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I1AaH AekITUIA

1. BOJIHbI B YNpPYyrou cpeane. YpaBHeHMe BOJIHbI.
XapaKTepuCTukKM.

2.  ®Usnyeckue oCHOBbI 6MOIOrMYECKON aKYCTUKH

3. 3BYKOBbI@ MeToAbl uccrieaoBaHUA B KJIMHUKeE

4. YnbTpa3ByKoOBble kKosiebaHua. Bo3gencreus
yAbTpa3ByKa Ha buonornyeckue TKaHum

5. OdpdpekT [lonnepa n ero npyumeHeHne B MeAULIMHeE.




MexaHnyeckKkme BOJIHbI

Mexarnuueckou 60.1#0U HA3ZHIBAIOT MEXAHUUYECKHUE
BO3MYILEHUA, PACIIPOCTPAHAIONINECA B
IIPOCTPAHCTBE U HECYIIINE IHEPIUIO.

Pa3sin4yalloT ABa OCHOBHbIX BUaa
MeXaHUYeCKUX BOJIH: yripyrme BOJIHbI —
pacnpocrpaHeHue ynpyrmx pedopmMmaumm — m
BOJIHbI Ha NMNOBEPXHOCTH XNAKOCTH.




Cxema pacrpocTpaHeHUA BOAHBI

. . X
s = Asin ot s=Asmo| t——
M ) L X
U, @, ”
0 X

S — cMmelleHne, X — KoopauHaTa, v — CKOPOCTh BOJIHEI

Ecnu s n x HanpasneHbl BAOMNb OOHOMN NPAMOW, TO BOMHa
rpooosibHasi, eCnu OHU B3aUMHO NeprneHanKynsapHbl, TO
BOIHa roriepeyHas.




XaAPAKTEePUCTUKH BOJTHBI

1. IloTok 3Hepruu (P)
2. O0beMHas IVIOTHOCTh JHEPIrUM (Wp)

3. UHTEHCHUBHOCTH BOJIHBI (INIOTHOCTD
[MOTOKA SHepruu BoJHbI) (I)




Pda3zoBasa u rpynroBas CKOpPOCTH

CKOpOCTb pacripoCTpaHeH1s1 GuKCcupoBaHHOUN Gas3bl
KosiebaHni Ha3bIiBaroT (pa30BoU.
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[ pynnoBasa CKOPOCTb ONUCLIBAET peasibHY BOJIHY,
npeacTaBneHHy0 CyMMOU rpynnbl
CUHycounganbHbIX BOSH




AunddepennmasbHoe ypaBHEHUE

BOAHBI
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OnddbepeHumnanbHoe ypaBHEeHUE MeXaHNYeCKOMN BOJIHbI




AAVHA BOAHBI

PacctossHue Mmexay AByMA Toukamu, dpa3bl
KOTOPbIX B OAUH U TOT )X€ MOMEHT BPEMEHMU
OT/INYAIOTCA HA )7 Ha3blBAaE€TCA AJIMHOW BOJIHbDI

A=Tv




I1oTOK 3HEpPrumM BOAH

[TOTOK 3HEeprmn BOJIH paBeH OTHOLUEeHUIO
SHeprmun, nepeHocnMon BosIHaMn vyepes
HEKOTOPYIO MOBEPXHOCTb, K BpeMeHU, B
TeyeHne KOTOpOoro 3Ta aHeprugd
nepeHeceHa

D = aE (Bm)
dt




OO0BeMHAA TAOTHOCTh SHEPIUU

CpeaHsas aHeprmnga konebaTtenbHOro ABMXEHUS,
npuxoasiwascs Ha eanHunuy obbema cpenbl
Ha3blBaeTcsd 06bEeMHOWM MNNOTHOCTbIO dHEPrumn
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IIAOTHOCTB IIOTOKA SHEPIrUMA
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Bekrop YmoBa

BekTop YMOBa yKa3bliBaeT HanpaBJieHue,
BAOJ/Ib KOTOPOro NepeHOCUTCHA sHeprug
BOJIH C onpeaeneHHOM CKOPOCTbIO
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Du3znyecKre OCHOBBI
OMOAOTHUYECKOM aKyCTHUKU

3BYK — 3T0 KonebaHua 4dactuu cpeabl,
pacnpoCcTpaHsaoLmMecH B BUAeE
NPOAOJ/IbHbIX MeXaHUYeCKUX BOJIH C

yactotom ot 16 Tu po 20000 TIu
(20 kl'u).



DHepreTuvecKas XapaKTepUuCTuKa
3ByKAa

MHTEHCUBHOCTbIO BOJZIHbl I Ha3biBaloT
BE/IMYNHY, YNUC/IEHHO pPaBHYIO cpeaHeun no
BpeMeHWn aHeprmun E, nepeHoCcMMon BOJTHOW
B eAuHUUY BpeMeHun 4yepe3 eaunHuuy
nJowananm noBEepXHOCTU, PacnosIoXeHHYIo

nepneHaAnKynsapHo HanpaB/IEHUIO
DACNPOCTPAHEHUS BOJIHbI:

Ox/(M? c) = BT/M?
St



3BYKOBO€ UAU AKYyCTUYECKOE
AABACHUE

3BYKOBbIM WJ/IN aKYCTUYECKMM pAaBJieHueM

Ha3blBalOT pAobaBoyHoe passeHune (M36bITOYHOE
Ha4 CcpeaHUM JAaBJ/IeHMEM OKpyXXatowen cpeasbl,
HanpuMmep Haad  aTMOCKHEpPHbLIM  AaBJIEHUEM),
obpa3sylouieecss B y4dyacTKax CryuweHus 4acTul B
aKyCTU4YeCKOW BOJIHE

P, =Awpv

rae A — aMnNauTyza BOJIHbl W - LMKANYEcKas yactoTa
BOJIHbI, P - MJIOTHOCTb BELLECTBA, U — CKOPOCTb
pPacrnpocTpaHeHUs BOJIHbI B BELLECTBE




CBsa3b UHTEHCUBHOCTH U
AKyCTUUECKOT'O AABACHUA
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BuAbI 3ByKOB:

TOH — 5T0 3BYK, ABAAOLWMNNCS
nepnoanvyeckmM npoLeccom

LLlyM - 3TO 3BYK, OT/IM4alOLWLMNNCS
CJTOXKHOW He MOoBTOpPSAOLLENCS
BpEMEHHOW 3aBUCUMOCTbIO

3BYKOBOM yaap — KpaTKOBpPEMEHHOE
3BYKOBOE BO3/1eNCTBUE




OO0BeKTUBHBIE XaPAKTEPUCTUKHI
3ByKa

YacTtorta — KoNim4yecTtBo Kos1iebaHu B
eANHNLY BpeMEHN

MHTEHCUBHOCTD
3BYKOBOE faBJieHUue

AKYCTUYECKNUN WM rapMOHUNYECKUNN
CnekKTp




AKyCTUYECKHE CHEKTPHI
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3BYK KaK IICUXO0(PU3UIECKOE
ABACHUE

CybbeKTMBHbIE XapaKTEPUCTUKN 3BYKaA:

BbliCOTa — 06yC/noOB/1IEHHAA YaCTOTOM
OCHOBHOIO TOHAQ,

TeMbp - onpegensieTcsa cnekTpalsibHbIM
COCTaBOM 3BYKa,

rPOMKOCTb - YPOBEHb C/TYXOBOIr0 OLUYLLEHUS;
ornpenensieTcd MHTEHCUBHOCTbIO U
4aCTOTOWM 3BYKa




XaAPAKTEPUCTHUKH CJIYXOBOI0
(CYObEeKTHBHOI0) OLIYILIEHUSA

Brnicora u YacToTa

I'poMKoOCTD \(L—I/IHTechBHOCTL
TemOp H AKYCTHYECKUH CIIEKTP




YpOBE€Hb HHTEHCUBHOCTU

I
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0

I, = 107 BT/M* MHTEHCMBHOCTb Ha nopore

CNbILULMMOCTUN Ha YacTtoTe 1 kly




YpOoBE€Hb HHTEHCUBHOCTU
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3akoH BeOepa — Pexuepa (1858r)

Ecin MHTEHCUBHOCTb 3BYKa yBeSIM4YMBaeTCs
B reoMeTpnyecKkou nporpeccuu, TO
owlyuieHue FPOMKOCTW 3TOro 3BYKa
BO3pacTaeT B apudMeTn4yecKom nporpeccmm

E:Klgi
]O

K — KOadPunuUMEeHT NpornopLMOHASIbHOCTH,
3aBUCSALWLMN OT YacCTOTbl U MHTEHCUBHOCTU




I POMKOCTh M HHTCHCHUBHOCTD

E = k(v, 1) Ig(I /1,)=k(v, ) L

poMKOCTL

MHTEHCUBHOCTDL

E — rpoMKoCTD,
L —ypoBeHb
HHTEHCUBHOCTH.



KpuBbIe pABHOU I'POMKOCTH

L, nb \ E. fon
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I'pomkocTh 3ByKa E

[POMKOCTb 3BYKa naMepsietcsa B poHax

Ha yacTtoTte 1klu K=1

E= IO*IgL ®(cpon)
]0




IIpumepsr

[MpumepHbIN XapakTep 3ByKa | AHTEHCMBHOCT | 3BYKOBOE YpoBeHb
b 3ByKa | JaBneHue MHTEHCUBHOCTU
(BT/m?) (Ma) 3Byka ([16)
Mopor cnbIWMMOCTH 10712 0,00002 0
LLlenoT 10710 0,0002 20
Pa3srosop HOPMarbHbIM 10”7 0,0064 50
rorocom
Pa3rosop rpoOMKUM roriocom 10°® 0,02 60
LLlym Ha OXXMBMEHHOW ynuLie 107 0,64 80
Kpuk 104 0,2 80
[Topor 6onesoro owyLeHns 10 64 130




3BYKOBBIE METOABI B MEAUITUHE

AyckynbTtauua (BbicnywmnBaHue) — C

NOMOLLbIO CTETOCKOMNa WU (OHEHA0CKOoMa

1 - nonag Kancyna
2 — nepepatolwlas 3ByK MeMmbpaHa
3 — pe3nHoBble TPYybKH




AYCKYABTAITHA




3BYKOBBIE METOABI B MEAUITUHE

NMepkyccua — BbiCTyWUMBaHME 3BYYaHUS
efIbHbIX YacTeun Tesia nNpu
KUBAHWUU

U

®OHOK norpacdpuma (PKrI) -
rpapmyeckas permcrpaumnsa TOHOB U LWWYMOB

cepaua
/;j = Yo — sk
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AHNArHOCTHUKA OPraHOB CAyXa

MeToa n3MepeHust oCTpoTbl ClyXa
Ha3bIBAeTCA ayAnOMeTpuUem.

Ha cneunanbHOM npubope (ayamomerpe)
ornpenenstoT NOpor CAYyX0BOro OouWyLleHuns
Ha pa3HbIX YacToTax.




AyiuorpaMmabl

126 250 600 1000 2000 4000 8000 v,Iu

A —KPHBbI€, KOTOPbIe

- OTPAaKAIOT

) . 3aBHCHMOCTb IOpPOra

E ggw BOCIIPUSITHSA OT

8wl YacToThl TOHA, TO €CTh
igg ITO CIEKTPAJIbLHAS

[, 151 XapaKTePHUCTHKA yXa

Ha TMopore

CJIbBIININMOCTU.




bunodusuka yapTpazByka

YnbTpa3BykoM (¥Y3) Ha3biBaloT
MexaHnyeckme kKosiebaHus U BOJIHBI,
4acToTbl KOTOPbIX 60nee 20 kly

Ckopoctb ¥3 1 3ByKa onpenendercs
NJIOTHOCTbIO CpeAbl. 3aBUCUMOCTb NpdaMas.




IloAydyeHUE YABTPA3BYKOBBIX
KOA€OaHUU

3HEKTPOMEX3HMHECKME n3sliydaTtesin.

1. OcHoBaHHbIe Ha ABNeHun obpaTHOro
Nbe303JIeKTPNYEeCcKoro agekKTa
(BbICOKOYACTOTHbIN ¥Y3)

2. OCHOBaHHble Ha ABNEeHUNU
MarHUToCTpukumm (HU3KOYaCTOTHbIN Y3)




OOparHpI TBE303PPeKT

[Noa AENCTBUEM 3N1EKTPUYECKOro Mo
NponcxoamnT MexaHundeckasa gedopmaums
Nbe3oKpucTasnna

Y3

NCTOUHUK

DN1eKTpoabl

Y3




[ Tpamoit mee30adpdext

[Toa AaencremeM MexaHundeckmx aedopmaumni
Nbe30KpucTansa BoO3HMKaeT
S/1eKTpnyeckKkoe HanpsaXXeHue Ha rpaHax

[Mbe3oKpucTann




OcoberHOCTH pacupocTpaHeHus Y3

» Manasg anvHa BONHbI. HanpaBfieHHOCTb.
(MpMeHNMbl 3aKOHbl FreoOMeTpUYecKoun
OMNTUKN)

o [MornoweHne (ocnabneHme MHTEHCMBHOCTW
Npu NPOXoXAeHUn yepes BEeLLEeCTBO)

[=1e"




» nybmnHa nonynornoweHuna — rnybmnHa, Ha
KOTOPOUN MHTEHCUBHOCTb Y3 yMeHblUaeTcs

BABOE.
TKaHb Fny6buHa
nosynornoweHns,Cm
MblLlLleYyHad 2,1
Xnposas 3,3
KocTHas 0,23
KpoBb 35




OcoberHOCTH pacupocTpaHeHus Y3

» [MlpenomneHune n oTpaxeHue

Tak KakK BOJIHOBOE COMNPOTUBIIEHUNE
6buonornyecknx cpen B 3000 pa3 bonblue
BOJIHOBOIO COMNPOTUB/IEHNSA BO34yXa, TO
oTpakeHune Y3 Ha rpaHunue BO3AyX-KOXa
cocTtaBngdert 99,99%.

» [ledopmauuns, kaButauma (BO3HUKAET Npwu
MHTEHCMBHOCTAX, 6onblinx 0,8-10% BT/M? )

» BblaeneHune Tenna
o« XMMM4Yyeckme peakuumu




Pdusnyeckue IPoIEeCcChl,
OOyCAOBAE€HHBIE BO3ACUCTBUEM Y3

MUKpoBMbpaumsa Ha KNETOYHOM U
CybKJ/IETOYHOM YPOBHE,

pa3spywieHne bnomakpoMonekyn,

nepecTtponka un noppexiaeHume
buonornyecknx membpaH, naMeHeHume
NPpOHMLLIAEMOCTN MeMbpaH,

TensioBoe AeNCTBUE,
pa3pyLlieHne KJ1eToK 1 MUKpOOpPraHmM3MoB



DPpdexr Aomaepa

¢pgpekrom [onnepa Ha3biBaAlOT
M3MeHeHune 4aCTOThl BOJIH,
BOCNPUHUMAEMbIX HabnaaTtenem
(MpMeMHNMKOM  BOJIH), BCneacTBue
OTHOCUTENbHOIO ANBUNXeHns
MCTOYHMKA BOJIH U HabntopaTens.
v"':U+U”v V"'ZU_UHV
v L+V,




AHNAarHocTuka Ha OCHOBeE 3(pdeKra

N3nydatenb | reneparop
< ANEKTPUYHECKUX
y3 konebaHuin
Y3 |
BOJIHa I'IpVIeMHMK YCTpOMNCTBO CpaBHEHUS
> 4acToT
OTpaxeHHas
Y3 - BosIHa
KPOBEHOCHbIM
cocyn
A s CwurHan gonnepoBcKoro
C @ @ caBura
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ABWXYLLUMECS SpUTPOUNTDI A L r

U, — CKOpPOCTb ABMXXEHUS 3pUTPOLINTOB
U — CKOpPOCTb Y3

V. — YacToTa reHepartopa

V, — AONJIEPOBCKUI CABUT YacToT




YABTPA3BYKOBAA AMATHOCTUKA —
AOKAITMOHHBIE METOABIL

Oxo3HUuedonorpadpua — onpeaeneHme
onyxosienm n oteka roJloBHOoro Mo3ra

YnbTpa3ByKoBas Kapanmorpaduna -
M3MepeHune pasmepoB cepaua B AMHAMUKeE

YnbTpa3ByKoOBaA JioKkauua 414
onpeaneneHns pasMepoB rfa3HbiX cpea




YABTPA3BYKOBAA AMATHOCTUKA

YnbTpassykoBon [Odonnep >3¢pdekr -
M3y4dyatloT XapakKTep ABUXEHUS cepaeydHblX
KS1anaHoB; onpeaenstoT CKOpPOCTb
KPOBOTOKA

No CKOpPOCTM YyinbTpa3BYyKa onpeaensioT
MEeCTO NOoBpeXaAeHUNda KOCTU

YnbTpa3ByKoBas rosnorpadpusa




YAbTpa3ByKOBasa pU3nOTEPAIUA

TepaneBTNYeCcKoe AeucTBue Yy/bTpa3ByKa
0byCcnoB/ieHO MexXaHW4YEeCKUM, TEMNnJ0BbIM U
(PU3NKO-XUMNUUYECKUM (DaKTOpaMMU

doHOoope3s - BBedeHMe C MNOMOLULbIO
yNibTpa3ByKa B TKaHU 4yepe3 nopbl KOXWU
HEeKOTOpPbIX neKapCTBeHHbIX BellecTB
(rmapoKopTU30HA, TeTpauuknHa v ap.).




YABTPA3BYKOBAA XUPYypPru

YnbTpa3ByKOBOMW CKaNbNnesb -
pacceyeHne TKaHeu

YnbTpa3ByKOBOU OCTEOCUHTES —
«CBapuBaHUSA» TKaHeu

YyaaneHume onyxoJsien B MO3roBom TKaHU
6e3 BCKPbITUSA YepenHon Kopobku

Opob6neHne noyeyHbIX KaMHeu




IIpakTrueckoe npuMmeHeHue Y3

B dphapMmaueBTUUECKOM
NMPOMBDBILWIEHHOCTM — CO3/laHne
SMY/NbCUN, NeKapCTB, a3p0o30Jien

B XMpyprum - ctepunmsaumsa MegnumHCKNX
MHCTPYMEHTOB

Ona OpueHTUPOBKMU CNnenbixX B
NPOCTPAaHCTBE




Armapart Sono-Ace-PICO

NMo3BossseT NpoOoBOAUTb ANArHOCTUKY
npu:

noBpexaeHnMn MblLlL,

noBpexaeHmn Mbllll pOTAaTOPHbLIX
MaHXET nJjiedyeBbiX CyCTaBOB

0 noBpexgeHnm MEHUCKO-CBA3O4YHOIO
KOMMJ1EKCa KOJIEHHbIX CyCTaBOB

0 noBpexageHnn CyxXoXXmnibHO-
CBA30YHOIO arinaparta BCeX CyCTaBOB

0  HaJIW4YMM OAUCKOBbLIX NATONIOMMM
(rpbi>ku, NpPoOTpy3un, CTEHO3
MO3BOHOYHOIro KaHana)

0 HaJIn4dmun OCTEOCIDMTOB, XOHAOPOMHbIX
TEN B CyCTaBaxX

0 3aboneeBaHMAX COCYA0B BEPXHUX W
HWXXHMUX KOHEYHOCTEWN, COCY/10B
LerHoro otaena

01 3aboneBaHUSAX BHYTPEHHUX OpraHoB




Dxorpadpmyaeckas KapTHHA a0CIIecca
AE€BOU MUHAAAUWHEI y TTartueHTa 14 Aer.

N. NOVGOROD REGIONAL CHILDREN'S T!-_RCHINJ HOSPITAL RL0?§33330 Ha CHMM Ke npeﬂCTa BneHbI
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Dxorpadpudeckas KapTUHA KUCThI IIPABOM
ITIOAYEAFOCTHOU CAFOHHOMU >K€A€3bI y ImaruenTa 13 aer

Ha neBon NooOBUHE CHUMKA

N. NOUGOROD RE.:IONRL CHILDREN'S TEACHING HOSPITAL "ALOKA-632"
- 17-10-00
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Nuadpas3Byk 1 ero BO3ACHCTBHE HA
YEeAOBEKA

MHppa3BYyK — MexaHN4yeckasa BOJIHA C
4acToTOMN MeHee 16 U

[lencTBue Ha yenoBeKa: pa3paxeHue,
yrHeTatouiee HacTpoeHue, rosioBHast 6osb,
YCTasI0CTb.

[Mono)xeHune Tena YacToTbl COBCTBEHHbIX
konebaHum ons

yenoseka (l'u)
Jlexa 3 -

[[pyAHaqa KNeTkKa 5 -
BprowHada nosioCcTb 3 -

4
8
4




JaKAIOUYCHHUC:

B nekunmn paccMOTpEHbI:
0 MOHATUE MEeXaHMYECKOM BOJIHbl U 3BYKa KaK npmMepa
TAaKOW BOJIHbI;

0 3BYK Kak (puanuyeckas peasibHOCTb 1
ncmxodpumnsanyeckoe siBeHue
0 3BYKOBble MeTOAbl UCC/IeAOBaHUSA B KJINHUKE

0 YnbTpa3ByKoOBble KonebaHua. Bosaencreumn
y/ibTpa3ByKa Ha 6nonornyeckme TKaHu M NIpMMeHeHue
Y3 meToaoB B MeaAMLMHe.




TecT-KOHTPOAD

YenoBeKk MOXeT CcnblliaTbhb MexaHundyeckume
BOJIHbl C YaCTOTOMW:

. 0,5Tu
5000 Iy,
25000 Iy
30000 Iy,

=~ b
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