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Cmamuxa H3YYacT YCIOBHA, IIPH KOTOPBIX MECXAHHYCCKOC BBBHLIGﬂEﬁCT-

BHE TEI HE HAPVIIACT HX OTHOCHTEIBHOIO MMOKOA HITH PaBHOMEPHOTO IMPAMOIH-
HEHHOTO IIOCTYIIATC/IBPHOT'O TBHACHHA .

>

>

MaTepHa/IbHOE TeJ10 — HEKOTOPOE KOJTHYECTBO BEMECTBA, 3aMONHANIIES
OIPENEIEHHEIH 00BEM.

AbcoaroTHo TBepaoe Temo (ATT) — Takoe BooOpakaeMoe TelTo, pac-
CTOAHHE MEAIY TOYKAMH KOTOPOro He H3MeHAeTcd NpH IHOBIX ycio-
BHSAX.

MaTepHATBHAS TOUKA — TEI0, Pa3MepaMH KOTOPOTO MOKHO MpeHed-
Peub, HO Macca €ro eCTh BETHYHHA KOHEUHaA.

Cso0OoqHOH Ha3BIBaeTCA MaTepHANbHAA TOUKA, HA MepeMelleHHe KOTOPOoH
HE HANOKEHO HHKAKHX OPAaHHYEHHH.

H301apoBaEHOl HA3bIBASTCA MAaTE€PHANBHAA TOUKA, HA KOTOPYIO He Jei-
CTBYIOT IPYTHE Tela.

Cu1a F ectp Mepa MeXaHHYECKOr0 BO3JeiCTBHA OIHOIO Tema Ha Ipy-
TO€. B PE3y/IbTaTe KOTOPOTO B3aHMOJCHCTBYIOIIHE TeIa MOTYT COOOIIHTE
APYT APYTY VCKOpeHHA HiIH AedopMHpoBaTheA. CHIA XapaKTepH3YeT Be-
THIHHY H HalpaBlIeHHE 3TOTO B3auMoaeHcTBHA (pHC. 1.1).

@4‘ JIHHYSA JeHCTBHA CHITbI 1 A

i

--I_,_I

Prc. 2.1 Puc. 2.2

CHcTeMa CHII — COBOKYIHOCT CHII, MPH/IOKEHHBIX K Teny (pHc. 2.2).

CHcTeMy CHI 0003HAYAK0T TaK:

—_

E . Rl

4 4 .4

<~ - 3HAK 3KBHBAJICHTHOCTH.

VpaBHoBemenHoH WIH KBABATeHTHOH HYII0 (S < () HassBawT Ta-
KV CHCTEMY CHJI, KoTopad, Oymay4u mpriaoxeHHOH K ATT, He H3MEHAET
€ro0 KHHEMAaTHIECKOTO COCTOAHHA.
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JIrobad u3 cun }“‘]JE]BHCIBEHIEHHDIU{ CHCTEMBI CHII ABITACTCA YPABHOBEIIH-
BalmeH 111 0CTalbHBIX CHIL

ITon PABHOBECHEM MﬂTE]JHEi:IEHDfI TOUKH IOHHMAKT &€ OTHOCHTEIBHBII
TIOKOH HIIH PAaBHOMEPHOC leHMDJ]}ﬂ-IEﬁHUE IBH:KeHHe. Telo HaxoIHuTCA B
PABHOBECHH., KOTIa BCE €0 TOUKH HaXOIATCA B PaBHOBCCHH.

Cracrema cxopsmuxcs cua (CCC) - 370 Takad CHCTEMA CIUL ITHHHH JIEH-
CTBHA CHI KOTOPOI IIEPECEKa0TCA B TOUKE, Ha3hIBAEMOI TOUKOM CX0a.

ILnockoi HaseiBaeTcd Takad cHcTeMa cua (ILTICC). mHEHE OeACTBHA
KOTOPOH paclolI0A€HBl B OJHOH IUIOCKOCTH, HAalpPHMEp. B IUTOCKOCTH

xOv.

IIpuBenenreM cHCTeMBbl CHT HAa3BIBAKT 3aMEHY JaHHOH CHCTEMBI IIPO-
cTeHmeH. el YKBHBATSHTHOH.

B3y - Odzd ¢ ©O.

[

e ’Ymt""t

==t Pagnooeiicmeyronjeli TaHHOH CHCTEMB CHT Ha3BIBAKT CHIY. KOTOpaf
MPOH3BOJAT Ha TeT0 TaKoe ke AeliCTBHe, Kak I BCA CHCTeMa cuil. PaBHOZeHCT-
BYIOMaA paBHA T€OMETPHIECKOH CYMME BCEX CHIT CHCTEMBL

R=YF

v=l

—¢ T7asHstn 6exmopom cucmemst cui R— HaspBaoT CyMMy BCeX CHII CHC-
TeMbl. B oTamuHe 0T paBHOJEHCTBYIOMmEll, K0Topad ompedendeTca TpeMA (ak-
TOpaMH. T71aBHBIH BEKTOpP He HMeeT TOUKH NPHIOKEHHA.

P  Ecmi ogHy cHcTeMy CHIL JeicTBVIomYy Ha ATT. 3aMeHHTh APYTOH H 0T
3TOT0 KHHEMATHYECKOE COCTOAHHE Tela He H3MEHHTCA, TO 3TH CHCTEMBI

HA3HIBAIOT IKBHBATCHTHBIMH (51 5)).

3avevanue. ECTH IBe CHCTEMBI CHI SKBHBATEHTHBI MOPO3Hb TPeThell, TO OHI
SKBHBATEHTHE MY coboii: ;=53 S8 = 5§48,
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»  IlpoexkmusA cH.JIbI Ha 0Ch - adreOpandueckad BeTHUHHA OTPe3Ka. Moaydae-
MOTO B pe3yIbTaTe ONyCKAHHA H3 Hadajda H KOHIIa BEKTOopa CHIIBI IIEpIIcH-

OHKYIIApa Ha 3TY OCh.

o Jaameyarue. DTo cKalipHad BeIHUHHA (pHC. 2.3). IIpoeKuHa HMeeT 3HaK ILTHOC.
€CIIH MEePEeMENMIeHHE 0T €€ Hauala K KOHIIY IMPOHCXOIHT B MOJOKHTEIRHOM Ha-

IIpaBJICHHH OCH.

IIp;F = Fcosa, | /

IIp; N = - Ncosp,
Hﬁ;ﬁ = 0.
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»  IlpoeknmEs CHJABI Ha ILIOCKOCTh — 3TO BEKTOP, 3aKIFOUYEHHBIH MEXKIY
MPOeKIIHAMH Hadajda H KOHIIA CHJIBI Ha 3Ty ILTIOCKOCTh (pHC. 1.4).

Javeuariue. JTa BeIHYHHA XAPaKTCPH3YVCTCA HC TOJIBRO BEIHYHHOH, HO H Ha- Z

IIpaBJICHHEM B IINITIOCKOCTH.
3avedarue. B HERKOTOPBIX CIIVHUAAX OBIBaAET Y,I[DﬁHEE AT HaXOAKICHHA IIPOCK-
IIHH CHJIBI Ha OCb CHa'a.Ia HalTH NpoeKIHK CH.IBI HA ILTOCKOCTB. B KCITCIpCIﬁ

JEAHT OCh. a 3aTEM JaHHYIO IIPOCKRITHE CIIPOCIHPOBATE Ha OCh [:!'r[ETCIZ[ IBOHHOTO | =3
MIPOeIHPOBaHHA). | F |-
— O fa
Q px ay F — 0 -
a4
O = Fcosa, )~ p
— -
IIp. F = Fcosa-cosp, .
IIp, ¥ = Fcososmp, /X
Puc. 2.4

szf = Fsina.
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MeToanl onmpedeTeHHA INTABHOI0 BERTOPa CHCTEMBI CHJT.

1. 'eomempuueckuu memoo

— — —

EEF
Hano: ’ (puc. 2.5). Iocmpoum:
4 4, 4

Peuierie. BeidbupaeM NpoH3BOIBHYI TOUKY O H CTPOHM CHIOBOH MHOTO-
VTOTBHHK, CTOPOHAMH KOTOPOTO ABIAKTCA JaHHBIE CHIHI (pHC. 2.6). I 1aBHEIH

BEKTOP R coemnHieT T0UKY O ¢ KOHEYHOH TOUKOH IIOCIEHEH CHIIBL

o F

7, . > =
\_lz R=F+F,+F,
R 7 B

Puc. 2.6
6
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MeToanbl oImpede/I¢eHHH IIABHOI'0 BERTOPA CHCTEMBI CH.TI.

2. Anaaumuvueckuil Memoo

R. :iXp. R, :i}: . R :iZL,. R:\/Rf +R’+R.
v=1

=l v=l

-~ - R

—_—
.

CDS(R’"‘I'): }g . cos(R*j)=—. cns(R’"‘I(]

—

—_—

rne X,. Y, . Z, - IpoeKIHH KakJ0i H3 CHTI Ha OCH X, ¥, = Ry, R,. R.u R —

).

NPOEKIIHH H MOAV.JIb TraaBHoro BekTopa CC:

r:c-s(R’"‘k) - €70 HANPAB/IAKIIHE KOCHHVCEL.

cas(ﬁ“f) . COS (E_é

—_

.-"'l.j-
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» P> Axcunoma I (axcuoma uxepuuu). CyMEeCTBYET [0 KpaiiHEH Mepe OIHa

> >

> >

CHCTEMA OTCUETAa. OTHOCHTETBHO KOTOPOH H30IHpPOBAHHAA MAaTepHATh-
Had TOYKA HAaXOJHTCA B IIOKOE HIH JBH/KETCA PABHOMEPHO H MPAMOIH-
HefiHO [13].

Axrcuoma IT (0 pasnosecun o6yx cun). J1na pagHosecud ATT mox gefict-

BHEM 2 CHI HE0OXOIHMO H JOCTaTOYHO. YTOOBI CHIEL OBLIH PABHEI 110 Be-
THYHHE, TIPOTHBOMOIOKHEI 110 HApaBICHHI0 H IeHCTBOBATH BIQIb O1-
HOIT mpamMoit (puc. 2.7).

Arcuoma III (o npucoeournenuu u omopacsiéanu). Y PapHOBEIIEHHVIO
CHCTEMY CHI. NPHIOAEHHVIO K a0COMIOTHO TBEPIOMY TETY. MOKHO IpH-
COSIHHATh HIH 0TOpachIBaTh. HE H3MEHAA KHHEMATHUECKOTO COCTOAHHA
Tela.

® [ caeocmene uz axcuoms II1 ITna ATT cuma ecTh BEKTOpP CKOIB34-
ITHI (T.€. CHIY MOKHO IEePEHOCHTE 10 THHHH e¢ IeHCTBHA).

O ;7 creocmsue us axcuomst ITL TioGas w3 can VPABHOBEIIEHHOMH CHC-
TEMBL, B3ATad C MPOTHBOIOIOKHBIM 3HAKOM. ABIAETCA PABHOIEHCT-
BYHIIEH 1A OCTaIbHEIX.

{
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» B Axcuoma IV (0 pasHodericimeyiomiei 06yx cun). PapROIHCTBYIOMAA IBYX -
HCYPaBHOBCHICHHBIX CHI. MPHTOACHHBIX B OIHOH TOUKe Tela, BCerja F 1
3 o §
C_}:]]IEETE}'EE H OOpeICTACTICA TII0 TIIpaBHIY CIOACHHA BCKTOPOB R
R=F+F, (puc.27-29).
A
=3
k
¢ . 7 . . f _ _r_
Creocmene u3 axciomer IV (meopesa o mpex Henapainensheix| p _ JF? +F} +2FF, cosa R=F+F, R=F -F,
cunax). g papHoBeCHA cB0001HOr0 a0COMHTHO TBEPIOTO TEMA MOT
IEHCTBHEM TPEX HEMapaLIeIbHAIX CHI, JIEKAIMIX B 0HOM IITOCKO- Pac. 2.7 Puc. 2.8 Pac. 2.9

CTH, He00X0ZHMO, HO HEJ0CTATOYHO, YTOOB! 3TH CHIBI NEPECEKATHCh | » » 4xcuoma V (o pasencmee deiicmsus u npomusodeiicmsns). Besxory
B OIHOI TOUKe TefiCTBHIO €CTh PaBHOE H NPOTHBONOIOAHO HANPABIEHHOE NPOTHBOIE!-
CTBHE.

P P Axcuoma VI (axkcuoma omeepoesanna). PABHOBECHE pealpHOIO TENa HE
HapVIIHTCA. €C/IH OHO BHE3AIIHO OTBEPIeET.
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> Ecan 00BeKT HMeeT mr0BIe HEpPEMENMEHHA. TO OH Ha3BIBASTCA CBOOOI-
HBIM [13].

> Ecnn xe Ha nepeMemeHHe 00beKTa HAJIOASHBl OrPaHHUYEHHA, TO TaKoOi
00BeKT HeCBOOOIHBIH.

-t Tela. KOTOPBIC OI'PAHHYHEAKT IICPCMCIOICHHC TaHHOTO 00beKTa. Ha3blBa-
OTCA C6A3AMIL.

o 3awveuarue. CBA3H pealIn3yIOTCA B BHOS MOBEPXHOCTEH, HUTEH., CTep:KHEH H T.1I.

==¢ (CHIa. C KOTOPOH CBA3RL ACHCTBYET Ha OOBEKT. Ha3BIBACTCA CHIIOH peaklHH
CBA3H HIIH pearyuenl c6a3iu.

> IIpunuun oceodoxcoaemocmiu om céasei. JIrvodoil HecBoOOIHEIH 005-

KT MOKHO paccMaTpHBaTh Kak CBOOOJHBIH. OCBOOOIHB €ro OT CBA3CH H
3AMEHHB HX CHIAMH PEeaKIHH CBA3EH.

{

10
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1. CBA3Bp OCVIIECTBIAESTCA IOCPEIACTEOM [VIAAKOH, HeMOABHAKHOH II0-
BEPXHOCTH, Ha KOTOPYI Tedo M omHpaeTcd TOUKOH HIH THHHeH (pHC. 2.10).

Peaknmna Rﬂ HallpaB/IICHA IIO HOPMaIH K 3TOH INOBCPXHOCTH.

2. Teno M onmpaeTci Ha HeMOABHAHVI0 TOURY HJIH IIIAJKVI JTHHHIO

(puc. 1.11). Peaknur R ,.R,; HampaBIeHBI [0 HOPMalH K IIOBEPXHOCTH pac-
cMaTpHBaeMoro tema M.
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3. I'mOKHe cBA3H (IIeNH. KaHATHL TPOCHI) (pHc. 2.12).

Peaknun [ .1, . HampaBlIeHBI BIOIb CBA3EH OT Tema M.

4. CBA3p OCYMIECTBIASTCA MOCPEICTBOM HeNMOIBHAKHOI0 NMHJIHHIPHYE-
CKOro INAPHHPA HIH MOJINANHHAKA .

Ha HemoaBHAHBIH 00NT 4 HaIeTa BTYIKA. KECTKO CKPEIUIEHHAA C TEIOM
M. ipuyeM BHYTPEHHHH ITHAMETP BTYIKH HOYTH paBeH IHaMeTpy Oomnra. Temo
M MOKET. 0YeBHIHO. BPAIIaThCA BOKPYT OCH IMAapHHpA. NEPIESHIHKYIAPHOH K
[UIOCKOCTH PHCVHKA. BHEMIHHE CHIBL. IEHCTBVIOMINE Ha Teao M. ITOKHBI Je-
AaTh B IUIOCKOCTH NEPIEHIHKYIAPHOH OCH IMapHHpa. 4TOOBl BTYJIKa He OblIa
cHATa ¢ OonTa. Ecin npeHeOpeub TPEHHEM B IMapHHPE. TO PEaKIHA HEIIOIBHA-
HOTO OO0JITa HaIlpaBlIcHa 0 HOPMAIH K €r0 MHIHHIPHYECKOH NOBEPXHOCTH H, B
3aBHCHMOCTH OT BEIHYHH H HAIpaBICHHH CHI. MPHIOKEHHBIX K TEIY. MOKET
HMETh TH00€ HampaBISHHE B IIOCKOCTH. IEPHEHIHKYIAPHOH OCH IIapHHpA.
Tak kak HampaBlI€HHE pPeaKlHH HEH3BECTHO. TO IIPH PEIICHHH 3ajad 3TV peak-
IO IIPEACTABIAKT IBYMA COCTABIAKINUMA H HINVT 3TH COCTABIAKINHE:

R,=X,+7,. R,={X2+7}.

Puc. 2.13

12
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S. CBA3b OCVIIECTBIACTCA OCPEICTBOM cepHUecKoro mapHHApa (pHC. 2.1
HIH moANATHHKA (pHC. 2.15).

Peakmua R, MOXKeT HMETh M000¢ HampaBaeHHe. [IpH pemeHnn 3a1aq pe-

AKIIHIO IPEACTABILIIOT TPeMd cocTaBmarmumvu X .Y, ./, mo ociM Koop-

—_ _— —_ —_ —F

mpHaT: X, =X -7 YA:YA-}:: Z,=Z,k.rneuepes X ,.Y,.Z obo-

—

SHAYICHEBI IIPOCKITHH R.f Ha KOOPIHHATHERIC OCH.

R,=\X2+72+2%.

COCTaBIAIOMINE PEeaKIHH HANpaBIAKT B CTOPOHY MOJ0KHTEIbHBEIX Ha-
paBIeHHH ocell. EcH B pe3ynpTaTe pemieHHA 3aJadH MPOEKIHA COCTABIAN-
mel OyaeT HMeTh OTPHIIATEIbHOE 3HaUeHHE. COCTABIAIINAA HAalpaBlIcHa B OT-
PHIIATETBHYIO CTOPOHY COOTBETCTBYIOMICH OCH.
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Onopel Daldok OpeacTaBiaeHBl Ha pHc. 2.17 - 2.20.
6. CTep:xHHA CD - HeBecoMmble (1.17. 1.18), B Toukax ' u [D HaXogATCA

mapHHpPBI. CHIa peakKnHH CTep:XKHA HalpaBlIeHa BI0JIb nNpamoii CD (AKcHO-

ma II).
R A 2

RCD s
/B
( ~
p B . M, \ B
/g%pxm /C'

Puc. 2.17 Puc. 2.18 Puc. 2.19 Puc. 2.20

B touke A (puc. 2.19) HMeeTCcA HEMOABH/KHAA MapHHAPHAA omopa (CM. Io-
SACHEHHA B IyHKTe 4) R, =X +Y,: R =X ;+Y; .

—_—

7. B touke B (puc. 1.19) — mapHHEPHO-NOABHKHAN omopa. Ny IepreH-

OHEKYIAPHAa IL1ockocTH CD.
8. AKecTra"a 3age/Ika 0anakHd. Ha danky A5 1neHcTBVET IUIOCKad CHCTeMa

—_—

cH1 (pHc. 1.20). Peaknna xecTKOH 3adelKH 3KBHBaleHTHa cane R, =X , + 71, 14

H nape cHI ¢ MoMeHTOM M | (cuntaem M ,=0).
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> CHcTeMa CHJI. AeHCTBYHOIIHX Ha TBEpPIOe€ TEI0. MOKET COCTOATH KaK H3
cocpeI0TOYeHHBIX (HTH MPHIOAKEHHBIX K TOUKe) CHI. TaK H CHI. pac-
npeaeleHHBIX 0 JTHHAHA, 10 MOBEPXHOCTH, M0 00beMy [13].

o Jamveydadiie. HE[H]JHMEP. CHJIBI TAARCCTH PaCIIpCcIC/ICHEL II0 Dﬁ“ﬁﬁ‘}[}’ TCla.

— .a'I!’l'HE’I}HB!E’pﬂfﬂpfﬂfﬂf’ﬂﬂﬁ!f’ CHJIBl - CHIIBL. pPacIIpcIC/ICHHBIC 110 THHHH.

¢ HHMEHCUGHOCING ( TUHEUHBIX PACAPEOCTeHHBIX CH — CHIA. IeHCTBYIO-
mad Ha €JHHHIY JTHHBI THHHH.

Q 3aveyarie. IITHTeHCHBHOCTE ¢ H3MepAeTCA B HbIOTOHaX Ha MeTp (H/M) B cHcTe-
Me equHHI CII.

15



v stejIsduyy mE OW

m e 0 e . . h

L Lad < Lad *
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1. HETeHCHBHOCTBL ¢ mocTosgHHA (pHC. 2.21. a. 0). Ha yuacTke 4B nps-
MOIl THHHH JTHHOH / pacnpeaeleHbl NapailelbHbIe CHIBL. KOTOPEIE MPHBOIATCA

K paBHOZelicTBVIomel K. HampaBIeHHOH IapalielbHO CHIAM H IPOXOIAlei

qepes CepeaHHy oTpe3ka AB.

Eciu g = const, Tomomyne R = gl.

16
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2. NHTEHCHBHOCTDh ¢ H3MEHSIeTCHd N0 JHHEHHOMY 3aKOHY OT (max 10
Hynd (puc. 1.47, a, 6). Takag cucTeMa CHI IPHBOJIHTCA K paBHOAEHCTBYIOMIEH

R, HampaBieHHOIl mapajielbHO CHIIaM, THHHA ee [eiCTBHE MPOXOAHT uepes
LEHTP TAKECTH TpeyroiabHHKa 4 OB.
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—¢ Momenm cuist omuaocumensHo mouxki eCTh BEKTOPHOE MPOH3BEIEHHE mom.F
—_

pagHyc-BEKTOPa TOUKH IpHIoKeHHA cHasl 77 = OA Ha cHIy F [13]

momolF = [F . F].

—rFsmao.

a Javedarue. NoayJabs MOMeHTAa CH- —
momolk’

Jdbl OTHOCHTE IBEHO TOYTKH PaBCH

77

Puc. 2.23

O 3aveqarue. 113 Toukd (0 Ha IHHHK JSHCTBHA CHJIBI ONVCTHM NEPNEeHIHKYIIAP.
IIHHA KOTOPOTO paBHaA /1, Toe /1 - IJae90 CAJIbI OTHOCHTeIbHO TOUKH O (pHC.

2.23). h=rsina, Torma o .
‘nmumF‘:‘F‘h =Fh wm |momyF|=2S, z.

—

QBeuop momo F HaMpap/eH NEPNEHIHKYIAPHO MIOCKOCTH. B KOTODOH HaXOIATCA BEKTOPHI _
7 u F. BTy CTOPOHY. OTKyZa BHIEH BOOGDaKaeMblil OBOPOT OT BEKTOpPa 7 K BEKTOPY F

Ha HAaHMEHBIIHH YIoJl IIpoOTHB JacoBOH CTPCIKH.

18
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CBOHCTBA MOMEHTA CHJIBI OTHOCHTE/IbBHO TOYKH:

1. MoMeHT CHIIBI OTHOCHTEIBHO TOUYKH HE H3MEHHTCA. eClIH CH.IY IICPCHO-
CHTB BIOJIE JIHHHH €€ IeHCTBHA.
2. MoOMEHT CHIIBI OTHOCHTEJIBHO TOUKH He H3MEHHTCA., €CIH TOTUKY IICpcC-

HOCHTH BI0JIb THHHH, IapaJIeIbHOH THHHH JeHCTBHA CHIIBI.
3. MoOMEHT CHIIBI OTHOCHTEIRHO TOUKH paBeH HV/IK. €CIH JTHHHA IeHCT-

BHA IIPOXOIHT HUCPC3 TOUKY.

e - E— s s -
4. momy F = —momy(—F), npu ycaoBun, uto cumel F u —F Ha-

[IpaBICHEI 110 OJHOH IIPAMOI.

19
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—t Hﬂ.-"IHpHI-HLI HMOMEHIN CHIBI omHAHOcCH e 1bHO MmoYKi CCTh IIPOH3BCICHHC
MOIOVIIA CHJIBI Ha IIJICYO., B3ATOC CO 3HAKOM «Tw». eCIH CHIIa CTPCMHTCA IIOBCD-

HYVTE TCIIO BOKPYVT I[ﬂ}]]-lﬂﬁ TOYUKH ITPOTHE CTPCIIKH T4COB. H 3HaAK «-», CCIIH CHIIa
CTPCMHTCA IIOBCPHYTE TCIIO BOKPYT I[Eil-l]—lﬂﬁ TOYKH II0 9aCOBOH CTPCIIKC.

a I, - mnedo cuabl F; OTHOCHTETBHO
TOUYKH A,
h, - mnedo cumsl ﬁg OTHOCHTEIIBHO
TOUKH A (pHc. 2.25).

mom ,F =+F -h.

mom JF, = +F .

mom F, = —F,h,.

mom ,F; =0,

TaK KaK IUIeY0 CHIBl [ OTHOCHTEIBHO
TOYKH A paBHO HYIIO. Puc. 2.25
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—¢ T 106HBIIE MOMEHIN CHCIMEMBI CUTT OIMHOCHINETbHO Hexomopoz2o uenmpia 0
CCTh CYMMa MOMCHTOB BCCX CHJI CHCTCMEI OTHOCHTCIIBHO 3TOTO OCHTPA.

—

n
M, = Zmumﬂﬂ .

Teopeva (Bapunsona 01a cucmeMsi cxooAauiuxca cui). CynMa MOMEH-
TOB BCEX CHJI HEVPABHOBEIMIEHHOH CXOMAINEHCA CHCTEMBI OTHOCHTEIBHO
IIeHTpa HIH OCH paBHA MOMEHTY PaBHOISHCTBYIOIISH 3TOH CHCTEMEI OT-

HOCHTCIBHO 3TOTO OCHTPa HIIH 3TOH OCH.

_

M —_
> momyF, = moniy R.

v=1

n
mensﬁ, = mom,R.

v=l

21
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ee xoHmpnapailelbHoble Culbl, pasgHvle NO MOOVII0, JUHUU OellCeUs
KOIMOpbvIX He COBNAOAr0m, Ha3vleaonca RaApoi cul.

Ecmu F,—»F;,ToR — 0,

a ITapy cun (puc. 1.38) MoxkHO F F
paccMaTpHBaTh Kak IpeleNbHBIH CIy- (= 4B-l1_—- 4B "2
yail IBYX KQHTPIAPALIENBHBIX CIUL, He R F, - F

PaBHEIX IO MOAYIIO, Korga Fr — Fi.
’ Eciu 5 —F, , To BC >0,

NAOCKOCTE
naps! CUfl

o CnenoBaTelIbHO, MAPY CHJI HeJib3fl YIPOCTHTH, T.€. I1apa CHJI — IIepBHY-
HBIIl HeIIPHBOIHUMBIH MeXaHHYEeCKHIl 3JIeMeHT.

Q [Tapa cui mpejcTaBiIsfeT HeYpaBHOBEIIEHHYIO CHCTEMY, KOTOpas He MO-
JKeT OBITh 3aMeHeHa OJHOI CHIoH. Tak Kak TIIaBHEIN BEKTOp Maphbl CIJI paBeH

—1I
HYIO, TO MOMEHT Hapbl CHJI M He 3aBHCHT OT Eﬁlﬁﬂpﬂ TOYKH.

S S —
M =M, +momyF +momy(-F), M =[BA-F],

22
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-t Momvenm napst cu1 ICPIICHIHKY/IAPCH K INIOCKOCTH ITIapel CHII H HallpabB-

JI€H B TY CTOPOHY. OTKyJa BHIHO Bpall€HHE IIOCKOCTH Maphl CHI MPOTHB Yaco-
BOH cTpenkH (puc. 2.29, 2.30).

_..H I ——

M =|BA-F].

O 3ameqarue. Ilo modyaw momerHm napsi CHI paBeH MPOH3BEACHHIO MOIYIA 0-
HOH H3 CHI aphl Ha INIeY0 MapHl /.

M'=Fn

I
e 23
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Q Tf’ﬂpf’.ﬂﬁl' 00 IKGUEATCHINMHOCIN nap.

1. /IeficTBHE mapel Ha a0COMKTHO TBEPIOE TEN0 HE H3IMEHHTCA. €CIIH mapy
[IEPEHECTH B IPVIVH IIJIOCKOCTh., IMapaLUIeIbHYK INIOCKOCTH JaHHOH Ia-

PHIL.

2. JleficTBHe mapsl Ha adCOMIOTHO TBEPIOE TEI0 HE H3IMEHHTCA. €CIIH IIa-
PV IIEPEHECTH B €€ INIOCKOCTH B TH00E APYIoe MECTO.

3. JleficTBHE napkl Ha aOCOJIKOTHO TBEPIOE TEI0 HE H3MEHHTCA, €CIIH H3-
MEHHTB BEJITHUHHY CHJIBI H IUI€Y0 IMaphl TaK. YTOOBI MOMEHT 3TOH Haphl HE
H3MEHHIICA.

o Cneocmeue (03 mpex meopeM 00 IK6UGATEHMHOCIMU nap): OBE Iapel
CHJI SKBHBAIEHTHBI MeK Ty COOOH, €CIIH HX MOMEHTBI PABHEL.

24
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1. BexTopHas ¢opma yc/I0BHIi paBHoBecHsas CCC

[na paeroeecua cucmemvbl CXOOAWUXCA CUI, HPUTONCEHHBIX K
c80H0OHOMY AbBCOTIOMHO MEeepooMy mely, HeobXo0O0UMO U O0CAMO4YHO, YN0l
21asHblll BEKMOP 3MOll CUCHIeMbl CUT Obll pAgeH HY.T0

R=0

2. I'eomerpHuueckas popMma ycaoBuii pasHoBecusa CCC

A pasrogecua cucmemvt CXOOAWUXCA CUT, NPUTOHCEHHBIX K
ce0b00HOMY AbDCOTIOMHO meepooMy meny, HeobxoouMo U 00CManoyHo, 4moobvl
CLU108011 MHO20Y20IbHUK ObLT 3AMKHYI.

3. AHanuTHYecKas ¢opMma yciaoBHi papHoBecnsa CCC

s pasnoeecus cucmemvr CXOOAWUXCA CUT, NPUTOHCEHHBIX K
c80000HOMY AbBCOTIOMHO MeepooMy mely, HeobXooUMO U O0CNAanoYHo, YNobbl

CYMMbI HPOEKYULl 8CeX CUl HA KAXCOVHO U3 HPeX KOOpOUHAanmHbuIX ocell Ovliu pas-
Hbl HYI0

ZHZXV =0, Z”:}»; =0, izv =0.
1=l 1=l 1=l

a

\

o 1

\
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1. BekTopHasa dbopma

e o m ’Yc’“om 0 m m t a -

- - < * — © * <

Hna pagnogecua niockoil cucmemol Cull, NPUIOHCEHHOU K c8000OHOMY aO-
COTIOMHO NgepooMy Hely, HeobxoouMo U OOCHAaMo4Ho, 4mobbl 21aeHbIll 8eK-
mop bvi1 pager HYII0 U 21AEHbIL MOMEHM cUcHeMbl OMHOCUMETbHO NPOU380.Tb-

HOLl MOo4KU Obl1 paseH Hy.Tio.

2. AHATHTHYeCKadA (popmMa

Axnanumuueckan opma 1. /[na pagnoeecua N10CKOIll cucHIeMbl CIULT, HPU-
TOHCEHHOU K c@0H0OHOMY abCoTOmMHO MeepooMy meny, Heobxooumo u oocma-
MOYHO, 4Mo6bl CYMMbl HPOEKyull Cil Ha QCU. X U V OblL1U PABHbI HYIIO, U CYM-
MA CKAIAPHLIX MOMEHMO& CUl OMHOCUIETbHO NPOU38OIbHOL NMOYKU Oblla pae-

Ha HVTHO.

i

=1

Xu:[)ﬁ iK’ZO* anmﬁmoﬁvzo
=l v=l

Ananumuueckan gopma 2. Z mﬁm‘{ﬁv -0, Z mﬁmﬂﬁv =0, Z mamcﬁv =0, tme A.B.CeA4BC.
1 1 1

Ananumuueckas gopma 3. Zmﬁm‘ r, =0, Zmam‘ng =0, ZﬂpEFv — (), Tme och [ X AB. 26
1 1

=1
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Mpu pelleHnn 3aa4 Ha paBHOBeCKe Tena noa AeUCTBMEM MNIOCKOM CUCTEMDbI
TPEX CXOAALWMXCA CUT MOXKHO BOCMO/Ib30BaTbCcA ABYyMA cnocobamu. B yacTHoCTH,
nepBbIn criocob asnaeTca Hanbosee HarnA4HbIM UM NpenoiaraeT UCNo/Ib30BaHME
Teopembl O Tpex cunax (cneactsmve IV akcMombl cTaTMKM). BTopon crnocob

OTHOCUTCA K pPaBHOBECUIO Tena noj AencTemem naockou npowmssosnbHor CC (cm.
n.2).

‘0 Cnedcmeue usz akcuomeoi IV (meopema o mpex HenapannenbHbixX
cunax). [ina pasHoBecusa cBoboaHOro abcontoTHO TBEPAOro TeNa noj
NEeNCTBUEM TPexX HenapaanesbHbIX CUJI, NeXallyxX B 0HOMU NIOCKOCTH,

HeobxoaMMO, HO HeaAoCTaTO4YHO, 4YTOObl 3TUM CUAbl Nepecekanucb B
OZlHOM TOYKe (To4Ke cxoaa).
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‘o Mpumep 1. Nnockoe Teno AB Nnpon3BONBHON CUMMETPUYHOW POpPMbI BECOM
G =10 H B ToyKke A 3aKkpenneHo WapHUPHO, a B TOUYKe B — c nomolLlbio HUTKU BC noa

yrnom o = 45° k ropuzoHTy. OnpenenuTs peakumio WwWapHupa A.
NaHo: G =10 H; a = 45°.

Hatimu: R, - peakuuio WwapHupa A ANa cxembl, MOKasaHHOM Ha puc. 1.

A R \
S

Puc.1

28
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PeweHue:

1) PaccmoTpum paBHoBecue Tena AB (pacyeTHadA cxema Ha puc. 2, a).

2) CornacHo npuHUMNy ocBobOXKAaeMOoCTU OT CBA3EN MMeeMm
{G.R.T|~0,
Npu 3TOM IMHNA AeiCTBMA MCKOMOW CUAbl peakuun R, onpegensaeTca no Teopeme

O Tpex cunax, a HanpaeneHue R, - U3 CMNOBOro TpeyronbHUKa (puc. 2, 6).

3) MnocKaa cucTema CXoAAWMX TPex HenapaniefibHbIX CUA, NieKalux B OOHOM
N/IOCKOCTH.

4) Ycnosue pasHosecua pgaHHol CC — 3aMKHYTOCTb CWU/IOBOrO TpPEyrosibHUKa
AG,R,,T (puc.2,6).

29
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U3 reomeTpum (puc. 2, 6) BuaHo, yto npu & = 45° moaynu cun ﬁ_i,f paBHbI

R_J_ - T, npM 3TOM BbINOJIHAETCA COOTHOLWEHWME
2R, cosa =G,

Toraa

R-_0C G 10-2 :lg'ﬁzsﬁm?,o? (H).

* " Jcosa 2cosd5 2.2 2
Omeem: R, =~ 7,07 (H).

30
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l tod di3j o 2.

] SHI j d3de" ABCIEHcOtz d 9 O IsTyw o tdacqadztsac;fnc{q’ Istetsfnlsd3
(tedm. 1.25). [HftjHjdzdlk! d&Olw A

@O tcOo dzj dzd § ©JCOC HHdh O dzd $ BH
tcOQoR.dz Yy Blfiislstcj dzr o j tclsd BOW dz®j s

f tctsH tsdzy ABdzd § Bdzr tcOL d3d tor l j M

Hano: P, AB=a, BC=b, AC
=a.
Onpeodenump: HAaTAKEHHIE Tpoca

I’ u peaximiro N c.

Peiuenue.

1. PaccmoTpuM paBHOBecCHE
KpaHa ABC.

2. Ha kpaH ABC OelCTBYHT TpH

CHIIBI: aKTHBHAg cuima P o peakInu
CBs3el B Toukax B u C. 3 1
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IIo cnegctBHO H3 VI aKCHOMBI

peakmut N, B Touke C IOIKHA

MIPOXOIUTH Uepe3 TOUKY A4 (}5, f, ﬁc ) = 0.

3. [TonyueHHasi CUCTEMA CHJI - IUNIOCKAsi CHCTeMa CXOIAMIHUXCS CIU.
4. Bocrionb3yeMcs YCIOBHAMH paBHOBECHS INIOCKOH CHCTEMBI CXOIAIIHX-
cs CHII B TeoMeTpHuecKoH (opme.

CTpouM CHIOBOH TpPeyrolbHUK
1 pelllaeM ero. BeldHpaeM Ha IIIIOC-
KOCTH TIPOH3BONBHYIO TOUKY M 1
CTPOHM BEKTOpP B IIPOH3BOJILHOM
Macmrade (puc. 1.26).

3areM, yepe3 Ha4alo H KOHell

i paBHOBecHA KpaHa ABC
MOJT JeliCTBHEM IUIOCKON CHCTeMBI
CXOJANUXCA CHI Heo0X0IUMO U JI0-
CTATOYHO, YTOOBI CHJIOBOI TPeyroib-
HHUK OBIT 3aMKHYT. _
BekTOpa P TpoBOINM IpSAMEIE,

[IapaJLICJIBHBIC CHIaAM T u N c
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CIToBOil TPEVIONBHIK M0100eH TeVIONEHIKY ABC
P T Pa N P c
—=—; T'=—; —t=-—; N_.=P—.
b a b c b b
Pa Pc - 5
Omeer: =——: N, =—/;peakuns [N, HampaBneHa 1o npsmoii CA.

b b ¢
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Eq)*l_"’:eoﬁ<m*<< <t<:“"’ c o~ °<mmtﬁ*<a g’“omﬁ<ow*m<*m
beddsd 6 Bz o Msds 2 C1  BACH dsdidsq jnidnfitse e Qdey o |

fdtey Cdazss?2 AP [JBES d¢Zdls! 77w -
dzj o i MG 7 ABHAGUERIG. 1.27). Y™N_B
Hano: =2 kH. R
Onpeoeaums: S ;.85 ..
Peuenue.
1. PaccMOTpUM paBHOBeCHe TQY- 3. Ha Touky A #elcTByeT IUIOC- D
KI A, Kas CHCTeMa CXOIAIINXCA CHIL. /ﬁ
2. CuntaeM, 9T0 CTEPXKHH AB I 4. BOCIIOIB3yeMCs YCIOBHAMH PaB-
AC pactanyts, R, R..P.T - cn- HQBecHJ B aHAIUTHUECKOH (opMme.
JIBI, JENCTBYIOMINE Ha TOUKY 4. Tak 4 C
KaKk Ipy3 IMOJHHMAIOT pPaBHOMEpHO,

TO

S

(R,,R..P.T)=0, T=P.
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JI11s paBHOBeCHd IINIOCKOH CHCTEMBI CXOAAIINXCA CHII HeQOXOANMO H J0-
CTATOYHO, YTOOBI CYMMBI IIPOEKIIHI CHII Ha [IB€ KOOpIHHATHBIE OCH OBINH PaB-
HEI HYIIIO.

ZXV =0, R,+Pcos30"+7cos30" =0,
1=1

ZK»:O- R, +T cos60" — Pcos60” =0,
=1

R, =—2Pcos30’,
R, = -3,46 xH,
R,=0.

ITo mfATOH aKCHOME CTAaTHKH VCHIINA B CTCPEKHAX (T.E. CHIIBI, IIPHIIOMXKEH-
HBIC K CTCPAKHAM CO CTOPOHBI HX KOHCUHBIX TOUCK PaBHBI IIO BCIIHYHHE COOT-

BETCTB M peaKIHIM). o = o 5
YIOTIIIM peaKIisM) Omeem: S ; =—R;.: S,,=0; S,.=—-R,;

3HaK ‘-7 a4 SAC MMOKa3kIBaeT, UTo cTepkKeHb AC ciKaT, a He pacTAHYT.

e

X

S o =-3,46 KH.
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[pu pelweHun 3a4ay Ha paBHOBECUE NJIOCKOM CUCTEMbI CUA, MPUNOKEHHOM
K cBoboaHOMY abCcoONOTHO TBEPAOMY TENY, MOXHO NONb30BaTbCcA N0OON 13 Tpex
dbopm yCNoBMIA paBHOBECUA, YUC/IO HE3ABMCUMBIX CKa/NAPHbIX YpaBHEeHUI BO Bcex
CNy4asax paBHO TPEM.

1 tod d¥4. to C] p
l

flano: g = 5 KH/M; P = 2 KH; Al 1 l
G=10KH; M=2KHM, a=4m; A ;
b=2m;c=2m; a=30. e . M

Halimu: peakumu onop AnA
CXeMbl, MOKa3aHHOW Ha puc. 3.
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PeweHue:

1) PaccmoTpum paBHoBecune Banku AC
(pacyeTHasa cxema Ha puc. 4).

2) [MpumeHum NPUHLMAM
0cBOOOKAaEeMOCTHN OT CBA3EM:

—

{0.G.P.X T R .M}~0,

O=q-AB=q-4=5-4=20(kH).

3) Nnockaa cuctema cun.

4) CocTaBMM ypaBHEeHWUA paBHOBECUA:

Puc. 4
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PeweHue:
n Vi
> X, =0 Xa-Pcos302=0, (1) Y G % f
V= a
l A B ( '
» o - \ X
Y =0. Y, —q-4—Psin30'~G+R. =0, 2) s =y M -
=1
ZmﬁmAFu =0;-¢qg-4-2-G-4+M —-Psm30°-6+R.-8=0 (3)
v=1 Puc. 4
V3 ypasrenms (1) Rc=(5-4-2 + 10-4— 2 + 2:0,5-6)/8 = 10,5 KH.
X, =Pcos30°; X,=2:0,866= Us ypaBHeHuMA (2):
13 ypaBHeHusa (3): Ya=qg-4+ Psin30°+ G+ Rc; Ya=54+2-0,5+10—-10,5=20,5 KH.

G-4.2+G-4—M+Psin Omeem: Xa= 1,732 kH, Rc = 10,5 kH, Ya = 20,5 KH,
R. = ;
8 38
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PeweHue:
Vi
Rc=(54-2+10-4-2+20,56)/8=10,5 KH. Y g % )
W3 ypaBHeHuA (2): A B[ \H o
- ; X
Ya=q-4+Psin30°+ G+ Rc; Ya=5-4+2:0,5+10-10,5=20,5 KH. ’ GY .
Omeem: Xa= 1,732 KH, Rc = 10,5 KH, Ya = 20,5 KH. . a _.b__c
Puc. 4
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PeweHue:
Y
Rc=(5-4-2 + 10-4-2 +2:0,5:6)/8 = 10,5 KH, Y g ;’( Of
A B ( \
13 ypaBHeHus (2): = -
. < A M 7@7
Ya=q-4+Psin30°+G+Rc; Ya=54+2:05+10-10,5=20,5 E,..I:L GY
a b C
Omeem: Xp = 15732 KH, Rc=10,5 KH, Ya=20,5 ﬁﬁw . ik e S
Puc. 4
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PeasbHblid 06LEKT U pacyeTHas cxema
Pea/ibHblit 06bEKT 6e3 HeCyLLECTBEHHbIX 0C06EHHOCTEN HasbiBaeTCA PacyETHOI Cxemoit
T35+t
P
g2 i

Pacuémuas cxema
Peanvrocms

§

/1/ Pe
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4
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