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BBEJAEHUE

B kypce mucuunmimsbl «CTpoUTENbHAs MEXaHHMKa» pacCMaTpUBAIOT TUIIMYHBIE 3JIEMEHTBI
KOHCTPYKUUH: Opyc, IUIaCTUHKA, 000j0uyka. BHelrHue Harpysku, OEHCTBYIOIIME Ha 3JIEMEHTHI
COOPYXXEHMM, TMOAPA3JEISIIOT Ha COCPENOTOYEHHBIE U  PACIpENEICHHbIE, CTAaTUYECKUE U
nuHamuueckue. Bece peanbHble CHIIBI - 3TO CHJIBI, paclpesesieHHble M0 HEKOTOPOH IUIOMIaau UiIu
o0beMy. OHaKO pachpeesICHHY0 Harpy3Ky Ha HeOOJbIIOW IJIOLIAId, pa3Mepbl KOTOPOil OYeHb
MaJlbl 10 CPAaBHEHUIO C pa3MepaMH BCEro 3JEMEHTa, MOXHO 3aMEHHUTh COCPEIOTOYEHHOM
pPaBHOJICHCTBYIOIIEH, CUIIONW, YTO YNPOCTUT pacueT. PacrpeneneHHble Harpy3KH UMEIOT €IUHHIIBI
CHWJIbI, OTHECEHHOM K €IMHULIE JJIMHBI, WM K €IUHUIIE TIOBEPXHOCTH WIH 00beMa.

IIpn BO3IEHCTBUM CTaTUYECKUX M IMHAMUYECKHX Harpy30K Ha KOHCTPYKIMIO BCE €€ 4acTu
HaXOJSTCSI B PABHOBECHHU; YCKOPEHMsSI 3JIEMEHTOB KOHCTPYKIMHM OTCYTCTBYIOT WJIM HAaCTOJBKO
MaJlbl, YTO UMH MOXXHO TIpeHeOpeub. Ecin ke 3TH yCKOpeHHUs 3HAUMTENbHBI, T. €. M3MEHEHHE
CKOPOCTH 3JIEMEHTOB MAaIlIMHbI IPOUCXOAMT 3a CPABHUTEIHHO HEOOJBIION MEPHO] BPEMEHH, TO MBI
UMEEM JIeJI0 C NPUWIOKEHUEM JMHAMUYECKMX Harpys3ok. [IpumepaMm Takux Harpy3oKk MOTYT
CIIy’KUTh BHE3AITHO MPUJIOKEHHbIE HAarpy3KH, yJIapHbIEe U TIOBTOPHO-IepeMeHHbIe. J{eficTBHe Takux
HAarpy30K COINPOBOXKJAE€TCS BO3HUKHOBEHHEM KOJEOAHMM KOHCTPYKIMH MM COOPYXEHUH.
BcenenctBue u3MeHEHUST CKOPOCTH — KOJEOJIOMIMXCS MacC BO3HUKAIOT —CHUJIbl  MHEpLUH,
NpONOpPLMOHATbHBIE (COTJAaCHO BTOpPOMY 3akoHy HbloTOHa) KkojeOmomuMmcs wMaccaM |
YCKOPEHUSIM.

MeTtopl pacuera 21€MEHTOB KOHCTPYKIUI M3J1araloTcs Ha OCHOBE CIEAYIOLINX YIPOIIEHNN
U JIONYIIEHUI: MaTepua Tela UMEeT CIUIOIIHOE (HEMpEephIBHOE) CTPOCHHE, T. €. He IPUHUMAETCS
BO BHMMAaHHE JIUCKPETHAsl aTOMUCTUYECKAsl CTPYKTypa BEILECTBA; MaTepHall Tejla OQHOPOJEH, T. €.
o0agaeT BO BCeX TOUYKAX OJMHAKOBBIMU CBOMCTBAMM; MaTepuall TeJla U30TPOIIEH, T. €. 00JIagaeT BO
BCEX HAIPaBJICHUSAX OJMHAKOBBIMM CBOWCTBAMU; B TEJE 10 MPUIIOKEHHS HArPy3KH HET BHYTPEHHUX
(HayanbHBIX) YCUJIMI; pe3ylbTaT BO3JEUCTBUS Ha TEJIO CHUCTEMBI CHJI paBEH CyMMeE pPe3yJIbTaToB
BO3/ICUCTBHS TEX e CUJI, IPUJIaraéMbIX K Tely MOCIeI0BaTeIbHO U B JII0OOM MOpSIKE.



IIpakTyeckoe 3ansaTue 1
Tema 1. O0miue NOHATHA U ONpeAeICHUS.
CoopykeHus U ux 3JIeMeHThL; KHHEMaTHYECKUI aHAIU3 PACUETHBIX CXEM.

Ieab: HayunTHCS ONpPEAEHATh BUJ IIAPHUPHOU OaJIKU.

3HaTb: OCHOBHBIEC IIOJIOKEHUS CTPOUTEILHON MEXaHUKH; PACYETHBIE METOBI CTPOUTEIBHON
MEXaHUKH; METO/IbI, pacyeTa YCTOMYMBOCTU U TUHAMUKHU COOPYKECHHM,

METOAMKM  pa3pabOTKHM pacyeTHBIX CXEM, METOAMKH pPa3pabOTKU  CTATUCTUYECKOIO U
KMHEMAaTU4YECKOT0 aHaIn3a.

YMeTb: CaMOCTOSITEIBHO OCBaMBaThb OTIEIbHBIE TEOPETHUUECKHUE IOJIOKEHUS CTPOUTEIIBHON
MEXaHUKH; INPUMEHATh TEOPETHUYECKHUE IIOJOKEHHUS K TPAAUIMOHHBIM W HOBBIM TEXHUYECKUM
peLIeHUAM KOHCTPYKIMH M KOHCTPYKTUBHBIX CHCTEM; ONPEAEIATh C HEOOXOJUMBIMH TOYHOCTBIO U
HAJ€KHOCTBIO, IIPOYHOCTh CTPOUTENBHBIX KOHCTPYKLHUMN, 3[1aHUM M MHKCHEPHBIX COOPYKEHUU;
ONpesieNiATh € HEOOXOOUMBIMH TOYHOCTBIO UM HAJEKHOCTBIO IKECTKOCTb CTPOUTENIBHBIX
KOHCTPYKLUH, 30aHUI ¥ MHKEHEPHBIX COOPYKEHUH; ONpEAesiATh ¢ HEOOXOJUMBIMA TOUYHOCTBIO U
HaJE)KHOCTBIO YCTOMYMBOCTH OTIEJBHBIX CTPOUTEIBHBIX KOHCTPYKLMM, 31aHUN M WHXCHEPHBIX
COOPYKECHHUI.

Baagerb: OCHOBHBIMU IOJIOKEHUS M PACUETHBIMUA METOAAMH CTPOMTEIBHOM MEXaHUKH; METOJaMU
pacdyera yCTOMYMBOCTH; METOJAMM pacueTa JWHAMUKHA COOPYKEHHH; METOJAMM pacdera
CTPOUTEJIbHBIX KOHCTPYKIHMI; CIOCOOHOCTBIO ONpPENEeNATh Pa3INuHbIe BUbI HAIPY30K.
DopMUpyEMBbIE KOMIIETEHIINU:

Kon DOopMyITUPOBKA:

CriocoOHOCTh TPOBOJUTH pacyeTHOEe OOOCHOBAaHUE M KOHCTPYHPOBAHUE
[IK-3 [cTpouTenbHBIX KOHCTPYKIMH 34aHUN M COOPYKEHUH MPOMBIIIJIEHHOTO |
rpa)<IaHCKOTO Ha3HAYEHUs

Axmyanvnocms memobl OOBSICHIECTCS OCHOBHBIMH TIPUHIMIIAMH OTPENEICHUS BHYTPEHHHX
(aKkTOPOB MHOT'OIIPOJIETHOM OaIKH.
Teopemuueckaa yacmo:

MHnoeonponemuvle  cmamuuecku-onpeoeiumvle barku  npedocmasnsiom — coOOl

KOM6MHMpO6aHHbl€ cucmemsl, cocmoAawyue U3 HECKOJIbKUX 6aﬂ0K, COCOUHEHHBIX wapHupamu.
Heckonbko pacueTHbIX cXeM Takux Oajnok rnokaszassl Ha puc. 0 .1.

pie 3 T 3

$

A P S &

e
PucyHok
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MHoronpoJieTHbIe IapHUPHBIE OalKu OOBEIUHSIOT MPEUMYIIECTBA OJHONPOJIETHOW Oanku
(mpocToTa pacueTa W M3TOTOBJICHHUS, OTCYTCTBHE CTECHEHHOH neopMannu) ¢ MPEHMYIIeCTBAMH
Hepa3pe3Hoi OajaKu (MEHbIINE MOMEHTHI B IPOJIETAaX U3 3a BIUSHUS ONOPHBIX MOMEHTOB, MEHbIIINE
nedopmanuu). OHE 0051a4aI0T U TEM MPEUMYIIECTBOM, UYTO, HCIONIb3Ys pasrpykaromui 3pQext



KOHCOJIM, YJauHbIM  BBIOOPOM TMOJIOKEHHS LIAPHHUPOB MOXKHO JIFOOBIM 00pa3oM YCTaHOBUTD
’KeJIaeMOe COOTHOUICHNE MEKAY U3rH0aroIMMI MOMEHTAaMH Ha OIIOpe U B IIPOJIETE.

W3-3a 3TUX NpeuMylIecTB MapHUPHbIE OAJIKU OXOTHO NMPUMEHSIOT B PAa3HBIX KOHCTPYKIHSIX,
HalpuMmep, B MPOrOHAaX, MOCTOBBIX MEPEXOAAX W T.A. Y CTPOMCTBO IIAPHUPOB, MPABJAA, CBA3AHO C
U3BECTHBIMH TpyAHOCTsMU. lllapHupHas Oajka cTaTMYECKH ONpeieInMa, €CIM YHCIO LIapHUPOB
PABHO YHCITy “JIMIIHUX OMOPHBIX PEAKIIUN.

«Ilo3Ta:knas» cxema. [lopsigok pacueTta MHOTONPOJIETHON IAPHUPHOI 0aIKH.

Y100HOI pacueTHOM MOJIENbI0 CIYXKUT TakK Ha3blBaeMas 'modtaxHas cxema'. [lna ee
MOCTPOCHHUS CIIEAYyeT BCIO CHUCTEMY MBICICHHO pa3AeiuTh IO IMIAPHUPHBIM COWIEHEHHUSM Ha
OTJeNbHbIe OANKU U ONPEACIUTh YCIOBUS UX onMpaHus. [Ipu 3ToM 0OHapyX HUTCS, YTO OT/AEIbHbIC
O0anky MMEIT MO0 IO JABa OMNOPHBIX 3aKperyieHus, JHO0Oo 3alieMyeHbl Ha OJHOM W3 KOHIIOB
(xoHconu). Takue Gaku OTHOCAT K "TiaBHBIM" (MJIM HECYIIMM) M Ha CXeMe U300pa)katoT Ha CaMOM
HwxkHeM spyce (6anku ABC na puc. 0 .2 a, AB u CDE -Ha puc. 0 .2 6). DneMeHTbl MOATaXKHOU
CXEMBI, ONMUPAIOIINECs Ha TJIaBHbIE OAKW MM MMEIOIIME JIUIIb 10 OJHOW OMope Ha OCHOBAaHHE
("3emmro") Ha3pIBalOT "BTOpOCcTeneHHbIMU" (1in HecombiMu) Oankamu (6anku CDE u EF - Ha puc
0.2 a, BC - na puc. 0 .2 b). Takue 6anku Ha NOATAKHON CXEME PACHOJaraloTcs BbIle 0aloK, Ha
KOTOpBIE OHU IIAPHUPHO OMHUPAIOTCS.
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B "nosTtaxxHol cxeme" B3aUMOJIEHCTBUE 3JIEMEHTOB MOJAUYMHACTCS NPUHIUILY: YCHINS MOTYT
IIepeAaBaThCs TOJIBKO C BBIIIEIEKAIIUX OaJIOK HAa HIDKENEXkKalllue, HO He IepelaloTcsl B 00paTHOM
HaIpaBJIEHUH, TO €CTh C HI)KHUX 3JIEMEHTOB HA BEPXHHUE.

OmnopHble peakMy BTOPOCTENEHHBIX (HECOMBIX) OaloOK — 3TO CHJIbI, C KOTOPBIMU ““HMKHUIM
aTaxx” nedcTByeT Ha BepxHuil. Ilo Tperpemy 3akoHy HbroTOHa BepxHHIl 3Tak NIEHCTBYET Ha
HIDKHUH ¢ TAKUMM e CUIIaMU.

OTO MO3BOJISIET BHICTPOUTH MPOCTOM aJIFTOPUTM pacuyeTa MHOTONPOJIETHBIX IIAPHUPHBIX OATIOK

1) CrposT NO3TaXHYIO CXEMY, BBl Hecylne Oanku U HECOMBIE.

2) PaccuutheiBaloT HecoMyro OalKy c€aMOro BEpPXHErOo JTaka: OIpPEAEIsAIoT OIOPHbIE
PEAKLUU U CTPOAT S0Pl U3rNOAIOIMX MOMEHTOB M U nonepeuHsix cui Q.

3) TlocnemoBaTeNbHO PACCUMTHIBAIOT OAJIKM HMKHHX 3Ta)KEH HA CBOIO HArpy3Ky W Ha CHITY,
HepeAaolyocs ¢ BepXHero (““ mepeBepHyTYIO” OIOPHYIO PEAKLUIO OalIKi BEPXHETO ITaXkKa).

4) B omgnom Macmrabe cTpost smropsl M u Q 1uis Beeil Oasku.

[Ipexne, ueM NpUCTyNaTh K PELICHUIO 3aJay, Hy’>KHO BCIIOMHUTb OCHOBHBIE ONpEAEICHUS U
NpaBUiIa MOCTPOCHUS SIIOP B MPOCTHIX , OTHOMPOJIETHBIX OalKax.

W3zrubaromuM MOMEHTOM M, NeHCTBYIOIIMM B CEYEHUH, HA3bIBAIOT aIreOpanyecKyro CyMMmy
MOMEHTOB BCEX BHEIIHUX CHJI, IPUJIOKEHHBIX K JICBOW M MPAaBOM YacTH 0Ky, OTHOCUTEIHHO 3TOTO
ceuenus. [Ipu 3ToM onopHble peakMy BKIIKOYAIOTCS B COCTAB BHELIHUX CHIIL.

Wzrubarommii MOMEHT CYMTACTCS IMOJIOKUTEIBHBIM, €CIIM OH PACTATUBACT HWKHHUE BOJIOKHA.
Ontopy M CTpOSAT CO CTOPOHBI PACTSHYTHIX BOJIOKOH U 3HAKOB HE CTaBST.

[Torepeuynast cuia () YHCICHHO paBHA ANreOpandecKod CyMMe MPOEKIM BCEX JIEBBIX HIU
IPaBbIX CUJI OT CEYEHUsl Ha HOpMaJlb (IIEPIEHIUKYJIISAP) K OCH OalKH.



3HaK () NPUHATO CUUTATh IOJIOKUTEIBHBIM, €CIM CyMMa MPOEKIUH BCEX JIEBBIX CHII
HamnpaBJjieHa BBepX (MJIM, COOTBETCTBEHHO, BCEX MpaBbIX cuil — BHM3). Ha smiope O 3HaKu cTaBAT
00s13aTeNIbHO, OTKJIA/bIBas MOJIOKUTEIbHBIE 3HAYCHHUS BBEPX OT OCH OalkH, a OTpulaTeibHble —
BHH3.

IIpu nocTpoeHUN 3MI0P HY’)KHO IIOMHUTH OCHOBHBIE IIPABUIIA

1.Ha Henarpy:xeHHOM y4acTke Oanku 3mopa M npsimoiuHeiHas, a O — MOCTOsSIHHAS, TO €CTh
UMeeT BUJI IIPSMOYTOJIbHUKA

2.B TOuKe MPWIOXKEHHS COCPEJOTOUYEHHOM Ccuibl Ha omope M obpasyercs H3I0M,
HalpaBJICHHBIH B CTOPOHY AeWCTBHUsS cuibl. Ha smiope O B 3TOM ceueHMH 00pa3yercsl CKadok,
PaBHBIN IO BEJIMYMHE MTPUIIOKEHHOM cuiie F

3.B Touke MpUIIOKEHUS COCPEJOTOYCHHOTO MOMEHTa m Ha 3mope M olpasyercs CKadok,
PaBHBIN IO BEJIMYMHE ITPUIIOKEHHOMY MOMEHTY 711.

4. Ha ywacTke ¢ paBHOMEPHO pacHpeieieHHON Harpy3koi wusrubarommii MomMeHT M
M3MEHSETCS 10 3aKOHY KBaJpaTHOW mapaboJibl, 0OpaIIeHHON BBIMYKIOCTbIO B CTOPOHY JEHCTBUS
Harpys3KH, a IolnepeyHas cuia — 0 JIMTHEHHOMY 3aKOHY

5. B ceuenusix, rae smropa () mepecekaeT OCh Oanku, M3rHOArONINi MOMEHT NPUHHUMAET
JKCTpEMAIbHOE 3HAYCHHUE.

6. MoMeHT B IapHUpE WIK Ha HIAPHUPHOM OMOpe paBeH HYJIIO, €CIM B CEYEHUH OECKOHEYHO
OJIM3KOM K IIapHUPY (WK OMOpE) HEe MPUIIOKEH BHELTHUIA COCPEIOTOUECHHBI MOMEHT.

7.Ecnu Ha npsSMOJIMHEMHOM Yy4yacTKe Oanku UIMHON [ , 3arpy’KeHHOM paBHOMEPHO
pacIpeneneHHOW Harpy3Kou (, COCpeIOTOYeHHOM cwiio F minm cocpenoTo4eHHbIM MOMEHTOM m
M3BECTHBI JIB€ KPAWHNE OPAMHATHI S0Pl MOMEHTOB, TO 3MIOPY M MOXKHO ITOCTPOUTH, ITOJABECUB HA
JIMHUIO, COEAMHSIOUIYIO KOHIIBI OPIUHAT, U3BECTHBIE OaOYHbIE IMTIOPHI MOMEHTOB (puc. 0 .3)
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banka ABC wumeer naBe omopel “Ha 3emit0” M sBIgeTcs OcHOBHOW. banka CD —
BTOPOCTEIECHHAS M HA MOATAXXHOU CXEMe pacrojiaraeTcs ““‘Ha BTOPOM dTaxe” .



HOCTpOI/IB MO3TAXXKHYIO CXEMY HAYWHAKOT pacyCT (HOCTpOCHI/IC BHIOp) C BCPXHCI'O 3TaxKa.
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Pacuem necyweu 6anxu AC. (puc. 0.7)
OnpenensiroT OMOPHBIE PEAKIIUU
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. Onpenenenune BHyTPEHHUX (HaKTOPOB OAJIKH.
. Iloctpoenue smrop M.
. IToctpoenue smtop Q.

[TocTpoeHre MOATAKHOM CXEMBI.

epedyeHb OCHOBHOM JIUTEPATYPBbI:

E

i 6,25 lg[pe



1. T'motoB, B.A. CtpoutenpHas MeXaHMKa W METaJUNIMYECKHUE KOHCTPYKIMH MAaluH /
B.A. I'notos, A.B. 3aiines, B.1O. Urnartorun. — Mocksa ; bepnun : {upexr-Menua, 2015. - 95 c. :
nin., Tabm. — Pexumm gocryma: mo mommucke. — URL: http://biblioclub.ru/index.php?
page=book&id=426940. — bubnuorp. B kH. — [SBN 978-5-4475-5266-4. — DOI 10.23681/426940. —
TekcT : 37eKTPOHHBIN.

IlepeyeHb 10NOJTHUTEIBHOM JIUTEPATYPbI:

Crapuesa, JI.B. CrpoutenpHas MexaHuka B mnpumepax U 3amavyax / JI.B. Crapresa,
B.I'. Apxumos, A.A. CemenoB. — Mocksa : U3narensctBo ACB, 2014. — 222 c. : un., Tabl., cCXeM. —
Pexxum nmoctyma: mo moamucke. — URL: http://biblioclub.ru/index.php?page=book&id=274344. —
bubnuorp. B kH. — ISBN 978-5-93093-985-9. — TekcT : 351eKTpOHHBIH.

Ilepeyens  pecypcoB  HH(POPMALUOHHO-TEJICKOMMYHHUKALUMOHHOM ceTtHd  «MHTepHeT»,
HEeOO0XOAUMBIX /1JI51 OCBOEHMS M CUUILTHHBI

1. DnekTponHo-6nbanoreunas cucrema [IPRbooks Jloroop Ne5168/19 ot 13 mas 2019 rona

2. DnexktpoHHas OubIMOTeUHas cucTeMa «YHuBepcuTeTckas oubnuoreka on-line» JloroBop Ne50-
04/19 ot 13 masa 2019 roma

3. DnektpoHHO-O6ubIMOTEeYHasA cucteMa Jlanb JloroBop NeD410-19 ot 22 anpens 2019 .

Ilepeyenr  WH(POPMANMOHHBIX  TEXHOJIOTHIl, HCHOJb3YyeMbIX TMPH  OCYILIECTBJIEHUH
o0pa3oBaTeIbHOI0 Ipolecca MO0 JUCHMIUIMHE, BKJIYasi IepedYeHb NPOrpaMMHOIO
obecneyeHus: 1 UHGOPMAIMOHHBIX CIPABOYHBIX CHCTEM

Hnghopmayuonnvle cnpasounvie cucmemui:
1. www.biblioclub.ru - «YHuBepcuteTckas 6M0IM0OTEKa OHIANHY;
2. DnexTponHo-6nbanoreunas cucrema IPRbooks OOO «Ai [Tu Dp Meauay.


http://biblioclub.ru/index.php?page=book&id=274344
http://biblioclub.ru/index.php?page=book&id=426940
http://biblioclub.ru/index.php?page=book&id=426940

IIpakT4eckoe 3ansaTHe 2
Tema 2. JIuHvu BJIAMSIHUS U UX IPUMEHEHHUE VISl PacUeTa CTATHYeCKHU
onpeaeJUMbIX 0AJIOK.
Harpy3ku u BHyTpeHHUE cUJioBbIe (hakTOpbl, JIMHUY BIUSHUS B CTATHYECKU
OMpeIeTMMBIX OaTKax.

Henb: HayunThCS ONpPEAENATh JIUHUN BIUSHUS OMOPHBIX PEAKIMA U pacueTHBIX YCHUIMH B Oankax.
3HaTb: OCHOBHBIE IIOJIOKEHUS CTPOUTEIBHON MEXaHUKH; PACYETHBIE METOBI CTPOUTEIBLHOM
MEXaHUKH; METO/IbI, pacyeTa YCTOMYMBOCTH M TMHAMHUKHN COOPYKECHHM,

METOAMKHM  pa3pabOTKU pacyeTHBIX CXEeM, METOAMKH pa3pabOTKH  CTATHCTUYECKOIO U

KHMHEMATHYCCKOT'O aHaJIn3a.

YMerb: CaMOCTOSITENIBHO OCBauMBaThb OTAEJIBHBIE TEOPETUUYECKUE TIOJIOKEHUS CTPOUTEIBHOM
MCXaHUKH,; IPUMCHATH TCOPECTUUYCCKHUC IIOJIOKCHHA K TpaJUOUOHHBIM W HOBBIM TCXHHYCCKHUM
pEIIeHUSIM KOHCTPYKIMH U KOHCTPYKTUBHBIX CHCTEM; OIPENesITh C HEOOXOIUMBIMH TOYHOCTHIO U
HAJ€KHOCTBIO, IIPOYHOCTh CTPOUTENBHBIX KOHCTPYKLHWH, 3J1aHUM M WH)XCHEPHBIX COOPYKEHUN;
OTpEeAeNATh C HEOOXOMUMBIMM TOYHOCTBIO U  HAJIEKHOCTBIO IKECTKOCTh CTPOUTEIHHBIX
KOHCTPYKUUH, 3MaHUI U MHKEHEPHBIX COOPY>KEHUH; ONpeeaTh ¢ HeOOXOJUMbIMU TOUHOCTBIO U
HAJIe)KHOCTBK) YCTOMYMBOCTH OTHEIBHBIX CTPOUTEIBHBIX KOHCTPYKLMH, 31aHUM M WHKEHEPHBIX
COOPY KECHHIA.

Baaners: OCHOBHBIMU IOJIOKEHUS U PACUETHBIMU METONAMHU CTPOUTEIIBHOW MEXaHUKH; METOIAMU
pacucTa yCTOfI‘HJBOCTH; MCTOAaMH pacuc€Tta JUHAMHUKU COOp}I)KeHI/II\/'I; MCTOJaMH pacdeTa
CTPOUTENBHBIX KOHCTPYKIUI; CHOCOOHOCTBIO ONPEACTATh Pa3IUYHbIE BUABI HATPY30K.

PopMUpyEMbIE KOMIIETEHIINU:

Kon DopMyIUpPOBKA:

CriocoOHOCTh TPOBOJUTH pacyeTHOe OOOCHOBAaHUE M KOHCTPYHPOBAHUE
[IK-3 |cTpOUTENbHBIX KOHCTPYKUUWA 3JaHUA W COOPYKEHUM NPOMBIIUIEHHOTO WU
IpAXKAAHCKOTO HA3HAUYECHUS

Axmyansnocms memobt OOBSICHIETCS OCHOBHBIMU TNPUHLMIIAMHM ONpPENEIECHUST BHYTPEHHHMX
(aKTOPOB MHOTOIIPOJIETHOM OaIKH.
Teopemuueckan uacmp:

JInHMY BJIMSIHUSI OMOPHBIX PeAKIUH M pacuyeTHbIX YCHJIMI B 0ankax.

[Ipu pacuere CTPOUTEIBHBIX KOHCTPYKLUI HEPEIKO MPUXOTUTCS UMETh /IO C Harpy3KaMmu,
KOTOpBIE MOTYT 3aHUMAaTh Ha Hell pa3Hble nojokeHus. Hanpumep, 370 MOXKeT ObITh TeNexkKa KpaHa
Ha TIOJKPaHOBOM Oaiike, Harpy3Ka MpOXOJIIEero noe3aa Win CKOIUICHHS JItoJei Ha Gepme MocTa
T.0. Bce 53TW Harpy3ku MpencTaBisIOT coOOM, Kak TMpPaBUIIO, CUCTEMY COCPEIOTOUYEHHBIX
BEPTUKAIBHBIX TPY30B C (PUKCHPOBAaHHBIM pacCcTOSIHMEM JApYyr OT apyra. IIpenmonaraercs, 4To
Harpy3KH JHIIb U3MEHSIOT CBOE MOJI0XKEHHE, HO HE CO3AAaI0T TMHAMU4ecKoro ¢ dekra.

Jlunueid BAMSIHMA (JI.B.) KakKoro-nmbo pacyeTHOro ycwiug (ONMOPHOH —peakuuw,
M3rU0aroIero MOMEHTa WX TIOTIEPEYHOM CHJIbI) B 33JIaHHOM CEYCHHH OajKy Ha3bIBAIOT Tpaduk,
OTpaKalOMIMK 3aKOH M3MEHEHHsI 3TOT0 YCUJIMs B 3aBHCHMOCTH OT TOJIOKEHHUS Ha Oalike rpysa

P=1

JIuHuKM BAMSAHMS MO3BOJIAIOT JIETKO ONPENENINTh YCWIMS B CEUEHHM, A1 KOTOPOIO OHU
MIOCTPOEHBI OT JIIOOBIX HArpy30K B MPOU3BOJILHON KOMOWHAIMY.

[Ipoiie Bcero mocTpoeHue j.B. MOKHO OCYIIECTBUTH, HUCIOJb3Ysl CTATHYECKHHl cnocod. OH
COCTOMT B TOM, YTO M3 ypaBHEHUN paBHOBECHS HaXOAAT (HOpMyily (3aKOH) MU3MEHEHUs YCUJIUS B

P=1

paccMaTpuBacMOM CCUCHHU, IJII KOTOPOr'0 CTPOUTCA JI.B., IIPU JI000M TOJIOKECHUH rpysa



[TonoxeHnue Tpy3a onpenensercss B MPOU3BOJILHO BBHIOpaHHOM cucteMe KoopauHat. B Oankax 3a
HAyaJio OTCUeTe MPUHUMAIOT OOBIYHO JIEBYIO ONOpy A.

JI.B. OnOpHBIX peakuuii Va u Vs Gaku ¢ koncomsmvm (puc. 0.9).

W3 ypaBHeHHI paBHOBECHS MOYKHO TOJTYYHUTH (POPMYITBI IS Va u I'{TE':

YpaBHEHUE I1.B. Va
SMg=0;V,-1—-1(1—x) = 0.
l—x

[
YpaBHeHue J1.B. I'{TE':
M, =0;—V;-1+1-x =0;
v X

5T

Kaxoe U3 3THX ypaBHEHUH - 3TO ypaBHEHUE NPSAMON JIMHUY (X B epBoi crenenn). I'paduku
MOYKHO TIOCTPOMTB, OIIPEJEIIUB ONOPHBIE PEAKIUH B IBYX TOUKAX:

X =0;Va =1V, =0,
wpuX =5 Va=0V; =1.
ITonoKUTEIBHBIN 3HAK O3HA4YacCT, YTO COOTBCTCTBYIOIIAas pCaKIHA HAIIpaBJICHA BBCPX. HpI/I

P=1

IMMOJIOKCHHUHU I'py3a Ha HaHBHeﬁ OT OIIOPBI KOHCOJIKU OIIOpHAad p€aKiusd MCHACT 3HAK, TaK KakK

Iﬂ':1=

HalrpaBJICHA BHU3.

.3
P=1
A K B K
B T Al
f a ‘ b A &
V4 | | Vg
CJZ l CI’Z
] J.6. VA
I+Cﬂ m
] IHT@HT @,
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n.6. Vy
1
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Pucynok

0.9



YroObl cpa3y OLEHUTH MOJIE3HOCTh TAaKUX I'paUKOB, 3343 JUMCS BOIIPOCOM, UTO OyJET, eciin
Ha Oalike B KakKOM TO MECTE€ CTOMT HE €IMHHUYHBIA T'py3, a COCpEJOTOYEHHas cuja, Harmpumep,
memok ¢ unemenroM 0,5 kH.? HyxHO yMHOXuUTh 3Ty cuily Ha OpAMHATY JUHUM BIUSHHS

(Hammpumep, 1.B. I":rl) Mo/ Harpy3KOW U cpasy, 0e3 COCTaBJICHHUS yYpaBHEHUN PaBHOBECHS IMOJIYUYUTH

%

3Ha4YeHHE OMOPHOM peaKIuu “A.

JluHuK BIUSHUS U3rnOaroIero MOMEHTa U MONEePEeYHON CHUJIbI B KAKOM JIMOO0 CEYeHUH OaliKu
HOJIY4aroT aHAIOTUYHO. OHU (PYHKIIMOHAIBHO CBSA3aHBI C JIMHUSAMU BIUSHHS OTIOPHBIX PEaKIUii.

JInHUSA BJIMSTHAS M3ru6A0MIero MOMEHTA M ki B ceuenuu kl, PAcCIoOJI0KEHHOTO B
npoJiere daakm (puc. 0 .10).

PaCCManI/IBaIOT JABa clIy4das pacIIoJIOKCHHUA CAUMHUYHOI'O I'py3a: JICBEC 3aJaHHOTO CCUCHUA kl

U IIpaBee Hero. BeipaxkeHue 111 MOMEHTa M k1 monyuaroT u3 ypaBHeHus: paBHoBecus. COCTABISIOT
p p y yp p

ypaBHEHHUE JJi TOM yacTu Oalku, Ha KOTOPO Ipy3 P=1 OTCYTCTBYET:
1. IIycte rpy3 P=1 PACIIOIOKEH JIEBEE CEYCHHS ky .PaccmaTpuBas paBHOBeCUM IpaBOU
X
My =Vg-b="

YacTH OAJIKU TIOJTY4HM: 1

k

[ . Dta dpopmyna onpeaensieT JIeBYO BETBb JI.B. M ki ot

1 10 KOHIIA JIEBOIl KOHCOJIU.

P=1

CEYECHUU

l—a
M, =Vy-a=—1

2. Ilycts rpy3 PAcCIIONIOKEH MpaBee CeUeHUs ki, Torna . Ota

¢dopmya onpenenser NpaByro BETBb JI.B. M'I':l.

TakuM 06pa30M, OPJMHATE MPABOH BETBU PAaBHHEI YBEIMUYEHHEIM B & pa3 op/mMHATAM IHHHK

BJIWSAHUA OHOpHOfI pCaKun I{‘l, a OpJIMHATBI JIEBOM BETBU — opAuHaTam JI.B. VH, YBCIUWYCHHBIM B b

pas. JleBas u mipaBas BETBU NIEPECEKAIOTCS HAJl CEYCHUEM kl.(pnc. 0.10).

kl’

Kaxxnas opaunata sToro rpaduka JaeT 3HAYCHHE W3THOAIONIET0 MOMEHTa B CEYCHHH

P=1

KOT/1a Ipy3 pacrosaraercsi Ha Oajike B MeCTe, COOTBETCTBYIOIEM 3Toi opauHare. OTiauyne

OT 3ITFOPHl MOMEHTOB COCTOUT M B TOM, YTO TIOJIOKUTEIIBHBIC OPJMHATHI OTKJIAILIBAIOTCS HAJ OCHIO
OaJIKu.

JL.8. Mkz
ab
a [
(S 5
Pucynok
0.10

k

Wrak, mocTpoeHue Ji.B. U3rudaromero MOMEHTa B 3a/IaHHOM CEYEHUH '~ JBYXOIMOPHOU OaJIK1

CBOJIUTCS K CIIEIYIOLIEMY IPOCTOMY aJTOPUTMY:



1. Ha neBoiif onope BBEpX OTKJIAAbIBAIOT OTPE30K, PABHBIM PACCTOSIHUIO OT ATOM OIOPHI J10
CEYeHHUA. DTOT OTPE30K MOKHO OTKJIAJbIBATh B JIF0OOM y/100HOM MaciuTade.

2. Komner oTpe3ka COeIMHAIOT C MPaBOi OMOPOiA.

3. Ha nonyuennyto npsamyto cHocsT ceuenue. Ha puc. 0 .103Ta Touka nokaszaHa 3Be3104YKOM.

4. Touky nepeceueHus COEIUHSIOT C JIEBOM OMOPOA.

5. Ecnu y Oanku ecTh KOHCOJIbHBIE YYacCTKH, TO MPAaBYIO BETBb JI.B. MMPOJIOJIKAIOT MO MPSIMOU
JI0 KOHIIa IPaBOM KOHCOJIH, a JIEBYIO BETBb — JI0 KOHIIA JIEBOW KOHCOJIU

JInHus BIAUSIHUS MONEPEeYHO CHJIbI Qki (puc 0 .11)

Onwupasic Ha oOmNpeAeseHHE IONEePeYHOW CUIbl B Oalkax, Kak MpPOCKIHH BCEX CHIL,
PAcIIONIOKEHHBIX 0 OJHY CTOPOHY OT PAacCMaTpUBaeMOI0 CEYEHUs Ha HOpPMalb K OcH OalKH,

HETPYAHO NOJTYYUTh GOPMYJIBI ISl JIEBOM U MpaBOi BETBEH JI.B. QF'::L:

P=1 JIeBee CeYeHUs kl:

Q;.:i = _(VEJ = -

1. I'py3
X

[ — ;1eBas BETBB,

2. Tpy3 P=1 npaBee CeUCHMUs Ky,
l—x
Qu, =Va=—

— IIpaBas BCTBb.

k

HOp?I}IOK IMOCTPOCHUA JI.B. Honepequﬁ CHUJIBI JIs1 CCUCHUSA CBOIUTCA K CICAYOIIHUM

JEUCTBUSIM:

1. Ha neBoii onope 66epx OTKJIabIBAIOT OTPE30K paBHbIN equnuie (puc. 0 .11)

2. Ha npaBoii onope 6Hu3 OTKIAIbIBAIOT OTPE30K PABHBIN €AUHULIE.

3. CoeaMHSAIOT KOHLIBI OTPE3KOB C MPOTUBOIOJI0KHBIMHU OIIOPaMH.

4. Ha nonydeHHbIN napajiesiorpaMM CHOCAT CEYEHUE.

5. Ecan y Oanku ecTh KOHCOJIBHBIE YYACTKH, TO MPAaBYIO BETBb JI.B. MPOJIOIKAIOT 10 MPSIMOii
J10 KOHIIA IIPaBOM KOHCOJIH, a JIEBYIO BETBb — J10 KOHIIA JIEBOW KOHCOJIN

n.6. O

b
] l
M N
A
\%w
i
PucyHnox

0.11

JIuHUM BJIMSIHUSI MOMEHTA M l'lOl'[EpE‘IHOfI CHJI OJId CeYCHUus kz’ PacCIoJIOKEHHOI'O0 Ha

KOHCONbHOM yacTu Oanku (puc. 0 .12), merye Bcero CTPOUTH, OMHUPASCH JHIIb HA OMPEACICHUS
M3ru0aroIero MOMEHTA 1 MONIEPEYHON CHITBI B OaJIKe.

Paccmotpum, Hanpumep, ceueHne Kipa IIPaBOH KOHCOJIU.

P = 1 X C HaA4YaJIOM OTCUCTAa B CCUCHHNU kz

5

Bynewm 3amaBath monoxkeHue rpysa KOOpAMHATOMN

HaMpaBIsis OCh BOpaBo (cM. puc. 0 .9)



JIunug BausHug & Kz,

1. I'pys P=1 jepce ceuenms kz: Mk, =0
4acTh KOHCOJH YCTAaHABINBAEM HA OCHOBAHMHU OTPEIETCHHS MOMEHTA, UTO My,
2.Ipy3 P=1 TnpaBee CeueHus Ky My, =—1-x

Jlvuaus BIUSHUS M k2 nokaszana na puc. 0 .12

71.8. ng

Pucynok
0.12
JlvuHUS BAMSHUS ka (puc. 0 .13)
1. T'pys P=1 JIEBEC CEUCHUS Jr‘:2: ka =0.
2. T'py3 P=1 npaBee CeueHHs k. ka =1

1.6. O

©.

A B &

Pucynox
0.13
M

CpaBHuBas SIIOPHI U3rHOAIOIIUX MOMEHTOB

u Q, CICAy€CT OTMETUTD, YTO OHU IPUHIUIIHAJIIBHO Pa3JINYHBI.

)

" IOIICPECYHBIX CHUII Q C JIMHUAMU BIINAHHUA

(PaccmaTpuBas mpaByl0 HEHarpyXeHHYIO

=0

M

OpauHaTHl 3MI0p YCUIIMHM XapaKTEepU3YIOT HAIPSKEHHOE COCTOSIHHE BCEH CHCTEMBI, B JIIOOOM
CEUYEHNUU OT OJHOM KOHKPETHOM 3aJaHHOM Harpy3ku. [Ipu OpyromM mosjaoKe€HUM Harpy3ku pacuer

HY>XHO ITPOBOAUTL 3aHOBO U CTPOUTH HOBBIC SITIOPHI.

OpI[I/IHaTLI JIMHUM BJIMAHUA, HaO60pOT, XapaKTCPU3YIOT BCIIMYMHY W U3MCHCHUC YCHUIIMSA B
OIHOM CCUCHUH, HJId KOTOPOTO IMOCTPOCHA 3Ta JIMHUA BJIUAHUA, B 3aBUCUMOCTH OT ITOJIOKCHHA

€IUHUYHOU CHUJIBL.

Bonpocwui:

1. IloHsATHE TMHUM BIUSHUA.

2. IlocTpoenue JINHUM BIASHUS OIIOP.
3. IlocTpoenue nuHum Bausinusg M.

4. Tloctpoenue nuHUM BiusHUA Q.

5. OTnuus JIMHUYU BIUSHYSL OT 3IIIOP.
IlepeyeHb OCHOBHOM JINTEPATYPbI:

1. T'motoB, B.A. CtpoutenpHas MeXaHMKa W METaJUVIMYECKHUE KOHCTPYKIMH MAaluH /
B.A. I'noros, A.B. 3aiines, B.1O. Urnartorun. — Mocksa ; bepnun : {upexr-Menua, 2015. - 95 c. :
wi., Tabn. — Pexum pocryma: mno mnoamucke. — URL: http:/biblioclub.ru/index.php?

page=book&id=426940. — bubauorp. B kH. — ISBN 978-5-4475-5266-4. — DOI 10.23681/426940. —

TexcT : 37eKTPOHHBIN.


http://biblioclub.ru/index.php?page=book&id=426940
http://biblioclub.ru/index.php?page=book&id=426940

IlepeyeHb 1ONOHUTEIBHOM JINTEPATYPDI:

Crapuesa, JI.B. CrpourenpHas MexaHuka B mnpuMepax u 3amadax / JIL.B. Crapuesa,
B.I'. Apxumnos, A.A. CemeHoB. — Mocksa : U3narensctBo ACB, 2014. — 222 ¢. : ui., Tabi., cXem. —
Pexxum nocrtyna: mo moamucke. — URL: http://biblioclub.ru/index.php?page=book&id=274344. —
bubmuorp. B kH. — ISBN 978-5-93093-985-9. — TekcT : 31€KTPOHHBI.

Ilepeyenb pecypcoB HH(POPMANUOHHO-TEJIEKOMMYHUKANMOHHOH ceTH  «UHTepHET»,
HEeO00XOUMBbIX /115l OCBOEHHUS TUCIHUTLINHBI

1. DnexkrponHo-6ubMoTeynas cucrema [IPRbooks JloroBop Ne5168/19 ot 13 mas 2019 rona

2. DnexTpoHHas OMONMMOTEeYHasl cucTeMa «YHUBEpcuTeTcKass oubnmoreka on-line» Jorosop Ne50-
04/19 ot 13 mas 2019 rona

3. DnexTpoHHO-0ubMMoTeyHas cucreMa Jlanb Jlorosop NeD410-19 ot 22 anpens 2019 r.

Ilepeyenb HMHPOPMALMOHHBIX  TEXHOJIOTHIl, MCHOJb3yeMbIX TMPH  OCYLIECTBJIEHHH
o0pa3oBaTe/IbHOI0 MpoHecca MO0 JUCHMIUVIMHE, BKJIKYasg IMepeYyeHb MPOrpaMMHOIO
obecrieyeHus: U MHGOPMAIMOHHBIX CIPABOYHBIX CHCTEM

Hugpopmayuonnvle cnpasounvle cucmemsi:
1. www.biblioclub.ru - «YHUBepcuTeTCKast ONOIMOTEKA OHIIAWHY;
2. DnexTpoHHOo-0nbnMoTeuHas cucrema [IPRbooks OOO «Ai#i [Tu Op Meanay.


http://biblioclub.ru/index.php?page=book&id=274344

IIpakTnyeckoe 3ansaTHe 3
Tema 2. JIuHvu BJIAMSIHUS U UX IPUMEHEHHUE VISl PacUeTa CTATHYeCKHU
onpeaeJUMbIX 0AJIOK.
Haxoxnenue ycuimni 1o JIMHUASIM BIUSIHUS.

He.]'[b! HAYUYUTHCA ONPCACIIATh YCUIINA 110 JIMHUAM BIIUSAHUA.

3HAaTh: OCHOBHBIC ITOJIOKECHUS CTpOHTGHI:HOfI MCXaHUKH, PACUCTHBIC MCTOABI CTpOI/ITCJ'II)HOI\/'I
MCXAaHUKH; MCTOABI, pacycTa YCTOI‘/JI‘{I/IBOCTI/I n JUHaAaMHKH COOPY)KCHHﬁ,

MCTOJHUKH pa3pa60T1<1/1 PACUCTHBIX  CXEM, MCTOJHUKH p33pa6OTKI/I CTaTUCTUYCCKOTO H

KHMHEMATHYCCKOT'O aHaJInu3a.

YMerb: CcaMOCTOSITETLHO OCBauMBaTh OTIEIbHBIE TEOPETUYECKUE TOJIOKEHUS CTPOUTEIBHON
MEXaHHMKH; MPUMEHATH TEOPETUUYECKUE IOJOKEHUS K TPAAULUMOHHBIM M HOBBIM TEXHHUYECKUM
pEIIEHUSIM KOHCTPYKIMM U KOHCTPYKTUBHBIX CHCTEM; OIPENESATh C HEOOXOIMMBIMU TOYHOCTBIO U
HAJIC)KHOCTBIO, MPOYHOCTh CTPOUTEIBHBIX KOHCTPYKUMU, 3JAHUA U WHKEHEPHBIX COOPYKECHMIL;
onpeacisiTb € H€O6XOI[I/IMBIMI/I TOYHOCTBIO W  HAACKHOCTBIO JKECTKOCTb CTPOUTCIbHBIX
KOHCTPYKIUH, 3MaHUI ¥ MHKEHEPHBIX COOPY>KEHUH; OMpeAeNsiaTh ¢ HEOOXOUMBIMUA TOUHOCTHIO U
HaOACXKHOCTBIO yCTOﬁ‘IHBOCTB OTACJIBHBIX CTPOUTCIIBHBIX KOHCTPYKHI/II\/'I, 3I[aHI/II\/II U HMHXCHCPHBIX
COOPYKEHUM.

B.]Ia)]eTb: OCHOBHBIMH ITOJIOKCHHA U PACUCTHBIMU METOAAMU CTpOHTGJ'IBHOﬁ MEXaHUKH, METOJaMH
pacuera yCTOMYMBOCTH; METOJAMHM pacuera JUHAMUKH COOPYKEHMH; METOJaMHM pacuera
CTPOUTCIIBHBIX KOHCTPYKHI/If/'I; CHOCOOHOCTBIO OMPECACIIAThL PAa3JIMYHBIC BU/bI HAI'PY30K.

DopMUPYEMBIE KOMITETEHIINU

Kon DopmMyIUPOBKA!

CriocoOHOCTh TPOBOAUTH PACYETHOE OOOCHOBAaHME M KOHCTPYHPOBAHUE
IIK-3 |cTpOUTENBHBIX KOHCTPYKUHMW 3JaHUKA W COOPYKEHHU NPOMBIIUIEHHOTO U
rpaXIaHCKOTO Ha3HAYEHUS

AxmyanbHocmy membl OOBSICHACTCS OCHOBHBIMH TPHHIIMIIAMU OMPEACICHUS BHYTPECHHHUX
(haKTOPOB MHOTOIPOJIETHOM OaJTKH.
Teopemuueckan yacmp:
OnpenesieHne yCUIUi M0 JUHUAM BJIUSIHUSA.
3arpy:xeHue JUHUI BJIUSTHAS.

OpauHathl pa3aUYHBIX JIMHUKA BIWSAHUS UMEIOT Pa3HyI0 pPa3MEPHOCTh. JleMCTBUTENBHO,
9TOOBI IOMYYUTH TIO JTMHUH BIUSHUS OTIOPHYIO PEAKITUIO WIIH MTOTIEPEYHYIO CUITY, HY>)KHO YMHOXKHUTh
3Ty CHJIy Ha OpJMHATY JI.B. TIOJ CUJIOW U He 3a0bITh O €€ 3HaKe AToW opauHaThl. OTCIOAa ClenyeT,
9YTO OPAMHATHI JIMHUW BIIMSHUS OMOPHBIX PEaKIUi M MOMEPEYHbIX cull Oe3pasmepHbl. OpauHATHI
JMHUM BIUSHUS U3TMOAIOIINX MOMEHTOB UMEIOT Pa3MEPHOCTh JJTUHBI.

JluHun BAMSHUSA, TOCTPOEHHBIE OT €IWHUYHOTO BEPTUKAIBHOTO TI'py3a, MO3BOJISIOT HAUTH
COOTBETCTBYIOIIEE YCUITE OT JIF0OOH pealbHON HArpy3KH, JCHCTBYIONICH Ha Oalky.

PaccmoTpum Tpu camble pacipOCTpaHEHHBIE CITydasi HArpy>KEeHHUS.

1. BniustHue HEMOIBMKHOM TIETTOYKH COCPEIOTOUEHHBIX IPpy30B (puc. 0 .14).

[IpuMeHsis NpUHLIUIT HE3aBUCUMOCTHU JIEUCTBUSI CHJI, MOKHO BBIPA3UTh BIMSHUE BCEX CHUJI, KaK
CYMMY BIIMSIHUM Ka)KJI0W M3 HUX B oTAenbHOCTU. Ha puc. 0 .14 moka3zaH y4acTOK KakoW TO JIMHUU

BIIUSIHUSL YCUIIUS S (3TO MOKET OBITH OMOPHAS PEAKIMs, MOMEHT WJIH MOTIepeyHast CUia).



1.6. S

PucyHnox
0.14
BnusiHue kaxxnon cuiibl onpeaensercs Npou3BEIEHUEM 3TOM CUIIbl HA OPJIMHATY JI.B. B MECTE

ee MPUJIOKEeHHs. BIMsAHUE 1LENOYKU CHII MOKET OBITh ITPEJICTABIEHO B BUJE CYMMBI:
n
S=F-2wt+FE-y+-+F -y, = E Fi-y,.
i=1

CrnenoBatenbHO, HAJ0 COCPEJOTOUECHHbIE BHEIIHUE HArpy3Kd YMHOXUTh HA OpJUHATHI J.B.,
pacIioIo’KEHHbIE 101 STUMHU Harpy3kaMu (Co CBOMM 3HAKOM!) U pe3yJIbTaThl CJIOKHTb.

2. BiusiHHE HENOJBMKHOM DPABHOMEPHO PACIPEEICHHON HArPY3KH, HHTEHCHBHOCThIO 4
(puc. 0 .15).

q
Y ¢ \Iv YY)
a b
=~
a dx b
PucyHnoxk
0.15
Pacnipenenennyro Harpy3ky Ha YydacTKe JI.B., OTMEUYEHHOM Ha pPHUCYHKE ab , MOXHO

IIPEACTABUTH KAK LEMOYKY COCPEAOTOYECHHBIX I'PYy30B qu. UTo0BI IPOCYMMHPOBATH BIUSIHUE BCEX

qdx b

, HY’KHO B34Tb OHpeI(eJICHHLII‘;I HWHTCI'paJI B IIpeAcCiIax OT a a0
b b

9TUX 3JICMCHTAPHBIX I'PY30B

S= | qvdx=q | vdx = quw.

Byxksoii W oGo3HAYCHA TUTONIAIb THHHH BITHSHUS MO Harpy3Koi.

Wtak, 4yToOBl ONpeneiauTh IO J.B. YCHJIHME OT PABHOMEPHO paclpeleIeHHONW Harpysku
MHTEHCHBHOCTh Harpy3ku 4 HyKHO YMHOXHTH Ha IUIOMAAb JI.B. TI0J] HATPY3KOH (ILIOIIA[b

MOHUMAETCS AITreOPanvIeCcKl — YYUTHIBAIOTCS 3HAKU YYACTKOB JI.B.).

3.Bnusinue cocpenorouernoro momenta (puc. 0 .16)

3ajaya CBOJUTCS K 3arpyKCHHIO COCPEIOTOYCHHBIMU CHJIAMH, €CJIM MOMEHT MPEJACTABUThH B
BUAC IMapbl CUJI C INJICUOM, pPAaBHLBIM CJIWHUIIC. B »sTom CJIydyac Kaxaas Culia 6y,Z[CT paBHa 110

M

BCJIIMYHUHC .



Bnngane MoMeHTa 3anUchIBaeTCA Kak AJId TICIIOYKHU I'PYy30B:
S= M'_}II_FM'}JEJ

910 BBIPAXKCHUC MOXKHO IICPETIMCATh TaK

N — YV
S=MJ2 .}1.
1
ST
N
n.6. S
__—
| y
N )
1
PucyHnoxk
0.16

tga

N3 puc. 0 .16 BugHO, 9TO BTOPOH (APOOHBII) MHOKUTENb PaBEH — TAHI'CHCY yrJia

HAKJIOHA JI.B. K OCH OAJIKM B MECTE MPUIIOKEHUS COCPEAOTOYCHHOIO MOMEHTA, T.€
S5=M-tga.

Yto0bI YUYECTh BJIIMAHUC COCPECAOTOYCHHOIO MOMCHTA HYXHO YMHOXUTBH €TI0 HAa TAHI'CHC YyTJia
HAKJOHA JI.B. K OCH OalKkH B CCUYCHHUH, I'AC OH I[CﬁCTBy@T. HpI/I OTOM IIPHUHUMACTCA CJIICAYIOIICC
MMpaBUJIO 3HAKOB: MOMCHT, IIGIZCTBYIOIHHﬁ 10 YaCOBOM CTPCIIKC, CUUTACTCA MOJOKUTCIBbHBIM; YI'OJI

(0 (0

, OTCUHUTHIBa€MBIN IIpOTHUB 4acoBoOit CTPCJIKH, MPUHAT IMOJIOKUTCIIbHBIM. Ha puc. 0.16 yroJja

MOJI0KUTECIBLHBIN.

JIMHMHU BJIMSAHUSA PACYETHBIX YCHJIMHA B MHOTOIIPOJIETHBIX IAPHUPHBIX 0ajIKax.

YroObl MOCTPOUTH JI.B. B MHOT'OIIPOJIETHOM IIAPHUPHOH Oanke, HEOOXOIUMO, TPEXIE BCETO,
MOCTPOUTH MOATAKHYIO CXEMY, CXEMY B3aMMOJACHCTBHS OTACIBHBIX €€ 3JIeMEHTOB. M3 mosTaxkHOM
CXEMBI CIeAyeT, YTO €AMHUYHASI CUJIa OKA3bIBAET BIMSHHME HAa YCWIME B CEYEHUU TOJBKO TOT[A,
KOT/Ia OHA HAaXOJUTCS Ha ‘“OTake”, Ha KOTOPOM OSTO CEUEHHWE 3aJaH0, WKW Ha 0oJiee BBICOKHUX
“sTaxkax’’.

[TosToMy mocTpoeHue j1.B. IPOBOASAT B JIBa Tara.

1.CTposT J1.B. Ha TOM 3Ta)Ke, Ha KOTOPOM 33JIaHO CEYEHUE IO MpaBUjIaM MOCTPOCHUS JI.B. JJIs
OJIMHOYHOU OaJIKu.

2.YuuThIBAIOT BIUSHUE BEPXHUX ITAXKEH.

HOCTpOI/IM, HalpuMmep, J.B. I/I3FI/I6310H_ICFO MOMCHTA HJIs1 CCUCHUA lr_lr B 6anKe, IMOKa3aHHOM

Ha puc 0 .17, Ha KOTOpOM U300pakeHa U MOATAKHAS CXEMA.

AC

Tak kKak cedyeHHe 3aJaHO Ha OCHOBHOI Oanke , TO CTpOUM JI.B. MOMCHTA KaK JJIid

OJTHOIIPOJIETHON OAJIKU C KOHCOJIBIO.
Ha BTOpOoM »3Tame HaxXxonsATCs HyJE€Bble TOYKHM JI.B. Ha BEPXHHUX ‘ATaxax , KOTOpbIE H

P=1

MO3BOJISIIOT JIOBECTU pelIeHue 3aJadyd A0 KoHia. [lpu nepemenieHuu rpysa no Oanke

BTOpOro ‘“aTaxa’ CE BIIPABO OINOpHAs PEaKlys Ha Orope c OyaeT JMHEHHO yMEHbIIAThCs H,
CJIeZIOBaTeNIbHO OYyIyT yMEHbIIAThCA AaBlieHHE Ha HWOKHUN Tax. Korga eauHnyHas cuia, 3aiiMeT
n D

M0JIO’KEHUE HaJ| onopoi Ha "3emit0" =, To oHa Oy/eT BOCIPHUHSTA 3TON OMOPOM, OMOpHAs peaKIus



Ha orope C OyZeT paBHa HYJIIO, JaBIIEHUE HA HIDKHUM 3Tax TepefaBaThcsl HE OyIeT ¥ MOMEHT B

ceuermu 1=1 Oyzner paseH Hymo. [IpoBens mpsiMyro JUHHIO, COSAMHSIONIYI0 KOHEI| OTpe3Ka Ha

BC D

KOHCOJIN n Haﬁ[[eHHyI() HYJICBYIO TOYKY =, U IIPOJOJIZKAasd €€ 1O KOHIIa KOHCOJIM BTOPOTO 3Taxa

E

, IOJIy4aroT BTOPOW y4acCTOK JI.B.

P=1

Ha TpeTuil ‘atax”. Paccyxnas aHamorMuyHbIM 00pa3oM,

F

Ilogaumem r1py3

yCTaHABIMBAEM, UYTO MpPH MOJIOKEHUHU T'py3a HaJ OMOpOoW * OIOpHAs peakuus Ha Omnope E Oyner

paBHA HYJIIO U HWKHHE “3TaXH’ BBIKJIIOYAIOTCS U3 pabOThI., TO €CTh M,_, paBeH Hyt0. CoeTMHUM

E F

KOHCI OTPC3Ka JI.B Ha KOHIIC KOHCOJIM BTOPOTO “sraxka” C HYJICM Ha OIIoOpe , 3aKOHYHUM

MOCTPOEHUE JI.B. Mf—f. (puc 0.17 c¢).
Bce opauHathl 71.B. OmpenensroTcs W3 Moao0us TpeyroibHUKOB. OMOpPHBIMHU 3HAYEHHUSIMH
CITy’KaT OpJIMHATHI HAa TOM 3TaXke, Ha KOTOPOM 3a/IaHO CEYEHHE.

H3noxxeHHbIe ImpaBujia U NPHUEMBbI ITO3BOJIAKOT IIOCTPOUTH U JI.B. HOHCpC‘lHOfI CHJIbI Q B TOM

K€ CEUCHUH I- ‘I.( puc 0.17 d).
I-1

HOCTpOGHHHC JI.B. IO3BOJISIOT HAUTH paCUYCTHBIC YCUIINA B CCUCHUUN OT 10001 3aJJaHHOM

HarpysKu.



) 4 I B C D E o
a 1 O O
oS T & A A
L5 25 2 L5,L5 L5, 375 |
] | | | | | ]
b) HOQWICIJ:“CHCI}Z cxema : } ! : :
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| q=4 xH/m | | | | M=8 kHm

e)  yyy Nw YY V) O : N
oy 2 11515 ‘ 1,5‘1,75(1,75_‘
PHcyHIOK | | | -

0.17

Haiinem, Hammpumep, M;_, u Qs OT Harpy3KkH, okazanHoii Ha puc 0 .17 e.

0,9375- 4 0.375
M, ,=4-——"———1+18(-0,375) + (-8) (—ﬁ) = 1,607 xHm,
0,375-1,5 0,625-2,5 ' 25
Q,_; =4(— + )+ 18(—0,25) + (—8)(— )= —1,928 kH.
2 2 3,5
Bonpocui:

1

2.
3.
4.

Kakue ycuiins MOXXHO OIpeeanTh ¢ MOMOUIbIO JIMHUN BIUSHHUSL.
Haxoxnenue Hy1eBbIX TOUEK.

UTto Takoe eMHUYHBIN Tpy3?

Haxoxnenue opiMHAT TUHUU BIUSHUA.



ITepeyeHb OCHOBHOIM JIUTEPaTypbI:

1. I'moroB, B.A. CrpourenbHass MeXaHMKa M METAUTMYECKHE KOHCTPYKIMHM MAIlWH /
B.A. I'motoB, A.B. 3aitnes, B.1O. Urnatiorun. — Mocksa ; bepnun : upekr-Meaua, 2015. - 95 ¢. :
wi, Tabn. — Pexum gocryma: mno moamucke. — URL: http:/biblioclub.ru/index.php?
page=book&id=426940. — bubmuorp. B kH. — ISBN 978-5-4475-5266-4. — DOI 10.23681/426940. —
TekcT : AIeKTPOHHBIN.

IlepeyeHb 10NOJHUTEIBHOM JINTEPATYPbI:

Crapuesa, JI.B. CrpoutenpHas MexaHuka B mnpuMepax u 3amadax / JIL.B. Crapuesa,
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o0pa3oBaTe/IbHOI0 MpoLecca MO0 JUCHMIUVIMHE, BKJIKYasg IMepeYyeHb MNPOrpaMMHOIO
ob0ecrieyeHus: U MHGOPMAIMOHHBIX CIPABOYHBIX CHCTEM
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IIpakTyeckoe 3ansaTue 4
Tema 3. TpexmapHupHbIe APKU U paMBl.
Oo6mue cBenenus, Pacuer TpeximapHUpPHBIX apOK U pam, Pacder TpeximapHUpHbBIX
apoK Ha IOJABWXHYIO HArpy3Ky,

Llesib: HAYYNUTHCSI pACCYUTHIBATH MHOTOIIPOJIETHON IIIAPHUPHON OaIKH.

3HaTb: OCHOBHBIE IIOJIOKEHUS CTPOUTEIBHON MEXaHUKH; PACYETHBIE METOBI CTPOUTEIBHOU
MEXaHUKH; METO/IbI, pacdeTa YCTOMYMBOCTH U IMHAMHUKHU COOPYKECHH,

METOAMKM pa3pabOTKH pacyeTHBIX CXEeM, METOAMKH pa3pabOTKH  CTATHCTUYECKOIO U

KHHEMATHYCCKOT'O aHaJIn3a.

YMerb: CaMOCTOSTENBHO OCBauMBaThb OTAEIBHBIE TEOPETUUYECKUE TIOJIOKEHUS CTPOUTEIBHON
MCXaHUKH, IMPUMCHATL TCOPECTUUYCCKHUC IIOJOKCHHA K TpaJUUOUOHHLBIM KW HOBBIM TCXHHYCCKHUM
pEIIeHUsIM KOHCTPYKIMH U KOHCTPYKTUBHBIX CHCTEM; OIpPENesTh C HEOOXOIUMBIMH TOYHOCTHIO U
HAJEKHOCTBIO, IIPOYHOCTh CTPOUTENBHBIX KOHCTPYKLHMW, 3J1aHUM M WHKCHEPHBIX COOPYKEHUN;
OTpeAeNiATh C HEOOXOMUMBIMM TOYHOCTBIO U  HAJIEKHOCTBIO IKECTKOCTh CTPOUTEIHHBIX
KOHCTPYKLUH, 30aHUI ¥ MHKEHEPHBIX COOPYKEHUH; ONpeAesiTh ¢ HEOOXOJUMBbIMU TOUHOCTHIO U
HAJKHOCThIO YCTOMYMBOCTh OTHEJbHBIX CTPOUTENbHBIX KOHCTPYKIMH, 3AaHUI M HMHKEHEPHBIX
COOPYKECHHUII.

Baagerb: OCHOBHBIMM IMOJIOKEHUSI M PACYETHBIMU METOJIAMHM CTPOUTEIBHON MEXaHUKH; METOJaMU
pacucra yCTOI\/'I‘-II/IBOCTI/I; MCTOAaMH pacuc€Tta JUHAMHUKU COOpy)KGHHfI; MCTOJaMH pacyeTa
CTPOUTENBHBIX KOHCTPYKIUI; CHOCOOHOCTBIO ONPEAETATh Pa3UYHbIE BUABI HATPY30K.

PopMUpYyEMbIE KOMIIETEHIINU:

Kon DopMyITUPOBKA:

CriocoOHOCTh TPOBOJUTH pacyeTHOEe OOOCHOBAaHUE M KOHCTPYHPOBAHUE
[IK-3 [cTpouTenbHBIX KOHCTPYKIHMM 3JaHUN M COOPYKEHUH MPOMBIIIJIEHHOTO |
rpa)XIaHCKOTO HAa3HAYCHUS

Axmyanvnocms memost OOBSCHIECTCS OCHOBHBIMH TIPUHIAIIAME  OTIPENEIICHUST BHYTPEHHHX
(akTOPOB MHOT'OIIPOJIETHOM OaIKH.
Teopemuueckas uacmo:
Ilpumep. PacyeT MHOTONPOJICTHOM CTATHYECKH ONpPeAeTUMOil 0aIKN
J1J1st MHOTOTIPOJIETHOM CTaTUYECKH OMpeaeuMon oanku Tpedyetcs (puc. 0 .18):
1. IlpoBepuTh reOMETPUUECKYIO HEU3MEHAEMOCTh CUCTEMBI;

M

2. ITocTpouTh 3MIOPHI U3TUOAIOITUX MOMEHTOB ** M TOTIEPEYHBIX CHIT Q OT 3aJIaHHOW Harpy3Ku;

3. HOCTpOI/ITB JIMHUH BJIHUSAHUA M n Q I 3aJaHHOT'O CCUCHUA 1 cTatnyeckuM CHOCO6OM;

4. 3arpy3uTh 3TU JIMHUU BIUSHUS 331aHHOM BHEIIHEN HArpy3Koil U CpaBHUTDH MOTyYECHHbIE

PE3YJbTAaThI CO 3HAYCHUAMHA OPAHUHAT SIIHOP M n Q B OTOM K€ CCUCHUH B I1.2.

P=10 kH P=10xH

A\H.va%wvi D E F
; B C s A
d° 9 d d . d . d. d . d

et et B e

PucyHnox
0.18 UcxonHple faHHBIE

q=3 xH/m




Pewrenue:

1. Ilposepka ceomempuueckoii HeusMeHAEeMOCHU CUCIEMbL.

Pa3meps! Oanku u 3a1aHHasi CUCTEMa BHEITHUX CHIT ITOKa3aHbl Ha puc. 0 .18.

MHorormposnieTHass cratudecku omnpeaenumas Oanka (puc. 0 .18) coctoutr m3 Tpéx Oanok
(IMCKOB), COETMHEHHBIX MEXKIy cobolt mapuupamu C u E, 1 UMEET 5 ONOPHBIX cTepkHel. Hucio
CTerneHel cBoOOIbl paccMaTpUBaeMON CUCTEMBI IIOJICUUTAEM IO (popmyIie:

W=3D-2I-C,=3-3—-2-2-5=0.

CrnenoBaTenbHO, paccMaTpuBaeMas CTaTHUECKH OmpenenuMas Oanka MMeeT HeoOXOoIuMoe
KOJIMYECTBO CBSI3€H U SABJISETCS TEOMETPUUECKH HeU3MeHseMol cucteMoid. C METOAMYECKO 1IeTbIO
MIPOBEJIEM aHAIU3 TEOMETPUUYECKON HEU3MEHIEMOCTH OANTKU U APYTUM CIIOCOOOM.

Jljig IpoBEpKH HEM3MEHSEMOCTU JTAHHOW MHOTOIPOJIETHOM OaJKM HAauHEM IeOMETPUYECKHM

aHaJIn3 ¢ PaCCMOTPCHUA Oanku ABC Ona coeJIMHEeHa C 3emiei TpEMs HENapaJlJICJIbHBIMH U HE

MEPECEKAIOMIMMUCS B OJHOM TOYKE OMOPHBIMU CTEPKHSIMHU M, CJIEI0BATEIbHO, T€OMETPUUYECKHU
HEU3MEHIeMa, 1 MOXKET ObITh Ha3BaHA OCHOBHOM.

CDE ABC

, SABJIAACH JOMOJIHUTEIbHON II0 OTHOIICHUIO K Oaike , IPUKPCIUICHA K

C

banka

HEU3MEHSIEMOM CUCTEME C IMOMOLIbIO MIapHHpPa =, KHHEMATUYCCKU SKBUBAJICHTHOI'O ABYM CBA34M, 4

K 3€MJIC — C IOMOIIBIO OAHOT'0 OIIOPHOI'0 CTCPIKHA D Tak kak HaIpaBJICHUC YKAa3aHHOI'O OIIOPHOI'O
CTEPIKH HE IIPOXOJUT YEPE3 LIAPHUP C, Oanka CDE ABJICTCA T€COMETPUUICCKHU HEU3MEHSIEMOI.

banka EF SIBJIISIETCS JOIOJHUTEIILHON U MMPUKPCIIICHA K HEU3MEHSIEMOM CUCTEME IrapHHUpOM

E F

, OKBUBAJICHTHBIM JIBYM CBA3sM, a4 K 3€MJIC — OIIOPHBIM CTCP>KHEM * , HAIIPABJICHUEC KOTOPOI'0 HE

E

MMpOXOAUT YCPE3 IApHUP — , U ITIOOTOMY 3Ta Oajka TaKke TCOMCTPHUUCCKHU HCU3MCHACMA.

Takum o00pa3om, AaHHAsT MHOTOMPOJICTHAS CTATUYECKHU OMpenaeianumas Oaika sBISETCS
T€OMETPUUYECKH HEU3MEHSIEMOM.

2. Ilocmpoenue Inwop uzzubarouwux momenmos M u nonepeunvix cun Q om 3a0anHoul
Hazpy3Ku.

M

MHOTOMPOJIETHOM CTATUYECKU OIpeNeTUMON OaTKu HEOOXOAUMO OTAENBHO MOCTPOUTDH AMIOPHI TS
KaXI0W Oasku (OCHOBHOUM M JTOTIOJHUTENBHBIX), a 3aT€M WX COBMECTUTh. [Ipu 3TOM ompezaeneHue
OpIMHAT M3TUOAIOIIMX MOMEHTOB W TOINEPEYHBIX CHJI ClIeyeT BHAyaje MPOBOIUTH ISl TAKUX
JIOTIOTHUTEIBHBIX 0aTOK, OTIOPHBIE PEAKIIMKM KOTOPBIX HE 3aBUCAT OT HATPY30K HA IPYTHX OalKax.
ITo pacuernoit (“moataxkHoi) cxeme (puc. 0 .19, 6) BUAHO, YTO TaKOW OanKOM SBIAETCA

,HJ'I?[ IMOCTPOCHUA IIIIOP I/I3FI/I6aIOHII/IX MOMCHTOB n TOHNCpPEYHBIX CHII Q JIT1

|
CR 3

Pucynok

6aJn<aEF.
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q=3 kH/m
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0.19
2.1. Ilocmpoenue snop M u Q 01a oononnumenvhnou oanku EF.

EF

IMPUIIOKCHA B CCPCANHEC IIPOJICTA, TO OIIOPHBIC PCAKIINU:

P 10
RE=RF=_=_=5KH.

OpnnomponerHas Oanka UMeeT JBa ydacTka. Tak Kak cOCpeJOTOYEHHas cuia P

2 2
MaxkcuManbHbIH U3rHOaroIuil MOMEHT OyAeT MO/ CUIION U ONpeenuTes 1o GopmyIe:
P-2d 60
=——=—=15kH-m.
4 4

[Tonepeunas cuna:

na I yaacrke ¢ = Re = SkH
Ha Il yyactke Q=—Rg=—5kH

[To mony4YeHHBIM 3HAYEHUSAM OPJUHAT CTPOUM JUIsl OajKu EF AMIOPBl  U3TUOAIOIINX
MOMEHTOB M (puc. 0 .20, 6) 1 OTIEPEYHBIX CUI Q (puc. 0 .20, 8).

P=10«xH

/ Vi
a)E F

3m ! 3m
Ry | ‘RI"
on. M, (kH-m)
0) ‘
\
\ \
175 | }
} |
on. Q(cH))|
| \ \
7 s

PucyHnok
0.20 OmguomnponeTHas 6anka EF

2.2. lTocmpoenue rnop M u Q 014 koncoavHout oonoanumenvhoi 6anku CDE.
JlaHHas! OJJHOTIPOJICTHAST OalTka C KOHCOJIbIO MMeeT TpH ydacTka (puc. 0 .21). Ha koHCcONMHM B

P
E EF S =OokKH

TOYKE & OT JOIOJHUTEIBHON OaIKu JICUCTBYET CuJja 2

OmnopHble peakiyu ONpeaesisieM U3 YpaBHEHUI paBHOBeCHUs OalKH:
P
ZMC=P-d+E-3d—RD-6= 10-3+5-9—R,-6=0,

OTKyJa

10-3+5-9
P
ZMD=—P-d+E-d+RC-6=—1D-3+5-3+RE-6={],

OTKyJ1a

= 12,5 kH;



10-3—5-3
R, = - = 2,5 kH.

OO6s13aTeNbHBIM SIBIISIETCS TPOBEPKA MPABMIIBHOCTH BHIYMCIICHUS OTIOPHBIX PEaKIIHil.
B namewm cinyuae

P
E Y=Rc+Rp,—P-5=25+125-10-5=0.
CJ'IC)IOB&TCJ'ILHO, peaKknuun ONpeaACIICHbI IPABUIIBHO. SKCTpeMaHBHBIC 3HAUYCHU I/I3FI/I6aIOH_ICFO
MOMCHTA BO3HUKAKOT B CCUCHUU .

0/ ACMUCTBYIOLIEN CUIION P :
M=R.-d=25-3=7,5 kH-m;
D.

B CCUCHUU

M=—?=—5'3=—15KH'M.

HonepeqHa;I CuJia I10 y9aCTKaM IIpUHHUMACT 3HAUCHUA:

Ha | yuacrtke: Q =R, = 2,5kH;
Ha II yuacTke: Q=R—P=25-10=-75kH;

- _s5kH,

Ha III yuacrtke: 2

[To BeIUMCIIEHHBIM OpJUHATAM CTPOUM DITIOPHI M, Q (pHc 0 .21, o, 6).

P=10xH R,=;=5

ioel
E
|
|
|

‘ I
\
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\

3m | 3m | 3m

El7 5

PucyHnox

0.21 HonomautenpHas 6anka CDE

2.3. llocmpoenue rnop M u Q oas ocnoenoii oarku ABC.
DTy OAHOMNPOJIETHYIO Oanky pa3duBaeM Ha TPH pacdyeTHBIX ydacTka. OCHOBHOH pacyeTHOM
Harpy3Koi Oaiku SBIISETCS paBHOMEPHO pacrpezenieHHas Harpy3ka. Kpome Toro, Ha KOHCOJH B T.

C e R.=25xkH

JCUCTBYET pCaKTUBHAA Cuia “-C ! , BO3BHUKIIIAaA OT OHOpHOﬁ pCaKkuuun JOMOJIHUTEIbHON

Gamcu CDE (puc. 0 22, a).



q=3 kH/m
NETTPITTIIRIL.
7 ] / B /A‘I C

3m : oM 3m
|
on. M, (kHm) ;
| /
M =209xHwm
| !

max

Pucynok
0.22 OcuoBHag 6anka ABC

OmnopHble peakiuy ONpeaesisieM U3 YpaBHEHUI paBHOBECHUS OaJIKH:

q-122
OTKyJa:
25-12+15-122
R, — > — 27333 kH;
.92 .32
ZMB=RA-9+RC-3—QZ +q2 ,
OTKY/Ia:
2 2
—2,5-3+3-%—3-37
R, = ~ 11,167 &H.

9

[TpoBepuM MpaBUIBLHOCTH BHIYUCICHHS OMOPHBIX PEaAKINii [0 YPaBHEHHIO:

Z}' —R,+R;—3q—R,.=11,167 + 27,333 — 36— 2,5 = 0.

Otcroa ciaeayer, 4To OMOPHBIE PEAKIIUK OIPEAeIeHbI MPaBUiIbHO. [ onpeneneHus Monax
dM
. xmax —=0=0
B mpoJjieTe Oalky HaleM BHauaje 3HaYCHHE , TIPH KOTOPOM dx . [lpupaBuuBas

BBIpa)keHHE 111 ) HAa 3TOM y4acTKe K HYJIIO, OJy4YHM:

_ max __
Ry —qx =0 OTKy1a:
R 11,167
M = 4 = ; =3,73Mm
q :



x™e* = 3,73

HOI[CTaBJUISI HaﬁI[GHHOG 3HAa4YCHUC M B AQHAJIWUTHYCCKOC BBIPAKCHUC JIA

M3rudaroIero MoOMeHTa Ha / y4JacTke, HaliJileM 3Ha4eHHe M max
q - xmaxz . 2
— . ymax _ — . S .

My =Rs-x > =11,167-3,73 > = 20,91 kH- M.

HauOonpmmit wm3rubaromumii MomeHt Ha [/ ywactke Oyzaer B cedeHuun B. Hamwmcas
AQHAIINTUYECKOE BBIPAKECHUE IS Mg IIOJICTaBUB 3HAYECHHE I1apaMETPOB, HAUJEM:

q-d? 3-32
Mg =— —Re-d=-— —2,5-3=-21xH-m.
2 2 ’

Onpenenum 3HaYEHUE MONEPEUYHON CUIIBI B XapaKTEPHBIX CEUEHMSIX.

B onopaoM ceuenuu A: Qs =R, =11167 kH.
o2 — R, —q-9=11,167—-3-9 = —15,833 kH.

JleBee omnopsl B: Qs
TTpasee onophi B: Q; " =Ry — Q5™ =27,333—-15,833=11,5kH.

1o nony4yenHbM 3HaueHUsIM M 1 ) B XapaKTEPHBIX CEYEHUAX yYaCTKOB CTPOUM 31tophl. [Ipu
TOM HEOO0XOAMMO HMETh B BHUJAY, 4YTO OpPAMHATHI SMIOPbl M OTKJIaJIbIBAEM CO CTOPOHBI
«pacTSHYTHIX BOJIOKOH», a JMHIOpbl () - IMOJIOKUTEIbHBIE OPAMHATBHI OTKJIAJbIBAEM BBEPX, a
OTPULIATEIILHBIC - BHU3.

CoOBMECTHB SMIOPHI M y; Q peex Tpex 0aJoK, MOIyYUM JITIOPHI M, Q JUISE MHOTOTIPOJIETHOM
mapHupHo# Oanku (puc. 0 .23, g, 2).
2.4. Onpeodenenue uzzuoarouieco momenma M u nonepeunoii cunvt Q 6 ceuenuu 1.

q- 32 3. 32
M,=R,-3— —11,167-3 — =20 kH- M;

Q;=R;—q-3=11,167—-3-3 = 2,167 kH.




q=3 kH/m ‘ j
a)AH\&mH\H$ D :E,) F
T RS pd
| d ! 2d | d | d \ d \ d | d | d |
o | | | | | ]
\ \ \ | | \ | | |
\ Ip_ \ | | ‘ | | |
R =~ | . D Egxg— W;FWF
6) 4. | | CER—1 m%r | |
Ao By
o 11 en. M(xHwm)
| | 21 | | | | |
M, =20,9xH R B
\ \ \ | | | |
o | | | | /Xﬂmﬁm | |
! ! ! |
+ P
\ | \ | | | |
20" S
N L i
2) ”’157H\@NZ ]]’5H\@N-ﬁ—v—m—/ pnncinnnnn R
I ‘ elll7s | =45
\ \ 13,833 | | | | |
PucyHnok
0.23
3. HocTpoenue JUHUI BIUSITHUS Ry yRp.
JInHus BJIUSIHMA ONIOPHOM peakuuu R,
[Ipu pacrosioKeHuu rpysa P=1,.;4 HArpy3Ka MOJHOCTBIO BOCIPHMHMMAETCS JTOM
OTIOPOii U R,=P=1
[Ipu pacrosoKeHuu rpysa P=1,.B Harpy3Ka IIOJHOCTBIO BOCIPMHHUMAETCS 3TOM
OTIOpOH U Ra=10,
[Tpu pacrmonoeHnu rpysa P=13:c

My =P-d+R,-3d=0;

- P-d 1-3 033
34  3-3 7
Jlarmee NUHUIO BIMSIHUS PACIPOCTPAHSIEM HA JOIMOJIHUTEIBHBIC OaNKU CE Hu EF C y4eTOM

P=1

y3JIOBOM Tiepefauu Harpy3ok. [Ipu momoxkeHun rpysa

A

ycumue B T. “* paBHo Hymo (puc. 0 .24 b).

HaJ omopaMu OallOK BHYTpPEHHHUE



Rp.

JInHuA BJUSHUSA ONIOPHON peakL U

IIpn pacnonoxenun rpysa P=1 B T. B Harpy3ka IOJIHOCTBIO BOCIIPMHUMAETCA ITOU
onopoﬁHRE' =P=1
IIpn pacnosoxxeHuu rpysa P=14,, 4 Harpyska IIOJIHOCTbIO BOCIIPUHUMAETCS 3TOU

Rg =0, [Ipu pacmonoxeHuu rpysa P=1g,cXM,=P-4d—R5-3d=0;
R _P'4d_1'4'3
7 3d  3-3

Jlanee TUHWIO BIIUSHUS PACIPOCTPAHSIEM Ha JIOTIOJTHUTEIbHBIC OaTKu

OIIOpOH U

=1,33.
CE , EF

AHAJIOTUYHO

JIMHUM BIIMSHUS OTIOPHOM peaKkiuu R, (puc. 0 .24 ¢).

A4 £ B C

a) | O =
& -

0,667
PucyHnox
0.24 JIuauu BIUSHUA R, U RE‘.
4. llocTpoenue auHuii Baussuus M u Q nis cedenus 1.
[ToctpoeHue NMHUN BIUSHUS BHYTPEHHMX CHJIOBBIX (DaKTOPOB M, Q BBITIOJTHUM

CTaTUYECKUM CIIOCOOOM B CIICAYIOLIEM HOPSIIKE:

- YCTaHaBJIMBAE€M B3aUMOJICHICTBHE OCHOBHOW M JOMIOJHUTENBHBIX OaJOK MO “TI03TaXHOM”
cxeme (puc. 0 .19, 6);

- CTPOMM JIMHUM BIMSHUS BHYTPEHHUX YCHIMH JIJs1 OJHOIPOJIETHOM Oaiku, B KOTOPOH
HAXOJUTCs pacCMaTPUBAEMOE CEUCHHE;

- TIOJIy4YEHHYIO JIMHUIO BIMSHUS PACIpPOCTPaHSIEM Ha BCIO JUIMHY MHOTOIPOJETHOH Oaiku C
y4eTOM Y3JI0BOM nepeaayn Harpy3ok. [Ipu aToM crienyer MMeTh B BUAY, UTO IIPU MOJIOKEHUHU Ipy3a

P=1

- OTpeIeNISieM U3 MOA00MS TPEYTOILHUKOB 3HAYCHHS OP/IMHAT.

XapakTepHble U3 HUX YKa3blBaeM HA JIMHUSX BIMUSHUSA, PUYEM IOJOKHUTEIbHBIE OPIUHATHI
OTKJIa/IbIBA€M BBEpX. XapaKTEPHBIMU TOUKAMU JIMHUW BIIUSIHUS SIBJISIOTCS TOUYKHM TIEpesioMa MOoj
[IApHUPAMHU.

Ha/1 oropamMu 0aJOK BHYTPEHHHUE YCHIIUS BO BCEX CEUCHHAX PaBHBI HYJIIO;



M

OCHOBHOHM OJTHOIIPOJIETHOW Oanke ¢ KOHCOJNBIO. [ToaTOMy a1 Hee JIMHUM BIUSHUS CTPOSITCS, KaK
JUIs OJHONPOJIETHOW Oanku ¢ KOHCOdbi0. I[IpM HMX NHOCTpOEHMH HEOO0XOAUMO PpaccMOTPETh

[TocTpouM NvHUYM BAUSHUS * 1 U Q4 B ceuenun / (puc. 0 .25, 0, e). Ceuenne / HAXOIUTCS B

0) | \
Hpaeaﬂ npﬂmaﬂ \ } }

l SJ | |
| |

MOJIOKEHUE TPy3a P=1 rpaBee U JeBee CEUCHHUS /.
| | | | | | | |
Jlesasn npsamas P | | 1 1.6. M (m))
| B Za | » | | |
5 16 1S, | | |
st L/ el
|
|
|

|
|
: IIpasas npsamas
- |

110667

) 50 )>KLQL0 333
~ \ \

ﬂeeaﬂ npﬂMa}Z f = | |

PucyHnok
0.25
JleBas n mpaBas npsiMble JINHUU BIUSIHUAS MOMEHTA MEPECEKAOTCs MO/l CEYEHHEM [/, a IMHUU
BJIMSIHUS TTOTIEPEYHOM CHJIBI B 3TOM CIIy4ae UMEIOT CKAa4YOK Ha BEJIMYMHY, PABHYIO €UHULIC.
OpauHaTa U3rubaroero MOMEHTa Mo CeYeHHEM OonpeenseTcs mno Gopmyie

B
S.? 0,334
|

\

ab 36

=l =2M ca=3m,b=6m

Trac - pacCTOAHUSA OT CCUCHUA 1 A0 O1Iop AuB

COOTBETCTBEHHO; / =9 M - posieT OaJKH.

Jlanee JTUHUM BIUSHUS M, @ pacnpoCTpaHAIOTCS Ha IpaByl IaHENb, T.€. IPaBYIO

NPSIMYIO CJeIyeT MPOUIUTh JO KOHI[A KOHCOJU. BiusiHue NOMOMHUTENbHBIX 0alOK YUUTHIBAEM I10
NpaBUITy Y3JI0BOH Mepeaun Harpy3oK CIEAYIOIMM 00pa3oM.
Tax xak opAMHAaTa JUHUM BIMSHUS B CEYEHHM [ paBHA HYJIIO, KOT/Ia IPy3 PACHOJIOKEH Haj

D F ABC

ornopamMu =~ u %, TO C KOHIIa KOHCOJU OaJKu IIPOBOJIUM IIPSIMYIO, IIPOXOALIYIO Yepe3 HYJIb B

D CDE

CEYEHU!U U TpOAOIDKAaeM J0 KOHI[A KOHCONIW Oallku , OTKyJa IpOBOJUM IMPSIMYIO,
IIPOXOJAILYIO YEpPE3 HYJIb B CEYEHUN F.

5. Onpeoenenue My 4 Q1 om 3a0annoii enewnei HAZPY3KU ¢ NOMOUWBIO NOCHIPOEHHBIX

JIUHUT 6TTUAHUA.
Jliss BBIYHMCIICHUS] M3rHOAIONIEr0 MOMEHTA W TOMEPEYHON CWIIBI 10 JIMHHUSM BIHUSHUS OT

S

COOTBECTCTBYIOIINX YYaCTKOB JIMHUW BJIUAHUA. Ot COCPCAOTOYCHHBIX CHUJI BCJIIMYUMHY MOMCHTOB U

P

i Ha BCIUYMHY

HarpyskKu q €€ HHTCHCUBHOCTb YMHOXACM Ha anre6pa1/1qec1<y10 CYMMY nnomaz[eﬁ

MOIMCPCYHLIX CHJI BBIYHUCIACM KakK anre6pa1/1qec1<y10 CyMMY HpOI/ISBe,Z[eHI/Iﬁ

L
OpAUHATBI -} 1, B34ATbhIX HaA JIMHUAX BJIUAHHUA 110 TOYKaAMU MPUIIOKCHHUA I'PY30B.



Tak kak B JaHHOH 3amaue MHOT'OIIPOJICTHAsA CTAaTUYCCKU OIPCACINMas Oanka 3arpy>kKcHa

PaBHOMEPHO pacIpeselieHHoil Harpy3koii 4 u cocpenoToueHHBIMH CHIaMH, TO H3rHOAIONIHIA

MOMEHT B C€YEHHUH [ OmpeaessaeM, Moib3ysach JuHuel Bausaus (puc. 0 .25, 0), mo ¢popmysie:

Mlzzsfu'Qk'FZPi'J’i
k i
rae

2-9 1-3
ZS*'M S S = T
Z.S'!r“-q =75-3=225kH"M;
k
ZPI--J& =—-10-0,5+10-0,25=—-2,5kH- M.

Torma M, = 22:5 - 2;5 =20 kH - M [TomydyeHHoe 3HaueHUE M3rHOAIOIIETO MOMEHTA B

ceueHun 1 COOTBCTCTBYCT OIPCACIICHHOMY aHAJIUTUYCCKU.

OnpenenuM 3Ha4Y€HUE MOMEPEYHON CUJIbI B CEUEHUU [ TIO JJUHUU BIUSHUS Qy (puc. 0 .25, e),

MOJIB3YSCh (DOPMYITOH:

Q1=ZS:2 gy +ZP1"}’1'
i i

rac
© o o .o 03333 0667-6 03343
Zsl.=—31+52—53=— 2 Tz Tz W

k
Zsf-q=1-3=3KH-M;

k
ZPI- -y; =10-(—-0,167)+ 10-0,0835= —0,835kH - m.

Torna @, =3—-0,835= 2,165 kH.

HOJ’Iy‘IeHHBIC 3HA4YCHHUA Ql BBIYHCJICHHBIC AaHAJIMTHYCCKN U C IPUMCHCHUCM JIMHHUIN BIIMSAHUS

MPaKTUYECKH COBMAJU: pa3Huia cocrasisieT Bcero 0,09%.

Bonpocui:

1.

2.
3.
4.
5.

IToHsTHE TUHUN BIUSHHUS.

[MocTpoeHue TUHWH BIUSHUS OTOP HA IpUMepe OaKu.
[TocTpoenue nuHuK BIugHUA M.

[Hoctpoenne nuuun BausHUSA Q.

OTnnyus JUHUM BIUSHUS OT JIIOP.

IlepeyeHb 0CHOBHOIM JIUTEPaTyphI:

1. I'moroB, B.A. CrpoutenbHas MeXaHMKa M METAJUIMYECKHE KOHCTPYKIMHM MAalluH /

B.A. I'motoB, A.B. 3aiinies, B.}O. Urnatiorun. — Mocksa ; bepaun : lupekr-Meaua, 2015. — 95 ¢. :

ui.,

tabn. — Pexwum gpocryma: mo mommmcke. — URL: http:/biblioclub.ru/index.php?

page=book&id=426940. — bubnuorp. B kH. — [ISBN 978-5-4475-5266-4. — DOI 10.23681/426940. —
Texcr : 37eKTPOHHBIN.


http://biblioclub.ru/index.php?page=book&id=426940
http://biblioclub.ru/index.php?page=book&id=426940

IlepeyeHb 10NOJTHUTEIBHOM JIUTEPATYPbI:

CrapueBa, JI.B. CrpoutenpHas MmexaHuka B mnpumepax U 3amavyax / JI.B. Crapresa,
B.I'. Apxumos, A.A. CemenoB. — Mocksa : U3narensctBo ACB, 2014. — 222 c. : un., TabI., cCXeM. —
Pexxum nmoctyma: mo moamucke. — URL: http://biblioclub.ru/index.php?page=book&id=274344. —
bubnuorp. B kH. — ISBN 978-5-93093-985-9. — TekcT : 351eKTpOHHBIH.

Ilepeyens pecypcoB  HH(POPMALUOHHO-TEJICKOMMYHUKALMOHHOM ceTtHn  «MHTepHEeT»,
HEeOO0XOAUMBIX /1JI51 OCBOEHMS M CHUILTHHBI

1. DnekTponHo-6ubanoreunas cucrema [IPRbooks Jloroop Ne5168/19 ot 13 mas 2019 rona

2. DnexktpoHHas OMOIMOTeUHas cucTeMa «YHuBepcuTeTckas oubnuoreka on-line» JloroBop Ne50-
04/19 ot 13 masa 2019 roma

3. DnektpoHHO-O6uOIMOoTEeYHasA cucteMa Jlanb JloroBop NeD410-19 ot 22 anpens 2019 r.

Ilepeyenr  WH(POPMANMOHHBIX  TEXHOJIOTHil, WCHOJb3YyeMbIX TPH  OCYILIECTBJIEHUH
00pa3oBaTeJIbHOI0 Tpolecca MO0 [IHCHHUIJIMHE, BKJIOYAsi MepedyeHb MPOrpaMMHOIO
obecneyeHus: 1 UHGOPMAIMOHHBIX CIPABOYHBIX CHCTEM

HHd)OpMCZI/ﬂ/lOHHble CnpaeoyvHble CUCNeEMyl.

1. www.biblioclub.ru - «YHuBepcuteTckas 6M0IMOTEKa OHIANHY;
2. DnexTpoHHO-0nbmmoteyHas cucrema IPRbooks OOO «Aii ITu Op Meauay.


http://biblioclub.ru/index.php?page=book&id=274344

IIpakTH4eckoe 3aHsATHE S
Tema 4. Ili1ockue cTaTH4YecKu onpeaeauMbie (pepMbl.
Knaccuduxanus pepMm, AHaauTudeckue METo bl pacueta Ghepm.

enb: HayunTHCS ONPEAETATH JIMHUHN BIUSHUS B IPOCTHIX Oalikax

3HaTb: OCHOBHBIEC IIOJIOKEHUS CTPOUTEILHON MEXaHUKH; PACYETHBIE METOBI CTPOUTEIBHON
MEXaHUKH; METO/IbI, pacyeTa YCTOMYMBOCTU U TUHAMUKHU COOPYKECHHM,

METOAMKM  pa3pabOTKHM pacyeTHBIX CXEM, METOAMKH pPa3pabOTKU  CTATUCTUYECKOIO U

KHMHEMATHYCCKOT'O aHaJIn3a.

YMerb: CaMOCTOATENBHO OCBaMBaTh OTIEIbHBIE TEOPETUUYECKUE IIOJOKEHUS CTPOUTEIbHOU
MCXAaHUKH; IMPUMCHATH TCOPECTUUYCCKHUC IIOJIOKCHHUA K TpaJUIUOHHBIM W HOBBIM TCXHHYCCKHUM
pEIIeHUsIM KOHCTPYKIMHM U KOHCTPYKTUBHBIX CHCTEM; OIpPENesTh C HEOOXOIUMBIMU TOYHOCTHIO U
HAJ€KHOCTBIO, IIPOYHOCTh CTPOUTENBHBIX KOHCTPYKLHUMN, 3[1aHUM M MHKCHEPHBIX COOPYKEHUU;
OTpeAeNAT, C HEOOXOMUMBIMM TOYHOCTBIO U  HAJIEKHOCTBIO IKECTKOCTh CTPOUTEIBHBIX
KOHCTPYKLUH, 30aHUI ¥ MHKEHEPHBIX COOPYKEHUH; ONpEAesiATh ¢ HEOOXOJUMBIMA TOUYHOCTBIO U
HAJeKHOCTBIO YCTOMYMBOCTh OTHEJIBHBIX CTPOUTENBbHBIX KOHCTPYKIMH, 3AaHUM M HWHKEHEPHBIX
COOPYKECHHUI.

Baagerb: OCHOBHBIMM IMOJIOKEHUSI M PACYETHBIMU METOJIAMHM CTPOUTEIBHON MEXaHUKH; METOJaMU
pacucTta yCTOfI‘-IPIBOCTH; MCTOAaMHU pacucTta JUHAMHUKU COOPY)KGHHﬁ; MCTOJaMH pacyeTa
CTPOUTENBHBIX KOHCTPYKIUI; CHOCOOHOCTBIO ONPEAEATh Pa3UUHbIE BUABI HATPY30K.

DopMUpyEMBbIE KOMIIETEHIINU:

Kon DOopMyITUPOBKA:

CriocoOHOCTh TPOBOJUTH pacyeTHOEe OOOCHOBAaHUE M KOHCTPYHPOBAHUE
[IK-3 [cTpouTenbHBIX KOHCTPYKIMH 34aHUN M COOPYKEHUH MPOMBIIIJIEHHOTO |
rpa)<IaHCKOTO Ha3HAYEHUs

Axmyanvhocms memobl OOBICHAETCS OCHOBHBIMM IPHUHLMIIAMU OIPEAEICHUS] BHYTPEHHUX
(bakTopoB pepm.
Teopemuueckas wacmo:

Iloosudicroti Hazpy3Kkoti Ha3bIBAETCS BEPTUKAIbHAS HAarpy3Ka, KOTOpasi MOKET IepeMelaTbes
B mpenenax coopyxeHus. IlogoOHas Harpys3ka co3jaercsi, Hampumep, ABHKYLIUMCS IO MOCTY
TPAHCIIOPTOM WJIN MEPEMEIIAOIIUMUCS 10 MOJKPAHOBBIM IIyTSIM MOCTOBBIMHM KpaHamu. [Ipu 3Tom
yCHJINS, BO3HUKAIOUINE B COOPYKEHUH, OYIyT 3aBUCETh OT MOJOXKEHUs Harpy3ku. byaem cuurars,
YTO Harpy3ka I[epeMeIlaeTcss 10 COOpPYKEHHIO C HEOOJbIIUMH YCKOPEHHSIMH, IOITOMY
JUHAMHYeCKUMHU 3¢ (HeKTaMy, BOZHUKAIOIUMU IIPU 3TOM, MOYKHO ITPeHeOpeyb.

3azaya pacyeTa cOOpy>KEHUI Ha MOJBMKHYIO HArpy3Ky COCTOUT B ONPEICIICHUN BHYTPEHHUX
YCWINN B €€ CEYEHHUAX IPH JI0OOM ee MOJOKEHUH. B 4acTHOCTH, BaXKHO HAWTU HegbleoOHeliuiee
WIH ONACHOE NOJI0JICeHUe Ha2py3Ky, T. €. TAKOE I0JI0KEHHE, IIPY KOTOPOM YCWINE B JaHHOM
AJIEMEHTE KOHCTPYKUUHU JOCTUIaeT MaKCHUMajbHOrO MO MOAyd0 3HaueHus. [lo ycunmsm,
BO3HHUKAIOIIUM IIPH ONIACHOM IMOJIO)KEHUH HArpy3KH, U BBIMOIHSAETCS MOJ00p CeueHHs CTep>KHEH B
cucTeMe.

[Tockonbky (epmbl 4acTO MCHOJIB3YIOTCS B IMPOJETHBIX CTPOCHUSX MOCTOB, B KauecTBe
HECYIIMX KOHCTPYKLMH 3CKajiaTopoB B METPO, KaK CTpEbl MOABEMHBIX KpPAaHOB, TO HMX 4YacToO
IIPUXOJIUTCS PACCUMTHIBATD HA IEHCTBUE TIOJBUKHON HArPy3KH.

Pacyer crep)kHEBBIX CHCTEM Ha MOJBMKHYIO HAarpy3Ky BBIIOJHSETCS MPU MOMOUIM JIMHUI
BIMSHUSA. Jlunuetl eénusanus (1. B.) Ha3bIBaeTCs rpadukK, MOKA3bIBAIOIIMI 3aKOH U3MEHEHUs KaKoro-

a100 (akTopa B OJHOM 3aJaHHOM CEUYEHHMHU COOPYIKEHHMsS IIPU JBMKEHHH OE€3pasMEPHOro rpysa
P =1 o pceit cucrenme.

JIMHUM BJIMSAHUS B IMPOCTBIX O0ajkax.



PaccmoTpum npoctyro Oanky Ha JIByX Olopax, NepeKpbIBAIOLIYIO MIPOJIET ! (pucynok 1.18, a).

M

ITocTponM JIMHUH BIUSHHSA OIIOPHBIX eaKHI/Iﬁ Lf‘l VE‘ n 1/131"1/I6a}0mer0 MOMCHTA "¢ B CCUCHHHU B
2

HEHTpe OAITKH.
IlycTh eMHMYHAs NONBHKHAS chia © — 1 IpHiOKeHa Ha PacCTOSHUH 2 OT JICBOH OIOpBL.

Owa Bb130BeT B onopax “ i & peprukansueie peakipu. OnpeneanM uX U3 ypaBHEHUI CTATHKH:
ZMB —0,v, - 1-P(—2)=0;
zMA =0,—V,-l+P-z=0,

OTCIOa

v l—=z v z
A i 'R i.

CTpouM IMHUM BIIMSHUS OaJOYHBIX ONOPHBIX PpEaKIHH Vau Vs (pucynok 1.18, 6, 6).

[TonoxurensHBIC OpAXWHATEI OTKJIaABIBAEM BBEPX.

a Yy
) P z P=1
B K’ C ps
A B
V, V.
4 0,51 0,51 E
0) 1
.o v, | LTI
8) 1
JI. B. V, &
0,251
2) ’ 1,
.B. M, L1

Procyror 1.18

[Ipn mepememeHnn rpy3a OT JIEBOM OIOPHI K MPAaBOW BEIWYMHA ONOPHOW pPEAKLIUU Va

YMEHBIIACTCA OT CIUHHUILBLI 1O HYJIA 11O J'II/IHeI\/’IHOMy 3aKOHY.

M

Jjig TOCTpOEeHUS TMHUM BIMSIHUS M3rHOAIOIEro MOMEeHTa ¢ Heo0X0JUMO paccCMOTPETh JBa

ClIy4das, Korjga rpy3 HaxOOUTCA JICBCC U IPaBCeC pacCMaTpuBacMoro CCUCHUA C P€3yJII:TaTLI

ynoOHee BecTH B Tabnn4HOM popme (Tabmuma 1.1).
Wzrubarommii MOMEHT B CEpeIHE IposieTa OallKu PaBeH HYIIO MPH HAXOXICHHH Ipy3a Ha
onopax (pucyHok 1.18, 2¢) U gocTuraeT MakCUMaJIbHOTO 3HAYCHUS, KOT/Ia MOJIOKEHUE SAMHUYHON

CHJIBI COBITAJIAET C PACCMATPUBACMBIM cedueHreM (mpu < — 0,5- ;M =0,25- l).

CymiecTByeT pa3HMIIAa MEXIy OIMIOpod W JuHUed BiusHuA. [lpum moctpoeHun snwopul,
OTIpE/ICTISAIOTCA BHYTPEHHHUE YCUIIUS B PA3IMUHBIX CEYCHHSIX OalKy MPU HETOABIKHOM Harpyske, a
IIPU NIOCTPOCHUU JUHUU GIUAHUA ONPENEIACTCS YCUINE B KAaKOM-TO OJHOM CEUYECHHH IPHU PAa3HBIX
MOJIOKEHUSAX €IMHUYHOM CUJIBL, JCHCTBYIOLIEH HA CUCTEMY.

Tadauuna 1
I'py3 P=1 jeBee T.C (Z < 1/2) I'py3 P=1 rpaBsee T_C (z = 1/2)
M= =0; —Mo+ Vg -0,5-1=0; co=0; M- —V,-05-1=0;
M.=V;-05-1=0,5l M-=V,-05-1=05(l—z)
(YpaEHeHHe JNeEOI OpPAMOIL) (YpaEHeHHe NpaEoii npAMoii)
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JInHuM BIMSIHUS IPH y3J10BOH Nepeaaye HATPY3KH.
B ¢epmax Harpy3ka OObIYHO IepefaeTcs Ha Yy3/bl IOCPEACTBOM BCIIOMOIaTENIbHBIX
KOHCTPYKLUH, HapUMep 4Yepe3 HACTHI U CUCTEMY HPOJOJIbHBIX U MOIMEPEYHBIX OanoK (PHCYyHOK
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Ilpogonpnrie Gankmu

Ilomepeunsie Ganrm
Puacynor 1.19

Ilosic, mo kOTOpOMy NEepeBUraeTCs MOABUKHASL HArpy3Ka, HAa3bIBAETCS 2PY306bIM.

JUist TIOCTPOCHUS JIMHUIA BIIMSIHUASL B CTEPXKHAX (DepM MPHUMEHSIOT T€ )K€ MPUEMBI, YTO U MPH
OTpeNIeIeHU! YCWIMH B HUX OT JEHCTBUS HEMOABMXKHOW Harpy3ku (cmoco0 cedeHui, crocod
BbIpe3aHus y370B). He0OX0q1MMO TOIBKO BBECTH KOOPIUHATY €IUHHYHON CHITBI HAa TPY30BOM TI0SICE
Y IIPOaHAJIN3UPOBATh 3aBUCUMOCTb BEJIMUMHBI YCHWIINS B CTEPIKHE OT IOJIOKEHUS Ipy3a.

JluHuKM BAMSHUS yCWIMH B MAHENSIX BEPXHET0 W HMYKHErO MOSCOB (PepMBl CTPOSITCS, Kak
IIPABUJIO, C NTOMOIIBIO YPaBHEHUN pPaBHOBECHsS MOMEHTOB. Ha IMpOTSKEHMH pacCEeueHHOW MaHeNH,
110 KOTOPOW JBUXKETCS TPy3, MPOBOAUTCS INEpelaTouHas mpsiMasi, COeIUHSIONIasi IPOEKLIUU y3JI0B
(bepMBbl Ha TUHUM BIMSHUS.

[Ipu mocTpoeHUH JTUHUM BIUSHUS CIEQYET pa3inyaTh JIBa BUJA CEUCHUI: Mmexcdyonoproe N
KOHCOIbHOe. MeXIyonopHOoe ceueHue pasfenseT (epMy Ha JIBe 4acTd, B KaXIOH U3 KOTOPBIX
HAXOIUTCS o/HA u3 omnop. KoHCombHOE ceueHne Takke AeTUT (epMy Ha JIBE YacTH, IPUYEeM OTHA
U3 HUX CBOOOJHA OT OMOPHBIX peakiuidl. Croco0 MOCTPOEHUsS JTUHUU BIIMSHUS 3aBUCUT OT BUAA
CEYEHHUS.

ITopsanok MOCTpOEHUS JIMHNN BIMSHUSI POIOJIBHBIX CHJI B CTEPIKHAX MEKAYONOPHOM YacTH:

1) CTPOSAT JIMHUU BIIUSHUS ONOPHBIX PEAKIIUA;

2) MPOBOJAT CceYeHue He Oojee uYeM uYepe3 TpU CTEpPKHS, B TOM YHCIE U
paccMaTpUBaEMBblIif;

3) COCTaBJIAKOT YPaBHEHUS LY=0 WA IM=0 MpaBoi yacTu (epMbl, KOTJa Tpy3

P'=1 cpesa or cedenus, 1 JIeBoii YacTH, KOra Ipy3 CpaBa oT cedeHus. [Ipi 5ToM B ypaBHEHHE

JIOJKHBI BXOJIUTh TOJIBKO UCKOMas IPOJI0JIbHAS CHJIA U OJIHA U3 OMOPHBIX PEAKIUH;

4) MO/, Y3JIaMH PACCEUYEHHOI'O CTEpPXHS TPY30BOr0 IOsica CTPOAT MEPEIATOUYHYIO
MPsIMYIO, CJIeBa OT MEPEAATOYHOM NPSAMON MPOBOJAT JIEBYIO MPSIMYIO, CIIpaBa - MPaByIo.

[Topsiiok mocTpoeHUs! JIMHUM BIUSIHUS TIPOJOJIBHBIX CHII B CTEPIKHSIX KOHCOJIM:

1) MPOBOAAT CceYeHue He Oojiee uYeM uepe3 TpPU CTEpPXKHA, B TOM UHCIE U
paccMaTpUBaeMBblii;



2) COCTaBJISIIOT YPAaBHEHUS LY =0y ZM= 0, korma rpy3 P =1 cnepan cIpasa OT
CEueHMsl, BCEIla pacCMaTpHUBas paBHOBECHUE OTCEYEHHOW KOHCOIM. EcnM MCnonb3yroT ypaBHEHHE
MOMEHTOB, TO KOOPJHHATY £ Tpy3a OTCUMTHIBAIOT OT MOMEHTHOM TOUKH;

3) MO/, Y3JIaMH PACCEUYEHHOI'O CTEpPXHS TPY30BOr0 IoOsica CTPOAT MEPEIATOUYHYIO
MpsIMYIO, CJIEBa OT MEPEAATOYHOM MPOBOIAT JIEBYIO MPSIMYIO, CIIPaBa - MPaBylo.

B xauecTBe nmpumepa pacCMOTPUM MOCTPOCHUE JIMHUM BIMSHUS ONOPHBIX PEAKLUN U yCUIAN
B crepkHsaX 1-2, 3-4 u 3-2 nna pepmbl, n3o0pakenHoi Ha pucynke 1.20, a. OnopHbIe peakuy B
0amouHOM (epMe COBMATAIOT C OMIOPHBIMU PEAKIUSIMH COOTBETCTBYIOIIEH POCTON Oanku. 3HAYHT,
U JIMHUY BJIUSHUA OTIOPHBIX peakiuil B pepme OyayT Takue ke, kak B Oanke. Ha pucynke 1.20, 6
Vanuls.

IIOKa3aHbl JIMHUW BJIUIHUA u

Pacceuem Qepmy ceuenuem /-I U moodyepeaHO PaCCMOTPUM PABHOBECHE €€ JIEBOI M MpaBoit
yactel (pucyHok 1.21).

Ycunue B crepkHe 1-2 ompenensieM M3 ypaBHEHUS MOMEHTOB OTHOCUTENIBHO y3na 3, The
MEPECEKAIOTCS OCH JIBYX JAPYTHUX cTepkHel. [IpogonapHyo cuity B crepykHe 3-4 mOayduM, COCTaBIIss
YPaBHEHHUsI PaBHOBECHS MOMEHTOB OTHOCUTENBHO TOUYKM 2. IIpoenupys cuibl Ha BEPTUKAJIBHYIO
0Chb Y, MOJyYUM MpPOJOJbHOE ycuiue B cTepxHe 3-2. Bce ycuius BbIpakaloTCsl depe3 peakiuu
OTIOp, U JIMHUM BIMAHUS OyIyT MOAOOHBI JIMHUSAM BIUSHHUS COOTBETCTBYIOLIMX OMOPHBIX PEaKLUil.
Pe3ynbratel cBeneM B Tabauny 1.2.

I'pyaoBoii mosac
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Prcymor 1.20
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Prcymox 1.21

B 06IJ_[CM ciIydace, YTOOBI MOCTPOUTD JIMHUU BIIUSHUA, HeO6XOI[I/IMO YUUTBIBATDb
PACIIOJIOKCHUEC I'PYy30BOIo 1osica, T. €. 11oscCa, 110 KOTOpOMY NEPEMEIIACTCA ITOABUIKHAA HAI'PYy3Ka.

Tabnuma 2
I'py3 P =1 nepee ceuenms I-1 I'py3 F=1 npasee ceyeHus /-1
Z MF= = 0;Vg - 2,5d — Ny_,h = 0; Z M3®= = 0; -V, - 1,5d + N;_,h = 0;
2,5d 1,5d
3-4 5 ' 3-4 G

(YypaEHeHHe JeE0il NpAMoil)

(YpaEHeHHe NpaEoii npAMoii)

Z YRR = 0;V, —N,_gsina = 0;

Z Y™ =0;V, + Ny_gsina = 0;

N 1 1 N = ! I
2" sinag °© % sina ¢
(YpaEHeHHe JNeE0Il NIpAMOoiL) (YpaEHeHHe MpAaEoil IpAMOI)
ZMgrpag:D;VB-Ed—l-Ni_:h:D; ZM-;EE= ; =V, -d —Ny_,h =0;
3d d
Ni—s =_TVB N1_2=—EI{4

(ypaEHeHHe NeE0l npAMOil)

(YpaEHeHHe Dpagoii npAMoi)

Hpe,Z[HOJ'IO)KI/IM, 4YTO T'PY30BBIM SABJISACTCA BerHI/Iﬁ osAC. PaCCMOTpI/IM IMMOCTPOCHUC JIMHUU
1,5d

BJIMAHUA. I[JBI 9TOro, CorjaCcHo Ta6J'II/II_Ie 12, OTJIOKMM HaJ JeBOi OHOpOfI BCIMYMHY ® H

MNOCTPOUM CKOPPCKTUPOBAHHYIO JIMHUIO BJIWSIHUA OHOpHOI71 pe€aKkuuun Iil (H_ITpI/IXOBaH JJMHHA Ha
2,5

pucynke 1.20, B). Hax mpaBoii omopoii BBEpX OTIOXKHM OTPE30K k M IOCTPOUM JIEBYIO BETBb

JIMHUH BJINSAHUA N3—4.
HpoequyeM Y3JIbI 1 1 2 Ha NUHUU BIUSHUSA U IMNOJTYYCHHBIC TOYKH COCIHUHACM HpHMOﬁ
muaner. TaxuMm 06pa30M, JIMHUS BJIIUAHUA YCUIIUA N3—4 COCTOHUT M3 3 YYaCTKOB: JICBEC TOYKHU 1

CIPaBEIUIMBBl YpaBHEHMs Ul JIEBOM NpPSMOM, IpaBee TOYKU 2 CIPABENJIUBBI YPaBHEHUS [UIS
IpaBoi MpPSMOM, B Mpejesiax pacCedeHHOM Ipy30BoM maHenu 1-2 pacronaraercsl nepegaTodHast
npsiMast.

AHAJIOTMYHO CTPOSATCS JIMHUU BIUSHUS YCUIUN N3z y Nis (pucynok 1.20, e, 0).



PaccmoTpuM [IBUKEHHE HArpy3Ku P=1 po HIDKHeMY mosicy (pucyHok 1.22, a). Jlunun

BIIMSIHUS OTIOPHBIX peakiuii OyAyT TaKUMU ke, Kak Ha pucyHke 1.20, 6, T. K. OHM HE 3aBUCST OT
TOr0, KaKOW MOsIC TPY30BOiA.

VYpaBHeHue €BOM MPSMOW CIPaBEIJIMBO JIEBEE TOYKM 3, a YpaBHEHUE MPaBOM MPAMOU -
mpaBec TOYKU 4. HpoeunpyeM OTW Yy3JIbl HA JIMHUUW BJIWAHHUA U COCAHUHACM IMOJTYYCHHBIC TOYKU
MeXIy coOOl mepenaTouyHod mpsMou. JIMHUM BIWSHUSA IS YCWINHA B CTEPXKHSAX IMOKa3aHbl Ha
pucyHnke 1.22, 6, ¢, 0.
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Prcynok 1.22

Bonpocui:

1. Omnpenenenue Gepm.

2. Bugst @epm.

3. [Tloctpoenue TUHUM BIUSAHUS M.

4. Tlocrpoenue nuHuU BIusHus Q.

5. TloctpoeHue JTMHUU BIUSHUS OTIOP.
IlepeyeHb OCHOBHOM JIUTEPaTypbI:

1. I'moroB, B.A. CrpoutenbHas MeXaHWKa W METAJUIMYECKHE KOHCTPYKIIMHM MAamiuH /
B.A. I'motoB, A.B. 3aitnes, B.}O. Urnatiorun. — Mocksa ; bepnun : upekr-Meaua, 2015. - 95 c. :
wi, Tabn. — Pexum gocryma: mno moamucke. — URL: http:/biblioclub.ru/index.php?
page=book&i1d=426940. — bubnuorp. B kH. — ISBN 978-5-4475-5266-4. — DOI 10.23681/426940. —
Texcr : 37eKTPOHHBIN.

IlepeyeHb 1O0NOJHUTEIBHOM JIUTEPATYPbI:

CrapueBa, JI.B. CrpoutenbHass MexaHuka B mnpumepax u 3amadax / JL.B. Crapuesa,
B.I'. Apxumos, A.A. CemeHoB. — Mocksa : U3marensctBo ACB, 2014. — 222 c. : ui., Tabi., cXem. —
Pexxum nocrtyna: mo moamucke. — URL: http://biblioclub.ru/index.php?page=book&id=274344. —
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bubnuorp. B kH. — ISBN 978-5-93093-985-9. — TekcT : 3/1eKTpOHHBIH.

Ilepeyens  pecypcoB  HH(POPMALUOHHO-TEJICKOMMYHHUKALUMOHHOM ceTtH  «MHTEepHeT»,
HEeO0XO0AUMBIX /IJIf1 OCBOCHHSI TUCHUNIMHBI

1. DnekTponHo-6ubanoreunas cucrema [IPRbooks Jloroop Ne5168/19 ot 13 mas 2019 rona
2. DnexkTpoHHasi OMOIMOTeUHas cucTeMa «YHuBepcuTeTckas oubnuoreka on-line» JloroBop NeS0-
04/19 ot 13 masa 2019 roma

3. DnektpoHHO-O6ubIMOTEeYHasA cucteMa Jlanb JloroBop NeD410-19 ot 22 anpens 2019 r.

Ilepeyenr  MHPOPMALMOHHBLIX  TEXHOJIOTHH, MCHOJb3yeMbIX MPH  OCYLIEeCTBJICHHH
o0pa3oBaTeIbHOIO Ipolecca MO0 JUCHMILIMHE, BKJYasi IepedYeHb NPOrPaMMHOIO
ol0ecrieyeHust 1 MHGOPMALMOHHBIX CIIPABOYHBIX CHCTEM

HHd)OpMCZZﬂlOHHble CnpaeoyvHble cucnmemsl.

1. www.biblioclub.ru - «YHuBepcuterckas 6M0aM0oTEKa OHIANHY;
2. DnexTpoHHO-0nbmmoreyHas cucremMa IPRbooks OOO «Ai#i ITu Op Meauay.



IIpakT4eckoe 3ansaTHe 6
Tema 4. Ili1ockue cTaTH4YecKu onpeaeauMbie (pepMbl.
MeTon ABYX WJIM HECKOJIBKUX CEUYCHUU, MeTOo1 3aMKHYThIX CeUYeHU, MeTo1 3aMEHbI
CTEpIKHEU.

Heab: HayuynThCSA PAaCCUUTHIBATH (DEPMBI HA MOJBUKHYIO HArpy3Ky

3HaTb: OCHOBHBIE IIOJIOKEHUS CTPOUTEIBHON MEXaHUKH; PACYETHBIE METOBI CTPOUTEIBHOU
MEXaHUKH; METO/IbI, pacdeTa YCTOMYMBOCTH U IMHAMHUKHU COOPYKECHH,

METOAMKM pa3pabOTKH pacyeTHBIX CXEeM, METOAMKH pa3pabOTKH  CTATHCTUYECKOIO U

KHHEMATHYCCKOT'O aHaJIn3a.

YMerb: CaMOCTOSTENBHO OCBauMBaThb OTAEIBHBIE TEOPETUUYECKUE TIOJIOKEHUS CTPOUTEIBHON
MCXaHUKH, IMPUMCHATL TCOPECTUUYCCKHUC IIOJOKCHHA K TpaJUUOUOHHLBIM KW HOBBIM TCXHHYCCKHUM
pEIIeHUsIM KOHCTPYKIMH U KOHCTPYKTUBHBIX CHCTEM; OIpPENesTh C HEOOXOIUMBIMH TOYHOCTHIO U
HAJEKHOCTBIO, IIPOYHOCTh CTPOUTENBHBIX KOHCTPYKLHMW, 3J1aHUM M WHKCHEPHBIX COOPYKEHUN;
OTpeAeNiATh C HEOOXOMUMBIMM TOYHOCTBIO U  HAJIEKHOCTBIO IKECTKOCTh CTPOUTEIHHBIX
KOHCTPYKLUH, 30aHUI ¥ MHKEHEPHBIX COOPYKEHUH; ONpeAesiTh ¢ HEOOXOJUMBbIMU TOUHOCTHIO U
HAJKHOCThIO YCTOMYMBOCTh OTHEJbHBIX CTPOUTENbHBIX KOHCTPYKIMH, 3AaHUI M HMHKEHEPHBIX
COOPYKECHHUII.

Baagerb: OCHOBHBIMM IMOJIOKEHUSI M PACYETHBIMU METOJIAMHM CTPOUTEIBHON MEXaHUKH; METOJaMU
pacucra yCTOI\/'I‘-II/IBOCTI/I; MCTOAaMH pacuc€Tta JUHAMHUKU COOpy)KGHHfI; MCTOJaMH pacyeTa
CTPOUTENBHBIX KOHCTPYKIUI; CHOCOOHOCTBIO ONPEAETATh Pa3UYHbIE BUABI HATPY30K.

PopMUpYyEMbIE KOMIIETEHIINU:

Kon DopMyITUPOBKA:

CriocoOHOCTh TPOBOJUTH pacyeTHOEe OOOCHOBAaHUE M KOHCTPYHPOBAHUE
[IK-3 [cTpouTenbHBIX KOHCTPYKIHMM 3JaHUN M COOPYKEHUH MPOMBIIIJIEHHOTO |
rpa)XIaHCKOTO HAa3HAYCHUS

Axmyansnocms memvt OODBSCHICTCS OCHOBHBIMH MPUHIMIAMHU ONPEICIICHUS BHYTPEHHHX
(bakxTopoB pepm.
Teopemuueckasn uacmo:

OnpenesieHue yCUIUi 10 JHHUSAM BJIMSIHHSA

C moMoIIbIo JTMHUN BIUSHUS MOXHO OINPENEIUTh YCUITUS B CTEPKHIX (PEpMBI MIPH ACHCTBUN
HETIOJIBM>KHOM Harpy3KH.
3arpy:xeHue cOCpPe10TOYeHHbIMM CHJIAMHU.

[Tycth mo rpy30BoMy MOSICY JBHKETCS TPY3 BECOM P Torna YCHUIIME B CTEPKHE
N =Py,

rac y_ opAvHaTa JIMHUHA BJIUAHUA 11O/ TOYKOM IMMPUITOKCHUA CUJIbI P

HeﬁCTBHTCHBHO, y_ YCWINEC, BOBHHUKAIOIICC B CTCPIKHEC OT Z(eﬁCTBHH HpHJ’IO)KCHHOﬁ B HaHHOﬁ

TOYKE C[[PIHPI‘IHOﬁ cunel. B CUuily JIMHEHHOCTH 3aa4u, IMpu YBCINYCHHUU HATI'PY3KU B P pas, ycujiune B

CTEp>KHE TOXKE BO3PACTET BO CTOJIBKO K€ Pas3.
Ecnu rpy30Boii nosic ¢pepMbl 3arpy’eH HECKOJIBKHMMU COCPEIOTOYCHHBIMU CHIIaMH (PUCYHOK
1.23), To Ha OCHOBAaHMM HPUHLHUIIA CYNEPIIO3ULUU YCHIIUE B CTEpPKHE OYIET OIpeneisThCs IO

bopmyne

T
N=PFPyv,+FPy,++Eyvy, = ZFE}FEJ

i=1



rae ¥, — opIMHATA JIMHUW BIMSHUS O] CHIION P (em. pucyHok 1.23), B3siTas CO CBOUM 3HAKOM.

[Tpu 3TOM U1 HArpy30K, HallpaBJICHHBIX BHU3, IPOU3BEeHNE OepeTcs CO 3HAKOM, COBIMAJIAIOLIUM
CO 3HAKOM OPJMHATHI JIMHUH BIHUSIHUS.

I‘l%"l"""""""""|||||||||IIIIII||||||.. .....

Pucyror 1.23

3arpy:xeHne pacnpeieeHHO HATPY3KOM.
L

J.B.N

Ilyctb Ha yuyacTKe JIMHOM “~ Tpy30BOro Iosica JEHCTBYET PaBHOMEPHO paclpejaeieHHas

Harpy3ka HHTCHCUBHOCTBIO q,

Bo uzbexxanmne HegopazyMeHHi OJYEPKHEM, UTO 3[IECh, KaK paHee, TaK U Jajee, CUUTaeTcs,
4TO HArpys3kKa INPUIOXKEHA K BCIIOMOTAaTEJIbHBIM KOHCTPYKLMSM, 4 C HHUX - [Hepelaercs Ha y3JIbl
depmbl. B aToMm ciiydae ycunue B crepykHe hepMmbl onpesensercs mo popmyse

N =quw,

iy

rae # — miomans, orpaHuYeHHAs JTMHKUEN BIMSHUSA 110]] 30HOM AeicTBHS Harpy3ku 9.

HeﬁCTBHTGHBHO, BBIJICIIMM B 30HE JCHCTBUS HarpyskKu q y4aCTOK OCCKOHEUHO MaJIOH JIIMHOM

dz (pucynoxk 1.24). DnemeHTapHasi paBHOJCUCTBYIOIIAs CHJIA, ICUCTBYIOIIAas Ha (hepMy, ¢ ITOTO

y4acTKa COCTABJISET
dF = q - dz,
a yCHUITHe, BO3HUKAIOIIEE OT e¢ JCHCTBUS B CTEPIKHE,
dN =dF - y(z) = q -dz - y(z).
JInst Toro 4toObl HAWTH YCHIHE B CTEP)KHE OT JEHCTBUS BCCH HArpy3KH, HEOOXOIMMO

dN

IIPOUHTETPUPOBATH 10 JJINHE:

N = J dN =J qy(z)dz = qf y(z)dz = qw.

L L L
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Pucynok 1.24

IInomane HCO6XOI[I/IMO OnpeacidaAThL € y4€TOM 3HakKa, T. €. 4aCTb ILIOINAJAU w CHH3Y OT
FOpPI3OHT3.J'ILHOI>i OoCH 6epeTc51 CO 3HAaKOM MHHYC.



IIpumepsl pacyeToB (pepM HA MOABUKHYIO HATPY3KY

[TPUMEP 1. Ins ¢epmbl, nokazaHHoH Ha pucyHke 2.10, TpeOyeTcs NOCTPOUTH JHHUHU
BJIMSIHUSL OTIOPHBIX PEaKIMil U MPOJOJIBHBIX CHII B CTEpKHIX 2-3, 2-8, 7-8, 3-8, 8-9. ['py3 aBmxkercs
10 BEpXHEMY TIOSICY.

JluHuM BIUSHUS ONOPHBIX peakuuil B pepme OyIyT TaKuMU ke, Kak B Oanke (pucyHok 2.10,
0).

Pacceuem Qepmy ceuenuem /-/ U moodyepesHO pacCMOTPUM pAaBHOBECHE €€ JIEBOI M MpaBoil
yacrtel (Tabnuma 2.1).

Ycennue B crepxkHe 3-2 ONpeAenseM U3 YpaBHEHHS MOMEHTOB OTHOCHUTEIBHO y3ia 8, rae
NIEPECEKAIOTCS OCU ABYX JIPYTuX cTeprkHel. [IpononbHyo cuily B cTepkHE 8-7 MOIy4nM, COCTaBIISISA
YpaBHEHHUS PaBHOBECHSI MOMEHTOB OTHOCUTENIHHO TOUKH 2. CIpoepoBaB CUJIbl Ha BEPTUKAJILHYIO

0Ch ¥, ompeneuM MpooIbHOE YCUIIHE B CTEpKHE 8-2.

Bce ycunus BeipakaroTcs uepe3 peakiuy ornop, U JUHUH BIUSIHHUSL COOTBETCTBYIOIUX BETBEH
(mpaBoif W JEeBOM NPAMBIX) OyAyT MOAOOHBI JIMHUSAM BIMSHUS COOTBETCTBYIOIIMX OMOPHBIX
peaKui.

JleByro mpsiMyro IpoBOAMM JIeBee y3ia 2, MpaBylo MpsAMyr — Ipasee y3na 3. Ha nuHum
BIIMSHUS TIPOCHIMPYEM Y31Ibl 2, 3 W COeauHSAEM MepexoaHo mpsiMoi. M3 momoOusi BRIYUCISIEM
XapaKTepHble KOOPAUHATHI TMHUHN BIUSHUS.

[IpoBenem ceuenne /1 -11 (Tabnuna 2.2).
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Ny, =3V
VpaeHeHHe JeEoll NpAMoi

Nyg=—2V,
VpaEHeHHe [Ipaeoil npAMoHi

Z MF¥ =0; —Ng_,d +V; -4d = 0;
Ng_7 =415
VpaeHeHHe JeBoil npAMoi

N
VpaBHeHHe Ipaecil npamMoil

ZM:}EE =0; No_d—V,-d=10;
7-8 1{4

Z YT = 0; Ny ,sina+V; =0;

o I
L =——F =_141-V,
sin a 0,707

VpaEHeHHe JIeEOH NpAMOoil

Ng—p =—

Z Y™ = 0; —N, gsina+ V, = 0;
W W

Ny g =

VpaEHeHHe Npaeol npAMoi

Tabmuma 2,2
I'pys £ = 1 nesee ceuenns 1 -11 I'pys £ = 1 npaee ceuenus 17 -1

Y I7
1 2 Y N, 23,3

x L

ol
- * Ny,
[} A N 89

7 8§
%9 I
v, 1 2d N

L

Z MP® =0; —Ng_zd + V5 -3d = 0;
Ng_g = 3Vp
(YpaEHeHHe JeE0i IpAMOit)

Ng_g = 2Vp
(ypaEHeHHe NpaEoii OpAMOI)

Ny g=TVz
(ypaEHeHue JeEOi npAMoil)

z Y-IIEE = l:.: NE—B +I{4 = ':.:
Ny g=—-V,
(ypaeHeHHe npaeoil npAMoii)

VYcunue B crepikHe 3-8 HAXOAUM M3 YpaBHEHHUS MPOEKIMH BCEX CHJI HA BEPTUKAJIBHYIO OCb.
[TpuHsAB 32 MOMEHTHYIO TOUKYy y3en 3, ompelenuM ycuiaue B crepxHe 9-8. Tak kak rpy30BbIM
HOSCOM SIBJISIETCS. BEPXHUM, TO MPaBylo NPAMYIO IIPOBOAUM IIpaBee y3ia 3, JIEBYIO — JeBee y3ia 2.

[Tpoekuuu y3710B Ha JIMHUIO BIUSHUS COSTUHSIEM MEPEXOTHON MPSIMOK.
3amMeTuM, YTO BUJ JJMHUU BIUSHUS YCHINS B CTEPKHE 3-8 3aBUCHUT OT MOJIOKEHUS TPY30BOTO

mosAca. HepeﬂaTqua;I npsamMadg B 3TOM CJIydac paClpoCTPaHACTCA B MIPEALCIax paccequHoﬁ IIaHCIN

Ipy30BOrO Tosica.

IMPUMEP 2. Jns pacyeTHOI cXeMbl (pepMbl



[=3d

TpebyeTcs: a) TMOCTPOUTHh JIMHUM BIIUASHHS B CTepncHﬂk 3-4, 3-5, 2-5; 6) npu TOMOIIM JTUHUHN
Ny5 Ny N

BJIMAHUA OINPCACIINTb 3HAYCHUA -2 OT )IeflCTBHSI Y3JO0BBIX COCPEAOTOYCHHBIX

narpysok (F = 450 KH) (pucynok 2.11). Ipys aBuxkercs 1o HUKHeMy OACY.

[ToctpoeHre nHWHWUN BIUSHUS B CTEPKHAX KOHCOJBHBIX (epM HMMEeT HEKOTOphIC
OCOOEHHOCTH.

JJis TOCTpOCHMSI JIMHUW BIUSHUS yCUITUS B cTepkHEe 3-4, n300pakeHHo# Ha pucyHke 2.11, q,
paccMOTpUM paBHOBECHE YAaCTH KOHCOJIM CIIpaBa OT ce4eHus [-/, moyarasi, 4To Ha HEl HaXOAUTCSA

rpy3 £ = 1. Cucremy xoopauuar cBskeM ¢ y3i1om 2, och ¥ HanpaBuM BBepX, Z - Bpao. COCTaBHM

ypaBHEHHUS paBHOBECHs MpaBoil yacTu (pepmbl. Pe3ynbTaThl BIYMCIEHUH cBeieM B Tabnuity 2.3.

Tabanma 2,3
I'py3 P =1 nepee ceuenns I-1 I'pys P=1 npasee ceyeHus /-1
(;eBee y3ma 5) (mpaBee y3na 2)
ZM?’“ =0; Ny_,'d—P(z+d)=0;
mpEE _ o
ZME =0; _P(z+d) =z
Ny, =0. N3-s = d T d
(ypaeHeHHe JeE0il npAMoii) (VvpaeHeHUe Npapoii IpAMOIT)
Niglz=0 =1 N3_yl.=5 = 2.
MP" =0; —N,_;-d —Pz = 0;
Z MT= = 0; Pz z
. N"‘—E. - = — —
N,_c = 0. 2 d d
(ypaeHeHHe JeE0il npAMoii) (VpaEHeHHe mpaEoil NpAMOIL)
Ny_glozg = 0; Ny_yl.=g = —1.
Y™ =0, —N, .sina— P = 0;
z Y= = 0, —N,__sina = 0; Z 3-s S
F 1
Ny ;=0 Ny, ;=———=———=-1,155
(ypaeHeHHe JeE0il npAMoii) s a sin o .
(VpaEHeHHe npaEoil npAMoil)

[Tpu HaxoXaeHUU Tpy3a JeBee y3ia S nmpaBas 4acTh pepMbl OyIeT HE HATPYKEHHOM, IIOATOMY
pacceyeHHbIE CTEPIKHU CTAHYT HYJIEBBIMU.

CnpoerupyeM y37b1 2 1 5 Ha TWHUAU BIUsHU. [lomydeHHbIe TaKUM 00pa3oM TOYKH COSTUHUM
nepeaaToyHon npsAMoil. JINHUM BIUSHUS MOKa3aHbl Ha pucyHke 2.11, 6.




Hcnons3yss TUHUM BIIMSHMSA, BBIYMCIMM YCHUIUSA B CTEPKHAX OT 3aJaHHON Harpysku. Jlus
ATOr0 3HAYEHHE CUJIbl YMHOXHUM Ha OpJAWHATY JIMHUM BIUSHUS MOJ HEW (C ydeToM 3HaKa) U
[IOJIyYEHHBIE IIPOU3BEICHHUS CIIOKHUM:

' h
a) §,.f~4 Z) 3
5 r 2 1
. *F F F
| 1-34

0) |
I

|
| s
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llxmgs%’
|
JI. B. N3_4 Jesas

JI. B. Nz-5 JIenmnrpmlaJ 1

|

JI. B. N, ; Jesas npawad 1

=

1,15

1,15 " Ilpapas upsmas
Pucysor 2.11
N, . =F-(—1)= —450 uH;
Ny ,=F-1+F-14+F-2=4F =4-450= 1800 &H;
Ny, . =—-F-1155—F-1,155— F 1,155 = —3,465F = —3,465-450 = —1559 kH.
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1. IloHsATHE JIMHUYM BIAUSHUSL.

2. IlocTpoeHne nuHUYM BIUSAHUA OLOP.
3. Iloctpoenue nuHum BausiHus M.

4. Iloctpoenue nuHuU BIUsSHUSA Q.

5. OTnuuus TUHUM BIUSHUSA OT BIIIOP.
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