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BBEJEHUE

Lenpto yuyeOHO-METOAMYECKOr0 MOCOOUSI MO BBIMOJIHEHUIO KOHTPOJIBHOW pabOThI
No3  gBnsieTcsi OKazaHME METOJUYECKOM MOMOIIM CTYJCHTaM, H3YYalolluM pa3Jelibl
«/Ilunamuka Ttouku. OOmME TeopemMbl IWHAMUKW» B aucuumuinHe «TeopeTnueckas
MexaHukay. [IpuknagHele 3aauu 3TOW TeMbl IPUMEHUMBI U B IPYTHX pa3zeliax Kypca, a
TaKKe B JUCUUIUIMHAX « Teopus MexaHu3MOB U MalllnH», «Pusukay, «/leranm mamun», B
pslie CrielUalbHbIX JUCHUTUINH.

KonTponbsHas padora Ne3 BkirovaeT B ceOsl 1Be 3a7a4u:

- 3agaya J[1 «MHuterpupoBanue aud@depeHunanbHbIX YpPaBHEHUM JABUKEHUS
MaTepUaIbHOU TOUKUY,

- 3amaua [12 «IIpumeHeHune TeopemMbl 00 MU3MEHEHHM KHUHETUYECKOM SHEPrud K
M3YUYEHHIO JBUKECHHSI MEXaHUYECKON CUCTEMBI».

Homep BapmanTa dYepreka M MCXOJHBIX JAHHBIX COOTBETCTBYET IOPSIKOBOMY
HOMEpPY CTYJEHTA B CIIUCKE TPYIIIBI.

YKA3AHMUA 11O BBIITIOJTHEHHUIO 1 O®OPMJIEHUIO PABOTDI

KonTponpHas pabora BbIModHsETCS Ha Juctax (Gopmarta A4 B COOTBETCTBUHU C
I'OCT 2.105-95. Tlons ouepumBarorcss pamkoit (mo I'OCT 2.104), mepBbiit auct (c
paMkoil) — TUTynbHBIN (cM. [lpunokeHue), Bce MOCIEAYrOIIUE JIUCTHI (C paMKO) — ¢
yKa3aHUEM TMOPSAJIKOBOIO HOMEpa CTpaHMIbl. 3aluCH BEAYTCS Ha JIMIEBOM CTOpOHE.
ThlIbHAS CTOPOHA — JIJIs1 3aMEYaHUN U OTBETOB MPU 3aIUTE PabOTHI.

BrinosniHeHne paboThl HAUMHAETCS C 3alMCH UCXOJHBIX JIaHHBIX. B Xone pemenus
3a/layu JI0JOKEH OBITh BBIMOJHEH YEpTeX, Ha KOTOPOM JIOJKHBI ObITh M300pa’KE€HbI BCE
BEKTOpAa CKOPOCTEH, YCKOPEHUW TOYEK W JACHUCTBYIOIUX Cuid. UepTexx MOMKEH ObITh
aKKypaTHBIM, HarjsigHbM. PemieHue 3anayu HEOOXOAMMO COMPOBOXKIATh KpPAaTKUMU
pa3bsiCHEHUSIMH (Kakue (HOpMyJIbl UM TEOPEMBI IPUMEHSIOTCS, OTKY/1a MOJYyYEHbI T€ WU
WHBbIE pe3yJbTaThl), HEOOXOAMMO MOAPOOHO H31aratb BeChb XOJA pacyeToB. B KoHIe
JOJIKHBI OBITh JIaHbI YACJIEHHBIE OTBETHI.

B onekrponHoM BapuaHTe O0QGOpPMIIEHHS KOHTPOJIBHOM paloThl J1OMyCKaeTcs
BBINIOJIHEHHUE YEPTEKa BPYUHYIO C MOCIEIYIOIIMM €ro CKaHMPOBAaHHMEM U BCTABKOU B
TekcToBbld ¢ain. Otneuvatannsii B MS Word (Open Office) Texct Moxer ObITh
odpopmiien 6e3 coomoaenus 'OCT 2.104 (6e3 pamok).
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13AJTAYA 11

UHTEI'PUPOBAHUE JJUO®PEPEHIIUAJIBHBIX YPABHEHUN IBUKXEHUS
MATEPHUAJIBHON TOUKHA

1.1 TIPUMEP BBIIIOJIHEHUA 3AJJAHUSA

PaccMoTtpuMm crienyrolue cirydau BhIpaXCHUS CUIIbL, JEUCTBYIOIIEH HA TOUKY:
1) cuna 3aBUCHUT OT BPEMEHH;
2) cuna 3aBHCHUT OT MOJ0KEHHSI TOUKU B MPOCTPAHCTBE;
3) cuia 3aBUCHUT OT CKOPOCTH TOYKH.

[TycTh cBOOOAHAS MaTepUalibHAasl TOUKAa MAaCCOM M JBMIKETCS MOJI JEUCTBUEM CHUJIBI

F =ib coswt + ]bzvy +kb,z
b,,b,,b |

rae L' 2’73 - HekoTOpHIE MOCTOSAHHBIE KOY()(MUIMEHTHI IPU HAYATBHBIX YCIOBHAX

Xg=0,Y,=0,2,#0,v , :O,vyo #0,v_, =0.

HeoOxonumo onpenennuTs ypaBHEHUsI IBHKEHHSI TOUKUA B KOOPIUHATHOM (hopMme.
3anumieMm g 3TOM TOYKM auddepeHIuanbHble YpaBHEHHE B MPOEKUUAX Ha

JICKapTOBBI OCH KOOPJIUHAT
2

d“x
m-=—-= bl coswt
dt
qd2
m® Y =py
2 27y
dt ©)
d?z
dt _
[lepBoe ypaBHeHuEe cucTeMbl (7) MOXKHO NpPEICTaBUTh B BUAE JIBYX YpaBHEHHM
nepBoro nopmea

m % = blcosa)t,
dt

dx iy
«-
dt (8)
B HepBOM ypaBHeHI/II/I CBsI3aHBI IBC HepeMeHHbIe BCJIIMYNHBI. HpOCKHI/IH CKOpOCTI/I Ha
OCh X W BpeMsi. Pa3nernsisi mepeMeHHbIe, OTyunuM

mdvx = bl cos wtdt |
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CneBa ¥ cripaBa OT 3HaKa paBEHCTBA CTOAT AU PepeHIranbl HEKOTOPHIX (DYHKIIHIA.
Eciu nuddepenunansl paBHbI, TO WU UHTErpajbl paBHbl ¢ TOYHOCTHIO JO MOCTOSHHOM
WHTErPUPOBAHUS

[mdv,=b, cosetdt+C;

[Tocne uHTErpUpPOBAHUS OTYIUM

vV, =&sinwt + Cl
Mao , (9)

T.e. 3aBHCUMOCTH TMPOEKIIMU CKOPOCTH TOYKM HAa OCh X OT BpeMeHu. U3 BTOporo
ypaBHEHHUsI CUCTEMBI (8) Mmoaydum

X_ D ginatrc,
dt me

CHoBa pazjensisi nepeMeHHbIC, MOTyYUM

dx=( 2L sinwt+C )t
ma _

Ilocne uHTErpUpOBaHUs MOTYUYUM

_ b
X=— 2cosa)t+Clt+C2

Mo | (10)

[Toctosunuele C; m C, ompeaenuMm mo HayanbHBIM ycioBusM. lloacraBmss B
Beipaxxerne (10) 3Hauenne koopauHatel X npu t =0, momyyaem

0=-— blzcosa)0+ClO+C2
Mo

c_ b

OTCrOaa

mo?

[Toctosunyto C, ompenenum, noacrasisis B (9) 3nauenue V, npu t =0:

0= sinwo+cC,
Mo

orctona C, =0.
Takum oOpa3zom, peleHre NepBoro ypaBHEeHUs CUCTEMBI (7) UMeeT BUJ

Mo Mo (11)

Bropoe ypaBHeHue cuctemsl (7) Takke MpeACTaBiIsieM B BUJE ABYX YPaBHEHHI



dt (12)
Pa3ienss nepeMeHHbIe B IEPBOM YPABHEHUH, TTOTyIUM

dv
movy =b,dt

v Inv _b2t+InC

y 15810 Y m

Pemas oTHOCUTEIILHO Vy , IOJIYUUM

b,t
v,=C.,emM
y T3 (13)
VYuurtsiBast BTopoe ypaBHEeHUE cucTeMbl (12) cHOBa nonyyaem
b,t
d
&y Cem
dt
Pasznensist nepeMeHHbIE U UHTETPUPYS, TTOIYYUM
b,t
2
m
y=C, -e™M +C,
b, | (14)
[Toctostnubie C; u C, ompesenseM MO HauaJIbHBIM YCIOBUSIM.
b
b, 0 m 20 m
—— — am -y
v, =Cpe ™ =C, 0 vyob em +C, C, vyOb
N3 (13) Y , u3 (14) 2 , WIH 2,

Takum oOpa3zom, peleHre BTOPOTro YpaBHEHUS CUCTEMBI (7) UMEET BU]L
b,
m .t
y=v ,,—em —v . —
y0 yo0
b, by | (15)

Tpetbe ypaBHeHUE cUCTEMBI (7) TaKKe MPECTABIIIEM B BUJIEC IBYX YpaBHEHUM



m % = b3z
dt
dz_
dt ° (16)

B mnepBom ypaBHeHuun cuctemsl (16), cBsi3aHBI TpPU MEPEMEHHBIX BEJIUYUHBI:
CKOpOCTb, Bpe€Msl M KOOpAMHAaTa TOYKU. YTOOBI pa3fenuTh NepeMeHHblE HEOOXOIUMO
WCKIIFOYUTH OHY U3 HuX. [IponsBenem 3ameny

dv, —dﬁ%—v dv,

dt  dzdt Zdz

Torpa nepBoe ypaBaenue (16) npumeTt BUA

Tenepp MOKHO pa3feiUTh IIEPEMEHHBIE
mvzdvZ = bszdz

mvZ 72

HNHuTterpupys, nojryyum 2

Pemas oTHOCUTEIILHO VZ , HOJTYyYHUM

b322
; —t

,Cs
m m (17)

I[To HayanbHBIM yCIOBUSAM HaiiieM NOCTOsIHHY0 C. .

v,=0 1z
Ioxcrasnss B (17) 20 u 0, momyuum

2
0= /%4_2% C :_E 72

b

dz
vV, =
YuuTteiBas, 4To dt BeIpakeHue (17) 3anumiercs B BUje
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dz_\/b322_b3z§
dt m m

Pa3nenuB nepeMeHHbIe, IPUBENEM €TI0 K BULY

dz

\/b322 b3Z%
m m

=dt

Dy

BriHoCs 13 1o 3HaKa KOpHS B 3HAMEHATEJIE m IIOJIYy4YUM
b

J dz _ \/Edt
w/zz—zg Jm

arcchi =\/Et +C6
5 Am

FHC(; —Ft—C6
m +e m
2 .

HNHuTterpupys, nojryyum

Pemas otHOCUTENIBEHO Z , IOJIYUUM

__ €
Z—Z0

[octostnuyto Cg Haiinem no HauanbHbIM ycaoBusiM. Ilpu t =0, z, #0.

e"6.+o "6 Co 1
Zg=25——— e -+ o 2
Otcrona 2 WIN €
C C C.=0
Pemast oTHOCUTENBEHO 0, momyunm € =1y 767"

Takum oOpa3zom, pelieHre TPEeThero ypaBHEHUsI CUCTEMBI (7) OylieT UMETh BUJT
2 2

emt+e \/Ht
0 2

1=17

OxoHYaTeNLHO YpaBHCHHA ABUKCHUSA TOUKH B KOOpI[HH&THOfI q)opMe HUMCIOT BUA:
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by by

X=— 2C030)t+72
Mo Mo’

b,

m .t
YO b b,

__ €
Z—Z0

2
Ft - b—3t
m e VM
2 .

1.2 BAJAHME JIJISI CAMOCTOSATEJABHOM PABOTBI

MarepuanpHass TOYKa Maccoul M,  OBWXKETCA  IOX  JEHUCTBUEM  CUII,
PAaBHOACHCTBYIOIAsT KOTOPBIX 3aBUCHUT OT BPEMEHHU, KOOPAMHAT TOYKU U €€ CKOPOCTH.
OnpenenuTs ypaBHEHMsI JIBJKEHHUS TOYKM B KOOPAMHATHOM QopMe mnpH 3aJaHHBIX
HaYyaJIbHBIX YCIOBUsX. VIcXxonHble JaHHbIEe TpuBeaeHbl B Ta0aune 1.1.

Tabauma 1.1
C Yo v v v m
Ne F X0 Zo | Yxo | Yvo | ‘20
Bap.

1 2 3 4 5 6 7 8 9
1 If:f5t+]3vy+|?z 3| 2 1 5 3 2 1
2 F =i5sin3t + j3y — lZvZ 3| 2 2 1/6 0 1 2
3 F=idx+ ]3vy + k cos 4t 1] 1 1 0 3/4 1 4
4 lf:i5vx + j3y + k3t 3|1 1 5 1 3 3
5 | F=i4x+javi +Kksin3t 42| 1 | N2 | o5 |-16] 2
6 F =i5c0s3t + ]3/vZ —k2 8/9 | 519 | 1 1 1 1 5
7 F=-i3x+ ]3vy +k1/(1+ t)2 1] 1 1 1 1 | -3 | 3
8 F=i3x+ ]3cost—|?vZ 2 | 1] 3 2 2 3 3
9 F=i2t? - j3y+ kv, 1] 1] 1 1 3| 12 | 2
10 | F=i5t° - ]3vy —k4z 1] 1 1 2 3 2 5
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1 2 3 4 5 6 7 8
11 If:f3vx+]y+E5t 2 |1 3 3 2 5
12 | F=i3x-— ]vy + k5sin3t 2 | 2 3 0 1 1/6
13 | F= i73vX + jcos4t + k4z 1 | 1 1 3/4 1 0
14 | F=i3x+ j3t+ IZSVZ 1] 1 3 1 3 5
15 | F= f4v)2( + jsin3t + k4z 2 |1 4 05 | -1/6 | 2
16 | F= i*3/vX — j2+ k5cos3t 59 | 1 | 8/9 1 1 1
17 | F= i73vX + LI+ t)2 -k3z 111 1 1 -1/3 1
18 | F =i3cost — ]vy +k3z 1| 3 2 2 3 2
19 | F=-i3x+ jvy +kat? 1] 1 1 V3 | 12 1
20 If:—TSVX —]4y+l25t2 1] 1 1 3 2 2
21 | F=ix+ j5t+k3v, 1 ]3] 2 2 5 3
22 | F = —fvx + j5sin3t + k3z 2 | 3 2 1 1/6 0
23 | F =icos4t + ]4y+|?3vZ 1] 1 1 1 0 3/4
24 | F =i3t+ ]5vy +k3z 1| 3 1 3 5 1
25 | F=isin3t+jay+ E4v§ 1| 4 2 | -6 | V2 | 05
26 | F =—i2+ j5c0os3t + IZS/vZ 1 |89/ 59 1 1 1
21 | E=i1/1+ t)2 —j3y+ ESVZ 1] 1 1 -1/3 1 1
28 If:—ifvX + j3y + k3cost 3| 2 -1 3 2 2
29 | F=iv, +j2t® —k3z 11| 1 w2 | 1 | B
30 | F=-i4x+ 5t —kav, 11| 1|2 | 2|3
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BOITPOCHI J51 CAMOKOHTPOJIA

1 Kakoii Bua wumerr auddepeHanbHble YpaBHEHUS JBH)KEHHS TOYKH B
JEKAPTOBBIX OCSIX KOOPAWHAT?

2 Kakoil Buj umewT auddepeHuuanbHble ypaBHEHHsI JABUKEHUS TOYKUA B
€CTECTBEHHBIX OCAX KOOPAUHAT?

3 Uto o3HayaeT «pa3aeiauTh NepeMeHHble B T PepeHInaTbHOM YPaBHEHUN»?

5 IloyeMy 1npu  UHTEIPUPOBAHUM  YPABHEHUM  JIBWIKEHUSA  IOSBIISIOTCS
HEOIPEAEIIECHHBIE TOCTOSHHBIE UHTETPUPOBAHUSA ?

6 Jlus yero 3a1ar0TCs HAYAJIbHBIEC YCIOBUS IBUKCHUSA ?



13

2 3AJTAYA 12
IMMPUMEHEHWE TEOPEMbI OF N3MEHEHNY KUHETUYECKOW YHEPT U
K MI3YYEHUIO IBUKEHUS MEXAHUYECKOW CUCTEMBI

2.1 IPUMEP BBIIIOJIHEHUSA 3ATIAHUSA

JlaHo: MexaHHMYEcKas CHUCTEMa, CocTosmas u3 Tena 1, 0J0koB 2 M 3, TOHKOIO
OJTHOPOJIHOTO CTEPKHS 4 M OJHOPOJIHOTO CIUIOIIHOTO HWJIMHAPA 5, MO AEUCTBUEM CHUJIBI
TSOKECTH Tella | MPUXOUT B IBMKEHUE U3 COCTOSIHUS MOKOs (pucyHOK 2.1). M3BeCTHBI:

R,=R;=12 cm, 1, =0,5R,, 1; =0,75R;, R; =20 cm,

AB=1=4R,, izg =8 cm, i3, =10 cm, @ =30°, f =01, 6 =0,2 cm, s=0,067 ™.
CompoTuBieHUE KaueHHIO Tena 2 He yuuTbiBaTh. Maccamu 3BeHa BC. u nomsyna B

npeHeOpeub. Ha pucynke 2.1, a mnoka3aHa MexaHMYecKass CHCTEMa B HadaJbHOM
IIOJIOXKEHHH.
HaiiTi: v, — cKOpoCTb Irpy3a 1 B KOHEUHOM IIOJIOKCHUM.

Pewmenne. [Ipumenum TeopeMy 00 U3MEHEHUH KHHETUYECKON SHEPTUU CUCTEMBI:
n n
e i
T-To=2 A+ 2 Ac, (1)
k=1 k=1
rae Ty, m T — KMHeTH4YecKas SHEPrusi CUCTEMBbl B HA4aJbHOM M KOHEYHOM IIOJIOKEHUSX;

n
> A; — cymma paboT BHCIIHHX CHJI, HPWIOXKCHHBIX K CHCTEME, Ha [CPEMELICHHH
k=1

n

CHCTEMBI U3 HA4aJIbHOTO ITOJIOKCHHS B KOHEUHOe; Y A, — CyMMa paboT BHYTPCHHHX CHII
k=1

CHUCTCMbI Ha TOM K€ IICPCMCIICHN .

Jisi  paccMaTpuBaeMbIX CHCTEM, COCTOSIIIMX H3 aOCOJIOTHO TBEPABIX Tell,
n

COCAMHEHHBIX HEPACTSHKUMBIMU HUTSAMU U CTepxHsiMu, . Ay =0.
k=1

Tak kak B Ha4aJIbHOM IOJIOKEHUU CUCTEMA HaXOAUTCs B okoe, To T, =0.
CrnenoBarenbHo, ypaBHeHue (1) npuHUMaeT BUA

T=é$. )

st ompenesieHUs KUHETUYECKOW SHEpruud | U CyMMbl paOOT BHEIIHUX CHII
1300pa3uM CUCTEMY B KOHEYHOM MOJIOXKEHUH (PUCYHOK 2.1, O, B).

Hamnuiiem kuHeMaTH4YeCKUE COOTHOIICHUSI MEXKIY CKOPOCTSIMU U MEePEeMEIICHUSIMU
TOYEK CHUCTEMBbI, T.€. YPAaBHEHUS CBSA3€U, MPU 3TOM CKOPOCTU U TEPEMEIICHUS BbIpa3uM
COOTBETCTBEHHO Yepe3 CKOPOCTU U NEepeMelleHus rpysa 1.

Ckopocts 1ieHTpa macc C kaTka 2 paBHa CKOPOCTH Tpy3a 1:
Ve, = V. (1.3)



Pucynox 2.1

VYrioBas CKOPOCTh KaTKa 2, MTHOBEHHBIN LIEHTP CKOPOCTEH KOTOPOr0 HAXOAUTCS B
Touke P,,
Veo v

Wi @, = —-. 4
C,P, * R, @

602=

V
Cxopocts Toukn D katka 2 Vp =@, - DP,, T.e. V[ = R—l(R2 +1,).
2
Ckopoctb Touku E 06roka 3 paBHa ckopoctu Touku D kartka 2:

Ve =Vp. (5)
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v
Ho V¢ = @sl,. CrienoBatensHo, 10 (5), @5, = R—l(R2 +1,).
2

Tak xak R, =2r,, 10 @313 = Evl, OTKyJ1a

3v,
W;=——. 6
e (6)
d ds
3amenss B popmyie (6) @; = %, v, = G MOJTYYUM
%=id—s, i de, =ids.
dt  2r; dt 21,
[Tocne uHTEerprpoBanus (IIPH HYJIEBBIX HAYAIBHBIX YCIOBHUSIX)
3s
P75 ry
Koraa rpy3s 1 npoiiger nyts S = 0,067 M, 6510k 3 oBepHETCS HA YOl @5
3s 3 0,067
=——=—- =T. 7
Y=o, "2 009 ()

IIpu stom mnosopore Osoka 3 Ha 1807 ero Touka A, nepeiser B KOHEYHOE
nonoxenue A W maryH 4 u3 HavaipHOro nonoxenusa A,B, mepeliger B kKoHe4HOE

noJjiockeane AB.

Karok 5 mepemecTuTCs BICBO IpH MOBOpOTe OJioka 3 Ha yroi #/2 W BOpaBo Hpu
noBopoTte Ojioka emie Ha 7/2; 3HAYUT, KOHEYHOE IMOJIOKCHHE KaTKa 5 COBIAJAeT C €ro
HaYaJIbHBIM ITOJIOJKECHHUEM.

Takum o0O0pa3oM, KOHEYHOE TMIOJ0KEHUE BCEH CHUCTEMBbI BIIOJHE OMPEACICHO
(pucyHok 2.1, 6).

BbluncnuM KMHETUYECKYIO PHEPTUI0 CUCTEMbI B KOHEUHOM TMOJIOKEHUHU KaK CyMMY
KMHETUYECKUX 3Hepruit ten 1, 2, 3, 4, 5:

T=T,+T,+T,+T,+Ts. (8)
Kunernueckas sneprus rpysa 1, IBHKyIIerocst OCTyNaTeNlIbHO,
2
m,v
T, = 121 - ©)

KuHeTnuecKas JHEPrHs KaTkKa 2, COBEPLIAIOIIETO IIOCKOE IBUKCHUE,
2 2
MVe,  Jop®;
+
2 2

T, = : (10)
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rae ng - MOMEHT MHEPLHHU KaTKa 2 OTHOCUTEIBHO €ro MpPOJOJIbHOW LEHTPaIbHOW OCHU
Coe:
—m.i2
Jog =Myl . (11)

[Moacrasnss (3), (4), (11) B dopmyny (10), nonyuaem

2 £ 2 £ 2
myv;y Myl 1 [
2 2R 2 R

2

Ve (12)

Kunernueckas sHeprus tena 3, Bpariaroimierocst BOKpyr ocu OX,
J.. w2
T, = —3"2 s (13)

rae J;, - MOMEHT uHepluu 0610Ka 3 oTHOCUTENbHO ocu OX:
¥
Jay = Mgly, . (14)

[Moacrasnss (6), (14) B hopmyny (13), nonyyaem

-2 2 -2
T, =Mala SV 9, Tae 2 (15)
2 \2r, 8

Kunernueckas OHCPrusd marTryHa 4, COBCPIIAOMICTO IMIIOCKOC ABUKCHHUC,

2 2
m,v J, .0
-|—=4c4+ 464’
2 2

e Ve, - CKOpOCTH LieHTpa Mace C, maryHa 4; @, - yriaoBas CKOpoCTh watyHa 4; J,. -
MOMEHT MHEPLIMH IATYHA OTHOCHTENbHO LEHTPaNbHOM ocu C .

Jis onpenenenus Ve, U @, HaWIEM IOJIOXEHNE MTHOBEHHOI'O LIEHTPA CKOPOCTEN

martyHa 4. Tak kak ckopocth Touek A U B B 3TOT MOMEHT mnapaiielbHbl, TO
MTHOBEHHBIN LIEHTP CKOpPOCTEH IIaTyHa 4 HaxXoJIUTCAd B OECKOHEYHOCTH; CIIEOBATEIBHO,
yIJIoBas CKOPOCThb IIATyHAa B JaHHBIM MOMeHT @, =0, a CKOPOCTH BCEX €ro TOYEeK

napajijieibHbl U PaBHBI MEXKy co00i. Takum o0Opa3oM, KUHETUYECKas dHEpIusl maryHa 4

2
T, =4'ca (16)
2
rac
Vey =Va. (17)

BpamiatenbHast ckopocTh Toukn A Tena 3
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VA = 3 R3 ) (18)
uiu ¢ yuerom (14)
R
Vp = 3R
2 T,

[Tockonbky Iy = 2 R;, momyuum vV, = 2v;.

ITo (17)
Veg =Va, Vou = 2V,. (19)
C4 A C4 1

[locne noncranoBku (19) B (16) BbIpakeHHE KMHETUYECKOW 3HEpruu matyHa 4
MPUHUMAET BU

_ m4(2V1)2

T
4 2

=2m,v?. (20)

Kunernueckas sHeprust Katka 5, COBEPIIAIONIETO IIOCKOE JBUKECHHUE,

2 2
MgV + J5 05
2 2

re Ves - CKOpoCTh HeHTpa Mace Cg Katka 5; @ - yriioBas CKOPOCTb Katka 5; Jge -
MOMEHT HMHEpLUUU KaTka 5 (OJHOPOAHOrO CIUIOIIHOTO UWJIMHAPA) OTHOCUTENBHO €ro
ueHtpanbHoi ocu Ceg, Jgp = msRZ /2.

Tak kak KaTOK KaTUTCS O€3 CKOJBXEHUSl, TO MTHOBEHHBIH IIEHTP CKOpPOCTEH
HaxonuTcs B Touke P;. IToatomy @ =V /R;.

CrnenoBateiabHO,
Msves | MsRsVes _ 3 o

Ty = + =—MsV¢s.
©2 2.2RZ 4 °°

Tak kaxk 3BeHO BC5 COBEPIIAET IOCTYNATEIbHOE JBHKEHHE, TO V-5 =Vg, HO
Vg =V, =2V;. 3Ha4UT Vg = 2V;.
[ToaTOMY BBIpaKE€HUE KUHETUYECKON SHEPTUM KAaTKa 5 MPUHUMAET BUJI

T, = %m5(2v1)2 =3m,v;. (21)

Kunernueckasi sHEpTUsS BCeW MEXaHMYECKOW CHUCTEMBI OIpeesieTcs o (hopmyiie
(8) c yuetom (9), (12), (15), (20) u (21):
i Vi, 9 mavyis,
RZ)2 8 rf

le12

T +m,| 1+ +2m V7 +3mgvy.

[loxacTaBisis croga 3aJaHHbBIC 3HAUCHUS Macc, mnoirydyacm
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-2 .2

|

T =myV[1+2(1+ §)+%'3—;+ 2+120]/2, win T =129myv2 /2. (22)
2 I3

Haiinem cymmy paboT BCeX BHENIHHMX CHJI, MPHJIOKEHHBIX K CUCTEME, Ha 3aIaHHOM
ec MepeMEIICHUU (BHEIIHHE CHJIbI, MPUJIOXKCHHBIE K CHCTEME, MOKa3aHbl Ha PUCYHKE
2.1, B).

Pa6ota cunsl Tsxectun G,

A =G h=m,gssina. (23)
PaGota cuiibl TpEHUS CKOJIBKEHMSI Ifmp
Apmp =—FupS -

Tax kax F, = fN, = fG, cosa, To

Ag,, =—fmgscosa. (24)
PaGota cunsl Tskectn G,
Ag, =G,h., =m,gssina. (25)

Pabora cun cuemnenust F,,, F,s KaTkoB 2 u 5 paBHa HYNIO, T.K. 3TH CHJIbI
NPUIOKEHBI B MTHOBEHHBIX IIEHTPaX CKOPOCTEH 3TUX KAaTKOB.
PaGota cunel TxecTH G,
Acs =Gyhcy, (25)
rae h., - BepTHKaJIbHOE mepeMelieHHe LeHTpa Tsbkectn C, maryHa 4 u3
Ha4YaJbHOTO MOJIOKEHHS B €T0 KOHeUHOe mojoxenue (pucyHok 1.1, ), h., = R;:

As, =M,0R;. (26)

PaGora mapsl cuin CONpOTHBICHUS KAYEHHUIO KaTKa 5
Ay, =—M.s, (27)
rie M, =0N; =6G, - MOMEHT COIPOTUBIIEHUS] KAUEHUIO KaTKa 5; @ - Yros oBOpoTa

KaTka J.
Tak kak KaTOK 5 KaTUTCSl 0€3 CKOJIBKEHUS, TO YToJI €r0 OBOPOTa

@5 =Scs/ Rs, (28)

IIe Scg - epeMelneHne nenrpa Tsokectu Co karka 5.

B nanHom npumepe paboTy mapbl CHII CONMPOTUBIICHHS BBIYUCIUM Kak CyMMY padboT
9TOM Maphl MPU KaYCHUH KaTKa 5 BJIEBO MPU MOBOPOTE Teja 3 Ha yron /2 v KaueHUH
BIIPaBO, KOTJa TeJo 3 ToBepHeTcd emme Ha yron 7z /2. Ilepemenienue nenrpa tsokectu Co

KaTKa 5 paBHO MEpEeMEIICHUIO MoNI3yHa B BiieBo U mpago:
Scs = 2(B,B"). (29)
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Omnpenenum nepememenne B,B' mpu moBopore Tenma 3 Ha yron z/2. 3a Hauano

oTcyeTa KOOpJAMHATHI TOUKM B BbiOepeM HenmoJABHKHYIO TOUKY K IIIOCKOCTH (pUCYHOK
2.1, r). Ilpu 3ToM noBopoTe Tena 3 matyH u3 nojaoxeHus A,B, mepeiner B noaoxeHue

KB'. Torma B,B'= KB, — KB', rze

KB, = KO + 0By = Ry ++/(AyBy)? — (A0)% = Ry +4/12 = RZ,
KB'=1=4R,.

CrnenoBateiabHO,

B,B'=R,++/12—RZ =1 = R, +/(4R;)? - RZ = 4R, = 0,88R,. (30)

[Moacrasnss (30) u (29), a 3atem B (28), HAXOAUM TMOJHBIN YroJ MOBOPOTA KaTKa 5:
0 =176R;/R;. (31)

PaboTta MOMeHTa CONPOTUBIEHUS KaueHUIO 110 (27)

CyMma paboOT BHEUIHUX CHUJI OMPEACIUTCS CIOKEHHEM palOT, BBIYUCISEMBIX M0
dbopmynam (23) — (26) u (32):

2. A¢ =m,gs| sina - fcosoz+25inoz+&—6'20'1’76R3 , I
23 Rss
> A =151m,gs. (33)

CornacHo Teopeme (2), mpupaBHsieM 3HaueHus 1 W D, A, onpeneisieMble MO
dbopmynam (22) u (33):
129-m,v{ /2=1,51m,gs, otkyna v, = 0,21 m/c.

2.2 BAJAHUE JIJII CAMOCTOSTEJIBHOM PABOTHI

Mexanudeckasi cucteMa 1o AeicTBUEM Cuilbl TskecTd Tena 1 (Bapuantsl 1-11, 14-
16, 20, 23, 24, 30) wiu tena 4 (Bapuant 17), niau Tena 3 (BapuaHT 28), WM BpallaroIero
Momenta M (Bapuantwi 12, 13, 18, 19, 21, 22, 25, 26, 27, 29) npuxoaut B ABUKECHHUE U3
COCTOSIHUSI TIOKOSI (pUCYHKH 2.2-2.6).

VYuuthiBas TpeHue ckoibxkeHus tena 1 (Bapuantel 4, 19, 12, 13, 18, 19, 21-23, 25-
30) 1 conpoTUBIECHUE KaueHHUIO Tea 3, Katsiierocs 06e3 ckojibxkeHus (Bapuantsl 1-4, 6, 7,
9, 10, 12, 14, 16, 18, 19, 22, 23, 26, 30), onpenenutb CKOPOCTb Teia 1 B TOT MOMEHT,
KOrJia IPOUICHHBIM UM IIyTh CTAHET PABHBIM S, .

HeoOxonumMble i BBITIOJIHEHUST KOHTPOJIbHOM pPabOThl JlaHHBbIE MPUBEICHHI B
tabmune 2.1. bnoku U KaTKu, sl KOTOPBIX Pajuychl MHEPLIMHU B TAaOJIMIIE HE YKa3aHBI,
CUUTATh CIUIONIHBIMHU OJTHOPOJIHBIMHU IIMJIMHAPAMHU.
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Tabnuma 2.1
wap| 1| M2r] Mar | Mas Sy, IE/I Rl pR |12 T s,m f la,? B,?
KI KI KI KI M M| M M
1 2m|15m| m - 12| - 10,2 0,8 | 0,16 | 0,005 45 -
2 m Am | 2m - 10} - 03] 05 0,2 | 0,01 - -
3 115mMm 3m | 2m - 08| - [{04] 04 | 0,24 | 0,005 - 30 -
41 4m | 2m | 2m m (10| - (03| 05 | 0,28 | 0,005 | 0,1 30 60
5|1 3m| 3m| 3m - 05| - - - - - - -
6 | 2m m | 4m - 12| - |02 - . 0,002 45 -
7 m dm |15m| - 20| - [04] 04 0,3 | 0,001 - -
8 115m 2m| 3m|15m|08| - {03| 0,6 | 0,22 | 0,002 - 60 -
9/4m| 3m| 2m|i5mj|12| - |02| 05 | 0,15 | 0,001 | 01 30 60
10 m |15m| 2m - 1,0 - 10,24 0,4 0,16 | 0,005 | 0,08 45 -
nmi2mj| 4m| 3m |{15m|{08| - (0,32| 0,8 0,3 | 0,002 - 30 -
12 m [1,5m| 3m - 0540 |04]| 05 - 0,001 | 0,1 45 -
13 m 2m m |(2m |16| 25|03]| 0,6 - 0,005 | 0,08 30 -
141 3m| 4m | 2m - 14| - 06| 04 - 0,002 - 60 -
151 4m | 3m m (0,5m |0,75| - |0,1]| 0,75 - 0,001 30 -
16 |05m| m m - 10| - |0,15| - - 0,005 45 -
17 m 2m | 15mi1t5m 12| - 0,2 - - 0,01 - - -
18| 3m| 4m | 3m - 08|30 |04]| 05 0,3 | 0,005 | 0,08 60 30
19 m 4m | 3m - 1413 (03| 06 | 0,22 | 0004 | 01 30 60
20115m| 2m m - 10| - 10,2 - - 0,006 - 45 -
211 2m | 3m m - 1,4 | 40 |0,36| 0,8 0,3 - 0,15 60 -
22 115m| 4m | 4m - 06|60 04| - . 0,005 | 0,06 | 45 -
231 2m m [15m| - 12| - 10,32| - - 0,004 | 0,08 60 30
24 m 2m m (1,5m|0,75| - |0,16| - - 0,005 - - -
25| 2m| 4m| 3m|2m |14 |30 (03| 0,5 0,2 | 0,003 | 0,15 30 -
26 3am| 4m | 2m - 10| 35 |0,44| 04 | 0,32 | 0,01 | 0,18 30 60
27 m|{15m 2m|4m |12 | 10 |0,4| 0,6 - 0,004 | 0,20 60 30
28(25mf m |08m| - 06| - |0,32| - - - 0,24 - -
291 4m | 2m | 3m - 0,8 20 |0,36| - - 0,005 | 0,16 60 -
30| 3m| 4m | 2m - 16| - 03] 05 0,2 | 0,004 | 0,15 30 60
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Pucynox 2.2
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BOITPOCHI J51 CAMOKOHTPOJIA

1 Kak BbIpaxkaeTcs BeIMYMHA 3I€MEHTaApHON PabOThI CHUJIBI?

2 Kak BbIpaxkaeTcsi paboTa CHJIbl HA KOHEUHOM ITyTH?

3 Kak BbIpaxkaeTcs dyieMeHTapHas padoTa CHIIbI, IPUIIOKEHHON K TBEPAOMY TENly,
BpaLAOIIEMYCsl BOKPYT HEMIOJBUKHOM OCH, Ye€pe3 MOMEHT 3TOW CUJIbl OTHOCUTEIIBHO OCH
BpaleHus?

4 Yto Ha3bIBAECTCS KMHETUYECKOW SHEPrUEN MATEPUAIBHON TOUKH?

5 YUto Ha3pIBaeTCA KNHETHYECKON YJHEPTUEN MEXaHUYECKOW CUCTEMBI?

6 Kak BbIpakaeTcsi KHHETHYECKAsl SHEPTUsl TBEPAOTO TeJIA MPU MOCTYNATEIBHOM,
BpaIlaTEIbHOM U IJIOCKOIAPAJUIEIbHOM JIBUKEHUH 3TOTO Tea?

7 B uem cocTout TeopeMa 00 M3MEHEHMH KMHETHYECKOW HHEPruu MaTepuabHON
TOYKH?

8 B ueM coctouT Teopema 00 M3MEHEHUU KMHETUYECKON SHEPrMH MEXaHUYeCKOH
CUCTEMBI?

9 BxonsT 11 B ypaBHEHHE, BBIPAXKAIOIIEE TEOPEMY 00 M3MEHEHUU KMHETUYECKOH
DHEPIUMU CUCTEMBI, BHYTPEHHHUE CHJIBI TOW CUCTEMBI?

10 B kakom ciyyae B YypaBHEHHE, BbIpaKawllee TeopeMy 00 HW3MEHEHUU
KMHETUYECKOW SHEPTUU CUCTEMBI, HE BXOAAT BHYTPEHHUE CUJIBI 3TON CUCTEMBI?
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