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dusnyeckme OCHOBbI MeXaHUKM

OCHOBHbIE GOPMYADI
¢ CKOpOCTH MIHOBEHHAS v = % = %%"
rae r — pajguyc-BeKTOD MaTepHAIbHON TOYKH,
t — Bpem4,
S — pacCTodHHe BAOJIb TPACKTOPHHU ABHUXEHHUA, IIYTh,
T — eAVUHUYHBII BEeKTOP, KacaTeJbHBIH K TPAEKTOPHH.
* YCKOpeHue: p
MTI'HOBEHHOE a=%
dt
TAHTeHIINaJbHOE a, = T
= 1)2 -
HOPMAaJIbHOE nT g n

rape R — paguyc KpUBU3HBI TPAEKTOPHUH,
n — eAUHUYHBIN BEeKTOp I'IaBHOM HOPMAJIH

- -

IIOJIHOE a=a t+a,
a=,a2+a?
- d(T)
¢ CkopocTs yriosas W= T
rae ¢ — yrJjioBoe mepeMelleHHUe.
¢ VcKOpeHHe YIIoBoe € = %‘—:
¢ CBA3b MEXy JUHEHHBIMU s =0R, v=0R
1 YIJIOBBIMHU BeJIHYNHAMU a.=¢R,a, = o’R
* UMmnynbsc (KOJTHUYECTBO ABUXKEHUA) p = mv
MaTepHaJbHON TOUKHU
rge m — Macca MaTepHuaJibHOH TOYKH.
* OCHOBHO€E ypaBHEeHHE JUHAMUKHU F= -Cc-lil; = ma
MaTepHualbHOM TOUKU
(BTOpOil 3ak0H HbI0TOHA)
n
¢ 3aKOH COXpaHeHHUA UMIIYJIbCa p = 2, my, = const
i=1

AJIA I/I3OJII/IpOBaHHOﬁ CHUCTEMBI TeJI

¢ CKOpPOCTH YaCTHII II0CJIEe CTOJJKHOBEHU !
YIIPYTOro L eHTPaJbHOIro u, =-v, + 2

m,0; + myv,

m,+m,

mi0, + my0,

m;+m,




[image: image2.png]HeyIIpyroro Uy =Uy =
rae U; U U, — CKOPOCTH YaCTHUIL A0 CTOJIKHOBEHUA, m;+m,
m, U m, — Macchbl YaCTHII.

Cuina cyxoro TpeHus F. = fF
rae f — Koa(dhUIIHUEeHT TpeHu,

F, — cusa HOpMAaJbHOIO AaBJIEHUA.
Cuna ymnpyroctu F,, =-kAl-i
rae k — Ko3pGUIIUeHT yIPYrocTu (3 KeCTKOCTS),

Al — nedopmanus,

I — BEeKTOp, YKa3beIBaIOIUil HAaNIpaBJIeHUe JeopMaIlui.

= m.m -
Cuna rpaBUTAIlMOHHOTO F_=-G—2-2.r

rp
B3aVMOAEHMCTBUA
rage G — rpaButTalliOHHaA IIOCTOAHHAA,

r — pacCcTOAHUe MeXJy YacTUIlaMHU,

m, U m, — MAaccChbl YaCTHUIL,

ri, — PaAguyc-BeKTOD, IPOBEJAEHHBIN OT BTCPOMA YaCTUIIBI K IIEPBOA.

73 12

PaGoTa cuinl A = [Fdr
dA _ 4=
MoniHocTpb N = = = Fv
IloTernnanbHaA 3HEPru: B(AL)?
yrnpyroaedopMUPOBaHHOIO TeJa E_ = (—2)-
rpaBUTAIIMOHHOIO B3auMogelicteua E_ = -G———=
r
TeJia B OJHOPOJHOM E_= mgh
IpPaBUTAIIOHHOM II0JIE
rae € — HaAIPAXXEeHHOCTb 'PABUTAIMOHHOTIO 110
(ycKkopeHUe cBOGOAHOIO NMajieHus),
h — paccTosiHHe OT HYyJIEBOT'O YPOBHA.
GM,
HanpsxKeHHOCTH rpaBUTAIIIOHHOI'O g = :
IIOJis 3eMJIH (Rz+ h)
rae M, — Macca 3emuu,
R; — paauyc 3eminu,
h — paccTosiHUe OT IIOBEPXHOCTU 3eMJIH.
GMj,
IloTeHnman rpaBUTAIlHOHHOTO Q=——
10JA 3eMJIN Ry +h
2 2
KuHeTnuecKas sHeprus MaTepuajJbHOit E = ﬂzlj_ = -2&-
TOUKH m
3aKOH COXPaHEeHUs MeXaHHu4YeCKOu E =E_+ E_= const
3HEpPruun

MoOMEHT HHePIIUY MATEepPHUAJIbLHON TOUKU J = mr?
rae r — pacCTOsIHHE O OCU BpalleHUus.
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OTHOCHTEJIBHO OCH, IPOXOAAILEMN

yepes3 LEeHTP MAacc:
TOHKOCTEHHOIO IMUJINHAPA (KOJIbIla)
paguyca R
CIIJIOLIHOIrO IHUJINHAPA (IHCKa)
paguyca R
niapa pagunyca R
TOHKOI'O CTEPKHA AJIUHOM [.
Ochb neprneHIUKYJAAPHA K CTEPKHIO
1 IIPOXOJAUT Uepes3 ero CepeauHy.

MoMeHT HHepIIH TeJa Maccou m

OTHOCUTEJIbHO IIPOU3BOJILHON OCH

(Teopema IllTeitHepa)

rae J, — MOMEHT UHePIUU OTHOCUTEJILHO
napaJjljieJIbHOU OCH, ITPOXOAAIIeH yepes
IleHTp Macc,
d — paccTosiHUe MeXKJy OCAMU.

MOMEHT CUJIBI

rgpe r — pagnyc-BeKTOp TOYKH IIPUJIOKEHHNA CHUJIBI.

MoMeHT nMnyJbca

OcHOBHOe YpaBHEeHHE JTUHAMUKH
BpamliaTeJbHOr'0 ABUKEHUA

3aKOH COXpPaHEeHHA MOMEHTA UMIIyJbCca
IS N30JIMPOBAHHOM CHCTEMBI

PaboTa mmpu BpamaTeJbHOM ABHUKEHUU

KuHeTnueckas sHeprusa Bpamaromnierocs
Teja

PenaTuBucTckoe COKpanmeHune OJINHBbI
rae ly, — AJUHA IOKOAILIErocA TeJia,
C — CKOPOCTB CBeTa B BaKyyMe.

PenaTusucrcKoe 3aMegjIeHIEe BpEMEHHU
rae t, — cobCTBeHHOE BpeMH.

JHEepPrusa MOKOA YaCTHIBI
rge m — Macca.

ITonHas sHeprusa peJATUBUCTCKON
YACTHILI

PenaTHBHCTCKUI UMITYJIBC

Jo, = mR?

Jw—%mRz

Jo-—ng2

Jy= 1 e
12

J = Jy + md?

M=7xF

t~
Il
o
o
o
0
d

>
[l
=\
QU
S

I = lyd1 —v2/c?

t = b
«[l—vz/c2
E,= mc?
E = mc?
J1 —0v2/c2
—» mv
p pomed
Jl—vz/cz




[image: image4.png]¢ KuHeTnueckas sHeprysa E =E-E,=
PENATHBUCTCKON YaCTHUIIHI 1
= mcz( - 1)

J1—v2/c?

¢ PensATUBHCTCKOE COOTHOImIeHue Mexkay E2=p2c? + E
IIOJIHOM SHepruen U UMIIYJbCOM

F_ utv

¢+ Teopema cioKeHUA CKOpPOCTEM u —
B PEJIATUBUCTCKOI MeXaHHKe 1+uv/ct
rae u' M u — CKOPOCTH B ABYX HHEPIUMAJBHEIX CUCTEMaX KOOPAUHAT, ABU-
MKYIIUXCA OTHOCUTEJILHO APYT APyra co CKOPOCThIO U, COBIIaJalolle! 1o Ha-
IIPaBJEHUIO C U (3HAK —) UJIU IPOTUBOIOJOMKHO el HalpaBJeHHOH (3HaK ).

¢ YpaBHeHHE HEPA3PbIBHOCTHU pSv = const
rage S — nomepevyHoe ceueHue TPYOKM TOKaA,
U — CKOpPOCTH T€YeHUHA KUAKOCTH,
P — IINIOTHOCTBb X KUAKOCTH.

¢ YpaBHeHnue bepHyanu pu* + pgh + p = const
re p — NJIOTHOCTS, 2
U — CKOpOCTB,
P — OaBJieHUe KU KOCTHU Ha BBICOTE A.

¢ Yucino PetHonbaca Re = pvd
rae d — auamMeTp TpyOs=I, n
N — KO03(pPUIMEeHT BAIKOCTH.
¢ Cnna BHYTpEHHEro TpeHHuA Fo=6nnrv

(bopmyna CTokca)
rne r — paauyc miapuka.

INMpuMepbl peLueHUs 3aAa4
1. KuHemaTka U AMHAMMKA NOCTYNATEAbHOIO ABMYKEHMUA

[ BUKeHNe MaTepHaJIbHOM TOUKH, lepeMelllaoleiics Mo nIpsaMou,

3ajaHo ypaBHeHHeM s = 4¢3 + 2¢ + 1. B unrepsaJye Bpemenu or 1 1o 2 ¢
HaNTH MTHOBEHHbIE CKOPOCTH UM YCKOpPEHUA B Hauajle M KOHIle NHTepBa-
Jla, CPeIHIOI0 CKOPOCTh IBUKEHUS.

AaHo: s =413+ 2t +1;¢,=1c;t,=2c.
Hantn: v, v,, a,, a,, <vV>.

PeweHue. MrHoBeHHas CKOPOCTb — II€pBas IIPOU3BOJHAA OT
IIyTH IO BpEMeHU:

v=9 =122+ 2,
at




[image: image5.png]CKoOpOCTH B HauaJjie ¥ KOHIle UHTepBajia PaBHHL:
v, =12+t +2=12-12+ 2 =14 (m/c),
v,=12+t% +2=12-22+ 2 =50 (m/c).
YcKopeHHNe — 3TO IlepBas IIPOM3BOAHAS OT CKOPOCTH IIO Bpe-

MEHH:
a=9 = 24¢.
dt

B HauaJie ¥ KOHIle MHTePBAJIa YCKOPEHUS DABHEI:
a, = 24t, = 24 (m/c?), a,= 24t, = 48 (m/c?).

CpeaHss CKOpPOCTh <U> ABMXKEHUSA TOYKH OIlpejesieTcsa Kak
OTHOINIIeHHe IIYTH S, IIPONAEHHOI0 TOUKOH 3a 3aJaHHBIM MHTEPBAJ
BpeM€eHH {, K 5 TOMY HHTepBaJy:
<p> = As _ 8(t2) —s(ty) _ 413+ 2t,+1-4t{-2¢4, -1 _

At ty— 1 ta— 1

At T 20 t) _ 425D +2(2-1) _ 30 (y/c)
— 21 '

|—_§:—_l MarepuajbHasA TOUYKa ABUXKETCA IIO IIPSAMOI. ¥ paBHEHUE ee IBU-
KeHua s = t* + 2t2+ 5. OnpenesiUTL MTHOBEHHYIO CKOPOCTD U YCKOpEHUE
TOYKH B KOHIle BTOPOM CEKYHJIbl OT HauaJjia JBUXKEHUA, CPEAHIOIO CKO-
POCTH U IYTh, IIPONAEHHBIN 3a 3TO BpeMA.

AaHo: s =14+ 2t2+5,t=2c.

Hantu: v, a, <v>, s.

PeweHue. MraoBeHHas CKOPOCTh — 3TO IlepBas IIPON3BOJHAA
OT IIYTH I10 BpeMeHU:

D= g-*:: = 413 + 4t = 4(23 + 2) = 40 (M/c).

MrxHoBeHHOe YCKOpE€Hne — 3TO IIepBasa IIPOM3BOAHAA OT CKO-
POCTH IIO BpPEMEHN.

a=9% =122+ 4=12-22 + 4 = 52 (w/c?).
CpeaHAaA CKOpPOCTh TOUKM <U> 3a BpeMsa At =t — l, onpenmesisa-

eTcda 1o opmy.Je
At t—tg

4 2 —
Tak kak t, = 0, To <v> = t +2tt+5 2 =3 4+ 2t =12 (M/c).

IlyTh, mpoiiieHHBIN TOUKOH! 3a BpeMa t = 2 ¢, OyZeT paBeH
s=35(t)-s(0)=t++2t2+5-5=24+ 222 =24 (m).




[image: image6.png][}Z] IBusxkeHue IBYX TeJ ONUCHIBAETCA ypaBHeHuamu x, = 0,75¢3 +
+ 2,25t% + t, x, = 0,25¢3 + 3¢2 + 1,5¢. OupeneauTs BeIMUYNHY CKOpPOCTEMH
3TUX TeJ 1 MOMEHT BpeMeHH, KOrfa YCKOpeHUuA UX OyAyT OMUHAaKOBEI, a
TaKXe 3HaueHHe YCKOPEHUSA B 9TOT MOMEHT BPpEeMeHN.

Aawo: x, =0,75t3 + 2,25¢2 + ¢, x, = 0,25¢3 + 3t + 1,5¢.

Hantu: vy, U,, t, aipu a, = a, = a.

PeweHue. OmpegesnM MOMEHT BpPEMeHH, KOrjga YCKOpPeHUsS
000oHMX TeJI OAMHAKOBEI. /[[/1A 3TOro HaligeM BhIpakeHue IJis yCKO-

peHus IIepBOr0 U BTOPOI'O TeJia, Ipoaud(pepeHIMpOBaB 10 BpeMe-
HU YPaBHEHUA ABUXKEHUA dTUX TeJ:

a,=—1 =271 =45+ 4,5¢t,
dt dt?
dv, | d?x,
a,=—= + —= =6+ 1,5¢.
2 dt dt2

CornacHo ycJnOBHIO G, = a4, B KaKOil-TO MOMEHT BpeMeHH .

ITpupaBHUBaeM ITOJYYEHHBIE BHIPAXXeHUA OJA 4 APYr K APYyry u
pelraeM ypaBHEHME OTHOCUTEJBLHO t:

4,5+4,5t=6+1,5t; 3t =1,5;t =0,5 c.

3HaA t, HalieM 3HaueHue CKOPOCTell TeJl B 3TOT MOMEHT BpeMeHH:

v, = %xt_l — 2,252+ 4,5t + 1 =2,25-0,52 + 4,5-0,5+0,1 + 1 =
~ 3,81 (m/c),
by = %xt_z —0,75t2+ 6t +1,5=0,75-0,52+ 60,5 + 1,5 =
=~ 4,69 (m/c).

YcKopeHHUe Tesl B 3TOT MOMEHT BpeMeHH Oy geT
a,=a,=6+ 1,5t =6,75 (m/c?).

C 6amuu 6polieH KaMeHb B 'OpU30HTAJIBHOM HallpaBJIEHUH C Ha-
yaJbHOI cKopocThio 40 m/c. KakoBa CKOpoCTh KaMHA depe3 3 € IIOCJe
HauvaJia JaBuKeHUA? Kaxoil yrosn obpasyeT BEKTOP CKOPOCTH KaMHSA C
IIJIOCKOCThIO TOPU30HTA B 3TOT MOMEHT?

AaHno: vy=40M/c,t=3c, g=9,81 M/c?, v = v,.

Hantu: v, o.

PeweHue. B MOMEHT BpeMeHU [ BepTHUKAJbHAA COCTABJIAIOIIAA
CKOPOCTH KaMHs# U, OyJeT paBHa v, = gt, I'lle § — yCKODeHUe CBO-

OoxgHoro magenus (puc. 1). Tak Kak v, ocTaeTca IOCTOAHHOM, TO
CKOPOCTBh U OyZeT paBHa

v=Jo2+0v2 = Jo2+g2t2 = J402+9,812-9 = 49,66 (m/c).
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Pe3yIbTHPYIOIIAA CKOPOCTh U COCTABJSET YTOJ O C ILJIOCKO-
CTBIO TOpH30HTA (CM. puc. 1), a

. =_l)_,_3=€£=9,81'3_,:053
Sino= -t =""="096 009

¥Yroa a = arcsin 0,593 = 36°.

@ TeJ1o 6poieno mox yrioM 45° K ropusonTy. OnpeaesinTs HauboJIb-
IIIYI0O BBICOTY IIOAbEMA U HAJLHOCTDH II0JIeTA, €CJIM HavaJbHasd CKOPOCTbH
Tesa v, = 20 Mm/c.

AaHo: o =45° v, =20 m/c; g = 9,81 m/c?.
Hantun: y .., X0«
PeweHue. VI3 puc. 2 BUAHO, YTO COCTABIAIOLUINE CKOPOCTH U, U

Uy MO HO 3aIlCaThb B BHl€E.

U, = UyCOS .,
v, = Ugsin o - gt,
rfie £ — YCKOpeHHne CBOOOJHOrO NMajJeHus.
B namuseicmieit Touke v, = 0 u Torga vysin o - gt = 0.
Bpems mogbeMa Tesla Ha MAKCHMAalbHYIO BBICOTY ¢, OIIPEAEIHT-

VoSina
CA U3 3TOr'0 YCJIOBUA: ty = —_—
g
Bpemsa moamemMa 1 BpeMsa IIageHUA pPaBHBI MeXAy coboii, T. e.
2v,sina
t=2t, = —"——0.
g

2v,sina
JlaJibHOCTEL IMOoJieTa Teja X, = U,°t = UyCOS o *

|
o |,

.sin 2o = 292 .1 = 40,77 (m).
9.81 ’

b

Haunb6oapmiasa BeIcoTa IoabeMa

_ _ gtz _ vgsin?a _ 202.0,5 __
Ymax = Uyl "EE T T2z  2.981 10,19 (m).

10




[image: image8.png]- Tsaxesnoe Teyio 6pomIeHO BBEPX € BHICO- . Y Do
Tl 12 M mox yriiom 30° K ropu3oHTY C Ha- A = -
yaJIbHOM CcKopocThio 12 m/c. OmnpenenuTsb 0, Q h A
IPOJOI>KUTEILHOCTD I0JIeTa Tejia K0 TOYKU A Dgy
1 1o Touku B (puc. 3); MAaKCHMaJILHYIO BBICO-
Ty, KOTOPOX AOCTUTHET TeJO, NAaJIbHOCTD IIO- Ymax H
Jera Teja. ConpoTHuBJIeHHE BO3AyXAa He y4u-
THIBATD.

B

Aavo: H =12 m; ¢ = 30°% v, =12 m/c. Ol Tmax 1 X
Hantu: t,, tg, H ..o Xpay- ) Puc. 3
PeweHne. B o0o3HaueHHOI Ha puc. 3
cHCTeMe KOODPAMHAT COCTABJAIONINE CKO-
pocTHu OyAYT:
v, = DCOS ; (1)
v, = VySin ¢ — gt. (2)

ROOp,ZII/IHaTI)I TEJia C TedeHneM BpeMeHN MEHAIOTCA B COOTBETCT-
B C YPABHEHHUEM PABHOIIEPDEMEHRHOI'O ABUMXEHU .

=H+votsin(p--g—;—2; (3)
X = vytcos . (4)

Bpemsa nmogmpemMa Tesa HaljgeM M3 YCJIOBHUSA, YTO B HaWBBICIIIEM
TOYKe II0f’beMa Tesla CKOPOCTh U, = 0. Torma n3 ypaBHeHus (2)

Dy smcp
g

t

moameMa (5)

Bpemsa cnycka Tena ot Toukwm C g0 TOYKH A paBHO BpeMeHH
IIoA’beMa, IMO3TOMY IIPOJAOJIMKHUTEJBLHOCThL HojieTa OoT ToukKm O 10
TOYKH A paBHA.

2vosmcp

t, =2t
A g

uon'bema (6)
MaxkcuMaJbHYIO BBICOTY HoabeMa HavaeM uU3 ypaBHeHus (3),

IIOJCTABUB B HETr'0 BpeMs IIoAbeMa U3 YpaBHeHUd (5):

visin? ¢

ymax=Hm =H + —— 2g

(7)

Bpemsa mosera Tesa mo Touku B HaligmeM u3 ypaBHeHus (3),
IIPUPABHAB KOOPAMHATY I K HyJI0 (y = 0):

. . 2

11




[image: image9.png]ITaIBHOCTE IMOJIeTa HaliieM u3 ypaBHeHUs (4), IoJCTaBHUB B He-
ro BpeMA ABMKeHUA u3 ypaBHeHUd (8) x .. = Uytgcos ¢ (9). IIpose-

A€M BBIYUNCIJIEHUA II0 (bOpMyJIe (6)
—_ ZUOSin(p 212 0 5 ~ 1 22 (C)

ta = g 9,81
o opmy.ie (8):
_12-0,5 12:0,5\%,2-12 _ :
‘8= ~9.81 +ﬁ 9,81 ) tosr 24909
1o popmyae (7):
H__ =12+ 122:0.5% - 19,1 83-13,83 (m);
2.9,81 ’

1o opmye (9):
Xmay = 12°0,866 « 2,29 = 23,8 (m).

[I] Ilo ycooBuio 3ajauu 6 HaliTu B MOMEHT IIpHU3EMJIEHUA TeJa clie-
OVIOIMe BeJIMUNHBI: CKOPOCTEL U YyIoJI IaJleHUA TeJia, TAaHTMeHI{uaJIbHOe U
HOpPMAaJIbHOE YCKOPEeHHUSA TeJia U paguyC KPUBU3HLI TDAEKTODPUH.

Aavo: H = 12 m; ¢ = 30° v,= 12 m/c.

Ha#ntu: vg, B, a,, a,, R.

PeweHue. PedyabTHUpylonias UJKX MTHOBEHHAA CKOPOCTh B TOY-
Ke B (puc. 4) HaXoAUTCA KaK BEKTOPHas CyMMa COCTAaBJAIOMINX

- - = — - - — 2 2 9
V, MV, Vg =V, + U, UIH Up Jvocos ®+uv,.
CocraBasamoniyio v, B TOYKe B naitgeM u3 ypaBHeHuA (2) rnpenbl-

gymieit 3ajaum, IOACTABUB B HEMO BPeMA ABUXKEeHUSA Iz U3 ypaBHe-
HuA (8):

= DoSin @ — gty = ,‘/(vosin(p)2 + 2gH.
Torapa ckopocTh B TOuKe B:
Vg = J(Vocos0)2 + (vysine)? + 2gH = ,Jvg + 2gH.

Brruucasem

= J122+2.9,81 12 = 19,48 (m/c).

I_[JIH ompegesieHNUA yrJja {3, KOTOpPBIif COCTaBIAET BEKTOP CKO-
POCTH Uy C TOPU3OHTAJIBHOM OChIO X, BOCIIOJb3YeMCS TPEYTrOJbHU-

KOM CKopocTeit (puc. 4):

sinp = U — A(osine)’ + 2¢H _ 16,48 _ g gy,
B = arcsin 0,846 = 57°46'.

12




[image: image10.png]IIocTpouM B TOuKe B TpeyroiabHHUK ycC-
KopeHMit. TAHreHIMANBHAA COCTABIAIOM AN
YCKODEHMA 4, HaIpaBJieHa BJAOJbL BEKTODA
MI'HOBEHHOH CKOPOCTH B [JAHHOM TOUYKe,
T. €. II0 KacaTeJbHOM K TpaeKtopum. Hop-
MaJbHAs COCTABJAAIOIIAA YCKOPeHHdA d,
HANlpaBJieHa IIEepPIEeHIUKYJIAPHO BEKTODY
MTHOBEHHOM CKOPOCTH Ug. X BeKTOpHAsS
cymma d_+ d, = &. Puc. 4

Torga u3 puc. 4 HaX0AUM:

a1=gsinB=g2-‘i; a,=g cosB=gﬁ.
Up Up
Beruucisiem a, = g sin $ = 9,81 -0,846 = 8,3 (m/c?).
a,=gcosp=9,81-0,533 = 5,23 (m/c?).

Pa;myc KPHUBH3HBI TPAEKTOPHUU B TOYKE IIPHU3EMJIEHUA OIIpeae-
JIsAeM N3 YPaBHEHUA

vZ
an = 'EB .
= .v_% == _____19’482 o~
OTcroma R 2 5.23 72,56 (Mm).

Touka Havajyia ABUTaTLCA MO OKPYKHOCTHU paguycoMm 0,6 M ¢ TaH-
reHIANLHEIM yckopeHueM 0,1 M/c?. YeMy paBHEI HOPMAJIbHOE U IIOJHOE
VCKOPEHHUA B KOHIe TPeThell CeKYHARI IOCcJie Hayaja ABMKeHuA? Yemy
paBeH YroJ MeKAY BEKTOpaMU IMOJIHOTO M HOPMAJLHOrO YCKOPEHHH B
3TOT MOMEHT?

Aano: r=0,6 m;a,=0,1nM/c% t=3c.

HanuTtu: a,, a, a.

PeweHnue. K MomeHTY BpeMeHH { TOUKA, ABUTaACh PABHOYCKO-
PEHHO C YCKOPEHUEM a,, IIpuobpeTaeT CKOPOCTh U, OIpeleaeMylo
o popmyine v = a.t. HopmaneHoe yCKOpeHHe @, TOYKH IIDU 3TOM
oymer

2 2,42 . -2,
a,= 9’:— = a'rt =1 10(36 9 =0,15 (M/c?).

IlonHoe yCKOpeHUe d paBHO reOMeTPUYECKO CyMMe TaHI'eHIU-

aJIbHOTO ¥ HOPMA&JIBHOTO YCKOPEHH d = @, + d,. YToJ MeX Ay BeK-

TOpaMH @, ¥ 4, Bcerfa paBeH 1/2, II03TOMY

a=,Ja?+a?=.0,12+0,152 = 0,18 (m/c2).

13




[image: image11.png]W13 puc. 5 BUAHO, 4TO Sin o yryia MexxIy BeKTOpaMu d, 1 a 6y-

Puc. 5

TeJsio IBU2KETCA BHI3 PABHOYCKOPEHHO II0 HAKJIOHHOM IIJIOCKOCTH,
1 3aBHCHUMOCTb HPOMIEHHOI'O IYTH OT BPEMEHHU 3aJaeTcs yYpaBHEHUEM

s = 2t + 1,6t2, HaiiTu Koa@dUIIUEeHT TpeHUs Kk Teja O MIOCKOCTb, €CJIU
yroJl HaKJIOHA IIJIOCKOCTH K I'Opu30HTY paseH 30°.

AaHo: s =2t + 1,6t2, o = 30°,

HanTtu: k.

PeweHue. KoacdhdunueHT TpeHusa k onpenesser CHUIAY TPeHHUA
IIpU OABUXKEeHHUU Tes. 1A HaxoXKJaeHusa k pacCMOTPHUM, IIOJ JeMCT-
BHEeM KaKHNX CHUJI HaXOAUTCA TeJsio. B JaHHOM ciyuae Ha TeJio geM-
CTBYIOT CHUJIBI: CHJIa TAXKECTH Mg, CHJa peaKIIuu onopbl N u cujaa
TpeHus F .

BribepeM cucTemMy KOOpAMHAT TaK, uToOBI ock OX Onljia mapaJ-
JlelbHA HAKJOHHOM niockoctH (puc. 6). Torma, corsacHo BTOpO-
My 3aKoHY HpioTOHAa, 3anunieM IpoeKIIUM CHJI Ha OCH:

Ha OY: mgcosoa = N; Ha OX: ma=mgsin o — mgk cos a.

IIpeobpaszoBriBas 3TO BhIpAXKEHHE, MOXKHO HaWTU K03(hduIiru-
€HT TpeHusn k:

b= gsino—a
gcosa

OmnpegesnM BeJIUUYNHY YCKOPEHUA a:

ITogcTaBuB B hopMyny AJiA kB YHCIeHHble 3HAUYEHUA BXOOAIIINX
B Heée BeJIMUHWH, ITIOJYUYHUM KO3 (PUIIMEHT TPeHUA:

9,81:0,5- 3,2
p=281:0,0-3.2 _¢ 9
9,81-0,866
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[image: image12.png]ITo ropu30HTAJBLHON IIJIOCKOCTH PABHOMEPHO IIepeMeIlaeTcsl TeJIo
Maccoit 1 xr (0e3 xauenus). OnpenesauTs Koa@PUIINEHT TPEHUA, €CJU
TeJIO IIepeMeIaeTcs non aecreuem cuabl 1 H.

AaHo: m=1%kr, F =1 H.

Hantu: k.
PeweHue. Ha Teso gelicTBYIOT ABe CHJIBI — ABHKYyILAA cuja F
I CHJIa TPEeHHuA FTp = kmg. Tak Kak TeJo OBUMKETCA pAaBHO-

MEPHO, TO PAaBHOJAEHCTBYIOIIAsA CHJI paBHA HyJIO F + FTp = 0, uau
F—-Emg=0.
OTkypma moayymm

[El Teno maccoit 100 xr mogHUMaeTcsa N0 HAKJIOHHOMH IIJIOCKOCTH C yrI-
sioM y ocHoBaHusa 20° non meiicrBueMm cuibl, pasHoir 1000 H u mampas-
JIEHHOM IapaJjijieJbHO IIJIOCKOoCTH. KoadduIijieHT TpeHus TeJsa O ILJIOoC-
KocTh paseH 0,1. C xkaKuM ycKOpeHNEM OYAET ABUT'aATLCS TEJIO?

Aavo: m = 100 kr, o =20°, F_=1000 H, k= 0,1, g = 9,81 m/c?.

Hantu: a.

Pewenue. Ha Teno (puc. 7), ABUXKY-
1Ieecs 10 HAaKJOHHOM IJOCKOCTH, HEHCT-
BYIOT CHJIBI:

— CHJIa TPEeHUuA FTp = Nk = kmg cos a,
rae k.— Koa(HUIIMEHT TpeHus, N — cuja :
peaKIuu IIJIOCKOCTH Ha BecC TeJia; \l ¥ mgcos o

— CHWJIA TAMXKEeCTH mg; mgt ~

— cuya taru F.

BribepemM cucTeMy KOOpAHMHAT Tak,
yToOBI ock OX Obljia mmapaJjebHa HAKJIOHHOM IIJOCKOCTH.

PaccMoTpuM npoeKIIUM CUJI HAa OCH KOOPAMHAT:

Ha OY: N = mg cos o

Ha OX: ma=F_-— mgsin a— kmg cos o, oTKyzxa

a=E — g(k cos o+ sin a) =
m

Puc. 7

= 110—0%9 -9,8(0,1-0,9397 + 0,342) = 5,72 (M/c?).
@ ITyna maccoit 20 r B MOMEHT yzapa o0 CTeHKY oz yriiom 90° umena
ckopocTb 300 M/c. ¥YrinyGUBILINCH B CTEHKY HA KAKOe-TO PaCCTOSHUe, OHA
ocTaHOBHUJIACH uepe3d BpeMs 5+ 1074 ¢. OnpenenuTs:

1) cpepHIOI0 CUTY CONIPOTUBJIEHUA CTeHKHU F, 1 paccrosinue [, Ha Ko-
TOpOE MIYJIA IPOHUKJIA;

2) ¢ KaKO! CKOPOCTBIO U, IIyJiA BHUJIETUT U3 CTEHKH, €CJHU CTEeHKA
OyzeT UMeTh TOJILUHY 5 CM.
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[image: image13.png]AaHo: m=2+102xkr, a =90° ¢t = 5:10%¢c,d = 5:1072 m;
vy =300 m/c.

Haitn: <F >, 1, v_.

Pewenue. 1. CpegHiolo CHJY COIIPOTHBJIEHHA HaWaeM u3
BTOporo 3akoHa HrioToHa. 1Io BTopomy 3akoHy HbroToOHa MMITYJIBC
CHJIBI COIIPOTHBJIEHUS CTEHKH PAaBEeH N3MEHEHHUIO UMIIyJbca IIyJIN:

F dt = d(mv) nniu npu m = const: F dt = mdv,

rae F, — cula COIPOTUBJIEHUA CTeHKH; di — BpeMsA AelCTBUS CH-

ael. TaKk Kak ABHXKeHUe IIYJIX paBHOIIEpEeMEHHOe, TO AJIS KOHEYHO-
I'0 IPOMEXXYTKa BpeMeHHU BTOpoi 3aKoH HrloTOHA 3antuinercs B BU-
ne: <F > At = mAv, rge <F,> — cpegHee 3a BpeMs Af 3HaueHHeE
CHJBI COIIPOTUBJIEHMA, AV = U, — Uy = —U,, 3HaueHue v, = 0, Tak
KaK 10 YCJOBHIO ITyJIs OCTAaHOBMJIaCh. Toraa

<F >+ At =—muy; <F>=-220
At
ITony4yaem:
<F>=22:107-300 _ _1 2.10%(H).

510

PaccrossHne, Ha KoTopoe yraybmjachk IIyJas, HageM, YYHUTHI-
Bas, YTO KHHETHYECKAasa 9Heprusd IyJH yiuja Ha paboTy mo npeoao-
JIEHHIO COIIPOTHUBJIEHHUA CTEHKH:

muv?

3 =F_l cos a,

o = 0 — 1o yc/0BHIO.

Orciona: 1= M08 = 20:107°:9-10% _ g 5 42 (),
oF, 2-12 - 10°

2. CKopoCTh, ¢ KOTOPOIf BELIETE A YA N3 CTeHKH IIPU TOJIIIH-
He D cM, HaiileM M3 YCJOBHA, UTO HAYaJIbHAS CKOPOCTHL IIYJH Ta
JKeé, CTeHa U3 TOro xXxe Mmarepunaja, cjlegosaTesibHO, CHJIy COIIPDOTHUB-
JIEHU A MOMKHO B3ATH U3 BBIILIEIIPDUBEAEHHOI'O pPellIeH sA.

Ecanu ITyJidA BblJIeTaeT U3 CTEHKH C HeKOTOpOﬁ CKOPOCTBIO UK, TO
Ha paGoTy IIPOTHUB CHJBI COIIPOTHBIEHUA F_ momiia sHeprus, pas-

Hasl pa3HOCTH KMHETHUUYECKOI 9Hepruu IyJu B Hauaje U B KOHIIE ee
OIBUKEHUA B TOJIIIE CTEHKH:

mvZ muvé
~-Fd= — - 2
¢ 2 2

- 2F d
Orcroga Haitaem: v =vg - ——;
m

16




[image: image14.png]2F d 2:12-10%- 5102
— fpz-22 _ [9.104- -
U «/" m J 20 - 10-3

= J9-104-6-10% =173 M/c.

@ Meranandeckuii mapuKk Maccou 5 r magaeT ¢ BoIcOThl 1 M Ha ropu-
30HTAJLHYIO IIOBEPXHOCTh CTOJIA M, OTPa3UBIINCH OT Hee, IOJHUMAETCA
Ha BeIicoTy 0,8 M. OnpemesinTsL CpeHIOO CHUJIY yiapa, ecJid COIPUKOCHO-
BeHUe I1apuKa co crojiom aauyaocsk 0,01 c.

Aawo: m =5+10"3kr; h, =1 m™; h, = 0,8 M; At = 0,01 c.
Haitnu: F.
Pewenue. Umnynsc cunsl F 3a BpeMa At, ¢ KOTOPBIM LIAPUK

BO3JeHCTByeT Ha IOBEPXHOCTh, paBeH FAt. 9TOT UMIIYJIBLC CUJIBI Oy-
AeT paBeH H3MEHEHHIO UMITyJIbca mIapukKa Ap = mv,; — (—mv,), rae

m — Macca IIapukKa, vy — CKOpPOCTb, C KOTOPOH LIapUK ONYCTUJICA
Ha IIOBEPXHOCTh CTOJIA, Uy — CKOPOCTH, ¢ KOTOPOU IIAPDMK OTCKO-

YHnJI OT ITIOBEPXHOCTHU CTOJIA. 3HaAK «—» O3HaA4vYaeT, 4YTO HanlipaBJieHHue
CKOPOCTH U,y ITPOTHUBOIIOJIOXKHO HAIIPDABJIEHHUIO CKOPOCTH V;.

ITpu cBoOGOZHOM HaJeHHU Teja C BBICOTBI /. €ro CKOPOCTh Ha
ypoBHe h = 0 omnpegenserca mo popmyne v = J2gh , rae & — YCKO-
peHHne CBOOOAHOTO ITaJleHHA.

Taxum obpasom, FAt = Ap, FAt = mv, + mv,, oTkyAa

F= m(vy +vy) _ (m - J28)(Jhy + Jhs) _

At At
_5-103../2.9,81(J/1 + .0,8) _ 0,22 (H)
0,01 ’ '

Q2. KuHemaTuka u AMHaMMKa BpaLlaT@AbHOTrO ABMYK@HMS

3aBHUCHMOCTSD yIJia II0BOPOTAa OT BpeMeHH [JIf TOUKH, JexKameil Ha
oboze xKoJieca paguyca R, 3amaercsa ypasHeHueM ¢ = t3 + 0,5¢2 + 2t + 1.
K KoHIy TpeTheil CEeKYHBI 3Ta TOUKA HOJIYUNIa HOpMaJbHOE YCKOpeHue,
pasHoe 153 Mm/c2. OnpenenuTts paguyc KoJeca.

AaHo: 0 =13+ 0,5t2+ 2t +1;¢t=3c; a, =153 m/c?.

Hantu: R.

Pewenue. I1a ompegeneHuss paguyca Kojeca BOCIIONb3yeMCH
dopMyn0it CBA3H HOPMAJIBHOIO YCKOPEHUA C YIJIOBOM CKOPOCTBIO:

17




[image: image15.png]a v
Otcroga R = —2 . YIIOBYIO CKOPOCTD Hali/ieM, KaK IepBYIO IIpo-
®
N3BOAHYIO OT yIVIa IIOBOpOTa I10 BpeMeHH:
(o=%3§ ~3t2+ ¢+ 2.

YucieHHOe 3HAUYEHME YIJIOBOM CKOPOCTH B KOHIIE TpeTheil ce-
KYHIBI HailgeM, IIOJCTABUB B IIOJIyUYeHHOE YPaBHeHMeE AJIA () BpeMd
t=3c.

w=(2+3+3°9)=32(1/c).

Paguyc Kojieca paBeH R = Zn _ 153 0,15 (m).
®

@ Teso BpaijaeTcsa BOKPYTr HENOABUXKHOI ocH II0 3aKoHy ¢ = 10 +
+ 20¢ — 2t2. HaliTu BeJIMUYUHY U HanpaBJeHUe IIOJHOI'0 YCKOPEHUS TOU-
KU, HaxoxsulercAa Ha pacctogaauu 0,1 M oT ocu BpallleHUA AJIA MOMEHTAa
BpeMeHU t = 4 C.

Aavo: =10+ 20t -2t%;r=0,1m;t=4c.
Hanutu: a, a.

Pewenne. TouKa ONHCHIBAET OKPYKHOCTDH
paguyca r. IlonHoe ycKopeHHe d TOYKH,
IBHKYILEHCA 110 KPUBOJUHENHOM TPaeKTo-
pHUH, PABHO T'eOMeTpHUYECKOl CYMMe BeKTO-
POB TaHT€HLIMAJILHOTO d. 1 HOPMAJbHOIO 4,

yCcKopeHUuM (puc. 8), yroa Mexxay KOTOPBI-
MU paBeH 1/2:

a=a.+a,.

Puc. 8 BesnunHa IOJTHOTO YCKOPEHUA:

a= Jja’2+a?.

TaHreHualbHOE 1 HOpMAaJIbHOE YCKOPEHHUA BEIpAXalTca Qop-
MyJIaMU a, = €I, 4, = ©°r, Iie ® — yrioBas CKOPOCTh TeNa, € —
YIJIOBOE YCKODEHHe, r — pacCTOsSIHME TOYKH OT OCH BpAIlleHHd.
ITogcTaBaAs 3TH BEIpaXeHUA B (DOPMYJIY AJs IIOJHOI'O YCKOPEHHU,

HOJIYYUIM:
a= Je2r2 + 0ir? =r.Je? + ot.

YrioBass CKOpOCTh pPaBHA II€PBOI IIPOU3BOAHOM OT yrJja IIOBOPOTAa
IT0 BDEMEHH:

0= 92 =20 - 4t.
dt

IIpu t = 4 ¢ 3HaueHne ® = 4 ¢ 1.
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[image: image16.png]¥YrioBoe yCKOpeHHe — 3TO IIepBas IIPOM3BOAHASA OT YIJIOBOH
CKOPOCTH II0 BpEMEHH:
dow -9
g= == =-—4(c™9).
T (c™)
Torga a = 0,1./(—4)2 + 44 = 1,65 (m/c2).
N3 puc. 8 BUAHO, uTO Sin o yryia MeXXAy HaIpaBJeHUeM d U 4,
paBeH:

Yroa o = arcsin 0,242 = 14°,
Vron Mexay d u @ GyaeT paBeH:

90° — 14° =76°.

MaxoBuK Maccoi 4 Kr cBOOOAHO BpaliaeTcs BOKPYr ropu30HTaJb-
HOI1 OCH, IPOXOAAIEl uepes ero UeHTp, geaas (20 o6/ muu. Maccy maxo-
BHKAa MOXXHO CUMTAThb paclIpenesieHHOHM mo ero obony pazuycom 40 cm.
Yepes 30 ¢ nox geficTBEM TOPMO3SAIIEro MOMEHTA MaxXOBUK OCTAHOBUJI-
ca. Ha¥iTu TopMo3Ami MOMEHT U YHCJIO O00POTOB, KOTOPOE AejaeT Ma-
XOBUK N0 IIOJIJHOM OCTaAHOBKMU.

AaHo: ® = 0; m = 4 Kr; n = 720 06/Mun = 12 ¢c1; At = 30 c;
R=40cm = 0,4 M.

Hantu: M, N.

Pewenue. [I1s onpegesieHUA TOPMO3AIIEr0 MOMeHTa M HYXHO
IIPHMEHUTh OCHOBHOE YpaBHEHUEe AUHAMUKHU BpallaTeJbHOIro IBHU-
KEeHUs

JA®=MAt, (1)

rae J — MOMEHT MHEepPIIUHA MaX0OBHKAa OTHOCHUTEJBbHO OCH, IPOXOAA-
olell 4yepeld IEHTP Macc; A®w — H3MeHeHHe YIJIOBOM CKOpOCTH 3a
Bpema At, mpudyeM A® = ® — ®,, Ile ® — KOHEYHas yrjoBas CKO-
poCThb, a ®, — HauaabHadA; M — TOPMO3AILUN MOMEHT CUJI, AEHCT-
BYIOIINX Ha TeJIo.

ITo ycnosuro 3agaun Aw = —®,, TaKk KaKk KOHeuYHas yIjaoBas CKO-
pocts ® = 0. BrIpasduM HayaJIbHYIO YIJIOBYI0 CKOPOCTh ®, depe3
YHCcJI0 000pOTOB MaXOBHKA 71 B eIHHUILY BpEeMeHH, TOorJa

Wy = 2nn 1 Aw = —-2nn.

MoMeHT nHepouu MaxoBuka J = mR2, rne m — Macca MaxoOBHU-

Ka, a R — ero paguyc. 3Hasa BCce BEeJUUYHNHBI, MOXXHO OIIPeAe/IUTh
TOPMO3AIINI MOMEHT:

-mR2+2nn = MAt,

_2nn.mR? _ _2-3,14-12:4-0,42
At 30

oTkyna M = =-1,61 (H *m).
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[image: image17.png]Yros nmosopoTa (YIJIOBOH IIyTh () 3a BpeMsA BpallleHUsl MaXOBH-
Ka J0 OCTAHOBKHU MOJKET OBITH onpeaesyeH 1o ¢GopMyJie AJI paBHO-
3aMeJJIEHHOI'O BpaIlleHus

2
0 =0t - £2, (2)

rIe € — yIJoBoe ycKopeHnue. llo ycinosulo 3agauu:
0 = ©, — €At; ® = 0; ©, = At.
Torga BeipaskeHune (2) MoKeT OBITh 3aIIMCAHO TaK:

(DoAt — (l)oAt
2 2

© = WyAt —- (3)
Dopmyaa (3) MoKeT OBITH TaKIKe IIoJIy4eHa II0 3HaUeHHUIO cpeJ-
HeM yIJIOBOM CKOpPOCTH. BrIpa3us 3HaUeHUE () Yepes YHCJIO ITOJTHBIX
060poTOB N U (0, 4epe3 4YucjJ0 000pPOTOB MAXOBHUKA N B €AUHHUILY
BpeMeHH, HaiijgeM ¢ = 2nN; ©, = 2nn.
OTcroma onpegenM YHCJIO IIOJHEIX 000poTOB N

(p= mOAt;an= ZnnAt,N_ nAt _ 12'30 _ 180.

2 2 "’ 2 2

OxHOpOIHEIN AUCK, UMelomuii Bec P = 124 H, Bpamiaercs ¢ 1mocTo-
SHHBLIM YIJIOBLIM YCKOPEHHEM, U ero ABUKeHNe OIMChIBAeTCA YPaBHEHU-
emM ¢ = 30t2 + 2¢t + 1. Tuck BpalaeTcs Iox AeficTBHEM IIOCTOAHHOM
KacaTeJIbHOM TaHreHUaIbHOH cuiinl F_ = 90,2 H, npuioxxeHHOM K 060y
pucka. OmpefesuTh MOMEHT CHJ TpeHUus M, AeHCTBYIOLUX HA JUCK
mpu Bpamenuu. Paguyc pucka R = 0,15 m.

Aavo: P=124H, ¢o=30t*?+ 2t +1,F_=90,2H, R= 0,15 m.

Hantu: M.

PeweHne. [na HaxoxaeHua M rp ACIIONB3yeM BTOPOH 3aKOH
HrroTOHa Aans BpalaTeJlbHOTro ABHM:KeHusa. Ha auck mpu Bpamie-
HUU JelCTBYIOT JBe CHUJBI: ABMIKYIUAA cuja F_, cuia TpeHus FTp.
PesynbpTUpyIOINiIE MOMEHT CUJI, IIOJ AeMCTBHEM KOTOpPOro Bpalia-
eTcsl JUCK, PABEeH:

M=FR-M p*

C apyroii CTOPOHBI, COIJIACHO OCHOBHOMY 3aKOHY AWHaAMWKU
BpaliaTeJbHOI'o JBUKEHUA,

M = Jg,

2
rae J — MOMEHT MHEPIINH AHCKA; J = &ZB— , £ — YI'JIOBOE YCKOpe-

HUe, IIpuodpeTaeMoe AUCKOM IIOJ AEeMCTBHUEM pPe3YJIbTHPYIOIEro
MOMeHTa cuj M.
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[image: image18.png]VUCKOMBII MOMEHT CUJI TpPeHUSA HaWgeM, NpPUPaBHAB JAPYr K
IPYyTy ABa NOJYUEHHBIX BhIpaKeHUusa nyisa M.

3HaueHHe € HaljeM U3 ypaBHEHUA ABUKEHUSA, B3AB BTOPYIO
IIPOU3BOJAHYIO II0 BpEMEHU OT (P

e =42 — 60 (c2).

dt?
Macca nucKa paBHa:
P 124
=L =222 12 .
m 9 81 2,64 (kr)

OKoHYATeJILHO:

M, =FR-"& ..

IlomcTaBuB crofa YMCIEeHHEBIE 3HAYeHUA F_, R, € © m, IOJIyYUM:

M,,=90,2-0,15 - 12.7 '3’0225 .60 = 5 (H - m).

IIBa MaxoBUKAa B BUJe JUCKOB OAMHAKOBLIX PAANYCOB 11 Macc ObLIU
pacKpy4eHEI 0 CKOopocTH BpauieHud 480 06/MUH U IpeAOCTaBJIEHE] Ca-
MuM cebe. Ilox melicTBHEeM CHJI TpeHUA BaJIOB O HOAINHMIHUKHN IEePBBIN
ocraHoBuIcA uepe3d 80 ¢, a Bropoiut caenays 240 o60pOTOB L0 OCTAHOBKU.
Y KakKoro MaxoOBHKA MOMEHT CHUJI TPEHUSA BaJIOB O HMOAINUIHUKU ObIJI
60JIbIIIE ¥ BO CKOJIBKO pa3?

AaHo: n =480 06/mur = 8 ¢c"!; N = 240; At = 80 ¢; w,= 0.

Hantu: -—Aﬁ? .

M,
Pewenne. MomeHT cua TpeHua M,; NepBOro MaxOBHKa Ham-

A€M, BOCIIOJIbB30BaBIIINChb OCHOBHBIM ypaBHE€HHNEM AHNHAMHWKHU Bpa-

IIaTeJIbHOT'O ABHXXEHUA

rge At — BpemMsa JOeMCTBUS MOMEHTa CHJI TPEeHUsd, J — MOMEHT
2

HMHEepIN1 MaxXoBHUKOB J = -anﬁ— y W1 I Wy — HaYaJbHaAA U KOHEUYHAHA

YyIJI0BBIE CKOPOCTH MaXOBUKOB, 0, = 2nn, 0, = 0, m — macca.

MomeHT cun TpeHuss M, BTOpPOro MaxOBUKa BBIPa3UM 4epes

CBA3b MeXy paboToil A CUJI TpeHUs U U3MEHEeHUEM ero KuHeTude-
CKOM sHepruu AL :

2 2
A=AE_,A=M,-Ap, AE = "—I—;)—z - 3’—2(&,
rae Ap = 2nN — yroJy nmoBopora, N — 4uCcJIO 060POTOB MaXOBUKA.
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[image: image19.png]Torna

JoiZ Jo? Jo? Jof
M, Ap = —é—z- - =1 =——2—1,0TRyp;aM2=—-§&—;.

OTHOIIEHHue M, OyneT paBHO
M,
M, _Joi At _ (M), _ At2nn _ 80-8 . g3
M, 2A¢ Jo, 2A¢ 2.21N  2-240 e

MomMeHT CUJI TPeHUA BTOPOro MaxoBuka B 1,33 pasa 6oJbIire.

Jlerkas HUTH C IPUKPENJIEHHLIM K Hell r'py30M Maccoil 2 KT HaMo-
TaHa Ha CIJIoInHOM BaJs paguycoMm 10 cm. IIpu pasmarwiBaHNM HUTH I'Py3

onyckaercsa ¢ yckopenueM 0,5 m/c2. OnpefenuTs Maccy ¥ MOMeHT HHep-
I BaJia.

Aavo: m; =2kr; r=0,1m; a=0,5m/c?.

Hakltu: m,, J.

PeweHne. Basg npuxoguT BO BpalieHue NoJ AelCTBHEM MOMEH-
Ta cuael M, pasaoro M = m,(g — a)r, Tie m; — Macca rpysa, omyc-
KaloIerocs ¢ yCKOpeHueM a, r — paguyc Baja. CoraacHo ypaBHe-
HUIO IMHAMUKH BpalllaTeJbHOTO ABHXeHudaA, M = Jg, rae J — mo-
MEeHT UHepIMHU BaJja, € = a/r — yrJjioBoe yckopeHnue. Orcioga

- 2
g M _Mr_mE-art_ aig )
a

€ a a

J=2- 10"2(2&1 _ 1) ~ 0,37 (Kr - M2).

MoMeHT MHepI MU CIJIOIIHOIO HUJNHApPAa (BaJjia) onpeneidercs
2
no gopmyie J = ng- , OTKYa

2J 20,37
m,==—; m,==—--2=2— = T4 (Kr).
2 2772 1.1072 (k)

Cronomuo# auck paguycoMm 20 cM BpamiaeTca Iofg AeiicTBHEM IIO-
cToAHHOU KacaTteabHo# cuinl 40 H. Kpome Toro, Ha Hero geiicTsyeT Mo-
MeHT cun TpeHus 2 HeM, u yriosoe ycxkopeHue ero pasxHo 30 pan/c2.
OnpezenuTb Maccy AuCKa.

Aano: r=0,2m; F =40 H; wa =2 H+mM; € = 30 paxn/c?.
Hantu: m.

PeweHne. CymMMapHBIA MOMEHT cuj M, moja aeicTBHEM KOTO-
poro BpaljaeTca AUCK, paBen M = Fr — MTp.
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[image: image20.png]ITo 3aKOHY AMHAMHKM BpallaTeJbHOI'O ABUKEHUS 3TOT MOMEHT
CHJI paBeH:

M = Je, roe J = mr?/2 — MOMEHT UHeDPIIUH CILJIONIHOTO AYVCKA,
rge m — Macca, r — paguyc JuckKa, € — yriosoe yckopeHue. Ilpu-
pPaBHUBAEM 3THU BBIPAKEHHUA JJISI MOMEHTA CHUJI

Fr—MTp=Je;Fr—MTp= ﬂ.sz . E.

Orcrona

m = 1(Fr—MTp); m = 2(40:0,2-2) _ ¢4 (T).
gr? 30:4-10"

@ IITap ¥ mOJIBIY UJINHADP OAMHAKOBOM MAacCChl KATSATCA paBHOMEPHO
06e3 CKOJILKEeHUA 10 TOPH30HTAJHLHON IMOBEePXHOCTH M 00JIaZal0OT OgHHA-
KOBOM KMHEeTHUUYEeCKOH sHeprueil. Bo CKOJIBKO pa3 OTJIMYAIOTCA UX JUHEH-
HbIE CKOPOCTU?

AaHo: m;=my,=m; E ,=E_,.
Pewenne. KnHeTnuecKasn sHeprusa Teja, y4acTBYIOIETrO OJHO-

BPEMEHHO B JIBYX JIBM)KEHHAX, CKJAJALIBAETCA M3 KUHETHUYECKOM
9HepruM nocrynarejabHoro E u BpamiateabHOro E  IBUKEeHUI

2 2
E,=E,+E="0 + 72

Y4YuTeiBasg, 4TO MOMEHT WHEPIUM IIOJIOr0 IUJIHHJIPAa paBeH
J,=mr?, mapa J, = %mrz, a CBA3b YIJIOBOU () M JIMHENHOM U CKO-

pocresr ®w = v/r, BHIpaXeHUd IJd E  mosoro nMuiIvHApa U Iapa
OyayT UMeTh BUJ,

2

— + — * — = mv#,

2 2 2 1
_mvi 2 mr® vi _ 9
E. . —2—+5 5 -r-§—0,7mv2.

ITo ycanoBuio 3agauu E ; = E_,, m; = m, = m u Torga mv? =

=0,7mv$, oTkyza

- 1 =1,
vy 0,7

Ckopocts mapa B 1,2 pasa 60Jbllle CKOPOCTH IIMJIXHADA.
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[image: image21.png]3. UmnyAbc. PaboTa. DHeprus. 3aKoHbl COXPaHEHMS

@ YesoBek, Macca KOTOporo 70 Kr, IphIraeT ¢ HEIOABUMKHOMU TeJIeXK-
KU CO CKOpPOCTBIO 7 M/c. OnpelesuTs CHIy TPEHUS TeJIeKKH O 3eMJIIO,
ecJIM TeJIedKKa Iocje TOJYKa OCTaHOBUJIACh yepe3 d c. Ilepes NPHIXKKOM
TeJiedXKa ObljIa HeNOABUKHA OTHOCUTEILHO 3eMJIN.

Aavo: m=TO0kr;v="T7TmMm/c;t=5c.

Hantu: F .

PeweHne. B MOMEHT NPLIXKKA YeJIOBEK U TeJIeXKKa COCTABJIAIOT
OJHY U30JIMPOBAHHYIO CUCTEMY U UX UMNYJbC paBeH Hyiio. Ilocie
IPBIXKKA 10 3aKOHY COXPaHeHUdA UMIYJIbCa B M30JIUPOBAHHOM CHC-
TeMe HX CYMMAapHBI MMITYyJILC OCTAJICA HEeM3MEeHHBIM, T. €. paB-
HBIM HYJIIO:

mv + m,v, =0, m,v, =—muv, (1)

rfae m; U m, — MAacCChl TeJIeXKKH U 4YeJIOBeKa; U; U U — CKOPOCTH
TeJIE2KKH 1 4YeJIJOBEKAa B MOMEHT IIPBIMKKA.

ITox melicTBMEM CHJIBI TPEHHSA TeJIeKKa OCTAaHOBUMJIACh, CJIeJO-
BaTeJIbHO, €€ UMIIYJbLC CTaJ PaBHBIM HyJi0. 1Io BTOpOMYy 3aKOHY
MEeXaHUKU

Tak Kak KOHeYHAs CKOPOCTH TeJIeXKKY paBHa HyI0: U, = 0, TO
FTpt=—mlvl, (2)

rae F, — cuna TpeHuA.

3HaK «—» IIOKa3LIBAeT, YTO CHJIa F ., ¥ CKOPOCTb U; HampasJe-
HBI B IPOTUBONIOJIOXKHBIE cTOPOHEI. IloxcraBum (1) B (2): F t=muv,
OTKyZa

FTD=%E;FTP=1°_5'-Z = 98 (H).

@ Opyaune, ycTaHOBJIEHHOE Ha KeJIe3HOOPOoKHOM miaTdopme, cTpe-
JIsieT HOJ YTJIOM @ K ropusdoHTy. CHapaAj maccoil 15 Kr BeLIeTaeT U3 Opy-
oA co ckopoctbio 800 m/c. Beseacrsue oTpauu miaaTdopMa ¢ opyaueM
IMIOKATHJIACh IO peJjibcaM co ckKopocThio 0,5 m/c. Macca miaardopMsaI ¢
opyzuem 12 r. OnopepenuTs yroi o.

Aawo: m; =15 «kr, v, =800 m/c, my,=1,2-10%*kr, v, = 0,5 m/c.

Hautn: .

Pewenue. UcKomBIll yroJI ¢ HAlAEM U3 CIEAYVIOIIUX PacCCyKIe-
Hui. Cuuraem, 4TOo cucreMa «mnjaardopma ¢ OpyAreM — CHapsan»

SABJIAETCA 3aMKHYTOH. B TaKOll cucTemMe JeMCTBYeT 3aKOH COXpaHe-
HUA UMIyJbca (KoJudecTBa ABUXKEeHUA). [1A Halme CUCTEMEBI OH
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[image: image22.png]3allMIleTCA B BUAe m,U; + my0, = 0, Tak o
KaK [0 BBRICTpeJia UMIIYJbC CUCTEMBI OBIJI v
paBeH HYJI0. 3alUlIeM 3TO yYpPaBHeHUE B - >
CKaJsapHON opme oTHOcUTEJNBHO ocu OX V1x
(puc. 9): mv,, — UMIyJabC CHapAza, lepe- Q O
NAaHHBIN IIaTopMe, IPH 3TOM Uy, = Uy X
x cos ¢@. Torza 3aKOH CJIOXEeHUA UMIYJIb- Puc. 9
COB 3anuilleTcs B BUJe:

m,0,COS @ = MyU,.

OTcrozna HaleM UCKOMBII YyroJi:

mavy _ 12-103-0,5 o
COS = = L = 0’5; = 60 .
P m,v, 15800 P

IITap maccoit 20 r, ABMMXKYyNIIMHCA TOPU30HTAJIBLHO C HEKOTOPOH
CKOPOCTBIO Uy, CTOJIKHYJICA C HEIIOABUMKHBIM I1apoM Maccoii 40 r. IIlapsr

abCoJIIOTHO yIpyTHe, yaap OIpAMOH, IleHTpaabHbIil. KaKkyio 1010 € cBOEH
KMHETHUYECKON 9Hepruiy IepBLId Iap nepesaj BTOpOMy?

Aavo: m;=20r=2-10"2kr; m,=40r=4+10"2 kr.

Hantu: €.

PeweHne. Jfons ¢ sHepruu, nepeJaHHON IEPBHIM IIIAPDOM BTO-
pPOMY, BHIDA3UTCA COOTHOILIEHUEM:

E,, _ myuf _ my (E_g)z , (1)

rae E , — KuUHeTHYecKas 3HePrud IIepBOro Iapa A0 yAapa; U, U
E_, — cKopocTh U KHHeTHUYecKasd 3Heprus BTOPOTO LIapa IOCcie
yaapa.

Kak BugHo us dopmyasl (1), Aaa ompeneseHUsA € HaLO HAUTHU
u,. Ilpn ynape abCcosrOTHO yIpyrux TeJjl OJJHOBPEMEHHO BBHIIIOJIHA-

IOTCS IBa 3aKOHA COXPAHEHHU: 3aKOH COXpPaHEHUHd UMIIyJIbca U 3a-
KOH COXPaHeHUA MeXaHudecKoii suepruu. I1oae3ysacesE 3TUMH 3aKO0-
HaMHU, HalZieM u,. 110 3aKOHY cOxpaHeHuA UMIyJbCa, YYUTHIBAA,

YTO BTOPOM IIAp M0 yAapa NOKOUJICH, IIOJTyduM:
MUy = MU, + Myly. (2)

ITo 3aKOHYy cOXpaHeHUA MeXaHUYeCKOM SHepruu:

mv$ _ m1ui‘2 + mzu;%

3
2 2 2 (3)
Pemasa coBMmecTHO ypaBHeHud (2) u (3), Haiigem
Uy = 2m,v, .
mi,+m,
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[image: image23.png]IlomcTaBuB BEIpaXKeHUe AJ4 U, B hopmyny (1) u cOKpaTuB Ha U,
U my, NOJYy4YUM

_m_z[ 2m,v, ]2 _ 4mym,
m (my + my)? ’
c92.102+4.10"2
c—=4:2-107%-4-1072 _ 0,89.
(2:1072+4-1072)?

vi(my+my)

I'pys maccoit 700 Kr mazgaeT ¢ BLICOTHEI 5 M IJIs 3a0MBKH CBAU Mac-
coit 300 xkr. Halitu cpemHIO0 CuJly COIPOTUBJIEHUA I'PYHTAa, €CJIHA B pe-
3yJabpTaTe OJHOI'O yZapa CBasd BXOAUT B TPYHT Ha rayouny 4 cMm. yzap
MEXKy I'PY30M U CBaeil CUUTATh a0COJIIOTHO HEYIIPYTUM.

Aano: m; = 700 Kr; h = 5 mM; my, = 300 kr; s =4 cm = 0,04 ™.

Hantu: F .

Pewenue. Ilo ycaoBuIO 3amaum ymap Heynpyruii, ¥ IIo3TOMY
rpy3 U cBasd IOCJIe yiapa ABHUraiTcA BMecTe, uxX nyTh s = 4 cm. Ha

IBUKYIIYIOCH CUCTEMY JeHCTBYeT cuJia TAMXKECTH U C1JIa COTPOTHURB-
nenus rpyura F . ITo 3akoHy coxpaHeHUs d9HEPTUU

T+IT=A, (1)

rae T — KUHeTHYecKasd dHeprus; /I — NoTeHIMaJbHadA 3HEeprus;
A — paboTa CHUJ COIPOTHUBJIEHUA, KOTOPYIO MOXXHO OIIPeJeJUTh IO
¢dopmyne A = F  s. IIpu IBUKeHUU CUCTEMBI HA IYTU S U3MEHSIOT-

cs ee NMOTEeHIINAJIbHAA U KUHEeTHUeCcKas dHeprusd
II = (m; + m,)gs;

T = %(m1 + my)u?,

rae u — o0masa CKOpPOCTh I'Py3a M CBaM IIocjie yaapa (B HadaJe ux
COBMECTHOIO ABMKeHUsd). Mcnons3yd 3T0, 3anuIineM paBeHCTBO (1)
B BHUJIe

% (my + myu? + (m, + my)gs = F_s. (2)

st OLeHKM CpejHEN CHJIBI CONPOTHUBIEHUA F  ycTaHOBHUM

3HaueHue o0IIeil CKOPOCTH Ipy3a U cBaH, AJA Uero NPUMEHHM 3a-
KOH COXPaHeHUudA UMITYJIbCAa:

i=n

Y. m,v, = const. (3)
i=1
Ins cucreMbl «rpy3 — CBasi» 3aKOH COXDAHEHUS HMIIYJILCA
MMeeT BUX:
m,v = (m, + my)u, (4)
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[image: image24.png]r'fie U — CKOPOCTh IrPy3a B KOHIle ero NafeHus ¢ BBICOTEI f; m,U —
UMIIyJbC I'Dy3a B KOHIle ero mnajeHusa 10 yjgapa o cBawo; (m, +
+ my)u — UMIIYJIBC TPy3a U CBau mocje yjgapa.

CkopocTs rpys3a v B KOHIIe IIaJleHUA ¢ BBICOTEI i OIIpeieifgeTc
0e3 yueTa COIPOTUBJIEHUA BO3AYXa U TPEHUA:

v=.2gh. (9)

OO0maa cKopoCTh rpy3a M CBau IOcJIe yaapa Haxoaurcda us Qop-
myJ (4) u (5):

— m1 * «lzgh

m;+ my

u

(6)

Onpeznenum CpPesHIO CUY COIPOTUBJIEHUS Marepuana F . us
dopmyua (2) u (6):

F ____m1+m2

2
cp 2 ) yg‘ +(my + my)g; (7)

mig h
= ct+(m, + m.)g. 8
(mi+my) 8 (m, 0)g (8)

_7002-9,81 5
°®  700+300 0,04

cp

+ (700 + 300)-9,81 = 6,11 - 105 (H).

ToHKUI cTepKeHb Macco¥ m U AJMHOUN [ BpalaeTcsa C YIJIOBOH
cxopocTsio 10 ¢! B ropusoHTANBHOI IJIOCKOCTH BOKPYT BepPTHKAILHOM
ocH, IIPOXOAAIIell uepe3 cepeIuHy crep»Hsa. IIpogonkana Bpamarscsa B
TOM K€ IIJIOCKOCTH, CTep)KeHb IlepeMelllaeTCA TaK, YTO OCh BpallleHUudA
Telepb IPOXOAUT Uyepe3 KOoHell CTep)kHA. HaliTh yrioByio CKOPOCTH BO
BTOPOM CJIy4ae.

AaHo: o, =10cL,

Hantun: w,.

Pewenne. J{nsa pemreHus 3afady UCIONB3yeM 3aKOH COXDaHe-
HUS MOMEHTA UMILYJIbCA:

J &, = const. (1)

M=

i=1

g “30JIMPOBAHHOM CHCTEMbBI TeJ BEKTOPHAsA CYMMa MOMEH-
TOB UMITYJIBCOB OCTAETCS ITOCTOSHHOI.

B nannHO#T 3amade 3a cueT TOro, UTO paclipelesieHHe MaccChl
CTEepP)XHA OTHOCHUTEJBHO OCH BpalleHUA UH3MeHAEeTCA, MOMEHT
MHEePIIUN CTepKHA TaKyKe usMeHserca. B coorBercTBuu ¢ (1) mo-
MEHT UMIIYJIbCA He U3MEHAEeTCH:

J 0, = J 50, (2)
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[image: image25.png]V3BecTHO, YTO MOMEHT MHEPIIMH CTEpPXHA J; OTHOCHUTEJIBLHO
OCH, NIPOXOAANIell yepe3d CepeauHY CTEepPKHA (LEHTP THAMKECTHU) U
IepHeHauKyaapHoi emy (1-1 ciayuait), paBeH

J, = .11_2 mi2, (3)

rje m — Macca CTep»XHdA, | — IJIMHA CTep>KHA.

MoMeHT uHepuuHu J, OTHOCUTEJBHO OCHU, NMEPIEHAUKYJIIAPHOM
CTEP’KHIO M IIPOXoAAIlel Uuepeld ero KoHer (2-i1 caydaii), HaigeM
o teopeme IllTeitHepa:
rge J — MOMEHT MHEPI[UU TeJla OTHOCUTEJbHO IIPOU3BOJIHLHOM OCHU
BpallleHud, J, — MOMEHT MHEePIUU OTHOCUTEJHbHO NapaJljelbHON
OCH, IIPOXOAALIeN Uepeld LEHTDP TAMKECTH, m — Macca, @ — pac-
CTOAHUE OT I[EHTPAa TAXKECTHU A0 BEIOPAHHOI OCH BpAallleHuA.

- 2 1 12 AR
J,=dJ +ma -1—2-ml+m(-2-) s mi. (4)

IToncraBum BeIpaxkeHud (3) u (4) B paBeHCTBO (2):

1 _ 1
I-z-mlza)l-— §mlzooz,
OTKYAA
-1 . - _1 _ _

@ IlnaTgopMma B BuAe CILJIOINHOTO AMCKA paguycoMm 1,5 M 1 Maccou
180 kr BpamiaeTcAa IO HHEPIMU OKOJIO BEePTHKAJBHOM OCH C HaCTOTOM
n =10 mur~l. B nearpe naardopMsl CTOUT desioBeK Maccoit 60 xkr. Ka-
KYIO JIUHEHHYIO CKOPOCTh OTHOCUTEJLHO 1I0JIa OygeT MMeTh UeJIOBeK, ec-
JIY OH IIepelJeT Ha Kpau njaatdopMsbI?

Aavo: m; =180 kr; R= 1,5 m; n = 10 mua~!; m, = 60 kr.

Hantu: v.

PeweHne. Tak Kak niaardopma BpamlaeTcs o MHepIuumu, To Mo-
MEHT BHEIIHUX CHJI, OTHOCUTEJbHO OCU BpaIllleHUusA Z COBIIaZAalo-
U C TeOMeTPUYeCcKOM OChIo nj1aTdopMel, paBeH HYJO. IIpu saTom
YCJIOBUU MOMEHT UMIIyJbca L, CHCTEMEI «ILIaTdopmMa — YeJIOBEK »
ocTaeTcAa IIOCTOAHHBIM:

L, =dJ,n = const, (1)

rae J, — MOMEHT UHepIUU NJIaTGOPMEI C 4YeJIOBEKOM OTHOCHTEJIh-
HO OCU Z; ® — YIJIOBadA CKOPOCTH NJIAT(OPMBEI.
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[image: image26.png]MoMeHT MHepIIUH CHUCTEMBI PaB€H CyMMe MOMEHTOB HUHEPIUU
TeJI, BXOJAIIUX B COCTAB CUCTEMEI, HO3TOMY J , = J; + J,, THe J | —

MOMEHT UHepIUU NJIaTGopMel, J, — MOMEHT MHepLUU YeJIoBeKa.
C yueToM aToro paBeHcTBO (1) numeer Bua:

(J1 + J,)o = const,

nIn
L+ J o =(J] + I, (2)

rJe HellITPUXOBAaHHbIe 3HAUYEHUSA BeJIMUYNH OTHOCATCA K HaUaJbHO-
MY COCTOSIHUIO CHCTEMBI, IITPUXOBAHHBEIE — K KOHEUHOMY COCTO-
AHUIO.

MomenT umHepnuu nJaT@oOpMbl (CIJIONIHOTO AHUCKA) OTHOCH-
TEJBbHO OCH Z IIPH Iepexoje YeJIOBeKa He N3MeHAeTCA:

— g =1 2
Jl < 1 2 mlR .
MoMeHT MHepIM1 4YeJIOBEKA OTHOCHUTEJILHO TOH »Xe ocu OyJler
N3MeHAThcA. KEcau paccMaTpuBaTh 4eJIOBEKa KaK MaTepuaJIbHYIO

TOUKY, TO €r0 MOMEHT WHepnuu J, B HAUYaJLHOM MOJOXKEeHUHU (B

IeHTpe NaaT@dOpMbI) MOXKHO CUUTATh PABHBIM HYJII0. B KOHeYHOM
MOJIOXKEeHHNU (Ha Kparo nJjaaTopMbl) MOMEHT HHEPIIUHU YeJOBeKa

J 5= myR2,

ITogcraBum B popmyny (2) HalifeHHBIE BhIpAKEHUA MOMEHTOB
MHEPIINM, a TaKKe BhIpa3uM HadyaJIbHYIO YIJIOBYIO CKOPOCTh ® Bpa-
IeHU A IIIaTdOPMBL C YeJIOBEKOM Yepe3 4aCTOTy BpaleHuda n (o =
= 27n) 1 KOHEYHYIO YIVIOBYIO CKOPOCTh ®' — Ueped JIMHEeNHYIO CKO-
POCTH U 4eJIOBEKA OTHOCHUTEJbHO nnoja (o' = v/R):

(1 m,R? + O)Znn = (1 m,R? + msz)E :
2 2 R
ITocne coxkpamenusa Ha R? u mpocTeIX mpeoOpa3oBaHUM HAXO-

AUM CKOPOCTbD:
m
v=2nnR .
m,;+2m,

YuureiBasg, yton = 10 Mmug1 = %c'l, IMOJIVINM:

v=2-3,14-1.1,5. 180 _ 942 (m/c).
6 180 +2-60
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[image: image27.png]IIpu BRICTpENE U3 NPYKUHHOTO UCTOJIeTa BePTUKAJIBbHO BBEPX 1Iy-
a3 Maccoll 20 r moAgHAMach Ha BeICOTYy 5 M. OmpemesuTh »KEeCTKOCTH k
IPYKUHEI IIMCTOJIETa, eCJIi oHa On1yia coxaTa Ha 10 cm. Maccoil npyXHHBI
IIpeHeOpeyYs.

Aavo: m=20r=2-102kr; h=5Mm;s=10cm=10"1m.

Hantu: k.

PeweHune. IIpu 3apagke nucrosera CKUMaeTCAa NPy »KUHA U CO-
BepuiaeTcsa pabora A,, B pe3yjbTaTe 4ero Ipy»KuHa npuobperaer

IOTeHIUAJbHYI0 dHepruio I[I,. Ilpu BrICTpesle NOTeHIMAJILHASA
9HePrus NPY KUHEBI IIePeXOAUT B KUHETUYECKYIO BHeprum 1, nyau,

a 3aTeM IpHU IIOJ'bEME ee HA BLICOTY h mnpeBpalaeTcs B IMOTEHIU-
aJbHYI0 3Hepruio I1, myau.

Ha ocHoBe 3akoHa COXpaHEeHudA SHEePIrny MOXXHO 3aIIluCaTb
A, =1II,. (1)

Beipasum pabory A,. Cuna F,, cxxumarmoIias IPYXUHY, ABJA-
eTcd IepeMeHHOM: B KaKJIbI¥ MOMEHT OHa II0O HallpaBJIEHUIO IIPO-
THUBOIIOJIOKHA cuJie yupyroctu F u unciaeHHo paBHa eii. Cuna yn-
PYrocTH, BOSHUKAIOIIAA B IPYKHUHEe NPpU ee fepopMauu:

F =-kx,

rae x — abcoaoTHaA AedopManuda IPYKUHEI.
Pabora npu cokatuu NpyKMUHEI HA dX BEIPA3UTCHA QPOPMYJION
dA, = F,dx,
101071
dA, = kxdx.

Hurerpupysa B npezgenax ot 0 1o s, moaydum

A, =Fk[xdx=1rx?| = L1ps2 (2)
0 2 2

0

IlorenmuanbHasa SHeprusa IyJU HaA BBICOTE S ONpPelesIuTCH II0
dbopmye:
II,=mgh, (3)

rie g¢ — yCKopeHue cBOOOJHOIrO NajeHusd.
IToxcraBusB B Beipaxkenue (1) A, us (2) u 11, us (3), HangeM

-é—ks2 =mgh,

OTKY/a

§2 0,12
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[image: image28.png]C Kaxoil CKOPOCTBIO HOJIXKHA OBITH BBRIOpOIIEHA C IIOBEPXHOCTU
CosHIIa yacTHIla, YTOOBI OHA MOTJIa YAAJIUTLECA B 0€CKOHEUHOCTD?

Aavo: R = 6,95-108 m; M = 1,98-10%30 kxr; G = 6,67 x
x 10711 M3 /(xr * c2).

Hantu: v.

Pewenune. CKOPOCTE YACTUIIBI U AOJIXKHA OBITHL TaKoOi, 4TOORI
COOTBETCTBYIOIIIaaA el KUHeTuuecKas sHeprusa E Onlla He MEHb-
e paboTel A, coBepriaeMoil NPOTHUB CHUJ IIPUTAMXKEHUA 4YacTHU-
el K CosrHIy npu yaajeHuu ee B 0eCKOHEYHOCTh, T. e. K 2 A, E =

2
= MU > A, orkymav > /-2‘—4
2 m

Pabora A nmpotus cuibel nputaxenus F vactuner K Coanny 0y-
neT paboToil mepeMeHHOU CHJBI, TaK KaK F aABadeTca QpyHKIUeH
paccrosHusa r or CosHna. 11o 3aKOHY BCEMUPHOIO TATOTEHUA

F=g2M

’
r2

rae m — Mmacca yactuinel, M — macca CosHiia, G — rpaBuTaIuOH-

Has MOCTOAHHAS.
JdieMeHTapHada padora dA cuiasl F OyaeT BeIpakaThbCA:

dA = Fdr = Gﬂ-z]\-‘-[ dr.
r

PaboTa o ygasenuio yacTuIlbl ¢ nopepxuoctu CojHIIA B 6€CKO-
HEYHOCTD:

°°=GmM

A=TFdr=TGMdr=GmMTQ=GmM ,
i R re R T R R

r

rae R — panuyc Coaniia.
OnpeneanM CKOPOCTEH YaCTUILHI:

'\jm Aj mR '\j R’

2:6,67-10711.1,98 1030
V> 2 2 >6,16-10° c).
'\/ 6,95-108 (m/c)

ABTOMOOMJIb Ha TOPU3OHTAJILHOM YUacCTKe JOPOTY pa3BUBaeT CKO-
pocts 108 xM/4, momHOCTE MOoTOpa 70 j1. ¢. OmpegesnTsL TATOBOE YCU-
Jiie, CUATAasA ero IOCTOSHHBIM,
AaHo: V=108 KkM/u=30mM/c; N=T01.c.=5,15+10% Br.
Hantn: F.
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[image: image29.png]PeweHne. Momuocts — 3T0 paboTa, coBepiiaeMasd B eJUHUILY
BpeMeHMU:
_da
dt’
rae dA — ssneMeHTapHadA pabora, dA = Fds, F — cuina, ds — 3Je-
MEHTApPHBIN IIYTh.

TomaN=F;—lf = F-+v, orkyga F = I_;_/_';

F= 5’136104 ~ 1,72+ 108 (H).

K xarsamemycsa o rOpH30HTAJILHOM IIOBEPXHOCTH IIapy MacCoil
1 xr npuinoxkunu cuny 1 H u ocranosuiu ero. IlyTs TopMOXKeHHUA cocTa-
BuJa 1 M. OnpegesuTs CKOPOCTS 1Iapa A0 Havaia TOPMOXKEHU .

AaHo: m=1kr; F=1H;s=1 M.

Hantu: v.

Pewenne. KnHeTHYeCcKanA sHeprus KaTAIerocd Imapa CKJIaJbIBa-
eTCsA U3 D9HepPruiu IIOCTYIATEJIbHOr0O 1 BpaliaTeJbHOTO ABUKEeHU M !

2 2
E, = mzv 4+ d g) ’

rje m — macca mapa, J — MOMEHT UHEepIuU, V U 0 — JIUHeNHada u
yIJI0Bad CKOPOCTU, KOTOPhIE CBA3aHbBI COOTHOIUIEHUEM UV = ®r, ' —
paguyc mapa. MoMmeHT uHepIuu mapa J = 0,4mr2. C ydeToM 3TOro

E =.”_1.'£E+in”i’:f.2§ =O,7mvz.

K 2 2 ré
Pa6ora A Topmo3ssamnieit cuybl F Ha IyTH S
A=PFs

OyJeT paBHa M3MEHEHUIO KNHETHUYeCKON SHepruy nmapa, Ko.opo. B
YCJIOBHH 3aAa4y paBHO E  (KHMHeTH4YeCKad 5HePrus OCTaHOL.ABIIIe-
rocs mapa paBHa O)

: Fs=0,Tmv?, oTkyna

— /F S /.1___1 =
V= 0 7m 07 1,2 (m/c).

@ Paxera ycTaHOBIeHa Ha IIOBEPXHOCTH 3eMJIU AJIA 3allyCKa B Bep-
TUKAJbHOM HallpasjeHuu. IIpu xaKoil MUHUMAJIBHOH CKOPOC' Uy, COO6-

II[eHHOM paKeTe IIpH 3allyCKe, OHA YAAJHUTCA OT ITIOBEPXHOCTK *  )ACCTOA-
Hue, paBHOe paauycy 3emau (R = 6,37+ 109 m)? Beemu cu. vy .1,, Kpome
CHJIBI TPABUTAIIIOHHOT'O BBAUMOIAENCTBUA paKeTHl 1 3eMJI, ‘. ~0pedb.

PeweHne. MUHUMAJIBLHYIO CKODOCTh U; PAKETBI MO.. npe-

NeluTh, 3HAfA ee MHHUMAJBHYIO KHHETHUYeCKYI0 dSHepruwmo E ,
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[image: image30.png]Ilnsa onpenesieHua E ; BOCIIOJNIb3yeMCA 3aKOHOM COXPaHEeHUA MeXa-

HUYeCKOU 3Hepruu.

Bynem cuuraTh cucteMy «paketra — 3eMJA» 3aMKHyTOu. EquH-
CTBEHHadA CcHJja, OeMCTBYIOIas Ha CUCTeMYy, — TrpaBUTAI[UOHHAS,
OTHOCHUTCA K pa3pAny KOHCEePBATHUBHBIX.

CorsiacHo 3aKOHY COXPaHEHUA MEeXaHUYEeCKOU d3HEePruu MOXXKHO
HaIucaTh

ER1+En1 =EK2+EH2’ (1)

rge E , u E_; — KHUHeTHUYeCKad U NOTEeHIMAJIEHAA S9HEPTUU CHUCTe-

MBI «paKeTa—3eMJisd» B HAYAJBHOM COCTOSAHHM (HA MOBEPXHOCTU
3emnnn); E , 1 E_, — Te e BeJIJMYMHEI B KOHEYHOM COCTOAHUU (Ha
PacCTOAHUU, PABHOM pPaguUycy 3eMJiH).

B BLIOpaHHOII crcTeMe OTCUeTa KHMHeTUUYecKasa d3Heprusa 3eMju
pasHa 0. Ilosromy E_; ecThp IPOCTO HadaJlbHasaA KHHETHYECKasd
dHEepPrus pakKeThl:

_ 1 2
E = 3 MU
IloTennuaspHaa 3HEPrud CUCTEeMBI B HAYaJbHOM COCTOAHUU
Enl =-G m}éw ’

rae G — rpaBuUTallMOHHAA IIOCTOSAHHAA, m U M — Macca paKkeThl U
Macca 3eMJIH.

IIo mepe yjgajleHus pakeThl OT IOBEPXHOCTH 3eMJIU €€ IIOTeH-
uuajJbHad 5Heprusa OyJeT BO3pacTaTh, & KMHeTHYeCcKasd — YORI-
3aTb. B KOHEUYHOM COCTOAHMM KHHeTUYeCKas 3Heprud E_, craHeT
paBHoil 0, a moTeHMaNbHAaA 3Heprusa E_, JOCTUrHET MaKCHUMAaJb-
HOT'O 3HAYEHUA:

II~- - ‘aBnAsa 3Havenus E_,, E_,, E ,, E_, B BeIpa)keHue (1),

IIOJIY™.

1

2 mu? -gIM _ _gmM

R 2R’
OTKyZa IocJie COKPAIIeH A Ha m HaWgeM:

v, = /G%{

3a8d, YTO G% = g (& — yCKOpeHue CBOOOJHOTO IIaJeHnsA
Yy IOBEP#i.0CTU 3eMJIN), HepenunieM 3Ty GOpMyJy B BUJE

V1= JER,

2 - 9332 I'manackoit 33




[image: image31.png]YTO COBIIaJaeT C BhIPaXKeHHUEM IJIA MepBOM KOCMUYECKOU CKOpOC-
. IlogcTaBUM 4Yuc/IOBbIE 3HAYEHUA BeJIUYUH U IIPOU3BEAEM BEI-
YUCJIEHUA:

v, = A/9,81+6,37-106 =7,9-103 (m/c).

@ Kakyioo CKOpOCTH HY»XHO COOOILMTEL paKeTe, UTOObI OHA He BEepHY-
jgack Ha Semuio? ConmporuBiieHre atMochephbl He YYUTHIBATE.

PeweHne. C yogaseHuEM paKkeTHl OT 3eMJU OYAeT YBeJINUYUBATh-
CA ee INOTEeHIMaJIbHAA SHEPrusa U yMeHbIIAThCA KHHeTHYeCKas.
I1o 3aKOHY cOXxpaHeHUs 3HEPIruu

mv§ _ mu? =m(_G_M_Q_
2 2 R, R/’

rge m — macca paketsl; M — macca 3eman; G — rpaBuUTaronHasd
IIOCTOSAHHAsA; Uy — CKOPOCTb PaKeThl OTHOCHUTEJBbHO 3eMJIH B Ha-
YyaJbHBIYA MOMEHT; U — CKOPOCTH pPaKeThl B pacCMaTpUBaeMbIil MO-
MeHT; R, — paccTosiHue A0 PaKeTHl OT IleHTPpa 3eMJiu B Ha4aJIbHEIN
MOMEHT; R — paccTOosHUe 0 PaKeThl OT IIeHTpa 3eMJIU B paccMar-

pHBaeMLIfI MOMEHT, QIJ?——W — IIOTEeHI aJI II0JIA TATOTEeHUNA 3eMJIu Ha

paccroaHuU R oT nenTpa 3emuu.
Cokpamasa o06e yacTd paBeHCTBA Ha m u InpeoOpa3oBbIBad, IIO-
JIYYUM:

vg - V2= 2GM(3}-—}1-2) .
0

Pakera He BepHeTcda Ha 3eMJIIO, €CJIH €€ CKOpPOCTh U = 0 npu
R = o0, B aTrom cayuae

of = 26M. M)

3 3akona BCEMHUPDHOI'O TATOTEHHUA CJleayeT, YTO Ha ITIOBEPXHO-

CTU 3eMJIU G-'%\E—l = mg, OTKyJa

0

GM = gR§,

rae g = 9,81 M/c? — ycKopeHue CBOGOJHOrO NafileHUs Ha IIOBepX-
Hoctu 3emuu. Iloacrasnsasa saadeHue GM B paBeHCTBO (1), Halizem

2
vg = ZZRO , U Uy = 28R, .

0
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[image: image32.png]Cuuras, uTo paKera HabupaeT HyKHYIO CKOPOCTD U, yKe BOJIU-

31 IOBEPXHOCTH J3eMJIM, U Iojaras paguyc JSeMJH pPaBHBIM
6370 KM, HalineM

V= ~2+9,81+6,37-10% =
=11,2+108 (m/c) = 11,2 (xm/c).

CkopocTh, HeoOxoauMasa AJiA OPEOAOJEHUSA NOJA TATOTeHUdA
3eMJIM, Ha3bIBAeTCA BTOPOM KOCMHYECKOH CKOPOCTRIO UM I1apabo-
JINYECKOH CKOPOCTBIO.

Crmomuoit HUIWHADP CKATHIBaeTCA C HaKJIOHHOM IJOCKOCTH, CO-
cTaBJjAIoOmei ¢ ropusonToMm yroa 22°. HaiitTn AaInHYy HaKJIOHHOH IIJIOC-
KOCTH [, ecJI ero CKOpPOCTh B KOHIIEe HAKJIOHHOH! IIIOCKOCTH paBHa 7 M/c,
a KoadduuueHT TpeHusd paseH 0,2.

AaHo: o =22°%v="Twm/c; f=0,2.

Haitu: [.

PeweHne. YBeJnyeHUE CKOPOCTH I[U-
JIMHIpPA NPOUCXOAUT 3a CYeT Iiepexoga ero l
MOTEeHIINAJIFHOM 3HEePruM B KUHETUYECKYVIO.

Ha BricoTe h (puc. 10) munuuap obaanan o
IMMOTeHIUAJIbHON 3Hepruem

E_= mgh = mglsin o. Puc. 10

[Ipu ckaThIBaHMHM IUJHUHAPA BHU3 IIOTEeHIUAJbHAA SHePrud
YaCTHYIHO pacxoayeTcs Ha paboTy IO MpeooJIeHUIO CUJIbl TDEHUS U
IIepeXOAUT B KMHETHUECKYIO SHEepruio, KoTopasa CKJaAbIBaeTcd U3
KHHETHYEeCKOM 3Hepruu IOCTYIIaTeJIbHOI0 ABHUKEeHUA U KMHeTHuYe-
CKOIl 9Hepruy BpallaTeJbHOrO JBUKEeHU .

Pabora 110 mpeooJIeHNIO CUJIBl TPeHUS Ha Iy TH [ onpegenseTcs
no popmyne A=F_I, rpe F, — cuia TpeHus.

Cusa TpeHuA paBHA:

FTp = NT,
rape N — cujia HOpMaJIBHOT'O JaBJIEHUA TeJa Ha NJOCKOCThL. Torma

A = mgflcos a.
KnnernuecKkas sHeprus B KOHIE IYTHU

E _ muv? _'_Jco2

K 2 2’
2
rge J — MOMEHT MHEepPIUM IMJINHAPA, J = -'11—2';; r — paguyc Iu-
JMUHJIDPA; ® — YIJIOBas CKOPOCTH BPAI{EHU ( = 9) :
r
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[image: image33.png]IIpoussens moACTaHOBKY, IIOJYIUM:

ITo 3aKOHY cOXpaHeHUs 3HEePruu
E_=A+E_,

cjegoBaTesNbHO, mglsin o = mgflcos o + -3 muv2,

Pe1rasg paBeHCTBO OTHOCUTEJBLHO [, ITOJYYHM:

2 .
0,75v _ 0,75-49 ~ 19,8 (m).
g(sinoa - fcosa) 9,81(0,375-0,2-0,927)

@ OxHopoaHBIN HHIAp CKATRIBaeTCA 0e3 CKOJIbyKeHHUA C IIJIOCKOCTH, Ha-
KJIOHEHHOH mof yriiom 15° x ropusoHTy. 3a KaKoe BpeMsA OH IIpOiiger
OYTh 2 M 1 KAKOU OyZeT ero CKOPOCTh B KOHIIE IYTH?

Aavo:l=2mM,0=15° g=9,81 m/c?.
Hantu: ¢, v.
PeweHne. CKOpoOCTh IIapa UV B KOHIEe nyTU [ MOXXHO HaMTH,

HICIIOJIb3YyA 3aKOH coXpaHeHUs sHepruu. [loreHnuanpHasa sHep-
ruda E_ mapa B HayaJle ero ABUKeHUA paBHa E_ = mgh, rae m —

Macca mapa, £ — yCKOpeHue CBOOOOHOroO majeHusa, h — BBICOTA,
h = lsin o.. 3nauur, E = mglsin a. B KoH1le nyTH noresnuailbHasn

9Hepruda rpespamniaeTcad B KHHETHNYECKYIO ER, KOTOpas CKJIaablBa-

eTcs U3 KUHeTHYecKoi sHepruu mocrynarenbsoro E . u E_ Bpa-
ILIATEeJILHOTO JBUIKEeHUI
2 2
_ . _ muv*, _Jo
Ex — Enoc'r + EBp’ Enoc'r _ 9 EBp — 9
_ 2 r2
rae J = = mr? — MOMEHT WHepUuH Iiapa, r — pajuyc Iuapa,

o = Y — yrioBas cKOpOCTH IIapa.
r

2 Jw?2 _ mv? |, 2 p2
E =m_l.)_.+___=___+_mr2o =O,7mvz.
K 2 2 2 5 2.

ITo 3aKkoHy coxpaHeHus sHepruu E_= E_, unu mgh = 0,7muv?,
Orcrona
glsina = 0,7v?

_ fglsina= 9,81:2-0,26 _ 7
174 v 0.7 0.7 2,7 (m/c).
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[image: image34.png]IlyTe |, npoxogu MBIl TEJIOM IIPU PABHOYCKOPEHHOM JABUXKEHUU
C YCKOPEeHUEM 4, UMEeIOIIMM HavyaJbHYI0 CKOPOCTDb U, OIIpeJeIdeT-

2
ca no popmyie l = vyt + a—2£- . Tak Kak v, = 0, ycKkopeHue

a=v—vo_2’
t t
TO l=9£,o'myp;at=-2—l;t=g—'—2z1,5(c).
2 v 0

4., IAeMeHTbl MeXaHMKM KMAKOCTEH

3a 15 MmuH 1o Tpyb6e zuamerpoM 2 cMm nporexaetr 50 Kr soanl. Haii-
TH CKOPOCTH TeUeHUs.

AaHo: t = 15mMur = 9:102¢c; d = 2102 mM; p = 103 kr/m3;
m = 50 Kr.

Haurtu: v.

PeweHnue. 3a BpeMsa ¢t depe3d NIoIepedyHOe cedyeHue TPYyOnI S,

paBHOe nd?/4, nporexkaer 00'beM BOABI, PaBHEIN V = Svt, rae v —
CKODOCTb TeUYeHU 4.

Ilnoraocts p=m/V, orkyga V=m/p.
IloacraBisaA BeIpakeHus ajasa V u S B popmyay od6'bema, IMoJy-
YU M

m nd? 4m
— = — i, OTKYZAA UV = .
p 4 A nd2pt
4-50 = 0,18 (m/c).

v_.__
3,14:4-1074-103-9-102

@ CBHHIIOBEBI HHIAPUK JHAMETPOM 2 MM HaJaeT C IIOCTOSAHHON CKOpPO-
cThIO 3,06 CM/C B cocyZe, HallOJTHEHHOM ruuneprnHoM. Halitu Koadhduu-
eHT BA3KOCTHU IJINIlepHHA.

Aavo: d=0,2 cm; p;, =11,3 r/cM3; p,=1,2 r/cm3; v = 3,6 c™m/c.

Hantu: n.

Pewenne. Ha Teno maccoit m u obwemom V, aBuKylleecs
B XKHUJIKOCTH (rase), AeHCTBYIOT Tpu cuiabi: F, = mg — cuna ta-
xectu; F, = p,Vg — BHITaNKuBalomasa cula Apxumena; F, =
= 6nNrv — cujga CONpPOTUBJIEHUA (BHYTPEHHEro TpPeHUsd), ompeje-
asgemas 1o ¢opmyse Crokca. B cayuae, eciu Teso gBUKeTcs pas-

HOMEPHO, CHJIa TAXKECTH YPaBHOBENINBaeTCA CHJION Apxumena U
CHJION COIPOTHBJIEHUA, T.e. F =F, + F .

mg = p,Vg + 6nnrv.
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[image: image35.png]Yuursisas, 4To
nd3 nd3
m — V — —— V T e—
e1r TP1Te T T T
Tie p; U py — IJIOTHOCTH LIapMKa U IJINIEPUHA, I' U d — paguyc u
IraMeTp niapukKa, U — CKOPOCTb OIyCKaHUA IIapuKa, NoJydUM:

r=4,
2

pind3g _ pyndig
6 6

Orcroza Koa((pUIeHT BA3KOCTH 1) OyeT paBeH:

+ 3nndv.

(P1—P2)d%¢ _ 10,1-4-1072-9,81 _
18v 18+ 3,6
= 6,1r/(cm*c?)=0,61 (IIa-c).

n:

IIBa CBMHIIOBLIX IIapHKa JuaMeTpaMy 2 1 1 MM OIIyCKalOT B COCY /[
¢ raunepuHoM BbicOTOM (0,9 M. Cumras, UTO CKOPOCTH IIIAPHMKOB cpasy
CTaHOBHUTCS PaBHOMEPHOM, OIpeeJiiTh, Ha CKOJIbBKO paHbIlle ¥ KaKoil U3
IIIapHKOB JOCTUTHET JHA COCYyIa.

AaHo: d; =2-103m; p; =11,3-103kr/m3; d, =1:1073 m;
Py =1,2-10%3 kr/m3; h = 0,5 m; n=0,61TIIa-c.

Hawntu: t,, ,.

PeweHne. Ha KaxXapIl1 U3 IMIapUKOB, ONYCKAIOUIHUICA B XKUJI-
KOCTH, JEHMCTBYIOT TPH CHJIBI — CHUJIa TAXKeCcTU F_; cuja BHYTpeH-
Hero TpeHuA (BA3KOCTB) F, onpenenseMass no ¢dopmyise Crokca,
1 BBEITAJIKMBAIOLAA CUIa — cuja Apxumena F,.

Ecsu CKOpPOCTH UV ONyCKaAHUWA INAPUKOB IOCTOAHHA, TO BpeMdA
onycKaHusd t OygeT paBHO:

t =h/v.

Insa mapukoB, ONYyCKAaIOUIUXCA B IJIMIlepHHE (CM. pellleHue
npeabslaAyIei 3afadyul), BEIIIOJHAETCA yCJIOBUE

mg = p,Vg + 6nnru.

YuuTeiBadg, 4To U = h/{, IOJAYYUM BhIpaXeHUe IJIsA t:

§ o= 6nrhn
mg —paVE

IlopcTaBnaa BelpakeHue aJid r, m, V (cM. pellreHue Npeaslny
el 3agaun), MoJIydIUM

18h * 1
g(p, — pg)d?
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[image: image36.png]_ 18+:0,5- 0,61 ~ 13,88 (c).
9,81(11,3-1,2)-103-4-10°°

ty

l@..
popo =0

_ 18-0,5+ 0,61 ~ 55,52 (c); 12
9,81(11,3-1,2)+103-1-105

2
tl
IIMTapuk meHbIIero guamerpa 0ymer onyckKaTtbca B 4 pasa Men-
JIeHHee.

t, = 4.

5. DAeMeHTbl CneLMaAbHOM TeOPUH OTHOCHTEABHOCTH

ITporou aBmMkeTcAa co ckopoctrio 0,7 ckopocTu cBera. Hantu um-
MYyJbC 1 KNHETHYECKYIO 3Hepruio IPOToHA.

Aawo:m,=1,67-102"kr; p=0,7; c=3-10% m/c.

Hawutu: p, T.

PeweHne. UMnynasc yacTUIbl B PENATUBHCTCKON MeXaHUKe
olpeneasaeTca no popmyJie

p=—=); (1)
=
= _E___; 2
p mcm (2)
U
P=3%

ITogcraBuB B hopmysny (2) uncioBbie 3HAYEHUA, ITOJYUUM

_ 0,7 -
p=1,67-10727-3:108 —2L— =4,91+107! (xr* m/c).
J1-0,72

B penaTuBuCTCKOII MexXaHMKe KUHETHUYeCKasa SHeprus 4acTH-
nel T ompenesnsieTcd KaK Pa3HOCTh MEXKAY ITOJHOI sHeprueil E u
sHepruei noxkos E, sroit vactunel: T = E — E, rae

E = mc?
J1 - p2
Torpa dopmyna T umeer Bux:
—me2( 1 _
T =mc ( - 1).

; Eq =mc?.

IloacraBnasa B GOpMYyJy UHUCJIOBEIE 3HAUEHUS, ITIOJYIUM

T=1,5- 10-1<>(--+)7_2 —1) ~ 6,02 101! (k).
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[image: image37.png]KocMuueckas paxera JBHUXKeTCA C GOJIBIION OTHOCUTENLHOH CKO-
pPOCTHIO. PeIATUBUCTCKOE COKpAllleHe ee JJINHBI cocTaBuio 36% . Onpe-
OeJUTHh CKOPOCTb ABUXKEHMUSA PAKETEI.

Aano: Al/Al,=0,36;c=3-10%m/c.
Hantu: v.

PeweHue. B cucreme KOOpAUMHAT, OTHOCUTEJIBHO KOTOPOH pa-
KeTa IIOKOUTCA, ee AJINHA paBHa [,. B cucreme KoopAuHAT, OTHOCH-

TEJIBHO ROTOpOfI PaKeTa U CBA3aHHaA C Hell cucrema KoopauHaT

IBUYKYTCA CO CKOPOCTBIO U, — DPaBHa . ITU AJIUHLI CBA3aHBI COOT-
HOIIIeHNEeM
_ 1 _ v2
ly= ——,0trypal=1, [1-=.
D2 c
1-Z
c2

ITo ycnoBuio 3agauun:

b=l _036:1-L =03 -i / _viogo /1——-—036
lO Lo Lo c?

1-% =0,642; v2=c%(1-0,642); v=c./1 — 0,642 = 2,3+ 108 (m/c).

IIpamoyroasHeIl 6pycoK co cropoHamMu 3,3 u 6,9 cM ABUXKeTCHA
napaJujieJbHO 00JIbIIoMy pedpy. IIpu Kako¥ CKOPOCTH ABUIKEHUA IIPAMO-
YTOJIbHEIN OPYCOK IpeBpaTHUTCA B Ky0? Kak ckakeTcA ABHKeHUe Ha 00b-
eMe Tesa?

Aawo: a = 3,3 cMm, [;= 6,9 cm.
Hantu: v, V,/V;.

PeweHune. 3aBHCUMOCTS AJUHBI [ OpYCKa OT CKOPOCTHU €ro ABU-
JKeHUA U 3aJiaeTcA COOTHOUIEHUEM

I =1, /1—%2.

Bpycox npespamjaerca B Ky0, Korjga ero AjguHa [ craHeT paBHa
MaJioll cTopoHe a. I3 3Toro ycjaoBua onpenesiieM CKOPOCTD U

a=1, 1—5-2;(%)2 -1-5 ,vz—cz(l—lD'

=/_9_2=.81_§_’§f:~_ .108
v=c (1 12 3 IOJ 6.92 2,63+10° (m/c).
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[image: image38.png]C momeHTa 00pa3soBaHUA A0 pacliaja T-Me3O0H IIpoJieTesl PacCTosd-
Hue 1,35 kM. Bpemsa XKu3HHN T-Me30HAa B HEIIOABUIKHOM crcTEMe KOOPAU-
HAT paBHO 9 MKc. OnpenejnTh BpeMs »KHU3HU T-Me30Ha II0 yacaM B CHCTe-
Me KOOpAWHAT, ABUKYILeNCcsI BMECTE C HUM.

Aavo: s=1,35-103Mm;¢t' =5+100¢;c=3-10% m/c.
Hantu: £.

PeweHne. CKOPOCTD ABUKEHUA T-ME30HA U B CBA3AaHHON ¢ HUM
cHCTeMe KoopAuHAaT OyAeT paBHA

_ oo 1,35103 _ . 108
v=s8/t'yv= = 100 = 2,7+10° (m/c).

IIpomonxuTeIbHOCTh COOBITHA t' B HEIOABHUIKHON CHCTEME
KOOPAHMHAT U IMPOLOJIXKUTEJIbHOCTL COOBITHHM ¢ B cUCTEMEe KOOpPAU-
HaT, JBUXKYIIENCcA OTHOCHUTEJIBHO HEeNMOABHUKHON CUCTEMBI OTCUETA
BMECTE C YaCTHIIEM CO CKOPOCTBIO U, CBA3aHbI COOTHOIIIEHNEM:

t

vz,
o
2

OTKyJa t=1 /1 - _v_2 .
C

2
t=t’J1—(2—§7-) =5.106,1-0,81 =2,2-1076 (c).

t =

IIpu xaxkoil CKOPOCTH ABMXKEHUA KMHETUUYEeCKAasa 9Heprus 3JIeKTPo-
Ha paBHa 5 MsB?

Aavo: m=9,1-103 xr, T = 5 MaB, E, = 0,511 MaB.

Hantu: v.

PeweHne. KuHerudeckasa sHeprusa T 3JeKTPOHa MHOIo 00JIb-
IIIe ero 3HEePruu MoKosa K, 103TOMY BhIUYHCIEHUE CKOPOCTH U ClIe-

AyeT IIPOBECTHU IO (opMyJiaM PeNATHUBUCTCKOII MexaHUKH. Kune-
TAYECKasa SHEPTUs YacTHUIIbI PaBHA:

T=E—E0,

T=_me o= Lo

,_vz ,_vz
1 = 1 =

Bripa3um CKOpPOCTh U3 3TOTO YPABHEHU A

- EO.

o= cATT*2E0) _ 5. 10s35(5+1,022) . 5 gg.108

T + E, 5,511 (/c)-
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[image: image39.png]OnpenmeauTsr MMIYJbC 3JIEKTPOHA, 00JIafalomero KMHeTHUUYeCKOoi
sHeprueit 5 MaB.

Aano: T =5 MbaB; E, = 0,511 MsB; ¢ = 3-10% m/c.

Hanutu: p.

PeweHnune.llonuas sHeprus E yacTuinbsl paBHA
E=E,+E_,

rae E, — sHeprusd nokos, E, — KuHeTHYecKas 9HEpPrus 4aCTUIHL.

PelsATUBHCTCKOE COOTHOIIIEHHE MEXKAY IIOJTHOM sHeprueil U uM-
IIyJIbCOM MMeeT BUJ,

E?2 = E} + p2c?,

rje ¢ — CKOPOCTh CBETA B BaKyyMe.
NMmnyasc 2j1eKTPpOHA OYIEeT paBeH:

p=¢ JE?-E} =2 JE(E. +2E);

J5(5+2-0,511) _ 5,5 _ 55-1,6-10"18 _
c 3108 3108

~ 9293 10-21(51"-(:1‘) .

p=

IIpoToH gBUMKETCSA CO CKOPOCTHIO, paBHOI1 0,8 ckopocTu cBera. Ha-
BCTPEYY eMy ABUIKETCS 3JIEKTPOH co ckopocThio 0,9 ckopocTu cBera. Ka-
KOBBI X CKOPOCTHM OTHOCHUTEJBLHO APYT apyra? OmnpenesnTh NOJHYIO U
KMHETHUYECKYIO JHEPIrHIo 3JIEKTPOHA.

Aano: u=0,8c; v=0,9¢c; c=3:103m/c; E,= 0,511 MaB.

Haitu: u', E, E_.

PeweHue. CKOPOCTh U' OTHOCHUTEJNHLHOTO ABUXKEHUA YAaCTUIL B
PeJIATUBUCTCKON MeXaHUKe, KOTa YaCTUIBI ABMKYTCA HABCTPEUY
OPYT APYTY, oIpefeaseTcs 110 TeopeMe CI0KEeHUS CKOPOCTell:

+
=212
uv
1+%2

31ech U U U — CKOPOCTH JBUXKEHUSA MPOTOHA U 3JIEKTPOHA, ¢ —

CKODOCTE CBETa B BaKyyMe.

w = 0,8+09c _1,7:3-107 . 9 97,108 (m/c).
1+O,8°O,902 1+0,72
C2
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1,88 10713 (IIx) = 1,173 (MaB).

IlonHaa sHeprusa 3JeKTpoHa E = rge m — Macca

3JIEKTPOHA.
.10-31.9.1016
E=91-10 9.1016 _
J1-0,92
KuHeTudeckas sHeprus 4actunsl £, = E — E,. O9Hepruda noxkos
ajexkTpoHa E, = 0,511 MaB.

E =1,173-0,511 = 0,662 (MaB).

3aAQ4M AASl CAMOCTOSITEABHOIO pPeLUeHUs

1. JIBuKeHUe TOUKU OIUCHIBaeTCSA ypaBHeHUeM s = 2¢3 — 102 + 8,
HaitTu cKopoCcTh M YCKOpPEHHE TOueK B MOMeHT ¢t = 4 ¢c. OTtBerT: 16 Mm/c,
28 m/c2.

Q. YpasHeHUe BpalleHHUs TBepxoro rejaa ¢ = 3t2 + t. Onpenenurs
YacTOTY BpalleHUusl TBepAOro Tejia, YIJIOBYI0 CKOPOCTh M YCKOpPeHUe ue-
pe3 10 ¢ mocJsie Hauasa Bpamerus. Oreer: 9,71 ¢c1; 61 paxn/c; 6 c2.

3. MarepuanpHad TOYKa, HaXoAAmascsa B IIOKOe, Hayaja JBU-
raThCA II0 OKPYIKHOCTH C IOCTOSHHBIM TAaHIeHIINAJbLHBIM YCKOPEHHEM
0,6 m/c2. OnpefleTUTh HOPMAJBLHOE U IIOJHOE YCKOPEHNE TOUKU B KOHILE
IIATON CeKyHAB! mocjie Hauasga ABUKeHUs. CKoabKO 060pOTOB caeJaer
TOUYKA 34 9TO BpeMsd, eCJIM paguyc OKpy:KHocTH 5 cMm? Otser: 180 M/c2;
180,001 m/c2; 24.

4. Muck, Bpamasich BOKPYT OCH, Ipoxojsamnieil depes ero cepenu-
HY, nenaeT 180 o6/mMuH. OnpefennTh JUHENHYI0O CKOPOCTL BpalleHU
TOYEeK Ha BHEIIIHel OKPYKHOCTHU JUCKa U ero paguyc, ecJu M3BECTHO,
4TO TOYKH, JiesKauiue OJHKe K OCH BpallleHus Ha 8 CM, NIMeIOT CKOPOCTb
2,8M/c. OTBeT: 4,33 m/c; 0,23 M.

5. Crapsan maccoit 20 Kr, JieTeBIIUI rOPpU3OHTAIBHO, IOIAfaeT B

niaaTdopMy ¢ neckoMm Maccoit 104 xr u sacrpesaer B necke. C Kakoii cKo-
POCTBIO JIETEJI CHAPSM, ecJH ILIaTdopMa HayajJa ABUIaThLCSI CO CKOPO-
ctbio 1 m/c? OTtBer: 501 Mm/c.

6. Yacruna maccoit 6+ 10725 kr yopyro coynapsiercs ¢ uacTuiei

Maccoit 1,1+10723 kr, maxomamelica B mokoe. Ilocie yzaapa mepBas
YyacTHUIla ABUKETCA B HalpaBJeHHU, oOpaTHOM IepBOHAauaJbHOMY. Bo
CKOJIBKO pa3 U3MeHNJach dHEprus nepsoil yvactuuni? Orser: B 0,8 pas.

7. Karamuiica nuJImHAP Maccoil 2 KI' ocTaHOBJeH cuioi 9,81 H

Ha nytu 0,5 M. BrlumciauTh CKOpPOCTh IUIMHAPA IO TOPMOMKEHUS.
OrBer: 2,21 M/c.
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[image: image41.png]8. MaxoBUK U JIerKUll IIKNUB HacaXeHbl Ha TOPU30OHTAILHYIO OCh.
K mxuBy ¢ IDOMOLILIO HUTH IIPUBA3AH IpPy3, KOTOPBIM, OIYyCKAaACh
paBHOYCKOpeHHO, npomejg 2M 3a 4 c. MoMeHT MHepnuu MaxOBHKAa
0,05 kr - m2. OnpenenuTh Maccy rpysa, eciau paguyc mxusa 6 cm. Mac-
coli mKuBa npeHebpeus. OteeT: 0,36 Kr.

9. Bo cKOJBbKO pa3 KuHeTUUYecKas dHePrusa, KOTOPYIO HEOOXOAMMO
COOOILMTEL TeNly IJA VAaJeHUA ero 3a Ipenejbl 3eMHOI'0 TArOTeHUd,
0oJIbIIle KUHEeTHUYEeCKON SHEepruu, HeoO0XoaAMMOM IJIA TOr'0, YTOOBI 3TO Te-
JIO BRIBECTH Ha OPOHTY MCKYCCTBEHHOI'O CIYTHHKA 3eMJIH, Bpalljaroule-
rocs Ha BeIcoTe 3000 KM Haf ee moBepXxHOCThio? OTBeT: B 1,51 pasa.

10. Onpeznenurs nepuox obpameHUs UCKYCCTBEHHOTO CIIYTHHKA
3eMJI, eCJM M3BECTHO, YTO OH BpallaeTcs II0 KPYyroBoyu opbGure pajmu-
ycoM 7800 kM. OTtBeT1:1,9 u,

11. Touxa ABUKETCA IO OKPYKHOCTU paguycoM 15 ¢cM ¢ mOCTOSAH-
HBIM TaHUeHIIVaJbLHBIM ycKopenuneM. K KoOHIy ueTBeproro obopora
IIocJie Hayaja ABMIKEHUS JIMHEMHAsA CKOPOCTh TOUYKHU AOCTUIJIA 3Hade-
HuAa 15 cm/c. OnpenenuTs HOPMaJibHOE YCKOpPeHHEe TOYKM uepeld 16 c.
OteerT: 1,5 cm/c2.

12. Teno maccoii 5 kr nagaeT ¢ BeicoTsl 20 M. OpeResIuTh CYMMY
ero IOTEHIMAJbHON M KMHETHUYECKOM JHEpPruil B TOUKe, HAXOAsIIeNcs
Ha BeICOTe S M oT nmoBepxHocTu 3emau. OreeT: 981 x.

13. MarepuanbHas Touka Maccoii 20 T IBUKeTCA 110 OKPYXKHOCTHU
paguycoM 10 cM ¢ OCTOSIHHBIM TAHTEeHIIMAJILHBIM yCKOpeHueM. K KoH-
IIy OSTOro 060poTa mocje Hauaja ABUIKEHUA ee KUHeTUYECKas SHeprusd
oKazajach paBHoH 6,3 MI[>x. OnpefenuTs TaHTeHIIMAILHOE YCKOPEHHUe.
Otsert: 0,1 m/c2.

14. Tlonnas KuHeTHYecKas B3Heprud AUCKA, KaTALIerocs IO
rOPU30HTAJILHOM NmoBepxHOCTH, paBHA 24 [>x. OnpezenurTh KUHETHYE-
CKYIO dHEPrHIO IIOCTYIIaTeJhbHOr0O M BpalllaTeJIbHOI'O ABMKEHUS AMCKA.
OrtBerT: 16 k; 8 k.

15. Haiitu uMnysbc, DOJHYIO ¥ KUHETHUYECKYIO SHEPIUIO BJIEKT-

poOHa, ABMKyIIlerocs co ckopocrnio 0,9 c. Otser: 5,6+10°22 xr+™m/c;
1,87+-10"131Tk; 1,05+ 10713 Tax.




