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BBEAEHUE

OcHOBHas 1ENb AAHHBIX METOJMYECKUX YKA3aHUM — W3YUYCHHE
TEOPETUYECKOTO MaTepuaja U OBJIAJCHUE HABBIKAMU PELICHUA 3a7a4 Ha
PaBHOBECHE IPOU3BOJIBHONW IPOCTPAHCTBEHHONW CHUCTEMBbI CUJL.

st OCBOCHUSI TEOPETUYECKOIO0 MaTephasa O3HAKOMUTBCA C
KPaTKUMU CBEICHUSAMU U3 TEOPUM PEKOMEHIYEMOU JUTEpPATYpBI.
OTBeTHI HAa BONPOCH MTOMOT'YT CTYAEHTaM 3aKPENHUTh TEOPETUYECKYIO
4acTb paszena.

[Ipennmaraemass pa3paboTka mpeaHAa3HAYeHa MJs ayJUTOPHOIO
KOHTPOJISI TEKYIIEH YCIIEBAEMOCTH CTYIEHTOB, a TaKXke sl O0y4eHUs U
CaAMOKOHTpPOJISI BO BHEAYJIUTOPHOE BpeMs NOpPU NOATOTOBKE K
[IPAKTUYECKUM 3aHATUAM U DK3aMEHaM.

KPATKHUE TEOPETUYECKHUE ITOJIOKEHUA

Pemenne 3a7ay Ha paBHOBECUE IPOCTPAHCTBEHHOW CUCTEMBI CUII
BO MHOTHX CJIy4asiX CBOIAUTCS K OIPEICIICHUIO PEAKIIUN CBA3EH, PEXKE —
TE€X U3 AKTUBHBIX CHWJ, BEJIMYUHBI KOTOPBIX CIEAYET OINPEACIIUTH IO
YCIIOBHUIO.

OCHOBHBIM 3JIEMEHTOM B COCTaBJIEHWH YPAaBHECHHU PaBHOBECHS
ABJISICTCSI BBIYMCIICHUE MOMEHTOB CHJI OTHOCHUTENBHO ocel. HarmoMunm
NOHATHE MOMEHTAa CWJIbl OTHOCHTEIIBHO OCH M TOPSIAOK €ro
BBIYMCIICHHS.

MoMeHT cuiibl /' OTHOCUTEIBRHO HEKOTOPOW ocu (Jz Ha3bIBAETCS

ckajsipHas BenuuuHa M Z(F ), paBHas MPOEKITMHM Ha 3Ty OCh MOMEHTA
CHUJIbI BBIYMCIIEHHOTO OTHOCUTENBHO KaKOU-IM00 Touku O 3TOU OCH:

m(F)=|w, (F)]. ()

Jlanee paccMOTpUM, YTO yKa3aHHAsl MPOEKIMS Ha OChb MOMCHTA

CHJIbI OTHOCHTEJIPHO TOUKH Ha 3aBHCHUT OT BBIOOpA TOM TOYKH Ha OCH,

H YCTAHOBUM HpOCTOfI crioco0 BBIYMCICHUSI MOMEHTA  CHIIBI
OTHOCHUTECIIBHO OCH.

Paccmorpum  HekoTopyro cuiy F', pacmoyioKEHHYIO 110
HaIIPaBJICHUSIM KOOPJIMHATHBIX OCEH:



F =iF, + jF, + kF., (2)

rae I, j, k— eIuHUYHbIC BEKTOPHI (OPTHI) AEKAPTOBBIX KOOPAMHATHBIX
OceHl, MPOBEAECHHBIX M3 Touku O, F,, F),, F, — NpOeKUMH CHUIBLI HO
KOOPJMHATHBIE OCH.

v

Puc. 1

Ilyctp panee paamyc-BEKTOp TOYKHM A TIPUIIOKEHUS CHIIBI
OTHOCUTEIBHO Hayana KoopauHaT (), TakKe BBIPAXKAECTCA B BHJE
reOMETPpUUECKOil cyMMBbI (puc. 1).

AO =ix+ jy+kz, (3)
rae X,Y,Z - KOOpJAWHATHI TOYKU A (v MIpOEKIINN BeKTOpa OA Ha

KOOpJMHATHBIE OcH). BeKkTopHOE TpOU3BEACHUE JABYX BEKTOPOB
BBIPAXKAECTCS ONPENEIIUTEIIEM:

i ]k
My(F)=04-F =|x y =i(yF, —zF,)-
F. F, F,
— J(xF, —zF, )+ k(xF, — yF, ) (4)

YyuteiBasg, 4to KO3(Q(UIIMEHTHI MPU €IUHUYHBIX OpTax i,],Z
CYTb INPOCKIHMH BCKTOpPA HaA COOTBCTCTBYIOIIHMC OCH, 3aKJIIIOUYUM U3
IMOCJICAHCTO BBIPAKCHUA, YTO

M (F)=yF, —zF,, M ,(F)=zF, - xF., M_(F)=xF, - yF,. (5)

HOKa)KeM, qTO MOMCHT CHJIBI OTHOCHUTCIBHO OCH pPABCH
anreOpanyecKoMy MOMEHTY TMPOEKIIMU HTON CHJIbl Ha IIJIOCKOCT,
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NEPICHAUKYISIPHYIO  OCH, B3ATOMY OTHOCUTEIBHO TOYKH O
MIEPECEUECHUsI OCH C IIIIOCKOCTBIO.
PaccMmoTpuM, Kak BBIYUCIUTh MOMEHT CHJIBI OTHOCUTEIHHO OCH Z.
Sammmiem cormacHo (opMmyina (5) MOMEHTHI cHibl F u eé
POEKITUH }«:xy OTHOCHUTEIILHO OCH Z:

M_(F)=xF,—-yF,, M_(F,)=xF,-yF,, ©6)
KOTOpLIe OKa3bIBAKOTCSI OEI/IHaKOBB_IMI/I:
M (F)=m.,(F,) ()

U, JCHUCTBUTEILHO, HE 3aBUCAT OT BbIOOpa Touku O Ha ocu z. Takum
o0pa3oM, BMECTO TOr0 YTOOBl MCKaThb MOMEHT JAHHOW CHJIBI
OTHOCHUTEJIBHO OCH, JOCTATOYHO HAWTH MOMEHT NPOCKIMUU A3TOU CHJIbI
HA IJIOCKOCTb, NIEPHEHAUKYIISIPHYIO 3TOU OCH.

VuTeM Ternephb, YTO MOMEHT CHJIBI OTHOCHTEIbHO ocu M, (ny) -
9TO MPOEKIIHSA MOMEHTA CHJIBI OTHOCHUTEIBHO TOYKH M O(ny) Ha OCh Z.

W13 pucynka 1 sicio, urto moment M, (ny) HanpaBJcH BAOJb OCH Z, U

TOTIAa €r0 MPOEKLHS Ha 3Ty OCh pPaBHA WM €r0 MOIYJII0, WIH €ro
MOJIYJII0, B3ITOMY CO 3HaKOM "MuHyc". MTak:

M (F)=m.(F,)=|M (F, )| =+m,(F,), (8)
OTKYJIa CIEAYET
M (F)=+£F,h 9)

Xy Uxy s

rae hy, — 1iedo Bexkropa F,, oTrHOcUTENbHO TOYKM O. AHAIOrMYHO
MOTYT OBbITh BBIYMCIIEHBI MOMEHTBI OTHOCUTEIILHO OCEH X U Y.

N3 mpuBeAEHHOr0 pacCMOTPEHUS] BBITEKAET CIEAYIOMMI CIIOCcO0

BBIYMCJICHUSI MOMEHTA CUJIbI OTHOCUTEIBHO JII000M OCHU:
1. Cuna npoekTupyercs Ha IIOCKOCTh, NEPIICHAUKYIISIPHYIO OCH.
2. Onpenensiercss NPOU3BEACHUE MOJIYJA 3TOM MPOCKIMU Ha €€

MJI€40 OTHOCUTEIHHO TOUYKHU MEPECECYEHUS OCH C TIIOCKOCTHIO.

3. Beiuncnsiercss MOMEHT CHJIBI OTHOCHUTEIBHO OCH, Kak »dTO

IPOU3BEJECHHUE, B3SITOE CO 3HAKOM 'TUTtoc” Wi "MHUHYC".

IIpaBuiio 3HAKOB CJICIYIOIIEE: €CIU IS/ HABCTPEUY OCU BUJCTh
BpaIllCHUE, KOTOPOE TIBITACTCS MPOU3BECTH TMPOCKIMS CHUJIbl Ha
MJIOCKOCTh, MMPOUCXOASIIMM MIPOTUB YaCOBOM CTPEJIKU, TO OEpeTcs 3HaK
"mmoc"”, nHaue oepercs "'MuHyc".



N3 cka3aHHOro BHIIIC CICaycT, qTO MOMEHT CHJIbI
OTHOCHUTEC/IBHO OCH PAaB€H HYJII0 B OTHOM M3 IBYX CJIYy4acCB:

1) cuna napamiensHa ocH ( ny =0);

2) cuna nepecekaet och (h=0).

O6a »Tu ciydyass oObEAMHSIOTCSA CIEAYIOIIUM 00pa3oM: MOMEHT
CHJIbI OTHOCHTEIIBHO OCH PaBEH HYIIIO, €CIIM CHJIa U OCh JISKAT B OHOM
IJIOCKOCTH.

JInsi HaXOXKIACHUS MCKOMBIX BEIMYHMH CIIETYET BOCIIOJIb30BATHCS
aQHAJUTUICCKUMH YCIIOBUSIMU PaAaBHOBECHS, 3aIUCHIBAIOTCS B BUJIC:

S 0 SR <03 F <0
k=1 k=1 k=1

S M (F)=0, Y M (F)=0, Y M_(F)=0.

T.e. 1J1st paBHOBECHS IPOU3BOJIBHOW CUCTEMBI CHJT HEOOXOUMO U
JIOCTATOYHO, YTOOBI CYMMBI ITPOEKIIMN BCEX CHUJI CUCTEMbl Ha KaXKIYIO
U3 TPeX MPOU3BOJIHLHO BEIOPAHHBIX B3aHMHO MEPIICHIUKYJISIPHBIX OCEH H
CYMMbI MOMEHTOB X OTHOCHUTEIBHO ATHX OCel ObLIH paBHBI HYIIIO.

Eciu Ha Teno, kpoMme Cuil, IEUCTBYIOT €UIE Mapa, 3aJaHHas €€
BEKTODHBIM  MOMEHTOM M, TO  ompeacieHuss €€  MOMEHTOB
OTHOCHUTEJIbHO KOOPJIMHATHBIX OCEH PEKOMEHIYETCS HaWTH MPOSKIINU
BeKTOpa M Ha COOTBETCTBYIOIIME KOOpJAWHATHbIC OCH. Torma BuA
nepBbIX Tpex u3 ycioBuil (10) He u3MeHUTCs (CyMMa MPOEKIUNA Haphbl
Ha J1100YI0 OCh PaBHA HYJIO), a OCJIETHUE TPU YCIOBHS IPUMYT BUJL:

(10)

DM (F)+M, =0, > M (F)+M, =0, > M_(F)+M.=0. (11)
k=1 k=1 k=1

B Tex 3ajla4ax, rac¢ UMCIOTCA JKCCTKHUC 3aJCJIIKH TCJI B OIIOpaXx,
BEKTOPHBIM MOMEHT ITapbl CUJI B 3aJEJKE CIEAYET Pas3joXuUTh Ha TpU
COCTAaBJIAIOIINC, HaIIPpaBJICHHBIC BIOJIb COOTBCTCTBYIOIIUX
KOOp)II/IHaTHBIX oCel. Tor):[a HpOGKHI/II/I OTUX COCTABJIAKOIINX HaA
KOOp)II/IHaTHBIe oCcu n 6yI[yT MOMCHTaAMM HapLI CHJI OTHOCUTCIIBHO 3TUX
ocel.



BOHPOCHI JJ CAMOKOHTPOJIA

1. Kak ompenenserca BeauyMHAa W 3HAK  MOMEHTAa  CHJIBI
OTHOCHUTEIBHO OCHU?

2. B kakux ciry4assX MOMEHT CHJIbI OTHOCUTEIBHO OCY PABEH HYIIIO?

3. IIpu kakOM HampaBJICHUH CHUJIbI, IPUJIOKECHHOMN K 3aJJAHHON TOYKE,
€€ MOMEHT OTHOCUTEILHO JAHHOW OCH OyJ1eT HauOOJIbIITUM?

4. Kakanm 3aBUCMMOCTh CYHIECTBYET MEXKIY MOMEHTOM CHJIBI
OTHOCUTENBPHO OCH M MOMEHTOM 3TOM K€ CHIJIBI OTHOCUTEIBHO
TOYKH, B3SITOM Ha TOM ke ocu?

5. Ilpn Kakux YCIOBHSIX MOAYJb MOMEHTa CHIIBI OTHOCUTEIBHO
TOYKM pPABEH MOMEHTY TOW JKE€ CHJIbl OTHOCUTENBHO OCH,
MPOXOAAIIECH Yepe3 3Ty TOUKY?

6. KakoBbl ~ aHAIUTUYECKUE  BBIPAXKECHHS  MOMEHTOB  CHUJIBI
OTHOCUTEIBHO KOOPJIMHATHBIX OCEH?

7. Kak HampaBJieH BEKTOp MOMEHTA Tapbl CHJI?

. [ToueMmy MOMEHT mapsbl CUJI SIBJIAETCSI CBOOOIHBIM BEKTOPOM?

9. UeMy paBeH TJIABHBIA MOMEHT CHJI, COCTAaBILIOIIKAX IMapYy,
OTHOCHUTEJIBHO JIF000M TOUKHU MPOCTPAHCTBA?

10.Kak omnpenenstorcss MOMEHTBI CHJ, COCTAaBILIIOIIKAX MAapYy,
OTHOCUTEIBHO KOOPJIMHATHBIX OCEH?

11.KakoBbl yClOBUS MW YypaBHEHHsS PABHOBECHS ITPOU3BOJIBHOM
OPOCTPAHCTBEHHOW CHUCTEMBI CHUJI M YEM OHHM OTJIMYAIOTCS OT
YCJIOBU W YPAaBHEHUW paBHOBeCUs Takoro e BHUIA CHJI Ha
IJIOCKOCTH?

12.ChopmynupyiiTe TEOpeMy C MOMEHTa pPaBHOJACHCTBYIOIIEH
IPOCTPAHCTBEHHOW CHCTEMBI CHJI OTHOCUTEIBHO TOYKHU U OCH.

o0



INPUMEPBI PEHIEHUS 3AJTAY

[IpomuttocTpupyeM METOAUKY PEICHUS 3a1a4
Ha CJIEIYIOLIUX [IpUMeEpax.
Hpumep 1.

Onnopoanas mmta ABCD (puc. 2) HaxoAWTCs MOJ JCUCTBUEM
CWibl TsbKeCTH (G, COCPENOTOYEHHOW CWibl P W PaBHOMEPHO
pacCIpeIeNIECHHON HAarpy3Ku UHTEHCUBHOCTH (.

2 c

FlAE
Puc. 2
Jlano: AB=1wm; BC=2wm; P=9 xH; g = 12 xH/Mm, G=10 kH.

Onpeoenums: peakiuu CBA3EH.

Pewenue:

1. N3obpaxkaeM MIMTYy W JCUCTBYIOIME Ha Hee Cuibl (puc. 3).
Cuty TsDKECTU OJHOPOAHOM IUIUThl G MPUKIIAABIBAEM K LIEHTPY Mace
(reoMeTpUYECKOMY IIEHTPY). PaBHOMEpPHO pacnpenesicHHYI0 HarpysKy
3aMeHsieM cocpeaoTroueHHoil cuinon O = ¢-(AB/2)= 6 xH, xoropas
npuioKeHa Ha pacctostiuu 0,25 m ot Touku B.

2. Peakuuto HeBecomoro crepxHs EC, o0o3HaueHHYI0 OYKBOU S,
HalpaBjsseM BJOJb CTEPKHs. Peakuuro cgepuueckoro mapHupa A
packiaapiBaeM Ha Tpu  cocramisitomme Xy, Yy, Zy. Peaknuro
AJMHAPUYECKOro MapHupa D packiaabiBaeM Ha JIB€ COCTABJISIIOLINE
Xp, Zp. Hadano cucremsl KOOpAUHAT MOMENIAEM B TOUKY A, TaK KaK B
HEW CXOATCS JIMHUU JICUCTBUSI TPEX U3 IIECTU HEM3BECTHBIX CHUJL.
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Puc. 3

3. CocTaBiyisieM ypaBHEHUS paBHOBECHUS TIUTHL. [1oCKOJIBKY Ha Hee
JEHUCTBYET MPOU3BOJIbHAS MPOCTPAHCTBEHHAs CHUCTEMa CUJ, TO MUMEEM
IECTh YPABHEHUN:

Y F,=0; X,+X,—Pcos60’—Ssin60"siny =0;
i=1

> F,=0; Y,—Psin60’—Ssin60°cosy=0;

i-1

DY F,=0; Z,+Z,-G-0+S5cos60°=0;

iz
i=l1

N F AD
ZMX(FJZO; ZD-AD+Scos6O°-AD—G.T:(); (12)
i=1

2 — AB
ZMY(E.):O; —Scos6OO-AB+G-7+Q%AB:O;
i=1

L — AB
> M (F)=0; —X,-AD—Psin60’ -7+Pcos 60°-BC =0.
i=l1

N3 pucynka 3 BUJIHO, 4TO Y — YrOJI MEXKIY IMPOEKIIUEN CHJIBI S Ha
IJIOCKOCTB Xy ¥ OChIO ). 13 TpeyronbHrka ABC Haxoaum:

AB —l =0,5.siny= 4B = ! =0,4475;
’ AC

cosy=BC _ — 0,8944, (13)
AC  1* +2°



[Ipu BBIMMCIIEHUH MOMEHTA CHJIbI P 4acTo yJI00HO Pa3lIOKUTh €€
Ha cocrasisgomue Py u Py, JUld KOTOPBIX IJI€YH JIETKO BBIYUCIIAIOTCS, B
YAaCTHOCTH HA COCTABJISAIOLINEC, MAPAIUICIbHBIE KOOPAUHATHBIM OCSM, H
BOCIIOJIb30BaThCsl TeopemMoil BapuuboHa; Torma ma(P)=ma(P,)+
mA(P y).

3ameuanue. [ cocTaBiieHMSI YpaBHEHUM PaBHOBECHS MOXKHO
M300pa3uTh YEPTEXK IUIACTUHBI B MPOCKIMUSAX HA KOOPJIWHATHBIC
MJIOCKOCTH (PUCYHOK 4).

a)
&) I; Dz ¥
S. =Scos60’; S, =Ssin60’;
= S, =S8, siny=Ssin 60° siny;
sNp S, =S, cosy =Ssin60°cosy;
S
B — p P, =Pcos60°; P, =Psin60".
X ‘I":-J
Puc.4

Torma mo mnpoeknuu Ha IUIOCKOCTh zZAY  MOXKHO COCTaBUTH
ypaBHeHus (puc. 4, a):

YF =0, Z,+Z,+S,-G-0=0;
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sz:O; Y,-PF-S,=0 (14)

> M, =0 —G-A—D+SZ-AD+ZD-AD=O;
2

AHaOrM4YHO MO MPOEKIUHU Ha MIIOCKOCTh XAz (puc. 4, 0):

YF =0, Z,+Z,+S,-G-0=0;

Y F =0, X,+X,-P, -8, =0; (15)

AC 3
> M, =0; ~G- =45, AC+ Q- AC =0,

N o npoekiuu Ha mI0CKOCTh XAy (puc. 4, B):

D F,=0; Y,-S,-P, =0

Y F =0, X,+X,-P.—8, =0; (16)

> M, =0, —X,-AD+P,-AD-P, -lDC=0;
2

[IpenoctaBnsieM  4YMTATENI0  BO3MOXKHOCTh  CaMOCTOSITEIBHO
yOeauThCsl B MpaBUIbLHOCTH ypaBHeHUM (14) — (16), cocTaBiIeHHBIX C
MCIIOJIb30BAHUEM OMUCAHHOTO MOJIX0/1a

4. Pemiasi cucteMy ypaBHeHui (12) Haxoaum:
_ —Psin 60° - 0,5+ Pcos60° -2

Xp = 5 =2.551 kH;
G-05+0-0,75
S: 9 9 —
cos60° -1 19 xH
—Scos60°-2+G-1
Zy= 7 =-45 xH:;

Z,=-Z,+G+0-Scos60” =11 kH;
Y, = Psin60° + Ssin 60° cosy =22,52 kH;
X, =Pcos60’ +Ssin60’siny — X, =9,301 xH.
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3Hak '"MUHYC", TOJYyYMBIIHMICS MNpPH pacyeTe peakuuu Zp,
MOKAa3bIBAET, YTO €€ JECHCTBUTEIBHOE HAIPABICHHE MPOTHUBOMOJIOXKHO
M300paKEHHOMY Ha PUCYHKE 3.
PaBHOEHCTBYOIIIAs CUJIBI peaKIMU C(HEepUUECKOro IMapHupa A:
R,=X2+Y2+27Z2=26,53 xH
PaBHOAEHCTBYIOIIAS CUIIBI PEAKIIUH [IMJIMHAPUYECKOTO IAPHUPA

R, =+X2+2Z2=5173 xH.

D:

IHpumep 2.

Ban AB k xotopomy xecTtko npukperuieHsl ctepxau CD k EK,
HaxoauTcs B paBHoBecud. Ochb ctepkHda CD mapamnenbHa ocu Ax, a
crepxHa EK — ocu Ay . Cuna P JeXHT B TIOCKOCTH, IIEPIIEHAUKYIISAP-
HOM ocu Basia AB u cocrtasiset ¢ ockto crepxkHs EK yrom a=30°, cuna

O — B IUIOCKOCTH, IEPICHINKYIIPHON OCH AX H COCTAaBISIET C
ropu3oHTaibio yroa =60 °. Ilapa cun ¢ momentom M=0,4 xH-m
pacmoJioKeHa B IJIOCKOCTH, HAKJIIOHHOW K ocu AB mox yriom o= 30°,

FU Ax; LGL Ax; P=2 H. Pa3zmepsl Ha pUCYHKE 1aHbI B METPax.

Onpeodenums: Bennuuny cuibl O u peakiuu onop A u B (puc. 5).

Pewenue:

1. Paccmorpum paBHOBecue Baia AB. Ha Hero JIeMCTBYIOT
3aaHHble cuibl P, ) W mapa cuia ¢ MOMEHTOM M, a Takke peaklnu
CBsi3ed. Peaknuio MOAISITHAKA WM YIIOPHOTO MOMAIIMITHUKA Pa3JI0KUM
Ha TpH cocTapisitomue Xy, V, Z,, TWIMHIPAIECKOTO (IOAIIUITHUKA)
— Ha JIBe cocTaBiiswonme Xz, Yz (B MIIOCKOCTH, NEPIECHANKYIISIPHON
OCH TIOJIIUITHUKA).
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Puc. 5

2. CocraBiisieM ypaBHEHUS paBHOBecHs Baya. [IockoibKy Ha HEro
NEUCTBYET MPOU3BOJIbHAS MPOCTPAHCTBEHHAS CHUCTEMa CHJI, TO pelias
cuctemy ypaBHenuit (10) u ucnosnb3ys paBeHctsa (11), momydum:

iFix:O; X, +X,—Psino=0;

P

iFiy:O; Y,+Y,—QcospB—Pcosa =0;

i=1

SF =0 Z,~Qsinp=0; 17
iMX(E):O; ~Y,-AB+ Pcoso.- AK +Qcos B+ AD = 0;

i1

Zn:MY(IFl.):O; Xz -AB—Psma-AK +Qsinf3-CD - M cosa =0;
=1

iMZ(E):O; —Qcos B-CD + Psina.- KE + M sino = 0.

i1

13



Jns ompeneneHruss MOMEHTAa CuJibl (), OTHOCHTENIBHO OCEH V, Z
pasnoxuM Q, Ha coctaBisrome O, u (., napajieabHble OCIM ) U Z
(Oy=0cosP, Q.=Q0sinf), n npumenseMm TteopeMy DBapunbona (cM.
yKa3aHusd). AHAJIOTMYHO MOXKHO TMOCTYNUTh TMPHU  ONPEIACICHUU
MOMEHTOB CWJIbl P, OTHOCUTEIbHO ocer x, y. Pasnoxum P, Ha
cocrapistomue Py, u P, mapauiensuele ocsam x u y (Py= Psina, P,=
Pcosa,).
3ameuanme. [l cocTaBiieHHs] YpaBHEHUM PABHOBECHS MOXKHO
M300pa3uTh YEpPTEXK IUIACTUHBI B MPOEKLIUSIX HAa KOOPAWHATHBIE
MJIOCKOCTH (puc. 6).

Pucynok 6

[Ipoekuuss Ha MJIOCKOCTh XAy  MOXHO COCTABUTH YpPAaBHEHUS
(puc.6, a):

ZFX =0; X,-P, =0;
ZFy:O; Y, +Y,—P, =0, (18)

Y M, =0, —Q,-CD+P,-KE+Msino=0.
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AHAJIOTHYHO TI0 MIPOEKIMHU Ha IUIOCKOCTh YAz (puc. 4, 0):

YF.=0; Z,-0,=0;
ZFy:O; Y, +Y,—-0,—P,=0; (19)

D> M, =0, O, -AD+P,-AK-Y,-AB=0;

U 1o mpoekuuu Ha MIocKoCTh XAz (puc. 4, B):

Y F.=0; Z,-0,=0;
DF, =0, Xy+X,+P =0 (20)

Y M, =0; Q,-CD-P,-AK+X,-AB—M coso. =0;

3. Pemas cuctemy ypaBHenuit (17) u ucnosnb3ys paBeHctBa 18-20
HAXOUM:

_ Psin30°-0,4+ M sin30°
0= cos 60°-0,4
_ Psin 30°-0,5—0sin60° - 0,4 + M cos30°
b 0,8
_ Pcos 30° 0,5+ Qcos 60°-0,3
- 0,8
Z ,=Qsin60° =2 6 kH:
Y, =-Y, +0cos60’ + Pcos30’ = 1,58 xH:
X,=-X,+Psin30° =0,76 xH.
PaBHOAEHCTBYIOMIIAsA CUIIBI PEAKIIMU MOANSTHUKA A:
R,=X2+Y?+Z7> =313 xH
PaBHOENCTBYIO1Ias] CHJIBI PEAKIIUU TWJIMHIPUYECKOTr0 apHupa B:

R,=X2+V2=167xH.

JUtst 3aKkpensieHuss MaTepyaa 1o yKa3aHUIo IPENnoAaBaTens ClIeayeT
pEelIuTh P 3a7a4, IPUBEACHHBIX HIKE (CM. BAPUAHTHI 3a1aHUH ).

= 3 xH;

X

=0,24 xH;

Yy =1,65 kH;
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BAPUAHTBI 3AJIAHUM JIJISI CAMOCTOSATEJBHOT' O PEIIEHUSI

Bapuanr 1

I'opuzonTanbHas 6anka DC Becom P =
100 H n ngimHOM 2 M HaXOIUTCS IOJ
nevicrteuemM mapel  cuin (Q, Q),
JIeXxanien B TOPU30HTAIBHOMN
mockoct. Q = 10 H, mmewo mapsr
cun EF = 0,2 M. banka xonnmom O
OPUKPEIJIEHA K CTEHE C IOMOILbBIO
cheprueckoro mapHupa U
yACPKUBACTCS B PABHOBECUU JIBYMS
BepeBkamu CD u AB. OB = 0,5 m.
Haiitu peakuuu onop U HaTsKEHUA
BEPEBOK, €Cu yroJ o = 30°,

Omseem.: T, = 100H, T, = OH, X, =4
H, Y,=93,53 H, Z,= 50 H.

Bapuanr 2
OnHOoposiHasE MPSIMOYTOJIbHAST TUIUTA
BecomM G = 8 kH ynepxkuBaercs

IPUOTKPBITOM HEBECOMBIM CTEPKHEM
DE, ocs KOTOpOro mapasienb Ha OCH
Ax. Cuna P nepnenaukyisipHa
IUJIOCKOCTH  KpbIKKH;,  cuiaa  Q
napajuienbHa ocu Ay, npudem P = 2
kH, Q = 4 xH, a = 60°. Pa3mepsl Ha
pUCYHKE JaHbl B Merpax. Hawntu
peakuun onop A u B ycunmume S B
crepxkHe DE.

Omeem: S =2,31 kH, X,= 0,98 xH,
yA =4 KH, ZA = 1,7 KH, XB = -0,4
xkH, Zg=7,3 H
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Bapuanr 3

I'py3 Q = 4 xH paBHOMEpHO
NOJAHUMAETCA TpU TMOMOLIM BOpPOTa
pamuycom  r=0,1 M.  Bepeska
pacIoJiokKeHa B MJIOCKOCTH,
NepHeHIuKYIsIpHOM ocu Banma AB,
yroil o = 60°. B miockoctu komieca
pamnycom R = 0,2 m u Becom G=1kH
npuioxkeHa cwia P, mapamienbHas
ocu Ay, nmpuuem P = 5 kH. Ilapa cun
pacIoJiokKeHa B MJIOCKOCTH,
HAKJIOHEHHOW K TOPHU3OHTAIMA MOJ
yriaom B = 30° Pa3mepsl Ha pUCYHKE

naHel B MeTpax. Haitu BenuunHy

MOMEHTA Hapbl U peakuuu onop A u
B

Omeem: X, = 1,6 kH, Yo = -1,33 kH,
ZA = IKH, XB = -10,1 KH, YA = -0,67
kH, M= 0,69 xkH-m.

Bapuanr 4

I'py3 Q=5 kH PaBHOMEPHO
NOJAHUMAETCA TpU TMOMOLIM BOpPOTa
pamnycom r = 0,1 M, mpuBOgUMOroO B
IBVOKEHHE  OECKOHEUHOM  IIENbIO, rA
HAJEeTOM Ha  KOJIECO  paauyCcoM
R=0,25M. Cunbl HaTsOKEHUS BETBEH
neri T, wm T, cocraBisoT C
ropusoHTansio yriel o = 60°. Cuna LA
P, npunoxeHHas K KOJECy, JICKUT B |
IJIOCKOCTH, MEPHEHIUKYISIPHON OCHU
AX, ¥ COCTaBIJISIET C BEPTUKAIBIO YTOJ

Lan.

0z
=
5
oy

06

94

B = 30°, npuuem P = 2 xH, Haiitu
peakuuu onop A u B Harskenua T, K
n Tz, €CJin T1 =2 T2 .
Omeem: T = 2 xH, X, = =-0,865 xH,
YA = -2,31 KH, ZA = 2,73 KH, XB = -
4,325 xH, Yg=1,31 xH.
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Bapuanrt S

OnHoposiHasE MPSIMOYTOJIbHAS TUIUTA
Becom G=4 kH ynepxkuBaercs
OPUOTKPBITOM Ha yroa o=60° Hax
TOPU30HTOM HEBECOMBIM CTEPKHEM
EC, nmpuuem CB=BE. B Ttouke D
npuioxkeHa cuna P, mapamnenbHas
ocu Ay u paBHasa 2 kH. Pa3mepsl Ha
pHUCYHKaxX JaHbl B MeTpax. Hauitu
peakuuu onop A u B u ycunue S B
crepxue EC.

Omeem: S= 1,16 kH, X,=-0,67 xH,
yA: -2 KH, ZA: 0,85 KH, XB: 1,25
kH, Zg= 2,15 xH.

Bapuanrt 6

Otxnnuag nectauna secoM P = 300 H
NpUKpEIUICHa K KYy30BYy TpPy30BHKa
AJMHAPUYECKUMHU IHapHupaMu A u B
u CTEp)KHEM EF. JlectHuna
COCTaBJISIET v BEPTUKAJIBLHOU
IJIOCKOCThEO  yrou  0=60°. IleHtp
TSOKECTH  JIECTHHULIBI HAXOJUTCA B
TOYKE  TMEepEeCeUCHUs  JuaroHajeu.
Onpenenuth peakuto S crepxkHs EF
u mwapHupoB A u B, eciin Ha cepenuHe
HWDKHEH CTYNEHBKU JIECTHUIIBI CTOUT
4yenoBek, Bec kotoporo G = 600 H.

Omeem: S=2975 H, X,= 1297 H,
ZA:-18OO H, XB:O, ZB:450 H
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Bapuaunr 7

OnHopoaHass mNPSMOYTOJIbHAsE pama
BecoM 20 H nmpukpernieHa Kk CTeHe npu
NOMOIIH CPEpPUUECKOro MapHupa A u
netmu B wm ynepxuBaercs B
TOPU30HTAIIBHOM MTOJI0KEHUU
BepeBkoii CE, npuBsizanHou B Touke C
paMbl U K rBo3At0 E, BOUTOMY B CTEHY
Ha OJHOW BepTHKAM C Toukoun K.
Yriet  oa=B=30° y=60. Haiitu
HATSDKEHUE BEPEBKM W ONOPHBIC
pEaKUnH.

Omeem: T = P=20 H, X,=5 H, V=
8,66 H, ZA: 10 H, XB: 10 H, ZB:O

Bapuanrt 8

OnHopoiHas KBaJIpaTHas IJINUTA
ABCD Becom P= 120 H npukpennena
K CT€HE CPePUUYECKUM IIAPHUPOM A U
UWJIMHAPUYECKAM [MapHupoM B w
YAEPKUBAETCA B  TOPU3OHTAIBHOM
IIOJIOKCHUH HUTBIO CED,
NpOIyLIEeHHOM B TOouyke E uepes
konblo. Yacte HUTH CE cocrtaBnger ¢
IJIOCKOCTBIO TIUTBHI yroi o = 30°.
Haiitu HaTsoKeHHE HUTH U pEaKLUU
mapHupoB A u B.

Omeem: T =53 H, X,= 73,1 H, X3=0,
Yoa=32,6H,7Z533,5H,
Za= 26,5 H.
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Bapuant 9

Ha mHeBecombii crepxkenr ABCD
PACIOJIOKEHHBI B TOPU30HTAJIBHOU
IJIOCKOCTA XAy M MMEIOIIAN B TOUYKE
A KECTKYIO 3aJIeJIKy, JTEUCTBYIOT CUJIA
P=300H wu Tpu mapelr cuir c
MmoMeHTamMu M; = 400H-m, M, = 500
Hm u M3;=600 Hwm Cuna P
pacIoIoKeHa B BEPTUKAJILHOU
mIocKocT moA yriaom [ = 60° k
ropu3oHTy. IlmockocTe mapel cun C
MOMEHTOM M; oOpazyet yroua a = 30°
C IJIOCKOCTBIO XAy. IInockoctu map c
MOMEHTaMu M, 1 M3 COOTBETCTBEHHO
NEPIECHANKYIISIPHBI y4acTKaM CTEePIKHS
BC u CD. Onpenenuts peaxkiuio
3a/ICIIKU.

Omeem: XA =0, Yo =-150H, Z, = -
259,8 H, M = -759,8 H-M, My,, =
540,2 H-m, My, =496,4 H-m.

Bapuant109

OnHOoposiHasE MPSIMOYTOJIbHAST TUIUTA
BecoM Q= 10 H mpukpennena k crene
C IOMOILIBIO MIAPOBOrO IIapHupa B,
nermt C W yOepKHMBaeTca B
TOPU30HTAJIBHOM TIOJIO)KCHUN HUTHIO
EF, npukpenjieHHon OJHUM KOHILIOM K
IJIMTE, a APYyTUM -K cTeHe. Ha mury
nercrteyer cuwiia P =5 H u mapa cun ¢
mMomeHtoM M = 20 H-m. Haiitu
HaTsKEHUE HUTU T W peakiuu omop,
eciu DE=EC=0,5 m, BC= 2 ™, yrisl
a=60°, f=30°.

Omeem: T=40 H, XB =-5,68 H,
Yg=17,3 H, Zg=7,5H, Xc=35,68H,
ZC:-IOH
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Bapuant 11

OnHoponiHass NPSIMOYrOJbHasi JBEPb
BecoM P= 1 kxH, nHaxomsmascs 1mon
PaBHOMEPHO pacIpeieICHHbIM,
NEPICHANKYJISIPHBIM K €€ IIJIOCKOCTH
NABJIICHUEM BETpa, MPUOTKPHITA Ha
yroil 0=30° u yIep>KMBAETCSI B 3TOM
oJoKeHUU crepkHeM EK, npuyem
IIJIOCKOCTD tpeyroapauka  KED
NEPIECHANKYISIPHA TUIOCKOCTH JIBEPH.
PaBHOmeNCTByIOIAsT CUJT  JABJICHUS
Berpa Q= 3 xH. Pa3mepsl Ha pucyHke
naHel B Merpax. Haitu BenuuunnHy
yeunusa S B crepxkHe EK m peakuumn
onop A u B.

Omeem: S =1,73 kH, X, =-0,78 xH,
Va=0,146 xH, Z, = 0,135 xH,
Xg=-0,516 xkH, YB = 0,606 xH.

Bapuant 12
OnHoponiHas KBaJIpaTHas IJIUTA
Becom G= 4kH  ynepxuBaercs

OPUOTKPBHITOM HEBECOMBIM CTEPKHEM
DE, ock KOTOpOro mnapajuiejibHa OCH
Ax. Cuna P npunoxena B Touke C u
napauienbHa  ocu Az, cuna  Q
pUIoKeHa B Touke D u mapaiuienbHa
ocu Ay, mpuuem P =2 kH, Q =1 kH,
a = 60°. Haiitn peakunu onop A u B
u ycunue S B crepxkHe DE.

Omeem: S =2,31 xH, X, = 1,81 kH,
Ya=-1kH, Z,=1,14 xH, XB=0,5
xkH, Zg=4,86 xH.
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Bapuanr 13

Ha mHeBecombii crepxkenr ABCD
UMECIOIMKA B TOYKE A  KECTKYIO
3anenky, nerctpyror cuna P = 100 H,
PaCIOIOKEHHAS B IJIOCKOCTH,
napajuieibHoNM XAz noj yriiom 0=60°
K TOpPU30HTY, W TMapbel CHI C
MOMEHTaMU M;=200 H-m u
M,=300H-m. Yuactku crepxHs AB u
BC nexar B TOpPU3OHTAIBHOM
miockoctn XAy, ydactok CD - B
IJIOCKOCTH,  TMAapaJUICIbHOM  XAZ.
Ilimockoct map ¢ moMeHTamMu M| U
M, COOTBETCTBEHHO
NEePIEHIUKYJISIPHBI YH4aCTKAM CTEPKHS
BC u CD. Onpenenuts peaxkiuio
3a/ICIIKH,

Omeem: X =50H, Y =0, Z,=-86,6 H,
Mgy = -173,2H-M, M,y =546,4 H-Mm,
M,, =-400 H-m.

N

2

Bapuanr 14

OnHOoposiHasE MPSIMOYTOJIbHAST TUIUTA
BecoMm G = 4 kH, nHa korTopyto
NeUcTByeT cuiia P | ynepkusaercs
OPUOTKPBITOM Ha yron o = 60°
npotuBoBecoM (, mMpUYeM BepeBKa
pacIoJiokKeHa B MJIOCKOCTH,

NepHeHIUKYISIpHO ocu Ay wu
HAKJIOHEHAa K TOPU30HTY MO YTIJoM
B= 30°. Cuna P = 2xH mnapasniensHa
ocu Ay. PazMepbl Ha pUCYHKax J1aHbl
B Merpax. OmnpenenuTs BeJIUYUHY
npotuBoBeca Q u peakuuu onop A u
B.

Omeem: Q=2 kH, X = 2,4 xH,

Y =2 xH, Z,=2,15 xH, Xp=-0.67 xH,
ZB: 0,85 kH.
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Bapuanr 15

[Tonka ABCD ynepxuBaercs B
TOPU3OHTAIIBHOM  TOJOKEHUH  TpHU
noMoiu reresib A u D tpoca BE. Bec
MOJIKK W JIeXKAIEro Ha HEW rpysa
pasen 900 H, ueHTtp TsKecTH - B
touke O , koopauHaThel KoTopor x=0,8
M, y=0,3 M. Onpenenuth peakiuu
cBs3e, ecau AB=0,6 m, AD = 1,8 M,
yroxn 0=30°.,

Omeem: T = 900 H, Y, =450V3 H,
ZA: 50 H, YD:ZD =400 H.

Bapuanr 16

Ban AB, Kk KOTOpOMy €CTKO
NPUKPEIUIEH HEBECOMBIM  CTEPIKEHb
CD, naxoautcs B paBHoBecuu. Cuia P
JIEKUT B IJIOCKOCTH,
NEPICHAUKYISIPHOM ocu Ay, W
HaKJIOHEHa K BEPTUKAIIU IO YIJIOM O
= 60°, cma Q 1eXMUT B IJIOCKOCTH,
NEPICHANKYJISIPpHOM ocu Az, W
COCTaBJISIET C OCBIO CTEPKHS Yroi =
30°. K komecy E B mockocTu,
NEPIIEHAUKYIISIPHON ocH Az,
OPUJIOKEHA MMapa CUJI C MOMEHTOM
M=0,4 kH-m. Pa3mepsl Ha pucyHke
nanel B merpax. P =4 xH, G=1 kH
Haittu crity  Q m peakunu onop A u
B.

Omeem: Q=2 kH, X,=-0,375 kH,
Y =-0,33 xH, Z,=4,46 xH,
Xg=-0,625 xH, Y5=4,06 xH,
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Bapuanr 17

OnHOpoIHasE MPSAMOYTOJIbHAS KPBIIIKA
Becom P = 40 H, nHa korTopyto
JCUCTBYET BEpPTHUKaIbHAA cuia F =
20H, yaepxuBaercsa NOPUOTKPBITON
npotuBoBecoM Q. brnok E ykpemen
HAa OJHOM BEpTUKAIM C TOYKOM B.
[IpeneOperass TpeHueM Ha OJIOKe,

HaWTH Bec Q M peakuuu MapHUpoB A
u B. Yrisl o= 30°, f= 60°.

Omeem: Q =40H, Y, =0, Z, =40H,
Yg =34,6H, Zg =0.

Bapuanr 18

I'py3 Q paBHOMEPHO HOJAHUMAETCS
Opyd TMOMOIIM  BOPOTA PAAUYCOM
= 0,15 M. K xostecy paguycom R= 0,2
M nojsenieH nporuBoBec G = 2 kH.
Konenuarsiii BBICTYII Baja
pacloyiO’)KeH B TOPU3OHTAJIBHOU
miockoctn. Cuna P jexur B
IJIOCKOCTH, TIEPIECHAUKYISIPHOM OCH
AB, u cocraBisier yron = 60° c
ropu3oHTaipto, npuuem P = 3 kH,
yroiq o = 30° Pa3Mepbl Ha PHUCYHKE
JaHbl B Merpax. Hailtu BenuuyuHy

cwiibl Q ¥ peakuu MOJIUITHAKOB A 1
B.

Omeem: Q= 6,12 xH, X,=-2,34 kH,
Z,= 1,38 xH, XB= 6,13 xH, Zg= -2,28
kH.
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Bapuanr 19

OnHopoiHas MPAMOYTOJIbHAS
miactuika Becom P = 600 H,
NPUKpPEIJIEHHAs K CTeHE C(hepruuecKuM
MapHUpoM A W IWIMHAPUYECKAM
mapaupom B,  ymepxuBaerca B
TOPU30HTAIIBHOM ITOJI0KEHUU
HeBecoMbIM cTepkHeM DK. B touke
M x miacTuHKE NpuiIokeHa cria Q=
800 H. AB=1 m, AD 0,6 m, AM= 0,4
M. Haiitu peakunn mapaupoB A u B u
yeunue B crepxkae DK. Vron 0=45" .

Omeem: T=1178H, X, =0, Y,=715H,
ZA:267H, XB:429H, ZB: 300H

Bapuanr 20

[Tonka Barona ABCD, kotopas MOxKeT
BpamarbCsi  BOKpyr ocu  AB,
YAEPKUBAETCA B  TOPU3OHTAIBHOM
IIOJIOKEHUH CTEPIKHEM ED,
3aKPETICHHBIM pu ITOMOIIA
mapHupa E . OOmwuii Bec MOJIKU U
JIeXKAIIEro Ha HeH rpysa paBeH P = 80
H U MPUIIOKEH B LIEHTpE
npssmoyroiibHuka ABCD  Pasmepsr:
AB= 1,5 m, AD= 0,6 m, AK =BH=
6,25 M, DE= 0,75 M. Onpenenutb
peakimii S crepxkua DE, npene0dperas
ero Becom, u peakuuu nerens K u H,

Omeem: S=66,67TH, Xyx=-66,67H,
Zx=10H, Xi=13,33H, Z5=50 H.
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Bapuant 21

I'py3 Q = 9 xH paBHOMEPHO
NOJAHUMAETCA TpU TMOMOLIM BOpPOTa
pamnycom 1t = 0,1 M. BepeBka cxoaur
¢ Bopora moa ymiom o = 30° k
ropu3oHTami. Ha koiseco pagmycom
R=0,15 M namorana uens, Hecymas
rpy3 G= 4 «xH. Pykostka DE
BepTukanbHa. Cuna P nexur B
IJIOCKOCTH, MEPHEHIUKYISIPHON OCHU
AB wu cocraBisier yron B = 60 c
rOpU3OHTANIbIO. Pa3Mepsl Ha puUCyHKE
naHel B MerTpax. Haitu BenuuuHy
cuibl P M peakuuu MoJIIMIHUKOB A
uB.

Omeem: P= 2 xH, X,= 4,88 xH. Z,=
-1,45 xH, Xz= 1,91 xkH, Zz= 2,68 xH.

Bapuant 22

I'py3 Becom Q= 50 H momHumaercs
IpU NOMOILIM BEPTUKAIBLHOTO BOPOTA.
OnpenenuTs TOPU3OHTAIIbHYIO cHily P
OPUIOKEHHYI0O K PYKOSTKE BOpOTa
noa yriioMm 0=30°, a TakXe peakuuu
NOJMATHUKA A ¥ moamunuuka B mpu
paBHOBecuu, eciu  BepeBka EK
napajuienibHa pykosatke CD um ecnu
U3BECTHBI: Bec Oapabana G= 20 H,
panuyc 6apabana r=0.1 M, paccTosiHUS
a= 0,25 M, B=0,35 M, c = 0,15 M, CD=
0,5 M.

Omeem: P=20 H, X;,=2.5 H, Y ,=-33,5
H, ZAZZO H, XB:'1275 H, YB:O,8 H.
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Bapuanr 23

JlecTHuia onMpaercss HE TJAJKYI0
CTCHY M BBICTYIl Ha TJIaJIKOM TOIYy B
toukax B, C, A u D. Onpenenuthb
PEAKIIMM B YKA3aHHBIX TOYKaX, €CIIH
Bec jectHulbl P = 100 H u npunoxen
B €€ IICHTPE.

Omeem: Z,= 50 H, Yg=0, Yc=25 H,
YD: -25 H, ZDZSO H

Bapuanr 24

PaBHOCTOpOHHSAA TpEyroJibHas
nnactuHa ADB u HeBecomas
npamoyroibHas 1actuHa  DCEK
00pa3yloT HEU3MEHSEMYIO CHCTEMY.
[Imactruna ADB  pacnonoxkeHa B
BEpTUKAIbHOW TuiockocTH X0y H
NPUKPEIUIEHA K BEPTUKAIBHOM CTEHE
Opyd TOMOIIM TMOAIIWNHUKA B w
noansAtHuka  A.  IIpAmoyronbHas
nnactuHa DCEK  ropusoHTaneHa W
HarpykeHa B Touke K BepTHkasbHOM
cumon Q= 100 H. Haitm peakunm
NOAIIUITHAKA U MOAISITHAKA, €CJIH BEC
nnactuabl ADB pasen P = 300 H, DK
=2 M, BD= 1M, EK=1 M.

Omeem: X, =Xg=173H, Y=Y3=200
H; Z,=400H.

27




Bapuanr 25

Ha  HeBecoMyro  KpEeCTOBUHY €
auckamu  paguycom  R= 0,1 ™
nerctByroT criibl P = 100 H, Q=200 H
1 napsl cui ¢ MomeHtamu M= 10 H-m
u M= 20 H-m. Onpenenurts peakiuu
onop B Toukax A u B, ecnmu CO =0D=
I m.

Omeem: X,= 60 H, Y= 120 H, X5 =
40H, Y= 80 H, Zz= 0,

Bapuanr 26

Ban AB, Kk KOTOpOMy €CTKO
IPUKPEIUIEHB HEBECOMBIE CTEPKHHU
CD u DE, HaxonuTcsa B paBHOBECHH.
Ocpb crepxkus CD mapawienbHa OcH
Ax , a crepxHs DE - ocu Ay Cuita P
JIEKUT B IJIOCKOCTH,
NEePHEHIUKYISIpHOM ocu AX , U
COCTaBIIICT C BEpTHKaIbi0 yron 30°,
cuia Q - B IJIOCKOCTH,
NEepIEeHAUKYIsipHOM  ocu  AB, w
COCTAaBJLIET C OCBIO. cTepkHA DE yrou
B = 60°. B IIJIOCKOCTH,
NEPICHANKYISIPHOM ocu Az, K Bally
PUIOXKEHA mapa cui ¢ MOMeHToM M
= 0,4 xH-m. Pa3mepsl Ha pucynke
JaHBl B METpax.  OIPEAEIIUTH
BEJIMUMHY CWiIbl (Q M peakuuu Orop
A u B, ecaiu P=5 kH.

Omeem: Q= 1,73 kH, X,= 1,6 kH,
Y 2=0,615 xH; Z,=4,325 xH,
XB: -3,1 KH, YB:-I,OzKH.

105 .03
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Bapuanr 27

Beprukansueii  crepxkenb OA  u
ropu3oHTalibHble cTepkHU BC m DE
PAaCHOJIOKECHBI B3aMMHO
NEePNEHAUKYJISIPHO JIpyr K JAPYry U
KECTKO CKpEIUIEHbl Mexay coboii. B
toukax C u E Ha crepxuu nemcTByror
cunel P;= 300 H u P, = 400H,
coctapsitomue yriel o = 30° u B =
60°. IlpeneOperas BecoM CTEpIKHEM,
ONpeNeInuTh JaBleHUsT cTepkHs OA
Ha MNOAIIMOHUK A U noanatHuk O,
ecau BC = 0,16 m, AD = 0,2 M, OB=
0,18 M, BD=0,22 M, DE=0,2 m.

Omeem: X =114 H,Y ,=297,6 H,
Xo0=35,7H, Yo=48,8 H, Z0=459,8 H

Bapuanr 28

Ha HeBecoMbI KOJIEHYATBIA  Ball
nerctByroT cuiel P = 100 H, Q = 200
H u mapa cuin ¢ momentom M = 20
H-m. Cuna P nexut B BepTUKaIbHOU
IJIOCKOCTH, MPOXOASIIIEN YEPE3 TOUKH
O, A u D. Cuna Q napamnensna xOz.
Yron a = 30°. [lIockoCTh mapsl CUil €
MoMeHTOM M neprnenaukyisapHa BD.
Onpenenuts peakuuto crepxHs FA,
mapHupa O n noamunauka C.

Omeem: S = -398 H, X, = -148H,
Yo =3259,7Zy=-332H, X =300H,
Zc=1382,1 H.
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Bapuanr 29

I'py3 Q = 8 «kH paBHOMEpHO
NOJAHUMAETCA TpU TMOMOLIM BOpPOTa
pamnycoMm R= 0,15 m. BepeBka cXoaur
¢ Bopora mnox yrioM o= 50° k
ropu3onTaimi. K komnecy paamycom B
0,3 M nmogseweH rpy3 Crepxenp /E,
HECYLLUI PYKOATKY EK,

neprneHauKyasipen ocu AB. Pykositka | .

EK ropusonransHa. Cuna P nexwur B
IJIOCKOCTH, TEPIECHAUKYISIPHOM OCH
AB, ¥ cocTaBisieT ¢  BEPTHKAIBIO |
yron B= 60 , mpuuem P = 2xH.
Pa3mepsl Ha pUCYHKE J1aHBl B METpaXx.
Haiitn BenuunHy cuiibl OpOTUBOBECA
G 1 peakuy NOAIIUITHUKOB A 1 B.

Omeem: G =1,51 xH, X,=3,89 kH,
ZA:-2,18 KH, XB:4>74 KH,
Z5=0,69 xH.

Bapuaurt30

I'py3 Q= 2 kH paBHOMEpHO
NOAHUMAETCA MpPU IOMOLIM BOpPOTA.
Pykostka KE nepneHaukyisipHa ocu
AB Bopora. Cuna P jexur B
IJIOCKOCTH, TIEPIEHAUKYISIPHOM OCH
AB, u cocraBiser yron o=30° ¢
BepTHKaIbl0. K KONeCcy B IIJIIOCKOCTH,
NEPIIEHAUKYIISIPHON ocu AB
IIPUJIOXKEHA I1apa CUJI C MOMEHTOM M=
0,2 xH-m. Pa3mepsl Ha yepTexe JlaHbl
B merpax, R=0,Im. Hahtu cumy P
peaKury NOAINUIHUKOB A 1 B.

OtBet: P =3,08 kH, Y, = 1,85 kH,
ZA: 4,8 KH, yB = -0,31 KH, ZB: -0,13
kH.
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Bapuanr 30

3afenaHHbli B CTEHY CTEPKEHb
HarpyxeH PaBHOMEPHO
pacIpeneseHHON CHJION
MHTEHCUBHOCTRIO B 60 H/m, mapoii
cua ¢ momeHnTom M = 20 Hwm, cuoit
P, = 20 H, pacnonoxeHHol B
BEPTUKAIBHOM MIIOCKOCTH MOJ YIIOM
o= 60° K IUIOCKOCTM TOPU30HTA H
BepTukanpHou cwioun P,= 10 H,
IPUIIOKEHHOU B TOYKE C.
OnpenenuTs peakiuio 3a1CIKH.

Omeem: Xo=10 H, Yo=-45 H, Zo5=27.,3
H, Max = 1,35 H-M, My~ -43,6 H-M™,
M,,=-45,6 H-m.

Bapuanr 31

OnHOoposiHasE MPSIMOYTOJIbHAST TUIUTA
BecoM Q=10 H npuxkpermiena K creHe
IpY MMOMOILHX IIAPOBOro mapHupa A ,
netim D w yaepxuBaercs B
TOPU30HTAIIBHOM ITOJOKEHUU HUTBHIO
EF, npucoequHeHHONM OJHUM KOHIIOM
K IUINTE, IPYTUM - K cTeHe. Ha ity
nercTByroT cuna P =5 H u mapa cuit ¢
MoMeHTOM M = 20 HlJm. Onpenenuts

HaTsOKeHHE HUTH T M peakiuu ormop,
eciau 0=30°, B=60°.

Omeem: T=40 H, X,=-5,68H,
YA=17,3 H, Z,=7,5 H, Xp=35,68 H,
Zp=-10 H.
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Bapuanr 32

Ha HeBecoMblil KOJIEeHYAThI CTEPKEHD
ADBECK, PacONI0KEHHBIN B
TOPU30HTAIIBHOM  IIOCKOCTH XAy,
nerctBytoT cuiabl P = 200 H (uHus
JNEHUCTBUS HANpPAaBJIEHA BJOJb y4acTKa
AD) u Q = 400 H (uHusa aeicTBuUs
BEepTUKaJIbHA). ONpenenuTh peakiuu
noqmunmHukoB A, B u C.

Omeem: X,= 50 H, Z,=-600 H,
Vg =-200 H, Zg = 1000 H,
Xc=-50H, Z~=0.

BapuanT 33

Ha KOHCTpYKLMIO, COCTOALLYIO W3
HEBECOMBIX KOJIEHYAaTOro Baja U
KBAJAPATHOM IOJIKH, IEUCTBYIOT CUJIbI

P, =100 H, G = 200 H, P, = 50 H,
napa cuwi ¢ MoMeHToM M = 10 Hm u
HUTh, K KOHILy KOTOPOW HNPUCOCIUHEH
rpy3 Q. Cuna G ngeucTtByeT BIOJb
ctoponbl AB, cunma P; mapauienbHa
ocu Oz, MIOCKOCTH Mapbl CHI C
MOMEHTOM M  mepHneHauKyJIspHa
3BeHy crepxkHa NF, cuna P,

napasuiesibHa IJIOCKOCTH xQOy.
Onpenenuts Bec r1py3a Q, 1mipu
KOTOpOM KOHCTPYKIIUS Ooyznet

HaXOJUThCA B PABHOBECHHU U PEaAKIUU
onop B Toukax O u K .

Omeem: Q=600 H, Xx=62,5 H,
Y=-287,5 H, Xp=87,5 H,
YO = -312,5 H, ZOZIOO H.
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Bapuanr 34

Ha muckm B wu C, HacakeHHBIC
nepneHauKyiasipuo  Ha Ban Oz,
nerctByroT cwia F=100 H u HuTH, Ha
KOHIIaX KOTOPBIX HAXOAATCS Tpy3bl P
u Q. Bec rpysa P=100 H, paguycer
auckoB r = 0,1 M, R =0,5 m. Bec Bana
BMecTe ¢ auckamu paBeH 60 H. Hurtu
PAaCOJIOKEHBI B IIOCKOCTSX,
MapaJUIeNIbHBIX  [UIOCKOCTH zOy.
Onpenenute Bec r1py3a Q, 1ipu
KOTOPOM KOHCTPYKIIUS oyner
HaXOJUThCA B PABHOBECHM U PEAKIUU
onop B Touka O u A.

Omeem: X \=Xp=0, Y =141 H,
Vo=241 H, Zo=160 H, Q=20 H.

Bapuanr 35

KosteHuarsiit CTEPKEHb OAB
HarpyxkeH cwion P = 60 H u mapoi
CHJI, PACIIOJIOKEHHOW B IUIOCKOCTH K
xOy, MoMeHT koTopou paBeH M = 100
H-m, OA=0,12 M, AB=0,16 M, OC =
0,21 m. IIpenebperast BecoM CTEpKHSI,
HaWTH peaknuu xecTkou 3anenku O.

Omeem: Xo0=29,76 H, VYo=0,
Z0=52,08 H, Moy = 8,33 H-Mm, Mo, =
6,25 H-m, Mo, =104,76 H-m.
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