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BBenenue

[Ipy moAroToBKE BBHICOKOKBATU(DHUITMPOBAHHBIX CHEIUATUCTOB TEXHUYECKUX
CHEIUAIBHOCTEH OOJIBIIIOE BHUMAHWE JOJKHO YACHATHCS (PyHIAMEHTAIbHBIM
HayKaM, 3aKOHbI KOTOPBIX MOJIO)KEHbI B OCHOBY IPAKTUYECKH BCEX PEUICHHI
WHXEHEPHOU MpakTuku. K TakuM Haykam, B EpBYIO 04epe/lb, OTHOCUTCS (PU3MKa.

[IepBoCTENIEHHOE 3HAYEHHE WMEET YMEHHE CIELHUAIMCTa CaMOCTOSTEIBHO
YBUJIETh (PM3UYECKYIO CYIIHOCTh PEIIAEMbIX MPOOJIEM U MPUMEHSTH MOTyUYCHHbBIC
3HAHUS JTsI TOBBIICHUS 2 ()EKTUBHOCTH PaOOTHI U IOUCKA MPUHITUTTHATEHO HOBBIX
pEUIEHNH TTOCTABJIICHHBIX MEPE HUM 33]1a4.

[Ipn wu3yueHum jguUCHUIUIMHBI «®PU3KKa» pemeHne (GU3NYECKUX 3aaad
BBI3BIBAET Y CTYJICHTOB HAWOOJBIINE 3aTPYJHEHHS, IOCKOJbKY JUIsi STOTO
OKa3bIBaeTCs, KAaK IPaBUJIO, HEIOCTATOYHO (POPMAIBHOTO 3HAHMS (PU3HMUYECKUX
3aKOHOB M TIOHATHUM; HEOOXOJMMO 3HAHHUE CHEIUaIbHBIX METOJO0B U IPUEMOB
(anropuTMOB) pelieHHs ONPEISIICHHBIX TPYIIT 3a1a4. B HEKOTOPBIX CIydasX TaKuX
METOJIOB HE yJaeTcs BbIpadOTaTh M TOTJA TIJIaBHBIM SBIISAETCS TOHMMAaHUE
(GbU3UYECKONM CYITHOCTH SIBIGHUM M 3aKOHOB, TMO3BOJISIOUIMX PEIIUTh 3ajady, U
YMEHHUE aHATUTUYECKU MBICITUT.

Hacrosiiee Metoauyeckoe mocobue JOJKHO MOMOYb CTYAEHTaM Hay4HThCS
pemath puznyeckue 3a1au, T.e. OBIaJAETh METOJaMU U CIIOCO0aMU UX PEIICHUS.

Marepuain yaeOHOTo MocoOust COCTOUT U3 6 4acTei, COOTBETCTBYIOIIHMX TEMaM,
M3y4aeMbIM B pazjene «Mexannka». B Hauane kaxxaoil TeMbI TatOTCSI CBEACHUS 110
TEOPUU U pa30UpaeTCs PEIICHHE TUIIOBBIX 3a7a4; TeMa 3aBEepIINacTCs IMepeUyHEeM
3a71a4 JJI1  CaMOCTOSITEJIBHOTO PENICHUs PA3JIMYHOTO YPOBHSA TpyIHOCTH. B
OCHOBHOM OHH 3aMMCTBOBAHBI U3 Psijia CYIIECTBYIOIIMX 3aJaYHUKOB (CM. CITMCOK
WCITOJIb30BAHHOM JIUTEPATyPhl); YaCTh 3aj7a4 Obla epepadoTaHa, MMEIOTCS TAaKKe
OpUTHHAJIbHBIC 3a7a4M, MPUHAJICKAIIME aBTOPAM 3TOr0 y4yeOHHUKa.

Bce 3amaun cHaGxeHbl oTBeTaMM. J[J1g CIIOXKHBIX 3ajlad OTBET NMPUBEICH B
o01IIeM BUJIE C YKa3aHUEM YUCIICHHOTO 3HAYCHUSI ICKOMOM BEJIMUUHBI.

Hanuuue B 3ajayHKe HEOOXOAMMOTO TEOPETUUECKOT0 MaTepHraia, MpuMepOB

pemcHus 3a1a9 1 AOCTATOYHOI'O KOJIMYCCTBA 3a1a4, KOTOPBIC MOT'YT OBITH PCHICHBI



CTyJ€HTaMH CaMOCTOSITEJIbHO Ha OCHOBE Pa300paHHBIX, MTO3BOJISIIOT UCIIOIb30BaTh
ydeOHOe TocoOMe Ha MPAKTUYECKUX 3aHATHAX, JJII CAaMOCTOSITEIBHOM paboThI
CTYJICHTOB Y IIPU AUCTAHIIMOHHOM OOYUYEHHUH.

[Ipennaraemoe MeToAMUECKOE TOCOOME TIpeHa3HaYeHO st cTyaeHToB JII'TY
Bcex HampaiaeHudl noarotoBku, OIIOII koTopelIX mnpeamnosiaraeT MU3y4eHHUE

JUCIHUITIINHBI «Dusukay.



1. OCHOBbI KHHEMATHUKHA

Cpeousia ckopocmv nepemewjeHus — BEIWYWHA, paBHAs OTHOILICHUIO
IIEPEMEILICHNS KO BPEMEHH, 32 KOTOPOE COBEPIIEHO MTEPEMEILICHUE:

()

_AF
At

vl=1 fy
EnuHnna usMepeHust CKOpocTH [ ] c
Menosennaa ckopocmv — BEKTOpPHAs BEIWYMHA, paBHAs NEPBOM NPOU3BOIHOMN
paguyca-BeKTOpa IBUKYILEUCS TOUYKU 110 BPEMEHH:

L dr

D=——,

dt

MOI[y.]'IB BGKTOpa MFHOBGHHOﬁ CKOpOCTI/I paBeH HepBOﬁ HpOH3BOI[HOﬁ oT HYTI/I I10

BpPEMEHU:

dsS
v=—
dt

Cpennee yCKOpEHHUE:

. AD B
@@=, [a]_1%2.

Menogennoe yckopenue — BEKTOpPHas BEIIMYKMHA, PaBHAs IIEPBOM ITPOU3BOLHOMU
CKOPOCTH IO BPEMEHU:

_ do
a=—,
dt
Mopyib ycKOopeHus:
do
a=—,
dt
Pagnomepnoe npamonunerinoe ogusicenue:
B S
a=0, vo=const, L=— S=vu-t.

t 1
PaenonepeMeHHoe I’lpﬂMO]lLlH@IZHO@ osudiCceHue:.

a =const, a >0 — paBHOYCKOpPEHHOE, a <0 — paBHO3aMEIIIEHHOE;

U—U, 2
a=——>=>  v=y,+a-t, S:uo~t+% v’ -vi=2aS, S=(u)t,



llepemennoe npsamonunelinoe osudcenue:

U=j3.dt+l)0, S:jmt_
0

0
Ilonnoe ycxopenue MaTepuanbHOW TOUYKU MPHU KPUBOJUHENHOM JBUKEHHUH (puc.l):

da=a_ +a,

°., a=,a’+a’

TaHZeHI/}MCl]ZbHOQ YCKOpeHue

_ dou.

a=—7.
dt

Puc. 1
Mopyb TaHT€HITUATBLHOTO YCKOPEHHUS

dov

a, =—
dt

Hopmanvnoe yckopenue

3 - d7z
"oodte
Mopysib HOpMaJIbHOTO YCKOPEHUS
1)2
an = E )

rae R — pannyc KpMBH3HBI TPAEKTOPHH.

Yenosasn CKopocmb

Yanosoe yckopenue

gzd—a), (C,‘Zd—a), [8]:lpa%
dt dt c

IIpn yCKOpEHHOM [BHXEHUHM BEKTOP & COHANpPABIICH C @ , IPU 3aMEJICHHOM —
IIPOTHUBOIIOJIOKHO BEKTOPY @ .

Pasnomepnoe spawyamenvroe 0gudcenue (£ =0)

~ ¢
@ = const , Cf)z?, p=w-t.



Pasnonepemennoe spawamenvroe osudicenue (& =const, ecimu & >0 — IBUKCHUE
PaBHOYCKOPEHHOE, ¢ <0 — IBUKCHUE PaBHO3aMEJICHHOE).

w—® a?
6‘=TO, w=0,+&, go:a)ot+7, o’ -} =2¢p.

HepeMeHHoe epauieHue meia
t2
t2
a)=a)0+jgdt, (P:Ia)dt.
tl tl

Ces13b6 MedHCOy KUHEMAMUYECKUMU XAPAKMEPUCTUKAMU
2
v=w-R, & =R-¢, a =0"-R.
Ecmn Bpall€cHUC PaBHOMCPHOC, C€Iro MOKHO XadpaKTCpU30BaATb IICPUOAOM H

YaCTOTOM.

Yacmoma — 3T0 4UCII0 0OOPOTOB B €AMHHUILY BPEMEHHU:

v=—.
t

Ilepuoo — 310 Bpemsi, 32 KOTOPOE TEJIO COBEPIIAET OJUH TOJIHBIA 000POT:

T=—=—.
N v

YrinoBas CKOpOCTh TP PABHOMEPHOM BpAIATEIbHOM JIBUKECHUU

ool _ 27
At T

2nv.

Ecnu Bpamienue nepeMeHHoe, To

_dN

V=—.
dt

CrnenoBaTenbHO, MOJIHOE YUCI0 000pOTOB N MOKHO HallTH MHTETPUPOBAHUEM:

N = |vdt



IIpumepsl pelneHus 3a1a4

3aoaua 1. JIBe wmaTepualibHble TOYKHM JBIXKYTCS COTJIACHO YpaBHEHUSIM

S,=A+Bt+3Ct>, m u S,=6Dt+Et>, m, rne A=2M, B:—Sf%, Czl%z,

D=1%, E=1M 3 B kakoil MOMEHT BpEeMEHH YCKOPEHHUS 3THUX TOYEK OyayT

OI[I/IHaKOBI)IMI/I? Haiitn CKOPOCTH TOYCK B 3TOT MOMCHT BPCMCHHM.

Pemenue
JlaHo

) Cnauana HalJieM CKOpOCTH obeunx TOYCK, a
S, =A+Bt+3Ct", m

3aTEM UX YCKOPCHUA:
S, =6Dt+Ef, YOROP

A=2m Ulzd—stlzB+6Ct, 02=%26D+3Et2,
B=-3 ﬂy do. dvu
¢ =—L1=6C, = —> = 6EL.
&= W a= @

C= IV )

¢ [To ycnmoBuio 3amaun 8, =@,, IOITOMY,
D= 1“% NPUPaBHSB JIPYT JIPYry NpaBble YacTU ypaBHEHHI
7 1‘%3 (1) u (2), HaiigeM TOT MOMEHT BpeMeHHu t, Koraa

YCKOPEHHA TOYCK CTaHYT OJJUHAKOBBIMMU.

a, =a, C
6C:6Et,t=E=10.

t=?
v —? ITopcraBuB 3HAUYEHUE BPEMEHU t=1c
a dbopMysibl  CKOpOCTEH, HaiileM  MIHOBEHHBIC
3HAYEHHUS] CKOpOCTE U; W U, B 3TOT MOMEHT
BPEMEHHU:

v, =-3+6-1-1=3/"

02:6-1+3-1-12:9f%_

3aoaua 2. KoopauHaTel MaTepUaTbHONU TOYKHA U3MEHSFOTCS C TCYCHHUEM BPEMEHH T10

3aKOHy X = Asinzt, m u Y=B(l+cosxat), M, rne 4 u B — nocTosHHbIE BETHUKMHBL.



HaifT MOZyIIb CKOPOCTH M YCKOPEHHS 3TOi TOUKH JIs MOMEHTa BpeMeHu | = 0,5¢

Pemenne
Jlano

BekTop ckopocTH MaTepHalbHONH TOYKUA O
x=Asinzxt, m

MOJKHO Pa3JIOKUTDb Ha IBC COCTABJIAIOIINUC ljx )51 5y
y=B(1+cosxt), m

05 (puc. 3).
r=0,5¢

o] -2

jal =2

Puc. 3

[To Teopeme ITudaropa

_ 2 2
v=,/u" +U;.

Takum oOpazoM, ISl peuieHus 3aa4i HaJ0 HAUTH MPOEKUUU CKOPOCTU U, H

dx
v, =— = Acosxt,

dt
dy

v, =—-= —Bsin xt.
dt

Torna

L= \/(7Z'ACOS 7rt)2 +(-7Bsin zt)* = n\/(Acos 7zt)2 +(Bsinzt)* .

IMoxcrasus 3Havenne t = 0,9 ¢ naiinem MOZYJIb CKOPOCTH:

_ 2 : 2 _
v=7(Acos0,57)° +(Bsin0,57) = 7B, %/

AHajIornyHoO,

_ [ 2, 2
a=.la, +a,.



d : do
a =—*=—7’Asinzt, a,=—~=-n'Bcoszt
dt dt ’

a= \/(—EZASin 7rt)2 +(—7zZBc037zt)2 = ﬂz\/(Asin at)’ +(Bcosat)’.

[MoxcraBum L= 0,5¢:

a= ﬂz\/(Asin 0,57:)2 +(BcosO,57z)2 = Ar’® %g .

3 .
3a0aua 3. CyTHHK JBUKETCS TI0 OpOuTE CO CKOpocThio /4 79-10 % . Haiitn myTs,
IPOWJIEHHBIM MM 3a 5 C IIOCJIE BKJIIOYEHUS TOPMO3HBIX JBUTATENEH, €Cln
TAHI€HIMATLHOE YCKOPEHHME H3MEHSETCS B 3TO BpeMs II0 3akoHy &, =Dt, rue
b=-2 % 3. BBIUMCINTD TaHI€HIMAIBHOE YCKOPEHHE M CKOPOCTH B KOHIIE 3TOrO

Iy TH.

Penienue
JlaHo

; [TockonbKy yckopeHue siBisieTcs (yHKIHMEH BpPEeMEHH,
v, =7,75-100m/c
CKOPOCTh M IIyTh CJHEAYET ONPEAEIATH METOAOM
a_=bt
WHTETPUPOBAHUSA:
b=-2 ﬂ/ X :
¢ V=, + J.ardt _
0
T=35c
¢ bt* | bt
S-9 UIUO+jbtdt=UO+— =0, +—.
) 2 2
v—"7
[TpousBeeM BBIYUCICHUSA:
a —? . 225\ m M
v=\7,7510 ——— | —=T7725—.
2 Jc c

[1yTh, NpOWIEHHBIN TEJIOM 3a Bpems 7

S = [ vdr,

0

10



2
bt
IIO/ICTABUM B HOCIIeAHee Bepaxkenue U =Yg + 2

T 2 T T 2 3
S = [[ op +o ldt = [u,dt+ 2t o+ 2 $=38708w.
2 JP T 2

0

Breraucinum TAaHTCHIUAJIbHOC YCKOPCHHUC B KOHIC ITYTH

aT:—2-5:—10f‘/2_

C

3aoaua 4. MarepuanpHas TOYKa [JBHXKETCA MO KPHUBOJIMHEWHOMY Y4YacCTKY

TPACKTOPUUA C pPAJANYyCOM KpHUBHU3HBI | M. VYpaBHEHHE €€ JIBUKCHUS

3 . .
S=A+Bt+Ct’, ». Haiitu monHoe ycKOpeHHE MaTepHAILHOW TOYKH B MOMEHT

BpCMCHH t= 2 Cu Yroiu, KOTOpBIﬁ COCTAaBUT BCKTOP ITOJIHOT'O YCKOPCHUA C paallyCOM

KPUBHU3HBI, €CITU B= _3%, Czl%z :

JlaHo Penienue

S=A+Bt+CF,m
R=1m
A=2m

B:_3J% Rcb
C—lJy2 Puc. 4
C

Ty

v

t=2c [TosHOE yCcKOpEHHE MaTEpUAIBHOM TAYKU PABHO BEKTOPHOU
a—"? CyMMe€ HOPMaJIbHOI'O U TAHT€HIIMAIBLHOTO YCKOpPEHUH (pucC.
4):

a=a, +a.
B ckanspHoit 3anucu corsacHo Teopeme I[udaropa

|2 2
a=.+a +a:.

TaHreHMalIbHOE YCKOPEHHUE ONPEAeseTCs EPBOM MPOU3BOIHON CKOPOCTH

11



MaTepHaHbHOﬁ TOYKH I10 BPpEMCHHU, CKOPOCTh MaTepHaﬂbHOﬁ TOYKH OIIPCACIACTCA

KaK ITPOU3BOAHASA ITYTHU 110 BPCMCHU!

Torna
a = do =6Ct,
dt
HopmanwsHoe yckopenue onpenaenseTcs GopMysion
2
LU (B+3cr?)
" R R

[loncraBuB BbIpakeHus aisg d, U @, B (pOpMyJlly MHOJHOTO YCKOPEHHS TOYKH,

IIOJIyYUM
(B + 3Ct2)4
a= —R2 + (6Ct)2 ,
(-3+3.1- 22)4
2
= i I = M
a : +(6:1-2)° =822/,
N3 npssMOyTONBHOTO TPEYTOIbHUKA HA PHC. 4 OTpeIe] MM TaHTeHC yTia O .
a, 6CtR
o =—t=———g,
a, (B + 3Ct2)
6.1.2-1
tga = ~=01481
(—3+ 3.1. 22) !

a = arctg(01481) =8,4°.

3aoaua 5. Haiitu yrioBoe yCKOpeHHe Tema, €CJIM U3BECTHO, 4To depe3 1 ¢ mocie
Hayaja ero BpalieHus: BEKTOP MOJHOTO YCKOPEHUsI TOYKU Ha OOKOBOM MOBEPXHOCTH
Tena coctaBui yron 60° ¢ BEKTOPOM JTMHEHHOM CKOPOCTH 3TOM Touku. Haiity umciio
000pOTOB, KOTOpOE COBEPIIMJIO TEIO 3a ATO Bpems. Bpaimienue tenma cyuTaTh

PaBHOYCKOPEHHBIM.

12



Pemienne
JlaHo

@, =0
a=6
t=lc

C

v

£ =const

&7

Puc. 5

N -7

Tak KaK BpalleHie paBHOYCKOpeHHoe, a @ =0 1o
w=qa,+et=¢t.

HOpMaJII)Hoe N TAaHI'CHIOHUAJIBHOC YCKOPCHHA CBSA3aHBI C YFJIOBOfI CKOpPOCTBIO U

YTJIOBBIM YCKOPEHHUEM COOTHOIICHUSIMU:
a, =o’R=¢t’R, (1)
a =¢R, (2)
rae R — paguyc TpackTOpHE TOYKH.

Paznenus (1) Ha (2), momyyum

a
Kaxk BuHO u3 puc. 5, 19a = a_n CIIEIOBATEIBHO

T

0
8t2=thl, 8:tg—a €=tg60 =1,732pa%.

2
t? 1°
Yuco 06opotoB N MOKHO HAWTH MHTETPUPOBAHHUEM:

2 2
N = th:ja)dt: gtdt: gJ‘td’tzi Nzw:0,13706_
27 27 27 A’ 4.314

3adaua 6. JIyd nokatopa cleAuT 3a ABH)KEHUEM JIETaTeIbHOIO ammnapara, KOTOpbIi
nepeMeniaeTcsl Mo KPUBOJMHEWHOM TPAeKTOPUU C HEU3MEHHBIM PaJNyCcoM

KPHUBHU3HBI. 3aBHCUMOCTD yIja IMOBOpOTa Jiyda OT BPEMCHHU OACTCA YPAaBHCHHEM

13



Q= A+ Bt—Ct* + Dt?, pao, tae A, B, C u D — nocrosaunslie Benmuunnsl. Halitu

JJIMHY Jiy4da JIOKaTropa, €CJIM HM3BCCTHO, 9YTO B MOMCHT BpPCMCHHU t OT Haydalia

CICKCHHUA HOPMAJIBHOC YCKOPCHHC CTaJI0O PAaBHO a,, a JIETaTeIILHBIN arIapar

MOJXHO paCCMAaTpUBATh KaK MATCPUATIbHYIO TOYKY.

Hano Pemienue
Q= A+ Bt—Ct* + Dt pao a):(?j—(tp: B —2Ct+3Dt* = B+t(3Dt—2C),
t a =,
a, a,
a, r=—= 2"
@ (B+t(3Dt-2C))
r—"1?

3aoaua 7. Iloe3n nBwxkercs 1o 3akpyriieHuto paguycom 400 m. 3aBUCUMOCTD

. 3
IPOMIEHHOTO IyTH OT BPEMEHHU maercs ypaBHenuem S =Ct°, m, rne C =l% 3.

HaiiTu TaHreHInanbHOEe U HOPMaJIbHOE YCKOPEHUS 10€3/1a B TOT MOMEHT, KOT'/1a €ro

cKopocTh paBHa 10 m/c.

Jlano
S=Ct,m
R =400m

C:1%3
u:lOf%

Penienue
dsS )
=—=3Ct
M @
do
a =—=6Ct
= =60 @

Bpemsi, 3a koTropoe OBUIO JOCTUTHYTO TaKoe

yCKOpeHue, MOXHO HaiTH u3 (1):

- o

[Toacrasus (3) B (2), moxyyum

14



a, —6CJ =23Cv,
= - =11M
8, =2/3110=114/,

HopmainsHoe ycKopeHue moe3za onpeaensercs no hopmyie

102
a,=305=025%;.

3adaua 8. Kakoil HayanbHOM CKOpPOCTHIO JOJDKHO 00JaiaTh CUTHajJbHAsl pakeTa,
BBHINTYIIEHHAS U3 PAKETHHUIBI O yriioM 45° K TOpU30HTY, YTOOBI OHA BCILIXHYIIA B
HauBBICIIEW TOYKE TPACKTOPUM, €CIM BPEMS TOPEHMS 3amnaja pakeTel 6 c?

ConpoTHUBI€HUE BO3AyXa HE YUUTHIBATD.
Jlano Penienue
a =45°

t=6¢

_9
v, — 1

v

Puc. 6

Tak kKak pakeTa JBHXKETCS C IOCTOSHHBIM MO BEJIWYMHE W HAIpPaBJICHUIO
yckopeHuem g=9,8 m/c, To ee JBUKEHHE TJIOCKOE U JJIsl €0 ONMKMCAaHUs I0CTaTOYHO
JIBYX OCEH KOOpPJMHAT, YTO MO3BOJIUT CIOKHOE KPUBOJIMHENHOE JBUKEHUE PAKEThI

paccMaTpuUBaTh KaKk COBOKYITHOCTH JIBYX IPSMOJIMHEWHBIX ABWKEHUN. Ecin oce X
HaIlpaBUTh IO TOPU30HTAIU, a OCh Y — IO BEPTUKAIU, TO BIOJb OCH X pakKera
JIBIDKETCS paBHOMEpPHO, Tak kKak ¢,=0, a BAoJb ocu Y — paBHO3amejjieHHO. Ee
CKOPOCTb BJOJb OCH X Uy NMOCTOSIHHA, a BJOJIb OCH Y OHa MOHOTOHHO YOBIBaeT,

CTAHOBSCH PaBHOM HYJIIO B BBICIIEH TOYKE TpackTopuH. HauambHas CKOpPOCTH U,

15



pakeThl B MECTe ee CTapTa paBHA BEKTOPHOU CyMMe CKOpocTeil U, u Uy, (puc. 6):
Uy = Uy + Uy,
TTOCKONIBKY BEKTOPHI U, Uy, U U, 00pa3ylOT IPSIMOYTOJIbHBIH TPEYTrONbHHUK,
TO:
v,, = U, sina. (1)
CKOpOCTb PaBHO3AMEUICHHOTO IBIDKCHHS BIOIb OcH Y U, CBs3aHa C
YCKOPEHHEM (J U BpEMCHEM { “U3BECTHBIM M3 KHHEMATUKHU COOTHOIIICHUEM:
v, =U,, —0t.

B Bepxneii Touke TpackTopun Uy = 0, nosromy

=gt. (2)
[ToncraBus (2) B (1), noyyum
gt =y,Sine
t
b= O
Sina ’

98-6
v 83M
0" Sings° /

3analm I CAMOCTOATEC/IBHOI'O PCILICHUA

1.1. VYpaBHeHHE [BHKEHHS MATepHalIbHOM TOUKH HMMEET BHA O = A+5B¢°

BbIpa3suTs 3aBUCUMOCTh CKOPOCTH U YCKOPEHMSI TOM TOUYKH OT BPEMEHU ABUKCHHS.
(v=15B¢*, a=30Bt)

1.2. VYpaBHEHUE IBWKEHHS MaTepPUAIbHOM TOYKU uMeeT BHL S =t+ 2%, ;.
BbIpa3suTs 3aBUCUMOCTB CKOPOCTH U YCKOPEHHS DTOM TOUYKH OT BPEMEHU ABUKCHUS.
(V=1+6t> a=12¢)

1.3. JlBe MmarepuanbHble TOYKM  JBWXKYTCS  COIVIACHO  YpaBHEHUSM
S,=4t+8°-16tm u S ,=2t—4t°+t°, M. B xakoil MOMEHT BpeMeHH

YCKOpPEHUsl 3THX TOuYeK OyayT oauHakoBeiMH? HalTu CKOpOCTH TOYEK B 3TOT
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MOMCHT.

(t=0,24c, v, =51/ v,=0,25"/)
1.4. JIBwKeHUs [BYyX MAaTCPUANBHBIX TOYEK BBIPAKAIOTCS yPABHCHHSAMH
S,=20+2t—4t°,m u S,=2+2t+0,5t°, m. B kakoii MOMEHT BpEMEHH

CKOPOCTH 3THX TOYEK CTAHYT OJMHAKOBbIMHU? Yemy OyIayT paBHbI CKOPOCTH H

YCKOPCHHUA 3TUX TOYCK B 3TOT MOMEHT?

(120, 50,2/ 4 =8/s 0 =1

1.5. 3aBucHMMOCTH IIyTH, HpOﬁI[CHHOFO TCJIOM, OT BPECMCHH OACTCA YPABHCHHUCM

2
S=6-3t+2t°, m. Yepes ckonbko BpeMeHH IMOCIE Hauaja JABHKEHUs YCKOPEHHE

Tena cTaHeT paBHO 12 M/c?? UeMy OyzieT paBHA CKOPOCTh TeJIa B 5TOT MOMEHT?

(t=1c, u=3f%)

1.6. KoopiuHAaTBI X U y MaTepUAIbHON TOUYKH C TCUCHHEM BPEMEHU M3MEHSIOTCS 10
2 2 .
sakony X=K—-Bt+At" u Yy=E+Dt+Ct". Haiitu MOmyaum CKOPOCTH M

YCKOPEHMS 3TOM TOYKU B MOMEHT BpEMEHH 1.

(v=+(2At-B) +(2Ct+ D), a=2J42+C?)

1.7. Teno nBUKETCS CO CKOPOCTHIO V). [locne Hauana TOPMOKEHUS €0 YCKOPEHHUE

2 . .
CTaJI0 M3MEHATHCSA 110 3aKkoHy @ = —4kt” . Kakoli myTh Ipoiijer Teno 3a BpeMs 7 ¢

MOMCHTA Ha4daja TOpMO)KeHI/IH?

kz®
(S=10,——)
3
1.8. Teno nBWKETCS CO CKOPOCTRIO Uy . [Tociie Hadaia TOpMOKEHUS €T0 YCKOPEHHE

CTajo M3MEHATHCA 110 3akoHy d =B —kt ' rne B u K — xoncrantsl. Kakoii myTs

MIPOMJIET TEJO 32 BpeMs 7 ¢ MOMEHTa Hadayia TOPMOKEHHUs?

7 kzr®
(S = UOT+E[b—?j)

1.9. Teno aBKETCS CO CKOPOCTHIO Uy . [Tociie Hauama TOPMOKECHHUS €r0 YCKOPEHHUE
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CTaJI0 M3MEHATHCSA 110 3aKoHy a = 2¢ — 3kt . KakoBa Oy1eT CKOpOCTb Teja uepes3 T

CEKYH]I MOCJie Havajla TOPMOKEHUS ?
(v=u, +7(2c—kz?))
1.10. ABTOMOOWIH ABMXKETCS IO 3aKPYTJICHUIO IIIOCCE, HMEIOIIEMY Ppaanyc

2
KpuBU3HEI 4 M. YpaBHeHue IBHKeHUs aBToMoomnss S = A+ Bt —Ct” | rue A=5 m,
B=10 m/c, C=4 wm/c®. HaiiTu CKOpPOCTb, TAHTEHINAILHOE, HOPMAILHOE U TOJIHOE

YCKOpEHHE aBTOMOOMJII B MOMEHT BpeMmeHH t=1 C.
(=2 a, :—8%2, a, :1%2, a=8,06%2)
1.11. MarepuanpHasi TOYKa JIBIJKETCA IO OKpYXHOCTH paauycom 0,5 M.
3aBMCHUMOCTh IIyTH OT BPEMEHH JAETCS YPAaBHEHHEM O = kt®, rze K =1C% 3.

Haittu nonnHoe YCKOPCHHUC TOYKHU B TOT MOMCHT, KOI'ld €€ CKOPOCTL CTaJla paBHa 0,3

Mm/cC.

1.12. HaiiTu BO CKOJBKO pa3 HOPMaJIbHOE YCKOPEHUE TOUKH, JIexKaIreil Ha 000/e
Bpallarouierocs Kojeca, OoJibllle €€ TAHM€HUMAJIbHOTO YCKOPEHUsS AJI1 MOMEHTa,
KOI'JIa BEKTOP IIOJHOTO YCKOPEHUs 3TOM Touku cocrasiseT yroa 30° ¢ Bekropom ee
JIMHENHON CKOPOCTH.

an
(a— =tga =0,58)

r
1.13. Touka nBWXETCS MO OKPYXHOCTH nuameTpoM 40 cM ¢ TOCTOSHHBIM
TaHT€HLIMAILHBIM YCKOpeHHEM 5 cm/c®. Uepe3 CKOJBKO BPEMEHH IIOCIIE Hadaia
JBUKEHUS HOPMAJIbHOE YCKOPEHHE TOUKHU OyAET BABOE 0OJIbIIE TAHT €HIIMAIBHOTO?
(t=2,8 ¢)

1.14. Koneco paaumycom 10 cm Bpamaercs Tak, 4TO 3aBUCUMOCTb JIMHEWMHOM

CKOPOCTH TOYCK, JICXKAIIUX Ha 060116 KOJIeCa, OT BpPpEMCHHU OACTCA YPaBHCHHUCM

v=At+Bt’, rne A=3 cm/c? u B=1 cm/c3. HaifTi yro, COCTaBISIeMBIH BEKTOPOM

IMOJIHOTO YCKOPCHH: C paanyCOM KOJIECa 4YCPEC3 2 ¢ OT HaJajia JABHKCHMUS.
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1.15. ABTOMOOUIb JBUXKETCA MO 3aKPyTJICHHIO II0CCE, HMEIONIIEMY paauyc

kpuBusHbl 20 M. YpaBHeHue asuwxeHus asromobmns S =10t -0, 5t?, m. Haittu

CKOPOCTb, TAaHTCHOHWAJIBbHOC, HOPMAJIBHOC MW IIOJIHOC YCKOPCHHC aBTOMOOMIISI B

MOMCHT BpCMCHH S5c.

(=52 :—1%2, a =1,25f%2, a:1,6%2)

1.16. Koneco Bpaiaercs Tak, 4To 3aBUCMMOCTh yTiia TOBOPOTA pajinyca Kojeca oT
BpeMeHHU jaercs ypasHenuem @ = A+ Bt+2Ct ? rme A=const, B=0,4 pan/c?,
C=0,1pan/c®. Haiiti paguyc Koleca, €Clii K KOHILY IEPBOM CEKyHIbI €0 BPAILEHHs
HOPMAaJIbHOE YCKOPEHHE TOUEK Ha 000/1€ KOJIeca CTaJIo paBHO 2 M/C.

(R=1,02 m)

1.17. Tuck paguycom 0,5 M BpalaeTcs COracHo ypaBHenuto @ = A— Bt + Ct 3, rae
A=3 pan, B=1 pan/c, C=0,1 pan/c®. Onpenenurs MoJHOE YCKOPEHUE TOUEK Ha 0001€

JucKa 1 MoMeHTa Bpemernu =10 c.

(azR\/(3Ct2—B) +(6Ct)" =421/,

1.18. Komneco, Bpamiasich paBHOYCKOPEHHO, JTOCTHUTIIO YIIIOBOH ckopocTH 20 pan/c,
caenaB 10 060poTOB mocye Havyana BpamieHus. HailTu yrioBoe yckopeHue Kojeca.

Yemy paBeH MOJHBINA YroJl, HA KOTOPBIM NOBEPHETCA KOJIECO 3a BPEMS BPALLICHUS ?

@* B »°
(e=-2 =32 paé,(z):Z:GZ,S pao)

1.19. Koneco Bpariaercst Tak, 4TO 3aBUCUMOCTD yTJIa MOBOPOTA pajnyca Kojeca OT
BPEMEHM JaeTcs ypaBHenuem ¢ = A+ Bt+ Ccr , rme A=const, B=1 pan/c, C=2

an/c®. Haiftu paamyc Kojeca, €CiiM M3BECTHO, YTO K KOHI[Y BTOPOH CEKYH/IbI
2

BpalIeHUs] TAHTCHIIMAIbHOE YCKOPEHHUE TOUKH CTaJo paBHO 4,8 M/c.

a
R=——-=02m
( 6Ct )

1.20. Kosieco Bparmaercs ¢ MOCTOSTHHBIM YTJIOBBIM yCKOpeHueM & . Uepes Bpems t
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IIOCJIC HaYalla ABHXKCHU: ITOJITHOC YCKOPCHUC KOJIECa CTAaJIO PaBHO a4 . Hartitu paanyc

KOJICCa.

a
R=—F—m=
( N1+ &%’ )
1.21. Kamenb, OpolleHHBIH TOPU3OHTAIbHO, ynan Ha 3emito udepe3 0,5 ¢ Ha

PACCTOSIHUU 5 M 10 TOPU30HTAIN OT MOMeHTa OpocaHus. C KaKo#l BRICOTHI U C KAKOM
HAYaJIbHOW CKOPOCTHIO OH ObLT OpoteH? C Kakol CKOPOCTHIO yIall Ha 3eMITI0?
(h=1,22 m; v,=10 M/c; v=11,1 M/c)

1.22. Teno 6pocunu co ckopocteio 10 M/c mox yrinom 40° k ropusonty. Ha kakyro

BBICOTY OHO IIOJHHMMCTCA M HAa KAaKOM PACCTOSHHH OT MCCTa 6pOCaHI/ISI YHaI[GT?

CkoypKo BpPCMCHHU 6y,ZIeT B IIBI/DKGHI/II/I?

5 .
—:2,1]%’ S:M:].OM, [:—:1C)
ag g 9

1.23. Ilox kKakuM YTJIOM K TOPU3OHTY HYKHO OPOCUTH T€JI0, YTOOBI TaJbHOCTH €ro

roJyiera ObLIa MAKCUMAJIBHOM ?

(o =45%)
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2. OCHOBbBI JMUHAMMUKMHA ITOCTYITATEJIBHOI'O IBUXXEHUSA

Bmopoti 3axon Hetomona:

a=

3|

—

rjae  — yCKOpeHne MaTepHaabHOM Touk, M — e€ Macca, F — paBHOmEeHCTBYIOIIAS
BCEX JICUCTBYIOIIMX HA HEE CUIL.

Cuna:

F=ma, |[F]=1H.
Macca 0HOPOHOTO Tella CBA3aHa C €ro INIOTHOCTBIO L COOTHOLIeHHeM M= p-V

, rae V — o0beMm Tedna.

HUmnynsc:

p=ms, [pl=1"",

c
rae U — CKOPOCTh MAaTEPHAILHON TOYKH.
OcHosHOe ypasHeHue OUHAMUKU NOCmYynamenbHo2o 0gudiceHus (0oee odmas
3aIlrch BTOPOTO 3akoHa HproToHa):
h_g
dt
Tpemuii 3akon Horomona: nBe MaTepuaibHbIe TOUKH ACHUCTBYIOT APYT Ha ApyTa
C CHJIaMH, PAaBHBIMH I10 BEJIUYHHE, MPOTHUBOIIOJIOKHBIMHU TIO HAIPaBICHUIO M
HaIpaBJICHHBIMH BJIOJb MPSIMOM, COCTMHSIFOIICH 3TH TOYKH.

Cuna msocecmu Mg — 3TO CUIA, NMOA JECUCTBUEM KOTOPOW TENO IMAJaeT Ha

MOBCPXHOCTL INIAHETHI C YCKOPCHUEM CBO6OI[HOFO ImaacHus.

—

Bec mena P — 310 cuna, ¢ KOTOpO# TEIO AEUCTBYET HA ONIOPY WJIM PACTITUBAET
noasec. Ecim Temo IOKOWUTCS WM JBUXKETCS PAaBHOMEPHO IPSMOJIMHEWHO
OTHOCHUTEJIBHO IMOBEPXHOCTU 3EMIIH, TO

P=mg.

Ecnu Teno IOBHKETCS YCKOPEHHO BEPTHUKAJIBHO BBEPX C YCKOpEHHEM ( WIH

3aMCJICHHO BHU3 C TAKUM KC 110 MOOYJIIFO YCKOPCHHUECM, TO
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P=m(g+a).

HepeepyS’Ka IMIOKAa3bIBACT, BO CKOJIBKO pa3 BCC TCJa, MOIBIKYIICIOCA C
YCKOPCHHECM, OombIIC Beca HCIIOABHKHOI'O TECJIA,

ECITH Telo JBHKETCS BEPTHKAIBHO BHHU3 C YCKOpPeHHeM ( MM 3aMeUICHHO BBEPX
C TAKUM XK€ 10 MOAYJII0 YCKOPEHUEM, TO
P=m(g-a).

MakcumanibHast cuia mpeHusi TIOKOSI U CWIAa TPEHHsI CKOJBXEHHUS IPSIMO
MPOMOPIMOHAIIBHBI BEJIMYUHE CUJIbI HOPMAJIBHOTO JABJIEHUS, KOTOpas YHCICHHO
paBHa (110 TpeTheMy 3aKoHy HproToHa) cuiie peakiuu omops N

F,,=uN
rae 4 — Kod(ppuuueHT TpeHus, 6e3pa3MepHas BEIMYMHA.

3axox BCEMUPHOCO mA2OMeHUsA. CUJIa TPUTHKCHUS OBYX HCIIOABHMKHBIX
MAaTCPpUAJIBHBIX TOYCK IIPAMO IIPOIIOPHHOHAJIBHA ITPOU3BCACHHUTIO UX MACC U O6paTHO
IMPpONOPHUOHAIIBHA KBAAPATy PACCTOSAHUSA MCKIAY HUMU:
mlmZ

rz '

F=G

a1 H -
rae G=6,67-10 - — rpaBuTALMOHHAS TOCTOSHHAS.

Ke
3akon [yka: cuina yHOpyrocTH, BO3HUKAWIIas B Tele MpU YHOPYrou
nedopmariim, mpornopIMoHaibHa BeTUYHHE JedopMallii ¥ HalpaBJieHa B CTOPOHY,

MPOTUBOMOJIOKHYIO JIepopmaliuu:

—

= —k¥

ynp !

rae K — xecrkocts mm koa(durment ynpyroctu; X — gedopmanus Tena, paBHas

a0COJIFOTHOMY U3MEHEHUIO €T0 JJIMHBI
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IIpumepsl pelneHus 3a1a4
3aoaua 1. K HutH nojBelieH rpy3 Maccoil 2 kr. Halitu yckopeHue, ¢ KOTOpbIM

NOJHHUMAIOT TPy3, €CJIM cHUJla HaTshkeHus: HuTy paBHa 40 H (puc. 1).

Tlaro R Pemienue
X
m =72 Ko ITo BTopomy 3akonHy HbroToHa:
_ . md =mg +F, .
F =40H G T $ s
! Jlist 3anucu BTOporo 3akoHa HeioToHa
g=10%/,
c ° B CKaJsIpHOM BHJE COHAIPaBUM OCh
a—"? v mg OX ¢ BEKTOPOM YCKOPEHHS:
Puc. 1 Ma =F, —mg,
F —m 40-2-10
a= Laill] a=—2=10 f‘/ 2.
m 2 c

3aoaua 2. Teno maccoit 100 xr mepeMenialoT paBHOMEPHO U MPSIMOJIMHEWHO T10

TOPU30HTAJIBHOM MMOBEPXHOCTH, NPWJIAras HEKOTOPYIO CUy TAru F, mapamnensHo

noBepxHocTH (puc. 2). Koadgduument tpenus ckonbxenus 0,3. Haiftu Benuuuny

CUJIBI TATH.
Tlaro Pemenue

m =100 ke y A

a=0
A

1=0,3 N ~

10 M "w i

g =107, ‘ S

£ =? v Mg
Puc. 2

T.K. IBM)KEHUE PABHOMEPHOE U MPSIMOJIUHENHOE,

F+mi+N+F, =0
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I[JISI 3aIlIMCHU B CKAJIAPHOM BHUAC COHAIIpaBHUM OCb OX ¢ HaIpaBJICHUCM JABHXKCHHA

—

tena, a ock OY — ¢ BekTOpoM cuitbl peakituu ormopsl N

ox: F.=F,,
OY: mg=N.
Kpowme Toro, F,, =uN.

Cuma TATH, HIPUITOKCHHAA K TCITY

F,=umg, F,=0,3-100-10=300 H .

3aoaua 3. ABToM0oOMIIL Maccoit 1 T ABMKETCS BBEPX MO HAKJIOHHOW IJIOCKOCTH C
0 .
ykionom =30 (puc. 3), npeononeBas e€ 3a 30 ¢. YpaBHEHHE €r0 JBUKEHHS

umeer Bug S=A+Bt’+Cr, tne B= 2%2 . C :1%3 . Koadurment tpenus

ckonbxenus 0,1. Haiitu cuity Tsru, pa3BuBaeMyto MOTOPOM aBTOMOOUJIS.

Pemienne

Jlano
m=1000 ke
a = 30"
p#=0,1
t=30c

S=A+Br*+Cr

B2/
e :
C=1M

A 3 Puc. 3

F _9 ITo BTOopomy 3axkoHy HproToHa
r ¢

ma = F, +m§+ﬁ+ﬁmp_
Jlnist 3ammcu BTOporo 3akoHa HeIOTOHA B CKaISIpHOM BHJIEe cOHanpaBuM ock OX ¢
BEKTOPOM yCcKopeHHs, a ocb OY — ¢ BEKTOPOM CHIIbI pEaKIliy OIOPbI N :
ox: ma=F, -mgsina-F,
OY: N=mgcosc.
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Ilockomexy F,,=uN, 10 F, =pmgcosc.

Torpa cuna t4ru, pazBuBaemMasi MOTOPOM aBTOMOOMJISI, paBHA

F. =ma+mgsina+ umgcosa . (1)

Haiiném yckopeHue aBTOMOOHIIS:

u=d—8:28t+3Ct2,
dt
dov
a:a:23+6ct_ (2)

[ToncraBuB Beipakenue (2) B (1), HaiieM HCKOMYIO CHITY TSATH:

F, = m((23+6Ct)+g(Sin0!+,UC030‘)):

1 3

F, =1000 (2-2+6-1-30)+1O §+O’17 =1898660 H

3aoaua 4. JIa rpy3a Maccamu 2 Kr U 1 Kr cBsI3aHBl TOHKON HEPACTS>)KUMOU HUTHIO,

HGpGKHHYTOﬁ acpe3 HEBECOMBIN 6JIOI(, U BHUCAT Ha BBICOTE 1 M Haqd IIOJOM,

yAepKUBaeMble dKcriepuMeHTatopoM (puc. 4). 3a kakoe Bpemsi Ipy3 OOJIbIIEH

MacChl JIOCTUTHET T0JIa, €CIU TPpy3bl OTHyCTUTH? Kakas ckopocTh OyJeT y Hero B

MOMEHT JOCTHXKEHHUS 110J1a7?

Jlano

m, =2 ke

m, =1«ke

Penienue

briok HeBecoMbIil, MOATOMY HATSKEHUE HUTH MO 00e

X, CTOPOHBEI OJIOKa OJMHAKOBO.
OueBHIHO, 4To JIs

HAXO0KICHUS HUCKOMOTO

F, F, Bpemenun U u ckopoctm v
m,g HY’)KHO 3HaTb YCKOpPEHHE

mg IPy30B a. [pu

PaBHOYCKOPEHHOM JIBUKEHUU

! 13 cocTostHus mokost (U, =0)
Puc. 4
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h=2"
5>
2h
=7 (1)
v=at. (2)

JI1st HaX 0K IEHMs YCKOPEHUS BOCIIOJIb3yEMCSI BTOPBIM 3aKOHOM HbroTOHA:
ma=mg+F,
M,a =m,g +F,.
ConampaBuB ocu koopauHat OX;, u OX, C BEKTOpAaMU YCKOPEHUW MEPBOTO H
BTOPOI'O TEJI, 3aIIUIIEM YPAaBHEHHs BTOPOro 3aKOHa HbIO0TOHA B CKalsIpHOM BHJIE:
ox,:  Ma=mg-F,
0X,:. Ma=F —-m,g.
Cn0kMB 3TH ypaBHEHUS U BBINIOJHUB IMPUBEJICHNUE MTOJO0HBIX YWICHOB, IOJIYYHM:

ma+ma=mg—F +F —m,g,

a:g(ml_mZ) (3)
m, +m,

[ToncraBuB BeipaxkeHue (3) B ¢dopmyasl (1) u (2), moayduM HCKOMBIE

BeauuuHbl L u U

. /m t=0,78¢,
g(ml_mz)

Uzg(m1_m2): Zh(ml+m2):\/29h(ml_m2), U:2,5]V.
m, +m, g(m,—m,) m, +m, ¢

3aoaua 5. HeBecomblii 00K YKPEIUIEH HA BEPILMHE JBYX HAKJIOHHBIX TJIOCKOCTEH,

COCTABIIAIONMX ¢ ropu3oHTOM yriusl o =30° u B=45" (puc. 5). Tupu paBHoii

maccel M, =M, =1xe coeauHeHbl HMTBIO, TEPEKMHYTOH depe3 Onok. Haiitu

YCKOPEHHE, C KOTOPBIM JBUXKYTCSI TUPU U HATSKEHUE HUTH. TpeHueM npeHeopeyb.
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Pemienne

Jlano
a =30°
X, Y,

S =45"

y
m, =m, =1«ke

gcosf3 m,g sina
a—" ' y
: mgsin f3 m,g cos
F =-?
H
X, e mg

Puc. 5

biok HeBecOMbIH, MOATOMY HATSDKEHHME HHUTH 1O 00€ CTOpOHBI OJioKa

OJHMHAKOBO.

3anumeM BTOpor 3aKk0H HbI0TOHA IPUMEHHTENBHO K ABMKEHHIO KAXKJI0M THPU

B OTIEJIILHOCTH:
mla:nﬁ§+ﬁl+é,
m,d =m,g+ N, +F, .

Jlns1 3anuen BTOporo 3akoHa Her0TOHA B CKaJIIpHOM BUE CIIPOELUPYEM CHIIBL,
JNEUCTBYIOIIME HA KaXIYK TUPIO, HA OCH KoopauHat OX,, OY u OX,, 0y, ,
coHamnpaBuB ocu OX; u OX, ¢ HanpaBJICHUEM YCKOPEHUN COOTBETCTBYIOIIUX TE.
Yyarem, 4T0 [ > ¥ CHJIBI TSHKECTH, ACHCTBYIONINE HA TUPH, PABHBI 110 BEIMYNHE
(Tak KaK paBHBI Macchl Tuph), Mg =mMmM,g. I[Ipoekuus cuibl TsxecTH Ha OX,,
paBHast m,gsin B, Gyaer GoJbIie MPOEKITMK CHITBI TSHKECTH Ha och OX, M,gsina
MO3TOMY TUpsi M, OyJIEeT ABUTaThCsl BHU3 MO HAKIOHHOM TUIOCKOCTH, a TUpPS M, —

BBEPX.
ox,: ma=mgsinf—F 1)
ox,: Mma=F —-mgsina (2)
HOquI/IHH ABa YpaBHCHUS C ABYMS HCU3BCCTHBIMH BCIIMYNHAMUA au FH .

I[J'ISI HX PCHICHHUA UCKIIIOYMM BHA4YaJIC OAHY U3 HCU3BCCTHBLIX BCIIMYHH, HAITIPHUMCED,
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F,. Jlns 5TOro ciouM JeBbIe M IpaBble Y4acTy ypasHeHui (1) u (2) 1 BBINOIHUM
IpUBeIeHNE TTOJOOHBIX YJICHOB:
ma+m,a=mgsin f—F +F —m,gsina,
Y g(msin f—m,sina)
m, +m,

9,8(l-sin 45° —1.sin 30°

a= > ):1,01%2_

Cuiy HaTSDKEHHs] HUTH HaldJIeM, Harpumep, u3 ypaBaeHus (1):
F =mgsinf—-ma,
F,=1-9,8sin45°-1.1,01=59 H .

3adaua 6. Tpu Tena maccamu M, =1lke m, =5ke, M, =2ke cea3anbl oxHOI

TOHKOM HEpPACTSHKUMOW HUTBIO, TMEPEKUHYTOM uepe3 JBa HEBECOMBIX OJIOKa,
YKPEIUICHHBIX Ha Kpasix cToja (puc. 6). Tena ABMKYTCS BIPaBO MO/ ISHCTBHEM BCeX
INPUJIOKEHHBIX CHJI PAaBHOMEPHO U NPAMOJMHENWHO. OmnpenenuTh KO3PPHUIHEHT
TPEHUSI CKOJIBKEHUSI BTOPOTO TEJa O MOBEPXHOCTH CTOJIA.

Pemenue
JlaHo

m, =1ke Y, 4

m, =5 ke

Jns rema M, :
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m,g + Ifnl =0,
ox,: F,=mg,

Jlist rema M,
ng+N+ﬁyl+ﬁH2+ﬁmp =0,

ox,. F,=F, + Fmp,

0)/2 N:ngy

Kpome toro, F,, = uN = um,g, cnenosarensro, F,, =F,+um,g.

Jns rema My

(1)

()

m,g + |f”2 =0,
[ToncraBug (1) u (3) B (2), nosryuum
mg=mg+xumJg,
My =M +um,,
yzm :E:O,Zl
m, ’ 5

3aoaua 7. MarepuanbHasi TOUka Maccoi M JABUIKETCS MO OKPY>KHOCTH PaInyCcoOM

R ¢ yacroToii vV paBHOMepHO. HaifTu M3MEHEHHE MMITyJbCa 3TOH TOUKH 4Yepes3

4eTBEPTh 000POTA, MOI-000POTa, TPU YETBEPTHU 000POTA U YEpe3 MOTHBIN 000POT.

Tlako Pemenne
m, R, v ITycts B MomenT Bpemenu t=0 wmarepuanpnas
L = const TO4YKa Maccoil M mpoxoaut Touky 1 (puc. 7) u ganee
T T 3T JIBUKETCS 10 OKPYKHOCTH I10 4aCOBOM CcTpeske. BekTop
- 42 4 MMITyJIbca P; HampaBlieH MO KacaTeNbHOM. a ero MOLyJb
Ap =7 paBeH

p,=mo,
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T
B momeHT BpEMCHU t:Z MaTcpuajibHass TOYKa OKaXCTCJd B TOYKE 2.

N3meHenne uMmyiabca TOYKHA 32 YETBEPTh 000poTa

paBHO
Aﬁl :ﬁz _ﬁli

I[J'I?I HaXO0XJICHUA MOJYJIA HU3MCHCHUA

UMIyJIbCa YYTEM, 9YTO BEKTOp Ap, SBISIETCS

TUNIOTEHY30M MPSIMOYTOJIBHOTO TPEYTOJIbHUKA C

KaTeTaMd P, U P,, YUCICHHO PAaBHBIMHU JPYT APYTY,

T.K. Macca U JUHEHHAasi CKOPOCTh TOYKU B IMPOIECCe
Puc. 7 €e JBWKEHHUA HE U3MeHsIoTcsa. Toraa mo teopeme

[Tudaropa

Ap, =[PZ + P2 = |(mo)} +(mv)’ =mu2. 1)

HHHGﬁHYI-O CKOPOCTBh TOYKH U MOKHO BBIPA3UTh YEPE3 €€ YIIIOBYIO CKOPOCTH

® ,a Ty, B CBOIO OUYepE/b, — YePE3 U3BECTHYIO YaCTOTY:
w=2nv,
v=wR=2nvR.
[ToxcraBum Beipaxkenue st U B (1):

Ap, = 22 - 7vRm .

O‘ICBI/II[HO, 4YTO Ha TaKyIO K€ BCIIMYNHY UBMCHUTCA UMITYJIbC TOYKH YCPE3 TPHU

3T
yeTBepTH 00opoTa (t= 7 ). [TosTOMy
Ap, =Ap, = 2\2 - 7vRm.
T - -
Yepes nos-obopora (t = E) BEKTOPBI UMITYJIBCOB P; M P; B TOUKE 3 OKAXKYTCS

MPOTHUBOIIOJIOXKHO HAMPABIICHBI, IO3TOMY B BEKTOpPHOM (opMe H3MEHEHUE

MMITYJIbCA PABHO

Aﬁz zﬁs_ﬁl,
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a B CKaJIIPHOM, €CITH CUNTATh HAIIPABICHHE UMITYJIbCA P; MOJOKUTEIbHBIM, IEPE]
YKCCHHBIM 3HAYEHHEM MMITYJIbCA P; HaIo IMOCTaBUTh “MHHYC”
Ap, = p,— p, =mv+mv =2mv =4rvRm.
Yepes nonnsiii 000pot (I =T ) uMnynscel p; U p; cTaHyT COHANPaBIEHHBIMHU,

d TaK KaK OHHU YUCJICHHO paBHbI, TO UBMCHCHHUC UMIIYJIbCA TOYKH PABHO HYJIIO

Ap,=ps—p,=mvo—mv =0,

3adaua 8. Kakoil nomkHa OBITH MaKCHMajbHasi CKOPOCTh aBTOMOOWIIA TIpU
pasBopoTte paauycoM 15 M Ha ropuzoHTanbHOM nopore? Kosadduument tpenus mmx

00 acdansT 0,6.

Jlaro Pemienne
R=15m Y
=0,6 N
# N

«—4—4—-*
X
|me
Puc. 8

Ecnu Teno nBWKETCS paBHOMEPHO MO OKPYKHOCTH, HOPMAJIBHOE YCKOPEHUE

a, HaIpaBJIE€HO K LIEHTPY OKPYXHOCTH (puc. 8):
n n

2
9

a =—, = =.la. R .
R

ITo Bropomy 3axkoHy HeroTOHA!

mén:m§+ﬂ+ﬁmp,
ox: F,=ma,
oY: N=mg,
F,, = 4N =mg.

HopmanesHoe yckopenue
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a, = Hg ,

Torma ckopocTb aBTOMOOMIIS

LU=+ ugR 0:9,51%_

3aoaua 9. Kakyio mneperpy3ky HCIBITHIBAET KOCMOHAaBT Mmaccol M, eciu

KOCMHUYECKH KOpalJib, CTapTysd ¢ 3€MJId BEpPTUKAJIBHO BBEpX, Ha BhicoTe H

nocturaeT ckopoct U ? Kakos OyeT Bec KOCMOHaBTa, €CJIM OH OYJIET OIyCKaThCsI

C MPEKHUM ycKopeHuem? J[BrmkeHue Kopadiasi paBHOYCKOPEHHOE.

JlaHo

U(]

=0H

Penienue

1. Ileperpy3ka KOCMOHaBTa

P
n=—
P 0
rac P - Bec KOCMOHaBTa B KOCMHYECKOM Kopa6ne,

IMOAHUMAKMIEMC C YCKOPCHHEM BECPTHUKaAJIBHO BBEPX,

Po =MQg — BEC KOCMOHABTAa B COCTOSHHUH ITOKO.

Ha xocMoHaBTa JeicTBYIOT cuia peakiuu onopsl N u

cuna Tsxectn MG (puc. 9). ITo BTopoMy 3akoHy HeroToHa

Mma =N —mg .

ITo TperbeMy 3akony HproTOHA

P=N_
CrienoBaTelibHO,
Ma=P—-mg,
P=mg+ma,
P m(g+a +a a
"R (219 ):gg g

Haitném yckopenue kopaois:

V' —vf=2aH, v*=2aH, Aa4=_——
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2
n:1+Ji—_
2gH
2. ITpu ciycke kocMmuueckoro ammapata (puc. 10)
Ma=mg— N .

ITo TpeTbeMy 3akoHy HbprOTOHA

P=N_
CIIeI0BaTEIbHO,
Mma=mg—-P,
2
Puc. 10 szg—mazm(g—a)zm g_ZU_H

3aoaua 10. 'eocTanimoHapHBIN CITyTHUK 3ayIIICH HAa KPYTOBYIO OPOUTY U BCE BpEMs
HAXOJWTCSI HAJl OJTHOM W TOM *e€ Toukou 3emmnu. Halitu BbicOTy H CIyTHHKA Haj

3€MHOU IOBCPXHOCTBIO: painycC 3eminu R u3BecTeH.

JlaHo Pemenue

T=24y HaxoeHne criyTHHKa HaJl OTHOM U TOM K€ TOUYKOU 3eMJIn
R CBUJIETEIBCTBYET O TOM, UTO IIEPUOJ BPALLEHUS CIIyTHHUKA I10 €r0
H—_9 opOuTe paBeH MEPUOIY CYTOUHOIO BpaiieHus: 3emian 7=24 u.

ITo BTOpOMY 3akoHY HbIOTOHA MPOM3BEACHUE MACChI CITyTHUKA
Ha €ro HOPMaJbHOE YCKOPEHHE paBHO CHJIE TATOTEHUS CIyTHUKA W 3eMiu

(IeWicTBMEM IPYTUX CHII HA CITyTHUK MpeHeOperaem),

Mma, = F,,. 1)
HopMmanbHoE yCKOpEeHUE CIyTHUKA CBSI3aHO C €r0 YIJIOBOM CKOPOCTHIO:
a, = o’r,
27
rpe @ = ? , ' — paccrosiHMe OT cOyTHHMKa A0 ULeHTpa 3emud. Ero MoxHo

MPEACTABUTh KaK CyMMY PaccTOsiHUs H OT CIyTHUKA A0 3€MHOW MOBEPXHOCTH U
panuyca 3emiu R:

r=R+H,
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%:GFY(R+Hy ?)

I1o 3dKOHY BCCMHPHOI'O TATOTCHHA:

mM

F =G——, 3
msae (R i H)Z ( )

rae M — macca 3eMiau, M — macca CIyTHHKA.

[ToncraBum BeipaskeHus (2) u (3) B (1):
2
e _ =m[2—j (R+H),
(R+H) T

2
R+H :sGM(Lj ,

2
H :3GM(LJ -R.
27

[TonydeHHOE BBIpAKEHHE MOKHO YINPOCTUTh. Ha 36eMHOW NMOBEPXHOCTH CHITY
TSKECTH, NEMCTBYIOLIYIO HA TEJIO MAacCcou M, MOKHO CUHTATh YHUCIEHHO PAaBHOU
CWJIE MPUTSHKEHUS 3TOro Tena K 3emiie (eciid npeHeOpeyb CyTOYHBIM BpallleHHEM

3emu ¥ cuuTaTh 3eminto mapom). Toraa

mM
M =G
OTKyJa
GM =gR®.

[ToxcraBuM B (4) BMecTo GM BhIpakeHHe gR’:
RTY’
H=,[g—| -R.
g(Zn)

3aoaua 11. Mexny nAByMs TpY>KMHAMH, >KECTKOCTH KOTOPBIX kl:ZOO% u
kzzloo% , 3akperieH rpy3 Maccoir 700 r. Ko Bropoit npyxuue (puc. 11)

IMPHUIIOKCHA ITOCTOsIHHAs TOPpHU3OHTAJIbHASA CHJId F TaK, 4TO I'Py3 HCIIOABHIKCH.
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Haiinute BenuuuHy cuibl F, €ciau TEpHUS MEXIy TIpPy30M M OMNOpOM HeET, a

yAJIMHEHUE TIEPBOM MPYKUHBI PaBHO 4 CM.

Pemenne

JlaHo

M =0,7 KT

k =200/ o, Fuws  Fo, F

. S PN A
= H

k,=1004/

x=4cm Puc. 11

F=?

Cuna F aBnsieTcs neopMHUpYyIONIeH CUloif; Mo 3-My 3aKOHY
HesroTona
F = _Fyan ’

rae Fy,,,,z — CHJIa yIPYTOCTH, BOZHUKAIOIIAs BO 2-1 IPYKHUHE; IIPU 3TOM B IIEPBOM

MpY>KMHE BOZHUKAET CUJIA YIIPYTOCTU

Fynpl = 1X1-
F=F

ynp 2
T.x. cuctemMa moOKOUTCS, E =

ynpy Fynpz

F=F,.=kx, F=200-004=8H.

3axayu NI CaMOCTOSITEILHOTO PelIeHUs!
2.1. K autu noasemieH rpy3 maccoit 1 kr. Haiftu HaTspkeHHE HUTH, €CJIM HUTh C

Irpy3oM IOJJHUMATh C YCKOPCHUCM 5 M/ C, a 3aTCM OIIYCKaThb C TCM KC YCKOPCHHUCM.

(F.=148H F,=48H)

2.2. C KakuM YCKOpPEHMEM HaJI0 TMOAHUMATh HA HUTU THUPIO, YTOOBI HUTH
Pa30pBaach, €CIIU NP HOIBEME ITOM TUPH C YCKOPEHUEM 2 M/C? HATSKEHUE HUTH

BABOC MCHBLIIC TOI'O HATSKCHUS, TP KOTOPOM HHUTH pa3pBIBaCTC$I?

(a:13,8%2)
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2.3. ABromobmib Maccor 1020 kr ocTaHaBIMBaeTCs MPU TOPMOKEHUHU 3a 5 C Ha

nyTH 25 M. HaifTi HauaapHy10 CKOPOCTh U CHUITY TOPMOKEHUS.

(v, =?=10% F,, = 2:28 — 2040H )

2.4. Tloe3n maccoir 500 T mpu paBHO3AMEIJICHHOM TOPMOXXCHUH YMEHBIIACT
ckopocThb OT 40 km/4 10 28 kM/4 32 1 MuHYTY. HaliTh TOPMO3SIIIYIO CHITY.

(F,, =27700 H')

2.5. Teno maccoit 0,5 Kr HABMXKETCS MPSMOJIMHEHHO, TPU ITOM 3aBHCUMOCTb

IIPOMIEHHOTO TEJIOM IMyTH OT BPEMEHH JA€TCS ypaBHeHHEM S = A— Bt+Ct* + D¢,
rne C :5% ,, D=1M 3 Haiitu cuimy, TEWCTBYIONIYIO Ha TEJIO B KOHIIE TIEPBOM
CEKYH/IbI JIBHKEHUS.

(F :m(2C—6Dt):2H)

2.6. Cuita, neficTByroIas Ha TeJio Maccoid M, u3MeHseTcs 1o 3akoHy F = A+3Bt*.

KaxkoBa Oyzet ckopocTh Tena uepe3 t cexkyH/ OT Hauasia JBUKECHUS ?
t 2
v=— A+Bt
( m( ) )

2.7. Temo maccoit M ABWKETCS TOM ACHCTBHEM TMEPEMEHHOW CHIIBI, KOTOpas
M3MEHAETCS C TEUEHHEM BPEMEHM MO 3aKOHy F —A+Bt+Ct*, tne A, Bu C —
ITOCTOSIHHBIE BEJIMYMHBL. Kakou ImyTh MPOMAET TENO Yepe3 t CEeKyH NOCie Havaia

JIBHOKCHUS ?

2
(OtBer: S =t—(A+E~t+E-tzj).
2m 3 6

2.8. I'py3 maccoit 100 T paBHOMEPHO JBIKETCS BBEPX IO HAKJIOHHOM IJIOCKOCTH,
cocrassronieii 30° ¢ TOpU30HTOM, €CIIH K HEMY BIOJIb INIOCKOCTH NPHJIOKEHA CUIIA
600 H. C xakuMm yCKOpEHHUEM ASTOT Tpy3, MPEIOCTaBICHHBIN caMoMy cebe, OyaeT

IIBUTATHCSI BHU3?
(a= 3,81/M 2 )

2.9. Teno maccoii M ABUKETCS pABHOYCKOPEHHO BBEPX MO HAKIIOHHOM IIJIOCKOCTH

C yIJIOM HAakKJIOHAa K TOPHU30HTY, PABHBIM & . YPaBHEHUE €r0 JABWKCHUS
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S=A+Bt+Ct*. Halitn cuiy TsAry, AEHCTBYIOmEH Ha TENO, €ClM KO3((PHUIMEHT

TPCHUA MCKIY TCIIOM U IINIOCKOCTBIO paBCH ,Ll .
(F=m(2C+g(sina+ucosa))).

2.10. Haiitu cuity TATH, pa3BUBAEMYIO MOTOPOM aBTOMOOWIIS, IBIKYIIIETOCS B TOPY
C yCKopeHHueM | M/c, ecii YKIIOH TOPBI COCTaBIIsACT | M Ha Kaxaple 25 M Iy TH, Macca
aBTomobOmiis 1 1, a koapuument tpenus 0,1.

(F=2,37TH)

2.11. Teno CKOJB3UT 10 HAKIOHHOHN miockoctH (@ =45%). TIpoiigs 36,4 cm, oHO

npuoOpeTaeT cKkopocTh 2 M/c. Uemy paBeH KO3 PUIIMeHT TpeHus?

2

(1=t9a— =0,2)

20Scosa

2.12. Teno cKoIb3UT paBHOYCKOPEHHO MO HAKJIOHHOM IJIOCKOCTH, COCTABJISIONIEH C

TOPHU30HTOM YI'OJI 450 3aBUCHUMOCTbD HpOﬁI{GHHOI‘O TCJIOM IIYTH OT BPpCMCHH AACTCA

ypasHenueM S =Ct*, rae C =1, 73% , . Haititu ko3 duniment TpeHus.

(H =tga—2—c =0,9)
gcosa

2.13. Uepe3 HENMOABMXHBIA M HEBECOMBIH OJIOK TepeOpoIleH IIHYp, K KOHIIaM

KOTOPOTr0 MPUBSA3aHbI ITpy3bl Maccamu 2 Kr U 1,5 kr. Haiitu HaTseHue mHypa.

(F, =2MM8 _1681)
m, +m,

2.14. JIse rupu maccoit 2 kr u 1,5 Kr COeIMHEHBI HUTHIO, TIEPEKUHYTOU Uepes
HETOJBIKHBIA OJIOK, MAacCoil KOTOPOTrO MOXKHO mpeHeOpeub. HaliTu yckopeHue

rupb. TpeHuem B 0JI0ke MpeHeOpeyb.

g(m, —m
(a=—( L) g 2)
m, —m, ¢
2.15. JIBe rupu maccoit 2 KT u 1,5 KT COeIMHEHBI HUTBIO, IEPEKUHYTOM uepe3 OJIoK.
Maccoii 610ka U TpeHHEeM B HEM MOXKHO TpeHeOpeds. Hailtu myTh, IponIeHHBIHI

rupsiMu 3a 1,5 ¢ mocie Havaia JBHXKCHUS.
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2.16. JIpe rupu maccamu 2 KT W | KI' COCIMHEHBI HHUTHIO, TIEPEKUHYTOW HYepe3
HEBECOMBII OJIOK Ha Kpato ctojia. KoaddummenT Tperns rupu Maccoi 2 KT 0 CTOJ
0,1. Haiftu yckopeHue, ¢ KOTOpPbIM ABUKYTCS TUPU. TpeHreM B OJI0Ke TpeHeOpeyb.
g(mz ~ /Uml)
m, +m,

2.17. HeBecomblii OJIOK YKpEIUICH Ha BEpUIMHE HAKJIOHHOM IIJIOCKOCTH,

(a: :2’6]‘402)

COCTaBISIONEN ¢ ropu3oHTOM yroa 60°. T'upu paBHOM Macchl o 1 KI' COeTMHEHBI
HUTBIO, IEPEKUHYTOH yepe3 0610k. KoadduumenT Tpenus ais rupu, CKOJb3sILEeH 110
HAKJIOHHOM TJIOCKOCTH, 00 ee moBepxHocTh paBeH 0,1. HaliTu HaTsbkeHHE HUTH,

COEUHSIONIECH TUPH. |BH>KEHNE PaBHOYCKOPEHHOE.
mg .
(F, = 7(1+S|n a+pucosa)=9,6H)

2.18. Ha rmagkom crose aexxut Opycok maccoii 4 kr. K OpycKy npuBsi3aHbI IITHYPHI,
NEPEKUHYTHIC Uepe3 HemoABIKHBIE 070ku. K KOHIIaM IIHYpOB MOJBEIICHBI THPU
Maccamu 1 kr u 2 kr. C KakuM yCKOPEHHEM JIBIKETCSI OPYCOK M KaKOBO HATSXKEHUE

Huteit? TpeHrem u Maccoi 0J10KOB MpeHeOpeYb.

(a:m—_Tin):l,4%z , F,=m,(a+0)=112H, F,=m,(g—a)=168H)
2 3

2.19. MarepuanbpHas TOyka Maccoil 1 Kr, ABUTAsCh PaBHOMEPHO, OIKCHIBAET
YETBEPTh OKPYKHOCTH paauycoMm 1,2 M B TeueHune 2 ¢. HaliTu u3MEHEHHE NMITyJIbCa

3TOU TOUKHU.

_7sz _1’3K2'M)

_—t\/a = -

2.20. Tsrad ¢ Tpy30M Maccoi 25 T MOKET pa3BUTh CKOPOCTh 10 75 KM/4. MOXKeT i

(Ap

OH IIPOWTH HA MAKCUMAaJIbHON CKOPOCTH IO BOTHYTOMY MOCTY, BBIIEPKUBAIOLIEMY
Harpy3ky 300 xH, pamnyc xpuBusnasl kotoporo 100 m? C xakoii MakCUMaJIbHOU

CKOPOCTBIO TATra4d CMOKCT IIPOCXAaTh UCPE3 3TOT MOCT?

(HE MOXKET; Upg = 93,3 ’U‘%)
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2.21. ABTOMOOWIIb JBUKETCS MO BBIMYKIOMY MOCTY C PaJlycoM KpuBU3HBI 60 M.
[Ipn KakoM 3Ha4€HHHM CKOPOCTH OH HE OKa3bIBAaeT JIaBJICHHWE HA OMOPY B BEpXHEU

TOYKE MOCTA?

(v=[gR =873/

2.22. Camoutet BoITIONHSIET NeT/II0 HectepoBa pagumycom 1 kM co ckopocthio 720
kM/4. C Kakoi cujoit neTynk Maccoi 80 Kr JaBUT Ha CUJEHbE CaMOJIeTa B BEpXHEU
U HIKHEH Toukax netiu? KakoBa neperpyska JieTurKa B HIDKHEN Touke?
(F=242H, F,=398H, n=508)

2.23. UenoBek CTOUT Ha Kparo KPYTrioWd rOpU30HTAIBHON minaTdopMbl paguycom 4
kM. KakoBa fomkHa ObITh 4acTOTa €€ BpallleHUs! BOKPYT BEpTUKAJIbHOW OCH, YTOObI
YEJIOBEK HE CMOT yiepKaThCsl Ha Hell npu kKo3dduimente tpenus 0,27.

(v=0,129 c?)

2.24. Ha BpamjaroneMcs CTOJNHMKE JICKHUT Imaitba Ha pacctosHuu 30 cM OT ocH
BpaiueHus. [Ipu kakoi yriioBoil CKOpOCTH BpallieHus 11aiida HAaYHET COCKaJIb3bIBATh
CO CTOJIMKA, €CJIH KO3(PPUIUEHT TPEHHS MEXIY IIaii00i U TOBEPXHOCTHIO CTOJIMKA
paseH 0,47

(0=3,62 paz/c)

2.25. Haiitu neperpy3Ky, HUCHBITHIBAEMYI0 KOCMOHAaBTOM B pakeTe, B3JETAroLIeh

BepTI/IKaHBHO BBer, €CJIN €€ BBICOTA B03paCTaeT C TCUCHUCM BpeMeHI/I 110 3aKOHy
2
h=2Ct?, re C=10%2.

(n=1+£:5)

g
2.26. Bec HenoasmxkHOro nudra ¢ naccaxupamu 8-10° H. B kakoM HampapieHuu
ABUKETCA TU(T, eCM HATHKEHUE TPOCa, MOAAEPKUBAIOILEro KabuHy, paBHo 6-103
H? Kaxko#i myTs mpoiiner kabuHa 3a 1 ¢ cHavayia JBMXKCHUSI U KakoBa OyJleT ee

CKOPOCTb B KOHIIE 3TOT0 MyTH?

ot> . F, 2S
(8="-(-2)=14ux, u:Tzz,sf%)
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2.27. T'eocTanmoHapHBIM CIyTHUK 3alylleH Ha KPYyTrOBYHO OpPOUTY M BCE BpeMs
BUCHUT HAJ OHHOW M TOW XK€ TOYKOW IUIaHeTbl maccout M. llepwon BpameHus
IJTAHETBl BOKPYI CBOEM OCH paBeH I. HallTu NMHENHHYI0 CKOPOCTH CIIyTHMKA Ha

opowure.

2.28. VcKkyCcCTBEHHBIN CITyTHUK ABMXKETCS BOKPYT 3€MJIM C JMHEHHON CKOPOCTHIO
U Ha pacCTOSHHMM I OT ee IeHTpa. 3Hasd paauyc 3emiu R, HaliTH cpenHIOO

IINIOTHOCTB BCIICCTBA IIJIaHCTHEI.

3ur?

(0= Jrer?)

2.29. KakoBo yckopeHue CBOOOIHOTO MaJeHUs Ha BHICOTE, PAaBHON MOJOBUHE

panuyca 3emuau?
49
(9 270:4'4]”02)

2.30. Ecn mosBecuTs K npyskuHe rpy3 maccoit 0,3 Kr, To IpyKHHA CTAaHET JAJMHHEE
Ha 4,5 cMm. Onpenenure yUIMHEHNE PYKUHBI, €CJIA K HEN IMOJBECUTH €IIIE 1B TPy3a
o 0,3 kr.

(%, =0135m)

2.31. llox neWicTBMEM rpy3a NpYyKHHA YIJIMHWIACh HAa | cM. DTOT XKe Tpy3
NOJIBECUIM K TMpPY>KUHE C BIBOE OOJbIIEH >XECTKOCThiO. Yemy cTajno paBHO
YAJINHEHUE MIPYKUHBI?

(X, =0,005 1)
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3. PABOTA U DHEPI'MS1. 3AKOHbI COXPAHEHUA

—

Paboma nocmosnnou cunvt F, cocTaBiswoIed HEKOTOpPBIH yroal O ¢

HapaBJICHUEM TTEPEMEIICHHUS S:
A=F S = FScosa, [A]=1/c .
Paboma nepemennoii cunvt Ha BceM MyTH S
A=[Fds,
S

—

r7ie dS — BEKTOp JIEMEHTApHOTO IepeMelenus, F — cua, neficTByromas Ha TeJo

Ha y4JacTke IyTH dS .

Mownocmb nocmosiHHOU CUbL.
A
N:T, [N]:le, A:Nt

MruoBeHHasI MOIITHOCTD:

N = dA = FaScosa = Fucosa |
dt dt
dS
rae U ="4- — CKOPOCTh TOYKH NMPHIIOKEHHS CHITBL
dA ¢
Tackax N="-. dA=Ndr, A=|Nar.
0
Kunemuueckas IHepcUusl aeugfcyWeZOCﬂ mena.
mo?
A=AE, Eo=—-

HOWleHl/ﬂ/la]ZbHaﬂ JHepcUusl

B mone cun TsoKecTH BOIM3H 3€MHOM IMOBCPXHOCTHU IIOTCHIHAJIbHAA SHCPrusg TCjIa

maccoit M, mogHsTOro Ha BeICOTY N Haj MOBEPXHOCTHIO, paBHA

41



E, =mgh.

[ToTennmanbHas 3HEprust ynpyro aeopMHUpPOBAHHOTO Tea:

riae K — xoadduimeHt ynpyroctu, X — nedopmariys Tena.
Tonnas mexanuyeckas dHepeus Tena:

E=E+E,.

3axon COXpaHeHUus MEXaHUYeCcKou 9Hep2uu. B T10JIC TOJIBKO KOHCCPBATHUBHBIX CHUJI
IIOJIHAd MCXAHHUYCCKass OHCPIUA PI3OJIHpOBaHHOﬁ CHUCTCMBI TCJI OCTACTCsA

OCTOSHHOM.

3axon COXpAaHeHus u npeepauierusd NOJIHOU OHepeuu: 1O0JIHAsA OHCPIUsd

H3OHHpOBaHHOﬁ CHUCTEMBI €CTh BCIIMYMHA ITIOCTOSHHAA.

ITonnas OHEPIrus CUCTEMBI paBHA CYMMCE€ BCCX BUJ0OB SHCPIUH, KOTOPbIMU O6HaI[aCT

CHCTCMaA.

3axon COXPAHEHUA UMNYibCca. UMITYJIbC BaMKHYTOfI CUCTCMbI MAaTCPpUAJIbHBIX TOYCK

OCTacTCA IMOCTOAHHBIM.

CKOpOCTH JIBYX TeJl IOCJIE MPSMOT0o a0COJIIOTHO YIPYTrOro LHEHTPAIbHOTO yaapa:

- _ l_);)l(ml —n72)+2n/12502

1 1

m +m,

UM, —my) +2m, 5,

? m, +m,

OO11asi CKOpOCTh TEJI TIOCIIE A0COFOTHO HEYTPYTOro IEHTPAILHOTO yIapa:

_ muy +m,
V=—"""""
m, +m,
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IIpuMepsl penieHus 3aaa4
3aoaua 1. Ha MOTOpHYIO JIOAKY, IBIXKYIIYIOCSI Ha CEBEp, JEHCTBYET BETEpP C

MOCTOSTHHOW TI0 BenuuuHe cwioii F . HampaBnenue BeTpa MEHSIETCS MO 3aKOHY

a=BS ,rne a — yron mexny HanpaBieHneM cuiibl Betpa F u mepememnienuem S
B — mnocrosnnas BenmumumHa. Haiftu paboTy BeTpa, eciu ero HarpaBlieHHE

W3MEHMIIOCH C I0’)KHOI'O Ha BOCTOYHBIM.

Tano Pemenue

o = BS [TockonpKy Ha JIOAKY HEMCTBYET NMEpPEMEHHAsl IO HANpaBJICHUIO
F cuia, paboTy BeTpa CIeayeT ONpeAcssiTh UHTerpupoBanuem. [lpu
B ATOM dJIEMEHTapHas paboTa Ha epeMEIICHUN ds paBHa

A-"? dA=F -dS-cosx .

ITo ycnosuro a = BS | cienoBarensHo

_da

= . dS
da=B-dS, B

dA=g~COSa-d0{,

90° 90° 90°
A:jdA: jEcosa-da:chosa-da:Esina :E_
- B B+ B B

0
[Ipenenbl nHTErpUpPOBaHUS BHIOPAHbI, UCXOIA U3 CleAyromMX cooOpaxeHnuil. Korma

JI0JIKa TUIBLIIA Ha CEBEP, @ BETEP JIyJ TOXKE C I0ra Ha CEBEp, YroJl MEXAY BEKTOpamMu

— —

CWIbI BeTpa F U mepemerieHreM JOAKA S OBLI paBeH HYIIIO, a KOTJIa BETEp CTall

JlyTh Ha BOCTOK, a JIOJIKA MO-TIPEKHEMY IUIbLIA Ha CEBEP, ITOT yroi ctan pasen 90°,

3aoaua 2. ABTOMOOWIH Maccoi 1 T ABMKETCS MO TOPY MPH BBIKIIOYEHHOM MOTOPE

C TTOCTOSITHHOM CKOPOCTHIO. YpaBHEHHUE ero ABwxkeHus S = A+15Bt, rme A=5m,

B=1 % . YkJ0H ropsl coctaBisieT 4 M Ha kaxasie 100 m nmytu. Kakyro MOIIHOCTB

JOJDKCH pPa3BUBATL JABUIAaTCIIb 3TOI'O aBTOMO6I/IJ'I$I, YTOOBI ABUTI'aTbCA C TOU JXKe
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CKOPOCTBIO B TOpY C TeM k€ ykJIoHOM? Cuily TpeHHsl CUUTaTh B OOOUX Cllydasix

OCTOSHHOM.

Jlano

m =1000 ke
S=A+15Bt
A=5m

B=1~%

h=4m
(=4 m
F  =const

mp

L =const

N-=?

Pemienne
MoliHoCTh, pa3BUBaeMas JBUTATEIEM  3TOrO
aBTOMOOWJII TPU  PABHOMEPHOM  MPSIMOJIMHEHHOM
JIBIDKCHUU:
N=F, -v

rae F, —cuna TAru, U — CKOpoCTh aBTOMOOMIISL (BEKTOPBI
F, 1 U CcOHanpaBJIeHEbI).

Haitném cuny T1arm um  ckopoctb. Ilpum cmycke
aBTOMOOWJISI C TOpbl JBIKEHHUE — paBHOMEPHOE U

npsmonuneiinoe. [lo nmepBomy 3akony Hetotona (puc. 1):

mg+N+F, =0.
B npoeknuum Ha oce OX !
F,, =mgsina . (1)

[Ipu aBMKEeHUM aBTOMOOWJISL BBEPX IO HAKJIOHHOW IJIOCKOCTH Ha HEro OyIyT

mgCcosy) mgoosay

z
-
-

) 2ol A
mg mg
Puc. 1 Puc. 2

HeﬁCTBOBaTb YCTBIPC CHUJIbI, ITOCKOJIbKY K IIPCKHUM TPEM I[O6aBI/ITC$I CHjIa TiITH

motopa F, (puc. 2):



B nmpoekumu Ha ock OX :
F.=F, +mgsina. (2)

[ToncraBus (1) B (2), noxy4um:

F, =2mgsine .

. h
2mgh
F =—
T £ '
CxopocTh aBTOMOOMIISI
L= d—S =15B
dt

MOHIHOCTB, pa3BUBacMasgd ABUTaTCIICM 3TOI'O aBTOMOOMJIS

~ 30Bmgh N - 30-1-1000-10-4
/6 1

N ~03MBm

3aoaua 3. CHapsij, NeTeBIIUN TOPU30HTAIBHO, pa3opBajcs Ha BeicoTe 30 M Ha JBa

paBHBIX OCKOJIKa. OJIMH OCKOJIOK ynan yepe3 1¢ TouHo moa MecToM B3pbiBa. KakoBa

OyJZleT CKOPOCTh BTOPOT'O OCKOJIKA M B KAKOM HaIIpaBJICHUH OH CTaHeT ABUraThes? Ha

KaKOM pPacCTOSSHUM OT TOYKH IMAJICHUS MEPBOT0 OCKOJKA YIMaJeT BTOPOU OCKOJIOK?

CkopocTh cHapsiia 70 B3pbiBa 80 m/c.

Pemenue
Jlano
YA
_ _m
m=m, =
. 2 /2 m .

5' p)

h=30m |
| D, COSX

o 2
t=1c 0 » > >

//H?d

m _ el
- 7
v=804/ 2 Yy
C
v, =7
a—"? le
I‘

S-? <
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N3 puc. 3 ciieryet, 4TO HICKOMOE PACCTOSIHUE S MOYKHO MPEICTaBUTh KaK CYMMY
JIBYX pacCTOSTHUM S; U S, :
S=S,+5,,
rae S, — paccTosiHue, KOTOPOE MpOJETan BTOPOW OCKOJOK IO TOPU3OHTAIH 10
MOMEHTA, KOTJla OH CHOBa OKa3aJiCsl Ha BbICOTE N, M S, — paccTosiHHE, KOTOPOE OH

IMPOJICTAJI IO TOPHU30OHTAJIM C 3TOI'0O MOMCHTA A0 CBOCTO ITa/IaHWA Ha 3CMJITO.
O‘{CBI/I,ZIHO, qTO IJI1 HAXOXKACHHS 3THX paCCTO}IHI/Iﬁ HaJ10 OIIPCACIINTb CKOPOCTDH

BTOPOTO OCKOJIKA U,, KOTOPYIO OH NpHOOpeN cpasy mocie B3pbiBa cHapsaa. [lo

3aKOHY COXPAHEHUs MMIIyJbCa UMIYJIbC cHapsaa MU [0 pa3pbiBa PaBeH CyMMeE

HMMITYJIbCOB IIEPBOTO M BTOPOI'0 OCKOJIKOB Cpasy I0CJIE pa3pbiBa CHapsaa:
mo, mo.
e ]

2 2

mo =

CnemyeT OTMETUTb, YTO 3TOT 3aKOH CIPABEJIMB TOJBKO ISl 3aMKHYTBIX
CHCTEM, a CHapsij, CTPOTO F'OBOPS, HE SBJISIETCA 3aMKHYTOW CUCTEMOM, OCKOJIbKY Ha
HEro JCHCTBYET BHELIHSS CUJia TSKeCTH. HO CUITbI, BOBHUKAIOIIME B MOMEHT pa3phiBa
CHapsiJa, CTOJb BEJUKH, YTO BEJIMYMHOU CHJIbI TSDKECTH MO CPABHEHHUIO C HUMH
MOXHO TIpeHeOpeYh W CUHMTATh Pa3phIBAIONIMKCSA HAa OCKOJKUA CHapsj 3aMKHYTOH
CHCTEMOIA.

Jns 3amMcu COOTHONIIEHMS MEXKIY HMITyJbCaMH CHapsia U OCKOJIKOB B

CKAJIIPHOM BHJIC BOCTIONIB3yeMcs Teopemoit [Tudaropa:

2 2
(%] _ (ﬂj +(mo)
2 2
v =02 + 4%,

v, =V +40° | (1)

Haiinem HampasiieHHe T0JI€Ta BTOPOTO OCKOJIKA, T. €. YTOJ MEX]ly BEKTOPOM U,

Y JIMHUEN TOPU30HTA:

m,
2 U
tgor =—2— =L
J mo 2v° (2)
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Haitném Uy, BOCIIOJIb30BaBIIUCH COOTBETCTBYIOLIEN dbopmymoit

PaBHOYCKOPCHHOI'O JABMIKXCHHA, IIOCKOJIBKY IIaJICHUC OCKOJIKa CHapsAaaa MOKHO

CUUTaThb CBO6OI[HI)IM.

gt’ 2h— gt?
h=vi+2 pi=n-El _2h-gt®
U] 2 > Ul 2 o U]_ 2t .

[ToxcraBuB MoJTydeHHOE BhIpaskeHue B hopMyutnl (1) u (2), Halinem U, u g« :

2
2h —gt®
v, = %4—402 , (3)
2h—gt’
=" @

Haiinem paccrosnue S. O4eBUAHO, YTO BTOPOM OCKOJIOK OyAET JBUTaThCS

BJ10JIb Oc OX PaBHOMEPHO CO CKOPOCThIO U,COSQ 1 OTHOBPEMEHHO B3JIETATh BBEPX
C HAYaJbHOM CKOPOCTBIO UL,SING, mBurasch paBHO3aMemieHHo (puc. 3). IIpu sTom
BpeMsi ero Bineta U 1o Beicmeid Touku Tpaekropun (U, =0) paBHo Bpemennu
OIyCKaHHUs Ha HPEKHIOI BBICOTY N, U, cornmacHo dpopmyne v, =, + dt, paBHO:

g g

t1:

[ToCKONBKY BTOPO¥ OCKOJIOK MPOJIETHT paccTosHue S, 3a BpeMs 2L, nuraschs
CO CKOPOCThIO U,COS | TO paccTosiHuEe S; paBHO

v,SiNa -Cosa  2v;sinacosa
. .

S, =2v,t,cosa = 2v,

Paccrosinue S, BTOpOH OCKOJIOK POJIETEN 3a HEKOTOpoe Bpems 1, | paBHOMEpHO
JIBUTAsCh CO CKOPOCThIO U,COSC | 1 OHOBPEMEHHO CBOOOHO Majaas ¢ BBICOTHI N ¢
HAa4aJIbHOM CKOPOCTBIO UZSina U yCKOpeHueM g .

S, =u,t,cosc

: t;
h =o,t,sina + 972 _
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Haiinem w3 mocnenneit dopmynsl U,, pemus kBaapaTHOoe ypaBHEHHUE, WU,
noacrasus L, B npeapiayniyro Gopmyiy, onpesenum paccTosHue S, :

gt? +2u,tsine—2h =0,

\/(uzsina)Z +2gh —u,sina
2 )

g

UZCOSa(\/UZZSinza +2gh —uzsina)
g

Tenepsp, cnoXuB S, U S,, HAWJEM UCKOMOE PacCTOSIHUE S !

S, =

2ain2 203
_ 2visinacosa UZCOSOl(\/UZSIn a+2gh-v sma)

S + =
g 9
_ v,cosa(v,sina + \/uzzsinza +2gh)
. .

S=986m.

Bripaxxenust (3), (4) u (5) npeacTaBistoT co00i perieHre 3To 3a71a4u B 00111eM BUJIE.

v, =162%/  a=arctg016=9", S=986.x.

3aoaua 4. Ha HenonBmxHOM miatopmMe yCTAaHOBJIEHO OpYJHE, CTBOJ KOTOPOTO
HanpasieH nox yriaom 60° x ropusonty. Macca mnardopmsl ¢ opyauem 15 1. Ha
KaKO€ pPacCTOsIHUE OTKATUTCS IiaTdopMa C OpyAHEM IOCie BbICTpea, €ClId Macca
BbLIETEBIIETO cHapsaa 20 Kr u BbuieTaeT oH co ckopocThbio 600 m/c? Koadduiment

COTPOTHUBJICHUS ABMXEHUIO T1aTdopmsl 0, 1.
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Penienue

Jlano
[Tocne BeIcTpena 1uiaThopma C OPYIUEM BCIICICTBHE
m =15000 ke
. OTIauu TPUOOpPETaeT HAYaJbHYIO CKOPOCTH Uy, H Oyner
a =60
JIBUTAThCS PABHO3aMEUICHHO JI0 OCTAaHOBKH (KOHEUYHAs
m, =20 xz
ckopocts U =0).
v, =600 JV
¢ [Tpu paBHO3aMENJICHHOM JIBUKCHUU:
=01 2 2 _
H=1, v° —v; =-2a8S,
S-?
CIIEZIOBATEIILHO, Iy Th PaBEH
2
L,
0
S=_-. (1)
2a

CKopoCTh Uy, ¢ KOTOPOM HAYHET OTKATHIBATHCA ITAT(opMa, HAUIEM O 3aKOHY

COXpaHEHUs! UMITYJIbCA, COTJIACHO KOTOPOMY CYMMAapHBIM UMITYJIbC IUIATQPOPMBI U
cHapsna coxpansiercs. [loatomy, eciu 10 BbICTpena, KOrja cHapsj U 1uiatdopma
ObUIM HETOABM)XHBI, UX CYMMapHbIi MMITyJbC ObUI paBeH HYJIO, TO OH JOJDKEH
OCTaThCsl PABHBIM HYJIIO U IOCJE BBICTPENA.
OpnHako, 3TOT 3aKOH CIPABEIIIUB TOJIBKO JUIS

- 3aMKHYTBIX CHCTEM, a miaatdopma co
(m—m,)v,

> CHapsaa10oM — CHCTCMa HC3aMKHYyTas,

MOCKOJIbKY Ha HHMX JCHCTBYIOT BHEIITHHUE
Puc. 4 Cuibl (CWJia TSDKECTH W CHJIA PEaKIuu
onopel). Ho mpoekumss »TUX CHJI Ha
TOPU30HTAIBHYIO OCb OX paBHA HYJIIO.
I[To 3akOHY COXpaHEHHS UMITYJIbCA B MMPOCKIINK HA 0Ch OX (puc. 4):
(m-m,)y, =mu,cose,

_ m,cosa

Oo=—"—— (2)

m—m,
Haiiném yckopenue, Ucnoib3ys BTopoil 3akoH HeroToHa (puc. 5):

(m—ml)é:(m—m1)§+ﬂ+ﬁmp,
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B npoekunu Ha ocu OX u OY .

v a ox: (m-mja=F,,

ov: (m—m)g=N.

a
A —
F

N T.K. cua TpeHUs CKOJIBKCHHUS paBHA
K p F,=#uN T0
X
| (m-m)a=(m-m,)xg,
1
Puc. 5 a=pHg. (3)
IToncraBum (2) u (3) B (1),

2
S 1 ( m,v,cosx

_Zﬂgk m-m )’

S=0,082nm.

3aoaua 5. JIBa mapa Maccamu 2 KT U 3 KT ABUXKYTCSI TOPU30HTAIILHO HABCTPEUY JIPYT

JIPYTy CO CKOpOCTSIMHU 8§ M/C U 4 M/C U HEynpyro crajakuBaroTcsa. Kakoe koaudecTBo

TCINIOTHI BBIACINUTCA IIPHU UX CTOJIKHOBEHHUU?

Pemenune
JlaHo
= o Konn4ecTBO TEMI0Thl, KOTOPOE BBIIEIUTCS B PE3YJIBTATE
=
CTOJIKHOBEHMs] IIapOB, pAaBHO MU3MEHEHHI0 CyMMapHOMH
m, =3 ke
KMHETUYECKOW SHEPTHH THX IIAPOB.
v =8 V
1 c Q= E -FE,.
v, =4 J% JIo CTONKHOBEHMS CyMMapHasi KWHETHYECKas JHEPTHUs
09 niapoB OblIa paBHA

2 2
E = m1201 n m2202 .

[Tocne CTONKHOBEHMSI, MOCKOJIBKY yAap HEYNPYTHM, MIApbl CTAIN JIBUTAThCS B

OJHOM HaIIpaBJICHHHN U C OI[HHElKOBOfI CKOPOCTBIO U KakK OJHO TECJIO, IIOOTOMY HX

O6H_Ia$[ KHHCTUYCCKAA DHEPTHUA CTAHCT paBHA

(m, +m, o’
2

2

B cooTBeTCTBUU C 3aKOHOM COXpaHCHUA UMITYJIbCA
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rT!L‘jl + m252 = (ml + mz)5 '
mu, —mu, =(M +m,)v.
CKOpOCTh 1IAPOB MOCJE CTOJIKHOBEHHS CTAHET PaBHA
;= My = Myw,
m, +m,
[ToacTaBuM 3TO BeIpaKeHHE B (DOPMYITY JJIS ONIPEACIICHHUS KOJIMYECTBA TETIOTHI

" BBITIOJTHUM H€06XOI[I/IMBIG YIIPOUIICHUA.

Q — m:l_l)].2 + mZUZZ _ (ml + mz) . (mlul _ mzl)g)z = m1m2 (Ul +UZ)2 , Q :86,4 ﬂ.?fc
2 2 2 (m, +m,) 2(m, +m,)

3aoaua 6. C xakoil CKOPOCTHIO ABUTAJICS BaroH maccoi 20 T, eciu npu yiape o Oydep
npyxuHa cxainach Ha 10 cm? M3BecTHO, YTO MOJ JACHCTBUEM CHUJBI 9,8 10° H
MPYKUHA CKUMAETCA Ha 1 cM. Y ap cuuTaTh ynpyrum.

Pemenue

JlaHo

4 [TockoyibKky ymap ynpyruy, MNPUMEHUM ISl OINPEACICHUS
m=2-10" ke

CKOPOCTHM BAaroHa 3aKOH COXPAHECHUS MEXAaHUYECKOW DHEPIUH,
X = 0,1 M
COIJIaCHO KOTOPOMY KHMHETHYECKAsi SHEPIrUsl JBUKYIIETOCS CO
x, = 0,01 m -

CKOpPOCTBIO U  BaroHa TMOJIHOCTHIO MPEBpaIIACTCS B

. 3
F=98-100 H MOTEHITHATBHYIO SHEPTHUIO YIIPYToH JehopMaIliy Py >KHHBI:

v mv~  kx;

2 2 (1)

ectrocTh npyxuHEl K Haiinem mo 3akony I'yka,

=—kx, .

—

ynp
Ilo Tperbemy 3akoHy HploTOHA cuna ynpyroctd, BO3HUKAIOIIAs B IPYXKUHE IO

BO3JcHCTBHEM BHEHHEH aedopMupymlomeid cuisl F, paBHa no BenuuuHe U

>

HaIlpaBJICHAa MPOTHUBOIIOI0KHO 3TOM CHUJIE:

Torpa
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F
k=—
- @
[TonctaBum (2) B (1):
mo®  Fx’
22X,
L=X W’ 0:0,7%.

3agaum IS CAMOCTOSATEIBHOTO pPelIeHus
3.1. VYckopenue kopalOjii Ha TOJIBOJHBIX KpBUIbSIX MEHSAETCS M0 3aKOHY
a=D+BS+CS?*, tne D, B, C — U3BECTHBIC KOHCTAHTBI, & S — IyTh, PO ICHHBIN
Kopabiem. Macca kopa0:st paBHa M . Halitu paboTy o nepemenieHuto kopadiis Ha

Y4acTKe MyTH S, .
2
(A=mS, D+§+ﬁ )
2 B

3.2. ABTOMOOWMIIb ABUKETCS MO/ JIEHCTBUEM TIOCTOSIHHOM CUJTBI TSTH F . YpaBHEHUE
nBwkeHuss S=A+Bt—Ct*, tne 4, B, C — W3BECTHbIE KOHCTAHTBHI. Kakyro
MOIITHOCTh Pa30BbET JABUTATEIh B MOMEHT BpeMEHU 7 OT Hayaja JABUKEHUS?

(N =F(B-2C7)).

3.3. CKopoCTB 1oe3/1a, Macca KOToporo M, MeHseTcs 1o 3akoHy v = D+ Bt+Ct*, rie

D, B, C — U3BECTHbIE KOHCTAHTHI. ONpeneauTh padoTy CUJIBI TSATH 3a BpeMsl T .
(A=m(B+2Cr))

3.4. Teno, maccoil M ABHKETCS MOJI IEMUCTBUEM MMOCTOSIHHOW CUJIbI TPSIMOJIMHENHO,
IPUYEM 3aBUCUMOCTH ITyTH OT BPEMEHH onpeensiercs ypapHenueM S = C + Bt + Dt’
,rae D, B, C — u3BeCTHbIC KOHCTaHTHI. HaliTu paboTy 3TO¥ CHIIBI 32 MPOMEKYTOK
Bpemenu ot 0 10 7 .

(A=2mD(C+Dr+Br’))

52



3.5. ABTOMOOMIIb MaccOi 2 T ABMXKETCS B ropy. YKJIOH ropel paBeH h=4 u Ha
kaxapie (=100 v mytn. Koaddumuent conporusieHus asmxenuto 0,08. Haiitu
MOIIIHOCTD JIBUTATEJISA, €CJIU U3BECTHO, UYTO S =3 KM ITYyTH aBTOMOOMJIb IMTPOXOJIMT 32

4 MuH, 1BUrascb paBHOMEPHO.
(N mgS(h ky(¢2—h?) =2.10°Bm)

3.6. Tsarau, macca koToporo 15 T u MomHoCTh ABuratens 375 kBt, mogHuumaeTcs B
ropy ¢ yrnom ykiaoHa 30°. Kakylo MakcHMalbHYIO CKOPOCTb MOJKET Pa3BHUBAThH

Taray? TpeHueM U CONPOTUBIICHUEM BO3IyXa IIPeHEOPEUb.

(OTBeT: Uy =5,1 ’%)

3.7. MoOWHBIA KOJECHBIA TATa4 MOYKET JABUTATHCS BBEPX IO MAJOMY IMOIBEMY C
MaKCHUMaJbHOW CKOpPOCTHIO 9 M/C, BHH3 IO TaKOMY K€ YKJIOHY C MakCHUMaJbHOMN
ckopocTbio 21 m/c. Kakast OyAeT ero ckopocTh pHU JIBUKEHUU MO0 TOPU3OHTATBHOMY

MyTH, €CJIM MOIIHOCTh MOTOpa MU KOIPGUIMEHT TPEeHHUS BO BCEX CIyyasx

OJINHAKOBBI?

2v,0,

—1 < =126M
( Ul + 1)2 / )

3.8. V npyxunsl auHamomeTrpa Ko3h@uimeHT sxectkoctu paBeH 10 H/mwm.
Omnpenenuth paboTy pacTsHKEHUS MPYKUHBI PU yBEIMUEHUN HArpy3ku ot 5 H 1o
8Huor8Hpo 11 H.

(1,95 mJIx; 2,85 mJIx)

3.9. C Kakoi CKOpPOCThIO MOCJIE€ TOPU30HTAIBLHOTO BBICTpPEIA M3 MHUCTOJIETA CTajl
JIBUTAThCS CTPEJIOK, CTOSIIIMM HA IIaJIKOM JIby, €ciiu ero mMacca 70 Kr, Macca myJsiu

6,1 r u ee HayanbHast ckopocTh 300 m/c?

(v=0,0261"4)

3.10. JIBa aOGCOMOTHO HEYNPYTUX IIapHKa, CyMMa Macc KOTOPBIX 12 KT, ABUKYTCS
HABCTpeuy APYT YTy co ckopoctsamu 4 m/c u 6 M/c. [locne neHTpanpHOTO yaapa
uX 0o0IIasi CKOPOCTh CTajla paBHA 2 M/C M COHAIpaBJIEHA CO CKOPOCTBHIO MEPBOTO

mapa 10 yaapa. Onpenenutb NOTePr0 UX KWHETHYECKON SHEPTUH HPH yIape.
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(AE, = %(U2 +0)(v, —v) =96 Jorc)

3.11. Ha xene3Hom0poKHOM m1aTdhopme, IBIKYIICHCS paBHOMEPHO CO CKOPOCTHIO
U;, yKpeIyIeHO OpyJue, CTBOJ KOTOPOTO HAallpaBiI€H B CTOPOHY JBUKEHUS

wiatGopmMbpl U TPUIIOAHAT HAJ TOPU3OHTOM Ha yron & . Opyaue NpOHU3BEIO

BBICTpEJI, MOCJTE Yero CKOPOCTh IUIaTGOopMbl yMEHbIIWIAch B TpU paza. Haitu

CKOPOCTb CHapsijia MpH BbLUIETE U3 CTBOJA, €CIIU ero Macca M, , a Macca miaaThopmbl
c opyauem M, .

2v,m
(l) — 11
3m,Ccos

)

3.12. JIBa 0IMHAKOBBIX IIapa MOABEUIECHBI Ha HUTAX JuIMHOM 0,98 M 1 kacaroTcs apyr
apyra. OmuH u3 mapoB OTKIOHIOT Ha yron 60° m ormyckaror. OmpenenuTsb

CKOPOCTB BTOPOTO IIapa cpasy MOCie COyAapeHus. Y ap aOCOIIOTHO YIPYTHI.

(v =429((1—cosa) =314/ )

3.13. KonbpkoOexenm Maccoi 70 Kr, cTos Ha KOHbKax Ha JbIy, OpocaeT B

rOPU30HTAJIBHOM HaIlpaBJIE€HUU KaMEHb Maccol 3 Kr co ckopocThio 8 m/c. Ha kakoe
PacCTOSIHUE OTKATHUTCS IPU ITOM KOHBKOOEXKEI, eclii KOd(D(PHUIIUMCHT TpEeHUs
KOHBKOB 0 JieJ paBeH 0,027

_i m,v, 2
2kgl m,

(S —03m)

3.14. JIra mapuka maccoit M, u M, MoJaBEIIECHBI HA HUTAX JJIUHON ( TakK, 4YTO OHU

COINPUKACAKOTCS JAPYr ¢ Apyrom. llepBeld mIAapuK OTKJIOHAKT TaK, YTO OH
HOJHMMAETCS B rOpy Ha BhICOTY N, a 3areM ormyckaror. Ha Kakoil yros OTKIOHATCS
HIAPUKU TIOCIIe HEYNPYToro yaapa?

2
(& = arccos 1— hm; )2 )

((m, +m,

3.15. Cuapsn, nereBmuii co ckopoctbio 500 m/c, pasopBajicsi Ha JiBa OCKOJIKA

maccamu 10 kr u 20 kr. CkopocTh 6osbiiero ockoiika pasHa 800 mM/c u coBmagaer
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10 HaAIpaBJICHUIO CO CKOPOCTBIO CHapsdaa, HaHpaBHCHHOﬁ A0 pa3pbiBad
TOPHU30HTAJIbHO. OHpGI[CJII/ITB pPaCcCTOAHUC MCKAY TOYKaMHU IIaACHUA oboux

OCKOJIKOB, €CITi CHapsJl pa3opBajics Ha BeicoTe 100 m.

UG CEl Ry LI CTEION
m, 9

3.16. CHapsn maccorr 10 xr o6maman ckopoctbto 200 M/c B BepXHEW TOUKe
TpaekTopuu. B 3TOl TOuke OH pazopBajcs Ha JABE YacTU. MeHbIast 4acTh Maccou
3kr moayumnna ckopocts 400 mM/c u moserena Bepx mox yriaom 90° k ropusoHTy.
HaiiTi, ¢ Kakoif CKOpPOCTHIO M B KAaKOM HAIlpaBJICHUH MOJICTUT OOJbIIAs YacTh

CHapsJa 1mocCJjic €ro paspniBa.

2 2
(0, = \/(mlul) +(mo) —333 JV a= arcth =31°)
m-—m, ¢ mo

3.17. W3 3eCTKO 3aKpEeIUIEHHOr0 aBTOMAaTUYECKOIO OpPYXKUS BBUICTACT B
TOPU30HTAJIBHOM HAIPABJIEHUM ITyJas Maccod M. Macca 3arBopa M,. Ilyna

BBUIETACT CO CKOPOCTBIO U, MIPHU 3TOM 3aTBOP OTXOAUT Ha3aJ Ha PacCTOSHUE X .
KakoBa eCcTKOCTb Ipy>KUHBI 3aTBOpa?

(k= i[@T )
m,\_ X
3.18. Ilynsa maccoit 9,6 T, nereBmast co ckopocthio 400 M/c, monana B CTEHY M
yrayomnack Ha 8§ cM. OnpeeTuTh CUITY CONPOTUBIICHUS CTCHBI U BPEMST JBKEHUS

IIyJI1 B CTCHC, CUHUTAasA ABUKCHHUC ITYJIM BHYTPHU CTCHBI PaABHO3aMCIJICHHBLIM.

2
mo 2S
(Fmp :EZQ,GKH, t:—:0,4C)
9]
3.19. B rpy3 Maccoit 10 kr, noaBemeHHblid HA HATH JJIMHON 4 M, TONMajaeT ImyJs
Maccoit 6,1 r, nereBmasi ropu30HTAILHO co ckopocThio 300 m/c. Ha kakoi yron
OTKJIOHUTCS OTBeC?

(0=1,67°)
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3.20. JIBmxy1eecs: Teo Maccoi M, ynapsieTcs 0 HEMOJBMXKHOE TeJlo Maccord M, .

Cuurast ygap HEyNpyruMm U IEHTPaJbHBIM, HAWTH, KaKas 4acTh NMEpPBOHAYATbLHOM
KUHETUYECKOU SHEPTUU NIEPEXOUT IIPU yJape B TEILIO.

Q__m

(E__ m, +m,

K

)

3.21. Baron maccoit 40 T, ABMXKYIIHMICS CO CKOPOCTBIO 2 M/C, B KOHIIE 3aIlaCHOTO
OyTd ynapsercs O TMpYXUHHBIM amopTtuzartop. KakoBa Oyaer aedopmarus

IPY’KUHEL, €CIIU €€ KECTKOCTh 2,25-10° H/m?

(x=v %:0,84M)
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4. ITMHAMMUKA BPAIIATEJBHOI'O IBUXKXEHUSA
MoOMEHT MHEepIMU MaTepUalbHOW TOYKM OTHOCUTEIHHO HEMOJBH)KHOM OCHU
BpaIllCHUS:

J=mr?, [J]:lKe-MZ,

rae M — mMacca MaTepualibHOM TOYKH, I — pacCTOsAHUE 10 pacCMATPUBAEMOM OCH
Bpall[CHUS.

MomeHT HHCPIHHA TCJIA:

J= Zn:minz .
i=1

B ClIy4dac HCIIPCPBIBHOTIO PpPacCIpCACICHUA MACChl 3Ta CyYMMa CBOAUTCA K

WHTETpaiy:

J=Ir2dm=jr2pdv’
m \Y

rne dm= pdV — macca mamoro oosema tenma dV , p — maoTHOCTH Tema, I

paccTosiHie OT 3JeMeHTa dV 10 OCH BpallleHUs.
MoMeHTBhI MHEPIIUUA OJTHOPOAHBIX TEJ MPABMWIHHONW IeOMETPUUECKOM (OpPMBI
(och BpamieHuss OO’ MPOXOAUT Yepe3 IEHTP MaCC Tela) MPUBOASTCS HIKE.
1. MomeHT uHepuuu oOpyya (TOJIIMHON CTEHOK MpeHeOperaeM) WM TMOJIOTro
UUAJIMH]IPA:
J=mR?,

2. MOMEHT MHEPIIMHU JUCKA WM CILIOMIHOIO LUIMHApa paguyca R :

mR?
J=—-—.
2
3. MOMEHT UHEPIIMY 11apa:
2 2
J=—mR"
5
4. MOMEHT MHEpIUHK CTepkHs 1anHoH [ :
2
jomt
12

Ecan AJIA TCJla U3BCCTCH MOMCHT MHCPIOHMHU OTHOCUTCIIBHO OCH, HpOXOI[SIH_[ef/'I
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4yepe3 LEHTp Macc J,, TO MOMEHT HHEPLUUH OTHOCHUTEIbHO JIF00O0# ocH,
IapajulesIbHON MepBOM, HaxoauTcs 1o teopeme Ll reiinepa:
J=J,+md’,
rae d — paccTosHUE OT LEHTpa Mace TeNa 10 OCH BPAILCHHS.
MOMEHT CHJIbI OTHOCUTENBHO TOUKHU O !
Mz[?ﬁ], [M]=1H -m.
Moyib MOMEHTa CUIIBIL:
M =rFsinad =F(,
rae { — mmedo cumsl otHOCHTENBbHO Toukd O, @ — yroa MexIy HampaBIeHHAMH
FuF.
MoOMEHTOM CUJIbl OTHOCUTEIBHO HEMOJABUKHOW OCH Z HA3bIBACTCS MPOEKIIMS
BekTOopa M Ha 3Ty och (mpoxozsyto yepes Touky O ):
M, =|FF|,.
Ecnu Ha Tesno IeUCTBYIOT HECKOJIBKO CUJI, TO PE3YJIbTUPYIOIIUNA MOMEHT CHJI
OTHOCHUTEIILHO HEMOJABUKHOM OCH Z paBeH alnredpandeckoi cyMmMe MOMEHTOB BCEX

CHJI OTHOCHUTEJIBHO 3TOM OCH.
MoOMEHT uMITyJibca MaTE€pUAIbHOM TOYKHU Ei OTHOCHUTEIBbHO HEIIOABM>KHOU
touku O :
Ei :[F. l_ji]:[rimil_ji]-
MoMeHTOM uMIyJbCa OTHOCHUTEIBHO HEIOJBUKHOM OCH HA3bIBACTCS

npoexuus Bektopa L Ha Ty och.

—

[ =36,

|
2 .
rae J; =M;° — MOMEHT HWHEPIMH MaTEPUAILHON TOYKH OTHOCHTENILHO OCH

BpaleHus, @ — yrioBas CKOPOCTb.
MoMeHT umnynabca TBEPAOTO TeNa OTHOCHUTENBHO HEMOJABMKHOW OCH

BpAILICHUS:
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L=Jo,
rae J —ero MOMEHT UHEPIIMM OTHOCUTEJIBHO 3TOM OCH, (@ — YTJI0Basi CKOPOCTb.

3aKoH COXpaHCHHUA MOMCHTA HMIIYJIbCA: CYMMapHBIﬁ MOMCHT HMIIYJIbCa

BaMKHYTOﬁ CHCTCMBI TCJI OCTACTCA ITIOCTOAHHBIM:

Zn:[i = const |
i=1

OcHoOBHOE YPAaBHCHHUC ITWHAMHWKH BPAIIATCIIBHOIO ABWIKCHUS TBCPAOIO TCJIa

OTHOCHUTCIIBHO HGHOI[BH)KHOﬁ ocH.

dlL - .M
—=-M §=""
dt nijin J

—

rae M — cymMMapHBIi MOMEHT BHEIIHHMX CHII, AEUCTBYIOIIMX Ha Ted0o, J — ero
MOMEHT MHEPLUH OTHOCUTEIILHO ITPOU3BOIILHON HEMOABMKHON OCH BpalllCHUs, &
— YIJIOBOE YCKOpPEHUE.

Pabota nipu BpamaTeaIbHOM JBUKCHUU:
%
A=[Mdp=Me,
0

rae ¢ — yroiu, Ha KOTOPbIM ITOBOPAYUBAETCS TETO.
Kunernueckast sHeprusi npu BpallaTEIbHOM JIBUKCHUU:

J&*
E ="—
K 2 1

rae J — MOMEHT MHepIUH TeNla; @ — ero yriaoBas CKOpoCTb.

IIpumeps! pelnenus 3agay

3aoaua 1. ]IBa omHOPOIHBIX mapa MaccamMu M, u M, 3aKperieHbl Ha KOHIAX
TOHKOIO CTEp:KHS Maccoii M, u mumuont ( (puc. 1). Pagmyc sesoro mapa R,

npasoro R,. Onpenenuts MOMEHT UHEPIIMU DTOM CUCTEMBI TEJI OTHOCUTEILHO OCH

BpallleHusi MN, oTcTosAIIer Ha paccTostHUU 1/3 mmuHBl { OT MOBEPXHOCTHU JIEBOTO

niapa v nepueHAuKyJISIPHON CTEPKHIO.
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JlaHo

my, m,, 1y

Puc. 1

MomeHT WHCPpOHUHN — BCIMYMHA aJAUTUBHAA, T.C. MOMCHT MHCPIUN CHCTCMBI
TCI paBCH CyMMC MOMCHTOB HHCPHHH TCJI, COCTABJLIOIINX CHUCTCMY. HOBTOMY
MOMCHT MHCPIHHU ITAPOB U CTCPKHA OTHOCUTCIBHO OCH BPAIICHHA PAaBCH CYMMC
MOMCHTOB MHCPIHUHU KAXKAOTO I1apa U CTCPKHA OTHOCHUTCIBHO ATOM XK€ OCH.
J=J,+J,+J;.
MoMeHT mHepuuM JEBOro mapa J, OTHOCHTENIBHO Oocu MN 1o Teopeme

[IITelinepa paBeH cyMME MOMEHTA MHEPIIMU ATOTO IIapa OTHOCUTENBHO ocu 0,0, ,

MPOXOSILEH Yepe3 ero UEeHTpP, U MPOU3BEICHUS MacChl 3TOrO I1apa M, Ha KBaapar

paccTosHus R, +§ OT LIEHTpa ILIapa A0 OcHu BpamieHus Mn :

2 A%
‘]1 = ng‘llRl2 + m{Rl +§j .

AHaJIOFI/I‘IHO, MOMCHT MHCPIHMHU ITPAaBOIro miapa OTHOCUTCIBbHO OCH BPAIICHUA

MN paBeH CyMME€ MOMEHTa HHEPIUHM JTOr0 IMIapa OTHOCUTEIBHO ocu O,0,,

MPOXOASILEld Yepe3 ero LEHTP, U MPOU3BEIAEHUSI MAacChl ATOrO 1Iapa Ha KBajapar

20 .
paccrogHus R, + 3 OT €T0 LIEHTpa A0 OcH BpamieHus MN :

2 20
J, =gm2R§+m2(R2+?j :

HaKOHCH, MOMCHT HMHEPIHUHU CTCPXKHSA OTHOCHUTECIIBHO OCH MN paBC€H CyMME

m. /2 .
MOMEHTA HHEPIUH STOT0 CTEPIKHSI 13—2 OTHOCHTENBHO ocu ab | mpoxossmeii uepes
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CTro CCpCaAnny, U NIPOU3BCACHUSA MACChI OTOI'O CTCPIKHA m3 Ha KBaJApaT paCCTOSHUA

14
MEXKIY OCSIMM ab umn, KOTOpPOE€, KaK CJICAyCT U3 4YepTeKa, paBHO = g:

N~
W~

2 2 2
g oMl 2 m
12 36 9

Tornga MOMEHT MHEpUUU OOOWX IIAPOB M CTEP>KHS OTHOCUTENHHO ocu MN

2 A% 2 20\°) m,(?
J=m|=R+|R +=]| |[+m —R2+(R +—) +—,
1[5R1 (Ri 3J] 2{5 2 2 3 9

3aoaua 2. O6pyu maccoir 1 kr u paguycom 0,2 M Bpamiaercs paBHOMEPHO C

paBeH

. -1 .
yacToToif 3C OTHOCHTENBHO OCH, HPOXOJALICH uepe3 cepelHy ero paauyca

NEPICHIUKYISAPHO MIOCKOCTH oOpyya (puc. 2). Ompeaenuts MOMEHT HUMITYJIbCa

obpyua.
TaHo Pemenue
m, =1kz Oli m MoMeHT uMmITyJbca TBEPAOIO TeJa MO
R=02m R ONpeJieICHHI0 PaBeH HPOU3BEICHHIO
v =3¢ .2 MOMEHTAa MHEPIMU ATOTO Tejia U €ro
7_9 YIJIOBOM CKOPOCTH:
-~ L=Jo.
O:i in
MomeHnT  uHepuuu  oOpyua
Puc. 2 OTHOCHUTEIIBHO ocu MN 1o Teopeme

[llTelinepa paBeH CymMM€ MOMEHTA
2 o
HHepIMKH 3Toro obpydya MR ortHOCHTENBHO OCH O,0,, MPOXOJISAIIECH Yepe3 ero

IEHTp Macc O, U TMPOU3BEIACHUS MAcChl 00pydYa Ha KBaJpaT PACCTOSHUS MEKIY

R
ocsimu MN 1 O,0,, KOTOpOE, KaK CIEAYET U3 pUC. 2, PAaBHO 5 :

2
J =mR? +m-(§j =1,25mR?
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VYrinoBass ckopocTh @ oOpyda CBsi3aHa C €ro 4acToTod BpamieHust V

COOTHOIIICHUCM

w=2n.

HOI[CTaBI/IM BBIPpAKCHUA JIXI MOMCHTA HHCPLIUN J nu YFJ]OBOfI CKOpOCTH @ B

dbopMyITy MOMEHTa UMITYJIbCa:

2

L =125mR?-27v = 257mvR?, L =0942 X2

c

3aoaua 3. OnHopoaHbld TUCK paguycoMm 0,2 M B Maccod 5 Kr moj JerdcTBUEM

KacaTelbHOM cuiabl F Bpaiaercs BOKpyr ocu, IpOXOSIIEN Yepe3 ero LEHTP Mace

MNCPIICHINKYJIIPHO INIOCKOCTH JHCKA. 3aBHCHUMOCTbD yriia IMOBOpOTa OUCKA OT

0
BpEMEHH jlaeTcs ypaBHeHHeM @ = A+ Bt +Ct*, rne C =2 % , A u B —nekoropsie
c

KOHCTAHTHEI. BpaH_IGHI/IIO JUCKa HpOTHBOHGﬁCTByeT TOpMO3HHlHﬁ MOMCHT CHIJI

TpeHus, paBHblid 1 H-M. Onpenennuts BeTMYUHY KacaTeIbHOW CUIIbI, TPUII0KEHHBIN

K 0001y JHCKa.

Jlano

m=3 ke

R=02m
@=A+Bt+Ct
C =2 paolc?
M,, =1H m

F=?

Pemenune
Kacatenpnas cuna F , mpumoskenHast Kk 0001y IwcKa,
co37aeT Bpalalolmuidi MOMEHT cuil M, KOTOpwIii paBeH
MPOM3BEICHUIO BEJIIMUMHBI 3TOM CUJIBI U €€ TUleYa. IJICHOM
CHUJIbI B HAIIIEM CIIy4ae SIBJISCTCS PAgUyC IUCKA, IOITOMY
M =FR. (1)
Bpamaroriemy momenty cuiasl M mpoTHBOACHCTBYET
MOMEHT cui TpeHus. CoriacHO OCHOBHOMY YPaBHEHUIO
JTUHAMUKHU BpallaTeIbHOTO JBUKEHUS

M+M, =J&.

ITockoIbKY BEKTOPBI MOMEHTOB CUIl M ¥ M,,, HAIIPaBJIEHbI IIPOTUBOIIOJIOKHO,

TO B CKaHHpHOﬁ 3aIMMCH OTOT 3aKOH IIPUMET BHU

M-M,, =J. (2)

MoMeHT uHepIUH JUCKa OnpeaenseTcs no hopmye
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_ mR?

J > - (3)

VYri0Boe yCKOpEeHHE AUCKA HaIeM CIeAYIOIUM 00pa3oM:

w:d—¢:B+2Ct,
dt

_92 _oc
o )

[ToncraBum npaBblie yacTu BeipaxkeHnu (1), (3) u (4) B ypaBHenue (2):

2
FR-M, =T .2,
mR’C+M,,

e F=TH.

3aoaua 4. MaxoBoe Ko0Jeco HNMCIOICC MOMCHT MHCPIHUHU 245 I(I"M2 BpamacTcsa C
2

gactoroii 20 ¢. B HEKOTOpHIM MOMEHT BPEMEHHM Ha HEro Craia JeHCTBOBAThH

TOPMO3SIIIAs CHJIA, B PE3YJIbTATE Yer0 KOJIECO Yepe3 MUHYTY OCTaHOBHUIIOCH (v =0).

Pannyc koneca 0,2 M. HailTu BeIMUMHY TOPMO3SIIETO MOMEHTA CUJIBI U YHUCIO

ITOJIHBIX 060pOTOB, CACJIIAHHBIX KOJICCOM JO OCTAHOBKH.

JlaHo

J =245k2- M
v, =2006/c
t=60c
v=0
R=0,2m
M,, =7

N =7

Pemenue
[TockonpKy, KpOME TOPMO3SILIEH CHIIBI, Ha KOJIECO HE
JICUCTBYIOT APYTH€ CHWJIbI, CO3MAIOIIME MOMEHTBHI CHUJ, TO
COIVIACHO OCHOBHOMY 3aKOHY JMHAMHUKH BpaIIATEIBLHOIO

ABNXKCHUA

M, =Je. (1)

mp

Tax kak KoJjieco Bpamaercs 1o AeUCTBUEM ITOCTOSIHHOTO
MOMEHTa CHJ, €ro ABWKCHHME paBHO3aMENJIEHHOE, MO3TOMY
YIJIOBOE YCKOPEHHE (TOUHEE, 3aMEJIEHHE) KOJIeca HailieM 1o

U3BECTHOM (OopMyJie pPaBHOIEPEMEHHOTO BpAaIIATEIbHOTO

JABHOKCHUA TBCPAOIr'O TCIA:



3necy @, — HaudalbHas YIrJOBas CKOPOCTb Kojeca, a @ — €ro KOHE4YHas
YIJIOBasi CKOPOCTh. JTU BEJIMYMHBI CBSI3aHBbI C U3BECTHBIMU YaCTOTAMH BpallleHUU
Vo u V mpOCTBIMH COOTHOIICHUSIMH
W, =2, @=2V.
Torna

oo 2nvy—2rv 271y,

t . )

[ToncraBuB mostydyeHHOE BbipaxeHue (2) B ¢opmyiny (1), HaliieM UCKOMBII

TOPMO3SIIUA MOMEHT cui M mp -

27 v,Jd
=——— M,, =513 H - m.

mp t '
[TonHOE uMcIIO O60pOTOB KOJICCa MOKHO OIIPCACIINTb, YMHOKHB €TI0 CPCAHIOIO
9aCTOTY BpalllCHUA ch , T.C. CPCOHCC YUCIIO 060p0TOB 3a CIMHHUIY BpCMCHH, Ha BCC

BpCM:A BpalllCHUA:

Cpennsis yacTtoTa BpalleHUs KoJjieca €CTh cpeaHee apudMeTHyecKoe
HayaJbHOM M KOHEYHOM 4YacTOT BpalleHUs, 4YTO CIPaBEIJIMBO TOJBKO MpHU
PaBHOIIEPEMEHHOM BpallleHUH TBEPAOTO Tela:

_V0+V_V0
v 2

v

Torma

3adaua 5. Ha 6apaban paguycom 0,2 M, MOMEHT uHepuuu Kotoporo 0,1 kr-m?,

HaMOTaH LIHYpP, K KOTOPOMY MpuBsizaH rpy3 maccou 0,5 kr. Jlo Hauana BpauieHus
BBICOTA I'py3a Haja nojgoM | m. HaliTu KMHETMYECKYI0 DSHEPrUI0 rpy3a B MOMEHT

ynaapa o moJi. J[BmxkeHue rpy3a cuutaTh paBHOYCKOPEHHBIM (puc. 3).
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JlaHo
J=01ke- M’
m = 0,5ke - a
F

h=1m "
v, = -

0 F,
R=02m ]
E -? mg

Puc. 3

PaBHOYCKOPCHHOI'O ABHKCHUS.

V> —v? =2ah, v?*=2ah.

Pemienne

Kunerunueckas aneprus rpysa B

MOMEHT €ro yaapa o IOl
onpenensiercs GopMyoi
2
mo
E =—— 1
= (1)

rae U — KOHEeuHasi CKOPOCTh Ipy3a
(B MoMeHT ynapa o mon). Jlusa
ompeereHus] KBaJpaTra KOHEUHOM
CKOPOCTH MOYXHO BOCIOJIb30BaThCS

dbopmyoit KUHEMaTHKU

(2)

3anumeM 2-i 3akoH HbIOTOHA [JI1 MOCTYMATENbHO ABUXKYIIETOCA Tpy3a U

Bpanjarouierocs 6bapabana cHauajaa B BEKTOPHOM. a 3aTeEM B CKaJISIpPHOM opMax U u3

CHCTEMBI ITOJyYEHHBIX YpaBHEHUH HaiiieM yckopenue d .

M =JE,
mg + F, =ma,
M =Jg,
mg —F, = ma.
Jlns Touek o6o1a GapabaHa
a
a=a =¢R, e=—
R .
F,-R=J.-2 3)
[Mockonsky M = F,R, R
mg—-F, =ma (4)

Boipasum Fy 13 ypasrenus (3)

_Ja

FH_R21
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Y TIOJICTAaBUM B ypaBHEHUE (4):

[loacraBuM mModyyeHHOE BbIpakeHHE B (QopMyny (2), a 3aTreM TO, 4YTO

IIOJTYYHTCS TIOCTIC 3TOH MOJICTAHOBKH, — B BeIpakeHue (1):

, 2mgR’h
V=
J+mR

~ m?gR*h

= Jemre:  Le =082 e,

3adaua 6. biok ¢ MOMEHTOM MHEpPUUH J YKpEIUIEH Ha BEpLIMHE HAKJIOHHOM
miockocTu. ['upu maccamu M, 1 M, coeAMHEHBI HUTHIO, IEPEKUHYTOM yepe3 OJIOK.
VYTroJs npyr OCHOBAHMHM HAKJIOHHOW INIOCKOCTH « . ONPEAENUTh HATS)KEHUE HUTEH,
€CJIM Tups Maccol M, omyckaeTrcsi paBHOYCKOpeHHO. biiok mpencraBisieT coOoi

OJTHOPOJHBIA WJIMHAP paanycoM R . TpeHuem npeHeOpeub.

Pemenue
Jlano

J

n,,m,

1

H2 ¢

Puc. 4

Jlns peuieHus TOW 3aJa4dl HEOOXOJWMO 3amucaTh OCHOBHOC YpaBHCHHE

JUHAMUKKU (BTOpOM 3akoH HBIOTOHA) NPUMEHUTENBHO K MOCTYNATEIbHOMY
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JBMKCHHIO TPY30B M OCHOBHOE ypaBHEHHE AMHAMHKH BPAIATEIILHOTO JBMKCHUS
oJs10ka (puc. 4).

B BeKTOpHOM 3amucu 3TU ypaBHEHUs OYIyT UMETh BUJ

mg+F.,, +N=ma,
im,g+F,,=m3,
M, +M, = JE,
a B CKaJISIpPHOU
F.,, —mgsinad =ma, @
m,g - F,, =m,a, (2)
M, -M, =Je. (3)

Ineyom cun Fy, u Fy, asnsercsa pamuyc 6moka R . Tlo onpenenennio MoMeHTa
CHUJIEI.
M, =FyR, (4)
M, =F,,R. (5)
VckopeHne 4 paBHO TAHTCHIMAIBHOMY YCKOPEHHIO TodeK o06ona 6IIoKa,

II09TOMY OHO CBSI3aHO C YIJIOBBIM YCKOPEHUEM 0JI0Ka & COOTHOIICHHEM
a
a=a =¢R, e=— (6)
R

[Toncrasus (4), (5) u (6) B ypaBuenue (3),
a
FHZ'R_FH1°R:‘]E,

Ja
FHZ_FH1:?1 (7)

a BeIpaxxkenue (7) Bmecto (3) B cCUCTEMy YpPaBHEHUM, CJIOXKHUM HX W Hailiem

yCKopeHue a.

F,,—mgsina=ma
m,g—-F,, =m,a
J

FH2 _FHl :Fa
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m,g—m,gsin o = a(m1 +m, +F;]2j

a4 (m, —m, sin a)gR?
(m, +m,)R? +J

3uas &, u3 ypasuennii (1) u (2) naxomum Fy, n Fyy,.

F, = ml(a+ gsina) =mg

(m, —m;sina)R’
(M, +m,)R*+J

+Sina |=

~ mg(m,R*(L+sina) + Jsina)
(m,+m,)R* +J

FH2 :mz(g_a) =

m,g(mR?(L+sina) +J)

(m,+m,)R*+J

3aoaua 7. Kakyto pabOTy HaJ0 COBEPIIUTh B TCUCHUU | MUH, YTOOBI YBEJIUYUTH

JaCTOTY BpalllCHHUA MaXOBHKa Maccoit 50 KI', UMCIOIIICTO (1)OpMy AUCKa JUaMCTPOM

1,5 m or 0 go 50 c¢?, ecnim x 0007y MaxoBUKa NPHIIOKEHA IO KacaTeNbHOM

oCTOsIHHAs cwita Tpenus 1 H?

Jlano
t=60c
m=50xke
D=15m
v, =0
v=50¢""
Enple
A-"7

Pemienune

PaGora mpu BpamaTeiabHOM ABMXKEHUH TBEPAOTO
TEJIa OMNPENENSIeTCd MPOU3BEACHUEM  BPAIIAIOLIETO
MOMEHTa CWJbl M U yrjia MOBOPOTa ¢ HTOr0 Teja 3a

HEKOTOPOE BpEMSI
A=Mgp. (1)
Jli1st onpeenenus Bpaujarero MOMEHTa CHJIbl M
BOCHOJIB3YEMCSI OCHOBHBIM YPaBHEHHUEM JHHAMHUKHU

BpallaTCJIbHOTO ABHXKCHHA TBCPAOr0 TEJIa, KOTOPOC

IMPUMCHHUTCIBHO K I[aHHOfI 3aJa4€ MMCCT BHU/ B BGKTOpHOfI 3aIIicH1

a B CKaJIpHOU

—

A7[+Mmp =Jg,



M=M, +Jc. (2)

MomeHT HHCpOHHU OJHOPOJHOro JHCKa OTHOCHUTCIBHO OCH BpalllCHUA,
MPOXOMSIICH dYepe3 €ro IEHTP MacC NEPHeHAUKYJISIPHO TUIOCKOCTH JHCKa,
onpenenseTcs GopMyIou

_mR?> mD?

J=—
2 8

MOMEHT CUJI TPEHUS paBEH MPOU3BENCHHUIO CHIIBI TPEHUS Ha €€ IIEYO:

D
Mmp:Fmp.R:Fmp'E.

[ToxcrasuB Beipakenus 111 J u M, B (2), momyunm

2
mD D
M:Tg'f'l:mp'i_ (3)
HOCKOHBKy, I10 YCJIOBHUIO 3a1a4M BCJIMYUHBI CUJI, HeﬁCTBYIOHIHX Ha MaXOBHK,
M UX IICYHU HC MCHAJIMCh, TO €I'0 BpalllCHHUEC PaABHOYCKOPCHHOC,

_w-w, 2rnv-2rv, 27v

T Tt T @)
—a)t+gt2 et? _ZﬂV_ﬁ_m/t
A T ' ()

[ToncraBum BeIpakenue (4) B (3):

mD®> 2zv F,,-D D(zmvD+2F, )
. —+ =
8 t 2 4t ’

(6)

a 3atrem (5) u (6) B popmymy (1):

D(zmvD + 2F 1) zvD(zmvD + 2F 1) 5
A= m Lot = 2 £ A=7-10" pxc.

3aoaua 8. Manpuuk 3amyctisi oOpyd Maccod 0,5 Kr BBepX MO HaKJIOHHOMU
MJIOCKOCTH CO CKOPOCTHIO 2 M/C, TIpH ATOM 00pyd BKATHJICS Ha PacCTOSIHHE 3 M 3a
CYET €ro KUHETUYECKOM SHEPTUU. Y KIIOH Topku cocTaBisul 10 M Ha kaxasie 100 m
nyTd. Ha CKONBKO TIpW 3TOM YBEIWYWIACh BHYTPCHHSSI DHEPTUS CUCTEMBI TE?

Pamuyc o6pyua 0,5 m.
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Penienue

Jlano

v=2m/c

m=0,5ke 14

S=3wm I

H=10m h

£=100x Puc. 5

R=0,5m .
[To 3aK0HY COXpaHECHHS SHEPTUH YBEIIMUCHUE BHY TPCHHEH

AE =7 SHEPTUH PAaBHO YMCHBIIICHUIO MEXaHHYCSCKOM SHEPTUHU 00pyHa.

VY ocHoBaHus TOpKH 00pyd 00Js1a1all KHHETUYECKOW dHEepruen

IMOCTYIIATCIIbHOT'O JIBHIKCHHA EK U KUHETHYECKOM BHGPPHGﬁ BpamaTCIbHOIO

n
neumkenus E . Kormga o0pyd moaHsiics Ha HEKOTOPYIO BEICOTY N, BKaTUBLIKMCH TIpH
OTOM Ha PacCTOSHHE S YacTh €ro KMHETHYECKOM JHEpPruM IpeBpaTHiIach B
HOTEHLUAIbHYIO SHEPIHIO E , @ YaCTh IOILIA HA YBEINYCHUE BHY TPEHHEH SHEPTHU

1oJ1 ACMCTBUEM CUJI TPEHHUS (T.€. IPEBPATUIIACh B TEIJIOBYIO SHEPTHIO).
AE=FE +E _-FE :T+——mgh_ (1)

W3 Teopuu U3BECTHO, YTO MOMEHT HHEPLHUK 00pyYa OnpeaenseTcs GopMyIoi

J=mR?, (2)

JIuHeliHass CKOPOCTh TOYEK 0OpydYa paBHAa CKOPOCTH €ro IMOCTYIATEIbHOTO
JBIDKCHHSI U ¥ CBsA3aHa C YIIIOBOM CKOPOCTBIO 00pyYa @ COOTHOIIEHHEM

v
v=wR, otkyna a):ﬁ_ (3)

Beicoty N, Ha xoTopyro momHsuics 06pyd, MOKHO HANTH M3 MOZOOHS ABYX

IPSAMOYTOJILHBIX TPEYTOILHUKOB ¢ TunoTeny3amu S u ! u kareramu N u H (puc.
5). 3 ux momobust cnemayeT, 4To

SH
h=—"——
, @
[ToncraBum BeipakeHus (2), (3) u (4) B ypaBuenue (1):
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2 2.2
AE:m_mm_g_mg.S_H:m(Uz_gs_Hj, AE =053 e,
2 2R { {

3a0aua 9. TopusoHTanbHas mIaTopma Maccoil M, Bpamaercs BOKPYT
BEPTUKAJILHOM OCH, TPOXOIAIeH uepes HEHTP MIaT(GOopMbl, C 4aCTOTOH v, . UernoBek

Maccoit M, ctouT Ha ee kparo. C KaKOW 4acTOTOW CTaHET BpallaTbes miaaTdopma,

€CJIM YeJIoBeK mepeiaeT B ee ueHTp? Cuurarh miaThopMy KPYIriibiIM OJTHOPOIHBIM

JIACKOM, A Y€JIOBEKA — MAaTEPUAIIBHON TOUKOM.

Pentenue
JlaHo
[To 3akoHY COXpaHEHMST MOMEHTa HMIYJIbCA CyMMAapHBII

m,m,

UMITyJIsc taThopMel Ly, u uenoseka L,, korga on crosn Ha ee
Vo

Kparo, JOJDKEH COXPAaHUThCA, T.€. JOJDKEH OBITh pPaBHBIM
v—7

CyMMapHOMY MOMEHTY UMIyJibca miargopMel L, u wenosexa L,
[OCJIE TOTO, KaK YEJIOBEK MEepeLe B LEHTP MIaTGopMbl
Loy + L =L+ L. 1)
[Io onpeneneHu:r0 MOMEHT HMITyJbCa BpAIAOLIErocs Tela paBeH
MPOU3BECHUI0O MOMEHTA UHEPIIMH TeJla U €r0 YII0BOW CKOPOCTH, TOATOMY

I:01 +I:02: J01(Do + Jozﬁ)o = (J01 + Joz)@o (2)

L+L =Jo+l,0=>,+J,)d. (3)
3/1ech @, — YrioBas CKOPOCTh IIATGOPMBI U YEIOBEKA, KOT/Ia OH CTOSUT Ha €€
Kpaw, a (@ — yrioBas CKOPOCTh IIaT(OpPMbl M YeJI0BEKa, KOra OH Mepelien B

LEHTP.

MomeHT nHepiuu miaThopMbl Kak OJJHOPOIHOTO IUCKA PaBEH

m,R?
‘]01: 12 .
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O‘{CBI/IIIHO, 4TO MOMCHT HHCPUHUH HHaT(i)OpMBI IIOCJIC TOIO, KaK YCIIOBCK
HCpCﬁI{GT B €C ICHTP, HC U3MCHUTCA, IIOCKOJIBKY IIPpU 3TOM HE H3MCHATCA HHU €C

Mmacca, Hi paJuyc,

MoMeHT MHEpIMH Ye0BEKA, CTOSILEr0 Ha Kparo MIaTQOopMbl, OIPEIEIUM 10

(dopMyJie MOMEHTa UHEPLIUU MaTepUaIbHON TOUKU
Jo, =M,R?.

Korna wenoBek mnepeiier B LEHTP, TO PACCTOSHUE OT HEro J0 LEHTpa
1aT(opMbl CTAHET PAaBHO HYJIIO, TO3TOMY U MOMEHT MHEPLIMHU YEJIOBEKA B LIEHTPE
mw1arGopMel J, paBeH HyIIIO.

Torna ypaBaenue (1) npumer BUI:

m,R’
2

mR’
= w

2
+m,R* |,
2 ]

@, =21V, =271V,
(0,5mR? +m,R?)- 22v, = 0,5m,R? - 27v,
(05m, +m, v, =05myv

vo(05m, + m,)
0,5m

V=

3axayu AU CaMOCTOSITEILHOTO PellIeHUs!
4.1. llap paguycoMm 5 c¢M U Maccoil 1 Kr 3akpemieH Ha OJHOM KOHIIE TOHKOTO
onHopoaHoro crepxkHs macco 300 r m mmuou 0,5 M. Crepx’eHbp C mIapoMm
BpAIIAIOTCSL  BOKPYI OCH, MPOXOJALIEN Yepe3 ApPYrod KOHEL CTEpKHs
NEPIEHANKYJIIPHO €My C YTJIOBOM CKOPOCThIO 2 paz/c. HaliTh MOMEHT WHEpIuu

CTCPIKHsA € IIapOM OTHOCHUTCIILHO 9TOM OCU U MOMEHT UX HNMITYJIbCA.

2
KM

(J =mR@LAR+20)+ (*(m, +m, /3) =033kz- x>, L=Jw=066 ).

4.2. Kakyro IOCTOSHHYIO CHITy HaJI0 NMPUJIOKUTD IO KacaTeJIbHOM K CEYEHUIO BaJia

paauycom 6 cM, Ha KOTOPOM >KE€CTKO 3aKpEIUIeH MaXOBUK, UMEIOITUN (popMy aucka
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paauycoM 60 cM, 4TOOBI yBEJIMYUTH YaCTOTY BPALICHUS] CUCTEMBI 3a OJHY MUHYTY
or 2 ¢ 10 4 ¢1? Macca maxoBuka 150 kr, Bajia 5 KT.

(F=943H).

4.3. Macca aucka 0,5 xr, ero guamerp 40 cm. Jluck Bpamaercs ¢ yacToroi 25 ¢,
[Ipy TOPMOXKEHMH OH oOcTaHaBimBaerca depes 20 c. OnpenenuTs TOPMO3SAIIHUN
MOMEHT, CUUTAs €r0 IOCTOSHHBIM.

(M,,=0,0785H-x).
4.4. Ha Gapaban maccoit M, =9 ke HaMOTaH ITHYP, K KOHITY KOTOPOTO MIPUBS3aH IPYy3

maccoii M, =2ke. Haiitu HaTspkeHue HuUTH. bapabaH cunMTaTh OXHOPOIHBIM

HUJIMHAPOM, TPEHUEM MPEHEOpEeUb.

mm,g

F. = =138H).
(Fy 2m, +m, )

4.5. Ha 6apaban paauycom 0,5 M HaMOTaH LIHYP, K KOHILY KOTOPOTO MPUBS3aH IPy3
maccoir 10 xr. Halitu maccy OapabaHa, eciii W3BECTHO, YTO T'Py3 OIyCKAETCS C

yckopeHueM 2 M/c. bapaban cuntath OJHOPOAHBIM AUCKOM. TpeHuem npeHeopeyb.

(m, :2m1£%— j=781<2).

4.6. Ha Gapaban maccoit m, =0,5xe HamMOTaH MIHYp, K KOTOPOMY TPHUBS3aH TPYy3
maccoii M, = 0,2 k2. Jlo Hauana BpaiieHus: 0apabaHa BbICOTa Ipy3a HaJl OJOM 2 M.

HaiiTu, 4depe3 CKOJIBKO BpPEMEHHM Tpy3 OMyCTHTCS 10 moja. bapabGan cuurtarthb
OJTHOPOJHBIM TUCKOM, TPEHUEM MPEeHEOpEeYb.

h(2m, + m
h(2m, +m,) =096¢).
gm,

4.7. MaxoBUK, MOMEHT HHEPLUHMH KOTOPOTO paBeH 63,6 Kr-m?, Bpamiaercs

MOCTOSTHHOM YTJI0BOM CKOpocThio 31,4 pan/c. Halitn momenT cuit tpeaust M, , mon

mp 9
JIEUCTBHEM KOTOPBIX MaXOBHUK OocTaHaBiuBaeTcs uepes 20 c.

(M =Jt—w=100H-M).

mp

4.8. MaxoBoe KoJleco, UIMEIOIIee MOMEHT MHepLuH 245 kr-m2, Bparaercs, aenas 20
00/c. Ilocine Toro, kKak Ha KOJEeCo MepecTal JelCTBOBATH BPAIlAlOIUii MOMEHT CHUJI,
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OHO ocTaHoBMIIOCK, cienaB 1000 o6oporos. Haiitn MoMeHT cun Tpenns M, u

BpEMsl, IPOLIEAIIEee OT MOMEHTA MPEKPAIICHUS AECUCTBUS BPAILIAIOLIIEr0O MOMEHTA
CWJI 10 ITIOJTHOM OCTaHOBKH KoJIeca.

27v,Jd

=308H - m, l‘=ﬂ=1006),

(M,, =
p VO

4.9. OgHopoausiii quck paauycom 0,2 M U Maccoil 5 Kr BpamaeTcs BOKPYT OCH,
IIPOXOJSIIEH Yepe3 €ro LEHTP MEPIEHIUKYISPHO IUNIOCKOCTH IHUCKa. 3aBUCUMOCTh

YIJIOBOM CKOPOCTH BpAILICHHS JAUCKA OT BPEMEHM JaeTcsl ypaBHeHHUEM o = A+ Bt ,
rae B=8pao/c?. Haiith BenmMuuHy BpaIaroONIeii CHIBL. IPUIIOKEHHON KacaTeIbHO
K 0001y JUCKa.

(F=05mRB=4H).

4.10. [Iap maccoii 10 kr u paguycom 20 cM BparmiaeTcss BOKpPYT OCH, TTPOXOISIIEH
yepes ero IeHTp. YpaBHEHWe BpAICHHUA Iapa mMeeT Bua ¢ = A+Bt>+Ct*, rue
A=5pao, B=4paolc®, C=1paolc®. HaiiTu BpauaTeIbHBIi MOMEHT CHII,
JIEUCTBYIOIIMX HA 1Iap B MOMEHT BPEMEHH T = 2C.

(M= 08mR?*(B+3Cr) = 32H - m).

4.11. bnok maccoi 1 Kr yKpeIieH Ha KOHIE cToJia. ' Mpu paBHOM Macchl 1O 2 KT
COCJIMHEHbl HUTHIO, TEepeKuHyTOr dYepe3 Onok. KosddummeHnt tpeHus rupu o

noBepxHocTh crogia 0,1. biok cuntate oqHOpOAHBIM IHCKOM. HailTu yckopenue, ¢

KOTOPBIM ABWMIKYTCS T'MPH.

(a= g(mZ_kml) :39£)
05m+m +m, 27

4.12. JIBe rupu MaccaMud M, =2 ke u M, =1ke coeaUHEHBI HUTHIO, MIEPECKUHYTOM
gyepe3 070k Maccoit M =1ke. Haiftu yckopeHHe, ¢ KOTOPBIM JABIKYTCS THPH, U

CUJIbl HATSDKEHMsS HUTEW. bllok cuuTaTth OAHOPOAHBIM THMCKOM, BPCMCHHUM

npeHeOpeyb.

m, —m M
(a0 282 F., ~m(g-a)=14H, Fy; =m,(g+a) ~126H).
1 2 '
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4.13. JIBe rupu pa3HOW MacChl COCIMHEHBI HUTHIO, MEPEKUHYTON dYepe3 OJIOK,
MOMEHT MHepIMHU KoToporo 50 kr-m?, a paguyc 20 cMm. Biok Bpamaercs ¢ TpeHueM
u MoMeHT cui TpeHus 98,1 H-m. Haiitu pa3HOCTh chil HATSXKEHUS IO 00€ CTOPOHBI
0JI0Ka, €Cclii U3BECTHO, YTO OH BPAIIAETCS C MOCTOSHHBIM YTJIOBBIM YCKOPEHHEM
2,36 pan/c?.

4.14. Mennsiii map (0 =89-10xe/ MS) pamuycom 10 cM BparmaeTcs ¢ 4acToTou 2
¢! BOKpyr ocH, mpoxozsiel yepes ero 1entp. Kakyro paGoTy Hago COBEPLIUTS,
YTOOBI YBEJIUYUTH €TO YIIIOBYIO CKOPOCTH BJIBOE?

(A=327°vpR® =35 J]c).

4.15. Kakyro paboTy Hago COBEpPIIUTh, YTOOBI YBEJIWYUTh YACTOTYy BpaILEHUS
MaxoBuka maccoit 500 kr, umerorero ¢popmy aucka nuamerpom 1,5 m, ot 0 1o 50 ¢
19 Tpennem npeneGpeusn.

(A=6940 e).

4.16. OnpenenuTh KUHETUYECKYIO DHEPTHIO MPU KauyeHUU O3 CKOJBXKEHHUS CO
CKOPOCTBIO U TIO TOPH3OHTAJIHHOW TOBEPXHOCTH: a) OJHOPOJHOTO IMIUHApA
Maccoit m; 0) 0OTHOPOHOTO II1apa Maccoit M .

(a) E. =0,75mv%, 6) E, =0,7mv°).

4.17. Tlo Topu30HTaIBHOM MOBEPXHOCTU KATUTCS CO CKOPOCThIO U TeNexKa 001en

Maccol M, UMEIoIas YEThIPE KOJECa B BUJIE TUCKOB Maccoi M /8 kaxmoe. Haiiru

€€ KUHETUYECKYIO SHEPTHUIO.
2
(E. =0,625m?).
4.18. MaxoBoe K0JIeCO HAYMHAET BPAIIaThCsl C MOCTOSHHBIM YTJIIOBBIM YCKOPEHUEM

0,5 pan/c? u yepes 15 ¢ mocie Hayana ABUKEHHUS NPUOOPETAET MOMEHT MMITYJIbCA

73,5 kr-m?/c. HaliTu KMHETUUYECKYIO SHEPIUI0 Koyeca depe3 20 ¢ mocie Hayana

BpalliCHUA.
eLt?
E = 2 =490 .
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4.19. [llap maccoii 1 kr, KaTsiuiics 0€3 CKOJbXKEHUS, HEYTIPYTO YIapsAeTCs O CTEHKY
U OTKaThIBaeTcs oT Hee. CKOPOCTH 1apa 70 yaapa o creHky 10 cM/c, mocie ynapa 8
cm/c. HaliTu KoIM4ecTBO TEIUIOTHI, BhIICTIUBIIECECS MIPH yAape.

(Q=0,7m(v? —v?)=25-10" [foc).

4.20. Crepxxenb maccoit 1 kr u gimuHoit 40 ¢cM MOKET BpallaThCs BOKPYT OCH,
MPOXOJISIIEH Yepe3 ero cepeuHy NepreHIuKyJIIpHO CTEPKHIO. B KOHel cTepkHs
noraaaeT myns maccor 10 r, neTsias neprneHauKyJIIpHO K OCH U K CTEPXKHIO CO
ckopocthio 200 M/c. OnpeaeuTh yrioByK CKOPOCTh, KOTOPYIO MOJIYYUT CTEPKEHD

C IyJIEW, €CJIM OHA 3aCTPSHET B HEM.

6m v pao
= n =29
(@ (m, +3m,) c )

4.21. Ilyns, BeIMyIIEHHAas W3 HApE3HOTO OPYXKHUsS, JIETUT CO CKOPOCTBIO U U
OJTHOBPEMEHHO BpalllaeTcs BOKPYr CBOEHM ocH ¢ yactotod V. OnpeneauTsb
KUHETHYECKyI0 dHepruto mynu. Macca myiau M, ee auamerp D. Ilymo cumrats
OJIHOPOJHBIM LIWJIMHIPOM.

(E. = O,Sm(z)2 +7z2v2D2)).

4.22. ToHKU# TIPSIMON CTEPKEHb JUTMHON | M MPHUKpEIieH K TOPU30HTAIBHOMN OCH,
IIPOXOJAIIEH Yepe3 €ero KOHEL, M MOXET BpalarbCsi BOKPYI O3TOM OCH B
BEPTHUKAJIBHON IUIOCKOCTH. CTEpKEHb MOKOUTCS B BEPTUKAIBHOM IOJIOKEHUU.
3areM ero OTKJIOHSIOT OT BEPTUKAIHM Ha Yyroil «=60° u oTmyckator. OnpenenuTsb
JMHEWHYIO CKOPOCTb HHWKHErO0 KOHIIA CTEPKHA B MOMEHT IIPOXOXKICHUS UM

Ha4aJIbHOT'O paBHOBCCHAI.

(v= \/39£(1— cosa) = 38~ ).

4.23. KuneTrdecKast SHEPIUs IUCKA, BPAILAIOIIALCS ¢ 4acToTol 2 ¢! BOKpyr ocw,
Jexaniel B INTIOCKOCTH AUCKA U MPOXOASIIEH uepes ero nueHTp, pasua 60 JIx. Haiitu
MOMEHT UMITYJIbCa 3TOTO JUCKA.

(L= E. _96K2'M2
v c

).
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4.24. Manp4yuk KaTUT 00OpyY MO0 TOPU30HTATBLHON JOPOTe CO CKOPOCTHIO 7,2 KM/Uac.
Ha kakoe paccTosiHuEe MOKET BKaTUTHCS 0OpYY Ha TOPKY 3a CUET €ro KHHETHIECKON
SHEPI'UH, €CJIN YKJIOH ropku coctapisieT 10 M Ha kaxasie 100 M myTu?

(S=41m).

4.25. O0py4 U TUCK OAMHAKOBOM MacChl KaTiITCs 0€3 CKOJIbXKEHHUS C OJIMHAKOBOM

JUHENHOUN ckopocThlo. KnHetnueckas sneprust oopyda E;. HallTu KMHETHYECKYIO

DHEPIrUIO JTUCKA.
(E, = §El)_

4
4.26. Bo ckoimpKO pa3 KHHETHYECKash SHEprusi oOpyda OoJbIle KUHETHYECKOU
DHEPIrUM JUCKA, €CIM MX MAcChl OJMHAKOBBI, U OHU KATATCS C OJWHAKOBOMU
JIMHEHHON CKOPOCTHIO?

(6133 pasza).
4.27. Yenosek Maccort M; HaXOoauTCs HA KpAarO HEMOABIKHOU IIAT(HOPMBI MacCOr

M, u pamuycom R, mpencrasnsromeit co0oii OAHOPOAHBIA JUCK, CHOCOOHBIN
BpaIaThCs BOKPYT OCH, TPOXOIAIIEH Yepe3 MEeHTpP MIaTdOPMbl TePIEeHIUKYIISIPHO
ee tiockoctd. C KakoOMl CKOPOCThIO OTHOCHUTEIHHO IUIATQOPMBI JOIKEH UATH
YEJIOBEK MO0 Kparo TuiaTGopMbl, 9TOOBI OHA CTajla BPAIAThCs ¢ 4acTOTOH V ?

_ vR(2m, +m,)
ml

(v ).

4.28. IlN'opuzonrtanpHas miargopma maccoir 80 kr u paamycoM 1 M Bparmiaercs ¢
yactotol 20 o006/MuH. B 1neHTpe mnaTtdopmbl CTOUT YEJIOBEK M JECPKUT B
paccTaBieHHBIX pykax rupu. C Kakoi 4acToTol OyAeT Bpamarbcs miaTdopma, eciiu
4EJIOBEK OIYCTUT PYKH, YMEHBIIUB IPH 3TOM CBOM MOMEHT MHEPLUH OT 2,94 Kr-M?
10 0,98 kr-m??

mR? +2J,

Vv, - =035c¢™"
T MRZ 4 23, <)

(V2=

4.29. Yenosek maccoit 60 KI HaXOAUTCS HAa HEMOABUKHOM 1aTdopme maccoit 100

kr. C KakoW YacTOTOW CTaHET BpamaThCs MIaTdopma, €cld YeIOBEeK OyneT
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JIBUTATHCS MO0 OKPY>KHOCTH, PATUYCOM 5 M BOKPYT OCH BpAIICHHUS, MPOXOISIIEH
yepe3 LEHTP MIaTGopMbl NEPIEHIUKYISIPHO €€ IIOCKOCTH? CKOPOCTh JBUKEHUS
YelloBeKa OTHOcuTenbHO Tiatgopmbel 4 km/4. Pammyc mmatgopmer 10 wm.

[TnaTdopmy cuuTaTh OJHOPOAHBIM JTUCKOM, a YEJIOBEKA — MaTePUATbLHOM TOUKOM.

(v = ”}URi _=0,0082¢™),
z(m,R; +2mR")

4.30. I'opuzonransHas mwiardopma maccoit 100 kxr u paguycom 1,5 M Bparmiaercs
BOKPYT TOPH30HTAIBHON OCH, TIPOXOJAIICH uepe3 IHeHTp Tutatdopmsbl, aenas 10
00/muH. Kakyro paboTy COBEpIIMT 4esloBeK Maccoil 60 Kr mpu nepexoje oT Kpas

aTgopMsl K ee ueHtpy? [lnatpopmy cuuTarh OJHOPOAHBIM JTUCKOM.

(A=162 ).
4.31. YenoBek Maccoil M; CTOUT B LIEHTPE TOPU3OHTATIBLHOM TIaTGopMbI Maccoit M,

, UMeronei ¢GopMy JIMCKa W Bpalllarolieiics ¢ YrioBoil ckopocthio @;. C kakoi

YTJIOBOM CKOPOCTBIO CTaHET BpallaThCs MIaTdopMa, eclid YeJOBEK Mepeiaer u3
IIEHTpa K Kpato 1iaTdhopmbl?

m,w,
w, =—221)
(2 m2+2m1)
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5. 9JIEMEHTBI MEXAHUKH KUJIKOCTHU
[Ipu paGoTe ruIpaBIUUYECKOTO Mpecca co3AaETCsl BHIMTPHINI B CHIIE, PABHBIN

OTHOIICHUIO IIIOIaan 00IBIIETO IMOpHIHSA K IUI0Maanu MECHbIICTO,

R_3S

Fl S1

Ypasnenue nepazpvisnocmu cmpyu unm Teopema Juiepa: IPOU3BEICHUE CKOPOCTH
TE€YEHHsI HECKUMAEMOMN KHUJAKOCTHU U IUIOIIAIU ONEPEYHOT0 CEUEHUs OJHOM U TOH
e TpyOKH TOKa IMMOCTOSIHHO,

vS = const,

Ypaenenue bepuynnu:
2

%+pgh+ p =const,

r€ p — IVIOTHOCTb )XUAKOCTH, U — CKOPOCTh MOTOKA, g — YCKOPEHHE CBOOOIHOTO
najgeHusd, h — BeIcOTa, p — JAaBJICHUE.
Cuuia Bsizkoro TpeHus s ten cepuueckoit hopmnl (popmyrna Ctokca):
F,, =67znrv,
rae n — KodQPUIMEHT TMHAMUYECKON BSI3KOCTH, U — CKOPOCTh JABUKEHUS Tela B

BSI3KOW KHUAKOCTH, I — pagnyc cHepruIecKoro Tea.

IIpumeps! pelnenus 3aaay4

3aoaua 1. JlaBnenue, MpoU3BOAMMOE Ha MaJIbIM MOPIIEHb THIPABINYECKOTO Mpecca,

OCYLIECTBJIAETCA C OMOLLBIO pbIvara, COOTHOLICHHUE MIIEY KOTOPOro 1= =10 (puc.
2

1). I'py3 Kako# Macchl MOKHO MOJHATH Ha OOJBLIOM IOPILIHE, €CIIU K Iuiedy h
o o Sl

npuinoxena cuna 100 H? OTHomeHWe muromaiei mopIiHeii npecca e 0,02, KI11
2

npecca 0,75.
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Pemienne

m-"7 Puc.1

CornacHo popMyiie THIPaBIMYECKOTO Ipecca

i—i, :>F2=—F182. (1)
Fl Sl Sl

Ppruar IaéT BBIMI'PBIII B CUJIC BO CTOJIBKO pa3, BO CKOJIBKO €TI0 JJIMHHOC I1JICYO0

00JIbIlIe KOPOTKOTO:

ol op=th 2)
Foh h,
[Toacrasum (2) B (1),
e _Fh S
hZ Sl
Cornacno onpenenenunto KIT/I:
— A}’ZOJZ 3
77 A3amp - ( )
[Tonesnas padora
Anon = AEp = mgH’ (4)
3aTpadeHHasi paboTa
Ay =FH (5)
rie H — BBICOTA MObEMA TOPIITHS.
[ToncraBum (4) u (5) B (3),
_mgH _mg
T"EHF
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nk, _ nkF hlSz
g gh,S,

m = m=3750 ke .

3aoaua 2. unuHapuyeckuii 6ak BHICOTOM 1 M U ITOIIA/IbIO MONEPEYHOTO CEUEHUS
2 M2 HANOJIHEH JI0 KpaeB BOAOM (puc. 2). 3a Kakoe BpeMsl BCS BOJA BBUILETCS YEPE3

OTBCPCTHC TNIOMIAABIO ITOIICPCUYHOT'O CCUCHHUA 2 CMZ, PaCIIOJIOKCHHOC HA JTHC Oaka?

TlaHo Pewenne
b1 VpoBeHb BOABI B Oake BCE BPEMsS MOHMIKAETCH. 3a
S 2.7 spemst AU ypoBers Bozp! B Gake normsutes na dh
=2
dh
S, =2-107 4’ dh=pdt, dt=—,
Ul
t-?

Trac 131 — CKOPOCTb INOHWKCHUA YPOBHA BOJBI B Oake.

BpeMH, 3a KOTOPOC BBUIBECTCS BCA BOAA.

_tdh o
5 U
Haiiiém cKkopocTh U;, HCTIONb3Yys TeopeMy bepHyu:
2 2
PL P,
=+ pgh+p, ==+,
S 2
1
4 l . rae P — INIOTHOCTh BOABI, P, — aTrMochepHOe JaBicHHE,
UI
U, — CKOPOCTb BHITEKAHHS BOJIBI M3 OTBEPCTHS.
h 2 02
2=
SZ

- 24 2gh =02

v +egh=v,. (2)
v, B cuny Hepa3pbIBHOCTH CTPYH
Puc.2 0181 = Uzsz )
v,
b, = : (3)
S,

[Toacrasnss (3) B (2), nosrydum
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(4)

[ToncraBum (4) B (1)

o -4 3
3adaua 3. B 6ak 3a oqHy cexyHay Biusaercs 00béM 2-107 m” | Kakosa nomkna
ObITh IUIOIIAJIb OTBEpCTUA B JHE Oaka, 4ToObl BOJAA B HEM OCTaBajach Ha

MOCTOSTHHOM ypoBHE h=1m7?

Tano Pemenue
% . [To 3akoHy coOXpaHEHUS DSHEPruM KUHETHYECKas
—=2.10"%wM / .
t c SHEPrUsl BOJIbl, BBITEKAIOIICH W3 OTBEPCTUS B JIHE
h=1m O0aka, paBHa TNOTCHIMAIBLHOW DHEPTUsl BOJSHOTO
g _9 cToy10a HaJl OTBEPCTHUEM:
, — 1
E =E,,
mo?
=mgh .

OTCIOI[a CKOPOCTDb BBITCKAHWA BOABI U3 OTBCPCTHUSA

r @)

YtoObl BOAA OCTaBajach Ha OJHOM YPOBHE, HEOOXOJIUMO, YTOOBI B OaK 3a OJHY

CEKYH/Iy BJIMBAJICSA U BBUIMBAJICS OJIMHAKOBBIA 00BEM BOJIBI:

V—SU = z)—i
P 2l 2 St (2)

[ToncraBus (2) B (1), nomyuum:
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V
S, =—F— S,=0,45-10" a°.
° tf2gh’ T2 M

3aoaua 4. llunuHaApUYECKUN COCYJ] BBICOTOW h=2yu W TUIOMIAJIbI0 MOMEPEUYHOTO
ceueHus S, =1m°, MOJHOCTBHIO 3aIOJHEHHBIN JKUIKOCTBIO, IMEET MAJoe OOKOBOE
OTBEPCTUE IUIOLIA/IBIO IIONEPEYHOTO CEUCHUS S, = 2-10™* a®, Haxopsmeecss Ha
BbicoTe h =30cm OT ypoBHsA AHa (puc. 3). HaliTu MakcumanbHOE pacCcTOsIHUE, Ha

KOTOPOC MMaJgacT CTPYA Ha IIO0JI.

Tlaro Pemnienue
h = 2 J
M S1
S, =1 4 la
1
S, =2-10"" a’
h] = 30 CM h
(-9 S U
S |
I
v :
«—
I [' i
Puc. 3

MakcumanbHOe pacCTOsSHUE, Ha KOTOPOE MalaeT CTPYs Ha MO

(=0,t,
rae 1 — Bpems, 3a koTopoe cTpys manaer ¢ BbicoTs! Ny Ha mom.

Haiiném CKOpOCTb BBITEKaHUs BOABI U3 OTBEPCTHUS U,, UCIOJIb3YysS YpPABHEHHE
bepnymm:

UZ UZ
E+pg(h=h)+p,=E2 4y,

2
%

2
L.
Y a(h=n)=2
2+g( h) 5
1)22:012+29(h—hl),
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CornacHO ypaBHEHUIO HEPA3PBIBHOCTHU CTPYHU:

vS, =0,S,,
_ 1,5,
1 s,

CnenmoBarteibpHO,

Omnpenenum Bpems L:

[ToncraBum (2) 1 (3) B (1),

3adaua 5. Metammueckuii mapuk (0, = 7800 XS ) PAIMycoM 3 MM najaer B

xuakoctu (o, =960 K%w 3, Koo duuuent Bsazkoctu 17 =0,99 I1a - ¢) ¢c mocrosHHoM

CKOpOCThI0. OnpeieNIuTh BpeMs, 38 KOTOPOE MIapUK MPOUIET paccTosiHuE 1 M.
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Pemienne

JlaHo
S=1wm Tak Kak IBMKEHUE IIapuKa paBHOMEPHOE,
L = const To
K2 t= §
P =T800K/ D
p.. =960 K%,t . Ha mapuk neiictBytot (puc. 4):

4
7=0,99 [la-c —cwia Apxumena F, =p, gV =pxg-§7zr :
=3 mm 3 B 4

— CHJIa TSIKECTH mg = p Vg = p, -§7Z'I’ g,
t=?

— CHJIa BA3KOI'O TPCHUA, KOTOpAA I TCII

chepuaeckoii popmel onpenensercsa Gpopmyioi Crokca F,, = 6znro.

ITo nepBomy 3akony HerotoHna:

mg=FA+Fmp,

4 4
g”r r.9 Zgﬂr p,.9 +6mnro,

%ﬂr3g (P, — P, ) =67nr0.

OTtcroaa CKOpOCTh IIAPHKA!

_2r°9(Pu—Pac)
9 '

v

Bpewms, 3a koTOpO€e mapuk NporuaeT paccTostHue S :
S

t= ,t=7,14c¢
2r’g(p, = Poc)

33[[2[‘{1/[ I CAMOCTOATEC/IBHOI'O PCILICHUA

5.1. Haittu KII/] nBurarens, npuBOAILETO B AEHCTBUE TUAPABINYECKHI ITpece, s

S

) 2 o ) [
KOTOPOro oTHoIIeHue miomaneit - =950, ITpu nogbéme rpysa Maccoii 50 T MajibIi

Sl

nopuieHs 3a 2 MuH caenan nN=100 moasémos Ha BeicoTy h =0,2.% . MormmHocTh

nBurareyss N =2xBm.
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nmgh S
(n=N9T““, 7=0,83)
2

S
5.2. IIpy mOMOLIM TMIPABIMYECKOTO MPecca ¢ OTHOLIEHHEM ILIOMIazei S_l =001

2

HY>KHO NMOJHATH rpy3 Macco 100 TorH. OnpenennuTs 4ucio X0A0B Majaoro NOpUIHs
3a 1 MUH, eciii 3a OJIUH XOJ OH omyckaercss Ha pacctossHue 20 cM. MoOIHOCTb
nsurarens npecca S5 kBT, KITJI mpecca 0,8.

(n=1201)

5.3. B mHe mMAMHAPUYECKOTO cocyaa auamerpoM D =05m uMeeTcs Kpyrioe
otBepctre auameTpoM d =lcm. Cocyn 3amojHEH BOJOW 0 BBICOTBI h=150cm.
Haittu 3aBUCHUMOCTBb CKOPOCTH IOHWKEHHSI YPOBHS BOJbBI B COCYJE€ OT BBICOTHBI
cToJioa kuKkoctu. [loctpouTs rpadmk 3aBUCUMOCTH CKOPOCTU MTOHMKEHUS YPOBHS

BOJIbI B COCY/JI€ OT BBICOTHI CTOJI0A KUIKOCTH.

oV Us 0,00224/")

2l

d
5.4. B 1He IMIMHIPHIECKOTO COCY/Ia IMAMETPOM ILIONIAILIO OIIEPEYHOTO CEYEHUSI
S, =2 M° MMeeTcs KPYIJIOe OTBEpPCTHE MIOIAnbo S, =8 cv’. HaiiTu 3aBHCHMOCTE

CKOPOCTH BLITCKAHHA BOABbI M3 COCyAa OT BBICOTHI croJiba KHUIKOCTHU. Haittn

3HAYEHHE ITOU CKOpOoCTH npu h=11m.

5.5. bak mumMHIpHYecKkoi (opMbl amameTrpoM D =1u u obbemom V =100°

3amoJIHeH BOJ0M. OmnpenenuTs BpeMsi, HEOOXOIUMOE JI TTOJIHOTO OIYCTOIICHUS

Oaxka, ecii Ha JHE 6aka 00pa30BaIOCh KPYTJIO€ OTBEPCTHE TUIONMIAbI0 d =2cm .
(t=1,78-10"¢)

5.6. [unuuapuyeckuit 6aK BICOTON h =4 y, MOJHATHINA HAJl TOBEPXHOCTHIO 3€MJTH
Ha BbICOTY H =13, MOJHOCTHIO 3amOJHEH BOJOH. OmNpenenuts IUIOWAb

MONEepPeYHOro cedyeHus Oaka S,, eciM uepe3 oTBepcTthe auameTpoMm d =3com,
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PACIIOJIOKEHHOC Y OCHOBAaHUA 0aka BBITECKAeT CTpyAd, Naaaromas Ha 3CMIIIO Ha

MakKkCHUMaJILHOE PacCTOsIHUE (=5 m.

(d*®
- 5 ~172:10° 7))

(S =
4 —anH
5.7. Hunuaapudyeckuii 6ax quamerpoM D =1m u BBICOTON h=1.m, IMOJIHOCTBHIO

3aIlOJIHCHHBIM BOJOM, cTOMT Ha 3emie. Ha kxakoW BeicorTe H B OoOKOBOH

MOBEPXHOCTU 0Oaka Haao0 NpojenaTh OTBepcTue auameTpoM d =lcwm, YTOOBI

BBITCKAIOIIAasA CTPY: I1aadjia Ha I10JI HA MAKCHUMAJIbBHOM PACCTOAHUN (=50cm.

(H :ﬁ_;{l_(%n, H =0,0625 )

5.8. Onpenenurs Maccy mopckoi Boasl (£ =1030 K%f, ), KOTOpas NPOHUKHET

BHYTpPb KOpmyca kopabJis 3a 20 MuH uepes npooouny nuamMeTpoMm d =5cm , KoTopas

HaXOAHUTCA Ha JHUIIC Ha FJIY6I/IH€ h=4 m moxg IMOBCPXHOCTBIO BOJHEI.

_ nd ’t/2gh

(v A

LV =20,9 1)

5.9. JIsa Mmerammmyeckuii mapuk (o, = /800K P ) pammycamu I =4mm WU
I, =1.mm HaYMHAIOT OJJHOBPEMEHHO C OJHOH BBICOTHI h =2 mIafaTh B XKUIKOCTH (
p,. =960 K%w 3, Koopodumument Bsskoctm 77=0,9917la-c) ¢ mocTosHHBIMU

ckopocTsiMU. ONpeAeNIuTh Pa3HOCTh BPEMEH, 3a KOTOPOE IIAPUKUA JTOCTUTHYT JHA

cocya.

9nh 1 1
(At=—(———J, At~122¢)
29(p,—p )\ 1

r2 1
5.10. [llapuk mIOTHOCTBIO P, W auameTpoM O Majgaer B KUAKOCTU TIOTHOCTBHIO
P,.C KOIPGOUIIMEHTOM BA3KOCTH 77 C TIOCTOSIHHOM CKOpOCThIO. OmnpenenuTh

3aBHCHMOCTh CKOPOCTH IapHKa ot ero auamerpa v(d).

87



6. MEXAHUYECKHUE KOJIEBAHUS

HpI/I IrapMOHHNYCCKHUX KOJICOAHUSAX HM3MCHCHHUE BEIIMYUHBI IMPOUCXOIUT IIO

3a1<0Hy CI/IHyca NN KOCI/IHycaI
X = Acos(apt +¢,),

rae X — 3HauCHUeE HSMCHHIOHICP'ICSI BCIIMYHHEI,

A = Xmux — aMILIUTyJa KOHe6aHHﬁ, MaKCHUMAJIbHOC 3HAYCHUC I/I3M€HHIOHIGI>1C5I

BEJIMYMHBI,
@, — LUKIN4YecKas (Kpyropas) 4acTOTa COOCTBEHHBIX HE3aTyXaIOUIMX KoJeOaHuil;

¢, —HavyanbHas (aza, onpeAessieT 3HaUeHHE x B Ha4aJlbHbIII MOMEHT BPEMEHU IIPH

t=0.
CKOpOCTb U YCKOPEHHE ITPU TaApMOHUYECKHUX KOJIEOaHUSX:
dx :
L= P —AwpSin(@gt + @y ) Uy = Aty
do ) 2
a=—= — A, COS(@pt + @y ), By = Ay -
[{uxnmyeckast 4acToTa CBsi3aHa C IEPUOJIOM U YaCTOTON KOJeOaHUM:
2r
W, =2V =—.
T
t N 1
T=—, v=—, T== v==,
N t 1% T

rae N — 9ucio KojiebaHui 3a BpeM4 t.

[lepuon konedaHuil Npy>KMHHOTO MasiTHUKA

T:2—7T=27z\/5,
@, k

rme M — macca tena, K — 5kecTKoCTh MPYKUHBI.

Kunemuuecxas snepeus xonednomnencs MaTepruaibHON TOUKH:

£ - mo®  MA*@gsin®(am,t + ;) . mA?w;
Kk 2 - 2 ) Kmax 2 . (1)

Ilomenyuanvhas snepeusi TPy KUHHOTO MAATHUKA:

E _ k® _ kA”cos®(a,t + @) c _kA?
P2 2 ’ '
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[ToTeHIMaNnbHY0 SHEPTUI0 MOKHO BBIPA3UTh APYrou (popmyoit:

MA? @, CoS*(wyt + ¢,) _ ma A

ED - 2 ) Epmax - 2 . (2)

llonnas suepaus E paBHA CyMME KHHETUYECKON M MTOTEHUINAIBHOW DHEPIUM:

mA*w;sin®(apt +¢)) MA*wicos’(wt+¢,) mAZw?
2 " 2 2 0

E=E . +E,=E «=E (4)

ax pmax -

E=E +E =
K P

[lepuon konebanuii puanyeckoro MasgTHUKA onpeensieTcs GopMyon

T=2x L
\/mgf

rae J — MOMEHT MHEPLHH TeJa OTHOCUTEIBHO OCH, MPOXOJAIIECH Yepe3 TOUYKY
NoJiBeca, ( — PacCTOSHHE OT TOYKH MOJBEca O LIEHTPa Macc Tela.
[lepuon konebaHuii MaTEMAaTHYECKOTO MasTHUKA omnpesensercs (Gopmyiioin

['roiirenca
T=2x|—,

rne ( — IJInHa HUTH.
Jlns1 mr000TO0 TEna, COBEPIIAIOIIEI0o rapMOHUYSCKHIE KOIeOaHus, CITpaBe IJIUBhI
cootHotenus (1), (2), (3), (4).

YpaBHeHHE CBOOOIHBIX 3aTyXaKOIIUX KOJICOAHUI MMEeT BH/T
x = A.e " cosl ot +
- 40 @o )
re @=|&f — F* — LMKIMYECKas 4acToTa CBOOOIHBIX 3aTyXAKOLIUX KOJIEOaHuH, o,
— MUKJIMYECKasi 4aCTOTa CBOOOTHBIX HE3ATYXaIOIINUX KoJieOaHul, f — KodDPUImeHT
3aTyxaHus, A, — aMIIuTyIa B HauaneHBIA MOMeHT BpeMerH (t =0).

— -p
A= Aye " —3axon yOBIBaHUS aMIUTUTYIbI.

Jlocapugpmuueckuii dekpemenm 3amyxanusi.

0=I(n—2_—=/(ne’ = 1
Ae " '
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HpI/I CIO0XXCHHUH JBYX KOoJICOaHM I OAHOI'0 HaIIpaBJICHUSA U O,III/IHaKOBOﬁ

YaCTOThI, OIIMCBIBACMBIX YPABHCHUAMN
X, = Acos(a,t + ;) , X, = Acos(apt + ),
BO3HHUKAET KOJIEOAHUE TOr'O KE HarpaBJICHUA U 9aCTOTHI. AMHJ’II/ITYI[a 1 Ha4dYaJIbHas

¢daza pe3yabTUPYIONIETO KoJieOaHusl ONpeesitoTcst popMyIamMu

A= \/Azz + A7 +2 4,4, cos(e, — )

_ Asina, + Assing,
Acosa, + A,cosa,

tgo

[Ipu cnoxxeHnn JBYX KOJIEOAHMIM OJAMHAKOBOM YaCTOTHI M aMILIUTyJIaMU A H
AZ BO B3aMMHO ICPICHAUKYIIAPHBIX HAIIPABJICHHUAX X U Y
x = Acos(apt + o)
y = A,cos(a,t +,)

BO3HHKAcCT KOJIC6aHI/I€, OIINCBIBACMOC YPABHCHUCM:

) L] - 2 ot )= ),

B 3aBucumMoctd OT aMmiutyq U (a3 CKIaAbIBa€MbIX KOJIEOAHUN TpaeKTOpus
PE3YIABTUPYIOLIETO KOJEOaHUSI MOKET OBITO PA3TMYHOM.
IIpumeps! pelnenus 3aaa4

3aoaua 1. HamucaTh ypaBHEHHUE KOJIEOATEILHOTO JBUXEHUS C aMIUIUTYA0U

A=5cm unepuonom T =8¢, ecnu HauanpHas paza ¢, konebanuii pasHa: a) 0;

T
0) .
) 2
JlaHo Pemenune
A=5em=0,05m YpaBHEHHE TAPMOHUYECKUX KOJICOAHU HMEET
T=8c BU!
T 27
p, =0, = X = Acos(a,t + ¢,) = Acos| —t+g, |,
0 ? 2 T
x(1)—? CrnenoBarenbHO, B clly4yae
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a) X=0,05c0s 2—”t =0,05cos i
8 4 ’

6) X= 0,0Scos(zt +£j =-0,05sin (zt) M.
4 2 4

3aoaua 2. MarepuaibHas TOYKAa COBEpIIAET TapMOHHYECKHE KOJIeOaHHUs C

nepuogoM T =2C. CMeleHne TOYKU W3 TIOJIOKEHHUS PAaBHOBECHS B HadaJIbHBIN
MOMEHT BpeMeHH x(0)=2,5c¢u, a MAaKCHMalbHOE YCKOPEHHE &, =49 C% 2.

Hanucate ypaBHeHue KoineOaHMiA.

Jlano Pemenue
T=2¢ Tak kak wMaTepuanbHas TOYKa
x( 0) —2.5em=2,5-10"7 COBEpIIIaeT TAPMOHUYECKHE KOJICOaHMs, TO
MO’KHO B OOII[€M BHUJIE 3aIIUCATh YPAaBHEHUE
amax =49 6%2 = Oa 49 M/cz m o M
rapMOHUYECKHUX KOJIEOaHMI:
X (t) -7
x(t)=Acos(awyt+¢,),

2
rjie @, =—— — yIJIOBas 4acToTa KoJeOaHuM.
T

Y ckopeHue Touku

d2
azﬁ =—Aw,’ cos(m,t + @),

o |- Act A 2Z)
max 0 .
T

N3 noay4eHHOTO BBIPAKEHUSI HAXOAUM aMIUIUTYAY KOJeOaHuil MaTepuanbHON
TOYKHU:

-

A
Ar?

HauanbHyto ¢a3y kojie0aHUil HAXOUM U3 YCIIOBHUS:

x(0)

x(0)=Acos(w,-0+¢,)=AcCosp,, @, :arccosT_
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I/ICHOJIB?)y}I HNCXOOHBIC JAHHBIC, ITOJIYYacM

2 2 2 102,
_Er_r_ Lt A:amaXT - 49-107-4

a)O ) 2 2
T 2 4 4.3,14

~0,05 m,

2.5.107° T
¢, = arccos ————=arccos0,5=—
5-10 3

Takum 00pazom,

x(t) = 0,05COS(M+%) M

3adaua 3. VYpaBHeHHEe KONEOAHWII MaTepUATbHOW TOYKM HMMEET BHUI
X =0,06c0s100xt, m. Yemy paBHBI aMIUIUTy/a, NEPHOJ, 4ACTOTA U HAdYaIbHAs

(haza koneOaHuil, MAKCUMaJIbHAsI CKOPOCTh U MAKCUMAJIBHOE YCKOPEHUE TOUYKH.

JHano Pemienue
x=0,06c0s10077, m CormocTaBUM ypaBHEHHE TapMOHHYECKHUX
4-9 KoJIcOaHHM

T_9 X = Acos(apt + @)

V=7 C JJAHHBIM yPaBHEHHUEM KOJIeOaHU

@, —"? x =0,06c0s100t,

v, = W3 comocTaBiieHns! BUIHO:

a,. —? A=0,06 m, @,=1007, ¢,=0.

Jna  Haxoxgenus T, V, Uy, KA

BOCIIOJIb3YEMCSl U3BECTHBIMU (POPMYJIAMU:

:2_”:2_”:0,02(;

o, 1007 ’
S o
T 0,02 '

o=%_ _1007. 0,065sin100t = —675in1007zt fy
dt c
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— — M
Uy = 677 =18,84 4/

a= d—U = 1007 - 677 c0s1007t = —6007% - cos1007t JV )
dt c’

a_ =6007% =5915 Jy ).

C

3aoaua 4. MartepuanbHas Touka Maccod | T coBeplIaeT rapMOHHYECKHE

. VA
KoJieOaHusl, OIKMChIBA€MbIE YpaBHCHHEM X=0,25In(7rt+§)M. Onpenenuthb

KHHCTHUYCCKYIO, IIOTCHHOUAJIBHYIO M IIOJIHYIO OSHCPIHUIO KOJI€6JIIOHI€I‘/JIC}I TOYKH

yepe3 | cekyHly nociie Hayasa JBUKEHUS.

Tlaro Pemenne
_ x Kak cnemyeT u3 ypaBHCHHS KOJICOaHMIA:
x=0,2sin(zt + E) M d
L= & 0, 27zCOS(7zt+£) _
A=0,2 m dt 3
f=lc Kunernueckas JHEprus onpenensaercs
m=0,001 ke opmynoi:
2 2

Ee? EK=@ 0 O,chos(;zt+zj ,
E,-? 2 2 3
Bt 0,001(0,2-3,14)?

E =— ( . 31" os? (7[+%}=0,49 i

CornacHo 3aKOHY COXpaHEHUs MEXaHUYECKON dHEPTUU

2 2
E_f  ~Mhw p_mO22) 000402314 o o
2 2 2
E,=E-E,, E,=197-0,49=148 ux/oc.

3aoaua 5. MarepuanbHas TOYKAa COBEpIIAaeT TapMOHHYECKHE KojeOaHus ¢
nepuoaoM 12 ¢ u HauvanbHOM (Ha30il, paBHOM HyJI0. 3a KaKoe BpeMsi OT Hauaja

KoJicOaHu i CMCIICHUC COCTABUT IIOJIOBUHY aMHJ'II/ITy,Z[BI? Onpenem/ITe A 3TOro
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MOMCHTA BpEMCHHU OTHOIICHHC KHHETUYECKON 9HCPIruu TOYKH K €€ MOTCHLMAJILHOM

OHCPIUH.
Tlaso Pemenne
T =12¢ X = Acosagt,
A
-4 A
Y73 —=Acosayt
t—? 7
E. 1 1 ~x
£ _9 — =CO0S w,t = w,t =arccos— =—
E, 2 3’
2 2 T
a)O:_ﬂ, _ﬂ.tzz:}t:_zzc’
T T 3 6
X )
v=——>=—Aaw,sin’ ot
dt
2 2 2
m mA )
E =2 =0 gin2 gt
2 2

[To 3ak0OHY COXpaHEHUS MEXaHUYECKOW SHEPTHH, TTOJTHAS SHEPTUS PABHA!

E=E +E,=E,,.,
CJICOIOBATCIIBHO
mA’w?> mA’w? .
E-E - 2% _ TA% qu2,t-
p K max K 2 0
MA%m w2 ) mAZw?
:T‘”’(l—smza)ot):To-cosza)ot,
E sin‘at
= S gyt =1g” = =3,
E, co0s” apt 3

3aoaua 6. llepuon konebaHui MPY>KMHHOTO MAsITHUKA T = 2 C, CMEIICHUE MEHACTCS

. 27
C TEYCHHEM BPEMEHH IO 3aKOHY X = Asin ?t. UYepes kakoe MUHUMAIILHOE BpeMS,

HaynHas ¢ MOMEHTA t = 0, IOTEHIINAJIbHAA OHCPIrvud MaATHHUKA JOCTUTHCT ITOJIOBHUHBI

CBOEro MaKCUMAaJIbHOI'O 3HAYCHH?
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Pemienne
JlaHo

2
T=2c KA? 2(2%) kA?
sin?| ==t |=——
pmax 2 T 4
Ep —T
. o 21 1 2r 2
L, sin’| =t |==, sin —t|=-—
t T 2 T 2
Tk Sing = — ecm ® =%, CIIeI0BATENbHO,
27

7 Z -1 _osc
T 4 4

3aoaua 7. MarepuanbHas Touka Maccod 20 T coBepHIaeT TapMOHUYECKUE
KoJeOaHus ¢ aMIuIuTyA0M 5 cM U yactorodl 1 ['m. Omnpenenuts MakCUMaidbHYIO

cuiy, IICﬁCTBYI-OHlYIO Ha TOYKY, U IIOJIHYIO SHCPI'UIO Kone6ﬂ}0meﬁc;1 TOYKH.

Jlaro Pemenue
= 0.02 k2 CornacHo BTopomy 3akoHy HproToHa:
A=0,05m F=ma, F,=ma,,.
v=1Ty CoracHo 3aKOHY COXPaHEHHUS MEXaHHYECKOU DHEPTUU:
2
mo
Fr =7 E—F  —_—ma
KMmax
2
E-?

Haiiném 13 ypaBHEHHS TapMOHUYECKOTO KojieOaHust U, U

a

max *

X = Acos(apt +¢),

dx - Aw
do 2 Aw?’
a=a=—Aa)o cos(awpt +¢y), A = Ady .

[Tockonbky @ =27V ,
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Fro =Ma,, =mA? =mA(2zv)’, F_ =0,0394 H.

c_p MU m(ZZvA)Z |

Kmax 2

E =0,986 m/oxc.

3aoaua 8. K HeBecomoll mNpykMHE MojBewmieH rpy3 Maccod 0,18 kr, KOTOpbIA
COBepIIaeT CBOOOAHBIE TapMOHHUUYECKUE KosebaHus. Kakoil noimkHa ObITh Macca

rpy3a, 4ToObI YacToTa KojeOaHuil yBenuuuiachk B 3 pasza?

Tano Pemenue
m, =0,18 ke v=£: ‘/E
T 2zJm’
v, =3v,
Jk
m2 *() V2 =

zm/ﬁz
__ ke

/ :> \/2:9\/1 _9
l

m,=9m,, mz=ﬂ—0;8_ooz

3aoaua 9. K npyxune xectkoctbio 200 H/M npukpernnena

TCJICIKKA, KOTOPAasd COBCPIIACT raPMOHHNYCCKUC KoJeOaHus

o N
c ammutyaou 1 cMm. KakoBa MakcumanbHasi KWHHETHYECKAS
SHEPTHUsl TEHCKKH? Puc. 1
Jlaro Pemenue
CormnacHO 3aKOHY COXpaHEHHS YHEPIUU
k=2001/ Y COxP P
E:Epmax :Exmax :Ep +EK 1
A=0,01m
kA
-9 — — —
S— Exmax - Epmax - 2 = 0101ﬂ9"c
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3aoaua 10. MaremaTudecKuil MasTHUK JUIMHOW 1 M coBepIIaeTcs 3aTyXaroliue
KoJie0aHusl, MPU KOTOPBIX 3a OJIHY MUHYTY aMIUIMTyJa YMEHBIINJIACh B JiBa pasa.

Haiitn uuncno koneOaHuii, 3a KOTOPOE STO MPOM3OLLIO U JIOrapu(pMUUYECKUIN

JIEKPEMEHT 3aTyXaHus. Y CKOpeHHne cBoOoHOTO najgenus g =10 % 5

Jano Pemenne

[Tepuon xonebanuit MaTeMaTUHYECKOTO MasITHUKA!

{
T=2x|—,
;
N -2
Notot e \f
6—9 T 2z\( 6,28

CoracHo 3aKOHY YObIBaHUS aMILTUTYIbI:

A= A,e™”

i Lt
h—=pt= p= /nA_

JlorapudmMuyeckuii IEKpEMEHT 3aTyXaHus onpeaensiercss GopMyoi:

0= ,Bt—f AO\[ 0,023
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3aoaua 11. Haiitn ammaumtyny A u HavaneHyro (asy O TapMOHHYECKOIO

KOJ'IC6&HI/I§I, IMOJIYUYCHHOI'O OT CJIOKCHHA OJHMHAKOBO HAIIPABJICHHBIX KOH€6aHHﬁ,
T T
3a/IaHHBIX ypaBHeHHsMH X =0, 02005(57zt +E) M u X, =0, 03008(57zt +Zj M.

JlaHO Pemenne

T Jimd pemieHuss 3a7a4d MOXKHO BOCIIOJIb30BAThCS
x, =0,02cos| Swt+— | m
2 METOJAOM BEKTOPHBIX AUArpamM sl CIOKEHUS

T OJIMHAKOBOT'O  HAIIPaBJICHHBIX KOJICOAHUU W
x, =0,03cos 57rt+z M

roTOBbIMU (hOpMyJaMu
A= A% = A2+ A7 + 24,4, cos(a, — ).

a—"7

[lonyyaemM  aMIIUTyZy  pe3yJIbTHUPYIOLIETO

KOJIeOaHUs:

A= A2+ 47 + 24,4, cos(e, — ) ,

A:\/0,022+0,032+2-O,02-0,O3-cos(%—%j —0,46

NG

T
ITockonpky Q4 = o o, =

Vi t+Y,  A-sing +A -sina,  A+A-sing,

9o
g X, +X, A-cosa, +A, -cosa, A, -cosa,
0,02+0,03-\/E
tga = 5 2 _1,04, a = arctg(L,94) = 62°44
0,03-7

3aoaua 12. OnpenenuTs ypaBHEHUE TPACKTOPUHU U aMIUTUTYy PE3yJIbTUPYIOLIETO
Koje0aHUs TOYKHM, KOTOpas y4acTByeT OJHOBPEMEHHO B JBYX B3aUMHO-

NEPHCHANUKYJIIPHBIX KOJICOaHUAX ) OIMNCBIBACMBIX YPaBHCHUAMUA

X :BCos(a)OH%j Moy Y =3c0s(wt) m.

98



Jlano Pemienne

pu CornacHo TeopuH, YpaBHEHHE, OIMCBIBAIOLIEE
x =3cos| o +— | m
2 pe3yJIbTHpYIolee KoJeOaHne TOYKH, UMEET BHJL:

2 2

=3cos(at) m
Yy ( 0) L + l _ﬂcos(al_az)zsinZ(al_az).
y(x)=? A) \A) AA
49 JI1st maHHOM 3aJ1a4M:
2 2
X—+y——&cosz:sin2£
9 9 9 2 2
2 2
X_+y_:1’
9
X2 +y?=9.

OT0 ypaBHEHUE OKPYKHOCTH C paJuycoM 3 M, T.€. aMIUTUTY/1a pe3yJIbTUPYIOLIETO

kojicoanuss A=3 .

3aauM ISk CAMOCTOATELHOT0 PelIeH st
7
6.1. YpaBuenue nsuwxenus Touku umeet sug X =0,03cos| 27t +E M . OnpeneNnuTh

aMIUTUTYy, LHUKIMYECKYI0 YacTOTy, HadalbHyl (a3y, MHepuoj M 4YacToTy
KOJIeOaHMIA.

6.2. Hanummre ypaBHEHHE TapMOHUYECKUX KOJICOAHWUW KOJIEOIIOMIEeHCS TOYKH,
eciu oHa 3a 3 MUHYTHI coBepinaet 180 xonebanuit ¢ aMmuTy 1041 4 cM; HayaabHasl

¢aza paBua 45°.
T, T
6.3. Touka coBepIIacT rapMOHUYECKUE KOJIeOaHus 1Mo 3aKoHy X = 3C0S Et + 7 M,

Onpenenure nepuo, Ha4aIbHYIO a3y, MaKCUMaIbHYI0 CKOPOCTh U MAKCUMAJIbHOE

YCKOpEHHE.

— :E — M — M
(T—4C,€00 4,Umax_4’7141amax_7’442)

6.4. Touka coBepuIaeT rapMOHUYECKU KOJICOAHUS C aMIUTUTYA0M 5 CM U NIEPUOJIOM

4 c. Onpenenure €€ MaKCUMaIbHYI0 CKOPOCTh U MAaKCUMAJIBHOE YCKOPEHHE.
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(Une =7.85Y a1 =12,3¢%/,)

6.5. Onpenenuth, Yepe3 Kakylo JOJIO MEpuojia OT Hayajga KoyieOaHUW CKOPOCTh
KoJIeOMIomIelics TOUYKH OyJeT paBHAa MOJOBHMHE €€ MaKCUMaJbHOTO 3HAYCHUS.

HavanbHas ¢daza rapMOHMUYECKUX KOJICOaHUI TOYKU paBHA HYIIIO.

T
(t=3)

6.6. Touka coBepiIaeT rapMOHUYECKH KoJieOaHusl ¢ meproioMm 6 ¢, HadyanbHas (asza
paBHa HyJI0. 32 Kakoe BpeMsi OT Hauaja KojebaHuil e€ yckopeHue OyAeT paBHO
MOJIOBUHE MaKCUMAaJIbHOTO 3HAYEHUS?

(t=1c)

6.7. Kak m3MeHnIach aMIUIMTY1a KoJaeOaHid MPy>KHHHOTO MasTHUKA, €CITU TIOJTHAS
MEXaHUYECKas SHEPTUS YBEINYMIach B 4 pasza?

(AmruMTya yBeuuuiach B 2 pasa)

6.8. I'py3 maccoit 0,2 Kr, NpUKpEIUIECHHBIH K TpyXuHE >kecTkocThio 20 H/m,
COBEpIIAET CBOOOJHBIE rapMoHUYeckue koyiebaHus. C Kakol CKOpPOCTBIO TIpy3

MIPOXOJIUT TIOJIOKEHUE PABHOBECHS, €CJIM aMIUTUTY1a KoJieOaHuit 6 cMm?

(v=0,6")

6.9. IlpyXuHHBI MasSTHHK, COBEpINAIONMIUNA TapMOHUYECKHE KoJieOaHus,
MpeCTaBIsAeT cO00M Tpy3 Maccolt 4 Kr, MOJBEIICHHBIN HA MPYKUHE KECTKOCTHIO
100 H/m. Onpenennte MakCUMaJIbHYIO CKOPOCTh TPy3a, €CIIM €r0 MaKCHMAaJIbHOE

ycKopeHue paBHo 10 m/c?,

(v=2%)

6.10. /IBa MaTeMaTUYECKNX MasgTHUKA COBEPILAIOT CBOOOIHbIE KOJIEOAHMS, IPUUEM
3a OJIHO U TO € BpeMs MEepPBbII MAasSTHUK COBEpPILIAET JIBa KOJeOaHUs, a BTOPOMl —
yeTelpe. Bo CKOJBKO pa3 JuIMHA HUTH NEPBOrO MASTHUKA OTIMYAETCS OT JJIMHBI
HUTHU BTOPOTO?

(Hutb nepBoro masiTHUKa B 4 pa3a JJIMHHEE)
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6.11. MarepuanpHas TOUKa COBEpLIAET TAPMOHUYECKUE KOJIEOaHUsl C aMIUIUTY 101
2 cM. OmnpenenuTs MOJIHYI0 SHEPTUI0 KOJEOIOUIECs TOUKH, €CIIM MaKCUMasbHasl
cuJjia, JEUCTBYIOIIas Ha Hee, paBHa 0,2 MmH.

(E =2 mx/]c)

6.12. MarepuanpHas TOUKa COBEpLIAET TAPMOHUYECKUE KOJIEOaHUs C aMIUIUTY 101
4 cm. Tlonnas sHeprus koseOmromieiics Touku paBHa 0,5 mx/lx. Onpenenuts, npu
KAaKOM CMEIICHUH OT II0JIOKEHMS paBHOBECHS Ha TOUKY AencTByeT cuina 10 MmxH.
(x=1,6cm)

6.13. I'py3, MOABEIICHHBI K YIPYrod NpPYXKHHE, KOJEOJeTCS MO BEPTUKAIU C
ammumtygo 0,1 M. OnpenenuTs KECTKOCTh IPYXKUHBI, €CIM MaKCHUMaJIbHAs

KMHETUYECKas dHeprus rpysa pasHa 1 Jx.

(k=2004/

6.14. IIpu yBenmuueHNN MacChl TPy3a, MOABEIICHHOTO K YIIPYro# npyxure, Ha 0,8
KT IIEpUO/T KoJIeOaHMM Tpy3a yBEIUIMIICS B TpH pa3a. OnpenennuTh NepBOHAYAIBHYIO
Maccy rpysa.

(m=0,1xe)

6.15. ®usznveckuii MaITHUK B BHUJIE TOHKOTO OJHOPOJHOIO CTEPKHS JIMHOW 1 M
COBEpIIAaET Majble KOJICOAaHHS OKOJIO TOPU3OHTAIBHOM OCH, MPOXOASIIEH
MEePIEHAUKYJISIPHO CTEP)KHIO 4Yepe3 TOUKYy, YJAJCHHYI) OT €ro CepeluHbl Ha
pacctostaue 0,3 M. Onpenenuts nepuo KojieOaHu CTEPKHSL.

(T =152c¢)

6.16. OmHopoaHsIii quck paguycoM 0,3 M KoaebseTcs 0KOJIO TOPU30HTATBHOM OCH,
MPOXONSIIed depe3 OJHY U3 oOpa3yromux OOKOBOM IMOBEPXHOCTH MAHCKA.
OnpenenuTs nepuoj KojebaHui ucka.

(T'=134c)

6.17. Onpenenuth nepuoa KojaebaHUW MaTEMAaTHYECKOTO MasTHHUKA JJIUHOU 1 M,

TIOJIBEIIEHHOTO B BArOHE, KOTOPBIH JBMKETCS TOPU3OHTAILHO C yCKOpPEHUEM 3Mm/c?,

(T =1,96c)
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6.18. Onpenenuth nepuo1 KojaebaHU MaTEMaTUUECKOTO MasiTHUKA JIJUHON 0,8 M,
TIOJIBEIIEHHOTO B JIU(TE, KOTOPHIH IIOJHUMAETCS C YCKOpeHneM 2,8 M/c?,
(T'=1,58¢)

6.19. Pa3nocTs (pa3 1ByX OJMHAKOBO HAIIPaBJIEHHBIX TAPMOHUYECKUX KOJICOAHHM C

OJHMHAKOBLIM IICPUOAOM T=8cu OJMHAKOBBIMHU aMIININTY IaMHU A=2 cM cocTaBisieT

T
— , a HadyaJIbHasi1 (1)8,38, OAHOI'O U3 KoJIcOaHuI paBHa HYIIIO. 3anuimre YPaBHCHHC
4 2

PE3YIBTUPYIOMIETO KOJICOaHMS.
(X :3,7COS££t+ZJ cm)
4 8

6.20. B pesynbrare cio)KeHUs IBYX OJMHAKOBO HAIPAaBJICHHBIX T'APMOHUYECKUX
KOJIGOAHUM C OJMHAKOBBIMU aMIUIMTYyJaMU M TEpUoOJaMU  MOJIy4daeTcs
pe3yJAbTUPYIOIIEE KOJIEOAaHHE C TEM KE MEPUOJIOM U TOM ke aMIuutyoil. Halitu

pa3HOCTh (ha3 CKIIaIbIBAEMbIX KOJICOAHUM.

6.21. Touka ydacTByeT B IByX KOJICOAHUSX, IEPUOJIbI U HaYaJIbHbBIE (ha3bl KOTOPHIX
OJIMHAKOBBI, aMIUTUTYAbl KoJjebaHuii paBHbl 3 ¢cM u 4 cMm. Haittm ammutymny
PE3YJABTUPYIOIIETO KOJeOaHUs, €ClIM KOJIEOAHUs COBEpIIAIOTCS: a) B OJHOM
HarpaBJeHUH; 0) BO B3aMMHO MEPIIEHIUKYIISPHBIX HAPABJICHUSIX.

(@) A=7Tcm;06) A=5cm)

6.22. MarepuanpHas TOYKa Yy4YacCTBYeT OJHOBPEMEHHO B JBYX KOJEOAaHUSX,
MPOUCXOAIINX BO B3aMMHO MEPHEHIUKYJISAPHBIX HAIPABICHUSIX U OMUCHIBAEMBIX

ypaBHeHUsIMH X =3C0Sat u y =4C0Swt . 3anucarh ypaBHCHUE TPACKTOPHH TOYKH.
4x
(y= 3 )

6.23. Haiitu norapumudeckuii IeKpeMEeHT 3aTyXaHUsl MaTEMaTUYECKOTO MasiTHUKA

JUTMHOM 1 M, eciiv 32 0JIHy MUHYTY aMIUIMTYa KOJeOaHU YMEHbBIIINUIIACH B IBa pa3a.

(0=0,023)
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6.24. Bo CKOJIbKO pa3 YMEHBUIUTCS aMIUIUTY/ 1A 3aTyXaloluX Kojie0aHui MasTHUKA
3a TPU MUHYTBHI, €CJIA 32 OJJHY MUHYTY OHa YMEHBIIWIACH BABOE?

(B 8 pa3)

6.25. Jlorapudmudeckuit 1EeKpeMEHT 3aTyXaHHUs MATEMaTUYECKOTO MasiTHUKA paBeH
0,15. Bo cKOIbKO pa3 YMEHBIIUTCS aMIUIATyAa KOJICOAaHWH 3a OJHO TIOJTHOE
KoJieOaHne MasiTHUKA?

(B 1,16 paza)
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