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BBEAEHUE

OcHOBHasi 1eNIb JaHHBIX METOAWYECKUX YKa3aHUM — W3YYCHUE
TEOPETUYECKOTO MaTepuaja U OBJIaJICHUE HABBIKAMM PEIICHUS 3a7ay Ha
PABHOBECHUE MPOU3BOJIbHOU IIJIOCKOM CUCTEMBI CUIIL.

Jns OCBOEHHsS TEOPETUYECKOTO MaTephala O3HAKOMHTBCA C
KPaTKUMH CBEICHUSIMA W3 TEOPHUH PEKOMEHIYEMOUW JUTEpPATYpHI.
OTBeTHl Ha BOIPOCHI MOMOTYT CTYJICHTAM 3aKPENUTh TEOPETHYECKYIO
4acThb paszzaena.

[Ipeqnaraemass pa3paboTka MpeAHA3HAYE€HA A ayAUTOPHOIO
KOHTPOJISI TEKYIIEH YCTIEBAEMOCTH CTYJCHTOB, a TaK>Ke JJIsl 0O0Oy4eHUs U
CaAMOKOHTPOJISI BO BHEAYJIMTOPHOE BpEeMs MNOpPU NOATOTOBKE K
MPAKTUYECKUM 3aHSITUAM U SK3aMEHaM.

KPATKHUE TEOPETUYECKHUE ITOJIOKEHUSA
1. llonsiTHe o custe. PacnipenesieHHbIE U COCPEOTOYCHHbIE CHJIbI

Cuia — 3T0 Mepa MEXaHHYECKOIo JCHUCTBUS HA JTAHHOE TEJO CO
CTOPOHBI APYIMX TEJ, XAPAKTEPU3YIOIlas BEIWYMHY W HANPABICHHE
3TOT'O JICHCTBUSL.

JlelicTBUE CUJIBI HA pacCMaTPUBAEMOE TEJIO ONPEHEIAETCS TPeMs
(akTOpaMH: MOUKOU  NPUNONCEHUs, HANPABIEHUeM,  YUCTeHHbIM
3Havenuem. B MexnyHnaponHoit cucreme enunull (CU) B kauecTBe
€IMHUIIBI CHJIbI UCITONB3YETCA Hbtomon [H].

COBOKYITHOCTh CHJI, PWJIOKEHHBIX K TEIIy, HA3bIBAIOT CHCTEMOM
cuil. Eciu cucteMy cuil MOKHO 3aMEHUTH OJHOM CUJIOM TakK, 4TO IIPU
OTOM JBHW)KEHHE TeJla HE M3MEHHUTCSA, TO Takas CUiIa Ha3bIBACTCS
PaBHOAEHCTBYOIIE CHCTEMBI CHUJL.

Cuna, nmpusioKEHHass K Tely B KakKOW-TMOO OJIHOW €ro TO4YKe,
HA3bIBAETCS COCPeAOTOYeHHOM. Cuibl, AEHCTBYIOIIME HA BCE€ TOYKH
oObeMa  WIM  JaHHOM  4YacTH  MOBEPXHOCTH,  HA3bIBAIOTCS
pacnpenejeHHbIMHU. [Ipy pemieHun 3a1ad CTaTUKWA PacIpEAETICHHYIO
Harpy3Ky ¢ TNPHUHATO 3aMEHSTh COCPeNOTOYEeHHOU cuion (. Ciydan



3aMEHBbl COCPENOTOUYEHHOW CHJIOM PABHOMEPHO pACIPEAEICHHON IO
JUTMHE HArpy3Ku MpeACcTaBiIeHbl Ha pucyHke 1 q, 6, 6.
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Puc. 1. Bunsl pactipeieI€eHHbIX Harpy3o0k

BennunHy ¢ Ha3bIBalOT HMHTEHCHMBHOCTBIO pacrpeieleHHOM
Harpy3ku. OHa usmepsiercs B Hvromonax Ha memp [H/m].

I'paduueckoe n300pakeHNEe U3MEHEHNSI MHTEHCUBHOCTH Harpy3ku
g B MEXaHHMKE MPUHITO HA3bIBATh 3IMIOPON pacmlpe/iesieHus Harpy3Ku.
JI1st pacCMOTPEHHBIX CIIy4aeB MO 3MIOPE PACHpPENCICHUs] HArpy3Ku ¢
BEJIMYMHY COCPENOTOYEHHOW CHIbI (), 3aMEHSIOUIEH HArpy3Ky, H
NOJIOXKEHUE JMHUU €€ JCHCTBHS OINPENEISIOT B COOTBETCTBUU  C
IOPOCTBIM TPABUJIOM: GEIUYUHA CUAbl PAGHA NAOWAOU INIOPDI,
u3zoopasicarouwieil. Hazpy3Ky, TUHUA 0elcmeus Cuibl npoxXooum uepes
UeHmp maxcecmu naouwaou Iniopol.



2. IIpoexkunsi BEKTOpa HA KOOPAMHATHBIE OCH

IIpoexkuuern cUIbI HA OChb HA3BIBACTCS CKaJIpHAsl BEJIWYMHA,
paBHasi B34ATOM C COOTBETCTBYIOIIMM 3HAKOM [UIMHE OTpPE3Ka,
3aKJIFOYEHHOT0 MEXKAY MPOCKIMSIMU Havasia U KOHIIa CUIIbI (puc. 2):
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Puc. 2. [Ipoekuus cuibl Ha OCh

N3 veprexa BuaHO, yTO0 Fy = FCOS O, CIENOBATEIBLHO, ITPOCKIUS
CWJIbl Ha OChb paBHA MPOU3BEICHUIO MOMYJS CWJIbl Ha KOCHHYC YrJja
MEK1y HAIPABJICHUEM CHJIBI M TIOJI0KUTEIIbHBIM HAITPABICHUEM OCH.

o T o
Fy >0, ecmu o — octpeii; F,=0, eciu 0c=5; Fy <0, ecmu o — Tynon

(puc.3).
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Puc. 3. Cnyyan Hax0XJICHUS MPOCKINN CHJI HA OCh KOOPJWHAT

3 MOMEHT CHJIbI OTHOCUTEJIbHO TOUKH

MoMeHTOM CHJIBI OTHOCUTEJIbHO TOYKHM O Ha3bIBA€TCS BEKTOP,
YUCIICHHO PAaBHBIM NPOW3BEACHUIO MOAYJSA CHJIBI Ha IUIEY0 U
HaIPaBJICHHBIM MEPNEHINUKYJSIPHO IIJIOCKOCTH, IPOXOJIAIIEH dYepes
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TOYKy O W JIMHUIO JCHUCTBUS CWJIbI B Ty CTOPOHY, OTKYyJa CHJa BHJIHA
HamnpaBJICHHON OTHOCUTEIBbHO TOYKH O MPOTHUB XOJa YaCOBOW CTPEJIKH

(puc. 4).

X
Puc. 4. MOMEHT CHJIbI OTHOCUTEIBHO LIEHTPA U OCU

MoMEeHT CuJIbl OTHOCUTEIILHO LHCHTpA
m,(F)=FxF, (1)

rA€ 7 — paguyc-BEKTOpP TOUKHU MPUIOKEHUS CHIIBL, F' — CHIIA.

Anredpanyeckuii MOMEHT CHJIBI F  OTHOCHUTEIBHO uearpa O
PaBEH B3ATOMY C COOTBETCTBYIOIIMM 3HAKOM MPOMU3BEICHUIO MOMYJIA
CHMJIBI Ha ee MJIeyo, T.C.

m (F)ziFh. (2)

0

[Ipy 5>TOM MOMEHT CYMTAETCS IIOJOKHMTEILHBIM, KOTJa CHUia
CTPEMUTCS MOBEPHYTH TENO BOKPYT EHTPA IPOTUB YaCOBOM CTPEIIKH, a
OTPHIATENLHBIM — KOT/IA 110 X0y YaCOBOM CTPEJIKH.

MOMEHT CHIIBI OTHOCUTEIBHO TOYKU PaBEH HYJI0, €CIH JIMHHS
IIEWCTBUS CHIIBI IIEPECEKAET DTy TOUKY.

B ciydasx, KOrja HAaxoKIGHUE IUIeda 3aTPyJAHEHO, I
BBEIUMCIICHUS MOMEHTA CHJIBI OTHOCHTEILHO TOYKM IIEIECO00Pa3Ho
WCIIONB30BaTh meopemy Bapumvona: ecam cucTeMa CUI  MMEET
paBHOZEHCTBYIOIIYI0 R =>F, TO MOMEHT pPaBHOAEHCTBYIOIIEH
OTHOCHTENILHO ITPOU3BOJILHON TOYKM PAaBEH CyMME MOMEHTOB JIAHHBIX
CHJI OTHOCHTENIBHO TOit ke Toukn 7 (R )= Y71 (F;)

[IpommmocTpupyeM TpUMEHEHHE TeopeMbl BapuHboHa Ha
npumMepe (puc. S).
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Puc. 5. Ilpumep ucnonb3oBanus TeopeMsl BapuHboHa

MoMeHT CHIbI ¥ OTHOCHUTEIBHO TOUYKHU A:

myF)=F-h. (3)
b
N3 A ABC h=AB=AC-sino=| @ t tg—oc sino=a sino+b cosa,;
mA(F):Fasinoc+Fbcosoc, 4)

C ApyroM CTOPOHBI, 110 TeopeMme BapuHboHa

m 4 (1?)= m4(Fy )+my(Fy), (5)
rne Fy=Fcosa; Fy=Fsina.
OKOHYATENBHO MOTYyYUM

mA(F):Facosoc+Fbsinoc- (6)

4 Ilapa cuJ 1 ee MOMEHT

IMapoit cui Ha3bpIBaeTCAd CHUCTEMA JBYX MNapaJUICIbHBIX CUII,
PAaBHBIX 10 BEJIMYMHE YW HANPABICHHBIX B MPOTUBOIOJIOKHBIE CTOPOHBI
(puc. 6). PaccTosiHue Mexay JTMHUAMH JIEUCTBUSA STUX CUJI HA3bIBAETCS
IJIEYOM MapPHI.



Puc. 6. I1apa cun

JlericTBUE Mapbl CUJI HA TEJIO XapaKTEpU3yeTcsi MOMEHTOM. BekTop
MOMEHTa M NEPNEeHAUKYIAPEH IUIOCKOCTU, B KOTOPOM JIEKHUT 1apa, u
HampasJIeH B Ty CTOPOHY, OTKYZa BpalleHUE 101 ACUCTBUEM Iapbl CUII
BUHO IIPOUCXOIALIUM IIPOTUB YaCOBOM CTPEIIKH, & ETO MOAYJIb

M=+Fh. 7)

ITapel cui, OEWCTBYIOLIME HA TEJIO, MOXHO CKJIAJbIBaTh, a
CUCTEMY Iap MOXHO 3aMEHUTb OJHOW PAaBHOJACHCTBYIOILIEH MapOU,
MOMEHT KOTOPOM PaBEH INe€OMETPUUYECKOW CyMME BEKTOPOB MOMEHTOB
BCEX M1ap CUCTEMBI.

3HAaK MOMEHTa Iapbl ONPEAENSIETCA MO MPAaBUIY: €CIIHA Mapa CUI
CTPEMUTCS IIOBEPHYTH TEJIO IPOTUB YACOBOW CTPEIKH, TO 3HAK MOMEHTA
MIOJIOKUTEIIbHBIN, a €CIIA 110 YaCOBOU CTPEIIKE — OTPULIATEIbHBIN.

5. Mexanu4yeckue CBA3M M UX pPeaKkuu

Bce cuiibl, 1eMCTBYIOIIKE HA TEJA, NCIATCS HA aKTUBHBIE U CUJIbI
pEAKIMN MEXAaHUYECKUX CBSI3EH.

[Tog aKTMBHBIMH TOHUMAIOTCS CHJIBI, MOOYXKIAIOIIHWE Tella K
IBWKEHUIO (HarpuMmep cuia Tsbkectu  G).

Teno, KoTOpoe MOXKET COBepllaTh JIIOObIE TMEpEeMEIICHUS B
POCTPAHCTBE, HA3BIBACTCA C60000HbLIM. B TIPOTUBHOM Cily4ae TeJo
CUUTAETCSl Hec80000HbIM. BCe, 4TO OrpaHUYMBAET NIEPEMEIIECHUE TENA B
MPOCTPAHCTBE, HA3BIBACTCS MEXAHUYECKOM CBSI3bIO.

Cuna, c KOTOpOMl CBS3b JEWCTBYET Ha TEIO, Ha3bIBACTCS
peakuuen CBA3M.



PaccmoTrpum HampapiieHHE peakiiiii HeKOTOPBIX OCHOBHBIX BHUIOB
CBSI3€M IJIOCKOM CUCTEMBI cuJl (puc.7).

AN
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Puc. 7. BI/IIIBI CBSI3¢H JIA IJIOCKOM CUCTEMBI CHII:
a, 6, 6 — TIaKasi TOBEPXHOCTD; & — IIIAPHUPHO-HETIOBIKHAS OTIOPa;
0 — MIAPHUPHO-TIOJIBIKHAS OTIOPA; e — KeCTKas 3aJIeJIKa;
J/C — HUTh; 3 — CTEP>KHEBAs O1opa

1. I'maakas ma0CKOCTh WK onopa (cM. puc. 7, a, 6, 6). Peakuus
IJIaJIKOM TTOBEPXHOCTH HAIlpaBjieHa I10 HOPMajd K ITOBEPXHOCTIM
COTIPUKACAFOIITUXCS TSI B TOUKE MX KaCaHMS.

2. IllapuupHo-HenoaBuxHasg omnopa (cM. puc. 7, 2). Peakius
pacKJIaIbIBAETCS HA IBE COCTABISIONME X, U Y, .

3. 1llapaupHO-noaBMKHas omopa (cM. puc. 7, 0). Peakiusa R 4
NePIEHIUKYIIpHA OTIOPHOM ITOBEPXHOCTH.

4. Kectkas 3anenka (cMm. puc. 7, e). Peakius packiajpIBaeTcsl Ha
JIBE COCTABISAIOIME X , ¥ Y, M pEaKTUBHBIA MOMEHT M.



5. Hutb (cm. puc. 7, oc). Peakiysi HUTH HaImpaBlieHa BJIOJIb HUTH K
TOUYKE €€ Mo/Beca.

6. CrepxneBas omopa (cM. puc. 7, 3). Peaknusa crepxus S
HaIlpaBJICHA BJIOJb CTEP KHS.

6. YcjaoBuSI pABHOBECHS TeJl, HAXOAALIUXCS MOJX JeHCTBUEM CHJI,
PACIOJIOKEHHBIX B OJHOM IJIOCKOCTH

Jlnsi paBHOBecHsI MPOW3BOJIBHOM CHUCTEMBI CHJI HEOOXOIUMO U
JOCTAaTOYHO, 4YTOOBI TJIABHBIA BEKTOP M TJIaBHBIH MOMEHT CHCTEMBI
PaBHSUIUCH HYJIIO, T.€.

R=0; M=0 (8)

Jlnst  paBHOBeCHMS IUJIOCKOM CHUCTEMBI CHJI HEOOXOOUMO H
JOCTAaTOYHO, YTOOBI anreOpanyeckue CyMMbl IMPOEKIUM BCEX CUJI Ha
KXY KOOPJIMHATHYIO OCh (X, ¥) U anreOpandeckasi CcyMMa MOMEHTOB
OTUX CWJI OTHOCHUTEIBLHO JIFOOOM TOYKH, JeEXKallel B INIOCKOCTH
JNEUCTBUSA CUJI, PABHSUIUCH HYJIIO:

2 F, =0
2 F,=0; 9)
S M, =0.
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BOIPOCHI JJ CAMOKOHTPOJIA

I.  Yro Takoe cuia? YUem xapakTepu3yeTcs: JEUCTBUE CUITBI?

2. B kxakoMm ciydae Teno OyJIeT HaxXxOJUThCS B PAaBHOBECHU I10]]
JNEUCTBUEM JIBYX CUJI?

3. Kak onpeieiuTh NpOEKIHIO CUIIbI HA OCh?

4. Kak onpeaennuTb MOMEHT CHJIBI OTHOCUTEIBLHO TOUKH?

5. B kakux ciaydasix MOMEHT CHJIbI OTHOCUTEIIBHO TOYKH PaBEH
HYJIO?

6. UeMy paBeH MOMEHT PaBHOACHCTBYIOIIEH OTHOCUTEIBHO TOUKH?

7. Kakas cuctemMa Cujl Ha3bIBa€TCA Napoul CHJI?

8. UeM xapakTtepusyercs JICUCTBUE HA TBEPJIOE TEJIO Maphl CUI?

9. B yeM 3akiro4aeTcsi MPUHIAIT OCBOOOXKIAEMOCTH OT CBSI3E?

10. [lepeuncinTe OCHOBHBIE THUIBI OIOP, JJISi KOTOPBIX JIMHUU
JCUCTBUS PEAKIIUN U3BECTHBI.

11. KakoBpl ycroBHSI paBHOBECUS MPOU3BOJIBHOM ILIOCKOM
CHUCTEMBI CHUIT?

12. YUTo Takoe riIaBHBIA BEKTOP U IJIABHBIH MOMEHT CHUCTEMBI
cun?
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INPUMEPBI PEHIEHUS 3AJTAY

[TpomutrocTpupyeM METOAUKY PEIICHUS 3a1a4
Ha CJIEIYIOIINX IIpUMeEpax.
Hpumep 1.

XKecTtkas pama (puc. 8, a) 3akperyieHa B TOUKe A IIApHUPHO, a B
TOYKE B NMPUKpPEIUIEHA K IIAPHUPHON ONOPE HA KaTKaX.

Ha pamy peicrByroT mapa cuia ¢ MOMEHTOM M=5 H-wm,
ropusoHTanbHasa cwia P;=4 H v cuna P, = 5 H, pacnionoxeHHasi Mo
yriaoM 0=30" ropu30HTAIBHOMN OCH.

Onpenenuth peakuuu CBA3CH B TOUYKaX A W B, BbI3bIBacMbIe

3aIaHHBIMM Harpy3kamu. IIpy OKOHYATENhHBIX TIOJICUETAaX IPUHSITH
=AM, a=6M,b=8 M.

Pemienne:

1. PaccmoTrpum paBHOBecHE BCeW KOHCTpyKiuu. [IpoBeaem
KOOpAMHATHBIE Ocu X V 1 n300pa3um IelCTBYIOLIME HA paMy aKTUBHBIE
CUJIBL: COCPENOTOUYEHHBIE CHIJIbI P, u P, a Takke rnapa cuia c
MoMeHTOM M. OTOpocUM CBS3U, 3aMEHHMB HX PEAKIUSIMH CBS3CH.
IlonBrXHYIO ONOpY 3aMCHUM BEPTUKAIBHOW pEaKIMCH R, a

HEIMOJABUXHYIO ONOpY A — FOPU30HTAIBHON X U BEPTUKAJIbHOU Yy,
(puc.8, 0).

Puc.8. CxeMa pambl: a — UCXOJIHAs, O - pacuéTHas
12



2.  Jlig MOMyd4eHHOM IUIOCKOW CHCTEMBI CHJI COCTaBUM TpPH
YPABHGHHSI PABHOBECHS. IIpM  BBIYMCICHMM MOMEHTA CHIBI P
OTHOCUTEIIBHO TOYKM A BOCHOJIb3yeMCs Teopemon BapuHboHa, T.€.
PA3JI0KUM CHITY P wHa COCTAaBJISIOIINE [3', [3”, MOJIYJIA KOTOPBIX
P'" = P-cos a, P" = P-sin o, 1 yudreM, 4to my ( P)=m,( P) +my ( P").
Torma nmonyuum:

2 EXZO, XA+P1+P2'COSOC:0 (1)
Y Fy=0, Y+P, sina+ Rz=0 2)
IMy( F)=0, —P;-0,5]- Py cosa-1+M —Rg-a=0 (3)

[loncTaBuB B COCTaBJICHHBIE YpPAaBHEHHSI YHCJIOBBIE 3HAYCHUS
3aJlaHHBIX BEJIMYUH M, PEIIMB 3TH ypaBHEHUS, ONPEACIUM HCKOMBIS
peaxiuu.

N3 ypaBuenus (1) onpenensem X,=— 8,33 (H).

N3 ypaBuenus (3) onpenensem Rg=— 3,4 (H).

N3 ypaBuenus (2) onpenensem Y = 0,9 (H).

Otpunarenbuble 3HaueHUsT X; W Rz O3HA4alOT, dYTO B
JEUCTBUTEIILHOCTA OHU HAIIPABJIEHBI B IIPOTUBOIIOJIOKHBIE CTOPOHBI.

[TomuHas peaknust onopel A HAUJETCS KaKk F€OMETPUUYECKast CyMMa
cun Xyu Y, .Ilo Monymto,

Ry=+X5+Y7 =84 (H).

3.  Jlns mpoBEepKH MPABWIBHOCTH HAXOXKICHUS PEAKIUN CBS3EH
COCTaBHUM ypaBHEHHE MOMEHTOB OTHOCUTEIIBHO TOYKH K

IMy( F)=0, X;-1+M —Rgz-a +P;-0,5-1=0. (4)

[ToncraBisia crojla HailfleHHbIE BEIMYMHBI Xy, U Rp , yoexaaemcs,
YTO OHU 3TOMY YPAaBHEHUIO YIAOBIIETBOPSIOT.

Cnenyer uWMeTh BBHUIY, YTO MOPU TAKOW IPOBEPKE MOMXKHO HE
OOHApYXUTh OIIMOOK, CBSI3AHHBIX C HEMNPABUILHBIM OMNpPEACICHUEM
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OPOEKIUN WJIM MOMEHTOB CHJI, IEPIEHAUKYISIPHBIX ocu AX. 1loaTomy
HaJ0 WM JONOJHUTEIBHO IMPOBEPUTH 3Ty YACTh PACUYETOB, WIH
COCTaBUTh I POBEPKH €1IE€ OJHO YPAaBHEHHWE, HAIPUMEDP YPaBHCHHE
MOMEHTOB OTHOCUTEIBHO TOYKH B:

IMy( F)=0, Yy-a+M —P;-0,5-1- P, cosa- I+ Py sinaa= 0. (5)

[ToacraBnss crola HaAEHHYIO W3 ypaBHEHHS (2) BeIUUYUHY Yy,
yOexaaemcsi, 4TO OHAa 3TOMY YPAaBHEHUIO yIOBJIETBOPSIET.

Hpumep 2.

Pama, n3oOpaxeHHasi Ha pUCYHKE 9, a, IIapHUPHO 3aKpeIieHa B
TOYKE A, a B TOYKE B yAEpKUBACTCA B PABHOBECHH C IOMOIIBIO
crepxkHsi. IIpeHeOperas BecoM  pambl, ONPEICIUTh  PEAKIHU
MEeXaHM4eCKHUX cBsizert, ecnmu ¢ = 1 H/M, guax =2 H/M; P=10H; M =5
H-M. Pa3mepbl KOHCTPYKIMHM M JCHCTBYIOIIHME CHUJIOBBIE (DaKTOPHI
YKa3aHbl HA PUCYHKE.

Pemenue:

1. Paccmorpum paBHOBecHe Bcell KOHCTpyKuuu. [IpoBenem
KOOpAMHATHBIE Ocu X V 1 n300pa3um IeUCTBYIONIME HA paMy aKTUBHBIE
CWJIBI: COCPENOTOYEHHAsl Cuja P, PaBHOMEPHO pacIpeeiIeHHAas
Harpy3ka C MWHTEHCHUBHOCTBIO 51, pacnpeneneHHas  Harpyska,
U3MEHAIOIAACA 1O  3aKOHY TPEyroJlbHHUKa ¢  MaKCHUMaJbHOWU
UHTEHCUBHOCTBIO gm, a TaKXXe mapa CUJI C MOMEHTOM M.

OTOpocHuM CBsI3U, 3aMEHUB MX PEAKIUAMU CBsizel. HemoaBu»kHyIO
onopy A4 — TOPU3OHTAIBHOMN X, u BEPTUKAJIBHOU Y, pEaKkLuto
HEBECOMOI'0 CTEPIKHS Ry HAIIPABJISIEM BJIOJIb CTEPIKHS.

PacripenenieHHble  Cuibl 3aMEHUM HUX PaBHOACHCTBYIOIIUMU.
PaBHOMEPHO pacripeeIeHHYI0 Harpy3Ky HHTEHCUBHOCTH 51 3aMEHsIeM
CUJION Ql, KOTOPYKO MPUKIAABIBAEM B LEHTPE MPSIMOYTOJIbHUKA,
M300pakarolero 3Ty Harpys3ky (puc.9 ,0):

Ql :ql'AD: 15=5H.
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Puc.9. Cxema pambl: a — UCXOJIHasI, O - pacuéTHas

PacnipenenenHyro  Harpy3ky, U3MEHSIOIIYIOCA IO  3aKOHY
TPEYTOJbHUKA, 3aMEHSEM paBHOJEUCTBYIOWEN (J,. Ee npukinaapiBacm
Ha paccTOsIHUU BK/3 OT MecTa NPUIIOKEHUS G pax:

Q:=Qmax BK/2 0 =2 3/2=3 H.

2. Jns NONy4YeHHOM IUIOCKOW CHUCTEMBI CHUJI COCTaABUM TpHU
ypaBHEHUs1 paBHOBecus. [Ipu BbMHMCIEHMH MOMEHTa Cuibl P u
pEaKUru CBSI3M Rz OTHOCUTEIIBHO TOYKH A BOCIIOIB3YEMCSI TEOPEMOMU
BapunboHa, T.€. paszmoxum cuiay P U peakuuro cBA3U Rz Ha
COCTAaBJIAIOLINE, MOAYJIM KOTOPBIX:

P, = P-cos 60, P, = Psin 60,
Rp. = Rp'cos 30,  Rp, = Rp" sin 30,
U y4TEM, YTO:

my( P)=my ( P)+my( P), my( Ry)=my( Ry +my( Rg).

Toraa nmosyuunm:
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XF,,=0; X,;+ Q)+ Pcos 60°—0,— Rgcos30°=0; (1)
2F;,=0; Y,—Psin 60°+ Rz sin 60° =0 ; (2)

SMy( F)=0, —Q;-AC—P,- AD — P,-DE — M + Q,-AL +
+ RBx AN + RBy NB = 0. (3)

[loncTaBuB B COCTaBJICHHBIE YpPAaBHEHHSI YHCIJIOBBIE 3HAYCHUS
3aJlaHHBIX BEJIMYUH M, PEIIMB 3TH YpaBHEHUS, ONPEACIMM HCKOMBIS
peaxiuu.

N3 ypaBuenus (3) onpenensem Rz= 11,65 (H).

N3 ypaBHenus (2) onpeaensem Y, = 2,83 (H).

N3 ypaBuenus (1) onpenensem Xy = 3,09 (H).

[TomHas peaknust onopsl 4 HAWJIETCS KaK TEOMETPUYECKAs CyMMa
cun Xyu Y, .Ilo monyito,

Ry=+X3+Y7 =419 (H).

3.  Jlus mpoBEpKH MPaBUIBHOCTH HAXOXKACHUS PEAKINN CBS3EU
COCTaBUM YPABHEHUE MOMEHTOB OTHOCUTEIIBHO TOYKHU E:

SMy( F)=0, Q;2,5~M—Q;1 —Rp 3+ Ry, 2,5+
+X,5-Y,-1,5=0. (4)

IloacraBasis croxa HauMjacHHbIE BeauuuHbl Xy, Y, m Ry
yOeXaaeMCsl, YTO OHU STOMY YPaBHEHUIO YJIOBJIETBOPSIOT.
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BAPUAHTBI 3AJIAHUM JIJISI CAMOCTOSATEJIBHOT O
PEHIEHUSA

Jnst pam, cxembl KOTOPBIX MNPHUBEACHBI B TAOJMIE, PACCUUTATH
pEaKuru CBA3EH. BRINOIHUTE MPOBEPKY MPABUIIBHOCTHU PEIICHUS.

Bapuanr 1

P =18 H;

q=4 H/m;

M =10 H-m;
a=3mM, b=4wm;
[=10m; h=8 m;
o =30 B =45°

Bapuant 2
P=10 H;

q =3 H/m;

M =20 H-m;
a=3mb=4wm;
[=10m; h=8 m;
a =45 B =30".

Bapuanrt 3

P =15 H;

q =6 H/m;

M =20 H-m;
a=3mb=4wm;
[=10m; h=8 m;
a =45 B =30".

Bapuant 4

P =25 H;
q="7H/m;

M =25 H-m;
a=3mb=4wm;
[=10m; h=8 m;
a =60"; B =30°.
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Bapuanrt S

P =30 H;

q=4 H/m;

M =15 H-m;
a=3Mb=4wm;
[=10m; h=8 m;
a =90 B =60°.

Bapuant 6
P=10 H;

q =35 H/m;

M =15 H-wm;
a=3Mb=4wm;
[=10m; h=8 m;
o =30"; B =45".

Bapuanr 7

P =14 H;

q =8 H/m;

M =25 H-m;
a=3Mb=4wm;
[=10m; h=8 m;
o =60"; p =45°.

Bapuant 8

P =20 H;

q =10 H/m;

M =20 H-m;
a=3Mb=4wm;
[=10m; h=8 m;
a =30 B =30".

18




Bapuant 9

P =30 H;

q=15 H/m;

M =25 H-m;
a=3mb=4wm;
[=10m; h=8 m;
o =45 B =30".

Bapuant 10

P =30 H;

(max = 15 H/M;
M =25 H-Mm;
a=3M,c=5M;
[=5M; h=9 m;
o =45 B =30".

Bapuant 11

P =25 H;

Qmax = 8 H/m;
M =20 H-m;
a=3M,b=6Mm;
[=5M; h=9 m;
a =30 B =30°.

Bapuanr 12

P =20 H;

Qmax = 8 H/m;

M =10 H-m;
b=06wMm;
[=10m; h=8 m;
a =30 B =30°.
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Bapuanrt 13

P=10 H;
Qmax = 8 H/M;

M =35 H-m;
a=4wm;
[=10m; h=9 m;
o =30"; B =45".

Bapuant 14

P=10 H;

q =10 H/m;

M =20 H-m;
a=1mb=1mc=4wM;
[=5M; h=9 m;

o =30".

g,

"l

Bapuant 15

P=5H;
Qmax = 8 H/m;
M =10 H-m;
b=9 wm;
[=5M; h=9 m;
o = 45" B =60".

Bapuant 16

P =15 H;

(max =11 H/m;
M =13 H-m;
a=2M;b=9wm;
[=5wm; B=60".

Gk
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Bapuanr 17

P=15H;
qmax:27H/M;
M =10 H-m;
a=3M;b=3m;
[=6M;c=3M;
B =60".

Bapuant 18

P =14 H;

q=9 H/m;

M =22 H-m;
a=4mb=6wm;
[=5mMm;

o =60"; B =30°.

Bapuant 19

P =18 H;

q =14 H/m;

M =22 H-m;
a=4mb=6wm;
[=10m; h=5wm;
o = 60",

A

Bapuant 20

P =8 H;

(max = 10 H/M;
M =20 H-m;
a=4mb=6wm;
[=6M; h=4 wm;
o =45 B =30".
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Bapuant 21

P =8 H;
q=15H/m;

M =28 H-m;
a=4mb=6wm;
[=10m; h=5wMm;
o =30".

b

i

oy
"

Bapuanrt 22

P=4H;

(max = 10 H/M;
M =14 H-m;
a=4mb=6wm;
[=6M; h=4 wm;
o =30".

Bapuanrt 23

P =28 H;

q =25 H/m;

M =21 H-m;
a=4mb=4wm;
[=6M; h=15 wMm;
o =45 B =30".

itiitin

Bapuant 24
P=14 H;

(Qmax = 30 H/M;
M =34 H-m;
a=5mb=4wm;
[=6M; h=8 m;
o =60’.

TR =
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Bapuant 25

P =18 H;

q =23 H/m;

M =29 H-m;
a=4mb=4wm;
[=6M; h=28 m;
o =30"; B =45".

ﬁﬂ_ ~ TTTTTd

T
=]

Bapuant 26

P=13 H;
q=31 H/™m;

M =20 H-m;
a=4wm;[=6wM;

h=8wm; o=230"

Bapuanr 27

P=10 H;

q =20 H/™m;

M =20 H-m;
a=4mb=4wm;
[=6M; h=6wM;
o =30".

Bapuant 28

P =20 H;
q=12 H/m;

M =20 H-m;
a=4mb=4wm;
[=6M; h=6 M;
a =30 B =30°
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Bapuant 29

P =14 H;

q=16 H/m;

M =22 H-m;
a=2mb=4wm;
[=6M; h=6 M;
o =30"; g =45".

Bapuant3(

P =40 H;

(Qmax = 30 H/M;
M =31 H-m;
a=4wm;[=6wM;
h =8 m;

o =45 B =30".

Bapuant 31

P =9 H;

q =6 H/m;
M=12 H-m;
a=6M,b=3wm;
[=4M; h=8 m;
o =30

=

Bapuant 32

P =9 H;

q =6 H/m;

M =9 H-m;
a=4mb=4wm;
[=6M; h=6wM;
a =30 B =60°.

|_|

L |
=
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BapuanTt 33

i T
e
P=14H; el |
qmax:8H/M; .:.-,ﬁf
M=11H-wm; 1
a=8m;/=6M; hJ
c=3;b=1; ~ 1
h=3wm; a=45" <M 4 b
it a ] -
Bapuant 34 '
P=9 H; _
s M P
Qmax = 6 H/m; k.) o
M =10 H-™m; y ‘
a=6Mb=3wMm; /o h
[=6M; h=3Mm; : r
o = 60°. a b
Bapuant 35 1 ~
‘?mu:
L/
P =10 H; il |
Qmax = 7 H/M; o0 5 C
M = 10 H-m:; >
a=8m;b=1wm; ’
[=6M; h=3wMm; ~ h
c=3wm; a=60". WY P hf
- a el -
Bapuant 36 I AE
P=11H; -
Qmax = 4 H/m; : Fom
M = 10 H-m; ! 4
a=4mb=4wm;
[=4M;h=6wMm; b
o =30".
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