YcioBue

3ana4ga 11-3 Ilpenomienne... 3ByKa

Tak Kak U 3BYK, U CBET ABJIAIOTCS BOJIHAME (KOHEYHO, PA3HOIl IIPUPOJIBI), TO 3aKOHBI PACIPOCTPa-
HEHW 3BYyKa M CBeTa aHAJIOTMIHBI. HarmpuMep, B OTHOPOJIHBIX CpejlaX U CBET, U 3BYK PACIPOCTPAHSI-
FOTCST TIPSIMOJIMHEIHO; TIPEJIOMJIEHIE CBETOBBIX M 3BYKOBBIX JIyUeil nmogunHsiercs 3akony CHeJmyca
" T.1.

Yacts 1. CkopocTh 3ByKa B BO3JIyXe€.

CKopocTb 3ByKa B rase (MOJIsIpHAsI Macca KOTOporo pasHa M ) 3aBucut ot jasjieHusi P 1 IJI0THOCTH
raza p 1o ¢gpopmyJsie, KOTOPyIOo MOXKHO MPEJICTAaBUTh B BU/JIE

c = AP*p’ (1)

3nech A - 6e3pasMepHbiil KOI(MMUITHEHT TPOIOPIIMOHATIBLHOCTH.

1.1 Ucnonb3yst MeToJ1 pa3MepHOCTell, OlpeJie/inTe MMoKa3aTe/n creneneit o, 8 B 9roit opmyiie.
1.2 Haiiure 3aBUCHMOCTH CKOPOCTH 3BYKa B Tase OT adcoJoTHON Temueparypbl 1. Cuunraiite,
a0 kKoaddunuent A B dbopmysne (1) uspecren. 1.3 Ilycrs ckopocTs 3ByKa mpu Temmneparype 1o
paBHa ¢y. [IpousBosbHyt0 Temmepatypy npejacrauM B Buge 1 = Ty + AT. Tonxyuanre dhopmyty
JIUTS 3aBUCUMOCTH CKOpPOCTH 3BYKa oT Besimunubl AT. B aroit hopmysie Bce mapaMerpbl JOIKHBI
OBITH TOYHO M3BECTHHI.

Yactb 2. PacnipocTpanenue 3Byka B HEOIHOPOJHO Harperoii armocdepe.

[Iycts Temmeparypa BO3/IyXa U3MEHSETCS C BBICOTON Z 110 3aKOHY

T=T,+z (2)

HapaMeprl 3TOI 3aBUCUMOCTHU CUUTANTE HU3BECTHBIMU, ITapaMeETpP 7y MO2KET OBITb KaK IIOJIOZKUTECIb-
HBbIM, TaK 1 OTPUIIATCJIbHBIM.

[Ipu pacmpocTpaHeHNH 3ByKa B ONUCAHHOI
arMocdepe 3ByKOBbLIE JIYUHU CJIerKa HCKPUB-
nsores. IlyeTh neToYHUK 3ByKa S HAXOIUT-
csl Ha MOBEPXHOCTHU 3eMJIM, KOTOPYIO Oyem
CYUTAThH IIJIOCKOIA. COBI\IGCTHM C 9TUM NCTOY-
HUKOM HAYaJI0 CHCTEMBI KOODJMHAT (Z,Z),
KaK II0Ka3aHo Ha PUCYHKe. PaccMOTpuM 3BY-
KOBOI JIy4, BBIXOJSAIIUI U3 UCTOYHHUKA IIOJ

YIJIOM (9 K TOPU3OHTY.
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2.1 Hapmucyiite cxemaTwmieckm ceMeHCTBO
JIydeil, BBIXOJAINX U3 UCTOUYHHKA B JIBYX
cilydasix: ecjm mapaMeTp v B dpopmyite (2)
MOJIOKUTENbHBIN v > (; ecin OH OTpUIla-
TeJbHBIN v < (.

[asee OyjeM cauTarh, TEMIIEPATyPa BO3JLY-

Xa y MOBEpXHOCTH 3eMjin pasHa ty = 20°C

(pm 9TOI TemItepaType CKOpOCTh 3ByKa paBHa ¢j = 340%) u yMmenbItaercs Ha 1°C' mpu mnogbeme
Ha Kaxkaple 100 meTpos.

2.2 Tloyunre 3aBUCHMOCTH CKOPOCTH 3BYKa OT BBICOTHI IIPU 3aJIaHHBIX ycjoBusx c(z). Paccuan-

TaiiTe YMC/IeHHBbIE 3HAYEHHS [TapaMeTPOB B IIOJIyUeHHOI (dopMyiie.

Maremarmdeckne mojicka3ku. 1. [Ipm masmom m3MeHeHNN TeMIepaTypbl TPAeKTOPHIO JIyda MOYKHO
IpUOJIMKEHHO canTaTh napaboJioii, onucbiBaemoil dyukuueit z(z). Kpome Toro, paccmarpusaror-
sl JIyUH, PaCIPOCTPAHSIIONIMECs MO/, MaJIbIMKU YIVIAMU (v K TOpU30HTY. B 3rom mpubmmkenun (c
TOYHOCTBIO JI0 MaJIbIX BTOPOIO HOPAKa ) clpaBe/yIuBbl IPUOINZKEeHHbIE (POPMYJIbI

tga ~sina ~ «o

042

~1—— 3
cos v 5 (3)

2.3 3anumure B SBHOM BHJe KBajparudHylo GyHkimio z = f(z), rpaduk KOTopoil mpoxomauT
Jepe3 Hadasao KoopauHat. 2.4 Beipasure ee npoussonnyio f'(z) Kak dyHKIHMO 2.

B daavHetiwwem ucnoab3ytime noayueHHoe coomHoueHue 0as ONUCAGHUA MpPaermoputi
ayuell 8 £K8adpamuuHOM NPUbAUAHCEHUL.

2.5 [losryaure ypaBHeHUE JIyda, BHIXOJAAIIETO U3 UCTOYHUKA ITOJT YIJIOM (Y9 K TOPU3O0HTY, UCIIOTb3YS
KBaJ[paTHIHOe puOamkenne. 2.6 Ha kKakoM MakCHMAaJIbHOM PACCTOAHUNA OT MCTOYHUKA MOXKET
YCJIBIIIATE 3BYK HYeJIOBEK, VI KOTOPOI'o HAXOAATCA Ha BbicoTe 2,0 M Ha/l TOBEPXHOCTHIO 3€MJIH !
3aTyxaHueM 3ByKa B BO3JyXe MOXKHO IPeHeOpedb.

Yacts 3. He kpuunre nporus Berpal
B nannoit vactu 3a/1a1u TeMiiepaTypy Bo3ayxa Oy/1eM CUuTaTh MOCTOsiHHOM 1 pasHoit tyg = 20°C". Ho

Ha/JI, IOBEPXHOCTBIO 3€MJIN JIyeT IIOCTOSIHHBII BeTep, CKOPOCTh KOTOPOr'o HallpaBJIeHa T'OPU30HTAILHO
U BO3pacTaeT C BbLICOTOH 110 JIMHEHHOMY 3aKOHY

v(z) = v + B2 (4)

Lne vy = 10%, B =5,0-10"2¢7! - nocToaumbe BeMuuHLL. VICTOUHNK 3BYKa II0-IIPEXKHEMY HAXO-
JIUTCA Ha TOBEPXHOCTH 3€MJIU, UCIOJIL3YITE TMPEKHIOI CUCTEMY KOOPIUHAT.
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[Ipu pacripocTpanenun 3ByKa B JIBUZKYIIEMCH BO3JyXe CKOPOCTH Pac-
IPOCTPAHEHUsT 3BYKOBOI'O BOJTHOBOTO (DPOHTA paBHA CYMMe CKOPOCTEI
3BYKa B HEIOJIBUZKHOM BO3/IyXe Co U HOPMAJIbHOII (K BOJTHOBOMY (DPOH-
Ty) COCTABJISIIONIEHT CKOPOCTH BeTpa ¥/ (94

Y’

v
c=cop+uvcosa (5)

3.1 HapucyiiTe cxeMaTuvdecKn ceMeiicTBO 3BYKOBBIX JIydeil, pacIpOCTPAHSAIONIUXCS OT UCTOUHUKA
IO/, PA3HBIMU yIJIAMH KaK 110 BETPY, TaK U MpoTuB BeTpa. 3.2 IlycTh 3BYKOBOil Jiyd Ha BbICOTE
2 PacIpocTpaHseTcs Mo YyIJOM « K ropusoHTy. llosyunte ypaBHeHMe, onuchIBaloliee M3MeHe-
HUE yrjia o TIpu MajioM usMeHeHun BbicoTbl Az. 3.3 Tlomyuure dyHKImO 2(x), OMUCHIBAIOILYIO
TPAEKTOPHIO JIy4a, BBIIIEJIIErO MO/l YIJIOM (yy U3 UCTOYHMKA B KBaJPATHIHOM PUOIMKEHUN.
Paccmotpure styun, pacrpocTpandioniuecs 1Mo BeTpy U poTus BeTpa. 3.4 Ha ocnoBanuu Barrero
perenns 3aJ1a4u, KpaTko cOpMYIUPYRTE OCHOBHYIO IIPUYNUHY TOTO, YTO 110 BETPY 3BYK PACIIPO-
CTpaHdAeTCd JNAJIbIIe, YeM IIPOTUB BETPA.

Pemienue

Banauva 11-3 IIpenomienne... 3ByKka

Yacts 1. CkopocTh 3ByKa B BO3JIyXe€.

1.1 IloacraBuM pa3MepHOCTH BEJUYUH, BXOJASIINX B (DOPMYJIY JIJIsi CKOPOCTH 3BYyKa

c = AP*p’ (1)
U sanumiem ycsoBusi coBnajieHust pasmeprocreii Kr-Mm|[kr]a+S—a—35—2a [-—1]==[]||[] mcxrmc
(2) [[2-2[]][3]] cnna:
a B
17 _ k2 - M K2 o a+p —a=38 1 12«
-] = [Z] 5| = e g 2
a+pB=0
—a—-38=1 (3)
—20 = —1
Perenue 910l cucreMbl uMeeT BUL
1 1
o=t B-—a-—1 )

CinetoBaresibao, hopMysia Jijis CKOPOCTH 3BYKA CJICIYIOIIAsT:
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c=A

1.2 U3 ypaBHeHUSA COCTOSHUASA HIEATHHOTO Ta3a

m
PV = —RT
V=R (6)
CJIeTyeT, ITO
P R
—==T.
PR (7)

HOSTOMy 3aBUCUMOCTDL CKOPOCTH 3BYKa OT TEMIIEPATYPbI OIIMCHIBACTCA CbOpMYJIOfI

P /R
c:A\/;:A T (8)

1.3 IloxcraBuM yKa3aHHOE BbIparKeHHE JIjIsI TeMIIEpaTyphl U IpeodpasyeM ero

| R | R | R

Bmech ¢ = A %T 0 - CKOpPOCTb 3BYKa Ipu Temieparype 1p.

Yactp 2. PacnpocTpaneHne 3ByKa B HEO/ITHOPOJIHO HArperoii armocdepe.

2.1 Ecm TemmiepaTypa BO3/1yXa I3MEHAETCS ¢ BBICOTOM, TO COOTBETCTBEHHO M3MEHAETCS U CKOPOCTH
3BYKa, IIPUYIEM 3Ta 3aBUCUMOCTD OIHMCHIBAETCH (hOPMYJIOit

T=Ty+vz = c=c¢ 1+ L, (10)
1o
U3BecTHBIN 3aKOH MPEJOMIIEHNST CBETA SIBJISETCS CI€JICTBUEM €0 BOJHOBBIX CBOMCTB, OITOMY €ro
MOZKHO OOOOIIUTH HA JIOObIE BOJIHOBBIE IIPOIECCHL. DTO MOYKHO JIOKA3aTh, HAIIPHMED, UCIOJIb3YS
npunun [ojirenca. V3MeHnenue CKOpOCTH PACIpPOCTPAHEHUs! BOJHBI B ONTHKE IIPUHSATO ONHUCHI-
BAaTh, BBOJIS ITIOKA3ATEb [IPEJIOMJICHUS cpejibl. 110 aHAIOrHM O CBETOM MOXKHO BBECTH «3BYKOBOI»
I0Ka3aTe/Ib IPEJIOMIICHHS.

[Ipu Temmeparype Ty mokasaresb NpeJOMJICHHS OyleM CUYUTATh PABHBIM 1, TOrJa 3aBUCUMOCTH
roKazaTesst IPeJIOMJIEHNs OT BBICOTHI UMEET BUJT

(11)
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[Ipu 3a/1aHHOM OIIpeIeIeHUN TTOKA3aTENsI IPeJIOMIIe-
HUsl, 3aKOH TPEJIOMJIEHUS 3ByKa OYJIeT UMEThb BU]T

n.COS (v = COS (Y. (12)

3/1eChb (v - yroJi MexK/ly 3BYKOBBIM JIy9IOM U T'OPU30H-
TOM.

X

Ucnonp3ys sror 3akoH 1 BbIpakenue (11) s 3aBu- S
CHMOCTH HOKA3aTeJIsl IPEJIOMJIEHNS OT BBICOTDI, MOXK-

HO yKa3aTh KadeCTBEHHOe II0BeJIeHIe 3BYKOBBIX JIydeil. Eciim TeMieparypa Bo3iyxa BO3pacraer ¢
BBICOTOH (7 > 0), TO MOKa3aTes b IPEJOMIICHUs YOBIBAET — B 9TOM CJIydae 3BYKOBBIE JIY UM, IIPEIOM-
JIASCH, U3rHOAIOTCs BHU3. HekoTopble U3 HUX [aKe MOTYT JOCTUYb MOBEPXHOCTH 3eMJIH (CM. DHC).
B nporusnom ciayuae (v < 0) — syuan msrudaiorcss BBepx. OTMETHM, 9TO HMEHHO 9Ta CHTYAIUS
Jallle BCTpedaeTcs B aTMocdepe.

y>0 y <0

tO

[i[u]

2.2 HpI/I 3aJlaHHbIX YCJIOBUAX 3aBUCUMOCTDb CKOPOCTH 3BYKa OT BBICOTHI UMEET BU/JL

c=co 1+le:cm/1+5z (12)
0

Yuc/iennble 3Ha4eHns TaApaAMETPOB B 3TOI (popMyJsie paBHbBI

oo = 34022 (13)
c
AT  —-10K K
V=L ﬁ =—1,0- 10’2M, cJ1e10BaTe/IbHO.
Y LK 1 —5 A 4—1
= =-10-10*"—-——=-34"-1 ) 14
p To 0-10 M 293K 34-107M (14)

2.3 YpaBuenue napadoJibl, IPOXOJIAIIE depe3 Havda/ 0 KOOPJUHAT, B 00IIeM BHJIE 3a/1aeTCsd (PYyHK-
nueit

z = ar’® + bx. (15)
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2.4 TlpousBoanas or dyuknuu (15) paBaa

2 =2ax+b (16)

B sTo BbIpaxKeHue cJjIelyeT IoACTaBUTh 3HAYCHUE I, BbIpazKE€HHOEC 9epe3 2. ,L[JIH 3aBHCHUMOCTH Z(l’)
HaJ0 pe€lIuTb YpaBHEHUE

ax® +bx — 2z = 0. (17)

N3 xoroporo caemyer, 910

b= Vb?% + 4daz

2a

x (18)

[Moscrapisist 910 Bhipazkerue B dhopmyiy (16), momryanm

2=V +4daz . (19)

/IBa 3HAUEHMs MPOM3BOIHOI COOTBETCTBYIOT JBYM BETBSM HapaboJibl, T.e. npu x > 0 cieayer
OpaTh IOJIOKUTEJIBHBIT KOpeHb, 1pu & < 0 - oTpunare bublii. Takum 06pasoM, ecyiu IPOU3BOIHAS
oT QYHKIMN onuchBaeTcs ypaBHenueM (19), To ero pereHue npu HyJEBbIX HAYAIbHBIX YCIOBUSX
ectb Gyrkmus (15)

2.5 /st pacuera TpaeKTOpUH Jiyda z(Z) BOCHOTIb3YeMCsl 3aKOHOM IIPEJIOMJIIEHHUST

1.COS (v = COS (g (20)

B KOTOPOM 3aBUCHMOCTD IIOKa3aTeJId IIPEJIOMJICHNA OT BBICOTHI 3aJ1aeTCA d)YHKLLI/Ieﬁ

1
"= T 21

CoryiacHO OIpEJIETIEHUI0 YIJIa (v, €r0 TAHTE€HC PaBeH IIPOM3BOJHON OT MCKOMON yHKIWH 2z(x).
3HaveHre TaHTeHCa YT/Ia HaiIeM ¢ TOMOIIBI0 TPUTOHOMETPUIECKUX (DOPMYJT

2

n? n? — 1+ (1—cos?ayp) ) n? —
—— 1= 5 =4/tg8"ap + —F—.
cos? ayg cos? ag cos? ag

(22)

Hawm Tpebyercst HaiiTu IpHOINKEHHOE ypaBHEHNE TPACKTOPHU (B KBAJAPATHIHOM MTPUOJIMZKEHNN ).
st 9TOr0 I0CTATOYHO TOAKOPEHHOE YIPOCTUTH € MOMOIIBIO MPUOIMAKEHHBIX (OPMYJI, CUUTas
z (rounee Bz) M (v MaJILIMU BeJIMYMHAMU W, OCTAaBJisisd B HUX TOJIBLKO TEPBbIi MOPAIOK. B sTOM
IpUOJIMKEHNN
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nz—lN 1

costag  1+8z

lx(1-p2)—1=-p=z2. (23)

Torna ypaBHeHHE /11 TPACKTOPHUH JIyda IPpUOOpETaeT BHUT

2 =1/ad — Bz, (24)

KOTODBIi conaaer ¢ ypasHernueM (19). [losromy perenue 5Toro ypaBHeHus 3ajaercs DyHKIHeNt

2 = —§m2 + apx (25)

Tax kak mapamerp [ < 0, To BeTBu MapabOJIbl OKA3BIBAIOTCS HAIPABICHHBIMU BBEPX — 3BYK
«YXOJIUT» BBBICH!

2.6 3BYKOBBIC JIy9H, BBIXOJAININE U3 UCTOIHUKA
10/ PA3HBIMU yTJIAMU (Y SABJISIOTCS TTapadosiaMu
¢ ognuM KoadduuuenTom npu 2, mosToMy ca-
Magd «HUXKHAS» Tapado/ia eCThb JIyd BbIIIE N /
ropusoHTabHO (g = 0). TlosTomy st ompesie-
JIEHUSI PACCTOSHUS, Ha KOTOPOM JIyd IIPOXOJINAT h
Ha BbICOTE h HEOOXOJMMO PEIUThL ypPaBHEHUE %

h=—=x, (26)

4h 4-20M
— == = ’ =049-10732 M . 27
TN B \/ 34-105M-1 (27)

SameTnM, 9TO Ha OOJBINMUX PACCTOSHUSX HE OyJeT CJIBIIEH 3BYK Jayke OT MOITHOTO MCTOYHUKA
(HampuMep, B3PbIBa), HOTOMY YTO 3BYKOBbBIE BOJHBI yXojsT BBepx. [Indpakimeii 3ByKOBbIX BOJIH
B JIAaHHOI 3aj1ade mpeHedperaem.

n3 KOTOPOIr'o HaXO/JIUM

Yacte 3. He kpuuuTe npotuB BeTpa!

11 xnacc. Teoperuueckuit Typ. 7



Karo

= c
——————— =% —_
IbHO _——
OCThb <« B B ——
(HSA \(\ |
rpee ' _—ﬁ\*\
e K —y q4—
HH3.
2Tpa

3.1 Ilpu HamIuu BeTpa CKOPOCTh PACIPOCTPAHEHUS 3BYKA 3aBHCHUT OT HAIPABJIEHHUs (MOKHO CKa-
3aTh, YTO CpeJia siBJIsieTCs aHu30TPoIHOM ). [TosTomy 3akoH npesiomierust B hopme (12) npumMeHsITh
HeIb3s. B TakoM cirydae OKa3bIBaeTCs YIO0OHBIM PAaCCMATPUBATHL U3MEHEHHE BOJIHOBBIX ITOBEPXHO-
creit (PpPOHTOB) — IMOBEPXHOCTEl, KOTOPBIE 3BYKOBBIE JIyUH [E€PeceKard HOpMaJbHO. PaccMoTpum
y9acTOK BOJHOBOTO (hponTa AB, paciupocTpaHsIionerocs NpudbJIn3uTeIbHO 110 HAIIPABICHIIO BET-
pa. Tak Kak CKOpPOCTh BeTpa BO3PACTAET C BBICOTOM, TO BEPXHsS YacThb (PPOHTA OYIET CMEIATbCs
ObICTpee HIKHEH, MO3TOMY JIy9l HOPMAaJbHBIE K 3TOMY (DPOHTY OyIyT OTKIOHATHCH BHU3. [Ipm
pPACIIPOCTPAHEHNN 3BYKa IPOTUB BETpa CHUTyallus OOpaTHas — BEPXHssd YacTh (PPOHTA JIBUKET-
¢l MeJlJIeHHee, [TOITOMY B 9TOM CJIydae JIyId OTKJIOHSIIOTCS BBepX. AHAJIOrMYHas CUTyarus Oy1er
PeaIn30BBIBATHCS U JIJIsl JAPYTUX JIyueii: IpU JBUKEHUH 110 BETPY OHU OTKJIOHSIFOTCS BHU3 ([IPUIKU-
MAaroTCsl K 3eMJIe), IPU PACIPOCTPAHEHUH TPOTUB BETPA JIYIH OTKJIOHIIOTCS BBEPX.

u
o

3.2 OmmireM «IIOBOPOT» BOJTHOBOIO (GppoHTa HOjIee moIpoOHO.
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(c +v, cosa RN

c+vcoscé)Ar
hcosa .
a y
c+v cosa )AL
hcosa )
104

X

PacemoTpum J1yd, pacupocTpaHsIONINics Ha BBICOTE z IO/ YIJIOM (v K ropu3oHTy. 300pasum y4a-
cTOoK BOIHOBOTO (bponTa AB mupunoit 2h. CoriacHo moICKa3Ke, CAeJaHHON B

YCJIOBUU 3aJIa91 CKOPOCTDh (PpOHTa paBHA CyMME CKOPOCTEl 3ByKa B HEIOIBUXKHOM BO3JIyXe W HOP-
MaJIbHOW COCTaBJIAIONIEHl CKOPOCTU BETPA, MOITOMY CKOPOCTbH CMEIEHNsI TOYeK (PpoHTa paBHA

d =c+vcosa. (28)

TobKO HEOOXOIMMO YYECTb, UTO pa3Hble TOYKH (PPOHTA HAXOIAATCA Ha Pa3HON BBICOTE, TOITOMY
OHU JIBUZKYTCsI ¢ pa3HOil ckopocThio. [ToToMmy, 9T0 CKOpOCTH BETpa 3aBUCHT OT BBICOTHI - v(2) =
vo + Bz . Kpaitnue Touku BBIOPAHHOTO y4yacTKa (hPOHTA CMEIIEHBl OTHOCUTETBHO €r0 CEPEINHBI Ha
Benauay Az = hcos a. [losromy ckopocTu BeTpa B 9TUX TOYKAX PABHBI

vy = vy £ Bhcosa, (29)

IJle Uy - CKOPOCTh BeTpa Ha BBICOTE z. 3a MAaJIblil MPOMEXKYTOK BpeMeHn At CMelleHnsl KpaiiHux
TOYEK 33/TaI0TCS BhIPAYKEHUSIMU

ASL = (¢ + vy cosa) At. (30)

W3 pucynka cjejryer, 9To pa3jindne CKOPOCTell IBUKEHNS STUX TOUYEK IIPUBEJIET K TTOBOPOTY (DPOH-
Ta Ha YTOJI

Ao — _(c+vicosa) At — (c+v_cosa) At (vp —v_)cosalAl

2h 2h
31
28h cos® a - At N (31)
= — o = —fcos"a- At
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3a ToT XKe IIPOMEXKYTOK BPEMEHU IEHTP BbI6paHHOI‘O Y4daCTKa CMECTUTC 110 BbICOTE Ha BEJIMYUHY

Az = (c+vgcosa)sina - At ~ csina - At (32)

3/1ech yaTeHo, 91o v K ¢

CrenoBaTeibHO, ypaBHEHNE, OMMCHIBAIOIIEE U3MEHEHHe YIJIa (v UMeeT BU/L

Aa cos® a
=% _B‘_‘ (33)
Az csin
3.3 B pamkax ucnosp3oBaHHOrO npubiikernst ypasaerue (33) mpeobpasyercs K BHLY
A« cos® o
— = _p , ~— b . (34)
Az csin o -«
3 KOTOPOTO HE CJIOKHO HANTH 3aBUCUMOCTD (¢(2) € yUeTOM HaYasIbHBIX YCJIOBUIL:
2 2 2
Q@ « o
aAa:—éAz = Al —= :—éAz = ———Oz—éz (35)
c 2 c 2 2 c
OkoHYaTEeIbHO MOy IaeM
(35)

JJ1st cCKenTHKOB, COMHEBAIOIINXCS B MOIIU IPUOJIMKEHHBIX METOJIOB. Y paBHeHue (33) MOXKeT ObITh
PEeIeHo TOTHO

— = - 5 do = —— —Zdoz:——z
dz csin o Ccos” o c Ccos” o c

do Bcos? a sin «v 15} “ sina I}
_—— = — dz =
@
IMom UHME2Pas SHPAACAEMCA YEPES INEMEHMAPHBIE PYHKUUU

“ sin« d “ d(cos ) 1|, 1 1
a0 = — = = —
o COS% v o COSZ Qv cosa | cosa  cosqg

0 0

Jlanee 1eobxodumo 6upasums 6 A6HOM 6ude COS (v, TIPOBECTH TPUTOHOMETPUUIECKHE TPeodpa3oBa-
Hust TUNa (22) U ... oJy4IuTh ypasHeHue (35)!

Kaxk 06br1HO — He OHNMaen b (GU3NKKN — CUJIN U WHTerpupyii!

Bepuewmcst, oaHako, K ypasaeruto (35). Tak Kak Ipu MaJbIX yIJIax «, yroJ PaBeH IPOU3BOJHOI
2'(x), To 910 ypaBHEHNE COBIAJIAET C ypaBHEHUEM (24), TI09TOMY €ro peleHneM sBJsieTCst yHKITHsT

z = —ng + apr (36)
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Takum obpa3oM, pU PACIPOCTPAHEHUU 3BYKa IO BETPY JIYUU IHPEJCTABISIOT cOOON mapaboJibl,
BETBU KOTOPBIX HAITPABJIEHBI K 3eMJIE.

[Tpu pacrpocTpaHeHnn 3BYKa IIPOTUB BETPa HEOOXOIMMO ITOMEHSITh 3HAK B ypaBHeHuu (33), cooT-
BETCTBEHHO ITOMEHSI€TCs 3HAK U PEIIEHUH, T.€. B 9TOM CJIydae JIydn OY/LyT OIMMChIBATHCA PYHKITUAMU

z = —|—§x2 + apx (37)

OtrmernMm, uTo B 3TOM ciaydae z < 0, Ho n o < 0.

HOJIyLIeHHbIe pPE3yJIbTaTbl KOPPEKTHO OIUCBIBAIOT XOJI ﬂyqeﬁ, IIOCTPOEHHBIX B PE3yJ/ibTaTe Kade-
CTBCHHOI'O aHaJIU3a.

3.5 UTtak, mpuyunHOl TOrO, YTO 3BYK JIy4Ille PACIIPOCTPAHAETCS 10 BETPY SBJSETCS IIPeIOMIIeHNe
3BYKOBBIX JIy4eil, B 3TOM CJIydae OHU ITPUKUMAIOTCA» K 3eMJI€ U SIBIAIOTCS CABIIMMbIMA. B mporu-
BOIIOJIOYKHOM HAaIlPABJIEHUH JIyYU YXOJAAT BBEPX U MUHYIOT VIIN cJymiaTesieid. TakxKe CyInecTBeHHO,
9TO, KaK MPABUJIO, CKOPOCTh BETPa BO3PACTAET C BBICOTOI (BOJIM3M MOBEPXHOCTH CKOPOCTH BETPA
MEHbIIIe M3-3a BJIUHUS BS3KOIO TPEHUs O TIOBEPXHOCTH 3€MJIN ).

Wsmenenne CKOPOCTHU DpPacCIIpOCTpaHEHUd 3BYyKa 110 U IIPOTHUB BETPa HUKAKOI PoJIn HE UI'PaeT: BO-
IIEPBLIX, CKOPOCTDb BE€TPpa MaJla II0 CPaBHECHHUIO CO CKOPOCTBIO 3BYKa,; BO-BTOPLIX, HE ITPUHIUIINAJILHO
YCJIBIIINTE JIM Bbl PaHbII€ WJIN II032KE Ha HECKOJIBKO MI/IJIJH/ICeKyH,Z[!

11 xnacc. Teoperuueckuit Typ. 11



