EH.®.06 TEOPETUYECKASI MEXAHUKA
MMPOU3BOJIBHAS ITPOCTPAHCTBEHHASI CUCTEMA CHJI
Meroauueckue yka3aHHs K BBIIOJIHEHUIO KOHTPOJIBHBIX 3aaHUI

MeTtoaudeckie ykasaHus Mo TeopeTH4YecKoi mexaHuke “TIpoM3BonbHas MPOCTPaHCTBEHHas CHCTEMaA
cun” paccUHTaHa JUTA CTY/IEHTA 2 Kypca 3a04HOTO (PaKkyIbTeTa,

IIpeanonaraercs, 4YTO YHTATENb BIAACCT A1 M3YUCHHS CTATHKH 3HAHHAMH, HMECT Pa3BUTOE MPOCTPaH-
CTBCHHOEC Booﬁpa}lceﬂue, H306XO,[[1/IM06 AJA NPOCUHMPOBaAHHA CHITbl HA MNOGCKOCTH H 3aTEM Ha OCH KOOpAHWHAT, a
TaKKe OTPECICHNS MOMCHTOB CHJIbI OTHOCHTCIIBHO HHUX.

Jauuble MY noMoryT CTYZIGHTaM B PEIICHHN MEPBOTC KOHTPOJILHOTO 3aMaHus U B OCBOCHHUH TCOPETH-
HECKOro Mateprala no CTaTHke.



IMPOU3BOJILHAA TTPOCTPAHCTBEHHAA CHCTEMA CHJI

Ecnuy cunrel, aeficTByroLye Ha Teno, NeXaT B MPOCTPAHCTBE, TO Takad CUCTEMAa CUJl Ha3blBAETCs IIpo-
CTPAHCTBEHHOH, W €CITH IMaBHBIH BEKTOP W TJIaBHBIH MOMEHT CHCTEMBI PABHBI HYIFO, TO CUCTEMA CHII YPABHO-
BeLICHHAS.

CrenorarenbHO, HEOOXOAMMBIE U AOCTATOYHbIE YCIOBUS PABHOBECHS NMPOCTPAHCTBEHHOH cHCTEMBbI Oy-
ayrR=0, M=0 - BBexropHoii popme.

Tak kax nIpu paBHOBECHH TJABHBIH MOMEHT HPAaBEH HYJIO OTHOCHTENBHO JEOOOro LEHTpa MPHBEAEHHS, TO
BMecTO Mg MoskHO nucate M Oez nHaekca.

CnpoexTuposaB rmaBHbE BekTOp R HAa koopauHaTHeie ocu Oy Oy | Oz | moxyyduM aHATHTHYECKHE YCIOBHA
paBHOBECHA MPOH3BOIBHON MPOCTPAHCTBEHHON CHCTEMBI CHII, KOTOPBIE BBIPAXKAIOTCS IIECTHIO YPaBHEHIMH
PaBHOBECHA H

TX, =0 M, =0
YY=0 IMy= 0 (1)
Y7i=0 IMz=0

H OpMYITHPYeTCs TaK: MPOM3BONIbHAA MPOCTPAHCTBEHHAS CHCTEMA CIUT HAXOIUTCA B PABHOBECHH, €CITH CyMMa
MPOSKUHH CHJI Ha KayKAYI M3 KOOPAHHATHBIX OCEH M CyMMa MOMEHTOB BCEX CHJI OTHOCHTENBHO Ocel Koopan-
HAaT PaBHBI Hy 0.

ITpu peweHnu HECOXOAMMO PACCMOTPETh CBA3H, KOTOPBIE J0 CHUX MOP HE BCTPEUAIMCh HaM.

TMoansithuk (puc. 1) - 370 THI ONOPBI HE NPENATCTBY HOLUMHA OBOPOTY TeA WK Kakoil -nndo ero pera-
JIU BOKPYT CBOETO LIEHTPA, HO MPENATCTBYIOIIHE CMEIIEHUIO TeNa B MOOM HanpaBIeHHH, MO3TOMY JUIA TAKOTO
THMA ONOpPBI HE M3BECTHBI HH BEIMYHHA peakUUH , HH oOpasyeMble ero ¢ KOOpAHHATaMH OCSMH VIUIBL, a H3-
BECTHA TOJIBKO TOUKA MPHJIOKEHHS PEAKLIHH.

Puc. 1

Takyr peakUH0 MOXKHO IPENCTABUTL COCTABIAIOIINMY, HANIPaBICHHEIMU B IIONOKHUTEIBHBIX HaIpaB-
JEHHSIX TPeX Oceil KoopauHaT (OTPHUATEIBHBIH 3HAK, NOJTYYCHHBIH MPH PeIICHHH YPABHCHHS PABHOBECHS, MO~
Ka3KeT, YTO B AEHCTBHTENILHOCTY T4 MJIM MHAasl COCTaBJISIOMAsl ONOPHOH peakuud HAIpaBjieHa B IPOTHBOIO-
JIOKHY KO BBIOPAHHOMY HANPAaBJIEHHIO CTOPOHY ).

B GonbumHcTBe 3aaa4 Tpedyercs ONpene/MTh HEe PeaKLUIO, @ €8 COCTAB/IAKLIME, CaMa PeaKLMs Onpe-
JeIAeTcs KaK NHaroHalb MpsIMOYTOJABHOIO TapallIenuIena, IOCTPOSHHOro Ha cocTapmsomux X,Y,7Z Kak Ha
CTOpOHAX.

R=VX + V477,
Hanpapnenue peakiin MOXHO OMPEAENHTL NO HAMPABAAIOLIMM KOCHHYCAM

Cos(R,x) =x/R,

Cos(R,y)=v/R, (2)

Cos(R,z) = z/R.
[onnmuHHuK (puc.2) - 3TO LMIHHAPUIESCKHI LWAPHHAP, IOIBOSIIOILNH TEIy HIH €ro 3JIeMEHTY (HanpuMep, Baly,
OCH U T.J.) MOBOPAYHBATLCA BOKPYL CBOEH OCH, CMELIAThCA BAOJb HEe, HO HEeTO3BOJALIEMY NEePeMEILATEC B
MEePreHIHKY IAPHOH NJIOCKOCTH K €r0 OCH , CNEI0BATE/IbHO, PEAKLHA NOALIMIHUKA MOXKET OblTh PACIIOIOKEHA
TOJBKO B MJIOCKOCTH, MEPIICHAUKYJIIPHOM K €r0 OCH, 3Has B 3TOM TUNIOCKOCTH TOMBKQ TOUKY MPHIKEHHUS peak-
LUU U HE 3Has yrid, o0pa3yeMOro €ro ¢ KakoH-mudo Haxomselics B 5TOH MIOCKOCTH OCBIO, MPENCTaBIAeM
PEAKLHI) ABYMs COCTABIIIIOLIMMHY, HAIPABICHHEIMH B MTOJICQMKHTEIBHBIC CTOPOHBI KOOPAWHATHBIX OCEH, pacro-
JOSKEeHHBIX B 3TOH 1uiockocTu. Cama peakuns R moxker ObITh OpenesieHa Kak paBHOASHCTBY KOLAs ONPeaesicH-
HBIX cocTasisomux 72 n'Y.



Puc.2

R=VY*+7% (3)
Hanpaenenue ee moxer ObiTh HalineHo no gpopmynam;
Cos(Ryy)=y/R, (4)
Cos(R,z) = z/R.

[Nopsanok pewenys 3anay

1. YcTaHOBHTB, PABHOBECHE KAKOIO TENA HY3KHO PacCMOTPETh, HTODBI ONPEAENHTL HEH3BECTHBIE BETHYHHbI.

2. BolOpaTb Hauano KOOPAHHAT H NONOKEHUA KOOPAHHATHBIX Ocedi.

3. YCTAaHCBHTE, KAKHC AKTHBHEIC CHJIBI ACHCTBYKOT HA TCIO.

4. OcBoOOIHBINKCE OTCBSA3CH, HANOKCHHBIX HA PACcCMATPHBACMYI) CHCTCMY, 3aMCHHUTE ACHCTBHE CBA3CH cuna-
MU PeakUHi CBA3EH.

5.CocTaBUTE COOTBETCTBYHOLUNE YPABHEHUS PDABHOBECHS.

6. Peinnaa ypaBHeHUs paBHOBECHA, OMPEAENHTE HEH3BECTHBIE BeJHUMHbLL. Halag 3HAKH HEU3BECTHRIX CHII, yCTa-
HOBHTB UX (pakTUUeCKHe HanpaBJeHHs.

Pnc3

PaccMoTpum cHavyana METOAMKY ONPeIeseHus NPOEKUHI CHIIbl HA OCH KOOPIHMHAT H MOMEHTOB €€ OT-
HocHuTelsibHO 3THX oceH. [lycTe no BayTpennen nnaronann kyba (puc.3) neiicreyer cuna F. Onpenenum npoex-
uHu cuibl F Ha ocH KOOpAHHAT H MOMEHTBI ee OTHOCUTENBHO ocell. UToObl HaliTH MpOoeKLMU CHIIBl HA OCh KO-
OpPAMHAT, HEOOXOAMMO NPUMEHHUTL METO/ ABOIHONO NPOSKTUPOBAHUA, KOTOPLIH 3aKMO4AETCA B TOM, YTO CHa-
qana CHsia MPOCKUUPYETCA HA TUTOCKOCTE, BKTIOYAKIIYIO JaHAYIO OCh, a 3aTEM YKE 3Ta MPOCKLHA MPOCHHPYLT-
¢s1 Ha JaHHyK ock. Tak, uToOB! onpenenuTe npoekuur cunbl F Ha ock X, HCOOXOOHMO CHAavasma COpoOCLUpPO-
BATh €€ Ha MIOCKOCTH X0Y, @ yKe 3aTeM Ha oCbh opAMHAT. B pesynbTare nonyuum, uto Fy = - F coso sinf3, rae
cosor = av2/aV3 = V2/\3
sinp = a/ay 2 = IN2; Fy=- F Y23 IN2 = -FA3.

3HaK MHHYC MOKa3bIBAET, UTO HAMPaBNEHHE MPOEKLIHH MPOTHBOMOJOKHO MONOKHTENbHOMY Hanpasfe-
Huto ocu X. AHanoruuHo, Fy, = F cosa cosP , rae cosf =
ala\ 2= IN2; Fy= F V23 IN2=FN3. ‘

TMpoekuusa cusnl F Ha ock Z onpenensierca kak F, = - F sing, rae sing, = a/av3,
F,=-F.IN3.

HUrak yOexnaemes, 4To cuila HANPABIEHA HA BHYTPEHHeEH nnaroHanu ky0a, TO NpoeKkuust CHilbl HAa BCE
OCH OIHHAKOBBIL

Ilpyn onpeneneH MOMEHTa CUJIbI OTHOCHTENBHO OCH KOOPAHHAT HEOOXOAUMO NOMHHTb, YTO OH paBeH
MPOU3BEICHHUIO MPOCKLHE CHIIBI HA IUIOCKOCTD, MEPICHAHKYJ/SIPHYIO OCH HA MEPICHAMKY AP, OMY ICHHBIH H3
TOUKH MEPECCUCHUS OCH ¢ MIOCKOCTBH) HA NTUHUKD OCHCTBUS MPOCKUMH CHIBL 3HAK MOMCHTA OYyACT MONOXKH-
TebHbIM, €CIH, MOCMOTPER C MOJOKHTENLHOIO HANPABIEHHUsS OCH KOOPAWHAT YBWAUM BpalllEHHE MJIOCKOCTH



noja AeicTeUeM APOCKUKMH NPOTUR 43aCc QRO CTPCJIKH H, HaO60pOT, OTpHLlaTeJ'leblﬁ CCJIH 3TO BpAlICHUE COBNaA-

A4€T € BPACHHEM CTPEJIKH YaCOB.
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Puc.4

Tak, MoMeHT cuibl F(puc.4) orHocutenbHo ocu Z Oyper paseH Npou3BefeHH0 npoekuuu cuibl F Ha
WIOCKOCTh Q, MEPNEHAMKYIAPHYI OCHZ, Ha MEPNEHAHKY AP, OMyUICHHbIT u3 Toukd O mepeceyeHHa ocH ¢
3TOH INIOCKOCTBIO HA IMHHIO AeHCTBHA nNpoekinu cunbl F . Mrak
M,=(F)=F h. _

3HAK MOMCHTa TOJIOKHTENBHBIH, TAK KaK BOKPYT OCH Z IUIOCKOCTE (} mom melcTeBHEM mpoekuuu F |
€CJIM CMOTPETL € NOJIKHTEILHOIO HANPABIEHHA OCH Z, BPALLAETCH NPOTHB YacoBOH crpenkd. MoMenT cuibl
OTHOCHTEJIBHO OCH KOOpPAUHAT Oy et pased 0, KOrja cuila napajuielibHa TOH OCH MJIH NIePEeceKaer ee.
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Puc.5

Tak, B npumepe {puc.5) cuna F nepecekaer ocbY, clienoBaTelbHO, €€ MOMEHT OTHOCHTENBLHOY paBeH
Hymo. MomenT cunel F otHOocuTenbHo con X Oyaer npousseneHye npoekiHi CHilbl HA MJOCKOCTL MepreHau-
KynsapHyto ocu X (rmnockocTh ZoY) Ha NeprneH MKy nap, onyueHHbiil u3 touku O, nepeceueHus ocuX ¢ miaoc-
KOCTBIO Z0Y Ha TMHHIO ACHICTBHS NPOECKLHH CIHIIBI Ha 3TY IUIOCKOCTB:
M, =-F,h,, rme Fy = F coso.=F V2/¥3, h, = a cos45" = av2/2,
OTKYyna

M, = - F V213, aVv2/2 = -Fai3.

3Hak (-) NOKAa3bIBAET, YTO TUIOCKOCTh Z0Y mon neficteueM npoekuuu I, Bokpyr ocn X ppalaercs mo

qacoBoii crpenke. Ananornano M, = -Fo hy = F V2/43. aV2A/3 = Fa/y3.

YauTLIBad, 4TO

M, =vy7Z -zY,
M.=zX-Yx,
M=xY-vyX,

riae X,y¥,Z - KOOPAHHATBI TOUKH MPHIIOKEHHs CHIIBI,
X,Y.Z - npoekuHUH CHITbI HA COOTBETCTRYIOLLME OCH,
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Puc.6

KoopaunaTtel Touku A (2,0,a).

[Npoekuuu cunel F= -F/\"B, Fy= F/N"3, F,= -FA3.
IMoacrasasis, NpOBepUM Pe3yJbTAThl HALLNX PACCYKAEHUMN:
M= o(-F/¥3) - aF/\3 = - Fal\3,

M= a(-F/A3) + aFAN3 =0,

M,= aF/3 - 0(-F/N3) = Fan3.

[TpsaimoyroneHas ABeps (pHc.0), UMELIAs BEPTHKANBHYIO OCh BpalleHus AB, orkpeita Ha yron £ CAJl
= 60" 1 y1ep>KUBAETCS B 3TOM MONOKEHWH IBYMSsl BEPEBKAMU | U3 KOTOPhIX 0/Ha - CJ] nepexunyTa uepes Onok
J v Hatsrusaetcs rpy3oM P = 20 kI, a apyras - EF npussasaHa B Touke I nona. Bec asepu paseH 40 kI, ee
mupura AJl = AC = 1 M, sricota AB = 2 M. Onpenenuts, npeHeOperas TpeHHEM Ha Onoke, HaTskeHue T Be-
pesku TF, a Takke peakuy UWHIHHAPHYECKOrO WAPHHAPA A H NOANATHHKA B.

Pacemorpum pasnosecue asepu BACE (puc.7.a). Ilpunss 3a Havano koopauHaT Touky B Hanpasum
KOOP/IMHATHBIE OCH cornacHo puc.7a. Hemoasskuetit Onok [, e v3Mensis BenHuuHb rpy3a P, u3MeHsieT ero
HanpaBieHHe, CleaoBaTeNbHO, B TO4YKe C Ha JBepb AEHCTBYET HAXOAAIAACH B TOPHU3OHTAJBHON TIOCKOCTH
AC/I aktuBHas cuna P, HanpasneHHas mo ocu BepeBkd C/l. Kpome toro, k Touke O - LEHTPY TSLKECTH ABEPH
BACE (reoMetpuueckoMy LeHTpY npamoyronsHuka BACE) npunoxkeHa BepTHKaabHas cuia Q- ce Bec, a B
Toukax A U B k ABepH MpHIOKeHbI PEAKLIMH CBA3CH.

Paexuui0 UIHIMHIPHYECKOrO MWAPHAPA A MPeACTaBHM B BHIE JBYX COCTABIAKOMNX X, H Y, | PEAKLHIO
MOAMATHHKA B MpeBcTaBHM B BUAE TPEX COCTABIANMNX X; Yo,

7 . peaxumio T Bepesku EF, no Bennuune pasHy1o ee Hatsxkenuro T, HanpaBum no ocH BepeBku oT F x E.



Iy

b
sl

()

O

I 3

XA B

Puc.7

) 4 7
-.Y"\ I
A i C i
ZB F 3 ‘ix\
Bl o, \|E ¥
Y, T
In
AB |

Dy

~2G0¢ 60#/
~
e

P \7{1\/1

P+

B pe3yﬂbTaTe l'[pl/[MeHeHHH nanunna OCB060}K)16HI/I$[ OT CBHA3eH l'lOJ'[y‘-II/IJ'[H ]'lpOCTpaHCTBeHHle CHUCTE-
MY CHJI, JUTSl KOTOPOH MOKHO COCTaBUTh UIECTh YPAaBHEHUI paBHOBecHs (1),
IIpu onpeaeneHH MOMEHTOB CHJI OTHOCHTENBHO OCEH KOOPAUHAT Oy 1eM MOAB30BATLCS BCIOMOTaTE b-
HBIMH pHCYHKam# (7B, 1,0,), MPEICTARISIIOINUMH COOO0I MPOSKLIMH OBEPH - BMECTE ¢ MPUIOKCHHBIMH K Heil
CHIIAMH - Ha TINOCKOCTH yBz, xBz, xBy.
Cocrasum tabuinuy npoekumii CHJl HA 0OCh KOOPAHMHAT U MOMEHTOB CHJI OTHOCHTEJIBHO OCeHl.

Croa X KT Y Kr /. KT M, KTM M, xrv M; 1w

Q [5) O -0 -Q.AC2 o860 | Q.ACT sin60° 0

Pp -P. sin60" P. vos60” v -P. cos60” AB -P. sin60” . AB P. sin60”.AC
T 0 T 0 0 0 T sin60” . AC
XNa Xa 1] 1] 1] Xa AB 1]

Ya 0 Ya 0 - Y. AR 0 0

Xu X 1] 1] 1] 1] 1]

Y& 0 Yr 0 0 0 0

ZRr 4] 0 5 0 1] (]

B tabauue yuteHwl

3HAKH MPOEKINi CHJI U HX MOMEHTEI OTHOCHTENBHO oceil. B3se anreSpamueckyio
Cy MMY B KaxJ10M H3 CTOJI6LIOB TﬂGJ’lML{bI1 HOHy‘-IHM ypaBHeHI/lﬂ paBHOBeCLiﬂ AJIH ﬂaHHOFI CHUCTEMB] CHIJIL.

X, = -p. sin60° + X, + Xp=0

XY= p. cosn60°-T + Y+ X4 =0
271=-Q+7Zp =0

M, = -Q. AC/2.c0s60° -P. c0s60° AB - Y3 .AB = 0
TMy= Q. AC/2.sin60" -P. sin60° + X, .AB =0

SMz=P. AC sin60"” -T AC sin60" =0

(5)
(6)
(7)

(8)

9)
(10)

[ToacraBus naHHble U3 YCAOBUS 331a4M M 3Ha4eHHs TPUroHomerpuueckux QyHkunil yrinos (5),(6),(7).(8).(9) u
(10) u pemnB ux B mocnenosateapHocTH (7),(10), (9),(5).(6) Halinem

ZB=40 kI, T=29kI', X4 = 8,60 k1, Ya

-15 kI, Xp =860 kI, Yp=25 kI



