dusnyeckKkue oCHOBbI
ynbTpa3BYKa.

OH-/1aiiH y4YeOHUK perioHapHOM aHeCTe3HUH.
- I I'naBa 2.




YTO eCTb 3BYK:

® 3ByK — 3TO MEXaHUYECKOE KOJICOAHUE CPEJibl, TO €CTh
OCJIEA0BATEIbHOCTD 30H CXKATHUS U PACTSIKCHUS.

® OcHOBHas XapaKTEpPUCTHUKA — YACTOTA, U3MEPSCTCS B
I'epuax (I'm = 1/Cek).

© 3BYyK B OKPY’KAIOIIEM MHUPE MOJAYUHSACTCI BOJTHOBBIM
3aKOHAM.

® Yenoeyeckoe yXo CMOCOOHO BOCHIPUHUMATH 3BYK C
yactoroi ot 20 g0 20000 I'm.




Ua ,
BOJHbI.

V=A*f

@ 3ByKOBas BOJIHA POXKIACTCS C OMPEACIEHHOM, TOCTOSIHHON YaCTOTOU
(frequency = f), u pacpocTpaHsIeTCsl CHAMMETPUYHO OT UCTOYHUKA 3BYKa C
MOCTOSTHHOM /ISl TaHHOM Cpejibl CKOpocThio (speed = V).

® CkopocTth 3ByKa B Bo3ayxe — 300 m/c, ay1st 0osee MIOTHBIX Cpell — CKOPOCTh
pacupoCTpaHECHHUs 3ByKOBOM BOJIHBI OOJIBIIIE.

® PaccrosHre MEXIY ABYMS OIMKANIINMU TOYKAMHM, KOJICOMIOIIUMUCS B
OJIMHAKOBBIX (pazax Ha3bIBACTCA JJIMHOMN BOJHBI (A).



UT0 Takoe yneTpasByk?

© 3BYKOBOWM CIEKTP MO YACTOTHBIM XaPaAKTEPUCTHUKAM
MOKHO Pa3JIeJIUTh HAa TPU CETMEHTA.

YnbTpasByK

Hike 20 Ty 071 20 g0 20,000 Iy,
I \\.I

© COOTBETCTBEHHO, YIBTPA3BYK —3TO 3BYKOBAS BOJIHA C
yactotou cBrIe 20000 I11

© Jlmana3oH MEQUIIMHCKOIO YIbTpa3ByKa 2,5-15 MI 1t



TCS VJIb
KapTHUHKA

[Tbe30a1exkTprYecKre KpucTaibl BHYTPU JaTYUKA U3/Ty4aloT
YABTPA3ByK HUMITy/IbCAaMU.

HMMnyibc poXoaUT CKBO3b TeJIO MALMeHTa, OTPXKASICh OT
MMOBEPXHOCTU TKaHe! C Pa3/IMYHOMN IJIOTHOCTBIO.

OTpakeHHBIH YIBTPA3BYK (9X0) BO3BpALAETCS K JATUYHKY, IIe
TpaHCPOPMUPYETCST B D/IEKTPUYECKUN CHUTHAJL.

s VAR e ORI e T

DTOT cUrHa 06pabaThIiBaeTCst MPOLIECCOPOM U Ha dKpaH
BBIBO/IUTCSI TOTOBOE U300payKeHHUeE.

|
|
|
|

Wendolyn Hill
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Kak poxxmaercs ynbTpa3ByKoBasg KapTUHKA?

® TakuM 00pa3oM, JaTUMK UMEET IBOMHYIO (DYHKIUIO:
n3ny4atrs (1%) u npuaumats (99%).

® Cuna (aMIUIMTYHA) KaXKI0M OTPa)KEHHOM BOJIHBI
COOTBETCTBYET SIPKOCTH OTOOPaKEHHOM TOYKH.

® IlosoxkeHHWE TOYKY HA SKPAHE 3aBUCUT OT TITYOHHBI
OTPAXKEHUS 3XO-CUTHAJA.

® MHOXECTBO TAKMX TOYEK POPMUPYIOT LETOCTHYIO
KapTUHKY.



PacripocTpaneHure 3ByKOBOW BOJIHBI

<3 ) ( ) 4 N

KocTh Tkanb Bo3ayx
4080 m/c 1540 m/c 330 M/c

CkopocTh

Yem Gnnke monekynbl BewecTBa (BbiLle
NJSIOTHOCTb), TEM fnyylle BelleCTBO NPOBOAUT 3BYK.

CKopocCTb pacnpocTpaHeHus yNbTpa3ByKOBOM BOSMTHbI HEOOXOAUMO 3HaTb
AnS BbIYUCIIEHUA PACCTOAHMN MeXAy O0beKTaMun, a Takke HaxoXAeHUsA
rmyouHbl nx 3aneraHusi. CpegHAA CKOPOCTb pacnpocTpaHeHus Y3 B MArkKnx
TKaHsAX 1540 m/c.



OTpaxeHue

DyHaaMeHTa/IbHBIA TPUHIUT YIBTPAa3ByKOBOM
BU3Ya/IM3ALUU — 3TO OTPOKEeHUe Y3 y4a OT
ITIOBEPXHOCTEM TKAaHeM C Pa3/IMYHOU IJIOTHOCTBIO. JTH
OTpaKeHUsI BOCITPUHUMAIOTCS JATYHUKOM U
$bOpMHPYIOT KapTHHKY Ha AHCIUIee Ipuoopa.

[IpoueHT oTpakeHHOM Y 3-5HEepPruu NpsiMo
IIPOIOPIIMOHAJIEH PAa3HUIIE AKYCTUYECKHUX
MMITeHJaHCOB (Z) Ha rpaHHIle TKaHEeH.

O6s1acTH BelecTBa CO CXOAHBIMH aKyCTUYEeCKUMH
XapaKTepPHUCTUKAMM 3XO-CUTHAJIa He POPMUPYIOT.



= OTpaxeHHE 3ByKa

® CrutonrHbplie 00beKThI (THadparma)

- OTPaYKeHH e «eTUHBIM GPPOHTOM» - BBIIIIE ITPOLIEHT
BepHYBIIlelcs1 Y3-5Hepruu - aydiile n300pakeHHe.

- eCJIM MOBEPXHOCTh NepNeHAUKY/ISIPHA OCH Y 3-/Ty4a —
KaueCTBO U300payKeHUsI BO3PaCTeT.

©® KopmyckynsipHbie 00beKThI (SpUTPOLIUATHI)

CnnotluHoe axo ,57
ﬁ " \ CuibHee
4 T~

]

KopnyckynspHoe axo
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B3aumonencrBsue BOJIH
I/IHTepg]gep_engI/IH

® 3aBUCHUT OT TUIOTHOCTHU YU OAHOPOAHOCTHU Cpebl.

® CrutolHOe 3X0-0TPpaKEHHE MOXKET ObITh MOTY4YeHO
TOJIBKO IMPU YCJIOBUH, YTO IITUPHUHA 00'bEKTA OOJIbIIIe,
YyeM YeTBepPTh JJIMHbI BOJTHbI CKAHHUPYIOIIETO JTyya.

,Z[]IH BU3YA/IW3AIIW MEJIKHWX 00'BEKTOB — YMEHDBIIINTDH

[LJIVHY BOJTHDI!
©® YMEeHBUIUTH IJIMHY BOJTHBI Y,ZLO6HO, yBEJIMYUB 4YaCTOTY
YIBTPA3BYKOBOT'O U3/TyYEHUS

V=f*A




aK MOSBJISICTCS KAPTUHKA HA DKpaHE?

CubHOE OTpakeHHe (BbICOKAS TJIOTHOCTh TKAHU):
rUIIePOXOTeHHbIE CTPYKTYPHI (Oesibie) — KOCTH,
nviadpparmMa, KOKPEMEHTHI.

OTpa)keHue c/1abee — 3XOreHHbIe CTPYKTYPHI (cephie) —
OOJIBIIMHCTBO TUIOTHBIX OPTAHOB, MBIIIIIIHI.

Cnaboe oTpakeHHe — TUIIO3XOT€HHbIE CTPYKTYPBI
(TeMHBI€) — KPOBbD, YKUIKOCTh BHYTPHU MOYEBOTO M
YKE/TYHOT'O My3bIpe. = '




YIIbTPa3BYKOBOU J1yY

® Jly4, ucxogsmmm U3 JaTYMKa MOXOXX Ha TOHKOE Ie3Bre
- TOIIIUHA — TPUOTU3UTETHHO 1 MM.

- oTOOpaKaeMasi T/TyOMHA HACTPAaHBAETCS
IO/Ib30BaTeIeM

® JIsyxmepHOe N300pakeHHe:
- ToMorpadpuyeckoe ceyeHUe
- HeT MH(POPMAITNHU O TOJIIIHNHE 00BEeKTa “
© Brl KOHTpO/IMpyeTe MOJIOKEHUE TyYa,
COOTBETCTBEHHO BAllIM LI€JISIM. \



e KOHTpOHB ITOJIOKCHUA JdTHYHUKA

NMpoaonbHOE NoroXeHue NMonepeyHoe nonoxeHue

IBuXeHuns:
-CKonbXxeHune
-BpawieHue
-NMokaunBaHue
-[laBneHue




YHacrora n3inydyecHus

® Tepr (I'u, Hz) - egunMita n3aMepeHUs 4aCTOTHI,
COOTBETCTBYET OJHOMY IIUKJIy B CEKYH/IY.

® Merarepn (MI'u, MHz) - ogyH MUJIJIMOH KOIeOAHUA B
CeKYH/IY.

® YBenu4uBasi 4aCTOTY Y 3 U3TyYeHUS:
- YBennuriBaeM paspelieHue (oceBoe u rneprudpepudeckoe)
- YMeHbIIaeM 171yOMHY MPOHUKHOBEHHS

BbICOKOYACTOTHBIE JATYMKU UCIOJIB3YIOTCS IS
Ka4yeCTBEeHHOUN BU3ya/IN3aliuu TOBEPXHOCTHBIX CTPYKTYD,
Korza I/TyOrHA MPOHUKHOBEHHUSI JTy4ya — He TJIAaBHOE.



YHacrora maruymka U pa3pelicHue

| YacToTbl= 1 rMyOuHblI MPOHUKHOBEHUS.
3MI U-AaTymK NPOHUKHET rMy0boKo B TEMNO,

... OLHaKO paspeLleHne Nony4YeHHON KapTUHKN
: Xy>Xe, 4eM rnpu ucrnons3osaHum 12 Ml u.

1 4acTOThI = 1 pa3peuIcHus
12 MI't — naT4mK: BEICOKOE pa3peIicHue,
.. . HO MUHHMaJbHas IJTyOrHa.
Yno0eH Ha n1ee U B MOAMBIIICYHOM
o0Js1acTm.




Yacrora garuymka U pa3pelicHue

5 MI'o 0,6 MM
7,5 MI'n 0,4 MM
12 MI'11 0,25 Mmm
20 MI'11 0,15 Mmm
30 MI'1g 0,1 Mmm

® HuskouactorHsie natuuku (3-5 MI') — ckaHupoBaTh ITyOOKHE OpraHbl (1I€YEHb,
AKEITYHBIN MTy3bIPb, TOYKH).

® BsricokouacTtoTHbie gatuuku (10-15 MI'11) — mo3BOJIAIOT CKAHUPOBATH
MOBEPXHOCTHBIC CTPYKTYPBI, HAPUMED, IIeueBOe cruieTeHue. Ho ryouna
orpanuyeHa 3-4 cwm.

® CpeanevactotHble gaTuuku (4-7MI 1) — Goliee nIyOOKHUE CTPYKTYpPhI, HAIPUMED,
MJICYEBOE CIJIETEHUE B OJKIIOUMYHON 00JIaCTH MU CEATUIIHBINA HEPB Y B3POCIIBIX.



AKYCTUYECKHUMN UMIIEIAHC
® Axkycrudeckuu umrnenanc (AW) BenjecTBa onpenesnsieTcss UCXO4s1 U3

TJIOTHOCTH 3TOTO BelleCTBa, A TAKXKe CKOPOCTHA PACHPOCTPAaHEHUS
3BYKa B HeM. Yem OOJIblLIe MIOTHOCTD, TeM BbIle AU.

® Y3 orpaxaeTtcs OT rpaHMLbI pa3feeHUs TKaHeU C pa3/IMYHbIMHU
3HaYeHHUsSMU AU 1 yeM cyllecTBeHHEM 3TH Pa3Indusi, TeM OOJIbIie
OTPAXKaeTCsl CUTHaJI.

® Ilapsl TKaHb/Ta3, TKaHb/KOCTb U KOCTH/Ta3 OTPAXKAIOT NOYTHU 100% Y 3-
SHepPryuM Ha IrpaHUlLie pasfeaeHus.
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AKYCTUYECKHUMN UMIIEIAHC

Camas 6osbiiast pasuuia AV Mexry MATKUMHA
TKAHSIMU U Ta30M.

Bropoe 1o BeinumrHe pasanydmre — MEXAY TKaHSIMH CO
CpeiHel IVIOTHOCTHIO ¥ OY€Hb IJIOTHBIMH TKAHSIMU
(HarpyMep, KOCTh — MBIIIIIA).

He ciegyeT mpITaThCsl CKAHUPOBATH Yepe3 pebpa,
IPYAUHY WJIN IA30BbIN My3bIPb.



KOHTPAaCTHOCTh U300pAKEHUA

KoHTpacTHOCTH — 3TO CITOCOOHOCTH amnmapaTa pa3andaTh
Pa3/IUYHbIe TPAJALIUU CePOro, OCHOBBIBASICh HA CHJIE 3XO-
CUTHAJA.

Il st TOTO, YTOOBI OMTUMU3UPOBATH KOHTPACTHOCTD — HA/IO
ONITUMHU3HUPOBATH OCEBOE U TleprudeprIecKoe pa3pelieHue.



Paspernienue

OceBoe paspeLieHue:
CMNOCOOHOCTbL OTOOpaxaTb
pa3genbHO ABa O0beKTa
BAONb ocu Y3-nyua.

Mp | MNp

NMepudepuyeckoe paspeLueHue:
CMNOCOOHOCTbL OTOOpaXxaTb
pa3fnenbHO ABa O0beKTa
nepneHaAUKYNsApHo ocu Y3-ny4ya



