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IIPEONCIIOBUE

YuebHas nuclMINIMHA «TexHUUecKas MEXaHUKa» COCTOUT U3 TPEX
pasnmenos: «TeopeTnueckas Mexanuxas, «ConpoTusienne MaTepuasoB»
u «Jeranu Maimes.

B HekoToprIx y4eGHEIX 3aBemeHUAX paszmen «lleranu mamme» u3y-
4aeTCs OTOEeNLHO.

ABTOpPOM CTaBMIAChH 3a[a4Ya B CXKATOH ¥ NOCTYIIHON (opMe H3JIo-
KUTH OCHOBHEIE NOJIOXKeHUS «Teopermyeckoit mexauukus u «Conporu-
BJIEHNs MAaTEpHAajloOB» B COOTBETCTBUM C HOBBIMH TI'OCYyIapCTBEHHHIMU
TpeboBaHMAMHI K MUHUMYMY COOEPXKAHIA I YPOBHIO IIOATOTOBKY BLHIITYCK-
HMKOB I'DYIII TeXHWYECKUX CIEUAILHOCTEIN.

O6beM mpencTaBseHHOTO MaTepuaga COOTBETCTByeT IIpmmepHoit
IporpaMMe HUCUMILINHEL « TexHudYeckas MEXaHMKa» g IPynm ¢ oOb-
eMoM 180 yue6GHBIX YaCOB, YTBEPXKOCHHON Y IPABIEHUEM CPENHEro IIPOo-
¢deccroHanbHOro obpaszoBanus Mwunobpaszosaunsa Poccumn 04.06.2002 r.
Hnsa rpynn ¢ MeHbIIuM 06BEMOM Y4YeOHBIX HaCOB MOXHO BLIOpaTh He-
OOXONMMEIN MaTEpUAll B COOTBETCTBMU ¢ [IpuMepHBIMU TIporpaMMamMu
OUCHMININHE! 7151 3aIJIAaHNPOBAHHOIO KOJIMYeCTBa y4ebHbBIX 4acoB U HPU-
BEICHHOT'O YPOBHsI Tpe6GOBaHUIA.

B Hauane xaxmoit nexuuu npusonsTcs TpeboBaHUL K YPOBHIO 1IOM-
FOTOBKH IIO M3JIOXKEHHOMY MaTepuadly corjacHo IIpuMepHoil nporpaMme
1o nutuunryinge.

Ing 3akpenyieHus sHaHWI NpPeNCTABIEH MATEPHUANL IJI IPAKTH-
4YeCKUX 38HATHM U pacuyeTHO-rpadmyecKux paboT MO OCHOBHBIM Te-
MaM, NPUBEIEHO 3HAYUTEIBLHOE KOJIWYEeCTBO IPUMEPOB pelnleHUs THUIIO-
BBIX 3aJa4.

IIpencraBnenHsie 06pA3LEI TECTOBLIX OMPOCHBIX KapT COOTBETCTRY-
I0T TeCTaM, U3OAIHBIM B COODHIKE TeCTOBBIX 3amaHuil «TexHudeckas
mexanukas» (M.: POPYM: UHOPA-M, 2002).

Wsnanme comepxut MHOrOBapHaHTHEE 3a0avM I PacYeTHO-
rpacdudecknx paboT, KOTOPbIE MOT'YT BHIIOJHATBCA HA IPaKTHYECKUX
3aHATUSX WM BHIABATBLCA B KauecTse goMaltHux 3amanuil. B IIpuso-
HKEHUAX NPUBEIEHB! HEOOKOIMMEIE CIPABOYHEIE JAHHEIE.

Koncnexkr nekuumit rio TexuHudeckoil Mexanuke 6yneT OCOBEHHO IIO-
Jle3eH npu Ca.MOCTOSITeJIX}HOf/'I paboTe Ham KypcoM mpm 3aouHoi dopme
oby4eHus, 6naronaps IPOCTON M NOCTYMHHON GopMe U3NIOXKeHUs, OOb-
LIOMY KOJUYECTBY NPUMEPOR PENICHUSA 3a7ad U BO3ZMOXHOCTY IIPOKOH-
TPOJMPOBaTh cebs ¢ TMOMPIIBLIO TECTOBLIX 3anaHuil. TecToBrle 3amaHus
K HEKOTOpBIE KOHTPOJILHEIE BOIIPOCH! CHAGXEHE! OTBETAMU.
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PA3NEI I

TGOPGTH‘IECKM MeXaHHnKa

JIEKIINA 1
Tema 1l.1. OcHOBHBIE HOHSTUA U AKCUOMBI CTATUKN

Beenenue

Ternuueckad Mezanuxa — KoMrnekcHas gucnumimHa. OHa BKITIOYa-
er Tpu pasmena: «Teoperumyeckas MexaHukay», «ConpoTusienue mare-
puaniosy, «detann Mammna». «TeopeTudeckas MeXaHuUKa®» — pasfell, B
KOTOPOM M3JIaralOTCs OCHOBHEIE 3aKOHEI OBMXKEHMA TBEPABIX TEX U UX
B3aumoneiicrsus. B pasnene «Conporusienue MaTEpUANIOBY H3y4aloT-
¢sl OCHOBHI IIPOYHOCTY MATEPHAJIOB ¥ METONLI PacueTOB 3JIEMEHTOB KOH-~
CTPYKLINUY Ha NPOYHOCTH, XECTKOCTh U YCTOMYMBOCTL MON AEWCTBUEM
BHEIIHUX CW. B 3axmounTensHoM pasfene «TeXHNJIecKol MeXaHuKnms
«HeTann mammsE» paccMaTPUBAIOTCS OCHOBEI KOHCTPYMPOBAHHUS M pac-
yeTa neTaseil u cOOpPOYHBIX eNUHUIl OOIIero HasHauUeHNs.

Hucnunnuna «Texuuueckas MexaHnkas apiisgerca obenpodeccuo-
HAJILHOH, obecreunBaloleit 6a30Bbie 3HAHNUSA IIPY YCBOESHUY CIIENTNAITEHBIX
OUCHUILINH, U3YYaeMHEX B TaJIbHEHIIEM.

Badawu meopemurneckoll mezanuxu

Teopemuueckad meranuxae — HayKa O MEXAHNYECKOM IBUXEHUN
MATepPUAIILHEIX TBEPIBIX TEN U UX B3auMoneincTBuu. MexaHn4yeckoe OBU-
>KeHUle IOHUMAETC KaK IepeMelleHNe Tella B IPOCTPaHCTBE U BO BpeMe-
HI IO OTHOILUEHHIC K APYTUM TeJIaM, B YACTHOCTH K 3eMle.

s ynoberBa U3ydYeHUs TEOPETUYECKYI0 MEXAHUKY HNONPA3NesaioT
Ha CTATUKY, KUHEMATUKY M ONHAMUKY.

Cmamuxa n3y4aeT yCIOBUSA PABHOBECUS TeJI TION JEACTBAEM CHIL.

Kunemamuka paccMaTpuBaeT LBHXEHUE TeJl Kak IepeMeLUeHue B
IIPOCTPAHCTBE; XapaKTEePUCTUKY TeJ1 U INPUYUHBI, BEI3bIBAIOIIINE IBIKe-
HUe, He PacCMaTPUBAIOTCA.

Llunamura n3yvaeT OBUXKEHUE TeNl OO HelCTBUEM CUIIL.
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B ornuune oT ¢usukm TeoperHueckas MeXaHMKA U3Yy4YaeT 3AKOHHI
OBUXKEHUS HEKOTOPHIX a0CTPAKTHEIX a6Coa0mHO Meepdbir mea: 31ech
MaTepuadsl, GOpMa TEJ CYLIECTBEHHOIO 3HaYeHus He umeroT. IIpu nsu-
»KeHMH abCOOTHO TBEpHOE Telo He IedhopMHUpyeTcs U He pa3pyllaeTcs.
B cnyuae, korga pasMepamu Tella MOXHO IIpeHeOpeyh, TeJ0 3aMeHSIOT
MATEPHAJIBLHON TOYKOA. DTO yIPOLIEHNE, IPUHIATOE B T€OPETINYIECKOH Me-
XaHWKe, 3HAUNTENbHO obJleryaeT peleHue 3afiady O JBIKEHUN.

ITongamue o cuae u cucmeme cua

Cuaa — 3TO Mepa MEXaHUYeCKOTO B3AaMMONENCTBUS MaTEPUATIBHEIX
Ten Mexny coboil. BiaumonelicTBue xapakTepusyeTcs BeJIMYUHON U Ha-
IIDABIICHUEM, T. €. CHIIA €CTh 8EAUUUNG 8EKMOPHAL) , XaDAKTEPU3YIOIa-
fcs To9kol mpuioxkenus (A), HanpasieHueM (suHUER OefiCTBUA), BETH-
uunoit (Monynem) (puc. 1.1). Cusy u3MepsIOT B HBIOTOHAX,

1H = 1xr - m/c?.

Cunbl, pelicTByIolE Ha TENO  Toyka
(PIJIPI cucreMy Ten), IOEeJIATCI Ha 6HEUL- MPUIOKEHHA F ’/l
nue u enympennue. BHeurHme CuHIH L///r 3
OHIBAIOT AaKTWBHEIE U pPEaKTHUBHEIE. Jluns neicTaus,
Axmuenbie cuabl BEI3HBAIOT IlepeMe- 4 M ! Ha panieiie

ofyns ACHCTBUA
LIIEHNEe Tella, PEeaKMUEHble CTPEMSIT-
€S IPOTUBOAEHCTBOBATE NEPEMELIICHUIO Puc. 1.1
Tesla NOM AEHCTBUEM BHEIIHUX CHUIL.

BryTpenHue cuiibl BOSHUKAIOT B TeJIe IIOA AECTBIEM BHELIHNX CIL.

COBOKYIIHOCTH CWJI, HEHCTBYIOIINX Ha Kakoe-nbo Temo, Ha3kBAaIOT
cucmemol cud.

Okxeusasrenmuag cUCTEMA CHII — CHCTEMa CUJI, OeHCTBYIOWAs TaK
ke, KaK 3alaHHasd.

Ypaenosewennot (SKBUBAJIEHTHOI HYIII0) CHCTEMOIA CUII HA3BIBAET-
cs Takas CUCTeMa, KOTopas, OyLyuu NPIIOXKEHHOM! K Tely, He N3MeHsIeT
€ro. COCTOSHUS.

CucteMy cui1, IERCTBYIOLMX HA TEJIO, MOXKHO 3aMEHUTE OXHON pas-
nodeticmeyroweti, ZeACTBYIOIEN TAaK, KAK CUCTEMA CHIL.

AKCHUOMEI CTATUKU

B pesynbrare 060611eHMA 4€IOBEYECKOTO ONBITA OBINIA yCTaHOBIIE-
HEI O0LINE 3aKOHOMEPHOCTH MEXaHWIeCKOTO OBMKEHNA, BHIPaXKCHHLIE B

by BekTopHble BenuuuHL 0603HAYAIOTCA MONYXKUPHBIM MIPU(TOM, CKaJIspHbIe Be-
JIAYAHB! -—— OOBIYHBIM.
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BHOE 3aKOHOB M1 TEOPEM. Bce TEOpPEMBI 1 YPABHEHNS CTATHUKU BBEIBOOSATCS
U3 HECKOJIBKUX UCXOMHEIX TOJOXKEHUI. OTu MOJIOXKEHNUS HA3LIBAIOT KCU-
OMaMH CTATUKH.

Ilepsag axcuoma

Ilox meificTBEM ypaBHOBEIIIEHHOI CUCTEMEI CIJI A6COIIOTHO TBEPLOE
TENO WM MaTepHuallbHasl TOYKa HAXONSITCI B PABHOBECUY WJIM ABHXKYTCS
'PABHOMEPHO M IPSAMOJIMHENHO (38KOH MHEPIINM).

V Bmopasa axcuoma
- IlBe cuiiel, paBHBIE IO MOMYJIIO
F__---" B ¥ HAIPABJIEHHEIE MO OHOM NPAMOIl B
/74/ |Fl=IFl  passble CTOPOHEI, yPABHOBEIINBAIOT-
- Puc. 1.2 csa (puc. 1.2).

Tpemvsa axcuoma
He napymias MexaBn3eCcKOTO COCTOSHMS TeJla, MOXHO N06aBUTDH MU

yOpaTh ypaBHOBELUEHHYIO CUCTeMY CuJl (IPMHIMII OTOpacHIBaHMs CUCTeE-
MEI Cui1, 3KBUBAJIEHTHOI Hymo) (puc. 1.3).

1Fl=1F]

IFl=1F})

Puc. 1.3

Yemeepmasg axcuoma (MpaBuio NapajlieliorpaMMa CUIl)
PasnonesicTByionias OByX Cujl, IPUIIO-

JKEHHBIX B OIHOHM TOYKE, IIPUJIOXKEeHa B TOU

XKe TOYKE U ABJISETCA QUATOHAIIBIO Mapajlie-

F
JIOrpaMMa, IIOCTPOEHHOT'O Ha, 3THX CUIIaX Kak \\
Ha cTopoHax (puc. 1.4). A ...\\\\\\\\\\\\ NN

BwMmecTo napaasesoepamma MOXHO Io-
CTPOUTH MPEY20AbHUK CUII: CUJIL] BEIYEPUH-
BAIOT OOHY 32 OPYTOH B JIIOOOM ITOpSIIKe; PaB-
HOIENCTBYIOIIA OBYX CHJI COeNUHSET Hada-
JIO IIEPBOU CUJIBI C KOHLIOM BTODOI.

ITamag axcuoma
[Ipn B3auMomedCTBNMN TeNl BCAKOMY OEMCTBHIO COOTBETCTBYET PaB-
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HOE ¥ NPOTHBOIOJIOXKHO HaIpaBieHHoe npoTuBoneicrsue (prc. 1.5).

Cusbl OefCTBYIOIME W IPOTHBO-
IefCTBYIOUINE BCErna IIPUNIOXKEHBI K
pa3sHBEIM TelaM, II09TOMY OHH He ypaB-
HOBEIINBAIOTCS.

Cuunel, ¢ KOTOPBIMU OBa TeJa Iel-
CTBYIOT OPYT Ha JpPyTa, BCEra PAaBHHI
10 MOMYJIIO ¥ HAIIPABJIEHE! BIOJIbL ONHON
Puc. 1.5 MpsAMOY B pasHble CTODPOHEHI.

A F,

|F|=|F|

Caedecmeue u3 emopoti u mpembet aKcuom
Cuity, neficTBYIOILYIO HA TBEp-
Ioe TeJ0, MOXHO TepeMellaTh
BIOJIb JIMHWUY ee feicTeus (puc. 1.6).
Cuna F npuwioxeHa B TOY-
ke A. Tpebyerca mnepemectm ee
B Touky B. Wcmonesys Tpe-
THIO aKCuOMy, IOOABUM B TOUKeE
B ypaBHOBEIIEHHYIO CHCTEMY CHJI
(F'; F"). O6pasyercs ypaBHOBe- Puc. 1.6
HIeHHAsA II0 BTOPOil aKCHOME CHCTE-
Ma cun (F; F”). Y6upaem ee u nomyuum B Touke B cuny F”, pasHyio
sanannon F'.

IFI=1Fi=1F1

CBsa3M ¥ peakluu CBA3el

BCG 3aKOHBI M TEOpEeMBI CTATHUKN CIIPDABEIJINBHL 1A CBOGOJ_IHOI‘O
TBEPHOTO Tea.

Bce Tena nenstes Ha cBoOOOHBIE U CBA3AHHbIE.
CpoGonHbIE TeNla — Tela, EPEMEIeHUe KOTOPhIX HE OrDAHUYIEHO.

Cas3aHHLIE Tella — TeNa, lepeMelieHre KOTOPEIX OCPaHIIeHo OPY-
TUMU TeJIaMU.

Tena, 02PAHUNUB ANUUE NNEPEMEUERUE OPYTUX TEJ1, HAZBIBAIOT C64-
3AMU.

Cunpl, AefCTBYIOIIME OT CBsI3€ll U MPENATCTBYOLUINE [IEPEMELLIEHNIO,
Ha3LIBAIOT peaxyuimu ceg3ed.

Peaknus cpa3u BCerla HAmpaBieHa ¢ TOM CTOPOHHI, Kyda Heav3d
nepemew,amovcs.

Bcaxoe c643aHHOE MEAO MONCHO NPEICNABUMbL CB0600HBIM, E€CAU
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c643u 3amerums uT peaxyugmu (npunyun oceoboxcdenud om cegset).
Bce cBsian MOXHO pasnmennTh Ha HECKOIBLKO THIIOB.

Cea3v — 2aadxag onopa (6e3 TpeHus)
/\R . R ) AR
90° 90 90;
A A A
a) 6) 8)
Puc. 1.7

Peaknus onopsr npuiokeHa B TOYKe ONOPBHI M BCErIa HAIPABIIEHA
[ePHeHONKYIspHO onope (puc. 1.7).

I'ubxas cea3vb (HUTH, BEPEBKa, TPOC, LMD )
I'pys momsemeH Ha ABYX HATAX

(puc. 1.8).
Peakuus HuTH HanpaBiieHa BOOJDL

HUTH OT TeJNa, [IPY 3TOM HUTh MOXET

OLITE TOJILKO PACTAHYTA.

22227

Kecmruii cnepocens Puc. 1.8

Ha cxemax crepxum wn306paXkaloT TONCTOR
crutomnsoit muHuei (puc. 1.9).

CrepxkeHb MOXeT OHITH CXaT WIM PacTIHyT. Pe-
aKuus CTEPXXHs HaIpaBileHa BOONb crepxHa. Crep-
XeHb paboTaeT Ha pacTaKEHUe WM cxkaTue. TouHoe
HAIIPABICHUE DEaKiny ONPENeNsSiOT, MEICIEHHO yOpas
CTEpXEHb N PACCMOTPEB BO3MOXKHLIE IIEPEMELIIEHNS Te-
713 6e3 3Toi CBA3WU.

Boswmosicnbim nepemewenuem TOIKM HA3BIBAETCH
Takoe OECKOHEYHO MaJjioe MBICJIEHHOE IEepPeMEILEHNe, KOTOPOe MIOITyCKa-
€TCA B NaHHEIM MOMEHT HaJIOXXEHHHEIMYU Ha, HEI'O CBA3AMU.

Y6upaeM crepxkens 1, B 3ToM citydae crepx)ens 2 nanaer suus. Cre-
LIOBATENbHO, CUIIa OT cTepxkHs 1 (peaxiys) HampaBiieHa BBEpX. Y GUpaeM
crepxeHb 2. B aToM cirydae Touka A omyckaeTcs BHM3, OTOABUTAACH OT
crennl. ClenoBaTeNlbHO, peaKlsa CTEPXKHS 2 HAPABJIEHA K CTEHE.

Puc. 1.9



Tema 1.1. OcHoBHBIE IOHATHUS M AKCUOMBI CTATHKHI 9

Illapruprasg onopa
Illapaup monyckaeT IOBOPOT BOKPYT TOUKM 3aKkpenyieHusd. Pazmmya-
0T ABa BUOA IIAPHUPOB.

Ioodsuxcnbrii waprup

CrepxeHnb, 3aKpelsieHHEI Ha

R AR WIapHUPE, MOXET IOBOPAMHBATDL-
90° 90° ¢ BOKPYr ILIapHUpa, a TOYKa
KpemyieH!sT MOXeT IlepeMelaThCs
> BIIOJIb HATIPABJISIOIIEN (IVIOLIANKY)

: (puc. 1.10).
a) 6) Peaxunsa nonBuxzHOro mapHu-
Puc. 1.10 pa HaIlpaBJieHa IepIEeHOUKYJISIPHO

Ol'IOpHOI/I IIOBEpPXHOCTH, T.K. HE HO-
nycxaeTcx TOJIBKO IIEpEMENIECHNE NTONIEPEK OHOpHOI/I IIOBEPXHOCTU.

Henodsuacnblii waprup

Touxa XpemeHus mnepe- 1 ¥ i X
Memarscs He Moxer. Crep- 4 AR, R, R,
JEHD MOXeT cBOGOIHO mopopa- Bx 3 L

<

X
YUBATHCA BOKPYT OCH IUIAPHU- x mmé%
pa. Peakuus Takoil onopst npo- T
XOOUT 4epe3 OCb IIapHUpa, HO
HEM3BECTHA IO HAIIPABIICHUIO. @ Puc. 1.11 0
Ee npunsaTo n306paxaTh B BU- o
[€ OBYX COCTABJLSIOIINX: [OpPU-
30HTaJIBHON 1 BepTukaibuoil (Ry; Ry) (puc. 1.11).

1318444

Jawemaenue uau «3adeaxas

JIio6Lie mepeMertienns TOUKK Kpellle-
HUS HEBO3MOXHEI.

Tlon neficTBUEM BHENIHMX CHJI B OIOpE
BOZHUKAIOT PEaKTHUBHAsS CWIA U PEAKTUB-
HEII MOMEHT MR, IpensTCTBYIOMMIA IOBO-
pory (puc. 1.12).

PeakTuBHyto CliTy IPUHSATO NpEnCTa-
Puc. 1.12 BIIATBL B BUOE IBYX COCTABIISIOLIMX BIOJL

ocell KOOpOMHAT

R=R,+R,.
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IIpumepsl pemieHus 3agayg

Hpunmep 1. I'pys nonBselileH Ha CTEPKHIX U KAHATAX M HAXOIUTCS
B pasroBecuu (puc. 1.13). U306pasnts cucremy cui, nefCTBYIOINX HA
mapHup A.

Henonpuxirstit
82( Onox
Yr
a o,
) Puc. 1.13 )
Pewenue

1. Peakuum cTepxxHell HanpaBileHBl BOONIL CTEPXKHEH, peaKLuy

rubKuX CBs3ell HAIpaBieHbl BHOJbL HUTEH B CTOPOHY HATSKEHUS
(puc. 1.13a).

2. Ilns onpenesieBust TOYHOrO HAIPABJIEHUS YCUJINM B CTEPXKHIX MbI-
CIleHHO y6upaeM IOCTIeNOBaTEeNLHO CTepXKHN 1 u 2. AHanmsupyeM Bo3-
MOXXHEIE IIepeMelleHust Touku A.

HenonsmxuB 610K ¢ DeACTBYOILMMYA HA HETO CHJIAMHU He paccMa-
TPUBAEM.

3. Y6upaeM crepxeHsb 1, Touka A MOTHUMAETCS U OTXOLUT OT CTe-
HEI, CJIEIOBATE/ILHO, DEaKiing CTepKHs 1 HATIpaBsiieHa K CTEHe.

4. Yb6upaeM crepxeHs 2, Touka A nonqHUMaeTCs U IpubinxKaeTcs K
CTeHe, CNENOBaTe/IbHO, PeaKLls CTEPXKHs 2 HalpaBJIeHa OT CTeHbI BHU3.

5. KanaT TaHeT BIpaBo.
6. OcsoGoxnaenmcs or cBsseit (puc. 1.136).

IIpnmep 2. Ilap momsemen Ha HAUTM W OMMpAeTCs HA CTEHY
(puc. 1.14a). OnpenenyuTs peaxkiuy HUTY U [IIAIKOR ONOPH! (CTEHKH).

B Pewenue

1. Peaxuus HUTH — BOOAL HU-
R T x Touke B BBepx (puc. 1.146).
4

B
R
rEw YE > 2. Peaxums TrIamxoif ONOPEI
ﬂ/ }F/ (cTeHkm) — 110 HOpMaJIK OT TOBEPX-
G G HOCTHU ONOPHI.
a)

Puc. 1.14
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KoHTposbHBIE BOIIPOCH! 1 3afaHus
1. Kakas u3 npmBeneHHbIx cucteM cui (puc. 1.15) ypasnoseinena?

|F= £l
F;|l Fg

\F)=F,

Puc. 1.15

2. Kakue cuinnt cucteMsl (puc. 1.16) MOXHO y6paTh, He Hapyuwas
MEXaHNYECKOIO COCTOAHMS Tena?

IF)\ =1F,l=IF)=|F

K= 11F,

Puc. 1.16

3. Tena 1 u 2 (puc. 1.17) HaxonsarTcs B paBHOBecuu. MOXHO it
y6paTh meACTByIOLME CUCTEMEI CUII, eCIM Tena abComoTHO TBepabie?
Uro u3MeHUTCs, eciu Tejla peasibHule, nedopMupyemsie?

F 1 F F 2 F
«—{ " " > /> e

Puc. 1.17

4. YxaxuTe BO3MOXKHOE HallpaBiieHUe peakluii B onopax (puc. 1.18).

N
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Tema 1.2. IInockas cucreMa CXOOALLMAXCSA CHUII.
OmnpenelieHne paBHOAENCTBYIOLIEN
reoMeTpuYecKuM crocobom

3namv 2eomempuueckuti cnocob onpedeaenud pasnodeticrneyrowet
CUCTNEMBL CUA, YCAOBUL PABHOBECUL NAOCKOT CUCTEMbL CTOOTUUTC CUL.

Yamempb onpedeagmsb pasnodeticmeyrowyro, pewams 3adavu Ha pas-
nosecue 6 2eomempuueckols fopme.

TInockas cucrema CXOOAILLINXCA CHIJ1

Cucrema cni, MUHAK OeACTBUA KOTOPHIX I1e-
pecexaloTcs B ONHON TOUYKE, HA3BIBAETCI CTO0A-
Fy F weticg (puc. 2.1).

HeobxomuMo onpenenuTs PaBHOAEHCTBYIO-
IIyI0 cUCTeMEI cxomsiuuxca cuit (Fp; Fy; Fy;. ..
F, 0 ...;Fy), n — 4ucio cuil, BXOAAILMX B CUCTEMY.
Fy ITo cnepcTBUIO M3 AKCHOM CTATHKM, BCE CHU-

JIBL CUCTEMBI MOXXHO IIEDEMECTHUTDL BIOJbL JIMHUN
Puc. 2.1 IleﬁCTBi/ISI, 1 BCE CWJIBI OKAXYTCA NIPUIIOKEHHBIMIA
B OOHOM TOYKeE.

A

Pasnodelicmeyrowag crodauwurcd cua

PaBHONERCTEYIOIYIO ABYX MEPECEKAIOUMXCI CHJI MOXHO ONpene-
JUTH C IOMOLUBIO NAapajIeNiorpaMMa MM TpeyroibHuka cui (4-1 ak-
cuoma) (puc. 2.2).

F, F F. 2’
' F
F K
a) 6) 8)
Puc. 2.2

Vcnonb3yst cBOACTBA BEKTOPHOU CYMMBY CHJI, MOXHO IOIYYATh PaB-
HOIEWCTBYIOIIYIO JTIO00I CXOOSILEHCsS CUCTEMBI CHJI, CKIIAbIBas IIOCIEH0-
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BaTENbHO CIILI, BXxoasame B cucteMy. OGpasyeTcs MHOTOYTONLHUK CUIL
(puc. 2.3). BexTop paBHONERCTBYIOMIEN CHIIEl COSIUHAT HAYAIIO IIEPBOIO
BEKTOpa C KOHIIOM NOCJIEHETO.

F,
| F, F
F —> F F,
F Fo= F,+ F,+ F,+F,
F
a) 6)
Puc. 2.3

Tlpu rpaguyeckoM cnocobe onpeneneHus paBHOACHCTBYIOLIEN BeK-
TOPSI CIJ1 MOXKHO BEIYEPUYMBATE B JII000M NOPANKE, Pe3yNbTAT (BeNMInHA
U HATIPABJIEHVE PABHONEHMCTBYIOIIEH) TP 3TOM HE M3MEHNTCS.

BekTop paBHOIENCTBYIOLUEN HAIIPABIIEH HA6CMPENY BEKTOPAM CUJl-
craraeMelx. Takoif cnoco6 mHofyueHus paBHONEHCTBYIOLIIEH HA3HIBAIOT
reoMeTpPUIECKHM.

3aMeuyanue. [IpuBoluepYUBaHNM MHOIOYIOJIBHUKA 0OPALUATE
BHUMaHIE HA NMaPaJIIENbHOCTE CTOPOH MHOTOYTOJIBHUKA COOTBETCTBYIO-
ILIIM BEKTOPAM CHIIL.

Ilopadox nocmpoenug MHOZ0Y204bHUKA CUA

1. BriuepTuTh BEXTOPH! CUII 3a[I8HHOM CUCTEMEI B HEKOTOPOM MAc-
mrabe onuH 3a OPYTMM TakK, YTOOBI KOHEIl NPENBIAYIIEr0 BEKTOPa CO-
BIaJaJi C HaYaJIoM NOCIenyoUero.

2. BexkTop paBHOmEHACTBYIOLIEH 3aMBIKAET TOJYYEHHYIO JIOMAHYIO
JINHUIO; OH COENMHSET HAdaJso HEePBOrO BEKTOpa C KOHIIOM IIOCTIENHEro
¥ HalpaBJIeH €My HaBCTpeuy.

3. Ilpu usMeneHun nopAOKa BeIYepUNBAHUA BEKTOPOB B MHOIOYT'Olb-
HUKe MeHseTcs 6ud uryprl. Ha peayavmam nopgadox sbluepuueanud ne
8AULEM.

Yecaosue pasnosecud naockol cucmembl CTOOTUUTCA CUA

IIpu paBHOBecMM cUCTEMEBI CHII DABHOHEMCTBYIOLIAA HOMAKHA OBITH
paBHA HYJIIO, CIENOBATENLHO, NIPU NEOMETPUYECKOM MOCTPOEHNH KOHell
ITOCJIENHEI0 BEKTOPA HOIKEH CO6NACMb C HAYAJIOM IIEPBOTO.

Ecau naockad cucmema cTodqwuscd cui HaZo0UMCT 6 PReHOBECUL,
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MHOZOY20ALHUK CUA 3TNOU cucmembl doadcen 6bimb 3aMKHYM.
Ecnu B cucTeMe TpU CHIIEI, 06Pa3yeTCs TPEYTONLHUK CUJL.
CpaBuure nBa TpeyrosbHuka cuit (puc. 2.4) u chemnaiiTe BHIBOL O
KOJIMYECTBE CUJI, BXOAAIIMX B KaKIYIO CHCTEMY.
Pekxowmennaunn g ObpaTurs BHIMaHWe Ha HalpaBieHHe

BEKTOPOB.
a) 6)

Puc. 2.4

Pemuenne zagayg Ha paBHOBECHE
reoOMeTpN4YeCKnIM cnocobom

I'eomerpuueckuM criocoboM yIoGHO NMONB3OBATHCS, €CIIM B CHCTEME
Tpu cunel. [lpu petenun 3anad Ha paBHOBECKE TENO CYUTATH aGCOMOTHO
TBEpIBIM (OTBEPIEBILINM).

Iopadox pewenus 3adaw:

1. OnpenenuTs BO3MOXKHOE HANPABIEHUE PEAKIUN CBA3EH.

2. BrryepTuTh MHOTOYTONBHUK CUJI CUCTEMbI, HAUUHAS C M3BECTHHIX
cu B HeKOTOpoM Macurrabe. (MHOroyroabHuK AOMKeH OLITh 3aMKHYT,
BCE BEKTOpHI-CaraeMhule HaIpaBlleHbl B ONHY CTOPOHY MO o6xomy KOH-
TYypa.)

3. NamepnTh nOydYeHHEIE BEKTOPLI CHIT U OIPENENNTS UX BEINYUHY,
yunTHIBas BEIODAHHEI MacuiTab.

4. Ilnst yTOYHEHWs pelleHus PeKOMEHAYETCS ONPEneNNTh BeSIMYUHEL
BEKTOPOB (CTOPOH MHOTOYTONIBHMKA) C TIOMOLLBIO I'eOMETPHYECKUX 3aBU-
CUMOCTEI.

IIpumep 1. I'py3 monsernen Ha CTepKHAX U HAXOOUTCA B PAaBHOBE-
cun. OnpenennTs ycumaus B cTepxuax (puc. 2.5a).

Pewenue

1. ¥Ycumus, BO3HUKAIOUIME B CTEPXKHAX KPEIUIEHUS, O BelMduHe
PaBHBI CIJIaM, ¢ KOTOPBIMU CTEPXKHU NOAAEPKUBAIOT rpy3 (5-1 akcuoma
cratuku) (puc. 2.5a).
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OnpenensieM BO3MOXHEIE HATIPABJICHUS DeaKIMi CBA3EH «KECTKUe
CTEPXKHUS,

y =180- 60~ 45

a) 6)
Puc. 2.5

Ycunus HanpaBiIeHB BLOJIb CTEPXKHEN.

2. OceoBoouMm Touky A OT cBsA3€il, 3aMEHUB OCHCTBUE CBA3EH MX
peaxuusamu (puc. 2.56).

3. Cucrema HaxomuTcs B paBHOBecuu. [[OCTPOMM TPEYyTONBHUK CHII.

NocTpoenue HauueM ¢ M3BECTHO! CHILL, BHIYEPTUB BekTop F' B He-
KOTOpOM MaciTabe.

W3 xonuoB Bextopa F npoBOOUM JIMHUE, apaiieIbHEE PEaKIUIM
R1 n R2.

Ilepecexasich, MMHUYM CO3MaAYT TPpeyronbHuk (puc. 2.58). 3Has Mac-
wTal DOCTPOEHNI U M3MEPUB NJIMHY CTOPOH TPEYTOILHIKA, MOXHO OlIpe-
HEJIMTH BEIMUMHY PeakUMil B CTEPXKHIX.

4. Jlna 6onee TOYHBIX PACYETOB MOXHO BOCIIONL30BATLCS TEOMETPH-
YECKMMM COOTHOLUEHUAMM, B YACTHOCTHU TEOPEMOH CHMHYCOB: OTHOLIEHNE

CTOPOHH! TPEYTONbHUKA K CUHYCY NPOTUBOIIOJIOKHOTO YIJIa — BEIMINHA
a ¢
HOCTOAHHAS] —— = —— = ——.
sinag sinf  siny

Ins manHOro cnyvas:

F R Ry
sin75° ~ sin60° ~ sin45°’
Ry F _ Fsin60°

1 =

sin60°  sin75°’ sin 75°
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100,866 )
Ry = —6,9—66— = 9xH;
Ry F Fsin 45° 10-0,707 _
sin45°  sin75°’ Ry = sin75° ° Ry = W = 7,3xH.

3aMeuanue EcuHanpasnenue BeKTOpa (peakuuu CBA3M)
HA 3aJaHHONM CXEMe U B TPEYIOAbLHUKE CHAJI HE COBIAJIO, 3HAUUT, PEAKINI
HA CXeMe OOJDKHA ObITh HANPABIEHA B MPOTUBONOJIOKHYIO CTOPOHY.

IIpumep 2. I'pys nonsemed Ha CTEPXKHAX M KAHATAX Y HAXOOWTCS
B pasroBecun. OnpenenuTs ycunus B cTepxuax (puc. 2.6a).

Pewenue

Puc. 2.6

1. HaneceM Ha cxeMy BO3MOXHEIE HAIIPABICHUA YCUIINA, IPUJIOXKEH-
HEX B Touke A. Peaxumu crepxuell — BHOAB CTEPXKHEH, ycuiaue oT
KaHaTa — BIOJIbL KaHaTa oT Touku A k Touke B.

2. I'pys Haxonurcs B DABHOBECUW, CJIEIOBATENLHO, B paBnosecvm
HaxonuTes TOYKa A, B KOTOPOR NEpeceKajoTcs TPH CHIIHL.

OcBoGonuM TOYKy A OT CBs3edl W pAacCMOTPUM €€ paBHOBecue
(puc. 2.66).

3aMeuwaunue PaccMOTPUM TONBKO CHIIBI, IPHIIOKEHHLIE K
Touke A. I'pys pactarusaer xanat custont 45 kH no Beeit ammuee, nosromy
ycuime oT KaHaTa usBecTHO: T3 = 45kH.

3. CTrpoumM TpeyronbHMK 71 CWI, IPHIIOKEHHEX B Touke A, Hauu-
Hgsi C n3secTHON cuisl T3. CTOPOHE TPEYroabHUKA NapalliielIbHbl Ipen-
NONaraeMbIM HAMPABJIEHUAM CUJI, OPWIOKEHHLIX B Touke A.

OG6pa3sosaJics MPSIMOYTOJIBLHBIR TpeyronsHuk (puc. 2.68).



Tema 1.2. Ilnockas cucTeMa CXOQAWNXCA CUIL 17

—4

4. HeuspecTHble peakuuy cTEPKHSH MOXHO ORPENENNTDH M3 COOTHO-
MIEHN# B NPAMOYTOJIBLHOM TPEYTONLHUKE!

T3
-SW, R2 = QOKH,

Ry = Rosin60°;, Ry =90-0,866 = 78xH.

3aMmMeuanue JlpupaBEoBecHU BEKTOPH CWI B TPEYIrOJb-
HUKE HANpPAaBIIeHb! ONUH 3a OpyruM (06XOOUM TPEYTOIBHUK II0 YacOBOM
crpenke). CpaBHUM HANPaBIEHNI CUI B TPEYTOJbHUKE C NPUHATHIMU B
HavaJjie pacdeTa Ha puc. 1.26a. Hanpasnenus coenanu, cnenoBarensHo,
HanpaBJieHHs peakuuii onpenesieHbl BEPHO.

T3 =45xH; Ry =

KoHTpoJIbHBIE BOIIPOCHI M 3aJaHMA
1. Ilo u306paxKeHHRIM MHOrOYroAbHUKaM cui (puc. 2.7) peuute,
CKOJILKO CIJI BXOOWT B KAXOYIO CUCTEMY M KaKas U3 HUX yDABHOBEIIICHA.
(O6paTuTh BHMMAaHKME Ha HAIIPABIEHNE BEKTOPOB.)

[ L

Puc. 2.7

2. VI3 npencTaBjieHHBIX CHIIOBHIX TPEYIOJLHUKOB Bbibepere Tpe-
YTONBLHUK, MOCTPOEHHEIN st Touku A (puc. 2.8, 2.9).

1 Rz R RZ
2
RQF RQF FVH
F @ @ )

Puc. 2.8

Illap nonpemen Ha HUTH W Haxofit o ; b
BHUMAHKE Ha HANDPABIIEHNE Peakuuu of IIIaJKOH ONQRRE ¥ ycnonne B-
HoBecus wapa (puc. 2.8).
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A

faave ®
2 A ’
30°
F
®

Puc. 2.9
I'pys F' monseinen Ha kaHaTe M HaxonuTca B paBHosecun. O6pa-
THATh BHEMAHUE HA PEAKIMH, NPUIOXKeHHbe K Touke A. Cuinl, He npu-
JIOXeHHHIe K Touke A, He paccmarpuBatorcd. He 3abnBaTh 06 ycmoBun
paBHOBecus cucteMsl cui (puc. 2.9).
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JIEKIINA 3

Tema 1.2. IInockas cucreMa CXOOAILIMXCST CUJI.
OnpeneneHue paBHOAECICTBYIOIICH
aHAIINTUYECKUM Criocob6oM
3namv anasumuueckutll cnocob onpedesenud paenodeticmeyrowet

Cuabl, YCA08UL PABHOBECUA NMAOCKOT CTodTweticd CUCTEMbL CUL 8 aKHa-
aumuueckot dopme.

Yumems onpedeagms npoexyuu cuavt wa dée 63aUMHO NepneRuKy-
AAPHLLE OCU, Pewamb 3adauu Ha PAsKoBecue 6 anasumnuyeckott fopue.

IIpoexuusa cuibl Ha och

HpOGKlIHSI CHJIBl Ha OCh OIIDENENIETCsa OTPE3KOM OCH, OTCEeKaeMBIM
NEePrneHANKYyIIpaMy, OIYIIIEHHBEIMA Ha OCh M3 HauaJla ¥ KOHIla BEKTODa

(puc. 3.1).
.

Fy
Puc. 3.1

Beauuuna npoexyuy cuabt #a 0cb PaBHA NPOM3BENECHMIO MOLYJIS CH-
JIBI Ha, KOCUHYC YTJI1a MEXIY BEKTOPOM CHUTIBI M NLOLOMCUMEADHBIM HANDA-
saenuen ocu. Taxum o6pa3oM, MPOEKINS UMEET 3HAK: NOLONCUMEALHBIN
npu 00UHAKOB0M HANPABAEHUL BEKTOPS CUIIEL ¥ OCH U OMPUYAMEAbHbIL
DY HAIIPaBIIEHUN 8 CTROPOHY ompuyameabrot noayocu (puc. 3.2).

A
F, F; F
) 2 a; ’ 180°

o, B2 \90“ E«/\
T = 1,
[0 x
Puc. 3.2

—
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Fi;=Ficosa; >0; Fo, = Fycosas = —F;cos (3s;

cos ag = cos(180° — (B2) = —cos B2
F3, = F3c05890° =0; Fyr = Fycos180° = —Fjy.
IIpoexyus cuavt na dee 63aummo nepnenduxyagpusie ocu (puc. 3.3).

’ F, = Fcosa > 0
B F

Fy=Fcosf = Fsina > 0.

ol | X
Puc. 3.3

Onpenenenne paBHOAENCTRBYIOLIIEN CHCTEMBI CHII
AHAIMTUYECKNM criocoGoM

Bemiuuna paBHORERCTBYyIOLIEH PABHA BEKTOPHON (r€OMETPUYECKON )
CYMMe BEKTOPOB cucTeMbl cuil. OnpenenseM paBHONEHCTBYIOUIYIO reoMe-
TpuueckuMm crrocoGom. Brifepem cucTeMy KOOpAWHAT, ONpeNenuM Mpo-
eKLMM BCEX 3aJaHHLIX BEKTOPOB Ha 3TH ocu (puc. 3.4a). CknansiBaem
IPOEKIMM BCEX BEKTOPOB Ha ocu x U Yy (puc. 3.46).

y
F, F,
F,
x F,
F, F F
y ) FZ: E;é’
o x
Fix Fay
6)

Puc. 3.4

Fsy = Fiz + Foz + F3; + Fyg; FEy=Fly+F2y+F3y+F4y§

n n
Fye=) Fiae; Fry=) Fyy
0 0
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Monynp (BenuuuHy) paBHONEACTBYIOMIEH MOXHO HAWTH IO M3BECTHHIM

MPOEKIIUAM:
Fy = ‘/FEZ:I -+ ng.

Hanpasnenue BeKTOpa paBHONEHCTBYIONIE MOXHO ONPENEINThH 0
BEJIMYMHAM U 3HAKaM KOCHHYCOB YTJOB, O6pa3yeMBIX paBHOMEHCTBYIO-
el ¢ ocaMu koopauHaT (puc. 3.5).

cosa, = Py g
x FE b F
Fx z
COS tvy = =, Fry oy
= Oy
(0] X
FZx
Puc. 3.5

YcnoBusi paBHOBECH S IJIOCKOM CMCTEMBI
CXOOAIINXCS CUJI B aHAJIMTUYECKOU ¢dopme

Wcxons n3 Toro, 4ro paBHOmECTBYOIIAA PABHA HYJIIO, [IOJIYYUM:

Fyp =5 Fr, =0;
Fg =, /F2 4+ F% = =7 v
v e v Fyy =3 Fiy=0.
Fr=0.

YcnoBus paBHOBECUS B aHAITUTUYECKON (GopMe MOXHO ChOpMYIUpo-
BATBH CleAyommM obpasoMm:

Ilnockag cucmema cTo0AWUTCT CUA HATOOUWMCH 6 PAGHOGECUU, €C-
AU aazebpauneckad cymma npoexyutl 6CET Cua CUCTEMBL KA A06Y10 OCb
DPAGHA HYL110.

CucteMa ypaBHEHWSA PABHOBECUS IUIOCKOW CXOAAILIEHCH CHCTEMEI
cuiL:

%Fkxzo;
> Fiy =0,

B 3amadax xoopauraTHee ocu BHOMpAlOT Tak, 4TOOL! peleHne 6n1-
510 Haubonee nmpocTeiM. ZKenaTenbHo, YTOOR! XOTA OLI ONHA HEU3IBECTHAS
CHUJ1a. COBITAMAJIA C OChI0 KOODAWHAT.
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ITpumep 1. OnpenenuTs BeIWYWHLI U 3HAKU IPOEKIMN NPENCTA-
BJIEHHBIX Ha puc. 3.6 cui.

Pewenue
Fiy = Ficosay; Fig=—F1cos0°<0;
e Fiy = Fycosf1; Fiy = F1cos90° = 0;
B2 Fyz = Focosag = —F; cos oly;
F, . o =180° — ag;  Faz < 0;
az Fy Fyy = Fycos B2 > 0;
i \ @ F3, = F3cos90° = 0;
’ B, . Fsy = Fycos f3 = F3cos 180%
Fs Ym' F3y=—F3 <0
B A Fy; = Fycosaq > 0;

Fyy = Fycos B4 = —Fy cos fBg;

Puc. 3.
uc. 3.6 Fyy <0.

IIpumep 2. OnpenenuTs BeNMYMHY ¥ HAIIPABJIEHNE PABHONEHCTBY-
IOIIEN TNIOCKOM CHCTEMBI CXOOSIIINXCS CHUJI AHAJINTUYECKUM CrIocoOOM.

Pewenue
1. OnpenenseM TPOEKUMA BCEX 7
cuit cucreMsl Ha Oz (puc. 3.7a): 60" F, = 10xH
Fiz =10 cos 30°%; _F,=20kH 30°
Fi; =10-0,866 = 8,66 xH; 0 a5
Fy; = 20 - cos 180° = —20kH; F,=15kH
F3, =15 - cos45°;
F3, =15-0,707 = 10,6 xH. Puc. 3.7 a

Crnoxus anre6panyecky MPOEKIH, MOMYUYUM NPOEKUMIO PABHONEN-
cTByOILIEN Ha ock Oz.

Fyy = Figz + Foz + F3g;
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F>, =8,66 —204 10,6 = —0,735xH.

3HaK TOBOPUT O TOM, YTO PAaBHOINENCTBYIOUIA] HAIIPABIIEHA BJIEBO.
2. OnpenensieM IpoeKIMy BCEX CHM Ha ock (Y 3HAYEHUS IIPOEKIIYIL,

noIy4rM BeanduHy mpoekmun Oy.
F1y =10-c0s60°; Fy, =10-0,5 = 5xH;

Fay =20 -cos90° = 0;
F3y =15-¢c0s135°; F3, = —15-0,707 = —10,6 xH.

Croxus anreGpandecku 3HAYEHUS TIPOEK- »
UM, IIOJIyYMM BeJIMYUHY NIPOEKINM paBHOOEMH- o y/))
cTByoLel Ha ock Oy. Frx/ o .

F}:y =Fly+F2y+F3y; /\ A Ox
/ F
x
Fsy = 5-10,6xkH = —5,6 xH.

3Hak IPOEKINY COOTBETCTBYET HAIIPABJIe- ﬂ
Huio BHM3. (CeoBaTenbHO, PABHONEHCTBYIO- =
1llasi HallpaBJieHa BieBO u BHU3 (puc. 3.76). Puc. 3.76

3. OnpernensteM MOOYNHL PaBHONEHCTBYIO-

LI 110 BeJIMUMHAM IIPOEKITWIN:
—  /r2 2 .
Fy = ,/F%, + Fzy,
Fy, = 1/0,7352 4+ 5,62 = 5,65kH.
4. OnpernenseM 3HayeHue yria paBHomelcTByIOmel ¢ ocvio Or:
F -0,735
cosap = —=2;  cosqy = ——— = —0,13; ol = 82°30
b 5,65

U 3HaveHue yria ¢ ocsio Oy:

oS Qyy = E%; cos ay = ;—Z’g =-0,991; o = 7°30';
z B

g = 180° — o = 97°30; oy = 180° — o, = 172°30".
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IIpumep 3. Cucrema Tpex cuil HaxonuTCs B papHoBecuu. MsBecTHnt
[IPOEKIUN ABYX CHJI CUCTEMEL Ha B3aUMHO NIepHeHIuKyJsipuele ocu Or u

Oy:
Fi; = 10xH; Fp, =5kH;
Fyy = -2xH; Fy, =6kH.
Onpenennts, 4eMy paBHa I Kak HAIIPABJIeHa TPEThA CHIIa CUCTEMEL.
Pewenue
1. I3 ypaBHeHuii DaBHOBECHS CUCTEMBI ONPENENIeM:

Yo Fhe=0; Fig+Fop+Fp=0; 1045+ F3;,=0; F3=—15xH.
S Fiy=0; Fiy+Foy+F3y=0; —2+6+F;,=0; F3 =—4xH.

y 2. Tlo nonyuyeHHLIM BeNMUYMHAM IPOEKIHIL
'0 onpeneiseM MOLYIb CHJIBL:
X
a/
W F; = ,/Fszx + ng; F3 =152 + 42 = 1552kH.
Puc. 3.8 3. HanpasneHnue BeKTOpa CHIIB OTHOCHTEN -
Ho ocu Oz (puc. 3.8):
3x 15 ’ orn/
Cosay = ——; Co0Sagp = ——— = —0,966 = o, = 14°50".
T R’ £ 1552 i

Yo ¢ ockio Oz GyneT paseH
oy = 180° — of, = 165°10".

KOHTpOJ'Ibele BOIIPOCEI 1 3adaHUA

1. BanmunTe BLIpaXKeHWe IUTA pacyeTa mpoekuun cuiasl FoHa 0Ch
Oy (puc. 3.9).
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2. Omnpepmenure CcyMMy OpoeKumiz cui cucTeMbl Ha oces Oz
(puc. 3.10).

X
15«H 10 xH

o

9xH 45

ON s
6 kH
Puc. 3.10

3. Onpenenure BEIWYUHY CHIIHI [0 U3BECTHBLIM TIPOEKIIMIM:
F; =3kH; F,=4xH.

4. Ipys naxonutes B pasHobecun (puc. 3.11). Kakas cucrema ypas-
HeHUil pPaBHOBECHs IUTs LIapHUpa A 3amucaHa BepHO?

Y

SINSEEINGE]
%
=

%z = R1c0s30° — Ry cos60° — F = 0

T

ky = Ry cos 60° + Rz cos 30° = 0.

”

~

oM:oM; ;[V]:o[\jz
5]

kz = R1c0os60° — Ry cos 30° = 0;

(2)

&)

ky = 121 c0s 60° + 2 cos60° + F = 0.

Puc. 3.11

<
8

= —R; c0s30° + Rz cos60° =0

- ?

3)

&

ky = R1cos60° + Rycos30° — F = 0.

’

Yxa3szaHuu g

1. IIpu oTBeTe Ha Bonpock 1 u 2 HeoGXOOUMO 3HATE, YTO B BhIpaXKe-
H¥e VIS BEJIMYMHB] NPOEKIMY CUJIBl Ha OCh HOACTABISETCS YTOJI MEXIY
BEKTOPDOM CHJH U IOJOXWUTEIBHON MOJYyOochlo KoopauHaTt. He 3abbiTs,
4TO onpenenseTca anreGpanyeckas CymMma.

2. Ilpu orBeTe Ha BOmpoC 4 CHavajla ClIeOyeT ONPENEIUTL BO3MOXK-
HEble HaIpaBJICHUs PeakINil B CTEPXKHAX, MBICJIEHHO YOMpasd Nno odepenu
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CTEPXHN ¥ PACCMATPHUBAas BO3MOXHLIE mepeMertienus (cM. nexumio 1).
3aTeM 3anucaTh anrebpamueckue cyMMbl npoekiuil cu Ha ocu Ox n
Oy. Tlonyuennrsie ypaBHEHUA CPABHUTH C NPUBEICHHEIMIU.

5. OTBeTbTEe Ha BOIPOCH! TECTOBOTO 33aHUS.

Tema 1.2. CTaTuka.
IIpoeknuu cuibl Ha OCh

Bonpocwm OrBerTHn|Kon

1. BrifpaTs BHIpaXkeHue i pacueTa NPOeKUMH CHIILL Fcosa 1

F na ocs Oy.
y F cos (180° — o) 2

~
F Fsin o 3
o
X

© —Fcosa 4
2. BeibpaTh BLIpaXeHHe U1 pacueTa HPOEKLNH CHIIbL F; cos 30° 1

F» na ocs Oz.
F3 cos 150° 2
F; F; cos 60° 3

0
- —F, cos 150° 4
3. PaccunTaTh CyMMy MpOEKIMIX BCEX CUIT CUCTEMBI 2,5 kH 1
Ha ock Oy (cM. puc. x Bompocy 2), ecnu Fy = 28 xH,

F, =15xH, F3 = 8xH, F, = 24xH, Fs = 30kH. 14 xH 2
18,5 xH 3
60,5 xH 4
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IIpomonxenune
Bompocwu OrBeTm|Kon
4. OnpeneMUTh YToJl MEXAY 3aJaHHON CHIION M OCBIO 30° 1
Oz, ecniu M3BECTHHI BEJIMYMHA CHJIBI M €€ IPOEKIMH
Ha ocs Oz: F, = —21xH, F = 30kH. 45° 2
¥y
135° 3
0 F3 150° 4
5. PaccunTaTh CyMMY POEKIMI CHCTEMBI CXOMALIMX- -1xH 1
csa cun Ba ock Oz. Fy = 30xH, F> = 10kH,
F3; = 15xH, F, = 24xH. -16,3 xH 2
y/\
F, 34 xH 3
F,
2 F,
450 30°
"F, 0 x 79 xH 4
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JEKLIUA 4

Tema 1.3. IIapa cuil 1 MOMEHT CHJILI
OTHOCUTEJIBHO TOYKU

Snamb obo3nauenue, Modyap u onpedesenue MOMENTIOE NAPbL CUA
U CUABL OMHOCUMEADHO TNOUKY, YCAOBUL PAEGHOBECUT CUCTNEMDL NAD CUA.

Ymemov onpedeagme MOMEHMBL NAD CUL U MOMENT CUAbL OTMHOCU-
MEALHO MOUKY, ONPEJEATMb MOMERM, PE3YALTUPYIOWET NAPbL CUA.

Ilapa cun, MOMEHT mapur CUJI

Ilapoti cua HasbiBaeTCs cUCTEMa IBYX CHJI,
PABHBIX 110 MORYIIO, MapaJile/IbHbIX ¥ HAIIPAB/ICH-
HBIX B Pa3HBIE€ CTOPOHHL.

Pacemorpum cuctemy cun (F'; F'), o6pasyto-
LIMX napy.

TTapa cun BHIsEIBaeT BpAllleHUE TeJa ¥ ee Aeil-
CTBHE Ha TeJo oueHuBaercd MomeHTOM. Cumiml,
BXOOsIIME B Mapy, He ypaBHOBEIIMBAIOTCS, T.K.

a) OHM IPWIOXKEHB! K OBYM ToukaMm (puc. 4.1). Ux
ZeiicTBUE Ha TENO He MOXET GbITh 3aMEHEHO Ofl-

F HOI cuitolt (paBHONEMCTBYIOLIEN).
@ MoMeHT naphl cusl YUCIEHHO PABEH [POU3Be-
a IEHUIO MOLYJIs CUIILI HA. PACCTOSHUE MEXIY JIMHU-

MU OEACTBUS CUIT (Ni4eu0 napst).
/ MoMeHT CYMTAIOT MOJIOKUTENBHBIM, €CITH Ta-
6) F pa BpaInaeT TeJIo Mo 4acosoll crpeske (puc. 4.16):

Puc. 4.1 M’(F;F’)=Fa; M > 0.

IInockocTs, mpoxonsilas udepes JIMHHM Hei-
CTBUA CHUJI Naphl, HA3LIBAETCA NAOCKOCTbIO Odeti-

F|F
IFl=1F

cmeud napol.
Cesoticmsa nap (6e3 N0Ka3aTENLCTB):
1. ITapy cus MOXKHO TiepeMelIaTh B INTIOCKOCTH €€ IENCTBUS.

2. OxBuBaJIeHTHOCTH map. IBe Mapbl, MOMEHTHI KOTOPHIX PABHHI,
(puc. 4.2) >kBUBaNEHTHH (ECTBHE MX Ha TENO AHAJIOTUYHO).
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3. Cnoxenne nap cuir. CucreMy map CHJI MOXHO 3aMEHMTH PaBHO-
IefcTBYIOMIEN TIapOil.

MoMeHT paBHOIEHCTBYyIOIIeH NMaphl paBeH aJirebpandeckoil cymMme
MOMEHTOB NIap, COCTaBJIsommx cucteMy (puc. 4.3):

F,
F, Hal Fi o /D\a;/
Flal =F2a2 /

F,

Puc. 4.2 Puc. 4.3

n
Mys = Fia; + Foas + Fzaz + -+ Fha,; Ms = ka.
0

4. PaBHoBecue nap.

IIna pasHoBecus map HeOOXOOMMO U AOCTATOYHO, YTOOH anrebpan-
yeckas CyMMa MOMEHTOB IIap CHUCTEMEI PaBHSIACh HYJIO:

n
ME=O=>ka=0.
0

MoMeHT CHUIIBEI OTHOCHMTEJIBHO TOYKUN

Cwuiia, He IPOXONAIIAs Yepe3 TOYKY KPEIUICHUs Tella, BEI3bIBAET Bpa-
IlIeHHe TeNa OTHOCUTELHO TOYKM, TIO3TOMY IEeHCTBUME TAKOH CHIIBL Ha
TEJI0 OLEHNBAETCS MOMEHTOM.

Momenm cuabt OTHOCHTEILHO TOUKM YHCIIEH-

HO pPaBEeH NPOU3BENEHNIO MOLYJIsl CHIIbI Ha PAacCTO-
sAHUe OT TOUKU [0 IMHUi neficTBus cunsl. Ilepnen- A
IUKYNAp, OMyLUEHHHE U3 TOYKM Ha JIMHUIO Heii- o
cTBust cuinl (puc. 4.4), HA3LIBAETCA NAEUOM CUITEL.
O6o3nauenue Momenta Mo (F) umn mo(F);

mo(F) = Fa. Puc. 4.4

Enununa nsmepenns [mo(F)] = Hm.
MOMEHT CUMTaeTCs NOIOKUTENBHEIM, €CJIN CUJla Pa3BOPAuNBAET Te-
JIO 110 HaCOBOM CTPEIKe.
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IIpumMeuanue B pa3sHbx yuebHBX IOCOGUIX 3HAK MOMEHTA
Ha3HAYaeTCs I0-pa3sHoMYy.

MOMEHT CHJIEI OTHOCUTEIBLHO TOYKM DaBEH HYIIO, €CJIY JIMHUS Ie-
CTBUS CHJISI IIPOXOOUT depe3 TOYKY, T.K. B 3TOM CIIy4ae PacCTOAHUE OT
TOYKH OO CHJIIBI PABHO HYJIIO.

IIpumeps! pemienus 3anad

IIpumep 1. Hana napa cun [Fy| = |F{| = 42xH; nnewo 2 m.
3aMeHUTE 330aHHYIO Napy cuJl SKBHUBAJIEHTHOM Mapoil ¢ mnedom 0,7 M
(puc. 4.5).

F, F
2
a, a, Pewenue
o F Ilapu cnn skBuUBaleHTHHI, €c-

JI MOMEHTHI 9TUX [Iap YMUCJIEHHO
Puc. 4.5 DaBHbI:
my = Flay; mg 2832 -2 =84kH-M; mg = Fhag; m1 = mg.
Otkyna Fp = — = 120kH.
0,7
Tipumep 2. Nana cucrema nap cun (puc. 4.6). Onpenennts MoMeHT
Pe3yILTUPYIOUIEH HapHL.

Pewenue

MowmenT pezynbTupyomei na-
PH paBeH anrebpauveckoll cyMMe
MOMEHTOB Hap CHCTeMbI:

Ms = ka.
0

TloncTaBuB 4HCTIEHHBIE 3HAME-
HUSL, TIOJIyYNM:
m; = 10-0,2 = 2xH-¥m;
me = —~12-0,3 = -3,6 kH Mm; Puc. 4.6
mg=26-1,2="T2xkHwM;
My, =2+ (-3,6)+ 72 =5,6xH-M.
3HaK CBUOETENLCTBYET O TOM, YTO MOMEHT BHI3LIBAET BpAlllEHZE N0
4acoBOl cTpenke. Benmunny cuibl u nneda onpeneauTh He yOaeTcH.
Il purumeuanue YYrobe ypaBHOBECUTH JAHHYIO CUCTEMY Iap,
HeoOX0mUMO MPUIIOKUTE apy CUIT, PABHYIO II0 MOLYIIO ¥ HAIIPABJIEHHYIO
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B 06paTHYIO CTOPOHY. Takxyio napy CuiI Ha3HBAIOT YPasHOEEWUBAWeL.

IIpumep 3. PaccuuTars cyMMy MOMEHTOB CHJI OTHOCHTEIBHO TOY-
ku O (puc. 4.7).

OA=AB=BD=DE=CB=2Mm.

F,=15kH

A B F; 20 xH
B I‘
E
TFZ =10xH
Puc. 4.7
Pewenue

1. MoMeHT CHIIBI OTHOCHTENBHO TOUYKM YMCIIEHHO paBeH ITpOU3Bene-
HUIO MOZYJIS CHJILI Ha IUIEYO CHJIEL.

2. MoMeHT cIiIsl paBeH HYJO, €CJIY JIMHUA OeHCTBIS CH/bL IPOXORUT
yepe3 TOYKY.

mo1 = Fiag; mo1 =5-2=10kH-Mm;

moe = Fbas; mos = —10 -2 = —20xH-Mm;

mos = Fzaz;  mo3 =0;

moa = Faay; mog =15-6- O 707 = 69,3 xH-M;
mog = 10 ~ 20 + 69,3 = 59,3 xH-Mm.

KOHTpOJ’IbeIe BOIIDOCHI 1 3adaHNs

1. Kaxne cuiter w3 cucTeMut cuit (puc. 4.8) obpasyioT napsi?

P = Fy = Fy; F3 = Fg; F5 = 0,9F%.
2. OnpenennTe MOMeHT M300pakeHno Ha puc. 4.9 maphsl CUIL.
|F| = |F'| = 5kH.
F/
[ i 3Y(>X B
?ﬂ LTFS 9ﬁ F, \Fk
Puc. 4.8 Puc. 4.9

3. Kakue u3 usobpaxenunx nap (puc. 4.10) sxsuBafe€HTHHI, €CI
Fy = Fy, =8xH; F3=6,4kH; a; = 2M; as = 2,5M?7
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F F F, F,
a, a, a, a,

45" 90 - |, '
F, F F F,

a) 6) 8) 2)
Puc. 4.10
4. Kaxyto cuny Heobxonumo npunoxuts 8 Touke C (puc. 4.11), yro-
651 anrebpanyeckas CyMMa MOMEHTOB OTHOCUTEILHO Touknu O 6hIIa paB-

Ha Hymo! OA = AB = BC =5wm; Fi = 7,8xH; F, = 3xH.

F, o
ﬂ:&m r% 45"&{:3 QO#C

Puc. 4.11

5. OTBeThTE Ha BOMPOCH TECTOBOTO 3alIaHMA.

Tema 1.3. Craruka

Bonpocsu OrBerTs|Kon

1. Kakue ciiibl U3 3aI1aHHOM CHCTEMEL CUII, NEHCTBYIO- TH;7H 1
XX Ha Tejo, o6pasyloT napy cui?

10Hl 10}1i 151—1/ 7H
T 10 H; 10 H 3
TISH 7H

TH;10H 2

15H; 15 H 4
2. OnpenenuTs MOMEHT 3a[aHHOM Naphbl CUJL. 0,35 H-Mm 1
~35,35 H-m 2
F 45°) g’
F
0,5m 50 H-m 3

F,=F,=100H —70,7 H-m 4
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[Ipononxenue

Bomnpocu OTreeTum |Koan

I5H
. 0,4 m
3. YxaxuTe napy cuil, 9KBUBAJICHTHYIO 3a0aHHOM. 1
15H

10H
0.3x 0,15m
2
10H
l 3

4
4. Haiiante MOMERT ypaBHOBEUINBAIOLIEH TIaphl CUJT. —-0,4H-Mm 1
s 6H 0,4H-Mm 2
P21 .
SH 04w 0,3m 0.2m —0,8HM 3
‘ﬁ
— 4H
0,8HMm 4
5. OmpenenuTh CyMMY MOMEHTOB CHJI OTHOCHTEILHO 7TH-Mm 1
Touxu C.
47H-™ 2
7H 10 H
C 45°
19H-M 3
SH
SH i Mm@v 2m 2M 2Mm
7TH™ 4

2 - 8060
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Tema 1.4. IInockas cucreMa IPoOU3BOJIBHO
PacCIOJIOKEHHBIX CHJI

Hmemv npedcmasaenue o 2106H0M BEKTNOPE, 2AQBHOM MOMENTE
pasrodelicmaylowell NA0CKOT cucmembl NPOUFEOALHO DPACTLOAOHCEHHDIT
cud.

3namv meopemy Ilyanco o npueedenuu cuavt x movke, npueedenue
NPOU3E0ALHOU NAOCKOT CUCTEMBL CUL K TouKe, Mpu dopmbt Yypasuerud
PABHOBECUA.

Yumemp 3aMERAMb NPOUBOALHYIO NLAOCKYIO CUCTNEMY CUL 00HOT CU-
a0t u odnol napod.

Teopema Ilyanco o napasnnenbHOM IMepPEHOCE CUJIT

Cuay MONCHO NEPERECTNU TAPAAACALHO auNuLU ee dedcmausd, TIPU
3TOM HYXHO d06a6umb napy cus ¢ MOMEHTOM, PABHEIM IIPOM3IBEICHUIQ
MOIyJIsi CWJIBl Ha PACCTOSHME, Ha KOTOPOe IIEpeHeceHa Cuila.

|Fl=IFi=IF1 m=Fa
Puc. 5.1

Hano: cusna B Touke A (puc. 5.1).
Io6asum B Touke B ypaBrosewennyto cuctemy cun (F'; F”). O6pa
syetca napa cui (F'; F"). Ilomyunym cuny B Touke B ¥ MOMEHT maphl m

IIpusenenue K TOUYKE IVIOCKON CUCTEMBI
NPOU3BOJILHO PACIOJIOKEHHBIX CHUJI

JInany neitcrrus l'IpOI/I3BOJ'II>HOf;I CHCTEMBI CHUJI HE TIEPECEKAIOTCS B
OOHOMN TOYKE, IIO3TOMY JI4 OLEHKU COCTOAHMS TeJla TaKylo CUCTEMY ClIe-
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ayeT ynpocTuTs. Il1g 3T0ro Bce CUMEL CUCTEMEL EPEHOCAT B QOHY IPOMU3-
BONIBHO BHIGPAHHYIO TOYKY — TOUKY npuBenenus. [lpumernsior Teopemy
Iyanco. Ipu mo6oM nepenoce CUITHL B TOUKY, He JGKALILYIO HA JIMHIL ee
JeicTBUs, NOGABNAIOT Napy CuJl.

IlosBuBIINECA NIpU MepeHOCE MAPHI HA3LIBAIOT NPUCOECOUNHEHHbLMU
napaMmu.

Ilara rutockast cucTeMa IPOU3BONBLHO PACTIONOKEHHBIX CHII (puc. 5.2).

Ilepenocnm Bee cunet B Touky O. Ionyyunm myuok cuit B Touke O, Ko-
TOPBIN MOXXHO 3aMEHUTH OIHOM CUIION — 24a6HbLM 6€KMOPOM CUCTEMDL.
O6pasylolyiocs CHCTEMY NIap CHJI MOXKHO 3aMEHUTh OIHOIM 9KBUBAJICHT-
HOI1 IIAPOH —— 24A6HDIM MOMEHTLOM CUCTEMBbL.

Puc. 5.2

n
Fo,.= ZFk.
0

Taaennitd sexmop pasen seomempuueckott cymme BEKTOPOB IIPOM3-
BOJIBHOI TIJIOCKOI cMCTeMBl cuil. IIpoenmpyeM Bce CHIILI CMCTEMBE Ha, OCH
KOOPOUHAT M, CJIOXKMB COOTBETCTBYIOIIME IPOEKLUU HA OCH, IOJIY4YUM
IPOEKIUN I'iIaBHONO BEKTOpA.

n n
Frnx=ZFk:c; Frnyzszy-
0 0

[To BenmuwnHe Npoexuil FIABHOTO BEXTOPA HA OCH KOOPAMHAT HAXO-
IOVM MOIYJb IJIABHOI'O BEKTOpPA:

Fn= \/Fx?.ﬂz +Fr2n,,'



36 Jlexuus 5

I'aa6HbIE MOMEHM CUCTREMDL CUL PABEH AA2EOPAUNECKOT CYMME MO—
MEHIMO6 CUJI CICTEMBI OTHOCUTEIEHO TOUKM NPUBENECHU.

My = m1+ma+ma+ -+ Mp;
n

Mrno = ZmO(Fk)
0

Taxum 06pazom, NPOU3EOALHAT NAOCKAE CUCTEMG CUA NPUBOOUTN-
cd K 00not cuae (rIIABHOMY BEKTOPY CHCTEMBI CHJI) M OOHOMY MOMEHMY
(raBHOMY MOMEHTY CUCTEMBI CULIT).

Bausuue Ttouxku IIpNBEOCHNA

Touka npusenenus Brbpana npousBonbHO. [Ipu m3MeHeHun noso-
JKEHUs TOUKV TIPUBENEHUS BEJIMYWHA [VIABHOTO BEKTOPA HE MI3MEHUTCS.

Benmuunna riaBHOrO MOMEHTA TIPHM MTEPEHOCE TOYKY MPUBENEHUS U3-
MEHMTCS, T.K. MEHJAIOTCA PACCTOSAHUS OT BEKTOPOB-CHJI OO HOBOH TOYKH
[IpUBENEHUS.

C moMoursio TeopeMul Bapunnona 0 MOMeHTE paBHOHNEHCTBYIOIIEH
MOXHO OIpEeNenTh TOUKY Ha INIOCKOCTH, OTHOCHTENBHO KOTODOU IiIaB-
HBIT MOMEHT paBeH Hymo. T020da npou3soabHad NAOCKAT CUCTEMA CUA
Mmoorcem 6bimp 3amenena 0010t cuaot.

DTy cunly Ha3BIBAIOT pasHodeticmeyrouett CUCTEMEL CUIL.

Uucnerno paBHONECTBYIOIUAA DABHA [JIABHOMY BEKTOPY CHUCTEMBI
CMJI, HO IPWJIOKEHa B OPYTOM TOYKEe, OTHOCUTENBHO KOTOPOM TIIABHBIR
MOMEHT paBeH Hy/0. PaBHOmEHCTBYIOUIYIO NpuHaTo o6o3HavaTs Fx.

UncrneHHo ee 3HAUEHNE OMPENENIeTCsS TAK e, KaK IVIABHHI BEKTOD
CHUCTEMEI CIIT:

F2=Frm

2
Fy

n 2 n
ZF’“ + ZF’W
0 0

Touky npunoxeHMs PaBHONENCTBYIOUIEN MOXHO ONPENEeIUTH II0
dopmyie

rie d — pacCTOSHUE OT BHIGPAHHOM TOYKW IPHMBENEHUS HO TOYKY IIpH-
JIOXKEHUs PaBHONEMCTBYIOIIEN;



Tema 1.4. Ilnockas cucTemMa NPOM3BOILHO PACIOIOXEHHBIX CHJT 37

My — BenWYUHA IJIABHOIO MOMEHTa OTHOCUTEILHO BEIOpaHHOU
TOYKY IPUBEIECHUA;
Fiy — BenuuuHa riIaBHOIO BEKTOPA CUCTEMBI CHJI.

YacTHbIE ClIyYdau IIpUuBedeHNA CMCTEMBbI CHJI K TOUKE

[Ipu npuBeneHUn CUCTEMEI CHII K TOYKE BO3MOXKHEL CIIEyIOLIME Ba-
pUAHTEHL:

1. Fir =0 .
e => TEJOo BpaljaeTCda BOKPYT HENIOOBMIKHOM OCH.

MrnO 7é 0
2. Mezo =0 => TEJIO OBVKETCS HPSIMOJINHENHO YCKOPEHHO

Frn ?’—' 0; Fr'n = FE )
3. Mi,0=0

= TE€JIO HAXOOUTCA B PaBHOBECUU.
Fox=0

Y ci0Bue paBHOBECHA IIPOM3BOJILHOM IIJIOCKOM
CMCTEMBI CHJI

1. IIpn paBHOBECHN IJIABHBIA BEKTOP CUCTEMLI PaBEH HYJIIIO
(Frn = 0)-
AHanuTHYecKoe oImpeneneHye rIIaBHOIO BEKTOPA NPUBONUT K BHIBOLY:

ki

EszZO;
Fon= an,+Fx‘2ny=0=> 7(')‘

%:Fkyzo,

rne Fiz u Fiy — npoexuuy BEKTOPOB Ha OCH KOOPAMHAT.

2. Ilockompky TOYKa NPUBENEHUs BHIGPaHA MPOU3BOJIBLHO, SICHO, YTO
PN PaBHOBECHM CyMMa MOMEHTOB CHJI CHCTEME! OTHOCUTEIBHO oGOl
TOYKH Ha INIOCKOCTH IOJ/DKHA DaBHATLCS HYJLIO:

n ZmA(Fk) =0;

M;no =ZmO(Fk)=O=> 2
0 >-mp(Fi) =0,

0

roe A u B — pasHble TOYKYU [PUBENEHHUS,



38 Jlexnus 5

Ycaosue pasnosecud npou3soavnoti naocKol CUCTNEMbL ClUa MOXKET
OLITH CHOPMYINPOBAHO CIIEMYIOUIUM 06Pa3oM:

Ilag mozao umobbr meepdoe meao nod deldcmeuem NPoudsoavrotl
NAOCKOT CUCTEMbL CUA HATOOUALOCE 6 PABHOBECUU, He06TOdumo u do-
cmamouno, umobvl aa2ebpauueckad cymma npoeKyuli 6cexr cua cucme-
MbL A A06Y10 0Cb PABHAAGACH HYAW U AA2ECPAUUECKAT CYMMA MOMEH-
MO8 6CET CUA CUCTEMbL OMHOCUMEAdHO A1060U MoOuKU 8 NA0CKOCMU
deticmsud cua PASHALACL Y10,

TTonyyum ocHOBHYIO GOpMYy ypaBHEHMA DABHOBECUS:

~

=

1:=0;

<
<

|
=

’

3
o
S

I

0; YPaBHEHUA MOMEHTOB.

3
2
S

I
o

Ve

CINEEINGEEINSEEINGEEINg B
g
o
|
o

Teoperuuecky ypapHeHMiI MOMEHTOB MOXHO 3alucaTh OeCKOHeUHOe
MHOX€ECTBO, HO IPaKTUYECKH JOKa3aHO, YTO Ha IJIOCKOCTH MOXKHO COCTa~
BUTH TONBLKO TPU HE3ABMCHMEIX YPaBHEHUsS MOMEHTOB ¥ IIPU 3TOM TPH
TOUKN (LEHTPHI MOMEHTOB) He NOMIXKHEI JIEXKATh Ha OMHON JIMHUM.

Takum 06pa3oM, UIMeeM ISITH HE3ABUCUMEIX YPaBHEHW paBHOBECHS.

IIpaxTuyecku nns pereHus 3a0a4 HA IVIOCKOCTU JOCTATOYHO TPEX
yDABHEHMI paBHOBecUs. B KaXIOM KOHKPETHOM CIIy4ae MCHONIL3YIOTCS
YPaBHEHUS ¢ OOHUM HEU3BECTHLIM.

Ins pasHHIX Cily4aeB MCIONBL3YIOTCS TPHU I'PYNNEl YPABHEHUI paB-
HOBECHAL.

n

Z Fk:z: = 0;
A

Ilepsas dopma ypaBHeHuit paBroBecus: { » Fry = 0;
0

z;'ij(Fk) =0.
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-

=
L

I
e

Bropas ¢popMa ypaBHEHNI paBHOBECHS: { 2 ma (Fx) =0;

3
2
S
I
o

’”

EINEEINSEEINgES

-

ma(Fy) = 0;

Tpernsa dopMa ypaBHEHMIT PABHOBECHS: { 2. MB (Fy) = 0;

CINELCINSEENSE!

3

8

S
I
o

Ve

Ins 9acTHOrO Ciry4as, ecilul yPaBHOBEIIEeHA CUCTEMA IAPAILIEIbHEIX
CHIJI, MOXHO COCTaBUTh TOJILKO IBa YPaBHEHUs! DABHOBECHUS:

n n
Y Fe=0; ) ma(Fi)=0.
0 0

Ocy Oz cucTeMul KOOpOMHAaT NapaJiyIeNIbHa JIMHAN OEVCTBUA CHII.

IIpuMeps! perenus 3amgayg

IIpumep 1. Hality MOMEHT HPUCOEOMHEHHON IMAphl IPHY IIEPEHOCE
cunul F3 B Touxy B (puc. 5.3). F} = 10xH; F; = 15xH; F3 = 18«kH;
a=0.2Mm.

Pewenue F; . F
HUcnionwssyem reopemy Ilyanco. i B
Mp(F;)=18.0,2 = 3,6 xkH-m. Puc. 5.3

IIpumep 2. HaiiTu rnasubiit BekTop cucTeMsl (puc. 5.4).
Fy, =10xH; F; = 16xH; F3 = 12xH; m = 60xH-Mm.

Pewenue

I'aBHBIN BEKTOp paBeH reoMeTPHYECKON CyMMe CHITL:
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0
Frny, = —F1cos45° + F3 = 5xH
Frn: \/Flgnz'i'Frzny;
Frn = 1/(-9)% + 52 =~ 10xH.

IIpumep 3. Hafitu ri1aBHEIN MOMEHT CHCTEMBEI OTHOCUTEILHO TOY-
ku B (ncnons3oBaTh gaHHBE TIpUMepa 2).

Pewenue

['naBHBIE MOMEHT paBeH anrebpauveckoill CyMMe MOMEHTOB CHII OT-
HOCUTEJILHO TOYKK NIPUBEIEHUS:

n
Mrn=20:mB(Fk);
S mp=F -2-sin45° — F5-2 — F3-4 4+ m;
My =10-2-0,7-16-2-12-44+60 = —6xkH-Mm.

IIpnmep 4. K Teny mpuioxena ypapBHOBEIIIEHHAs CUCTEMa CHT
(puc. 5.5). Ilpe 3 Hux HewsBecTHHL. ONpeNeNNTh HEM3BECTHEIE CHIIHL.
F, =10xH; F>, = 16 xH.

y F A
Be—> <
HaxocuM ocu koopouHaT ¥ ¥MC- F3
TIONIb3YEM YDPaBHEHUS PABHOBECHS: +
S Fp = 0; F; — Fycos30° = 0; ) Fy
Fy = F5/cos30° = 18,5kH,; A 30
Y Fy =0, ~Fi+F3+Fyicos60°=0; D *
- o. 1
F3 = F1 F4 cos 60 ; v Puc. 5.5

F3=10-18,5-0,5 = 0,75 xH.

KOHTpOJIbeIe BOIIPDOCHI 1 3aJaHUs

1. YeMy paBeH rVIaBHBIA BEKTOP CUCTEMBI CHII?

2. Uemy paBeH riaBHBIA MOMEHT CUCTEMEI CHJI IIDU NMPUMBENEHUU €€
K TO4ke?
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3. YemM ornmuaeTcs IIIABHLIN BEKTOP OT PABHONEHCTBYIOILEH ILIOC-
KO CHCTEMBI IPOU3BOIILHO PACIIOJIOKEHHBIX CHJI?

Bribpars 13 mpeanoxeHHBIX OTBETOB:

— BEJINYMHOL;

— HAIPABIIEHUEM;

~— BEIWYVHOW M HAIIPABJICHUEM;

~— TOYKOHN NPUJIOKEHUS;

— HHUYEM.

4. Temo npuXeTcs PABHOMEPHO M IPAMOIMHENHO (paBHOBECHE).

UeMmy paBHBI MIIABHBIA BEKTOP M TJIABHEI MOMEHT CHCTEMBbI?

5. Teno BpamaeTcss BOKPYT HENMOXBMKHOMN OCH.

YeMy paBHHI [TIaBHBIA BEKTOD ¥ TVIABHEIIL MOMEHT OEACTBYIOLIECH Ha
HEro CHUCTEeMEI cui1?

6. Hajinure riaBHBI BEKTOD U MJIaBHBIE MOMEHT CUCTEMBL CIJT, €CIIM
LEeHTP IpUBedeHns HaxoourTcs B Touke A (puc. 5.6).

. 20 kH
10 kH 15 kH 12 xH 8 kH
7 | 2m \l 2Mm | E
B C D
Puc. 5.6

2M

387
=

A

7. Kaxoe elue ypaBHEHMEe DABHOBECUS HYXXHO COCTABUTE, YTOGH y6e-
IUTLCA B TOM, 4TO cucTeMa cuwi (puc. 5.7) HAXOOUTCA B paBHOBECUU?

n n
S Fie =0; Y Fiy = 0.
0 0

748 !

F, F,

Fy \45" D

Puc. 5.7
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JJEKIIWIS 6

Tema 1.4. Banounsie cucreMsl.
OmnpeneneHne peakiuii OIIop U MOMEHTOB
3aLeMJIeHu S

Huems npedcmasaenue 0 6udaT 0NoYP U 603HUKAOWUT PEAKYUIT 6
onopaz.

3nams mpu Fopmul ypasnenull PaBHOBECUT U YMEMD UT UCNOALIO-
s6ampb dag onpedesenid peaxyuti 8 onopar 6aLOUHLIT CUCTTLEM.

Yamems 6vinoangmo npocepry NpasuAbHOCTIU PEUIEHU.

Buner Harpy3ok 1 pasHOBUIOHOCTH OIIOD

Budul nazpy3ox

ITo crocoby mpuioxeHUs HATPY3KU HEJISATCA Ha COCPENOTOYEHHEIE
u pacnpeneniessnle. ECiu peasbHO riepenada Harpy3ku IIPOUCXOOUT HAa
npeHeGpeXXuMO MasIoit IIoaaKe (B TOYKE), HACPY3KY HA3HIBAIOT cocpe-
domouennoi.

YacTo Harpyska pacnpenesieHa [0 3HaUNTeIIBLHOM IITIOMIANKE UITHA JIV-
HuM (OaBneHue BOOLL HA INIOTUHY, JABJIEHHE CHEra Ha KPHIULY W T.II.),
TOTA Harpy3Ky CUHTAIOT pacnpedeaennoi.

B 3adauaz cmamuxu dag abcomomuo meepdviz mea pacnpedesen-
KYI0 HA2PYIKY MONCHO IAMENUMD PAEHOJetcmEy0w et COCPENOTOYEHHON
cunoit (puc. 6.1).

g — WHTEHCUBHOCTh
Harpy3ky; | — OIuHA cTepx:-
HS;

AVMAAAL

G = ql — pasHoneit-
CTBYIOLIasA pPacIpeaeIeHHoN
HACDY3KHU.

Pasznosudnocmu onop 6aaounbir cucmem (CM. Jekimio 1)
Banka — xoHCTpykTHBHas [eTaslb B BUAe npsMoro Gpyca, 3akper-

JIeHHAs Ha OMopax M u3rnbaeMast MPUIOKEHHLIMU K Hell CHIIaMH.
Bricora ceuenus Gankm HezHAUMTEILHA 110 CPABHEHHUIO C IJIVMHOM.
XKecmwas 3adeaxa (3awemaenue) (puc. 6.2)
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Ornopa He momycKaeT nepeMeLleHui I IOBOPOTOB. 3aIelKy 3aMeHs-
10T IBYMsA COCTaBIAONMME ciibl R ax u R4y v mapoit ¢ MomMeHTOM MR,

,HJISI OIIpENEJICHN S 9TUX HEN3BECTHBIX

Y yIooOHO MCIONBL30BATL CHUCTEMY YDaBHe-
R R, B HUI B BUOE
< A x n n n

51 > Fe=0; Y Fiy=0; > mga=0
Mk, Puc. 6.2 0 0 0

Kaxnoe ypaBHeHue uMeeT oOHy He-

M3BECTHYIO BeJIMUMHY U pemiaeTcs 6e3 IOOCTaHOBOK.
Ili1st KORTPOIIS MPABUIILHOCTY PELIEHUH NCNONB3YIOT HOMOIHETENb-
HOe ypaBHeHMe MOMEHTOB OTHOCUTEILHO TI000i TOYKH Ha Galike, HAIIPU-

mep B: Y ARy
n
kaB =0. .
0 A

HTaprupro-nodeuacnag onopa (puc. 6.3)
Onopa monyckaeT MOBOPOT BOKPYT IAPHUPA U Puc. 6.3
nepeMerLenne BIOJIb ONOpPHOIl mopepxHocTH. Peak-
U¥s HANpABJieHa NEePHEeHAUKYISPHO ONOPHONA OBEPXHOCTM.
Hlaprupro-nenodeudcnas onopa (puc. 6.4)
Omnopa nonyckaeT NOBOPOT BOKPYT LIAPHUPA M MOXET GHITH 3aMe-
HEHa, OBYMs COCTABJIAIOILIMMHI CUJIBI BOOJIb OCEMl KOODAUHAT.
Baaxa na deyr waprupnoir onopaz {puc. 6.5)

Puc. 6.4 Puc. 6.5

He ussectun TP CUJIBI, OBE€ N3 HUX — BEPTUKAJILHEIC, CJIEOOBa-
TEJIBbHO, y1106Hee AJ1d OolIpenesicHn st HEN3BECTHLIX UCIIOJIBE30BaATh CUCTEMY
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ypaBHEHUIT BO BTOPO# ¢opMe

n n n
kaA =0; kas = 0; Zsz = 0.
0 0 0

CocTaBnsioTCa ypaBHEHNS MOMEHTOB OTHOCHTENBHO TOYEK KpemJie-
Hns O6ankn. ITockolbKy MOMEHT CHIIBI, IPOXOASIUEH yepe3 TOYKY Kperl-
neHus, paseH (, B ypaBHEHMM OCTAHETCs OOHA HEU3BECTHAs CHJIA.

n
W3 ypasnenus Y Fy, = 0 onpenensercs peakuus Rpg.
0

n
W3 ypasuenus ) mi4 = 0 onpenensercs peakuns Rpy.
0

n
W3 ypasuenus )  mip = 0 onpenensercs peakuus Ray.
0

s XoHTpONis NpPaBMIBHOCTH PEIIEHUS MCIHOJIbL3YeTCHA MONOJIHM-
TENILHOE YPABHEHWE
n
E Fiy =0.
0

IIpn paBHOBECUM TBEPOOrO TENA, FAE MOXHO BRIGPATh TPY TOYKH, HE
Nexanme Ha OOHOR IPAMOiA, yHOGHO MCIONL30BATL CUCTEMY YPABHEHUM
B TpeTbeit dopme (puc. 6.6):

ma(Fy) = 0;
mB(Fk) =0;

mc(F) = 0.

SINGELINGE N B

IIpuMmepn penrenns 3anay

ITpumep 1. Onnoonophas (3aieminenHas) Gajika HarpyxeHa co-
CPeNOTOYEHHEIMY cyilaMy ¥ napoit cun (puc. 6.7). OnpenenuTs peakunn
3a,0€J1KH.
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v
\J‘R,,,, 30 kH m=100xH-w | 20XH
o ﬁ
60
P & Y1
P A B *
Ry, 3m 5Mm € 2m
M,
Puc. 6.7
Pewenue

1. B 3amenke MOXeT BOZHUKHYTL DeaKLMs, NPEACTABIAEMA IByMS
cocrasisommu (Ray; Rag), 1 peakTuBHEI MomenT M 4. Hanocum Ha
cxeMy GaJIK BO3MOXKHEIE HAITPABIICHUS PEAKIINIT.

3 amMeuaHue Eciuusanpasnenus BLIGpaHEI HEBEPHO, IPHU
pacyeTax IOJIydMM OTpULATEeNIbHBIe 3HaUeHNs peaklmil. B sToMm cioyuae
peaknuu Ha cXeMe CllefyeT HAIPaBUTH B IPOTUBONOJIOXKHYIO CTODOHY,
HE MOBTOPAA pacyeTa.

B cuny Mmasmmoii BEICOTHEI CUMTAIOT, YTO BCE TOYKM BaJIKM HAXONATCS
Ha, OIHOMN INPAMOIf; BC€ TPU HEU3BECTHEHIE PEAKLMY IMPUJIOKEHE! B OOHON
Touke. Jlng pelrenus ynoGHO MCHONL30BATH CUCTEMY ypPaBHEHH pab-

HoBecns B neppoit dopme. Kaxnoe ypaBHenue GynmeT comepxaThb OOHY
HEM3BECTHYIO.

2. Vcnonb3yeM cucteMy ypasHEHMI:

n n n
ZFkx=0; ZFkU:O; kaA=0
0 0 0

n
Zsz = —Rpz + 30 - cos60° + 20 - cos 90° = 0.
0
Rz = 30 - cos60° 4 20 - cos 90° = 15xH.

zn:Fky = Rgy —30:cos30° — 20 - cos0° = 0.
’ Ray =30-0,866 + 20 - 1 = 45,98 xH.
imkA =—M4+30-3-sin60°+ 100 + 2010 = 0.
’ M4 = 377,94 xH-m.



46 Jlexuus 6

3Haxy NOIy4YeHHHNX peakimil (+), ClnenoBaTeNbHO, HAPABIIEHNS Pe-
aKIUN BRIOpAHEI BEPHO.

3. Il NpoBepKM NMPABMIILHOCTY PEILEHMs COCTABAAEM YypaBHEHHUE
MOMEHTOB OTHOCMTENILHO TOYKU B.

> mip=—Ma+ Ray-10—30-7-5in60° + 100 = 0.
HOLICT&BJISIGM 3HAYCHUS I[TOIYYUCHHBIX peaxnm"x:
—377,94 + 45,98 - 10 — 210 - 0,866 + 100 = 0;
—559,8 + 559,8 = 0.

Pelierne BEIOIHEHO BepHO.

Ipumep 2. [syxonopHas 6anka ¢ MapHUPHBIMU onopamu A u
B uarpyxeta. cocpenoTouenHo cusoit F', pacnpenenenHoit Harpy3koit ¢
HHTEHCHBHOCTBIO ¢ ¥ IIapoil cuil ¢ moMeHTOM m (puc. 6.8a). OnpenesnTs
peakuu omnop.

yARAy m=100kH-M
g =2xH/m ('\4 R, F=25xH
45
a)
A G B RBx x
TIVRSYY 3
6M 4M 2M
:\R,qy m=100kHM RB‘ _
2 — A F=25kH
457
6) € >N,
X
A G=12«H R?A&L
ARRT R 1 4
3Im M 4™ 2M
Puc. 6.8
Pewenue

1. JleBas onopa (Touka A) — MOXBIKHBIA LIAPHUD, 3MECh PEAKIMS
HATIPABJIEHA TIEPNEHIUKYIISPHO OIOPHON NOBEPXHOCTH.
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Ilpasas onopa (Touka B) — HENONBMKHELLA INAPHUD, 30€Ch HAHOCHM
OBE COCTABIIAIOILIME Peakuuy BOoib oceit koopaukaT. Ock O coBMmernaeM
¢ NPOOOABHON OChIO: 6aJIKH.

2. TockonbKy Ha CXeMe BO3HMKHYT IBE€ HEM3BECTHBIE BEPTHKAJIBHEIE
peakuny, MCIOb3OBATH NEPBYIO (HOPMY YPABHEHMHA DABHOBECHSA Heuene-
coobpa3Ho.

3. 3ameHseM pacrpeneseHHYI0 HATPY3KY COCPeOOTOYEHHOI:
G=gql; G=2-6=12kH.

CocpenoToueHHyI0 cuny IOMEIIaeM B CepeRMHe NpoJeTa, Aajee 3a-
[ada pelaeTcs ¢ COCPenoTOYeHHRIMH cuntaMu (puc. 6.86).

4. HanocuM BO3MOXHLIE Peakuuy B onopax (HanpaBieHue NpOoMu3-
BOJILHOE).

5. IIna pemenus BrGupaeM ypaBHEHNE PAaBHOBECHS B BUIOE

n
> mia =0;
%: . Ilpoaepxa:
Mmig = U]
s B zoj Fy, =0.
% Fip = 0.

6. CocTaBnseM ypaBHEHUS MOMEHTOB OTHOCUTEILHO TOYEK KPENNeRus:
n
Ymrka=G 3+m~Rp, 10+ F-12.5in45° = 0.
0
Rp,-10=G-3+m+ F-12-5in45°;

Rp,-10=12-3+100+25-12-0,7;, Rpy = 91%6 = 34,6 xH.
Peakuus nanpasnena BepHO.

n
Y mep = Ray-10—~G-T+m+F-2-sind5® = 0.
0

Ray-10=G-7T—m~— F -2-5in45°

Ray-10=12.7-100-50-0,7; Rgy = —% = —5,1xH.
Peaxuus orpuunarenruas, cnemosatensHo, R4, HyXHO HanpasuTb

B IIPOTHBOIIOJIOXXHYIO CTODOHY.
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7. Vlcnions3ysl ypaBHeHNe IPOEKLIMIA, MOy YM:
n
> Fyr = Rpy + Fcosd45° =0; Rp; =—Fcos45°; Rp,=-17,5kH
0

Rp, — ropuscHTaNbHAs peaklvs B onope B.
Peaxmnusa orpunarenbHa, cnenoBaTeNnbHO, HA CXEME ee HAIpaBJeHUe
6yIeT IpOTMBONOJIOKHO BEHIOpaHHOMY.

8. Ilposepra npasuavnocmu pewenud. JI[nsg sToro mcnonbiyeMm ue-
n

TBEPTOE ypaBHEHHe paBHOBeCUs » . Fiy = O:
0
~Ray — G+ Rpy — Fcos45° = 0.
ToncTapuM nomydyeHHBIE 3HAYEHNA PEAKIINIL.
Ecnu ycnosne BHIONHEHO, pellIEHUE BEPHO:
~51-12+34,6 —25-0,7 = 0.
KonTpoabHEIe BONPOCEI U 3adaHNs

1. 3ameHuTEe pacCIpeneNeHHYIO HArPY3KY COCPENOTOUYEHHOM M ompe-

NENUTE PACCTOSHYE OT TOYKW NPUIIOKEHNs PaBHOAENHCTBYIOMIEH O ONo-
put A (puc. 6.9).

6™

4 AAARAARAARARAANARRA

r_

TTT377T

qg=4xH/M™

B

10M
Puc. 6.9

2. PaccunraiiTe BeIMYMHY CYMMapPHOTO MOMEHTa CHJI CUCTEMBI OT-
HocurensHo Touku A (puc. 6.10).

m=45xH-M
20xH —>

«— 30 kH

Puc. 6.10



Tema 1.4. Banounsie cucTeMnl 49

3. Kaxyio us dopMm ypaBHEeHu paBHOBECUS LeIECOO0PA3HO MCIIOIE-
30BATHL NPU OUpEfeNeHuy Peakuuil B 3ageke?

4. Kakyio $opMy CUCTEMHl YpPABHEHMN DABHOBECUS LEIECO0OpPA3HO
HCITOJIb30BATh IIPU OIPENEeHUH DeaKIiuil B ONOpax OBYXONOPHOH Gajiku
u noyemy?

5. Onpenenurte peak TUBHEIM MOMEHT B 3AIIEJIKE€ OOHOOMOPHON banxy,
nsobpakeHHON Ha cxeme (puc. 6.11).

m=25kH-M

15xH 20xH
0
%45 , 40kH
)
2m 2™ 2m 2™
i 1

Puc. 6.11

i

6. Onpenenure BEPTUKAIBHYIO DEAKIIMIO B 33I€IIKe [Is Oasku, npen-
CTaBIIEHHOH Ha puc. 6.11.
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JIEKIIUA 7

Tema 1.5. IlpocTpancTBeHHas cucrema Cui

3Hamb MOMERT CUALL OMHOCUMEALHO OCU, CB0UCTNEA MOMENTA,
angaumuueckutl cnocol onpedeaenud paskodelicmeyowet, ycaosud
PaBHOBECUT MPOCTNPAHCTNEEHHOU CUCTEMbL CUA.

Ymemo 8bin04ngMb PA3A0ICEHUE CUADL HG TNPU B3QUMHO TLEPNEHOU-
KYAAPHDIE OCU, ONPEIEATMb MOMENTL CUALL OTNHOCUEALHO OCU.

Ipocmpancmeennad cucmema cua — CUCTEMa CWII, JIMHUU Oeii-
CTBUSI KOTOPBIX HE JIEXKAT B OOHOM TIIOCKOCTH.

MOMEHT CHJIBI OTHOCMTEILHO OCH

MoMeHT cusIsl OTHOCHTENIBHO OCH PaBEH MOMEHTY MPOEKLME CHIIBI
Ha IUIOCKOCTD, NEPIEHANKYIIIPHYIO OCH, OTHOCATEILHO TOYKY IIepeceye-
HMS OCH € IUIOCKOCTBIO (puc. 7.1a).

Moo(F) =up Fa,
@ — pacCTOsHUEe OT OCH OO Ipoekunu F;
np F' — npoekuus CHiIBl Ha IJIOCKOCTB, HepneHAMKYnsapHyio ocu QO.
npF = Fcosa; Mopo(F)= Fcosa-a.
@|o 0

F W
0

o
< R
90’ [-N\
| 1 0]
upF : '\
[

i
a) 6)
Puc. 7.1

MomenT cyuTaem MIOJICKHUTEJIBHEIM, €CNTH CUJa pa3BOpadYUBaeT TeNo
110 4aCOBOH CTDEJIKE. CMOTPETL CO CTOPOHEI IIOJIOXNTEJIBHOIO HallpaBJe-
HUA OCH.
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Ecnu nuHRs DeficTBUSA CHIIBL IEpECEKaeT OChb MM JIMHUS NeHCTBHUS
CINIBI IApAJIIICNIbHA OCH, MOMEHTH! CHJIEI OTHOCHTENBHO 9T OCH PaBHEL
Hymo (puc. 7.16).

Cuiel ¥ OCh JIEXAT B ONHOM IJIOCKOCTH, OHM HE CMOIYT IIOBEPHYTH
TEJI0 BOKPYT 3TOI OCH.

F nepecekaetr ock; Moo (F1) = 0;

F>||00; np F; = 0; Moo(F») =0

HpOCTpaHCTBeHHa}I cXomAamasicsa cucreMa Ccujl

Bexmop e npocmpancmae

B npocTpancTBe BEKTOD CHUIIHI npoeunpye'rcsr Ha, TPY B3aUMHO Iiep-
HNeHANKYIApHbe ocH KoopawHatT. IIpoekumy BexTopa obpasyioT peGpa
OPSMOYTO/ILHOTO IapaJileNienuliesia, Bek-

TOP CUJIHI COBNANAET C AUarcHanbio (puc. 7.2). z
Monyns BekTOpa MOXeT OBITH TOMY-
YeH U3 3aBUCHMOCTH F,
— 2 2 2
F=,/FZ+F?+FZ, E
a;
roe ay F,
F, = Fcos ag; LAY 5
Fy = Fcosay; E O
F, = F cos ay,

Oz, Qy, O; — YILJB Mexny BekTopoM F' u

Puc. 7.2
OCSIMM KOOPIMHAT.

IIpocmpancmeennag cTodqu,agcas CuCMeMa cua

IIpocmpancmeennas cTodTWAICT CUCTNEMA CUA — CUCTNEMA CUML,
He aeHcawur 8 odnotl naockocmu, aunuu deticmeud KOMoPyT nepece-
xaomed 8 00noth mouxe.

PaBHOOEHCTBYIOLLYIO IPOCTPAHCTBEHHON CUCTEMBI CHIT MOXCHO OIIpe-
JEUTh, OCTPOMB MPOCTPAHCTBEHHEIN MHOIOYTOIBLHUK (pHuc. 7.3),

Fr=R+FR+F+ -+ F,.

Ioka3ano, 4TO paBHONERCTBYIOIIAS CUCTEMbI CXOMALLMXCS CHUII IPH-
JIOXKEHA B TOYKE NEPeCedeHns JIMHUN NeACTBUA CUJI CUCTEMEI.

Monyns paBHOZERCTBYIONIEH NPOCTPAHCTBEHHON CUCTEMBI CXOS-
IIIMXCA CIJI MOXHO ONPENENNTDb aHAJMTHYECKH, NCIIOIB30BAB METOX IIPO-
eKIIM.
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CopMmen1aeM Hayaso0 KOOPOWHAT ¢ TOYKONM IepecedeHus INHUAN Heii-
CTBUA CHA CUCTEMBI. HpoeunpyeM BCC CUJMBI Ha OCH KOOpOAWHAT U CyM-
MUpYeM COOTBETCTByomue npoekumn (puc. 7.4). IlomyuuM npoexuuu

Tl n

PaBHONENCTBYIOWIEH Ha ocu KoopamHaT: Frg = ) Fig; Fyy = Y Fiy;
0 ' 0

n
FEz = Z sz-
0
° N
F;,
F
085
Ay Fy,
F;:x oL y
x
Puc. 7.3 Puc. 7.4

Monyns paBHOOENCTBYIOIIER CHCTEMBI CXONALLIMXCS CAJI ONpeneiuM
no ¢opMyJie

— 2 2 2
Fo=\/F%, + F3, + F%,.
Hanpasnenne BexTopa paBHONERCTBYIOLIEH OIPENeNsIeTCs yriaaMu
a; = (Fs " Fs); oy =(Fr" Fyy); o, = (Fx" Fx;),

_ ¥z, _FEy. __FEz
rue cosaz—-F—, CoOsay = —=; COSQ, =

5 Fx, Fy

HpOMBBOJ‘IbHaﬂ NpoCTPaHCTBEHHAA CuCTeMa CHJl

ITpusedenue npou3soavroti npocMpancmMeernoll cucmemsl
cua x yenwmpy O

Iana npocrpancrsedtas cucrema cun (puc. 7.5a). Ilpusenem ee
nentpy O.

Cuibl HeO6XOIMMO NTAPANIIENILHO TIEPEMELIATD, TIPU 3TOM 06pa3yeT-
¢ cucTeMa nap cuil. MOMEHT KaXaoi U3 3TUX Map PaBEH IMPOU3BEOSHUIO
MOZYJIS CHIIBL Ha PaCCTOSHUE [0 HEHTpA IPUBEICHUS.
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B umenTpe npuseneHus BO3HMKAET IIyYOK CHJI, KOTOPHIA MOXET GbITH
3aMeHeH cyMMapHOl cumnoil (rnasubii sexkTop) Fy,; (puc. 7.56).

MoMeHTE! Tap CIII MOXXHO CIIOXUTD, NIONYYUB CYMMApPHBIl MOMEHT
cucteMul My, (CIaBHHNE MOMEHT).

Taxkum obpa3soM, NpOM3BOJIbHAS IPOCTPAHCTBEHHAA CUCTEMa CHIl
IPUBOUTCA K [JIABHOMY BEKTOPY U IJIaBHOMY MOMEHTY.

2 z g
’
> XH Frnxo V‘gy
a)

pody
6) x; Mo
8
Puc. 7.5
I'naBHbIl BEXTOP NPUHATO PACKIANLIBATL Ha TPHU COCTABJSIOLIME,
HaIlpaBJIeHHEIE BOOJL OCell KoopauHaT (puc. 7.58).
O6LIYHO CYMMAapHBIE MOMEHT DPacKIlaIblBaloT Ha COCTABIISIOLLIME:
TPHM MOMEHT& OTHOCHTEJLHO OCEll KOODAMHAT.
A6conioTHOe 3HaYeHME IIABHOTO BEXTOpa (puc. 7.56) paBHO

F mzr F”I

Frn=\/Fr2nx+F2 + F2

rny rnz)

n n n
roe Frngp = Zka; Frny = ZFky; Fop,= szz-
0 0 0
A6comoTHOe 3HaueHye IVIABHOIO MOMEHTA OIPeNelIseTcs 0 (GopMy-
n
ne Myp =5 my;

0
Mrn = \/Mx?nz + Mx?ny + Mlgnzv
n

n n
roe Mrn:c = kaz; Mrny = kay§ Mrnz = Emkz-
0 0 0
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Ypasnenug pasHoeecud mNPOCMPAHCMEEHHOU cucmembl
cua

Ilpu paBuoBecuu Fr, = 0; My, = 0.

Tonyuaem mecTs ypaBHeHM paBHOBECHS:

n n n
> Fie=0; Y Fry=0; > Fo=0
0 0 0

kaz Fy) = kay Fy) =0; kaz(Fk) = (.
0

ecTs ypaBHeHUl paBHOBECUS IPOCTPAHCTBEHHON CUCTEMEL CHIl CO-
OTBETCTBYIOT IIECTH HE3aBMCUMBIM BO3MOXKHBIM IIEpEMEITIEHUSIM Tella B
IPOCTPAHCTBE: TPEM IIePEMENIEHMSIM BA0Ib KOOPANHATHEIX OCell U TPeM
BpAIlleHNSM BOKDYT 3THUX Ocei.

IIpuMepe! penieHnsd 3agad

IIpumep 1. Ha reno B dopme ky6a ¢ pebpoM a = 10 ¢M neitcTByIOoT

- 4 Tpu cuibl (puc. 7.6). OnpenenuTs MOMEHTH! CUIT
OTHOCUTEJILHO OCeil KOOPIUHAT, COBIAAAIOLINX
F =10H ¢ pebpamu ky6a.
Pewenue
0 ﬂ\ y 1. MomenTs! cua orHOCcHTENBHO ocu O:

S5 -20H moz(F) =0 (cuna F} || ocn Oz);
s F=15H moz(F2) =0 (cuna F, nepecekaer och Ox);
Puc. 7.6 mow(F;;) = F3(1; mog = —-20- 0,1 = —-2H-wMm.

2. MomenTe! cun oTHocUuTeNnsHO ocu Jy:
moy(F1) = Fia; moy = 10- 0,1 = 1H-m;
moy(F2) =0 (cuna F|| ocu Oy);
moy(F3) = Fza; mo, = 20-0,1 = 2H-m.

3. MomenTht cuit oTHOCHTENLHO ocu Oz:

mo,(F1) =0 (cuna nepecekaer oce 0z);
mp,(Fy) = —Faa; mo,(Fy) = -15-0,1 = —1,5H-m;
mo.(F3) =0 (cuna F3|| ocu Oz);
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IIpuMmep 2. Ha ropnscHTaisHOM Bajly 3aKpeIUIEHHl IIBa KOJECa,
r1 = 0,4mM; 72 = 0,8M. Ocranbueie pasmepsl — Ha puc. 7.7. K xome-
¢y 1 mpunoxena cuna Fy, x xonecy 2 — cust Fyp = 12xH, F3 = 4xH.

Onpenenuts cuny Fy u peakuuu B maprHupax A u B B cocTosHumn
paBHOBECHSL.

Hanomnunm:

1. Ilpu paBrOBECKY BLI-
[OJIHSIFOTCS. IIECTh ypaB-
HEHU paBHOBECHS.

YpaBHEHNT MOMEHTOB
CIeIyeT COCTaBJIATEH OT-
HOocuTensHO omop A u B.

2. Cunut F||Oz; F1||Oy;
F3||Oy.

MomenTE! 3THMX CHT
OTHOCHTEJILHO COOTBET-
CTBYIOILIMX OCEH pPaBHBI
HYJIIO.

3. Pacuer ciienyet 3a-
BEPILINTH NIPOBEPKOIl, HC-
[0J1b30BAB OOIOJHUTENLHbIE YPABHEHNS PAaBHOBECHS.

Pewenue

1. Onpenensem cuity F), cocraBuB ypaBHEHME MOMEHTOB CUJ1 OTHO-
curensHo ocu Oz:

F; 12-0,
Zm02=0§ —Fr+ Firy =0; Fy= 27'2; F1=——'8'
T 0,4

= 24 xH.

2. Onpenensem peaxuun B onope A. Ha onope neitcrsyior nee co-
crasasomue peakuun (Y4; X 4).

CocraBiseM ypaBHEHHME MOMEHTOB CWJjl oTHocuTenbHo ocu Oz’ (B
omope B).

IoBopoT Bokpyr ocu Oz’ He NPOUCXOOUT:

ZmOI,zo; F,-02—-F3-0,5+Y4-1=0;

_F3-05-F-02 _ 4-05-24-02

Y.
A 1 3 A 1

= —-28kH.
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3HaK «MHHYC» 03HAYAET, UTO PEAKLNS HAIPABIIEHA B IPOTUBOIIOJIOKHYIO
CTOpPOHY.

Tlosopor Bokpyr ocn Oy’ He mpoucxoanT, COCTABIAEM yDABHEHNE
MOMEHTOB cuJj1 oTHocuTensHo ocu Oy’ (B omope B):

Zmoyr =0; —Xs-14+F-05=0;

F;- 12 -
_ B 0,5; X4 = 0,5
1 1
3. Onpenensgem peaknum B onope B. Ha onmope meiicTBytoT nse co-

crasistotwe peakumu (X g; Yg). CocTaBnigeM ypaBHEHIE MOMEHTOB CHLII
oTHocuTenbHo ocu Oz (onopa A):

Xa = 6xH.

_F-05+F1-12
- . :

_4-05+24-1,2
ST

CocraBiigeM ypaBHEHNE MOMEHTOB OTHOCUTENLHO ocn Oy (omopa A):

Ys = 30,8kH.

Y moy=0; ~F2-05+Xp-1=0;

Xp =

= 6xH.

F,-05 12.0,5
LA X _— )
T 1
4. Ilposepxka. WcrnonbiyeM ypaBHEHUs IIPOEKL:

ZFm-:O; Xa+Xp-F=0, 6+6-12=0; 0=0.
0

n
Y Fry=0; —-Yo~F3+Yp—F=0; -28-4+308-24=0; 0=0.
0]

Pacuer Bninmonuen sepHo.

Kon’rpom:m;re BOIIPDOCHI 1 3a0aHUA

1. 3annmmnre GoOpMyIIBl 4J1A pacyeTa IVIABHOIO BEKTOpa NpOCTpaH-
CTBEHHOU CUCTEMBI CXOMIILIMXCS CHIIL.
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2. BammmunTe GOPMYITy IS PACUETa IIABHOTO BEKTOPa IPOCTPAH-
CTBEHHON CHCTEMBI IIPOM3BOJLHO PACIONOKEHHEIX CIIL.

3. BammuuTe GOpPMYIy IS PACYETa [JIABHOTO MOMEHTA NPOCTPaH-
CTBEHHOU CHCTEMBb! CHJI.

4. 3anmuuTe CUCTEMY YPABHCHWIA DABHOBECHA IIPOCTPAHCTBEHHON
CHCTEMBI CHJL.

5. Kakoe u3 ypaBHeHuil PaBHOBECUS HYXKHO MCNOIL30BATE JJIs OIpe-
nenenus peaxuuu crepxusi Ry (puc. 7.8)7

R n n
5 1 Y Fe=0. 2. 3 Fi,=0.
0 0

3. %sz=0. 4. %:mA(Fk)=O.

Puc. 7.8

6. Onpenenure raasHbI MOMeHT cucreMsl cun (puc. 7.9). Touxa
IpUBENEHUs] — HAYaJ0 KoopauHaT. KoopauHATHBIE OCU COBIAUAIOT C
pebpamn ky6a, pebpo xyba pasro 20 cm; F1 = 20kH; F3 = 30kH.

z /A
=7
z XA% g
B
o 0

6 5 r=02m _J
X ¥y
x B/x B

Puc. 7.9 Puc. 7.10

7. Onpenenure peakumo Xpg (puc. 7.10). Beprukansuas ock co
LUKKUBOM Harpy)XeHa IByM:A ropusoHTaidbHbMu cuitaMmu. Cunst F) u Fy
napasnensusl ocu Oz, AO = 0,3m; OB = 0,5m; Fy = 2xH; F5 = 3,5xH.

Pex oMen nanu s CocraBUTh ypaBHEHUE MOMEHTOB
oTHocuTensHO ocu Oy’ B Touke A.
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8. OTeernTe Ha BONPOCHE! TECTOBOI'O 3alaHUS.

Tema 1.5. CraTuxka.
IIpocTpaHcTBEHHaA cucreMa CHJl

Bonpocu

OTrTBeTHW

1. Yro MOXHO CKa3aTh 0 PaBHONEHCTBYIOLUEH Npo- Fx||Ozx
“TPBHCTBEHHO! CUCTEMBI CUJ1, €CTIN:
1) Fe. =0; Fz|lOy
2) Fgy #0;
3) Fr: =0. Fx|| n1 z0y
Fx|| nn 20y
2. CKOnbKO He3aBUCUMBIX ypaBHEHMII paBHOBeCHs 3
MOXHO 3alUcaTh AN NPOCTPaHCTBEHHON CHCTEMB
cun? 6
4
2
3. Haiinute MOMeHT cunbl oTHOCHTENLHO ocu Oy. 0
Hnamerp xoneca pasen 0,4 M; F = 5 xH.
5 kH-m
2 xH-m

1 xH-m
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IIponon:xenne
Bonpocwu OreerTsn |Kon
4. OnpenenyTs CYMMY MOMEHTOB CTHOCUTENLHO HaYalla 12 xH-m 1
koopnuuar. F} = 12H, F, =5H, F3 = 3H;
cTopona kKyGa paBHa 0,5 M. 2,5 xH-Mm 2
Z
3,5 xH-
F‘L ,0 kH-m 3
o 1%
y 28 y
B 7,4 xH-M 4
X
5. Haittn Xp, ecnn Fy = 48kH; F, = 96 kH; 10,7 xH 1
F3 = 15kH.
4,3 xH 2
12,1 xH 3
15,2 xH 4
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JIEKIIUA 8

Tema 1.6. HeHnTp TsixkecTn

Humemb npedcmasaenue o cucmeme NapatiesbblT CUa U YEHIPE
CUCTNEMBL LAPAAAEADHBIT CUA, O CULE TANCECTU U YEHMPE MINCECTTIU.

3uamv memodvl dag onpedeaenud yewmpa maxcecmy meaa u @Pop-
MYyabl Ond onpedesenud NOAONCEHUT YEKMPE MINCECTNU NAOCKUT Puayp.

Yuembv onpedeagmy noaoxrcenue YyEHMPa MINCECTNU NPOCTLIT 2€0-
smempuueckur guayp, COCMABAEHHBIT U3 cmandapmubniz npoduaet.

Cuna raxecTu

Cuaa miaocecmu — pasnodeticmeyouasd
CUJI IPUTSKEHUS K 3eMrie, OHa paclpenesieHa o
BceMy 06beMy Tena. Cuilbl IPUTSIKEHUS, IPUIIO-
JKEHHEIE K YaCTULAaM TBEPIOro Tefa, 06pas3yioT
CHUCTEMY CHJI, IMHHH AeRCTBHUA KOTOPLIX CXOMAT-
cs B nentpe 3emiu (puc. 8.1). [lockonwky panu-
y¢ 3emiu 3HauMTeNbHO GONblIE PA3MEPOB JIIO-
Puc. 8.1 60ro 3eMHOTO TENa, CUILI IPUTIKEHHS MOXHO
CYUTATH NAPAJUIETbHEIMY.

Touxka NIPMJIOKEHNSA CIJIbI TAXEeCTU

Ins onpeneneHns TOYKM NPWIOXKEHMSA CUJIBI TsiKecTH (paBHOnEN-
CTRYIOLIEH NapaJlleNbHBIX CUJI) UCIIONb3yeM TeopeMy Bapunbona o Mo-
MeHTe PaBHOINEMCTBYIOLIEeN:

Mowmenm pasnodeticmsyowels omuocumetsno ocu pasen aazebpa-
UNECKOT CYMME MOMERMOG CUAL CUCTREMBL OMHOCUMEALHO IMOLL 0CU.

N3obpaxaeM Tenno, COCTaBIEHHOE W3 HEKOTOPHIX YacTed, B IIpO-
CTPAHCTBEHHON cucTeMe koopauuat (puc. 8.2).

Teo coCTOUT U3 YacTel, CUIIBl TAKECTU KOTOPHIX () MPHIONKEHEH!
B nenTpax Tsaxectu (IIT) sTux yacreit.

IIycrs pasHomeiicTByIomas (Cuila TSKECTU BCErO Tena) NPUIOXKEHS
B HEM3BECTHOM moka neHtpe C.

Zc, Yo U Zo — KOOpAUHATH ueHTpa Tsxkectn C.

Tk, Yk ¥ Zxr — KOOPOMHATHI LEHTPOB TSDKECTH YaCTeH Tena.
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13 Teopemu1 Bapunbona cienyet:

T
n };j QkYk
Mo (Fs)=Gyc =2 qrk; Yo=—g
0 n
n 2 Tk
0
My(Fs)=Gzc =} arax; To="—F;
0
aHaOru4yHo Ayt ocu Oz:
n
n Xo: Qe 2k
M (Fs)=Gzc=3_ qkzk; 2c= -
0
B onHopomHOM Tene cmiaa THKECTH  x,.
MpONOPUHOHANIbHA obbemy V:

G =~V;

Puc. 8.2
rue y — Bec eqUHuNE o6nemMa.

CnenosaTenbHo, B GOpMyJsIax O OLHOPOXHBIX TEJ:

n n n n n
Y7V % Vi ZO: Viyk 2. Viyk > Viezk
0 0 0
vo= _ . _

= : = 2 IS ————
'YV % y Yo ’YV vV ) C v
raoe Vi, — obweM anemenTa Tena; V — o6BbeM BCero Tena.

ITeHTp TAKECTH OTHOPONHBLIX IJIOCKMX TEJ
(rnocxnx dpuryp)

OueHL YACTO NMPUXOONTCA ONPENENATb LUEHTP TSXKECTU Pa3jIMyYHBIX
TJOCKUX TeN M FeOMeTPUYECKMX Nnockux ¢uryp ciaoxkHon ¢gopmet. Ing
MIOCKUX TeJl MOXHO 3amucaTh: V = Ah, rne A — mwiolialb QUCypH,
h — ee BrICOTA.

Torna nocne NOOCTAHOBKY B 3alVICAHHBIE BBHIIE (YOPMYJTHI ITOITY HUM:

h

n n n n
S Aghzr Y Arxk Y Achur Y Axyk
0 0 0 0
= N = = M zZo==,
AR A YT AR A T3
roe A, — nnollanb YACTU CEYEHUH; T, Yr — Koopaunats! 1T vacreit
CeUeHUd.

TCo=
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n
Bripaxenue Y, AxZy HA3LIBAIOT CTRAMUUECKUM MOMENTTLOM TLAOULG-
0
du (Sy).
KoopnuHaThl LeHTpa TSXKEeCTH CEYEHNs MOXKHO BBIDA3UTh HUepes
CTATUYIECKNIT MOMEHT:!
n n
S S
— . — =Y. — . _ T
E Apzp = Sy; TC = A’ E Aryr = Sz yo = A
0 0
Ocu, nporoddujue uepes YEHMpP MANCECMU, HA3bIEANMCT YENMPILLHbL-

mu ocamu. Cmamuueckull MOMENTTL OMHOCUMEADHO YENMPAALHOL OCU
Pasen Hyaw.

Onpenenenne KOOPANHAT LIEHTPA TAKECTH
IJIOCKUX PUryp

NMpume uyanne Ienrp TaxecTn cuMMETPHYHON GUIYDH
HAXOOWTCSA H3 OCU CHMMETPUU.

IleHTp TAXKECTH CTEPXXHs HAXOAWTCSA Ha CepelNHe BBICOTHI. lloio-
EHUsl LEHTPOB TSDKECTU NPOCTHIX reOMeTPUYecKuX GUryp MoryT GuIThb
paccuuTaHbI 10 N3BeCTHHIM dopmynam (puc. 8.3: a) — kpyr; 6) — KBa-
OpaT, NPIMOYTOJIbHUK; B) — TPEYTOJILHUK; I') — MONIYKPYT).

R
h
ur
ur L)
b2 N b
K a) 6)
B3 I
ut AR
y
< b/3 b yc=%
8) 2)

Puc. 8.3

1Ipn pemenun 3anay UCNONL3YIOTCA CIAEQYIOLINE METONBI:
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1) MeTon cuMMeTpuy: HEHTD TAXKECTU CUMMETPHUHBIX GUIYD HAXO-
IuTCH Ha OCH CMMMETpPUM;

2) MeTon pa3meneHus: CIOXKHBIE CeYeHMs pasfesiseM Ha HeCKOJILKO
IIPOCTHIX HacCTell, MOJIOXKEeHNe IEHTPOB TAXECTH KOTODHIX JIETKO Olpele-
TIATB;

3) MeTON OTPUNATENbHEIX IO el: ONOCTY (OTBEPCTH) PaccMa-
TPHBaIOTCA KaK YACTH CEYEHMS C OTPHLATEILHON IJIOMIAIbBIO.

IIpuMeps! pellleHus 3anay

IIpumep 1. OnpenenuTh NOJIOXKEHUE LUEHTPa TAXKECTH (UTYDHL,
NpeacTaBJIeHHONH Ha puc. 8.4.

Pewenue
Pa3busaem ¢urypy Ha Tpm 20cm >
YacTH: nNRines \
1 — OpsSMOYrONbHUK, Z G > C\\\\
Ay =10- 20 = 200 cM?; = \\ N NN
2 — TpPeyroJIbHUK, YRS A\
Ay =1/2-10-15 = T5cm?; ? 33 em AR

3 — kpyr, Az = TR?; Puc. 8.4
A3 =3,14-3% = 28,3 cm?.
T o¢uryper 1: 3 = 10 cM; y3 = 5 em.
IT ¢urypm 2: z2=20+1/3-15=25cM; yo =1/3-10 = 3,3 cm.
IOT ¢uryper 3: 3 =10 cM; y3 = 5 ¢
o = 200-104+75-25 —28,3-10 — 145 o
2004 75— 28,3 ’ .
Ananoruyso onpenensercsa yc = 4,5 cM.

IIpumep 2. OnpenennTh KOOPAMHATH IEHTPA TSXKECTH COCTABHOTO
ceuenus. Ceuenue COCTOMT U3 JIMCTA U MPOKATHLIX npoduieit (puc. 8.5).

IIpumMeuanne YHacro paMel cBAPMBAIOT U3 PA3HEIX Hpodunei,
co3naBas HeoGXOMMMYIO KOHCTPYKIuio. TakmM oOpa3’oM, yMEHbLIACTCS
pacxol MeTalia 1 06pa3yeTcs KOHCTPYKIIUS BBICOKOM IPOYHOCTH.

IIna cTaHmDapTHBIX TPOKATHBIX Ipoduieil cCOGCTBEHHEIE reOMETPHU-
JecKHe XapaKTepuCTUKU u3BecTHbl. OHU IPHUBOOATCA B COOTBETCTBYIO-
LIIIX CTAHIAPTAX.
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b

Ci
V., ZO
N 1
§§ isennep Ne 10
N
NC )
Wi
t " Jipyrasp Ne 16
b : 3
m\\“zo Jhuer 5% 100
p2sz77Z |a
3 'I\ G x
Puc. 8.5
Pewenue

1. O6osnauuM GUryphl HOMEpPaM¥ M BHIINIIEM u3 Tabmui Heobxo-
IUMBIE JaHHBIE:

1 — msennep Ne 10 (I"OCT 8240-89); Bricota h = 100 MM; wmpuHa
nosiku b = 46 MM; wiomans cevenns A, = 10,9 cm?;

2 — neyTtasp Ne 16 (I"OCT 8239-89); sricoTa 160 MM; mupnHa 101~
kn 81 MM; miowans cevenus Ag = 20,2 cm?;

3 — nuer 5x100; Tomumua 5 MM; mupuHa 100 MM; nutolnans ceve-
Hua Az = 0,510 = 5em?.

2. KoopauHATH HEHTPOB TSXECTH KaXXOOW (PUIryphl MOXHO OIpene-
JIUTH 1O YEPTEXY.

CocranHoe ceueHne CUIMMETPHYHO, [IO3TOMY UEHTP TAXECTH HaXO-
OUTCA Ha& OCH CUMMETDHUM U KOOpAMHATa T — 0.

Isennep 1: y1=a+ha+ 20, y1 =0,5+ 16+ 1,44 =17 54cm.
h
OsyTasp 2: y2=a+ -52; y2=0,5+16/2 = 8,5¢cm.

JImer 3: y3 =a/2=10,25cm.
3. Omnpenenenue NEHTPa TAKECTU COCTABHOIO CEUEHHUS:

_ Ay + Agyz + Asys
AL+ A+ Az !

_10,9-17,5644+20,2-8,5+5-0,25

109+202+5 10cwm

Yc



Tema 1.6. Lentp TaxecTH 65

KOHTpOJ’IbeIe BOIIPOCHI M 3a0aHUA

1. Tlouemy cuibl npuTsxeHus K 3emie, NEHCTBYIOIME Ha TOYKHU
Tena, MOXHO IPUHATE 3a CHCTEMY NAPAUIENbHEX CUIIT

2. Bammmmre GOPMYIIH OJIA ONPENENCHUs ITONOXKERusA LEHTpa Ti-
»)KeCTH HEONHOPDOIHHX M ONHOPOIHHIX TeJl, GOPMYJNEl IJIA ONPEIEIICHNS
TIOJIOXKEHUS IEHTPA TAKECTH IIJIOCKUX CedeHUH.

3. IloeTopnTe dhopMymb! IS ONPENEICHNS HOIOKEHHUS IEHTPA TSIAKe-
CTH OPOCTHIX TEOMETPUYIECKUX PUryp: NPAMOYTOJIbHUKA, TPEYTOILHUKA,
Tpameny¥y ¥ NOJIOBUHE! KPYTa.

4. Yo HA3BIBAIOT CTATHUYECKMM MOMEHTOM INIOIHAIN?

5. BeruucinTe CTATHYECKMA MOMEHT DAHHON (GUTYPH OTHOCUTEIHLHO
ocu Oz. h = 30cM; b= 120cm; ¢ = 10cm (puc. 8.6).

5
Y 40 35 15
A i
= o7 e
e— b ST x =
Pyc. 8.6 Puc. 8.7

6. OnpenennTe KOOPAMHATH! HEHTPA TIXKECTH 3AIITPUXOBAHHOM (1~
rypu (puc. 8.7). Pasmeprt naHul B MM,
7. Onpemenure XOOpAMHATY Y ¢HUrypel 1 COCTaBHOIO CeyeHUs
(puc. 8.8). '
Ilpu pemsenMu BOCHOIL30BATHLCA CHPABOYHLIMM JAHHBIMU TAaOIHL
T'OCT «Crauns ropsyekarannass» (cM. [Ipunoxenue 1).
2 — wBennep Ne 16, ¥

rOCT 8240-89 "
| — yronok paBHononounsiit Ne 10,

rOCT 8509-86, d =8
\ N

Puc. 8.8






