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NPEIUCITOBUE

’

Tpukaaguas 4aKyCTHKa YMTAeTCA Tereph B KayecTBe Crie-
IIHANbHOrO Kypca B LEIOM Dsiic BBICIIHX TEXHHYECKHX YYEOHBIX
3aBelleHHA—B SHEPreTHYECKHX, 31EKTPOTEXHHYECKHX H HH[IY-
CTPHAJbHBIX HHCTHTYTaX, B MHCTHTYTaX CBf3H, B KHHOTEXHHYE-
CKMX HHCTHUTyTax H Ap. OCHOBHBRIM COJEPXaHHEM NPHKJAZHOR
aKyCTHKHU ABAAETCH 3/MEKTPOAKyCTHKA, OAHAKO H3YUEHHIO SNeKTPO-
aKyCTHYECKOH ammaparyphl NpeNnochllaeTcsi O3HAKOM/IEHHe ¢
Teopuefl 3ByKa M C MEXaHHMKO-aKyCTHUECKHMH KOJNeSaTelbHBIMH
CHCTEMaMH; 3HAYHTEqbHOE MECTO OTBOMMTCA TaKKe aKyCTHKe
3aKPHTHX [OMEIEHH, BONMPOCAM aKyCTHYECKOH H3OMSLHH H
TeXHHKE 3BYKOYCHIEHHS,

CywecTByeT HacrosTel1bHas MNOTPEeGHOCTh B KHHIE, COMEp-
Mauie#l CHCTeMaTHUYeCKOoe H3nomeHne QHU3HYECKHX OCHOB COBpe-
MEHHOM 3/1eKTPOAKyCTHKH C JOCTaTOYHO NOAPOGHHM paccMoTpe-
HHEM TEXHHYECKON CTOPOHBl 3aTparHBaeMbiX €K BOIPOCOB.
ITpeanaraemMass KHura npencraBiasieT cOGOH MOMBITKY YHOB/IETBO-
pHTb 3THM TpeGOBaHHAM,

Kak BuaHO W3 OrnaBieHHs, COfieDMaHHe KHHIH OXBAThlBaeT
OCHOBHbIE Da3fiedhi COBPEMEHHO! 371eKTPOAKYCTHKH M CMEeXHBIX
¢ Herw oGnacrefl., Bonpockl BoeHHOH aKycTHKH (M, B YaCTHOCTH,
IHAPOAKYCTHKH) B KHHIE He B3aTPOHYTH; NOMMTKA OXBAaTHTh
3Ty o6nacTb B paMKax oOwWero pyKOBOACTBA MpHBena Obl K
3HA4YHTENBHOMY yBeluueHH0 O6bEMa KHHCH, H (€3 TOro Bbililed-
wlero 3a MepBOHavYalbHO HaMeyeHHH# npenel. B nHTepecax
cokpamennss 006bEMA KHHIH B e€ COHEpKAHHE He BKJIIOYEHa
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TEXHHKa aKyCTHUYECKHX H3MepeHHH, TaK KaK 3TOMY TIpefMery
nocesimieHa xopowas kHura A, WU. BenoBa («Akycruueckue
u3MepeHusi»), 1 cué1 BO3MOMHBIM He KacaThCsi H BOIPOCOB
NCHXO(HU3HONOrHH CIYXOBOTO BOCIPHATHS; YHTaTeldb, HHTEpe-
cytolufica 3Tofl 051aCTbI0, MOXET 0OPAaTHTbCA K 0GCTOATE/bHOMN
monorpabuun C. H. Pxesxkuna («Cnyx u peus B cBeTe cOBpe-
MeHHBX (HU3HUECKHX HCCeNOBaHui»).

HecMoTpsi Ha TO, YTO KHHTA HMEET TEXHHYECKOe COnepIKaHHe,
H3/M0MEHHe MarepHala BCIONY HalpaBleHO Ha pasbsCHEHHE
¢dusuueckol cTopoHsl nena, Hapsamy ¢ 3THM MHOK0 PYKOBOIHIO
enaHue MOKasaTb «B HeHCTBHM» TOT MaTeMaTHYeCKHH ammapar,
KOTOPBIM ITHPOKO IOJb3yeTCH COBDEMEHHas TeXHHYecKas aKy-
cruka, $ He cTpeMmiacis K eXHHOOOPasHIO. MaTeMaTHUYECKHX
NpHEMOB pellledHs pa3/iHYHBLIX TEXHHYECKHX 3aJjay, XOTs TaKoe
eannoo0pasne 6e3 0co60ro Tpyaa MOL/NO GbiTh BHAEPKAHO B
oyeHb MHOruX ciayuvasx, HanportuB, MHe Kasanoch ue/lecoofpas-
HbIM [I0Ka3aTh pasnuyHble (OpMBI MaTeMaTHYeCKCH TPaKTOBKH
CXOIHBIX 3aja4, AaGbl O61eryuTb yvyameMmycs YTE€HHE CelHadb-
HOW JuTepaTypsl M PaCUIHPHTh ACCOPTHMEHT €ro aHaJHTHUECKHX
cpencts. Hapmetoch BcE ke, 4TO MaTeMaTHyecKue I'lOleO6HOCTH,
6ea KOTOPHIX HeNbas OGOHTHCh B PacisTax, HHIJE HE 3aCIOHSIOT
¢$uanUeCKON CYIHOCTH PAcCMaTpPHBAEMKIX BONPOCOB,

Manoxmenne aKyCTHKH 3aKPHITBIX [OMeEIUEHHH pasgeleHo Ha
nBe vacTH, nepBas u3 Kortopwx  (rnaBa XII) noceswena cra-
tucTHueckolt, a Bropas (raaBa XIII) — BoaHoBO# TpakTOBKE *
ocHoBHOW 3ajaun. Cremfyer OTMETHT5, YTO B H3BECTHOH MHe
JIMTepaType CTaTHCTHYECKHH XapakTep KJIacCHYECKON TeOopHH
peBepOepallun 0ObIYHO GBIBAET 3aMAcCKHPOBAH HACTONLKO TIIA-
~TeJIbHO, YTO y HEIMOArOTOB/JEHHOIrO YHTaTelsl JIErKO MOXET
é»CJlO}KI/lTbCﬂ COBEpUIEHHO TNpeBpaTHOE MpejicTaBieHne O NPOHCXO-
'mneﬂun OCHOBHBIX (OpPMYN H CTeNeHH HX JOCTOBEPHOCTH.
‘B IPOTHBOIIO.10KHOCTh 3TOMY 5l CTPEMHIICS BBIBHHYTh Ha TepBbIH
JIIaH  «BEPOATHOCTHHI»  aClEKT apXHTEKTYpHO-aKyCTHUETKOH
-
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teopuu. BoaHOBasg Teopus peBepOepalui H3JI0KEHA JHUIL B
06béMe, HEOGXOMHMOM JijIsi KPHTHYECKOH OlIeHKH CTaTHCTHYECKOH
TEOpHH.

HpH COCTaBJIEHHH KHHIH §l, KOHEYHO, UWIHPOKO HCIIO.1b30BaJl
BCIO JOCTYIHYIO MHe J/HTEPaTypy, KaK pYCCKYl, TaK M HHO-
CTPaHHYI0; B OCOSEHHOCTH MHOruM s oGssau paboram JI. fl. T'y-
tuda, C. H. Pwxesknua, 0. M. Cyxapesckoro, A. A. Xapke-
Buua u Jp. SI Cu€n BO3MOXHBIM Ee INPUBOAHTH yKasarels
HCIO/IL30BaHHON JnTepaTypsl, TeM 0ojlee, YTO TaKue yKasaTeAH
oueHp GBICTPO OKAa3bIBAIOTCH ycrapeBlnMu. B KHure wumeercs
TaK e H OPHUTCHHA/BHBIH MaTepHail.

B sakiloyeHHe CyuTal MPHATHHM [OJTOM BbIPA3HTh CBOIO
MCKDEHHIO  TPH3HATEIbHOCTL WieHy - Koppecnodmenty AH
CCCP H. H. AunpeeBy u npod. C. H. PxeBkuny, B3ABIIHM
Ha ceff TPyHd [pOCMOTpa PYKONHCH, s OueH» MHOrHM 06fi3aH
HX KDHTHYECKHM 3aMedaHHAM,

B. @ypdyes
Mocksa, Oxra6ps 1947 r.
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JMHEMHBIE KOJIEBATEJIbHBIE CUCTEMBI
U METOI 3JEKTPOMEXAHHYECKHUX AHAJIOTU#A

§ 1. MexaHuueckas KojaeGaTelabHas cucTeMa € OJHOM
cTeneHbl0 cBOGOnaH. Bcesakuit akycTHueckuit ammapart npeacra-
BiasieT co0Ofl NHHAMHYECKYIO CHCTEMY, B KOTOPOH
TEM HJIH HHBIM GIOCO60M BO36yKAAIOTCS KONeGaHu .
OnHuM u3 TaKHX croco60B, C KOTOPHIM Mbl 4alle
BCero BCTpeyaeMci B TeXHHYECKOH aKycCTHKe,
fBNfieTC BO3MeliCTBHe BHeUIHel nepuoduteckol
cuabl, Jlunelinsie KoneGareibHbie CHCTEMbl  Xa-
paKTepH3ylOTCAd TeM, 4YTO IIPOHCXORAUIHE B HHUX
IpPH 3TOM BbIHYX/EHHble KOJefaHHA HMEKT ua-
CTOTY, COBMNAJaloOUIYI0 ¢ YacTOTOH BHEUIHEro BO3-
neficrus. Taxue cHMcTeMBbl Ha3bIBAIOTCA THHEHBIMH
B CHIY TOro 00CTOATE1bCTBA, YTO HX MOBefeHHE
ONHCHIBAETCA  JIMHEHHBIMH [OH(depeHHaTbHBIMH
yPaBHEHHAMH. 3HaueHHe JHHEHHBIX CHCTEM B TeX- Puc. 1.
HHYECKO!l aKyCTHKe CBfisaHo ¢ TpeOOBaHHEM He-
ucKaxcénno20 npeobpasosanus Konedanufi H3 onHux ¢opm B
ApYrHe; MOXHO [OKa3aTh,YTO 3TOMY TPeGOBAaHHIO MOIYT YAOBe-
TBOPHTb TOJBKO JIHHEHHblEe CHCTEMBI.

ITpocreiiuium npuMepoM JHHEHHON Mexarnuuecroli koaedaTels-
HOM cHCTeMbl SIBASIETCA TeNO0 C Maccoll m, ynpyro cBssaHHOe
C MOJ0XEHHeM DaBHOBecHs H MOryliee NepeMeniathcs 6e3 Tpe-
HHf BROJAb HekoTopoft npsiMmoit (puc. 1). Takas cucrema nuuelina,
€C/IM BO3Bpallapollasg cHjaa MPONOPUHOHATbHA CMELIeHHIO Tena X
U3 MO0JIOXKEeHHA DaBHOBeCHS:

L/

BO3Bp, CH/1ad = — §X == —

nlk
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(3HaK MHMHyC YKasblBaeT, 4TO CH.1a HaNpasjieHa NPOTHBOINOJIOKHO
CMELIEHHIO, MOYeMy H HasbiBaeTcsi OHa Bo3Bpaawoue). Koad-
GbUUHEHTH § M ¢ XapaKTepPH3YIOT YNPyrocTb M THOKOCTb CH-
CTeMBbl; YIIPYrOCTh § YHCJIEHHO DaBHA CHe, BHI3bIBAIOLIEH eHHHY-
HOE CMelleHHe, U M3MepseTcs B Our/cM, rMOKOCTb ¢ ONpeaelser
cMenleHHue, BH3biBaeMOe eJ1HHHYHON CUJION, H H3MepAeTCs B CH/0uH.

YpaBueHue co6cTBeHHBIX (CBOGOMHBIX) KoneGaHuil cHcTeMbl
HaflHIIEM B BHAE

- dix ’
rle X = 5 eCTb YCKOpeHHe Tena. YPaBHEHHC IBIXKEHHS

T dp
e x
mx <=0 (1.1)
MOKHO [eperHcaTh B BHIE

x o x=0, (1.2)
I1O0J10XKHB

1
W, — Y
0 ]/mc (13)
O6mwee peuleHne ypaBHeHHs (1.2) MOXHO HamucaTh B KOM-

niaekcHolt dopme
x = Cefwot |- Coe—7wot (1.4a)

HJIH B TPHMOHOMETPHYECKOH

x=Cj cos oyt |- Cysinwt =
=Csin (ot + o), (1.4b)

rne Cy, C; u C, ¢ — nNpoH3BOJIbHEIE MOCTOSHEBE. Peuienne no-
Ka3blBaeT, 4YTO CHCTeMa, BO30yXKAEHHAS HayaJAbHBIM TONYKOM H
3aTeM MpeNOCTaB/IeHHasds caMofl cefe, COBEpUIaeT MPOCTOE rap-
MOHHYyecKoe (He3saTyxaiouiee) KosneSaHHe, Kpyrosas u4acroTa
(®,) xotoporo ompenensiercs mo dopmyiae (1.3) mnapamerpamu
CHCTeMbl — e& Macco#t U ruGKOCTbio; aMIuluTyHa Kosedanus C
H HauajbHas dasa @ MPOM3BOJIBHEL H 3aBHCAT OT HAYa/lbHBIX
ycnoBu#, )
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[paxkTHueckn cBoGoaHble KOJeGaHus OyAyT, KOHEYHO, 3aTy-
xatb Gnaromaps HeusGeXHOMYy HaJIHUHIO DacCesiHHs 3HeprHH.
YKenast momvepKHyTb 3TO OGCTOATENbCTBO, Mbl OyHeM Has3blBaTh
TaKyl CHCTEMy Ouccunamugroi. B nuHefHbIX cuHCTEMax JHC-
CHIIATHRHBIE CHabl (CH/IBI CONUDPOTHBIEHHA) MPONOPLUHOHANbHEI

CKOPOCTH [BHKEHRSA

=2
=

OHCCHII. CHIa=— —TX

(sHaKk MHHYC yKasblBaeT, YTO CH/IA HANpPaB/JEHA K yMEHbLIEHHIO
ckopocTtH). Koadduunent r, 4nCNeHHO DaBHBIN [IHCCHIATHBHOM
CHJIe TPH eNMHHYHOH CKOPOCTH, H3MEpfeTcs B OuH-ceK/cM H
Ha3bIBAETCH AKMUBHHLM CORPOMUBACHUEM.

YpaBuenue cBOGOAHBIX KOJe€0aHHil MHCCHNATHBHON CHCTEMbI
uMeeT BHJL

N .e X .
mx=— - —rx (1.5)
HIH
. C g
mx—-rx - -=0. (1.6)
Pasnenus Ha m, NoAydudM ypaBHeHHe ABHXKEHHS
X 28x - of x = 0. (1.7)
Beinunna -
r
"=

HagbiBaeTcs MHOXHTeaeM (MAH rokasareieM) saTyxadus. Ecan
OHa HeBe1MKa, TO obmee peurcHHe ypaeuenus (1.6) ecTb

x=C e e/ | C,e—e—iQt —
= C,e~% cos @t + Coe—sin Qt =

= Cesin (% -+ o), (1.8)
rie

me — \2m

€CTb KpyroBas 4acToTa CBOOOQHBIX 3aTyxamwWHX KoneGaHuil.
Amnanuryna C u HayanbHan Gasa ¢ KoneGaHHs, 3aBHCS OT Ha-
YaJAbHBIX yCJAOBH{l, MOryT HMEeTb NPOH3BOJLHBIE 3HAYEHHT.

=y o} —8 = i_(r)bf (1.9)
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Pellenne (B NPeANO/OKEHHH, 4TO ®, >0) NOKa3bIBaeT, 4YTO
HaTHYHE AKTHBHOTO CONPOTHBIEHHS YyMeHbUIaeT COOCTBEHHYIO
YiCIOTY CHCTEMBl H BBI3HIBAET IIOCTENEHHOE yMeHbIIEHHEe Hauya/lb-
HOH aMmAuTynbl KosneOaHHH.

[lepexons K BBIHYXIeHHBIM KOjneOaHHAM JHHEHHOH CHCTEMBI
Nof AeficTBHEM NEPHOIHYECKO! BHeuIHe{t cHib F, HMeem ypaB-
HEHHE NBHXeHHus

mx —+ rx—+ = = Fpel, (1.10)

ec/lH B3AThb TOT YaCTHBIH CJaydyall, KOrga nepHojH4YecKas BHelI-
HAfA cuna cuuycomjanbha. Ofwee peuwenne ypabserus (1.10)
CKJlaJbIBaeTCA H3 JABYX 4YacTei:

X=X —l—x2.
xy = Ce—? sin (% @)

ecThb cOGCTBEHHOE 3aTyxamoulee KoneGaHHe, MpeKpalanmeccs
uyepe3 HEKOTOPHIfi NMPOMEKYTOK BDEMEHH, a X, — BBIHYXKAEHHOE
(craiuonapuoe) KoaeGanue ¢ yacToTOH ® BHeuiHel cHibl. UTOGH
Halitu 310 KosebaHHe, 3amanuMcs (B KoMIUleKcHoH ¢dopme) pe-
UIEHHEM BHIA X9=— X,e/*!; mopcraHoBka B ypaBHenue (1.10)

agr 1
i — 0t jor ) =Fp,
Fr
— o?*m 4 jor + %

3nech

OrKyAa
X

m -
H, Cl1edoBaTc/IbHO,
Fmeju)t

Xg = i
— wtm  jor +

-

Bonee HHTEPECHBIM fIBJfIETCH, OJHAKO, OINpEHC/HeHHue CKOpO-
CTH Xy BBIHYXJIEHHOrO KoJeGare/IbHOrO JBHIKEHHS:

. dxy Fel®t

Xgq = = i
a r+jom +j_<uc

= ____51_— IY {[r—«j (mm — EIE)] {coswt —}jsin ost]}. ‘
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Orsienss AeheTBUTE/IBHYIO YaCTh PELICHHs, HaXOLHM:

./%2 = -———IL’G—T—‘Z [r cos wf + <<nm —_ '(j_(,'> sin (Dt].
rt (wm — m_c)

ITonoxum_Tenephb
r=1|z| cosa,

1 .
<(nr ~——>=1 z | sina,
wl

npuuém
1o _ 1y
| 2 =t (om— ),
1 1
tga——‘—-;(wm——w—c>.

CKODOCTb  BLIMYWIEHHOrO KO/Me0aTelbHOrO IIBHXEHHS MOXeT
GbITh Tenepb NpENCTaBleHa B BHIE

Xy= I%EI (cos wf cos @ +-sin of sin @) =

Fp o
=(-E"i(sm (ot—a). (1.11)
Peulenne NOKasbiBAET, YTO AMILIHTYHAAa CKOPOCTH BBIHYWIEH-
HBIX KoneGanuit .
y Fm Fm
Xy = 77==

[ Vr—’—:(‘(;m—:‘_u—l_‘“c)s (1.12)

3aBHCHT, NIpH 3aiaHHON aMIUIMTyJe BHEUIHeH cHIbl, BO-NEPBHIX,
OT [apaMeTpOB CHCTEMBI M, ¢, I' H, BO-BTOPbIX, OT 4aCTOTH ®
BHEUIHEro Bo3aeiicTBus. Mbl BHIHM, Hanee, 4TO MexAy CKOpO-
CTbIO J.CQ BBIHYXACHHBIX KoneGaHu#t u cuiaoft F ycraHaBinMBaeTcs
¢asoBbIfl CABHr @, 3aBHCAIIHMA OT MapaMeTPOB CHCTEMHl H 4a-
CTOTBHI. '

BesinunHa

lzi=£~i—%]/r9+(mm~(%z)’ (1.13)

Ha3blBACTCH NOAHHIM MEXQHUMCCKUM CONPOMuBAeHUEM CHUCTEMBI;
KaK H aKTHBHOC COINPOTHB/JAEHHE r, NOJHOE CONMPOTHB/IEHHE H3ME-



16 JIUHEVHBIE KOJEBATEJIBHBIE CHCTEMbI

psierca B Oun-cex/cu (Mnu, yro TO Ke CaMoe, B 2/cex; WHOTHA
3Ty €NHHHUY Ha3bIBAIOT MEXaHHYeCKHM OMOM). B KoMmmiekcHofi
dopMe MEXaHHYECKOE CONPOTHB/ICHHE CHCTEMBI C ONHOH cTe-
[EHBIO CBOOOABI MHUILETCH B BHAE

, 1
Z:r—-{—jwm—}—},w—c-. (1.14)
Ero KoMNoHeHTaMu SIBASAIOTCSA:
HHEPLHATbHOE CONpPOTHBIEHUE jom
1
I (01§ > —
ynpyr Foc .
aKTHBHOE » r
PaccMorpeHHast cucTemMa sBASieTC ORHOHM M3 mpocrefiluux;
OHAKO C TEM HAH HHBIM NPHOIMAKEHHEM MBI BCTPe4aeMcs C HEIo
B 1EJIOM psle NpaKTHYECKH HHTepecHelx cayvaes. Llene-
COO6pa3HO [03TOMY OTMETHTbL OCO00 HEKOTOPLIE  YaCTHBIE
CIyyaH MEXaHMYECKOH CHCTEMBI C OJHOH CTEMEHBIO CBOBOABI.
1) Cucmenma, ynpagarsnesmas maccolé, nOAyyaeTesl B TEX Cly-
yasgx, KOrja HHEpUHa/JbHOE COMPOTHBICHHE 3HAUKUTENBHO Mpeol-
7aJaeT Haj YNPYTHM H aKTHBHBIM:

1
om>> = om>r.
[TepBOoe HepaBEeHCTBO MPHBOAMTCA K BHAY
0, <L o,
3L o,
Takum o06pasoM, eclu CHCTEMa HMEET HU3KYI0 COGCTBEHHYIO
YaCTOTYy H Majoe 3aTyxaHue, TO H3 4Kc/la MapaMeTpOB CHCTEMb

npeoﬁnanaxomee 3HayeHue HMeeT Macca H [MOJIHOE COIIPOTHBJIC-
HHAC Maa0 OTAUYACTCAd OT HHEPUHANBHOrO:

a BTOpOC — K BHAY

z==jom.

2) Cucmesma, ynpasisemas Ynpy2o0cmsio, peainsyercs Npw
yC10BHAX

1 1
w—c> om; 62>r’
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HJ/IH, 4YTO TO XK€ camoc,

1
0y > o; ,Tc>‘”

(mocaenHee HePaBEHCTBO O3HAYaeT, YTO IMOCTOSIHHASI BPEMEHH FC
Maja Mo CPaBHCHHIO C NEPHONOM BHEINHe# cuibl). Mbl Buanwm,
YTO B CHCTEME T 6blcOKOil COOCTBEHHOM YacToTO# mpeobia-
nalomee 8HaueHne umeer rubkocts (uaum ofparHas eft BeanuH-
Ha — yIpPYro<Th); [01HOE CONpo-

THBIEHHE MajJO OTIHYacTest OT —— 00000 ——

yIpyroro: VA

— joc
, e
3) Cucmema, ynpasisemas
conpomugienueMm,  XapakTepu-

syercspeobiiafanuemM ak THBHOT O AN
COTPOTHB/IEHHS HAall PEAK THBHBIM: R
Puc. 2.
: 2=r.

. 1
dro—anbo anepuognucckas cHcrema (3> o, 7 L), aubo
cucreMa, Bo30yxknacMasi BGIM3H OT PE30OHAHCHOH YacToTH, KOrAA
PEaKTHBHOE CONPOTHBIEHHE Majo 6:13rofapsi B3aMMHOHl KOMIIEH-

CaLMH HHEPUHMAJbHOTO M YIPYroro CONPOTHBIACHHA:
1
om— —2=<(.
ol

§ 2. daexkrpomexaHuyeckan aHanorud. [axe npn Gernom
IpOCMOTpe TNpelbaymiero naparpada OpocaeTcs B rijasa aHalo-
THf MEXAY NPOCTON MEXaHHYECKOH cHCTeMOW M KonebaTenbHbIM
KOHTYPOM, COCTaBJACHHBIM M3 [0C.1EA0BaTEIbHO COCAHMHEHHBIX
MHAYKTHBHCCTH L, 8MKOCTH C M OMHYECKOTO COIDOTHBJICHUSA R,
npu Bo3feiicTBHH Tmepuoanueckod snc U=U, e/ (puc. 2).
JeficTBuTEABHO, €CaAH [ €CTb TOK B KOHTYype, TO Auddepexuu-
aLHOC ypaBHCHHE HANDPSAKCHUH HMEET BH/

di | .1, o
, LE+R1+E'fzdt_—:UmeJ 2

2 OJeKTPOaRY(THHA
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[ra. 1
BBoast sapsit KoHmeHcaropa g = f i df, umMeeM ypaBHeHHE

LZj—{—R(}—{—%:Umef“", (1.15)

KoTopoe no ¢opme He oranuaercs oT ypasHeuas (1.10), uMes
COBEPIICHHO aHANOTUYHOE PEUICHHE; HMEHHO,

B CTalHOHAPHOM
pexumMe KoiefateabHuifi Tok (i=gq) paseH

m

i U, ] .
q VR:+ (mL— E%> sin (ot —a),

rae

C

Cpasnenne ypaeuenuii (1.10) u (1.15) nm ux peuwenufi mno-
3BOJSIET COCTaBHTh CJACAYIOIYIO TaGIUIy 3IEKTPOMEXaHHYCCKHX
aHaaoroB (T. €. B3aHMHO aHaJIOTHYHBIX MEXAHHYECKHX H DJICKTpH-
YEeCKHX BEIHYHH):

a:arctg% <wL ——5—) .

4

ODneKTpOMEXaHHYECKHE aHANOTH
MexaHnyeckue BeNHYHHBI DIEKTPHUECKHE BEJIHUHMHBI

1) ITepenmernsie:
cuna F (Oun)

CKOPOCTb X (CM/cek)
cMewenue x (cH)

Hanpsxkenne {anc) U (BoabT)

ToK i, g (ammep)
3apsan g (KynoH)
2) ITapamempei:
macca m (2) - HHAYKTHBHOCTb L (renpu)
ru6kocTb ¢ (cM/oun) émkocts C (dapan) ‘
aKTHBHOE CONPOTHBIE- OMHYCCKOE CONPOTHBACHHE R (0M)
HHC r (OuH-cex/cH)
3) Conpomusienus:
HHEPLUHAAbHOE O/ HHAYKTHBHOE ®L
1 ,
yupyree EMKOCTHOC

oC
NOJIHOE™ 2 noiaHoe Z
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YcraHoBaeHHas 3;6Chb aHaJAOTH HMEET OYCHb CYIUECTBEHHOE
IIpaKTHYECKOE 3HayeHue. [leno B TOM, 4TO aHAIMTHYECKOE Hccie-
JDOBaHHE C/IOXHBLIX MEXaHHYECKHX CHCTEM C HECKO/JIbKHMH CTe-
neHsaM cB00OMB! NMPEACTABAACT AOBOJNBHO TPYMOEMKYIO 3ajauy;
¢ ApPYrofl CTOPOHbBI, HCCACAOBAHHE CIOMHBIX 3/EKTPHUECKHX 1e-
ne#t ocymectsasercst 6e3 0Co60ro Tpyna € MOMOUIbIO MPHEMOB,
paspaoTaHHbIX B 3ackrporexHuke. Cama cc6Golt HampawuBaercs
MBIC/Ib O BO3MOXHOCTH 3aMECTHUTb CIOXKHYIO MEXaHHYECKYIO CH-
creMy €& 51CKTPHYECKHM aHaj 0rOM H PAcCUHTAaTh IOAYYCHHYIO
TaKuM 06pasoM CXeMy CTaHIapTHBIMH 31CKTPOTCXHHYCCKHMH
npaémMaMu. B 3TOM u 3aKaioyaercsl METOJ 3JIEKTPOMEXaHHYECKHX
aHaj1oru#f, UOAYYHBIUMA OYeHb WIHPOKOE pACNPOCTPAHECHHE B
COBPEMEHHOH TEXHHUECKOH aKyCTHKE, HCTOPHUYCCKOE pAa3BHTHE
KOTOpO# OblIO B 3HauuTE/ILHON Mepe 00ycaoBiaeHO paGoramu
HHXEHEpOB 3JEKTPOTEXHHYECCKOM crclmaapHocTH. Meron ai1eKTpo-
MEXaHUYECKHX aHaA0ruil 0co0eHHO yaoOeH A/isi CHHTE3a Mexa-
HHUYECKHX CHCTEM, OGM1afalomUX 3aJ4HHBIMH YaCTOTHLIMH CBOH-
CTBaMH; [IAs pelleHHd TaKo{ 3aJayd HY2HO MOCTPOUTb (ECiH
9TO (PU3HYECKH BO3MO2HO) MEXaHUYECKHH aHajJor COOTBETCTBYIO-
mell 31eKTPHYECKON CXEMBl, BLIGHPaeMOti OGBLIYHO U3 OGLIHPHOLO
ACCOPTUMEHTA 3J1EKTpuueckux ¢uabTpoB. IIpuMepnl mpHMEHEHHS
METOJa aHanaoruifi Mbl He pa3 BCTPETHM B daabHehuieM.

Ilas toro yroObl MO/B30BATHCSI METONOM 3/EKTPOMEXaHHUE-
CKHX aHA/MOTHH, MBI TO/DKHBI yCTaHOBHTh OCHOBHBIE OCOOEHHO-
CTH MEXaHHYECKHX 3/IEMEHTOB, U3 KOTOPBLIX COCTABASIOTCH KOJe-
GaTeabHbIC CHCTEMBl, H OMNpENEIHTb Cnocolbl WX COYETAHHS
apyr ¢ apyrom. OCHOBHBIE 3JIEMEHTBl MEXaHMUECKHX CHCTEM
COOTBETCTBYIOT OCHOBHBIM THIIAM 3JMEKTPHUYECKHUX [IBYXIO/IOCHH-
koB L, C, R; nosroMy 5TH 3/ICMEHTHl MOXHO Ha3BarTb NpOCTCH-
IWIHMH MEXaHHYECKUMH [ABYXIO/JIIOCHUKAMH.

§ 3. Mexanuueckue ABYXMNOAIOCHUKHA M AX COEIMHEHHS.
JIBYXNO/IOCHBIH XapaKTep OCHOBHBIX 3.1€MCHTOB MEXaHHYECKHX
CHCTCM siCHcE BCEro OOHapyxHBaeTcs B 3jeMEHTe TUOKOCTH
(puc. 3, @), xoropblii MoXeT ObITh NPEACTAB.IEH B BHIE HEBE-
comoit npyxuusl. QO603HAUMM UYEpe3 X; H Xy IepeMelleHHs
KOHLOB MNpYKHHBI, TOrAa pa3BuBaeMas el yupyras (BO3Bpauiaio-
mias) cusna ecThb

x —_—
Fc= 1 - X

.
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Tak KaKk B pexHME CTAaLHOHAPHBIX KOJcOAaHHH, KOTAa BCE BETH-

YMHBl MEHSIIOTCS BO BPEMEHH KaK ef*!, x —jox; u Xy=jox,,

TO, BBOAA B MpeAbIAYILEE COOTHOIIEHHE CKOPOCTH BMCCTO CMe-

HIeHHH, MOXHO Hamnucarthb

1 - .

Fc_m(xl-—xg). (1.16)

JIByX1O/IOCHHK, NPEACTaBISIOUHA aKTHBHOC CONPOTUBIIEHHUE, Mbl

MOX€M BOOGDPa3HTb B BHAC LMAMHAPA, BHYTPH KOTOPOTO HBH-

WKETCS MOPIIEHb C TPEHHEM, IIPOTIOP-

¢ HHOHA/JALHBIM GTHOCHTE/NBHOH CKO*

te — 0000 “—  pocti nopumst u muannApa. YIpo-

WEHHAs CXeMa TaKoro ycCTpOHCTBa

(npenno.aaraeMoro, KOHEYHO, HeBe-

O —— ] COMBIM) faHd Ha pHC. 3, b. Ecim
— —Zy Xy H Xy — CKOPOCTH IIMAMHApAa H
NOpIIHA (T. €. KOHLOB ABYXIMOJIOC-

@ % ________ § HHKA), TO IHCCHIATHBHAS CHJA €CTb
20 F,=r(x,—x9). (1.17)

o z Tpynuee npencraButh - B dopume
[> <] . JBYXIIONIOCHAKA 3JEMEHT MAacChl.
—4 —=% Ciaenyer, OQHAKO, NPHHATL BO BHH-
MaHue, YTO CMEMIEHHs, CKOPOCTH H
Puc. 3. YCKODCHHS  MaTCpPHATLHBIX TOUYCK
ROIKHBI GbITH OTHECEHBI K HEKOTO-
poit cucreme OTcuéTa, NPUHUMAECMOY 33 HENOABHKHYIO; 3Ty CH-
cTeMy OTCuéTa MOXKHO (DOPMAIbHO CYHTATh BTOPBIM <IOTIOCOM»
3:1eMEHTa Macchl, a U300paKAIOUIYI0 €ro MaTepHaAbLHYI0 TOYKY—
NEPBHIM «IIOMIIOCOM»; [OHATHO, YTO BTOPOH «I1010C» ABYXMO/IOC-
Huka Maccol (puc. 3, ¢) Bcerga smisiercs sakpennéuuniv. Muep-
LHa/MbHASL PEaKHHs I/MEMEHTa MacChl €CTh

Fp=mx,;

TaK KAaK B CTAallHOHADHOM DpeXHMe X = jox, TO NpeabayLiee
COOTHOILECHHE MOXHO HalHCaThb B BHIAC

F,, =jom:x,. (1.18)



§ 3] MEXAHMYECKHE IBYXIIO/IOCHHKHM M HX COEJMHEHHUS 21
Cootnomenns (1.16), (1.17) u (1.18) uvetor o6uiyio hopmy

F,=2z(x; — %), (1.19)

I .
[1¢ 2 MOXCT ObITh YIPYrHM (]w—c), aKTHBHBIM (r) HAH HHep-

IHaBHBIM (jowm) conpoTHeieHueM (B MOCJIELHEM Clyyae, Kak

(@) Z, - Z, Z

—i 8, —d g
L
Az ez

~=Zy — -z
. p—— 0
. -z ez ..
! 1 - 1
1 ]
Puc. 4.

YKa3aHo, xz—O TaK KaK BTOpOH nomoc 3aKpeII&H CBA3BLIO C
CHCTEMON OTCUETa).

B HccienoBaHHM MEXAHHYECKMX CHCTEM HHOrAA yno6HO He
YTOUHATh [PHPOIBI 3.IEMEHTOB, PACCMATPHBAs HX KaK MPOH3BOJIb-
Hble MeXaHHYeCKHe IBYXIOJIOCHHKH; rpadHuyecKH# CHMBO.1 Mpo-
H3BOJNLHOrO [BYXIOJIOCHHKA JaH Ha pHc. 3, d.

CicKHBIE MeXaHMYeCKHE CHCTEMbH MOXHO MNpPEeACTABAATHL B
BHIE COBOKYIIHOCTH 31€MEHTApHLIX IBYXIO.IOCHHKOB, COSNHHEH-
HBIX Opyr € APYroM TE€M MWIH HHBIM Crnoco6oM. OCHOBHBIMH
IBASAIOTCS ABa crnocoba; COEdHHEHHE HenoqKoii W  COelHHEHHe
8 y3ea.

[Ipn coepuHennn uenoyxkoét (puc. 4, @) OTHOCHTE/NbHBIE CKO-
POCTH KOHLOB ABYXMOJIOCHHKOB MONYHHEHBI OUEBHIHOMY YyCa0-
BHIO:

Xy — K1) - (g — X9) b A (Kpg — X)) =Xy — X,

C npyro#t cTopoHbl, KauIb#i N3 IBYXIOTIOCHHKOB LENOYKH pas-
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BHBaeT ONHY H Ty ke CHay

Fu=F,p=...=F,;

3TO HEeNOCPeJCTBEHHO BBITCKAET M3 NMPHMEHEHHA 3aKOHa paBeH-
cTBa NelCTBHS M NPOTHBONENCTBHS K TOYKAM COEAHMHEHHsI KOH-
LIOB CMEXHBIX IBYXIONOCHHKOB.

Tak Kak 3/eKTPHYECKHM aHA10TOM CH:bl SBJSETCS Hapsike-
HHE, a OTHOCHTENBHBIE CKOPOCTH aHAJIOTHYHB TOKaM (cM. Tab-
NHLy aHaJIOTOB), TO YCTaHOBJEHHblE COOTHOWIEHHA IOKasHBAIOT,
YTO 3JEKTPHYSCKHM aHaJOroM UEMOYKH SB.IAETCH flapa/l/le/lbﬂoe‘
COEAHMHEHHE 3JCKTPHUYECKHX [BYXIOJ/JIOCHHKOB, IIPpH KOTOPOM

L +ig+ ... =i,
Ul - U2 —_— . .= Un,
Hp" COEAHHEHHH MEXAHHYECKHX [BYXIOJ/IOCHHKOB B Yy3€i

(puc. 4, b) passuBaeMble NBYXMOMOCHHKAMH YCH.IHSl CKAalblBa-

[0TCSl, @ OTHOCHTC/IbHbIE CKOPOCTH KOHLOB OOHHAKOBBI .11 BCEX
IJAEMEHTOB COEAHHEeHHd:

. " . I'
X — X] =Xy — Xp==...= X, — Xp,

Fa+Fu+...+F,=F.

= .

O'-[E‘BHI[HO, 4YTO 3JIEKTPHYECKHM aHa/IOrOM y3/a sABJAACTCHA nocAe-

dosamenbroe COENMHEHHE INEeKTPHYECKHUX N BY XITOJIOCHHKOB, INMPH
KOTOPOM

Ul‘f"Uz“l‘ AU, =U.

B npuBonumo# Huxe Tabauuie (pHC. 5) COMOCTABIEHHI HEKO-
TODBIE HEC/HOXKHBIE MEXaHHYECKHE CHCTEMBI C HX 3/EKTPHYECKHMH
aHanoramu. IIpu paccmorpeHHH TaGaHLBl HYXHO HMETb B BHLY,
YTO CTPEJAKH MEWIY 3JAEeMEHTAMH H CHCTeMOfi orcuéra (— F )
H306paKaloT HCTOYHHK BHEWHe#d cuapl. J[las MPaBHALHOrO IMO-
CTPOEHHA CXEM 3JEKTPHYECKHX aHaJIOrOB HYXKHO DPYKOBOACTBO-'
BaThCA C/eAYIOMHMH [PaBHIAMH:
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1) JIByX10/IOCHHKH C ONHHAKOBOH OTHOCHUTEJLHON CKOPOCTHIO
KOHLOB H300PaXalTCsl MOC/Ae0BATENbHON KOMGHHALMER HX D7eK-
TPHYECKHX aHaJOroB.

2) IIByXMO:1I0CHHKH, Da3BHBAIOILHC OJHHAKOBBIE YCHIHs, H30-
6paxaloTcs napanjeibHOH KOMOMHauHe# HX aHanoros.

3) Ecan nsuxeHHe ONHOrO 3JjeMeHTa CHCTeMbl CO0OLlaeTcs
ApyroMy e€ 31eMeHTy 4Yepes IIOCPEACTBO HEKOTOPOro JBYXIIO-
MOCHHKA (THOKOCTH H/AH  CONpPOTHBIAEHHS), TO 3JIeKTPHUECKHH
aHanor 3TOTO MOCJENHEr0 BKJIOYAETCH MapayjielbHBIM UIyHTOM
MEXJY aHaJOTaMU CBSI3BIBAEMBIX 3THM JBYXIOJIOCHHKOM 3Je-
MEHTOB. YCTpPaHEHHIO 3TOTO IIYHTAa M3 CXEMbl 3JAEKTPHYECKOro’
aHanora COOTBETCTBYET «OTBEpPAEHHE» MEXaHHYeCKOW CBs3H; pa-
BEHCTBY TOKOB (IIOC/Te yHaneHHs IIYHTa) COOTBETCTBYeT pPaBeH-
CTBO CKODOCTEH IBYX MKECTKO CBSI3aHHBIX 3/1EMEHTOB.

4) Ecan «oTBepreHHE» HEKOTOPOTO ABYXIOMIOCHUKA (THOKO-
CTH H/IH COMPOTHBAEHHA) MPHBOLHT K HEBO3MOMXHOCTH [ BHXKC-
HHfl CBA3aHHOTO C HHM 3JEeMeHTa, TO 3JMeKTPHYECKHH aHa/or
ITOrO [ABYXIIOIOCHHKA NOAKEH OBITh BK.IIOYEH MOC/EN0BATENBHO
C aHa/IOTOM «3aTOPMOXEHHOTO» 3/eMeHTa. [eficTBHTeAbHO, yaa-
JEHHE II0C/eNOBaTE/JbHOrO 3/EMEHTA H3 3JEeKTPHUECKOR Lenu
O3HayaeT e& paspHB; MpeKpalleHHe [IBHXKEHHST MOc/ae OTBEpIe-
HHsl CBA3H COOTBETCTBYET OTCYTCTBHIO TOKA IMOC/E pasphlBa LCIH.

5) Bce aaeMeHTH Maccel, HMest 0OO6wmi mnomwoc (cHcTemy
OTCy&Ta) H, C/e10BaTE/IbHO, COCNHHEHHBIE B y3Ca, JONKHBI ObITh
BKJIOUEHBl B CXEMY 3JEKTPHUECKOTO aHaiora TakuM o6GpasoM,
4TOOH MOC/AE OTBEPACHHS CBsI3EH MEXIY HHMH HHIYKTHBHOCTH,
H3)6paxKaloWne 3TH MaCChl, ObIIH Obl COENHHGHB MOCJEN0Ba-
TEJbHO.

YBepeHHoe mNpHMeHeHHE 3THX MPaBH1 TpeGyeT HEKOTOPOro
ynpasxseHus. HyXHO OTMETHTb, YTO H4BBIKH MOCTPOEHHS aHano-
TOB HEeOOXONHMBl IS Ka)(10r0 HHXKEHepa, 3aHHMAaIOLIErOCH TeX-
HHYeCKON aKyCTHKON, TaKk KaK METOL 3/eKTPOMEXAHHYECKHX
aHaNOru#i OYeHb WIHPOKO HCIIOJNL3YETCS B COBPEMEHHON HHXKeE-
HEPHO-aKyCTHYECKON MpPAKTHKE.

§ 4. Axycruueckue cuctembl. Pesonatop leabMroasua.
Mexanuyeckne KoaeGaTe/bHble CHCTCMBI, B KOTOPHIX 3JIEMEHTHI
Maccel peannsoBaHH B (OpMe [IBHXKYLUIHXCH BO3IYLIHBIX Macc,
a 37eMeHTHl THOKOCTH — B (OpME 3aMKHYTHIX BO3AYIIHBIX OODb-
€MOB, BBIIENAIOTCA B OCOABIA KAACC aKYCTHUECKUX KoiebaTeslb-
Heix cucTeM. Takoe™ BHICHCHHE He HMCET NPHHIHMNHANBHOIO Xa-
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pakTepa H OHKTYeTCsl COOOpaMeHHAMH MPAKTHYECKOro ya00CTBa,
TaK KaK B yKa3aHHBIX CAydasX LLIECOOOPASHBIMH OKAashbIBAOTCH
HECKOJIbKO HHbIE OfpPENENEHHsI MapaMETPOB, YTO CBA3aHO C ApY-
ruM BHIOODOM NepeMeHHbIX (BO BpEMEHH) BeJHuyHMH. I[TOKakewm
3TO Ha MpHMepe npocTedlell aKyCTHYECKON CHCTeMH € OIHON
CTENEHbI0 CBOOONBI, MMEHHO Ha NPHMEPE T4K HA3BIBAEMOrO pe-
30HA4TOp4A.

Pesonatop [eapmroasua (puc. 6) B ero kaaccuuecko#t gpopme
npenctaBiseT coboft cocym ¢ ropabimikom. I[Ipu Bo3GyXIEHHH
pesoHaTopa 3BYKOBCH BOJHOH BO3AYX B ropie
pesoHaTopa Ko/ebJeTcs, a ylIPYroCcTh BO3AyXa
B II0JIJCTH PC30HATOpPA OOCCIEYHBAET HCOGX0-
IuMyI0 Bo3Bpautamouiyio cuiay. Ctporo roeops,
PE30HATOp €CTb KoJcHATeNbHAs CHCTEMd C pac-
npeneaeHHbBIMI MAaCCOR H YyIPYTOCThIO; OJHAKO
€C/H P43MCPBl PE3OHATOPA HEBCAHKH IO CPABHE-
HHUIO C OJHHOfI Najamolne# BOMHB, TO JOMYyCTHMO
CYMTATh, YTO BCH KHHETHYECKAA IHEPrHUf cCOCpe-
JNOTOYEHA B CJO€ BO3MyXd, KOTODLIA IBHKETCH
B TOp/e PE3OHATOPA, 4 MOTEHUHMAAbHasl IHEPTHA Puc. 6.
CBfi3aHa ¢ ynpyro#t pecdopMauHell BO3AYUIHOrO
06Bb8Ma B MOJNOCTA. B 3TOM MNpenNo/OXKeHHH pe3oHatop ['eabm-
rojblia ABIAETCHA KOMEHATEJbHOM CHCTEMOH C OOHOH CTEIEHBIO
cB060bl. COCpPENOTOUEHHbIE MAPAMETPHl CHCTEMBbl MOXHO OIpe-
LeJHTb CJAedYIOIWHM 06pasoM. -

Macca BosmyXa, ABHKYLIErocs B TOpJe pe30HATOpd, €cTh

m=pyhS, (1.20)

rie i — BbICOTa ToOpia, a S— ero ceyeHue; py — ILIOTHOCTD
BO3/yXd.

Jlas onpeneneHds THOKOCTH BOSAYLUIHOTO OOBEMA B HOJNOCTH
npeacraBuM cefe, YTO BOBLYLIHas NPOOGKAa B ropjae CMEUeHa B
CTOpOHY MOJIOCTH Ha BeJIHYHHY X; ecian Py ecTh armocdepHoe
naBaeHHe, dp — H3GBITOUHOE NaBJEHHE B MOAOCTA H 8V — u3me-
Henne o6béma V BO3@yXa B NOI0OCTH, TO MPH afHAGATHOM MpO-

flecee (Py+-8p) (V--3Vy =P, Vv,
r/iC | — OTHOIIEHHE yHAeibHbIX TemioéMkocred. Otciona

Po—;oSp = (v-{av)r: (z+_ng)-y
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HIH
Sp 1%
1_'_]70_-(1_1_7) =1y +

vV
Ecan kone6aHus ABJAIOTCA MaibiMH, TO 7<1 H MOXHO 0TGPO-
CHTh TOCHENyIOMHE UleHH GHHOMHAIBHOrO DpAld; [IPH 3TOM

dp=— T4V

Ho 8V =x§, a Bosspamaiomas cuia ectb 8p-S; u3 pase-
CTBa

o S=—

L

MOXKHO ONMpPENENHTh IMOKOCTh BOBLYWIHOIO O6DBEMA B NMOAOCTH
Kak OTHOLIEHHE CMEIUEHHSl X K BO3Bpallalowmed ynpyrofi cume
3 S:
V -
= . .
.{PQSZ (1 21)

ITycTtp, nanee, r €CTh aKTHBHOE CONPOTHBIEHHE CHCTEMbI H
MycTh Ha PE3OHATOP HAEHCTBYET NEPUONHYECKOE BHEIIHEE NaBJe-
HHE B Najaioulell 3BYKOBOH BoaHe p==p,e/*!; ypaBHeHHE IBH-
weHus (1.10) mpHHHMAeT NMPU STOM BHI

(phS) 5+ ri+ (D) e =ps.

BBenéM B 3TO ypaBHeHHC 00B¢ MHble CMELEHHSI, CKOPOCTH H
YCKOpEHHA:

v_———Sx, v=Sx, v=3Sx

(orMeTHM, YTO OOBEMHYI0O CKODOCTh ¥ HHOIA HAa3HBAIOT NOMO-
kox). Iloncrapass B ypaBHEHHe OOGDBEMHBIE IlEpEMEHHBIE U, U,
v, HUMeeM, pasneadB 06e yactH Ha S:

(Pgt_) 54—( >v+< )v:p (1.22a)

HIH

m,v -+ ra"b+;'—a=p. (1.22b)
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Kosdpduuuentsl 3Toro ypaBHEHHI Ha3BIBAIOTCA aKycmude-
CKUME NApaMempamy CHCTEMBl; 3TO

1) akycruyeckas macca ma=%l= ﬁ (Z%)’ (1.23)

2) akycTayeckas rHGKOCTb ¢, == 7—1‘§O= cS? (M) , (1.24)

r 7
3) aKycCTHYECKOE€ CONPOTHBJEHHE ra=3—‘;<?e—xzc7>.(l.25)

Pemas ypasnene (1.22b) OTHOCHTENBHO MOTOKA U, HMEEM
B CTAllHOHADHOM pEXHUME

Y Pm

V= —— sin (wf —a),
V r:';—l— (wma— ac—>
a
NpHYEM
_ ! 1)
N L‘l_—arctg7a<wma— (-;Z';/.
Benauyuna

\za[::l/ re+ (‘”ma'_;i'a—y

HJIH, B KOMIUIEKCHOH ¢opMme,

R 1
og=1T1, +]‘”ma+ j—wg;

11a3bIBACTCA IIOJHBIM AKYCTHYECKHM CONPDOTHBJIEHHEM H HMECT
Te e KOMIIOHEHTH (HHEPLHAaAbHY10, YIPYTyl0, AaKTHBHYIO),
KaK M MEXaHHYecKoe compoTuBaeHHe 2. CBfi3hb MEXIy aKyCTH-
YECKHM H MEXAHHYECKHM COMNPOTHBJCHHAMH OINpPEICAACTCH, Kak
BHIHO H3 MNpenplayumero, popmynaof

2, =g;. (1.26)

ITpakTHYeCKH OYEeHb BAXKHBIM CBOMCTBOM pe3oHaTopa ABasercs
€ro CNoCoGHOCTb K YCH/ACHHIO 3ByKa. YCHIEHHE pe3oHaTopa
XapaKTEPH3YETCsl OTHOIIEHHEM MAaKCHMa/JbHOTO HNaBIEHHA Bp,,
B MOJOCTH K MaKCHMaJbHOMY (aMIIMTYIHOMY) 3HAYEHHIO JaBne-
HHfl pp, B Majalouieii 3ByKOBOH BOJHE:

y:svpfﬂ‘

Pm
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Il BBHIUMC/IEHHA 3TONH BENHYHMHBI 3aMETHM, UTO

_"Lm_ Pm
Um= © —“’!za‘ ’
__ 1P, Um__ __ Pm
ap'”—_—l/' T e, 0| 2g] "
Ortciona
1 1
weg|2g| ]/(wcar,,,)‘-‘—}-(w*mca—1)2
Ho
1 i P ’
0g=———=c, |/ S (1.27)

V mge, 'V Va
(roe ¢, __Vl& €CTbh MOCTOfIHHAS, CORBMAajaloliasl, KaK Mbl yBH-

IHM HHXE, B § 15, CO CKOPOCThIO 3ByKa: ¢y =3,4 - 10* cm/cer)
€CTh COOCTBEHHAsA YacTOTA PE30HATOpA; llamuileM aajee

.

28w
w3’

—_ Ya __
OCqlq == OMgly b =

r
rue 3=2m" —MHOXHTEML 3aTyxaHus COOCTBEHHBIX KosaeOaHuh
a

CHCTEMbI; Tenepb IO/ YCHICHHS pe€3OoHATOpa MOXKHO llallucaTh

v= ! (1.28a)

V-5

Jlerko BHIeTh, YTO MaKCHMATbHOE VCHJEHHE HMEET MESTO Ha
PE30HAaHCHON 4YacToTe w = w:

. Vuaxe =2$§. (1.28b)

Tax kax o6biuno 8 << o, (T. €. cHCTeMa JafeKa OT alepHOIHU-
HOCTH), TO v,mc>1 H30BITOYHOE JaB/JEHHE B MOJOCTH 3Ha4yH-
TeJbHO GOJIbLIE BHEUIHETO H3GHLITOYIIOTO OABMEHHS, a4 3TO O3Ha-
yaeT, 4TO BOGJIM3H OT PE3OHANCA CHCTEMA Na8T 3HAYHTENBLHOE YCH-
JICHHE aKyCTHYEeCKOro npoiecca, oréupas 60/bloe KOJTHYECTBO .
SHEepPrun OT MNajaloWel Ha Pe30OHATOpP BOJIHEL
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Pezonaropsl I'eqbMrosbua WHPOKO NPUMEHSIOTCH KaK 3Je-
MEHTbl aKyCTHYECKON ammaparypsl; HX pE3OHaHCHBE cBoHcTBa
HCMO/b3YIOTCA B HEKOTOPHIX THINAX 3BYKOMOIIOWAMHKX KOH-
crpykuu#. O6 stom Gyner nompoGHee CK4a3aHO B HajbHeHineM.

Camo co6ol NMOHSITHO, YTO MEXIY aKyCTHYECKHMH IEPEMEH-
HbIMH, NapaMETPaMH H CONPOTHBJIEHHAMH, C OJHOK CTODOHBI,
H COOTBETCTBYIOWMMH 3JECKTPHUECKHMH BETHUHHAMH, C OPYTof,
MOXHO yCTaHOBHTb CHCTEMY AaHaJOTHH H IIPHMEHATh METO.
3/IEKTPOAKYCTHYECKHUX aHaJOTHil O/ aHANH3a M CHHTE3a CAOXK-
HbIX aKyCTHYECKHX CHCTEM. OITO H MENaeTC B HHXKEHEPHOH
npakTuke. CBOLKA B3aHMHO aHAJOTHYHBIX BEJIHUHI! JaHA B CJe-
aymoumen Tabauue.

SneKTpoaxycrnqecxue aHamnorw

AxycTHYeCKHE BEJTHYHHBI DNEKTPHYECKHE BETHYHHBI

1) Ilepemennsie:

nasnenne p (6ap == Oun/cm®) Hanpsokeine U
notok v (c#®/cex) ~ TOK i, ¢
o6béMHOE cvmemenne v (cu®) 3apin g

2)' [Tapamempor:

akycTHueckas Macca m, (2/cu*) .  HHLyKTHBHOCTH L
aKycTHYecKas rubKocTh ¢, (cH'cex?/2) &mkocts C

aKYCTHYECKOE CONPOTHBIEHUE 7, OMHYECKOE COMpo-
(2/cmt - cex *)) THBIEHHE R
3) Conpomusaenus:
HHepUHaNTbHOe wm, (2/cut - cer) HHIYKTHBHOE L
1
— » MKOCTHOE ——
ynpyroe wc, E€MKOCTHOE oC

- § 5. Tpancopmaumsa cux u ckopocTedl. 3HaueHHe Tpauc-
($opMalHKM TOKOB H HANPMKEHHH B INPaKTHYECKOH 3/IEKTpOTEX-
HMKE XOpOLIO H3BECTHO; B TEXHHKE C/aabbix TOKOB OIHA H3
BaXHeHWIHX (YHKUUA TpaHchopMaTopa 3aK/MIOYaeTca B COrJIa-
COBAHHH CONPOTHBJECIHHA CHCTEM, OOMEHHBAIOWIUXCA APYT C ApY-
roM sHepruedl. CorsmacoBaHHe MEXaHHYECKHX HJIH aKyCTHUYECKHX

*) D1y elVHHUY WHOrAA HA3BIBAIT AKYCTHUECKAM OMOM,
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CONpOTHB/ICHHH, HEOOXO0AUMOE [Jsi OGECnedYeHHsl ONTHManbHbIX
ycaoBu# 3HEProoGMeHa, WHPOKO NMPHMEHSETCH H B TEXHHYECKOH
aKyCTHKE, HMEoeH €10 ¢ MEXaHHYECKHMH H aKyCTHYECKHMH
konebaTenbHBIMH cucTeMamu. HeoOxonuMo mMO3ITOMYy 03HAKO-
MHTbCA C OCHOBHBIMH THMAMH MEXaHHUECKHX H aKyCTHYECKHX
yCTPORCTB, BBIMOMHAKUKX TPaHCHOPMALHMIO CHA H CKOPOCTEH.

Takas  TpaHchopmauus
OCYLIECTBAAETCA [BYMSl CIIO-
cobaMu:

1) nmpUMeHeHHeM pHIYAroB
B MEXaHHUYECKHX Koaeharenb—
HBIX CHCTEMax;

2) npuUMEHEHHeM KaMep B
aKyCTHYECKHX H MEXaHHKO-
aKYyCTHYECKHX CHCTEMax.

Puc. 7. Cxema pblyaxHo# mnepe-

LaYd NOKasaHa Ha puc. 7: phi-

yar ¢ GHKCHPOBAHHON OCbIO BpallEHHA, HMEIOIHA OTHOCHTEJILHO

3TOfi OCH MOMEHT HHepuud J, paboTaer MEKAy NBYXIOJIIOCHH-

KaMH 2; H 2Z,. PacnpenengnHyio maccy Ttena pblyara MOXHO 3a-

MEHHTb 3KBHBAJEHTHOH Maccoli, COCpPENOTOYEHHOH HA OJHOM H3

KOHLOB pblyara. B saBHcuMOCTH OT BHIGOpa KOHLA BO3MOXKHbI
IBa BapHaHTa, MOKAa3aHHLE Ha pHc. 8, a u b:

Zz

J J
a) ml—:?, b) ’”2=F§
1 2

31ecb /; H [y, — naeun pbiyara. [IpH NocTpoeHuu cxembl 3J1EKTPH-
YECKOr0 aHajora .HYMXHO y4YecTb, YTO CKOPOCTH KOHIIOB pbluara
OTHOCATCH, KaK IJHHBI ILIeY:

-.x—1=£l=n. (1.29)
Xy 0y '

[TosroMy nBYXMO/MIOCHHKH, MPHCOEIMHEHHBIE K OBYM [e4YaM
pbluara, LOJKHB Ha CxXeMe 3/JEKTPHYECKOro aHajnora CBsi3bl-
BaThCl 4epe3 MOCPEACTBO HealtbHoro TpaHcdopmaropa (6e3
paccesiHHf), KaK 3TO H MOKa3aHO Ha pHc. 8.

3aMeTHM, YTO TaK KaK CKOPOCTH KOHUOB pbiuara HMEIOT-
alanoraMH MEpBHYHbLIA H BTOPDHYHBIA TOKH, TO pblyar 35KBHBa-
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JeHTeH MOHMKalouleMy Tpancgopmaropy npu Jy >/, H THOBH-
waowmeMy npu [y< /. Cuibl, NpHIOKeHHbIE K KOHLAM DblYara,
0o6paTHO MpPONOPILHOHAMLEB MiedaM; MO3TOMY pblyar, 3SKBHBA-
JIEHTHbIH TOBBbIMAKLIEMY TpPaHChOPMATOPy, YBEAHYHBAET NPHIO-
KEHHOE YCHJHE B n a3, a pbluar, SKBHBAJICHTHBIA MOHHKAIO-
meMy TpaHcopmaropy, B # pas yMeHbUIaeT NPHIACKEHHYIO
cumly. -

Zy— A

Pu:. 8.

o y X
Us ycaosuit Fo=nF  u x2=—ni JEerKo Tmoayyaercs (op-

Myna mnepecuéra CONMPOTHBIIEHHH, coOBMajzamoulas ¢ QopmyIo#
uieanbHoro tpascpopmaropa:

' 1 F
2:5‘:—- —2::5‘—‘. (130)
X, n ox,

Orciona BHAHO, YTO OTHOWIEHHE X MJIEY pblyara aHaJOrH4yHO OT-
HOIIEHHIO YHC/Ja BTOPHUHBIX BHTKOB K TNEPBHUHBIM, IlI0UeMy H
HasblBaeTCi KO9(hPUUMEHTOM MeXaHHYecKOH TpaHcdOpMauuH.
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Cxema TpancgopMalHH C NOMOILBIO KaMephl MNPENCTaBIeHa
Ha pHc. 9 JBHNKEHHE MOPIUIHA C MaccColf 7 Bbi3biBaeT (uepes
MOCPENCTBO TMOKOCTH ¢ BO3Aywnoro obbéma V' kamepni)
ABH)KEHHE BO3NyXa B BBIXCAHOM oTpocTKe. Ecmum p  ecmo
u30bITCUHCE [aBJIEHHE BIYTPH KaMepHl,
TO /I HAarpysoyHoro (MexaHHYeCcKoro)
CONpOTHBJIEHHSI MOXHO HANHCaTh

2=t

X

(o oNpeneNeHHI0 CONMDOTHBIEHHA Kak,
OTHOIIEHHSl CHJBI K CKODOCTH); Xy €CThb
CKOPCCTH BC3AYXa B BHIXOTHCOM OTPOCTKE
¢ ceuenneM S;. Jns NOCTPOEHHA CXEMBI
Puc. 9. 9JIEKTPHYECKOr G aHa/lora CHCTEMbl Npel-
MOJMIOXKHM BPEMEHHC, YTO BO3AYX B Ka-

Mepe BeIET cebf, kaK leckuMaeMmasn XUAKocTb. Terma merck vy,
CMeEILaeMblit NOPIIHEM, H TIOTOK U, YEPE3 BEIXOAHCE OTBEPCTHE APYT
APYTY paBHBI: Uy=—7T,, WIH, YTO TO Xe camoe, X;S;=x,S,,
OTKYZHA HAXCAHM KO3(OHUHEHT aKycTHYeCKOH TpaHChOpMAaLHUH:

———-».z.’,

Xy 8

Ecmn 2>1 (S,>8,), T0 X3< X;, H KaMepa HMeeT CBONM
aHaloroM meBblmamomui Tpancdopmarop; ecan n< 1, TO 37€K-
TPHYECKHM aHajoroM Gyner mnoHumawomui tpancpopmarop. Ce-
OTHOIUEHHE CHJ, TNpPHIONKEHHBIX K MOPIIHIO H K BBIXOLXHOMY
OTBepCTHIO, OylerT:

Fo_pS__ 1

FRpS

a COOTHOUIEHHE COMPOTHBICHHH, KaK M B TPENBUAYIEM Cilydae
pblyara, ecTh
d=b _1F_z

Xy Hnxy W

CxumaeMOCTb BO3AyXa B KaMepe HECKOJbKO YCUOMHSAT -
aemo. CornacHo mpasusiaM MOCTPOEHHA aHamoro (npaesuio 3),
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[HOKOCTb ¢ BO3NYWIHOTO 0GBbEMA KaMephbl JOJKHA ObIThb yuTeHa
Ha cxeMe WYHTHDYIOWHM KOHIeHcaropoM. 34ecb BO3MOXKHbI [BA

papuanta (puc. 10, a u b):

4
a) WYHT B TEPBHYHOM LENH: c,:_{-ﬁ—s—?—;
0

b) w 50 BTOPHYHON LENH: ¢ =V _
) WYHT TOP =g -

OrMeTdM B 3aKJIOUEHHE, YTO TPH BLIGOpE OOGBEMHBIX Iie-
pEeMEHHBIX U BMECTO JHHEHHBIX X CX€Ma 3JEKTPHYECKOro aua-
Jora cucremst (puc. 10, ¢)

yke He COJEPHKHT TpaHC- (50"8?)'\

¢dopmaropa; 3TO U [IOHATHO, 3

TAK KaK TpaHcqopMHpy-

I0TCA JIHHeHHBE, a He (4. - z 1
o6BEMHBIE  CKODOCTH, 4 Z
TaK®Xe CHJBI, HO He Jasie- r

uua. [logoGHoO™ 3aToMy 1
TpaHchopMupyonlee nefi- m
CTBHE pblyara CBs3aHO ¢
TEM, UYTO JIJIOBbE CKO-
POCTH H MOMEHTBl OCTd- .
I0TCA  HEU3MEHHBIMH.

§ 6. Cucremsl ¢ pacnpe-
JeJEHHBIMH DapaMeTpamu. B
peatbHbX MeXaHHYeCKUX CH-
creMax 3J4eMeHTHl Macchl, ruG-
KOCTH H CONPOTHUBIEHHS Ad-
1eKo He BCeraa MoOryt OBiTb
N10KaAbHO 060CO0NeHH ApyT
oT jApyra; crporo roBops, (&}
BCAKag peanbHas cHcTeMa
eCTb CuUCTeMa C pacupeje-
AEHHBIMM napamerpamu. 3a-
MeHa HX COCPefOTOYeHHBLIMU
napaMeTpaMu fIBIseTca Ha- Puc. 10.

BECTHOI'O poja uneaﬂuaauueﬂ

3aKOHHOCTh KOTOPOHM 3aBHCHT OT UIMDHHHI DACCMATPUBAEMOH IOJ0CH
4ac10T; Kak NpPaBMJI0, HAEanU3alusi Tepser NpaBoMepHOCTh BE o6uaactu
BbICOKMX u4acToT. CyulecTBYT, OJHAKO, YCTPOHCTBA, KOTOpHE [pu
M06LIX 4aCTOTaX BEAYT cels KaK paclpeleid&HHbIC CHCTEMbl; TaKOBBI,
HanpuMep, CTPYHH, MeMGpannl M T.N. B Leasx yno6CTBa HH@EHEPHO-
TeXHHYEeCKHX PAacy&ToB TakHe CHCTEMbI NPHHATO 3aMEHATh HEKOTOPBLIMH
SKBUBAJIEHTHHIMH yCTPOHCTBAMH C COCPENOTOYCHHBLIMM NapaMeTpaMu.
3aMellleHue pPAaclpefeléHHBIX CUCTeM S3KBHBAACHTHBIMH  CHCTeMaMu

3 OMeRIpPOAKYCTUKA




34 JUHEHHBIE KOJEBATEJBHBIE CHCTEMB! [ca. 1

C COCPEJLOTOYCHHBIMM INapaMeTPAMH MOMeT GBITb OCYINECTBICHO, CIH
U3BECTHO pacnpejencHde Koxe6aTelbHOro NMponecca B TeX HIM MHBIX
yCH1OBUAX BO36Gy:KACHUS 3amemiaeMoit pacnpenerénHoft cucremsl. Me-
TOJA OllpejeiNeHHs] IKBHBAJICHTHHIX COCPEJOTOYECHHHX MAapaMeTpoB H3Jia-
raercsi HHXKE H1 HECKONbKMX MpHUMepax, HauGo/jee TUNUYHBLIX 1A Npak-
THYECKUX 3ajad.

MbI HauHEM C DacCMOTPEHHS CTCPXHS, 3aJETaHHOTO  OJHMM
KOHLIOM MpPH COCPeOoTOYeHHOH cHie F, MpuAOKeHHOH K CBOGOJHOMY
KOHLy CcTepxHA (puc. 11); ¢ TaKuM ycTpoiCTBOM Mbl 4aCcTO BCTPEUAEMCH
B Pa3AMYHBIX 3J€KTPOMATHHTHHX aNiaparax, B YaCTHOCTH, B 3MEKTPoO-
MarHMTHBIX TPOMKOTOBODHTENIX H 3BYKOocHHMareasxX. Kak nokasviBaer
TOYHast TCOPHSA, OCHOBHAS (HM3-
urag) coGCTBEHHAas vyacroTa Io-
nepevyHnX KoJeGaHMil  Takoro
CTepXHS eCThb ¥)

3,515 El 3
o =228, 4

4 l
IR N —

T

T

rae E—Mopyab ynpyroctu Ma-
Puc. 11. Tepuana CTepwHs, [-—MOMEHT

MHEPUMH CeueHHust, p — JHHHelHas

MIOTHOCTH CTEPXKHdA, T. €. Macca,
NPUXOAALIAACH HA eAUHHIY AXMHEL [ — pauHa crepxnd. [lycts uacrora
BO36Y W/IEHAA JEKHT HHMC COGCTBEHHON OCHOBHOH wactorel (1.32); B
9TOM Clyyae pacnpejeieHde IOliePEYHOTO CMeuieHus y (x) o JiauHe
CTepKHS MOXHO NPUOGMIKEHHO NpeiacTaBHTL (yHKIHe#H

X

y(x)=y, (l—cos 5] ) ) (1.33)

yaonaersopsiomei ycaosuo ¥ (0) = 0 Ha 3akpemI&éHHOM KoHue; ¥, ==Y (/)
eCcTh CMelleHHe B TOYKE MPHIOMNEHHUS CHIBL.

[ToacunTaeM KHHETHYECKYIO HEPrUIO KOMeGAOUIerocs CTePH NpH
poIOp anHolt ¢pynknun pacnpepenenus (1.33):

4
. 1 . mx\® h
Exnu=fp J.:y’dx=»2 oys J (1 ~— cos 2-1> dx=
° ’ 1 3 4\ .
= 5ol <—2"——:)J’?n

rae y =%¥, y0=‘—%9; ¥, ecTb KoneGarelbHast CKOPOCTb B ToyKe MpH-

#) Cw.,, nanpumep, C.Il. Tumom enxo, Teopus koneGanuit
B HHXencpuoM aege, M.—JI., 1931, crp. 234
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noWenus BHEWuHeH cuabl. [ToaTyuyeHHH pPe3yabTaT MOMHO MNepenucaTh
B BHAE
1 .
_ 2
Egw= 5 MY0s

r.ie
4
m=pl ( % — ?) — 022501 = 0225 M; (134)
3aecCh M= pe eCTh (baKTH‘{eCKaﬂ Macca CTepKHA.

[MoteHunanbuas sHeprus ynpyro AedbopMHPOBAHHOrO CTEDPUHS NMPH
TeX ¥e yCIOBHSX eCTh

/4 14
_EL( (d\e,  ®EL, Jrx, mEL,
Evr=17 f&dx‘*’) de= 3 38 f“’s 57 ¥ =5V
0 0

BBoas 3KBHBAMCHTHY 10 [‘145}{0(31‘]:, nepenuuieM 3TOT pe3yabTaT B BHAC

. V5
En31= 2?’
rae
s 1 p

=R E (1.35)

dopmyanl (1.31) u (1.35) yka3piBaloT Ha BO3MOKHOCTb 3aMelLEeHHS
CTepWHS Maccolt m U TMOGKOCTbIO ¢, COCAMHEHHBIMU B y3en. [Ipu stoM
cOGCTBeHHAst YacTOTAa 9KBHBAMEHTHOH CHCTEMbI €CThb

oy — L _V 3 ._1__‘/@_346_4]/?_7,
Tyme ¥ ozm EV v TV

YyTO OTAMYAETCS OT ToyHoro 3HaveHus (1.32) mpuMmepno Ha 3,5°/,.
[Tporu6 B TouKe NPHIOHEHHS CHIBI

FB
Vo= cF=rpr (1.36)

CoBMajaeT C H3BECTHHIM BLIpaXEHHEM CTaTHyeckoro mnporuba csobol-
HOro KoHI2 KOHCONbHON GajikH.

KoneuHo, HaltneHHoe OpUGIMMEHHE yie HE NMPUTOJHO NMPH @ == w,
Il TOXXHO GbITh 3aMeHeHO APYTHM, HCXONAMMM W3 apyroit QyHkuuu
pacnpeneneHus y (x).

B kauecrse BTOpPOro IPHUMEPa DPacCMOTPUM KDYTiyw MeMOpaHy
paiuyca a, HarpyiKeHHylo PaBHOMEDHO pacnpeieiéHHHM AaBICHHEM p;
C TaKMM yCTPOHCTBOM Mbl BCTPeYaeMCsl, HalpUMEP, B KOHIEHCATOPHLIX
MukpogoHnax. [lycrs mem6pana BO36ymAaeTcs Ha YacToTax, JAexallux

8*
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HIKe OCHOBHOfl COGCTBEHHOi YacTOThI, A1 KOTOPOil ToyHas TeopHs ¥)

Jaér 3HayeHue
P l/_ (1.37)

3€Ch p — [IOBCPXHOCTHAA IIOTHOCT, T. €. Macca, NPUXOAALIAACA HA
eIMHHIY NHAOMALY MeMSPAHH, < — HaTAXCHHe, T. €. CHIA, MNpuUxond-
HIaACs HA CJMHHIY JTHHBl IPOM3BOJILHOIO pa3pesa Ha IOBEPXHOCTH
MeMOpausl); TOria pacrnpeieleHde CMELIeHHs BJOAb PajuUyca MeM-
6panbl ¢ (r) MOXHO HPHOTHMEHHO ONpeeanTh GOPMYyIToH

Y ()=, /1—;2j (139
yRoB.IeTBopaoweil ycioBuio ¥ (¢)=0 Ha 3aKkpenaéHHOM Kpae MeM-
6paubsl. CMelienne B LUeHtpe ecth Yo=y (0).

[Toabsysach TeMy ke NPHEMAMH, KaK M Bbllle, ONPELETHM KHHETH-
YECKYI0 H MOTCHUHATIbHYIO 3HEPIMHM MeMOpaHul 1PH BuIGPaHHOH ¢y HK-
unu pacnpenerenns (1.38):

a a
Egwm 2[5 2nrdr=" . 202 [ [ fj
K== g - 2mrdr 9 2ryt J \\l e rdr=
0 0
_Llopma* ., 1
=g 3 V=i
ae 1 1
m =73 pra’= ?M' (1.39)
upnuém M =pra* ccrnp dakTHUe Kas Macca Memopanw. llaice
a
derdre = . 8V pagr—
2j a’_’ ‘rdr_—2~-—aT' réidr=
1. _ v
=5 vi .21:1:_%,
rue
1
—27': (1-40)

3aveuan MeMOpaHy CHCTEMOHM ¢ OAHOM cremcHbio CBOGOXLE, Cu-
CTosIled M3 3JI1EMEHTOB M H c, COCIHHEHHDIX B yaea, MBI nonyqaem

CHCTEMYy  COOGCTBCHHOIN yacroroft

L _VE)E 2y
Yme oV 5 a ¥

oTanyaluleica npuMepuo Ha 2°/, ot Towxoro 3Havenus (L.37).

(po::

#) Cu., Hanpwep, B. 1. Cmupuos, Kypc Beicuieft Maremarmm,
1. 11, ra. VlI §3
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[las onpeneienus CMEIUCHHS B LEHTPe ¥, MBl JOMKHB TpeyBapH-
TENbHO HAaHTH COCPeZOTOYEHHbIH SKBHBaIeHT pacnpenerSHHOH BHeLl-
Hel cuap pS (S =ra®— nosepxHocTh MeMGpaubt). Jlas sToro Gymem
IICXOJIHTh M3 BRIPaX(EHHA PabOTH BHEIUHE!l pacnpenerdHHON CH.IbL

a a

14 H] 1
Ag,=p f y2rr dr=2r:py(,6f &1 — ‘%> rdr= 5 ra’py,= Fy,,
0

3Ha4YUT, COCPeloTOUEHHAs (B 1LIeHTpe MeMépaHbl) SKBUBA/JCHTHAA BHeLI-
Haq ciHaa
S

F=p 3 (L.41) ,

MoXer GbiTh NPEICTaBACHA KaK CUIa JaBTCHHMS, DaBHO-
MEPHO pacrnpefenfHHas [0 MOPIIHIO C [OBEPXHOCTLIO,
paBHOil moXOBHHE (aKTHUECKOH MOBEpXHOCTH S MeM-
OpaHsl.

Bo MHOTHMX CayuasX (B 4acTHOCTH, B yX€ VIIOMSAHY ThIX
KOHIEHCATOPHHIX MHUKPOQOHAX) mosannH MeMOpaHbl Haxo-
HUTCA 3aMKHYTHIH BO3AyIHBIH 06BEM, YyNPyrocTb KOTO-
pOro CKIafnBaeTcs ¢ yOpyrocrbio 2wz, o0ycroBiIeHHOM
HatsokenueM Mem6panbt  (puc. 12) Urobm onpeneautsb
NOMOMHUTEAbHYIO THOKOCTb ¢' 3aMblkaeMoro MeM6pudoit Puc. 12.
Bo3fymuoro o6bEMa, HamWlieM yiKe M3BeCTHOe M3
§ 4 BopaweHue jaf  H3IGHLITOYHOTO JaBIeHHA p nof MeMOpanoii:

b s

B i
b= vV Yy
rie a a
r ra? S
v= ’fy o2ﬁrdr=yo-2ﬁ.§. (l ——?> rdr=«2— Vo= 5 o
0

ecTb 06bEM, BuITecHSIeMbili MeMOpaHOft NPH CMellleHHH IEeHTPa Ha Be-
TUYHHY y,. [ToncTaBasis 3T0 3HaueHHe B mpejbiyliee COOTHOIIEHHE,

S
uMeeM, yMHOXad o6e yacTH Ha 3¢ )
S 4Py (S\?
Py =—" 2) Yo
JleBag vacTb 3TOro ypaBHEHHS eCTb BHCUIHAA cuaa F, ypaBHoBeuluBae-

Mas B CTaTHYECKOM pexcuMe ynpyroft peakuuelt BosayiHoro o6eéma V;
fepenucas Npeanayinyo dopMyly B Buie

F=-Y
cr’

HMeeM RIf THOKOCTH lieaMemOpaHHoro o6béMa:

= Y
= ehE
i (3)

(142)
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YuureBas ené Haruyve rHGKOCTH HATHKCHUS MeMOPaHH ¢, UMEEM Aaf
pesyabTHpYioueit rHOKOCTH CUCTEMbl

1 1 1
T T
pes
e
cc'
Cpea ™ et (1.43)
a 1ag COOCTBEHHON 4aCTOTHI
1 1
g = e = _VLJ‘_.L, (1.44)
mepes )/ m c e ‘

B 3akmnioueHne MPUBENEM BLIUHCICHHBIE TEM Xe IIOPAAKOM HOpMyIbl
COCpeOoTOUeHHBLIX NMapaMeTpoB KPyraoit NIaCTUHKU € TOMMHMHON d, Ha-
rPYXeHHO! DaBHOMEPHO pacrpelel&HHbIM JaBICHHEM. 3aMeTHM, YTO
ynpyrocrb oGyCHOBICHA 3AeCh yXe He HATAXEHUEM, Kak B cayuae
MeM6paHbl, HO yNPYrUMHU CBOHCTBAMM CAMO# IMIACTHRKHM. Jlns naacTUHKH,
3axaroil mo Kpaio (TaKOBa, HANpUMeEP, AHadparMa HayIwHoOro Teredona),
¢byHKkuus pacrnpenesenus (IPU 4acToTaX HH¥e OCHOBHOH) wmoxeT GBITh
NpuGINKEHHO NPEACTaBICHA B BHIC -

y=n(1-5)" (145)

DKBHBATeHTHBle Macca U rUOKOCTh MOAYYAOTCS PaABHBIMU

m= o M, (1.46)
9ot  1—a
°=ordt © E (147

(s — kospduument Ilyaccona). IkBUBamEHTHasA (COCPeNOTOYEHHAS
B ILEHTPE) BHEWHAS CUIa eCThb

S
. F=p *§ , (1.48)
a rH6KOCTb 3aMBIKAEMOro ILT1aCTHHKOII BO3NYLIHOro 06BhEMa
, |4
¢ = ~‘-———t§-—~. (1.49)
(3]

§ 7. Mexanuyeckwe ® axyctuyeckue cuaprpb. Cyule-.
CTBYET XOPOLUO H3BECTHBIH THI CAONKHBIX JMCKTPHUECKHX CHCTEM,
HA3BIBACMbIX JAEKMPULECKUMI DUABMPAML; -XaDAKTEPHOH OCQ-
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GEHHOCTBIO TAaKHX CHCTeM, OOBACHAIOWEA 3TO HAHMEHOBAHIE,
fABJIAETCA HX CcHOCOGHOCTh MpomyckaTe 0¢3 3aMeTHOro ociabiie-
HHfl OJHH 4YacTOoThi (MAH O0OJACTH 4acCTOT), MONABJIAA [IpYyrHe
4acToThl {Mau ob6aactd yacToT). XOpOWIO H3BECTHO TaKKe, Ha-
CKOJMIbKO BaXHOEe 3HaueHHe HMEIOT (QHALTPYIOIIHE CHCTEMbI
B TEXHHKE S3JEKTPHYECKOH cBA3H. PasBHTHE TeXHHUYEeCcKOH aKy-
CTHKH, NPOHCXONHMBUIEE MO/ OYEHb 3HAYHTENbHBIM BJIHSHHEM
METOJa 3JIEKTPOMEXaHHYECKHX aHAJNOPH#, €CTECTBEHHO NPHBENO
K MBICAH 06 HCHOMb30BAHHH MEXAHMYECKHX H aKyCTHYECKHX

L,--o- —-—[z fi’ ’fi
4 la) (/2 PrassmcE— /b/ by
. Puc. 13.

aHaJIOrOB 3/]EKTPHYECKHX (PUIBTPOB B TE€X YaCTO BCTPEUYAIOIHXCH
clydanx, KOrja HYXHO CO31aTh yCTPOHCIBA, NPOMYyCKakouwue
MM 3afePKUBAIOLLHE ONpeNe/éHHble 006MacTH YacTOT MeXaHii-
yeckHx KoseOaHuit. Mbic/b 3Ta NOMYYHIA YCHEIHOE NPHMEHEHHC
B PELICHHH LEAOro pAga 3amay aKkycCTHYECKOH M JIeKTPOaKy CTH-
YeCKOl TEXHHKH; ¢ 0o0pa3llaMH TaKHX peleHHH Mbl OyjxeM He
pa3 BcTpeyarbCi B JajbHEHLIEM. -

Tak Kak TcopHf 3JIEKTPHYECKHX (QHILTPOB CTPOHTCA HA
ocHoBe OOIEH TEOPHH 3JEKTPHUYECKHX YeThIPEXMOJMIOCHHKOB, TO
KPaTKOMY H3JIOXKCHHIO OCHOBHBIX CBEICHHH, OTHOCALIHXCA K Me-
XaHHYECKHM M aKycTHYecKHM OuabTpaM, Heo0XomuMo npes-
NMOCNaTh HECKOJbKO 3aME€YaHHH O MEexaHHYECKHX aHaJorax 3JCK-
TPHYECKHX YeThiPEXNOMIOCHHKOB.

DneKTpUYECKHM YEThIPEXMONIOCHHKOM  Ha3biBaeTcsi MpoH3-
BOJMbHOE ycTpoficTBO, HMEIOLEE IBe Mapbi 3axuMoB (puc. 13, a);
Ta Mapa, K KOTOPOH MOABOAHTCA HANpPsKEHHE, HasbiBaercd 8x00-
HblME 32XKUMAMH YCThIPEXMOJNIOCHHKA, TOTAA KaK 8s.x00Hbie 3a-
UMbl ABJAIOTCA TOH mapoi#, ¢ KOTOPO# CHHMAETCA HanpaKeHHE.
B COOTBETCTBHH C 3THM MOXHO NMPEACTaBHTb ce6e 11POH3BOTBHOE
MEXaHW4eCKOE YCTPOUCTBO,  MMEIOILEE [BA BBIXOAALUIHMX HAPYyXYy
crepxkua (puc., 13, ), onMH .H3 KOTOPBIX HCMOJb3yeTcs AJS
NPUJIOKEHHs] BHEUIHEH CHJIbI, & Apyro# — 1/ NpHBEAEHHA B IBH~
JKEHHE HEKOTOPOH HAarpy3KH; Mbl HMEEM MEXaHHUYECKHH UyeThIpEéx-
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NOMIOCHHK, B KOTOPOM MOXHO PpasfMuaTh BXO00HYIO W 86.X00HY 10
CTOPOHBL. DIEKTPHUECKHH YeTBpEXNOMOCHHK (prc. 13, a) Haghi-
BACTCH AUHENHWM, €C/IH BXOJNHbIC H BBHIXONHbIE HATPAKEHHA H
TOKH CBAI3aHbl MEm1y cobo#ft JHHEHHLIMH COOTHOUIEHHSIMH BHJA

iy ==ayly+ a,U,,
Ul =aglig+a2gU2. (1503)

Touno Ttak xe JHHEHHBIH MeXaHHUECKHH YeThIPEXMOMIOCHHK
XaPaKTEPH3YETCl aHATOTHYHBIMH yDPABHEHHSIMH, CBA3bIBAIILHMH
CHJBl H CKOPOCTH Ha BXOJHON M BHIXOZHOH CTOpOHE: ’

vy = by vy b1oF,
Fl=bglvtz+bggFQ. (1.501))

HeoB6xoauMO OTMETHTh YCIOBHE, KACAIOUIEECS 3HAKA CHJI H CKO-
pocrefl: CKOPOCTH CYHTAIOTCA NMOJIOXKHTEAbHLIMH B Hamp&aBJEHHI
OT BXOZHONM CTOPOHBI K BHIXOAHOH, CHJIBI € HMEKT HOMOMH-
TeNpHBI 3HaK, KOTJa OHH HANpaB/JCHH BHYTPb YETHIPEXMOJIOC-
HHKa (CM. HampaBJEHHE cTpelok Ha puc. 13, b). Yerbipéxno-
mocHuK (dMeKTpHueckHil HJIM MexaHHueCkuH) HasbiBaerca nac-
CUBHbIM, ECTK OH HE COLEPMKHT BHYTPEHHHX HCTOUHHKOB SHEPIHH,

Kosdpuunentst a;, u by B ypaBHenusx (1.50a) u (1.50b)
Ha3bLIBAIOTCA AUHEHHBLMU NAPAMEMPAMU IIEKTPHUECKOTO HAH,
COOTBCTCTBEHHO, MEXaHHYECKOTO HYETHPEXHojiocHHKa. B cayuce
NaCCHBHOIO YETHIPEXMOAOCHHKA CYII@CTBYET H3BECTHOE COOTHO-
IIeHHe, CBs3biBalollee YEThIPE JAHHEHHBLIX mNapaMeTps; HMEHEO,
onpegernreas (a) uwan (b), cocTaBiieHHbIl M3 3THX apaMETPLB,

paBeH €IHHHLE: Lo
@, == Q4309 — Aoy =1,

I b f - bubn — bpoby =1.

Ilokasare1bCTBO 9TOrO COOTHOUICHHST MOXKHO HafiTH B 11060M
yueGHuKe TeOpHH CBA3H M 0e3 Tpyma mNepeHecTH X0 paccy-
KIEHHS HA MeXaHHYecKHe cHcTeMbl. OTMETHM JHWDb CJaelyomee
06CTOATEAbCTBO:  €CIH  PEUIHTh CHCTeMy ypaBHenu#t (1.50D)
OTHOCHTE/IbHO Uy H Fy, TO mOayuaercs:

(1.51)

— b," bie
D= |be
Fy=— bﬂ 1+ F1~

181
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B ¢BA3H ¢ H3MeHEHHEM HanpaBIeHHA <«BXOI —> BLIXON» Mepeme-
HHM 3HAKH CKOpOCTe# Ha oOparHble; TOrAd C YYETOM COOTHO-
wenust (1.51) moayuuM ypaBHeHHS «OOpalLIEHHOTO» MeXaHHYe-
CKOro 4eTpp&€XnoaiocHHKa

Vg == by, + b,5F,

1.52
Fy=0by v+ byF . (1:52)

Conoctasias cucTembl ypasHenu#t (1.52) u (1.50b), mbr yGe-
Waaemcs Ternepb B TOM, uro ycaosHe (1.51) 9KBHBaNEHTHO

2y e

Yo/ o

~ . @

Puc, 14.

cjleayromuM COOTHONIEHNAM, H3BECTHBIM M0 HasBaHHEM rmeopem

s3auMHOCML:
(o= (F o (1.5%)
()= (%)Flmo, (1.53b)
S & A (1530
R O (1.534)

Artu BawHbHE TeOpeMbl OKAa3bIBAIOTCA upe3BblYalHO YAOGHHIMH
DA pellleHHH Pa3HOOGPA3HBIX TEXHHYECKHX 3ajad; ¢ ONHHM H3
IIPHMEPOB TNpPHMEHEHHs TedpeMbl B3aHMHOCTH Mbl BCTDPETHMCH
B § 37.

[TycTb MexaHHYecKHH 4YeTHLIDEXNOJIOCHHK HarpyXes co CTO-
pOHbl BXOXA HAa HEKOTOpPOe COMPOTHB/IEHHE 2,5, @ CO CTOPOHMbI
BLIX0Ja — Ha HEKOTOpOe COMpPOTHBIEHHE 2,4 (pHuc. 14); ecau
BEIHYHHBI Z,y H Z,9 NOAOGPABBI TaK, YTO BXOJHOE CONpPOTHBIE-

1

“ F,
HHE 4YeTHIPEXNOIIOCHNUKA (—v—\ paBHO Z,; NpH HarpysKe BbIXO1a
. 0,/ )
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F,
HA Z,4, & CONPOTHB.IEHHE CO CTOPOHB BHIXOAA (—52«\ PABHO Z,q
N 2/

pH HAaTPy3Ke BXOJa Ha Z,, TO NAPaMeTPhl Z, H Z, Hadbl-
BAIOTCSl XApaKmepucmute (kUM CONPOMUBACHUAML YETHPEXTIO-
MocHuKa. M3 cpesaHHoOro omnpenesieHHsl sCHO, YTO NPH HArpyske
Ha XapaKTepHCTHYeCKHe COMPOTHBJIEHHS MO.1y4aercs Takoe Mo-
JIOXEHHE, TIPH KOTOPOM MeXaHHYeCKHe COMPOTHB.IEHHs Mo obe
CTOPOHB! OT Ka}M/JOro M3 KOHIOB YEThIPEXNOIIOCHHKA OJHHAKOBHI,
T. e. YeThIPEXNOJIOCHHK HarpyxeH Ha COIlZlacOBaHHbpE COMpPO-
THB.IEHHS.

UroOpl HaHTH XapaKTepHCTHYECKHEe COMPOTHBIEHHS, MO T0KHM
B ypaBHeHuu (1.50b) F;=2,,0; U Fy=2,4Uy; 3TO 1aET:

vy = (011 01922) Vo
U124 == (bgy ~f Da:242) Vo5
pasjie 1B BTOPOe ypaBHeHHe Ha TepBOe, MOJyuHM:

by 'h{’-:zzxz

B == ~,~— .
*1 by + bis2xs

Takast we nojcraHoska B ypasHenue (1.52) npuBOAMT K COOT-
HOLLICHHIO
b2+ b1z

z 2
byy 4012244

¢

X

CoBMmecTHOe pelleHHe OGOMX COOTHOLIEHHH Na&T BhIpaxeHuHe
XapaxKTepHCTHYECKHX CONMPOTHB/EHHH YeTHPEXNOJIOCHHKA Uepe3
ero .1MHefHble MapaMeTphl:

1/ builss _VIZET‘
ATV Bubi? TV By (1.54)

ITpuseném euwlg BpIpaxKeHHs XapaKTePHCTHYECKHX CONPOTHBIIe-
UHH MEXaHHYECKOro 4YeThPEXMO.II0CHHKA 4Yepe3 CONPOTHBJEHHA
KaKION H3 CTODOH MPH 3aTOPMOXEHHOH H cBOGOAHOM NpPOTH-
ronoaoxuo#t cropose. [Ipu 3aropMowEHHOM Bhixone (vy=0)
nMeeM H3 ypasHenns (1.50b):

F b,
By = (—1 =2
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(B 31eKTpUYECKOM C.lyyae 3TO COOTBETCTBYET BXOIHOMY COMPO-
THB/JEHHIO B DEXHMe XO0J0CTOro xojAa no Beixoay). Ilpu cBo-
GonHom (HenarpyxenHom) Boixone (Fy==0) Te ke ypaBHeHHA
HaloT!
[F\ b
1 21
Z“:K ) (1.55b)

27,, Fp=0 Oy

3/1eKTPHYECKH 3TO COOTBETCTBYET BXOAHOMY COUPOTHBIGHHIO
B PeXHMe KODOTKOro 3aMblKaHus Mo Beixony). [Jas cayudaes
3aTOPMOXEHHOIO H CBOGOJHOrO BXONa HMeeM H3 ypaBHeHHi
(1.52) cooreTcTByIOUHE BBIXO/HbBIE COMPOTHB/ICHUA

£y b :

209 = (77;2,)7’1 ==0= Ex: ’ (1-55(2)
=5 =0u

zm_\%)ﬁ‘;mo—bﬂ : (1.55d)

.~

IToncranoBka sHauenudt (1.55) B dopmyay (1.54) npuBoAHT K
BAXHBIM COOTHOLIECHHSIM:

Zxl =I/z0,zs, y Ry l/zoe%z . (1.56)

HeTbIpEXTIONIOCHAK HA3LIBACTCH CUMMCMPUMHBLM, €CIH

-
gt = 2pe =2, Z2517=Run=—R

NPHYEM paBHbl IPYr APYry W 00a XapaKTepHCTHUECKHX COMpO-
THB.ICHHS
B T= 21 T Zyns

3TO BO3MOXHO IPH YCAOBHH, YTO by = Dy,.

3ameHHB BO BCeX nocienHnx ¢opmyiaax IapaMeTps b, Ha
COOTBETCTBYIOUIHE @Q;,, Mbl MOJYYHM DS XOPOIUO H3BECTHBIX
(hopMyn TeopHH 3JEKTPHYECKHUX YETHIPEXIIONIOCHHUKOB, YTO CBS-
3aHO C (OPMaIbHOH TOXKIECTBEHHOCTHIO OCHOBHBIX YpaBHEHHH
(1.50a) u (1.50b). ITosTomy najbHefilllee H3I0KEHHE MOXKHO
IIOCTPOUTH CJelyIOWHM 05pa3oM: Beisi PAacCyXIeHHs B NpHMe-
HEHHH K 3JeKTpHUECKHM OQHILTPYIOWHM cxeMaM, M OyaeM
NUCaTh BMECTO 31eKTPHYECKHX BEJHUHH HX MeXaHHUeCKHe aHa-
JOrM M MOIYUYHM, TaKHM 0OPasoM, HEKOTOpbIE BaXHblE (HOPMY.1bl
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TEOPHH MeXaHHYeCKHX (.14, ¢ COOTBETCTBYOIHMH H3MEHEHUAMH,
aKycTH4eckux) ¢u.bTpOB.

PaccmoTpHM  cHayaia GecKOHeUHYI0 TNOC/AeN0BaTeNbHOCTD
OJMHAKOBBIX 3K TPHYECKHX 3jeMeHTOB (puc. 15, a); eé mexa-

y 2 2. 2

1 B, 1 1.

()
4 A : % ;

Puc. 15,

HHYeCKHH aHa/ior npencraBieH Ha puc. 15, b. Buineaum Heko-
TOpPYI0 4acCTb 3/1eKTpHueckofi cxeMb (puc. 16) u cocTaBum
OCHOBHOE COOTHOLIEHHe, MO0aAb3YAchb 3akoHamu Kupxroda:

23(V,4—0)—2,0;,= 23 (v;— V)

HIH
(Vi1 o [ Ui
2, ‘"o ——1) z _zg(l it

t/

Peuenne 3toro ypasHeHns GylaeM pasbiCKuBaTh B BHIE

z’ 2 2 7AW
Vimt Ui

’

——l s

rne Beauyiina
2

Puc. 16. 11a3bIBaETCA NOCMOSHHOL repe-
Odaxu. BBoas 3Ty NOCTOSHHYIO,
nepenuiueM OCHOBHOE COOTHOIIEHHE B Qopme

2 (1) — 2, =2, (1—¢9)
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HIM NOCTe HeCI0KHbX NpeoOpa3oBaHuit
=1+ (1.57)

Ecan nocrosiHuas . nepegaud 3 eCTb WiICTO MHHMOE KO.1H-
yecrpo 3=/0, 10

Ui | 18—
_l___lejll_l,

Vit

a 3TO O3HayaerT, 4YTO CKOPOCTH v, ;, U; V., B MOCAeIOBATEND-
HBIX 3BeHBIX CXEMbl Da3;IH4alOTC Mexay cO6OH TOJBKO MO
dase, umMes OjHYy M Ty Xe aMmILIMTYAy. IIpyrumu cJIOBaMH, npH
MHHMMOM® NOCTOSIHHO} mnepelayH cxeMa, KaK HPHHATO [OBOPHTE,
«mpo3pauHa», T. €. He BHOCHT 3aTyXaHHA B MOpollecce pacnpo-
cTpaHeHHs Ko.aeGanuit. Ilpu 3TOM YycioBuu ypasHeHue (1.57)
NpUHHMAeT BHI

2z
cosf=1-L_"-% (1.58)
22,
(Beavunna 6 HaswBaeTc pasosoll nocmosHnol). Pasencrso
(1.58) Moxer ObTh Y/OB.1€TBOPEHO JIHIUIb NPH YCAOBHH, 4TO
| ¥4

~1<17—2—z—:—§+1.

OuyeBHIHO, 1151 YAOB:IETBODPEHHs1 3TOrO  YCJa0BHS HeOGXOIHMO,

z ,
4T00bl OTHOLIEHHE ~z—‘ Ob1;10 NefiCTBHTEIbHBIM H OTPHLIATEIbHBIM,
2

YTO BO3MOXHO JIHIIb TOrAA, KOTAa JBYXNOMIOCHUKH 2, H Zy
PeaKTHUBHBI H HX COMPOTHBIEHHA HMEIOT MPOTHBOMO/I0KHbIE 3HAKH.
['pauniubl «no10ckl MpO3payHOCTH» (QHILTPYIOMIEH CXeMbl ONpe-
Nel1ATCH, KaK BHIHO M3 MOCIeJHEro HepaBeHCTBA, YCJAOBHAMM:

z ) z -
1 +§ZL2 =-L-1, otky1a Ei:o, (1.59a)
2 o L b)
1-- PN 1, 1. e. P 4. (1.59Db)

Boie:tny  Terepb HEKOTOPYIO 4acTh cxeMbl B (opme Tak
HasbiBaeMoro /-3meHa; ua puc. 17, a, b faHBl ero 31ekTpuue-
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ckas M MexaHuyeckas opmbl. [-3BeHO mpeacTaBiseT cOGOH
HECUMMETPUYHBIH YeThPEXMOMIOCHHK ; HCTI0B3Y S dopMyan (1.55)
1 (1.56), najiném:

2y =212, Zga = 2y,
B s (1.60a)
251 =21, Zﬂ:m .
J—
2 z
lezz‘l/ Il 2a=— " . (1.60b)

V1+% .

HMcxonHylo cxeMy MOXHO MpPEeNCTABUTH Takwe K B Qopme,
u300pamEHHON Ha puc. 18. BhieqnB uacTh, JEKAUYI0 MEWIY
cevenusmu AA n A'A’, mpl nonyuaem Tak Haspizaemoe T-3BeHO,

Z 9AeKTpHYecKas M MexaHudeckas

= /bOpMBL KOTOPOro H306paxceHsl Ha

puc. 19, a, b. T-3BCHO eCTb CUM-

(1) % METPHYHBIH 4eThPEXMONIOCHHK, A4

KOTOpOro, KakK BHJAHO 113 CXEMbl,

7 2y zgl +22'

e - zl S (1.61a)
/é/ z 2+ 227
i —

z m?‘]/1+4z‘ (1.61b)

Puc. 17.

BeigeruB na cxeme piuc. 18 yacTe, Jexainylo Mexay ceue-
HuaMn BB w B'B’, nonyyum cuMmerpuuHoe [I-3BeHO, 3/M€KTPH-
yeckas M MexaHuyeckas ¢OpMbI KOTOPOro TNpencTaBjeHbl Ha
puc. 20,a, b. W3- cxembl jerko Haxoaum s [1-3seHa:

2 — 22, (21 + 22,)
R (1.62a)
o 22,2, N
$ 2422 7
22y

(1.62b)

Pra—
Zy=—= p——
“/ 42_
21



§ 7] MEXAHMYECKHE H AKYCTUYECKHE ®UILTPBI 47

PaccMOTpUM Temeph HECKOAbKO MPHMEPOB MeXaHHYECKHUX 1
aKyCTHYEeCKHX (MIBTPOB HECA0XKHOTrO YCTpoHcTBa.

/ AP 7
M VN % :
| | | |
| | |
L ! ! :
2 |
i | | : Z
1 ] | !
| ; , !
I f f !
A A .3 51
Puc. 18.

Ha puc. 21, a, b npencraBied mexanuteckuii ¢utsmp
HUMICHUX %acmom W ero 3j1eKTpuyeckuifl aHaisor. Mol umeem

Z

]
— S

Z R
~[{>’<l~ 1 /\‘LF—-E
" . " 22
—Df} B ¢

Puc. 19. Puc. 20.
31eck 0ECKOHCUHYH T0C/neNn0BaTe bHOCTh [-00pa3HbIX 3BeHBCB
¢ mapamerpamu

zy=jom, zg=-—-.

[To dopmysae (1.59) umeeM naf1 rpaHii NOAOCH NMPONYCKaHNs
(«mpospaynoCTH»):

0, =0; 0= 2. (1,63)
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XapakTepUCTHYECKMMH COMPOTHBICHUAMH, cOr1acHO hopmMyaam
(1.60), 6ynyr:

» :jo)m,]/l — (%;3)2 2= ' (1.64)
' ijV 1 —<7f

CopeplieHHO AHATOTRYBBIA aKycmu4ecxal Puabinp HUNCHUX Hacmom

Puc. 21.

n3o6paxén na puc. 22; 114 9sToro QPuILTPA CUPABENIMBBL TC Xe dop-
MYabl € 3aMEHON MCXaHHYEeCKMX MapaMeTPOB Ha aKYCTHUECKIe

_ b .= v
§ e b

npuuéM fAas  BepXded TPaHMIBI MOJNOCH NPONYCKAHHA MOayvaercs

dopmyna
- —9 ‘rP(.l/ - V 1.65
y Myty V =2y v (1.65)

@
Heckoasko Oo‘lee CJAOXHBIN THIT 70.20CH020 MEXAHIMECK 020

my=

| & I : &
M My My My

P, v
5

7

Puc. 22

durpsmpa n306paxeH Ha prc. 23 a, b; 3decs nyvceM crenymwiee:

1
ar=jom + o ch ) By = Jjecy

3
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a rpaHuLBl [0J0CH RPONyCKaHHs

. 2 /T 1
O = —— Wy =

Y me S |/ m 2 T4c‘ '
Omnpene.leHne XapakTePHCTHYEIKIIX COMNPOTHBIEHUil, COriacHo
(1.60), npusoautr k pesyasTaty:

Qw?
xl'—'./“)m<1—__)]/ -+ ““““:ui'j;r,

2=
jmcgl/ l+ - 208

w:——w*

(1.66)

(1.67)

ITpu paccMoTpeHuu cbmprOB, COCTOAIIMX M3 HECHMMETpHU-
HBIX [-3BCHbEB, [0:1€3HO BBECTH euI® IOHATHE O B80AHOBOM

_‘(aji»/’ % o'u %/ o'c % ou ---
Lo Loy Ly Lfm&

v a,—/m UWJTWK}TWZ’;G’I"
L[ T T . [

Puc. 23.

conpomus.lenuy. J1an BHIACHEHISS 9TOrO BAaXHOTO MOHATHs Mpex-
cTaBUM ce0e YeTHIPEXNOMIOCHHK, BXOIHAt H BbIXOJHAs CTOPOHBI
KOTOPOrO HarpymXeHpl COOTBETCTBEHHO Ha CONPOTHBIEHHS Zpg
W 25, eCA¥ 3TH napaMeTpbl MOAOGPaHB TaK, UYTO BXOMHOE

, F,
CONPOTHB/JEHHE YETHPEXINOII0CHHKA (#) pPaBHO 2y, KOrIa
. 1

BHIXOJIHAad CTOpOHA HarpyXeHa Ha Taxkoe e CONPOTHBIIEHIE Zy,
. ; F

a COMpOTHB.IeHHE CO CTOPOHH BEIXONA (\761> paBHO Zy TIpH
2

BXO0Je, Harpy»XeHHOM Ha TaKOe )X CONMPOTHB/EHHE Zg (pHC. 24),
TO mapaMeTphl Zgz; H Zgy HA3BIBAIOTCH BOJHOBBIMH CONpPOTHBIE-
HHMAMH YETHIPEXIONI0CHHKA,

CmplC1 BBeleHHs BO.THOBBIX NapaMeTPOB CTAHOBHTCS IOHAT-
HBIM H3 CIEAyIOIHX coo0paweHnud, BCNOMHHM, YTO OCHOBHEI¢

4 DICKTPOARYCTHHS
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dhopMy/ibl, onpeneadloniue rPaHULbl MOJOCH NPONYCKAHUA, BhiBE-
NeHbl B MPEANOMOKEHHH TPHMeHeHus OeCKOHEWHOM nocienoBa-
TeNBHOCTH OIMHAKOBHIX 3BeHheB. Bo3HHKaeT, ecTeCTBEHHO, BONPOC
0 TOM, KaKk MoxeT OniTh MPaKTHYCCKH peasin3oBaHa OecroHen-
Has [OCAENOBaTeNbHOCTh 3BeHpeB. UTOOB OTBETHTH HA 3ITOT
BONPOC, BEPHEMCH CHOBAa K GeCKOHEYHON 10C/IeN0BaTe1bHOCTH

T ZygThy Zg5~~Zr

yYo0<t— o — >3

Puc. 24.

[-3BeHbeB, M300paxéHHOl Ha puc. 15, @, un coxpaHuM OT Hed
TONBKO OJIHO MepBOE 3BEHO, Harpy»XeHHOC Ha HeKOTOpOe COnpo-
THBAEHHE 2y (puc. 25). Ecam 3TO CONPOTHBICHHE 2y IKBH-
BaJAEHTHO OTOPOIEHHON OGeCKOHEUHOH T0C/eN0BaTeIbHOCTH, TO
OHO JOJKHO pAaBHATbCS BXOJHOMY CONPOTHB/IEHHIO CXEMLI
puc. 25; xecficTBUTENbHO, COMPOTHBICHHE GeCKOHeyHOl1 mocie-

JI0OBATENbHOCTH OJITHHAKOBbIX 3BEHbLCR

~5 He MOXeT H3MeHHThLC OT AobGaBie-
Hud eng OAHOro TaKOro Xe 3BeHa.
H BXOIHOC THBJEHHE
Z8(— g 5, Ho cca OJIHOC COMPOTH

4eTHPEXTIONIOCHHUKA, HATPYKEHHOrO
€O CTOPOHH BbLIXOA HA Zg1, PABHO
Zs1, TO, COINIACHO OlIpee/IeHHIO, Zgy
Puc. 25. €CTh  BOJHOBOE  COIIPOTHB/AEHHE
Bxona. Takum oOpasoM HeCHMMe-
TPHYHOE 3BEHO, Harpy:XcHHOC CO CTOPOHBI BHIXONA HAa BOJHOBOE
CONpPOTHB/EHHE BXxOma, OOnafaer cBoficTBaMH GeCKOHeuHOH mO-
C/ICIOBAaTC/IBHOCTH ONMHAKOBBIX 3BEHBEB ¥). ~
He omnpcneasis BOJHOBEIX CONPOTHBJIEHHH TPOH3BOALHOIO
HCCHMMETPHYHOTO UETHIPEXTIONIOCHHKA, OrPaHHYUMCA BbIUHC/ie-
HHeM Zy; 1ad [-3BcHa, wsobpax&nHoro na puc. 25. Tlo ompe-
JeNeHHI0 BOJIHOBOrO CONPOTHBJEHHA HMeeM

_ 2228y
N

¥) JIng CUMMETPHYHBIX YeTHIPEXTOMIOCHHKOB HET Pas3iTnyufA Mexny
BOJHOBBIMH M XapPaKTEPHCTHUECKHMH CONPOTHBICHHSIMH, IIOITOMY NpH-
BeIEHHOE PACCYXIeHHe OTHECEHO K HecuMMerpuunomy [I'-3Beny.
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HJIH
2
Zgl““ZlZgl"‘le.z = 0,
OTKyHa ‘

oy = %ivg-)“-yz,zg. (1.68)

3nak nepen KoOpHeM BbIOMpaercss Tak, 4TOOb HeficTBHTE/NbHas
4acTb Zy;, Oblila NOJOKUTEIBHOIL,

Has ¢uabTpa HiDKHMX vactoT (puc. 21) dopmyna (1.68)
nagér:

z=joly O 15 (1.69)
AJs nofocHoro QuabTpa (puc. 23) tbopMyna APHBOIUTCA K
BUIY

z.,1=j<<»’” m)wm (1-—“;’}{)(1#%).(1.70)

§ 8. OrAbLTPH BepXHAX HACTOT. PuibTp BEPXHHX vACTOT,
peanu3oBaHHbiit B (opMe 3sMeKTpHUECKON CHCTEMBI, COCTABAAETCH IO

c ¢ c ¢
v L c% Ly L %

P, 286,
HU3BECTHOH CcXeMe ¢ MHAYKTHBHOCTAMH B napallelbHbiX MIeYax 4 EMKOo-
y Zy=jol

CTAMH B HocrefoBarenpHbix (puc. 26). Ipn arom Z, = ol
H IS FPAHML [OJOCH NPONYCKAHUA NOTyyaercd:

1

(Dl =—272——__Ej—‘ (D2___.‘ o0,

[MomnpiTka peaausamny MeXaHHYECKOro aHaxora 3Toff cXemsl Haral-
KHUBaeTcsl Ha caelylouiee 3aTPYIHEHHe: SMEMEHTHl MAacchl, KOTOPBIMH
JTOMKHEI ORITH 3aMelle s HHAYKTHBHOCTH, BCEraa UMeoT 001mHui Noqoc—
cHCTeMy OTcYéTa — H, ClIeJoBaTeqbHO, COCIHHEHbI B Y3eJ, YTO COOTBET-
CTByeT MOCTeIOBaTelbHOMY, a He napamTeabHOMY BKIIOYEHHIO aHAMO-
THYHBIX UM HHIYKTHBHOCTeH. OTClofla BHIHO, YTO C HOMOLIbIO OOBIYHOrO
3MeMEHTa MacChi Helb3fl PeaaH3HPOBaTh MeXaHHYeckuil GUIbTP BePXHHX
yacrorT. OnHaKo 3TO OKa3bBaercsi BO3MOXHHIM NPH HCNOTb30BAHHH

4*
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kOMGHHAUMH [OCTYMATeIbHOr0 WM BpallaTeAbHOTO MBHMEHU# Teda, Ha-
npuMep, pelyara co cBoGouHo#t (7. e. HeduKCHPOBaHHOM) oChIO Bpa-
Ll eHHS.

[as~ BoIACHEHHS CYIUHOCTH [era 3aMeTHM NpelBapHTeAbHO, YTO
IHEPrHI0 MATHHTHOTO MOJMS KAMIOH M3 11aPATIEIbHO BKIIOYEHHBIX Ka-
Tymek (GaapTpa_MOKHO NPEACTABHTH B BHIE

@ 2 1 , ,
g | Eyarg = ) L(ig+ipn)=
I 2%
A 1. . 1,
?’Z = Lik+ Ligigss +5 Lk, (L71)
4 7 ”r ( 4

rie iy U ipyy — TOKU B CMEXHBIX MOCAENOBATENb-
HBIX Naeyax ¢uabTpa.

Tak kaxk aHaioroM MarHuTHO® SHepruil
ABIAeTCA KHHeTHYeCKas, TO NI YCTAHOBJEHHs
BO3MOXKHOCTH peaTH3alil MeXaHHYecKoro aHa-
a0ra mnapamrenbHOH HHAYKTHBHOCTH BbIYHCIHM
KHHeTHYeCKY!0 SHepruio cBoGoauoro prwyara. [Ipn
INIOCKOM [IBHAEHHU 3TO — CHCTEMa C IBYMS cTe-
NeHAMH CBOOOMAbI, MOI0XKEHHe KOTOpoil MoXer
OBITb ONpefeneHo ABYMs He3aBHCHMBIMH KOODPJH-
HaTaMH. M3BecTHO, 4TO MNPOM3BOJbHOE HepeMe-
HeHHe TBEPHOrO Tena MoOxeT ObITh CBENEHO K
JABHEHHIO NEHTPA TAXKECTH (B KOTODOM MOXKHO

Puc. 27. CYUTaTh COCPEJOTOYEHHOH BCIO MacCy m Teaa)

H K MOBOPOTY OKOT0 LEHTPA THIKECTH KaK OKOMIu

HenoaBHxHOHK Touku. [To3ToMy BHOepeM B KayecTBE KOODAHMHAT CMe-

IleHHEe Y UeHTPa TAMECTH DhIYara ¥ yroa Nonopora ¢ BOKPYT OCH,

npoxoasiuell yepe3 uentp TamectH (puc. 27). Ilpn aroM KHHETHYECKa:
SHeprus pHyara 6yner BbIPA:XEHA COOTHOLIEHHEM

m LR
R

R R
w
3

N
‘Q‘\«-\\\‘\\

P o3

L~‘;‘/g-l

1 . 1 .
E = 3 my® + 5 mhiet,

. h=— V-L
i

ecTb TaK Ha3biBaeMHIH pajuyc MHepuuu (/— MOMEHT HHEpIHH PBIYATI
OTHOCHTEIbHO OCH, NMpoxojsule yepes LCHTDP TAHECTH).

BBenéM tenepb B KauecTBE HOBHIX NEePEMEHHBIX CMEIUEHHA Y H Y,
KOHLOB pBIYara; NpH MalbiX CMELIEHHSX CBA3L HOBBIX KOODAHHATr
(¥1, ¥3) CO CTApLIMHU (¥, ¢) HMEET BHJ

rae

Vl =‘—)’ —l" IJ‘?)
Vye=y — by,
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-
rie /;, u I, — pacCTOSHMA KOHUOB phiyara oT LEHTpa TAXecTH. Pewas
9TH yPaBHEHHUS OTHOCHTEIbHO ¥V H 9, HaXOMIM:

-G
|

1
= TO’L — ),
y= - y1+ .V.zy

rae [ =1, + I, —a1uHa peiyara. [TogcraHoBKa 3THX 3HAYEHWH B BeIpaXe~
HHE KHHETHUYCCKOH 3IHepruu NPHBOAMT K peayabrawy
I m . .
Eou= TR l"y1+ 11}’2)2“}‘ ) m ( ) ¥ —¥2)*.

PackpuiBas cxolxH, npuBel&M 3TOT pe3yabTar K Bily

1. T
B =5 myi+ muyisa+ o myl (1.72)
r.e ’
. 2+ )
B4+ hn l 1.7
my=m _l.lj“ (1.73)
myg=1— B

HeprI{HO BIlIETE, YTO CCTIH BCSH Macca pbiyara cocpenoroteHa
B €ro cepejiuHe (‘{TO NPAKTHYECKI! MOXHO CIeTaTh IUUL C 3BECTHLIM

1
npubanxenneM), To A=0 u [, :l._.=§ 7. B atom c.yuae

m ,
My= My =M= 4 = ',

¥ QopMyIa KMHETHYeCKOH 3Hepruu polyara MPHHAMAET B

1 . N
E = MV my.yy -+ 5wyl

Terepb MB! MMCeM MOJIHYIO aHATOTHIO € MarHMTHoit seeprueit (1.71)
Karymwex QUILTPa BEPXHHX YacToT.

Orciona ¥ creiyeT, YTO CHCTEMa HIADHHPHO CBA3aHHEX PBIYAroB C
MaccaMu m =4m’', cocpelOTOYEHHBIMH B CepelHMHAX, HPHYEM LIADHH-
PBl OMMPAIOTCA HA NPYXHHBI ¢ (pHC. 28), o6ralaer CBOHCTBAMH MeEXd-
HHYeCcKOro GUIbTpA BEPXHHX YaCTOT ¢ PAHHUAMIH [10.0CHl NPONYCKARHA

1

(Dl—_—.———_-—-:—' W, == 00,

2 Y me’
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CxaxeM emé HeckOIbKO CIOB 00 aKkycTHYeckoM (uIbTpe BEepXHHX ya-
crot. PaccmorpuM TpyOy C OTKPBITHIMY GOKOBHIMH OTPOCTKAMHM, H30-
Gpaxéunyio Ha puc. 29. BosnywHsle 0o6BbEMBI, HepeMellaouiiecs B OT-
POCTKAX, IPEICTaBASIOT cOGOM 31eMEHThl dAKYCTHUECKO ! MACChI, KOTOPHIM

-—

-—

Puc. 28.

Ha CXeMe TEKTPHYECKOrO aHaJora MONKHBI COOTBETCTBOBATH MHIYK-
TUBHOCTH. HUToOB peWIHTh BONPOC O cnocoﬁe BKAOYEHHA 9ITHX HHIy-

__l”’al__lfﬂaL_JmaL___!’”al__

P ta Ca ‘a

KTHBHOCTell, o6paruMcs
K coomomeumo Mexay
06’ bEMHBIMH NOTOKAMH

Vg, Vg B Tpybe mo
00e CTODOHBI OT OTPOCTKA

Puc. 29.

CHTYy HEYHHUTOXAaeMOCTH BELICCTBA.

(puc. 30). Cyuras B mep-
BOM NpHOMIKEHHH Cpeny
HeCXXHMaeMo#, uMmeeM B

Uio = Vg — Vptns

T. €. IOTOK 4Yepe3 OTPOCTOK PAaBCH pHBHOCTH IIOTOKOB 10 M nocxe OT-

pocTka. JTO pacCyxIeHue 1okKa-
3pIBAeT, YTO HHIYKTHBHOCTB, CO-
OTBETCTBYlOIIAd  AKYCTHYCCKOM
Macce B OTpPOCTKe, IOMKHI
6BITh BKIIOYEeHA TAKUM 00paschm,
yroCB TOK yepe3 Heé (aHaTo-
FHYHBIA MOTOKY yepe3 OTPOCTOK)
PABHANCA PAa3HOCTH TOKOB 10 H
nocae BKIWOYERHON MHAYKTHBIIO-
CTH: ICHO, YTO HHIYKTHBHOCTD
ROMKHA GBITH BKAOUEHA mapai-

Uiy

Uyt ?

Prc. 30.

Aeq15>HHM wiyHToM. Ecau oTpeskd rrasHoit TpyOBl MEXIY ABYMS 0TPOCT-
KAMH CYHTATh (OTKA3KIBAACH OT paHee CAETAHIOrO MpPelNOTOKEHUA
OTHOCHTEAbHO HECKHMMAeMOCTd) 3a HeKOTOphie COCPCLOTOYCHHBIC THJ-
KOCTH, TO CHCTeMa pHC. 29 ecTb (GHALTP BEPXHHX 4acTOT.
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HemocraToynas yGefHTeAbHOCTD U3.T0MEHHMXBLILIE COOOpaMEHHH
CBHUIETEALCTBYET MpexIe BCEro O TOM, YTO TPAKTOBKA AaKyCTHYECKHX
¢ua>TpoB a6oro THHA KaK CHCTEM C COCPelOTOYEHHHLIMH NapaMeTpamu
MOXCT [1aTh B AyylleM Ciyyae JAHWDb nepBoe rpyb6oe npuOaumende

-t
—~ —
S

~

Puc. 31.

K neficrButensnocTd. Tak, NHpPH TOYHOM HCCAETOBAHHH M300paxEHHON
Ha pHC. 29 cHCTeMbl OKa3bIBaeTcH, YTo oHa (YHKUHOHMDYET Kak moxoc-
HEH QHIBTP C YepelYIOUIUMHCA MOJ0CAaMH MPONYCKAHNS M MNONABAEHHA.
To Xe cNpaBelUBO H B NPHMEHEHHH K aKyCTHYEeCKOMY (uabTpy pHc. 3],
KOTOPHI# HECKOAbKO CXeMaTHYeCKH H300paxaer ycTpPoHCTBO, NpHMe-
nsgeMoe IS TAYWEHHS BHIXAONA aBTOMOOHABHOTO JBHraTend.



FTABA 11
3BYKOBOE MNOJIE

§ 9. Iepemennrte, xapakrepuaywomme mnoxe. IIpouecc
MOCTENEHHOr0 PacnpoCTPAHEHHA BO3MYIICHHS B ynpyro#t cpene
Has3LIBAETCH 3BYKOBOM BOJHOH; 061acThb NPOCTPAHCTBA, B KO-
TOpOH HPOHCXONHT 3TOT fIPOLECC, JPYTHMH CJAOBAMH — 03.1aCTh,
B KOTOPOH HaG/I0f1aeTcs BO3MYIUIEHHE, TPHHATO Ha3biBaTh 38Y-
KOBbLM NOAEM. .

3ByKoBbLIE BOTHH B XKHAKOIl H ra3006pas3Hoil cpeaax sBAAIOTCS
BO.THAMH npo00abHbLASH; STO CBA3aHO C TeM, 4TO MpH nedopma-
UHAX BCCCTOPOHHErO CXaTHUfl YNpyrHe CHJIbl HMEIT XapakTep
HOpMa:IbHBIX J1aBJICHHH M BBI3HIBAGMBIC MMM JBHXCHHS TIPOHCXO-
ST TEpIeHIUKY.IapHO K (poHTYy Oeryuieft BOIHb, T. €. B Ha-
npaBJICHHH €& pacnpocTpaHeHHs. B TBEpasix Tenax, o06.1agaio-
IWHX YyNPYyrocTbio GOPME!, HAPALY C HOPMaJbHBIMH HaINPSKEHHAMH
obbéMubIX jedopmauufl, BO3HHKAIOT W KacaTeJbHble Hanps-
’KEHHAI C/BAra; CBfI3aHHBlE C HHMHM faedOpMallMk pacnpocrpa-
HAlTCA B GOpME nonepeHsx BOAH. B manbHeiimieMm Mul orpa-
HHYUMCSH JHilb NPONOJIbHBIMH BOJHAaM# B KHAKOH H rasoodpas-
HOH cpenax.

3ByKOBOE MO.1C TMO/HOCTBIO ONpENEIEHO, ecIH [Aad Kamaoi
€ro TOYKH H [ KaXIOro MOMEHTa BPEMEHHM H3BECTHA OJHA
U3 CJAENYIOUIHX BCIHYHH:

1) Bexrop cmewenus  KoJeaomelics yacTHUB CPCasl U3
TIOI0KEHHA DaBHOBECHS (€HHHLLA H3MEDEHHA — CM).

dy
d—t}(oneGaTeanoro JBHKCHHA Ya-

CTHLBI cpesl (cH/cex); 3Ty BeauyHHy B JaibHefimieM mbl GyaeM
Ha3biBaTh K0.1e0ameAbHOl CKOPOCTBIO.

3) UsbbiTouHoe (WM, HHaue, 38YK080e) IaB.ICHHE pB cpeie
(cnuuuiia m3MepeHus — Gap =1 Oun/cH’).

2) BekTop ckopoctH ¥ =—
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4) [Tomenyuan ckopocmu <, CBH3aHHMH C KOIeGATEIpHON
CKOPOCTBIO COOTHOlWEHHeM o= — grade (eaurvuma H3Mepe-
Hus — cm?jcex); o0 sTofl BeIMuMHe Oyner noipo3Hee Ckasa-
HO HHXE.

O Ipyrux nepeMeHHbIX, XapaKTEPH3YWIIHX 3BYKOBOE MOIE,
HanpuMep 05 H3MEHCHHAX I[IIOTHOCTH M TeMmepartypul, Oyaer
CKa3aHO HHXKE TNpPH BHIBONE OCHOBHBIX yDaBHEHHH.

§ 10. OcHoBHbie ypaBHenus. IJoae Ko.jeGare’bHOH CKO-
pOCTH ® IHHAMHYECKH CBA3aHO C nOJeM 3BYKOBOIO IaBJIEHHA p,
NOCKO/bKY JBHXEHHE YaCTHIL yrpyro#t cpelbl BLI3bIBAETCA MMEH-
HO CH1aMH H36bTOuHOro najieHHs. CBA3bp MEXAy AaBJIEHHEM H
CKOPCCTbIO (TOYHEE—YCKOPEHHEM) BbIPAWaETCsl COOTHOLLEHHEM,
B KOTOpPOE€ B KayecTBe (aKkTOpa, XapaKTEPH3YIOWEro HHEPIHUKO
YaCTHI,, BXOMHT IIIOTHOCTh p CPeinl.

[Tore n/10THOCTH, B CBOIO O4YEPEnb, ! 7
CBSA3aHO C TMOJeM MaB.IeHHSA ypaBHe- ! pY '
HHeM cocTosiHuA. [Janee, 1OMKHO Cy-
LIECTBOBATb M YHCTO KHHEMAaTHYECKOe
COOTHOILIEHHE, CBA3bIBAIOILEE CKOPCGCTh Puc. 32.

YaCTHIL C H3MEHEHHEM IITOTHOCTH CPeibl

B OKpyxamueM o0béMe. YDaBHEHHsI B YACTHBIX TNPOHU3BOIHbBIK,
CBfI3bIBAIOLIME BEIHYHHB @, p, p, SIB.IAIOTCS OCHOBHHIMH YpaBHE-
HHAMH aKyCTHKH; BBIBOJOM STHX YDaBHEHHH MBI H [OJIXKHBI
TENepb 3aHATLCA. .

1) Ypasuenue wenpepvignocmu. PaccMOTPHM BEKTOP pa,
(pn3UYECKAN CMBIC.I KOTOPOIO 3aK.I1I0YaeTcs B TOM, YTO OH Xa-
paxTepu3yeT NMOTOK BENIECTBA 4YepPe3 EeAWHUILY mMioiLaxH (nIoT-
HOCTb TNOTOKa). J[IeHCTBUTEABHO, €CIH NPENCTaBHTh Cede, 4To
B OJHOPOJIHOM TMOTOKE BHIAEJIEH HEMOABHXKHEIY 00BEM C OCHO-
BaHueM B 1 c#? M BbICOTOH, YHCIEHHO paBHOM CKOPOCTH v
NOTOK3, TO BCE BemectBO (pv), HaXOAAWIEECH BHYTPH 3TOrO
00bEMa, NO/MKHO TMPOATH uepe3 OCHOBAHHE B TeueHHe 1 cex
(puc. 32). [luBeprenuus BEKTOpa pv HMEeT CMBICA MOTOKAa Be-
IIECTBA YEPE3 NOBEPXHOCTb, OrPAHHYHBAIOIULYIO EAHHHUILY O0'bEMa,
BBIJIEZIEHHOrO B noae BekTopa ®. Tak Kak AUBEPreHIHUs CUHTACTCS
T0/I0XHUTENbHON, KOCNA NMOTOK HanpasaeH Hapyxy, to div (po)
AO/MKHA OBITh DaBHA YMEHBIUCHHIO MacChl eguHHubl 00bEMa
B EIHHHLY BDPEMEHH! '

div (po) = — 2. @.1)
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IT0 ypaBHEHHE BBHIPAKAET HENPEPHIBHOCTb M HEYHHUTOXKAEMOCTD
BEUIECTBA.

2) Ypasuenue Osuscenus. bBymew cuutath cpemy, B KOTO-
po# pacnpoCTpPaHAIOTCS 3BYKOBbIE BO.IHBI, HEBASKOH, HPyruMH
croBamu, OymeM mnpeanoJaraTh, YTO anKeHue 4aCTHI, BbI3bl-
BAETCAA TOABKO HOPMA/IbHBIMH [aBJACHHAMH H YTO KAacare/ibHbIMH
CHJIaMH TPEHHA MOXHO mpeHedperarts. Toraa ypaBHeHHe ABHKe-

HHS <«YaCTHIBI» C Maccoht ‘fpdV (V —>1emenTapHefl NOABHX-

V -
Hboft OObEM, pacCMaTpHBAEMblfi B Ka4yeCTBE 4YaCTHIbl CDelb))
MOXHO HamucaTh B BHJIC

[ »‘%dv—_-—-§pd5.
14

[ToBepxHOCTHBI}t HHTErpan B mPaBO# yacTH GEPETCA MO BaAMKHYy-
TOW TMOBEPXHOCTH, oOrpaHHuHBawImEed o6bEM V; 3Hak MHHYC
CBSI3dH C TEM, YTO MOJOMHTEJAbHOU HOpPMaibl0 K dS cumraercs
BHCwnAA. [lnA mMOAyuYEHHS HYXHOro HaM ypaBHEHHA 3TOT HH-
Terpai Heo6xogHMo npeoGpasoBaTh B 0GBEMHbIH. DTO OCyme-
CTB.ISIETCH HCII0/1b30BaHHEM Teopemnl ['aycca. Ilycrs @ — nmpowus-
BO/IbHBIY MOCTOSIHHBII BEKTOP; HAIIIIEM

div (ap) = p div a -}- (a grad p),
§ a,p dS:j‘ div (ap) dV=J‘ (pdiva-}-agrad p)dV
v v

u, Tak Kak diva=10 (a=const.), To
I(agradp) dV=§ a,pdS.
_V
B cHay nmpou3BO.IbHOCTH BEKTOPAa @ 1OKHO GHTh
(é;pdS: j‘gradpdV.
Vv

YpaBHcHHE NBHXEHHS TPHBONHTCA K BHIY

’ PRy =— fgradpdv
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H, TaKk Kak o0b&M V npousBojeH, TO

d
pp=—gradp. (2.2)

IT0 — ypaBHEHHE [BHXKEHHA CPEJbl, HA3BLIBAEMOE yDaBHEHHEM
dftaepa.

3) Ypasnenue cocmonnusn. O6béMHBIE NePOPMALUH HIACAND-
HON (HEBA3KOH) cpenbl, UMEIOLHE MECTO NPH PacCrnpoCTPAHEHHH
B HCH 3BYKOBBIX BOJH, fIBIAIOTCA aguabaTHBIMH, T. €. MPOHCXO-
nar Ges tennoobmcHa. ITostomy maa rasoobpassodt cpelsl cie-
JyeT HMCXOAHTb M3 ypaBHcHHA Ilyaccona

Pp~1 = const.

3necs P ecTh MOJHCE HABJCHHE

N

P=Py+tp,

P, — naBicHHE B HCBO3MYIUSHHOH Cpeie, Y—OTHOLICHHE yae/lb-
HBIX TEMIOEMKOCTEH NPH NMOCTOAHHOM [AB/JEHHH H TOCTOSHHOM
o6béme (mas Bosmyxa Py=10% 6ap ectb armocgepHoe nasie-
Hue, 7=1,4). [Qucpdepenuupys ypaBHcHHe anuabaTbl, HMeeM:

d(Pp ) = —Pp T ldps-p1dP =0

WM, TOCAE COKpAIEHHA Ha p T,

—1§ dp1-dP =0

YyureiBag, uro dP=dp, umeem orcrona:
4 __1P 2.3
dp ™ p (2.3)

B cayuae xuaxo# cpempl HCXONHM H3 OMpEHCTEHHA KO3¢-

(ULHCHTA CHUMACMOCTH:

1dv
K=—vap-

Tak xax

dv __dp .
—y =5 H dP==dp,
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TO
K==L
p ap
OTKy 14
dp 1
dp- Kp' (2:4)

§ 11. MoTenuuan ckopoctH, Mansle nBHMEHHA HI1ealbHOR
(HeBABKOH) MHAKOCTH SABAAIOTCA OC3BHXPCBHIMH (rot © = 0);
IIPH 5TOM YC/IOBHH Ko:je6areabHasi CKOPOCTb U CCTh MNOTEHIH-
aapHbI BEKTOP, KOTODBIfI MOmET GbiTh BbIPAXEH KaK CpafHeMT
HCKOTOpPOH cKanapHoi dyHkuuu. IToroxum

v == — grad g; (2.5)

ckaiapHaa QYHKUHA ¢ 1a3bIBaeTCA NOTCHUHAIOM CKOPOCTH.
Cesi3b NOTEHUHMA1a @ CO 3BYKOBBIM [HaBICHHEM p MOXKHO
HaiTH clemylomum obpasoM. B caywae Maibix KoaeGaHui
_— !
p="po—1-3p=Zpy
(py — NMAOTHOCTh HEBO3MYHIEHHON Cpelbl; IIPH A4B.ICHHAX NOPSAI-
8 — r3
Ka 1 6ap—;- uMecT BeawuuHy nopsinka 1078). ITpenebperas us-
0
MEHEHHeM ILIOTHOCTH, nepenumeyM ypasHeHHe (2.2) B BHe

40 1 orad
ar = —,, 8raap.

Mirerpupys, Haxomuu:
o=— L J‘ gradpdt:—grad ’/—I—Afpdt\ .
Po \Po . /
CpasHeHHe 3TOro pesy.aeTata ¢ onpeneicuueM (2.5) HPHBOAHT
K dopmyae .
¢:%§p& (2.6)

OTKyla BHAHO, WYTO IOTGHIHA1 CKOPOCTH TNPONOPLUHOHANCH
HMIy1bcy naBieHHd, duddepeHunpys no BPEMEHH, HAXOIHM
MCKOMOE BbIPAXCHHE 3BYKOBOTO [dBJICHHA 4HEPE3 MNOTEHI[HAT
CKONOCTH:

-6

@.7)

S

. P =Po
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IToTeHuHa 1 CKOPOCTH [IPEICTaB.IAET COGOH BCMOMOTaTe bHYIO
BC.AHUMHY, [0.1b30B4HHE KOTOPOH OYeHb 06.1er4aer pacyér 3BY-
KOBbIX NO:1ed; KOrna 9TOT MOTEHIHal Ha#IeH, Torfa lpakThye-
CKH HMHTEpECHble BEJHYHHL © M p JErKo MOryT OhIThb Onpele-
aensl no ¢opmyaam (2.5) u (2.7).

§ 12. Boanosoe ypasHenue, OrpaHnyuBasch W jpaiee Ciy-
yaeM Malblx Koae6GaHuit (3TO moyrH Bcerda MOMYCTHMO B MpaK-
THKC aKyCTHYeCKHX DPACYETOB BBHAY HHUYTONKHO MalblX AMILIH-
TyL 3BYKOBBIX KoneGaHufl), Mbl MOXeM B ypaBHeHuu (2.1)

0 . .
—0—§=pd1vv~¢(wgrad p)

npeHebpedb LIOCICAHHM 41€HOM BTOPOro Hopsgka maitocrti. ITo-
Aaras pZS<p, NEpenHmieM 3TO ypaBHEHHC B BH[e

Loy
py OF °

Beons cioga 1o gopayie (2.5) norcHUHAT CKOPOCTH P, HOIy-
YHM

I dp

div gl‘adcp_—.—_v‘-cpzia—z-, 2.9)

rae y2==divgrad cctb cHMBOa IH(dEpeHLIIaTLHOrO ONlepaTopa
Jlannaca. -7

" C nmpyro#t cTOpOHBI, NpU MaIbX KonebaHHAX ypaBHeHud (2.3)
i (2.4) MOXHO HamHcaTb B BHIE

0~ 2.9)

1€ ¢, €CTh HEKOTOPAas KOHCTaHTa, CYIECTBEHHO MOJI0XKHTE/b-
vaf, TaK KakK [aBJIeHHE BCerda pacTéT ¢ yBeIHYeHHEeM IL10T-
HocTH. Hanuuwem rteneps

dp__0p Op__1 dp__ p 9%

Ot dp ot & of & ot
{loAcraBasa B ypasHenue (2.8), nmeeM OKOHYATENBHO:

v*y:%g 5. © O (2.10)
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IT0 ypaBHEHHE OMHCBHIBAET PACpOCTPAHEHHE 3BYKOBHX BO.TH
Manol aMNnJAHTyabl B uaeanpHON (HEBA3KOH) cpene; OHO Hasbl-
BACTCS B04HOBLIM YpPagHEHUeM W FABIAETCA OCHOBHBIM Judde-
pPEHLHATBHBIM ypaBHEHHEM 3BYKOBOI'O
nond. B mekapToBBIX KOOpAMHATax
X, ¥, 2 BOJHOBOE YpaBHEHHE HMeEeT
BUJ

0? 1 of

St St = a g @l
’
B HCKOTOpBHIX ciyyanx ynobHee 10/b-
30BaThCA CHEPHYCCKUMH KOOpIHHA-
TaMli: pagHyCOM-BEKTOpOM r, a3umy-
Puc. 33. ToM ¢ u yraom 0, JOMOAHHTENBHBIM
no muporsl (puc. 33). B chepryeckux

KOOpAHHAaTax BOJHOBOE YpaBHEHHE NPHUBOAHMTCA K BULY

2 09 | ingd%\ L 1 O
= ar( ar )T r’smﬂdﬂ (S‘“e ae>+ FSint0 04
1 0%

= oa . (211D)

§ 13. Ulaposas BoaHa. B 1uciaoM psac  NpPaKTHYCCKH
UHTEPECHBIX C/AYy4aeB 3BYKOBBIE BOJHBI OT MAajlOro HCTOYHHKA
pPacnpoCTpaHATCA pPaBHOMEPHO MO BCEM HANpPAaBJCHHAM, MpH-
4&M (pOHT BOJHB HMeeT cdepudeckyo ¢opmy. Takasa BO/HA
HasplBaeTcl maposoii. B mapoBoft BoJHE MOTEHUHan CKOPOCTH
3d8BUCHT, MMOMHMO BPEMEHH, TOJbBKO OT BEJHYHHBl paguyca-Be-
KTOpa r, T. €. OT DacCTOAHHSA MeXIy paccMaTpHBaeMoil TOYKOH
1017 W UEHTPOM BO3MyuieHus. IIpn 3ToM ¢ He 3aBucuT OoT 6 nu ¢,
v ypaBHeHHe (2.11b) upuunmaer ropasmo 6ojee mpocToit BHI:

19 (,e 931) =1 % (2.12a)

rior or ci ot

HenocpencreeHHsiM  nuddepeHUUPOBAaHHEM MOXHO YOEIHTHCS
B TOM, 4TO

L] 200\ 0% , 2 O¢ 1 o2
Far (7o) =G or = o
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TakuM 00pa3oM ypasHenue (2.12a) MOXHO mnepemucaTh B BHAE

i (ry) __ la 0% (re) (212b)

ort ok

Mub noayunin auddepeHuHansHoe YpaBHEHHE HIapOBOfl BOJHBI.
B nopaake pCUIEHHA 3TOr0 YpaBHEHHA BBEAEM HOBYIO Tie-
pEMEHHYI0

T=1f——.

Co

Jlerko nmpoBepuTb, YTO AAA 1060H (yHKUHH f(1) uMEOT Me-

CTO COOTHOIUCHHA
Of _ 10 f__&f

A= dor s A ge

Orciona caepyer, 4to nobas GyHKUMA BHIa

e (1-4)
ABNsE€TCA pelueHHeM ypaBHeHus (2.12b);
1 r
o= r—f(t——c—o). (2.13)

-
D10 pelleHHe H3BCCTHO MOJA HasBaHueM pelureHus A°AnamGepa.
Ono umeer npocroft ¢usuyeckut cmpicia. IlycTh B ueHTpe BO3-
MYUICHHSI Pa3bIrPhIBAETCA HEKOTOPHIH MPOU3BOMBLHHIA Mpouecc
f(#); B Touke, oTcTosiell OT LEHTpPA HA PACCTOSIHUH 7, MPOHC-
XOAMT Takolt ke no ¢opMe Mpouecc, HO C 3amo3qaHHEM KA

r
BpEMA -c’=c—. Mbr BHIMM TakuM 06pa3oM, YTO BO3MyUIEHHE
0

n06ott GOpMbI  paCNpPOCTPAHSICTCA "B CPEAE CO CKOPOCTBIO ¢,
KOTOpas M fABIAETCA CKOpOCTbI0 3Byka. Popmyna (2.13) onpe-
IeNRET, KaK MPHHATO TFOBOPHTH, 3anas3dveaiouul nomenyuan *).

#) 3aMmeruM, uto B dopmyre (2.13) MomHo 6biTO Gbl B39TH B Kaue-
r

cTBe apryMeHTa HepeMeHHYK t+?, 4TO COOTBETCTBOBAIO OH One-
0

pedcaroujemy NOTEHIHATY; ONHAKO TaKOE pelleHHE NPEACTABAAECT HHTE-
pec qMHUIb B HCKIIOYHTEABHBIX CIy4adx.
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Tak kak <¢opma npouecca COBEPIUIZHHO NPOH3BO.1bHA, TO
B Ka4yecTBe BAXHOrO YacTHOIO Cly4yas MOXHO BHOparb CHHYycO-
MAa1bHOE BO3MYLICHHC; [PH 3TOM B KOMILIEKCHOH ¢opMe pe-
weHHe n1’AaMbepa NPHHHMACT BHA ’

r
A (=) a4
— . t—k ¢
= of = el wt—kn), (2.1
rie A -— nocrosHHas, npeano;araeMan AefcTBHTEILHOH, a

@ 2%
k_é},'—x

(2.15)

(A—n1uHa 3BYKOBOH BO.HB) €CTh TAK HAaSLIBAEMOE B80.LHOB0E
HucA0.

ITo ¢dopwyaam (2.5) u (2.7) HalipéMm 3BYKOBOE JHaB.IEHHE H
KO.1e5aTe/bHY0 CKOPOCTb B LIAPOBOH BOJIHE:

p = by = jup, 5ol @t =k,

0% . INA . op_
b= 2 (o L)t

Orneann JAeACTBITENbHbIE YACTH H 0T6pacu3aﬂ MHHMbIE, HMEEM

e

p= - sin (wf — kr); (2.16)
v =— lif— sin (of — kr) + —?a-— cos (wf — kr).

IMocaenHolo ¢opMy1y MOXKHO NpuBecTH K ©o01ee yaOOHOMY
BHAY, MOJOXKHB

1 1 .
,=acosa, —gy=asna

[ToncTaHOBKA 3THX 3HayeHUil MPHUBOAMT K pe3yiabTary

kA
rcosa

= sin (of — &r — a), (2.17)
e

. azarctg—k}r—zarctg—i’r—; . ~);~ (2.18)



§ 14} II;I0CKAA BOTHA 65

Conocrasaenne ¢opmya (2.16) u (2.17) noxaswiBaer, uTO
B 11apOBO# BO/IHE KoJefare:abHas CKOPOCTh ¥ OTCTAa&T IO (ase
OT 3BYKOBOTO [aB/eHIs p Ha yron «, ONpenenfeMbil ypaBHe-
nuem (2.18). BawHoe 3HaueHHe 3TOro (Ha mepBblfl B3r.AA HeCy-
IIECTBEHHOr0) 06CTOATE1bCTBA CHENAETCA IOHATHBIM BHOCHEN]-
CTBHH IIPH pacCMOTPEHHH TEOPHH 8BYKOU31ydeHusn, [Toka oTmeTuM
AHIIb, 4YTO pasHoOCTb (a3 « OGulcTPO YOBIBAET C PAaCCTOAHHEM
r OT HCTOYHHKA: yme mpH r=»X yroa a¢=29° u cosa=0,988.
Ha paccrosmuax r>>)\ 8Bykoboe naBieHue W KOJ’[eﬁqT&'lele
CKOpPOCTb MOXHO CYHTAaTh CHH(:3HBIMH.

[Tone3Ho mnomYepKHYTb, YTO IMAPOBAA BOJHA MpELCTABARET
HIEaIbHYI0O QOPMY HeHAnpasieHHO20 U3NYUYEHHS, NMPH KOTOPOM
3BYKOBaf 3HEprus PaBHOMEPHO MEPEHOCHTCH MO BCEM HarpasJe-
HHUAM MPOCTPaHCTBA.

§ 14. MMnockan Boxnna. Ugeaapnywo dopMy Hanpasiexrozo
HS/Ay4YeHHs MBl UMeeM B TOM ciydae, ecid BOJHOBOH mpoliece
PacnpocTpaHaeTTs B ONHOM onpene1éHHOM HalpaBleHHH, HAPH-

[ do
Mep, Broas» ocil x. Ilpu arom 3y =g, — 0, # BOIHOBOE ypaB«
ly 0z
wenue (2.11a) npuHumaer BHI
0% 1 0%
T o o (2.19)

uMen pewenne B dopme n’Anambepa .
(=)

(f — nipon3BoabHan QyHKIUA, COOTBETCTRYIOIlAA HPOH3BOIBHOH
(dopme BO3MylleHHs). B caydae mpocToro rapMOHHYETKOro KoJje-
GaHuf, PacTIPOCTPAHAOILErOCA B MOJOXKHTCIbHOM HANpPABJIiEHHH,
MOXHO I10/I0XHTh:

<p=Ae =) — Aol @t ) (2:20)

OKBHIMOTEHIHAIbHHC NMOBEPXHOCTH ABAANTCA ILIOCKOCTAMH,
MepneHAHKYAAPHBIMH K OCH X; MO3TOMYy ypaBHeHHe (2.20) onu-
ChIBaeT nA0cKY:0 BOMHY. IIpHMepOM M.XeT CIYXHTb pacnpo-

cTpaHeHHE 3ByKa B Tpy6ax HeGO/bIuHX (110 CPaBHEHHIO ¢ 1))
ceyeHut,
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[To ¢opmynam (2.5) u (2.7) umeem:
p="pp=jop,de] =k

v = ._____JkAej(u)t—kv)

WM, OTOpachiBas MHHMBIE YacTH,
p = — opAsin (of — kx), (2.21)
v = — kA sin (of — kx). (2.22)

ITOCTOSHCTBO aMNAMTYAHBIX 3HaYeHUU [NaBJEHHS U CKOPOCTH
(KOHEYHO, MOCKOJABKY Mbl HmpeHeOperaeM BA3KHM TpPEHHEM) €CTh
pesy1bTaT HaNpaBiAECHHOCTH — SHEPrUf BOJHBl HE pacceHBaercH
B NPOCTPAHCTBE, M MOSTOMY aMIAWTyda He YOLIBAeT.

OTMeTHM 31ech H TO OGCTOATEAbCTBO, YTO B MAOCKOH BOMHE
JaBJAECHHE p M CKOPOCTb U CHH(A3HbI.

Ecau HanpaBiaeHue pacnpocTpaHeHHA CHHYcCOHIalbpHOH nao-
CKOfl BOJHbB HE COBIIANaET C OCbI0 X, TO pEleHHE BOJHOBOIO
ypaBHeHHs (2.11a) MOXHO Hanucarb B BHIE

o= Aei{Fvt =},
rape
E="n
Co

(n ecTb eNMHMYHHIY BEKTOp B HAmpaB/IeHWH DACHpPOCTPaHEHHUA
BoAHb), BekTop & HaswBaeTca 60.LHOBWM BeKMOpPOM, BEKTOp P
OTHOCHTCA K [POH3BOABLHOM TOUKe, 1718 KOTOpOR BhIUMCAAETCA
3HayeHHe MNOTEHLHana <. Hycrb, B ‘{aCTHOCTH, n ACXKHUT B 10O~
cKocTH Xy, o6pasys ¢ ocblo x yroa 6; rorna

(kr)=rhx+ ky =4k (x cosb--ysinb),
# ypaBHEHHE IIOCKOH BOJMHBEI HMEET BHI

‘cp=Aef{“’“"(“”“““""““”}. (Q_Qé)
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§ 15. Ckopoctb 3Byka. Kak BHIHO M3 pPacCMOTPEHHbIX
BBIIC pelieHHil BOAHOBOIO YPaBHEHHs, CKOPOCTb 3BYKa ¢, MO-
®eT ObiTh, corsnacHo (2.9), onpeneieHa ypaBHEHHEM

op \V
“= <7‘%>pipo- (2:242)

Ina wuakoft cpensl, cornacHo (2.4), umeem

€y

:-]7:—_[-5 , (2.24b)

a mas rasoo3pasHofi, coraacHo (2.3),

Co :VE (2.24¢)

ITocaenHol0 GOpMyAy MOXHO MNpEeACTaBHTh B HHOM BMIE;
BOCMONb30BaBLINCh ypaBHeHHeM Kaanefipona

~

P __RT

b

(R — yHuBepcanbHan ra3oBas MOCTOfHHAN, W — MOEKYAAPHBLf
Bec, T — abcoioTHas TeMneparypa rasa), HMeeM

¢o=1/ LRT, (2.24d)
p .

OTKy[dd BHAHO, YTO CKOPOCTb 3BYKa pPAacTéT MpPOMOPLHOHAILHO
KopHi0O u3 abcoqioTHOH Temmeparypsl. Jlis  BO3ayxa mpH
T =273°--20° dopmyna (2.24d) nmaér:

co=‘/_;’g4_ 8,31 .107.293=3,4 - 10* cx/cex.

3ameTny emg, 4TO TaK KaK CPeNHAA KBaApaTH4YHas CKOPOCTh
TENJIOBOrO JBHXEHHA ra30BHX MOJEKY/1 CHpefensercs H3BecT-
HOft dopmyofi
ot =2RT

@ !
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__l/__,u

HMEEGT TOT XK€ IOpPANOK BEJHYHHBI, YTO H CKOPOCTh MO.EKYIT,
5T0 OOCTOATENBLCTBO HTIOCTPHPYET pPOIb MOACKY/AAPHBIX CO-
yoapeHH{l B npouecce nepeHoca 3BYKOBOH 3IHEPrHH.

§ 16. dHeprua 3BykoBOoro mnonsl. Tak Kak npH Maabix
Ko/e0aHuaAx

TO CKOPOCTb 3BYKa

do

dv 09
= TV o=

= ot

[uren (oV)® ecth BeawuuHd BTOPOrO MOpPAAKA MAIOCTH], TO
ypaBHeHne (2.2) MOXHO mepemucatb B BHAEC

17}
Po 55+ grad p =0.

YMHOXHM 3TO CKalApHO Ha :

pov%%—}-vgradp =0;
HO 9 grad p =div (pv) — p div ¥ u, 3Hayur,
Po¥ 57 o — pdiv o = —div (p9).
Tax kax (§ 12)
—divy = _1__ 09 1 gg_

Po of — poco ot "’

TO MpEALAYIIEe ypaBHEHHE IPHHUMAET BHI

G+ o p %= — div (po)
HAH
9 { v }———dlv( 2).  (2.25)
Pog~ —[‘ Pc p .
IlepBbift 4neH B CKOSKax cJesa % eCTb, OYEBHIHO , KHHE-

THYECKan SHeprua eauHuusl o6béva, HerpymHo moxasaTs, 4TO
BTOPOH 4Y1eH €cTh MOTEHUWaTbHas HSHEPrHA eIHHHIB O0BEMA.
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HetictBureapHo, paboTa NPOTHB WM3GHTOYHOrO JaBJAEHHA, pac-
CYHTAaHHAs Ha enuHHLY 0O0bEMa, €CThb

pdvV__ _dp __ p .
TSPy T

UHTErpupys, umeeM (npeHeOperan W3MEHEHWEM ITOTHOCTH, T. €.
nonaras p=<g,, Kak Mbl 3TO JdeJanu ¥ paHblIE 119 Manex
IIPOIECCOB) BTOPOE cl1araeMoe /JeBoil uacTm ypasHeHus (2.25).
Mb&l BuuM, CIeqOBATEIbHO, YTO MJAOTHOCTb JHEPIUH B BBYKO-
BOM NO.JE eCThb

v® 1 2
w=0 L v £ (2.26)

Huterpupysa (2.25) no nekoropomy o6bémy V, moaydaem:

o e _ |
at‘jwdv— J div (po) dV Efp'()nds

OGo3uaynM uyepes E ﬁo.tulo 9Hepruio B 00béEMe V
E =J‘ wdV
1

U BBEIEM BEKTOp
8 Q=pv.. (2.27)

YpaBHeHHE IHEPrHU NMPUHUMAET BUJL
oE ’
= é; Q,dS; (2.28)
S

OUeBWAHLIN CMBICA 3TOrO YpaBHEHHA 3aKJO4YaeTcs B TOM, 4YTO
yMeHbIIEHHE 3HEepruH B 00bEMe V' B eQMHMUy BPEMEHH PaBHO
HOTOKY Bekropa @ 4epe3 MOBEPXHOCTh S, OrpaHUYUBAIONLYIO
o6bém V. Bexrop Q, HasniBaeMbit sexmopom Ymosa, ects,
C/1e[I0BATE/1bHO, BEKTOP NOMOKA 368YK060l 3Hepeun 4Yepe3 eIH-
HHLY MMOBEPXHOCTH.

§ 17. Cuna 3Byka M aKyCTHYeCKO€ CONpOTUBJIEHHME Cpe-
mpl, Cuna 3Byka [ ompegensercs Kak 3Heprus, nepeHocumas
3BYKOBOH BOIMOH B €AMHHIY BpPEMCHM B HaNpaB/AeHWM pacmpo-
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CTPaHEHHA 3BYKa uYepe3 EAHHHUHYIO MIOUIANKY, MepHNeHAHKYAsp-
HYI0 K 3TOMY HampaBi€HHIO. B COOTBETCTBHH C 3THM ompegene-
HHEM CMAa 3BYKa paBHa CpeJHeMy BO BPCMEHM 3HAYEHHIO BEK-
TOopa YMOBa

T
=_1T..J'th.

0

B caydae npocToro rapMOHHYECKOro Ko.ie6aHHA MpoMEXy-
TOK BpeMeHH T MOXHO B3AThb DaBHBIM MNEPHOLY KoaeGaHua.
MMonoxus . ,

. p=p,, sinof,
U == U}, oili (0f — @),
HMeeM: . :
Q= pv= p,v,sinotsin (of — a)=
v
pmz”’cosa p'”2'”cos(20)t——-a)

OueBHIHO, 4YTO CpemHee 3a MepHO/J 3HAYeHHE BTOPOrO 4/eHa
PaBHO HYJIO; TaKUM 00pa3oM

1:112”—'-" cos a. (2.29a)
B wmaposoft Bo.1xe, coraacHo (2.16) u (2.17),
wpoA kA kA
Pn=—p" =P > M~ rcosa
H, 3HauUT
’ ] 1 k:A!
I= 5 poy =5 (2.29b)

OTKyAa BHIHO, YTO CHAa 8ByKa B LIApoBOfl BO/HE yOblBaeT
¢ KBagpaToM paccroaHus. Tak kak, naiee,

Pm
o = Pofo COS @,

m
T0, HCcKalo4as us (2.29a) p, WIH V,, NOAyyaeM BaxHsie (Op-
My/bi:

— L pm (2.29¢)

o

I == 4y €0* & U, (2.294)
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B cucreme CGS cuaa sByka usmepsercs B 3Ipz/cu’cex;
B TEXHHYECKOH MPAKTHKE MOAb3YIOTCH TAKKE EAHHHLAMH 671/C. M
H Miem/ciu®, npuusm

1 sm/cm® = 10° uxam/cu® = 107 ap2/cu’cex.
Bennyuna
80 = "PoCo» (2.30)

onpeeasoOmas CHAy 3ByKa NPH 34JaHHBIX aMILIMTYJaX 8BYKO-
BOTrO [4BIEHHA HIM Ko71ebaTelbHOM CKOPOCTH, HOCHT HasBaHHe
YOeasHo20 axycmudeckoz2o conpomusienus cpeis. IIpoucxo-
MIEeHHe 3TOr0 TEPMHHA CBA3aHO C aHanoruefl Mexay Qopmynot
2 _,
v 00
cnpaBeAAHBOH, Kak Jerko BuiaeTs u3 dopmyn (2.21) n (2.22),
Ans MA0CKOM BoAHBI, M 3akoHOM OMa. YaenbHOe aKycTHYECKOE
CONPOTHBAEHHE XapaKTEPH3yeT CNOCOGHOCTh cpeasl OT6UpaTh
IHEPTHI0 OT MCTOYHHKA 3BYKa, KOAeOMIOWErocs ¢ 3a1aHHOH
aMIAHTYAON: ueM Ooablue 3o, TeM OOJBUIYI0 aKYCTHYECKYIO
MOLIHOCTh Pa3BHBAET NPH OJAHOM H TOH XKE aMIIUTYAE CKOPO-
CTH HCTOYHHK 3ByKa. Mcrioansys (2.24b, c), uMeeMm mns suaxon
cpeibi:

B0 = EL;;,’ (2.312)

a a1 rasoofpastof *)

0=V 10,Ps - (2.31b)

Cssisp Mex1y CHIOH 3ByKa H CPEIHHM BO BPEMEHH 3Haue-
HHEM MIOTHOCTH 3BYKOBOW SHEPrHH MOXHO HaiTH M3 ciaedylo-
mux cooSpawenuit. [Ipy MPOCTOM TrapMOHHYECKOM KoneGaHuH

cpeanHe 3HaueHus BelMuHH v M p® paBHBl COOTBETCTBEHHO
1 LS B 9TH CpejHHe 3Ha 2.26
5 Um W 5 Pm; TOACTaBAAA peaune sHayeHus B (2.26),

HMeeM:
. =L(9 Yn £ni) (2.32)
T2\ g 2pc3 / ° )

*) Tlo dopmyae (2.31b) mas Bo3nyxa noayuyaerca 3 = 41,5 2/cuicex.
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C npyro#t cToponsl, u3 (2.29¢, d) moaydaeres:

Um L . Pn_
"2 T potecosia’, T—IP°C°'
[ToxcraBasa 3to B (2.32), Haxomum:

I 1 1 1
w°P=E(1+m)=K(I+7tgqa)' (2.33a)

Ha paccrosnusx, GOAbIIHX [0 CPaBHEHHIO C AAMHON 3BYKQBOH
BOMHbl, tga =20, H MOXHO M0/h30BaThCA MPOCTOH GopMynoh

Wep = . (2.33b)

Co

OTMeTuM, 4TO NpH 7> A\ MONHAA SHEPrHs MOAS B CPEIHEM
MOPOBHY pacmpeseafeTcs MemIy KHHETHYECKOR H NoTeHUHMa€b-
HO#t (popMaMH.

[Toacrasus B (2.33b) 3nauenne I u3 (2.29c), moayuum mo-
ae3Hyo gopmyay : .

Wep = 5 L. . (2.33¢)

.t
PoCo

§ 18. llkana penubenos. Cura 3BYkOB, BOCIPHHMMAeMBIX HOp-
Ma/JbHEIM YeTOBEYECKHM YXOM, MEHAeTCH, KaK NOKA3NBaeT OMKT, B OYeHb
MHMPOKUX Npejenax: B o6racTh cpeluux uactor (1000—4000 2g4) cura
HOPMaTbHO CIHILMMOro 3ByKa Bapwupyer oT 10°° spa/cu®:cex B6au3n
OT Iopora CIyXoBoro BocnmpHusartHa Ao 10% apz/cu? - cex B6an3u oT Goxe-
BOro IMOpoOra, Ha KOTOPOM HOPMaJbHOE CIYXOBOE OILYLIEHHE IepeXoaHT
B GomesHeHHOe pasfpaxeHWe opraHa cryxa. TakuM o6pasoM CHIa CIbi-
HIMMHX 3BYKOB JEXKHT B IpaHHLaX, OTHOCAUIMXCA IPYr K APYry, Kak
101%:1; 910 — Tak Ha3bIBaeMHH AHHAMHYECKHH [ManasoH CIyXOBOro
BOCIIPHATHA, .

B MeHee IIMPOKHX, HO TOXE B 3HAYMTEAbHLIX IIpejenax, BapbH-
pyeT H yacToTa CHRIUMMBEIX 3BYKOB. oT 15—20 2y no Humxmueft rpanuue
yacroTHoro auanasona go 16 000—20000 na BepxHeil ero rpanuie.

OueHb CyLIeCTBEHHO TO 06CTOATENLCTBO, UTO YelToBeueckoe yXo
ob1anaet CBOUCTBOM ONHHAKOBO DEArMpOBAaTh HA ONHHAKOBBIE OMHO-
cumeabHble HM3MEHEHHS KaK YacTOTH, Tak W CUIbl 3Byka. Bmaromaps
3TOMY IJIS M3MEPeHHd YacTOT M CHI 3BYKa NpPaKTHYECKM oueHb y106HO
10M530BATHCS TOrapHPMUYECKHMH eIHHHLAMH.

OIUHAKOBBIE OTHOCHTENbHBIC H3MEHEHHS YACTOTHl ONpENEeNdioT TaK
HasplBaeMsle UHMepPBAAb; OCHOBHHIM HHTEPBAIOM HABIAETCA OKmMasa,
cooTBeTCTByIOU[aA oTHowenuo uvactoT 2:1. MHrepsar mexnay asyMs
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TOHAMH C YacToTamu f, U fi, BEIpaeHHHIH B OKTaBax, MOXeET GBITH OlIpe-
nenén no ¢dopmyre
fe fs 1

n=1lg, 2 = 3321g, L 332=—-—). 2.34

g A ,02 1 2 2 ) 2.34)

QnnHaKOBbIE OTHOCHTEIbHbBIE H3MEHEHHS CHJIbl 3BYKa ONpeleisioT

T4K HasblBaeMble pa3HOCmiut ypoeHel, 3a OCHOBHYI0 Pa3HOCTb — Oea —

NIPHHUMAIOT PA3HOCTb yPOBHEH, OTBEYAUIYH OTHOIUEHHIO CHJI 3BYKa

10 : 1. PasHoCTs ypoBHeil IBYX TOHOB ¢ CHIaMH [y M [;, BBIpQKeHHas
B 6enax, onpenensercd no ¢opmyre

N=Ig % (2.352)

IMpaxkTuyeckH oxasbiBaercs 6oixee yAOGHBIM INOTOXKHTb B OCHOBY pas-
HOCTb ypoBHe#, B 10 pas mMeHpmyio —~ deyubes (06); pdasHOCTb ypOB-
Heli B geuuberax paBHa

N=101g L2 (2.35b)
1

IToraTHO, 4TO aorapudMHUYecKHe CIHHHLB! CHIB 3ByKa — Ger H
neuuben — onpeleIdioT TOAbKO OTHOUIEHHe, HO He a6COMIOTHOe 3Haye-
HHe BexHuuH. [TosroMy Basf onpefeX&HHOCTH JOrapHPMHYECKOH LIKAMbI
HYXHO YCAODBHTbCS OTHOCHTEILHO «HYJIEBOrO» ypoBHA, T. €. HAYaTb-
HOM TOUKM IUKambl, OT KoTopoil Bemé€Tca orcuér AeunberoB. B 3aBucu-
MOCTH OT BrI6Opa Hy.IeBOro yPOBHA PA3THYAIOT CAEAYIOUIHE BeTHUHHBI:

1) Yposens cuast 3ssyxa. Hyaesofi ypoBenb Ijia TOHOB 1060
YacTOThl MPHHAMAETCA PaBHBIM

[, =10"%3pz/cx®. cex = 10~%am/cn®.

JroMy 3HAUEHHIO COOTBETCTBYIOT (B Bo3XyXe) crenyiomue OKpyriéynble
CTAHIapTOM 3HAYEHHS:

sbdexTHBHOE 3ByKOBOE HaBrenne p,=2-107* fap
3pdexTUBHan KomeGaTeqbHas CKOPOCTb Up=25 - 107° cu/cen
cpennsas ILTOTHOCTb SHEPrHH w,=3 - 107" apz/ca’.

Jlig ypoBHA CHAK 3BYyKAa MMeeM B COOTBETCTBHH € STHM (opMyis

N=101g {1 =101lg g0 06, (2.362)
N=201g 5 hor=201g o5 06. = (236b)

2) Yposens owyujenus. HyneBoft yposenn 118 TOHa OIpefen&H-
HOHf yacTOThl NPHHAMAETCA DABHHIM CHJIE 9TOr0 TOHZ Ha MOPOre CJIbl-
WHMOCTH [nop; ypoOBeHb O ymeHHs S paccyMTHBaerca mo gopMyre

S=101g7{z;=201g P L@
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TonaTHO, YTO NPH OIWHAKOBOM ypPOBHE OIYIICHHA YPOBHH CHALI 3BY-
Ka TOHOB pPAa3AMYHMX yvacToT OyXyT, BOOOINE rOBOPs, PAa3THYHBIMH,
nocKkoabky [mop IpH f << 1000 244 u > 4000 2y oueHb CHILHO 3aBHCHT
OT 4acToTH. 3aBHCHMOCTs [mop (f) mMpencraBmena Ha puc. 34, rae n1d
CONOCTABIEHNA JaHa M yacTOTHA® XapaKTepHCcTHKa 60leBOro mopora.
3) KornuectBeHHo#t Mepolt CyGBEKTHBHON OUEHKH CHIAK 3ByKa, T. €.
MepoHt ero 2poMKOCmuU, ABIAsieTCH TAK HAIHBAEMBIA Y, 08eHb 2POMKOCMIUL,

1
e boresou nopoz 11
‘thZrek 7
b
~N
Vs TH
\\\
N | Viapoe crsiamocrit L
07 - A
~—
20 ¢« 700 000 70000 ey

Puc. 34.

YpoBHeM rPOMKOCTH HEKOTODOro 3ByKa (HMIHM Iaxe UIyMa) HashlBaeTcs
YpOBEHb CHIbl 3ByKa <«3TaTOHHOrO» TOHa ¢ vuacrotol B 1000 2y,
PaBHOIPOMKOrO C 33aNaHHBIM 3BYKOM (HIM mymom). PaBHOrpoMkocTs
U3Mer 1eMOro 3BYKa M BapbHPyeMoro o CHie STaIOHHOrO TOHA OLEHH-
BaeTcs, KOHEYHO, Ha-cayX. Ecan uepes [y 0603HAYHTH CHIYy paBHO-
FPOMKOr'O STaJOHHOrO TOHA, TO YPOBEHb I'DOMKOCTH MOXHO OTpeAeNHTsH

dopmyroit
L=101g {1 o5, @2:33)

-

CBsi3b MeXIy YPOBHAMH CHIbl 3BYKa H 'POMKOCTH onpejeiasercsd 1o
SKCIIePUMEHTAIbHO onNpeleréHHOMY rpa@HKy, Ha KOTOPOM B KOOpAHHA-
tax N, f npeicraBieHs! KpHBbie DaBHOTPOMKHX UYHCTHIX TOHOB. Takoif
rpa¢¥K naH Ha PHC. 35; Kaxnas H3 KPUBHLX PABHOU 2POMKOCMIU COOT-
BeTCTByeT onpelcaéHHoMmy 3HaueHHio L. Tak Kak HHXHAA KpHBas
(L =0) ectp uyacToTHas XapaKTEPHCTHKA nopora CIBILMMOCTH, TO IO
331aHHOMY YPOBHIO I'DOMKOCTH MOXHO HaHTH He TOXBKO yPOBEHb CHIH
3Byka N, HO M ypoBeHp omymeHHad §S= N — Nnuop. ’

Jns n3MepeHnsi ypoBHA IPOMKOCTH INPHMEHAIOT TaK HashBaeMble
cyObeKkTHBHbBIE mysoaepsl. THIIMYHAA CXCMa IyMOMepa NpHBejeHa Ha
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puc. 36. UcrounnkoM starorHoro Ttona (f = 1000 24) ABIseTCa sneKTpo-
Mar{uTHEIR 3yMMep 3, neficTBylomui npH 3aMbKkanMn kiroua K; apoc-

7% e BonE8OE nopoe 20 ﬁ%%ggfw 4
: - p— = |
S w0 2=t ] A
S R o 1 g0 T/ '}
§ - el
EJINNNASY :Q\ i ml§i
S \QE:E:*:&\~ o | T/
s N \\&\\\\\\ 5 AL
g ¥ RUN i\\ 40 s L
g \\ \‘\\~ 7 —_

S gL L NNz T AT S
§ ~N Na g e I g /’
8 N 1 T
i} 1|
7 A 300 1900 5000 70000
Yacmoma & ey
Puc. 35.

-

cerp Jp W WyHRTHPylomHH kKoHLeHcaTop C; BHMOIHAIT QYHKUHN GHIb-
TPa AJs NMOJABJAEHHS BHICIIMX rapMoHuk. Hanpsaweune na rexedon T,
IIOCPECTBOM KOTOPOro BHICTYILIMBAETCHA ITANOHHHI TOH, NONAETCA yepes

Puc. 36.

CTymeHyaThiif moTexnunoMerp /7, rpalyupoBanubil B aeuubenax YPOBHA
cuan 3Byka. Kouryp ¢ HEOHOBOH MaMIOH HJI n xongencatopeM C,
CIyKMT A8 KOHTPOAs HANPSKEHHd, DA3BHBAEMOro 3yMMepoM: COmpo-
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THBICHHE R peryanpyercs TawuM o6pasoM, 4ToOu JamMna 3axurazach
NpH HawatHH kmouya. TIpH H3MCpDEHMH yDOBHA TIpOMKOCTH TeredoH
NpUKUMAeTCss K OIHOMY yXy, a
H3MepAeMH#  3ByK  BHICTYHIH-
B4eTCA JPYTHM; peryIHpoBKofi
NOTEHLUHOMeTpa NOCTHraeTca pas-
HOTFPOMKOCTb 9TaNOHHOTO TOHA C
usMmepsemMuM. Korga sra pasno-
TPOMKOCTb JOCTHTHYTd, OTCYET
JeTeHNs Ha MoTeHUuoMeTpe naéT
MCKOMOE 3HAYCHHE YPOBHA 2POM-
Kocmu.

§ 19. Otpaxenue u npejo-
MJeHHe 3BYKa. [IpencraBum cebe
MIOCKYI0 BOJHY, MajamoIlyio Ha
MOBEPXHOCThL pasjiena IBYX cpel
C yIeabHBIMH aKYCTHYECKAMH CO-
TPOTHBACHHAMH 3, ==0,0; H §p==
== paCy; NMYCTh MNOBEPXHOCTH [as3-
Iiena COBNARACT C INIOCKOCTBIO ¥Z;
yepe3 6 0603HAYHM yrox lagenus
(puc. 37). Uro6b! HANKCATD, MOTb~

Puc. 37. 3yach gonmymolt (2.°3), ypasue-

HHA NMajaomied, orpamédHoi u

nperoMa€HHON BOJH, 34aMETHM, YTO CKalAPHbe NpPOH3BENeHHR (Rr)
HMEIOT B KOOPAHHATHOM NMPEICTaBICHNN BHI

Ansa najpaioueid BOMHHL &y (X cos b}y sin B),
(Br)=1{ xna oTpam&uHo# BOJHHL R, (— xcosb' -} ysinf"),
{ 475 TIperoMI&HHON BOJHKL k, (v cos 8" -y sin").

(O]

@
3aecy By == P k3=wc————BOJIHOBbIe yy{cra B mepBOi#t H BO BTODOIt

1 2
cpene; 6', 6" — yram oTpaXenHa H nperoMrenns. [loTeHuHansl Ccko-
pocTH 6ynyr *):
B Majamunieil BoJaHe
9;=A; exp j [wf — &y (x cos 8 4y sin B)];
B OTpaMEHHON BOMAHE
9, =A, exp j [wf-|- & (x cos 0 — y sin §')];
B IIpeIOMIEHHONX BOJHE

9 =A;expjlof —k, (£ cosb" +ysinb”)].

*) B ladpHeHlIeM Mbl NHLIEM €Xp X BMECTO e¥.
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DTH TpPU YDABHEHHS MAOIKHH YNOBICTBOPATH JIBYM YCTOBHAM Ha
MoBepxXHOCTH pasfgera cpel (x==0):
1) ycaoBuio H.IPephIBHOCTH NaBICHHAA

pitpr=p; mam o (St o) =p:ts (a)

2) yCH0BUIO HENPEPHBHOCTH HOPMATHHOH KOMIIOHEHTH CKODOCTH
a _ aipt
Ui+ Vyr=7Uys WIH rr (% +‘1°r)—‘—5'; . (b)

Ycaosna (a) u (b) naoT XBa ypaBHEHUS:

Jjop, exp jot [A; exp (— jk,y sin 0)+ A, exp (— jk,y sin 0')] =
= jwp, exp jofA, exp (— jkyy sin8”);
— jk exp jot [A; cos 0 exp (— jk,y sin8) — A, cos ¢’ exp (— jky sin¥)] =
= — jk, exp jotA; cos 6" exp (— jk, sin6").

TIpexge BCero Mbl DOMKHB NMOTpeGoBaTh, YTOGH 3TH ypaBHeHus Oblau
crnpaBefIuBH NPy MOGHLIX 3HAYeHHAX J; IA1A YIOBJICTBOPEHHS STOrO
Tpe60BaHHst BC KO3(DQPHIHUEHTH NPH ¥ NOMHHB ObITh APYF APYLy PABHBL
[pupaBHMBas Kos(QHIUEHTH NPH ¥y, HMCeM, BO-NIEPBHIX:

sinf=sind wuam 6=10, (2.39)
T. e. OGbIYHBI 3aKOH OTpaKeHUs (PABEHCTBO YriIoB NMAACHHA H oTpa-
JEeHUs), H, BO-BTOPHIX:
sinb __ ky o

ki sinO==Fkysin 0" pan —, = "= —
1 s 0" k. ¢’

©(2.40)

7. €. 3akoH npenomaenus Cueans. C yuéroM (2.39) u (2.40) ycaoBus

HCNpephLIBHOCTH NaBIeHHS M HOPMAadbHOH CKODOCTH NMPUBONATCA K BHUAY

pr (Ai + Ar) = pAs (a)

kycos b (A;— A,)=kscos 0" Ay (b)

YcnoBusa (a) u (b) mo3Boafl0T OnpefelHTh OTHOIEHHS AMILTHTYIHI

OoTpawE&HHOH M NpeToMIEHHON BONH K aMIIjryle majawiued BOTHH.
Hckiouas u3 (a) u (b) A; naxogum nocre HECTOXHHX BHKIALOK:

5= A, — 32 cos @ — 3, cos 6

T4 32 cos 8 4 3, cos 8"

KoappunnenTom ortpaxeHus 3Byka HasbBaeTcsd OTHONIEHHE CHI

3ByKa B OTpawé&HHON M majgawuieil BOJHAX; TAK KaK o6e 9TH BOJHA
pacnpocTpaHAOTCA B ONHON M TOH e cpele, TO KospdHuMeHT oTpa-

WeHHs ecTp &%
aw(i"_(wg,c_oiﬂ——sxcosﬂ” )‘
T\4; ) T\ 3acos 043 cos8”

(2.41a)

(2.411)
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B uwacTHoCTH, IpH HOpMaabHOM HajeHHH (6 =60"=0):

e — % \3

Q= |———"', 2.41C
<§s+h/ ( )
Uckmoyas 13 (a) # (b) aMnantyay oTpaxéHHolt BOAHK A, Haxo-

anM: P ) B
A piCs COS
= i #2c0sB43,cos8" ” (2.42a)

Kos¢bruneRT NPOHMKHOBEHWA 3BYKAa OMNpelendeTcs Kak OTHOUIGHHe
CHIBl 3ByKa B NPETOMIEHHOA M najaiollled BOMHAX;, Tak KaK, COIMAaCHO

(2.29b), cura 3ByKa NMpOMOPIHOHATBHA —% A 10

_ pA} Ll Pl 43,35 cos? 6 2.42b
r= Cs p A3 T p,cs‘ t (32 cos 0 43, cos 6)3° (2.42b)

B yactroCTH, NPH HOpMaabHOM NafeHHH

43130
r=——, (2426)
(32180
TMoHaTHO, 4TO KO3()QUNHEHTH OTPAXEHHd M NPOHHKHOBEHHsS 3BYKa
YIOBJACTBOPAIOT YCIOBHIO HENMpPCPHLIBHOCTH HODMAalbHO! KOMIOHEHTH
BeKTOpA YMOBa Q; 9510 yCIOBHE NPHUBOAHT K COOTHOLIECHHIO

I;cos0—I.cosb=1;cos6". (2.43)

§ 20. MNaockas BoaHAa KOHeuyHO# aMMIUTYAbL. [0 Cux nop ME
paccMarpUBaIM aKyCTHYeCKHE INPOLCCCH Maxol (cTporo rosops, Gec-
KOHeyHOo Mamolt) amMmautyasl. OJHAaKO Jad YACTHOrO Cayyas MIOCKOH
BOJHBl MOXHO HaMTH cTporoe pemcHue Goxce obuici 3azadn o pacnpo-
CTpaHeHUH BOJHOBOrO NponCCCAa KOHEYHOH aMIauTynbl. Tak kak B He-
KOTOPMX Cryyasx (B YacTHOCTH, NPH H3yYeHHH aKYCTHYCCKHUX NpoOIec-
COB B Pynopax MOUIHHX IPOMKOrOBOPHTeJel) ynpollaroiuee npennoro-
WenHe O MaJOCTH Koxe6anuii yxe He ONpPaBIWBAaerTcd, TO IpeacTa-
BAETCA nenecoo6pasHbiM BHACHATDL crnenudHyeckHe 0COOCHHOCTH STHX
CTyyaeB Ha TIpHMepe ILIOCKOH BOJHBI KOHEYHOH aAMIIUTYHHL

Ecay nmrockas BoaHa pacnpocTpaHAeTcs B HaNpaBIeHHH OCH X, TO
OCHOBHHIe ypaBHeHus (2.1) ¥ (2.2) IpHEHMAOT BUL

v 9 0 i
P a0 = ar (2443)
o Ov\___0p
p(ﬁt__;_v.a)__w o (2.44b)

lIaJxee, CBAI3b MEXIy 3BYKOBHIM [dBIEHHEM H INIOTHOCTHIO MOXCT GHTH
npenctapieHa B BHIC

: ‘—% =f@)=0, (245)



§ 20] NI0CKAS BOAHA KOHEYHOH AMMAMTYb!

TP MNOMONKHTENpHAS BENHYHHA €® yXe He NOMKHA PaccMarpuBaThes
kag nocrosudas. Uckaoyas Ha ocHoBanuM (2.45) naBicHue p U3 ypas-
Helus (2.44b), mepenuwem nmocreHee B BUAC

v Jv ¢ 0
BBexéM temeps, caenys Pumany, HekoTopyo dyHkuuio
) d
v)= (22, @.47)
YIOBIETBOPAIOIYI0 yPaBHEHHAM ~
o £ %
ot~ p of’
W _ £ %
dx ~— p ox°
Ypasuenns (2.44) u (2.46) MOryT 6HITh TCIEPHL HANMCAHH B BHAE
o' ov' ov
‘?_f;+v§§’=_c‘(’%, (2.48b)

Crcrema (2.48) nomyckaer oueBHAHOE peLieHHe
v=10

) -

C KOTOphIM cHcTema (2.48) naér ypaBHeHue
v ov
‘o? +(0+’U)a—xs=0. (2.49)

Ecan tenepp B BRIpaXCHHUM IIOJHOro IHdpepenuuana
%
ox

ov

TOACTABHTD 3HAUEHHE = 13 (2.19), 10 moayuaercss pesynbrar

dy = u+%u

dv=% [dx — (e +v) d¢],

HMEIMIMi TOT CMEICA, YTO M1060€, MPOH3BOJIbHO BRGPAHHOE, 3HAYCHHE ¥
LIOJKHO TepeMelaThCd B NOJOXKHTEIbHOM HANpaBIEHHH OCH X €O CKO-

pocTbio ) .
e=c+v; (2.5%)
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nelicreutenpro, du=0 npn dx=r¢, dt. Tak Kak c= (%’)llsecm cKo-

POCTH PACIPOCTPAHEHNA BONHEI OTHOCHTENBHO CPEelBl, 4 T ecThb ¢KO-
POCTb YaCTHI CPelbl OTHOCHTENbHO HENOABHIHOrO Habmogarens,/ To,
KaK Ha 3TO M yKaspiBaeT ypasHeHue (2.50), CKOPOCTb BOIHH OTHOCH-
TEJIbHO HEMOABHKHOro Habmonarens NOMKHA PaBHATHCH CymMe ¢ H- 0.

W3 atux pusuuecknx coobpamenuit cienyer, uto ypasuenHe (2.49)
JIOMKHO YHNOBIeTBOPATHCA T1000# (yHKUHel

- X
v=F (t— —) .
(41
B wacrHoCTH, ecaM B Hayame KQOpAMHAT (x=0) nognepxMBaeTcs Npo-

CTO€ rapMOHHYecKoe KogeGauue

’

(V)y g = Vs sin W,

TO IIIOCKAA BOJHA KOHEYHOH AMINIATY IBI ONHCHIBAETCST YPadBHEHHEM

Lot X
V="0,sin0 kt_i"’v) . (2.51)
Cuurag, uTo B rasoobpasnoli cpeje AKYCTHYeCKHH NPOLCCC CIenyeT
agnabaTHOMY 3aKOHy ‘
P=Pytp=p (] ), @52)
0
HMeeM: b .
dpP 70(?)*’- 2(?\7‘1
— 02 = — — = —
dp Po \Po ¢ o) '
rae :

¢ _V'{Po
0 = 1o
Po
€CThb J1ANTaCcoBa CKOPOCTH PACIPOCTPAHEHHA 3BYKOBLIX Kone6aHHi Manoil
aMnanty abi. TakuM 06pasoM CKODOCTH BOJHBI KOHEYHOH aMILTHTY I
OTHOCHTE/NBHO Cpelbl eCTh ’
y—1

c=c ( %)T 2.53)

[Moxcrasus 310 3uavenue B (2.47), HMeeM, nmonarag v' =uv:

0 y—1 9 1 —1 ‘
=jc0 (i) 7l _0_01[<‘i> 2 —1]. @.54)
Po p 1 Po
fo
=1
3amenss (;—) 2 na 2‘5, Haiaém orcioja
e 0
1

c=c,+ I;— v. (2.55)
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Taxnm o6pasoM pewernne (2.51) MoxeT OHTL HaNHCaHO B BHIE

X =
U=0psino t—————l—> . (2.56)
co'l"l:%; v

Kak MBl Temepb BHINM, CyIIeCTBeHHO{I 0COGeHHOCTbIO Npolecca
pacnpocTpaHeHHs] 3BYKOBOH BOJHBI GOIbLIOH aMIMIUTYAb ABASAETCH
IBHXEHHEe Da3IMYHBIX YacTeldl BOJMHBL ¢ PasIMUHBIMH CKopocTAMH. W3
dopmyant (2.53) caexyeT, 4TO 06.1aCTH OBBEILIEHHOrO IdBACHHS (p = o),
rje yacTHUB Cpeibl ABHXYTCS B HanpaBJAeHHH PAacOpOCTpaHEeHHs BOJIHBI
(v ¥ ¢, IMEIOT OJUHAKOBBIN 3HAK), MepeMeIanTcs ¢ yBETHYCHHOH CKO-
pOCTbI0, TOPAA Kak 061acTH paspexenns (p<<po), I'Ae YaCTHUB IBH-
HYTCA HABCTpeyy BoaHe (v M ¢, HMEIOT NPOTHBOHOJOXHHE 3HAKH),

14 ——

N A
Y

/%)
Puc. 38.

[epeMelanTcs ¢ MOHHMXEHHoH ckopocrbio. «HopMarbHy0» BOTHOBYIO
CKOPOCTb ¢, HMEIOT TOAbKO MOBEPXHOCTH HyJI€BOro NaBICHHS: g;=o,
p = p,)- BcaencTBue sroro BolHA B mpouecce pacmpocTpaHeRus degop-
Mmupyemes; eé npopuias B MHTEPBATe MEXIY HaHOOXbLLIMM CXATHEM H
HauOOJbIIMM paspexeHHEM CTAHOBHTCS IO Mepe NpPOIBHXEHHS BOJIHBI
Bcé Gomee n Gomee KkpyToiM. Bomna, Bo36yxIaemas CHHYCOHMIAJbHO
KO1eGMIOINMCS HCTOYHHKOM, MOCTEeleHio NPeBpalfaercs H3 CHHYCO-
upaabHo!t (puc. 38, a) B «ynapHyio» Boany (puc. 38, &, c¢). B neir-
CTBHTEILHOCTH MpenpaumieHHe CHHYCOHAAZbHHX BOIH B yAdpHBE 3a-
JePXKHUBACTCS H3-32 HeH30EeWHOro HAMTHYHA 3QMYXAHUS, HE YYHTBHI~
BaeMOro HAaUIHMH OCHOBHEIMM YDaBHEHHSIMH; OYEBHIHO, UYTO yOHIBA-
HHe aMIIHTyabn KoaeGaHu#l mo Mepe mnpo6era BONHH IOCTENEHHO
CrIQXHBAeT DAa3MHuHe MeXIy BOJHOBBHIMH CKOPOCTSMH CWAaTHI H pas-
peXeHHH M TeM .CaMBIM 3aMelaseT Inpouecc nedopMauMH npoduias
BOJHHL

QueHb BaweH, naree, TOT ¢pakr, 4YTO NpPONECC PAacnpOoCTPaHEHUA
BOJHbl KOHEUHOH aMILIUTYIH CBf3aH C HCKameHHeM (popMul KoneGanus.
Henocpencreenro u3 (2.56) enaHo, YyTO BOMHA, BO3OyMlaeMas CHHyCO-
HI2IbHBIM HCTOYHHKOM, NA€T HA HEKOTOPOM PAaCCTOSIHHHM OT HErO HECHHy-
COHAATBHNY KolXeGaTeabHH mpouecc. Yro6u cierarb 310 Gonee oue-
BHIHEIM H, BMeCTe C TeM, OIEHHTb BEIHYHHY BO3HHKAIOLIEro HCKaxe-
HHSI, BRIIOJHHM NMPHOIMKEHHHNA pacuyéT HHTepecyIollero Hac ABICHHA.

6 ONeHrpoanyCcTIKA
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3amveuas, yto

X x ++1 o
_______—__‘._.x,___.._.___I_._,,
00_{____7—2{—10 Co 2 a

v
OrpaHHyMMcs, npennoxraras, 410 — <& 1, nepBRIMH IBYMs YI€HaMH 3TOr0
pasaoxenus; Toraa Co

—upsine (-2 4 3E1. 2
v_vmsmm(t c0+x ) c§>

[Tonarass BpeMeHHO I COKpalieHus NHCbMA

= X\ _ 1t
$op—0 (t E.) R e
HamuieM: .
sin (¢, + 1) == sin ¢, €os ¢y - cos g, sin g,

Ecm ¢; €1, 1o cose, 221 n sing; =2 ¢, nprudm

sin (9o 4 ¢y) 22 sin ¢, |- 9, cos g,
HIH, BO3BPAILAACh K IIPE)KHHM 0603Ha‘leHHHM,

_ , X 1+1lo,v X\
v—vmsmw(t c°>+mx~——~2 3 cosw t—~70/\’
oTKy Aa
v[l—wxq{-_g—lv‘,”’wsm(t~—-i>]=vmsinm(t——{>
Co Co Co
Han

Co

' V-1
V="0Upsilo <t—ﬁ)[l——mxT—glfzj;"cosw<t—cﬁ)} .
[ 0

Pasnaras BopaxceHHe B KBajpaTHHIX CKOGKax B psAi, uMeeM, MONpex-
HeMy OrpaHHYMBAsChb ABYMA WICHAMH Pas3TOMEHHS:

/ : :
V=9, sino Kt—ci\/ +mx1-2’_—1<%ﬂ> sinw (t—-c«x) cosm(t-— cf«)_—_

o/ 0 0 o /
—vysine [£— = 11 (0m) X
_vmsmm<t co) + ox 7 (Co sin2e { £ — o) (2.57)

dror pe3yabTaT NOKa3blBaeT, YTO, HAPALY C OCHOBHBIM KodeGaHueM
(c yacroto#t w), B Impoluecce pacnpoCTPaHeHHs BOJIHBI MOSBAAETCH euld
H BTOpas rapMOHHKA (C 4acToToif 2w), T. e. BO3HHKaeT HeluHeliHoe
HCKax(eHHe 3BYKOBHX KOaeOaHHil.

CocraBuM emd BhipaxceHHe, oNpejnersiomee aMILIMTYAy BTOPOH
FaPMOHHKH 3BYKOBOIO AaBIEHHS p; AAS 3TO# wuean mnepenmuweM (2.52)

B BHIE
[( 0) ]
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a (2.54) B Buge =1
(L) TR St A
fo 2 Co
Tak kak
N et S 8 ) A
AL 1) 2 ]r—1=(1 7:_.—”-)*-‘
(Po> [(?o + 2 ! ’
TO
B
p:po[(1+{_;_l.}’.>7_1~l]. ' 2.58)
L Co

DT0 — TOYHOE ypaBHeHHe, CBA3BIBAIOLIEe 3BYKOBOE NABICHHE C Kode-
GareapHOH CKOPOCTBIO; pasnaras CTelleHb AByUJeHa B Psijf, HMEEM:

p=P0[<1—}—‘{~Z—+...> —1}21?%:9000‘0-
o )

Orciona BHAHO, 4TO pe3ylbLTar, noAydalowMicad Iia INIOCKHX BOJIH
Mano# aMIIHTYy.ABl, OPeACTaBiIser Co6oil dopmyay HepBoro nmpHGIMue-
Hug. [pu BeIGpalHoll CTemeHH NPUOXMXeHHs HPHMEM IS AMIVIMTYA-
HBIX 3HAYeHHH NaBleHHS H CKOPOCTH

—Pm _ Pm,
Poo “{P o

W3 (2.57) Mu BuaHMM, YTO aMIMIHTYAa BTOPOH TrapMOHHKH Kodebarelb-
HO{! CKOPOCTH U,; pABHA

2
Ve = 0% L'{_‘ (%;L‘) , (2.59)

IIe Upyy — AMILIATY 1A CKOPOCTH OCHOBHOIO KOMeBaHHs; 3aMEHAS Uy, M
Ums MX 3HAUEHHSIMH, BHIPAXEHHBIMH YEPe3 Dy H Ppa, HAHIEM:

1741 ox o 2.60)

Pme= 7 1P, cp””'

Orcloga BHIOHO, YTO OTHOCHTeNbHAS BeIHMYHWHA BTOPOH TrapMOHHKH,
ABJSIOLIAACH Mepoll HelHHe{HOIo HCKaeHHs, onpexersercs Qopmy-
noH

voPma__ 1 1+1 ox

) == = e—— = Pmi1s (2'61)

DT0 OTHOWEHUE PAcTéT MNPONOPUHOHANLHO HpoBery BOJIHBL X; OHO
NpAMO NMPONOPUHOHAILHO AMIIMTYIE OCHOBHOIO NABACHHA Puyq H OCHOB-
HOH 4YacToTe w.

Mexanu3M BO3HHKHOBEHHS HEJHHEHHOI'0 MCKaXeHHss NpPH pacnpo-
CTPaHEeHHH BOJHBI KOHEUHOH aMIINTYABl MOXHO NPeJACTaBHTH Clelyio-
WHM obpa3oM. JiBuieHHe Bo3lyXa B HEMOCPCACTBEHHOH G6aHM30CTH oOT

6%
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CHHYCOMAAMBLHOrO HCTOYHHKA IIOBTOPACT IBHACHHE 3TOro MHOCHEAHEro
u, TaKUM 06pa3oM, ABIAETCA NPHHYIHUTENbHO CHHYCOnAanpHHM. OXHako
Ha HEKOTOPOM yHANCHHH OT MCTOYHHKAa KoneGaHMA Bo3lyxa nojjep-
WHBAIOTCA yXe He HEeNOCPCICTBEHHBIM KOHTAaKTOM C H3nydalolleH
NOBEPXHOCTbIO, HO CHIAMH H3GBITOYHOrO JABJIEHHA, OOYCIOBIECHHOro
cMelleHHeM Ganmenexamux yacruu. Kax Bumso us (2.58), sTo naBnerne
CBA3aHO C Koje6arenabHOM CKOPOCIbI0 YACTHI, HeAHHEHHHIM 3aKOHOM,
TlosToMy npH CHHyCOHMIaNbHOM H3MEHeHHH (BO BpeMeHH) KonaeOa-
Tel1bHOH CKOPOCTH 3BYKOROC IaBAeHHe, a 3HAUHT, H CHAA, NPHBONA-
mas B Konebauus Gojce yNanéHHbe YaCTHIEL, yx2 He OYIyT CHHyCO-
unanbHeiMH. CXeMaTU3NpyA KAPTHHY ABJAEHUd, MOXHO NMPEICTaBUTh cebe,
yto KolebarenbHoe MIBHXKEHHe COOGIaercd MOCAEAOBATEIbHO PAIY
JHCKDETHBIX MAaTepPHaNbHBIX TOUEK MOCPEACTBOM YIPYIHX CBA3el, cie-
IYIOIHAX HEAHHeHHOMY 3aKOHY; UMCHHO TaKoBa CBA3b MeXNy H3CH-
TOUHMM JNaBJEHHEM H CMeIcHHeM 4acTuu cpeasl. OueBHIHO, UTO HEJIH-
HellHO® HCKaX(CHME JOMXHO BO3Pacrartb C NpoGeroM BOTHBL YeM
Goabuie 9TOT mpober, TeM Goablie : YHCTO HENHHEHHBX IPOMEXYTOUHBIX
3BEHbEB yUYaCTBYeT B mepejaye ABHMEHHA. POCT HCKAKCHHA C 4acro-
TO# OCHOBHOIO KOJEGAaHHA MOXHO IIOHATh, NIPUHAB BO BHHUMAHHEC, YTO
OpH MCEIJCHHBIX KONeGanMMX ynpyrue CBA3H ReHOPMHDYIOTCA JHIID
B HE3HAUHTENbHOH CTENEHH M HX HemriHeHIoCTb He HMeeT CylJecTBeH-
HOro 3HaYeHHA; HAaNpPOTHB, IPH GHICTPHIX KOMEGAHHAX CHILL HETHHEeHHOH
yOpyrocr# BBOAATCA B jelicTBHe 6aarofaps MHEpUUH 4acTHI, W HCKa-
MEHMe OKA3BIBAETCA yiKe 3HAUHMTENbHBIM.



FJTABA 1iI
H3JIYYEHHE 3BYKA

§ 21. OcHoBHBIE NOHATHA R onpeneaeHus. B orpoMHoMm
60bUIHHCTBE NPAKTHYECKH HHTEPECHBIX C.Yy4aeB aKyCTHUECKHe
H3JyYalliHe YCTpPOHCTBA NPENCTaBAAIOT COGOH wosebaroujuecs
nosepXHOCMU C TeM MAH HHLIM pacnpeseneHHeM aMILIHTY bl
KonebaHusa; TakOBw AnadparMpl TIPOMKOTrOBOPSAIIMX YCTPOWCTB,
KOpMyca My3biKaAbHBIX HHCTDYMEHTOB, BBIXOJIHble OTBEPCTHS
AYXOBbIX HHCTPYMEHTOB H DYMOPOB, TOHTH, KOJIOKOJId H T. A.
[Tycto M3nyyalomas MOBEPXHOCTe S coBepiiaeT CTallHOHapHOe
KOoJe6aHHe ¢ NPOH3BOJIbHBIM pacnpeneleHHeM 3HaYeHHH BeKTOpa ¥
KoaebareapHOit ckopoctH. Kone6asicb, nOBEPXHOCTb COBEpIaer
paGoTy NMpOTHB cHJ H36GLITOYHOrO JaBieHusi p, KEHCTBYIOIHX
Ha ne& cO CTOPOHBI CO3/1aBaeMOrO €0 3BYKOBOrO MO0Jf; 3a BpeMs
dt cosepuaerca pabora

dA_——--—dtjpvndS, (3.1)
J .

rie v, ecTb KOMIOHEHTa CKODOCTH B HamNpaBJeHHH HOPMalH
K dS (3Hak MHHYC CBA3aH C TeM, 4YTO [IOJOXHTelbHOH HOp-
Manpl0 CYHTAeTCsA: BHEUIHAA).

BoibepeM Ha u3nyuawomie#l MOBEPXHOCTH S HEKOTOPYIO TOUKY,
KOTOpYy!0 Ml 6yneM HasulBaTb MOUKOX npusederus; B NalbHeH-
wemM GygeT BHIHO, KakuM o06pasoM BhiGupaercs 3Ta TOYKa.
Iycts @, €cTb BEKTOP CKOPOCTH TOYKH INpHBeneHuA. Bpeagm
Tenepb BEKTOP-(QYHKUHIO pacmpenenieHHs CKOPOCTH:

?
D=—, 3.2

Ivs] -2)
BriGop TOUKM MNpHBEIEHHA Jenaercsl € TeM pacuéroM, 4Tol

paboTy BHEWHHX CHJ, MPHBOOALIMX MOBEPXHOCTb B KOJ1ebarelnb-
HOE [BMIKEeHHe, MOXHO 6bl10 NpeICTaBHTb B BHIE

dAu = (F,0,) dt,
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rae F,— pe3yabTaHTa BHeWHHX cHia. TakuM 06pasoM TOUKY
NpHBEJEHH MOXHO pacCcMaTpHBaTh KaK TOYKY MPHIOKEHHS
COCPEJOTOUCHHON pe3yabTHPYIOIIEH BHEWHEH CHAbl, BHHYXAAI0-
wefl KoneGanus usnyuarens. Iloxcrasass (3.2) B (3.1), umeem

dA=—1, dtj'pD,,dS:%R dy,,
s
roe dy,=7v,df— cMeleHHe TOUKH NpPHBEAEeHHA, Bennuuny

R=— pr,, ds (3.9)
¥

Mbl GyleM HasblBaTh HHTErpaibHON pearyuel 38YK08020 nois
Ha u3ayuyarenb Is BbIOPaHHOH TOYKH MPHBEIEHHS.
B uyacTHOM cilyyae NpPOCTOrO TrapMOHHYECKOrO Ko.J1eGaHHs

.

Vy="Vp,sinel, p=p,;sin(of-4ay),

rie p,s M o MeHAOTCA, BOOOwWE rOBOpPS, OT TOYKH K TOUKE.
ITpu 3sTom

—R= g‘pms sin (of -} o) D, dS=
5
= [ f Pms COS asDndS] sin of -}~ Ulpmssin asD,,dS] cos wf =
s %

=R, sinet-}+ RN, cos0f, (3.4)
rae

R= f PmscosaD, dS, (3.5a)
$

R, = J P s sin a,D,dS. (3.5b)
S

Tepruiit unen dopmyasl (3.4) ecTo Ouccunamugras COCTa-
BAAOmAan NpPHBeAEHHON peakuuH nosas. JeHcTBHTENpHO, CpelHee
(BO BpeMeHun) 3HAYEHHE MOIHOCTH, pa3BHBaEMOH H3.yuaTenem
NpOTHB 3TOH couannmomeﬁ

T
pP,= J%l'vodt——ﬂ—"l J sin? of dt =2n%n (3.6
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€CTb aKycmu4ecKass MOU,HOCmb HW3ayyaTens, T. €. SHeprus,
paccenBaeMas B elMHHLY BpeMeHH O.aarozaps usayuenuio. Bro-
po#t uieH (3.4) onpenenseT KOHCePBAMUSHYIO COCTaBAIOLLYIO
pEaKUHH MOJis, NOCKO/bKY CpenHee e€ 3HaueHue

T T
51 Rev,dt = ”’T”,vm[sinmtwsmtdt=0

0 0

ucyezaeT. Hannume KOHcepBaTHBHOH peakilnH, OOYcC/HOBJACHHOE,
kaK BHAHO u3 (3.5D), (a3oBbIM CIBHrOM 0Og MEXIY NaBJICHHEM
H KoneGaTenbHON CKOPOCTHIO, CBHAETENBCTBYET O NnEPUOOUHECKOM
o0mene sHepaued Mexny uanydateneMm u noneM. Ileno oGCTouT
TakuM 06pa3oM, YTO HEKOTOpas YacTb JHEPrHH, OTAAaHHAA MO0
B TeueHHe ONHON yeTBepTH nepuHoma 7, HE YHOCHTCA 3BYKOBOH
BOJIHOY, HO BO3BpAINlAeTCH H3/1YyYaTenlo B CAEIYIOUIYI0 YETBEPTH
nepuona. D10 06YCAOBAEHO TEM, YTO KOHCEPBATHBHAf YacTh
peaKiHH HMMeeT OIHHAKOBOE HaMpaBJEeHHE C YCKODEHHEM TOUYKH
TNIpHBEAEHHS. :
Ecan mosepxHOCTh S H3nyuyaeT BOJAHB Manoft aMIIHTYAHI,
10 R,y 4 R,,o OPONOPLUHOHANBHB TV, H MOXHO BBECTH BaXHOE
TNOHATHE O CORpPOMuBACHUN U3AY4eHUs. AKTHBHBIM CONMpPOTHBIAE-
HHEM H3JYUYEHHS HA30BEM BCJIHUHHY

rp=dm__1 j Pms COSAD, dS. (3.7
v Un

Uckniouas R,,; us (3.6), HaXOnuM BhIpaKEHHE aKYCTHYECKOHU
MOIIHOCTH:

1 o
Pa="2—fR'U,;l. (3.8)

PeakTusHOe CONPOTHUBAECHUE H3JIYUYCHHSA €CTh

Xp=" = l—m '“ DPms Sina.D,dS. 3.9)
s

OmnpeneanM Tenmepb SHEPTHIO, KOTOpOH! H3iAyuaTeAb H noje
OGMEHHBAIOTCS APYr C APYrOM H KOTOpas SBJIAETCS (CBS3aHHORH,
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NIOCKOAbKY OHA HE NMOKHAAeT GamkaMiiell OKPECTHOCTH H3nyva-
Teas.
13

t
Ep= jmgvo dt=R 3V J‘ sin wf cos of dt =
0

0
t
RV (. XRUm sinffof 1 Xp o
—“"T‘jvsln2(0tdt——-.——2-—' " ._.—‘2——(—0—‘00_
0
Jlerko 3aMeTHTDL, YTO BEJNHYHHA
.
R __1 ina,D,dS 3.10
mp—=-—=—-— Ding SIN GOy ( . )
© A &

(roe @,=—wv, eCTb aMIIHTYIa YCKODEHHS TOYKH MPHBELEHHS)
HMEET Pa3MEpPHOCTb MacChl H MOXET ObiTb HCTOJIKOBaHAa Kak
(aKTOp MHEPLUUH HEKOTOPOro 06bEMa cpelnl, kak Obl mpuie-
KAWEro K H3lyuaioumlefl MOBEPXHOCTH M KOAEOIOMErOCsH BMECTE
¢ He#l. BeqmyHHY mp Ha3BIBAIOT MO3TOMY RpucoedUHEHHOE HIH
coxonebarowelicss maccoll ¥ pacCMaTPHBAIOT CBA3aHHYIO SHEPTHIO
015 KaK KHHETHUYECKYIO IHEPTHIO 3TOH NOMO.IHHTETbHOM (K Macce
CaMOro H31y4aresst) Macchl:
Ec5=—21—mgvj.

B xomnaekcHo#t ¢opme, obumenpHHATOR B TEOpHM 8BYKA,

noaHOe COMPOTHBICHHE H3MYYEHHA HMEET BHI

2R =rR -}-jXR =R + jomg (3.11)

H MOXET GHITb ONpeeneHO KOMIIEKCHBIM OTHoureHueM R k v,.

OcCHOBHBIE 3aa4H TEOPHH aKYyCTHYECKOrO H3Ay4yeHus CBO-
JATC K CAEAYIOUHM: ’

1) Pacuém 38YK08020 noas usilyuareas, T. €. aHalH3 MpO-
CTPAHCTBEHHOTO pacnpeleneHHs 3BYKOBBIX JaBI€HHMH, CO3naBae-
MBIX H37yyaTejaeM B HEOTPaHHYEHHO MNpoOCTHpajpomelica cpene.
Pewienne 31Ol 3amaun Jaér xXapakmepucmuky HANpAasAeHHOCMU
usnyuatens. Tepmun stor umeer cnenywomuit cmeica, Ilycts p
ecTb 3¢ {§eKTHBHOE HaBAeHHe, CO3IABaEMOE H3jyyaTesneM B Hampa- '
BJIEHHH HEKOTOPOH -OCH Ha paccTosHuH r. [Tycts, nanee, §u ¢ —
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yria08se KOODAHHATH, ONpeNensiou(He HaNpas/JeHHe HA HEKOTO-
PYIO paBHOYAAI&HHYI0 TOUKY, HE Jexamyl Ha ocd (puc. 39),
a ps, y —30dekTHBHOS HaBieHHe B 37Ol Touke. OTHOUEHHE

Pos a0, v (3.122)
Do

eCTb (YHKUHS YIJIOBHX KOoopauHart 0, ¢, HO He paccTosHuf 7,
€CIH TOBKO r BEJAHKO MO CPABHEHHIO C HAHGOIBLIMM NHHEHHbIM
pasMepoM wuanyuateas d *). Pyuxuus P (8. ¢) ecrb amanutuye-
CKOE BBIDAKEHHE XapaKTEPHCTHKH HANpaBJEHHOCTH H3AY4eHHSI.
IMpu vanuyuy OCeBOH CHMMETPHH 3aBHCHMOCTb OT a3HMyTaib-
HOro yria ¢ oTnamaer,
XapakTepHCTHKAa  Hampa-
B.IEHHOCTH H3AyuYaTens ecTb

P

W

® (B) =%. (3.12b) —s

N

DTy XapaKTepHCTHKY rpa- Puc. 39.

¢uyeckn yno6Ho uaobpa-

*KaTh B MOAAPHBIX KOOPAHHATAX, BHIGHpas OCb CHMMETPHH B Ka-
4yecTBE MOAAPHON OcCH.

2) Pactém arxycmuteckoli Mownocmu, OTIaBaeMOW H3nyuva-
TeaeM NPH TeX HJIH HHBIX YCIOBH®X €ro Bo30ywxienus. Peue-
HHE 3TOW 3apaun TpebyeT pacuéra 3SHaueHH{i aKTHBHOIO H peax-
THBHOT'O COMPOTHBJEHHH H3IyYeHHS.

O6e naspauHble 3ajayH HEe HE3aBHCHMB APYr OT apyra. Hesao
B TOM, YTO MEXIY aKyCTHUeCKON MOIIHOCTBIO H3;1y4aTens H €ro
XapaKTEPHCTHKON HaNpaBIEHHOCTH CYIECTBYET HEKOTOPas CBA3b,
KOTOpasi BBIACHETC M3 CNeAYIOUIHX COOOpameHHH,

OKpyxuM HsayyaTenb cgepodl o 10CTaTOYHO GOABLIOrO
panMyca r; BhilenMM Ha Hell naomtanky do, HampasjgeHHe Ha

%) IIpn 7> d HanpasieHHs HA BHIGPAHHYI TOYKY OT PASTHYHBIX
9J1eMCHTOB dS u3nyuawoiieff MOBEPXHOCTH MOXHO CUHMTAaTh NApaLiIenb-
HBIMH; TOTIA PA3HOCTh XOLOB BOIHHI OT PAa3IMUHBIX ILTowWAnok dS He
3aBUCUT OT yjhajacuus Touku.lIpH MaXRX pacCTOgHUAX 910 MpeiNmoaoMe-
HHE yXe HecnpaBenanBo. Buiee srporoe ycrosHe (C yuétom 3ddexton

d
6.mkHel 30HB) UMeeT BHI r > 3
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koropyio ompenensiercs yraamu 6 u ¢. Ecau ps, ¢ ects 3ddek-
THBHOE [aBJleHHe BO371€ do, TO cHiaa 3BYKa (IOTOK 3HEPTHH
yepe3 egMHHLY naomanu), coriacHo (2.29¢), Gymer

2

Iel'x"zg'e'-‘q')’
3o

Tie §,— aKyCTHYECKOe COMPOTHBIEHHE cpelbl (HAMOMHHM, 4YTO
KBajgpaT 3(GEeKTHBHONO 3HAYEHHS CHHYCOMJAAbHO MeHsouefics
BEeJHYHHB! DaBeH MOJNOBHHE KBajpaTa aMIIMTYAHOrO €€ 3Haue-
uun). [ToTok 3BYyKOBOH 3Hepruu uepesz do, T. €. 3ieMEHTapHas
YacTb H31y4aeMOH HCTOUHHKOM aKycTHHYecKOW MOIIHOCTH, €CTh

-

dP, =1l do= o, *”do Po 0% (6, §)do.

Uurerpupys no Bceft cdepe o, HAXOOHUM 1Al aKyCTHUEeKOH
MOLIHOCTH H3/1y4YaTens BbIDAXKEHHE, CONEpPIKAlee XapaKTEPHUCTHKY
HanpasnaeHHoctn @ (6, ¢):

P =l’3—j' @ (0, ¢) do.
0 g

a

Ecan usnyyarens He oO6nafaeT HampaBAeHHOCTbIO, T. e,
M37y4aeT WAPOBYI0 BOJAHY, TO €ro akycrudeckas MOUIHOCTb
MOXeT GhITb NMpelcTaBieHa B BHJE

rae p,— dexTHBHOE naBneHHe B a06OH TOuKe, YHaNEHHOH
Ha paccrosuue r. OTHOLIeHHE

=Pl 1 | (3.13a)
a ';J Dds

noKa3uiBaiolllee, BO CKONBKO Pa3 MEHBIYI0 MOUIHOCTb HOMKEH
oTnaBaTh (MO CpPaBHEHHIO C HEHAaNpaB/JeHHHIM HCTOUHHKOM) H3ay-
yaTeab HanpaBAEHHOTO OeHCTBHA, cO3jalomWMi B OCeBOH TOYKE
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Takoe ke 3¢ddeKTHBHOC JaBIEHME, KaK W HEHanpaBJCHHBIH u3-
ny4aTenb, Ha3bIBAETCA K0IPPuytermonm ocesoli KoHyeHmpayuy,

Ilonaras o = 4=r? unoacra-
BafAs B P, 3Hauenue HHTErpa;ia

J'(I)“ ds u3 (3.13a), moayyaem 0O, 20 P
BaXHyI0 dopmyay P
4 oe > Jcs
— T, P hte
Pa_..so G (3.149) i
OtMeruM  0c060 4dacTHbIl /
cayualt HaJlMuMsi OCEBOM CuUMMe-
TPUM 3BYKOBOrO MOJA H3/1yya- Puc. 40.

teas. Ilpu 3TOM 31emeHT cdepsl
ds MOXHO BhIGpaTh B (opMe 3aeMeHTapHOro nosica (puc. 40)

: do=2ar’sin 6 df,
npuuém

(P =2 . (3.13b)
1
e j“I)’ 9) « 22 sin b db j‘ D¥(9) sin 6 46
4] 0

§ 22. HanyueHne nyabcHpyOlsero mapa. B Teopuu 3By-
Ka MCCIAELYIOTCH CHIBHO HIEA]U3MPOBAHHBIC H3iAyyaTend, T. €.
KO/IeGII0WNeCs MMOBEPXHOCTH CPABHUTEJIBLHO INPOCTOil (OpMbI
npu ¢ynxkumu pacnpenenenus (3.2) 6onee uaAM MeHee MNPOCTOro
tuna. Ho naxe u B 3THX YC/IOBMAX OCHOBHbLIC 33134 PELIAITCH
HeJlerko u TpeGyloT NpHMEHEHHs NOBOJIBLHO [POMO3JKOrO MaTte-
MaTH4YeCKOro amnmapara.

OTHOCHTENTBHO NpPOCTHIE PEWIeHH MOAy4aloTcs Ias chepH-
YeCKHX H3ayuaTeidell — NMyJIbCHPYIOWEro ¥  OCHWIIHPYIOWEro -
LIZPOB, KOTOPHIM [JaHO Ha3BaHWE M3nyuyaTenefl HYJ1eBOro u mnep-
BOro nopsakoB. Xora cdepHuecKHe HBIyyaTed¥ M HE HMEIOT
NpaKTHYECKOro MPHUMEHEHNs, ONHAKO B PEILEHHH COOTBETCTBYIO-
MKAX UM 3a1a4 Mbl C MOMOLIBIO TpPOCTBIX MaTEMaTHYeCKHX
cpeacTB OOHapyXKHBaeM OYEHb BaHble 3aKOHOMEDHOCTH, THIHY-
Hble M Il M3nyyarelel NPaKTHYECKM MCIOJb3YEMBIX  THIOB.
IMostomy HccaegoBanue npocreimnx chepHyecKHx uaaydareneh
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SIBJISETCA COBEPUICHHO HEOGXOAMMBIM 149 [OHUMaHHA (H3UKH
3ByKOM3AYyueHHUS.

Haun6onee nmpocTeiM u3 ClepHUECKHX H3ayuaresett — Haay-
yaTeeM HYyJIEBOrO MNOpAiKa — ABAACTCH nyabcupyuouiui wap.
310 — chepa HekOTOpPOro paanyca @, NOBEPXHOCTb KOTOPOit
coBeplLIaeT Majble pajuaibHbie KoneGaHusi, cHH(A3HbIE M OLHHA-
KoBbie no aMmmautyge (puc. 41). OueBHAHO, 4TO MNoJiE My/bCH-
pylowero mapa ecTb Moje WapoBO# BO/HLI; pPElIeHHE COOTBET-
ctBytomero auddepenuansioro ypassenus (2.12) nas npocroro
rapMOHHMYECKOro KOAeGaHHss MOXKHO HaNMCaTh B
BHIE

q::i:- exp j (of — kr--a).

Ecau paguanbHas CKOpOCTh Ha IOBEPXHOCTH
mapa 3agaHa B ¢opwme

= U, eXp jof,

TO pELICHHE NOMKHO YN OBJAETBOPATH IPAHHYHOMY YC/AOBHIO

0 ,
o (£>r—a = U CXP jOt

H1¥ B PACKDHITOM BHIE

[(fk+ %) l—j: exp j (of — kr-}- a)] =, expj;»t.

r-a
IMonaras r=a, uucem:
(jk -+ %) % exp j (of — ka -}~ a) = v, exp jot.

IlpupasnnBas k03 ULUMEHTEl M MOKA3aTENH IKCNOHEHLHATBHBIX
¢yuxuuit B o0eux yacTAX, UMEEM [Ba ypaBHEHHS

(e+2) G =vm
of—ka -+ a=wot,

M3 KOTOPBIX onpejeastorcs ammaurysa A u ¢asa a
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[MoTeHunas CKOPOCTH B NOJMe NYIbCHPYIOLLEro Wapa ecTh,
C/1e10BaTENbHO,
1

7 1+1k

3ByKoBoe naBileHHe M Ko.1eGarelbHas CKOPOCTb B KOMILIEKCHOMN
bopMe HUMEIOT BHUI

Q= exp J [oft — &k (r — a)]. (3.15)

: 1
p=pp=" - f;”‘:?_”;nk" expjot—k(r—a)], (3.16)

11::—3—%:%- iij:;v a*expj[ot— k(r—a)]. (3.17)

Hanpueftiinfi  pacyér 3ByKOBOro MHoJdA, T. €. OTAE/]eHHE
aeficTBuTenbHBIX vacTe#t ypaBuenu#t (3.16) wu (3.17), ue mpen-
CTaBafieT o0cCO60ro MHTepeca M, B Cilydae HeOGXOJHMOCTH,
BHINOAHAETC Ge3 3arpynseHnit. OGpaTuMcs MOSTOMY K Ompene-
JeHuio 06enX KOMIIOHEHT MOJIHOIO CONMPOTHBACHHS H31YYCHHUS,

Tax kak KoneGaresibHas CKOPOCTh Liapa BCOAY HOpMaJbHa
K ero MOBCPXHOCTH, TO, HE3aBUCHMO OT BHIGOpa TOYKHM NpHBe-
geuns, D,==1 0 peaxkuuio Mojis MOXHO NpeNCTaBUTb B (dopMe

R=p@)S= llqjv”‘a Sexp/o)t—
= pOCOS +1ka U, €XP jof.

Tenepb MOXHO HallTH KOMILIEKCHOE CONMPOTHUBJIECHHE H3TYUYCHUSA:

X s Sk (ka)?
2R =5 = PofoS T g = PobeS [1 Fkay T/ 1+(ka)=]’
OTKyna

k
808 1_*(_ (ak)a)n ’ (3.18)
XR —3081 +(ka)z’ (3.19)
__*r__ 4":pas
mR = = (i (3.20)

HOJIYI{EHHBIG pe3ynbTaThl MO3BOJASAIOT Caenarh HEKOTOpLie
BbIBOJHI.
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Kak BugHo us coortnowenuit (3.18) u (3.19), o6e komno-
HEHTBl MOJHOTO CONMPOTUBAEHMA HM3Ny4YeHHs 3aBucarT: 1) OT
yIE1bHOrO aKYCTHYECKOTQ COMPOTHBAECHHS CPEMBl  §¢ == PgCo;

2) OT BeAHYHHBI U3~

10 Nyyarouieit moBepxXHOCTH
. 1 S =4%a%; 3) or coor-

496 HOIUEHHMS MEXIy pas-
MEpoM wu3nyyarens a

46 \ na: B
U IJAUHON A H3/1y4yaeMo

34 r BOJIHBI (ka__Qﬂ )

A

9z /Z ——— dra mnocaexusis 3aBH-
CHMOCTb MMEET 0COGEH=-

g HO BaXHOE 3HaueHue
g 7 £ J Hha 4 !

ompegeass MNPU 3afaH-

Puc. 42. HOM pasMepe uajlyva-

TeNs 4acTOTHYIO XapaK-

TEPUCTUKY aKTHBHOrO M PEAKTUBHOrO CONPOTHBJIECHUH U3/NYYEHHS.

IMpu wuccnaepoBanuy yKa3aHHOH 3aBMCHMOCTH yNOGHO BBECTH
6espasmepHbie KOQHUHEHTE OGOMX CONPOTHBAECHUH:

v rR — (ka)’
"R=5S = T (kaye? (3:21)
. ka

W TF (k) (3.22)

KOTOpbIE manmorcn GbyHKUMAMA OT 6e3pa3MepHOro Xe apryMeHTa
ka_.27c . Oyukunn (3.21) u (3.22) npencrasieHs Ha puc. 42

rpaq)uqecxn. W3 rpaduxa Bugso, uro npu ka <1 peakTuBHOE
CONMpPOTHBJAEHHE H3/yueHHsd Gojee WIH MEHee 3HauMTe]bHO mpe-
o6najaeT Hal aKTHMBHHMM (XR >7R); 3TO O3HA4aeT, 4TO M3JY-
yaTeqb paboTaeT B ABHO HEBHLIFOAHOM peXHVE, He CTOMBKO
oTnaBasi MOWIHOCTb B MMOJE, CKOJALKO OGMEHHMBAasCh C [OJAEM
sHeprueli, koropas ocraércs ceisanHofl. Hanmporus, npu ka > 1
MBI MMeeM OnaronpuATHHI aKyCTHUECKHMH peXuM: aKTHBHOE
COMpOTHB.1eHUE npeoGaafaeT Haj PeaKTHBHHIM (rR > Xg ), T. €.
u3ayyarens paGoraer Gonee uiau MeHee 3(deKTHBHO.
Chenyomn#t nOyuuTebHBIH NMpHUMED MOXET AaTh NPEACTaBJE-
HHE O pagMepax H3ayuaTeas, HEOOXONHMBIX i obecrnedeHust
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9((hEeKTUBHOCTH 3BYKOM3IYYEHUs B TEXHUUECKH HCNO/Ib3YeMOM
IHAna3oHe 3BYKOBHX 4acTOT. ITycTe TpeGyeTcss yMOBAETBOPHUTH
YCAOBHIO rp =>Xgr A uacror f= 100 2y4; u3 yc.1oBus

b g 2100
1008 == 3o @

=1

onpene:iseMblil TpeGyeMbli pagMyc My1bCHPYIOMEro Liapa:

3410
a._.E§§775§==54 cM,

T. €. Iad yAOBJAECTBOPEHHS NOCTAaBJIEHHOro TpeGOBaHHA H3/Iyua-
Teab JO/MKeH uMeTh Goablie Merpa B monepeuynuke! Herpynuo
TaK}e paccyuTaTh, UTO MyabCHpyowluit wap pagnyca a==10 cu
UMEET HHXKHIOW rpaHuuny o64acTu 3(deKTHBHOro 3BYKOU3Y-

YEHUd .
: 34100

fH 20W =540 2!{‘

.

U3 nocnenyromero GymeT BHAHO, 4TO HafiieHHblEe COOTHOLIe-
HUl  SIBJASIOTCS BIOJHE THUNMYHBIMHM;, OJHAaKO B NPaAKTHYECKUX
cayyasix mnorpe6oBanuch Obl manayuyarean ecumié GoabIMX pas-
MepoB. YcCTaHOBJGHHAs 3[4ech 3aKOHOMEPHOCTb HMeeT obinee
3HaueHue: 1isi 3(PGhEeKTHBHOrO H3JyvyeHus 3ByKa HEOOXOAHMO,
4TOGH! pasMepsl H3:1y4areasd ObiaM BeaHKM CPaBHUTENLHO C [IAH-
HOM m3.1yyaemMolt BOJAHBI (MW, NO MeHbLIeH Mepe, CpPaBHHUMBI
C Heh).

§ 23. lIprunael Manoi sgdeKTHBHOCTH H3AYy4eHHs B o6aa-
CTH HHU3KHX 4YacToT. Ha npuMepe my/lbCHpyIOLiEro wIapa Mhl
MOXEM BBIICHHTD NPHUYMHBI, IPUBOAAILKHE K Manoh 3¢pdeKTHBHOCTH
3ByKOHU3aydYeHus B 061aCTH HMU3KHUX YacTOT, T. €., BbIpamasch
TOYHEe, YacTOT, JAs KOTOPHIX [AMHA BOJAHB BEJAHKA CpaBHH-
Te/NBHO C pasMepaMu H3nydaTeis.

Kak sicHo W3 mpejblaymero, peakTHBHOE CONPOTHBAEHHE
U3/1yuyeHHss OO6ycaOBileHO HalauuueM (asoBOro CABHra MEMXIY
peaxuMeldt noJs Ha M3AYYaOIMYI0 IOBEPXHOCTh u €& Kojeba-
TeabHOM CcKopocThio. Tak Kaxk peaxkuus mnoad onpejeasercs
3BYKOBBIM NaB1E€HHEM B HENOCPEACTBEHHOH OAMU30CTH OT u3JIy-
Yarens, TO OYEBHMAHO, YTO BONpPOC 06 3(deKTHBHOCTH H3Ayde-
HHA 39ByKa TecHehwum oOpasoM cBsisaH ¢ (pa30BBIM COOTHOLUE-
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HUEM MeXIy AaBlCHUEM M KoJeGaTelbHOH CKOpPOCThIO BOMHM3H
OT m3nydawoumed nosepxHoctu. PaccMoTpuM mostomy noapoGHee
KHHEMaTHKY BOJHOBOrO NBMXXEHHS MJM, TOYHEE, MEXaHu3M. BOS-
HUKHOBEHM HM3GLITOYHBIX naB.i1eHHH Npu Ko.1e6aTeTbHOM JIBHKe-
HMHM YaCTHUL BOMHOHECymeH cpembl.

IlpencraBuM ce6e cHavata, 4TO aMnaurtyaa komaeGaHui
MOCTOAHHA [ BCEX TOYEK MoJas (Tak OOCTOMT Jeno B ciayuae
niaockoft BOAHBL, cM. § 14). M36niTounoe naenenune 00yCia0BICHO
B 3TOM C/Ay4ae TeM, YyTo Kaxaas G6o.lee ynanéHHas dacTHua

Puc. 43.

HauMHaeT CBOE KojeGaHHe MO3Ke, yeM OJumesnexamas dacraua
cpenb. Kunemaruka mpouecca nokasaHa Ha puc. 43; 3gech
OenpiMM  KpyWKaMH (paBHOOTCTOSIIMMH APYr OT ApYyra) H3o-
OpaskeHbl CpPefHHE IMOJONKEHHS pAgA 4YacTHL, a SalITPUXOBaH-
HBIMH KDYXKaM¥ — HX MrHOBeHHble monaoxeHus. Crpeiaku mnon
KPYXKaMH no BeldYMHE H HAMpaB/leHHI0 H300pakaloT CKO-
pocTH KoneGareabHOro ABMieHHs Hacruu. HeTpyaHo sameTuTs,
YTO MaKCHMajbHble COAMMEHHS M yAaseHds YacTHIL, T. e. MaKCH-
MajbHbIE CHATHA U Pa3pPeKEeHHs, HMEIOT MECTO B TOUKAX HaHO0/1b-
IIKX 3HAYEHHH [OJIOKHUTENbHOH M OTPHUATEIBLHOR CKOPOCTH.
HanpotuB, paccTOsHHSI MeX1y YacTHIAMH Majl0 OTAHYAOTCA OT
CPeIHHX TaM, rae CKOpOCTh uacTHl, 06JM3Ka K Hy/MO; Taw,
C/A€A0BaTE/NbHO, paBHBl HYJ/J1I0 H 3BYKOBbIE JaBJICHHSA. Mbl aenaem
oTCiofa CaAeAyomMit BHIBOA: 3BYKOBO@ HNaB/eHHe, BO3HHKAWOMIE:
B pe3yjbTaTe B3anasgblBanusg GoJee yNal&HHBIX YacTHIl IO
cpaBHeHuI0 ¢ GukenexamuMu, BClogy coBmagaeT mno  dase
¢ KoneGareapHOM CKOPOCTBIO; peaklils, OGYC/AOB/AeHHad TaKHM
1aBJICHHEM, SBJSETCS YHCTO JHCCHNATHBHOM.

Boo6pasuM Tenmepp Kak pa3 MNPOTHBOMOJNOXHBIA cayuwafi:
3anasgbiBaHus. BOBCE HET, T. €. BCE HACTHUB Ko.ae6aoTcs
COBEpUIEHHO CHH(pA3HO, OJHAKO C aMNAHTYNOH, MOCTENeHHO
y6biBalome#t npH nepexome K 6Goaee yHaNSHHBIM YacTHLAM.
Kunemarnueckas - cxeMa Takoro (NycTh TOJBKO BOOGpamaeMoro)
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npolecca nokasana Ha puc., 44. Jlerko BumeTs, YTO MaKCHMalb-
HblE CIKATHS MMEIOT MeCTO NpPH KpafiHMX [pPaBbIX MOMOKEHHIX
BCEX YacTHL, 4 MaKCHMaJbHble pa3pexeHus-—npH xpatinux
JAEBbIX MOJOMXEHHAX, KOrdAa CKOPOCTh YacTHL, OIHOBPEMEHHO
MEHSIOMHUX HampasJieHHe [BHkeHHs, paBHa Hymo. Hanporus,
NpH MPOXOXICHHH YCDes CpelHHe MONOMKEHHs, Qe CKOPOCTh
MaKCHMajipHa, MH3OBITOUHBIE JaBleHHsl OTCYTCTBYIOT. Taknu
06pazom 3BYKOBOE AaBleHHe, O6YCAOBJACHHOE yObIBAHHEM AMILIH-

Gerody v=0 « p=-p,

Puc. 44.

Tyas KoneGaHH{ C pAacCTOAHHEM, CABHHYTO MO (ase OTHOCH-

-
TeAbHO KOJdeGaTelpHOW CKOPOCTH Ha yron '7; peakuus, o6y-

C/IOBJEHHAsI TAKHM JaBJeHHeM, ABJETCS YHCTO KOHCEpBaTHBHOM.

B sByKoBOM MOJ€ WIAPOBOH BOJIHBI, H3.IyYaeMON MyJbCHPYIO-
UM IapoM, H3OLITOUHOE MAaB/eHHe, a C/ICN0BAaTeNbHO, H peak-
uus moJs OOYC/AOBJAEHBl O/HOBPENEHHbIM JefiCTBHEM oboux
(baKTOpOB: 3anosoaniem Ko/e6aTe/bHOr0 JBHMEHHs 6osee
yoangHublx yactui (T. e. u3sMeHeHHeM (asnl KonebaHusa ¢ pac-
CTOSIHMEM) M YObIBAHHEM CMeWieHHH (T. €. U3MEHeHueM CMHAlL-
myds konebaHHs ¢ paccrosHuem). OJHAKO CpaBHHTEIbHOE
3HaueHne oOOMX 3THX (aKTOPOB HAa pAasJHYHBIX paccTos-
HHSIX OT BOJHOBOrO IIEHTPA OKAa3blBAETCH OUYEHb DPAas/HYHbBIV.
Ha paccrosHusix, MalblX CPaBHHTEIBHO C NJHHON BOJHB (T. €.
npu a<< 1), ¢asa KoneGaHus HIMEHAIETCA OYEHb  MENJIEHHO,
ropasgo MeAJeHHee, ueM Ha OGOJbIIOM pacCTosHHMH (@ ==)).

3arto amnauryna ()'Gblaa}omaﬂ, KakK

) Ha ManblX paccros-
rcosa

HHAX OT IIEHTpa yYMeHbUIAETCS O4YeHs OLICTPO, TOrAAa KaK Ha
60/1b1IOM yA7ICHHH H3MEHEHHE aMIIUTYAbl HA CIHHHIY palHaldb-
HOH HJAMHB KpafiHe HesHauuTeabHO. JIerko MoOHATb, YTO eciH
NyNbCHUPYOWHMA Wwap HMeeT Paguyc, Maiunil CPAaBHHUTEABHO C A,
TO JaBJIEHHE BO3J1€ €ro MOBEPXHOCTH o6ycnosneuo, r/1aBHBIM

7 DACKIPOARYCTHEA
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o6pa3oM, YMEHbLIEHHEM aMIVIMTYAbl KoJeGaHHil; MpH  3TOM
$a30BbLI CABHI MeXAY peakupuell nojasi M CKOPOCThIO Iuapa

™
6aM30K K 5 M DEaKTHBHOC CONMPOTHBICHHE HBAYYCHHS SHAUM-

TeNbHO MNpeoG:aafaeT Haj aKTHBHBIM. MOXHO paTh 3TOMy 06-
CTOATEABCTBY H HECKOJAbKO HHYI ¢OpMyJIHPOBKY: Oaaropaps
OueHb MEIJIEHHOMY H3MEHEHHIO (aspl KoneGaHHH 4acTHIB! CPEIBI,
newamue B6AM3H OT H3/Nyyalollell MOBEPXHOCTH, YCKOPSIOTCS
NouTH CHHGA3HO C YCKOpDEHHEeM Ilapa; HHEepUHalibHasg peaxkuHs
3THX YaCTHL MNpPOABJAAETCA KaK HEKOoTopas MOMOJNHHTE/bHAas
COK04e0AI0WaACA Macca, ONPEALAIONas BeJHYHHY PEaKTHBHOIO
COMpOTHBAEHHA H3nyyeHus. Hanporus, ecan a>> 1\, TO peaxiuus
nons GOpPMUpPYETCA Ha IOCTATOYHO GOJABLIOM pPAcCTOSHHH OT
BOJMIHOBOrO WUEHTPA, [I€ yMEHBLICHHE AMILIMTYAB Ha eJHHHLY
paguanpbHO# AJMHBI MPAKTHYECKH HC HIPaeT pO.IH, a JaBileHHe
00yCI0BJIEHO B OCHOBHOM H3MeHeHueMm ¢assl KonebaHus. B sTux
YCAOBHAX peaxuus N0/ OnepemaeT CKOPOCTb JHUIL Ha Majlblid
Yron W aKTHBHOE COMPOTHB/EHHE 3HAYHTENBHO MPeo6.ajaeT Hal
peaKTHRHBIM.

Bcé ckasaHHOe Bbllle CHOpaBeIMBO M IS BCAKHX ADYTHX
H3JyyaTe/eil; pasHHia TOMBKO B TOM, YTO IS MY/bCHPYIOMEro
wapa ¢a3oBble  COOTHOIIEHHS
JIerKO MOJJAITCS pacyéry, Toraa
Kak B 1eJ0M psge Apyrux ciy-
4yaeB  pacyéT  CONMPOTHBACHHH
3aTPYOHHUTENEH MM [JaWe He-
BO3MOXeH. [JosToMy  8aKOHO-

MEpHOCTb,  CopMyIHpORaHHAS

B Q%"”o ‘ B KOHLE MNpEebiylero mapa-

AN , rpada, sBaserca BioaHe oO6mel.
U Up= U 60 Jaib § 24

. Ocuuannpyomnii
: map. Heckonpko Gonee caox-
Puc. 45. HBIM THMOM C(epHYECKOro H3ay-

yares SIBASETCS TaK Ha3blRAeMblil
ocyunraupyrouuit  wap (puc. 45, a); 3To—wWwap paauyca a,
UEHTP KOTOPOro COBEPINAET KojeGarenbHoe —JBHMEHHE BAOIb
HEKOTOpOH MpsAMOH, npoxonsuieli dyepes UEHTD LIapa M Ha3bl~
BaeMolt ocsio KoaseGanufi. OYEBHAHO, YTO B KAauyeCcTBE TOYKH
MpHUBECHUS MOXKHO BHIGpAaTh JI06YI0 OCEBYI0 TOYKY, HAamMpUMED,
Touky A (puc. 45, b). ITycTe aBHxeHue 3Tofi TOUKHM 3alaHO €&
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K0.1e0aTe1bHO! CKOPOCTBIO B BHIE
Uy =V, CXp jool.

Ecau BniGparb ocb KoJjeGaHuit B  KauecTBe MNOaApHON ocH,
TO 6/arofaps HaaWYHI0 OCERBOM CHMMETPHH MOTEHI{HAT CKOPOCTH
B 110J€ OCUM/IJIHDPYIOWEro mapa He 6yAeT 3aBHCETh OT a3uMyTa {,
M BOJHOBOE ypaBHeHHe (2.11D) mpuBOAHMTCS K BHAY

1 0 ([ 509 1 .9 (. 09\ __10%

7~ ar(’ Fr> T A5t 00 (S“‘e aﬁ) =dor-

HckoMoe peuieHue 3TOro ypasHenus ¢=¢(r, 0, f) 101xHO
YIOBJETBOPATh FPAHHYHOMY YC/IOBHIO

0% ,
( ar> g =Um cos B exp jot

(cm. puc. 45, b). He ocraHaBauBasCh Ha HECKOJbKO rpOMO3]-
KO#t NMpOoueAype HAXOXAEHHS HCKOMOrO pEIUEHHs, HAMHUIEM €ro
B FOTOBOM BHIE:

=4 1+J cos fexp j (of — kr 4 a).

r

BbluncieHne mpoH3BOAHOMN —g—f MPHUBOAMT K PE3yJNbTaTy

g‘f, ‘i %@ coS 0 exp j (ot — kr -+ a).

ITonaras 3gech r==a, GbOpMyIHPYEM TPaHHYHOE YC/IOBHE

2,121+ jka) —(ka)*] cos B exp j (wf-—ka o) =
=1, cos b exp jot.
OTcloaa ciaenyer, 4To
A— Upd®

2 (1 | jka)— (ka)* * o= ka,

a CieloBaTeN1bHO, MOTEHIHMAT CKOPOCTH B 3ByKOBOM MoJe ocuun-
JHPYIOMErC WApa ecThb
o= Uad o 1A jkr
—2<1+1ka>—<ka)2 A

cos Oexp j [of —k (r— a)].
(3.23)
T*
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Jlnst 3BYKOBOTO NaB/EHHA HAXONUM B KOMILIEKCHOM dbopme

. . 1 'k
P ==pyp = jopyA - .t’{ L

cosbexp j[of —k (r— a)]. 3.29)

Bekrop Kozearensuoit ckopocru ompenensercs ABYMS KOMIIO-
HEHTaMu: paduasbHoi

1;,:“%%:: A%ﬁrfcoseexpj[wt——k(r—~a)]
¥ MaH2eHyuaibHOL (3.25)
V= —;%%:A l:*_;sjff—sin Oexpj[wtwk(rwa)]. (3.26)

XapaKTepUCTHKA HANPABJICHHOCTH OCUM/IPYIOLIEro wapa,
coraacio (3.12b), ects

® (6) = cos b (3.27)

U B MOASPHHIX KOOpIUHATaX HMeeT GopMy BOCHMEPKH (pHC. 46).
Herpynno onpenenuts u K03dduuueHT oceBolt KOHUEHTpauuu;
no ¢opmyne (3.13b)
!
| o—_ 2

| T

[

—=3.(3.28)

fcos’f)sinﬂdﬂ
0
OGpaTumca Temepb K pacuéry
Puc. 46. KOMIIOHEHT CONPOTHBJEHUA M3Jy-
uyenua. Kak BumHo wu3 puc. 45, b, D,=cosl, u moxHo
HanHcaTh

R= fp(a, 6) cos 6dS,
§

dS = 2wa®sin 6 d6.

Ws ypaeHeHus (3.24) uMmeeM ¢ y4y&ToM HaHZEHHOro 3HaueHus
KOHCTaHTh A:

- Jopav R ot =
p(a, H= 2(1+jka)~m(ka)* (1 +jka) cosbexp jot

Jjka (14 jkRa)v .
=hyq -{—jka)—-(kt'ln)” cos B exp jot
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M, 3HaYMT,
— jka (1 +jka) 2 : j 20sin 6 db
R=34, (L jka) — (ka)? 2na’v,, exp jot | cos? B sin ,

a KOMILICKCHOE CONPOTHBJIEHHE H3JY4YEHHS OCUHIIHPYIOLIErO
mapa ecTb

_Rr__, o Jjka(l+ jka) R B
2r —a—ao-%a 2(1+jka)——(ka)“b‘cos Bsin6d6 =
_ S, Jra(itjka)

_.80 3 ’2(l+jka)_(ka)2,

raic S=4na® ecTb NOBEPXHOCTb LIapa, a $,==pyC, — YAEIbHOE
aKyCTHY4ECKOE CONMpPOTHB.IEHHE cpenbl. Pasnenss neHCcTBHUTENbHYIO

A0 [
' 3

48

46

N

|
|
a4 : 77
yas ~Z
g y +
|
1 -
g ]
a 7 1652 3 ke ¥

o)
=
I
e
~

U MHHUMYIO 4YacTH 2R, HaXOAHM KOMIIOHCHTbl COINPOTHUB/IECHHA
nsnyuenus (puc. 47) M NPUCOEHAUHEHHYIO Maccy:

S ka)t
TR=13o3 ';r_(}j((%ry, (3.29)

S ka |2+ (ka)] (3‘. 30)

R=HS " A (k)
_*R__ 4 _ 324 (ka)
MR= e, = P03 Tmaél—]—(ka)z' (3.31)

[MonyyeHHble PE3Y/AbTATH MOKA3bIBAIOT, YTO W3AYUEHHE OCHHI-
JHPYIOMIEro lapa, 3aBHCA QT TeX XKe CaMbX (PaKToPOB, KaK H
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H31yyeHHe IyabcHpymomero mapa [cp. dopmyan (3.18), (3.19)
a

T -
HaKO, 3HAYUTEABLHO MeHee 3(PGHEKTHBHEIM B 061aCTH HU3KUX 4a-
CTOT, ri€A11Ha 3BYKOBO! BO/JHBI BEIHKA 110 CPABHEHHIO C pasMe-
pamu naaydartens. JTO Jyyllle BCEro BHIHO H3 CONOCTAaBJEHHS
(430BLIX YIOB MOMHOTO CONPOTHBJIEHHS H3Iy4YEHHA: B Clyyae
nyascupyiomero mapa [cM. dopmyast (3.18) u (3.19)]

(3.20)}, — uMenHo 0T §,, S uka=2=w OKa3blBaeTcsl, Of-

*r__1
rg T ka? .
a B Cayude OCUMIIHPYIOLIEro mapa
*R — 24 (ka)?

1 2
P D TR
Ipu ka <1 BrOpOH uneH mocienHe GOPMyAbl 3HAUHTEILHO
6oablIC MEPBOrO, a 3TO O3HAYaeT, 4YTO npeobiagaHHe PEAKTHB-
HOro CONPOTHB/EHHUS Hal aKTHUBHBIM B C/Yy4ae OCLH/IHPYIOLIEro
mapa BLIPAXKEHO rOpasfgo pe3ue, 4eM y My/bCHPYIOLIEro Hiapa.
QueBuano, yTO yxynmeHHe 3¢deKTHBHOCTH H3JIyueHHs B 061aCTH
HHU3KHX YacTOT CBA3aHO C BJHAHHEM KaKHX-TO IONOJHHTE/IbHBIX
(baKTOpOB, OTCYTCTBYIOLIMX B [0J€ MHy/JbCHDYIOWEro apa, HO
MMEIOIIMXCS HAJIHIO B MOAE OCHWIIMPYIOIIEro H3ayuarens;
THMH (PAKTOPaMH M JOAXKeH ObTb OGYCIOB/AEH JONOJIHHTE/b-

2
HBI} 4sIeH Gt B BBIPAXEHHHM TaHrenca ¢pa3oBOro yria conpo-

THBJIEHHS H3.1y4YeHHUs.
IMpexne ueM OOpaTHThCS K BIICHEHHIO 3TOrO BOMPOCA, OT-

1
METHM, 4TO MHOXHTEIb o B topmynax comporHBieHH#t (ero

MOXHO (OpManbHO HMCTOJIKOBATh KAK (DAKTOP COKpalleHHs «nef-
CTByIOLIEH» MOBEPXHOCTH H3/y4yaTels) MOAYHaeTCs B Pe3y.bTaTe
YCPEIHEHHs KBajpara paauanbHOB CKOPOCTH 110 MOBEPXHOCTH
urapa; AcHCTBHTENbHO, U, = v,cosf u

3y 1 2 1
cos O_Sjcos BdS__3.

s
§ 25. Juddpaxuus BoaHB OT H3JAyvartens. Paccmo-
TPUM NOAPOOGHEE KapTHHY 3BYKOBOro 110isi BOAM3H OT OCLHI-
aupyroulero mapa. [las 3To#l 1eaH OueHb YAOGHO BOCHO/IbB3O~
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BaTbCHl yDABHEHHUEM AUHLI mMOKa@, T. €. COBOKYNHOCTH JIHHH,
HAMpaB.I€HHE KacaTelbHBIX K KOTOPBIM ONPENEIfET B KaxIoh
TOYKE TI0Js HANpaBAEHHME BEKTOPAa KoJeGaTenbHOW CKOPOCTH 9.
TepMuH «1uHMS TOKa» 3aUMCTBOBAH M3 THADOAMHAMHKH, TrAe
Hanpas/I€HHE BEKTOPA CKOPOCT# ? KHMAKOCTH ONpENe/sieT Teue-
HHE XUIAKON CTPyH; B 4aKyCTHKE XHIKOH M razoo0pasHoil cpen
BEKTOpP © MMeEeT HampaB/eHHe HOpMaiH K BOJHOBOMY (POHTY,
T. €. HamnpaBJ€HHE PacHpOCTPaHEHHA MPOJOJbHLIX BOJH.

Ecan T' ecTb KOHTYp auHHM TOKa, TO ero aiaeMedT dI' ompe-
JEAsieTCd YCI0BHEM MNApaane/JbHOCTH BEKTODY CKOpOCTH?

[aT - 9] =0.
B moaspHbx koopauHarax r, 6
v=n", _|'" nvy,
. dl'=n, dr -+ n,rd8,

Ile B, U B, — €NMHHYHBIE DAafMaIbHEI M TAHrE€HUHATbHBIA BEK-
tropel. [ToxcraBass 3T0 B yc/10BHEe MapailenbHOCTH M y4UThHI-
Basl, 4TO

(nn)] =—[nn]=—1,
[n.n,] = [nn,] =0,
nMeem
v dr — v,rdd =0
uau
ar_ Vs gp,
r Uy

Yro6bl MONYYHTh YPABHEHHE JHMHHI TOKA B MOJE OCLUIIU-
pyHomero iiapa, NONCTaBMM CIOf4 3HaueHua v, 4 v; u3 (3.25)
u (3.26); stu GopMyaH NAlOT

v k2r3 |
o =2~ 7 et

OrpannunBasch ciaydyaeM HH3KHX uacToT (ka << 1) u Gamxaiiuedt
okpecTHOCTbIO 1apa (kr< 1), no10XKUM npHGIHKEHHO

Uy 9

= C e

Uy tg !
YTO MPHUBOJMT K YPAaBHEHHIO JMHHH TOKa

‘1; =9 ctg 6 db. (3.32)
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Unarterpupys, Haxooum

Inr=21Insin64-C=1Insin’8 - C
HJIH
== counst., (3.33)

r

sin? 6

NPHYEM KaXAOMY MPOU3BO/JIbHOMY 3HAYEHHIO KOHCTAHThl COOT-
BeTCTBYET OT[IEi1bHas JaWHHUs TOkd. KapTuHa nuHHH TOKa, nC-

AN

[ )

.

Puc. 48.

CTpOEHHast MmO ypaBHenHIO (3.32), mpeacraBieHa Ha puc. 48;
3TO, KaKk YK€ OTMeuYeHO Bbille, — CEMEHCTBO JIMHHH, OpPTOro-
HaJqbHBIX MNO OTHOWICHHIO K BOJHOBBIM (poHTam. [lo cBoemy
(hH3HYECKOMY CONEPWAHHIO 5Ta KapTHHa usobpaxaeT Orgdgpak-
Huo H31y4ae’iol BOJHLI BOKPYr caMOro Haaywarenasd. HerpynHo
BHICTb, YTO sB1eHHEe nHPEGPaKUMK HPUBOAMT K BBHIPAaBHUBAHHIO
M30BITOYHRIX [ABJEHHH, CO3NABAEMBIX ABHXKCHHEM HIApa; BO/IHO-
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BOM HpoOlECC, NMPM KOTOPOM J/JIHMHA BO,IHB BEAHKA MO CPaBHEHHIO
¢ pasvepoM wusiayuarens, npubAMIKAETCa K Npoueccy nepemeuie-
HHUfl BBITECHSCMON mIAPOM CPEAH C OMHOH €ro CTOpPOHBI Ha
npyryo. B urtore 3¢QQekTHBHOCTL H3NyueHHA PpESKO MNajaeT
6:a1argraps 3Ha4MTE1bHOMY YMEHBIIEHHIO aKTHBHOM! PeaKIMH 3BYKO-
BOro MNO.1f; 4YTO e Kacaercsi pEaKTHBHOH cOCTaBAfAOelH, TO
OHa TaKKe yMeHbllaeTcsi Gaaromapa aud@paxiuy, OJHAKO He
CTOIb BHAUMTE]BHO, M NpHOSpeTaeT XapakTep HHeplMaIbHOM
peakLuy cpenbl, MEPEroHseMoii ¢ ONHOH CTOPOHBI lapa Ha
Apyryio.

COBCPHICHHO fCHO, YTO OMHCAHHBIC fABJICHHY, CBA3AHHHIC
¢ ndddpakuMel BOIHBI OT H31yyaTeas, MOIYT HMETb MeECTO
TOJBKO [/181 BO/H, [I/IMHA KOTOPBIX BEJHMKA IO CPABHEHHIO C Pas-
MepaMu H3a1yvaTeias, T. € B 00J1aCTH [0CTATOYHO HHBKHX
yactoT. [Ipu BBHICOKMX 4YacTOTax JIHHA BOJIHE Maja CpaBHH-
TEABHO C PAIMYCOM Iapa M OruGaHMs ero uaaydaeMolt BOJHON
yie He Oyner NPOMCXOAMTH, HMHAuC rOBOPA, H3MEHEHHs NaBJe-
HHSL 6YIYyT COBCPWIATHCH HACTOABKO OBICTPO, YTO PAa3pPEWEHH:
H CXKaTha HE GYAyT ycrmeBaTh KOMIEHCHPOBATh APYr Apyra.

SiBenue nudibpakumu BOJMHBL OT M3/1yyaTeas XapakTepHo,
KOHEYHO, He TOJbKO IS OCHUH/AAHMPYIOUIEro Wapa, HO H A1d
APYTHX OCUM/LIHDPYIOIMX H3AyyaTe/cil, XOTA 6bl M HC MMEIOLIHX
chepuueckolt (opmol. MmeHHo wanuuue 3sTOM Auddpakumu u
CAYWHUT (HU3MYECKUM IMPHUBHAKOM, OTIMYAIOIMHM H3JAy4yaTenu
nepBOro IOPsiAKa OT Maiywareneilt Hy:eBOro mopsika.

Ykamem 31ech, YTO NPHMEHEHHE [UTOB AOCTATOYHO 6Ob-
IIOT0 10 CPaBHEHUIO C [JMHOY BOJAHBI pasvepa — TAKOBBI [IUTH
(KpaHbl), B KOTOPHIX O6LIYHO MOHTHPYIOTCS TPOMKOTOBOPHTENH, —
MPECTaBImeT COGOH CNOCOS UCKAIYEHHA TUDPPAKIHOHHBIX ABIIe-
HUfl, T. €. BHIDABHHUBAHMA 3BYKOBBIX [aBA€HHH IO OJHY H IO
Ipyryro CTOPOHY OT H3/ay4aTéns, NyTEM 3KPaHUPOBAHUS €ro
nepenHelt 1 06OPOTHOH CTOPOH Apyr OT Apyra.

§ 26. Ilnockne mopmHeBhie u3iyuarenn. PaccMorpeHHbie
Bhlle cepHyecKHe H3AyYaTeJAH MPEJCTaBASIOT COGOH, KaK yxe
rOBOPH.I0Cb, OYEHb CHIBHO HIEAIH3HPOBAHHBIE MOJEIH, YAO6-
HHE [/8 BhIACHEHHA (QUIHYECKON MPUPOABI BaXKHEHIIMX 3aKOHO-
MEpHOCTEH, OTHOCMUMXCA K H3IYyYeHHIO 3ByKAa. XapaKTEPHUCTHKH
HanpaBJI€HHOCTH M YaCTOTHHE XapAKTEPHUCTHKH KOMIIOHEHT CO-
NPOTHUB/IEHUS HBIYYEHHs peaNbHBHIX HM3Ny4yalou[UX CHCTEM 3HaYH-
TEAbHO C/I0XKHEE M, KaK MPaBH/I0, HE MOMNAITCA aHanHTHYe-
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ckoMmy pacuéty. Hekortopoe nmpubnmmenue K HCHCTBUTENbHBIM
COOTHOWIEHHAM Ml MOTyyaeM MHpH HCCACIOBAHUM IIOCKUX ROPUL-
HeBplx M3nyuaTeael, T. e. wusaywareiacH, KoseOaoMxcs Kak
KécTkoe uenoe (mopwenn). TakoBbl, B YaCTHOCTH, KpYyri/ble
NOpUIHEBbIC JuadparMbl, H3l1yyeHHE KOTOPHIX C M3BECTHHIM NpHU-
OMMXKEHHEM COOTBETCTBYET H3JMYYEHHID KOHYCOB TPOMKOrOBO-
pAIMUX YCTPOHCTB B TOM 051aCTH 4YacCTOT (CPaBHUTENbLHO He
OYeHb BBICOKHX), TIIC KOHyC KO/EOJETCs KaK NOpIUeHb, He MOf-
paspgeassicb  y3JA0BHIMH JIMHMSIMH ~ Ha  NPOTHBO(ASHO NBHXKY-
IHecs 4YacTH.

B xauecTBe nepBoro mpHMEpPa Mbl PACCMOTPHM KpYy2iyr0
nopuiHegyo ouagpaesuy, Koaebrioulylocs B OTBEPCTHH GECKO-
HEYHO NPOTSMEHHOrO HIMTA NEPHEHIHKYNAPHO K €ro MIOCKOCTH.
Braromaps- Hanuunio GecKOHEYHOro muta sBiaeHHd Hubdpakuun
BOJIHBI Ha H3iayyaTene IMOJHOCTbIO MCKIIOYEHB, H Mbl HMEEM
H3ny4artenb HyJIeBOro mopsaka. Pacuér moas M conpoTHBIERHA
H31yYEHHs TAKOrO YCTPOHCTBA OKAa3bIBAETCA JOCTATOYHO CIOXK-
HbIM; TaK KaK MaTeMaTHUECKHE JeTaqH He MPENCTaBAAIOT TeXHH-
YeCKOro MHTEpeca, TO Mbl OFpAHMYMMCH B7cCb, KaK U B Jajb-
HelleM CoJepXaHuu 3TOro naparpaca, To1bKO CBOAKOH H pasgbsic-
HEHHEM OCHOBHBIX (hopMy.

AMniuTyna naBieHus, cO34aBaeMOro NOPINHCBON Juadparmoi
B OGECKOHEYHOM MIMTE HA OCH NOPIIHA HAa PACCTOAHHUH I OT HEro
(npuuéM  r>a, rae a— paaumyc nmuadparmbl), onpejensercs
dopmynoti

Py =15 s (3.34)

TIE 3o ==Pofy — YACABHOE aKyCTHYECKOE CONMPOTHBIEHHE CpEJbl
U, — aMIUIUTYd CKODOCTH CHHYCOHJAJbHOrO KOJE€6110uIerocs
nopuHa. XapaKTepHCTHKA HAnpaBAEHHOCTH, obianamouias oce-
BO! CHMMETpHEH, BBIpa}aeTcs ypaBHEHHEM

Py 2h(ka sin0)

(I)(ﬂ):p_o— kasin

. (3.35)
3necs I (kasin 6) — GecceneBa QyHKUMS NEpBOro MOPSAKA OT
aprymenta kasinf; rpaguk sToft GYHKUHH B NPAMOYTOABHEIX

koopauHarax jgaH Ha puc. 49. CymecTBEHHO OTMETHTb TO
OGCTONTENBCTBO, YTO apryMeHT ¢yuxuuu (kasin ) sasucut or
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yacTOTH, T4AK YTO NPH PasIn4HbIX yacrotax ¢yukuus @ (),
H300paxénHast B MOJAPHBIX KOODJMHATaX, MOMXET HMETb BecbMa
pasanuHyio ¢opmy. PaccMOTpUM Heckoabko npumepoB. [lycTs
yacToTa KoseGaHUH HACTONBKO HEBEAMKA, 4YTO Paguyc Hs/yda-
TEAsi Mad CPaBHUTENBHO C JJMHON H3ayuaeMol BOjIHE (kRa <L 1);

nyct, Hanpumep, ka=0,25 (4TO coOTBeTCTByeT % =0,04).

[pu usmedennu yraa 9 or 0 no 90° apryment dyuxuuun (3.35)
vensercs or 0 mo 0,25, a cama ¢byHKUMs, KaK BHIHO M3 rpa-
¢uka puc. 49, ymeHbmaercs

or 1 1o 0,99. [lousitHo, uto 29/
NPaKTHYCCKH py HE OTAHYA- z
ercs OT p,, T. €. nuagparma 44
Ha€T HewampapJEHHOE H3JYy- a9
yecHHE (XapaKTCPHCTHKAa Ha- 0¥
NpaBJIEHHOCTH, /15 3TOrO C1y-

yas nasma Ha puc. 50, a). ¥
Bosbmém Tenmeps 60see BhICO- 0
KyI0 4acToTy: nyctb ka =2,5,

a ,
uTO COOTBETCTBYET - =0,4. 1

[IpH M3MEHEHMH apTryMCHTa OT Puc. 49.

0 no 2,5 (6 mensercaor0 1o

90°) dynxums (3.35) wmensercs oT.l no 0,38 (cm. rpaduk
puc. 49); noaTOMy XapaKTEPHCTHKA HaNpPaB.ICHHOCTH (puc. 50, b)
MMECT BBITSHYTYIO (OPMY, CBHIACTC/ABCTBYIOULYIO O HAaMHUYMH
3aMETHOH KOHICHTPALMHM 3BYKOBOH YHEPTHH B OCEBOM Hampa-

a
BaeHun. [lycTs, HakoHen, ka=25 (T =0,8) ; npu HaMexeHun 0

ot 0 a0 90° aprymeur kasinb wmecusercs or 0 go 5, a cama
¢yukumus —or 1 go— 0,13 (mpoxoms u4epes Hya1b npu
kasin 6, =3,83; srto cootsercTByer yray 8, = arcsin 312%3’-% 50°).
XapaKTepuCTHKa- HapaBAeHHOCTH 145t Ra =05 mnpencraBaeHa Ha
puc. 50, ¢; 6pocaercs B riasa, BO-MEPBHX, DPE3KO BHIpaXeHHas
OCTPOTA HANPaBAEHHOCTH H, BO-BTOPHIX, HAJIHYHEC HANpPaBJIEHHUS
(6=19,), B KoTOpOM 3BYKOBOC [aBJcHHE OTCYTCTByeT (ps ==0).
OrmetHM nmonyTHo, uto nepemcHe 3Haka ¢yuwkuun P (6) orse-
4aeT usMeHeHHe asbl 1aBJIEHHSI HA MPOTHUBOMOJOKHYIO, HE Mpel-
CTaBJSIOIMEE HHTEPeca H He YUUTHBAacMoOc guarpammoit puc. 50, c.
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B paccMOTpEeHHBIX NpHUMepax OGHApYKHBZETCH THIHYHAR IS
MHOCMX H31yyaTelei 3aKOHOMEPHOCTH: INPH HHU3KHX 4acToTaX
(a<€ )) ugayuenne He 00/1a7aeT HANPaBIEHHSCTHIO M NPOHCXO-
ouT B ¢opme cdepuucckot HaM nmoaycdepHyecKoi BOMHLL, MO
Mepe BO3PaCTaHM$t YAaCTOTHI HAMPAB/JIECHHOCT OOHAPYMXHBAETCH U
cTaHOBHTCs BC& Oosee u 6ojaee OCTpOl; MPH JOCTATOYHO BBICO-
KuX uactoTax (@ >>)) u3nydeHue npoucxoaut B gopme crabo
pacxopasuierocs nyuka. HeTpynHo xaTh TO. 3aKOHOMEPHOCTH

. /|
098 g5 qf 420 4z q4¥ 4§ 48 W
e G2~ k205 —— ka=50

Puc. 50.

¢usnueckoe ucronkoauume. Ilpu a<€ A paccTOSHUS MEXKLY
TOUKON Ha6niofeHuss M pPasIHYHBIMM TOYKAMH Koaebmomleiics
NMOBEPXHOCTH OT/IMYAIOTCH JAPYr OT Jpyra Ha BEIHYHHB A,
Ma/jble MO CPaBHEHHIO C JUIHHON BO/MHBI, MO3TOMY 3JCMEHTApHEIE
cpepHyecKHe BOJNHBI, UEHTPAMH KOTOPHIX, COTJIaCHO MPHHLHUIY
TrofireHca, sBASIOTCH OTHEAbHBIE 3aeMeHTH dS konebmometics
MOBEPXHOCTH, MDHXONAT B TOUKY HAGIIONECHHS MPAKTHYECKH
c omHo#t M ToM ke (pasol M B3aMMHO YCHIMBAIOT Jpyr Apyra
HE3aBMCUMO OT TOrO, JIEXHT JHM TOYKA HaGaIONCHHA Ha OCH WM
we Bue e&. [lo mepe pocTa yacTtoTH, T. €. MO MEPE yMEHbHIC-
HHSt JUIHHBL BOJHBI A, PasHOCTH XOMOB A cTaHOBATCst BcE Gousee
u Gonee cpaBHMMHMH ¢ A. B oceBom HampaBieHunm 3Th A po-
CTaTO4HO Maabl (TaK KaK r>>a), M 37€Cb NOMPEKHEMY INEMEH-
TapHBIC BOJHBI B3aUMHO YCHIHBAIOTCS; 3aTO B HEOCEBHIX Hampa-
BACHHUAX MHTEPPEPEHLMS NPUBOAHT K YACTHYHOH KOMMEHCAlMH
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maBneHusn. [Ipu HOCTATOYHO MasnbiXx A BO3MOXHA Ja¥e MONHAs
KoMficHCauust, 4yeM u obbacHsercs (mpu ka >3,83) Hanuuue
HampaBieHuit 6, HyneBoro naBneHus.

BpluncaeHne KOMIOHEHT CONPOTHB/IEHHA H3/YYeHHs KpYyriaoH
nopiHeBoy AnadparMbl B GecKOHEUHOM HIMTE HaéT cacAyouli
pesyabTar:

I, (2ka)
re=uS|1— "0k, (3.36)
H, (2k
xp=1,S LX) (3.37)

rae I, — GecceneBa GyHKIHMS nepBOro mopsaka, H, — dyHKius
CrpyBe mepBoro mnopsaka, S=—mqa?% 6espasmepHse Ko3¢pdu-
LMEHTH AaKTHBHOM M peaKTUBHOM KOMIOHEHT MOryT ObiTh Hpel-
cTaBAeHb B (POpME CTENEHHBIX PAJOB:

g =1--11(208)
. ka
=R . (338)
x}'?—; Hl 2?2:
T W S

B ofaactu HusKux 4actoT ka < 1; mpH 3TOM JOCTATOYHO Y4H-
THBaTh TOJBKO NEpBbIE WIEHH DPANOB, MOJyuas, TakKuM 00pasoM,
BaxHbpie NpUOIHKEHHBIE DOPMYIIH:

'~ ka)ﬁ_— P
e =5OSrR = p,coma’ (_2_ = —27%0 tS?, (3.40)
' 8ka 8
xR:&OS'ng poco'na" Ev:pow—?’—as, (3.41)
R 8, e 3.42
mR_ T = —é' Poa . ( )

YacTOTHHIE XaPAaKTEPHCTHKH (e3pasMEpHbIX KO3((HIHEHTOB
g X s BLIUHCICHHME N0 TOUHBIM dopmyaam (3.38) u (3.39),



110 H3/1YYEHHME 3BYKA [rr. 1II

usoOpaxennl Ha puc. 51. ConocraBneHHE 3THX XaPaKTEPHUCTHK
C COOTBETCTBYIOIIMMH XapaKTEPHCTHKAaMH IIYJIbCHPYIOWIEro Liapa
(puc. 42) nokasblBaeT ONpeneNEHHOE CXONCTBO, OOYCAOBIEHHOE
TeM, 4TO B OOOMX CiyuasX Mbl HMEEM JENO0 C H3jiyyaTenaem
HY/IEBOTO MOPsiKa; OCHOBHOE pasiuune OOHapYXHBAETCH B TOM,

4TO B CiAydae [yJbCHPYIOWIErO0 1uapa rl'? H X, CcTpemaTcs

K CBOMM mpepneabHbiM 8SHaueHuaM (1 u () acHUMOTOTHYCCKH,

©z %

[ INPZanS

]

, .
g 12 F] 5 6 7 .8

¥
ka
Phuc. 51.

TOrja Kak B Clyyae NOPUIHEBOW AuaparMbl rp W x'pnpubin-
HAIOTCA K TCM e mpeienaM OCUMLISTOPHO C IOCTENEHHO YObi-
BaoutuM pasmaxom. CTOMT, OXHAaKO, OTMETHTb, YTO AKTHBHOE
CONPOTHUB/ICHHE MOPIIHEBON AHadparMbl mpeobGnafaeT Haj peax-
THBHBIM, HauMHas ¢ ka=Z1,38, Toraa Kak jnis Ny/AbCHPYIOWETO
1apa 3To mpeo6naiaHHE HauuHaeTcs ¢ Ra==1; TakuM obpasom
NpH ONHOM M TOM e pafHyce HHXKHss rpaHHla mosaocH sddek-
THBHO HM3/1y4aeMBIX YACTOT JEXHT IJ5 IJIOCKOro MOpIHHs Ha
38%/, Bhlile, ueM g IMapa.

Iepefinév Tenepe K ocyursupyouell nopumresoli duagpazme
B dopMe mECTKOTQ KDYrioro HHCKa, KOneGIIomerocs B Hampa-
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BJEHHH, HOPDManbHOM K IJOCKOCTH AHCKAa (ULMT OTCYTCTBYET).
K H OCHHIHpYIOWIMHI Iiap, Takas AHagparma mnpencraBiasiet
cOOOM H3.1yyaTeilb MEPBOrO MOPSIAKA, YEM M OG'BSICHMETCH Kaue-
CTBEHHOE CXOXCTBO OOOHX C/y4aeB.
Ha paccTosiHusix r, 0OJBIIKX MO CPaBHEHHIO C PafHyCOM JHa-
¢parMbl @ ¥ ¢ ATHHOH BOAHBIA, g7
aMIIMTya OCEBOTO OaBNEHHSI

onpenensercs GpopMyaoi 1 /—ﬁ

2 (ka) 12 \

Pe=i00n g Sk . (3.43) AN

XapaKTepHCTHKA HANDAaBAEHHO-  ;; /\/ N
cti npu ka<1l no c¢opme 19 L
61HM3Ka K BOCbMEpKE (KaK B cl1y- Z 7’|\
Yae OCUMANHPYIOWIEro wapa); npu 441 /’
ka>>1 oHa maio OTAHYACTCAOT 7

XapaKTePHCTHKH  HalpasieHHO-
cru Auadparmel B mute (3.35).

bBespasmepHble kKoaddunuen- 44
Tbl CONPOTHBICHHH H3AYYEHHS  py
BHIPAKAIOTCS BECHMA ME[IEHHO .
CXOAAIMMHCS DsNaMH, KOTOpbe | i
MBI 3J€Cb He NPHBOAMM; rpadu- 42
YECKH 3TH KO3(D(HUHEHTH npen- g7
CTaBJAEHH Ha pHc. 52. Otme-
THM, 4YTO Tpeo61agaHHE AKTHB- ¢ 1 Z J ke ¥
HOTO CONDOTHBJEHHS Hak pea- P

= uc. 52.

KTHBHBIM HayHHaeTcs ¢ ka =2 2,05
(y ocuuanupymouiero mapa — ¢ ka=21,69). B o6aactu HH3KHX
4YaCTOT MOXHO [0/b30BaThCsl MNPHOAHKEHHBIMH  QOpMynamu
JI. §1. T'ytuna

8 ;
=" 27}_&23 wiS? (S ==a?), (3.44)
8
Xp o po0ad, (3.45)
8
MR poa®. (3.46)

ITonyepkHém, yTo B 5TUX (GOPMynax COMPOTHBICHHA [, Xp
W Macca mp paccyuTaHol Ha ofe CTOPOHBI MOPIIHS (B ciydyae

xuapparMbl B GECKOHEYHOM IMTE B PACU&T MPHHMMANACh TOJIBKO
00H@ CTOpOHa),
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HakoHel, npuBOJHM ewg HEKOTOpbIe an6JIH)KéHHble dop-
MYyJbl, OTHOCSIIIHECH K odﬂocmoporme usaysanuei prmbh

Puc. 53.

MOpIIHEBOH AHadparme; 3TO — KPYIbli nopmeﬂb
OJlHa CTOPOHA KOTOPOroO 3aKphiTa 3BYKOHEMPOHHLAE-
MbiM KancioneM (puc. 53). Takas nuadparma MoOXeT
CAYXHTb HAEaNH3HPOBAHHOH  MOMIENBI0 KOHYCHOrO
IDOMKOIrOBODHTE/Il, MOHTHPOBaHHOIO B fIIMKE, H/H
OKOHEYHOTO OTBEPCTHS H3/Ay4alouero pynopa. B ceasu
C TEM, UTO H3/Jy4YeHHE OJHOCTOPOHHEro MOPIIHS
MOXeT OBITb IPEACTABIEHO KaK pesyabTaT cynepno-
BULIMH  Tonell MOPIUHS B IIHTE M OCIHMIHDPYIOUEro

MOPHLIHs *), aMIIMTYAA OCEBOrO NAB/EHHS BbIPAKAETCS N0AYCYM-
MO#t 3Havyenu#t (3.34) u (3.43):

©
(ka) | (ka) 4
p0_80 mk,.[ 4 + 375] l’ L\
(3.47) 10 \

(npeanoaaraercs, 4TO r BEINKO

49
110 CPaBHEHHIO C @ H 1).
Bespasvepubie  xoadpuuu- 4 /;\ze
€HTBl aKTHBHOTO MW  pEaKTHB-  §7
HOrO COMpOTHBJIEHUH H3IYYCHHS  ,p / \

npeacTaBieHsl (B QyHKUUY OT £Q)
Ha pHc.
1 +
rR=*p
MACTH HU3KHX 4YacToT (Ra<L1) 4y

[ 1Y

54. Ormerum, uYTO 4 /
npuka=21,85. Bo6- g /

o~
SN I IO S s
—

I /
HMeeM TPHGIHKEHHBIE HOPMY B 07 /
JI. A. T'yruna it
~ P(Y 202 2 4 / // \
TR & g, © S (S =ma?), e !
(3.48) ] 7 1852 J Aa ¥
Xp = 2p,00%  (3.49) Puc. 54.
mpos 290a3. (3.50)
3avweTuM, uTO, Kak BHAHO H3 conoctaBienms ¢opmya (3.40)

u (3.48), HaAudMe MUTA YBEAHYMBAET AKTHBHOE COIPOTHBIEHHE
Ha HHU3KMX YacTOTax BJBOE.

*) B cuny aToro o6cTosTersCTBA OXHOCTOPOHHHH MOpLIEHb MOXHO
Ha3Barh H3Tyyatenaem mopsiaka <0 - 1».
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§ 27. Manyuenue KECTKoro KoHyca. Maryuarenbr KonHMuecko#
bopm,l LWIAPOKO NPHUMEHSETCA B KauecTBe auapparMel  rPOMKOrOBOPH-
TRACH; IO3TOMY TeopHs H3Iyvawoliero KOHyca gBHIACh OBl OMHHUM W3
OYeHp BAXHBIX OTHENOB TeOpHH 3Byka. K coxarenuio, aHaauTHYecKoe
Hc¢Ie0BAHME 3BYKOBOro MOJS KOHYyCd HAaTAIKABAETCH Ha cepbésnnie
MareMaruyeckde 3aTpPyIZHEHHs, TaK 4YTO MBI pacrmoaaraeM 3iech JHIIb

Glkbeosp) ;
W=

48

¥ 5
Kb cosf

Puc. 55. . Puc. 56.

HEKOTOPHIMH 1IPUOIMKEHHBIME  (OPMYTaMH, MO3BONTIOMKMMH, OJHAKO,
COTNOCTABHTH KOHHYECKHI M3MyyaTeldp C IIOCKHM IHCKOM paBHOro ra-
6apura.

Ecan wécTkMit koHyc ¢ yraoM § MewAy ocbkio M obGpasyouet
(pvc. 55) kore6aercs B HANPaBICHHH OCH B OTBEPCTHH O6CCKOHEYHOTO
IHTd, TO AMIVTUTYLd OCEBOro IaBJCHUS HA PACCTOSHUAX ¥ >a (a — pa-
IMYC OCHOBAHMA KOHyca) MoxeT OHITH BhIpaxmeHa dopMyroi

po=p (ka; r) G (kb cosf), (3.51)

rae p (ka; r) ecTb aMIIATYAd OCEBOTO AaBJEHHA, CO31aBACMOr0 HA TOM
We DAcCTOSHMM r TOpPLIHEeBOi amadparmoit paguyca a [3Ta BerHYHHA
moAcunThiBaerca mo gopmyne (3.34)], a G (kb cosfi) — HekoTopas QyHK-
1MfA, MpeIcTaBieHHAas Ha puc. 56 B popme rpaduxa (b — panua obpa-
ayomeit koHyca). Us rpaduxa suaso, uro mpu kb<<1, 1. e. mas BoIH,
JJIMHa KOTOPHIX BeJMKAa CPaBHHTEAbHO ¢ pasMepaMH KOHycd, 3BYKOBOE
moJe KOHycd OYEHb Mamo OTIMYAeTCs OT MOAs HHCKA TOro e raba-
puta. [Ipn kb > 2 xoHyc coamagr McHblIee 0CeBOC IABIEHHE, UeM IHMCK
IpH TOM Xe Ko1eGaTebHOM CKOPOCTH; 39TO OOBACHAETCA TeM, YTO B CIy-

8 OJeKTpOaKyCTHKA
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yae KOHyCd Pa3HOCTh XOHOB BOTH, NPHXOAAIUMX B OCEBYI TOUKY Has
6110MCHAA OT PA3IMYHBLIX YYACTKOB M3Ny4Yaollei MOBEPXHOCTH, BCerja
6oapile, yeM B CIyyde IIOCKOTO AMCKA, YTO M NPUBOAMT K yMEHbIue-
HUI0 AaBIEHUs] B pesyiabTaTe HHTepdEPEeHLHH BOMH C HCCKOJIBKO pas-
JUYHBIMHA (a3amu.

HccnenoBanue HAaNpaBIeHHOCTH KOHHYECKOTO M3IYyYaTens MPHUBOANT
K BBIBOLY, YTO X3apPAKTEPHCTHKH KOHYCa HCCKOJIbKO MEHee 33a0CTPCHHI,
HeWerd XapakTepuCTUKHA IUCKa TIPH TOM Xe 3HAYCHHHM Ra; B KavecTBe

W48 45 4% 4z 0 47 49 45 48 10

Puc. 57.

npuMepa Ha puc. 57 DaHl XapaKTepPUCTHKY HaNpaBJEHHOCTH IBYX KOHY-
coB é§=45° 1 60°) u paBHOBennkoro mucka (3==90°) npn ka =2.

28. BsaumopelicTeHe u3nyvareideil. B TexHHueckod NpakTHKe
HEpeIKN ClIyyaH COBMECTHOU paboThl HECKONbKHMX H3dyuarerel, pacmo-
TO¥EHHbIX 6JH3KO APYr OT APYra; TAKOBHI, HANPHMED, CIy4ydH MOHTAWKa
IBYX rPOMKOrOBOpDHTenel B 06uieM MMTC HIM B O6LIEM LIMPOKOTOPIOM
pyrnope. [lpu sToM peakius 1moJas Ha M3IyvyaloWyo MOBEPXHOCTH CKId-
IBIBA€TCH (ecT¥ OTPAHMYMTLCA NBYMS H31yYarexsMH) W3 IBYX vacTei:
H3 peaxkunst COGCTBEHHOrO MOMA M PeakiHH MO COCCAHCTO H3TyuaTels.
O6o3nayas u3nyyarean MHIeKCaMH 1 W 2, HanHmeM:

R, =Ry + Ry,
Ry =Ry -+ Ry

3necy mepBple WleHbl cpaBa 0GO3HAYAKT PEAKIHMIO COGCTBEHHOrO MO,
BTOpbIE YJIEHH — PeaKlMio Io.s cocelHero uanyuarens. Ecimmoy v v, —
Kone6arenpbHple CKOPOCTH TOYEK NMPUBeNEHHS Haayyarenelt, To B KOM-
IIEKCHO# (opMe COMPOTHBIEHNS H3TYyYeHHS ompelelsioTCs OTHOIUe-

HUSAMH o 0 0
21=TE“= ;ﬁ'f'f{,l‘%:zu"l'zm

m‘ ml ml (3.52)

22=“2=£+’_ﬂ=zn+221- ’

Uy U Ug
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TlepBrie uNeHHl CHpaBa MPeACTaBISAIOT coBolt cofcmsenHsie COMPOTH-
BJEHHS W3TYYEHHSA; BTOPbIE YIEHBI MOXHO HA3BATh 83GUMHHMU CONPO-
TUBJIEHUAMH H3JTy4yeHns.

Ecan ofa msnyvaredss MAGHTHYHBI M Koa1eGmoTCs CHHDA3HO ¢ OqHOMU
H TOW ¥e aMININTYROH, TO, OYEBHIHO,

219 7= 291 = 244,

€ClM ¥e aAMIIHUTYAB KoJeBareabHbIX CKOPOCTEHN Upyy H Upye PA3THYHBL
M xoneGauua u3nyyarereit MMeior pasHoctTb ¢as 0, To B3aHMHbIE CONMpO-
THBJIEHNS U3TyYeHUd CBA3AHB COOTHOLIEHHEM

v i v _
249 ML Q0 — 5, T2 —f8 (3.53)
Ume Um

OTciona 8 YaCTHOTO CAYYAsl Upyy == Upyp MOAYYAIOTCH HOPMYIBL

Zia =12, el = Fp €08 08—, sin B 4 j (1, sin 0 4 x5 cos 6),
o o (354)
2y =2z e P==r . cos b4 x,;sin 0 —j(ry, sinb— x ;. cosb),

roe
2 =r X
B3 B3 +J B3

eCTh B3aUMHOE CONMPOTHRIcHHMEe H3ayuenus npu 6==0. OueBHiHO, 4TO

TIpH NMPOTHBOIOJOXKHBIX cpasax
219 == — 2.

Pacuér kOMMOHEHT B3dWMHOTO CONPOTHBIEHHS H3IyuYeHHs yaaércs
BHIIOAHAT IS CAyvas ABYX KPYrAblX NEPUIHEBHIX nHadparM B obueM
GeckoneuHoM mure. ITycTh a — paaMyc Kaxjaoro H3 OAMHAKOBBIX TMOp-
wHe#, d— paccrosHue Mexnay ux uenrpamu. Ilpm cundasuoit pabore
o6oHxX MOpIUHEH ¢ OMHOM M TOH e aMIIMTYHOH CONPOTHBIEHHE H3IY-
YeHHS MOXKHO MpEeNCTaBHThL B BHIE

2 ==4a® (P - jXgs), : (3.55)

! U
rae GeapasMepubic KOIQQUUHUEHTH Fy, W X . ABAAIOTCA (GYHKUHAMH OT

ka=2r:—f;\— n d. Bug atux QyHKUMA NpeactaBieH HA pHC. 58 masa Tpéx

sHauennit d: a) d=2a, Korma o6a mopuwHa Kacaworca, b) d=3a n
¢) d==4a; crulomHpe KPUBble H300pPaWalOT AKTUBHYIO YACTb, MYHKTHD-
Hble — PEAKTHBHYI0 YaCTh B3aHMHOTO CONPOTHBICHHA H3TyuYeHHS.

W3 paccMoTpeHNs KpDHBHIX TpexkIe BCEro fABCTBYET, 4YTO IO
Mepe yoaleHds H3nyuareneft JApyr oT Apyra B3aWMHOE CONPOTH-
BaeHMe, Boo6iie ropops, YMEHbUIAeTCsd; 3TO CBA3aHO C TEM, YTO IPH
yoaieHun wuanyuareleil ocrabasercs MX Bsaumopeicrsre. [aaee,
o6pamaer Ha cebGs BHHMaHue To O06GCTOATENBCTBO, UTO KAK AKTHB-
Ha, :axn peaKTHBHAag YaCTH B3aHMHOrO CONPOTHBIEHUS MOTYT
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H3MenaTh cBoM  3uak. Tlpu  oTpmmaTedbHoM aKTHBHOM comnpo-
THBICHUH TloX€ OJHOTO M3 M3TyuaTelelt HeHCTByer Ha BTOPOH m3nyya-
TCIb C CHNOH, NNCCHNATHBHAS 4aCTh KOTOPOfi COBHAajmaer mo 3HaKY

CO CKOPOCTHIO 3TOTO H3IY-

424 B B YaTeas, Torjla Kak QUCCH-
078 =0 NaTHBHASA 4aCTh COGCTBEH-
=Yy @, HOH ero peaxkuuum umeer
47 HanpasiaeHHe, MPOTHBOMNO-
TOXKHOE CKOpPOCTH. B pe-
ar¥ 7 3yAbTaTe 3TOrO AKYCTHYe-
972 CKasg MOIUHOCTH H3Iyya-
/ Teldst yMeHbllaercs (ecnH,
aq70 — KOHEYHO, aMIIATY#A ero
208 al /£ \\ CKOPOCTH MoAxepXIBaeTCs
s 7 Y MOCTOSHHOM, By Iyun omnpe-
406 1/ b leleHa B OCHOBHOM BelH-
, // '\"\\ YNHOM COBCTBEHHOrO Me-
G0 —17 % AR XaHHYECKOTO CONpOTHBIE-
o\ —Ae Y N Hust). OTpHUATe TbHBIH 3HAK
’ 44,” T s \ N PeaKTHBHOro CompoTHBJIE-
7 N \ HUA O03HAYaeT, 4T® KOH-
NN e A CepBaTUBHAA YacTp B3a-
=402 PANEEAN . UMHOM peakun cuHpasua
Yy RN \ He ¢ yCKOpeHHMeM, Ho CO
N CMELICHHeM  U3ayyareus;
-006 —1 IpH 3TOM Jie BCTBHE OJIHOTO
; NN ) M3nyyareas Ha  Apyro#t
GO~ I HMeeT XapakTep yupyroi,
-010 N a He WHePUHATHHOH pedx-
’ o | 1M, YT0 POPMATEHO IKBH-
-0,72 > BANEHTHO OTPHUATEJIbHOMH
vy npHCOeINHENHON Macce.
Y9~ 4z gy g 46 ka0 3ameruM, uto, MOTb-
) sysaco  dopmyaoit  (3.53),
Puc. 58. MOXHO PacCYMTaTh o rpa-

¢bHKy pHC. 58 KOMMOHEHTH
B3aUMHOTO COTMPOTHBJIEHHMA H3IyYeHHs [as ciayuvaes, xorga 6%0 u
Umi 7~ Upms. HeTpymno takxke pacmpocrpanuts pacyér Ha Gouabluee
YHCI0 mOpLiHeH, NTaCKOAbKY B3aUMOJeliCTBHe KaXAO#l mapsl He 3aBH-
CHT OT HAIHYHA OCTATbHBIX M3ayuarereil. .

§ 29. I'pynnoBele H3ayuaTead. VccrenoBanve HampaBreHHOCTH
IIOCKUX Hamyyareneil (§ 26) mokasprBaer, 4TO NOCTATOUHO OCTPYIO HA-
NIPaBIEHHOCTH MOMXHO MOJYYHTH JHIIL NMPH YCIOBHH, YTO pa3Mephl U3-
Ayuyareias Mo MeHblied Mepe CPAaBHUMLI C IIHHON H31yyaeMoif BOJHHL.
DT0 06CTOATENHCTBO OKA3KBAETCA OUYEHL HEYAOGHBIM B TeX CIyyasx
TeXHAYECKO IPaKTHKH, KOraa Heo6X0AuMo 00EeCmeuNTh HANpPaBJIEHHOCTh
H3Ty4YeHHss TP HE CIAMIIKOM KOPOTKMX BOIHAX (HAampHMep, B TeX-
HHKe THAPOAKYCTHYE€CKO! CBA3H M cHrxanuzaumu). Ilosromy OUEHb BAXK-
HO€ 3HayeHHe HMeeT BO3MOXHOCTL IOJYYHTb HANPaBJACHHOE NeHCTBHE
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NpH MCTOAL3OBAHMA 2pynnsl HU3AYYAOIMX CHCTEM, Ka¥aas M3 KoTo-
PHIX Mala MO CPABHEHHIO C JIMHOU BOJIHHI H, pa6oTas B OTAEIBHOCTH, HE
o6aazaer HanpaBiaeHHHBM ncitcTsHeM. Takpe rpynmsl Ha3HBAOTCA rpyl-
NOBBIMH  H3JIYy4aTeasIMH.

Mpocreitiiei nanyvaoue rpynmnoil AnIge7Csd COBOKYMHOCTb ABYX
TOYEUYHBIX MCTOYHHKOB, DACIOJOXCHHHIX Ha HCKOTOPOM pacCToshuH d
apyr ot gpyra (puc. 59). Ecau paccrosnde r 10 TOYKM HaGIIOIEHUS
BEJIHKO 0 CPaBHEHHIO ¢ d, TO MOTEHIHATH ¢
H ¢, CO31aBa€MBIE HCTOUHHMKAMH B Touke Ha- |}
6M01eHHs, MOXHO MPEICTABUTL B BHIe {

1
@y -_—:i; sin (wf — kr), !

A .
¢y = = sin [of — k(r+-b)],

r 2 a 1
rae

b=dsin® Puc. 59.
eCTh Pa3HOCTb X0[a BOMH OT HMCTOYHHKOB, § —
yrog MeIy HanpaBieHHMeM HAa TOUKY HaOmioleHHs W HOpMambio ¥
ocn rpynnel. OTMETHM, 4TO INpPH HoCTarouHo GompbluMX F MOXHO He
NpHHMMATH BO BHUMAHHe DA3MMUMA aMIIATY[ NOTEHUHATOB @y H ¢
pesyanTaT HHTEPQEPEHUMN BOJH ONPENEeNAeTCH TONbKO PA3HOCTHIO HX
¢das:
2nd

a=kb=Tsme.

PeayapTUpyOUUH TOTCHIMAN B TOYKE HAGTIONCHUS eCTb
A .
@ =¢; 9= ", [sin (vt — kr) 4~ sin (of — kr—a)] =

2A a . a
== €08  sin <u)t —kr— —2~>,

AMHJIHTleHOe 3HaueHHe pe3yabTHpYyoUero NoTeHUHana paBHO

24 a 24  (md .
@me=—t—;cos7=7co) Tsme ;

npu 6==0 (T. €. NepUCHIMKYIAPHO K OCH CPYIIIbI)

__24
Pmo== -
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XapakTepUCTHKA HANPABIEHHOCTH IpYNNb HMMeeT, Clel0BATENbHO,
BHJ,
. (27:d . )
sin = sin9
wd N (3.56)
2 sin (7 sin6 )

Herpyaso Bumers, uTo moka d < A, rpynmna He o6ragaer Hampa-
BaentocToio: @ (H) 2 1; onnaxko HANpaBJIeHHOCTH BHIPAWEHA NOCTATOYHO

O H)=Im? __cos (?sine) =
Pmo

/‘

Jes Jes napst .
710067

Jes
mgs/

F=0725

Puc. 60.
oruéranBo, korna d cpaBuuMo ¢ A. PopMb XapaKTePUCTHKH HAmpa-

BJEHHOCTH MPH PA3THUHEIX 3HAUEHHSX 37 MPEICTABACHE HA PHC. 60.
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Koatduipent oceBoil KOHUEHTPALMA IPYNNObl U3 ABYX CHHPpAZHBIX
HCTOYHHKOB MoxeT GbiTh onpenenén 1o ¢opmyre (3.13b).

2 2
Q: p —3 1n2—d (3.57)
j cos? (T— sin O)) sin 3 d9 14 Sy
6 T o
A

O6pamiasicb x Goaee obumemy ciyyail rpymms, cocrosmeil us N
CHH(A3HHX TOYEUHBIX MCTOUHHKOB, PACIOJOMEHHBIX BAOAb NpPSIMOH HA

Puc. 61.

paBHbIX paccrosmmax d apyr or apyra (puc. 61), 6yneMm BecTd pacuér
B KOMIIEeKCHO# (opme. [loTenunans MCTOYHHKOB B YIaTEHHOH TOUKE
nabmonenus 6ynyt: -

¢ = —'} exp j (wf — kr),

9= ——expjot —k(r-48)] = é— exp j (ot — kr) exp jkb,

93 == — exp j (of — kr) exp j 2kb,

“lﬁh ~42:-

%=—f—expj(wt_kr)cxpj(n——l)kb
PeayapTHpY OLMi MOTEHIMAT B TOYKe Habmiomenuss eCTh

N N
(p=2:pn=é expj(mt—kr)Zcxpj(n——l)kb,
1

1
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roe y=dsin6; npu H =0, T. e, NePHCHANKYIAPHO K OCH TPyMIbI,

o= f_‘lrﬁ exp j (ot — kr).
XapakTepuCTHKA HAMpaBIeHHOCTH HMeeT B KOMMJIeKCHOH dopme
BUI N
qv(e)-_:i:LZexpj(n_l)kb. (3.58)
o N
1
Ho mo ¢opmyae reomerpuueckoil mporpeccun (co sHaMcHarteacm jkb)
N
. __exp jNkb —1
Ze"p’(”“l)kb_ exp kb —1°
1

BHYHCINM KBAagpaT MOAYIf 3TOrO BHIPAKEHHUS:

N

3 ) ®  (cos Nkb — 1P sin® Nkb
|Zexp](n—1)kb( = coskb— 1y fsin kb
1

.o ar RO
1—cosnes SN
= T—coshb ~ __, kb

sSin ‘2‘

CnegoBaTenbHo, MOLY1h BhipameHns (3.58) ectsb

sin N«kb sin(NE‘? sin0>

2 A
D ()= = s (3.59)
Nsin32~ Nsin <)\— sin@)

[pn N=2 (3.39) nepexogur B pasee Haigeudyio dopMyry (3.56 *),

[Ipu yBemiiueHu YUCIA HCTOUIHKOB B NpAMONHHelnol rpynie Hanpa-
BIEHHOCTb H3AyYeHust 060CTPAeTCA, KaK 3TO BHIHO M3 rpapHka puc. 62,
12 KOTOPOM NpeacTasied Kodh@HIHEeNT KOHUEHTPANMH B 3aBHCHMOCTH

OT OTHOWEHHS < NP PASANYHOM HCTe N unsnyuareneit.

M3 mpenvlayliero scmo, 4YTo, MCMOAb3ys H3Tyvaolue CHHbasHbIe
TPy nbl, MOXHO IOJYUYHTL OYeHb PA3HOOGPA3HbIE XaPAKTePUCTHKH HAnpa-
Baensocty. Emé OGomee pasmoobpasuvie (oOpMBI-— TaK HaspiBaeMble
HCKY CCTBEHHBIE XdPAKTEPHCTHKHM — MOXHO pearH3oBath MNpPH 3aJdHHH

#) HeTpyIHO 3aMeTHTh, YTO KBaApar Buipawkenus (3.59) naér
H3BECTHYI0 B ONTHKe (OPMyly pacmpeieneHHs MAaKCHMyMOB M MHHH-
MYMOR OCBEIIEHHOCTH 3a IudOdpaxudoHHOH pemérkoit ¢ N meramu.
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TOro HJIH Hioro ¢asoBoro CJABUra MexAy KoaeOaHHAMH OTHETbHBIX
u3ayyaredeid. 3aMeTHM Tak¥e, YTO AHANOTHYHBIMH MeTONAMH paccyf-
THIBAIOTCH XAPAKTEPUCTHKHM HENPAMOIMHEHHBIX IPYyHI (HANPHMCP, KOJIb-
HeBBIX HIH CdepHucCKHX).

IIpusenéy B 3akal0UeHHe TEOPEMy, OTHOCHINYIOCH K XapaKTepu-
CTHKE TPy, COCTABIeHHBIX M3 HANPABIEHHBIX H3Jyuarened.

[lycth mana rpynma 3 N wuanyuarenedl, Kamanit H3 KOTOPHIX
HMeeT ONHY W Ty e XapaKTepHCTHKy Hampasrennoctn R (0). Iloren-
Manpl, co3faBaeMple KamJAbiM H3 9JeMEHTOB TIpPyNNol B YRAJICHHOM
TOYKe HAaOGMIOACHUA, MOXHO

npejaCcTaBuTh B Buie 72
o1 =R (9) 9u (8), a w6 N
93 =R (9) 902 (B),
on == R (9) ¢on (9}, 7 /V’5/g\

rre gu (), s () -0 — /
NOTEHUMANbl, CO3LABAEMBIC / (V=4 /
B TOYKe HaGM0OAeHNA He- //

HanpaBJICHHBIMU  SJAEMEH- 74
TaMH TaKOK e TCpyMMpL / //V-'3
Pesyabrupyowufi noren- L
UMAT B TOYKe HabaioleHus M//

® %

VAN
N

Oyner . 3 / .4/ o
©(0) = i] 9). //// //ﬂ
.() R() ‘?on() 2 7 e

1 v
7

[Ipn 6=0 umeem

R(0)=1, 7 .
N 0 Gz 4% 46 48 10 12 1% IF
\ a
Z%n(o)=N'-F0’ 2
1
TAe "¢y — NOTE€HUHAT, CO3- Puc. 62

JNaBaeMpiil MIOGHIM W3 3ile-
MEHTOB IPpyNNL B oceBoit Touke (O=0). Temepnr a1 Xapakrepu-
CTHKYH HampaBJCHHOCTH MOXHO HAnHCaTh;

N
) . ‘Z‘Pon(ﬁ)
. =ﬂ6—= K -—!—~ . M1
PO=T@m=ROw o

lonaras 3gece R(B)=1, HAXOUM XapdaKTepUCTUKY aHATOTHUHOM
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rPyNILl HeHANpaBJeHHHX H3TyyYaTeneil

N
Y @
B S

1
GO) =— -
0) = P
Takum o6pa3om
DO)=R(0) G ). (3.60)

B croBecHoit popMyaupoBke 3TOT pe3yiapTaT O3HAYaeT, YTO XapaKTe-
pucruka HanpasleHHoctH @ () rpymNnel ONXMHAKOBHIX HAMpaBJeHIHX
u3nyuareleil onpenenseTcs NPoU3BeJleHHeM XapaKTePUCTHKM Hampa-
BAEHHOCTH R (H) OTHeNbHOTO 9IeMeHTa CPyNNH HAa XapakTepUcTHKY
nanpasrensoctn G (9) Tako#t ®e rpynnsl TOYEUHHX H3ayuaremdedt.

Tax, Hampumep, A XapakTePUCTUKH HANPABICHHOCTH NPAMOJIU-
HefHOH TPYNIH KPYIJLX MOPLIHEBHX auadparM B GecKOHewIOM IUTE
uMeeM, ucnoabdys (3.35) u (3.59):

. wd .
sm(N—fsmF)> 2[1(kasini)
N sin (T; sin® ) ka sin 9

D (0)= Y3.61)

OrMerusM, YTo 3hech Mbl NpeHe6peraeM B3aMMHLIM COIPOTHBIEHHEM
U3y deHHs.



FIIABA IV
TEOPHS PYIIOPA

§ 30. Hasnauenne u dopma pynopa. Opud H3 BaxHel-
IIUX BLIBOAOB, MOJYYEHHBIX B IPENbULYIIEH rJ1aBe, 3aK/I0YaeTcs
B TOM, 4YTO JI060ft M3/lyyaTeab, paGOTAIOUMH B HEOrpaHHYCHHO
npocrupaloniefics cpexe, MOXeT 3dEKTHBHO. U3Ay4yaTh 3BYKO-
BYIO 3HEpIHI0 JIMIIb NPH YCIOBHH, YTO CrO PasMEpHl 110 MCHbIICH
MEpe CpaBHHMbF C JJAMHON H3nyyaemo#l BOsHH. Tak Kak B 006-
JacTH HHM3KHX YacTOT, C/IKIMIMMBIX YEJOBEYECKHM YXOM, [J1HHA
3BYKOBO! BOMHB B BO3AYyXE H3MEpsAETC MeTpaMu (A;q, = 3,5 &,
Ayoo=20,7 #), To TpeGOBaHNE NOCTATOYHO BHICOKOM 3ddexTus-
HOCTH MOGYXIaeT K MPHUMEHEHHIO H3iydaTeieil HEnpHeMIeMo
6onporo raGaputa. Yme OLHO 3TO OBCTOATEILCTBO C TEXHH-
4ecKO TOYKM 3peHHs KpailHe HEeYTEeWIHTe/NbHO, ONHAKO [ElI0
npeicraBurcss B emd Gosnee HeGnarONPHATHOM CBETE, €CI]H
Y4€CTb, YTO M3JIyyaloulee yCTpoficTBO FOILIOro pa3mMepa A0/1KHO
06;1a1aTh U COOTBETCTBEHHO 3HayMTEnbHON Maccoi. [lpeanoso-
KHM Ha MHHYTY, 4TO TE€XHHYECKHE YCJIOBHA He OrpPaHHYHBAIOT
ra6apu’ra H3iyyareas; HETpYyAHO, OAHAaKO, MOHATh, 4YTO, pealH-
30BaB M3jiyyaTe.1b C GOABIION MaccoH, Mbl NOJAYYHIH OB KoJe-
GaTelbHYI CHCTEMY C OueHb GOJbWIMM HHEPUHMATBHBIM COTNpPO-
THBJIEHHEM, JJs IIPHBEICHHSA KOTOPOH B Ko.1€6aTebHOE NBHKCHUE
noHagobuianch 6b (OCOGEHHO B 06JAaCTH BHICOKHX 4acToT)
NEepPHOINYECKHE BHEIIHUE CHIbl 3HAYHTE.IbHON aMIiuTy s, MoxkHO
C NOCTAaTOYHBIM OCHOBAHHMEM YTBEPXKHaTb, YTO MNPEHUMYLLECTBa,
DOCTHTHYTHIC 3a CY8T Y/JAYYIICHHS aKyCTHYECKOrOo pexuMa B
00671aCTH HMBKHX 4YacTOT, OKasaauCh Obl coBepuieHHO obecue-
HEHBl YXYIWEHHEM MEXaHHUeCKOro pexHMa B 061aCTH BBICOKHX
YacToT. .

[Tpo6.ieMa 3¢(eKTHBHOro 3BYKOHM3AY4YCHHsS B IIHPOKOMH
[0/10Ce YacTOT HaxOJIMT CBO& peUICHHE B NPHUMEHEHHH PYNOPOB
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(ecn, KOHEYHO, 3TO JONycKaeTcsi rabapuTOM H3:iyvaiouelt anma-
paryphl). Has toro uro6wl yscuute ce6e poJab pynopa, Ml
JOJXKHBl BCIOMHHUTh, YTO €CIH HCKIIOUMTb BhIDaBHHBaHHE 3BY-
KOBBIX faBl1CHUHl 3a cuér guddpakuuay BOAHB OT H3Iyyarens,
TO OCHOBHOH NpPHYMHOH, npensTcTBYoLLell addexTHBHOMY H3MY-
YEHHIO, OKaMeTCsl GBICTPOE YMEHbUICHHE aMILIMTYIbl KoseOaHHi
¢ paccrosHueM B6aM3M OT M3.a1ydaioulell nopepxrocty (cM. § 23).
EcrtecTBeHHO, BO3HHKaeT MBICIb O TOM, 4YTO, H3MEHAN 3aKOH
YMEHbIUCHHS aMILIUTY/bl ¢ pPacCTOSIHHCM, MOXHO 3HAa4HTECJIBHO
NOBEICHTh 3(QeKTHBHOCTb H3iy4aTeas Ma/lblX pasMEpoB, a, 3Ha-
4YUT, U MajJoOil Macchl. ’

[Ton TepMHHOM «pynop» HOHMUMaIOT TPy6y MOCTENECHHO BO3-
pacramoumero ceyedus. HerpyoHo NOHATh, 4TO HMEHHO 3aKOH
BO3pacTanus cedesus S(x) pymopa (x-—KOOpIHHaTa, OTCUH-
ThIBa€Masi BIO.Ib OCH pyrnopa) M siBafeTcs ¢dakTopoM, oOnpene-
JAIOMMAM 3aKOH yOblBaHMsi aMmautyabl. OrpaHuumBasch NOKa
COO6paMCHUAMH COBEPUIEHHO MpEBapHTEIbHOrO XapaKTepa, MbI
MOMXCM paccykaaTh ClenyluuM o0pa3oM: SHeprus 3BYKOBO#H
BOJIHBI, NPHMXOASMASACH HA €JUHMIY IJIOMANH (T. €. CHJa 3BYKa),
o6paTHo nponopuuoHanbHa miomagd S (x); Tak Kak aMniau-
TyZa KoJeGaHHMil OpPOMNOPLHMOHA/AbHAa KBaJPaTHOMY KOPHIO M3
CH/IBl 3BYKa, TO 3aKOH YObIBaHUS aMILIUTYAB X, HOJXKEH, XOTH
6bl B MepBOM NpPHOIMMEHHH, HMETb BHJ

x, —_const_
LV

OueBHIHO, YTO, BHIOMpas TOT MM HHOH 3akoH S (x) BO3pacTa-
HHSl CeYeHHs pymopa, MOXHO OJecneyuTb Gosee 61aronpHATHBIA
X0l yObIBaHHS aMIUIHTYAbl, HEXEAH TOT, KOTOPHI Mbl Haluio-
naem B cepudeckoit BO.HE.

3nech YMECTHQ OTMETUThL caenyiouiee ofcroarennctso. OnHoft
u3 npocrefiminx dopM pynopa, npHMeHsBIleHcs eug 3agonaro
10 TOrO BpPEVEHH, KOrfa BONPOCHl TCOPHH 8ByKa TMOJYYHIH
NOCTaTOYHO TOAHYK pa3paloOTKy, siBAseTc KOHHyeckas. Kowu-
yeckuit pynop mpeiacraBaser co0oit TpyOy, CeyeHHe KOTOpO#H
BO3pacTaer 110 3akoHy S (x) == const. - X*; NOHATHO, YTO B KOHH-
YECKOM pYNoOpe aMmiHTyaa KoneSaHHH 06paTHO NpPONOPUHO-
HalbHa pACCTOsIHMIO (T. €. YOBIBaeT MO TaKOMY XC SaKOHY,
KaKk H B mwapoBoll Boane). OTciofa cilepyer, uTo KOHHYECKHI
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pynop He yaydmiaer pexuMa H3ayueHHs (TO4Hee — HE MeHseT
COOTHOLIEHHs] MexIy aKTUBHBIM M DEAKTHBHLIM COMPOTHUBACHHUAMH
Harpy®eHHOro Ha pynop HajdydaTels NO CPaBHGHHIO C H3Jy-
YEHHEM B HEOTPaHHYEHHO MNPOCTHPAIOMIYIOCH Cpefy); xaBaeMhbii
KOHHYECKHM pynopoM 3¢§eKT CBOLHTCA /HMb K 0GeCleyeHHIo
ocesoli wouyenmpayuu vanydenns. Takum o6pasom pymnop
KOHHYeCKOH ¢hOpMbl HEe [NaéT TeX [MPEUMYIIECTB, KOTOphie
MOXHO, BOOOUIE rOBOPS, MOJYYHTb 3a CYET HArPy3KH H3JAyya-
TeAs Ha pyuop.

Yro6ul onpeneantb, XOTs Obl NPeABapHTEAbHO, Gonee sddek-
THBHYIO ¢opMy pynopa, HEOGXONMMO y4YecTh, YTO OH HOMKEH
HE TOIbKO pPeaju30BaTh AaKTHBHYI0 HAaIrpPy3Ky Ha H3Jy4aTeb,
HO M ofecneynth Mepexo] 3BYKOBOH 3SHEPrHH BO BHEMIHIOWN
cpely 6€3 CKOJbKO-HHOYNb BSHAYHTCALHOTO OTPaXEHHA 3ByKa
OT OKOHe4YHOro oreepcTusi. s 3TOro0 miomans OKOHEYHOro
OTBEPCTUsI JOMKHa ObITh HOCTAaTOYHO BEJHKAa; NEHCTBHTEILHO,
IO OTHOWIEHHI K OKpYXKalollell cpene H3ayyaTeaeM sBIAAETCA
OKOHEYHOE OTBEPCTHE pYnopa, JHHelHble pa3Mephl KOTOPOro
JODXKHBI ObITh, KaK Mb! y¥e 3HAE€M, CPaBHHMbI C JJIHHOH BO.IHbI
B 06/1acTd HH3UIAX H3JYy4YaeMbiX 4acToT. IIpH yIOBiIETBOpEHUH
3TOr0 YC/IOBHSl aKyCTHYeCKas Harpyska OKOHEYHOrO OTBEPCTHS
OyIeT O NPEAMyHIecTBY aKTHBHOM, YTO M rapanTtapyer sddek-
THBHYI0 nepefady 3BYKOBOM 3HEPrHH OT pynopa BO BHellHee
NpPOCTPaHCTBO.

YMecTHO B CBSI3H C 3THM NOAYEeSKHYTb, YTO, KaK BHIHO H3
CKa3aHHOTrO, XOpOlLiMii pynop HOJKEH HMETh MAOBOIAbHO G6Oib-
IIHE pa3Mepbl OKOHEYHOrO OTBEDCTHs, a, 3HAYHT, H JOCTATOY-
HYI0 ITHHY; ONHaKC, MOCKOJAbKY caM pynop He koseGmercs,
3TO HEe CBA3aHO C BO3pacTaHHeM HHEPUHaIbHOrO COMPOTHBICHHS
KoiebatenbHON cucTevbl. TakuM 06pasoM MPaBHILHO CIPOEK-
THPOBaHHBI Pynop 1a&T BOSMOXKHOCTh MNOCTaBHTb H3:1y4aTelb
O4YeHb Majloro pasMepa (M COOTBETCTBEHHO MajJoOR Macchl)
B yCIOBHSL 671aronpHsTHOrO PEXHMa KaK B aKyCTHYECKOM, Tak
H B MCXaHHYCCKOM OTHOLICHHSX.

Teneps MOXHO moONbITaThcsi BhIGpaTh dopmy pynopa. Takx
KaK peakiusi pynopa Ha H3/Jy4aTelb Onpeje/sercs Ko.l1e6aTedb-
HBIM NPOLECCOM BOJAH3H OT HEro, T. €. B TOH 4acTH pymnopa,
rIe -ero ceyeHue Majo, TO MMEHHO 3[ech Dymop MOINKEH pac-
WAPATLCA MENIEHHO. 3HauuT, B 061acTH Maiablx S NPOH3BOIHAS

das
—— JOJKHAa OBITb TOXE Maja; 3THM rapaHTHPYIOTCS MeldeHHoe
dx
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yObiBaHHE aMILIHTYIbl H, CJIeqoBaTe]1bHO, CHH(a3HOCTh H3G6HI-
TOYHOrO HaBJleHHs M KoiaebarelbHo# ckopoctH. ITo Mepe yna-
JE€HHA OT Y3KOro KOHI[a Ce4YeHHe pynopa MOXeT BoO3pacraTb
ObicTpec; TaKHM 06pa3oM Mbl MOXEM DPacCUHThbiBaTh MOMYYHTD
OKOHEYHOE OTBEPCTHE AOCTATOYHBIX Pa3MEpPOB IIPH CPaBHHTE/b-
HO HeSonbilo# mamHe pynopa. IlepBas BO3MOXHOCTb yHOBiE-
TBOPHTh HaMEYEHHBLIM TPEGOBaHHAM 3aK/AIOYAaETCA B TOM; YTOGHI
COXPaHHTb NMPOMNOPUHOHAIBLHOCTh MEXKIY ce4eHHeM pymopa S (X)

ds
H CKOPOCTbIO BO3PACTaHHMA CEHCHHA —. 3afalaMcs yCI0BHEM

as
2 =85

rie B ecTh HEKOTOpbIi MOCTOSHHBIA (PaKTOp NPONOPUHOHAIb-

HOCTH
1 dS

HMCIOHUH CMBIC] OTHOCHTECJABHOrO H3MGHEHHsl CCYEHHs Ha elH-
HHLy OCeBOH MHMHBI H H3MepsieMblt B ¢#~'. B ypaBHeHuu (4.1)
nepevMeHHbIE J1erKO pasneIAlTca; HHTrPApIBAHHE 1adT

InS=8x4+C=p8x-+|+1InS,

rie C=1InS§,(C n S, — npousBo/1bHbIe KOHCTaHTh!). ITosyyeH-
HBIl HHTErpajg MOMXHO NepenHcaTs B BHIAE

S (x) = Syeb, (4.2)

oTKyna BuaHO, uro S, =S5 (0) ecrb Haua/nbHOE ceYeHHE pyTOpa.
Bennunna 3, onpeneaseman (4.1), HasbiBaeTCs noKasameneMm
pacuwupenus pynopa; pynop, CedeHHe KOTOPOro BO3PAcTaeT I10
9KCIIOHEHIHATBHOMY 3aKOHY (4.2), IPHHATO HasblBATb IKCHOHEH-
HUQABHHLM DYTIOPOM. .

Teopus ¥ ONBIT MOATBEPXKNAIOT MPEHMYIECTBA IKCIOHEH-
HHaNbHBIX PDYMOPOB IO CPaBHEHHIO C PYHNOpaMH APYyrux dopm.

[TosToMy pynophl ¢ ceyeHHeM, BO3PaCTAOIHM MO 3SKCHO-
HEHUMATbHOMY 3aKOHY, MOJYYHJIH UWIHPOKOE MPHMEHEHHE B aKy-
CTHYECKOH TEXHHKE, B YaCTHOCTH, B IPDOMKOrOBODSIIHX yCTPOH-’
€TBaX MOBBIIIEHHOH MOIIHOCTH.
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§ 31. BoadHoBoe ypaBHenue pymopa. Crporoe peilenue
3ala4d O pacupoCTPaHEHHH KOjleGaHuit Manol aMIVIUTYIBl BHYTPH
pynopa norpeGoBano 6bl HaXOXIUEHHSI TAKOr0 HHTErpana BOI-
HOBOro ypaBHeHust (2.10), KoTOphIl YIOB/IETBOPSIET rPaHUYHOMY
Y CHOBHIO g%:O (n — Hopmanp K creHke pynopa). IlonbiTku
pelieHna 3To# 3agayd Ha-
Ta/lKHBAIOTCA Ha 3HaYH-
Te1bHble MaTeMaTHYeCKHE
TPYIHOCTH; MO3TOMY T€O-
pus pynopa AOJMKHa HO-
BOJBCTBOBaThCA  ypaBHe-
HUSIMH CPEIHHX 3HauyeHui,
BHOCA B 3TH YDaBHEHHs He-
KOTOpblE yNPOILaomHue 10-
nymenusa. [IpuBeném sech
BBIBO BOJHOBQrO ypaBHe-
HHf pynopa; 3TO ypaBHe-
HHE JIEXHT B OCHOBE TEXHHYECKOro pacuéTa M NPOEKTHPOBaHHS
pynopos.

Beigeaus BHyTpH pynopa npousBosbHOl GopMbl ciaoll, 3akio-

s as
YEHHBI MEXAY MIOCKHMH CedyeHHsamMH S o S':S+E}_ dx,

OTAEIEHHBIMU IPYr OT Opyra HHTepBaioM dx (puc. 63); cocra-
BHM [/1s 3TOrO Cl10s YypaBHEHHE Hengepbmﬂocm. ITorok Berme-
CTBa uYepe3 J1eBYIO rpavuumy S cmos Oyzer

o, J' v, dS = p,S,
S
rae
v=-g | v,ds (4.3)

S
S

eCTb cpeiHee B cedeHHH S 3HaueHHe HOPMalbHOl (OceBoit)
KOMIIOHEHTBl v, BeKTopa KoJaebaTelbHOR cKopocTH. IToTok
yepes mpaBylo rpaHduy S’ C10S MOXHO NPENCTaBATh B BHIE

9
Po0S + 55 (pevS) dx.

IIpupaBuHBas pe3y bTHPYIOMHI MOTOK

0 li; N
— gy g (vS) dx = —p, (353+”5;) dx
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K CKODOCTH M3MEHEHHs MacChl ¢jiosi dx “pdS, IIOY4HUM ypaB-
HenHe HENPEePLIBHOCTH

—p (ST v = f % 4s.
)
Bocno/nb30BaBIINCh  ypaBHeHHEM cocTosHus (2.9), nomoxuMm
g‘; _E]“_%pf U nepenuileM NpeabiIyiiee ypaBHEHHE B BHIE
0
1 9 '
T Vo= a) P
s

rae p' ectb 3ByKOBOG jaBiAGHHE BO3ie 3aeMeHta dS. Baoms
CpemHee B ceueHHM S 3HaueHHE 3BYKOBOTO [IaBICHHSA

L,
p=z fpds, (4.4)
'S
Nepenuiuey noay4yeHHbl pesy/nbTaT B BHAE Y PaBHEHHA
dv S S dp
x+v2ﬂ_—* pocs Of
HIH
dv , 13S_ 1 dp
x T §0x V=" et ot (#5)

CBA3aB 3TiM YypaBHEHHMEM YyCpeIHEHHBIE 3HA4Y€HMs IaBACHHA M
CKOPOCTH.

Hdpyryio cBsisb MEMIY TEMH e BE&IMYHHAMH MOTYYHM, COCTA-
BUB ypaBHEHHE ABMxenusa ciaosi. Jas sToro noacyuraed cHava’sa
OCCBBIC KOMIOHEHTH NEHCTBYIOWIMX Ha ca0ft CHI, O0JyCl10BIEH-
HbIX H3JBITOYHBIMH JIaBAEHHAMH. B nanpaBiCHMM OCH X Ha
7eByIo rpaHuuy S craosi melcTByer cuiaa

| pas=ps; (a)
S

na npasylo rpaiuuy S’ pgelicTByeT CHIa NPOTHBONO0MXKHOIO
3HaKa, paBHas

— [P+ 5 ) dx |- (b)
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Haxkonel, yuTém emé peakiHio CTEHOK pynopa p,« 3S, rie p,—
3BYKOBOC [aBJeHHE BO3]€ CTEHKH, a 88-—MOBEpXHOCTb MoOsica,

o KOTOPOMY cnoft orpaHH4eH cTeHKaMH pynopa. Hs puc. 63
BHIHO, YTO OceBas KOMNOHeHTa cHiIbl p S ecTh

. 0S
[pc?)S]x::pc(S '—'S):pca};dx’ (o)

uMes TOT e 3Hak, uro u cuaa (a). Ckaanwmsas (a), (b) u (c),
HallIgM pesyAbTHPYIOIYI0 OCEBYIO CHIY:

as 0
pS+ po yde— [pS 4 5 (p8) dx | =
aS 0,
=[e—n 5 —SE]ax.
OceBaﬂ KOMIIOHEHTa HMIIy/J1bcCa CJ0s €CTh

dx !pvdeg P de v, dS=p,vSdx.

CKopocTb H3MEHEHHSi OCEBOTO HMIy/1bCa MO/XKHA PaBHAThCH
0CeBOji KOMIOHEHTE CH/Bl; TakHM O0pasoM ypaBHEHHE JBHe-
HHSL eCTh

ov a8 0
0S5 =—(—p)5.—S 3%
Ui :)s
179 1 dv
“'g[g{j’;‘{“(lf‘—l’c)—g gv]:;;;- (4.62)

3nech NpubaMKEHHas TEOPHS BBIHYHIEHA ClenaTh YIPOLLALD-
ulee OOMNyUIEHHE, COMIACHO KOTOPOMY JaB/€HHE BO3J1€ CTEHOK
CYHECTBEHHO HE OT/IHYAETCS OT CPENHEro AaBlCHHS p B COOT-
BETCTBYIOILEM CEYEHHH ¥), H MOJOXKHTH Pa3HOCTb P — p, B ypaB-
Henun (4.6a) pasnolt Hyawo. Crena TaKoe MOTYIUEHHE, Mbl NPH-
BOJMM ypaBHEHHE ABHXEHHS K BHIY
LIS 2 (4.6b)
po OX
Huxe Mbl KOCHEMCS BONpPOCa O NPaBOMEPHOCTH CAETaHHOIO
B npub1mKEHHON TEOPHH MONYLICHHs; IMOKA MPHMEM YPaBHCHHS

#) Kak meTpPy[HO MOHATH, 3TO JONYyIIEHHE SKBHBANCHTHO NPENNO-
JOXEHWIO O TOM, YTO B Ppylope pACIPOCTpausderci NA0CKasg BOJHA,

9. DieRFPOARYCTAKA
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(4.5) u (4.6b) B KauecTBe OCHOBHBIX ypaBHeHHil pymopa. Beens
cpenHee B CeYeHHH S 3HaueHHE MOTEHIHAIa CKOPOCTH

L
cp:—s—!cpdS, (4.7)

yIOB1eTBOPAIOLiee H3BECTHHIM H3 obuieli Tteopun (cm, § 11)
YCAOBUAM s 5
—_ h§ . ot

=2 p=p%, (4.8)

Mbl MOXEM [OJYYMThb B3aMeH AByx ypaBHeHuii (4.5) u (46b)
OZIHO s

O , 10Sde 1 d%

30T dxax— o o (+9)
KOTOPOE H SABISACTCA B0LHOBbLM YPABHEHuEM DPYNOPa; OHO
U3BECTHO MOJ HasBaHHeM ypaBHeHHs BeGcrepa.

§ 32, TeopHss 9KCHOHEHUNAZLHOTo pymopa. B uactHoM

clydae IKCMOHEHIHANBHOrO pynopa Ko3PPHIHEHT npH 5% ecTb

noctosHHan B (MoKasaTel1b pacuIMpEHHs), H BOJTHOBOE YpaBHe-
HHE MPHHHAMaeT BHJI

Ee=Th (4.10a)
IpH CHHYCOHZa1bHOM (rapMOHHUECKOM) KoineGaHHH, KOria
¢ =9 (x) expjot,
ypaBHenHe (4.10a) mpuBOIHTCH K BHAY
AN gﬁL Ko =0, (4.10b)
rie ¢ osHauaet @(x), a k= % (r. e. Bo1HOBOE uHCIO),

[ToxcraHoBka pewedns ¢ (x) =e™ NMPUBOMHT K XapaKTepu-
cruyeckoMy ypasHeHuio a®-}-Ba -} k2=0, xkopuu koroporo

HMCIOT 3HaYCHHS
a — ]/ (__) —_— k .

YpaBuenne (4.10b) umeeT mepuommyeckue (BOTHOBBIC) peLICHHS
fpH YCJIOBHH, MTO 3TH KODHH SIBISIOTCS CONPKEHHO-KOMILIEKC -
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HBIMH; A7 3TOr0 HYXHO YJIOBJIETBODHTH HEPABCHCTBY

feg
k>% HIH o)> g,
Orcrofa ciepyer, 4To 4acToTa
o =" (4.11)

Onpefe/feT HHXHIOW TIPAaHHIY NMOJAOCH UY4aCTOT, MPOIYCKaeMbiX
SKCIIOHEHUHANBHBIM DYNOPOM; TakHM 00pa3soM OKa3blBaeTCd, UTO
3KCIOHEHIHaMbHbIH pynop 006,1afaeT CBOMCTBAMH aKyCTHYECKOrO
¢dunrbtpa BepxHux uwacToT. HuxHas rpanuua (4.11) nonocsl
NPONYyCKaHHsA HAa3BIBAETCA Kpumutecrkoil 4acToToH,

Ecnu  ycnoBHe ® >y, YIOBIETBOPEHO, TO CONpPAKEHHO-
KOMNIEKCHble KOPHHM XapaKTEepHCTHYECKOrO YypaBHEHHa GyayT

R s - SO SR Vo

nocl1e yMHOXEHHs Ha (aKTOp BpEMEHH exp jof peuleHHe ypas-

nenus (4.10D)
¢ (x) = Ae* |- Beds*
MPHHHMAET BH]

¢ (x, t):Ae—%x .expj [‘”t—ka/l__ (i('?")i] L
—]—Be—‘g'x .expj[mt—kkxl/l_(%,)s] C 412)

ITepBbifi uwieH 3TOrO pEUIEHHS ONpENeNseT npPAMYI0 BOIHY,
“Iyulylo OT YSKOTO KOHLA pynopa K UPOKOMY, BTOpOH—
o6pamHy10 BONHY, OTPaXEHHYI0 OT OKOHEYHOro orBepcTHs, Kax
pugHo u3 (4.12), BOMHOBas CKOPOCTb OOOHX MPOLECCOB €CTb

A=)
Mbl BHIHM, 4YTO NIPH BBICOKMX YacTOTax (@ >>p) BONHOBAN
CKOPOCTb B PYNOpe NPaKTHUYECKU HE OTIHMYAETCA OT OOBIYHON
CKOPOCTH 3BYKAa ¢, B HEOTPAHHYEHHO NpOCTHpaiOWeHCA Cpene;
HO ecIM uwacToTa ®, yGbiBas, HPHOMHMKAETCA K KDHTHUECKOMY
9

(4.13)
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SHAUEHHIO Ogp, TO BOJHOBAA CKOPOCTh GOBICTPO BO3PACTAET M
DU ® == Oy, CTAHOBUTCA GecKOHeuHOH., PUBUYECKH 3TO O3Ha-
YaeT, uTO BO BCEX CEUEHUSX PYNOPa YACTHUB! Cpelsl Koae6mior-
ca  cuHgasno; u3GHTOUHOE 1aBieHHEe OOCYCIOBNEHO TOJBKO

—_ X
yMeHblileHHeM aMmiuTyasl  (nmo  3akoHy e 2 ) W, 3Hauur

o ~
N\

hY

O,

J
69 70 &0 90 90 20 0 160 180 Z0m
T 8om

Puc. 64.

(cM. § 23), caBuHyTO MO hase OTHOCHTENLHO KONEGaTeNLHON CKO-
N T
poCTH Ha <. OTHM M OGDBACHEETCH NPEKpAIIEHHE MepeHoca

SHEPruy Ha KDHUTHYECKOM wacroTe,

DTOT NOpa3HTEILHLIA pe3yabTaT NPUGHMKEHHOR Teopuu
€CTEeCTBEHHO NMPHBOIMT K BOMPOCY O TOM, NOATBEPKIAETCA JH
oH onbToM, MMeloumpecs AaHHble NMOKA3biBAlOT, YTO HA KPHTH-
YyecKO#l 4acTOTe BOJHOBAas CKOPOCTb B y3KOH uacTu pynopa
OueHb BenHKa, OJHAKO OHa OBICTPO MAmaeT IO Mepe BO3pacTa-
Hua cevenna (puc. 64, rae mnoxasaHa onpefenéHHas MO 3KCre-

: u

PHMEHTANBHBIM JaHHBIM 3aBUCHMOCTb — OT X). Kak nokassiBaet
0

AETaNbLHOE MCCTe/IOBaHKHE, PaCXOXAEHHE NPUOMIKEHHOH TeopHU
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< ONBITOM OGBACHSETCH TeM, 4TO Jonymesue p,=p (cM, § 31)
fIpUEMJEMO numb AA8 YS8KOH 4acTu pymopa, IIpu HeKOTOpHIX
NIPaBAONONOGHBIX NPENIONOKEHUAX OTHOCHTENBHO CBASH MEXIY
Pe M P OKa3HBAETCsl, YTO ypaBHEHWA CpeNHMX 3HaueHu#t (4.5)
u (4.6a) nOMyCKalOT BONHOBBE pEWIEHHS [/ CKOJb YrOAHO
HUBKHX YacToT,

Bosspautasach K pemenuio (4. 12) NpeLNo0ONKHM, YTO pas-
MepH OKOHEYHOrO OTBEPCTHS pYNOpa HACTONbKO BENHKH, 4TO
OTpaXXeHUeM BOJHBl MOXHO 6e3 3aMETHOH IOrpemHOCTH mpe-
#e6peub (CTPOro roBops, 3TO COOTBETCTBYET CIYy4al0 OeckoHew-
xozo pynopa). Ilpu 5TOM BTOPOH UleH pEUIEHHS MOXHO OTOpO-
curh u nepenucatsh (4.12) B BuAE

~L [ ]/ (“’xp ?
¢=4dAe ? expjlot—kx}) 1— -

)] @

Tlo dopmyne (4.8) cpemnue 3sHaueHMa 3BYKOBOTO NaB/EHUA H
KosnebatenbHON ckopocTu GynyT:

o, —
p=po=jop,de * “expj [mt—-—kal—-— ——"‘i ](4 18)
de

— g
7 9x ax_ [2 +
7o \T] _ 8 BEIYRY |
+jk V 1— <(:"‘p) ]Ae 2 xexpj; [wt———kxl/l——(m——:g> ]:—.
ra[i_l_']/ks A% A--%x ;
= |51/ — 5 e expj |of—
AL
— ) 1— (2= )], e

Jns compOTUBAEHHS WBAyuCHHA, KOTODPbIM pPYNOp Harpyxaer

usnyyarenb, KoneGmoumiica Bo BxoxHoM oTsepctuu (x = 0)
Pynopa, MOXHO Tenepb MOMYYHTb KOMIJIEKCHOE 3HAUEHUE

_p(OS,

ZR== ()—Pooo +j]/k2 ()

IMocne HecaowHEX nmpeobpa3oBaHuit HalnEM, paafdenss NeHCTBH-
TENIBHYI0 U MHHUMYIO yacTu:

=1, [V 1— () 15, i
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TAE 3§, == PoCo~— YHAENbHOE aKyCTUYECKOE CONPOTHBIEHHE CpElbl.
Jna akTHBHOTO W DEAKTUBHOIO CONPOTHUBAEHHUH u3nyueHus

HMEEM . o
r=us) 1—(22), (4.18)

xR =805y =23 (4.19)

GeapasMepHbie KOI(QGMULUHEHTBI 3THX CONPOTHBIEHUH mpexncra-

[0
BieHs! Ha puc. 65 B QyHKuMM OT aprymenta —.
xp
Hs ¢opMyn u rpaduxa BHAHO, UTO, HAYMHAS C YACTOTHI

o=1 20y, aKTHBHOE CONMPOTHBAEHHE NPeOGIaNaeT HAl peaK-

N

10 —
4 (/ ] .
46— >5<\\
VIR N
'7/ : \
! e
i P~t—tl
0 ]
7 3 5w ¥
w’p
Puc. 65.

TUBHBIM W INIPUTOM COBEDIIEHHO HE3aBUCHMMO OT pasMepoB
ugnyvarens, TaxuM oOpasoM yciaoBus Iias ddexTHBHON mepe-
Ja4d 3HEpruM OT U3nydaTens B 3BYKOBOE IIOJe BHYTDH pynopa
CYWECTBYIOT, Ha4YMHasg C HHMKHEH YacTOTHI:

Oypan = l/imxp = % s (4.20)

3aBucsuedl TOABKO OT nokasarTeas pacuupenus B. Teoperuue-
CKH paccywmfias, rpaHuua (4.20) MoxeT OHTb CHEnaHa CKOJb
YrOAHO HH3KOH; MPAKTHYECKH yMeHblueHHe 1OKasaTeas paciin-
peHusl OrpaHH4eHO yBenuueHWeM ralaputa pynopa.
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OTMeTHM B 3aKiioyeHHE, YTO B 06JaCTH JOCTATOYHO BICO-
KHX 4aCTOT (® > Wyp) MOXHO 6e3 CyIeCTBEHHOH MNOrPEIHOCTH
NPUHATL 118 OQAUHHO20 Pynopa

2R =2 40Sg Xr=20. (4.21)

§ 33. BxonHoe cOnpoTHBAEHHE IKCNMOHEHUHANLHOIO py-
nopa KOHeYHO# IJIMHBI. B BakmouHTenbHBIX BBHIBOZAX NpEfbl-
aymero mnaparpada Mbl npeHeGperad OTPaXKeHHEM BOMHBI OT
OKOHEYHOro OTBEpCTHA pynopa. Tenepb HEOOXOMMMO BBICHUTDH
BONPOC O TOM, KaK NOBJHAET 48T 3TOro (akTopa Ha BXOIHOE
CONMPOTHUBIEHHE PYNOpA MIH, TOYHEE BHIPAXKAACH, HA YACTOTHbIE
XapaKTEPUCTHKH aKTHBHOTO M DEaKTHBHOTO  COHPOTHBAEHUH
u3ayueHus, OOGYCHAOBACHHBHIX HAarpysKol mamyuaTenss Ha pymnop
KOHEYHOH IJ1HHBL

B nopsnke pemieHus 3TOM 3amaud 3aMeTHM, 4ToO ofllee pe-
mweHde (4.12) MOXHO mMocne HEKOTOpBIX NpeoGpa3oBaHHfi npu-
BECTH K BHIY

p={Aexp [—k(x-FJjrg) x] |-

+ Bexp [—k (xp—jry) x1} exp jkeyt, (4.22)
raoe

X, =R 2% 493
R 0

v rR ___V . (ml(p)9

'RT3S, T ! © %S ©
——GespasMepHbie  KOS(PQUIMEHTHl aKTHBHOTO H DPEAKTHBHOIO
CONMPOTHBNEHHA GECKOHEYHOIO  9KCNOHEHUHANbHOTO PYIOpPa.
3BykoBOe naBieHHE H KoaeGaTenbHas CKOPOCTb, ONpeNenéHHbIe
mo ¢gopmyne (4.8), 6ynyr:

p=jkso {Aexp [—k (x}+Jrg) x1 +

- Bexp [— k(xp—jry) X1} exp jkeot,
0= k(e t-Jr) A exp [—k (5 -7 51 +-
+ (xg—Jrg) Bexp [—k (xg—jry) x1} exp jkeyt:

b
-~

[TomenuB p Ha v, UMeeM:

' P C exp ( — kz} x) - exp (— kz! x)
8 (x)——v__js“ z;Cexp(—kzi' X) 2k exp (— ki x) 5 (424)
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- A ’ . ’
rne C=E——-l’lp0143BOJleaﬂ NOCTOAHHAA, & 2, =Xg-} jrp u

23 =x}?'—— jf}g. Iycts BeIXOAHOE OTBEpCTHE (YyCThE) pymopa
nexut npu x =0, a BxomHoe —mnpH X=~—[ (/— mauHa
pynopa). I'panuuHOe ycnOBHE Ha BBIXOLHOM OTBEPCTHH pyHopa
MOXHO 3anucats B Bume 3 (0)==3o, rae 3,— yneapHoe (T. e
paccuHTaHHOE HA ENMHHLY NAOIIAJH) CONPOTHBIECHHE H3AY4e-
HHSl, KOTODBIM YCTbe HArPYXHEHO CO CTOPOHBI OKpyMWaromeH
HeorpaHHueHHo#t cpensl. BynmeM npeanosarath, 4TO §, H3BECTHO
Kak (QyHKLUHA 4HacTOThl; HHXe OyleT YKasaHO, KakuM ofpa-
30M CcnefyeT 3ajaBaThCsl BHIOM 3TOH  dyHkuuu. ITongras
B (4.24) x =0 u npupaBHHBafA K §,, MMeeM

Js c+l
O (gt irg) C+(xg—irg)

2=

OTKyla omnpenensercs Koucranta C:
8o Hta (¥ — Jr)

. C=— F
% T3 (X +JrR)

qroébx ONPEAE/HTb BXOLHOE YIECNbHOE CONPOTHBAEHHE pynopa
i (=0, HYXHO MONCTaBHTb HAWIEHHOE 3HAYCHHE KONCTAHTBI
B (4.24) u nonowuts x==-—/. Ilocne HeCMOKHBLIX, XOTA H
IOBONbHO TPOMO3JAKHX BHIKNANOK, CBASAHHBIX C 3aMEHOH 3KCMO-
"HEHUHANbHbIX (QYHKUMH HA TPUrOHOMETDHYCCKHE, Mbl MPHXOLHM
K CHENYIOWEMY Desy/bTarTy:

7R €OS (rkl) +J (30 -+ JayXR) sin (k)
" 3r’p cos (rgkd) + j (g — JaoX ) sin (k)

=i (=)= (4.25)

(@ >aogp). Dnd o< oy, crenyer 3aMeHutb B (4.25) Tpurowo-
MeTpHYECKNe (QYHKUHH Ha THNepGONHYECKHE H MONOMKHTH

' =V<'°—:2>LT. (4.26)

Y1066l MOXHO OBIIO NOJB30BATHCSA MOJYHEHHBIM pesynb-
TaTOM, HYXHO NpEXAE BCEro 3amatbCi QyHKume# 3, (0), T. e.
YICAbHBIM CONDOTHRICHHEM HSNYYEHHS yCTbs pymnopa. AHanu-
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THYECKOro €& pacuéra NPeNJOKHTb HENb3s, TaK Kak, HMes Jelo
¢ yCpenH&HHBIMM BeJAMUMHAMH p M ¥, Mbl HE B3HaeM pacrpe-
HeJNeHHs aMIUIMTYnN H (a3 KoJeGaHHS B OKOHEYHOM OTBEPCTHH
pynopa, a crano ObiTb, He MOXKEM JaXe M IOCTaBHTb ‘afauy
06 onpeneneHHH peaklMH Cpenbl Ha yCTbe pynopa. [losromy
NPUXOIHTCS [OBOJBCTBOBATHCA OPHEHTHPOBOUHBIMH pacuéTaMy,
HanpuMep, NpHUHATb, UYTO CONPOTHBAEHHE 3,S, (S, — niowann
OKOHEYHOr0 OTBEPCTHS) MO BEJAHUHMHE H 4YaCTOTHOM Xapakrte-
PHCTHKE YIOBJICTBODHTENRHO AaMNPOKCHMHPYETCA CONPOTHBIE-
HHEM OXHOCTOPOHHE H3/1yualouleH MOpIIHEBOR anadparMbl
(puc. 54). ConocraBieHHe BLIIOJHEHHOTO T4KHM 00pasoM
pacuéra C OSKCNEPHMEHTAaJbHbBIMH JaHHBIMH [OKAa3hiBAaCT, UTO
almIpOKCHMAIHST  OKA3bIBAaETCsl BHIGPAHHOM [OBOJILHO YHAuHO.
Ecau, kak 3TO nenaercs B HEGKOTODHIX CIydYasx, YCTbE pymopa
OKPYEHO HIMUTOM JOCTaTOYHO OOabIIHX (O CPaBHEHHIO € A)
pasMepoB, TO (PYHKIHS 3, IOKHA aNNPOKCHMHPOBATbCA CONPO-
THBJCGHHEM IOpLIHEBOH nHadparmMbl B OCCKOHEUHOM IIHTE
(puc. 51). Pamuyc annpoxcuMHpylowed nuadparmbl ompene-«

asierca QopMyioH
V S
a=\{ —=.
T

Ha puc. 66 npuBoxmsitcs B KauecTBe MNpHMEpa pE3y/bTaThl
pacuéra KOMIOHEHT BXOIHOIO CONPOFHBICHHA 3IKCIOHEHIHA/b-
HOrO0 pynopa; NYHKTHDOM MOKa3aHBl COOTBETCTBYIOUIHE KOM-
MOHeHTH! st OGecKoHeuHoro pynopa. Y3 mpumomumoro (Bmosxe
THIIHYHOTO) TIPHUMEpa BHIHO, YTO MO Mepe BO3PacTaHHA YaCTOTH
(cnemoBano Obl CKa3aThb: 1O Mepe YMEHbIIEHHs IJIHHBI BOJHBI
0 CPaBHEHHI ¢ JIHHEHHbLIM pPasMepoOM yCTbsl) KOMIOHEHTHI
CONPOTHB/AEHHST KOHEYHOrO pyHmopa BCE MeHbIIE H MEHblIe
OTIIMYAIOTCA OT COOTBETCTBYIOIIHX KOMIOHEHT OECKOHEYHOro
pynopa. Hamporus, B 0061acTH HH3KHX uYacTOT, rAe [JHHA
BOJIHBI BEJHKa [0 CPaBHEHHIO € Pa3MepaMH yCTbf, KOMIIOHEHTbI
CONPOTHBJIEHHA KOHEWHOrO pynopa OGHapYyXKHBAIOT OCTpbIE
MAKCHMYMbl H MHHHMYMbI, uepenywouiHeca Lpyr ¢ IpyroM. 310
MONy4aetTcsl B pe3yabTaTe TOrO, Y4TO B 004aCTH HH3KHX HacTOT
OTpaxXeHHE BOJHB OT OKOHEYHOrO0 OTBEPCTHSI HIPAET 3aMETHYIO
poab; Graromaps HHTepdepeHuuH npaModi H 0OpaTHO! BOMH
B IIOCKOCTH H3ayuaresis (B ropje pymopa) IHCCHIAaTHBHas
K KOHCEDBaTHBHAf PEAaKIHMH BOJHOBOTO. MOAS INPOXQAAT IpPH
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H3MEHEHHHU YaCTOTHl 4epes uepelyowufica pfAl MakCHMalAbHbIX
K MHUHHMaNbHBIX 3HAYeHHH, npHYEM OCTPOTAa SKCTPEMYMOB
YMEeHbINAETC1 B CTOPOHY BBICOKHX 4HaCTOT 3a CYET yMEHbLIEHHA
AMIUIHTYIbl OTpaxEHHONH BOJIHBI,
3nechb MOXHO yKasaTh H Ha MOYYHTENbHYIO 3JEKTPHUECKY!O
ananoruo. Mol MomeM paccMaTpHBaTh PYNOp KaK aKyCTHUYECKHH
GunbTp, Harpy)eHHH# Ha CcONpOTHBIEHHE, BOOGuIE TrOBOPA,
OTIIHYHOE OT BOJNHOBOro. B ofmacTH HH3KMX YacrOT 3TO pas-
NHYHE BEJHKO, TIOITOMY
‘ ' BXONHOE  CONPOTHBIEHHE
25 CYLIECTBEHHO  OT/IHuaeTca
OT BOJHOBOrO, KOTOpPOMY,
»| OueBunHo, cooTBeTCTByET
/) BXONHOE  CONPOTHBICHHE
-1 G6eckoneunoro pymopa. C
MOBBILIEHHEM YaCTOThI pas-
Zp NHYHE MEXIY BOJHOBBIM H

HAarpysoOYHBIM CONPOTHBIE-

-

HHSAMH CTHPAeTCs, TaK Kax
GespasMepHbic KO3 dH-
IHEeHThl 0OOHX ITHX CONPO-
40 44 tuBneHu#t npHONHKATCA
K ofWHuM npeneraM: s
aKTHBHOrO  CONPOTHBIIE-
Puc. 66. HUA— K €JHHMUE, OJid pe-
aKTHBHOTO — K Hyo. [lo-
9TOMy B 001aCTH MOBBINIEHHBIX YAaCTOT HET 3HAUHTE/NbHOH pas-
HHIBI MeX1y KOHEUHbIM H OGECKOHEYHBIM pynopaMH.
3aMeTHM, 1anee, YTO YaCTOTHbIE HHTEPBAJABI MEXIY 9KCTpE-
MyMaMH KpHBBIX pHC. 66 ysennuuBaioTcs, €c/IM pynop nesaercs
Kopoue. DTO CBf3aHO C TeM OOWHM MpPaBHJIOM, MO KOTOPOMY
DE3OHAHCHBIE YacTOTH M06OU pacnpenenEHHOl CHCTEMH (CTPYHHI,
MeMOpaHbl, JAEKTPHYECKH IJIHHHOM NHHHH M T. L) OTHENEHHI
Ipyr OT JApyra TeM MEHbUIHMH HHTepBaAaMH, uYeM Oonabuie
NHHelHbIE pa3Mephl CHCTEMbl B HANpaBAEHHH PaclpOCTpaHEHHs
Kone6arenbHOro Inpouecca. Pynop He sBaseTcs HCKIIOUEHHEM
H3 OOlEero MpaBHAA: CIEKTP COOCTBEHHBIX €ro 4YacToT TeM
[NOTHee, ueM IAHHHEE pymop. .
OueHb CYUIECTBEHHO TO OGCTOATENBCTBO, YTO AaKTHBHAs
YaCTh BXOLHOrO CONPOTHBICHHS 3SKCHOHEHLHaAbHOr0 pynopa
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KOHEeUHO#t [nHHB He of6pauiaeTca B Hy7Nb Ha KPHTHYECKOH
yactote (M maxe Ha emw@ Oonee HH3KHX YacTOTax). DTO 00BAC-
HAETCA TEeM, YTO OKOHEYHOC OTBEPCTHE DYNMOpAa HMEET OTAHYHOE
OT HyJsl aKTHBHOE CONPOTHBIEHHE HAa CKOJAb YrOOHO HH3KHX
4acToTax H, C/AefOBaTe]bHO, H3NyuyaeT SBYKOBYI JHEPTHIO 3a
cuér pabotel nuadparmMel B y3koM KOHuLEe pynopa. ITo cosep-
IIEHHO aHAJIOTHYHBIM COOOpameHHaM (QHIBTD BEPXHHX 4acTOT,
HarpyXeHHbI!i Ha KOMILIEKCHOE CONPOTHBIEHHE (C OTAHYHON OT -
HyJs JeHCTBHTENbHON YacTbio), JONKEH HMETb AKTHBHOE BXORHOE
CONPOTHBIEHHE, HE PABHOE HYMIO IAS CKOAb YrOXHO HH3KHX
4acror.

U3 coorHowenns (4.25) MOMKHO H3BIAEYb B KauecTBe IO-
6ouyHOro pesyabTaTa MOJNE3HyH QopMyny Ans yAedbHOro cONpo-
THBJIGHHSA }; TPYObl IIOCTOSIHHOrO ceueHHd. a1 3TOro HyXHO
MONOKHTh (B CBSI3H C HajlHuHeM B Takoft Tpy0Oe n.0ckoli BOMHBI)
re=1, xg=0 (=0 u o, =0); npu 3TOM nONyuaeM

., #acos kil jysin ki
=i 3o COs kI - Jizsin kI’

(4.27)

rae 3o— YHAENbHOE CONDOTHBJEHHE, HAarpymxaiwoiiee MnpoOTHBO-
NOAOKHBIA KOHell TpyObul. Ecnu, B yacTHOCTH, Tpy0a 3aMKHyTa
WECTKON KPHIKOH, TO 3, =00, H Mbl NoOJy4yaeM UHCTO peax-
THBHOE COMPOTHBJICHHE: .

31 =—Jj3, ctg kl. (4.28)

B o6nactn Huskux uwacror k/ <1 u npubamxénHo

1
. V2
s
rie V=_8/— o6éM orpeska TpyOrl, TP, = p,cs — annabaTHbI}
MOZy 1b OOBEMHOH ynpyrocTH. MB MOAyuHMaIH ywe H3BECTHOE
[dopmyna (1.21)] BblpaxeHHe THOKOCTH 3aMKHYTOrO BO3AYyHI-
HOro o06béMa; Tenepb CTAaHOBHTCHA OUEBHAHBIM, 4TO TPAaKTOBKa
Takoro o6béMa Kak HEKOTOpOH cocpedomouenHol THOKOCTH
JOMyCTHMA JHUIb NPH YCIOBHH, YTO PasMEPBl CHCTEMbl HEBEAHKH
10 CPaBHEHHIO C IJIHHOU BOJH.

1
Z=pS=—j3S- T

§ 34. Boanbl KOHEYHOH aMIJIHTYAM B 9SKCHOHEHUHAJIbLHOM
pynope. B § 20 6xuo mokasaso, 4yto IpM PacOpPOCTpaHEHHH aKyCTH-
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YEeCKOTO Npolecca J0CTaTOYHO GOoXblIoH aMIIUTYAR ¢opMa KoaeGa-
TEIPHOr O IPOLecca MeHdercs MO Mepe mpolera BONHH, B YacTHOCTH,
€CIM MCTOYHMK COBEpUIAeT [POCTOE TaPMOHWYCCKOE KoxeGaHHe, TO
KOIeGarelbHbIl TPONECC B 3BYKOBOM IIONE NPOHCXONUT yXe He I0
CHHYCOUAANLHOMY 3aKOHY U CONEDXHT, IIOMHMO OCHOBHOH YacT®Thl,
el v e€ rapMoHM&U. JTO ABAEHHE HCPAET IPAKTHYeCKU OYeHb BaXHY IO
polb B NPUMEHEHHH K 3BYKOBOMY NOIK B PYIOpe; HeX0 B TOM, YTO
COBPEMEHHbIE PYIIOPHEIE [POMKOTOBODHTENH PACCYUHTHIBAKTCA 3a4acTy o
Ha GoMbline aKyCTHYECKHE MOIIHOCTH, & STO O3HAYAeT, YTO BOIHOBHIE
IpPOIECCH B y3KOH YacTH PYNOpa MOIHOTO TPCMKOTOBOPHTENS HMEIOT
aMILTUTY B, KOTODBIE HMKAK HEJL3fl CUMTATh MaibMH. Tak Kkak Tpe-
GoBaHHE HEHMCKAXEHHOH 3ByKONepenauu IBASETCA ONHHM U3 OCHOBHBIX
TpeGOBaHNH, NPebABIACMEIX K 3BYKOBOCIPOH3BOAMAUIEH anmaparype,
TO fICHO, YTO OI[€HKA HCKAXeHWUH, OGyCHOBIEHHLIX KOHEYHOH aMILIH-
TYHOH BONHLI B 9KCHOHEHIMANLHOM DPyIOpe, ABASETCH OYCHb BaXHOH
LIS TeXHHYECKOU aKyCTHKY,

He sanuMasce cocraBienneM yTouHEHHOIO BOJHOBOIO ypaBHEHHS
pymnopa ¢ yu€roM s§eKroB BTOPOro Nopsjka, H3I0XHUM 3[ech yIpo-
HMEHHYI0 TEOPHI YKA3aHHLIX MCKAKEHWH, NOCTATOYHYW AIi Iedeit
TeXHHYCCKOH HNPAKTHKH.

Teopus nrockolt BOXHH KOHEUHOH AMINTHTYIbI IPUBOAUT K BHBOLY
[popmyna (2.60)], yro ammauryna BTGPOH TapPMOHUKH 3BYyKOBGIO JaB-
AeHHs paBHA

1yl cox
p’_z Py ey’

TAe p; — aMIMTY[d AABIEHHS GCHOBHOH BOIHEL, X = NPOHIEHHOE BOX-
HOU paccroanue, Orcofa BHUAHO, YTO AMIMUTYAA BTOPOH TrapMOHHKH
o Mepe npoGera BONHE PACTET CO CKOPOCTHIO

d
Pr=cp3, @

fae pag COKpatlleHus NMHChbMA IMOJMOCKEHO:

114+l o ‘
=Th (4.29)

Tepexons K PacHpoCTPaHEHHIO BOAHK B 9KCIIGHEHIMATbHOM pyIiope
C NoKazaTeneM pacliHpeHus $, HyXHO INpexie BCero 3aMeruTh, 4TO
BCIEACTBHE BO3PACTAHHSA CeYeHNs PyNopa aMILINTY1d BTOPOH rapMOHUKH
HOMKHA H3MEHAThCH 110 Mepe NpoGera BOJHEL CO CKOPOCThIO

%=_’g‘ Ps. (b)

B cayuae pynopa Mbl UMeeM,cIe0BaTeabHO, Ied0 ¢ ABY M (PaKTOPaMH,
OJIHOBPCMEHHO JEeHCTBYIOHIMMH B MPOTHBONIOTOXHBIX HANPaBIEHUAX:
€ OfHOH CTOPOHH, HeNHHEHHOCTH Npolleccd NPUBOAMT K BO3PACTaHUIO
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Da C MpoGeroM BOJHBI, NPHUYEM IPU HEH3MEHHOM CEYEHHH 3BYKOIPO-
BOJA POCT 3TOT NMPOMUCXOAUIX OBl CO CKOPOCTHIO (@); C APYro# CTOPOHH,
BO3pacTaHue Cevyens 3aCTaBIfeT p, yObBaTh [Ha 3TO M yKa3hiBaer
oTpHUuareabHBil sHak B (b)], mpuuéM npu JaMHeHHOM Ipoiecce CKo-
pocTb y6mBaHug py onpegeiasrach Gul dopMyumoit (b). Ilpexmoxaras
B LeafX yNpOIUIeHUs, YTO HEeIUHEHHOCTb BOJHOBOrO IIpolecca B pyrnope
IPUBOIUT KOJIHYECTBEHHO K TakoMmy ke addexTy, Kak M B ILIOCKOM
BOJHe, Mbl NpHMeM, YTO pe3yJbTHPYIONdd CKOPOCTb H3MEHEHHS ps
MoxeT GuiTh OlIpejeneHa cioxkenueM (a) u (b):

d
P Cpi— %Ps- A (©)

Ho Gaaropaps pacuiMpeHuio pynopd aMILIMTy4a OCHOBHOTO [aBJCHHUS
ToXe yGhBaeT ¢ MPoGeroM BOJHB X:
8

—_ X

P1=Pme

[cp. dopmyay (4.15)]; moacraBasig ato 3HayeHdue B (C), MBI HPHXOAUM
K IN(¢epeHnnalsHoMy ypaBHEHHIO

: d, 2

sy B py=Cplyemte. (4.30)

Tax kak BTOpad rapMoHHMKa NOSIBJASETCS TOALKO B Ipolecce pac-

HUPOCTPaHEeHHS BOJMHBL, TO peuicuHe ypaBHeHus (4.30) HyXHO mnox-

YUHUTh PAHMYHOMY YCHOBHMIO: p;==0 npu x=0 (mpeamoaaraercd,

UTO M3AYYarelb KoaeGaeTcd CHHyCOMAAabHO). JIerKo NpOBEpPUTb, 4TO
peulenye, yIOBIETBOPAIOIIEEe 3TOMY IDaHUYHOMY YCIOBHUIO, €CTh

2C 2 ._..g.x
p:= gm‘l (e 2 —e 8y = <
B B
20, —5 X 9C — 5 ¥ 2C, 2C
— gml Pmie 27 _ ?(Pml e 2 P = _gﬂpl _—(j—pf (4.31)

HexnseilHoe HCKaXeHHe, OLEHUBAEMOC IO BTOPOH TAPMOHHKC, MOXHO
XapakTepu30BaTh BeIMYHHOMH
_ P2 2Cpm EP _ 2Cpm

T B g #

mojcTaBiaa ciofa sHauexnue C us dopMyrn (4.29), umeenm:

_B
(1—e 27)

B
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S Rt =
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= . 1—e . 4.32a
4 1P, pr(A ) ( )
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DTOT pesyabTaT NOKA3KBAET, YTO B HAYAILHOH YacTH pynopa
HCKAXEHHEe PACTET GHICTPO, HO MO Mepe NpPoGera BOMHbLI DOCT HCKa-
HEHUs 3aMmennqerca (puc. 67); npuumma sToro sakawuaeTcas B TOM,

4TO IO Mepe paclMpeHus pymopa

4 NajgaeT aMIIMTYNa OCHOBHOTO Aa-
V) S —— BIIeHHS, 4TO M IPUBOJMT K TOCTe-
. NeHHOM JIUHEaPU3alHK BOJHOBOIO

npquecca. [IpakTHyeckH MoXHO
CYHTaTh, YTO B BHIXOZHOM CEYEHUH
pynopa (x=1) HCkaxeuue po-
CTHraeT  cmabuAu3up08anHozo

3HaYyeHusd
1141 o ‘
. Yo == T —Y—Po— . " * Pt (4.32b)
'/ ']
*  C KOTOPHIM BOJHA U TOKHIACT pPy-
Puc. 67. B

-2
nop (koHeuHo, ectne 2 < 1)
AMIUIMTYLy OCHOBHOrO HaBICHHS pPp; B TOpie pyHopa JIerko
BLIDA3HTh Y€Pe3 OTAABAeMyl0 DPyNOpy aKyCTHYEeCKYl0 MOLIHOCTb II0

dopuyie
2
p,— 1 Pm
272 poty

So;

OIlpeieNIUB OTCIOJA P,y M MOACTABUB INOXyYEHHOE 3HaueHue B dop-
Myny (4.32b), Haitném:

V2 a4l e y/Py (4.332)

Ecau YCIOBHUTLCS BBIPAXKAThH .Pa B BAaTTax, TO IOCJHC BLIYUCICHHS
NOCTOSIHHBIX MHOXHUTEJIEl MOXHO MOMYUYUTh PACUYETHYIO (bopMyny

Py
pr So ¢

v%=123 . 10~ (4.33b)

Mpnl BHIMM, YTO HelHHeHHoe MCKaweHHe, 06y CIOBICHHOE KOHEYHOMH
aMIIuTy jo#f 3ByKOBOi#l BOXHHI B pymope, NpPONOPIHOHANBHO KBajpar-

o a 2
HOMY KODHIO M3 yIeIbHOH Harpy3kn BXOLHOTO OTBEPCTHS S, smfem),

OTMeTuM painee, 4TO yMEHbIIEHME MCKAXEHUS C NOBHIUIEHHEM KPHTH-
YecKoil 4acToTH OG'BACHAETCA TeM, YTo NPHU yBeIHYEHHH wgp Pymop
pacuiMpsieTcss GpicTpee, YTO M NPUBOAMT K Goxaee paHHell JTHHeapu-
3alliM BOJHOBOTO HpoIecca.

§ 35. CpaBHeHnue pynopoB pa3nuuHofi ¢opmbl. BriGop panuo-
HaabHOH dopMBl pymopa, cnenaHHuit B § 30, onupancs Ha npelBapH-
TeNbHbple COOGPaKeHHs; MK He BBIIBHHYJH JO CHX IOP HHKakoro KpH-






