (IUCTOM CIBHTE).

O6suno [7]=0,6[0]

TIpoexmuposoureiii pacuem cOCTOUT B ONPEIETICHAN TMaMeTpa Baa. 3Has
MOMEHT CONMPOTHBIIEHHUS TS KPYTJIOTO CEUEHHs

3
W, =" ~0.20°,
16

HAWJEM JUaMeETp Baia

l)z3ézfj. (12.12)
2|t

[TomuMoO pacueTa Ha OPOYHOCTb 6AIbI PACCYUMBIGAIOM U HA ICECMKOCMb,
OTPAHWYMBAsI TIOTOHHBIE YIJIbl 3aKPYYMBAHUS HEKOTOPOW JTOMYCKAEMOW BEJIMYMHOMN

6]:

:M@gm, (12.14)

Omax
GI,

OTKY/JIa TAKXKE MOKHO HaWTH MAMETP BaJa.
H3 08yx HatioenHvix Ouamempos nPuHUMAaemcst OOIbULLi.

Hpumep. TlonoGpare nuamerp Bana (cMm. puc.12.2), ecnu [T ] =120 MIla.

Bribupaem HanGONMbIINI KPYTAIMHA MOMEHT Ha Baily, HCMoNb3ys smopy M Kp

(em. puc.12.2): M =600 kH - m.

Kpmax

N3 dopmysr (12.12)

M, _ [600-10°
D>3—% — 60010 0,292 =292 mm.
0.2[<] Vo2-120

Brioupaem D = 300 mm.
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13 YUCTHBI N3I'ub

13.1 BoruncjieHue HOPpMAaJILHBIX HANIPSEKEHUI TPH YMCTOM H3THOe.
3akon I'yka npu uzruoe

PaccmoTpum Haubosiee mpocToi ciiydait u3ruda, a UMEHHO YuUCmbili U32Uo.

[Mox yucmeivm uzeubom noHumaemes maxoi U0 HACPYICEHUS, NPU KOMOPOM 8
nonepeyHvlx CedeHusx Opyca GO3HUKAIOM MOIbKO useubarowue MOMEHmsl, d
nonepeynwvie Ciuibl 00pPaaomcst 8 HyJb.

Jliist Tex ydacTkoB Opyca, e coOMI0IaeTCs 3TO YCIOBHE, U3THOAIOIINIT MOMEHT

W =Q.Bem Q=0,10 M =const ).

OCTAaCTCA NOCTOAHHBIM (BCHOMHI/IM, qT0

YcnoBusg 4yucTOoro M3ruba MOTYT BO3HUKATh MPH  PA3JIMYHBIX BHEIMIHHX
Harpy3kax. [lokaxxem HeKOTOpBIE XapakTepHbie ipuMepsl (puc.13.1).

. MZiO kHm ]Tl 1R1 y RZ_PT llp
S I /;9’7
: Y/ > g%- ¢ >led >
) ) P
@
@ 16
20 20 P
()
Pa Pa
a o

Pucynox 13.1

Konconpnas 6anka (cMm. puc. 13.1, a) moaBepraercst unctoMmy u3ru0y Ha Bee

ee JUIMHE l , a Oanka Ha omopax (cMm. puc. 13.1, 6), HarpyXeHHass CUMMETPHUHO
cunamud P (Hampumep, BaroHHas OCb), HMCIBITHIBAET YHMCTHIM M3MMO Ha y4acTKe
MEXIy ONOpPaMH.
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OTtBiekasch OT OCOOCHHOCTEN MPUIIOKEHUA HATPY3KU U YCIIOBUHN 3aKPETUICHUS

Opyca B IIEIOM, PAcCMOTPMM TOJILKO TOT €ro ydacrok, rae M=const n Q=0
(puc.13.2)

R

a

Pucynox 13.2

Ha rpanumax 5Toro yyacrka AeHCTBYIOT TOJbKO MOMEHTH M| mox peiicTBueM
KOTOPBIX Opyc m3orHeTcsa. Tak kak B JIFOOOM CeueHHH Opyca BO3HHKAeT OAWH U TOT
K€ M3ruOaroIMii MOMEHT, TO B CJIy4ae OJHOPOAHOrO Opyca M3MEHEHHE KPUBHU3HBI
JUTSl BCEX yUaCTKOB OyJeT OHUM | TeM xe. CaeaoBaTeNibHO, npu Yucmom useube och
0OHOPOOHO20 Opyca npunumaem Gopmy 0yeu OKPYICHOCHU.

Paccmotpum cpennee ceuenue crepxkas A-A (cm. puc.13.2, a). Touku 51010
CEUYCHHS IO YCIOBUAM CHMMETPHH HE MOTYT TOJydYaTh MPEUMYIIECTBEHHBIX
CMEIIECHUN HU BIPABO, HA BJIEBO, TIOCKOJBKY W Ta, U APYras CTOPOHBI MOJTHOCTHIO
paBHONpaBHBI. ClieI0BaTEIbHO, TO CEUCHHUE OCTAeTCsA TIOCKUM. Paspezaem rpy3 Ha
IBE paBHbIE 4acTH ceueHneM A-A, nomyuaeM ydacTKU BIBOE MEHBIIE, HAXOIAIIUECH
B T€X K€ YCJOBHAX, UTO W LENbIH yyacTok Opyca (cm. puc.13.2, 0). lnsa kaxaoh u3
MOJTyYEHHBIX TIOJIOBUH MPUBEJCHHBIE PACCYXACHUA MOTYT ObITh MOBTOPEHBI. JTOT
NPOLECC JEJICHUs MOXHO MPOJOJDKUTh M Aanblie. CreaoBaTeNibHO, 6ce ceyeHus
00HOpOOHO20  Opyca npu  4ucmom uzeube He UCKPUBIAIOMCS, d  JUULb
nogsopauusaromesi. CKa3aHHOE HE OTHOCHUTCSA K KpaeBbIM 30HAM, TA€ B CHIY
0COOEHHOCTH TPHUJIOKCHHST BHEITHUX CHJI BO3MOXXHBI MECTHBIE OTCTYIUICHHS OT
yKa3aHHOW 3aKOHOMEpPHOCTH. B cootBeTcTBuM ¢ mpuHiunoMm CeH-Benana kpaeByro
30HY CJIETyE€T UCKITIOUHTb.

B 3aBucuMocTH OT HampapieHus usrubaroniero momenta M oaHu BOIOKHA
OaikM pacTAruBaIOTCI, a Jpyrue — cxumatrorca. Hampumep, Ha pwuc.13.2
pacTATrMBAIOTCA BEPXHHUE BOJIOKHA, a COKMMAIOTCA — HWKHME. Tak kak nedopmanus
MPOJOJBHBIX BOJIOKOH MO BBICOTE OAJKH MEHAETCA HEMPEPHIBHO, TO HA KAKOM-TO
YPOBHE MOKHO HAWTH M TakWe BOJIOKHA, JUIMHA KOTOPBIX MpH HM3rude ocraercs
HEU3MEHHOM.

Co60KYNnHOCMb  GOJIOKOH, He MEHAIWUX C80ell OluHbl npu useube OaKu,
HA3bIBACICSL HEUMPATTLHBLIM CTI0eM (H.C.).
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BosiokHa, mpuHaUIekKalue HEHTPAIBHOMY CJIOK, 10 AchopMaliy JiexkKaT B
omHo# mockoctu (puc.13.3), a B meopMHUPOBAHHOM COCTOSHUH OOpa3yiOT
HEKOTOPYIO IMJIMHJIPHYECKYIO TOBEPXHOCTh. Kakmoe momepedHoe ceueHue Oaku
NIEPECEKACTCS C HEUTPATLHBIM CJIOEM IO TIPSMOM, KOTOPAsi Ha3bIBACTCS HeUMpalbHOIl
JIuHUed (1. J1.) CEYSHHUA.

M y
s ~ -
L.~ | z
e T_______:,;\_“_ ar
Z V4 A
“—t Heampanenwoii 2> |} dN = o dF
| cron * X Cunosas

I NJIOCKOCMb

Pucynok 13.3

[Tpu mockoM u3rnbe HEUTPaIbHBIA CI0M OKA3BIBAETCSA NEPHEHANKYJIAPHBIM K
cunogoti niockocmu (T.€. TIOCKOCTH, B KOTOPOH TPWIIOKEHBI BHEIIHUE CHIIHI),
a 3HAUWT, HEUTpaJbHAA JIMHUA TEPNEHIMUKYJSIPHA K CHJIOBOM JIMHUM B CCUCHHH.

Bynem cumrath, uto ock X (cM. puc. 13.3) mpoBeneHa B CEYCHHWM TaK, YTO OHA
COBMA/IAeT C HEUTpanIbHOW JIMHUEH (HO TOJIOKEHUE TMOCJIECIHEH MO BBICOTE CEUSHUS
noka HemsBecTHO). CHyloBast MIOCKOCTh Ha puc.13.3 coBmagaer ¢ MIOCKOCTHIO VZ |
ABJISAETCS MIOCKOCTBIO CHUMMETPUH CEUEHHS OAJIKH.

Jlns ompeneneHuss HOPMAIbHBIX HAMPsOKEHUH B JIIOOOH TOYKE MOMEPEYHOTO
ceueHHA Oallki BBIJCIIUM BOKPYr JIOOOM TOUKM C KOOpAMHATAaMH X H )
(cM. puc.13.3) smemenTapHyro miomanky dF, o603HauMM AEHCTBYIOIIYIO Ha HEE
cuny dN = 0 dF. PaccmarpuBaemas 4acTh OalKd HaxOJUTCA B PAaBHOBECHH IO
NEWCTBUEM BHENIHMX cwl, obpamarommx napy M, u HopmanbHbeix ycumuii dN,
3aMEHAIOIINX OTOPOLIeHHYI0O dYacTh Oanku. [loCKONMbKY 3aKOH pacmpeneneHus

HOPMAJBHBIX HAMPsDKEHWH O TIO0 CEUCHUIO HEW3BECTEH, TO 3ajada Mo WX
OTIPE/ICIICHAIO SIBJISICTC CTAaTHMUYCCKH HEOMPEACTUMOMN, UL PACKPHITHA KOTOPOWM
HEOOXOAMMO PACCMOTPETh TPH CTOPOHBI 337a4M: CTAaTHYCCKYIO, TE€OMETPHUUECKYIO M
(buzHuecKyro.
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Cmamuueckasi ¢cmopond 3a0ayu 3aKIIOYAeTCs B COCTABIEHHH YpPaBHEHHH
pasHosecus. [Ipu uncrom msrude Q.= O,= M,,= 0. Ilpoexuus napst M na mobyro
OCb TaKXKe paBHA HyJO. [l03TOMY W3 IIECTH YPaBHEHWH PAaBHOBECHS MOXEM
COCTABMTh TOJIBKO TPU:

> Fp=0; [odF=0; (13.1)
F
> M (F)=0; [oxdF=0; (13.2)
F
SM(F,)=0; M-[oydF=0, (13.3)
F

[lepexonsa k ceomempuueckoii cmopoHe 3a0ayqu, PacCMOTPUM aedopmarimio
ajieMeHTa OaJKU, OTPAHUUYCHHYIO JIBYMSI CMEXHBIMH MOTIEPEUHBIMU CEUCHUSIMU M1-11
u n-n (puc. 13.4, @), OTCTOAIMMHE IPYT OT APyra Ha PACCTOSHUM dZ, W, IPHHAB BO
BHUMAHUE THIIOTE3y IUIOCKHX CEUCHHH, pacCMOTPUM €ro aedhOpMHUPOBAHHOE
cocrosiaue (puc.13.4, 0).

/

al—‘Ll

m
_Lld |
a o
Pucynox 13.4

CeueHnss M- W M- OCTAIOTCA TUIOCKHMH W TIOBOPAYMBAIOTCA Ha yron d(.
[IpsmMonuneitHbIit sneMeHT dpb) HelTpansHOro cos npespamiaercs B ayry (d’p b’)
C PaIMyCcoM P , a BOJIOKHO, HaXO/IAIIEECS HA PACCTOSHAN J OT HEWTPAJBHOTO CIOS, —

B KPHMBOJIMHEHWHOE BOJIOKHO d;h; ¢ pamvycoM KpuBu3Hbl (0 + V). OTHOCHTENBHOE
YIIUHCHHUC 5TOIr'0 BOJIOKHA PABHO!
a,b,—ab
e=—"—1L—,

ab
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[Toacrapmsiem B gaHHyl0 (opMysay JUTHHBI ab,=(p+y)dp u
ab=pdo

g (PTY)Ap-pde
pde

W e=". (13.4)
Quzuyeckasn cmoponda 300a4l 3aKITIIOYAETCS B UCIIOJIB30BAHUA 3aKOHA FYKa
Kaxmoe BOJIOKHO Gajikii HCTIBITHIBACT Ae(hOPMALIUIO PACTSHKESHHS UITH CIKATHS.

CreoBarensHo, 10 3aKoHy ['yka:

c=FEe=E? (13.5)
o,

Takum 00pazom, Mpu YMCTOM W3rMOE HAMPSIKEHHUS B MOTMEPEYHOM CEUCHHH
WU3MEHAIOTCA M0 IMHEHHOMY 3aKOHY.
[loncrasum ypasaenwne (13.5) B ypaBaenune (13.1):

[EXdF=0; wm  Z[ydF=0.
r P Pr

Otkyna Jy dF=0.
F
DTOT HWHTETpaN MPEACTAaBIsIeT COOOM CTATHYECKHH MOMEHT  ILIOIIAJH

OTHOCUTENBHO OCH X (0Ch X — HEWTpaibHas JHHUSA). Tak Kak CTAaTHUYECKHMH MOMEHT
PaBEH HYJIIO, TO HeUMpAanbHAs TUHUS NPOXOOUM 4epe3 yeHmp msijicecmu, TO eCTh
koopounama y B Beipaxenuwsx (13.4) wu (13.5) mnomyuaer oOmnpenereHHOCTD:

U TOJIydaeM

KoopOuHama Y omcyumoeieaemc:a om YEHMPATLHOU OCU. TouHO Tak ke noJIyuacT

OTNIPEICNICHHOCTD M BEITMUMHA 0 KaK paouyC KPUSU3HbI HeUMpAibHO20 03
Ioocmasum ypasuenue (13.5) 6 ypasnenue (13.2):

EﬁndF=0
Pr

E
Tak Kax %7&0, TO _IxdeZOJ toecte [, =0.

Xy
P

HOCHGI[HGG 03HAYacCT, YTO OCH ) U Z — TJIaBHBIC LICHTPAJIBHBIC OCH CCUCHMA.
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Takum o0pa3oM, eciii cujioBas IMJIOCKOCTh COBMAJAET C OJHOM W3 TJIaBHBIX
LIEHTPAJIbHBIX OCEH CEUeHHsA, TO M3rud OyIeT MJIOCKAM, W HEWUTpaJIbHbIA CIOM
CEUYEHMS COBMAMACT C APYTON TJIaBHOW LEHTPAJIBHON OCBIO.

[ToncraBum ypaBuenue (13.5) B ypaBuenue (13.3):
2
—[y*dF=M. (13.6)

Otkyna

(13.7)

2
rae 1 x = fy dF - MOMEHT WHEPIHUMN CECUCHUS OTHOCHUTEIIBHO HEUTPAIbHOMU
F
JIUHUHA.

®opmyna (13.7) B mpoBeACHHOM pacueTe ObLTa BCIIOMOTATEIbHOM, OHAKO OHA
uMeeT U OOJIBIIIOE CAMOCTOSTENIbHOE 3HAueHue. E€ MOXXHO TpakToBaTh Kak 3aKOH
I'yka npu uzeube, MOCKOJBKY OHA CBA3BIBACT AedopMaIuio (KpUBU3HY HEHTPATHHOTO

cl10sa ]/p) C JEHCTBYIOIIMM B CEYEHMH MOMEHTOM. [IpomsBencHue El . HocHUT
Ha3BaHUE JICCCMKOCmu cedenus npu uzeube, H M. U3 dbopmyinel (10) BuaHO, UTO
ecnii  Gajka W3rOTOBIEHA W3 OAHOpoaHoro Marepuana (E=const) u wumeer
nocrosiuHoe ceuenre (/=comnst), To npu umcrom wsrube (M=const) och OGanku
WCKPHBIIIETCA IO JyTe OKpykHOCTH (I/p=const, w, 3naunt, P=const).

[Toncrapum ypasuenwe (13.6) B ypaBuenue (13.5) w monyumm BenWIHHY
HOPMAJIbHOTO HAMPsHKCHUS B TMPOW3BOJILHOW TOYKE CEUCHHS, PACIONIOKCHHON Ha

BBICOTE V:

(13.8)

Breipaxxenne (13.7) mokasbIBaeT, UTO HOPMATbHBIE HANPSNCEHUs NPpU uzeube
MEHSIIOMCS NO 8blCOMeE CedeHuUsi o JuHelHomy 3axony. 11pu 5ToM OHH TIOCTOSTHHBI TTO
mupuHe ceueHus. Kpome sroro, u3 dopmynsr (13.8) crmeayer, 9To HE3aBHCHMO OT
(hopMBI W pa3MepOB CEUCHHS HAMPSOKCHHS B TOYKAX HEWTPANIbHOW JIMHUW DPaBHBI

Hy/10. BennunHa HOpPMalIbHOTO HampsbKeHUA O JIMHEWHO BO3PAacTaeT MO MEPE
yAQJIeHUsT OT HeUTpasibHOW JimHMKM. [Ipy 3TOM  HampsKEHUs OKa3bIBAIOTCS
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MOCTOSTHHBIMU TIO MUPUHE ceucHus. CleaoBaTeIbHO, dI0opa U JIIOOBIX CEUEHUH,

AMEIOIINX

TOPHU3OHTAITBHYIO
MPECTAaBIICHABIA Ha puc.13.5.

max

CUMMETPHH,

4

BCCraa

oynet

HUMCTb

BH]I,

Pucynok 13.5

13.2 YcaoBue npoYHOCTH NPH HM3rHde

o
-

|

MakcumanabHOE HamNpsHKEHHE TNpW  W3ru0e BO3HWMKAET B TOYKAX, HamOojee

YAUICHHBIX OT HEUTPAJILHOW JIMHUU:

(13.9)

Orta dopMyla ABISETCA OCHOBHOM IPH pacueTax Ha MPOYHOCTh NPH HU3rHOE U
crpaBeIMBa 1151 Oalok ¢ 000 (hopMOi ceueHHSI.
O6srarO hopmynty (13.9) mpeobpasyroT cieayronmM 0opa3om:

M

max

Gmax -, -
(]x /ymax)

Bennuuna ]x/ymax HA3bIBACTCA OCEBbIM  MOMEHMOM  CONPOMUGICHUA,

. 3
oGo3HauaeTcs OykBoM W w usmepsercs B cm”.

Taxum oOpazom,

(13.10)

Haubomnee >KOHOMWUYHBIMH SIBJISIOTCS Takhe (DOPMBI MONEPEUYHBIX CEUCHHIA,
JUISL KOTOPHIX C HaWMEHBbLIEH 3aTpaToil Marepualia MoJay4yaeTcsi HaumOoJbLIas
BEJIMUMHA MOMEHTa conpotusyiendst Wy Jlns pauuoHanbHO paboTaoliei Ha U3rud
Oanku He0OXOIMMO, OUEBUAHO, MO BO3MOKHOCTH PA3MECTUTh TUIOIIAIN MOTEPEUHBIX
CEYEHUH NOoAaJIbllle OT HEUTPATIbHOW OCH. Tak BO3HUKIIM JBYTaBpHI, LIBEIJIEPHl U
Jpyrue TOHKOCTeHHbIe mpoduin. [Ipu m3ruGe B BepTUKAIBHON MIIOCKOCTH (M3TU0
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OTHOCHUTEJIBHO OCH X) Takue NpoduiIM [NAlOT CYIIECTBEHHBIH BBIMTPHIII B BECE
(cMm. puc.13.5) mo cpaBHEHHIO ¢ TPOUMMHU (HOPMaMU TIOTIEPEUHOTO CEUCHHUA.

MOMEHTBl ~ CONPOTHBJICHUS CTAaHIAPTHBIX Tpodwmiel MaHbl B COPTAMEHTE.
[losToMy mpu WX pacuere OTNAAAaeT HEOOXOAMMOCTb MPOM3BOAUTH TI'POMO3JAKHE
BBIUMCIICHHS, CBSI3aHHBIE ¢ WX onpeneneHueM. Jns  mpocredmmx — ¢uryp
(MPAMOYTOJIBHUK, KPYT, KOJbLO) (POpPMYyNbl A ONPENCICHUS OCEBOTO MOMEHTA
COIIPOTHBJICHHUS M3BECTHHI (cM. paznen 11).

VcnoBrue TMPOYHOCTH npu useube OAIKu ¢ CUMMEMPUYHbIM CeYeHUeM UMEET

(13.11)

(13.12)

Ecnu marepuan Ganku paloTaeT pas3ivMyHO Ha PACTSIKEHUE U CXKATHE, TO
HEOOXOIMMO, YTOOBI MAKCHMAJBHBIC PACTATHUBAIOIIAE HAMPSDKEHUS HE MPEBHIIIATN

[0,], a MakcuMalTbHBIE CIKUMAIOIIUE — [ O¢], TO €CTh
Gmax S lo-pJ ? O-max S [o-c] ’
pacm cone

3anucas Beipakenua s O, =~ u O,

. H 3Had JOIMYyCKACMBIC HAIIPAKCHUS,

pacm CofC

MOXHO HaWTH pa3Mepbl ceueHus. M3 AByX HalIEHHBIX pa3MepoB OepéM OOIIBIIIHIA.

ITpumep. [lomo6parte GanKy AByTaBPOBOTO MOMEPEUHOTO CEUSHUS I CXEMBI
Harpy KeHus, NPeACTaBIeHHOro Ha puc.13.1, a, ecnan [O' ] =160 Mlla.

N3 popmyier (13.11)

M 20-107°
W, >-——"e = 10° =125 cm”.
o] 160

N3 copramenta (I'OCT 8239-72) BeiOupaem nBytaBp 18, y KOTOpPOro

W =143cw’.
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14 IONEPEYHBIN U3I'Ub

14.1 KacaTebHble HANPsi?KeHHs TPH MONEePeYHOM H3ruoe.
®opmyaa Kypasckoro

[Ipn uywmcromM wm3rmbe B TOMEPEUYHBIX CEUCHUAX Opyca BO3HHUKAIOT TOJIBKO
W3rudaronMe MOMEHTBI, KOTOPBIC BBI3BIBAIOT HOpPMallbHBIC HampsDKeHHs. B ciydae
nonepeyrHoco uzeubad 6 ceuenusix 6pyca 603HuUKdAem He MOJbKO U3UOAIOWUT MOMEHM
M, 1o u nonepeunas cuna Q.

Cuna () npencraensger co0ol paBHOAEHCTBYIOIIYIO JJE€MEHTAPHBIX  CHJI,
JeKaMX B IUIOCKOCTH ceueHus (puc 14.1) mox neicTBHEM KOTOPBIX B MOMEPEUHBIX
ceueHHMsX Opyca BO3HUKAIOT HE TOJIBKO HOPMalbHBIE O, HO H KacaTejbHBIC
HaIPSHKCHHS T.

(L L L L L L LY/

Pucynox 14.1

Bo3HukHOBEHHE KacaTeIbHBIX HAMPSKCHUH T COMPOBOXKIACTCA TOSABICHAEM
yrioBeix aedopmanmid. [losToMy, KpoMe OCHOBHBIX CMEIICHWH, CBOHCTBEHHBIX
uypcToMy M3ruly, Kaxkaas dJeMeHTapHas Iulolajka ceuenus dF momydaer
HEKOTOPBIC TOTIOJTHUTENILHBIC YTJIOBBIC CMEIIEHUS, OOYCIIOBJICHHBIE CIBHTOM. Tak
KaK KacaTeJIbHbIE HANPSKEHUS PaCHPEEICHB TI0 CEUYSHUIO HEPABHOMEPHO, TO TaK
K€ HEPABHOMEPHO OyayT paclpeesIeHbl ¥ YTJIOBBIE CMEIIEHU. DTO 3HAYNT, YTO MPH
MOTIEPEYHOM W3THOE, B OTIMUKE OT YUCTOTO M3THOA, TIOTIEPEUHbIE CeueHUs Opyca He

OCTAIOTCS TJIOCKAMH, OHU MCKPUBJIAIOTCA (WJTH JISTUTAHUPYIOT), KaK 3TO MOKA3aHO Ha
puc. 14.2.
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Pucynok 14.2

OnHako Ha BENWYMHE HOPMAJBHBIX HAMPSHKCHUH HMCKAKECHUE TUTOCKOCTH
MOTICPEYHBIX CEUCHWH 3aMETHBIM 00pa3oM HE CKasbiBaeTcs. B wacTHOCTH, ecnm

nonepeunas cwia () HE MEHSAETCS NO JJuMHE Opyca, TO HOpMaJbHBIC
HaIpsHKEHUsI MOTYT OBITh OMPEIETCHBI M0 YK€ U3BECTHOH (hopmyJie

G = Y (14.1)

@®opmyna (14.1) BeIBemeHa ais Cllydas YHCTOTO HM3TM0a, OJHAKO OHA JACT
COBEPIIICHHO TOUYHBIE PE3YJIbTaThl U B CIydyae MOnepeyHoro mui3ruda. JledCTBUTENBHO,
npu J=COnSt ACKPUBJIEHHE BCEX CEUEHHMH MPOUCXOIUT OJAMHAKOBO (cM. prc.14.2.6).

[Ipn momepeuHol cuie, HW3MEHSIOMEHWCS BIONh OCH Opyca, (HOPMYIIBI,
BBIBEJICHHBIC JUIS CIIydash YHMCTOro M3ruba, MArOT JUIi 0 HEKOTOPYIO IOTPEITHOCTD.

2
Ona oyeHb Mana W 3aBHCHT OT cootHomenuss (A/()°, rne { — nnmuna Gpyca.

XapakTepHO#l ke OCOOEHHOCTBIO Opyca ABIAETCA TO, 4ro BenmuuHa /1/ { odeHs
Majla ¥ COOTBETCTBEHHO MAJIOH OKa3bIBAE€TCS YKa3aHHAasd TMOTPEIIHOCTh. Bcé
CKAa3aHHOC I[aéT OCHOBAHUC IIPHUHATDH I'KIIOTC3Y INJIOCKHUX CECUEHUU U AJIA IOIICPCUHOrO
n3ruda.

Bropoii 0co0eHHOCTBIO MONEPEUHOTO U3rHbda SABJISETCA HATMYME HOPMAJIbHBIX
HaMpPSKEHUI B POJIOJIbHBIX CEUCHHSAX Opyca, TO €CTh HANPSKCHUH “HaJaBIUBAHUA
MEXKIY BOJIOKHAMH. OTH HANpsODKCHWS BO3HUKAIOT TOJBKO MPU TNEPEMEHHOM
nonepeynoii cune () W MMEIOT BeCbMa MaJyl0 BENMYMHY (MCKIIOYas M3
paccMOTpeHHus  ocoOble  00MacTH, B 30HE  KOTOPBIX  MPUKJIAABIBAKOTCS
COCPEOTOUCHHBIE CHJIBI).

Takum o0pa3om, B Tipenesax yKa3aHHBIX JAOMYIIECHUH (hOPMYJIbI, BEIBEIACHHBIC
JUTSL OTPEIETICHUS] HOPMAJIbHBIX HAMPSKEHUH U KPUBU3HBI Opyca MPH YMCTOM U3ruoe,
MPUMEHHUMBI K CJIyYalO MOTIEPEYHOTO U3ruda:
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1 _M,
. p E

X

Briseoem ¢popmyny onsi onpedenenust T 6 npocmeiiuiem caydae uzeudoa O6anxu
NPAMOY20NbHO20 NONEPEYHO20 CedeHusl (8npodem, Gopma ceueHusi He Gausem Ha
cooepicanue hopmyisi).

1lpu smom coenaem cieoyrowue npeonoloNCeHU.:

a) HanpagneHust KacamenbHbiX HANpsdicenuti T COBNAOAOm ¢ HANPAGIeHUeM
guizpisaiowyeii ux nonepeunoti cunvt Q;

0) KkacamenvHvle Hanpsaxcenus T, Oelcmeyiowue No - NIOUWAOKAM,
PACNONONCEHHBIM HA OOHOM U MOM JIce paACCMOSHUL Y OM HeUMpanibHOli OCU, PAGHbI
Medicoy codol.

Buiuuciums 2mu HanpsisceHust npouje 8ceco yepes NApHvle UM KAcamebHble
HAnpsIdicenusl, 6O3HUKAIOWUE 8 NPOOOJILHLIX CeYeHUsX Opycd.

Paccmotpum Ganky miamHoi ¢ (puc.14.3). JIBymss OIM3KUMH HOIEPEUHBIMU
ceuenuamu A;B; u A>B, Beinemum snement Ganku (puc.14.3, a) nnunoit dz.

P
}51 ff* 7 yx B; B> o B B ¢"
o I B S M MedM NiZ RS, N:
) I ot —lo e
el | | il
& e A 4

[T

EQ
8
SRS
H ©

Q
/

S

[oN)

®

N
Mz Mz)+dM

Pucynox 14.3

Kak BugHo w3 smop (cm. puc.14.3.a), B oboux ceuenmax O u M
THOJIOXKUTENIBHBI M PABHBI COOTBETCTBEHHO:

B ceuenuu 4 ,;B; Q= Q(z); M=M (Z),
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B ceuenuu 4,8, Q:Q(z); M :M(z)+ dM ,

YTO W TIOKa3aHo Ha puc.14, 0.

[IpomombHBIM TOPH30HTAIBHEIM CEUCHUEM, TPOBEAEHHBIM HA PACCTOSHUH ) OT
HelTpanbHOTO cjosg (cM. puc.14.3, ), pa3genuMm 5JEMEHT Ha JBE YacTH W
pPaccMOTPUM YCIIOBHUS PaBHOBECHs BepxHel yactu (puc.14.4).

]

P
\///

Pucynox 14.4

PaBHOEHCTBYIOIIAS HOPMaNbHBIX cull O dF' | NeHCTBYIOIUX HA JIEBYIO TPaHb
BBIJIEJIEHHOTO NTapajuleIeNuIeaa, paBHa

N, = [oadF, (14.2)
F*

&
rae F - muomans 4acTu MONEPEYHOro CEYEHUs OT YPOBHA V 10 HAPy KHOM
MOBEPXHOCTH OAJIKH.
[Moxcrasnsis B dhopmyny (14.2) dopmyny (14.1) u yuntsiBasi, 9To B KaKIOM

ceuennn M , u I, MOCTOSHHBI, MONyYrM

M
Ny=— _“J’JdF;
1, e

rae y; - TeKylas OpAuHATa WIoMmanKku df .
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Beipaxenue J. y;dFF — cratmueckuii MOMEHT OTHOCHTEIBHO OCH X
*

F
OTCEUEHHOM 4YacTW IUIOMAAM, T.€. IUIOMIAAH, PACHOJOMKEHHOH BHINIE YPOBHS .
sk
OGosznauum ero uepes Sy . Torma

AHAQJIOTMYHO HAWJEM PAaBHOJACUCTBYIOIIYIO HOPMAJIBHBIX CHUJI, ACHCTBYIOLILYIO
Ha [IPaBYIO IPaHb MapajuIeICIUANCaA:

N, = (M +dM) [y, dF = (M +dM)-S,
X F* X
PaznocTh >THX cHII
NZ_N]:alAJI—.‘Sx (143)

X

JOJDKHA YPaBHOBEIIMBATHCS KACATEIIbHBIMH CHJIAMH B TIPOJOJBHBIX CEUCHHAX
3IIEMEHTA, T.€. Ha HIDKHEH rpaHu napamienenunena (cM. puc. 14.4)

B xauecTtBe IepBoro HpI/I6J'II/I)I(eHI/I$I IIPUMECM, YTO KaCaTCJIbHBLIC HAIPAXKCHUA

pacmpelenensl 10 IIMPHHE CEYeHMs paBHOMepHO. Torga pesyiastapyrom@as /'
KacaTeJIbHBIX YCUJIWHN, NEUCTBYIOIIMX HA HYOKHEW TPAHU NAapaJlIEIENUIENa, PaBHa

T=1-bdz. (14.4)

[IpoexTrpys Bce CHITBI, ACHCTBYIONIME HA MapaUIeICTTUIE, HA OCh Z, TIOJTyUHM:

> B, =0; N;+T-N,=0. (14.5)
[Toncrasus B BeIpakenus (14.5) popmymnsi (14.3) u (14.4), nHaxoaum:
dM - S,
——X=7-bdz,
X
OTKy/Ia KacaTeIbHOES HAMPSKCHHUE
dM S,
T=—nr—-"
dz b-1
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VYuuteiBas, 9TO COTIACHO 3aBHCUMOCTH (5.4)

dM
E_Q’

HaXxoJuM OKOHYATCJIbHO

(14.6)

rae Q — TomnepeyHas cuia B cedeHuH (JInOo mAaHa, mudo OepéM W3 ASIIOPHI IS

TOTO CEUYEHUS, JUTSI KOTOPOTO ONPEALISIEM HANPSIKEHUE T);
*
Sx
BBITIOJTHSIEM HA YPOBHE TOYKH, B KOTOPOW OMPEACISACTCS HAMPSIKCHHUE ),

— CTaTMYECKWA MOMEHT OTCEUEHHOW YacTW TUIOMAIu (OTCEUCHHE

[, — MOMEHT MHEPIIUH BCETrO CEUCHHS OTHOCHTENIBHO HEUTPATIBHOM OCH;
b — mMpuHa ceueHns HA yPOBHE PACCMATPUBAEMOM TOUKH.

[Tonyuennas ¢opmyna (14.6) Hocut HazBaHue gopmyivl Kypaseckozo.

Kypasckmii Imurpuii WBanoBuu (1821-1891) — wusBecTHbIl pycckuit
YU€HBIH, BIEPBbIE AABUIMK OOIEe HCCIECTOBAHUE KACATENbHBIX HAMPSIKEHUH TPHU
nornepeyHoM u3rude. CrpoeKTUpOBall U MOCTPOMIT PsJl YHUKAJIBHBIX METAJUTMYECKUX
KOHCTPYKIIMH, B YaCTHOCTH, METAJNTMYECKHH mmnuik [leTponaBnosckoro cobopa.

[lonyueHHOE BBIpAXKEHHE TMIO3BOJISIET BBIUWCIATH BEIIMYMHY KaCaTEIIbHBIX
HampsDKEHWH, BO3HUKAIOIIMX B TMPOJOJBHBIX cedeHusx Opyca. Hanpsokenus B

IMONECPCYHBIX CCUCHUAX pPaBHLI MM, KaK ITAPHLIC. 3aBHCUMOCTh T OT Y B CCUCHHM

*
ONpEae/sIeTCss B 3aBHCHMOCTH OT crarudeckoro momenra S .. Ilpu moaxome x
BEPXHEH KPOMKE CEUCHHUA TUIONIAb 3AIITPUXOBAHHON YaCTH CEUEHHUS YMEHBIIACTCS

£
no myms. Cnemosaremsro, S, =0. Ilpu mnoaxome K HIDKHEH KPOMKe
3aIITPUXOBAHHAS YACTh OXBATBIBAET BCE ceueHme. Tak Kak OCh X — LEHTPAJIbHAA, TO U

*
3pece S, = 0. Iloatomy kacamenvhvie nanpsicens, Kak 9TO CIEAyeT U3 GpOpMyITbI
(14.6), 6 6epxHux u HUINCHUX MOYKAX CeYeHUs! PAGHbI HYIIO.

HecmoTtps Ha TO, 9TO THMOTE3HI, MOJIOKEHHBIE B OCHOBY BBIBOJA (POPMYIIBI T,
CIIPaBEUIMBBI TOJBKO MJIA Y3KMX CEUEHUH (% >?2), Ha TPAKTHKE €0 MOXKHO

IIOJIB30BAaThCA AJIA JIIOOBIX CCUCHHIA.
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14.2. KacaTesibHble HANPsIKeHUsI B 0aJIKaX NPSIMOYT0JILHOTO
U IBYTABPOBOI0 CEUCHUIl

[TocTpoum >mropy T A MPAMOYTOJbHOTo ceueHus (puc.14.5).

Pucynox 14.5

Cratuueckuit MOMEHT OTCEYEHHOM TITOIIAIN:
* * *
S, =F -y,
* . o * h
rae F' — nnomans orceuénHoi wactu, F = b - ( Pl v )

*
¥, — KOOpAUHATA LIEHTPA TAKECTH OTCEUEHHOM MIIOIIA IH:

h
*h(zyjl.(hm j_z(a )
Ve = Yy 515 B

2 2 2 2

% « o« bW 4y2
T S =F -y =—_.|]—-Z2_|
Orﬂa X y 8 [ h2 j

2 2
b ()=t

HOJ’Iy‘IaGM npm y = 0 Sx = Smax

MOMEHT HHEpUHH MPAMOYTOJIbHUKA:

CrnenoBaTeabHO, KacaTeJbHOE HaNPsKEHUE OyIeT PaBHO:
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;208 3.0 [, 4y
bl, 2 bh W)
ampuy = 0
T —ig (14.7)

Tak kak B 3aBUCUMOCTbH I KAacaTeIbHOTO HANPXKEHUS KOOPAWHATA ) BXOJIUT
BO BTOpPOH CTEMEHH, TO 3MIOpa T MO BBICOTE CEUCHHUS HM300pA3UTCS KBAAPATHOM
napabonoit (cMm. puc.14.5, 6), B TO BpeMs Kak 3MMOpa HOPMAIBHBIX HAMPSHKCHUH O
W3MEHAETCA T0 JMHEeHHOMY 3akoHy (cm. puc.14.5, a). Kak BumHO #3 »MIOpPHI
(cm. puc.14.5, a), HOpMabHBIE HAMPSHKCHHUS JOCTHUTAIOT HAWOOJBINMX 3HAUCHUH Ha
HapYXHBIX TOBEPXHOCTAX OAJKH ¥ PaBHBI HYJIIO HA HEHTPAIbHON JIMHHH.

Ecnu Obl cTep)keHb MCOBITHIBAT HE W3rHO, a YHCTHIA cABUTr (cpe3), TO T, cp

pacnpenersuioch Okl o ceueHnio papHoMepHO. Torma dopmyny (14.7) MmoxkHO OBIIO
OBl 3aMucaTh CIAEAYIOIUM 00pa3oM:

= ],5T rmie T Q

TUmax cp’ cp — % :

Jlns kpyraoro nornepedHoro cedeHust (puc.14.6) BEIBECHHBIE BHIIIE THIIOTE3HI
O XapakTepe pacnpeiciieHuss KacaTelibHbIX HaNpsKeHUW T HE BBINOJHAIOTCA.
OnHako ¢ JOCTaTOYHOW CTEMEHbIO TOYHOCTH MOXKHO IOJararh, YTO BEPTHUKAJIbHYIO
COCTABJIAOINYIO KAaCAaTCJIbHBIX HaHpHX(eHHﬁ, BO3HUKAKOIIUX B IMOIICPEUYHOM CCUCHHU

Ha YPOBHE ) OT HEHTpaIbHOW JIMHUH, MOXKHO BBIUMCIUTH 10 opmyne Kypasckoro.

ol @ ©

/ T max

Pucynox 14.6

[Tposens mpeoOpa3zoBaHus, AHAIOTUYHBIE TIPEABITYIIAM, TTOJTydacM
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o (, »
2 1 2
n-R R

4
T=—.
3
Torna Ty = 1,337,

PaccmoTpum AByTaBpOBOe cedeHue.

Tak kak nBytaBpoBbie (puc. 14.7) W TaBpoBbIE CCUCHHs OaIOK MOXHO C
H3BECTHBIM MPUOITMKEHHUEM paccMarpuBaTh KaK COCTaBIJICHHBIE u3
MPSAMOYTOJILHUKOB, TO K HUM TaK)K€ MOYKHO IPUMEHHUTH BBHIIIIEU3IIOKECHHYIO TEOPHIO.

A ] L I T _ ]
| d
- I ~ |
H. x 3 T3 = Tpax T
h r/ Y 3 _!_ d
| * ) I
|, Ve 251
\ 0+N_ — — 2
b' 1 Ty e
a o

Pucynox 14.7

UtoObl cTpouTh »BmOpy T, HEOOXOAUMO ONPEACIUTh  KacaTebHbIC
HanpsoKeHUs B Toukax 1, 2, 2, 3 (em. puc.14.7).
Touxa | (HaXOAWUTCS HA HAPYKHOW MTOBEPXHOCTH JIBYTABPA):

*
T; =0, rakxkak S, =0.

Touxa 2 , PACIIOJIOKCHHAA YYTbh-UYTh HHUIKC JIMHUH MICPEXO0Ja OT IMOJIKH K CTCHKC

(cMm. puc.14.7, 6):
h t
Q| bt| ———
Q342 :‘{ (2 2ﬂ

b1, b1,

T2:

Touka 2°, pacmonoXeHHass YyThb-uyTh HIDKE JIMHUHM TEPEXOAa OT MOJIKHA K
crenke (cM. puc.14.7, 6):
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Ty = = >>Ty.

Touka 3 (Haxooumcs na HelimpanvbHOT TUHUY):

SRR G RN
Q-8 2 2 2 )22 .
3~ d’]x - d’]x — Ymax-

Kak Buaum mpu omnpeneseHur HaNpspKEHUA B TOUKax 2 W 2, OoTceuéHHasd
IJIOMIAAb ISl HUX OJMHAKOBA, a IIMPUHA CEUCHUS MEHsAETCS (Touka 2 YyTh-4yTh
HUKE JIMHAW TIEPEXoda OT TOJIKK K CTEHKE, a Touka 2’ - Beime). [lpu onpeneneann

T3 GepéM CTAaTHUECKHI MOMEHT IMOJICCUEHHUSI ¥ IIUPHHY CeueHHs —d .

Omtopa T uMeeT BHUJ, MOKa3aHHbIM Ha puc.14.7, a UMEHHO U3MEHSETCA TIO
napadoJIMYECKOMY 3aKOHY, MMEET CKAuOK B MECTE MNepexoda OT OJHON IIMPUHBI
CEUCHUS K JAPYTOM.

[TonyueHHbie pe3ynbTaThl MO3BOJISAIOT CAENATh HEKOTOPBIC OOIIME 3aKITIOUEHUS
0 pacrpeesieHuH KacaTelIbHbIX HAMPSKEHUH B CEUCHHSX MTPH TTOTIEPEUHOM H3THOE:

1 Bua smopel T, B MPOTHBOMOJOKHOCTh SMIOPE O, 3aBUCHT OT (POpMBI
ceueHHs OaKu.

2 B kpaitnux, HanboJiee yJaJleHHBIX OT HEUTPAIbHOW JIMHUMA TOYKAX CEUCHUA
KacaTeJIbHbIC HANPSIKEHUA T BCETAA PaBHbI HYJIIO.

3 Hawubonpliiiel BeNMUMHBI KacaTeNIbHbIC HAMpPsiKEHUS T JJid OOJIbIIIMHCTBA
BHJIOB CE€UYECHHs Yalle BCErO JOCTUTAIOT HA HEWUTPAJIbHON JIMHHUM CEYEHUS, MPUYEM
dhopmyity XKypasckoro (14.6) MOXKHO TIPEICTaBUTh B BUIE

T, = k% (14.8)

rae kK — kosdpdument, 3apucamuii ot Gopmbl ceueHus. [ NpAMOYTroIbHUKA
k=1,50; nna xpyrnoro ceuenns k=1,33.

4 ®opmynoit  XKypaBCKOTO MOXHO —TIOJIB30BAThCS  JJIST  BBIUMCIICHUS
KacaTeIbHBIX HAMPSHKSHHUH B JIIOOBIX TOYKAX MACCHBHBIX MPOQUITCH.
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15 PACYHET HA ITPOYHOCTD ITPU NU3I'BE

15.1 Anaymn3 HANPS?KEHHOT0 COCTOSTHUSA 0AJIKH
npu MonepevyHoM u3rude

[Tonyuennsie dopMysbl it O W T NPHU MJIOCKOM W3rMOE JalOT BO3MOKHOCTb
3aMucaTh YCJIOBUA MPOYHOCTH, HEOOXOAWMBIE NJIs MPOBEPKH MPOYHOCTH M MOAOO0pa
CEUYCHMI Aetaniel, padoTaroimmx Ha u3rud. YToObl MOMyYUTh 3TH YCIIOBUSA, BBISICHUM, B
KOKOM HAmpsHDKEHHOM COCTOSTHUM HAXOASATCS 3JIEMEHTHI CTEPIXKHS, MCIBITHIBAIOIIETO
MJIOCKUI U3ruo.

Paccmotpum Ganky, Harpy>kKeHHYIO, KaK yka3aHo Ha pucyHke 15.1.

|y | @ @

1 O-max
i : T max
Z
—_—— — 3 _|_ ______ 4 ___Y-I; _____ e — f——
| P .
2
| : | o 8
| | o 9 |
R, | R | 0<0 1 |
|

BEn 'G/GTZH‘—G:

| | T le

]! @ | T |
= o0 i

| o o |

T |

Pucynox 15.1
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[Toctpoum smropbl nonepednbix cui (J, usrubaronmx MomentoB M, a Takke

HOpMaTbHBIX O (cM. puc.15.1, 6) u kacarenbHbIX T (cM. puc.15.1, 8) HanpsoKeHHIA.
BenuunHbel 1 HanpaBIeHUS HAMPSIKCHUN 3aBUCIT OT CXEMBI HArpyXCHHS, Pa3MEpOB
OaTKW W PpacCIoOJIOKEHUS AJIEMEHTOB. HampaBieHHWs HamNpsOHKEHHWHA OIMPEaesrOTCs

HEMOCPENCTBEHHO Ha ocHOBanuu >mop M u Q.

Boigenum snementsl 1 u 2 B kpaitHuX Toukax cedeHus Oanku (cm. puc.15.1, 2).

3meck T = 0, O = Oj4c, ¥ DTEMEHTHI HCIBITHIBAIOT IPOCTOE PACTHKCHUE MJIH CIKATHE,
T.€. HAXOAATCS B JINHEHHOM HAIPSKEHHOM COCTOSHUU. [TOCKONIBKY 3IMOpa MOMEHTOB
M crpoutcs Ha cKaTHIX BOJIOKHAX, MOJTOMY OJIEMEHT 1 CKar, a JIeMeHT 2 —
PaCTSIHYT.

Onementsl 3 1 4 (cM. puc.15.1, 0) BbIACTEHB B TOYKAaX HEUTPAILHOTO CIIOS,
rie O =0, T =T TMOITOMYy B HX TPaHAX ACHCTBYIOT TOJBKO KacaTeJIbHbBIE
HaMpsOKeHHWS, a CaMHU DJIEMEHTBl HUCIBITBIBAIOT YUCTBIA CIBHUr. YTOOBI BBIICHHUTH
HalpaBJICHWE KacaTelIbHBIX HampsDkeHWd T, o0paTUM BHHMaHWE Ha 3HAKH
nonepeunbix cui () B COOTBETCTBYIONIMX CeueHHsAX. Hampumep, B CeueHHd d-a
nonepeunas cuna () nonoxurenbra. CTpemMsich MOBEPHYTh 00€ YaCTH PACCEUSHHON
GaNKu Mo XOmy 4acoBOM cTpenkm, (J MEWCTBYET HA JIEBYIO CTOPOHY CEYEHHUS BBEPX.
Tak wmMeHHO W OymyT HampaBlIeHBl KacaTejabHble HampsokeHws 7. Ha ocrambHBIX

rpaHax HanpasieHUsA T ONPEACNAOTCA M0 3aKOHY IMapPHOCTH KacaTeJbHbBIX
HANPSKEHAN.

B snemenrtax 5 u 6 (cm. puc.15.1, ), BBIACICHHBIX B MPOU3BOJIBHBIX TOUKAX,

ﬂeﬁCTBYIOT U HOPMAJIBHBIC O U KacarenbHbie T HaMpsKCHUA, IMO3TOMY TOYKH
HaxXogATCA B INTIOCKOM HAIIPAKCHHOM COCTOAHHH.

Benuuunvl nanpsiscenuti mo2ym Ovime HAHOEHbL NO QOPMYIAM, NOLYHEHHBIM 8
npeovlOYUUX 2NIABAX.:

- JUIS JIEMEHTOB 1, 2:

M
Gmax:W; T=0;

- JUIS 3JIEMEHTOB 3, 4:
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- JUTS AJIEMEHTOB 35, 6:

[Tpu momepeunom wm3rnOe Oallku MaTepuan €€ HaXOAWTCA B HEOTHOPOIHOM
TUTOCKOM HAMPSIKEHHOM COCTOSTHUH.

VYcnoBrue MPOYHOCTH JMOJKHO OBITH 3alMCAHO JJIsA TaK HA3bIBAGMOM ONACHOL
mouxu OalKu, TO €CTb TOH mouKu, 20e mamepuail HAXooumcst 6 Haubonee
HANPSIICEHHOM COCMOSIHULL.

OmnacHoit Touko# OyAeT oHa U3 CICAYIONTNX TPEX TOUEK:

a) TOUKa, T/Ic HOpMaJIbHOS O HANPSHKCHUE JOCTUTAaeT HAaMOOJIBITICH BEJTUUMHBI,

0) TouKa, TJe KacaTebHOS T HAMPSDKCHUE TOCTUTACT HAaUOObIIEH BEIIMUMHBI;

B) TOUKa, TI¢ O U T, XOTA W HE NMPUHUMAIOT HAWOOJBIINX 3HAYCHWUH, HO B
CBOCH KOMOWHAIIMHM CO3JAIOT HamOoJiee HEBBITOJHOE COYETAHWE, T.€. CO3MAI0T

HauOOJIbIIEE SKBUBAJICHTHOE HAMpPSHKEHUE MO0 NPUHATOM [Js pacyeTa TEOpHUH
npouyHocTH. [Ipu 3TOM Takas Touka MOKET ObITh HE OJIHA.

Ilepsas onacnas mouyka OyneT pacroyioKeHa B KPaWHWX BOJIOKHAX TOTO
CEUCHHMS, TJe HM3rHOAOIIMi MOMEHT WMEeT HambOobliliee 3HaueHue (HampuMep,
toukn 1 w 2 wHa puc.15.1, 2). HanpsskeHHoe cOCTOSTHME B TakodW TOuke OyAeT
JIUHEHHBIM, U YCJIOBUE MMPOYHOCTH 3aMUIIETCA B BUC

M max

Bmopas onacnas mouka HaXOAUTCS HA HEUTPAJIbHOM TUHUU TOTO CEUEHUS, T/IE
MoTIepeYHas cujia uMeeT Hanbobinee 3HaueHne (Ha puc. 15.1 310 Touka 6 u BooOIIe

mobast Touka Ha ydactke HerpanbHoro cios, rae O=0,,..). B Takoi Touke Gymer
YUCTBIN CIBUT, M YCJIOBHE MPOYHOCTH 3AIMILNETCS B BHIC

Omax-S7"
Tmax = b Ix

<[1]. (15.2)

[Tonosxkenue mpemuveii ONACHOU MOYKY HE CTOIb ONPEACICHHOE.

Ho rne 6p1 ona Hu Obuta BeiOpana (cMm. puc. 15.1, e), B Helt OyneT miockoe
HaNpPsOKEHHOE COCTOSIHHE, TIPH KOTOPOM TJIaBHBIC HAMPSKCHUS PACCUMTHIBAIOT IO
dbopmynam:
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61=L (04 +05)+[(0y—05) +4T2 ]

62:

>

SN

05 :i[(oa +0'ﬁ)+\/(aa—0'ﬁ)2+4ré].

()

OKBUBAJICHTHOE HANPSHKEHHUE B TAKOH TOUKE MOKET OBITh PACCUMTAHO IO PA3THYHBIM
TeopuaM npouHocTH [eM. popmymst (8.1), (8.6), (8.11), (8.19), (8.21)]:

I _

Osxe = 01;
Y/

Osxe =0 —/1(0'2 + 0-3);
117

Oy =07—03 S[(7]
ol \/é [(0;-05)° +(0,~03)° +(05-0,)’ ] <[G]

Mo _ s _[G+]
S

G 3

Jlna  pacdyera Oajnok W3 ITUIACTUYHBIX  MaTEPUATIOB  PEKOMEHAYETCS
MOJIB30BATHCS  YCJIOBUAMM MPOYHOCTH, mnonydeHHbiMu no [II w IV Teopusam.
IloncraBus O;, O, u O3 B JAaHHBIE TEOPUM IIPOYHOCTU W UMEsS B BUAY, UTO Ha
37eMEeHT Oallku JEWCTBYIOT OJHOBPEMEHHO HOPMAJIbHBIE UM  KacaTeJbHbIC
HaMPSKECHUS, TOJTYUHM

0!l Ao’ +47 <[ol: o
’ 15.3

oV =Jo?+3t? <[0o]. (15.4)

JlanHas mpakTHMKa TPUMEHEHWs ¢ pacyera OajoK TMOKa3ajia, 4YTo B
MOJABJIAIONIEM OOJIBIIIMHCTBE CJIyuyaeB OMACHOW TOUKON SABJISAETCA KpalHAS Touka

Toro omacHoro ceuenust, tne M = M, .. TIo9TOMY NPaKTUUECKH HNPOGEPOUHbLIL
pacuem GaNoOK Ha TIPOYHOCTH COCTOUT B CIIEYIOIIEM:

1) wHaxomaTr onacHoe ceueHue, T.€. CEUEHUE, B KOTOPOM JCHCTBYET
HauOOIbIIMH 10 a0COMIOTHOH BEJIWUMHE H3THOAIONMM MOMEHT M., UIA Yero

crposr smopy M,
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2) ONpEemeNsAOT MOMEHT CONPOTHBICHHS cedeHus JW  OTHOCHTENBHO
HEUTpaNbHOM TUHUK ceueHHs (10 TaOIUIaM COPTAMEHTA WITH BBIYUCIICHUEM ),

3) NPUMEHSIOT TOJBKO OJHO VCIO8UE NPOYHOCMU, KOTOPOE W HA3hIBACTCA
OCHOBHBIM:

M max
Oy =———<[0] .
W [o]

[To sTo¥i cxeme anst GonbIIMHCTBA TpoduUiIeH (Kpyriaoro, MpAMOYTOIbHOTO,
JIBYTABPOBOTO) JIETKO BBITIOJIHATH MTPOSKTUPOBOYHBINA PACUET, B PE3YJIbTaTe KOTOPOTO
MO’KHO HaWTH pa3Mephl CEUCHHUA, 3HasE MOMEHT COTPOTUBIICHUA

> M max (15.5)

© [o]

OnpenenuB HEOOXOMWMBIE MOMEHT COMPOTHBIICHUA OaJKd W TIPHHSB
OMPENCNEHHBIH MPOQWIh TOMEPEYHOrO CEUYCHHS, TMOAOMPAIOT €ro pa3Mephl.
PaccMoTpuM  HEKOTOpBIE MPUMEPHI pacueTa OaJOK MO OCHOBHOMY YCIIOBHIO
MTPOYHOCTH.

15. 2 Ilpumepsnl pacyera 6aJI0K 110 OCHOBHOMY YCJIOBHIO IPOYHOCTH

IIpumep 1. Ha OGanky paelcTByeT paBHOMEPHO pacmpeicsicHHas Harpys3ka

(puc.15.2). Marepuan OGanku Ct3 ([0/=160 MIla). Tpebyercs momobpath
PasMYHBIE BADUAHTHI CEUEHUM: KPYT, MPAMOYTOJIbHHUK, ABYTaBp.

R] =40 kH q= =20 xH/m R2 40 KkH

Trrrirr
& <&

4 m
40
+
@
Mmax:20
40
@ o
Pucynox 15.2
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OnacueiM  Oyger ceuenme mnocepeamne mnponera, tae M, =20 kHm.
OnacHpiMM OyayT TOYKH STOTO CEUCHMs, Hambojee yIajleHHbIe OT HEHTPaTbHOMN
JUHAA. Y CIIOBUE MPOYHOCTH /ISl HUX CJICIYIOIIEE:

3 3
o, =Mmax_ 20107 co s yrac s 20107 406 o5 end,
W, Wx 160

3
Jnn  xpyea W= % =01D°>125= D >3(1250=10,83 cm,

npunavaem D=11 cm =110 mm. Torma W,,=0,1-11°=130,5 car’.

Mmax_Mmax

5G:Gpac_[o-].]00%: w Wpac:Wmax—Wpac‘
[o] M max W pac
M pac

1na npamoyzonenuxa

2 2
Wx:%:|ﬁ:2| b-(4b") 2b >]125=b2 1f125 3_5720./\/1
6 |b 6 3 2

Tlns Osymaspa npuramaem No18, Wx=148 cm’ (TOCT 8239 - 89).

PaccMoTpeHHbI BbillIe MPUMEP pacueTa Ha MPOYHOCTh MPU U3TUOE OTHOCHUTCS
K TOMY CJIy4Yar0, KOTJAa OMACHOW TOYKOMW SIBIAECTCSA OJHA W3 TOUEK KPAMHUX BOJOKOH
OaykM W HaIMpsHKEHHOE COCTOSHHWE B HEW JuHEHHOoe. B momasistonemM OOIbITMHCTBE
CJIy4aeB 3TOr0 pacyeTa J0CcTaroyHo. OAHAKO BCTPEYAIOTCS ClIyyad, KOTJa OracHas
TOYKa OyJeT MPUHAJJICkKATh HEUTPATbHOMY CeueHH0. B 3Tol Touke Matepuan
WCTIBITBIBAET YWUCTBIM CIOBUT, W JJIA pacyeTa CIEAYET TNOJIb30BAThCA YCIOBHUEM
MPOYHOCTH MO KACATEIbHBIM HAMPSKEHUSIM

max

Takoe 1moJyIokeHuEe MOKET UMETh MECTO TOraa, Koraa rnpu OOJIBIINX MONCPCUHBIX
CHJIaX B CEUCHHMSX OaJIKH HeﬁCTBYIOT HC3HAUYUTCJILHBIC H3FH6a}OHlI/Ie MOMCHTHI.
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Ilpumep 2. Ha Oanky (puc.15.3) JIEUCTBYET PaBHOMEPHO
pacnpenenennas narpyska ¢ = 120 kH/m.  Ceuyennme OGankum JBYTaBPOBOE,

marepuan Cr3, [of = 160 Mlla, [t] = 100 Mlla.

R;=45 kH g=180 kH/u R24f xkH

T TII1y
&

- 0.5 m >
45
= @
My=5,6 =
45
} @, xkH-m
Pucynox 15.3

[TonGepeM ceueHre W3 YCJIOBHS MPOUHOCTH MO HOPMAIBHBIM HAMPSIKEHHM,
B3s1B HauOobIMi Moment M . =5,63kH - m (cm. puc.15.3):

M max
O-max = Wx S [G] >

Otkyna
_ Mmax 563107

10° =352 cv®.
[o] 160

Wx

ITo copramenty mnoxdupaem asyrasp 10, W,=39,7 CM3, 1.=198 CM4,
Sx=23 e’

[TpoBepuM MPOYHOCTH MO KACATEIbHBIM HAMPSIHKECHUSM

Q S max

Tmax - mz(% < [T]

X
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45-107°.23.107¢
0.45-107°198-107%

Taxum 00pa3oM, OMACHOM TOUKOM OKA3bIBACTCA HE KPaHAA TOUYKA CEUYEHMUS,
rae aeucteyer M,,,., a Touka, IpUHALJIEKAIIAA HEUTPAILHOMY CJIOK TOIO CEUCHHS,

~1162>[t] =100 Mlla.

[onyuaem 7,,,, =

rine O=0ar. B 2T0M TOUKe MOJTyYaeTCs HEAOMYCTUMOE NepeHanpsokerue (~16 %) u

MO3TOMY clieayeT npuHATh asyTasp /2, a ne apytasp /(). Iloayunsaock 310 oTOMY,
4TO NMpOJIET OAJIKK HE BEMK, a Harpy3Ka OoJbIas.

15.3 IlosHbIi pacueT 6aJI0K HA MTPOUYHOCTH

IIpumep 3.Tpedyetcs nonobpaTh ABYTaBpOBOE ceueHue it O6anku (puc.15.4).

Marepuan Ct3, [0]/=160 Mlla, [t]=100 Mlla.

Crpounm smropsl O 1 M, Ha OCHOBaHHM KOTOPBIX 3aKIIFOYAEM, YTO OMACHBIMH
TOYKAMH OaJIKW MOTYT OKa3aThCsl TAKUE TOUKHU:

a) Touka 1 (cm.puc.15.4, 6) B ceuennu C, rne M=M,,,,=9,6 kH-m;

0) Touka 3 Ha HEUTpaIbHOM IMHMU B CEYEHHMH chpaBa OT omopel A, rue

O0=0nax=18,6 kH v M=-8,7 kH-m;

B) TOYKA 2, PACIOJIOKCHHAA B MECTE COCAMHCHUSA CTECHKHU JBYTaBPa C MOJIKOM,
B TOM K€ CEUEHHH, T.€. CIIPaBa OT OIOPHI A.

Bnauane nmoadepem ceuenue, cuntas onacHor Touky 1 B ceuenun C.

U3 ycnosusi npouHocmu umeem

L Mmax 961077

Wx > 10° =600 cm°.
[o] 160

ITo copramenty (IOCT 8239-89) monGupaem — asyrasp 33, W.=597 cm’,
1,=9840 cm ™, S, =339cm’, t=112mm, b=140 um, d =7 um.

Torna nanpskenue B Touke / ceuenusas C paBHO

_ Mmax  96-107°

- - —160.8 Mlla.
T wx o 597.107°

o

Oto Gonbme gponyckaemoro [0/ Ha 0,5%, 4To BHOIHE JOIYCTUMO.
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1,32 3.3

|

18,6 |
|

I

\@h\'

I
Q)
\Q 13.2 | 13,8

3,23 0.6
|
\K’L | @, xkHm
8,7
a
1’]2\|/ | @ Mlla , MIla
l-———T,—Z——-}———— ‘
E T %IL d:0,7§“
o | nl
on 2 F
i | ER— A 94,2
|
! oy 69,3
b=I4cuy| 1361 S
o

Pucynox 15.4
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ITpoBepsieM  mpouHOCTH B mouke 3  cedenus A, B KOTOPOM
O = Opar =191,5 kH. Tlo ycnosuro npounoctu (15.2) nomyqaem

QST 1915-1077-339-107°
e bix 07-1072-9840-10~°

[IpoBepyM TPOYHOCTH B moyke 2. Marepuan Galku IUIACTHUHBIN, MO3TOMY
KCIIONB3YEM UETBEPTYIO TEOPHUIO MPOUHOCTH:

Gons =0 +3t7 <[o].

B ceuenun A neiicteytor M = 87,1 kHm n Q = 191,4 kH, nostromy

T =100 MIa < |r]

M 87.1-107°-(165-1,12)-102

o, =M, = 1361 Mila;
k7 9840 - 108
NOJIKU -3 -6
. OSI™ 191410 (]j 112 15,94; )10 _ o sita
bix 071072 -9840-10

oV =\J136,1° +3-(693)° = I81Mla,

9K6

uro Gomeme [Of/=160 Mlla.

[TepenamnpsikeHue B OMaCHOM TOUKE 2 OMACHOTO CEUEHUs OAKK COCTaBIISAET
okomo 17 %, aTo HEAOTYCTHMO.
[TorToMy BMecTO AByTaBpa 33 ciaeayeT NPUHATH ABYTaBp 36.

3akaHuMBasg HWCCIACAOBAHUE HANPSKCHWH B Oallke MpU M3rube, ciaeayer
CJIeJIaTh HEKOTOPBIE 3aMeYaHUs U OONOJHEHUS:

1 Ilonnas mpoBepka MPOYHOCTH Oanok oO0s3aTenbHA IS HECTaHIAPTHBIX
TOHKOCTEHHBIX TTPO(HITCH.

2 IlpoBepsisi MPOYHOCTHh OANIKK, HEOOXOAWMO TAKXKE OMPEACITUTHh BEITUUHHBI
TJIaBHBIX HAMpPsDKeHHN. B psge ciiydaeB Ba)KHO TAKXKE 3HATH W HAITPABJICHHS TJIABHBIX
HampsDKEHUH BO BCEX TOUKax Oankd. B YacTHOCTH, 3TO HEOOXOAWMO TpH
KOHCTPYHPOBAHUM JKEJIE300€TOHHBIX OajloK, B KOTOPBIX apMarypy HEOOXOIUMO
pacriojaraTh B HaNpPaBJICHWW HAWOOJBIIAX  PACTATHBAIOIINAX  HATPSHKSHHM.
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16 CJIO’)KHOE COITPOTUBJIEHUE

16.1 IToHsiTHE 0 CJI02KHOM CONMPOTUBJIEHUU

[lox  COXHBIM ~ COTMPOTUBJICHWEM (MM CJIOXKHBIM  HArpy>KEHHEM)
MOAPA3yMEBAIOT  PA3NIMYHbIE KOMOWHAIMM  PAHEE PACCMOTPEHHBIX  MPOCTHIX
HArpy>KeHHbIX COCTOAHUN OpyCheB (pacTsSKEHUE, CXKATHE, CIBUT, KPYUCHHE WIIH
n3THo).

Huoice 6yoym paccmompenvi:

- OJHOBPEMEHHbIH HM3rM0 B JBYX TIJIABHBIX IJIOCKOCTAX (CIIOKHBIA M KOCOM
n3ruo);

- 00HOBpPEeMEHHOE pacmsadicenue Wil Colcamue ¢ u3euboM, 8 YHaCmuoCcmu,
BHEYEHMPEHHOE PACMANCEHUC-CHCAMUE,

- 0OOHOBpemenHoe Oeticmeue usz2uoa u Kpydenus ¢ pacmsxcenuem uiu oes neeo.

Yeco-mb0 NPpUHYUNUAIbHO HOB020 3A0a4U CHOMCHO2O CONPOMUGIEHUS NpU
00CMAMOYHO JCECMKUX — OpYCwbsIX He GHOCAM, M.K. COBMECcmHOe Oelicmeue Cuil
NpusooUm K HANPSNCEHHOMY COCMOSIHUIO, KOMOpoe Modcem Ovimb NOAYYeHO Nnymem
CYMMUPOBAHUSL HANPSANICEHHBIX COCMOSHUL, BbI3GAHHBIX KANCOLIM OMOENbHbIM BUOOM
NPOCMO20 HACPYHCEHUA. Y Mes onpeodeums HOPMANbHbIE U KACAMENbHbIE HANPANCEHUS
8 OMOENbHbIX MOYKAX 00beMa CMEpPHCHS U 3HAs CNoCOObl nepexood K 2la6HbIM
HANPSIJICEHUSIM, MOJNCHO 3ameM, NOJb3YsCh MOl Wly UHOU meopueti NpoyHOCMU,
npousgecmiu npoeepxy MPOYHOCMU OAHHO20 CMmepdcHi. Aunanoeuuno moz2ym Ovime
Hatioenvl Oeopmayuu uiu nepemeujeHus opyca nymem CIOJICEeHUs nepemeujeHul,
noIyYaemMvix Npu  OmoenbHuiX 0Oolee nNpocmelx Hacpyocenusx. Ha npaxkmuxe
OonLUUHCIEO Oemanell pabomaem 8 YCI0BUAX CLONCHO20 CONPOMUBTEHUS.

16.2 CJ10%HbBIIA U KOCOH U3rud

CnoxxHbIM (HETUTOCKMM) HW3rMOOM HA3bIBACTCS TAaKOH BWJ HArpPy>KEHUS, TPH
KOTOPOM HArpy3KH IEHCTBYIOT B HECKOJIBKHX TUIOCKOCTSX, TPOXOJSIIHAX Yepe3 OCh
Oamkm (puc.16.1, a).

Pucynox 16.1
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Ecnu naepysku oeiicmeyiom 6 00HOU NIOCKOCMU, He COBNA0Aaoujell Hu ¢ 0OHOI
U3 2JIABHBIX NIOCKOCMET, MO MAKOT U0 u3eubA Hazvleaemcs Kocvlm (puc.15.1, 0).

Paccmotpum kocoit m3rub crepxkus (puc.16.2), y KOTOPOTro TUIOCKOCTh M3ruda
HE COBTAJIACT C TJIABHBIMH TUIOCKOCTSIMH XZ 1 J'Z.

¥
|
x |%f |
I
o)
\y | X
My
\ ]
\/ w
a 4]
Pucynox 16.2

Wsrubaromuii  moment M (cm. puc.16.2) MOXKHO pasjiOXKWTh HA JBE
COCTABJISIFOIIME TTO HATIPABJICHHUSIM TJIABHBIX OCEH WHEPIINH CEUCHHUS

M, = Mcosc,

My = Msinc,

(16.1)

rae M — u3rubaronmii MOMEHT B JaHHOM CEYESHHHU B CUIIOBOM IJIOCKOCTH P-P).
HopMmaiibHble HANPSOHKEHHS B TOYKE C KOOPAMHATAMH X,)) MOXKHO ONPEICITHThH
cymmoii Hanpsoxenuit ot M, u M y» MICTIOIB3Y s IPUHLIKIT CYTIECPIIO3HLIAN:

(16.2)
51041
o=M cosay+ Sme X | (16.3)
1, £y
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®opmynbl (16.2) u (16.3) mMO3BOIAIOT ONPEACTUTh HOPMAJILHBIC HAMIPSKEHUS B
MO0O0W TOYKE IONEPEYHOr0 CEUYCHWs TPU CIOKHOM WM, KaK TOBOPAT eIIg,
npocmpancmeenHom  uzeube. W3rubaromuii MOMEHT W KOOPJAWHATHI TOYEK, B
KOTOPBIX ONPEIEISIFOT HAMPSKSHHSI, TIOACTABIIIIOT B (DOPMYJIBI CO CBOMM 3HAKOM.

VpaBHEHUE HEHTpPANbHONW JMHMM B cedeHMH Haiizem, nomaras O = () u
0003Hauas KOOPAUHATHI TOUEK HEUTPATBHOMN IMHIK (H.J1.) 9epe3 Xy u Yy
Y X0
20 cosa+=L sino = 0. (16.4)
1, 1 y
Omo ypasenenue npeocmasiisiem coboil ypasgnuenue npsamoi, npoxoosueil yepes
HA4ano KoopouHam (yewmp msidcecmu cedeHusl), NOCKOAbKY obpawaemcst 8 HOJb
npu Xo =yo=0.
llonoxcenue  HempanvHol — JUHUU  XApaAKmMepusyemcs — eé€  Y2lo8viM
KO3Ghpuyuenmom

1
1gQ :y—():——xtga. (16.5)
Xy I,

Ananusz nocneoueii hopmynvl noxazwisaem, ymo:

- TIpU KOCOM W3rube, B OTJIUYME OT TUIOCKOTO MPSMOTro M3rnba, HeWTpaibHas
JVHHS HE TIEPIICHIUKYJIAPHA CHJIOBOW JIMHUH,

- HCKPHBIIEHHE OCH Opyca IpH KOCOM HM3THOE MPOUCXOAUT B TNIOCKOCTH K-,
HOPMaJIbHOW K HAIPABJICHUIO HEHTPaIbHOW JIMHUU (CM. pHUC.16.2, 0); 3Ta TIOCKOCTh
HA3BIBAETCS NJIOCKOCMbIO U32uba,

- HalpapJIeHHE IUIOCKOCTU M3ruba (7/2(¢) ) MoxKeT ObITh MEPNEHAUKYIIAPHO K

TUTOCKOCTH JI€HCTBHA BHEIIHEH Harpy3ku (/g(0/) TOJABKO TOTJA, KOTJAA TMOCIEAHAS

COBMAJACT C OJHOM W3 IJIABHBIX IUIOCKOCTed Opyca wmmu xorma [, = y (xpyr,

KBaZipaT M T.A.); B OOLIeM ciydae yroJ HaKIOHA () HEHTpPaIbHON NTUHWUU K-11 HE
paBeH yrily O/ HaKJIOHA CUJIOBOM TUIOCKOCTH.

Tak kak »mMOpa HOPMAJIBHBIX HAMPSKEHWH B CEUEHUM OajKu JIMHEWHA, TO
MaKCUMaJbHOE HANpPs)KEHWE BO3HMKAET B TOUYke, Haubosiee YIOAICHHOH OT

HelTpanbHOl smHMU. [lycTs koopamHatel 3ToM Touku (X;, ;). Torma wus
ypasHerns (16.2) momyqyaem:

M M
Omax =1 +—=x;. (16.6)
I, [y
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Kocoa ceuenue cummempuyno omuocumenvHo obeux ocei, onpeoeieHue
HAUOOILUUX HACPYIHCEHUT 3HAYUmMenbHo ynpowaemcs. Tax, O NpAMOy20ibHO20
ceveHus necko y0eoumscs, 4mo MAKCUMANIbHOE Hanpsicenue Oyodem e6cee0d 8
V2ll06bIX MOYKAX NPAMOY2OIbHUKA, U OJisl HUX J€2KO 3aNnUcCams.:

Mx M)’
Gmax:]_ymax_l_ Ji X may
X Y
WU
M. M
Y
Oy = —2+—2. (16.7)
W, W,
[Ipu moxbope ceueHus u3 yciosust NPOYHOCMU NPU KOCOM Us2ube
M
w, (16.8)

IPUXOIMTCS 33aBaThCsl COOTHOLIEHHEM —- (1B HEU3BECTHBIX HENb3S HAWTH W3

Y
O/IHOTO HEPABEHCTBA) M IMyTEM IOCIENOBATEIbHBIX MOMBITOK Haxoauts W, ulW
W, h
yaoBaeTBopstomue ycnosuio (16.8). B cnyuae npaMoyrosbHOTO ceUeHUST —— = Z
Y

h

[TosTomMy, 3azmaBasch COOTHOLLIEHUEM Z u3 ycnosus  (16.8) MoxxkHO HaiiTh

2

BeNMUMHY WV, 1 pazMepbl MOMepevHOro CeYeHus..

Jlns onpeoenenust npocubo8 8 paziuyHbiX CeyeHusx OaIKu npu Kocom uzeude
maxk Jce, KAK U Npu onpeoereHul Hanpsjicenut, UCnoIb3yem cnocob cynepnosuyu,
m.e. cuoxcenus Oelcmeyliowux cul. s 2moeo packiaoviéaem Oetcmeyiouyio
HA2pY3Ky NO 2NABHBIM NIIOCKOCHAM, Onpeoeisem COCMAasiaiowyio noIHo2o npo2uoa,
m.e. nepemewenue 6aIKU 6 Kaxrcoou 21a6Hou NJI0CKOCMU.

Cymmapnwiii npocu6  f (puc.16.3) onpedenumcs kax 2eomempudeckas cymma

npozubos fou f:
f=yfl+5 (16.9)
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Pucynok 16.3

Hanpaenenune nporuGoB [ Npu KOCOM M3rube B KaKIOM CEYEHHH OYJeT

COBMAJaTh C TUIOCKOCTHIO M3ruba K-#, MEPICHIUKYJISIPHON HEUTPAIbHON JTUHUN
(H./1.) B JaHHOM CEYEHHUH.

B kadecTBe mpumepa BHIMUCIMM HANPSHKEHHWS B YIJIOBBIX TOYKAX OMACHOTO
ceueHus O6anku (puc. 16.4).

b i%
Yl | A
s I
- 4 | h=12cm
| | z
J AT AT
—1x
I |//— ————— —‘Z-|—
—] 7
/I |
. t=12m
] 7 | Py
g
P=3xH
Pucynox 16.4

1 Paznoxxum Harpy3Ky Mo TJIaBHBIM TIOCKOCTSIM
Py =Pcos30=3-0866=2,6«kH,
P.=Psin30=3-05=15kH.
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2 Harpy3um ©0anky COOTBETCTBYIOLUEH Harpy3koili B  BEpPTUKAJIbHOM
mockocty (puc.16.5) u nocrponm smopst Oy u M, . AHanormdHO mOCTYIHM C
TOPH3OHTATBHOW TIOCKOCTHIO (prc.16.6).

Bepmuranvnasi niockocme

2,6 kH P,=26xH
3,12 KH'M[T
2,6 2,6

@ , xkH
@, xkHm

3,121
Pucynox 16.5

['opuzonmainvuas n10CKOCms

1,5 kH P.=15kH
1,8 K‘H'M( T?
/ 1
1,5 D
EB , xkH
@ kH-m

L=

Pucynok 16.6

1,87

OnacHoe ceueHnre OaJIKU COBITAIAET C CEUEHUEM B 3aJIEJIKE.

3 PacctaBuM B yIIIOBBIX TOUKAX OMACHOTO ceueHus (puc.16.7) 3Haku
U3rubaroIMX MOMEHTOB, a CJEeJ0BATeNIbHO W HAMNpPSKEHUH, cunTas
pacTATMBAIOIIMA MOMEHT MOJIOKHUTEIbHBIM, a CHKUMAIOIIMN — OTPULIATENBHBIM.
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o) )
M, M, M, M,
B C
X
~N
\\\ )gﬂ _ 490 5 MIlla
NG 88.75
A D ~
M, M, M, M, L
eoe PSS K
\\\
&)
88.75

Pucynok 16.7

Haitnem HOpMasibHBIE HATTPSKEHUS B YIJIOBBIX TOUKAX CEYCHHUS:

M, My, -312.107 18107

O4= = — — =-8875Mlla,
we W, 96-10 32-10
rac
2 2
W, = b? o 22 = 96cm”;
2 2
W, = hg L
Torna o =—04=8875 Mlla.
M. M
a Op=0p= Wx _Vy: 32,5-56,25=-23,75Mlla.

x Y

147



VYron HakJTIOHa HeWTpaIbHOW JIMHAK HaiiaeM 1o ¢opmyie (16.5):

M 3 3
tg(p:—y-]—x, eoe ]x:%:576cm3, Iy:ﬂ:64cm3.
M, o 12 12
3
m.e. 1gQ = RN 3 =0,58-9=35,2.
312-12-12-4
[Tonyuaem Q=49°.

3nas Hanpsokenue B Toukax A u C ¥ paBeHCTBO HYNIO O Ha HEWTPAILHOM
JIMHHH, CTPOUM 3Mmopy O (cM. puc. 16.7).

4 OnpenensaeM NOJOKEHUE HEUTPaIbHOW JIMHUKA. OHA MPOXOAUT YEPE3 LIEHTP

TSOKECTH ceuenust v yepes [ u [V kBanpantsl (puc.16.8).

88,75

23,75 < B \
\/
\ )

\ 223,75

88,75 /)

Pucynok 16.8
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17 CJIOKHOE COITPOTUBJIEHUE (npoaoJikeHue)

17.1 BHenleHTpeHHOE paCTSIKEHHE U CoKaTHe

PaccmoTpuM  9acTHBIH Ciydail  CIIOXKHOTO CONPOTHBJICHHSA, KOTrma Opyc
pactsaruBaeTcs (WM CXKUMAETCs) CHJIAMW, TapaUIebHBIME OcH Opyca, Tak, 4TO
JUHUS JCHCTBUS PAaBHOCHCTBYIONICH HE COBMAMAAET ¢ OChio Opyca (puc.17.1, a).

Z
4 Y M. y
E N=P 4
€
/’ Y| x Wl X
i X \M
X
a o
Pucynox 17.1

Buo Haepyxcenusi, npu KOMopom pagHOOCUCMBYIOWAs GHEULHUX CUT He
coenaoaem ¢ 0Cblo0 CIMEPI*CHA, d CMeUeHd OMHOCUMENbHO €20 OCU U OCMAemcs el
napanienvHd, Ha3vl8Aemcst BHEYEHMPEHHBIM PACIISINCEHUCM UL COHCAMUCM.

Touka NpUIOKEHUS PABHOAEHCTBYIOMIEN P HAa3bIBAETCS NOIIOCOM CUTIBL.

ITycte TOYKa TPHIIOKEHUS BHELIHUX CUIl MMEET KOOPAMHATHI Xp, V. llpu
TaKOW Harpyske B JIOOOM MOMEPEYHOM CE€YeHHH Opyca NEHCTBYIOT MPOJOJIbHAA CUla
N = P w wsrubaronme momenTsi (cMm. puc.17.1, 6):

M, =Px,; M, =Py,
Takum  00pa3oM, BHEUEHTPEHHOE  PACTKCHHE-CIKATHE  OKA3bIBACTCS

WUJICHTUYHBIM KOCOMY M3rul0y. B oT/IiMuMe OT MOCIEAHEro, OJHAKO, B MOMEPEUHOM
ceueHUr Opyca BO3HHMKAIOT HE TOJIBKO M3THOAIOIHE MOMEHTBI, HO W TPOIOJIbHAS

cuta N=P.

B nmpon3BoNbHON TOUKE ¢ KOOPAMHATAMH X, ) HOPMAlIbHOE HANpPSUKEHHE O
OyHeT CKIaabIBaThCs M3 HANPSUKEHHH OCEBOro pacTskeHus (ckarus) cuiaod N u
HANPSOKEHAH 0T uncToro nsruba momentamu M, M,

(17.1)
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OueBuaHO, NPOCTPAHCTBEHHAs Hmiopa 00pasyeT IUIOCKOCTh (MTOCKOJIbKY
BXOJAT B YPAaBHCHHE B TMEPBOH CTENEHM), HE MPOXOIAIIYI0 uepe3 LEHTP TAKECTH
ceuenns (Tak kak ipu X =y =0 o #0).

[Toxcrasus B ypasuenus (17.1) Bmecro N, M., M y MX 3HAYCHNSL, TTOyMM

p P P-x
=—+ ypy+ 2x.

FoJ, J,

)

Brinecem 32 CKOOKHM, BBIpA3UM MOMEHTBHl HMHEPIMH YEPEe3 PaTruyChl

|~

uHepunn  (J, = iﬁF , J y = l'f/F ) u nojayunM (OPMYNy JUIS  ONPEAECIICHUS

HOPMAJIbHOTO HAIPSIKEHUS B POU3BOJIBHON TOUKE CCUCHUA

(5:£ ]+y—}27y+x—gx . (17.2)

Iy iy
[lepemennbiMu B dopmynax (17.1) m (17.2) sBusroTcst ABa TOCICTHHUX
claraeMbIX, OTPaKAOIIUX BAUAHME W3rnOa. Tak kak npu u3rkude HauOOJbIIHE
HamnpsDKEHUsT OyAyT B TOUKaX, HanbosIee yAATCHHBIX OT HEUTPAIbHOM JTMHUH, TO, KaK

Y TIPU KOCOM M3THOE, HAJI0 OTHICKABATH MOJIOKEHUE HEHTPAJIbHOM JIMHUH.
O003HaYMM KOOPAMHATHI TOUKH, TPUHAAJICIKAIICH HEUTPATbHON JIMHUM, YepPE3

Xo u Y. Ha neitrpansHoi maaun 0 = (), 10 ecth

P - X, X
og=— I+yp 2y0y+ p20x =0.
F i i
P X
TaKKaKE?’—'O,TO ]+%yo+%x0:0. (17.3)
Iy iy

rone X P’ y p - KOOPAHWHATLI TOYKH IPUITOKCHUA paBHOﬂefICTByIOHleI BHCITHHUX
CHIJI;

2

Xp,Yp - KOOpIAMHATHI TOUYEK HA HENTPAJIbHOM JIMHUK.

VYpasuenne (17.3) mpeacraBisieTr coO0H ypasHeHnue HelmpanvbHol JUHUL, W3
KOTOPOTO BHIHO, YTO HEWTpalibHAsA JIMHUA HE TPOXOJWUT UYEpe3 ILECHTP THKECTH
CEUCHM.

YroObl TOCTPOWTH 3Ty TNPSAMYIO, TPOILIE BCETO BBIYMCIUTH OTPE3KH,

OTCEKaeMBbI€ €10 Ha OCAX KoopauHat. OG03HaYMM 5TH OTPE3KH X, UV, (puc.17.2).
UtoObl HANTH OTPE30K X,,, oTcekaeMblil Ha ocu OX, Hano B ypasHeruu (17.3)

NOJNIOXUTE X, =X, V, =0.
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X
A
X A
yVr y
A
y "
B
H.JL. 04
Op
Pucynox 17.2
Torpa noyunm
X, X
Ly
l' 2
Otkyna X, = - A
Yp

Awnanoruuno, nonarast Xy =0, y, =y, , Noaydum

(17.4)

(17.5)

W3 serpaxenuit (17.4) u (17.5) BuaHO, 4TO €Ciu V), W X, MOJIOXKUTEIBHBI, TO

OTPE3KHN X )41 6 AVT OTPHLIATCIBbHBI, TO €CTb HelmpaneHasa IUHUSL 6ce20d
H H >

pacnonoaxcena 6 Kea()paﬂme, NpomMu6oONOJA0NCHOM MOMY, 6 KOMOPOM HAXOOUMCS

MOYKd NPUTIOIHCEHUA gHeutHell CUbl.

Tenepp, NpoBOAA MapaIeIbHO HEWTPAIBHON JIMHUM KacaTeNIbHbIE K KOHTYPY
cedeHMs1, Halizem HamGonee HampsukeHHble Toukd A m B B pactaHyToil M cikaroii
30HAX CEUCHHS W TIOCTPOUM SIIOPY HOPMaJIbHBIX HAmpshkeHud O (cM. puc 17.2).

HaprDKeHI/IiI B 3TUX TOYKAX U YCJIOBHUA IMIPOYHOCTH UMCIOT BU

6 -6 :PL+ypyA+xpr <[G+].

A g, \F T
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6,=0 =P| —+ — <

B T TR,

(17.7)

Jlia momepeuHbIX CEYEHW C BBICTYNAIOUIMMH YIVIAMH, Y KOTOPBIX 00€
TJIABHBIC OCH WHEPIUH SBJIAIOTCA OCSMH CUMMETPHH (MPSAMOYTOJIBHUK, TBYTaBp H
Jp.), KOOPAMHATHL X, ) YTJIOBBIX TOUEK OJHOBPEMEHHO JOCTUTAIOT MAaKCHUMAJIbHBIX
sHauennid. [loraromy dopmysst (17.6) u (17.7) MokHO 3amucaTh B BUIE:

(17.8)

17.2 SAapo ceueHus

Heitrpanbnass nuHMst B 0OImIeM Cilydae MOXKET TPOXOAUTh Kak depes
HOIEPEUHOE CEUEHHE, TaK U BHE €ro. JIEHCTBUTENBHO, €ClM cuila P TpuiokeHa B
LeHTpe TmKecTH (X, =Y, = (), 710, cormacHo dopmynam (17.4) u (17.5),
HEWTpasbHAs JIMHHUSA TPOXOAMT B OCCKOHEUHOCTH, M HAMPSLKECHHS B 9TOM CIydae
pacmpeesieHbl 0 CEYCHUIO paBHOMEPHO. [1o Mepe yBeIMuYeHUs SKCIECHTPHCUTETA €
HelTpaibHas 0Ch OyJIeT MPUOIMKATHCSA K IEHTPY TKECTH ceueHus. KoHCTpyKTopy
JKeJIaTeJIbHO 3HATh 3apaHee, KaKOH AKCICHTPUCHTET NMPU BHIOPAHHOM THIIE CEUCHHS
MOJKHO JIOMYCTHTh, HE PHCKYS BBI3BaTh B CEUCHHM CTEPIKHS HAMPSOHKCHHH Pa3HBIX
3HAKOB. OJTO Ba)XHO 3HATh MPU KOHCTPYMPOBAHWUHU CTEPIKHEH W3 MaTEpUasoB, IO-
pasHoMy paboTalommx Ha pacTsDKeHHe | Ckathe. [IpeacraBisier WHTEpEC
YCTaHOBHMTH OOJNACTh TAaKUX YAANCHUH cuiabl P OT OcH, NPU KOTOPBIX SIIOpa
HOPMAJTbHBIX HAITPSKEHHUM 10 CEYEHHMIO OCTAETCS OJTHO3HAKOBOM.

Hopom ceuenus Hazwigaemcsi oO1ACMb GOKPYe YEHMPA MAICECMU CedeHus,
npunodxcenue cunel P enympu xomopoii evisvisaem 60 6cem NONEPeHHOM CeyeHuu
HANPAHCEHUS. OOHO20 3HAKA.

Jlns  mocTpoeHus Ajnpa CEUYEHUs HEOOXOAUMO 3aJ1aBaThCs  Pa3IMUHBIMU
MOJIOKEHUAMH ~ HEUTPaJIbHOH OCH M BBIYMCIIUTH  COOTBETCTBYIOIIHUE TOUYKH

NpHUIIOKEHUs CHIbl P 1o popMymam, BeITeKarommm u3 ypasaenuii (17.4) u (17.5):

i2 i;
Xy = =y Vp = - (17.9)
a, a,

BbIuncieHHbIE KOODAUHATBL X, V) ONPEIETIAIOT TOUKH, JIEKAIINE HA TPAHHULE
anpa ceuenus (puc.17.3).
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Pucynox 17.3

[Ipn moBopOTE HEWUTPAIIBHOW JMHUM BOKPYT HEKOTOPOW HEMOJBUIKHON TOUYKH
KOHTYpa CEUYEHHs TOYKa MNPUIIOKEHUSA CHIBl MEPEMELIAETCA BIOJb HEKOTOPOU
KPHBOM, TaK Kak X,, }, B X, ) CBA3aHbl JIMHEHHO (cM. puc.17.3, a). lna noctpoenus
AIpa CEYEHHUA KAKOTro-JIN0O0 MHOTOYTOJIbHUKA HEOOXOIMMO MPOBOJUThH KacaTelbHbIE,
COBMAJAIOIIMNE C €ro CropoHamu. Sapo ceueHusa Oyaer MOBTOPATH Gdopmy
norepeuHoro ceueHus (cM. puc.17.3, 0).

[TocTpouM SAAPO cedeHms s mpsiMoyroibHuka (puc.17.4) co croponamu b

1 /1.CoBMeCTHM BHauajie HEWTPAIbHYIO JIMHHUIO C OJHOM M3 CTOPOH IIPAMOYTOJIBHHKA
(monoxkenue [-1). [Ipu 3TOM KOOpAUHATH HEUTPAILHOW JIMHUW PABHBI

X :——; yH:OO’

I A I

v 2’ 10

|11
b

-
e

Pucynox 17.4
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d YUUTBIBAA, 4TO

2 Jy

_bh K oy p’hn b’

i =—=— i — =,
“F 12bh 12" 7 F 12bh 12
u3 popmyi (17.9) momyunm
2
Yp=0; x,= g 2=é (touka /).
12-b 6
CoBMecTHM Temeph HEWTPATBHYIO JIMHHIO C JPYTOH CTOPOHOH (ITOJIOKEHHE
[I-1T). KoopauHatel HERTPANIbHOM TUHUK B STOM TOJIOKEHUH PABHbI

. h
xH = OO, yH = E .
Torpa kKOOpAMHATHI TOUKH 2’ s ipa CeueHUA
, K2 h
P 12oh 6 TP

AHaJIOTUYHO OMPEaENsieM KOOPAUHATHI TOUeK 3’ 1 4.

Tak kak nmpu nepexoae HEUTPATbHON JIMHAKA C OJTHON CTOPOHBI HAa JIPYTYIO OHA
MOBOPAYMBAECTCA BOKPYT YIVIOBOM TOYKM CE€UYEHHA, TO TOYKA NPHIOKEHUS CHIIBI
nepeMeIaerca no npsamMou, oOpasys KOHTyp saapa. Takum oOpaszoMm, s0po ceuenuis
NPAMOYroJibHUKA OyAeT pomO0oM C AWATOHAJIAMHM, PaBHBIMH OJHOW TpPETH
COOTBETCTBYIOIIECH CTOPOHBI CEUEHHS.

[locTpoum siapo mis kpyrJioro ceuenus (puc.17.5)

Pucynox 17.5
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B kpyre Bce ueHTpanmbHble OCH — TiaBHbie. [loaTOMy npu kacaHum
HelTpanbHOM uHuK /-] B m00O0# Touke OKPYy»KHOCTH Touka [~ sajapa ceyeHns Oyaer
JIS)KaTh Ha TOM K€ JUAMETPE C MPOTUBOIMOJIONKHONW CTOPOHBI OTHOCUTEBHO LIEHTpa
TSKECTH.

[TonoxeHnre HEUTPAJILHON JIMHUU ONPEICIISIETCA KOOPANHATAMM:

x,=—R;, y,=0o.
Torpa koopauHaTel ToUuku 1’ sapa:

md®-4-2 d
Xp = y

64-7d"-d 8
y,=0.

Takum o6pa3oM, ouepTaHue sAapa — Kpyr paadyca d / 8 wm R/ 4.

PaccMOTpUM npuMep HarpyKeHUs CTEPKHS BHELEHTPEHHO IPHIIOKEHHOM
cunoit. Onpenenum Hanpsokenus B toukax A, B, C u D crepikHsa HarpyxeHHOM
cunoit P=400 kH (puc.17.6). Pasmepsl ceuenns (B CAHTUMETPAX) JaHbI HA PHCYHKE.
OnpenenuTs Takke NOJOKEHNE HEUTPATIbHOMN JIMHUH.

2 400KH@@ O, OxOuO
NOM, DM, N OM, DM,
12 cem /I / X C

My/
AN x, A

\ ]\\1 x
N \\D
ONMCIACIRICIMCIVASIYS

=

Pucynox 17.6

Hanpsoxenus npu pactsokennu (cxxatur) omnpeaensercs no ¢opmyse (17.1):

N M, My
0= y+
F J, Jy
WK c=P — ypy—l— P x
I, ue
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1 OnpenenymM MOMEHTHI HHEPIIAX TTOTICPEYHOTO CEUCHUA.

3 3
20-12 12-20 _ 8000 cn”

Jy = =2880cn’, J, =

2 PaccmoTtpuMm JelcTBHE CuIlbl P Ha KaayrO yIJIOBYIO TOUKY CEYEHMs M

paccTaBUM 3HAKH OT/EJBHBIX ClIaraeMbIX BhIpaxkeHus G (cMm puc.17.6, 6).
3 Omnpenenum nHanpssxenus B toukax A, B, C u D, yuureiBas 3naku
cootsercTBytommx Hanpsukenni (N, My, My):

_400.10'3[ i +4-10'2-6-10'2+5-10'2-]0-]0'2]

(¢} = = =
4 0 240-107  2800-107° 8000- 107
-3
= %(— 0,00416 +0,00857 +0,00625) = 42,64 MIla;
400-107 1 4.107-6-107° 5-107°-10-107
Op= e i 5T = |~
10 240-10 2800-10 8000-10
-3
= % (—0,00416—0,00857 +0,00625) = —25,92 MI1a;
400-107° 1 4-107-6-107° 5-107-10-107°
O¢ = = | = 3 8 -
10 24010 280010 800010
-3
= %(— 0,00416 - 0,00857 — 0,00625) = —75.92 MMIla
400-107 1 4107 -6-107° 5-107-10-107°
°p = e i 5 s T
10 240-10 280010 8000-10
-3
= %(— 0,00416 + 0,00857 - 0,0625)=~7,36 MMIla

4 OnpenensieM TOJIOKCHAEC HEUTPATBHOHN JIMHUH:
.2
! J 8000
xH:_L:_ 4 = — :—6,660]‘4,.
X F-x, 240-5

P
.2

yH:_li:_ I =- 2550 =-3,0 cm.
Yp F-y, 240-4

[Tokakem moJioKeHUE HEUTPATBHOW JIMHUM HA ceueHnH (cM. puc.17.6, 0).
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18 CJIOKHOE COITPOTUBJIEHUE (npoaoskenue)

18.1 U3rud ¢ kpy4yeHueM KpyrJjbiX BajioB

IIpy pacCMOTPEHHH KPYYEHHS TPEIIIONATaIoCh, YTO B MONEPEUHBIX CEUEHHSX
KPYIJIOrO CTEPIKHS BO3HMKAET TOJILKO KPYTAIIMi MOMeHT. OIHAKO TaKUe JeTaln
MalIKH, KaK BaJbl, PEAKO pabOTalOT HAa YMCTOE KpydeHue. Jlaxke mpsAMOii Baa npu
pabote m3rudaercss COOCTBEHHBIM BECOM, BECOM IIIKUBOB, HATSHKEHUEM PEMHEH M T.I.
Taxum 006pazom, OOJIBITMHCTBO CKPYYHBAEMBIX 3JIEMEHTOB MAIlIMH Pad0TalOT Ha
COBMECTHOE JIEMCTBUE U3rkuba U KPyUYeHHs.

[lpu neiictBuM W3ruba M KPYYEHUS B MONEPEYHBIX CEUEHUAX Bajla BO3HMKAET
ISTh BHYTPEHHUX CHUIIOBBIX (DAKTOPOB: KpyTsammid momeHt M, wusrubaromue
momentsl M, u M, monepeunsie cuist Oy u Q).

Takum 00pazoMm, B JO00OM MONEPEYHOM CEUEHHH OJHOBPEMEHHO BO3HHKAKOT
HOpMaJIbHbIE HAMPSKEHUS OT M3ru0a B JBYX ILUIOCKOCTAX, @ TAKKE KacaTesbHbIE
HaNpsKEHUs: OT M3ruba U KpydeHus. JIs pacuera Bajga B MEPBYIO OYEPEIb JOJIKHBI
GBITH TIOCTPOCHBI MIOPbI H3rubdarorux Mmomentos My, M, u kpyrautero M,,=M;. Jlna
3TOrO HArpy3KW, JEHCTBYIOIIME HA Bajl, PACKIAIbIBAEM HA COCTABJIAIOLIME BIOJIb
KOOPJMHATHBIX OCEH, a 3aTe€M CTPOUM SIIFOPBI:

— m3rufaroImX MOMEHTOB OTHOCHTEIBHO BepTHKagpHOW ocu (M)) ot
TOPU30HTANIBHBIX MoK Py, Poy, ..., Py

— W3rubaroIMX MOMEHTOB OTHOCHTEJIBHO TOPH3OHTANbHOM och (M) or
BEPTUKAJIBHBIX poekumii Py, Py, ..., Py

— KkpyTammx MoMeHToB (Mp).

Paccmotpum pacder Bana Ha mpumepe (puc.18.1).

PaznoxuM Harpy3ku Ha TOPU3OHTAITBHBIC M BEPTHKATBHBIC TUIOCKOCTH M CTPOUM
smopbl w3rubaomux MomentoB M, u M, (em. puc.18.1, 2 u ¢). UMest 5TH Smopsl,
MOXKEM JUIS KaKIOro CeYeHUd Baja HAWTH IOJIHBIM M3rubarommii MOMEHT M.
(em.puc.18.1, o). Kak reOMETPUIECKYIO CYMMY O0€HMX COCTABIISIOIIAX

2 2
M, = M7+ M3

Jlna kaxxaoro ceueHuss Mbl OyleM HMETh CBOIO IUIOCKOCTh M3THOAIONIETO
MOMEHTA, HO TaK KaK BaJl UMEET KPYTJIOE MOMEPEYHOE CEUECHHE, Y KOTOPOIO MOMEHTHI
COTIPOTHBJICHUS OTHOCHUTEIIBHO BCEX IEHTPAIBHBIX OCEH OJMHAKOBBI, TO O€3 BIUSHUS
Ha PE3yJIbTaThl paciye€Ta Mbl MOXEM COBMECTUTH IUIOCKOCTH M3rHOAIOIMNX MOMEHTOB
IS OCeH CEUEHWHM M IOCTPOMTH CyMMapHyl smopy M. pacnomaras ee B
MJIOCKOCTH YepTexka. Tak Kak CyMMapHbI MOMEHT B Pa3HBIX CEUEHUAX MOXKET UMETh
pa3HbI€ HAIPABIICHMS, TO JAa)KE€ NMPU OTCYTCTBUM PACIPENCIICHHBIX HArpy30K 3MIOpa
M,,;, MOXKeT GBITH KPUBOJIMHEHHOM.
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| | D
I Z 3
MKp 3

Pucynox 18.1

Jlnsa obwiero ciydas 3TO JIETKO MOKa3aTh aHanmutmuecku. Ilycts M =a+bz,
M,=c+dz (rne a, b, ¢ nd - nocrosunsie ko3 duLHEHTE).

Torma M, =|MZ2+M? = |(a+bz)’ +(c+d:)’.
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Beipakenue, crosiiee moj paadKaioM, JIIb B HEKOTOPBIX CIy4asx ABIACTCA
kBaapaTtoM (Hanpumep, npu c=d=(), a B OGONBHIMHCTBE CJIy4aeB >IIOpa
KPUBOIMHENHA. BenuuuHbl u3rubaromero MoMeHTa My, BBIYHCISIOT ML IS
CeueHUH, B KOTOPHIX Ha smopax M, n M, umerorcs nepenombl. DTH BEIHYUHBL
OTKJIAJBIBAIOT 10 OJHY CTOPOHY W COCIWHSIOT BOTHYTOH mapaboioit (cm. puc.18.1,
oic). Jlanee cTpOMM 3MOPY KPyTAIMX MOMeHTOB M., (cM. prc.18.1, 3) n oThICKHBaEM
OTACHBIE CEYCHHUs, COUCTAIONINE OTHOCHTENbHBIH dKcTpeMyM M,;, u M, Onacubivu
MOryT ObITh ceueHuda 1, 2 u 3. Tenepp B ONaCHOM CEYEHWUM MOTYT OBITh HAMJECHBI
omnacHble Toukd. OYEBMIHO, OMAacHBIMU MOTYT ObITh ToukH A u B (puc.18.2) (Touku,
Hanbosiee ymalIecHHbIC OT HEWTPAJbHON JIMHWMW, TOJIOKEHHE KOTOPHIX JIETKO HaWTH,
T.K. () =(, a HeUTpaJbHas JINHUA /1-¥ IEPIEHUKYJIAPHA CUIOBOM JIMHUM).

Pucynox 18.2

Ctpoum >1mopsl 0;, OT U3rudaroIero MOMEeHTa, KOTOPhIE MEHSFOTCS

HPONOPLUOHAILHO PACCTOAHHIO TOUEK OT HeMTpanbHoi muaun. B Toukax A u B
HOPMaJTbHBIC HAMPSDKEHUA OT M3rM0a M KacaTelIbHBIC OT KPYUSHHUS UMEIOT

OJTHOBPEMEHHO HAUOOJbIITNE 3HAUCHUS (T OT M3ruda B 3TUX TOUKAX PaBHBI HYIIO H

BoOOIE T, <<Ty,).
2 2
M uze \ Mx i MJ/

o) = = ,
e WOC WOC
T = —M a'd
xp 7% :
p

Beigenum snmemeHTapHyro wacTtuily marepuana (puc.18.3) B okpecTHOCTH
HauboJIee OMACHOM TOYKK (HapuMep, B OKPECTHOCTH TOUKH B ).

Ilo YCTBIPEM I'PaHAM ﬂeﬁCTBy}OT KaCaTCIbHBIC HAIIPAXKCHUA, 4 K IBYM H3 HUX
MPUJIOKEHBl HOPMAJIbHBIE HAMPSKCHUA, OCTAJbHBIC [IBE TPAHU COBEPIICHHO
cBOOOAHBI OT HampsbkeHuid. Takum oOpa3om, mpH WU3rHOE ¢ KPYUEHHUEM 3JIEMEHT B
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OTIACHOM TOYKE HAXOAUTCS B IUIOCKOM HAINpPsSOKEHHOM COCTOSHWHM, KaK W B
m3rudbaeMoM Opyce.

Pucynok 18.3

[losToMy 31ech TJaBHBIE HANpPSHKEHUS HAAO ONPEACNATh MO TEM  JKe
dbopmyiiam, 9To U Ipu U3rUdE:

! o+o’ +41'2], 03 :é[ o’ +412].

O']ZE

Paznunia mexay dhopMynamu s MOMepeyHOro u3ruda u u3ruda ¢ KpyueHHuem
JIMIIb B TOM, YTO B TOCJCIHEM CJIy4a€ KAcaTeJIbHbIC HAIPSXKCHUS BBI3BIBAKOTCS
KPyTAIIMM MOMEHTOM, a TpHW W3rude — momepedHou cuion. Jlma mpoBepku
NPOYHOCTH BaJla MBI JOJDKHBI OMPEACIIUTh HSKBUBAJICHTHBIE (TMPUBEICHHBIC)
HANPSDKCHUST TO COOTBETCTBYIOIIEH TEOPUM TMPOYHOCTH MW CPABHUTh MUX C
JIONTyCKaeMBbIMHU. B CBsI3W ¢ TeM, UTO BaJIbl OOBIYHO M3TOTABIMBAIOTCS M3 TUTACTHYHBIX
MaTEPUAIIOB, MOYKHO HCIIOJIb30BaTh TPETHIO U YETBEPTYIO TEOPUU MPOUYHOCTH:

a1 _ / 2 2 ,
Oske =\ Ouse + 4TKp < [G]v
v _ / 2 2
O sk =\ Ouse + 3TKp < [O-]

3aMeHUM HaNMpPsUKEHUs O U Ty, Y€PE3 M3ruOAIOIIUK M KDY TAIMA MOMEHTHI

(18.1)

_ Mu32 . _ MKP _ MKP
Qwe = = T Ty T Gy
oc p oc
HOHCT&BI/IB HUX B TeOpI/II/I IIPOYHOCTH, ITOJIYUYHUM I10 TpeTbeﬁ TeopI/II/I IIPOYHOCTH.
2 2
M M,
i uze + 4 P < [ O'].

29K8

We — (2W,)
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2 2
Visi \/ M use T M Kp
o —

Orkyna . <lo] (18.2)
W()C
[lo yeTBepTO¥i TEOPHUHU MPOYHOCTH (IHEPTETUIECKOM )
2 M?
1w _ M. Kkp
Osxe = + < [0]

We — (2W,)

M2 +0,75M7,
<|o] (18.3)
Woe
@®opmynel (17.2) u (17.3) mo cBoe# CTPYKTYype COBEPILIEHHO COBMAAAIOT C
dbopmynamu (17.1), mosTomy mpoBepka MPOYHOCTH KPYTJIOTO Bajia HA COBMECTHOE
JIEHCTBUE KPYUEHUS U M3rnba MOKeT OBITh 3aMMCaHa B BUIC

w
WA Osre =

(18.4)

rac NMpuBCACHHBIC MOMCHTBI, SKBHUBAJICHTHBIC I[GflCTBHIO TPEX MOMCHTOB, PABHBI

m 2 2 2 2 2
M = M2, + M2, = [M? + M+ M, (18.5)

i MY = IMZ2, +0.75M2, = M2+ M2+ M7, (18.6)
UmMest yCIIoBHE MPOYHOCTH, MOXKHO OCYIIECTBIATh HPOCKMUPOSOUHbIT PACHen
Mn
. W, =—=.
WM TIO00p CEYSHHS Bala: oc [U]
3
nd
TTockonbKy W, = =0,1d°,
3r
M
HoJy4aeM d>3—2L
0,1[c]

Pacuerbl Ha mNDpPoYHOCTH M KeCTKOCTb. [l0 YCIOBHIO TIPOYHOCTH,
HamOOobIlIee KacaTelIbHOE HANPSIKEHUE HE JOJKHO MPEBBIIIATh T0MYCKaeMoro, T.€.

M
T 7 < [r]

max =
Wo
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Otcioma mpy M3BECTHOM KPYTAILIEM MOMEHTE M JOMYCKAEMOM HaMNpPsHKEHUH
MOXHO OINPEACTIUTh HEOOXOAUMbIHA MOMEHT COINPOTHUBJIEHUA CEUYCHMS, a 3aTeM U
HEOOXOAUMBIA paauyc WIM JOUaMETp Baja, T.€. BBIMOJHUTh MPOCKTHPOBOUYHBIN

M np
pacuer: Wp 2 W e [r] =(0,5 +0,6) [0'].
JUIs CIJIOLIHOTO CEYEHUs] Wp =02D°.

Otkyna

d

I[JI?I IIoJIOr0 Bajla HaaO0 IIOMHHTBL, YTO, 3a4aBasiCb OTHOLICHHCM 5: a

D3

7(1—(14):0,2D3(1—a4)..

(puc.18.4), momyyaem Wp =

Pucynox 18.4

My,

7
0,2[t](1-a")
[To ycnoBuIO ’KeCTKOCTH MaKCHUMAJIbHbBIN OTHOCHTENBbHBIN (a0COMIOTHBIHN) Yron
M

np
3AKPYUHBAHKA HE TOJIKEH TPEBBIIAT TOMYCKAGMOTO, T.e..  Oppay = Gl < [9 ]
P

OKOHYATENBHO: D >3

M

OTI(YI[a 1 p > G[’;p].

[TOCKONBKY /1jIs1 CIUIOLIHBIX KPYIJIBIX ceueHui [ p = 0,1D* , 10 D>4

0,1[0]G"
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[Tpunoxenue A

CTPYKTYPA DK3AMEHAILIMOHHbBIX BUWIETOB U JIbI'OTbI

OK3aMEeHAIIHOHHEIC OHIEeTHI IO JUCITHUITTTHHC <<C01'[p0TI/IBJ'[CHI/IC MaTcpUuaioB»
COoACPpKAT CCMb SaHaHHﬁ, KOTOPBIC OLCHUBAKOTCA CIICAYOIIHUMHA Oaamu:

TEOPETHYECKUH Bompoc - 26 Oaios

3agada Nel - 40 GamnoB
3amadya Ne2 - 20 GamnoB
MUKpoBompoc 1 - 3,5 Oanna
MHUKpPOBOIIPOC 2 - 3,5 Ganna
MHKPOBOIIPOC 3 - 3,5 Gamna
MHKPOBOITPOC 4 - 3,5 Gamna

Bcero: 100 Gamnos

Cormacao mpuaiATOW B JITMA cHCTEME OIICHKH Pe3ybTaTOB 3K3aMEHOB CTYJIEHT
MOJTYYAET CIIeTYONIHE OLIEHKH:

«OTIHYHO 3a 90...100 6aIoB,

«XOPOLIO» 3a75...89 Oannos,

«yAOBIETBOPUTENbHO» 3a 55...74 0Oannos.

Kpome 3Toro, Ha kadeape TeXHHUUECKOH MEXaHHMKH IMPETyCMOTPEHBI CIEAyIOIINE
J1b20mpl TIPU CJA4€ SK3aMEHa U CTYJEHTOB, KOTOpbIE B TE€YEHHE ceMecTpa padoTanu
IJJAHOMEPHO, BOBPEMS M MPABWJIBHO BBIMOMHAIM M 3amumand PI'P u ¢ mepBoil monbITKH
peLIay 33/1a91 KOHTPOJIBHBIX PadoT:

- Ipu peUTHHTe 4,5 W BBIIIE — BHICTABIIACTCS OLICHKA « OMIUYHO» 0€3 Claud SK3aMeHa
(“aBTOMaTOM”);

- nipu pedtunre 4,0...4,4, N0 KENaHUIO CTYACHTA, BBICTABIACTCS JK3aMECHALIMOHHAS
OILIEHKA «XOPOII0» 0€3 clavm dK3aMeHa (“aBTOMAaTOM ), €CJIH K€ CTYJCHT HJET Ha 3K3aMCH,
TO OH 0CBOOOKIaeTcs oT BbimoHeHus 40...50 % 3amaHuii 0 YK3aMEHAMOHHOMY OHIIETY C
324€TOM €My MaKCHMAIIbHBIX OAJUIOB 110 33IaHHAM, OT KOTOPBIX CTYJECHT ObIIT OCBOOOK/IEH;

- mpu pedtuare 3,0...3,9 crymeHTt ocBoOoxkmaercs oT 20...25 % 3amaHus
9K3aMEHALIMOHHOTO OWJIeTa C 3a4eTOM €My MAaKCHUMAaJbHBIX OalioB IO 3aJaHUAM, OT
KOTOPBIX OH OBIT OCBOOOK/ICH;

- €CITM HK3aMEHAMOHHAA OLIEHKA, ompeaeseMas B 0amiax or 0 10 5 ¢ TOYHOCTBIO 110
0,1, HXKE, YeM UTOTOBBIN PEUTHHT, TO MO 3THM JIBYM MOKA3aTEJIAM OMPEACIIACTCS CPEIHAT
apudmMeTHIecKas OLEHKA, KOTOPas M BHICTABIETCSA B IK3aMEHAIMOHHYIO BEIOMOCTb.

Ha sk3amMeH BBIHECEHBI 8C€ 60NPOCH! TAHHOTO KOHCIIEKTA, TIEPEeYeHb KOTOPBIX
NPHBE/ICH B COJCPKAHUH.

3aoaua Nel Bo Bcex OHiieTax UMEET OAWHAKOBOE conepskanue: «[[ocTpOUTD SMOPHI
N, O u M u nonoGpath cedenre paMbl U3 yCIOBHS IPOYHOCTH HA U3THO».

[Mepevenn 3a0au Ne2 npuseneH B npunosxcenuu b.

[MepeveHp MUKPOBONPOCOE TIPUBEIEH B NPULONCEHUL B.
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[Ipunoxenune b

THUIIbI DK3AMEHAIMOHHBIX 3AJTAY Ne 2

OnpenenuTes NepeMeIeHHE T. A, €clu
E =2%10° MIIa, F = 10 cm?

EF

Onpenenuts HauOOobIIEE HAMIPSIKEHUE

Omax Y MIOJTHOE YIJIMHEHUE CTEPKHS,

eci E = 2%10° MITa, F = 15 cm?

2F
F
2
B -1 BT/
[
[
2
b . a c

OnpenenuTh KacaTeabHOE HANPSIKEHUE
B Touke K (T ) mpu Q =80 kH

4 cm
K
8 cm
L4 o 12em 4 | —

Onpenenute HauOOJbLIEE HOPMATIBHOE

HanpsixeHue Omax pu M =40 kH-™m

6 cm

14 cm

pﬂc

Onpenenuts HauOObIIIEE KacaTEIbHOE

Hanpsikenue Tymax tpu Q =50 kH

24 cm

L1V

4 cm

20 cm

OnpeaenuTs HOPMAIPHOE HAMIPSIKECHUE
Ok mpu M = 60 xkH-m.
30 cm

>
-

=

K
24 cm
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[Ipunoxenue B

MUKPOBOITPOCHI
AJISI TOATOTOBKH K JK3aMEHY

Tema « Ocnosnvle nOHAMUS CONPOMUBIEHUA MAMEPUATIOE »

1 YUro usyuaer Hayka « COpOTUBIIEHHUE MaTEPHATIOBY?

2 Uro Ha3bIBAETCs MPOYHOCTHIO, YKECTKOCTBIO U YCTOMUUBOCTEIO?

3 Uro Takoe pacuerHas cxema?

4 Yt0 Takoe CTEP’KEHb U €r0 OCh, INIACTHHKA, 000109Ka?

5 Yro mpexncrasnseT coOOi MOHATHE «CIUIOIIHAS CPela» U KaKOBBI €€ CBONCTBA?

6 Kaxue neopmaunu HasbiBaroTest ynpyrumu? [InactuasbiMu?

7 Kakne mMaTepuaiibl Ha3bIBAIOTCS AaHU3OTPOIIHBIMHU?

8 B uem 3axiovaeTcss METON CeUeHn !

9 B gem 3akimodaercs runote3a bepHysumm (runoresa mockux ceueHui)?

10 Kak HanpasieHa, Kak 0003HA4YaeTCst U Kakoi BuA AeOopMaliii BbI3bIBAET:
a) npozposbHas cuia? 0) momnepevnas cuia? B) u3rubarouuii MOMEHT?
T) KPYTSILIHA MOMEHT?

11 B gem 3axirouaercss IPUHLINI CYTIEPIO3UINAN?

12 Ymo npedcmagasiem coboi, ymo xapakmepuzyen 1 RO KAxoil hopmyne Guivucaaemcsi:
a) npeden nponopyuonarsHocmu? 6) npeden ynpyeocmu? 6) npeden meepoocmu?
2) npeoden NPOYHOCHIU U GPEMEHHOE CONPOMUGNenUe?

13 Kaxue 1 CKOJIbKO BHYTPEHHUX YCUJIMM BO3HUKAET B CTEPIKHE IIPU €ro Harpy KeHUU:
a) B mpoctpancTee? 0) B IUIOCKOCTH?

14 Yemy paBHa U KaK ONpPEIENsIeTCs B CEUEHUU!

a) mpomosibHas cuna? 6) monepeydHas cua?
B) U3rHOAIOIINI MOMEHT? T) KPYTSIIUHA MOMEHT?

Tema « Pacmsioicenue-cocamue »

15 Uemy paBHa MpOAOBbHASI CHUJIA B CEYEHUN CTEPIKHS?

16 Uro Ha3bIBaeTcs pacTsikeHueM (coxkatuem)?

17 Yro nazwiBaercs smopoii? Kak crpourcs smopa npoAoIbHBIX CHIT?

18 Kak onpenensiercs 3HaK IPOJOJIBHOM CHUJIBI B CEUEHUU?

19 Uto Takoe abCONMOTHOE YIIMHEHHE? OTHOCUTEIbHOE?

20 Kaxoii Bua numeet 3akoH ['yka npu pacTsikeHUH (CKaTHN):

a) uis abcomoTHOM nedopmarun?
0) U1 OTHOCUTENBHOH nedopmarivm?

21 Yro Takoe MOAYJIb YIPYrOCTH MEPBOTO POJA U YEMY OH PaBEH AJIs CTaIu?

22 Kak cBsi3aHbI MKy COOOM MpOAObHAs U monepedHas AeopMaluu CTepPIKHs?

23 Yro xapakrepusyer koadurment I[lyaccona? Uemy oH paBeH i cTanu?

24 Kak pacnpenesstoTcsl HOpMaJIbHbIe HAITPSPKEHUS! 110 CEYCHUIO CTEPXKHS IPU PACTSKEHUHU -
CKaTUU U KaK OHU ONPEAEISIFOTCS?

25 YeMy paBHA KECTKOCTb IPU PACTKEHUU-COKATUN?

26 Urto Takoe MOMyCcKaeMOe HampsDKeHHE W Kak OHO BulOupaercs: (ompenensiercs)? YKakure
(bu3HHUecKui CMBICH U Pa3MEPHOCTH BXOAAIINX B (POPMYITY BEIHUHH.

27 Kaxoii BUi UMeeT [uarpaMmma pacTsDKEHHs U MalOyTIIepOIUCTO cTanu?

28 Uro Takoe ympyras 1 ractudeckas nepopmaris’?

29 Kak nmo guarpaMMe pacTsDKEHHs] ONPENEIUTh YIPYIYI0 U IUIACTHUECKYIO COCTABJISIOLINE
nehopmarmu?
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30 Yro Takoe cratudecku HeomnpeneanmMble 3anadn’? Kak onpenensercs CTeneHb CTaTHIECKOH
HEOIPeaeIuMOCTH?
31 B uem 3akr04aeTcs Npu pacyeTax CTaTUYECKH HEONPEAETUMBIX CUCTEM CMBICI:
a) CTaTHYECKOM CTOPOHBI 3a1a4n? 0) TeOMETPHUUECKOM CTOPOHBI 3aa4n?
B) (pruznyeckoil CTOpOHHI 3a1a4n?
32 Kak npou3BOJUTCS y4€T HETOYHOCTH HM3IOTOBJIEHHUS AeTaliell MpU pacdeTrax CTaTHYecKU
HEOTIPEeNIeTNMBIX CHCTEM?
33 Kak nmpou3BOAUTCS y4eT BIUSHUS TEMIEpaTyphl HA YCUIIMS M HANPSKEHHs B CTATHUECKH
HeoIpesieNUMbIX CHCTEMax”?

Tema «Hszeub. Ilocmpoenue sniop. Pacuemst Ha npouHocms »

34 Yto HaswbiBaeTcsa msrubom? Kakue Bumbl m3rubos OviBaroT? Kakoit m3ru® HasbiBaeTcs
YUCTBIM?

35 Yro nasbiBaetcst Oankoii? KoHcomnbro?

36 Kakue BHyTpeHHHE YCIIIHS BO3HUKAIOT B Oanke nmpu u3rude?

37 Uemy paBHa nomnepevHas cuna B ceueHnn’ [Ipasuio 3HaKoB.

38 Uemy paBeH U3rudar0Iuii MOMEHT B TIONIEPeYHOM ceueHnn? [IpaBuiIo 3HAKOB.

39 Uro takoe xapaktepHble ceueHus? Kak onu BbiOHparoTcs?

40 Kakosbl nu¢epeHunanbHele 3aBUCHMOCTA Mexay ¢, Q m M mpu msrude? Kak onu
UCIIOJIb3YIOTCSI TP MOCTPOEHUH 3MMI0p?

41 KakoBbl ocobeHHocTH TmocTpoeHus: smwop Q w M Ha yyacTkax, A€ HMeEeTcs
pacripeniesieHHas Harpyska q?

42 KakoBbl ocoOeHHOCTH moOCTpoeHusi smop Q u M B TOYKAX MPHIIOKEHUS
COCPEIOTOYEHHBIX:

a) cun? ©) MOMEHTOB?

43 Ilpu xakux ycnoBusAx Ha smope M Bo3HHKaeT skcTpemyM? Kak oH onpenensercs?

44 B xakux ciydasx 3Iopa u3rudaromux MoMeHToB M: a) yobiBaet? 6) Bo3pacraer?

45 Kak nokasaTh, YTO MOTePeYHOe CeueHHe MPH YUCTOM U3rHOe OCTAeTCs TIOCKUM?

46 Yto Ha3pIBaeTCA HENTPANBLHBIM CI0EM? HEHTPANBHON TNHNEH?

47 Ot 4ero 3aBUCHUT pauyc KPUBHU3HBI HEUTPAJILHOTO CJI0s?

48 Yemy paBHA JKECTKOCTh MPHU U3ruode?

49 Kak ompenesstoTcsi HoOpMalibHble HampspkeHus: mpu u3rube? Kakol BHI UMEIOT 3MIOPBI
HOPMAJIbHBIX HANPsDKEHUI?

50 B kakux TOYKax CEYeHHUs HOPMAJIbHBbIE HANpsKEHHUs PaBHbI HYJIO? MaKCHMAJbHbBI?
ITouemy?

51 Kak onpenensioTest KacaTebHble HanpsokeHust npu usrude (popmyna XKypasckoro)?

52 Kakoil BUI UMEIOT 3IMIOPHI KacaTebHbIX HanpspkeHni npu u3rubde? [lpusennte npumepel.

52 B xakux TOYKax KacaTeJbHbIE HAMPSKEHHS paBHBI HyIII0? MakcuMaibHbl? [Touemy?

54 H3o0pasute >MIOPY U3MEHEHHs KacaTeJbHbIX HAIMpPSOKEHUIH 10 BBICOTE MOMEPEUHOro
CEUEeHHUs TABPOBOI OaKu.

55 H3o0pasure >mOpy U3MEHEHMs KacaTebHbIX HAIPSDKEHUI 110 BBICOTE IIONEPEuHOrO
CeYeHUs IByTaBPOBOI OaJKH.

56 Kakue ceueHus sSBISIFOTCS] palMOHANbHBIMU npH u3rude? [louemy?

57 3anumure ycioBUE NPOYHOCTH NpHU U3rude 1 Oajkid NPOM3BOJBHOTO IOIEPEUHOrO
CEUeHUsI.

58 3anuiuTe yclnoBHE MPOYHOCTH MPH HU3rHOe i OAKH CUMMETPUYHOTO MPOU3BOJILHOTO
CeUeHUs.

59 Kakoe ceueHue Ha3bIBAeTCsl OTIACHBIM?
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Tema “Hanpsiocennoe cocmosinue 6 mouxe”

60 YUto Ha3bIBaeTCS HANPSDKEHHBIM COCTOSHUEM B TOuke? BUabl HAaNPsA)KEHHBIX COCTOSTHUH.

61 Kakue muomanku M HamnpsDkeHHs HasbiBaroTcsl riaBHbiMHM? Kak ompenensiercst yrois
HAKJIOHA TJIABHOH MoImaaku?

62 Kaxk onpeneisoTcsl HaNpshKeHHs Ha HAKIOHHBIX IIOINAJKAX MPU PacTsLKEHUU?

63 Kak onpenesnsiroTcsi HANpPsDKEHUS HA HAKIIOHHBIX TUIOIAAKAX MPHU TNIOCKOM HAIPSKEHHOM
COCTOAHUU?

64 3anumute 06001meHHbIH 3ak0oH ['yka.

65 CopmynupyiiTe 3aKOH MAPHOCTH KAaCATEIbHBIX HAMPSIKEHHH.

66 Uemy paBHa CyMMa HOPMAJIbHBIX HANpsDHKEHUH, AEHCTBYIOIIMX Ha JABYX B3aUMHO
MEePIeHANKYIIPHBIX IUIOMAnKax B 000N Touke Tema?

67 Coopmynupyiire ycmosust npousoctu no I u II Teopusim npouHoctu. MIX npuMeHeHHe U
HEJIOCTAaTKH.

68 Copmynupyiite ycnosusi npounoctd o 111 u IV teopusim nmpounoctd. X IpuMeHeHUE U
HEJIOCTATKH.

Tema «FeOMempuquKue Xapakmepucmurku niloCKux ceyenun »

69 Chopmynupyiite u 3anummure GOPMYIIbI A1 HAXOKISHUS:
a) CTATHYECKUX MOMEHTOB TIOIIEPEIHOTO CEUCHHS
0) oceBbIX MOMEHTOB HHEPLHHU MOMEePEUHOr0 CeUeHNS,
B) NMOJSIPHOTO U LEHTPOOESIKHOTO MOMEHTOB HHEPIIMHU MOMEPEYHOTO CEUCHHS.
70 Yemy paBHBI OCEeBble MOMEHTbl HHEpLUMH: a) OPsIMOYrojbHHKA? 0) TpeyroipHuKa?
B) Kpyra? I) koJjbLa?
71 Ykaxkure 3aBUCUMOCTH MEXKAYy MOMEHTaMH UHEPLHU OTHOCHTEBHO OCeil, mapasjenbHbIX
LEeHTpaIbHbIM. Kak OnpenensroTcss MOMEHTB! HHEPIUY JUISI CIIOJKHOTO MOIIEPETHOTO CEIEeHHs?
72 YxaxxnuTe 3aBUCUMOCTD MEKAY MOMEHTaMH WHEPLIUH MPH MOBOPOTE OCEH.
73 Kaxue ocu Ha3bIBaroTCs r1aBHeIME? LleHTpanbHbIME?
74 JIns kakux oceil 1eHTpoOeKHbIE MOMEHTBI HHEPLIMH BCeraa paBHb! Hyro? [Toyemy?
75 Kak onpenensiercs OJI0KEHHE LIEHTPA TAKECTH CJIOJKHOIO MONEPEUHOro CeueHus?
76 Uemy paBHa Cymma OCeBBIX MOMEHTOB uxepuun (J, +.J,) OTHOCHTENBHO JBYX JIOOBIX

B3alMHO IEPIeHANKYIIPHBIX oceli? Jlokaxure 3T0.
77 Kax onpenenuTs yroj, Ha KOTOPbIH HeoOXOOUMO MOBEPHYTh LEHTPAIbHBIE OCH, UTOOBI
OHU CTaJIM TJIaBHBIMU?
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