Paznoxenue BCKTOpa CHUJIBI Ha COCTABJIAIOIIUC!
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[Ipoekuyu BEKTOpa CHJIbI HA OCH KOOPJNHAT:
+P, =+Pcosa

—P, =-Psina
[Ipoeknus CHiIBl Ha OCh TOJOXKUTENbHA, €CIIH HAIPABICHHE BEKTOPA CUIIBI U

OCH KOOpAauWHAT COBIIAJarOT, IIPOCKOHA CHIJIBI Ha OChb OTPHLATCIIbHA, CCIIH
HaIIpaBJICHUC BCKTOPA CHUJIbI 1 OCH KOOPAHWHAT ITPOTHBOIIOJIOKHEI.

MomeHT CHIJIBI OTHOCHUTCIIBHO 3aJaHHOTO OCHTpa XapaKTCPU3yCT
BpamaTCiIbHOC I[GI?ICTBHC CHUJIBI Ha TEJIO.
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MoMeHT paBeH NPOU3BEICHHUIO CUJIBI Ha IUIEYO — KpaTyauiee pacCTOsIHUE OT
LEHTpa J10 JIMHUU JIEUCTBUSI CUIIbI (MIEPIIEHIUKYIISIP HAa TUHUIO JEHCTBUS CUJIIBI).

[Ineuu cwu:
h=0A , OALP

hy=BD, BD.LP,
hy=BC, BC.LP



3HaK MOMEHTA IOJIOKUTENIbHBIN, €CII CHJIA BPAILlaeT MPOTUB YaCOBOW CTPEIIKHU
BOKPYT BBIOPAHHOTO IIEHTPA, U OTPUIIATEIIbHBIN, €CIIM CHJIa BpallaeT Mo YaCOBOM
CTpEJIKE.

YpaBHEHHSI PAaBHOBECHUS ISl MPOU3BOJIBHOW IUIOCKOM CHCTEMBI CHJI UMEKOT
BUJI:

ZPXi =0 ;
>P, =0;
ZMO(ISi):O

Py Pyi - mpoekuuy cunbl P, Ha ocu koopauHat X, Y ; O — IpOU3BOJIbHASA TOUKA.

T.e. cyMMBI NPOEKIMKA BCEX CHJI Ha B3aWMMHO IIEPIICHIMKYJIIPHBIE OCH M CymMMa
MOMEHTOB BCEX CHUJI OTHOCHUTEJIBHO NMPOU3BOJIBHOTO LIEHTPA PABHBI HYJIIO.

Buemninue cBsi3u (OMOPHI) U UX PEAKIIUU:

1. HemoaBwXHBIN MUIMHAPUYESCKUN IAPHUDP

YA __ Ra RA=XA+Ya

3. XKecrkas 3amenka

4. CrepxxHeBas onopa
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5. HNneanpHO rnajakas mIOCKOCTh
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BuyTpenHue cBsI3M U UX PEAKIUU:

1. BHyTpeHHMII IapHUP

2. CTepskHHU, OMPAOIIHUECS IPYT Ha ApyTa (TPEHUE OTCYTCTBYET)
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Omnpenenum peakiuu B 3aenke A Xa, Ya, Ma.
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PaBHOzelicTBYIOIIAs pacpeaeICHHOW HAarpy3KHU MPUII0KEHA OCEPEANHE YUaACTKa

Harpyxxeauss Q=(-6a =60a.
YpaBHEHUS paBHOBECHS ISl paMBbI:



Z I:))(i = O X AT P = O

P, =0 = 1Y,-Q=0

M, (P )=0 “M,-M-P-2a+Q-a=0
= X,=P=2qa; Y,=Q=6ga; M,=-M —P.2a+Q-a=-3ga’
OTpI/IHaTeJILHBIe 3HAKHN peaKHHP'I YKa3bIBaAlOT, 4YTO HX HCTHHHOC HAIIPABJICHHC
IMIPOTUBOIIOJIOKHO HAIIPpAaBJICHUIO, BI>I6paHHOMy Ha YCPTCIKC.
ITIpoBepka:
>Mc(P)=0 = -Mp-M+Y,-4a—X,-4a+P-2a—-Q-3a=
=+3ga% —5ga® +60a-4a—2ga-4a+2ga-2a—6ga-3a=+31ga’ - 31ga® =0
ITpoBepKa COILIAC.
Otser: X ,=+2qa; Yo=+60a; M, =-30a’
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OnpenenuM peakivu B mapHUPHBIX oropax A u B Xa, Ya, Xa.
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PaBHOIEICTBYIOIIIAs paclipeIe]ICHHOW HArPY3KH MPHJIOKEHA MOCEPEINHE YIacTKa
Harpyxeauss Q=q-6a =60qa.
YpaBHEHHS pAaBHOBECHS JIJIST PaMBbI:



> Py =0 — X, - Xg+P-Q=0

ZMA(F_)i):O +M + Xg-4a-P-6a+Q-3a=0
=Ya=0; XB=_M +P-4Za—Q-3a ——25qa; X,=-Xg+P-Q=-15qa

OTpI/II_IaTeJ'IBHBIe 3HAKHN peaKuHﬁ YKa3bIBalOT, YTO HX HCTHMHHOC HAIIPpaBJICHUC
MIPOTUBOIOJIOXKHO HAMIPABJICHUIO, BHIOPAHHOMY Ha YepTEXKe.

[IpoBepka:

>Mc(R)=0 — +M-—X,-6a-Y,-6a—Xg-2a—Q-3a=

=+4qga’® +150a-6a—0+25qga-2a—6qa-3a=+18ga? —18ga’ =0
IIpoBepKa colIachk.
OtBer: Xg=-250a; X,=-150a; Y,=0
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PaBHoseiicTBYIOIIas pacipeieleHHON Harpy3KH MPHJIoKeHa MOCepeInHe y4acTKa
Harpyxxeauss Q=q-3a =3qa.
VYpaBHEeHMs] paBHOBECHS JIJIS] paMBbl:



IS):O +Mp+M+P-3a-Q-55a=0

— X,=—P=-5qa; Y,=Q=3ga; M,=—M —P-3a+Q-55a=-05qa’
OTpHHaTeJILHBIe 3HAKHN peaKHI/Iﬁ YKa3bIBaAlOT, 4YTO HX HCTHHHOC HAIIPABJICHHC
IMIPOTUBOIIOJIOKHO HAIIPpAaBJICHUIO, BI>I6paHHOMy Ha YCPTCIKC.
ITIpoBepka:
>Mc(F)=0 = +M,+M-Y,-7a+P-3a+Q 15a=
=-050qa% +2ga% —3ga-7a+50a-3a+3qga-15a=-215qa% + 215qa® =0
ITpoBepKa COILIAC.
Oteet: X ,=—5qa; Yy=+3ga; M,=-050qa’
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Onpenenum peakuuu B WIapHUPHBIX onopax A u B Xa, Ya, Ye.
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PaBHOzAEHCTBYIOIIAs pacTipe/leIeHHO HAarpy3Ku PUIIOKEHa MOCEPEANHE yIacTKa
Harpykenuss Q=(-6a =6qa.



VYpaBHeHUs paBHOBECHUS /ISl paMbl:

ZPyIZO — YA+YB—Q—P1:O
ZMA(ﬁi)ZO +M +Yg-6a-P -9a+P,-2a-Q-3a=0
X =P, =+30a;
N YB:—M +P1-9agP2 '2a+Q°3a:+9,167qa;
a

Yo=-Yg+Q+ P, =+1833qa
[losoxxurensHple 3HAKHA peaKuHﬁ YKa3bIBAlOT, 4YTO HX HCTHHHOC HAIIPAaBJICHUC
COOTBETCTBYET HalpPaBICHUIO, BLIOPAHHOMY Ha YepTEXKeE.

[IpoBepka:
>Mc(R)=0 = +M+X,-6a-Y,-3a+Yg-3a—P,-6a—P, -4a=

=+2qa2 +30a-6a—-1833ga-3a+9,167ga-3a—50ga-6a—3ga-4a=

= +47 501qa? — 47 499ga® = +0,002 ~0
IIpoBepka couuiacse.
Ortser: Xp=+30a; Yo=+1833ga;Yg=+9167qa



Onpenenenue peakuui cBsi3eil COCTABHOM KOHCTPYKIIMH
I[JI}I COCTaBHOM KOHCTPYKIHH, COCTOSIHICﬁ M3 YIrOJIbHUKa HW  CTCPIXH,
CKPCINICHHBIX BHYTPCHHHUM MIIAPHUPOM, OIIPCACIUTL PCAKINN CBHBGﬁ, BBI3ZBAHHBIC
3aJaHHBIMH HAT'PY3KaMHU. S
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Pucynox 1. PacueTHast cxemMa KOHCTPYKITUU

Wcxonnbie naHHbIE:
a=0,5 m; M=100 kH m; F1=40 xH; ay=60° mouka npuroxcenus E; F3=20 xH;
o3=30 %, mouka npunoscenus K; =50 kH/m,; yuacmok oeticmeus nazpysku CL.
Onpenenute: Peakuuu B HEMOJABHKHOM LIapHUpe A, cTepkHeBoi onope D, peakiuto,
JCHCTBYIOIIYI0 CO CTOPOHBI BEPTUKAIHLHOW TMOBEPXHOCTH HAa CTEPXKEHb B Touke B,
JaBJieHre BO BHyTpeHHeM mapuupe C.

Yka3aHus K pelieHUI0 3a1a4u

OT0 3a/1aya Ha PaBHOBECUE CUCTEMBI TeJl, HAXOASIIUXCS MO AEUCTBUEM IUIOCKOM
cuctembl cui. [Ipu ee pemieHnn MOXKHO WJIM pacCMOTpPETh CHadajla paBHOBECHE Bcei
CUCTEMBbl B IIEJIOM, a 3aTE€M pPAaBHOBECHE OJHOIO W3 TeJl CHUCTEMBbI, M300pa3uB €ro
OTJENBHO, WIH K€ Cpa3y paCwIEHUTh CUCTEMY M PACCMOTPETh PaBHOBECUE KaXKJIOTO U3
TEJ B OTAEIBHOCTH, YUTSI IPU 3TOM 3aKOH O PABEHCTBE JCHCTBUS U MPOTUBOJACHCTBHUSL.
Peakuyu BHyTpeHHEr0 MIapHUpa:
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Pemenue

PaBHOzEHCTBYIOIIAs pacipeIeICHHOW HATPY3KH :
Q=qlc =q-4a =50-4-0,5=100 xH;
CocraBisomume pacupeieIeHHON Harpy3KH:

Q, =Qcos30° =86,603xH,;

Qy = Qsin30° =500«H,;

Cocrasisomue cocpeOTOUYEHHBIX HATPY30K:

Fix = F,€0s60° =200xH; F, =F; sin60° =34,641xH;

Fsx = F3€0s30° =17 321xH; F3, = F3sin30° =100xH

COCT&BJ’IHIOHII’IC pCakuuun CTCp)KHCBOﬁ OIIOPLI:
NDX = ND COSGOO = 0’5ND;

NDy = ND SII’IGOO ngD :0,866ND
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Pucynok 2. CxeMa cun [1Jisi KOHCTPYKIHAH B LIEJIOM

KoncTpykiuio pazoObem Ha JBE YacTH 10 BHyTpeHHeMY mapHupy C.

VYpaBHeHUs paBHOBECHUS JIEBOI MOJOBUHBI (CTEPIKHS):

SP, =0 = -Yc -Q, =0;

>Mc(P)=0= M —Ny8acos30° +Q2a=0

VYpaBHeHUs paBHOBECHUS MTPaBOil MOJOBUHBI (YTOJIbHUKA):



SP, =0 = Y, +Yn+Np, +Fy —Fy =0;
>MA(R)=0= —X{10a-Yi8a~Np,6a+Np,10a+ Fy,10a - Fyl0a+Fy 2a=0
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Pucynoxk 3. Cxemsl cuil 17151 IpaBoil (CTEp>KEHb) U JIEBOM (YTOJIbHUK) YacTel
KOHCTPYKIIUU

[TonydeHa cucTema mecTy ypaBHEHUH paBHOBECHSI OTHOCHTENBHO IECTH HEM3BECTHBIX
peakumii cBszert (X = X,  Yi=Ye).
OmpenensieM HEM3BECTHBIE PEaKIMU CBSI3CH:

B :M+—Q2a:57 735 kH,
cos 30°8a

Xé :XC :QX _NB :28,868 KI_I,
Yé :YC :—Qy :_50,0 K[{,

—XC10—YC8—§ND6 +05N 10+ Fyy 10— F3, 10 + 5, 2=0

\ 7 Xc10-Ye8 1+ Fyy10 - Fa 10+ Fyy 2
0 (33-5)
NDX :O,SND :403,053 K]{,

=806,107 xH,




OTpI/IHaTeHBHbIe 3HAKH1 HeKOTOPBIX peaKuHﬁ YKaBBIBaIOT, qTO 120, ¢ HNCTHUHHOC
HaIpaBJIEHUE MPOTUBOIIOJIOKHO HAMPABIECHUIO, BRBIOPAHHOMY Ha YEPTEXKE.

CocTaBUM NMPOBEPOYHOE YpaBHEHUE ISl KOHCTPYKLHHU, HE PA3[ACIICHHON 1O [IApHUPY
C:

>Me (Pi ): 0=

Xal0a—Np,6a+M —Ng8acos30” + F3,2a+

+Qy(8a+ 2asin 30°)+ Q,2aco0s30° =
—376,865-10-05-698,109-6-05+1000-57,735-8-05-0,866 +100-2-05+
+500-(8-05+2-05-05)+86603-2-05-0,866 = 1784,327 —1784,327 =0
IIpoBepka conutacse.

OrtBer:
Nz =57,735 kH,

X& =Xc =28,868 ki,
Y¢ =Y =-50,0 kA,
N =806 ,107 x7,

X , =376 ,865 «H,

Y, =-672,750 xH



IIpocTpancTBeHHas1 cUCTEMA CHJT
MOMEHT CHJIbI OTHOCHUTEJIBHO OCH

Mowment cunel P otHOCcHuTEnsHO ocu Z M, (I3) XapaKTEpHU3yeT BpallaTesbHbII
3¢ deKT cubl P, Koraa Ta cuia cTpeMUTCs MOBEPHYTh TeI0 BOKPYT OCH Z.
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MOMEHT CHJII P OTHOCHTENBHO OCH Z pPaBeH alreOpauveckoMy MOMEHTY
MPOEKIMU 3TOH CHIBl HA IUIOCKOCTb, HEPHEHAUKYISIPHYD OCH Z, B3STOMY
OTHOCHUTEJIBHO TOUYKHA (J1 MEPECEUECHUS OCU C ITOU MIOCKOCTHIO

M,(P)==P, -h
ITo Teopeme Bapunbona M, (P): tPy -h=1P,-h PR, -h,
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MoOMEHT CHJIbI OTHOCHTEIIBHO OCH OyJIeT HMeTh 3HaK IUIIC, Korja ¢
MOJIOKUTEIIBHOTO KOHIIAa OCHM TOBOPOT, KOTOPBIA CTPEMUTCS COBEpIIMTh cuia P, ,

BHJIEH MTPOUCXOISIINM MPOTUB X014 YACOBOM CTPENKHU, U 3HAK MUHYC — KOTJa 10 XO1y
4aCOBOU CTPEJIKHU.

YacTHble ciyyan:

1) MOMEHT CHIIbI OTHOCUTEIBHO OCU OYJET paBeH HYJIIO:

- €CJIM CWJIA MTapaAJJIEbHA OCH;

- €CITM JIMHUS IEUCTBUS CUIIBI IEPECEKAET OCh.

Takum 00pa3oM, MOMEHT CHJIbI OTHOCUTEIBHO OCH PAaBEH HYIJIIO, €CIIU CUJIa U OCh
JIeKaT B OJTHOM IIJIOCKOCTH.

2) Ecnu cuima mepneHauKysspHa oCH (JIGKUT B IUIOCKOCTH, TEPICHIUKYIISPHOM
3TOM OCH), TO €€ MOMEHT OTHOCHUTEJIBHO OCH PaBEH B3ATOMY C COOTBETCTBYIOILIHUM



3HAKOM IMPOU3BCACHHUIO MOJAYJIsI CUJIbI HAa PACCTOSAHUC MCIKIY JIMHUEH I[GﬁCTBPI?I CHJIBI U

OCBIO MZ(IS):iP-h

ypaBHCHPI}I paBHOBCCHUA OJIA HpOHSBOJ’IBHOﬁ HpOCTpaHCTBCHHOﬁ CHCTCMBI CHIJI
HUMCIOT BHU:

2P =0
2Py, =03
2P, =0;
<ZMX(_I):O’
ZMy(ISi)ZO’
=M, (R)=0

Py Pyi , P,. - mpoexunu cunbl P, Ha ocu KoopauHar X, Y, Z.

T.e. cyMMBbl IPOEKIMI BCEX CUJ HAa TPU B3aWMHO MEPIEHAUKYISPHBIE OCH U CyMMa
MOMEHTOB BCE€X CHJI OTHOCUTEIBHO TPEX B3aUMHO MEPIEHIUKYJSAPHBIX OCEH pPaBHBI
HYJIIO.

BHeniaue cBsi3u (ONOPHI) U UX PEAKIIHU:
1. HenonBwxHbI CHEPUUECKUI IIAPHUP - PEAKIUIO CIEAYET Pa3IOkKUTh Ha TPU
COCTABIIFOLINX

RA=XaA+Ya+Za

1. [MoAmSATHUK - peakUUI0 CIEeAyeT Pa3joXUTh Ha TPU COCTABJISAIONINX, KaK U B
c(hepuvecKOM IIapHUpPE

2. TloAmMMHUK — COCTABJISIFOIINE PEAKIUU TEPICHIUKYISIPHBI OCH TOIITUITHUKA.
Bnonb 3T0M 0CH peakuus OTCyTCTBYET
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3. CrepxHeBas omopa (HEBECOMBIN CTEPIKEHB) — PEaKIHsl BCET1a HalpaBJieHa BIIOJIb
CTEpXKHS

3amaua
I[Be OIIHOpOI[HBIC HpSIMOYFOJIBHBIG TOHKHUEC IIJIUTBI XKCCTKO COCIMHCHLI II0/ HpHMBIM

YTJIOM JIPYT K APYTY U 3aKPEIJIEHbI MOANSATHUKOM B TOUKE A, TOAIIMUITHUKOM B TOUKE B
U CTEepKHEBOU oropoit B Touke C.

OHpGI[eJII/ITB pPCaKkInu CBs3ell B Toukax A u B u PCAKINIO CTCPIKHA B TOUYKCS C.
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Pucynok 1.PacuetHasi cxeMa mpoCTpaHCTBEHHOM KOHCTPYKIIUU
Hcxonnbie jaHHBIC:
Cxema 5;

P,=15kH, Py, =10 kH, M = 8 kH m, a=0,8 m; F1=7 kH; ;=90  mouka npunoxcerus
E; F,=5 kH; a,=90 °; mouxa npunoscerus L.
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Yka3aHus K pelieHUIO 3a1a4 U

OT0 3amadya Ha  paBHOBECHME Tena IO  JEHCTBUEM  IPOU3BOJIBHOM
MIPOCTPAHCTBEHHOM cucTeMbl cwil. [lpu ee peleHuH cieayeTr y4ecTb, UYTO pEeaKUus
MOAMSATHUKA HWMEET TPU COCTABJAIOLIIME (MO BCEM TPEM KOOPAMHATHBIM OCSAM), a
peakuusT NOJAIIMIIHMKA — JIBE COCTABJSIIOLIME, JIEKAllde B  IJIOCKOCTH,
MEPIICHIUKYJIIPHOW OCH NOJAIIMNHUKA. Peakuus CTEp:KHEBOM OIIOpBI  BCEraa
HaIlpaBJi€Ha BIOJb CTepkKHs. [Ipy BBIUMCIEHUM MOMEHTA CHJIBl CIEAYET Pa3JIOKUTh €€
Ha COCTaBJISIOLIME, NapaJIeIbHble KOOPAHMHATHBIM OCSAM. MOMEHT CHJIbl PaBEH CyMMeE
MOMEHTOB €€ COCTaBJIstoMKX (Teopema Bapunrona).

Pemenune

Cocrasisomue cocpe0TOUYEHHBIX HATPY30K:

F, = F;sin90° =0 Fy =F,c0s90° =F, =7«xH,;
F, =F,c0s90° =F, =5«kH; F,, =F,sin90° =0;
Ja __"' z

Jr

Pucynok 2.Cxema cujl IpOCTPAaHCTBEHHOW KOHCTPYKIIUU

YpaBHEHUS PaBHOBECHS IIPOCTPAHCTBEHHOU KOHCTPYKLIUU:

YX;=0 = X,+Xg—F,=0;

SY, =0 = Yo+Yg—N¢c+F =0;

¥Z,=0 = Z,—P,—P, =0;

>M! =0= -Ygda-F4a+P15a+P,3a=0;
zlvl‘yzo: Xgda-F,2a+M +P,a=0;
>M! =0= -F,3a-Nc2a=0
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OnpenesnsieM HEU3BECTHBIE PEAKIIMM CBSI3EH

Ne = — 23R _ 75
2a
XB = F22a_M —Pza:_2,5 KH’
da
YB = _F14a+zll’5a+P23a:61125 KH’
a

Y,=-Yg + N —F =-20625kH,;

Z,=P +P, =250 kH;

Xy=—Xg+F,=75«kH,;
OTpunarenbHble 3HAKM HEKOTOPBIX PEAaKIMM  YKa3blBaIOT, YTO MX HCTUHHOE
HaIPaBJICHUE MPOTUBOIIOJIOKHO HAIPABIEHUIO, BBIOPAHHOMY Ha YEPTEXKE.
CocTaBuM NPOBEPOYHOE YpPAaBHEHHE — CyMMa MOMEHTOB OTHOCHUTENIBHO IPOU3BOJIBHO
BBIOpaHHOM ocH Z1:

>M! =0= -Y,2a—X,3a-Xg3a-Yg2a—F 2a=

=20625-16-75-24+25-24-6125-16-7-16=+390-390=0
IIpoBepka conutacsk.

OTBeT:
Nc =-7,9 kH,;
Xg =—25«kH,
Yg =6,125 kH,;
Yo =-200625 kH,
Z, =250 «H,
Xp=1795kH,
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