Jdexuus 2. YCTPOHCTBA ®OPMUPOBAHUA H OFPABOTKH
3BYKOBbIX CUT'HAJIOB

1. AYAUOCHUTI'HAJIBIL, UX ITAPAMETPBI 1 XAPAKTEPUCTUKH

KauecTBO 3ByuaHHs ayauoamnmnaparypbl U MNPOrPaMM 3BYKOBOTO BEIIAHUS
OLICHMBAIOT IO CIyXOBOMY BochpusTHio. [loaToMy TexHuueckue TpeOoBaHUS,
NpEeAbSABIAEMbIE K amnmapaType U KaHaly, OMNPEICsIOT IMyTeM HCCleI0BaHus
3aKOHOMEPHOCTEH,  CBS3BIBAIOIMIMX CYOBEKTUBHOE  ONIyIIEHHWE 3ByKa C
OOBEKTUBHBIMH, (DH3NICCKUMH XaPAKTEPUCTUKAMHU 3BYKA.

Boicora ToHa. OlnylieHue BBICOTHI TOHA CBSI3aHO C YaCTOTOM 3BYKOBBIX
kojebanuil. [locTeneHHOe yBENMYEHUE YaCTOThI B O0JACTH CIBIIIUMBIX 3BYKOB OT
20 po 20000 I'm BBI3BIBAET M3MEHEHUE BBICOTHI TOHA OT CaMOTO HHU3KOTO
(6acoBoro) 10 HauboJee BEICOKOTO.

M3MeHeHne BBICOTHI TOHA HAa OKTAaBY COOTBETCTBYET M3MEHEHUIO YaCTOTHI
BJIBOE.

CrplliMbIe 3BYKH 3aHUMAIOT JIMAIa30H MpuomM3uTenbHo B 10 okTas.

B My3bIKke UCTIONIB3YIOT CUTHAJBI, HAUKMHasA ¢ 1moixyToHa. [lomxyron pasen 1/12
OKTaBbl U COOTBETCTBYET U3MEHEHUIO 4acTOThI B 1,054 paza (Ha 5,4%).

I'pomkocTs 3Byka. OulylnieHHE TPOMKOCTH 3BYKa CBS3aHO C aMIUIMTYIOM
3BYKOBOT0 KosieOanusi. KpoMe aMIiuTy ibl, T[pOMKOCTh 3aBUCHUT OT:

- YacTOThI KOJICOAHHS;

- JNIATEJIbHOCTU BO3JICHCTBUS 3BYKA;

- YyBCTBUTEJIHHOCTHU CIyXa K BOCIPUATUIO 3BYKOB Pa3HBIX YaCTOT.

YyBCTBUTENBHOCTh ClIyXa MakcuMaibHa B oOnactu yactor oT 500 mo 5000
I'm.

[Ipu qUTENHHOM BO3JIEUCTBUU TOHA TPOMKOCTH HECKOJIBKO YMEHBIIIAETCS.

B coorBerctBUM ¢ mcuX0(U3MOIOTUYECKUM 3akoHOM Bebepa-DexHepa
IPOMKOCTh HaxOJWUTCS HE B TNPSIMOM, a MNpUMEpPHO B JorapupMUYECKON
3aBUCUMOCTH  OT  aMIUIMTYAbl  CUTHaJa. OJTO  OOYCIOBWJIO  BBEJCHUE
JorapuMUYECKUX TITKaJ.

[TonsiTHE ANIEKTpUYECKOTO YPOBHS (B IennOenax) BBOJAAT COOTHOIIICHUEM:

N =10Ig &,
R
rae Py u P, — cpaBHUMBaeMble 3HaUECHUS DIIEKTPUUECKON MOIIIHOCTH.
DTO BBIpaKEHUE MOXKHO 3aMEHUTH KakK

N =20Ig 2.
1
Ecou P; u P, , U; u U, — nmpousBoJibHbIC BEIUYUHBI, TO YPOBHU HA3bIBAIOT
OTHOCUTEJIbHBIMU JIEKTPUYECKUMH.
Ecnu Hynp IIKaIbl SJIEKTPUYECKUX YPOBHEH COOTBETCTBYET MOIIHOCTH
Py =1 MBTt, TO onpenenennbie TakuM 00pa3oM YpOBHH Ha3bIBAIOT aOCOIMIOTHBIMU
anekTpudeckumu. [IpuHsAB conpoTuBieHue Harpy3ku paBHbiM 600 Om, moxyyum



3Ha4YCHUC HaITpsI’KCHUS, COOTBCTCTBYIOLIICC HYIIIO IIKaJIbl a0COJIFOTHBIX

snexTpuueckux yposreii, U, =+107°-600 = 0,755 B.

AOCOIOTHBIN IEKTPUUYECKUN YPOBEHD B JiennOenax

P
N, =10lg - =20Ig Y.
0 U 0
Benununnsl MoiHOocTH ObIBatOT OoJibiiie v MeHble PO. [TosToMy abcomtoTHbIE
ANEKTPUUYECKUE YPOBHU OBIBAIOT MOJIOKUTEIBHBIMU U OTPULIATEIIBHBIMH.
JAuHaMu4YecKuil aMANa3oH ayauocurHasia. /[[imda onpeneneHus NOHATHUS
JWHAMHYECKOr0 JHalla30Ha HEOOXOAUMO BBECTH ITOHATHE KBa3MMAKCHMAJIbHOTO U
KBasUMUHUMaIbHOTO  HampspkeHui.  Keasumakcumanohuvin (U yae)  OyZIeM
Ha3bIBaTh TAKOE 3HAUYCHUE, BEPOSITHOCTH MPEBBIIICHUS KOTOPOTO JOCTATOYHO MaJia
0,01...0,02 (P(U > Ug vare) < 0,01+0,02), a xeazumunumanrorvim (U ) — TaKoE,
BEPOSITHOCTh MPEBBIIIEHHUS] KOTOPOro, Ha000poT, JoctatoyHo Benuka 0,98...0,99
(P(U > U ) = 0,98+0,99).
Toraa AMHaMUYECKU UANAa30H JIEKTPUUECKOr0 ayAMOCUTHaJIa

DC — 20|g U K6.MAKC — 20|g U KLBJ.MLZKC _ 20'9 U K6.MUH _,

K6.MUH 0 0

rae Uy = 0,775 B (nanpspkenue Ha R = 600 OM, Ha KOTOPOM BBIAEIE€HA MOITHOCTD
1 MmBT).

JlnHaMU4eCKU AUana3oH pa3juyHbIX BUJOB ayJIMOCUTHAJIOB COCTABIISIET OT
25 nb nns peun aukropa, 10 118 nb — g pok-my3bIKH.

Muk-dpakrop. PaszHocth Mexay KkBasUMakCUMAIBbHBIM — (Nigyae) U
ycpenHeHHbIM (Ng,) 3@ JUIMTENIBHBIA IPOMEKYTOK YPOBHSAMHM Ha3bIBAIOT IIHK-
dbakTopom:

I1=N —N

Ke.MdaKc cp

[Tuk-dakTop Mokas3bIBaeT, HACKOJIBKO HMKE CPEIHUM YPOBEHB 10 CPABHEHUIO
C €ro KBa3MMAaKCUMAaJIbHBIM 3HaueHueM. J[Jisi My3bIKaJbHBIX CUTHAJIIOB OH MOYKET
nocturath 20 nb u 6osee, a 171 pedeBOro curHasia B cpeiHeM coctasisieT 12 ab.

KpoMe  jauHamMuueckoro  Juama3oHa CHUTHaJla  HEOOXOJAMMO  3HATh
JMHAMUYECKUM TUarna30oH KaHaja nepeiadyn Wiv TpakTa annapaTrypsl Dy

D, =20lgYror — (AN, +AN, )

U

w

D. 3aBucut ot ypoBHs mymoB (Uy) B TpakTe U OT HOMUHAJIBHOTO HAMPSKEHUS
(Uson).
AN; — ypoBeHb NepekphITHs MOMeX U 1IyMoB, Ab (00b4HO okoJio 20 1b).
AN, — nonyck Ha nieperpy3ky (3...6 nb).
JIns HeMcKaXeHHOM 3ByKoIepeauyu HeooxoaumMo, utodsl D > D...
B mpotuBHOM cityuae mpuxoautcs ckumath D, (06paboTka curnana).
Ayanocursai, COOTBETCTBYIOUIUI peUr WM MY3bIKE, U ITepeaaBaeMblil 110
LEMSM 3BYKO3aIIMChIBAIOIIEH U 3BYKOBOCIIPOM3BOASAILIEH anlapaTyphl, a TAKXKe



O LIETSIM CUCTEM 3BYKOBOTO U TEJIEBU3MOHHOTO BEIIAHUS, IPEJICTABISIET COO0M
AIEKTPUYECKUI CUTHAI, U3MEHSIIOUIUIICS CitydailHbIM 00pa3oMm. T.e. 310
CJIydaiiHbIH Mpolece, 3eKTPUIECKUE BETMUMHBI KOTOPOI'O HEPEPHIBHO
U3MEHSIOTCS BO BPEMEHHU.

Ecnu npuHATh, 4TO pacnpeeseHue ypoBHEN AIEKTPUUECKOTO
ayJMOCHUTHaJIa BO BPEMEHHU NOTUHHsIETCs 3aKOHY ['aycca, To OTHOIIEeHHEe
cpenneil MomHocTH (P,) curnana k kBa3suMakCUMaIbHOHN (P vaxc) MOKHO
HAWTH U3 BBIPAKCHUSA:

P 015D, ,
LT =exp| 015D, 1——5—5 ||| D| Z

) ¢ V7

KE_MAKC =™ maxc |, “ MUK “ AN

0,115D,

M =

1718 Zyaxe = (N axe /0) = 2,05; (mns BepositHocTHr 0,02);
Zyun = (N /0) = -2,05; (mns BepositHOCTH 0,98);
G — CpPEeIHEKBAAPATHUECKOE OTKIOHCHHE,
®(X) — 3HaUeHHE UHTErpajia BEPOATHOCTEH.

W3 BbIpaXkeHUs cIexyeT, 4To OTHOIEHHE Py, /Py yviaxe 3ABUCHT TONBKO OT
3HaueHus D, 1 OT 3aJaHHBIX BEPOSTHOCTEH MPEBHITIICHUS KBa3UMaKCUMaILHOTO
(Nyg.maxe) ¥ KBa3UMHHUMATBHOTO (N \uw) YPOBHEH, OIIPEIEISIONINX
HOPMHUPOBAHHBIE OTKIOHEHUS Z e U Ly
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Pucynok 1.1 — Otnomenue P, /Py vaxe



3aBUCUMOCTh U3MEHEHHUSI YPOBHEU MOIIHOCTU ayJUOCUTHAIOB OT
JAMHAMHYECKOTo quana3oHa Pey/P vaxe = f(D.), momydeHHas ¢ moMomIbIO BhILIE
MPUBEACHHOTO BhIpAXEHUS, N300pakeHa Ha pucyHke 1.1.

Hns D= 20...40 nb, Pcy/Py vaxe B3MeHsETCA B ipenenax 0,053...0,155, T.e.
cyiiecTBeHHO MeHbIie 1. [Ipu yBeaudennn D, 3TO OTHOIIICHHE €Ille MEHBIIIC.

Ctonp Manioe OTHOILIEHHE CPEIHEN MOIIHOCTA K MAaKCUMaJIbHON
CBUJIETEIIBCTBYET O TOM, YTO PEKUM HOMUHAIBHON MOIITHOCTH IOCTUTAETCS
JUIIb B TCUCHHE HE3HAUUTEIIBHOM YacTH OOIIEro BpeMEHU Niepeauu. ITo
CJIEIyeT YYUTHIBATh IPU pa3padOTKe anmnaparypsbl.

1.1 AyanocurHaJj Kak cJry4aiHbIi mpouece

Ay,Z[HOCPIFHaJIOM Ha3bIBACTCA KOJ'I€621HH€, COOTBCTCTBYIOIICC PCUN, MY3BIKC
WA JPYT'UM 3BYYaHUAM B JHAIIA30HC 3BYKOBLIX (CJ'IBIIHI/IMBIX) qaCToOT.

3ByKOBOE KoJIeOaHuE, MEPEIaBaeMOoe 0 PA3IMYHBIM IIETsM (3BYKO3aIuCH,
3BYKOBOCIIPOU3BEIEHUS, 00pabOTKHU curHaia, TpaktaMm 3B u TB Bemanus)
MPEICTABIISIET COOOM IIEKTPUUECKUN CUTHAIL.

DJIEKTPUYECKHUM ayIMOCUTHAJ SIBJIAETCS CIIyYalHBIM IPOLIECCOM.
['padrueckn oH MOKET OBITh M300paKEH COBOKYIMTHOCTHIO peanu3aliuii
(oTpe3koB) ciayyalHbIX PyHKIUH. Eciu kakaas U3 HUX €CTh U3MEHSIOLIEE BO
BpeMeHu t HanpspkeHue U 3a onpeeneHHblid nHTepBai Ha0moaenus Tyy, TO
3aBUcUMOCTh U(t) IpUHATO Ha3bIBATh KPUBOM U3MEHEHHSI MTHOBEHHBIX
3HAYCHUH ayAMOCUTHAJIa BO BpeMeHU (pUcyHoK 1.2, a).

YPpOBEHb ayIMOCUTHAJIA XapAKTEPU3YET CUTHAII B ONIPEICIICHHBIN TEKYIIUN
MOMEHT BPEMEHU U MPECTaBIsIET COOOM BBIPAKEHHOE B AeIOenax
BBIIPSIMJIIEHHOE U YCPEIHEHHOE 332 HEKOTOPBIN MPEIIIECTBYOIIUN IPOMEKYTOK

BpeMeHH HamnpsbkeHne curnana U (t) (deprta cBepXy o3Ha4aeT OIeparuo

YCPEIHEHUS BO BPEMEHH, t; — MOMEHT BPEMEHH ), OTHECEHHOE K HEKOTOPOH

o U
ycnoBHo# Benmunne Uy, T.e. N, (t,)=20lg #
0
3neck Ny(t1) — ypOBEHB 3JICKTPHUECKOTO 3BYKOBOT'O CHTHAIA B MOMCHT
BpPEMECHU t;.

AHAJIOTUYHO MOKHO ONPEICIINTh YPOBeHb Ny (f) B MOMEHT BpeMEHH t; U
T.J.

Teopernuecku HanboJiee MPOCTO YCPETHATH MTHOBEHHOE 3HAUCHHE
BBITIPSIMJICHHOTO HAMPSDKEHUS C TTIOCTOSTHHBIM BECOBBIM KOA(DPHUITEHTOM.
MatemMaTH4ecKy 3Ty OIepariio MOYKHO 3aIKucaTh (11 MOMEHTA t;):



U)=2 Ui,

t-T

3OT0 BBIpaKEHHUE JACT CpeaHee 3a BpeMs T 3HadeHne MOAYIs PyHKIIMU
U(t), mprueM BceM BhIIPpsAMIICHHBIM 3HadeHusIM U(t) mpumnuceiBaeTcs OUH U
TOT K€ OTHOCHUTEJNBbHBIN Bec, paBHbIN dt/T B uaTepBane t;— T...t; (T — uaTepBaN
YCPEIHEHUS) U HYJIFO BHE TOr0 MHTEpBaja (IITpUX JUHUS Ha pUcCyHKe 1.2, 0).

TouHo Taxke MOKHO Haiiti U (t,) u T.1.

T.x. AYANOCUTHAJ ABJIACTCSA HCCTAINOHAPHBIM CﬂyqaﬁHLIM Imponeccom, To

noxy4eHnsle 3HaueHus U (t),U (t,),..,U (t,) okaxyTcs pa3HBIMH, U MBI HOIyYHM

3aBUCUMOCTbh HU3MEHEHHUS BO BPEMEHHU CPEIHETO 3HAYEHUS BBIIPSIMIIEHHOTO
HanpspkeHus (pucyHok 1.2, B). @opMa 3TOl 3aBUCUMOCTH ONPEEIIAETCs
O0COOEHHOCTSIMU CaMOT'0 CUTHajla U BHYTPEHHUM UHTEpBajoM ycpeanenus. [lpu

T—0 3aBucumMocts U (t) u |U| coBmamarot. U (t) TeM MEHbIIE MEHSAETCS BO

BpeMeHH, yeM Ooubiie T.
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Pucynok 1.2 — K NOHATHIO 3JEKTPUYECKUN ayIMOCUTHAI



Ecnu cymecTByeT MUHMMaNbHBIN HHTEpBal ycpennenus T = Ty, mpu
JOCTHKEHHH KOTOPOT'O CPEHEE 3HAYEHUE BBIIPSIMIICHHOIO CUTHAJIA HE 3aBUCUT
OT BPEMEHHU, T.€. €ciu npu T=T, BeIIONHIETCS

U(tl):U(tZ):---:LTtn)

TO TaKOM CHUT'HAJI Ha3bIBACTCS CTallMOHAPHBIM, 4 3HAYCHHUC To — €T'0 UHTCPBAJIOM
CTAlIMOHApPHOCTH.

1o cBOEM CTPYKTYpE ayAMOCHUTHABI SBJISIFOTCS HECTALMOHAPHBIMU
CIIy4alHBIMH MPOLIECCAMMU.

I/IHOFIIa YCJIOBHC BBIIIOJIHACTCA, HO HHTCPBAJI To cocTaBjser 2...3 MMHH.,
IMpHUYCM 3HAYCHHC TO AJI1 pEUYCBBIX CUTHAJIOB MCHBIIIC, YEM IJIS MY3bIKaJIbHBIX.

Takue ycTpoiicTBa MpeaHAa3HAYEHBbl JJIsI TPUBEICHHUS TEXHUYECKUX U
TBOPYECKUX IMApaMETPOB 3BYKOBBIX CHTHAJIOB K HEKOTOPOW (opme, MPUTrOAHOU
JUISl pELIEHUSI TEXHUYECKUX U TBOPUECKUX 3aau.

[Ton o0OpabOTKOW 3BYKOBBIX CHUTHAJIOB IOHHUMAETCS LEIEHAPABICHHOE
BO3JICIICTBUE HA 3BYKOBOM CHTHajJ, NpPU KOTOPOM JIOCTUTaeTcs TpedyeMoe
U3MEHEHUE MCXOAHOW 3BYKOBOM wuHpopmaumu. [Ilpm 53TOM  H3MEHEHUIO
nojaBepraroTcss Bce Xapaktepuctuku 3C — cHekTpaibHble, JUHAMUYECKHUE,
BPEMEHHBIE U CTPYKTYPHBIE.

[Ipu oOpabotke 3C MOryT pemarbcs Kak YHUCTO TEXHUYECKHE, TaK U
XYJI0KECTBEHHBIE 3aJa4H.

K mexnuueckum OTHOCATCA 3aJadyd TaKOro W3MEHEHHsS 3BYKOBOU
uHhoOpMaIuU, TP KOTOPOM JIOCTUTAETCS HaWJIyylllee TEXHHUYECKOE KaueCTBO
3BYy4YaHUs MPOTPaMM B MPOLIECCE 3aMKCH, BOCIIpon3BeAeHus u nepenaun 3C. 1o —
KOPPEKLHUS HUCKa)XEHUM, NOAABJICHUWE IIYMOB, COTJIACOBAHUE JAMHAMUYECKOTO
nuranaszona 3C ¢ 1uana3oHOM MPOIMYCKaHWs 3ByKOBOT'O KaHaa.

3agaueit xydooicecmeennol OOpaOOTKU SABJISICTCS WM3MEHEHHE XapakTepa
3By4YaHUs MY3bIKU U peud. Croia OTHOCATCA U3MEHEHUE CIIEKTpa U €ro JUHAMUKH,
noa0o0p ONTUMAIBHOTO COOTHOHIeHUsT Mexay 3C npu HX CyMMHUPOBAHUM,
U3MEHEHUE CTPYKTYpbl M BPEMEHHBIX XapaKTEPUCTHK CHUTHaja (IIMTEIbHOCTU
3BY4YaHUs, TOHAJIBHOCTH), a TAKKE CUHTE3UPOBAHKUE, (POPMUPOBAHUE U HATOKEHUE
cneruanbHbix  3C  (peBepOEpallMOHHOTO CIEKTPa, MY3BIKAIBHBIX CO3BYYHH,
HMCKYCCTBEHHBIX CHUTHAJIOB IIYMOBOIO W MPUPOJHOTO XapaKTEepPOB), YaCTOTHAs
MOIYJISIMS, MOAyJsanus ¢asbl, crepeodoHrnyeckas oOpaboTka C U3MEHEHHEM
IIUPUHBI U TIIYOWHBI CTEPEONaHOpPAMbl, HAMPABICHUE HA KAXKYIIHICS HWCTOYHHK
3BYKa.

JInst XyJTO)KECTBEHHBIX (B T.4. M MY3bIKQJIbHBIX) CUTHAJIOB TJIABHOW 3a7adeid
00paboTKM siBisieTCst oOecreueHne o0Iero BHICOKOTO KauecTBa.

J171st peyeBbIX CUTHAIOB — o0ecreueHrne pa30opUMBOCTH pPEUH.



2.1 Knaccuduxanusi BUa0B 00padoTKu (B 3aBUCHUMOCTH OT H3MEHSIEMOT0
napamMeTpa CMrHaJja)

1. Jlunamuueckas oOpaboOTKa WM MO YPOBHIO CUTHAJIA.

2. YacrtoTHas 00paboTKa WM MO CIIEKTPY CUTHAJIA.

3. Bpemennas o6paboTKa.

4. lllymomomaBnenue u criedPexTol.

Bce Buap1 00pabOTKH MOKHO pa3eiHTh Ha JUHelHble U HelUHeliHble.

Henunelinas oO0pab0oTKa BHOCUT B CIIEKTP CHUTHaja COCTABIIAIOIINE, KOTOPHIX
paHee TaM He OBLIO.

Jluneiinass 00paOOTKa M3MEHSET TOJBKO KaKHe-IMOO MmapameTpbl BXOJHOIO
CUTHaja, HO He BHOCUT HOBBIX YaCTOTHBIX COCTABJISIONINX.

2.2 JInnamMu4yeckasi 00padoTKa CUTHAJIOB

[lon nuHamuyeckoil 0OpPaOOTKONM CUTHAJIOB TOHHUMAIOT 0OpaboTKY,
CBSI3aHHYIO C U3MEHEHHUEM TMHAMUYECKOTO JTUANa30Ha CUTHAJIOB.

Junamuyeckass o0paboOTKa OCYIIECTBIISIETCS PYYHBIMH M aBTOMAaTUYECKUMHU
peryiasTopamMu ypOBHSI.

Py4dHble perynsiTopbl UCTIOIB3YIOTCS JUISl CKATHUsI IMHAMUYECKOTO JThara3oHa
CUTHAJIOB 3BYKOPEKHUCCEPAMHU.

OpHako BpeMs peakiliy 3BYKOPEXKHCCepa HE MEHee 2 C, YTO TPUBOIUT K
MOTPENTHOCTH B TOJJCP’)KAaHUA MaKCHMAIBHBIX YPOBHEH MY3BIKAJILHBIX TTPOTPaMM
10 + 4 1b OTHOCUTENTEHO HOMUHAIIBHOTO YPOBHS.

[ToaToMy co31aHO OOJBINIOE YUCIIO PA3TUYHBIX YCTPOHUCTB aBTOMATHYECKOM
00paboOTKH YPOBHEN CUTHAJIOB — aBTOPETYIsTOpOB ypoBHs (APYP).

ABTOMATHYECKHE PEryJsitTopbl YPOBHSl. ABTOMAaTHYECKHE PETYJSITOPHI
ypoBHsI (APYP) mmpoko mNpuMEHSIOTCS B pPaJMOBEIIAHUN W TEICBUICHUM IS
oOecrieyeHus: BICOKON cTaOUIbHOCTH YPOBHEM.

Haznauenue APYP:

1) noJIep)kaHNe HOPMHUPOBAHHOTO 3HAYCHHUS KBAa3WMaKCHUMAaJIbHBIX
YPOBHEW;

2) 3allliTa  TPAaKTOB  3alMMCHM W BEIIAHUS  OT  IEPErpy3Ku
(mepemMoaymsILuMN );

3) MOBBINICHUE CPEIHEH MOIMHOCTH CUTHAJIOB U  Pa300pUYUBOCTH
pEUEBBIX TIEpeiay;

4) YMEHBITICHUE IITYMOB U TIOMEX;

5) COTJIaCOBaHWE JUHAMUYECKUX JUAMa30HOB CHTHajla U TPAKTOB

BEIIAHUS U 3aIUCHU-BOCITPOU3BEICHUS.
[TosTomMy oueHb Benuko uuciao TunoB APYP B 3aBucuMoCTH OT Ha3HAYEHUS.
PaccMmotpum paznuunbie Tl APYP.

be3biHepUHOHHbIE OIrpPaHUYUTEH YPOBHSI (MHKocpe3aTesb). B Takux
OTPaHUYUTENSAX YPOBHS OIrPAHUYEHUIO MOABEPrarOTCs MIHOBEHHbIE 3HAUEHHUS



CUT'Hala, IPEBBIIIAIOIIAE HEKOTOPOE 3aJaHHOE MOpPOroBoe 3HaueHue. Ilpu stom
u3MeHsieTcsi (opma CUTHaja, ¥ TOSIBISIOTCS OOJIbIIME HEJTUHEHHBIE MCKaXKEHUS.
[lopTOMy Takuhe OrpAaHUYMTENIM HE HCHOJB3YIOT CaMOCTOATENIBHO, a Kak
JOTIOJTHUTENbHBIE 3JIEMEHTHI (MMHUKOCpe3arenu), ycTaHaBiuBaembie B APYP
WHEPLHUOHHOIO TUIIA.

[Iukocpe3arenn HE MO3BOJSAIOT CUTHANy Ha BbIxoAe APYP mHepunoHHOrO
THUIIa TPEBBIIIATE HOPMUPOBAHHOE 3HAUEHUE cUTHaNa Oenee, ueM Ha 1,5 ab. Xots
[P 3TOM BO3HUKAIOT HEJIIMHEHMHBIE MCKAXEHUS, HO OHU HE OLIYLIAIOTCS, TaK KaK
JUIMTEJIbHOCTh TMKOB cpadaTbiBaHus He npeBbimaeT 1 Mc. Ha pucynke 2.1 noka3an
IIPUMEP CXEMBI TAKOI'O OIPAHUYMUTENS U HAIIPSKEHUSI HA €70 BBIXOJIE.

NHepunoHHbIE aBTOPEryJsTOpPbl. OTO TAKHWE YCTPOWCTBA, y KOTOPBIX
U3MEHEeHHEe KO3 (UIMEHTa Mepeaadyrd MPOUCXOAUT HE cpa3y Mocie U3MEHEHHS
CUTHAJIa Ha €r0 BXOJIE, 4 C HEKOTOPBIM 3aMEJIEHUEM BO BPEMEHHU.

Oo6mieit uneerr Bcex APYP wuHeplnMOHHOTO THIA SIBISETCS YIIpaBJICHUE
KO3 PUIIMEHTOM TIepeiaun PeryysiTopa peajibHbIM CUTHAJIOM, MOCTYMAOIIUM Ha
ero Bxonx (pucyHok 2.2). Iloatomy mwo6oit APYP wuneprmonHoro twuma,
000011IeHHAas CTPYKTYpHAsi CXeMa KOTOPOro MPUBE/IEHAa Ha PUCYHKE, COJIEPKUT KaK
MHUHHMYM JIBa KaHaja — OCHOBHOW U KaHaJ YIPaBJICHUSI.
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PucyHok 2.1 — CxeMa orpaHumTeNs U HAaPSIKEHNE HA €T0 BBIXOJIE
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Pucynok 2.2 — APYP uHepimoHHoOro turna

B cBo1o ouepenb, CUTHa Ha BXOJ KaHalla yIpaBJ€HHUS IMOCTYMaeT ¢ BXoAa
WIN BBIXOJla yCTpoilcTBa. B 00omx ciydasix cucTeMa peryjJupoBaHUS SIBISETCS
3aMKHYTOM.

Jns  ouenku wuHepuuoHHocth APYP BBeaeHbl JBE AMHAMHYECKHUE
(BpeMEHHbBIE) XapaKTEPUCTUKHU:

- cpaOarbiBaHus (YCTaHOBJICHUSA);

- BOCCTaHOBJICHMUSI.

CpabaTrbiBaHHeM TIPUHATO CYWTATh PEAKUUIO  aBTOPETYJIATOpA  Ha
YBEIIMYECHUE YPOBHS CUTHAJIA, 3 BOCCTAHOBJICHHEM — HA €r0 YMEHBIIICHUE.

Bpems cpadarbiBanusi — t;, — 5TO MHTEpBaJI MEXIy MOMEHTOM, KOTa OT
MCTOYHUKA HAUMHAET MOAaBaThCsl CUTHAJ C YPOBHEM Ha 6 b BbIllle HOMUHATILHOTO
3HAQYEHUSI, © MOMEHTOM, KOIJla BBIXOJHON ypOBEHb YMEHBbIIUTCSA ¢ 6 10 2 nb no
OTHONIEHUIO K HOMUHAJILHOMY 3HAYeHHIO (PUCYHOK 2.3).
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Pucynok 2.3 — CpabaTteiBanue u BoccTaHoBiaecHUEe APYP

Bpems BoccTaHoBJIeHUA — t,,c — 9TO MHTEPBAJ BPEMEHHU MEXKIY MOMEHTOM,
KOI/Ia YPOBEHb CHUTHaJAa OT HWCTOYHMKA CHMXKaerca ¢ 6 n1b 10 HOMUHAIBHOIrO
3HaueHusi 0 1b, ¥ MOMEHTOM, KOT/Ia BBIXOJIHOW YPOBEHb YBEIMYMBACTCSA OT -6 10
-2 1b 10 OTHOIIEHHWIO K HOMHUHAJIbHOMY 3HAUYECHUIO.

Bbibop IMHAMHYECKMX TapaMeTpOB  aBTOPETYJIATOPOB  OMNpelesseTcs
Ha3HaueHUeM KOHKpeTHoro tuna APYP u npaktruueckumMu cooOpa>keHUsIMH.

Hampumep, I 3alIMTBI OT IEPErpy30K TEOPETUYECKH tg, TOJDKHO OBITH
O0eckoHeYHO MasibiIM. OJHAaKO MPAKTUYECKH 3BYKOBBIE CHUTHAIbl HApacTalOT HE
MTHOBEHHO, a 3a 6120 mc mis peuwn; mis ckpunku — 80+120 mc. Ha cmyx
HEJIMHEWHbIE MCKaKEHUS UMITYJIbCOB Kopoue 10 Mc He omurymaroTcsi (CBOMCTBO
ciyxa). [ToaToMmy A orpaHuyuTeNnel ypoBHs

t, =0,5...1 mc

Bpems BOCCTAaHOBIEHHsS OTpAaHMYMTENIEW YpOBHSA M3  IMPAKTUYECKHUX
cooOpaxeHui t,,. = 1,5 McC

Orpanunyuresn ypoBHsl. OTO Takue uHepuuoHHble APVYP, y koTopbIx
KO3 PUIIMEHT mnepenayn OCTaeTCs IMOCTOSHHBIM /10 HEKOTOPOro IMOPOroBOrO
3HAQ4YEHUS BXOJHOIO CUTHAJIA, @ 3aT€M HAYMHACT YMEHBIIATHCSA MPONOPLHOHAIBHO
YBEJIMYEHHIO YPOBHS BXOJHOIO CUTHaNa (PUCYHOK 2.4).
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Pucynok 2.4 — KoagpuuueHTt nepenauu u aMIuIMTyIHAsL XapaKTEPUCTHKA
WHEPLUHUOHHOT'O OrPAHUYUTENS

Jlis orpaHMYMTENEN ypOBHS HOPMHUPYIOTCS JMana3oH orpaHudeHus D, u
CTeNeHb NpeBbIlIeHus d.

Dorp = NBX.MaKC - NBX.HOM >20 I[B

d = NBBIX.MaKC - NBI)IX.HOM <1 I[B

OrpaHuuuTens COCTOMT M3 OCHOBHOTO KaHalla M KaHajla YIIPaBIICHHS
(pucyHoK 2.5).
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Pucynok 2.5 — CxeMa HHEPIIMOHHOTO OTPaHUYUTENS
OCHOBHOM KaHaJl BKJIOYAET BXOAHON U BbIXOAHOU ycunutenn Y3U; u Y34y,
a TaKXke peryaupyembiii sneMeHT PD. B kaHan ynpaBieHuss BXOAST yCUIUTEIb
V34;, nerexrop ;, uaterpupytomas uens VI u ycunuTens MOCTOSIHHOTO TOKa
VIIT.
[Toka Ha BXOJ€ OrpAaHUYUTENS HANPSHKEHUE MEHbIIE HOMHUHAIBLHOIO
3HAYCHMS, HANpsDKEHWE Ha BbixoAe Y3U3 MEHbIIE 3anuparoiiero OMOpHOro



HanpspkeHus: Uy, 1 AMOABI JEeTeKTopa 3aKkpbIThl. KaHnan ynpaBieHus He padoTaeT u
OIPaHUYUTENb — B PEKUME YCHIICHHUSL.

Korga BxomHoe HampshkKeHHE TPEBBIIACT HOMHMHAJIBHOE 3HAUYCHHE,
Upx > Upypon HampsbkeHue Ha Bbixoge Y3Us ctanHoButrcs Oosbiie onopHoro Uy,
IUOJbl JeTeKkTopa otnupatorcss U uepe3 YIIT ympammistomee HampsbkeHHe
IOJIAETCSl Ha YIPABIIOIIMN BXOJ peryiaupyemoro anieMeHta PO. W yem Oosbiue
HaNpsHKEHHUE HA BXOJIE OTPAHUYUTEINS, TeM A0 OOJBIIEro HANPSIKEHUS 3apsKaeTcs
KOH/ICHCATOp HMHTETPUPYIOMIEH LIEM M TeM MEHBIIE CTAaHOBUTCSA KOd(HIMEHT
nepenaun K perynupyemoro sjnemMeHTa U BCEro OTpaHUYUTENS B LEJIOM (PUCYHOK
2.4).

C pocToM BXOJHOTO HAMPSOKEHHS 3a MOPOTOM cpaldaThIBaHUs KOIPPHUIMESHT
nepefayd  OrpaHUYMTENs] ~ HAYMHAeT  yMEHBIIAThCS ~ NPUMEPHO IO
TUIEpOOTMYECKOMY 3aKOHY, M 3a CYeT OJTOr0 HamnpsKEHHWE Ha BBIXOJE
OTPAaHUYUTEIIS OCTAETCS IOYTH MOCTOSIHHBIM.

Numx.: AB

Orpanuyurens

/JI Asrtocrabunusarop

N\

Nex.som Nox., AB
PucyHok 2.6 — AMIIIMTYAHBIE XapAKTEPUCTUKHU

ABTOCTa0MIM3aTOP YpOBHsA. [IpenHaszHadyeH s cTabuiv3auu ypoBHEU
BEIIATEIbHBIX CHUTHAJIOB, YTO HEOOXOAMMO /i BbIPAaBHUBAHUA TPOMKOCTH
3By4aHUs OTACNbHBIX (parMeHToB. [lpuHIMm npelcTBUsS aBTOCTAOMIM3aTOpa
aHAJIOTUYEH NPUHUUITY AEUCTBUS orpaHuyuTens. OTiWyue 3aKiI4acTcs B TOM,
YTO YpPOBEHh HOMHHAJIBLHOTO BBIXOJHOTO HAMPSDKEHUS aBTOCTAOMIM3ATOpa
MPUMEPHO HA 5 1b MEHbIIE HOMHUHAIBHOTO BBIXOAHOTO YPOBHSA (Npyxnon = 0 1B) B
TO BpeMsi Kak y orpaHuuutens Nywon = 0 ab (pucynku 2.5, 2.6). Hpyrue
3HAYCHUSI UMEIOT U JJUHAMHUYECKHE MMapaMeTpBhl.

Komnpeccop (cxxkummaresb). DTO yCTpoMcTBO, KOA(DPUIMEHT Tmepenayu
KOTOPOTO BO3pPACTAET IO MEPE YMEHBILICHUS] YPOBHSI BXOJIHOTO CUTHaJIa (PUCYHOK
2.7). lelicTBre koMmpeccopa NpUBOJIUT K:

- TIOBBIIICHUIO CPeHEN MOIIHOCTH CUTHAJIA,;

- TIOBBIIICHUIO TPOMKOCTH 3BY4YaHUs1 00pabaThIBAEMOTO CUTHAIIA;

- CKATHUIO JUHAMUYECKOI0 IUarna3oHa CUrHania.

Paznuyatot peueBbie U My3bIKaJIbHbIE KOMIIPECCOPBI.
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Pucynok 2.7 — AMIITMTYyAHAs XapaKTEpUCTHKA KOMIIpECCopa

B peueBbie KOMIIpECCOPBI BCTPAUBAIOTCS MTOPOTOBBIE IITYMOIIOJABUTENHN IS
CHWKECHHUS LIIYMOB B I1ay3ax Iepeaayn.

[IapameTpsl KOMIIpeccopa.

1. JlunamazoH cxKaTusl WK TUHAMUYECKHUI AUara3oH M0 BXOAY

Dc>1< = NBX.HOM - NBX.MI/IH

2. JluHaMW4YecKuil 1ramna3oH 1Mo BBEIXOTY

d= NBLIX.HOM - NBBIX.MI/IH

3. CremeHpb cxxaTUsi KOMIIPECCOpa — Pa3HOCTh TUHAMUYECKUX TMANa30HOB
10 BXOJY Y BBIXONY

d' =D —d.

CTpyKTypHasi cxeMa pe4eBoro KoMIpeccopa ¢ LyMonoaBurTeaemM

[TapameTpsl Takoro kommpeccopa (CM. puCyHOK 2.9):

Dex = Na — N3,
d:N4,'N3,, d,zDC)K—d
Y34, P32, P3; Y3y,

s> HeoHeSHD 1=

Kyl

KYK

Pucynok 2.8 — CTpyKTypHas cxema peueBoro KoMIpeccopa ¢ IryMOIoJaBUTEIeM
JI1st pedeBBIX KOMIIPECCOPOB OOBIYHO BpeMs cpadaTeiBaHus t,, = 1 Mc; BpeMs
BOCCTAHOBJIEHUS t,. = 300 Mc; crenens cxxkatus d' = 10 nb.
VY mrymononaButenel CTeneHb NIyMOIOIaBICHUS
dw = N2' - Ny’ [1B]



IToporossle IIyMONOAABUTENN MMEIOT MapaMeTpsl to, = 300 Mc; ty,. = 5 Mc;
d, =10+20 nb.

[Ipu oTCyTCTBHM Ha BXOJE KOMIIPECCOpA MOJE3HOTO CUTHANa Ko3(puImeHt
nepeadyd  peryjaupyeMoro  sjaemMeHta PO, MUHUMAaeH, ClIeI0BaTEIbHO,
ko3 PUIMEHT Tepemadyn BCEro YCTPOWCTBA B IEJIIOM TakKe MHUHUMAJCH

(pucyHok 2.9).
KI NBle

N ooy

Ny b

Nl e

No N:i N N; Nz Nex
Pucynox 2.9 — AmmmiryaHast XxapakTepucTuka 1 ko3P GUIMEHT niepeaadn
KOMITpECCOpa € IIyMOIOIaBUTENIEM

3a c4eT 3TOro MoJIaBJISIOTCS IIYMBI B May3axX Mepelayu.

Kak Tonpko curHam Ha Bxoxe mnpeBbimaer ypoBeHb Ni (N > Ny,
cpabarbiBaeT KaHai ympaBieHus mrymonoaaButens KVYIII, mrymomnomaBuTensb
yBesmuuBaeT K 10 Ky... B pe3ynbrare Bce mone3npie curHaisl ¢ ypoBHsAMH OT N
10 N3 nonosHutensHo yeunuBaercd (Ha 10 nb). [Ipu ganbHeiiem pocte BXOIHBIX
curHasioB oT N3 10 N, cpabareiBaeT kaHan ynpasieHus kommpeccopa KVYK,
K03 PUIIMEHT nepeaadyn yCTpoCTBa HAUMHAET YMEHBIIATHCS TaK, YTO MPU Ny, =
Nixsow Nisx = Npsxnow- 1IpH JambHeNIIIEM yBeTUYEHUNU Ny, YCTPOMCTBO MEPEXOAUT
B PEKUM OTpaHUYCHUS.

My3bIKajgbHblE  KOMIIPECCOPhl  OOBIYHO  BBINOJHSIOT 0€3 MOPOrOBBIX
IIyMOIMOJIaBUTENEH, HO OHU MO3BOJSIIOT ONEPATUBHO HM3MEHSTh  BpeEMs
BocctaHoByieHus (0T 100 mc 10 2 ¢) u creneHb cxkatusi curHanos (110 20 1b).

Kommnpeccop ¢ rucrepe3ducHbIM ymonoaanjienneM. [lpu pabore pedeBbix
KOMIIPECCOPOB  JaX€ TMPU HAJIUYUU MOPOTOBBIX NIYMOIIOJABUTENEH YacTo
CTAHOBUTCS 3aMETHBIM JIbIXaHUE IUKTOPOB.

N3 pucynka 2.10 BugHO, 4TO eciu nopor mrymonojasienus Ny, = -40 ab, a
YPOBEHb CUTHAJIOB AbIXaHUs Ha Bxojae komnpeccopa N’ = -30 nb (3ToT ypoBeHb He
OYCHb 3aMETEH), TO Ha BBIXOJIE KOMIIpeccopa OH OyneT yxe coctaBisaTe N’ = -20
nb, T.e. ycunen Ha 10 n1b u cunbHO 3aMeTeH Ha CITyX.
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Pucynok 2.10 — [IpuHIMI KOMIOpECCUr ¢ TUCTEPE3UCHBIM IIIyMOTIOAABICHUEM

JInst ycTpaHeHHsi 3TOro HeAOCTaTKa KOMIIPECCOPOB HEOOXOIUMO MPUMEHSTh
TUCTEPE3UCHBIN mymMonoaasutenb. [[punuun wuroctpupyercs Ha pucynke 2.10.

[Topor cpabateiBanus 1mymononasurens N, = -30 b, a mopor
BOCCTAHOBJICHUS, KOTOPbIA B OOBIYHOM OJHOMNOPOTrOBOM  IIYMOIIOJABUTENIE
COBIAJAaeT C TOPOroM cpabaTbiBaHUs, B THUCTEPE3UCHOM (JIBYXIIOPOTOBOM)
IIyMOTIO/IaBUTENe BeiOUpaeTcs Ha 6...8 nb Huke, T.e. mpumepHo -38 ab. Tak Kak y
OOJIBIIMHCTBA JUKTOPOB YPOBEHB JbIXaHUS HE MpeBbimaet -30 ab, TO 3TU CUTHAIBI
TENepb HE MOAYEPKUBAIOTCA. A TaK KaK IOPOT BOCCTAHOBJICHUSI HUKE, HA YPOBHE -
38 nb, To 3aMeTHOro Ha CIyX pe3KOro ociaadiieHusi peBepOepalMOHHBIX 3BYKOBBIX
CUTHAJIOB HE TPOUCXOIUT.

CtpykTypHasg cxeMa KOMIIpeccopa C THUCTEPE3UCHBIM NIYMOMOJIaBUTEIEM
(pucyHok 2.11).

BY — BxomHoe ycTpoiicTBo; AcT — aBTocTabunuzarop; Kom — kommpeccop;
PO I — perynupyromuid saeMeHT InymomnojaButens; JIY — nuHeiHsblid
YCUJIUTEND.

Kanan ynpasnenus cocrout n3z K — xommaparopa; I — merexropa; ULl —
MHTErpUpYIOUIeH 1Ienu U IByX NOTeHIMOMETpoB Ry u R, (pucyHok 2.11).
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Pucynok 2.11 — CtpykTypHas cxeMa KOMIpeccopa ¢ TUCTEPE3UCHBIM
ITyMOIIOJJaBUTEIEM

['ucrepe3rcHas XapaKTEpUCTHKA IIOJIY4aeTCsl B Pe3ynbTaTe NPUMEHEHUS
KOMOMHHMPOBAHHON PETYJIUPOBKH: CUTHAJ JUIi BOCCTAHOBJICHUS IIYMOIIOIaBUTENS
CHMMAETCS C BBIXOJA YCTPOMCTBA, a JUIs cpabaTeiBaHUs — ¢ Bxoxa. C moMouipro

pesucropa R; MoxHO BbIOMpaTh mopor cpabaTteiBaHusi, R, — mopor
BOCCTAHOBJICHUSI IIIyMOTIO/IaBUTEJIS.
UBbIX./UBbIX.HOM
R i i s i
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Pucynok 2.12 — AMmuintynHas xapakTepuCTHKa dKCIaHIepa

Okcnanjaep (pacuMpuTesib). DTO YCTPOUCTBO, KOXhOUIIMEHT Tepenayu
KOTOPOTO yMEHBINIAETCSI MO MEpPEe YMEHBIIICHUS YPOBHS BXOJHOTO CHTHaja
(pucyHok 2.12).

AMIUTMTYTHas ~XapaKTepUCTHKA OKCHaHjaepa oOpaTHAa XapaKTePUCTHKE
KOMITPECCOpa U KOMITCHCUPYET UCKaKCHUS, BHOCIMBIC B CUTHAJI KOMIIPECCOPOM.
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BOITPOCHI K PA3JIEJTY 2

KakoBo Ha3HaYeHNE aBTOMATUYECKUX PETYJIATOPOB YPOBHS?

[TpyuHuun paeicTBUsl OE3bIHEPLUUOHHOIO OrPAaHUYUTENS (MHUKOCPE3ATENs).
Ilouemy mnHKOcpe3arenu HE HWCHOJB3YIOT B 3BYKOTEXHHKE B BUJC
CaMOCTOSTENbHBIX YCTPOUCTB?

Kakume ocHOBHbIE y37BI BXOAAT B COCTaB OOOOIIEHHOW CXEMBbI
aBToperyistopa ypoBHs? OcHOBHbIE (YHKIWH, BBIIOJHSAEMBbIE 3TUMU
y3IIaMU.

[lonsiTve [fMamasoHa OrpaHUWYEHUs, CKaTus, pacmupeHus. Kakos
¢uznyeckuil cMbIca KO3 (PULIMEHTOB CKATUS U paCIIUPEHUS?

[loueMy B MHEPUMOHHOM OTPAaHUYMTENIE MAaKCUMAJBHBIX YPOBHEH yHaeTCs
N30€XaTh OIYTUMbBIX HETUHEHHBIX NCKa)KEHUI?

B deMm 3akimroyaercs NPUHUMUIT ACHCTBUS OTPAHUUYMUTENS] MaKCHUMAJIBHBIX
ypOBHEN?

B ueM 3akiroyaeTcs NPUHLUI JAECUCTBUS CHKUMATENsl JHHAMHYECKOTO
nuana3zoHa? Kakoil W3 BUAOB pEryJUMpOBKM Yallle BCETO MCIOJIB3YETCS B
CKUMATEIAX ?

[IpyHIMDO [OEeWCTBUSA PACIIMPUTENS ITWUHAMUYECKOIO nuana3zoHa. [louemy B
PaCHIMPUTENSAX MPUMEHSIETCS TOJIBKO IpsiMasi peryJIupoBKa?

By aMImmuTy IHBIX XapaKTEPUCTUK COKUMATENIS U PaCIIMPUTETIS.

Kakne »5ieMEHTBI aBTOMATUYECKUX  PETYJSTOPOB  ONPEAEISAIOT  MX
BPEMEHHBIE TAPAMETPHI?

IToHsATHSA BBICOTBHI TOHA U TPOMKOCTH 3BYKA.

Kak  HOpMHpYyIOTCS  BpEMEHHBIE  IApaMEeTpbl  ABTOPETYJATOPOB?
Onpenenenus BpeMeHU cpadbaTbiBaHus tCP U BpeMEHH BOCCTAHOBIICHUS tB.
[IoHsiTHE DJIEKTPUYECKOTO YPOBHS, JMHAMMYECKOIO [HMAINA30HA, IHK
dakTopa.



