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BBEJEHUE

Lenpto y4eOHO-METOAMYECKOr0 MOCOOUSl MO BBIMOTHEHUIO KOHTPOJIBHOW pabOThI
Nel sBnsieTcss okazaHMe METOJWYECKONM NOMOIIM CTYJIEHTaM, H3Yy4alolluM pa3Jiesibl
«Kunematuka Touku. KuHematuka TBepAoro Tena» B AMCHUIUIMHE «TeopeTnueckas
MexaHuka». [lpukiiagnele 3aa4 3TOM TeMbl IPUMEHUMBI U B APYTHX pas3zenax Kypca, a
TaK)xe B JUCHUIUIMHAX « Teopust MexaHu3MOB U MamuHy, «dusuka», «Jleranu Mamun», B
psifie cenuanbHbIX TUCLIMILINH.

KonTtponbsnas pabora Nel BkitoyaeT B ce0si Tpu 3a1auu:

- 3amaya K1 «OmnpeneneHue CKOPOCTH U YCKOPEHHMS TOYKH IO 3aJaHHBIM
YpaBHEHUSIM €€ JBUKEHUS»,

- 3aga4a K2 «kKuHemaTtndyeckuii aHaiu3 IJIOCKOT0 MEXaHU3May,

- 3amaya K3 «Omnpenenenne aOCONIOTHOM CKOPOCTH M aOCONIOTHOTO YCKOPEHUS
TOUKU.

Homep BapuaHTa uepTeka M HMCXOAHBIX JaHHBIX COOTBETCTBYET MOPSAKOBOMY
HOMEPY CTYJI€HTa B CIIUCKE IPYIIIIbI.

YKA3AHMA 11O BBIIIOJTHEHHUIO 1 O®OPMJIEHUIO PABOTDI

KoHnTponbeHass pabora BbIONHSETCS Ha JucTax (popmata A4 B COOTBETCTBUU C
I'OCT 2.105-95. Tlons ouepumBarorcss pamkoit (mo I'OCT 2.104), mepBbiit auct (c
paMkoil) — TUTynbHBIN (cM. [lpunoxkenue), Bce MOCHeAyrOIIUEe JUCTHI (C paMKOM) — ¢
yKa3aHUEM MOPSAJIKOBOIO HOMEpa CTpPaHMIbl. 3alucCH BEAYTCS Ha JIMIEBOM CTOpOHE.
ThlIbHAS CTOPOHA — JIJIs1 3aMEYaHUN U OTBETOB MPU 3aIUTE PaOOTHI.

BrinosiHeHne paboThl HAUMHAETCS C 3alMCH UCXOJHBIX JIaHHBIX. B Xone pemeHus
3a/layu JOJDKEH OBITh BBIMOJIHEH YEPTEXK, HA KOTOPOM C Y4E€TOM BBIOpaHHOro macuirtada
JOJKHBI OBITh M300pa)K€Hbl BCE BEKTOpPA CKOPOCTEH M YCKOPEHUH TOYEK W IMPOEKLUUU
BEKTOPOB Ha KAXKIYI0 U3 oceil. UepTex NoyKeH ObITh aKKypaTHBIM, HarJIsIAHBIM. Perenue
3a/layd HeOOXOJIMMO CONPOBOXAATh KPATKUMM pa3biICHEHUSIMHU (Kakue (OpMYJIbl WU
TEOpEeMbl MPUMEHSIOTCS, OTKYyJa MOJYy4YeHbl T€ WJIM WHBIE PE3yJbTaTbhl), HEOOXOAMMO
noApoOHO U3NaraTh BECh X0/ pacueToB. B KOHIIE JOMKHBI ObITh 1aHbl YHCIEHHbBIE OTBETHI.

B onekrponHoM BapuaHTe O0QGOpPMIIEHHS KOHTPOJIBHOM paldoThl JIOMyCcKaeTcs
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 K1

OITPEAEJIEHUE CKOPOCTHU U YCKOPEHHUA TOUYKH
11O 3AJAHHBIM YPABHEHUSAM EE IBU/KEHUSA
1.1 TIPUMEP BBITIIOJIHEHUA 3AJAYHN

Jlano: ypaBHeHUs JIBI>KeHUs Touku M
X =4t cm, y=16t* -1 cm. (1)

Heo6xoauMo ycTaHOBUTH BUJ TPAEKTOPUM JIBMKEHUS TOUKU M U i1 MOMEHTa BpeMEeHU
t =t, =0,5 c HaliTK moyo’)keHNEe TOUKHU Ha TPACKTOPHH, €€ CKOPOCTh, IOJIHOE, KacaTeIbHOE

Y HOPMaJIbHOE YCKOPEHMUS, a TAK)KE PaInyC KPUBU3HBI TPAEKTOPHH.

Pemenue. YpaBueHus nprkeHus (1) MOKHO paccMaTpuBaTh Kak MapaMeTPUICCKUE
YpaBHEHUS TPACKTOPUU TOYKH. YTOOBI MOTYyUYHUTh YPaBHEHUS TPACKTOPUH B KOOPAMHATHOM
dbopme, uckimrounm BpeMms t u3 ypaBaenuit (1).

[onyaaem Y= Xx° —1, T.e. TpackTopueii ToUKH sBisieTcs: mapaboma (puc. 1.1).
BekTop ckopocTr TOUKH

V=v,i+v,j. (2)
BexTop yckopenus

a=a,+a,]
3nech i, j — opTel oceif X M Y Vi, Vy, 8y, @, — MPOCKUMH CKOPOCTH H

YCKOPEHHUS TOYKH Ha OCH KOOPJIUHAT.
Haiinem ux, nuddepenunpys no BpeMeHu ypaBHeHus aBmxkeHus (1),

Vy=X=4cm/c; v, =y=32t cm/c; a,=%X=0; a,=§=32 cm/c’; (3)

ITo HaliiEeHHBIM POEKLUMAM OINPEAEIIAIOTCS MOLYJIb CKOPOCTH

v=,/V2 +v§ =16,5 cm/c (4)
a=.a+ a§ =32 cm/c? (5)

1 MOZYJIb YCKOPEHHMS TOUKH
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Puc. 1.1

Monynb KacaTeabHOr0 YCKOPEHUsI TOUKU

dv
a =|—, 6
NJIn
v.a, +V, a
a =———" y|. (7)
v

3neck dv/dt BhIpakaeT MPOEKIUIO yCKOPEHUS TOUYKU HA HANPABJIEHHE €€ CKOPOCTH.
3Hak «+» npu dv/dt o3Havaer, 4TO ABMIKEHHE TOYKH YCKOPEHHOE, HAMPABICHHUA A U V

COBIAJAIOT; 3HAK «—» — YTO JABMKEHUE 3aMEJJICHHOE.
Monynbs HOpMaIbHOTO YCKOPEHUS! TOUKH

a,=v’/p. (8)

Ecnu paamyc KpuBHU3HBI TPACKTOPUU P B pacCMaTPUBACMOW TOYKE HEH3BECTEH, TO
a,, MOKHO OIIPENEINTH 10 (popmyIe

a,=+a —a;. 9)

[Ipu 1BM>KEHMH TOYKH B IJIOCKOCTH (opMyia (8) MpuHUMAET BUJ
‘vxay - vyax‘

a, =31 cm/c’. (10)

v
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Moysib HOpMaIBHOTIO YCKOPEHMSI MOXKHO ONPEAEIINUTD U CIAEAYIOIUM 00pa3oM:

a,=,a’-a’=78 cm/c’. (11)

[locne Toro kak HaiijlecHO HOpMalibHOE ycKopeHue mo dopmynam (8) wmm (9),
paanyc KpUBH3HBI TPAEKTOPUH B pACCMATPHUBAEMON TOYKE OTIPECISICTCS U3 BEIPAKCHHUS

p=vi/a,. (12)

Pesynbrarel BerunciaeHuii o ¢opmynam (3) — (6), (9) u (12) ana 3amaHHOTO
MoMmeHTa Bpemenu t; = 0,5 ¢ npusenens! B Tabauue 1.1.

Tabmuua 1.1
Koopaunatsl 2 Pamayc
oM ’ CxopocTb, cMm/c Yckopenue, cm/c KPUBU3HBI,
cM
X y Vy vy y a, a, a a, a, P
2 3 4 16 | 16,5 0 32 32 31 |78 35

Ha puc. 1.1 nokazano nonoxeHue Touku M B 3a7aHHBII MOMEHT BpEMEHHU U
BEKTOpPbl CKOPOCTH M YCKOpPEHHMl B BbIOpaHHOM Macmitabe. Bektop V cTpoum 1o

COCTaBJIAOIIINM VX u Vy, IMpHU4YCM 3TOT BCKTOP AOJDKCH IO HAIIPABJIICHUIO COBIIAAATH C

KacaTellbHOW K TpaekTopud. Bektop a crTpoum mo cocrapisiomuM a, 4 8, M 3aTeM

packiaabIBacM Ha cocTapisomue a. U a,. CoBnaneHue BeNMYUH A, U @, HAMIEHHBIX

U3 YepTexka, C UX 3HAYCHUSMH, MOJYYEHHBIMU AHAJUTUYECKH, CIIYKUT KOHTPOJIEM
IIPaBUJIBHOCTH PELLICHHUS.

1.2 BAJAHME JIJII CAMOCTOSTEJBHOM PABOTBHI

[lo 3aaHHBIM ypaBHEHUSIM ABWKEHUS TOUYKU M yCTaHOBUTH BUJ €€ TPACKTOPHUH U
JUI1 MOMEHTa BpeMeHHu t =1, (C) HaliTH NOJOKEHUE TOYKU HA TPAEKTOPHH, €€ CKOPOCTb,

IIOJIHOE, KACAaTEJIbHOE U HOPMAJIbHOE YCKOPEHUS, a TAKXKE PAINYC KPUBU3HBI TPACKTOPHH.

HeoOxonumble 171 BBINOJTHEHUS pacyeTHO-rpaduueckoil pabOThl  JaHHBIE
npuBeAeHbl B Tabnuie 1.2.

B naHHO#l 3amaue HEOOXOAMMO OIpPEAEIUTh TPACKTOPUIO JIBHIKEHHSI TOYKH,
CKOPOCTb M YCKOPEHUE TOYKH. YCKOPEHHME OIpEAEHseTcs NIpU KOOPAMHATHOM U
€CTECTBEHHOM crnocobax 3agaHusi ABuxkeHus. CoBmajeHHe MOJyJied W HarpaBlIeHUN
BEKTOPOB TMOJIHBIX YCKOPEHUW, HAWJIEHHBIX JBYMsI CHOcO0aMu, SBISETCS MPOBEPKOU
MPaBUJIBHOCTH BBITTOJIHEHHON PaOOTHI.
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Tabnuua 1.2

Howmep

YpaBHEHUS JBUKCHUS

BapUaHTa Xx=X(t), cm y=Yy(t), cm b e
1 —cos(rt?/3)+4 sin(zt?/3)-1 1
2 —2t?+3 — 5t 0,5
3 —4cos(nt/3) —2sin(wt/3)-3 1
4 -3/(t+2) 3t+6 2
5 8sin(zt?/6)+3 2 —8cos(rt*/6) 1
6 3t°—t+1 5t> —5t/3-2 1
7 7sin®(wt/6)—5 —7cos?(mwt/6) 1
8 At + 4 —-4/(t+1) 2
9 2sin(zwt/3) —3cos(nt/3)+4 1
10 3t2+2 — 4t 0,5
11 5sin®(zt/6) —5cos?(wt/6)—3 1
12 —4t% +1 -3t 0,5
13 4cos(mt/3) —3sin(zt/3) 2
14 2 —3t—6t* 3-3t/2-3t* 0
15 Acos?(wt/3)+2 4sin?(zt/3) 1
16 3t 4t% +1 1
17 6sin(rt?/6)—2 6cos(wt?/6)+3 1
18 —2t-2 —-2/(t+1) 1
19 5cos(zt?/3) —5sin(zt?/3) 1
20 — 6t —2t2 -4 1
21 —4cos(wt/3)-1 —4sin(xwt/3) 1
22 _5t2—4 3t 1
23 1+ 3cos(zwt?/3) 3sin(zt?/3)+3 1
24 6t2 =2 4t 0,25
25 2cos(zwt?/3)—2 —2sin(wt?/3)+3 1
26 —4t% +1 -3t 1
27 8cos?(mt/6)+2 —8sin’(xt/6)-7 1
28 5t +5t/3-3 3t°+t+3 1
29 —3-9sin(zt*/6) —9cos(zt?/6)+5 1
30 6—6t° +2 4 —5t% +5t/3 1
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BOITPOCHI J51 CAMOKOHTPOJIA

1 Yem siBasieTcss TpaeKTOPHUS TOUKH NMPU BEKTOPHOM CHOCO0€ 3aJaHusl ABUKEHHS
TOYKH?

2 Kak nmo ypaBHEHHMSIM JABMXEHHUS TOYKH B KOOPJAWHATHON (QopMe ompenenuTh ee
TPAEKTOPHUIO?

3 Yemy paBeH BEKTOp CKOPOCTM TOYKM B JaHHbII MOMEHT BPEMEHHM M KAKOE
HaIlpaBJICHUE OH UMEET?

4 Kak onpenessroTcs NPOEKIMU CKOPOCTH TOUYKU HA HETOJBHKHBIE OCH JIEKapTOBOM
CHUCTEMBI KOOPAUHAT?

5 Uemy paBeH BEKTOp YCKOPEHMS TOYKM M KaK OH HAIIPaBJICH 10 OTHOLIEHUIO K
rojorpadgy cKopocTu?

6 Kak HanpaBJieHbI €CTECTBEHHBIE KOOPANHATHBIE OCU B KaXJA0W TOYKE KPUBOU?

7 B KaKOW INIOCKOCTH PACIIOIOKEHO YCKOPEHUE TOYKHA U YEMY PaBHBI €T0 IPOEKIUU
Ha €CTECTBEHHBIE KOOPAUHATHBIE OCH?

8 Uto xapakTepu3yroT co00i KacaTebHOE 1 HOPMAJIbHOE YCKOPEHHUS TOUKU ?

9 KakoBa moOCIIEIOBATENBHOCTh OINPEAEICHUS] paJnyca KpPHUBHU3HBI TPACKTOPUHU
TOYKH?

10 Kak knaccuuuupyroTcs: JBUKEHUS TOUKHU 10 YCKOPEHUSIM ?
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2 3AJIAUA K2

KUHEMATHYECKHU AHAJIN3 IIJIOCKOI'O MEXAHU3MA

2.1 IPUMEP BBIIIOJIHEHUA 3AJAYN

Ipumep 2.1.1
Bepmmmaet A u B paBHOCTOpOHHErO
TPEYTOJIbHUKA ABD MepEMEILAIOTCS

COOTBETCTBeHHO MO ocsiM OX um Oy (puc. 2.1).

Mzectuet AB =40 cMm, V,= 43w,
a, =100 M/c?, o =60°, OnpenenuTs CKOPOCTH U

yckopenust touek B u D TpeyronbHuka B
3aJJaHHOM I10JIO>KEHHUU.

Y )><I

A&l

Puc. 2.1

Pemenne.
1 OnpeaesieHue CKOPOCTEN TOYEK:
a) 10 TEOpeMe O CKOPOCTSAX TOUYEK B IJIOCKOTAPAIIIEIIbHOM JABUKEHUU

Vg =V +Vga. (1)
HaHpaBJIeHI/Ie U BCIIMYHUHA CKOpOCTI/I TOYKHU A I/I3BeCTHBI, CKOpOCTB TOYKHU B

HanpaieHa Baoib ocu Oy, a CKOPOCTh VBA nepneHauKyispaa cropose AB. Ctpoum
pasenctBo (1) (puc. 2.2). U3 toukn O, mapamiensHo ocu OX, BAOJIb KOTOPOH ABHXKETCS

Touka A, oTKIambBaeM B Maciirabe Bektop VA . M3 komma Bektopa VA TpoBOmmM
muanto MN  nepnennukynsipHo cropore tpeyronbauka AB (607 ¢ BepTukanbio), Toraa

nepeceuenne guHun O,K mnapamtensHo ocu Oy m MN  00603HauuT BEKTOp Vg.

[Tony4yeHHbIN TPEYroabHUK CKOPOCTEl cooTBEeTCTBYET popmyie (1). YMHO)UB macuiTad
Ha JUTHHBI BEKTOPOB, MOTYTHM UX BETHIHHBI.
.+ Ecmm puc. 2.2 crpoutcs 6e3 cobnonenust macurada,

V .
0; : fa' TO ONPENEIIEHUE BEJIUYUH CKOPOCTEU MPOU3BOJUTCS C
IIOMOIIIBIO TGOpCMBI CI/IHYCOBI
= Va _ Ve _ Vea
5 sin60° sin30° sin90°’
7 sin30° 1/2
Ve Vg =V — \/_ =4 wm/c,
sin60° J3/2
sm 30° 1
B sin60° J312
h’ .

Puc. 2.2
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[Tockonbky Vg, =wgs-AB, TO MoxeT OBbITh oIpenesieHa YIJIOBas CKOPOCThb

BpamieHusi Touku B Bokpyr A (wiu, 4TO TO K€ camoe, YriioBas CKOPOCTh BpalleHHs
tpeyroibHuka ABD ):

B nanHoM mpumepe He HM3BECTHO HampaBiieHHE CKOpocTH Touku D . Ilostomy s
omnpejeneHus: Ckopoctd Touku D 3anumem

Vo

I
<
>
+ +

(2)
(3)

<l
o
>

<l
Il
<|
w
<l
)
©

D

\ AHaNOru4HoO puc. 2.2 fefaeM NOoCTPOEHUE
" . JUISL OTIpe/ieNieHnst cKkopocTH Touku D (puc. 2.3).
i Jlunus ad nepHneHauKyIsSpHA CTOPOHE
I .. tpeyrompauka AD, bd nepnennukymnspua BD.
: Touka D — touka nepeceuenus nuauu ad u bd
1 Sy

10, “3s. g OUPCHCIIET KOHEL BEKTOPA, NPOBEICHHOIO M3
! — s touku O,; orpe3ok ad COOTBETCTBYET BEKTOPY
i

1

1

1

1

1

1

1

1

- Vpa, DA — BexTOpy V5 . [Ipn n3BecTHBIX yrimax

s MOXHO OIPCACIUTb BCIWYHUHY CKOPOCTH TOYKH
e D - VD .

Y%’ BA
Vp Va

_ __Voa
sin30° sin60° sin90°’
Puc. 2.3

sin90° 1/2 sin90° 1
Vp =V, oo =443 25 =4 /C, Vs =V T 43— =8 /c;
D™ "A sin60° J3/2 W Vo = VA G600 J3/2 e

0) ompeneneHue CKOPOCTEH TOUYEK C
IMOMOIIBbI0 MTHOBEHHOI'O LIEHTPa CKOPOCTEMN.

MruoBeHHbIlt 11eHTp ckopocteir (MIIC)
3seHa AB — B, Haxomutcs B TOUuke nepeceueHust

B

NEePIEHANKYIISIPOB K CKOPOCTAM Touek (puc. 2.4)
- (AR, Lv,, BR, L ocu Oy, Bmomp KoTOpOI
HalpaBjieHa CKOpocTb TO4YkM B), mocre
HaxoxkaeHnns MIIC — R, MoxkHO HamucaTh
COOTHOILIEHHE

= = =
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Hanpasienue BpamieHus: TpeyrojbHUKA ONPEAEIIEM MO BPALIEHUIO TOUKH A BOKpPYT
Toukd R, (B JaHHOM Cilydae IPOTUB XO/a YaCOBOU CTPEJIKN).

BenuuuHa yrioBol CKOPOCTH TPEYroJIbHUKA

ooV Va 4B,
AR, AB-c0s30° 0,4-+/3/2

Janee onpezaensieM BETMUUHBI CKOPOCTEH IPYTUX TOUEK
Vg =w-BR, =20.-0,2=4 wm/c,
Vp =w-DR, =20-0,2=4 wm/c.

BekTopsl ckopocTel NEpNEeHIUKYJSIPHBl COOTBETCTBYIOIIMM oTpe3kam BPR, u

DP, u manpasnens! B cTopoHy BpameHms.

2 Onpenesienue yckopenuii Touek B u D:
a) yckopenue Touku B ompenensercs no ¢popmyse

dg =a, +ag, wm Ag =ap +8gs +3ga. (4)

YCKOpeHI/Ie Touku A 3aJ1aHO, T.C. M3BCCTHO 110 BCIIMYHMHC W HAIIPAaBJICHHIO,

u
yckopeHue A ap HAaMpaBIeHO OT TOYKH B K Touke A M BbIUMCISETCA 110 (opMyJIe
als =w?- AB=20%-0,4=160 m/c”.

M3BecTHO TaKkKe, 4T0 BEKTOp &8p HampasieH Baojb ocu Oy, T.K. Touka B

o 56D
JIBMDKETCS BJIOIIb DTOM OCH, a BEKTOp AR HampaBleH MeprneHauKyspHo muaun AB. C
Y4ETOM CKa3aHHOI'O MOYXHO MOCTPOMUTH 3TH BEKTOPHI (pUC. 2.5) UM MOCTPOUTH PABEHCTBO
(4) (puc. 2.6) U CIIPOEIMPOBATH €ro Ha BHIOpaHHbIe ock KoopauHaT By n Byg:

na oc By, @ -€0S30°=a, -c0s60°+ag, -cos0°+ag, -cos90°;
na ocs By, @g -€05120°=a, -c0os30°+ag, -c0s90° +ag, -cos180°;

a,-cos60°+ag, 100-0,5+160 210
WU aB — — —
cos30° 0,866 0,866

=242,5 \yc?:
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a4, = 2 'Cosi’o 8 _100.0,866+121=207,6 w/c2

6,
O6a yckopenns 8g u Ag, OKA3aaUCh NOJOKUTEIBHBIMH. JTO 3HAYHT, 4YTO
MpeBapUTEIbHBIN BHIOOp HampaByieHus (puc. 2.5) oka3ajicsi BEpHbBIM.

."'yl

Puc. 2.6

6
N3 popmynsl aBIL\ =&-AB  wmoxno ompemennTs  yrmoBoe  yckopeHme
TpeyrojibHUKa (WK ToYku B mpu BparieHnu BOKpyr Touku A)
6p
_ 8pa

E= =519 ¢
AB
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6
HanpaBnenue yrioBoro yCKOpEeHHsl ONpPENENseTcs BEKTOPOM aE{)A- B nannom

npuUMepe BUAHO, YTO ToUKa B, Bpamascs BOKpyr A, ycKoOpsieTcs MpPOTHUB XOJa 4acOBOM
CTpEIIKH;

0) yckopenue Toukn D ompenensiercs
no ¢popmyine (puc. 2.7)
T _—7 L 74 Lz
B »sTo0il dopmynie u3BecTHO craraemoe
[IpaBOW 4acTu

al, =’ -DA=20%-0,4 =160 w/c2

OTOT BEKTOp HampasieH oT Touku D
BbIOpaHHOMY nojtocy A.

1 O | > > x
Puc. 2.7

BekTop a[fo\ neprneHauKynsaped orpe3ky AD u HampaBieH COOTBETCTBEHHO
YIJI0BOMY YCKOpPEHHIO (& ) TpeyroiapHuka ABD .

Tak kak W BeIWMYMHA W HAIpPaBICHWE YCKOPEHWs TOYKHM D HeWsBeCcTHbI, TO
BEKTOPHOE paBEeHCTBO (5) mpoenupyeM Ha BoIOpaHHbIC ocu KoopauHat (OX u Oy).

V3

ap, =a, —ag, -c0s60°—ag, -cos30°=100-160- % - 2,1-7 =182 w/c%

ITonyuum

ap, =a, -€0s90°—ag, -c0os30° +ag, -cos60° =0-136+1,05=-134,95 m/c%.

[TonHoe yckopenue Touku D

a, =ad, +a’, =+(18,2) +(134,95) =136,2 wi/c2

HanpaBnenue yckopenus touku D ompenensiercs ¢ MOMOUIbIO HANpaBIISIOMIAX
KOCHHYCOB:
COSa — KOCHHYC yria MeXAy ocbio OX M BEKTOPOM yCKOPEHHS:

cosa =20 - 182 1336 o Zg2 290
a, 136,2

COS B — KocuHYyC yria Mexay ocbto Oy M BEKTOPOM YCKOPCHHUS:

a
cos 3 :ﬂ:%:QQQOB’ B =7,78°.
a, 136,2
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Ipumep 2.1.2 Koneco | ¢ panuycom R Bpaiiaercs BOKpYr OCH, MPOXOJSILEH yepes3
LEHTp Kojieca MNEPHEHIUKYISIPHO IUIOCKOCTH YepTeka C YIJIOBOM CKOPOCTBIO @, U
YIJIOBBIM yCKOpeHHeM g, . HezaBucuMo oT Hero Ha Toif e ocu Bpamaetcst kpusomun OA
C YIJIOBOW CKOPOCTBIO My, M YITIOBBIM YCKOPEHMEM &n,. KpHUBOIIMII NPHUBOIUT B
naBmwkeHue koseco |l ¢ paguycom r, kotopoe katutcs mo kojecy | (puc. 2.8).

Haiitu vg u ag, eciu R=20, r=10cwm,
CO| :5 C-2, 8| :1 C-2, Cl)OA :3 C-2, gOA :2 C-2.

Pewmenue.

Koneco | w kpuBommMm  cOBEpILAIOT
BpallaresbHoe JBHXKeHHe, a Kojeco |l — miaocko-
napanesbHoe.

Puc. 2.8

Haiinem ckopocts Touku B, mi1d 3TOro omnpenenuM IOJOKEHUE MIHOBEHHOTO
ueHtpa ckopocteit koseca Il. Yroos HaiiTh MLIC HyXHO 3HATh HalpaBiE€HUE CKOPOCTEU
X0Ts Obl IBYX Touek Tena. Haiimem ckopocTh Touku A, KOTOpas nmpuHaiexxkut konecy |l
u kpuBomumny OA:

V, =0y -OA=a,, - (R+r)=3-(20+10)=90 cm/c.

Bektop V, HampaBineH nepneHAUKYIsipHO oTpe3ky OA B CTOpOHY BpalieHHs

kpuBotwumna (puc. 2.9).

B Touke cOnmpHKOCHOBEHMs KOJIEC CKOPOCTh TOukH Koiyieca |l momkHa paBHATBHCS
cKopocTu To4KkU Koseca |. O603HaunM 3Ty Touky OykBoil D. DTa Touka He MpUHAMJIEKUT
kpuBomnny OA. Tak Kak ABUXKEHUE Koseca | u3BECTHO, MOKHO HalTH CKOPOCTh TOUKHU D.

VD :a)l 'R:5'10:100 CM/C

Bektop ckopoctn Toukun D Hampasien

C, mnepnenmukymsipao pamuycy OD B cropony
BpamieHust kosieca |. Takum oOpa3om, Ham
M3BECTHBI CKOPOCTH JABYX Todek kojeca |l.
[IpoBenemM mEPHEHAUKYIAP K CKOPOCTAM B
Toukax 4 1 D u npsmyto, npoxoasuryto yepes

KOHI[bI BEKTOPOB CKOPOCTEN VD uV A.

Puc. 2.9

B Touke nepeceuenuss stux nquHui u 6yner MIC nns xoneca Il. O603Haunm ero 6ykBou
C, . Haiinem paccrosiane AC, :
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V,(AC, +r)=V,AC,:
AC,(V, -V, )=V,r=w-AC,r;

ac _ Val _ 9010 _
YV, -V, 100-90 oM
V 90 V, -V
Torma @y =ﬁ=%= ¢t um o, =2 . Aot
V

3Has yrinoByto ckopocth kKoseca |l u ero MIIC, nalinem ckopocts Touku B

Vg =, BC, =, ACZ +r? =190? +10? =90,55 cwm/c.

Bektop Vy HanpaBieH neprneHauKyIsspHO oTpe3ky BCy B CTOpOHY BpamieHus koieca |l.

Onpenenum yckopenue Touku B (puc. 2.10).
CornacHo TeopeMe, yckopeHue Touku B ompenensitcs o dhopmyne

aB :aA—i_aBA;

rae , — ycKOpeHUe TOuKM A, NpUHATOM 3a TOJIOC;

dpp — ycKOpeHHe TOukd B BO BpamaTenbHOM JBHKEHHH BOKPYT Tomoca A,
Touka A mpunamnexut kpupommny OA, TBUKEHHE KOTOPOTO U3BECTHO, TOTIA

a,=a’ +a, rne a7 = &g, -OA=2-30=60 cm/c?,
a) =wl,-OA=3%-30=270 cm/c?

Bektop @, — HampapieH neprneHaukyiaspao OA B CTOpoHy, 0OpaTHYIO V,, T..
BpAIllCHUE KPUBOIIIKIIA [0 YCIOBHIO 3a/1aui 3aMejiicHHoe. Bektop @, — HampasieH oT A
k O.Bekrop 8g, = ga + pa; aba =@ -7 =1?-10=10 cm/c?® u HanpasieH ot Touku B
K nomocy A.

gy =&y 1.

JI1s1 ero BBIYMCIICHUS HAMAEM YIJIOBOE YCKOPEHUE &€ !

r

r.

dt dt r dt

; _da),,_d(VD—VAj_l.dVD_LdVA
" odt dt r

Puc. 2.10
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B 3agayax Ttakoro Tuma BeIWYHUHA €, TOCTOjAHHass W BBIHOCHUTCA 3a 3HAK

MPOU3BOTHOM
dvp, _ . dv, .
dtD:aD:8|'R; th:aA:E;oA'(R-I-r);
gR 1 1.10 2-30 )
oTciona & ='T—F-30A(R+r):T_T:_4 o2

3HaK «-» TOBOPHUT O TOM, YTO KoJieco || BpamiaeTcst 3amMensieHHo.
Bemmunna 8gy = &) ¥ =4-10=40c¢m/c® manpasnena nepreHaukyIspHO Agy.
ITonHOE yCcKOpeHue HaieM, CIIOKUB BCE CllaracMble:
g =a,+a,+agh +ags.
Hanpasus ocs AX Brons AO, oce Ay mepnenaukynsipao AO , momyunm
Qp, =a,, +ag, =a) +a% =270+ 40=310 cm/c?,
8y, =y, +8g,, =85 +a%, =60+10=70 cm/c’,

8, = /a5, +a5, =310 +70° =317,8 cwm/c?.

Bektop dg cocTaBmseT ¢ ocblo AX yrom @, KOCHHYC KOTOPOLO
ag, 310
ag, 3128

cosa = ~0975, a =arccos0,975=14°, a ¢ oceto Ay yrom S, KOCHHYC

KOTOPOTO COS 3 = Qv _ 10 _ 0,220, P =arccos0,220=76°.
a, 3178

2.2 BAJAHUE JIJII CAMOCTOSTEJBHOMN PABOTHI
TpeOyeTrcst s 3aAaHHOTO TMOJIOKEHUS MEXaHM3Ma OINpEeAeNUTh CKOPOCTH U
yckopenus Touek B m C, a Takke yrioByro CKOpPOCTh M YIJIOBOE YCKOPEHHE 3BEHA,
KOTOpPOMY 3TH TOYKHM MNpuHajuiexxar. Heobxomumble Ayl pacdyeTa HCXOJHBIE JIaHHbBIE
npuBeAeHbI B Tabnuie 2.1, cxembl MEXaHU3MOB Ha puc. 2.11-2.15.

VYka3aHue K BBIIIOJHEHUIO 3aJaHUs:

1) naHHas 3ajaya Ha MCCIEAOBAHME IUIOCKOMAPAJUIETIBHOIO JBUKEHHUS TBEPJOTO
tena. [lpu ee pemieHnn 11t onpeaesieHnsi CKOPOCTEN TOUEK MOKHO BOCIIOJIB30BAThCA JTMOO
TEOPEMON O CKOPOCTSAX TOYEK B IJIOCKOM JBWXKEHUHU, JIUOO MOHSATUEM MIHOBEHHOIO
LEeHTpa CKopocTen. 1IpoBepUTh pe3yabTaThl OMPEAEIEHUS CKOPOCTEU MOMKHO C ITOMOLIBIO
CJIEJICTBUSI U3 TEOPEMBI O CKOPOCTAX TOUEK;

2) npu OmNpeAesieHnH YCKOPEHUN TOUYEK HYKHO UCXOAUTh U3 BEKTOPHOTO PaBEHCTBA
(2). B Tex ciyuasx, KOrja HEW3BECTHO YIJIOBOE YCKOopeHHe 3BeHa (mpumep 2.1.1),
HEO0OXOIUMO 3TO BEKTOPHOE PABEHCTBO CIPOELUUPOBATH HA BIOpAHHBIE OCH KOOPAMHAT U
U3 MOJIYYEHHBIX JIByX YPaBHEHUU HAWTH JiBa HEM3BECTHBIX yCKOpeHus. B cinydasx, koraa
YIJI0OBOE YCKOPEHHE MOKET ObITh HAWJEHO KaK MPOM3BOAHAS OT YIJIOBOM CKOPOCTH (CM.
npumep 2.1.2), u Bce cocTapistonue GopMyssl 2 ONpeaestoTcs cpa3y, pe3yIbTUPYIOIIee
yCKOpeHHe HaxoauTes no popmyne (2);

3) npu ompeneNeHUuU CKOPOCTEH TOYEK HEOOXOJMMO BOCIOJb30BATHCS METOJIOM
MTHOBEHHOTO WEHTpa CKOpPOCTEH, a nisi NPOBEPKU pPEe3yJIbTaTOB PEIIEHUS MOXKHO
NPUMEHUTh TEOPEMY O PABEHCTBE MPOEKUUH CKOPOCTEH TOYEK HAa OCh, MPOBEJICHHYIO
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yepe3 3TU Touku. [Ipu ompeneneHnn yCKOpEeHUH TOYEK HEOOXOJUMMO BOCIOJIB30BATHCSA
TeOpeMOi 00 YCKOpPEHHMSIX TOYeK IUIOCKOW (UIyphl, a 3aTeéM METOJO0M MPOEeKUUN
BEKTOPHOI'0 YpaBHEHMsI Ha COOTBETCTBYIOLIME OCH KOOPAMHAT BBIYMCIUTH HEU3BECTHBIC
YCKOPEHHUS TOYEK.

Wop U Epp — YIIOBas CKOPOCTb M yriioBoe yckopeHue kpupomuna OA mpu
3aJJaHHOM I10JIO)KEHUU MEXAHU3Ma;

@, — YIJIOBasi CKOPOCTh KoJjieca (IOCTOSIHHAs);

VA 1 dp — CKOPOCTDb M YCKOPEHHE TOYKH A ;
4) kaueHue KOJIEC MPOUCXOTUT 0€3 CKOIBKEHHUS.

Tabmuua 2.1
o Pasmepsl, cM Oop @, Eop VA, a,,
pap. | OA | ¥ AB AC ¢’ c*t ¢’ em/c | em/c?

1 - 15 - S) - - - 60 30
2 - - 30 15 - - - 10 15
3 50 | 10 - S) 1 0 1 - -
4 - 30 - 10 - - - 80 50
S) 10 - 50 25 1 - 1 - -
6 30 | 15 - - 2 0 5 - -
7 - 50 - - - - - 50 100
8 20 - 60 40 2 - 4 - -
9 - - 60 25 - - - 20 10
10 40 - - 20 S) - 10 - -
11 30 | 20 - 10 2 1,2 0 - -
12 - - 60 20 - - - 30 30
13 40 - 40 15 2 - 6 - -
14 50 | 10 - 5 1 2,5 0 - -
15 S) - 40 15 1 - 2 -
16 - - 50 20 - - - 5 10
17 20 | 10 - 4 3 12 0 - -
18 - - 40 30 - - - 20 10
19 35 - 55 15 2 - 3 - -
20 30 | 20 - 10 3 0 2 - -
21 10 - 40 15 1 - 2 - -
22 - - 40 10 - - - 40 20
23 20 | 10 - 5 2 0 2 - -
24 15 - - 10 4 - 8 - -
25 20 - 50 15 4 - 6 - -
26 15 - 25 15 S) 10 - -
27 60 | 30 - 10 1 1 0 - -
28 30 - - 20 1 - 1 - -
29 25 - 60 40 4 - 10 - -
30 15 - 40 10 3 - 8 - -
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Puc. 2.12
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BOITPOCHI 51 CAMOKOHTPOJIA

1 Kakoe nBm>xeHue TBEPAOTO TEIa HA3bIBAETCS IJIOCKUM?

2 HanummTe 3aK0H IJIOCKOTO JBHKEHUSA?

3 3aBuUCAT M MOCTYyNATEIbHOE MEpPEMENICHUE MIOCKON (PUrypsl U €e MOBOPOT OT
BbIOOpa moJroca?

4 Kak onpenenseTcsi CKOPOCTh JIFOOOUM TOUKU TIOCKOH (hUrypsi?

5 Tlokaxkute, 4TO MPOEKLUs CKOPOCTEH TOYEK HEU3MEHSIEMOIO OTPE3Ka Ha OCh,
COBIMA/IAIONIYIO C 3TUM OTPE3KOM, PaBHBI MEXKIY COOOM?

6 Kakyio TOuKy MJIOCKON (UTypbl Ha3bIBalOT MTHOBEHHBIM LIEHTPOM CKOpPOCTEH U
KAKOBBI OCHOBHBIE CIIy4au ONPEAECIEHUH €ro MOJ0KEHUA?

7 Uto mpenctaBisieT co00 pacnpeiefieHue CKOPOCTEN TOYEK IIIOCKOW (UTyphl B
JAHHBI MOMEHT?

8 Kak onpenensiercss yckopeHue 10001 TOYKU IITOCKOU PuUrypsi?

9 Kakyro TOuKy IUIOCKOW (PUTYpbl Ha3bIBalOT MTHOBEHHBIM LIEHTPOM YCKOPEHUH U
MOXXET JM MIHOBEHHBIH IIEHTP YCKOPEHHMH COBMAJaTh C MIHOBEHHBIM IIEHTPOM
CKOpOCTEii?

10 Ilepeuncnure n3BecTHble BaM cnocoObl onpeaeneHns NojJ0KeHUs] MTHOBEHHOTO
LIEHTPA CKOPOCTEM?

11 Yro npencrapiser co00il KapTUHA pacHpeeseHUs] YCKOPEHUN TOYEK MJIOCKON
(Gurypsl B JaHHBIH MOMEHT BPEMEHH B TPEX CIydasiX:

Dw+#0, €#20; 2) 20, €¢=0; 3) =0, £+#07?

12 Kak npou3BOAAT ONPEAEIEHUE YCKOPEHUNA TOYEK U YTIIOBBIX YCKOPEHUI 3BEHBEB
IIJIOCKOTO MEXaHU3Ma?
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3 3AJTAYA K3

ONPEJEJEHUE ABCOJIOTHOM CKOPOCTH
N ABCOJIIOTHOI'O YCKOPEHUSA TOYKHU

3.1 IPUMEP BBIIIOJIHEHUSA 3ATAHUSA

Tpeyroneauk D Bpamiaercs Bokpyr ocu 0,0, (puc. 3.1, a). Ilo cropone

TpeyrojibHHKa JBWXKeTcs Touyka M. [lo 3agaHHBIM ypaBHEHHSIM OTHOCHTEIIBHOTO
ABWKEHUS TOoukn M w® J1BWkeHuUs TpeyroipbHuka D omnpenmenuts miis MOMEHTa
BpeMeHHU t =1, abCOIOTHYIO CKOPOCTh U a0COJIIOTHOE YCKOpeHHe Toukun M .

s, =OM =16 -8cos(3x t), cM; @, =0,9t% — 9t®, pax; t, :g C.

Pemenne. Touka M coBepiiaer cia0XHOE JBHKEHHE. J[BHKETCS OTHOCHTEIBHO
TpeyroibHuka D u BmecTe ¢ TpeyrompHukoM Bpamaercss Bokpyr ocu O,0,. Torna

JIBWKEHHE TOYKM OTHOCUTENIBHO TPEYrojbHUKA OYJIET OTHOCUTEIbHBIM, JABUKEHUE
BMECTE C TPEYroJbHHUKOM — MEPEHOCHBbIM. byaem cuuTarh, 4TO B 3aJaHHBII MOMEHT
BPEMEHU IIJIOCKOCTh YEPTEXka COBHAAAET € IUIOCKOCTBIO TpeyroiabHuka D . Ilomoxenue
toukn M Ha Tpeyronphuuke D ompenensercs paccrosinueMm S, =OM .

[Tpu tzg cS, :16—8005(37r§): 20,0 cm.

AOCOJIIOTHYI0O CKOPOCTh TOYKM M HailleM Kak T€OMETPUYECKYI0 CyMMY
OTHOCHTE/IBHO! H [IEPEHOCHOM cKropocteil: V=V _+V,.

7 = 247 sin(3xt)
,rne V. =—"—=247SIN -
rdt

Moaynb OTHOCUTENIBHON CKOPOCTHU Vr = ‘VI’

anre6pa1/1qec1<oe 3HAUYEHUE OTHOCUTEIbHOMN CKOPOCTH.

[Ipn tzg C \7r =65,2cm/c; v, =65,2 cm/c.

IlonoXHUTENbHBIA 3HAK Y Vr MTOKa3bIBAET, YTO BEKTOP \7r HaIlpaBJIEH B CTOPOHY

BO3PACTAHUSA S, .

Monyib IEpEHOCHON CKOPOCTH

Ve =Rwe, (1)
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rie R — paanyc okpyxnoctu L, onmuceiBaeMoil TOM TOYKOHM Tena, C KOTOPOM B JaHHBIN
MOMeHT coBnanaeTr Touka M ; R=s, -sin30 =10,0 cM; @, — MOIYNb yIIIOBOH CKOPOCTH

TCIIa

we :‘E)e‘v E)e = dd?te :1,8t_27t2

[pu tzg ¢ o, =—0,93 pan/c; @, =0,93 pan/c.

OTpI/II_IaTeJIBHIJﬁ 3HAK y BCIMYUHBI CT)e IMMOKAa3bIBACT, YTO BPAICHHUC TPCYTOJIbHUKA

npoucxoautT BOKpyr ocu OZB CTOpOHY, OOpaTHYIO HAaNpaBICHHIO OTCYETa yria @ .
[TosTomy BekTOp @, HampasieH 1o ocu Oz BHU3 (puc. 3.1, 0).

-l -

G‘i
2 o % o % %o
= = <
® L E o
> r e
. C
. ) H\E/
0 o 0
0,4 oL o, Ul
a 0 B

Puc. 3.1

Mopnynb nepenocHoi ckopocTu 1o gpopmyie (1) v, =9,3 cm/c.
BexTop V, HampaBieH 1o KacaTeJbHOH K OKpYXHOCTH L B cTopoHY BpameHus

Tena.
Tak xax V, u \7r B3aUMHO TEPNEHIUKYISIPHBI, MOAYJIb a0COJIOTHONH CKOPOCTH
Touku M
2.2
V= Ve +Vr wm V=659 cwm/c.

AOCOJIIOTHOE YCKOpPEHHE TOYKM PABHO I€OMETPUYECKOW CYMME OTHOCHTEIBHOTO,
MEPEHOCHOT'0 U KOPHOJINCOBA YCKOPEHUI

a= ar + ae + ac
WM B pa3BEPHYTOM BUJE @ = Err +a. + _g + EZ + Ec :

MOI[YJIB OTHOCHUTCIIBHOT'O KaCaTCJIIbHOI'O YCKOPCHUSA arT = ‘arr ‘,
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~ dZSr 2
e d,. =—2=727c cos3nt .
dt
2 -
Iput==c a, =—355cm/c’; a._ =355 cm/c’
9 rr rr
OTpuLATENIbHBIA 3HAK E” MOKA3BIBACT, YTO BEKTOp &, HANPABIEH B CTOPOHY
OTpMIATEBHBIX 3HAueHMi S,. 3HaKu \7r u E” pasIMuHbL,  CJIE0BATENbHO,

OTHOCHUTEJIBHOE JBUKEHUE TOUKKM M 3amemieHHoe.
OTHOCUTENIBHOE HOPMAJIBHOE YCKOPEHUE

2
Vv
a_=-1=0,
rn
p
TaK KaK TPACKTOPHUSI OTHOCUTEIHHOTO JABMXKECHUS — TIpsiMast (p = ).
Motysib IEPEHOCHOT'O BPAIlaTeIbHOT'O YCKOPEHUS
ag =Re, (2)

rae €, = ‘Ee‘ — MOJyJIb YIJIOBOTO yCKOpeHus tena D

2
5,-9% _18-sa1
dt

2
—C

Ipu t = S Ee =-10,2 pan/c’; ¢, =10,2 pam/c.

3HaKM €, M (),O0/MHAKOBBI, CIIC/0BATENBHO, BpalleHHe TpeyroabHuka D

YCKOPEHHOE, HalpaBICHNUs BEKTOPOB €, 1 @, coBmazaot (puc. 3.1, 0, B).

2 J—
Cornacro (2) a; =102 cwm/c”. Bextop @, Hampasiien B Ty %e CTOPOHY, UTO i
BeKTOp V.
Mo/1y/1b NEPEHOCHOTO LEHTPOCTPEMHUTENBHOTO YCKOPEHHUS

u _ 2 u _ 2
a, = Ra)e Wi a,) =9 cm/c’.

Bekrop Ee” HaIpaBJIeH K LEHTPY OKpykHOCTH L .

Kopuonucoso yckopenue @, =20, XV, .

Monyss kopuomcosa yckopenus  d, =2V, SIN(@,V,

rxe Sin(@,, V, ) =sin150°=0,5.
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C yueToM Haii/IeHHBIX BBINIE 3HAYEHUH @, M V, modydaeM a, = 61 cm/c’.

Bekrop @, HampaBieH, COTIIaCHO MPaBUITy BEKTOPHOTO MPOU3BECHNUS, K HAM -
NEePIEHINKYIISIPHO TUIOCKOCTH Tpeyronbauka D (puc. 3.1, B).
Moynb aGCOMIOTHOrO yCKOpeHust TOUKu M HaxoauM crocoOOM MPOEKIUM:

a_=af+a ;
X e C

a =—a" —a__cos60°;
y e re

- : o- _ 2 2 2
a,=—a._ sin60°; a—\/ax+ay+az.

Pe3ynbTaThl pacuera cBeieHbl B Tabuily 3.1.

Tabmuma 3.1
CkopocTs, Ee Yckopenue, cm/c’
@ cMm/c
e/’ Ve v pan/ " -
aju/C [
’ r| Vel 2 | a) | a; | @ |a, | a. | a, |4, | a | a
39
-0,93 |1 9,3 | 65,2 | 65,9 -10,2 9 102 0 -355 61 163 | -186 308 5

3.2 3BAJAHUE JJI51 CAMOCTOSITEJIbHON PABOTHI

[IpssmoyronbHas (Bapuants 1, 4, 7, 10, 13, 16, 19, 21, 22, 24, 25, 27, 30), kpyrias
(BapmanThl 2, 5, 8, 11, 14, 17, 20, 23, 26, 28, 29) wiu TpeyroyibHas (BapuaHTsl 3, 6, 9, 12,
15, 18) mnactuHKa Bpamaercs BOKpyr HemoaBrkHOW ocu O,0, mo 3akonHy @ = f(t), (B
BapuanTax 4, 5, 6, 8, 10, 11, 12, 16, 17, 19, 21, 25, 26 u 30 ocs O,0, nepneHaukyispHa
IJIOCKOCTU dYepTexka). [lomokuTenbHOE HampaBiIeHHE OTCUYeTa yrila ¢ TO0Ka3aHo

crpenkoi. [lo muactuHke nBmxercs Touka M ¢ 3akoHom asmwkenus OM = f,(t). B

MOMeHT BpemeHu t=1 c ompemenuTh aOCOMIOTHYIO CKOpOCcTh (V,) M  abCONIOTHOE

yckopenue (a, ) Touku M . JlaHHbIe Ul pellleHus 3a7auu IpUuBeAcHbI B Tabauue 3.2 U Ha

puc. 3.2-3.6.
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Tabnuua 3.2
Mlo-f(t),| S=OM= |b, | Rix | g=f@), | S=OM= |p R
p paxn = fl(t), M M 1\’/[ Bap pan = fl(t), M M 1\’/[
.12 m-t° 2
1| 3.¢2 b-t 9| - 16| 7 b-t 20 | -
2 2
12 LR.t2
2 ”2 ”Zt S 2|17 %+1,5t2 3.t+2.¢83 | - |40
2 - ﬂ't
3| 2.¢ b-t? 3| - 18| DBt 20“'”(7) 40 | -
4
. 2 . 2 .
4| g-t? b-t" 5 6| - |19 =t b-t 20| -
2 2 2
4 .
5| .12 :r-F;-t - | 4|20 8-t—04t> 20-sin(”7tj - 110
-t .12 3 :
s | Tt b-t s | .| o1 b-t b-t\/5 20| -
3 3 3 2
14 42 42 .
7| =t b-t" ., 4| - |22 R-t Reos™ = | - |40
2 2 3
2 .
8 2-t—3-t 1571'(t+t2) _ ]g 23 Rt3 Rsin”_t - 20
2 ) 2 )
9 |4t=2-t) 15110sin(nt) | 6 | - | 24 | Dbt bcos™= |10] -
4
10 | 2.3 12 103in% 10| - | 25 b-1 becos(z-t) |02 -
2
2 .
11 | 2t-0,5t 103in% - 40| 26 R-t R-:rcos%t 30
4
12| 2.¢2 10cos(nt) |40 - | 27 ”'Zt 04-b-t2 |02 -
4 .
13| 4.t2 10c0s* 20| - | 28 Rt R-:rcos”—t - |18
3 2 3
R-& )
_OE:2 ot Rz
14 2t — 0,5t 1OS|n? - 1301 29 Rt3 5 (1+S|n7l' - 120
15 3.12 10t? 30| - | 30 14 - t2 2,9b-t 4 | -




30

al3
L

Puc. 3.2




31

12

Puc. 3.3



32

Puc. 3.4



33

G om |

_

e T

e

bl
5
R

4>9

.-".__.d'
0,

I
.

20
g,
et
|
22
a2
a2

0,
[ ezza
\# B

u E

24

Puc. 3.5

23



34

52

2=

e
nw|f

e
5

a7

Puc. 3.6



P RPO0ONOOITEWNPEF

35
BOITPOCHI J51 CAMOKOHTPOJIA

Kakoe nBukeHNE HA3bIBAECTCS CIIOXKHBIM?

Kakoe nBukeHnE Ha3bIBAETCS OTHOCUTEIbHBIM?

Kakoe nBukeHune Ha3bIBa€TCs MEPEHOCHBIM ?

JlaiiTe onpeneneHune nNepeHOCHON CKOPOCTH.

JlaitTe onpeneneHue nNepeHOCHOr0 YCKOPEHU.

Yemy paBHO yckopenue Kopuonnca?

Cdopmynupyiite npaBuio KyKOBCKOTO.
ChopmynupyiiTe NpaBUI0 BEKTOPHOTO MPOU3BECHUS.
B kakux ciyqasx yckopenue Kopuonuca paBHO HyIr0?
Yemy paBHa BenmuuHa yckopeHnus Kopuonuca?

B xakoM ciiyyae He HY>)KHO BBIYUCIATH ycKkopenue Kopuonuca?
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