[loKyMeHT NoAnucaH NpocToit 3NeKTPOHHOM NOAMUCHI0
NHdopmaumsa o Bnagenbue:

®WNO: NoktnoHosa OkcaHa NeHHaabeBHa

[lomxHOCTb: NpopeKTop no y4ebHoit pabote

[lata noanucanns: 08.09.2026 03:49:06 MUHOBPHAYKHU POCCUH
YHUKanbHbI MPOrpaMMHbIN KIKOY:
0b817ca91166668abb13a5d426d3@£1%1{;ea:Ef

1fda56dq,§9

HOC ToCY AABcTBEHHOE BI0/KETHOC
oOpazoBarebHOC yUpeKACHHE BbICLIEr0 00pa3oBaHus
«lOro-3ananHblit rocy1apcTBeHHbIIl YHUBEPCHTET

(I03I'Y)

Kadenpa 6uomMe IMIMHCKOM HHXEHEPHH

VTBEPX N
ITpopekT yyebHo#. pabote
0.l floxmonosa

& P i .2023 L.

MOJEJINPOBAHHUE
BUOJOI'MYECKHX ITPOINECCOB U CUCTEM

MeToanyecKre yKa3aHus 110 BBIITOJIHEHHUIO MTPAKTUYECKUX 3aHATHIA
IUISl CTyIE€HTOB HaIIPaBJICHUS [TOArMOTOBKH
12.03.04 «bHOTEXHUUECKHE CUCTEMBI U TEXHOJIOTHUY

Kypck 2023



YJIK 004.93:61

Cocrasutenu: O.B. [llaranosa.

PenieHseHt
Kanaunar Texuuyeckux Hayk, AoueHT A.B. Kucenes

MopaeaupoBanue OHOJIOTMYECKHX TPOLIECCOB H  CHCTEM:
METOJUYECKUE YKA3aHMS M0 BBIMOJHEHUIO MPAKTHUECKUX 3aHATHH IS
CTYJCHTOB HampaBiieHus mnoarotoBku 12.03.04 «buotexHHYECKHE
cuctembl U TexHosoruu» / FOro-3arm. roc. yH-1; coct.: O.B. Illaranosa. -
Kypck, 2023. - 40 c.

[TpenHa3sHaueHO 1N CTYIAEHTOB HampaBieHds rmnoxarotoBkd 12.03.04
«BHOTEXHHYECKHE CHCTEMBI W TEXHOJIOTMM» MO AUCLUIUIMHE «MozaenupoBaHue
OHMOJIOrHYECKHX MPOLIECCOB U cMcTeM». MoXeT ObITh UCIIONIB30BaHA aCIHPaHTaMH,
o0yualolMMHICs 10 HamnpaBleHUAM 1noArotoBkd 2.3.1. CucreMHsblil aHanus,
ynpasjieHue 1 06paboTka HHpopMaUuH, cTaTucTiKa ¥ 2.2.12. TIpuGopsl, cuctemsl
¥ M3/eJ1s MEJULIMHCKOTO Ha3HaYeHH.

TekcT neyaraercs B aBTOPCKON peaaKiuu

[Toanucano B nevarthb . ®opmMmar 60%x84 1/16.
Yen. ney. 1. 2,33, Yu.-u3a. n. 2,11, Tupax 100 sk3. 3aka3 96 BecnnaTho.
I0ro-3anaanblii rocylapcTBeHHbIH YHHBEPCHTET.
305040, r. Kypck, yi. 50 ner OkraGps, 94.



IIpakTnueckoe 3ansaTue Nel
MogaesimpoBaHue pe4eBoro CUrHaJjia

1.1 KpaTtkue TeopeTniecKne CBeIeHUs
1.1.1 OcHoBHBIE MEXaHU3MbI 3BYKOOOPa30BaAHUS peyun

PeueBoli curHan sBJISIETCS CPEICTBOM Iepeadu pasHOOOpa3HOU
uHpopmanuu Kak BepOalbHON (CIIOBECHOM), TaKk U HEBEpOATbHOU
(amonoHanpHOM). s ObIcTpoit mepenaun MHGOpPMAIUM B IpOIIecce
ABONIONIUM  OBUT OTOOpaH o0COOBIM 00pa30M 3aKOJUPOBAHHBIN H
CTPYKTYPUPOBAHHBIM aKyCTHYECKHN cuUTHaI. J[Jg co3maHusi Takoro
CICHMAIM3UPOBAHHOTO  AaKyCTHYECKOTO  CUTHajla  HUCIOJb3yeTCs
"TosI0cOBOM ammapart”, COBMEIICHHBIN C (PM3HOJOTHUYECKHUM anmapaToM,
MpeIHa3HAYECHHBIM JJIsI AbIXaHUS U JKeBaHUS (ITOCKOJIBbKY pedbh BOSHUKIIA
Ha MO3JHUX CTAAUSAX DBOJIOIMU, TO K PeueoOpa3oBaHUIO TMPUIILIOCH
MPUCIIOCOOUTD YK€ UMEIOIIUECS OPTraHbl.

[Iportecc oOpa3oBaHusT ¥ BOCHPHUATHS PEUYEBBIX CHUTHAJIOB,
CXEMaTUYECKU TOKa3aHHbIH Ha pucyHok 1.1, Bkiodaer B ceOd
CIeNyIOIMEe  OCHOBHBICE  OTambl:  (POPMyIMpOBKAa  COOOIICHHS,
KOJIUPOBaHUE B S3BIKOBBIC JJIEMEHTHI, HEUPOMYCKYJIbHBIE JEUCTBUS,
JIBUXKEHUSI AJIEMEHTOB TOJOCOBOTO TPaKTa, M3IYUYEHHE aKyCTHUUYECKOIO
CUTHAaJa, CIIEKTPaJIbHbIA aHATU3 U BBIJCJIECHUE aKyCTHUYECKUX MPU3HAKOB
B Tmiepudepudeckol CIyXOoBOW cHCTeMe, Iepeaada BbIICICHHBIX
MPU3HAKOB [0 HEUPOHHBIM CETSM, PACIIO3HABAHUE S3BIKOBOTO KOJA
(JIMTHTBUCTUYECKUM aHATU3), IOHUMAHHUE CMBICIA COOOIIECHUSI.
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['onocoBont  ammapar ABIAETCS, IO CYLIECTBY, JIYXOBBIM
MY3bIKaJIbHbIM HHCTPYMEHTOM. OJHAKO Cpeau BCEX MY3bIKAIbHBIX
WHCTPYMEHTOB OH HE MMEET ce0e paBHBIX MO CBOEH MHOIOTPAHHOCTH,
Pa3HOCTOPOHHOCTH, BO3MOXHOCTH MEpeJayu MaJICHIITUX OTTEHKOB U JIp.
Bce cmocoOsl 3ByKOU3BIEUEHUS, KOTOPHIE HCIOIB3YIOTCS B JIyXOBBIX
MHCTPYMEHTaX, UCIOJL3YIOTCS B Mpoliecce oOpa3oBaHus peyd (B T.4.
BOKaJbHOM peuM), OJHAKO BCE€ OHM IepecTpanBaeMbl (110 IIpHUKazaM
MO3Ta), M HMEKT [MUpOoYallIue BO3MOXHOCTH, HEIOCTYIHBIE HH
OJIHOMY UHCTPYMEHTY.

Ecnu paccmaTpuBarh CTPYKTYpy ToOJ0C000pa3yloliero ammapara
KaK JYXOBOTO MY3BIKAJIbHOTO HMHCTPYMEHTA, OH COCTOMT M3 TpeX
OCHOBHBIX yacTel (pucyHok 1.2):

- eeHepamopa — JbIXaT€IbHONM CHUCTEMbI, COCTOSIIECH U3
BO3AYIIHOIO  pe3epByapa  (Jerkux), TJAe 3amacaercs DJHeprus
M30BITOYHOTO JIaBJICHUS, MYCKYJIbHOM CHUCTEMBbI W BBIBOJIHOTO KaHala
(Tpaxen) cO cCHENHUAIBHBIM amnmapaToM (TOPTaHbIO), TJE BO3IyIIHAS
CTpYs IPEPHIBACTCS U MOAYJIUPYETCS;

- 86UOpamopos — TOJIOCOBBIX CBSA30K, BO3AYIIHBIX TYPOYJICHTHBIX
CTpy¥ (CO3JalOIIUX KpaeBble TOHBI), HUMITYJbCHBIX HCTOYHUKOB
(B3pBIBOB);

- - pe3oHamopos — PA3BETBICHHON U NEPECTpauBaEMOU CHUCTEMBI
PE30HAHCHBIX MOJIOCTEM CIIOXKHOW TeoMeTpuueckoi (opMbl (TIOTKH,
pOTOBOM W HOCOBOW TMOJOCTH), HA3bIBAEMOW APTUKYISLUOHHOU
CHUCTEMOM.

['eHepanysi 3HEPruM BO3AYIIHOTO CTOJ0A MPOUCXOIUT B JIETKHUX,
KOTOpPBIE MPEACTABIIAIOT CO00 CBOCOOpa3HbIE MeXa, CO3/IAI0IIUE MTOTOK
BO3JyXa MPU BJOXE M BBIJOXE 3a CUET Pa3HUIBI aTMOC(EepHOro u
BHYTPHUJIETOYHOTO AaBiieHus. [Ipornecc BAOXa U BbIIOXA MIPOUCXOAUT 32
CYET CXKaTUs W  PACIIMPEHUsT TPYJHOM  KIETKH, KOTOpbIC
OCYIIECTBISIOTCA OOBIYHO C TIOMOIIBIO JBYX TPYIIT  MBIIIIIL;
MEXpeOepHbIX U Auadparmbl, TpU TIyOOKOM YCHICHHOM JIbIXaHUU
(HampuMep, TpU TEHUHU) COKPAIIAIOTCS TaKKe MBIIIIBI OpPIOIIHOTO
npecca, rpyaun u 1meu. llpu Bmoxe auadparma yIoiomaeTcs u
OMYCKAaeTCsl BHU3, COKpAILCHUE HAPYKHBIX MEKPEOCPHBIX MBIIII]
NOJAHUMAET peOpa v OTBOJUT UX B CTOPOHBI, a TPYANHY — BIIEPE/I.
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Pucynok 1.2 - Cxema peueobpa3zyroliero anmnapara A - aHaTOMUYECKOE
nzo0paxenue; b - pyHKIIMOHATIBLHBIC 2JIEMEHTHI; B -dKBHBajIeHTHAS
onok-cxema. Ha A: 1 - rpynnas kietka , 2 - nérkue, 3 - Tpaxes, 4 -
rOJIOCOBBIC CBSI3KH, 5 - TOpTaHHas TpyOKa, 6 - MOJIOCTh TJIOTKH, 7 -

HEOHAas 3aHaBeCKa, § - MOJIOCTh pTa, 9 - mosnocth Hoca. Ha b: 1 - cuna
JBIXaTEeNbHBIX MBIIII, 2 - 00bEM JIETKHX , 3 - Tpaxesi, 4 - TOJI0COBBIC
CBSI3KH, 5 - rOpTaHHas TpyOKa, 6 - MOJIOCTh IJIOTKU, 7 - HEOHAS
3aHABECKa, 8 - MOJIOCTh PTa, 9 - monocTh HOCA, 10 - u3nydyeHue u3

pOTOBOrO OTBEpPCTHS, 11 - U3TyYeHne u3 HocoBbIX oTBEpCcTUil. Ha B: 2,

3 - éMKOCTb JIETKUX U TpaxeH, 4 - T0JIOCOBOM UCTOYHUK KOJIeOaHui, 5, 6
- €MKOCTb TOpPTaHM U TJIOTKH, 7 - MEXaHU3M HEOHOM 3aHaBECKH, 8 -
€MKOCTb MOJIOCTH PTa, 9 - EMKOCTh IOJ0CTeN HOCa, 10 - BEIXOAHOU

CUTHAJI pOTOBOTO TPAKTA, 11 - BBIXOIHOM CUTHAJI HOCOBOI'O TpakTa, 12 -

IYMOBOW UCTOYHUK

VYBenndeHue rpyTHOM KJIETKH PacTITUBAET JIETKUE, YTO MPUBOJAUT
K NaJACHUIO BHYTPWIETOYHOTO JABJEHUS 1O OTHOLICHUIO K
atMocepHOMY, U B 3TOT " BakyyM" ycTpemusieTcs Bo3ayX. [Ipu Beioxe
MYCKYJIbl pacciaOyIaroTCsl, TpylHas KIEeTKa 3a CYET CBOEHU TSKECTH
BO3BpALIACTCs B UCXOTHOE COCTOSIHUE, AMadparMa ogHUMaeTcs, 00beM



JIETKUX YMEHBIIIACTCS, BHYTPUJIETOYHOE JaBJICHHUE PACTET, BO3IYX
ycTpemiisieTcss B oOpaTHOM HampaBieHuH. Takum oOpa3om, BIOX —
MPOIECC aKTUBHBIN, TPEOYIOUIMNA 3aTpaThl YHEPIUU, BBIJOX — MPOILIECC
naccuBHbI. [Ipy OOBIYHOM JABIXaHUM OTO MPOLECC MPOUCXOUT
npuMepHo 17 pa3 B MUHYTYy, YOpPaBIEHUE 3THUM IIPOLECCOM KaK IPH
OOBIYHOM JIBIXaHWUH, TaK U MPU PEUH, MPOUCXOIUT OE€CCO3HATEIBHO, HO
MIPU [EHUU MPOIECC MOCTAHOBKHU JbIXaHUS MPOUCXOJUT CO3HATEIHHO U
TpeOyeT JUTEeNbHOr0 00yueHus: KoauuecTBO 3HEpruu, KOTOPOe MOXKET
OBITh U3PACXOJIOBAHO HA CO3J]aHUE PEUYEBBIX AKYCTHUYECKUX CUTHAJIOB,
3aBUCUT OT OOBEMa 3alaC€HHOI0 BO3JyXa M COOTBETCTBEHHO OT
BEJIMYMHBI JIOMOJHUTEIIBHOTO JaBJICHUS B JIETKUX. Y4YUTHIBAs, 4YTO
MaKCHUMaJIbHbI YpPOBEHb 3BYKOBOT'O JABJICHUS, KOTOPBIA MOJXKET
pa3BUBaTh MeBell (MMeeTCs B BUy OmnepHblif), coctaisier 100...112 nb,
TO OYEBUJIHO, YTO TOJOCOBOM ammapar SBISIETCI HE OYCHb
s pekTuBHBIM TpeoOpazoBatesieM akyctudeckou sHepruu, Ero KIIJI
cocraBisier mnopsaaka 0,2%, kak u y OOJBIIMHCTBA JYXOBBIX
WHCTPYMEHTOB. Moaymsiiiis BO3AYIIHOTO MOTOKA (3a cueT BHOpaiuii
rOJIOCOBBIX CBSI30K) U CO3/IaHUE MOJTIOTOYHOTO0 N30BITOYHOTO JIaBICHUS
npoucxoauT B ropranHu. ['opranp (larynx) — 3TO KJamaH, KOTOPBIM
HAaXOJUTCS Ha KOHIE Tpaxeu (y3KOW TpyOKH, TO KOTOPOM BO3AYyX
MOJHUMAETCS W3 JIETKMX). OJTOT KJamaH [peJHa3HaAyeH A
MPEJOXPAHEHUS Tpaxeu OT IMOIMalaHUsl MOCTOPOHHUX MPEIMETOB U IS
MOAAEP>KaHUs BBICOKOTO JIaBJIEHUA TMPU MOJIbeMe TsixkecTtel. MIMeHHo
ATOT ammapaT U KUCHOJIb3YETCAd B KAYECTBE I'OJIOCOBOTO MCTOYHHMKA IMPH
peun u nenun. ['opTaHb oOpa3zoBaHa W3 HaOOpa XpSIIEd W MBIIIII.
Cnepenn ee oxBaTbhiBaeT MMMUTOBUAHBIA xpsml (thyroid), c3zamm —
NepcTHEBUIHBIN Xxpsil (cricoid), c3aau Tak»e pacroJiaralotcs Ooliee
MEJIKUE  TapHbIe  XpSUIU:  YEpPHaJOBUIHBIC, POXKKOBUIHBIE U
KIMHOBUJHBIE. (CBEpXy TOpPTaHM PACIOJIOKEH €lle OJIUH XPSIl-
HaaropTaHHuK (epiglottis), Tak)ke TuIa KiamaHa, KOTOPBIM OMyCKaeTCs
IpU TJOTAHUM W 3aKPbIBAET TOpPTaHb. Bce 3TU XpSIIM COETUHEHBI
MBIIIIAMH, OT TOJIBUKHOCTA KOTOPBIX 3aBUCHUT CKOPOCTh IMOBOPOTA
xpsmieii. C BO3pacTOM TOABMIXKHOCTH MBIIII] YMEHBINACTCS, XPSAIIH
TaKX€ CTAaHOBSITCS MEHEE HJIACTUYHBIMH, IIOATOMY BO3MOKHOCTH
BUPTYO3HOTO BIIQJICHUS TOJIOCOM IPU NMEHUU TAKKE YMEHBIIAIOTCS.
Hanbomnee cmoXHO YCTpOEH CpeIHUM OTIeNl TOPTaHH, B KOTOPOM
PaCIONIOKEHBI TTapHAsl MbIIIEYHAs TEPEropojka (JIACTUYHBIN KOHYC) U



JB€ TMapbl CKJIAJ0K. BepXxHHe Ha3bIBAIOTCA MPEAJABEPHBIMU, WU
"IOKHBIMM TOJIOCOBBIMH", a HMXHHME — TOJOCOBRIMU. B Tome
MOCJIEHUX JIEKAT TOJOCOBBIE CBSA3KH, OOpPa30BaHHbBIC AIACTUUYECCKUMHU
BOJIOKHAMH, H MbIMIBL. [IpOMEKYTOK MEXAy NOpaBOM U JIEBOU
rOJIOCOBBIMM CKJIQJIKAMHU HA3bIBAETCS TOJOCOBOM IMIenbio. ['oocoBbie
CBSI3KM HATSHYTHI MEX]y HIIUTOBUIAHBIM W UYEPHAIOBUIHBIM XPSIIAMH.
Pa3mepsnl 1010COBOM 1IEJIM B OTKPBITOM COCTOSIHUU 2 CM B JIJIMHY U 1 cM
B MpuHy. UMEHHO 2010c08ble cknadku W SABISIOTCS OCHOBHBIM (HO HE
€IMHCTBEHHBIM) MCTOYHHKOM TI0J0C000pa3oBaHus  (BUOpPATOPOM).
[IpennBepHbIE  TOJOCOBBIE  CKIAJKH  BBIACHSIOT  CICHUAIBHYIO
CIM3HUCTYI0 CEKpELHUI0, KOTOpas IOMOraeT cMa3blBaTh TI'OJIOCOBBIC
CKJIaJIKH W TMPEIOXPaHsAEeT UX OT MOBPEXKJACHUS MPU TPEHUU BO BpeMs
3ByKOOOpa30BaHUs.

Mexay AByMsl mapaMu CKJIaJOK HaXOJATCS HEOOJBIIUE MOJOCTH
(CKeJIyIOYKM TOpPTaHM), KOTOPHIC€ TO3BOJISIIOT  OECHPENITCTBEHHO
roJIOCOBBIM CKJIaJIKAM M UTPAIOT POJb aKyCMUYecKux @uibmpos,
YMEHbIIIasi YPOBEHb BBICOKHUX TapMOHUK (CKPHUITYYECTh r0ojoca), OHH K€
UTPaIOT POJIb PE30HATOPOB JUIsl TUXUX TOHOB M MPU MEHUU B (ajblieTe.
[Ipy OBMXKEHUU YEPHATOBUAHBIX XPSIIEH TOJOCOBBIE CKIIAJKA MOTYT
CABUraThbCSl M PA3JBUIaThCs, OTKpbIBas Mpoxoa Bo3ayxa. Ilpu
MOBOPOTaxX IIUTOBUIHOTO M TEPCTHEBUAHOTO XpSIIEH OHU MOTYT
pacCTATUBaThCS U CHKUMATHCA, NPU AKTUBAIMU BOKAJIBHBIX MBI OHH
MOTYT pacciabysiTees W Hampsiratbes. [Iponecc oOpa3oBaHUsI 3BYKOB
peuu omnpenenseTcs ABIKeHUEeM (KoJIeOaHUsIMHU) CBSI30K, YTO MPUBOIUT
K MOJAYJISAIIMU TOTOKA BO3/1yXa BBIJBIXaEMOI0 U3 JIETKUX. Takol mpouecc
Ha3bIBaeTCsl  Qouayueu  (CyIIECTBYIOT U  JIPyTME  MEXAHU3MBI
3ByKOOOpa3oBaHus, OHU OYIyT PaCCMOTPEHBI JIAJIbIIIE).

Haunem c paccMoTpeHusi mpoyecca ounayuu: Tnepes HayajaoMm
peYu TOJIOCOBBIE CKJIAJIKH HOJKHBI OBITh CBEJAEHBI YEPHaIOBUIHBIMU
XpAIaMyd, YTO TPUBOJUT K 3alUpPaHUIO TIOTOKAa BO3ayXa W
BO3HUKHOBEHHIO M30BITOYHOTO MOJATJIOTOYHOTO JABJICHUS (MPOUCXOIUT
"mpendonanuonHas HacTpoiika"). Bo3ayX, KOTOpbI BBITAJIKUBACTCS
JIETKUMH U3 TPaXxeH, HAKAIUIMBAETCA B MOACKJIAJOYHOM MPOCTPAHCTBE, U
HAYMHAET AaBUTHh HA HUX. Korma n30bITOYHOE JaBJICHUE MTOBBIIAETCS 10
ONpPEACICHHON  BEJIWYUHBI,  CKJIAJKU  Pa3MBIKAIOTCS  HBO3IYyX
yCTpEeMJISIETCS. B TOJIOCOBYIO Ieldb. B MOMEHT MaKCUMaJIbHOIO
OTKPBITUS IIETU CKOPOCTh MOTOKA BO3/yXa CTAHOBUTCS MAKCUMAJIbHOM,



JTaBJICHUE BHYTpU Ieau mnagaer (mo 3akoHy bepHymin), npuuem
CKOPOCTh IPOTEKAHUS BO3yXa HEOJMHAKOBA — B CaMOM y3KOM 4YacTH
rOJIOCOBOM IIEJIM OHA MAaKCUMaJibHA. BHYTpH TOJIOCOBOM 1IEIH
oOpa3yeTcs 30Ha TOHWKEHHOTO JaBieHus. Oxpyxaroiiee 0OoJiee
BBICOKOE JaBJICHHE, a TaKXe COOCTBEHHass yIPYroCTh CBSI30K
3aCTABJISIOT  CKJIQJAKA COMKHYTBCS. OTOT TPOLECC aHAJIOTHYCH
BO3OYXKJICHUIO  KOJIeOaHUs  TPOCTEM B JIEPEBSHHBIX  JyXOBBIX
uHCTpyMeHTax. Takum 00pa3om, depenoBaHUE M30BITOYHOTO JABJICHUS
B TOJCKJIAJOYHOM TPOCTPAHCTBE W OTPHIATEIHHOTO JABJICHUS H3-3a
adexra bepHymin 3acTaBisIeT CKIAAKH CMBIKAThCSI-pa3MbIKaThCs, T.€.
obecrieurBaeT HOPMAIBHBIN PEXUM HX KoyieOaHuit (prucyHok 1.3).

Y
N
_1f

J—

| )

[=napwm & nowoe

P

S

Pa3HuLa & pannedin
P2I00ACHBIET CHAAAKK

Nagcenanaunoe faenadms
HEYHHIET NPLEWILATD
HARC LA LaYuNOE

<
-

BoiHuk2er poasyeHsR
HHAYRBE

.

e

CHNAHM PEAMKEARTCR

\Y
;

\G

<

C

N

S |

Cenagra chnmminTcs o
DEIALTATE DERCTAMA
ANACTHYHRL CHNH

Cenagen commsyTey,
CHORA HAHANAMEASTCA
NOACOaIoUEDE A3DNSHHE

rdenra Beprrynam

Pucynok 1.3 - [Iponecc konebaHuii roJIoCOBBIX CKIaJ0K

[Ipr 3TOM NPOUCXOIUT MOAYJSALMSA IOTOKAa BO31yXa, KOTOPBIN
nopuusiMd ~ (Kak B JIyXOBBIX HHCTPYMEHTax) BTAJIKHUBACTCA B
pe3oHaHCcHble nosiocTH. [locnenoBarenbHOCT BO3AYIIHBIX TOJIYKOB,
BO3ZHMKAIOIINX B pE3yJIbTaTe KOJIEOAHUI TOJTOCOBBIX CBSI30K, HA3bIBACTCS



IJIOTTaJbHOM  BOJIHOM, OOBIYHO OHA TPEACTABISIETCS B  BUIC
3aBUCUMOCTH OOBEMHOU CKOpPOCTH BO37ayXa OT BpeMeHu. Kak BuAHO U3
rpauKoOB, TAKOW CHUTHAJN MPEJICTaBISIET COOOM MOCIEN0BATEIbHOCTD
UMIYJIbCOB, ()OpMa KOTOPHIX 3aBUCUT OT COOTHOIICHUS BPEMEHHU
OTKPBITUS CKJIQJOK (CKOPOCTh MOTOKAa IIOCTENEHHO HApacTaeT) u
BPEMEHU UX 3aKPBITUA (CKOPOCTh OBICTPO yMeHbIaercs ). [lepnos Takoit
BOJIHBI ONPEAENSAECTCS JIMTEIbHOCThIO OOLIEro HUKIa KoJIeOaHHit
CBA30K, T.€. OCHOBHOM 4acTOTOM KoyieOaHMsI. AMIUIUTY/Ia OTPeIesaeTCs
MAaKCHMAaJIbHOM CKOPOCTBIO ITOTOKA BO31yXa, KOTOpas, B CBOK OYEpEb,
3aBUCUT OT BEJIMYHUHBI MMOJCKIIAJJOYHOTO N30BITOUHOTO IABJICHMUS.

AKYCTUYECKUU PEUYEBOM CUTHAII BOBHUKAET B PE3YJIBTATE CIOKHBIX
KOOPJIMHUPOBAHHBIX JBWKCHUM, MPOUCXOMSIIUX B PSIAE OPraHoB, BCA
COBOKYIMHOCTh KOTOPBIX M HA3bIBAETCS PEUYEBBIM ammapaTroM (PUCYHOK
1.2, A).

Jlerkue co Bcel AbIXaTEIbHOM MYCKYJATypoil o0ecrneunBaroT
pPa3BUTHE JIaBJICHUN U BO3HHUKHOBECHHUE BO3yUIHBIX ITOTOKOB B PEYEBOM
tpakte. [locnennuii (pucynok 1.2, b, B) nmpencraBisieTcs roptraHbio U
PSAIOM BO3AYIIHBIX TOJIOCTEH, KOHMUTYpalMsi KOTOPBIX CYIIECTBEHHO
U3MEHSETCS B Ipolecce pedyeoOpazoBaHus. Benymiyro poiab UIrparoT
JBYKEHUSI HEOHOM 3aHABECKU, S3BIKA, TYO U HUKHEU YETIOCTH.

Mexanu3Mbl BO30YXKIACHUS aKyCTHUYECKMX KOJICOaHUN CBSI3aHbI
aubo ¢ paboToM ropraHd, JUOO C BO3HUKHOBEHHEM IIYMHBIX WIH
MMIYJbCHBIX 3BYKOB IMPHU TMPOXOXKICHUU BO3AYLIHOTO ITOTOKA 4YEpe3
CY’KEeHHUs1, 00pa3yIOIIUeCs B ONPEACICHHBIX MECTaX PEYEBOI0 TPAKTA.

Bo30yX/JeHHbIE  aKyCTHYECKHE  KOJeOaHWsT  TOABEPraroTcs
YaCTOTHOM (PUIBTpAllMM B BO3AYIIHBIX MOJIOCTSIX PEUYEBOrO TpPaKTa,
JNEHUCTBYIOIIUX KaK aKyCTHYECKHE YacTOoTHbIe PpuiabTphl. Konduryparus
1 00bEMBI 3THX IOJIOCTEN B MpoLEcce peueoOpa3oBaHusl ONPEAECICHHBIM
o0pa3oM n3MeHATCA. COOTBETCTBEHHO 3TOMY H3MEHSAETCS U CIEKTP
UCXOJHBIX 3BYKOBBIX KOJICOAHUM, CO3/1aBA€MbIX aKyCTHYECKUMU
HMCTOYHUKAMH.

OOpa3oBaHKEe BO3AYLIHBIX MOTOKOB, pab0Ta MEXaHU3Ma TOPTaHH,
BCE IBHKECHUS OpraHoB, o0pasyrommx peyeBOd  TPaKT
(«apTUKYJISTOPOBY»), MPOUCXOIAT 3aKOHOMEPHO M KOOPAUHUPOBAHO.
bnaronapst 3ToM TMHAMUYECKU CIIAXKEHHOM JIESATEIIbHOCTU U BO3HUKAIOT
CUTHAJIBI CBA3HOW pEYM.
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[Ipy aKyCTHYECKOM MOJCIMPOBAHUU KAXKABIM y4yacTok PA
(MOJIOCTh, CYXEHHE) MPEICTABISACTCS B BHJEC CEKIMHU, MapaMeTpbl B
KOTOPOM MOXXHO CUUTATh paCIPEACICHHBIMU PABHOMEPHO.

AKycTH4eckue mapaMmeTpel  mojiocted  PA  HepaBHOMEPHO
pacmpeeneHsl BAosib ero ocu. OOmias JjiuHa peyeBOro TpakTa y
B3POCJIOr0 4eJIOBeKa (OT TOJOCOBBIX CKJIAIO0K /10 I'y0) okono 17 cwm,
JUTMHA HOCOBOM MoJjiocTy (0T HEOHOM 3aHaBeCKW 10 Ho3upei) 12,5 cwm,
IJIOIIAb TEPEMEHHOIO CEUEHHUSI TpPAKTa B CPEIHEM COCTABISIET
IPUMEPHO 5...6 cm?.

[Ipocreiimierd MOJENBIO BOKAJIBHOTO TpakTa MOXHO CYUTATh
HAJIMHAPUYECKYI0 TpyOy mimuHOM 17 cM, 3aKphITYyI0O Ha OJHOM KOHIIC
(amasormyHo TpyOe kiapHerta). CoOcTBeHHbIEe MOABI  ((HOpMBI)
KoJieOaHWl TakoW TpyObl TMOKa3aHbl Ha puUCyHKe 1.4, YacTOTHI
onpenensatoTcs uz coornomenuii: L=1/4; L=31/4; L=51/4 u 1.1., Takum
oOpa3oMm 4actoTsl paBHbI f =(2n-1)c/4L, rae n-menoe uwncio; L-miuHa

TpyObI; C-CKOPOCTh 3BYKA.

/ Hocoean \i
nonocTsL

3 nepBBIX PE30HAHCA B
33MKHYTON TpyGe

Porosas
NONOCThy

Pucynok 1.4 - ®opMmbl kKonebaHuil AJ1sl TUIUHIPUYECKON TPpyObI 1
rOJIOCOBOT'O TPAKTA

B chnektpe Takoil TpyObl TPUCYTCTBYIOT TOJIBKO HEYETHBIC
rapmonuku 1:3:5... Jna nmuasl L=17 cMm, COOCTBEHHBIE YaCTOTHI
okasbiBatorca paBHbiMUA 500, 1500, 2500 I'u. Ecnu y TpyOBl MEHSTH B
Pa3HBIX TOYKAX IUIONIAJIb IOMEPEYHOTO CEYEHMS, TO TMOJIOKECHHUE €€
COOCTBEHHBIX 4acTOT OyneT cMmemarhes . COBEpPIIEHHO aHAJIOTUYHBIC
MPOLIECCHI MPOUCXOAAT B BOKAUILHOM TPAKTE: B HEM TAKKE UMEETCS CBOU
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Ha0Op COOCTBEHHBIX YACTOT C COOTBETCTBYIOIIMMHU MOJaMU KOJEeOaHU,
T.€. ONPEACIEHHBIM PACIPEICICHUEM Y3JIOB M IYYHOCTEH BJIIOJb €O
JUTMHBL. MeHss TUI0IIaab MONEPEYHOI0 CEUYCHUs B BOKAIHHOM TpPaKTe,
MOYHO TaK)X€ BCE BPEMS MEHATH MOJIOKEHUE COOCTBEHHBIX YaCTOT.
Ecnu Ha BXon Takoi TpyObl (cuCTeMbl TpyO) MoAaTh CHUTHA,
c(OpMHPOBAHHBIN MPHU KOJICOAHUSAX T'OJIOCOBBIX CBS30K (pucyHOK 1.4),
TO Ha BBIXOJE MOHO 3aMUcaTh CUTHAJ, CIIEKTP KOTOPOTro OYyJET UMETh
dbopmy, TOKa3aHHYIO Ha pucyHke 1.5, T.e. TaApMOHHKH, COBIAJIAIOIINE C
COOCTBEHHBIMHU YaCTOTAMH TPAKTA, OYIyT YCUJICHBI 3a CUET PE30HAHCOB.

MMH

", Aﬂ

o

"1 hlh][rm.",,.,n- '

uyn

1000 2000 3000 Ty
Pucynok 1.5 - [TosioxkeHne TpakTa i pa3HbIX 3BYKOB PE€UYU U BUJ
3BYKOBOI'O CUTHaJIa ¢ (popMaHTaMHU

OOmactT  CHEKTpalbHBIX  MAaKCUMyMOB,  COOTBETCTBYIOILIUE
PE30HAHCHBIM  YacTOTaM  BOKAJBHOIO  TpaKTa,  HA3bIBAIOTCS
Gpopmanmamu (MHOTJA UX MPOCTO HA3BIBAIOT PE30HAHCAMHU BOKAJIBLHOTO
TpakTa). KaxxmoMy 3ByKy peud (MpOCTEHIIMH 3BYK pE€UYM Ha3bIBAECTCS
(oHEMOIT) COOTBETCTBYET CBOSI (hopMa BOKAJIBHOTO TPAKTa, KOTOpas
BapbUPYETCS 3a CUET U3MEHEHUS MOJIOKEHHUS S3bIKa, TY0, 3yOOB U T.1., U
ceoe mnosioxkenne (opmant (F-xaptuna). IlpuMepsl mnokazaHbl Ha
pucyHok 1.5.

['. ®antr paccMmarpuBal TOJIOBY KakK OTPAXKAKOUIYK IOCKY,
UMEIOIIYIO paguyc 9 cM, B LEHTPE KOTOPOWU JCUCTBYET IOPIIHEBAs
nuadparma. JencrBue OTpakaroueu JIOCKH YUYUTBHIBAETCS
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kodppunmenToM K (w) BXOAAmuM B GOpPMYIY JIsi COMPOTHUBICHUS
m3nydeHus. Ha Hu3kux yacrorax K (o)=I, Ha yacrtorax okono 2 Kl
K.(w)=1.7, a Ha OoJsee BBICOKUX yacToTax KodhduiueHt K, (w)Omnarh
yMmeHnblaetca. B Qopmynax Beime koddduuueHt K (w)=2, 4YTO

COOTBETCTBYET OTPAKCHHUIO OT OECKOHEYHO OOJIBIIION JTOCKH.

Ha pucynke 1.6 n300pak€H cXeMaTHYECKUU pa3pe3 peyeBOro
anmnapara (PA) npu npou3HECEeHUH TUKTOPOM TJIACHBIX (M, 0, y). XOTA
KoHurypamus mnonoctedr PA otnmyaercs cioxxHoi ¢dopmoii, B PA
MOXHO BBIJIEJUTh POTOBYIO, TJIOTOYHYKD M HOCOBYI mosioct. I[lpwu
00pa30BaHUU PYCCKUX TJIACHBIX MPOXO]I U3 MOJOCTU TJIOTKH B HOCOBYIO
MOJIOCTh 3aKPHIT HEOHOM 3aHaBecKoil. [lonocTu pTa U TJIOTKU pa3aesiCHbI
Cy>)KeHHEM, o0pa3yeMbIM CIUHKOM si3bika W HEOOM. BTopoe cyxenwue
oOpa3zyeTcs ¢ ydyacTueM I'y0 U JIBYX psiJiIoB 3yOOB.

2 A VI

7
DD N | V2 %@

]

M~ l/ —nfe J..?—-“ JJ Z¢

o S Sy =i

J)
ly PRy 12Xy W2y V2K, 8245 Y2Apg V2K, Y2y (
e

3 g
RA’
-Kgg -Xz3 24 ‘
N
7)

-Xet - Xe2

74
Pucynok 1.6 - AkycTrueckast MOJIeIb peUeBOTo amnmapara a) -
npojaoJibHoe ceueHue ['A; 0) - akycTudeckass MOJENb; B) -
HKBUBAJICHTHAS JICKTPUUECKas CXeMa; T') - YIPOIIEHHAS SKBUBAJICHTHAS
cxema



13

BBenem psan ynpolieHuid, KOTOpble, C HEKOTOPHIM MPUOINKEHUEM
MO3BOJIAT ITOJYYUTh JOCTATOYHO HAIJSAJIHOE OIMCAHHWE IMPOLIECCOB
npoucxonsammx B PA. Ilo m3MepeHusM, MPOBEAEHHBIM aKaJAEMHUKOM
B.H. CopokunbIM, MIONaap rojgoCOBOM Ieau BO BpeMs (OHAIMU HE
npesbimaet 0,2-0,4 ; miomaape xe NOMepeyYHOro CEYEHUs TIIOTKH UMEET
BenmnuuHy B 10-20 pa3 Oounpinyro. 110aToMy roiaocoByro Iiellb MOXKHO
paccMaTpuBaTh ~ KaK ~ HUCTOYHMK € OOJBUIMM  BHYTPEHHHUM
COMPOTHUBIICHUEM, T.€. KAK UCTOYHUK OOBEMHON CKOPOCTH.

TodHO Tak e MOXKHO MPEHEOPeUb YIPYrOCThIO CTEHOK MOJIOCTEH.
B pesyibpTare mojiyduM aKycTUUECKYI0 mMojeib PA, n3o0pakeHHyI0 Ha
pucynke 1.6,0. ['oocoBbie CBSI3KM U300pa’KE€HBI B BUJIE TTOPIITHS.

Cexkumsi S, mpeacTaBisieT coOOM MOJIOCTh TOPTAHW, CEeKUus S, -

00JIacTh CxKaTusl, 00pa3yeMyl0 CHUHKOM S3bIKA, CEKIUSI S; - POTOBYIO
MOJIOCTh M CeKuMs S, - 00JacTh CxaTus, 00pa3yeMyl0 POTOBBIM

OTBEPCTUEM. 3BYKOBAs SHEPTUs, U3ydaeMmas U3 POTOBOIO OTBEPCTHS,
OTpaXKAeTCsd OT JHUla TOBOPSUIEro, T.€. JIMIO Kak Obl SBISIETCA
OTpa)kaTeJIbHOM JIOCKOM. PedeBoM ammapar uWMEET CIEAYIOLUE
CPEAHECTATUCTUYECKUE Pa3MEPBL: JIMHA BJOJb €r0 OCH OT T'OJIOCOBOU
eI 10 POTOBOrO OTBEpCTHA paBHA 17,5 cm, miomanpe MonepeyHoro
ceueHus Mmoyiocreii - He Oosee 5... 15 cm?. Ilpum Takux pasmepax
pacrpoCcTpaHeHUE 3BYKOBBIX BOJIH BAOJIb OCH PA HE 3aBUCHUT OT U3THOOB
dopmbl. [[ns curHana ¢ 4acToTOM HUXKE HEKOTOpou rpaHuyHoi f, B PA
BBIIIOJIHSETCS YCIIOBHE PACIPOCTPAHEHUS IUIOCKMX BOJH. s mosoro

HWINHApaA quameTpom 2R
C
fo :1.17-E, (1.1)

rae ¢=3.53-10° m/c - CKOPOCTh pacrpocTpaHeHus 3Byka npu t=37° C.
Mpu f,=6 klu, 2-R=2.1.17-3.53-10°-10% /(6-10°) =6.8-cMm, T.e.
OoJibliie monepevyHoro pamepa PA B 110001 ero Touke.

[Ipu gnuHe BOMHBI A =c/f,, 3HAYUTEIBHO MPEBBIMIAIOIICH TJIUHY
PA (f ~1000I'1), gomycTuMa 3aMeHa paclpe/eICHHBIX IMapaMeTPOB Ha
COCPEIOTOUYCHHBIE.

CocTaBuUM 3JEKTPUYECKUN aHAJIOT aKyCTH4ecKou monaenu. Ilyrem
3aMEeHbI KaXJA0u mosiocTu T-00pa3Hoi SKBUBAJIECHTHONW CXEMOM MOIYyYUM
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cXxeMmy, M300pakeHHyl0 Ha pucyHke 1.5,B. I'eHepatop e. sBiseTcs
aHAJIOrOM I'0JIOCOBOM IIENIN U MPEACTABISAET COOOM MCTOYHHK TOKA i, C
BHYTPEHHHUM CONPOTUBIEHUEM Z,. TOK 1, IpoXoasuil yepe3 akTUBHOE
R, ¥ uHIyKTUBHOE L., compoTuBiEHUs, NPEACTABIAOT cO00M aHaIor
00BEMHOI CKOPOCTH B POTOBOM OTBepcTuH. Bemmumubl Ry, u L,

NPEACTABISAIOT COOOW CONMPOTUBICHUE M3IYYEHUS U MacCy BO3AyXa B

POTOBOM OTBEpPCTHH.
[locnennue onpenenstoTcs no Gopmysam:

R, = P
2-1-C (12)
L= 2P
3-m°-r

rne p=1.14 xr/m® - IJIOTHOCTH BO3AyXa; I - pagMyC KPYTrOBOTO
OTBEPCTHS, PABHOTO IIOIIAIA POTOBOTO OTBEPCTHSI.

Beenem B cxemy pucyHke 1.5,B cieayromiue ymnpoILIeHUs: MYCTh
X1 COEIMHEH  IMOCJIENOBAaTE€IbHO C  OOJBIIMM  BHYTPEHHHUM
COTNPOTHBIICHHEM TeHepaTopa 2z, W UM MOXHO TpeHeOpeyb.
ConpoTuBIEHUS YIIPYTOCTU X,, U X,, HPEACTABISIOT COOTBETCTBEHHO
HeOoIbpIIMe O0JIaCTH CXKAaTHS B POTOBOM MOJIOCTH MEXKIYy CHUHKOM
A3blka U1 HEOOM M B POTOBOM OTBepcTHM. VX BeauuuMHa BelIUKa H
MO3TOMY HMMH TakKXe MOXHO mpeHeOpeub. HMTak, ¢ mNpUHATHIMU

VIPOIICHUSIMH CXeMa, MpuoOpeTaeT BHA, M300paKCHHBIM Ha PHUCYHKE
1.5,T.

C yuetom hopmysl (1.2)
p-C :
Xe1 = X1 = PRV
C
p-C :
Xeop = X3 = TR
Sy -sin| — 2

C



1 p-C o-l;) 2-p-C -,
2 S, 2-C S, 2-C (1.3)
+—8-p2-c :
3-°-r
CooTHolieHne 00beMHBIX CKOpOCTel Ha Bhixojie PA:
l — XC1/XC2 . (14)
I 1 1
(X —X 1)'(‘)‘1
T X2 X

[Tockoneky motepy R mw G B dopmanTHOM Momenu He
YUHTBIBAIOTCSI, TO Ha PE30HAHCHBIX 4acToTax i/iy, — oo TIpH YCIOBUH,
910 X\, # 0.

Takum 06pa3zom, ISt HAXOXKACHUS PE30HAHCHBIX YaCTOT B MOJIEIU
HEOO0XONMO PEIIUTh YPaBHEHUE

Xe2 X2

(XLl_Xm)'(i_iJ_l:O, (1.5)

1.2 3aganue

1.2.1 PacyeTHast 4acTh (pacueTbl BLINOJHSIIOTCS B IporpaMmme
Matcad)

1.  Tlomy4uTs BapuaHT 1151 pa3pabOTKU MOJIETU 3BYKA.
2. CocraButh Gopmyly s pacyeTa YacTOTHOTO OTKIIMKA
(3aBUCUMOCTh TIOJIHOTO COIPOTHUBIICHHUS CXEMBbl OT YacCTOThI) PEUEBOTO
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TPaKTa ¢ MCHOJIb30BAHUEM PHUC. 2, T JUIl YIPOUIEHHON 3JICKTPUYECKON
DKBUBAJIICHTHOU CXEMBI.

3. IloacrtaButh 3HaueHusi conportusieHuit (1.3) B dopmyny u
paccuuTaTh MOJHOE COMPOTUBJIICHUE CXEMbl B YaCTOTHOM JIMAIa30HE
peueBoro curnaia 70-7000 I'm.

4. CoxpaHUTh MacCHB B BHUJE TEKCTOBOro daiina (pyHKums
writeprn).

5.  PesynbraThl pacueTa mpeacTaBUTh B BUE Tpaduka.

6. Paccuutarh  pE30OHAHCHBIE  YaCTOTHl  JJIi  MOJEIH
COOTBETCTBYIOIIIETO 3BYKa, HCIIOJIbL3Ys ypaBHeHUE (1.5).

7. CpaBHUTb pe3yJIbTaThl, MOJYYEHHbIC B 1.3 U 1.5.

1.2.2 IkcnepuMeHTAJILHAS YACTh

1. MHUcnonb3dys MUKpPOPOH U MporpaMmy «3BYKO3alUCh» U3
«Cranmaptaeix» nporpamm Windows, 3amucaTh COOTBETCTBYIOUIUN
3ByK WJIM CJIOBO, COJIEpXkallee pacCMaTpUBAEMbId 3BYK B Kadye€CTBE
yIApHOT0, HAIIPUMED, KYXO0» - IJI 3BYKa «Yy», «CHJIa» - JUJIS 3BYKa «1»,
«MOpe» - 15 3ByKa — «O».

2. Hcnonbsys nporpammy SpWin 7 (wim mogo0HYI0), BEIpE3aTh
M3 3BYKOBOro (paiija y4acTOK, COOTBETCTBYIOIIUM paccMaTpUBaeMOMY
3BYKY, U COXpaHUTh €ro B (pailin 3ByKoBOro opmara (Harmpumep, wav).
Cnenatb CKpUHIIOT.

3. IlpeacrtaButh ero B Buje cnekrpa. CaenaTb CKPUHIIOT.

4. Coxpanutrb ¢aiin 3Byka kak ASCII kox (B dQopmate
TEKCTOBOrO (haiina, txt).

5.  TlomyueHHBIM MAacCUB JAaHHBIX MPEACTABUTH B BUJIE TpaduKa,
ucnone3ys nporpamMmmy Matcad. Paccuurtate ero crnektp. [loctpouts
rpaduk.

6. CpaBHUTH MOJYYEHHBIA CHEKTP M PACUETHBIA YACTOTHBIM
OTKJIUK (1.5 pacueTHo yacTtu). Crenarsb BHIBOIBI.

1.3 BapuaHTsl

OOuue nucxoaHble JaHHBIE:
p=1,165 xr/m*® — mmoraocts Bo3gyxa npu T=30" C Ha ypoBHE
MODS;
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¢=3,53-10% M/C — CKOPOCTh pacipocTpaHenus 38yKa npu T=37" C;

r= 0,0056 M — paamyc KpyroBoro OTBEPCTHS, PABHOI'O ILIOIIAIX
POTOBOTO OTBEPCTHSI.

1.3.1 Pa3padorTka moaesu 3Byka «M»
S, =314-10"* m? — monmocTs ropTaHy;
|, = 0,115 M — IMHA MOJIOCTH TOPTAHMY;

S, =0196-10"* m? — obmacTh cxaTus, OOpasyemas CIIMHKOI
SI3BIKA;
|,= 0,04 M — nmuHA OOMACTH CHKATHS;

33:4,9.10‘4 M2 poOTOBas TIIOJOCTh; |3: 0,015 M — mimHa
POTOBOM MOJIOCTH;

S, =0,785.10"" M? — 06IacTh CXKATHs, 0OpasyeMas POTOBBIM
otBepctreM |,=0,005 M — yinHa obacTu cxatus;

1.3.2 PazpadoTka moaesim 3Byka «O»

81=4,9-10_4 M> — TIOJOCTH TOPTaHM; [,=0,095 M — nnuna
MTOJIOCTH TOPTaHM;

S, = 0,785-10* m? — o6macts cxkaTHs, oOpasyemas CIIHHKOI
A3BIKA;
|,= 0,025 M — nuinHa 00acTH CKATHS;

S, =159-107" m* — poroas nomocts; l;= 0,03 M — muHa
POTOBOM MOJIOCTH;
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S,=34 107* M? — o00macTh ckaThg, 00pasyeMmas DPOTOBBIM
4 ’
otBepctreM |,= 0,0015 M — mymHa 001acTH CKATHUS;

1.3.3 Pa3padoTka Mmoaen 3ByKa «Y»

S; =7,06-1O_4 M%  — II0J0CTB ropranu; |;= 0,114 M — nnuna
MIOJIOCTH F'OPTaHM;

S, = 0,441-10™* m® — o6macTh cxartus, oOpasyemas CIIHHKOl
s3b1ka; |,= 0,03 M — irHA 00acTH CXKATHS;

S, ~1256-107% Mm% - potoBas mosiocth; l;= 0,02 M — mnmuHa
POTOBOM MOJIOCTH;

S, =0196-10* m? — obmacth ckaTus, obpasyeMas POTOBBIM
4 )
orBepctueM l,= 0,01 M — yinHA O00JIACTH CXKATHS;

1.4 Conep:kanue oTueTa

1. @opmyna mis pacdyeTa 4aCTOTHOTO OTKJIMKA (3aBUCUMOCTD
MOJIHOTO COMPOTHUBJIEHUS CXEMBI OT YaCTOThI) PEYEBOI0 TPAKTA.

2. T'paduk 3aBUCHUMOCTU IOJHOI'O COINPOTHUBICHUSI CXEMBI OT
4acTOThl  (4aCTOTHOTO OTKJIWKa), paccyuTaHHbii B Matcad ¢
OTMEYEHHBIMH 3HAYEHUSIMH PE30HAHCHBIX YacToT (pyHkuus Trace).

3. Pesynmbratel pacuera ypaBHenus (1.5) B Buae rpaduka c
OTMEYECHHBIMH 3HAYEHUSMHU PE30HAHCHBIX YaCTOT.

4.  BsbiBoabl 1O M. 7 paC4eTHOM YaCTH.

5.  CkpuHHIOTHI 3ByKOBOro (aima u ero cnekrpa (u3
nporpammel Cool Edit).

6. [I'padux ->KCHEpPUMEHTAIHLHOTO MacCHUBa JaHHBIX M €ro
CIEKTPa C OTMEYEHHBIMHU 3HAYEHUSIMH PE30HAHCHBIX YaCTOT.

/. BpBogpl No n. 6 3KCIIEPUMEHTAIBHON YaCTH.
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IIpakTuyeckoe 3ansitue Ne2
OcHOBHBIE CBOMCTBA CJyXa

2.1 KpaTkue TeopeTuiecKue CBeIeHHsI

Opran ciyxa 4YelOBeKa SBIAECTCS CBOCOOPa3HbIM IPUEMHUKOM
3ByKa, PE3KO OTJIMYAIOIIMMCS OT MPUEMHHUKOB 3BYKa, CO37aBACMBbIX
YEJIOBEKOM.

VX0 denoBeka o0jagaeT CBONMCTBAMHM YacTOTHOI'O aHAJIM3aTopa,
JTUCKPETHBIM  BOCIPUATHEM MO YaCTOTHOMY M JUHAMUYECKOMY
nyana3oHaM  (QHAJIOTOBBIM  3BYKOBOW  CHUTHAJl IIpeBpallaeTcs B
MOCJIE0BATEILHOCTD JEKTPUUYECKUX UMITYILCOB IBOMYHOTO THMA). Bee
ATH OIEpalU OCYIIECTBIISIIOTCS BO BHYTPEHHEM yX€, B TaK Ha3bIBA€MOM
ynuTke. B ynuTke HaxoauTcsi OCHOBHas (OaswispHas) MmeMOpaHa,
cocTosilass U3 OOJIBIIOTO YKCJia BOJIOKOH, CIa00 CBSI3aHHBIX MEXIY
coboil. Boap OCHOBHOMI MeMOpaHBI  pPacHOJOXKEHbI  HEPBHBIC
OKOHYaHMSI, Kaka0€ 3 KOTOphIX (a mx cBbime 20 000) Bo30yxaaeTcs ot
MPUKOCHOBEHMSI K HHM BOJIOKOH OCHOBHOM MeMOpaHbl, MOChLIas B
CIIyXOBOM IIEHTP MO3Tra dJEKTPUYECKUE UMITYJbChl. TaM 3TH UMITYJIbChI
MOJBEPralOTCs CIOKHOMY aHalIu3y, B PE3yJIbTaTe€ KOTOPOrO YEJIOBEK
OTpeaeIISIET NIepeilaBacMoe COOOIIICHHE.

2.1.1 CTpoeHue C1yXoBOro anmapara

CnyxoBasi cucremMa SBIISIETCS CBOEOOpa3HbIM  MPUEMHHUKOM
MH(POPMAIIUU U COCTOUT U3 NMEepUdEPUUIECKON YaCTHU U BBICIINX OTAEIOB
CIyxoBoM cucTeMbl. Hanbosee u3yudeHbl MpoOIECChl MpeoOpa3oBaHUs
3BYKOBBIX CUTHAJIOB B MMEpU(PEPHUUECKON YaCTH CIyXOBOIO arnapara.

[Tepudepryeckas 4acTb COCTOUT CIACIYIOIINX YACTEH:

. - Y1iiHas pakoBHHA - 3TO aKyCTUYECKasl pyNopHas aHTEHHA,
MpUHUMAIOIIAs, JOKaIu3yromas, (OKycHpyollas W yCHUJIHUBAIOIIAS
3BYKOBOW CHUTHAJI,

. - Cpennee yxo - MUKpOGOH;
. - BHyTpeHHee yX0 - 4aCTOTHBIA U BPEMEHHOW aHAJIU3aTOpP;
. - Bricmme oTaensl roJOBHOTO Mo3ra - aHajora- nu@poBou

nmpeoOpazoBaTeNb, MPeoOpa3yroNi aHAJIOTOBBIA CUTHAI B JBOUYHBIC
HEPBHBIC UMITYJIbCHI- SJIEKTPUUECKHUE Pa3PSIBI.
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OOt Bua mnepudepuueckod CIyXOBOM CHCTEMBbl IMOKa3aH Ha

pucynke 2.1.

Opran cnyxa. rpasurauud [Auriz externa, media et interna)

exterous
cartilfg = ssus membranas -
giremRaNI SUDE'I'IOF\ § S & Recessus eptympanicus
St N | £ Canals semicirculars posterior
Meatis ~ ;‘ \ Malleus ," ; Camals semidirculars anterior
| 4 J 5 ;
acusticus - f Canals semicircularis laterals
extern f ~
Q552 LS Stapes
Westibulum

Cochlea
- - Cavum tympani
L o

Apex
a(parlis
&\g{ y petrosae)

Aurizs interna

Auris media

: Membrana tym pani
= Miensor tympani

—Tuba auditia

Cartilago tubae
audithias

Concha &
auriculae

i

Cartilrgo :
meatus -
e Pars
acustici tymphnica
A ossiy petrosi
Glandula —
parclis

Lobulus™ v J )
auriculae , Processus Cstium :
styloigé us pharyngeum tubae

audtvae

Gupula cochlkeas ~
~

HamI‘J'LIS la rrinae
Lamina, R
modioli 3

- Heheotrema
J Cachlza
Fe S}ala vestibuh

. Lamina spirals
" ossea

'
I
1

| Lamina spiralis
P ossea

'

I

Seala tympani

Modiolusg, ™
- Tractus

spirals
faraminosus

Ay
—_—
Modiolus

Locus adhesio

=
vortice cochleas

Tractur spirals
foraminas us

Pucynok 2.1 - OOuuii Bua nepudeprudeckoi CIIyXoBON CUCTEMBI

OOBIYHO TEepUPEPUUECKYIO CIYXOBYIO CHUCTEMY JENAT Ha TpU

YaCTH: BHELIHEE, CPEAHEE, BHYTPEHHEE YXO.
BHemnrHee yXo COCTOUT U3 YITHOW PAKOBUHBI M CIYXOBOTO KaHAJIA,

3aKaHYMBAIOIIETOCS TOHKOW MeMOpaHOHM, Ha3biBaeMoOi OapaOaHHOM

TIEPEMTOHKOM.
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BHewHue ymu v roj10Ba 3T0 KOMIIOHEHThI BHEIIHEW aKyCTUYECKOU
aHTEHHBI, KOTOPasi COEIUHSIET (COrIacOBBIBAET) OapabaHHYIO MEPETOHKY
C BHEIIHUM 3BYKOBBIM TojieM. OCHOBHbIC (DYHKIIMM BHEIIHUX YIIIEH -
OuHaypajlibHOE  (IIPOCTPAHCTBEHHOE)  BOCHPHUSATHE,  JIOKAJIHU3aILMs
3BYKOBOT'O HCTOYHUKA U YCUJICHHE 3BYKOBOW HHEPTrHH, OCOOCHHO B
00JIacTH CpPeIHUX W BBICOKMX 4acTOT. CIIyXOBOW KaHaJl MpEJICTaBIsET
c000M M30THYTYIO IIUJIUHIPUUYECKYIO TPYOKY JJIMHON 22,5 MM, KOTOpas
MMEET MEPBYIO PE3OHAHCHYIO YaCTOTYy nopsiaka 2,6 k', moatomy B 3TOM
00JIaCTM 4YacTOT OH CYIIECTBEHHO YCUJIUBA€T 3BYKOBOW CHUTHAJ, U
MMEHHO 37€Ch HaxoAUTCsA 00JIaCTh MaKCUMaJIbHOM YyBCTBUTEIBHOCTH
cinyxa. bapaGanHas mepenoHKa - TOHKas IJIEHKA TOJNIIMHOW 74 MKM,
MMEET BUJI KOHYCa, 00pali¢HHOI0 OCTPUEM B CTOPOHY CcpeliHero yxa. Ha
HU3KHUX YacTOTaX OHA JIBUXKETCS KaK IMOPIIEHb, Ha 00jiee BHICOKUX - Ha
Hel o0paszyeTcsl ClIOXkKHas CUCTEeMa Y3JIOBBIX JIMHUM, YTO TaKXE MMEET
3HA4YEHUE JIJIs1 YCUJICHUS 3BYKa.

CpedHee yxo - 3amlOJIHEHHAS BO3JyXOM IOJIOCTh, COCIUHEHHAS C
HOCOTJIOTKON €BCTaXWEBOW TPyOOU NJisi BHIpAaBHMBAHUS aTMOC(EPHOTO
naBienus. [Ipu u3MeHeHUM aTMOC(EPHOro MaBJIEHUS BO3AYX MOXKET
BXOJUTh WM BBIXOJUTh M3 CPEIHETr0 yXa, MO3TOMYy OapabaHHas
MEPEIOHKAa HE pearupyer Ha MEHJICHHbIE HM3MEHEHUSI CTaTHYE€CKOro
TABJICHUSI - CIYCK-TIOABEM M T.I. B cpenHeM yxe HaxomsTcs TpH
MaJICHbKHE CITYXOBbIE KOCTOUKH: MOJIOTOYEK, HAKOBAJIbHS U CTPEMEUKO.
MonoTtouek TpUKpEIiEH K OapabaHHOMW NEPENOHKE OJHUM KOHIIOM,
BTOPHIM OH CONpPHUKAcCaeTCsd C HaKOBaJIbHEW, KOTOpas MpH IMOMOIIU
MaJICHbKOW CBSI3KM COEAMHEHA cO cTpeMeuykoMm. OCHOBaHUE CTpeMeuKa
COEMHEHO C OBAIbHBIM OKHOM BO BHYTPEHHEE YXO.

CpenHee yxo BBINOJHSET cleayronme (yHKIUA: COTIaCOBAHHE
MMIIeJaHCa BO3JYITHON CpEeNod YyJIUTKH BHYTPEHHETO yXa; 3allliTa OT
IPOMKHUX 3BYKOB (aKyCTHYECKHH pedIiekc); yCUIIeHHE (phIlYaroBblii
MEXaHM3M), 32 CUET KOTOPOTO 3BYKOBOE€ JABJICHHUE, IMEpPEaaBaeMoe BO
BHYTPEHHEE YXO, YCWJIMBAETCS MouTu Ha 38 nb mo cpaBHEHUIO C TeM,
KOTOpOe TomajgaeT Ha OapabaHHYIO TMEpenoHKy. BHyTpeHHee yXxo
HaXOJUTCS B JIJAOMPHUHTE KaHAJIOB B BUCOYHON KOCTH, M BKJIIOUAET B Ce0s
OpraH paBHOBecHs (BeCTUOYJISIPHBIN anmnapar) u yJIUTKY.

YauTka urpaeT OCHOBHYIO pPOJib B CIyXOBOM Bocmpusitun. OHa
pEACTaBISIET cOO00M TPyOKYy MEPEeMEHHOrO0 CEYEHUsS, CBEPHYTYIO TpHU
paza moJgo0HO XBOCTy 3MeH. B pa3BEPHYTOM COCTOSHHUHM OHA HMMEET
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nmmHy 3.5 cm. BHyTpu yiIWTKa HMEET Ype3BBIYANHO CIIOKHYIO
cTpykTypy. [lo Bcelt aymnHe oHa pasnesieHa IByMsl MeMOpaHamMu Ha TpH
MOJIOCTU: JIECTHULA MPENABEpHUs, CpPEeIUHHAs IMOJOCTh U OapabaHHas
JecTHHIA (PUCYHOK 2.2)

4 g A nORYspYX-— 11 17
1 \ \ HboiM KOKAAOM / /
= = = £ &= =
/Z W A== B m A
— —./__ ‘:';'/_ 7 —'.:"// -
| 97y 7y P 7y
3/ Al = ’_//f 7@/‘-‘ 7
8 J 16 10 1316 15
HapymHoe yxo PA’pa’ﬁﬂﬁe wo |  Brympennee yro y

1-yuiHast pakoBUHa; 2- CIIyX0BOHM npoxo; 3- bapabaHHas nepernoHka; 4-
MOJIOTOYEK; S-HAaKOBaJIbHS; 6 - CTpeMs; 7- MBIIIIBL;, 8- EBCTAXHUEBA
TpyOa; 9- kpyrioe okHO; 10- ocHOBHasg MemOpaHna; 11- memOpana

Pelicuepa; 12- nectauia npenasepus; 13- sagonumda; 14-nepunumda;

15- renukoTpema; 16- koptueB oprad; 17- mokpoBHas MeMOpaHa
PucyHok 2.2 — YcTpoiicTBO oprana ciyxa

CBepxy cpennHHas MOJIOCTh 3aKkpbiTa MeMOpaHoul PelicHepa,
CHHU3Y - Oa3wIsipHON MeMOpaHoi. Bce mosiocTH 3amoIHEHBI KUJKOCTHIO.
BepxHsAs 1 HWKHSAA MTOJOCTA COEAUHEHBI Ye€pE3 OTBEPCTUE Y BEPILIUHBI
YIUTKHU (TEIUKOTPEMY). B BepXHel MOJIOCTH HaXOAUTCS OBAaJIbHOE OKHO,
gyepe3 KOTOPOE CTPEMEUKO MepeaeT KojaebaHusi BO BHyTpPEHHEE yXO, B
HUKHEN TOJOCTH HAaXOAMUTCS KPYIJIO€ OKHO, BBIXOJsIIEE OOpaTHO B
cpenHee yxo. baswispHas mMemMOpaHa COCTOMT M3 HECKOJIBKHX ThICSY
NONEPEYHBIX BOJOKOH: JUIMHA 32 MM, mHupuHa y crpemedka - 0,05 mm
(3TOT KOHEIl y3KUM, JIETKUI U KECTKUM), y TeIMKOTpeMBbI - mupuHa 0,5
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MM (3TOT KOHEIl ToJjIe U Marde). Ha BHyTpeHHElH cTopoHe 0a3uiIIpHOi
MeMOpaHbl HaxoauTca opran Koptu, a B HeM - crelMaIM3UPOBAHHBIC
CIIyXOBbI€ PEIENTOPhl - BOJIOCKOBBIE KJIETKM. B momnepedHoM
HanpaBjieHuu opraH KopTu COCTOMT W3 OAHOTO psijila BHYTPEHHHUX
BOJIOCKOBBIX KJIETOK M TPEX PSANOB HAPYKHBIX BOJOCKOBBIX KJIIETOK.
Mexny HumMuU oOpa3yeTcs TOHHENIb. BoJIOKHAa CIIyXOBOro HepBa
MEPECEKAIOT TOHHEb U KOHTAKTUPYIOT C BOJIOCKOBBIMU KJIETKaMHU.

CnyxoBoii HEpB MPEACTaBISET COOOM NEPEKPYyUYECHHBIM CTBOJI,
CepAIEBUHA KOTOPOTO COCTOUT M3 BOJIOKOH, OTXOASIIUX OT BEPXYIIKU
VIIUTKHA, @ HAPY>KHBIE CJIOM - OT HIDKHUX €€ y4acTKOB. Boiifs B cTBOM
MO3Ta, HEHPOHBI B3aMMOJIEUCTBYIOT C KJIETKAMHU Pa3JIMYHBIX YPOBHEM,
MOJHMMASICh K KOPE M IMEPEeKPENIMBasiCh MO MyTH TakK, YTO CIIyXOBas
uHpopmalMsi OT JIEBOTO yxXa TMOCTYMaeT B OCHOBHOM B IPaBOE
noyiymiapue, TJe MOPOUCXOAUT TJaBHBIM  oOpaszoMm  00paboTka
AMOIMOHAILHON HH(pOPMALIMK, a OT MPABOIr0 yXa B JIEBOE MOIyIIapue,
r7€ B OCHOBHOM OOpaOaThiBaeTcsl cmbiciioBas uHdopMmanus. B kope
OCHOBHBIE 30HBI CITyXa HaXOJATCA B BUCOYHOU OOJIACTH, MEXKTy 000UMHU
MOy IIAPUSIMUA UMEETCSI TOCTOSTHHOE B3aUMO/ICHCTBHE.

OOmuii MexaHu3M TMepeaadyd 3BYKa YIPOIIEHHO MOXKET ObITh
MpEACTaBICH CIEIYIOMUM O00pa3oM: 3BYKOBBIC BOJIHBI IPOXOMAST
3BYKOBOM KaHaJ M BO30YXIAIOT KoJjieOaHus OapabaHHOW MEPETOHKH.
DT KoJieOaHUs Yepe3 CUCTEMY KOCTOUEK CPEAHEro yxa MNepenaroTcs
OBaJbHOMY OKHY, KOTOpPOE€ TOJKAE€T KHUJKOCTh B BEPXHEM OTIEJEe
YIUTKHU (JIECTHUIIC TIPEBEpHUsi), B HEH BO3HUKAET UMITYJIbC JaBJICHUS,
KOTOPBIN 3aCTaBISAET KUAKOCTh MEPEIMBATHCS U3 BEPXHEN MOJIOBUHBI B
HIDKHIOO 4epe3 0apaOaHHYIO JIECTHUIY M TE€JIUKOTPEMY M OKa3bIBaeT
JABJICHUE HAIEPETIOHKY KPYIJIOTO OKHA, BBI3bIBasi TPU ITOM €ro
CMEILIEHUE B CTOPOHY, MNPOTHBOMOJIOKHYIO JABWKEHHUIO CTpEMEUKA.
JIBM>KEHUE JKUJIKOCTH BBI3bIBACT KOJEOaHUS Oa3WIsIpHON MeMOpaHbI
(Oberymryto  BosiHy). IIpeoOpa3oBaHue MeXaHUUYECKHUX KoJieOaHUH
MeMOpaHbl B JUCKPETHBIE AIIEKTPUUECKUE UMITYJILChI HEPBHBIX BOJIOKOH
npoucxoasT B oprane Kopru. Korga 6asumnsipaas MemOpaHa BUOpPUPYET,
PECHMYKM Ha BOJIOCKOBBIX KJIE€TKaX H3TrH0AIOTCA, U 3TO TEHEPUPYET
ANEKTPUYECKUM  TOTEHIMAJ, YTO  BBI3BIBAET IOTOK  HEPBHBIX
ANEKTPUUECKUX UMITYJILCOB, HECYIIUX BCIO HEOOXOAMMYIO HH(OPMALINIO
O TOCTYNHWBIIEM 3BYKOBOM CHTHajJ€ B MO3T JJIi JajJbHEHIen
nepepadOTKU U pearupoBaHusl.
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2.1.2 BocipusiTue M0 4acToTe

Kaxx/i0e u3 BOJIOKOH OCHOBHOW MeMOpaHbl pE30HUPYET Ha BIIOJIHE
onpeaeNeHHON 11 Hero yacTtoTe. CIIOXKHBIN 3BYK, COCTOSIIIINN U3 Psia
YaCTOTHBIX COCTABJIAIONIMX, BBI3bIBAET KoOJIEOAHUS psiAa BOJIOKOH
COOTBETCTBEHHO 4acToTaM cocrtaBiisitomux. Ha pucynke 2.3 mpuBeneH
CXEMaTUYECKUM pa3pe3 YJIUTKH OCHOBHOW MeMOpaHbl, IO OCH abCIuce
JAHO paccTosiHME (B MWUIMMETpPAx) OT Havaia YJIUTKU 10 BOJIOKOH
OCHOBHOW MeMOpaHbl, TaM K€ YyKa3aHbl YacTOThl, Ha KOTOpbIC
OT3BIBAIOTCS 3THU BOJIOKHA. HacToThl HMke 60 'l BOCHpUHUMAIOTCS MO
CyObeKTUBHBIM  rapmMoHukam. Ha  pucynke 2.4  mpuBeleHa
DKBUBAJICHTHAs JJICKTPUYECKAss MOJEIb CIIyXOBOTO aHaIM3aTtopa. B He
140 napannenbHBIX 3BEHBEB — PE30HATOPOB, COOTBETCTBYIOIIMX
BOJIOKHAM  MeMOpaHbl; IMOCHeI0BaTebHbIE WHIYKTUBHOCTH L}

COOTBETCTBYIOT COKoJeOmonieiics macce TuMpsl. Tok B mapaienbHbIX
3BEHBAX COOTBETCTBYET CKOPOCTH KoJieOaHuii BosiokoH. Ha pucynke 2.3
NPUBEACHBI YUCIOBBIE 3HAUCHUS DJIEMEHTOB Mojenu. Mojenb mokasana
XOPOIIIEE COOTBETCTBUE PEATIBHOM CIIyXOBOW YJIUTKE.

15000 - %
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Pucynke 2.4 — DkBUBaJIGHTHAsI DJICKTPUYECKAs CXeMa YIUTKU

B Tabnume 2.1 mnpuBeaeHbl BEIWYMHBI CPEIHUX 3HAUYCHUH
3BYKOBOI'O [JABJICHUS, CO3/1aBAEMOTO MY3BIKAJIbHBIMU HHCTPYMEHTAMU
JJ11 OTPBIBKOB MCTIOJTHEHUS JJTUTEIILHOCTHIO 15 C.
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Ta6nuna 2.1 - BeauuuHbl cpeiHUX 3HAYEHUN 3BYKOBOTO JIaBJICHUS

g %3 5 = >N“ Q:) =
= 52 | §& = g2
= |7 L,|8 |78 | 8¢ 2
< | X ~ < e
Ne | UactpymeHT o = | - =R S
E o) % D) E - ; o X =
5 |82 528 |E32 S & Z
= =5 | S A = Q M 8 8 S
s |85 | T |28 | E¢ S X¢
£ |Os|E |ES48E = B
1 | bonbmo Gapaban
90x 38 cMm
IIpoGa A 09 (99 10 |24,6 250-500 9,8
20-62,5 0,24
IIpo6a b 09 (2,78 |7,7 |1,2 250-500 0,19
2 | bonbmioii 6apaban
75x30 cM 09 [35 16 |13,4 125-250 1,7
85x 48 cMm 09 (6,6 58 4,9 20-62,5 1,2
3 | bapa6an Boennwrit | 1,2 |1,46 (20,5]11,9 250-500 3,7
4 | HumOansr 37 cm 09 (1,8 - 9,5 8000- 0,95
11300
5 | TpeyrojbHUK 09 [0,23 |- 0,05 5600-8000 | 0,017
62,5-125 0,078
6 | KonTpabac 1,5 /0,42 (10,810,156 |125-250 0,078
7 | bac-cakcadoH 1,05 /0,41 |16,6 0,288 |250-500 0,228
8 | bac-tpy0ba 1,5 10,54 (9,7 10,206 |250-500 0,082
9 | TpomboH 09 |065 |175/6/4 600-700 0,064
2000-2800 {0,051
10 | Tpyba 09 (0,86 |12 |0,314 |250-500 0,047
500-700 0,047
11 | AHruicKui 09 (0,38 |11,2|0,053 |250-500 0,053
POKOK
12 | Knapuer 09 0,35 |11,5|0,05 250-500 0,0053
13 | deiita 1,05 10,16 |- 0,0555 | 700-1000 | 0,0045
1400-2000 |0,0045
14 | ITukkoio 1,05 10,22 |- 0,084 |2000-2800 |0,021
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15 | Posib 3,0 (0,26 (9,8 |0,267 |250-500 0,267
0,248 | 250-500 0,248
16 | Opran 3,6 (0,21 |13,2|0,35 250-500 0,11
17 | Opran 3,6 (2,0 8,7 (12,6 20-62,5 2,5
dbopTuccumo
18 | Opkectp w3 15[4,0' (0,79 [14,3/9,0 250-500 0,45

WHCTPYMEHTOB

2000-2800 | 0,32

19 |Opkectp w3z 18 4,0 |0,66 (10,3 (2,5 250-500 0,8
WHCTPYMEHTOB
2000-2800 | -
20 | Opkectp u3 75
UHCTPYMEHTOB
[Ipoba A 45% 10,51 |17,7 /8,2 125-250 0,82
250-500 1,03
2000-2800 | 1,03
[Ipo6a B 45 10,46 (27,866,5 |250-500 6,7
8000- 5,3
12000
[IpoGa C 45 1047 (21,2139 |250-500 1,4
2000-2800 |1,4
ITpo6a D 45 10,66 (24,1]13,8 |125-250 1,7
250-500 1,7
2000-2800 |1,7

2.2 3amanue

CMmonenupoBaTh YaCTOTHBIA OTKJIMK YJIWTKHA C HMCIOJIb30BaHUEM
nakera MicroCap. {711 4ero BbINOTHUTH CIAEAYIONIEE:

1. BriOparb u3 Tabnuipbl 2.1 UHCTPYMEHT, 1711 KOTOPOTO OyleT
PaCCUUTHIBATHCS OTKJIUK.

2. B cooTBercTBMM C YacCTOTHBIM JHAMa30HOM HAWBBICIINX
3HAYEHUU 3BYKOBOT'O JABJICHUS W HCHOJIb3YSl PUCYHKE 2.2 ONpEeNeNUTh
paccTosHue (B MIJUIMMETPAX) OT Havayla YJIUTKHU IO BOJIOKOH OCHOBHOM
MeMOpaHbl, COOTBETCTBYIOIIEE JAHHOMY JIMANa30Hy.

! TyneT qupmxepa
2 [lyneT auprkepa
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3.  Cuawurasg, uro 30 MM ynuTku (Bcs anuHa) moaenaupyercs 140
3BEHBAMHU B 4aCTOTHOM auamna3zoHe 60-16000 ['u, ompenemnts HOMEpa
(K) 1 KOIMYECTBO 3BEHLEB, COOTBETCTBYIOIIMX 3aJJaHHOMY YaCTOTHOMY
JMana3oHy.

4. CocTaBuUTh DSKBUBAJICHTHYKD CXEMY Yy4yacTKa YJIUTKH,
ucnoyb3yss pucyHok 2.2. Paccumtate B  MathCAD napameTpsl
SKBHBAJICHTHOM CXEMBI, TJIe K — HOMEp 3BeHa.

L =24,02-1072.e000% 1y, v —7512.1073 . %002 1y,

C, =553-10".e*®* @; R, =5825-10°.e 203 Ou;
" =0,067 'n; R, = 70,957 Om

5. CocraBuTh MONYYEHHYIO CXeMy B Iporpamme Microcap u
CMOJEIMPOBATh YaCTOTHBIM M BPEMEHHOW OTKIUK. Mcmosb3oBare B
KaueCTBE HCTOYHUKA 3BYKa F€HEPATOP LIYMOBOIO CUTHAJA.

2.3 Conep:xanue oT4eTa

1.  Pacuert xonuyecTBa 3B€HbEB U UX HOMEPOB.

2.  Pacuer mapameTrpoB 3BeHbeB B iporpamme MathCAD.

3. DnekTpuueckas SKBUBaJICHTHAS cxema YIIMTKH,
BBITIOJTHEHHAs B MporpaMmme Microcap.

4. T'paduku 4aCTOTHOM XapaKTEPUCTUKU CXEMbl U BPEMEHHOTO
OTKJIMKA.
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IIpakTuyeckoe 3ansitue Ne3
MopeaupoBanue 3JIeKTPHUYECKOT0 TeHepaTopa cepana

3.1 KpaTkue TeopeTu4eckue cBeIeHUs

3.1.1 PacueT mapamMeTpoOB 3JIEKTPOKAPAHOTPAMMBI KeJTyJ0YKOBOI0
KOMILJIEKCA

PaccmoTpum paboTy JTUTIOJILHOTO HKBUBAJICHTHOTO
AJIeKTpUYecKoro reHeparopa cepauna (JA23I'C) B mporecce
AIEKTPUYECKONM CHUCTONIBI. bynem cuurtaTh, 4YTO cepjie oOJagacT
aKTUBHBIM compoTuBieHHeM R, umHaykTuBHOCTHIO L M emkocthio C.
PaccmMoTpuM B KadecTBE MOJCIM TPU B3aUMHO NEPHEHIUKYISIPHBIX
KoJeOaTebHBIX  KOHTYpa, PACHOJIOKEHHBIX BO  (PpPOHTAIBHOM,
TOPU30HTAILHOM U CAarTUTAIBHOW MIIOCKOCTAX, pucyHok 3.1. 3JIC E Bo
BCEX KOHTYpax OJMHAKOBBI. [l XKeTymOuyKOB HEMNOCPEICTBEHHBIM
BOJIUTEJIEM PUTMA SIBJISICTCSI aTPUOBEHTPUKYJISpHbUN y3ed. Tak kak B
MPOIECCe KapIUOLMKIIA MPOUCXOIUT U3MeHeHne eMKocTu C, cBsI3aHHOM
C IMKJIMYECKOM 4YacTOTOM, TO djeKTpuueckue Kojebdanus B JDII'C
HOCAT MapaMETPUUYECKUN XapaKTep.

PaccmoTpuMm paboTy cepjilia Kak d3JIEKTPUYECKOTO TeHepaTopa B
MPOIECCE NEKTPUUYECKON CUCTOJIBI.

en
cn E Een p L) an Lem
Ll 3 £ ‘:
Con
B A . rn
Lew

Pucynok 3.1 - DnexTpudeckasi cxema AUMNOJIbHOTO SKBUBAJIEHTHOTO
AIIEKTPUYECKOI0 I'eHepaTopa cepaLa
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B 110001 110CKOCTH 3aBUCUMOCTh TUNOJbHOr0o MmomeHnta D DB
OT yIJja IoBOpoTa q onpenensercs nuddhepeHIuaabHpIM YPaBHEHUEM:

2
ZT?+D=01, (3.1)

rac Cl — ITOCTOsITHHAaA BCJIIMYHMHA.

PemieHueM 3TOro ypaBHEHHS SBJISETCS 3aBUCHMOCTb BEKTOpa
JTUTIOILHOTO MOMEHTA OT yIJla MOBOPOTA U BPEMEHHU, KOTOPOE YI0OHO
3amycaTh B BUJIE:

D =Asin?(0+9)/2+Bcos?(0+¢)/2. (3.2)

B ¢opmyne (3.2) A u B — nocTossHHbIE UHTETPUPOBAHMUS, TAK UTO
C,=(A+B)/2. Yrom ¢ — 3TO yroja HakjJOHa D3JCKTPUYCCKOW OCH

cepana (P0) unu ocu TETelb BEKTOP JJIEKTpOKapauorpaMmmbl. Ha
pucyHKe 3.2 MmokaszaHa BEKTOp-3JIeKTpokapauorpamma neresnb QRS u T,
noctpoeHHast o ¢opmysie (3.2). Yroa ¢ npuHsT paBHBIM 2,3 pal, 4To
MPUMEPHO COOTBETCTBYeT HOopMe. Ha pucynke 3.2 Takke IMOKa3aHbI
Hayajga oOTCUYeTOB ymoB ( W ¢@. IloNOXHUTENBHBIM CUHTAETCS

HaIpaBJIeHUE NPOTHB YACOBOW CTPEIKH. 3HAYEHUS MOCTOSHHBIX A U B
OyIyT OIpeeneHbl B JaJIbHEHIIEM.

CymiecTByeT TaKxe METOA perucTpanuu MPOEKITNH
IIPOCTPAHCTBEHHON KPHUBOW HA BBIACICHHOW IUIOCKOCTU — BEKTOP-
anekTpokapauorpadpus (BOKI).

Paccmorpum  pabory JAD23T'C. bymem cuutath, 4YTO Ccepile
00JlalaeT aKTHUBHBIM CONPOTUBIECHHEM R, HWHAYKTUBHOCTHIO L U
emkocthto C. Cxemy JI92I'C mnpeacraBuM B BHJIE KOHTypa C
nociueaoBareabHo BKIOUeHHBIMHE R, L, C u ucrounukom toka ¢ DJ[C E,
3aKOH M3MEHEHHUS KOTOpPOro OTpakaeT paldOTy BOJIUTENS pHUTMA,
pucyHok 3.2. {15 KelyJOYKOB HEMOCPEICTBEHHBIM BOJUTEIEM pUTMa
SBJISIETCS] aTPUOBEHTPUKYJISIPHBIN y3edl.
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Pucynok 3.2 - Dnekrpuueckas cxema JUIMOIbHOT0 YKBUBAJICHTHOTO
AIIEKTPUUECKOT0 TeHepaTopa cep/iia

VpaBuenue Kupxroda 11 MrHOBEHHBIX 3HAYCHUM HANPSOKCHUM B
KOHTYPE UMEET BU/I:

U, +U; +U, =E, (3.3)

A€ B JIEBOM YacTM CyMMa HAIPsSXKEHAM HAa COOTBETCTBYIOIIHMX
CONPOTUBJIEHUSAX. VCMONIb3ysl M3BECTHBIE BBIPAXKEHUS, CBSI3BIBAIOIINE
ATH HAMPSHKEHUS U TOK 1, TTOJTYYHM:

d(L;) idt
IR+= +Ic ~E. (3.4)

AKTHBHOE COIPOTHUBJIICHUE MUOKapAa ONPEIEISIETCS MPEXKAE BCETO
COINPOTUBJIEHUEM IUTOILUIA3Mbl U MEXKJICTOYHOM >KUJKOCTH, MOATOMY
€ro MOXXHO CYUTaTh TMOCTOSHHBIM B TEUEHHUE KapJUOILMKIIA.
NHIyKTUBHOCTH BO30YIMMOI MEMOpaHbl CYIIECTBYET TOJBKO BO BpEMsI
BO30YKJICHHS U CBsi3aHA CO CIHUPAJbHBIM JIBUKEHHEM HOHOB B MOHHBIX
ka"Hanax. [lo3ToMy CIIO)KHO MPEaNoa0KUTh, YTO 3BOIIOLHUOHHO MOT
chopMHUpOBATHCS MEXaHW3M AKTUBHON PETYJSILMU WHIYKTUBHOCTH.
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bynem cuutath HHAYKTUBHOCTH CEPALA BEIUYUHOW TMOCTOSIHHOM.
[Ipoauddepenunpyem (3.4) o Bpemenu t:

2. - -
L£+RE+L—dE

-, 3.5
dt? dt C dt (35)

[Monenus ypaBHenue (3.5) Ha L, u oOo3HauuB W, =1/(LC)Y?

COOCTBEHHYIO 4acToTy Kojebanuit Toka B JID3I'C, nalinem:
—+——+W0i:——t. (3.6)

VYpaBHenue (3.6) ONUCHIBAET  BBIHYXKJICHHBIE  KOJIEOaHUS
HEJIMHEMHOTO OCHWIIATOPA, TaK KaKk COOCTBEHHasi 4acTOTa KoJeOaHUt
cepAua MOXET U3MEHSATHCS 3a CUeT u3MeHeHusI eMKocTH C.

bynem uckaTh pelieHre 3TOr0 YpaBHEHHUS MYyTEM YMHOXKEHHS €ro
Ha Tpou3BoJbHYIO pyHkImio f(t):

d?i Rdi ,.,... 1dE
f(t)— +f(t)—— f(t)i=——F(). (3.7
()dt2+()|_dt+wo()I Lt (). GB.7)

[Mogunanm dynknuio f(t) yemosuro:

d?i Rdi ddE di
fl)—+f()——=— —|f(t)— |.
()dt2+()Ldt dtdt(()dt)

M3 KOTOPOTO ClIeyeT:
F(x) = exp( | Bdtj. (3.9)
L

VYpasuenue (3.7) nocine ymHoxxenus Ha f(t) npuanmaer Bun:
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d di , LdE 1dE,_ .,
f(t)a+(f(t)aj+(wf(t)) iR (U ER)

BBeném HOBYIO nepeMeHHY0 110 (hopmyiie:

o dt

o (3.10)
Wcxons u3 ypaBuenus (3.9), ¢ynknus f(t) mmeer pasmepHOCTD,
oOpaTHyI0 HIUKJINYECKON dactore. [loaTomy 0003HaUUM 3Ty (DYHKIHIO
f(t)=1/wo.
YMHOXkUM ypaBHeHuEe (3.9) Ha paccTOSHUE MEXOYy HCTOKOM H
crokoMm JI9DI'C u nepenuiinemM ero B HOBBIX 0003HAUCHUX

2
1 g( 1 dD]{wo) o 1 dE (3.11)

w, dt\w, dt | (w, wiL dt’

rae D=il, a dynkmusa q B coorBerctBuu ¢ (3.10) mpeacTaBisieT coOom
yroua noopora Bektopa J33I'C, KoTopblii BpalaeTcsi ¢ NUKIAYECKOU
4acTOTON WO .

B cootBerctBuU C (3.8) BpeMeHHasi 3aBUCUMOCTh WO, YUUTHIBaA,
410 R ¥ L — MOCTOSIHHBIEC BEJIUYHHBI, UMEET BU/I

Wo — Wt -exp[-R(t—t,) /L], (3.12)

rae Wi, — nqukim4deckast yactora Bpamenus Bekropa J991'C B MoMeHT
BpeMeHH 1.

[Tanenyve TOTEHIMAlla BOJWUTENSI PUTMA, COCTOSIIErO0 U3
aTUIIMYHBIX MHOKapJHAJIbHBIX BOJIOKOH, a cieaoBaTenbHo, n OE/dt B
uarepBasie Q-T MpoUCXOAUT MO 3KCHOHEHIIMATBHOMY 3aK0oHY. [loaToMy
MOXKHO IIPEITOI0KUTh, YTO B MpaBoi dacTh ypaBHeHHs (3.11) ctomT
BeJIMYMHA, OnM3kas K mocTtosHHoM. OOo3Hawas 3Ty BenuuuHy Cl, a
TaKke yuuTsiBas, urto dq=w ,dt, u3 (3.11) momyuaem ypaBHEHUeE:
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2 2
‘;eg{woj D=C,. (3.13)
W

KpoMe TOro, ecCTeCTBEHHO MPEANOJ0XHUTb, YTO B MpOLECCEe
ABOJIIOIUU DJIEKTPUUECKUE TMapamMeTpbl MHUOKapaa CHOpPMUPOBAIIUCH
TakKUM 00pa3oM, YTO COOCTBEHHasi 4acToTa W, CpaBHSJIACh C YaCTOTOU
W, Bpamenuss Bektopa D nunomsHoro momenra JI93I'C. Torna
ypaBHeHue (3.13) npuHUMaeT BU:

2
Dip_c, (3.14)
do

Penienuem »3TOro YPaBHCHHUA ABJIACTCA 3dBUCUMOCTb BCKTOpa
AUIIOJIBHOT'O MOMCHTA OT YIJIa ITIOBOPOTA U BPCMCHU:

t
D=C,+C,cos(6+¢)=C, +C, cos(jwadt +¢), (3.15)
0

rac ¢ — Ha4dajao OTCYETa yrija II0OBOpOoTa BEKTOpPaA D.

[Toncrabmsist B (3.15) popmyny (3.12), momydaeM 3aBUCUMOCTh
BEJTUYMHBI BeKTOpa D oT BpemeHu:

D=C, +C,cos{(w;L/R)[1-exp(-R(t—ty)/L)]+o}. (3.16)

Ha pucynke 3.3 mnokazaHa 3aBUCHMMOCTh BekTopa D or yrna
MoBOPOTa, mocTtpoeHHas mo ¢opmyne (3.15). 3nauenne C, NPUHATO

PaBHBIM 1-10™ Awm, BeanumHa C, =1.7-107 Am, yron ¢ =2,3 pax. 13
pucyHka BHUJIHO, yTO BekTop [ID2DI'C ommceiBaer nBe nernu. CHavana
newiiro QRS, oTpaxaronryro AENOIIpU3aUIo KETYyI0YKOB, 3aTEM METIIO
T, onuceBawOLIyl0 UX penojspuzauuro. [indg mnpeacepauii HYXKHO
pelmaTh OTACIBHYIO JJIEKTPOAMHAMHUYECKYIO 3aJadyy II0 aHAJIOTHUU C
pEeACTABICHHON B JaHHOW padoTe 3ajaue Jisl eIy T0YKOB.
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Pucynok 3.3 - Bekrop-anekrpokapanorpamma komruiekca QRST,
MIOCTPOSHHAsI B TOJISIPHBIX KoopauHatax D(q)

3aBucUMOCTh BekTOpa D OoT BpemeHH, mocTpoeHHas mo Gopmyiie
(3.16), noka3zana Ha pucyHke 3.4. IIpMHATO, YTO B MOMEHT BPEMCHH
t,=64 Mc nukinmyeckas yactora BpamleHus BekTopa [I990I'C wt,=29
pan/c. OtHomrenue R/L npuHSTO paBHBIM 6 c-1. B 3THX yCIIOBUAX ITUKI
QRST cocrasnser 360 mc. M3 pucynke 3.4 BuUAHO, 4TO BekTop D
CHauaja pacTeT, a 3areM mnajgaeT g0 HyJsd, 4YTO OTpa)kaer
JNETOJIAPU3ALIMIO KEITYA0UKOB. [locne 3TOoro OH MEHSAET CBOW 3HAK, U
MOCJIEAYIOIIEE €ro U3MEHEHUE OTPAXKACT PENOJISIPU3ALINIO JKEITYI0YKOB
cepata.

D,10° Am
3

RIVARN
7

o} N

o N

Pucynok 3.4 - Pacder 3aBUCHMOCTH AUMOJIBHOTO MOMEHTA
UHTErPAIIbHOTO AJIEKTPUYECKOr0 BEKTOPA CEPALIA OT BPEMEHU
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Ha pucynke 3.5 mnokazana wMoaenbHas JuHeiHas OKI,
MOCTPOEHHAs 10 popmyJie:

U(t) = U,D(t)cosq, (3.17)

rae npunaro U,=0,5 B/AM. Yron ¢, onpenemnsironuii mopopor BOKIT

Ha pUCYHKEe 3.2, NIl JNaHHOTO rpaduka mpuHAT paBHbIM 3,1 panm mis
oonee spkoro nposeieHus Bcex 3yomoB IKI' B unteppane QRST.

N3meHnenue €MKOCTH, UHYKTUBHOCTH u aKTUBHOTO
CONPOTUBJICHUS] KaK BCEr0 MHUOKapjAa, TaKk U OTIACIbHBIX €ro 4acTew,
KOTOPOE€ HaOJI0AaeTCs TP MATOJIOTHUU, PUBOJUT K U3MEHEHUIO (DOPMBI
u pazmepoB neresib BOKI'. Tloatomy 3amep Takux napamerpoB JII3I'C,
kak R, L, C MOKeT UMeTh TMarHOCTUYECKOE 3HAUECHHE.

U, »B
15 =
N\
1 ! L. ! :

n.s.r{ m /"F'“"“‘*H

0 §=b o
Q | S i |
-5 = :
Pucynok 3.5 - MojienbHas aeKTpoKapAuoTrpaMma Jisl dJIeKTPUIECKON
CUCTOJIBI

B 3akiodeHrEe MOKHO OTMETHUTH, UTO CEpAIe padoTaeT Ha OCHOBE
Oamanca Mexnay ¢opmol moreHnuana BomguTens putma dE/At um
U3MEHEHHEM EeMKOCTH MHOKapJla B  TIpoIlecce  BO30YKICHHSI.
[{ukInyeckre M3MEHEHUs €MKOCTH, a CIICJOBATCIbHO, U COOCTBCHHAs

gacrtora konebanunii 1991I'C w,, =1/(LC)Y? nomxkHBI coOTBETCTBOBATE

paboTe BoauTENsl puTMa. B MpOTHBHOM ciydae MPOUCXOJUT PA3BUTHE
NaTOJOTMYECKUX TPOLECCOB B CEPALIE, KOTOPHIE HAXOASAT CBOE
OTPaXECHUE HA JIEKTPOKAPIUOTPAMME.



36

Ji
5/\&\_ e
e

\\ \ ons/
\ Y

D=10" Am
Pucynok 3.6 - BekTop-anekrpokapauorpamma komiiekca QRST,
MOCTPOEHHAs B MOJISIPHBIX KoopauHaTax D(q)

[IpoekTupyst Ha JTUHUIO OTBEJACHUS NETIU pUCyHKE 3.6 (B TaHHOM
Cillydyae BBIOpPAaHO TOPHU3OHTAIILHOE HAIPaBICHHUE OTBEICHHUS), MOXKHO
MOCTPOUTH JIMHEUHYIO 2iekTpokapanorpammy (IKI') mo dhopmyre:

COSZ(G+(p)/2_TSin2(9+(p)/2
CoS @ oS @

U=KkDcos06 = (R )cos 0. (3.18)

Ha pucynke 3.6 BuHA CBSI3b MPOEKIHMHM JJIMH TJIaBHBIX OCEH
neresnb QRS u T paBHBIX cooTBeTCTBEHHO B M A Ha MUHUIO OTBEJACHUS
¢ ammutynamu 3yoroB guHeiHoit OKI' R u T. Pucynok 3.6 moctpoen

TUIA TUTAH TJIABHBIX oceit [eTenb B=20.10" AwMm,
A=B/(R/T)=0.67-10" Am. Ammmuryasl 3youos DK HOpHHATSHL:
R=1,5 mB, T=0,5 mMB.

[ukmnueckas yactora BpameHus MOB 3aBUCUT OT BpeMEHH IO
3aKOHY:

W =Wt -exp[-R(t—ty)/L], (3.19)

rae Wi, — nqukim4aeckast yactora BpameHus Bekropa J991'C B MoMeHT
BpeMeHu {,. To, 4TO JaHHOE MU3MEHEHHE YTIIOBOM CKOPOCTU (PUCYHOK
3.7) oTpaxkaeT 3KCIEPUMEHTAIIbHBIA (PAKT MOKHO KOCBEHHO CYAMTH IO
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M3BECTHOMY OTHOIIEHUID BPEMEH PENOJISPU3ALNU U JCMOJISIPU3AIUN
Kemy0ukoB. OTHOIIEHUE 3TUX BPEMEH, T.€. JJIUTENbHOCTeH 3youa [ u
koMmiuiekca QRS, nexur B nmanazone 1,3-2,7. DTo yka3blBaeT Ha
CHIDKEHHE YTIIOBOM CKOPOCTH BpatieHus Bekropa J[I3I'C.

w,c™:5Q
60 \

v
AP

\‘:h\% ta

0 02 04 ;

1 -nuKIMYecKas yacTora BpaimeHus W, 2 - 100pOTHOCTh
(QIIEKTpHUYECKOTO cepama» Q
Pucynok 3.7 - 3aBUCUMOCTD ITUKJIMYECKONW YaCTOTHI BPAIICHUS BEKTOPa
D u nooporHocTr Q OT BpeMEeHH B IPOLIECCEe IICKTPUUESCKOM CUCTOIIbI

Tax xkak w=dg/dt, To 3aBUCHMOCTH yrja TOBOpPOTa BEKTOpa OT
BPEMEHHU MOKHO HaiTH 1o hopmyiie:

g =Qoll—exp(-R(t—ty)/L)] -0, (3.20)

rae Qg =wWtyL/R — 100poTHOCTH 3KBUBAJICHTHOTO KOHTYpa B MOMEHT
BpeMeHHu 1, ¢ — yroia, moJ KOTOpPbIM HampaBiieHa rjaBHAas OCh METIU

QRS(anextpuueckas och cepama I0) (pucyHok 3.6). J1oOpOTHOCTS,
€CTECTBEHHO, HE SBIACTCS TOCTOSHHOM BEJIWYMHOM B TIpoIlecce
Kapauorukiaa. YuutkiBasg (3.19), MOXHO BHUIETh, YTO B IIpOIlECCE
AJIEKTPUUYECKON CHUCTOJIBI OHA MAJaeT 1O 3aKOHY:

Q=wL/R=0Q, exp[-R(t—t,)/L]. (3.21)
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K coxanenuro, TpaaulinoHHO 3y0el Q, U BeIWYnHA JOOPOTHOCTH
o003HavarOTCAd OJHOM OYKBOWM. DTO K€ OTHOCUTCA K 3yOiy R w
BEJIMYMHE COINpOTHBJICHUA. IlpenmosiaraeTcs, 4TO 3TO HE BBHI3OBET
3atpyaHenuii. Ha pucynke 3.7 mnokaszaHbl TIpaduKd H3MEHEHUM
UUKIMYECKOM YacToTbl W, U J100poTHOcTH (Q B 3aBUCHUMOCTH OT

BPEMEHH. ['paduku MTOCTPOCHBI U1t R/L=9 ¢! u
Qo=4,4(Wt, = QR /L =40 pan/c).

Ha pucynke 3.8 moka3aHbl 3aBUCHMOCTH JUIIOJILHOTO0 MOMeHTa D,
cos@ u nunerHoi OKI' U or BpemMeHH, MOCTpOCHHBIE MO (popmynam
(3.2), (3.18) u (3.19) s BeIIIeyKa3aHHBIX 3HaYeHHU BenmunH R, T, Q,,

R/L mpu ¢@=0 (T.e. 3JeKTpUUECKass OCh Cepjlla COBIAJAET C JUHUEH

OTBEJICHMS, 4YTO HauboJee XapaKTepHO M1 HOPMBbI BTOPOTO
CTaHJIapTHOTO OTBeJeHus1). M3 rpadukoB BUIHO, YTO MOJOKUTEIbHBIC
3HayeHus 3yO0moB R u T omnpeaenstorcss OAMHAKOBBIMU 3HAKaMHU
Benu4yuH D 1 cos@ B TO BpeMs Kak OTpHUIATEIbHbIE 3HAYeHUs 3y0110B Q
u S — pasHbiMu 3Hakamu. [lapameTpsl mogOupaIuch TakUM 00paszom,
yto0bl DKI' cooTBeTcTBOBasIa HOpMeE. Tak kak npu t=t; B cOOTBETCTBUU

c (3.20) g=¢, T0o u3 (3.18) momywaem U=R, cnenosarenpHo, t, —3T10
BpeMs JIOCTHKEHUS MakcuMyMa 3yoma R.

D.10"%Am;U,uB; cOSH

2
R
T
\ e oo é
e 1 |~
3
R
9 At 02 04 "
Aty

Pucynok 3.8 - Anaim3 ¢popmupoBanus komruiekca QRST
AIEKTPOKAPAUOTPAMMBI
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3.2 3apanue

Wcnonb3ys HCXOAHBIE JaHHbIE W3 TaOJMIBI  pPacCUUTATh,
UCIoNb3ys mporpammy Mathcad, snekTpudeckuii reHepaTop cepaiia.

1. IToctpouts rpadux D(Q) — B MOIAPHBIX KOOpAUHATAX IO JBYM
dopmynam (3.2) u (3.15). CpaBHUTE.

2. Tloctpouts rpaduk D(t) — B mpAMOYTOJIBHBIX KOOpJAWHATAX I10
dbopmyie (3.16).

3. IMoctpouts rpaduk U(t) — B IpSIMOYroJIbHBIX KOOpJIUHATAX IO
dbopmyinam (3.17) u (3.18). CpaBHUTb.

4. Tloctpouts rpaduku Q(t), Q) — B HPIMOYTrOIBHBIX
koopauHaTax 1mo popmynam (3.20) u (3.21). CpaBHUTS.

5. IMoctpouts rpadux W(t) — B IpsIMOYTrOJIbHBIX KOOPJAMHATAX 10
dbopmyine (3.12).

6. [Toctpouts Ha oxHoM rpaduke D(t), cosQ(t) u U(t) npu j=0. U3
rpadukoB onpeaenutb BpeMmeHna D(t)ors, D(t)ot, D(t)rT, D(t)R.

Homep cTpoku — HOMep BapuaHTa.



Ta6nuna 3.1 — McxoiHble 3HAYEHUS K pacueTy
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C;,Am, 107 |C,, Am,10° | PPt Mc | Wo, pa/e | R/L ¢t |K=Ug, B/A | A, Am,10°| B, Am,10° | Ry MB | T, MB
1 1,00 -1,70 2,30 [ 64,00 29,00 6,00 0,50 0,67 2,00 1,50 | 0,50
2 1,10 -1,80 2,40 [ 65,00 30,00 7,00 0,54 0,70 2,20 1,80 | 0,80
3 0,90 -1,90 2,50 [ 66,00 31,00 8,00 0,37 0,80 2,10 1,90 | 0,90
4 1,05 -1,60 2,70 [ 67,00 3050 9,00 0,46 0,90 2,40 1,60 | 0,60
5 1,20 -1,10 3,14 [ 69,00 29,50 6,50 0,67 0,65 2,90 1,10 | 0,10
6 0,98 -1,50 1,50 | 45,00 31,50 7,50 0,29 0,75 2,50 1,50 | 0,50
7 0,75 -1,40 2,60 [43,00] 28,00 8,50 0,75 0,85 2,60 1,40 | 0,40
8 0,95 -1,30 2,90 [47,00| 2850 9,50 0,87 0,95 2,70 1,30 | 0,30
9 1,03 -1,20 2,15 [ 49,00 | 27,00 6,10 0,57 0,61 2,80 1,20 | 0,20
10 1,04 -2,00 3,10 [ 51,00 27,00 6,20 0,32 0,62 2,00 2,00 | 1,00
11 1,20 -1,25 3,05 | 50,00 | 26,00 6,80 0,52 0,68 2,75 1,25 | 0,25
12 1,14 -1,56 1,57 [ 52,00 | 25,00 7,30 0,47 0,73 2,44 1,56 | 0,56
13 0,84 1,72 1,60 [ 56,00 | 24,00 7,50 0,84 0,75 2,28 1,72 | 0,72
14 0,73 -2,04 1,80 [ 59,00 | 35,00 7,90 0,73 0,79 1,96 2,04 | 1,04
15 1,11 -2,36 1,95 [ 39,00 | 36,00 8,20 0,41 0,82 1,64 236 | 1,36
16 1,17 -2,07 2,10 [32,00| 3240 8,40 0,86 0,84 1,93 2,07 | 1,07
17 1,08 -2,09 2,05 [3500| 3580 8,80 0,71 0,88 1,01 2,09 | 1,09
18 1,30 1,74 2,85 [37,00| 2820 9,20 080 0,92 2,26 1,74 | 0,74
19 1,06 -1,83 2,64 [38,00] 29,70 9,30 0,40 0,93 2,17 1,83 | 083
20 1,13 -1,94 2,43 [87,00| 30,10 6,45 0,21 0,65 2,06 1,94 | 094
21 1,05 -1,82 2,74 [89,00| 31,70 7,92 0,63 0,79 2,18 1,82 | 082
22 1,07 -2,06 2,83 [81,00| 32,80 8,12 0,69 0,81 1,94 2,06 | 1,06
23 0,94 -2,50 2,47 [82,00| 3350 9,05 0,77 0,91 1,50 2,50 | 1,50
24 0,97 -1,47 2,53 [93,00| 2940 7,53 0,51 0,73 2,53 147 | 047
25 0,89 -1,78 95,00 | 2810 | 10,00 0,60 1,00 2,22 1,78 | 0,78




