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BBE/IEHUE

JIroboe BO3BOIMMOE COOPYKEHHE [OJDKHO OBITh pPACCYNTAHO HA MPOYHOCTh, MKECTKOCTh H
YCTOMYMBOCTh. DTO TMO3BOJSIIOT CHEJIATh HECKOJbKO JUCIUIUIMH, B TOM 4YHCJE: CONPOTUBICHHUE
MaTepUalioB, CTPOUTEIbHAS MEXaHWKA CTEPKHEBBIX CHUCTEM, TEOPUU YIOPYrOCTH, IUJIACTUYHOCTU U
Jpyrue.

YMeHue paccuuTaTh KOHCTPYKLHUIO, TOMOTAET MHKEHEPY B BHIOOPE SKOHOMUYHBIX KOHCTPYKLIUH, B
MPaBUJILHOM TIOHMMaHUM PAa0OThI COOPY)KCHUH TP JEUCTBUH HArpy3KH, IT0O3BOJIIET TEOPETHUCCKH
000CHOBATh METOBI 00Pa30BAHUS MHKEHEPHBIX COOPYKEHUH.

CrepkHEBBIE KOHCTPYKIIMH BeChbMa pa3sHooOpa3Hbl. K 3TOM rpyIine OTHOCITCS TaKue COOPYKCHUS,
KaK CTOWKH, CBaW, KOJOHHBI, OajgKd, B TOM YHCIIE MHOTONPOJIETHBIE, a TaKXe KOHCTPYKIHH (epm
CTPOUTENbHBIX KOHCTPYKIIM, HampuMmep, MePeKpbITUH, (epMbl MOCTOBBIX MPOJETHBIX CTPOCHHUIA,
dbepMeHHbIE KOHCTPYKIUU KpaHOB, KOHCTpyKuuu JIOII, paMbl CTpOUTENbHBIX KOHCTPYKIIMA — KapKachl
3I[aHI/II71, KOM6I/IHI/IpOBaHHble CTep)KHeBI)IG KOHCprKIII/II/I BAHTOBBIC U BUCAYHNC KOHCTp}/KIII/II/I HpOJIGTHI:IX
CTpOGHI/If/'I MOCTOB, COBpeMeHHHC BHUCAYNEC U BAHTOBLIC HeperI)ITI/Iﬂ 6OJH)HII/IX HpOJIeTOB.

[{enbro HACTOSIIErO MOCOOUS SIBISETCA 00ydYeHHEe METOJIaM U CIIoco0aM ONpeeIeHUs BHYTPEHHHUX
YCUJIMH B CTATUYECKH OMPENEIMMbIX CTEPKHEBBIX CHCTeMax, (OaJKM M IJIOCKHE paMbl) OT 3aJaHHBIX
BO3JICHCTBHUH.

I/IsyquHe JUCHUIIIINHBI COHpOBO)KI[aeTCﬂ CaMOCTOATCIbHBIM BBIITOJIHCHUECM CJ'IYIHaTCJ'IeM

KprOBOfI pa6OTLI C UCIIOJIb30BaHUEM UMEIOIINXCS KOHCIIEKTOB JIEKITUM U y‘le6HI/IKOB.

OCHOBHBIE ITIOJOXEHUS PACUETA CTEP)KHEBBIX CTATHYECKHA
OITPEJEJIMMbBIX CUCTEM
Cmamuuecku onpeoerumbiMy COOPYHCeHUsMU Ha3bIBAIOTCA COOPYXKEHHUS, B KOTOPBIX BCE
BHYTPEHHHE YCHUIUS MOXHO OIPENENUTh IIPpM NOMOLIM ypaBHEHMI cratuku. IIpocrora pacuera u
BO3MOXKHOCTh 00Jiee TOYHO MOAOOpaTh HEOOXOIMMBIE CEUEHHUSI DJIEMEHTOB OOYCIOBUIU IIHPOKOE
pacrpocTpaHeHHe CTAaTHYECKH OMNpeeNuMbIX cucTeM. OJHAKO OSTH CHCTEMBI O00JaJal0T MEHBIIEH
JKECTKOCTBIO TI0 CPaBHEHHUIO CO CTAaTUYECKH HEOMpEIeTMMbIMU. PaspyllieHue OIHOTO U3 DJIEMEHTOB
BJIeYeT 3a COOOW BBIXOJ M3 CTPOS BCEH CHUCTEMBI, YTO yMEHBIIACT HAJECKHOCTh W 0E€30MaCHOCTh

KOHCTPYKIUU.

1.1. CBoiicTBa cTaTUYE€CKH OIPEaeIMMbIX CUCTEM.
1.1.1 Bce cBsi3u cTaTMYECKH OIPEICIUMON CUCTEMBI SBISIOTCS aOCOMOMHO HEe0OX0OUMbIMU T. €.
IIpU yAaJICHUH XOTA OBl OI[HOI\/’I M3 HUX CUCTEMA MMPEBPAIIACTCA B TCOMCTPUICCKN U3MCHACMYIO.
1.1.2 Kaxmoli KOHKPETHOM KOHEYHOM Harpy3ke COOTBETCTBYIOT KOHEYHBIE U  BIIOJIHE
OTIpe/ieIeHHbIE 3HAYCHUSI YCWIIUN (cgolicmeo eduHcmeeHHocmu peuienus). 1Ipu OTCYTCTBHM Harpy3kKu
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yCUJIUSL B 3JIEMEHTAaX CTAaTUYECKH OINpEACIMMBIX CHCTEM paBHbl Hymro. Harpyska, npuiiokeHHas K
OCHOBHOM YacCTH KOHCTPYKLIUH, OyJIET BBI3bIBATH YCUJINS TOJBKO B €€ 3JI€MEHTaX.

1.1.3 Teomerpuueckue XapaKTEpUCTUKH CEUEHUM, JedopMariiyd DJIEMEHTOB, a TaKke
XapaKTepUCTUKU YIPYTHX CBOWCTB MaTEpUAlOB B YPaBHEHHMS PaBHOBECHS HE BXOISAT U IIOITOMY HE
BJIMSIIOT HA 3HAUYEHUS YCUIIUH.

1.1.4 CwmemeHuss onop M TeMIEpaTypHblE BO3JACHCTBUS HE BBI3BIBAIOT YCUJIUN B CTaTUYECKU
OIPEACINMOM CHCTEME.

CrepkHeBble KOHCTPYKIMM TMPEACTaBISIIOT COOON COBOKYHNHOCTh IPSIMOJMHEHHBIX U (WIN)
KPUBOJMHEHHBIX CTEP)KHEH, COCAMHEHHBIX MEXIy CO000i TeM WM HMHBIM CIIOCOOOM. OJIEeMEHTHI
CTEPKHEBOM KOHCTPYKIMU CKPEIUISIIOTCS MEXIy co0oil OonTamu, 3aKkjienkaMu WIHM K€ CBapUBaKOTCA,
IIpUYEM JUI YBEIUYEHHs JKECTKOCTH COCIUHEHHUS HEPEIKO HCIOJB3YIOTCS HAKIAJKHM M KOCBIHKH.
Pasmepsl coenuHeHHMs OOBIYHO CYIIECTBEHHO MeHbIE JUIMH cTepkHeil. IlosToMy B crepikHEBBIX
CUCTEMAX OHO M300pa)kaeTcsi TOUKOM IMEepeceyeHusi Ocel CXOMASIIUXCS B HEM CTEpP)KHEW M Ha3bIBaeTCs
y3aom.

1.2.7KecTKHUe U IIAPHUPHBIE Y3JIbI.
B 3aBucuMocTH OT crocoba MMHUTALMU PEATbHOTO B3aUMOJCHCTBUS CTEpKHEH B COCTUHEHHUU

PasiinvaroT HcecmkKkue u wapHupHsvle y3Jibl.

Kecmkuit  y3en WCKIIOYaeT B3aUMHBIE CMEIICHUS W Ya a
MOBOPOTHI CEUEHUI BCEX CXOISIIUXCS B HEM CTEpKHEH W
MOJICJINPYET OYEHb KECTKOE PEAIbHOE COeIMHEHHE. Takoi y3en v
UMEET TPHU CTENEeHU CBOOOABI HAa MJIOCKOCTH, T.K. JUIS ONUCAHMA
€ro MOJIOXKEHUS HY)KHO 3aJlaTh TPU MapameTpa: MOCTyHaTelbHbIe X

HepeMeIIeHHs y37la M0 BEPTHKAIM M TOPU30HTAIM M YTON €ro
nosopora (puc. 1.2.1)

> X

Puc 1.2.1 XKecmkuii y3en.

B wapnupnom y3ie ceueHus ctepiHEl MOTyT CBOOOJIHO Ya
NIOBOPAYMBAThCA JPYr OTHOCHUTENBbHO Jpyra. OH uMeeT nIBe
CTENEeHH CBOOOJBl HA TIUIOCKOCTH T.K. JJS OIMCaHUS €ro Y
NIOJIOKEHUSI HYXXHO 3aJaTh [Ba IapaMeTpa - IOCTYIAaTEeIbHbIE
IEPEMENICHHUS y3JIa 1O BEPTUKAIM W TOpu3oHTanu. IlonsTus X
NOBOpPOTa HIAPHUPHOIO y3Jla HE CYHIECTBYET, MOCKOJBKY YIJIBI L X
MOBOPOTOB MPHUMBIKAIOIIUX K HEMY CTEpXKHEH OTIMYaroTCs. g
(Puc.1.2.2). IlycTp B IIApHUPHOM Y3JI€ CXOIATCSA Ne CTEPIKHEH.
KpaTHocThIO HIapHUPHOrO y3ja Ha3bIBaeTCs 4uciIo N, =N, - 1.
[IlapHUpHBII y3€l, COEOUHSIOUIMI [Ba CTEP)KHS, Ha3bIBACTCS
OJIMHOYHBIM, T.K. €r0 KPaTHOCTh paBHA €AMHMIIE, TPU CTEPXKHS -
JIBOWHBIM, T.K. €r0 KpaTHOCTh paBHa JIBYM, M T.1. (puc. 1.2.3-
1.2.4).

Takue y31bl BBOASTCS B CTEPKHEBYIO CHCTEMY B TeEX
ClIy4asix, KOrJa K€CTKOCTh PEaJbHOI0 COCUHEHNS B OTHOLLIEHUH Puc 1.2.4 J/{eoiinon wapnup.
IIOBOPOTOB CTEP)KHEH HE UIPAET CYIIECTBEHHOW pPOIM U €10
MO>KHO MTPEHEOPEYb.

Puc 1.2.2 Illaprupnpwtii y3e.n.

Puc 1.2.3 Oounounstit wapnup.




1.3.CBsI34 M UX XapaKTePUCTUKH.

ITnockas CTEPIKHEBAsA CUCTEMA ITPUKPEIIIACTCA K OCHOBAHUIO UCKITFOUUTEIILHO B Y3JIOBBIX TOUKAaX.

Bcesikoe ycTpoOWCTBO, NPENSATCTBYIOLIEE U3MEHEHUIO B3aMMHOIO IOJIOKEHHUS 3JIEMEHTOB CUCTEMBbI
(HaJytararoiee orpaHUYCHUsI HA TIEPEMEILICHUs), Ha3bIBACTCS €8:A3b10. CBsA3b, COCIUHAIONIAS COOPYKEHUE
C OCHOBAHMEM, HA3bIBACTCS ONOPOIl (ONOPHOIL C8A3bI0).

Kamz[a;l CBsA3b HMCCT ABC XApPaAKTCPHUCTUKH. Kunemamuueckan xapaxkmepucmuka OIPECACIACT,
KaKuM IICPEMCUHICHUAM OJHOI'0 3JICMCHTA OTHOCUTCIIBHO APYroro mnperndTrCTByCT CBA3b, 4 Cmamuiueckasn
Xapakmepucmuka - Kakue peakiyuy MOTYT B HEl BO3HHKaTh. Jlajmee pacCMOTpPHM OCHOBHBIE CIIOCOOBI
nacain3anun CBs3eH MEXKAY 3JIEMCHTAMU INIOCKUX PaCYCTHBIX CXCM.

[Ton OMOpPHBIM CTEPXKHEM YCIOBHMCS MOHMMATh YOPYTHil Wi HenehopMupyeMblil (hepMeHHbIN
CTEpKEHb, COCIUHSIOUINI OMOPHBIN IMIAPHUP C KAKUM-THOO (pepMEHHBIM WU APYTUM IMIAPHUPHBIM
y310M. IlosicHUM CMBICII  ONOpPHBIX CTEpXHEH, OrpaHUYMBILKCH PACCMOTPEHUEM Haubosee

yIOTPEOUTENBHBIX MPUKPEIUICHUH K OIMOPAM TIOCKUX CTEPKHEBBIX CHCTEM.

CBsi3b, NPENATCTBYIOIIAS TEPEMEIICHUI0 KaKOM- <=
anbo e€ TOYKH B OJHOM W3 HAMpaBJICHHM, HAIpUMEp IO
BEPTUKAIM WJIA TOPU3OHTAIM, HA3bIBACTCS KATKOBOM i

omopoii (puc.1.3.1.). Puc.1.3.1. KatkoBas omopa u eé

U300paKeHHE.

Ecim B TOYke Tena MNPWIOXKEHBI [IBE CBS3H, HE
JeXalue Ha OJHOW NpPSIMOW, TO OHHM OrPaHUYMBAIOT X i > g
Jr00ble MOCTYyNaTeNbHbIe MEepPEeMEIIeHUsT ITOMH TOYKH, T.€.

o BEpTUKAJIMU HW TOPHU3OHTAJIH. Takme JABE€ CBsA3U

HAa3bIBAIOTCA  HENMOABMKHOW  IIAPHUPHON  OIOPOH Puc.1.3.2. [llapnupHas HEMOABMKHAS OMOpaA
(puc.1.3.2). u e€ nu300pakeHue.

/Kecmkoe coedunenue >1eMEHTOB XapaKTEpU3yeTCs
NOJHBIM  OTCYTCTBMEM  B3aUMHBIX  IE€pEeMElIeHUN
aneMeHTOB.  Pa3mecTuM  Ha ~ OECKOHEYHO  MaJloM
pPacCTOSIHUM OT 3aKpEIUIEHHOM JBYMsI CBA3SIMH TOUYKH 1
(LIapHUPHOM HEMOJBM)KHOM ONOpPBI) elle OJHY, TPEThIO  I— = £
cBs3b. Ecnu muHUM neficTBUS 3TUX TPEX cBsized He OyayT E Z
nepecekaTrbcs BOJHOW TOYKe, TO OECKOHEYHO Majblit
JJIEMEHT, HaXOMSIIMHCA B 30HE HAJIOKEHUS CBSI3EH, Puc.1.3.3. XKécTkas 3ajienka u eé
OKa)XeTCs 3aKPEIUIEHHBIM HE TOJIBKO OT MOCTYHaTEJIbHBIX
nepeMenieHuiit  (kak Npu  HaJIMYUM  [IApHUPHOHN
HETOABM)KHON OIOPHI), HO M MOBOPOTa. Takue TpH CBA3H,
OTrpaHUYMBAIOLIUE TIEPEMEIIECHUS [0 BCEM TPEM CTENEHIM
CBOOO/IBI Ha MJIOCKOCTH, HAa3bIBAIOTCS KECTKOM 3a/1eJKOoM
(puc.1.3.3.).

n300pakeHue.

B crpoutenbHOM MeXaHHMKE B PAaCUETHBIX CXEMax /z/zﬁ 4&%
MOTYT HCIIOJIB30BaThCS M JAPYIHE BHIBI  OIOPHBIX | < z
3aKpeIUIeHUi, B YaCTHOCTU: CKOJIb3silIasi 3ajJesiKka. Jra 777772 7777772 e -
OTIOpHAs CBSI3b TPEISITCTBYET IMOBOPOTY W JIMHEHHBIM JlmHeHOE
NepeMENICHUSIM, MEePIEHANKYISIPHBIM OCH 3aKPEIJICHHOTO CMeleHne
3JIEMEHTa, U JONYCKAET JIMHEWHBIE MEePEeMENICHUs BIOJb Puc.1.3.4. Ckonp3sias 3a1eiKa 1 eé

ero ocu (puc 1.3.4.). n300paKeHue.




1.4 . Peakuiuy ONOPHBIX CBsI3€EN.
I[J'IH OIpeCaACIICHNA BCEX CHUII, HeﬁCTBYIOIHHX Ha 6am<y, H€06XOI[I/IMO OIpECACIIATh TPHU HEU3BECCTHEBIC
OIIOPHLIC PCAKLIUHU U3 yCJ'IOBI/If/'I paBHOBECHUA TECJIa, HAI'PY>KCHHOT'O 3aJaHHBIMW BHCUIHUMHU CHIIAMH H
HCKOMBIMHU YCHUIIMAMU B CBA3AX.

[Tpu mockoii cuctemMe cujl ypaBHEHHsI paBHOBECHS MOT'YT OBbITh 3allMCaHbl B Pa3IMYHOM popme:

ZX=0; ZY=O;ZMk=O;

Touka K — nrobas TOYKa, JICKallas B IIJIOCKOCTH HeﬁCTBHH CHIJI.

ZMAzO; ZMB=0;ZX=O;

[Ipu sTom Touku A, B, C He TOJKHEI JIEKaTh HAa OJHOU MIPSIMOIA.

ITpu pacyerax BBOAAT JABE COCTABIISIONIUX PEAKIIUU: CHITY U MOMEHT.

[Tycth Kk aseMeHTy OECKOHEYHO Majoro pasmepa M3BHe mpuioxeHa cuina P. Ecium snemeHt
3aKpeIUIEH CBSA3BIO 110 HANPABJICHUIO JEHCTBUA OJTOM CWIBI, TO €ro IEpEeMEIIEHHUE 110 JAAHHOMY
HalpaBJieHUIO0 OyneT HeBO3MOXKHBIM. CoryiacHO mnepBoMy 3akoHy HbloTOHa, paBHOJEHCTBYOIAs BCEX
CHJI, IPUJIOXKEHHBIX K 3JIEMEHTY, HaXOJAIIEMYyCs B COCTOSIHUM PABHOBECHs, JOJKHA ObITh paBHA HYIIIO.
OT0 nocturaercs 3a c4€T BOZHUKHOBEHHUS YCUJIMS B CBSI3U, Ha3blBaeMOro peakuuei cBs3u. Benuunna
peakuuu oJHa ObITh paBHA MO BEJIMYMHE U MPOTUBOMOJIOXKHA [0 HAMPaBICHUIO BHEIIHEMY ycuinio P,
TPUIOKEHHOMY K dJIeMeHTY (puc.1.4.1.).

Ecnu HampaBieHue MNpPUIOKEHHOW K JJIEMEHTY BHEIIHEH CWiIbl W HalpaBJICHHUE CBSI3U HeE
COBIAJAIOT, TO BEJMYMHA PEAKIMH CBSA3H, OUYEBHJIHO, Oy/eT paBHA MO BEJIMYMHE U MPOTUBOIOJIOKHA 110
HalpaBJIEHUIO MPOEKIUU cuiIbl P Ha OCh, COBMAJAOINIYIO C HampasieHHeM cBs3u (puc.1.4.2.). B stom
ciydyae 00 oOecrneyeHHH paBHOBecHs (parmMeHTta B JpyroM HampasieHun (Ha puc.1.4.2) —

(ropu30HTAILHOM) CIIEAYET M03a00TUTHCS OTICIBHO.

l J P ET; P-cosa
TR=P IR= P-cosa
Puc.1.4.1. Peakuus cBs3u. Puc.1.4.2. Peakuus CBS3M B cliyyae HAKIIOHHOM

BHEIIIHEN CUIIEI.

ITockoJIbKY KaTKoOBas OIOpa COOTBETCTBYET
OJHON CBA3W, B OTOM OMNOpPE BO3HHUKAET OJHA
peaKkuus IO HaIMpaBJICHUIO HAJIOKEHHOM CBS3U

(puc.1.4.3)). IR,

Puc.1.4.3. Peaknusi B KaTKOBOM OmOpe.




[ITapHupHas HEIOABW)KHAs ornopa —
COOTBETCTBYET JBYM CBS3SIM, II03TOMY MOXHO Rh
YTBEPKaTh, YTO B HEM BO3ZHUKAIOT JBE OIOPHBIE IR
peakuuy, HalpuMmep, IO BEPTHUKAIM U IO v

ropusontam (puc.1.4.4.). Puc.1.4.4. Peakuyy B IIapHUPHOM HETIOABHKHOM
OI11opeE.
JKécTkas 3amenka COOTBETCTBYET  TpPEM R & R, (i B
CBSI35IM, TIO3TOMY B HEW BO3HHMKAIOT TPU OINOPHBIE . ER-E;:
peakiuu. DTU TPU PEaKLUU MOXKHO MPEACTABUTH B — vi
BUJIC JIBYX cui (B BEPTUKATIbHOM u RVJ IRw IR? R-R,

TOPHU30HTAJIBHOM HaHpaBJIeHI/ISIX) n MOMCHTA,
IMPUITOKEHHBIX B TOYKEC 3aIICMJICHUA (TO‘IKC A Ha

puc.1.4.5.). Puc. 1.4.5. Peakiuu B 5KECTKOH 3aJeIIKe.
[Ipu pacuerax cCkoJb3sIIEH 3a1€JIKU BBOISAT

JIBE COCTABJISIIOIIMX PEAKIMHU: CHUIYy M MOMEHT. S—

CxeMaTHyHO CKOJIB3SIIAsl 3aJeJIKa MOXKET OBITh M v

OpelcTaBieHa B BHAE JBYX MapajuIeIbHBIX

OJIMHOYHBIX CBs3eH (puc. 1.4.6.). Puc. 1.4.6. Peakuuu B 5x€CTKOM 3a/ICIIKe.

1.5I1opsiioK BBINOJHEHHS CTATHYECKOT0 PacyeTa U MoCTPoeHHe IMI0P BHYTPEHHUX

yCHIIHH.

[Ienbro CTaTHYECKOTO pacyeTa CTEPKHEBON CUCTEMBI SABIIACTCS ONPEICICHAE BCEX BHYTPEHHUX CHII
BO BCEX €€ JJIEMEHTaX MM CEYEHHUH 2JEMEHTOB CUCTEMBl M CBOAUTCS K BBIYMCICHUIO U3IMOAIOLIMX
MOMEHTOB, TIONEPEYHBIX U NIPOJOIBHBIX CHJI B CCYEHUAX U IIOCTPOCHUIO S0P BHYTPEHHUX YCUIIHH.

Onopoil BHYTPEHHEro YCHUJIMS Ha3bIBaeTcs Tpaduk, Kaxaas OpAuHATa KOTOPOrO IOKa3bIBaeT
S3HAYCHHUEC OAHHOIO0 YCHUIIMA B CCUYCHUU CTCPIKHA, COOTBCTCTBYIOIICM ITOU opAvHATE. HpI/I 3TOM Ha
smopax Q u N opAMHATEI MOKHO OTKJIAJbIBAaTh C JH000H CTOPOHBI OT OCH CTEPXKHS, TOJIBKO 00s3aTEIbHO
HEoO0X0/IMMO yKazaTh 3HaK ycwius. Ha smrope M opAMHATBI OTKIIAJBIBAIOTCSI CO CTOPOHBI PACTSHYTHIX
BOJIOKOH, YTO SIBJIIETCS €70 3HAKOM.

ITopsimoK BBINOJIHEHUS pacyeTa:

1.PaccmarpuBasi paBHOBecHE BCEH CHCTEMBI B LIE€IOM WM JII000H €€ uacTu (OIUH JIEMEHT WU
IpyIIa 3JIEMEHTOB), ONPE/IEIIieM OIOPHBIE PEeaKIIUN U YCUIIUS B3aUMOICHCTBHS B IIapHUpax. J{ist mo6oit
IJIOCKOM CHUCTEMBI CHJI MOJKHO 3amHcaTrh TpHU HC3aBHCHUMBIX YPABHCHUA PABHOBECHUA BCell CHCTEMBEI oL
,ZIGI\/’ICTBI/IGM BHEIITHEH HarpysKkm W Cwujl, 3aMCHAIOIINWX OIIOPHBIC CBA3U - OIIOPHBIC PCAKIUH, KOTOPBIC
JIeMCTBYIOT BJOJb CBS3M M MEPBOHAYAIILHO MOTYT OBITh HalpaBlieHbl MPOU3BOJIbHO. Eciu B kakoM-1u6o
CEUEHMH UMEETCs IapHUp, TO Ul ONpPEENICHHUs OINIOPHBIX PEAKLMHA MOXKHO HCIOJIb30BATh YCIOBUE, YTO
U3ru0aroui MOMEHT B CEUEHHM, COBIAJAIOIIEM C IIapHUPOM, paBeH Hymwo. Ilpum 3ToM kenarenabHO
KaKIBIN Pa3 3aIIMCBIBATH TAKOE YPaBHEHUE, B KOTOPOE BOMIET TOJIBKO OJHA HCKOMasl PEaKLUs U BHEILHSA

Harpy3ka, 4ToObl He pemniatb cucreMy ypaBHeHUi. Eciu B pe3ynbrare pelieHds YpaBHEHMsSI peaKiMs




MOJTYYUTCSl CO 3HAKOM IUIIOC, TO €€ TEepBOHAYAIbHOE HaIpaBiIeHHe ObLIO BBHIOpaHO mpaBuibHO. Eciu
peakyua NOAYYUNACL CO 3HAKOM MUHYC, HEO00X00UMO UIMEHUmMb ee Hanpaeienue Ha
RPOMUBONOI0NHCHOE, A He YKA3ZbIBAMb 3HAK.
2. Haiitu BHyTpeHHHE CHIJIOBBIE (DAKTOPHI B XapaKTEPHBIX CEUEHUSX JHOOOro 3JeMEHTa METOJI0M
CEUYEHHUM I 3TOrO:
a) He00X0IUMO MBICIICHHO paccedb CTEPKEHB (CTEP>KHEBYIO CUCTEMY) B HHTEPECYIOIIEM MECTE;
0) oTOPOCUTH OJHY U3 00PA30BABIINXCS YACTECH;
B) 3aMEHUTH JCHCTBHE OTOPOILIEHHON YacTH Ha OCTaBUIYIOCS BHYTPEHHHMH YCHJIMAMU (PUCYHOK
1.4.7));
T') OCTaBUTh YPABHCHHSI CTATHYCCKOTO PABHOBECHSI BCEX CHUI, TPHIIOKEHHBIX K OCTABIICHCS YacTH.
3. IlocTpouTs 5MIOpBI BCEX BHYTPEHHUX CUI -M3rudaromero Mmomenra My, nonepeunoit cuiel Q, u

npooabHoi N, cu.

*

A

Puc. 1.4.7.

HN3ruéawmmmM MOMEHTOM HAa3bIBACTCS CyMMa CTAaTUYECKUX MOMEHTOB BCEX OJHOCTOPOHHHX CHII
OTHOCHUTEINILHO IIEHTPAIBHON OCH paccMaTpUBAEMOTO CEUEHHS MEePIEHINKYISIPHONU CHUIOBOM TIOCKOCTH.
[Ipy mocTpoeHMH HMHIOP H3TUOAIOMIMX MOMEHTOB HCIIOJIB3YeTCS JIPYroe MpaBHIIO 3HAKOB (MIPaBHIIO
OTHOCUTCIIbHBIX 3HaKOB), HpI/I KOTOpOM 3HAK MOMCHTA HE€ 3aBUCUT OT HaHpaBJ'IeHI/ISI BHCIITHUX OCCI\/’I.
DIropa MOMEHTOB CTPOUTCSI HAa OCH Opyca, U OpJJMHaTa MOMEHTA OTKJIAJIbIBACTCS B CTOPOHY BBHIMTYKJIOCTH
yIpyTo#l INHUY, T.€., KaK TOBOPSAT, AIOPa MOMEHTOB CTPOUTCSI CO CTOPOHBI PACTAHYTHIX BOJOKOH.

Ilonepeuynoii cuI0if Ha3pIBa€TCA CyMMa TMPOEKIUN BCEX OAHOCTOPOHHHUX CHI Ha OCh,
MEPIICHIUKYIIIPHYIO OCH CTEPXKHS M JICKAIIYI0 B CHJIOBOW IUTOCKOCTH. [lomepeuyHass cuia cUMTaeTcs
MOJIOKUTETHHOMN, €CITH BBI3BIBACT BPAIlEHUE OTCEYCHHOTO DJIEMEHTA 110 YaCOBOM CTPEIIKE.

IIpoxoabHOIi cWJIOH HA3BIBA€TCS CyMMa MPOEKIMI BCEX OJAHOCTOPOHHUX CHJI HA OCh CTEpPIKHS.
[IpoonbHas cuia cuuTaeTcs MOJOKUTEIHHOU, €CIM BBI3BIBAET PACTSDKEHHE OTCEYCHHOTO JJIEMEHTa, U
OTPUIATEIBHOW, €CIIA — CHKATHE.

N3 cooTHOMIEHNIT MOXHO CJeJIaTh HEKOTOPBIE OOIIME BBIBOJBI O XapaKTepe JMIOP H3THOAIoNnX
MOMEHTOB U TOIMEPEUHBIX CHJI ISl IPSMOTOo Opyca.

1. Ecnmu Opyc HarpyXeH paBHOMEpPHO pachpeleléHHOW Harpy3Koil WHTEHCHMBHOCTH (= CONSt,

oueBUAHO, QyHKIMS Q Oymer nmuHEHHOM, a M - KBaapaTHIHOM.

2. Ecnu Opyc HarpyXeH COCpeIOTOUYCHHBIMU CHJIAMU HJIM MOMEHTaMH, TO B MPOMEXKYTKaX MEXKITY

TOYKAMH WX TpHiIokeHuss uHTeHcuBHOCTH (=0. CnemoBartensHo, Q=const, a M sBusercs
8



JTMHEWHOU (yHKIMEHZ. B Toukax MpHIIOKEHUS] COCPEIOTOUEHHBIX CUII 3mopa Q mperepreBaer
CKa4OK Ha BEJIIMYMHY BHEIIHEW CWJbL, a B 3M0pe M BO3HHUKAET COOTBETCTBYIOLIUM H3JIOM
(pa3pbIB B MPOU3BOTHOMN ).

[Ipy nocTpoeHuM HSIHIOp BHYTPEHHUX YCWIMKA 10 BBIYUCICHHBIM B XapaKTEPHBIX CEUYECHMSIX
3HaYeHUSAM HEOOXOIMMO UMETh B BUJLY CIEIYIOIINE OCOOCHHOCTH:

1) opauHaThl 3MI0p OTKIAIBIBAIOTCS MEPIEHIUKYIISIPHO OCH CTEpXKHS: B 3mope M — co cTopoHbI
pacTSIHYyTOr0 BOJIOKHA 0e3 yKa3aHUs 3HaKoB; B amiope Q — ¢ IByX CTOPOH OT OcHU cTepskHs; B amtope N —
CUMMETPUYHO OT OCH CTEPKHS C YKa3aHUEM 3HAKOB;

2) KaXJbI{ y3€J1 pambl I0JDKEH HaXOAUTHCS B PAaBHOBECHH,

3) Ha TPSAMOIMHEHHOM HE3arpy>KEHHOM y4JacTKe pambl U3rHOAIONIMKA MOMEHT BCETJa M3MEHSETCS
10 JINHEWHOMY 3aKOHY, a MOoNepeyHasi ¥ IpOJ0JIbHAs CUJIbI IIOCTOSHHBI;

4) mpu NEHCTBUU HA SJIEMEHT PAaBHOMEPHO paclpeiesieHHOW Harpy3kd H3rHOaroluii MOMEHT
U3MEHSETCs TI0 3aKOHY KBaJpaTHON Mapadoibl, IOMEpeYHas CHIIa — 110 IMHEHHOMY 3aKOHY, a TIPOI0JIbHAS
CWJIa TIOCTOSIHHA, €CJIM JIEHCTBYIOIIAs Harpy3ka HEpIEeHIUKYJIsSpHa OCHU CTEp)KHSA, U HU3MEHseTcs I10
JUMHENHOMY 3aKOHY, €CJIM Harpy3Ka He NEepPIEeHIUKYJISpHA OCU CTEPKHS;

5) ecnu Ha DJIEMEHT CUCTEMbl JIEHCTBYET Harpy3ka B BHUJE COCPEIOTOYEHHOUM CHIIBI, TO B TOM
CEUEHUH, IJie OHa MPUIIOKEHa, Ha 3mtope M OyneM UMeTh TOUKY M3JIoMa B CTOPOHY MPUIIOKEHUS CUJIBL;
Ha smope Q CKavoK Ha BETMYMHY TOM CHIIBI, €CIIH OHA TIEPICHIUKYISIPHA OCH CTEP)KHS, U HA BEIMYHHY
IIPOEKIIMK 3TOM CHJIBI Ha OCh; MEPHNEHAMKYISAPHYIO OCU CTEP)KHS, €CIIM Harpys3ka He NEpIEeHIUKYJIIpHa
ocH rieMeHTa; Ha amope Nckadok OyieT TOJIbKO B TOM cllydyae, eClld Harpyska He NepIeHAUKYIsIpHa OCH
CTEpHS, U €ro BeJIMYMHA OyJeT paBHA MPOEKIIUU 3TON CHIIBI HA OCh CTEPIKHS;

6) B smrope Q pas3peiBbl — "CKauku" (YHKIUH B CEUCHHSX HAJ OMOPAMU COOTBETCTBYIOT II0
BEJIMYMHE U 110 HAIPaBIEHUIO OIIOPHBIM PEAKLIMSIM,

7) B TOUKaX PacloIOKEHHUS IIAPHUPOB 3ITIOPa U3rHOAIOIIEr0 MOMEHTA MPOXOIUT Yepe3 HOJIb.

8) B Toukax, rie Q=0, rpaduk U3ruOAOIIET0O MOMEHTA HMEET SKCTPEMYM.

9) ecnm Ha DIIEMEHT pambl JEHCTBYET Harpy3ka B BHJAE COCPEIOTOYEHHOTO MOMEHTa, TO B TOM
CEUeHHH, IJIe OH MPUJIOXKEH, Ha dmtope M Oyzier ckayok Ha BEIMYMHY 3TOTO MOMEHTA C MapauieIbHBIMU
BETBSIMH, OUEPUMBAIOIIUMHU 31TI0PY; Ha 3mtopbl Q u N 3Ta Harpys3Kka BIUSHUS HE OKa3bIBAET;

10) MCKIAY I/I3FH621}0H_II/IM MOMCHTOM H nonepequﬁ cuoi CYHICCTBYCT U3BCCTHAA 3aBUCHUMOCTDH

dm .
— = (Q, corjacHoO KOTOpOi, ecinu odmopa M Ha paccMarpuBaeMOM YYacTKe HUCXOZSIIAs, TO

dx
QunonoxuTenbHa, ecim 3mropa M Bocxosrast, To Q oTpuIIaTeIbHA.

[Toctpous smropbt M, Q 1 N HE0OX0AMMO BBITOIHUTH CTATHYECKYIO TIPOBEPKY, KOTOpasi COCTOUT B
TOM, 4TO JIt00ast OTCEYEHHAs: YacTh PaMbl TOJDKHA HAXOAUTHCS B PABHOBECUU U, TAKUM 00Pa30M, JTOJIKHBI

BBITTOJIHATHCA YCIIOBHUA PABHOBCCHA CTATHUKU.



2.1 IlpuMepnl pacuera.

[Toctpouts smiopel BHyTpeHHUX ycunuit M, Q, N B OJHONpOJETHONW CTaTUYECKH OIpeaeInMon

0anKu, HaXOsIIEHCS MO ISHCTBUEM 3aJJaHHOM HATPYy3KH.

IIpumep pacuera Nel.
Hcxonnble naHHbIE.
Cxema Oanku npuBeaeHa Ha puc.2.1.1.
Bennuunsl geiictByrommx Harpysok: P = 10 kH, M = 20 kHm, g = 10 kH/m. {nuna: a = 1 m.
M a |
A D

a 2a

A4

Y Y

Puc. 2.1.1. Cxema Oanku.
2.1.10mnpenenenne ONOPHBIX PeaAKIHUIA.

Bwmecto onop, pacronoxeHHbIX B T. 4 1 D Oanku, NpuiiokKUM OMOPHBIE PEAKINH, UX HAIpaBICHHUE
BBIOMpaeM MPOU3BOJIEHO, HAIIPUMEp, KaK yKa3zaHO Ha puc. 2.1.2. B mapHUpHO-HENOABMXHON orope A
BBOJIUM JIBE cOCTaBisitoue peakiuu Ra u Ha. B mapHupHo-noasuxHoi onope D - o1HY BepTHKaNIbHYIO

peakiuio Rp.

»le »le
< rr >

A

Puc. 2.1.2. Cxema peakiuii B 6ajke.
Cucrema cui, IeHCTBYIOIIMX Ha Oaiky, MpencTaBiseT co00il MIOCKYI0 MPOU3BOJIBHYIO CUCTEMY

CHII. JIJ'ISI TaKOH CHCTEMBI CHJI MOXHO COCTaBHTH Tpu JIMHEHHO-HE3aBUCUMBIX YPaBHCHUSA PaBHOBECHS.

Beenem cucremy koopauHaT yOX. OCbh «X» BJOJb OCH OaJKH, a OCh «)» BEpTHKaJIbHO BBepX. CocTaBUM

3
ZMD=O; RA-4a+M—3qa-§a—P-a=0

YPaBHEHHUS PaBHOBECHSI.

3
2MA:O; —RD-4a+P-3a+3qa<§a+a>+M=0

Pemas ot YpaBHCHHA HAXOJAUM PCAaKIIUU OIOP:
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_—M+45qa*—P-a -20+45+10

R, = = = 8,75 kH
4 4q 4-1

R _P-3a+3qa-2,5a+M_30+75+10_3125kH
b= 4q - 4-1 T

[IpoBepsiem NpaBUIILHOCTH OINPEACIICHUsI peakiuii. [ 3Toro cocraBuMm eiie 0J1HO ypaBHEHUE

PaBHOBECHSI, @ UMECHHO CyMMY IPOEKIINH CHJI Ha BEPTUKAIBHYIO OCh «I».
ZYzO; Ry—3qa—P+Rg=0

8,75—-30—-10+31,25=0
0=0
2.1.2. CocraBiieHHe BBIPa)KeHHH IJIs1 mMomepevyHbIX cuia Q u u3rmdéammmx MoMeHToB M mo
y4acTKaM.
OnpenensieM TpaHUIBl YYacTKOB Oajdku JUIsi HOCTPOEHUs »dmop. ['paHunl - 3T0 TOUKH
pacIoyioKeHHbIe Ha Oalike, B KOTOPBIX HM3MCHSCTCS WM TOSBJSIFOTCS HOBbIC BHEIIHHE ycwius. B

npumepe 0ajKy Hajao nmoaAenuTh Ha 3 yactu. Puc. 2.1.3.

2 Y
q [P
A N N N % A N D }
B C
I 11 111
Puc. 2.1.3.
Yuacrok | (4B) 0 <X;<a =1u (paccMaTpuBaeTCs 4acTh OAIKH CIIEBA OT CEUCHHUS).
Y

N Q(X)ﬁ X
| v/ M(x)
X1
Q = R, = 8,75 (kH)
M=R, X, =875 X, (kH-M)

[Tontepeunas cuna Q sBIIIETCS BETUYHHON MOCTOSIHHON paBHOU 8,75xH u He 3aBUCHUT OT X3 (31I0pa-
JIMHUS TTApaIJIeNIbHAs OCH «X»).
N3rubarormmit MOMEHT M 3aBHCUT OT X1 JMHEHHO (3MIOpa-HAKJIOHHAA MpsiMas JTuHUS). Beraucisem
M Ha rpaHMnax yyacrka:
X=0, M=0 (kH-M)
X=1; M=875-1=8,75(kH-M)

Yuacrtok (11) BC a =1u<X,<3a =3m (paccMaTpuBaeTCs 4aCTh OAIKH CJI€Ba OT CCUCHUS).

11



Q=Ry—q(X,—a)=875-10(X, — 1)
[onepeunast cuna Q siBisercs nuHeHo QyHkiuen Xo (3Mopa-HaKJIOHHAS MpsSMast).
X=1, Q=875-10(1-1) =875 (kH)
X=3, Q=875-103—-1) =-11,25 (kH)
Tak xak Q mMeeT pa3Hble 3HAKM Ha IPAHUIAX YYaCTKa, TO 00sA3aTeNbHO OyIeT To4YKa ¢ abCImccoit
Xo, B koTOpoii Q(Xo)=0. Haiinem 3ty Touky. s aToro npupasusem Boipaxkerue st Q(Xo) Hyo.
Q(Xy) =875—-10(Xp — 1)
Pemas aTto ypaBHEHHE HaxX01uM Xo:

X —8’75+1—1875 :
0o — 10 - 4 (M)’

X, —a
2

Nsrubaromuii MoMeHT M (X) — siBsieTcst KBaapatuuHoi GyHKImen X, (3mopa-napadoa).
X=1, M=875 (kH-M)
X=3; M=875-3+20—-5-22=26,25 (kH M)

MX) =Ry X, +M—q(X, —a)-

=875 X, + 20 — 5(X, — 1)2

Yr1oObl TOYHO MOCTPOUTH Mapaboiy HEOOXOAMMO BBIYMCIUTH 3HaueHue M, B TpeTbell Touke. B
KayecTBe TaKOW TOYKM HEOOXOAMMO B3ATh 3HaueHHe Xo= 1.875u. T.x. B 3T0#l Touke M, OymeT UMEThH
IKCTPEMYM.

X =1875; M =8,75-1.875+20—5-0.875% = 32,58 (kH - M)

Yuacrok (I111) CD0<X3<a =1u (paccMaTpuBaeTCs 4YaCTh OANKHU CIIPaBa OT CEUCHHS).

q
M(X)/'| D X

\ YQ(x)

X3 |

I "

Q = —Rp + qX5 = —31,25 + 10X;

[onepeunas cuna Q siBisercs MUHEHHOM QyHKIMEN (MI0opa-HaKIOHHAs MpsiMast)
X=0Q =3125 (kH)
X=1 Q=-2125 (kH)
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X
M(Xs)=RD-X3—qX3-73=31,25-X3—5-X32

Nzrubarommii MomeHT M siBnisieTcst kBagpatudHoi GyHKIUEH (3mopa-mapadoa).
X=0M=0 (kHwm)
X=1, Q=2625 (kHwm)
Ha 3amanHOM ydacTke mapabosly MOXHO MOCTPOUTH IO JBYM TOYKaM, T.K. OHa HEe OyIeT UMETh

skcTpemyMa (OHa ydacTke He TPOXOJUT uepe3 3HaUCHUE HOJIb).

2.1.3. IlocTpoeHue 3mi0p.
ITo mosydeHHBIM 3Ha4YCeHHsIM CTpouM Hmtopel Q m M mnsa Bceit Oanku puc. 2.1.4. IlocTtpoeHHbIE
AMIOPBI HEOOXOAMMO MPOBEPHUTH, UCIIOJB3YSI IPABHIIA KOHTPOJIS AITIOP.
|P
A (M/'¢J,¢J,/¢¢H¢¢J,¢I

50

« i

2a

h 4
A

1,875

Puc. 2.1.4. Dnropsl nomnepeyHbIX ¢t Q ¥ M3rudaroIx MOMEHTOB M.
IIpumep pacuera Ne2.
[TocTpouTh SMIOPHI MOMEHTOB W TEPEPE3bIBAIOIINX CUJI B Oajike, HAXOIAIIEHCS IMOJ JACHCTBHEM
BHEIIIHUX Harpy3ok.

Hcxoanble JaHHLIE.
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Cxema Oanku npuBeneHa Ha puc.2.2.1.Bennunnsl aercTByronmx Harpy3ok:P=10 xH, M=2 xHwm,

=3kHIm. Inuna L=2m.

Puc.2.2.1.
Pemrenue.
1. Omnpenensiem peakuu orop Oanku. J[is 3T70ro oTOpackiBacM CBSI3U U 3aMEHSIEM HX JCHCTBHE

JIBYMsI BEpTUKAIBbHBIMU peakiusiMu Rau Re (puc. 2.2.2.).

Puc. 2.2.2

Cocrapisem ABa YpaBHCHHUA MOMCHTOB OTHOCUTCIIBHO TOUCK AuB

ZMA:O; —R;2+q-1-05—-M+P-1=—R;-2+3-1-05-2+10-1=0

ZMC:O; Ry,-2-q-1-1,5-P-1-M=R,-2—3-1-1,5-10-1—-2=0

Pemaewm ypasaernwus. Onpenernsiem Ra= 8,25 kH u R¢c= 4,75kH.

2. Brimonagaem IMPOBEPKY PCUICHUA. COCTaBJ'ISIeM YpaBHCHHEC ITPOCKIUN HAa BEPTUKAJIbHYIO OCh
Zy=0; Ry+R—P—q-1=825+475—-10—-3-1=0

YpaBHEHUE YAOBIETBOPAETCA TOXKAECCTBEHHO, PEAKLIMK HAUIEHBI BEPHO.

IHocTpoenue 3mrop.

BriOupaeM Havano KOOpAMHAT Ha JIEBOM KoHIE Oanku. OnpenensieM rpaHHUIbl y4acTKOB OalIKy 1is
HOCTPOCHMS 3MIOp. I'paHUIBI - 3TO TOYKHM PACIIOIOKEHHBbIE Ha Oalike, B KOTOPBIX HM3MEHSETCS HIIU

HOSBIISIOTCS] HOBBIE BHEIIHUE ycuius. B mpumepe 6anky Hajo nmoaenuTs Ha 2 yacTtu. Puc. 2.2.3.

14



Puc. 2.2.3.

4. Pa3pesaem yuacTtok | 6anku B HEKOTOPOU MPOM3BOJIBHON cpepHel Touke. [[ist mepBoro ydacrtka
0<X<I. OrOpaceiBacM MpaByK YacTh OanKu, 3aMEHss €€ JCHCTBUE pEaKIHsIMH - MOMEHTOM Mu
nonepeuHoi cuior Q (Ha puc. 2.2.4.) U3 yciioBUs paBHOBECHS OCTABIICHCS YaCTH ONPEACIIIeM PeaKIIuK

M(x) n Q(X)kaK QYHKIHH X.

Puc. 2.2.4.
BeinuceiBaeM 3HaueHHs MOMEHTa W IepepesblBamomieid cuiabl Ha yvactke [ mpm 0<x<l,
PYKOBOJICTBYSCh MPHHATHIM MPABUIOM 3HAKOB (puc. 2.2.5.). Ha 3ToM ydacTke IeiicTByeT peakius Omophbl

Ra ¥ pacnipenienenHas Harpyska.

Y
ATIHH“HHH”BQ@) )
M(x)

| Xi |
) |

[ »
Puc. 2.2.5.
[TosTOMYy BBIp@XKEHHUS s ONpENeNieHHs MorepeuHor cuiibl Q u wm3rubaromero MomeHta M

MOJIYy4YaroTCA:

X1
M(X;) :RA'X1_CI'X1?

QX)) =Ryi—q X
Hcronp3ys nomy4deHHbIe BhIpakeHus onpenaenuMm Q u M B Toukax A u cieBa ot B:
X=0;, Q=Ry =825 (kH)
M =0 (kH-M)

X=1Q0=1-3-1=-2 (kH)
12
M=8251-3—=675 (ki M)
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Paspezaem yuactok |l Ganku B HEKOTOpOW MPOM3BOJIBHON cpenHei Touke. OTOpachiBaeM JIEBYIO

4yacTh OaJIKM, 3aMEHss ¢ JCHCTBUE PeakiusIMu - MOMeHTOM M (x) u monepeunoi cuioit Q (X) (Ha puc.

2.2.6.).
,‘|Q(X) ¢«
M(x)

X2

N
gl

«
Puc. 2.2.6.
W3 ycioBust paBHOBECHS OCTABIICHCS yacTu onpeenseM peakuuu M (x) u Q (X) kak GpyHKImn X
Bripaxkenus a1 onpesiesieHus mornepedHon cuiibl Q u nzrubdaromero MomenTa Mmoydarores:
M(X3) = Rc- X,
Q(X1) = R¢
Hcnonb3ys momydenHbie BeipakeHus onpeaenum Q u M B Toukax C u cripaBa ot B:
X=1, Q=R; =475 (kH)
M =475-1=475 (kHwm)
X=2;, Q=R; =475 (kH)
M =475-0=0 (kHwm)
Wcnonb3yst HaliieHHBIE BRIpOKEHUs (DYHKIIUH HA OTACIBHBIX Y9acTKaX, CTPOMM HCKOMBIE DITIOPHI.

(Puc.2.2.7.).

Puc.2.2.7.. Omropel nonepevyHsix cuin Q v M3rudaromx MOMEHTOB M.
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IIpumep pacuera Ne3.
HOCTpOI/ITL SIMIOPbI MOMEHTOB M MNEPEPE3bIBAIONINX CUII B 6aJ'IKC, HaXO,Z[ﬂHICfICH 10 HeﬁCTBHCM

BEPTUKAIBHON cocpenoToueHHONW Harpy3ku P=2 kH, pacnpeaenennoil cuibl q=6kH/M u MomeHTa

M=10xHwm (puc. 2.3.1). Pa3mepsl 1aHbI B METpax.

LTI

M

Puc. 2.3.1

Pemenue

1. Onpez[eﬂﬂeM pCaKIu OI10P OajKu. HJ’IH 9TOI'O OT6paCLIBaeM CBiA3H U 3aMCHACM HUX ﬂeﬁCTBHe

JIBYMsI BEpTUKAIBbHBIMU peakuusimu Rau Rg (puc. 2.3.2.).

2 Y

2 | |
i - :
Pic. 2.3.2.

Cocrapisem ABa YpaBHCHUA MOMCHTOB OTHOCUTCIIBHO TOUCK A uB

ZMA=0; —Rz-4—P-9+q-4-2+M=0

ZMB=O; Ry-4—P-5—-q-4-2+M=0
Pemaem ypasuenus. Onpenensiem Ra=12 kH u Rg=10 xH.

2. BommonHsieM npoBepky pemieHus. CocTaBisgeM ypaBHEHHE IPOEKIIMK Ha BEPTUKAIBHYIO OCh
ZY=O; Ry+Rg+P—-—q-4=12+10+2-24=0

YpaBHEHUE yIOBIETBOPSAETCS TOXKAESCTBEHHO, PEAKI[MH HAlIEHbI BEPHO.
3. OmpenernsieM rpaHUIlbl YYacTKOB Oalku JUIsl ocTpoeHus smrop. banka umeer tpu yuactka I, I, 11

(puc. 2.3.3.). 'paHUIIaMH YUACTKOB SIBJISTFOTCSI KOHITBI OAJIKH, OTIOPHI A U B.
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“ rr rr r‘

Puc. 2.3.3.
4. BeiOupaem Havyaio KOOpJUHAT Ha JICBOM KOHIlE Oanku. Pa3zpezaem ydactok I pambl B HEKOTOpOi

MpOM3BOJILHOM cpenHed Touke. (s mepBoro ydactka 0<X<2. OrOpachiBacM MpaByK 4YacTh OAaJKH,
3aMeHss €€ JICHCTBHE peakuusMd - MOMEHTOM M (x) u monepeunoit cuwinor Q(X). M3 ycioBus

paBHOBECHS OCTaBIIICHCsI YacTH onpeneisieM peakiuu M (x) u Q (X)kak pyHkuuu X.

Puc. 2.3.4.
BremmmceiBaeM 3HaueHWsT MOMEHTa M Iepepes3blBarolieil cuibl Ha ywactke | mpum 0<X<2,

PYKOBOJICTBYSICh NPHHATHIM IPaBHJIOM 3HAKOB. K 3TOMy ydacTKy NPHIJIOKEH TOJIBKO MOMEHT, MOITOMY
BBIPa)KEHUS MOJIyYarOTCsI IPOCTHIE.
M(x) =M, Q(x)=0.
Jlist BTOporo ydactka 2<X<6 (puc. 2.3.5). Pactipenencanyio Harpy3ky ( muuHOW X-2 3aMEHsIEM
paBHozeiicTByOIIEeH ((X-2), mpuiokeHHOH B ee HieHTpe (puc. 2.3.5.), T.e. Ha paccrosuun (X-2)/2 ot ee

IIpaBOro KOHIA.

Puc. 2.3.5.
BremmceiBaeM 3HavueHWsT MOMEHTa | Iepepes3blBaromield cuibl Ha ydactke Il mpm 2<x<6,

PYKOBOJICTBYSICh TIPUHSATHIM TPABUIOM 3HAKOB. MOMEHTHI CHJI, IPUIOKECHHBIX K y4acTKy Oaiku, oepem
OTHOCHUTEJIbHO CEUCHHMs, T.€. MPAaBOT0 KOHIIA, CO 3HAKOM ~+, €CJIM MOBOPOT CHJIBI BHUJCH IO YacCOBOM
CTpeJIKe.

q(x —2)?

M(x) =M+ Ry(x —2) — >

Q(x) =Ry —q(x—2)

18




Hns tpersero yuyactka 6<X<l11 (puc. 2.3.6). Pacnpenenennyio Harpy3ky ( Ha mHe 4 M

3aMeHsEM paBHOCHCTBYOIIEH 4(, TPUIOKCHHOM B cepeanne nposieta AB (puc. 2.3.6).

q AQ(x) l"q TQ(X)
)

W—HHHE Py O

M(x)
‘ X-6 } Aod p
X-
L — | =
Puc. 2.3.6.
BrinucbiBaeM 3HauYeHHMsT MOMEHTAa W TiepepesbiBaronieil cwibl Ha ydactke I mpm 6<X<11,

PYKOBOJICTBYSACH IPUHSATHIM MPABUIIOM 3HAKOB. MOMEHTHI CHJI, IPUIIOKEHHBIX K y4acTKy Oanku, OGepem
OTHOCHUTEJIBHO CEYEHHUs, T.€. MPABOr0 KOHIA, CO 3HAKOM +, €CIIM IIOBOPOT CHJIBI BUJIEH 10 4acOBOM
CTpEJIKE.
M(x) =M+ Ry(x—2)+Rg(x —6) —4q(x — 4)
Q(x) = R4+ Ry — 4q
5. Hcnonb3ys HaiiJeHHbIE BBIp@KEHHS (DYHKIMN Ha OTAECIBHBIX Y4acTKaX, CTPOUM MCKOMBIE
3aBHCMMOCTH i Beel Oanku npu 0<X<L. Jlna ymoGcTBa MOCTPOEHMs, MPOBEPKH U Js OOJbIIEN

HArJSITHOCTH SIIOPHI PUCYEM OAHY IMOJ IPYTOi, COBMEIAasi TAaKKe C PUCYHKOM OalKu ¢ Harpy3kou (puc.
2.3.7.).

MQ_M—A
A B

Puc. 2.3.7.. Dmropsl nonepeyHsIx cuil Q ¥ U3rudaronx MOMEHTOB M.
6. IIpoBepsiem BbimosnHeHHE auddepeHnnansHoil 3aBucumoctu Q(X)=dM(x)/dXx. Ha smrope Q
ecth yuactok II, rme mepepesbiBatomas cwia Q obOpamaercs B Homb. CormacHo nuddepeHnuanbHon

3aBUCUMOCTH B 3TOM MECTE€ MOMCHT MMeeT MakcuMyM. Haxomwm 3nauenue x=x*, rae Q(x)=0. s
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3TOr0 THpUpaBHUBaeM Hymo BbipakeHue Q(X) Ha BropoM yuactke Q(X)=Ra-q(x*-2)=0, ortkyna
HaxouM X *=4 M. BerumcisieM COOTBETCTBYIOIIEE 3HAYCHUE MOMEHTA.

x —2)?
M(X*)=M+RA(x—2)—¥=10+12-2—6-2=22kHM

3aMeTHM TakKe, 4TO B TEX TOYKAX, IJi¢ Ha OANKy AEHCTBYIOT COCPEIOTOUEHHBIE CHIIBI, TaM JITIopa
MOMEHTOB MMEET TOYKY M3JI0Ma, a 3IM0pa Mepepe3bIBaOIINX CUIT - CKadoK. CKayoK Ha 3IM0pe MOMEHTOB
COOTBETCTBYET COCPEIOTOUYCHHOMY MOMEHTY. B laHHOM IprMepe OH He3aMeTeH, TaK KaK MPUXOIAUTCS Ha
Hayayo OayKH.

3ameuanue. 3HAUYCHWE MOMEHTa B CEpPEeIMHE ydacTKa JUIMHON L, rae JeficTByeT paBHOMEPHO
paCIpe/ie/ieHHas. HArpy3Ka (,MOXHO BbrMHCINMT 10 dopmyne (Mi+M,)/2+ql%/8,rne M1 u Mo-

3HAYCHU SMOPBI HA KOHLAX y4aCTKa.

IIpumep pacuera Ne4.

Ot 3a7aHHON Harpy3ku OINpEeAeIuTh BHYTPEHHHUE YCWIMS B cedeHusx pambl (puc.2.4.1.) u
MOCTPOUTH 3IMIOPHI n3rubdaronmx MomenToB M, monepeunsix Q u nmpononsHbIXN cu. [lpu onpenenenun
YCUJIMH HamlpaBjeHUe Oceil MPOeKLUil IPUHSITO B COOTBETCTBUH C JEKapTOBOM CUCTEMOI KOOPIUHAT.
HcxoaHble JaHHBIE.

Bennuuns geiictByromux Harpysok: P1=10 kH, P,=20 kH, M =7xHwm, q =2xH/m.

lPl

) q
I RN
2
P2
—>
2

! 4
\ J

!
Puc.2.4.1.
1. Onpenensiem peakuuu ornop pamsl. Jjst 3Toro ordpacsiBaeM CBSI3M U 3aMEHsIeM UX JeficTBrE

JBYMsI BEPTUKAIBHBIMU peakuusiMu Rau Re (puc. 2.4.2.).
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A

;f
Puc. 2.4.2.

CocraBnsieM ABa YpaBHCHUA MOMCHTOB OTHOCUTCIIBHO TOUCK An B:

6
ZMA:O; Py*2+P-3+q6 5~ Rp-6—M=202+103+ 263~ Ry6-7=0;

6
ZMB=O; P, 2=P*3-q-6'5+Ry 6—M=202-103~ 2:63+R;6-7=0

szo; —H,+P,=—H,+20=0

Pemaem ypasuenus. Onpenensiem Ry, = 5,5 kH.; Ry = 16,5 kH.; H; = 20 kH

2. BommonHsieM npoBepky pemieHus. CocTaBiiseM ypaBHEHHE IPOEKIIMK Ha BEPTUKAIBHYIO OCh Y
ZYzO; Ry+Rg—P,—q-6=55+165-10—-2-6=0

YpaBHEHHE YAOBIETBOPSETCS TOXKICCTBEHHO, PEAKIIMH HANIEHBI BEPHO.

2)onpenenseM 3HaUCHUSI U3TUOAIOIINX MOMEHTOB, MOMIEPEUHBIX U MPOJOTIBHBIX CHII B XapaKTEPHBIX
CEUEHMSX pambl, paccMaTpuBas pPaBHOBECHME OTCEUYECHHBIX YacTel pambl. XapakTEepHbIE TOYKU
pacIoioKeHbl B OIMOpax, MECTax TMPWIOKEHUS BHEIIHUX COCPEJOTOYEHHBIX W PacHpeeIeHHBIX
Harpy30K, MeCTax W3MEHEHHUs HAMpaBICHUS OCH CTEP)KHEW WM B TOYKaX e HEOOXOJMMO OMpPENeTUTh

BHYTpeHHHUe ycwius (puc.2.4.3.).
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Puc. 2.4.3.
Jns ompenerieHUsT BHYTPEHHMX YCWJIMH B TPOM3BOJIBHOM CEYCHHHU X, B CTEPXKHIX DPaMBl,

paccMOTPpUM MOCJICAOBATCIIBHO PABHOBECUC Y3JIOB CHUCTCMbI IIOJ HeﬁCTBHeM MMPHUIOKCHHBIX BHCHIHHX
CHII.

V3en Nel.

N

>M1=0; M1+Ha-0=0,M,=0 M
ZXZO, HA + Q1:-20+Q1:O; Qj_ =20 KH,
>Y=0; Ra +N;=5,5+N;= 0; N;=-5,5 kH (crepxeHb cxar). 1

2

V3en No2.(amxe y3ia)

N
XMop=0; Mop+Ha-2=My+20-2=0, M,o3=-40 xHwm (pacTsaHyTsl Q M
IpaBbl€ BOJIOKHA), >
2X=0; -Ha+Qon=-20+Q,1=0; Q:1=20 xH,
2Y=0; Ra +N2u=5,5+N,5=0; Nu=-5,5 kH (cTepxensb cxkar).
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V3en Ne2.(Bbitire y3iia)

YXMop=0; Mypt+Py2=M,5+20-2=0, M,5=-40 xHwm (pacTsHYTHI
NpaBbIe BOJIOKHA),

2X=0; Q+P2-Ha=Q2p+20-20=0; Q,5=0,

2Y=0; Nog+Ra=N,p+5,5=0, Ny =-5,5 kH (cTepxens cxar).

V3en Ne3. (ke y3a)

SM3u=0; M3y-Py-2+Ha-4=M3y-20-2+20-4=0, M3u3=-40 xHwm
(pacTsiHYTHI paBbIe BOJOKHA),

2X=0; QsutP2-Ha=Q34+20-20=0; Qau =0,

>Y=0; Nap+Ra=N3zu+5,5=0, N3y =-5,5 kH (crepxenb cxkar).

3
P2=20K
2
1

V3en Ne3.(Bbiiiie y3i1a)

EM3p=0; P1-:3+M3p=10-3+M;33=0, M;3=-30 xHM (pacTsaHyTsI
JIeBbIE€ BOJIOKHA),

2X=0; Q35 =0,

>Y=0; -P1—N3=-10-N35=0, N3p=-10 xH (cTep>xeHs cxar).

V3en Ned.(Huxke y3na)

EMuu=0; P1-3+M4u=10-3+M4=0, Muu=-30 xHwm (pacTsHyTsI
JIeBbIE€ BOJIOKHA),

2X=0; Q4u=0,

>Y=0; -P1—N4p=-10-N4p=0, N4g=-10 xH (cTepxeHb cxar).

P1
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V3en Ned.(mpasee y3i1a)

SMun=0; Mag+P1-3=Myn+10-3=0, M4=-30 xHwm
(pacTsHYTBI BEpXHUE BOJIOKHA), M Q P1
£X=0; Nan =0, N(4

2Y=0; Q4—P1=Q4r—10=0, Q4=10 xH.

V3en Ne5.(neBee y3ma)

2Ms7=0; Ms7=0, M P1
ZXZO; Nsn:O, N 5
2Y=0; Qs71—P1=Qs71—10=0, Qs7=10 xH. Q

V3en Ne3.(mpaBee y3ia)

2M3n=0; M3n+q-6-3-7-Rg-6=M3p+2-6-3-7-16,5-6=0,

M31=70 xHw™m (pacTsiHyThl HU)KHHE BOJIOKHA),
ZXZO; N3n20,
2Y=0; Qsn—g-6+Rg=Q31—2-6+16,5=0, Q311 =-4,5 xH.

V3en Neb.

Y Me=0;Mg+q-3-1,5-7-Rg-3=Mg+2-3-1,5-7-16,5-3=0, M=47,5
kHMm(pacTsHyTbl HUKHIE BOJIOKHA), N
¥X=0; N&=0,

2Y=0; Q¢—q-3+Rp=0, Qs=-10,5 xH.
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V3en Ne7.(neBee y3ia)

EM77=0; M77—M=M77—7=0, M77=7 xH™m (pacTssHyThl HUKHHE
BOJIOKHA),

2X=0; N7y =0,

2Y=0; Q71*+Re=0, Q751 =-16,5 kH.

V3en Ne7.(Hmxke y3ia)

EM7=0; Mip-M=M7y-7=0, M7p=7 xHM (pacTsaHyTHI JeBBIC
BOJIOKHA),

2X=0; Q1=0,

>Y=0; N7y+Rg=N75+16,5=0, N7y =-16,5 kH (cTepxeHn ckar).

M=7 KuM

|

V3en Ne8.(Boitire y3ia)

XMgp=0; Mgg-M=M3p-7=0, Msg=7 kHM (pacTsHyTHI JIeBbIE
BOJIOKHA),

X=0; Qsp=0,

¥Y=0; Ngg+Rg=Ngp+16,5=0, Ngg=-16,5 xH (crepxens

cKar).

25




V3en Ne8.(amke y3mna)

EM3u=0; Msu=0,
ZXZO; QgH:O,

ZYzO, N3H+RB:N8H+16,5:O, NgH:-16,5 xkH (CTep)I(eHB

cKar).

V3en Ne9.(Bbitire y3iia)

2Mgp=0; Myp=0,
2X=0; Qop=0,

2Y=0; Nop+Rg=Ngp+16,5=0, Ngp=-16,5 xH (cTepxkeHn

cKar).

Q

N

M

9@

3)ctpoum smropsl u3rubarommx MoMeHToB My, momepeyHslx cun Qp M npoAosbHbIX Np cHiL

[TpoBepsiem paBHOBecue y3710B (puc.2.4.4.).

20 kH2

10 kH
5
4 2 kH/m
Vibd bbb i il
.6 7
7 k Hm
8

20 kH

10 xH
4 > 2 xH/m
INEERRRREENY
06 @7
7 x Hm
z D
90
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10 kH

16,5
B o > 2 kH/m
IRERRRRRRERE
o 7
3 6
— 2
ma 16,5 8
5,5_1. .

Puc.2.4.4.. Dnropsl nomepeyHsIx ¢t Q ¥ U3rudaroIx MOMEHTOB M.
4)IpOM3BOAMM CTAaTUYECKYI0 TPOBEPKY NPAaBUIBHOCTH pacueTa, paccMaTpuBasi paBHOBECHE

orceueHHoM ceuenuem I-1 yactu cucremsr (puc.2.4.5).

Q=10,5 kH
20 xH
—
Puc.2.4.5.
2X=0;
-Ha+P2,=-20+20=0,
>Y=0;
-P1-3-2+Q+Rp=-10-3-2+10,5+5,5=-16+16=0
2Ma=0;
P1-3+q-3-1,5+P;,-2-Q-3-M=10-3+2-3-1,5+20-2-10,5-3-47,5=
=79-79=0.

VYpaBHeHUE yI0BIETBOPSAETCS TOXKAECTBEHHO, PACUET BINOIHEH MPaBUIIBHO.
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MOPSJIOK BBINIOJIHEHUSA KYPCOBOWM PABOTHI.

Kaxxnp1ii cinymiarens BBIMOIHSAET MO AUCHUIUIMHE «OCHOBBI pacuera CTPOUTEIbHBIX KOHCTPYKIIHI
KYPCOBYIO paboTy, IPEAYCMOTPEHHYIO Y4EOHBIM IJIAHOM.

B kypcoByio pab®oTy, BXOIAT 3aJauyd MO pacueTy IJIOCKMX CTaTHYECKH OMPEISIUMBIX CHUCTEM
3arpy’KeHHBIX IPOU3BOJIBHBIMU HETOJBUKHBIMU Harpy3kamu. VMcxonHble AaHHBIC IS pEHICHUsS 3a/a4y
BBIOMPAIOTCS IIPEMO/IaBATENIEM B COOTBETCTBUHU C MOPSAKOBBIM HOMEPOM.

PaboThbl, BEIIOTHEHHBIE C HAPYILIEHUEM 3TUX YKa3aHHil, HE 3aCUUTHIBAIOTCS.

[Ipuctynath K pEHICHUIO KOHTPOJBHBIX 33JaHUN  CJIEIyeT TOJNBKO TIOCIEe H3Y4YCHHS
COOTBETCTBYIOILIETO pa3zena Kypca. [losicHuTenbHAs 3alucKa K KypcoBOM padoTe JOJKHA BBIMOIHATHCS
Ha JMCTax CTaHmapTHoro pasmepa A4 (210x297). Ha TuTynbHOM JHCTE, YKas3biBaeTcs: (pammius
CTyJEHTa, Ha3BAaHUE HAIpPABIIEHUS IMOATOTOBKH, HAa3BaHWE IUCIMILIUHBI, JaTa BBINOJIHEHUS PaOOTHI.
[lepen pemienreM 3aauu HAIO BHIYEPTUTH 33JJaHHYIO CXEMY U yKa3aTh Ha HEW B YMCIIAX BCE BEJIMYUHBI,
HeoOXoaumble st pacu€ra. PemieHue TODKHO CONMPOBOXKIATHCS KPATKUMHU, IOCIEI0BATEIbHBIMU
OOBSICHEHUSIMU U CXEMaMH.

HeoOxonuMo yka3piBaThb pa3MEpPHOCTh BCEX BEIMYMH M TMOJYEPKUBATH OKOHYATEIbHBIC
pe3yIbTaThI.

B ciyyae nHezauéra paboThl, HEOOXOIMMO BBHITIOJIHUTH TPEOyeMble UCIIPABICHUS HA TOM XK€ JINCTE

(ecu O3BOJIIET MECTO) MJIM Ha OTJEJIbHBIX JIUCTaX U MPEACTABUTh BCIO pabOTY IEJIMKOM Ha MOBTOPHYIO

IPOBEPKY.
IMPUJIOKEHHE.
Ipuiaoxenue 1
Tun H a @©™ p y 3 K m
Gankmu CocpenoTodeHHAs CHJIA CocpenoTOYeHHBIH MOMEHT PaBHOMEpHO pacnpenéieHHasi HATPY3Ka
b a
Vpai=F= F =F— :M _M :qJ =i|
S b YT M T ¥ a I
TN S DT o
\J
a b a b ‘ I \,
Hlapnupno ! | 4 2 4
onépmas y
no KoHyam @ \/ @
2
VA:F F V,/.\:O VA:qI
> ; fl\ﬂ‘ v i ¢q¢ V3
i (K 2
Ma=Fa a Ma=M M _ql?
| I AT72] I
Konconvnas 1 § ‘ gl
| | | 28
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IHpuiaoxenue 2

Bremmnue C . C PaBHOMepHO pacnipenesiéHHAs
CHJIOBBIE 0OCpe0TOYeHHbI MOMEHT ocpel0TOYEeHHAsl cHJIa Harpyska
(axTopsI

FY

Qy

Cxema

- !
Harpyss ..._6;...% VS B I B
! b

Q=tga. (>0)

\ OLI \ / Oﬂl \ b
Omopa o I\T/l S )
HM3THOArOIINX max .
MOMEHTOB i . F— — !
liH TouKe NPUTOXEHNA col h
\ cvnbl — ﬁsnom i MnasHoe (6e3 nanoma) | | ! Iapabosa
\ : P

B Touke NPUNOXeHNA o B l:l_anp?BneHMu : np;:ﬂlpﬁﬂrl(:::: " : I :
MOMeHTa — CKa4oK Ha M 7 eé percTBus : KeafipaTHOM Napabonb! | : '
: : !
N T

_ ! :
Q=tgoy (>0) | N
' D
1, I :
\

U3nom
T Qi=tgay (>0) 2
@ AQ=-F, SZAl VD

onom
IMONEPECYHBIX

HUKaKMX 0coGeHHocTel

CHII Ha sniope Q - (’{ ,,,,,,,,,,,,,,, T_e—I—L b S (5=tgoc

B h
(o4 Fy
BTOL:(I(::pgﬂKO)K::VIH ome Qr=tgarr (<0) tgpB = —q,(<0)

(<0)

XapakTep 3anwop:

1. Ha He3arpyxeHHom yyacTke (qy =0 ):
HuddepennuanbHbie M+d M dM dQ aniopa M = npsiMoniHeHas, antopa Q — NOCTosHHAS.
3aBUCHMOCTH T = Q = —q 2. Ha yyacTke ¢ paBHOMEpPHO pacrnpeaenéHHoi Harpyakon ( gy = const ):
y - aniopa M — kBapipaTHas napabona, Bbinyknas B HanpasneHum
RICACTY M, QHqY d X dX AeNCTBIS Harpy3k, aniopa Q — HakMoHHas npsmas;
Q+ Q - B TOuKe, rae Q =0, Ha antope M — akcTpeMyM (MmaxnuMumin ).
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