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1. KOMHeTeHIII/II/I N  HHIAKATOPbBI HUX JOCTHXKCHHUSA, IPOBEpPHAECMbIC JTaHHBIMHA
OLCHOYHBIMHU MaTepHaAIaMHA

Lenbr0 OCBOEHUS TUCIMIUIMHBI ABIISICTCS (POPMUPOBAHUE CIEAYIOMINX KOMITETCHIIN]:

— OIIK-1 — CnocobeH nmpUMEHSTh €CTECTBEHHOHAYYHbIE U OOILICHMH)KEHEpHbIE 3HAHUS,
METO/Ibl MATEMAaTHYECKOT0 aHaJIH3a U MOJACIHPOBAHUS, TEOPETUUECKOTO M 3KCIIEPUMEHTAILHOTO
UCCIIeIOBAaHUS B MTPO(ECCUOHABHON AEATEIbHOCTH.

Pe3ynpTaTraMu OCBOCHHUS TUCIMILIUHBI SABJISIOTCS CIEAYIOIINE HHIUKATOPBI JOCTUKECHUS
KOMIICTCHIIUH:

— NOIIK-1.1. — Ob6nanaer HEO0X0IUMBIMU €CTECTBEHHOHAY4YHBIMU u
0O0IIeNH)KEHEPHBIMH 3HAHUSMH JUIS UCCIIET0BAHUS MH(POPMAIIMOHHBIX CHCTEM M X KOMIIOHEHT;

—HOIIK-1.2. Hcnons3yer ¢yHOaMEHTAIbHbIE 3HAHUS, MOJYy4YeHHbIE B 00JacTu
MaTeMaTU4YeCKUX, €CTECTBEHHBIX U  OOLIEHMH)KEHEPHBIX HAyK B  MpodeccHoHaNbHOM
JEATeIbHOCTH.

—HOIIK-1.3. TIlpumenser ¢yHAaMEHTaIbHbIC 3HAHUS, IMOJyYeHHbIE B OO0JIACTH
MaTeMaTU4YeCKUX, €CTECTBEHHBIX M OOIIEMH)XCHEPHBIX HAyK Il MOJCTUPOBAHHS W aHAIN3a
3a1a4

2. OneHoYHbIe MaTepHAJIbl TEKYIEr0o KOHTPOJISI M KPUTEPHUH OLlCeHUBAHUSA

DneMEHTHI TEKYLIETO KOHTPOJIS: KOHTpOJbHbIE Bonpockl U 3afaun (MOIIK 1.1).
[To mucruruinHe «MexaHuKay MPeayCMOTPEHbBI OTBETHl Ha KOHTPOJIBHBIE BOIIPOCHL U peIICHHE
3ajady Mo Kaxjaomy pasneny. [IpoBoaurcs B ¢opme HHIAMBHIYaIbHOTO COOECceIOBaHUS, B
nporecce KOTOPOro CTYJEHT J0JDKEH MPOJAEMOHCTPUPOBATh YMEHHE MOJIb30BATHCSI OCHOBHBIMU
MOHATUSAMH, 3aKOHAMU U MOJICJIAIMU OOIIel (U3MKM; NPUMEHSATh 3aKOHBI 00IIel (U3MKU MpH
pereHnn 3a1a4 oOmen pu3nKu

Tema 1. KunemaTuka MaTepnajabHOI TOYKH.

CdopmynnpoBaTh rpaHUIBI TIPUMEHUMOCTH HBIOTOHOBCKOI MEXaHUKH.

Yro Takoe cucrema orcuéra’?

B uém cocrout Mozens MaTepuanbHON TOUKU?

Yro Takoe paanyc-BEKTOp, TPAEKTOPHUsL, ITyTh?

JlaTb omIpenelieHHEe CKOPOCTM M YCKOpEHUs MaTepHalbHOM Toykd. UYTo Takoe

TaHI'€HIIMAJIBHOE ¥ HOPMaJIbHOE YCKOPEHHE MATEPUATILHON TOUKH?

6. JlaTe onpeneneHue yrioBoi CKOPOCTH U YIJIOBOTO YCKOPEHUS MaTEPUATIBLHON TOUKH; KaKk
OHMU CBS3aHbI C TUHEHHOM CKOPOCTBHIO U JINHEUHBIM YCKOPEHHUEM.

MBS

3anaya 1.

Pamnyc- BeKTop TOYKH A OTHOCHTEIBHO Hadala KOOPAWHAT MEHSETCS CO BPEMEHEM IO
sakony 7 = ati —bt> ], rne @ u b - NMONOKUTENBHBIC IOCTOSHHBIE; | U J - OPTHI OCEH X, V.
Haiitu:

a) ypaBHEHHE TPACKTOPUH TOUKH )(X);
b) 3aBHCHMOCTH OT BPEMEHH BEKTOPOB CKOPOCTH U, YCKOPEHHS W M MOAYICH O3THX

BCJIMYHH;

C) 3aBHCHMOCTB OT BPEMEHH yIia ( MEXIy BEKTOpaMH WH U ;
d) cpemHHil BEKTOp CKOPOCTH 3a MEPBbIE ¢ CEKYH] K MOJYJIb 3TOTO BEKTOPA.

3agaua 2.
HeGosbioe Teno OpocHIM MOA YIIIOM K TOPHU30HTY € HA4YaIbHOM CKOPOCTBIO U, .
[penebperasi CONMPOTUBICHUEM BO3/1yXa, HAUTH:
a) mepeMmenieHre Teia Kak QyHKIuo BpeMenu A7 (t);

b) cpenHuit BEKTOp CKOPOCTH <D> 3a epBbIE { CEKYH] U 3a BCE BpeMs JBUKCHUS.



3agaua 3.

YactHiia ABMKETCS B IUIOCKOCTH X) CO CKOPOCTBIO U =i + [fxj , TAe [ U j - OPTHI

oceii X U y; @ U [ - mocTrosHHbIe. B HayaibHBII MOMEHT YacTHIAa HAXOJWJIACh B TOYKE

x =y =0. Haiitu:
a) ypaBHEHHE TPACKTOPHUHU 4acTUIlbl V(X) ;
b) paauyc KpUBU3HBI TPAEKTOPHHU B 3aBUCHMOCTH OT X .

3agaua 4.

Koneco BpalmacTCda BOKpYr HGHOHBH)KHOﬁ OCH, Tak, 4TO YroJi ¢ €ro noBopoTa 3aBUCUT

OT BpeMeHU Kak @ = ft°, tne = 0.20paa

KoJieca B MOMEHT ¢ = 2.5¢, eciii CKOpOCTh TOYKH A B 3TOT MOMEHT U = (.65 % .

Kinroun:
3agaua 1.

B nexaproBom 6a3uce paauyc — BEKTOp TOUKU 7 = Xi + )j , CJI€0BATEIbHO, B TAHHOM CITy4ae

x = at (1
y= —bt?,
BeipazuB u3 (1) = f(x) = X , IOJIy4aeM ypaBHEHUE TPACKTOPHUU
a
=2
T2
)\z _C.l
5= cai - 2byy ;
> - dl_j -
| X WZE:—zb] 5
2\
u:\/u +u§ =+a* +4b*¢? ;

Kak BuaHO U3 pucyHKa:

3agaua 2.
Ecnmu momectuThs Hayamo KOOpAMHAT B TOYKY, M3 KOTOpoM Opocmin

AF(t)=7(1).
F=xi+;

TEIO,

, . Haiitu monHoe yckopenue Touku A Ha 0601e
c

TO



x=[v,dt ={v,dt =v,t;

y=juydt;
v, :Iaydt:ayt+const.

W3 navanbHbIX ycnosuit ¢ = 0; v, =U,, = const =y, ;
a,=-g=>v, =0, —gt.
2

gt
y=[(,, -gHdt =v,t -
Taxum o6pazom
- - gtz - _ - R
r(t):l)oxti +ontj_7j; L, =, 1 +onj; g=-g.
CnegoBaTeabHO
. . gt
r(t)= uot+g—.
2
.\ AF ¥ . gt
At t 2

[TommHoe Bpems aBwkeHHst 7 onpenensercss u3 ycnoBus y =0. To ecTb HEOOXOIUMO PEIIUTH

ypaBHEHHE:
2
_ gt _
~g V,,T = T =0,
a
- T
Uo on — g? =0 ,
20,,
T= >
g
Uy, =7 U,, =0, COs . Kak BUIHO U3 PUCYHKA COS (X MOXET OBITb BHIPOKCH Yepe3 CKAIPHOE
IPOU3BEICHHE U3BECTHBIX BEKTOPOB U,  — g .
g0 2(-8-5,
coser= (BT, 2A80)
gY, g
o= (80
<U> =L, & 2
g
2v,,
T=—;
g
Uy, =7 U,, =0, COS . Kak BU/IHO U3 PUCYHKA COS (X MOXET OBITb BHIPOKCH Yepe3 CKAIIPHOE
IPON3BEACHHE U3BECTHBIX BEKTOPOB U,  — g .
g0 2(-§ 0
cosg = 80D A g o)
gY, g
-\ - — (g : 60)
<U> =L, & 2
g
3agaua 3.

B nexaptoBom 6a3uce



v=vi+v,j,

CHG,Z[OBaTeJIBHO, B JaHHOM CJiy4dac
v, =a,v, =fx.

C npyroit CTOpOHBI, IO OMPEACIICHUIO

dx dx
L,=—=>—=« (1)
dt dt
Pemas muddepennunansuoe ypasHenue (1), ¢ yaéToM HayaabHBIX YCIOBHMA MOTydaeM
xX=at =
X
r=—.
a

dy
v, zzzﬂx:aﬂt:

y=aﬂf%

Taxum 06pa3oM ypaBHEHHE TPACKTOPHU YaCTHUIIBI

y=54 )%

Pannyc kpMBHU3HBI MOYKHO HAUTHU U3 OIPEIEICHUS HOPMAJIIBHOIO YCKOPEHUS YaCTHUL[bI
2

2
anzu—:R:U—.
R a,
02=062+,32x2
a, = az—aT2
e =ava =y = (L apy =o' p
Y dt dt
dv d 1 28%a’%t %o
R R i e X
¢t at 2 a2+ o+ pix

2_

g B o @B
YN gy Jeepe

a2{1+(ﬁ")2}{1+(ﬂx 2}% .

R a o a{l P Z}A

= =—|1+(—)
af p o

3agaua 4.
Boipazum 1oIHOE€ YCKOpPEHHE TOYKH 4Yepe3 €ro HOPMaIbHYI0 M TaHTCHIMAIbHYIO

— a2 2.
a=+la; +a, ;

COCTaBJIAOIIUC:



2
L
a, =—:;
n s
R

U=0wR,

dp d 2
w=—"=—(ft)=20t=>

2 dt(ﬂ )=2p
v=2Rpt. (1)

a, =2BR = const,

n

:—(2R]'ft)2 = 4Rt =

a=+4B°R* + (4R 1*) Q).

IlogcraBum B (2) 3HadeHWe paguyca B 3aJaHHBII MOMEHT BPEMEHHM, BOCIIOJIb30BABIINCH

Uy

ypaBHeHueM (1): R = , IIOJIy4UM

1

2,2 2,2
a = | PO AP D gt

4p%t} 23 4

Tema 2. /luHaMuKa MaTepHATbHON TOYKH.
1. Ilepsbiii 3ak0oH Hpr0TOHA M MHEpLIMATBHBIE CUCTEMBI OTCUETA.
2. Nmnynbc matepuasibHOM TOuku. Btopoit 3akon Hpiorona. Cuna. Ponb HadanmbHbBIX
YCIIOBUH.
3. Tpernii 3axkoH HproTOHA; rpaHuIbl €r0 TPUMEHUMOCTH.

3agaua 1.
Yactuia JBWXKETCS BIOAbL OCH X MO 3akoHy x=at’ —pfBt’, tne a u f-

-

HOJIOXKUTENbHbIE MOCTOSIHHBIE. B MomeHT 7 =0 cuna, meficTByromas Ha 4acTULy paBHA [).
Haiitu 3HaueHue F', cuibl B TOYKaxX IOBOPOTAa M B MOMEHT, KOI'Jla YacTUIA OIATh OKaXKETCs B

touke x =0.

3agaua 2.
2
Aspocrar Maccel m =250xe Hayam OMyCKAaTbCs C YCKOPEHHEM a=0.20M/c :

Onpenenuth Maccy Oannacta, KOTOPBIH ClieyeT cOpOCUTh 3a OOPT, YTOOBI adPOCTAT MOIYUHIT
TaKoe K€ YCKOpeHHe, HO HarmpapiieHHOe BBepX. COMpOTHUBICHNE BO3/1yXa HE YUUTHIBATD.

3agaua 3.

Bbpycok Maccel m TAHYT 3a HUTHh TaK, YTO OH JBMXKETCSA C IOCTOSHHON CKOPOCTBIO IO
A

y




TOPU30HTAIBHON IUIOCKOCTH € Kod(duuueHtoM TpeHus k. Haiitm yron «, mpu kxotopom
HATsDKEHUE HUTH OyZeT MUHHUMAJIbHBIM.

3agaua 4.

Hutb nepexunyta uepes NErkuil Bparmarommiics 6e3 Tpenus 61ok. Ha oqHOM KOHIlE HUTH
MPUKPEIUIEH TPy3 Macchl M, a 1Mo Jpyroi CBHCAIOIIeH YacTH HUTU CKOJIB3UT My(PTOUYKa Macchl m
C TIOCTOSIHHBIM YCKOpPEHHEM a' OTHOCUTEJIbHO HHUTH. HaliTh cuimy TpeHus, ¢ KOTOpOW HHTh
JEeUCTBYET Ha MY(PTOUKY.

Kiroun:
3agaua 1.
ITo BTOpOMY 3akoHy HblOTOHA:
d’x
F.=m—- ;
dt

F. =mQa—6pt).
(1

[To ycnouto 3amaum mpu =0 F =F,, cinegoBarenbHo, u3 (1) MOXKHO BBIPa3UTb Maccy

YaCTULIBL: M = 2—0 B pesynbrare nomaydaeM 3aBUCUMOCTb CUJIBI, IEHCTBYIOLIEH HA YaCTULLY, OT

a
FO
BPEMCHHU: F =—QRa-6pt).
T 2a
)
B Toukax MoBOpoOTa CKOPOCTH YaCTHIIbI IOJDKHA ObITH PaBHA HYIIIO, TO €CTh
dx
—=0=2at-3pt> =0
dt

200
1 B MOMCHT IIOBOpOTa { = = 3— . Takum 06pa3oM, cuiia B MOMEHTHI TIOBOPOTA:

F 2
F,=-"Qa-68-2)=-F,
2a 38
a
VYcenoBue x =0 BBINOTHSIETCS IPU { = E , CII€IOBATEIBHO
F,=-2F,

3agaua 2.
3anuiieM ypaBHEHHUs JIBHKEHHS a’pocraTa J0 M mocie coOpacbiBaHMs 3a 60pT Oanacra,
0003HaYMB Maccy a3pocTara 1ocie copacbiBaHus OajiacTa i, :

mad = F +mg (1)
m,d =F +mg )
Torga npoekuyy ypaBHEHUN HAa OCb ) CUCTEMBI KOOPAMHAT XO) , CBA3aHHOM C IIOBEPXHOCTBIO
3eMi, UMCIOT BHI;
—ma=-mg+F 3)
it ypaBHenust (1) u
ma=-mg+F 4)
it ypaBHeHust (2). Beruurtast u3 ypaBuenus (3) ypaBHeHue (4), noiaydaem
—ma—-ma=-mg+mg. (5)



Jnst Toro, uyToOBI BBIAENUTH UCKOMYIO Maccy Oamnacta Am =m —m, IpubaBUM K JICBOH U
npaBoi yacTu ypaBHeHus (5) ma . B pe3ynbraTe umeem:
Ama —ma = —-Amg + ma =

A = 2ma

g+ta
3agaua 3.
[TockonbKYy CKOPOCTh OpyCKa MOCTOSIHHA, €T0 YCKOPEHHE PaBHO HYIIO U CIIEI0BATENBHO,
ypaBHEHHE JABIKEHUS LIEHTPa Macc OpycKa UMeeT BU:
F+FE,=0.

B npoeknusx Ha ocu

Fcosa—F,=0

Fsima+N-mg=0 =
N =mg — Fsina.

E,=kN =
Fcosa+ kFsina—kmg=0 =
kmg

cosa + ksina’
HUccnenyem monyuennyo Gpyukiwpo F () Ha MUHEMYM:

( kmg )—O
da \cosa + ksina/

kmg(k cosa — sin a) B

(cosa + k sina)? =
kcosa =sina =
. 1 1 1 1
tana = k; sina = == :ocosa = 2:\/ >
\/1+(cota) \/1+1/k2 \/1+(tana) 1+k
kmg kmg

Fmin_< 1 + k2 ): ,—1+k2
V1i+k? V1+k?

3agaua 4.

Ha terno m co cTopoHbI HUTH IEHCTBYET U JEHCTBYET CUJIA I:";p CJI€A0BATEIbHO, COIVIACHO
TpeTbeMy 3aKOHY HbIOTOHA, Ha HUTb CO CTOPOHBI Tejla TaKXKe ACUCTBYET CUIIA, paBHas IO
Moy Fip, HO HanpasyieHHas BHU3. Co CTOPOHBI Tena M Ha HUTH JEHCTBYET CuIla, paBHAs 110
MOZYIIO CHIIE HATDKEHUS T. Takum oOpa3oM Ha 000N y4acTOK HUTH Am IEHCTBYIOT CHIIBI
FT u T. 3amumrem Uit aeMenTa Am BTopoit 3akoH HeroToHa:

Amd =T + FTp
Torna, B mpubnmxenun HeBecomMocTd HUTH (Am = 0), T = Fy,.
3anuieM A pacCMaTpUBAaEMbIX TEJl YPAaBHEHMsI JBUKEHHS LIEHTPA Macc B CHUCTEME
OTCUY€Ta, CBS3aHHOM C 3€MJIEH, B IIPOCKIUHU HA OCb V:
—Ma = F, p — Mg
m(a—a') = K, —mg,
B NPUOIMKEHUHM HE PACTSDKUMOCTH HHUTH, HUTh, IO KOTOPOW CKOJIB3UT MY(TOUKA, JBHIKETCS

OTHOCHUTECJIIBHO 3€MJIM C TEM K€ YCKOPEHHUEM A, YTO U TEIIO M.

Erp
a—g—ﬁ:



E
m<g——p—a’)=FTp—mg

m !
FTp(M+ 1) = 2mg — ma
_mM(2g —a’)
T M+m

Tema 3. Cucrema MaTepuaIbHBIX TOYEK. 3AKOH COXPaHEHHS MMITYJIbCA.
1. CdopmynupoBaTh 3aKOH COXpPaHEHUS UMITYJIbCA.
2. CdopmynupoBaTh IPUHIIUIT OTHOCUTENbHOCTH [ anmies.
3. Jatp ompeneneHHe ILEHTPAa Macc CHUCTEMBI;, CPOPMYIUPOBATH TEOPEMY O JBHKCHUU
LIEHTpa Macc.

agaua 1.
JIBe OJMHAKOBBIE TEJIEXKKHU ABIDKYTCS APYr 3a ApyroMm (0e3 TpeHus) ¢ OAHOM M TOHl ke

ckopoctbio V. Ha 3amHel Teiekke HaXOOUTCS 4YEJIOBEK Macchl m. B HEKOTOPBIM MOMEHT

YEJIOBEK IIPBITHYII B IIEPEIHIOI0 TEJIEKKY CO CKOPOCTBIO U OTHOCHUTENILHO CBOEH TENeKKU. VMes
BBHJly, YTO Macca KaXJOH TEIeKKU paBHA M, HaliTWU CKOPOCTH, C KOTOPHIMU OYIyT ABUTaThCS
00€ TEeJIeKKHU TOCIIE 3TOTO.

3agaua 2.
[TnoT Maccel M ¢ 4en0BEKOM MacChl M MOKOUTCS HA TOBEPXHOCTH Ipyaa. OTHOCUTENBHO

IUIOTa YEJIOBEK COBEpIIAET MepeMelleHne T co CKOPOCTBIO Vi(t)u ocranammBacres.
[Ipenebperasi CONPOTUBICHUEM BObI, HANTH:

a) IepeMEIEHUE [ II10Ta OTHOCHTENBHO Oepera;

b) TOPU30HTAIBHYIO COCTAaBJISIIOIIYIO CHIIBI, ¢ KOTOPOHM YeIOBEK JEHCTBOBal Ha IUIOT B
IPOLIECCE ABUKEHUSL.

3agaua 3.
Yactuna 1 cTomkHyNnack ¢ 9acTUIEH 2, B pe3yabTaTe 4Yero BO3HUKIIA COCTaBHAS YaCTHUIIA.

Haiitu e€ ckopocth V 1 Monmyib CKOpOCTH, eciii Macca y yacTuisl 2 B 11 = 2.0 pasza Oosnblie
Macchl 4acTUIbl 1, a X CKOPOCTH MEpei CTOJIKHOBEHHEM COOTBETCTBEHHO paBHbL: Vi = 2T +
3J; V, = 47— 5], rie KOMIOHEHTBI CKOPOCTH JiaHbl B cucteme «CH».

3agaua 4.
UYepes OMOK mepeknHyTa BepEBKAa, Ha OJHOM KOHIIE KOTOPOH BHUCHT JIECTHHIA C
YEJII0BEKOM, Ha JAPYrOM — ypaBHOBEIIMBAIOLIUN Ipy3 Macchl M. UenoBek Macchl m COBEPIINI

nepemeleHue |’ OTHOCUTENIBHO JIECTHHIIBI BBEpX U octaHOBUIICA. [Ipenebperas maccamu 6J0Ka
U BepEBKH, a TAKXKe TPEHUEM B OCH OJI0OKa, HAlTH NEepeMeEIleHUe LIEHTPa Macc 3TOM CUCTEMBI.

Kuaroun:

3agaua 1.

PaccmotpuM cucreMy Tem: «JBE TENEKKH + 4yenoBek». [I0CKOJIBKY B TOPU30HTAIBHOM
HAIIpaBJICHUH BHEIIHHWE CWJIBI HAa CUCTEMY HE JEHUCTBYIOT, BBINOJHACTCA 3aKOH COXpPaHEHUs
HMITYJIbCA = CYMMApHBIN UMIYJIbC CUCTEMBI B MOMEHT BPEMEHH, KOT1a YEJIOBEK HAXOIUJICS HA
3aIHEH TEJEKKE, paBEH UMITYJIbCY CUCTEMBI B MOMEHT BPEMEHH, KOTJla YEIOBEK ABUKETCS yKe
BMECTE C IEPEIHEN TEIECKKON:

(M +m)Vy + MV =MV, + (M + m)V;, (1)



PI(S W 5 172 CKOpPOCTH 3aJHEN U NEPEIHEN TEIICKEK MOCIIE B3aUMOICUCTBHUS.

JIns monydeHus enié oqHOTO ypaBHEHHSI PACCMOTPUM CHUCTEMY TEII: «3aJHSS TEJIEkKKa +
yenoBek» . CyMMapHbIil UMITYJIbC 3TOW CUCTEMBI B MOMEHT BPEMEHH, KOTJIa YEJIOBEK HAXOAUIICA
Ha 3aJIHEW TEJEkKKE PAaBEH CYMMAapHOMY UMIYJIbCY B MOMEHT BPEMEHH, KOTJJa HEMOCPEICTBEHHO

MOCJIe TPBDKKA, TENEKKAa JBIKETCS CO CKOPOCThIO V;, a 4emoBeK B BO3AyXE IBUKETCS CO
CKOpPOCTBIO U OTHOCUTENBHO TEIEHKKHU:
M +m)V, =MV, +m(V; +0U) ()

(M+m)vo)—ml_])=(M+m)W =
V=V —— 0
P70 m4Mm

IToacraBUM MOJTydEHHOE BBIpaKE€HUE AJ1s CKOpocTH V; B ypaBHeHue (1):

+M
AR AL
2770 T (M +m)?

3agaua 2.

[TOCKONILKY Ha CHCTEMY <«4YEIOBEK -+ IUIOT» B TOPM30HTAJILHOM HAIPABICHUH HE
JEACTBYIOT BHEIIHHME CHJIbI, MOJOKEHHE LEHTPA MAcC JTOM CHUCTEMBI OTHOCUTENLHO Oepera
OCTaéTcs HEU3MEHHBIM: T, = const u dr, = 0.

_, mr,+ Mn,
o T M +m
rae 7, U T, — paanyc-BEKTOPHI LEHTPOB MACC YEIOBEKA M IIOTA B CUCTEME OTCUETA, CBA3AHHOM
c beperom.

)

IIycts 7', ompenenser MmojoKeHHe LEHTPA MACC YEIOBEKA OTHOCHTENLHO LIEHTPA MACC IIOTA,
TOorga

-, T

Ln=r+1ry =
_m@E+1'y) + My

—

¢ M+m
__mratMAmE
= M+ = cons
—  mdr'. + (M +m)dr.
dr, = 1t ( ) =0 >
M+m
(M+m)fdﬁ=—mfdﬁ >
= ™7
 om+ M

V3MeHeHre MMITyJabca IJIOTa OTHOCUTENBHO Oepera MpOMCXOMUT 3a CUET JEWCTBUS Ha HEro
CHJIBI B IIpOIIecCe JABIKEHUS YeroBeka. TakuM oOpa3oM, HCKOMast cuia:

s _dh
T dt’

rzae B, - uMnynbe mioTa OTHOCUTENbHO Oepera. CienoBaTeNnbHO:




- dz) Mm dl_’) Mm -
=M= Tt mam’ D2
5 Mm dV'(t)
F==
3agaua 3.
3aKOH COXpaHEeHHUs UMITYJIbCa JUIs a0COJIOTHO HEYNpPYyroro ynapa:

m(1 +n)V =mV, +nmV, =

Vi + MV, 20+ 3]+ 4ni—5nf

V= 1+n 1+7
7 21(1 +2n) +j(3 —5n)
1+n
4(1+ 2n)? + (3 — 51)?
(1 +n)?

3agaua 4.
B cucreme orcuéra, CBSI3aHHOM C IIEHTPOM OJIOKA, IMOJ0KEHUE IEHTPa Macc:
. M +mr,+ M —-m)r;
fe = M+m+M-m) '’
1€ 7,7, U T3 - Pauyc-BEKTOPHI [IEHTPOB MACC TPy3a, YEJIOBEKA U JIECTHHI[BI COOTBETCTBEHHO.
. MAT +mAr, + (M — m)Ar;

e 2M
AT = —AT3
AT = AT+ 1 =
- m —
ATC :ml .

Ilox neiictBueM kakoil cuibl LEeHTp Macc nepememaercsi? Korga uenoBek HauumHaeT
JBUTaThCs, OH JEHUCTBYET C JOIOJHUTEIBHOW CHJIOW, HAalpaBICHHOM BHH3. B pesynbrare
HATSDKEHWE BEPEBKM BO3PACTAET M BHEIIHSSA CWIA, JCUCTBYIOLIAS HAa CUCTEMY CO CTOPOHBI
Mo/IBeCca, OKa3bIBACTCSl OOJBIIE CyMMAapHOW CHIIBI TshkecTH. [1o3TOMy pe3ylnbTUpyHOmas BCeX
BHEITHUX CWJI OyJeT HampaBlieHa BBEPX, YTO U OOyCIOBIHMBAET TEpEMEIICHUE BBEPX IEHTpA
MaccC BCEU CHCTEMEI.

Tema 4. PaboTa. Momnoctb. Knunernueckasi 3neprus. [lorennuanbnas sHeprus.
1. Yro Takoe paboTa M KHHETUYECKAsk SHEPTUS; KAKOBa CBSI3b MEXK1Yy HUMU?
2. KoHcepBaTUBHbIE CUJIBI U IOTEHLIMATIbHASI SHEPT U4
3. CdopmynupoBaTh 3aKOH COXpAaHEHHS MMOJTHONH MEXaHUYECKON YHEPTUU CUCTEMBI.

3agaua 1.

HebGonpimas maitba maccet m = 50r, ecnu €€ Mook UTh Ha MIEPOXOBATYIO MTOBEPXHOCTH
nosrycepbl, HAYMHACT CKOJB3UTh Ha BbICOTE hy = 60CM OT TOPU3OHTAIBHOTO OCHOBAHMS
nosycdepst. [Ipogomkas ckoIb3UTh, aiida OTphIBaeTCS OT morycdepsl Ha BeICOTE h, = 25cM.
Haiitu paGoty cui TpeHus, NeHCTBYIOIUX Ha MIaif0y MpH €€ CKOJIbKESHUH.

3anaya 2.

He6onbmomMy Teiry Maccsl m, HaXOAAIIEMYCSl Ha TOPU30HTAIbHON TIOCKOCTH, COOOITMIIN
ckopocth Vy KoadduumeHnt Tperns 3aBUCUT OT MPOHAEHHOTO MyTH S 10 3aKOHYy kK = aS, rae
a = const. HaiiTu MakcCuMaJIbHyI0O MTHOBEHHYIO MOIITHOCTb CHJIbI TPEHHUS.



3agaua 3.
IloreHnmanpHas >HEPrus 4aCTULBI B HEKOTOPOM IoJie umeer Bua U = a/ 2= b/r, rae
a U b MoJIO)KUTENbHBIE TIOCTOSHHBIE, 7' - PACCTOSHUE OT LieHTpa nouisd. Haiitu:
a) 3Ha4eHHE 7T, COOTBETCTBYIOLIEE PAaBHOBECHOMY IIOJIO)KEHHIO YAaCTHUIIbl; BBIICHUTH
YCTOMYMBO JI ITO IOJI0KEHHUE;
b) MakcHMMallbHOE 3HAYECHUE CHUJIbI IIPUTSKECHHUSL.

3agaua 4.
YacTtuna Maccbl m ABUKETCS 10 OKPYKHOCTH paauyca R ¢ HOpMaJIbHBIM YCKOPEHUEM, KOTOPOE
MEHSETCS CO BPEMEHEM 0 3aKOHY d, = at?, rae a — const. HaliTu 3aBUCHMOCTH OT BPEMEHH
MOIITHOCTH BCEX CHJI, IEUCTBYIOIINX HA YACTHUILY, a TAK)KE CpeHEE 3HAUCHHE 3TOM MOIIHOCTH 3a
nepBble ¢ CEKYH/]I TOCIe Havaja ABMKCHUSL.

Kuaroun:

3agaua 1.

mV}
ATp = mg(hz - hl) + 2
3anuiieM ypaBHEHUE JBHKEHHS IIEHTpa Macc IIaiObl B
IIPOEKLIUU HA OCb R:
my?
mg cosa — N = ma, =R

B MoMmeHT oTpeIBa maiidbl OT HOBEPXHOCTH NOJTyChephl HA
BbICOTE h, cuiia peakiuu onopsl N = 0 =
2
V;
mgcosa = —
g R

Ho, kxax cienyer u3 pucyHka,

cosa =
[Toaromy:
h, mV;
MR TR
mV} = mgh, =
h
Ary = mg(hy = b)) +mg =
3
ATp = mg <§h2 - hl)'
3agaua 2.
N, =F_Tp)-l7= —kmg -V
av g
m—- = —aSmg
v ds dt ds
= — > = —
dt %4
deV =— | gaSdS
& S?
7 = —ga7 + C



V§

korga S =0, V =V, cnegoBarenbHo, C = >
V= ’VOZ — gas?
N(S) = aSmg ’VOZ — gasS?
dN d
N0 Yoczp2 4y _
g 0; dS(S Vi —gaS*) =0
2SV¢ —4gasS® =0
Vo
S =
J2ga
A gaVi
N. = mga vz —
max g m 0 zga
mV?
Nmax = TO\/ ga
3agaua 3
au 2a+ b 1 (b Za) 0 2a
—_— —— —_—= — —_—) = = = —
dr r3 r2 r2 r To b
leU [6a zb] 2<3ab b)>0
- =|l6——2— =—(—— =
dr? rero rt Tr3lL, ri\2a
[U]r=r0 = Umin >
YTO COOTBETCTBYET IOJIOKEHHIO YCTONYHNBOTO PABHOBECHSL.
_ au _ 2a b
T dr  r3 r2
dF 2a/3a 3a
= b)=0= T =
B b? /2ab e b3
max — gq2 ( 3a )  27a?

Uccnenyem dyukrmu U(r) u F.(r) st moctpoeHus rpaduKoB:
a 2a

1,a
U:;(;—b)z():)ru:ozg; TOZT:UB'(rO):Umin; r—=0U- oco.
2 b
rF=0=7a; r—0 F - oo Tm =2, F(r,,) = Fpin.

3anaya 4.
PaboTta Bcex NEHCTBYIOIMIMX B TEUYEHHE KAaKOTO-TO BPEMEHH HA YacTHUIy CWJI, paBHA
MPUPALLCHUI0 €€ KMHETHMYECKOW HHEpruu. B HayanbHBII MOMEHT BPEMEHM KHUHETHYECKas

OHCPTUA YaCTULIbI PaBHATIACH HYJIIO, IIOCKOJIBKY
2

a, = at? =% V? = Rat?
CreoBaTesbHO, B JIIO00 MOMEHT BPEMEHHU MPHPALICHUE KHHETHYECKOH SHEPTUH
2
mV

AT =
2

[Toaromy:




Nt=E=mRat
(N)—A _maRt
At 2

Tema 5. MoMeHT CHJIbI H MOMEHT HMITYJIbCAa OTHOCUTECJIbHO TOYKH H OTHOCUTECJIBHO OCH.
MoMeHT HHEPIHUU. YPaBHeHI/le BpamaTeJbHOro IBM>KCHUA OTHOCHUTEC/IbHO HeNOABHKHOM
ocCH.

I. MomeHT cuibl W MOMEHT WMIYJIbCa OTHOCHUTEIBHO HEMOJBHKHOIO Havajla u
OTHOCHUTEJIbHO HEMOJIBUKHOM OCU. Y PaBHEHUE MOMEHTOB.

2. UYro Takoe MOMEHT UHEPIUH, €r0 (PU3NYECKHI CMBICIT?

3. 3amucaTh ypaBHEHHE BpalIaTeNIbHOTO JABW)KCHUS a0CONIOTHO TBEPJAOTO  Tena
OTHOCHUTEIHLHO HEITOIBMIKHOM OCH.

4. CdopmynupoBaTh 3aKOH COXPaHEHUSI MOMEHTA UMITYJIhCA CUCTEMBI.

3agaua 1.

K Touke pamuyc-BEKTOp KOTOPOM OTHOCHTENLHO Hadana Koopauuat O paBeH T = al +
bj, upunoxena cuna F = AT+ BJ, rac a,b, A, B - nocrosussie, i, ] - opTsl oceil x 1 y. Haiftn
MoMenT M u medo | cunsl F - oTHOCHTENBHO TOUKH O.

3agaua 2.
MoMEHT uMITyJbCa YaCTHUI[bl OTHOCUTENIBHO TOUKH O MEHSETCS CO BPEMEHEM I10 3aKOHY

-

L =d+ bt?, rane d u b - NOCTOAHHBIE BEKTOPHI, TIPUYEM BEKTODP d MEPHEHIUKYISIPEH BEKTOPY

!

b. Haiitu oTHOCHTENHHO TOYKHM 0 MOMEHT CHIIBI, JIEHCTBYIONIEH Ha YacCTHILy, KOTJa Yrol &
MEXK/Ty BEKTOpaMU OKaXETCsl paBHBIM 45 rpagycam.

3agaua 3.

'opu3oHTaNBHBI TOHKMHA OJHOPOJHBIA cTepkeHb AB Maccel m u JuMHBI | MOXer
CBOOOJHO BpalIaTbCcs BOKPYr BEPTUKAIBHOW OCH, MpoXonsied uepe3 ero konen A. B
HEKOTOPBIM MOMEHT Ha KOHEIl B Hayana JeHdCTBOBATH NOCTOSIHHAS CHJIA F , KoTopasi BCE BpeMs
MEPIEHIUKYJIIPHA K IEPBOHAYAIBHOMY ITOJIOKEHUIO ITOKOUBIIErOCs CTEP’KHS M HAIpaBJICHA B
TOPU30HTAIBHON TNIOCKOCTH. HaliTH yrioByto CKOPOCTh CTEPXKHS KaK (PYHKIIHIO €ro yria

3agaua 4.

OmHOPOIHBIN HMIMHIP paanyca R pacKpyTHUIM BOKPYT €ro OCH 10 YTJIOBOM CKOPOCTH W
U 3aTeM MOMeCTWIH B yroJl. KoappuuueHT TpeHuss Mexay CTeHKaMU yrila U [MUINHIPOM paBeH
k. Cxonbko 060pOTOB clienaeT UUIMHAP 10 OCTAaHOBKU?

Kuaroun:

Bagaua 1.



|

M= (aB — Ba)l_c)

=#xF = (al+ b)) X (AT + B)) = (aB — bA)I x| =

Mopayns MOMEHTA CHJIBI MOXKHO MPEACTaBUTh KaK MPOU3BEICHUE MOYJIS CHIIbI HA TIEYO
CWIBI [, KOTOpOe OmpeeNnseTcs KaKk KpaTJaiilliee pacCTOSHUE OT TOYKH O 10 JHUHHUH JIEHCTBUS

cuibl. Kak cnemyer w3 pucyHka: [ =rsina. C apyroil CTOpPOHBI, MOIYlTh BEKTOPHOTO
npousBeaeHus: M = Fr sin a. Takum oOpazom,
M = FL
M = aB — bA
F = \/m =
aB — bA

| = ———
VAZ+ B?

3agaua 2.
M= dL _ 2bt
==

M-ZzMLcosa =

t~l

M-
cosq@ = ——
L

V2 2b2%¢3

cos45°=—=
2 Ja% + b2t} - 2bt,

4b%t; = 2a® + 2b%ty =

b= a
® b
W(45°) = 25 |/,

3agaua 3.



3anuiem YPaBHCHUC BpallATCIbHOIO0 ABHXXCHUA CTCPKHA OTHOCHUTCIBHO OCHU Z,

IIPOXOsLIei uepes ero koHen 4.

I—=M
dt z

M, =IFsin(>—¢) =1
;= Fs;n(z—(p)— cI;cosq)
e = dt L4

w=—
dt w

Iwdw = lF cosp do
2

)
Ifwda) = lchosqid(p; 17=Flsin(p+C
t=0F=0>=>¢=0uw=0=>C=0.

Onpe;[eJmM MOMCHT HHCPLUUHU OIAHOPOJHOI'O CTCPIKHSA. I[J'DI 3TOI'0 BBIACIUM Ha

A
| - R >
> S X
i x g

dx

PAcCTOSIHUM X OT OCH JIEMEHT CTEP>KHS dX, KOTOPBIH MOXXHO CUMTATh MaTepHaATbHON TOYKOM
maccel dm. Torga:
l

m m ml?

dl = x*dm, raedm =—dx = Iz—fxzdxz—
l l 3
0

ml? 6F sin @

TwzzFlsin(p > o= —

3agaua 4.



> N
E Tp2 —= R
N,
—>
_ vmg
Pk ,
E Tpl X

Yucno 060pOTOB HMIIMHAPA 10 €M0 OCTAHOBKH MOYKHO OTIPENICIUTD U3 YCIOBHS:
.
21

TA€ () — YrOJI, HaA KOTOPBIN IOBEPHETCS LUWIMHP 3a NIEPUOJ] BPEMEHHU OT Haydaja JBHKECHHUS 10
OCTaHOBKH.
IIpeanonoxkum, 4YTO HaydajabHas YIJIOBAas CKOPOCTh HampasieHa «K Ham». Ha mwimanp B
IIPOLIECCE ABMXKEHUSI IEHCTBYET MOMEHT CUJI TPEHMSI, HAPABIEHHBIN «OT Hacy. CieqoBaTenbHo,
YpaBHEHUE BPAILATEIbHOTO ABUKEHUS B IIPOEKIMM HA OCb, COBIIAJAIOIIYIO I10 HAIPABICHUIO C
HayaJIbHOM YIJIOBOM CKOPOCTBIO, UMEET BUL:

dw
W= SN dt = N
dt W
mR?
mR w?
— 5 ="+ R)e+ G
Havaneheie ycioBus: ¢ = 0, w = wy =
mR
C = ng = MOCKOJIBKY IIpU @ = @) w = 0, nosyyaem:
___mR 2
SRR AR

CI/IHBI TPCHUA OIIPCACTIUM U3 YPABHCHUA ABUKCHUSA HCHTPA MAaCC CUCTCMBI:
m§+N1+N2 +F1+F2 :O

B MMPpOCKOUAX Ha OCH KOOPAWUHAT:
OChb X: NZ_F:[:O:) N2:F1

ocby: Ny +F,—mg=20
F1 = kN1 = NZ = kN1
FZ = kNZ = k2N1 =

N1+k2N1_mg:O



mg kmg

Mt VT
kmg k*mg
Do T e

_ mRwj(k* +1)
Pre = 4kmg(k + 1)

_ Rwg(k?* +1)
"= 8rkg(k + 1)

Tema 6. HennepumaJibHbIe CHCTEMBI OTCYETA.
1. Yto Takoe MHEpLUAIbHBIE U HEMHEPLUAIbHBIE CUCTEMBI OTCUETA.
2. BgecTu noHsiTUE CUJI UHEPLIMH.

agaua 1.

Yenosek Macchl m=60Kr UIET paBHOMEPHO MO NepU(epur TOPU30HTAIBHON KPYroBOM
wiargopmel paaumyca R = 3.0M, KOoTOpylo BpamiaiT ¢ yrioBoil ckopocteio w = 1.00 pa,q/c
BOKPYI BEPTUKaJIbHOM OCH, IpoXojdaumer uepe3 e€ ueHTp. HaWTu TropHU30HTaIBHYIO
COCTaBIIIONIYI0 CHJIBI, JEHCTBYIOIIEH Ha 4YeloBeKa €O CTOPOHBI IJIaT(opmMbl, eciu
pe3yAbTUPYIOLIAs CUJI MHEPLIMH, IPHIIOKEHHBIX K HEMY B CHCTEME OTCUéTa «IiaTdopmay, paBHa
HYJIIO.

3agaua 2.

I'opu3oHTanpHBIM AMCK BpallaloT C yYIVIOBOM CKOpocThio w = 6.0 pa,q/ c BOKpYyr
BEPTUKAJILHOW OCH, NPOXOJALIeH dyepe3 ero neHrp. [lo onHoMy U3 1uaMeTpoB JUCKA ABUKETCS
HeOombIinoe Teno Macckl m = 0,50Kr ¢ MOCTOSIHHOH OTHOCHUTEIBHO JHCKa CKOpocThio V' =
50 M/ HaiiTu cuiy, ¢ KOTOpPOM IHMCK JAEHCTBYET Ha TEJIO B MOMEHT, KOIJa OHO HAXOJHUTCS Ha
paccrossHuu © = 30CM OT OCH BpallEHUS.

3agaua 3.
IToe3zn maccer m = 2000T nBukeTcs Ha ceBepHOU mupoTe ¢ = 60°. Onpenennuts:
a) Monynb U HanpaBiIeHUE CHIIBI OOKOBOTO JaBJICHHS HA PENbCHI, €CIIM OH JIBUXKETCS BJIOJb
MepHINaHa co CKopocThio V = 54 KM/ -
b) B kakoM HampaBJIEHHUH U C KaKOW CKOPOCTBIO JIOJLKEH ObUI ObI ABUTaThCS MOE3]1, YTOObI
pe3yIbTUPYIOLIasl CUjla HHEPLUH B CUCTEME O0TCUETa «3eMJishy Oblila paBHA HYIIIO.

3agaua 4.
I'opu30HTANBEHO pacHoIOKEHHBIM TINAAKUl cTepkeHb AB BpalaloT C YIJIOBOH CKOPOCTBIO

w = 2.00 pa,q/ c BOKPYI' BEPTUKAJIBHOM OCH, MPOXOMSIIEH uepe3 ero KoHel A. MO CTEpXKHIO
cBOOOJTHO CKONB3UT My(drouka maccel m = 0.50kr, ABMXKymascs U3 TOYKH A ¢ HayaubHOU
ckopoctbio Vy = 1.0M/(.. Haiitu neiictByronryio Ha Mydrouky cuiay Kopuonuca (B cucreme
oTcY€Ta, CBS3aHHON C BpAIIAIONIUMCS CTEP)KHEM) B MOMEHT, KOrja My(Todka OKa3ajach Ha
paccrosiHuu 1y, = 50CM OT ocH BparieHus



Kuroun:

3agaua 1.
[TockonbKy HBHKEHHE TIO OKPYKHOCTH TIPOUCXOJUT C TMOCTOSTHHOH TI0 MOJIYIIO
CKOPOCTBIO, TIOTHOE€ YCKOPEHHE PaBHO HOPMAIbHOMY YCKOPEHHIO U ypaBHEHUE JIBHIKEHUS

— —
LeHTpa Mace (C y4€ToM TOTO, 4TO IO YCIOBHIO 3a1aun Fy + F g = 0) wnmeeT BUL:

N
ma, = F,
rae F — uckomas cuiia, IEHCTBYIOMIAS Ha YeIOBEKa CO CTOPOHEI IIAaT(GopMbL. CIIe10BaTeIbEHO
mV'?
=F.
R

CKOpOCTB onpeacIiMM U3 YCII0BHA PAaBCHCTBA IO MOJYJIIO CUJI HHCPLIUU:

)
2mV'w = mw?R = V' = 7

mw?R
F == T == 45H

3agaua 2.

|

mg
HOCKOJ’ILKy TE€JIO0 OTHOCHUTCIBHO OMCKa
JABUXKETCA C MOCTOSIHHOM CKOPOCTBIO, B CUCTCMC oTcuéra «IUCK» CyMMa BCECX HeﬁCTBYIOHlPIX Ha
TCJIO CHUJI paBHA HYIIIO. CJ'ICJZ[OBaTeJ'ILHOZ
S — _
Fe+Fg+mg+N=0

N
[TosTomy cuna N, ¢ KOTOpOi AUCK AEHCTBYET Ha TEJIO:



N = —(F; + Fyg + mg)
Bce Tpu cuibl B3aMMHO NEPIIEHIUKYISPHBI =
2
N = J (F)? + (Fyg)” + (mg)?
N = m\/g2 + w*r?2 + (2V'w)? = 8H.

3agaua 3.

Puc. 1 Puc. 2

1?),c = 2m[l7, 5]

Kak cnemyet u3 puc.l, cuna G0KOBOTO JaBieHHs moe3na (KOTopasi ONMpeAemseTcs] CUIOM

Kopuonuca) Bcera neiicTByeT Ha MpaBblil 1O X0y MOE3/1a PeibC.
F, = 2mVw sin ¢ = 3.8kH
Jlnist TOro, 4ToOBI PEe3yNbTUPYIOIIAs CHJIa MHEPIMU ObLIa paBHA HYIIO, MTOE€3]] IOJDKEH JBUTaThCS
TakuM 00pa3oM, 4YTO HampaBieHue cuisl Kopuonuca oOKa3bIBae€TCsl MPOTHUBOIOIOKHBIM
HANpaBJICHUIO IEHTPOOEKHOW cuibl uHepiuu. CrenoBarenbHO (puC.2), MOE31 ABHXKETCS IO
napajuiesy ¢ BocToka Ha 3anaj. [Ipu atom Fy = Fie.
F, = 2mVw; Fug = mw?r = mw?R cos ¢

wR
V= — s = 420 KM/

3agaua 4.

—_—— ——



F_k) = 2m[17, a_}]
Fr =2mVw
CkopocTb My(TOUYKM Ha pPACCTOSHUU T ONPENeNIUM U3 YCIOBHS, 4YTO H3MEHEHue e¢
KUHETHUYECKOM DHEPrUU B CHCTEME OTCYETA, CBSI3aHHOM CO CTEPKHEM, IMPOUCXOJIUT 3a CUET
paboThI HeHTpoOexKHOM cuibl nHepIMH (cuia Kopuosmca paboThl He COBEpIIacT).

L&t L&t
mV?  mV§ s — )
— = | Fy-dr = | mowrdr
2 2
0 0
mV? mV¢ mo?r?

2 2 2

V= ’VOZ + w?rf

2

Vo
Fp, = 2mw?r |1+ <—) = 2.8H
wr

Tema 7. CnenuajbHasi TEOPUsSI OTHOCUTEIbHOCTH.

1. CdopmynupoBaTh MOCTYIATHI CHIEHUATBHON TEOPHUH OTHOCUTEIBHOCTH.

2. 3amucath npeoOpazoBanus JlopeHma. B 4éM cOCTOUT TOPEHIIEBO COKpAIleHUE JUIUHBI U
ad ekt 3amenIeHus] BpeMeHu?

3. Uro Takoe mpoctpaHcTBO MuHkoBckoro? Kakas ¢u3ndeckas BelWUMHA Ha3bIBACTCS
untepBasiomM? Iloka3aTh, YTO HHTEPBAJ SBJISAETCSI HHBAPUAHTOM.

4. Yto0 Takoe pelsITUBUCTCKAs Macca; pelsTUBUCTCKUN UMITYJIbC?

5. CdopmynupoBaTh 3aKOH B3aMMOCBSI3M MacChl M 3HEpruu. UYTo Takoe Macca IOKOs,
SHEPrUst MOKos?

6. Tlokasarb, uto E2 — p2C? sBisieTCS NHBAPUAHTOM.

3agaua 1.
CobCcTBEHHOE BpEMSI XKM3HM HEKOTOPOW HecTabwunbHOW YacTuubl At, = 10Hc. Kakom nyTb
nponeTuT 3Ta YacTuua 4o pacnaga B nabopaTopHON CUCTEME OTCYETA, rae eé BpeMsi Xn3HU At = 20uc?

3anaya 2.

CrepxeHb IBHKETCS BJIOJb JMHEHKM C HEKOTOPOM MOCTOSIHHOM CKOpOCThio. Ecnm
3a(pUKCUPOBATH TMOJIOKEHHE OOOMX KOHIIOB JaHHOTO CTEpP)KHS OJHOBPEMEHHO B CHCTEME
OTCu€Ta, CBSI3aHHOM C JINHENKOM, TO pa3HOCTh OTCUETOB MO JHHENKe Ax; = 4.0M.

Ecmu ke mosiokeHne 00OMX KOHIIOB 3a(MKCHPOBATh OJHOBPEMEHHO B CHCTEME OTCUéTa,
CBSI3aHHOM CO CTEp>KHEM, TO Pa3HOCTh OTCUETOB MO 3TOM ke juHehke Ax, = 9.0m. Haiitu
COOCTBEHHYIO JUTUHY CTEP>KHS U €r0 CKOPOCTh OTHOCHUTEIBHO JTUHEUKH.

3agaua 3.

Ckonpko 2Hepru# (B pacuéTe Ha eAMHUILY MacChl) HEOOXOMMO 3aTPATUTh, YTOOBI
COOOLINTH MEPBOHAYAILHO MOKOAIIEMYCS KOCMUYecKoMYy Kopabiro ckopocts V = 0,980C?
ConpoTuBieHUS HET.

3anaya 4.

®DOTOH C BHEPTHEl € UCIIBITAI pacCesHUE Ha CBOOOHOM diiekTpone. Haiitu sHepruto &
paccesHHOTO (OTOHA, €CIAM YroJl MEXKAy HalpaBlICHUSIMH JIBHDKCHUS pPACCESIHHOTO U
HaJieTaromero (POTOHOB paBeH 6.

Kuaroun:



3agaua 1.
[Ipenmonoxum, 4ro K'cucrtema cBsi3aHa ¢ yacTUMLEd M JBUXKETCS BMECTE C HEM co
cKopocThio IV oTHOCHTENBHO JabopaTopHoii K cucremsl. Toraa

AM=——">D1"r >

Taxum o6pa3om, myThb |, MPONUICHHBIN YacTUIIeH B 1aOOpaTOpHOM cucTeMe oTcuéra 3a Bpems At

1 =AtC |1 @%f
- At/

Bropoii cnoco6 ocHOBaH Ha MHBAPUAHTHOCTH MHTEpBAJIA:
2 2
512 = Cztlzz - 112 = ConSt,
rae ti; — MPOMEXKYTOK BPEMEHH MEXIY COOBITHSIMH, a [, — paccTOSIHUE MEXAYy TOYKAMH, B
KOTOPBIX MPOU30ILIH coObITHA. B nanHOM citydae: coObiTue 1 — 3aposKJeHne YacTHIIbI; COOBITHE
2 — pacraj 4aCTHUIbL.
B K' cucteme
12 _ ;2 2
Siz” = C*(At)?,
a B K cucreme:
S1,° =C3(A)?% - 12 >

C?(At)? — 12 = C?(Aty)?

1 =AtC |1 @%f
- At/

3anaya 2.

[Ipexne Bcero, HEOOXOAUMO ONPEAEIUTh, YTO B IJAHHOM CIIy4yae SIBISICTCS COOBITHEM H,
COOTBETCTBEHHO, ONPEACIUTh KOOPAUHATE 1 MOMEHTBI BpEMEHH, KOTAa OHO ITPOU30LIO B TOH U
JOPYro¥ CUCTEME OTCUETA.

Cucrema otcuéra K cBsi3aHa C JIMHEHKOMH, cucremMa otcuéra K' cBsi3aHa cO CTEp)KHEM U
JBUKETCSI OTHOCUTENBHO CUCTEMBI K CO CKOPOCTBIO IBUKEHUS CTEPXKH:A V.

CoObITue 1- KOHEIl CTepXKHS C KOOPIMHATOW X, COBMAJACT C METKOW Ha JIMHEHKE C
KOOpAMHATOU X,. Aq(x,,t1); Aj(x3,t1)

CoObITHe 2- KOHEI| CTePXHS C KOOPAMHATOW X; COBIAIAaeT C METKOW Ha JMHEHWKE C
KoopauHaTOu X1 A,(xq,t,); AL(xi,t3)

[TockonbKy B IEPBOM CIIydae pa3HOCTb OTCUYETOB X, — X; = Ax; 3aduKcUpoBaHA B OAUH M TOT
’Ke MOMEHT BpeMeHH (t; = t,) ynoOHO BOCHOJB30BaThCS MpeoOpazoBaHusMU JlopeHIa mpu
nepexoe u3 cucrembl K B K':

xZ _th ' xl_VtZ ' ' xZ —x1

vz’ V2 V2
/1—55 1-72 1-72

Takxum oOpa3om, Uit COOCTBEHHOU ITMHBI CTEPXKHS ITOTydaeM:

Xy =



Axq

ly=—/— @
V2
1 - F
Bo BTOpOM Ciyuae, MOCKOJIbKY t; = t; , 3aMUIIEeM:
xy + Vit x1 + Vit l
xZ:;' X1 = = 2=>x2— x1=—O=>

) 1 T —
V2 V2 V2
/1—6— /1_F 1-72
VZ

1 ()
C?  Ax,
[MoxcranoBka (2) B (1) maér BeIpaxkeHue Ui COOCTBEHHOU JTUHBI CTEPXKHS:

lO = AxleZ =6,0M
3Has [, u3 ypaBHeHH (2) HAXOIUM CKOPOCTH IBHKCHHSI CTCPIKHSI:

Ax,q
V=C|1—-—=22-108M
Ax, /e

3anayga 3.

Tak kak Kopabib MEPBOHAYAIBLHO IMOKOWJICS, €My HE0O0XOJMMO COOOIIUTH HEPTHIO,
PaBHYIO €r0 KHHETHYECKOU 3HEPTUU C 3aJaHHON CKOpPOCTBIO. IIpu 3TOM Macca 1okos cuuraercs
PaBHOU €IUHULIE.

T = mc? —myc? = Mo 2Cz My c?
1-(2)
AEzmlzcz ! _—1
° 1-(2)
Tl

AE =3,3-107 —
KT

3agaua 4.
£+ mpec? = (my,c?+T,)+ ¢

T, =¢—¢

P=p.+D

CornacHo TCOPCME KOCHUHYCOB!
pe =p® +p'* —2pp'cos6



DPe = \/Te(Te + 2mg.c?) = \/(5 —&)(e— €'+ 2mgy,c?)

[TockonbKy ckopocTth otoHa V = ¢

€
p= C_ZC =
€
P=7
p' = e
c
Takxum obOpazom:
£\2 e\’ gg'
(e—&)(e—¢&" + 2mp.c?) = (E) + v ZC—ZCOSH
£

e =

14 20 2)(sin 0/,)°

Tema 8. Kosie6anus.

1. Yro Takoe rapMOHHMYECKHE KOJeOaHus?

2. Kakue konebGaHMs Ha3bIBAIOTCA COOCTBEHHBIMM;, Y€MY paBHa YacToTa COOCTBEHHBIX
Kosie6aHuii?

3. 3amucaTh ypaBHEHHE [BHKCHMSA, pELIICHHEM KOTOPOTO SBJSAIOTCS 3aTyXaloliue
(cBOOOIHBIE) KOJIEOAHUS; UEMY PaBHA YaCTOTA 3aTyXaIOUINX KOJIeOaHUI?

4. Yro Takoe Bpems 3aryxaHus  (penmakcanuu),  Kod(hQHUIHMEHT  3aTyXaHus,
Jorapu(MUUECKUN JIEKPEMEHT 3aTyXaHHsl, JOOPOTHOCTh KOJEeOATeNbHOW CHCTEMBI; Kak
OHM CBSI3aHBI MEX Ty CO00i?

5. Kakum o0pa3om rapMoHMYecKHe KoJjeOaHHs NpPEACTaBISIOTCS METOJ0M BEKTOPHON
muarpammel? CioxeHne KojiebaHuil MeTOIOM BEKTOPHON AUarpaMMBbl.

6. KomruiekcHoe mpecTaBieHne KoueOaHuu.

7. 3amnucaTh ypaBHEHHE [IBUKCHHS, YCTAHOBHBILUMCS PELICHHMEM KOTOPOTO SBIISIOTCS
BBIHY)KJICHHbIE KoJieOaHus1. YeMy paBHaA 4acTOTa BBIHYXK/IEHHBIX KOJeOaHH1?

8. B uém 3axiouaercss SBJIEHHE pe30HaHca? 3anmucaTh BBIPAXEHUE ISl PE30HAHCHOU
Y4aCTOTBHI.

3agaua 1.

Yactuua Maccbl m HaxXoAWTCS B OJHOMEPHOM CHMJIOBOM IIOJIE, TZie €€ NMOTEHLHaIbHas
sHeprust 3aBUCUT OT kKoopauHatel X Kak U(x) = Uy(1 — cosax), rme U, u a — MOCTOSIHHBIE.
Haiitu nepron Mansix KojeOaHUHI YacTUIBI OKOJIO TIOJI0KEHUSI PABHOBECHSI.

3agaua 2.

HenoasmwxkHoe Temno, MOABEIICHHOE HA MPY)XHUHE, yBeNU4nBaeT e€ Jummny Ha Al = 70MM.
Cunrass Maccy MpPYXKHHBI MNPEHEOPESKUMO Maloi, HAWTH MEPUOJ MAaJbIX BEPTHUKAIbHBIX
Kosie0aHui Tena.

3agaua 3.

K HeBecoMoil npykuHe NMOJABECUIIN TPY3HUK U OHA pacTsaHynack Ha Ax = 9.8 cm. C xakum
MeproJIoM OyneT KoledaThCs TPY3UK, €CIM €My JaTh HEOOJIBIIONW TOTYOK B BEPTHUKATHHOM
Hanpasienun? Jlorapupmudeckuit gekpement 3atyxanus 4 = 3.1.

3agaua 4.



AMIUINTYIBI CMEIICHUS BBIHYKACHHBIX TapMOHMYECKUX KOJIEOAHMH IPH 4YacTOTax
w; =400c! u w, =600c™! paBuel Mexnmy coGoii. Haiftm wactoTy @, Ipu KOTOpOM
AMIUINTY/a CMEILECHHUS MAKCUMAaJIbHA.

Kuaroun:

3agaua 1.

P au U asi
=—7, = ~Uoasinax

Jlns maneix x
sinax = ax =

F =—Uya®x
Takum 00pa3oM, MOKHO 3amHcaTh ypaBHEHHUE JIBUKCHUS YaCTHUIIbI

mi = —Uya®x

3agaua 2.

Ilycth X — y/uIMHEHUE IPYKUHBI OTHOCUTENIBHO HEPACTSAHYTOTO COCTOSAHMUS, koraa x = 0.
3anuiieM ypaBHEHUE IBUKEHUS LIEHTPa MacC Ipy3uKa MOJ JEHMCTBUEM CHIIbI TSDKECTU U CHJIBI

YIPYTOCTH IIPYKUHBI:

mX = —kx + mg
3HayeHuEe CUJIBI TSHKECTH MOKHO ONpCACIIUTDL U3 YCIIOBHUA PaBHOBCCUS:
kAl =mg. (1)

Taum oOpas3om, ypaBHEHHE JBM)KEHUE IPUHUMAET BU:

mX = —kx + kAl = —k(x — Al)



Beném HoByro mepemenHyio X = x — Al, To ecThb OyneM paccMaTpuBaTh JBWKEHHE TPY3UKa
OTHOCHUTEIIBHO €ro CTaTMYECKOrO IIOJIOKECHMs, KOTJAa CHJIa TSHKECTH YpaBHOBELICHA CUJIOU

ynpyroctu npyxussl (X = 0, korga x = Al):
mX = —kX

.k
X+—X=0
m

Msl nonyunnu auddepeHnnanbHoe ypaBHEHHE, PEIICHHEM KOTOPOTo SIBIISIOTCS TapMOHHYECKHE

KOJIeOaHUA ¢ COOCTBEHHOM 4aCTOTOMN

k
Wy = |—
0 m

KoadduumeHT ynpyrocta npyxuHbl HaXo UM U3 ypaBHenus (1)

_mg
k_Al =

w = E:

3agaua 3.

0):\[@

kAx = mg

k Ax )
—:—:a)o
m

A=pT =
_/1_/1a)
ﬁ_T_Zn )
Aw

2 _ 2 _ (2%
@ “o <27‘[)

2
w = 2

1+ (37)

T = \[(4712 +22) Ax/g =0.7c

3agaua 4.

AMIUIUTY]a BBIHYXJEHHBIX KOJEOaHMH H3MEHsETCs B

BBIHYK/JIAIOLLEH CHJIBI T10 3aKOHY:

Alw) = Fo/m

V(wE — w?)? + 42

3aBUCHUMOCTH OT 4YaCTOTHI

rae  Fy — amMmumMTyna BRIHYKJAIOIIEH CHIIBI; M — Macca OCIIIUIATOPA; Wy — COOCTBEHHAS

yacToTa Koyiebanuii; f — K03pPUIMeHT 3aTyxaHHUS.

AMHJII/ITy,Z[a AOCTUTraCT MAKCHUMAJIBHOI'0 3HAUCHUA TpHU  PCE30HAHCC, KOrga 4YacToTa

BBIHYK/JIAIOIEH CHJIBI PABHA PE30OHAHCHOM YacCTOTE:



_/2_ 2
Wpes = _|wg — 2%,

Bripazum ko3 uimenT 3aTyxaHus U3 yciIOBHsS PaBEHCTBA aMILTUTY] MPH 3aJaHHBIX 4aCTOTaxX
BBIHY)KJICHHBIX KOJICOaHUI:

Fo/m _ Fo/m
Vwd —0D? + 4207 (0f - wd)? +4B2w]’

(0 — 37 + 4702 = (0 — 2+ 470
—2wiw3 + w3 + 4p%ws = —2wiw? + wi + 4B%wi =

2 2 2
ﬁz _ ﬂ _ wi + w3 _
2 4 ’
[ToncTraBuB BeIpaKEHUE IS Koa(b(bHuHeHTa 3aTyXxaHus B (bopMyny JUISl PE30HAHCHOM YacCTOTHI,
MOJIYYUM:
2 2
wi + w;

Wpey = [~ =5.1-10%"!

Tema 9. BoJsinbl.
1. Kakue mpouecchl Ha3bpIBalOTCS BOJHOBBIMH? UTO Takoe AJMHA BOJIHBI, BOJIHOBAas
MOBEPXHOCTb, ()POHT BOJIHBI?
2. 3anmcaTh ypaBHEHHS IUIOCKOH M c(epuyecKOW YHPYrux BOJIH; YTO TAaKOE BOJHOBOM
BEKTOP?
BonHoBO€ ypaBHEHHE; TpaHUIIbI €70 IPUMEHUMOCTH.
OHeprus, NepeHocuMasi ynpyroi BoJIHOM; BEKTOp YMOBa.
5. Crosuue ynpyrue BOJIHBI; YCIOBUS MX 00pa30BaHUsL.

W

3agaua 1.
HaiiTu BoJTHOBOI BEKTOp k ¥ CKOPOCTH V BOJIHBI, UMEIOIIEH BUJ
¢ = acos(wt —ax — By — yz).

3anaya 2.

ToueuHblit U30TPONHBIM UCTOUHUK MCITYCKAaeT 3BYKOBBIE KojiebaHus ¢ yactoToi V. Ha
PacCTOSIHUU Ty OT UCTOYHMKA aMIUIMTYyJa CMEIIEHUs YacTHIl CpPelbl paBHA Ay, a B TOUKE A,
HaxoJdIIEHCd Ha PAaCCTOSHUMU T OT MCTOYHMKA, AMIUIMTYJA CMEILICHUS B 1) pa3 MEHbIIE d.
Haiitu:

@) KOXPPUITMEHT 3aTyXaHUs BOJHBI ¥;

b) amMruMTyny KOJNeOaHUN CKOPOCTH YaCTHIl CPEJbI B TOUKE A.

3agaua 3.
3a CKOJIBKO BPEMEHU 3BYKOBBIEC KOJICOAHUS MPOMAYT pacCTOSHUE MEXy TOukamMu 1 u 2,
€CJIM TeMmIeparypa BO3[yXa MEXAy HUMH MeHsieTcs JuHerHo oT Ty A0 T,. CkopocTh 3ByKa B

Bosayxe V = avT, rae & — nocrossHHasl.

3anaya 4.
TodeuHbI U30TPOIHBIM MCTOYHUK 3BYKA HAXOJUTCS HA MEPHEHIUKYISAPE K IUIOCKOCTH
KoJbla, npoxondameM depe3 ero neHtp O. PaccrosHue mexay Toukod O M MCTOYHMKOM



[ =1.0mM, pammyc kompma R = 0.5M. HaiiTm cpeanHuii MOTOK SHEpruM uepe3 IUIOMIANb,
OrPaHUYCHHYIO KOJIBIIOM, €CII B Touke O MHTEHCHBHOCTH 3ByKa I, = 30 MKBT/M?2. 3aryxanue

BOJIH IPEHEOPEKUMO MaJIo.
Kiroun:
3agaua 1.
YpaBHEHHUE IOCKOU BOJIHBI

& =acos(wt —k-7)
ITo ycnoBuIo 3a1auy ypaBHEHUE NPEICTABIEHO B IeKapTOBOM Oasuce. CIIeI0BaTENbHO:

ky=a; ky,=p; k, =y =
k=ai+pBj+7R.

k=a?+p2+y?;

V=
Jar+ B2 +y?

3anaya 2.
VYpaBHeHHe 3aTyxaromeil cepruuecKoil BOIHBI:
ae”'"
&= sin(wt — kr)

[To ycnosuro 3amaun
ae Y'or
ae '"r,

y(r —mo) =1n( -
I (Tl
. n(r)/(r_ro)

d ae V"
V= d—i = w—cos(wt — kr)

=1
To’l)

a?

ae_)’ro
=

ao -
To

ATy

e_er
wayree”" way

max g .




3agaua 3.
[To ycnosuro 3amaun
T =ax+b.
KoHcTranTsl a ¥ b HaX0AMM U3 TPAHUYHBIX YCIIOBUIA:

x:O, T:T1:>
b:Tl

x:l, T:TZ =
TZ_Tl
l

Taxum 06pa3oM, noxyyaem ypaBHEHHE:
-1
T =

l

a=

x+ T;. (1)

[Mpomuddepenunpyem ypaBuenue (1) mo BpemeHu:

dT_TZ_Tldx_TZ_Tlv_TZ_Tl
de 1 dt 1 1

aNT

Pemaem ypaBHeHHe (2) METOIOM pa3JIeeHNs IEPEMEHHBIX:

: dT—fdt =
(T, = T)a \/T_

: 2T =t+C
(T, - T)a .

KOHCTaHTy HaxoaIuM U3 HAYAJIBbHBIX YCHOBHﬁ:
t = O, T = T1 =
l
C=—7——"7+T-2,T;.
(T; —T)a \/_

Hawm HeoOxoauMo HaliTH MOMEHT BpeMeHu, korna T = T,.
CnenoBarenbHO, HCKOMOE BPEMsI

21
s SN

21

" a({T; +T3)

T

3agaua 4.

(2)



[TOCKOJILKY MCTOYHMK TOYEYHBIH M WM30TPOIHBIM, HANpaBJeHHE BEKTOpa YMOBa | B
IIPOU3BOJIBHOM TOYKE IIJIOCKOCTH, OrPAaHUYCHHOW KOJIBLIOM, OIpEACNIeTCs pPaauycoMm 7.
CnenoBartenbHO, MOTOK BEKTOpAa YMOBa yepe3 JIEMEHT MOBEPXHOCTH dS

dd=j-ds=j-ds-cosa
Taxum 06pa3oM, cpeHUI MOTOK SHEPTUU Yepe3 IUIOIIA (b, OTPAHUUYCHHYIO KOJIBIIOM

(D) =f (j)ds cosa
s
(@) =1()

JIyist ©30TPOIHOIO TOYEYHOr0 MCTOYHHMKA IIOTOK SHEPrHU uepes cdepy Ioboro paauyca,
HpOBeHéHHOFO U3 TOYKH, B KOTOpOﬁ HaxoauTcCsa UCTOYHHUK, paBeH MOINHOCTH UCTOYHHUKA, TO €CTh
JOJI?KECH GBITB IIOCTOAHHBIM.

(@) = const = 4ml?l, = 4mr?I(r).

2 =12 + p?, nonyuum

I(p) =

Nmes B BUmy, uto v
lZ
12+ p?

l
cosqx = ——— =

(D) =f I(p)ds cosa
s

Iy .

(d)):]lszzm’dp. i
O Jo BHp? [l21 p2

Cnenaem 3aMeHy IEPEMEHHBIX:
2+p?2=z >
2pdp =dz =

12+R2

(D) = 1012nlf z73/2dz

12

1 1
(®) = 1,127l [— - —] ;
° I VZ+R?



1
() = I,2ml? [1 — ———| = 20mKBT.

J1+R2/12

[To mucrurumHe «MexaHHKa» MPEeTyCMOTPEHBI JIB€ KOHTPOJbHBIE PaOOTHI: B MEPBOU
IIOJIOBUHE CEMECTpa 10 TeMaM 1-5 1 B KOHIIE ceMecTpa o TeMaM 6-9.

Kpurepun orieHMBaHUS: pe3yiabTaThl KOHTPOJBHOW PabOTHI OMPEAEISIOTCS OIIEHKaMU
«3aUTEHO» U «HE 3auTeHo». OIEHKa «3a4TE€HO» BBICTABISETCS, €CIM CTYAEHT IPENbSABISAET
IIpaBUJIbHBIE TUCbMEHHBIE OTBETHI HA BCE KOHTPOJIbHBIE BOIIPOCHI U PEIICHMsS 10 OJHOM 3ajaue
U3 Kaxaoro paszzaena. [Ipu 3Tom cnocoOeH aist Kaxaoi 3agau 000CHOBAaTh METOJ pelIeHHUs,
MOHMMAET HCHOJb3yeMble TEPMHUHBI W (QOPMYJIBI W TOJY4YHJI TpaBWIbHBIM oTBeT. [lpm
HEBBINIOJHEHUH YKa3aHHBIX KPUTEPUEB OLIEHKHU «3a4TEHOY BBICTABIISIETCS OLICHKA «HE 3a4TEHOM.

3. OueHo4HBbIC MaTepHAJIbI IPOMEKYTOYHON aTTeCTALMHA U KPUTEPUH OLICHUBAHUSA

DK3aMeH B MEpPBOM CEMECTpe MPOBOIUTCA B YCTHOU (hopme mo Owmiieram. buner comepxur

7IBa BoIpoca

K 3K3aMeHy J0MyCcKaroTCsl TOIBKO CTYIEHTBI, aTTECTOBAHHbIE 110 PE3YIbTaTaM TEKYIIErO
KOHTPOJISL ¥ TTOJTYYMBIIME 3a4eT M0 AuciuIuinHe «O0medu3ndeckuil mpakTukyM. MexaHuka.

[lepBbie Bompochl OHIIETOB MpoBepsioT chopmupoBaHHOCTh KommereHmu OIIK-1 B
cooTBeTcTBUH ¢ nHANKatopoM aoctwkeHust MOIIK-1.1. OtBetsl narotcs B pa3BepHyToii hopme.

Bropeie Bompockl 6uneToB mpoBepsioT chopmupoBaHHocTh KomrereHuun OIIK-1 B
cootrBeTcTBUU ¢ wuHAuKaTopoM poctwxkenus HWOIIK-1.2, MOIIK-1.3. OtBersl natoTcs B
pa3BepHyTO#l popme.

[Tpumep sK3aMeHaAIIMOHHOTO Ouera:

BUJIET Ne 1

Bompoc 1. Kunemaruka. IIpoctpanctBo, BpeMms, macca. Mexanndeckoe aBuxeHue. CHCTEMBI
€IMHULL
Bomnpoc 2. Bropoii 3akon Hetotona u npeodpazoBanue cuiisl B CTO.

Pe3zynpraThl  3K3amMeHa  ONPEACISIIOTCS  OLGHKAMHM  «OTJIMYHO»,  «XOPOILIO»,
«YIOBJIETBOPUTEIBHO», «HEYAOBJIETBOPUTEIILHO.

OueHka ompenensieTcs, MCXOAs W3 PE3yJbTAaTOB TEKyIEH aTrTecTallil B TEYCHHUE
CeMecTpa M COTJIACYeTCsl C MPUHSTHIM COOTBETCTBHEM C 5-TH OAJUTPHOW IIKAJION OLIEHWBAHUS:—
«OTIIMYHO»; «XOPOUIOY»; «yIOBJIETBOPUTEIBHO», «HEYIOBIECTBOPUTEIBHO.

OueHka «OTIUYHO» BBICTABIISIETCS, €CJIM JaHbl TMPAaBUIbHBIE OTBETHI Ha BCE
TEOPETUYECKUE BOTIPOCHI IO OWIIETY, a TaKKe JaHbl MPABHILHBIC OTBETHI Ha JOMOJHUTEIbLHEBIE
W/WIY YTOYHSIOIIME BOMPOCHI TI0 OCHOBHBIM T€MaM U COJIEPIKaHUIO Kypca.

OneHKa «XOpOILO» BBICTABISIETCS, €CJIM JIaHbl HEMOJIHbIE TPAaBHIIbHBIE OTBETHl Ha
TEOPETUYECKUE BOIMPOCHI MO OWIIETy, HO HMMEIOTCS TaK K€ MpPaBHIbHBIE OTBETHl HAa YacTh
JIOTIOTHATEIHHBIX W/ YTOUHSIONIUX BOIIPOCOB IO OCHOBHBIM T€MaM U COJIEPIKaHUIO Kypca.

OneHka «yIOBJIETBOPUTEIBHO» BBICTABISETCS, €CJIM JIaHbl HEMpaBUJIbHBIE OTBETHI Ha
TEOPETUYECKUE BOMPOCHI, HO TPU ITOM JIAHBI MPABUIHHBIE OTBETHI HA JOIMOJHUTEIbHBIC W/UIH
YTOYHSIFOIIME BOMPOCHI IO OCHOBHBIM TEMAaM U COJECPKAHUIO Kypca.

OneHka «HEYJTOBJIETBOPUTEIILHO» BBICTABIISIETCS, €CIU JIJaHbl HEMPaBUJIbHBIE OTBETHI Ha
o0a TeopeTHYecKHX BOIMpoca OWieTa M OTCYTCTBYIOT OTBETHI HA JIOTIOJHUTEIHHBIC WU
YTOYHSIIOIIUE BOIIPOCHI.



4. OueHoYHbIe MaTepHAJbl ]I NPOBEPKH OCTATOYHBIX 3HaHUI (cHOPMHMPOBAHHOCTH
KOMIIeTeHIHi)

Tecrbl:
1. Yemy paBHa MIHOBEHHAsI CKOPOCTb MaTepHalbHON TOUKH? Bbibepure npaBuibHbIe
BAPUAHTHI OTBETOB:
a) MPOU3BOAHOM paguyc-BEKTOPA, ONPEAEIAIOLIETO NOJOKEHNE MaTEpUAIbHON TOUYKH, 110

BPEMEHU

b) mpou3BOIHOMN OT MEepeMELIeHUS MaTepUAIbLHON TOUKH 110 BPEMEHH

C) MPOMU3BOJHOM OT IIyTH IO BPEMEHU

d) MrHoBeHHast CKOPOCTb — 3TO MyTh, IPONUICHHBIA MaTepPUAIbHON TOUKON B IMHUILY
BPEMEHH.

2. Kakoe n3 HWKENpUBEIEHHBIX YTBEPKIEHUH cripaBeyinBo? Teno ABUKETCS 10 OKPYKHOCTH C
IIOCTOSTHHOM 110 MOAYJII0 CKOPOCTBIO, ITPU 3TOM:
a) PaBHozelicTByrOIIas cuila HE paBHA HYJIO, TIOCTOSIHHA IO MOAYJIIO0, MEHSAETCS 11O
HaIPaBJICHUIO;
b) PaBHozelicTByIOIIas cujla HE paBHA HYJIIO, IOCTOSHHA 110 HAIIPABJICHHUIO, MEHSETCS TI0
MOLYyJIIO;
c) Benuumna paBHOAEHUCTBYIOLIEH CUITBI paBHA HYIIIO;
d) BennumHa paBHOJEHCTBYIOLIEH CHIIBI HE paBHA HYJIIO, HO UMEET IMOCTOSIHHOE
HaIIPaBJIEHUE U YHUCIIEHHOE 3HAaYCHHUE;

3. IIpuHIMI OTHOCUTENBHOCTH [ auiies yTBep)KIaeT Cleqyolee:
a) Bce 3ak0oHBI MEXaHUKH OJMHAKOBbBI BO BCCX MHCPHUAJIbHBIX CUCTCMAX OTCUCTA

b) Bce mexannueckue sIBISHUS BBITTIAAAT OAUMHAKOBO BO BCEX MHCPHHUAJIBHBIX CUCTECMAX
OoTCUcTa

C) Bce 3akoHBI (bI/IBI/IKI/I OJIMHAKOBBI BO BCCX MHCPHHUAJIBHBIX CUCTCMAX OTCUCTA

d) Bce (bI/ISI/I‘ICCKI/IC SIBJICHUA BBITJIAOAT OJUHAKOBO BO BCCX MHCPIUAJIbHBIX CUCTEMAX
OoTCUcTa

4. Boienure HENPaBUIILHOE YTBEPKACHHUE.
a) Hmmynbc cucteMbl MaTepHalIbHBIX TOUEK PABEH T€OMETPUUECKON CyMME UMITYJIbCOB

OTZAEIIBbHBIX TOYEK, BXOIAILIUX B CUCTEMY

b) MmMmynsc cucTeMbl MaTepHaIbHBIX TOUEK PaBEH MPOU3BEICHUIO MACChl CHCTEMBI Ha
CKOPOCTb JIBHJKCHMS LIEHTPA MACC OTON CUCTEMBI

c) HMmmynbc 3aMKHYTON CUCTEMBI MaTEpUAIbHBIX TOYEK HE MEHSETCS CO BpEMEHEM

d) 3axoH coxpaHEeHHs UMITYJIbCA BBIMOJIHACTCS BO BCEX CUCTEMaxX OTCUETA.

5. Kakue cuibl BIUSIOT Ha IBKEHUE LIEHTPA MacC CUCTEMBI B3aUMOJIEHCTBYIOIINX TOUEK?
a) Bnyrpennue cuibl

b) BremrHue cuib
c) BHyTpeHHHE U BHEITHHE CHIIBI
d) BHyTpeHHHE NOTEHIMATLHBIC CUJIb M BHEIIIHUE CHIIBI

6. IlpuHIUII OTHOCUTENBHOCTH DWHINTEIHA YyTBEPKAAET CIEAYIOIIEE:
a) Bce 3aK0HBI MEXaHUKH OJMHAKOBbBI BO BCCX MHCPHUAJIbHBIX CUCTCMAX OTCUCTA.



b) Bce mexannueckue siBISHUS BBITTIAAAT OAUMHAKOBO BO BCECX MHCPHHUAJIBHBIX CUCTECMAX
OTCUCTA.
C) Bce 3akoHBI (bHBI/IKI/I OJMHAKOBBI BO BCCX MHCPUHUAJIIBHBIX CUCTCMAX OTCUCTA.

d) Bce (I)I/ISI/I‘IGCKI/IG SIBJICHUA BBITJIAOAT OJUHAKOBO BO BCCX MHCPIHUAJIbHBIX CUCTEMAX

OTCUCTA.

7. Bribepute HEBepHOE YTBEPKACHHUE.

a) B Teopun 0THOCHTENBHOCTH AJIMHA IBWKYLIETOCS CTEPAKHS KOPOUYE, YEM MTOKOSIIErocs

b) CoOcTBeHHOE BpeMs BCErzia MEHbIIE, YeM BpeMsl, OTCUUTAHHOE 10 YacaM, JABHKYIIUMCS
OTHOCHUTEIILHO TEJIa

¢) OJIHOBPEMEHHOCTH B PEISTUBUCTCKON MEXAHUKE MOHATHE OTHOCUTEIBHOE, TO €CTh /IBa
COOBITHS, OTHOBPEMEHHBIE B OJIHONM MHEPIIUAILHON CHCTEME OTCUETa MOTYT OKa3aThCs
HEOJHOBPEMEHHBIMU B IPYrOM MHEPLUAIBHOU CHCTEME OTCYETA

d) OTHOCHUTENBHOCTH OJJHOBPEMEHHOCTH B CHEIMATIBHON TEOPUU OTHOCUTEIHHOCTH MOKET
MPUBECTHU K HAPYILIEHUIO MPUYUHHO-CIIEICTBEHHOM CBSA3H MEX/Ly COOBITUIMHU

8. Eciin maTepuanpHas TOYKa COBEPIIACT BBIHYXKJICHHBIC KOJICOaHHWsS, a BBIHYXKIAIOLIas CHUJIa
M3MEHSETCS 110 3aKOoHy F = F,cost, TO yCTaHOBUBIIMECS BBIHYXAECHHBIE KOleOaHUS OymyT
COBEPILIATHCS C YaCTOTOM, paBHOM

a) CoOcTBEeHHOM YacToTe @),

b) YacToTe BEIHYKIAIOIIEH CHITBI
2 2
a) —
o Vo -8

d) o, =2p°

9. CnjouHOM U MOJIBIA IUIMHIPHI, UMEIOIUE OJIMHAKOBBIE MACChl U PaInyChl, CKaThIBAIOTCS
0e3 MPOCKaJIb3bIBAHUS C TOPKH BBHICOTOM h. Y OCHOBaHMS TOPKH ...
a) Ckopoct 060uX Ten OyIyT 0IMHAKOBBI

b) Boubiie OyneT cKOpOCTh MOJIOT0 HUIHHIPA
c) boubie Oymer CKOpOCTh CILIONIHOTO IMIHHIpA
d) Jlnst oTBeTa Ha BONPOC HE XBATaeT JAHHBIX

Kuroun:
1.a); 2.a); 3a); 4.d); 5.b); 6.¢); 7.d); 8.b); 9.¢).

IIpumep 3amaum.

B ycranoBke (puc.l) Maccel Tel paBHBl m,, M, W m,, Macchl OlOKa U HUTEH

peHeOpeKUMO MaJjlbl M TpeHHs B Osioke HeT. HaiiTu yckopeHue a , ¢ KOTOPBIM OITyCKaeTCsl TEI0
m,, U CUIy HAaTsKEHUS HUTH, CBSI3bIBAIOIIEH Tena m, U m,, eciid KodQOULUEHT TPEHUs paBeH

k.



Puc. 1

Kitrou:
Pacrnonoxum cucreMy KOOpIUMHAT XO) Kak IOKa3aHO Ha pUCYHKeE. I KaK[Ioro U3 Tell

3alMUMIICM YpaBHCHUC NBUXKCHUA LNCHTPA MACC B COOTBCTCTBHUU C TeOpeMOﬁ O ABMIKCHUH LCHTpPA
MacCC CUCTCMbI MAaTCPHUAJIbHBIX TOUCK!

-

F,+m,g=m,a, (1)
m1§+Nl+E¢1+FH2+ﬁmp1:m1al (2)
m,g + Nz + ﬁ;s +Fmp2 = m,d, 3)

CrpoextupyeM ypaBHeHus (2), (3) Ha och 0x:
-F, +F,+ Fmpl =-ma,
-F,+F, =-ma,.
Copoextupyem ypaBHeHnue (1) Ha ock oy:
m,g —F,, =ma,
JIns pemieHus: TOJYYeHHOM CHCTEMbl YpaBHEHHH HEOOXOJAWMBIM SIBISICTCS YCJIOBHE HE
PacTSHKMMOCTH HUTH:

X, —X, =const
X, =X =a, =a,
X, +y, =const
|al|:|ao|3a1 =a,=a,=a
ITo ycnoBuio 3aa4u Macchl OJIOKa U HUTEH MPEeHEOPEeKUMO Mallbl, CIEI0BATEIbHO, €CIU MBI
BBIJICITUM 3JIEMEHT HUTH Maccou Am MCXKAY TCIaMH m, U m, a TaKKC MCXKIYy TCIaMH m, U

m, TO, COIIIaCHO BTOPOMY 3aKoHy HpI0TOHA, osry4nm

F.—-F,=Ama
Am =0
F,=F,
F,=F,.

B pesynbpraTe uMeeM CUCTEMY YpaBHEHHM:
-F +F,+kmg=-ma
—-F,+km,g=-m,a
myg —F, =ma,
N3 xoTopoit cnenyer:
F,=m,(g—a)
—F +kmg+km,g=—a(m, +m,)
m,g —m,a—kmg—km,g=a(m, +m,)=



_ (my —km, —km,)g '

m, +m, +m,
(1+k)ym,m
— _ 0 2
F,=ma+km,g=——"""—""—
m, +m, +m,

Nudopmanus o paspadborunkax

Hevkun Brnamumup IlerpoBuu, mpodeccop, TOKTOp (pU3MKO-MaTeMaTHYECKHX HAYK,
¢usnueckuit akynprer TOMCKOro rocy1apCTBEHHOTO YHHBEPCHTETA, 3aB. Kadenpoi oluiei u
HKCTIIEPUMEHTAIBHON (PU3UKI

OensitHoBa Huna VBaHOBHa, KaHaUAaT (U3MKO-MAaTEMaTHYECKUX HAYK, MIOLCHT
Kaeapsl oOIIel 1 SKCIIepUMEHTaTbHON GU3NKH pusmueckoro pakyabrera TT'Y.
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