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3amaqga /11
['py3 D maccoli m, OJy4uB B TOUKE A HAYAJIbHY CKOPOCTb Uy, IBUKETCSA B U30THYTOM
Tpyde ABC, pacnoioKeHHON B BEPTUKAIBHOWM IJIOCKOCTH; Y4YacTKM TpyObl miau 00a
HaKJIOHHBIC, WIM OJIUH TOPU30HTAIBHBIN, a Apyroi HakaoHHBIN (puc. (1.0 —J11.9, Tabm.
I1).

Ha ydactke AB Ha rpy3 Kpome CHJIbl TSXKECTH IEHCTBYIOT mocTosiHHas cuia O (ee

HaIlpaBJIEHUE MTOKAa3aHO Ha PUCYHKAX) U CUJIa COMPOTUBIIEHUS CPEAbl R, 3aBUCAILIAS OT
CKOPOCTH L Tpy3a (HaIlpaBjieHa IPOTUB JBUKEHHUsI); TPEHUEM I'py3a 0 TpyOy Ha ydacTke
AB nipeHeOpeub.
B Touke B rpy3, He U3MEHsS CBOEH CKOPOCTH, IEpeXOoauT Ha ydacTok BC TpyObl, rie Ha
HEr0 KPOME CHJIbI TSKECTU JAEHUCTBYIOT. cwiia TpeHus (Kod(PQUIIMEHT TPEeHUs Tpy3a O
Tpy0y f = 0,2) u nepemeHHas cuna F, Ipoekuus KOTOpod F, Ha OCh X 3alaHa B
TalOIuILE.
Cuurass rpy3 MarepualbHOW TOYKOM W 3HAs paccTtosiHue AB = /| wim Bpems 4
JBH>KEHUS I'Py3a OT TOUKH A 0 TOYKH B, HAUTH 3aKOH JBHKEHUS Ipy3a Ha ydacTtke BC,
T. t. x = f(¢), tne x = BD.
VYka3zanusa. 3amaua JI1 — ©Ha wuHTerpupoBanue audQepeHIaTbHbIX ypaBHEHUHN
JBIDKEHUS TOYKM (pEelIeHHe OCHOBHOM 3ajauu JAuHamMuKu). Permienuwe 3amaudu
pazOuBaeTcs Ha aBe yacTu. CHavana HY>KHO COCTaBUTh U NMPOUMHTErPUPOBATH METOJOM
paznienenus nepeMeHHbIX AuddepeHinaibHoe YpaBHEHUE JBUKEHUS TOYKU (Ipy3a) Ha
y4acTKe 4B, yuTs Ha4YaJIbHbIC YCIIOBHUA. 3aTE€M, 3Hasi BPEMs IBUKEHUA IPy3a HA YUaCTKE
AB vy IJIAHY 3TOTO Y4YacTKa, ONPEAENIUTh CKOPOCTh Ipy3a B TOUKE B. DTa CKOPOCTh
OyJeT HayaJbHOM ISl IBM>KEHUS Tpy3a Ha yuactke BC. Ilocie 3Toro Hy>KHO COCTaBUTh
U TIPOMHTErpyupoBaTh AU QPepeHInanbHoe ypaBHEHUE ABMKEHUS Tpy3a Ha ydactke BC
TOXKE C YYETOM HayalbHBIX YCJIOBHUH, BElsl OTCUET BPEMEHUM OT MOMEHTA, KOIZa IPy3
HaxoAUTCs B TO4yke B, m monaras B 3T0oT MoMeHT ¢t = (. Ilpu wuHTErprpoBaHHH
YpPaBHEHHS JIBWKEHHsS HAa ydacTke AB B ciydae, Korja 3aJaHa JJIMHA ! y4acTka,
1e1eco00pa3Ho MEPEUTH K IEPEMEHHOMY X, YUTs, UTO

dv, dv

= Ux X
dt dx

Homep m, KT Uo,M/C’ O H ‘ R, H ‘ L m ‘ t,C F, H




YCIJIOBUS

0 2 20 6 0,4v — 2,5 2sin(4t)

1 2,4 12 6 0,80° 1,5 — 6t

2 4,5 24 9 0,50 — 3.2 3sin(2¢)

3 6 14 22 0,607 5 — —3cos(21)
4 1,6 18 4 0,40 — 2.2 4cos(41)

5 8 10 16 0,50 4 — —6sin(21¢)
6 1,8 24 5 0,3v — 2.6 97

7 4 12 12 0,807 2,5 — —8cos(4¢)
8 3 22 9 0,50 — 3.3 2cos(21)

9 4,8 10 12 0,207 4 — —6sin(4t)




Puc. 11

IMpumep [A1. Ha BepTukanbHoM yudactke AB TpyOs! (puc. JI1) Ha rpy3 D maccoii m
JEUCTBYIOT CHJIA TSYKECTU U CHJIA CONPOTHUBIIEHUA R; pacCTOSIHUE OT TOUKH A, TAE L = U,
10 Touku B paBHO /. Ha HaknmoHHoM yudactke BC Ha rpy3 AEUCTBYIOT cCujia TSAXKECTH U
nepeMenHas cuna F = F(f), 3ajaHHasi B HbIOTOHAX.

Hauno:m=2kr, R=u? rae u= 04 xr/m, v, =5 m/c, [ =2,5 m. F, = =16sin(41).
Onpenenuts: x = f{f) — 3aKOH ABMXCHUS Tpy3a Ha ydactke BC.

Pemenune. 1. PaccMoTpuM ABMKEHHME Tpy3a HA yUacTKe AB, cuuTtas rpy3 MaTepualibHOU
Toukoil. M300pakaem rpy3 (B MPOHU3BOJBHOM MOJOKEHUH) U JEHCTBYIOLIME HA HETrO

cunsl P = mg u R . [IpoBoaum ock Az u cocrapisgeM maddepeHImanbHoe ypaBHEHHE

ABHIKCHUA I'Py3ad B IIPOCKIKUHU HA 9Ty OCh:

dv, dv
m = > F,_ wim mv “=P +R,. 1
dt Z kz z d= z z ( )
IManee HaxomuM P, = P = mg, R, = — R = — uv?; IOM4EPKMBAEM, YTO B YPABHEHUHU BCE

IICPCMCHHBIC CHJIbI HAI0 00s13aTeJILHO BbIPpA3UTh YCPC3 BCIMYMHBLI, OT KOTOPBIX OHHU

3aBUCST. Y UTs e, 4To U; = U, IOJIYYHUM

mz)@:mg—,uu2 WJIH U@:ﬁ nE_ 2. (2)
dz dz m\ u

Beenem n1s1 cokparieHust 3arnmuceii 0003HaueHuUs



k=202 m', n=""% 50 mc’, 3)
m 7

e npy mnojcyere npuuaro g ~ 10 m/c?. Torga ypaBaenue (2) MOXKHO IPEICTABUTH B
BU/JIC

2040 _ —2k(v? —n). (4)

4
Paznensiss B ypaBHeHuu (4) nepeMeHHbIe, a 3aTeM Oepst OT 00eux YacTell MHTErpalibl,
MOJTY4YUM

2uvdv

Uz—l’l

=2kdz n 111(()2 —n)=-2kz+C,. (5)

[To HavanbHBIM ycnoBUsIM np z = 0 U = vy, uTO Haet C)= 1n(u§ —n) ¥ U3 PaBEHCTBA

(5) maxomum  In(v? —n)=—-2kz+In(vf —n) wmm In(L? —n)-In(L] —n) =—2kz.
Orcrona
2 2
an2 " ke w T e
vy —n vy —n

B pesynbrarte Haxogum
v =n+ @ —n)e**. (6)
[Tomaras B paBeHcTBe (6) z =/ = 2,5 M 1 3aMeHsAs k ¥ n UX 3HaYeHUsAMH (3), ONIpeaeIUM
CKOPOCTB U Tpy3a B Touke B (v =5 m/c, uncio e = 2,7):
vp =50-25/e=40,7u vz = 6,4 m/c . (7)
2. PaccmotpuM Teneps ABMKEHHUE Tpy3a Ha yuacTke BC,; HailleHHast CKOPOCTh Up OyJleT
JUTSL IBWDKEHUS HA 9TOM Y4acTKE HadaJbHOM CKOPOCThIO (U= Up). MI300paxaem rpy3 (B
TIPOM3BONILHOM TI0JIOKEHHM) M JeHCTBYIOmUe Ha Hero cuibl P = mg, N ,Fmp u F.
[IpoBenem u3 Touku B ocu Bx u By u cocraBum nuddepeHimanbHOoe ypaBHEHHUE

JBWKEHUS TPy3a B IPOEKIMHU Ha OCh Bx:

dv,

m ” :Px+Nx + Fmpx+Fx
d :
m Utx =mgsina — Fy,, + F (8)

rne Fyp, = fN. ns onpenenenuss N cocTaBUM ypaBHEHUE B MPOEKUMH HA ock By. Tak



Kak a, = 0, monyuum 0 = N — mgcosa, otkyaa N = mgcoso. CrnenoBaTenbHo, F,, =

fmgcosa,; kxpome Toro, Fy = 16sin(4¢) u ypaBHenue (8) npuMeT BUJI

m d;tx =mg (sina — fcosa) + 16sin(47) 9)

PaznenuB  0o0e  wWactu  paBeHCTBA Ha  m,  BBUHCIUM  g(sino—fcoso)=
=g(sin30° — 0,2c0s30°) = 3,2; 16/m = 8§ m moxacraBum 3tu 3HaueHus B (9). Torma

IIOJIYYUM

d;tx = 3,2 + 8sin(47). (10)

YMHoxas o0e yactu ypaBuenus (10) Ha df u uHTETpUpYS, HANTEM
U~=3,2t — 2cos(4f) + C.. (11)
Bbynem Ttemeps OTCUMTHIBATH BpeMsi OT MOMEHTA, KOTrJa Tpy3 HAXOAHWTCS B TOYke B,
cuutas B 3TOT MOMeHT ¢ = 0. Torna ipu 1 = 0 v = vy = vLp, TAE Lp JAETCA PABEHCTBOM
(7). Hoacrapmsist 3TH BeauuuHbl B (11), moaydum
Cs=vpt2c0os0=64+2=84.
[Ipu Haiinennom 3nauenun C, ypapHenue (11) gaer

O, = %=3,zz— 2cos(4t) + 8.4. (12)

YMHOXkas 31eck 00€ YacTH Ha df M CHOBA MHTETPUPYSl, Hal1eM
x = 1,6 — 0,5sin(47) + 8,4t + Cs. (13)
Tak kak ipu £ = 0 x = 0, To C3 = 0 1 OKOHYATEITHLHO UCKOMBIN 3aKOH JIBUKEHUS Tpy3a
Oyner
x = 1,6¢° + 8,4 t—0,5sin(47), (14)

rae x — B METpax, {. — B CEKyHJaX.

3anaua /12
['py3 I Maccoit m ykperuieH Ha npy>KuHHOUM nojasecke B udre (puc. 2.0 — J12.9, tadmn.
J112). JIndt JIBUKETCS BEPTUKAJIIBHO o 3aKOHY
z = 0,51 + apt’sin(wt) + azcos(wt) (och z HampapleHa NO BEPTHKAIU BBEPX; Z
BBIPA)KEHO B METpax, ¢ — B ceKyHnax). Ha rpy3 aeiicTByeT cuiia CONpOTUBICHHS CPeIbl R

= LU, TJIE U — CKOPOCTb I'py3a [0 OTHOIICHHUIO K JHPTY.



HaiiTi 3akoH JBMKEHUS TPy3a MO0 OTHOIIEHUIO K TU(TY, T. €. X = f{(¢); HaYaI0 KOOpAUHAT
MOMECTUTh B TOYKE, IJI€ HAXOAUTCS MPUKPEIUVICHHBIA K IPy3y KOHEI[ MPYKUHBI, KOr/a
npyxuHa He aegopmupoBana. [Ipu 3Trom Bo n30exaHue OIMOOK B 3HAKaX HAIPAaBUTh OCh
X B CTOPOHY YIJIMHEHUS NPY>KUHBL, a TPy3 U300pa3uTh B MOJOKEHUH, IPU KOTOPOM X >
0, T. e. npyxuHa pacTanyra. IIpu moacuerax MOXKHO IpuHATH ¢ = 10 M/c?. Maccoii
NPY>KUH U COETMHUTENIbHOM TUTAHKU 2 PEHEOpEYb.

B Ttabmune o0o3HadeHo: ci, ¢2, ¢3 — KOIDUIIMEHTHI >KECTKOCTH MPYXKUH, A, —
YUIMHEHUE NIPYXKUHBI C SKBUBAJICHTHON KECTKOCThIO B HaYaJbHbIi MOMEHT BPEMEHH
= (0, vy — HavalbHasE CKOPOCTh TIpy3a MO OTHOUIEHUIO K JU(Ty (HampasieHa
BEepTUKaIbHO BBepX). IIpouepk B cronduax ci, ¢z, 3 0O3HA4aeT, UYTO COOTBETCTBYIOLIAS
NpyXUHA OTCYTCTBYET M Ha UepTexe n300paxarbcsa He JobkHA. Ecau mpu 3ToM KoHely
OJTHOW M3 OCTAaBIIMXCSI TPYKUH OKAXETCs CBOOOJHBIM, €ro CcJeayeT MNPUKPENUTh
B COOTBETCTBYIOILIEM MECTE WJIM K TPy3y WIH K MOTOJIKY (1OJy) JU(Ta; TO ke CIACAYyeT
clenaTh, €ClM CBOOOJHBIMH OKaXXyTCSl COCOUHEHHBIC IUJIAHKOW 2 KOHIBI 00enux

OCTAaBHIUXCA IIPYIKHUH.

Taonuma J2

Home 5 = = 2 % = = Q 2 = 2
YCJIOBI/II)ﬂ ;“ * En * E,: J < ~ X O S Eo“
S S 8 3 S S S an ~ )

0 1 300 150 - 0 0,1 0 15 0 0 0

1 0,8 - 240 120 | -0,5¢ 0 0 - 8 0,1 0

2 0,5 - 100 150 0 0,5 0 5 0 0 4

3 1 240 - 160 0 0 0,5 6 0 0 0

4 0,5 80 1020 - -g 0 0 - 6 0,15 0

5 2 - 400 400 0 0 0,1 16 0 0 0

6 0,4 60 - 120 g 0 0 - 4 0 2

7 0,5 120 - 180 0 0,1 0 20 0 0 0

8 0,4 50 200 - 0 0 0,2 20 0 0,15 0

9 1 200 - 300 1,5¢ 0 0 - 20 0 3




Puc. 12.4 Puc. ]12.5 Puc. [12.7
) { C’E 7 G2
e 6.3 ;:
& ;
Puc. J12.8 Puc. 12.9

VYcnosue p = 0 03Ha4aeT, 4YTO CUJIa CONMPOTHUBIICHUS R OTCYTCTBYET.

VYkazanusa. 3amaya /2 oxBaTbiBaeT OJHOBPEMEHHO OTHOCUTEIBHOE JIBIXKCHHE U
KOJIeOaHMsI MaTepUATIbHON TOYKH.

CHauana Hy»HO COCTaBUTb JU(depeHIaTIbHOe YPAaBHEHUE OTHOCUTEIIBHOTO JBUKEHUS
(MO OTHOIIEHMIO K JIU(PTY) paccMaTpUBAEMOroO B 3a/iaue rpy3a, AJIs 4ero NpucoeIuHUTh
K JCUCTBYIOIIMM CHJIaM MEPEHOCHYIO CHIIYy MHEPLMH. 3aTeM MPUKPEIIEHHbIE K TPy3y
MPY>KUHBI (110 YCTIOBUSM 33Jla4l UX OyJeT JBE€) 3aMEHUTh SKBUBAJICHTHOU MPYKUHOU C
KOA(PPHUILIMEHTOM KECTKOCTH Coi = C, IPOU3BEIS COOTBETCTBYIOIUI PACYET.

a) Ecium  npyxuHbl  COeIMHEHBI  JIpyr €  JPYrOM  MOCJEA0BATEIbHO
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(KaKk TpYXKHHBI C KECTKOCTIMH ¢; W c¢; Ha puc. [J[2.0), ToO npu paBHOBecUU

NnoJ JEHCTBUEM HEKOTOpOoM cuibl (), TPUIOKEHHOM K CBOOOJHOMY KOHILY

OPYXKHUHBI, YCHUIMS B JOOOM IIONEPEYHOM CEUEHUM MPYKUH OJWHAKOBBI MU
paBubl Q. Yununenus npyxuH A = Q/ci, Ao = QJc,, yAIMHEHUE SKBUBAJICHTHOU
npyxxunbl A =Q/c u A=A + A,. Orcioga

_ G4

¢ +c,
0) Ecnu rpy3 mpukpersieH K ABYM MapajulelbHbIM NpyXUHaM (KakK K TMpY>KUHaM C
KECTKOCTSIMU ¢1 U ¢ Ha puc. [2.1) unm HaxoauTCss MEXIY ABYMs MPY>KUHAMH, TO MPH

paBHOBECHU TOJ IEHCTBUEM HEKOTOPOU criibl () KaxKIasl U3 NPYKUH U 3KBUBAJICHTHAsS

npy>kKMHa UMeNu Obl OJTHO M TO ke yuyinHeHue A. Tornma st IByX NpyxXuH ciA+cad =
0, a 1151 5KBUBAJICHTHOM MIPY>KUHBI cA = Q, oTcoa c=c; + ¢z .

[locne Toro kak ypaBHeHHWE OymeT cocTaBieHO (3TO OyneT JHWHEWHOe
nuddepeHnnanbHoe ypaBHEeHHE 2-T0 TOPSIKA), €ro CIEAyeT MPOUHTErPUPOBATh, YUTs
HaYyaJIbHbIC YCIIOBUA.

Ipumep 2. B npubope 11 u3mepeHust BepTUKaIbHBIX Kojebanuit (puc./12) rpy3 mac-
COM m TPUKPEIIEH K TPY>XUHE ¢ K03()PUIIMEHTOM KEeCTKOCTH ¢. [Ipyroit KoHell MpyKUHbBI
OPUKpEIJIEH K KOpIycy Mpubopa, KOTOPBIM IBUXKETCS MO 3aKkoHy z=Asin(wr)
(HeToABM>KHASI OCh Z HaIlpaBJieHa 10 BepTUKaIN BHU3). HauanbHOE yAJIMHEHHE MTPYKUHBI
paBHO A,, a HayanbHasg CKOPOCTh Tpy3a MO OTHOLIEHUIO K Koprycy mnpubopa v,
(HampaBJieHa BEPTUKAIBHO BHU3).

Hanwno: m=04xr,c=40 Hwm, 4,=0,05M, v, =0,5wm/c. 4 =0,03 M, o 20 l/c.

OnpenenuTsb: x =f{(f)— 3aKOH ABUKECHUS IPy3a MO0 OTHOLICHHUIO K KOPITyCy Mmpuoopa.
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Puc. 12

Pemenne. 1. CesbkeM ¢ KopiycoMm npuOopa MOABMKHYIO CHUCTeMYy OTcuera, Hadajao O
KOTOPOM MOMECTHUM B KOHIIE HeZie)OPMUPOBAHHOMN MPYKUHBI (€€ JyirHa 0003HadYeHa /),
a OCh X HallpaBUM B CTOPOHY yJIMHEHHUS TPYKUHBI (cM. puc. J12). PaccmorpuMm rpy3 B

ITOJIOKEHUH, TP KOTOPOM IIPY’KHMHA pacTsaHyTa. Ha rpy3 nencrByer cuna tsokectd P u

cuna ynpyroctu F . Jljis coCTaBleHHs ypaBHEHMs OTHOCUTENILHOIO JIBMKEHHS Ipy3a

MPUCOEANHUM K 3TUM CHJIAM MEPEHOCHYIO CUJIY MHEPIUU E"ep = —md,,,, , KOPHOIINCOBA

CWJIa WHEPLMH paBHA HYJIO, TaK Kak IEPEHOCHOE [BH)KEHHUE (JIBMXKEHHE KOpITyca
npulopa) sBJIsETCs MOCTyNaTelbHbIM. Torna ypaBHEHHE OTHOCUTEIBHOTO JIBHKEHUS B

BEKTOPHOU popme OyaeT UMeTh BU:

— _ D Il u
ma,,, =P +F +F,,.

[TpoekTHpys 006€ ero 4acTy Ha OCh X, ITOJTYUUM

mxX=P, +F,+F, (1)

nepx

3nech Py = P, Fx = — cA = —cx, tie A = X — YJUIMHEHUE TIPYXUHBL, F,, = =Manepn.

VY4uuThIBast, YTO OCH X U Z HANPABIEHBl OJUHAKOBO, MONYUUM Apon= =dpep: = Z = —
Aw’sin(wt) u F,,, = mAa’sin(or).
[ToacTaBinsist Bce HallZIGHHBIE BBIPAXKEHUS MPOEKIHiA cuil B ypaBHeHue (1), momyuum

mx = P —cx + mAw* sin(at) . 2)
Huddepenunansaoe ypaBHeHHE (2) MOXKET ObITh 3aIMMCAHO B BUJIE

X+k*x=b, +b, sin(wr) 3)
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r7e 0003HAYCHO
K=cm=100c? by =g=10wm/c?% by=Aa? =12 m/c*. 4)
2. Jlns ompenenieHUs 3aKOHA JBMIKCHHS Ipy3a HaJI0 MPOUHTETPUPOBaTh ypaBHeHHE (3).
Ero obmee penienue, kak U3BECTHO U3 Teopuu U hepeHIMATbHBIX YPaBHEHUM:
X =x1+x2, (5)
e x| — o0llee peleHre OAHOPOIHOTO ypaBHenus X + k’x =0, 1. e.
x1 = Cisin(kt) + Cycos(kt), (6)
a X, — 4acTHOE penieHue ypaBHEeHHs (3). YuuThiBas, KaKOBbI IpaBasi W JeBas 4YacTU
ATOTO ypaBHEHUs, UIIIEM X B BUJIE
X2 = B+D sin (wx). (7)
Jis ompeneneHuss MOCTOSIHHBIX B u D HaxoguMm X, = D’ sin(wt), TOJCTaBIISIEM

3HA4eHUs1 ¥,H X, B ypaBHeHUE (3) M NPUPABHUBAEM B €ro 00€UX YacCTSIX CBOOOIHBIC

yieHbl W KoddduimeHtsl npu sin(wt) B pesynbrare, mpuHHMas BO BHUMaHHE

o6o3HaueHus (4), moxy4um

—E—O,l M, D=——+—=-0,04 m.

B—kz—

Torma u3 pasenctB (5)—(7), yuutwBasg, uto k = 10 ¢!, a w = 20 ¢!, momyuum

cieayroiee odlee penieHue ypaBHeHus (3):

x =C;sin(10¢) +C,cos(10¢) — 0,045sin(20¢) + 0,1. (8)
Jns onpenenenus noctosiHHbIX nHTerpuposanus C) u C, HailneM eme v, =X,

v, =10C; cos(10¢) —10C, sin(10¢) — 0,8 cos(20¢). 9)
[To ycnmoBusim 3amauu nipu ¢t = 0 v, = v, = 0,5 m/c, xo = 4, = 0,05 m. [loacraBuB 31U
HavyaJbHbIE JaHHbIE B ypaBHeHus (8) u (9), Haitnem u3 Hux, uro C;= 0,13, C,=—-0,05. B
pe3yJibTare ypaBHeHUe (8) MpUMeT OKOHYATEJIbHO BU]I

x =0,13sin(107) — 0,05 cos(10¢) + 0,04 sin(20¢) + 0,1

DTO ypaBHEHHE U OIpPEACISICT NCKOMBIN 3aKOH OTHOCHUTEIBLHOTO JIBM)KCHHS T'py3a, T. €.

3dKOH COBCPIIACMBIX UM KOJICOaHMI.

3apaua /I3

MexaHnueckasi CHCTEMa COCTOUT U3 Ipy30B D maccoil m; = 2 kr u D, Maccod my = 6 Kr
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U U3 NPSIMOYTOJbHOM BEPTUKAJIBHOM IUIMTHI Maccod m3 = =12Kr, IBHXKYIIENCS BIOJIb
rOpU30HTANBHBIX Hamnpasisitomux (puc. [13.0— 113.9, tabn. /I3). B MmoMmeHT BpemeHu £, =
0, korma cucremMa HaxoJWJiach B IOKOE, MOJ JIEWCTBUEM BHYTPEHHUX CHII TPY3bl
HAYMHAIOT JABUTATHCA MO JKejao0am, MPeACTaBIAIONUM CO00M OKPY>KHOCTH PailyCcoOB 7
=04mMuR=0,_8m.

[Tpu nBwXeHUM Tpy30B yroa ¢ = £LA,C,D; u3meHsieTcs o 3akony @=fi(f), a yron ¢, =
ZA>C3D, — o 3aKk0oHy @ = fo(¢). B Tabn. [I3 31 3aBUCUMOCTHU JaHbI OTJIETBHO AJIS PUC.
0—4 u 5-9, Tne @ BBIpaXEHO B pajiuaHax, f — B CEKyH/Iax.

Cunrtass rpy3pl MaTepUaIbHBIMU TOYKAMHU M TpeHeOperas BCEMHU CONPOTHUBICHUSMH,
OIPEENIUTh 3aKOH U3MEHEHHUSI CO BPEMEHEM BEJIMYMHBI, YKa3aHHON B TAOJIMIIE B CTOJIOIE
«Haittm», T. €. x3= f3(f) u N = f(t). Tne x3 — koopauHata nnearpa Cs MIUTH (3aBUCUMOCTh

X3 = f3(¢f) ompenensieT 3aKOH JBM)KEHUS TUIUTHI), N — MOJHAs HOpMajbHasl peakius

HanpaBJIAIOOIHX.
Ta6muma /13
Puc. 04 Puc. 5-9
Howmep .
CJIOBHsI Haittn
Y ¢ = /i(?) @2 = fa1) @1 =hi(?) @2 = fa(1)
T, - T, 9 T 2 T 2
0 —(("+1 —@" -2 —(3-t —("+2
3( ) 6( ) 2( ) 3( ) X3
it
1 m(2—-1) Zt+3 T t-1 — N
4( ) 4( ) P
T, 0 T 2 T 2
2 —(t"+2 —(5-t —(4-t 2
4( ) 6( ) 3( ) nt X3
it T T T
3 — —((t-2 —3t-2 —(3-t N
3 2( ) 6( ) 2( )
2
T 2 T 2 it T 2
4 —(1-3¢ —(@" -4 - —(2-t
4( ) 3( ) 5 4( ) X3
T /4 V4
5 Z(t+2 (-t 7(3-1) —(t-1 N
6( ) 4( ) 6( )
T 2 T ~.2 T 2
6 2 —(1-2t ~ (2t -3 —(2-t
t 6( ) 4( ) 3( ) X3
T T 13 T
7 —(5-t —(t+4 — —(4-t N
3( ) 4( ) p 4( )
8 %(rz +3) 202 1%) %(4—%) (2 +2) X3
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/4 /4
9 E(4—t) E(2—t) N

(1 +5) %(2; )

Yxaszanus. 3agada /I3 — Ha NpUMEHEHNE TEOPEMBI O JBMKEHUU 1IeHTpa Macc. [Ipu aTom
JUISL ompezieNieHus X3 = f3(f) COCTaBUTh ypaBHEHHE B MPOEKLMU HAa TOPU30HTAIBHYIO OCh

X, a 1Jis onpezesieHuss N — Ha BEpTUKaJIbHYIO OCb ).
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g
7

Puc. J13

IIpumep 3. Mexannyeckasi cucTeMa COCTOUT U3 Ipy30B D Maccoi m; u D> Maccou m;
U W3 MNOpSIMOYIOJIbHOM BEPTHUKAJIbHOW IUIMTBI MAcCCOM m3, JBHXKYILEWCS BAOJIb
TOPU30OHTANIBHBIX Harpasisomux (puc. J3). B MmomeHT Bpemenu %, = 0, korga cucrema
HaXOJMWJIACh B IMOKOE, MOJ JIEHCTBUEM BHYTPEHHHMX CHJI IPY3bl HAUWHAKOT JBUTATHCA I10

XKeno0aM, TIPEICTaBIISIONIMM COOOM OKPY>KHOCTH PaInyCoOB ¥ U R, 10 3aKoHaM @) = fi(f)u
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@2 = fo(D).

Jd a v o m = 6 kr, my = 8 xkr, my = 12 xr, r = 0,6 M, R = 1,2 M,
@1 = 7t pan, (Dzzg(l—t) pan (f — B cekyHnax). OnpenenuThb: x3 = f3(f) — 3aKoH

JBWOKCHUST TWUTHL, N = f(f) — 3aKOH W3MEHEHHs CO BPEMEHEM IIOJHOW HOpPMAaTbHOMN
pEeaKIy HAMPaBIISIONINX.

Pemenue. PaccMOTpUM MEXaHMYECKYIO CUCTEMY, COCTOSIIYIO U3 TUTMTHI U TPYy30B D U
D, B mipousBosibHOM mojioxkeHuu (puc. /I3). M300pa3um neicTByrommye Ha CHUCTEMY

BHCIIHHC CHUJIBI: CHJIbI TAXKCCTHU }_)1, }_)2, }_)3 N PpCaKIHIO HAIIPABJIAIOMINX N HpOBCI[eM

KOOpJIMHATHBIE ocu Ox) Tak, 4TOOBI OCh ) Mpoxoauiia uepe3 Touky Cso, TJIe HAXOAUIICS
IIEHTP Macc MINTH B MOMEHT BPEMEHH £, = 0.

a) OnpenencHue nepemerieHus x3. st onpenenenus x; = f3(f) BOCIOIB3yeMcsl TEOpeMOi
O JBWKEHHUM IIeHTpa macc cuctembl. CoctaBuMm auddepeHImaibHoe YpaBHEHHUE €ro

JBIDKEHUSI B IPOCKIMH Ha OCh X. [Tomydnm
.o e .
Mo =) Ff nm M. =0, (1)
Tak Kak » Fj. = 0, NIOCKOIbKYy BCE JCHCTBYIOI[ME HA CHUCTEMYy BHCIIHHE CHIIBI

BEPTUKAJIbHBI.
IIpounrterpuposas ypasHenue (1), HaiineMm, uro Mx. =Cj, T.e. IPOEKLUS CKOPOCTH
LIEHTpPa Macc CUCTEMBI Ha ATy OCh €CTh BEJIMYMHA MOCTOSIHHASA. Tak Kak B Ha4aJIbHBIN
MOMEHT BpeMeHHU U = 0, To C; = 0.
Wnrerpupys ypasaenue Mx = 0, nosrydaum
Mx,. = const, (2)

T. €. IIEHTP MacC CUCTEMBI B10JIb ocH Ox mepeMeniarbes He OyieT.
Onpenenum 3Hauenue Mx.. 13 puc. /I3 BUIHO, 4TO B IPOU3BOJIbHBII MOMEHT BPEMEHU
a0CLIMCCBI TPY30B PABHBI COOTBETCTBEHHO X; = X3 — RCOS@;, X, = X3 +rsing, Tak kak
no dopmyJie, onpenenstoned KOOpAUHATY X, LIEHTPA MacC CUCTEMBI, MXx.= mx; + max;
+ msXx3, TO

Mx . = (my+my +my)xy; —myRcos(m)+myrsin(zr/2—mt/2). (3)
B cootBercTBUM C paBeHCTBOM (2) KOOpAMHATHI LIEHTpPa MacC Xc BCEH CUCTEMbI B

Ha4YaJIbHOM M IIPOU3BOJIbBHOM IIOJIOKCHHMAX 6YILYT PaBHBIL. CJ'IGI[OB&TGJIBHO, YUUTbIBAsA,
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4yTOo npH ¢, = 0 x3 = 0, moxyuum
—mR + mor = (my + my + m3)x; — mR cos (nt) + myr cos (nt/2). (4)
OTcrofia mojiy4aem 3aBUCUMOCTb OT BPEMEHHU KOOPIUHATHI X3.
OtBet: x3=0,09[3cos(7t) — 2cos (7t /2) — 1]m, A€  — B CEKYHAAX.
0) Onpenenenne peakuuu N. J{ns onpenenenust N = f(f) coctaBum nuddepeHimaibHoe
yYpaBHEHHUE JIBIKEHUS IIEHTpa MacC CUCTEMbl B MPOEKIMU Ha BEPTUKAIBHYIO OCh ) (CM.
puc. J13):
WC:ZFIS/ wmm My =N—-H-P, - B (1)
OTcrona mosry4anm, yqTts, 4to P, = mg, u T. 1.
N =Myc +(my+my +m3)g 2)
[To popmyrie, onpenensronieit OpAMHaTy y,. IIEHTPa MacC CUCTEMBI,
My, = my, + myy, + msys, tne y1 = H+R sin ¢,
V2 = H—rcos ¢, y» = H= 0C3p = const, moay4num

My. =(m; + my + my)H +mRsin(nt) —myrcos(zw /2 —nt/2)

My. = (my +my, + my)H + mRsm(at) —myrsin(at/2).
[MpomuddepeniupoaB 06€ 4acTH STOrO paBEHCTBA /IBA Pa3a MO BPEMEHH, HalieM
My =mRrcos(nt) —m,r(m/2)cos(nt/2);
M3 =—m Rz sin(zt) + myr(z* / 4)sin(zt / 2).
IToxcraBus 510 3HaueHue Mj~ B ypaBHEHHUE (2), OIpENeIMM HCKOMYIO 3aBUCUMOCTB N OT

.

OtBeT: N=254,8 - 1,272 [6 sin () — sin (m/2)], Tae ¢t — B cekynaax, N — B HBIOTOHAX.

3anaya /14
MexaHnueckasi CUCTEMa COCTOUT U3 MPSAMOYTOJIbHOW BEPTUKAJIIBHOM IUTUTHI / MAccou m;
= 18 Kr, ABWXKYIIEHCS BJOJIb TOPU3OHTAIIBHBIX HAMPABIISIONINX, U Tpy3a D Maccou my =
6 xr (puc. 114.0 — J14.9, ta6n. [14). B momeHT BpemeHH £, = 0, KOTJ]a CKOPOCTh TUIUTHI U,

=2 M/C, I'py3 1noa I[CﬁCTBI/I@M BHYTPCHHHUX CHUJI HAUMHACT ABUI'ATbHCA 110 }KGJIO6y IIJINTBI.
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Ha puc. 0-3 xeno06 KE npsAMOIMHENHBIA U MIPU ABUKEHUU I'py3a paccTosHue s = AD

U3MEHSETCS M0 3aKoHY § = f1(f), a Ha puc. 4-9 xenob — OKpy>KHOCTb paauyca R = 0,8 m

U TIpH JABIKEHUH Tpy3a yron ¢ = LAC,D u3Mmensiercs 1o 3akony @ = fo(¢), B tabn. 14

ATHU 3aBUCUMOCTH JIaHbl OTAENbHO 1jisi puc. 0 mu 1; nnsg puc. 2 u 3 U T. 1., TI€ S

BBIPAKEHO B METpax, ¢ — B paJiMaHax, f — B CEKyH/IaX.

Cuurass rpy3 MaTepualbHOM TOYKOW U TMpeHeOperas BCEMHU COMPOTUBICHUSMU,

OTIPEJIEIUTh 3aBUCUMOCTSD U = f(f), T. €. CKOPOCTh TUTUTHI KaK (DYHKITUIO BPEMEHH.

Tabnuma /14
= l‘ =
Howep s =fi0) 0= /0
YEIOBI puc. 0,1 Puc. 2,3 Puic. 4,5,6 Puic. 7,8,9
0 0,8sin( ) 0,432 —2) 73— 28)/3 222 —1)
1 12cos(mt2) | 06sin(m22) | (1—3pR)4 A(1-42)3
2 0,6(222 - 1) 0,8c0s( 1) (L= 6)/6 23 + 42)/6
3 0.4sin(23) | 0,5sin(72/6) 22— A A+ )2
4 0,5cos(7t/6) 1,2cos(7t/3) 1+ 2£2)/6 (1 —5£)/4
5 0.6sin(z2/4) | 0,5(3 —47) 252 +1Y/4 A —4)/3
6 0.82-32) | 08sin(m*3) | f-2)2 4
7 0,6cos(7t/3) 0,4cos(mt/4) (3 + )2 3 - 1)/6
8 1,2sin(7*/5) 1,2sin( %) 7?2 (P +3)/2
9 0,8cos(nt/4) 0,6cos(7t/6) o +2)/6 2 - )4
Lz /77777777 7777777. 7777777 777777777,
72
07 1 < Z
i pron i
R A Wi .
/ '/I“ \ ,/j
L - , K
Puc. /14.0 Puc. /14.1




Yka3zanus. 3ayaya J/I4 Ha npuMEeHEHHE TEOpEeMbl 00 U3MEHEHUHN KOJMYECTBA JIBUKEHUS
cucteMsbl. [Ipu penieHnn cocTaBUTh YpaBHEHHUE, BBIPaXKaIoIlee TEOPEMY, B IPOEKIUU Ha
TOPU30HTAIBHYIO OCh.

IIpumep /14. B nentpe TsokecTH A TENEKKH MAcCCOMl m; JABMXKYLIEHCS MO TJIAJIKOU
TOPU30HTAJIBLHOM MIIOCKOCTH, YKPETJIEH HEBECOMBIN CTepkeHb AD nnmuHoi / ¢ rpyzom D
Maccoi m; Ha koH1e (puc. J14). B MmomeHT BpeMenH £y = 0, Korjla CKOpOCTb TEJIEKKH U =

Uy, CTep>keHb AD HauMHAET BpallaThCsi BOKPYT OCH A TI0 3aKOHY @ =¢X1).
Mano:m =24xr, my=12xr, up=0,5m/c, [ =0,6 M ¢=(7/3)(1+2¢) pag (t— B

cekyHaax). OnpenenuTs: u =f(t) — 3aKOH UBMEHEHUSI CKOPOCTHU TEJICIKKH.
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Pemrenune. PaccMoTprM MEXaHMUYECKYIO CHUCTEMY, COCTOSIIIYIO W3 TEJIEKKH U Tpy3a
D, B NpoOU3BOJILHOM TMOJOkKEHUU. M300pa3um nelcTByIOIIUE HA CUCTEMY BHEITHHE

CWIB:  CHMIBI Tskectw P, P, u peakmuu miockoctu N', N". TIlposemem

KoopJuMHaTHbIEe och Oxy Tak, 4TOObI OCh X Obljla TOPU3OHTANIbHA.

YtoObI OIIPpCACINUTD U, BOCIIOJIB3YCMCH TGOpGMOfI 00 M3MEHEHUHN KOJIMYCCTBA JABHKCHHS

CHCTCMBI Q B IIPOCKIMKU Ha OChH X. Tak kak Bce I{Cf/'ICTBy}OHII/IC Ha CHUCTCMY BHCIIIHHC

CHJIBI BepTUKaNbHBI (puc. 14), To D F =0 u Teopema naer

d

C%‘ => F¢ =0, orkyna O, = Ci. (1)

yi

At A A? b
e
L4

0 7 ¢ SR

_7§ rrey/ ////w _////.//// A

»g’ 2

Puc. J14

Jlns paccMaTpuBaeMoii MexaHmdeckoli cucteml O =Q° +07, tne O =mjin

0P =m,0; — KOJMYECTBA JBWKCHHUS TEIECKKU U Ipy3a [ COOTBETCTBEHHO (U —
CKOpPOCTb TEJIEXKKH, DUp— CKOPOCTb Ipy3a IO OTHOIIEHUIO K ocaM Oxy). Torma us

paBeHcTBa (1) cienyer, 4To
Oy + Q)? = Cy i mux + maup= C . (2)

JUia onpeneneHust Up, PpacCMOTPUM J[BHJKEHHE Ipy3a D Kak CII0)KHOE, CUMTasi €ro
JBUKEHHUE 10 OTHOLIEHHMIO K TEJIEKKE OTHOCUTEIBHBIM (3TO JIBMIKEHHUE, COBEpIIAEMOE

IpU BpalleHUU CTepkHS AD BOKpPYr ocu A), a  JBHJKEHHE  CAaMOW  TENEKKU —

nepeHocHbM. Torma Up =057 +0p™" u

vp =vpT +op™. (3)
Ho ©0)?=u wu, cnenosarensHo, )% =u,. Bekrop ©0p"  HampasieH

TEPHEHIUKYIAPHO CTEPIKHIO U YUCICHHO D™ =1 - . =1 = 21m* .
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N300pa3uB 3TOT BekTOop Ha puc. Jl4 ¢ ydeToMm 3HAKa @, HaWgEM, YTO

vpt =—0)™ cos@. OKOHYATENBHO U3 PAaBEHCTRA (3) MOITyYHuM

T 2r
Up, =u, —0X" cosp =u, —2m* cos(§+?t3j. 4)
(B nmaHHOHM 3agade BENWMYMHY Upy, MOXHO €I HAaWTU JPYTUM IIyTEM, ONPEIECIUB
abcuuccy xp rpys3a D, i KOTOpoH, Kak BUAHO u3 puc. 14, nomyunM xp, =x, —Ising;

TOrNA L), =X =X, —lpcosQ,Tae X, =u,, a ¢p=2m".)

[Ipu HailIeCHHOM 3HAYEHUH Up, PABEHCTBO (2), €CJIU YUECTh, YTO Uy = U, IPUMET BU]L
2 T 2r 3
mu + myu —m, 2l7t” cos §+?t = (. (5)

[TocTosiHHyt0 HHTErpUpoBaHus C| OMpPENeIUM M0 HAYAJIbHBIM YCIOBUSM: TIpU ¢ = 0 u =
Up. IloncTanoBka STHUX BEJINYNH B YpaBHEHHUE ®)) JaeT

Ci =—(m + my)u, u Torna u3 (5) noaydum
(my +my)u — 2m217zt2 COS(% + 2?7[1‘3j =(m; +my)uy .

OTCIOI[EI HaxoauM CJICAYIOIIYIO 3aBUCUMOCTBb CKOPOCTH U TCJICKKH OT BPCMCHMU:

21 mm T 2r

u=u, + -2 cos| 42543 (6)
my +m, 3

[logcTaBUB ClOJla 3HAYEHHS COOTBETCTBYIOIIMX BEJIWYUH, HAXOJUM HCKOMYIO

3aBUCHUMOCTS U OT f.

OtBet: u=0,5+0,4m*- cos(7/3 +2x/3) m/c.



