1. KiHemaTuka MaTepia/ibHOI TOYKHM Ta TBepAO0ro Tijia

e [lIBuaKicTh Ta MPUCKOPEHHS TOYKHU:

dr dv
v=—, a=—.
dt dt
e [IpuckopeHHs TOUKH B IPOEKIISX HA JOTUYHY 1 HOpMaJb A0 TPAEKTOPII:
dv, v?
a; = ,  Qp = —,
toodt " R

ne R — paniyc KpUBU3HU TPAEKTOPIi B JaH1M TOYLI.
e [Ilax, MpOWAEHUN TOYKOIO:
s = [vdt,
7€ V — aOCOJIIOTHE 3HAYEHHSI IUBUJKOCT] TOUKH.

e KyToBa MIBUJIKICTh Ta MPUCKOPEHHS TBEPJOTO TiJa:
de g dw
wW=— = —
dt’ dt
e 3B'SI30K MIXK JIHIHHUMU Ta KYyTOBUMH BETMYNHAMM:
_ 2 _
v=|[wr], a,=w"R, a,=p,R,
1ie T — paaiyCc-BeKTOP TOYKH, IO PO3TIAAAETHCS, BIIHOCHO JOBUIBHOI TOYKH
oci obepranHs, R — BijicTaHb Bl 0Ci 0OepTaHHS.

e (CepellHI BEKTOPU HIBUIKOCTI Ta IPUCKOPEHHS TOUKU:

) Ar ca> Av
V) =—, a>=—,
At At

ne Ar — nepemimieHHs (IPUPICT pajiyCc-BEKTOPA).
e Cepenne 3nayenns ¢pynkmii f(x) ma npomikky (x;,X,):

1
(fx)) = 1

Ilpuknao 1.1.

YacTuHKa pyXaeTbes 31 CTAIUM IMPUCKOPEHHSIM @. Y MOYaTKOBUNA MOMEHT 4acy
BOHA 3HAXOJIMJIACh Y TOUIIl 3 PaJlyC-BEKTOPOM T 1 Masia MBUAKICTEYy Hamucaru
BUpa3 JJIs:

1) mpupocCTy WBUIKOCTI AV YaCTUHKH 3a yac t;

2) mpoeKIlii MBUJKOCTI YaCTUHKH Ha BICh ) Y MOMEHT 4Yacy t;

3) mepewmimeHHs YacTUHKU AT 3a 4ac t;

4) npupoCTy KOOPJIUHATH z 3a 4Yac t.

Po3B’s13anu1.

t
1) Av =J adt = at.
0

2)v=v9+at => v, = vy, + ayt.

5



t t
at?
3) Ar = fvdt = f(vo + at)dt = vyt +T'
0 0
a,t?
4) Az = UOZt + > .

Ilpuknao 1.2.

Yu moxe mpupicT MOAYJst BekTopa Aa OyTr OUTBIINIM 32 MOJIYJIb IPUPOCTY
BekTopa |Aal?

Po3B’sa3anuda.

[Tpupict Moyt BEKTOpa A:
Aa = a, —a; => (Aa)? = a2 + a? — 2a,a,.
Po3paxyeMo Moysib IpUPOCTY BEKTOpA A
Aa =a, —a, => (Aa)? = a2 + a? — 2a, - a,.
OckinbKH
a,a, < a,a,,
TO
|Aa| = Aa.
ToOTo mnpupicT Moaynst BEKTOpa HE MOXE€ OyTH OUIBIIMM BiJ MOJIYJIS
MPUPOCTY BEKTOPA @. PIBHICTH Mae MicLe JIUILE TPU
a; - a; = a;a,
TOOTO TIpH
cos(a;;az) =1,
KOJIM KYT MK BEKTOpaMu

a=0.
Ilpuknao 1.3.
Touka pyxaeTbcsl B IUIOMIUHI X) 32 3aKOHOM:
{x = Asin wt,
y = A(1 — cos wt),

ne A 1w — noaatHl KOHCTAHTH. SHAUTH:
a) IUIAX S, SIKAHH TPOXOANTH TOUKA 3a 4Yac T;
0) KyT MIX IIBUAKICTIO Ta IPUCKOPEHHSIM TOUYKH.

Po3B’sa3anuda.

a) ds = vdt,
vV, = X = wA cos wt,
vy, = y = wA sin wt,

T T
szf vdt=f wAdt = wAT.
0 0

0) Jlast Bu3HaueHHs KyTa £ (v, @) BpaxyeMo CKaJspHUil 100yTOK
v-a=vacos(v,a);
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v =1v, +jv, =X + jy = lwAcoswt + jAsinwt =
= wA(i cos wt + j sin wt) (D
a = ia, + ja, = iX + jj = w*A(—icos wt + j sin wt). (2)
[Tepemuosxui (1) Ha (2), nictanemo
v-a=vacos(v,a) =0.

L(v,a) =
v,a) =—.
2
Ilpuknao 1.4.
Pyx marepialbHOI TOYKH 331a€THCS PIBHAHHIM
r(t) = A(icos wt + j sin wt), (D

neA=05m/c,w=5 pan/c.
a) BuzHauTe TpaeKTOpit0 TOUKHU Ta HAIPSIM i1 pyXy.
0) BuzHauTe Mo/1ysib IIBUJIKOCTI T4 MOAYJIb IPUCKOPEHHS TOUKHU.

Po3B’si3anHs.
3 (1) maemo:
X = Acoswt,
{y = Asin wt. (2)
3Bijzcu:
x% 4+ y? = A%, (3)
TOOTO YacTKa pyXaeThCs Mo Koiy pagiyca R = A. 3 (2) BuaHo, 1m0
s
wt = 0, wt = -
{ x =A, 2
—0 x =0,
y==u y = A.

3BificK BUILIMBAE, 10 YACTUHKA PYXAEThCS MPOTU TOAMHHHKOBOI CTPLUIKH.
[Iponudepenuiroemo (2):

dx _
Uy = It = —wA sin wt,
dy
vy, = It = wA cos wt.
3B1ICH
vy + vy = v’ = w?h?
v=wA=25m/c,
a, = w?A =125 m/c.
Ilpuknao 1.5.

JIBa Tija KMHYTO OJHOYACHO 3 OJHIET TOYKHU: OJAHE — BEPTHKAILHO B TOpY,
apyre — nig kytoM a = 60° 10 ropusonry. IloyaTkoBa IIBMAKICTh KOXKHOIO Tila
Vo = 25 M/c. HexTyrouun omopoM MOBITps, 3HAWUTH BIACTaHb MK Tijda depe3
t=1,7c.



Po3B’s13anu1.

B MOMEHT t KOOpAMHATH TijIa, KHHYTOI'O BEPTHUKAIBHO BrOpY, OYIYTh:
X1 = 0,
gt? €Y

= Vot — —.
Y1 ="V 5

KoopaunaTtu Tina, KHHyTOrO IiJ KyTOM & IO TOPHA B TOW CaMHii MOMEHT t
OyIlyTh:
x, = (vy cos a)t,

t? 2
y2=(vosina)t—g7. (2)

Biacrane Mixk Ti1aMu dyepes vac t:

L= (1 — %)% + (1 — ¥2)%
[TincraBusmu croau (1) 1 (2), orpumaeMo:

[l =vyt \/2(1 —cosa) =22 M.

Ilpuknao 1.6.

Cranuii 3a MOIyJeM BEKTOp @, pIBHOMIPHO OO0EpTAaeTbCs MPOTH
TOJMHHUKOBOI CTPIJIKKM B IUIOMIMHI (X,Y), MEPEeXOauTh 3a 4ac t 3 MOJOXKEHHS, B
AKOMY BiH 30iraBcs 3a HAmpsIMKOM 3 BICCIO X, y TOJIOXKEHHS, B SIKOMY BiH
30iraeThbcs 3 BICCIO Y. 3HAWTH cepeHs 3HAYCHHs BekTopa a 3a dac t =T /4, 1
MOJTyJIb IIOTO CEPEAHBOTO.

Po3p’s13anns1.
a = xi+ yj,
(@) = (x}i + (y)j.
OCK1JIbKH BEKTOP @ 00€pTAETHCSI PIBHOMIPHO, TO
X = acos wt,
{y = asin wt.
_2m
® =
Toni cepenne 3HaueHHs 3a yac t = T /4 Oyne:
() = al b = 1 f”‘* tdt—4a T/4 27Ttdt_2a
x) = a{cos w —aT/40 COS W =7 . CoS — =
() = alsin wt) — 1 (T g A /s 2w . _2a
y) = a{sin w _aT/4o sin w = ) sin— =—
OTtxe,
2a . .
(@) =—(@{+)),
n a
a)| =2 V2=
s




Ilpuknao 1.7.

YacTuHka pyXa€eTbes PIBHOMIPHO 3a
TOJIMHHUKOBOIO CTPUIKOIO MO KOJIy pazaiycy R, poOisuu
3a yac T oauH 00ept. Koyo NexuTh y KOOpAWHATHIN
wiomwmHl (X,y), TpUYOMYy LEHTp Kojia 30iraerbes 3
noYyaTkoM KoopauHaT. Y wMomeHT t =0 yacTHHKa
3HaXOJUThCSl B Toull 3 KoopauHaramu x = 0, R = y.
3HATH CcepelHE 3HAYEHHS IIBHUJKOCTI TOYKH 3a
IPOMIXKKH 4acy:

a) Big 0 1o t/4;

0) Big 0 1o 7/2;
B) Bix 0 mo 37/4;
r) Big 0 110 T;
n) Big ©/4 no 3t/4;
Po3p’sa3annq.
a)O_)T/4:
1 ) ] 4R =
<V>=%(R1—R])=T(l—])-
6)0_)T/2
(V) = (—Rj — R}) = — = j
v _T/Z ] ]) = T]-
B)0—>3T/4:
(V) = o (—Ri — R) = — 2 (i + j)
V) =5—((—Ri—Rj) =——(+])).
3T/4 3T
r0 -t
1
(v) = ;(R]' —Rj) =0.
I[)T/4_>3T/4:
1 4R
(v)=ﬁ(—Ri—Ri)=—Ti.
/a="/a

Ilpuknao 1.8.

YactuHka pyxaeTbes B IuiomuH1 (X, y) 31 BUAKICTIO ¥ = ai + fxj ne i, j —
OpTH OCeii X Ta Y, a a Ta f — cTaji. B moyaTkoBHii MOMEHT YaCTHHKA 3HAXOIUJIACh
B Toulli x = 0,y = 0. 3naiitu:
a) pIBHSHHS TpaekTopii y(x);
0) paalyc KpUBUHU TPAEKTOPIi B 3a7I€KHOCTI BIJT X.
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Po3B’s13anu1.

a) 3 yMOBH
v = ai + fxj
MaEMO:
v = @,
{vy = fx.

3HaxoAuMO 3ayexHicTh x(t):
X = jvxdt = Jadt = at + const.

3 MoOYaTKOBHUX YMOB, 33/IaHKX B 3a/1adi, const = 0, Tomy
x =at
BignosiaHo,
+2

y = jvydt = J,Bxdt = J,Batdt = aﬁ?+const.

3HOBY, 3 TOYATKOBUX YMOB Maemo const = 0, orxke

£2
= aff —.
y=ab5
3 (3) oTpumyemo:
2
t? = —
a?
TOMY
2
= —x*.
Y 2a
0) Pagiyc kpuBrMHU 3HaXOJUMO 3T1THO 3 (HOPMYIIOIO:
v
=

A0o, BiamoBigHO 110 (2),

BpaxoBytouu (3), maemo:
v? = a? + p%x>.
[Mlykaemo a,,. JImst pOTO CriovaTKy 3HAAEMO a 1 a;:

_dv_d(__l_ () = apj
a_dt_dt ai + aftj) = apj,
a=apf.
Hudepeniitoemo (7):
2w~ 2a2p2¢
vdt = 2a°fp“t.
OueBHHO,
dv
E == at.
3riguHo 3 (3),
at = x,

10

(1)

2)

€)

(4)

(5)

(6)

(7)
(8)
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TOMY
2va, = 2a?p>t.
OTxe,
af?x
at = .
v
Toni, BpaxoByrouu (3) 1 (8), oTpumyemo:
a2ﬁ4x2
—a2+,82x2' (10)

a? =

Jlam maemo:
20442
a“f*x
2 _ 2 2 _ 2 _ _
a; =a*—a; = (af) o« + fix?’
o _ @*(@B) + (ap)?p? —a?pix?
n a? + f2x2 ’

(11)

[TincraBuBmu (10) 1 (11) B (6), oTpuMy€emoO:

R(x) = %(1 + (g)x> .
Ilpuknao 1.9.

Karep, pyxarounch yHHM3 1O piuli, 0OirHaB IUNT y NMyHKTI 4. Yepe3 T =
60 xB. micyig LBOrO BIH MOBEPHYB Ha3aj 1 MOTIM 3YCTpIB IUIT Ha BIACTaHl [ =
6,0 KM. HIDKYe MYHKTY A. 3HAWTH MBHUAKICTH Te4ii, AKMIO MijJ 4ac pyXxy B 000X
HanpsMKax MOTOpP KaTepa MpaLioBaB OJJHAKOBO.

N|w

Po3B’s13anu.

VY cucremi BiJUIIKY, HEpYXOMiil BIJIHOCHO IUIOTY, a TOOTO 1 BOJHU, Karep
pyXaBcsl OJHAKOBO B 000X HampsiMkax. OTxe, 3arajibHii yac:

T+71T=271=-
(%

=—=26 :
% > KM/TOz

Ilpuknao 1.10.

Tpu TOUKM MICTATBCS B BEPIIMHAX PIBHOCTOPOHHBOIO TPHUKYTHHKA 31
CTOpOHOIO a. BOHM MOYMHAIOTH OJAHOYACHO pyXaTHCS 31 CTAJIOK 3a MOIYJIEM
MIBUJIKICTIO V, IPUYOMY IEpIlla TOYKa TPUMA€E BECh 4Yac Kypc Ha JApYry, aApyra Ha
TPETIO, a TpeTs Ha nepiry. Yepes sKuil yac TOUKH 3yCTPIHYThCA?

11



Po3B’s13anu1.

VY cucreMi BUIIIKY — IUIOLIMHI, y SIKIH
MICTUTBCS TPUKYTHHUK, sIKa 0OepTaeThCs
pa3oM 3 HHUMH, TPUKYTHUK 3MEHIIYETHCS
TaKk, IO BCl BEpPUIMHU MPSAMYIOTH 0
LEHTPY TPUKYTHHKA. HIBuaKICTS,
HaNpUKIIad, TOYKU 1, 3 KOO BOHA HPSIMYE
710 UEHTPY TPUKYTHHKA, TOPIBHIOE

V3
vcosa = UT.
I[Ipy 1poMy 1 TOYKA MPOXOJUTH
BIJICTaHb -
a v 3
l = .
2cosa
OTxe,
. l _ 2a
v 3V
Ilpuknao 1.11.

CrepkeHb TOBKUHOIO | YIIUPAETHCS BEPXHIM KIHIIEM Yy CTIHY, @ HKHIM — Y
nijuory. Kinenp, 1110 ynupaerbes y CTiHY, pIBHOMIPHO OIIyCKaeThCcsl BHU3. Uu Oynie
PyX Apyroro KiHUs piBHOMIpHUM?

Po3B’s13aHHs1.
[IBuAKICTE HIDKHBOTO
KIHIISL CTEPIKHSA:
dx
Uy = I
Ile MoxHa 3anucaTu Tak:
dx dy dx

Vy = Ea = Uya. (1)

A OCKiNmBKH X = /1% — y?,

TO
dy y dy
== ()

X 12 —y2dt
[lincrauBmu (2) B (1),
ICTAaHEMO:

y|vy|

Uy = —m

ToOTO MBUIKICT V, 3MEHILYETHCA O€3MEPEPBHO.
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Ilpuknao 1.12.

JIBi yacTuHKH, 1 1 2, pyXxarThCs 31 CTATUMU MIBUJKOCTSIMU V4 1 U, MO JABOX
B3a€EMHO TEPIEHAUKYJSIPHUX MPSIMUX O TOUKM ix mepetuny O. B moMeHT udacy
t = 0 yactunku Oynu Ha BijacTansx [y 1 [, Big Touku nepetuny O. Uepes sxuit gac
mics IBOTO BiJICTAaHh MK YAaCTHHKAMH CTaHe HaiMeHmor? Yomy BoHa Oyne
JOpiBHIOBATU?

Po3B’s13anu1.

VY nouatkoBuii MOMEHT yacy t = 0 BiJicTaHb MK YaCTHHKaMHu OyJia

s(0) = /lf + 12,

s(t) =/ (ly — v16)% + (I — v,t)? (1)
YMoBa MiHiMyMy s(f) Ta cama, 10 1 JIJIs TIAKOPEHEBOTO BUPA3y:
2(l; —v1t)(—v1) + 2(l; —v,t)(—vy) =0,

a mam

3BIJIKHA
vl + vy,

(2)

Vi + v3
[TincraBuBmu (2) B (1), gicTanemo:
_ [liv, — Ly,

Smin
JVE+v2

Ilpuknao 1.13.

JIipT mouas migHimMaTucs 3i cranuM npuckopensam f = 1,00 m/c? . Yepes
gac t' = 1,00 ¢ micas mporo Bix cremi KaGiHu miTa BiAginMBes i CTaB magaTu
mypyn. Buancnuru:

a) yac At magiHHsA UIypymna a0 yaapy o0 mianory kabiHu;
0) muax S, mpoWaeHu mypynoM 3a 4ac At B CHCTEMI BiUTIKY , 3B’S3aHOIO 13
3emsiero. Bucora xabiam midra h = 2,75 M.

Po3B’s13anu1.

a) BinHocHo midTa npuckopeHHs urypyma:

g =g+ta,
TOMY:
(AD)? (g+ a)(At)?
h=g = .
2 2
3BIKH:
2h
At = =0,71c. (1)
g+a

0) IlouaTkoBa MBUIKICTH IIypyMa BITHOCHO 3eMJIl — Ta cama, 1o 1 B Jidra,
TOOTO:

vo = at.
13



Hlypyn Oyne pyxatucs Bropy BiIHOCHO 3€MJIi IPOTSTOM Yacy
vy at
t=—"=_—, (2)
g 8
BianoigHo, BIIHOCHO 3eMIIl IIYPYT MPOH/IE MUISAX Y TOPY
2 242
S, = v—o = a’t (3)
‘2 2g°
[Ipotsrom pertu yacy, To6To At — t', mypyn Oye pyxatucsi BHUA3 i npoiie
HUISX:
g(At — t')?
S; = @
OTtxe, 3a BECh yac IWIypyl BIAHOCHO 3eMill mpoiine nusix S = S; + S5, abo,
B3siBIIH 110 yBaru (1), (2) 1 (3), nictanemo:
a’t’> hg 2h
S = + —at =19 m.
g gt+a g+a

Ilpuknao 1.14.

Kynpka 3 HyJbOBOIO MOYATKOBOIO MIBHAKICTIO Maaa€ Ha TIIAIKY MOXHITY
MOBEPXHIO, IO TBOPUTh KYT & 3 TOpWU30HTOM. lIposeTiBimm BincTaHb h, BOHA
NPY>XKHO BiAOMBaeThCs BiJ moBepxHi. Ha sikiii BijcTaHi Bix MicIs NaiHHS KYyJbKa
B1/110’eTbCs BOpyre?

Po3B’s13anu1.

[TowyaTtkoBa MBUAKICTH KYJIbKH MICIIS MIPY>KHOTO BIIOUTTSI:

Vo = +/2gh (1)
Kinetnune piBHSHHSA pyXYy MICIIS BIIOUTTS:
at?
Ar = Vot + T (2)
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Jlist mpocToTr BUOEPEMO OCI X 1y TaK, SIK MOKa3aHO Ha pucyHKy. Tomi
azt? _ g sina - t2
= votsina + T,
azt? g cosa - t2
y = Vgyt + 2 = y,tcosa — >————
2 2
3 (4) BuruBae, mo y = 0 mpu t = 0. Toxi B MOMEHT NIa {IHHS:

2v
t=="2
8

X = Vgt +

BpaxoBytouu (3), oTpuMy€eMo:
4vsina
x=l=—-
8
a0, 3 ypaxyBaHHsM (1),

| = 8hsina.

Ilpuknao 1.15. %

[lin sikuM KyTOM 10 TOPHU30HTY Tpeba
KUHYTH KYJbKY, 11100:
a) paalyc KpMBHHU MOYATKY ii TpaekTopii OyB y s

4 Y, cosa

(3)
(4)

Y =

1 = 8,0 pa3iB OuIblle, HIXX y BEPXHIN TOYII]; 0
0) LEHTp KPUBUHU BEpPLIMHU 3HAXOJUBCA Ha A
3€MHII MIOBEPXHI. g, o

Y an=g

Po3B’si3anus.

a) Hexaii ry— paniyc KpuBHHH TPAEKTOPIT B
novyaTKy KoopauHaTt (auB. puc.). Toxal
v
(an)o = g cosa = )
To
vh

g cosa

To

VY BepxHii TOYIIL:
(@) v (vgcosa)?
a = =
n’/A g T T )
(vocosa)?
Ty =—.
g
3 YMOBHU Ty = 114 MAEMO:
2 2
vy (vgcosa)

)

gcosa 1 g
3Binku cosa = 1/n.

€y

(2)



0) 3a ymMOBOI, pajiyc KPHUBUHHU BEPIIMHHU JOPIBHIOE MAKCUMAaJbHIA BHCOTI
MOJIBOTY KYJIBKH:
(vosina)?
= — 3
Ta 28 (3)
Komb6inyrouu (2) 1 (3), 3HaiineMo:
tga = /2,
a = 54,7°.
Ilpuknao 1.16.

YacTka pyxaeTbcsi B JOJIATHOMY HANpPsIMKY MO OCl X Tak, 110 il MBHAKICTb

3MIHIOETBCS 32 3aKOHOM UV = a+/X, Jie @ — JioJaTHa cTaja. Marouu Ha yBasi, 1110 B
MOMeHT yacy t = 0 BoHa 3HaxoauThcs y Toull x = 0, 3HalTH:

a) 3aJICKHICTD B1Jl Yacy IBUJIKOCTI Ta MPUCKOPEHHS YACTUHKMU;

0) cepenHI0 MBUAKICTh YaCTUHKU 33 4ac, MPOTATOM SIKOTO BOHA MPOWJE MepIi S
METPIB IUIAXY.

Po3B’si3anna.
a) 3a yMOBOIO,
dx
— = a/x.
. . dt
Po3nimnmo 3MiHHIL:
dx
— = adt.
Vx

3arajgpHUM PO3B’SA3KOM I[bOT'O PIBHSHHA €:

2v/x = at + const.
3rigHo yMoBi 3anaui, npu t = 0 maemo x = 0, Tox const = 0.

2.2
a“t
2Vx = at = 4x = a’t* = x =

4 )
_dx  a’t
R TE
_dv_ a?
“Ta T2
6) 3 2v/x = at orpumyemo:
2
t =—+/x.
a
g x = s maemo:
2
t:_\/gi
* a
(17>=—=§\/§-

16



Ilpuknao 1.17.

Touka pyxa€eThcsi, CIOBUILHIOIOYHCH, IO MPSMid 3 MPUCKOPEHHSM, MOJIYJIb
SIKOTO 3aJIEKUTH BiJ 11 MIBUAKOCTI 3a 3aKOHOM a4 = a\/V, A€ & — JojaTHa cTaja. B

MOYaTKOBHI MOMEHT IIBUKICTh TOYKU JOPIBHIOE V. SKUU IUIAX BOHA Mpoiiae A0
3yNUHKHU? 3a KUl yac Oyie mpoiIeHo 1ei msx?

Po3B’sa3anuda.
OcK11bKH, 32 YMOBOIO, PYX CIIOBUIBHEHUH, TO:
dv dv
— = —a\v > — = —adt = 2\/v = —at + const.
dt o)
BukopucraeMo mo4aTkoBi yMOBH:
2\v = —at + 2,/v,. (1D

3 (1) 3Haxoaumo yac T 0 3ynuHku (v = 0):
0=—at+ 2,/v,,

2
T =E\/17_0 (2)

v=(—%t+\/v_0)2,
T T a
s=f0 vdt=j;(—§t+\/v—0)2dt. (3)

3poOuBILIN 3aMiIHY 3MIHHUX

3 (1) maemo:

at+
zZ=——= vy,
> 0

MIPUIEMO J0 PO3B’SI3KY

s=£v3/2
3a 0

Ilpuknao 1.18.

Touka pyxaeTbes 10 KOy 3i WBKMAKICTIO ¥ = at ge a = 0,50 M/c?. 3uHaiitu

il MOBHE MPUCKOPEHHSI B MOMEHT, KOJIM BOHA Tipoiae n = 0,1 JOBXHHH KOJIa MicIs
II0YaTKy PyXy.

Po3B’s13anu.

IToBHE IpUCKOPEHHS:
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a?t?\?
a= < 7 ) + a?. (D

Tenep Tpeba 3 (1) Buxmouutu t2/R:

at?
S=jvdt=ajtdt=7.

Ane
s = n2nR.
3 uX JABOX PiBHSAHB MAEMO:
t2  4mn
R a

[TincraBuBiu et Bupas B (1), orpumyemo:

a=ay1l+16m2n% =0,8 m/c?.

Ilpuknao 1.19.

Yactka pyxaeThcst 1o ay31 KoJyia 3 pagiycoMm R 3a 3akonom | = A sinwt, ne
[ — 3MileHHs BiJ] MOYATKOBOTO TMOJIOKEHHS, BipaxoBaHE B3JIOBX Ayru, A 1 w —
crami. [oxmaBmm [ =1,00M, A=080M i w=2,00c™!, 3nHaiitu TOBHE
npuckopeHHs B Toukax [ = 0,11 = £A.

Po3B’s13aHHs1.
[TocaimoBHICTH omepalriii He ToTpeOye MOsSCHEHD:
dl
vV = — = wA coswt,
dt
dv 5
a; = d_ = —w*“A sinwt,
v?  w?A%cos’wt
a, =—= ,
" R
444
a= at +aZ = |w*A%sinwt + cos*wt,
IIpu [ = 0, Tobt0 pu t = 0, MaeMo:
w?A?
a(v) = = 2,6 M/c?.

[Ipu | = +£A maemo sinwt = +1, oTxe
a(+4) = w?4 = 3,2m/c?.

Ilpuknao 1.20.

Kyns panmiyca R = 10,0 cM KOTUThCA
0€3 KOB3aHHS 0 TOPU3OHTAIBHIN MPSAMIi TakK,
mo il HeHTp pyXaeTbcs 31 CTaIUM
npuckopeHHsM  a = 2,50cm/c?.  Uepes
t=20c miciug TmoyaTKy pyxy Horo
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MOJIOKEHHS BIANOBIJAE TOMY, 1110 IOKA3aHO HA PUCYHKY. 3HAWTH:
a) IMIBUJIKOCTI TOYOK A4 1 B;
0) nmpuckopeHHs TOUoK A 1 O.

Po3B’sa3anuda.

Touku C:

OTxe, NIBUIKICTh TOYKHU A:
at
vy = 2Rw = EZR = 2at = 10,0 “M/...

Jlai, 3rigHO 3 PUCYHKOM:

0)3HaxoAMMO MPUCKOPECHHS:
a’t? a’t?
R =
R? R
4

v, 2

5 =

dt

Ilpuknao 1.21

YactuHka A pyXaeThes 1O KOy paalycy A
R Tak, mo ii paaiyc-BeKTOp BiZHOCHO Touku O
00epTa€eThCs 31 CTANIO0 KYTOBOIO HIBUIKICTIO.
3HANTH MOAYJIb IBUAKOCTI YACTUHKH, a TAKOXK
MOJYJIb 1 HAIPSIMOK 1i HOBHOT'O PUCKOPEHHS.

a) MuTtTeBa Bich 00epTaHHs MpoxoauTh dyepe3 Touky O. KyroBa mBHAKICTH

at
vg = [VE+ w?R? = Jw2R? + w?R? = wRV2 = ER\/E =atV2 =7 M/,

dvg\* N ,  a't at oM
ay = (—) + (wR)? = [(2a)* + R = 2a 1+<ﬁ> = 5,6 /CZ'

Po3B’s13aHHA. 0

Bubepemo koopamHaTHi OCi X Ta y 3
Mmo4yaTkoM KoopauHat y  Toumi  O.
[Ipoenemo xopay AB. Kyt mixk 40 1a AB
— IpsIMH. 32 YMOBOIO,

¢ = wt.
3 pucyHky 6a4yumo:

r = 2R cos @ = 2R cos wt.
Jlna koopauHar:
x = 2Rcos?wt,
y = 2R cos wt sin wt = R sin 2wt ;

dx
U, = It = —2Rw sin 2wt,
vy, = d_)t] = 2Rw cos 2wt,
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v = [vZ+v?=.4w?R3(sin?wt + cos?wt) = 2wR = 0,4 M/c.

v
a=a, =—
R

2

B 4w?R?
R

Ockinbku v = coswt, To a; = 0, ToMy

= 4w?R = 0,32 Mm/c?.

Ilpuknao 1.22.

Touka M mictutbcst Ha 0001 koneca paaiyca R = 0,50 M, sike koTuThes 6€3
KOB3aHHs 10 TOPU3OHTAJIbHIM MOBEpxHi 31 mBHAKICTIO ¥V = 1,0 M/c. 3HaiiTu:
a) MOZYJIb 1 HAIIPSIMOK ITPUCKOPEHHS TOUKH A;

0) NOBHUM NIIAX S, IKUW NPOHJE TOUKa A MK JBOMA MOCIIJOBHUMU MOMEHTaMHU
1 JOTUKY 3 TOBEPXHEIO.

A
Y
Ay
A\
X R
]
1
1
I
!
’ R
rd
s
td
- ’ x
= >
0 >
Po3B’s13anu1.

a) BexTop mpucKopeHHsS a TOYKU A BECh Yac HaMpaBJIEHUH JI0 IIEHTPY 000/a,
TOMY:

’UZ

R

a

0) 3 puCyHKY BHJIHO, II10:

x = R(6 — sinh),
{y = R(1 — cosf). (1)
[Iykana Bigcrans s = 00’ BUpaXOBYETHCS 3a BiOMOIO (HOPMYJIOKO:
21
s=| V&2 +()2de. @)

0
3 (1) BumiuBae:

{x’ = R(1 — cosb),

y' = Rsin#,
0<6<2m.
Tomy:
2n 2n 2]
s = JR2(1 — cosh)? + R2sin20 dO = 2Rf sinEdH = 8R.

0 0
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Ilpuknao 1.23.

TBepae Tino o0epTaEThCs HABKOJIO HEPYXOMOi OCi Tak, MO0 HOTO KyTOBa
HIBUKICTD 3aJIEKUTh BiJ] KyTa MMOBOPOTY ¢ 32 3aKOHOM W = Wg — AP, 1€ Wy 1 & —
nonatHi craii. B moment vacy t = 0 kyt ¢ = 0. 3HaiiTH 3aJIEKHICTD BiJ Yacy:

a) KyTa [OBOPOTY;
0) KyTOBI{ IIBUJIKOCTI.
Po3B’si3anHs.
de
dt
de
Wo — ag

d
[
Wo — A

In(wy, — ap) = — at + const.
BpaxyBaHHsI IOYaTKOBUX YMOB Ja€:
Inwy = const.

w Wy — A,

[HTerpyemo:

Lle nae:

Tomy:

Wy — A

In— L. —at
Wo

Otpumyemo:

Wo

¢o=—0- e ). (1)

HudepenmiroBanns (1) nae

w = wye %,

Ilpuknao 1.24.

Tepme TiIO mouYMHAaE 00EpTATHCS HABKOJIO HEPYXOMOi OCi 3 KyTOBHM
PUCKOPECHHSIM f8 = oc0Sp, ne o — CTalIuii BEKTOpP, ¢ — KYT TOBOPOTY 3
MOYAaTKOBOT'O TMOJIOKEHHS. 3HAWTH KyTOBY MIBHJKICTH Tia B 3aJ€XKHOCTI BII .
300pa3utu rpadix i€l 3aMeKHOCTI.

Po3B’si3annsn z T
CrpoekTyeMo 3ajjaHuii BUpa3 Ha BICh
oOepTaHHs — BICh Z: 0,
Bz = Bozcose. (1)
Ane Bz
d /2 TT
_ AWz 0 )(5
27 dt’
TOMY
dw,
—— = [y C0S
dt Bozcose
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abo

dwy; = fozcos@dt.
ITOMHOXXMMO OCTaHHIN BHpa3 Ha Wy = d¢@/dt i 3ayBaXMMO, 110

d
wydw,; = d_(f * PozCospdt = [ozcospde.
[HTerpyemo:
w3 .
5 = Bozsing,

Wz = +/2Bozsing (2)

I'padiku, ski BignoBinaTh (1) 1 (2), mokazaHi Ha pUCYHKY.

3BIAKU OTPUMYEMO:

Ilpuknao 1.25

TBepae Tino o0epTaeThCs, CHOBUIBHIOIOYHCH, HABKOJIO HEPYXOMOI OCi 3

KyTOBHUM MPUCKOPEHHSM S~ w, € w — HOro KyToBa MBUIKICTb. 3HAUTH CEPETHIO
KyTOBY IIBHUJKICTb TiJIa 3@ 4ac, KM BOHO Oyae o0epTaTucs, sIKIIO B MOYaTKOBUN
MOMEHT MOro KyTOBa IIBUJIKICTh TOPIBHIOBAIA Wy .

Po3B’sa3anua.

OckibkH 0OepTaHHs CIOBIJILHEHE, TO:

dw
~ar - e
O _ At

=

A00, miciig NepeTBOPEHHS:

2y w = —At + const.
3riIHO 3 TOYATKOBUMH YMOBaMu, Iipu t = 0 MaeMo w = wg, OTXKeE:

const = 2,/a,,
110 Ja€:

At
\/EZ\/Q)_O—7_

Yac pyxy T BU3HAYA€THCS THM, 1110 B KiHIIl Horo w = 0. Tomy:

Voo =5 =0,

2./ wg

A
CepenHe 3HaYEHHS KYTOBOT IIBUKOCTI:

T:

(w) =2

)
T

T T At\? 1
= dt = (1/ — —) dt == .
g0 jo w _[0 (UO 2 3 a)or
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1
(w) = 3 @o-

Ilpuknao 1.26.

Kpyriuii  koHyc 3 kytom @

niBpo3xmty a = 30° 1 paxaiycom o,
OCHOBH R=50cMm KOTUTHCS
piBHOMIpHO  0€3  KOB3aHHS IO
TOPU3OHTANIbHIN IUIOIIMHI, SIK
NOKa3aHO Ha pUCYHKY. BeprmHa | A
KOHyCa 3aKpirieHa MIapHipOM B TOYIT
O, sika 3HaXOJIUTHCA HAa OJTHOMY PiBHI 3
Touk0i0 C — LIEHTPOM OCHOBHU KoHyca. @1
[IBuakicte Toukum C cKIamae v = Ny o

10,0 cM/c.  3maiigite  abGcomroTHI 7 C
3HAYCHHS: <
a) KyTOBOI HIBUKOCTI KOHYCAa; L R

0) KyTOBOTO IPUCKOPEHHS KOHYCA.

Po3B’s13anu1.

Pyx cknanaerbcs 3 1BOX oOepTaHb:
1) HaBkomo oci koHyca 3 KyTOBOO IIBUJKICTIO W1;
2) HaBkoJ10 oci, 1110 IpOXOJAUTh Yepe3 TOUKY BIJIJIIKY — 3 KYTOBOIO IIBUAKICTIO
W, . Pe3ynpTyroua KyToBa MIBUIKICTh KOHYCA:
w = Wq + w>.
a) W 1 Wy- B3aEMHO MEPICHANKYIISPHI, TOMY

w = /a)lz + w2, (D

SIK BUITHO 3 PUCYHKY,

%
w1 =5
v vitga
(1)2 = E = R .
Tomy 3 (1) Mmaemo:
12 2
= | =+ —=tgla=— =23 :
@ Rz T R2 % T Reosa pan/c
0) BigHocHo 3emili w, = const, a 00epTa€ThCSI JIUILE BEKTOP W1 .
d(p = (l)zdt,
ldw,| = wdp = w,w,dt,
|dw, | v vitga v? paj,
’8 = P = Wiy = E R = ﬁtga = 2,3 T
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Ilpuknao 1.27.

Touka pyxaeTbcs, CHOBUIBHIOIOYHUCH, MO KONy paaiyca R Tak, mo ii
TaHT€HLIaJbHE Ta HOPMAJbHE IPUCKOPEHHS 3a MOJYJEM JOpIBHIOIOTh OJMH

omHoMy. B MomeHT wacy t = 0 MmBHAKICTP TOYKH JOpIBHIOBaNA V. 3HAUTH
3JIEKHOCTI:

a) MIBUAKICTh TOUKH B1Jl Yacy Ta B1J IPOIEHOr0 Yacy;
0) MOBHOTO NPUCKOPEHHS TOYKHU B1Jl LIBUJKOCTI Ta MPOMHAEHOr0 HIJIAXY.

Po3B’si3aHHs.
3a yMOBOIO,
an = at,
v? dv
R at
dv dt
vZ R’
[HTErpyBaHHS OCTAaHHBOTO PIBHSHHS JA€:
1 t
— = —+ const.
v R
3acToCyBaHHSI MOYATKOBUX YMOB IIPUBOUTH 10
1
— = const,
Vo
TOMY
1 t 4 1
v R v,
abo
Vo
v =
Vol
JI71 mpoMaeHOr0 HUISIXY MAeMO:
v v v
s=jvdt=f—0tdt=Rln —Ot =R1n—0,
1+ 28 1+ 2% v
R R
3BIJIKU:
a) v = vye /R,
2
v V2
6)a= [aZ+a?=+2a2=a,V2= F\/E = ?vge‘zs/R.
Ilpuknao 1.28.

YacTka pyxaeTbcsi PIBHOMIPHO 31 IIBUJIKICTIO UV 1O TMOXWIIH TpaeKkTopii
y(x). 3HaliTH MPUCKOPEHHA YacTKH B ToUIll X = 0, 1 pajlyC KpUBU3HU TPAEKTOPIi B
I1{ TOYIII, SIKIIIO TPAEKTOPISA:
a) mapabona y = ax?;
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0) eminc (g)z + (%)2 =1,

e aif — crani.

Po3B’s13anu1.

Ockinbku v = const, o a; = 01
2

%
a=a, = F
Jlist pajiiyca KpUBH3HU KPHBOI CITpaBeiIuBa GopMyJia:
d’y
1 dx?
= 3
dy\*\?
a) Jlna TpaekTopii y = ax?:
dy )
dyzc = 2ax,
d*y
W = 2a
3 1ux GpopmyJs1 MaEMO:
dy
(@), =
dx/,
d?y
— 2
(&), -
3 (2) oTpumyeMo:
1
—_=2
7 a
Toni 3 (1) maemo:
a = 2av?.
.. (X2 v\? i
0) [lns TpaekTopii (&) + (E) =

3 ocTaHHIX ABOX (HOPMYJI BUIHO, IIO:
dy
(@), =
dx 0
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d’y| B

dx? a?

Toni 3 (1) 1(2) oTpumyemo:
R = @
ﬁ )

po

a = >

)

* %k 3k

3anauvi 1y1g caMOCTIITHOTO PO3B’A3aHHA

Nel.l. ]IBa Tina KMHYJIM OAHOYACHO 3 OJHOI TOYKU: OJIHE — BEPTUKAJIBLHO Bropy,
inme — mig kyrom @ = 60° 1o ropusonty. IlouaTkoBa MIBHAKICTH KOXKHOIO Tija
vy = 25 M/c. HexTytoun omopoMm MOBITps, 3HAWTHU BIJCTaHb MK TUIaMH 4Yepe3
=1,70 c.

Bixnosine: | = vy + /2(1 — sin0) = 22 m.

Nel.2. JIBi 4aCTUHKM PYXarOThCS 3 TPUCKOPEHHSIM g B OJTHOPIAHOMY TOJI TSDKIHHS.
B mouyaTkoBuii MOMEHT YaCTUHKH 3HAXOIWINCH B OJHIM TOYIN 1 MaJIX IIBUIKOCTI
v; =3,0M/c Ta v, =4,0M/c, HanpsMIIEHI TOPU30OHTAIBHO 1 B MPOTHIICKHI
CTOpOHHU. 3HAWTH BIACTAaHb MDK YacTHHKAMM B MOMEHT, KOJH BEKTOpH iX
MIBUAKOCTEH OYyTh B3a€EMHO TIEPIICHIUKYIIPHUMHU.

V1V

Bignosine: [ = (v, + v,) =25m.
Nel.3. 3a npomixkok yacy T = 10,0 ¢ Touka npoiiia nojJoBUHY Koja paglycoM R
= 160 cm. OOuuncHiTh 32 el yac:

a) cepellHe 3HAYCHHS MOIYJISI IIBUAKOCTI < U >
0) MOyJb CEPEIHBOTO BEKTOPA MIBUAKOCTI |[< ¥ > ;
B) MOYJIb CEPEIHBOIO BEKTOpPA IMMOBHOTO MPHCKOPEHHS |< @ >| , SKIIO TOYKa
pyxaynach 3 MOCTIHHIM TaHTCHIIIAIbHUM TIPUCKOPCHHSIM.
BignoBine: < v >= R/t =50 cM/c, |< v >| = 2R/Tt =32 cM/c,
|< a >| = 2nR /T?=10 cm/c’
Ne 1.4. Paniyc-BeKTOp YaCTUHKH 3MIHIOETHCS 3 YacOM ¢ 10 3akoHy 1" = bt(1 — at),
ne b — nocTiitHui BEKTOP, @ — MO3UTUBHA KOHCTAHTA. 3HAUTH:

a) IUBUJIKICTh ¥ 1 IPUCKOPEHHS @ YACTUHKH B 3aJI€XKHOCTI B1Jl Yacy;
0) mpoMmikok uyacy At, Mo 3aKiHYEHHIO SKOIO0 YacTHHKA IOBEPHEThCS B
MOYATKOBY TOYKY, a TAKOXK IUIAX S, IKKI BOHA MIPOiiie MPH LIbOMY.

BinnoBins: a) v = b(1 — 2at), a = —2ab = const;

0) At =1/a, S=b/2 a
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Ne 1.5. YacTuHKa pyXxaeThCcsl B MO3UTUBHOMY HaIpsIMI OC1 X TaK, IO il IIBUIKICTb

3MIHIOETBHCSA M0 3aKOHY UV = @V X , e @ — IO3UTHBHA KOHCTaHTa. Marouu Ha yBasi,
10 B MOMEHT #=() BOHa 3HaXOA1JIach B TOYIll Xx=(), 3HANTH:

a) 3aJIEKHICTD B1Jl YacCy IIBHJIKOCTI Ta IPUCKOPEHHS YACTUHKM;
0) cepellHIO MIBUAKICTh YACTHUHKH 32 4Yac, MPOTITOM SIKOIO BOHA IPOiiie mepil
S METPIB LUIAXY.

Bignosiab: a) v = o?t/2, a=a?/2;

6) <v>=(a/2)s.

Ne 1.6. HeBenuke Ti710 KUHYJIU M1J KyTOM 10 TOPU30HTY 3 MOYATKOBOKO IMIBUIKICTIO
V. HexTyroun onopom noBiTps, 3HAUTH:

a) nmepeMiieHHs Tija B GyHKii yacy r(t);
0) cepeHiil BEKTOp MBUIKOCTI < ¥ > 3a MEpIIl ¢ CeKYH/I1 32 BECh Yac pyXy.
Binnosine: a) r = vyt + gt?/2;
0) <V >,=1vy+gt/2, <v>= vy — g(veg)/g.

Ne 1.7. Kynbka mamae 3 HyJEBOIO TMOYATKOBOI IMIBHUAKICTIO HA TJIAAKY MOXHITY
NOBEPXHIO, 110 CKIAJAa€ KyT & 3 TOpu30HTOM. [IposneTiBiin nesKy BiACTaHb /1, BOHA
NpYKHO BIAOWIAach BiA TutomuHM. Ha skii BijgcTaHi BiJ MICIs MaaiHHS KyJIbKa
B1J110'€ThCS Apyruil pas?

Bignosiab: | = 8h sin «.

Ne 1.8. TloBiTpsiHa KyJibKa MOYMHAE MIAHIMATUCH 3 TTOBepxHi 3emui. [lIBuakicTs ii
miAiioMy TOCTiiHA 1 JOPIBHIOE V. 3aBISKU BITPY KyJbKa Ha0yBa€ rOPU30HTAIbHY
KOMITOHEHTY MIBUJAKOCTI V, = @y, i€ & — CTaja, y — BHUCOTa MiIioMy. 3HAWTU
3QJICKHICTB B1JI BUCOTH MigHOMY:

a) BEJIMYMHU 3CYBY KYJIbKU X(V);
0) MOBHOTO, TAHTCHIIIAIBHOTO T4 HOPMAJILHOTO MTPUCKOPEHD KYJIbKH.
Binmosinn: a) x = (a/2v,)y?,

6) a = av,, a, = a®y/ /(1 + (% 2), a, = av,/ /(1 + (% 2).

Ne 1.9. Touka pyXaeTbcsi 110 KOJIy 31 MIBHAKICTIO V = at, xe a=0,50 m/c’. 3HaiirH ii
MOBHE MPHCKOPEHHS B MOMEHT, KOJii BoHa mpoiae n=0,10 qOoBXUHU KOJIa TiCIs
MOYaTKy pyxy.

Bianosigs: a = a4/1 + (4mn)? = 0,8 m/c%.

Ne 1.10. Koneco oOepTaeTbCsi HABKOJIO HEPYXOMOi OC1 TaK, IO KyT ¢ HOro
MOBOPOTY 3alleXkUTh Bii yacy sk ¢ = Bt?, ne $=0,20 pag/c?. 3maiitu nosHe
IPUCKOPEHHS a B Toulll 4 Ha 001JIKy Kojieca B MOMEHT #=2,5 ¢, SIKIO IIBUAKICTh
TOUKH A B 1ieii MoMeHT v=0,65 m/ 2

Binnmosinn: a = (v/t)/1 + 4B%t* = 0,7 m/c?.
Ne 1.11.3napsn BuieTiB 31 mBUAKICTIO UV = 320 m/c, yTBOPUBIIU BCEpEeAUHI

ctBosa n=2,0 obopotu. Jlorxkuna crBoiy /= 2,0 m. BBaxkaroun pyx cHapsamy B
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CTBOJII PIBHOIPUCKOPEHUM, 3HANUTH HOr0 KyTOBY HIBUAKICTH OOEpTaHHS HABKOJO
0Cl B MOMEHT BUJIBOTY.

BinnoBiab: w = 2nnv/l = 2-10° paz/c.

Ne 1.12. TBepae Tiio 00€pTAETHCS HABKOJIO HEPYXOMOi OCI MO 3aKOHy ¢ = at —
bt3 , ne a=6,0 pan/c , b=2,0 pax/c’. SHaiiTu:

a) cepeAHE 3HAYECHHS KYyTOBOiI WIBMJKOCTI 1 KyTOBOTO TPUCKOPEHHS 3a

IPOMIKOK yacy Bif t=0 ¢ 10 3yIUHKH;

0) KyTOBE IPUCKOPEHHSI B MOMEHT 3yNHHKH Tija.
Binnosinb: a) < w >= 2a/3 = 4 pan/c, < f >= \3ab = 6 pag/c?;

6) f = 2v/3ab = 12 pan/c>.

Ne 1.13. TBepae TUI0 MOYMHAE OOEPTATUCh HABKOJIO HEPYXOMOI OCl 3 KyTOBUM
nprckopennsim B = at, ne a=2,0-107 pagn/c?. Yepes skuii 4ac micis MOYaTKy
o0epTaHHs1 BEKTOP MOBHOI'O MPUCKOPEHHS JOBUIHLHOI TOUKHU TU1a OyJie yTBOPIOBATU
KyT ¢ = 60° 3 ii BeKTOpOM MIBUAKOCTI?

Binnosias: t = i/ (4/a)tge = 7c.
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2. IuHaMiKa NoCTynaJibHOT0 Ta 06epTaJIbHOT'0 PyXy TBEep/JOro Tijia Ta

MaTepia/IbHOI TOYKHU

e (OcHOBHE pIBHSIHHS TUHAMIKH (Apyruit 3akoH HeroToHa):

dv
m E =F
e Ileif »e BUpa3 B MPOEKIiAX HA JOTHYHY i HOPMAJb JI0 TPAEKTOPIl TOUKH:
dv, mv?
mg Tt =

e PiBHSHHA JWHAMIKM TOYKH B HEiHepIialbHii K'-cucTeMi BiIIIKY, sKa
00epTaETHCS 3 MOCTIHHOIO KYyTOBOIO MIBUIKICTIO W HABKOJIO HEPYXOMOI OCi:
ma' = F + mw?R + 2m[v'w],
ne R — paaiyc-BEeKTOp TOUKHU BIIHOCHO OCl 00epTaHHs K'-Cuctemu.

* sk ok

Ilpuknao 2.1.

[locyauna, 3amoBHEHAa BOJAOIO, PYXAETbCS TOPU3OHTAIBHO 31 CTAJIUM
NPUCKOPEHHSM a. SIky ¢popMy Mpu [IbOMY Ma€ MPOBEACHHS PiIUHU?

Po3B’s13anu1.

OCKUIBKM TIOCYJMHA PYXa€TbCSl 3 MPUCKOPEHHSM, Il
MO>KHA PO3TJISAATH K HEeIHEpUIaJbHy CUCTEMY BIJJIIKY.
Ha koXHY 4YacTMHKY BOJAM B IOCYJIMHI Jl€ CHJIa

TSOKIHHS Mg, HampaBjieHa BHM3, 1 CHJA 1HepLii —ma,
HaIpaBjeHa MPOTH BEKTOPY NMPUCKOPEHHS (IUB. PHC.).
IToBepxHs BOJU Mae OyTu IJIOLIMHOIO,
HEPIEHINKYJISPHOIO 10 PIBHOAINHOI IuX ABOX cuil. KyT

HaXWIy O TOBEPXHI 10 TOPU3OHTY BU3HAYAETHCS 13 CITIBBITHOIIICHHS:
a
tga = —.
8

Fmg

Ilpuknao 2.2. yA

VY uMniHApUYHIN TOCYIMHI 3HAXOUThCS piauHa. Ky
dbopMmy TmpuiiMe TIOBEpPXHsS pIAWMHHU, SKIIO MOCYJIMHA
PIBHOMIPDHO O0EpTAaeThCsl HABKOJIO OCl 3  KyTOBOIO
MIBUIKICTE @7

o m (sz

/T

Po3B’si3anus.

OckinbkM  TIOCyAMHA  O0epTaeThcs, 1i  MOYKHA
BUKOPHUCTOBYBATH SIK HEIHEPIIaJbHY CUCTEMY BIJJIIKY.
BigHocHO 111€i cucTeMu Ha KOXKHY YacTKy PIAWHH i€

BIJILIEHTPOBA CUJIA 1HEPLIi Mm@’ x Ta CUia TSOKIHHS Mg .
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PiBHOIIMHA KX CWJI IEPIIEHAUKYJISIPHA 10 IOBEPXHI P1IUHHU:
dy mw?x

dx mg’

tga =

3BIJIKH JICTAaHEMO:

(1)2

L .2
y ng.

[ToBepxHs piauau Mae ¢popmy mapadooina oGepTaHHs.

Ilpuknao 2.3.

3 SKUM MIHIMaJIbHUM MPUCKOPECHHSIM CJIi]T

nepeMilard B  TOPU3OHTAILHOMY  HAMpsMi
opycok A (muB. puc.), mod6 Tima 1 1 2 He
PyXaJINCh BIAHOCHO HbOro? Macu Tij OJHAKOBI,
KOeIIIEHT TepTs MK OpycKoMm 1 oOoma TilaMu
nopiBHIOE k. Macu Ojoka ¥ HUTKM HEXTOBHO
MaJti, TepTA B OJIOI BiACYTHE.

71718

Po3B’a3anuqa.

PiBHsAHHS pyxy Tina my:
mqa =T — kmg.

myg =T + km,a.
3a3HauMBIIN, 1110 M; = M, = m, BiagHiMeMo (1) Bix (2):
mg — ma = kma + kmg,
(1—-k)ymg= 1+ k)ma,
1-k

“=T7k®

Ilpuknao 2.4.

OCKUIBKH TIJIO M, 3aJUIIAETHCS B CIIOKOT BIIHOCHO Opycka A4, To

(1)
(2)

Kyns, npoOuBIIM AOLIKY TOBIIMHOIO /1, 3MIHWJIA CBOIO IIBUJKICTh BiJl Vg 110
v. 3HallTH 4yac pyxXy KyJi B JIOUII, BBAXKAIOUW CHIIY OMOPY MPOMOPIIOHATHHOIO

KBa/IpaTy IBUJIKOCTI.

Po3B’s13aHH1.
3a yMOBOIO,
_ 2
E,, = —rv~°, F,
1€ T — KOe(Ii€HT MPOMOPIIiOHATBHOCTI. <
dv FE, rv? 0} —> -5
- = = — _; UO 'U
dt m m
3BIJIKU h
dt mdv o — .
r v?’
m <1 1 )
r\v v/




Bunyuumo weBinome m/r. llIBuakicTs Kyi:
dx
v=—
dt
dx
dt = —.
v
ITincTaBmsiemo B (1):
dx mdv
v rov?
mdv
dx = ———.
TV
[arerpyemo ocransiit Bupa3 Biz 0 10 4:
m._ v,
h=—Iln—,
r v
m h
r Yo
v
OTxe,
vo—v h
t= T
Vo In=2
%
Ilpuknao 2.5.

Jlanmroxok AB 3aBIOBXKKH | 3HaXOAUTHCA B TJAJEHbKIA TpyOll Tak, IO
YaCTHHKA 11 TOBXKWHM h BUIBHO 3BHCAE, JOTUKAIOYUCH CBOIM KiHIIEM B 70 MOBEPXHI
crona (nuB. puc.). B sikuiich MOMEHT KiHEelb A JaHIIOKKA BIIMYCTUIU. 3 SKOIO
IIBUJIKICTIO BiH BUCKOB3HE 13 TPYOKU?

FOLLIILITIIIIITIIITN 4

. A .

4
-

L.
Y

=

H EEE NN EEEEEN
=
=

H EEE NN EEEEEN

Y B Y

— ) — )
Po3B’si3anHs.
Jlitoua cuia — cuiia TSKIHHS BEPTHKAIbHOI YACTUHKH JIAHLFOKKA!
h
F = ng. (D
[Tix giero 1€l CUIM MPUCKOPIOETHCS Maca
l—x
ml = l m' (2)
1€ X — BIJICTaHb BEPXHBOIO KIHLS B1Jl TOUYKH A. 3riTHO 3 APYTUM 3aKOHOM
HerotoHa,
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h _l—x
1T T

(I — x)X = gh. (3)

_dv_dvdx_ dv
~dt dxde  ldx

mx.

3Biacu

Ane
P
[Tepenumemo (3) Tak:
gl
dx.
- X

[TpoinTerpyemo 1ie piBHsSHHS B Mexax Big X = 0 1o x = [ — h 1 nictanemo:

vdv =

!
v= |2gh lnz.

Ilpuknao 2.6.

Ha ropuzoHTasibHii MI0MKHI 3 KOeIIEHTOM TEPTS K JIEKUTH TLIO MacoOI0
m .Y momeHT t = 0 70 HBOrO MPUKJIATIU FOPU3OHTAIIBHY CUJTY, 1110 3aJE€KUTh BiJl
yacy sik F = bt, ne b — ctanuii BekTop. 3HAUTU NUIAX, MPOUICHUNA TIIOM 32
nepuux t CeKyHJ Ail i€l CHIIN.

Po3B’s13anu1.

Bin mowarky nii cWJIM Ha TIJI0 10 MOMEHTY t, TLJIO HE pyXaJloCh, OTXKE MPH
t <ty maemo S =0. MoMeHT, y AKUH TNOYaBCS PyX, BU3HAYAETHCHA 3
piBHsHHS bty = kmg :

kmg
0= (1)
Tomi
dv
F=b(t—ty)=m—,
( 0) mdt
3BIAKHA

b b
dv=—(t —ty)dt =—d(t — t,),
m . m

b b
=—(t—ty)?| =5=(t—1t)?
v Zm( 0) to Zm( 0)

_ B s = vt

v—dt, s = vdt,

S = t(t ty)?dt = (t—ty)3
to 0 6m 07
Jie t, — BU3Hava€eThbcs 3 (1).
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Ilpuknao 2.7.

VY310BXK MOXWIOI TUIOIIMHY, IO YTBOPIOE
3 TOPHU3OHTOM KYT @, TIIINMaIOTh TIJIO.
Koedimient tepts k. Ilix sxum kyrom S 10
MOXWJIOI IJIONMHU Tpeba CHpsMyBaTH CHITY,
11100 BoHa Oyiia HAMEHIIIOHO.

Po3B’si3anus.

YMoBa piBHOBaFI/I Tiﬂa, JKa BHIIIIMBAE 3 |

nepuioro 3akoHy HeroToHa:
F.+mg+N+F=0.
B npoexuisx:

E —mg, — F =0,
{N+Fy—mgy=0,
F cosff = mgsina + kN,
{F sinf = mgcosa — N,

_ mg(sina + kcosa)

ksinf + cosf
Cuna F Oyne MIHIMaJIbHOIO, SIKIO 3HAMEHHUK MaKCUMAaJbHUM.
EeKCTPEMYMY 3HAMECHHUKA:

(k sinf + cosB)’ =0,

k=tgp,
p = arctg k.

Ilpuknao 2.8.

HeBenuuke Tio MyCTWIHM 3HU3Y Bropy MO MOXWJIIH MPOIIEHI, 0 YTBOPIOE
KyT @ = 15° 3 ropuzonTOM. 3HANTH KOEDIIIEHT TEPTS, SKIIO MiJ Yac MiaioMy Tijia

t; BusiBuBCS B 1) = 2,0 MEHIINUM B1J Yacy CITyCKY.
Po3p’si3aHHs.

3 apyroro 3akoHy HproToHa:
F =ma (D)
abo
F, = ma,.
3 (1) sicHO, 1110 BEKTOp MPUCKOPEHHS 1
BEKTOp CWJIM OjiHaKoB1. Cuia TepTs
Fp, = kN.
Ockinpku N = kmgcosa, TO
IIPUCKOPEHHS Tijda MpU MIJHIMAaHHI 1

IIpH CIyCKaHH1 OyyTh BIANOBIIHO:
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Fy .
a, = — = g(sina + kcosa),
m
F.
a, = 2= g(sina — kcosa).
Ockinpku
at{  ayt3
S = = f
2 2
TO
1 t;  |ap  [sina — kcosa
n t, |a; .sina+ kcosa’
L S
B
Ilpuknao 2.9.

Hepenuuke TiJI0 MOYMHA€E KOB3aTH 3 BEPIIMHU Iaakoi cepu pamiyca R.
3HaANTH WBUIKICTh TUIA Ta KYT (0 MK BEPTUKAJUIIO Ta PaJlyCc-BEKTOPOM BITHOCHO

HeHTpa cepr B MOMEHT BIIpUBY BiJl HEI.

Po3B’aA3anua.

Hrprotona:
mg+ N = ma,
a=a,+a,.
Po3B’s13aHHS 1IbOTO PIBHSHHS:

av _
m P mg sing,
02
—m? = —mgcosy + N.

B momenT BinpuBy N = 0,
v2 = g cose,

v
i g sing.
Buxarounmo ygac:

B dx
VEar
dx = Rdo,

Rd
dt = —2,
v
vdv
Rdo = g sing.

[Ticns iHTErpyBaHHS:

34

PiBHSIHHA pyXy TUIa BH3HA4Ya€ JAPYruil 3aKoH

v? = 2gR(1 — cosg).

(1)

(2)



[TpupiBntorouu (1) Ta (2), oTpumMyemo:

2
CosQ = 3
B 2
¢ = arccos 3

Toni
28R

U= T

Ilpuknao 2.10.

HeBenmnuka  mydrouka Macoro m = 0,15 kr
PYXa€eTbcsi MO  TJIAAKOMYy  JOpOTy, BUTHYTOMY B
TOPU3OHTAIBHIN TIIOMIMHI y BUTJISAIAI JYyTH KOJIa pajiyca
R=50cm (ouB. puc. — BuA 3Bepxy). Y Toumi 1, me
mBUAKICTE Mydrouku vy = 7,5 cM/c, Ha Hei mouana
TiSITH CcTajla TOPU3OHTalIbHA cuia F. 3HAWUTH MIBUIKICTH

mydTouku B Toutll 2, skmio F = 80 H.

Po3B’s13anu1.

OueBuIHO, 110
dl = Rda,

r
2 2

2 mvé

mv
= +chosadl =

2 2 2 2

mvg
+ | FRcosada =
1 0

v = Ué+7=16M/C.

Ilpuknao 2.11.

2

mvj

+ FR,

Ha rinageHbKoMy TOpU30HTAJIbHOMY CTOJ1 JIEXKaTh JBa OJHAKOBUX OPYCKH,
3’€HaH1 TPYXUHOI >KOPCTKICTIO k 1 goBxuHow [y. Ha miBuii Opycok pantoBo
moyana JIATA TOCTIMHA cwia F, HampsMieHa B3JIOBX MPYXKUHH. 3HAUTH

MiHIMaJIbHY Ta MAaKCUMaJIbHY B1JICTAaHb MK OpYCKaMH.

Po3B’s13aHuA.

F—> [m PWW\[m ]

Iy
Po6ora cunm F cipsimoBaHa:
a) Ha aedopMaIlio IPyKUHH;
0) Ha CTBOPEHHSI KIHETHYHOI eHeprii 000X OpyCKiB:
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Fx =
X=t gt

Komu npyxuHa makcumanbHO nedopMoBaHa (CTHCHYTa), TOIl OOHBa
OpyCKH MaroTh OJJHAKOBI IIBHUIKOCTI , TOOTO PyXarThCs K OfHE ITijie. AKiio
nedopmMaliisi IPUIUHUATHCS, TO

mv? mv?
Fx = ) = mv?2, (1)
Kpaiiniii Opycok Oyne pyxarucsa MiJ AI€l0 NPY’KHOI CHUJIM, TOMY MOYXKEMO
3aIrucaTu:
kx*  mv?
2 2’
3BIJIKH
kx? = mv?. (2)
3 (1) Ta (2) oTpumyemo:
Fx = kx?,
abo
x(F — kx) = 0.
Lle piBHSAHHS Ma€ Ba KOPEHi:
x =0,
To6TO [— 1y =0 a6o [ =l
_F
X =1
tobTo | —ly =F/k a6o l=1,+F/k.
baunmo, mo
lmin = Lo, lmax = lo + F/k.
Ilpuknao 2.12.

JIroquna macoto m = 60 Kr iae piBHOMIpHO 10 niepudepii TOPU30HTATBHOT
kpyraoi mnatdopmu paaiyca R = 3,0 M, siky 00epTaroTh 3 KyTOBOI IIBHUJIKICTIO
w = 1,00 pag/c HaBKOJIO BEPTUKAIBHOI OCi, IO MPOXOAMTH Yepe3 ii IEHTP.
3HANTH TOPU3OHTAIBHY CKIIAJOBY CWJIH, IO JIi€ HAa JIOJUHY 3 OOKY Iuiatdopmu,
SKIIO PIBHOAINHA CHJI 1IHEPIIii, MPUKIAAECHUX 10 HEl B CUCTEMY BIJUIIKY, ITOB’ sI3aHIii
3 IIaThOpPMOI0, TOPIBHIOE HYIIIO.

Po3B’s13anu1.

Cwiu  i1Hepuii, 1O [AIIOTH  BIJ  ILEHTpA,
nopisHioI0TE Mw?2R, Kopionica — 2m[v, w] (aus.
puc.). 3 yMOBHM 3aJayl BHIUIMBa€, M0 BOHHU
OJIHAKOBI1 32 MOJAYJIEM 1 MPOTHJIC)KHO HaIPsSMJIICHI,
TOOTO

mw?R = 2mvw, 2mvo]
wR 2 5
V= 7 mmn-R

BinHoCHO J1a00paTOpHOI CUCTEMHU BiJIIKY Q0
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m
F = = = 45 H.

Ilpuknao 2.13.

I'BUHTIBKY HaBeJIM Ha BEPTUKAJIbHY PUCKY MIIIECHI, IO PO3MIIlIEHA TOYHO B
NIBHIYHOMY HaIlpsIMKy, 1 BUCTpLIiIM. HexTyrounm omopom MoBITps,, 3HAWTH, Ha
CKUJIbKA CAHTUMETPIB 1 B SIKUM O1K KyJis, BIYYMBIIN B MILIEHb, BIIXUIUTHCS BiJ
pucku. Iloctpin 3po6ieH0 B TOPU30HTAIBRHOMY HampsiMi Ha MHPOTI @ = 60°,
mIBHAKICTE Kyai v = 900 M/c, i BiacTtans a0 mimeHi S = 1 KM.

Po3B’sa3aHua.

Ockinbku
Fynp = 2m[v, w],
TO KYJISl BIIXWJIUTBCS Ha CX1J BIJl PUCKH.
[Ipuckopenns xymi:
a = 2vw sing.
Po3paxyemo BiIXUICHHS:
at®>  2vw sing 2

2 25 h
t = — E a
v —
wS? & a
h ~ ——sing = 7 cm
k %k ok

3agaui 1151 caMOCTIHHOTO PO3B’SI3aHHA

Ne 2.1. Tino KUHYJU 3 MOBEPXHI 3eMJIi 1] KyTOM & J10 TOPU3OHTY 3 TTOYATKOBOIO
HMIBUAKICTIO Vy. HeXTyoun onopom noBiTpsi 3HAUTH:

a) yac pyxy;
0) MaKCHUMaJlbHy BHCOTY MIJIHOMY Ta TOPU3OHTAJIbHY JANbHICTh MOJbOTY. 3a IKUM
3HAYCHHSM KyTa @ BOHU OyayTh PIBHI OJMH OJTHOMY?
B) pIBHSIHHS TpaekTopii y(x);
BinnosBinn:
Vo .
a) T = 2—sina;
g

2

v
6) h = Z—Ogsinza;

B) Y = xtga — ————
)Y 8 2vécos?a
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Ne 2.2. Tiio KUHYTO MiJ AESIKUM KyTOM & 10 TOPU3OHTY. 3HAUTH BETUUYHHY I[bOTO
KyTa, SIKIIO TOPU3OHTaJbHA MAJbHICTh | MOIBOTY B YOTHPU pa3u OuIbIIA BiJ
MaKCHUMAaJIbHOI BUCOTH h TPAEKTOPIi.

BignoBinb: a = 45°.
Ne 2.3, Tlig sskuM KyTOM JI0 TOPU30HTY Tpeba KHHYTH KYJIbKY, I100:

a) paJilyc KpUBU3HU MOYATKy Horo tpaektopii OyB y 17 = 8,0 pa3iB OLIbLINN, HIXK Y
MOYaTKy?
0) IEeHTp KPUBUHU BUIIUHU TPAEKTOPIi OyB HA 3eMHIi MOBEpXH1?
Binnosinn:
— 1 — o.
a) cosa = 3\/ﬁ,a = 60°;
0) tga = \/E, a = 54,7°.
Ne 2.4, 3HaiiT MOAYJIb 1 HAMPSIM CUJIH, 1110 JII€ HA YACTUHKY Macolo m MpH ii pyci
B IJTOIIMHI Xy 110 3aKOHY X = A sinwt, y = B cos wt, ne 4, B, w — crai.

Bignosins: F = —mw?r, r— paaiyc-BEKTOP YACTMHKM BiJIHOCHO I10YaTKy

koopauHar; F = mw?\/x2 + y2.

Ne 2.5. HeBenuke TiJ10 MyCTHJIM 3HU3Y BBEPX IO MOXMJIIHM IUIOIINHI, IO YTBOPIOE
kyT a = 15° 3 ropusonrom. 3HaiiTi Koe]ilieHT TepTs, AKIIO Yac HmigioMmy Tina
BUsIBUBCS B 1) = 2,0 pa3iB MEHIIIE Yacy CIIyCKY.

Bianosins: k = [(n?2 — 1)/(n? + 1)]tga = 0,16.

Ne 2.6. Hutka nepekuHyTa uepe3 Jerkui OJIok, 1o obepraeThes 6e3 tepts. Ha
OJIHOMY KIHIII HUTKU TPUKPIIUICHUN TATaper> Macor M, a mo 1HIIN 4YacTuHI
HHTII, 110 BUCHUTh, CKOB3a€ My(TOYKAa Macor m 3 MOCTIHHUM IMPUCKOPEHHSIM a’
BIJIHOCHO HUTKHU. 3HAUTHU CUJTy TEPTSl, 3 IKOIO HUTKA /i€ HA MyDTOUKY.

Bignosinn: F;y = (2g —a’)mM/(m + M).

Ne 2.7. Yepes OJIOK , IPUKPITIICHUH 0 cTell KaOiHu JiTy, NepeKuHyTa HUTKA, Ha
KIHIISIX SIKOT 3aKpITUICHI BaHTaX1 3 Macamu M, 1 m,. KabGina mounnae migHiMaTuCh
3 TPUCKOpPEHHSM a,. HexTyrouum Macamu OJIOKIB Ta HHUTKH, a TaKOX TEPTSIM,
3HAWUTH:

a) MPUCKOPEHHS BaHTAXy 1M, BIAHOCHO KaOlHU;

0) cuity, 3 KOO OJIOK JIi€ Ha CTENI0 KaOiHU.
. . mqi—m,
BignmoBinb: a) a; = ——(g—a
ANOBiAk: a) a; = "= (8 — ao),

4m1m2
——(

0)F = e, 8T ap).

Ne 2.8. HeBenukomy TuTy HaJaidu MOYATKOBUM IMITYJIbC, B PE3yJIbTaTli YOTO BOHO
MOYMHAE PYXaTHCh MOCTYyNalbHO 0O€3 TepTs Bropy MO MOXWIIA TUIONIMHI 31
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mBuKicTIO vy = 3,00 M/c. Ilnomuna ytBoproe 3 ropuszontom Kyt a = 20,00°.
Busnauntu:

a) Ha Ky BUCOTY / MiTHIMETBCS TUIO;
0) CKUIbKM Yacy t; T170 Oy/e pyXaTuch Bropy A0 3YNUHKH;

B) CKUIbBKM 4Yacy t, TIJIO 3aTpaTUThb Ha KOB3aHHS BHHU3 JI0 IIOYAaTKOBOTO
MOJIOKEHHS;

T) Ky MIBUJAKICTh U Ma€ TiJIO B MOMEHT MTOBEPHEHHS B IOYATKOBUH CTaH.
Bianosine: a) h = vZ/2g = 0,46 M,
0)t; = vy/gsina = 0,89 c,
B)t, =t; =0,89¢,
r) v =1v, = 3,00 m/c.

Ne 2.9. Kynbka macoro m=0,20 Kr, 110 IpuB’sg3aHa J0 3aKPIiIUIeHOI 3 OJTHOTO KIHIIS

HUTKU JOBXWHU [=3,00 M, onucye B TOPU3OHTAIBHINA TUIOUIMHI KOJO PajilycoM
R=1,00 m. 3uaiiTu:

a) YucJ0 00epTIB 7 KyJIbKU 3a XBUIIUHY;

0) HaTSIT HUTKU F.

Bignosiae: a) n = (1/2m) /g/\/l2 —R?2 =17.8x8™;

0) F = mgl/VI? —R? =2,1 H.

Ne 2.10. T'opu30oHTAIBHO PO3TANIOBAHUMN JUCK 00EPTAETHCSI HABKOJIO BEPTUKAIBHOT
0Cl, 110 MPOXOJIUTH Yepe3 Horo 1eHTp, 3 yactororo n=10,0 06/xB. Ha skii BigcTaHi
¥ BIJI IGHTPY JAMCKA MOKE BTPUMATHUCh HEBEJIUKE TLIO, 110 JISKUTh HA JTIUCKY, SKIIIO
koedimient tepts £=0,2007?

BignoBian: v < 1,8 m.

Ne 2.11. Jlitak poObuTh «MepTBY NeTiO» paiaiycom R=500 M 3 mDOCTIMHOO
mBUaKicTIO v=360 KM/ Toj. 3HaTH Bary mijora Macor m=70 Kr B HWXKHIH,
BEpXHIN 1 cepeIHIM TOUKaX MEeTIII.

Bignosian: 2,1; 0,71 1,5 xkH.

Ne 2.12. HeBenuka KyjbKa Macoro m , MABIIIEHY HAa HUTII, BIIBEJIX B CTOPOHY TakK,
10 HUTKA YTBOPHJIA IPSIMUAN KYT 3 BEPTUKAILIIO, 1 TOTIM BIAMyCTHIIA. 3HANTH:

a) MOAYJIb TIOBHOTO MPUCKOPEHHS KYJIBKU 1 CHJIy HATATY HUTKH B 3aJICKHOCTI
BiJl 6— KyTa BIIXWJICHHS HUTKU B1J] BEPTUKAII;
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6) CUJIy HATATY HUTKH B TOM MOMCHT, KOJIM BCPTUKAJIbHA CKJIaIO0Ba H_IBI/II[KOCTi
KYJIbKH MaKCHUMaJIbHa,

B) KyT 6 MDK HHUTKOIO Ta BEPTUKAJUII0O B MOMEHT, KOJHM BEKTOpP IOBHOIO
IPUCKOPEHHSI KYJIbKY HAIPSIMJIIEHUI TOPU30HTAIIBHO.

BinnosBinn:

a)a =gV1l+3cosf2,T = 3mgcosb;
6) T = mgV/3;
B) cos @ = 1/~/3.

Ne 2.13. Kynbka, miaBillieHa HAa HUTII, TOWIAETHCS Y BEPTUKAIbHIN TIJIOMIMHI TaK,
o ii IPUCKOPEHHS B KPaHbOMY 1 HIDKHBOMY ITOJIOKCHHSIX PIBHI MO MOJYIIIO
OJIMH OAHOMY. 3HAWTH KyT 6 BIIXHJIEHHS HUTKU B KPaHbOMY I1OJIOKEHHI.

Bianosins: tgf/2 =1/2, 8 ~ 53°,

Ne 2.14. ABTomanmmHa PyXaeThCs 3 MOCTIMHUM TaHTEHIIAIbHUM HPUCKOPEHHIM
a, = 0,62 M/c’ 10 FOPU30HTAIBHIHN OBEPXHI, OMUCYIOUN KOJIO paniycoM R=40 M.
KoeditieHT TepTs KOB3aHHSA MiX KoyiecamMu Ta noBepxHero £=0,20. SAxuit mursx
npoiie MammHa 0e3 KOB3aHHS, SKIIO B MMOYATKOBHUH MOMEHT 1i MIBHJKICTh PiBHA
HYJI0?

Bimnogins: s = (R/2)/(kg/a;)? —1 =60 m.

Ne 2.15. HeBenuke T1I0 TOMICTHIIA Ha BEPIIMHY TIaakoi Kyii paaiycom R. [ToTim
KyJl Hajald B TOPU3OHTAIIBHOMY HalpsMI MOCTIMHE NPHUCKOPEHHS Qg, 1 TLIO
10Yajo KOB3aTU BHU3. 3HAWTH WIBUJKICTH T1JIa BIIHOCHO KYJIi B MOMEHT BIJIpUBY.

Binnoins: v = \/2gR /3.

Ne 2.16. T'naneHbKuii TOPU3OHTAIBHUN AUCK OOEpPTaIOTh 3 KyTOBOK HIBHUIKICTIO
w = 5,0 pag/c HaBKOJIO BEPTUKAJIBHOI OCi, IO MPOXOIUTH Yepe3 Horo meHrp. B
HEHTPl JUCKY MOMICTHIM HEBENWKYy Mmanldy macoro m =60 T 1 Hajganm iu
MOIITOBXOM TOPH3OHTaJbHY MIBUAKICTD V, = 2,6 M/c. 3HalTH MOAYJIb CHIU
Kopiomica, mo aie Ha mai0y B cucTeMi BLIJIIKY «JHCK», yepe3 t = 0,50 ¢ micus
[I0YaTKy 11 pyXy.

Bignosine: F, = 2mwvy V1 + w?t? =4,2 H.
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3. Imnyabc Tisia. EHeprisa. 3akoHu 36epekeHHs. MexaHiyHa po6oTa.

3B's130K MeXaHiYHOI pOGOTH 3 eHepPri€l

PiBHSIHHSA pyXy LIEHTpa Mac CUCTEMHU:

dv,

m dt = Fyopn

ne F ., — pe3yabTyroua BCiX 30BHIIIHIX CHIL

[IpupicT IMIyJIbCY CUCTEMM:
2

P2 — P1 =f FSOBHdt'
1

PiBHSHHS TUHAMIKY TUJIa 3MIHHOI MacH:

dv_F+dm
™ - ar

Je U — MBHJKICTh BIJIOKPEMIIIOBaHOI (MMPUEIHYBAHOT) PEYOBUHU BiJIHOCHO
T1J1a, IO PO3IIISAAETHCS.
Po6oTa Ta moTYyX HICTh CHJIH:

Aszdr:stds, P = Fv.

[TpupicT KIHETUYHOI €HEPril YaCTUHKHU:
T2 - Tl = A,
ne A— poOoTa BCiX CHJI, 10 AIIOTh HA YACTHHKY.
3MeHIIeHHs (Craa) NOTEeHI1AIbHOT €HEPTii YaCTUHKH B MOJII:
Uy = Uy = Anonss
1€ A pons — pOOOTA MOJIA.
3B'A30K MK CHJIOIO Ta MOTEHI[IaIbHOI €HEPT1€I0 YACTUHKU B TIOJI:

F i F VU
1= ——7 = — .
dl’
[TpupicT MOBHOI MEXaHIYHOI €HEPTii YACTUHKH B TIOJII:
E,—E = ACTOpJ

ne Acrop — pOOOTa PE3ybTYHOHOI BCIX CTOPOHHIX CHII, TOOTO CWJI, sKi HE
HAJIEeXAaTh JI0 IAHOTO TOJIS.
[Tpupict B1acHOT MEXaHIYHOI €HEPTii CUCTEMH:
_ Auc
EBnac 2 EBJIaC 1= ABOBH + ABHYTp'
ne Eppae =T + Ugpaes  Ugpac — BJIaCHA TOTEHINIANIbHA EHEPTisl CUCTEMH,
AGyyrp — POBOTA BCIX BHYTPINIHIX AUCHIIATHBHUX CHII (CHJI TEPTA i omopy).
[TpupicT MOBHOI MEXaHIYHOI €HEpPrii B MOJIL:
E, — E; = Ajoon + Anny

30BH BHYT’
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ne E =Eg e+ Usopys Usopy — TIOTEHLIAJIBHA  €HEPrisi CHCTEMH B
30BHIIIHBOMY TIOMi; Aggon — POGOTAa 30BHILIHIX CTOPOHHIX CHI, TOGTO
30BHIIIHIX CHJI, 10 HE HAJIEXaTh /10 CUJI JAHOTO TOJIS.

e KineTuuHa eHeprisi CUCTEMHU:

T =T 4 ¢
- .

ne T — ii kiHeTHuHa EHEeprisi B CUCTEMI IIEHTpa Mac.

e [IpupicT MOMEHTY IMITyJIbCY CUCTEMH:

M; -M, = fN3OBHdt

e MOMEHT IMIYJIbCY CUCTEMHU:
M=M+ [rcp],
me M — ii MOMeHT iMIyJbCy B CHCTEMi IIEHTPY Mac, T, — Pajiyc-BEKTOp
LHEHTPY Mac, P — IMILyJIbC CUCTEMHU.

* %k ok

Ilpuknao 3.1.

Jlaamro)kok macoro m = 1,00 kr 1 gosxubowo [ =1,40m
BUCHTh Ha HHTII, JOTHKAIOUHWCHh IMOBEPXHI CTOJA CBOIM HIKHIM
kiamem. [licns mepemantoBaHHS HUTKH JIAHIIO)KOK YIaB Ha CTIIL
3HANTH MOBHUM IMITYJIBC, IKWI BIH TIEpPE/IaB CTOIY. l

dxs-

Po3B’si3anus.

""""W"""

[ToBHU IMITYJIBC:

p=Ap=fdp

m
=fdm-v=jpdx-gt=j7gtdx
m
=Tgftdx;

t2 2x
x=S 0= =
g

mg 2x mg 2 [3/2] mg 2 213/2—2m i
g 3 3718

)
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Ilpuknao 3.2.

YactuHka 1 31TKHYJaCh 3 YaCTUHKOO 2, BHACIIJIOK YOI0 BUHHUKIIA CKJIaJeHa
YAaCTUHKA. 3HAUTH 11 IBUAKICTh V 1 a0COJIIOTHE 3HAUEHHS V, SIKIIO Maca YaCTUHKU
2 B = 2,0 pa3u OuIblIa, HDK YaCTUHKH 1, a X IMIBUJKOCTI Mepe] 31TKHCHHIMU

JOpiBHIOBAIN V9 = 2i+3j Ta vy = 4i—5j, ne KOMIOHEHTH UIIBUIKOCTI
HapejieHi B CI.

Po3B’si3anHHs.
OckibKM 31TKHEHHS a0COJIOTHO HEMPYXKHE, TO
mvq + myv, = (m1 + mz)v,
myvy + nmyv, = (my + nmy)v;
_ v ENUy
147’
20+ 3j+n4i—n5j @Q+4n)i+ B —-5n)j 10i—7j
1+n7n 1+n 3
V102 + 72 /149
V= = = 4,07 m.
3 3
Ilpuknao 3.3.

JIBi HeBenmmuki My(TOYKH, Mach SIKUX BiAmoBimHO My = 0,1 kr i m, =
0,2 Kr pyxarTbCs Ha3yCTpi4 OJHA OAHIN IO TJIAIKOMYy TOPU30HTAITBHOMY JPOTY,
3ITHYTOMY Y BHTJISI/II KOJIA, 31 CTAIMMH HOPMAJIbHUMHU MPUCKOPEHHSMH BiJIIOBITHO
a; =3,0 Mm/c? i a, =9,0 m/c?. 3HaliTH HOpMallbHE INPUCKOPEHHS CKJIaJEeHOI
My(}TH, YTBOPEHOT TICIIs 31ITKHEHHS.

Po3B’sa3aHu.

OckibKH 31TKHEHHS a0COJIOTHO HEMPYXKHE, TO
myv; — myv, = (my + my)v;
2
%

a=?;v=\/a_R;

my\/a,R — my /a,R = (my + m,)/a,R;
2
_ (m1\/a_1_ ma+/ azR)

(my +m;)2

a, = 2m/c%

Ilpuknao 3.4.

Cuapsia, BUIyIIEHHH 31 mBUaKicTio vy, = 100 M/c mig xyrom a = 45° 10
TOPU30HTY, pO3ipBaBcs y BepxHiid Toulll O TpaeKTOPii HA JBa OJHAKOBUX OCKOJIKHU.
OnuH OCKOJIOK YIIaB Ha 3€MITIO i Toukoi0 O 31 MBHIKICTIO V; = 97 M/c. 3 K010
MIBUAKICTIO YIIaB HA 3€MJIIO APYTHil 0CKOJI0K? Onip NOBITPs BIACYTHIM.
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Po3B’s13anu1.

VY touni O cHapsx mMaB IMITyJIbC 2MV,COSQA
(TyT m — Maca OJHOTO OCKOJIKa). 3a 3aKOHOM
30€epeKEeHHS IMITYJIbCY,

(mvy,)? = 2mvycosa)? + (mvy)?;
vE, = 4vicosa + vE,. (D
3a 3aKOHOM 30€peKEeHHsI EHeprii,
mva, mv3

7 Tmgh=—

vZ = v§, + 2gh.
BpaxoBytouu (1), orpumyemo:
vs = 4vicosla + v3, + 2gh,

O 2mv,cosa

ane
v§, + 2gh = vi,
TOMY
v, = \/4v§cosza +vi =171,5 m/c.
Ilpuknao 3.5.

YacTUHKM Macor m TOTPAIUIIIOTH B 00JIaCTh, /e HA HUX i€ TaJbMiBHA
cwia. ['mubuHa X MPOHUKHEHHS YaCTUHOK Y 10 00J1aCTh 3aJIEKUTH BiJ] IMITYJIBCY P
YAaCTUHOK SIK X = ap, /1€ o — 3aJlaHa CTaja. 3HANUTH 3aJI€KHICTh MOJTYyJIsl FaJIbMIBHOI
CWJIM BIJ X.

Po3B’s13anu.
_dp_d(x)_ldx_l 1p 1 x x
T dt dt\a/ adt a am ama a*m

Ilpuknao 3.6.

I"apmaTa macoro M mouynHa€e BUIBHO KOB3aTH IO TJIAAKIM IMOXMIIIN TUIONTHHI,
0 CKJanae KyT « 3 ropuzoHToM. Komm rapmara mpoitma moisx [, BigOyBcs
MOCTPLT YHACHIIOK YOr0 CHapsJ BHWIETIB 3 IMIIYJICOM P Y TOPHU3OHTAILHOMY
HalpsMKy, a TapMmaTa 3yNUHWIach. HexTyloouun Macor CHapsjay IOPIBHSIHO 3
Macol0 rapMaTu, 3HalTH TPUBATICTh TOCTPLITY.

Po3B’sa3aHua.

CkopucTaEMOCH CITiBBiTHOIICHHSM:
Ft = Ap, (1)
TYT B IPOEKIIii Ha Bichb X (a, = g sina):
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F = Ma = Mgsina,
Ap = pcosa — Mvy,y,

2
M VUrapm

ToMy 3anuiiemo (1) Tak:
Mgrsina = pcosa — M,/2glsin«,
3BIJIKHA

pcosa — M,/2glsina
T= :

Mgsina
Ilpuknao 3.7.

HeBenuuke Ti10 Macu m HMOBLIBHO BTSTJIHM Ha
ripKy, Jirouun cwioww F, sdka B KOXHIA TOUIIl
HanpsiMJIeHa 10 JOTUYHIN 10 TpaeKkTopli (AUB. puc.).
3HaliTh poOOTY Ili€l CHIIM, SIKIIO BUCOTA TIPKHU A,
TOBXHHA 11 / 1 KoedilieHT TepTs k.

— = Mgh = Mgl sina = v,y = +/28lsina,

L‘?

dl=dscosa.

Po3B’s13aHH1. [

1
A =mgh + A, = mgh + f kmgcosa ds =
0

Ilpuknao 3.8.

-~

1
= mgh + kmgf dl = mgh + kmgl = mg(h + kl).
0

ToHKMI CTaJbHUM JAHIIOKOK 3 JyKe ApIOHMMM JIaHKAMH, SKUH Mae
noexuHy [ =1,00M 1 macy m = 10,0 r, 71eXUTh Ha TOPU3OHTAILHOMY CTOJIL.
JIaHILIIO)KOK BUTATHYTUH y MpsAMY JIHIIO, NEPHEHIUKYISIPHY 10 Kpaw CTOJA.
Kineup naniroxka 3Bucae 3 Kparo crona. Konm noBXKMHA 3BHCAIOYOi YaCTUHKU
ctaHoBUTh 1) = 0,275 MOBXKWHU [/, JIAHIFOXKOK TIOYHMHAE 3ICKOB3YBATH 31 CTOJY

BHI3. BBaXkarouw JaHITIOKOK OTHOPIAHUM 32 JOBXKHUHOIO, 3HANTH:
a) KOe(IIIEHT TEPTS kK MIXK JJAHITIOKKOM 1 CTOJIOM;

0) poboTy A ch TEPTS JTAHIIOKKA 00 CTLI
3a yac 31CKOB3YBaHHSI; | (1-n)!

B) IIBUAKICTb vV JIAHIFO)KKAa B KIHII
31CKOB3YyBaHHSI.

Po3B’s13anu1.

‘ a) 31CKOB3yBaHHS MMOYMHAETHCS JIUIIE TIPH

\ As
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nmg = k(1 —n)mg,

3BIIKHU
n
k =———. 1
1—7 (1)
X km
6) dA = Fy)(~dx) = —k (ng) dx = —Tgxdx,
Jie X — JIOB)KMHA TOPH30HTATHLHOI YACTHHM JTAHITIOKKA.
-mt (1-n)1
. kmg j D = kmg [x? _ kmg (1— )22
- S ) T e

1 BpaxyBas1H (1), nictranemo:

1
A= —Emgln(l —n) = —9,8 M/ k.

muv?
B) 5= Argn + 4;
JZ(AW +4)
V= )
m
z
dATm,; = (7 mg) dz;
mg mgl
A = —— f zdz =——(1— TIZ);
l 2
nl
mgl mgln mgl
A +A = T(l _772) _T(l —TI) = T(l —77);
[
v = 1gT = 2,67 Mm/c.
Ilpuknao 3.9.

3HalTH 3aKOH 3MIHM Macd pPaKeTH B Yacl, SKIIO paKeTa PYyXaeTbCs 3a

BIJICYTHOCTI 30BHIIIHIX CHJ 31 CTaJIUM MPUCKOPEHHSM @, IMIBUIKICTh BUTIKAHHS
ra3y BIJIHOCHO PaKeTH CTaHOBUTH u, a 1l Maca B MOYATKOBUU MOMEHT JIOPIBHIOE

m.

Po3B’s13anu1.

PiBHSIHHS IUHAMIKY TUJIa 3MIHHOI MacHl Ma€ BUTJIS;
dv P+ dm
m— = —Uu.
dt dt
B nmamomy Bunaaky F = 0, oTxe,
dv dm
ma=m—=—-u—;
dt dt
dm a
— = ——dt;
m u
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a,

m=mgye u.

Ilpuknao 3.10.

Pakera niHiMaeThCs 0€3 MOYATKOBOI IIBUJIKOCTI BTOPY B OAHOPIIHOMY IO
cwi TsokiHHS. [louaTkoBa Maca pakeTH 3 MajduBOM JAOpiBHIOE M. HexTyroun
OTIOPOM TIOBITPSI, 3HAWTH MIBUAKICTH PAKETH 3ajJ€kKHO BiJ 11 Macu m 1 4acy
nigiomy f.

Po3B’sa3aHua.
dv N dm
m—=m u—;
dc . T
dm

dv = gdt —_—
v=g +um

dv = gdt — ud(Inm);
v = —gt — u lnm + const.
IIpu t = 0 maemo v = 0, m = my, Tox const = u lnm,,

my
v=uln— —gt.
m

Ilpuknao 3.11.

3aJIeKHICTD MTOTEHIIAIBHOT eHeprii U B3aeMo/Iii IBOX YaCTHHOK BiJl BiACTaH1
r MDK HUMM TIOKa3aHa Ha puc. fka BiACTaHb MK YacTUHKaMU BIJIOBiJa€
piBHoBa31? Ilpu skiii BiACTaHl L5 pIBHOBara cTiiika, a npu skiid Hecrtiika? Axum
JIISTHKaM ~ KPUBOi  BIATMOBINAIOTH CHJIM TPU  TOKIHHA Ta SKUM — CHIH
BIJIIITOBXYBAaHHS?

Po3B’sa3anua.

PiBHoBara mae Mmicue 3a yMOB [
PIBHOCTI HYJIIO CHJIM B3a€MOJIII

v

MDXK YacCTUHKaMHU. Cuna
B3a€EMO/IIT 3B’si3aHa 3
MOTEHI1AIbHOIO EHEPri€r0
B3aeMoii U popmyiioro:

dUu

o /T
3Biacu BUILIMBAE, 10 3
piBHOBara BIJMOBIJA€E 3HAYEHHIO 1 4
r, ipu akux U mMae ekcTpeManbHi

3a3Ha4YE€HHS. 3 PHUCYHKY BHJIHO, 2
e 3HAYECHHA BIJAMOBIIAIOTH

TOYKaM 2 1 4, mpuyoMy TOYKa 2 BIANOBIAAE CTIiKIM, a Touka 4 — HECTINKIM
pIBHOBA3I.

"’QV
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OCKUIBKM TOTEHLIAJIbHA E€HEpris MpsIMy€e€ A0 MIHIMyMy, TO 3 LbOIO
BUILIMBAE, 1110 HA AUISHKAX 1 + 2 14 <+ 5 [i0Th CUITK BiAIITOBXYBaHHS, a Ha

TISHI 2 < 4 - CHIIA IPUTSATaHHS.

Ilpuknao 3.12.

Uepe3 nBa riaaJeHbKUX TOPU3OHTATBHUX
CTEp>KHS1, [0 3HAXOASTHCA Ha OJIHIN BIJCTaHI,
NepeKUHyTa  HUTKA, JO  KIHI[IB KOl
MPUKPIIUICH] BaHTaXXI Macor m KoxxHui. J[o
CEepeIMHU HUTKU TPUB’SI3YIOTh  BaHTaX
Macoro M, 1 paroTh HWomy mazatu Oe3
MO4YaTKOBOI IIBUJIKOCTI. Buznauute
HAWJIOBIY BIJICTaHb, Ha $KY OITYCTUTHCS
BaHTaX M, BBa)XxalouuW JIOBXKUHY HHUTKH
JOCTaTHBO Benukow 1 M < 2m. Tepta HuTKH
31 CTEp>KHSIMU HE BPaXOBYBaTH.

Po3B’s13anu.

Ha pucynky H — MakcuMasibHa
BIJICTaHb OITyCKaHHS Tsaraps M, h —
MaKCUMAJIbHUN MigioM Tsraps m.
OcCKUJIBKM B KIHI MPOLECY KIHETUYHA
eHeprig TArapiB Oyjae JOpIBHIOBATU
HYJI0, TO 3a 3aKOHOM 30€peXeHHs

h==H
= >H,
2
=

48
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l
2

eHeprii
Mgh = 2mgh, :
3BIJIKHU h |
h = M H 1
3 PUCYHKY BUJIHO, 1110
[2
h= |H? +———.
4
3 (1) 1(2) nicranemo:
_ 2mMl
4m? — M?’

Ocrtanus hopmyna mae Qpi3uuHuid 3micT uie npu M < 2m.
B okpemomy Bumnanky M = m dopmynu (1) 1 (3) nepexoasTs BIAMOBIIHO B

(2)

(3)

(1)
(39

P
\ 4

* - -



Ilpuknao 3.13.

Tino macorw m 31CKOB3y€ 3 TOpU JOBUIBHOTO A
npodi0 BUCOTOW /A 1, MNPOIXaBIIM Jaii JEIKy
BIJICTaHb IO TOPU3OHTAJI, 3yNMUHAETHCS B HACHIJIOK
tepra. KoedimieHar Teprs Ha pi3HUX AUISHKAX NUIAXY 7
MOKe OyTH pI3HHUM, ajle BIH HE 3aJCKUTh HI Bij
MIBUAKOCTI, HI BiJ HampsMKy pyxy. Busnauure
poboTy, Ky HEOOXiJIHO BHKOHATH, II00 BEPHYTH .
TIJIO B IOYATKOBE TIOJIOKEHHS THUM K€ IIITXOM. Y >

Po3B’sa3anus.

Jlo 3ynuHKHM ToTeHuiandbHa eHepris Tta U = mgh BHKOPUCTOBYETHCS Ha
nojosaHHs cui Tepta. 11{00 BepHYyTH T110 B IOYATKOBE MOJIOKEHHS, TOTPIOHO
BUKOHATH POOOTY MPOTH CUJ TepTs, TOOTO mgh, a TakoX HAa BIAHOBIICHHS
MOYaTKOBOI MOTEHITIAIbHOT eHeprii Tia, To0To Texk mgh. Takum ynHOM,

A = mgh + mgh = 2mgh.

% sk ok

3amadi 11 caMOCTIHHOTO PO3B’A3aHHS

Ne 3.1. Tino macow m KHHYIH MiJ KyTOM JI0 TOPU30HTY 3 IOYAaTKOBOIO
HIBUAKICTIO V . Yepe3 aeskuil yac T Tu10 Bnayo Ha 3emutto. Hextyroun onopom
HOBITPS, 3HANUTH:

a) MPUPICT IMIYJIbCY Ti1a AP 3a yac MoJIbOTY;
0) cepeaHe 3HAUEHHS IMITYJIbCY < P >3a 4ac T.
BinnoBinb: a) Ap = mgr,

b)< p >=mvy + mgt/2 = py + Ap/2.

Ne 3.2, ]JIBl KyIbKH PYyXalOTbCsl HA3yCTPI4 B3JIOBXK MPSAMOI, 110 MPOXOAUTH Yepe3
ixHl meHTpu. Maca 1 mBUAKICTH Tepiioi Kynbku piBHi 4,00 kr 1 8,00 M/c, 1HIIO
kynpku — 6,00 xr 1 2,00 m/c. Ak OynyTh pyXaTuch KyJbKH MicClisg aOCOJIOTHO
HEMpPY>KHOTO yaapy?

Bignosiab: O0uaBi Kynbku OyAyTh pyxaTtuch 31 mBHuaKicTio 2,00 M/c B HampsiMmi, B
SAKOMY JI0 yJapy pyxajach mepiia KyJabKa.

Ne 3.3. CtBon rapmaty HampsmieHuii mig kytom 9 = 45° 1o ropusonry. Komu
KoJjieca rapMaTH 3akpiIuvieHl, MBUIKICTh CHapsay, Maca skoro 11 =50 B pasi
MEHIIIe Macy rapMmaty, vy = 180 wm/c. 3HaliTH MBHIAKICTH TapMaTH 3pa3y Micis
MOCTPLTY, SAKIIO ii KoJieca 3BUIBHHUTH.

BignoBiaek: u = vycosd /(1 +1n) = 25 m/c.
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Ne 3.4. JIi nHeBenuky wmydrouku 3 macamu my = 0,10kr 1 m, = 0,20 xr
pPyXarThCsl HA3yCTPIY OJIHA OJHINA IO TJIAJICHBPKOMY APOTI, 3ITHYTOMY Yy BUIJISII
KONa, 3 MOCTIfHUM HOPMAIbHHM IPHCKOpeHHsM a; = 3,0 M/c® i a, = 9,0 m/c’
BIJIMOB1AHO. 3HAUTH HOPMAaJIbHE MPUCKOPEHHS CKJIaJ0BOi My(TH, III0 YTBOPHIACh
IICIIS 3ITKHCHHS.

Bignosins: a, = (myva; — my\/ay)?/(my + my,)? = 2,0 m/c’.

Ne 3.5. YactrHka Macoro m, 3a3Halia IPYXHINA yJaap 3 4aCTUHKOIO Macoro M., 110
MoKoinachk. SIKy BIJIHOCHY YacTMHY KIHETHYHOI €Heprii BTpaTuia HajiTaroua
YaCTUHKA, SKIIO:

a) BOHA BIJICKOYMIIA ITiJT IPSIMUM KYTOM JI0 CBOTO TTIOYATKOBOTO HAIPSAMY PYXY;
0) 31TKHEHHS J000Be?
BinnoBins: a)n = 2m,/(m; + my),
6) 1 = 4mymy/(my +my)?.

Ne 3.6. B pesynbTaTi MpYyKHOTO JIOOOBOTO 3ITKHEHHS YacTUHKM | Macowo m,y 3
YaCTUHKOIO 2, IO TOKOijach, OOWABI YAaCTUHKH PO3JETUINCH B MPOTHIICKHUX
HanpsAMax 3 OJHAKOBUMHU IIBHJIKOCTSIMHU. 3HAUTH Macy YaCTUKHU 2.

BignoBiab: m, = 3m,.
Ne 3.7. 3HaiiTi IPUPICT KIHETUYHOT €HEPrii CUCTEMH 3 IBOX KYJIbOK 3 MacaMu my 1
m, Tpu 1X aOCONIIOTHOMY HempykKHOMY yaapi. Jlo yaapy MBHIKOCTI KyJIbOK Oyiu
V11 D,.

. . _ 2 —
Bignosinb: AT = —u(v, —v,)%/2, ne 4 = mymy/(my + my,).
Ne 3.8. JIokOMOTMB Macor0 m TOYMHAE PYXaTUCh 3 CTaHIll Tak, M0 HOTO

IIBUJIKICTH 3MiHIOETBCS TI0 3aKOHY ¥ = av/s, e @ — TOCTiltHa, s — NpoiineHuii
nusiX. 3HaWTH cyMapHy poOOTy BCIX CHJI, IO AIIOTh Ha JJOKOMOTHB, 3a TEpIi ¢
CEKYH]I MICJIs TOYaTKY PyXYy.

Binnosigns: A = ma*t?/8.

Ne 3.9. KinetnuHa eHeprisi YacTMHKH, IO PYXa€ThCsl MO KOy paaiycom R,
3aJIeKHUTh Bijl IIPOiIeHOro Xy s 10 3akoHy T = as?, ne @ — nocriiina. 3HaiiTu
MOJYJIb CUJIU, IO JII€ HA YaCTUHKY, B 3AJIEKHOCTI BIJ S.

Binnmosinn: F = 2as,/1 + (s/R)?.

Ne 3.10. Kunytuii kamiHb Macol0 m TMiJHIMAETbCS HaJ pIBHEM, Ha SKOMY
3HAXOJMUTHCS TOUKA KUAAHHS, HA BUCOTY A. Y BEpXHIN TOULl TPAEKTOPII IBUAKICTh
KameHs pigHa v. Cuiia Onopy MOBITPs 3MIMCHIOE HAJ KaMeHeM PO0O0TY Agnopy-
Yomy piBHA poOOTa A KUJIAaHHS KaMeHs?

mv?
+ mgh — Agpopy-

BignoBinn: A = .
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Ne 3.11. B cucremi BiAJIiKy, 10 00€pTA€THCA HABKOJIO HEPYXOMOI OC1 3 MOCTIHHOIO
KyTOBOIO IIBUAKICTIO w = 5,0 pan/c, pyxaeTbcs HeBenuKke Tiino Macoro m = 100 .
SAxy po6oTy 3aiiicHMIA IEHTPOOIKHA CHIIa 1HEPIIi MPH MEPEeMIleHHI IILOTO Tijla
M0 JIOBUIBHOMY IUIAXY 3 TOYKM 1 B TOUKY 2, SKl pO3TaIllOBaHI Ha BIJCTaHIX
7, =30 cmir, = 50 oM Bix oci obepTanHs?

: cg Mm@ o oy
Bignosias: A = > (ry —r{) = 0,20 Jx.

Ne 3.12. TloreHmianbHa €HEPris YaCTHMHKUA B JeAKOMY Toili mae Burisigy U =
a/r?—b/r , ne a,b —no3uTHBHI MNOCTiMHi, T —BiACTAaHb BiJ LEHTPA IIOJA.
3HalTu:

a) 3HAYEHHSA T,,IlI0 BIJANOBIAAE PIBHOBAXHOMY IIOJOKEHHIO YaCTHUHKHU;
3’SCYyBaTH UM CTINKE 1€ MTOJIOKEHHS;

0) MakcHMaJIbHE 3HAYEHHSI CWJIM TPUTATAHHS; 300pa3uTU MPHUKIAIHI rpadiku
sanexnocreit U(r), E.(r) — npoexiiii cuiim Ha pajiyc-BeKTop T .

Bignosinsk: a) ry = 2a/b, criiike,
0) Epax = b3/27a?.

Ne 3.13. I'maieHbKUM JIETKUI TOPU3OHTAIBHUN CTEepKeHb AB Moxke 0bepTaTuch 6e3
TEPTS HABKOJO BEPTUKAJIBbHOI OCI, L0 HPOXOAUTh uepe3 Horo kiHenb 4. Ha
CTepXH1 3HAaXOJUTHCS HEBEIMKa My(QTOYKa MAacOl m, IO€JIHAHA HEBAaroMOIO
NPYKUHOIO0 TOBXHHHU [ 3 KiHIIEM A. KOpCTKICTh MpYyXKUHU piBHA *. SIKy poOOTY
NOTPIOHO 3AIMCHUTH, 100 10 CUCTEMY NOBUIBHO PO3KPYTUTH JO KYyTOBOI
MIBUIKOCTI w?

Bimmosins: 4 = x%n(1 +n)/2(1 — )2, ne n = mw?/x.

Ne 3.14. Kynd, mo nerija ropu30HTAIBHO Macoro m,
nonasa, 3acTpsTIIN, B TUIO Macoro M, ske miABIIIeHe
Ha JIBOX OJTHAKOBUX HUTKAX JIOBXKUHOM / (IUB. pUC.). M
B pesynbTari HUTKM BiIXWIMIHCH Ha KyT U. g 5

BBaxkarouu , 3HaNTH:

a) MBUAKICTH KyJI1 epe] MOoMaJaHHsIM B TUIO;

0) BIIHOCHY JOJIIO TMOYaTKOBOI KIHETUYHOI €Heprii Kyii, sfKka Mepeuiuia B
BHYTPIIIHIO €HEPTIIO.

Binnosiab:

_2M T i (0)
a)v = — glsin|z |,
o)n=1-—m/M.
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4. MexaHiKa 06epTaJIbHOr0 pyxy TBepAo0ro Tija

e PiBHSHHA AMHAMIKA TBEPJIOTO Tijia, IO OOEPTAETHCS HABKOJIO HEPYXOMOI

ociz:

IB, = Ny,

ne N, —anre6paiuHa cyMa MOMEHTIB 30BHIIIHIX CHJI BIZHOCHO OCI Z.

e Teopema lllreinepa:
I =1, +ma?
e KiHeTn4Ha eHeprisi TBEPAOTO Tija, M0 00€PTAETHCS HABKOJIO HEPYXOMOT OCI:
lw?

T =——
2

e Po0oTa 30BHINIHIX CHJI IPH MOBOPOTI TBEPJOTO TiJIa HABKOJIO HEPYXOMOI
oci:

A= jNngo.

e KiHeTn4Ha €Heprisi TBEPAOTro Tijla MPH MIOCKOMY PYCI:
l.w? mv?
+
2 2
e 3B'I30K MDXK KYTOBOIO IIBHIKICTIO @' MPOIECii ripocKoma, 10ro MOMEHTOM

T =

iMmnynscy M, piBHuM Iw, 1 MomeHTOM N 30BHIIIHIX CHII:
[w'M] =N

* %k 3k

Ilpuknao 4.1.

OnnopigHa kyist Macoro m = 5,00 KI cKO4y€eTbCsl 0€3 KOB3aHHS 10 MOXUJIN
IJIONIMHI, 10 YTBOPIOE KYT ¢ 3 TOPU3OHTOM. 3HAWTHU KIHETUYHY EHEPrilo KyJi
yepe3 t = 1,6 C micis MoYaTKy pyxy.

Po3B’s13anu.

BukopucraeMo  piBHSHHS  MOMEHTIB
BIJIHOCHO IIEHTpa Mac

R-Fyp =15, (1)
PIBHSIHHS PyXY LEHTpa Mac
ma, = mgsina — F, (2)

1 YMOBY BIJICYTHOCT1 KOB3aHHS:

a. = Rp. (3)
Jlns xyoi
2mR?
=" 4

3 (1), (3) ta (4) maemo:



2

FTp = gac.
[TincraBuBmu (5) y (2), nicranemo:
5
a. = = gsina.
Cc 7 g
OTtxe,
2 .
Fp = 7mg sina.
Haii,
5
V. =a.t = 7gt sina,
U . 5gt sina
W=7 =0t =—"pr—

Kinetnuna enepris:

2 T2 72
Ilpuknao 4.2.

7 5 7R

OpHopimHu CYIUIBHUM IWIHAP Macow m =
1,00 KT BUCUTHh y TOPU3OHTAIHLHOMY TOJIOKEHHI Ha JIBOX
HAMOTAHMX Ha HbOT'O HEBArOMUX HHTKax (JUB. pHC.).
[uniaap omyckaeThesi 6€3 MOMTOBXY. BU3HAYMTH, SKOTO
HaTATy F 3a3Ha€ IiJ1 4yac ONMyCKaHHS IWJIIHIpa KOXKHA 3
HUTOK, Ta 3a SIKMUKA Yac ¢ MUJIIHJP OMYCTUTHCS Ha BIJICTaHb

h = 50,0 cm.
Po3B’s13anug.

PiBHSAHHS CwvI:
mg — 2F = maq,
3BIJIKA OTPUMYEMO:

m
F=?(g—a).

PiBHSIHHS MOMEHTIB BITHOCHO OCi A:
, mR?\ a
mR* + — = R -mg,

[TincTaBnsiemo (2) B (1):

F=—
2

Humisap omycKaeThes 32 3aKOHOM:

m( 2g> mg _

OTXKeE,

53

_mv¢ lw* m (Sgt sina)2 mR? (Sgt sincz)2

(5)

mg?sin’a - t.

2F

mg

(1

(2)



,Zh ’3h

t= |—= |—=10,39c.
a 8

Ilpuknao 4.3.

brnokx pamgiycom R Moxe obOepTaThcs HaBKOJO CBOEI OCl 3
TEPTSAM, 110 XapaKTEPU3YEThCS O0EPTATBLHUM MOMEHTOM M, AKUH R
HE 3aJIeKUTh BiJ MIBUAKOCTI 0O0epTaHHs Oyioka. Ha Onmox HamoTaHa
MPUKpPITUICHA O HBOTO OJHUM KIHIIEM TPAKTUYHO HEPO3TIKHA Fyp
HUTKA, 10 JIPYroro KiHUA SIKO1 MiJBIIIEHUH TArap mMacoro m (JIUB. mli]
puc.). Tsarap BiamyckaroTh 0€3 MOIITOBXY, 1 BIH TOYMHAE OMyCKATHCH,
PO3Kpyuyroun Oa0K. 3HalTH MOMEHT iMirynbcy L,(t) i€l cucremu
T1J1 BIZIHOCHO OC1 OJIOKa Yepe3 vac ¢ micis MovaTKy ii pyxy.

Po3p’si3anHs.
Hexait p — immynbe, 1m0 HaOyno Tisio 3a yac t. MOMEHT iMmyJibCy, HaOyTOTO
3a 1eu Jac:
L,(t) =R"p.
[IpupicT iMOyJbCy HOPIBHIOE IMIYJILCY CHIIM 3a LIEW caMHii yac:
dp = Fdt,
P — Do = Ft, y
p=(mg—Fy,)t= (mg — pr) t;
M
L,(t) =R <mg - %) t = (mgR — MTp)t.
Ilpuknao 4.4.

OnHopiAHUYN CYHUIPHUHN HMWIIHAP Macol M JICKUTh
Ha JBOX TOPU30HTAIBHUX Opyckax. Ha numinap HamoTaHa

mg

o .. . ac
HUTKA, 3a 3BHUCIUN KIHEUb SKOi TATHYTH 31 CTaJIOIO ¢ l—~
BEPTUKAILHO HAMPSMIICHOIO CUJIOK0 F (IuB. puC.). 3HAWTH 8 Fy
3HauYCHHS CWIM F, 3a SKOi HuIiHAp Oyne KOTUTHCS 0e3 A F
KOB3aHHS, SIKIO KOE(ILIEHT TEPTS TOPIBHIOE K.
Po3p’si3anHHs.
PiBHSIHHS pyXYy JJIs IIEHTpA Mac:
ma, = F, = k(mg + F). (D
PiBHSIHHS MOMEHTIB BITHOCHO OCi A:
I = FR,

1 3
I=1,+mR? = imR2 + mR? = EmRZ.

OcCKiIbKY KOB3aHHS HCMacE, TO




IﬂZEm 2 Ezszac,
—mRa, = FR,
2F
ma., = —

3(1)1(2) maemo:
2F
k(mg + F) = ?

KoB3anns Hemae npu

2F
k>——.
3(mg+ F)
3Biacu
3mgk + 3Fk = 2F,
3mgk > F(2 — 3k),
P 3mgk
— 2-3k
Ilpuknao 4.5.

VY cucremi, MokaszaHiii Ha PUCYHKY, BIJOMI Maca m
Tsrapst A, maca M cximgactoro 6j0ka B, MOMEHT 1HepIIii
OCTaHHBOTO BIJTHOCHO MOTO OCI Ta pajilyCu CXIJIliB OJoKa
R 1 2R. Maca HUTOK HEXTOBHO Maja. 3HaWTH
IPUCKOPEHHS Tsraps A.

Po3B’sa3anus.

BinnocHo HampsiMy BekTOpa a Tpeba MpUITyCTHTH,
o WOro HampsSMJIEHO BHU3. Tomi I HBOTO
PIBHSIHHS pyXY

ma =mg—T.
PiBHSAHHS MOMEHTIB BiTHOCHO K:

TR — MgR = (I + MR?)B = (I + MRZ)%. (2)

Komb6inytouu (1) 1 (2), oTrpumyemo:
glm — M)

T Mim+I/R?

(1)

Ilpuknao 4.6.

(2)

C

(ol
NS

mlA VMg

A J mg

JlrtomuHa Macor my CTOITh Ha Kpaw OJHOPITHOTO JTUCKA MAacow M, i
pamiycoM R, SKWiI MOX€ BUIBHO OOEpTAaTHCS HABKOJO HEPYXOMOi BEPTUKAIBHOI
0Ci, M0 TPOXOJIUTH Yepe3 HOro IeHTp. Y TMEeBHWM MOMEHT JIIOJIMHA IoYalia
pPyXaTHCh 10 Kpar IHCKa, 3po0mia MEepeMillleHHs Ha KyT ¢ BiIHOCHO AMCKa i
3ynuHuiack. HexTyrouu po3MipamMu JIOJWHU, 3HAUTH KYT, Ha SIKU MOBEPHYBCS

JAWUCK Ha MOMCHT 3YIIMHKH JIFOAWHH.

55



Po3B’s13anu1.

VY naniii cuctemi 30epira€TbCcss MOMEHT IMITYJIbCY:
Lwi+ Lw, =0, (D)
1e wq 1 W, — KyTOBI MIBUIKOCTI JIIOJIMHM 1 JUCKa BITHOCHO 3emii, [; Ta I, — iX
MOMEHTH 1HEepIIii BIIHOCHO Oc1 0OepTaHHs. Ae
w; =Wy + w'y,
ne ®';— KyToBa WIBMAKICTH JIOJUHM BigHocHo gucka. Tomy (1)
MIePEIUIIEThCS TaK:
Lw, +Lw'y + Lw, =0,

3BIJIKHA
Lw'y
w, = ———,
2 I +1,
[ToMHOXMBIIH HA Yac t 10 3YMTUHKH JIFOJIUHH, OTPUMYEMO:
L'
=T
OCKUIbKH
m,R?
Il - mlR ) IZ = )
2
TO OTPUMYEMO:
. 2my
Y =—9 .
2my +m,

Ilpuknao 4.7.

OpHopinHa TOHKA KBaJpaTHA IUIaCTHHA 31 CTOPOHOIO / 1 Macoo M moxke
BUIbHO 00€pPTaTUCS HABKOJIO HEPYXOMOI BEPTUKAIBHOI OC1, III0 301raeThecs 3 OJTHOIO
3 11 cTOpiH. Y LEHTPl MJIACTUHKHU MO HOpPMaJi 0 HEl MPY>KHO BAAPSETHCA KYJbKa
MacoI0 M, 110 JEeT1aa 31 IIBUAKICTIO V. 3HANTH:

a) MBHAKICTH KYJIbKH V' MCIIA yaapy;

0) rOpU30HTAJIbHY CKJIaJIOBY PE3YJILTYIOUOI CHUJIH, 3 KOO BICh Oy/i€ MisITH Ha
MJIACTUHKY MICHS yapy.

Po3B’a3anua.

CucremMa «KyJnbKa-IJIACTMHKA» HE3aMKHEHA: KPIM CHII, (y
10 BPIBHOBaXKYIOTh OJIHA OJHY, B Mpolieci yaapy BUHUKae || [
rOpU3OHTAJIbHA CKIAmoBa cuid peakuii oci 00'. Ilix ii
Mi€I0 TUIACTHHKAa oTpumye immyiase Ap = m(v —v').
MoOMeHT 1BOTo iIMITyJIbCY BigHOCHO oci 00

l
AP'EZI(A),

MOMEHT 1HEpIIii IIacTHHKH BigHOCHO 00" v’

1 2

3BIIKHU
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Ne 4.1. banka macoro m = 300Kr 1 JOBXHHOIO ]
[ =8,00 M nexuTh Ha JABOX oOmopax (AMB. pHC.).
Biacranp Binm kiHmiB Oanku g0 omop: l; = 2,00 M i
[, =1,00 m. 3navitu cunu F; ,F,, 3 skumu Oayka
JABUTH HA OTIOPH.

[ 1
Ap-—==-Ml*w,

2 3
a OTXKe
, 2 Ml "
v—v = 3 w. (D
3a 3aK0HOM 30epeeHHs €HEPrii,
mv?  lw?
2 27
2 12 2 1 2,2
vie—v" =lw =§Mla). (2)
Himumo (2) Ha (1) 1 oTpuMyeMo:
lw
v+v = > (3)
Komo6inytouu (1) 1 (3), micraemo:
_lw(Bm + 4M)
a 12m
,  lw(Bm—4M) (4)
YT T om
3 (4) maeMo:
,  3m—4M ,  3m—4M
2 VS Smram’ U T U3mtam
0) Cuna F, 3 sikoro i€ Bick 00’ Ha IIaCTHHKY, JOPIBHIOE
l
F=Mw?-.
“2
B3siBmim w 3 (4), oTpuMy€eMmo:
_ 8Mv?
- 4M\?
L1+ 3m)
% %k 3k

3anauvi 1y1g caMOCTIITHOTO PO3B’A3aHHA

A

Binnosins: F, = 1,76 - 103 H, F, = 1,18 - 103 H
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Ne 4.2. Toukuil omHOpinHmii crepkens AB macorom = 1 T4
1,0 Kr pyXxaerbcs NOCTYNAJIBHO 3 IPUCKOpEHHAM a = 2,0 b
Mm/c® mig miero nBox cun F 1, F2 (muB. puc.). Bincranp Mix v
TOYKaMH TpUKIagaHHsa nmux cuia b = 20 cm. Kpim 11p0r0, F,
BijIoMoO, 110 F, = 5,0 H . 3HaliTH JOBKHUHY CTEPKHSI.

Y

BinnoBiab: | = 2bF, /ma = 1,0 u.

Ne 4.3. OnHopigHa KyJibka Macoro m = 4,0 Kr pyXxaeThes

MOCTYIAIBHO TIO0 TOBEPXHI CTONY Mij €0 MOCTIMHOI F
cuwn F, mo npukiiageHa, sk MoKa3aHo Ha MaJlIOHKY, JI€
kyT a = 30°. KoedimieHT TepTs Mik KyIbKOIW Ta
croioM k = 0,20. 3HaiiTu 3HayeHHs F 1 MPUCKOPEHHS
KYJBbKH.

kmg

BignosBinn: F = m

= = —kg —_ = 2
=13 H,a = " (ctga —1) = 1,2 m/c
No 4.4, 3naliTi MOMEHT 1HEPIIIi:

a) TOHKOTO OJHOPIJHOTO CTEPXKHS BIJTHOCHO OCi, NEPICHIUKYJISAPHOI 0
CTEP)KHS, sKa MPOXOAMTH 4Yepe3 WOro KiHellb, SKIIO0 Maca CTePXKHS m 1 Horo
JIOB)KHMHA [;

0) TOHKOI OJHOPIAHOI MPSAMOKYTHOI TUIACTUHKH BIJIHOCHO OCi, SIKa MPOXOIUTH
yepe3 OJHY 3 BEPIIMH IUTACTUHU TEPIEHIAUKYISAPHO 10 ii TIOUIMHH, SKIIO
CTOpPOHU TUIACTUHU PiBHI a, b, a 11 maca — m.
Bignosine: a) I = ml?/3,
0) I = m(a® + b?)/3.

Ne 4.5. 3HaliT MOMEHT 1HEPITIi:

a) MIJTHOTO OJTHOPITHOTO JUCKY BITHOCHO OCi CHMETpIi, sSIKa MepHeHINKYIsIpHA
JI0 TUIOLMHU JTUCKY, SIKITO Moro ToBumHa b = 2,0 MM 1 pagiyc R = 100 mm.

0) OJHOPIHOTO CYIIIJILHOIO KOHyCa BITHOCHO MOT0 OCI CUMETpIi, SKIIO Maca
KOHYca m 1 pajilyc Horo ocHoBH R.

Binnosine: a) I = mpbR*/2 = 2,81 - M2,
6)1 = (3/10)mR?

Ne 4.6. Ha onHOpiqHUN CYIIIRHUM HUIIHIAP Macoro M 1 paaiyca R
IIIJIbHO HaMOTaHa JIeTKa HUTKA, JO0 KIHLSA SKOT HPUKPIIJICHUM
BaHTaX Macow m (auB. puc.). B MoMeHT =0 cuctemMa modaia M| R
pyxatuck. HexTyrouun onopomM B OcCi HUJIIHJIpa, 3HAWTH 3aJIeKHICTh

BiJI yacy:
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a) MOJYJIsSI KyTOBO1 IIBUAKOCTI IITIHIPY;
0) KIHETUYHOI €HEepTii BCIET CUCTEMHU.

Binnosins: a) w = gt/R(1 + M /2m),
0)T = mg?t?/2(1 + M/2m).
Ne 4.7. OgHOpigHOMY UMJIIHAPY HAJAId MOYATKOBUM IMITYyJbC, B PE3YJIbTATI YOTO

BiH MOYaB KOTUTUCH 0€3 KOB3aHHS BBEPX MO MOXUJIN IJIOMIMHI 31 IIBUIKICTIO Uy =
3,00 m/c. ITnomuna yreOproe KyT 3 ropusontom a = 20,0°.

a) Cku1bKH Hacy t; Oyne pyXxaTuch HUWIHJIP 10 3yUHKH?
0) Ha siky BHCOTY /4 MIHIMETbCS LIMITIHP?

B) CKUIbKM Yacy t, 3aTpaTUTh LMWJIIHJP HA CKOYYBAaHHS BHU3 JO MOYATKOBOTO
IIOJIOXKEHHS?

r) SIky mBUAKICTH UV Ma€ IWIIHAP B MOMEHT IIOBEPHEHHS B II0YAaTKOBE
IOJIOKEHHS?

Binnosins: a) t; = 3v,/2gsina = 1,34 c,
6) h = 3vé/4g = 0,69 Mm,
B)t, = t; = 3v,/2gsina = 1,34 c,
r) v =1v, = 3,00 m/c.

No 4.8. Topu3oHTanbHO pO3TALIOBAHUN JIEPEB’SIHUM CTEPKEHb MAacow m =
0,800 xr 1 morxkuHorw [ = 1,80 M mMoxke o0epTaTHCh HABKOJIO BEPTUKAILHOI OCI,
sKa MPOXOJUTh Yepe3 Horo cepeiuHy. B KiHeIb cTep)kHs MOMajaae 1 3acTpsArae B
HbOMY Kyis macoro m' = 3,00r, ska Jnerija MEepHeHAMKYJISIPHO A0 OCi 1 JIO
crepkHs 31 mBUaKkicTio v = 50,0 M/c. BusHaunTH KyTOBY IIBHUIKICTH (), 3 SKOIO
MOYMHAE 00EPTATUCh CTEPIKEHb.

BignoBinb: @ = 6m’'v/(m + 3m’)l = 0,62 pag/c.

Ne 4.9. Ctosn Bucotoro h = 3,00 m 1 macoro m = 50,0 kr najae 3 BepTUKaIBHOTO
MOJIOKEHHS Ha 3eMII0. BH3HAYUMTH MOAYJIb MOMEHTY IMIYJbcy M CTOBIIA
BIJIHOCHO TOYKH OIMOPHU 1 MBHUAKICTH V BEPXHBOTO KIHIIS CTOBIA B MOMEHT yIapy
00 3eMITIO.

Bignosigs: M = mh./gh/3 = 4,7 - 10% kr-m’/c, v = /3gh = 9,5 m/c.

Ne 4.10. OpuopiaHUN HWIIHAP MAcorO m 1 pajilycoM R 00epTaeThbCsi HABKOJIO CBOET
oci. KyToBa MmBHIKICT, HUIIHAPY 3MIHIOETHCS 3a 4ac ¢ BiJ 3HAYCHHS @ MO
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3HAYEHHs [0 3HAYEHHS ). SIKy CepeaHio MOTYXKHICTh (P) pO3BHBAIOTH CHIIH, IO
JIOTh Ha IUATIHIP?

Bianosine: (P) = mR? (w5 — o?)/4t.
Ne 4.11. Onuopimaa xymst Macoro m = 5,0 KT 3KOUYye€ThCsl O€3 KOB3aHHS TIO

MOXUJIIH IUIOIMHI, KA yTBOproe KyT @ = 30°3 ropusonToM. 3HAiTH KiHETUYHY
EHeprito KyJii uepe3 t = 1,6 ¢ micias movyaTKy pyxy.

. . 5 .
Bianosiae: T = Emgztzsmza = 0,11 xJIx.

Ne 4.12. Izura macoro m = 0,50 kr, Bich skoi moxuiena mig kyrom 9 = 30° no
BEpPTHUKAI1, IPOIIECIIOE M1 1€ CUIN THKIHHSA. MOMEHT 1HEepIli A3UTU BITHOCHO ii
oci cumetpii [ = 2,0 F'MZ, KyTOBa IIBUIKICTh OOEpTaHHS HABKOJIO IIE€T OCl W =
350 pan/c, BiACTaHb BiJl TOUYKU OTMOPH 110 LEHTPY Mac m3uru | = 10 cm. 3HaiiTu:

a) KyTOBY MIBUAKICTb TIPEIECii A3UTH;

0) MOAyN b Ta HANPSIM TOPU3OHTAIHHOI CKJIAIOBOI CHJIM PEakIlii, Mo Ji€ Ha
JI3UTY B TOYII1 OIIOPH.

Bignosinb: a) ' = mgl/lw = 0,7 pan/c,

6) F=mw'lsing =10 mH. Lla cuna HampsMieHa B CTOPOHY,
NPOTUIICKHY HAXUITY A3UTH.
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5. T'apMOHiYHI KOo/IUBaHHA. OCLUAATOP

PiBHAHHS TapMOHIYHUX KOJIMBAHb 1 HOTO PO3B’A30K:
i+afx=0, x=Acos(apt+a),
Iie (), — BJAaCHA 4acTOTa KOJIMBAHb
PiBHSIHHS 3racarounx KOJIMBAHb 1 HOTO PO3B’SI30K:
i+2B%+apx =0, x=AOe_ﬁtcos(a)t+05),
ne [ — xoe(illieHT 3racaHHs, (— YacTOTa 3racal0yuX KOJUBAHb:
w=\w; -
Jlorapudmiunuii nexkpement 3racanns A Ta 1o6potHicTs O :
A=pT, Q=r/4,
ne T =27/ @— nepion 3racarounx KOJIUBaHb.
PiBHSIHHS BUMYIIIEHUX KOJIUBaHb 1 HOTO YCTaJICHUHN pPO3B’SI30K:

X+2B%+@px = fycosax, x=Acos(ax— ),

e
A= f02 , tg(pz%, f0=&.
\/(a)g —a)z) +45 0’ @~ @ "
k %k ok
Ilpuknao 5.1.

OOuucnutu mepion MaluxX KOJMBAaHb apeoMmerpa (AMB.

Hanpsmi. Maca apeomerpa m=50r,

r=3,2MM, ryctMHa pimmEn  p =1,00r/cM’. Omip pimuHm —==-

HEXTOBHO MaJIUU.

( l:I!IIIHZI:IIII)

Po3g’st3agpt. o mEmToTEETn

Jlo momrtoBxy Oyia piBHOBara, TOOTO
mg = pgar’h,
ne h— movaTkoBa INIMOWHA 3aHYPCHHS apeoMeTpa.

[Ticnst 3aHypeHHs Ha HEBEJIMYKY TVIMOMHY X Ha apeoMETp Jisjia CUjla Bropy:

F =pgnr’ (h+x).
PizHums

F—-—mg= pgﬂrzx.

F —mg nopiBHIOE BUIITOBXYBAJIbHIN (JIOTATKOBIH) CHITl —71X .

Otxe,
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2
mjc'+pg7zr2x=0 = )'c'+pgl =0,
m
3BIJIKH
2
2
pErr = af :(_ﬂj
m T
T= |2 _5 5
pgr

Ilpuxnao 5.2.

OnHopigHUN CTPUKEHDb MOKJIAIU Ha JiBa OJIOKH, SIKI IIIBUJIKO OOEpPTAIOThCA,
AK TIOKa3aHO Ha PUCYHKY. Bifgcranbs Mix ocsamu Onoka / =20cMm . KoediuieHT TepTs

MiX cTprkHeM 1 Onokamu k =0,18. [lokazaTtu, mo crpuxeHn Oyne BUKOHYBATH

rapMOHIYH1 KOJMBaHHS. 3HANTH X TIepioj.
k A / A F,

-
- >

[ \{‘QC!‘/ )
v oL v

X i
e e

! \
S SAAS S S S S

ymg
Po3B’si3anns.
F;, + F, = mg. (D)
J1J1st MOMEHTIB CHJI BiTHOCHO oci O MaeMo:
LF = LF, (2)
3 (2) orpumyemMo
l
F2 == Fl _1.
I

[TincraBnsemo 1ie B (1):

l I +1
mg:F1(1+i>:F1 1l2 2,

a ockineku [, +1, =1, O

3BIIKHU

Fy = - 3)

AHaJIOT14HO,
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mgly

FZ = l " (4)
JIist cun TepTs MaeMo:
2
Frpy = kFy = kmgT, (5)
L
Frp, = kF, = kmgT. (6)
Cunm TepTs HampsIMJIEHI NPOTWIEKHO oaHa onHid. Tomy cymapHa cuia
TepTA
kmg
F = Frpy — Frpy = —— (l; — 13). (7)

l
Ane (AuB. pUCyHOK)

L=1/2+x,l,=1/2—x,tomy l; — 1, = 2x. Orxe, (7) mepexoauTh B

km
F = ngx
OTtxe,
. k2mg
mx = l X,
2kg
X =—=x,
[
2k 21 21
a)(2)=—g, T=—=7T/—=1,5C.
l Wy kg
Ilpuknao 5.3.

€ MOTIK YaCTUHOK MacW M, SIKi PyXalThCS 3 OJHAKOBOIO MIBHIKICTIO UV
napajenabHo Aesakii oci OO0’ . 3a mwiomuHow P, NepueHauKyIsSpHO 10 Li€l oci:
F=—xr, x— Bimoma crama. 3HaliTi HaiiMeHIIy BiacTaHb / Bif miomuHd P 10
TOUKM Ha oci OO0, Ky OYAyTh MEPETUHATH BCI YACTUHKH.

Po3B’a3anua.
P

T~
0 \.__Y,_/N Or
[

Cuna F =-xr — rapmoniyHa cuia. [lepiog xomuBaHb MPOEKIi 3MIIIEHHS
OyIb-sIKO1 YaCTHHKY Ha MJIommMHy P €

T:27[\/E.
X
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Haiimenmumii yac, moTpiOHMi Ui 3yCTpidi 9acTUHKH 3 Biccro OO 10piBHIOE

. . Vs /m . . .
4BepTi nepiomy, TOOTO X 3a Leii yac 4acTUHKA IIPOiie BiICTaHb y300BK
X
oci 00"
T |m
2\ x

Ilpuknao 5.4.

HeBenmukuii Opycok MmoYrMHAEe KOB3aTH MO MOXWIIN TUIONIMHI, 1[0 YTBOPIOE
KyT ¢ 3 ropu3oHTOM. KoedilieHT TepTs 3aJeXUTh BiJ| MPOMIEHOTO MUIAXY § 3a
3aKOHOM Kk =as, ie @ — cTajia. 3HaWTH Yac pyxy Opycka 10 3yITHHKH.

Po3B’s13anu1.

Ha 6pycox aitoth 11Bi cuiu: 1) ckodyroua mgsina , 2) Teptst kmg cosa ado,
32 YMOBOJO 33J1a4i, asmg CoS .

PiBHsiHHA pyxy Opycka B 1abopaTopHiii (1HepIiayibHii) cuCTeMi BIJIIKY:

ma@ = mg sin o — asmg cos (1)
Komnu 6 e O6y1no TepTs, ToO OpyCoK ckadyBaBcsl O 3 MPUCKOPEHHSAM
W, =gsino.

Tenep nepenumemo (1) Tak:
ma = may, — asmg cos,
abo
m(w— @,) =—asmg cos . (2)
OueBngHo, WO @W— @)y = A),;;,, — NPUCKOPEHHs Opycka B CHCTEMI BIIJIKY,

dKa pyxajach pa3oM 3 OpyCKOM y BIJICYTHOCTI cwid TepTs. B miit cucremi
€IMHOIO CHJIOI0 3aJIMIIAEThCA TEmep Ccuia TepTs. A OCKUIbKM BOHA
MPOMOPIIOHAJIbHA —S, TO B Takiil cucremi Opycok Oyne TapMOHIYHO

KOJIMBATHUCS 3 YACTOTOIO
Wi, =+/AZCOS ,

27

«/agcosa'

Yac Bim movatky pyxy OO0 3yNHHKH JOPIBHIOBATHUME HAaWMEHIIIOMY
MPOMIXKKOBI 4acy MK JBOMa CTaHaMU CIIOKOIO, TOOTO MOJIOBUHI TIEPIOAY:
V4

a00 3 mepiogoM

T =

=

«/agcosa.

Ilpuknao 5.5.

VYsBiMo 001 maxTy, 1m0 MPOHU3YE 3eMITI0 B3JI0BX i1 0C1 00epTaHHH.
BBakaroun 3eMITi0 0THOPITHOIO KYJICIO Ta HEXTYIOUH OTIOPOM TMOBITPSI, SHAUTH:
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a) pIBHSHHS pyXy TiJa, 10 BHAJIO B IIAXTY;

0) wac, mOoTpiOHUN UIsI TOTO, MO0 TUIO JOCSTIO MPOTHIICKHOTO KiHIIS
IaXTH;

B) IIBUIKICTH Tija B IEHTPI 3eMIIl.

Po3B’si3anHA.
a) Hexaii x— koopauHara Tijia BITHOCHO ILIEHTpa 3emili, m — Maca Tijia,
R — paniyc 3emuni. Ha tino mie cuna 3 60Ky Tiel yactuHu 3emii (KyJi), paaiyc

AKoi TopiBHIOE X . Maca i€l kym M (x) = pgﬂx3 , Ie 0 — TyCTHUHa 3eMJIi.

Sxmo M, —wmaca 3emi, TO p =——————, a TOMY
’ (4/3)zR’
3
M (.X) =M 3 F (1)
3
3a npyrum 3akoHoMm HproToHa,
.. M (x)m
mxz——y (2) , (2),
X
. yYM (x)m .
Jie 3HAK MiHyC O3HAYa€, M0 CHIA ~———— HANpSIMIICHA 10 LEHTPY 3eMII.
X
V3sBum 70 yBard (1), ocCTaHHE piBHSHHS MEPENUIIEMO TaK:
. YM x
i+t —=0.
R3
OckiJIbKM HOpMaJibHE TPUCKOPEHHS BIILHOTO MaiHHS
= 7/M3
2 2
RS’
TO PIBHAHHSA PYXY Tija HaOepe BUTIISTY
i+ x=0. (3)
R

3
06) Opnepxxano audepeHiiiiHe pIBHSAHHS TapMOHIYHOTO  KOJWBaHHS,

YacTOTa KOJMBAHB AKOTO @) =+/g/R, , a mepiox

T=2r|R,/g. (4)

Tomy yac mpoxoKEeHHS MK IBOMA KpalHIMU TOYKAMHU IIaxXTH OyJe
T R
t=—=rx [—=42xB.

2 g
B) 3anumiemMo ISl TiTa PiBHSHHSA TapMOHIMHOTO KOJMBAaHHS B 3BHYANHIN
dhopwmi:

x=Rcosz—”t
T
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(amIuniTYyZa 3MIIIEHHA NOpIBHIOE paailycy 3emiul R, ). BennuumHy mIBHIKOCTI

3HaANEMO, B3SIBIIU MOXIIHY:
27R . 2«x

V=———SIn—.
T T
OCKiJIBKM Yac pyXy Tijla 10 LeHTpa aopisHioe 7'/4, To 3 0OCTaHHBLOT PIBHOCTI

Ly 27R, . (2xT
v=lq=22 s1n(TZj

ICTaHEMO

1, 3r17HO 3 (4),

v=,/gR, =7,9xm/rox.

Ilpuknao 5.6.

OnHOPITHMI CTEPXKEHb MacH M 1 3aBIOBXKKH [ 3IIHCHIOE Majli KOJTUBAHHS
HABKOJIO TOPU30HTAIBHOT OC1, 10 MPOXOAUTH Yepe3 HOoro BEepXHii KiHelb. 3HAWTH
CEpEeIHIO 3a Mepioj KOJMBAHHS KIHETHUHY €HEPTil0 CTeP)KHS, KO B MOYaTKOBUN
MOMEHT MOro BIIXWIMIM BiJ BepTUKaIl Ha KyT 6, 1 Hajaiu HOMy KyTOBY

IIBUJKICTD 6, .

Po3B’sa3anua.

OcCKinbKM 3 yMOBOK KOJHMBAHHS Malli, TO BOHH €
TapMOHIYHUMHU. A JJIi TAPMOHIYHUX KOJIMBAHb CEPETHS
3a mepioJ KIHeTHMYHa (SIK 1 TOTEHIladbHA) EHepris
JIOPIBHIOE TIOJIOBMHI TIOBHINA eHeprii konuBaHHS. [loBHa
EHEprisl CKIAMAEThCA 3 TOTCHIIAJIbHOI B MOMEHT
IIOYAaTKOBOI'O BIAXWJIEHHS Ta KIHETUYHOI, HaJaHOI
cTepxkHeBI B 1el MomeHT. lloTeHmianbHa eHepris
E =mgh, ne h— Bucota mimiiomMy LeHTpa Mac

MasiTHUKa (CTEep)KHS) Hax Toukoro piBHoBarm O (mouB.

puc.).
3 pUCYHKa BUIHO, LIO

h=a(l-cos6,)="2asin’ % :

a OCKIJIBKHM KOJIMBaHHS 3a YMOBOIO Maii, TO (MMPU MajuX KyTaxX BIIXHJICHHS)
MO>KHA CHHYC 3MIHUTH JaHUM KyToM. Tak 1o

2 2
h= 2a6—0 = _aé’o .
4
. . 16,
OCKilIbKH CTEpIKEHD ONHOPiAHUM, TO a =1/2, Tomy E, = mgh = @ .
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. . 16; .
IlouaTkoBa KiIHETHYHA CHCPI'LA Ek ZT. MowmeHnt 1HCPI11l CTCPIKHA

. o . 1 2 . . 1 2452
BIZIHOCHO HoOro KiHusg / =§ml , TOMy KIHETW4Ha eHeprii E, =—ml°6;, a

16, :
noBHa — FE =mg—0+lm12002.

Cepenns >k KIHETUYHA €HEPris 3a Mepioj KOJIMBaHHS:

_mglt902 [P

Ilpuknao 5.7.

JlBa xyOukum 3 MacamMu m; 1 m, 3’€JHAIM HEBaroMoOI IPYXHHOIO 3

KOPCTKICTIO X 1 TIOKJIACTH Ha TIJaJeHbKYy TOPU3OHTaNIbHYy IUomuny. [loTiM
KyOMKH TpOXHM 30JM3WIM 1 OAHOYACHO BIAMYCTHJIM. 3HAWTH BIIACHY 4YacCTOTY
CUCTEMH.

Po3B’si3aHHs.
3a TpeTiM 3aKkoHOM HproToHa:
F,=-F
3a nqpyrum 3akoHoM HeroToHa:
Fy=mji, F,=mH,

3rigHo 3 (1),
myFy = —mH .
Hai,
ry—r =r (AUB. PUCYHOK)

¥, —r =r ,ab0 (3rigHo 3 (2) 1 (1))

pop i F_p(1 1
my, m m, m
Ane F, =—xr, ToMy
.. 1 1
F=—xr| —+—|. (3)
m - m
1 1 1
[lodmauumo —+—=—.

meomy H
M HA3UBAETHCS 3BEJICHOI0 MACOI0 JBOX B3a€MOMIIOYMX 4acTHHOK. Temep (3)
3aMuIIeMO y BUTIISIL:

.X
r+—r=0. (4)

u
Ocranns ¢opmylsia € pIBHIHHSIM TapMOHIYHOTO ocuwisitopa. 3 (4) BHIHO,

1o
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iza)oz abo w, =
U

Ilpuknao 5.8.

Touka 3/ifiCHIOE 3racaroui rapMOHIUHI KOJMBAHHS 3 4ACTOTOW @ =25c.
3Haiitu koedimieHT 3racanus [, SKIIO B MOYATKOBHH MOMEHT IIBUAKICTH TOYKH
JIOPIBHIOE HYJIIO, a ii 3MIIIIEHHS 3 MOJ0KEeHHs piBHOBaru B 77 =1,020 pa3u meHie
B1Jl aMILTITY1U?

Po3B’sa3aHua.

3anuiremMo piBHHHH}I 3raCarodoro KOJIMBaHHA:

x(£) = Aye ™" cos(ax + ). (1)
3a MOYaTKOBOIO YMOBOIO,
|x(0)| = 4y /1 = Ay|cos . (2)
Hudepentiroemo (1) o ¢. [licraemo mBHAKICTh YACTHHKU:
V() = —Px(t) — wAye " sin(ax + ). (3)

3a ymoBoto v(0) =0, omxke 3 (3) BUXOAUTH:
0=—-/x(0) - w4, sinc,
3BiaKH, OCKUIBKH >0
w4, sinq]
7= 0

a00, BpaxoByouH (2),

B=wn* -1=5c",

Ilpuxnao 5.9.

MareMaTHuHUIl MasTHUK 31IHCHIOE KOJMBAHHS B CEPENOBUILI, AJIS SKOTO
norapudmivuauil nekpemenT 3racanus A, =1,50. SIkum Oyme 3HayeHHs A, SKIIO
omip cepenoBuina 30uemmTH B 7 =2,00 pa3u? Y cKUIbKH pa3iB Ciig 30UTBIINTH
OTIip cepeloBHILA, 00 KOJMBAHHS CTaTd HEMOKIMBUMHU?

Po3B’s13anu1.

Sk BiIOMO 3 Teopii 3racarourx KOJIUBaHb, JOTapuMIYHUN JTEKPEMEHT MOXKE
OyTu BupaxeHui GopMyIomw:
A=pT, (1)

ne [ — xoedimienT 3racaHHs, I — TEpioa KOJMBAHHS, SIKUH BH3HAYAETHCS
r :

bopmyoro [ = Py ne v — omip cepenoBuiia. OTKe MOKEMO 3aIlHCaTH:
m

/1=LT_
2m
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BifHOIIEHHsST JIEKPEMEHTIB 3TacaHHs TOTO CaMOro MAasTHHKA B JBOX
cepenoBumiax 2 1 1 Take:
H_nT
Lnh )
A4 K h
[lo3HAYMBIIK 7y /1 =1, 3aIUIIEMO:

%:n%. 3)

3 Teopii 3racarouoro MasiTHUKa BIJIOMO, IO 3aJIEKHICTh HOTO IUKIIYHOL
4acTOTH @ Bix [ BUpaKaeThes HOPMYIIOH0:

2_ .2
o =y~ f, (4)
1€ (), — 4acTOTa He3racalouux BIIbHUX KOJIMBaHb (BJIACHA 4AaCTOTA).

V3saBuu g0 yBaru (1), OCTaHHIO PiBHICTH MEPEMHILIEMO TaK:

) 2 ) 2 Ar? , A2 .

w" =@, —— , ad0, OCKUTbKH @ =——, —— = @), — — , HapeIITi,
0 2 2 0 2

T T T T

1 2, 2\ 2
Takum uymHOM, MU Oadyumo, IO BHpa3 %(4752 +,12) € 1HBapiaHTHOIO

BEJIMYMHOI0, TOOTO TaKOIO, 1110 HE 3aJICKUTh BiJl cepenoBuIa. Tenep MoxeMo
3aluCcaTH:

L (an + )= (a2 + 22).

T’ 7
3BIAKU
T, 4rx*+1;
le - 72 + 12 ’

a00, 3Bakar04u Ha (2),

3B1IKM HEBAXKKO JIICTATH:

a = nh
' \/1—/112(;12—1)/4752

0) KonuBaHHs CTaHYTh HEMOXJIMBHMHU TpH A, =co, a00 KOJM 3HAMEHHHUK

=3,3.

PIBHUIA HYJIIO:
1= 4 (n* =1) [4x* =0,

3BIIKA MOYKHA 3HAUTHU
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Ilpuknao 5.10.

Jlo HeBaroMoi MNPYKMHKU TMiJBICHJIA TSrapelb, 1 BOHAa pPO3TATHYJAcS Ha
Ax=9,8cm. 3 skuM mepiooM Oyne KOJMBATHUCS TATapelb, SKIO HOMY JaTh

HEBEJIMKHUIM TOILITOBX Yy BEpPTHKaJIbHOMY Hampsami? Jlorapu@midyHuil JeKpEeMEHT
sracands A=3,1.

Po3B’s13anu1.

Sk 1 B momepeHiii 3a/1a41, CKOPUCTAEMOCS 3 (GOPMYITH
2_ 2 2
o = a)() - IB 5

abo
472'2 2 2
Tz = _IB . (1)
A . ) k
3 teopii 3Haemo, mo [ =?. Kpim Ttoro, smaemo, mo @y =—, a
m

kAx =mg . Tomy E = é. Otxe, a)g = i. Tomy MokeMo nepenucaTu:
m Ax Ax

47[2 g /12 1 2 2
?—E—F, 3.60 F(4ﬂ' +ﬂ. )—E,
3BIIKU
T= ﬂ(mzz +/12) =0,70c.
8
Ilpuknao 5.11.

3HaliTH MakCUMallbHE 3HAYEHHS aMIUITYAM 3MIIIEHHS OCLMIISATOPA, SIKHUI
3MIACHIOE yCTaJeHl KOJNMBAHHS MiA Ji€l0 3MYIIYIO4Oi TapMOHIYHOI CHJIH 3
ammunityporo  F, =2,50H, skmo 4YacToTa 3racaloyMx KOJIHMBAaHb JAHOTO

ocuunsTopa @=100c¢™ i KoedimienT onopy (koedilieHT MPONOPIIOHATEHOCTI MiXk
CUIIOK0 omopy i mBuaKicTIo) 7 =0,50K2/c.
Po3B’si3aHHs.
3anuiemo GopMyiy Ui aMILTITY U 3MIIIICHHS:
F
4= p ;) 2 2 (1)
m\/(wo - )+4,B @

Je m— Maca OCLHIIOIYO0] YaCTHHKH, @), —BJacHa 4acToTa, [ — KoediumieHT

3racaHHs. 3ragaemMo, 110
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B= r
2m
MakcumanbHe 3HAYCHHS aMIUIITy/la JO0CsTa€, KOJIM BUKOHYETHCS yMOBa

w* = a)g - 2,6’2, a00, OCKUIBPKM B HAIIMX 3aJa4aX MU BBaKAEMO KOCQIIlI€HT
sracanHs MamuMm: [ @, To yMOBOIO pe3oHaHCy Oyae w= @, i popmyna (1)

CIIPOCTHUTHCS:
F F F
A, =—2 = 0 =-"9-50cm.
mpo 5T r0
2m
Ilpuknao 5.12.

3HalTH TOOPOTHICTH OCIMIATOPA, B SIKOTO:
a) aMIUNITyAa 3MIIIEHHS 3MEHIIyeTbcs B 1] =2,0pa3u uepe3 KOXKHHUX

n =110 mepioaiB KOJHUBaHb;

6) BmacHa wactota @, =100c™ i wac penakcamii 7 =60c.

Po3B’si3aHHs.
a) 3a BU3HAUYCHHSM JIEKPEMEHT 3racaHHs
A}’l
i —
Ak+l
3anuiemo:
A
nﬁz/l, lniz/’t, v, In—2-=4,
4 4, Ay
A
=nA,abo n—L=nA,
k=0 k+1 4
3BIAKHA
A
A =lln—” =lln77,
n A4, n
11
0="-1 10 5.
A Inp In2
6) Hactymna HOCJIiI[OBHiCTB KpOKiB oquI/IJ:[Ho, 3po3yMijiia 0e3 MOosSICHEHb:
A= BT = ,3 2r __ 2m ,
\/ wp — a)g | wy T —1
B
Q :%:%\,wg’l'z -1 :3,0 103
k %k %k
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3anauvi 1y1g caMOCTIITHOTO PO3B’A3aHHA

Ne 5.1. Ammnityna TapMOHIYHMX KOJNHMBaHb TOYKH A = 5cM, ammiTyna
HIBUIKOCTI Vpgy = 7,85 ¢cM/c. OOUMCINTH IUKITIYHY YacTOTY @ 1 MaKCHMajbHe
MPUCKOPEHHS Ay -

Bignosine: w = 1,57 ¢, a,,4, = 12,3 cm/c2.

Ne 5.2, Touka 3piiicHioe KoyimBaHHS 3a 3akoHOM x = 10 sin3t (cm). Y nmesxuit
MOMEHT 4Yacy IPUCKOPEHHS CTAaHOBUTh d; = 45 cM/c?. BU3HAuuTH abCOIIOTHE
3HAYEHHS IBUJIKOCTI V; TOYKH B IIeil MOMEHT 4acy.

2
. . a

Bignosiab: v = \/A%oz — (;1) = 26cM/c.

Ne 5.3. Yactunka 3AiiICHIOE TapMOHIYHI KOJUBAHHS Y3J0BXK OCI X HaBKOJIO
noyioxkeHHs1 piBHOBarn X = 0. Yacrora kommBanp w = 1,57 c™ 1. B nesxwuii
MOMEHT KOOpAMHATa YaCTHHKH X, = 25,0 cM 1 T mBuakicte v,, = 100 cm/c.
3HalTH KOOPJMHATY X Ta MIBHWAKICTh V, YaCTUHKHU 4depe3 t = 2,40 ¢ micis 1boro
MOMEHTY.

VUxo

Binnogian: x = acos(wt + @) = —29 cm, v, = —81cm/c, ne a = [x& + (7) ,

a = arctg (— vxo).

wXg

Ne 5.4. Touka 3a1iCHIOE TAPMOHIYHI KOJTUBAHHS B3JIOBXK JESIKOT IPSIMOT 3 TIEP10/I0M
T = 0,60 c Ta ammmitynoro a = 10,0 cM. 3HaliTH cepelHIO MIBUAKICTH TOYKU 32
9ac, Ha MPOTsA3i IKOTO BOHA MPOXOAUTH MUIAX a/2:

a) 3 KpallHbOT'O MOJIOKEHHS;

0) 3 OJIOKEHHS PIBHOBATH.

Bignosine: a) (v) = 3a/T = 0,50 m/c, 0)(v) = 6a/T = 1,0 m/c.

Ne 5.5. 3Haiitu rpadiyHO aMIUTITyAy A KOJNHMBaHb, SIKI BAHUKAIOTh MPU J0/1aBaHH1

HACTYITHUX KOJHMBaHb OJHOTO HampsaMmky: x; = 3,0 cos(wt +m/3), x, =
8,0 sin(wt + 1m/6).

BignoBian: A = 7.

Ne 5.6. MartepianpHa Touka Macoro m = 50 r 311iiCHIOE KOJIMBAaHHS 3a 3aKOHOM
x = 10sin(2t + m/3) cm. BusHaunt MakcuManbHI 3HAYCHHS CHIU F,,,, IO
MOBEPTAE TOUKY B MOJIOKEHHS PIBHOBAru, 1 KIHETUYHOI eHeprii Ej.

Binnosins: F,,,, = 0,02 H, E,, = 1 m/x.

Ne 5.7. YacTuHKA MacOl0 M 3HaXOJUTHCS B OJHOBUMIPHOMY CHJIOBOMY IOJI, 1e ii
NOTEHIialbHa eHepris 3alekuTh Bin koopaunat x akU(x) = a/x? — b/x, ne a
Ta b — gomaTHI cTaimi. 3HAWTH MEpioJ MalMX KOJMBaHb YAaCTUHKUA HABKOJIO
MOJIOKEHHS! PIBHOBATH.

Binnosine: T = 4ma~/2ma/b?.
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Ne 5.8. Hepyxome Tino, MiJBIlIEHE HA MPYXUHI, 30UIbIIye 1i AOBXKHUHY Ha Al =

70 MM. BBaxaroum Macy NpyKHUHU HEXTOBHO MAajol0, 3HAWTU MEploJ Majux
BEPTUKAJIBLHUX KOJMBaHb TLIA.

Bignosins: T = 2m,/Al/g = 0,52 c.
Ne 5.9. 3naiiTi mepiol ManMX KOJMBaHb KYJbKH, MIJBIIICHIM Ha HEPO3TSHKHIN

HUTIl TOBXUHOIO [ = 20 cM, SIKIIIO BOHA 3HAXOJUTHCA B PiMHI, TYCTHHA SKOi B
n = 3,0 pa3u MeHIIa 3a TyCTUHY KyJbKH. Omip piAuHA HEXTOBHO MaJIHIA.

Bimnosinn: T = 2w /nl/g(n — 1) = 1,1 c

Ne 5.10. Ha rnaneHbKuil TOpU3OHTAIbHUN CTEpKEHb AB HaAlIM HEBETUYKY
mydTouky macu m = 50 r, sika 3’eilHaHa 3 KIHIIEM A CTEP>KHSA JIETKOIO TIPYKUHOIO

xopcrkocTi kK = 50 H/M. CrepkeHbp 00epTaroTh 31 CTAN0K KyTOBOK MIBUAKICTIO
wo = 10,0 pajg/c HABKOJIO BEPTHKAIBHOI OCI, 1[0 MPOXOAWTH Yepe3 HOro KiHelb
A. 3HalTH 4aCTOTY W MAJIUX KOJIUBAaHb MY(TOUKH.

Bignosinb: w = \/k/m — wi =30c L,

No 5.11. 3HailTu KpYroBy 4acTOTy @ MajUX KOJMBAHb TOHKOIO <~
OJTHOPITHOTO CTEP>KHSI MAaCH M 1 IOBXKUHH / HABKOJIO TOPU30HTAIBHOT
0Ci, 10 MPOX0UTh Yepe3 Touky O (auB. puc.). KopcTKiCTh TPYyKUHA
K, 11 Maca HEXTOBHO Maya. B MOJOXXEHHI pIBHOBAaru CTEPKEHb
BEPTUKAJIBHUM.

K
BignoBinab: w = \/3g/2l + 3K /m. H"WWW‘WW

Ne 5.12. Tino, maca sikoro m = 1 Kr, 3aiHiCHIOE KOJHMBAHHSA MII €O

KBa3UIPYKHOI CUIIU (K =10 H/ M). Busnaunt koediiieHT omopy » B’SI3KOTO
CepEeNoBHINA, SKIIO MePpio] 3racarouux komuBadab T = 2,1 c.

Bignosinn: r = 2,1 kr/c.

Ne 5.13. AmmiiTyja KoJIMBaHb MasiTHHKA 3aBIOBXKKU [ = 1M 3a ywac ¢ = 10 xB
3MEHIIWIach y 2 pa3u. BuszHaumtu jorapudMidyHUNA JEKPEMEHT 3racaHHs A
CUCTEMH.

Bignosinn: A = 8.
Ne 5.14. Amnnityna 3racarouMx KOJIMBaHb ocuwiAaTropa 3a 4ac t = 6,03 c

3MEHIWIach y 1 =8 pasiB. Sk 3a Ieil yac 3MEHIIWIACh MEXaHIdHa EHepris
ocmaTopa? YoMy nopiBHIOE KOe(DIIIEHT 3racanHs 7

Binnoins: y 64 pasu; f = 0,3.

Ne 5.15. Ha ocuunstop macu m 0e3 3racaHHs 3 BJIACHOIO YacCTOTOK w, i€
3MyIIyHO4a Cujia 3a 3aKOHOM Fjcoswt. 3a SKMX MOYATKOBUX YMOB (Xg,Xy) 3
CaMOTO TOYaTKy OyIayTh 3IIACHIOBATHUCS TITHKH BUMYIICHI KOJIWMBAaHHA? 3HAWTH
3aKk0H X (t) B I[bOMY BHUIIAJIKY.
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Fo/m
w3-o?f

Fy/m
P

Ne 5.16. OmiHuTH, 3a SAKMH 4Yac BCTAHOBIATHLCS KOJIMBAHHA B CHCTEMI 3

no6potuicTio Q = 1,0 - 10° i BracHOI0 YacTOTOM KONMUBaHL wy = 5000 c™! npu

PE30HAHCHOMY BIUIMBI Ha 1[I0 CUCTEMY 3MYIIYIOUOT TAPMOHIYHOI CHUJIH.

BinnoBinb: x, = Xo = 0.Tomi x = coswt.

Bianosine: T ~ 2Q/w, = 4 - 10%c.

Ne 5.17. 3naiitu pizHuio ¢a3 @ MK 3MIMICHHSIM Ta 3MYIIYIOUOK CUJIOK TPHU
pe30HaHCi 3MilleHHs, SKIIO BJAaCHA YacToTa KOIMBaHb wy = 50 ¢! Ta koedimieHT
sracanHs f = 5,2¢71.

Bignosink: tgp = \/(wo/ﬂ)z —2, @ = 84°.

Ne 5.18. Ocmunsitop Macu m pyXxaeTbcsd 3a 3aKOHOM X = a Sinwt Tij Ai€r0
3Mytryouoi cuin F, = Fycoswt. 3HailTn koedilieHT 3racanus f OCHHIATOpA.

Bignosinae: f = F,/2maw.
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6. PesiaTuBicTChKa MexaHiKa

e CkopoueHHs JOBXHHH JIOpeHIla 1 YMOBUIbHEHHS XOJy TOJAMHHUKA, IO
pyXaeTbes:

At,
J1—w/o)?

ne lo— BmacHa JmOBXKMHA Tina, Aty — BJIACHMM dYac TOJIWHHHKA, IO

[ =1,\/1—-(v/c)? At =

PYXa€eThCs.

e [leperBopenns Jlopenua:
x—Vt t —xV/c?

x' = "=y,z =zt = )
V1—(V/c)?

-
e [uTepBan Sy, —iHBapilaHTHA BETUYNHA!

s, = c?t%, — 12, = inv,
ne ti1, — IPOMIKOK 4yacy MK mojismu 1 1 2, [;, — BiIcTaHb MK TOYKaMH,
J1€ BUHUKJIH Il TIOI].

e [lepeTBOpeHHS MIBUAKOCTI:
. v, —V o= vy/1— (V/c)z.
1—vV/c2" Y 1—v,V/c?

e PenaTuBICTCHKHIA IMITYJIIBC:

mv
J1= @/o)?

— pensATUBICTChKA Maca, m —maca (CIoKOI0).

p:mr‘U:

m
M = w0

e PenaruBicTChbKE PIBHSIHHS AUHAMIKA YACTUHKHU:
dp

— =F,
dt

JIe P —peNATUBICTCHKUMN IMITYJIHC YaCTUHKH.
e [loBHa 1 KiIHETHYHA EHEPTis PEIATUBICTCHKOI YACTHHKH:
E=m.c?=mc*>+T, T = (m, — m)c?.
e 3B'A30K MIXK €HEPII€I0 Ta IMITYJIbCOM PEISTUBICTCHKOT YaCTUHKHU:
E? — p2c? = m?c*, p%c? = T(T + 2mc?)
e [lpu posrnsgaHHi 3ITKHEHb YAaCTUHOK KOPHCHO BUKOPHCTOBYBAaTH
1HBapiaHTHY BEJIMYUHY:

E2 — pzcz — m2ct,
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ne E,p — mnoBHa eHepria 1 IMOYJbC CHUCTEMU IO 3ITKHEHHS, M —Maca
YTBOPEHOI YaCTHUHKH (200 cucteMu).

% sk ok

Ilpuknao 6.1.

JIBI 4aCTMHKUA PYyXarThCS HA3yCTpid OAHA OJIHIA 31 MIBUAKOCTAMHU V; =
0,50 ci v, = 0,75 c BimHOCHO TabOPATOPHOT CUCTEMHU BIJIIKY. 3HAWTH:

a) MBHUJKICTh, 3 SAKOK 3MEHIINYEThCS BIJCTaHb MK YACTHUHKaMH B JaOOpaTOpHIN
CUCTEMI BIIJIIKY;

0) BIIHOCHY MIBHJIKICTh YaCTHHOK.

Po3B’s13anu1.

a) B maboparopniit cucremi Bimiky (K-cuctemi) 3agact AK
NEepeMillleHHs] Mepioi Ta Jpyroi YacTUHOK Oyne
BIJIIOB1HO . vy v,

Sl =501 +v1t 1 SZ ZSOZ _vzt, ® ®
ne Spq 1Sy, — BIACTaHI MK BIJAMOBIIHUMHU YaCTUHKAMHU

Y=

Ta MOYaTKOM KOOPJIMHAT B MOMEHT 4acy t = 0.
Bigcrans Mk 4acTHHKaMU
S12 = 82 — 81 = So2 — So1 — (v2 + vt
[IIBuakiCTh 3M1HHU I1€1 B1JCTAH1:

ds;,
I =v,+v,=050c+0,75¢c=1,25c.

0) 3 mepIIo YaCTUHKOIO 3B’ SKeMO pyxomy cuctemy Biamiky K'. LIBuakicTsb
1i€ei cucremu V = v;.
3acTtocyemo (¢opMysly T0JaBaHHS IIBUJIKOCTEH B CHELIabHINA Teopii

BITHOCHOCTI:
V+v
i D
1+—
c
B namiii 3amaui V = vy, v’ = —v,.
[TincTaBumo 111 piBHOCTI B (1):
!
U1 — 7
_v - —_—
2 1 — Uzlvl

2

3BiICH OICTAEMO:

v tvy 0,50c+0,75¢
1 +% 1 +O,50*(;,75 c?

!

%)

= 0,91c.
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Ilpuknao 6.2.

CrepKeHb PyXa€eThCcsl B MO3JOBXHBOMY HaIpsMI 31 CTaJIOK IIBUJIKICTIO U
BIJIHOCHO iHepIiaibHOI K—cHCTeMl BIIJIIKy. 3a SIKOro 3HA4YeHHS VU JOBXKHHA

CTepxHs B Il cucteMi BiniKy Oyae Ha 1 = 0,50 % MeHmIow 3a HOro BiacHy
JOBXHUHY?

Po3B’si3aHHs.
3a yMOBOIO,
ly =L =nly,
OTXKe,
[=0-—n)l,.
Ane
=11 —v2%/c?,
TOMY
(1 —mly =1lon/1 —v?/c?,
1-n)?=1-v?/c?
vi/ct=1-(1-n?=n2-n),
v=cyn2-n)=01c
Ilpuknao 6.3.

€ TpAMOKYTHUI TPUKYTHHK, y sikoro kateT a = 5,00 M i KyT MiX UM
KaTeToM 1 rimoreny3or a = 30°. 3maiitu B K'—cucremi BiIiKy, IO PyXaeThCs

BIJIHOCHO 1IbOT'0 TPUKYTHHUKA 31 MBUAKICTIO ¥V = 0,866 C B3/10BX KaTeTa a:
a) BIJITIOB1/IHE 3HAYCHHSI KyTa &

0) mosxuny I’ rinoreHysu Ta ii BiJHOIIEHHS 10 BIACHOI JOBKHHH.

Po3B’s13aHnH1.
a) Y K'—cucremi b’ = b, Tomy b —
a'tga’ = atga, X
aie a
a' =ay1—v2%/c?
OTXKE,
a1 —v?/c?tga’ = atga,
TOMY
, tga
tga' = ——=——— ~ 49°,
J1—v2%/c?
al
6) T = cosa’,
p a’ a1 —v2/c?
~ cosa’ cosa’ '




ane
1 tg’a
=J1+tg2a’ = [1+—F—,
cosa’ §°d \/ 1—v2/c?
TOX
tg?a
l'=a1—v2/c? 1+T2/C2=\/1—v2/cz+tg2a= 3,8 M.
a
[ = :
, cosa
7= cosa - /1 —v2/c? + tg2a = 0,66.
Ilpuknao 6.4.

3HalTH BIACHY MOBXHUHY [y CTepKHS, fKIIO B JabOpaToOpHiil cucTeMi
BIUTIKy #HOro mBHAKICTE UV = c/2, mokuHa [ =1,00M i Kyr MiK HHUM i

HampsiMoM pyxy 6 = 45°.

Po3B’s13aHu4.

12
cosby = |1—— 51n29

IcosO = lycosb, ’1 — ’1 —l—zsmze = \/ 1 —— (l2 — 12sin29),

12cos?0 = (1 —v? /)i — (1 - vz/cz)lzsm

cos26 sin?f — v—zsmze + cos?0
[ <sin29 > = |2 C

2 12 +—
1—v2/c2 1—v2/c?

lg =
[2 v2
_ 2
= —1 e (1 ) sin 0)
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Ha pucynky l, — BlacHa fOBXHHA CTepkHs, Oy — 4 U
KyT HaxXWiy CTEpKHA B CHCTeMi, B SKii BiH
Hepyxomuit. OueBUIHO, A = g/ 1 — v?/c? ly 5 ,
abo 2 d
(@ a,
[ cosO = lycos0y/1 — v?/c?. -
. I -
Kpim Toro, 0 X
[ sin® = [,sing,,.
Otxe,
sinf, = —sind,
ly



2
v? |

1 — —sin?0
c

l():l 1—172/6'2.

Ilpuknao 6.5.

31 MBUIKICTIO V Ma€ JICTITH YaCTHMHKA BIJHOCHO CHUCTEMHM BIIIIKy K s
TOro, 00 MPOMIXKOK BiacHOro 4yacy At OyB y 10 pa3iB MEHIINM 3a MPOMIXKOK
yacy At, o BiTiYeHUH 32 TOMMHHAUKOM CUCTEMH K

Po3B’s13anus.
At = Aty1 —v?/c2.

At 1

At 10

1
o . 2/.2
70 V1 —1v2/c?
1=100—-100v?/c?,
v?/c? = 0,99,

v =1¢/099 = 0,995 c.

3a yMOBOIO 3a/1aui,

TOMY

Ilpuknao 6.6.

IMnynbe Tima Macoro m JAOPIBHIOE p = mc. BU3HAYNTH KIHETUUHY €HEPTII0
TijA.

Po3B’s13anus.

CkopucTaeMoch (HhopMyII0r0
p%c? = T(T + 2mc?).
[TincTaBuMoO B Hel 1aHe 32 YMOBOIO p = MC:
m?c* = T? + 2mc?T,
T? + 2mc?T — m?c* =0,
T = —mc? + m?c* + m2c*.
Ockiapku T > 0, TO

T = —mc? +/2m?c* = (\/5 — 1) mc?.

Ilpuknao 6.7.

3a sKOi IMBHJAKOCTI YaCTUHKU V ii KIHETHMYHA €HEPTris JOPIBHIOE EHeprii
CITOKOIO?

Po3B’sa3anusa.

‘ 3a yMOBOIO,
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3BIAKU

Ilpuknao 6.8.

YacTuHKka Macor m TMOYMHAE PYXaTHUCh Mif i€ cTajoi cwi F. 3HalTH
3aJICKHICTD BiJl 4acy IMITyJIbCY p 1 HIBUAKOCTI V YaCTUHKHU.

Po3p’s13annsa.
OCKIJIBKH
dp
—=F,
dt
mo
t
p= f Fdt = Ft
0
Jami,
mv
P=—FTF—
J1—v2/c?
TOMY

, (Ft)2 <Ft>2 v
v2=(—) = (—) —,
m m/) c?

m2c? m2’
" m?c? 4+ F?t? F%t?
v _
m2c? m2’
Ftc
v =




Ftc
Vm2c? + F?

* %k 3k

v =

3axauvi 11 caMOCTIITHOTO PO3B’A3aHHA
No 6.1. SIxy MOB3IOBXKHIO MIBUIKICTh V IOTPIOHO HAATU CTEP>KHIO JJIsl TOTO, 1100
J0ro I0BJKMHA CTaja piBHOIO MOJOBUHI JOBXHUHHU, IKY BIH Ma€ B CTaH1 CIIOKOIO?
Bignosinn: v = 0,866¢.

Ne 6.2. B K-cuctemi BiUIiKy MIOOH, SIKHH pyxaeTbes 31 mBHIKicTIO v = 0,990c,
MPOJICTIB BIJl MICIISI CBOTO HApOJPKEHHS 10 TOYKH po3nany BiacTanb ! = 3,0 kM.
Busnauntu:

a) BJACHUH Yac KUTTS 1IbOTO MIOOHA;

0) BiZICTaHb, SIKYy MPOJETIB MIOOH B K-cucteMi BIJUTIKY 3 «HOT'0 TOYKH 30PY».

Binmosinnw: a) Aty = (I/v)/1— (v/c)? = 1,4 MKc,
0)l'=1J1—-(v/c)?> = 0,42 km.

Ne 6.3. JIBi yacTukH, 110 PyXajduCh B JIaDOPATOPHIN CUCTEMI BIIIKY MO OJHIN
. : 3 :
mpsMiA 3 OJIHAKOBOIO WIBMAKICTIO ¥ = —C, NONANM B HEPyXOMYy MilleHb 3

iHTepBasioM yacy At = 50 Hc. 3HaliTH BiacHY BiJACTaHb MK YaCTHHKAMH O
[IOIIaJaHHs B MIIIEHb.

Bignosinn: [, = vAt/\/1— (v/c)? =17 m.

Ne 6.4. ]IBl 4acTUHKU PyXalOThbCS HA3yCTPid OJIHA OAHIN 31 MIBUIKOCTAMH VU, =
0,50c i v, = 0,75¢ no BiTHOILIEHHIO A0 JTa0OPAaTOPHOI CUCTEMU BIIUTIKY. 3HAUTH:

a) IBUJIKICTb, 3 IKOIO 3MEHIIY€EThCS BIACTaHb MIXK YaCTUHKaMU B J1a0OpaTOpHIN
CHUCTeMI BIJUTIKY;

0) BITHOCHY MIBUAKICTh YACTUHOK.

BinmoBine: a) v = v; + v, = 1,25¢,
o) = (vy + v3)/(1 + vyv,/c?) = 0,91c.
Ne 6.5. TTpoton pyxaetbes 3 imnysbecoMm p = 10,0 I'eB/c, ne ¢ — mBuaKicTh CBITIIA.

Ha ckinpku BiICOTKIB BiJIPI3HSAETHCS IMIBUAKICTH IIOTO MPOTOHY BiJl IIBHUAKOCTI
cBiTia?

Bignosige: (c — v)/c = 1 — [1 + (mc/p)?]7Y/? = 0,44 %.

Ne 6.6. 3HaliTi MIBUIKICTh, P SAKIH PENSITHUBICTCHKUI IMITyJIbC YACTHUHKU B 1) =
2 pasu MepeBUIIy€ ii HBIOTOHIBCHKUI IMITYJIBC.
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Bignosiae: v = (¢/n)yn? — 1 = cV3/2.

Ne 6.7. SIky poOOTYy MOTPIOHO 3AIMCHUTH, OO 301UIBITUTH IIBUIKICTS YACTUHKH 3
macoro m Bifg 0,60c mo 0,80c? TlopiBHATH OTpUMaHUN PE3yJbTAT 31 3HAUCHHSM,
00paxoBaHUM IO HEPEIATUBICTCHKINA (HOpMyITi.

Bignosinb: A = 0,42mc? 3amicts 0,14 mc?.

Ne 6.8. Tlpu sikux 3HAYCHHSX BIIHOIICHHS KIHETWYHOI €HEprii YacTUHKH 1O il
€Heprii CIOKOK BiJIHOCHA TNOXWOKA TMpU PO3paxyHKy i1 MMIBHAKOCTI IO
HepenATUBICTChKIN hopmyii He nepeBuiye 1 = 0,0107?

Bianosigs: npu 1 « 1 sigaomenns T/ mc? < 4n/3 =~ 0,013.

Ne 6.9. 3naiiT MBUAKICTH YaCTHHKH, KiHeTW4Ha eHepris sixkoi T = 500 MeB 1
iMysise p = 865 MeB/c, e ¢ — mBUAKICTH CBITIA.

Bianosigs: v = 2pT/(p? + T?/c?) = 0,87c.

Ne 6.10. SIxy po6oTy A MOTPIOHO 3MINCHUTH, 1100 HATATH EJISKTPOHY IIBUIKICTD,
pisHy: a) 0,5¢, 6) 0,999¢? Enepris cnokoro enekrpona E, = 0,82 - 10713 Ix (0,51
MeB).

Bignmosins: A = Ey(1/{/1 — (v/c)? — 1);
a) A = 0,155E, = 1,3 - 10~* /I« (0,08 MeB),
6) A =21E, = 1,8 - 10712 /> (11 MeB).

Ne 6.11. Hag mpoTOHOM, IO CIIOYATKY MOKOIBCS,CHJIAMHU €JIEKTPUYHOTO MO Oyia
3niicHena po6ora A = 1,00 - 10710 . 3maittu IMITYJIbC p 1 HMIBUJIKICTh V, SIK1
HaOyB B pe3yJIbTaTl MPOTOH.

Binnosign: p = (1/¢)JA(A + 2E,) = 0,67 - 10718 kr-m/c,
v = c\/ (A2 + 24E,) /(A + Ey)? = 0,80c.

Ne 6.12. Han wactunkoro macoro m = 0,911 - 1073° kr, mo pyxaeTbcs Mo4aTkoBO
31 wBuakicTio v; = 0,100 ¢, 6yna 3xiiicnena po6ora A = 8,24 - 10~ Ix. Sk
3MIHWJIACh B PE3YJIbTATI I[LOTO MIBUIKICTD, IMIIYJIbC 1 KIHETUYHA €HEPTisl YaCTUHKU
(3Haiitu Av, Ap, AT)?

BignmoBige: Av =c¢\/1—-1/a?—v, =0,77c,
Ap =mc(Na? —1— B, /1 —B%) =4,5-10"%2 kr - Mm/c,
AT = A=8,24-10"" I, (a = 1/{/1 — B2 + A/mc?, B; = v,/c).
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