9 MEXAHIYHI
XBunli

Bute (po3zin 8) Gy po3risiHyTi XapaKTepUCTHKH IIEPiOAUIHIX PyXiB (KOIHMBAHB) 1301160Ba-
HUX MarepiaibHuX TOYOK (TiT). B maHoMy po3missi My pO3IIsIHEMO BHIAJOK, KOJIH HEPiOIAIHOTO
PYyXy HaJIlaHO MaTepiabHii Toul (4acTHHII), SIKa € CKIIaI0BOK0 YaCTHHOIO CYIIIFHOTO CEPEIOBHINA
(ToBiTpsL, Boza, TBep/E TLIO TOIIO). Take CepeloBHMIIE CKIAIAEThCS i3 BEMHMKOI KUTBKOCTI TIPYKHO
3B’SI3aHMX OJIHA 3 OJTHOIO YACTHHOK 1, SIKIIO 30YIDKYIOTECS KOJIMBAHHS OJTHI€] i3 YaCTHHOK, TO B Ce-
PEIOBUIL BUHUKAIOTh KOIMBAHHS 1 1HIIHMX TPYXKHO 3B SI3aHMX OJIHA 3 OJHOIO YacTHHOK. OTxe, 30y-
JDKEHA YaCTUHKA € LICHTPOM TOIIMPEHHS KOJIMBAHb B cepeoBuii. IIpouec nommpeHHs1 KOIMBAHb
Y cepeoBMILI HA3MBAETHCSI XBHJIEI0. XBMIIi, SIKi BUHUKAIOTD 1 TOMINPIOIOTHCS B TIPY’KHOMY cepe-
JIOBHIIT, HA3MBAIOTH MEXaHIYHUMH XBHISIMHA. MexaHiuni XBuii (HalpuKiIa, XBUIi Ha TIOBEPXHi BO-
[, 3BYKOBI XBHJIL, XBAJI, 1[0 30y/DKYFOTBCS B CTPYHAX TOIIO) € KOJMBAIBHI PYXU MaTePIalIbHHAX YaCTH-
HOK. XBHWJISI cama T10 co0i He € MaTepialIbHAM TLIOM, OJHAK ii ITOIIMPEHHsT MOKJIMBE TIJIbKU B MaTepi-
anpHOMY cepeoBu (pedoBrHi). XBHIIS [PEICTABIISE COOOK0 KOIMBAHHS, SIKi TP CBOEMY TTOIIAPEH-
Hi HE ITepeHOCATh 3 co00r0 pedoBHHH. OHaK, Oy/Ib-sIKi XBIII MIEPEHOCITh EHEPTilo 13 OHI€] TOUKH
MIPOCTOPY B iHIITY.

Kpim MexaHI9HHX XBHITb ICHYIOT 1 TaK 3BaHi eJIeKTPOMArHiTHI XBHUII: I1e — PaIiOXBHUJI, TEIIO-
BE BUIPOMIHIOBaHHS, CBITJIO, PEHTTE€HIBCHKE 1  — BUTIPOMIHIOBAaHHS. EjleKTpoMarHiTHI XBUJI Tpe-
CTaBIISIFOTH COOOO KOJTMBAHHS €IEKTPOMArHiTHOTO MO, BOHM MOXKyTh MOIIMPIOBATUCS HE TUTBKHU B
PEUOBHHI ane 1y BaKyyMi.

§ 9.1. XapakTepucTuKka XBUJIb

OCHOBHI MMapaMeTpH, sIKi BUKOPUCTOBYIOTHCS ISl XapaKTEPUCTUKH TEePIOAMIHOI CHHYCOI-
JTATBHOI XBWIII, TIOKa3aHi Ha puc. 9.1.

Bumii Touky XBUITE0BOTO PyXy Ha3MBAKOTH MyYHOCTSIMH, 2 HIDKYI — BIAAWHAMH. AMILTITYIa —
IIe MaKCHMaJbHA BHCOTA MyYHOCTI 200 TJTMOMHA BIIAIMHM, K& BUMIPIOETHCS BITHOCHO TIOJIOKCHHS

A

[lyunicts 0l \

Amrutityna

Amrutityna

Bmaguna ‘ ‘

Puc. 9.1

piBHOBary. JloBskuHa XBII (1) — e BiCTaHb MiK JIBOMA CYCIIHIMHU ITydHOCTAMH a00 BIIaIMHAMH.
Yacrora (v) — [1e UMCIIO TOBHUX KOJIMBaHb 3a omuuMIo Yacy. [epion (7) — gac, Ha TpoTsI3i SIKOTO
3IMCHIOETHCS OJTHE TIOBHE KOJIMBAHHS. [3 BUSHAUCHHSI 3p03YMLIIO, IO
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8 9.1. Xapaxmepucmuxka xeunw

T-1 9.1)
14
HIBuaKicTh MOIIMPEHHST XBHTi
v = % a6o v =Av. 9.2)

[IBraKiCTh TOMMPEHHS XBHIII 3AJISKHUTH BiJl BIACTHBOCTEH CEPEIOBHIIA, B IKOMY BOHA ITOIIH-
proetbes. Hanpukiaz, B HATATHYTIH CTpyHI BOHA 3aJIeKUTh BiJl CWIM HATATY CTpyHU F, 1 Bix Macu
Ha OJIMHHUIIIO TOBXXUHU CTPYHH 4. JIJIs1 XBUJIb 3 HEBEJINKOIO aMILIITY 010

L= \/E = Wfi’ 9.3
U m

Hpuxnan 9.1. Cnocmepieay nomimus, wo epedHi X8uib NPOXOOsiMb NO3 HOCA HEPYXOMO-
20 Yo8Ha KOJHCHI 5 c. Biocmanw midic epebuamu 6in oyinue y 15 m. 3 axow weuokicmio pyxa-
I0MbCs X6UNI?

Po3B’si3ok. [llsuoxicme xguns pospaxyemo 3a gopmynoio (9.2):
A _15m 3 M

e = miL.

T 5¢ ¢’

Hpuxnax 9.2. Xeuna 3 dosxcunoro A =0,5m nowuproemocs 630062c Opomy 008AHCUHOK
L =300 m, 3acarvra maca sixoeo m = 30 ke, 3uatimu weudxkicms nowupenua i yacmomy yiei
xeuni. Cuna namsey opomy F, = 4000 H.

Po3B’si30K. s 3Haxo0oicentst weuokocmi xeui ckopucmaemocs gopmynoio (9.3):

o |Fu :\/ F, _ [(4000 H)(300 a) _ o0 M
U m/L (30 xe) c

Yacmomy xeuni supazumo i3 gopmynu (9.2):

_ v _ 200 m/c _ 400 Iy,
A 0,50 m

XBuiti, B IKUX KOJIMBAHHS YaCTHHOK 3/IMCHIOIOTHCS NMEPIEHANKYIISPHO IO HANPSIMKY I10-
[IMPEHHS XBUIIi, HA3UBAOTh momepeunumu (puc. 9.2). SIKIo KOJIUBaHHS BiAOYBaOTHCS B HAII-
PSMKY TOIIMPEHHS XBUII, TO TAKy XBUIIO HA3WBAIOTH MO3MOBKHBLOIO (puc. 9.3). V Bumagxy

3ryuiennst Po3pimkenus

| A |
ool e
' ' | A |
T 3ryienHst Po3pigkenus
1 A |
I 1
Puc. 9.2
Puc. 9.3

MIOIIePEeYHO] XBUJIl YEpryroThCsl TOpOM 1 BHAIMHM, a y BUIAIKY MTO3JIOBXKHBOI — 00JacTi 3ry-
IeHHS 1 po3pimkenHsa. MexaHIvHI XBIITI MOXKYTh OYTH SIK IONCPEYHUMH, TaK i TIO370BXKHIMH,
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9. Mexaniyni xeuni

a eJIEKTPOMArHiTHI XBIII — TUIBKH ITOTICPEYHi.

8 9.2. PiBHsSIHHSA GixKY4 0l XBHJTi

PiBHSHHS XBWITI BEpakae 3aICKHICTh 3MIMCHHS KOJUBAILHOI TOUKH, KA TPUIMa€e ydacTh
B TIPOIIECi, BiJl KOOPAWHATH 1i TIOJOKEHHS PIBHOBArH 1 4acy. B 3araipbHOMY BHITAAKY JIJIS XBHUII,
10 TOIIUPIOETHCS B3OBXK oci OX, I 3aIeXKHICTh 3aIHCYETHCS TaK:

S = f(x,t).

3HaliieMo piBHSIHHS XBUWJI Y OUThII sBHOMY BHTJIsiAl. Hexall KonMBaHHS YaCTHHKH Cepejio-
BHIIA 3 KOOpAUHATOK X = 0 (IpKepero KoJIMBaHb) 33/1aH0 PiBHAHHSIM

S = Acos wt, 9.9

IS S— 3MiHI€HH$I YaCTUHKU CEpeAOBUIIA, W — HI/IKJ'Ii‘{Ha 4qacCroTa, A- aMHJ'IiTyIla KOJIMBaHb. I[O
YaCTUHKU 3 KOOPAUHATOKO X KOJIMBAHHSA HprIHe 13 3ami3HEHHSIM Ha 4ac

ac v — HIBI/II[KiCTB MOIHPCHHSA XBI/IJ'Ii, TOMY piBHHHHH KOJIMBaHb YaCTUHKHU 3 KOOPAWHATOIO X
3alIULICTHCA TaAK:

S=Acosw(t—-7) =Acosw(t — 1). (9.5)
L

PiBHstHHS

S=Acosw(t— ). (9.5, a)
19

Ha3UBAIOTh PIBHAHHAM OiKy4oi rapMoHiUHOI XBHJIi, III0 TOMIMPIOETHCS B JAOJaTHOMY Harl-
pAMKY oci X-iB. BoHO BiU3HAUae 3MilieHHS OYIb-SKOi TOUKH, sika Oepe y9acTh y XBUITLOBOMY TPO-
1eci, B Oy/ap-skuii MOMEHT 4acy. Bpaxoytoun, mo vT =4, w=27/T, a 2z/A =K, dopmyny
(9.5, a) MmoxxHa nepenucaTH y OLTBII 3PYIHOMY BUTIISL:

S = Acos (ot —kx). (9.5, 6)

Benmurna K Ha3uBaeThesl XBIILOBHM YHCJIOM. APTyMEHT IpH KOCUHYCI B opmynax (9.5, a) i
(9.5, 6) HasuBaerwes (pazoro xBwi. [IIBHIKICTE XBIITI U HA3MBAIOTH (PA30BOK0 MIBHAKICTIO XBHUII,
OCKUTBKH BOHA XapaKTEPU3YETHCS 3MIIICHHSM (pasH.

PiBHSHHS XBIJI, SIKQ HOLIAPIOETHCS B 3BOPOTHOMY HAIIPSIMKY (BIIiBO), 3aIUIIETHCS TAK:

S=Acosw(t + 1) = Acos(@t + kx). (9.5, B)
19

B nanomy Bumnanky B popmynax (9.5, a) i (9.5, 6) v 3amineno Ha —v.

[Tpu mommMpeHHi XBIJTI 3aBXKIM MOYKHA 3HAWTH TEOMETPUYHE MiCIIe TOYOK, SIKi 3HAXOAATHCS
B OZIHAKOBIH (azi. LI CyKyIHICTb TOUOK € MOBEPXHEI0, SIKY Ha3MBalOTh GPOHTOM XBHJIL.

SIKIIO JDKEpEro XBUJIb Majie (TOYKOBE), & IIBUKICTH HOMIMPEHHS KOIMBAHb Y BCIX HAIPSIMKAX
OJIHAKOBA, TO, OYEBUIHO, IO (HPOHTOM XBHIIi € chepruuHa OBEPXHS 3 LIEHTPOM B Jukepeni. Ta-
Ka XBUWJISI HA3UBAEThCA cepHYHOK. PiBHAHHS Takol XBUIIi Ma€ BUTJISL;

S =icosw(t - L)=icos(wt — kr), (9.6)
r v r

ne Ag — aMILTITYIa Ha OMMHUYHIN BificTani I =1 Big [ukepena, I — BiICTaHb BiJ JPKepena.
XBwist, PpOHTOM SIKOi € TUTOITIHA, HA3UBAETHCS MVIOCKOK XBHJIEH. SIKIIO TUTOMHA XBHITI
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8 9.3. Enepeis npyoicnoi xeuni. [lomix enepeii

TIEPIICHINKYIIPHA OCi X-iB, TO pIBHSIHHS IDIOCKOT XBHII Ma€ BUTIIS;

S=Acosw(t - 1) = Acos (ot — kx). 9.7)
19

§ 9.3. Enepris npy:xHoi xBuii. ITotik eneprii

[NpyxxHa XBWISA, MOMMPIOKOYICH B CEPEIOBHIL, IIEPEHOCHTH SHEPTII0 3 OJHOTO MICLS B IHIIE.
LIt eneprist € eHepri€lo KONMMBaHb CEPEIOBHINLA, SIKA MIEPEAAETHCS B OHIET YaCTHHKM A0 iHmIol. B
cuHycoinanbHii xBuii x = 4 Sin (w t — k X) 3 4acToTor @ i aMIniTy1010 A YaCTHHKH 3/iHCHIO-
IOTh KOJIMBAHHS TaK, 110 KO)KHA YACTHHKA BOJIOIIE CHEPTIEH0

W = %kAZ, (9.8)

(. -1y (8.19)). STkuwo Bpaxysat, mo k = mw? (tabm. 8.1), To oTpEMaEMo, Mo

W = %meAZ, (9.9)

Jie M — Maca peyOBHHH CEPEIOBHIIA B eJleMeHTapHOMY 00’eMi AV, B IKOMY YaCTHHKH KOJINBA-
I0ThCS B OJHAKOBIN (a3l i pyXaroThCsl 3 ONHAKOBHMH IIBUIKOCTSIMH SIKIIO BpaxyBaTH, IO
m = p AV, To dpopmyina (9.9) Habyne TAKOro BUIIISIY:

W = %pszzAV. (9.10)

Omxe, i3 (9.10) BuzHO, 10 eHePrisi MPAMO NPONOPUiiHA KBAAPATy AMILTITY/H, KBaAPATy
4aCcTOTH TA FYCTHHI cepeaoBHIna. 3ayBaxxumo, mo dopmy:a (9.10) Bupakae cepeiHe 3HAYCHHS
@HEepTii, 10 TEPEHOCUTHCS XBHIICIO.

Eneprito, mo npunaae Ha OAMHUIIO 00’ €My, Ha3UBaIOTh 00’ €MHOIO I'YCTHHOIO €Heprii:

W 1
W=— = >pan’hA’ (9.11)
AV 2
J11st XapaKTepHUCTHKH TIEPEHOCY €HEPTii XBUJICI0 KOPUCTYIOTHCS TIOHSTTAMH MOTOKY Ta TYCTH-
HOIO TOTOKY eHepril. EHeprilo, 1110 mepeHOCHTHCSl XBHJIEIO Yepe3 MOBEPXHIO S, NMepHeHInKy-
JISIPHY /10 HANPSIMKY TOIIMPEHHS XBHJIi 32 OMHUIIO Yacy, HA3UBAIOTh MOTOKOM eHeprii:

_ WS, =ﬂ8 cos 0, (9.12)
At At

Je 0 — KyT MiX HalpsMKOM IIOMIMPEHHS XBUIIL 1 HOPMAJLIIO 10 HOBepxHi, S, =Sc0sd. Sxmo

IIBUJIKICTh TIOMIMPSHHS XBUIII L, TO Yepe3 MOBEPXHIO S 32 OIUHUINIO Yacy TPOUIE TOTIK SHepril

® = wSo. (9.13)

IoTik eHeprii, 110 ePEeHOCUTHCSI Yepe3 OTUHUYHY NMOBEPXHIO 32 OAUHHUII0 Yacy, HA3U-
BaIOTh I'YCTHHOIO NIOTOKY eHeprii. 3a 03HAYEHHIM

i=2 _wo=Lo07m0 (9.14)
S 2
['yCTHHA TIOTOKY EHeprii BelIMUHHA BeKTOpHA. Bektop | HasmBaroTh BekTopoM YMmosa (1846 —

1915) na gects pociiicbkoro (izuKa, sikuii Briepiie y 1874 p. 3amporioHyBaB IOHSTTS TYCTHHH TOTOKY
eHeprii.
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9. Mexaniuni xeuni

Hpuxiian 9.3. B 00witl i miti dce Oinanyi 3eMHOI KOpu 06i ceticMiuHi X8Ui Maroms 00HY [ My JHc
yacmomy (w1 = wy = w), ane enepzis oomici xeuni 60eiui dinbwa opyeoi Wy =2W,). ke siono-
UeHHS. aMITIMYO0 YUX 080X X6Ub?

Po3B’si30k. 32iono ymosu 3adaui Wy = 2W,. Buxopucmosyrouu gpopmyny (9.10), maemo:

%pszleV = Z%pszzzAV,

36I0KU

2
iz=2 abo i=\/§
A2 A

2

8 9.4. Crosui xBuii

Jlo 11poro Mu po3risiian OLKydy XBHWIIIO, SIKa IOLIMPIOBAJachk Ha HECKIHYEHHICTh, TOOTO
XBWJISI HE ITOBEpTaIacs Ha3al.

Po3risiHeMo 3apa3 OAHOPIJHE CepeIOBHILE, SKE 3 OJHOro 00Ky oOMexeHe (CKaximo, crpa-
Ba). ByemMo BBaXaTH, mI0 MeXa 3HaXOAUTHCS TaK OJIM3BKO [0 [DKEPENa XBIJIb, IO 3racaHHsIM
XBHJIb MOKHA 3HEXTYBaTH. Ha MexXi ABOX CEpelOBHII XBUIISI YACTKOBO 3aJIOMHUTHCs (IIpoiize B
JpYre CepeIOBHIIE) & YaCTKOBO Bi/li0’ €ThCs, TOOTO MOBEPHETHCS B Iepliie cepeaopuie. [Ipsma
1 3BOpPOTHA XBWJII, JOAAIOUNCH, YTBOPSTH TaK 3BaHy CTOSATY XBHIIO. OTXKe, CTOSUI XBHJI yTBO-
PIOIOTHCS ITPY HaKJIaJaHHI ODKy40i IPsIMOT 1 BiTOMTOI XBHIIb.

Bynemo BBaxkaTH, IO aMILTITYM, a TAKOXK YaCTOTH 1 JIOBKUHHU y OOMABOX IMX XBWJIb OJHA-
KOBI, OCKUIBKM 3racaHHsIM MU 3HEXTyBaJIM. Hexail piBHSIHHS Magaro4oi XBUI

S, = Ay cos(wt —Kkx), (9.15)
a piBHAHHS BiIOUTOT XBWITI
S, = A, cos(wt +kx), (9.16)

ne k = 2z/A — xBuiboBe uncio, w = 27/T — KojoBa yacTota. 3MiHa 3HaKy mepex Kx B (9.16) Bimmo-
Bijla€ 3MiHI HaNPsSMKY ITOIMIMPEHHS XBUJIL. Pe3ynbTyroue 3MileHHs] MaTepialbHOI TOYKH B MOMEHT
yacy t JopiBHIOBaTHME:

S=S5,+S, =Ajcos(wt—kx) + Ay cos(wt + kx) =2A,; coskxcos wt. (9.17)

. ) a+p a-p
Tyt BuKopucTaHo BiZloMy B TPUTOHOMETPil popmyiry: COS ¢ + COS 5 = 2C0S — Cos ——.

Pigustans (9.17) € piBHAHHAM CTOSIY0I XBHUIL. I3 [[OTO PiBHAHHS BHUIHO, 10 aMIDTITYI0T0
PE3YABTYIOUOr0 KOMMBAaHHSA (CTOSYOT XBHITI) €

A=2A, coskx, (9.18)

TOOTO BOHA pi3HA /TSI PI3HUX TOYOK CEPENIOBUIA, 3MIHIOIOYHUCH Bl TOUKH JI0 TOUKH 3a rapMo-
HIYHMM 3aKOHOM.

Omxe, piIBHSHHS CTOSYOI XBIUTI OITFICY€E TAPMOHIYHI KOJIMBAHHS YaCTUHOK CEPEIOBHINA, aMILTi-
TYIM KOJIMBAHb SIKMX Pi3Hi [T PI3HMX TOYOK cepemoBuiia. B piBHsHHI crosuoi xBit (9.17), Ha
BiaMiHy Bin piBHsHHs Oixydol xBmmi (9.15), BigcyTHs mBHaKicTs mommperns ¢asu. e o3na-
Yae, 10 CTOsYA XBUIIS HEPYXOMa, B TOM Yac sIK OKyda XBHIIS 3[1HCHIOE pyX BIIEpen.

I3 (9.18) BuaHO, 110 aMILTITYAa CTOSYOI XBHWJII 3MIiHIOETHCS Big 0 10 24¢. TOUKH, B SAKHX
aMIUTITyla piBHA HYJII0, BU3HAYAIOTHCS i3 yMoBH COS K X = 0, To6T0 Koum K X =+ (n + 1/2) 7,
n=20,1,2, ... i Toukn Ha3UBAOTHECA BY3JAMH CTOSAY0i XBWJIi a00 BY3JTOBHMH TOYKAMHU.
Koopaunatu By310BUX TOYOK 3Haiaemo i3 ymoBu kKx = +(n + 1/2)z. Toxi

122



8 9.4. Cmosui xeuni

1.1
-+, (9.19)

Xeym

Sk BumHo i3 (9.19), BY37I0Bi TOUKH 3HAXOAATHCS Ha BifcTaHi A/2 ofHa Bix OMHOI.

Touky, B IKUX aMIDTITYJa MaKCHMaJIbHA 1 JOPiBHIOE 240, 33I0BOJILHAIOTH YMOBI COS KX =1,
To6TO, KO KX =%nz, n=0,1,2, ... [li TOYKH HA3MBAIOTHCS IMYyYHOCTAMH CTONYOI XBILII.
CKOpHCTABIIICh YMOBOIO K X = + N 7, 3HA1eMO KOOPANHATH [Ty4HOCTEH

ni
j— + ,

nyun . —
’ 2

(9.20)

Orxe, BIZICTAaHb MK CYCIIHIMH ITYSHOCTSIMH, SIK 1 MX CYCiIHIMU By3jamu, JOpiBHIOE A/2.
Tomy BizCcTaHb MiX BY3JIOM 1 CyCiIHBOIO ITYYHICTIO TOPiBHIOE

| =x,,. — X = A/4 (9.21)

8y31 nyuH

Ha puc. 9.4 moka3aHo 4acTUHY CTOSYO1 XBUIII, SIKA YTBOPIOETHCS MPH KOJIUBAHHI CTPYHH.
AMIDTITYIH BCIX TOYOK, SIKi KOIMBAIOTHCS MIX JIBOMA CYCiTHIMHU BY3JaMH, MAalOTh OIWH i TOH

[Ty4nicTs |<L,| Byson
g |
Ay A3
A2
>
Puc. 9.4

caMMi 3HaK, a TIPH IEepeXoi Yepe3 By30JI BOHM MIHSIOTh 3HaK Ha IPOTHIICKHNN: aMILTITYIH A1
i A, — nonatHi, a aMIDIiTYu A3 i A4 — Bix emHi. Lle o3Havae, 1m0 BCi YaCTHHKH, SKi 3HAXOSATHCS
MDX CyCIZIHIMH BY3J1aMH, KOJHMBAIOTHCS B OJHAKOBHX (ha3ax. YacTHMHKH, IO 3HAXOMATHCS IO
Pi3HI CTOPOHU BY3I1a, KOJIUBAIOTHCS B MPOTHIICKHHX (hazax.

'V crosdiii XBuIli Ha BiAMiHY Bix O1XKy4o0i eHepris He IEPEHOCHTHCS, OCKIJIBKY O0M/IBI XBUIII He-
CYTbh Ha3yCTpi4 OflHA OAHIH B CepeHHOMY OIHAKOBI eHeprii. Uepe3 By3nu eHeprist He IIepeHOCUTb-
cs. Omxke, eHeprist HIOW “CTOITH” Ha MiCIli 1 He IEPEHOCHTHCS B3OBXK CepeIOBHIIa (CTPYHH, MOTY3-
ki TOII0). [T0BHA €HEpTist CTOSMOI XBIUT 30CEpEDKEHa MK BY3JIOBUMH TOYKAMH 1 3 4aCOM HE 3Mi-
HIO€TBCSL. BinOyBaeThes TITBKHM Nepexis KIHETHYHOI eHeprii B HOTeHIIaJIbHY 1 HABIaKH.

st Toro, mo6 y npy>XHOMY CepeJOBHUI YTBOpHJAcs CTOsSYa XBHWIS, HOTPiOHO, 00 po3-
Mip cepemouma L y3romkyBaBes 3 moBxuHOIO XxBuii A. EkcriepuMenTanpHO (a moTiMm i Teope-
THYHO) OYJI0 TOBEICHO, IO IOBXKHUHU CTOSYUX XBIJIb A 3B’s3aHi 3 JOBXKHHOIO cepemoBmma L
TaK¥M CITIBB1JHOIIEHHSIM

n%:L, n=123, .. (9.22)

Ha puc. 9.5 moka3aHo TOCIITOBHICTh XBHIIBOBUX KAPTHH, SKi BiIIOBIIAIOTH PI3HUM CTOSIAM
XBWISIM, 1[0 BUHUKAIOTh HA OJTHIM 1 Tilf ke CTPYHI.

YacToTH, Ha SIKHUX BUHHUKAIOTH CTOSYl XBHJI1, HA3MBAIOTHECS BJAACHHMH YaCTOTAMM.

Hatimenma vacToTa, Ha sIKii Ha JaHid CTPYHI MOXKC BUHHKATH CTOSYA XBIUIS, HA3UBAETHCS
OCHOBHOIO BJIACHOIO 4acTOTOM vy (pric. 9.5, a). SIKIIo MOBXKHMHA XBIIII 3MEHIIIMTHCS HA [TOJIOBHHY,
TO YaCTOTa TIOBMHHA TTOIBOITHCS, OCKLTBKH IBH/IKICT MOIIMPEHHS! TS BCIX XBHIIb OJHAKOBA (JIHB.
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9. Mexaniuni xeuni

G-y (9.2)), omKe HACTyIHA 4acToTa v, =2 v;
(puc. 9.5, 6). TakiM YUHOM, YACTOTH CTOSUHNX
XBWIb PiBHI vy, 2 vy, 3 V1, ... XBUIFO 3 HAWHIDK-
YOI0 YacTOTOIO Vi Ha3WBAIOTh MEPUIOI0 rap-
MOHIKOI, XBIIIO 3 YaCTOTOI Vo, = 2 v Ha3H-
BAIOTh APYI'0I0 FapMoOHIKoI0 i T. 1. B My3umi
3BYKH 3 4YactoramMd 2 vy, 3Vvi, 4 vy, ... Ha3u-
BarOTH 00ePTOHAMHU.
Hacamkinenp, 3ayBaxiMo, IO CTOSTI1 XBH-
T 30YDKYIOTECS Y OyIb-SKAX TiNaX, 3aTHUX
L=3% 3ailicHroBaTH KonuBaHHA. BracHi yacroTu 3a-
JIeXaTh Bil PO3MIpIB TiNa, TaK CaMo SIK BJIACHI
YacTOTH KOJIMBaHb CTPYHHM 3ajeXaTb Bix ii
), OBKHHH. V BCIX MY3UKJIBHUX 1HCTPYMEHTaxX
L= 47 3BYKH yYTBOPIOIOTHCS 3aBISIKM CTOSTMM XBH-
e e e } vy=4y, UM Y CIDYHAX y CIDYHHWX, B CTOBNAX IO-

BITPS Y JTyXOBHX TOIIIO.

iy
N

Puc. 9.5

Mpuknan 9.4. Cmpyna yumban mae doséxncuny L =11 m i macy m =9 2. a) 3 axoro cunoio
nosunna Oymu mamsAcHyma cmpyna, wjo6 ocrosna wacmoma oopisuiosana vy = 131 I'y? 6)
Yomy dopisHioroms uacmomu opyeoi, mpemwvoi i yemeepmoi eapMoHiK?

Po3e’si3ok. a) Cuny namsey cmpynu eupasumo iz gpopmynu (9.3):

2
F, = uv®= % = 4Lv®m = 4(1101)131 ¢ 1)2(9-10 3ke) = 6796 H,

0e u =m/L — maca na odunuyro 0oexHCUHU, U= AV — WEUOKICIb NOWUPEHHS KOIuéais, A = 2L —
0082CUHA XBUTI.
6) Yacmomu Opyeoi, mpemvoi | uemeepmoi 2apMOoHIK
v, =2v;=2(1311y) = 262 Iy,
vy =3v; =3(1317y) =393 Iy,
v, =4v, =4(1311y) =524 TIy.

Mpuxnan 9.5. Llsuoxicme nowupenns xeuni 6 cmpyui v = 480 m/c. Ha sixiti giocmani 00un
8I0 00HO20 3HAXOOAMbCA BY3IU CMOAHOL X8UTE 3 0CHOBHOI0 Yyacmomoro v = 86,0 [y?

Po3B’si30k. OcKinoku CmpyHa KOMUBAEMbCS 3 OCHOBHOI YaCcmomolo (nepuia 2apMoHiKa),
MO CMOsAYA X6Uis MA€ uue 0OHY NYUHICMb i 831U 6y0ymb 3HAXOOUMUCS HA KIHYSAX CIMPYHU

(puc. 9.5, a). Tooi, 32iono (9.22)
Lonfob _ 280ule 50,
2 2v,  2860cY)

Tyrn=1a A = vlv,.

§ 9.5. 3ByKoBi xBWIi

3ByK — II¢ TIPYKHI XBII, IO TIOMIMPIOIOTHCS B CYIUIBHIX CEPEIOBHUINAX (ra30momiOHoMy, pi-
KOMY 200 TBEPIOMY) i CIPHIMAIOTBCSL OPraHaMH CIyXy. YacTo MOHSTTS 3BYKY aCOIIFOETHCS 3i CITy-
XOM 1, 3HAYHTh, 3 (i310JOTIIHIMH 1 TICHXOJIOTTYHIMH TIPOLIECaMHy, SIKi BiIOYBAIOThCS y ByXaxX 1 MO3KY
JIFOAMHM 1 TBApUHU. SIK TIPaBMIIO, 3BYKOBI XBIJII CTBOPIOIOTHCS B TIOBITPI, aJie 3BYKH MOYKHA TIOYYTH 1
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8 9.5. 3gyko6i xeuni

111 Boz1010. J10 3ByKOBMX XBHIIb HAJIOKATh XBIUIL, YACTOTH SIKHX JISKATh B MEKaX CIIPHIMAaHHS opra-
HAMU CITyXy JOOuHU. JII0JCEKe BYXO, SIK MpaBWiIo, chpuitMae dactotd Bix 16 mo 20000 I'm.
3ByKoBi KoyuBaHHS OibIn BUCOKOI wactoTd (> 20000 I'y) Ha3MBaOTh YJILTPa3BYKOM, OLIbII
Hu3bKOi (< 16 ') — indpa3Bykom.

Bgarauni, 3paTHICTh JIOJMHN CHPHUIIMATH BUCOKOYACTOTHI 3BYKH HOTIPIIYETHCS 3 BIKOM. SIKIIO
MOJIO/Ia JIFOJIHA cripriiMae 3ByKH 3 yacTtoToro 110 20000 ', To Ta k JIoIIHA B CEpeTHROMY Billi 371aT-
Ha crpuiiMaty 3Bykn 3 yactoramMu MeHie 12000 I CyTTeBO moripiryeThes CITyX y JIFOJICH, sKi CHC-
TEMATHYHO ITiAFOTHCS BIUTMBY Jy)KE TYUHHX 3BYKIiB (I'YJI JITAKIiB, IIyM MOTY)KHIX BEHTHIISATODIB 1
BiIOIIHIX MOJIOTKIB, I'y4Ha MYy3HKa TOLLIO).

3ayBa)xuMo, 10 EsIKI BUIM TBAPHH 1 KOMax 3/1aTHI CIIPHHMATH 3BYKH 3HAYHO BHIIHX dac-
TOT 32 HaBeJIeHUI BHIIe fiama3oH. Hampukian, cobaky 34aTHI cipuiiMaT 3ByKH 3 4aCTOTaMH
0mm3pko 38000 I', a kuru ~ 100000 I'm.

JLxepesiaMu 3BYyKy MOXYTh OyTH Oyap-sIKi SIBUIIA, SIKI BUKIMKalOTh 30ypeHHs cepeoBuma. B
IITY9HO CTBOPIOBAHMX BUIIPOMIHIOBAYax 3BYKY VIS Ii€l METH BUKOPHUCTOBYIOTH KOJIMBAHHS TBEPIHX
TUT (HATPUKITAJ, CTPYHH 1 ICKH MY3HKAJIBHIX IHCTPYMEHTIB, qu(y30pH I'YIHOMOBIIIB i MeMOpaHu Te-
nehOHiB, IT’€30€NIEKTPHYHI TUIACTHHA) 300 00MEXeHi 00’ €MH TMOBITPSIHOrO aG0 BOAHOTO CEPENOBHINA
(opransi Tpyowu, cBuctku). KomiBanms MOKyTh 30ymKyBatrcs yaapoM (CIpyHH (opTerniaHo, 1380~
Hy), TITPAMYBATHCS 32 PAXYHOK MOCTYIUICHHS TIOTOKY MOBITpsI (Ta3y), CTBOPIOBATUCS HUIXOM Iie-
PETBOPEHHST KOJIMBAHb €IEKTPUYHOIO CTPYMY B MEXaHi4Hi (€ICKTpOaKyCTHYHI IleperBoproBadi). B
TIPUPOIi 3BYKH BUHHKAIOTh IPY OOTIKAHHI TBEP/MX TLJI TIOTOKOM MOBITPs a0 Bomw. Jkepenamu 3By-
KiB € pi3Ha TeXHiKa 1 0OJNaTHAHHS, SKi CTBOPIOIOTH 3HAYHE IIIyMOBE 3a0pyTHEHHS OTOUYYFOYOTO cepe-
JoBua. OcoOIMBIM JDKEPETIOM 3BYKIB € TOJIOCOBHH arapar JIOAMHH 1 TBApHH.

Jlo npuiimMadiB 3ByKy B TIEpIIly Yepry BiJHOCSTH CITyXOBHI arapart JIFOJVHH 1 TBapHH. B TexHimi
JUTS IPUHAMAHHS 3BYKY 3aCTOCOBYIOTHCS TOJIOBHUM YHMHOM €JIEKTPOAKyCTHYHI MIEPETBOPIOBaYl — MiK-
podoHu B NOBITPI, riAPod)oHN y BOi, reohoHH B 3eMHil KOpi.

OpmHi€r0 13 XapaKTEepHUCTHK 3BYKY € HOro HIBHAKICTH NMOLIMPEHHsI B cepeoBrini. B pinunax i
ra3ax TMOMIMPIOIOTECS TUTHKA TIO3OBKHI XBIIII, MBAKICTH TTOIMPEHHS SKHUX 3aJICKUTh BiJ] CTHCIIH-
BOCTI CEpEIOBHINA Ta HOr0 TYCTHHH 1 BUSHAYAETHCS 38 (POPMYIIO0

v=_[—, 9.23)
P
ne K — Moxysp 00’€MHOTO CTHCKY, p — I'yCTHHA CEpEloBHINA. B reniro, TycTHHA SKOro 3HAYHO
MEHIIA TYCTUHH TOBITPSl, @ MO/YIIb 00’€MHOTO CTHCKY MaibKe TaKUH ke, IIBHUAKICTh 3BYKY OlIbIIa
Maibxe B TpH pasH.
3Ha4yeHHs IBU/KOCTI 3BYKY B Pi3HHX Ta30MOAI0HNX 1 PIAKUX CepeloBHINAX MPH TeMIepaTypi
20° C naBezeni B TaOmumi 9.1.

Ta6m 9.1 Tabmmg 9.2
PeuoBuna Ulsnaxicrs Mwxicrs  [lBrxicTs
3BYKY, M/C Peuosuna MO3J0BXKHIX  IOIEPEYHUX
TlosiTps 343 XBHJIB, M/C XBUJIb, M/C
Iositpst (0°C) 331 [Mnatuna 3800 1700
Teniit 1005 [Muak 4200 2440
Bonens 1300 Hikeinns 5630 2960
Boma 1440 Maruii 5765 3065
MopcbKa Bojia 1560 Keapu 5970 3762
TUIABJICHUH
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9. Mexaniuni xeuni

B TBepmux TiIax KpiM MO3IO0BKHIX XBHJIb MOKYTH HMOIIMPIOBATHCS 1 TOMEPEYH] XBHII, IBUJI-
KICTh ITOIMPEHHS SKUX 3HAXOAATH Bi/IMOBITHO 32 (JOpMyIaMu:

Unoso = \/E’ Vpon = \/E (924)
P P

ne E — moayns FOnra, G — moayns 3cyBy. B Tabnuni 9.2 HaBeneHO 3HaUSHHSI IBUAKOCTI TTOMIN-
PEHHS 3BYKY B JESKHX TBEPIMX TLIAX JUIS MO3IOBXKHIX 1 MONEpPEeYHUX XBWIIb. HeomHakoBicTh
IIBHAKOCTEH TO30BXHIX 1 MONEPEYHNX XBWIb Y TBEPAMX TiJlax IOKJAJEHO B OCHOBY poOOTH
celicmorpadis, SIKi BAKOPHCTOBYIOTH JUIsl BU3HAUCHHS EHILICHTPIB 3eMJIETPYCIB 1 BUBEP)KEHb.

Mpuxnan 9.6. Axa ooexcuna xeuni 36yky 3 yacmomoio v = 10000 Iy, axuii nowuproemsca
8 MOpCHKill 600i? Kot 6yde 008acUHA XU MO20 JiC 36VKY 8 NOGIMPI?
Po3B’si30K. Josorcuny xeuii 36yKy supasumo i3 popmynu (9.2):

1=2
o
Tooi
e = M — 0156
© 10000 ¢~
= LMICI = 0,0343 ,
10000 ¢~
oe v, =1560Mm/c — weuoxicmo 36Ky 6 MOpcoKill 600i, U, =343m/c — weudkicmo 36yKy

6 nogimpi (mabn. 9.1).

Hpuxnan 9.7. Manopisnuk susnauae 00824cUHY 03epa, NPUCTYXAIOUUCH 00 368YK) JIVHU C8O-
20 20710Cy, 8i0bUMo2o 8i0 ckeni na npomunexcnomy bepesi ozepa. Bin uye nyny uepes t =12 ¢
nicas Kpuky. Axa dossicuna ozepa?

Po3B’s130K. ko nosnauumu eiocmans 6i0 manopisnuka 0o ckeni (Qoedcuny ozepa) ue-
pes |, mo 36yk 3a uac t = 1,2 ¢ npoxooums siocmans 2 1. Tooi

_vt (343 m/c)12¢)
2 2
Tym v = 343 m/c — weudxicms 36yKy 6 nosimpi (maon. 9.1).

| =205,8 m.

HactynHor0 XapaKTepHCTHKOIO 3BYKY € HOro iHTeHCHMBHICTh 200 cuiia 3BYyKy. Lle Benu-
YHHa, SKa YMceJbHO T0PiBHIOE cepenHiil eHeprii W, 110 mepeHOCHTHCS 32 OTUHHMINIO Yacy
Yyepe3 OAMHUYHY IIOBEPXHIO B MEPIEHIUKYJISIPHOMY HANPAMKY /10 Hei:

W

= —.
St

(9.25)

Omxe, IHTCHCUBHICTD 3BYKOBOI XBIJIL (SIK 1 OyIb-1KOI iHIIOI OiKy40i XBUJIi) BU3HAYAETHCSI
SIK MOTY>KHICTh, 110 MPUIIAA€ HA OAMHULIO TUIomNi. OAMHUIEIO IHTEeHCUBHOCTI 3BYKY B CI €
Br/M%. THTCHCHBHICTD — Ii¢ TOTIK eHeprii B HKOYIISX 3a CEKYHIy depe3 MOMEepedHuil mepepis
mromero 1 v 3ayBaxmMo, 1O MPH BCIX {HIIMX PIBHHX YMOBAX iHTEHCHBHICTb MPOIOpLiiiHA
kBazpaTy ammtityau (60 W ~ A?). Ileit BUCHOBOK CIIpaBeUIMBHIL [UTsL OY/Ib-SKHX GiKYUHX XBUIb,
B TOMY YHCII JJIsl XBWIb Ha BOJI, HAa CTPYHI, €JIEKTPOMArHITHUX XBWIb. YacToTa i iIHTeHCHBHICTb
— HE3aJIOKHI OHA BiJl OTHOI XapaKTEPUCTHKH XBIJIi. [HaKIIe KaXXydH, OJHI€l 1 Ti€l )X IHTEeHCHB-
HOCTI MOX¢e OyTH SIK BHCOKOYACTOTHHH, TaK i HU3bKOYACTOTHHH 3BYK 1 HaBIIaKW, 3BYK OMHIET
YaCTOTH MOXKE OyTH BENMKO] 1 MaJlol iIHTEHCHBHOCTI.
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8 9.5. 3syro6i xeuni

Jlronceke ByX0 YyTiMBE 70 3BYKIB, IHTEHCHUBHICTB SIKMX 3MIHIOETCS B IIMPOKOMY iHTEpBaIi. Mi-
HIMAJTBHY iHTEHCHBHICTb (CIUTY) 3BYKY, SIKY II[¢ MOXE CIPHIMATH BYXO JIEOAMHU |, ~ 1072 Bmlyd,
Ha3MBaIOTh MOPOroM 4yTmBocTi. [lopir dyrimBocTi st pi3HUX YacToT pisHuH. HaBenene Bue
3HAYEHHS MOPOTy YyTIMBOCTI BIAHOCUTRCS N0 miarna3oHy 9actoT i 1000 mo 3000 I

[HTEeHCHBHICTD 3BYKY, 3a SIKOI BTpavyaeThCs BiUYTTS 3BYKY 1 HACTyIae OONBOBE BiAUyTTS, HA3H-
BaOTH MOPOroM 00JIb0BOr0 BiTayTTs1. ITopir 607I50BOr0 BiUyTTS TAKOXK 3aJIEKUTh Bijl YACTOTH 3BY-
Ky i IV HaBEJIEHHX BHIIIE YacTOT Bi/OBINAE iHTEHCHMBHOCTI 3BYKy OimusbKo 1 /il (MZ' o).

OCKIJIBKY Jliara30H IHTGHCUBHOCTEN 3BYKIB, SIKI CIIpUIIMae JIOJIMHA, TY)X€ BEIUKHH, H0C-
TaTHBO 3PYYHO KOPHCTYBATHCS 3HAUCHHIMH, 1110 BiAMOBIAIOTH JIOTapH()MOBI BiJHOLICHHS LIy~
KaHUX Benm4uH. Jloraprum BigHOIIEHHS iHTEHCHBHOCTI 3BYKY / 10 iIHTEHCHUBHOCTI /o, 1110 BiJ-
MIOBiJa€ MOPOTY YYTIUBOCTI, HA3UBAIOTH PiBHEM iHTeHCMBHOCTI 3BYKY L:

L=lg-. (9.26)
I0

PiBenp iHTeHCHMBHOCTI 3BYKy L B norapu@miuniii mxani Bupaxkarote B Geaax (5)°. Skuo
piBeHb SIKOTOCh 3BYKY aopiBHIOE 1 Gexn (1 F), To BimHOMIEHHS iHTEHCHBHOCTI [ 1I50r0 3BYKY 110
I nopiaioe 10 (I/l, = 10). SIkmio pisens 38yKy popisrioe 2 5, To I/l = 10%i 1. 1.

1 Bexn — 11e 1OCTATHBO BEJIMKA OJJMHUILIS, TOMY Ha IIPAKTHILI, SIK MPABUIIO, KOPUCTYIOTHCS OJH-
aurero B 10 pasis menmoro — genudenom (nb): 10 ib =1 5,20 156 =2 5,30 tF =3 FiT.x

Di3UYHOMY MOHSTTIO — PiBHIO iHTEHCHBHOCTI (cnin) 3ByKy L BifmoBinae cy0’exTuBHa Xa-
pakTepucTrKa — piBeHb ry4HocTi. OfHAK, 3ayBa)XKUMO, 1110 BEIMYKHA, SKy MU CIIPUIMAEMO SIK Tyd-
HICTh, HE € TIPSMO MPOTIOPIIHHOI IHTEHCUBHOCTI i, Pa30M 3 THUM, UMM OiJIbIlla iIHTCHCUBHICTB,
THM 3BYK I'yuHimmii. PiBeHb rygHoCTi f Oy/Ib-KOTO 3BYKY pO3paxoBYeThCs 32 (OPMYIIOI0:
yij =10|g|L, (9.27)

0

nie / — IHTEHCHBHICTb 3BYKY, /o —1Opir uyTiamBocTi. Tak, HapuKiaz, piBeHb I'yYHOCTI 3BYKY iHTEH-

cuBHICTIO | =1,0-lOfloBm/M2 JIOPIBHIOE

10710
p=10lg | T |=101g100 = 20 b,

T'y4HicTb 3ByKY, IHTEHCHBHICTb SIKOTO BiAnoBigae nopory uyrausocti (1, =1,0- 1072 Bm/ m? )s

10712

Omxe, Ipy 30UTBIIEHHI IHTEHCHBHOCTI 3BYKY B 10 pasiB piBeHb ryqrocTi 30itbntyersest Ha 10 npb.

B ta6mumi 9.3 HaBeeHI iHTCHCUBHOCTI 1 PiBHI TYYHOCTI IS IGSTKUX 3BYKIB, IO HAWYACTI-
1€ 3yCTPId4atoThCS.

IMocTiiiHuil BIUIMB BUCOKOIHTEHCHBHOTO 3BYKY (IIyMy PEaKTHBHUX JIITAKiB, OI3/IiB, POK-MY-
3WKH, BEPCTATIB B 3aBOJICHKUX [IEXaX) HETATUBHO JI€ HA CITyX i ICHXIKY JIOAMHK. B neskux xpai-
Hax 1 MiCTax 3aKOHOJAaBYO 3a00pOHEHI BYJIMYHI IIymH, siki nepesuirytots 100 nb. Tum, xT0 Ha
pobori mignaerses BBy mymis > 100 1b, crix KoprucTyBaTHCS HaBYITHUKAMH.

My3uKabHAH 3BYK, KPiM T'Y9HOCTI, XapaKTepH3yIOTh e BHCOTOI0 1 TeMOpoM. BucoTa 3ByKy
BU3HAYAETHCS HOTO HAIMEHIIIOI0 PE30HAHCHOIO OCHOBHOIO YACTOTOIO, SIKa Bi/IMOBIJa€ HAsIBHICTIO

* OHUIS Ha3BaHA HA 9ECTh BUHaxinHuka Tenedony A. . Bema (1847 — 1922).

127



9. Mexaniyuni xeuni

Taoauus 9.3
Jixepeno 3ByKa PiBer., IHTeHCI/IBPZIiCTI),
Ty4HOCTI, b Br/m

3ByK (Oyap-sIKHii) Ha TIOPO3i Yy TIAUBOCTI 0 1,0- 10"
Iym nucrs 10 1,0 10
lenit 20 1,0-10"
Panio (Heryune) 40 1,0-10°
[HTeHCHBHNUI ByIMYHUN PyX 70 1,0-10°
Cupena (na Bigcrani 30 M Bij Hel) 100 1,0 107
Pok My3nKa B 3aKpUTHX NPUMILIEHHIX 120 1
PeaktuBHuii ntitak (Ha Bigcrani 30 M Big HEOTO) 140 100

BY3JIiB TUIbKM HA KiHIX cTpyHH (8 9.3, puc. 9.5, ). OcHoBHa yactora gopiBHE v =0/ A =0/2L
(me L — moxxHA CTpyHH, U — IIBHAKICTH MOIIMPEHHS XBIII IO CTPYHI). 3MiHIOKOYH epEKTUBHY J0B-

XKIHY CTPYHHU ab0 MIBHUIKICTh NolMpenHs xBuii (v = /F, /1, ne F, — cuna HaTary cTpyHu, u —
Maca CTPYHH, LIO NPHIAJA€ Ha OAWHHUIIO JTOBXKUHHU), MOXKHA 3MIHUTH 4acTOTYy 3BYKY, a 3Ha-
1 YHTH 1 BUCOTY 3BYKY.
TeMOp 3BYKY BU3HAYA€THCS HOTO CIIEKTPab-
Loy HHUM CKJIAJIOM. 3BYK OJHI€T 4acTOTH (YHCTHI CHHY-
L CoimanbHuil 3BYK), KU HA3WBAIOTH MPOCTHM TO-
HOM, OTPUMATH BAXXKO. 3aBX1 1O OCHOBHOI 4acTo-
TH, sIKa BU3HAYA€ BUCOTY TOHY, JOMAIOTHCS KOJIMBA-
HHS 3 9aCTOTAMHM, KPaTHHMH 10 OCHOBHOI (00epTo-
| I HH), 5Ki i CTBOPIOIOTH TeMOp 3BYKY. Maibke wmcTuii
Y CYam TOH JIa€ JINIIE KaMepTOH. My3HKaIbHi 3ByKH MAIOTB JIi-
1000 2000 3000 VO .
Yacrora, Il Hilfuati (IlI/ICerTH\l') cnektpu. Ha puc. 9:6 HaBEACHO
CIEKTp 3BYKY, SIKHIl OTPUMYETBCS TIPH TPl HA KIIapHe-
Puc. 9.6 Ti. [1lym mmienecTy JIiCTS CTBOPIOE CYHUIBHHI CIIEKTD.
JI CrieKTpasIbHOTO aHalli3y 3BYKY HOro HEOOXiIHO PO3KIACTH Ha OKpEeMi IapMOHIYHI
CKJIAJIOBI.

BinnocHa amMniiTyaa
(=)
W
T

(=]

Hpuknan 9.8. Aunnimyoa 3eyxoeoi xeuni ¢ 1000 paszie nepesuwyye nopie wymmueocmi. HAxa
iHmencusHicmyb yici xeuni 6 oeyubenax?
Po3B’si30k. Inmencusnicms (pisens 2yunocmi) 386yk060i xeuni ¢ deyubenax (0F) snaiioemo,
ckopucmasuiuce popmynoio (9.27)
p=101g-,
0
Oe Iy — inmencusHicmo, aKa 8i0N0BIOAE NOPO2y YYMAUBOCHII.

Inmencusnicmob 38yK080i X6Ui NPONOPYILIHA KEAOPAmY aMnIimyoOu i 6USHAYAEMbCS K WBUO-
Kicmb HOMOKY enepeii uepes oounuuny nosepxtio (¢-1a (9.14)):

1 50
| = = pw°Av.
ZP
Tooi
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8 9.6. Inghpa - i ynompaszseyxu

1
=101 EprAZU =101 106%2 = 60 b
B = 91— = QT = ab.

Tym A = 1000 Aq, 1g10° = 6.

8§ 9.6. In¢pa - i yrsTpazByku

Indpa3Bykn — 11e npyxHi XBWII 3 4acTOTOIO KonmBaHb MeHmre 16 ' IpyxHi XBui Takux
YacTOT BYXOM JIIOAWHM HE cripuiiMaroThes. HikHs dacToTHa Mexa iH(pa3ByKy HeBH3HAuUCHa,
ceoroui BoHa ~ 0,001 I,

[adhpa3ByKoBi XBIIII HOMMPIOIOTHCS B MOBITPSHOMY 1 BOXHOMY CEPEIOBHIIAX, a TAKOX B
3eMHii Kopi (ceficMiuHi XBHIIL).

OCHOBHIMH OCOONTMBOCTSIMHU 1H()pa3BYKy € HOro Mase IOTJIMHAHHS 1 PO3CISIHHSA: Tmepie o0y-
MOBJIEHE HOTO HM3BKOIO YacTOTOIO, & JIPYTe — BEMKOIO JOBKUHOIO XBIIIi. BHacmiok manoro mor-
JIMHAHHS 1 PO3CISTHHSA 1H(Pa3ByK MOXKE TOIMPIOBATHCS Ha JTyXe BENUKI BijcTaHl. Tak, HanpuKiasz,
IIPH IITOPMOBOMY XBWJIFOBAHHI HAa MOpPI BUHMKAIOTh HOTY)KHI 1H(Pa3ByKOBI XBHMIIL, SIKi PAKTHIHO
0e3 3racaHHs HOIIMPIOIOTHCS Ha COTHI 1 TUCAY1 KitoMeTpiB. PHOM 1 MOpPCBhKI TBApHHH YYTTEBO CIPH-
HWMaroTh I1i KOJMBAHHS i, TAKAM YMHOM, 3a3JAJIETiTh BiIyBalOTh HAOIIDKEHHS mTOpMy. Bimomo,
1110 3BYKH BHKHIIB BYJIKaHiB, aTOMHHX BHOYXiB MOXYTh 0araToKpaTHO OOXOIUTH HaBKOJIO 3€MHOI
KyJi, a celCMiYHI XBIII MOXKYTh TIEPETHHATH BCIO TOBIY 3eMili. 3 IMX ke MpHIHH iHppa3ByK He-
MO>XKJIBO 130JTIOBATH 1 BCI 3BYKOIOIIMHAIOYl MaTepiaiy BTpadaroTh epeKTUBHICTh Ha iH(pa3ByKo-
BHUX YacTOTaXx.

[MpupogauMn prepenamu iH(pa3ByKy € METEOpOIIOTiuHI, CeHCMIiYHI 1 BYJIKaHIYHI SBHINA: Bi-
Tep, MOPCHKI XBWIII, BOJIOMAIN, 3€MJIETPYCH, O0BaJTM, BUKHUAN BYJIKAaHIB, TPO30BI pO3psAH, MONSp-
Hi csiifBa TOIIO.

Jxepena iHQpa3ByKy, sIKi TTOB’s13aHi 3 JFOICHKOIO JisUTGHICTIO: BUOYXH, yIapHi XBIJI HAJI3BY-
KOBUIX JIITAKiB, IBUTYH! PI3HUX MAIIHH 1 TEXHOJIOTIYHE 00J1aTHaHHsI, Kopal1i, TpaHCIOPT TOLIIO.

BcranosieHo, 1m0 iH(dpa3Byk 3 BUCOKHM piBHeM iHTeHCHBHOCTI (120 15 i GiibIe) ki IUBO
BIUIMBAE Ha JIOACHKUN opraHisM. [H(ppa3ByKk MOke BUKIMKATH BTPATy YyTJIMBOCTI OPraHiB piB-
HOBard Tija, M0 B CBOIO YEPTy NMPHU3BOIUTH JI0 HOSIBHA OO0 y ByXax, XpeOTi Ta IONIKO/KEHD
Mo3Ky. 1lle 6utbmn 3ryOHO BITHBAE iH(Pa3BYK Ha ICHXIKY MOIuHHM. JyKe HIKiMBUMH € iH(ppa-
3BYKOBI BiOpallii, OCKUIBKH NpH iX BIUIMBI MOXKYTh BHHHKATH PE30HAHCHI SBUINA OKPEMHX Opra-
HIB, SIKi MOXYTh IPHU3BECTH A0 iX po3puBy. ToMy BHUBUEHHAM iH(Pa3BYKy 3aiiMaroThes (izuku,
010JIOTH, MEIUKH.

Pa3zom 3 TUM iH(pa3ByK 3HAXOMUTH KOPHUCHE MPAKTHYHE 3aCTOCYBAHHS MPH JOCIIHKEHHI
OKEaHIYHOTO CepEAOBHIIA, BEPXHIX MIapiB aTMOC(EPH, B CCHCMOJIOTII s BUBUCHHS 3€MIICTPYCIB
Ta BHYTPIIIHBOI OYI0BH 3eMili, TSI PO3B’ 3Ky ACAKUX 3a7ad 3B S3KY, JUIA MIepea0adcHHS BUHUK-
HEHHS IIyHaMi TOIIIO.

Js mpuiiomy 1 BUMipIOBaHHS iHGPa3BYKy BUKOPHUCTOBYIOTH CIeHiaidbHI MiKpO(pOHH, Tif-
podonu i reodonm.

YabTpa3BykoBi XBWJ — 116 pyXHI XBIII 3 yacTororo nonax 20000 ['n. BepxHs mexa
YaCTOTH YIBTPA3BYKOBHX KOIMBaHb B rasax ckiaamae oirs 10° — 10 ', s Meka BH3HAYaeTh-
¢Sl MDKMOITEKYIISIPHUMH BiZICTAHSIMHE 1 TOMY 3aJISKUTh BiJI arperaTHOrO CTaHy PEYOBUHM, B AKii
TONIMPIOETECS YIBTPa3BYKOBA XBHIISL. XBHIN, 4aCTOTH AKMX jexaTh Bume 10° I, HA3MBAIOTH
rinep3ByKOBHMH.

OTpUMYIOTB YIIBTPa3BYKOB1 XBHUII 32 JIOTIOMOT'OIO CIIEHIATbHUX TPHIIA/AIB, 3aTHHX NTEPETBO-
PIOBATH €IEKTPOMATHITHI KOJMBAHHS B MeXaHi4Hi. J{is TaKuX TIpUIIadiB IPYHTYETHCS Ha BIIACTH-
BOCTI JIEAKMX KPUCTATIYHAX TiT (KBapIl, CETHETOBA Cijlb, TYPMaJIiH, THTaHAT Oapiro Ta iHri) 3Mi-
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9. Mexaniyuni xeuni

HIOBaTH CBOi po3Mipu (nehopMyBaTHCS) MiJl AI€I0 3MIHHOTO €JIEKTPHYHOrO a00 MAarHiTHOTO I10-
niB. Tak, HaIIpuKIaj, SKIIO KBapIOBY TOHKY IUIACTHHY MOMICTHTH B 3MiHHE €JIEKTpPHYHE TI0JIE,
TOOTO 1O HEl NMPUKIIACTH 3MiHHY €JIEKTPHYHY HAIpyry, TO BOHA, IEpioJU4HO Ae(hOpMYIOUHChH,
OyJle BUKOHYBAaTH BUMYILICHI KOIMBAaHHsI, 30y/PKYIOUN B CEPEJIOBUILI, 32 IIEBHOI YacTOTH, yJIbTpa-
3ByKoBi xBui (puc. 9.7). HaiiGinblmii edekT BUNPOMIHIOBAHHST MEXaHIIHOI XBUJI BHHHIKAE 32 BU-

KBapu()Ba IIJIaCTUHA KOHaHHS YMOBH PC30HAHCY. TaK, JUIA IVTaCTUH TOBIIH-
HOIO 1 MM pe30oHaHC BHHMKA€ JUIS KBapIly Ha 4acTOTi
2,87 MI'm, cerneroBoi com — 1,5 MI'ni, Turanary Oa-
piro — 2,75 MI'mL.

3a (i3ugHOI0 NPHUPOIOI0 YIBTPa3BYKOBI XBHUIII
Taxi X, SK 1 3ByKOBi XBWIi Oyab-sK0l ToBXuHH. [Ipo-
T€, BHACNIJOK OLTBII BHCOKMX YacTOT YNBTPA3BYK

Puc. 9.7 BOIIOJIIE€ PSIIOM CIIeU(iTHUX 0COOTMBOCTEH. 30Kpe-

Ma: 1) MoxIHBICTh OJIEpIKaHHS YIBTPa3BYKy BENH-

KOi IHTeHCHMBHOCTI HaBiTh IPH HEBEIMKHUX aMIUTITYaX KOJMBaHb, OCKUIBKY MPH TEBHIHN aMILTi-

TyJi TYCTHHA TIOTOKY €Heprii mporopiiiiHa kagpary dactotu (aus. ¢-iy (9.14)). 2) IMommpe-

HHS yJIBTPa3ByKOBHX XBHJIb y Ta3ax i pilMHAX CYNPOBOIKYETHCS IIEPEMIIICHHSIM CEepeIOBUIIA

B HAMpPSMKY MOIIUPEHHS XBUIb. 3) CTHCKH i PO3DIIKEHHS, SIKi CTBOPIOIOTHCS YIABTPa3ByKOM,

MPU3BOJISATEH 10 YTBOPEHHS PO3PHWBIB CYLIJIBHOCTI PIIMHN — YTBOPIOIOTHCS TaK 3BaHI KaBITaIliHI

OynpOamiky (sBume Kasitarii). IIpy 3axJIOMyBaHHI KaBiTaliiffHuXx OyIBOAIIOK YTBOPIOOTHCS
KOPOTKOYACHI IMITYJIbCH THCKY, IKi 3/IaTHI pyHHYBaTH HaBiTh JOCHTH MIIlHI MaTepiaiy.

[IBuAKICTD MOIIMPEHHS yIbTPA3BYKOBUX XBHJIb 1 1X MOTJMHAHHS ICTOTHO 3aJISKATh BiA
CTaHy CEpEeOBHIA. Ha [bOMY IPYHTY€TbCS BUKOPUCTAHHS YJIBTPA3BYKY Ul BUBYCHHS MOJe-
KyJSIPHHUX BJIACTHBOCTEH pedoBHHHU (MOJNEKy/IsIpHA aKycTrka). Ha ocHOBI siBuiIa iHTEpdepeH-
il yIbTpa3ByKOBHX XBHJIb CTBOPEHA YIIbTPA3BYKOBa rojiorpadis — OTpUMaHHS TPUBUMIpPHUX
300paxeHb MIKpOOO €KTIB.

BcranoBiieHo, 1m0 ynbTpa3BYK BIUIMBA€ HA O10JOTiYHI 00’€KTH, BUKIMKAIOYN LITHHA P
egekTiB. Tak, 3a MaJoi IHTEHCHBHOCTI BiH aKTHBI3Ye MPOLECH OOMiHY, ITiABHUIIY€E aKTHBHICTh
GiostoriuHNX MeMOpaH, BUKIIMKA€E TETUIOBY /i0. 3a BEJIMKOI IHTEHCHBHOCTI YIIbTPa3ByK pyHHY€
KITIITHHHU, MiKPOOPTaHi3MH i 610MaKpOMOJIEKYIH, MOMIKOKYE O10JIOTIUHI MEMOpaHH Ta 3MiHIOE
MPOHUKHICTH MEMOpaH. YIbTPa3BYK BEIHMKOI IHTCHCUBHOCTI BUKOPUCTOBYETHCS VISl ANUCTIEPTY-
BaHHS TBEPAUX 1 PIAKIX MaTepiaiB 3 METOI OTPIMAHHSA BUCOKOAUCIICPCHUX MOPOIIKIB 1 eMYITb-
ciit s motped papmMarieBTHIHOT MPOMICIOBOCTI.

YIbTpa3ByK 3HAMIIOB MIMPOKE 3aCTOCYBaHHSA y MeaAuIMHI. [Ipn onepariisix yIbTpa3ByK BU-
KOPHUCTOBYETHCH 5K “yJAbTPAa3BYKOBHIl CKAJIBIEJIb”, SIKI 31aTHUHA PO3pi3aTH HE TIIBKU M S-
Ki aje 1 KiCTKOB1 TKaHHHH.

OCKIiNTbKH yNIBTpa3ByK 3TyOHO BIUIMBA€E Ha MIKPOOPTaHIi3MH, TO HOTO0 BUKOPHUCTOBYIOTH IS
crepmiizarii. 3a JOMOMOTOI0 YIBTPa3BYKy 3’ €IHYIOTH (“3BaproroTh”) MOMIKOMKEHI abo TpaHc-
IUTAHTOBAH! KICTKW. Y MIarHOCTHIN YNbTPa3BYK Majoi iHTEHCHBHOCTI BHKOPHCTOBYIOTH IS
JOCIIKeH S BHYTpiHiX oprauis moquau (Y3]1); y Tepamii s nikyBaHHs 6aratb0x XBopoo
BHUKOPHCTOBYETHCS TEIUIOBA 1 MEXaHIYHA JIisl YIBTPA3BYKY.

Enexrponu

§ 9.7. E¢exr lonmiepa

Jo6pe BizoMo, IO SKIO A0 HEPYXOMOTO CIIOCTepirada HaOMMmKaETHCS aBTOMOOLTE 13 BKITFO-
YEHUM 3BYKOBHMM CHTHAJIOM, TO BHCOTA 3BYKY 3pPOCTa€ 3 HAOMKEHHAM JI0 CIIOCTepirada i pi3ko
3MEHIIIYETHCS MICIA TOTO, SIK MaIlIMHA MpoixXalia MUMO criocTepirada. OTxe, sSKIIO JKEPEo 3BY-
Ky HaOJIDKAa€eThCs 10 CIIOCTepiraya, TO BUCOTA 3BYKY 3pOCTAE B TOPIBHSHHI 3 THM, KOJIH JPKEPEIIO
3BYKY 3HAXOIUTHCS B CTaHI CIIOKOIO. SKIIIO X JHKEPEeno 3BYKY BiIANSETHCS Bifl CIIOCTepirayda, To
BHCOTA 3BYKY 3MeHIIyeThes. Le siBriie oTpuMano Ha3By efekTty Jommiepa — Ha decTs aBCTpiii-
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8 9.7. E¢pexm [lonnnepa

chkoro Qizuka Xpuctiana KOxana Jlomuiepa (1803 — 1853), sikuii mpoKo JOCHIIUB LI SIBULIIE.
OCKUIBKM BHCOTa 3BYKY BH3HAYAETHCS YaCTOTOI 3BYKOBUX KOJHBAaHB, TO II€ O3HAYAE, IIO MPH
pyci Jpkepena BiTHOCHO CITocTepirada 3MiHIOETECS YacTOTa, sIKa CIIPAAMAETHCS CIIOCTEpiraueM.

Posrnsimaroun tieii edekt, Tpeda mepir 3a Bce MaTH Ha yBas3i, M0 MIBHIKICTH ITOITUPEHHS 3BY-
KOBHX XBIJIb Y CEPEIOBHII HE 3AJICKUTH BiJI pyXy JDKepena i mpuitMada 3ByKy. JlOCHiIHUM IIUTs-
XOM BCTAaHOBJICHO, IO SKIIO PKEPENO 1 IpuiiMad 3BYKY HEPYXOMi BiTHOCHO CEpEIOBHIIA, TO Jac-
TOTa 3BYKY, SIKY PEECTPYE IpHUAMaY, TOPIBHIOE YaCTOTI 3BYKY, SIKY TeHepye mkeperno. TodTo

Vo= o (9.28)

Ji€ U — HIBUJKICTh NOUIUPEHHS 3BYKY, Vq 1 4g — HOro 4acToTa i JOBKMHA XBIUII BiAOBiHO. Jami
3ayBOXHMMO, 10 IIPU pyci BiTHOCHO cepeioBHIla (HANPHKIAL, HOBITPs), [Kepeno ado mpuiiMad
MOXYTb PyXaTHCs 32 XBUJIEI0 200 MPOTH MOMMPEHHS XBHJII.

1) Hexaii mKeperno 3ByKy HepyXOMe BiIHOCHO CEpE/IOBHIIA, & PyXaeThCs npuiiMad. SIKIIo mpuii-
Mad pyXaeThbesi 10 JpKeperia B3AOBK MPsIMOT JIiHiT 31 IBHAKICTIO v’ (puc. 9.8, @), To mBHAKICTH 110-
LIMPEHHS 3BYKY BiZIHOCHO NpHiiMaya JOPiBHIOBATUME v + v’ (B JAHOMY BHIIAJKY NpHIMay pyxae-
ThCSl IPOTH HATIPSAMKY TOMIMPEHHS XBIUT). OCKIIBKU JIOBKHWHA 3BYKOBOI XBWJII MPU LILOMY HE 3Mi-
HIOETBCS, TO YACTOTa KOJIMBAHB, SIKY PEECTpyBaTUME IpHiiMay

y= 20 BT e D), (9.29)
19 19

Z

ne Ay =v/v, — IOBXHHA 3BYKOBOI XBHII, SIKy BUIPOMIHIOE [DKEPEIO, U — IIBHAKICTb [OMPEHHS

3BYKY, KOJIM JDKEPEIIO 1 puiiMad HepyXoMi BITHOCHO CEpEIOBHUIIIA, V — YacTOTa KOJIMBaHb JLKEpera.
Omxe, SIKIIO NPHMaY PYXaeThest 10 JUKEpena 3ByKY, TO BiH peecTpye Obliy dactory (v’ > v ), HDK
YacToTa KOJIMBAaHb JPKEpEa 3BYKY.

SIkuio npuiiMad 3ByKY BiIIAIS€THCS Bill HEPyXOMOTO JDKEpeNa 3BYKy 31 IBHIKICTIO v’ (puii-
Mad pyXa€ThCsl B HAMPSAMKY MOIIHUPEHHS XBUJIb), TO BiH IIPH [BOMY PEECTPYBATUME YaCTOTY

, L-U v-0'

vy, (9.30)
L

e U — ' — MBUIKICTH 3BYKOBMX XBHJIb BiJIHOCHO
npuiiMaya. B nanomy BHIaaKy 4acToTa, sika peecTpy-
€TBCSl TIpUMayeM, MEHIIa YaCTOTH KOJIMBAHHS JDKe-
pera 3ByKy (v <vg).

2) Jdauti po3risiHEMO BUIAIO0K, KOJIU IXKEPEIIO 3BY-
Ky PYXa€eTbCsl BIZTHOCHO HEPYXOMOTO NpriiMaya 3i IIBH/I-

AC|

Ip

w KIiCTIO U. SIKIIO JUKEpeIo HaGIIKAEThCS O TpHiiMa-

Mo Ip ua (puc. 9.8, 6), To 3a yac Ty (T, — Hepiox KOIUBaHb
6 IDKepenia 3BYKY) JDKEPENo MEepeMIiCTUThCA Ha Bifc-

Puc. 9.8 TaHb UTp, @ XBUIISL 3a Liedl JKe 4Yac HOMIUPUTHCS Ha

Bigcraub U To. [pu oMy momkuHa xBum A’ 1 Bij-
TMOBi/IHA YacToTa V', SIKY peecTpye mnpuiimad, OyayTh:
2 V—Uu
0
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, L 1)) vl
0 .
u
1-—
v

(9.31)

Jie V(— 4acToTa KOoJuBaHb JKEpena 3BYKy, U — IIBUJIKICTb IIOIIUPEHHA 3BYKY. IIpuiiMau peectpye
4acToTy, OUIbLIY 33 YacTOTY KOJIMBAHb JuKepena 3ByKy (V' > v ).
[pu BimmaneHHi mKepena 3ByKY Bijl puiiMada JOBXKIHA XBHIIL

A= +u)T, =228
Yo
a yacrora
v'=i'=v0 0 = vy ! , (9.32)
A v+u 144
v

sIKa € MEHILIOKO 33 YacTOTY KOJIMBaHb /pKepena 3ByKy (v < v ). Skuio mpreperto i npuitvay OymyTs
pyXatHcs OffHOYacHo, To (hopMyIia I YaCTOTH, SIKY peeCTpyBaTHMeE IpriiMad, 3aIMIIeThCs TakK:

r
)
1+~ L
v'i=v, lij =vyg—. (9.33)
_ + U
1¥ — v
v
Tyt Bepxui 3Haku (“+” B 4HMCENBHHKY i “~” B 3HaAMEHHHKY) BiIIIOBIIalOTh BHUIIAJAKY, KOJIH

TpHiAMaY i JKepesio HabIMKAIOTECSA OIUH JI0 OJHOTO; HIbKHI 3HakK (“—" y YHCenbHUKY 1 “+” B
3HAMEHHHKY) — KOJIM MTPUiMaY i JUKEPEIIO BiUIANSIOTECSA OIUH Bijl OHOTO.
B Tabmuni 9.4 3i6paHo Gopmynu 3MiHN YaCTOTH y BCIX MOXKIMBUX BHUIAIKAX.

Ta6mus 9.4
Cran pyxy JuKepena 3ByKy 1 mpuiimada Dopmynn
!
i v
[MpuitMay HaOMMKAETHCS 10 HEPYXOMOT'O vi=vol+ )
JoKeperna v
[Tpuitmad BigmanseTsest BiJl HEPYXOMOTO V= vyl U')
IoKepena 0 L
, 1 v
Jlxepeno HaOMMKa€ETHCS 10 HEPYXOMOTO ViEVe— = Vo J
npuiiMaya 1-— v
v
. . , 1 v
Jxeperno BIAAANSAEThCS Bl HEPYXOMOIO V. =Vg u Vo D+ U
npuiiMaya 1+ —
v
. o ’
Jlxepero 1 npuiiMad HaOIMKAIOTECS OJIMH V= DFY
=Vo
JI0 OTHOTO L—u
Jlxeperno 1 npuiiMay BiIaJsIIOThCS OZMH vy Vo v’
Bijl 01IHOTO O U+u

Hacawmkiners, 1me pa3 3ayBa)Xnmo, 110 MOIIMPEHHS 3BYKOBHUX XBHJIb BiJIOyBa€THCS B IEBHOMY
CEpEJIOBHILI, 1 KOJIM MH TOBOPHMO, 10 /pkepeno (abo mpuiimad) “pyxaerbes” abo “He pyxaerses”,
TO Ma€THCS Ha yBa3i PyX BiHOCHO CEPE/IOBHILIA.
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8 9.7. E¢pexm Jlonnnepa

3MiHa 4acTOTH 3BYKOBOI XBHJII BHACHiZOK edekTy Jlommiepa BinOyBaeThCs 1 y BHIIAJKY,
KOJIM 3BYKOBa XBWJISI BiZIOMBA€ThCS BiJl pyXOMOI HepemKkoan. SIKmo BigOuTa XBWIS B IBOMY
BHUIIAJIKY HAaKJIaJE€ThCS Ha Majarody, To BUHUKHE OuTTs (mus § 8.3). Bixouri Bix uepBOHUX Kpo-
B’SIHUX TUIENb YIbTPAa3BYKOBI XBUIII BUKOPUCTOBYIOTH ISl BU3HAYECHHSI IBUAKOCTI TeUil KPOBI.
AHaJIOTIYHAM YMHOM LIeH METO MOKHa BUKOPUCTATH Ul BU3HAUYEHHS LIBHJKOCTI KJIAIaHiB i
CTIHOK CepILid, JUIsl BUABJICHHS PYXYy I'PYJHOI KJIITKH 3apOAKa, IS JUCTAHI[IHHOTO KOHTPOIIO 32
CEepIEOUTTSIM TOIIIO.

Edexr lommuepa criocrepiraersbes i U eMeKTPOMarHiTHUX XBHIb.

Mpuxnax 9.9. B Hopmanvhux ymosax weuoxicms nomoxy kpoei ¢ aopmi v' ~0,28 m/c.
B3006oic nomoky nanpaeneno ynompaszeykogi xeuni 3 wacmomoro vo = 4,20 MI'y. Lfi xeuni 6io-
busaomuvcs 6i0 UepsoHUX Kpos8 aHux mineys. AKow Oyde yacmoma cnocmepesicyganoeo npu
yvomy obummsa? Llleudxicms nowupenns xeuis 6 Kpogi v =1,5 10%mlc.

Po3B’s130k. [ladaroua i 8i06uma 38yK06i X6uii HAKIAOAIOMbCA | YMBOPIOIMb Pe3yIbmyio-
yy xeumo. OOuak, 6Hacaiook egpexmy [lonniepa wacmoma 8idoumoi xeuui Oyoe dewjo 6i0pi3Hsi-
mucs 8i0 Yyacmomu nAOaro4ol Xeuii; 68 pe3yrbmami 6UHUKHYMb OUmmsl, Yacmoma siKux Oopig-
HIOE PisHUYL yacmom nadaryoi i 6i06umoi xeuns: v, =vy —v" (ous. § 8.3), de vy — uacmoma
naoarwouoi xeuui, v" — yacmoma 6io6umoi xeuJi.

Egexm [lonnnepa 6 danomy eunaoxy nposasiiemscs 06iui. Kpog sni minvys 6edymo cebe
ak pyxomuil npuimay (wo eiddansemocs 6i0 Oxcepena) i “peccmpye” yIbmpaszeykoey Xeuiio
Ha wacmomi

-0 . 3 —
v v — 4,20.1061—” (155 10 M/C 0,28 M/C)

v 15-10%m/c
Hani kpog’sHi minbys ditomov sk emopurue “‘0xcepeno’ yiempasgyKy, siKe 8i00aiiembCs
610 nputimaua. Yacmoma 6iobumoi xeuni 6yode dopignrosamu

3
v = v —2 = 4199216 Iy 15-10%m/c

v+U 15-10°m/c+0,28 m/ c

vi=vy = 4199216 Iy.

= 4198432 TIy.

Tooi
vs; =Vvo—v" = (4200000 — 4198432) Iy = 1568 Iy.

Hpuximan 9.10. E¢exm [onnnepa ona ynempaseykosux xeune Ha uyacmomi v, = 1,8 My
BUKOPUCIOBYEMBCSL OIS KOHMPOTII Yacmomu cepyebumms 3apooka. Cnocmepescysana 4acmoma
oumms (Maxcumansha) oopistioe vg = 600 I'y. Beaoicaiouu, wo weUoKicms nowupenHs yibmpa-
38VKY 8 MKAHUHI PI6HA U =1,5-10%m/c, PO3PAxyeamu MaKCUMAIbHY WEUOKICIb PYXY HOBEPXHI
cepysi.

Po3B’s130k. Tym, sk i 6 nonepeduvomy npukiaodi, ecpexm [lonnnepa nposigiiemocs 08iui. B
nepuiuil pas, KOau NOGEPXHsL cepys, 00 AKOI HANPAGIEeHA XU, GUKOHYE POTb PYXOMO20 NPUli-
maua i “peecmpye” 36yK08y xeumo Ha wacmomi v' . OcKinbKu 3a yMoeow 3a0ayi wacmoma 6u-
MmsL MaKCUMaibha, mo yacmoma v" , 6i06umoi 6i0 noeepxmi cepyst, NOBUHHA OYMU MIHIMAb-

Ha, a ye o3nauae, wo nogepxus (npuiimay) cepys pyxaemucs 610 doicepena. Tomy
!
vV—U
!
vi=v, —. (1)
v
Hani nosepxus cepys die sik emopunne “*0oxcepeno” ynompazeyky (6i06umoezo), sike 6idoa-
asemscs 8i0 nputimava. Yacmoma 6i06umoi xeui

133



9. Mexaniuni xeuni

" ’ %
Vv =V

v+

Bpaxosyiouu (1), popmyny (2) nepenuwemo max:

(2)

v— U ) v—10
vi=vy . =v . 3
0 1)) v+0v ° b+o ®)
Tooi
) v-v  20'v
V6=VO_V =VO_VO '= ;
v+v v+uU
36I0KU
3
oo W _ (15-10 ;w/c)(GOO I'y) _ 025 .
2vo-v,  2(1,80-10°Iy) — 600 Iy c
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