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BBenenue

KontponsHast padora (KP) mo ¢usuke s CTyIeHTOB MEPBOrO Kypca 3a04HOM
dopMbI 00ydYEeHHST — 3TO BUJ CaMOCTOSATEIBHON palOThI, MPEANONAralouIuil perieHne
YeThIPEX MHOTOATANHBIX (PU3WYECKUX 3a/ad, MPOBEIACHUE PACUYETOB M MOCTPOCHUE
rpauKOB 3aBUCUMOCTEHN (PU3NUECKUX BETUINH.

IIpasuna opopmnenus konmpoavHoi pabomsi

1. B kaxnom u3 derbipéx 3amanuii KP paspaborano 30 BapuaHTOB 3ajaHUM, 4TO
oOecrieuynBaeT BO3MOKHOCTh BBIMOJHEHUSI KaXAbIM CTYJACHTOM WHJUBUIYIHHOU
pabotel. HoMep BapuaHTa COOTBETCTBYeT MOPSIAKOBOMY HOMeEpPY CTY/AeHTa B
CIIMCKeE TPYNIbI (CM. 3JIeKTPOHHBIN KYPHAJI).
2.  KP Beimonnsiercst B 12-1MCTOBOM TETpaau B KIETKY.
3. K o00610xKe TeTpaau MPUKIEUBACTCS TUTYJIBHBIN JUCT YCTAHOBIEHHOTO o0Opasiia
(cM. daitn TUuTyJIbHBIN JIUCT) C 3aMOJHEHHBIMU JAHHBIMU CTYCHTA.
4. KP BpINONHAETCS OT PYKH Pa30OpUYMBBIM IMOYEPKOM M HE JOJDKHA COJIEpPKAaTh
UCIIPABJICHUM.
5. Pabora HaunHaeTcs ¢ 3aMKCHU JaHHBIX BapyaHTa 3aJaHus Mol pyopukoin «Jlanoy.
6. Kaxnaplii TyHKT BBINOJHIEMOTO 3aJaHus JOKEH OBbITh MPOHYMEPOBaH B

COOTBCTCTBHM C YCIIOBUCM H O3aIJIaBJICH.

y 27 2-3,14
[Mpumep: 1. [lepuon konebanui T = E’ T = W

=5,18c¢.
7. Pacu€t Bcex BEJIMUMH MIPOBOJUTCS C ONPEACIEHHON TOUHOCTHIO:
a) eclid 3HAYCHHE BEJIIMYMUHBI OOJbIIE EIUHUIBI, TO OKPYIJICHHE BBIMNOJIHACTCS C

TOYHOCTBIO JIO IBYX 3HAKOB MOCJIE 3ansaTol (mpumMep: x =15,18639456 ~15,19);

0) ecnu 3HAYCHHWE BEIMYMHBI MEHBIIE EIUHUIIBI, TO OKPYTJICHUE BBITIOIHSIETCS C
TOYHOCTBIO 7O  JIByX  3Havammx Iudp  Beiciero  paspsga  (mpumep:
x =0,00253946 ~0,0025).

8. PucyHkM BBITIOJHSIOTCA TOJBKO C MCIOJB30BAHUEM TIPOCTOTO KapaHjalia,

JIMHEN KU, LIUPKYJIA.



9. TI'paduku CTpOSTCS TOJNBKO C UCIOJIB30BAaHUEM IMPOCTOrO KapaHjaalla U JIMHEHKU
Ha MUJUTMMETpoBO Oymare. [lnomaas mosst kaxaoro rpaduka qoJpKHa ObITH HE MEHee
10 cmx12 cwm.

10. Ha ocsax koopauHaT AOKHBI ObITh YKa3aHbl (PM3UYECKHE BEIMYMUHBI U €TUHUILIBI
UX U3MEPEHHUs; MacIITa0 HAHOCUTCS HA OCH C IMMOCTOSIHHBIM [IArOM.

11. Toukm HaHOCATCS Ha MOJE 4YepTeka 03 yKazaHHWd UX HAa KOOPAUMHATHBIX OCAX U
MPOBEICHUS KAKUX-THOO0 MITPUXOBBIX JIMHUM.

12. 3artem TOYKH COCAMHSIIOTCS TIJIABHOM JIMHUEH, COOTBETCTBYIONICH rpapuIecKOMy
U300pKEHUI0 TOW (YHKIMH (JTUHEHHOM, KBAaIpaTUUYHOM, KCIMOHEHIIMAIBHOW U T.1.),
KOTOpass  OTpakaeT MpPOSABILIIOUIYIOCS B JIAHHOM  OIBITE  M3BECTHYHO WM
MpEeAnojaraeMyr0  (U3MYECKYyI0  3aKOHOMEpPHOCTb,  BBIPAKEHHYIO B  BHUJE
COOTBETCTBYIOIICH (POPMYJIBI.

13. Ecnum Ha OAHOM TOJIE PACIIONIATalOTCsl HECKOJBKO TpapuKoB, TO KaXKIbIM M3 HUX

JIOJKEH OBITH IMOANKCAH.

Boinosinennass KP BbicbLIaeTcss mourod Ha aapec JaexkaHara (QakyJabrera

ABUACTPOEHHE.



3aganme 1. DJIEMEHTBI KHHEMATHUKH
Kpartkas Teopust
Ilonnoe yckopenue MaTepuabHON TOUYKHU MPU KPUBOJIUHEHHOM JIBH>KEHHH (puc. 1):

a=a +4a,,

5 a=.a’+a’, [a]:l%Z.

Tanzenyuanvhoe  yckopeHue  XapaKTEpU3YET

v

OBICTpPOTY U3MEHEHUS CKOPOCTHU

KpHBOHHHCﬁHOFO JABMOKCHMUA 110 BEIMYHUHE,

_ do.
a =Yz .U
dt Toodt

Hopmanvhoe yckopenue XapakTepuzyeT HW3MEHEHUE CKOPOCTH KPUBOJIMHEHHOIO

JABHIKCHU 110 HAITPABJICHUILO,

rae R — paguyc KpUBU3HBI TPAEKTOPUHU.
Venosoii cxopocmvio Ha3plBaeTCsl BEKTOPHAs BEJIMYMHA, paBHas IEPBOU

MPOU3BOIHOM yTJIa IOBOPOTA TEJIA 10 BPEMEHHU:

c?)=@, a)=d—(p, [a)]:lpay.
dt dt ¢
HanpaBieHue BekTopa YrJIOBOW CKOPOCTH ONPEACISETCS 1O MPaBUIY IMPABOTO
BUHTA: BEKTOP YTJIOBOM CKOPOCTH COHAMPABJIEH C MOCTYNATEIbHBIM JIBUKCHUSI BUHTA,
TOJIOBKA KOTOPOI'O BPAIIAETCS B HANPABIICHUU ABUKEHUS TOUKHU IO OKPYKHOCTH.

Vaenoeoe yckopenue XapakTepuszyeT M3MEHEHHE YIJIOBOW CKOPOCTH C TEYEHUEM

BpPpEMCHHU U OIIPCACILACTCS KaK IICpBas IIPOU3BOAHAA yFJ'IOBOfI CKOpPOCTH I10 BpCMCHM:

. do do
F=2, =2, [1=179Y.
dt dt c
[Ipn yCKOpEHHOM ABM>KEHUH BEKTOP & COHAIPABIIEH C @, NPU 3aMEIJIEHHOM —
BEKTOpAa & HaIpaBJIE€H IPOTUBOIIOJIOKHO BEKTOP @ .

Css13b Meofcdy Kunemamu4ecCKuUmMu xapaKkmepucmuKkamu .

v=w-R, a=Re&, a=0o"R,



YciaoBue 3a1anus

Juck paguyca R =10cm BpallaeTCs BOKPYI BEPTUKAIBHOW OCU TaK, YTO YPaBHEHHUE
ero IBWKEHUS UMeeT BUI ¢(t) = A+ Bt?, pao (Ha puc. 2 u 3 IpUBEACHHI IBE MPOCKITUH
Bparmatomerocs aucka). Koagdumuentsr A, B, C I KaKI0TO BapuaHTa 3a1al0TCs B

Tabu. 1. Bpemsa t, =0, t,=4c.

— M

Puc. 2 Puc. 3
1. Iloctpouth rpaduk 3aBUCUMOCTH ¢(t) B UHTEpBaje OT t A0 t, (TOYKM s
MOCTPOEHUS BBIOUPATH ¢ miarom 0,5 ¢ ). KoopAMHATBI TOYeK [Tl OCTpOCHHS rpaduka

3aHOCHUTH B TA0JI. 2.

2. Tlomy4uuTh BhIpaXKEHUE JI YTIIOBOM CKOPOCTH w(t).

3. Iloctpouth rpapuk 3aBUCHUMOCTH «(t) B UHTEpBajie OT t, 10 t, (TOUKH IS
HOCTPOCHHSI BBIOMPATH C marom 0,5 c).

4. TloayuuTb BbIpaXKeHUE ISl YIII0BOrO YCKOpeHHs &(t).

5. IlocTpouth rpaduk 3aBUCUMOCTH £(t) B HHTEpBasie OT t A0 t, (TOUKM [Jis
MOCTPOEHUS BBIOMPATH C marom 0,5 c).

6. VYkaszaTp Ha puC. 2 HaNpaBJICHUsI BEKTOPOB & U & IJIsl MOMEHTA BPEMEHU t=2c .
7. Jlns Toukw, JIexKalieh Ha 000/e TUCKa, BRIYUCIIATH 3HAUCHUS JIMHEHHON CKOPOCTH
v, HOPMAJIBHOTO @,, TAHMCHIHAJIBHOTO a, U IOJHOTO YCKOPEHHSI a B MOMEHT
BpEMEHHU t =2 c.

8. Ha puc. 3 yka3zaTh HampaBlIeHUs] BEKTOpOB U, &,, &, d JJIsI MOMEHTa BPEMEHHU

71

t=2c.



Tadauua 1. BapuanTe! 3a1anuii

BapHaHT A paolc B, paol BapHaHT A, paolc B, paol ¢

1 0,5 1,3 18 2,5 4,0
2 1,5 1,3 19 0,5 4,0
3 2,0 1,3 20 15 4,0
4 2,5 1,3 21 0,5 5,0
5 0,5 2,2 22 15 5,0
6 1,5 2,2 23 2,0 5,0
7 2,0 2,2 24 2,5 5,0
8 2,5 2,2 25 0,5 1,0
9 0,5 2,2 26 15 1,0
10 1,5 2,2 27 2,0 1,0
11 0,5 1,2 28 2,5 1,0
12 1,5 1,2 29 0,5 2,5
13 2,0 1,2 30 1,5 2,5
14 2,5 1,2 31 0,5 1,2
15 0,5 2,0 32 15 1,2
16 1,5 2,0 33 2,0 2,0
17 2,0 4,0 34 2,5 2,0

Ta6umuua 2. [lanusie aus moctpoerus rpadpukos ¢(t), o(t), &(t)

t,c 0,5 15 2 2,5 3 3,5 4

@, pao

0,749/

P"7
g, CZ




IIpumep BbINOIHEHUA
Jluck paaryca R =1 BpallaeTcs BOKPYI BEPTHKAIbHOW OCH TaK, YTO YPaBHEHHE €T0
newxenns umeeT Bug @(t) = A+Bt?, pad, tne A=1pao, B=2 paol/c’. Bpems t =0,
t,=4c.

1. OHPCHCHI/IM KOOpAWHATBI TOYCK [JII IIOCTPOCHUA
o(t) = A+Bt?, pao

rpaduxa, @(t)=A+Bt® B unTepBane or t, =0 M0 t,=4c
A=1pad (TOYKH JIJIs TOCTPOCHUS BBIOUPATh ¢ maromM 0,5c¢):
. 2
B=2padlc t=0, p=1+2-0=1 pao,
R=1m )
t=0,5¢, ¢=1+2-0,5 =15 pao,
L =0
t=1c, p=1+2-7 =3 pao n r.n.
t,=4c
3HaueHuss @ Ui Bcex 3HaueHuM 1, HEOOXOMUMBIX s

nocTpoenus rpaduka, 3aHOCUM B NEPBYIO CTOKY TalI. 2.

@, pao

Puc. 1. I'padux 3aBucumoctu ¢(t)

d
2. YriioBas CKOpOCTh, @ = d_(t0 = ZBt,pa% :

3. OnpemenuM KOOPAMHATHI TOYEK s MocTpoeHus rpadpuka, o(t)=2Bt B
MHTEpBaje OT t, =0 110 t, =4 ¢ (TOYKH I OCTPOCHHUS BBIOMPATh € marom 0,5c):

t=0, ®=2-2-0=0,

t=0,5¢, @=2-2.05=27%/



t=1c, a):2-2-1:4pa% U T.J.

YucieHHbIC 3HAUCHUST @ , HEOOXOAMMBIC JIJIsI TOCTPOCHMS TpaduKa, 3aHOCUM Tao. 2.

%
C

15 ¢

o 1 2 3 4 tg

Puc. 2. I'paduxk 3aBucumoctu a(t)

d
4. YTIoBoe yCKOpPEHHE & = d_cto =28, a% :

5. OnpeenuM KOOPAUHATHI TOYEK I MocTpoeHus rpaduka, £(t) =28 B uHTepBase

oT t, =0 /10 t, =4 ¢ (TOYKH ]I MOCTPOCHUS BBIOUPATH ¢ 1iarom 0,5 ¢ ). OueBUIHO, 3TO

Puc. 3. I'paduk 3aBucumoctu &(t)

npsiMasi, apajienabHas OcH adCcIucCC.

6. HanpaBieHus BeKTOpOB @ U & 1y MOMeHTa Bpemenu [ = 2 ¢ (puc. 4).
i —w- — _g.1-8M/ -
7. Jluneitnas ckopocth V=-R nput=2c¢,6 v=8-1=8 4,

8



2 2
v 8
a =— t=2c,a =—=64":
HOpMaJIbHOE YCKOPEHHE a, o+ 1P & =7 6 A 21

TaHreHIManbHoe yckopenue 8 =R-g, nput=2c, a =1.4= 4% 25

a= 2 2 t — 2 — 42 42 — 4 12 M .
[I0JIHOE YCKOPEHUE «/ar +a, , opu c, a=+64*+ 64, 4 )

8. HampaBnenus BeKTOpoB U, d,, &, a JJII MOMEHTAa BPEMEHH t=2c¢ yKa3aHbl Ha

puc.5.

Puc. 4 Puc. 5

Ta6smua 2. [Tanusie aus moctpoeHus rpadpukos ¢(t), o(t), &(t).

t,c 0 0,5 1 15 2 2,5 3 3,5 4
@, pao 1 15 3 55 9 13,5 19 | 255 | 33
o, P"% 0 2 4 6 8 10 12 14 16
€, P“%z 4 4 4 4 4 4 4 4 4




3ananue 2. PABOTA U DHEPI'USA
Kparkas reopusi

CKopocCTh U MyTh MPU PABHOYCKOPEHHOM JIBUKCHUU:

at?

S:Uot‘FT v=uy,+at.

Ecnu Ha MarepualbHYI0 TOUYKY OJHOBPEMEHHO JIEMCTBYET HECKOJBKO CHII, TO
pE3yABTUPYIOLIAs CHUJIAa paBHA KX BEKTOPHON CyMME:
— n —
F=)F.
i=1
Bmopou  3axkon  Hviomona: yCKOpEHHWE  MATEpPUAIBHOM  TOYKH  MPSIMO
POIOPIMOHANILHO JIEUCTBYIONIEH Ha HEE cujie M OOpaTHO MPOMOPLUUOHAIBHO €&
Macce:
. F
a=—,
m
Hmnynsc — BEKTOpHAs BEJIMYMHA, PaBHAs MPOU3BEACHUIO MAacChl Tella Ha €ro
CKOPOCTb:

Ke-M

p=mo, [p]=1

C

M3MeHeHne umnynibca MaTEPUAIbHOM TOYKM PAaBHO MMITYJIbCY JAEHCTBYIOLIEH Ha

HEE CUJIBL:
Ap=F-At.

BennuuHy F-At  HasbIBalOT uMnyabcomM  cuivl. VIMIynbec Ccuibl  paBeH
IIPOU3BEIECHUIO CUJIbI Ha BpeMs €€ NEHCTBUS.

Paboma nocmosannou cunel paBHa NPOU3BEICHUIO CUJIBI HA NEPEMEIIECHNE TOUYKH
TPUIOKEHHST CHJIBI M HAa KOCHHYC yIJla @ MEXly BEKTOpaMu F 1 S '

A=FScosa, [A] =11

Kunetnueckas OHCPIrusd NMOCTyNnaTCjIbHO ABMKYIICTOCS TCIa:

2

B == [E.] =1 L.

Teopema o nomenyuanvbHou 3Hepeuu: paboTa KOHCEPBATUBHBIX CHJI, IPUIOKEHHBIX K
CUCTEME, paBHA YOBbUTH €€ OTEHIIMAILHON YHEPTUHU

10



A=E,~E,=-AE

.
KoHkpeTHbI BUI QYHKIMH E, 3aBUCHT OT Xapakrepa CHIOBOIO MOJsd M BbIOOpa

HyJI€BOro ypoBHsA. IIOCKONBKY HyIEBOM ypOBEHb BBIOMPAETCS NPOM3BONIBHO, E,

MOKET UMETh OTPHUIATEIIbHBIE 3HAUCHUS.
llonnasa mexanuueckas snepeus Tena paBHA CyMME KMHETUYECKOM M NMOTEHUMAIBHOU
SHEPTUM:

E=E +E,.

YcaoBue 3a1aHug

Ha wmarepuanpHyro TOUKy Maccod M, IBMXKYIIYIOCS C HadallbHOM CKOPOCTHIO

Uy, = 2 MC‘ ) I[CﬁCTBYIOT ABC B3aMMHO IICPIICHAUKYJIAPHBIC ITOCTOAHHBIC 11O BCIIMYHNHC

KOHCEpBaTUBHBIE CWIEL F, u F, (puc. 1).

YucnoBble 3HaueHuss m, F, F, I8 KaOKIOTO

BapHaHTa 3a1atoTcs B Ta0n. 1. Bpems t,=0, t=2c.

1. BpiuucnuTe  3HaYeHUWE ~— PE3YIABTUPYIONIECH  CUJIBI,  JIEUCTBYIONIEH  Ha
MaTepUANBHYIO TOUKY. YKa3aTh Ha PUCYHKE €€ HalpaBJICHHUE.

2. BblunciuTh 3HaY€HHE YCKOPEHHUs MaTepUaJbHOM TOUKM, YKa3aTh HAa PUCYHKE
€ro HalpasJICHUE.

3. Brluucnuth 3HaYeHHE CKOPOCTH MAaT€pUAIbHOW TOYKM B MOMEHT BpPEMEHH t,
yKa3aTbh Ha PUCYHKE €€ HaIlpaBJICHUE.

4.  BbIYMCAUTH yTh, MPONUJECHHBIN MaTEpUAIbHOM TOUYKHU 3a 2 C.

5. BeraucauTth 3HaUCHUS HMITYyJIbCa MaTepHaHBHOﬁ TOYKH B MOMCHTEI BPCMCHHU to u

t, yKa3aTb Ha PUCYHKE MX HAIIPABJICHHUE.

6. BpluncauTh 3HAYECHUE UMITYJIBCA CUJIBI 32 TPOMEKYTOK BpEMEHU At =t —t,.

/. Bpruaucauth paboTy pe3yabTUPYIONICH CHUIIbI B UHTEPBAJIE BPEMEHH At =t —t,.

11



8. BBIYMCIMTH KHHETHYECKYIO DHEPTUIO MATEPHATIBHOI TOUKA B MOMEHTHI BpEMEHH
t,but.

9. BbuncnuThe 3HaYCHUE NOTCHINAIBHOW SHEPIMH MAaTEPUAIIBHOW TOUYKHA B MOMEHT
BpEMEHU t, CUMTasd, YTO B HAYadbHBIH MOMEHT BPEMEHM IOTCHLHAJIbHASA DHEPIHUs
TOYKH OblIa paBHA HYJIIO.

10. BbIuuCIUTH NONHYI0 MEXaHUYECKYIO SHEPIHIO MaTEPUAIIBHOW TOUKU B MOMEHTBI
BPEMCHU {; U t.

Tabauua 1. BapuanTsl 3a1anuii

BapHAHT | M ke R, H R, H BApHAHT | M &2 F.H F, H
1 3,5 3 5 17 2 9 4
2 3,5 4 6 18 2 10 3
3 3,5 5 7 19 2 11 2
4 3,5 6 8 20 2 12 1
5 3,5 7 9 21 3 3 4
6 3,5 8 10 22 3 4 5
7 3,5 9 9 23 3 5 6
8 3,5 10 8 24 3 6 7
9 3,5 11 7 25 3 7 8
10 3,5 12 6 26 3 8 9
11 4,2 3 10 27 3 9 7
12 4,2 4 9 28 4 10 6
13 4,2 5 8 29 4 11 5
14 4,2 6 7 30 4 12 4
15 4,2 7 6 31 4 4 5
16 4,2 8 5 32 4 5 6

YCIOBHH, M HA HEM YKa3aTh BEKTODEL: F,

ez 1

a, v, p.

12
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IIpumep BbINOIHEHUA

Ha marepuanbHyto TOUKy Maccoil m=1,2xe, IBUKYIIYIOCS C HAYAIBHOU CKOPOCTHIO
Uy :1% , JEMCTBYIOT JIB€ B3aUMHO NEPHEHIUKYJSPHBIE MOCTOSHHBIE 10 BEJIWYMHE

KOHCEpBaTUBHBIC CHIIBI F =4H u F,=7H (cMm. puc. 1). Bpems t, =0, t=2c.

1. Pesynbrupyromas cuia, AEHCTBYIOIIAas HAa MAaTEPUAIBHYIO

m=1,2«e
TOYKY':
—1M
v, =1 f o
F=F+F,.
F=4H
HucneHHOE 3HaYCHUE PE3YIbTUPYIOIIECH CHUJIBI:
F,=7H
L =0 F=yF2+F2, F=v4+7"=16+149=1/65=8,06H .
t—2¢ 2. YckopeHue MaTepuaibHOW TOYKA IO BTOPOMY 3aKOHY
HproroHa:
_F
a=—.
m

Bekrop d coHampaBiIeH ¢ BEKTOPOM Pe3yJIbTHPYIOIIEH CHIIbl F .

HucneHHoe 3HaUYCHUE YCKOPEHUS:

8,06
=" _ M
a 1’2 6,7242,

3. CkopocTh MaTepHAIBHOW TOYKHU MPU PABHOYCKOPEHHOM JIBUKCHUH:
U=0U,+at.
BekTop v conarpasieH ¢ BEKTOPOM Ha4aJIbHOM CKOPOCTH Uy .

YucneHHoe 3Ha4eHUEe CKOPOCTH B MOMEHT BPEMEHU t =2 ¢
v=1+6,72-2=14,44%/ "
4. TlyTp, mpoiiICHHBIA MaTEPUATLHON TOYKOW IIPU PABHOYCKOPEHHOM JABUKECHHM:
at’

S=pt+—
0 2 .

I1yTp, npolieHHbIN 3a 2 C:

13



6,72-2°

S=1.2+ =15,44Mm

5. Mnynbc MaTepuaaibHOU TOUKH:

—

p=mo.

Bekrop P coHampasjieH ¢ BEKTOPOM CKOPOCTH U .

B MomeHT BpemeHH t, =0 po=121=12"%
C

B MomeHT Bpemenu t=2¢  pP=12-14,44=17,33 e
C

14




3apanue 3. MOMEHT UHEPIIUU TEJIA
Kparkas Teopus

Momenm unepyuu SBIAETCS MEPOW HMHEPTHOCTH Tela MpPHU BpallaTeIbHOM
JIBUYKEHUU.

Momenm unepyuu mamepuanrvHoti MOYKU OTHOCUTENIBHO HEMOJBHKHOM OCH
BpalllCHWsI PaBeH TMPOM3BEACHUIO €€ MacChl Ha KBajpaT pacCTOSHUS [0
paccMaTprBaeMOI OCH BpallleHUSI:

J=mr?, [I]=1ke-M".

MOMEHT MHEpLUU — aIIUTUBHAS BEJIMYMHA, T. €. MOMEHT UHEPIIUU CUCTEMBI T

OTHOCUTEIBHO HEKOTOPOM HEMOABMKHOM OCH PAaBEH CyMME MOMEHTOB HWHEPLHUH

OTAEJIBHBIX TEJl UM YACTEN CUCTEMBI OTHOCUTEIIBHO 3TOU OCH:
n
I=>J.
i=1

['oBOpUT, O MOMEHTE WHEPIMH, HE TPHUBA3BIBAs €r0 K KOHKPETHOW OCH,
OECCMBICIIEHHO.
Momenmul unepyuu 0OHOPOOHBIX Mel CUMMEMPUUHOU POPMbL OMHOCUMETLHO OCU,

npoxooswell yepes yenmp macc (puc. 1)

Cnrommoi Ia CrepikeHb
UWJINHAP (AUCK) O,p O6py4 P .
Oi ! 0. pannoi {
: D { O|
- R |
“ \_ — [
. | |
l | { I
mR2 2 2 . {;2
J = . mR 5 _ m
0 2 ‘JO = 5 JO = mR ‘JO = E

Puc. 1

Ecnu ock BpaleHust He IPOXOAUT Yepe3 LEHTP Macc Tejia, TO MOMEHT UHEPIIUH
T€Jla OTHOCUTEIIbHO 3TOW OCH, OmpeaessieTcss no meopeme I[llmetinepa: MOMEHT

HHCPIHHA TCJIa J OTHOCHUTCIIBHO HpOHSBOJ’IBHOﬁ OCH paBCH CYMMC MOMCHTAa MHCPUHUH

Tenra Jy, OTHOCHTENHEHO OCH, MPOBENEHHOW uYepe3 LEHTP Macc Tela MapaiielbHO

15



HaHHOﬁ OCH, U IIPOU3BCACHUA MACChl TCJIa Ha KBaApaT paCCTOSHUA d MCXKIY OTHMH

OCSIMH,
J=J,+md?,

A Hampumep, ana  oOpyya  MOMEHT  HHEpIUU

!
|

| : )

! OTHOCHUTEIILHO OCH AA' (puc. 2) paBeH
|

|

J =J,+md? =mR*+m(2R)* =5mR>.

YciaoBue 3axanus

CucremMa CcOCTOMT U3 TpEX OOHOPOJHBIX CHUMMETPHUYHBIX TEJI IPABUIBHOU
reoMeTpuueckoil Gopmbl (BapuaHTbl KOH(UTYpauil TEI U UX NapaMeTpbl PUBEICHbI
B Tabmuuax 1 m 2). Tema pacnono’keHbl Tak, 4TO OHU CONPHKACAIOTCS MOMAapHO B
OJTHOM TOUKe, a MX LIEHTPbl Macc JIe)KAaT HAa OJHOW TOPU3OHTAJIbHOW ocH (eciu B
CUCTEMY BXOJUT KOJIBIIO, OHO PACIOJIAracTCsl B TOPU30HTAIBHON INIOCKOCTH).

1. HapucoBarb pucyHOK, COOTBETCTBYIOIINIA KOH(UTYpALIMK TEJl BApUAHTA 3aJaHUS
(B KauecTBe mpUMepa CM. puc. 3).

2. Paccuntath MOMEHT WHEPIHMHM CHUCTEMBI TE€JI OTHOCUTEIBHO OCH, MPOXOJAIICH

yepe3 LEHTP MACC LHEHTPAIbHOTO TeJla NEPHEHAUKYJIIPHO TOPU30HTAIBHON OCH.

Ta6auna 1. Bapuantsl 3ananuii

BApHAHT KOHlelfei’Ipalmﬂ papmaiT KOH(l)I;l;’IPaHI/IH papuaT KOan;gpraunﬂ
1 BEA 13 CDA 25 CAE
2 CEA 14 BDA 26 CAC
3 AED 15 BDB 27 CAD
4 AEA 16 BDE 28 CAA
5 CED 17 ADA 29 DAA
6 AEC 18 ADD 30 DAD
7 CEB 19 ADE 31 BAE
8 DEA 20 DDE 32 BAC
9 DED 21 EBA 33 BAD
10 DEC 22 CAC 34 BAA
11 CDE 23 BAD 35 ACA
12 CDD 24 BAA 36 ABC
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Taoauna 2. [TapameTpsl Ten

TEJI0 maccea, m (k2) pammnye, R (m)
A | CriutomHOW HUIUHIP 2 0,2
B | Huck 4 0,1
C | llap 5 0,3
D | O6pyu 1 0,4
E | Crepxenn 3 mmHa £ =0,2 m

IIpumep BbINOJHEHUSA
ITyctb koHpuUrypamus tea — EDA.
Cormacuo Tabi. 2 teno E — crepxkens, Teno D — 00pyd, Teno A — CIUTONTHOW [AJTAHID.

1. Ucnionb3yst nanHble TabI. 2, 3aMUIIeM:

Macca crepskas M, =3 ke ;

Macca obpyya M, =1ke;

macca nwtaaapa M, =2 ke

nnuna crepxns £ =0,2 m;

pamuyc oopydya R, =0,4x;

paanyc ocHoBaHus muauHapa R, =0,2 m,

2. Cuctema tenm EDA (puc. 3).

A
y
y-__

Puc. 3

3. PaccunTaem MOoMeHT uHepimu cucteMs! Te1 EDA otHOcuTensHO ocu O'O'"
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T.xk. MOMEHT HHEPpOHUU CHUCTEMBI TCJI OTHOCHUTCIBHO HGKOTOpOﬁ Hel'IOI[BI/I}KHOI\/'I ocHu
PaBCH CYMMC MOMCHTOB MHCPIUU OTACIIBHBIX TCJI CUCTCMbI OTHOCHUTCIIBHO ATOM ocH,
TO MOKHO 3aIIMCaTh:

3=3,,+3,,+7J,.

ITo Teopeme lllTeiiHepa MOMeHT nHepUK oTHOCUTENEHO ocu O'O':

— CTCPIKHA

(2 ‘
Jcm :J0+mcmd12 = mj-mz +mcm [£+Roﬁj )

2
2 2
Jcng 0.2 +3- £+0,4 =0,79 ke - m*-
12 2 ’
— 00pyua

‘]05 = ‘]o = mo6R56 )
J s =1-0,4°=0,16 KZ-MZ;

— HWJIMHApA

m 2
J,=Jd,+md; = 2”—HnARm+RJ{

2
3 =2 2’1 +2-(0,4+0,2)° =0, 73 ke - M2

Y

OKOHYATENFHO, MOMEHT MHepuuu cucTembl Ten EDA ortnocutensHo ocu O'O'

paBeH:

J:Jm+JM+JW
J=0,79+0,16+0,73=168 k2 1> .

OTBET: J =1,68 k2 - m?
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3aganue 4. MEXAHUNYECKHUE KOJIEBAHUA
Kparkas reopusi

T'apmonuyeckumu Ha3BIBAIOT KOJEOAHMS, IPU KOTOPBIX M3MEHEHHE HEKOTOPOU

BEJIMYMHBI X MTPOUCXOJUT 110 3aKOHY CHHYCA WJIM KOCHUHYCA:
x(t) = Asin(ayt +@,) WIIA x(t) = Acos(awyt + @) -

PaccMoTpuM MaTepHalibHYI0 TOYKY, COBEPIIAOINIYI0 TAPMOHHUYECKHE KOJICOaHUS
OKOJIO MOJIOKEHUS paBHOBECHS. B 3TOM ciryuae:
X — CMEIIEHUE — OTKJIIOHEHHE KOJICOJIOMICHCA TOYKHA OT IMOJIOKEHHSI paBHOBECHS B
MOMCHT BPEMCHU t;
A — ammmTyaa KoseOaHuii — MaKCUMaIbHOE CMELEHHE OT MOJOXKEHUS PABHOBECHS,

ot + ¢, — (pa3za xonebaHU — BeIMYKMHA, ONPEACIIAIONIAs MOJIOXKEHNE KOIEOIoIIeics
TOYKH B JTHOOOM MOMEHT BPEMEHHU t ;

¢, — HaydanbHasg (a3a KojeOaHUM, ompeienseT 3HAUYEHUE X B HadaJbHbIA MOMEHT
BpeMeHH (t=0);

o, — IMKJINYECKasl 4acToTa, paBHa YnCiIy KosieOaHuil 3a BpeMs 2 7 (eIMHUL] BPEMEHN),

a)0:27zv:2_|_—7z;

T — TepuoJ — 3TO BpeMsi, 32 KOTOPOE COBEPIIAETCS OJTHO TIOJIHOE KOJIeOaHue;
v —4acToTa, paBHA YUCITY KOJIeOaHUH, COBEPIIAEMbIX 3a €AUHUILY BPEMEHH.

CBsi3b MEXK/ly 4aCTOTON U MEPUOAOM:

1
T==.
14
Ckopocmb TpU TapMOHUYECKUX (CHHYCOUAAIBHBIX) KOJICOAHUSIX OMPENeIsaeTCs

KaK I1epBasd IIpOrU3BOJHAA CMCIICHH:A 110 BPCMCHU
dx
o(t) = i Aw, cos(aw,t + ¢,) .

MakcumanbHOE 3HaYCHUE CKOPOCTH:

Unax = A .

max

Yckopenue ipu TapMOHUYECKHUX KOJICOAHUSIX

a(t) =—=—-Aw] sin(w,t + ¢,) .

do
dt
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3HaK MHHYC B 3TOM BBIPQ)KEHUM O3HAYAET, YTO YCKOPEHUE BCEr/a UMEET 3HaK,
IPOTHUBOIOJIOKHBIM 3HAKy CMEINICHHUsS, M, CJEAOBATEIbHO, MO BTOPOMY 3aKOHY
HploToHa, cuma, 3acTaBisioniasi TeJIO COBEpIIATh TapMOHUYECKHE KOJIeOaHMs,
HarpaBJieHa BCETa B CTOPOHY MOJIOKEHHS PaBHOBECHS ( x =0).

MakcuMalibHOE 3HaYEHHE YCKOPEHHUS:
a_ =Aw’
max 0 -
Mamemamuueckuii maamHux — MaT€pUalbHas TOYKA, IIOJABEIICHHAS HA
HEBECOMOM HepacTsHKUMON HUTH (puc. 1).

B ciywyae Manpix koneOanmii (TIpu yriiax OTKJIOHEHHS o He Ooinee 15°+20°)

MaTEeMaTHUYCCKUN MasTHUK COBCpHIACT TapMOHHYCCKHC

kosneOanus. Konebanusi masTHUKA Tpu OOJIBIIUX YIJIax

(cosa < OTKJIOHEHHs HE SABJISIFOTCS TAPMOHUYECKUMH.

HpI/I OTKIIOHCHHUH MasTHHUKa oT ITOJIOKCHUA

PaBHOBCCHA Ha TCJIO HeﬁCTByGT BO3Bpaliaromasa cCcuia,

KOTOpas ABJISICTCA TaHFCHHHaHBHOﬁ COCTaBHHIOHleﬁ CHJIBI

TsKECTH. MO1yJIb BO3BPAIIAKOIIECH CHJIBI:
| F |=mgsina.

ITepuon coOCTBEHHBIX KOJieOAHUM MaTEeMaTHYeCKOro MasiTHuka (dopmyna

TZZE\/Z.
g

LII/IKJ'H/I‘ICCKaSI 4acToTa COOCTBECHHBIX KOJeOaHMIT MaTEMaTHYSCKOTO MAasiTHUKA:

['toiirenca):

Wy = ?

Kunetnueckas OHCPIrus KoneOaHuii MaTeEMaTHIECKOr0 MassTHUKA paBHa

r_ mo® _ mA’ay cos’ (ot +¢,)
. 2 2

MakcumanbHOE 3HaYCHUE KUHETUYECKON SHEPTUU:

g _MAer

Kmax 2
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HOTGHHI/IaJILHaH OHECPrusi MaTEMAaTHYCCKOI'O MasjaATHHKA, COBCpIIArOmEero

FapMOHI/ILICCKI/Ie KOH€63HI/IH B ITOJIC TAT'OTCHUA, paBHa
E =mgh=megl(1 — mol-2sin? %
, =mgh=mg((1-cosa)=mgl-2sin >

[Ipu ManbIX yriax OTKIIOHEHUS, €CJIM YTOJ U3MEPSETCA B PaJuaHaXx, CIPaBeIJINBO
YTBEPKJICHUE:
sina~a .
Cam yron B paauaHax paBeH OTHOILICHMIO JUIMHBI JYyTH K PagdyCy OKPY>KHOCTH

(nnmvuHe HUTHU (), a JJIMHA TyTU MPUOJIU3UTEIILHO pPaBHA CMEIICHUIO X |
X
ar—,
{

Toraa noTeHIMaNbHAS YHEPTUS PaBHA

2

g - moxt _ MgAZ sin®(a,t + ¢,)
? 20 20 '

MaxkcumManbHOE 3HaYCHUE HOTGHHH&HBHOﬁ OHCPIUHU:

_ mgA’

E = .
pmax 20

[Tonnas sHeprus KoneOaHuii MaTeMaTUYECKOrO0 MAasiTHUKA PaBHA:

E=E+E,

YciaoBue 3aaHus

Marematnueckui  MasTHUK Maccol mM=100c wu mmmHOM (  COBEpIIAET

rapMOHUYECKHE KOJIeOaHUsl, OMMChIBAEMbIEC YPaBHEHUEM, IPUBEAEHHBIM B Ta0JI. 1.
Hcnonp3yst ypaBHEHHE TapMOHHYECKOTO KOJICOAHUSI HAWTH:

1) ammmtyny 4;
2) Qazy ¢;

3) HavanmpHyIO (hazy ¢, ;
4) UUKIMYECKYIO YaCTOTy @, ;
5) MHY MaTreMaTH4ecKOro MasTHHKA ( IO M3BECTHOHM IMKIMYECKOW 4YacToTe a,

(yckopeHHe cBOOOIHOrO NafeHus g =10 f% o)
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6) yacrtoty V;

7) mepuon T
T T 3T
8) 3HaueHus cMemieHUss X B MOMEHTBI BpeMeHH t=0, 2321 T, pe3yJabTaThl
3aHECTHU B TA0JI. 2;
9) ypaBHeHHE H3MEHEHHUs cKopocTH co BpeMeHeM U(1);
10) 3HaueHHe MaKCUMAIBHON CKOPOCTU Uppay
T T 3T
11) 3HaYeHUs CKOPOCTH U B MOMEHTHI BPEMEHH t =0, it T,
12) ypaBHeHHUe u3MeHeHus yckopeHus co Bpemenem a(t)
13) 3HaueHne MaKCUMAJILHOTO YCKOPEHUS @,
T T 3T ..
14) 3naueHus yckopeHuss d B MOMEHTBI BpEMEHH t =0, 7 T’T :
15) Moays MaKCUMaIbHOM BO3BPAILAIOIIEH CHUIIBI |F,. |}
Tr T 3T ..
16) KHHETUYECKYIO SHEPTUIO0 B MOMEHTBI BpEMEHH t =0, 73 1 T;
17) MmakcuMaJIbHOE 3HAYCHUE KUHETUUECKON dHeprun . ;
T T 3T
18) moTeHIMaTBHYO YHEPTHIO B MOMEHTBI BPEMEHH t =0, M T;

19) MmakcuMallbHOE 3HAYCHUE MTOTCHIIMAIBHON dHEPTHU E

pmax ’

3T

20) moTHYI0 MEXaHUYECKyI SHEPrui0 E B MOMEHTBHI BpeMeHH t=0, R T,

AIH
Nlﬂ

pe3yJIbTaThl 3aHECTH B Ta0II. 2

21) moctpouts rpaduku 3aBucumoctu x(t), o(t), a(t), E(t), E (1), E() pacnonoxus

OCH, KaK IIOKa3aHO Ha pHucC. 2.

Tadauua 1. Bapuants! 3ananuii
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No YpaBHeHHEe TApMOHUYECKOI0 No YpaBHeHHE TApMOHUYECKOI0
B KoJIe0aHus - KoJ1e0anus

1 X:0,0ZSin(ﬁt),M 18 X:0,03Sin(2ﬂ't),ﬂ/l
2 x=0,02sin(4xt),m 19 x=0,03cos(4rt),m
3 x =0,045sin(27t), m 20 x =0,055sin(7t),m
4 x=0,01sin(4zt),m 21 x:0,03cos(%t M
5 x=0,055in(;rt),m 22 x=0,01cos(%t M
6 x:0,035in(%tj,ﬂ4 23 x=0,01cos(%t M
7 x=0,063in(%tj,m 24 x =0,05sin(37t),.n
8 Xz0,0lSin(%t],M 25 X=0,014COS(7rt),M
9 x =0,02sin(37t), m 26 x=0,043cos(7t), m
10 x=0,01sin(7zt),n 27 x=0,06sin(27t),m
11 x=0,08sin(7t),n 28 x=0,015cos(7t), m
12 x=0,02sin(27t), m 29 x =0,042cos(4rt), m
13 x=0,05c0s(7t),n 30 x=0,05c0s(27t), m
14 x =0,025c0s(47t), m 31 x =0,01sin(37t),
15 x=0,04cos(27t), m 32 x=0,02sin(7t), m
16 x=0,025sin(27t), m 33 x=0,03sin(zt),n
17 X:0,0255in(7rt),m 34 X:0,04Sin(27rt),/w

Tab.uua 2. [launsie qms noctpoenns rpaduxos x(1), v(t), a(?), E (1), E,(t)

T

t

0 _

4

T

2

3r

4

T
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A
X, M
0 >
t,c
v, ﬂ‘
C
0 >
t,c
w1
a, 42
0 >
t,c
Ek,ﬂofc?
0 >
t,c
E,, lbict
0 >
\ t,c
E, I ﬂ
0 |-
! H ' t,C
T T 3T 7
4 2 4
Puc. 2

IIpumep BbINOJIHEHUS

MaremaTn4yecKkruii MassiTHUK MacCcol M =2 ke W JJIAHON ( COBEPIIAET TAPMOHUYECKHE
KoJ1e0aHNs1, ONUChIBaEMbIe ypaBHEHUEM X =0,2c0s(7t), m.

1) amrumatyna 4=0,2 u;

2) baza ¢=rt, pao;

3) HavanbHas paza ¢, =0;

4) TMKIMYecKas 4acTtoTa w, = 1,
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5) JUIMHA MaTeMaTHYCCKOI0 MasiTHUKA: @, = \/§ = (==, (= >=1,014 u;
b4 @, 3,14

6) 4acToTa v =2, y=——=0,51y;
27 2r

7) mepuof T=£, T=i=26‘;
1% 0,5

8) mpu t=0, Xx=0,2c05(e,-0)=0,2-1=0,2 x,

T T 2r T Vg
=~ , x=0,2cos -— 1=0,2c0s| —-— [=0,2cos| — |=0
mrt=g (“’ 4) (T 4) (zj ’
T 2r T
-—_ x=0,2cos| —-— |=-0,2
mprt=g (T zj M
37 2z 3T
-2 x=0,2cos| —-— |=0
npu t 7 (T 4j ,
27
npu t=T x—0,2003(7 TJ:O,ZM
PesynbTaTel 3aHecTH B TA0II. 2.
dx
9) ypaBHEHHE HU3MEHEHHUS CKOPOCTH CO BpeMeHeM v(t) = P 0,27 cos(nt), f% X

10) 3HaueHHnEe MAaKCUMAJIBHON CKOPOCTH Uy, = Aw, =0,2-3,14=0,628 ’% ;uT. /.

21) Ha puc. 3 npuBenEM nMpuUMep MOCTPOCHUs TrpaduKa 3aBUCUMOCTH X (?)

r T 3T 5
4 2 4
Puc. 3
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