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Tema 2.1. OcHOBHELIE NOJIOXKEHUSI.
Harpy3ku BHellHre 1 BHYTPEHHME,
METOHO CedeHMn

3namv memod cevenutl, snwympennue cuaosvie Gaxmopbvi, COCMa—
gagoujue Hanpascenut.

Yumemov onpedeagmb sudvt nazpyxcenutl u SHYMPpenHUe CULOBIE—
$AKMOPbL 8 TIONEPEUHBIT CEUEHUAT.

OJleMEHTEl KOHCTPYKLIMM TpHM paboTe MCHEITHBAIOT BHEILIHEe BO3-
IeicTBYE, KOTOPOE OLIEHUBAETCH BEIMYNHON BHemHeld cuinl. K BHemHuM
CUNIAM OTHOCAT AKTUBHEIE CUJIbl U PEAKLIUU OIop.

Ilon nmeficTBueM BHEIIHMX CHJN B OETAJN BO3HUKAIOT BHYTPEHHME
CUNH YIIPYTOCTH, CTPEeMSIIMEcs BEPHYTH Telly NepBOHavaIIbLHYI0 GopMy
U pa3MepHl.

Bremune cunbl 0osKHEL OLITE ONpeleeHkEl METONAaMU TeopeTHde-
CKOIf MEXaHWUKH, & BHYTDEHHHE ONPEenesflOTCs OCHOBHHIM METOHOM CO-
[IPOTUBJIEHUS MATE€PUAJIOB — METOIOM CEHEHUI.

B conmporusneHun MaTepuanioB Tela PacCMaTPHUBAIOTCH B PABHOBE-
cun. Ilns peluenus 3anad UCIONB3YIOT YPaBHEHUs PABHOBECH S, IOy YeH-
HEIE B TEOPETHMYECKOI MeXaHWKe NJIs Tejla B IPOCTPaHCTBE.

Ucnonbayercs cucreMa KoOpauHaT, CBA3aHHAS ¢ TesoM. Haite npo-
OOMBHYI0 OCh HETaiu 0603HAYAIOT 2z, HaYall0 KOOPAUHAT COBMELIAIOT C
JIEBRIM KpPaeM M Pa3MeEILLAlOT B LIEHTPE TAXECTU CEUeHU.

MeT1on ceueHmit

Memod ceuenutd 3aKa1040eMCT 6 MbBICAENHOM DACCENEHUUL MEAL
TAOCKOCTbI0 U PACCMOMPEHUY PAEHOBECUT 410601 U3 OMCEUEHHBIT YQ—
cmetl.

Ecnun Bce Te0 HAXOMMTCA B PABHOBECHU, TO M KaiKIasd €ro YacTh
HaXOAWTCS B DABHOBECUU NOI AEHCTBMEM BHEUIHUX M BHYTPEHHMX CHIL
Buympennue cuabl onpedeagiomced u3 ypasnenull pasroeecud, COCMG-
BAEHHBIT 044 PACCMATMPUBAEMOT Yacmu meaa.

Paccexaem Tesno monepek miockocrsio (puc. 19.1). Paccmarpusa-
eM mpaBylo 4acTh. Ha Hee meiicTsyroT Buemnune cunnl Fy; Fy; Fg v BHy-
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TPEHHME CWIbl YIPYIOCTH ¢, pacupenesieHHHEe No cevyeHuwo. Cucremy
pacrpeneeHHbIX CUIT MOXHO 3aMeHUTHb [VIaBHEIM BeKTOpoMm Fy, mome-
LWIEHHBIM B UEHTP TSKECTU CEYEHUs!, U CyMMAapHBLIM MOMEHTOM cuil My:

n n
Ry =73 qi; My =2(:,mk-
0

Pa3snoxuB ryasabiit BekTop Ry 110 0caM, HOIYYINM TPH COCTaBIIMIOIINE:

R0=Nz+Qy+Qa:;

rac IN, — npouno/ibHAs CUJIa;
Q) — momepevHas CHJa 10 OCH I;
Q, — nonepeyHas Cwia I0 OCH ¥.

napuuit MOMeHT TOXKE NMPUHATO OPEeACTaBIATL B BUIE MOMEHTOB
[ap CWI B Tpex IVIOCKOCTIX MPOCKUUU:

M0=MI+My+Mz,

M, — MoMenT cun oTHOCcHTenbHO Oz; M), ~— MOMEHT CUJI OTHOCHTENIb-
Ho Oy; M, — moMeHT cuil oTHocuTenbHo O,

Ionyuennste cocTapisioOLIME CUII YIPYIOCTH HOCIAT HA3BAHWE 6HY-
mpennuz cutoeblz Paxmopos. Kaxnplil U3 BHy TDEHHMX CHIIOBBIX (hak-
TOPOB BBI3HIBAET ONPENESICHHYO NedopMaluio aeTaj . BHyTpeHHre CH-
JIOBBIE (DAKTOPHI YPABHOBEIIMBAIOT IIPUJIOKEHHEIE K 9TOMY 3JIEMEHTY Iie-
Tanu BHeMHKe cuikl. Ycrnonb3ys 1iecTh ypaBHEHUI paBHOBECUs, MOXHO
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MONIYYUTh BEIMUMHY BHYTPEHHUX CHUIIOBBIX (HaKTODOB:

n n
N2=2sz; Mzzgmz(Fk);
0

7

Q:r=i;:Fk:c; M, =Zo:m:r(Fk);

Qy = %Fky; M, = ‘%jmy(Fk).

W3 npuseneHHHIX ypaBHEHUN CleqyeT, YTO:

N, — npodoabrag cuaa, paBHas anreSpaMyecKoil CyMMe IpoeKimik
Ha ock Oz BHEIIHUX CWJil, OEMCTBYIOLIMX Ha OTCEYEHHYIO YacTh Opyca;
BBI3HIBAET PACTSIXKEHNE UK CKATHE;

Q¢ — nonepeunas cuaa, paBHaA anreGpandecKoil cyMMe HpOoeKuui
Ha ocbk O BHEIHMX CUJI, OEACTBYIOILMX HA OTCEUEHHYIO YACTh;

Qy — nmonepeunas cuaa, paBHas anreGpamdyeckoil CyMMe MpoeKumit
Ha och Oy BHELIHUX CWII, JEHCTBYIOLIMX Ha OTCEYEHHYIO YACTE;

cunsl QQp 1 Qy BBI3HLIBAIOT CABUI CEYEHNS,

M, — xpymawuica momenm, PABHEINA airebpaudecKoil cyMMe Mo-
MEHTOB BHEIIHMX CHJI OTHOCHUTEIBLHO NpomoibHOR ocu (2; BHI3BIBAET
CKpyuuBaHue Gpyca;

M, — useubarowud momenm, paBHBI anrebpanveckoi cymMMe Mo-
MEHTOB BHEIUHUX CUJI OTHOCHTENLHO ocu O

M, — uzeubarowuil momenm, paBHbI arebpandeckoil cyMme Mo-
MEHTOB BHELIHUX CHJI OTHOCHTeNbHO ocu Oy;

MOoMeHTH M; u M, Bu3bBaroT m3ru6 6pyca B COOTBeTCTBYIOLUEH
IIJIOCKOCTH.

Hanpsxeuus

Memod ceuenul IO3BOJAET ONPENENUTL BEITUYNHY BHY TPEHHETO CH-
70BOIo (hakTopa B CEYEHMU, HO He JAaeT BO3MOXHOCTH YCTAHOBUTH 3a-
KOH pacClipeleJIeEusl BHY TPEHHUX CHJI II0 CEYEHUIO. IIJIH OILICHKH IIPOYHO~-
CTH HeoOXOMUMO ONPENENUTS BEJINYNHY CHJIbI, IIPUXOOSAIILYIOCS Ha TI00yIa
TOUKY IOIEPEYHOrO CeYeHus.

BenmuunHy MHTEHCHBHOCTY BHYTPEHHMX CHJI B TOYKE IOIEPEYHOIO-
CEYeHUsS HA3LIBAIOT MELOHUNECKUM Hanpgacenuenm. Hanpsxkenue xapak-
Tepu3yeT BEeJIMUYNHY BHYTPEHHEH CHUILI, IPUXONAIEics Ha eqUHNy I1J10-
m1aan MonepevyHoro Ce4YeHms.
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PaccmorpuM 6pyc, K KOTOPOMY NPWIOXKEHA BHEIIHSS HArPY3Ka
(pme. 19.2). C momousio Memoda ceuenud paccedeM Gpyc HomepeyHon
[NIOCKOCTBI0, OTOPOCHM JIEBYIO YACTh ¥ PACCMOTPHM PaBHOBECHE OCTAB-
wieitcs Npagoit YacTu. Beloenum Ha cekyIell MIOCKOCTU MAaRYIo IOWal-
ky AA. Ha aT0il niiomanke neficTByeT paBHOACHCTBYIOLIAA BHYTPEHHUX
Cuil yNpYrocTH.

Hanpasienue HanOpsKeHUs! Pop COBIIANAET C
HanpaBlieHWEM BHYTPEHHEl CH/IEI B 3TOM Ceye-
HUH.

BexTOp pcp HA3BIBAIOT NOAHDIM HATLPAHCEHU-
esm. ETO NpUHATO pacKkialbIBATL HA BA BEKTOpPA
(puc. 19.3): 7 — nexarmit B IIIOIIAIKE CEYSHUS I
0 — HANpaBJIEHHLIA NePIeHAUKYILPHO II0MmIaI-
Ke.

p=+vVoi+ 12
Ecnn BeKTOp p — HpPOCTPAHCTBEHHBIA, TO
ero packJanbIBalOT Ha TPH COCTABIAIOLINE:

p= /0-2_*_7-3_',_7—3. Puc. 19.3

HopMmanbHOe HanpsikeHHe XapaKTepusyeT
CONPOTHBIICHNE CEYEHUS PACTSKEHUIO UM CKATHIO.

KacarenbHoe HanpsxeHue XapakTepu3yeT CONPOTHBICHUE CEUCHUST
CoBUTY.

Cuna N (nponosibHasA) BHI3BIBAET IOSBIEHNME HOPMAJILHOIO Hanps-
xerust 0. Cunel Q; 1 @ BHIHIBAIOT MOSBJIEHME KACATENbHLIX HAIpPS-
xkeHuit T. MoMenTH usrubatote My u My, BEI3BIBAIOT MOSIBIIEHNE HOP-
MaJIbHEIX HAIPSXKEHUH O, ePEMEHHBIX 10 CEYEHMIO.

KpyTsammit MoMeHT M, BHI3HIBAET COBUT C€YEHUS BOKPYT IIPOLOJIb-
HOM OCH, OITOMY MOABJIAIOTCA KACATEIbHLIE HANIPAKEHUS T.

IIpuMmeps! peluenus 3agayu

IIpumep 1. OnpenennTh BeMMYMHY NPONOIBHON CHILI B CEYEHMM
1-1 (puc. 19.4).

Pewenue

n
UcnonesyeM ypaBHenue paBHOBecus Y Fi, = 0.
0
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PaccMaTrpusas nesyio yacts 6pyca, onpenensem N, =—12+8~-5=9xH
Paccmarpusas npaByio yacTe Gpyca, onpenenseMm Ny, =23 — 14=9xH

y i
12 kH 8 kH SkH 23 kH J 14 xH
— > > — | — <— -
12 xH 8 xH SxH| ¢ N:
< — > s
/)
Puc. 19.4

Benmuuuna npononbHOi CUNBL B CEYEHUN HE 3aBMCUT OT TOCO, KAKaA
4acTh Opyca paccMaTpuBaeTCs.

IIpumep 2. Onpenenurs BHYTPEHHME CUAOBON (PAKTOP B CEUCHHH
1-1 (puc. 19.5a).

Pewenue
1
\/ 72N ™, N
T n
- N -~ L
m=102xH M 4 my my - 40)(;’]’4.;16“{"‘4

my = 88 KH-m'
Puc. 19.5 %)

Wcnonssyem ypapuennc pasnosecus y ,m, = 0.

Mo = M1 + ms +mg + my; mgy = 2406 kH - m.

Paccmarpusaem npasyio dacth 6pyca. Ha orceuennyio yactn Gpy-=
ca MPUMHATO CMOTPETh CO CTOPOHBI OTOpOIleHHOH YacTn (puc. 19.56)
TTonyuaem M, = 246 —- 40 — 16 = 190 kH - M.



