MEXAHIKA

6. MEXAHIYHI KOJIUBAHHA | XBUTI

OcHoBHi ¢hopmynu
1. IudepeHniianpHe piBHSIHHS TAPMOHIYHUX KOJMBAHb 1 HOTO PO3B’SI30K

X+a;x =0,
X =Asin(a,t +¢,) ado x=Acos(w,t+@,),
ne X — 3MileHHs, A — aMIUTITy/1a KOJMBaHb; (y— IMUKJIIYHA 9YacTOTa KOJIUBAaHb; )y —
IoYaTkoBa (aza KOJUBAHb.
2. SIxmo X = AC0S(@yt + @p), To IWBHAKICTE pyXy KOIMBHOI CHCTEMH

v == ~Aarsin(at + o),

MIPUCKOPEHHS PyXy KOJMBHOI CUCTEMU

a= C;—l: = —Aw? cos(mst + @, ).

3. [ToBHa MexaHIyHa €Hepris KOJUBHOI CUCTEMU

E:%mngz_

4. PiBHAHHS 3racalouux KOJIMBaHb IIPY BpaxyBaHHi cuiu onopy F,, =—rv ;

x = Ae~° cos(wt + ¢,), 5=%, =\ wi-5%

1e O — KOoedIlI€HT 3racaHHs; @ — 4acToTa 3racarounx KOJUBaHb.
5. JlorapudmiuHuii 1eKpeMEHT 3racaHHs

At
=1In L =
Alt+T)
6. dudepenitianpHe piBHIHHS BUMYIIEHUX KOJIMBaHb 1 HOTO PO3B'SI30K

F
X+20X+wix=—2cosQt,  x=Acos(Qt+ ),
m

ne Q —4acTtoTa BUMYIIYIOUOi CUJIH, A aMIUTITy[a BUMYIIEHUX KOJMBaHb,  — 3CYyB

a3 MK 3MIIIIEHHSM KOJIMBHOT TOYKH 1 BUMYIITYIOUOIO CHIIOIO:

F 20 Q
A= 2 2\2 22 Wp=——57
my/ (02— Q?)? +452Q 0= Q

/. Ilepion KOMMBaHb NMPYKMHHOTO MASITHUKA!

T =2~ /2,
T k

7e M — Maca Tijia; K — )OpCTKICTh TPYKUHH.
8. Ilepiox KoIMBaHL MAaTEMAaTUIHOTO MasSTHUKA:

T:Zﬂ\/I,
g
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ne | — moBxuHa MasSTHUKA; § — TPUCKOPEHHS BIILHOTO TAIIHHS.
9. Ilepion konMBaHb (PI3UUHOTO MASTHUKA!

T=2x /—J =27 ﬁ,
mga g

ne J — MOMEHT iHepIlii MasTHUKAa BIAHOCHO TOYKH HOTO MIABICY; @ — BIACTaHb MIXK

TOYKOIO TIABICY 1 IIEHTPOM MacH MasTHHUKA; L,=J / (ma) — 3Bemena MOBKHHA
(b13MYHOTO MasITHHKA.
10. JoBxrHA XBHIII:

A=uT =2
VvV

ne v — (pa3oBa MIBUAKICTh MOMUPEHHS XBUIII; V — 9acToTa XBUJII.
11. PiBHSIHHSI TUTOCKO1 XBHJII, 1110 TTOIITUPIOETHCS B3/I0BXK ocl OX:

¢ (x,t) = Acos(at —kx+ ¢yp) ,
21

ne kK — XxBuIib0oBe 4ucIo (k = 7) .

MeTtoauuHi BKasiBku i nopagu

3ajmayi, 00 MPOIMOHYIOTHCA JUIsl PO3B’SI3yBaHHS 3 KypcCy 3arajibHOi (pi3UKH IO
TeMi “MexaHIYHI KOJIMBaHHS MOXKHAa PO3AUIMTA Ha pi3HI TUNH. Tomy Juis
3HAXO/)KEHHSI 1X pO3B’A3KYy HEOOXIJTHO BUKOPUCTOBYBATH BIAMOBIJHI METOJMYHI
NpUOMH. 3yIMHUMOCH Ha X KOPOTKOMY pO3IJISI/L 1 3aCTOCYBaHHI A0 PO3B’sI3yBaHHs
3a/1ay.

3amaul 3 KIHEMAaTUKH KOJMBHOTO pPyXy pO3B’S3YIOTbCSI B OCHOBHOMY
MOPIBHSHHAM JIAaHUX, 3aJJaHUX B YMOBI 3a/1a4i, 13 3arajibHUMU (popMyJiaMu.

JIns po3B’si3yBaHHS psiAy 3ajad Ha MEXaHIuHI KOJMBaHHS HEOOX1HE 3HAHHS
OCHOBHMX TPUTOHOMETPUYHHUX (HOPMYJI Ta 3HAUEHb TPUTOHOMETPUYHUX (DYHKIIIHN AJ1s
neBHUX KyTiB. [Ipm BHHUKHEHHI Takoi HEOOXIHOCTI PEKOMEHIYEThCS KOPHC-
TYyBaTUCS MaTEeMAaTUYHUM JIOBITHUKOM.

BinbH1 KONMMBaHHS MEXaHIYHOI CHUCTEMH MOXYTh 31ACHIOBATHCS MiJa AIEIO
MOBEPTAIOYOI MPY>KHOI (KBA31MPY>KHOI) CUIIH.

Jmsg peskmx 3agad Ha BUIbHI KOJMBAHHS MEXAHIYHOI CHCTEMH JOILIHBHO
3HAXOJUTH 1X PO3B’A30K BUXOASYM 3 PO3MVISIAY TMOBEPTAKOUOi  MOPYHKHOI
(KBa3IMPY>KHO1) CHJIM, 110 MPOMOPIiHHA 3MIIIEHHIO X 1 HaMpsiMieHa A0 MOJOKEHHS
pIBHOBArwy.

Sxmo cuctema 3M1MCHIOE 3racaroyl TapMOHIYHI KOJMBAHHSA TO, PO3TJISHYBIIH
CWJIM, IO JAIIOTh Ha MEXaHIYHY CHCTeMY, MOTPIOHO Uil OMUCY ii pyXy 3amucatu
npyruii 3akoH HbroTona B audepenmianbHiii (opmi. BukopucrtoByrouu iforo,
OTPUMATH YAaCTKOBHUI BUIJIS JU(EepEeHI1aTIbHOTO PIBHSIHHS 3racalouuX rapMOHIYHHUX
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konuBaHb. CIIBCTABISIOYM OTPUMAHE PIBHSHHS 13 3arajlbHUM JIudepeHIiabHUM

. . . . 2 .
{BHSHHAM 3racarounx rapmoiunnx kommpams X+ 20X+ @y X =0 ororomanta
9

BHpa3, 0 3HAXOIUTHCS OIS 3MIMIEHHS X Y YaCTKOBOMY JU(epeHIliaJbHOMY PIBHSHHI

. 2 . . . o
13 a)o . Buznauugim MUKIIIYHY 94CTOTY BUIBHUX I'APMOHIYHUX KOJIMBAHb a)o , SBHANTH,

3aJIeKHO BiJ 3aBAAHHS, UKJIIUHY YaCTOTY 3racalodyuXx KOJIMBAHb , IEPi0J] 3racarounx
KOJIMBaHb, JACKPEMEHT 3racaHHs, Jorapu(@MiuHUN AEKPEMEHT 3racaHHs 1 T. JI.

[Ipu po3B’si3yBaHHI 3a1ad Ha BUMYIICHI KOJMBAHHSI MEXaHIYHOI CHUCTEMH,
HalJacTilie BUKOPUCTOBYIOTh TaKi THUIOBI CHIBBITHOLIECHHS: aMIUTITYAY YCTaJE€HUX
BUMYIIICHHX KOJMBaHb, 3CYyB (a3 MDK 3MIIMICHHIM 1 BHUMYIIYIOYOK CHIIONO;
PE30HAHCHY aMILTITYy KOJIMBaHb; PE30HAHCHY YacCTOTY.

[Ipu po3B’s3yBaHHI OaraThOX 3a7a4 Ha KOJMBAHHS MPYKUHHOTO MasTHUKA
HEOOXITHO BMITH BH3HAYaTH PE3YJbTYIOUY >KOPCTKICTh NPYXKHUH, IO 3’€THaHI

napayiesbHoO (TOCTIi0BHO):
N

knap. = Z Ki — KOPCTKICTh N CrIoydeHUX mapajielbHO MK COOO00 MPYIKUH;
i=1
1 N1
K Zk_ — KOpCTKICTh N CIIOJy4EeHHMX MOCIIIIOBHO MK COOOI0 TIPYKUH.
i-1 K

noc.

Mpuknaau po3B’A3yBaHHA 3agad

6.1. Mamepianona mouka 30iliCHIOE 2APMOHIYHI KOIUGAHHA 34 KOCUHYCOIOATNbHUM
3AKOHOM, GUKOHYIOUU 00He noeHe Konueanusa 3a yac T = 6¢c. 3a aKy wacmuny nepioody
60HA NPOX0OUMb nepuLy i Opyzy NONOBUHY AMRIIMYOU KOJIUGAHHA ?

Po3p’si3yBanHs
HAano: 3 YMOBH 3aJ1aui BUIUIMBAE, 110 PIBHIHHS KOJIMBAaHb MA€ BUTJISII:
X = Acos(z—”tj 27
T X = Acos| —t
T=6¢ T
'[l =7? t2 =7 BusHauuMo MoMeHT uyacy t,, komu BimxunenHs X; MmaTepiabHOI TOYKH

JIOPIBHIOE TIOJIOBMHI aMILTITY/TH 13 CITiBBITHOIICHHSI:

A_ Acos 2—”tl
2 T

[Ticnst cipoleHHs JaHOTO PIBHAHHS, OJIEPKUMO:
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1 272'
—_-COoSs| —
2 (1‘H)

T
3 ot=g, L=l

OCKUTBKH
2 T
—_— 1 =

T

Awmmutityny A wmarepiajbHa TOYKa JOCSTa€ 3a YBEPThb MEpPIOAY, TOMY JAPYTY YacTHHY

aMl'IJ'IiTy,I[I/I BOHA IIPOXOAUTDH 34 Yac t2 .

T T T
t2: -t]_: Z-E: EatZZO’SC-

S|

6.2. Mamepianbna mouka 30ilCHIOE 2apMOHIuUHI KoaueanHusa. MakcumanvHa

M M
Oki Ve =102 4 i A =40
WMBUOKICMDb MOUYKU Upnax s A Il MaKcumalbHe NPUCKOPDEHHA max CZ .
C

Busnauumu yukniuny uwacmomy Kojiueaun.
Po3B’si3yBanHs

Aauo: Hexalt marepianbHa TOYKa 371HCHIOE TAPMOHIYHI KOJMBAHHS
O _10M B3I0BXK oci OX BiTHOCHO MOYaTKy KoopauHaT. KonmBaHHS BBaXka-
c :
emo BimpHUMH. Skmo X = ACOS (a)ot + (00), TO MHUTTEBE 3HAYECHHS
e =40 2 IIBHIKOCTI KOJIMBaHb TOYKH
dx :
dt
OTKe, aMILTITy1a WBHAKOCT] Unax = Ay | (1)
[Ilono mpuckopeHHs, TO
do
a=——=—Aw] cos(wpt+¢,).
dt
, _ 2
a Moro aMIutiTya Ay = AWy (2)

BpaxoByrouwn, 110 aMIiiTyiH1 3HA4€HHsI IBUJIKOCTI Ta MPUCKOPEHHS 3aJlaHl B
YMOBI 3aj1a4i, TO:

2
max_ __ AC() 0 _
VY @ (3)
max 0
3HaXOAMMO YMCJIOBE 3HAYCHHS ITYKAHOI BEIMYUHU 3TiHO (3):
40 ~
oy == =4(pao-c).
10
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6.3. Mamepianvha mouka 30ilCHIOE 2APMOHIYHI KOJIUBAHHA 34 CUHYCO-
ioanvnum 3aKkonom. Y Oeaxuit momenm uwacy il 3MIWEHHA 610 NOJIOHCEHHA
pienosacu X, =5 cm. Ilpu 30invuwenni ghazu Konueanv 6 06a pazu 3MiuleHHA MOYKU

X, = 8 em. Buznayumu amniimyody Konueanv yiei mouxu.

Po3B’si3yBaHHs
HMano: Hexaii, B MoMenT yacy 1, 3MileHHsS TOUKH Bij HOJIOXKEHHS
X =5cm=0,05n piBHOBaru
X, =8cu=008u X, = Asin(w,t, + ¢,) (1)
D, = 20, 1 o1 %0/,
A=7? a B MOMCHT 4acy t, -
X, = Asin(ayt, + @, ). ¥

PiBasaus (1) Ta (2), 13 BpaxyBaHHSIM JaHUX 3a/1adi, HE JO3BOJSIIOTH 3HAWTU
IIyKaHy aMIUTITyly KOJUBaHb, OCKUTbKU MICTATh HEB1IOM1 BEJTMYHUHU.

BigmosinHo m0 ymoBu 3amadi: @, =20, . [le o3Havae, 110

(a)otz T ¢ ) =2 (a)Otl + @ ) 3)
Tlst 3PYYHOCTI IpUMEMO: (0)0'[1 + @, ) =a.
(4) 3Banmmewmo (1) Ta (2), BpaxoBytouu (3) i (4), y BUTJISIL:
X, =Asina, Xx,=Asin2a =2Asina cosa . (5)
Jam:
x2 = A?sin’a (6)
X2
X2 = 4A? sina cos’a a6o = Alsin’a cos’a . U
Bimussim Bif (6) piBHSHHS (7), OTPIMAEMO:
»2
X, — Zz = p’sin’a — A?sin’a cos’a = A?sin’a(l—cos? a)= A%sin‘a.
4
2ind XL
BpaxoBytoun, mo ASIN"a = A2 » 3HAXOTIHMO:
2 4
X2 _ X
2 2 _
Sy ®
3 (8) maemo:
A2 X _ Ax
Xz_X22 4x° - x5 - 9)
b4
3BIIKH:
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2%; "
AXZ — X2 (10)

A=

3HaX0IMMO YMCJIOBE 3HAYCHHS IMyKaHOI BeauauHH 3rigHOo (10):
2-0,05°
A=
J4-0,05% —0,08

~ 0,083 (m) =8,3(cm)

6.4. Mamepianbna mouka 30ilCHIOE 2APMOHIUHI KOJIUBAHHA 34 3AKOHOM
X = Asin (wo t + @y ) 630063c oci OX. Uepes uac t; = 0,05 ¢ 6i0 nouamky pyxy
IMIUEHHA MOYKU 6i0 nonoxcenusn pienosazu X; = 0,05 m, weuokicmos v, = 0,62
M/c, npuckopenns 3, = - 5,40 m/c*. Busnauumu amnnimydy A, yuxiiuny vacmomy
W [ nouamkoe8y gpazy Koaueans .

Po3B’si3yBaHHs

JaHo: 3MillleHHs] YaCTHHKA B MOMEHT 4acy lj, mBHIKICTh Uy Ta
X= Asin( @, t+¢)0) MIPUCKOPEHHSI (!4 MAarOTh TAKUI BUTJISAI:
t; =0,05 ¢ X, = Asin(a)ot1 + @, ) @
X1 = 0,05 m v, = Aw, cos(am,t, + @, ), (2)
v, = 0,62 m/c 2 . 2
a; = -5,40 m/c? & =-Aw, Sm<w0t1 + (00): —X@ - )
A-?2 w-7? 3 Bupasy (3) 3HaX0IUMO IIUKIIYHY YaCTOTY:
@0 -7 a,

w,= |-——, ,=10,4pad/c.

1
[Tignecemo Bupasu (1) 1 (2) 1o kBagpara i HOWICHHO I0AAMO iX:

5 2
(ﬁ) =sin? (a)otl + @ )v [i] = cos® (a)otl BRL )’
A @, A

0

2 2
at T B W
A Aw,

3BiACH aMILTITYy/Ia KOJIMBaHb PiBHA

2
1)
A= x12+(—1J, A=0.078.1.

W,
[TouaTtkoBy (hazy 3HaxoauMO 3 piBHSHHSA (1):

. X 2r w7
=arCSIn——a)t, = ="=10°
?y A o4 ®y 9 6 18
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6.5. Ilpuckopenna mamepianvnoi mouku, aKa 30iUCHIOC 2APMOHIUHI KOlU-

. 2 . .
eanns, 3adaemoca pienannamd =—497°C0S37t. Busnauumu zanescuicmo 3mi-
UieHHA YIET moyuKu 610 uacy.

Po3B’si3yBaHHs

lano: . dov ] it
a=_45 72_2 cos3rt 3 BUpazy ISl IPUCKOPEHHS at MaeEMO

X=7? ‘ [IpoinTerpyemMo oOUIBI YaCTUHM:

t

t 2
L= Iadt = —_[ 4572 cos3rt = — 227 sin 3zt = 157 sin3nt (1)
) ) 3

3anexHicTh 3MimeHHs X BiJl 4acy 3HAXOJWMO IHTErpyrOuH CIiBBii-
womrenns dX = odt -

t

t
X = J'udt = —lensin 3t = 15—”00537zt.
. . 3T

Otxe,
X =5co0s3rt.

6.6. Bammaoiw, axkuit nioHimac Oawimosuil Kpam, pPOIXUMYEMbCA Y
20PpU3OHMANbHINU NAOWUHI | BUKOHYE 2APMOHIYHI KOJUGAHHA 34 3AKOHOM

.2
X = Asm(?ﬁt + @), 0¢e A=08m, T=50c¢, ¢ = 0. Maca eanmasxcy m = 200 ke.

Buznauumu noeny euepzilo E eanmaoica, U0 Ko1uedacmospciA.

Aano: Po3B’si3yBaHHs
.2
XZAS'n(? t+¢o) IToBHa enepris E BanTaxka, 110 KOJIMBa€THCS
A=08wm mo®  kx?
T=50c E=B+E =7 (2)
po =0 Ac ,
m = 200 k2 ) (27[)
- K=moz=m —|.
E=? T
MHuUTTEBE 3HAUYEHHS IIIBUIKOCTI KOJMBAHb BaHTaXa
v _dx_ Az—”sin 2—7[t+
dt T T Po |, (2)

[TinctaBuMo BUpasu s 3MimieHHs X 1 mBUAKOCTI (2) y (1). B pe3ynbrari
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2 2
E-Ma 27 cos’ 2_7zt+% LI 27 sin? 2—”t+(p0 -
2 T T 2 T T

— EAz(Z_”T_
2 T

[ligcTaBUMO YMCIIOB1 3HAUEHHS:

E— @0,82(—2 314
50

> )ﬂofc =1/,

6.7. Mamepiansna mouxa macoro M =102  pyxaemvca nio odicro cunu

-1 .
F=2cosa,t, mH, de ®y=27C". Busnauumu MAKCUMANbHy KiHEmUuyHy

. [ max . .
enepzito Bk mamepianvnoi mouku.
Po3B’si3yBaHHs
JaHo: Kinetnuna eneprisi MaTepiaibHOI TOUKU
m =10¢ g mo?
F =2cosa, t KT (1)
@w,=27C" | Ae U - WBHUIKICTb TOYKY, SIKYy 3HailieMo, BUKOpUCTOBYr0uH || 3aKoH
max _ Herorona:
ko =1 dvo dv F
F=ma=m—, —=—cosao,t. (2)
dt - dt m
Pozninstoun 3MiHHI,  OTpUMYEMO JAuWQepeHiianbHe piBHAHHA. s
PO3B’s3yBaHHS I[LOTO PIBHSHHSA IHTETPYEMO OOWIBI YACTUHHU:
t
F F .
L= I—OCOS w,tdt = —2-sin o, t. (3)
. m Mma,

[TincraBnsitoun Bupas (3) y (1), maemo:
2

F .
E, =—25sin’opt.
2may,

. . ma . o
Kinernuna emnepria Eg ) MaTepiaibHOI TOYKM OyJe MakcuMajbHa TpU
Sina)ot=1. Otxe,
F2
E™ =—2—, E™ =50Llux/loxc.
2ma,

6.8 Amnnimyoa zapmoniunux konueanv mamepianvnoi mouku A = 0,12 m,
noena enepzia xkoausanv E = 6 mx/[c. Ilpu 3miuenni x 6i0 nonoxcenus pienogazu
Ha mouKy, uio Koaueaemwuca, Oic cuna F = 50 mkH. Buznauumu eenuuuny
3MIWEHHA X.
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Po3B’si3yBaHHs
laHo:
A=012m [ToBHa eneprist E Toukwm, 1110 konmuBaeThes
E =6 ux/c 27 m .,
F = 50 uxH E=—7 A M)
x=7? 3rigHo npyroro 3akoHy HeroTtoHa
Ar® 21 Arr®
F=ma=-m =5 ACOS(?'[-I-@O):—m =5 X. (2)
3 Bupazia (1) 1 (2) orpumyemo:
2¢'m _E_F
T2 A 2x
3BiacH
FA?
X=——-.
2E
[TigcTaBmsirOYM YMCTIOB1 3HAYECHHS, MAEMO:
X=0,06.m.

6.9. Mamepianbna mouka o6epe yuacmv O0OHOYACHO 6 060X G3AEMHO
nepnenouxynapuux xonuganmusax: X =SiN () i y=4sin (A +7). Busnauumu
PDIBHAHHA MPAEKMOPIT pYXy MOYKU.

) Po3B’si3yBaHHS
Hano:
X =sin (nt) : .
Bu3HauuTu pIBHSHHS pyXy — Li€, BUKIIIOUMBIIM Yac 3 piB-
=4sin (#t+x . . . o .
y ( ) HSIHb, IO 3aJlaHl B YMOBI 3ajadl, 3HAUTH 3aJIEKHICTb KOOp-
y(x) =2 IUHATH ) BlJ KOOPAMHATU X. 3ajaya Ui CBOTO PO3B’sA3yBaHHs

noTpe0y€e BUKOPUCTAHHS TPUTOHOMETPUIHUX (POpMyII.
3anuiieMo piBHAHHS pyXy MaTepiasibHOI TOUKH 10 oci OV 'y Burisiai:

y =4sin (&t + ) = — 4sin (at) (1)
abo
y=—4x, (2)
OTxe, IIyKaHe PIBHSIHHS TPAEKTOPIi MaTEpiaJIbHOI TOYKH MAa€ BUTJISI TPSIMOL
(2), 1o MpOXOAUTH Yepe3 MOYATOK KOOPIUHAT.

6.10. Amnaimyoa konuseanv mamemamuunozo masmuuxa 3a uac U, =1xe

3meHwmunaca 606iui. /loeywcuna maamuuxka 1 =1 m. Busnauumu nozapughmiunuii
0eKpemMeHm 32aCaHHA KOoMueans makozo maamuuka. Ilpuckopenns 6inbHozo

naodinua 9 =10 ﬁz .
C
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Po3p’si3yBanHs

Nano: BinmoBigHO [0 yMOBHM 3ajayi, MaTeMaTHYHUNA MAasTHUK
t; =1x6=60c 3MIMCHIOE  3racaloyl TapMOHIYHI KojduBaHHA. Hexalh 1
| =1u KOJIMBAHHS 3I1ACHIOIOTBCA B3I0BX oci OX BIZHOCHO MOYaTKy
A _ 9 KOOPJMHAT.
A Ockinpky JorapuMiuHUN TEKPEMEHT 3racaHHs KOJMBaHb
g=10 -5t

c Ae
1=9 A=1n V= )y otT | 1)

TO PO3B’SA3YBAHHS 3a]adi 3BOJUTHCA JI0 3HAXO/KEHHS Koe]illieHTa 3racaHHs O i
nepioay T 3racarouux KOJIMBaHb MasTHUKA.

3a yMOBOIO 3a/1aul E =2, a3 {Hwoi CTOpPOHU

ot

Ae
o —e’t @
A2 Ae” (t+t1) .
ot
[IpupiBHIOIOUM  BiJIHOLUIGHHS AaMILNTYyx, OTpuMaemMo € ' =2. ]l

3HAXO/KCHHsI Koe(illieHTa 3racaHHs JiorapudMmyeMo MpaBy 1 JBY 4acTuUHY (2):

In 65t1 =In2.0mxe, O, =IN2, 5

s In2
= 3)
1
[lepion kosMBaHb MAaTEMaTUYHOTO MasiTHHWKA, MO 31MCHIOE 3racaroyl KoJIu-
BaHHS
T 27 27
w 2 2’ (4)
e @ — IMKJIIYHaA 9acTOTa 3racaroymnx KOJIMBaHb, a
Do =17 (5)

— IIUKJIIYHA YacTOTa BUIPHUX KOJMBAaHb MaTEeMAaTHYHOTO MasTHHKa. [limcraBistoun
(3)1(5) B (4), 3HaxonuMo TIepioJl KOJTMBAaHb MasTHHKa

T =

(6)

Jist  3HaXOMKEHHS  JIOTapu(MIYHOTO JIGKPEMEHTY 3racaHHsS KOJIMBaHb,
mijgctaBuMo (3) 1 (6) B (1) Ta oTpumaemo:
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In2 2
ﬂ,=5T:tl' g In?2 (7)
T
3HaXOAMMO YKCIIOBE 3HAYCHHS ITYKAHOI BETMYUHU 3TiAHO (7):
4= Oé609 . 2-314 : 002
10 0,69 '
1 607

6.11. Tino macoro m = 0,76 ke, sake niogiuiene 00 NPYHCUHU HCOPCMKICHIO
k = 30 H/m, euxonye ¢ oeaxomy cepedosuui npyxcui Koaueanns. Jlozcapugpmiunuii
oexpemenm konueanv A = 0,01. Uepes axuii npomixcox uacy At enepzis Konueamns
mina smenwiumsca y N = 1,4 pazu.

Po3B’s13yBaHHs
Hano: Eneprist KonMBaHb Tijla B MOYaTKOBUIT MOMEHT vacy {
m = 0,76xe 22
! zT"m
k =30 M E, =—"——4
2=0,01 r
n=74 a uepe3 mpoMikok yacy Al -
At =? 27°m
E, =" "4
T
ne
m
T= 272'\/; (1)
- Iep10/] KOJIMBAHb TiJIa.
BigHomeHHs eHeprii
2 -5t )°
E, (4) | Ae _ 20t
E, \4,) |peotal| ~ ! (2)
VYV Bupasi (2) & - koedillieHT 3racaHHs 1
A
s==.
T
Tomi
e At
1 T
— =€ .
L, 3)

[Iponorapupmyemo Bupa3s (3):
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A
22 At
Inn = Iniz Ine T :ZiAt.
) T

BpaxoByroun Bupa3s (1), maemo

T /m
At==—_[—Inn, = .
Tk At =100¢

6.12. Baumasc macoro M=1 k2, wo niosimenuii na npyycuni, Koegiuiecnm

Lo H , : :

srcopemrocmi akoi K =100 — | xonueaemovca y 6’asxomy cepedosuwi 3 Koei-
M

Ke
uienmom onopy ¥ =1 PR Ha eepxniii Kineysb npyscunu 0ic eumyuiyoua cuid, wio

sminoemovca 3a zakonom F =F,C08Qt, oe Fy=0,2H. Busnauumu ona uiei

KOUGHOI cucmemu Koeiuyicnm 3zacanna O i pe3oHanciy amniimyoy Ap .

Po3p’si3yBaHHsA
Hamno: 3 BUpa3y
m=1xke r
H -
k=100 o= (1)
K2 3HaiinemMo koedilienT 3racands O Ui KOJUBHOI CUCTEMU
r=1 - IpyKHHA — BAaHTaX.

JIA 3HAXOPKCHHA 3HAUYCHHA €30HAHCHOI aMILIIT N
F = F, cosQt A P 4

A, BUKOPHCTa€MO CIIBBIJIHOIICHHS:
F,=02H

o =7 Ap:? A = I:O 5
? T smyfwl-o° @)

I3 BpaxyBanHsm (1), a Takox TOTO 1110,

K
o=\ m 3)

BUpa3 (2) Habepe BUTIIANY:

_ F
A= (4)
™ 2
m 4m
3HaXOAMMO YMCIIOB1 3HAYEHHS ITyKaHUX BeJMunH 3riaH0 (1) Ta (4):
_ 1 o5 A, = 1 =0,02 m
5 - ﬂ - 0,5 Cc . p 100 1 .
1..|—— 5
1 4.1
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6.13 Amnaimyou 3miuiensb eUMYyUIEHUX 2APMOHIYHUX KOJIUBAHb OOPIGHIOIOMb

ooniti npu yurniunux wacmomax €2,= 400 pao/c i Q,= 60 pao/c. Busna-

yumu wacmomy <) ,, npu AKil amMnAIMYOa 3MiUEHHA MAKCUMATbHA.

Tlano: Po3B’si3yBaHHA

Q, =400 pao/c AMIUTITY1a 3MIIIIEHh BUMYIIICHUX KOJIUBaHb

Q, = 60 pad/c Ao F

Q 9 \/ 2.2} 22 (1)
- my (02— Q?f +45%0

AMIUTITYIM TIpU PI3HUX MUKIIYHUX YacToTax OyayTh PIBHI, SIKIIO PIBHUMHU

OyayTh miakopeHesi Bupa3u B (1):

(02-0?f +45°07 = (02— Q2 ) + 452022,
W20 + Q) +46°QF = wy-2wiQ% + Q) +46°Q2,
20202 - 20 Q7 —46°Q5 +46°Q7 = Q) —QF,
200(Q; — Q) —45%(Q; Q) = Q; - QY
2(Q) Q) (wq—25%) = (QF —QI)(Q +Q),

2(wg-25%) = (QF +Q),

1
(603—252)=§(Q§+Qf)-.

BpaxoByroun, 1mo yactota {2, , IIpu sKii aMIUIiTY1a 3MilIeHHs MAKCHMATTbHA

Q =\ i-25%,

Q, = ‘/%(quzf), Q, =50097%.
C

6.14. Pienanus naockoi xeuji, w0 NOWMUPIOEMBCA 630062c oci OX, mae

OTPUMYEMO

suenno & = Asin (ot —KX). 3mimennn 6i0 nonoscennsn pisHosazu mouKu, w0

3naxooumuca Ha eiocmani X =4 cM ¢id dncepena xonueansv Oopienioe nonoguni

amniaimyou 6 momenm uacy L =—, 0e T — nepiod Konueansv. Buznauumu 006sxicuny

xeuJtl.

6
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Po3p’s13yBaHHs

. A T
MaHo: BpaxoByroun, mo $ = 5 B MOMCHT HaCy t= rs PIBHSAHHS
& = Asin (ot —kx) ]

mockoi xeui ¢ = Asin (wt —kx) Haly/1e BUTISAY:
X=4cm=0,04 nm A:Asin (ﬂ—kx) (1)
(T 6 '
) [Ticns cnpomenns (1), orpumaemo:
=2 L_sin (@ kv
d 2 6
. o (Toig-Z :
abo 5 6 (2)

) 2r
CkopucTaeMocsi TUM, IO IHUKJIIYHA YacTOTa a):? (3), a XBHIBOBE YHCIIO

k= 277[ (4). Ilincrapmsroun (3) Ta (4) B (2), OTpHEMYEMO:

2r T 27X &
Te 4 e R
3 (5) 3HAX0IUMO:
A=12 X, (6)

3HaXOAMMO YUCJIOBE 3HAUCHHS IIIYKAHOI BETUYMHU 3T1AHO (6):

1 =12.0,04 = 0,48 (x)

6.15. BusnauuTu mnepiol KoaMBaHb | cromumka pryTi B U — noaiomiii
TPYOUWi mMpW BHUBeAEHHI #Oro 3 moJio:keHHs1 piBHoBaru. Ilioma momepe4yHoOro

nepepisy Tpy6km S=03cu’, wmaca pryri M=1202, rycrmma pryti

K2 M
p =13600 —;, npuckopenns BiabHoro naginusa 9 =10 —.
M c
Po3p’si3yBaHHs
amno: A X
_ 2 _a.105,,2 ] 1] .
$=0,3cm” =3-10"n y BBaxkacMo, W0 PTyTh 3AIHCHIOE
m=120 2=0,12 ke ) y KOJMBAaHHS  BIIHOCHO Hepyxowfm
> | CHCTEeMH KOOpJWHAT — MOCYAWHHM 1 €
Ke _ .
p =13600 0 HECTUCKYBAJILHOIO PiAMHOI0. Di3ny-
u v He SIBUIIE B IIM 3amadl [oJirac B
g =1OC—2 U TOMY, IO CIOYaTKy PTYTh 3HAXO--
) IUIacsl B IOJIOKEHHI pIBHOBAru, a
Puc. 6.1. iCJIsl BUBEJEHHS 11 3 pIBHOBAru 3/IiiA-
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HIOE€ KOJIMBHHUU pPyX. 3ayBaXUMO, IIO CTOBIYUK PTYTI HE MOKHA PO3IJISLIATH SIK
MarepialibHy TOYKY. AJie 3p03yMiJio, 10 KOXHA MOTO TOYKA PYXa€eThCs 3a OJHUM 1
TUM caMHM 3aKoHOM. Came ToMy JUIs pO3B’sI3yBaHHS 3a/1a4i TIOCTaTHBO OMHUCATH PYX
Oyab-iKOi TOYKM CTOBIMYMKa pTyTi. llowarok KoopauHAaT, sKy IOB’S3aHO 13
NOCYAMHOIO, TIOMICTUMO Ha PIBHI HEPYXOMOI piTUHHU B KoJliHaxX TpyOkH, a Bick OX
HAIPaBUMO TaK, sIK TOKa3aHo Ha puc. 6.1.

[lepion KOMMBaHB CTOBIMTYMKA PTYTI MiJ AI€I0 MOBEPTAIOUO] KBA3IMPYXKHOI CHIIN
o0uuncII0eEMO 3a (OPMYIIOH0:

m
T=2r]— | (1)
K
ae M —wmaca pTyTi, K — KoehillieHT MPOMOPHIHHOCTI MK KBa3IMPY)KHOI CHIIOK Ta

3MIILIIEHHSM CTOBITYHKA PTyTi. Bupasumo koediuient npomopuiiirocti K B (1) uepes
KBa31NpyXHy cuiy. KBazinpyXHOI CUIIO0, 0 BUKIMKAE KOJMBAHHS PTYT1 y TpyOLl,
€ T0JIaTKOBa CHJIa TUCKY

F =-pS =-2p0x%S. (2)

3HaK MIHYC BKa3ye ii KBa3lynmpy>KHHH XapakTep. 3 1HIIOI CTOPOHH, OyJlb-sKa
KBa3iMpy>kKHA CHJIa Ma€ 3arajibHUN BUTIIS

F=-kx 3)
[TpupisHtoroun (2) 110 (3), OTpUMAEMO:
— 295X = —kx . (4)
3BIAKH:
2m9S =K. (5)
[Tincrasnsitoun (5) B (1), 3HaiAEMO, 1110
m
T=2r|——
25 (6)
Hpyruii cnocid

[ro 3amauy MOKHA pO3B’SI3aTH MIPKYIOUH JICIIO 1HAKIIIE. KO PTYTh, HATUTY
B U — nmoni6ny TpyOKy, BUBECTH 3 TOJIOKEHHS PIBHOBAru, TOJI BCSA Maca PTyTi Oyne
3MIMCHIOBATH TapMOHIYHI KOJIMBAHHS, BITHOCHO CBOT'O TIOYATKOBOTO piBHSA. SIK BHIHO

3 puc. 6.1, croBmuuk pryTi BucoToro N =2X cTBoproe nomarkosuii THCK
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p = pgh = pg2x = 2 pgx (7)

1 BUKIWKAE JOJATKOBY CHIY THCKY F=pS, mig nmiero sxoi 3IiHCHIOIOTHCS
KOJIMBAHHSA PTYTi. Y 1IbOMY BUIIAAKY CHJIa F € KBa3iMpyKHOIO CHJIOI0, OCKUTBKH BOHA
IPOTOpIIiifHA 3MIIIEHHIO 1 HaMpsMIICHA J0 MOJI0KEHHS PIBHOBATU:

F =-2,00SX. (8)
Jlani BUKOpHCTaeMo Ipyruii 3akoH HproToHa:
mX = —2 pgSx
abo
X+ 2P95% _ 0. (9)
m

CmiBctaBisitoun piBHsAHHA (9) 13 audepeHIliadbHUM PIBHSHHSM BUIBHUX
TrapMOHIYHUX KOJIMBAHb

X+awpx =0, (10)

200S 2,095
v, = % abo Wy = \/T (11)

[lepioa KonMMBaHb PTYTI BUBHAYAEMO 3a (DOPMYJIOLO:

OTPUMAEMO:

27 m
T=—_27|——
@, 200S - (12)

3HaXOI[)KeHH$I YHUCJIOBOI'O 3HAYCHHA H_IYKaHOI BCJIIMYVHU.

012
2-3-107°-13600-10
OTtpumani ogHakoBi Bupaszu (6) ta (12) nns nepioxy 7 koivBaHb pTYTI B TpyOIi

JAI0Th MIJICTaBy CTBEPIXKYBAaTH, 10 OOMABA CIOCOOM PO3B’SI3KYy 3aAadl € (PI3UYHO
BIpHUMHU.

T=2-2,14-\/ ~ 0,76 c.

6.16. OnHopigHa MIaHeTa TYCTUHOK £ NPoOHUTAa HACKPI3b TYHeJIeM B310BXK
aiamerpa. B yTBopeHuii TyHeJib 0e3 MOYATKOBOI HIBHAKOCTI OUIA MOBepXxHi
IUIAHETH NaJa€ HeBeJMKe Tijo. Cuiia onopy armocdepu nJjiaHeTu nponopuiiina
IBUAKOCTI Ppyxy Tija =—Tv, Kkoe(ilieHT 3racaHHsa - 0. BusHauuTH

on.

HHMKJIIYHY YaCTOTY KOJIMBaHb (U Tija B TyHeIl.

142



MEXAHIKA

Po3B’si3yBaHHSA

Hano: B cucremi mnmaHera — T1JIO
P npuiiMeEMO TiO, IO Iajgac, 3a
F =-rv MaTepiaabHy TOUKy. Di3uyHe SIBHUIIE
S B 3aJa4yl MOJSIra€ B  PO3IJISi
" KOJMBHOTO PyXY, LIO 3IIACHIOE 1A

MarepiajgbHa TOYKA T MI€I0 CHIN
TsOKIHHS  T1aHeTH. OCKIUIBKM  ICHYE CHJIa  OIOpY
atMochepu TUIAHETH, TO KOJIMBAaHHA Tida OyAyTh
sracarounMu. [loyaTok KOOpJAWMHAT CHUCTEMHU BIAJIKY,
MOB’sI3aHy 3 TUJIAHETOI0, IIOMICTUMO B ii IIGHTp, a BICh
O HampaBUMO Tak, SK TOKa3aHO Ha pwuc. 6.2. Puc. 6.2.
BuxopucroBytoun apyruii 3akoH HproToHa, oTpuMaeMo nudepeHiiagbie piBHIHHS
3racarouux KOJIMBaHb, a Jajl 3HAMIEeMO 1 BUpa3 JJi1 BUSHAUYCHHS YaCTOTH 3racarouux
KOJIMBaHb Q.

Pozriassuemo IIOBiJIBHe ITOJIOXKCHHA MaTepiaJIBHO.f TOYKH ™Macorw M, 1o

3HAXOAMTHCSA Ha BiJICTaHI X BiJ ICHTPY IulaHeTH B MOMeHT vacy 1. Ha Hei mie cuia

tsokinaa Fy 3 Goky kymi macoro M, | mo mae pagiyc x:

mM
FX = G XZ X ' (1)

ne G —rpasiTariiina ctana. BpaxoByrouwu, mo

3

4 prX
M X IOVX — T A4 (2)
3
Ampnx®  4Gmpr
OTPHUMAEMO: F = G 352 = 3p X (3)
Cuna F, — moepraroua kBasinpyxHa cuna, ToMy Gepemo ii B mojansmomy 3i
3HAKOM ““—*.
Ha marepianbHy TOYKY T0OAATKOBO i€ II€ CUjia ONOpPY MOBITPs F ., =-ro.

BpaxoByrouu 11i cuiiv, 3auIIeMo Apyruii 3aKkoH HeloToHa y BUTTISAL

_4AGmpzx
3

Hami, 3Haxoaumo audepeHIiiaabie piBHSIHHS 3racalouux KoJuBaHb. s 1mporo
nepeHecemMo B (4) BCi HOTO JOJaHKH B JIIBY YaCTUHY, MOAUTMBIIKM KOXKHUN 13 HUX HA
m, Ta 3poOKMMO TakKi 3aMiHU:

ma=-F -F = ro. (4)
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dx . do d®x
D=——= X’ a=—= =X
dt dt  dt?

Toni (4) HaOye BUTTISITY:
L. 4G
x+rx+%x:0. (5)

CmiBcraBmsitoun  (5) 13 3arainbHUM JU(EpEHIIAIbHUM PIBHSHHSAM 3racalodymux

. . . 2
rapmoHiuHmX komuBanb X + 20X + @y X =0 | orpumaemo:

B /4Gp7z
Wy = 3 (6)

BpaxoByrouu (6), 4acTOTy 3racarourx KOJIMBaHb BUSHAYUMO SIK

o= o, -5 = -5, 7)

6.17. Ha kiHISIX HEBArOMoOro CTPHIKHSA JOBKUHOIO d =1m, migBimeHoro Ha

HIAPHipi Tak, 10 BiH Moxke o0eprarucs 0e3 TEPTHd HABKOJO BEPTHUKAJIbHOI OCI,
0 MNPOXOAHUTH 4Yepe3 HOro cepeauHy, 3aKpilvieHi Bi MaJieHbKi KYJbKH

m, =m, =12. Ha oaniii npsmiii i3 cTpukHeM 3aKpinieni Hepyxomo ABi Beuki

Kyai M,=M,=50xe. Bigcranpb MixK HIEHTpaMH CYCiIHIX BeJHMKOI KyJi i

MajeHbKkoi Kyiabkn [ =06 cy. Busmaunmrn nepion xonmBamr |  Takoro
uH - M’

KPYTHWJILHOI0 MagTHHKA. I'pasitaniiina crana G =6,67-10 >
Ke

2
Jlano: Po3B’si3yBaHHs

d=1wm Jlist po3B’si3yBaH-
_ —m — HA 3aJadl BUKOPUC- -

m=m,=m=1¢ MKopHC-

TAEMO  aHANITUYHUN

M, =M,=M =50«ke .
meron.  Ilpuitmemo

-2
r=6cu=6-10"m KOXKHY TIOJIOBUHY
. H-um® | CTPHXHA 3 MajeHb-
G=6,67-10""— KOI0 K
P yIAbKOIO  Ha
) KIHII 3a MaTeMaTHUK-

HUM MAasITHUK JOB-

xunoo | =— (puc. 6.3). Puc.6.3

5 (
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Taki ABa MasTHHKAa KOJMBAIOTHCS B MOJI TSDKIHHSA BEIUKUX KyJb (KOJMBaHHS
3MIACHIOIOTHCSI B TOPHU3OHTANBHIN MUiomuHi). Jlng BHU3HAYEHHS NPUCKOPEHHS
BUTPHOTO TAJIHHS B TOJI TSOKIHHS BEJHKOI KyJi 3aCTOCYEMO 3aKOH BCECBITHHOTO
TSKIHHS.

[lepionn KOMUBaHb KyJbOK, 1[0 KOJMBAIOTHCS B IMOJII TSDKIHHS BEJUKUX KYJIb, €
OJTHAKOBUMHU Ta TOPIBHIOIOTH:

1)
ne 9, — mpuckopeHHs BUIBHOTO T IIHHS B MO TSHKIHHS BEIMKOIL KYJII.
3narigeMo Bupas misg J; 3 ymoBu:
M m
mg, =G—;
r
_ M
3BIIKH: g, = G F . (2)

I3 BpaxyBanusm (2), (1) HaOye TaKOTro BUTIISILY:

2
T=27 |4 =on [0 3)
g, 2GM

3HaXOII}K€HHSI YHUCJIOBOI'O 3HAYCHHAA HIYKaHOI BCJIIMYUHU.

2
6-107°
T=2-314- ( _)11 ~ 4614 c =1, 3 200.
2-6,67-107-50

6.18. @iznyHUii MAsITHUK MAa€ BHUIJISJ TOHKOTO OJHOPIIHOTO CTEPKHSI.
Touka miaBicy massiTHUKa O 3HAXOAUTHLCH Bil HEeHTPY oro macu C Ha BiacTaHi
L=20,2cm. Buznauurn JOBKHHY CTep:KHA |, fKIIO 4YacToTa KOJHBaHbL
MasiTHUKA MaKCUMAJIbHA.

Po3B’si3yBaHHs

Hano: BukopucraeMo CHHTETMYHHMI METOJA PO3B’SI3yBaHHS

L=20,2cm=0,202 » | 3amaui. Po3mounemo 3 aHamizy (GopMmyid s OUKIIIHOT

O = YaCTOTH KOJUBaHb (pi3UYHOTO MAasTHUKA, B SIKY BXOJHTH
0 max

mrykaHa BenmunHa | (puc. 6.4). JlocmimkeHHs @, MO €

|_? bynkmiero L Ta I, na MaKCUMyM JaCTh MOJKJIUBICTh

3HAWTH TOBXKHUHY CTpHAkKHS |.
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[Mukmiyna  yacToTa  KOJNMBaHb  (DI3UMYHOTO  MasTHHKA

BU3HAYAETHCS 32 (HOPMYJIIOIO
mgL - 'y -
a)o = T y (1) 4

C
ne L —sBigcramp mixk Toukoro migBicy O i ueHrpom macu C
MasTHUKA, J — MOMEHT iHeplii MasfTHMKA BiHOCHO OCi, IO
MIPOXOJINTH Yepe3 TOUKy miaBicy, M —maca masTHUKA. Puc.6.4

MomeHT iHepuii J CTpMKHS BiZHOCHO TOPHU3OHTANBLHOI OCi, IO MPOXOIUTH

yepes Touky O Bu3HavaeMo 3a TeopemMoto LlTalinepa:

2 2 2
R ELLL e E L 2 @
12 12

B (2) BpaxoBaHO, 110 MOMEHT I1HEPIIii CTEPXHS BITHOCHO OCl, IO MPOXOJUTH
ml?
12

[TincraBnstoun (2) B (1), oTpumaemo:

Y mgL_\/ 12mgL _\/ 12gL
°TV T3 T \miZ+12mZ VIZ+1202 )
d

4yepes WOoro LEHTP Macu Jo =

),
3HaWIEMO EKCTpeEMYM @y 3 YMOBH d—LO = Vs gKa piIBHOCHJIbHA TAKOMY BUpa3y:
6g(1*-12L°)
12 (12 +1212)" - )
3BIJIKH:
1> -121* =0. (5)

3 (5), orpumaemo:

| =122 = LV12 . (6)

3H21XOI[)KCHH$I YHUCJIOBOI'O 3HAYCHHA HIYKaHOI BCJIINYMHU.

| =0,2024/12 ~0,7 .
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M
6.19. IIBuaxicTh 3ByKy y Boai v =1450 'S Ha skiii BincTani 3Haxoasrbes

ABI HAWOJMKYi TOYKM, IO 3AIMCHIOIOTH KOJMBAHHS B NPOTHJIEKHHUX (a3ax,
SIKIIO YACTOTA KOJIUBAHL V =7251y"?

Po3B’si3yBaHHA
Jlano:
Iy BukoprucraemMo aHamTUYHUN METOJ] PO3B’S3yBaHHS 3a/adl.
—1450 2 . . . .
v 50 c Bi3ssMeMo 10 yBaru, 1o JOBKHHA XBHII A — BigcTaHb Mix 1BOMa
v =725 Iy HAHOMMOKYAMHU ~ TOYKaMU CepeI[OBI/IHla., 0 KOJHUBAIOTHECSI B
= onHakoBUX (azax. SKIIO TOYKH 3HIHNCHIOIOTh KOJHMBaHHSI B
S IPOTHISKHKUX (azax, TOJIl BIICTaHb MI’)K HUMHU JIOPIBHIOE TTOJIOBHHI

JIOBXWHU XBHWIL. [ po3B’A3yBaHHS 3a/7ayl BUKOPHUCTAEMO CITIBBIJIHOIICHHS, IO

HOB’?I3y€ JAOBXHUHY XBHJI1 ﬂ«; 4aCTOTY KOJIMBAHb Vv 1 IHBI/II[KiCTB U IIOIIHUPCHHA

XBUJIL:
L
A=—.
y )
BuxopucroBytouu (1) Ta BpaxoByrouu, 1110
A
L=—,
5 @
OTPUMAEMO:
A v
L=2=2". (3)
2 2v
3HaxXO0JKEHHsI YUCIIOBOTO 3HAUECHHSI IIyKaHOI BETMYMHU:
L — 1450 1
2-725

6.20. 1o npsimiii AUIAHLI JOPOrd  PYXaKThCH B OAHOMY HANIPAMKY OAMH 32

KM
OMHUM JABa aBTOMOOLII 3i mBuakocTamu U = U, =90 00 Ko mosiBuBcs

KM
3yCTpiYHUi TpeTiii aBTOMOGLIb, 1110 pyxaBesi 3i mBUAKIcTIO U3 = 72—20 5’ BOJIM

nepmoro aBToMobias aaB 3ByKoBmii curnan 3 gacroror Vo =700 7y. 3pyku

SIKOT YacToTH V| Ta V) CHIPHIiMYTh MACAKUPH APYTOro i TPETHOro aBTOMOOITIB?

M
IIBuakicTs 3ByKy B mOBiTpi U = 340 -
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Po3p’si3yBanHs

Hawno: YacroTa KOMMBaHb 3BYKOBOI XBHJII, IO CHpUKAMAaE
KM M = o : :
v, =0, =90 — 2524 pyxomwuii npuiiMad IIpH pycl JKEPena J0piBHIOE
200 c
_v+y,,
KM M V= U—U Vo- (1)
U;=12——=20— oorc.
<o ¢ VY 3anmayl mOoTpiOHO PO3IJISTHYTH JIBa PI3HI BUIAIKH,
vo =100 Iy BpPaxOBYIOUM TMpaBHiia 3HAKIB: JHKEPEIO PYyXaeTbCs BIJ
M npuiiMaua, mpuiMad — 0 JHKEPEIIa; HKEPENO PyXaeThCs
v =340 ; JI0 TIpHuiiMava, mpuitMad — J10 JpKepeia.
Py 1. Jxepeno 3BYKOBOI XBWJII TOB’SI3aHO 3  MEpIIUN
vV, — . " . .
! aBTOMOOUIeM, a Jpyruii aBTOMOOUTP — mpuiimMay
Vv, =7 3BYKOBOIO CHUTHAJy. 3a yMOBOI 3ajadl JOKEpPeso

pyXaeTbCs Bl MNpuiiMada, a NOpUiiMad pPYyXaeTbCcs 10
mxepena. BpaxoByrouu 11 yMOBH, OTPUMAEMO:

y P
N 0 (2)
v U@ofc.
2. JI>xepesno 3ByKOBO1 XBWJI1 TIOB’sI3aHE 3 MEPIIUM aBTOMOO1JIEM, TPETIH aBTOMOOLITb —
npuiiMad 3ByKOBOTO CHUTHAY. 32 YMOBOIO 3a/adl JHKEPENo pyXaeTbes A0 MpuiiMaya,
npuiiMay pyxaeTbes 110 1xkepena. BpaxoByroun 111 yMOBH, OTPUMAEMO:

U+ Unp.
V=, 3)
- Udofc.

3HaXOKEHHS YMCIIOBOTO 3HAYEHHS NEPIIO] IYKAHOI BETUYUHMU!

340+25

v, = -700=700 Iy.
340+ 25
3HaXO/IKEHHS YMCJIOBOT0 3HAYEHHSI APYToi IIYKaHO1 BETUYUHU:
Vv, = M-?OO =800 [y.
340-25

3apadi Ana camocTiMHOro po3B’si3yBaHHA
. T T
X=2sIn| —t+—
2 4

Bu3HaunTH MakCMMaJbHY IIBHIKICTh TOYKH. (7T ¢M/C )

6.1. PiBHSIHHS pyXy TOUYKH Ma€ BUTJIA CM.
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6.2. MarepianbHa TOUYKa 3A1HCHIOE TAPMOHIYHI KOJIMBAHHI 3T1HO 3 (hOPMYIIO0

Cm . BU3HAUNTH MaKCHMaJIbHE TIPHCKOPEHHS TOUKH. (/2 em/c?).

3

6.3. AMILIITY/1a TApMOHIYHNX KOMMBaHb A. SIkuil MUISX Tpoliie YaCcTHHKA 3a 4ac ZT ?
(34).

6.4. PiBHAHHA KOIMBaHb MaTepianbHOi Touku Macoro M =162 wmae Burnan

X = 2sin Et+E
2 4

. (T, 7 . .
x=0,1sin (§t+z) M. BH3HAUMTH MAakCHMalbHy CHIy, IO Jl€ Ha Hel.

(F o = 246 uxH).

6.5. Matepianbha Touka Macoro M =50 2 BukoHye KONMBAHHS, PIBHAHHS AKOTO Ma€e

T
sursin X = 0,1C0S5t. Busnauntu CUJIy, IO Jl€ Ha TOYKY B MOMEHT (a3u a)ot = E

(—0,0625 H).
6.6. Touka BIKOHye rapMoHiuHi komBauus 3a 3akoom X = 0,04 C0S @yt. Busnauntu

IIBUJIKICTh TOYKH B MOMEHT 4acy, KOJIM BOHA IepelyBae Ha BijcTaHl X = 0,02 m gix

M
ronosxeHHs piBHoBary. ITepiox komusans 1 = 4,35 c. (0,05 :)

6.7. JlroquHa Hece Ha KOPOMHCII Bipo 3 BOJOKO, Mepioj KonuBaHb sikoro 1 =16 ¢,
[Ipu gKiii MIBUAKOCTI pyXy JIFOAMHHM BoAa OyJe 0COOJIMBO CHIIBHO BUXJIFOITYBATHCH,

M
AKIIO JOBkKKMHA Kpoky mroaunu | =60 cu ? (b= 0,75;)-

6.8. Bu3HauWTH BiTHOIICHHS KIHETWUYHOI €HEpTrii TOYKH, IO KOJMBAETHCSA, 1O Il

: : T :
MOTEHI[IaJIbHOT eHeprii B MOMEHT vacy [ = 10 "€ T — nepion xomuBane. [ToyaTkoBa

E
aza xommBans @ = 0. ( EK =3).

n

6.9. AMIITITYJa TapMOHIUHMX KosiuBaHb MatepianbHoi Toukn A =0,12 m, nosna
enepris komuanb £ =6 mxic. V pazi smimenns X Bix MonmokeHHs piBHOBATH HA
Touky, mo kommBaerbcst, gie cuma F =50 mkH. Bushnauntu Bemmumny 1b0TO

3MIIIEHHS. (0,06 M)-
6.10. MakcuManbHa IIBHJKICTb pPyXy MIABIIIEHOI Ha HUTLI KYJIbKH Macolo

M
M =80 ¢, mpo 3xiticaroe mai KOJIMBaHHS, JIOPIBHIOE U = 0,3—. Busnauuru IIOBHY
C

MEXaHIYHY €HEPTil0 KONMUBaabHOI cucteMu. (3,6 amorc).
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6.11. V ckinbku pa3iB 3MIHUTBCS T[OBHA MEXaHIYHA EHEprisi MasTHUKA TpHU
3MEHILIEHH] HOro JOBXUHU B TPU Pa3u 1 30UIbIICHHI aMIUTITyId KOJHBaHb B JIBa

E
pazu? (EZ =12).

1

. : : : H
6.12. PiBHSHHS KOJIMBaHb Tija Ha IMPY>XHUH1 KOPCTKICTIO k =600— Ma€ BHIJIAI
M

. TT : . .
x=0,01sin Et- BuszHaunt 1NOBHY MEXaHIYHY EHEPIiI0 KOJMBAJIBHOI CHUCTEMH.

(0,03 [foxc).

6.13. MarepianpHa Touka Oepe ydJacTh OJTHOYACHO y JIBOX B3a€EMHO MEPHEHIUKYIISIPHUX
KOJIMBAHHAX, IO OMKCYIOThCS piBHsAHHAMH X =SINwt i Y =2Sin2wt Hammcaru
PIBHSIHHS TPAEKTOPIi MaTEPiaJIbHOI TOUKH. (16X4 —16x* + y2 =0).

6.14. MartepiasibHa TOouka Oepe ydacTb OJHOYACHO Y JIBOX KOCHHYCOiJaTbHUX
KOJMBaHHAX OJHOro HampaMmy 3 oxdHakosumu ammntymamu A = 0,025 wm i
OJHaKOBUMH Tiepiogamu 1 = 8 c. Pizuuts (a3 MK [IUMU KOJIUBAHHAMU (P2 — (01 =
7/4. TloyaTkoBa (a3a OJHOIO 3 LKMX KOJMBAHb JOPIBHIOE Hy 0. HanucaTy piBHAHHS
pesyabsTyiouoro pyxy. (X = 0,046 cos (/4 + n/3))

6.15. BusHaunT mepio HE3racaloYux rapMOHIUYHHUX KOJHMBaHb, SKIIO Au(epeHIiaibHe

. . 2
piBHAHHA IMX KouBaHb Mae Bursa: X +0,257°X =0, (4c).

2

. S
6.16. JubepeHiianbHe piBHAHHSA 3racalouMX KONMBaHL X T 8X + T x=0

. -1
BuzHauuTt KoeQiLieHT 3racaHHs. (4c™).

6.17. CucrteMa KOJIMBA€ETHCSA 3 aMILTITYJIOO A=1mm i wacrororo V =51Uu.

K2
Koedimient omopy mopisuioe I = 200?- Bu3zHauuTH MakCHMallbHY CHUJy OMOpY.
(6,28 H).
6.18. Tlepiox sracarounx xonusanb I = 2,5 ¢, xoediuient sracanns 6 =0,2¢7".

Uepes CKiIbKU KOJTHBAHb aMILTITY/[a 3MEHIIHThCS B € pasis? (2).
6.19. 3a mpoMmiKOK Yacy, MPOTATOM SKOTO KoimBHa cuctema 3aiiicaroe N =50
MOBHUX KOJIMBAaHb, aMIUIITy/la 3MEHIIHMJIACS B JIBa pa3d. Bu3HaunTH MOOPOTHICTH

cuctemu. (Q =227).

6.20. Tino macoro M =502, mo Bucurs Ha mud nosxuuow | =20 cm | 3xiticHioe
. . . . . KZ . .
koimuBaHHsS B pimuni. Koediumient omopy pimuan F=002—. Ha Ttino nie
c

sumymrytoua cuna F =0,1c05 Qt H. Busmauntn wactory Bumymyrouoi cumu mpu
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AKI aMIUIITy/la BUMYILIEHUX KOJIMBaHb MAaKCHMajbHa Ta PE30HAHCHY AMILIITYJY.
Q=7c¢", 4, =71,4cm).
6.21. BusHauuTH JOBXKHUHY XBWJIl KOJUBaHb, SKIIO BIACTaHb MIXK MEPIIOIO 1
YETBEPTOIO MMYYHOCTSMH CTOSIYO1 XBHIII | =15 cm. (/1 =01 M)-
6.22. Y ckibkM pa3iB IIBUIKICTh TMOLIMPEHHS 3BYKY B TOBITPI MpU TemIepaTypi

(e] . . . . .
t, =27 "C Ginplia 3a MBHUAKICTH MOIIMPEHHS 3BYKY B IOBITPI IIPU TeMIeparypi

9
t,=—-33°C? (U—1 =112),
2

TecTHn

6.1. SIxa 3 hopMyI BU3HAUAE 3AIEKHICTH KOOPAUHATH X Bi yacy t mpu mpsMosiHii-
HUX FapMOHIYHUX KOJIMBAHHSAX B3JI0BXK Ocl KoopauHaT OX?

A) X = Ao cos(mot + @o);  B) x = Acos(wot” + ¢o);
B) x = A cos(wot + @o): ') X = A®? cos(wot + ¢o);
) X = Ao cos(wg + @o)t.
6.2. SIke criBBIHOILIIEHHS MOKA3Yye, IO 3a Yac 7 3M1HCHIOETHCS OJTHE TIOBHE
KOJIMBaHHS 1 (pa3a KOIMBaHb OTPUMYE TIPUPICT 277

A) ot +T) + @ = (ot + o) +21r;  B) (wot + o) + T = (ot + o) + 27;
B) ao(t+T) +2n = (wot + o) +T;  T) (@ot + o) + T = ot + (o + 2m);
2D (@0 + @o)t + T = et + (o + 271).
6.3. Skuii Bupa3 BU3HAUA€E MIBUAKICTH KOJUBHOI TOUKH?
A) v=Awgsin(wgt + @o);  B) v = Awy’ sin(wet + @o);
B) v = Asin(mot + @o); I') v =—-AwgSin(wet + @g);
) v=—AwmgSin(my + E)t.
6.4. SIxkuit BUpa3 BU3HAYAE TPUCKOPEHHS KOJMBHOT TOUKU?
A) a = Awy’ cos(wet + @o); B) a = —Awmy” cos(mot + @)
B)a-= Awmg COS((Dot + ([)o), INa= —Amg COS(O)ot + (P()),
1) a = Acos(mot + ).
6.5. Ha sixy BenmmuuHy Bipi3HsieThes (haza IBUAKOCTI Bl a3y 3MILLEHHS?
A)7n/2; B)2rn;, B)wn, I)3n/2; 1) w/4.
6.6. flka 3 popmyn Bu3Hauae quQepeHITiaibHe PIBHSIHHS BITLHUX TAPMOHIYHHIX
KOJIMBaHb, 30y/P)KEHUX KBa3IMPY>KHUMH CHJIaMU?

A) X+wpx=0; By X+2BX+w0gx=0; By X+wox=0;
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G 2 . v, 2y _
I X+ogx=0; ) X—;X= 0.
6.7. SIxkuii BUpa3 BU3HAYa€ KIHETUYHY €HEPT1I0 MaTepiaJIbHOI TOUKH, 110 3/IIUCHIOE
TapMOHIYHI KOJTUBAaHHS?

m . m :
A)Ec = EAa)o sin(apt + @,); 5) Ec =EA2a)§ sin® (ot + @y );

om0 . M2 2.2 .
B) EK_EA @, SIN“ (@t + ¢, ); I EK_EA v sin” (ot + ¢y);

6.8. 3Beaena nopxkuHa (i3MYHOTO MASITHUKA — LI€:
A) OoBXKHHA a0COIIOTHO TBEPJIOTO T1Ja, 0 3A1HCHIOE KOJTUBAHHS T A1E€10
CHJIH TSDKIHHS;
B) Bignane MiX TOYKOIO IMIJIBICY Ta IICHTPOM Mac MasSTHHUKA,
B) Biggans MiX TOYKOIO MIJIBICY Ta IIEHTPOM TOMJIaHHS MasiTHUKA;
I') Bigmanp Mk IGHTPOM Mac Ta IIESHTPOM T'OWJIaHHS MasTHHUKA;
JI) MOB)KWHA TAaKOTO MPY>KWHHOTO MAasSTHHUKA, TIEPi0J] KOJIMBAHb SKOTO JOPIBHIOE
nepioay KOJUBaHb 1IbOTO (PI3MYHOTO MasTHHUKA.
6.9. [lepion KonmMBaHb (hi3UIHOTO MASTHUKA MOKHA 3HAUTH 33 (POPMYJIIOFO:

[ ¢, /m
= - T:2 -, = —

o

r I =27zNLC; ) T S

6.10. SIxi piBHSHHS ONMKCYIOTh TAPMOHIYHI KOJUBAHHS OJHAKOBOI YaCTOTH, 1[0
CIpPsIMOBaH1 B3/I0BXK OJIHI€T MPSAMOi?

A) X1 = A1COS((Dot + (P()l); b) X1 = A1COS((Dot + (P01);

Y1 = AgCOS((Dot + (Poz); Xo = AzCOS((Dot + (pog);
B)y: = A1COS((Dot + ([)01); I X, = AzCOS((Dlt + ([)01);

Xo = AgCOS((Dot + (Poz); Xo = AzCOS((th + (POZ);

A) X1 = A1C0os(1t + @oy);
Yo = AzCOS((th + ([)02).
6.11. Ha sikoMy puCyHKY IpaBHJIBHO BUKOHAHO JOJABaHHS JBOX FAPMOHIYHUX KOJMBAHb
OJTHAKOBO1 YaCTOTH, SIKI HANPSMIIEH] B3/IOBXK OJTHI€T MPSIMOi?
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~ A
A Az 4
3. 4 ‘ 4. [ o 4,
0 X

0 X

A)l;, B)2;, B)2i3; I)3; )4
6.12. Slkuit BUpa3 BU3HAYAE aMILTITYAy PE3YIbTYIOUOI0 KOJMBAHHS JIBOX FapMOHIY-
HUX KOJIMBaHb OJJHAKOBOI YACTOTH, SIK1 CIIPSAMOBAaH1 B3/I0BXK OAHI€T MPsiMOi?

A) A=A+ A +2AA cos(e, —,);
B) A=A +A +2AA cos(e, —¢,);

B) A’ = AT+ A; —2A A, cos(o, - ¢y);
r) A=JA+A +2AA, cos(p, —¢,);
o A=A +A +2AA cos(e, —¢,).

6.13. Slkuit BUpa3 BU3HAYAE TOYATKOBY (ha3y pe3yJbTyIOUOro KOJIMBAaHHS JBOX
rapMOHIYHUX KOJMBAaHb OJIHAKOBOI YACTOTH, SIKI CIIPSIMOBAHI1 B3/I0BXK OJHI€T

psAMOi?
g¢:A&sin¢l+A2c03¢2_ 9= Asing +Aysing,
A) A cosg +A,sing,” B) A cosg, + A, COS g, |
tq _ Acosp + A, cosp, ; (D_A&COS(pl+AZSin(02_
B) °¥~ Asing +Aysing, ) A sing + Ay cosg,
o = Ao +Atge,
go = :
M) A ctgp + A, ctg o,

6.14. flka 3 popmyn BU3HAYAE PIBHSAHHS, 11O OMUCY€E OUTTS?
A Wl
A)X= (2Acos7a)t)cos pt; B) X = (2Acos7°) cos Awt;

B) X = (2Acos Awt)sinampt; ) X = (2AC0S @yt) COSAwt;
) X=(2AcosAwt)sin Awt.

6.15. SIkuii BUpa3 Bu3Havae nepioj Outts?

2ﬂ.l . —_— 272. Ll
DT mTi=2men pTe T
27
F)T6 VL T; = 27ay.
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6.16. fki piBHSHHS ONMUCYIOTh B3a€EMHO MEPIEHANUKYIISIPHI KOJIUBAHHS OJHAKOBOT

4acToTh?
A) X1 = A;C0S mot, B) X = Acos mqt,

Xo = A,coS(mot + @); y = Bcos(mot + o);
B) y, = B1cos(mot + @), I') X = Acos mt,

> = B,C0OS mot; y = Bcos(m,t + );

I[) X1 = A1C0S w4t

Xo = AzCOS((th + (p)
6.17. Slke piBHAHHS BU3HAYA€ TPAEKTOPIIO, MO SAKIH PyXaeTbCs TOUKa, 110 Oepe
y4acTh Y ABOX B3aEMHO MEPIICHIUKYIIPHUX KOJTUBAHHSIX ?

2 2 2 2
LIPR. U e S S
A) A2+2ABc05(p+ 52 =sIn® g, B) A2+Bz =sin® 0;
2 2 2 2
X y y X y y
+2——sm +2_ = cos? X ——2——cos +—_sm :
B) 2 “AB V7B P D) A m 4
2 2
Xy y
—+——cos +——23|n
M 2 a0 g v

6.18. 3HaliTu Tpa€eKTOPIIO PyXy TOUKH, [0 O€pe y4acTh y IBOX B3aEMHO
NEPICHIUKYIAPHUX KOJTUBAHHSX, SKIIO O = T2MT.

Y,
BT}
1. :

A)5, Bb)4;, B)3;, IN2;, )1l
6.19. flke piBHSAHHS BU3HAYAE TPAEKTOPIIO PYXY TOUKH, [0 Oepe y4acTh Y ABOX
B3a€MHO TIEPNIEHMKYJIAPHUX KOJMBaHHsAX, akmo ¢ = £(2m + 1)7?

2 2 2 2
i-i-l :O' 1_1 :O- X__y_:]_
A) A B ! E) A B ! B) A2 BZ !
2 2
X© oy X ¥y _
DwETt wa
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6.20. KonmBaHHS BB)KAIOTHCS 3racalOurMH, SIKILO TOCTYTIOBO 3MEHIITY€ThCS iX:
A) iepion; b)uacrora; B) ammityna;
I') paza; J1) npaBUIIBHOI BINOBI/II TYT HEMAE.
6.21. Cuna omopy nporopIiiiHa J1o:
A) Macu Tina; B) mBuaKOCTI pyXYy TijNa;
B) momii monepedHoro nepepisy Tina;
I') npuckopenns pyxy tina; ) 06’emy Tina.
6.22. Slxa 3 popMyn BU3HAUa€ Ipyruit 3akoH Hpl0TOHA /17151 3racatounx KOJIUBAaHb?

A) %+ @fx=0; B) X+20X+aix=0; B) X+25x=0;
) X+26%+f =0; ) X—25%—afx=0.

6.23. P03B’s130K piBHSIHHS 3racal0ounX KOJUBAHb MA€ BUTTISA:

A) X = Acos(at + p); B) X = Ae” cos(at + p);
B) X = Age %" cos(wpt + 9); Xx= Aoe‘5t cos(awt + @);
My X=Age " cos(ay +p)t.

6.24. Slkuii BUpa3 BHW3HAYA€E BJIACHY ITUKIIYHY YacCTOTY KOJMBAHb IUCHUITATHBHOI
CUCTEMU?

A) a)=\/a)§—52; B) o=@, —0; B) @ =\, —F;

I o= a)§+52; I[)a):a)o—Zé.
6.25. Sxuii BUpa3 BU3HAYa€ JOrapuMIYHUIA TEKPEMEHT 3aracanHs?
Ax=0l, B)xa=035/T, B)a=030I, Ia=N;, d)z= T/0.
6.26. SIxa 3 BenW4MH, 110 XapaKTePU3YIOTh MBHUIKICTh 3aracaHHs KOJUBaHb,
nopisaioe 1/N (N — kinbkicTh KOIMBaHb, IPOTATOM SKUX aMILTITYa
3MEHIIYETHCS B € pasiB)?
A) yac penakcarii; B) nexpement 3aracanns;
B) norapudmiunuii geKkpeMeHT 3aracaHHs;
I') noGpoTHiCTE KOMMBAJIBHOT CHCTEMU;

M) xoedimienT 3aracans.
6.27. MexaH14H1 KOJTMBAaHHS Ha3UBAIOTHCS BUMYIIICHUMH, SKIO BOHU:

A) 3 IUIMHOM Yacy 3racaroTh,

B) BinOyBaroThCs i €0 30BHIMIHIX CHII, SIKi IIEPIOANYHO 3MiHIOIOTHCS;
B) BinOyBaroThCs JTHIIIE i TIE€F0 BHYTPIIIHIX CHJT KOJMBATBHOT CHCTEMH;

I') maroTh qyxe Many aMIUTiTy Iy KOJMBaHb;

/) mpaBuibHOI BiAMOBIMI TYT HEMAE.
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6.28. 11lo BimOyBa€eThCs Mif Yac sIBUIA PE3OHAHCY?
A) yTBOPIOETBCS CTOSIYA XBHUIIS; b) 3pocrae ammiityna KonuBaHs,
B) xonmBanHs 3racarots; I') 36inbnyeTsest yacrora  KOJIMBAHb;
/) mpaBubHOI BiAMOBIMI TYT HEMAE.
6.29. B sixomy Bumnajaky BiOyBaeThCs pe30HAHC?
A) 3a BijicyTHOCTI TepTs;
bB) xonum 36iraeTbest yacToTa BIACHHMX KOJIMBAHB 3 YaCTOTOK 30BHIIIHBOI CHIIH;
B) xomnu gie Oynb-siKa 30BHIMIHS CHIIA;
I') Konn YacTOoTa BIACHUX KOJMBaHb HE 30Ira€ThCs 3 YACTOTOIO 30BHINIHBO1
CUIIH,
1) mpaBUIIbHOI BIATOBI/II TYT HEMAE.
6.30. Sxuii 3 pUCYHKIB BIAMOBIAA€ OTPUMAHHIO aMIUTITYJU YCTaJCHUX BUMYIICHHUX
KOJIUBaHb?

;11 4, Ai 4,
1. \/‘.‘a‘_‘a 2 N _
234
i 4, 4
0 0 IL X
4

A)l; Bb)2; B)3; I)4; ) npaBwibHOI BIAMOBIII TYyT HEMAE.
6.31. SIxa 3 popmyn Bu3HAUAE 3CYB (a3 MK 3MIIICHHIM 1 BUMYIITYBAJILHOIO CHIIOO?

o D=Q oo 22 N I
2 2
_ Wy —32 _
nW="55 1 M9 o

6.32. Pe30HaHCHOIO HA3WBAETHCS YACTOTA:
A) 3a SIKO1 aMILTITy/Ia KOJIUBAaHb JI0CSTa€e MIHIMATBHOTO 3HAYEHHST,
B) 3a sikoi amIIiTy1a KOJIMBaHb € CTAaTUYHOIO;
B) 3a sk0i amILTITY1a KOJIMBAHb JIOCATAE MAKCUMAJIbHOTO 3HAYCHHS,
I') 3a six0i ammuTiTY1a KOJIUBaHb 3POCTAE B € Pa3iB;
/1) 3a SIKOi aMILTITy1a KOJIMBaHb 3MEHIIYETHCA B € Pa3iB.

6.33. fka 3 hopMys BU3HAUYA€E pE30HAHCHY YaCcTOTY?

A) Q, =~ 25, B) Q, =@y —26°;
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B) 2, =26 - af;
m <, :\/a)oz - 52,

6.34. AMIUTITY/1a BUMYIIIEHUX KOJIMBAHb ITiJT 4aC PE30HAHCY 3aJICKUTH BIJI:
A) (a3u KOJIMBaHB;

B) yacToTy 3MiHM 30BHINIHBOI 3MYIITYBIBHOT CHUJIH 1 TEPTS Yy KOJIMBAIbHIM

CHCTEMI,

MEXAHIKA

I Q, =(ay—95) (@ +9);

B) BHYTpILIHIX CHJI IPY>KHOCTI, SIK1 JIIFOTh Y KOJMUBAaJIbHIN cUCcTeMI;

I') npuckopeHHs BUTLHOTO MaiHHS;

6.35. BubOpatu rpadik BUMYyIICHUX KOJUBaHb:

X

J1) paBUIIBHOI BIJIMOBI/II TYT HEMAE.

0 0 /- 0
t t t

A) B)‘ \/ B)

X X

0 t 0 t

) 1)
N [6.1 [62 [63 [64 [65 (6.6 [6.7 [6.8 [6.9 [6.10 [6.11 [6.12
3aBJIaHHA
Bapar [ B | A | T [ B | A [T |B |B |A | B | O | A
BIIITOBII1
N [6.13]6.14 [6.15 [6.16 [6.17 [6.18 [ 6.19 [ 6.20 [ 6.21 [ 6.22 [ 6.23 | 6.24
3aBJIaHHA
Bapr [ B | A | T | B| T [T | A|B | B |B | T | A
BIAITOBIO1
N [6.25 [6.26 [6.27 [6.28 [6.29 [6.30 [6.31 [6.32 [6.33 [6.34 [6.35
3aBJaHHsA
Bapar |[B |B |B |B | B | A |B | B|B |B | A
BIIITOBII1
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