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LIEJIb PABOTbI

Lenv pabomul: HAYUUTHCSI OMPEACISITh PEAKIIUU CBSI3€ TBEPIO-
ro Te€Ja, HAXOISIIEr0Cs MO IEMCTBUEM TIIIOCKOU CUCTEMBI CHIL.

JI71s BOCTHOKEHHMS IOCTAaBICHHOM IS HEOOXOIUMO:

1. O3HaKOMUTBCS C KPATKUMU CBEJCHUSIMU U3 TCOPHUH.

2. O3HaKOMUTBCS C TPUMEPOM PEILICHUS TUIIOBOM 3aJ1a4Hu.

3. Pemuth 3amady 1 u 3agady 2 no BapuaHTy, BBEIJAHHOMY IIpe-
OJaBATEIIEM.

4. ObopMUTH OTYET MO MPAKTUYECKONU paboTe U cAaTh €ro Ipe-
NI0/1ABATEIIO.

KPATKWE CBEOEHNA 3 TEOPUA

CBs13bI0 Ha3bIBAETCS TEJIO, KOTOPOE OTPAaHUYUBAET CBOOOJY Tie-
pPEMENIEHHS IPYTOro TeJia B IPOCTPAHCTBRE.

Ecau cuiibl, OpuIOKEHHBIE K TEy, OyAYT CTPEMUTHCS CABUHYTH
€ro Mo TOMY WJIM WHOMY HAaIpaBJICHUIO, TO TEJIO OyAET BO3ACHCTBO-
BaTh Ha CBA3b C CUNOU OaséleHus Ha c643b. COorjacHO akCMOMaM CTa-
THKH, CBSI3b C TAKOM e CUIJIOW OyJIeT eiCTBOBATh Ha TEJIO, HO B MPO-
THUBOTOJIOKHYIO CTOpOHY. Cujia, ¢ KOTOPOU CBA3b AEHCTBYET HA TENO,
MPEIMATCTBYS €0 MEPEMEIICHUIO, HA3bIBAETCS peaKyueli Ces3u.

YpaBHEHUS paBHOBECUSA MINTOCKOW CUCTEMbI CUN

[Inockon Ha3bIBAeTCS CUCTEMA CWUJI, JIMHUU JIEUCTBUS KOTOPBIX
JISKaT B OJHOU IIJIOCKOCTH.

[Tpon3BOIBHYIO IUIOCKYIO CUCTEMY CHJI MOXHO MPHUBECTH B 3a-
naHHbld 1eHTp © . Ilpu 3TOM B 00IIEM ciaydae CUCTEMa CBEAETCS K
TJIAaBHOMY BEKTOPY R U TJIaBHOMY MOMEHTY M. ['J1aBHBINM BEKTOp OII-
penensieTcsl Kak reoMeTpuyeckass CcymMMa MpUBOJIMMBIX cuil. Ero 3Ha-
YeHWe R MOXKHO ONpEAeNIUTh MO0 rpaduyecku (CIOXKEHHEM BEKTO-
POB) MO0 aHATUTUYECKHU (Uepe3 MPOESKIMHU CUJT Ha ocH). [[71s1 mmockoit

CHUCTEMBI CUJI
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Jl71s1 paBHOBECHS JIFOOOM CUCTEMBI CUJI HEOOXOIMMO U JI0CTAaTOY-
HO, YTOOBI TJIABHBIA BEKTOP 3TOM CUCTEMBI CHJI U €€ TJIaBHBIA MOMEHT
OTHOCUTEJIBHO JII000T0 LIEHTPpa ObUIH PaBHBI HYIIO
R=0u M=o0. (2]
AHaIMTUYECKUE YCJIOBUS PABHOBECHS IIJIOCKOM CHUCTEMBI CHII
MOTYT OBITh IPEJICTABJICHBI B TPEX Pa3IUYHBIX (popMax.
OcHosnas ¢opma ycrosuil pasnogecus. N3 ycinoBust 2 ciieyet
ypaBHEHUE PAaBHOBECHS TBEPJIOTO TeJIa MO ACHCTBUEM ITPOU3BOILHOM

CUCTCMBI CHUJI
ZJ{:-::J,Z}Q —0n ZM;:D- (3)

Bmopas ¢popma ycrnosus pagnogecus. Cymma MOMEHTOB BCEX
CHJI POU3BOJILHOM TUIOCKON CUCTEMBbI OTHOCUTENBHO JIFOOBIX JBYX IIECH-

tpoB A4 u B a Taxke cymma npoekimii 5THX cut Ha ock X | He TIeprieH-

JKYJSIPHYIO OTpe3Ky npsamoii AB | 6bm paBHEI Hyitro

YX;=0,YMy;=0uYMg =0 (4)

Tpemwvs ghpopma ycnosuii pasnogecus. CymMma MOMEHTOB BCEX
CHJI TIPOU3BOJIBHON IUIOCKON CHUCTEMBl OTHOCUTENBHO JIFOOBIX TpeEX
neHTpoB A, B u C, He nexanux Ha OJHOU MPsSMOM, ObLITM paBHBI HY-
JIXO

YMy;=0Y Mg =0nYM = 0. (5)

B cnyuae xorga Bce IEMCTBYIOIIKME HA TEJIO CUJIIBI MapasljieiIbHbI
JIpyr JIpyry W JIeKAT B OJHOM INIOCKOCTH, MOKHO HAIIPaBHUTh OChb X
MEPIECHAUKYISIPHO CHJIaM, & OCh ¥ MapaJUIeJIbHO MM. Torjaa ycioBue

paBHOBecus (3) MPUMET BUT
Z}fﬁ =GHZ};=0. (6)

Hpyrass ¢opma yclioBUIl paBHOBECHS ISl MapajuieIbHBIX CHUI,
MOJIYYAKOIIAsACA U3 PABEHCTB (4), UMEET BU/I

D My =0u Y Mz =0, (7)

ITpu 3TOM TOUKH A ¥ B HE OMKHBI JI€KaTh HA MIPIMOM, Mapai-
JIETIbHOM CUJIaM.
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OCHOBHbIE TUMbI OMOPHbLIX 3aKPENeHNIA
B TexHuke BCTpedaroTCsl TpU OCHOBHBIX THIMA OMOPHBIX 3aKpEI-
JICHUM.

1. Ioosusrcnas wapnupnas onopa (puc. 1, onopa ). Peakuus

R4 takoii omops! HanmpaBieHa 0 HOPMAH K IOBEPXHOCTH, Ha
KOTOPYIO OMUPAIOTCS KATKU MOJBUKHON OMOPBI.

Puc. 1
2. Henoosuoxcnas wapnupnas onopa (puc. 1, omopa B ). Peak-

st R onopsl IpoXomuT 4epes och MIApHUPA H MOXKET UMETh
Ar00O0eHaINpaBieHne B IJIOCKOCTH udeprexa. [lpu perieHun
3a7a4 3Ty PEAKIHUI0 HEOOXOAMMO H300pakaTh €€ COCTaB-

oMy X5 u YB, HanmpaBIeHHBIMH MO KOOPAHMHATHBIM
OCsIM.

3. Henoosuoicno 3awemnsarowas onopa (WIM KECTKas 3a/ICNKa;
puc. 2). B aTomM ciiydae B momepeyHOM CEYECHHUHM OajaKu CO
CTOPOHBI 3aI€JJAHHOTO KOHIIAa JEUCTBYET cUCcTeMa Cui (peak-

IIU) COCTOSINAs 13 CHUJIBI EA U MoMeHTa 4. Peakiuro EA
(Ha pECYHKE He TOKa3aHa), MPHIOKEHHYI0 B Touke 4 | mpen-
CTaBJISIOT €€ COCTABIISIOIIMMU XsuVa.
K.
N\ x,
>

A

;.F

i

Punc. 2
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NMPUMEP PELWLEHUA SAOAYUU

/lano: Pama (puc. 3) uMeeT B TOUKE 4 HEMOJABMKHYIO IIapHUP-
HYIO OIIOPY, & B TOYKE B — MOABHKHYIO MIAPHUPHYIO OIOPY, PACIIO-
JO)KEHHYIO TIOJ yrjoM £ =30" x ropuzoHTanu. Ha Oanky naeicTByer
rnapa CuJI ¢ MOMEHTOM M =50xHM i1 1BE€ CUJIBI F:.F2. 3HAYCHUSI, HAIIPaB-
JICHUS U TOYKHU MPHUIIOKEHUS KOTOPHIX YKa3aHbl B Tabuie 1.

Tabmauna 1
P‘?
_ v B
F, o
Cuna
No F,= 25 KkH F,= 18 KH
= TOYKA
YCJIOBUS | TOUKANIPUJIOK. | r® HpHIOX. ¥
1 D 60 E 75

1] pe6yemc;1:onpez[eJIHTb peakuu B TOUKax 4 U 5 , BbI3bIBACMbIC
z[eﬁCTBy}omHMH Harpy3KaMH. HpI/I OKOHYATECJIbHBIX ITOACYECTaX MpH-
HATH ! =05m |

Puc. 3



Pewenue:

1. PaccMoTpuMm paBHOBECHE pPAMBI.

[IpoBegeM KoOpAMHATHBIE OCH X) U W300pa3vM JACHCTBYIOIINE
Ha paMmy CHUJIbI: CHUIBI Fi U F2, Tapy CHUJI C MOMEHTOM M ¥ PEaKIUU CBS-
3eil Xa,Ya,Rs (pEaKinio HEMOABMKHOM IAPHUPHOM OIOpPHI 4 H300paska-
€M JIByMsI €€ COCTaBJISIOIIMMHU, PEAKIIMs APHUPHOM OMOPHI HAa KaTKax
HampaBJieHa NEPIIEHANKYJISIPHO OMOPHOU MIIOCKOCTH, PUC. 4).

Puc. 4

2.  Jlns moyd4eHHOU IJIOCKOM CUCTEMBI CHJI, UCTIOJIB3YSl YCIIO-
BUs (3), COCTaBUM TpHU YpaBHEHUSI PAaBHOBECHSI.

X, +Rgsinff —Fycosa 4 F.siny =10 (a8
Yi+ Rpcosff+ Fysinag—Fycosy =0 (9

M — Rglcos8)- 41 + F{coso)- 21 — F(sina) - 3] —
—F.[sinv)-21 =0 {10}

[IpaBuiio 3HAKOB JJI1 YPaBHEHUS CYMMBI IPOEKIIMM HA OCH: MPO-
€KIMs CWJIbl CUATACTCS MOJIOKUTEIIbHOM, €CIU €€ HalpPaBICHUE COB-
NaJilaeT ¢ BEIOpAaHHBIM HAPaBICHUEM OCH, Ha KOTOPYIO 3Ta CHUJIa IIPo-
EUUPYETCA U OTPULIATEIBHOM, €CIIA HE COBIIAJIACT.

[Tpy BBIUKCICHMH MOMEHTOB CHJI Fi M F: OTHOCHTEIBHO TOYKHU
A, BOCNOJIL30BAIMCH TeopemMor BapuHboHa. s 3TOro pasnoxxuiiu
cuny F. Ha COCTABISIOLME Fi»  Fi(Ff =Fjcosa,  FY =Fsina) a cuiy
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F, Ha cOCTaBJAIOIe Fi,  Fa(F§f =Fzcosy,  FY=Fasiny) g Y9IIH, 9TO
Ma(F) = My(F=)+ Mu(52),

[TpaBuito 3HAKOB JJIs1 YPaBHEHHUS] MOMEHTOB OTHOCHUTEIIBHO TOYKH:
MOMEHTBI 1 MOMEHTHI CHJI CTPEMSIIHECS MOBEPHYTh CHCTEMY OTHOCH-
TEIHHO BHIOPAHHOW TOYKH IO XOAY YaCOBOM CTPEJIKU CUUTAIOTCS OTPH-
I[ATEJIbHBIMU, & TIPOTUB X074 YaCOBOM CTPEJIKH TMOJI0KUTETHHBIMHU.

IToacTaBuB B COCTaBIICHHBIC YPaBHECHUS PAaBHOBECHSI, YHCIOBBIC
3HAQYCHUS 3aJ]aHHBIX BEIMYUH W PEIIUB ITH ypaBHEHUS, OINpeEaeTIuM
HCKOMBIC PEaKIIHH.

3. OnpeneneHne BEIUYNH PEAKITUN.

CHauaza ornpeae/IuM peakiuio F =, BeIpa3uB € u3 ypaBHeHus (10)

B _ Fcosa-2l —Fsina-31—Tsiny-21+ M _
= cosf§ - 41 -

= 7,3 kH.

3areM U3 YPaBHEHUS  ONPEIEIISIEM COCTABIIIOLIYIO PEAKLIUUA 4

X,=-Rpsinff# Fcosgg — Tsiny =

=-73-05+25-0,5- 18- 09659 = -854kH

3HaK MUHYC MEepe]] 3HAUCHUEM HAaUJEHHOW PEAKINEN YKA3bIBACT,
YTO OHA HANPABJICHA MPOTUBOIIOJIOXKHO MMOKA3aHHOM HA PUCYHKE.

W3 ypaBHEHHSI  ONPEIEIIMM COCTABIISIIONIYIO PEAKIIUU Ya

Y,=-RBgcosff—Fsine 4+ Tcosy =

= —7,3- 0,866~ 25- 0,866 + 18 - 0,9659 = —10,59 xH.

3HaK MUHYC NEPE] 3HAYCHUEM HAWJICHHOW PEaKIMEN yKa3bIBaET,
YTO OHA HAMPABJICHA MPOTUBOIIOJIOXKHO MMOKa3aHHON HA PUCYHKE.

Takum oOpa3om, 3HaYeHHWsS HEM3BECTHBIX PEaKIUd Ompeace-
HbBI:X: =85kH, Y, =23,3xHRz=73xH |

3AJAHUNE
3agava 1.

Kectkas pama (Tabn. 2) 3akperuieHa B TOYKE 4 HEMOIBHMKHBIM
IIIApHUPOM, a B TOYKE B TMOABMKHBIM IIapHHpoM. Ha Ganky neicTtByer
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rmapa CMJa ¢ MOMEHTOM M =50xHM Y TpU CUIIBI Fi.FzFz, 3HAYCHUS, Ha-
MIPaBJICHUS U TOYKU, TPUIIOKEHUSI KOTOPBIX YKa3aHbI B TAOIUIIE 3.

(manpumep, B yciaoBuu Nel Ha Oanky HeHCTBYIOT cuiia Fr =17 &H
o yriioMm 60° K TOpU30HTAIIBHOM OCH, ITPUJIOKEHHAS B TOUKe D , cu-
na F;=15xH mox yrinom 60° Kk TOPU30HTAIBHOW OCH, NPUIIOKEHHAS B
TOYKe £ ) U cwia F2=20xH moxa yriaom 45° K TOpPU3OHTAJIBLHOM OCH,
MpUJI0KEHHas B TOUke H).

OrnpenenuTh peakunu CBsA3ed B TOUKax A u B, BbI3bIBacMbIe 3a-

JaHHBIMU Harpy3kamu. [Ipy OKOHYATENBHBIX IOJCYETAX MPUHSTH
1=05n

Tabmauma 2
1 2
D>
S E
A [ % E
ot - b 1
M 171 i |
g P
B
D A
3 4
«-\,i
/ ,




IIpogomxeHue TabIuIb 2

6
l'\r J T %
1 [73 N (‘\
Y 'yi 1 K . 47
¥ F— |
- H ,%f
8
ﬁgﬁ H o
S T
— . 7 g E%
E 1)E BE/
_ |10
=1 |
y ﬁw’H E X
Y ‘? £ D ]




Tabnuia 3

Fr— : « I, A
Cuna
No F, =12 kH F.=17 x4 F,= 15 «H F,= 20 «H
ye1oBHUS TOYKA o TOYKa o TOUYKA - TOYKA o
MPUJIOK. MIPUJIOK. MPUJIOK. MPUJIOK.
1 — — D 60 E 60 H 45
2 K 30 — — H 45 D 60
3 )] 60 H 45 K 30 — —
4 D 60 — — H 45 E 30
5 — — K 30 E 60 D 45
6 H 60 F 45 n 30 — —
7 — — E 30 H 60 K 45
8 D 45 — — E 60 K 30
9 E 45 H 60 — — D 30
10 H 30 — — D 45 K 60
3agava 2.

banka (tabn. 4) 3akperieHa B TOYKE 4 HEMOJABMIXKHO 3alllEM-
nstoteiicss onopoil. Ha Ganky aeiicTByeT mapa CHJl ¢ MOMEHTOM

M =100 xHm

U JIBE€ CHUIIBI Fi,

F:, 3HAYCHUI, HallpaBJICHUA W TOYKH

MPUJI0KEHHUS KOTOPHIX YKa3aHbl B TAOJIHUIIE 5.
OrnpenenuTh peaklnu CBSI3€M B TOYKE A , BbI3bIBAEMbIC 3aJ1aH-
HbIMU Harpy3kamu. [Ipr OKOHYaTEIbHBIX MOACYETAX MIPUHATD [ =0.5m

Tabnuia 4

\l'—‘

2
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[Tponomxenue Tabauipl 4

SN\
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E;_<— : Tg6JzHua 5
F, « 2 F &y
Cuna
No F,= 30k F.= 45 KH F,= 75 kH F, = 65 kH
- TOYKa TOYKa TOYKa TOYKa

yCeTOBHA MIPUIIOK. at MIPUTIOK. ar MIPUIIOK. a MIPUTIOK. at
1 - — b 60 C 60 — —
2 B 30 — — — — D 60

3 — — C 45 D 30 — —
4 D 60 — — — — B 30

5 — — b 30 D 60 — —

6 C 60 — — B 30 — —
7 — — C 30 — — D 45

8 B 45 — — C 60 — —
9 — — C 60 — — B 30
10 D 30 — — — — C 60

TPEBOBAHNA K OTHETY

OT4er MO MPAKTUYECKOMY 3aHSITHIO BBIMTOJHSIETCS HA OTJIEIIb-
HBIX JucTax ¢popmara A4.

B pemenunmno kaxaoit 3aade 10IKHbBI ObITh TPUBEICHBI:
3aJIaHHAas CXeMa;
CXEMaHarpy>X€HUH ¢ yKa3aHUEMCHUJI, IPUJIOKECHHBIX B 3aJ1aH-
HBIX TOYKAX, MOMEHTOB, PEAKIUN CBSI3EU U OCEU XV
YpPaBHEHHUSI PABHOBECHS;
MOPSIAOK ONPENICIICHNUS PEAKIUN CBA3EH.
Pemenue 3aga4 HE0OXOIMMO COMPOBOXK/IATH MOSICHCHUSIMH.
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