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M IPUMEP PACYETA ILJIOCKOI PAMBI
METOJAOM CHJI

q F
s sagmanHOll pacueTHOH cXeMBI paMbl (puCy- ¢

HOK 1) TpebGyeTcs: IMOCTPOUTH SMIOPHI M3TUOAIOIINX ﬁ L EJ L EJ
MOMEHTOB, IOIEPEUYHLIX U IMIPOMOJBHBIX CHJI, BBI- ’ ’
IMIOJTHUTh HEOOXOAMMEBIE IIPOBEPKHU; OIPEAEJUTH f@
YTOoJI TIOBOPOTA JKECTKO y3Jia PaMbl U BEPTUKAJIbLHOE AN=
mepeMelleHre TOUKY TIPUIOKEHUs CUIbl F.

Ucxomuwvie paHHble: Harpysku F = 6 kH, Pucyrox 1

q = 36 xkH/m; mnmeBI crepHEel pambl [ = 4 M,
yroa o = 25°; ecTKocTb EJ = 10" H- v .

CremeHp CTATHYECKON  HeONMpeIeJIMMOCTH. SaMKHYTHIN KOHTYD
IIpaByio IIapHUPHO-HEMOABUIKHYIO OIOPY pPaMBbl
n300pasuM B Buie ImapHupa (pucyHOK 2). Bbruwme-
JIUM CTeIeHb CTATUYECKOH HeolpeaerMOCTH:

s=3K-II=3-1-1=2.

Sgece K = 1 — uywcao BaMKHYTHIX KOHTYDOB,
III = 1 — KoJmuecTBO MPOCTBIX IMapHUPOB. Tak Pucynok 2
KaK S = 2, TO CHCTeMa /[iBa pa3a CTaTHU4YeCKH HeOII-
penesuMma.
q F q F¢ q X F¢
zw 2
)
X, X,
OcHoBHasA OcHoBHaA X OcHoOBHa#A
cucTemMa — cucTeMa cucTemMa
MeToa CUJI Xl T MeTOoa CUJI MeToa CUJI
(6apuanm 1) X (6apuanm 2) (6apuanm 3)

Pucysok 3

Bb160p ocHOBHOII cucTeMbl. OCHOBHAA CHCTEMAa METOJA CHJI — 3TO CTATH-
YeCKHM OIpeleanMas CHUCTeMa, MOJYYeHHAs W3 3aJaHHOW IyTeM oTOpachIBAHUSA
JINIITHUX CBA3EH.

Jlsist Toro YTOOBI OCHOBHASA W 3aJaHHAS CUCTeMBI OBLIM SKBUBAJIEHTHBIMU, K
OCHOBHOM cucTeMe, KpoMe BHEITHell HarpysKu, NPUKJIAIbIBAIOT IOIOJHUTEJb-
HBbIE YCUJINSA, IPEICTABIAONNE cO00I peakIuy OTOPOIIIEHHLIX CBA3eld.

IIpuBemem Tpu BapmaHTa OCHOBHOU cucTeMEI (pucyHOK 3). [loscHuM Kaskablit
u3 HuUX. Bapuanm 1 npepmosiaraeT oTOpachiBaHHE IIapPHUPHO-HEIOABUIKHON
omopsl. ITosyuaem JomMaHBIM Gpyc, 3aJeJaHHBLIN JIEBBIM KOHIIOM, K KOTOPOMY
JOTIOJHUTEIbHO TIPUJIOKEHBI [Be HEeW3BeCTHhIE COCPEJIOTOUEHHBIE CHJIbI X1,
X,. B sapuanme 2 KeCTKyI 3aJieIKy 3aMeHAeM IIapHUDPOM, a IIapHUPHO-
HEMOABMIKHYIO OIOpPY — IIAPHUPHO-IOABMKHOM. IIpu sTOM K cucTeme IpHKJA-
IbIBaeM Hem3BecTHbIe MOMeHT X u cuny X,. Bapuanum 3 momyuaem, 3aMeHSS
3aeJIKy IIapHUPOM U BBOAA IIPOCTOM NIAPDHUD B BepxHee ceueHWe HaKJIOHHOTO
ajleMeHTa paMbl. B KauecTBe HEM3BECTHBIX MPUKJIAJLIBAEM COCPEJOTOUYEHHBIH
MoMeHT X;, a TaKKe [Ba PABHBIX W MPOTUBOIOJIOMKHO HAIPABJIEHHBIX MOMEHTA
X,. (Vcunue X, uMeeT CMBICJ BHYTPEHHET0 M3rumOaioliero MOMEHTa, T. €. IpHU
COCTaBJIEHNU YpPaBHEHUI DaBHOBeCHsA BCeil CHCTEMBbI €ro CyMMApPHBII MOMEHT
OyzeT paBeH HYJIO).
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Ilna pacyera BbIOMpaeM TpPeTHI BapUMAHT OCHOBHOM CUCTEMBI, TAK KaK JIIOPHI
u3rnbaronmx MOMEHTOB [JA Hero IoJydarcsa HamOoJsee mpocThiMu. CiemoBa-
TeJILHO, IPU UX IMEePEeMHOKEeHUHN KOJMUYEeCTBO II0ACUETOB OyaeT HauMEHBIIINM.

IIpoBoguM KuHeMaTHUUYeCKU! aHAJNM3 NMPUHATON OCHOBHOU cuCTeMBI. Uwuciio
cTeneHeil ¢cBOOOABI OIpeaeisieM 0 (hopmyJIe:

W=I-3K=3-3-1=0,
rae III = 3 — KOJWYECTBO IIPOCTHIX IIIAPHUPOB;
K =1 — yucjo 3aMKHYTHIX KOHTYPOB.

2 I Heob6xonmmoe ycioBre reoMeTpuUuecKOd HeM3MEHAEMO-
cru (W < 0) BeimosiHgeTcsA. AHAIU3UPyeM reoMeTpuye-
CKYIO CTPYKTYpPYy KoHcTpykumu. Hucku I, II u 3emusa

II COeqVHEHBLI TpeMdA IapHUpaMU, He JeXKalluM{ Ha Of-
Hoit mpamoii. ClemoBaTesbHO, BBIOpaHHAS OCHOBHAS
7 cucTeMa MeTOoJa CHUJ TeOMeTpUUecKM HeusMeHdeMa W,
Pucynox 4 Tak Kak W = 0, cTraTuuecKu ompeneanma.

Cucrema KaHOHMUYECKMX ypaBHeHMH. Pama 1Ba pasa CTATUUECKH HEOII-
penenmMa, caeOBAaTeIbHO, KAHOHUYECKNE YpaBHEHUA MPEACTABIAIOT CO00i cuc-
TeMY ABYX JUHEWHBIX YPABHEHUI C ABYMS HEM3BECTHBLIMU:

811Xy +813X5 + Ay, =0; )
621X1 + 822X2 + A2p = O
3mecs X;, X, — HeusBecTHble ycuauA (IJsA BLIOPAHHON OCHOBHOM CHCTEMBI —
usrubarIiue MOMEHTEI); O, — II€peMell[eHre IO HAIpaBJIeHWI0 ycuaud X OT
IeficTBUS eNWHWYHOTO VCHUJINS, NPUIOMKEHHOI0 II0 HampaBjJeHun X, );
Ayp — TIepeMeIlleHre 10 HAaIpPaBJIEHUI ycuaud X, OT AelCTBUS BHEITHEH Harpys-
ku (k, m =1, 2).

EnuHuunble mepeMerneHus Oq1, 0o HA3LIBAIOTCA 21A8HbLMU, OHU BCETAA IIO-
JIOJKUTEJBHEI; 019, 097 — NOO0YHbLE eMUHUYHLIC IIePeMeIl[eHUs I, B COOTBETCTBUHU C
rTeopeMoii MaKcBesIa &1 = Og1.

ITocTpoenue eTWHUYHBIX ¥ IPY30BOH 3MIOP M3rNOAIOIIMX MOMEHTOB.

dnwpa M;. K ocHOBHOI cucreMe mpuKJagbiBaeM ToabKO X; =1 (eguHmMY-
HOe ycuJjue o HampaBieHuio X;) (pucyHok 5, a). B omopHbIX mapHupax A u B
BO3HUKAIOT UETHIPE COCTABJSIOIINE OMOPHBIX peakmuit: H,, V., Hp, V. Her
HeOOXOJUMOCTHA BBIYMCAATH uUX Bce. OmpenenuM TOJIBKO Te, KOTODHIE HYKHBI
JJIS pacueTa OpAMHAT 3mioper M, .

Meicienno pacceuem pamy mo mapuupy C. CocTaBuM ypaBHeHUE PaBHOBECUS
MOMEHTOB BEPXHEH 4acTu OTHOCUTENLHO TouKu C, M3 KOToporo Haimem V,:

DME =X, -Val=0; V, =X, [1=1/I.

Brrumcaum oppunatel smiopel M; B XapakTepHBIX ToukKax. Ilpm srom mon-
CUMTAEM TOJBKO abCOJNIOTHBIE 3HAUEHUS MOMEHTOB M YKaKeM, KaKue BOJIOKHA
OHU PaCTATUBAIOT.

M® =X, =1 (pacTAHYTH BepXHUE BOJOKHA);
M{P =V,1-X,=1-1=0; M{P=M"=M" =0.

D YMupivu cioBamu 8y, — IepeMelleHMe IO HANPABIEHUIO YCUIUA X, BHIBBAHHOE
yeunuem X, = 1.
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Ilo monyueHHBIM oppmHaTaM crTpouM smiopy M; (cMm. pucyHok 5, a). Ciexmyer
3aMeTHTh, YTO BIIOpa Oe3pasMepHasd, TaK KaK OHA IIOCTPOEHA OT BO3AEHCTBUA

eIVHUYHOTO marubaomiero momenra X; =1.

dnwopa M,. K ocHOBHOII cucTeMe NPUKJIAJBIBAEM TOJIBKO MOMEHT X, =1
(pucyHox 5, 6). OupegesrM HeoOXOAUMBIE COCTABJISIOIINE OMOPHBIX DPEAKITUI.
MpeicieHHO pa3peskeM pamMy TOPHU30OHTAJIBLHBIM ceueHueM 1o mmapuupy C u pac-
CMOTPUM DaBHOBecHe BepxHeil dactu. B Hell melicTByeT OZWMH M3 MOMEHTOB
X, =1 (Bepxuwuit). CoctaBuM ypaBHeHWEe pPaBHOBeCHs MOMEHTOB BepxXHell uacTu

oTHOCUTENbHO TOUuKU C, U3 KOTOpOoro Haigem V 4:

YME = V=X, =05 V,=X,/l=1/L.

Brruucaum opamHaThH Sn0pel M, B XapaKTepHBIX TOYKAX:

MM =MP =M =0; M =X, =1 (pacTaHyTH TpaBbIe BOJOKHA);

MP =V,l=(1/1)l =1 (pacTaHYTH BepXHHe BOIOKHA).

IIo HOJydYeHHBLIM OpAMHATAM CTpouM smiopy M, (cM. pucyHOK 5, 6). OHa Tak:xe

OespasMepHasd.

a)

0)

8)

vA 1
0,5
HA LE m
A c
X=1 1, EJ
B
Cocrosiaue «1» . =
OCHOBHOM i Hg
CUCTEMBI ' V5
H 0,5 1
A LEI ¢ - 1
A
‘/A i X2 = 1
CocTosAHUe «2» @
OCHOBHOI
CUCTeMBbI
. e —
''''' A L
i 60
N /2 | 1/2

Cocrosanue «p»
OCHOBHO :
CUCTEMBI i /A

PucyHok 5
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dnwopa Mp. K ocHOBHOH cucTemMe NpUKJIaAbIBAEM TOJIHKO 3aJaHHYIO BHEII-
HIOI0 Harpys3kKy (pucyHok 5, 8). Ina pacuera opaumHaT smuoopsl Mp mocTaTouHO
ompeneauTh ToJabkKo V,. CocTaBuM ypaBHeHMe PaBHOBECHS MOMEHTOB BepxHeil
YaCTU OTHOCUTEJbHO TOuKu C, M3 KOTOporo Haiizem V,:
ZM?‘”‘ =ql?/2-V,1-Fl=0; V,=ql/2-F=86-4/2-6=66kH.

Brruncaum opauHaTh! 3m0pPEl Mp B XapaKTepPHBIX TOUKAaX.
M® =M =MP =0; M =Fl=6-4=24xH m;
M® =ql?/2-V,1=86-4>/2-66-4=24xH M.

OmnpenenuM 3HaAUeHHe MOMEHTAa B TOuKe L (mocepemube yuactra AC):

M =v,1/2-ql* /8=66-4/2-36-4% /8 =60 kH M.

Ilonyuenuble OPAMHATHEI OTJIOXKMM Ha 3miope Mp CO CTOPOHBI PACTSAHYTHIX BOJIO-
KOH (CM. PUCYHOK 5, 8).

Berumncienue eIMHUYHBIX M TPYy30BBIX MepeMelnreHuii. [[1sa ompexeie-
HUSA IepeMeIeHnil, ABIAINXCA KoahDuiueHTaMu KaHOHUYECKUX YpPaBHEHU,
IIPMMEHHM METONI Mopa. HpI/I 9TOM BJIMAHUEM IIPDOAOJIBHBIX M IIOIIEPEYHBIX CHJI
mpeHebperaeM ¥ CUHMTaeM, UTO IepeMeIneHus 00YCJIOBJEHBI TOJBKO AefCTBUEM
n3rubaIux MOMEeHTOB. Vcmoabs3yeM caenyiomiue GOpMYJIbl:

MM, MM
zzgg—sz; Akp:Z!#dz (k, m=1, 2).

Bce CTEPKHU pPaMBbI HpHMOJII/IHefIHbI, X KECTKOCThb IIOCTOSAHHA. JIJIS{ mepe-
MHOMXEHHNSA COOTBETCTBYIOIIUX SIIIOD BOCIIOJIB3YyEeMCHA cmoco6om CummcoHa.

1 l l l
&1 = 1-1= 5 819 =09y =—— 1-1=——3
U RS 3EJ RS Yo¥ 6EJ
Bpy=—L2.1.14-L.2.1.1=-2L;
6EJ 6EJ 3EJ

A, =$(—4~0,5~60)= ‘5}”; As, =$(1-24—4~0,5-60)=%§”.

3aMeTHM, UTO ecJu OPAUHATHI SMIOP PACIOJIOMKEHBI [0 PasHbie CTOPOHBI OT
0CH, TO X IIPOM3BeIeHNe OTPUIATEJIbHO.

IIpoBepka HMpPaBUIBPHOCTH BBIUMCJIEHUSA IepeMelmeHnii. Crpoum cywm-
MapHyI0 eJUHWYHYI0 sIi0py My, CKIaAbIBasg opAuHaTH amop M; u M, (pucy-
HOK 6): Mg = M; +_M,. Haxozum ycioBHOE CyMMapHOe eJUHUYHOE IIepeMe-
mtenue O, yMHOKaA Mg camy Ha cebs:

N2
ssszzj%dz:—(z 1-142-1-1+1-1+1- 1)+— 2.1.1=-4
EJ  6EJ 6EJ 3EJ

C npyroii CTOPOHBI, Oy MOJKHO PABHATHCA CyMMe BCEX | 1
eIMHUYHBLIX IIepeMeIeHuit

I gL 20 4
3EJ 6EJ 3EJ 3EJ @
Pe3y.III:TaTbI COBIIAJIN, 3HAUUT, €JUHUYHBIEC IIepeMeIle-
HUA BBIUYUCJ/IEHBI BEPHO. PncyHOK 6

855 =011 +81p + 891 + 0855 =
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__ Haiinem ycnoBHOe cymMMapHOe Ipy30BOe IlepeMellleHHe A,,, YMHOXXHUB 3IIODY
Mg ma M, (cM. PHCYHOK 5, 6), a TaK)Xe IPOCYyMMHUPOBAB I'Dy30BBEIe IepeMele-
HUA Aqp U Agpt
MM, l 361 .
Ay Zg —dz 6EJ(1 24-4-1-60) e
200 161 _ 36l
EJ EJ EJ’
CoBmajienrie pes3yJbTaTOB I'OBOPUT O IMPABUJIbHOCTY BBIUKCJIEHUS IepPeMeIleHN .
Pemenue cucreMbl KaHOHWYECKMX ypaBHeHHu. Halinenuvie 3HaueHus
eIUHUYHBIX W I'DY30BBIX IEPEMEIeHUU IOJCTABJIAEM B CUCTEMY KaHOHUUYECKUX
ypaBuenui (1):

Ay =Ayp + Ay, =—

L x L x,_20l_,
3EJ 6EJ EJ @)
l X1+_2l X2_1_6l:0.

6EJ 3EJ EJ

VYvmuokuM 06a ypaBHeHusa (2) ma 6EJ/l u mepeHeceM WX CBOOOAHBIE UJIEHBI B
npaByo0 4dacTb. Ilomyunm:

(3)

Xl + 4X2 = 96
PemuB cucremy (3), ompenennM Heu3BeCTHBIE MOMEHTHI X, Xo:
X, =5486xkH -Mm; X, =1029xkH M.

BoImosiHUM TPOBEPKY MPaBUIBLHOCTH BblumcaeHUs X;, X,, IOJCTABUB UX 3HAUE-
Hus B cuctemy (3):

2-5486+10,29=120; 54,86+4-10,29=96.
IIpoBepKa BBITIOJHAETCA.

ITocTpoenue 3mOphI M3rHOAIOIIUX MOMEHTOB B 3aJJaHHON cHucTeMe.
BoluncaiuM OpAWHATHEI OKOHUYATENHHOIN SIOPHI M3rmOAionuX MOMeHTOB M 1o
Gopmye:

M=MX; +MyX, + M, .

VYwvuoxkum opaunatel M;, M, Ha cooTBeTcTByIolue 3HaueHUA X, Xp. CIoKuM
TIOJIyUeHHbIe 9IIOPLI ¢ TPY30BOI SMIOPOH (PUCYHOK T7):

54,86 27,43 10,29

/2 | 1/2 /2 | 1/2 /2 | /2
o T
, kH- ™ ,KH'M , KH-™
Pucynoxk 7

HO,ZLC‘-II/ITaeM 3HAUYECHUA I/IBI‘I/IﬁaIOH.II/IX MOMEHTOB B XapaKTEPHBIX TOYKaX 3a-
NaHHOU cuCcTeMbI (DUCYHOK 8, a).
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Ilo monyueHHBIM OpAZWMHATAM CTPOUM 3MIOPY (PUCYHOK 8, 0). JKCTPEeMaJbHOE
3HaYeHNEe MOMeHTa Ha ydacTke AC ompezesuM II03’Ke, IIOCJE IIOCTPOEHUSA SIIOPHI
IIOIIEPEYHBIX CHUJI.

Cratuueckas mnposepka smiopel M. Bripesxkem :xectkuii yzen D—C—K
(pucyHOK 9) m cocTaBUM [ HETO YPAaBHEHUE MOMEHTOB

D> M=3429-24-1029=0.
Vzen HaXOOUTCSA B PaBHOBECHUU.

54,86 34,29
q F
2””;””-}-K SR 34,29 24
aA L D, { D K
/2
. N\ @ S
||
Pucynox 8 Pucynox 9

Hedopmanuonnasa nposepra smiopsl M. [[nsa mpoBepKu BbIGepeM ApY-
I'yI0 OCHOBHYIO cucTemMy — BapuauT 1 (cM. pucyHOK 3). YCJIOBHOE CyMMapHOe
mepeMellleHe 10 HAMPABJEHUSM HEM3BECTHBIX CHJ OT COBMECTHOTO [efCTBUS
9TUX CUJI U BHEIUIHEU HAarpy3KU HOJKHO PABHATHCA HYJIO:

MM

Sp:

Bpecs M, — CyMMapHas eIUHIYHAS SII0Pa U3rudaoINX MOMEHTOB JJs Bapu-
anTa 1 ocHOBHOH cucTembl. [[Jif ee TOCTPOEHWS HATPY3UM Damy OJHOBDPEMEHHO
ABYMsl eJVHWYHBIMY YCHJIASIMU X, =1, X,=1 (pucynox 10) um paccunraem
3HAUeHHSA MOMeHTa M, B XapaKTePHBIX TOUKAX.

ZA L D,

%J c
l/2
(08
- l TITSEIOL @,M

Pucysox 10
M, © =M,® =1.1-sinoc+1-1-coso.=4-0,423+4-0,906 =532 ™ ;
M;™® =1-(I+1-sina)+1-1-coso.=4+4-0,423+4-0,906 =932 v ;

M;® =1-(1/2+1-sina)+1-1-cosa=2+4-0,423+4-0,906 =7,32 ™
(pacTsAHyTHI BHYTPEHHNE BOJOKHA).

lcosa

HOZ[CqI/ITaeM YCJIOBHOE CyMMapHO€ IIepeMelleHue
A, =—L (-932.5486-532-3429+4.732.2743)+—L(~2.532.1029) =
6EJ 6EJ
_ 00532 005324 _

6EJ 6-10°
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PaBeHCTBO HYJII0O BEJIUYUHBI A‘:,, CBUJIETEIECTBYET O TOM, YTO BEPTUKAJIHHOE
¥ TOPUBOHTAJBbHOE IIePeMeINeHNs IIPABOTO OIOPHOTO CEUEeHUS PaMbl II0 HAIPAB-
JIEHUAM TIPUJIOKEHHBIX EIMHUYHBIX CHJ OTCYTCTBYIOT. OTO COOTBETCTBYET 3a-
JAHHOU cxeMe KOHCTPYKIMU. 3HAUUT, BII0PAa MOMEHTOB IIOCTPOEHA BEPHO.

ITocTpoenue 3mMOPHI MOMEPEYHBIX CUJI. JMOPA IOMEPEeYHBIX CUJI @ CTPO-
HUTCA II0 TOTOBOH 3II0pe U3rmbaIuXx MOMeHTOB M.

Ha yuactke AC, rme smiopa M orpanuueHa mapaboJioii, T. e. IeifiCTByeT paB-
HOMEDHO pacupe/ieJieHHAA HAarpy3Ka, IOIEPEeYHYI0 CUJIY OIPemessieM C IOMOIILI0
0aysouHOll aHaJoruu. BeIpesxeM 9TOT y4yacTok (pucyHok 11, a). Ilpuiaoxum K
ceueHuaAM A, C m3BeCTHBIe MOMEHTHI U ITOKA HEU3BECTHBIE IIOMEPEYHBIE CUJIBI.

MoMeHTBI HAIPaBJIAEM TaK, KAK CHEIyeT M3 SIIOPhl M3rMOAIOIINX MOMEHTOB
M (cMm. pucyHOK 8, 6): smiopa MOCTPOeHA HA PACTSIHYTHIX BOJOKHAX, 3HAYUT, B
ceueHUAX A m D pacTAHYTHI BepXHUE BOJIOKHA. [lomepeyHble CHUJIBI CUMTAEM
MIOJIOJKUTEIbHBIMH, T. €. OHM BPAIlal0T PACCMATPUBAEMBIA yUACTOK IO YaCOBOM
crpesake (cMm. pucyuok 11, a).

CocraBuM ypaBHEHUSA PABHOBECUS:

S My =ql?/2-Q,l+54,86-34,29=0;
S M, =—ql®/2-Qpl+5486-3429=-0;

N3 HUX
Qu =ql/2+ (54,86 -34,29)/1=36-4/2+2057/4="TT14xH;

Qp =—ql/2+ (54,86 —34,29) /1= -36-4/2+2057 /4 = —66,86 kH .

IlJist TpOBEPKU COCTABUM YpaBHEHME MPOEKITWil CHJ HAa BEPTUKAIBHYIO OCh:

S Y=Q,-Qp-ql=T714—(-66,86)-36-4=0.

a) Ilonyuennsle 3HaueHUaA Q,, @p OTKJIAABIBA-

54, 86 @4 34,29 €M Ha omiope @ u coegumHAEM IPAMOHI JIWHKEH
(pucynok 12).

> IIpoBefeM ceueHMe HA PACCTOSHWHU Z, OT Ha-

* yaja ydacTka (pucynok 11, 6). Ilomepeunas

l cuja B HeM paBHA HYJI0, a U3rubaroIuii Mo-

MeHT 3KcrpemasieH (M,.,). CocraBuM ypaBHe-
HUe MPOeKINi Ha BePTUKAILHYIO OCh:

54,86 %QA q Q4 —qz =0;
< }> Mextr oTcIoza

A 20=Q,/q=T7714/36=214m.

)

Pucynoxr 11

OKCTpeMaJTbHbIH U3rNOAIOMINA MOMEHT
Mextr = _54;86 + QAZO - qz(z) /2 =
=-5486+7714-214-36-214% /2=2780 xkH - M.
OTMeuaeM MOJyUYeHHOE 3HAUEHUE Ha SII0pe MOMEHTOB (CM. PUCYHOK 8, 0).
Jlsist BRIUMCJIEHUST 3HAUEHU MOMEePeYHbIX CHJI Ha YYaCTKaxX paMbl, IJie dmiopa
M npamoiuHeiHa, UCIOJIL3yeM AuUDGEPeHIINAIbHYI0 3aBUCUMOCTE @ =dM /dz .

HonepeqHaﬂ CHuJja, KaK IepBad IIPDOM3BOAHAA OT I/I3I‘I/I6aIOHIEI‘O MOMEHTa, paBHa
TaHTeHCYy yTJla HaKJIOHA 3III0PbEI MOMEHTOB.
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IIpasuno 3nHakros: cuna @ CYUTAETCA IOJIOMKU-
TEJbHOM, eCoU [Js COBMEIIEHUS OCH CTEePIKHA C

7714 amiopoir M och BpaIlaiOT II0 YACOBOM CTPEJIKE.
% Trrrrr%rrrrrrr?rrm Ha yuacrke CB moiydum
X Qcs =10,29/1=10,29/4=257 xH;
&) ® B Touke K u Ha Bceil KOHCOJH

66,86 2’57 - Qx=24/h=24/4=6xH.
K
’ Cunbel Qcp U Qg TOJNOKUTEJIbHBI, TaK KakK IJs

COBMEIIeHUA Ocell 3TUX YYacTKOB ¢ amiopoir M
HeoOXONUMO IIPOM3BECTH BpAIl[eHWe II0 YacOBOH
CTpeJIKe.

ITo paccunTaHHBIM OpAMHATAM CTPOUM SIIOPY ITONEPEUHBIX F
cux (pucyHor 12). Ny K }

IlocTpoenne HSHIOPBI NPOJOJIBHBIX CHJ. OIIOPY -
IPOJOJBHBIX cua N cTpouM IO roToBoil amiope Q. OTceuem

Pucynoxr 12

KOHCOJIb ¥ PACCMOTPHUM ee paBHOBecue (pucyHok 13). Oue- 66,86 P
BUIHO, uTO B Touke K u Ha Bceil Komcoau Ni = 0. Nap ¢ ¢
OrceueM uacTh paMbl ¢ KOHCOJBIO B Toukax D u C. B " D

B W F
CeUYEeHUAX IIPUJIOKHKM IIOIIepeuHble MW IIPOAOJIBHBIE CHJIBI /"C
(cm. pucynok 13). IlosmokuTesbHBIE IIOMEPEUYHBIE CUJIBI

HaIpaBUM TaK, YTOObI OHM BpAIAJM Y3JbI II0 YaCOBOM 2,57 Nc
CTpeJIKe, OTPUIIATEJbHbBIE — IPOTUB YaCOBOU CTPEJKHU (CM. a
pucyHoK 12). Bce mpogosbHBIe cuybl N CUMTAaeM IIOJIOMKU- Pucysok 13

TeJbHBIMU — PACTATHUBAIOIIUMU.
CocraBum YpaBHEHUA pPaBHOBECHUA B BHE CYMM HpOEKHI/Iﬁ BCeX CHJI Ha
BEPTUKAJIBHYIO M TOPU30HTAJIBHYIO OCH, U3 KOTOPBIX HaI'/JI,ZLeM IIPOAOJIbHBIE CHJIBI.

ZY:—66,86—2,57sina—F—NBc cosa=0;
- — Npe = (~66,86—257sina —F)/cosa =
=(-66,86-257-0,423 -6)/0,906 = -81,59 xH;

o 5

© \\\\\\\\
It

R

ZZ=—2,57COS(1—NAD + Npgcsina=0;
H
@’K Nap =Npesina—2,57cosa =

Pucysox 14 —_8159-0,423-257-0,906 = —-36,81 kH.
3HaK «MUHYC» YKasbIBaeT Ha To, uTo crep:kHU BC um AD cxkarsl. Ilo momyuen-
HBIM JaHHBIM cTpouM suopy N (pucyHox 14).
CraTuueckasg IpPOBepPKa pPaBHOBECHS
pamsbl. OTceueM pamy OT OIOP B TOYKax A u F
B (pucyHok 15) m IpUJI0KUM B HUX BHYTPEH- 54,86 q ¢
HUe ycuius, B3ATble us smwp M, @, N. Ilpu >
aToOM cuabl @ m N mpuUKJambIBaeM ¢ uX peanb- 386,81 \ A I,EJ C I, EJ
HBIMM HANPaBJIEHUAMHU, T. €. C YIETOM 3HAKa. <
CocraBuM ypaBHEHUS PABHOBECUS PaMBbI. P \sX
CymMMa TpoeKHnuii BCeX CUJ Ha TOPU30H-
TAJIBHYIO0 M BEPTUKAJIBHYIO OCH 2,574~

ZZ =54,86-257-cosa—8159 -sina =
=54,86-257-0906-8159-0,423=0;

77,14

81,59
Pucysoxk 15
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> Y=-F-ql+77,14+8159 -cosa—2,57 sino =
— 6-36-4+7714+8159.0906-257-0423=0.

Ilopcuuraem CYMMYy MOMEHTOB BCE€X CHUJI OTHOCHUTEJIBHO TOUKHU C. HpI/I BBIOO-
pe TOUKHU CcTapaeMcd, 4TOOBI B YpPaBHE€HHE BOIILJIO KaK MOMHO 0OJIBITIE CUJI ¥ MO-
MEHTOB.

3 Mc =54,86-7714-1+ql> /2-F1-257 1=
=54,86-77,14-4+36-42/2-6-4-257-4=0.
Pama HaxXogUuTCA B paBHOBeCHUHU, CJIeIOBaTE/JIbHO, 3IIIOPBI IIOCTPOEHBI BEPHO.

Brruncinenne mepememenuii. Vcmonsdyem merton Mopa. Bymem paccmar-
pUBaTh [Ba COCTOSHHS CHUCTEMbI: I'DY30BOE — [OEHCTBHE 3aJaHHOW BHEITHEH
Harpys3K#, U eIUHUYHOE — JeWCTBHE eIWHWUYHOIO0 YCUJIWUA B HAIPABJIECHUU WC-
KOMOTO TepeMeIleHus.

BrrumciieHue mepeMenieHUH MOKHO 3HAUUTEJIBHO YIPOCTUTBH, €CJAU BBIYKC-
JIATH UX HEe B 33laHHOM CTAaTUUYECKU HEOIPEeIeInMOIl cucTeMe, a B CTATUYECKU
ompeneanMoi ocHOBHOM. MoskeT ObITh BhIOpaHa Jr00asi OCHOBHAS CHCTeMa, a
He TOJBKO Ta, KOTOpas MCIO0Jh30Bajach I IMOCTpoeHus »miopsl M. Bygem
HCIIOJIL30BATH ee MepPBBIM BapuaHT (CM. PUCYHOK 3).

MosxHO cumTaTh, YTO K OCHOBHOH CHCTEMEe, KDPOMe 3aJaHHOW HArpysKH,
MPUI0KEHbI JOIOJMHUTEebHbIE BHelTHUe yeuausd X;, Xs. OT 9aT0r0 BO3meiicTBUS
IIOCTPOeHa 3miopa uarubamIinux MomMeHTOB M (cM. pucyHOoK 8). Ocrasoch mc-
CJIeJOBATh €IUHUYHBIE COCTOAHUSA, COOTBETCTBYIOIINE MCKOMBIM II€PEMEIIEHUAM.

Onpedenernue yzna nosopoma xecmrozo y3na pamvi. Ilo HanpaBieHUIO HC-
KOMOI'0 yrJjia IIOBOPOTAa K BHIOPAHHOU OCHOBHOI CHCTeMe IPUKJAZLIBAeM eau-
HUYHBIN usrubaronuit MomeHT M = 1 (pucyHok 16) u crpoum smropy M .

=1

ILE] €

@

Yriosoe nmepemenenue ysaa C pambl Ac,, DOJYYHMM, [EPEMHOMKHUB SIIODEI
M u M:

Pucynoxk 16

(MM, L (5486-1-3429-1+4-27,43-1)=

A
® JE] T 6EJ
I 343-10°-4
=343 (kH-m)— =" "= -137-10%pax.
( M)EJ 107 pan

TlosyueHHBIH yToJ IOBOPOTA y3Jia PAMBI IOJIOKUTEJEH, CIEeJOBATEIbHO, €TI0
HallpaBJIeHUE COBIIaflaeT C HaIpaBJeHWeM MoMeHTa m = 1.

Onpedenenue 6epmuKanbH0z0 nepemeujeHus 3adannoii moykuy. Ilo Hampas-
JIEHWI0O MCKOMoOro mporub6a B Touke H K OCHOBHOH cucTeMe IIPUKJIAaJbIBaeM
eIUHUYHYIO cOCpeNoTOUeHHYI0 cuny F = 1 (pucyHok 17) um cTpouM eAMHUYHYIO
smopy M . JluneliHOoe mepemelnenue TOUKU H pamMbl Ay, IONyYHM, IEPEMHO-
sKuB amiopel M u M :
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= (MM, — L (5486-21+34,29-1-4-27,43-15)+ —L-2.24.1=
6EJ 6EJ

Ay, =
! EJ

1P 457-10° 42

=457 (kH- M) =731-10%m .
EJ 107

l

2
— 1,51
i O 11
) K
ﬁA L DN\ | g H
/21 1/2
i @\

Pucynox 17

TlonyueHnublil Iporub MOJOMKUTEECH, CIeI0BATEIbHO, €r0 HAIIPABJIEHNEe COB-
majfaeT ¢ HAIpaBJIeHUEM IPUJIOKEHHON eTUHUYHOU CHUJIBI.
XapakTep nedopMUPOBAHUSA CTEP)KHEN paMbI IOA [NeHCTBUEM HATrPy3KHU

MIOKasaH Ha pucyHke 18.
q Ac, F¢
P T Y
1= W

\§
\

Ay,

Pucynoxk 18

31ech yuTeHbI HAIPABJIEHUS IMEePEeMEeIleHUud W TO, UTO JII0pa M3TMOAIOIINX
MOMEHTOB IIOCTPOEHA Ha PAaCTAHYTHIX BOJOKHAX (CM. PHCYHOK 8).



