Nekuns 1

MexaHun4dyeckue KonedaHusa v
BOJIHbI
AKyCTUKa



[lepynoanyecKkmne MmexaHnyeckue
npoLecchbl B XXUBOM OopraHu3aMme

KonebaHusa — 5170 npouecchl NoBTOPSOLLMECH
BO BpPEMEHMU.

[1Ipy 3TOM CMCTEMA MHOIMOKPATHO OTKJ/IOHAETCH
OT CBOEro COCTOSIHMS paBHOBECUS N KaXabli pa3
BHOBb K HEMY BO3BpallaeTcs.

« Kaxxabin YyenoBeK — 3TO CrOXHas
KoneobartenbHasa cucrema.»
H. BuHep



lNpnmMmepsi .

[ibixaTeNibHble ABUXXEHUSA FPYAHOUN KJIETKMU;
sCoaeprxaHve ABYOKUCHU yriepoaa B KpoBM;
'PUTMMUYeckKmne cokpauweHmsa cepaua;
KpoBeHanosiHeHue aptepun (Nynbc);
»3BYK — KOJiIe6baHMnA rosiocoBbiX CBA30K;
'[TlepucTasibTUKa KUMLWLEeYHUKa;

[Ilcnxuka nroaen noaseprxeHa kosnebaHnsam
nT.A.



MexaHun4yeckasa BOJiHa. YpaBHeHue
BOJIHbI

MexaHun4yecKas BOJIHA-3TO pPacnpoCcTpaHeHUE
MexXaHU4Yeckmnx KosiebaHnum B yrnpyrou cpene

MartemaTmnyeckoe

npesacTaBaeHne BosHbI: Q — YpaBHeHWe BOrHbI ONUCLIBAET
S — f(x,t) 3aBMCUMOCTb CMELLIEHNS

4yacTuL cpeabl OT KoopauHaT
525 5 azS 1 BpEMEHU
=V
2 2

ot OX /T

BonHoBoOe ypaBHeHUe 0 \/ —
S=Acos(w(t-")) \/\‘ ]

L J\/\_»
Ero peleHue. X

YpaBHEHME NJIOCKOW BOJIHbDI
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Berylujasa BonHa nepeHoCUT 3Hepruio.

YcnoBue cyLecTBOBaHMSA BOJSTHbI:
1.Ynpyrasa cpena
2.Hepuums

llpumep: BonHa gaBneHunsa B apTepuax. 1. YNpyrocTtb CTEHOK
2. KpoBb

(a) Ventricular contraction

Ventricle contracts.

Semilunar valve opens.

Aorta and arteries expand and
store pressure in elastic walls.

Isovolumic ventricular
relaxation

% Semilunar valve shuts.

Elastic recoil of arteries sends
blood forward into rest of
circulatory system.




[IOTOK SHEeprmm m
MHTEHCUBHOCTb BOJIHbI
JHepreTnyeckue xapakTepuCTUKM BONHbI:

1. DQHeprua W , Ox
2. NMOTOK 2Heprum

(MoLHOCTb) -aT0 chUsnyeckas
BEMMYMHa, paBHas
OTHOLLIEHWIO SHEPTUN,
D — D = BT nepeHoCUMOn BOJTHOWN,
t a7 KO BPEMEHM.

3. NMNOTHOCTb NOTOKA 2HEpPrun =
= MHTEHCUBHOCTb BOJIHbI

D W _aw [Bm}
[: S ]:t°S ! dt-S M2



= -3TO husnyeckas BenminHa, paBHas NnoToKy
QHEeprum BOMHbI Yepes eanHuLYy nnowiagn,
nepneHanKynspHoOn K HanpaBEHUIO
pacnpocTpaHeHNs BOSHbI.

4. O6beMHad NJIOTHOCTb S9QHEPIrmMn BOJIHDbI
B W {ﬂmc} -9TO CpeaHAA SHEPInUA
o 3

W KonebaTtenbHOoro

p
Vol OBWKEHUS, NPUXoOsLLIErocs Ha
eanHuuy obbema cpeqpbl
Nnn: 3TO dHeprmnda B eaguHuuUe
1 obbema
. 2 2
w =—pA-w



BeKkTOop YMOBa

BeKTOp YMOBAa — 3TO BEKTOPp MJIOTHOCTU MOTOKaA
SHEpPrmm BOJIHbl, HanpaB/1EHHbIN B CTODOH
nepeHoca 3Heprmm BOJIHOW

OH paBeH:
o A
I =w U
o,
A
1 :l Aza)zg
2

2 .
[~ A
ymoB H. A. (1846-1915)



AKyCTUKa

-3TO pa3gen (PU3nKu, nyvyaroLmm
MeXaHNn4YecKue KoriebaHunsi U BOSHbI
OT CaMbIX HU3KUX 00 BbICOKUX
4acToT.

B y3koM cMbicie

aKyCTuUKa — HayKa O 3BYKe.
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KonebaHnsa NHPa3BYKOBOW 4YaCTOThI, COMPOBOXAAKoLLME

LIMKITNYEeCKyo paboTy cepaua.



3BYK

-3TO MeéXaHn4yeckKkue KoneodaHus,
pacnpocTpaHsaowmecs B popme
NpPoAoSsibHOU BOJIHbI U UMeloLme
4acToTy, BOCMPUHMUMAEMYIO YXOM

yenoBeka (16 'y — 20000 I'y).



Buabl 3ByKOBbIX KOnebaHum

TOH — 3BYK, ABNALWNUCA NepPUOaANYECKUM
npoueccoMm (ecrnu npouecc rapMoHUYeCcKnn
— TOH YNCTbINU, aHFAPMOHUYECKUN — TOH
CITIOXHbIW).

LLlym — 3BYK, XapaKkTepu3yrLwmuucs
CJI0XXHOWN, HENOBTOPAOLLENCHA BPEMEHHOW
3aBUCUMOCTLIO.

3BYKOBOM yaap — KpaTKOBpeMeHHoe
3BYKOBO€ BO3aencrBue.
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dunsnyeckune XapPaKTeEPUCTUKN 3BYKA

(OObEKTUBHbIE)

1. YacTtoTa
v=16—-20000 Ny

[lpmep: TOHbI cepaua ao
800 Ny

2. CKkopocCTb 3BYKa:
Bosgyx 331.5m/c (0°C)
340 m/c (20°C)
Boaa 1500 m/c
KocTb = 4000 m/c




3. 3BYKOBOE AaBrieHune

P = puc
4. /IHTEHCNBHOCTbL 3BYKa
@ /4 Z — aKyCTU4ECKNI
RS s MMMEaaHC
5 (xapakTtepuayet
= P Ila-c] CBOWCTBO cpeapbl
2 pc A P - C{ } NPOBOAUTL

aKyCTUYECKYIO SHEPTULO)
5. YpoBeHb MHTEHCMBHOCTH

1
L=lg —1b] L:IOlg[] [nb]
0 0



CKOpOCTb 3BYKa B pPa3J/iNYHbIX Cpeaax N akyCTU4eCKunue

COonpoTuBIieHnA cpen

Cpepna CKopocCTb 3BYKa, NMnoTHoOCTbL AKycTU4eckoe
Mm/c OTHOCUTENbHO conpoTuBneHue
BoAbl, p_/ P, OTHOCUTESIbHO
BoAbI, ZCIZB
Bo3ayx (npm 343 1,2+1073 0,310
HOpPMarsbHbIX
yCIoBUSAX)
OucTunnupoBaHHas 1482
BoAaa (npu +20°C) 1,0 1,0
INerkue 400-1200
XunpoBas TkaHb 1350-1470 - -
Moar 1520-1570 0,95 0,86-0,96
KpoBb 1540-1600 1,03 1,06-1,09
MNeyeHb 1550-1610 1,06 1,04-1,08
Mbiwe4yHasa TKaHb 1560-1620 1,06 1,11-1,14
Mouka 1560 1,07 1,13-1,18
Msirkue TkaHu 1540 1,07 1,13
(cpepHee 3HayeHue) 1,06 1,11
KocTHasa TKaHb 2500-4300
KaMHu neyeHm 1400-2200 1,2-1,8 2,2-5,0

nNn o 14 o




CnbIlUMMOCTb Ha pa3HbIX YacToTax

2BYKOBOE
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[Ipumepnoiii zapaxmep 3eyxa Humencues- 3eyxoeoe | Vpoeenwr unmencus-
HOCMb 36y | dasaenue, | Hocmu 38YKaA OMHOCU-
xa, Br/m2 [Ma MEABHO NOPOLA CAbL

wumocmy, 0B (uau
YpOoBEHD P OoMUKOCTIU
36YKa OAR wACMOMBL
1 kT'u, don)
[Topor caplIMMoOcCTH 10712 0,00002 0
CepneuHble TOHBI Yepes cTe-|
TOCKOII 10-11 0,000064 10
[lenor 10-10 0,0002 20
1079 0,00064 30
Pasrogop:
TUXUH 10-8 0,002 40
HOPMaJIbHBII 1077 0,0064 50
TPOMKMI 1076 0,02 60
lyM Ha oxuBieHHoi ynuue| 1075 0,064 80
Kpuk 10-4 0,2 80
Hym: r
B TI0€3le METPO { 103 10,64 90



IHpuwmepnot xapaxmep 3eyxa | Unumencue- | 36yxosoe Yposensy unmencus-
HOCMb 36Y- | dasaenue, | HOCMU 38YKA OMHOCU-
xa, Br/m?2 [Ma MEABHO NOPOLA CABL-

wumocmy, 1B (wau
YPOBEND tPOAUKOCTNU
3eyxa Oax wacmomaut
1 kl'u, don)
MOTOILIMKJA (MaKCUMaJIb-
HbI ) 1072 2 100
NBUTATENIA CaMoJIeTa 1071 6,4 110
To xe, B6GIU3U 100 20 120
[Topor 6oJieBoro olyuleHUs 10 64 130




XapaKTepUCTUKN CIyXOBOIO OLLYLLIEHUS

(CyObEKTUBHbIE)

| .BblcoTa

2. Tembp

3. [[POMKOCTb



UacTtoTa <z > BbicoTa

AKYCTUYECKUI CEKTP > Temb6p

YpoBeHb << > [ POMKOCTb
MHTEHCUBHOCTW
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[lcnuxodpunsnyecknm 3aKkoH

Bebepa - DexHepa

Ecnu pasagpaxeHue (l) ypenndmeaTthb B
reoMeTpuyeckoun nporpeccumn (To ectb B
OQVHAaKOBOE 4unCro pas), To oLuyileHune (E)
9TOro pasapakeHud Bo3pacTaeT B
apudmMeTnyeckon nporpeccumn (To ecTb Ha
OOVHAKOBYIO BEMUYUHY).
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KpvBble paBHOUN FPOMKOCTMU
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Ha Mnopore CJibiIlLUWMMOCTN

Biox marasus

AyanomeTtpus
- METO4 N3MEPEHUA OCTPOThI Crnyxa

Peryinsatop
M3MEHEHUA

. MHTEHCHBHOCTH

Teneparop aneKTpu-

' 3BYKOBOM YaCTOTEI
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| CrpykTypHas cxema ayJuoMerpa
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Ayguorpammbl: a — BO3ayLLUHOE NpoBedeHNne HOPMa;
8 — BO3yLUHOE NpoBedeHne rnpu 3aboneBaHnm



dunsnyeckme ocCHoBbI 3BYKOBbIX METOAOB

NccrieaoBaHn4d B KIMMHUKE

1. Tlepkyccus
2. AycKkynbrauus

3. doHokapaguorpadus



2. Ayckynberaums

A-BbICTPOE M3rHAHWE M3 HENYOOYKA B - NOMEPEYHOE CEYEHWME KOHYCA
NErOYHOM APTEPUM

\__ KOHYC neroyHon
M apTepum
MembpaHHasi
NEFOYHAA APTEPHR HacTh
neperopoaku
AN AOPTAMBHOE
N\

OTBEPCTUE

X AOPTA

BbLICOKAA
_-1CHOPOCTb
Z KPOBOTOHKA

| B-PAHHWM CUCTONMYECHWM LLYM
1

it

PyHKLMOHAarNbHbIE CUCTONMNYECKUE LLYMbI MPU ayCKynbTauuu.
A. Ipn HopManbHbIX YCIOBUAX KPOBb TEYET Yepes aopTy U
NEeroyHy0 apTepmo ¢ 4OCTAaTOYHOM CKOPOCTbIO, YTODbI co3aaTh
TYPOYNEHTHOCTb BO BPpeMSI (pasbl ObICTPOro N3rHaHuUst CUCTONMbI
XenyanodkoB. PaHHWE cUcTonuyeckue Wwymbsl MOryT ObITb
yCnbillaHbl Y MHOIMMX 300POBbLIX AETEN B NOKOE N MNOYTU Y Nt0OOoro
300pOBOro Yerioseka nocne ouanyeckou HarpysKku.

POHEHO0CKONM



3. ®oHokapaunorpadpua (PKI')
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doHokapgmorpamma (a) n anektpokapguorpamma (6) (otmeTka
BpemMmeHn — 0,02 cekyHabl)



ynorpa3sByk (Y3)
-MexaHn4yeckme KonebaHmsa v BosHbI C

yacTtoTtoun bonee 20 Kl u.

BepxHun npegen Y3 - 4acToT
10° — 101°% ru.



OcobeHHOCTK pacnpocTpaHeHuUs
Y3 B cpene

1. Y3 - BONHa ABNSieTCA NPOAONIbHOM.

2. llyyeBOM XxapakTep pacrnpocTpaHeHUs.

3. [I[POHMKHOBEHME B ONTUYECKU HEeNpo3payHble
cpeAabl.

4. BO3MOXHOCTb (POKYCUPOBKM IHEPrun nyya B
Masriom oobeme.

5. OTcyTcTBMe AndpakumMm Ha CTeHKaX BHYTPEHHUX
OpraHoB 4yerioBeKa.

6. OTpaxeHue oT rpaHMUbI pa3aena cpea,
OTNMYarLWMNXCA BOJSTHOBbLIM COMNPOTUBNEHUEM.
7. CnocobHOCTb nornowarbcs OMoNorn4ecKumMmm
TKaHAMM.



MICTOYHUKN U NPUEMHUKN Y3

Y3 nanyyartenu:

1)AneKTpoOMEXaHNYECKUIA
Y3

A S S AL AL LSS S S S

] &

VAL AT SAS LSS SIS S
Vgt

ObpaTHbIN NbE303MEKTPUYECKUN IDAEKT —
MexaHu4yeckas gedopmauma nog JenUcTBuUeEM
NepeEMEHHOrO ANEKTPUYECKOro noss.




2) MarHMTOCTPUKLIMOHHbIW

MarHMToCTPUKLING —
aedopmayms
doeppoMarHMTHOro cepaevyHuka

noa AeUCcTBUMEM NEPEMEHHOIO
MarHMTHOIro Nos4.




[TpnemMHuKn Y3

LIS SIS SISV

[IpaAMoU Nbe303anekTpuvecknn adodp ekt —
BO3HWUKHOBEHME MEPEMEHHOIO JNIEKTPUYECKOIO
nonga noa AeUCTBMEM MexaHU4eckou aedopmauumn.




MeTogbl nony4vyeHus

axokapaunorpamm
A Mode B Mode M Mode
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CarurransHoe ceueHue cepana (cxema).

] — nepenHsas rpynHas CTeHKa; 2 — IrpyAuHa; 3 — MepeIHss CTeHKa IIPaBOro
Xelnynouka; 4 — II0JIOCTh IpPaBOro JKEIYHOo4yKa; 5 — MEeXOKeIyJI0YKoBas
neperopojka; 6 — IIOJIOCTh JIEBOTO JXKEIyJouKa; 7/ — aopTra; 8 — mepemHss
CTBOpPKa MUTPAJIBHOIO KJIallaHa; 9 — 3a/iHss1 CTBOPKa MUTPAJILHOTO KianaHa; 10
— IIOJIOCTH JIEBOrO Ipencepaus; 11 — mamwuispHbie MBI, 12 — 3354
creHka sesoro xenynouxa; LI, III, IV — nanpaBneHus ynsTpa3ByKOBOIO Jy4a
IIpY CTaHAAPTHBIX NO3ULMAx gatauka (J1).



3xorpamma J1eBoro xXesjiyao4dka 3aopoBoro
YeJloOBEKa
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P dekT lonnepa n ero ucnosib3osaHume
B MeaAuKOo-6monornyeckmnx
nccneaoBaHUNAX

88 Adonnep

s XpUCTunaH
(1803-1853) -
aBCTPUNCKNI
dunsunk,
MaTeMaTuK,
ACTPOHOM.
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ih it
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Xun B 3anbubypre. npekTop
NnepBoro B Mmpe gun3nyeckoro
MHCTUTYTA.

A dekT Jonnepa 3aknovyaeTcsd B UBMEHEeHUU 4acTOoThbl

konebaHun, BocnpuHMMaeMblx HabniogaTenem, BCneacTeBmne

OBNWXKXEHNA NCTOYHNKA BOJTH U Ha6J'II-OLI,aTeJ'IF| OTHOCUTEJ1bHO
Apyr Apyra.
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HaOJl ucm

&, v

36 ucm

Npu cbanxeHmnn NCTouyHnkKa n Habnwaatens -

BEpXHUE 3HaKW,
npy yaoasi€HUum — HUXKHUE 3HAKMU

Knaccmueckum
npumMmep 3TOoro
cdbeHoOMeHa: 3BYK
CBUCTKA OT
ABUXXYLLLErocs
noespaa.




NcTOuHMK 3ByKa HeNnoABWXKEH NCTOYHMK 3ByKa NpubnukaeTcs K yxy
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Korga 3ByK oTpa)<aeTcsl OT ABUMXYLLErocs
o6beKkTa, YacToTa OTPaXEHHOro cUrHana
n3MeHsercs. [lponcxoant cABUI YacCTOThbI.
NMpv HaANOXXeHUU NepBUYHbIX U OTPAXXEHHbIX
CUrHaJ1IoB BO3HUKAIOT 6MeHUnnA, KoTopble
NPpoOCNyLWMBaAOTCA C NTOMOLLbIO HAYLUWHUKOB
UJIM rPOMKOroBopuTens.

Av T= 2o %
2CH
l)y3
[JonnepoBcknn caBUr Av - 3T0 pa3HOCTb
MeXay OTpa)XeHHOMW U nepeaaHHOU
4acToTaMM.




DddekKkT [lonnepa vcnonb3yercs
ONS onpeaeneHuns:

. CKOPOCTM ABUXXEHUSA Tesna B
cpepae,

. CKOPOCTU KPOBOTOKA,

. CKOPOCTU ABUXXEHUSA KJ/1arnaHoB
U CTEHOK ceppaua (aonnepoBcKkas
axoKkapaunorpagpusa)




AdonnnepomMmeTpusa
Bbnaropapsa annaparty [lonnepa rMmHeKoNor,
Beaywmin 6epeMeHHOCTb, AenaeT BbiBoAa O
TOM, €CTb JI1 yrpos3sa Ans pa3Butus
pebeHka, HACKOJIbKO XOpOLUO ero
COCTOSIHUE l;mb j0oe cepaLle, HOpMaJibHbIN

w

KpOBOOGpQ iU B OpraHusMe Manbila,
BCE 1IN XOpOoul MyNnOBMHOW Yy MaMbl B
cucreme MaTb"""&:pn A-NJIaLleHTa, HEeT In y
MJlafieHL[a NOPOKOB Cepaua, aHeMUn UIn
rMNOKCUM. "




CnekTpasbHbIA AONMJIEP NO3BONSAET BbIIBUTb 2 TUMNA
TeYeHNsa KpoBWU: JIaMUHapHoe 1 Typbys1eHTHOoe.

JlaMmuHapHbIA NOTOK

\x

= -

TypOyNneHTHbIA (HApyLLUEHHbI) NOTOK

JonnnepoBckun

curHan

B naMnMHapHOM NOTOKe BCe
CKOPOCTU 3PUTPOLINTOB

NpUMEPHO OAMHAKOBbI MO

HanpaB/IEHUIO, A B
LEeHTPasIbHOMN 4YacTu M No
BENYNHE.

AdonnepoBCKUNA CUrHanN
dopmMmpyeT OTHOCUTESIBHO
TOHKYI0 KPUBYIO C
MMWHUMAJIbHbIM
CneKTpaJibHbIM
paclwiMpeHuemM.

Koraa KpoBb TeyeT yepe3 06/1acTb CO 3HaUYUTENIbHbIM
U3MEHEeHNEM AMaMeTpa cocyda, CO34aEeTCH NOTOK, B KOTOPOM
MHO>XeCTBO 3/IEMEHTOB ABUXETCHA C PasJMYHbLIMU MO BENIUYUHE
M HaNpaB/IEHUIO CKOPOCTAMU. TaKOM HapyLIEHHbIXN MOTOK

co3aaeT ﬂOnnepOBCKMﬁ CUrHaja C MHO>XXeCTBOM 4HacCToT U
3aMEeTHbIM CneKTpaJibHbIM paClLIMpEHUNEM.



[AByxXxMepHOe LBeToBOEe AO0MNJIepOBCKOEe KapTupoBaHue npu
HapyuweHNn OTTOKa U3 N1eBOro xenyaoyka. OTHOCUTENbHO HU3Ka4
CKOPOCTb BbIXOAHOIO NMOTOKa JIEBOro Xenyao4yka KoampyeTtcs CUHUM
uBeToM. B 0651aCTn CYyIXKEHUA CKOPOCTb BO3PACTaEeT, BO3HUKAET
HanoXeHue cnekTpos (aliasing), n KoAMpPOBKa CUrHana NOToKa MeHdAeTCH
Ha KpacHYr. Ha yyactke o6CTpyKUumMmn perncTtpupyercs oTHOCUTESIbHO
Y3KUN TYpOYyNeHTHbIN MOTOK.
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