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CocraB 3ajiaHusi u nopsiioK ero BbINOJHEHHS

ITo Tperbeil uwacTH Kypca CTyAEHTHl BceX crennaabHocTei
JIOJIKHBL PEIIHTH WIeCTh 3aJay W BBLIIOJHHTL OAHY PacueTHO-rpa-
(uueckyio pabory.

3ajanue Ha pacueTHo-rpaduueckyio pabory i npumMep ee Bbi-
NOJIHEHHSI [IPHBOAATCH B METOAHYECKHX YKA3aHHSIX, H3/aHHBIX
orfeabroii 6pomtopoii: «Teopernueckasi Mexannka. Mertoanue-
CKHE YKa3aHHs M KOHTPOJbHBIE 3alaHHs 1o AMHAMHKe (¢ npH-
menennem IBM)! nasi cryaeHtoB 3aouHoro Qaxyantera Beex
cneunanavuocereit JIMCH» (J1.: JIMCH, 1984). [1pu Boinoanennn
sajlannil PEKOMENLYeTcst NMoJb30BAThCS JHTEPATypOil, yKasanHoi
B [IpOrpamMMme, NpuaaraeMoii K MeToAHYeCKHM yKa3anusm.

[lecth 3agau BKAIOYAIOT CJAELyIOLIHe pasiesbl Kypea:

3apava MNe 1. Tpunuun JanamGepa u METOA KHHETOCTATHKH.

3apaua M 2. [lnnaMuka [JOCKONAapaJJ/e]bHOr0 ABHIKCHHS
TBEPJOro TeJa.

3apaya M 3. [IpHHUMI BO3MOKHBIX NepemMeliennuit,

3apava Ne 4. OGuiee ypaBHeHHe AHHAMHKH,

3apaua M 5. Ypasuenue Jlarpanxa BTOpPOro pojaa.

3amaua M 6. KoseGauusi MeXaHHUCCKOH CHCTEMBI ¢ OHOI
CTCIEHBIO CBOGO/AbI.

YKkasauus K BbiGOpy Bapuanra

3ajanne Ha KOHTPOJAbHYIO pabory onpenensiercs no taba. |1
110 ABYM MNOCJAeAHHM HHBPaM HHIAMBHAYaJLHOrO HOMepa, Mpo-
CTaBJGHHOrO B 3aueTHON KHiKKe. B kaxcpo#t kaerke taba. | no-
MelaloTesi puMcKas W apabckasi undpsl, onpejaeasioune Homepa
CXeM M HCXOAHBIE AaHHble KO Bcem 3agauam. Hanpumep, mwundp
3aueTHON KHHKKH 77—256. Ilocnennue e muppn 56 ykasol-

! TMpumenenne IBM npeaycMoTpeHo ISt FOPOACKHX CTYACHTOB-3a04HHKOB,
o0y4aioluXcs 10 Beuepheil cXeMe H NOCEIAIOUWHX JIEKIHH H NPaKTHYeCKHe
3aHATHS.
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3ananne AAs BHINOJNHEHHS KOHTPOJbHON paGoTsi
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BalOT, YTO BAPHAHT JJISi BBIMOJHEHHS! KOHTPOJbHOH paboThl CO-
JIePKHTCS B KJETKe, HaxoAdllefici Ha NepeceyeHHH LIecToM
CTPOKH H maATOro croi6a ta6u. 1. B ykasaunoii k/ierke HaXoAHM
wuppset VI—5. Ludpa VI ykassiBaer na HeoGXOAHMOCTb HCNOJb-
30BaHHsl AJIsl BCeX IUECTH 3ajay LIECTHIX CXeM, a 5-— HCXOAHBIX
JAHHBIX K HHM M3 MATBIX CTPOK COOTBETCTBYIOWIHX TaGJIHLL

3adava N 1. NPUMEHEHHE TNPHHUUINA OAJIAMBEPA H METOJA
KHHETOCTATHKH JJIl ONPENEJEHHUSl YCKOPEHUH TOYEK
MEXAHHUYECKON CHCTEMbBI U PEAKUHMH CBA3H

Onpepnennty yckopenne rpyda I (puc. 1) u peakuuu cBsseit
JIS MeXaHHYeCKHX CHCTeM, NPHBeAeHHBIX B Tabl. 2a u 26.

e

“ pued PUc.2

Tlpu peleHuu 3aJa4n JIHCKH CYHTATDH CIVIOUIHBIMH H OAHOPOA-
HBIMH TeJaMH, NONepeyHEIMH pasMepaMu H BecoM crepxkuedt AC,
BC, AB upeneGpeub. Bce cBSI3H CUHTaTh HAEAJbHBIMH, CHJbI
TPeHHsI He YUHTHIBATb.

¢ Mpumep pemenus 3anaun N 1

CxeMma MexaHHYecKol cucteMbl npusefesa na puc. 1. Jlawo:

my=10 kr, mg=15 kr, my=20 kr, r=0,1 M, R=02wM, M=
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Tabauya 26

Hexonuse pannsie x cxeme sajaun N 1

my my ms ! R M Paanycs

aE HHEPIHH
£2 H. L4
2 E- Kr M M WKHBA, M
U 2 | o | o |20 | o5 | o [ o
2 30 40 40 1,40 0,20 75 0,10

3 40 55 50 1,50 0,10 80 O,lii—
4 30 45 80 1,20 0,20 90 0,14

5 25 40 30 1,30 0,15 60 0,10

6 20 30 40 1,40 g 0,10 50 0,11

7 30 40 50 1,10 0,10 70 0,12

8 25 40 60 1,00 0,20 40 0,15

9 30 50 30 "l*':';; - 0,15 & 60 0,10 -
10 20 35 40 1,20 0,20 70 0,15

=20 H-M, pc=0,1 M. TpeGyercsi maiiTn yckopenus rpysa I,
a takxe peakuun crepxueit AC n BC.

Pewenue. Onpefienm peakuun WHIHHAPHUECKOro wapuupa C
Ha auck. Ha ocHoBe npumiluna ocBOGOXKAaeMOCTH OT cBsseli pac-
cMaTpHBaeM MeXaHHYEeCKyl0 CHCTEMY, COCTOSIIUYI0 M3 JHCKA H
rpy3oB I, 2, Kak CBOGOAHYIO.

3
JleficrBue mapuupa C na AHCK 3aMeHseM peakuusMu Rcy M

-
Rc: (puc. 2). Bocnonbayemest npuauunom JdanamGepa u npuio-
JKHM K TOYKAM MEXaHHUYECKOH CHCTeMbl CHJIbl HHEPIHH.

i > 3 e s
Cuabl nuepuun @y=—m,;W,, Op=—m,W, nanpa/ieHsl 1npo-

“ o = . oleia)
THBONOJ0KHO yckopenusM W, u W, rpysos / u 2 (mpeanosara-
7




[image: image5.jpg]ercs, uto rpy3 2 onyckaercs). Cuibl HHepiHH Bpallaiollerocs
ZMCKA NPHBOAATCS K Mape CHJI, MOMEHT KOTOpOi

- ->
Mc®=—Ice,
rae Ic— MOMEHT HHePUUH JHCKA OTHOCHTEJbHO OCH BpAllEHHS;
& — BeKTOp YIIOBOro YCKOPEHHs JHCKA.
B cOOTBETCTBIN ¢ STHM HANPaBIseM MOMEHT napl Mc® npo-

THBOMNOJIOXKHO YIVIOBOMY YCKOPeHHIO & (cM. pHc. 2).
Ha paccmarpuBaeMyio MeXaHHUeCKyl0 cXeMmy AeHCTBYIOT Tak-
yiipseal g

Ke 3ajaBaeMble CHJbl: CcHJabl TsKectH Py, Py, P3 u moment M
napel cHJ AeficTBYIOLEH Ha AHCK.

Coraacio npunuuny [lasnamGepa B J060# MOMEHT BPeMeHH
AIs Besikofi HecBOOGOAHOM MexaHHuecKoll CHCTEMbI reoMeTpHye-
CKasl cymMMa IJIaBHBIX BEKTOPOB M IVIaBHbIX MOMEHTOB 3ajaBae-
MBIX CHJI, peakuui cBsieil H CHJ HHEPUHH OTHOCHTEJBHO JI060r0
HENOABHAKHOro LeHTpa pasBHa Hymo. OTciofa cieayer, 4to mMo-
CPEACTBOM BBEJEHHS CHJI MHEPUHH 3ajaya AMHAMHKH MeXaHuye-
CKOIl cHCTeMEI CBOJHMTCH K 3ajlaye O PaBHOBECHH COBOKYIHOCTH
3ajlaBaeMblX CHJ M CHJI MHEDILMH, T. €. K 3ajlaue CTaTHKH,

Tak kak B paccMaTpHBaeMOM NpHMepPe Mbi HMEeM MJIOCKYIO
CHCTEMY CHJI, TO COCTABJSsIEM TPH YPaBHEHHsi PaBHOBECHs METOAa
KHHETOCTATHKH:

S (Vi @)= 0; B2+ ) =0; X (Mi+ Miz) =0,

ITpoekTnpys 3ajaHHble CHJIbI H CHJbl HHEPLUUH (CM. pHC. 2)
1a koopanuatuele oc Cy n Cz M coCTaBjisisi CyMMY MOMEHTOB
3aJAHHBIX CHJI M CHJI HHEPLHH OTHOCHTeJNbHO ToukH C, mojayuaem

Rey=0;
Re:+®y—Py—Py—P—®,=0;
M4 Pyr —P,R— & R—®yr — ME=0.
Monyau cun unepuun @) u @, BHpaxkaeM uepes yCKOPeHHs
rpysosB I u 2
0|=M|W|; ®2=m2W2.
Monynb Momenta cua muepumn MY BEpaxiaeM uepes yrioBoe

yckopenune: M} =Icxe, 3mech lcx=mgp’c, rae p’c — pamuyc
HHEPLHH.
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VYuuteiBasi, 4To Bpallateabibie yckopenusi Todek D u E auc-
KOB paBHbI YCKOPeHHSIM rpysoB / u 2, Bhipaxkaem yIJOBoe yCKO-
penne nHCKOB e H yckopenne W, rpysa uepes yckopenne Wp:

W . Z r
e= T’, W' = T W1.
Toacrasnsis 3navenust @y, @, u M? B TpeTbe ypaBHeHHE PaBHO-
BECHS

|4

M-l-Pnr—PlR—m‘W,R—mzv(/‘%,_msp'-é RI =0,
HAaXOJMM yCKOpeHHe rpysa [
M+ Pyr—P R

s _ Mig-mgr—mgR
v ) ) 2 i
mlR + my r* - my o

2 ) 2
my R* +4-my r + my o

1

IToacraBasisi ync/eHHbIe 3HAYEHHS BEJHYHH, NOJyvyaeM
Wy BSOS 5 405 e
IlepBbie ABa ypaBHEHHS DPAaBHOBECHS NO3BOJSIOT HAHTH PeaKIHH
Rcy, Rz, nefictByomne Ha och C jpucka:
Rcy=0;
Rc:=Pi+Py+ Py+ ®—®y= P+ Py+ Py +m, W —

— myWo=mg + mayg + myg +mW, —ml% Wi.

TMoxcraBisisl yHC/AEHHble 3HAYEHHS BENHUHH, NOJyYaeM
Rc:=10-9.81+15-9,81+20-9,81+10-4,02—

0,1 i)
— 150—2--4.02 =451,54 H.

Ha ysen crepxueBoli cuctemt CAB pefictByer chna Rcs,

-

R’cy=0, paBuast mo MOAy.i0 cHie R’c; M NPOTHBONOJOKHO eif

nanpasaennas (puc. 3). st onpeieneHusi peakuuii crepxHei
-

AC u BC Bhipesaem ysea C u npukjaaJbBaeM K HeMy CHIbl Rca

>
u Rcp (puc. 4). CocraBisieM /JBa ypaBHeHHS PaBHOBECHsS CHJI,
peficTBylolux Ha y3en C,

3 Yi=0; Rcacos45°+ Rcscos 45°=0;
3 Z;=0; —R’c:+Rcacos 45°—Rcp cos 45°=0,
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Rca=—Ren;
Re; 45154
Rca=_m°‘_“ Ve =—2319,3 H.

3HaK MHHYC NOKasbiBaeT, uTO Hanpasijelne peakuuu Rep 1o oT-
HOIIEHHIO K PAcueTHOl cXeme HaJ0 H3MEHHTh Ha IPOTHBONOMOXK-

PUC.3
PUC.4

HOe, KaK 3T0 I0Ka3aHO Ha cXeMe AEHCTBHTEJBHBIX peakuuil
(puc. 5), rae crepxkens CA pacrsnyr, a CB cxar.

3adava N 2. COCTABJIEHHE JIM®®EPEHILUAJIBHBIX YPABHEHUH
MJIOCKONMAPAJIJTENBHOTO ABH)XEHHUS TBEPJOIO TEJIA
H WX WHTETPUPOBAHHWE

Karymxa pecom P=20 xH kaTutcs Ges CKOJILKCHHA 110 Le-
POXOBATOIl IJIOCKOCTI 1104 AeficTBHEM cityl Beca Q JABYX OJHHAKO-
BbIX TPy30B (cXxembl paubl B TaGa. 3a). I'py3bl nojBeuieHbl Ha
HUTAX, nepebpoureHHplx yepes Guaoxku. B raGa. 36 nexoamsix
JIAHHBIX P — Pajyc HHEPUHH KaTyUKH OTHOCHTEJBHO OCH, NPO-
Xoasleii yepes ueurp macc C. Bo Bcex BapHaHTax IPHHHMATH
R=1,5r; Q=FkP. TIpeneGperasi conpoTHBJIEHHEM KauyeHHIO, Onpe-
JeJHTh KHHeMaTHYeCKHe yPaBHeHHsl ABHMKEHNS KATYIIKH H HaH-
MeHblllee 3HaYeHHe KO3(dHLUHEHTa TPeHus: [ MeXAy KaTyLIKOH
H IOBEPXHOCTHIO, NIPH KOTOPOM BO3MOXKHO KaueHHe KaTyWKH Gea
CKOJIbXKEHHSI.
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[image: image7.jpg]Tabauya 36
"CXOAHHC JAaHHble K 3ajnave N 2
Howme,
cTpoKH Lo oM D, xH k
1 020 025 11,0
2 0,25 0,32 13,0 H
3 0,30 0,38 15,0 12
4 0,35 0,41 17,0 1,3
5 0,40 0,50 21,0 11
6 0,45 0,53 23,0 16
7 0,50 0,64 25,0 1.0
8 0,55 0,70 27,0 0.9
9 0,60 072 31,0 0.8
10 0,65 0,81 33,0 07

Mpumep pewenns sapaun M 2

Ilycrs ans  kaTymkH, wuso6paxkeHHOfi Ha pHe. 6 5
r=0,2; p=0,26 m; P=20 kH; kil,s; a=30° ; { g
- Pewenue. Karymka cosep-
aeT MI0CKOe IBHXEHHE B
IJIOCKOCTH ~ yeprexa. Ilome-
aeM B 3TOA IVIOCKOCTH CH-
CTeMy HeNOJBHXHBIX KOODAH-
HaTHBIX oceit Oxy. dudde-
PeHLHa/bHble yPaBHEHHS NJIO-
CKOrO JIBHXXEHHS TBEPJOro Te-
Jla HMeIT BHJ

m}éc=2'. X¢E=XE;

mje=3 YiE=YE;
PUC 6 Joo = Mic = ME,

rie m—wmacca Tena; XE u YE—npoekuuH IJIaBHOrO BeKTOpa
BHELIHUX CHJI, IPHJIOKEHHBIX K TeJy, Ha OCH X H Y; X¢, Yc — KO-
OpAMHATEl NEHTPa Macc Tena; ¢— yroa nosopora; MZ— raas-
HBIfl MOMEHT BHEUIHHX CHJI, TIPHJOKEHHBIX K Ty, OTHOCHTEJNbHO
oci C, mpoxoisileli uepes LEHTP Macc MEePHEHAMKYJSPHO dep-
TeXy; J¢ — MOMEHT HHePILHH OTHOCHTEJNbHO ocH C.

12

TlepBble ABa ypaBHEHHS XapaKTepPH3YIOT MOCTYNaTeJbHOe JBH-
JKeHHe TeJa BMecTe C LeHTPOM macc (B JHHAMHKe 3a NOJIOC
NPUHHMAIOT He [MPOH3BOJLHYIO TOUKY, a LEHTP Macc Tesa).
Tpertbe ypaBHeHHe XapakrepusyeT Bpallenue Tena Bokpyr ecu C.

s cocraiaenusi aAupdepeHHaIbHbIX yPaBHEHHH NJocKona-
paIeIbHOrO  JABHIKeHHSI KaTyLIKH H300paXkaeM Ha pacueTHO
cxeMe BHEIIHHE CHJbl, AeHCTBYIOLLHE Ha Hee B COOTBETCTBHH

s

¢ ycaosHem 3afaun (puc. 7) u peakiumum nosepxsoctu N, Feu.
ITpoekTHpyst Bee CHJbI Ha KOOPAMHATHLIE OCH H ONpejessis

MOMEHTBI CHJI OTHOCHTEMbHO ocH C, cocraBisem andpepeninalb-

a

Hble ypaBHeHHS ABHXKEHHs KaTyLIKH, npeamnoJiarasi, 4To OHa Ka-
THTCSl B HalpaBJ/IeHHH [OJIOKHTEJbHOIO OTcyera KOOpAHHATBHI Xc.

mxe=2Q—Fcy—P sing; (1)
mye=N—P cos a; (2)
mpPp=FeuR+QR+Qr. (3)

an COCTaBJIEHHH TPETbero ypaBHEHHs pekomenjayercs cJje-
Aylollee [paBHJIO 3HAKOB. Hanpaaneﬂue BpalleHus TeJa CUH-
TaeM TNOJOMKHTeJAbHbIM. Torga MOMEHTHl CHJI, HalpasJeHHbe
B CTOPOHY BpalleHHs, MNOJOXKHTEIbHbI, HalpapJ/ieHHble TPOTHBO-
M0JI02KHO, — OTpHUATeJbHBL

13




[image: image8.jpg]Cucrema tpex ypasmennit (1), (2), (3) comepxur naro me-
H3BECTHBIX X¢, Yc, ¢, Feu, N. JLIst pelIeHusi 3agaun cocTapisem
eule JABa YpaBHeHHS CBJI3H KATYIIKH C HAKJIOHHOH IVIOCKOCTDLIO

Yye=R (4), xc=Reg (5),
OTKYy1a

Ye=0 (6), xc=Rg (7).

[Mogerasasis snavenne ¢ 43 (7) B (3), moayuns

g . R
m e ke=QLF 1 F,. ®)
W3 ypasuensist (1) HaXoAuM CHay CHenJeHFsi
Fey=2Q—Psin a—mxc¢ (9)
I, noActaB/sAs ee 3navenue B ypasnenne (8), nojyuaem
f 2\ o (r +3R
m(1+LR,—)xC=Q R psina. (10)

YuurbiBas, uto P=mg, a 10 yca0BHio 3agaun Q=4kP, 3anuiem
HOCJIE}J.HCQ YpaBHeHHe B Buiae

Fo= 8 g (kL —sina) =285 (1)

Wurerpupys asamasl andgepennnansnoe ypasuenne (11), mo-
JAyUHM

:v(,-=2,85gl+6‘1; (12)

Xc=1,425g82+4C\t+Cy. (13)

[Mocrostnnbie unrerpuposannst C, u Cy, HAXOAHM H3 HAYaJbHBIX
YCJIOBHI JIBUKEHHS:

npu t=0; x¢=0; Xc=0
Ci=Cy=0;
xe=1,425g12, (14)

W3 ypasnennst (5) naxoaum yroa moBopora karymku ¢=xc/R,
UTO ¢ yuerom dsuavennst xc u3 (14) mnossoaser 3anHcath
¢=4,75g¢%

IMoxcraBass znauenne xo 3 (I1) B (9), nafigem cuay cuen-
JIeHHS
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Fen=2Q—Psin a—m-2,85g=
=2.1,5P—P sin «—2,85P=—0,35P. (15)

3HaK MHHYC O3HAYAET, YTO B JEHCTBHUTEJBHOCTH JUIs JaHHBIX
napaMerpos HanpasleHHe CHIBl cUenJieHus (puc. 8) NPOTHBO-
M0JIOKHO TIPHHATOMY Ha pacueThoii cxeme (cm. pue. 7).

Ha ocuoBanun 3aKOHOB TpeHHs, chOpMyJHPOBAHHBIX B CTa-
THKE, M3BCCTHO, YTO MOJAYJbL CHJIBI CTATHUECKOTO TPEHHs H3Me-

nsietest o7 Feprp=0 A0 Ferap= F{%, B MOMEHT Hayalsa CKOJb-

JKCHHSA, MO,’lleb MaKCHMaJIbHOH CHJIBl CTATHUECKOrO TPeHHS, KakK

M

0

PUc. 8

[1OKA3bIBART OMBIT, MPONOPLHOHAJIEH BeJHYHHE HOPMAJIbHOM peak-
unH N nJ0oCKOCTH:

errp=fN.
CuienoaTenibho, NPH ABHXKEHHH 6e3 CKOJbKEHHS MOAYJb CHIbI

clienierHs A0MKen ObiTh Goablie WM paBeH MoAyadio FRis.

Ipu Foy<< PR, HAUHETCS CKOJbIKEHHE. Torna

Fen<SPN. (16)
Tak kak u3 (2) ¢ yueroM (6) nopmasbHasi peaxuus
N=P cos a=0,866P, (17)

to ua (15) u (16) wumeem 0,35<f-0,866, orkyna [=0,404.
Takum 06pasoM, HaUMeHbLICC 3HAYeHHe KO3(pDHIHEHTA TPEHHS,
IpH KOTOPOM BO3MOXHO KadeHHe KaTyUIKH Ge3 CKOJNbXKCHHs,
fmn=0,404.
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3adava N 3. NPHMEHEHHE NPHHIHUIIA
BO3MOXXHbBIX NMEPEMEWEHHHW K OMPEAENEHWUIO PEAKLHH
OMOP COCTABHOH KOHCTPYKUWH

Hcnonb3ys NpUHIHI BO3MOMKHBIX TepeMelleHHil COBMECTHO
C MPHHUHIOM OCBOGOKAAEMOCTH OT CBSI3€il, ONpee/HTh PeakIuH
onop B Touxkax A, C, D aas cHcTeMbl IBYX COYJIeHEHHBIX 6aJoK,
npusesennblx B 1a6a. 4a. Mexoanble nannble AJs1 pelleHHs 3a-
nay npusejensl B Tabua. 46.

Tabauya 46
Hcxonnbie nannbie Kk sagave M 3
H
il e arpyska - s
CTPOKH m, q, rpan !
Py, xH | Py kH | gty kH/m
1 4 3 5 1 60 1
2 3 4 2 6 30 2
3 2 2 5 3 45 3
B8 4 6 3 4 30 2
5 6 8 4 2 60 1
6 8 3 5 5 45 2
7 3 4 3 2 60 3
8 4 3 6 1 30 3
9 5 6 4 2 45 1
10 6 8 3 4 60 2

Mpumep pewenns sapaun M 3

Hast cocraBuoit Gaakum (puc. 9,a), na KoTopyio AefiCTBYIOT
cunbl Py=2 kH, P,=4 xH, paBromepno pacnpenesesnas Ha-
rpy3ka HutencusHocthio ¢=1 kH/M u mapa cun ¢ MOMEHTOM
m=6 xH, onpexeants peakunn omop A, C, D. Yron a=45°
paamep a=2 M.

Pewenue. Ha ocHoBaniy npuHiuna ocBo60K1aeMOCTH OT CBSi-

seit or6pocum omopy D u 3amenum ee AeficTBHe peaxunueit Rp,
nepnennKy JIsapHOil IockocTH Katauust onopel D. Hanpasienue
ee MOzeT ObiTh 3a1aHO TPOH3BOJIbHO, HampuMep BBepx. IToay-
yeHHasi TakuM 00pa3oM CHCTEMa HMEeT OJHY CTeneHb CBOGO/bI
U jocnyckaer nepemerniennus. CxeMa BO3MOXKHBIX NepeMelleHHit
nokasana na puc. 9,0, rae G6aake DE 1ano BO3MOXKHOe nepe-
MeleHie — Geckoneuno MaJablii yroa nosopora 8¢, Bce ocranb-
HBIE TOYKH CHCTEMbl HE HMEIOT BO3MOMHBIX nepeMeuiennit. Jas

25821 17
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Puc. 9

yaoGeTBa pacuera 3Jech M Jlajiee  pacnpejesieHHas B npeje-
aax oanoro rtena (6Gaaxu BE) marpyska ¢ 3aMeHeHa cOCpejo-
ToueHHoit cuioit Q=g-2a=4 xH.

Ha ocnoBanun NPHHILHIA BO3MOZKHBIX nepeMeltes it s pas-
HOBEOHS MEXaHHYECKOH CHCTEMBI ¢ HjaeajlbHBIMH, CTaLlHOHaPHHMH
H JIBYCTOPOHHHMH CBSI3SIMH (TAKOBBIMH SIBJISIIOTCH BCE CHCTEMBI,
npuBeJeHnbie B TabJ. 4a) HeOOXOAHMO H JAOCTATOYHO, UTOOHI
cyMMa 3JeMeHTapHbIX PaGoT BeeX 3aJaHHBIXH CHJI I peakiHi
cBsa3eil, NPHJIOKEHHBIX K TOYKaM OHCTeMBl, Gblia paBHA HYJIO
Ha JI060M BO3MOXKHOM MEPeMCIICHHH CHCTeMbI:

Z, BA(F’—O W Z Fpr,=0.

Qo]

CocraBum ypasHenHe paboT BCeX CHJ Ha BO3MOXKHBLIX nepe-
MeLILeHHSIX, YUHTBIBAS, 4TO JeficTBHe CBA31 Onmopel D 3aMeHeHo
ce peakuuei

Rn'ﬁSu—Pg sina 682=0.
Ha ocuoaunu paunpix puc. 9,6, HCnoJb3ys CBOACTBO 10-
J00Hs TPEYroJIbHHKOB, HAXOAHM CBSI3b MEX/Yy BO3MOKHBIM Tepe-
-

MelleHHeM onopsl D M TOYKH NMpuioxenus cuinl Py dto naer
BO3MOKHOCTb HCKJIOUHTD B ypaBHCHIHN PaboT GECKOHeYHO MAJIyIo
A

BEJIHYHIY OS2 M HANTH 3HAYCHHC peakuHu Rp:
Rp+28s— Py sin a6ss=0; Rp=0,5P;sin a= 1,41 xH.
AuaJiorHyHo coCTaBISeTCs pacyeTHasi cxema JUisi OnpejeJie-
st peaxinn onopel C (pue. 9,6). Onopa C samensiercsi peax-
>

uueit R Cucrema J0MycKaer BO3MOMKHBIC TMepeMelleHHs —
Ganka BE moxer GbiTb NOBepHYTa Ha OECKOHEYHO MaJblil yroJ
8¢y BOKpYr WHJIMHAPHYeCKOro wWwapuupa B, a Ganka DE —mHa

2¢ 19




[image: image11.jpg]yroa 8gp BOKpYr mHAHHApHUecKoro wmwapuupa D. Touku npuio-
JKCHHSI CHJ TOJIyHaloT BO3MOKHBbIC mepementenus §sc u 8sg, mo-
KaszaHHble Ha puc. 9, 6.

b’paBHenHe BO3MOZKHBIX p360T HMeeT BHI
RcGSc—QGSc—P-; sina 5Sz=0‘
YuyrbiBast BbITEKAIOULIHEe H3 1o 06Hus TPeyroJibHHKOB

(puc. 9,68) coornomenus O6sc=052=0,50sg, noayuaem, cokpa-
uias Ha 8sg, X

Rc0,5—Q-0,5—P;sin a-0,5=0,
OTKyJAa HaxoauM Rc=6,82 xH.

Onopa A npeacraisier J)KecTKoe 3atiem/enne. Peakuun Takoit
OMOpPBI  MPEACTABJSIOTCS  CHJOI 7{,‘, HanpaBsJeHHe KOTOPOii 3a-
panee He H3BECTHO, H peakTHBHbIM MOMenTOM M,. Peakiuio k’,‘
YA0GHO NpPEeJACTaBHTh B BHAE ABYX comaa:mmmmi},, Wt st

onpejesenusi ropH3OHTHANBHON cocTaBasomeil X4 XKectkoe 3a-
LleM/IeHHEe 3aMeHsieM OMNopoif B BHAE M0J3YyHA, XKECTKO CKpen-
aennoro ¢ 6ajaxoit (puc. 9,d). Takoe npeacraBjienne n03BOJsET
HCKJIOYUTh TOJBKO Ty CBf3b B TOUKke A, KOTOpas COOTBETCTBYET

b
HCKOMO{T peakunn X4 B 31OM cayuae cucTema mojyuaer OAHY
cTenenb cBOGOAb. BO3MOKHBIC MepeMelleHns Tead CHCTeMBl s
GyAyT TOJBKO TOPH30OHTAJLHBIMH, OAMHAKOBBIMH /ISl BCEX TeJl.
Ypasuenue paGoT nojyuaer B 0,/0%

Xa ;s—Pg'cos' ads=0,
X4i=2,82 xH.

OTKyla

Ha puc. 9,e npejicrasiena cxeMa BO3MOXHBIX NepeMelleHH

U1 onpejesienust BepTHKaabHOfl cocrasasiouteii Y. JKectkoe

3auleMJeHne B Touke A 3aMeHeHo OMOpPOH, AomycKaloulei Bep-

THKaJIbHBIC MepeMellleHns, HO He JonycKalollefi ropu3oHTalbHble

nepemeuienust 1 nosopor Gaaku AB. OrGpouennas cBsisb KOM-
-

nencupoBana peakuueii Yi. Tlpn coobmiennn cucreme BO3MOXK-
HBIX nepememennit Gaaka AB mosyuut mnocrynatesbHOe mepe-
mentenue, 6anka BE noBepHeTcs BOKPY! IHJIHHAPHYECKOro miap-
nipa C, a Ganka DE — BOxpyr wmIMHApHYeckoro mapuupa D.
Ha ocnoBanuu nanubix puc. 9,e

GSA=551=GSB=('\SE, 6$2=0,55$E.

p—

.

Toraa ypaBHeHHe BO3MOXKHBIX paGoT
YA85s4—P; 65+ Py sin a 8s;=0
NPHBOAHTCH K BHAY
Ya—P;+ P,y sin45°-0,5=0.
Orcioaa onpeaensercs
Y4=0,59 kH.

Jlast onpejeents pPeakTHBHOrO MOMeHTa omopel A 3ameHseM
JKecTkoe aaiiemJenne GaJjKH LI1apPHHPHO-HENOABHXKHOH OMOPOI,
a OT6pOMEHHYIO CBA3b — PEAKTHBHLIM MOMeHTOM M, (pHc.9,e2).
Jlaem cucTeMe BO3MOKHBIE NepeMelleHHss H OMpeaesieM 3aBH-
CHMOCTH MEXJly BO3MOXKHBIMH TepeMelIeHHSIMH, KOTOphe J0-
nyckaloresi octaBuinmucs cBsdsimu. [Moayuaem (puc. 9,2)

Ssp=0sp=0s=2adp; 85 =>852=0,56s5ab¢.

YPaBlIeIIHG BO3MOZKHBIX paGo-r CHJI Ha COOTBETCTBYIOUIHX BO3-
MOXKHBIX NepeMelleHHsX HMeeT BHI

M, 8¢—mde—P, 85+ Py sin a 8s;=0.

MCHOJIbBYSl HalJeHHble 3aBHCHMOCTH MeXy MepeMelleHHsIMH,
noJsyuaem

Ma—m—P,a+ Py sin aa=0,

0TCI0/1a HAXOAHM HCKOMBIl MOMEHT
Ma=4,36 xH-m.

3adava Mo 4. TPUMEHEHME OBLWLErO YPABHEHUSI NHHAMHKHW
JUisi OMPEAENEHUSA YCKOPEHUM TOYEK MEXAHHYECKOR
CHCTEMbI C OJIHOH CTEMEHBIO CBOBOJbI

Hcnonbaysi obliee ypaBHeHHe JAHHAMHKH, ONPENENHTb YCKO-
penne rpysa A MeXaHHYeCKOil CHCTEMBl, TIPeACTaBJECHHOH
B T1abn. Ha, a TakKe HailiTH HaTSIKeHHE HHTH, CBS3bIBalollel
tena B u C. Mcxonusle Jannbie 3agaun npuBeieHbl B Ta6i. 56.

Bee cBf3u cunTaTh MACAJbHBIMH, HHTH — HEPACTHKHMBIMH H
nepecoMbiMu, KaTkn (eciy OHH HMEIOTCSl Ha cXeMe) KaTaTcs no
naocKoeTH 6e3 CKOJIbKEHHs, COMPOTHBJICHHE KaueHHio KaTKoB C
xapakTepuayercst Ko3(G(HUHEHTOM TPeHHs KaueHHs.
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Tabauya 56

Paauycnt :’E, .: % =
HoMzois Beca H 2 u HHEPIUH, M E £ g 3
CTPOKH i g; Z %E §
£ Ba |l £o e | fp S EE| 2B

1 9 | 70 '50 | 30 | 04 | 03 ( 04 | 02 0,001

2 100 | 60 40 40 | 06 | 04 | 05 | Ol 0,03

3 120 | 70 80 50 (05 (05 [ 06 | 02 0,002

4 100 | 60 50 40 | 06 | 04 | 05 | 0,4 0,001

5 80 | 90 60 70 105 |03 | 04 | 03 0,002

6 100 | 70 80 | 120 [ 04 | 05 | 02 | 0,1 0,001

4 60 [ 70 90 60 |05 | 04 [ 03 |02 0,003

8 60 [ 70 80 70 |06 | 05 | 04 | 04 0,002

9 100 | 50 90 9 | 07 [ 03 | 04 | 01 0,001

10 70 | 80 60 80 [ 06 |05 |03 |02 0,002

Mpumeuannus:

CKOCTH,

1. Koapdumuentst TpeHus ckoabmenus f yuuThiBa-
IoTCH TOJILKO JUJISE TeX CXeM, Y KOTOpHIX rpys A JABHIKETCH 110 HAKJAOHHOM VIO~

2. B cxemax — I, 111, 1V, X xatkn C katares Ges ckoabikenus u Kosg-
(PHUMEHTH TPeHHs KAUeHHA ¢ YUHTLIBAIOTCH TOJLKO JUIt 9THX CXeM.

Beca rpysos Pp yunthiBaiores Todbko aas cxem I, V, VI, IX.
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Jlas mexanndeckoii cucrembl (puc. 10) onpeaeauts yckope-
HHe TOYKH A, a TakKe HaTsJKeHHe HUTH, CBA3bBaiolleii KaTok C
¢ 610koM B. P4,=Pp=Pc=P=100 H; ro=rp=rc=r=0,3 M.
Katku A u C xatates no miockoetsiM 6e3 ckosbkenns. Katox C
onyckaercsi M0 HAKJOHHON IVIOCKOCTH, PacnoJoKeHHO# Noj
yraom a=45° x ropusonty. Kosdpuunenr TpeHus KaueHus xat-
k0B A u C no miockocrsiv d=0,001 m.

Puc. 10

Pewenue. O6uiee ypaBHeHHe JHHAMHKH, 00beAHHSAIOILee
npunnun [lanambepa W NPHHIANT  BO3MOXKHBIX NepeMelleHHiH
Jlarpanxa, dopmyaupyercs ciaeiayounm o6pasoM: B KaxKAblit
MOMCHT JIBHAKCHHS MeXaHHYCCKOH CHCTEMBI ¢ HJeaJbHbIMH yaep-
KHUBAIOIHMH CBSI3AMH CyMMa 3JeMeHTapHbX paboT 3alaHHBIX
CHJI, peakiii CBsI3efi W CHJ HHEPUHH Ha BO3MOXHBIX Nepemelie-
HHSIX CHCTEMBI paBHA HYJIO:

3 sAP 4+ D sAY =0.
f=1 fm-]

B cooTBeTCTBHI € 9THM NpHKJIaabiBaeM K TOUKaM MeXaHHYeCKoi
CHCTEMBI JABE TPYNMbl CHJI. ﬂepnan rpymnrna -— 3ajlanuble  CHJbI
- - >

s D pA D F
Pa, Pp, Pc u peakunn cpsseit Ra, Fa, Rev Fau (pHe. 11).
B aaunoil 3azaye Cuai TPeHHsi CKOJbxKeHHs Her. Jlas Apyrux

24

-

¢xem TabJ. 4a, t1e HMeeTcst CKOJIbXKeHHe rpy3a A N0 HaKJOHHOM
[VIOCKOCTH, YYHTHIBAIOTCSH CHJbl TPEHHS CKOJbXKEHHS, MOAYJb
=

KOTOPBIX TIPONOPIHOHAJICH HOPMaJbHON peakuuu N:
F={N,

rie [— Koa(hOHIHEHT DPEHHs CKOAbKEHHS.
Cuubl, XapaKkTepH3ylollne CONPOTHBJICHHE KAaUCHHIO, MNPHBO-
. e Lt
aares Kk nape cuat (Ra, Pa) aasi katka A u K nape cua Re, P'c)
Fry 3
Ang xarka C. Jlunun jeficTBHs HOpMasbHBIX peakuuit Ry u Re

i

2
ry!

Puc. {4

OKAa3bIBAIOTCA CMEUIEHHBIMH B CTOPOHY ABHMIXKEHHSI KaTKa Ha pac-
- -

crosiune d or aunnuil geficreust cua taxects Py u Pc’. Tlaewo

KaxJ10il mapbl PaBHO BeJMYMHE, Ha3bIBaeMON KOIDPHIHEHTOM
TPEHHA KaueHus.

Bropast rpynmna cusa— CHJIB HHEPLHH.
Cuabt nuepunn katka C, COBEpLIAIOLIETO MJIOCKONAPaJJIeb-
Hoe ABuKenue, npuBoAsrcs (puc. 11) x riaBHoMy BekTOpy

- >
De=—me Wc
H IVIaBHOMY MOMEHTY

-4 >
Mc = _'/C.C’
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rle me — vacca Katka; - We — yCKOpeHHe LEHTpa Macc KaTka,

I~ — MOMEHT WHEpILHH KaTka oTHocHTeabHO och C, npoxosueit
>

uyepes uentp Mace C HCPNCHAHKY/SAPHO UEPTERKY; ec — BEKTOP
YIVIOBOTO YCKOpPEHHsi KaTka. B COOTBETCTBHH € STHMH hopmy-

-
gamu nanpapasiem cuiy uuepiun (e TPOTHBONONOKHO YCKO-
> o d "
peunio We, a MOMCHT mapbi M¢ — NPOTHBOMOJNOKHO YIJIOBOMY
.
YCKOPEHHIO gc.
Cuabl HHEPUMH KaTKa A, TakKe COBeplialoulero fljockona-
paJuie/bHoe JABHAKEHHE, NPHBOAATCS (pHC. 11) K rnaBHOMY Bek-
TOpYy

> -
Dy=—ma Wa

i rJlaBHOMY MOMEHTY
—»

. -
Mz = —Jye

4

rie ma — Macca katka; W4 — yCKOpeHHe IeHTpa Macc Kat-

ka A; [,— MOMEHT HHEPUHH KaTKa OTHOCHTENbHO OcH A, mpo-
-

Xojslleil yepes ueHTp A NEPHEHAHKYJIAPHO UEPTEHKY; €4 — BEK-
TOp YIVIOBOrO yekopenusi katka A.

Cuabl Huepuun 6J10ka B, Bpallaionierocss BOKpPYr HemoABHK-
HOH OCH, NPOXOASILIEil uepes TOUKY B, NMPHBOJAATCS K mape CHJ,
MOMEHT KOTOPOI

-4 o
MB_ = - ‘IB €5y
rae Jp— MOMEHT HHepUHH GJIOKA OTHOCHTENbHO OCH BpalleHHst
-
B, mepneHanKyasapHOil YePTeXKY; ep— BEKTOP y[VIOBOrO ycKOpe-
Hus Gioxa,

Coo6uiuM cucteMe BO3MOXKHbIE MepeMelends 8sc, 8sa, 6¢c,
S¢a, 6p (puc. 12) u 3anuutem obuiee ypaBHeHHe AHHAMHKH, CO-
CTABHB CYMMY BO3MOXHBIX PaboT 3ajaiHbIX CHJI, peaKuuii casseit
J CHJI HHEPLHH Ha COOTBETCTBYIOUIHX BO3MOXKHBIX NepeMelleHHsX:

@ c
Plsgsina — ddse — Mcdpo — Mrdoe —
b, @, A
— Mpdeoy— D gds, — Madpy — Mide, =0,
rae ME =Rcd=Pccosad w MA =Rad=Pad — momentst nap
Tpenns-Kauenns; Re M Ra— BeJHUHibl HOPMAJbHBIX PeaKUHH

niockoereit kauenusi kKatkos C u A; d — k0apuIHEHT TPEHHS
KaueHusi; 8s¢ M 0S4 — BO3MOKHbIE nepeMeuienuss Touek C H A;

26

8¢c, Opa M dQp— BOIMONKHBIC YIJIOBBIC MEPEMEIIeHHs (YriIbl
nosopora) katkos C, A u 6aoka B (puc. 12).

Haxoxanm 3aBHCHMOCTH MeXKAy BO3MOKHBIMH Nepemelie-
nusvMi. Tak Kak cHcTeMa HMeeT OAHY cTeneHb CBOGOABI (KaTKH
A n C karares Ges ckoabKenus) i, 10 yCJAOBHIO 3aAadi, HUTH
HEPACTSAKHMbL, TO

0sA=0S¢c=0sp ,

rie By —sepxuas touka Gaoka B.

s,
Plas s
(A \ B, //_3'!1-
/ /
\)‘// : B \‘{.‘3
i N
e
Tt )
pPUc. 12

YUHTHIBas, YTO PayHyChl KATKOB i G/10Ka OXHHAKOBH (=
=f!1=/('=f), a KATKH MOXKHO CYHTATh BpallaouumMuca B jgaH-
HBIH MOMEHT BOKPYr CBOMX MTHOBEHHBIX IEHTPOB BpauleHHst Pa
H pe, PacrnoyiokeHHbIX B TOUKax COMPHKOCHOBEHHS KATKOB C nJlt;-
CKOCTAMH, MOXKHO 3amnucarth

s B
Bog= A Byt

£ * ’
A ’g

OTKyZa Cllefyer

3s

By = tpp = dpp=—A-,

Monyan cun unepumun D q
A 1 (D¢ BBIpaxKaeM uepes ycko
Touek A u C: 4 e

Da=maWa; ®c=mcWe,




[image: image15.jpg]4 BEJMUHHBI MOMEHTOB Hap cua uuepumn ME, M4 M§ uepes
yraosbie yckopeuus ME=Jcec, My =J e0, My = Jgzp. Tak
KaKk HUTH HepacTaxuMbl, 10 Wa=We=W1y (cm. puc. 11).
Hcnonb3yst COOTHOLUCHHSI KHHEMATHKH BPAllaTeabHOTO JBH-
JKennst 6J0Ka OTHOCHTEJbHO OcH B 1 kaTkoB A H C OTHOCHTE/bHO

MIHOBCHHBIX LEHTPOB CKOpOCTCﬁ pa H pc, BelpaxKaeM YCKOpeHHs
W W Bp

- >
€4, 8¢ W £y uepes yekopeuns Touek Wa, We u Wi
w Wc w W“!: w

" A
- 2 % SHTL P Bt
4 e r B

MomeHTs HHEPUHH CIVIOWHBIX OJAHOPOAHBIX KATKOB H 6J0Ka
HMEIT 3HAYEeHHS

mcf;')‘. mAI'% ) j o) mBr},
Je= 7 W=—F s Ja=Tg
YuuteiBas, 4To
P P P,
v A . e
me= gc o TRy gy

a Tak)Ke pPaBeHCTBO BeJHUHH CHJ TsKecTH (Py=Pp=Pc=P) u
paaHycoB KaTKOB H 6JoKa (ra=rc=rp=r), noaydaem

I)
Je=Jy=Jp=g-1*

Bblpaxasi MOAYJH TVIaBHBIX BCKTOPOB CHJI HHEDUHH H MO-
MEHTOB Map CHJ HHEPUHH 4epe3 yckopenue Touku A, mojyuaem

P P @ CHR gL
®A=?WA: (bc"‘—g‘WAi M(;_—_-—Q?WAr,

@ {5t . o P
M,\:WWA", Mﬂ—ﬁ WAI'.
[ToacraBadsi HalaeHHBle 3HAYEHHS BO3MOXKHBIX nepememeuuﬁ,
MOZlleCﬁ rJIaBHBIX BEKTOPOB CHJI MHEPUHH M MOMEHTOB Map CHJ
HHEpUHH B obliee ypaBHEHHE AHHAMHKH, MOJdydyaeM

P

s Bs
—_— —A_p A
T W r— Pcosad —

P&sAslna—-% W 3s, —

GSA

, e 2 vy e Y _pig
_TW'J = ——g-WABsA—EWAI e e 0
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Cokpawas na 8s, 1 P, HAXOAHM ycKOpeHHe TOuKH A
W4 =—27‘;—[rslna—d(cosa + 1),
nOllCTaBJlﬂﬁ YHCJICHHBIE 3HAYEHHS BEJIHYHH B 3TO paBeHcTBO,
HaXOLHM
W, =52y [0,3—”;- —0001( X% + 1)] = 1,96 m/c,

IMocse naxoxnenns yckopenns W, MOXHO NPHCTYNHTH K onpe-
JCJICHHIO HATSJKEHHUS HHTH, CBA3bIBaioleil Tena B u C, MeToxOM
KuieroctaTHki. ITpuMensst npHALHT OCBOGOXKIAaEMOCTH OT CBSi-

S
seif, paspesaem nnth BC. Ee JeiictBue samensieM peakumedt Ty

(puc. 13). PaccmartpuBaeM paBHOBecHe CHJI, NPHJIOKEHHBIX
K KaTky C. B COOTBETCTBHH C METOJOM KHHETOCTAaTHKH K KaTKy C
NPHKJIA/bIBAEM TPH IPYNNBl CHJ: 3aJaHHBIE CHJIbI, PEAaKIHH CBS-
-
3eil W cuabl MHepUMH. 3anaHHOR cuaoi aBasercs cuna Pg;

-

peakuusaMH CBsi3el — CHJIA CLEIIeHHs Ffu, HOpMaJibHasi peak-
-> -

ILHs TIJIOCKOCTH Kauenus Re W cuiia matsukenust HutH Ty, (Cuaa

.

Ty Ans MeXaHHYeCKOH CHCTEMBI, COCTOsiLEll M3 OJHOTO KaTKa
(puc. 13), sBasercsi BHeluHeil, a AJsi CHCTEMBI, coctosulefi H3
JIBYX Katko # Gjoka (puc. 10) — BuyTpenneil.) Cuiabl Huepuuu

- >

katka C NPHBOAATCSA K IaBHOMY BekTopy D¢ H Momenty Me
(puc. 13),
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[image: image16.jpg]Pacuernas cxema, usobpaxennas na puc. 13 comepxur ye-

Sl e T 2
THIPE HCH3BECTHBIX F,(‘;.. Re, Ty w We, a ypaBnenuii paBHOBECHS
MeTO/la KHHETOCTATHKH MOZKHO COCTABHTH TOJIBKO TpPH, HO Tak
kax yckopenne We=1W, yxe HaiilecHo NpH pEUIEHHH MNepPBOH
YacTH 3a/ayi, TO C MOMOILBIO TPeX ypaBHeHHii PaBHOBECHS Me-
TOAA KHHETOCTATHKH MOYKHO HAflTH BEJHYHHBI HEH3BECTHBIX CHJ
F&. Re, Ty Tlo ycaosimo sagaun TpeGyercst HaiiTi TOJAbKO Ha-
rsikenne iutH Ty, Jlasi 3T0ro 0cTaTOuHO COCTABHTH OJAHO YypaB-
HEHHE PABHOBECHSI METO/Ja KHHETOCTATHKH B BHAE CYMMBI MO-
MEHTOB OTHOCHTE/ILHO MIHOBEHHOrO Il€HTpa BpauleHHs Pc
Katka C:

EMpcz =0; Tyre+dere + M8+ Pocosad — Pesinare=0.
BBeieM B 910 ypaBHeHHe 3HAUCHHS
P, P
be=2'W,n Me=5=W,r,
Haiizienibie panee,
P P
Tlr—{-? WAr+3?W‘r+Pcosad —Psinar=0.

OTciofa HAXOAHM HATSIKEHHE HHTH

a 3 W,,)
T,—P(slna—-—r—cosa—T =)
ITojacrasassi uHCJACHIIBIE 3HAUYCHHSI BCJHYHH, BXOJASMIHX B 3TO
paBeHCTBO, MoJyyaem

VZ 0001 Y2 3 196
% 03 p2.  2..08

T = mo( ) —40,50 H.

3adawa No 5. MPUHMEHEHUE YPABHEHMS JIATPAHXA
BTOPOTO POJIA JUJISt BBIBOJAA JIH®®EPEHUMHAJILHOTO
YPABHEHUSI JIBUXKEHHS MEXAHUYECKOH CUCTEMBI

Henoansys - ypasnenne Jlarpauxa BTOporo pojaa, BHIBeCTH
andpepennnanbioe  ypaBHeHHe JIBHJKEHHST  MEXaHHYeCKOfl  CH-
CTeMbl ¢ OZIHOf CTernenbio CBOGO/L, PacCMOTPEHHOl NPH PeleHH
sagaun Ne 4 u npeacrasJentoii B ta6J. 5a u 56.

Mpumep pewenns sapaun M 5

PaccvarpuBaercst MeXaHHYecKas cHCTeMa, NMpHBeJEHHAs Ha
puc. 10 n uceneroBannast B npeibiiyueM naprpacge ¢ noMolubio
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obmero ypasuenust Annamiki. HMexoaubie gannbie TPHHIMAIOTCS
TaKHe e, KaK W NPH pemenin 3agaun Ne 4,

Pewenue. PaccmatpuBaemasi cHcTeMa HMeeT OJHY CTElEHD
cBoGoabl. B KauectsBe 0606UIeHHON KOOPAHHATHI MPHHAMAEM JIH-
Heiinoe nepememenne s touku A (pue. 14). 3anuceiBaeM ypas-

] ™

PUc 14

Henne Jlarpaika BTOPOro poja, COOTBETCTBYIOLIHE BBIGPaHHOI
06o6uennoft Koopauuare,

d (T IR
1It(?)—_§-_ G

rae 7 — KHHETHYCCKAS IHEPrHsT MEXaHHUECKOfl CHCTEMBI; §—
o6obuiennas  Koopauuara; s — o6obuieHnast ckopoctb; Qg —
o6o6ulenuas cHJIa, COOTBETCTBYIOUas BHIGpanHoil 0606LICHHOI
koopanuare s. Ecai paccMarpupaercsi CHCTeMa, KOTOpas HMECT
He HACAJLHBIC CBA3H — CBA3H C TPEHHEM, TO BCe CHJBI  TPEHH:
MPUUHCITIOTCH K PA3PALY 3a/aBACMBIX CHJI I YUHTBIBAIOTCS TPH
HaxoxACHIN 0606UIeHnON cHabl Q.

Onpesesnm KHHCTHUCCKYIO HEPIHIO CHCTEMbl KaK (GYHKILHIO
ofo6uiennoil kKoopaHHaThl s 1 06061EeHHOI CKOPOCTH §, paBHOIl

-

BEJIHYHIE CKOPOCTH U4 LEHTPA MAce KAaTKa.
Kunernueckasi sHeprusi CHCTEMbl PaBHA CyMMe KHHETHUECKHX
suepruii karkoB A, C u 6noka B: T=T,+T¢+Tp.
Karku C u A coBepmaiorT INIOCKONMapaJieJbHOe JBHKEHHE.
Hx kunernueckas sneprus onpenensiercs no rteopeme Kénnra:

( 2 1
TAZTmA'UA"I'fll“’?‘l;

3l




[image: image17.jpg]1 2 1 2
Te=5mcvc+5 Jewe,

rae ma H o¢ — yraoBble ckopocti katkoB A u C.

Baok B coBepuiaer BpaulaTelbHOe ABHXKEHHE; €ro KHHETH-
yecKas yHeprus

1
Ty = ./Bmfg,

rle p— YrJoBas ckopocthb 6/0ka B.
Torza KHHETHYECKASl 3IHEPTHs Beeil MeXaHHYECKOH CHCTeMb

1 2 1 2
T"'?;'mA'UQA + %/A‘"?q +7mc'03:+ Jewe + 7 Jp05.

Beipaxkaem Temepb Bce JHHefiHble M YIJIOBBIE CKOPOCTH Yepes

o6o6uiennyio ckopocts s. Ckopocth Toukn A va=s. Tak Kak
HHTH PAacTsKHUMbl, TO cKopoctH Touek C, B M A OJHHAKOBHI:

Uc=UpB,=Up=S§.

Ha ocHoBe cOOTHOMIEHHIT KHHEMATHKH BPallaTeJbHOrO JBHKEHHs
6J0ka B M IIOCKONApa/IJIeIbHOrO ABHKeHHs] KaTKoB A u C BHI-
paxkaeM YIVIOBBIE CKOPOCTH Tel O¢, @a, @p Yepe3 CKOPOCTH
TOYEK Uc, Ua, UB,:

ve vy Vg,

we= o ;) Wp=—— Wg= 78
A

OTKYZa HaXOAHM

wc=u>A=wB==7.

Mowmentsl nHepuun KatkoB A, C u 610Ka B Oblid BHYHCIEHbI
npHu peuwiennn 3agauun Ne 4
HeLpybl By
./(;=JA—/B——ig—r.

Toxcrasasisi noJyyeHHble 3HAUYEHHSA CKOPOCTe H MOMEHTOB HHEp-
UMK B BBIPAXKEHHe JUIsi KHHETHUECKOH IHEPrHH CHCTeMBI, TO-
ayuaem

U3 3TOro BHIpAXKCHHSI CJELYeT, YTO KHHETHUeCKasi SHePrus CH-
cTeMbl 3aBHCHT TOJIBKO OT 0606uIeHHOIi CKOPOCTH § M HE 3aBHCHT
ot 0600LeHH0il KOOPAHHATHL §.
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Hafizem 3suaueniis NpoOMSBOAMBIX, BXOAAUIHX B ypaBHeHnue
Jlarpan:ka Broporo poja:

or \ o Ity 3ped)

b ek Byt i

L(i’. edndin £ 2
aé) 2 . & -

UroGel  HaiiTH  0600LIeHHYI0 CHIY Qg COOTBETCTBYIOILYIO
060611eHHOil KOOpAHATEe S, TIPHJIOKHM K TOUKaM wexaunqecxoﬁ

cucreMbl (pue. 14) CHBL PA, PB, Pc, CHJIBL CLETUICHHS Fm, I'c.",

a Takxe mapbl CHJ (PA, RA) H (P ¢ Rc), XapakrepHsylole
conpoTHBicHue Kauennio xatkoB A u C. JlaauMm cHCTEMe BO3-
MOXKHOe mnepevcuieHHe (cm. puc. 14), cooluwus 0600UEHHOMN
Koopaunate s npupauesne 6s. CocTaBUM CyMMYy BO3MOXKHBIX
paboT 3a/aHNBIX CHJ H peakiuii cBA3eil Ha BO3MOMKHBIX Nepe-
MELUCHNUSAX CHCTEMbl, BbI3BAHHLIX NMpHpauleHHeM 8s 06O0GLIEHHOMN
Koop;uma-ru s (puc. 14):

z. A" = Pedscsina — Red dgc — Rad bg,.

[

Pa6ora cna cuennenns Fc’.“ U Ff,. paBHa HyJl0 BBHAY TOTO, YTO
9TIl CHJBL NPHJIOKEHBl B HENMOABIKHBIX TOUKAX (MTHOBEHHBIX
LeHTpax CKOpocTei). YYUTHIBAS 3HAYCHHS CHJ

P(:=P,4=P; RC=PCOSG.; RA=
Il NPHAMMAs BO BHHMAHHE COOTHOIUGHHS MEXAY BO3MOXHBIMH
nepeMenielisMu (CM. npumep pemenus 3anaun Ne 4)

B,
Spc=lg, =,
HOJTYYHM

EM‘F’——[rslna—d(cosa-l—1)]05

]
O6o6uiennoit cuoii Q;, coorsercTByiouleii 0606LIEHHON KOOPAH-
HATe S, HA3bLIBAIOT CKAJSPHYIO BEJHUHHY, ONPEIEJseMYI0 OTHO-
IICHHEM CYMMBI BO3MOXKHBIX PaboT JeficTBYIOIHX CHJ, Ha Iepe-
MEILEHHSIX MEXaHHYEeCKOH CHCTeMbl, BBI3BAHHBIX BO3MOXKHBIM
npupauiennemM 8s 0600LEHHOl KOOPAHHATH S, K BeJHYHHE IpH-
pauenns ds:

3 o

_ =)
Y= 3s %

35821 33




[image: image18.jpg]Ha ocnoBanuu 9T0r0 HaxoAnM

P
—r—[rslna—d(cosa+l)]as

Q= s

[MoacraBasis HaiileHHble 3HaYeHHs IPOH3BOAHBIX H 060GIIEHHOMH
cuiiel B ypasuenue Jlarpanixa BTOpPOro pojia, HMeeM

.2 ¢ 0=L|rsina -d(cosat1)]

2 g r B
Otrcioa noaydaes JH(QEpeHIHANbHOC YPaBHeHHe BHIKEHHs
CHCTeMBL.

=-’;’-[rslna—d(cosd + 1)].

527—f[rslna— d(cosa, |- 1)].

Bropas nponssopnas 06GOGMIEHHOH KOOPAMHATLL § — BeJIH-
quna =W, B TOYHOCTH COBNAJAAET €O 3HAYEHHEM BEJHYHHBI

yekopennst W4, naiijlenHOro npH peuleHHH NMpeAbIAyIleH 3ajauH.

3adawa N 6. ACCJIELOBAHUE COBCTBEHHBIX KOJIEBAHHH
MEXAHHUYECKOW CHCTEMBI C OJAHOW CTENEHBIO CBOBOJIbI

Jlast Mexannueckoit cucremsl (taGia. 6a, 66) TpeGyercs:
coctaBuTh AHPQepenHIaibioe ypaBHeHne MaablX KoaeGanui
CHCTEMbL OKOJIO TOJIOZKEHHs yCTOMUHBOrO PaBHOBECHS;

Tabauya 66

Howmep 5 .
cTpOKH P, H Q H R, M ¢, Hjem

1 1,0 0,50 1,0 40

2 0,8 0,25 1,5 60

3 0,6 0,40 2,0 20

4 0,6 0,30 0,5 30

5 1,0 0,25 1,5 50

6 0,8 0,50 0,6 20

7 0,6 0,40 2,0 40

8 0,8 0,25 1,0 30

9 1,0 0,30 0,5 20

10 1,2 0,40 2,0 40

BbIYHCJIHTD YACTOTY H NEPHOJA MaJbiX KoneGaHusi CHCTEMBI;
HAHTH KHHEMATHYECKOe YypaBHEHHe ABHKEHHs TeJsa I, ecou
JBHJKEHHE CHCTEMbl I0J JAEHCTBHEM CHJIbI TsKECTH HaYHHAeTCs
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[image: image19.jpg]13 TAaKOro MOJOMCHHS, NPH KOTOPOM MpPYyIKHHA HAXOAMTCA B He-
1epOpMHPOBAHHOM COCTOSIHHH.

Bee auekH cuMTaTth CHJIOMIHBIMH H OZHOPOLHBIMH, BCe CBfI3H
1lea/ibHBIMH, a MPYIKHHBI HEBECOMBIMH.

Mpumep pewenus sagaun Ne 6

ITycts paccmaTpuBaeTesi MeXaHHyecKas CHCTEMa, IPHBEAEH-
nas na puc. 15,a, cocrosimasi u3 nMojiBeleHHON Ha ynpyroii npy-
KHHE peiikH, ABHKYLLefics B BEPTHKAJbHBIX HANpPABJASAIOIHX H
Haxojasulefics B 3alenyeHHn ¢ 3y6yarthiM  KOJecoM, Bpamiaio-
IHMCS BOKPYT HeMOABHXHOI ocH. JKecTKOCTb MNpPYXKHHBI C=
=20 H/ewm, Bec peiiku 10 H, Bec koneca 50 H. Komeco cun-
Taercs OHOPOAHBIM AHCKOM pajmnyca R.

TpebGyercs:

cocTaBHTh AH(depeniHaibHoe ypaBHeHHe MaJblX KoJeGaHHit
OKOJIO MOJIOXKEeHHS YCTOHYHBOrO paBHOBECHS;

BBIYHC/IHTL HACTOTY M MEPHOJA MaJbiX KoaeGaHHii;

HafiTH KHHeMaTHYEeCKOe ypaBHEHHe MABHXKEHHS, eC/H JBHXKe-

HHE CHCTEMBI MOA JAeHCTBHEM CHJBL TSAXKECTH Q HauHHAeTCs H3
TAKOrO TNOJIOMKEHHsI pPefikH, NPH KOTOPOM TNpPYXKHHA HAaXOAHTCS
B HeJlepOpMHPOBaHHOM cocTosinuu (puc. 15,a).

Pewterue. YcranaBiuBaeM MOJIOXKEHHE CTATHYECKOTO PaBHO-
BeCHs CHCTeMBL B He1e(opMHPOBAHHOM COCTOSIHHH TNPYIKHHBI
peiika AB u 3yGuaToe KoJeco 3aHHMAIOT TOJOXKEHHS, YKa3aHHble
Ha puc. 15,a. B nosnoxeHHn cTaTHYECKOr0 PAaBHOBECHS NPYXKHHA

-

NOA JeiiCTBHEM CHJABI TsKeCTH Q pefiki pacTsHercsi Ha BeJH-
yHHy Scr. [Ipu 3TOM 3y6uaToe KOJIeCO MOBEPHETCS HA BEAHYHHY
3,
QPc'r=-km._-

Peiika AB ¥ KoJlecO 3aHHMAIOT TMOJIOXKEHHS, YKasaHHble Ha
puc. 15, 6.

B 3TOM NOJIOXKEHHH CHJIa YNPYrOCTH NpPYKHHBI Fip =68er
YPaBHOBEIIHBACTCS CHJION TSMXKECTH peiiku Q.

Q—8¢r=0.
Otciofia HaXOHM
B“=TQ=—-l2‘OT= 0,5 cm.

B kauectBe cHCTeMBI OTCUeTa BBIGHPaeM AeKapTOBY CHCTEMY
koopauHat xOy, coBMellas Havyalo Koopaunat (touky O) ¢ To4-
KOit Al.
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BHIBOAHM CHCTEMY W3 MOJIOKEHHs CTaTHYECKOro PaBHOBCCHS,
cMemmasi konen peitki A na seanunny x (puc. 15,8). Ilpu stom
ay6uatoe KoJdeco nosephercs a yroa ¢=x/R. Peiika AB u
3y6uaToe KOJIECO 3aHHMalOT NOJIOKEHHs, yKkasanubie Ha puc. 15, 6.
Tak Kak HaM HEOOXOAMMO TOJAYUYHTH KHHEMATHUCCKOE ypaBHEHHe

&

AAAAA A

PUC. 15

ABHMKEHHs pefiki, TO B KauectBe OGOOGLIEHHOI KOOPAHHATH
11e/1ec006pasHo NPHHATH OTKJIOHEHHE X KOHUA peikn A or 1o-
JIOKEHHSI CTaTHYeCKOro paBHoBecus (puc. 15,8).
B naauuoil sagaue o606meHHas CHAa COMPOTHBJICHHA CPebl
M BO3MYILAOUIAs CHJIA OTCYTCTBYIOT, [OITOMY CHCTEMa coBep-
waer MaJjele cBOGOIHBIe KOJeOanus.
Buiseaem Anpdepeninasbioe ypasiense 3aiaui ¢ noMouLbio
ypaBHenns Jlarpakka BTOporo poia
d (8T "oT., . all
717( ox )

=0k 0%
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[image: image20.jpg]Bolpaskenne KHHETHUECKON 9HEPrHH 3anucbiBaeM B BHIAe KBaj-
paTHuHOit (hopMbl
1 -9
T='§‘aux ’
rie BeJHYMHA @) -— HHEePLHOHHBIT KOI(G(HUUHEHT CHCTEMBL.

Ksatparnynas gopma A5 MOTEHUHAJIBHON HEPIHH CHCTEMB
C OHO{T cTenenblo cBOBO/ bl HMeeT BHJL

1
M= —cyx*,
rAe €y — KBasuynpyruii kosGuunent cHereMsl.
Haiinem snauennst npoussojinblX, BXOASIIHX B ypaBHEHHe
Jlarpan:ka Broporo pona:
aT aoT . " ( oT ) 8

—_—=0); — =@, X; = =q,X;
dx 0x " 1

all

x
n(),’l(":‘.’!B.'lﬂﬂ 9TH 3HAYCHHA B ypaBHeliHe ﬂﬂl‘pﬂ")Ka, TNOJIy4YHuM
IJIst paccMaTpiBaeMoil 3a1auu

=0

Onx+cyx=0
Han
X+ k=0, (€))]
Ci1
rae k%= -1,
ay
s ” -
Beawunny k= —aL'l- 11A3bIBAIOT KPYToBOil (MM WHKJIHYECKOI)
1
4acToToil KoseGakiil; Olla paBHa MO BEJHUHHE YHCJY MOJNHBIX

KOJIeGaH il CHCTEMBL 32 BPeMsi 2 CeKyHIL.

JIns HaXOMKAEHHSt 3navenuii KOa(pHIHEHTOB ¢y U @ CO-
CTABJSsICM BBIDAXKEHHA [OTEHUHAILION H KHHETHUCCKOH SHEPrHH
cuctembl. Jlis coCTaBJCHIS BBIPAMKEHNA MOTCHUHAJILHON IHep-
FHH MOACUHTACM B3ATYIO CO 3HAKOM MHHYC cymMMmy paGoT cHJI
CHCTCMBI Ha MEPeMEeLLeHHSIX CHCTeMbl H3 MOJOXKCHHS craTHYe-
CKOTO PaBHOBECHS B 3aJaHHOC NOJIOMKeHHE, onpeaedseMoe 0606-
UIeHHOI KOOpAHHaTOl g=x (puc. 15,8):

;.”_+x b LD
=—A=—[Qx— [ exde|=Qx+|5~[" =
Yer Ber
c(dp+x) ol ce?
=—Qx+——( "2 ) -——2”=—Qx+—2“+

20+ X cx?
T o

ox
—= (—Q+cB“)x+—2-x

Orciona, yuutrsiBas, 40 (—Q-+0der) =0, Haxonum

— 1 2
ﬂ_—.l—c‘x .

KHHETIICCKAs IUCPLHS CHCTCMBL PABHA CyMME KHHETHUECKOil
sneprin peitkn AB, cosepinaionleii HoCTynaTe/ibHoe JIBHKCHIC,
M 3y6uaToro KoJeca, COBEPIIAIOUIECTO BpallaTeNbHOE JABHKEHHE
Bokpyr ocu Oy:

1
T = Tag+ Ty = 4 Mpg % + = Jo, o},

VuuTuiBas, 4Tto ve=x, a w;=¢=x/R, naxoaum

& 2 L2 2
Te g datp B8 — o @Q ).

CpaBuuBaey MOJyUCHHbC BHPAZKEHHs NOTEHUHAIBHON H Ki-
HETHUYECKO IHEPTHH ¢ HX KBaAPATHUHBIMH (OpMaMi:
| -
sy tu v gy
1 -2 1 b
T'=—5a,q =77 20+ P)x.

HaxouM 3HaueHus KBAa3HYyNpyroro M HHEPLUHOHHOrO KO3(-
(HuUHEHTOB

Cl=c;

ay = 5 (2Q+ P)

| . ¢ 2)

ay, 2Q+P °

Wurerpupys anddepenunanbnoe ypasuenne (1), naxomnu
ero oblee peuieHHe:
x=A, cos kt+ Ay sin kt. 3)
3nauenne k onpeaeaeno BuipazkenneM (2). Beanununt Ay
Aj NpeacTaBASIOT MOCTOSIHABIE HHTEPHPOBAHHS.
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[image: image21.jpg]Vpasuenne (3) moxkno mpeo6pasoBath K Gojsee MNPOCTOMY
Buay, sameuus nocrosinubie A; u Ay nocrosubiMH @ n f, no
(opmysiam

Aj=asinp; Ag=acosp.
Beosst snauenust Ay u A B (3), HaX0HM
x=asin(kt+p). (4)

Vpasuenue (4) nokaseizaer, uro 0600IleHHass KOOPAHHATA X
H3MEHSIeTCs 110 FaPMOHHYECKOMY 3aKOHY, T .e. pefka, BXOAsLas
B PaccMaTpPHBAEMYKO CHCTEMY, COBepLIAaeT NMpPOCTbie rapMOHHYE-
cKHe KoJeGaHus ¢ aMIINTYNOH @, YacTOTOH k M HavyaJbHOH da-
300t f.

Jlast  onpefesicHHst TOCTOAHHBLIX HHTETPHPOBAHHA @ H P
(aMIJIMTYABl M HAYAJbHOM (DA3bl) HCMOJAb3YeM HayaJbHBIE YCJIO-
Bust asuzenns. ITpu £=0 nuveem (puc. 15,a) x=xo=—0¢r,
x=x|1=0=0.

Jnpepenunpys suipaxenne (4) no mnepeMenuoit f, mo-
Jayyaem

*=ak cos (ki+p). (5)

IMTonarass B Buipaxenusix (4) u (5) t=0 u wucnosp3ys Ha-
yaJbHble YCJOBHS JBHMKEHHS, HAXOAHM

—8cr=asinB; 0=ak cosp.

Pemas ary cucremy ypaBHeHHil OTHOCHT@NBbHO NepPeMEeHHBIX
a uf, HaxoAHM

a=5=05 cu; B=—'2‘-.

Hcnonbays  Beipaxkenue (2), BBIUHCHASEM 4YacToTy KoseGaHui

2gc 2-980-20
i<y 05 =V 20— 236 panjc
i mepuox Kosebanuit
_ 2% _ 2314
TA——k—-W=O,266 ¢

Boxs maiinennsie 3Hauenns a, k u f B Boipaxenne (4),
HAXOJHM KHHEMATHYECKOE YPABHEHHe JBHIKCHHS Peiiku

x=—0,5sin (23,6¢+1/2). (6)
40
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