8 MEXAHIYHI
KOJINBAHHA

KonuBanbHi pyxu € qy’e BaXXJIMBI pyXH, OCKUIBKH BOHH IIMPOKO ITOIIMPEHI i crocrepira-
10ThCs B Oarathox (pismunmx sBumax. KommBaeTbcs BaHTaXX HA KiHINl TPYKUHH, KaAMEPTOH,
CTpyHa TiTapu Y¥ CKPHUITKH, KOJIMBAIOTHCS MOCTH 1 OYIMHKH, KOPITyCH MaIiH (aBTOMOOLIs, Te-
IUIOBO3a, EIEKTPOBO03a) HA Pecopax, KONUBaIbHI PyXH 3/iHCHIOIOTH aTOMU i ioHH Ginst By3I1iB
KPUCTATIYHOI TPATKH TBEPAUX TN, CACKTPUYHI | MarHiTHI (€JIEKTPOMArHiTHI) KOJMUBAHHS 3/Iiii-
CHIOIOTECSI B pafio — 1 TenenpuiiMadyax tomo. KonuBanapHi pyxu abo IpOCTO KOIMBAHHSA — 1€
00MEeXEeHI pyxH, 10 TIOBTOPIOIOTHCS BiTHOCHO AESKOTO CEPeHbOro CTaHy, SIKMH B 6araTbox BH-
najikax Mo)ke OyTH CTaHOM piBHOBaru. XapakTepHOIO OCOOIMBICTIO BCIX KOIMBAIBHUX PYXiB €
IXHS eploANYHICTH, TOOTO peryisipHa MOBTOPIOBAHICTh Yepe3 MEBHI OHAKOBI MPOMIXKKH dacy,
SIKi HA3UBAIOTh MEPioA0M KOJIMBaHHS.

3anexHo Bif (i3WYHOI MPUPOAN BEIWIHMHH, KA 3a3HA€ MEPiOJUMIHOI 3MiHH, PO3PI3HAIOTH
KOJINBaHHS MEXaHIYHi, EIEKTPOMATHITHI, eIeKTPOMEXaHivHi Ta 1HIIi.

KonuBausst (BCUIIKI) IIMPOKO 3aCTOCOBYIOTHCS B TEXHIIl, X04a HE CIija 3abyBaTd, IO B
TUX YW iHIIUX BHUIA]KaX BOHU MOXKYTh MPOSBIATH 1 IIKIJUTABY MIfO.

[Tpenmerom Teopii KOMMBaHb € BUBYEHHS 3aKOHOMIPHOCTEH KOMMBAJIBHUX MPOIECIB Yy Pi3-
HUX JTUHAMIYHUX CHCTEMaX.

§ 8.1. KomnBanHusi npyKHHA

HaiinpocTimmM NprKIIagoM MepioAndHOro pyxy € KOJIMBAHHS BaHT)Xy Ha KiHIJ TPY>KHHH.
a1 BUIM KONMMBAIBHUX PYXiB BUSIBIAIOTH BEIHKY CXOXKICTB 3
IIMMH{ KOJINBAaHHSAMHM, TOMY MU iX pO3IJITHEMO OUIBII AETAIBHO.
Macoro Ipy>KHHH 1 TEPTAM MU 3HEXTYEMO 1 OyIeMO BBOKATH, 10
m Opy)KHHA po3MillieHa ropu3oHTaIbHO (puc. 8.1). BanTax Macoro
M NPUKPITUICHAH 10 KIHI TPYKUHU 1 MOYKE PyXaTHCS 110 TOpH-
30HTaJIbHIN TOBEPXHi. Y TONOXEHHI PiBHOBATH BaHTAXKY MPYKH-
\/\L\l ¥  Ha Hemedopmosana. Lle momoskeHHs BUOepeMo 3a moYaToK Koop-

JIMHAT, a BiCh KOOpAUHAT (X CIIpSIMY€EMO BIIPABO.
Puc. 8.1 SIKII0 3MIiCTUTH BaHTaX BiJ MOJOXKEHHS PiBHOBAaru BIIpa-
BO, PO3TATYIOYH IIPY)KUHY, a00 BIBO, CTHCKAIOUH 11, TO MpPY-

JKUHA JTi€ Ha BaHTaX 3 CHIIOKO, K4, 32 3aKOHOM [ 'yKa, TopiBHIOE

F = —kx, (8.1)

1e K — koeditiieHT mporopiiiHocTi (()KOPCTKICTh MPYKUHM), X — 3MILIICHHS BAHTAKY BiJT OJIOKEHHSI
piBHOBary. 3HaK MiHyC O3HAua€, IO MOBEPTAOYa CHJIa IIPOTHIIEKHA 33 HANPSMKOM 3MIILIEHHIO X'
F<Ompux>0,F>0mnpux<D0.

ITixcrapnsroun 3Havenns cud i3 (8.1) B popmyny apyroro 3akony HeroToHa, OTpHMYEMO:

. d?x
dt?
OcraHH€ PIBHSHHS MIEPEIUILIEMO Y TAKOMY BUIJISIII:
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= —kx. (8.2)



8. Mexaniuni xonuearns

d?x Kk
—_ 4+ —X = 0, 8.3
i T m (8.3)
abo
dZX 2
— + w°Xx =0, 8.3, a
2 ( )
e w® = £
m

PiBnsinnas (8.3) HazuBaroTh AMpepeHUiaTbHUM PIBHAHHAM BiILHUX KOJUBaHb. Po3B’s3-
KoM audepeHiianpHoro piBmsHHs (8.3) € rapMOHiuHa (QyHKILis

X = Acos(wt + @), (8.4)

Jie X — 3MIIIEHHS BAaHTAXy BiJ| ITOJIOKEHHsI pIBHOBArk, A — MakCUMaJIbHE 3MIIlIEHHS BAHTAXY BiJ|
HOJIOXKEHHs PIBHOBArW, fKe HA3UBAIOTh AMILIITYA0I0 KoluBaHb, @wt+ ¢, — (a3a KonuBaHb,
(o — noyaTkoBa (aza, @ — HUKIiYHA (KOJIOBA) YaCTOTA FAPMOHIYHNX KOJIMBAHb.

[NouaTkoBa (haza mokasye BiJCTaBaHHS a00 BUIIEPEIKECHHS, 3 SIKMM JIOCSTa€ThCS] MaKCUMaJTb-
He 3MillleHHs 4 10 BifHomeHHo 10 MoMeHTy yacy t = 0. IIpu ¢, =0 Mu maemo x = 4 cos wt
(puc. 8.2),anpu ¢y =-7/2,x = A cos (wt —n/2) = A sin wt (puc. 8.3).

®opmyna (8.4) € aHATITHYHMI 3aIMC TAPMOHIYHNX KOJIHWBaHb. 13 Hel BUIHO, 10 3MIllICHHS
BaHTaxy (Iaji BaHTaX 3aMiHMMO MaTepiaJbHOI0 TOYKOO 3 MACOK M) 3MIHIOETHCS 38 KOCHHY-
coimanpHuM 3akoHOM. DopMa KpUBOI 3aeKHOCTI (8.4) MOBHICTIO BU3HAYAETHCS aMILTTYI00 A i
IUKJTIYHOFO YaCTOTOIO (v, a Tl PO3TAIIyBaHHS, SIK MU Y)Ke OaUMITH BHIIE — IIOYaTKOBOIO (a30ro.

x4

D

Puc. 8.2 Puc. 8.3
Ammtityna 1 moyaTkoBa (asa KOJIMBAaHb BH3HAYAIOTHCS IOYATKOBUMH YMOBAMH PYXY,
TOOTO ITOJIOXKEHHAM 1 IIBUKICTIO MaTepialbHOT TOUKH B MOMEHT dacy t = 0.
[Nepion konuBaHp MaTepiaJIbHOT TOYKK MOYKHA 3HAWTH 32 (POPMYIIOI0

2r
T=—. (8.5)
o}
Bpaxosyrouu, mo w?=k/m, OTPUMYEMO Tepiof] KOJIMBAaHb NPYXUHHOTO MasTHUKA:
m
T=2r,—. (8.6)
k
KinbKicTh KONMMBaHb 32 CEKyH/y Ha3UBAIOTh JiHIi{HOI YacTOTOI0. 3TiTHO 3 03HAYCHHIM
1
V== (8.7)
T

Yacroty BumiproroTh B repuax (I'm).
06’ equyroun Gopmynu (8.5) i (8.7), 3Haxomumo, 1o
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8 8.1. Koausanms npyscunu

6

Bpaxosyrouu (8.7) i (8.8), Bupa3s (8.4) nepenuuieMo y TakOMY BUIJISL

X = ACOS(@ + @p) abo x=Acos(2zvt + @) . (8.9)
V ignosinHocri 3 (8.5), (8.6) i (8.8)
v = LS abo o = L (8.10)
2z ym m

I3 popmynn (8.10) BuHO, 1110 UMM GijIbINA Maca Tijia, 0 KOJIUBAETHCS, THM HIDKYA JACTOTA,
1 9MM KOPCTKIIIa MPYKIUHA, TUM BHUIINA YaCTOTA.
SIxio Bupas (8.4) mpoaudepeHIitoBaTH, TO OTPUMAEMO MIBHIKICTD i MPUCKOPEHHS KOMMBaIb-
HOI CUCTEMU:
X dx

| | 1 | L = E = —a)ASin(a)t + Q)O), (811)
A P | 2

P i dx do 2

i i i | = —=—=—w" Acos(wt + . 8.12
0\\ B 7= = @At +g). (812

TakuMm YHHOM, MBHAKICTH 1 TPUCKOPCHHS KOJIMBAJIBLHOI
CHUCTEMHU TaKOX 3MIHIOIOTHCS 33 CHHYCOIJaIEHUM 3aKOHOM.
Ha puc. 8.4 HaBeneHO 3aJICKHICTh Bifl 4acy 3MIICHHS, TIBU-

1
i
v/ : . .

d KOCTi 1 IPUCKOPECHHS MaTepiabHOI TOYKH, IO KOJIHUBAETHCS
1

Al ' Ha MPYKUHI, U1 BUNaaKy, ko ¢y = 0. I3 puc. 8.4 BuaHo,
1
1
:

t Umax = @ A= Ayk/m, (8.12, a)

'wé‘l I KOTM MaTepiabHa TOYKa MPOXOMUTH TTOJIOXKEHHS PiBHOBArk

(x =0), i uBuaKicts nopisaioe Hy1r0 (L = 0) B TOYKAX MaKCH-

I

1

I

I

I

I

I

I

I

I

I

I

I

:

i 110 MIBUAKICTH MaTepiajbHOI TOYKH MaKCUMajlbHa

I

1

1

I

|

I

:

I

I .

! MaJIbHOrO 3MilieHHs ( X = t@ A ). MakcumarbHe 3Ha4YCHHS TIpU-
1
1
I

CKOpPEHHSI

K\/ﬂf ey = @2A = A(k/m)

BiJIIIOBiTa€ ToukaMm, ko X =+tA, a mpu x = 0 nprcKOpeHHS
JIOPIBHIOE HYIIO.

Puc. 8.4 B Tabmuni 8.1. 310paHi OCHOBHI XapaKTEpHUCTUKH TapMo-
HIYHOTO KOJIMBAHHSI.

Ta6mums 8.1
3MillIeHHS X=A4c0s (vt + ¢p)
[IBunKicTh v=-Awsin (ot + @)
[MpuckopeHHs a=—A4 w’cos (o t+ gp)
Kyrosa wacrora w=vJk/m
[epion T = %T = ZE\/m

) 1 |k

o 1
JliniiiHa yacrora y =— = =
T 2 27 \m
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8. Mexaniuni xonuearns

Hpuxnan 8.1. Ipyosccuna niogiuena éepmuxaivHo Ha Hepyxomitl onopi. Konu 0o HudxicHb020
KIHYA NpUKpinaoms mino macoro M = 2.5 ke, npysicuna posmseyemocs Ha x = 15 cm. Onicis
me 21c Mino i NPYIHCUHY 6CIAHOBTIOIOMb HA I0ealbHy 6e3 mepnis 20PU30OHMALLHY NOBEPXHIO CIO-
na (Ous. puc. 8.1). [ani npyscuny pozmseyloms Ha Xo = 8 cm 6i0 ii nonodxcenns pignosazu i 6i0-
nyckarome. 3naiimu scopcmiicmo Ko npysccunu, Konogy wacmomy ®, RiHitiHy 4acmomy v, nepioo
T konusanb ma nouamro8y weuoKicms mina vy.

Po3w’si30k. 1) JKopcmricmo npyscunu eusnauumo 3a donomozoio gopmyau (8.1), ckopuc-
Maguiuch OAHUMU i3 eKCNepUMeHmy 3 NiOGIUEHUM HA NPYHCUHT MITIOM:
2
E:m _ (2,5x2)(9,8m/c?) _ 1633 ﬁ
X X 0,15m M

k =

Jlani 3naxooumo:.

2) w = \/E _ [183H I _gh7 et
m 25 ke

=22 28 578,
o 807c
pv=2-_1 _128py

T 078¢

5) vy = Xow = (0,08 :)(8,07 ¢™!) = 0,646 x/c.
Tym xq = A (Ous. maon. 8.1) — amnaimyoa konueams.

Hpuxnan 8.2. Tapean macoro My = 0,30 2 nonas 6 nagymumny, cniemeny nagykom. Ilasymuna
Konusaemucs 3 yacmomoro vy =15 I'y. a) Busnauumu snavents K ons nagymunu. 6) 3 Ko ua-

CMOmMOI0 KOIUBAMUMEMbCsL NABYMUHRA, AKWO 8 Hel nonade komaxa macoro My = 0,10 2?
Po3’si30k. a) IIpyscnicme nasymunu (eenuuuny K) eupazumo iz popmynu 8.10:

a) k = 4z°myf = 4(314)%(0,30-10 % k2)(15 ¢ 1) = 2,66 H / .

6)v2=il= 1 2,66 H/m _ %1y
2\ m, 2(314)10,10-10 32

§ 8.2. EHeprisi rapMOHIYHOr0 OCIIMJISITOPA

CucremMy, sika 37iHCHIOE TAPMOHIYHI KOJIMBaHHS, IPUIHATO HA3WBATH FAPMOHIYHIM OCIIHIISI-
TopoMm. [IpuKIIa oM rapMOHIYHOTO OCIIHIIATOPA MOXKE OyTH BaHTaK MAcoro M, T IBIMICHUH 10 KiH-
1S IPYKWHA, MACOI0 SIKOT MOYKHA 3HEXTYBATH.

TMoTeHmiansHa €HEPTist TAKOTO TAPMOHIYHOTO OCIIWIATOPA (PO3TATHYTOI MPYKUHK) TOPIBHIOE

W, = %kxz, (8.13)

JIe X — BI/ICTaHb, Ha Ky PO3TATHYTO MPYKUHY BiJI MOJIO)KEHHSI piBHOBArH.
Kinernuna eHeprist ociiisitopa — 1ie €HEprist pyxy, TOMy
1
W, = =mo?, (8.14)
2

Jie U — MBUAKICTh BAaHTAXXy Macoro M Ha BiJCTaHi X BiJ| MOJIOKEHHS piBHOBAru.
IToBHa MexaHiYHA €HEPrist OCHMIIATOPA TOPIBHIOE CyMi IIOTEHIIABHOI 1 KIHETHYHOI €Heprii:
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8§ 8.2. Enepeisi 2apMOHiuH020 OCyuisimopa

W= Emo2+ L, (8.15)
2 2

V BHIAJKy rapMOHIYHHX KOJIMBaHb (OCHHIATOP i/IeallbHMii) TEPTS BiJCYTHE, TOMY IIOBHA
eneprist W 36epiraerscs. ToOTo,

W = %mu2 + %kx2 = const. (8.16)

OCKIIbKH BaHTQXX 3HAXOJUTHCS B PYCi (3MIHCHIOE KOJMBAHHS), BETMYMHM X 1 U BECh Yac 3Mi-
HIOIOTECSI. [HaKIIe KaXKyur, KIHETHYHA SHepris IIEpeX0uTh B MOTEHIIAIbHY 1 HaBIaku. B kpaiiHix
TOYKaX 3MILICHHS BAHTAXY X = + 4 mBHAKICTH HopiBHIOE HYM0 (L = 0) i Bcst eHeprist mepexo-
JIITH B TIOTCHIIAIBHY:

1

W = lm(O)2 s 1yaz o Lyaz, (8.17)
2 2 2

TakyM 4MHOM, MOBHA MeXaHiYHA eHeprisi rApMOHIYHOI0 OCHMJISITOPA MPOMOpPLiliHA KBa-

ApaTy aMILTITY(i KOIMBaHb. B nonokeHHi piBHoBarn (x = 0) BCst eHeprist [IEPEXOIUTh B KiIHCTHYHY.
1 1 1

W = Emu2 + E|<(0)2 = Emur%m, (8.18)

Ie ufnax — MaKCHMAITBHA IIBUJIKICTS, KA J0CSTA€THCS K KommBaumsix. Takim urmom, W = (1/ 2)kA?
npux =41 W =(1/ 2)mu§m npu x = 0. [Hmmmu cioBamu

W = %kAz = %muﬁm. (8.19)

Omxe, mix 4ac KOJUBAHHS KiHETHYHA eHepPris Tijia (BaHTaKy) NOBHICTIO MEPETBOPIO-
€ThCsl B MOTEHLiAJIbHY eHepriio 1e)opMoBaHOI NPY:KUHM i HAaBNaKu. B IpoMiXKHUX TOukax
SIK KIHETWYHA, TaK 1 MOTEHI[iaJIbHa EHeprisl He JOpiBHIOIOTH HYIIIO, a OCKUIBKH eHepris 30epira-
€TbCA, TO MAEMO:

W=+ Loz = a2 Loz, (8.20)
2 2 2 2

I3 ocTaHHBOI PIBHOCTI OTPUMYEMO, IO

v =+ ,/L(AZ -x?), (8.21)
m

260, OCKUIBKH Up, = AVK/m (8.12, a), maemo

U = 05 V1-x2 /A2, (8.22)

I3 (8.22) mMu 3HOBY 6a4nMo, IO MIBHAKICTE U MakKcUMasibHa mp x = 0 i TOpiBHIOE HYITIO
opu x = * 4.

Hacamkisenp, Bpaxysasmm, mo kK = mw?® (1uB. 12611 8.1) i v, = AVK/M = wA, otpu-

MYEMO, 110
2 2
w = Lyaz - MATO" (8.23)
2 2
abo
2 2
W= %muﬁm = ”’AT“’. (8.24)



8. Mexaniuni xonuearns

OTxe, MOBHA eHEPrisi TAPMOHIYHOI0 OCHUWIATOPA B OyAb-SIKMiI MOMEHT 4acy HpPAMO
nponopuiiHa Maci Tijla, KBaapaTy aMILUIITY/Id KOJTUBAHHS i KBA/PaTy NMKJIIYHOI YaCTOTH.

Mpuxnan 8.3. Tino macoro m = 1,0 ke 30iticnioe konusanns 3a sakorom x = 0,42 cos 7,401, de t
BUMIDIOEMbCSL 8 CEKYHOAX, a X — 6 mempax. 3uatimu: a) amnaimyoy A; 6) konosy ma iy yacmo-
my; 8) NOGHY eHepeiio; 2) KinemuuHy ma nomenyianshy enepeito npu x = 0,16 m.

Po3B’5130K. a) Buxoosuu i3 3akomy, 32i0H0 AK020 30IUCHIOIOMbCA KOTUBAHHS,

A =042 m.
0) Koaiosa uacmoma maxodic 3a0ana
740c7
y=2 -0 _ 1187y
2n 2(314)
8) Ilosny enepeiio 3naildemo, ckopucmasuiucs popmynoio (8.24):

mA’w®  (1,0x2)(0,42.:)%(7,40¢ )2

o=740c"1 a

W = — 4,83 Je.
2 2 Ao
2) ITomenyiansry ma Kinemuuny enepaiio 3Haidemo 3a (opmynamu:
W, = %kxz = %mwzxz = %(1,0 k2)(7,40 ¢ )% (0,16 m)? = 0,7 foxc.
W, = %muz - %mwz(Az _x?) = %(1,0@)(7,4051)2[(0,42M)2 —(016)2 |= 413 Zoc.

Tym epaxosano gpopmyny (8.21) ma popmyny @ =k/m.

§ 8.3. /lonaBaHHsi rapMOHIYHMX KOJIMBAHb METOIOM BEKTOPHUX Jiarpam

MoskiuBi Bumaaku (i TOCTAaTHBO YaCTi), KOJIHM TiJIO MPUIMAE Y9acTh B KITBKOX OHOYACHHX
il - KOJIMBAIBHHX pyxaxX. Hampukiaj, Tijio KOJIMBAEThCS HA BEPTUKAIBHIN MPYKHHI,
miBilneHii Ha j1oBriit Meranesiii nepexnanuui (puc. 8.5). KonuBanus nepexia-
JIUHA TAKOXX 3MYIIYIOTh TUTO KOJMBATUCS y BEPTHUKAIFHOMY HampsaMKy. Takum
YMHOM, TIO Oepe yd4acTh OHOYACHO y JBOX KONWBAHHIX OJHAKOBOI'O HAIPsIM-
Ky. 1106 3HaliTH piBHAHHS PE3yJbTYIOUOTO KOJMBAHHS, HEOOXIIHO IIi JiBa KO-
JMBaHHS JofaTH. IcHye KuTbka cHoco0iB 10JaBaHHS TapMOHIYHUX KOJHMBAHB.
OmuH i3 TyKe 3pYYHUX 1 MPOCTUX CHOCO0iB 0a3yeThCcs HA METOMI BEKTOPHHUX
niarpam. Lei meTos mossirae B HACTYITHOMY.

[IpencraBMO rapMOHIYHE KOJIMBAHHS

Puc. 8.5 x = Acos(wt + @) (8.25)

mg

y BekTOpHi# opmi. Jiist 1poro i3 moyatky oci adcruc (touxu 0) i KyToM ¢ IpoBeIeMO BEKTOD
A, MPOEKLst IKOro Ha Bick 0X nopiBHIOE A COS ¢ (puc. 8.6). Skuio BekTop A piBHOMIpHO 00€ep-
TAETHCS! IPOTH TOJMHHHUKOBOI CTPUIKH 3 KYTOBOIO MIBHIKICTIO (, TO TIPOEKLIs iforo Ha Bich OX 3Mi-
yis HIOETBCS 3 4aCOM 32 3aKOHOM (8.25). 3ayBakuMo, 10 [PU [OMY

@ = ot + @y, 1€ Po — IOYATKOBE 3HAYCHHS (.
3acrocyeMo Tiel MeToJ| [UIs TOJaBaHHs JTBOX KOJIHMBAaHb, SIKi
BiZIOYBAIOTHCS B3HOBXK OJHIET MPsAMOI. PiBHSHHSIMU TaKuX KOJH-

1
|
1
I
L,
0 X
Acos® X X, = A cos(at +¢y), }

P BaHb €
(8.26)
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8 8.3. Jlooasanns 2apMOHIYHUX KOIUSAHD MEMOOOM 6EKIMOPHUX 0ia2pam

JIyist CHIPOIIEHHST IPUITYCTUMO, 10 YACTOTH IMX KOJIMBAHb OJHAKOBI (01 = W, = ®), TOII pe3y-
JMBTYIOYE 3MIMICHHS Tijia

X =X +X, =Acos(ot+e@) + A, cos(ot+ ¢,).
Taxke omaBaHHS BUKOHAEMO 3a JIONIOMOTOI0 BEKTOPHOI JiiarpamMu. 300pasuMo BEKTOPH Al
i Az B ITOYATKOBUH MOMEHT 4Yacy I KyTaMu ¢, i ¢, 1o oci 0X (puc. 8.7). Bextop A — ammii-

VA

A

<

Puc. 8.7

TyJa pe3yabTyodoro KonuBaHHs. Ockibky Bekropu A; 1 A, 00epTaroThest 3 OIHAKOBOIO KYTOBOO

IIBUJKICTIO @, TO 1 pe3yNbTyI0unii BeKTop A Oyzne odepTaTHcs 3 Ti€I0 X KYTOBOIO IIBHJIKICTIO.
OTxe, pe3yabTyIOue KOJMBAHHS € TAPMOHIUHE, 3 IIMKIIYHOIO YaCTOTOIO ('

x = Acos(wt + ). (8.27)

AMIITITYly pe3ynbTyIOHOro KOJIMBAaHHS A 3HalIEMO 32 TEOPEMOIO KOCHHYCIB, 3aCTOCOBY-
04 ii 710 3aTeMHeHoro Tpukytauka (puc. 8.7). Toxi

A% = A+ AF —2AA, cos 0.

Ockisbku €0S 0 = €0S [1t — (92 — ¢1)] = — €0S (@2 — ¢1), TO

A = A + A2+ 2A A, cos(, — py). (8.28)

[MouatkoBy (pazy pe3yabTyIOI0ro KOTUBaHHS 3HANHIEMO TaKoX 3 puc. 8.7:

A . .
A A sing, + A, sing, , (8.29)
A, Acosg, + A, cos e,

e Ay = Ay + Ay = Ap Singy + Ay SiNQy, Ax = Ajx + Axx = Ag c0SQy + Aj COSO2.

I3 hopmyu (8.28) BumHO, M0 aMIUTiTyAa A Pe3yIbTYIOUOro KOJHBAHHS 3aI€XKUTh TUTBKH
BiJl pi3HUII (a3 CKIaI0BHX KOJNMBaHb. SIKIIo ¢, — @1 = 2km, ne k=0, 1, 2, ..., cos 2kn = 1, To

A=, Al2 + AZZ +2AA, = A + Ay, TOOTO aMILIITYa Pe3y/IbTYI0UOr0 KOJUBAHHS J0PiBHIOE

cymi aMILniTyr ckaIagoBux kKoamBawb., Komn @, — = (2k+ 1w, me k= 0,1,2,..,
oS (2k +1)m = — 1 (B upOMY BHITA[KY CKII/IOBI KONMBAHHS KOJIMBAIOTHCS B MPOTHISKHUX (asax), T0

A=y Al2 + AZZ -2AA = |A1 - A2|, TOOTO aMILIITY/ia A pe3y/bTyI040r0 KOJIUBAHHS A0PiB-
107
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8. Mexaniuni xonuearns

HIO€ Pi3HULI AMILIITY/ CKJIA/IOBUX KOJIMBAHD.

SIKI10 YacTOTH KOJIMBAHB, SIKi IOAAIOTHCS, HE OHAKOBI, TO CKJIaJ{HE KOJIMBAaHHA YK€ HE Oyne
X TapMOHIYHHM.

[{ikaBUM € BUIaI0K, KOJIN YaCTOTH KOJIMBAHb, 10
OJTAIOTHCS, MAaJl0 BiJIPi3HSFOTHCS ONHA BIJl ONHOI:
@, = @, . B IboMy pasi pe3yabTytoue KOIUBaHHS MOX-
Ha PO3IIISIATH SIK TrepiogndaHe (moibHe 10 rapMOHid-
HOT'0) i3 3MiHHOIO aMIUTiTY0F0. Taki KOJIMBaHHS HA3U-
BaroTh OMTTAM (puc. 8.8). Uacrora Ourrs @, aoOpiB-

HIOE PI3HUL YaCTOT KOJNMBAHB, IO HAKIAJAIOTHCA OJHE
Ha OJIHOTO. W; = ) — (.

Puc 8.8

8§ 8.4. JlonaBaHHs B3a€MHO NEPNEHIUKYISPHUX FAPMOHIYHIX KOJIMBAHb

PosrnsHEMO Tino, sKe 3/iMCHIOE TAPMOHIYHI KOJMBAHHS Y IBOX B3aEMHO TIEPIICHAUKYIISAP-
HUX HaIlpSIMKaX, HAIPUKIAJ, B3IOBXK ocell X i V. PiBHAHHS TaKkuX KOJIMBaHb MOXKHA 3aIACaTH
Y BHTIIAMI

x=ACosmt,
y=~A,cos(w,t+ ).

Hexaii gacToTn 000X KOJTMBAaHb OJHAKOBI: @1 = @, = w. l[lo0 oTpuMaTH TpaekTopiro pe-
3yJIBTYIOUOrO KOMMBaHHs, i3 piBHsHb (8.30) motpibHo BukitounTy vac t. st 1poro piBHIHHSI
(8.30) nepemumremo Tax:

(8.30)

coswt = % y =A(Ccoswtcosp —sinwtsing), (8.31)

abo

. . X % .
sinwtsing = —cosp — —. (8.32)
A 4, -
[TigHeceMo 10 KBaJpaTy OCTaHHIi# Bupa3 i gomamo Horo 3 Bupazom (8.33)
X2
(cos wtsing)? = Esinz Q. (8.33)"

Toni orpumaemo:

x2 y? 2xy

+ -
A 4Z A4

cos ¢ = sin?g. (8.34)

PiBusns (8.34) e we wo iHIe, sk piBHAHHS eninca. OTxe, IPH OXHOYACHIN y9acTi B IBOX
B3a€MHO MEPIEHANKYSIPHUX TAPMOHIYHAX KOJMBAHHIX OJHAKOBOI YACTOTH TLIO PYXAETHCS MO
erinTuyHii Tpaekropii (puc. 8.9). @opmy ernirca i #oro opienraniro BimHOCHO ocell X i ¥V Bu3Ha-
YaloTh aMIUNTYIHU A1 1 A, Ta pisHULA (a3 ¢ HOro CKIaJOBUX KOJIMBAHb.

PosmistHeMo KijIbKa YaCTKOBHX BHITAJIKIB.

*V piBnsnni (8.32) c0s wt 3amineHo Ha x/4; 3rigHo (8.31).
** Bupas (8.33) orpumaHno i3 nepmoro piensuns (8.31), mOMHOXHMBIIM TIpaBy i JiBy #oro uac-
THHH Ha SiN ¢ 1 TiHicIy Horo 10 KBaapary.
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8 8.4. Jlooasanns 63a€MHO NEPREHOUKYAPHUX 2APMOHIUHUX KOIUBAHD

a) Pisauns a3 ¢ = kr, ne k =0,1,2,... PiBusians (8.34) B 1po-

My pa3i Ha0yBa€ TaKOro BUIIISY:
______ A X
(—
A

O/'_’ X 3BIAKH
A2
=+—=x 8.35
y 4, x ( )

e piBHAHHS psAMOI JiHIT, B Ky BUPODKYEThCS ellinc. SIKo
B piBusaHi (8.35) croite 3mak “+”, To mpsma snexurh B 1 1 3
Puc. 8.9 kBanapanTax (puc. 8.10), skmio 3Hak “—” — B 2 i 4 kBajgpaHTax

(puc. 8.11). AMILTITY A PE3YABTYIOUOTO KOJIMBAHHS

A= A2+ A2, (8.36)

+ )% =0,

A
4,

(D .

v v
e N ] -
2‘ |A x : ‘Az
1
| |
! e
0 N N
Z X X 0 X
Puc. 8.10 Puc. 8.11

0) Pisauns da3 ¢ = (2k +1)%, ne k=0,12,... Toxi piBusuns (8.34) HaOyne BUIIANY:

2 2
X 2 (8.37)

2 2
Al 4
Ie xaHOHIUHA (hopMa piBHSIHHS €IiIca, MiBOCI SKOTO OPi€EHTOBAaHI CUMETPUYHO BiHOCHO
oce#t koopauaat X i V (puc. 8.12).

K; N\ A BN
N

a §)

Puc. 8.12
Hesaxko mokasatd, mo ko ¢ =+(2K +1)7z/2, To Tino pyxaerhest 1Mo eTNTHYHIN Tpaek-

TOpii B HANIPSIMKY PyXy CTpiIKu rogauunuka (puc. 8.12, a). Skmo ¢ = —(2k +1)7 /2, To Tino py-
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8. Mexaniuni konueanms

XAETHCS TAKOXK MO ENITHYHIM TPAaeKTOpii, ale B MPOTHICKHOMY HAIIPSMKY, TOOTO IPOTH PYXY
crpinku roaunnuka (puc. 8.12, 6). Ipu 4; = A, = A piBusans (8.37) neperBOprOETHCS B PiB-
HSIHHS KOJIa:

X2 + y? = 4% (8.38)

KomnmBHe TiJ10 B IbOMY BHIIaJIKy pyXaTHMEThCS 110 Koiy. OTKe piBHOMIpHHH pyX IT0 KOy MOX-
vi Ha PO3IIISLAATH SIK CyMY ABOX B3a€MHO NEPIEHANKYISIPHUX KO-

nuBanb (puc. 8.13).
[pencraBisie BeIMKUA IHTEpEC 10JaBAHHS B3a€EMHO TIE€pIICH-
g JKYJSIPHAX KOJIMBaHb, YacTOTU SIKMX IOMITHO BiJpi3HAIOTHCS
i _ OHa BiJ{ OJHOL (0, # @,). Pe3ynbTyrodi pyxul IpH LHOMY MOXKYTb
0 Kl X Gyru yxe CKIaTHUMA. B 3araibHOMY BHIIAJKy TPA€KTOpis BHSB-
JIIETHCS. HaBITh HE3aMKHYTOIO 1 PyX, TAKMM YHHOM, HE € Iepio-

LA

>

JnuHuM. OfiHaK, SIKIIO BiAHOLICHHS 4acToT @y /@, KpaTHe Lijo-

My urciy i pisamig gas ¢ = (2k +1)7/ 2, To TpaekTopist Oyze 3aM-

Puc. 8.13 KHYyTa 1 pyx Oyzne nepiomaanm. Ha puc. 8.14 HaBeneno pesynbry-

o 104l TPAEKTOPIi KOJMUBHOIO TiJia, KOJIM YACTOTH CKJIAJIOBHX KOJIU-

BaHb BimHOCATHCA 5K 1:2, 1:3, 2: 3 BignosigHo mis pisuuii (a3 xomiBaub: ¢ = 0; ¢ = 74,
o =7r12; ¢ =(3/4) m, p = m. i Tpaexropii HasuBaroThes pirypamu Jiccaxy.

¢=0 o =7/4 p="/2 @=3/4n o=
1:2
1.3
2:3
Puc. 8.14

Orxe, ¢irypa Jliccaxy — ue JiiHisi, IKy OHUCY€ TiI0 (KOJMBHA TOYKA), II0 BHKOHYE
CKJIA/IHE KOJIMBAHHS, SIKe € CYNEPIO3ULIEI0 IBOX B3a€MHO NMEPNEHIUKYISIPHUX KOJUBAHb.
Anani3 ¢iryp Jliccaxy BUKOPHUCTOBYIOTh y IOCII/DKEHHSIX 9acTOT 1 (ha3 CKIaJHUX KOJIUBAHb.

§ 8.5. MaremaTH4HHii MASITHHK

OpHUM 13 HAWIPOCTIMMX MPHUKIIAAIB TAPMOHIYHOTO KOJIMBAHHS € KOJIMBAJIBHUM PyX Mate-
MaTHYHOTO MasTHUKA.

MatemaTHYHHii MAasITHUK € (Pi3MYHOI0 a0CTpaKUi€lo, M1 AKOI PO3YMilOTH TOUYKOBE
TiJI0 (MaTepiajbHy TOYKY), miABilIeHe HA HEBAroMiil i HEPO3TSKHIM HUTLI, L0 KOJIUBA-
€ThCSI Y BePTHKAIBHIl muiomuHi mix xiero cuwiu tskinns (puc. 8.15).

Haii0inbIn moiGHOI0 0 MaTeEMaTHIHOTO MasiTHIKA € KONMBATIbHA CHCTEMA, IO CKIIaJaEThCS 3
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8 8.5. Mamemamuunuii MmasmHux

JIETKOI HEPO3TSHKHOI HATKHU, JIO OJHOTO 3 KiHIIB SIKOI IMiJBIIIEHO METAIEBY KYJIbKY 3 pO3Mipamy,
3HAYHO MEHILIVIMH 34 JIOBKHHY HUTKH, 10 SIKOi BOHA ITiIBILIICHA.
Komu cucrema nepeGyBae y CIOKOi, TO Ciuia TSDKIHHS MJ 3piB-

HOBAXKYETHCA CUJIOKO HATATY HUTKU N . HKHIO KYJIbKY Bi,HXI/IJ'II/ITI/I

BiJI IOJIO’KEHHS PIBHOBAry Ha JACSKUAU KyT 6, TO BUHUKHE cuia F
sIKa HAMAaTra€eThCS MTOBEPHYTH KYJIBKY B IOJIOKEHHSI piBHOBary. Ls
cuiia € PiBHOJIMHOIO cril HaTAry HATKH N 1 3eMHOr0 TSDKIHHS
mg . [ToBepraroua cuiia

F = -mgsiné, (8.39)

ne 6 — KyT BiIXWIICHHS HUTKH BiJ BepTuKaii. I3 ¢popmynu (8.39)
BHIHO, 1110 cwiia F mpomopiiiiHa cuHycCy KyTa 6, a He caMoMy Ky-
Ty 6, TOMY Taki KOJUBaHHA HE € TapMoHiYHUMEU. OMHAK, IS Ma-
Puc. 8.15 JIUX KYyTiB 3HAYEHHS CHHYCa KyTa MaJlo BiJPI3HAETHCS BiJl CAMOTO
Kyra B pamianax. Tomi MokHa 3amucaty, mo Sind=Xx/l~6 i

¢dopmyna (8.39) Habyne TAKOrO BUIJISLY:

m
F=-— Tg X, (8.40)
ne | — nowxuHa MasTHHKA.
Orxe, IIPU MalMX BiIXMICHHSX BiJl BEPTUKAJI PyX MaTEMaTHYHOIO MassiTHHKA € TaPMOHIY-
HUM KOJIMBAHHSM, SIKE OMUCYeThCs Gopmynoro (8.1), B sikiii 3apa3 tpeba moxmactu k = mg/l.

BukopucroByroun 1ieii Bupas st K, Mu oTpuMaeMo Bupasu st nepioxy 7 i wactotu w mare-

MAaTUYHOI'O MasiTHUKA.
T=2z M 27 |- =g |1 (8.41)
k mg /1 g
W = fﬁ = /M = /g (8.42)
m m |

3BifcH BUIUTHBAE, IO a Hi MEPIOJ, a Hi YaCcTOTa KOJIMBAaHb MAaTEMAaTHYHOTO MasTHUKA HE
3ajIeKaTh BiJl aMIDTITYI KOJMBaHb (33 MaJnX 3HAYCHb KyTa BiIXWIECHHS § ) i MacH MasTHHKA,
a BU3HAYAIOThCS HOTO JIOBXXKUHOKO 1 MPUCKOPEHHSIM BUILHOTO IMAIHASA B JAHOMY MiCIli 3eMITi.

Mpuknan 8.4. Axoi 0osxcunu nogunen 6ymu mamemamuiHull MAsmHux, oo tio2o nepioo
Konusaus oopieuroeag T = 2 c?
Po3B’s130K. [JJosorcuny mamemamuyno2o Masmuuka eupasumo iz popmyau 8.41:
2 2 2
2¢)°(98 m/c
1= 150 _ OG8N _ggq, <1,
4r 4(314)

Mpuxnan 8.5. Ilepioo konusans mamemamuunozo masmuuka na 3emui dopisnioe Tz = 0,60 c.
AHrum Oyoe tioeo nepiod konusanv Ha Mapci, AKuo NpucKopeHHs 8iibHo20 nadinHa Ha Mapci
ckaaoae 0,37 3emno20?

Po3B’s130K. [lepiod mamemamuuHo2o MasmMHUKA:

— Ha 3emni

T,=2n 1. (1)

g3 '
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8. Mexaniuni xonuearnns

— Ha Mapci

Ty =2rn|— =21 | ———. (2
R T
Iy _ |2
T, 0,37’
Ty =Ts L 060c /-1 - o099
0,37 0,37

8§ 8.6. ®izuunUil MAATHHK

I3 (1) i (2) 3Hax0aMMO, 110

3B1IKH

®iznyHUi MasITHUK — [le peajbHe TBep/e TiJo, sike 3/iliCHIOE KOJIMBAaHHA Mix Ai€io
BJIACHOI BAr'H HABKO0JI0 HEPYXOMOI TOUKH, siKa He 30iraerncs 3 nenrpom macu (puc. 8.16).

Cuna TsokiHHA MJ npukiageHa B eHtpi Macu (L{M), poswmime-
Hol Ha Bizxcrawi | Bix oci o6epraums. IIpu BiAXUICHHI MasTHHKA Bif
TIOJIOXKEHHSI PIBHOBAark Ha NESKWi KyT 6 BUHUKae 00epTaJbHUHA MO-
MEHT M CHIN TSDKIHHS, SIKAH TOPIBHIOE

M =-mglsindg, (8.43)

(muB. ¢-my (6.5)). 3uak “~” B popmyi (8.43) BKasye, 1o moBepraro-
YHif MOMCHT HAMAraeThCsl HOBEPHYTH MasTHHUK JI0 HOJIOKCHHS PiBHO-
Bary. 3acTocoByIOUH Ipyruii 3akoH HbroTOHA uist 06epTaIbHOTO Py-
xy (dhopmyna (6.10)), maemo

d?e
dt’
Puc. 8.16 Tyt [ — MOMeHT iHep1ii Tiia BiTHOCHO OCi, 110 POXOANTH Yepe3 TOUKY

0,a a =d20/dt? — kyrose npuckoperst. [TpupiBHIOIOUH NIpaBi YacTH-
Hu popmyi (8.43) i (8.44), orpumaemo piBHSHHS PyXy (i3HIHOTO MasITHUKA!

d?0  mglsing
—_— + —_—
dt? I

st manux KyTiB Sin@ ~ 6 ToMy piBHsHHSA (8.45) HaOyae TaKOro BUMIIALY

0. (8.45)

2
a0, mal o, (8.46)
dt? I
OcraHHE piBHSHHS Iy)Ke MOAIOHE Ha PIBHSHHS rapMOHIYHHX KoiuBaHb (8.3) 3 Tiero muime
PI3HHULICIO, IO TYT FAPMOHIYHO 3MIHIOETHCS BEMUYKMHA § 3aMicTh X, a 3amictb K/m maemo mgl/I.
TakuM YMHOM, ITPU MAIMX KYTOBHX 3MIIICHHSAX (i3UYHHUN MasSTHUK 3/1ICHIOE TapMOHIYHI KO-
JIMBAHHS 32 32KOHOM

0 = O COS(wt + @), (8.47)

J€ O, — MaKCUMaJIbHE KyTOBE 3MIilLIEHHS BiJl 10J0XKEHHS PiBHOBATH.

3aminuBinu B Gopmyii (8.6) m/k Ha 1/mgl, orpumaemo Bupa3 s nepioxy xomuBaHb ¢i-
3UYHOTO MasITHHKA!
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8 8.6. Dizuunuu masmuux

|
T=2n ’m_gl' (8.48)

[opisHroroun popmyiy (8.48) 3 (8.41), mpuxoaumo 10 BUCHOBKY, 110 BeinuuHa I/ml mae
PO3MIpHICTH TOBXHHHU, TOOTO

_ - L (8.49)
ml

Benmmunny L Ha3uBaloTh 3BeIeHOI0 JOBKMHOK0 (Pi3MIHOI0 MAasITHMKA, a TOUKY (izmu-
HOTO MAasSTHHKA, SKa PO3MIIYyeThCS Ha BiacTaHi L Bix oci obepranns O Ha niHii, 110 TPOXOAUTH
uepe3 [[M, nasuBaroTh uenTpoM KonuBaub (Touka C) (puc. 8.17). LleHTp KOMUBAHB BOJOIIE I1i-
KaBHMH BiacTUBOCTSMHU. OHA i3 HUX: SKIIO ITO MiIBIIICHOMY Ha OCi TiTy HAHECTH B TUIOIINHI KO-

Bice

Bicb

=

mg

Puc. 8.17 Puc. 8.18

JIMBaHb B TOPH30HTAIBHOMY HAIPSIMKY yap B LEHTP KoiuBaub (puc. 8.17), To B To4Ili miaBicy
HE BIYYBA€THCS HISKOI CHITH peaKIlii.

Mpuxmnan 8.6. Tonkuil npsmuii 0onopionuti cmepacens doscunoio h =1,00 m i macoro
m = 160 2 niosiwenuii 3a kineys na oci (puc. 8.18). a) 3naiimu nepioo fioeo manux Korueano.
0) AKka 0062ICUHA MAMEMAMUYHOL0 MASIMHUKA, AKULL MAE MAKULL Jice nepiod?

Po3B’si30K. a) s 3naxoodxcenns nepiody Koausans ybo2o cmepoichs (ye Qizuunuil masim-
HUK) ckopucmaemocs gopmynoro (8.48):

T=2r L
\/ mgl

Momenm inepyii moHKo20 cmepoiicHs GIOHOCHO OCI, AKA NPOXOOUmb uepes OOUH i3 1020
KiHYi8, OOpIisHIOE

| = Lin?
3

(oue mabn. 6.1). Bpaxosyiouu, wo yenmp mMac 3HaxoOumovCcs NOCEPEOUHi CMepIuCHs, mobmo
I =h/2, snaxooumo, wo

=27 2N~ 2314 M =164 c.
39 3(9.8 am/c?)

0) Mamemamuunuii Masmuux 3 maxum sice nepiooom mace 0ogxcuny (p-ra (8.41)):
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8. Mexaniuni xonuearns

2

T I I 2

=8 -3 _Zh_o67m
Ar mgl ml 3

Omoice, MamemMamuyHuil MAsSMHUK Mamume maxuii camuil nepiod KOIuBaHs, 5K i QizuuHuil,

30 YMOBU, WO 11020 008HCUHA OOPIBHIOE 36€0eHIll 08HCUHI DIZUUHO20 MAAMHUKA.

8§ 8.7. 3racaroui KoJ1UBaHHSA

[Tpy BUBYEHHI TapMOHIYHMX KOJMBaHb HE BPAXOBYBAJHCS CHIIM OIOPY 1 TEPTs, SKI iCHY-
I0Th TIPAKTHYHO B OyIb-sIKil peasibHIM KONMMBAIBHIA cuctemi. Jlish UX CHII IPU3BOJMTH JI0 TO-
O, II0 YacTHMHA MEXaHIYHOI eHeprii CHCTEMH IepeTBO-
PIOETHCS B TEIUIOBY, B CIUIY YOTO aMILIITyJa KOJNBAHb
3 4aCOM 3MEHIIIYETHCS 1 KONMBAHHA CTAIOTh 3racaiovu-

2 )
m MH. SIKII0 3racaHHs He YK€ BENWKE, TO 3racarodi Ko-
0 T JIMBAHHSA MOXHA POSIISIATH sK rapmomivumi. Ha puc.
W 8.19 mokazaHO 3MiHy aMILTITyW KOJHMBAHHS 3 YacoM.

PosrisHEeMo GBI IeTambHO 3aTyXar04i KOJIMBAHHS.
Hexaif Ha TiI0 Macor0 M JIFOTH TIPYXKHA CHJIA

XA

Puc. 8.19 F = —kx,
1 cria omnopy, sika TPH HEBEJINKiHM MIBUIKOCTI KOJMBAIBHOI'O PYXY IMPOHOPIIiiiHA IIBUIKOCTI
dx
F = _bU = _b_i 8'50
: r (8:50)
ne b — koedimient omopy. PiBHIHHS pyXy Tijia B IIbOMY BHIIAKy MaTHME BHIJISI
2
md_2x = —kx — b%,
dt
abo
2
d°x  bdx  kx _ (8.51)
dt> mdt m
ITo3naunmo
L - wg, B = 28,
m m

ne f# — xoedilienT 3racaHHsi, @y — KOJIOBA YaCTOTa BIACHUX KONUBaHb. Tomi piBHsHHA (8.51)
HaOye BUTIISATY:
2
d—zx c 282 L wx =0 (8.52)
dt dt
PiBusinus (8.52) HazuBaroTh Au(epeHIiaIbHUM PiBHIHHSM 3racalpyux KOJIMBaHb, pPO3-
B’SI3KOM SIKOTO € (YHKIIisI

X= Aoefﬂt cos(ot + ¢g), (8.53)

2 2 o
e @ =4y — ° — KOJIOBa 4acTOTa 3aTyXalounX KonuBaHb. [ padik miel GpyHKnii HaBeeHo Ha

puc. 8.19 (kpuBa 1). Bemunna A = Aoefﬂ t BHpaXae 3MiHY aMIUTITYIM 3racalouoro KOJMBaHHS

3 9acOM 3a EKCITOHCHITIaJTbHIM 3aKOHOM; UMM OLTBIIe S, TUM IIBHJIIC 3MCHIITYETHCS aMIDTITy/Ia
(puc. 8.19, kpusa 2). INepion 3aTyxarunx KOJIUBaHb 3aJIEKHUTh BiJl Koe]illieHTa sracanus f i BU3Ha-
Y9aeThCs POPMYITOO
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8 8.8. Bumywieni konusanus. Pezonanc

_2%x ___2m (8.54)

2 2
@ w5 — B

T

3 ¢opmyiu (8.54) BuIHO, 1110 MEPiOJ 3racalouuX KOJIMBAHb 3aBKIU OUTBINIUIA 32 epioj] Bij-
MOBIIHUX BIJIbHUX HE3aTyXal04MX KOJMBAHB, TIJIO KOJMBAETHCS MOBIBHINIE, 00 oMy mpoTHIIie
cHJIa oropy.

[IBuAKiCTH 3MEHIIEHHS aMILTITYAH KOJMBaHb BU3HAYA€THCS KOC(I[IEHTOM 3racaHHs. YuM
OinbIe £, THM CHIIBHIIIA TAJIBMIBHA JisI CEpeIOBHUINA 1 TUM IIBHUJIIIE 3MEHITYETHCS aMILTI Ty Ia.
Ha npaxruni cTyninb 3racaHHsl KOJMBAaHb 9aCTO XapaKTEPU3YIOTh JIOTapUPMIYHAM JeKpeMeH-
TOM 3TracaHHs A, SIKMI TOPiBHIOE Jlorapu(My BiHOLIEHHS JBOX MOCIIJOBHAX aMIUIITY, pO3.1i-
JICHUX 1HTEpBaJIOM 4acy, piBHOTO Iepiony KoinBaHb. OTxe, Koe(illieHT 3racaHHs i jJorapud-
MIYHUH AEKPEMEHT 3racaHHs 3B’s3aHi MPOCTOIO 3aJICKHICTIO!

-
A=1n AtAf ~In AOAO(;“”) = InefT = gT =2£T. (8.55)
+T e m

OkpiM 3a3HAYCHUX BUIIE XapaKTECPUCTHK, KOMUBAIBEHY CHCTEMY XapaKTepH3yIOTh T00POT-
HicTI0O Q, Ky BUPaXKaIOTh TaK
W =7 =&
Q=2r—=—=—",
W A pT
ne W — eneprist konusanus, 0W — BTparta eHeprii 3a O1H Hepioz.
Hacawmkinerp, 3ayBaXuMo, 110 1 He3racarodi i 3racarodi KOJUBAHHS HA3UBAIOTHCS BJIACHHUME
a0o BIbHEMH. BOHM BHHUKAIOTH BHACTIZOK TIOYATKOBOTO 3MIIIEHHS 1 3/1iHCHIOIOTHCS 32 BiJICYT-
HOCTIi 30BHIIITHEOTO BIUTHBY 32 PaXyYHOK ITOYaTKOBOTO HAKOITMYCHHS CHETII.

(8.56)

§ 8.8. Bumyiueni komuBanns. Pezonanc

[IpakTH4yHO BijbHI KONMWMBaHHS Oy/b-51KOi KOJMBAJIBHOI CHCTEMH € 3racalOuNMH, OCKITbKH
crcTeMa BTpayae eHeprilo Ha podoTy mpoTH cui onopy. O4eBuIHO, IO IS TOro, o0 KO-
BaHHS HE 3racali, EHEeprilo CUCTeMH Tpeba MOMOBHIOBATH. B MexaHili Halfrpocrime e MoKHa
poOHTH NUIIXOM Aii Ha KOJIMBAJIBHY CHCTEMY 30BHIIIHBOI NMEPIOIMYHOI CHITH, KA 3MIHIOETHCS
33 TApPMOHIYHUM 3aKOHOM:

F = F, cos wt, (8.57)

ne Fy —amuiityna, @ — KoJoBa 4acToTa KOJIUBaHb BUMYIITYIOUOi cui. KomuBaHHs, SIKi BUHMKAIOTH
B CHCTEMI IIPH y4JacTi 30BHIIIHBOI BUMYIITYIOUOI CHJTH, HA3UBAIOTh BUMYLIIEHHMH KOJIMBAHHSIMH.
OcKiJIbKH Ha KOJIMBAJIBHY CHCTEMY KpiM 30BHIIIHBOI CHJIH Ji0Th KBa3inpyxHa cuia (F, =—Kkx) i cu-
na omopy (F, = — bv), To madepeHItiatbHe pIBHAHHS BUMYIIICHAX KOJIUBAHb 3aITAILIETHCS TAK:

2
m%z—kx - b% + Fycosmt, (8.58)
abo
2
% + Zﬁ% + ofx = f, cos ot (8.59)

e k/m= a)g, b/m=2p, f, =F,/m, ®, — muxmivyHa yacToTa BUIGHUX KOJIMBAaHb, f; — Koedirli-

€HT 3racaHHs.
P03B’5130K HEOIHOPIHOTO M(ePEHIIATFHOrO PIBHSHHS Apyroro nopsiaky (8.59) ckiamaetsest 3
JIBOX CKJIAJIOBHX: OJIHA i3 HUX (3arajbHHi PO3B’SI30K) BIIIOBIIA€ PIBHSHHIO 3racaf0urX KOJIMBAHb i
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8. Mexaniuni konueanms

BiJlirpae poJb JIMIIE IIPH CTAaHOBJICHHI KoiuBaHb (puc. 8.20). 3 yacoM HEr0 MOXKHA 3HEXTYBATH,
OCKIJIbKH TaKi KOJMBaHHS Yepe3 SIKMHCh MPOMIKOK Jacy
OPAaKTHYHO 3HUKAIOTH; iHIIA CKIaa0Ba (YaCTHHHMIA PO3-
B’S30K) OIUCYE PyX MAarepiajbHOI TOYKH, KOIH BIKE KO-
JIMBAHHS BCTAaHOBIIHCA. L{ei po3B’ 30K Mae BUTTIS!

t x = Acos(wt + @), (8.60)

X

=)

A= fo
Puc. 8.20 J(@F —0?)? +4p%0°

, (8.61)

aMIUTITy/la YCTAaHOBJICHUX KOJIMBAaHb, (o — 3CYB (a3 MiX 3MIIIEHHIM 1 3MYLIYIOUOIO CHIIOIO,
SIKMH 3HaXOIUTHCS 3a (HOPMYIIOI0

2
tggDO = —%. (862)

Orxe, i3 (8.60) BrmHO, 110 BUMYIIIEHE KOMMBAHHS, K€ BCTAHOBHIIOCS ITiJ{ JI€K0 TaPMOHIYHOT
BUMYIIYIOUOI CHJIH, € TAKO’K TAPMOHIYHAM. YacToTa TaKOoro KOJIMBAaHHS JOPIBHIOE YaCTOTI BUMY-
IIYIOYOl CHJIM, 8 aMIDTITY/Ja — IIPSIMO IIPOTMOPIiiHa aMIUTiTy i Bumytrytowol cuu (8.61). Kpim to-
1o, i3 (8.61) BHHO, 10 aMILTITY/Id Ma€ CKIIAIHY 3aJIEXKHICTh BiJl KOJIOBHX YacTOT BIIACHHX i BUMY-
[ICHUX KOJMBaHb Ta Koedimienra sracans. I3 (8.61) Takok BUAHO, IO MPH 33AaHUX Wq 1 f
aMIUTITy/la TApMOHIYHUX BHMYIICHUX KOJHMBAaHb A CHIIBHO 3aJICKHUTH BiJl PI3HHUII MDK 4acTo-
TOIO0 BUMYIICHHX KOJIMBAHb @ 1 BIACHOIO YaCTOTOIO (g
cucremu. Konu yacTora BUMyYIIyo4oi cvit HaOmka-
€TBCS 710 BIIACHOI YaCTOTH KOJIMBaHb CHCTEMH, aMILTITY-
Iia pi3ko 3pocrae. Lle sBuIe 0coOIMBO SICKPaBO MPOSIB-
JSIETHCS TIPH HEBEJIMKHX KoedilieHTax 3racaHHs KOJH-
BanHsi. Ha puc. 8.21 HaBeneHO 3ae)KHOCTI aMIDTITY A
A BiJ 94aCTOTH BHMYUIYIOUOi CHIJIM JJIsI YOTHPHOX 3HA-
4yeHb KoedilienTa 3racaHss f, f1, fa, 1 f3. [lpu maio-
My 3racaHHi piCT aMIUTITYIH TpX HAOJIMKEHHI @ JI0 Mg
BUSIBJIIETHCS HA3BUYANHO cHiibHUM. Lle sBuine Has3u-
BAEThCS Pe30HaHCOM. HacToTa @ BUMYIIYIOUOi CHIH,
TIPY SIKIF aMIUTITY/la MaKCUMaJIbHa, HA3UBAETHCS Pe30-

Puc. 8.21 HAHCHOIO.
Pe3oHaHCHY WacTOTy MOXKHa 3HAWTH, SKIIO TPH-
PIBHSITH 10 HyJIs OXI/IHY 32 YaCTOTOIO ITiIKOPEHEBOro BUpasy B (opmyii (8.61). Bona nopisaroe

@, = o5 —2B°. (8.63)

[incrasnsroun (8.63) B (8.61), 3HaX0AMMO aMILTITYLy IIPH PE3OHAHCI:

AL - T (8.64)

pes 2 2
2wy - B
I3 (8.63) BuaHO, 1o konu = 0, pe30HAaHC CHOCTEPIraeThesl Ha YacTOTiI @ = o 1 aMILTITY-
Jla BUMYIICHNX KOJIMBaHb HECKIHYEHHO BEJHKA. B peanbHUX cHUcTeMax f HIKOJIM HE IepeTBO-
PIOETBCS B HYJIb, TOMY aMILTITY/Ja BUMYIICHHX KOJIMBAaHb (PE30HAHCHUIA ITiK) Ma€ KOHEUHY Be-
JMYMHY 1 BEpIIMHA PE30HAHCHOI KPUBOi HE MPHUIAga€ Ha YacTOTy @ = mq. SIKIIO X 3racaHHs
BEIIMKE, TO PE30HAHCHA KpUBa BUpaxkeHa ci1abo abo i 30BciM Bincyrhst (puc. 8.21).
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8 8.8. Bumyweni konrusanns. Pezonanc

MexaHigHMI pe30HAHC MOXKE OYTH SIK KOPUCHUM, TaK 1 IIKiuBmM siButieM. Lkinmusa mis
PE30HaHCy TOJIOBHHM YHMHOM IIOB’s3aHa 3 PYHHYBaHHSMH, sIKE BIH MOKE BHUKJIMKAaTH. Tak, Ha-
OPHKIIAJ], B TEXHIll (B MaIWHAX, JTITaKaX, OKEAHCHKHX JIAHHEPax TOMIO) Ta OyHiBeIbHUX CIIOPY-
nax (BECOTHI OyIMHKH, MasKH, TeJIEBi3iiHI BeXi, 3aBOJICHKI MMapi TOIIO), BpaXOBYIOUH iX Biac-
Hi BiOparii (koimBaHHs:), HEOOXiqHO rependayaTH BAHMKHEHHST PE30HAHCHUX YMOB, B IIPOTHBHO-
MYy BHIaJIKy MOXYTh OyTH pyHHYBaHHS 1 KatacTpodu. B panioTexHili siBUIE Pe30HAHCY BHKO-
PHCTOBYIOTH JUISl TTiICHJICHHS €IEKTPUYHNUX CUTHAJIB, B aKyCTHIII — [UIs aHAII3Y 3BYKY.

Hacawmkizenp, 3ayBakuMo, 110 Tijla MalOTh HE ONHY, a KUTbKa BIACHUX YACTOT 1 BIAIOBIIHO
KiJIbKa PE30HAHCHHX YacTOT.
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