MEXAHIKA
4. KIHEMATUKA OBEPTAJIbHOI'O PYXY

OcHoBHi ¢hopmynu
1. KinemaTuuHe piBHAHHS 00€pTaIbLHOTO PyXY

@ = (t).
2. MutTeBa KyTOBa IMIBUIKICTH
d
=02,
dt
3. CepenHs KyTOBa MIBUIKICTh
cp>=P2" P
-4
4. BennurHa (MOyJb) KyTOBOT'O IPUCKOPEHHS
- %)= ot =g
dt
5. KinemaTtuuHe piBHSHHS PIBHO3MIHHOT'O 00EPTaIBHOTO PYXY:
2
et

®=@q +a)oti7.

6. KyroBa mBuKiCTh IPU PIBHO3MIHHOMY 00€pTAIBHOMY PYCI:

w=awyxet,
7. Ilepion obepTanHs
21
T=—.
)
8. HacToTa 0OepTaHHS
1 @
n==, n=—
T 27
9. JIiHiliHA MIBUAKICTD
v=wR
10. TanreHuiaibHe NPUCKOPEHHS
a, =¢R
11. HopmanbHe npuCKOpEeHHS
a, = w’R



MEXAHIKA

MeToauuHi BKasiBku i nopaau

Bci  dopmynu, skl XapakTepu3ylOTh PIBHO3MIHHUM TMPSAMOJIHIMHUN pyX,
30epiraloThCs 1 Ji1 PIBHO3MIHHOTO OOEpPTabHOTO PyXY, SKIIO 3aMIHUTH JIiHIKHI
BEJIMYMHHU BIJMOBIIHUMHU KYTOBUMH, JIHIHHY MIBUAKICTh U - KYTOBOIO IIBUIKICTIO @

JTiHiliHE TPUCKOPEHHS A - KYTOBUM IPHCKOPEHHS €, NPOMIEHUH HUIsSX S — Beu-

YUHOI0 CyMAapHOIo KyTa IoBopoTy #.

3aMiCTh BEIUYHUH (¥, (U, & 1HOMI KOPHUCTYIOTHCS CIIOPIIHEHUMHU BEITUYUHAMH,

3aCHOBAHMMH Ha 4MCIi 00€pTiB, a came MOBHE 4ucio o0epTiB N, uucio o6epTiB 3a
omuuuio yacy N. Ipunsomy @=27N, @ = 27n.

MuTtTeBa Bich OOEpTaHHS UMJIHAPA, IKUA KOTUTHCSA 1O IUIOLIMHI, 301raerbes 3
TBIPHOIO LMJIIHAPA, KA TOTUKAETHCS 10 MIIOMIMHYU B TAHU MOMEHT.

MNMpuknaau po3B’s3yBaHHA 3aaad

4.1. Jluck obepmaemuvcs HABKOI0 HEPYXOMOI 0Ci MAK, W0 Kym 1020 nogopony
. _ 2 .
3anexncums 6i0 uacy 3a zakonom ¢ =10t - 2t + 50 (9 — ¢ padianax, t — ¢

CceKyHoax). Buznauumu Kymoey wieuoKicms @ ma Kymoee npucKopenHs & OUCKa 6
Momenm uacy t = 60 C.

Po3B’si3yBaHHs
Hano: Busnaunmo KyTOBY MIBUAKICTH JTMCKA:
= 1021450 dp _d(10t? -2t +50) 0
t= 60 ¢ w=-2 - - (20t —2) 242
7 e dt dt C
' ' [Tpu t=60 c:

@ =20t —-2=2060-2=1200 —2=1198 pad/c.

BuzHaunmMo KyTOBE MPUCKOPEHHS IUCKA:

,_do_d(@0t-2)
dt dt '
8:2019;6.
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MEXAHIKA

4.2. Kymoea wieuokicmp Ko1eca 3MiHIOEMbCA 32i0H0 3 pieHaAHHAM ® = A + Bt +
Ct?, 0e A = 3pad/ec, B =2 pao/c*, C = 0,6 pad/c’. Ha akuii Kym noeepnemvcs
Kos1eco 3a npomixcok uacy 6i0 13 = 0C oo t; = 10 Cc. 3naiimu cepeonto Kymoey
weuoKicmos <@ > 3a yeil NPOMINHCOK 4acy.

Po3B’sa3yBaHHS
KyToBa mBHIKICTh AMCKA:

ano: do
®=A+Bt+Ce o= @
A =3 pao/c 3ni

BiJICH
B =2 paod/c
L=0c dp=wdt. (2)
t,=10c¢ [IpoinTerpyemo oOuaBI yacTWHH BHpa3y (2) 1 3HAMIEMO KyT

<@>-? MOBOPOTY KoJieca:
ty ty B C
Q= ja)dt =I(A+ Bt+ Ct?) dt =(At +Et2 +§t3) -

t
tl tl

:At2+%t22+%t23.
@ =3-10+1-100 + 0,2-1000 = 330 pao.

Cepenns KyToBa MIBUAKICTh

<co>:£, <a)>:33p—aa.
A c

4.3. Tino obepmaemocs HABKONO HEPYXOMOL OCi makK, w0 Kym 020 noGopomy
. . . 2
3MIHIOEMbCA 6 3anexcHocmi ¢i0 uacy t 3a 3akonom @ = Bt—Ct°, oe B=2,4 pao/c,

2 .
C = 0,03 pao/c’. Buznauumu momenm uacy l3, ¢ aAKuit mino 3ynuHaeEmMvCca, ma
yucno ovepmie N mina 0o 3ynunku.

Po3B’si3yBaHHs
Hano: KyTroBa mBuaKicTh Tijia
Q= Bt—C’[2 d(D
B=2,4 pao/c W= dt =B-2Ct. @)
C = 0,03 pao/c® . _
Tino 3ynunsierbes, ko w=0.
ts-? : ,
Tomi 3 (1), maemo:
N-? B

B-2Ct =0, t =——, t =40c.
2C

3
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MEXAHIKA

KyT moBopoTy Tisia 3B’s13aHUM 3 YUCIIOM OOEPTIB CITIBBITHOIICHHSIM:
@ =27N.

3BiacH,

27 27\ 2C 4C? ) 2z 4C’

N =7,6400.

y_ot) 1 (BZ B’ ]_ 1 B

4.4. Koneco nioiiomHo20 Mexamizmy 00epmacmovcsa HAGKOIA0 HEPYXOMOI oci
makK, w0 3a1exdcHicmb Kymoeoi WeuoKocmi 6i0 Kyma noeopomy () 3a0a€mbCs
. _ _ -1 —
pienannuam @ = ay— A, oe ay= 0,8 pao/c, A=05c". Bmomenm uacy t=0c

kym @ = 0°. Buznauumu Kym noeopomy ¢ i Kymoey wieuoKicms @ 6 MOMEHm

uacy t1 =2 c.
Po3B’si3yBaHHsA
HAano: KyTtoBa mBuakicTh Kojeca:
w= C(b—A(ﬁ d(p
@y = 0,8 pao/c w=——=a;~A
B} dt
A=05¢ ) .. ) . _
(=0 Po3ainumo 3MiHHI 1 TPO IHTETPYEMO OTPUMAHUN BUPA3:
_ T d ‘ 1
t,=2¢ I—g’k:jdt, ——In(a)o—Aqo)M: :
(P'? 0 Wy — AP A
=7 w, — A
@ nw, —In(w, - Ag) = At, N2 —_at

Wy
[IponoTeHIF0EMO OTpUMaHUIl BUpa3:
@, — Ap = —a)oe_At, Ap=aw,1-e").

Kyt noBopoty koneca:

@y ~At
=—(1-e),
o= )
¢ =101pao.
KyTroBa mBuaKicTh KoJieca:
w=w,-Ap=0,—n,+0, " ="

ITizcTaBUMO YHMCIIOB] 3HAYECHHS:

w=0292%
C
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MEXAHIKA
4.5. Ilpu obepmanni maxoeuka 1020 Kymoee NPUCKOPEHHA 3MIHIO8ANO0CA 3d

3akonom €=A — Ba, 0e A =0,8 pao/c’, B=0,2 . Ileped 2anvmyeannam Kymosa
WeUOKICMb Maxosuka ay = 2 paod/c. Akoro 6yoe Kymoea wieuOKicmb MAX08UKA @
uyepe3 uac t = 5 ¢ nicna nouamky 2anvmysanns?

Jlano: Po3B’si3yBaHHA
c=A-Bw KyToBe npuckopeHHs] MaxOBHKa
A =08 pao/c’ 99 A g
B=02c" dt
wy = 2 pad/c Pozminumo 3MiHHI B AuQEpeHLiadbHOMY pIBHSHHI 1
t=5¢ IpOBEIEMO IHTETPYBaHHS:
w =7 T d ‘ 1
[———=[dt = -ZIn(A-Ba), =t,
wA-Bo g B ¢
A-B
In"—=% _pt.
A-Bow

[IponoTeHLIF0EMO OTpUMaHUI BUpa3:
(A-Baw,) = (A-Bw)e®".

= é—(é—a)oJeBt.

3Biacu

B B

[TizcTaBUMO YHUCIIOB] 3HAYEHHS:
0,8 0,8

w=——"—| ——
0,2 0,2

4.6. Aémomobinvhe Koeco 06epmacmvbca HABKONO OCi MmakK, wio Kym @ ilozo

2}8_0'2'5 pao/c,w=3,3 pad/c.

nosopomy 3anexcums 6id uacy 3a sakonom ¢ =Ct>, e C= 0,20 pad/c’. 3naiidims

noemne npuckopenns | 8 |mouxu A na 0600i koneca 6 momenm uacy t = 2,5 c nicna

nouamKy pyxy, aKkujo weuokicmes mouku A 6 yeii momenm oopienroe U = 0,65 m/c.

Po3B’si3yBaHHs dl
Hano: . d
) 3a BU3HAYEHHSAM, KyTOBA IIBUJIKICTh R ¢
@ =Ct
) _do
C= 0,20 pao/c CO—E.
t=25¢c .
BpaxyBaBmu yMoOBYy 3amadl, OTPUMAEMO,

L =0,65m/c )

_ 110:
|a|-? q

0= (ct?)=2ct. Puc.4.1
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MEXAHIKA
3 puc.4.1 cnocrepiraemo, mo nowxuHa myru dl, mo skili pyxaerbcst Touka A,

noB'si3aHa 3 KyToM U@ Ha skuil BOHA 32 16l Yac MOBEPTAEThCS, CITiBBITHOIICHHSIM:
dl =Rde.
- . . . di
JliniiiHa mWBUIKICT U TOYKU A Ha 0001 KoJieca MpH IIbOMY JIOpiBHIOE U = at
3okpema, U = @R | a 3 BpaxyBaHHIM KyTOBOI LIBUAKOCTI OTPUMYEMO:
v=2CRt .
3 o71ep>KaHOTO CITIBBIJHOIICHHS BH3HAYAEMO pajiyc Kojeca:
v
R=—.
2Ct

HopmanbHe npuckopeHHs! TOUKU 4 3HaXOJIMMO 3a CIiBBITHOIICHHSIM:

2
L

a =2 =w’R=(2Ct)?-— = 2uCt.
R 2Ct

TaHreHianbHe MPUCKOPEHHS
- dv _d(2CtR) _,op_ v
dt dt t
[ToBHE MPUCKOPEHHS TOYKHU A TOPIBHIOE:

2
a=,a’°+a’° :\/lt)—2+(2Cut)2 :%\/1+4(32t4.

[TincTaBisitoun YUCIIOB1 3HAYEHHSI 3 YMOBHU, OTPUMYEMO:

a= 02’_655.\/1+ 4.41072-(25)* m/c?, a=0,7m/c?

1
4.7. luck padiycom R = 4 cm obepmaemovca HABKONO HEPYXomoi oci mak, wio
3anedcnicms Kymoeoi wieudkocmi 6io uacy 3adacmuca pigHannam @ =At+Df, de
_ 2 N — 3 .
A = 2 pao/c’, D = 0,5 pao/c’. Busnauumu noene npuckopeHHsa a mo4ok Ha 0000i

oucka ¢ momenm uacy t=2 c nicaa nouamky pyxy i uucio ooepmie N, euxkonanux
OUCKOM.

Nauo: Po3B’si3yBaHHs
R=4 cu [ToBHE PHCKOPEHHS TOYOK HA 00011 IMCKa
o =At+Dt" a=+a' ' +a .
A=2 pao/c? ,
D=0,5 pao P TaHreHulajbHe NPUCKOPEHHS!
’ d d
t=2c a =-—2=gR=-2R=R(A+4Dt%).
|a]-7N-? dt dt
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MEXAHIKA
HopmanbsHe npruckopeHHs qucka:

2
a, =%=sz — R(At + Dt*)2.

Toni

a=+a’+a’=Ry(A+4Dt?)’ + (At + Dt*)?, a:5,8%2.

KyT noBopoty ¢ nucka:

t

¢=27N, jwdt_j(AHDt)dt ( t? _t)

1 1

3BiJICH, YUCIIO 00EPTiB, BAKOHAHHUX I[I/ICKOMi

D.s
= - = Ce+ 2.
2 27r(2 5 )
I1ificTaBUBILM YHCIIOB] 3HAYECHHS, OTpI/IMae‘
N :—( 2% + 0525) 115.
2-314 2 5

4. 8. Maxosux, obepmarouuce pienonpuckopeno, 30inbwmus 3a uac t

= 2c

yacmomy ooepmanns 6i0 Ny = 4 06/c 0o N, = 14 06/c. Buznauumu Kymoee npucko-

PeHHA Emaxosuka i uucio ovepmie N, aki 6in 30ilicnue 3a uac t

Po3B’si3yBaHHs
HaHo: : . . y
) KyTroBa mBuKiCTh PU PIBHO3ZMIHHOMY 00€pTaIbHOMY PYCI:
¢ =0,04 padlc w, =, + &t 27N, —2xn, = &t.
o=76° 35i
R=20cm PUH
_ 27(n,—n 0
=7 g2 314290
t c?
S=°2
' Kyt noBopoty ¢ MaxoBuKa:
+
ATy (N, +n,)t.
3 npyroro 60Ky
@=27N.

B pesynbrati

2zN=z(n, +n)t, N= ”1;”2 t, N =1806.
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MEXAHIKA

4.9. Mamepianbna mouka RnOUUHAE PYXAMUCL NO KO08IU MPAEKMOPIi 3i
cmanum Kymoeum npuckopennam & = 0,04 pad/c’. Yepes axuii uac nicia nouamxy
PYXy NO6HE NPUCKOPEHHA MamepianbHoi mouku O0yoe HanpamiaeHe ni0 Kymom
a =76° 0o Hanpamy it NiHiuHOT weuokocmi ? Busnayumu winax, wio iio2o npoiioe

moukKa 3a ueil uac, AKuio paoiyc kon060i mpackmopii R = 20 cm.

1 Po3B’si3yBaHHsA
aHO: . ~ . - . ..
00 2 Kyt a mix Bektopamu A 1 U 3aleXuTh BiJ CHIBBIiJ-
€ = 0,04 paolc .
_ 760 HOIIEHHS MDK HOpPMalbHUM &, Ta JOTHYHUM &, TIPUCKO-
a —
R = 20 oM PCHHAMMU:
- a 2
S =9 a, Ra
OCKUIbKH
v=at
a
a =¢R

T0 BHpa3 (1) MOKHA TOJIATH Y BUTJISII:

2 2
tga = CR) = at = gt’,
Ra R

T

Toni yac Ta mIAX BIAMOBIAHO JOPIBHIOIOTH:

t
(o foe
E

t t 2 2
szjudtzjatdtzaft _ Rt
0 0 ' 2 2

ITicist miacTaHOBKH YUCIIOBUX JAHUX 3HAXOIUMO, IIIO:

0
t= tg76 c =10c
0,04 :

©0,04-0,2-107

S

m=0,4m.
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MEXAHIKA

4.10. Teepoe mino nouunae obepmamucsa HABKONO HEPYXOMOI OCi 3 KymoGum

npuckopennam € = At, 0e A = 0,5 pad/c’. Paodiyc konosoi mpaexkmopii R = 0,5m

Yepe3 axuil uac t nicna nouamky odepmanna 6eKmop NO6HO20 HPUCKOPEHHA O

. . . — 0 cme
006i1bHOT mouKku mina 0yoe ymeoprweamu Kym o = 45° 3 il eekmopom wieuo-

Kocmi U ?

ano:
e=At

o = 45°
R=0,5m

t =7

Po3B’si3yBaHHs

Kyt a mix Bektopamu A 1 U 3ajJ€KWTh Bij CIIBBIJIHOIICHHS

MDK HOPMQJIbHUM &, Ta JOTHYHUM A, TMPUCKOPEHHSIMHU

a
tga =—.
a

T

TanreHmiaJibHe NPHUCKOPEHHS

a, =30 _pR= AR
dt

T

HopwmaiibHe npuckopeHHs Tija:

a

KyroBa mBUIKICTh TisIa

t

wzjgdtzAjtdtzgtz.
0 0

Tosni HOpMaJIbHE IPUCKOPEHHS PiBHE:

B pesynbrati

3Biacu




MEXAHIKA
4.11. 3 momenmy BUKNIOUEHHA 26UHMOKPUNA (KYMO8A WEUOKICHb 3aA0ACMbCA
. . 7Z--n -~ -~
cniggionouennam @y :E , 020 26unm, AKuUii 00epmaeca 3 4ACMOMOIO
n = 18000 oo/x8, 3pobue 0o 3ynunku N = 1000 obepmis. Ckinoku uacy munyno 3

MOMEHmMY 3YRUHKU 26UHMOKpUA, AKUWIO e6éeazxicamu 06epmarmﬂ euHma

PIBHOCNOGIIbHEHUM.
Po3B’si3yBaHHs
Hano:
n= 18000 o6/xe OCKITbKA PyX pOTOpa PIBHOCHOBUIBHEHUH, TO B ILBOMY
N= 1000 o0. BUMAJKY 3aCTOCYEMO PIBHSHHS PIBHO3MIHHOTO OOEpPTaIbHOTO
-7 PYXy:
st?
» = C()Ot + 7,
W= o, + &t.
3 iHII0r0 OOKY:
p=27N .
OckUIbKH KiHIIEBA KYTOBa MIBUAKICTE @ =0, TO OTpUMYEMO:
a
&=——2,
t
TOM1
ot ot
Q=wt———=—"2.
2t 2
Otxe,
27N = a)_ot
2
zn
BpaxoBytoun, mo @y = E , 3Hamemo t:
‘o 47N 418zN 72N
w, zn n
721000 72 7260
t=———=—x8.= c~240c.
18000 18
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MEXAHIKA
3apauyi Ana caMmocCTiMHOro po3B’sA3yBaHHA

4.1. KyT moBOpOTY Kojeca 3aiaHO piBHSHHAM ¢ = 2 + 5t + t°. Paxiyc koieca
R = 3 M. BusnaunTu JiHIAHY OIBUIKICTH TOYKKA HA 00011 KOJeca HAMPUKIHIN IPYyroi
CEKYHJIU TICJIsl MOYaTKy pyXy. (27 m/c)
4.2. Pagiyc mepmioro kojeca y K pasiB Ounbmmii 3a pamiyc apyroro. Todku Ha ix
000/1ax MaIOTh OJIHAKOBI MIBUIKOCTI. 3HaWTH BiTHOLIECHHS MEPIOiB 00epTaHHS KOJIIC

T

ook
HABKOJIO OCEH. (T 2)
2

4.3. TBepae Tiio 0bepTaeThes HaBKOJIO ocl Oz. 3aleXHICTh KyTa HOTro MOBOPOTY BiJ
t2
2
KyTOBOI IIBUAKOCTI M, Ha Bich Z.( ®; =a— bt; )

4.4. Ban noyaB obepratucs Tak, M0 JOLEHTPOBE MPUCKOPEHHS TOYOK HOro MOBEPXHI
30utbmmiochk y K pasiB. Sk 3MiHWIach KyTOBa MIBUIKICTh Bajia? (ZOLIbIIMIACH Y
JK pa3siB)

4.5. KyroBa MmBHUAKICTh 00€pTOBOro TuNa 30UIbIIMIACS B 2 pa3u. Y CKUIBKHA pa3iB
30uUThLIMIACS KIHETUYHA eHeprisd Tua?( 'y 4 pa3u)

4.6. Koneco mix gac piHOMIpHOTO 00epTanHs 3maiiicHioe N = 20 obepriB 3a ya t; = 10 c.
Ha sikuii KyT IOBEPHETBIO pajiyc Koeca 3a dac t, = 1 ¢? (720°)

4.7. quckoBa muika giametpom d = 0,5 M 3miiicHioe N = 25 00epTiB 3a CEKyHIy.
Busnauutu 1011eHTpOBE MPUCKOPEHHS HaWBIJATICHIIIMX BiJ] OCl TOYOK. [IpuitHsaTH
ancio 1 = 3. (5625 m/c?).

4.8. Koneco pamiycom R = 0,1 M o0GepTaeThcsi Tak, IO 3aJEKHICTh KyTa MMOBOPOTY
KoJIeca Bif uacy 3ajaerbes piBHsHHIM @ = A + Bt + Ct}, B=2 pag/c; C=0,1 pag/c®
BusHnaunT TaHTeHIIabHE MTPUCKOPEHHS TOYOK Ha Kparo Kojieca /Il MOMEHTY 4acy
t =2 ¢ micmst mowatky pyxy (0,12 m/c?).

4.9. Komeco 006epTaeThCsi HABKOJIO HEPYXOMOI OCl Tak, IO KyT HOro MOBOPOTY
3alIeKUTh Bif dacy 3a dopmynoo ¢ = kt?, k = 0,2 pam/c’. BusHauuTH KyTOBE
nprckopeHHs koieca (0,5 pax/c’).

4.10. 3ayiexHICTh KyTOBOTO MTPUCKOPEHHS Tijia, M0 00EPTAEThCSI HABKOJIO HEPYXOMOL
0Cl, BIJl 4aCy OMMCYETHCS PIBHSIHHAM € = 8 + 3i, ne yac t BUMIPIOETHCS CEKYHIaMU, a
KyTOBE TPUCKOPEHHS € — pam/c’. IIoYaTKoBa KyTOBa IIBHKICTb CTAHOBHTH () =
= 5 pag/c. BusHaunTu KyTOBY IIBHIKICTh TiJIa B MOMEHT Yacy t=4 ¢ (61 pan/c).
4.11. IIBuukicth aBTOMOOUISI L = 727 kM/Toa. Paxaiyc #fioro komeca R = 50 cm. 3a
SIKMI yac Horo koseco 3aiicHuTh moBHUi 00ept?( 0,05¢).

gacy t omucyerhbes 3akoHoM @ = at — b ne ai b — cram. Busnauntn npoekiiiro

4.12. JliniiiHa MBUIKICTH TOYOK Ha 0001 AMCKY, IO OOEpPTA€ETHCS, IOPIBHIOE
U1 =6 m/c. Touku, mo po3mimeni Ha R=10 cu Ommwxye 10 oci, MalOTh JIHIHHY

MIBUAKICTE Uy =4 m/c. 3HaWTH KyTOBY IIBUAKICTh @ aucka. (20 c'l)
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MEXAHIKA
4.13. Muck pamiycom R =0,2 m obGepraeTbcsi Tak, IO 3aJI€KHICTh KyTa MOBOPOTY

fioro pamiyca Bim wacy 3amaerbes piBHsHHSIM: @ = A+Bt+Dt®, ze A=3pao,
B=-1padlc, C=01pad/c®. Busmauntn 1) KyTOBY WBHAKICTb, 2) KyTOBE
MIPUCKOPEHHS, 3) TaHTeHIlaJbHe, 4) HOpMaJIbHE 1 5) MOBHE NMPHUCKOPECHHS TOYOK HA
Kparo Jucka B MoMeHT vacy t = 10 ¢. (29 ¢t 6¢?: 1,2 m/c; 168 m/c; 168 M/CZ).

4.14. 3anexHICTh KyTOBOTO TNPUCKOPEHHSA Tijla BiJ Yacy 3aJa€ThCs DPIBHIHHIM
¢ = 8+3t. [louaTkoBa KyTOBa MIBUJIKICTh JOPIBHIOBANA @ (= 5 pad/c. 3HAUTU KYTOBY

IIBUJIKICTh o Tina B MoMeHT yacy t =4 ¢. (61 pao/c)

4.15. Touka pyxaeTbCcs MO KOy paaiycoM R =2 cm. 3anexHicTh HUISAXY BIJ Yacy
3ajaeThest piBHAHEAM X = Dt°, ne D= 0,1 cw/c’. Busnauntn HOpManbHe &, i

TaHTeHIliallbHe A; MPUCKOPEHHS TOYKM B MOMECHT, KOJM JIiHIMHA MIBHAKICTH i€l
touku U = 0,3 m/c. (4,5 m/c®; 0,06 .M/Cz)

4.16. Komeco pamiycom R =5 cu obepraeTses Tak, Mo 3aJIeKHICTH KyTa MTOBOPOTY
pamiyca Kojleca Bim dacy 3amaerbes piBHSHHAM @ =A+Bt+ Ct® + Dt3, e
D=1 paa/c3. Busznauutu 11 TOUOK, SIK1 JiekaTh Ha 00011 Kojeca, 3MIHY
TAHIeHIIAIBHOTO IPHCKOPEHHS Ad, 3a KOXHY CeKyHIy pyxy. (0,3 m/c?)

4.17. Koneco obepraeTbes Tak, 110 3aJ€KHICTh KyTa MOBOPOTY pajiyca Kojeca Bij
KyTa TIOBOPOTY 3aJa€Thcs piBHAHHAM ¢ = Bt+Ct’ +Dt° ne B = 1paod/c, C =
=1 pao/c’, D=1 pad/c®. B kinmi Apyroi CeKyHAH PyXy HOPMAIbHE MPHUCKOPCHHS
TOYOK, sIKi JekaTh HAa 000mi komeca, @, =346.m/c>. 3Haiitu pagiyc R komeca
(1,2 m)

4.18. Komeco oOepTaeThCsi HABKOJIO HEPYXOMOi OCi Tak, IO 3aJICKHICTh KyTa
OBOPOTY HOTO pajiyca Bix yacy 3amaeThes piBHAHHAM ¢ = CF, ne C = 0,2 pad/c®. B
MOMEHT 4acy t=2,5 ¢ JiHIifHA MBHUJKICTh TOYKH Ha 000JI IIOTO Kojieca B IeH
MOMEHT 4Yacy v=0,65m/c. 3HaliTh TOBHE MPUCKOPEHHS aTOYKH Ha 0001 IIHOTO
koieca. (0,7 m/c°)

4.19. luck pagiycoM R = 4 cm o0epTaeThCsi HABKOJIO HEPYXOMOI OCI TaK, M0 3aJIeXK-
HICTh KYTOBOi IIBHJKOCTI BiJ 4Yacy 3aJa€TbCS PIBHAHHSAM @ = Al+Dt4, ne A =
2 pac)/cz, D=0,5 pac)/c3. Busnauntu moBHE MPUCKOPEHHS @ TOYOK Ha 00011 JHUCKa B
MOMEHT 4acy t=2 ¢ micas mo4atky pyxy i 4ucio o0eptiB N, BUKOHAHUX TUCKOM.
(5,8 m/c?; 1,15 obepmis)

4.20. BekTop MOBHOTO MPHCKOPEHHS TOYKH yTBOPIOE KyT o = 30° 3 BekTopoM ii Jii-
HIAHOT MBUAKOCTI. Y CKUIBKH pa3iB B € MOMEHT HOpMaJbHE MPUCKOPEHHS TOYKH,
0 po3MmileHa Ha o000/l KoJieca, Mo 00epTaeThes, OuIbIe BiJ 11 TAHTEHIIATLHOTO
npuckopenns? (0,578)
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4.1.

MEXAHIKA

TecTHn

3akingiTh Ppazy: «ObepTaHHAM aOCOTIOTHO TBEPIOTO Tijla HABKOJIO HEPYXOMOI

0C1 HA3MBAETHCS TAKUM MOTO PyX, I/ Yac SIKOTO BC1 TOUKH Tija...

4.2.

A) ...pyXaroThCs B IUIOLIMHAX, [TapalelIbHUX J0 HEPYXOMOi 0Cl 00epTaHHs»;

B) ...pyxaioThcs B IJIOMIMHAX, MEPICHIUKYIISIPHUX JJO HEPYXOMOT 0Cl
oOepTaHHS, 1 OMMUCYIOTH EIIIICH, IIEHTPH SIKUX JICKATh Ha I OCi1»;

B) ...pyxaroThcs B IJIOIMMHAX, TEPICHIUKYIISIPHUX 10 HEPYXOMOI OCi
o0epTaHHS, 1 OMUCYIOTh KOJIa, ICHTPU SKUX JIeXKaTh Ha 11 OC1»;

I') ...pyxaroThbcs B IUIOLIMHAX IT1J1 KYTOM O 10 HEPYXOMOi 0C1 00€pTaHHs»;

M) ...IpOXOASITh OJTHAKOBI BIJICTaHI».

KyToBOI0O HIBUAKICTIO HA3UBAETHCA:

A) BEKTOpHA BEJIMYMHA, AKa JOPIBHIOE MEPIIii MOX1HINA KyTa TOBOPOTY Tijia IO
qacy;

B) ckanspua BenuumnHa, sika JOPIBHIOE MEPIIii MOXITHINA NUIIXY, SIKUM MPpOMIILIia
TOYKa TiJIa, MO Yacy;

B) BekTOpHA BeNMUMHA, sIKa JOPIBHIOE BITHOIICHHIO KyTa MOBOPOTY Tij1a /10
qacy;

I') ckansipHa BeM4MHA, siKa TOPIBHIOE IPYTii MOX1AHIM KyTa TOBOPOTY IO Yacy;

/) BeKTOpHA BEJIMYMHA, sIKa TIOPIBHIOE IPYTii MOX1AHIM KyTa TOBOPOTY IO Yacy.

4.3. SIxa 3 hopmys BU3HAYAE 3B’ SI30K MK BEKTOPAMH JIiHIHHO1 1 KyTOBO1

4.4,

IBUAKOCTEH?
A0 =[Ral; B)o=[aR];, B)o=[0,R];
ro=[Rol, m 0=[ma,R].

KyToBe nprckopeHHs MOYXKHA pOo3paxyBaTH 3a I0NIOMOTOI0 BUPa3y:

do _ d% _dg
£ =—) £=— =—~R;
AT BT BTy
426 - _do

Dé="z: M~ g

—

4.5. Ha sikoMy 3 pUCYHKIB HAMpsIMKH BEKTOPIB @ 1 £ BIANOBIAAIOTh MPUCKOPEHOMY
oOepTaHHIO qUCKa?

S
e

®2 @, o) @
o) o o &, &
1. ( [ ) 2.( i:) 3. 4. 5.
€ 0,

A)l; Bb)2; B3, I)4;, )5

™|
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MEXAHIKA
4.6. Slxa 3 ¢opMyn BH3HAYAa€ KYTOBY IIBHJKICTh TLa MiJl 4ac PIBHO3MIHHOTO
obepTaHHi?

et?
A)w:a)OJ“?; E)a):a’ot+5t2; B) @ =y +a.L;
t w = ot + ot”
= wy + &t; = —.
NHo=wy+é& 1) 0 >
Ne 4.1 4.2 4.3 4.4 4.5 4.6
3aBJIaHHS
Bapianr B A b A b r
BIITOBIII
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MexaHika

5. AUHAMIKA OBEPTAJIbHOI'O PYXY

OcHoBHi ¢hopmynu
1. MoMeHT cuiid F BITHOCHO TOYKHM (LieHTpa ) 00epTaHHs
M =[r.F]
ne I - paniyc-BeKTOp, MpoBeAeHUH 3 ToukH (eHTpa O) 10 TOUKH MPUKIAIAHHS CUITU
F.
2. MOMEHT iIMITyJIbCy MaTepiaibHOI TOUYKHU BITHOCHO TOUKH (1ieHTpa O) o0epTaHHs
L=[r.B]=[r.ms],
ne T — paniyc-Bextop, mpoBejenuil 3 Touku (1eHTpa O) IO MaTepiaabHOI TOUKH,
iMmynbc sixoi P
3. MoMeHT cuie BITHOCHO 0c¢i Z
M, =F.d,
ne F,,tanrennianpHa cKm1azmoBOi CUIM, fKa Ji€ Ha MaTepiaabHy TOuKy (Tinmo);d -

HaWKOPOTIA BiICTaHb (TI€4e CHIIM) B OC1 Z O TOYKH MPUKIAJaHHs CUJIH.
4. MOMEHT IMITyJIbCy MaTepiaabHOT TOYKU BITHOCHO OC1 Z

L, =mov,d
ne d - mmede iMmynecy MaTepiagbHOT TOUKM BiTHOCHO 3a7aHO1 oci Z.

6. MomeHT iHepirii TiJIa BiTHOCHO OCI, III0 TPOXOIUTh Yepe3 IEHTP WOTO Macu

n
J,=> Amr?,
i=1

ne I - BIACTaHb BiJ] eleMeHTa Macu AM; 10 oci o0epTaHHS.
/. MomeHT iHepiIii TiJ1a BIIHOCHO 3a7aHoi oci (Teopema Illtelinepa)

2
ne Jo — MOMeHT iHepIii Tifa BiTHOCHO OCi, IO MPOXOANTH Yepe3 IEHTP MacH Tina i €
HapanenbHOIo 10 3a1aHoi oci ooepranns; 0 — BigcTanb Mixk ocamu; M — Maca Tija.
8. MomMmeHT 1HepIIii MaTepiaibHOT TOUKH BITHOCHO OCI
2
J=md",
ne d, - BificTaHb TOYKH A0 OCI.

9. MoMeHT 1Hep1Iii TOHKOro 00pyya BIJHOCHO OCl, siKka MEepHeHANKYJIIpHA 0
IJIOIIMHYU 00pyYa 1 MPOXOAUTh Yepe3 HOTo IEHTP

J =mR?,
ne R — paniyc oOpyua.
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MexaHika

10. MomeHT iHep1ii 1McKa BITHOCHO OC1, SiIKa MEePIEeHIUKYISIPHA 0 TUIOIIMHU JUCKA 1
IPOXOJIUTH Yepe3 HOro LEHTP
1

J ==mR?.
2

11. MoMmeHT iHepIIii CTPHKHS BIIHOCHO OCl, SIKa MMPOXOIUTH Ye€PE3 CEPEIUHY
CTPYXHS 1 MEPIECHANUKYIISIPHA 0 HHOTO
1
J =—ml?,
12

ne | - moBXHMHA CTPYOKHS.

12. MomMeHT iHepItii Kyl BITHOCHO OCi, 110 MPOXOIUTh Yepe3 11 IIEHTP

J =3mR2.
5

13. MOMEHT IMITyJIbCY TiJIa BITHOCHO OCi Z, 1110 IPOXOIUTh Yepe3 HOoro MEeHTP
L, =Jo,

1€ @ - KyTOBa IBUAKICTh 00EpTaHHSA TLJa.

14. PiBHSHHS JUHAMIKH 00EPTAILHOTO PYXY Tijia BITHOCHO HEPYXOMOI OC1

dstZ =M,, Je=M, (J =const)

1e & - KyTOBE MPUCKOPEHHS TiJa.

15. PiBHAHHS TUHaMIKU 00€pTaIbHOTO PyXYy Tija BIAHOCHO TOYKH OOEpTaHHS

dl -
— =M
dt
16. KinetnyHa eHepris Tija, Mo 00epTaEThCsl HABKOJIO OC1
Jo’
E,=——.
2
17. 3akoH 30epexeHHS] MOMEHTY IMITYJIbCY
N
D L =const,
i=1
18 . PoGoTa cramoro MoMeHTY cuiii M, 1110 i€ Ha TiJI0, SKe 00epPTaEThC
A=Mgp

1€ @ - KyT TIOBOPOTY TiJja.

19. MuTTeBa NOTYXKHICTh MiJ Yac 0OepTaHHS TiIa

N = Mow.
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MexaHika

MeToaunyHi BKa3iBKM i nopagum
B 3amauax mporo po3ainy po3risgaeTbcs oOepTaHHS TBEPIOTO Tijia HABKOJIO
HEPYXOMOi OCl 1 CKJIaJHUN IUIOCKUU pyX, SKUM MOKHA MPEICTABUTH SIK CyMy
HOCTYHAJIBHOTO PYXY 1 00€pTaHHS HAaBKOJIO YSIBHOI OCl, 1110 IPOXOJUTH Yepe3 LIEHTP
Mac 1 NEepPHEeHIUKYJISPHO] IUIOIIMHAM, B SIKUX PO3MIILYIOTECS TPAEKTOPIi BCIX TOUOK
TLIA.

Po3B’s13yBaHHs 33724 IIHOTO PO3ALTY MOXKIIUBE SIK «CHJIOBHM» METOJIOM, TakK 1 3
JIOTIOMOTO0 3aKOHIB 30epekeHHs. «CHUIIOBHI» METOJ IPYHTYEThCSI Ha Oe3moceper -
HROMY BHMKOPHCTaHHI JAPYyroro 3akoHy HBIOTOHa, 3amucaHOro JUIsl IICHTpa Mac
TBEPJAOrO TiJIa, 1 OCHOBHOTO PIBHSIHHS JUHAMIKUA 00EpTaIbHOTO PyXY, AKE (OCKIIbKH
PO3TIIAIAETHCA TUIBKM OOEpPTaHHS HABKOJIO OCl) MOXHA 3allMCyBaTH B CKaJspHIN
dbopMi, 3aMIHIOIOYHM BiIMOBIIHI BEKTOPHI BETUYMHU (KYTOBE MPUCKOPEHHS, MOMEHT
CWJIH 1 T.J1.) MPOEKIIISIMH IIMX BEKTOPIB HA BiCh OOEpTaHHS.

JUiss  HalmpoCTIMX TUI, SKI YacTO JOBOAUTHCA PO3IIIAAATH, JOLUUIBHO
BUKOPHCTOBYBATH 3HAUYCHHS MOMEHTIB 1HEPIIi K BIIOMI.

[Ipu po3B’s13yBaHHI 3a/1a4 TPAIUIAIOTHCS BUIIAJIKH, KOJIM PYX Tila BiAOyBaeTbCA
HABKOJI0O MUTTEBO1 OC1 ( TMOJIOKEHHSI SKOi B MPOCTOP1 3MIHIOEThCA 3 yacom). [lpu
IbOMY B KOXXHUH MOMEHT 4acy CIpaBeJINBI T1 caml (OPMYJIH, IO W MPU HEPYXOMIid
oci. Taki BUIMAIKU TPAIUISIOTHCS, HANPUKIAJ, MPU PO3TISAIL TL, IO KOTAThCA 0e3
KOB3aHHSI 110 TMOBEPXHI: MUTTEBA BICh OOEPTaHHS MPOXOAUTH Yepe3 TOUKH CTUKAHHS

TiJIa 3 TOBEPXHEIO.

Mpuknaan po3B’sAAsyBaHHA 3apay

5.1. Paodiyc monkozo oouopionozo xinbua R=20 cv i maca m=100 2.

3naiimu momenm inepyii J 6iOHOCHO OCi, W0 JN1exHcumsb 6 NIOWUHI Kilbysa i
npoxooums uepes nozo uenmp (puc.5.1).

dm
Po3B’si3yBanHs1
aHo: . . ,
Po3riissHeEMO Mainii €1€MEHT KIJIbLS Macow p o
R=20cm O
m=1002 dm = m 32
3= | 27

[Ipu oGepranHi HaBKOJIO oci OO’ T1ied eJeMeHT Puc.5.1
MaTHM€ MOMEHT 1HEepIIii:

dJ =dmr?, (1)
ne r=Rsing — Bifgcrane Big ememeHTa 10 oci 00epranHs. MOMEHT iHepIii BCHOTO

KUTBLIA:
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MexaHika

_ (3 = [dmr? = [M92gz gin2
J-IdJ-_[dmr _J' 2”F{sm 0. 2)
KyT ¢ mipu iHTErpyBaHH1 IO BCbOMY KUIBLIIO 3MIHIOEThCS Bif 0 10 27T TOMY:
27 2 2 27w
mR*® . mR
J= sin® pde = 1-cos® ¢)d
! S —sin’ pdg =—— !( p)do . 3)

[Ticas iHTETpYyBaHHS OTPUMAEMO:

2
J = m2R ) =210 ke M.

5.2. Oonopionuii konyc mae macy M= 2xke i padiyc ocnoeu R =0,2 m. Oouuc-
Jumu Momenm inepyii J KoHyca 6i0HOCHO 11020 OCL.

ano: Po3B’si3yBanHs
m=2 ke Po3i0’eM0 kOHyC Ha UIWIIHAPWYHI 1apu y (opMi AUCKa
R_0.2 TOBIIKHOIO dI , UTsT KOXKHOTO 3 SIKHX MOYXKEMO PO3pPaxyBaTd MOMEHT
=0,2 m .
iHepii (puc.5.2)
12
J()ucm = E MR
J=2?

i

Maca takoro mapy Oyzae:

dr

Puc.5.2

d_=pzridr.
MowmeHT iHep1ii Takoro mapy, sKui Mae popmy AucKa, Oyae
1 1 1
dJ ==d_r? == pzr’drr’ = = pzridr
2™ 27 2"

MowmeHT iHepiIii BChOro KOHYCa CKJIAIa€ThCs 13 CYMU MOMEHTIB 1HEpIIii BCiX MIapiB:

R R
1 7T
J=|dJ =|Znordr=—pR°. (1)
~c[ J‘2 10

0

['ycTuHy nuutiHapa MOKEMO BUSHAYUTH Yepe3 HOro macy:

R R
_ _ 2dr = P2 R?
m_gdm_'([yzprdr_ 2 R
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MexaHika

3m
": . 2
7R3 )

[TincraBumo (2) B (1) 1 oTprmaemo

T 10 #R® 10

5
J_7Z'R 3m 3 R2

[Ticist o6umciens: J = 0,02 k2 v

5.3. Maxoseuk y euznadi oucky, macoro m=50xe i padiycom r=20cm,

po3kpymunu 00 wacmomu ooepmanna N=48006/xe i eionycmunu. Buacniook

mepmii Maxo6UuK 3ynUHUECA. SHaiimu MOMEHm CUJl mepms MT y BeadCaroOuu 1020

cmanum, aKuio Maxoeux 3ynunuecs yepez 1t =50c

ano:
m =50«ke
r=20cm

n=48006/xs
t=50c

MT:?

Po3p’si3yBaHHs
3rilHO OCHOBHOTO 3aKOHY JHMHAMIKA OOEpPTalIbHOIO pPyXy
TBEPJIOTO Tija

M; =Je, (1)

ne J — MomenT inepuii Maxosuka; My, — momeHT cumn TepTs Ta

KyTOBE IIPUCKOPEHHSI, CIIPOEKTOBAH1 Ha BiCh OOEPTAHHSI.

Pyx piBHOCHOBUIbHEHMI, TOMY KyTOBa IIBHUJIKICTh 3MIHIOETHCS

32 3akoHOM @ = @y — &l e @, — mouatkoBa KyTOBa WIBHIKICTH, @ =27N,

Kinnesa mBuakicte @ =0, Tomy

a 3BIICH:

@, —&t=0,
27N
e=— (2)

MowmeHT iHepIii JUCKY BIAHOCHO OCI, 110 MPOXOAUTH Yepe3 HOoro MEeHTp 1HepIi

JIOPIBHIOE

mr?
J=—-
S ©
[TincraBnsroun (2), (3) y bopmyny (1), orpumaemo:
2
M, =%§””, M, =1H n.
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MexaHika

5.4. Jluckonodionuii maxoeuk, macoro M=10«xe i padiycom R=0,25x, obep-
maemuca 3 wacmomoio N =4006/c. Konu eumkuyiu npugio, Maxosux 3poouswu

N =200 odepmis nio dieio mepms 3ynunuecs. Buznauumu momenm cun mepms

M+, wo 0ineé Ha maxosux.

Po3p’si3yBaHHs

Jlano: _ '
m =10 k2 3riIH0 OCHOBHOTO 3aKOHY JHHAMIKA OOEpPTaIhHOTO PYyXy

TBEPJIOTO TiJIa
R=0,25u " ;
n=4006/c T ’ (1)
N =200 ne J — moment inepuii maxosuxa; My,& — moment cunn Teprs Ta
M;=7? KYTOBE IMPUCKOPEHHS, CIIPOCKTOBAH1 Ha BICh OOEpPTaHHSI.

MomeHT 1Hepuii JHCKY BIJHOCHO OCl, IO MPOXOAHWTH 4Yepes3
HOTO0 IEHTp 1HEepIIii TOPIBHIOE
_ mR?

J - (2)

Pyx piBHOCHIOBUIbHEHUI, TOMY KYTOBa IIBUKICTh 3MIHIOETHCS 332 3aKOHOM
w=aw,—¢t,
e @, — No4YaTKOBa KyTOBA IIBU/KICTb,
@y, =27N.

Kinuesa msuakicts @ =0, Tomy

@, —et=0
a 3BiACHU

_ 27N

e==. ©
MaxoBuk 3poouBiu N 0o0epTiB, TOBEPHYCS Ha KYT
t? 1 27n

¢ =2zN :Zﬁn—%:Zﬁn—E%tZ:ﬂnt. ()

3 Bupasy (3) yac 0 3ynMHKN MaxOBUKA

2N

t=—" (5)

[MigcraBasiroun (5) dopmyny (3), a motiM oTpumanHwuii Bupas i popmyny (2) -
y (1), oTrpumaemo:

2 2
M, = MR N 157 H
2N
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5.5. Oonopionui

MexaHika

i cyuinoHuit ouck macorw M = 5kez i padiycom R = 0,2m

obepmaemuca 3 Kymoeorw wieuokicmio o, = 6,1 pad/c naexono oci, w0 npoxooums

uepes uyenmp oucka. Momenm cunau mepms, wio 0i€ HA OUCK, NPAMO RPONOP-

yintnuit Kymosiu weuoxkocmi: My = Bw, oe B = 0,01 Hm-c/pao. Buznauumu

Kymogy wieuokicmov ; oucka uyepe3 uac t = 30 ¢ nicna npununennsa Oii 306Hiui-

Hb020 momenmy cuj. CKinbKu 00epmie 3p0oums OUCK RPOMA2OM Ub020 uacy?

Jlano:

m=>5«ke

R=02m

w1 = 6,1 pao/c
Mr= Bw

B =0,01 Hm-c/pao
t=30c

0)2-?
N-?

Po3B’si3yBaHHs
3riIHO OCHOBHOT'O 3aKOHY JUHAMIKH 00€pTaIbHOTO PyXy
TBEPJIOTO TiJIa
do dw
-M; =J—, -Bow=J—, @
dt dt
ne J - MOMEHT iHepIii JucKa.
Pozgimumo B mudepeniianibHoMy piBHsSHHI (1) 3MiHHI Ta

MIPOIHTETPYEMO:
“ L @ B
d_a):_Edt' d_a’:_Ej dt, In—2=—-—t.
® J b @ J 0} J

[IponoTeHLIF0EMO OTPUMAHMI BUPA3 1 BpaXyeEMo, IO MOMEHT 1HEpLIi JucKa

1

J=ZmR%
2
Toni kyToBa MIBUIKICTH IMCKa yepe3 yac t Oyze piBHa:
B 2B
—t —72'[
w, =me 7, w, =we ™
@, =0,3paolc.
Kyt noBopory nucka:
&t? lo -, , 1 1 1
p=ot—-——=ot————=t" =ot-——ot+-—o,t =— (0, + o,)t.
1 5 TS T TGS Gt L T,

3 Ipyroi CTOPOHH, KyT IOBOPOTY

Toni

@ =2rN.

1

27N :l(a)1+a)2)t, N =— (e, + o))t
2 A

[TizcTaBUMO 4HMCIIOB] 3HAYEHHS

N =~ (61+0,3)30 =15,306.
4.314
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5.6.

MexaHika

Ban y euznaoi cywinonozo yunindopa macorwo M; = 5 K2 HaAcaoxyceHuil Ha

2opuszonmanwhy gicv (puc. 5.3). Ha yuninop namomanuii WHyp, 00 6i1bHO20 KiHUsA

AK020 nidgiwienuil eanmaxc mac M, = 25 k2. 3 aAKkum npuckopenuam a oyoe

onyckamucs earnm axyc?

Po3B’si3yBaHHs

3anuieMo piBHAHHA PYXY

m,g —T =m,a,

obepTansHoro pyxy nmninapa M = Jg,

OCHOBHOI'O

iHepHil TiHApa (J:O,5m1R2) .

,a 1

Jlano:
m;=>5ke
m,=25 ke
g=9,8 M/02 ne T - cuia HaTATY IIHYpa.
1 3rigHo
J ==mR?
2
a="? ae M = TR -
Tomi,
1
TR=Jg, T =\]—g=—m1
R 2R

—==-m,a.
R 2 °

[TincraBumo Bupas (2) B piBHsHHS pyxy (1):

1
m,g _Emlaz m,a, a=

2m, g
m, +2m,

@

3aKOHY JTUHAMIKU 4

MOMCHT CHIJIHU, J — MOMeEHT

(2)

Qi
-—

,a:4.9f%2

Puc.5.3

5.7. Mea eanmaxci macamu M =2 ke ma M,=1ke 3’conani mnesazomoro

HUMKOW, AKa nepekuHyma yepes 0ok macoro m=1 ke. 3naiumu: 1) npuckopenns

a, 3 akum pyxaiomoca eanmadici; 2) cuny namsnzy T, ma T, humku, 00 AKoi

niosiweni eanmavici. bnok eésaxcamu 00nHopionum
yuninopom. Tepmam 3nexmyeamu. Ilpuckopenns

. o 2
éinvno20 nadinna§=9,8 m/c”.

amno:
m=1 ke
m =2
m, =1 ke
g=9,8 Jl/l/02
J:EmR2

2
a="?
T,=?
T,=7

N

HI HampsIMOK OcCi

Po3B’si3yBaHHs
Bubepemo cucremy koop-

JUHAT TaKUM YHHOM, IIIO A0JaT-

X CIIBIA-

JaTUME 3 HaIpsSMKOM PyXy Tijla

Macow M, a BICb Y CKEPOBYEMO

NEPHCHAUKYJSIPHO A0 INIOHIHMHU

110

2y

i A

mg
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MexaHika

3anuinemMo piBHAHHA PyXy MEPIIOro Ta JPYroro BaHTaXIB, BPaXOBYIOUH, IIO

BOHH OyIyTh pyXaTUCh 3 OJIHAKOBUM MPUCKOPEHHSIM Y IPOTUIICKHUX HAIMIPSIMKaX:

ma=mg-T,; 1)
-m,a=m,g-T,. (2)

PiBHsHHS 00epTabHOTO pyXy 0J0Ka MaTUME BUTJISI;
Je=M;—-M,, (3)

ne M, =TR ta M,=T,R - MmoMenTn cun Hatsary HuTK4d [, Ta T, BIANOBIAHO,
1 : :
J= EmR - MOMEHT 1HepIii OyioKa (UUIIHAPA), £ - KyTOBE MPUCKOPEHHS OJI0KA.

3B’A30K MIX JIHITHUM Ta KyTOBHM NMPUCKOPEHHSAM 33/Ia€THCS PIBHIHHAM

a=¢R. (4)
ITincrasumo (4) B (3) i oTpuMaemo: J % =R(T,-T,). (5)
Bimnimemo Bix (1) piBasiHES (2) 1 3 BpaxyBanHsM piBHsSHHS (5) oTpumaemo:
a:(ml—mz)g’ a=2,8 M/cz., (6)
m, +m, + >

[TincTaBnstoun (6) B piBHsHHS (1) Ta (2) oTpuMaEmMo:
T,=m(g-a), T,=14H; T,=m,(g+a), T,=12,6H.
5.8. Ha b6apaban macoro M, =9ke HAMOMAHO HE6AZOMUN WHYP, 00 KIHUsA AKO20

npue’sazano eammadic macoro M=22xe. 3Halimu NPUCKOPEHHA, 3 AKUM

onyckaemoca eanmadc. bapaban eeaxcamu o00HOpiOoHuUmM Ouckom. Tepmsam
3Hexmyeamu. -—

.
a l Po3B’s13yBaHHs
amno: R
m =9 o CkepyeMo BiCh X B HANpPSIMKY PyXy
0=
Mm=2 xo BaHTaxXy M (puc.5.5). be3 BpaxyBanHs cui
= A .
9=98 u /cg TEPTS 1 OTIOPY CEPEIOBUINA CUCTEMY «BaH-
H
1 Taxx-0apabaH» MOKHA BBaXKATH 3aMKHEHOIO
J= EmOR2 ° | 13acTocyBaTH 3aKOH 30EpeKEHH: CHeprii, 3
P x SKOTO BUIUIMBAE, IO TP OMyCKaHHI BaHTa-
Ky Ha BHCOTY N TOTeHIagbHA CHEpris
LY mgh TnepexoauTh B KIHETUYHY CHEPTIiO
mg

MOCTYIAJILHOTO PYXY BaHTAXY Ta B KiHe-
Puc.5.5 TUYHY €HEeprito ooepTaHHs OapadaHa:
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2 2
mo° Jo
mgh=——+—, (1)
2 2
ne J - MoMeHT iHepmii 6apabaHa, IKMif MOYKHA pO3paxyBaTH, PO3Tisaaroun OapadaH

SK CYIIJILHUM JTUCK:

J= . (2)

Kpim Toro =

: 3)

7€ @ — KyTOBa MIBUIKICTh JUCKA, U — JIIHIMHA MIBUAKICTH TOUYOK HA 0001 JHCKY,
R — paniyc nucka.
Otxe Ha ocHOBI (1), (2) Ta (3) oTpuMaemo:

2
mgh =2 m+—m°j. 4
g 2( > (4)

Bukopucraemo BHpa3 Ui MEpeMillleHHs Ha BiACTaHb N MpH PiBHOMPHCKO-
pEHOMY PYCl, BPaXOBYIOUH, 110 TOYATKOBA MIBUJIKICTh BaHTaXy Oyia piBHA HYIIO, a

IIOYaTOK KOOpAWHAT CHiBHaI[aG 13 TTOYATKOBUM ITOJIOKECHHSIM BaHTaXYy.

at’
h=— 5
> (5)
Ta v=at. (6)

Ha ocHogi (4), (5) Ta (6) oTprumaeMo:
2m
a= g

=——— a=3 M/Cz.
m, +2m

5.9. 3naiimu KinemuuHy eHepzilo eenocuneducma ma eenocuneoda, w0 ioe 3i
weuokicmio v =9xm /[ 200. Maca eenocuneducma pazom 3 6e10CUNEOOM CHAHO-

eumbv M=78kze. Ha xoneca npunadae maca m,=3xz. Koneca eenocuneoa 6ea-

Hcamu oopyuamu. Po3B’si3yBaHHs
Jano: Kinernuna eHepris BeJIOCHIIEIa CKJIATAEThCI 3
0=9 Ku/200=2,5 m/c KlHGTIiI:lHOl eHeprii HOCTyrIaJ'ILI'-IOFO pPyXy Ta KIHETUYHOI
Heprii TaJILHOT KOJIIC:
m =78 ko eHeprii ooep OT0 pyXy KOJIC 2 2
m, =3 ke ‘ mv° Jw
0 E =Ex"+EY =——+—. (1)
= 2 2 2
J=m,R",
E, =7 MowmeHT 1Hepull KOJIC, fK1, 3Tr1JJHO YMOBM 3ajadl,
. 2
MOKEMO BBaXKaTu 0bpydyamu, qopisuroe J = myR°, .
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CKOpHUCTaBIINCh TUM, IO KyTOBa IIBHIAKICTH OOEpTaHHS KOJIC 3B’s3aHa 13
Ly . . .. v . .
JIHIAHOIO MIBUAKICTIO TOYOK Ha iX 0001 3TiAHO BHpa3y a):ﬁ, 13 piBHsAHHA (1)

OTPUMAEMO BUpPa3 ISl TOBHOI KIHETUYHOI EHEpPTil

2 2,2 2
EK:mU +m0R20 v (m+m0)’
2 2R 2
E, =253 .

5.10. Xnonuux komums o00pyu no 20puU3OHmMAILHINU O00pPO3i 3i WEUOKICHIIO
v="7,2kml 200. Ha aKy 6i00aib moice 3aKOMUMUCL 00PYY HA NOXUTY NIAOWUHY

3a PaxyHoK KiHemu4Hoi eHnepeii, AKW0 3MIHA 8UCOMU NIOWUHU 00pieHIoc 1 m Ha
. . 2
10 M 0o6sxrcunu nnowgunu. Ipuckopenns einvrozo nadinna 9 =10 m/c”.

Hano: Po3B’s13yBanHs
v="7,2 km/200=2 m/c

g =10 m/c’

h H

1 s

S=7?

Puc.5.6

bing migaiXOKs moxwuioi mwionmmHM (puc.5.6) o0pyd BONOIIB KIHETHYHOIO
EHEpri€ro, 10 CKJIaJNaiach 3 KIHETHYHOI €Heprii MOCTYMalbHOTO Ta O0epTaIbHOTO
PYyXiB
2 2
mv® Jw
EK = Enocm + E06 = 2 + 2 ' (1)

2 . . .
ne J =mR® - MoMeHT 1HepIii 00pyya, a KyToBa WIBUIKICTb 00epTaHHS 00pyda @ 1
JiHIMHA MBUAKICTH U TOYOK Ha Moro o0oai paaiyca R moB’si3aHi Mik c00010
CITIBBITHOIIICHH M

a):ﬁ. (2)

Konu 00pyd BKOTHBCS Ha MOXHJY IUIOIIMHY HA BiAgaidb S, MiJHABIIUCH HPU
1IbOMY Ha BUCOTy H , To Hioro kiHeTnyHa eHepris E, moBHICTIO nepeinuia B MOTEH-
11aJbHY

E,=mgH. (3)
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3riiHO 3aKOHY 30epekeHHs eHeprii Ha ocHOBI (1), (2) Ta (3) Mokemo 3anucaTu

mov? mR%v?
+

2 2R?

=mgH ,

3BIIKU

2
L

mu*=mgH aGo H =2
g

3 puc.1.6 BumgHO, IO

L g HI -
H S 260 h
[TincraBumo (4) B (5) 1 oTpuMaeMo
2
S= U—I, S=41m.
gh

5.11. Hexmywuu mepmsam, euznauumu, AKy poodoomy mpeoda euKoHamu, ui00
doeecmu maxoeux, macy akoco M = 0,2 m  Habaudiceno modxcHa sarxcamu
PIGHOMIPHO pO3n00JiIeHOI0 NO 11020 00800y diamempom d = 1,2 m, 0o pienomiprozo
obepmanns 3i weuoxicmio N = 100 oo/xe.

Hano:
M=02m Po3B’si3yBaHHsA
d=1 2]"4 [llykany poOGOTy MOXXHa OOYMCIUTH SIK 3MIHY KIHETHYHOI €Heprii

- ] . .

B MaxoBuKa E,. Crioyatky eHepris E,=0, a TOTIM Jo0csrae 3HA4YCHHS
n = 100 06/xe )
A-? Jow

EK2= 2 )
ne J —MoMeHT iHeplii MaxoBHKa BIHOCHO OCI 0OepTaHHS,

a - KyTOBa IIBUJIKICTh MaXOBHKA;
w=27mn.
Orxe,
A=AE, =E,, =2Jz°n’.
MoMeHT iHepIIii MaxOoBHUKa MOKHA OOUHUCIIUTH 3a (HOPMYJIOO
,  Md*
==

[TincraBuBIIK 1IEH BUpa3 y popMyiry uist poOOTH, 3HAMIEMO:

Yy

J =Mr

ITincTaBUMO YMCIIOB] 3HAUECHHS:

A= %200 -1,2%3,14%°1,66° [, A= 40 .
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5.12. Oniseuv 0osxcunorw | =15cm, nocmasrenuit 6epmuxkaivbHo, nAdae Ha

cmin (puc5.7). Axy Kymogy ma niniiHy weuoxocmi 0yoyme mamu 6 KiHyi
naodinna cepeouna ma eepxHiul Kineuyv onieya ? Ilpuckopennsn 6inbH020 NAOIHHA

g=9,8m/c.

Aatio: v, Po3p’s;3yBanus
| =15 cm =0,15 m g

— 2 -
9=9,8 m/c | 0,
Ul = 7 >
v, =7 -
=" d \wl

v |
O

Puc. 5.7
Buxopucraemo ofHy 13 BJIACTMBOCTEH IIEHTpa Mac, a caMe Te, 0 pyX Tija
MOYKHa MPEJICTABUTH TaK, HIOW BC1 CUJIH, K1 J1IOTh HA HHOTO, MIPUKJIAJICHI A0 IIEHTpa
Mac 1boro Tua. PosrisiHeMo pyX LIEHTpa Mac OMIBI MiJl JI€0 CUIU TSOKIHHA. Y
BEPTUKAJIILHOMY TOJIOKEHHI OJIBEllb BOJIOJII€ MOTEHINIATBHOIO EHEPri€lo, sika Mpu

MaJlIHHI TEPEXOUTh B KIHETUYHY €HEPTii0 00epTaIbHOIO PyXY:

| Jo°
E =E; mg—=—. 1
.« = E, 92 > (1)

MomeHT iHepitii ofiBig BigHOCHO oci O, sika MPOXOAMTH Yepe3 WOro KiHellb

3Haiinemo 3a Teopemoro Ilteiinepa: J =J +md?,

e J, - MOMEHT IHEpIil OMIBI BIIHOCHO OCl, IO NMPOXOAWUTH YEpe3 LIEHTP Mac

(J, :imlz, _4 ), OTKE
12 2
2
J:imlz+m(l— Lo (2)
12 2 3
[TincraBuBmu (2) B (1) oTpumaemo:
I 1

mg— ==ml’e?,
g 2 3
3B1JICH

3Tg, ®w=14 pan/c.

)

JliniliHAa WBUIKICTH TOYOK OJIIBLS BU3HAYAETHCS 13 CIIBBiAHOIIEHHS U = @R,

TOOTO
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I
v=ol, v,=21 u/c; UZ:a)E, v, =1,05 m/c.
5.13. Ha ideanvno 2naokiii 20pu3oHmMaivHill NOBEPXHI J1EHCUMb CHPUICEHD
ooexcunoro | =0,5m i macoro m=342. B 00Hy 3 mouoKk cmpuiicHs 60apse KyibKa

macow My=172, aka pyxacmvca no noeepxni nepneHOUKYIAPHO 00 CHIPUIICHA

(puc.5.8). Beasxcarouu yoap abconiomno npyxcHum, eusHauumu Ha aKii 6iooani
6i0 cepeOuHU CMPUMCHA NOBUHEH @i00ymuca yoap, ui00d Kyabka nepeoana
CHIPUIICHIO 6CIO C8010 KIHEMUYHY eHep2ito?

Jlano: z;;
OoO—»------ A I
1=0,5m
m=34.=0034xe | Mo | v 7
m=17 2=0,017 xe
1 C
I =Em|2
X="7? "
Pnc._5.8
Po3B’s13yBaHHs

[Ipu B3aeMonli KyJabKH 13 CTPHKHEM BHKOHYIOTHCS TPH 3aKOHU 30€pEeKECHHS:
3aKOH 30€pexeHHsI IMITYJIbCy CHCTEMH «KYJIbKa-CTPHKEHb», 3aKOH 30€peKeHHs
MEXaHIYHOI eHeprii Ta 3aKOH 30epeKEHHSI MOMEHTY IMITYJIbCY CUCTEMH BIIHOCHO OCI,
110 MPOXOJUTH Yepe3 meHTp mac cTprxkHs C .

BignoBigHi piBHSHHS 13 BpaxyBaHHSAM TOro, IO KyJbKa TICISA YyIapy

3yMHUHUIACH, MatOTh Burisan: My, = Mo, (1)

1€ U, - IIBUJKICTh LEHTPA Mac CTPYKHS Bipa3y Micis yaapy;

mo: mu?  Jo’
+

C

= ! 2)
2 2 2
ne J - MOMEHT iHepIIii CTPHKHSI, & @ - HOTO KyTOBAa IIBUAKICTE;
myuX =Jw, (3)

ne X - Biggane BiJg LHEHTpa Mac J0 TOYKH YAapy KyIbKH.

3 piBasHHS (1) oTprMaeMo

myv,
L. = 00

c : (4)

m
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[TincraBuBiu (4) B (3) Ta BpaxyBaBIiy, 0 J = é ml?®, oTpuMaemo

2 J%(l_%)_
| m m

Ha ocHogi (5) Ta (3) 3Haiinemo

| m

Q)

X —-1, x=0,14 m.

:m mO

5.14. Kyna macorwo M =1ke xomumucsa 6e3 Ko63aHHA, 80apaembvcsa 00 cminy i

giockaxye 6i0 nei. Illeuokicms Kyni 0o yoapy é cminy v, =10cu/c, nicna yoapy

v, =8Ccm /[ c. 3naiimu Kinexicmo mennomu, w0 eudinunacey npu yoapi 06 cmiuy.

Po3B’s13yBanHs
JlaHo: BBaxkaemo, 1mo pyx Kyjai IPOXOAUTh B TOPH30H-
m=1ke TabHIN miomuHi. KimbkicTh Teriotd Q , sika BHIIIATHCS

v, =10 em/c=0,1 m/c
v,=8 cm/c=0,08 m/c

Q=2

BIJIITIOB1IHO.

Ipy yaapl Kyjdi o0 CTiHy MOBHHHA JOPIBHIOBATU 3MEH-
IICHHIO KIHETUYHO1 €HEePrii KyJIi

Q=E -E,

2

1e EKl Ta EK2 - KIHETHUYHA €Hepris KyJi J0 Ta HICis yaapy

Kinetuuna eneprist KyJii A0 Ta MICJs yAapy CKJIAAa€ThCsa 3 KIHETUYHOI eHeprii

MOCTYNAJIBHOTO Ta 00EPTAIBHOIO PYXIB

_mf | Jaf

9 2 '
2 2

£, _ Mo, +Ja)2 |
) 2

Y

(1)

(2)

b,

e J = ngz - MOMEHT 1Hepuii Kyli, @, = R Ta @, = e KyTOBa IIBUIKICTH Ky

710 Ta MICJs yaapy.

Jo}  Jab
IIepeTBOpHMO Bupasu > Ta 5

2 5  2R? 5°' 2 5

2 2 2 2
Ja)l_ZmRz vy _my o Jo, 2

2 2
2 U, mo,

2RZ 5 ()

[lepenumemo piBHaHH (1) Ta (2) 13 BpaxyBaHHAM (3)
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=—mo,.
2 5 10

2 2 2 2
mo, muS 7 . mo, mv, [
K=o T = -Mu; EK2= +
2 5 10

O6uuciumo Temwory Q, sKa BUALTUIACH IPH YAapl KyIi 00 CTIHY:

E

7 7
Q=E —E(, =—mf——m}=—m(vf-0}); Q=25mo.
5.15. Cyuinvnuit maxosuxk macoro m=20«xe i padiycom R=120mum obepma-

emuocs, 30iicniowuu 600 06/x6. 3 AK0I0 CUNO0 HEOOXIOHO NPUMUCHYMU 00 HbO20
2a1bMI6HY KOJI0OKY, wi00 6iH 3ynunueca uepes t=3 C nicia nouamky 2ajib-

MYBaHHA, AKWO Koediyiecum mepmsa 1 =0,17?

Hano: Po3B’si3yBaHHA

m =20 e MaxoBuk, MmO 00epTAEThCSA, BOJOMIE KIHCTUYHOIO
R=120mm=0,12m _ I mR2 .
n= 600 06/x6 =10 06/c emeprico E, =—, ge J :T - MOMEHT 1HEpIIii
t=3¢ MaxOBHKa, IKHi MO>KHA BBa)KaTH JTUCKOM. Toji:

©#=01 £ - mR’®»° | 1)
F =7 4

MUCKy

3MEHIIeHHS] KIHETUYHOI €Heprii MaXOBHKa J0 HYJIS 3/1MCHIOETHCS 32 PaXyHOK
CHII TEPTS MiK TalbMiBHOIO KOJNOJKOIO Ta MaxoBukom: B, =A
Amepm;z = IUFTI , (2)
ne |- nuisax, skuil mpolayTh TOUKK 000y MaxOBHKA BiJ MOYATKY TalbMyBaHHS JI0
MOBHOT 3yITUHKH, IPUUOMY

| = ot, ©3)
Jie U - JiHIAHA MBUJKICTh TOYOK 000y MaXOBHKa:
v=wR. (4)
Ha ocHosi (2), (3) Ta (4) oTpumaemo
A = uF oRt. (5)
Ha ochosi (1) Ta (5) orpumaemo:
4

BpaxoByroun, mo @ = 27N 0TpUMaEMO

= uF, oRt.
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nmR
F=""", F=25133H.
ut
5.16. JIrwouna, macoro m, =60xe, 3HAX00UmMbCA HA HepyXomill naamgpopmi
macoro M=100«kz (puc.5.9). Ay kinvkicmv o0depmie N 0yoe 30ilicnioeamu
naamgopma, akuwo noduna 6yde pyxamuco no Koay paoiycom ' =95M HaAEKON0
oci ooepmannn? Illeuokicmo pyxy aoounu gionocro naamgopmu v =4xml 200,
Paoiyc nnamgpopmu R =10 m. Bearxcamu naamgopmy o0O0HOPIOHUM OUCKOM, a

moduuy — MOYKO0BOIO MACOHO.

Po3B’si3yBanHst \

Aano: B nmouaTtkoBuii MOMEHT yacy miatrdopma 3 w
m, =60x2 JIOIMHOIO TIepe0yBaa B CTaHl CIIOKOI0 1 MOMEHT
m=100xe IMITyJIbCY 11€] CHUCTEMHU JIOPIBHIOBAB HYIIIO.
r=5m Konu nroauHa noynHae pyxaTuch o miatgopmi,
L=4xul 200 | mmarpopma Oyme obepTaTHCh B MPOTUISKHOMY Bin pyxy Pue.5.9
R=10 u TroAuHE HapsaMKy (puc.1.9). OTke, SKIIO BiACTaHb JIOAUHH 0 OCI

miaThopMu F, TO B MICII 3HAXOJKCHHS il IBUAKICTh Ha
n=7? 1aTGopMi CTAHOBUTHUME:

u=owr, (1)

TakuMm 4MHOM, SIKILO JIFOJIMHA PYXAE€ThCS BIAHOCHO IUIAT(OPMU 31 MIBUAKICTIO
U, TO BITHOCHO 3emli BOHA 0OyJie pyXaTUCh 31 MIBUJIKICTIO

v,=v—-U=v-o0r, (2)
MOMEHT IMITyJIbCY JIOJUHU BIJHOCHO OC1 IIaTGPOopMuU
L =mur=m (v—aor)r. (3)
MoMeHT iMITyJIbCy TIaTPOPMHU BIIHOCHO i1 OCI:
L=-dow, 4)

ne J — MOMeHT 1Hepiii miatopmu.
Ockinbku mIaTdopMa 11e OJHOPITHUHN TUCK, TO 11 MOMEHT 1HepIlii BITHOCHO OCi,
110 MMPOXOAUTH Yepe3 MEHTP Mac

_ mR?

T Q

[3 3akoHy 30epexeHHs] MOMEHTY IMIYJbCYy JUIsl CUCTEMH IUIaT(opma-JtouHa
MaeMo:

L+L=0=m(v-w-r)r-1/2mR*w. (6)

Busznagaemo 3 piBHSHHS (6) KyTOBY HIBUIKICTH 0OepTaHHS TutatGopmu
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2mur

= . )

2m,r’> + mR?

Yuciio o6epTiB miaTdhopMu BU3HAYAEMO 13 CITiBBIAHOIICHHS:
o 1 2mur mur
= = ) abo n= 2 2
27 2m 2mr®+mR? 7(2mr? + mR?)’

n=0,0lo6/c.

5.17. I'opuzonmansna naamgpopma macoro M=80xe ma padiycom R=1um
obepmaemuvca 3 uacmomoro N, =20006/xe. B wuenmpi naamgpopmu cmoimo
JI0OUHU MPUMAIOUU 6 PO3CHMAGNEHUX PYKAX 6aHmaci. 3 AK0W wacmomor N,
0yo0e odepmamuce nnamgopma AKui0 110OUHA, ONYCIMUBUIU DYKU, 3IMEHUIUMb CBIll

. o . _ 2 J. =098 2.4
Momenm inepuii 6i0 J, =2,9ke-m" 0o J, =VU,Joke-M" ? ITnamgpopmy eséaxcamu

00HOPIOHUM OUCKOM.

Jlano: Po3p’si3yBanHst
m = 80 xz B movarkoBoMy MOJIO)KEHHI MOMEHT 1Hepiii miaTtdopmMu 3
R =1 JIOJTMHOIO CKJIQJIA€ThCA 3 MOMEHTY 1HEepIli miaTGopMu i MOMEHTY
n, = 2006/ x6 1HEepII1 JTIOAUHU:
J1=2,9K2-M2 J :‘J0+‘]1, (1)
J,=098xe-m" | a xonu TIOAMHA OMYCTHIIA PYKH
J'=J,+,, (2)
n, =7 ,
mR -
ne Jo = —, — MOMCHT iHepuii w1aTGOpMH.

3rifHO 3aKOHY 30€peKEHHS MOMEHTY IMITYJIbCY, BBAXKAIOYM CHCTEMY
wiatopma-aroJuHa 3aMKHEHOI0, MOXKHA 3alHCaTH:
1
‘J a)l - J a)Z ) (3)
ae
W, =27N,, @, =27Nn,.

Toni
J27zn, =J3"27n,
3Biacu
n, = Jn, @
jr
Po3B’s3ytoun piBHsiHHA (1) — (4), oTpuMaEMo:
(mR?72+3,)n,
n, = , N,=0,2106/c

> mR?/2+),
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5.18. I'opuzonmanvna naamgpopma macorw M i padiycom R obepmaemuvcs 3
Kymoeow weuokicmw . Ha kpaw naamgopmu cmoimep aroouna macow m. 3
AKOI0 KYMOG010 WUOKICMI0O (1 00epmamumemsca niamgopma, AKuL0 1100UHa
nepeiide 3 Kpaw naam@opmu 00 it yenmpa? Jlwouny modxcna eearxcamu

MamepianvbHOI0 MOUKOI0, NAAm@opmy — 0OHOPIOHUM OUCKOM.

Jlano: Po3B’si3yBaHHA

M,R,m,w ITouaTkoBa cymMa MOMEHTIB IMITYJIbCIB JIFOJUHU Ta IaTGopmu
JTIOPIBHIOE

W, — r) )

L= @+ mR*w.
2

Sxmo mroauHa mepedne a0 UeHTpa MiIaTGOopMHU, TO MOMEHT IMITYJIbCY

JOPIBHIOBATHME
MR?
L = > @;.
3a 3aKOHOM 30€peKEHHSI MOMEHTA IMITYJIbCY
R? MR?
———w+MR’0=—a,.
2 2
3BIOKH ,
M +2m
0, =———.
M

3apadi ona camocCTiMHOro po3B’si3yBaHHA

5.1. Cwua, mpukiageHa 10 TOUYKH, 301IBIINIACE Y 2 pa3H, a Tieue CHIIA 3MEHIIUIOCH
M,

y 4 pa3u. Sk 3MIHUTBCS MOJIYJIb MOMEHTa CHJIH?( M. =2, )
2

) 1 ) ) . )
5.2. Papiyc mnepmoro naucka (J =EmR2) y Kk pasiB Ounpmmii 3a pajaiyc Ipyroro.
ToBmHa 1uckiB ofaHakoBa. Jlo HHMX TPUKIAJACHO CTAIMA MOMEHT CcuiH. Sk

& 4.
BITHOCATHCS KYTOBI MPUCKOPEHHS AUCKIB?( g =K% )
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5.3. KinmpkicTe 00epTiB Ha XBWIMHY nucKka 30utbmmiack y K pasie. Sk 3MiHUTBCA
KiHETHYHA eHepris JMCKa 3 HEpPyXOMOK Biccio obepranHs? (3GiabmmTbhes y K
pa3siB)

5.4. KyT moBOpOTY AKCKa 3MIHIOETBCS 3a 3aKOHOM ¢ = 8 +5t + 2t°. Maca mucka m,

1 1
pamiyc R (J = EmRZ ). 3HaiiTn MoMmeHT cuiu obepranHs.( M = > mR* (5+4t). )

5.5. SIk 3MIHUTBCS KYyTOBE MPHUCKOPEHHS TBEPJOIrO TiJIa, SIKE 00EpPTAEThCS HABKOJIO
HepyxoMoi oci OZ, K10 TOJOBHUM MOMEHT BIIHOCHO IIi€T OCI BCIX 30BHIIIHIX CHJI
30UIBIIMBCA B 2 pa3d, a MOMEHT 1HEpIIii Tu1a BiTHOCHO oci OZ 3MeHIuBCs B 2 pa3u?
( 30lIbIIMTHCA B 4 pa3m).

5.6. OgHOpimHUY CYIITLHUN TUCK pamiycoM R =1 u mae macy m = 2 ke. Buznauntu
MOMEHT iHepuii J [ucKa BITHOCHO OCi, 10 MPOXOJUTH Yepe3 HOro Kpai 1 mepreHu-
KyJISpHA 10 TUIOMMHH ucKa. (3 kewm®)

5.7. Pagiyc 3emui R; =6,4-10°m, a ii cepenns rycruna o =55-10°ke/n° . 3uaiitu
MOMEHT iHepmii J Ta MOMEHT iMImynbcy L 3emut BiTHOCHO BIacHOi OCi oOepTaHHS.
(9,7-10% k2-m?; 7-10% ken’/c)

5.8. lano omHOpiAHY CYHUIBHY KyIIO Macorw M =2 xe 1 pamiycoMm R=5 cm,
BH3HAYATH MOMEHT iHepIiii J KyiIi BiZHOCHO oci, mo gotidna 10 Kyii. (0,007 kewm’)

5.9. OnHopigHUI TOHKUU CTpUXKEHb Mae mMacy M =3 ke 1 AOBKUHY | =2 M.
OO0uMCIUTH MOMEHT 1Hepuiid J, CTPUKHS BIJHOCHO OCl, IO MPOXOAUTH YEpe3
CepeNHy CTPWIKHS MEPIEHAUKYJISIPHO O HbOTO 1 MOMEHT 1Heplii J BIJHOCHO OcCl,
110 TIPOXOUTH Yepe3 KiHelb cTprkHs. (1 KM 4 KZ'MZ)

5.10. OnHopimuuii crpukens goBxkunoo | =1m i macoro M=0,5xe o6epraernes y

BEPTUKAJIbHIM TUIOMIMHI HABKOJIO TOPU30HTAIBHOI OCi, IO MPOXOJUTH Yepe3
CepelUHy CTPWKHA. 3 SIKUM KyTOBUM MPHUCKOPEHHSIM & O0OEpPTAEThCS CTPHIKCHD,

SIKIIO HA HBOTO i€ MomenT cun M = 981-10° H - w2 (2,35 pao/c®)

5.11. Bu3HauuTH MOMEHT iHEpIIl OJHOPITHOTO CTPWXHS HoBkHHOWO | =50 cm i
macoro M = 360 2 BiZHOCHO OCi, IO € MEPIEHANKYISIPHOIO 10 CTPUKHS 1 TPOXOAUTD
yepes: a) KiHellb CTPYDKHS; 0) TOUKY, sIKa JISKUTh Ha BijcTaHi |/6 Bix KIHIIS CTPHIKHSL.
(3:107 kem® 5 1,75-10°% ke-m?)

5.12. O6pyu Ta CyHITbHUN JUCK OJHAKOBOI MAaCH KOTSThCS 0O€3 MPOKOB3YBAHHS 3
OIHAKOBOIO wBHAKicTI0. KiHermuna emepris mucka E° = 12 /. BusHauntu
KiHeTHuHy eHeprito E,”° 06pyua. (16 [orc)

5.13. O6pyu, cyHUIbHUNA TUCK 1 KyJsl CKOUYIOThCS O€3 MPOKOB3YBaHHS 3 MOXHUJIOL
o 3 KytoM Haxmty o = 30°. TIouaTkoBi MIBHAKOCTI TiJl JOPIBHIOKOTH HYIIO.
BU3HAYNTH JTiHIHHI [PUCKOPEHHS LEHTPIB Mac LuX TiL (@, =2,45 m/c%;
a, = 3,27 m/c*; a,= 3,50 M/CZ)

5.14. Tlo ropU30HTAILHOMY CTOJII MOE€ KOTHTHCS 0€3 MPOKOB3YyBaHHS CYLLUIbHUN

nuiiHap macoro M = 1,1 ke, Ha skuil HaMoTaHa HUTKA. J[0 BIILHOTO KIHIIS HUTKH,

AKUW Tepe KUHYTUH 4epe3 JEerkuil OJOK, MPUKPIIJICHUH BaHTaXX TakKoi K Macu.
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BuszHauntu mpUCKOpEHHS BaHTaXy a 1 CHly TepTa Fr MK HHIIHAPOM 1 CTOJIOM.

(7,1 m/c*; 0,98 H)

5.15. OnHopigauit nuck pagaiycom R = 0,2 m 1 Macoro M = 5 ke 00epTaETHCS HABKOJIO
OCi, M0 TPOXOAWTHh HYEpe3 HOro IMEeHTP NEPICHIUKYIIPHO 10 HOTO IUIOINIMHH.
3aJIe)KHICTh KYTOBOI IIBUAKOCTI 0OEpPTaHHS JIMCKa BiJ Yacy MOJaHO PIBHIHHAM ® = A
+ Bt, B = 8 pao/c’. BusHauuTH 06EPTOBMI MOMEHT CHII, NPHKIAACHHX 10 IHCKA
(0,8 H-m) .

5.16. 3anizna kyns paaiycom R = 0,1 m oGepTaeThes 3 4acToToI0 N = 3 06/C HABKOJIO
ocCi, IO TMPOXOAUTh 4Yepe3 il meHTp. Sky poboTy 4 HEoOXiJHO BHUKOHATH, 100
3GLIBIINTH KYTOBY MIBUAKiCTh Kyii BaBiui? ['ycTuHa 3amisa p = 7870 xe/m®. (70,17

Horc)

5.17. Bentunsatopa obepraethes 3 yactororo N =90006/x6 . Tlicna BUKIIOUYEHHS,
BEHTHJIATOP, 00EPTAIOUMCH PIBHOCIOBLILHEHO, 3po0uB 10 3ynuuku N =75 o6epris.
Po6ora cun ranemyBanus A = 44,4 /Dic . 3uaiiTh MOMEHT iHepIiii J BeHTUIATOpa Ta

MoMeHT cul TanbMmyBanus M7 . (0,01 K2M? ; 94-10° H-m)

5.18. Ha mnatdopMi y BUTIISIA1 AUCKA CUAWUTH JIOJUHA 1 TPUMAE Y BUTATHYTUX PYyKax
rUpi Macoro Mo M = 5 ke KoxkHa. BiacTaHp BiA KOXKHOI Tupl 10 OCl 0OEpTaHHS
wiatpopmu |} = 0,6 m. [lnardopma obepraeThest 3 yacToTor0 Ny = 2 06/c BIHOCHO
0Cl, IO MPOXOAUTH Yepe3 ii UEHTP Macu 1 HEeHTp Macu JroguHu. CyMapHUl MOMEHT
imepuii moxuHy i miaThopMu BimHOCHO oci obepramms Jo = 2,1 ke v’ JliomuHa
CTHCKa€ PYKH TaK, IO BiACTaHb Bia KOKHOI Tupi g0 oci ctae |, = 0,3 m. Skoro Oyme

gacrtora N, obepranHs 1uiathopMu i Ky poboTy A BukoHae momuHa? (3,8 06/c;
404,6 /o)

5.19. [Tnardopma y Burmsiai gucka paaiycom R = 2,0 m 1 macoro m; = 160 xe obepra-
€ThCA HABKOJIO BEPTHUKAJIBHOI OCI, IO MPOXOAUTH uepe3 ii IEHTP, 3 KyTOBOIO
MIBUAKICTIO w1 = 1,5 pad/c. Y uentpi nmnatdopmu CTOITh JtoiuHa Macoro M, = 70 xe.
Jlronuna mepexoauTh Ha Kpai matdopmu. Akoro Oyjae JiHIMHA MIBUAKICTH »
JIOAUHY BigHOCHO 3eMi? (1,6 m/c)

5.20. N'opuzonrtansHa miatdpopma macoro M =100 ke obepTaeThcs HABKOJIO BEPTH-
KaJILHOT OCi, 110 MPOXOIUTh yepe3 HeHTp miaTdopmu 3 yactororo Ny =1006/ xe .
Jltoquna, mMacoro M=60xe, CTOITh HpH I[OMY Ha Kparo miarGopmu. 3 SKOIO

gactoroto My mouHe oOepraTuch Iuiaropma, SKIIO JIIOAWHA TEepele BiJl Kparo
matdopmu 110 ii neHTpy? BBaxkaTtu margopMy OTHOPIAHUM JUCKOM, a JIOJUHY —
TOYKOBOIO Macoo. (22 06/xe)

5.21. JIBa TYMOBUX JUCKH 3 )KOPCTKUMU MOBEPXHIMU 00€pPTaAIOTHCS B OJJHAKOBHUX Ha-
MpsIMKaX HaBKOJIO OCEM, 1110 JieXKaTh Ha OJHIA BEPTHKAII, IPUUOMY IIJIOIMIMHHU JUCKIB
napanensHi. [lepmmmii JUCK Mae MOMEHT iHepiii J; = 2 xew’ i KYTOBY LIBHIKICTH
w1 = 3 pad/e, npyruit — J, = 0,5 kew® 1 w; = 4 pad/c. BepxHiil muck magae Ha
HUWKHIN 1 3’€IHY€ThCA 3 HUM. BU3HAYMTH KYTOBY IIBUAKICTb ® JUCKIB 1 3MIHY iX
kiHeTnuHOI eneprii AE,. (3,2 pao/c; 0,2 /rc)
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Tectn

5.1. Ha sixomy pucyHKy HampsiMOK BekTopa M; Bka3zaHO NpaBUIIbHO?

%¢::7
1. P

Iy

M.

F, T
10
o
A)l; Bb)2; B3, I)4;, )5

0
5.2. SIxuit BUpa3 BU3HAYA€E MOy MOMEHTY CHUITU?
A) M, =Firicosai;  B) M; = Firisin a;
B) Mi =mjvcosay;  I') Mi=mjpsinoy; ) M = mm;cos a;.
5.3. Skuii Bupa3 BHU3HAYAE MOMEHT IMIYJbCY MaTepialbHOI TOYKH BIJHOCHO
HepyxoMmoi Touku O?

A) L =[mo.kl; B L=[F.FRI B) L=
n L=lFm5l o G=[F.FRL
5.4. Ha sxoMy pHCYHKY HalpsMOK BEKTOpa MOMEHTY IMITyJbCcy L; BKa3zaHo
IIPAaBUJIBHO?

oy
>
Ty

i}
3

S
—

mu; 5,

ey

A)l, B)2; B)3, IN4;, )5

5.5. MowmeHnToM iHepii Tina BigHOCHO oci OZ Ha3uBa€eThCS:
A) cyma 1oOyTKIB Mac yciX MarepiaJbHUX TOYOK TiJIa Ha KBAAPATH iX BIJCTaHEH
1o oci1 OZ;
B) noOyTok macu Tina Ha KBajapatu ix Bijgctanei a0 oci OZ;
B) cyma 100yTKiB Mac yciXx MaTepiaJbHUX TOYOK TLjIa Ha iX BiACTaHb 110 oci OZ;
I') cyma moOyTKiB Mac ycix MarepiaJbHUX TOYOK TiJIa Ha KBAAPATH iX

IBUIKOCTEM;
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) onHiit Apyriit cymu 10OYTKIB Mac yciX MaTepialibHUX TOYOK Tijia Ha
KBaJpatH ix BifcTaHei mo oci OZ.
5.6. SIkuii 3 BUpa3iB BU3HAUYa€ MOMEHT IMITYJIbCY T1JIa BITHOCHO OC1?
: : _ 2
A) LZ = "]ZU’ B) L a)—, B) LZ = mor
z

[0))
N L, =J0,; ) L,=—

N

N

5.7. MowmeHT 1Hep1ii Tina:
A) € MipOI0 IHEPTHOCTI T1JIa TiJ] 9ac 00EPTATBLHOTO PYXY;
B) € Mipoto iHEpTHOCTI Tija Mij Yac MOCTYMaIbHOTO PYXY;
B) € mMiporo 1HEpPTHOCTI Tija i Yac KOJMUBAIHHOTO PYXY;
I') KINBKICTh PEUOBHHHU B TIJI1;
) € Mipot0 MacH Tija.

5.8. MoMeHT cuiti, MPUKITaICHOT Ha BIJCTaH] paliyc-BeKTOpa JI0 Tijla, SKE MOXKE
o0epTaTucsi HABKOJIO HEPYXOMOT 0C1, 3aJIEKUTH Bi/I:
A) cuiu, pailyc-BeKTOpa Ta KyTa MiX HUMU;
b) Macu Tina Ta mMBUAKOCTI HOTO PYXY;
B) cunu 1 macu Tina;
I') paniyc-BekTOpa TOYKH NMPUKIIAJAHHS CUJIM 1 MacH Tia;
JI) MOMEHTY 1HEepIIii Tia Ta HOro KyTOBOI IIBUIKOCTI.
5.9. Jlo Tina, ke Moke 00epTaTUCh BITHOCHO TOYKHU O,
npuknaneHo Tpu cumu b, Fy a6o F3. Bubepits mpa-
BWJIbHE CITIBBIJTHOIIIEHHS MOJTYJIIB MOMEHTIB IIUX CHJI.
A) My = Firy, My = Farp, Mz = Fars;
b) My = Fil1, My = Fyl5, M3 = Far;
B) My = Fy/1, My = Faol5, M3 = 0;
) My = Firy, My = Farp, M3 = 0;
M) My = Firy, Ma = Faly, M3 = Fars.
5.10. SIxe piBHAHHS BU3HAYA€ 3aKOH 3MIHM MOMEHTY IMITYJIbCY Tija, 10 00ePTAEThCS
HaBKOJIO HEPYXOMOI TOUKH?

o[ I Jo = =\ _ N
dd - . _
n g - Fh mM=Je

5.11. ke piBHSHHS BU3HAYa€ AMHAMIKY Ti1a, IO 00EPTAETHCS HABKOJIO HEPYXOMOI
ocit OZ?

J . ] )
A) g_szz; B) \]zgz IM21 B) ‘]Za)z :MZ; r) ng:Mzt; r):[) g—ZZ_MZt_
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5.12. SIxa 3 popmyn BU3HAUAE KIHETUYHY €HEPTIIO TiJIa, IO PYXA€ThCA MOCTYIAIBHO
1 00epTaeThCsl HABKOJIO OCI, sIKa MPOXOAUTh Yepe3 HOTo LIEHTpP 1HEpIii?

2 2 2 2
mu mv* Jew Jecw
E,=—mo!; E - —— 43¢7 . E. = ;
mo?  Jeo? Jca)2 mo?

D&=% % AT
5.13. Ska 3 popmyn Bupaxkae 3aK0H 30€peKCHHSI MOMEHTY IMITYJIbCY B HalO1IbIII
3araJbHOMY BHTJISIII?

n
A) oy = 3,05 ) J = Jio;
i=1

n
B) Jio + 0, = Jjo) + Jy05; T ;Jia}, = const;

-~ d(Jw)
) L= :
dt H o o )
5.14. JTroquHa CTOITh Ha JIaBl, sIka 00EepPTAETHCA. j&t l ﬁ l
B sxomy BuDagKky KyToBa IIBUAKICTE Oyne
HalMEHIIOK0? 1 3 4 2

A1, B)2; B)3 I)4
J1) y BCiX BHITaKax, KpiMm 4.

Ne 51(52(53|54|55]56|57|58[59(5.10(5.11|5.12|5.13|5.14

3aBJaHHsA

Bapianr | A | B |B | B|A| T|/A|A|B|A |B | B | T |B

BIAOBIII
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