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NPEAUCAIOBUE K PYCCKOMY U3JQAHUIO

Tipenyiaraemas BaileMy BHMMAHHIO KHUTA NOCBSLNEHA O4EHb MHTEPECHOH
teMe — IMQPOBOHA 3afMCH 3BYKAa HA JMCKM M MATHHTHBIe JleHThl. Pacckas
0 TOM, KAK OCYWECTBIIAIICH mi(poBag 3aMACh M BOCTIPOH3BeNieHHE 3BYKA,
ue TpebyeT ocoboll moaroToBxu. Unrarenb, 3HAKOMBIA C OCHOBHBIMH 3jle-
MeHTaMH UHMGPOBOH TEXHHKY, MOXeT ONYCTHUTh IBE TJaBbl, B KOTOPBIX Aa-
ercsi X onucanue, Oe3 yiyepba UK NMOHHMAHWA MAANbHEHUIETO MaTepuana.

ABTOp MOHYEPKHBAET, YTO OH He CTABWI Nepen coOOH Helu H3JIONUTH
TEOpETHYECKHE OCHOBBI U TMPAKTHYECKHE CXEMBI DEATM3ALMM HHGDPOBOH
3anMcH, a CTPEMIUICA AaTe obiuee MpPenCTaBileHUe O MHOTOOGPA3MH U CIIOXK-
HocTH npobnempi. OfHAKO TeXHUKA LMQPOBOH 3aNHCH U BOCTIPOM3BENCHNSA
3ByKa — IpeAMET OCTATOUHO CIIOXKHBIM, IO3TOMY BBIACpIKaTh obiemocry-
HBI# YPOBeHs U3JIOXKEHUA BCeil TeMAaTHKH dBTOpY B fIOJIHOM Mepe He YOAioCh.
3710, B YACTHOCTH, OTHOCUTCA K BOfIPOCAM KOAMPOBAHUA ¥ METOJAM KOHTpPO-
NA U ucnpasneHus oumbok. K roMy xe mo6aBminch 06beKTHBHbIE TPYIHO-
CTH, CBA3AHHBIC, B YACTHOCTH, C TeM, 4T0 (UPMEFrU3TOTOBUTENHN ANNAPATyPHI
He OTKPBIBAIOT II071H30BaTElI0 PSR TEXHHUeCKHUX ocobenHocTen. Ins macco-
BOTO MOTPEOHTENIA 3TH TOHKOCTH He MpPefCTaBIANT HHTepeca. YKenaroumm
6onee 1oppobHO 03HAKOMHUTBCA ¢ TEXHMKON KOOMPOBAHMA 3BYKOBbIX 3aIIH-
ceit MOXeT ObiTb ITOJNe3HAa OTeYeCTBEHHAs JIMTEPATYypa, B HaCTHOCTM KHMra
B. Hlep6unst “Iucdposbie marmurodonsr” (“Pammo m cBass”, 1986 r.),
i uTeHHs KOTOPOH HYyXHa OmnpepelieHHAas MONroToBKa. B nemom asropy
YOAJIOCh BBIIONTHUTh CBOE HaMepeHHe — B JOCTYIHO# (opmMe H3IIOXHUTH
OCHOBHbie HIeH WH(POBOI 3aMUCH H BOCIPOU3BETEHU 3BYKA.

H. B. Ilapoas



NPEAUCNOBUE

HeusbexxHocTh BHepeHHSA LMGPOBBIX METONOB B BBITOBYI 3BYKOBYIO
anmapatypy Obula OCO3HaHa He cpasy. Meronm LubpoOBOH 3amucu 3ByKa
U3BECTHBI MHOTO JIET M CTaly OOBIMHBIMHU [Uisl NPOdeCCHOHANIBHBIX HHXKEHE-
poB 3ByKo3amuicu. Ho mepBeIM ycTpolicTBoM, KOTOpOe NPHHECHIO B IOMALI-
Hue yclioBma “3ByK B umdpax”, cranu xommaki-mucku (KII), xora ewre
paHbule “TrasepBHAEHHE” C OrPaHHYEHHBIM YCIEXOM IBITAJIOCh NPOPBATHCHA
Ha BupeopbiHoK. Ko Bpemenu Hanmcanus Hacrosumied kuurm KJI mpouno
YTBEDOWJIMCh ¥ CETOIHA TraseTHele 0030phI ynenawT Gosbllle BHUMAHHA
1popaxe K], Hexenu Apyrux HOCUTeNell 3BYKAa, TAKMX KaK MATHUTHBIE
1€HThI WIH [JONTOUTPAIOLIHeE IUTACTUHKH.

PaspuTHe 3TOH TeXHUKH NOTpeGOBAJIO METONOB U CXeM, paHee UyKIbIX
TEXHHYCCKHM CIICHMANINCTAM M PamuonooOUTelIAM, UMEeBIIMM ONBIT paboTsl
0 3BYKOBBIMH 2HaJIOTOBBIMH cxeMamH. [IpMHOMIEI u npaKTHKA HuhpPOBOTO
JByKa [OYTH HHYero He 3aMMCTBOBAJIM M3 AHAJJOTOBOH TEXHMKHM 3BYKO3a-
TUCH; OHU 3HAYUTENBHO OJAXke M [OCTyIHee HHXeHepaM—CHeOHaINCTAM B
)ONIaCTH KOMIIBIOTEPHOH TeXHHKH, YeM B3POCIIOMY IOKOJIEHUI0 HHXKEHEPOB
10 3ByKY. OTCYyTCTBHE CHEUMANbHOH JIMTEPATYpHl B Pe3yJbTaTe CO3MABANO
\neyaTieHue, 9o uudpoBas TeXHUKA M MATeMaTHYeCKHe OCHOBHI  KOMUpO-
JaHMA CMTHAJIOB YK€ XOpOouIO 3HaKoMsl witatensm. Ho 310 6ruio TONBKO
{ICUATIICHUEM, TaK KAK IHGPOBBIE CXEMBl COBEPUICHHO HEMOXO¥M Ha JIUHEH-
iie  (aHasoroBeie) . IlepBble [Be IIaBBI 3TOH KHHTH MOCBALIEHB MMEHHO
'ICHOBaM HHGPOBOH TEXHAKH.

[enp KHUTM — MPOJIOXKUTE MOCTHK’ NOHMMAHUA MEXIY TEXHUKAMH H
pOHMHATENbHBIMH pafuoiobuTeNsiMHM; OHA He paccuuTaHa Ha mpodeccuo-
AJIBHBIX MHXXEHEPOB Mo 3BYKY. B KHWUre M3noKeHBI NPWHLMIBI ¥ METOOBI,
o Oe3 yriyGriedus B MaTeMaTHyYecKHe OCHOBHI ¥ Teopuio. Mos nenp — io-
a3aTh, M3 YEro COCTOMT LM(POBAA YaCTh 3BYKOBOIO CHUTHajia, OCOOEHHO

HOBBIX CHCTeMaX, Takux Kak K] um uyudpoBbie 3ByKOBBIE JIEHTHI, U IIpH
TOM He BXOOMTb B AETAM NPOHECCA OUCKPETH3AUNN CUTHAJIOB, KOPPEKIMU
UMOOK M APYTHX CIOXHBIX TeM. B KHure paccmorpeHs! nudpoBbIe MEeTOABI
puMeHuTennbHO K cucTeMaM KJI m MarHuTHbeIM nu¢pOBBIM JIEHTAM, HE Ka-
5iCh TeXHUKH YCIICHHSA 3BYyKa.

ABTOpD OueHp 671arofapeH BceM, KTO IIOMOI OCYLUeCTBHUTH 3Ty HOMBITKY,
coberno Philips Ltd u Sony (UK), npemocTaBMBIUMM BakHyto uHOOD-
aguro. Sl MHOruMm 06s3aH M npusHaTened Qwiy YsnmaHy, KoTopbuit MOA-
epIKaTT MO0 MHULIMATUBY M H3HAN 3TV KHUTY.




nasa 1. UAGPOBAA WHOOPMALMUA BO BPEMEHWU

UUudPOBAA INEKTPOHUKA

Hauanom 371eKTpoHHKH GbUIO PAZHO, W NOIE3HO BCIIOMHHUTE, UTO TIEPBBIM
IpUMEHeHNeM pazmo Obula nepemaua coobueHMi B xome Mopse. Cursan
nepegaByICA HYyTEM BKITIOUCHHA U BBIKIIIOUEHHA MEPEHATUNKA, KOTOprﬁ B
TE BpeMeHa NpenCcTaBiisuT ¢o0Oi MCKPOBOH reHepaTop, BKJIOUEHHBIH
MEX[Y aHTeHHOH u 3eMylell Ha GONpIIME (TUPe) M MEHbUMA (TOUKA) HHTEp-
Bai BpeMeHn. Takas ¢oOpMa NMOCEUIKHM — OMMH M3 BO3MOXHBIX BAPHAHTOB
mudpoBoro cursana. Curuisl B Koie Mop3se cerofigs HaspiBarIcs mudpo-
BBHIMH LIPOTHO-MUMIYJIBCHO MORYJIMPOBAaHHbIMEU curHanamu  (puc. 1.1).
Jo u300peTcHUs J1aMIbl CHTHANBL B Koxe Mop3ae Obuin ¢fMHCTBEHHBIM BH-
IOM MORYJIHMPOBAHHBIX CurHanos. C uszobpeTenveM samnsl B 1920 r. crano
BO3MOJXHBIM MOIIYJTHPOBATb HECYIIYI0 YACTOTY 3BYKOBBIM CHIHAJIOM.

ITpumep ¢OpMBI 3BYKOBOTO CHTHAIA 1oKasaH HAa puc. 1.2. Kaxk pupHo,
3BYKOBOH CHMrH@I MEePUOAMYECKH H3MEHAETCH, MpHYeM O5TH H3MEHEeHUs
HPOUCXOMAT HEMpPEePHIBHO. 3BYKOBOM CHFHAI MOXET ObITh IIpeoOpazoBaH
B HampsXeHHe, KAaK, HATNPUMeEP, 3TO AENaeTcA ¢ MOMOLIB0 MHKPOdOHA;
HampspKeHHEe MOJKIO 3amucaTh WIH Nepenars Mo papuo. Baxo, uro6er vacro-
Ta ¥ XapaKTep H3MeHeHHA HAIPAXKeHUS TOYHO COOTBETCTBOBAJIM 4ACTOTE H
X3paKTepy M3MCHEHHsA 3BYKOBOH BOJIHBI. AMIUINTY[A HANpPAXKEHHUA IOTKHA
GBITh NPOMOPLHOHAIBHA AMIUTHTYZE 3BYKOBBIX KojieGaHuid ¥, TaKUM obpa-
30M, COOTBeTCTBOBATb TPOMKOCTH 3BYKa. YacToTa HANPAXKEHUA, TAK XKe KaK
H YacTOTa 3BYKOBBIX KOjieOAHMH, COOTBETCTBYET BBICOTE BOCIPOHU3BOIMMO-
ro toHa. HMrak, ¢opmMa 35IeKTPUYECKOro HAMpSOKEHUA SBJIAETCA TOUHOH KO-
nuelt GOpMBI 3BYKOBOTO KoJieDaHMA M HeceT O Hell MonHyto uHbopMauuro.

C oTMeueHHBIM OBCIOATENIbCTBOM CBA32H KpPYyr mpobjiem, NPUCYLUX aHa-
JIOTOBOH TeXHUKE 3aNUCH 3BYKa. Xapakrep 3BYKOBOTO KojebaHMA BecbMa
CTIOXKEH M M3HAUANBHO HeceT B cebe DA TOHKHX, HOPOH WICTO HCHXOJNOrHYE-
CKHX OCODEeHHOCTe#A BOCHpUATHA 3BYKa. Hampumep,, nmpu BceX OTPOMHBIX
BO3MOXXHOCTAX COBPEMEHHOH TEXHONOIMM MBI CeTOfiHA He B COCTOSHHMH
BOCIIPOM3BECTH XapaKTep 3BYyYaHuA CKpunku CrpapguBapu. Hukakue 3kcre-
PHMEHTHI ¢ IePEBOM M JIAKAMH He MO3BOJIAIT CO3M1ATh HHCTPYMEHT, Tieperar-
Huil HEMOBTOPMMOE 3BYYaHue OpHrHMHana. XapakTep 3BYUaHus GOJBILIOTO
OpKeCTpa He TNOMANAETCA HUKAKOMY INpPAMOMY aHANM3Y, K TOMY JXe H4flo
no6GasUTh OCODEHHOCTH BOCHDPHATHA 3BYKAa HAIIUM COBCTBEHHBIM YXOM.
UYenoseuecKoe yX0 — YHHMKaIbHBIH NpHeMHMK 3BYKa; OHO BOCHPHHUMAaeT
HHUYTOXHBIE YPOBHH 3BYKAa C TAKHMHM HIOAHCAMU, KOTOpBIE TEOpPETHUSCKH
OOHapyXHTb HEBO3MOXHO. BMecte ¢ TeM uCTOpus 3HaeT Maccy MHEHH# O
BBICOKOM KayecTBe 3alIHCH ¥ BOCHPOH3BENCHHA 3BYKA KaK € [TOMOLIbI0 Hep-
BBIX PYHOPHBIX I'PaMMOGOHOB, TAK M C NPUMEHEHHEM 3JIEKTPOHHBIX CHC-
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® mmem 4 ¢ ommm me— e Puc. 1.1. Kox Mopae: 3uauam@d 4YacTh

CHIHANIa — MMIYJNbLCHI U JUIHTENBHOCTD
a) HMIIyJIBCOB — COCTaBJISIONIHE [IBOUYHOTO
KOfIa:
Bxn Ypobens1 @ — 3amMCh KOJIa; § — Nepefiaua Koma
Beixn Ypobens

0)

reM. B npexxsye BpeMeHAa 3BYKO3AMHCh CUMTAIACh Uy[IOM M BOCIIPOH3Befie-
une ronoca Fammu—Kypun xasanocs mupaxom. [losxe Bocnpusitue 3ByKa
craso Goslee OCTPBIM M CTPOTMM M JanbHellllee pa3BUTHE TeXHUKH OTpeGo-
B4JIO CePhEe3HBIX YCOBEPILIEHCTBOBAHUM.

TexHuMka 3anMCH M BOCHPOHU3BE[CHHA 3BYKAa MpOLDIA [UTMHHBIA U CIOX-
1B MYTh — OT BOCKOBBIX [0 JOJTOUrparmmmx auckos. Ha xaxxaom aTare
Ja3BUTUA KAa3aJI0Ch, YTO BO3MOXKHOCTH AANIBHEHINHMX YCOBepUIEHCTBOBAHHH
icueplaHpl, 4 uepe3 HEeCKOJBKO JIeT YyOeXxAanuch B TOM, 4TO 3TO He TaK.
VinoxecTBO MpobrieM CBA3aHO ¢ HocuTeneM 3amucu. OCTaHOBUMCA Ha TPYQ-
10CTAX, CBA3AHHBIX C HM3TOTOBJICHHEM NEPBOr0 METAUINYECKOro OPHIMHA-
12 ¢oHorpammsbl. Jia 3aMCH MCMONIB3YeTC MHHMATIOPHBIA pe3el, Mepeme-
LeHHe KOTOPOTO JIOJDKHO CTPOrO COOTBETCTBOBATH XAPAKTEPY H3MeHEHHs
NIEKTPHUECKOTO CurHaia. bapabaHHas nepenoHKa yelIoBeuYecKOro yxa jerxa
I HeXHA, a 3aCTABUTH PE3eH C TAKOMH JKe JISTKOCTBIO Pe3aTh METalll, OUeBUN-
10, HEBO3MOXHO. JIjisi ynpaBjieHHsA Pe3UOM TPeOYITCs 3HAYUTENIbHBIE MOIL-
toctu (ot 500 mo 1000 Br) m Bce xe He yHaercs 3aHKCHPOBATH BCe TOH-
COCTH 3BYKOBOTO cHMrHasa. M3roToBieHue KOMUi TaK)XKe BHOCUT JIOMOJIHH-
eJIbHBbIE HCKAXKEHH .

Hpu BocnipousBeleHHy HUITIa 3BYKOCHMMATels IlepeMeInaeTca B KaHAB-
e mnacTuky. CaMa mo ceGe Mriia jierka, HO OHA MeXaHMUeCKH CBA3AHA C
ipeoGpasoBatesieM KOeOaHuil UIJIBI B MEKTPUYECKHH CHTHAN M B LEJIOM
TO YK€ HOCTATOYHO CJIOXKHAA M BECOMas KOHCTPYKUMA. 3BYKOCHHMATENH
BIIAOTCA HCTOYHHKOM HOBBIX HCKaXKeHUIA.

Ipepcrapnsercs, uro MArHWTHas 32lUCh 3BYKAa YCTPaHsAET OTMEUECHHBIE
pynHoctH. OpHako npobjieMa MATHHUTHOW 3alMCH COCTOMT B TOM, YTO
poliecc 3amMMCH MO CBoeil mpupope Henmueed. Ha puc. 1.3 moxasaua sasu-
MMOCTb OCTaTOUHOM HAMATrHMYEHHOCTH MATHUTHOrO MaTepHana OT TOKa,
pPOTEKAWEro Yepe3 KaTyHIKy, HAMAarHUWMBAoOMYIo MaTtepuan (JieHTy).

Ipu ouenp cnaGhIX TOKAaX Yepe3 KATYUIKY JieHTa BooDine He HAMArHHuM-
aeTcsi, 4 npu DONBIMX TOKAX HACTYNAaeT HACBHIMIEHHE, OrPaHHYMBaloiiee

ANANA A
\/ N\ \/

i/7 o7

epu

a¢c. 1.2. Tunuynas gopma 3ByKoBoro koneGaHuA (YNPOLIEHHO); peanbHOe 3BYKOBOe
omeGanye Bcerma Oomee C/IOXHO; OHO HHKOIZAA He OpIBaeT UMCTO CUHYCOWIATIBHEIM




Puc. 1.3. TwiuyHas XapaKTepUCTMKA HAMATHH- Germamaynoe

yBaHus JIeHTbL. B GOMNBLIEH YacTH OHa HelMHe- ”a"fe”“‘/“&z”“f
Ha. BupHa oOnacre, B xKoTOpPOil cnalhle TOKH He -
OCTABNIIOT CJleffa Ha JieHTe (He HaMAarHUYUBAOT Hacsiuenue
JIEHTY)
< L ox
amceymernbue
HAMEAZHUSUBAHUA

AMIUIMTYIBI 3aMCbIBAEMBIX CUTHANOB. JIMana3oH 3aNHCBIBAEMBIX 4ACTOT 3a-
BUCHT OT CKODOCTH [BH)KEHHMA JIEHTBHI ¥ MAPaMeTPOB 3aNuCBIBAIOIIECH IO-
JIOBKH. 3alMCaHHAs JIeHTA MMEET OTHOCHUTEJIBHO BBICOKWil YpOBEHb HIY-
MOB, KOTOpPBIE XOPOILIO NPOCNYIIHBANTCA IPH BOCHPOU3BEACHUH TUXOMH
H HEXHOH My3bIKH. I pellleHusi HepewdcleHHBIX Hpo6eM MOXKHO Hc-
NOJIB30BATH YNBTPA3BYKOBOE CMEileHHe, INHPOKHE JIEHTBI, BBICOKHE CKO-
POCTH ABUKCHHUA JIEHTBI.

Illupoxo ucmone3yemble i YCWIEHHA TPAH3HCTOPHI He ABIAIICA JIH-
HEHHBIMM 37IeMEHTAMH, 4 HCTOPHA BBICOKOKAYeCTBEHHOIO 3BYKOBOCIIPO-
H3BENEHUA — 3TO MCTOPUA PA3IBUTHA CXEMOTeXHUKH, MOMNBITOK ~000HTH”
IIPUPOAHYI0 HelIMHEHHOCTh CHAYayia jiaMil, a 3aTeM TPAH3UCIOPOB. YCTaHOB-
jleHo, 4TO Kaxblie 10 jleT OOHAPY)XMBAWTCA HOBBIC BHIBI HCKAXKEHUA H
cepnue 10 jieT TPATHTCA HA HX YCTpAHEHHE, HHXKEHePHl 3BYKO3alHCH XOpo-
UIO 3HAT, YTO MHOTHe KPUTHKH, BBICOKO OHEHHMBAMIUE KAaYeCTBO HCXOM-
HOTO 3BYKd, He MOTYT JaTh TaKOH e OIeHKH 3BYKY 3anucaHHoMmy. Boo6-
Wie INEKTPHUSCKHEC WCKOKEHWA YCTPaHHTh [Ipollie, YeM MeEXdHMUECKHE;
B LEJOM CNIa6BIMH 3BEHBAMH B 3BYKOBOCIPOUZBENECHMH SABIIAITCA COGCI-
BEHHO NPOHECC 3alMUCH 3BYKa H TPOMKOIOBOPHTENIH.

WUcnionb3oBatne uudpoBOil TEXHHKH OTKPBIBAET BO3MOXHOCTH C HOBBIX
NO3uULKi 00603peTh MPOHECC 3BYKO3AINUCH.

UNOPOBBLIE CUTHANDI

OudpoBoit cHTHam — 3TO M3MEHEHMe HANPsKeHHsi, Ui KOTOPOro Bpe-
MA BO3HMKHOBEHHsA H3McHeHHMA Ooniee CymecTBeHHO, 4YeM TOYHOCTHAs
XApAKTePUCTHKA CAMOTO H3MEHEHMA HanpsixeHHs. B uudposoii TexHuke K
¢opme u aMiINTYAe HMGPOBOTO CHTHAJIA He IPENbABIISAETCSA XKECTKHX Tpebo-
BaHyit. [ludpoBsle CHTHAIBI MPERCTABIAIT COOOH MMIYIBCHI MPAMOYIONb
Ho#t copmsl. [TudpoBoit curHam XapaKTepu3yercs M3MEHeHHeM HANPKCHHS
OT OJTHOTO YPOBHA K ipyromy, obpmHo Mexay O u +5 B, npuueM 3xaueHus
3THX YpOBHed TouHO He oropapuBaforcsa. Hampumep, 3a yposers 1 npunuma-
€TCA HanpsDKeHHe B MHTepBase oT 2,4 o 5,2 B, a 3a ypoBens 0 — HanpsixkeHne
B nutepsane o1 0 no 0,8 B. Hudposas anekTpoHHKa B OTIIMYHE OT aHANOTrO-
BOH, omepupylouied (GOPMOH M HATIPSKEHHEM CHTHANA, MCNONB3yeT MMC-
KpeTHble YPOBHH HallpsDKeHui, coorsercTByioumx O win 1. B muckperHex
CXeMax MMITYJIbCBI BKJIIOYAf0T M BBIKIIOYAMT Pa3jIMYHbIE LEMH ¢ MOMOIUBIO
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foruveckux anementos. Xora dopma mmiynbca HeKDHTHUH, MEPEXOR OT
OBHOTO YDOBHA K pyromy JIOMKEH NPOMCXOAWMTH [0 BO3MOXHOCTH GBICT-
Po. He mpenpsBnsercs xeCTKMX TpeGOBAaHME K aMINIUTY/e MMITYJIbCa IPH
YCIOBUY, YTO HampspkeHMe HAJleXHO MepeKpruiBaet yposau 0 H 1. HUcnosns-
30BaHME TOJNBKO QBYX YPOBHedl OUeHp YHOOHO KaK panA NpHMEHEHHS
3JIEKTPOHHBIX NMPUGOPOB, TAK M JUIA 3aNMCH HA MATHUTHYIO JTeHTYy. Bunonap-
HBIl WM MONIEBOM TPAH3UCTOP MOXET OBbITh TIOJHOCTbIO 3AKPBHIT WIH OT-
KPBHIT NYTeM IOfau¥ COOTBETCTBYIOIIETO HANpsKCHuA Ha 6asy WIH 32TBOD,
IpHAYeM 3TH COCTOSHUA (HKCHPYIOTCA 3HAYUTENBHO IIPOLIE, YeM JifobbIe “TIpo-
MexyTounbie”. Mcmonp3oBaHuMe [BYX COCTOSHHE I103BoMNseT H36exaTb
oumb0K, BO3MOXHBIX, Hallpumep, Iipu paGorte TpaH3ucropa ¢ 10-ypoBHs-
MM HalpsDKEHU#A Mexay nsyms KpaitHumu (0 win 1). He npepwsiBnsercs
KeCTKHMX  TpeOoBaHMii H K dopMe HANMpsOKeHUs (TOKA) 6assl WM 3aTBOPA,
IOCKONBKY TPAH3UCTOP AOJIKEH OBITh TONBKO OTKPHIT WIM 3aKPBIT. YCTpa-
HAITCA IPOOIIEMBI JIMHEHHOCTH XAPAKTEPHCTHK, HOCKOJIBKY HUUTO He Y CHIIH-
BaeTCA M AMIUIUTY[)A BBIXOMHOTO CHIHAJA B HHU(POBOH TexHHMKe MpaKTHYC-
CKM paBHAa YPOBHIO BXOMHOro curHaia. [lpum cuere MCromp3yrTcs TOJNBKO
nBe wudpsr: 0 u 1. 310 MOXKeT MoKa3aThCs HeymoGHbIM. OfHAKO HEOHXOMU-
MOCTb CY€Ta BO3HMKaeT He Bcerpga. Hampumep, HeoGXomMMOCTh cueTa OTCYT-
CTBYeT [PH YIpaBileHHH IBYMsA Td30HAIOHEHHBIMH JIaMIIAMH, KOITA O/IHa
M3 HUX BKJIFOUEHA, 4 APYras BuiKiioucHa. Eciu ke HeoBXOOMMO BKITIOUATH
OOHY M3 Jlamil, HAIPHMeEp, IOCJie BTOPOTO MMITYJIBCA HA BXOfie, 2 APYIyH —
iepe3 ueTpIpe MMIYJbCA HA TOM Xe BXOpe, TO 3Ta 3ajaua 1pebyeT cuera.

CueT ¢ HCIIONB30BAHMEM IBYX UMD NPOU3BOAUTCA B ABOMUHON CHCTEME
sypciiensa. CyuiecTBYIOT PasyiduHble CHCTEMBI CUMCIIEHHA, HO OBOMUHAS MMe-
3T pAp [octomHCTB. Kak M B ciyyae AeCATHUHOM CHUCTEMBI B HeH BaXHO
TOHATHe paspsana. Paspsan npencrapiseT coboit WICIO — cTeneHb, B KOTOPYO
so3Boputcs 10, chpasa [Uia MIaAuIero paspspa: equimusr — 0 (10°%), mecar-
< — 1 (10"), cotrm — 2 (10%), thrcsmmm — 3 (10%) u 1. o. Hanpumep, wic-
10 362 B MeCATHUYHON CHCTeMe CUMCIECHHA MOJXHO NMpefacTaBurb Kak 3 CoT-
m (3 - 10%) = 300, 6 necatko (6 - 10' = 60) u 2 emurmynr (2 - 10° =
= 2). JUtsa NBOMUYHOM CHUCTeMBI CUMCIIEHWsI CIIPABeUIMBA aHANOTHYHAS CXeMa:
l, 2, 4 £2%2, 8 +2% wu 7. 0 Hmke n0oKa3zaHo, KaK WHCNO, 3ANHCAHHOE B
[BOMYHOH CHCTEME CUMCIIEHHs, BBIPAXAeTCA B MECATHUHOH CHCTEMe, W Ha-
»00poT.

Iepexo OT ABOMYHBIX IMCEN K AeCATHIHBIM

Homeppaspapa 0 1 2 3 4 5 6 17 8 9
(cTeneHs 2)

JecsTuyHoe 1 2 4 8 1632 64 128 256 512
YUCTIO

Homep paspsna 10 11 12 13 14 15
(creneHs 2)

Hecarnutoe 1024 2048 4096 8192 16384 32768
YHCHO

Yro6p1 mepeitTM OT ABOMYHOIO WICTA K MECATUYHOMY, HAaJIo HAWTU Recs-
'MUHBIE WACTA, COOTBETCTBYMIUHE eOMHMNAM BO BCEX PA3PAAaX IBOHYHOIO
mcna (YAe OHM eCTh) M CHOXWTh ux. HoMepa paspsfoB OTCUHTHIBAOTCH
npaBa, HAWMHASA ¢ HYJIs.

8
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Hanpumep, wcno 10010110 comepxur 1 B 1, 2, 4 u 7 paspapax. Coor-
BeTCTBYIOIIMe JIECATHUHBIE UMCNIA COCTaBisAoT 2, 4, 16 u 128. Ckianesas
ux (2 +4 + 16+ 128), monyunm 150.

NEPEXOA OT AECATUYHDLIX YUCEN K ABOUYHDLIM

IMepexon oT JeCATHYHBIX YHMCeN K JIBOMUYHBIM [Aeriaerca Ha Oymare nene-
HHeM IECATHYHOIO YMCIa H& 2; IpPH 3TOM BHIIMCBIBAETCA OCTaTOK. Jipowu-
Ho€e YHCIIO CUMTAeTCA CHU3Y.

Mpumep: mepeBectn WACNO 583 U3 [eCATHUHOH CHCTEMBI B JBOHUHYIO

583 /2 = 291 ocratok
291 /2 = 145 ocratok
145 /2 = 72 ocratok

1

1

1
72/2 = 36 ocratox 0
36 /2 = 18 ocrarok 0
18/2 =9 ocratok 0
9/2 =4 ocratok 1
4/2 =2 ocratox 0
2/2 =1 ocratok 0
1/2 =0 ocratok 1.

Yucno 583 B ABOMYHON cHcTeMe 3amichiBaercsa Kax 1001000111.

HauGonpitlee WiCNO, KOTOpOe MOXeT ObITh 3aIHCAHO B OBOHYHOH CHCTe-
Me cumciieHusi (KaK u B j060H gpyroit), 3aBUCHT OT WiCIIa MCIOJIB3YEMBIX
paspanoB. B ciyuae Tonbko ABYX paspsAnoB (Wix OHT) MBI CMOXEM CO-
cuuTaTth uicna B uktepBane or O go 3. Hcrmone3sys 8 pa3psnos (Ha3bBaeMBbIX
6aliTOM), MOXHO OINIepHpOBaTh ¢ uucnamu oT O mo 255, a mpu 16 Gurax
(16 6ut o6pasynT CIOBO) BO3MOXHOCTH pacumpsmrcis or 0 mo 65535.

IIudpoBsie cxeMbl — mepeKouaouie. B HUX HCMONIB3YeTCs 3HAYNTEIIbHOE
WICIIO TPAH3HCTOPOB, IOITOMY OHM M3TOTOBJIAIOTCA B BUAE MHTETPANbHBIX
cxem (UC). 9tn HUC moryr Gbith U3roToBieHbl Ha Gaze GUIONAPHBIX WIH
MOII (MeTaII—OKCUA—TIONYIPOBOIHUK ) -TPAH3UCTOPOB; 00a BapHaHTa [0~
cTaTouHo umMpokxo pacnpocrparensr. Ha MOII-tpansuctopax usrorasnsiorcs
Gllokn MaMATH W MHEKpoIpolieccopsl. BullonapHele TPaH3UCTOPHI HCHOJIb-
3YOTCA TaM, rAe TpebyeTcs BhICOKOe OBICTPOfefiCTBME U NOCTATOYHO OOMNB-
UMe TOKHM, 3TH MApaMETpbl OCOOEHHO CyINECTBEHHBI [UIA BBIXOIHBIX
ycrpoiictTs 9BM u npoMBIIDIeHHBIX KoHTpoiulepoB. Iudposee WC, uc-
nonb3zyeMele B UuQpOBOH 3BYKOBOH TeXHHMKe, KaK IIpaBHJIO, CKOHCIPYH-
POBaHBI JUTA KOHKPETHOTO Y3KOro Ha3HaYeHNUs,

HocrouHcTsa ABOMYHBIX CHTHANOB OCOGEHHO AADKO IPOABJIANTICA B TeX-
HHKe MAarHWTHO# 3amucH: [uis 3amicu O win 1 fOCTaTouHO MOJIHOCTHIO HAMAT -
HHTHTH JIEHTY B TOM WIM WHOM HampasjieHun. B atom cityuae ucnonp3yer-
ciA 2 ¢eKT HACHILEHUS MarHUTHOIO MaTepHasa, Mis 4ero 6OIbIMMHCTBO Mar-
HUTHBIX MaTepHajioB MAeanbHO nopxofut. fIpm 3ToM OTMAfaT >XeCTKHE
TpeOOBaHUA K CTelleHH HAMArHWYeHHOCTH MaTepuana, BakHO TOJIBKO Ha-
NpaBjieHUe HAMATHUUMBaHWsA. MOJXXHO KOHCTPYHpPOBATh 3aMMCHIBAIOIIME U
BOCIHPOU3BOAAIME TOJOBKM Pa3IMYHBIMH H YBEJIHUYHTH IUIOTHOCTb 3aITHUCH
(4uCIIO CHTHANOB Ha 331AHHO JUIHHE OPOXKKH) .
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llyMe! MHOTO MeHblile 3aIIHCHIBAEMBIX IMPPOBHIX CUTHANOB. 310 06CTONA-
7€JICTBO 06JIeTyYaeT 3a0aqy CHATHA KOIM, HOCKOJBKY UIyMbI KONHPOBAHKA
He YXYRIIAKT KayeCTBA 3allUCH, KaK 3TO MpPOMCXOMMT TPH AHATIOrOBOH 3d-
micu. TlockonbKy JHHEHHOCTh U UIYyMBI — [iB€ IJIaBHBIE NPOOJIEMBI 3aMUCH
Ha JIeHTy (WIM APYTOM MArHUTHBIA HOCHTENDb), BeAylide CTYAHH 3BYKO-
3aIMCH MEPeXORAT HA HM3TOTOBJICHHME LMGPOBBIX OPHIHMHAIOB (GOHOIPAMM.

IIpn mMaruuTHO! UM(POBOHN 3aMUCH HeT NPOOIeMBI JIHHEHHOCTH, HeT JXKeCT-
KHX TpeGoBaHMH K (OPMe M pasmMepaM HAMATHHUEHHBIX “TOUCK™, BaXHO
roJIbKO MX 4MCiIo. IlyMBI MOTYT CKa3bIBAThCA Ha TOUHOCTY CHETA, U Hajiee Oy-
1YT PaCCMOTPEHBI METO/BI, MEHUMH3HPY I01IHe BEPOATHOCTH OMKOOK.

JocTouHcTBa UM(POBOA 3amMCH MPOABIIAITICA M IPHU UCHONB30BAHKH AKC-
KOB M paxe B Gonbluell cTefieHW, YeM HpH 33IKCH HA MArHUTHYIO JIEHTY.
(IpuHATbIN METOR, 3aMMCH [BOWYHBIX CHUTHANOB HA IUIOCKHUH IUIACTHKOBBIA
TMCK COCTOMT B (pOpMHpPOBaHUM MUKPOYTYClIleHHH Ha OBEPXHOCTH [IHCKA;
IPH BoCHpoM3BeleHUn 17 BocnpuHHMaeTCA KAk pe3ynbIaT H3MeHeHHs
{apaKTepa OTPAXKEHUA JIyya Jlaszepa oT MOBEPXHOCTH mmicKa. CaefyeT oTMme-
UTb, UTO PasMepbl MHKPOYINyOneHuil TaKoke HeKPUTUYHBE, IOCKOJIbKY NpH
UUTHIBAHMM JIYUOM JIa3epa TONBKO rpyina yrnyoneHus GopMupyeT BOCHpo-
13BO/IMMBIA chrHan. [anee OyneT moKasaHo, 4TO NMPOUECC B AEHCTBHTEIBHO-
'TH DoJlee CHOXEH, YeM NPUBENEHIIOe KPATKOE OIHCAHME, YTO CHCTEMaA 3alH-
‘M M Bocnpoussenenusa ¢ KJI 6onee orpaborana, uem uubpoBas sanuce Ha
teHTy. OCHOBHBIE TIPHALHMIBI 3aMUCH NIPOCTHI; He TpeGyercs pe3ua NpH pes-
e fIEPEMEWaoIerd MaTepuas; 3anuChIBAOIMA 7YY J1a3epa BKIIIOYAETCH
| BBIKJIIOUAETCA B COOTBETCTBMM C ABOUUHBIM curuanom. IIpm Bocmpomsse-
CHAM HHGOPMALMA CYMTBIBAETCA JIYYOM MaJOMoilHOro nasepa. [Ipomecc
UHTHIBAHHA He TpebyeT IepeMeineHHs 3BYKOCHHMATENS WU IPOMCXOIUT
€3 MEXAHHYECKOTO0 KOHTAKTa ¢ COGCTBEHHO AUCKOM.

Konuposanne KII — mpouecc Gonee ClIoXKHBIA, 4eM KONMUPOBAHHE IOJITO-
rpapnmx IUIACTHHOX; TpeBGyrorca OonbuiMe 3aTpathl HA 0GOPYROBaHHe,
pONECCH KOHTPOIIsE OKA3BIBAITCA BeCbMA OPOTOCTOAMIMMHM;, OHAKO BCe
[0 OKYyIIaeTCA MOCTOHMHCTBaMHM Li¢poBol 3anmcu. O6prHo KJI MeHbire
OBPEXIAIOTCS, YeM MAOJTOMIpaouide IUIACTHHKH. Bbicokas yCTONUMBOCTB
‘I x usnocy — Gosbiioe pocTouucrso KJII; X BpICOKas CTOMMOCTh BBICTPO
KynaeTcs MpH HCHONIb30BAHUA B aBTOMATHUECKHUX 371eK TPOIIPOUTPHIBAIGIMX
STPOMCTBAX B pecTOpaHax M APYTHX oOuiecTBeHHBIX MecTax. PacmpocTpare-
ne  KII copeiictByer cospmanmio doHoTeK, nMpuoGpeTeHHe JHCKOB OKYma-
*cfl, AUCKH MOTYT GbITb IPOAAHBI 33 XOPOUIYIO HeHy, MOCKOJIBKY B 3KCIITya-
IHMH KaYeCTBO MX MPAaKTUYECKHU He yXyAUIAeTCs.

INATA 3A KAHECTBO

Huxakue mocrwkenus He paioTca Oe3 3arpaT, U IVIATAa 33 KAuecTBO mud-

YBOYW 3aIIMCH M BOCTPOM3BENEHUA COCTOUT B HEOGXOMMMOCTH Npeobpasopa-
(2 AHAJIOTOBBIX CHIHANOB B UG POBBIC H 0OGPATHO, YTO TpeDyeT CYlUeCTBEH-
TO YBEJIMUEHHA CKOPOCTH 06paGOTKH NAHHBIX. JNEKTPHYECKHI aHajior
YKOBOTO CHTHajla HeoOXOHMMMO IpeoOpa3zoBath B IMdpoByl dopmy. Ta-
)¢ MpeoOpa3oBaHUe ClieNyeT BBHIIOJIHATH, KOIJlAa CHTHAI MMeeT [J0CTaTov-
10 aMITTUTY Ry (HeCKOJIBKO BONBT) M HAMHOTO NpeBBINIAET YPOBEHD IyMa,
0
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Puc. 1.4. KsaHToBaHMe aHano- 42
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CUMTaeTCs 32 OgWH ypoBeHs;, +7
Kaxpas yacrs CHTHana orobpa-
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Kaxoii wacrs curHana HeoGXO[MMO NPHCBOMTH ONpeNieieHHOe WHCIIO, 3Ha-
4eHke KOTOPOro NpOIOPIMOHATIPHO HANPSAXKECHHIO CHFHAMIA. JTa 33/1aua CBsA3a-
Ha ¢ IBymA npobiiemanst mucpoBEIX CHCTEM — pa3pemieHHeM M BPeMeHHbI-
MH XapaKTEPACTHKAMM CHCTEMEI.

Paccrorpum mpumep. Iycre HeoBxomumo 3aKO[NPOBATh CHIHAJ, Hanpg-
XKeHue Koroporo cocrasnger 4 B or nuka go muxa (puc. 1.4, @), # B HameM
PACTIOPiCHHM €CTh LeNble WiCIa oT —2 fio + 2. [IoCKONbKY HONOBHMHAI pas-
PAfa He CYLIeCTBYeT, 3HAUCHHA HalpskeHus Mexny —0,5 u +0,5 B B nw6oMm
BPEMEHHOM HHTepBane KOMMPYIOTCA Kak 0, 3HAYeHHS HANPSKEHHA MeXLY
05ul5B-xkak 1 u1. 0

Kaxqioit vactu HanpsxeHus (B ofiMHAKOBHIe HHTEPBAJIEI BpeMeHn) ByreT
COOTBETCIBOBATD WHCNIO B MHTepBalle 0T —2 fio + 2. Pesynbrar xopuposauus
(312 omepanusa HasbBaeTcs KBAHTOBAHHeM) NOKA3aH Ha puc. 1.4, 6; nony-
UHIIaCk, OGPAa3HO BBIPAXasch, “6noK-cxeMa” HCXOOHOTO HAOPSOKSHUA, eCnu
KBAHTOBaHHOE HAMpsKeHHe PA3yMHO “CINaUTb”, TO MONYUHTCH HEYTO Grma-
Koe K opuruHaity. [IpousseneHo KBaHTOBaHMe N0 MATH YPOBHAM: GecKOHEY-
Hoe MHOXeCTBO YPOBHeH HANpsKeHHs PeaBHOTO CHTHATA CBEAEHO K IISTH.
J10 nprMep oueHs rpy6Oro KBaHTOBaHMA. B DEACTBUTENBHOCTH CIIefyeT HC-
Tonb30BaTk 3HaUUTenbHO Gonbllee WHCIO YpOBHel KBAHTOBAHUA, HanpuMep,
Kax noxasano Ha puc. 1.5. Uem Gonbllle ypoBHe# KBaHTOBaHUSA, TeM Grxe
KBAaHTOBaHHOe OTOOpaXKeHHe CHTHANa K opuruHany. s rpy6oii OueHKH
CTeNCHA MCKaXeHHii CMIHA/la PACCMOTPHM CNY9ail Nepesiaun 1o PajHo ¢ yac-
TO0TO# Hecynielt 500 Iy 38yKOBOro CArHanma ¢ wacroroi 10 kTI'n. Io Bpeme-
HY¥ OflHa JuIMHA 3BYKOBOW BONHEI 3aiiMer 50 mimn Pa3IMOBONH, T. €. 3ByKO-
BOA CHIHal B MOJlyNHPOBAHHOM BBICOKOYACTOTHOM CHTHAJIE NPENCTaBNeH
50 pa3s; mHaue — 3BYKOBON cuTHAN NOABEPrHYT KBAaHTOBAHMI 10 50 ypos-
HAM. Moo mpeficTaputh cefe “KaveCTBO” KBAaHTOBAHHA, peanusyeMoe Bo
MHOTUX CHACTeM2X C NpAMEHEHHeM 4acToThl Hecymieit 110 kT Mnero nepe-
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'‘uc. 1.5. Pe3ynsraT KBaHTOBaHHA ¢ GONBUINM wWCNOM ypoBHel. JIa HarispHocTH .
$dexTa yBenuueHus wicna yposHell ¢gopMa HCXOIHOIO CHUIHANa NPHHATA TpeyTONBHOMN

1auM 3BYKa NyTeM NOJOGHEIX BRHGOPOK HH B KOEM CIIyude Henp3sa CUMTaTh
I0BOH; OHa BHyTpeHHe MNpUCylia NpoilecCy MOOYNSALUMH B PAAUOTeXHHKE
1 B TeUeHHe MHOIMX JIeT ompaspana cefsa. CkasaHHoe TAKXe OTHOCHICA K
[aCTOTHOH MOOYMNALUY, IIpH 3ToM Ipefyerca o0eCneudTh OOCTATOYHO ILIU-
YOKHH OHaNasoH H3MeHEHHs YacTOTHI, 4T Of/eryaeT NpoilecC KBaHTOBAHUA.
’pelld BCeX INyTeH Hepefaud 3BYKOBBIX CHTHAJIOB YaCTOTHASA MOIYIAUMA
rauBonee ynoGHa [na Hepelaud [BOMUHBIX CHTHANOB, KOTAQ OfHA Y4CTOTA
OOTBETCIBYeT 1, a npyras 0.

3necy BO3HHKaeT BTOpas NpobneMa: np# OOJBLIOM UHCIIe YDOBHEH KBaH-
OB&HYA 3aIl¥Cch B ABOMYHOL dopme TpeSyer GONBIIOTO KOMAMECTBA YHCEN.
IpenmononaiM, WTO HaMBLICIIAA YacTOTa 3BYKOBOTO CurHana BriOupaercs
+ pasa 32 UMKJ. JTO O3HAYAET, UTO JUIA BOCNPOU3BENEHHA HAMBLICILCH
sykopo#l yactorsl 20 xI'm morpebyercs vacrora BpiSopku 80 xl'n. Jaxe
MHYCOMAANBHEIA CATHAN TAaKOH WACTOTHI 3alXCaTh HEMpOCTO, @ B IU(GPOBOM
apuanTe HeoGXOIMMO 3aNUCHIBATE NPAMOYTroJibHEIE MMITYIbCEL, YTO BHI3BI-
deT cepbe3Hbie TPYNHOCTH. TONBKO K3 3TOTC Hp#Mepa BHIHO, YTO LH(pO-
ast 3aMUCh 3HAUUTENIBHO CIIOXKHEE AHATIOTOBOH.

Cremyouias 3agaya — GopMUpoBaHue uuce. MEl yxke BHAENH, 4TO 3aMKCh
HCIa B ABOHUHOK QOpMe NO3BOMAET HUCIONB30BATL TOJIBKO B2 3HAUCHMA:
' # 1. JIpowuHpli KON, paCCMOTpeHHEIH B 3TO# I71aBe¢, HaspIBaeTcd KOOOM
—4—-2-1, NOCKONBKY NONOXeHHe pa3psana MpeAcrasnser cofok 2 B cooT-
ercTByfomiel crenehn. OOpako ecTk [pyrHe KOObI, HO3BOJIANWHE Nped-
TaBHUTH UMCIIO HYJIIMHA ¥ eAMHKUAMH;, NPUMEPaM¥ MOTYT CIIyXuTh Koz 'pea

9xcuece-3. Kop I'pest s MHOTHX uelleit MPOMBIIUIEHHOTO YIIPABIeHNS
Ka3bIBaeTCA TPEANOVTATENIEHEIM B CpaBHeH## ¢ KogoM 8—4—2—1. Ocxos-
Oe OOCTOMHCTBO KOAa B TOM, Yr0 B HeM NpH NMOCIIeAOBATE]IBHOM yBelnye-
MM uKcesl M3MEHAETCA COCTOSAHEE TONBKO OOHOTro paspaga. Cyulecrsyior
peobpazoBareny 4eTHPeXOUTOBOrO ABOMYHOrO Kopma B Kop I'pes u Haobo-
0T, BRINOIHEHHBle Ha Gase WHTerpasbHON TexHonoruu. IlpeoGpasosanne
xop I'pest ucnonbayer Toneko 4 Gura (rabn. 1.1).

JocronHcreo koaa 8—4—-2—1 cocrour B TOM, YT0 KOOUPOBaHWe M He-
wdpauus 30eck OCYHIECTBIIAICTCS OTHOCATENBHO Npocro. Kakoi 6w xog
M HCOONB30BAJICA, HeOGXOOMMO YUMTHIBATD pasMep MOBOXYHOrC UucCna.

COBpeMEHHOH uMGOPOBOH 3aMuCH KAaXOYI aMIUIATYNY HANpaxXeHUs
2




Tabnuye 1.1. Banucs uucen Kopa 8~4—-2—1 4 xkopa Ipen

- CCATHY-
3:;";‘;18 Kon 8—4—2—1 Kop I'pen fbw upoma  KOA 8—4-2-1 KonmTIpea
0 0000 0000 8 1000 1100
1 0001 0001 9 1001 1101
2 0010 0011 10 1010 1111
3 0011 0010 11 1011 1110
4 0100 0110 12 1100 1010
5 0101 0111 13 1101 1011
6 0110 0101 14 1110 1001
7 0111 0100 15 1111 1000

NpHUHATO OMNHKCHIBATE 16-GHTOBBIM YHCIIOM. ITpu srom Kaxmo# ammIuTyne
MOXeT COOTBETCTBOBATH JO 65 536 3Hauenwmii. s kaxmoll BeiSopk# Ha-
npskeHusA HeoGXOOHMO 3ammucarh 16 nmpomunpix curianos O umu 1 # Bce 16
HeoBXOOUMBI [UIST BOCCTIHOBJICHWSI OpPHrHHAana HanpspxeHuda. Ha stom B
NpoLUIOM Teprens HeyNay MHOTHE TNOMNBITKH KONHMPOBAHUA 3BYKOBBIX
curHanos. Kak wacro GeiBaeT, HalUpIoch §onee NpOCTOe pellleHVe 3afaud —
3aMUCh Ha JIEHTY; OKa3aJi0Ch CPABHHTEIBHO NPOCTO CO30ATk 16-NOPOXEUHYI0
ronoBKy (IpEMeHss LIMPOKYIO NEHTY) M HCIONb30BATh KAXKIBIH KaHA Ui
3a0MCH OJHOTO K3 6uroB wMcna. Itor MeTop ynobeH it #3roTOBIICHUA OPH-
TUHAJIOB, TaK K4K HeT NMpo6ieM ¢ IIMPHHOIA IEHTH, HO IO HeJOCTaTOK COCTO-
HT B TOM, YTO JUIS 3aMuCH OpuruHanoB tpebyerca or 16 o 32 orpeneHeX
MY 3BIKAIBHBIX JOpoxek. EciiM Kaxkpas U3 HMX COCTOMT #3 16 ABOMYHBIX JIO-
pOXeK, 3amiCHIBaWlUIee YCTPOHCTBO Oyner HeperpyxeHo. Tak KaK cO3AaTh
H MCHONB30BATE JUCK ¢ 16 HOPOKKAMM HEBO3MOXKHO, OTHOCHTENIBHO NPOCTYI0
MM HCTONIB30BAHUA ONHOM MOPOXKH HA [ABOMYHLIN paspsll IPUXONUTCS
OTBeprHyTh. JIpyroit MeTOA, COCTOMT B NOCIEHOBATeNbHOH Neperaue @ 3anu-
c| faHHbIX. [Tociie1oBaTeNbHO ~ 3HAYHT, opHH 32 ApyruM. Hnsa 16-6uroBoro
JBOMYHOTO YHCNA NOCTIEfOBaTeNbHas Neperiaud OsHauaer, uro GuTh Hepeda-
1o1caA B noroke 16 curHanoB O ¥ 1, a He B Bufe 16 OTHENBHBIX CHTHANIOB
mo 16 xamamam opHOBpeMeHHO. Eciu BriBopKa curnanos NpOH3BOIUTCS C
vacroroit 60 kI'iy u oA nepepaul Kaxporo curnana rpefGyerca 16 Gur, To
YacroTa MNOCRUIOK [ABOWYHBIX CHMrHamoB cocrasuT 16 - 60 xI'y = 960 xI'u,
YTO BRIXOOMT 32 NpeleNbl BO3MOXHOCTEH OGLIUHBIX JIeHT W DUCKoEB. Ilo-
HIDKCHHE YACTOTH! BRIGOPKHM BBISHIBAaeT CBOHM TpynHoctd. Ilpu nocneposa-
TEIBHON Nepefade HeoOXOMAMO OTNHYATE NMOCTeOHMI GHT OIHOrO WHMCiIa OT
nepsoro 6ura ciemytomero. IIpu mapamwiensHoii Nepemaue, KOTAa KaOplid
Our nepemaercsd Mo CBOeMY KaHanmy, TPYIHOCTH B MAeHTUHKANHMA UMCTIa
OTCyTCTBYyIoT (OUTEI OFHOYO UMCNA IepefalcICsi B ONHO M TO Xe BpeM:A
no 16 pasnuuHeiM KaHanaMm). IlpaMep OHIMGKY, BO3MOXHOH HpH UTeHUM
NOCNeOBATENLHOCTH CUTHANIOB, NT0Ka32aHd Ha puc. 1.6.

Paznyuna B aMIumaTymax HEHOPMAJbHA, 3TO OBCTOATENLCTBO SBIIACTCA
NIPAYMHON NPOMEILUIEHHOTO MCIIONh30BAKUA KONOB, OTIMYHBIX OT 8—4—2—1.
Kop 8—4-2—1 NpeuMymeCTBEHHO HCNOMB3YETC B BRMUCIMTIEILHOH TeX-
HuKe, Omarofaps npocroTe apuMeTHUeCKHMX ONepauuii, BRIIONHAEMEBIX C
9MCITaMU B 3TOM Kofie.
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A : 8 : ¢ 10 Puc. 1.6. Oumbka, Bpi3BaHHad

= ! OycKOM OZHOINO paspspja B

- —0: 1000000 7:0 0000 ”””}’ 0010-=-=2) gg‘c’nz;onaremocm CHTHANOB,

U B=7129 V (= | APHBORMT K TOMY, UTo Kaxunii

nociepylonmi Gakit Oyner Hpo-
YKTaH HEBEPHO:

2 ~— yupaBjdemoe [eneHHe

A : 8 : ¢ : b Ha rpynosl mo 8; 6 — ounGou-
101000000\100000001070070 §)  Hoe fenenue
! B=6% ! =728

Yto xe NPOU3OHNIET, eClM NPYU CUMTBIBAHNH OYyJeT npomyieH Ui omuboy-
Ho cutaH oguH 6ur? Bruio 6m HeOGOCHOBAHHO ONTHUMMCTHYHO IIOIaraTh,
410 Ha yYacroTax nopsaka 1 MI'y He moxxer GrbITh HpomylleH WM 3aMeHeH
1 6ur. Ilpn 3an#cu ¥ BOCUPOM3Be[EHHWH C MArHMTHOH JIEHTBI MOTYT GRITH
TOXHBIE CUTHaIBI, HeKOTOpBie CHTHANBI MOTYT BhIapaTe. [loBepXHOCTD
IHCKOB TaKXe He MOXeT ObITh abCoNioTHO coBepiueHHOH. Ilpu cromb BbI-
COKOil IUIOTHOCTH [aHHBIX OIMOKH Heus3GeXxxXHbl ¥ HeoGXOmuMO IIPUHM-
MaTbh CHenManbHple Meprl, ofecrneunBariue NPaBWIbHY0 Iepedauy CIIOB
(rpynn u3 16 6ur). Ilpu 3TOM He criellyer MCKaTh KOMIPOMHCCOB B BRIGOpE
CKOpOCTH nepenaun aaHupix. K cyactsio, Takas 3agaua B TeueHye IUTeNbHO-
o BPeMENH H3yyajach ¥ DELIANach CIEUHATMCTAMH MO BBIUMCIIHTESIBHON
TexHuKe. PelllcHus, nalifelHple misi NPOCTLIX KOMNBIOTEPOB, MOACKAZaNu
KOHCTPYKTOpaM uudpOBBIX CHCTEM 3BYKO32MHCH HECKONbKO Harpasne-
Huli peiicreuil. Ilpu nocrjenoBaTensHOU INepefade MOaHHBIX B KOMITHIOTEpE
CIOBO NpeAcTaBisAeT cofoil He Tonsko rpymny O u 1. Mcropuyecku crmoxu-
T0Ch TaK, YIO Mepefiaua [AHHBIX B KOMIBKIOTepe OCYHIECTRISIeT(S Tpynia-
Vi 10 8 OuT, HaspBaeMbiMH OaifTaM#, 3HAYMUTENEHO Dexe 16-GHTOBHIMHU
:noBamu (CyIECTBO [ea OT 3TOr0 He MeHsercsA). Ilp# mepedaue JaHHBIX
[aK Ha3bIBACMBIMH AaCHHXPDOHHBIMH METOAMM Iepefave Kaxporo Oairra
TpSALLIECTBYET “’CTapToBBIM OuT™, @ Nocle OKOHuaHUs# GalTa NOCHUIAETCHA
JOWH Wi 0B2 (B 33BHCHMOCTH OT HCIONB3YEeMOH CHCTEMEI) “CTONOBBLIX
jura”. TIoCKOMBKY 9ACTO HMCHONB3YIOICA ABA CTONOBBIX GHMTA, pacCMOTPHM
10CBUIKY, COCTOSANIYI0 M3 OJHOro CTaproBoro Gura, rpynme! #u3 8 Gur (Gair-
‘a) ¥ ABYX CcTonoBeIX Gur. CTapToBBIM GUTOM sBHsercs 0, @ CTONOBLIE GH-
‘B 1, TAK YTO KakHas HocbUlaeMas rpynna #3 11 OUT [ojhKH2 HAYHHATECS
[y7eM ¥ 33aKaHuMBaTeca [ABYMA emuHuHLaMM. B mpueMHoMm ycrpoiictse 11-
JMTOBaA TIPYNIa NOMEIaeTcAd B ONEPATHEHOE 3aMOMUHAMIEE YCTPOHCTBO
‘03Y) = npousBojuTca NpOBEPKAa CTAPTOBBIX ¥ CTONOBBIX 6uros. Ecnm
J0pMa rpynnel (Hyfds B Hauane, ABe eAXHHIBI B KOHIe) He BhIAEpIKaHa,
[DOM3BOJHUTCA IOCIENOBATENbHEIA CABHI IPyHIBl BIpPaBo, KaK MOKA43aHO
a puc. 1.7, noxa ¢opma rpyminel He SyOeT yHOBIETEODSTE BhILieHa3BaH-
BIM TpebGoBaHKMAM. HenpaBunmbHO IHepedaHHBIH OWT HpuBedeT K MHOTepe
aHHBIX; MOXeET HOTpeGOBATBCA HECKOJBKO MHONBITOK OTBHICKAHUA T'ONHOMH
pynnsl. s KaXOOro HENpaBiUIbHO IePeNaHHOro O6aWTa 3TH MNONBITKH
€ YBEHYAITCA YCIEXOM, KAK 3TO CIIyYWJIOCh GBI B OTCYTCTBHE CTAPTOBBIX
CTONOBBIX GUTOB.

Hcnonp3oeaHue CTAPTOBBIX M CTONOBBIX GUTOB — 3G ¢eKTHBHLIH, HO He
TMHCTBEMHBIH METOH, IPOBEPKY NPaBWIbHOCTH Nepenaun panHBIX. Hapsmy
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Puc. 1.7. Ucnonb3oBaHde OHOTO CTApPTOBOTO H HBYX CTONMOBBIX OHT (4); Tpex6uToBLIA
CHIHa ¢ no6aBJIeHHBIMI CTAPTOBBIMH H CTGIIOBLIMH 6utaMu (6); oOHapysxeHue oG-
KH B nepsoM Gute (¢). BuThl cuMTsiBaOTCA rpyniamu no 11; B kax@sit MoMeHT Bpe-
MeHH T0CHUIKA CABHTaeTcs Ha 1 6uT. JIaHHbIe CUMTHIBAIOTCA TOIHA, KOTA MOWHET KoMm-
GuHauMs, HauMHAIOWASCS ¢ HyNA H 3aKAaHUXBAIOWASICH ABYMSA eHHHLAMH

C WCNONb30BAHMEM CTAPTOBLIX H CTONOBBIX GUTOB BO MHOTHX BEMHCIIHATENb-
HBIX CHCTEMaX HCHOJIB3YETCH KOHTPONb MO UeTHOCTH, NO3BONAIIMI OGHa-
pyxuTte oumMbKy. B rpynne us 8 6ur 7 npennasHayawTcA WIA Nepenaud #H-
dopmanru, a2 BOCEMOR ABIIAETCA pe3epBHBIM. JTOT GuUT HCHONB3yeTCA A
BECbMa NpPOCTON INpoBepKH curhand. KOHTponb IO YeTHOCTH OCHOBAH Ha
TOM, YTO UMCHO e[MHHI B rpynne u3 8 gomxso GHITE Beeraa ueTHeIM, Ecin
YHCTIO eNMHMI, HeueTHOe, 3HAUMT, MPH Nepellaye JAHHBIX AOMyuieHa oumbra
B KOMIBIOTEPHAA CHCTEM3 MOXET [aTh KOMaHay NOBTOPUTh Nepenavy.
Mpz nepepave xaxgoro GuTa CUMTAOT UMCIO eJMHHL. Ecnu OHO ueTHoe, TO
ocrasumiica Gur 0, 2 eclu HeuyeTHoe, TO ocrawommiics Gur 1, TaKk yro Gair
Telepb CONEPXUT YeTHOe UYMCIIO eOMHHI. B NpueMHOM ycTpolicTBe IpOBepH-
eTCA UeTHOCTh UMCIIA eHHWIL, HO IPH 3TOM OCTAeTCA HEH3BECTHBIM, KAKOMH
#3 GUT HePaBUALHBIN.

Kourtponr nmo UYeTHOCTH NPOCT, OFHAKO €CAH HeMpaBWIBHC MepeNaHb]
2 Oura, TO KOHTPOIb MOXET He 3amMeTuth oumbku. Koxrpons no uerHocTH
cam no ceGe noasepxeH OMMGKAM U NPABUIEHO NMepelaHHble JaHHBIE MOXET
KBanHHIMpPOBATh KaK HeNpaBwibHbie. TeM He MeHee KOHTPONb MO YeTHO-
CTH B COUCTaHMHM C HCMONb30BAHHEM CTAPTOBBIX M CTONOBBIX OUT pafoTaer
3¢¢dexTHBHO, UYTO IO3BOMIAET IHePelaBaTb MAcCy KOMIBIOTEPHBIX [aHHBIX
C BecbMa BBICOKHMH cKopocTsaMmH. OfHAKO HpueMIleMsle [UIA KOMIBIOTE-
POB CKOpDOCTH He OuYeHb IOAXOAT Ui 3ByKo3anucH. CKOpoCTH Nocnefona-

15



TENBHOU IepefauM AAHHEIX B KOMIBIOTEPAX JIEXAT B Ipefenax of 110 Sur/c
(otHOCuTeNIBHO HM3KasA cKOpocTh) 1o 19600 6ut/c (UpH TaKoH CKOPOCTH
Nepefaua MOXeT CTaTh HeHafeXXHOii); OHAKO M 3Ta CKOPOCTh He[OCTaTOU-
Ha Ui Oepedavyd 3BYKOBOW MHGopManm#. 7o obcrosrenscrso Syfer pac
CMOTPEHO HO3Xe, B YaCTHOCTH, B I'1. 3.

B uesiom pocrouncTBa UHGPOBOro KOAMPOBAHMA PEANU3yIOTCA HEIpOC-
TO, KaK B CJIy4yiae HCNONb3OBAHUSA JIEHT, TaK B AucKoB. HeoOxomumo ucnomne-
30BaTk BECkMa BBICOKHE CKOpPOCTH H CHCTeMa OBHapy > eHHA OUmGOK JOJK-
Ha OpITE GoMlee COBePILCHHON ¥ OBHICTPOACHCTBYIONIEH, YeM B HIHPOKO CETOof-
HA DAaCHpOCTPAHEHHBIX IEPCOHANBHEIX KOMIbIOTEPax. Besa HpoMbuiuieH-
HOCTb, OOeCIeUMBAIOIIAA MACCOBHIN BHIUTYCK NPOAYKilg#, AONXKHa paGorars
BECEMa COBEPHICHHO; 3TOMy CHOCOOCTBYET €NMHCTBEHHEI B MHDE CTaH-
papr Ha KJI.

lnasa 2. UWOPOBLIE YCTPOMACTBA

Jlormyeckne 3MeMeHTH — GIOKH, M3 KOTOPBHIX CIPOATCA UHDpOBbIe
yCTPOHCTBa, HONOOHO TOMY KaK ONMHOUHBIN yCHIIMTENBHEI Kiackay ssnsder-
¢ 6710KOM, HeoSXOOMMEIM I NOCTPOEHHA YCWIMTENBHOTO YCTpOHCTBA.
Cpeu MOTMUECKUX 371eMEHTOB MOXXHO BBIJIEJINTh [IBA OCHOBHBIX, Ha3pIBae-
meix M wnn WM ¢ onpepeneHHpivu (BYHKUMOHAJIBHRIMK HA3HAUCHUSMHE B
OTNAUME OT YCTPDONCTB, INPeAHA3HAUECHHBIX [YIA BBHINOIHEHUA JOTHUYECKHX
onepauuil B nuHeiHpIx cxemax, Ha pzc. 2.1 nokasad npuMep BHIIOTHEHUA
NOTAYeCKOro AEHCIBUA B JIHHEHHOM YCTPOHCTBE — BIJIIGUEHHA W BBIKIIIC-
yeHns curxana. ludpossie norydeck#e 3neMeHTH AEHCTBY KT NPAGNIHIATENDb-
HO TaK)e; COCTOSHME Ha BRIXOAE JIOTHUCCKOTO 3j1€MEHTa ONpenernaAeICs
COCTOAHHAMH HA BXONAX W NOAuYMHseICH oNpefelleHHbIM NpaswiaM, hopmu-
pyeMbIM B BHIe Tabnun MCTuHHOCTH. OTMETHM, YTO B ClIyyde 3HATIOTOBOM
JIOTUKW Ha OpWH BXOJ, NHOJaeTcs CHrHAN, ¢opMa KOTOPOro oupefenser
COCTOsHHe BKITIGUEHHUS WIH BHIKITIOUeHHAA HA BBIXONE.

Bxod cueHana [\ Boixod
"\ ’\/\J

Brod sambopa
JL

Cuzwan
sambopa

Puc. 2.1. Jhmelinsii 3a1Bop; Ha
BXOJIE H BBIXOHE — aHadOTOBLIR
CHTHAT; NpIMOYTONBHLIA UMIIyNLC

BKJIIOY3eT H BBIKIIOUZeT 3aTBOP.
dopmMa aHanorosoro CHTHama Co-
XpaHsgercs
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Puc. 2.2. Cxema H. JIBouumsie A ———

CHTHaisl Ha BXORAX H BHIXOHE 8 4
HMeIoT OIMHAKOBYIO aAMIUIMTYIy

CocTosiHHE HA BBIXORE oOllpenens-
ercs KoMOuHamyell CUTHanoOB Ha
BXofax; cocrosHue 1 Gymer Tomb-
KO, ecH Ha oboux Bxomax 1.

Mokaszanel ¢GOpPMEl CHTHAJIOB M

7
g
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TabMUIAa HCTUHHOCTH
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Ha puc. 2.2 nokasaHo ycnoBHOe 0603HaueHMe JIOTMUeCKOTro 3eMeHra U
¥ COOTBEICTBYIOMIAs Tabnuua MCTHHHOCTH; CHMBOJIBI, NIpUBeieHHbIe B TaG-
nuue, OGIENPUHATE ¥ UCIONb3YIOTCS KaK M3TOTOBUTENSIMH, TaK ¥ nOTpeGn-
TenaMu. CxeMa MMeeT [Ba BXOJQ, HA KOTOpPhie MONAKTCSA ABOMYHbIE CHIHa-
NBI; OHM ONpPENENAIT COCTOSHHE Ha BHIXOME CXeMbl. B Tabnmuue #CTHHHOCTH
npueefedbl BO3MOXKHBle KoMOuHanuu Ha Bxogax. Ins rpex xomGuHammii
CHTHANIOB Ha BXOJAaX CHTHaj Ha Brixode Gymer O ¥ TONBKO YeTBepTass KOMOH-
HalUMs [aeT Ha BrIXOfe 1 — korna Ha ofa Bxona A u B Nonadpl eNYHUIILL;
Oorciofa ¥ HaspaHue cxeMrl M. TaGnuua ucTuHHOCTH Wis cxeMel M ¢ Tpems
BXofamMu NokazaHa Ha puc. 2.3. U B aToM cnyuae 1 Ha Bpixope Syzner Tojb-
KO, eCJI# Ha BCe TpH Bxofia nonaHsl 1. IIpu moGoM wicne BXOAOB Ha BRIXOfie
cxempl M eguHuua SydeT B eIMHCTBEHHOM BapH#aHTe, KOTHA Ha BCEX BXOHAX
OynyT enuHUIIL.

Oxasanoch Npomie cHAefnark MHBepTUPYIOIIMA BapuaHT ITOH CXEMEI, Ha3pl-
Baempii U—HE, ycnoBroe 0oGo3HaycHue KOTOpo# H Tafnupna KCTHHHOCTH
noxaszaHel Ha puc. 2.4. Manedbkuil KpyxoueK Ha o0O3HayeHHH o3HayaeT
auBepcuio. Ilpy pasnuuHeIX KoMOUHAnuMAX CHTHANOB Ha BXOAe — BBIXOAE
cxeMn U-HE emuHMIR2 32 HCKIIIOYeHHEM ClIyyas, Kornaa Ha ofo#x BXopmax
enuaunpl. Cxema U—HE wucnonesyercs mns MHOTuX Uenedl. Iliia Np#Mepa
Ha puc. 2.5 nokasaHel B2 BapuaHTa BKioueHns cxeMsl M—HE. 3emia ume-
eT nor#uecKuit yposeHb (, a HaIpsKeHAIO NHUTAHUA COQTBETCTBYET Ypo-
BeHs 1. B paccMaipuBaeMOM BapmaHTe JOTHYeCKHH 3JIeMeEHT [IeHCTBYeT
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A1814&] Puc. 2.4. Cxema VI-HE H ee TaGnHla HCTUHHOCTH;
A et N\ FRVEK] OHa mMOXeT O®ITh IpeprcTaBleHa SKBHBaNEHTHOH
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Puc. 2.5. Cxema M-HE moxer GbITH peanu3oBaHa c¢ Nomolisio cxem MIIM-HE; sto
ocuoBHoli snemeHT W possx UC

KaK HHBepTOop: ecnu Ha Bxofe 0, To Ha Bexone 1 ¥ HaoGopor. ITO TONBKO
OfMH H3 IPHAMEPOB, WINIOCTPHPYIUIMX BO3MOXHOCTH HCIHOJIb30BAHUA CXe-
mei M-HE; mnsa Gonee NonpoBHOTO u3ydeHHs BO3MOXKHOCTEH TaKUX CXEM
cnemyer OGpaTUTbCA K CliellHanbHol IMTeparType.

Ipyroii umpoKo pacnpocrpaHeHHOl cxemo#i suderca WUJIH, ycmosHoe
oo3HayeHne KoTOpoH (C ABYMS BXoAamu) M TaGIHLA MCTHHHOCTH NOKa3a-
ge1 Ha puc. 2.6. Ha Brixope cxemmr 0, ecnu Ha ofa BXofa NMOJaHb! HyJH.
Ecitn xoTsa 6»1 Ha ogHOM M3 BXOHOB 1, TO Ha BeIXOHe 1. Cnemyer BechbMa
OCTOPOXHO BOCHPHHHMATh HaszpaHue cxembl WJIM B NoscemHeBHOM GpITO-
BOM cMbiciie (OmMH WM Apyroii, Ho ne o6a). Kak # B cmyuae cxemst Y
mpomwe chenars cxemy WIM-HE B uHBeprapyomeM MHCROIHEHUH
(puc. 2.7). Iipyro#t BapuaHT CXeMbl, BBIIONHAIOIIER JeHCTBHE “opuH Wix
1pYrok”, ocymecrBnser ucxkmouatowee WM (ycnoBHoe 0603HaueHMe H
ranuua ACTMHHOCTH IIOKA3aHpI Ha puc. 2.8). ITOT 3neMeHT UmMPOKO HC-
101b3yeTcA NpH BHIIOTHEHUM apHMETHUECKOTO CMOXEHWS ABYX [OBOMY-
BIX UHCEN.

OrnucaHHble CXEMbl ABJIAIOTCA OCHOBHBIMHM B TeXHHMKe UM(POBBIX YCI-
»olictB, C uX NOMOUIbI0 BBINOJIHSIIOTCT MHOTHe NOruyeckue peiicrsusa. Ha-
IpuMep, Heo6XOmUMO Ha BBIXOZle HMeTb 1, eCly Ha ABYX WM TpeX Bxopax 1.
Qi pellleHMs 3aJaul MOXHO IPHUMeHATE cxeMbl nubo Tonexo U—HE, nuGo
1JIA-HE. C npuMeHeHNEM JIOTHYECKHX 3JIEMEHTOB KOHCIPYHDPYIOTCS CuH-
‘amIFe cxXembl. 3RAHHE CBOKCTB JIOTMUECKHUX 3N€MEHTOB HeoGXOMHUMO is
IOHMMAHHA TEXHUKH IMOPOBOH 3BYKO3aIHCH; OHO HeOOXOMMMO M UIs
tomuManus Goree CIOXHBIX ONEpauuii, HCIONb3YeMBIX IIp# NpOUTPHIBA-
iz KT,

Abaa Aag_
g0 7/
8 7107 8 71010

71717 11710

uc. 2.6. Cxema WJIM ¢ gByMs BXoJaMH; NOKa3aHo COCTOAHHe CXeMBI NPH emMHHIIAX
a oBoux BXomax

c. 2.7. Cxema WJIM-HE, skBuBaneHTHas IOCIEROBaTelIBHO BKNIIOUeHHBIM CXeMam
IV u musepropa; wax M H-HE oHa ABnsercd OCHOBHBIM 3TIEMEHTOM LHQPOBRIX
Xem
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Al8]& Puc. 2.8. Cxema HCKIIONAi0-
A AV mee HMIIW u ee raGnuua Hc-
Iri J1717 THHHOCTH (g) — CIIOXEHHE
71717 IBYX OWT C NMOMOIUBIO CXeM
8 71717 U, a TaKxe HMCKIIOYAIOLIETO
) WK (6)
A | B |Cymma | lleperoc
A Ty Cymma T710] @ 7
CYMMA- al11 1 g
mop 719
8 5) Meperoc 7717 ; 3

Jormueckue peiicrBus npumerutenbio k KII Bxiiiouaior BHIGOp AOPOXKEK,
OlIeHKY TOHOCTH JOPOXKH, KOppeKImio OMmMOoK, ynpasieHue $OKyCUpOB-
KOif JIa3epHOTO JIyya, YHpapjicHHe CKODOCTBIO [BHIafeld. Heo6xonumo
3HATb BO3MOJHOCTH JIOTMYECKHX 3NICMEHTIOB, OAXe CIeNMANIbHO HE NpenHas-
HAueHHBIX /1A BOCHpoU3BelicHHA 3BYKa. Bo3MOXHO, YT0 KTO-TO  IOXENAeT
CAMOCTOATENBHO CKOHCTpYHpoBaTh Kakoe-tnGo ycrpoiicteo. Ilpx 3tom
JIOTMUECKHE BApHaHThl CnefyeT PacCMOTPETh, HOMb3YsCh TaONHUUAMM MCTUH-
goctd. JlorHyecKMe NIEMEHTHI MOXHO MCNBITBIBATE, MCHONB3YA NOCTOSH-
Hble HATpPMKEHUA, NpEMeHseMble B TexHuke KJI: npu 3T0M HUKAKAMHA ?me-
nouamu” mpeHeGperaTs Hellb3s., JT0 OCOGEHHO BAXHO [UIA NOCIEOBATENBHO-
CTHBIX CX€M.

NOCNEAOBATENLHOCTHLIE CXEMb}

Tlormueckae CXeMbl HMHOTOA Ha3hIBal0T KOMOHMHAUMOHHBIMH, HNOCKONEKY
CHCHJ Ha BhIXOOE 3aBHCHT 0T KomGuHamuu O u 1 Ha Bxonax. MssecTeH fipy-
ot TAI cXeM, KOTOpEIe MOXHO HOCTPOMTh C NOMOLIEBI0 TOTHYECKHX IEMCH-
TOB: COCTOAHME Ha BBIXOfie 3THX CX€M 32BHCHT OT MOCIEOBATCILHOCTH
BXOIHbIX CHrHanoB. Ilpocreiiumil NpaMep TaKOH CXeMBl — CUATAOWIAA
UC, B KOTOpO# COCTOAHME Ha BBHIXO/i€ 3aBHCHT OT UMCIIa HMITYJIbCOB, NOCTY-
musuMx Ha Bxof. Kiaccuieck®M NpEMepoM MNOC/TENROBATENBHOCTHOH JIOTH:
YecKOi CXeMBl ABIAETCA TPHITEp, HudpoBaA BEpCHA KOTOPOIC BeChMa [ia-
J1eKa OT TPOCTOro, 3HAKOMOTO BCeM MynbTHBHGpaTopa.

Haufonee npocTeM sBNsieTcs RS-Tpurrep, BpinOJHeHHpIE B BHAe MC,
CPaBHHMTENEHO DPEOKO HCTONB3yeMbli B HacTOAlee BpeMi. Cxema onHOTO
H3 BapuanTos RS-Tpurrepa ¢ HCIONB3OBAHHEM CXEM U—HE nokazana Ha
puc. 2.9, [lnsa noHumaHus Npouecca BCIOMHMM, YTO Ha BBIXO/Ie [ABYXBXOMO-
Boii cxempl UI—HE ¢opmupyercs 0, ecnu Ha ofa Bxona nopauer 1, u 1 mia
MoBLIX APYTMX 3HaYCHMH CHTHANIOB Ha BXojax. B cxeme, NOKA323HHOKH Ha
puc. 2.9, nopaua 0 Ha BXo[l R He3aBUCHMO OT CHTHala Ha BXOAE S npuBOIMT
K TOMYy, YT0 Ha Beixoge snemenra WJIM--HE 1 Symetr 1. 9TO O3HAUAET, YTO
KOrna Ha BXofe S ypoBeHb 1, To Ha 06OMX BXOAAX CXEMBI N-HE 2 toxe 1,
1aK yro Ha BBIXORe e¢ Gyder 0. Ecmu Ha Bxope S coxpansercs ypoBeHs 1,
T0O HW3MeHeHHe cOCTosHuA BXOna R Ha 1 He Syner BNMATH HA COCTOAHHE BBI-
xopa 0, moToMy 4ro Ha #pyroMm sxofie cxemsl U—HE 1 yposeHr O u Ha BBI-
xope 1. Ecnu Ha opmuoMm Bxoxe 1 # Ha fapyrom 0, T0 CocTosAHHMe TPUTTEpa
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UAU-HE1 Puc. 2.9. Ipocreiimaa dopma

R ———y] NoCNemoBaTenbHOCTHOH CXeMBbI—
» Q RS -tpurrep. B oTnuuue 0T KOM-

rRlS ala GUHAaUKOHHON JIOTUKH COCTOAHHA

o171718 BBIXOOE 3aBUCAT OT NOCNeNOBa-

747 1710) tenmHoctd cocrosmuii Ha BXOEAX

7101011 (a He ux wombGunamwmit) . Cocros-

71710(7 Hug R =0, S =0 He ucuonssy-

p—o Q
OTCA, TAK K2K B 3TOM cIy4ae

- 0 =Q =0, a oburHoO oxHpaeT-
WAU-HE 2 cf, uro () — uaBepcud 0

H3MEHHMTCA B Hanuuve 1 Ha oGomX BXonax GoKHpyeT TpUITep ¥ OH OCTaHeT-
¢A B TOM COCTOSIHMH, KOTOpOe GEUIO B HpefBIYUIMA MOMEHT. ITO — OCHOB-
Hag 0coGeHHOCTE MOCHENOBaTe/IbHOCTHBIX UeNe#t — COCTOsHHEe MX BBIXOAOB
B MepBYI0 OUepelb 3aBHCHT OT MOCTIEAOBATENBHOCTA M3MEHEHHA COCTOAHUA
pxofioB. Tpurrep saBnsercs OCHOBHOW CIPYKTypHON suelKOH NOCNeloBa-
TeJIBHOCTHBIX JIOTHYeCKEX cxeM. HanGornee mmpokoe pacipocrpaneHze 11o-
Ny9w1 Tpurrep, paGoraroumii 0o cxeMe “Macrep—NOMOMHMK”, YIPOMEHHO
JK-tpurrep. 3To TaxkTHpyeMmiil TPHUITep; COCTOSHHME TaKOTO TPUITEpa H3-
MeHAeTCA TONBKO B MOMeHT OPHXOA3 TAKTUPYIOLIETO MMILy/bCa. JTO O3Ha-
gagl, YTO JIOTHYeCKHe 37IeMeHTH, COCTaBIAIOIIME CXeMy, paBoTaTr CHH-
XpOHHO, YTO MO3BOMNAET HM3GeXxark OCIOXHelUi, BO3MOXHBIX B IHDPOBBIX
cxemax, MpH flofaye HMITYILCOB B PA3HOE BpEMHL.

TakTupymomme AMIyIbCH TeHEPAPYIOTCH, KAK NPABHIIO, TeHEPATOPOM, Ya-
CTOTA KOTOPOTO CTabIIN3HPOBaHa KBAPLEM.

YcnorHoe o003nauenue u rabn#una cocroanuil s JK-TpHrrepa OaHs! Ha
puc. 2.10. Ta6nuua cocroaHuii B OInHuHe OT TaGNHIE HCTUHHOCTH HOKA3L-

J //5/77 J %ﬂ 0 n+y
usmererud 010 7 ?
J e —
Hamengemen |01 ;7 Z
Taxrm _ Vi 7
H ] — 710 7 7
l Nepensmoverue |77 o117
710
R
- N
+ + + +
S A
Taximupyro-

wue uMﬂyﬁb‘T A

Hamenenus b61x0008
Coutnebanus Exodob

Puc. 2.10. JK-tpurrep. Tabnuua cocrofHuil NMOKa3sIBaceT, KaK U3MEHSAIOTCA COCTOSHUS
BBIXOJOB IIpH BO3MOXHBIX KOMOUHALHAX curHanos Ha Bxofax J u K. Ecnd Ha BXopmax
J u K ycraHoBncH YpoBCHb 1, TO TaKTHPYIOIHUC MMIIYJI5CHI OynyT MOCHCA0BaTCHbHO
nepexmioyaTs BpixoAs U3 1 B0 uus OBl uT. ;4.:

Opn — BBIXOM KO BPCMCHU U3MEHCHUA COCTOSHMA BXOMOB; Oyyq — BBIXOL Npu Crie-
oywollieM TakTHpyoomeM uMmnynsce; 0 Ha Bxoge S ycrawasnueaer @ =1; ¢ =0 Gesor-
HOCHTENIBHO K TaKTUpyolueMy umiylscy; 0 Ha Bxofc R ycranapnmueaer Q =0; O =1
6e30THOCHTEITBHO K TAKTUPYIOLICMY HMITYIISCY

20



Puc. 2.11. Cuetwuk, 06pa3oBaHHEIH 4 7

nsymss  JK Tpurrepand, B Nepe-

KTIOYaTENBEHOM pexxume. Berxon nep- a, ds
BOTO TPUITEPA MONKIIOYEH K CHH- .
XPOHHpYIOIIEMY BXO#y BTOporo, Brod A B8
TaK YTO BTOPO# TPUITED MHEpeKNIo-
yaeTcA B 2 pasa pexxe, uem HEpRELIH.
Juarpamma cOCTOSIHHA HILMOCTpHpY-
eT npouecc NeNeHuA, KOTOPLIH B Tep-

muHax 1 1 O mpencrasnser co6oi Ctlella'ﬂbll | I | I I I I

cyeT B JBOMuHOH cucreme oT 00 Ha bxode

po ll. Tpurrep B npepcrasnser

crapumi#t paspafg, Tpurrep A4 - l I f L_
MNAIILuQ 4,

Homep umnynsca na bxode | &

-]

ERNSIRN)
Qi

BAaeT, YTO OJHHAKOBHIC COCTOSIHHS HA BXOMaX He 06A3aTeNIbHO Ja0T OOHHAKO-
BbI€ COCTOSHHA HA BBIXOAX, TAK KAK COCTOSHHE BBIXOOB 3aBHCHT OT HOPAL-
Ka cs1eJJOBAHUA BXOMHBIX MMIybcOB. Bxogwl oGosHauawores J u K, a Bbl-
xompr Q u Q.

Boixon O Bcerma WHBepTHPOBAaH no oTHowleHuto k Q. Tabnuua nokassl-
BaeT BO3MOXHBIE COCTOAHUA BXOHOB A0 ¥ NOCIE TAKTUPYIOUIMX UMIIYJIbCOB,
KAaK HanpspxkeHdst Ha BXofJax J u K onpenensioT COCTOAHHA BBIXOJOB NOCTE
KaXIOro TAKTHPYIOUIETO UMIYNbca. 3aMeTuM, YTo ecny Ha pxopax J n K 1,
TO TPHITEDP U3MEHAET CBOE COCTOSHME NPH KOKAOM TAKTHPYIOUIEM MMITY b
ce, T. e. Oyner paGoTaTh KaK IBOHYHbIA CYeTUHK.

Tpurrep siBnsercs OCHOBHOH CUMTAOILEH CXEMOIi, TOCKONBKY Ha KaXble
ABa TAKTHPYIOMIMX HMIYIIbCa BBIOAETCA HA BHIXOAAX ONMH UMITyJbc. Brilro-
YUB MNOCEAOBATENIBHO ABA TPHUITEepa, NONYUHM [BYXCTYNEHYATHIH CUETUMK
(puc. 2.11) . B npuHumne MoxHO cOeMHHUTDH MoGoe uncio Tpurrepos. Takoe
YCTPOHCTBO HUCIONIBb3YeTCA KAK TailMep, CUMTAIOIMA TAKTHPYIOLINE HMITYIIh-
Chbl, Y3aCTOTA KOTOPBIX MOXeT ObiTh JOCTaTOUHO BBICOKOIL. CUeTUMK, KCIIOJNb-
3YIOmHA NOclefioBaTeIbHoe IepeKITioueH’e TPUITEpOB, HA3BIBAETCA AaCHH-
XPOHHBIM, IIOCKONBKY NMOCTeJHHH B LENH TPUrTEp HeNb3s NepeBecTH B IpY-
roe coCrosiHHe, NMOKA HE H3MEHEHO COCTOSHHE KAXIOro NMpeAplayllero TPHr-
repa. Jro ynobGHo Ayt MHOTHX uerteli. s paga npumMeHeHHl, TpeuMyILeCT-
BEHHO GBICTPOIEHCTBYIOMNX IHGPOBLIX YCTPOHCTB BaXkHO, YTOOBI BCE CTYTIE-
HHY cueTuMka cpabaThHIBajid OJJHOBpEMEHHO NpH Nofave TaKTHPYIONIMX HMM-
nynscoB. B atux cnyvasx Bxoapt J u K coeAyHSIOTCA COOTBETCTBYIOIHMM
06pasoM ¢ MOMOLIBIO JIOTHUECKHUX cXeM. M3yyeHHe TaKkMX CXeM BBIXOOMT 32
PAMKH HaCTOSILENR KHUTH.



PETUCTPHI

Tpurreps B uadpoBOji TeXHUKE IIHPOKO MCMONB3YIOTCA IS NMOCTPOCHUA
PEerHCTPOB cHBATA OOBIYHO B MHTETPAIBHOM HCHONHEeHuu. Perucip crpura —
HapboJiee MpOCTO# BMJL PErMCTPA; OH INpencTaBiiser coboii coemHHenye He-
CKOJIBKHX TPUTTEPOB. B 3aBUCHMOCTH OT XapaKTepa COefMHEHHS MOXHO
co30ath uYerbIpe THHA perucrpos. Ouu obosHavawrca kak SISO, SIPO,
PISO u PIPO, rpe S u P oBo3navaror nocnemosartesnbhpiii (Serial) u mapan-
nenpHbi (parallel), a 1 1 O — sxome! (inputs) u Bpixoms:r (outputs). Heii-
CTBHE 3TUX PETHCTPOB MOXHO NOACHHUTb HA IIpHMepe YeThIpeX TPUITEepoB,
y KOTOpBIX Ha Buxofe Oymer O wnn 1.

BaxHo, KaK H3MEeHAITCA COCTOSTHUA BXOMOB, BBI3BIBAIOLIME HU3IMCHEHME
COCTOSTHMI BBIXOJOB. Perucrpsi Bcerpa TaKTHPYIOTCH, TAK YTO COCTOSHHA
M3MEHAITCA TONBKO BO BpeMs TAKTHPYIOIMHX MMITYJIbCOB, 3 He NpH mopa-
Ye HANpsOKeHWH Ha BXopiwl. Perucrp soGoro THma obnapaeT “Namsathio”
(TpUITEpPDI, COCTABNSAIOMINE PETHCTP, OGNAA0T NAMSATHIO) .

Ha puc. 2.12 noxasan npumep PIPO-perucrpa (mapasenbHble BXOABI —
napajuienbHbie BbIXOApl) . TpHrrepbl B TAKOM DETHCTPE COeAMHEHBI B TOM
CMBICTIe, YTO WU BCEX TPUITEPOB HCIONb3YIOTCA OfHM M Te dKe TAKTHPYIO-
e UMITYJIbCh, HO TPUITEPhbI JAEiicTBYIOT He3aBUCHMMO. Bo BpeMs TakTHpyio-
[IeT0 MMITYIhCa BXOIHOM CHMTHAJ NepefaeTc HA BBHIXOM, M Ao NMPHXOpA Crie-
AYIOIUETO TAKTHPYIOLIETO MMITYJeca COCTOSTHHE BBIXO/IAa He H3MeHseTcs He-
38BUCHMO OT COCTOSHMA HA BXoje. MoXHO NpeAcraBuTh ceGe NMpHMeHeHHe
3TOrO YCTPOMCIBA, MPOK3BOAALIETO BRICOPKY IPH KaXJOM TaKTe M COXpa-
HAIOUIETO COCTOsHMe [0 NPHXOMAA CJIefYIOMEro TaKTHPYIOHWIETO MMIYJIbCa.
Bropoit TN peructpa (TapawieNpHbLl BXOA — MOCHEIoBATe/IbHEIA BBIXO[T)
PISO nokaszan ma puc. 2.13. 3pecs kaxapid TpHIrep mmeer coOGCTBEHHBIH
BXOJ, HO BBIXOJl KaXIOT0 HCNONB3YyeTcst TaKxke KaK ambTepHATHBHBLA BXOM

Boixodsr
7 & 5 4 3 2 7 J
A R
7 6 3 4 3 2 7 g
Bxodsr
7 a)
X
Bxoi g)

Puc. 2.12. PIPO-peructp (¢). TaxTHpyioie HMOYJIBCHI MOA3IOTCH HAa MNMAapaieNBHO
BKJIIOYEHHBIC BXOAL! TpurTepos. Uncna or 0 1o 7 cOOTBETCTBYIOT CTelEHAM, B KOTOpLIS
BossoxsaTca 2; 0 coorsercrayer 2° = 1 u 7 coorsercrsyer 27 = 128, — pxogmas
cTyneHb Tpurrepa 8 PIPO-peructpe (G)

22



Bbixod
] 1 ’_1
— 1
...r - _J
Taxm
7 6 5 4 J 2 7 g
Bxadst
§
Hebeprmop J-K
R
)
Bxad

Puc. 2.13. PISO-permcrp (@). Bxonbl BKIIOYEHB! NapajUIeNLHO, BBIXOALI NMOAKINIOYE-
HH K cuenyonmm JK-Bxogam. Peractp paboraeT KaK PeruCTp CABHIA; NpH KaXAOM
crefyollieM TaKTHPYIOIIEeM MMIyNbce KaxIbit GHT nepemeiiaercss pnpaBo. TakTupylo-
e MMITYJIbChl CABUTAIOT COMEPXAlIHecsd B perucrpe GHTBI BHONB PErHCTpa TaK, UTO
HYXHO 8 TaKTHDYIOIUHX HMITYIIbCOB, YyTOGHI OWCTUTD 8-GHTOBEIN perHcTp. CXema ycra-
HOBKH JK-TpHITepa HEe3aBHCHMO OT TAaKTHPYIOUMX HMNYILCOB (6)

A chepywouiero B nuHeiike Tpurrepa. IlycTh perucrp 3arpyxeH; Toraa
GbyHKUMs cemapaTHOl 3arpy3k¥ COCTOHT B TOM, YTOOBI TPHITEpbi XpaHu-
nu uHbopManuio. Kaxaplii TaKTHPYIOLWMA MMIYJIBC COBHraeT CONEPKUMOE
PETHCTPa HA OfIHY CTYMeHb TAK, YTO BHIXOMbI HONYYAIoT XpAHUMBIe BUTHI OMKH
33 [IPYIHM, IIOKA PErMCTp He OUMCTHTCA. JTOT THI perucIpa npeobpasyer
UMCTIOBOH KOl B IOCNIE/IOBATENIbHOCTh [BOWYHBIX CHTHAIIOB M ABJIAETCA
OCHOBHBIM B Ipeo0Opa3oBaHHK ABOHUHBIX UMGPOBBIX CHTHANIOB B NOC/IENO-
BaTeJIbHYy0 GOpMY 1S 3aIIKCH HA AV:CK HIIY JIEHTY.

SIPO-peructp (NocneoBaTeNbHEIA BXOH, — NAPAIIENbHbIA  BBIXOM)
(puc. 2.14), ocymecTBNseT NPOTUBONONOXHYI0 kKomOuHauui. Habop rtak-
THPYIOIIMX WMIIYJIbCOB NMO3BONAET NMPUHATH CUTHAJIBI HA BXO[ M NPOIBUraTh
¥MX N[O TpHUITepaM, CHUMAS COOTBETCTBYIOLLYI0 WHGOPMALMIO C BBIXOJOB.
Takum 0GpasoM, MOCIemOBATENbHble CHTHAIBI IpeoOpasyiorca B napaji-
nensHylo GopMy, ymoGHYI0 [ NPeacTaBlieHHS CUMFbIBAEMBIX ¢ UCKA HIH
JIEHTHBI TPyHI OHTOB B COOTBETCTBYIONIME UM CTIA.

Ha puc. 2.15 nokazan SISO-perucrp (nociieoBaTesibHbl# BXOJ — HOCIIE-
noBaTenpHbli BRIXOM). OH MoxeT GbITh MCHONB3OBAH [Uisi BpeMeHHON 3a-

Borxodss
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Puc. 2.14. SIPO-perucrp. IT0 TaKXe PETHCIP CABHIA, B KOTOPOM OMTLI 3allHCHIBAIOT-
CA NpH TaKTUPYIOIMX HMITyJIbcaX H MOTYT GRITh CYMTaHBI ¢ MapalfieNIBHLIX BBHIXOOOB
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Puc. 2.15. SISO-peructp. HUcnomesyercs nocnepmosaTesibioe BKIIOYEHHE BXOAOB H
NOCHeIOBaTeNIbHOEe BKNOYEHHE BHIXOHAOB. B 9TOM nprmepe 8 TaKTUPYIOIUX HMIIYJILCOB
nepenBuraoT GuT co 3xofa Ha uixof. [locnenoBaTenbHEIN BRIXON ¢ 3302DKKOH Ha 8 HM-
NYABCOB. ITOT PETUCTP MoKeT GLITh HCIOBIOBAH B KaUECTBE NAMATH, KOTOpasd MoJIy4H-
71a Ha3BaHMe “IepBbIi BOWIEN—NepBLUi BuIUen”, 3TOT BH PETHCTPa MCIONbL3yeTCA UPK
nepeMexeHHH (CM. HIXKE)

[EepXKH; HanpuMep, DJif Perucrpa, COCTOALIETO K3 ueThIpeX TPHITEPOB,
1A nepenadd GUTa cO BXO/IA HA BRIXO/, TPeOyeTcs YeThbipe TAKTOBBIX MMITYIib-
ca. Bpemsa 3afepxky oNpefelscrcs YacToTod HOCBUIOK TaKTHPYIOUMX
amiynecoB. IIponecc 3amepkKu NpUMeHSIETCSI B 3BYKO3aIUCH.

IOns mudpopsix UC BaxHbIMH NapameTpaMH ABJIAIOTCA Cpeflee Bpems
3a0epKKKM DPACHPOCTPAHEHHMsi CHUTHANA ¥ [OIyCTHMash MOHIHOCTb pacceHBa-
HHA Ha ojHoM mnpubope. CpemHee BpeMs 3aiep>XKH NpefcTaBigel coGoid
BHTepBaJi BpeMEHH, PaBHBHI MONycyMMe BpeMeH 3a[epXKH pacipocTpaHe-
EMS CHTHaJiA NpM BKJIIOYEHHM M BHIKJIOYeHHH 1MPOBBIX MHKpocxeM. Jis
TpaH3ucropHo-rpansucropHoi moruky (TTJI) Bpems 3afiepxKu HopAmKa
10 Hc. JIna pOCTHIKEHHS CTONb MAjioro BpeMEHH 3a[ep)KKM JIOTHYecKue
9JIeMeHThI, COCTABJISIONIAE CXeMy, PaGOTa0T MpY MOLUHOCTH pPacCeHBAHUA
okono 10 MBt Ha 3nemeHr. 10 HeQONBIIOE 3HAaueHye, HO eclM CXema
COCTOMT K3 HeCKOJBKHX COTEH JOIMYeCKMX 3JIEMEHTOB, TO BHIIENSACMYI0
MOIIHOCTh TPY/IHO pacCeaTh ¥ cCXeMa MOxXeT neperpepathes. IlpoGnema cospa-
HAR NPHGOPOB C BBICOKUM OBICTPOAECHACTBHEM M Majiod pacceHBaeMoi
MOIHOCTBIO PEILIAETCA TOJIBKO 34 CYeT BBIMTPHINIA B ObICTPOACHCTBUM M NIPO-
ATPHIIRA B MOILIHOCTH WiK HaoOopor.

YcnoBusa mpumeHeHnst UudpOBBIX CxeM B3aMMOCBA3aHBI M 33aBHCAT OT
TAA WCHONB3YEMBIX cXeM. JUIsi HEeKOTOPBIX CXeM HAMPSDIKEHHE MHTAHMS
poipkHo cocrasnars 5,0 * 0,25 B u He npesemuats 7,0 B. Ilpu xaxpom
nepexIIloyeHHH CXeMbl Ha BBIXOJe HCTOYHMKA NHUTAHHA NOABIAETCH NPOBAJI,
BBI3BaHHBH1 KPATKOBPeMeHHBIM KOpPOTKKM 3aMBIKAHHEM B MOMEHT Hepe-
KITIOUeHHsi. JTOT MMIIyNBC MOXET OKA3aThCs HEXNeNaTebHBIM i APYTHX
cxeM. Hampskenue umramms ciemyer Bcerga craGwiusuporats. IlonesHo
MeX[y BbIBOAAMM CXeMbl BKJIIOUHTH eMKOCTbh NpumepHo 10 H® (MoxHO
HCIIONbB30BATh OJMH KOHJEHCATOp HA KaXKAble NATh NpuGOpoB). ITOT KOH-
JeHcaTop ocoOeHHO BaXKeH IS CIOXHBIX YCTPOWCTB, B KOTOPBIX PACCTOS-
Bue Mexqay ucrouHukoM nutadus ¥ TTJI UC penunko. Hopeiume tine UC
MSHee UYBCTBMTENBbHBI K IepenajaM IHTAIMMX HANpsOKeHUH, HO eMKOoCT-
Has pa3BA3Ka Bce xe HeobGxomuma.

Ha Bpemsa 3afepKH BNMAIT TeMNeparypa M XapakTep NOIOKIIIOYaeMON
marpyskn. Haubonee “rskensiM” crydyaeM sIBNIseTCA eMKOCTHAas HArpyska
¢ Pe3HCTOPOM, KOTOphI BKHIOUAETCS TAaK, YTO HANpsHkeHHE HA cXeme H-
KOTrJa He JHOCTHTaeT HANpsKeHHA MCTOUHMKA muramus (puc. 2.16). B aroi
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Puc. 2 16. Xynumii BapHaHT Harpysk# undpoBoft cxe-
MbI: PESHCTOD K GOJLIN2S NAPa3HTHAA eMKOCTD

cxXeMe YMeHbIIEHHEe HAINIPAKEHNA 0 JIOrAUeCKoro
(0 o3Hauyaer, YTO yepe3 pe3UCTOp MPOTEKAET TOK r——
U eMKOCTh pas’psKacTCs, Jaxe ecild 3TO TOIBKO
napasuiHag emMiocrs. Emkocts (06bruHO 7 HO — e
80 n®) BiuAer HAa CKOPOCTh IEPEKIIIOUEHHSA I
cxeMbl. CKOpOCTh MepeKIIIOUEHHA CPABHUTENBLHO =

¢1200 33BHCHT OT TEMIIE PATYPBI.

[ToMeXOyCTOHUMBOCTD CXEM fBJIACTCA BEeChbMA CYLUSCTBEHHOM XapaKTepy-
CTHKOM, MOCKONbKY MHTepdepeHIHsa NOMeXy U NoJIe3HOTO CUrHasa sByseTca
HUCTOUHNKOM oumbok. IloMexoycTOHUMBOCTh YacTO OLEHHBaeT 3HaYeHHE
UHTephEPEHIMOHHOTO MMIYJIbcd, KOTOPBIH MOXET MEPEKIoyarh CcXemy.
It MHOTHX THIOB UHMGPOBBIX CHCTEM MOMEXOYCTOHYHMBOCTb OLEHHBAETCSH
pasHuueli MeXdy ¢akTuuecKuM HanpsoxkeHMem yposHs O unu 1, cyiuect-
BYWIUHM B annaparype ¥ HaNOpsOKeHUEM, NPH KOTOPOM TPOMCXOMMT Iepe-
KkptoucHMe cxeMbl. Hanpumep, ecid MakCHMaIBHBIH ypOBeHb JIOTHYECKOTO
Hyna cocrasnger 0,8 B, a peanbHo cxema nepexiiouaercs npu 1,4 B, To go-
CTATOYHO IOCTOpPOHHero wuMMynbca 0,6 B, uroGui BrI3BaTh HeNmpHATHOCTH.
Hexotoprie cxemsr, B ToM wMcne nepBbie TTJI-cxembr, BecsMa nopBep keHbI
floMeXaM 110 HENAM ITUTAHHUSA, H 3TO ODCTOATENIBCTBO ABNAETCA AOMOIHUTEIb-
HBIM apryMEeHTOM B NOJB3Y YCTZHOBKHM KOHIEGHCATOpa MexOy NHTAIILUM
NPOBOIOM Y 333eMISIONMM BBIBOJOM K2aXoro npubopa.

KMORn uc

KMOIT UC — xowmmnemMeHTapHbie cXeMbl, B KoTopeix MOIl-TpaH3ucToph
¢ KaHaIaMH{ p- U A-THIA KCIIONB3YIOTCA NMapamu. B Tunuynol komiieMeHTap-
Ho#t cxeme (puc. 2.17) p- ¥ n-KaHabHbie NOJNEBbie TPAH3UCTOPHI BKITHOYEHEI
nocinenosarensHo. BriBogbl 3aTBOPOE coefMHeHbI, TAK 4TO BXOAHON CUrHAj
nopaercs Ha o6a 3arsopa. Eciin Ha Bxop nofaHa 1, TO TpaH3UCTOp A OTKPBIT,
a B — 3aKkphIT; B pe3ynbTare ypOBeHb HaNpsokeHMs HAa Buixofe 1. Eciu Ha
3aTBOpPHI NofaH 0, TO 3aKpHIT TpaH3ucrop A, a B OTKpPHIT, TaK YTO HA BBIXO-
e 0. CHrHajs Ha BBIXOfIe 3TOH CXeMbl NOBTOpPsAET CHIHaJl Ha BXome. ITY cXe-
MYy MOXHO H4a3BaThb “IKcHaHaepoM™; oHA oblafaeT BBICOKOH Harpys3ko#
COCOBGHOCTHI0 — NMO3BOMAET NOJKIIKYATH GOJIBILIOE YMCIIO HATPY30K.

Hocroucrso KMOII-cTpyKTyp cOCTOMT B BO3MOXHOCTH HCIIONb30BaHUA
LMPOKOro [uana3oHa MATAIWHX ¥ JIOTHYecKHUX YPOBHeii HanpsokeHuil. CraH-
AJapTHble CXeMbl NpefHa3HaueHbI 1A paboTsl ¢ HaNpPsKEHHEM HCTOYHHKOB
muTaHug +5 B u pomkHer ObITh KecTKO K HUM MpuBsizaHbl. Muoruwe KMOII-
cxemsb! paboTaloT NpH HM3KUX HanpsxeHusaXx (Hanpumep 3 B u maxe npu
1,5 B). Onu Takxe paGoTaoT Npd HampsxeHuax 12 B u Bhuue, tak uro
KMOIT UC MoxHO muTaTh OT HU3KOBOJIBTHHIX Oarapeii ¥ 0T aBTOMOGHIBHBIX
aKKymynaTopoB. Ilpu nepeK;tioueHHH HanpskeHHe OYeHb GIIM3KO K HANps-
AeHHI0 HCTOUHNKA nuTaHus. KoHCTPyKiusA BBIXOAHEIX KacKagoB B BApHaHTe
TTJ sarpyaHseT MOCTHXECHHe JIOFHYECKOro YpOBHs 1, GMHM3KOTO K Hamps-
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Puc. 2.17. Tunomas cxeMa TocnemoBa-
MONA TENBHOTO BKNIOYEHHs NONEBEIX TpPaHH-
CTOPOB C Pa3NHYHEIMH THNAMH NPOBOMH-

P-KauarvHsd MON-  MOCTH. Ilpu nopaue Ha BXOx uHdpPoBOTO
b mpaksucmgp CMTHajia Of¥H TPAH3UCTOP 3aKPLIT, Opy-
TO# — OTKPBIT

Bxod Bsixad
— >

| 7-KZHA 7646 1Z MO~

’ mparsucrmop
Mons
<

JkeHHIo nutaHug +5 B. Tunosoe 3HadyeHue sroro ypopHs okono 3,5 B. Jro
obcToATenbCTBO  OOYCNIOBNNBAET CPABHUTENBHO HU3KYI0 IIOMEXOYCTOHum-
Bocte cxem TTJI. Ilockoneky Hanmpskenue Ha Brixome KMOII MC npaxru-
YECKH PABHO HANPSHKEHUIO MUTAHKSA, UX NOMEXOYCTONUMBOCTD BBILIE IIOMEXO-
YCTOHUMBOCTH CTaHOAPTHEIX cXeM. B pmomnomnHenue: paccenpaeMeie MOMIHO-
ctu KMOIT UC cymecreenHo ruxe, yeM y TTJI ¥ MoryT cocraBndrb He-
CKOJIBKO MHKPOBATT Ha 3JIEMEHT.

Hepocratkom KMOII UC nepBsIX BhITYCKOB ABIAEICH HU3KOE GBICTpO-
neidictee. KMOII UC T1peGyoT 3ammTel OT BO3JEHCTBHS CTaTHYecKoOro
snekTpuyecrBa. Cxopocry Nepefaud f[aHHBIX fAjig crapeix Tunoe KMOII
UC cocrapnswr 100-200 Hc — B 10 pas Gomblle, yeM B cpefHeM IJis
TTH. Insa MHOTHX NpaKTHYeCKHX NPHMEHEHMIi 3T0 HeCyleCTBEHHO;, B YacT-
HOCTH, JUIf KapMAHHBIX KaJbKYJIATOPOB 3TO BpeMs He CIHIUKOM BETHKO.
Cxopoctu crapeix” KMOII IC HegocrarouHs! st GONBIIMX CHCIEM C IIO-
crnepoBarenpHoi 00paborkoii gaHHpIX. HeoOX0auMOCTs MCTIONB30BAHUS BRI-
COKHX YacTOT MNOCHUIOK TAKTHUPYIOLIMX HMITYJIbCOB COCTABJIAET ~H3BECT-
Hyw0” npobnemy uudposoii 3pyko3anucu. CoppemeHHbie KMOII UIC paccuu-
TaHb! Ha MOBBIUIEHHBIE CKOPOCTH 00paborky JaHHbIX. HyXpa B NoBbIIEH-
HoM Geictpopeiicteim KMOII UC oboctpsaercs HeoOXOaMMOCThIO CO3NAHKA
3KOHOMHYHBIX CXEM [AMATH, COXpPaHAWIMX KHGOpMAauH0 NP NUTAHHA
OT HH3KOBOJIbTHBIX OaTapedl. Mo)kHO Mcnonb3oBaTh oTAenbsHele MOII-Tpan3u-
CTOpsl C p- ¥ m-KaHaiamH, obGnapmaiolive GOnbUIMM GBICTPOIEHCTBHEM, YeM
KMOII UC.

Panpme nospexpenns KMOI HC, BrisBaHHBIe BO3OeHCTBHEM 3IeKTpO-
CTATHYECKOTO 3JIEKTPHYeCTBA, NPUYHHANKM GonblMe HeNPHATHOCTH. 3aTBO-
psl MOII-TpaH3ucTOpPOB TaK XOPOLIO H30IMPOBAHBI OT KAHAJOB, YTO pas-
pAd, MajlefllIero 3MeKTPOCTATHYECKOTro 3apsfd BhI3bIBAET HEJOMyCTHMBbIC
nepeHanpsokeHus. B To jke BpemMs oyeHp TOHKHE CIOM ABYOKHMCH KDPEMHUsS
npoGuBawTcsa Npy HanpspkeHusax nopagka 20 B. 3ro osnavaet, yro mioObie
olepalyy, Hanpumep oGpeska BwiBofOB MOII-TpaH3uCTOpOB HA H30JIHPO-
BaHHBIX NOMIOKKAX, MOTYT BbI3BaTb HeoGpaTHMbie NpOOOH IHITEKTPHUKA
3arBopa. KMOII UC mmpoko HCHONB3YOTCA B annaparype; Lis npefoTBpa-
[MICHUs] NOSABJIEHNUA HETONYCTHMBIX HaLlpsDKEHUH NPHHHMAIOTCA PAITUYHBIC
Mephi, B TOM YHCIle MPUMEHSIIOTCA Pa3psifHble MHO/bI, HOAKIIOUaeMble K BhI-
BofaM 3aTBOpOB. HeoOXOMUMO NOMHUT, YTO BHI3BIBATH MOBPEKACHUS MOXKET
TONBKO PA3HOCTH MOTEHI[HATIOB MEXY 32aTBOPOM H KaHAJIOM,
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Tpu xofsbe no HeilIOHOBOMY KOBDY BALIH PYKH MOTYT MMETh NOTeHIH-
a1 nopagka 14 kB u Gonee, Ho ecny 3TOT NOTEHIMAN NMPWIOKEH H K 331BO-
py, ¥ K KaHaIy, TO NOBPEXICHUA He NPOM30H/eT. AxKypaTHoe BKIIIOYCHHE
UC B LeNb HCKIOYAET 37IeKTPOCTATHUECKY 0 OMACHOCTD, NTOCKOMBKY B J060#
HeNH €CThb CONPOTHBIIEHNE, BKIIIOYeHHOE MEX/IY 3aTBOPOM H K2HAJIOM M OHO
B PasyMHBIX TpefieyiaX HaflexHo 3amumaer npubop OoT BO3MEHCTBHA CTATH-
yeckoro 3neKTpuyecTsa. MHBIMM CiTOBaMH, CTaTHUECKOE 3TEKTPUYECTBO He
MOXeT INOBpeauTh paboTamiiyio cXeMmy He3aBHCHMO OT TOro, Iepekiioya-
eTCsl OHA UIIK HeT.

EnuHCTBeHHass BO3MOJXXHOCTh MOBPEXXISHUSA BO3HHKAECT B Clyvae, €ClK
oauH BbiBer MOII UC 3azemiieH, a k Apyromy NpHKacarorcs; Jae B 3TOM
clyyae BCTpPOEHHBIE AMOMABI MOTYT 3AIUUTHTL TPAaH3UCTOPBI. 3a MHOro JeT
pabotsr ¢ MOII-TpaH3ucTopamy s HM Pa3y He BCTpeYasicsi C MOBPEXACHHUs-
MH, BBI3BAHHBIMM CTaTHUYeCKHM 3JIEKTPHYECTBOM, Jaxe B Te JHH, KOrpa
[0oCie NPOX0Aa Mo KOBPY KAacalcs pagnHaTopa ¥ owlyIian HelpUATHBIA yaap.

CraHgapTHeie pedocTopoXkHocTH npy pa6ote ¢ MOII-npubopamu npuse-
IEeHBI HHXE.

1. Jlo mpuMeHeHHs coXpaHaiiTe NpubOphl B YNAaKOBKe HM3TOTOBMTEINs.
HN3GeraiiTe KacaHUA BLIBOLOB.

2. o smaiiky npuGopa B cXeMy He HapyuIaiTe NepeMbIueK, 3aMbIKAIOLIUX
BHIBO/IbI HAKOPOTKO.

3. He pomyckaiiTe, yroGs1 1enp 3aTBOpA 0KAa3aJ1ach pa3oMKHYTOIi.

4. TIpu monraxe MOII-npubopa ucnonb3yiite 3aszemiicHue NAAIbHUKA H
MOHTaKHO IJIATHI.

5. YGemutech B TOM, UTO Ha IUIaTe €CTh PE3UCTHBHAA JOPOKKA MENIY
3aTBOPOM M JPYTHMH BbIBOJAMH.

6. YGeaurech B TOM, YTO COOTBETCTBYMOILME YCJIOBHA Ui paGoThl CO3-
[aHBI: BIIAXKHOCTbH JIOCTATOYHO BeJIMKa, OTCYTCTBYET CHHTETMKA, BCe MeTay-
JInYeCKHe MOBEPXHOCTH 3a3eMJIeHbI; B CIOXHBIX CJIyYasX MOHTaXKHHKY cre-
AyeT WCTIOIb30BaTh 3a3eMIIEHHBIN Opaciier, HaJeBaeMbiil Ha 3a1IACTHE.

IIpoGneMbl CTaTHYECKOFO JMIEKTPUYECTBA YycrpaHsiorcs, ecny HUC u3bl-
MAKTCA HAH BCTaBJIAOTCA NPH BBIKJIIOYEHHOM HAMpPMXKEHMM NUTAHUA; €CNH
UC po ynorpeGneHHst XpaHATCS B 32ILUTHOH YNAKOBKe, eclIH PyKH omnepa-
TOPa CJIETKA yBJIAKHEHbI ¥ MOHTAXKHAA NAHEIh 3a3eMJIeHa.

Ha puc. 2.18 nokasana THNHuHas cxema Jio-
ruyeckoro anemenra M—He B KMOIl-ucronne-
HHM. BXopmamu Bcerpa sBIAWTCA BBIBOOBI 3a-
TBOPOB, 4 BbIXOJ Gepercst OT COelMHEHHs MCTO-
Ka OJIHOTO TPAH3UCTOpPa CO CTOKOM fApyroro. Ilo-
ckonbky BXopHbie wenu MOII UC npaxrtuyecku —

He NOoTpeGIA0T TOKA, YACIIO BXOJOB OrpaHHYMBa-
€TC  TOJIBKO €MKOCTAMH BBIBOOOB  3aTBo- A o——@-:o

Puc. 2.18. Cxema U~HE ¢ xomnnemenrapho#t MOII- Bo——@»

CTPYKTYpoH; BXOpDaMM SIBISIOTCS 3aTBOPHI MONEBHIX
TPAH3UCTOPOB, NOITOMY BXOOHOE CONPOTURNIEHHE BCETIA

BEJIMKO. BEIXOMEI —~ CTOK MIIM HCTOK; BBIXOLHOE COTpo- ;
THBJICHME OTHOCHTEIIEHO HEBEIIHKO
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pos. Ha BbICOKHMX CKOPOCTAX MepeKIIIUeH!s 3HaYeHUA TOKa, HeOGXOMMMOTO
IUIsl 3apAI2 W paspAdad eMKOCTH 3aTBOP—KAaHajl, ABIAKICA OTPaHHUMBAIO-
UM dakropoM. Hanmuume 3aILUTHBIX MOJOB TAKXKE YBEIHUMBACT YTEUKY
110 NOCTOSTHHOMY TOKY, XOTS OHa ¥ He CJHILIKOM BeNHKaA.

KMOII UC Onaropaps mainoii norpednsiemoil MOIIHOCTH NpecTaBifIoT
BaxHbil Kiace uudpoeix YIC, Ho Bo MHorux mudporix UC ucnonssyrwrcs
MOIl-rpan3ucroptt ¢ ofHuM Tunom kaHama: #MOIIl wnn p-MOIL. 3tu HUC
TAKXKE INOTPeONAOT Maripie MOIIHOCTH, XOTA M HECKONbKO OOMNBIIHME, YeM
KMOIT UC, ocobGeHHO Ha BBICOKHX cKopocTsaX nepekiodeHus. UC na MOII-
TPAH3UCTOPAX IUMPOKO HCMONb3YIOTCA B MHUKDOINpOLEcCcOpax M cxemax Ia-
miath. OHu xe B codeTanuu ¢ KMOIl MC Haxonmar u Apyrie NMpuMeHeHHs,
HanpuMep B YCTpofiCTBaX NepedauM AAHHbIX ¥ H3MepHTENbHOH TeXHHKe.
MHorye ¥3 HHMX NpepCTaBNAT coOOH THNOBBIE CXeMBI IMPPOBOH TEXHHKH,
TAKHE KAK CYETUYHKH, HO OTJIMYANOTCA BBICOKOIli CTelleHblo HHTerpauunu. Jpy-
rve UMeioT CliellMa/ibHOe Ha3HAueHHe, HAIPUMEP CXEMEI IUiA Iepedaud peue-
BBIX CHTHaJiOB, piig 00paGorkyu curHasiop B nudpoBoi 3anucu Ha KJ winu
nentsl. Muorue p-MOII un n-MOI1 UC npegHa3HaueHs! 1uist BBHIUYKMCIIHTEIIBHONM
TeXHHKH ¥ MHKPOIpPOLECCOPOB LIMPOKOTO NpKMEHeHus. B 3T1oli kKareropum
NC nutepecHs! cXeMpl THIA “TIOXKapHas Lenodka”, Npefcrapiswonme cobon
Pa3HOBHAHOCTb PETHCTPA, B KOTOPOM [AHHBIE CMELIAOTCA IO UENOYKe IIpH
KOKIOM TaKTHPYIOIIEM HMITyJbce. JTH YCTPOMCTBA NO3BOJNIAIOT OCYILECTB-
TATh 33AEPKKY HHPOpMALMK Ha BpeMsA, 3aBHCAINEE OT YacTOThH! NOCHUIOK
TAKTHPYIOILMX HMIYJIbCOB; MHOTMe NOTpeOHTenM MCIONb3YIT 3TH YCTPOi-
CTBA [JIf 3BYKOBBIX CHMCTeM, HanpuMmep A CO3[AHUA peBepbepaluu U Ipy-
ruX 3ddexToB.

Uc NAMATU

Ouens Baxubiii Kkiacc MOII UC npenpHasHaueH [nisi MCHONB30BAHUA B
yCTpoiicTBax NamaATH. IlaMATb B CMbicTie BBIMMCIIMTENBHOH TeXHMKH O3Ha-
yaeT cnocoGHOCTL COXpPaHATb JorMyeckye ypoBHH O mwnm 1 ckonb yromHo
ponro. Buijensiorca [nBa THNA NAMATH: SHEPro3aBUCHMAA M 3HePrOHE3aBH-
cMMasg NaMATh. JHepro3apKcHmas NamaTh TpeOyer pereHepaiy JaHHbLIX.
Bce ycrpoiictBa maMATH 3TOTO Kiacca, B TOM WMciie HeKotopsle KMOII-
ycTpoiicTpa, TpefyoT HCTOUHMKOB NHTaHUA, Hanmpumep OGatapeii. Ilpu Ber-
KIIIOYeHHH HCTOYHMKA NUTAaHUA XpaHuMass mHbopmanus TepseTca. HMcTun-
HO JHEPTOHEe3aBHUCHMOE YCTPOHCTBO NAaMATH coxpaHdaeT MHGOPMALMIO NpU
BBIKJIIOYEHHH MCTOYHMKA nuraHusA. Hapbonee xapakrepHBiM IPHMEPOM
5HepTOHE3aBMCHMOH NAMATH ABNdeTcs MATHUTHAs NamATh. B ycrpoicreax
DaMATH  NepBLIX  OOpPa3ioB  BHIUMCTIMTENBHBIX MALIHH HCIIONb30OBANIHCH
KONblIEBBIE MATHMTHBIE CEPAEYHHMKHM ¢ OOMOTKAMH, KaXIpIl H3 KOTOPBIX
XPaHWJI OOMH [BOMYHBIA paspsap. A BHelUHeH NaMATH MCIONb30BAJIHCH
MarHMTHpIe JIEHTBl WM JUCKM; B HauOoree COBPEMEHHBIX CHCTEMAX HC-
Nnone3ywIca onTHYeckve pHMcKH. MX [OCTOMHCTBA COCTOAT B BRICOKOH
IUIOTHOCTH 3alKCH [AHHBIX, YCTOMUMBOCTH K BO3ACACTBHIO CIyYaHHbBIX
MAarHUTHBIX MOJIeH, B BO3MOXKHOCTM He OYeHb AKKYPATHOrO OOpamieHms,
He 6yner .mpeysenuueHuem ytBepxpaenue, wro KJI kak ycrpo#crsa mna-
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MmaTH Gojlee BaXKHbI MJif BBIMMCIIMTENBHOH TeXHUKH, YeM COOCTBEHHO A
3BYKO3AMHCH.

YCTpOiicTBO KPATKOBPEMEHHOH (omepaTtuBHOW) NamsATH MOXeT ObITh
cO30aHO Ha TpHUITepaX, KOTopele paboTaoT TONBKO NPH HAIMUMM Hanps-
seHUs NUTAHUS. JHepro3aBUCHUMYI0 NMAMATh PasOeNsioT Ha [BA THUNA: CTATH-
yecKyio ¥ JHHAMHYeCKYl0, KOTOpHIE CYIUECTBEHHO pasnuyaiorcs. B crarmue-
cKOji NAMATH, KOTOpYl OOBMHO HasmBaloT cratuyeckum 3YIIB — samomu-
HAUMM YCTPOHCTBOM ¢ NPOK3BONbHON BpIGOpKOH (obpamerue Kk mob6oMy
37IeMeHTY NAMATH NPOM3BONBHO) KaXOplil Tpurrep XpaHuT 1 6ur. ITockoms-
Ky TPHUITEp COCTOMT M3 JBYX TPAaH3HCTOPOB, OJMH U3 KOTOPBIX OTKPHIT, @
ApYroi — 3aKpbIT, 3aloMMHaeMem OMT moxeT Gwuith 1 unu 0. B campix
HePBBIX THNAX TAaKOH NAaMATH TPUITEPHI COeJUHINCh B LEMOYKY M IpH
KQXKIOM TaKTHPYIOLIEM MMITylibCe KaXK/blii OWT [JaHHBIX INepedaBajcs 0
pernoyKe clegyiollleMy TpUrrepy. JTO HaKJIIpIBajio Ha mpolecc BHIGOpKH
(cuutbBanue MHGOPMALMK) olpefelleHHble OIPAHHYCHHA; Ui XPaHEHHUS
p Taxkoil namaTe 1000 Our paHHBIX TpeGOBaNOCH IO MCHBIIEH Mepe
1000 tpurrepoe. HHdopmauMs nogaercs Ha BXOA B COOTBE1CTBHH C TaKTH-
PYIOUMMY MMIYJIBCAMH ¥ CHMMAETCA C¢ Bbixoma — 1 BT Ha ojuH TaKT. Ta-
Kas CHCTeMa Ha3bIBaeTCst “HepBBIM BOIeJl, NEPBHIM BhIllen”. KaXmsii pas
NpH CYNTBIBaHWM HHGOpPMauMM OHA JIOIDKHA ObITh MOMEHIeHa O6paTHoO, 1A
cliefywomero Hcrnoib3oBaHuA. Kaxppli pa3 HeoGXOOMMO CUMTHIBATH BCIO
LENOYKY: HEBO3MOXHO HpoOuecTb 56-if OHT, He cuUTaB  INpeAlIeCTBYIOILHE
55 ©Owur. Pa3puTHe MHTIErpanbHONW TEXHONOTHH IMO3BOJIMIIO MOXBECTH
BBIBO/IBI BXOJIa ¥ BBIXO2 K K@K[FOMY TPUITEpY Ha KpHUCTamile W OCYILECT-
BUTb IpoOW3BOJNIBHYI0 BBIOOpKY. IlpomsposibHast BhiGopxa Tpebyer wuc-
NOJIb30BAaHHA HA KpHCTajie JIOTMYeCKHX 3JIeMEHTOB ¥ ONpeMelIeHHbIX Me-
TOHOB ObpalleHus K HYXXHOMY Tpurrepy. B uacTHocTu, Hcnonmb3yeTcs nopja-
ya [BOMYHBIX CHFHAJIOB Ha agpecHble LUMHBI, ApecoM Ha3bIBaeTcss OBOHY-
HOC WHCIIO — HACHTHOHKATOP TOTO TpHITEpa, B KOTOPOM XPAHUTCA HYX-
Hblii OuT. Bazosoe opgHoGutoBoe 3VYIIB uMeer omHy BXOAHYIO HIHHY, OOHY
BBIXOJHYIC LIMHY, LDIHY 3aNMCH /CUNTHIBAHHA U ONperelleHHOE KOJIMYECTBO
agpecHbix umH. Eciy, Hanpumep, agpecoB 16, 10 MOXHO OGpaTturbes K
2'6 = 65536 paznuuHBIM TPHTTEPaM: 3TO M €CThb YHUCIIO 3aNOMHHAEMBIX
our.

IIpuMeHeHHe TPUITepOB CBA3AHO ¢ NOTPeOJICHHEM 3HAUMTENBHOW MOILHO-
cTi. J10 OOCTOATENBCTBO MPUEENO K CO3[AHHI0 NaMATH Jpyroro Tuma —
A¥HaMyyeckoil, ¥ xora crarmueckag KMOII-namsrs norpeGnser HeGonblilyio
MOIWHOCTh, AMHAMHUECKAsA MNaMATh IIMPOKO NpHMeHAETCS, B YaCTHOCTH,
B MajipIX KOMIbloTepaX. B muHamMuyeckoif namMsaT# ypoOBHH JIOTHYECKHX CO-
CTOSTHUH XPaHATCA B BUIE 3TeKTPHUYECKHX 3apANOE B eMKOCTAX, CKOHCTPYH-
poBaHHeIXx mnopgo6uo 3atBopam MOII-TpansucropoB. XoTs CONPOTHBIIEHHE
MeXJy BBIBOJAMH KOHIEHCATOPOB BENMKO, YTEUYKH B 1IeNAX CXEMBI OFPaHHU-
YHBAIOT BpeMsA XpaHeHUs MHPOpMauMM HeCKONBKMMH MMWUIHCEKYHIAMH.
3To o3HayaeT,YTo KOHAEHCATOP, XPaHALMA 1, HAONKEH Iepe3apsKAThCA
OpHMEPHO KaXIYl0 MWUINCEKYHAY. JTO He OueHb ClOXxHO. CoBpeMeHHbIE
aunamuyeckue 3YIIB pMeIOT cXembl pereHepauun 3apsiioB, M3TOTaBIIHBae-
Mble Ha TOM X€ KpucTajyie, YTO U NaMsTh, 3 KOHTPOJIb pEreHepauny ocylie-
CTBNISieTCA CMENUAIBHBIMH CXEMAMH HIJIH B HEKOTOPBIX CIIYyYasX CaMMM MHK-
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pornpoueccopoM. Perenepanus monxkHa GBIT “Npo3payHoit” B TOM CMEICTE,
YTO OHa He AOJKHA MeLIATh HOPMAaIbHOMY GYHKUHOHHPOBAHMIO YCTPOHCTBA
namsATH.

Hcnonp3opaHne pUHAMMYeCKON MaMATH YMEHbLAeT NoTpeOeHye SHEPIHH,
YTO CYIIECTBEHHO DI MaJibiX KOMIBIOTEPOB; 3HEPrHs PacXOfyeTcs TONBKO
Ha pereHepanyio. JKOHOMHYHOCTD ITO3BOJISIET CO3[ABATh YCTPOUCTBA NaMATH
Oonbmioit emkocTy. Bo BpeMs HanucaHns KHMru HauGonpluas eMKOCTbh IH-
Hamuueckoro 3VIIB cocraBnana 262 144 6ur. Takoe ycTpoficTBO Ha3shiBa-
ercst “unn 256K”, nockonbky cumeon K ucrnionssyercs mias 0603HaueHHA
o6sema 1024 (2!°) Gur.

ITomumo omnucaHHOH BpemeHHcSﬂ (onepaTuBHOI) MaMATH, Hy>KJaiomencs
B pereHepauuy mnHdopmanuy, HeoGXOAMMO MMeTh MHOCTOSAHHYI0 NAMATh.
Hanpumep, HeoGXomumo NOCTOSHHO XpaHWTh TpyHny cursaioB. Ilamsrs
TaKoro Tuna Haspmaercs [I3Y -- nocrosiHHOe 3anomuHAOIIEE YCTPOHCTBO;
OHO MO>eT ObIThb BHIIONHEHO B paxTWyHBIX BapuaHrtax. [lpuMeHuTenbHO K
KII He npenycMaTpHBaeTcsi U3MEHATH CONCPIKMMOE NAMATH, MOCKOILKY B
cucremax KJI B oGo3spumoMm Oynyuniem cyllleCTBEHHRIX M3MeHeHUi He npel-
pugurca. Ilosromy namate mporpammupyeIcs B Hpolecce HPOK3BOACTBA
TaK, YTO OHa paboTaeT MpM MPOCTOH apecanuy HA BHIBOMAX M HEMOCPEenCI-
BEHHO BbIfacT MHoOpMauuio, He TpeGys [AOCTYNAa K BEIXOZAM TPHUITEPOB
ywn emkocreil. KoHdurypauus Hyned u eguxuu nporpammupyercs B I13Y
NP M3rOTOBIEHMM MHKpocxembl. Ilporpammuporannsie II3Y npu  macco-
BOM Npou3BOACTBE AelieBbl. OIHAKO Iyis HOBBIX 33734 OIMOKA B IporpaM-
MHPOBAHHH MOJXET OKa3aThCs BECbMA JOPOrOCTOSIEH.

AslbTepHATHBOH SABNIAETCS NPOTpPAMMHpyeMOe INOCTOsIHHOe 3aOMHHAN-
wee ycrpoiicteo (IIII3Y), oHo omHaXkanl MPOrpaMMUApPYETCa K MOXKET GHITH
CUMTAHO NPAKTUYEeCKM HeorpaHmueHHoe uucio pas. Kpucramn Bmiycxaercs
HE3aNMPOrpaMMHUPOBAHHBIM; €ro MOXHO MporpaMMHpoBars, nopgasas 0
Wil 1 Ha cCOOTBETCTBYIOIIKE afpecHble WIMHEI M HIMHBI JAHHBIX. 3areM KpH-
cTamn ucnons3yercs Kak II3Y c Toll pasHuued, yro Nepex YCTAaHOBKOH B
KOMITBIOTEp NP NPOrpaMMHPOBAHMM MOXHO BHOCHThH HeOOXOOHMBIC H3Me-
Heuusa. HauGonee nonynapumm tunom IIII3Y ssisercs crupaemoe INTI3Y
(CIIH3Y), B KOTOPOM 3aNHCh MPOHU3BOIMICHA NMyTeM WHXEKIHM HOCHTened
B NONYNPOBOOHHK, a4 3anMKcaHHas MHGOPMALMA CTUpAaeTCs 3aCBETKOM sye-
eK y/abpTpacdHoNeTOBRIM H3NyUeHHEM.

MUKPONPOLLECCOP bl

Muxponpoueccopasii  umnn  (KpUCTa/UI)  ABNAETCA  cepaieM nioboro
KOMIIbIOTEPA ¥ YHHBEPCANBHBIM YIOM IIHPOKOH HOMEHKJIATYPH NMPOMBIL-
JIeHHBIX KOHTPOJIIepOB, Unn yMeeT 3HAYUTENIBHOE UMCIIO JIOTHYECKHX DIIeMeH-
TOB ¥ TpUrTepoB. Ero ornuumrenpHas ocobeHHOCTb COCTOUT B TOM, YIO BHYT-
PEHHYE CBA3M MEXIY dJleMeHTaMH MOTYT U3MEHATLCH B COOTBETCTBHH C MpO-
rpamMmoi, UHBIME cTOBaMH, NMOCBUIKH OBOUYHBIX CHTHAJIOB HA BXOJ MHKPO-
npoueccopa (MII) ucronbsymorcs Hist KOMMYTAuUMH JIOTHYECKUX 3TI€MEHTOR
¥ 33aHUA JeHCTBHI, KOTOpbIE OJXKHA BBHINOJIHATh CXEMa, ITONYYHB CIIEMYI0-
1wy nocpuiKy pnaHHeIX. MII npencrapnsger coGoii mocneaoBaTesbHbNIl KOHT-
poliep, BHITONHAIOUMA ONpeeNIeHHYI0 IIOCNefoBaATeNbHOCTh ACHCTBUR BO
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ppemern. UtoGs1 MIT crioxun nBa uucna, TpeGyeTcss MO MeHbIueHd Mepe TpH
piara. Hepspiif war: nogaya Ha Bxox komaHast ADD (cioxurs) B qBOHYHOM
¢opme; BTOPOH LIAT — BBOJ, OHOTO U3 CIIAraeMbIX; CIEylolMi — BBene-
HMe BTOpOTO cjlaraemMoro. 3aTeM Ha BBIXOJMNON JIMHUH N3HHBIX NOABIAETCA
pe3yNIbTaT BBIVHCIIEHHH ~- HCKOMas cyMMma. [lpuBeneHHpid Npumep Moka-
3pIBaeT, YTO JUIA BBINOJIHEHHA [POCTOTO JEACTBUA — CIIOXKEHHs TpeOyer-
cA ueTbipe nociemoBarenbHbix wiara. IHosromy wuHorma MII okaspBaercs

CIIMIIKOM  Me/UIMTENTbHBIM IA leneH ynpaeneHus. CKoOpoCTh BBIUHCIIE-
HUi, ollpemenseMdsa YAaCTOTOW MNOCBUIOK TAKTHUPYIOUMX MMIYJIbCOB, O0BM-
HO COCTaBJIfeT HECKOJIBKO Merarepi,.

TAKTUPYIOWMUE UMNYNbLCLI

BoybluMHCTBO UHGPOBHIX CUCTEM HKCIOJb3YeT TAKTHPYIOLME WMITYJIbChI.
B mudpOBOHA 3aMHCH OT HUX MHOTOE 3aBUCHT, OCOOEHHO NMPABHIIBHASA YaCTO-
1a BpIOOpKHK (06 3TOM mo3xke). Kak sxe 3TH UMIYIbCHI MOAYYAKT B HpPHEM
HbIX yctpoiictBax? H3BecTHbI iBa MeToma: KCNOJb30BAHHE KBAPLEBOTO Te-
HepaTopa B Kax/JIoMm MNpubope W NpHMeHEHWe CAMOCHHXpPOHHU3UPYIOILHXCA
reHepaTopoB, YMNpaBjieHHe KOTOPBIMM OCYIUCCTBIAETCA CHHXPOHU3UPYIOIH-
MH HMIYJIbCAMH, ABIAIMMMUCA YACThI0O NPUHMMAaeMbIX curHajnos. Oba me-
TOMA He ABJAIOTCA HeCOBMECTHMBIMU, U H3BECTHBI CXEMbI, B KOTOPBIX YaCTO-
T4 KBaplleBbIX FeHepaTOpOB KOPPEKTUPYETCA CHHXPOUMILYJIbCAMH.

B cucremax 3anucu Ha KII u Ha jeHTHI HCNONB3YeTCA METOM CAMOCHHXPO-
HM3aUHHM, [IpH KOTOPOM yacroTa U (ha3a koJeGaHuiA 3a7amoniero reHeparopa
MOANEPKUBAIOTCA CHHXPOUMIIYJIbCAMH, IlepENaBaeMbIMU OINHOBPEMEHHO C
HMITYJIbCAMH, HecYUMMH 3BYKOBYI0 HMHGOpMauui. IT0 OCOGEHHO BaXKHO
U1 JieHT, NOCKOJIbKY JIeHTa MOKET PACTATHBATBCSH, UTO EdeT HEBO3MOX-
HBIM [IpUMeHeHME aBTOHOMHBIX HeCHHXPOHM3MpPYeMBIX reHeparopos. Camo-
cHHxpoHu3auus Tpebyercs u s KII, nockonpky ecTs Tpy[HOCTH B Ipa-
BWIbHOH 1LEHTpOBKe [MCKOB. IIpu HCHOJIB30BAaHUM CAMOCHHXPOHU3AUMH H
NOCTOAHHOW JIMHEHHOW CKOPOCTH O3TH INpOGNEMBI CTAHOBATCHA HECYLUECT-
BEHHBIMH.

Masa 3. AHANOTO-UNOPOBOE NPEOBPA3OBAHME

NPEOBPA3OBAHUE N MOALYNAUUA

Mpeo6pa3opaHne aHAIOTOBOTO CHMTHANA B LM(pOBYW ¢opMy  NepBpid
mar B o6oii cucreme M poBOH 3amicH 3ByKa. AHaNoro-1ugposoe Mpeob-
pazosanue (ALI) npoluiecc Gollee CylIeCTBEHHBIH [UIA 3aIMCH 3BYKA,
YeM AjIf BOCNpOH3BEIEHHSA, OJHAKO CMOCOG BOCHpPOWU3BENEHHUA 3BYKa CY-
wiectBenno 3asucur 01 AlIll. Hemnoro o mpeoGpazoBanmu ¥ mopynaimu.
IlepBas onepanus o3HaudeT NpeoGpPasoBaHME 3BYKOBOIO CHIHAIA B NOC/ICHQ-
BaTeNbHOCTh UMGPPOBBIX CHrHaNOB. IlpU MORYNANMH OPUTHMHAJIBHBIA JBOUY-
Hbl CHrHN NMpeBpallaercs B HEKOTOPYH PasHOBHUAHOCTH HABOMYHBIX CHIHa-
JIOB, KUCUOIB3YEMYI0 [yl NEpefayd JAHHbIX M 321MCH HA HOCUTEND  JIEHTY
HIM [McK. JTH NMpollecchl B3aUMOCBA3aHp!, MHOTHE (OpPMBL itpeobpasoBanis
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Puc. 3.1. UMnynrcHoe npeoGpa3oBanue aMIVIHTY LI
H MonmynsuMda. Cxema HeymoGHa [l MpUMEHCHHA,
TIOCKOMIBKY NTOfBEpXKEeHa HHTephEPeHIUHU

|-

el

ABNAITCA Takxe Gopmamu momyaanud. C TepMHHOM “MONYNAMa’ B JUTE-
patype MO LHGPOBOH 3BYKO3AMHCH HMEETCA HEKOTOpas HEOMpeslelleHHOCTh
W Bceraa HapO ObITh yBEpEHHBIM B CMBbICe, B KOTOPOM OH KCIOJIb3YeTcs.

PaccMOTpHM, HanpuMep, THII MOMYJIALMM, NOKAa3aHHbiH Ha puc, 3.1, B oroii
CHCTeMe NPOU3BOOMTCA BbIGOpKA aHANOTOBOrO CHTHANAa ¢ lenbio (opMHpo-
BaHNA NOCNEROBATENbHOCTH WMIYJIBCOB, aMIUIHTYAb! KOTOPbIX PABHBI MIHO-
BEHHBIM 3HAUEHHAM CHTHaJda B COOTBETCTBYMOLUME MOMEHTH! BpeMeHH. JTO
HECKOJIBKO §O0Jiblie, YeM ABOMYHAS BEpPCHS aMIUIMTYOHOW MOMYJALMH HECy-
Iue#; TakoH MEeTOpx YaCTO NMPHUMEHSETCA B BBICOKOKayeCTBEHHBIX 3BYKOBBIX
YCTpOHCTBAaX; B 3TOM Cllyyde MOMYJAUMs M NpeoOpasoBaHUe eaxHbi, pasfde-
JIKTH HX HEBO3MOXXHO.

Bonee coBpeMeHHbiE METOJb! OCHOBAHbI HA MMILYJIbCHO-KONOBOH Mony-
NAUMA, TpA KOTOpOH aMIUIUTYAB! BHIOMpPaeMBIX 3BYKOBBIX CHUTHANOB Iped-
cTaBisAics B ¢GopMe KOOHPOBAHHBIX MMITYNbcOB. Tenepb MOXHO yBHIETH
pasHHIly MEXJIy METOIOM IpeoGpa3OBaHUA aMIUIMTYIHBIX 3HAaueHWH aHaro-
TOBHIX CHTHAJIOB B QOpMYy HBOHUHbIX CHTHAJIOB H METOJOM OpraHU3AIMH
ITHX CUTHaNOB B GOpMY, yHOGHYI I/1s 3aMCH — MONYNALMOHHOH YacThio
HpoGrembi.

Peaynpratom npeoGpa3soBaHusA ABNAETCA HNPEACTaBJIeHHE IIPH KaxIOW
BBIGOpKE AHATIOrOBOTO CHTHA/a B BHAE YHCIIa B JBOMYHOH ¢opMe, NMpHueM
3TO YHCNIO [pONOPHMOHAJIBHO aMIUVIMType BmIOMpaemoro curHasia. Cpenu
YHCesd, 3alMCchIBacMbiIX B [IBOMYHOH ¢opme ¢ nomowpio ! u 0, mo-
ryT ObITh 4YMCHa, COCTOsUME NPEMMYIMECTBEHHO M3 1 wiu 0, manpHmep
1000000000000000 = O 111 111 111 1311 111. Xors 3Tu uKclla He Niped-
CTaBJIAT COOOH mpoGiem 1S PETHCTPOB, HaNO NomymaTh, Kak HX 3aIH-
carp. JUIMHHan noclepoBarenbHOcTh 1 WM O 0O cyllecTBY NpeacTaBAAeT
coGoil cHMrHall NMOCTOSHHOTO YpOBHA, HOOOGHBIM HOCHIIKE MOCTOSHHOTO TO-
Ka, a CHTHal NOCTOSHHOIO TOKa HENh3s 3alliCaTh HM Ha JICHTY, Ha Ha OHCK,
[fostoMy Kakoit 6b1 MeTOom MOIYNAIMH MBI HM BHIGH Py, OH [IOJXKEH co-
30aTh TAKYH KOHGHUTYpaUMI0O CHrHaja, B KOTOpOH MMeNIo Obn MecTo gocra-
TOYHO YaCTO€ YepeoBaHHe H3MeHeHnd yposHe# o1 0 oo 1 wmm ot 1 go 0. Ecnu
5T M3MEHEHHs IPOUCXONAT OYEHb PeKO, TO BEPOSATHOCTb OLMOOK CyllecT-
BEHHO BOJIpacTaer. JTO OCJIOXKHEHHME YCTPAHACTCS HCIONB30BAHHEM MeTOna
MOOYNAUMH JBOMYHOTO CHrHana B GopMe Koja, B KOTOPOM ONMHCAHHbIE CH-
Tyauuy BCTpeyaloTcs KpaiHe peno.
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YACTOTA BblIBOPKYU

[peo6pa3oBaHie HauMHaeTCs ¢ BpIOOpKM. B MHpouecce BRIGOPKH aMIUIM-
Tyra aHaJoOroOBOrO 3BYKOBOTO CHUTHAJId M3MEpAETCS M 3allOMHMHAETCA HAa KO-
pOTKOE BpEMs; uepe3 HEKOTODPhIi MHTEepBAN BpeMeHH ITpOLEMypa NOBTO-
psaerca. Ilpouecc uimocrpupyerca puc. 3.2, ¥3 KOTOPOro BUJHO, 4TO Ofifl
KayeCTBEHHOTO MNpeoOpa30BaHMsl aHAJIOrOBOTO CHrHajla B pudpoBOH He-
06x0mMMO GpaTh AOCTATOYHO GOMNBLIOE YHCIIO BHIOOPOK B TEYEHHE OHOIrO
nepuoga. Ecmu 6pats maino BpiGOopok (pHc. 3.3), TO IBOMUHAS BEpCUs CHT-

il
MR 5

Puc. 3.2. Copok mATs BEIGOPOK CHMTHa- Puc. 3.3. HeapmexBaTHaz BHIGOpKa CuT-
na. IIpy tako#t miroTHOCTH BBIGOPOK XO- HaJNoB:

pollio nepenaioTcs meTanH (opMbl Ko- @ — HCXo[HOEe KoneGaHue; 6 — mio-
neGanus Xast pelnuKa

Hana Oyner Mano NoxoxkaHna Ha opuruHal. C gpyroi cTOpoHBI, M3MEHEeHHe
yicna BbIOOPOK B TeueHHe NEPHONA BBI3OBET NOSBIICHHE WU3GHITOUHON HH-
bopMaumu U HEHYXHBI H3HOC MCKOB. BmiBop pasymHoro KOMII PO MHC-
ca Mexty 3QQPEKTHBHOCTBIO M KayeCTBOM — OpfHa M3 BaskKHEHmIMX 3a7ay
B TeO pHM BbIOOPOK.

NPEOBPA3OBAHUE

Paccmorpum nopmpoGHee npouecc NpeoGpaszoBanus. CIIemyeT oNpegenuTs,
CKOJIbKO OUT cedyeT UCHONb30BaTh Mis Nepemaud wucna. Kak 6puio moka-
3aHO B . 1, MCONb30BaHKe 9 paspAnOB MO3BONAET pasnuyarh 256 ypos-
Hell aMIIUTYR, YTO OCTABMAET XeNath nyyero. UroGel peald3oBaTh BhICO-
KHE CTaHOapThl 3BYKOBOCIPOH3BENCHHs, HAIO HMMETh BO3MOXHOCTb OXBa-
TUTb [MaNa3oH aMIUIMTYR CHrHIOB no 90 aB, yTto cOOTBETCTBYET OTHOIIE-
HUI0 aMITIMTY[ CHUrHaioB npumepHo 32 000 x 1. Hcnons3oBanue 256 ypos-
Hel KBAHTOBAHMsA AMIUTMTY[bI CHTHAIa O3HAYaeT, Yo pasmep HHTEpBAiA
MeXJly ypOBHAMM COCTaBNIs€T HpumepHo 123 emuHMubi. 10 OueHp rpyGo
s oBecnieyeHus NpUeMIemMOTO KayecrBa 3ByKa. McrmonbsoBahue 16 pas-
psanoB coorBercTByer 32 767 ypoBHAM, YTO OueHb GIM3KO K HA3BAHHOMY
cooTHOoUeHnIo amMmnuTyn 32 000: 1.

Takas crenenp KBaHTOBaHMs wucHOMb3yercs B cucremax KJI u umdpo-
BO# 3anucu Ha JeHTY. ECiM BO3MOIKHO, TO CIIEAYeT MCHOJIE30BATh MEHb-
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Puc. 34. 3ByKoBoe KoneGanue; BpiGopka maer
XOpouMe pe3yNIbTaThl, IOCKONBKY aMIPOKCHMALHA
MOXET MOBNHUATHL TOILKO HAa BOCHPOH3BENCHHE
MaJlbIX aMIUTHTY, BBICOKOYAaCTOTHBIX KoxeGaHui,
KOTOphle B aHAJIOrOBOH CHCTeMe B moGoM Ciiydae
6ynyT noTepsbl

ulee YMCIO pa3psafoB, MOCKOJiBKY NOcCIenoBaTellbHas 3alMMch 16 pa3panos
33HMMaeT MHOrO BpeMEHH, OCOGEHHO NpH HKCIONb30BAHUM METOHNA MO[Y-
NAUMH, KOTOpbI Gymer omucad B K. 6. PaGovas vacrora cucrempr KII npu
ITOM OKa3b1BaeTCA IKBUBAIEHTHOM YacTOTE BUAEOCUTHANIA,

OnHako ecTb M [IPYIHE BO3MOXHOCTH. B Hpeane amIUluTyma Kakmoro
BBIGHPAaEMOT0 CHrHajga INpoNOpLHUOHANpHA 4HCIy B 16-GMTOBOM JMana3oHe.
Ho 3to He Tak, ¥ pa3HMUa MeXay pealbHOH aMIUIUTYONOH M aMIDIMTymoH,
3aKOOMpOBaHHOW 16-OHTOBBIM WMCIIOM, MpPEACTABIsAET COGOH OUMOKY —
nrym KBaHToBaHMA. [He oOcTaHaBnMBasch Ha MOKA3aTENbCTBAX, OTMETHM,
yro ycM Gonpiie OHT HMCHONB3yeTcA I KOOMPOBAaHUs AMIUIHTY[bI, TEM
MeHbIle LIy Mbl KBaHTOBAHHS.

Menee oucBupmen 3¢g¢exT, CBA3aHHBIM C CUTHAIAMM, UMEIOHNIMMH MAJibie
aMIUTMTY bl JJIsi CHTHATIOB ¢ MAJIbIMH aMIUIMTYIaMH ypOBEHB IITyMOB KBaH-
TOBaHMA NEUCTBUTCIIBHO NpONODPUMOHATIEH YPOBHIO CHUTHAIA, KOTOPbIA YXO
BOCHpHHMMaET He KAaK IIyM, a CkOpee Kak Hckakenus. Yem Gonbure und-
POBBIX pa3paOOB MCHONb3yeTcs IJIA KOAMPOBAHMs, TeM IOJHee NpOsiBJIs-
ercst 310T 3QdeKT, €ciM He NpPUHMMATD cleuanbHbpix mep. Ilapapokc co-
CTOMT B TOM, YTO 3amaya peuiaercs AoGasieHueM imyma. JoGaBnenue Gerno-
ro mryma (uIyM, amIDIMTyJa KOTOPOro NpPaKTUYECKH NOCTOSHHA B HIMPOKOM
{ana3oHe YacToT) K CUTHaly MAajiof aMIUIMTY[bI pa3sphiBAET CBA3b MEXIY
LIIyM2Mi KBAHTOBaHHs M aMIUTMTY[OH CHrHala M TaKuM oGpazoM Cyuiect-
BEHHO YMeHbuIeT >QQEKT BOCIPOU3BENCHHA 3BYKAa KAK HCKAXEHHOTO.
JoGaBnenue ILIymMa Ha3piBaercs NOJMEIIMBAHHUEM IICEBAOCTYYallHOTO CHUT-
H1a ¥ ABJIAETCA BEChMA BasKHOM 4acThI0 Npolecca npeo6pa30BaHus.,

Upes uudpoBrx coOBleHHHA moctaroyHO HoBa: B 1948 r. K. IlenHoH
onyGIHKOBaT CcBOW0 pabory “Marematnyeckas Teophs cOOOLUEHHH”, SBJAI0-
wytocs 06azoBoit M Wis uuppoBoii obpaborku 3Byka. Cyiecrso paGoTsi
llcnHOHa COCTOMT B TOM, YTO I AOCTHXKEHMs OajllaHca MeXOy KayecTBOM
U TONOCOH NpOIycKaHHA CHCTEMblI HEOOXOOmuMMO, yTOOBI YaCTOTa BbIGOpPKH
BIBOE IpeBhIUIaza HAUBBICHIYI0 YACTOTY 3BYKOBOTO curHaia. OGpaTuM BHHU-
MaHMe Ha Te3Uc O HAUBBICUIEH yacTOTHON KOMNOHeHTe. ECIM yacTtoTa CHHY-
COMpanbHBIX KoJneGaHMi cocrasiser ! xI'u, 1O, UCNONB3ys yacToTy BHIGOD-
ku 2 kI'l, Henb3si BBHINONHMTL TpeGOBaHMsA CTAHAAPTa B YaCTH BBICOKOTO
KayccTBa, €CNIM OOparTHOe NpeoGpa3OBaHHE PACCYMTAHO Ha BOCHPOU3BEHEHHE
cunycoupansHoro curHana. Teopus lileHHOHa Kacaercs HECHHYCOMAATLHBIX
KOTieGaHuM, XapaKTEPHBIX JIA 3BYKOBOW TEXHMKH M IPEICTABIAIOLUIMX CO-
00if KOMOMHALUK OCHOBHBIX YaCTOT M HEKOTOPOTrO KOJINYECTBA FapMOHHK.
310 OGCTOATENBCTBO WIIIOCTPUDYETCA pucC. 3.4, HA KOTOpOM NOKa3aHA TH-
NHyHasi POpMa 3BYKOBOTO KOJEOAHHs; HAMBDICUIAA YACTOTA OIlpenensaercs
Masoll 4acThl0 KoOjebaHus, MOXOXeH He Ha CMHYCOMZy, a Ha MWIOOGpa3Hbie
uMnynscpl. Crporo rosops, puc. 3.4 He TOYHO OTpaxaeT XapakKrtep rapmo-
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HMK, OMHAKO INpencraBiser cobGol mocraTouHo oOpasHyw KapruHy. Xopo-
il udpOBOH IKBUBATIEHT 3BYKOBOTO KOJIEGAHMA NOJIYYaeTCs, ECIIM YacTo-
T2 BbIBOPKY PaBHA yIBOEHHOHN YaCTOTE HAMBBICIIIEH TAPMOHHKH,

B cucreme KJI uacrora BmGopkm cocraBnser 44,1 kI'm, uro coorser-
CTBYeT HaWBbICHIEH# yacToTe 3BYKOBOTO KoNeGamus 22 k[m. Jra wactora
BLIDpaHA € YYeTOM paja AONOJIHAUTENBHBIX OGCTOATENILCTB, B TOM UHCIE
YacTOTH TAKTHPYIOUIMX HMIYJILCOB, M COCTaBNAET KMEHHO 44,1, a ne 44 k.
J71a YACTOTA TAKXE B MIBECTHOH CTEIEHH OTPAKAET CTpeMIIeHHMe HHKEHEPOB
K COBepIIeHCTBOBAHHUIO chcreMb! 3amick Ha KJI, a He mpocro xenanue nony-
yuTh He Xy[OIHe pe3ysIbTarbl, YeM IIpH OOBIYHOM CIOCOGE 3BYKO3aITMCH.

NPOUECC BLHIBOPKU

ITpouecc BHIGOPKH OCYIHECTBASETCA € HOMOINBI0 CXEM BHIGODKH M Ma-
mati. Ilpoussogurcs BBIGOpKA MrHOBCHHOIO 3HAYCHHMsA HANpsKeHHA, KO-
TOpOe XpPAHUTCA B NAMATH B TEUEHWE BPeMeHH, HEOGXOOMMOTO [ Npeot-
pa30BaHHA AHAIOTOBOH BeNMWMHBI B LHQPOBYI dopmy. [lpouecc noscHs-
ercsa puc. 3.5, Ha KOTOPOM NOKAa3aHA COOTBETCIBYiowlas cxema. Qlepanus

Puc. 3.5. BmGopka H 3aHOMHHAHHE C Knroy

NOMOLIBI0 TEPeKIIIoYaTeNIA # KOHOeHCa- o [\_

Topa. Ha KoHzeHcaTope HexoTOpoc Bpe- Bxod l;/Bb/X 0d

Ms TOANEPXKHBACTCA HanpsiKeHue, TIO- Ko mE s
7

CKOTIEKY  CONPOTHBIICHHE MY IOLIETo
6y depa BenHKO KOHOEHCATIOP

i—

32[IOMHHAHUAA OCYLUECTBIAETCA ¢ MOMOWBbI KOHAeHcaropa. [lpd 3amkHy-
TOM KJII0oue HalpsykeHHe Ha KOHOSHCATOpe, COOTBETCTBYIOLIee Halpsike-
HUI0 3BYKOBOTO CHTHalla, NOfAaeTcA C BbIXOAa GydepHOro yclutuiens, uMelo-
IIETO HII3KOE BBIXOOHOe colpoiusienue. [IpeoGpazoBanusa cirHala B uug-
poBy ¢Gopmy B 310 BpeMs He IPOMCXOIMT. B MOMEHT pasMBIKAaHHA Kilo-
Ya HalpAKeHHE Ha KOHAEHCATOpE PAaBHO HAMPAXEHUI0 3BYKOBOIO CHTHa-
na. Jrto HaNpsXEHUe NMOAAETCs Ha BTOpO# GyQepHbIH yCHIMTENDb; CUTHAT,
cnnmaelvu,m ¢ ero Bpixopna, Npeobpasyerca B uudppoByw dopmy. Bpemen-
ubi HHTEpBAJl, B TEUEHHE KOTOPOTO NMpPOM3BOOUTCA BhIGOPKA, MOKET GBITH
OueHb Maj, a BpeMs MEXAY HBBYMA HMITYJIbCaMH, OCYECTBIAINLIMME BbI-
GOpKY, COOTBETCTBYET BPEMEHH, B TEUYEHME KOTOpDOTrO Hafo MpeoGpas3oBarh
cursan B uudpoByio dopMy. B kaueciBe peastpbHOTO KIoYa MOMXHO HCHONb-
30BaTh NOJYNPOBOOHUKOBYH KIIOUEBYH0 cXemy, a (GYHKIUMH KOHIEHCATO-
pPa MOXET BbINOJHATH NOJIYNPOBONHUKOBAA CXeMad MAMATH, XOTA HA YaCTO-
re 44,1 kI’ MoxeT ycrnemHo paGoTaTh M KOHICHCATOP MpH YCIOBMH, YTO
OH HarpyXeH TONLKO BXOJHBIM CONpOTHBJIEHHeM OGydepHOro ycwiuTens
Ha MOIl-Tpansucrope. Yacrore Bpibopku 44,1 k[ cooTBercrByer BpemeH-
HOIl MHTepBall OKONO 22 MKC — Bpems, HOCTATOYHOe IIsi NpeoGpa3oBaHuA
CYrHana B UH(poBYH ¢GHOpMYy INpH HKCHONB30OBAHUH COBPEMEHHOH OJl€MeHT-
HOit 6a3bL
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NPEOBPA3OBAHUE

AMnuty gHO-1MdpoBOe Npeo6pazoBaHue sBIAETCS OCHOBHBIM ILHMKIIOM
BO BCEM INpolLecce 3aMUCH. M3BeCTHO HecKOJIbBKO METONOB OCYMICCTBIICHHS
TaKOTO INpeobGpa3oBaHMs, HO He BCE U3 HUX JIErKO MPUMEHHMBI K 3a1auam
3BYKO3anucH. Ba>kHO MOHATH NpPUHUMIIBI, IONIOXEHHBIE B OCHOBY [IBYX IJaB-
Hblx MetomoB. CHauana paccMOTpHUM MHTErpatop, NOOGHBIH KCNONb3YeMO-
My B mHMQpOBbLIX BONAbTMETpax. [IpuHmMN pmelicTBHA €ro mOCTATOYHO IIpOCT.
OcHOBHBIM y37lOM cxeMbl (pHc. 3.6) sABJIfETCS KOMIAparop, MMeEoniHi
oBa Bxona m opuH Bbixon. Iloka HanpsxeHHe Ha OJHOM BXOpe HHXeE, YeM
Ha gpyroM, Ha BBIXOAE NOANEPXMBAETCA OUH JIOTHYECKHH ypOBeHb. JTOT
ypoBeHb H3MeHseTCs Ipd H3MEHEHMH COOTHOLUEHHs! yPOBHEH Ha BXOHax;
MOJXHO CUMTaTh, YO BBIXO[] KOMIIApATOpAa NEPEeKITIUAETCA NpH paBeHCTBe
BXOOHDBIX YPOBHEH HallpsxeHUsA (HIpaKTHYeCKH MpH OYeHb MAJIOH pasHule
[OpANKA HECKOTbKYUX MIIIHBOJIBT) .

YposeHs curHana, nojylexaiero npeoGpa3oBaHKI0 HA OHOM U3 BXOMAOB,
cleflyer NopepXHBaThb HEM3IMEHHBIM B TeycliMe BpeMeHH, HeOGXOOMMOTO
s NpeoGpazOBaHUA. TakTHpylOWMe HMIYIbChI HOHANTCA Ha CUETUMK M
Ha HHTerpHpywyio cxemy. Hanpsxenue Ha Bbixope HHTerpupymoreH Ie-
IIH NpeacTaBifeT COG0H MNMOCIIeJOBATEABHOCTh pAaBHBIX CTYNEHEK HANps-
KeHHsi (OHA CTYNMEHbKAa HAa OOMH TAKTUPYIOWMI HMMIYJbC); I3T0 HAlps-
keHHE Mopaercs Ha [pyrod Bxon komMaparopa, Korma HampsxeHHe Ha
000HX BXOJAX OKAXETCA ONMHAKOBBIM (WM IIOYTH PABHBIM), KOMIIApaTOp
HepekTniouaercsi; NPH 3TOM INOCHUIKH TaKTHDYIOIIUX WMIIYJIBCOB HNpEeKpa-
LIAIOTCA, 3 HAa BBIXOJIE CYCTUMKA MOABIIAETCA YHCIIO COCYMUTAHHBIX HMIYIIBCOB.

ITpennonoxnM, YT0 CTYNEHbKZ HAIpXEHUs cocraBiger 1 mB, a Hanps-
sxkeHue BbiGopxu 3,145 B. Uro6pr mOcTHYb paBEHCTBA HaNpskeHHH, HEOO-

Ju Tarmupyrowue

Spobens UMTYI76C6/

wanpswenus  Komrapamop
—_N 3armbop Fo—

= AT

o

Sl

Anmesparmop

Boixod

[’ -
A B T )

|7/'7uee€,a z‘é;aaoa’

Puc. 3.6. MpunnmimaneHag cxema AIM c uaterpatopoM u kommaparopoM. TakTupyio-
me UMIYJbCH, NpOXOnAUIME UYepe3 3aTBOpP, CUMTHIBAOTCA H MHTcrpupylorca. Kornma
NMPOHHTETPUPOBAHHBI CHTHAJI CTAaHOBUTCH pABHBIM aMIUTHTY[A€ BXONHOTO CHIHATA,
KOMIIapaTop 3aKphiBaeT 3aTBop. ComepKMMOE CUCTUMKA CYMTBIBaeTCd. 3aTeM TPHITEp
cOpachBaeT cxeMy B HCXOFHOE COCTOSHHME. AMIUTHTY/a Ha BXO[e B TCUCHHE CucTa Mpen-
fonaraercd NOCTOAHHON, TaK YTO YacToTa TAKTHPYIOLUMX HMINYIBCOB OOJKHA GuITh
BBHICOKOH
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xomumo 3145 crynenex no ! mB; M mopcuMTanHOE wMCNIO cocTaBHMT 3145 —
ynucsi0 B JBOHYHOH ¢OpMe, OTOGpaXkaloLiee aMIUVIUTYly HaNpsiKeHUs BhI-
60 pKH. Ilpu nepexsi0yeHHH KOMIApATOPa M OCTAHOBKE CYETUHKA 3TO YHC-
710 TOChUIaeTCA B PErHCTp. 3aTeM NEpBhiM TAKTHPYIOLMA WMIYNIbLC cOpachi-
BaeT HANpsXCHUE Ha BBIXOJE HHTErpaTopa [0 HyIs W CXéMa roroBa K OG-
paborke HOBOW BbIGOpKkH. [IpuBeneHHbHl IpuMep ABNAETCA YCIOBHBIM,
HO OH MOKa3bpIBaeT, KAK YpPOBEHb CUIHaja NpeoGpasyeTcs B uuciIOBYI0 $Op-
My IO 3TOMy METORY.

KauectBo NpeoGpa3oBaHMsA 110 3TOMY METOMY KECTKO CBs3aHO C COBEp-
LIEHCTBOM HHTerparopa. HHrerpatop — omHO M3 yCTpoHcTB s DMQpO-
aHaniorosoro npeobpaszosanus (LIAIl), a Mbr ero Mcnonbiyem KaK OCHOB-
Hoil ysen B cucreme AUl (mapamokc, HANOMUHAMIKHA CUTYaHHI0 ¢ SHIIOM
u kypuuei). Ilpocrefiuias cxema HHTErpaTopa, HapHMep cxeMa 3apaaa
KOH[IEHCATODPA uYepes pesHCTOp, [WIA peUIeHWA HANMX 3a7ay HeNpHUrofHa
¥3-328 HEYIOBIICTBOPUTENBHON NuHEHHOCTH. CTYNEHBKH MO BBICOTE TOJIXKHBI
ObiTh CTPOrO O[MHAKOBBI, 4 B CJIyyae C KOHIEHCATOPOM BbICOTA KarKIOH
nocienyomel CTyleHbKH MeHbpiue Npeabinyuwied. Husxe mpi paccmorpim
npuHuun geiicreus LAIl B uHTerpansnoi popme.

PaccmarpuBasa npoOneMy COBEpLICHHOTO HHTErpHpOBAaHHUA C HOMOILBIO
AT, crnemyer OCTaHOBHTbCA Ha ObicTpopmeHcTBHHM cxeM. CKOpOCTh 3aBH-
CHT OT BpeMGHHM MeXIy IOBYMA BhIOOPDKAMM K UMCIIA 1IATOB NpeoGpa3oBa-
mus. Ecnu mbl uMeeM 20 MKC [jis paGOThI ¢ MAKCHMAIbHBIM YHCIIOM MIAroB
65 536, To yacTOTa TAKTHPYIOLINX UMILyJIbCOB AOMKHA COCTABN AT

65 536
20-107°

~ 3,3ITw,

YTO 3HAYUTEJIBHO MPEBBIIAET BO3MOXKHOCTH OOBIYHBIX LH(POBBIX yCTpOHCTB
n npouyero uudpoBOro OGOpPYNOBAHHA (32 HCKIIIOUEHHEM eMyTHMKOBBIX
cucteM). ITO OOGCTOATENBCTBO HUCKIIOUAET BO3MOHOCTb MCHOJIb30BAHUA
OTHOCHTEJIBHO IMPOCTBIX MHTErPaTOpOB i NMpeoOpa3oBaHMsA CO CKOPOCTHA-
MH BBIOOPKM M UHMCJIOM OMT, HEOOXOIMMBIMH [AJid 3BYKO3AallUCH, X 3aCTAB-
JgeT HCKATh APYTHE MyTH PELICHUs 3a7ayu.

Ecnu ectp xkenaHHe COXpPAHMTh MHTErpUpYIOLMIA THI INpeoGpasoBaredis,
TO OJMH M3 BO3MOXHBIX BAPMAHTOB COCTOMT B HKCIOJIb30BaHWH OBYX Iipe-
o6pazoBartenedl, KaxOnd M3 KOTOPBIX paGOTaeT C ONpPEJeNieHHBIM HHTEp-
BaJloM HanpspkeHui. Hnes coCTOUT B TOM, YTO OOMH CYeTyHK paGoraer B HH-
TepBaiie or 0 mo 255 epuHuL, a ApPYTrod — ¢ €OMHUIIAMMU, KOTOpbie B 256 pa3
npeBpmuator Mepppie. HampsxeHue uamepsercs B BHOE NBYX 8-GHTOBBIX
mdp, KaKIas U3 KOTOPbIX COOTBETCTBYeT 255 cryNeHbKam, TaK YIO CKO-
pPOCTb MoXeT ObITh CYIMECTBEHHO CHMXEHA. Tak KakK cueTuHkH paGoTaloT
NOCNEeIOBATENBHO W MIIAMIUMH cueTuHK paloTaeT TONBKO HOCIe OKOHYAHHS
yKpynHeHHOTO cuera (puc. 3.7), NOJIHOE YHCNO MIAaroB cocTasiser 2-255 =
= 510, u yacToTa TAaKTHPYIILMX UMITyIhCcOB MpH HHTepBale 20 MKC COCTaB-
Iser

510
20-10°¢

= 25,5 MI'n.
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Puc. 3.7. [IpuHUMNHANEHAS CXEMA IBYXCTYTIEHUATO! HHTETPUPYIOLIEH CHCTEMBI:

1 — cymmatop; 2 — 3aTBop; 3 — MHTerpaTop IpyGuui; 4 — HHTerpaTop TOYHEIL;
5 — cueryuk. I'pyGpii uHTerpaTop AaeT ypoBHH, Onmmkaliue K UenOMy YHCNY IIIAaroB;
YHEIO ILIArOB CUMTHIBaeTCA. OCTarOK HHTErPHPYeTCsl TOYHBIM HMHTErpaToOpoM H fHaer
mnanume paspsabl. I'pyOeii MHTErpaTop HoilkeH GBITH CMElIEH TaK, yTo6nI Hampsxke-
HHe Ha ero BBIXOA¢ GLUIO HHXKE PEABHOTO 3HayeHHS H YroGhl OHO 3alyCKao TOUHEH
MHTErpaTop

Takas yacToTa MOXET NOKA3aThCs CIMIUKOM BBICOKOH B CPaBHEHHHM C uac-
TOTaMH 3BYKOBOIO [Malla3OHa, HO OHA HEBEJIMKA MO CPABHEHMIO C YacTOTa-
MH, UCNONb3yeMbIMH B HEPCOHANbHBIX KOMIIBIOTEPAX, H ABIACTCA CpemHEH
IUTsi COBPEMEHHON HHTET PAlTbHOM 1M (pPOBOH TEXHUKH.

Dpyroit ¢opmoil aBasercs NociepoBaTensHeid tHn ALIT (puc. 3.8).
OH COCTOMT M3 perucrpa NOCIeNOBaTeIbHbI BXOA—NapaylesbHbii BBIXOS
(SIPO), HaGopa [H-rpurrepos PIPO, HaspiBaeMOro Takxke perucTpom
Napa/ieNbHpli  BXOA—TapalnenbHpl BbIXOH, WM(PO-aHATIOrOBOro Ipeo-
pazoBaTens ¥ KOMIIapaTopa, BBIXOM KOTOPOro ynpaBiseT paGoToi perucr-
poB. IIpuHIuN peficTBHs 3TOH cxeMbl He CIMIIKOM OYEBH[IEH, IO3TOMY Npen-
CTaBHM ceGe, YyTO POUCXOIMT MpH BhiGopKe,

Hycrb Ha Beixope LIAIl B moment BpiGopkH 0, ClleIOBAaTENBHO, ypOBEHD
CHIrHaJIa Ha BbIXOJe MEHbLIE cHTHala Ha Bxope. EcnM Ha pByx BXOmax Kowm-
naparopa 0, TO Ha €ro BBIXOfE BBHICOKHMA ypOBEHb U MepBBIH TAKTHpYHOILHKi
UMIyNbC, NocTynawoumi Ha Bxon SIPO-perucTpa HepekIouyaeT NepBbIH
tpurrep PIPO-perucrpa; HampskeHue Ha €ro BBIXOJE CTAHET BBICOKHM.
Jror nepemit Bhixon PIPO-perrcrpa mopksioveH K crapuiemy Bxopy AL,
KOTOpbI [ 16-GMTOBOrO perucrpa coorBercTByer 32 767-My ary am-
TUIATY [IBI.

[anpHeiimee 3aBHCHT OT TOro, OyfeT JM YpOBEeHb BXOOHOTO cHrHana
Gonbiie win meHblue ypoBHA Ha Bbixosme LIAIT s aroro BXOpmHOro umc-
na. Ecnu BxomHO#M CHrHal MEHbLIE COOTBETCTBYIOIIEro 3HAYEHMs, TO iA
JTOro OMTa Ha BhIXOge Kommapatopa OymeT 0 m Ha Bpixogax SIPO- n
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Puc. 3.8. [IpuHUMD TIOCcHemOBaTeNb- Bxod
poit annpokcumaiuu B AL, PIPO- _)’j>—>— SIPQ
perucTp HeoGBMHOTO THIA; OH co-
CTOMT H3 TPHITEPOB, K KOTOPEIM
TaKTUPYIOIME HMITYJIBCH NOHAOTCH
NOCIENOBATENEHO. JTO N03BOJISAET
H3MCHHTh COCTOSIHHE BEIXOLOB Gea PIPO
yyeTa TIpeALICCTBYIOLIETO COCTOS- Sawenku
HHA
Beixod
[ ——
U~A

PIPO-peructpoB Ttoxe 0. Eciu ypoBeHb BXOZHOTO curHajia Gojibiue Y poB-
Hs curHasia Ha Bbixome IIAIL, To nepBpid GMT OcraHeTcs Ha MepBOM MecTe
perucrpa. TakTHpYyIOIMA HMIYJIbC He NMepeupleT 3T0T HMIYJbC Ha ciepylo-
uwi Bxon PIPO-perucrpa, ogHako BospefictByer Ha Bxop PIPO, kotopbii
OCTAHETCA Ha paHee JOCTUTHYTOM ypoBHe. CUrHan Ha BpIxoge Oyner 6OJb-
e WIM MEeHbLIE CHIHala Ha BXOAe, B pe3yibrare BTOpod Gur B PIPO-pe-
TMCTpe YCTAHOBMT YpoBEHb Ha Bbixopne ! mnm BepHer ero B 0. Bropoit Gur
npencrasiseT 16 384-i war, ecnu ero yposeHb 1, u 0, ecitu ero yposeHs 0.
Hpouecc nosropserca mis Bcex 16 cryneHed perucrpa, noka JABOUYHOE UMC-
7o na Beixofme PIPO-perucrpa, coemmuennoro co Bxomom LIAIL, ne cpemaer
Bp1xof [IAIl paBHBIM ypOBHI0 BXOJHOTO CHIHana.

[Ipy ucnonp3oBaHMM 3TOr0 METOHA 33 BpeMs BBIGODKM HAmo CHENarh
Tonbko 16 omepauuil cpaBHEHMs; Ha OJHY H3 3THX OHNepauuH NPUXOTUTCH
MakcumyM 1,25 Mkc. B 310 Bpemsa BXOOHMT Bpems COBUTa HHGOpMAUHHU 110
perucTpy; Takxke Tpe6Gyercs Bbicokoe Guictpopeiictaue IJAIl, Gosee Bpico-
Koe, ueM obeclieurBaeMoe GOJIBIIMHCTBOM KOHCTPYKiui. CKOpocTh — Npo6-
jeMa GONBUMHCTBA LUEPPOBBIX YCTPOHCTB; OHAa MNOCTORHHO NOBbILIAETCA
MyTeM COBEpIICHCTBOBAHMA TeXHOJOruM usroroenenus UC, a taksxke 3a cuert
NpAMEHeHUsi HOBbIX MAaTepHaloB, HANPUMED apCEHHOA TAUIHsA.

OTPULATENDBHLIE YUCNTA

Urak, Mb1 Npennonoxunu, Yro paboraem ¢ uMclamu B auanasone or 0
mo 65 535 — puana3oHe, KOTOpbIM MOXeT OpITh NpencraBieH 16 Guramu.
Ho HanpssxeHss, ¢ KOTOpbIM MBI MMeeM [e/I0 — NMepeMeHHbIE U B TOM YHC-
Je oTpuuareNbHbie. [IBOMYHAS CHCTEMA CUMCIIGHHA HE COMEPXKHUT NPAMbIX
OTOBOpPOK, MNpPeNATCTBYIOIUMX MCMNONb30BAHHI0 3HAKA OTPULAHMA, HO IpH
JA1000M MeTonme MpeoGpa3OBaHUsA [IECATHYHBIX YUCET B OBOMYHBIE OHMH M3
OMTOB HEOOXOOMMO HCIONb3OBATh YIS YKA3aHWA 3HAKa (3HAKOBRHIA OHUT).
OGbmuno crapumit GUT KCHONb3yeTCA KaK 3HAKOBBIA; Mpu O B 3HAKOBOM GU-
T€ YKCIO NONOKUTeNpHoe, Npu 1| — orpuuarenpHoe. Ipunuun oGpasoBa-
HHsi  4-OMTOBBIX YHCEN WITIOCTPUPYETCS HUXKENPUROOMMBIM MpPUMEPOM
Aana yucen or 0000 mo 0111 (or O mo 7) — monosxurensHeix ¥ or 1000 oo
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1111 (ot 8 po 15) orpuuarenbHpix. Cnoco6 06pa3cBaHMsA OTpPHLATENBHBIX
uHcen HECKOJIbKO HEOXH[aHEH, NOCKOJIBKY B 3TOM IPOCTOM IpuMepe H3Me-
HeHHAM ot +7 po —8 coorBercTByIoT H3meHerwsa or 0111 mo 1000. 3nave-
HHMe OTpHLIATEIBHOrO UWCila B [OECATMYHBIX TepMHMHAX €CThb 3HAUCHHE YUCIIa
(B npeneGpeKEHUK 3HAKOM) 32 BbIYETOM 16.

TpeoGpasyemoe umcIO OOIKHO GbITh TAKHM, WTODBI CTApLUMA GHT OKa-
3anca HesaHaTbiM. [IpeoGpasyemoe uHMC/IO 3alMCHIBAETCH B [IBOHYHOM KO-
fic M TOJYYEHHOE YMCIO 3allUChIBAETCS B OOpaTHOM Kofe MyTeM 3aMEHBI
Onalnl naO. K nonyueHnomy umcily npuGasnsercs 1.

Npumep
4-6uToBblIe ynca OT —8 mo +7.
TlpeoGpasoBanue Npon3sopuTcs Ge3 yuera 3HaKa.
1. 3anuunMTe [eCATHYHOE YMCIO B OBOMWHOM KOME KaK HONIOXHTENEHOe —6 —>+6 =
=0110
2. Nonywite o6pathbit kop 0110 1001
3. lpu6asere 1: 1001 +1 =1010
4. YMciio oTpHUATENIEHOE, TOCKONBKY 3HAKOBBIH GHT 1,
JIng 4-6UTOBOTO YUCHA

0 0000
1 0001
2 0010
3 oot11
4 0100
5 0101
6 o110
7 0111
-8 1000
-7 1001
-6 1010
-5 1011
—4 1100
-3 1101
-2 1110
-1 1111

TakoB MeTOJ KOOMpOBaHMA OTpULATENbHBIX uydcen. CrapuMd  3Havawmi
our (cnesa) HcHoNb3yercs Kak 3HaKoBbM OuT. IIpeoGpasoBanue BINONHSA-
eTcA Ge3 yuera 3HaKa, 3aT€M OTPUIATENIbHOE UHMCIIO OGpal@eTcs H no06aBis-
ercal.

IIns 16-6uroBoro ukcna OMana3acH NOJIOMMTENbHBIX ucel oT O no 32 767
u oTpuuarenbHpix or —1 pmo —32 768. Kak BUOHO, B MTOre COXpaHsercs
Ha3BaHHbIA Bblie auanaszod or 0 mo 65 537, HO OH pacuielsieH Ha MOJIOXH-
TeJIbHYI0 M OTpuuarensHyw otiactu. Ha meromer ALl sTo oGeToaTenbCTBO
He BJINAET, TOJABKO HAJO0 MMETh B BHAY, YTO MNOJNAPHOCTh CHUIHAIIOB
Oyner TakoBa, Yro oTpuuatenbHpie uMcna B ALl cmoryr npessmmats
1 000 000 000 000 000.




KOHTPOIb OWUBOK

OuxHa U3 IpoGIeM CHCTEM, ONEpHpPYIONMX ¢ JBOMYHBIMU uMcriamu, Ge3ot-
HOCHTEJIBHO MX YCTpOHCTBa M Ha3HAYEHUs, COCTOMT B TOM, UTO OLIHOKA, BbI-
paxatonilasgcs B 3amene 1 Ha O wiu O Ha 1, MOXeT BbI3BaTh GOJIbIIYIO UMC-
neHHylo pasznully. Eciy oum6ka MpoMCXOOMT B MilafilleM pa3psaac, TO 3TO0
MpaKTHYECKH He OYeHb 3aMETHO; HalpuMep, eci¥ Bmecto 0 110 111 001
011 011 (mecatuynoe uMcio 28 251) BelefcTBHME OIIMGKH NONYuMTCA
0 110 111 001 011 010 (mecsaruuHoe wucno 28 250), TO M3IMEHCHHE COCTa-
BMT HipumepHo 1 wacts ot 28 000, ueM MOKHO MpeHeGpeub, HO eciid B pe-
3ynpTaTe OUMGKM B cTapllieM paspsfae nonyuwurcs O 010 111 001 011 011
(mecatnunoe yucno 11 867), 1o, pasyMeeTcs, Takoil OLIMBKOH IpeHeGpeys
Helb3s. Eiue Gornee HeNpUATHO, KOr[a NPOMCXOTMT OMOKa B 3HAKOBOM 6H-
Te W TIONyyaeTCs IIOJIOKUTENIBHOE UYMCIIO BMECTO OTpHIATENhHOrO, WIM Ha-
0BOpOT.

Tfosromy nrGas gBOMuHAsi CHCTEMA MIOJIHA IIpelyCcMaTpHBAaTh BO3MOX-
HOCTh KOHTpOMs OUMOOK, a WA UMGpOBOH 3BYKOBOH CHMCTEMbI OIHOTO
KOHTpoJNisi HepOcTarouHo. Hamo uMeTh ewe BO3MOXKHOCTB HMCIIpaBlieHUA
ONMBOK, IOCKONBKY NMpHpOMa 3BYKOHOCHTEeNs (TIeHTbI WIM OMCKA) TaKo-
Ba, YTO GMTHI MOTYT Bhmapgars BooGuwe. IIpn paGore c NeHTamu Mmbi Bcerna
BCTpEYacMCA C JIOXKHBIMM CHTHUIAMM WU BBITAACHUAMH CUTHAIOB, BBI3bI-
BAIOIWMMHK ONMOKY CUMTHIBAHHA NIBOMUHBIX uMcell, a B CJlyyae JACKOB — ¢
LapalyHaMH M OpyruMM [edeKTamM NOBepxHOcTd. [lonapananHeid OHCK
MOKET CO3[aBaTh IIyM M, YTO €Il XYKE, BbI3bIBATh OILIMOKHM CYUMTHIBAHUA 33-
TIMCAaHHBIX YMCEsl, 2 3TO MOJKET NPUBECTH K NOTEpE CYIIECTBEHHOK YacTH 2BY-
KoBOro KoJieGanusa. He Gynem yriy@iATeCA B METOMBI OGHApYKeHHUA M KOp-
peKIUM CIMGOK, TOCKONBKY 2TO OJiHA U3 CIIOXHeHnmx npofiem UHGPPOBBIX
3BYKOBBIX CHcTeM, a GOJBIIMHCTBO NOTpeGMTENieH ¢ 3TMMH TipoGreMamu
He BCTpevaeTcsi, TaK KaK OHM BKJIIQUEHpI B OOIIyI0o CHCTEMY yIpaBlieHUA
3alMChI0 M BOCHpOM3BeOEHHeM 3ByKa. JIOCTaTOYHO 3HATH OCHOBHbBIC IIpHH-
uunpl. OHM CBOAATCA K ABOMYHOMY CYETY, M3GBITOYHOCTH H TIOJIEPIKAHUIO
YPOBHAL

JIBOMYHBIA CYET ~— METOJI KOHTPOJI OJHOIO HellpaBUABHOTO GHMTa M Ipoc-
Telllllas IpoBepka — KOHTPONb YCTHOCTH, TAKOM ke, KaK B JIMHMAX CBA3H
KOMIIBIOTEpOB C NpuHTepamd. HekOrtOpple 3amMevanus 06 3TOM CHENaHbI
B rn. 1, HO KOHKpETH»IH NpUmep, NpUBOAUMBIN HMxe, TOMOXeT Gojee sc-
HO TIpejCTAaBHTb [OCTOMHCTBA M HE[IOCTaTKH 39TOro meropa. Jiis Ipocro-
TbI IIPE/IIOI0OKKM, YTO MBI paBGoTaeM C uHcIaMH, COCTOALIMMU M3 TpeX pas-
pagos B uHTepRayie ot 000 go 111. Taxme yucia MOTyT COHep:KaTbh YETHOE
HIIM HeyeTHOe uMCIO emuHMI, Hampumep 001 u 011; HanmuuMe yeTHOTrO UMM
HEUETHOTO yMclia SAMHHUIl yCTaHABJIMBAETCS OYeHb IIPOCTO C NOMOILBIC CXEMbI
ucknwvaowee WUIIW. JIns AOCTMKeHHs yeTHOCTH moBaBisior 1 OUT Tak,
yTOGBl BCe YMCNIa CONEpIKalM yeTHOE YMCIIO €OMHMII; 3TOT HNONONHHTENbHBIH
GuT nmomeiaercs Ha MECTO CTapiuero paspspa. Ilpopmenaem sty onepauuio
Ha nipuMepe HociefoBaTelIbHOCTH uHcest 000, 001, 011, 100, 101, 110, 111;
noayuurcs 0000, 1001, 0011, 1100, 0101, 0110, 1111. Ecin ucnonp3oBats
CHCTEMY KOHTpOJA HEUeTHOCTH, TO Kaxjioe M3 HA3BaHHBIX uHcell Gymer
uMets BHp 1000, 0001, 1011, 0100, 1101, 1110, 0111. Bo MHOTMX Clyyasx
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3Ta CHCTeMa OKaspiBaeTcsi NpelIOYTHTENBHOM, TaK KaK B HEH HeT uucna
0000 1 Bce uMcna cocroar u3 0u 1.

KoHrponb yerHOocTH BecbMa 3¢pdeKTUBEH [JId MAIOro YKUCIa paspsjoB
U JOCTaTOyHO 3¢pQexTUBEH NIt OBGHapyskeHus owmbku B 1 6ur B 8-GHr0-
BOM umclie. OfHako 3TO He O3HAayaeT, YTO ero MOXHO HENOCPeICTBEHHO
NpUMeHATh B UUGPOBHIX 3BYKOBRIX cucremax. [Ipociofi koHTponmb MoXer
NIOMOYbL yCcTaHOBUTh (DAKT H3MCHEHHMs OJHOIO GMTa, HO He MOXET yKa3arh,
KaKOIO HMEHHO, He MOXET yCTaHOBUTD GOJIee OJTHOTO H3MEHEHHA U CKOPPEeK-
THPOBaTh OUMOGKyY. [lasee Mbl yBMIUM, YTO uyMClla MOTYT GbiTh CHOpMHpPOBa-
HBI B Tpynibl OHT, B KOTOpBIX HEKOTOpble GHTEI OKa3pBalOTCA GOyee Bax-
HBIMH.

N36bIToyHOCT: — [pyrod BaxkHBIA METOH OGHApYXEHWA M KOpPPeKIUM
oumGok. I'pyGo roBops, M3GBITOYHOCTE O3HAYAET, YTO Kax/Aoe YUCIIO 3any-
CbIBaecTCA TPMKbI, a MpUEMHOE yCTPOHUCTBO OPraHM30BaHO TAK, YTO OHO cHo-
COBHO BBLIOENMTDL KIIOUeBO¢ KOpPPEKTHOE YHCIIO, €cllM TpH BEPCHM HE COB-
NagamoT.

[lpocrefinmii MeTon COCTOMT B ABYKpAaTHOM 3aIMCH KakOOTO yHclia € JO-
NOJIHEHMAMH Ui COOTIONEHMA YETHOCTH M MCKIIIOYEHMM YHCIIa, B KOTOpOM
He cofniofieHa yeTHOCTh. OOHAKO MpOCTble M3GBLITOYHBIE CHCTEMbI TTPUBOIAT
K HepauHOHATBbHO¥M 3arpy3Ke cXem IIaMATH, M BCErha Hafo TINATEbHO Oy-
MATh O TOM, YTO € >KEaTEelbHO KOppeKTHpoBath. [lockonbKy GHTpI cTap-
IIErOo NopsiAKa HanGoliee OTBETCTBEHHBI 332 OONBIME M3MEHEHHs aMIUTUTYL,
CHTHAJIOB, €CThb CMBICH OKAa3pIBaTh MM IIpEANOYTEHHE B CMBbICIe H30nITOY-
HOCTH, Hexen¥ MIamuMmM paspAnaM. M3GeITOYHOCTS Nepemayd MHGO pManuu
B JIBOMYHBIX CHCTEMAaX IIpHBJIeKajla IIpUCTATBHOE BHHMAHME TEOPETHKOB,
M ceflyac KaK TAKOBasg cTaJa B M3BEeCTHOM CMbICIE Nyraioule cloxHOH. B
HaCTOsLIEH KHHUTe MbI TONIBKO BeChbMa NOBEPXHOCTHO KOCHEMCA 3THX TIpoG-
JIeM OCOBEHHO CIIOXKHBIX CHCTEM, CO3[AHHBIX /Y1 OOHapy K eHUs M KOppeK-
MK ouMGOK NpuMeHuTenbHO K KT,

Ecnu ouwmbrKa oBHapyxeHa, HO HE MOXET ObIThb MCIIPaBIIE€HAa, TO CHCTeMa
NoAMIEpKaHUA YPOBHA ONpENeNifAeT YHUCIIO, B KOTOPOM €CTh oumbxu, coxpa-
HaA Tpedpidyuiee umciio. CKOpoCTh BBIGOPKH MpH IpeoGpa30BaHUM 3BYKO-
BBIX CHTHAJOB TaKOBa, YTO PasHOCTh aMINIMTYH y ABYX MOCHEHyOIIHX Bbl-
00pok Bcerga oueHb Maja.

AmMmnuryna, nonydyeHHas B INpedpifyuied BuibOpke, ABiAeICA OCHOBa-
HyeM g OOHapykeHMs HEKOpPPEKTHOH noclemylolled amIUIUTYApI, OCO-
GeHHO ecny M3MEHEH|e aMIUTUTY B! BEJIIMKO,

Ipyras BO3MOXHOCTb COCTOMT B HHTEpNONIMH, MpH 3TOM pa3HMIA
aMINIMTYZ, MeXOy IOByMs IpelIIECTBOBABIUMMU Ge301IMGOYHBIME CHUTHA-
J1aMH o6aBnsaeTcsa K CUTHANY, IIpeIIeCTBOBABIIEMY ONIMOKe.

Hanpumep:
n n+l n+2 n+3 ..
14 605 14622 ~22 14 655 v

OuniGka
Pasnima paBHa 17
Hapo npuuats 14 622 + 17 = 14 639

PasHunia Mexnmy ABYyMsi CHTHalamMHM 3allOMMHAaeTCsH;, eclM cllemylomui
CHrHaJl OuUMGOYEH, TO CKOpPPeKTHPOBAHHBIM CUTHal (OpMHpYETCA NyTeM
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pmoGaBlicHHA 3alIOMHEHHOM Da3sHMUbI K MpefpiiylieMy 3HAYECHHIO AMIUIHTY-
gpl. Jaxe nocre HecKOJIBKMX MHTEpHOJISAUMH (opma 3BYKOBOro Konesa-
HMs TMPaKTHYECKH HE HCKaXaerTcs.

nasa 4. UUGPOBON — B AHANOrOBLIN

MPOCTbHIE CUCTEMbI

[IpeoGpasoBanue UMGPOBOrO CHrHaja B 4HAIOTOBBIA JOIKHO OCHOBBI-
BaTbcd Ha MCTOHAX, COOTBETCTBYWOLUMX THIYy HCIOJNIB3YyeMOTO UMb pPOBOTO
curHana. Ecnu, K npumepy, HCHonb3yercs NMpocras WHgpoBas amINIMTYA-
Hasfg MOMyNALMA WIH cHCTeMa, B KOTOPOil YHCHO eQMHMIL NTPOMO PIHOHATIBHO
aMIUIMTye CMIHajla, TO MOXHO OTpaHMUMTBCA IPOCTbIM CIIIa)XMBaHHEM
‘(puc. 4.1).

CriaxuBanMe — yvacTb UMQPO-aHAJIOTOBOrO INpeoGpa3soBaHUs, NOCKOIb-
Ky npeoGpasyeMpiif CHrHanm umeer crylienuaryio ¢opmy (puc. 4.2). lipu
qacToTe BhIOOPKM MopsaaKa 44 xI'll cTyleHbKH pacliojiaranTcs TECHO M criia-
KHUBaHMe He Npe[cTaBliseT TpyHQHOCTEH. JTy OMNepalHio BHOJIHE MOXHO Bbl-
NOJIHUTH C NoMOLubI0 RC-UEMH, He TOBOpPSA yXe O CHOXHBIX MHTErpatopax,
¢ NOMOLIBI0 KOTOPBbIX (POpPMa BOCNIpOM3BOAMMOrO CHUrHana fefaeTcA ropas-
go Bojiee DIM3KOH K OpUIMHAly, YeM 3TO [IOCTMTaeTCs NIpH YMCTO aHAjIoro-
BoH samucu. KomoBo-MMIyJibcHBIE IBOMUHBIE CHUCTeMBbI TpeOyWOT HOCTATOY-
HO CJIOXHBIX METOIOB INIpeoGpasoBaHuA JBOMYHBIX CUTHAIOB B aHAJIOTOBYIO
dopMy; INpM 3TOM HENOCpe[CTBEHHas MOfaya CHTHajla Ha IpOMKOTOBOpH-
TenH JIMIeHa cMbicia. JIBOMuHBIM CHTHAN NpepcTaBiaseT coBoll uudpposoi
KOJ, uyHcla, COOTBETCTBYIOILETO aMIJIMTYJE CHrHajia B KaIOH BbIGOpKe.
Ipu 310M HCHONB3YIOTCA CXeMbl, TIpeoGpasyrouMe uuciO B HampsikeHHe,
AMIUIMTY[a KOTOpPOro TpONOpUMOHANpHA uHCTY. AJNBTepHaTHBOH, KOTO-
pag Gbl NO3BONMIA HEMNOCPENCTBEHHO YIIaBIIATh T[POMKOIOBOpPHUTENIMH,

lll ll[
AL

Amniaumyda umnyaocob

Humespamop  Bowod

ﬂJ— (cenawubarwas Stk
-”Jh cxema )

UWupuha umnyrecol

NETRMARNN

Yucao ummyrecob
Puc 4.1 Tpu tuna gBouunci Mopynsuuu; oOpaTHoe npeoGpa3oBaHue B aHANOTOBYIO
dopmy MosxeT OBITH BELITIONHCHO MyTEeM CFNdxuBaHusa. Hu ofHa U3 HUX liec MO XOOUT ANs
uudpoBOTO 3BYKA, XOTS MMIYNBECHO-KONOBAs CHUCTCMa MOXeT GHIThb OuYcHb NoJNe3Ha,
ecny He TpebyeTcd KaXKpoOMy YHCRY NPUIMCHIBATBL GONBLIOE YHCIIO MMOYNBCOB (N0
65 535)
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Puc. 4 2. CrnaxuBaiue B IIATL
HeGonrpuoe crmaxuBaHue ycTpa-

:> HsieT cTyneHYaTylo popmy curHa-
na, OMHaKO XOPOLUMii y3Kononoc-

Lenamubanue
HBIA (DUNETP NpPEANOYTUTENLHEE

Betxcd LAN

6buio 6b1 Npeofpa3oBaHMe KaXIOro YUCIa B Tpynny UMIyIbCOB, KOJIM-
YECTBO HMITYJIBCOB B KOTOpOH ObUIC Gbl PaBHO YMCIY; €OMHMLA [ana Obl
OOMH MMIyNbC, a 65 536 — 65 536 uMmnyinscoB. Hemocratok takoi cucre-
MBI B Tpy[IHOCTH BOCHpPOM3BEIEHMs OTpHUATEIBHBIX YHCENl; MEXOy crya-
KUBaIOWEH Lenblo ¥ BBIXOJHOM CTYMNEHbI0 HEOGXOOMMO BKIIOUATH KOHJIEH-
€aTtop WIN TpaHCGOpMATOp WIS MCKIIIOYCHMS HOCTOAHHOM COCTABIIAIOLLEH.

JUisi HarnAgHoCTH NpOMUIIOCTpHpYeM Tpollecc NpeoGpasoBaHUA ¢ HMc-
MONB30BaHKeM 4-GMTOBBIX umcel. B Takom udcne (Kak M Jw0GOM HBOMY-
HOM) Kbl GUT HMeeT paxIMuHbpiH BEC B COOTBETCTBHM C MECTOIONOKe-
HHEM B yucie; Hampumep, 0001 npencramiiser coboi emuumuy, 0010 — nBa;
0100 — wverpipe u 1000 — Bocemp; 3TO — NOCHENOBAaTE)ILHOCTH CTETICHEH,
B KOTOpyI0 Bo3BogHurcsa ABa. Ha puc. 4.3 nMokasansl perucTp 4 reHepatop
HaNpsKeHUH Mg 8 OMT, KaXObld OHUT TeHEpUPYET HanpsKeHHe, IIpoNop-
LMOHANbHOEe ero 3HaUMMOCTH B uMclie; 1 GMT Ha BTopoM mecte paer 2 MB,
Ha yerBepToM 8 MB, Ha cempmoM 64 MB. Croxenue 3THX HaNlpskeHHH maet
aMIUTHTY/ [y HanpspKeHUsA, MpONOpPUMOHANIBHYI0 ABOMYHOMY uwHcly 74 mB
B paccMaTpuBaeMoM npumepe. B atom cymnocts Beex HAIL

Pucynox 4.4 winmoCcTpHpyeT NpaKTHUYECKYI0 CXEMYy peaM3alMH MeTopja.
Yerpipe pe3ucTOpa MCHOJNB3YIOTCA B LENM OTpHUATETIbHOM OGpaTHOH CBA3M
M OIlpenensAoT ypoBeHb Ha BpIXOAe Oy(epHOrO yCWIHTENSA B 3aBHCHMOCTH
oT Ko3(pdHUMeHTa meleHUs HalpsxeHHsA. B CBO ouepenb OH 3aBHCHUT OT
OTHOILEHUR CONPOTUBIICHUH, TAaK YTO TEPeKIOYeHHEe pPEe3UCTOpOB (HOpMH-
pyeT H3MeHEHUs HaNpsOHKEHMA, NPONOpPUMOHANBHBIE CONPOTHBIIeHHAM. B
3TOM NIpHMepe KaXABIH pesucTOp MOXKET GpITh BKIIIOYEH ¢ NIOMOILBIO AHANIO-
rOBOroO KJI0Ya, KOTOpBIH B CBOIG Ouepenp yNpaBJIsgeTcs NMapayuieNlbHbIM BbI-
XOIOM perucTpa. Ecny HauBBICIIMH NOpPAJOK GMT B perucrpe !, 10 BKIO-
yaeTcA PE3UCTOP, COMpPOTUBIIEHHE KOTOPOro 0603HayeHO R, eciM chemyo-
umit 6ut 1, 10 BKiwyaercst 2R, ¥ 1.1,

728 126 mB

56" Zl g Z :g S BeixodHoe

76 76 mB HRIPAKEHUE
5 " (57437278
4 4 mB 2
2 2mB
7 7mB

Peaucmp Nepexsmoyarmem: — Anamozobeii

HATPAKEHUA CymMMarmop

Puc. 4 3. Ipuuuun B3BemeHtoro NpeoGpasoBanus. Kaxqusdi BBIXO[ perucTpa ynpasis-
€T YepeKIouaTeNleM HANpsiKeHHs, KOTOphIC PAcloNoXeHbl MO crelieHAM aByXx. IIpu

CYMMHDOBAHUH Hanpxxcemm BOCCTAaHABJIKBACTCA AMIUIATY[a aHaloroBoro CHIHamna
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Puc 4.4. CymmaTop HampspkeHui, NOKas3aH- o 9
HBI TONBKO st deThIpeX OuT. HMcnonelyer- —
¢ OlepaUHOHHBIA younurens c NepeKIo- 7
yaeMBIMH CONPOTHBACHHSIMM B lienu obpat- <r—l2__/€'}—
Ho#t cBasu. HepocraTox cxeMer — Heo6xo- )
IUMOCTh HCTONB3OBaHUA LIHPOKOTo Juana- R
30Ha COIPOTHBNEHHA M ecTkde Tpebosa- 1
HUS Ha HX 3HaueHMs. BeIXon 3aBHCHT OT To-
ro, KaKHe PE3HCTOPBI BKITIOYEHBI

AN

Onoproe
Hanpsxene

Beixod

!

B pesynprate HampsxeHHe Ha BHIXOme OydepHoro ycwiurens (WM aHa-
JIOrOBOTO CyMMaTopa) 6ymeT MpONOpIHOHAIBHO JBOMYHOMY yHciy. Toxa
npeHeGpexxeM OTpHUATENIBHBIMA YUCNIAMM, INOCKOJBKY OHHM pEaTu3yloTcs
NyTeM H3MEHEHMS HANpPSKCHUA, COOTBETCTBYIOLIEIO CTAaplieMy pas3pAmy;
3TO HECYLIECTBEHHO IJIA BbIACHCHMA INPHUHIMIA NEHCTBHUs INpeobGpasoBare-
7IA; rJlaBHOe — MPOCTOTa METOMa.

IIpeoGpasoBartelin ¢ MepeK/IOYaeMbIMH PE3UCTOPaMH ILIMPOKO paclipo-
CTpaHEHBI ¥ BecbMa 3(h(EKTHBHbI TOMBKO Ul OrpaHMYEHHOTO yuclla GHT.
[IpoGneMa cocTouT B TOM, YTO IO MEpPE pacuIiMpeHMs AUaNa3OoHa CONpPOTUB-
JIeHMH CyLUECTBEHHO BO3pacTalT TpebOBaHMsA K TOYHOCTH pe3ucTopoB. Ha-
OpuMep, PacCMOTpUM CXeMy, B KOTOpOH MHHMMAallpHOe COTIPOTHBIICHHME
cocrapnser 2 K. 310 npuemiiemas BeJlMuMHa, €cJlM HelNb3s NipeHeGpeub Bbi-
XOMHBIM CONpPOTHBJICHHEM YCAIMTEIA M CAMOFO pPE3UCTOpa, CONpPOTHBIIE-
HHe KOTOpOro HECpaBHEHHO OOJIblle COTIpOTHBIICHHS aHAJIOTOBOIO KITIO-
ya. TaxuM oGpasom, Ona 8-GMTOBOIO IpeoGpasoBaTeNisi CONPOTHBIICHUS
PE3HCTOPOB, COOTBETCTBYIOLIME [BOMKE, BO3BENeHHOR B KBampaT, HOJKHBI
cocrasnaTth 4 K, 8 K, 16 K ... mo 256 K. llockonexy 310 mupoxuil guamna-
30H, [ONYCK Ha CONpOTHBIIEHHs JIOJIKEH GbITh BecbMa »eCTKHUM. B cucteme ¢
8  OuramM CONpOTHMBIEHHs [OJIxeH ObITh He Xyxe omHou 256-i1. Taxue
TpeGOBaHUA HENPOCTO peasIM30BaTh [AKe NpPH pyyHOH yCTaHOBKe CONpPOTHB-
JIeHu, a TeM GOllee B HHrerpajJbHOM MCIONIHEHUH. 3afiaya peuwraeTcs MyTem
CO3[aHMs TOHKOIUIGHOYHBIX CXeM C MCIOIB30BaHMEM KOMITbIOTEpHOTO 060-
PYIOBaHUA 1A MONTOHKH COHpPOTHBIIEHUH pE3UCTOPOB, OMATh XK€ TOJBKO
He Goree yeM s 8 GUT.

HpumMenntenpHo K 16-GUTOBOM cucTéMe NpeoBpazOBaHHe NpPENCTaBIsACT-
C MpPaKkTHYeCKH HeBO3MOXHBIM. JIaxe ecllM yMeHbIUTh MHHHMAIBHOE
conporuBicHne no 1 K, To MaxcHmallpHOe 3HayeHHMe cOcTaBMT 65 M u Tpe-
GoBaHMA K OONyCcKy Ha CONpPOTHBIICHHA GymyT Nopanxa 0,006 %. CkopocTh
npeoBpazoBanua MOXeT ObIThb BelMKa, M 16-GMTOBpie IpeoGpa3oBatelH
TAKOrO THNA2 C TOHKOIUIEHOYHBIMM PE3HCTOpaMH [UIA HEKOTOPBIX Lefei
HaxopmsaT TNpaKTHYecKOe INpHMeHeHMe. JIsi MaccoBOrO NpHUMEHEHMSA 3TOT
MeTON, peansHo HempUMeHMM. KectkHe TpeGoBaHMA K HONYCKaM Ha co-
NpoTHBieHHA MOTYT ObITh CMSATYEHbl MpeoBpa30BaHHEM B ueTbipeX Ou-
TaX, MNOCKOJIbKY CTaplMi Nopsanoxk OMT TpeGyeT HauGonbuied TOYHOCTH,
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guumal |

CNOXEHUE TOKOB

ANbTe pHATHBOM CJIOXKCHHMI0O HANPAXEHUA CIIyXMT CJIOXEHHE TOKOB. Pa-
3yMeeTcsi, 3HAYCHHEM TOKA MOXKHO YNpaBliATh ¢ TOMOILBIO LElH CONlpOTUB-
TIeHu#, ¥ XOTS MCNOMb3yeMble B 3TOM BapHaHTe 3HAyeHHs COIpPOTHBIICHHH
Gornee npueMIIeMbl, TpeGOBaHMS K TOYHOCTH MX COBMIONEHUs COXpaHAIOTCH,
KaK H B Npedplmyiiem ciayyae. EcTe, OHAKO, 1 HeKOTOpas pasHuua. Bmec-
TO INpeoGpa3oBaHus 16-GHTOBOTO uMclia MyTeM CIIOKeHUs 16 HanpsxeHHH
(xaxpoe nocnemywiuee U3 KOTOPbIX BOBOe 0GOJNbmIe Ipelbioyllero) Mox-
HO paccMOTPETh BAPHAHT UCMONb30BAHUA 65 535 HCTOYHMKOB TOKA.

Ins npuMepa OrpaHHUMMCA Tpemsa paspsamamu (puc. 4.5). JIsouunoe
UHCIIO “eMyJIbTHIDIEKCHpYeTCa” CXeMOH, MMmewed § Bpix0j10B. EciM Ha
Bxope 000, To HM Ha OJTHOM H3 BBIXOJIOB He GYHET BBHICOKOIO ypOBHA; €CIH
Ha Bxopme 001, TO Ha OJHOM M3 BBHIXOMIOB ByneT BRICOKHH ypOBeHb; ecllM Ha
Bxonme 010, To Ha OByX BBIXOAAX BHICOKMH ypOBCHb; eciM Ha Brixopme 011,
TO Ha TpeX BbIXOHax OyHeT BHICOKHH YpOBEHb H T.4. Ec/M Kaapii BBIXOH
IDeMyJIbTHINIEKCOpA NepeKITIoyaeT paBHpi€ TOKM, TO TOJIHBIH TOK IIpOTOp-
LMOHaJIeH JBOMYHOMY udcily. CHcTeMa IIpMBIEKAaeT MEHee KeCTKHMHU Tpe-
0OBaHMAMH K [IONYCKaM, OCKOJIbKY GHTBI HE B3BEILEHBI.

MonpiTka CKOHCTPyMpOBath 65 536 HCTOYHMKOB TOKa, YIpaBlifeMbIX
PerHCcTpPOM, He TaK Y CTpalHa /Ul COBpEMEHHOM MHTerpaljibHOM TeXHHKH.
B Hacrosiuee BpeMsa HecMOTps Ha OOUIYI0 TEHOEHLHMIO COKpAiLeHHS yuciia
HCHOJIb3yeMbIX KOMMOHEHTOB HAfe)KHO paBoTalwT M Gonee CHOKHBIE HH-
TerpalipHbie cxembl. [IpemMeTomM Kommpommccea CIlyXHT KOJIMUECTBO MCTOY-
HMKOB TOKa. BMecro 65 536 oMHaKOBBIX HCTOYHHKOB TOKa MOXHO IpHMe-
HHMTb MeHblIEe KOJIMYECTBO HMCTOYHMKOB, MOCTaBHB HMX B 3aBHCHMOCTH OT
MecTONoNOXeHHs GuTa. llpennonosxum, yro Mel umMeeM 16 383 ucrouu-
Ka, Kbl K3 KOTOpbIX oleHMBaerca 1, 2, 4 n 8§ epuuuuamu. CTyeHbKH
TOKa (pOPMUPYIOTCA C MOMOIUBK PE3UCTOPOB, TOUHOCTh, KOTOPBLIX BIIOJIHE
peau3yeMa Iipy COBpeMEHHOH HHTErpaIbHON TEXHOJIOTMHM; YHCIO KOMIO-
HeHTOB CyIIECTBEHHO COKpalllaeTcsi Jaxe NpH Gorlee CIOKHOM ITpeofpaso-
Barerie ¢ 16 Guramu Ha Bxopxe. Tax mocrpoen LIATII, mcnons3yemsiit B cu-
creme KJI.

Jlpyras BO3MOXHOCTb COCTOMT B HCIOJB30BAHMH TOKOB, B3BELIEHHBIX
B OTHOIIEHMM 2:1; Npu 3TOM HYXXHO TOABLKO 16 NepeKiloyaromux cryne-

lewepamap| Tox Bsixoda
moka [T

Lemymmunnexcop  (71e8unuya moxa Ha brod)

Puc. 4.5. Meron cnoxeHust TokoB. Ha Bxome memynbrunnexkcopa (Tpu THHHH) — HABO-
wuyHble curHanbl. Kaxxgas xomOuHaiust HalpsikeHHH Ha BXOOaX BBI3LIBAET NOBLILEHUE
YPOBHs Ha BBIXOOax; ecnu Ha Bxome 001 — ofHa nuHMs HA BEIXOOE UMEET TONOKUTENb
HBl moreHuuan, ecnd 101 — To nATH nuHMHA. BrIXofkl AeMyNbTHIUIEKCOPA NPHBOAAT
B fleiicTBUE TedepaTophl TOKA, KaX[bll H3 KOTOPBIX AaeT €IHHUIYY TOKA B CXeMY CyM-
matopa (He 0KasaH)
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Pac. 4.6. INpmHu¥n ToxoBoro penurens. Ecnu Ber Jrmarm rmox
pymaere, 4TO 3TO TOKOBEH CyMMaTop, To AeHcTBUA I Ypaben nonobune
JETHTENs ¥ CYMMaTOpa NofAoGHb moxa Ha Bsixode
Lenumensy
moxa

A

geit. JTO BIONHe peayl3yeéMO B HHTerpaipHoM ¢opme. [IpuHnmn roxoBoro
OenuTens WUIICTpHpyeTcA puc. 4.6. PasHuia mexay TOKOBBIM CyMMATo-
poM H TOKOBBIM JielIMTeleM — B HaNpaBJIeHUAX TOKOB. Bxopdswme Toxu
HOJIXHBL B6bITh B BBICOKOHM CTENeHHM MACHTHUHBI, VIS Yero HEJOCTAaTOYHO MC-
NOJIb30BATH NPOCTYIO PE3UCTUBHYIO CXEMY.

B rakom THIe npeoGpasoBarteis, BIepBhie OnucanHoM IIname B 1976 1,
HCNONB3YIOTCST  CONpOTHBMeHHsA. [IpHHLUMO TIOCTpOEHHA HWIUTICTPHPYETCA
puc. 4.7; Npolie paccMaTpuBaTh 3Ty CXeMy KakK TOKOBBIA CyMMAaTOp, YeM
KaKk pgenurels. JIBa BxomHeix ToKa I} u I, popmHpyroT TOK [3; eclu pe-

agcropsl Ry U R, pasuel, 10 [} = [, =13/2, T.e. ToKM I, ¥ I, paBHsI NOJIO-
BHHE TOKa /3. TpymHOCTB COCTOHT B TOM, YTO pe3ucIopel R; U R, He HAeH-
THyHbI. UTOGBI yMEHBUIMTE BIMSHME PAasHUIBI B 3HAYCHUAX COIPOTHUBIICHMI
Ha pesylbTaT, MOXHO TOKHM IIOOYEpE[HO MpOMyCTHTh uepe3 Kaxmoe COIpo-
TMBIIcHHe. B cxeMe, mokasanHOM Ha pHc. 4.7, 6, B TeueHMe YacTH LMKIIA TOK
I, Teuer uepes conporuBncHue Ry, a I, — vepes R,; B TeuyeHHe ApyroH yac-
TH IUKJIa TOK [; TeueT uepe3 R,, a I, — ucpe3 R. Eciu nepexiiouenue mnpo-
H3BOOMTCH HOCTATOYHO OBICTPO, TO PasHHLA B CONPOTHBIICHUAX YCPEIHICTCA.
YcnoBue paBeHcTBa TOkOB [y M I, MONOBHHe TOKA /3 JOCTHraeTcs, ¢Cliv JI0-
MyCcK Ha CONpOTHBJIeHUs He npesbiniaer 1 %. TeopHs nokassiBaer, 4yT0 OG-
Ka NpoTio pLiMOHAIbHA TIOrPELIHOCTH yIIpaBieH!s NepeKIlnyaTeamMy; NpHem-
JIeMyI0 TOYHOCTh TaKTHpOBaHMA He xyxke 0,01 % ocymecTBUTB HeTpy[mHO.

PaccMoTpuM cxemy, nokazaHHyio Ha puc. 4.8. OTHOIIEHHEe TOKOB B Kaxk-
moi crynmend 2:1. CxemMa BBIIOHEHA € HEGOJBIIUMM YUCIIOM KOMIUIEKTYIO-
IMX 3JIEMEHTOB, HE TpebyeT MpUMEHEHHsi BHICOKOTOYHbIX HAeTaieil. Cxema

I Iz+
RN L
K
X
§ (= °
g H 2
5 &

5)

Puc. 4.7. Hpocroil menurenb Toxa (2) ¥ €ro ycoBEPILUCHCTBOBAHUE C NepeKIouaTeNleM
(6). Tpu nepeKMIOYCHUM € BBICOKOW CKOPOCTHIO oeclicudBacTcsi TOUHOS AeNcHUE HpU
YCIOBUY, YTO TAKTHUPY IOLHE KMIYJIEChI NOCBUTAIOTCA € TOYHBIMU UHTCPBAJIAMHU
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I/d Puc. 4.8. IpiHUMD NOCHEOBATENLHOIO TOKOBOTO
/8 Y f penuTens, Bhmalomero Ha IIAIl rpynnmy TOKOB,

3HaueHHs KOTOpBLIX Haxoadarcd B ONpeAeIeHHOM

1/ k4 COOTHOIIEHIH
772 1/4
1/2 XapaKTepU3YeTCs AOCTATOYHO BBHICOKHM 6picT-
pOneHCTBHEM H MOJKET HCNONb30BaThCA B aHa-
Joro-uudpoBsIX Mpeobpa3oBarenax, ONUCAH-
{1 HeX B . 3. KompmeHcatop, HeoGXomumbtit

I CrilaXKuBaHUA HeGONbUMX WyJhCauud TO-
Ka, BO3HMKZIOUIMX B Ipouecce IlepeKIIoueHHs, OOBIYHO MNOQNKIIOYAT K
mrrsipskam UC.

HeofxomMO ocTaHOBUTbCA Ha ypOBHe MNpeoBpa3yemMOro HamnpsxeHHs.
[MpuMenuTensHo K MpeoGpa3oBaTeisM HaNpsXKEHHA aMINIATYJa CTylieHeK
CHTHala MoxeT cocTaBnaTh 10 MB, 100 MB, 1 B. Uem Bpnue ypoBeHs HA B
XOfe, TeM CJIOXKHEe OCYUIECTBIIsfeTCA Npolece NpeoOpazoBaHus, NOCKONIbLKY
peaiu30Bar, BBICOKHE CKOpPOCTH MNepeKJIIYeHHMst HalpsyKeHHA npoiwe NpH
MaIBIX CTYNEHBKAX CHTHAIOB, TAK KAK I1apa3sHTHBIE eMKOCTH 3apsiKaiorcs
OO MéeHpHMX ypoBHeH. C Jpyroil CTOpOHbI, YeM HHXKe YpOBEHb HpeoGpa3o-
BBIBa¢MOTO CHrHana, TemM Bbmie 3¢G¢eKT HapasHTHOro myma. Onrtumans-
HBIM YPOBHEM HaNpsKEHUA NpH Npeo6pasoBaHMH MOXHO cydTaTh 1 B, M OH
BbIIepKUBAETCSA TaKMM B GOJIBLIKMHCTBE NMpeoGpasopaTered.

REPER NMPEOBPA3OBAHUEM

IIpeo6pazoBanue UMPPOBOro CHTHAIA B aHAIOrOBYw ¢GOpmMy — yacThb
BOCMpOM3BOJALEH CHCTeMbl. JIO MNpeOoGpa3OBaHMA MpOM3BOJATCA IIOMCK
K KOoppexkuusa ommbox; onpenensercd, KaKue JOMONHUTENbHpie GUTBI MO-
CNaHpl € Ka)(ObIM YMCIIOM M ¢ Ka(IOW rpynmnoH yuced. B ri. 3 Mpl Kparko
paccMOTpen# Mpouecc OGHapyXeHUs M KOppeKUMM OmmGOK, B TOM uyHClle
KOHTpOJIb YeTHOCTH. KOHTpONb UYETHOCTH OueHb YHOGEH Mjla HEKOTOPBIX
CHCTEM, B YaCTHOCTH, INpH N€pe€nauveé NaHHpIX IO HpOBOTaM, HO OH HEJOCTATO-
YeH jia 1MQPOBBIX 3BYKOBBIX CHCTEM M Mbl paccMOTpHM Gonee cOBepuieH-
HbI€ MeTOfpl, pa3pabOTaHHBIE B BLIMMCIIMTENbHOM TexHuke, MHoOrue us stux
METOOB M3BECTHBI M HCIONB3YIOTCA B CPaBHHUTIC/IBHO JenIeBhiX JOMAUIHHX
KOMIIpIOTEpax M Iyii KOppEeKUHH ONMOOK B CHCTEMAX 3alMCH M BOCHpPOM3-
BeJeHHA OBOMYHBIX CHTHAJIOB ¢ OGBIYHBIMHM KAacCCeTHLIMHM JIeHTaMH. JTH Me-
TOJb! HA3BIBAIOT LMKIJIMYHOH H3OpITOyHOHM npoBepkoit (IIUII), Mbr paccMOT-
PHUM NPOCTEHIIMHA U3 HUX — METOH, KOHTPOJIBHBIX CYMM.

Meton KOHTpONBHBIX CYMM OCHOBaH Ha HOOaBlieHHH JBOMYHOIO yYHCla
K rpyune. BonpumHCTBO UMGpPOBLIX 3BYKOBBIX cHCTeM paboraer ¢ Kappa-
MM — TpynmaMu uyHcel, BKJIIoyaoliuMH B cebf CHTHanbl CHHXpPOHH3ALHH
M CHTHallbl KOppeKuuM onmbok. Ilycts kaxap kagp cocTouT M3 12 wHcen.
UtoGbr MOMyYdTh KOHTpPOJIBHYI CyMMY, NpeHeGperas mwoGpiM IepenoIHe-
Huem, JoGasum 12 uwMcen Tak, yroGbl cyMMa yKnagpIBanack B 16 Gur. Hu-
KE TIpMBORMTCA mpHMep A 4-OMTOBbIX urcen. UHCIO, COOTBETCIBYyIOLIEE
KOHTpOHbHOPI CyMME, 3allUChIBaeTCi KaK yacTh Kappa. B HpuemHOM ycI-
POMCTBE YMClIa CyMMMpYIOTCA TOYHO TaKHM e 06pa3oM M pe3ysbTar CpaB-
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HHBaeTca C KOHTpOJIbHOH cyMMmoOH. Ecii OGHapyxeHO HecOBNafieHME, 3Ha-
yuT, TpH Nepefaye Ipou3ouylia oumoKa,

Homepa 7 3 6 1 3 4 2 6 4
RAHHBIX —
7+3=10
/pecaraabie/ ' _ g,
e
2+6=8
=8+0
0+1=1
1+3=4
4+4=8
=8+0
0+2=2
v, mue”
2+6=8
=8+0
ey, e
0+4=4

Kontpomenas cymma =4

AnprepHatHBHO: cymMa = 36 = 8.4 + 4 B ocTaTKe.

3TOT METO KOHTpOsis OMIMGOK GOJie¢ UyBCTBHUTEIIeH, 4eM METOH, KOHTpPO-
A YeTHOCTH, NpH KOTOPOM 3aMeHa HyJIsi eMHHIeH MOXET KOMIIEHCHpO-
BaTbcsi 3aMEGHOH eOWMHHIBI HyJleM B TOM JKC caMOM TIONIOXEHHM 6M1a B Ipy-
rom udciie. Ho Bce ke MCIONb30BaHME METOa KOHTPOJbHOM CyMMsbl He NO-
3BONeT YCTAHOBHUTE MECTOHaxXOXOASHUE OWMOKH, XOTHA ¢ ero NOMOLIBI0
MOXHO ONpPEHCNUTb, €CTh JIM OUMOKa B KOHKPETHOM Kafipe WIH HeT; CaMo
Ho ceBe 3To yxe ueHHAA mHpopmaiMsa. s Gonee TOYHOro OGHapyKeHHsS
MECTOTIONIOKEHHsT ONBGKH HUCHOIb3yHTCA HeKOTOpbie CNOCOGH KOHTpOMs
Kaxgoro Gadta wiM crioBa, u B pange ciyvaes HUIl oxaspiBaerca oueHb
YAOGHOM.

Matemaryueckue ocHoBbl LIl u3nioxeHel B CHElMaTIbHOH JIHTEpaType
H MbI OrpaHMyuMMcsi NpuMepoM. Kak M BO MHOTHX CHCTEMAxX OOGHAapy KeHUs
oumgoxk B HMII ucnosssyrorca M3GhITOYHbIE GHTHI, A HMpumepa paccMOT-
PUM CHMrHaJ, cOCTOALMA TOJBKO M3 5 GMT. [l KopMpoBaHHA ero B COOT-
BercrBuM ¢ H{UII Hapmo ucnons3osath 8 GUT, 3 U3 KOTOPBLIX ABNAOTCA M30bI-
TOYHRIMH M TIpeHA3HAuCHBI I OGHapyxenusa oumGok. Huxe mpuBopmt-
CA nprMep MpaKTHYECKUX e CTBUA.

Hano: 01101101100 (mecatnunoe 109)

Kniou: 101 (mecatuunoe 5)

Ocratox ot menenus 100 109/5 = 204/54 ocratox nepemaerci Kak

01101101100

B npuemnnke neperpynmipoBeiBaercs kak 01101101 u 100

01101101, penennoe na 101, gaer 100. Hanueie 663 onmbox.

B 370M npHMepe WHMCIIO [ETMTCH KIAOUYEBBIM YHCIIOM H 3aMevaercsa OcCTa-
TOK. [lamspic COBHralTCA BAICBO HAa TpH NO3HUHM M OCTAaTOK NpuGaBiser-
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csi. B mpHemHHKe KOHTPOJb TAKOTO K€ THIIA IOJIKEH [aTh TOT Ke OCTATOK.

Beifop KilloueBOro uMcia He crnyyaeH., OHO [JOJIKHO HauyMHaThea € 1 M
YWCITO COCTAaBIIAICIUMX €r0 GHUT HOJIKHO ObITh PABHO YHMCIy GMT, OTBEIEHHBIX
Wisi oGHapy>xxeHds OWMGOK. B Hamem Npumepe, Korpma /yisg OGHapy keHHs
OUMGOK oTBedeHO 3 GUTa, KIIIOYEBOE YMCIIO JIOIKHO copepkars 3 GHUTa M
HayMHathcA ¢ 1. EciiM MBI coBuraem JaHHbie BJIeBO Ha 3 NO3MLMHM M 3aTEM
[enuM NOJIYYeHHOE Ha KIII0YEeBOE YMCIIO, OCTATOK MOciie MeJieHHs BymeT uHc-
JIOM, KOTOpOe MOXKET GbITh HyJeM (HeT OcTaTka) M paitee no 3 Gur mo 1.
Iy npuMepa, €cliyt Mbl IIpuHAIM 3 H3GBITOYHRIX GHTA KW HCHONb3yeM 7 B Ka-
YeCTBe KIJIIOYEBOTO YMCIIa, TO MAaKCHMAJIbHO BO3MOXHBIA OCTaTOK 6 (IBOHY-
Hoe 110).

[Tocrne BBINOSIHEHHsT [ieleHHMsi OCTaTOK NOMeEIaeTcss Ha MIIafiiMe BakaHT-
Hble MecTa TIOJIHOTO 9YHCIa, KOTOpOEe Telepb COCTOMT M3 OMT [aHHBIX M GHUT
ocrarka. Ecnu oHo nepenaercs 6e3 onm0bOK, [eneHHe GHT JAaHHBIX HAa TO XKe
KIJII04eBOE YMCIIO HOJDKHO HaTth TOT e OcTatoK. IIpMmeHeHue 3TO# cHCTeMbI
TpebyeT ONpelerieHHbIX HaBBIKOB, H OHa XOpOUIO paGoTaeT IIpH ymaleHUH
GoNBIIMX M3MEHEHUIA CUTHaA.

UcnonpzoBanne [IUIl, pazpaGoranHoH [j1a HMGPOBOH 3BYKOBOK CHCTE-
MBI, TpeGyeT OOMOIHMTENbHBIX 3aTPAT BPEMEHM M NPUBOAMT K yBETHYEHHIO
oGbeMa oGpaGaTeiBaeMbix OaHHbIX. 1I03TOMY Jlyuiie MCnob30BaTh ApPYyTYIo
dbopMy KogMpoBaHMA (He NpOCTO [BOMYHYI0), KOTOpas GyHmeT paccMOTpe-
Ha B IL. 6.

Mnaea 5. CTYRWUViHBIE LUAGPOBBIE METOAbL! 3ANUCK

LLKOPOBLIE NEHTLI

OcHOBHasgs ¥ HaMGoJlee cTapasd NpoGrema 3alicH Ha MarHUTHYIO JIEHTY
COCTOMT B HEJIMHEHHOCTH HAMATHMUMBAHMs JIEHTbI. 3aBHCHMOCTb OCTaTOYHOH
HAMAarHUYeHHOCTH OT aMIUTUTYbl HAMAarHUYMBAIOLWEro TOKa MMeeT S-06pas-
Hy!o ¢OpMy, M ITpY MAJNIbIX TOK2X HAMArHMYMBaHMA JICHTA He HAMarHAYMBaeT-
¢ Boo6ue. TpaluuHOHHBIM MeTOR GOpbOBI C 3TUM HEIOCTATKOM COCTOMT
B Tiofaue Ha 3alMcpiBaloiuMe FOJIOBKH YJIBTPa3sBYKOBOro CMeweHHMs Tak,
4yTOGhI 3BYKOBOH CHUIHajl HAK/Ia[pIBajicA HAa MMKH BLICOKOYAaCTOTHOTO CHI-
nana. IlopBupas cooTBeTcTBYMOWYI0 AMIUIMTYAY CMEILEHHS, MOKHO JOGUTL-
Csl, YTO 3BYK OyHeT CMEIUEH Ha yyacTOK XapaKTepHCTHKHM C IIpHeMIIeMOH
NUHERHOCTHI0, HO TOJIBKO ¢ “HpHeMIIeMOn ™.

ITnaBHOe MOCTOMHCTBO LUM(QPOBOH 3amMCH 3ByKa Ha MAarHUTHYI0 JIEHTY
OYeBMOHO: MOCKOJIbKY CMrHan cocToHt u3 0 u 1, rpeGoBanue K JIMHEHHOCTH
OTlafjaer ¥ BMCCTE C UMM [ApyrHe TpyHHOCTH aHAJOroBOH MArHMUTHOM 3a-
OHCH. YCTpaHAeTcA U Ipyroe pOTUBO peyle, IPUCYIiee aHATIOTOBOI 32K
TIpOTUBOpeuHe MexHy HeoB6XOMMMOCThI0 OGECTIeuMTh TpeGyeMyo JIMHEHHOCTb
H UMPOKHA NUHAMMYECKHH OHaNa30H 3BYKOBBIX AMIUIMTY[, DEaIM3yeMplit
Ge3 meperpysky JeHTHL. B Npouniom [jis HaXOKEEHMS HpHEMIIEMOTO KOM-
npomKcca pa3pabaThIBANHCL CIIOXHBIE KOMIAHAEph', KOTOphle HMHOIMAA
ofecrieyMBaly XOpOIIee KayeCTBO 3BYKA, HHOTMa — Het. [lockonsky ammn-

! Yerpoitera, cocTosiine ua KOMIpeccopa M KCIaHEpa.
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Tya BOMYHBIX CHTHAIOB MOCTOAHHA — YCTPAHACICA NMpoGiema Neperpy3xu
JIeHTBI ¥ HACHIIHEHUA.

Teneps, Korma UudpoBas 3alMCh BOILUIA B XU3Hb, TPYIHO [aXe BCIOM-
HUTb BCE HENPUATHOCTH, BO3HUKABIIME NpH OCBOEHUM AHATIOTOBOH 3aIKCH.
B 10 BpeMs Kak 3HayeHHe Ko3¢pduLmenTa uckaxeruit 0,1% Gpulo yxe 0ObIY-
HbIM VIS YCWIeHUs,, B MarHMTHOH 3amicd nOGUBAIMCh YpOBHS MCKaXKEHHH
menee 1%. Hexoropeie nHeGomnbume ¢GHPMBI 3BYKO3aIMCH, KOTOpbIC GBhUIM
He B COCTOSIHHM BKJIabIBATh OTPOMHBIE KANUTAILI B COBpeMEHHYIO T€ XHH-
Ky, BEpHYJIUCh K MPAMOMY DPE3aHMIO B Npollecce H3rOTOBJIEHUsA OpUTHHAJIOB,
noGy>xnasa 3BYKOUHKEHEPOR COBEPIICHCTBOBATH CYLECTBYIOLINE CUCTEMBI.
Bo H30exaHue M3NUIIHeH 3HGpOpHUM yMECTHO BCIIOMHUTH O TpPYHAHOCTAX,
CTOABIIMX Ha MyTH Imcdporoy 3amucd Ha Jienty. OcHoBHasa npodiema co-
CTOMT B HEOOXOIMMOCTH OGECHeYHTh BBHICOKYIO IUIOTHOCTh 3amucu uudpo-
BBIX CHTHAJIOB (ropasfo GOJNbiLYio, YeM IIpH aHaJIOropoi 3amicu). B cram-
naptHok cucreme KJI yacrora BuiGopxu 44,1 xI'u u 3anmuce 16 Gur B KaxmoH
BBIGOPKE; C yYeTOM HEOGXOOMMOCTH OCYIHECTBJIEHHsS KayeCTBEHHOTO KOH-
TpoJia OIMGOK UM BBENEHMA KODPPEeKTUPYWINUX OHTOB 4acTQTa MOCHUIOK
1 n 0 cranoBuTCA ycTpalnamlieid — MOpsAAKAa HECKOJIbKUX Merarepl. 310
yxke o0nacTb BLIIEOYACTOT M, BO3MOXHO, M POBYI0 3BYyKO3aIMCh BOOOLE
He YAIoCh Gbl OCYILECTBUTD, €CIIM Obl He OJIHO 0OCTOATEIBCTRO. JIeJIo B TOM,
YTO 3BYKOS3AMUCh IIpole BHACO3ANUCH, MOCKONbKY BUAEOCUTHAT — He Hud-
poBo¥ curnan. Jhia 3amucy BHUAGOCUTHAJIOB MX Heobxomumo mpeobpaso-
BaTh B QopMy, MofobHyo nHpPOBBIM CUTHAIAM MyTEM UCNONB30BAHUSA Yac-
TOTHOH MOMYJISIUME C NMOCTOSTHHOM amiUtuTynoi. OpHako maske NMpH UCTIONb-
30BaHMM IIPOTHBONOJIOXKHBIX HAllpaBJICHUM HAMAarHWYMBAHUA i 3aIHCH
0 u 1 cxopocrp 3amucu OCTaercsA OYeHb BbICOKOH. [lornoca mpomnycxaHus
npu uudpoBoi 3anmMcH AOIKHA OwITh HpumepHO B 30 pa3 uivpe NOJIOCH,
TpeOyeMOM NpU aHAOTOBOK 3amicu. Bo Bpemena ananmoroBoit 3amucu 1o-
CTOSTHHO IPUXOOWIOCh UCKATh KOMIIPDOMHUCCHI MEXJy CcTpemileHHeM obec-
NEeYUTh MMM POKYI0 NOJICCY MpONYCKaHHA M AOCTUYh XOpoIIed JIMHeHHOCTH.
Y uncdpopoit 3amMcH  ecTb MOMONHUTEIILHbIE BO3MOXHOCTH, HallpUMep HpH-
MeHEeHHe AByX MM Gojiee CTEPEOKAHAIOB HA CPOXKe WIM IepeMexenHe
3BYKOBBIX U yNpaBJIAOLIMX CHTHAIOB.

Opnnako, uro Gbl HY MpenlipdHUMAIOCcs, NMpoGileMa MONOCHI MpOIyCKaHHA
MOXKeT ObITh y[OBJIETBOPUTESIBHO pElileHa TONBKO IIpH YCIIOBUH ofecrieye-
HHUA HeOOXONMMOH CKOpPOCTH [BMOXKCHMsl JIEHThl OTHOCHTEJILHO TONIOBKH.
3Ty 3amayy MOXHO, B YaCTHOCTH, PeLMTb (KaK 31O [eNaioch B MEpPBRIX
UMD POBBIX M AHAIOTOBBIX MAarHuTodoHax) MyTeM yBeJUYEHHs CKOPOCTH
NpOTSDKKU JIEHTHI OTHOCUTEJIBHO HENONBUXKHOW wacTH rojioBku. B Gonee
coBepitenHoit CI-cucreme! MCHONB3yI0TCA MHOTOHOpPOKEUHBIE TOMIOBKH.
Yno6Hee npOTATUBATH JIEHTY C HE OYEHb BBICOKOHA CKOPOCTBIO M MCIOJb30-
BAaTh BpAINAIOINYIOCA MATHATHYI0 TOJIOBKY, OCYUIECTBIISIOINYI0 3alHCh
Ha HaKJIOHHbIX MOPOXKax. JJIaA cTynMHHOH 3alMCH NMpHMEHEHHE yCTPOHCTB
CO CTauHOHAapHBIMH TOJIOBKAMH He ABJIACTCA TAKUM HeynoOCTBOM, KaK [Ijis
HOMaIlHMX YC/IOBUI (HeOGXOOMMO HCMOJIL30BATh OYeHb [IHHHBIE JIEHTht
M KaTyiukd GoJIpUioro auamerpa). Y anmaparoB cO CTaMOHApHBIMHU TOJIOB-

1
CraunoHapHasd (HemogBMXHAS) TONOBKA.
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KaMH €CTh CyLIeCTBEHHOE NOCTOMHCTBO — OHH MO3BOJIAIT 3alMChIBAaTh He-
CKOJTIBKO KAHANOB, a CTyJMU OGBIYHO XOTAT 3aNUCLIBATH IO MEHbIIEH Mepe
24 kaHana.

BaxkHoe 3HayeHHMe HUMeioT MUHUMAJIbHAA [UIMHA JIEHTHl M MaKCHMIbHAs
yacrora BLIGOpKHM. MHHMManpHas jiMHa JIEHTHI — MHHUMAJibHasA [JIAHA, Ha
KOTOpOH MOJXeT GBITh 3amMCaHa MONHas 3BYyKOBasd BONHA, OHa 3aBHCHT OT
3220pa B 3aMHCpIBAOIICH TrOJIOBKE M OOBIYHO coctaBnsier 1—5 mxm. Jo-
NycTHM, 9YTO JieHTa ABHKETCA BIOJNb TOJIOBKH CO CKOPOCTBIO 5 CM/C M MH-
HUMA4JIbHAA [JIMHA cocraBaseT 5 mxM. Ilpu 3TOoM MoxHO 3amMcaTh
1 000 000/5 = 200000 uMKIIOB Ha OMHOM MErpe JIeHTHI M MHONYYHTh
200 000/20 = 10 000 umxioB Ha 5 cM JeHThbl, [IpH CKOPOCTH ABUKEHHS JIcH-
b1 5 cM/c MoxHO 3amucarts 10 000 HMKIOB B ceKyHmy, YTO COOTBETCTBYET
nonoce nponyckauda 10 xI[u. Jns 3amucy yacror nopsapxa 4 MI'n ¢ MHHE-
MAJTBHOM 3almMchIBaEMOH [WIMHOH BOJIHBI 5 MKM HeoBxOomMmo HMETh CKO-
pocTb ABMXKeHUs JieHTbl Mopsanka 20 m/c. Jaxe mgna cTynuiHBIX YCITOBHH
3T0 HellpHeMJIeMO M YXE B IIPONUIOM UCNOJIB30BATUCH NMpOCThie U POBbIE
METO[bI, NMO3BOJAIILINE YMEHBUMTL NONOcy MNpollyckKauua mo 1 MIu. B
AaTbHeHIIeM pasMMyHbIMH INIpUeMaMU, TAKUMM KaK paclielUieHHe HNaHHBIX
IO pa3HbIM KaHanaM, CKOPOCTh NMPOTAXKH JIEHTbI 1A CHCTEM C HEMOIBHXK-
HbIMH TOJIOBKAaMH YIIAIOCh YMEHbIMTh 10 38 cM/c.

[IpoGnema CKOPOCTH CYILECTBEHHO YNpOLIAETCs NpU MCNOIb30BAHMHU Bpa-
AKX CA TOJNIOBOK, XOTA NpU 3TOM BO3ZHHKAWT TpyAHOCTH C YyNpapile-
HYEM M CHHXpOHHM3alMeH. MCrob3cBaHME BpaIlAlOIMXCs TOJIOBOK IO3BO-
Jsger paGoTaTh NpH CKOPOCTAX, CPaBHUMBIX CO CKOPOCTSAMH IPOTSNKKH,
UCMONB3yeMBIX B OBITOBBIX KaccerHpix mMarHurogonax. Ilpa stom Bo3MOX-
Ha HMIyNbCHO-KOnoBaa monydsauus (UKM), npumensemas vaie Apyrux
TUnop 1U$poBod MomynsauMy. IlpH3HAHHBIM [MOHEpPOM B CO3NAaHMH 3anu-
CbIBZIOLIEH aNMmapaTyphl ¢ Bpamamomumuca ronoskamu 1 UKM saBasercs
Nippon Columbia of Tokyo, xoropas B 1972 r. npomeMOHCIpHpOBaia
3BYKOBYI0 cUcTemy ¢ ucionpzoBahiMeM MKM Ha Gaze mpodeccHoHasibHOTO
puneomarauTodona. C tore BpemeHu pas3paboraHel MHOIrMe mpyrhe 3BYyKO-
3aNMChIBAOILME U 3BYKOBOCIpOM3BO/ALIME CHCTeMbI, a Takxe cucrema KJI.

Bunmeo- u umdpopas 3BYKO3aMHCh OKA3aJIMChb BO MHOTOM COBMECTUMBI-
MU; OHM Pa3BUBAJIMCh OMHOBPEMEHHO M OueHb ObicTpo. COBCEM B CTOpPCHE
or uupPOBbIX METONOB SBUIOCH OTCYTCTBHE €IMHBIX MHPOBbBIX CTaHHAap-
TOB Ha 3ByKo3amuch. C pasBUTHEM BUNEO3ANHCH CO3[ABATUCH HECOBMECTH-
Mble CTaHOapThl Ha BUJEOKACCeTHble MATHUTOGOHBI, Hanipumep VHS,
Betamax u paspabotku upmer Philips. Heymusurenpho, uyro ceituac
UCHONIB3yeTcA Mo MeHbIe mMepe 5 OCHOBHBIX HECOBMECTHMBIX CHCTEM
CTyIMiAHO HHpPOBOH 3BYKO3aIMCH KaryureyHoro tuna. Bonpurod ycmex
HUMena paspaboTka mupoBoro craHgapra Ha K], BemonuenHas dupmamu
Philips u Sony.

Cefiyam cHCTEMBI CO CTAHMOHAPHBIMM TOJIOBKAaMH He OYEHb paclipocTpaHe-
HbI, XOTsI OHH MMEKT PAN MOCTCHHCTB, BECbMA CYLUECTBEHHBIX HJid MAJIBIX
crymaft. K Tomy e ammaparbl cO cramoHAapHBIME TOJIOBKaMH MO3BOJIAIOT
HCHOJIB30BaTh ApYTHE THUIbI ICJIOBOK [jif BOCIPOM3BENEHHsA 3AIMMCAHHOTO
CUrHajia, 4TO, B O6IIEM, HEBO3MOXHO B CJlyyae HCNONIb3OBaHUA BpalLlalo-
1M XCA TOJIOBOK.
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[lepBbIMU CpEfi¥ MALUMH C Bpau@IOIMMHUCA TONIOBKaMU ObUTH annaparkl
¢upMBbl Sony PCM 1620 u 1630; oHH U ceffyac 1MpoKO UCTIONB3YIOTCA, He-
¢cMOTpA Ha TO, UTO HOAC OHbIE YCTPOHCTBA BhINYCKAIOTCA K MHOTHMU [pYTHMH
naroTosurensiMi. KaccerHpre CHCTeMbl MCICHb3Yi0T BpAalLalOUIMECsAd COJIOB-
xn ¥ paborair ¢ HM(POBBIMM CHTHATaMM; OHM CTBEYAIOT CTaHmapraM Ha
K. Onnako o6bemM NpomaX{M KacceT CHEPXKUBAETCA KOMIIAHUAMHU, KOTO-
pble NPEBUIAT, UTO 3ANMCHIBAIOLIME CHCTEMbI, NO3BOJIANIUKE [ENATh CO-
BeplICHHbIE KOMHU C KII, nopmopeyr peiHOk cGeira KJI. JluHamuxa mnpo-
daXd CpencTs MpOTrpaMMHOrO OGecleveHUsA 1A KOMIBIOTEPOB, 3acTaBllfAeT
myMatb O TOM, 4TO Npuaercs nponasats KJI mo nexe, KoHKypeHTOCnocos-
Hoil ¢ UeHOM Ha He3anucaHHble NeHThI. BosyoskHo, uro npobiema He Tax cIIOX-
Ha, KaK Kaxercd. BuicTppit nepexon oZnonrourpaloumx OMCKOB K JIeH-
Tam GbU1 B 3HAUUTENIbHOH CTENEHH O0OYCIOBIIeH U3HOCOM HUCKOB. [lockoneKy
KII #meioT HeHCTBUTENIBHO HEOIpaHHyeHHbIH Cpok c/lyxObi, OHM B ITOM
cMbICJIe He YCTYTAioT JIEHTaM, HCMOJIb3YeMBIM B OObIYHBIX KACCETHBIX yCTpOk-
creax. UHTepecHo, YTo cucteMbl ¢ BpalaiolidMuca ronosxkamu (BI) pas-
paboranbl B EBpome, a ochoBhbiM NoctaBumxom KJI aBnserca flmouus.

TEXHUKA BPAWAKOHINXCA TONoOBOK

UyTaTens, He UHTEpECYIOLIMHCA BUIEOKAcCeTaMHu, HOTKeH HMeTh B BUAY,
YTO TEXHUKA 3alUCH ¢ NOMOILIBI0 BpAIIRIOIUXCA TONOBOK CTOJb e He-
o0bIuHa, KaK caMa uudpoBas 3amich. ITOT pa3nell — BBEIEHHE B HeH 3anu-
c1 ¢ TIOMOLIbI0 BpalaiolIMXcsd T[OJNOBOK, PACCYHTAHHOE HA uyMTaTells, yed
ONBIT OCHOBaH Ha OOBIYHON AHAJIOTOBOH 3BYKOBOH ammaparype. s uura-
Teslsl, UMEILIETro OINBIT BHACO3aNMCH, MHOIOe OKajKeTcA 3HAKOMbBIM, XOTA
HCTIONIb30BaHNe BPAUIAILMXCA TOJIOBOK B 3aMUCH LMQPOBBIX 3BYKOBBIX
CHTHUIOB B [IeTaJAX He MOEHTHYHO 3aMUCHM Ha BUOeoxacceTsl. OTMeruM,
uyro oObIYyHAA Kaccera CONEPXKUT JleHTYy OTpaHMyeHHOM IWHBI, KOTOpOH
Npd HCHOMB30OBAHUM CTANMOHAPHBIX TOJIOBOK XBAaTWIO Gbl BCEr0 Ha He-
CKOMNBKO MHUHYT paboThl. B cryuae Mcrmonp3oBaHMs CTAMOHAPHBIX 3aMHCHI-
BAIOLIMX OJIOBOK CKOpPOCTb 3aUCH M BOCHPOM3BENCHUs HOTKHA ObITh Ta-
KOro K¢ NOopaAaKa, Kak [ia COBPEMEHHBIX BhICOKOCKOPOCTHBIX BUIEOKAC-
CETHBIX MarHUTO(OHOB,

Upesa #Hcrnonp3oBaHHA Bpallaloluxca TONOBOK 3aHMCTBOBAaHAa M3 Kac-
CeTHOM BMHEO3allCHM M [pyTrOH JIGHTOYHOH BHmeoafnmapaTypbl H COCTOUT B
TOM, YTO CKOPOCTb TOJOBKH OTHOCHTENBHO MEHTHI MOXeET GBITb OUYeHb BBICO-
KOH, a coGCTBEHHO JIEHTA NP 3TOM MOJKET IBHUIaThCA CO CPABHUTEIIBHO He-
Gonbiiofi ckopocreio — okono 1,873 cm/c (3amuchiBasouiast anmaparypa
Tuna Betamax).

OObMHO MCIONB3YIOTCA [BE IONIOBKH, BPAalllAl0IMECS NOCTATOYHO GLICTPO,
TaK 410 CKOpOCTb FOJIOBKY OTHOCHTENILHO JIEHTBI COCTaBlisAeT 5—7 M/c B 3a-
BHCHMOCTH OT CHCTEMBI (HaMOOJbIIME CKOpOCTH MCMONb3yIOTCA B CHCTEME
Betamax). Jlopokka Ha JienTe pacroyaraercs Ioj HeGONBIAM YITIOM, TaK
UTO KaXgasi FONIOBKA NepeceKaeT JIeHTy HO muarconanu (puc. 5.1). Yron, Ha
KOTOpbI NMOBOpauMBaeTcs JeHTa, coctaBiser MpumepHo 180°. Mpn oBuxe-
HHUH JIEHTBI MeXOy COCeMHMMH BHIEOCTPOUKAMH (GOpMHpYeTCA 3amuTHast
Bopoxka. Kpas nentsr NpoxomAr BAONb CTAHMOHADHBIX FOJIOBOK, OfHa U3
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lonobra Puc. 5.1. TlpuHunn sanucu ¢
TIOMOIUBIO BPallaloUIMXCs TOJIO0-
BOK. JleHTa NpoTAruBaeTca TaK,
YTO /13¢ TOJIOBKH, COMEPKalilue-
cA Ha GapabaHe, IPOXOIAT JICH-
Ty 100 HEOONBUIMM  yITIOM.
24 Taxur o6pazom popmupyoTes
YYACTKH JOPOXKKH, pa3fencH-
HBI® 33aLIUTHBIMH TIOJIOCKAMY.
Kpas nenrsr moryr 6w uc-
NIONB30BaHK! 1A 3alI4CH 3By-
KOBBIX ¥ YNPaBNABINHX CUT-
Hanos

L Bumenue
NEHITIBI

3byrobas Gopomna Sawummas nonsca

Budeoboporxxa

Aopowra yrpabrends

KOTOpbIX 3anMCbIBaeT yMNpaBIIAOLIME U CHHXPOHH3MDYWILHME CHCHANIBI Ha
ApYTOM Kpaio JienTpl. B crapbix BapuaHTax BHEEeOKacceT KauecTBO 3Byya-
HUA OBUIO IUIOXMM NMOTOMY, YTO 3BYK 3aIMCBIBAIICA ¢ HOMOLIBIO craloHap-
HBIX TOJIOBOK M CKOPOCTb MpOTSXKKH JIEHThI OpUla Malla make N0 cpaBHe-
HUI0 CO CTaMOHApHBIMM 3BYKOBBIMH KacceTamH. B Goslee cOBpeMeHHBIX
CHCTeMax HCHONb3YIOTCA HONMOJIHMTEIIbHBIE BpAILAIOMIMEC T[OJIOBKH U 3a-
THCh Beercs TeMU ¢ METOJAaMM, KOTOpble BIOCIENCTBUN pasBHIIACh B CH-
CTeéMbl C BpAAIOLIMMUCA TOJIOBKAMH. BupeocurHansl paspelieHsr Ha cex-
MK M 49aCTOTHO-MONYJIMPOBAHDI, YTOGbl YMEHBUIUTh TpeOGOBAHHA K JIHHEH-
HOCTH MarHMUTHBIX XapaKTepPUCTUK JIEHTBI.

Ha nepsrit B3rmam moxer nokasarbes, uro XOpouo ONpoGOBaHHYIO
CHCTEMy MOXHO HENOCDEICTBEHHO TNpPUMEHATh 1A WH(POBOH 3ByKO3a-
IHCH, reM Gojlee yTO K KayecTBY LMdPOBBIX 3BYKOBBIX CHTHANIOR npenbsaB-
TIAOTCA HE CIMIIKOM jxectkue tpeGoBamua. Ho pmemo B tom, yro 3myko-
BOA CHrHAJI TpPONOJIXMTCNBHBIA, 2 BHIEO — HET; BUAEOCHIHANl COCTOUT U3
TpyMMbl KOJIeOaHMH, KOTOpbIe MOBTOPAIOTCA yepe3 20 MC (IIMTENBHOCTD Ye-
penoBanus moneit). Kaxpgomy noiio coorBeTcrByer Habop cTpok Ha 3kpa-
He TeJICBU3MOHHOTO NpUEeMHUKA; [Ba MONA OOpasyioT MOJIHBI Habop —
“KapTHHKY”. PasBeprka — uepeccrpounas; omHOMY mono COOTBETCTBYIOT
HEUETHDBIC CTPOKH, APYroMy YeTHble. BpeMeHHOH MHTepBall Mexuy MOJAMY
BOJIUK, U Jlyy ycriepaeT NEPEMECTHThCA B BEPXHUH JIeBBIA yroll sxpaHa.
910 BpeMs — BpeMs CHHXPOHW3ALMH TOMei; OHO coorBercrByer 20 cr1po-
KaM B Ka)XOOM Mojie 1 pasuo 1,28 mc.

B reucHMe MHTepBama CMHXPOHM3ALUMH MEpPENANTICH TONBKO CHHXPOHHU3HU-
Pyioliie MMIy/IbChbI, @ HE BUNEOCHTHAT. EcM Bpamienue ronoBOK yrpasiis-
eTcA HaleXkaluM o6pa3om U KOJIMYECTBO HAMOTAHHOM JIEHTBI KOPPEKTHO,
TO TOUKA MepeceueHus ONHOM TONOBKU C JpYroii MOserT GbITh MORCTpOeHa
B TeyeHMe 3TOro uHrepBana. OpHa gOpOXKa 3amMCHIBAETCH ONHOME TONOB-
KOH; COpep MMOe 3aIUCH COOTBETCTBYeT OFHOMY MOJIO. Umimynbept, cuu-
XPOHM3UPYIOLIYE NOJIsl, CO3HAITCA TEHEPATOPOM.

IIpu 3amucy TeneBM3HOHHOTO cHTHANA HapylueHue HeNpepbIBHOCTU BULEO-
CHrHajia oGrieryaet rmepexos ¢ ONMHON FOTIOBKH HA Ipyrylo. B 3ByKOBOM CHI-
Hajle TAKUX pasphIBOB HET U, €CJIM MBI XOTHM HCTIONb30BATb CHCTEMY C [IBY-
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Puc. 5.2. CxaTye JaHHEBIX, HCHONB3yeMoe G718 GOPMHUPOBAHUS HCKY CCTBEHHOTO PasphiBa
B [AHMEIX, HCOGXOAUMOTO NPK NPUMEHEHHH) BPaIAIOUIMXCS TOJI0BoK. CHTHANE! NoMella-
JOTCA B NIAMATH C OHON CKOPOCTHIO, 2 CUMTHIBaIOTCA ¢ Apyrod — Gonbiued. 3aTBop ciy-
%UT ONA OpepbiBanus. Ha pucyHKe Ioka3saHbl MMIyJEChI, CTPYNIIMpOBaHHEe Mo 12;
B JIeHCTBUTEIILHOCTH HCHONB3YKTCA IPYHIB! H3 GONBLIEro KONMHYeCTBa CUTHAIOB. B npH-
eMHOM YCTPOICTBe MpPOIleCC BOCCTaHABJIMBaeTCA C liepBOHAYAIILHOW TaKTHPYIOUIEH vac-
roToi. Kaxxaprt HMIyJIbC NPEACTaBIIsAeT IPYINy 3ByKOBBIX CHTHAJIOB

Ms TONOBKaMH, TO TAKOH pa3phiB HyXHO CO3[aTh, ITO OCHOBA BCEX CHUCTEM,
B KOTOpPbIX HUCHOJIb3yeTCA UM(POBasA 3aIMCh 3ByKa Ha CTAHHApTHBIE BHOEO-
KaCCeThl, 8 TaKKe 1A U pOBbIX 3BYKOBBIX IcacceT — cucteMm ¢ BI'.

PaspbiB cO3/aeTcA BPEMEHHBIM CXATHEM JIBOUUHBIX HMITYIbCOB, (hOpPMHU-
pywoumux xagp curdana. Kangp curHanoe — uckyccrBeHHOe $hopMuHpOBaHue —
3TO IpylIna CUTHAJIOB, NMpPpOXOAALIMX 332 BpeMs, B Ted€HHe KOTOpOro rojoB-
Ka CKaHMpyeT OTpPe30K JIeHTbl [Ipd BpeMeHHOM CXaTHH YMCIIO MMIY/IbCOB,
NIOChUIaeMBIX 33 BpEMs OIHOTO Kajpa B 3aMMCBIBAWLIYI0 TOJIOBKY, MEHBLIE
HaTypajibHOH [UIMTeNbHOCTH Kappa. [lpu 31OM co3paeTcs BpemeHHOM uHTEp-
BaJl, B TEYEHME KOTOPOIO CKaHMpPOBaHWE JIGHThI NEpefaeTcss OT OMHOM ro-
JIOBKHU K ApyTOM, MOCJE 4yero MochulaeTca WIM NpUHMMaeTCs ApPYro# xajp.

Bpemennde cxatHe ocyecrsiiseTcs ¢ NOMOLIBIO NAMSTH TUNA KOMIIbIO-
Tephoi. [lugposbie curiane:, mocrynarlLue U3 ueleil 0GpaGoTKH, Helpe pbiB-
HO 3arpyxaiTcA B NaMsATb, 3 COMEPKUMOE CYMTBIBAETCS TOJIBKO B TeyeHHe
HHreprana (puc. 5.2). Ina atoro weob6xomumo Golee CloskHOe ycTpOicIBO,
YeM MpOCTOH PErMCTp CHBMIa, MOTOMY YTO CUMTBHIBAHHE NMPOMCXOAHT OBICT-
pee 3ammcu (Ha 3amMCBHIBAIOLIEH CTOpOHE), TaK YIO B MAMSATH HOJKEH ObITh
Pa3sMelleH MONHBIA KAAp CHUTHAIOB TUTIOC CHTHABI, NMOCTyTAKOIIe MEXDY
Kagpamu. JIna sroro ucnonssyercsa 3YIIB, u nuke MpI MOKaxkem, YI0 ITO
He TaKas npocras cucrTeMa,

B ornune ot mamaTu Ha peructpax copura B 3YIIB ucnosnpayercs HaGop
TpUrrepoB; AOCTYN K N060My M3 HUX OCylIeCTBJIAETCs MPOU3BOJIbHO. B ra-
KO# mamsaTH BHIGOPKA OCYIECTBIAETCA C NOMOIIBI) IBOMYHOTO UMCIIA, Ha-
3bIBAEMOTO aipecoM, U Ka>KMAbIA IEMEHT NAMATH UMeET CBOH coBGCTBeHHbIA
anpec. Ins wexoropsix tunoe 3YIIB, Hcnonb3yeMsix B KOMIbIOTEpax, 3a-
THMCh ¥ cuMTHIBaHME HHKOTHA HE IIPOM3BOLATCA ONHOBpemenno. Jna meneit
BPEMEHHOTO cXaTusi B 3ByKOBOH TEXHHKE MOXHO MCIIONb30BaTh MC mamsti,
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Kax sanucsvibaernca Puc. 5.3. ipoGnems! cunteiBanusa. Ecnu

" H” | I CUTHall COCTOMT U3 GONBLUIOTO KOIH-
yecTBa 1, BO3HMKAKT TPYOHOCTH MHH-

Aaw Bacnpousbofurmcs  TerpupoBaHus (), ocoGeHHO npu Kopme

§ r l N\ BBH. IIpobnema ynpomaercs, ecnu
@) METOJ, 3alluCH UCHONB3yeT 1 mA Kax-

Joro nepexona oT O k 1 wnmu or 1 k¥ 0

" I_U.l r———l/(a/( sanucsibaemea ©®

Kak Socripousbodurmces

1 G

HMewLIMe pa3fenbHble BBOObI M BBIBOHBL Bpems, HeobGxomumoe s 3amu-
CH WIM CUMTBIBAHHA OOHOTO OHMTa, B TAKUX CXeMax Malo (mopsaxa 150 uc),
TaK YTO MOJKHO Mepeme’xkaTh ollepalliM CYMTBbIBAHUA U 3amucd. Ecrb neobxo-
OMMOCTb B NepHOOMUYECKOM OYHINEHUM MAMATH, MOCKOJNLKY Onepauus 3aru-
cH OUTa 3aBHCHT OT TOTO, YTO XPaHUIIOCh paHee.

C noMollpi0 TaKO# NMaMATH CO3/1aeTCA CUTHAI, KOTOPbIH MMeeT “’TOpPU30H-
TaJIpHbIe” CUHXpPOMMITYIbChl {Opu Goslee peaxkx uHrepBanax). Ilo cymect-
BY, 3TO BHU[ECCHTHAN, KOTOPLIA MOXET ObIThb 3aMMCAH YCTPOHCTBOM BH[EO-
3aICH  C BpallaioIUMUCs ronorxkamu. CTaHAApTHAA CUCTeMa KO POBaHUA,
HCHonp3yeMasa B BHAEO3aMUCH — Kop “6Ge3 BosBpameuus K wymio” (BBH),
MOXeT ObiTb MCHOJIB30BaHA C JIIOOGBIM BHOEOKACCETHBIM 3aNHCBHIBAIOILUM
ycrpoiictBOM. 3aIMChIBA€MBbIH CUTHaj, CYUMTHIBAEMBIH U3 MaMATH C MOCTOAH-
HOH CKOpOCTbIO, MOXeT ObITh TOTYAC K€ 3ATPYIKEH B TY Ke NMaMATh. 3afUchl-
BamoIlasd CHcreMa IUls BumeoxacceT otHocurea K tany BBH u sro rpebyer
noscHeHuil. MarHuMTHasA JIeHTa XOpOUIo NMpPUCNOCOGNeHa K 3amMCH MMITyITb-
COB, HO Ha Hell HE/Ib3sA 3aMUCHIBATH H BOCIIPOU3BOAUTD CHIHAJIBI IIOCTOAHHOTO
toKa. Ecnu MMeerca OGosipllias Ipylilla CATHAJIOB, COCTOSAIIAs TOJBKO U3 ]
w0, TO ee HEeBO3MOXKHO NpPABHIBHO 3alMCAaTh M BOCHPOM3BECTH, TaK KaK
Mo CylIecTBY Takasd Tpyina NpencTaBiiser COGOH NOCBUIKY HOCTOSHHOTO
toxa. Kpome 10ro, B NOTOKE CHTHAJIOB, COCTOSLIEM M3 OMMHAKOBBIX OHUT,
HEBO3MOJKHO COCYMTATb MX YUCIIO; TAKOH MOTOK Oy[eT BOCHPUHAT C JIEHTHI
KaK JUIMHHbIH MMIYJIBC ¢ MEJIeHHO CHajailuuM 3agHUM  (poHTOM
(puc. 5.3). Cucrema, B KOTOpOH OFHO M3 HANpaBlIeHMH HAMarHUYMBaHUA
nenrsl coorBercTByer (, a NpoTHBOMNOJOXHOe 1, HaspiBaercs cuUCTeMOH
Ges BosBpauienus k Hynio (BBH). Ona ne ouenb xopomo npucnocoGiena
A 3BYKOBBIX KOJIMpOBAHHBIX CHTHAJIOB, OJHAKO Npeofpa3oBaHue MuGpo-
BhIX 3BYKOBBIX CUTHIOB B (OpMY BHACOUMIIYNILCOB I03BOJNAET HCIOMB30-
BaTh TakOH THN Moaylsauuu. [Ipu 31OM He McnoOnB3yioTcs GONee TNPOCThIE
MeTOApl, NMpUMEHAEMbIC B 3alUCH Ha JHCKH, M 3armich HUPPOBLIX 3BYKO-
BBIX CHTHAJIOB CTAHOBHUTCA aHAIOrMyHOM BHpeoszanucH. Ilo3zxe Mbr yBHpHM,
YyTO I pelieHMs NpoGiembr OJHOTHUIHBIX NocilenoBarenbHocTed O win 1
UCNONB3y0Tcs BoJiee CIIOKHBIE KOMBI, YeM IIpOCThIE IBOUYHBIE,

nynbTet U MOHTAX

B crymun ¢ undpoBbIMM 3BYKOBBIMH CHTHaNlam¥ (KaK H ¢ aHaIOrOBbBI-
MM) HEOGXOOMMO BBIIOJIHATh psif pabouMx ONepalluit, TAKHX KaK perymupo-
BaHHUE T'POMKOCTH, MUKIIMPOBAHME H MOHTax ¢ NOC/IEAyIolHM IpecHpa3o-
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Puc. 5.4. CtpykTypuas cxema uudposo# 3alidcu Ha NEUTy ¢ UCHONbL3OBAHUEeM HMITYILC-
Ho-KOMIoBOH Moaynsuued. Bocnpoussoasdile CTyleHH BRIIONUAKT OliepalyH, IPOTHBO-
[OJIOH BIE TPOU3BOAYMEIM NPH 32MHCH:

1 — Oydep; 2 — reuepaTop NOIMEIIUBAEMBIX CHTHaNoB; 3 — y3KONOMOCHEMH
¢unsrp; 4 — BoIGOpKa u xpatenue; 5 — Allll; 6 — oGpaborka

=]
[
R

BaHMEM UX B aHAOroByio ¢opmy. Ckiedka NeHTsI — oflepauys HecllOXHas
B CNIyuae UCIOJIb30BaHUA CTALUMOHAPHBIX TFOJIOBOK, @ WA CKJIEHKH JICHTBI
B CHCTeMaX C BpallaiolMMICA TOJIOBKAaMH CYLIECTBYIOT ClieUHalbHBIE MalH-
Hel. [lynbThl Ons BbioJIHeHMs oOlNepanid MUKUIMPOBAaHUA M peryilMpOBKH
TPOMKOCTH [IpeficTaBnAlT cOOOH BecbhbMa cloxHoe oGopymopanMe. B ciy-
yae aHAJIOrOBOrO CHrHana peryaupoBKa TPOMKOCTH OCYLIeCTBIAETCA C HO-
MOLIBI0 NoTeHHHoMeTpa. Ilpn paGote ¢ HBOMYHBIMH CHTFHAIAMH 3T4 Olepa-
IMA OCYIIECTBIAETCA INyTeM BBIUMTAHUA COOTBETCTBYIOWIMX [IBOMYHBIX YH-
cen. “BrrunraeMoe” He MOXeT BbITh NOCTOAHHBIM, MHAYE CUTHAI HCKAXKALTCA,
€ro 3HaueHMe 33aBUCHT OT aMIUIATYApl, T.e. HEOOXOAMMO BBIYMTATbH ONpene-
JIeHHY0 YacTh aMIUTHTYEbI CHI'Hana B KOXIOH TOUKe,

i perynHpoBaHHA IPOMKOCTH Kaxpoe HBOMYHOE UMCIIO HAamo YMHO-
MUTh HA YHCIIO, pPaBHOE KO3bOdUUUCHTY nelleHHs MOoTeHIMOMeTpa, KOTODbIH
HOpuMeHssics Obl B cllyyae aHaJllorOBOro cHraala. 3to MepjieHHbIl Ipouecc,
NOCKONBKY OH COCTOHT M3 GOJBIIOrO YMCIa WIATOB; ONEPanMs BbIIONHACT-
cA COOTBETCTBYIOLMM OGOpymoBaHMe. B marnbix crymusax Bce BbIlieHasBaH-
Hbi€ MEHCTBUA BBIUIONHATICA HO INpeoOpazoBaHMA cuUrHala B UHPPOBYIO
dbopmy.

Tem ne Menee cosmaHel H paGoTaioT UMdpOBbe crygud. OfHAKO TNOJHO-
CThi0 LM POBBIE IMyJIbTHI MPOU3BOHATCA TONBKO IPUMEHUTENIBHO K CUCTEME
K. B onuxaiineM GynymeM GYAYT cO3aHbl HONBHOCTBI0 UM POBbIE CTYIUH
C YHHBepCAIbHbIM OBOpPYHOBAHMEM; ITOMY CHOCOOCTBYeT HOCTOSIHHOE CHH-
KEHHMe [IeH Ha UMGPOBbBIE YCTPOMCTRBA, B YACTHOCTH, HA CXCMbl namaATH. [le-
pHon BpeMeHH, B TEUeHHE KOTOPOro ILeHd KOMIIbIOTEpA CHHU3UACH C
15 Tbic. mon. mo 500 mom., GbUT MEPUOROM MHTEHCHBHOIO pa3BHTHA HHGPO-
BO#l 3ByKoBO# Texnuku. Ceifyac Bpems monyuars npuOpUIM OT HPOBENEHHO
MOPOrocTofAEend paboTht

Huxe onuchiBaercss cXeMa [BOMYHOTO  YCTPOMCIBA, 3aMUCHIBAIOLIETO
OBbruHble BUneokacceTbl. UHTepecHO, Y4TO OMHO BpeMs 314 CXeMa pacCMaTpH-
BalIach KaK CxeMa ycTpOHCTBA yia ObiToBOM 3BYyKoO3amucu. Kak Gyper noka-
33HO B IN. 7, OKOHYATENbHO [PHUHATAs CUCTeMA UUGPOBOH 3aMUCAT Ha IJIEH-
Ky Mano noxoxd Ha oNUChIBAEMYI0.

Cucrema pomycicaeT M3MeHeHHe CKOPOCTH BbIGOPKM U MAKCUMANBHOM
HaCTOTBI 3aIMCH, 3aBUCAIIEH OT Hee. 3BYKOBOH CHIHAI NpPOXOHUT uepes3
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Puc. 5.5. CrpykTypa HBaHHBIX 3BYKOBOIO CHIHANA, MOROGHOTO CATHANy UBETHOIO Tejie~
BHIEMHU S, NONYCKAIOMAA HCIIOIE30BaHUE 3aMTMCH HA BUIOEOKACCETY

buneTp ¢ nonocoi mponyckawua 0—20 xI'n U HepaBHOMepHOCTBIO 2 b,
¢ TeM urobbl GOJlee BBICOKHME YACTOTHI HE MOIJIM MHTepdepHpOBAThH C YaCTO-
To#l BbI6OpKH. CTPYKTypHas cxemMa yCTpoificTBa NoxaszaHa Ha puc. 5.4. Hocne
GunpTpa BKIIIOYAIOTCA CXeMbl BBIOOPKH M KPaTKOBPEMEHHOH MaMATH, CHr-
Hall ¢ BBIXO#A KOTOpoH npeoGpasyerca. Yacrora BBHIGOPKH COCTaBIAET
44,056 xI'm.

Pesynptupyiouuii HudpoBOR CHrHAT BUICOH3IMEHHAETCA B GOpMY CHrHa-
na NTSC (cranpmapr useTHoro renesupenus CIIA). 31o nos3ponaer HCOAB3O-
BaTh CTAHAAPTHbIE BHUACOKACCETHI LI 3amucu M Bocnpou3sBedeHusa. Ho sua-
yajle CUrHAI NMEPEeKOAMpYercss U3 BOCbMEPHYHOTO B YEThIPHAHLATE pHUHBHA
KOH; TpH TOM Ha KaXApli GUT cHrHana B Koje 8—4-—2-1 dopmupyercs
14 6ur curHana; aHaJIOTMYHOE IpeoOpasoBaHMe [POH3IBOAMTCA B CHCTEME
K, o yem — Huxe.

Curnan npeobpasyercsa B "CTPOKH’” ¥ “NONIA” TOYHO TAKHUE XKe, KAK Y Tele-
BU3MOHHOrO CHrHana. Kaxpas cTpoka 3aHMMaeT Bpems, 3KBUBAIECHTHOE
128 GuraM curhana d BMecTe ¢ GUTaMy CUHXPOHM3aHuM cocraBnser 168 6HT
(puc. 5.5). Crpoxu cobupaworcs B MO 6O 245 CIpOK B KaXIAOM; C CHH-
XPOHMPYIOWUMH UMIyIbCaMU TIOJle 3aHMMAEeT BpeMs, IKBHUBAJEHTHOE
262,5 cTpoK. PHcyHOK 5.6 WITIOCTPUPYET pasHUHY MEXAY YeTHHIMHU M Heyel-
HBIMH TTONAMH.

7
© 245 78
[ (4
3 3 Aanrse
L..J Bceee 262,5 crmpok ;}"r
I Yemroe none |

245 L7
|

335 Aannsie l I
1

Bceea 262,85 cmpok

Heqermnoe none

Puc. 5.6. Crpyxrypa undposore curiana TMNa nceBiosnnco. OHa OPraHU3OBaHA C yer-
HBIMHU H HeUeTHBIMHU MOJIAMHU, TaK Xe KaK TEeNEeBUMOUHEI CUTHAN
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K xaxzaoMy Kampy no0aBnsAioTcA [AaHHpIE pacloOnOjKeHHs curHana, co-
CTOAILME W3 OAHOH CTPOKH, comepkaiied curHan sapanua yposua 1100,
uneHTHGUKAUMOHHbIE CUTHaNbI, 16-OMTOBBIH CUTHATI BUKIJIMYECKOH NpOBEp-
KH KO3, afipeCHbIe ¥ YIIpaBIAIOME CUIHAIBL.

HUcnonb3yioTcsa ypoBuu curHaios 0,4 B s 1 u 0,1 B gna 0; B reneBupne-
HMM OHM COOTBETCTBYIOT OINODHOMY ypOBHIO M YpOBHIO yepHoro. Iluiopsiit
curHan 6enoro nepepaercs B TCYeHME OOpaTHOTrO XOHA VI KOpPpeKUUH Le-
M aBTOMAaTUYECKOM PErynupoOBKYU IpOMKOCTH.

fnaea 6. CUCTEMA KA

BBEAEHUE

Cozpanne cucremst KJI — penxuil mpHMep MexAyHapOIHOH KOOMNepauuH,
I03BOJIMBIIEH CO3MaTb MHMPOBOH CTaHAApT, Yero CYUISCTBEHHO HEXBATaJjlo
nepBoMy MOKOJIEHHMIO anmaparypbl BHIAEOKacceTHOH TexHHKH. Cucrema KJ]I
pomwiach He M3 OOUMX wMuedt CO3aHMsA UMPOBOH TEXHMKH, a U3 LENeBOH
MOMBITKH CO31aTh BUOCOOUCKH — IMpHeMieMYyI0 alpTepHaTHBY BUAEOKAcce-
TaM. Yke NMpH BO3HMKHOBEHUWH BHIEONMCKOB OBUIM U3BECTHBI [IBE CUCTEMBI,
OofiHa M3 KOTOpBIX TpeOoBUIa MeXaHMYECKOro KOHTAKTa Mex1y JHUCKOM U
YCTPONCTBOM, CHMMAIOLIUM CHIHAJI, ¥ pyras — KOTOpasA 3TOro KOHTAKTA He
tpeGoBana. ®upma Philips npemioxuna cucremy, B KOTOPOH CUUTHIBAHHE
O pMaluH ¢ A¥CKa MPOH3BOAMIOCH ¢ MOMOUIbIO JIyya Nladepa, 6e3 KaKoro-
nubo mexanmyeckoro kKoHtaxra. HecMoTps Ha ouyeBupHbie HOCTOMHCTBA
3TOT0 NpeIOXeHUs, BHUHACOOMCKH HE HMeJIH BHUOMMOILO KOMMEPUECKOTrO
yclexa, Xota M ofecleudBajad BbICOYalIiee KauecTBO U3006pakeHUs1 U 3BY-
Ka B CpaBHEHUH C BUICOKACCETHBIMU 3aNIMCAMH.

PaGora Hapg BupeopxckamH Benach B armocdepe KOHKYPEHIUH, HO K TO-
MY BpeMEHH, KOIJid BHMMAHHe aKUCHTHPOBAIOCh Ha NMOMCKAaX Haubollee MH-
TepecHO#t 1s peiHka c6bita ngen KJi, crpemmenue xk yHubuxauuu npeob-
napasio. B m3BecTHOM sl BUmEOCHCTEM CMbIciie 3BYKOBBIE CHCTEMbI HH-
KOTAAa He ObUIM HONHOCTHIO HecoBMmecTuMbIMH. Ilpnm moxynke 3Byxoszanu-
CBIBAIOLIETO YCTPOHCTBA MM KacceThl B N00oM crpaHe Bam ne Hamo 3any-
MbBIBAaTbCA HAf TUTIOM CRCTEMBI BOCHponsBeneHMa. Hsrororurenn nouHsanu,
4YTO 3BYKOBOH pBIHOK BecbMd OT/IHyaeTca OT BUAEOpbIHKA. B 1O Bpems
KaK HOBbIC THUIIbI KacCeTHOM 3aNlMChIBAIOLLEH aNMNaparypul IO3BOJANM pea-
JIM30BaTh paHee HeBLIIONMHMMbIE (pyHKIMM, 3ByKoBpie KJII ycrerto KOHKY-
PHPOBAJIH C paHee U3BECTHBIMHU CNOcO6AMU BOCIIpOM3BEICHUA 3BYKA

B 1978 r. 35-10 BenymMMH ANOHCKUMH (GMPMAMHU-H3TOTOBUTENAMU BblIa
33KJII0UeHa KOHBEHUMsA, KOTOpas PEeKOMEHAOBana paGoTy MO CO3maHHUI0
uMGPOBLIX AMCKOB Bect B 12 HalpaBJICHUAX, OMHUM M3 HUX ObIio Ha-
Npapnenue, npemioxentoe ¢upmoi Philips. OcoGennocru 3roro Npemmoxe-
HHA COCTOSUIM B CIEMYIOLIEM: JIMHEHHAs CKOPOCTb 3aiIMCH JOJXKHA OpiTh IO-
CTOsIHHO#, HeOOXOEMMO HCIO/Ib30BaTh MOAYNANMI0 8 HA 14 U HOBYIO cucTeMy
KOppeKIUU oumbok, Ha3BaHHYl0 NepemesxaiotiMca KomoMm Puma—Conomo-
Ha. Mcnonb3oBaHke NMOCTOSHHOH CKOPOCTH 3aIlMCHM O3HAYaio, YTo Ha BHeLI-
HeHl ¥ BHYTpeHHEH [AOPOXKE IMCKA CKOPOCTh CYMTHIBAHUA [ABOMUHON MHGOP-
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Mamu¥ [0JDKHa 6bITe OpMHaxoBa. ®upma Philips peunuia sTy 3apauy myrem
KCIOJ1p30BaHUA NMOCTOAHHON CKOPOCTH 3aIMCH U M3MEHEHHs 4acTOTH! Bpailie-
HMA [MCKa HAa PasiHMyHbIX PACCTOAHMAX OT UeHTpa. B atoM jierxo yGemurbes,
npourpsiBasa Hauano K]l (BHYTpeHHIOW HOPOXKY) M KOHell (BHEILHIOW IO-
POXKY). 3aMe[yleHMe CKOPOCTM OYeHb 3aMeTHO. VICNONb30BaHME MOCTOSH-
HOM CKOpPOCTH CUMTHIBAHHA [BOMYHBIX HAHHBIX CYLIECTBEHHO YNPOCTHIO
ux obpaborky.

B 1980 r. ¢upmMst Sony un Philips peumny coBMecTHO HCNONB30BATH Me-
T00Bl MOYNALMH, paspaGorantbie dupmoit Philips, u cucrembr oGpaborkn
CUrHasioB, TNipemwioxennbie ¢upmoi Sony. CoyeraHHe HOBOrO MeTOma KOp-
PEeKUMH OUMGOK ¢ BBICOKOW IUIOTHOCTBIO 3alTUCH AAHHBIX MOCTABHIIO CHCTe-
My BHE KOHKYDEHLMM; Hpyrde KOMITAHMH BpIHY>JEeHbI ObUIM KyNUTb Ha
Hee nuueHsuo. Bee mpyrue cucremsr nonywwin orctaeky. Cucrema KJII
yTIBEpOWIach KaK peakHil MpuMep KOOIepaTHBHOTO HOCTHKeHHs Ha oHe HH-
TEHCHBHOH! PbIHOYHOH KOHKY PEHIUH.

ONTUYECKAA CUCTEMA

B cucteme KJI npuHsTa OoNTHYeCKas 3aMHCh ¢ MOMOLIBIO J1y4a MHHUATIOD-
HOTO MOJIyNpoBOAHUKOBOTO Jasepa. Hecmorpa Ha Mamywo MowHoCTh (ro-
pANKa MWUIMBATT), COKYCHPOBAHHBIA JyY B COCTOSHMM MCHAPHUTD JIETKO-
TUIaBKMHA Martepualn, HanpumMep ClielialIbHO MO0 OpaHHBIM IWIACTUK ., 3aNUChI-
BAOLIMIA Jy4 332 [OJIM MUKPOCEKYH/IbI HcnapaeT Matepuan, GOpMUPY s MUK~
POMHHHATIOPHBIH Kparep — yrnyGledwe ngvaMerpom IpumepHO 0,6 MKM
(ovameTp uyenoBeueckOro Bonoca npumepHo 50 mkMm). I'myGuna yriyGie-
HHUA OYeHb MaJla, npumepHo 0,1 MM (ycroBUMCA i MPOCTOTHI HA3BIBATH
310 yriyOneHue ToYkoif). B OTcyrcTBHe JIyya HOBepXHOCTh MUCKA OCTAETCH
6e3 usMenenuit TaxuM oGpasom NMpousBOUTCA 3aMUCh UMITYNBCOB B (op-
Me: eCTb TOUKA, HeT TOUKH.

CuurpiBaHME TOUEK C [UCKA MpOU3BOJMTICA C TOMOLIbI0 COBCEM MAsio-
MOLIHOrO MOJIyNPOBOJHUKOBOIO Jiajepa (MpH CYMTHIBAHUM UCNADPATL Ma-
Tepuan Her HeoGxogumoctd). CUMTBIBAIOIMH 1YY OTpaxkaercsi OT HETpOHY-
TOH MOBEPXHOCTH [AUCKA U pacceMBaeTCs NpH MonagaHud B Touky. C no-
MOILBI0 ONTHYECKOH cucTeMbl (puc. 6.1) s1yy nasepa npoxogutr B oboux
HanpaBienusnx (K TMOBEPXHOCTH [MCKA U OT Hee). OTpakeHHbIA Nyy HANpaB-
JigeTcA Ha (HOTONMON, KOTOPBIH BOCIpPUHUMAET CUTHAI U He BOCIPHHHMAET
€ro, ec/ix J1y4 paccedBaerCs, ONaB B TOYKY. IBOUYHBIA CUTHaJl, CHUMACMbIH
¢ Bbixoga ¢orTomuona, oGpabarsiBaerca M INpeobpasyercss B 3BYKOBOH CHr-
Han. Toneko nasep ABJIgeTcA UCTOYHUKOM MOHOXPOMATHYECKOTo (EfuH-
CTBEHHAAd UYACTOTA U3JIYYCHHsi) M KOorepeHTHOro (6e3 HepepbiBOB B pacipo-
CTPaHEeHNUM BOIIHBI) H3JIyYCHUs, JIyU €ro MOXKHO CPOKYCHpOBATb B OUEHD
MaseHbKoi obacTy.

Ha nosepxuocts KII HaneceH Mpo3pauHpifl croi, 3amMmaomuil ee ¥ 10Y-
KH, HeCyllMe 3anucaHHyo HHQOPMALUI0, OT BO3MOXKHBIX MOBpEKHCHUIH
(puc. 6.2). ITOT CrOH COBMECTHO C ONTHUECKOM NUH30H HOKyCUpyST nyy
nasepa. Jlpamerp Jyua Ha HOBEPXHOCTH IPO3payHOTO MOKPBITHA IPUMEpPHO
1 MM, a B pe3yrnpTaTe COBMECTHOTO AEHCTBUsA JIMH3BI M NOKDBITAA [HAMETD
coxycHpoBaHHOTO Nyya cocTaBiseT npumepHo 0,5 MKM. 310 O3HAYaer, UTo
YacTHIUb! NbUIM, BOPCHHKY HA MOBEPXHOCTH AMCKA NMPAKTHYeCKU He BIIUAIOT
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Puc. 6.1. OnTHyeckuit NMyTh CBETOBOIrO
nmyvua B npourpemarene KJII (g); onrtn-

a) YeCKUe KOMMOHEHTLI  PaCHONOXEHBI
BHU3y Oucka. JleicrBue npu3mel Gomnee
o Aursa YeTKo MOKAa3aHO Ha HHXKHEM DHCYHKe
(6); ona paciuensieT Bo3BpalAIOUH-
¢s1 Nydy M YacTh ero HanpaBnseT Ha (o-
B0t - TOOMON :
a;ﬂ/awawuaum 1 — dokyc Ha guUCKe; 2 — ITnH3a;
3 -~ d¢oropuon; 4 — npusma; 5 —
Kpomoduody OBUIaTeNb YCTaHOBKH Ha JIOPOXKe;
feacmbue 6 — nasep
/ npu3mst
Om nasepa
)

Ha GOKYCHPOBKY J1yua, XOTA JHAMETP MX MOXET JOCTHraTth 1 Mm. ITO TONb-
KO o[iHa M3 NMpPHYMH, MO KOTOpO# 3anuch Ha K] He nojBepsxena BO3/1eiCTBHIO
NbUTM, NAapanMH Ha BHELIHEH MOBEPXHOCTH NHCKA, APYras MNpHYHHA — 3¢-
theKTHBHas CHUCTEMa KO PPEKIIHH OMHBOK.

Kakum xe 06pa3oM yaepKUBaeTCst CUMTHIBAKWMHA Jyy Ha IOpoxkKe?
Touku pacnonoskeHsl MO CNMpand, Kak 3BYKOBas KaHaBKa Ha OGLIYHOM
Aucke. OpHako 3Ta CNHpalb HAauMHAETCA OT IEHTpa BHYTPH JMCKa H 3a-
MIChL UJEeT K Kpaw OMCKA, C IIAroM MEXIy ABYMs COCERHHMH NOPOXKKAMH,
cocrapisomuM Bcero 1,6 MKM. IIOCKOTIBKY MeX[Iy CUMTHLIBAOIHM YCT-
POHCTBEOM M [AHMCKOM HET MEXaHHYeCKOro KOHTAKTa, CIEXeHHE 3a JIOpPOX-
KOH ocyuecrBisiercs € MNOMOIubio cepBoasurarenst. IlonmosxeHne BHYTpPeH-
Hell OpOXKH OTHICKMBAETCA aBTOMartHyeckH. [Ipu papuanbHOM nepemeite-
HUH CUMTHIBAIOILErO YCTPOMCTBA BEHETCH CUET NPOHIEHHBIX HOPOXKEK; MOX-
HO yCTAHOBHTb CUMTBHIBAMOILEE YCTPOHCTBO Ha Nwbyr u3 41 250 poposxek.
Nockonbky mamerp BHyTpenHeil mODPOXKH cocTaBiiseT 50 MM, a HaHGOMb-
UM gpamMerp BHEIUHEH NOPOXKKHM 116 MM, YMCIIO 3HAaKOB HAa BHEILUHEH po-
POXke mpumepHo B 2,32 pasa Gonblue, yeM Ha BHyTpeHueil. Yactora Bpa-
WeHua mucka 200 06/MUH Ha BHeLHeH JOopoxKe H okono 500 o6/MuH Ha
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Puc. 6.2. Pacrnonoxkenue nuM3el; nyu (Goxy-
cHpYeTCsl MUH30H U NPO3PAUHEIM NOKPHITHEM.
JlnaMeTp Jiyua Ha MOBEPXHOCTH IMPO3pauHo-
IO NOKPRLITHS OTHOCHTENEHO BenHK, YTO HO3BO-
nsgeT eMy “He 3aMeuaTh” NMBDIM M LapalnHMH Ha
MOBEPXHOCTH AHCKa:

1 — nyu ceera; 2 ~ pepxarens; 3 —
nuH34a; 4 — MOBEPXHOCTB; 5 ~ OCHOBaHHE;
6 — GOKyCHpOBKa Ha Touke; 7/ ~ Npo3paw

/»-%// ;
Tl il

AN AN AN N

17 HLIH criolt

g &

BHYTpEHHE; YacTOTa OMNpE/ICHAETCA CXeMOH yNpaBlleHMA. 3HAKM CUHTHI-
BAIOTCA ¢ TIOCTOSHHOM CKOpOCTBIO, OpefieniaeMoil BefylueH TakTHpylolwed
YACTOTON; CKOPOCTh CYMTHIBAHWMs COCTABIsAeT IpumepHo 1,2—1.4 M mopox-
KH B CeKYHAY.

Crnenyromas npofieMa — 3aMUCb M BOCIPOM3BEJECHHE [IByX KaHAJoOB
{cTepeo). Mexammueckve M ONTHYECKHE HpPENMATCTBUA Ha OYeBUAHOM HYTH
HCIOJB30BAHUA ABYX HOPOXKEK M OBYX ONTHUCCKHX CUNTHIBAIOLIMX yCTPOHCTB
YCTPaHSIOICE MONEPEMEHHON 3anmUchio MHGOpPMAUMH OT [BYX KaHANOB HA
oy popoxky. Takoe pemienHe ynpoiuaetT yCTPOMCTBO XPaHEHUS HaHHBIX
nepesl 3afHCBI0; MOXHO MCIONB30BaTh OBE CXEMbl NMAMATU, OJHA U3 KOTO-
PBIX COMEPXMT AAHHBIC, OTHOCAMMECH K JieBOMY KaHany, apyras — K Hpa-
BOMy; OHM MOIYT CWHTBIBAThCHA B TPETbI0 CXéMY NAaMATH, FOTOBALLYI0 NMOA-
Holit kagp. [Ip¥ 5TOM HeT HEOGXOmMMOCTH NPOBORMTH (HasHPOBAHHYIO BbI-
GOpKY I COXpaHeHMs BPEMEHHBIX MHTEpBAlOB MEX/y BbIGODKaMu pas-
HbIX KaHanoB. Ha KOMIbIOTEpHOM >XaproHé 3TO O3HAYaeT, YTO W3MEHEHUA
MPOHCXONAAT BHE PEanbHOTO BPEMEHH.

Haubonee cmoxuoit cdepoit Beet KII-cucTempr sBIfACTCA METOR MOAYNA-
1xH, OBGHApYXEHHE M KOppeKiHs OUMOOK, CNOoco6 KOMIUIEKTOBAHHSA Kap:
POB CHMHLIOB Iyl 3aIMCH M BOcHpoM3BefcHms. TouHoe ommcanue 3THX
NPOLIECCOB MOXHO HONyuYMTh, MpuoGpers JinteHsuto. JIoXomapt oT mpoga-
XM THLEHIMH gensatcsa mexay ¢upmamu Philips u Sony, k nunessuu npwia-
raeTca CNpaBOYHMK, HaspiBaeMbli “KpacHOW KHMIrCH”, B KOTOpOM moOf-
HOCTBIO H371araeTcsi CTaHGAPT M CrocoGbi BBIMONHEHUs ero TpeGoBanuit. He-
KOTODBIE CBeICHHA M3TOXEHB! HIDKe. WX pocratoudo s oOwero o3Ha-
KOMJIEHHS, OOHAKO MpH 3TOM OCTa0TCA HEH3BECTHLIMM CXEMOTEXHMKA
WUC, copepxumoe namAtdH U T1.1. B cucTeme OGHAPYXeHUA H KODPPEKIMK
oumGoK Hcmonb3yercs kop Pupa—Conomona. ITOT KOM, B YaCTHOCTH, yRO-
GeH i KOppeKUWHM OUMOOK B BHIAE IJIMHHBIX Pa3ppIBOB, T.€. KOTAA YaCTh
,CMFHaNnoB NOTepsAHa. TakMe OMMOKH BBI3BIBAIDTCA KPYNHBIMH acdeKTa-
MH JACKa — L@apanMHaMM, U C NMOMOMIBIO HCTIONb3YeMOro KO/1a MOXKHO BOC-
CTaHaB/IWBaTh Morepu HJo 4000 OUT, uTO COOTBETCTBYET TIOBPEXICHHAIO
2,5 MM IOpOXKH Ha mucKe. B To e Bpems Takoe KopupoBaude Tpebyer
oueHb GONBUIOr0 KOJHYECTBA H3OBITOMHBIX OHMT, 4TO OrpaHHYMBAET MONE3-
HbIE BO3MOXHOCTH CHCTeMbl. VicHonp3oBanHe OBHOTO IOTIOJIHKMTEJILHOTO
OuTa K KaXIbIM TpeM OHTaM [aHublX oGecneuuBaeT 3¢eKTUBHOCTD, OLE-
HuBagMylo mpumMepHo 75 %. Manble OWMOKH HCIPABAAIOTCHA, & KPYMHbIS
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KOPPEKTHDYIOTCA INyTeM CHHTE3UPOBAHMs HauGosnee BEpOATHOH (HOPMBI
KoneGanns, KOTOPYI0 MOXHO OXH[IdTh B paioHe oumbkHu (ToTeph HHPOP-
manui). BeA cucteMa CyliecTBEHHO 33BHCHT OT CTPYKTYphl Kappa, KOTO-

#f, XOTA U He TaKOB, KK TeJICBU3HOHHBIA Kafp, HOMYyCKaeT CaMOCHH-
xpoHHSaLIPIlO CHTHajIa. 3TO TNO3BOJAET OCYILUECTBUTD CaMOCHHXpOHHU3HPYI0-
HyioCs 3aIKCh, NP KOTOPOH HHGPOpMALHs, HeO6XoqMMas Uisl MPaBHIIBHOTO
CUMTHIBAHMSA, 3aNMCAHd HA JMCKe; NpH 3TOM HET HyxXJIbl HMCIIONb30BaTh B
KDKAOM TNpPOUrphIBaTenie KBapueBhl TeHeparop TaKTUpYIOLEd YacTOThI.
KappoBasi CTpYKTypa MO3BOJIS€T 3alHChIBaTh Y BOCMPOM3BOJMTb CHTHAJ
¢ MOMOILbIO BPAIAIIINXCSA rOJOBOK.

Kaxppli 610K IAHHBIX COONEpPXHT 24 CHHXPOHM3HMpYIOIMHX GHTa ¢ 12 enu-
HMIIaMH JAaHHBIX (HaHHbIE BbIpaxaloTcsd 16-GMTOBBIMH CJIOBaMHM), 4 CIoBa
A KOppeKun ommMGoK (Kaxpoe U3 16 GHT) ¥ 8 GHT KOHTPOJIBHOTO KOHA.
U3 12 cnoB pmaHHBIX 6 OTHOCATCA K JIeBOMY KaHany u 6 K npaBomy. Hc-
noap3oBanHe 12 (JIOB B Kagpe NO3BOJIAET NPH HEOGXOOMMOCTH NPHMEHHTD
4 xanana (o 3 ¢noBa B KaxaoM):. 16-GHTOBHIe COBa pacIUEIUIAIOTCA Ha
rpynnel B 8-GutoBble emMHMIbI M1 (GOpMEpoBaHMs Kanpa. Huxe noxasa-
HO, KaK I'pYNIHPYIOTCA JAHHbIE NEpes MoayaLrei 8—14:

Dannete 12 - 16 GuT (6 Tpynn Ha Ka”an) =24 - 8 GUT
Koppexuus oumiGok 4 + 16 6uT = § -8 6ur 33 -8 Gur
Yupapnenve u oToGpakeHne Ha gucimiee =1 - 8 6UT

Htoro 264 Guta Ha Kafp
Ilocne mopynauwu 8-—14:

Nonmeie pannpie (kak Bomue) 33 < 14 6utr =462

CHHEXpOHU 3aLHS 24
H36bIToYHEIe GUTRI 7151 JAHHBIX H
CHHXPOHM 3l 3:34 =102
HTtoro 588 3almmMcEIBaeMEIX GUT Ha Kajip

Kagp — eminnua mis kOHTpONA OLIMGOK, CHHXDOHM3AUMM M YNpaBICHHA
OTOOpaXKeHUs Ha JHCIUIEE.

CUCTEMA MopaynAuunm 8—14

Tepmuun “Mopynauusa” HCNoNb3yeTcst B HECKOJIBKHUX CMBICAAX, HO B JaH-
HOM Ciyyae 3TO0 METOji KOJMPOBAHMA €OMHMIL U Hyled JBOMUHBIX UHCEN B
€MMHMIBI W HYIM U1 Uedeit 3amucd. CHUCTeMa MOMyNALMH, B YaCTHOCTH
nipegoTBpaindeT NMOABJIEHWE [UIMHHBIX FpyMnl eOWHHL WIM HyneH. BriGpan-
Has cucremMa HaspIBaetca Mopayisauuen 8-—-14; npu 31oM Kaxaas NOChUIKA
U3 8 6uT Kogupyerca B BuAe 14 Gur mia sanucu. Ilpamoro maremarnyecko-
FO COOTHOUICHHS MEX/y 3aKOOMpPOBAHHOK 14-6UTOBON Bepcuei u 8-GUTO-
BbIM OpPHUIHHAJIOM HeT.

Uenp Mogynsunn 8—14 MHHUMH3HPOBAaTb BePOSTHOCTh OLIMGOK B 3ally-
CH ¥ cuMThbIBanuM 8-GMTOBBIX parMeHTOB. KOs MocTpoeH Tak, yro CHrHajibl
BCerga pasmerienbl He MeHEe ueM TpPEeMs OGUTaMH. JTOr0 Henp3sl [OCTHYD,
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HE H3MEHUB 8- WIH 16-GHTOBbIE CUTHANBI; LEJbI0 KOOTUPOBAHUA ABIIACICA
MUHUMHU3a1MA OIKMGOK, BO3MOXHBIX B TOM Cj1y4ae, €CiH Jy4 [epeKpbiBa-
€T OBe TOUKH H CYUTBIBAET HX KaK omHy. TpexGUTOBbIA MHHUMYM HAMHOTO
yfpowaer TpeGOBaHUs K KayecTBY JIOPOXKH ¥ ¢oKycHpoBKe nyya. B o xe
BpeMsi KOJMpOBaHMe HONyckaeT He Gonee 11 GUT Mexay HM3MEHEHUAMH,
TaKUM OGpPA30M HCKII0Yas BO3MOJXXHOCTb IMOSABJIEHWUA UIMHHBIX (parMeH-
toB 1 muu 0. K tomy xe 3 u3bpitousbix 6HTa moGasisiorcd K KaxabnM 14
K 3TO NO3BONAET Pa3OpBaTh JJIUHHYI0 NMOCBUIKY O Wi 1, KOTOpas MOXeET
00pa30BaThcA IIpH IOCIEJOBATeNbHOR nepenaue AByX GioxkoB u3 14 Gwur.

Upesa ucnonb3oBaHMA KOJd, HAHOOJIEE NPHCHOCOGIEHHOTO IS CUMThIBa-
HUs M 3aMUCH, He HOBa, Jloyiroe BpeMsa KAaK anbTepHaTMBa HBOHYHOMY KO-
ny 8—4-2—1 ucmonp3oBancsa Kop I'pes, B KOTOpoM HeGONBILMM H3MeHe-
HHEM YHCEll COOTBETCTBYIOT HEGONbIUMEe H3MeHeHHs kopa. Jlis npumepa
3aMeHa 7 Ha 8 B 4-GHTOBOM JBOMYHOM KO[E COOTBETCTBYyeT 3amene 0111
Ha 1000, 2 B xome I'pea — 0100 na 1100, T.e. u3meHaeTcA OJMH pa3psag.
B kope 8—14 ucnonpsyercs TOT e NPHHHUN, NpeoGpa3oBaHHE MOXKET
NpOM3BOAMTHCA ¢ Nomowpio HeGonpiuoro 3Y, B xotopom mpu ucnonbso-
BaHUM §-OMTOBOTO 4YMCIAa B KaueCTBE ajipeca HA BpIXOZE NOABNAITCA HaH-
Hbi¢ Ha 14 nuuusax. B npueMHom ycrpoiicTBe, Hcnmonb3ys 14 nuHuit, B Ka-
yecTBe appeca Ha Bbixoge [13Y nonyuaror 8-61uTOBOE UHCIO.

Ipu ucnonb3oBanuy npeoBpaszoBanus 8—14 Kagp CTAHOBHUICA CYLECTBEH-
HO GonplMM, 4eM B ciyyae 33 8-GUTOBbIX emuHMLU. J1A KaxHoi M3 ITMX
eOUHHL, HaJO MCIOJIb30BaTh 14 rpynn Npeo6pa3oBaHHOrO CHTHala, TaK YTO
nonyvaercs 33-14 6ur. Kpome Ttoro, moGaBnsitorcs 3 OMTa mjisi Kaxpaoi
14-6utoBO# MocChUlKH, 24 GUTa CHHXPOHM3ALUMH H eme 3 M3ObITOUHBIX GHTa
Vi pa3fieneHUst rpymi ¢ rpaHHUHBIMU €OWHMIAMY WM HyTISAMH.

B pesynbrate mis zanMcu NnonHOTO Kazpa TpeGyercs 588 6ur. Bee sTo —
KOOMpOBaHHasA Bepcusa 12 cnoB (6 CIOB Ha KaHan), COOTBETCTBYHOMIAf
6 BbiGopkam Ha uacrore 44,1 kI'y (npumepHo 136 MKC CHrHaNa B Kax-
HOM KaHane).

KOPPEKUMA OWIKBOK

Cucrema Mopynsiuuu 8—14 —nomexosamulleHHas cHcrema, HO mis KJI
Tpebyetca GoJjibluee; TMOBPEXICHUA OMCKE MOTYT BbI3BaTb JJTMHHbBIE MOCIIE-
[NOBAaTENBHOCTH OlUMGOK. [71laBHas KoppeKuus OWMOOK OCYLIeCTBIASTCA
npuMeHeseM kopa Pupa—Conomona, U ogHa u3 0coGeHHOCTEH CHCTEMbI —
HCNOJIB30BAHHE NPUHLIMIA NEPeMEeKECHU .

OumGku B UMpPOBON 3aNMCH M BOCTIpOM3BeleHUH ObIBAIOT MpPEeUMYILECT-
BEHHO [IBYX THIIOB; CllyuaiiHple OMOKM W onmbOKH THNA “HOTeps Makera”.
CnyvuaitHple OWMOKH B HECKONbKO GHUT OOBIYHO pa3GpocaHel IO IUCKY;
OHH MOTyT ObITb MCIPABIICHBI CPaBHUTEIIBHO HpOCTHIMH cnocobamu. Cuy-
YallHOCTh COCTOMT TAaKXe B TOM, YTO B Kajpe 43 588 OUT OlHOKH MOryT
OBbITH B JaHHBIX, HE HECYILMX 3BYKOBYIo nHdopmanuio. HakoHew, 1ipu ucnomns-
30BaHUH Moaynsauud 8—14 onmbka B 1 6MT He OKa3plBaeT CYLIECTBEHHOrO
BJIMAHUSA Ha PE3y/IbTHPYIOLLHE JaHHBIE

WHaue o6CTOMT fOeNio ¢ moteped MAKETOB — B 3TOM Cilyyde OmubKy co-
CTaBNsieT GONBIIOE YHCIIO TIOCNEIOBaTeNIbHO paciojioxeHHbix OMT. Takas
oumOKa MOXET GbITh BbI3BaHa rpyObiM NOBpEXOCHUEM NMCKA MM KpPYI-
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HbIM eEeKTOM JIeHTbI M HCHPABHTH €€ TOPA3[o COXHee, YeM CyuaiHylo
oumbKy. JPdexT, BbI3pIBAEMBIA TaKUM [epeKTOM, MOXeT ObITh CyliecT-
BeHHO YMEHBIIEH, €C/IH OHTbI, COCTABJSIOWHE NOCHUIKY, HE pACIOJArarhb
nocstenosarenbHo. Ecnu, K npumepy, noceuiky W3 24 6GalT, CBA3aHHBIX
MeXay coDOH, nepeiaBaTh B TedeHHE 8 KaJIpoB, TOIJA NOTEpI0 CPaBHUTENb-
go GONBIIOro INaKeTa MOXKHO pACCMATPUBATh KakK ciyyadHyro OWUGKY,
ApOMCUIEAUIYIO B OJHOM WIH [BYX Gaiitax. Takoit crnocoG nepegaud nam-
HbIX Ha3bIBaeTcA IEpeMexeHHeM — OH fABIfAeTCs HauGonee 3¢ ek THBHBIM
ctocobom Gopbbbl ¢ noTepamu nakeroB. CTyneHN OGHApYXeHHA U KOPpeK-
UMH PpasMellenbl MEXIY CTYTEHpIO TIepeMEHbI KaHAlIOB, cXema YHNpablie-
HMA M BBIJAaYM [JAHHBIX HAa JUCHIIeR A06aBisAeTca [0 CXEMBI KOXHpOBa-
Hun 8—14.

MeTon HCNONb3yeT CHCTEMbI YETHOTO KOAMpoBaHUs Puma—Conomona ¢
nepeMeXeHHEM [is TOJIyUeHHs TOCAEIOBATENBHOCTH, OTIHYHON OT MepBHY-
Horo kopa. Wcronpayrorca aBa komepa Pupa—ConomoHa, Kaxaeii U3 KoTo-
pbiX J06GaBrifeT yeTblpe 8-GMTOBBIX HOCBUIKM UETHOCTH K KOAy uMcia 8-6u-
TOBbIX emuHdi. CHCTeMa UYETHOCTH OKa3pIBaeTcs ropasmo CJIOXKHEE paHee
PacCMOTPEHHOH TNPOCTOil OHOGHTOBOM CHCTEMBI M NMO3BONAET YCTAHOBHUTbH
mecto oumbkH. B cucteme KJI ucnonssyworcs nBa kackapma npeoGpasoBa-
Hust Puga—Conomona; ogus paGoraer ¢ 24 Gaiitamu, a gpyrod — c 28 (Gail-
Thl J3HHBIX IUTI0C Gaiibl YETHOCTH OT INepBOro npeoGpa3oBaHMs), TAK 4TO
KaJp DacTATMBAaeTCA BO BpeMeHd. IlyTeM HCNONb30OBAHMA BpeMeHHOR 3a-
AEPXKKYH, MNPOM3BOIUMOH TMOC/HeJOBATENbHBIMU PETUCTPaMK, BKIIIOYCHHBIMH
MeXy KOAepamH, OcyliecTBIsieTca Hepemexxenue OafiToB Mexmy Kkappa-
mi. B pesynbrate kopupoBaHus ¢dhOpMHpyeTcs GIOUHBIH CUrHan, COCTOA-
IMH M3 4eTBIpEeX MepeMexalolliMXCsa YacTeill: KOppeKTHpylowero koga (1),
mauueix (1), mamsbix (2) M KoppekTHpyomwero kopa (2). Hanpumep, 3anu-
CbiBaeMbIfl 32-GHTOBbBIM CHTHal MOXET COCTOATbH U3 MEPBOr0 KOPPEeKTHpPY-
I0LEr0 KOJa, ogHOoro OrMoKa U nepBbIX GAMTOB AaHHBIX M3 CMEXHOro 6J0-
Ka, BTOPBIX GaHTOB MAaHHBIX M3 YeTBEPTOro 6/10Ka U BTOPOT0 KOPpPeKTHpY Io-
IIero Koja M3 BOChbMOro Onoka nanHbix. OHu coGHpanTca BMECTE M K HEM
nobaBndercA H30bITOUHOE KOHTpOJIBHOe UMCIO. B fexopmepe mefictBHA mpo-
HCXONAT B OOpaTHOM MNocClel0oBaTenbuocTd. B 310 Bpems MoOryT cymecrso-
BaTh ouMOKH. MOXHO OGHapyxuTh ONOK, comepxalmit OouwMOKH, H 1O BO3-
MOXHOCTH HX HcTpaBHUTh. Korga xoppekrtHeie uacty Gnoka (kop ommGoK,
HaHHble, NaHHble, KON OLIMGOK) COOpaHbl BMECTe, TOTH2 MOXHO NMpOBepPUTh
Ka)Jioe CJIOBO M IO BO3MOXHOCTH ucnpaBuTh. OKxoHUaTesnbHblC [aHHbIE,
OUMIIEHHBIE OT BceX OOHOMHUTENbHBIX KOAOB Oyayr nuGo Ge3onmGoyHsbI,
1160 HX Hy>XHO BOCCTAaHABJIMBaTh (NMOJOGHO HMHTEpPNONALMM) I HCIpaB-
JIeHUsT UITH MACKMPOBAaHUs GOJIBIIMX ONMGOK.

KOHEYHbLIA PE3YNLTAT

Bce onepanuu xomupoBanus M pekogupoBanus (puc. 6.3) ocymecrBie-
Hb! Grarofiapst BO3MOXHOCTH XpaHEHWs CHUTHAIOB, @ CTOJIb WHTCHCHBHbIC
MEHHNYNAUHA C CHTHAJAMH MOXHO BBINOJIHATL TOJIBKO NMOTOMY, YTO OHH
HMewT JaBouyHylo ¢opmy. O6bem 0GpaGOTKH [BOMYHBIX CHFHANIOB HEOTpa-
HuyeH. M3 npouwloro onmita BechbMa >HBYYE IpE/CTaBJIEHME O TOM, YTO
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Puc. 6.3. CTpyKTypHasl cxema 3anHcH (¢) 1 BochopousBeficHHs (6) B cucreme KII:

a: 1 — yskononocHeit unasTp; 2 —~ BeIGOpPKa U XpaHeHue; 3 — ALl 4 — mynsTu-
NEKCHUPOBaHHEBIE CUTHANLL, 5 — CUIManki omwMOKW; 6 — CUIHanLl ynpaBlleHus H
oroGpaxkeiuss Ha pucnnee; 7 — MyJLTHIDIEKCHPOBAaHKE; 8§ — MOMYJSUUA; § — CHHXPO-
#usaunsi; 10 — Ttaitmep; 6: 1 ~ perekrop 6uT; 2 — HAeMyNBTHIUIEKCODP; 3 — KOppek-
uug ommbok; 4 — HAII u dunsrp; 5 — TaKTHPOBaHUE; 6 — CYHXpOHM3auus, 7 — Brmok
yTpaBNeHHus ¥ mMciuieit; § — ynpaBnieHHe (HOPOXKK2, BLIGOp, CKOPOCTE); 9 — mMcreit
(BOPOXKY)

YeM MeHbLIEMY O0ObeMy MpeOGpa3OBaHUK MOJBEpraeTcst 3BYKOBOM Cur-
Hal, Tem nydme. OpHako IMQPOBBEIMH CHTHAIAMH MOXHO MaHUNYNHpPOBATh
KaK YTOfHO NpH YCIIOBHM, UYTO KOAMPOBaHMe ¥ JApYrue Npeobpa3oBaHus
obparumpl. JIOKa3aTelnbCTBOM HEHCTBEHHOCTH CHCTEMb B IIEJIOM ABISOTCA
BBICOKME XapaKTepHCTHKH 3ByKa. CerogHs BOCHPOM3BOJUTICA IONOCA Yac-
10T oT 20 I'tt ;o 20 kI’ (¢ HepaBHOMepHOCTbIo He Gonee 0,3 nB) npu guna-
MudeckoM puamasone 90 AB C NONHBIMH FApMOHHYECKHMHM HCKaKCHUAMU
(BkIIOuas 1IyMbi), He npeBblwamiumi 0,005 %. ITH gaHHble TPYAHO Haxe
CPaBHMTh C HOKA3aTeNAMHU. X3 PAKTEPHLIMHU [J151 aHAJIOrOBOM 3aIHCH,

Onna u3 npo6iieM uH¢pPOBOH 33aNHCH COCTOMT B TOM, UTO KAYeCTBO aHa-
JIOTOBBIX YCTPOHCTB, HCMOJIB3yeMbIX B mpolecce OGpaGOTKHU CHrHanoB,
JOIDKHO GbITh He XYe KayecTBa LHQpOBOii aniapary phi.
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B 3anuch BBeACHBI aHHbIE, HeOOXOnMMBIE i KOHTPOJS H OTOOpaxe-
aus Ha gucwiee. OueHp MHTEpPECHOR OCOGEHHOCTBIO K1 saBnsercs BO3MOX-
HOCTh MEPEXOIMTh C [OPOXKKH HA JOPOXKY (I MY3bIKalbHBIX TEaTpoB)
| TaKUM 06pasoM MOBTODSITh WIH OIlyCKaTh OTAENbHblC HOThI. XOTs MHO-

rue nonbzoBatend KJI NMpoHrpplBaloT MX KaK O6bluHble IUIACTHHKH — OT
Hayala OO KOHUA, HEKOTODBIE YKe OLEHWIM BO3MOXHOCTH BbIGopa ¢par-
MEHTOB 3aIHCH.

HO HOBbIM craHnapTaM Ka4eCTBO LLOHI‘OHI‘palOLLlHX MWIACTUHOK y>1<e HE-
BBICOKOEC, B ¢BO¢ BpeMSI aHaJIoruyHag CHTyaH,I/lﬂ 61)[]'[3 B CpaBHeHHPI IO~
TOMUTPALIMX JUCKOB CO CTAPhIMH IUIACTMHKAMM, PAaCCUMTAHHBIMH Ha 4acTO-
1y BpallileHMs1 78 06/MHH.

[nasa 7. BLITOBBLIE WWOPOBLIE NEHTOUHLIE CUCTEMB!

Untepecno, uro BrepBble UMGpPOBast 3afIUCh OCYHIECTBIANACH NPUMEHHU-
TEJIBHO K AMCKAaM, 2 Heé K JIeHTaM. 3alich Ha BHEOKAcCeThl MONYUMUTIa pac-
MNpOCTPAHCHHE B TO BpeM#A, KOrAa CTYOMH NEPEKIIIYaluCh Ha LU} poByo
NEHTOYHYI0 3311MCh M TOsBJeHHe UUGPOBBIX 3BYKOBBIX NEHTOUHBIX CHCTEM
*MOYHO GbUT0 OOBACHHUTD TEXHUYECKHMH TIPHUHHAMH.

Honynsaprocrs K1 siBnsieTcs ckopee crnencTBHeM YCTAHOBUBLIeEHcA Npak-
THKH, YeM YCIeXOB TeXHONoruu. JMcK Bcerga GbUl ApeATOUYTHUTENbHBIM
HOCHTENIEM VISl BBICOKOKayeCTBeHHOM 3anucH 3Byka. Ha pmucku uctopuuec-
KH YCTaHaBNHBAIMCh BBICOKHE CTaH[ApThl KAyecTBa 3BYYAHHsS; MAaCCOBOE
IIPOM3BOJICTBO HHCKOB GbUlO0 60JIee MPOCTBIM, 4YeM IIPOM3BOJICTBO JIEHT,
O@KE KacCeTHbIX. XOTA IpoAaka KacceT B MOC/IeOHHE HeCKONbKO JIET pac-
TEeT, UMes TEHIEHUHIO NPeB30HTH MpPOJIaxy OUCKOB, GONBUIMHCTBO KacCeT
He obecnednBaeT TOro KayecTBa 3BYYdHHs, K KOTOPOMY CTPeMATCsl HOTEH-
unanpuple norpedutenu KJ. TlockosbKy BBICOKOE KaueCTBO 3aMMCH CTio
rJIaBHLIM, BHUMaHHe Oputo oGpameno Ha KJI; B nwGom clyyae TeXHHYeC-
KHe 11po6IeMbl HCCIIeIOBAIUCh B NpoLiecce paGoT HAJ BUACOAMCKAMH.

Kaccera ypoGHa [mjisi NepeHOCHBIX YCIpOUCIB, aBTomoGwied. Tonbko
Ha HEe€ MOXHO 3alHChIBATh TaK >Ke INPOCTO, KAK W NpoHrpuiBars. Kaccera
yaoGHa B Tex Ciiyuasdx, KOTAa, HarpUMEp, TeNeBHOeHHE NMOKa3nIBaer B Ofl-
HO U TO ke BpeMs ABe HHTepecymrowMx Bac nmporpammel; omgHy U3 HHX MOX-
HO 33THCaTh.

OGcrostTenscTBOM, CACPXKMBAKOIIMM TOABNICHHE LMGPOBBIX JIEHT, Obuia
Gosanp HopgopBath BechMa NpuGbUIbHBIA peiHOK ¢6bita KJI. IIpousBopcrso
KJI notpeGoBano OrpoMHbiX KanUTAIOBIOXEHWH, M OYEBHIHO, YTO TNOKa
OHY He OKYNATCA, U3TOTOBHUTE/H HE CTAHYT NPOEKTHPOBATh HOBOE IIPOM3-
BoJicTBO. PHcKk nepexona Ha uupOBBIC JIEHTbl ONPABHbIBACTCA B TOM Cily-
yae, ecnu comepxumoe KJ| MOXHO nepemicars Ha JIEHTY M, YTO GoJiee cepb-
€3HO, KONMPOBATH JICHTHl G€3 MOTepM KauecTBa opuruHana. B cnyuae awnano-
FOBOH 3aNKCH Ha JIEHTY Kauds KOMHUs XYXe KONUpYyeMO# NeHTbl, a Uudp-
POBbIE KOMMM PAaBHOLEHHBI, AaXe eclM MX paenawTcsd COTHM. Ilostomy BO
MHOIUX CTpaHax CHepXHBACTCA MpPOfaxka YCTpOWCTB A uudpoBoi 3anu-
CH Ha JleHTb M pa3pabaThIBAIOTCA METOABI, 3aTPYJHSAMIOWIME KOIHPOBA-
e KJI.
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CUCTEMBI

floTpeGuTtemo npepjlaraeTcs ABa BHAA CUCTEM: CHCTEMA CO CTAUMOHADHbI-
v (CT) m ¢ Bpamawmumuca (BI') romoBkamu. Cuctema CI' obnanaer
BeCbMa CYIIECTBEHHbIM MOTPEOMTENIBCKHM JIOCTOMHCTBOM: OHAa HMO3BOJIAET
[OBOJIBHO MPOCTO OCYLIECTBIIATh MOHTaX CHUTHAIOTPAMM, UTO HEBO3MOXHO
B JOMAIIHMX YCJIOBHAX MpH HCHONb30BaHUH cuctemst ¢ BI'. Jlia norpebure-
N5, KOTOphId He COBMpaeTcA 3aHUMATHCA MOHTIAXOM HIM MHOrOKaHaib-
HOM 3amMChio, JOCTOMHCTBa cHCTeMbl CI' Ha 3TOM HCueprplBalOTCs; CIIEAYeT
OTMETHTh €€ OTHOCHTENbHO BBICOKYI0 CTOMMOCTb. TemM He MeHee, KOPOTKO
OCT2ZHOBMMCSH Ha e¢ TeXHHuecKHx AaHubpiX. Kaccera cucrempt CI MmeeT pa3me-
pot 86x55x10 MM (HemHoxHO Gonbuie KacceTnt cucTembl BIY). Ckopocts
547 cM/c, Kak 1y OGbIUHBIX 3BYKOBBIX KaCCeT; NMPUMEHAETCA U MEHbLIAsA CKO-
pocts 4,37 cmfc, oBecneunBaroiuass Gojnee IMTENbHOE 3BYvaHue. JleHTta
3HAUMTENBHO LIMpE JIEHTBI, UCIONIb3yeMOH B aHasoropoi samucu. [LtotHOCTSH
3armuck AaHHbIX 2130 6ur na ! Mm winHb NenTsl. Takas BbIcOKas MIOTHOCTD
[OCTHraeTcs NpHMEHEHHEM MHOTOJI0POsKeUHbIX ronopok. Ilugposere MHOTO-
nopo)Ke‘mble roJIOBKH 3T OTOBIIAKTICA HMO TOHKOIJICHOYHON TEXHOJIOrHH Y
paccudTaHb] Ha GONbLIOE KOMYECTBO JOpoxeK. Braropapsa MX MCHONb30Ba-
HUIO pellieHa NpobiieMa CKOpOCTH.

CUCTEMA BFr

Cucrema BI' npeumymecrBeHHo pacnpocrpaHeHa B Eppone. Kaccera cu-
crembl ¢ BI' uMeer paamepst 73x54x10,5 mm. Inenxa umpusoit 3,8 Mm.
[Inenka ckawMpyertcs AByMs FOJIOBKAaMU 3aNHCh/BOCIIPOU3BENECHHE TAKHM XKe
o6pa3zoM, Kak B BHAecosamucd. Ha arom cxojcrBa 3ByKkOBO#H LudpoBOA M
BHJIEOKACCETbl HMCUEpNBIBAOTCA. IlepBOHAYATBHO IMpe/nonaraloch WCHONb-
30BaThb 3BYKO32lMCh, CONOCTaBHMYI0 C BHIEO3aMHChio. Ilpeamonaranock
HMETb CTPOYHO-KaJpOBYI CTPYKTYpY, @HANIOrHUHYI0 HCHONb3YEMOH B  CH-
creMeé NTSC, kotopyio MoxHO Gbyio 6bl 3amuchiBath Ha ammapatax CHIA.
Ho atoT cranpapr He no3BosifieT BOCHPOM3BOIMTDb 3allMCh Ha €BpONEHCKOi
anmaparype, Nockonbky B EBpome pelictByeT papyroif TelleBH3HOHHbIN
CTaHJIapT.

[lockonpKy mwisi GBITOBBIX LMGPOBBIX 3BYKOBLIX JIEHT HOBAsi ariapary-
pa TpeGoBanmace B N0GOM clyyae, He[IaBHO Opll COTJIACOBAaH HOBBIX CTaH-
papr. B pertanax craHpapr usBecTen TONBKO 81 yuyacTHHKY COrNALICHHS.
M3noxeHHOe HHMXKE OCHOBAHO HA paHee ONYOIMKOBAaHHOM HH(POpPMALMH,
NPEUMYIIECTBEHHO B CTaThaAX M Jiekuuax. Hospifl cranmapr, B yacTHocTH,
He YNpeJyCMATpHBAET HMKAKHX IONBITOK HCINOIB30BAHMA KBA3HBHIEOCHT-
HanoB. OH pa3penun TeXHOJIOTHI0 3BYKOBBIX JIEHT M TEXHOJIOTHIO BHIEO-
JIEHT, TIOJIOKMB KOHeEIl Mee NOJIb30Baresiell NMOKYNaTh MOIHGHUMPOBAHHYIO
anfapatypy BHOEO3AIHCH WM HCIONIB30BaTh LUHGPOBbIE NpeoGpasoBaTenu
U1 BOCTIDOM3BEAEHU A 3BYKOBBIX JICHT.

Mexannueckas cucrema ¢ BI' ucmonbayer noBopor nentst ma 90° mo
HallpaBJIAIMM CTOHKAM. 3TOT yroJl MHOTO MeHbllEe, YEM NpPH BHCO3aMy-
CH, YTO B CBOIO OYepedb YMCHBILUAET H3HOC JICHTHI U BEpOSITHOCTh OGPBIBOB
TeM Gonee, yTO OGBIYHO C BUAEOKACCETaMH OGpAaIIAKTICA aKKypaTHee, 4eM
CO 3BYKOBBIMH. JTO Takike MO3BOJIIET IOJOBKAaM NOMAEPXKHBATh KOHTAKT
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¢ NIeHTOH MpPH NPOTAXKE CO CKOPOCTbIO, B 200 pa3 peBbILIAIOINEA HOPMaTh-
Hyio, ¥ MPUHUMATb MH[ICKCHbIE CHUTHAIbI, PA3/eNAioWMe YacTd JeHThl. Hc-
MOMIB3YIOTCA JIBe BPAIAIOLIMECH TOJIOBKH TaK, YTO 33 OOMH OGOpOT LINMH-
jens TONOBKH JIEHTA 3aIMChIBACTCA WM CUMThIBAeTCA B TeueHue 50 % Bpe-
menn. IIpy 3TOM Bpemsi KOHTAaKTa JIEHTbl C KaXJ10#i TONOBKOH TaKxe yMEeHb-
waercsa Ha 50 %. B pannux cucremax “meprBoe Bpems’ GbuIO 33HATO MC-
KyCCTBEHHOH PYANUPOBKOH CHrHajlOB B TOJNA M Kaapbl TENEBH3HOHHOIO
THIIA.

Cucrema ¢ BI' ucnonbayer cBOWw TeXHHKY KOMIIPECCHM MaHHbIX. OHa
OCHOBaHa Ha TeX >C IPHHLIMIAX, KOTODHIC HCIOIb3YIOTCA 1A CO3NAHUs
noJiedl; CHrHaJ bl HAKaIJMBAaKTCA B HAMATH eMKOCTbi0 128 KOHT M 3aIHChHI-
BAalOTCA TOJILKO BO BpeMs KOHTaKTa FOJIOBKH C JIEHTOH. 3TOT 0GbeM nams-
M Gombiue, yeM TpeOyeTcsl It COBMECTHMBIX BHIeocHcrem, ofgHako HC
MaMsITH CTOHT JIeLEBO.

Mexanuyeckuc 0coBeHHOCTH CHCTeMBbl clieflyiowue. InameTp 6apaGaHa
ronoBkd 300 MM M yacToTa BpamieHHs cocraBiseT 2000 o6/mun. Cranpap-
TH30BAHbI CIIEyIOILME CKOPOCTH NMpOTMKKHU JieHTe: 4,075 MMm/c (NIONOBUH-
Hag ckopocTh), 8,150 mMm/c (HOpmanbHas ckopocTs) M 12,225 mm/c (-
pokas nopoxika). Yron Hakiona mOpOKH cocrtaBiser 6°25'59,5", mnvna
aopoxkH 23,501 mm. Pacxop JieHTBI NpH TIONOBHHHOH CKOPOCTH OITHMa-
Jed ¥ ob6ecrieudBaeT [UIMTEJbHOE 3BYUaHHE NIpPH XOpOLIEM KauecTBE WIM
OueHb XOpOIll€e KauecTBO NpH [UIUTENbHOM 3By4Yanud. [lupuHa Kaskgon 3a-
HxcaHHoi HOpoxKH 13,591 mMkm B HOpmansHOM Bapuante # 20,41 MKM B
IV POKOJOPOXKEUHOM. 3a30p MArHUTHOM TOJIOBKM PACTIONOXEH HOJ a3u-
MyTanbublM yryiom * 20°; opueHTanus 3330pa U3MEHAEICH OT O[JHOI HO-
POXKH K [pyro#; oH saHMmaer wupuHy 2,613 mm (puc. 7.1). Tepmun
”Kagp” OTHOCHTCS K Nape HOPOXeK, KaXIAs M3 KOTODPBIX — B KaXIOM
a3UMY TaJIbHOM HATPaBJIcHUH.

Cranpaptel Ha cucremy ¢ BP ponyckarT uethipe 4acTOThl BbIGOPKH, B
oM uncne 32; 44,1 u 48 xI'u. UsrotoBurens 06opyaoBanua BoJieH BbIOH-
parp nmo6yio yacToTy, B ToM uydcie 44,1 kTu, ucnonssyemyro B KJJ, Ho oHa
HomyckaeTcs TOJMbKO Jif IIPOMrphIBATENIEH, C TeM 4TOObI 3ATPYIHHTbL He-
nocpencreenHyo 3anucs ¢ KJI Ha nenty. JIpyrue yactoTpl MOXHO MCHO/Ib-
30BaTh [UIs YCTPOHCTB 3aMUCH U BOCH POH3BENICHH.

CranpapTh! OONYCKawT 1IECTh PEKHMOB PaBoThl, B KOTOPBIX 3TH YACTOTHI
COUETAIOTCA C PAa3MyHBIMH YMCiIaM# OUT. Llemh MHOrOBapHaHTHBIX CTaH-
IapTOB — He OrpaHHUYMBAaTh BO3MOXXHOCTH JarbHEHNIero pasBUTHsi CHCTEM.

Cranpaptet Ha uMbpOBBIC JEHTH NEPEKPHIBAWT BCE THITBI 3aMUCHIBAIO-
UHMX CHCTEM, BKITI0Yasa npodeccHoHapty0 CTYIHEHYIO 3a1HCh, KOMHPOBanb-
Hble MalMH{Bl, TaK UTO HATHYHE LICCTH BAapHAHTOB HE O3HAuder, YTO JIEHTOY-
Hple NPOUrpuIBaTeNId OyAYT CHAGXKEeHb! 6-NO3MUHUOHHBIM HEpeKIIouaTesIeM
BADHAHTOB; CTAHHAPT Ha GBITOBYI alNaparypy Gy[eT pacCUUTaH Ha OIUH
M3 3TUX BapHaHTOB, KAK COTNIACOBAHO C YYaCTHUKAMH KOHBEHIMH .

YactoTa BbIGOPKH TNpH 3alHCH H BOCIpOM3BeneHHH cocTaBnsieT 48 kIl'n
Hpy 16-6uToBOM (jioBe B KaXIOM BbIbOpKe, Bpibopka IBYyX KaHanoB obply-
HOTO CTepeoCHTHANA NPOM3BOJMTCSA OAHOBPEMEHHO, 3aTE€M CHMTHAIIBI Iepe-
MexaioTcs B NOCICHOBATENIbHOCTH, NpHHaTol mis KJI. CHruans! cOCTOAT M3
Gnokop no 45 (360) 6uT; KakIas rojoBKa 3alMChIBaeT Ha LHOPOXKKeE
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Puc. 7.1. PacnonosxeHue AopoxeK Ha uudpoBoii neHTe

196 6nokoB. U3 3Toro umcia 610kOB TOJNBKO 128 copepxar CHrHaabl JaH-
HbIX, CHHXPOHM3alMH, HMOCHTH(HKAUUM; ajapeca GIOKOB; GHTbI YETHOCTH.
OcraBiuasicss 4acTy JOPOXKKH HCNONb3yeTcs 1A 3alHCH CUTHAIOB apTOMaTH-
YECKOTo MOHCKA [IOPOXKH, CHTHAIOB NOANEPXAHUSA CKOPOCTH NBHXKCHHSA
TeHThl, cy6KOmOB (HOMEpa KaHaJIOB, YacTOoTa BBIGOPKH, KOZ, 3aiMTbl OT
KOTHPOBaHUA) U HCIPABIISIOIINX CUTHATIOB.

CucreMa uudppoOBOH 3aIMCH HA JICHTY BKJIKOUY2eT B c€0s KOHTPOJNb OLIH-
Ook; mNpepflouTeHHe OTHAHO MepeMexamlleMycsds KopwpoBanuiw Pupa—Co-
nomoHa (kak u wis KJI). OcHoBHble M3MEHEHUA B cHCTeMe uMppPOBOi 3a-
MUCH Ha JIGHTY CHEeNaHbl B HamnpaBlieHHH cOmmxenus ee ¢ cuctemon KJI ¢
TeM, uTOOb! M3rOTOBHTE/NM MOIJM MCIOJNB30BATh ONUHAKOBOE 3alUCHIBAIO-
mce 060pyA0BaHue OT MUKPO(OHOB 10 HOCUTEJIEH.

Papx BbIGUPaeMBIX JIaHHBIX COCTOMT M3 ABYX KaHAJIOB; HPOHU3BONUTCS
BoIGopka 16 6ur ¢ uyacroto 48 kI, yTO0 COOTBETCTBYET CKOPOCTH
2x16x48 = 1536 Kéur/c (1,536 M6ur/c). Ucnonb3ywTca gBa kopepa Pu-
na—CoJyIoOMOHa C MOCTEeNOBAaTEIIBHBIM IEePEMEXECHHEM, YTO yMEHbUIaeT 3¢-
dexr “Gonmpumx” oumbok. MabpiTounocts xopa Pupma—ConomoHa mmoc
poBaBrieHre BhILIEYHOMSIHYTHIX JIaHHBIX TPUBOJIMT K YBENMYEHHIO CKOPOC-
™ g0 2,77 M6ur/c. K tomy ke 6NMOKH nepemexalnrcs Mo gopoxxam. Op-
Ha JIOPOKKA W3 Mapbl COJACPXHT ueTHbIe HOMepa GJIOKOB MpaBOr0O KaHaja
H HeueTHble HOMepa GNOKOB JeBOT0o KaHana. Jlpyras — HEueTHblEé HOMepa
NpaBoro KaHana ¥ YeTHble HOMEpA JIEBOro. JTO JIOMOIHUTENIbHOE MepeMexe-
HHe [ONYyCKaeT MOJIHyI0 [OTEPI0 YacTH JIAHHBIX Ha OJHOH HOPOXKe; HaH-
Hble MOTYT ObITh BOCIOJHEHBI ¢ COCemHER HOpOXKH. I pynnHMpOBaHHe CHI-
HAJIOB B HaMsTH, MO3BOJsIOIGe 3aMHCHLIBATh JaHHBIC B BUE NAKETOB, YBe-
JIMUYMBAET CKOPOCTh 3allUCH NpUMepHO Ao 7,5 Méut/c.

IIpo6nema komupoBanus KJ| peanusyerca npu uacToTe BbIGOPKH
44,1 kTu, HeicTBylOWEd TONBKO MJjIsi BOCHPOU3BOASAIINX YCTPOKCTB H
ApOo(heCCHOHANBHOYO KOMHPOBANBHOIO OGOPYHNOBAaHUS C MONONHEHHEM 3a-
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[MTHBIX KOIOB. JTO KOHEYHO HE MOXET MOMELIATh KOMHPOBAHHE aHANo-
ropora curuana c¢ KJl-npourpepBareins MyTeM NOJAayd 3TOrO CHrHajla Ha
3BYKOBOH BXOJ yCTPOHCTBa 3alMCH Ha LH$pOBYIo JieHTY. OpgHaxo 370 mpe-
[ATCTBYET H3roTOBJIEHHIO LMGpPOBBIX KOMHMA IMPOBBIX CHrHajgoB. Pas-
gauMe B METOJAX KOMHPOBAaHUA BECbMA CYIUECTBEHHO, MOTOMY yTO MpeoG-
pa30BaHHe umpposciro CHrHana B aHAIOroBbIA H OOpaTHO MPHUBOIMUT K IO-
ABJICHUI0 HCK@XCHMA M LIyMa, TaK YTO MpH 3TOM KOMHMH MONYYalTCs HECo-
peplUCHHBIMHK. PasHuila B Yacrorax BHIGOPKM BbI3bIBAaeT GHEHHs, NOABIAIO-
[Mecs Ha JICHTE NIPH TaKOM clloco6e KOMHpoBaHHUSA.

Bce 3TO, KOHEUHO, He YHEpKHT MNpOECCHOHATBHBIX MHPAaTOB 3BYKa,
KOTOpbIe pacnpoCTpaHWincy Ha [anpHeM H uacTuyHo BiHxkHem Bocrtoke,
Ho OyHOeT OrpaHHYMBaTh BO3MOXHOCTH MAcCOBOrO KOMHpOBAaHHA JIIOGHTE-
naMi. BMecte ¢ TeM HHUKTO He MApeNycMOTpesl BO3MOXHOCTH MOABJICHUA
KOTMHPOBANBHBIX OGBITOBBIX YCTPOHCTB.

BriepBbie uudposbie JIeHTht B EBponle HCMOJIb30BAUTHCh BIIafEIIbLAMH
KOMIIBIOTEPOB H, BEPOATHO, HEKOTOPBIC 3HTY3HACTBI MBITA/IHCH NPHCIOCO-
GHTb 3TY TeXHHMKY K 3ByKY. LIeHBI Ha 3amMchIBaroILYI0 anmapatypy BBICOKH
H CerofiHs, HO H3TOTOBHUTENH HE BHAAT NpEMATCTBHH Ha MYTH MX CHHXKE-
HHA [0 YPOBHs lieH Ha mpourppmalouive yctpoictBa KII. Menee ompene-
JIeHHasi CHTyaUuusa CYWECTBYeT C MpOfakeH 3amHCaHHbpIX JIeHT. “UMcTeie”
KacCeTbl MOCTAaBIAITCA MHOTHMH H3rOTOBHTENAMH, HO CO3[aercs BRevaT-
JIeHHe, YTO HHKTO HE CTPEMHTCA K peajH3alMd MY3bIKajlbHpIX 3amHCeH.
OGBIMHO CCHUIANTCA HA TO, YTO 3aMHCHIBAIOLIHE YCTPOHCTBAa He MOJIb3YIOT-
csl CIpOCOM H3-32 OTCYTCTBHs JIEHT M YTO JIGHThI HE MOJIB3YKTCA CIpOCOM
H3-32 HeJIOCTATKAa 3aMHChIBAIOIKX YCTPOHACTB.

OnHako ACHO, 4TO CYLIECTBYIOLUAS CHTYaUHsA C MPaBOM HAa CHATHE KO-
MHA [gOMkHA GBITh pagMKanbHO NepecMOTpeHa. Henmb3sst Goilee paccuMThIBaTh
Ha TO, 4TO JIIOOH OynyT nokymnaTh AOPOrOCTOAIYI0 annaparypy, 4ToObl 3amnH-
CaTh MepBblE CIIOBA CBOEro peGeHKAa WIM MpPOHrppIBaTh INIOXO 3aNMCAHHbIE
KOMMepyecKHe KacceTbl, a TakxKe [eaTb BMJ, YTO BJIafeNbLpl KOMIIBIOTE-
POB He GynyT KONMMpOBaTh nonaBmmecs uMm pucku. Iloxa Brmapesnbupl 6bITO-
BO# amnapatypbl He GyOyT MMeTb BO3MOXHOCTH JIErajibHO MeJ1aTh KOMHH C
M060ro MCTOYHMKAa M Ha J11060M MaTepuasle misi COOCTBEHHOro, He KOM-
MEpYeCKOro HCMOJIb30BaHUsA, MpaBO Ha KONupoBaHHWe Gyner NpeGbiBaTh B
npene6pexxeHud. OT 3Toro GYAyT BBIMIpbIBATH TOIBKO KOMMepHeCKHe MNH-
paThL

Tnasa 8. CUHTE3 3BYKA

HOBBLIE 3BYKM

B Hauajie pa3BUTHs FIEKTPOHMKH GbIIO OCO3HAHO, YTO 3BYKOBLIE CHCTe-
Mbl MOTyT He TOJIBKO BOCIPOM3BOIMTh, HO M IeHepHpOBaTh 3BYKH. Kak
TONIBKO MOMBWINCh TepBbie TpHOAbl, JI. Tepmen npomemoHcTpHpoBan ITH
BO3MOxHOCTH. OH MCIONB30BaJI JIaMIOBBIH reHepaTop OMEHHH ¢ YCWIHTE-
leM ¥ rpoMKOroBoputeneM. ManMnynupys pykamH OKOJO CTpexHs, MOM-
KIIIOYeHHOro K KOHTYpPy OHHOrO M3 reHepaTopoB, OH MOJlyuajl pasfiyHble
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Oeudarouwsas
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3ByKOBbIE yacToThl GHenMi. IIpuGoper Tepmena GpUTH UIMPOKO pacrpocTpa-
HEHbI, a MPHUHLUUNBI CHHTE3a My3bIKH ObUIH TIONIOKEHB! 3aJONATO OO HX Mpak-
THYECKOH peanuzaLyy. PeanbHoe Hauano cusTe3a My3bIKH Gbino MOMEXEHO
BTOpO#t cepueit opranog XamMmoHOa B 1939 r., B HUX NpPUMEHAIUCH JTAMIIO-
BbIE I'GHEHATODBbI 3BYKOBBIX TOKOB, MEpPEKNIOYAEMBIE KIABHATYpOH, yCWIH-
TN H FPOMKOFOBOPHTENIM. POMOHAYaslIbHUKaMH CHHTE3aTOpOB, KOTODBIE
CUMTAIOTCA HHCTPYMEHTOM TMOI-MY3bIKH, OBUIK HHCTPYMEHTBI, IIHPOKO
HCTO/Ib30BABIIMECH B UEPKBH.

Pacnpoctpaness! gBa OGWMX NpHHUMNA cHHTe3a. OmMH M3 HHX, Mpeyo-
KEHHbI! Myrom, ocHopbIBaeTCA Ha NpPHMEHEHHH reHepaTOpoB, YmpaBlise-
MBIX HaMpsXKEHHWEM, a Ipyroil — TeHepaTopa LIyma ¢ YNpaBIfgeMbIMH QUIIBT-
paMu. [eHepaTopbl, ympaBiseMble HANMpPAXCHHEM — JIOTHYECKOE  pa3BH-
THe NpuHuuna TepMeHa; HCNONB3yeTCs OOMH WIH HECKOJIBKO reHepaTopoB,
Y3CTOTa KOTOPBIX H3MEHAETCA NOCTOAHHBIM HANPSAKECHWEM, CHUMAEMbIM C
neyuTensa Hanpspkenua. Kaxpmon krnaBuue HHCTPYMEHTa, MOCTPOEHHOro IO
3TOMy IpHHUMAY, COOTBETCTBYET ONpe[c/ieHHOEe 3HAYEHHE YNpaBIIAIOLIETO
Hanpskenus. B COOTBeTCTBMH CO BTOPBIM METOZOM HCMOJNIB3YETCH UIMPOKO-
HOJIOCHBLIA reHepaTop IuyMa, a KjlaBHaTypa YNpaBiIfieT BKIIIOUECHHEM Y3KO-
NOJIOCHBIX GHIBTPOB.

O6a MeTtoma MNO3BOJAIT NONyuaTh pasupie 3BykH. PopMa KoneGaHuil
reHepaTopa, YIpaBiisieMOTO HanpsikeHHeM, 3aBUCHT OT pexxkHMa ero pabo-
Tl M MOXET M3MEHATbCA OT CHHYCOMOQJIBHOM [O NMpAMOYrojbHOH. ['eHepa-
TOp IIYMa HM3HAyaJbHO co3haeT 6oJiee CIOXHYI0 PO pMY. O6e cucremsl o6ec-
NEUYHBAKT HeOrpaHMUYEHHOE YMCIIO 3(h¢PeKTOB ¥ B 3aBUCUMOCTU OT HOpMBI
oruGatoweit (puc. 8.1) cospawT 3ByuaHme, HONOGHOE TOMY WM HHOMY
MY 3bIKaJIbHOMY HHCTPYMEHTY, JIN0O cOBCeM HEOOBIUHOE.

O6a meTtofa ABIIOTCA aHAJIOrOBBIMM M BBEIeHHe LU(pPOBBIX METONOB B
CHHTe3 3BYKA MpPOHUCXOOMT MOCTENEHHO ¥ A0 HACTOAWETO BpeMeHH He 3aBep-
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meHo. OnnHako B 06GNacTi CHHTe3a 3ByKa IMpPOBble METOABI MOTYT CTaTh
JOMHHHPYIOLUMMH, TOJIHOCTBI0 HCKJIIOUWMB NpHMEHEHHEe KAaKHX-JIHGO aHaioro-
pbix ycTpolcTB. CHHTe3upOBaHHas MY3bIKa “He paGoTaeT” B TOM CMBICIE,
KaK [eHCTIBYeT My3bIKaJIbHbIA HHCTPYMEHT, 3BYYaHHE KOTOpPOTO BOCHpHHH-
MaeTcsi MUK POGOHOM.

CuHTe3aTOphl CO3JAI0T H3MEHSIOMIMECS HANPAXKEHUA, H CYLIECTBYET BO3-
MOXHOCTp BbIGOpa crioco6a npeoGpa30BaHus HX B 3BYK.

[lono6HO aHAIOTOBBIM CHHTE3aTOpaM, B OCHOBE KOTOpBIX JiexaT JHG0
reHepaTopsl, YNpaB/IsAe€Mble HaNpsAXKEHHEM, JIMGO HMCTOUYHMK IUyMma,. nudpo-
Bble TEHEpaTOPhl TEOPeTUYECKH MOTYT 6a3MpoBATHCA Ha OGOMX NMpHHIMMAX.
Pa3nuyHe COCTOMT B CnOcoGax reHepalH CHrHAJIOB, MOCKOJNIBKY Ha BBIXOME
WM¢pOBOro reHepaTopa, HMeeTCs MOTOK YHceNl. Tak Kak >’OpHUrHHAaNbHBIA"
CHTHaJI OTCYTCTBYET, HeT Hyxabl B ALl u oBopymoBanue Moxer paGoTarts
NpAMO Ha UHGPOBBIC 3aMHCHIBAIOIIHE YCTpoRCTBa.

METORblI CUHTE3A

udporoit renepatop co3maeT NOCHENOBATENbHOCTh YHCENT, 3HAUCHHUA
KOTOPBIX COOTBETCTBYIOT aMIUIMTyZaM BHIGOpOK 3BYKOBBIX KOJICGaHMH.
[Ipoctoit M oueBMaHBLI cnOcO6 MOJIyYeHHsl TAKHX CHTHAIOB — MCNONb30Ba-
HHE reHepatopa, YNpaBJIsIEMOro HampsxeuHeM coBmecTHO ¢ AL, Ho 3to —
He uucTo UMppOBON reHepatop. ANbTepHATHBOH ABJAACTCS HCMOJIb30BaHUE
MHKpOnpoueccopa Ui TeHepalMH uMcenl, O6GpasyiomHx MaTeMaTHUYECKYIo
cIpyKTYpy (Tipoctylo, NOmoGHYI0 CHHYCOMME WIH CTIOXHYI0, KaK HalpuMep
pan cuHycoB — kocunHycoB) mind II3Y, comepxaiero nocienoBaTenbHOCTH
YMcen, KOTOpPbIE MOXHO HCNONB30BaTh iiA (GOpMHpOBaHMA KOIeGanui
saganHod popmsel. Mcnonb3zosanue [13Y nomo6GHO MpuMeHEHHIO JIEHTHI C 3a-
MHCAHHBIMH Ha HeH GasHCHBIMM 3BYKOBBIMH KOMOMHAUMAMH, KOTOpbIE
BapbiPYIOTCA CHHTE3aTOPOM.

MeHee oGemnaie BBINIAUT NepCrneKTHBA HKCMNONb30OBAHHA LIYMOBBIX
curHanoB. XOTA FeHepaTop CHOyYaHHeIX (WIH TMceBOOCTYYaHHBIX) uHcell
MOXHO HCHOJIp30BATh IUIA CO3HAHHA ~LIyMOBOro” uuppoBOTro CHrHaia,

€o37aTh UudpOBble IKBUBAIEHThl (WILTPOB OueHb HemnpocTo. JLis mpume-
pa, peajyin3alyio y3KOMNOJIOCHOro ¢GWibTpa MOXHO NpeAcTaBUTb B BHIOE YCT-
POiicTBA, YMEHBINAIOILIETO YMciIa Ha 0aze pasHUuUbl Mexay HuMu. Hudposoie
FeHepaTopbl IIYyMa HKCHONb3ywoTcsa, HO coBMecTHO ¢ IIAIl u ananoroBniMu
dunprpamu.

I'my6una npakTtHueckOro BHEOApPEHUA LUPPOBON TEXHHKH B CHHTE3 MY3bl-
KM CBs33aHa C pasBHTHEM CXeM BPEMEHHOM 3afepXKH UMQpOBBIX CHUTHAJIOB
H cxeM ynpaBiieHMsA. YNpaBiseMas peBepOepalysi CHHTE3HPOBaHHBIX CHIHa-
JIOB paHee OCYILECTBIISAIACH TOJIBKO € MOMOILBIO MMeTeJIb MarHUTHOM JIEHTHI H
AKYCTHUECKHX ycTpoicTB 3amepxku. [lo mepe cumkenus uen Ha UC Bee Go-
Jlee UMpokOe NMPUMEHEHHE 1A 3a[EPKKH MoyyaoT Npubops! ¢ 3apAnOBOH
cea3pio. Cllelyloli JIOTHYECKHH I K CO3NAHMIO NMONHOCTBIO UK POBBIX
CHCTeM 3aziepXKKH ObUI TaK)Xe CHEaH B CBA3H ¢ GBICTPBIM CHIDKEHHEM 1IEH
Ha pudgposbie cxeMbl, B TOM YHclle 3JIeKTPOHHbIE YAChl X KOMIBbOTEphbl. Bol-
Gopky uHGpOBLIX CUrHAIOB XPAHATCA B MamfATH, NIOKA HE NPUILIO BPEMA HX
cuntbiBaHuA. OOHO BpeMsa B KauecTBe YCTpONCTB NMaMATH KCHOJIB30BAIHCH
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perucTpbl CIBHIa, HO COBPEMEHHAsi MHTErpalbHas TEXHOJIOIUA MPEIoNU-
J1a TaKyI pOcKOLIb, KAK YCTPOHCTBO C NEpeMEHHOH BPEMEHHOM 3a[iepXKKOH,
NPOTPaMMHUPYEMBIE CXEMbI 3a[IEPKKH, KOTOPBIE PACIIMPHIH BO3MOXHOCTH
NpoU3BONIbHON BbIGOPKH. Jijisi MpHGOPOB YMEpEHHOHW CTOMMOCTH YacTOTa
BBIGOPKM He CIHMIIKOM BEJIHKAa M TOJIBKO [JI JOpPOrOCTOSALIMX YCTPOHCTB
npubnmwkaercsa k 44,1 xl'u, xax gna chctem KI. B takux cnyuasx Bpems
3a[IePXKKH MOXET HOCTHraTh MMHYTBI; HO [JIsl [UIHTEJIbHBIX 3a[epXKeK, KOTO-
pble TpeGylT OrpoMHOro o6bhemMa MaMATH, BCE e YHOOHee HCIOJIh30BaThL
BbICOKOCKOPOCTHbIE MArHMTHbIe [UCKH, HEXCJIH TBEpOOTENBHBIE CXEMbI.

unumn

OueHp cepbe3HBI TONNOK pa3BUTHIO UKGPOBOTO CHHTE3a 3BYKA JIano
nosiBjleHe  NHGPOBBIX  MHTepdeHCcOB  MY3bIKQILHBIX ~ HHCTPYMEHTOB
(UUMH), ctaHmapTHBIX [UIA H3FOTOBHUTENIEH MY3bIKAUIBHBIX HHCTPYMEHTOB
H HEKOTOpBIX MepcOHaNpHbIX KoMmmbioTepoB. [loTpeGHOCT, B TaKOM CTaH-
flapTe BBI3BAaHA CYWIECTBEHHO BO3POCLIMMM CJIOXKHOCTAMH MpOuecca CHHTE-
3a. Upen mcnosis30BaHUsA KOMIBIOTEPOB OKAa3&IMCh BECbMAa MpHBJIEKATE/Ib-
HbIMH 1 ClIeLMalIuCTOB 10 CHHTe3y. B 3TOM HamnpaBleHHM MHOrO CHEIAaHO
Roland Jupiter 8 u Sequental Circuits Prophet 5, a B To Bpems, Korja
Opyrve NpOM3BORMTENH GpPOCHINCh H300peTaTh CHCTEMBbI NOCIEHOBATENb-
HOTO MHKpOIpPOLECCOPHOro YIpaBJleHus 1A CBOero oGopynoBaHus, Heioc-
TaTOK CTaHAAPTH3aUMH OKasalcsa mnojie3HoiM. OpHAKO CKOpPO CTAO SICHO,
4TO Bce-TakM HEKOTOpasi cTaHgapTH3alus HeoGXomuma, uﬂafé noTpeGuTelH,
HcHonp3ylomme o0OpyfNOBaHHe, OCHOBAHHOe Ha MHKpoIpolieccopax GymyT
OrpaHMYeHbl B BO3MOXHOCTAX TMpHMEHEHHA H3[CTHA [PYTHX H3rOTOBH-
Tenel.

CucreMa, npemioxeHHasa HefiBom CMurom u3 Sequental Circuits, Geuia
MoauQHUUHpOBaHa ¢ yueToM pocTixeHu# ¢upM Roland, Yamaha w mp. c
uenplo cosmanusA craimapra [IMMH. B cooTBeTcTBHU ¢ HUM HCHOJIb3YETCA 110-
clIenoBaTebHBIA HHTepdeiic ¢ HeM3GeXHBIMU OrpaHHYEHHAME CKOPOCTH, HO
OH [iellieB H He NpexbABIisAeT 0cO6bIX TpeOOBaHHH K [UTHHE Kabelled. CKOpOoCTh
cocraBnsiet 31,25 K6op;, oHa npeBbllaeT cKOpOCTh NepemayH Mo KOMIbIO-
TEPHBIM JTHHHsM CBA3H W NPHUIOfHa s MHOrux uened; 1 Gop osHauaer —
1 curHanm B ceKyHAY, M XOTA CKOpPOCTb B Gopmax He 0BA3aTe/bHO COOTBET-
CTBYeT CKOpOCTM B GMTax B CeKyHAy, HO OGBIYHO HCHONDB3YETICHi B TAKOM
3HAUCHUH.

Cucrema IWIMU ponyckaer KoaupoBaHue HOT B puamazone 10,5 okTaB
H T03BOJIAeT CHUIHAJM3alIKI0 MU3MEHEHHH CONEpXKUMOrO NaMATH, a Takke
naer crenudgryHyo MHGOpMALHI0 06 HHCTpyMmeHTax. CHCTeMa liepBOHAyasb-
HO mNpejHa3Hayajlack OJ1A YNPaBJICHUA KJIaBHATypPHBIMH CHHTE33aTOPAMH, HO
MO>KET NMPUMEHATbCA UTA CO3NAHUA PUTMOB; MOXeT ObITh TaK)Ke UCIIONIB30-
BaHa C pas3IMYHbIMH ycTpPOHCTBaMM, BKIliouass HEKOTOPbIE MOJIEITH T1ePCOHab-
HBIX KOMIBIOTEPOB.

IUMH ponyckaloT HcMob30BaHHE 16 OTHENBbHBIX KAaHAIOB; HO3BOJIAIOT
H3MeHATh HanpaBlleHHe MNepenaud cHrHanoB, CucremMa Hcnone3yeT 8-6uro-
Bbl€ TpYNNsI JaHHbIX. VIHOMBUnyanipHble GUTBI B KaxKAOM GaiiTe HecyT coG-
cTBeHHy10 HHQopMaumio. K npHmepy, HoMep KaHana mepenaeTcs 4eTpIpbMA
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GMTAMH, a [ApyTHe OMTbI 3TOro xe GaiiTa MOTYT HeCTH HOTHylo HHQOpMa-
puo. Jlexonep MOXeT OTIIHYUTH GaiT celleKUMH KaHWIoB oT 0aiTa, Hecylue-
ro MHGOPpMAaLHI0 O TOHE.

Kot IMMU npenycmarpuBanT HHOGOpMALHMI0 O HOTE, YPOBHE rpOMKOC-
TH K2XOOW HOTbI, THIME TOHA, OruGaloiLell aMIUIMTyabI KaXIEOro TOHA, KOTO-
pas nepejaeTcsa Mexnay HHCTPyMEHTaMM M OT KOMIBIOTEPA K MHCTPYMEHTY.
WHCTPYMEHTHI, Hcnonb3yempte B JinnHax IUMU, moryTt paGotate B OfHOM
M3 TpeX BapMaHTOB, Ha3pIBaeMbIX “OMHK’’, HOJH” U “MOHO”; OT BpIOOpA
BapUAHTAd 33BMCUT, KaK BOB3ICHCTBYIOT MNepemaBaeMple CHIHAIBI Ha HHOUBH-
AyasbHble HHCTPYMEHTHI.

B pexxume “omun” nepepaturk [JMMH (m1aBHas kilaBHaTypa WIH KOMIb-
10Tep) TOChUTaeT [JaHHbIE MO OJHOMY KaHaly, HO Kaxmplid IpHHUMAIOLIHMA
HHCTPYMEHT M0 lenoyke GyneT pearHpoBaTh Ha Bce 16 kaHaaoB. JTO no-
3BOJIAET C NOMOIIbIO OFHON KJIaBUATY Pbl yTpaBiiaTh GOJIee UeM ONHHM CHHTE-
3aTopoM. ITo mpocreitimit BapHanT pa6otst HUMU,; B aToM BapHaHTe KOM-
NBIOTEp MOXET YNpaBIIsTh CHHTE3aTOPOM, B YACTHOCTH, 3aaBaTh PHTM.

B BapuanTe “monm” KaxapI HMHCTPYMEHT MMeeT cBOH KaHai u3 16. 310
No3BOJIfAeT IMepefiaTuMKy WHOMBUAYa/lIbHO YHpPaBJIATh HHCTPYMEHTOM, TaK
YTO KaX(IbIA MOXeET HCIONHATh CBOIO MapTaio. OTme/TbHbIe HOTHI BOCIPOH3-
BOIATCA TMOCTIeHOBATENIbHO, HO 6JIarofaps BbICOKOH CKOPOCTH Mepefiaun
3afiepXKKa BO BpeMeHM Ha CllyX HE BOCTpHHMMAETCA H gaxe 16 pasiHuHbIX
HapTHii 3By4aT OJfHOBPEMEHHO.

B BapumaHTe “MOHO”, HCNOJB3ys COBPEMEHHBIE CHHTE3aTOPbI, MOXHO
6path axkopabl. COBpeMEHHbIE CHHTE3ATOphbI ABJIAIOTCA MHOIOTOJIOCHBIMA
H aKkkopapl GepyTcs, KaK Ha ¢(OpTenbsaHO. ITO TpeGyeT CIIOXKHOHW CHUCTEMbI
yNpaBJieHKd, TaK KaK CxeMa (DUKCHPOBAHHBIX AKKOpPHOB ApelyCcMAaTpHBaeT
TOJIBKO OCHOBHblE MaXXOpHble W MHMHODHbBIE aKKOpHpl. B BapuaHTe “MOHO”
MO>XHO CO3/1aBaTh YHUKA/IbHbIC OTTEHKH 3BYYaHHA.



MIPUNTOXKEHUE 1. Tabnuua 0603HaYEHUA OCHOBHDBIX NOFAYECKUX 3nemMexTos,
Menonb3lyemsix 8 yCTEOWCTBAX uUhPOBOA 3BYKOTEXHUKH

0d03navenus ochoBusix nozuveckux nemenmob
Sloeuvecxkar
PYHKYUR 8 knuee To rolr
nemenma
5
bypep —D—
#rbepmop —DO— '
/{ ﬂ
HE~H T > :G—
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HE~H1H 5> '
Heraroyarousee
2D~ =Hp

TTPUTIOXEHUE 2. TexHuueCKue Xapak TepucTUKu annapatypbl
MEFHUTHOW 3anucy

MaruurodoH
IMapametp

aHAIOrOBbIH nudponoit
PaGouwnii Inanasou YacroT, I'u 20-20 000 2~22 000
HepaBHOMEPHOCTB YaCTOTHOM 3,0 0,3
XapaKTepHCTUKH, ab
Koadduument geroHauuu, % 0,08 He monpaerca

H3MEPEHHIO

OrHollleHHe cuTHaN/wiyMm, ab 50-65 90--95
Jndamuueckuit guanasou, ab 50-60 90

KoadduumcHT rapMoHuK, % 1,0-1,8 0,05




NPUIOXEHNE 3. Texunueckue XapaKTepucTUKK NpOUTpbIBaTenei

[lapamerp

Jlnana3oH BOCNPOU3BOAUMEIX
vyacrort, I'y

HepaBHOMEPHOCTE YaCTOTHOI
XapaKTCPUCTHKH B AUana3oHe
BOCIPOU3BOAUMEIX YacToT, o b

Kosdpduuuent geronauuu, nb
OTtHolueHue curdan/iuym, ob
IinHamurueckuii guanasol, nb
KoadduuueHT rapmMoHuk, %

KoadduuueHT HHTepMOYTIsT-
UMOHHBIX HcKaXeHuuit, %

PaspeneHue cTepeokaHanos, ob

UKcno NpoOUTrpLIBaHUHA AUCKE
Ge3 3aMeTHOTO  yXynUICHHUsA
KayecTBa

JuTenBbHOCTL  3BYYAaHMS AUC-
Ka, MHH

IMpourpoisatensd
aHAJIOrOBBIH ungpoBoi
20-20 000 2-20 000
2,0 0,1
0,3 0,005
50 116
40 112
1,5 0,0015
2 0,003
35 110
50 He orpa-

HUYeHO
40 70
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Ipou3BoaCTReHAOE U3NaHKE
14 CuHknep
BBEAEHUE B UUOPOBYI0 3BYKOTEXHUKY

3asepyroumi penaxkuueit A, b. Xeadvibun
Pepaxrtop usnarensctBa 0. . Apxunyes
XynoxecTseHHEIH penaktop T. A. Jeopeyxoaa
Texunuecknit penaxktop I. H. JIadyxuna
Koppexrtop 3.5. /lpanoeckas

Wb 3241

Ha6op BoimonHeH B HM3natenbctse, lNopmicaso B meuats ¢ opumHanamakera 13.12 89,
®opmar 60 x 90 1/16, Bymara odpceman N° 1. Ilewars Bbicokan !, Yor, ney, i, 5,00,
Ya1. kproTr, §,38, Yu,u3n, 1. 5,43, Tupaxk 250 000 3k3, 3akas 9y Llexa 75 K.
Sueproaromuspar, 113114, Mocksa, M-114, Linfozosan Ha6., 10,

Orneyarano B Tvnorpadpum Ipeiickypantusnara
125438, MockBa, [lakrayssoe uiocce, 1.




