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AHOTAIIA

Hana xBamigikaiiiiHa po6oTa MpUCBIYEHA aHaNi3y NEPETBOPIOBAYIB 3BYKOBUX
CUTHAJIIB, SIK1 3aCTOCOBYIOTHCS B PI3HOMaHITHUX MPUCTPOSIX, TAKUX K MOOLIbHI
TenedoHu, ayaionporpanadi, My3udHi eHTpH, Bluetooth-nepenaTunku Ta iHIII.
B po0oTi po3misigaloTbes METOIM NEPETBOPEHHS 3BYKOBOI'O CUTHAIY, HAJAIOThCs
NPUKJIAJIN THIIUX TepeJaTYUKIB 3BYKOBUX CUTHAIIB, MOOYAOBAaHUX Ha 0a31 IHIINX
METOAIB, IO BIAPIZHSAIOTHCS BiJ Po3politoBaHOro minxoxay. JlocmimxyrooTbes
cTaHAapTy ounu(pPOBKH 3BYKY Ta (hopMaru, y sIKUX aynioiHdopmallis moctynae g0
OTpUMY Baua.

['onoBHOIO 0COOJMMBICTIO PO3POOJIECHOTO aHAJI3y € MaKCUMaJIbHE 30UThIICHHS
SAKOCTI 3BYKY IIJIIXOM BHUKJIFOUEHHS Orepallli KBaHTyBaHHS Ha PIBHI IMITYJbCIB
MOMMJIKM Tiepe0adeH s 1 TOBHE BUKIIIOUEHHS BTpaT 1HPOPMAIIHUX IMITYJIbCIB.
[IpencraBnena cxeMa TMEPETBOPIOBAYIB 3BYKOBHX CHUTHAIIB MoOXe OyTu
HOAAJIBLIINM YIOCKOHAJIEHHSAM JUIsl MaiOyTHROIO BUKOPUCTAHHS.

KirouoBi cnoBa: TmepeTBOpIOBadul 3BYKOBUX CHUTHAJIB, aHali3, oOIleparis
KBaHTYBaHHS, SIKICTh 3BYKY, OIII(POBKA 3BYKY.
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BCTVYII

Jlns toro, mo6 nepenatd MOBY 4epe3 Tele(OHHY Mepexy, MOBHY iH(GOpMaIlio
NOTPIOHO TEPETBOPUTH B AHAJNOTOBUW enekTpuyHui curHai. [lpum mnepexonl 1o
nupoBUX MEpEX 3B'I3KYy BHHHMKJIA HEOOXIAHICTh MEPETBOPUTH  AHAJIOTOBHI
CJEKTPUYHUN CUTHaJI B LUPPOBHM QopMar Ha nepedaBalbHIA CTOPOHI, TOOTO
3aKOAyBaTH, 1 TIEpEeBECTH HazaJ B aHajmoroBy ¢opmy, TOOTO JE€KOAyBaTH, Ha
NpUiiMaNbHIi CTOPOHI.

[Iporec mMmepeTBOPEHHS aHAJIOrOBOIO MOBHOTO CHUTHaIY B IU(POBY GopMy
HA3WBAIOTh aHai30M a00 NU(PPOBUM KOJYBAaHHSIM MOBH, a 3BOPOTHUU TIpOIEC
BiJTHOBJICHHS aHAJIOTOBOT (hOPMH MOBHOTO CUTHAITY - CHHTE30M a00 JICKOTyBaHHSM MOBH.

Merta OyIp-K0i CXeMH KOJYBaHHS - OTPUMATH TaKy MU(PPOBY MOCTITOBHICTD, SKa
BHUMarae MiHIMaJIbHOT IIBUAKOCTI Mepeiadi 1 3 sIKOi IeKoIep MOXKe BITHOBUTH BUXITHUHN
MOBHHUI CUTHAJI 3 MiHIMAJIBHUMHU CIIOTBOPCHHSIMH.

[Ipu nepeTBOpeHHI MOBHOTO CUTHANy B IU(poBYy HopMy, TaK UM i1HAKIIE, MAIOTh
MICIIe JBa IIPOIIeCH — AUCKpeTH3 aiis (sampling), ToOTO hopMyBaHHS JUCKPETHUX B Yaci
BIJIJTIKIB aMIUTITYJIA CUTHAJY, 1 KBAHTYBaHHsI, TOOTO AMCKPETU3AIlisl OTPUMaHUX BI/IJTIKIB
o aMIUTITY A1 (KOJyBaHHSI O€3MepepBHOI BEIUYMHH - aMILUIITYAH - YUCIOM 3 KIHIIEBOIO
touHicTiO). [li aBiI (yHKII BHUKOHYIOTHCS aHAJIOTO-IM(POBUMHU IEPETBOPIOBAYAMH
(ALIIT), sixi po3mintytoThes B cydacHuX ATC Ha muati aDOHEHTChKUX KOMILICKTIB, a B
pasi nepenaui MmoBu 1o IP-mMepexxam - B TepmiHaii kopucTyBada (komm'torepi abo IP-
TenedoHi).

Tax 3BaHa Teopema BIIUIIKIB CBIIUWTH, IO AHAJIOTOBHUH CHUTHAJI MOXE OyTH
YCHINIHO BIAHOBJICHWH 3 TOCIIJOBHOCTI BHUOIPOK 3 YacTOTOIO, sIKa TEPEBHIIYE, SK
MIHIMYM, yJIBi4i MaKCUMAaJIbHYy YacTOTY, IPUCYTHIO B CIIEKTP1 CUTHAITY. Y TelnepOHHHUX
Mepekax CMyra 4acTOT MOBHOTO CHUTHaJy, 3a JOMOMOTOIO CIeHiadbHuX (GiIbTpIB,
obmeskeHa mianazoHom 0.3 - 3.4 k['11, 0 He BIUIMBA€E HA PO30IPIUBICTh MOBH 1 JO3BOJISIE
BITI3HABATH CIIBPO3MOBHHKA MO TOJOCY. 3 M€l MPUYMHU YacTOTa JAUCKPETHU3AIlli TpH
aHajoro-mupoBoMy MepeTBOpeHHI oOpaHa piBHa Skl'1, mpUUOMy Taka 4YacToTa

BUKOPHUCTOBYETHCS B YCIX TelAe(OHHUX MEpeKax Ha HAIIIN MJIaHETI.

Jluct
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[Ipouec ananoro-uuppoBOro NEPeTBOPEHHs] OTPUMAaB Ha3BY IMIYJIbCHO-KOAOBOL
Moyl (IKM).

Meroro 0OakanaBpChbkHil poOOTH € aHali3 Ta JAOCHIKEHHS NoOyAoBYy Ta
(YHKIIOHYBaHHS TNepeaBavyiB CUTHAILY MOBJICHHS, sIKI TOOY/I0BaH1 HA OCHOBI Cy4YaCHUX
METO/I1B IMITYJIbCHO-KOZIOBO1 Ta JI€JbTa MOTYJIALII.

V nepiiif yacTUHI ONKUCaH1 OCHOBU 3BYKOBOI XBUJI1, ICTOPIisl pO3pOOKH IepeaBaviB
nu(ppoBOro 3BYKY, a TaKOX OCHOBHI METOJAU Ta CIOCOOM MEPETBOPEHHS 3BYKOBOIO
CUTHAITY.

Po3ristHyTo cyyacHi METOM 1 CTaHAAPTH MEPETBOPEHHS 3BYKY, a TAKOXK (popMatH,
B SKUX LEeW 3BYK KoayeTrbcsd. OAuMH 3 METOMAIB JICKUTh B OCHOBI 3alpONOHOBAHOI
PO3pOoOKH.

Bukonana po3paxyHOK SIKICHUX TOKa3HHUKIB OOpPOOKH 3BYKY Ta MEPCHEKTUBU
noOy0BY (YHKI[IOHATBHOI MPUHIIMIIOBOI CXEM MPHUCTPOIO, MPHUHIMI HOro podoTH 1
BUKOPUCTAHHSI.

Jlpyra 4acTuHa IPUCBSIYECHA 1HCTPYKIIIT 3 OXOPOHU TIpalli 11 6€31meuHoi poOOTH 3
IPUCTPOEM, a TAKOXK 11100 YHUKHYTH HEIIACHUX BUIAJKIB HA BUPOOHUIITBI, MOB'A3aHUX 3

PO3POOKOIO LIUX MPUCTPOIB.

Jluct
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1 TEXHOJIOI'TYHA YACTIHA

1.1 Anauni3 i gocaigKeHHs NepeTBOPEHHS 3BYKOBHUX NMOBiOMJIEHb

JUist BciX cuCTeM MpOCTOPOBOI Mepenayl 3BYKY XapaKTepHi JesKl 3arajbHl
€JIEMEHTH: 3ac00M ISl 3alucy 3BYKY (HampHKIad, pi3HI TUNU MIKPOQOHHUX CHUCTEM);
3aco0M I KOJQYBaHHS BHUXIJHUX CUTHAIIB B JIESIKYy HOBY CHUCTEMY KOMOIHOBaHUX
CUTHAJIIB; 3aCO0M ISl IEKOJyBaHHS HA MPUKUMAaro4iil CTOPOH1; 3ac00M ISl BINTBOPEHHS
3BYKOBHUX CHUTHaJTIB (4epe3 akycTH4Hi cucteMu abo crepeorenedonu). [Ipuniumnona
CKJIQJHICTh MOJISITa€ B TOMY, II0 B OyAb-fKill cHCTeMi TpUBUMIPHE 3BYKOBE MOJIE
HEOOXiTHO 3amucaTH 1 BIATBOPUTH 3a JOMOMOTIOK TOYKOBUX JDKEPEN, TaKHX, K
MIKpO(hOHH 1 TYYHOMOBIII.

[Ipotarom necaTuniTh 3yCHIISI PO3POOHHMKIB OyIM HAMpaBlieHI Ha MOUIYKH
3aco0iB.

Ilepmmii mepiogq — MO4YaTOK PO3BUTKY. TeOpeTHYHI OCHOBH MPOCTOPOBHUX
ayniocucteMm Oynu 3aknaneHi me 10 1800 poky B mparnsix Benukux yueHux Dapanes,
I'enpi, Oma, I'enpMrosbia Ta iH. Y 1876 poui Benukuil BuHaximauk Onexkcanap bemn
IIPOJICMOHCTPYBaB MyOJ il cBiii BuHaxig - TtenedoH. IlpakthuuHo B 1el ke wyac
aHAJIOTIUHY 3asIBKY IMOJaB IHIWKA BUHax1AHUK Enaiima ['peit. 1{iHHICTh MUX BUHAXOIIB
moJisirajia TepiI 3a BCe B TOMY, IO OyJM BIAKPUTI MPHUHIIUIHN EJICKTPOAKYCTUYHOTO
NEPETBOPEHHSI B 000X HAMpsSMKaX, SIKi CKJIAJA OCHOBY IS MOJAIBIIOIO PO3BUTKY
MiKkpo(oHiB, TernedOHIB, TYYHOMOBIIIB Ta 1HIIOI anapaTypH.

Bxe uepes pik B 1877 porti Tomac Enicon neMmoHCTpyBaB IpUCTPii 7S 3aIUCY 1
BiITBOpPeHHS 3BYKY ((oHorpad). ¥V 1889 porii BiH mokaszaB mepii pyxoMi KapTHHH,
BUKOPUCTOBYIOYH HOBY CUCTEMY 3aMUCy HA 35-MUTIMETPOBY IUTIBKY (B mepuiomy (inbmi
OyB 3usaTHIl acucteHT Enicona - @pex Otr). Enicon 30upaBcs 3'enHatu 300paskeHHS 31
3BYKOM.

VY 1894 pomui ['ynbersmo MapkoHi TpoIeMOHCTPYBAB 0€3/IpOTOBY TiepeIady 3BYKY,
TOOTO Paj103B'A30K.

Y 1898 poui Banpnemap IlynbceH oTpuMaB mepumiuii maTeHT Ha OPUCTPId

MarHiTHOTO 3aIlKCy 3BYKY, BAKOPUCTOBYIOUH CTaJIeBUI JIPIT K HOCii. JI. [[aMOHT Bxke B

Jluct
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1901 p moyaB ekcepyuMEHTH MO ONTUYHOMY 3alKCy 3BYKY Ha IUIiBKY. Ilicig BuHaxony
B 1906 poui BakyyMHOi Jamnu-tpiona jge Dopectom mnodanucss poOOTH MO
BUKOPUCTAaHHIO €JEKTPUYHOIO MOCHJIEHHA Ui mepenadl 3ByKy 1 g0 1930-x pokiB
TeXHIYHA 0a3a JJisd 3amucy 1 nepenadi MOHOYpaJIbHOTO 3BYKY Oyiia Bxke cpopMoBaHa.

[Tepmi cpoOu mepegadi MpOCTOPOBOTO 3BYKY MOKHA BigHecTu j0 1881 poky,
ko KnemeHT Aniep BcTaHOBUB cepito Mikpo(doHiB Ha ciieHi [Tapuzbkoi Onepu 1 curHanu
BiJl HUX TOJIaB MO JIPOTax [0 TOJIOBHUX Tene(dOHIB B JEsIKI KIMHATH HaANOIMAKYOTrO
rotemo. Ciayxadi BHeplie MOTJIM YyTH MPOCTOPOBHUH 3BYK - e OyB MEpIIMK KPOK 10
O0iHaypanbHOi cTepeodonii. Ili ekcmepuMeHTH HE BUKJIMKAIU BEIUKOTO IHTEpecy, 1
TUbk B 1915 pomi 3'iBuBcs mareHT E. Amera, B sSIKOMy NpOIMOHYyBajacs CHUCTEMa
POCTOPOBOTO 3BYKOBIITBOPEHHS Yepe3 KilbKa TYYHOMOBIIIB, PO3TAIlIOBAHUX HA CIICHI i
B 3am (mns KiHO). 3amuc OyB MOHO(OHIYHUM, ajieé MPOMOHYBABCS MEBHUI CHOCIO
naHopaMyBaHHsA 3BYKY depe3 11l TyuyHomoBIl. Jlo 1930-x pokiB, koyiu Oyyia OCTaTOUYHO
chopmoBaHa TexHIYHA IHPPACTPYKTypa MOHOCUCTEM TepeIadi 3ByKy, B labopaTopii Bell
Labs (CIIIA) mouanucs iHTEHCHUBHI pOOOTH IO BIOCKOHAJIEHHIO CHUCTEM IPOCTOPOBOI
nepeaayvi, MaTepiaabHO 1 MOPAJILHO MIATPUMAaH] 3HAMEHUTUM JTUPUTEHTOM Jleomonbaom
CTOKOBCBKHM.

B meit xe mepion cramacs ekcTpaopauHapHa momis: 14 rpymuHs 1931 poky
aHTNNChKUN BUHAXiMHUK AjnaH biromnalin orpumaB mateHT Ne394325, skuif MiCTHB
noHaa 70 MyHKTIB NMPaKTHYHO Ha BCl €JIEMEHTH cTepeodOHIYHOI CHCTEMHU Iepeaadi
3BYKY.

KpiM 1iux B maTeHTi MICTHIIHCS 1 6araTto iHIIMX TEXHIYHUX PIlIEHb, SIKI TPUOIU3HO
Ha 20 poKiB BHUNEpEKaMW 4Yac 1 He Oynm cnpuiHATI cydacHukamu. Y 1935 pomi
brtomnaiin cTBopuB mepiiuii GiTbM 3 ONTHYHUM CTEPEO3amucoM 3ByKy. B "Haropomy"
3a e kommanis EMI, me BiH mpamroBaB, mepemnpodinfoBana WOro aymiorpymnmy B
MiAPO3IT 1o po3podiri pagapis. I1ix yac BunmpoOyBanb pagapHOi CUCTEMH Ha JIITaKy BiH
3arvHyB B aBiakaTacTpodi.

Y 1933 pomi ®netuep Ta iHm chiBpobiTHHKKM Jabopatopii Bell Labs,
HaMarar4uch PO3MIUPUTH 30HY cTepeoedeKTy, JoJanu TPETid I'ydYHOMOBEI[b B LIEHTPI.

BoHu npoaeMoHCTpyBaiM 3amuc 1 APOTOBY Mepeaady 3BYKY 3a TaKOK CHCTEMOIO 3
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HanionanbHoi akanemii Hayk B 3ai1 Konctutyuii y Bamuurroni. ¥ upomy x poui 0yiau
BHUKOHaHI 1 IPOJIEMOHCTPOBaH1 B UMKa3pKOMY BUCTAaBKOBOMY LIEHTPI nepii O1HaypasbHI
3anMcH Ha "MITYy4H1i ronosi".

Y 1936 pomi Oyna 3anpomnonHoBaHa Philips-Miller cuctema s 3amucy
JBOKQHAJIBHOTO 3BYKY Ha CHELIalbHIA JOPDKLI KIHOIUIIBKU, NMPUYOMY cuUcTeMa Oyra
3/1aTHA 3aIICYBaTH CTEPEO3BYK JOCUTH BUCOKOI SIKOCTI.

BupimansHuM KpOKOM JJis1 TPOCTOpoBOro 3Byky ctaB 1940 pik, konu dnetyep 1
3HaMeHUTHH nTupureHT CTOKOBCHKHUI MPOIEMOHCTPYBAIU B KOHIIEPTHOMY 3auti KapHeri-
XOJIy HOBY TPbOX KaHAJIbHY CUCTEMY 3aITHCY.

ITin gac BiiHM B 1942 pomi Ha HiMeubkomy panio B bepnini Bmnepiue Oyina
MPOJIEMOHCTPOBAHA IIOHO CTBOPEHA CHCTEMa MarHiTHOTO CTEPEO 3aInCy.

VY 1948 pori BinOyucs Tpu MOl, 10 MaJIu BEJIMKE 3HAUYCHHS 11 MalOyTHHOTO
PO3BHUTKY IMPOCTOPOBOTO 3BYKY: BBEJICHUN HOBHIA (popMat /it moOYyTOBOTO 3BYKO3aIUCy
Ha 331/3 obopotry, cTBOpeHO TOoBapucTBO aynioiHxkeHepii (AES) 1 Bunaiigenuit
tpauzuctop (W. Shockly 3 Tiei s maboparopii Bell Labs).

Jpyruii nepion — po3kBiT cTepeo3Byky. Y 1950-Ti poku cTepeo3ByK OCTATOYHO
NpUIIIOB B ayAloTeXHIKy. [lepeoBoI0 JIaHKOI BUKOPHUCTAHHS MPOCTOPOBOTO 3BYKY
ctayio kiHo. Y 1952 pori Oyna Boepie npojeMOHCTpoBaHa HOBa cuctema "Cunepama',
10 BUKOPUCTOBYE CIM 3BYKOBUX TPEKIB, 3 HUX OJJUH KOHTPOJIHHUH.

B el xe mepiog cTepeo3BYyK MOYAaB AaKTHUBHO BIPOBAKYBATHCS B TMOOYTOBY
TexHiKy: B 1961 pori mouanocs cTepeopajioBilllaHHS, BIEpPIIE MPOAECMOHCTPOBAHE
dipmoro WEFM B Yukaro. ¥V 1963 pomi dipma Philips BumycTuia nepiry KOMIMaKT-
Kacery. 3actocyBaHHsS 3 1969 poky cuctemu nrymosaraymeHHs Gipmu Dolby (B-tum)
JI03BOJIMIIO 3HAYHO TOJIMIIUTHU SKICTh 3aIUCY.

Jocnimkernast B 0071acTi MOMIMIIIEHHS JIOKaTi3allii 1 TaHOpaMyBaHHS CTEpeoOpa3u
puBeNH Bke B KiHIll 1960-X pokiB 10 psay HOBHX pe3ynbraTiB. Hampukian, ['omsamapk
i Tommieym 3 CBS Labs moBemn, 1m0 BHKOPHCTaHHS HHU3BKOYACTOTHUX OJIOKIB 1
HEBEJIMKUX CEPeHbO-BUCOKOYACTOTHUX aKYCTHYHHUX CHCTEM JI03BOJIIE CTBOPUTHU
3BYKOBHI 00pa3 MpakTUIHO TAKHi ke, K 1y JBOX MOBHOAIANA30HHUX BEIUKUX CHCTEM.

s imes 3HalnUIa MIMPOKE 3aCTOCYBAHHS B Hall yac (B cyOOBydepax 1 carenirax). s
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PO3IIMPEHHS 30HU cTepeoedeKTy B Iei xe yac Oylio 3ampONOHOBAHO BUKOPHCTAHHS
J0JIaTKOBOT'O LIEHTpaIbHOrO Ty4HOMOBLS. Y 1963 poui lpenep 1 Atan 3anpononyBaiu
CXEMH TSl PUAYIIEHHS IEPEXPECHUX aKyCTUYHUX 3B'S3KiB, IO 3HANIILIIO 3aCTOCYBAaHHS
Ipy TOJAJBIIOMY PO3BUTKY OiHaypaibHOI cTepeodoHii 1 B CyYaCHUX CHCTEMax
BIPTYaJIbHOI PEaIbHOCTI.

Ha 1970-T11 poku npumas 371T, a TOTIM MaiiHHA KBajgipocTepeodoHii. Bce mouanocs
3 nocniniB P. bepkogina, sikuii npaitoBaB y pipmi Acoustic Research Corporation, sikuit
EKCIIEPUMEHTYBAB 3 PO3CTAHOBKOIO MEPEIHIX 1 THIIOBUX Map I'yYHOMOBIIIB.

Opniero 3 mepmux Oyna MaTpudHa KBaapo(dOHiYHA CHCTEMa, 3aIpONoHOBaHa P.
[ITaitbepom, sikUii BCTAHOBUB MPUHIIUITK MTOOY10BU Takux cucteM. Ha ocHOBI ioro inei
Oynu ctBopeHi Taki MatpuyHi cuctemu, ssk CBS SQ 1 Sansui QS, a Ttakox cucrema /l.
Xadnepa ¢ipmu Electro-Voice, siki BUKOPUCTOBYBAJIM YOTUPU T'yYHOMOBIIS - JBa
nepeaHix 1 JBa TWUIOBUX. BuHATOK craHoBmia cuctema Okamoto 1 Kymepa, ne
BUKOPUCTOBYBAJIacs 1HIIA KOHQDIrypaiis: UEeHTpaJbHUN, JTIBUH, MPaBUl TYYHOMOBIII 1
OJINH MOHOKaHAJI JIJIsl 3aJHHOTO I'YYHOMOBIIA (ITi3HIIIe BOHA OyJsia BUKopructana B Dolby
MP-maTpuuHiii cuctemi).

VY 1976 poui naboparopis Dolby po3poOuia crneriaabHy anaparypy KoJayBaHHS 1
JEKOAYBAaHHS JUIsl YOTUPHOX KAaHAJIBbHOI MAaTPUYHOI CHCTEMHU JJis KiHO, MPHU IIbOMY Ha
TUJIOBI TYYHOMOBIII TTOAaBaBcs oAuH MoHOocuTrHai. Cucrema Oyia BIockoHayieHa B 1978
pori K. Togmomom 3 i€l s maboparopii 3a paxyHOK BBEJCHHS JOJATKOBUX (Pa3oBHX
3pylieHb s TWioBuX KaHamiB. Y 1983 pomi J[. Mangenn 3 mabGoparopii Dolby
3ampornoHyBaB HOBUM anroputMm Pro-Logic, 1m0 BHKOPHUCTOBYE NMHAMIYHY CHCTEMY
MaTpPUIFOBAHHS.

VY 1975 pouti 3 BBeaeHHssM Sony Betamax VCR cranacs BineopeBostoris. ITizHime
o0yB BBeaenuit VHS ¢opmar VCR, crodatky 3 NiHIHHAM aHAJIOTOBHM MOHO(MDOHIYHUM
3BYKOBUM TPEKOM, MOTIM, micis 1980 poky, 3 aHAJIOTrOBUM CTEPEOTPEKOM 1 HapeuITi B
1983 porti 3 okpemo komnonoBanuM FM crepeorpekom VHS HI-FI, mo 3a6e3neunno
MOXKJIMBICTH TIepeaadi JBOXKAaHATHLHOTO 3BYKOBOTO CUTHAIY 3 IOCUThH TapHOIO SKICTIO 1
MOCIy>Kuiio 0azoro s BrpoBakeHHs cuctemu Dolby Pro-Logic B moOyToBy TEXHIKY.

V¥ 1980 poui OyB npuiiHsITU hopMaT il Ja3epHUX JUCKIB.
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Tperiii mepiox - uupposuii 3Byk i cucremu Surround Sound. Ilossa
uu(ppoBOro 3ByKy, iK€ OyJ0, IO CyTi, PEBOJIIOLIEI0 B ayAl0TEXHIll, moyainocs B 1970-
POKM CIIOKIHO Ha BIIMIHY BIlJ BEJIMKOr0 IIYyMy B LE€H >K€ Yac, MOB'I3aHOTO 3
KBaIpO(OHIEIO.

Brepme Ha konrpeci AES B 1976 poni B Hewo-Hopky T.CrokMan
MIPOJEMOHCTPYBaB nepiii g posi 3anucu Ha pexopaepi pipmu Hewlett-Packard. ¥V 1970
portii Oyna ctBopeHa nepiia mudpona iHis 3atpuMku Lexicon Delta -T 101. YV 1975 poui
¢ipma EMT pospobuna nepmmii uudpoBuii pesepoeparop, a B 1981 poui 3'aBuBcs
JIa3€pHUN KOMITAKT-IUCK.

VY 1978 poui y dpinemi "Cynepmen" Brepiie Oyiiu BUKOPUCTaH1 3BYKOB1 TpekH 3 5.1
KaHamamMu Ha 70-mMUTIMETpOBIM MiBLI 3 BUKOpHcTaHHsAM Dolby miectnkananbHOTO
MarHiTHOTo ¢opMmarty, crBopeHoro IlI. AmieHom, B SKOMYy KOMOIHYBaJIHCS JBa THJIOBHX
KaHaTy 3 JBOMa (PpOHTATHPHIMH KaHAJIAMHU.

Bukopucranas Dolby mMaTpuuHuX cUCTeM IS Tiepeaadi MPOCTOPOBOTO 3BYKY
TpuBajgo 10 Todarky 1990-x, moku He 3'sBwiacs nudpoBa 3amuc 3BYKy Ha 35-
MUTIMETPOBIM TUTIBII. 3aciayra BIPOBAPKCHHS HHU(PPOBOrO 3aIluCy 3BYKY HAJICKHUTH
Hacammnepen ¢ipmi Kodak 1 xopmoparii "Optical Radiation", sxki B8 1990 pori BBenu
cuctemy CDS (Cinema digital soundtrack).

Y 1992 poui ¢ipma Dolby BBema HOBy SR-D mudpoBy cuctemy mnpocTOpoBOTO
3BYKO3aITUCY, sIka Brepie Oyia Bukopuctana y gpiasmi "bermen mosepraerbes'.

VY 1993 pomi ¢ipma Sony BBena HoBy 7.1-kananmeny cucremy CCPJI, ne nBa
J0JTATKOBUX KaHaly BUKOPUCTOBYBAJIWCA MJIs IM'SITH €KPAHHUX TYYHOMOBIIB. Y IIiif
CUCTEMi 3BYKOBI JIaHi 3allMCyBaJKCS Ha JBOX 30BHINIHIX Kpasx IUTIBKH (32 MeXaMu
6okoBux 0TBOpiB). Cuctema mpaitoBaia 31 cnerianbHuM Sony ATRAC koaepom. Bei mi
CUCTEMU BUKOPUCTOBYIOTHCS 1 IOHUHI.

[IparHenHs 10 30UIbLICHHS YKUCia NEpeJaHuX KaHalllB MPUBEJIO 0 CTBOPEHHS B
1990-i poku HOBOrO TOKOJIHHS OaraTokaHaJbHUX KonepoB: Dolby Digital (AC-3),
Musicam Surround, AAC, WMA, MLP 1 MPAC. Jleski Kojepu BHKOPHUCTOBYBAIU
OKpeMi OJIOKU IiJisi CHUIbHOI OOpOOKM BCIX KaHalliB, 30Kpema, JJisl BUPIIIEHHS TaKUX

po0JieM, sIK MI>K KaHaJIbHOTO MAaCKyBaHHSI, MK KaHAJIbHOTO IPOPOKYBAHHS 1 1H.
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VY 1993 poui cucrema 5.1-kaHadbHOrO MPOCTOPOBOIO 3BYKY Oyna oOpaHa nams
Tenebauenns, ne nouaB BukopuctoByBaTucsa Kogep ATSC Dolby Digital (AC-3) nns
nepenadl 38yKy B cucremi HDTV. Lleit kogep 0yB oOpanuii Takox B 1997 poui ans
3a0e3nedenHs 3BykKy Ha DVD-Video (3 DTS-koaepom sik anbrepHatuBa). Y 1999 pomi
O0yB BBeneHuid popmar DVD-Audio 3 nyxe BUCOKOIO SIKICTIO POCTOPOBOTO 3BYKY (24-
01T).

B nanuii yac 5,1-¢popmar npuiHATUN AJ11 IPOCTOPOBUX 3BYKOBHUX cucteM B DVD,
HDTYV, xino 1 [ntepueri. OgHak Bxke 3'aBIAI0ThCA Mpomno3uiiii npo BBeaeHHss CCP/ 7.1-
dopmaTy, ipo pi3Hi cuCTeMU 3 TphoMa 200 YOTHpPMa THIOBUMHU TYYHOMOBIIMU, IMAX -
KaHaJIbHOI KOHpIrypaiii 1 HOBY cuctemy E. Xonbman 3 10,2-xkananamu. Bynu 3po0meni
CIpoOM CTBOPEHHS CHUCTEM 3 BHKOPUCTAHHSIM JIOAATKOBUX KaHATIB JJISi BEPTHKAITBHHUX
CTEILOBUX TYYHOMOBIIIB, 30LIBIIEHOT0 YKCia O1YHUX 1 EKPAaHHUX T'YYHOMOBIIIB 1 T. 1.

MaiioyTHe mpocTopoBux cucteM. CtBopeHHs cucteM ¢dopMmary 5.1 3axanmano
KOJICKTUBHOI Mpalli 6aratbox (ipM 1 po3poOHHKIB MPOTATOM KUIbKOX pokiB. [IpupoaHo,
1110 po3po0Ka HACTYITHOTO MOKOIIHHS MPOCTOPOBUX CUCTEM BUMAra€e He MEHIITUX 3YCHUJIb.

HaiiGnmmxue 3aBmaHHs, 110 BHUMarae pilleHHsS, 1€ PO3UIUPEHHS 30HU
crepeoedekTy: cydacHi cuctemu Qopmary 5.1 3a0e3medyroTh JOCUTH J00pHUid
IPOCTOPOBUI €PEeKT NI MEHTPAIBHOI 30HU PO3TallyBaHHS ciiyxadiB. | O1YHHX 30H
BiIOYyBA€ThCSI PO3MICIIIICHHS CHPUHHSITTSA Ha OKpeMi KaHaiau. 31 30UIbIICHHSIM YHCIa
KaHAIIB 30Ha MPOCTOPOBOrO ePekTy Moke OyTH pO3LIMpEHa, aje MUTAHHS IOJISATae B
TOMY, SIKa KUIBKICTh KaHAIIB € ontuMaibHUM. CydacHi 3aco0u mepemadi 3BYKOBOIi
iHbOpMaIlii MOKYTh MATPUMYBATH BEIUKY KUIbKICTh KaHaiB. Hanmpukman, ais Bigpizka
My3uyHOro curHainy 60 xB. i mBuakocTi 32 kOiT / kanan crangapt DVD moxe
3abe3neuntr 400 kaHATIB, OJHAK MTOKU HESCHO, 10 3 HUMH POOUTH.

SIKIIO CTPOro BUKOPUCTOBYBATH TEOPEMY IPOCTOPOBOTO CEMIUTIIOBAHHS, TO
TYYHOMOBIIIB B 3aJ1i Tpeba po3MilTyBaTH Ha KoxkHi 3/16 mroiima, Ha 1110 TOTPIOHO OJIM3HKO
MUTbHOHA KaHaliB. 3 iHImoro 0oky, biayept moBiB, 1o s GopMyBaHHS IPOCTOPOBOTO
Bpa)KeHHS OJIM3HKO JBOX JCCATKIB KaHATIB IIJIKOM JOCTATHBO.

MMoBipHO, Tpe6a HTH 10 IIIAXY, BKA3aHOMY B JOIOBii npodecopa Biayepra Ha

113-my konrpeci AES: BpaxoByroYH, IO JIFOJWHA BOJIOJIIE BCHOrO ABOMA IpUMadyaMH
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1HpopMallii 13 iX JOMIOMOT0I0 CIIpUIIMa€e TPOCTOPOBHIA 3BYKOBHH CBIT, TpeOa nepeaBaTu
He 1H(POPMAILiI0 PO 3BYKOBE 0JI€ B KOXKHIM TOYLl TPUBUMIPHOTO 3BYKOBOI'O ITPOCTOPY ,
a TICUX0aKyCTUYHOTO 1H(pOpMAIIiI0, IO HAAIMIUIA 10 JBOX KaHAlaX B CIIyXOBY CUCTEMY,
3 SKOI BOHAa BHTATy€E HAWUOUIBII 3HAYYL[l O3HAKH, IO BHU3HAYAIOTh IPOCTOPOBE
COPUMHATTS 3BYKY. JlJI1 bOro HEOOX1THO MOOYAYBATH KOMI'FOTEPHY MOJEIb CIIYyXOBOT
00pOOKH CHUTHAIIB, 32 JOIMOMOTOIO SIKO1 BCTAHOBUTH 111 3HAYMMI1 O3HAKH 1 OpraHi3yBaTu
ix mepemady mo KaHaiax 3B'i3Ky. CamMe IUMU NHUTaHHAMH 1 3aiiMa€eTbcst [HCTUTYT

KOMYHIKal1iHOT aKyCTHKH, O4OJItoBaHUH brnayeprom.

1.2 CnekTpajnbHa cKJIa10Ba 3ByKOBHX MOBiIOMJIEHb i il aHaJi3

3BYKOBUMHU XBHWJISIMH a00 TMPOCTO 3BYKOM NPHHHATO HA3MBAaTH MEXaHIYHI
KOJIMBaHHS MOJICKYJI PEYOBHHH, IO IEpenaroThes B mpoctopi. JliamazoH 3BYKOBHUX
4acTOT JISKUTh B Mexkax mpudnuszHo Big 20 'L 7o 20 kI, XBuii 3 yactororo meHiie 20
['n Ha3zuBaroThCs 1HPpPa3ByKoM, a 3 yacTororo Outbine 20 k['1 - ynbTpa3BykoM. XBHITI
3BYKOBOTO J1alla30HY MOXYTh MOIIUPIOBATUCS HE TUIBKH B Ta3l, a ¥ B piauHI (TT0310BXKH1
XBUJI1) 1 B TBEpAOMY Ti1 (ITO3/10BKHI 1 mornepeuHi XBuii). OgHaK XBUJI1 B Ta301011I0HOMY
CEPENIOBUIIII - CEPEIOBUIIIl HAIIOTO MPOXKUBAHHS - MPECTABISAIOTh OCOOIUBUI 1HTEPEC.

Bucora 3ByKy - BU3HAYa€THCS YaCTOTOIO 3BYKOBOI XBWJII (200, MEpioIoM XBHJI1).
YuM BUIlIE YACTOTA, TUM BHIIE 3ByYaHHS.

Bucora 3Byky Bumiproetses B reprax (I'm, Hz) abo kinmorepnax (KI'm, KI'm). 1 I'ng
=1/ C. To6To xonmuBanHs B 1 ['11 BinmoBigae XBuil 3 MepiooM B 1 CEKyHY.

['yaHicTh 3BYKY - BH3HAYA€THCS aMIUTITYJO0I0 CUTHay. UWMm BHINE aMILIITy1a
3BYKOBOI XBWJIl, THM roiyiocHime curHan (puc.l.l). I'yuHicTh 3ByKy BHUMIPIOETHCS B
nenubennax 1 mo3Hadaetses Ab. OnunuIs BUMIpy, Ha3BaHa Ha YecTh Onekcanapa ['pema
benna. IlpucraBka aemnu 3aCTOCOBYETHCS JUIsl TIO3HAYCHHS OJWHUIL B YaCTKaX, PIBHUX

1/10. Bigmosigno, neruoden - e 1/10 bena.
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Pucynok 1.1. 3MiHa ry4yHOCTI 3ByKY

CepenHiM TNOKa3HUKOM TYYHOCTI Tojiocy JoauHu € TyuHicTb B 40-50 nb. ¥V
TeneoHii BUKOpUCTOBYEThCsl cmyra ydactoT Bing 300 T'm mo 3400 I'u, gepes Te mio
dbopmaHTH, 1110 BUBHAYAOTH PO30IPIUBICTE MOBH, PO3TAIIIOBaH1 B OCHOBHOMY B 111 CMY31
gactoT. Came 3 11i€i TPUYMHN YacTOTH eleKTpoMarHitHoro crektpa Mk 300 1 3400 rig
TAaKO)K HA3MBAETHCS TOJOCOBUMM YacTOTaMu (HE3BakalouM Ha Te, M0 IIe
€JICKTPOMAarHiTHA €Hepris, a He aKyCTH4YHA). ['0JIOBHMMHU O3HAKaMu JOMYCTUMOI SKOCTI
nepeiayl MOBU € po30IpJIMBICT, MOBHU 1 MI3HABaHHICTh a0oHeHTa. [l mepenayi ofHOTO
KaHaJly TOJO0COBOI YacTOTH, BKJIIOYAIOYM 3aXHUCHY CMYTY YacTOT, 3a3BUYall BUIUISIOTH
cmyry mpomnyckaHHs 4 k[T, sgka gomyckae dYacToTy guckperwsamii 8 kl'm ms
BUKOPHUCTAHHS B IMITYJILCHO-KOJOBIM MOAYJAIIl B TeleOHHIN Mepeki 3arajabHOTO
KOPUCTYBaHHs. Y PaJioOMOBJIICHHS BUKOPUCTOBYIOTH yacToTy Bia 50 g0 20000 I'11, Tak sk
TaM MOXXYTh BHUKOPHUCTOBYBATHCS 1 1HCTPYMEHTH, PI3HOTO POAY MICHI, YaCTOTH SKHUX
MOXXYTh OyTH 3aHAATO BHCOKI a00 3aHaaTo Hu3bKi. 11[00 MOBHICTIO mepemaTH BCHO
KapTUHY MY3UKH, HEOOX1JHUM caMe TaKUi YaCTOTHUM J11ama3oH.

MoBHu#i (3ByKOBHM) CHUTHajd IS Tepedadl Ha BIACTaHb 1 BIJAMOBIIHOIO
MEPETBOPEHHS TPAaHCHOPMYETHCS B €TICKTPUIHHUIN CUTHAI.

VY teopii i mpakTUIli 00pOOKM CUTHAIIIB YaCcTO 3yCTPIYAIOTHCS CUTHAIIH, STKI MOKYTh
posrmsanatucs sk nepioguydi. Curaan S (T) Ha3uBaeThCA NEPIOTUIHUM, SKIIO JJIST HHOTO
BUKOHY€eThCs yMoBa S(t) = x(t + nT), ae n — HinboBe uKciao,aT- mepios CUrHay.

[TpuknagoM HAUOPOCTINIOTO MEPIOUYHOTO CHTHATY € TapMOHIWHE KOJIWBAHHS

S(t) = Acos(wt — @).
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Takuii curHan siBJiss€e rapMOHIKY, SIKa XapaKTepU3Yy€eThCA arulTyq00 A, KpyroBoio

Y4acTOTOI0 @ W TOYaTKOBOIO (a3oio ¢.. He Baxkko mepexoHaTHCS, IO TapMOHIKa Mae

nepion T = 2%. . I'apmonika, mo mae nepiogw, 2w, 3wNpPU3BOIUTH 10 YTBOPEHHS

nepioguyHoro curnany S (T) 3 mepioom, piBHUM NepioAy nepuioi rapMoHiku T = 2

S

1.3 Orasn i anani3 TpaguliiHUX MEeTOIB epeTBOPEHHS 3BYKOBHX CUTHAJIIB

Jist mepenayi Oe3nepepBHUX CUTHAIB MOKHAa BHKOPHUCTOBYBATH JUCKPETHUMN
KaHaJl, epeTBoprooun Oe3nepepBHUil curHai B uudposuit 3a gonomorow ALl a Ha
npuiiManbHiil cTopoHi LM poBUii curHan B 6e3nepepBHuii 3a gonomororo [AIL

Ananoro-uu@poBe MEpPEeTBOPEHHS BHUKOHYETHCS B TPU OCHOBHUX €Talu:
Huckperuzariis - KantyBanus - KonyBanssi.

[ToBHMIT UKIT aHATIOTO-ITM(PPOBOTO NIEPETBOPEHHS 3BYKY HaBeJICHO Ha puc. 1.2.

OMCKPETHHA No4acy i Undpoeni kanwan

Henepepexuii & HENEPEPERWANO  uckperwuiinowacyi Uwdposwit [kaHaNEHWA kog)
4aci cHraan IHEHEHHID CHIHEA o 3HE4EHHID CHrHan  HOACEIHHIA CHIHaN '
e ————r N R H |
: - | = h o [
BxigHuA o1 | Bxigrwit pinerg Al I'Ipu.npm v | ey | Honen r" Bnok obpotd ¥
SHENCIOBMM— | i wacTor - enbipru T3 = —% curnanie T
CHIHEN | | |zGepiradxa | | | |
| | | e | | ——
F MepelwKogoCTiIHKE |
: ObmesieHHA e | HBEH'I.]I'E-HHH.H | KOAYEIHHA 3-HE"-IEHD-: ] 3anuc TR
! NoACCH 43CTo0T | : BMNNITY 4 CHrHana | ] o : . Ha HOCIH
Henepepennii e TD'“EKPETH““ NOYECY  |ngpoeni curHan D "?-i:il:l_[::j
4aCi CHrHEnN i No 3HIYEHHD i /
Buei grmit i . b ! [ h ¥ v
A - |EI,ﬂ,HDEﬂH}H}HMM HY M | | KaHanboHui . J
ZH3NOTOEH dinoT — IrnagHyYESHHA Dekogep BigTeopeHHR
CHrHEN ¥ 11 | |AexoasR
SincTpauin ILmpo-aHanoroee nepeTeoperHA+| | BUNpEENEHHA
| cxema edbBipku i 36epiranHa | NOMUNOE

Pucynok 1.2. IloBHUI LIUKJ TEPETBOPEHHS 3BYKY.

Jlami po3risgaeTbCs TPU OCHOBHI CyYacHI METOJM IEPETBOPEHHS 3BYKOBOTO
CUTHAITY.

ImnyabcHo-koaoBa moayasimisa (IKM). [Iporec iMmyabCHO-KOIOBOT MOTYIISAIIT
MPOXOAUTh HACTYITHUM YMHOM (puc.1.3):

1. AHanoroBuil cuUrHajg MNPONYCKAaIOTh Kpi3b (PUIBTP HU3BKOI 4YAaCcTOTH, 1100

BUJAIUTH Bce, 1m0 Mae yactoty moHaa 4000I'. Yacroty dinsTpytors g0 4000011 mis
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TOro, MO0 OOMEXUTH OO0CAT TOJIOCOBUX JaHUX, MEpeAaHuX IO MEpexkil. 3rigHO 3
TeopeMmoro KoTenbHUKOBA, I JOCSITHEHHS XOPOUIOi SIKOCTI Iepeayl roiaocy BUOIPKY
HE0OX11HO 3aiiicHIOBaTH 3 4acToTo0 8000 BUOIPOK B CEKYHITY.

2. BiadinbTpoBaHU aHANOTOBUW CUTHAN MiAHA€Thess BUOIpui 3 yactoToro 8000
pa3iB B CEKyHIY.

3. Ilicnst BUOIpKU CUTHAN EPETBOPUTHCA B TUCKPETHY LUPpoBY dopmy (puc.1.4).
OtpumaHuil KOJI O3HA4Ya€ aMIUIITyly CUTHAJly B MOMEHT, KOJIU BinOyBanacs BHOIpKa.
Tenedonnuii pizHoBu PCM BUKOPUCTOBYE KO 3 BOCBMH OITIB 1JI0TapuMIYHUN METOA
CTUCHEHHS, IKMI HaJiae OuIblIe OITIB AJII CUTHATY MEHIIOI aMILTITY/IH.

SkI1110 MOMHOXXUTH BOCBMHOITOBE cJIoBO Ha yacTory 8000 BHOIpOK, OTpUMAEMO
mBUAKICTh nepeaadi 64000 61T B cexkynny. Takum 4nHOM, 6a30Ba MIBUJIKICTh TE€IEPOHHOT
iHpacTpykTypH ctanoBUTh 64K06iT / C.

Al isd A0

D ACEEHTHRATSE: K HTR

- -+

NOEGREHER

Fhi N M0 Ay
f=epman b

MpH Ay =01 =121 IELTTESTe A Eh 1
‘ " Ngragen Npsormarap

RO R A

Pucynok 1.3 - CtpykrypHa cxema cuctemu [IKM

IKM 31 mBuakicTio 64 K61T/C B OCHOBHOMY BUKOPHUCTOBYETHCS B IIMPOKOCMYTOBUX
CUCTeMax 3B'sI3KY (SIK MPaBUJIO II€ TTPOBIAHA TENEPOHIS 3 BUKOPUCTAHHSIM KPYUIEHOT apH,
KOakcialy, ONTOBOJIOKHA), a TaK caMO SK TMOMEpeaHs JaHKa OUIbII JOCKOHAIUX
HU3BKONIBUAKICHUX MOBHHX KOJIEPiB, OCKUIBKHU i1 XapaKTEPUCTHKU BBAXKAIOTHCS Ty¥KE
BHUCOKOSIKICHUMU.

[Tporec ananoro-uudpoBoro nepeTBOPOBaHHS MpeACTaBICHUN Ha puc. 1.4.
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Pucynok 1.4. Ilponec 00pobku aHaoroporo curaaity Mmetojgom IKM

IIpu nuckperusarlii HEOOXITHO BH3HAUUTH YaCTOTy AUCKperw3ailii. Ii moxHa
1 )
BU3HAUUTH 3a Teopemoro KorenbHukosa (At = py= ). B 1933 poui B.A. KoTenbHukoBuM

JIOBEJIeHA TeopeMa BIJTIKIB, 110 Ma€ BKJIMBE 3HAUCHHS B TEOPii 3B'SI3KY: Oe3MepepBHUI

curaai S(t) 3 0OMeXeHUM CIIEKTPOM MOXHA TOYHO BITHOBHUTH (IHTEPIOIIOBATH) 32 MOTO

. : 1
BUIJIIKAMHU, Y3ATUMH 4€pe3 IHTEPBUINAL = PYRELS F ,BepXHs 4acToTa CIIEKTpa CUTHAITY.

CroyaTtKy cHWrHajg JHUCKPETU3YEThCS, TOOTO pO30MBAETHCS HA PIBHI BULIIKH, 1
CUTHaJ Ha IUX BIJIIKaAX YMOBHO B1I3HAYA€THCA TOYKOIO.

Jlami, mpu KBaHTyBaHHI HEOOXIHO 3aMIHHTH OTPUMAHWUN TMPU ITUCKpETH3AIlii
BJIJTIK CTAaHIAPTHUMH PIBHAMHU KBaHTYyBaya. J[J1s1 TOro, mod BU3HAYNTH KUTBKICTH OIT JIJIs
JAHOTO CHUTHANY, MOTPIOHO cKopucTaTucs dhopmysnomon = log, L, 1e n— po3psaaHICTh, a

L—kinbKicTh pIiBHIB KBaHTyBaHHS. Ha eTami koayBaHHA HEOOXIIHO KOXKE€H KBaHT

Jluct
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3aMIHUTH UU(DPOBUM KOJOM 3 00PaXOBAHOIO PO3PSAIHICTIO N 1 pO3TAIIYBATH iX Y MOPSIAKY
MPOXOJIKEHHS TUCKPETU3allil.

Mudepenuiiina  iMmmyJbcHo-konoBa  moayasuisa (JJIKMacto DPCM -
Differencial PCM). ¥V meromi JIKM s 3HMXKEHHS HAAMIPHOCTI MOBHOI'O CHTHAITy
BUKOPHUCTOBYETHCS HASIBHICTh KOPEJISIIi MK CYCITHIMU BiJuTikaMu. HasiBHICTD KOpesnsiii
7A€ MOKJIMBICTh IPOTrHO3YBaTH HACTYIIHI BIIIKH MO MONEPETHIM.

Y crpykrypt JIKM (puc.1.5) B komyBaHHI 1 mepedadi MO KaHaly 3B'SI3KY
HJISITal0Th HE caMi BIJJTIKYM (BUOIPKHU ) CUTHAITY, a TIOMUJIKH TiepeioadeHHs. Y pasi, Koju
napaMeTpu MPUCTPOIO MepeAdaueHHs aJeKBaTHI BJIACTHUBOCTSIM MOBHOI'O CHUTHAly,
BIA€THCA 3MEHIIUTH JUHAMIYHUN iana3oH MOMUWJIOK MependadyeHHs B TMOPIBHSHHI 3
JUHAMIYHUM J11alla30HOM MOBHOT'O CHUTHaly. A 1€ J03BOJISIE 3MEHIIMTH YHCIIO PIBHIB
KBaHTYBaHHS 1, BIANOBIIHO, KUIbKICTb OIT Ha BHOIpKYy 1 IIBHUIKICTh

1u(pOBOro MOTOKY Ha BUXO/I1 KOJEpA.

OHY r(nT,) r (nTs)

Kodep Hexodep Hume

N 2"

Huckp

C )
~
Y

E

Hr\ﬁ'

\

C(O)-C(t-T3)
Pucynok 1.5 - Ctpykrypna cxema kogeka JIKM:

[Tpu BukopuctanHi 11 kKogyBanHs MoBu Metony JIKM uucno 6it kBaHTyBaHHS
Ha BUOIpKY 3HMXKYEThCS 10 4-6 (32-48 k0Oit / ).

[lomanpmie 3HWKEHHS IMBUAKOCTI MH(PPOBOrO TOTOKY HAa BHXOJII Kojaepa
JOCSITAETHCS 32 PAXYHOK BUKOPUCTaHHS aanTUBHOTO BapianTy JIKM.

KBaHTyBaHHS aHAJIOrOBOIO CHTHAJIy METOAOM JHQPEPEHINIHHOI IMITYJIbCHO-

KOJIOBOT MO YJIALiT HaBeaeHO Ha pucl.6.
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Pucynok 1.6 - KBanTyBaHHs aHanoroBoro curtaity metogaom JIKM

AnantuBHa audepeHuniiHa iMnyJabcHO-koaoBa moayJasuis (AJIKM a6o
ADPCM). lle oauH 3 HalOUIbII 3arajJbHONPHUHATUX 1 HMIMPOKO BHKOPHCTOBYBAHUX
CTaHJApTIB CTUCHEHHS (KOyBaHHsI) MOBH 31 BHAKICTIO 24-32 KOiT / C.

Konepu Ha ocHoBi JIIKM po3poO0msitoThCs B MPUITYIIEHHI, 110 BHXIJ JDKepena
NOBIIOMJIEHb cTairlioHapHui. HacmpaBni MoBa - 1€ HecCTal[lOHApHUN BUIIAKOBHIA
npoiiec, ToOTO Ti gUCIIepCis, CIEKTp 1 aBTOKOpeNAiiiiHa QyHKIIisl 3MIHIOIOTBCS B Yaci.
Tomy nins eeKTUBHOTO KOAYBaHHS HEOOX1THO IMOCTIMHO BIJCTIAKOBYBATH TaKOT'O POIY
smiau. Y metoai AJIIKM Ha Binminy Big JIIKM npoBoguThes agantuBHe HaMAIITYBaHHS
KPOKY KBaHTYBaHHS CUTHATy MIOMIIKH TlepeadadyBayva (puc.1.7), a Takox aBTOMaTUIHE
HaJAIITyBaHHA KOE(QiIi€HTIB HEPEKYPCUBHOTO (PinbTpa mependavyBada BIATOBIIHO 10
3MIHM TIOTOYHOTO CIIEKTpa MOBHOTO TMOBimOMJICHHS. JlaHi 3axoau 03BOJSIOTH
MIHIMI3yBaTH TUHAMIYHHUHN Jiarta30H MMOMUJIKHM IIepea0avYeHHs 1 HEOOX1THEe YMCIIO PiBHIB

KBAHTYBaHHA.

Jluct
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Pucynok 1.7. CrpykrypHa cxema A/JIKM

[Tpu xonyBanHi MoBH 3 BukopucTaHHsaM AJIIKM s1st BUCOKOT IKOCT1 BIIHOBJIEHOT
MOBH MOTPIOHO BUKOPUCTOBYBATH Juiie 3-4 OiT Ha BUOIPKY.

HeabTa-moayasimis (JAM). [enpra-Moaymsiio MOKHA PO3TISAATH SK PI3HOBH
JNIKM, B sKili BHUKOPUCTOBYETHhCS JBOPIBHEBHUM KBaHTyBad B 3'€HAHHI 3
nependadyBaueM nepuioro nopsaaky (puc 1.8). Takum 4MHOM MPOTHO30BaHE 3HAUYCHHS -

1€ TIPOCTO 3aTPUMaHUN Ha OJIUH TaKT MUHYJIHH BIJUTIK.

Cl) o) e(n) S 2

—» DHY > BY |+ Konep |4 Jupua |- Huarerpmop QOHY =
G(f) f.l_?
Harterparop

Pucynok 1.8. CtpykTypHa cxema KoJeKa AeIbTa-MOTYIIi

Hanuit Bug koxyBanHs (puc.1.9) € edekTHBHUM y pasi, KOJIW PI3HUIS aMIUTITY/]
MDK CYCIIHIMH BimmikamMu Manma. 1[poro mocsrarorh CTpOOyIOUM aHAJIOTOBUN MOBHHUI
CUTHAJI 3 9aCTOTOIO B 4-6 pa3iB OUTBIIOIO, HiXK YacToTa KoTenpHuKOBa. Toi MIBUIKICTH

BUa41 iHGOpMAIIiT KOJIEPOM CTaHOBUTH 32-48 KOIT/C.

Jluct
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Pucynok 1.9. HacoBu giarpamu JIM

MoBHOMY KOJIepy Ha OCHOBI JIeJIbTa-MOYJIALIT BIACTUBO JBa BUIU NIEPETBOPEHb:

— NIEPEBAaHTAKCHHS 110 HAXMITY; BUKJIMKAETHCS PO3MIPOM KPOKY KBAaHTYBaHHS, SKUH
3aHAATO MAJIMM, 1100 BIJICTEKYBATH CUTHAJ 3 PI3KUM HAXHUIIOM;
— IIyM JIpoOJICHHS; BUKIUKAETHCS PO3MIPOM KPOKY KBaHTYBaHHS, SKUH 3aHAJTO
BEJIMKUM, 1100 BIICTEKYBAaTH CUTHAII 3 MajluM HaxwioM. JIJIs yCyHEHHs 3a3Ha4yeHUX
HEJIOJIIKIB BUKOPHUCTOBYIOTh 3MIHHUM KPOK KBaHTYBaHHS, TOOTO 3MIHIOIOTH HOTO
aJanTABHO TUM a0o0 IHIIMM METOJOM B HANpsIMKY MiHIMIi3allli 3arajabHOi CepeaHbOl
KBaJpaTa MOMMJIKH BiJl IBOX 3a3HAYEHUX (haKTOPIB.

AlaniTUBHA /1eJIbTA-MOAYJsIIisl. ATAaITUBHI CXEMU JIeTbTa-MOAyIaTopiB (AJIM)
J03BOJISIIOTh 3HAYHO TMOJIMIIUTH Xapaktepuctuku JIJIM, 30kpema rpyOe KBaHTYBaHHS
noxuOku mnependayeHHs. 3a3Buyail npu AJIM BHUKOPUCTOBYETbCS ajamTailis IIo
BUXITHOMY CHTHay. B iboMy BUMaKy HE MOTpiOHA CHHXPOHI3allisl IO KOJOBUM CIIOBAM,
TOMY 1110 KPOK KBAaHTYBaHHS B TIEpeiaBadi 1 mpuiiMadi mepeOya0BY€EThCS B OJHIN 1 Til &Ke
KOJIOBOT IMOCITiIOBHOCTI.

CrpykrypHa cxema AJ/IM npusenena Ha puc.1.10.

[Tominmenns sikocti AJIIM qocsraeThes MIISAXOM ii HE3HAYHOTO YCKJIaJHEHHS, BCI
nocroinctBa JIJIM mpu mipomy 30epiratotbesi. Bukopuctanus nepeadadyBada Apyroro
mopsiaky B JIIM  abo AJIM pgae Burpamr |y BIJHONIEHHI CHUTHAJI-IIYM

KBaHTyBaHHs Ha 4 — 5 1b.

Jluct

BKC.27.07.001.00.KPB.M3 21

3m. | Apk No nokym. Migmac | Jata




+
Tl BY | Koaep — o AHM [ I’[‘gg; o OHY |y
Hurer-
patop [+ ANM
AHANHI »  AHAHI

Pucynok 1.10 — CtpykTypHa cxema aJanTUBHOI 1eJIbTa-MOTYISII1

B apantuBHoMy wmoaynstopi M 3 MHTTEBMM KOMIUTIOBAHHSIM CHUTHAJ
3BOPOTHOIO 3B'A3KY, LI0 HAAXOAUTh Ha CcXeMy (QOpMyBaHHS CHTHAJy MOMMIIKH,
3MIHIOETBCS. B KO)KHOMY TaKTOBOMY IHTEpBaji BiJIMOBIAHO A0 MOJSPHOCTI IMIYJILCIB
BUXIJIHOTO JBIMKOBOro curHany L(t) B maHomy 1 momepeAHiX TaKTOBUX IHTEpBaJax.
TakuMm YMHOM aJanTUBHUN MOAYNATOpP 'MiAraHse" CHUTHaJ 3BOPOTHOTO 3B'SI3KY 10
BXIIHOTO CHUTHAJy MpPOTATOM IOPIBHSHO HEBEJIMKOTO YHCIa TAKTOBUX IHTEPBAJIIB.
3arajlbHUM ISl CTPYKTYPHHUX CXE€M KOJEKIB 3 MUTTEBUM BLAPA/DKEHHAM € MaJMi dac

(dbopMyBaHHS CUTHATY YIPABIIHHSI KPOKOM KBaHTYBaHHS.

1.4 Anani3 i pocaigpkeHHs1 cyyacHux ¢opMmartiB nmepeTBOPeHHsI i KOXYBaHHS
3BYKOBOI'0 CHTHAJLY

Konmex Microsoft ADPCM (amantuBHa nudepeHiliagbHa IMITYJIbCHO-KOI0BA
MOYJISINIS ), KOJIMCH TIOMYJISIPHUN y TIIPATiB, sIKI He Oa)kalld BUTpAayaTH yac Ha KOyBaHHS
My3uku B MP3 - naneko He 3pa3ok skocTi. [ 3MeHIeHHs o0cary ¢aiiay J0BOIUIOCS
CTBOPIOBATH BOCHMU a00 HaBITh YOTUPHOX OITHI wave (pailiii 3 4aCTOTOI0 AUCKPETU3AIli]
22k, mo paBamo myxe ciaOkuii pesynbrar. I skmo MP3 daiin 3 dikcoBanmM
oirperitom 128 KG/c 3By4uTh OLIBII-MEHIII CTEPITHO (A JJI JSSKUX CIIyXadiB - 17I€aJIbHO),
TO aHAJOTIYHOTO pOo3Mipy wave Qaitn, ctucHyTuit kogekom ADPCM 3By4nTh mpocTo
KaXJTUBO.

®opmar MP3. MPEG (Bing MotionPictureExpertGroup - rpyna exkcnepriB Mo

pyxomum 300paxennsim) 1 Layerlll (piqme MPEG 2 Layerlll), Takox iHO11 IMEHOBaHUIA

Jluct
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moapMu HekoMmnieTeHTHUMU MPEG 3 (takoro ¢opmary He iCHY€) BiK€ JTIOBI'l pOKH € JUIs
0aratb0OX KOPUCTYBayiB €JUHOI0 aCOLIALlIE}0 31 CIOBOCIONYYEHHSM '"KOMII'IOTEpHA
My3uka". Po3pobiniennii B kiHui 80-X poKiB, HEBUMOIJIMBUN 10 pecypciB (BIATBOPEHHS
MP3 (aiiniB MOXJIMBE HaBITh Ha KoMmm'loTepax 3 mpoiecopamu 486) dopmart, skuii
J03BOJISIB CTUCKATH MY3MKY 70 10 pa3iB 0e3 kaTacTpopiyHUX BTPAT SIKOCTI HIBUIKO
MIPUKUBCS Ha JIOMAIIIHIX KOMIT'IoTepax. Yepes aeskuit yac ctano sicHo, 1mo "CD skicTp"
npu Oirpeiti B 128 KO/c HemoxnMBa, NMpUHAaMHI 0 LBOrO CTAaHAAPTY, Tak SK 3
OCHAIICHHSIM KOMIT'FOTEPiB OUIbII JOCKOHAIMMH 3BYKOBHMH KapTaMH i aKyCTHYHUMH
CUCTEeMaMH JIO3BOJISIO BHSIBHUTH HEJONiKA monaiOoHoro komyBaHHS. CyuacHi
KOJUPYBATbHUKH JIO3BOJISIFOTH JOCSATTH SIKOCTI 3BYYaHHS, HA CIIyX HEBIIIMITHOTO Bif
KOMITAaKT JucKa Ha OiTpedTtax B niama3oHi 192-256 KO6/c HaBiTh Ha BHCOKOSKICHIN
anaparypi. [Ipore, B nedakux piAKICHUX BUNAAKax (IPH HAABHOCTI XOPOIIOTO CIyXY 1
anapaTtypu) HaBiTh OiTpeiita 320K6/c Mmoxe He BucTtaunTu. CKIQAHICTh MOJSITAaE BTOMY,
mo cam 1o cobi ¢gopmar MP3 Mae Hemosdiku, BiJl SKUX MPAKTHYHO HEMOXIMBO
no30yTucs. Ha mpaktuii >k BUKOpPUCTaHHsS mocTtiiiHOro Oitpeiita 320K6/c wacto
BUSIBIIIETHCS HAJUJTUIIIKOBUM 1 HalfyacTiiie NpU3BOJUTE A0 O€3riy3/10i BUTPATH MICIISL.
[TopiBHSHHS CTENEHIB CTUCHEHHS (haiiia, 1 IK HACTIAOK 3MIHY SIKOCTI 1 TPUBAJIOCTI

3ByuyanHs Ha CD B ¢popmari MP3 mpuseaeno B tad:. 1.1.

Ta6mums 1.1. [TopiBHSIHHS cTerneHiB cTucHeHHs (aiina B dopmarti MP3

CrermniHb
CTUCHEHHS SIkicTh 3By4aHHS Tpusanicts 3Bydanss CD
datina
128 x6it/c [iTkoM mpUHITHA SKICTh [Tpu6nu3uo 12 rogun
: VY GinbIIoCTi BUNIAAKIB HE
192 k0it/c S MTAAKIE [TpuGmm3HO 9 ToaUH
BIZIPI3HAETHCS B/l OPUTIHATTY
_ 3BUYAHE JIIOJICHKE BYXO HE Uye€
256 K0iIT/C CTIOTBOPEHD B MIOPIBHSAHH] 3 [Tpubau3HO 6 TOaUH
OpUT1HAJIOM
Jlucr
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Jns ctBopenHs MP3  ¢aitniB igeanbHo minxoauth Oe3komToBHU LAME
(xonyBanbHuKM Fraunhofer € mnaTHUMU 1 103BOJISAIOTH AOCATTH MOpiBHAHHOTO 3 LAME
SAKOCTI, a KoJiepu Xing, 1 OUIBIIICTh IHIIMX HE 3aCAyroBYIOTh Ha yBary), a s
BIITBOPEHHS - OJTHA 3 OCTaHHIX Bepcit Winamp 2.

®opmar MP3pro. Jlns nepenayi My3uKd B IHTEPHET BUKOPHCTOBYIOTHCS
3a3BUYail caMi HHU3bKI OITpeTH, SKI € JaJleKo HEe HAWCWIBHIIIO CTOPOHOIO
"3puuaitnoro" MP3. Tyt MP3pro 1 nposiBisie cede 3 kpaoro 60Ky: 4aCTKOBa CyMICHICTb
3 MP3 1 HoBa TexHosoriss SBR, BiZHOBIIO€ BUCOKI 4acCTOTH, 5Kl 37aTHI B YUMAJIOMY
CTYIIEHI TIOCTIPHUSITH MPOCYBAHHIO HOBOTO (popMaTy Ha MPOCTOpax Tio0agbHOI Mepexi.
Jlnist 30epiraHHst My3UKH BHCOKOi sikocTi MP3pro aOConoTHO HE TOJIUThCA: HABITH MPHU
BUKOPUCTaHH1 MAaKCUMAJIbHO JIOCTYITHOIO /1 OUTBIIOCTI KO/IeKiB OiTpeiiTa 96 K6/c uyTHi
CIIOTBOPEHHS, X0uYa B MOPIBHSAHHI 3 O0araTbMa IHIIMMU (OpMaTaMH, IO MIIATPUMYIOThH
HU3BK1 OITpEeUTH pe3yiabTaTi poooTH Kojaeka MP3pro momitHo kpamii. [Tpu migBumieHH1
OiTpeiiTa AKICTh (hailyliB Magae B MOPIBHAHHI 3 IHITUMH opMaTaMU 1 BXKe NMpHU OiTperTax
128K6/c posymnimie BukopuctoByBatd MP3 a6o OGG Vorbis.

ITepcriektuBn 'y MP3proB mailOyTHROMY HEBENMKI: 3aHaJITO BYy3bka cdepa
3actocyBaHHs (B OCHOBHOMY IHTepHer 1 moptaruBHi MP3 mporpaBaui) 1uItOC
JIIIEH3yBaHHs, 110 BHMAarae BiJ pPO3pOOHHMKIB BKJIAJCHHS YMMaIMX KOIITIB HAINEeBHO
MaTHMYTh BUpIIIAJIbHE 3HAUYCHHS B KOHKYPEHTHIH OOpOTHOI.

®dopmar MPEG plus/Musepack (MP+/MPC/MPP). [lauuii hopmMaT CX0XHii 32
npuHiunoMm naii Hva MPEG Layer II (MP2), ame BuxopucToBye OimbII JOCKOHATUMN
anroput™M. Ha BigMiHy Bim OUIBIIOCTI IHIIMX CY4YaCHUX KOJEKIB METOIO0 TBOPIIIB
Musepack Oyno 30BCiM HE TparHeHHS OTPUMATH MAKCHMAaJbHO MOMKIMBY SIKICTh Ha
HU3BKUX OiTperTax: Halkpale GopmaT mokaszye cebe Ha CEpelHIX 1 BUCOKUX OiTpenTax
(TumoBwmii GiTpeT (QailmiB 3a3BUYail 3HaXOAUTHCS B miama3oHi 160-180K6/c). Uymosa
NICUX0aKyCTUYHA MOJENb, fAKa BUKOpHCTOBYe VBR komyBaHHsA m03BOJSsiE JOMOITHCS
MPEKpacHoi SKOCTI 3BydaHHsA. B pe3ynbTari KOJEK TMOKa3ye pe3yNbTaTH BUIIII, HiXK
OUIBIIICT, MOTO CyNEepHUKIB Ha aHajoriyHux Oitpeittax. IlIBuakicte pobOoTH

KOJlyBaJlbHUKA JOCUThH BUCOKA: Ha cTBOpeHHs1 MPC (aiinny BuTpayaeThcs NpuOIN3HO B
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IBa pa3d MeHIIe 4Yacy, HDK Ha cTBopeHHs MP3 @aitny 3a gomomororo lame 3
aHAJIOTTYHUMHY HAJIAIITYBaHHIMHU.

binemr toro, MPC (aiinu, cTBOpeHI TakuM YHMHOM 3By4YaTh Kpaulle, HIXK
BUCOKOsiKicH1 MP3 (aitnu 3 61Tpeittom 320K6/c (3p03ymino, B TUX PIAKICHUX BUIAAKAX,
KOJIM JIJaHE MOPIBHSAHHS MOXHA ITPOBOJIUTH).

OpHuM 13 cepilo3HMX HEJOJIIKIB HUHIIIHBOI Bepcli Musepack € oOMexeHHs Ha
dopmart daiiny: 44kl'1, 16 61T, cTEpeo, 110 pOOUTH HOTO HEMPUIATHUM JJIsI, HATTPUKJIIA],
CTUCHEHHS 3BYKOBUX JOPLKOK 70 ¢pubMiB Ha DVD. BincyTHicTh anmapaTHOT MIATPUMKH
TaKOXK MOXE CTaTH MEePENIKoI0I0 Mpu BUOOP1 hopmary.

®opmat AAC. ®opmat Advanced Audio Coding (po3miupene ayaio KOAyBaHHS),
takox Bimomuit sk MPEG2 nbc (not backwards compatible) € nactynaukom opmary
MP3. Tloeanytouu B co61 anroputmu koayBanus MPEG2 / MPEG4 AAC wmae mupi,
HI’K MP3 MOXJIMBOCTI: MOKJTUBICTh KOJTYBaHHS JICKIJTLKOX 3BYKOBUX KaHAJIIB 3 YACTOTOIO
nuckpern3aitii 1o 96 xI'11 1 Bume, Hixk y MP3 criBBiIHOIIIEHHS SIKICTh / pO3MIp pOOIsATh
Horo BeabMHU MPUBAOIMBUM SIK JIJISi CTBOPEHHS MY3HUYHOI KOJEKIIil, TaK 1 JAJi1 KOJyBaHHSA
OaraTokaHaJbHUX 3BYKOBHUX JIOPIKOK. SKiCTh 3By4aHHs (DailiIiB, CTUCIIHX 32 JIOTTIOMOT OO
AAC O1IHIOETECSA K BIIMIHHE.

[Ipore y BuxopuctanHi AAC € CBOi TpyOHOINI: aJTOPUTMU KOJYBaHHA,
BUKOPHUCTOBYBaHI B JaHOMY (opMaTi TOCUTH CKJIaaH1, TOMY Juisi cTBOpeHHS AAC daiiny
noTpiOHA 3HAYHA KUIBKICTh Yacy 1 CHCTEMHHUX PECYPCIB.

®opmar TwinVQ (VQF). VQF (VectorQuantisationFormat, ¢opmar 3
BEKTOPHUM KBaHTYBaHHSIM), € yacTHHOIO crnernudikarii MPEG4. Sk dopmart ctucHeHHs
my3ukn VQF Huni meptBuil. byas-skuii BigBigyBau caiity VQF.com Oyne 3ycTpinyTuit
HACTYIMHUM He HaATo ontuMictTuyHUM HamucoM: "VQF.comisnowshutdown. The VQF
format is now out-of-date. 3a 3asBamu po3poOHUKIB sKicTh 3By4aHHs VQF ¢aiiny 3
oirperitom 80 K6/c Omm3bko mo 128K6/c MP3 (mo psmy npuuuH JaHWA OITpEdT €
"KaMEHEM CMOTHKaHHA" PO3POOHUKIB aNTOPUTMIB KOJTYBaHHS 3BYKY), a 6iTpedT 96K6/c
na€e OLIBII BUCOKI pe3ynbTatu. [lcuxoakyctuuna mozenb VQF icToTHO Binpi3HsIacs Bif
YCIX, SIK1 BUKOPUCTOBYBAIMCS 10 I[LOT0, JO3BOJISIOUHN OTPUMYBATU OUIBII BUCOKY SIKICTh,

HDXK paHilie.
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[Ile B 2000 poui po3pOOHUKH 3asiBISIIM MPO CBOI MJIAHM MO PO3poOIl Kojepa,
3natHoro crBoproBatd VQF daiinu 3 yaBiui OiabiuM O6iTpeiiToM (BiAMOBIAHO, 3 OLIBII
BHUCOKOIO SIKICTIO), aji€ 3 THX Iip Majo 110 3MIHWIOCSA: OCTaHHs Bepcis mporpamu Nero
Burning ROM wmictuth miaris, mo no3Boiise ctBoptoBatu VQF daitnu 3 6iTpeiitom 110
192x6/c. Ipo 1HmmMx nporpam, mo maTpuMyoTh VQF2 Hidoro He BioMo.

®opmat WMA. ®opmatr WindowsMediaAudio OyB po3poOieHuil BCeHaApPOIHO
ymo0nenoro Microsoft B sxocti ueprooro "3actynHuka" MP3. dopmar mocTiitHO
BJIOCKOHAJIIOETHCS, TOCTYIIOBO 3'SIBJSETHCS MIATPUMKA OUIbII BUCOKUX O1TpelTiB (10 160
K6/c B HOBUX BepcisiX KOJIeKa).

Sxicth 3BydanHss WMA daitny nijikoM MoxHa NOpIBHATH 3 akicTio MP3 ¢aitny 3
TUM K€ OiTperToM, 1HOA1 epeBunyrourn MP3 Ha Hu3bKkUX OiTperTax. YuMaiuM Mirocom
MOKHA BBa)kKaTu Te, 10 KoayBaibHUKH WMA Bxke BOymoBani B Windows, a ocTaHH1
Bepcii Windows Media Player 103BossitoTh KOJIyBaTH KOMIAKT IMUCKH Biipa3y >k B HOBUM
dopmat. Ha cBoemy caiiti Microsoft peryyisipHO MpoOBOAUTE TECTYBaHHS HOBUX BEPCIi
Kojieka (mepeBakHo Ha Oirperitax mo 128 K6/c), mpoTtuctaBisiroun iM 3actapiiai abo
HU3BKOSAKICHI KOJIUPYBAIBbHUKH MP3.

HemonaBuo 3'seuBcs dopmar WMAY, miaTpumye KOIyBaHHS 31 3MIHHUM
OiTpeiiTom, a TakoXk ctucHeHHs Oe3 BTpar (loseless). HesBakaroum Ha 1€ HIIKHX
PUHIIMIIOBUX TTOKPAIIEHb SKOCT1 HOBA BEPCisl KOAYBalbHUKA HE MPUHECA: CTUCHEHHS 3
BTpaTaMH BCE III€ HEJOCTAaTHHO SKICHE, a pe3ylabTaTH loseless kommpecii Tipiri, HIXK Y
Cy4aCHUX BUTBHO PO3MOBCIO/KYBAHUX KOTYBaJbHUKIB.

®opmat Liquid Audio. BuxkopuctoByioun cydacHi BHCOKOSKICHI aJTOPUTMHU
AAC 1 ATRAC BiH [03BOJISI€E OTPUMATH pE3yAbTaT 3a SKICTIO 3BYYaHHS, SIKHM
nepesepirye ananorigauit MP3 ¢aitn. Kpim camoro aymiorpeka Bcepenuni LQT daiimy
MO3Ke 30epiraTucs 101aTKoBa iHPOpPMAIlis: BIIOMOCTI PO BUKOHABIIA 1 ATbOOMU, TEKCTH
miceHb, rpadika i T.4. Bmict daitmy mmdpyerbcs MO0 YHUKHYTH HEIErallbHOTO
KOITiFOBaHHSI.

Henomikom fy1st TOMaNTHHOT0 BUKOPUCTAHHS MOXKE OyTH CKIIQHICTh IEKOTyBaHHS

daiinie LQT B wave (mns mogansiioro 3amucy Ha CD-R / RW) 1 BiacyTHICTB
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OE3KOIITOBHUX KOAYBAJIBHUKIB. sl KOAyBaHHS MY3UKH BIOMa Kpallle Iiaiiiae
"spuuaitnui" AAC.

®opmar OGG Vorbis. 3asBu po3poOHUKIB BUIIISAAI0Th TPUBAOIUBUMU: MTOBHA
BIIKpUTICTh (opMary 1 Horo cBoOojaa Bl pi3HUX NaTeHTIB (Ha BiaMiHy Big MP3 i
Oaratbox 1HIIKX (HOpMAaTIB), NIATPUMKA ITUPOKOIO J11alla30Hy YacTOT JUCKpeThu3aii (8-
48 xI'n) 1 6itpewitiB (Big 16 qo 256 KO/c Ha kaHaT), MOXKIIMBICTh KOJYBAaHHS HE TUIbKU
CTEpEeO CUTHAITY, aje 1 JeKUIbKOX KaHalliB ayAl0 JaHUX, BUCOKY SIKICTh 3By4aHHs 1 6arato
iHmoro. BBaxkaeTbcs, mo Oitpeiita 160-190 K6/c moctatHho myist 3a0e3medyeHHs
3By4YaHHS, Ha CIyX HEBIJAMITHOTO BiJ KOMITaKT JUCKA.

3a 3amoBuyBaHHAM s cTBopeHHsi Ogg Vorbis (aiiyliB BUKOPUCTOBYETHCS
KoayBaHHS B pexxumi VBR, 1m0 g03Bossie 10cAartd OUThII BUCOKOTO CITIBBIIHOIIEHHSI
SIKICTB / pO3MIp 33 paXyHOK OIITUMAJILHOT'O BUOOPY OITpeiiTa B 3aJIeKHOCTI BiJl XapaKTepy
MY3UKH, XO4Ya MOJXJIMBE BUKOPHUCTaHHS TOCTiMHOTO Oirpeiita. IHdopmaris mpo
BUKOHABIIS, Ha3By KOMIO3WINi 1 T.1. 30epiraetbes B Unicode, Tak 1 cama mo co0i
oprasizailis TeriB peajizoBaHa OUIbII rpaMOTHO, HiXX B ID3V2 (mocuts HOBHET dopmar
teriB MP3 / AAC daiinis).

®opmar Apple AIFF. Lle#t tun dainiB € craHmapTHUM UIsi cucteM Apple
Macintosh 1 cucrem 00poOku 3ByKy, moOymoBaHux Ha Horo ocHoBi. Apple AIFF
posmudpoByeThes sk Audio Interchange File Format - ¢popmar ¢aitmy oOMiHy 3ByKOM,
BiH y YoMych cXoxHit 3 WAV. Moro 0co6imBicTIO € Te, 10 BiH J03BOJISE PO3MIIyBaTH
pa3oM 13 3BYKOBOIO XBUJICIO JOJATKOBY iH(opmairito, 30kpema, cemumm WaveTable
(mpuKIaau 3ByYaHHS IHCTPYMEHTIB pa30M 3 MapamMeTpaMH CHHTE3aTOpa), 10 MOKpaILye
AKICTh TIJCYMKOBOTO pE3ylbTaTy. Xoda B JaHUW dYac komm'torepu Apple 3maTHi

BIITBOPIOBATH (DA IPAKTUIHO Oy/Ib-SIKUX (popMarTiB, B ToMy uncii i MP3.

1.5 JloctimzkeHHSI MePCIEKTUBHUX MeTOAIB O POBYBAHHSA 3BYKY
Y 1990 poui OyB cxBajleHHM MepIIMA MDKHApPOJHMM CTaHAApT B OO0JacCTI
BileOKOH(pepeH13B'A3Ky - crnenudikamnis H.320 s miaTpuMku BiAeoKOH(DEpeHiliil mo

ISDN. Ilorim ITU cxBanuB mie MLuUly cepit0 peKOMEHJAllld, IO BIIHOCITHCA MO
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BileokoH(pepeHI3B'3Ky. Lla cepis pekomennamiii, yacto 3BaHa H.32x, kpim H.320,
BKIItO4ae B cebe ctanaaptu H.321-H.324, sxi npu3HayeHi A pI3HUX TUIIB MEPEXK.

3apa3 H.323 - ogun 3 HaWBaxIuBIMX cTaHaaptiB 3 miei cepii. H.323 - ue
pexomengauii [TU-T nist MynbTUMENIMHUX TOAATKIB B OOUMCITIOBAIBHUX MEpeXkax, 1110
He 3a0e3MeuyloTh FapaHTOBaHy sKicTh 00ciayroByBaHHs (QoS).

[lepenaua aynio- Ta BimeoiHdopmallli BeJIbMU IHTEHCUBHO HAaBaHTaXXy€ KaHAIU
3B'SI3KY, 1, AKIIO HE CTEXHUTH 3a 3POCTAHHIM I[HOTO HABaHTAKEHHS, Mpale3JaTHICTh
KPUTUYHO BOKJIMBUX MEPEKEBUX CEPBICIB MOke OyTu mopymieHa. Tomy pekoMeHzarii
H.323 nepenbayaroTh ynpaBiiHHSI CMYTOI0 MPONYyCKaHHS. MoOKHa OOMEXUTH SIK YHUCIIO
OJTHOYACHUX 3'€THaHb, TAK 1 CyMapHy CMYTY MpOITyCKaHHs i Bcix qomaatkiB H.323. 11i
0OMEKEHHS JI0MIOMararoTh 30epertTd HeoOX1IH1 pecypcH Uisi pOOOTH THIIHUX MEPEKEBUX
nonatkiB. Koxen tepminan H.323 moke ynpaBisTH CBOEIHO CMYrolO NMPOMYCKaHHS B
KOHKPETHIH cecii KoHepeHIIii.

Cranaaptu ans koaekiB. H.323 BcTaHOBIIOE cTaHAapTH Ui KOJYBaHHS 1
JEKOJTyBaHHs ay/io- 1 BIJ€ONMOTOKIB 3 METOIO 3a0e3IeUeHHs] CyMICHOCTI OOJagHaHHS
pi3HUX BUPOOHUKIB. Pazom 3 TUM cTaHmapT OOCUTh THYYKHH. [CHYIOTH BHMOTH,
BUKOHAHHS SIKMX € OOOB'SI3KOBUM, 1 ICHYIOTH OII[iOHAJIBHI MOXJIMBOCTI, B pasi
BUKOPHUCTAHHS SKHX TaKOXX HEOOXITHO CTpPOro CiliAyBaTH cTaHmapTy. Bci komeku

cimetictBa H.323 npencrapneni B Ta6m. 1.2.

Taomuns 1.2 - 3Benena TadMI BCiX KOJIEKIB cimercTBa H.323

[IBuaKICTE 3aTpuMKa Inpu
Tum koneky .
Konek KOJIYBaHHS KOJIYBaHHI
G.711 IKM 64 Ko6it/c 0,75 mc
G.726 AJIIKM 32 Kb6it/c I mc
G.728 LD-CELP 16 Ko6it/c Bix 3 no 5 mc
G.729 CS-ACELP 8 Koit/c 10 mc
G.726 a CS-ACELP 8 Koit/c 10 mc
G.723.1 MP-MLQ 6,3 Koit/c 30 mc
G.723.1 ACELP 5,3 Koit/c 30 mc

B nmanumii yac 3acTOCOBY€TbCS KiUTbKa CTaHIApPTIB OUU(POBKU 3BYKY, SKI

PO3rIAAaOTECA HUIKYC.
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Cranpapr RPE-LPC. RPE-LPC 31 mBuzakictio mnepemaui 13 Ko6it/c
BUKOPHUCTOBYETHCS B IKOCTI CTaHIAPTy MOOUTBHOTO 3B'SI3KY B €BpOINEUChKUX KpaiHax. B
OCHOB1 LILOIO METOAY IMOKJIAJEHO NPUHLMI IepeAdadyeHHs, Koiau iHdopmarlis BiJ
MOMEePEeIHIX TUMYACOBUX BIIUIIKIB BHKOPUCTOBYETHCA, 100 Nepen0ayuTH MOTOYHHM
yacoBuil BiIik. KoedimienTu niHiHHOT KOMOIHAIT MOMEPEIHIX TUMYACOBUX BIJTIKIB,
IUTIOC, 3aKoJloBaHa (opMma 3aJUIIKOBUX, PI3HUIS MDK mHependadyeHuM 1 (haKTHUHUM
TUMYACOBHUM B1JIJIIKOM, MPEJICTABIAIOTh CUTHaAI. MoBa po3aiieHa Ha 20 4acoBHUX BiJIJTIKIB
B MUTICEKYHAHM, KOXEH 3 SKUX 3aKoJoBaHWil sk 260 OITiB, 110 CTAaHOBUTH IOBHY
mBUAKICTH nepenaui iHdopmarii 13 Ko6it / c. Lle Tak 3BaHe KoJlyBaHHS MOBH Ha MOBHIN
mBuakocti (Full Rate).

Cranpapt CELP. CELP 31 mBukictio nepenayi 4,8 Koir / ¢. CxBanennii y CIIA
denepanbuuM crangaprom FS-1016. BukopuctoByeTbcs B cUCTEMax MPUXOBAHOIO
tenedonHoro 3B'sa3ky. Meton konyBanHs CELP 3acHoBanuii Ha  JiHIMHIN
aBTOPETPECIOHHI MoJeNi potiecy GOpMYyBaHHS 1 CIPUUHSATTS MOBH 1 BXOJUTH JI0 TPYITH
METOJIB aHalli3y Yepe3 CHHTE3, peali3ylouux CcydacHl Ta e(EeKTHBHI aaropuTMHU
1HGOpPMAIlIITHOTO CTUCHEHHS MOBHUX CHTHAJIB. AJITOPUTMH JAHOTO KiIacy 3aiiMaroTh
IPOMDKHE TIOJOKEHHS MDK Kojepamu (OpPMHU CHTHANly, B SIKMX 30epiraerbcs dopma
KOJIMBaHh MOBHOT'O CHTHaJly B TIpOIleCi WOro JIHCKpeTH3amii 1 KBaHTyBaHHS, 1
napaMeTpUYHUMHU BOKOJIEPaMH, OCHOBAaHMMH Ha TpOIEAypax OIIHKH Ta KOJYBAaHHS
HEBEJIMKOTO YHCjIa MapaMeTpiB MOBH, 00'enHyrounm mepeBaru koskHoro 3 Hux. CELP
HaWOUIBII e€(EKTUBHO 3aCTOCOBYETHCS TPH Iepeaadyi MOBHOTO CHUTHANy B Jliala3oHi
mBuakocter Big 4 1o 6 Koit/c. Xoua CELP, rofoBHUM YMHOM, OpiEHTOBAHWN Ha HU3BKI
IIBUKOCTI, HA HBOMY 0a3ylOThCsl 6arato craHaapTiB. BunmpoOyBaHHS MOKa3ylOTh HOTO
TMPUHHATHICTG 1 A1 BUCOKHX IIBUIKOCTEH.

Cranpapr VSELP. VSELP 31 mBumkictio mnepemaui 7,95 Koit/c.
BUKOPHUCTOBYETHCS B IUPPOBUX CTUIBHUKOBUX cuctemax [liBHiunoi Amepuku. VSELP
31 mMBHIAKICTIO mepenadi 6,7 KOit/c mpuiiHATHN B SKOCTI CTaHAAPTY B CTUIBHUKOBUX
Mepexxax Amonii. AnroputMm koayBaHHS MoBH Vector Sum Excited Linear Prediction
(VSELP) nHanexuTh m0 kjiacy kojaepiB mpomoBu Bimomux sik Code Excited Linear

Prediction (CELP). Koaepu Takoro poay BUKOPHUCTOBYIOTh KOJOBI KHUTH, IO MICTSTh
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Ha0OpH BEKTOPIB AJIs allpoKcUMallii BekTopa 30y ukeHHs. [lomyk, skuii anpoKCUMy€eTbCs
BEKTOPOM, BUMArae 3Ha4HO1 KiJIbKOCT1 00UMCIICHb HABITh JJIsl KOJIOBUX KHUT MIHIMAJIbHO
OpUUHATHOTO  po3Mmipy. OO4YHMCIIeHHsS  mapaMmeTpiB  JiHIMHOTO  mependayeHHs
3IACHIOETHCS OJIMH pa3 3a noBHUM pparmeHT (20mc). Anroput™m VSELP BukopuctoBye
MeToJ1 "aHali3-uepe3-cuHTe3" 11 BUOOpy ONTUMAIBLHOrO HabOpy MapaMeTpiB MOBJICHHS
3a KputepieM MiHiManbHOI eHeprii nomuiaku (MSE). Cepennst eHeprisi po3paxoByeThbCs
OIMH pa3 3a (PparMeHT 1 KBaHTIB N'iTbMa JBIMKOBUMH KBaHTyBauamu. HalOinblie
3HaueHHsa kony 31 BinmoBijae cepeaHiil eHeprii 3 piBHeM -4dB mon0 MakcuMallbHO
MOJIMBOTO PiBHS €HEpPrii, pIBHOTO KBaJpaTy MaKCHMAJIbHOTO 3HAYEHHS BiJIIKY MOBH.
Pemra piBHIB po3ramioBaHi 3 BiZHOCHMM iHTepBasioM -2dB. Ilicis momyky yacTUHU
CUTHANTy 30Y/DKCHHS B QJaNTHUBHINA KOJOBOI KHHW31, 3JIHCHIOETHCS TIOIIYK PEIITH
30y KeHHSI B TBOX (DIKCOBaHMX KOJJOBHX KHUTaX. AJTaTHBHA KOJOBA KHUTA SIBJISIE COOOI0
nam'ste TpancBepcanbHoro (KUX) dinbrpa 3 oAHUM HEHYITBOBUM KOe(]II[IEHTOM 1 31
3MiHHOIO 3aTpumkoto.Anroputm VSELP He MicTuTh 6e3mocepeqHbOro KBAaHTYBaHHS
Koe(iIieHTIB MOCHJICHHS. 3MIMCHIOEThCS KBAaHTYBaHHS TUIBKA OKPEMHX IapaMeTpiB.
Konep VSELP koxHni 20 mc ¢popmye 160 OiT maHuX , 10 BIAMOBITa€ NIBUIKOCTI Iepeaayi
8000 6 / ¢ (3 HEUX oAMH OIT BIABOIUTHCS HAa CHHXPOHI3AIIIIO).

Cranpapt LD-CELP. LD-CELP cxBanenuit crangaprom MKKTT G 728. B
JaHOMY CTaHJApPTI JOCSATAEThCA HEBEJIMKa 3aTpuMmka npubmmsHo 0,625 wMc,
BUKOPHUCTOBYIOTHCS KOPOTKI BEKTOpU TIOPYIIEHHS 1 HE 3aCTOCOBYETHCS (PULIBTP
JIOBTOTPUBAJIOTO TIepen0avyeHHs 3 nepenaBaibHoio pyHkiiero. B anroputmi LD-CELP
36epexxena cytb merony CELP, mpencramistouoro cobor MeETOA «aHami3y dYepes
CUHTE3» IUIIXOM MONIYKY CHUTHAJIB B KOJIOBOI KHU31. J[Js1 OTpuMaHHS aaroOpUTMIYHOI
3aTpuMKH opsAaKy 0,625 MC BUKOPUCTOBYETHCS a/IalTaIlisi TPOBICHUKIB 1 PIBHIB CUTHAITY
30ymKeHHs 1o Buxonay. [lepeqaeThest TUTBKY IHIAEKC CUTHAY 30Yy/DKCHHS, 3HANICHUIA B
KoZoBiil kHU31. OHOBIECHHS Koe(ilieHTiB mependadyeHHs] MPOBOAUTHCS 3a JOTIOMOTOIO
LPC-ananizy panimie KBaHTOBaHOi MOBH. PiBeHb 30ymKeHHS OOHOBIIOETHCS 3a
JOTIOMOT010 1H(pOpMaIllii, sIka MICTUTBCA B paHIillle KBAHTOBAHOMY CUTHAJI1 30y KEHHS.

Po3mip Gnoky nj1si aganTaiii BEKTOpa CUTHaIy 30Y/KEHHS 1 PIBHS CTAaHOBUTH BCHOTO
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auiie m'ath BUIIKIB. OHOBIIEHHS JUIsl 3BaKyBaHHS (LIBTPA, BPAaXOBYE CHPUUHSTTS,
MPOBOAUTKCS 3a fonomororo LPC-aHanizy HEKBaHTOBaHHOM MOBH.

Cranpapt MP-MLQ. Cranpapt ctucHenHs G.723 yacTkoBO 0a3yeTbcsl Ha
HOBOMY MeToJii cTucHeHHs MoBU (Multipulse Maximum Likelihood Quantization - MP-
MLQ), po3pobiieHomy i3painbebkoro hipmoro AudioCodes, TBOpiieM nepe1oBUX MOBHUX
1 (pakCUMUTBHUX TEXHOJIOT1H, 1 ii KOPIOPaTUBHUM MapTHEPOM - aMEPUKAHCHKOIO (PipMOIO
DSP Group.

Metonq MP-MLQ BimHOcHuThCS 10 ciMeiicTBa anroputMmiB AbS. MoBHuii komep
MP-MLQ Bukopuctoye LPC-ananizatop 10-ro mopsaky i npairoe Ha MBUIAKOCTIX 4,8;
6,4; 7,2 i 8,0 K6it / c. Moro crpykTypa miaTpuMye nepenporpaMyBaHHs "Ha 1b0Ty" I
oJiHi€T a00 JEKUILKOX MIBUAKOCTEeH. MacmradoBanicTs anroputMy MP-MLQ no3Bosisie
PO3po0IIATH MOXIAHI peaizalii 1y mBuakocTe ax 10 4,0 Koit / ¢ 1 6iiblie HU3bKHUX
KOMYHIKaIIMHUX 3aTpuMok (10 20 Mc), 3A1MCHIOBAaTH KOJYBaHHS Ha JICKUIBKOX
IIBUKOCTSX 1 31 3MIHHOO IIBUJIKICTIO, BAKOHYBAaTH OaraTokaHalibHY 00pOOKY (3aBIsSKU
HU3BK1H 00UHCIIIOBabHOI HaBaHTa)keHH1 - MeHIe 10 MIPS) 1 mocsaratu BHCOKOT SKOCTI

Ha 8 Koir/c.

1.6 JlocaimkeHHsI KOXYBAaHHS 3BYKY Y MOOLJIbHOMY 3B’SI3KY

GSM (Bix Ha3zBu rpynu Groupe Spécial Mobile, mizHime nepeiiMeHOBaHHI B
Global System for Mobile Communications) - rmo0anpHuHIi HHGPOBHIA CTaHAAPT IS
MOOUTBHOTO CTUIBHHKOBOTO 3B'A3KY, 3 IMOJUIOM KaHany 3a mpuHiunom TDMA Ta
BHUCOKHUM CTYTIEHEeM O€3MeKH 3aBIAKU MUGPYBAHHIO 3 BIAKPUTHM KitoueM. Po3pobiieno
mij erizoro €BponeiichKoro IHCTUTYTY cTaHAapTu3arii eixexktpo3s's3ky (ETSI) B kinii
80-x poxkiB.

GSM BigHOCHUTBCS 0 MEPEK APyroro mokomainHs (2 Generation), xoua Ha 2006 pix
yMOBHO 3HaxomuThes y daszi 2,5G (1G - aHamoroBwii CTUTHHUKOBHH 3B'M30K, 2G -
upPOBUN CTUTBHUKOBUH 3B'A30K, 3G - MMPOKOCMYTrOBUN MUGPPOBHUIA CTUTBHUKOBUHN
3B'I30K, KOMYTHUPYEMO 0araTolIbOBUMU KOMIT'IOTEPHUMH MEpEeKaMH, B TOMY YHUCII

IHTEpHET).
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CrinpHUKOBI TenedoHn BUITyCKaroThes 1 4 aianazoHiB yactoT: 850 MI'w, 900

MTI'n, 1800 MI'1, 1900 MI'u. IcHYIOTh TakoX, 1 TOCUTH MOIIMPEH1, MyJIbTi1alIa30HHUE

(Dual-Band, Multi-Band) Tenedonu, 31aTHi npaioBatu B gianazonax 900/1800 MIw,
850/1900 MI't, 900/1800/1900 Mrr1.

GSM Ha ChOTOJHINIHIN J€Hh € HaWOUIbII MOMIMPEHUM CTaHAApPTOM 3B'A3KY. 3a

nanumu acouiauii GSMA Ha naHuil cTaHmapT J0BOAUTbCA 82% CBITOBOIO PUHKY

MOOUIBHOTO 3B'sI3KY, 29% HacelleHHs 36MHOI KyJil BUKOPUCTOBYE TJI00aJIbHI TEXHOJIOT11

GSM. V¥ GSMA B nanuit yac BXOAATh onepatopu Outhbil HiXK 210 KpaiH 1 TEpUTOPIH.

puc. 1.11.

CtpykTypHa cxema npoueciB 00poOku MoBH B cTanaapti GSM npezacTaBiena Ha

Pucynok 2.1. Tlpormeci 06po6ku moBu B ctangapti GSM

Hu. Bx.

v

Nigcynoeay

VAD

MosHWRA
-

DTX ympaeni -

HHA | poboTa

" | kogep

MosHWR
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VY nesxux kpainax miana3zoH yactor GSM-900 6yB posmupennii 10 880-915 MI'n
(MS -> BTS) i 925-960 MI'n (MS <- BTS), 3aBasku 4oMy MaKCHMajbHa KLIBKICTh
KaHaJiB 3B's13Ky 30inbimaacs Ha 50. Taka monudikaiis 0yna va3sana E-GSM (extended
GSM).

b) GSM-1800

Mopaudikanis crangapty GSM-900, uudpoBuii ctangapT MOOUTEHOTO 3B'SI3KY B
nianaszoni yactot Big 1710 no 1880 MI'1.

Oco0nuBocCTi:
— MaKCHMaJlbHa BUIIPOMIHIOBaHa MOTY>KHICTh MOOUIBHUX TelIePOHIB CTaHAAPTY
GSM-1800 - 1B, ans nopiBasHHS Yy GSM-900 - 2Bt. buibmuii yac 6e3nepepBHOL
poOoTH 6€3 MiA3apsAIKd aKyMyJsITopa 1 3HM)KEHHS PIBHS Pa/ilOBUIIPOMIHIOBAHHS, X04a
SKIIO BpaxyBaTW TOW (hakT, MO Ii¢ OLIBII BHCOKA YacTOTa, TO MOYKHA MPHITYCTUTH
30UTBIIEHHS «e(PEKTY MIKPOXBHJIbOBOI IIE€Y1» HA OpraHi3M KOPUCTYBaya;
- BUCOKA EMHICTh MEPEXKI, 1110 BAXJIMBO ISl BEJTUKUX MICT;

- MOKJIUBICTb BHUKOPUCTAaHHSA TeJe(QOHHUX amapariB, M0 MPAIIOIOTh B
crangaptax GSM-900 ta GSM-1800 onHouYacHo.

IlepeBaru Ta Hegosiku GSM cranaapry. [lepeBaru ctannapty GSM:
- MEHIII TTOpiBHAHO 3 aHanoroBumu ctangaptamu (NMT-450, AMPS-800) po3mipu
1 Bara Tesie(pOHHUX arapariB IpH OLTBIIIOMY Yacy poOoTH 0e3 Mia3apsiKd aKyMyJsiTopa
- XOpoIla SKICTh 3B'I3KY TP JOCTATHIN IIUTBHOCTI pO3MillieHHs 0a30BUX CTaHIIIH;
- BEJIMKAa EMHICTh MEPEKi, MOXKIUBICTh BEJIMKOTO YKCJIAa OJJHOYACHUX 3'€JHAHD;
- HU3BKHK PIBEHB 1HIYCTPiadbHUX MEPEIIKO/] B JAHUX YaCTOTHHUX JlialTa30Hax;
— MaKCHUMAaJIbHUN 3aXUCT BiJ MiJCIYyXOBYBaHHS 1 HEJIETATHbHOTO BUKOPUCTAHHS, 11O
JIOCSITAETHCS MUISIXOM 3aCTOCYBaHHS ajJTOPUTMIB MUGPYBAHHS 3 BIIKPUTUM KIIOYEM.
EFR-texnomorisa siBisie co6010 BIOCKOHAJICHY CUCTEMY KOAyBaHHS MOBHU. LI cucrema
Oyna po3pobaeHa (ipmoro Nokia i 3rooM cTana IPOMHCIOBUM CTaHIAPTOM KOyBaHHS
/ nekoryBaHHs I TexHonorii GSM;

— IIMPOKE MOIIMPEHHS, 0cOONMBO B €BpOMi, BEIUKHI BUOIp 00JagHAHHS.

Henouiku cranpapty GSM:
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- CIIOTBOPEHHSI MOBHU ITpH LU POBiil 00poO1Il 1 epeaaui;

- 3B'S130K Ha BijcTaHi He Outbiie 120 kM Bij HailOIMk40i 0a30BO1 CTaHIii HABITh PU
BUKOPHUCTaHHI MICUJIIOBAYiB 1 HAllpaBiIeHUX aHTeH. ToMy JJi HOKPUTTS MEBHOI IO
HeoOXiHa OuIbIlla KUTBKICTh TiepeaaBaviB, Hix B NMT-450 1 AMPS;

- cepiio3Ha MOTY)KHICTh BUIIPOMIHIOBAHHS HOLIEHUMHU TpPyOKaMu - MOTEHIIHHA
mKoAa 370poB't0. B paHuii yac He A0BeNEHO, HaBITh IICIS MPOBEACHHS Oe3miul
€KCTIEPUMEHTIB.

IlepeTBopeHHs1 MOBHMX cUrHAJMIB B ctanaapti GSM. Jlns ananoro-mudpoBoro
NIEPETBOPEHHST MOBHUX CUTHAJIB B cTaHaapTi GSM BukopuctoBytoThess ALIl. OcHOBHI
XapaKTePUCTUKU MOBHMX curHaiiB (3rimHo 3 pexomenaaunismu MKKTT) B cranmaprti
GSM 1 0co6aMBOCTI iX aHAJOTO-IIU(PPOBOrO MEPETBOPEHHS:

- Jiana3oH 4acToT MOBHOTo curHairy oomesxenuii: 300 ... 3400 I';

— TPUBAJICTh 3BYKIB MOBHOT'O CHUTHAJly CTAaHOBUTH BiJl JEKUIBKOX JECATKIB 10
JEKUTBKOX COTeHb MUTICEKYH/I, IPU cepeHboMY 3HaueHH1 130 mc;

- JUISl TOJIOCHUX 3BYKIB Cepe/lHE 3HAYEHHS TPUBAJIOCTI cTaHOBUTH 210Mmc, st
MPUTOJIOCHUX - 92 MC;

- CHEKTpP MOTY>KHOCTI MOBHOTO CUTHAJIY Ma€ MakCUMyM 1oosim3y yactotu 400 'y 1
criajiae Ha OUTBIT BUCOKHMX YaCTOTaX 31 MIBUAKICTIO OJM3bK0O 9 1b Ha OKTaRy;

- npu TenedOoHHIH pO3MOBI PIBEHh MOBHOT'O CUTHATY 3MIHIOETHCS B Jiana3oHi 35 ...
40 nb, npu 11bOMY piBEHb MPUTOJIOCHUX B cepeHboMY Ha 20 1b HUXK4Ye piBHS TOJOCHUX;
— B aHAJIOTO-IIM(GPOBOMY MEpPETBOPEHHI 1 MUGPOBi 00poOIli CUTHATY MOBJICHHS
00OMEXYIOThCS YaCTOTHUM 1HTEPBAJIOM 3BHYaitHOTO aHanoroBoro tenedony 300 ... 3400
T, IpU I[bOMY TpPHU KOJYBaHHI MOBHOTO CHTHAaJIy BpPaXOBYIOTHb KBa3iCTaIllOHAPHHI
rayCOBCHKHI MPOIIEC, Y SIKOTO CIEKTPAIbHO-KOPEAIIAHI XapaKTepUCTUKH MOCTIHHI Ha
inTepBaii 20 ... 30 mc.

Jlo/1aTKOBO CITiJ 3a3HAYUTH HACTYITHE:

— CIIyXOB€ BIIUYTTS TYYHOCTI MPUOIM3HO MPOMOPIIIAHO JorapumMy IHTCHCUBHOCTI,;

— MOpOroBa JyIsl CIIyXy 3MiHA PiBHS 3BYKY He nepeBuinye 1 ab;
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- JIOAChKE BYXO C€JIa0OBIIYYTHE OO TOYHOCTI mepenadl (pa3oBUX CIIBBIIHOLIEHb
CIEKTPATBHUX CKIIAJIOBUX CUTHAIY;

— MOCTIHA Yacy CIyXy B CEpeAHLOMY CTAaHOBUTL: MPU HApOCTaHH1 curHany - 20 ...
30 mc; npu cnaai-100 ... 200mc.

[ToBepTarounich 10 PO3TISAAY TPOIECY IMEPETBOPEHHS aHAJIOTOBOI'O MOBHOTO
curHainy B mu@poBy (opMy, po3risHEMO OUIBII JOKIAAHO OCOOJHMBOCTI MPOLECIB
JTMCKpeTH3allii 1 KBaHTyBaHHA B cTaHAapTi GSM.

Ha nBa BX0IM JUCKpPETH3AaTOpPA MOJAAIOTHCS JIBA CUTHAJIH:

- aQHAJIOTOBHMI CHTHAJ MOBH;
— CUTHAJI BiJ] TeHEpaTOpa TAKTOBUX IMITYJICIB.

Bignosigno no teopemu auckperusanii (KorenbHukoBa-llleHHOHA), sSKIIO aiis
¢ynukii U\(t) crekTpasibHOT CKJIaq0BOi Ha#BHINOT yacToTH € F max (B pa3i MOBHOIO
curHana Fmax = 3400 ri1), To MUTTEBI BIIJIIKH, B3SITI 3 4aCTOTOIO Fg> 2 * Frax , MICTATH B
co01 MpakTUYHO BCIO 1H(OpMaIlio BUXigHoro noeigomieHHs (Todto Fg> 2 * 3400 = 6800
I'm).

SIx BiZIOMO, 3aCTOCYBaHHSI TEOpPEMHU IUCKpeTu3alii s TeiaedoHii, 16 MOBHUN
curHan (abo ¢GakCUMUIBHUN CHUTHAT) OOMEXEHUH 4acTOTOK Fmax = 3400 ri, gactorty
nuckpern3aiiii oouparoTs piBHINA Fg = 8000 I'11, ToOTO mepion nuCKpeTU3arii CTaHOBUTH
Tq =125 mxkc.

KsanryBanns curnany. ¥ crangaptaux AL, mo BUKOpUCTOBYIOTHCS B UGPOBIi
TenedoHii, 3a3BUYail 4YMCIO PIBHIB KBAHTYBaHHS (NIPU NPUHHSATHOMY BiTHOIICHHI
CUTHAJ/ 1IyM) BHOWpPAIOTh piBHUM 256 = 28, TOOTO KOXHOMY PIBHIO aHAaJOTOBOTO
curHaiy Oyne BiAnoBigaTH HUGPOBUN CUTHAI y BUTTISAI 8-pO3PSTHOTO ABIHKOBOTO KOJY.

VY crangapti GSM BukopuctoByeThes 8 01T mudpoBoi iHGoOpmMarii HA OIUH
KBaHTOBaHWI Bimmik. Yacrora reHepaTopa curHaiy KkBaHTyBaHHi Uy TIOBHHHA
BigmoBimatu: 8kI'm-8 = 64 kl'm, a mepioxg 7 * = 1 / 64-103 = 15,625 mkc, T0OTO
30epiraeThCs CTaHAAPT HA MBUAKICTH epenadi indopmaii Ha Buxozi ALIT-64 k6iT\c mo

OIHOMY Tele(hOHHOMY KaHaIy.
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Cnig 3a3Ha4yMTH, O B CUCTEMAX CTUIBHMKOBOTO MOOUIBHOIO 3B'I3KYy CTaHAAPTY
GSM BukopucTOBYIOTbCA 16-0iTOB1 curma-gensta ALIl, npu 1HbOMY MIBHUIKICTH
M(pOBOro BUXITHOTO MOTOKY ckianae 128 kOit/c.

Oco06amBOCTI U(PPO-aHATIOTOBOTO MEPETBOPEHHS] MOBHUX CUTHAIIB B CTaHIApTI
GSM. Ik BigoMO, nepeTBOPEeHHs HU(POBOTO MOTOKY, 110 Hece 1HPOPMAIIiO PO MOBHI
CUTHAJIM  HAAXOJUTh 3 JIEKOJEepa MOBH, peali3yerbcs UU(POAHATIOTOBUMU
nepetBoproBayamu (LIAIT).

Cyuacui LIAIl B MOOUIBHUX CTaHULIAX BUKOHYIOTHCS Yy BUIJISAI IHTErpajbHUX
mikpocxeM. [llupoke 3actocyBanHsi 3HaxonsTh 16/18/20/22/24-61toBi LAIIl Ha omHii
IHTErpaibHIA  MIKpocXemi. Y  cUCTEeMax CTUIbHUKOBOTO MOOUIBHOTO  3B'SI3KY
BUKOPUCTOBYIOThCS Takoro poay LIATL BxigHuit nndpoBuii MOTIK B IKMX M€ MIBUIKICTD
128 k6it / c. Taki LIAIl nmeperBopsTh HMQPPOBI MOTOKM B MOBHI CHTHAjH, fAKi B
nepenaBalibHii yacTUH1 Oynu nepeTBopeHi B indposi curanu B AL mpu 16-6iToBoMy

cCurmMa-JAciibTa INCPCTBOPCHHA.

1.7 AHagi3 i J0CJHil’KeHHsT THUINOBHMX CTPYKTYPHHMX CXeM IepeTBOPIOBaviB
3BYKOBHX CUTHAJIIB

B manomy po3mini  po3poONISIETBCS CTPYKTypa Ta IepeTBOpIOBaYa CHUTHAJIIB
MOBJICHHSI, SIKUW BUKOHYETHCS 32 MPUHIIUIIOM AU(PEPEHIIATBHOT aIalTUBHOT IMITYJILCHO-
K0/10BO1 MOy isLii. [IpucTpiii BimHOCUTBCS 10 001acTi hopMyBaHHS ITU(PPOBUX CUTHAIIIB
1 MOXE BUKOPHUCTOBYBATHCS B Cy4aCHUX HHU(PPOBUX CHUCTEMaxX IMepeaadi MOBHUX
CUTHAJIIB.

im0 po3poOKH SBISETHCS IMIBUIICHHS SKOCTI BITHOBIICHOI MOBH 3a PaxyHOK
BUKJIFOUCHHSI IITyMIB KBAaHTyBaHHS. ANanTUBHUN AUGEPEHIINHUN IMITYyITECHO-KOJOBUH
MOJYJSTOP MICTUTH JHPKEPEJIO aHAJIOTOBOTO MOBHOTO CUTHATY, JUCKPETU3ATOP 32 4aCOM,
MepPETBOPIOBAY BIIJTIKiB, BUPAXOBYBaY, aIalITUBHUH NIepe0avyBay, TeHepaTop KOPOTKUX
MepioIMYHUX IMITYJIBCiB, OJHOBIOpATOp, ABa AudeEpeHiiaropa Mo 4yacy 3 IHBEPCHUM
BUXOJOM, aHAJIOTOBUU YACTOTHUN MOJYJISITOpP, aHAJIOTOBHII MEPEMHOKYBad CUTHAIIB,

MIJCUITI0OBAY-00MEXKYyBau aMIUTITYAM CUTHANY, JIYMWIBHUK IMIYJbCIB, PETICTP 3CYBY,
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reHepaTop TAKTOBUX IMIYJbCiB, Lu(poBuil 1HBepTOp 1 1HTerpatop. CTpyKrypa
nepeTBoproBaya npuBejeHa Ha puc 1.12.

['0710BHOIO BIAMIHHICTIO 3alIPOTIOHOBAHOI CXEMHU NEPETBOPIOBaYa BiJ aHAJIOTIB €
MaKcUMaJlbHE 30UTbLIEHHS IKOCTI MOBH 32 PaXyHOK BUKJIFOUEHHS ONepallii KBaHTyBaHHS
3a pIBHEM IMIIyJIbCIB TIOMHJIKM Tepe0adyeHHs 1 TIOBHOTO BHKJIIOYEHHS BTpaT
iHpOpMaIIITHUX IMITYJIbCIB, TaK SIK MEPETBOPEHHS MapajiesIbHOro KOy B MOCIIAOBHUMN

3MIMCHIOETHCS B Tlay3aX MK palloiMITyJIbCaMH.
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Pucynok 1.12. CtpykTypHa cxema nepeTBOproBaya CUTHAIIIB MOBJICHHS Ha 0a3i
AIIKM

Ha no3naueno:

1 - mxepeno aHAJIOrOBOTO CHUTHANY; 2 - T€HEpaTop IMIYJbCIB TUCKpPETU3aIlii;3 -
JTUCKpeTH3aTop; 4 - oqHOBIOpaTOp; 5 — mepeTBoproBay BiIiKiB; 6, 14 - nudepeniiaTopu
3a 4acoM; / - BUPaxoByBad; 8 — ajanTUBHUN NiependadyBay; 9 - 4aCTOTHO-MOAYIbOBAHUN
aBToreHepatop (dactotHuit Mmonynsatop); 10 — mepemuoxxyBaB curnanis; 11 — nmudposuit
iHBepTOp; 12 - mifcmiIroBaYy-00MeKyBad CUTHAIY 10 piBHIO; 13 - iHTerparop 3a yacom;15
— JIYAIBHUK IMIyNbCiB; 16 — perictp 3cyBy;17 - reHepaTop TaKTOBHX IMITYJbCIB.
Kpyxeukn y OmokiB 6, 13, 14 o3HauaioTh iHBepcito. BBemeHi emeMeHTH oOBeneHI
MyHKTUPHOIO JIHIEIO.

[TpuHIIMT B3aeMOii BY3JiB CTPYKTYPHOI cxeMu moJisirae B Tomy, o B AJ[IKM,
110 CKJIAJA€THCS 3 MOCIIIOBHO 3'€THAHUX JHKEpesa aHanoroBoro MosHoro curuainy (MC),

JUCKpEeTH3aTOpa 3a 4acoM, IMEepeTBOpPIOBAaYa BIMJIIKIB, BHpPAaXOByBaua, BUXIJ SIKOTO
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3'€HAHUI 3 JIPyrMM MHOro BXOJOM Yepe3 aJanTHUBHUN mependauyBay, a TaKOXK 3
reHepaTopa KOPOTKUX MEPIOAUYHHUX IMITYJIbCIB, MIAKIIOYEHOTO CBOIM BHXOJOM MO
JIPYroro BXOAY JAMCKpeTH3aTopa OEe3MOoCepeaHbO 1 10 APYroro BXOAYy MEepPEeTBOpIOBaya
B1JIJIIKIB Uy€pe3 MOCIIJOBHO BKJIIOUEHI OAHOBIOpaTOp 1 nepuiuii qudepeHiiiaTop 3a 4acom
3 I1HBEpPCHMM BHUXOJIOM, BBEJI€HI JOJATKOBO TMOCIIOBHO MIJKIIOUYEH] JI0 BUXOIY
BUPAxOBYyBajla AHAJOINOBUM YAaCTOTHUM MOIYJATOP, AHAJIOTOBUM IEPEMHOKYBAB
CUTHAJIIB, MIACUIIOBaY-00MEKyBay aMIUIITYAH CUTHANY, JIYMWIBHUK IMITYJIbCIB, PETICTP
3CYBY 3 I'€HEpPaTOPOM TAKTOBUX IMITYJIbCIB, MIAKIIOYEHUM A0 HOro JPyroro BXOAy, a
TaKkoX UU(PpOBUN IHBEPTOP, IHTErPATOP 1 APYrUil AUPEPEHIIATOP M0 Yacy 3 IHBEPCHUM
BUXOJIOM, TPUYOMY, BHXiJI OJHO BiOpaTopa NIAKIYEHUH OO JPYroro BXOAY
NEepPEeMHOXKyBaBYa CUTHANIIB O€3MocepeIHbOo 1 10 BX0oAy 103Boiy PE Ha 3amuc B perictpi
3CYBY - Uepe3 IMOCIHIIIOBHO BKIIOYEHI HMU(PPOBHUM 1HBEPTOpP 1 Apyruil nudepenuiarop 3a
4acoM 3 1HBEPCHUM BHMXOJOM; BXil N103BoJdy PE Ha 3unMTyBaHHS 3 pPEricTpy 3CyBY
HIKJIIOYEHUH 10 BUXOY IIU(PPOBOTO IHBEPTOPA UEPE3 IHTErPaTOp 3a YACOM 3 IHBEPCHUM
BHUXOJIOM; BHUXIJ pericTpa 3cyBy € BuxojoM Bchoro AJIIKM. IcToTHOIO BiAMIHHICTIO
IPUCTPOIO € BBEICHI €JIEMEHTH 11X 3B'13KY, TOMY 1110 TUIBKH BOHU JO3BOJISIIOTH OTPUMATH

JAHWUN TEXHIYHUU pe3yJIbTar.

1.8  JocaixkenHss moOyaoBHM  (PYHKIiOHAJIBbHO-IPUHIMIIOBUX  CXeM
NepPeTBOPIOBAYIB 3ByKOBHX CUTHAJIIB

AnanoroBuii moBHui curHan (MC) uy(t) 3 reneparopa 1 HagXoauTh Ha
HU3BKOYACTOTHUH (H.4.) BX1Jl TUCKpeTHU3aTopa 3, Ha BUCOKOYACTOTHHM (B.4.) BXiJ SKOTO
MO/IAIOTHCS TEPIOIMYHI KOPOTKI IMITYJIbCH JUCKpEeTH3alii 3 reneparopa 2. YacroTa
MPOXOJKEHHS IUX IMIYJIbCIB BUSHAYAETHCS TeopeMoio KoTenbHHKOBa Ta JOPIBHIOE §
k['11. Kopotki muckpetri 3nauerns PC uz(t) (puc.3.3) 3 Buxoay 010Ky 3, 3BaHi BilTiKamMH,
HAJXOJIATh Ha OJWH BXiJ OJIOKY 5. Bitok 5 siBisie c00010 KOHAEHCATOP IMMOCTIMHOT EMHOCTI,
3allyHTOBAHUI HOPMAJIbHO PO3IMKHEHWM KOHTAaKTOM, Ha KEPYIOUHMH BXIJ SKOTO
HAJXOAATh IMIYJIBCH 3 T€HepaTopa 2 4epe3 MOCIHIAOBHO BKJIIOYEHI OMHOBIOpaTop 4 1
nepuui nudepeHiaTop 3a 4yacom 6 3 IHBEPCHUM BUXOAOM. bioku 4,6 yTBOPIOIOTH

€JEeMEHT 3aTPUMKHU IMIYJbCIB 3 reHeparopa 2 Ha TPUBAIICTH T, 32 JOINOMOIOIO SIKMX
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KOPOTKI BiTIiKHK U3(t) 3 070Ky 3 mepeTBOPIOIOTHCS B OJIONI 5 B BIJIIIKH Us(t) TPUBAJIOCTI T
3 TOPU30HTAJbHOK BEPIIMHOIO, SK IMOKAa3aHO Ha pucyHky 2. CurHan us(t), 3BaHHI
CUTHAJIOM 3 aMIUTITYJAHO-IMIYJIbCHOIO MOAyisiier0 AIM-2, HaaxonuTh Ha OJUH BXIiJ
BUpaxoByBaua 7. Ha apyruii Bxig 670Ky 7 moiaroThes nependayeHi 3HaUeHHs IMITYJIbC1B
Us(t) 3 amantuBHOro nependauyada 8. Koxken Bimiik b (tj) Ha Bxonal BUpaxoByBaua 7
nepeadadaeTbcss B OJI0LI 8 MO MOmepeaHiM BiIIIKaM 3 JIEAKOI MOrpIlHICTIO € (ti).
[Tepenbauene 3HaueHHs b (tj)qp € NETSPMIHOBAHKM, 1110 HE Hece iH(OopMaIlii, i ToMy HOro
He mnepenaroTh. [lepenarors BumaakoBy ckianoBy &(ti)=b(ti)-b(t). p, fxa HagxoaUTH Ha
KePYIOUHMH BXiJl 4aCTOTHOTO MOIyJATOpa 9, BHKOHAHOTO Ha 0asi aBTOTEHEpaTopa.
YactotHo MopaynboBaHui curHan (UM) 3 Omoky 9 HanxoauTh Ha OJMH BXiJ
nepeMHokyBada 10, Ha IHIIMA BXiJ SKOTO TIOJAIOThCSA KOJMBAHHSI 3 BUXOIY
oxHoBiOpaTopa 4. IIpsmokyTHi konuBaHHs Us(ti) (puc.3.4) 30iratotTbes 3 iMmyabcamu (t;)
32 4acoM 1 TPUBAJICTIO, aj€ MalTh MOCTIHHY ammuiityay. Tomy Ha Buxoji Oinoky 10
konuBaHHA 3 UM He Oe3ynuHHI, a y BUTIISAI PAAIOIMITYJIBCIB TPUBAIICTIO T 1 TOCTIHHOI
aMIUTITY4, aJie PI3HOK YacTOTOK 3allOBHEHHS TapMOHIMHUM  KOJIMBAHHSM,
MPOTOPIIIMHOT aMIUTITY/I1 IMITYJIbCIB € (tj), sIK TTOKa3aHo Ha pUCYHKY 3.2. Pamgio-iMIysbcu
Uio(t) 3 O6oky 10 HaaxoAsTh HAa BXiJ OJHOCTOPOHHBOT'O MIJACHIIOBa4Ya OOMEXyBadab
aMITiTYyau 12, Ha BUXOJI1 IKOTO MalTh MICIEB1 paJioiMITyJIbCH, ajie 3 3alIOBHEHHSM HE
TapMOHIMHUM KOJIMBAHHSIM, a OJHO TMOJSIPHUMH TPSIMOKYTHUMHU iMmyibcamu. [i
IMITYJIbCH HAJXOJIATh Ha BX1/T JIIYMIBHUKA 15, Ha BUXO/1 SIKOT'O 1X YKCJIO MPEJCTABICHO B
JBIAKOBIN cHCTeM1 YMCICHHS 1 mapajenbHuM KoaoM (puc. 3.3). 3 Buxoay aidmibHUKA 15
CUTHAJI HAJXOAWTh HA BXIJ pericTpa 3cyBy 16, IO MepeTBOPIOE MapajelbHUN KOO B
MOCTIIOBHUH 3a JOTIOMOTOI0 TaKTOBHX IMITYJIBCIB TeHeparopa 17, 1Mo HaaxoAsTh Ha
taktoBuid C Bxim perictpa 16. Ilporec gaHoro mepeTBOpeHHS MapaielbHOTO KOAy B
MOCJTITOBHUH BiIOYBa€ThCA B IMay3axX MIXK PalioiMITyJIbCAMH, TOMY IMITYJTbCH 3aTIOBHEHHS
HE BTPAYarOThCSl.

Ha puc. 1.13 306pakeHa MpUHIIMTIOBA CXeMa TMePeTBOPIOBaYa MOBHUX CUTHAIIIB.
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Pucynox 1.13 IlpuHuumnoBa cxema neperBoproBaya MOBHUX CUTHAJIIB
[lepeTBOpeHHST  aHAJOrOBOTO  CHUTHANIY B  HU(PPOBUNA  METOJIOM,  SKUH
BUKOPHUCTOBYEThCS B po3poOsroBaHoMy mpuctpoi, AJIIKM 300pakeHuii Ha 4acoBuX

niarpamax (puc.1.14)

7

I
N N

[

1 0 1

Pucynok 1.14 - Yacosa miarpama nmepeTBOPIOBaHHS aHAIIOTOBHUX

curHaiiB Ha 0a31 AJ[IKM
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Jns  minBuiieHHsT €QEeKTUBHOCTI 1 JallbHOCTI 3B'SI3KY BHUKOPUCTOBYIOETHCS
oOMmexxeHHs1 curHanmy mo Bucokii (BY) ab6o nuspkii (HY) wyacrori. Kpamumu
napameTpaMu BoJIoAll0Th BU-00MexyBaul, B IKMX 00poOKa CUrHaidy BIJOYBAaeThCs Ha
MPOMDKHIM 4YacTOTi. BOHM M03BOJISIIOTH 30UTBIIUTH CEPEIHIO MOTYXKHICTh CUTHAILY
nepenaBada Ha 6 ... 9nb. He3nauno, va 1 ... 2 1b, iM mocTynarmThCsi HU3bKOYACTOTHI
oOMexyBadi (curaan oopo0IiseTbesi B MIKpOGOHHOMY MMiJICHIIIOBaYl). AJie B TOM K€ Yac
BUrOTOBUTH 1 BcTaHOBUTH HY 0OMexyBau 3HaYHO MPOCTILIE.

Ha puc. 1.15ta 1.16 npencrasieni cxemu HY oOMexxyBauiB, e(heKTUBHICTb SKHX
3HAYHO MepeBeplye icHyrovl aHajoru. Cxema Ha puc. 1.15 MICTUTB BChOTO /IBa KackKaju,
nepiuii 3 akux Ha Tpansuctopi VT1 € norapipmyrounit niacuitoBad. Sk norapipmonani
eseMeHTH BUKopucTaHi nioau VD1 1 VD2, BkitodeHi 3yCTpiuHO-TapaielbHO B JaHIIOT
HEraTUBHOTO 3BOPOTHOTO 3B'A3KY. 3acCTOCYBaHHsS Te€pMaHIEBUX [IOAIB JI03BOJISIE
OTpUMAaTH BUXIHY Hanpyry migcuintoBada 10 200 mB ed., a 3acrocyBanHs KpeMHI€BUX -

10 600 MB ed.

R& 100
o 8 +8V
C8 R +
0,1m 330
] wi
R7
20K
(Oh k|
10Cp
VT2 ‘.

KT3102

Pucynok 1.15 Cxema HU3bKOYaCTOTHOI'O TIepe/iaBaya

Ha tpansucropi VT2 3i0panuii emiTepHH MOBTOPIOBAY, IO JJIO3BOJISE
MIAKITIOYATH MACWIIOBAY MPAKTUYHO N0 Oyab-sSKOTO 3MimryBada. [[ns perymtoBaHHS
PiBHSA BUXIIHOTO OOMEXEHOTO0 CUTHANY CIYXUTh pe3uctop R4. 3acTtocyBaHHS IIHOTO
pe3ucTopa Ha BHUXOJll OOMEXyBaua JI03BOJIIE BUKOPUCTOBYBATH MOro B SIKOCTI

perynsitopa nocuiieHns no T4 B pexkumi nepenaui. Pesuctopu R1 1 RS 3anobiraroth
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caMO030y/KEHHSI Kackady IO NOCTifHOMY cTpymy. [[ns mporo B cxemi Migdopom
pesuctopa R2 BcraHoBNMIOEThCS Hampyra Ha kosiektopi VT 1, piBHa +6 B. ¥V cxemi Ha
puc. 3.5 tako x Hampyra Ha kojekropax VT1 1 VT2 BCTaHOBIIOETHCS MiI00POM
pesuctopiB R2 1 RS BinmosinHo. HaBeneni cxemMu peani3oBaHl B KOHCTPYKIIISIX

TPAHCHUBEPIB: IPSIMOTO NepeTBopeHHs, 3 EM®, 3 kBap1ioBUM QUILTPOM.

3mrx108

oF
0,05mK

- _L AT

¥T2. VT3 M{139.. MN42 |

Pucynok 1.16 Cxema BUCOKOYACTOTHOIO TiepeiaBaya

[Ipu BuKOpHCTAHHI MPAKTUYHO OYJb-IKOTO THITY JIHHAMIYHOTO MiKpodoHa
oOMeXyBaul TIOKa3ajd XOpPOIy SKICTh OJEPKYBaHOTO CHTHally 1 BiJICYTHICTh

nepeMOAYJIAII TP 3HAYHUX 3MiHAX PiBHIB CUTHAJIB, IO TIOIAIOTHCS 3 MIKpo(doOHa.

1.9 MeToauka po3paxyHKH OCHOBHHMX SIKICHUX MOKA3HUKIB MePeTBOPIOBAaYiB
3BYKY

Po3paxyHOK KINBKICHUX TIOKa3HUKIB HAAIMHOCTI 0O0'€KTIB 3 ypaxyBaHHSIM
MOXJIMBOCTI BIJTHOBJICHHS BIAMOBWJIM TMPHUCTPOIB OaraTo B YOMY aHAJIOTTYHHMA
PO3paxyHKy CUCTEM MAaCOBOTO OOCITYTOBYBaHHS TEOPIi.

B ocHOBY po3paxyHKy Ha HaA1HHICTh TOKJIA/ICHO MPUHIIUI BU3HAYEHHS TOKa3HHUKA
HAJIITHOCTI CHCTEMH IO XapaKTePUCTUKAM HATIMHOCTI KOMITJIEKTYIOUHX €JIEMEHTIB.

[Ipu po3paxyHky poOuUThCs nBa mnpunymieHHsa. llepmie - 1e Te, MO BIAMOBHU

€JIEMEHTIB € CTAaTUCTUYHO HE3aJe)KHUMH, 110 Ja€ BITHOCHO PeajbHO ICHYIOUY CHCTEMY
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OLIIHKY 1 APYTE L€ TE€ IO CUCTEMA PO3TIISAAETHCA K MOCIIOBHA, TOOTO BIIMOBA OJAHOTO
€JIEMEHTY CXeMHU BeJle /10 BIIMOBH BCIET CUCTEMU.

BuxinHumu gaHuM# [Ji1 pO3paxyHKY € 3HAUEHHSI 1HTEHCHUBHOCTI BIJIMOBHU BCiX
EPE i eneMeHTIB KOHCTPYKIIIi.

CepenHiii yac HampalfOBaHHS Ha BIIMOBY BU3HAYAETHCS 32 (POPMYJIOIO:

S

cp.c m
le ) Nj
j=1

JleM- kinekicTh HaliMEHYBAaHHS paiOCTIEMEHTIB i €NEMEHTIB KOHCTPYKIIii

npuiany;
J- BeTMYMHA IHTEHCHBHOCTI BIJIMOBH j-TO paliOCIIEMEHTY,

J- KITBKICTB paioeIEMEHTIB, €JIEMEHTIB KOHCTPYKIIii j-T0 HalMEHYBaHHS.

[Tpu po3paxyHKy MOKa3HUKIB HAIIHHOCTI MPHCTPOIO MPUHAMAIOTHCS CIIIIYIOUYU
PUITYIIICHHS:
- BIJIKa3U €JIEMEHTIB SIBIIOTHCA HE3AJIECKHUMHU Ta BUIAIKOBUMU;
- BPaxOBYIOThCS TUIbKHU €JIEMEHTH, 1[0 BXOASThH y CXEMY;
- HMOBIpHICTh 0€3BIIMOBHOT POOOTH TMIJIATa€ EKCIOHECHI[IATLHOMY 3aKOHY
PO3IOAICHHS;
- YMOBH €KCIUTyaTarii eJIeMEHTIB BPaxOBYIOTbCS NPHOJIU3HO 3a JOIOMOTOO
Koe(iIieHTIB.

BinmoBimHO 3 pO3paxyHKOBOIO CXEMOIO WMOBIPHICTH O€3BIAMOBHOI poOOTH

BHU3HA4YA€THCA MK:

P(t)=l_:l[ Pi(t) = P1(t)«P(t) «...xPi(t) «...xPx(t),

e N —KUIbKICTb €JIEMEHTIB B CXEMI,
Pi —AMOBIpHICTH I-TO eIEMEHTA.
BpaxoByroun eKCTIOHEHITIAIbHAM 3aKOH, BUXOUTH:

P(t) = e A E3ar.*T;
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EnexTpoHH1 pagioeneMeHTH, aKi O3HAYEH1 B CTPYKTYPHIM CXeMi IepeTBOprOBaya

3BYKOBUX CUTHAJIB Ta iX IHTEHCUBHICTh BiJIMOB:

JDKEPENIo aHaJIOTOBOTO CUTHATTY
reHepaTop IMIYJIbCIB JUCKPETU3ALIIT
TUCKPETU3ATOP

OJIHOBIOpaTop

NepEeTBOPIOBAY BiJTIKIB
IuQEpeHIiaToOpH 3a 9acoM
BUPaXOBYyBau

aJIaNITUBHUH Tiepe0adyBaB
YaCTOTHHIA MOJYJIATOP
NIePEMHOKYBa4 CUTHAITIB

G poBUI THBEPTOP
MiCHUITI0OBaY-00MEKyBad CUTHAITY TI0 PIBHIO
IHTETpaTop 3a 4acoM
nudepeHIiaTopy 3a 4acoM
JTYWIBHUK IMITYJIBCIB

pericTp 3cyBy

reHepaTop TAaKTOBUX IMITYJIbCIB

ha= 4.0%107 (rh);
ko= 4.5%107 (rY);
Xs= 1.0%10° (r'd);
h= 0.04%10°5 (r'l);
hs = 1.0%107 (rY);
%o = 0.04*10 (rY);
%7 = 0.04*10° (r'd);
he = 4.0%107 (rY);
%o = 3.5%107 (rY);
Jo= 2.0%107 (rY);
Jar= 1.0%107 (r'd);
Jaz = 2.2%10° (rY);
Jas= 0.04*10° (r'h);
Jaa= 0.04%10° (r'h);
Jus= 4.0%107 (r);
Jae= 3.5%107 (rY);
Jar= 1.0%107 (r'h).

Buxoasuu 3 nux 3HaueHb, PO3PAXOBYETHCS CyMapHa 1HTEHCHBHICTh BIIMOB IS

BCIX €JIEMEHTIB Pa3oM:

Koar= 3.725*10 (r'l)

VMoBipHicTs 6e3BiqMOBHOT po6OTH TIpHCTPOIO 3a t=100 ToHH:

—A
P(100)=e 7% *100 = 1 — 3.725*10-5*100 = 0,99472

Cepenniii yac HampaIfoBaHHs Ha BIIMOBY BHPaXOBY€ETHCS:

TBi,H: 1/12 3ar. (F)

Teiz= 1/0,00003725 = 26845 (r), mo mpuOIU3HO CKIagae 3 poku Oe3BIIKa3HOT

pO6OTI/I nepcaaTuyrnKa CUuraajly MOBJICHHA.
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2 OXOPOHA ITPAIII

besneka poOiT 3 pamioeNeKTPOHHUM YCTATKYBaHHSM 1 yTpUMaHHSI HOTO B
CIOPAaBHOMY CTaHl perjaMeHTyroTbcs [IpaBunamum TexHIKM O€3MeKu 1 BUPOOHUYOI
canitapii B enekTpoHHiii mpomucioBocti (IITh 1 IICEII), mpaBunamu TexXHIYHOI
eKCIUTyaTallii Ta MpaBWIaMU TEXHIKM O€3MeKH MpH eKCIUTyaTalii eJIeKTPOYCTaHOBOK
CIIO>KMBAYIB.

[lepconain, oOCIyroByrOUMii paiOeNEKTPOHHI MPHUCTPOi, MOXKE TMOTPANUTH IIi[
Hanpyry BHACIIIOK HECHpaBHOCTI, aBapli abo cBOiXx mNoMUIKOBUX [id. besneka
0OCITyTOBYBaHHS €JIEKTPO Ta PaIio MPUCTPOIB 3AIEKUTH BiJ X poOOUOi HATIPYTH, YMOB
eKCIUTyaTaIlii i XapakTepy cepeIoBHUIIa MPUMIIICHHS, B SKOMY BOHO BCTaHOBJICHE.

2.1 Texunika Oe3mekH NpH NAIi TA MOHTAXKI eJIEKTPOHHUX NPUCTPOIB:

1. Jlo ekcmiyartamii pamioelIeKTPOHHUX TIPUCTPOIB Ta IX HaJIAroKyBaHHS
JIOIYCKaIOThCSl pOOITHUKHM 1 ¢axiBiil (aji mo TekcTy "mpaiiBHUKH'") He Mojojme 18
POKIB, SIK1 TPOMIILIIA METUYHUN OTJISAJI, HaBUCHI 0€3MEYHUM MeToaaM POOOTH, sIKi CKJIan
ICIIUTH BiJIMOBITHO /10 YMHHOTO [107105KEeHHS TTPO MOPSI0K HABYAHHS IPALIBHUKIB 3B'SI3KY
Oe3MeYHnM MEeTOoIaM Tparil.

2. IlpamiBHUKY TIOBMHHI OyTHM HaBY€HI OCHOBaM BHUKOHAHHS POOIT 3a JTaHOIO
npodeciero.

3. PoGoTn 3 MOHTaxy eJIEeKTPOHHOI'O OO0JaJHAHHS BHKOHYIOTBCS OpUTago y
CKJIaJIl HE MEHIIIE 2-X YOJIOBIK.

4. KepiBuuk Opuraau MoBUHEH MaTh V, a uieHu opuraau — ve menmre I rpymu 3
eIeKTPOOE3ITeKH.

5. KoxeH mpaiiBHUK TOBHHEH MPOUTH IHCTPYKTax 3 O€3MEeYHUX METOMIB 1
MpaBWJIaM Tpalli Ha poO0YOMY MICIT.

6. I[Ipuctynatu g0 pobotn 6€3 MPOBEICHHS THCTPYKTAXy Ha poOOYOMY MICIIl HE
TI03BOJISIETHCSL.

7. Ha xo’)xHOMY po0O0OUYOMY MICITI TOBUHHA OYTH THCTPYKIIIS 3 OXOPOHH TIparli mpu

BUKOHAHHI1 POOIT IO MOHTaXXy €JIEKTPOHHOTO O0JIa{HAHHS.
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8. Ilpu moHTaxxi oOjJagHaHHS MOXKYTh BUHUKHYTH HEOE3NEuHl JJIA KUTTA Ta
IIKIJITTMB1 1715 37I0pOB'S (paKTOpH:

— Hampyra HeOE3MEYHO ISl JKUTTSA MPHU JOTHUKY 10 BIAKPUTHX CTPYMOBEIYYHX
YJaCTHH;

— MIJBUILICHUHN piBEHb BUCOKOYACTOTHUX BUIIPOMIHIOBAHb.

9. KoxeH mpaiiBHUK MOBMHEH OyTH 3a0e3ledyeHuil crneunoisroM Ta 3aco0amu
IHAUBIIYaJIbHOTO 3aXUCTY BIAMOBITHO 10 THUIIOBUX rajgy3eBUX HOpM O€3IUIaTHOI BUAAUl
CIIELOATY, CIEIB3YTTS Ta 3aC001B 1HIUBIAYaJIbHOTO 3aXUCTY.

2.2 Bumoru 0e3neku mnicJist 3aKiHYeHHs1 po0OTH:

1. BUMKHYTH BCi TPUCTPOT EICKTPOKUBIICHHS Ta BUMIPIOBAIBHY araparypy.

2. Tlam'sTaTh, MO APOTH 3aXMUCHOTO 3a3EMJICHHS BIIKIIOYAIOTHCS B OCTAHHIO
qepry.

3. BigkJIfounTH eNeKTPONasuIbHUK 1 IEPECHOCHY SICKTPOJIaMITy.

4. Tlpunanu, IHCTPYMEHT, 3aXHUCHI MPUCTOCYBAHHS MpUOpaTH B MICIs, BIJBEICHI
JUIS 1X 30epiraHHs.

5. HeBuTpaueHi ierko3aliMHUCTI PIAMHU 3aKPUTH B METAJICBY mIady.

6. [IpuGpaTtu poboue Mmicre.

7. 3pobutu HEOOX1aH1 3aMUCH B ONEPATUBHIN Ta TEXHIYHOT JOKYMEHTAIII1.

8. I[ToBimOMUTH KEPIBHHUIITBY PO BC1 HEJOJIIKH, BUSBJICHI 1111 Yac PoOOTH.

EnexrTpobe3neka. MoHTaX paioeeKTPOHHOTO YCTAaTKyBaHHS, BHUTOTOBJICHHS
KapKaciB, Iaci yCTaTKyBaHHS Ha CIIOCAPHO-MEXaHIYHUX [UISHKaX HEO0OX1IHO
MPOBOJUTH 3 JTOTPUMAHHSIM BUMOT TEXHIKM O€3MEKH MPH XOJIOAHIHN 1 rapsadid oOpooIl
metaniB. [Ipu MOHTaX1 paioeIeKTPOHHOTO yCTaTKyBaHHS Tpeba JOTPUMYBATHCS BUMOT
CIEKTPOOE3MeK: 1 TMpaImoBaTH TUIBKA 31 CHOPAaBHUM  €IIEKTPOIHCTPYMEHTOM
(emexTpompunem, eneKkTpomnasuibHUKOM). [lparoroun 3 enexTpoapuieM, HEO0OXiTHO
3aCTOCOBYBATH JII€IEKTPUYIHI TYMOBI PyKaBUUKH.

EnexTponasabHUK 1 JJAaMITH JJTsI MICIIEBOTO OCBITJICHHSI HEOOXITHO 3aCTOCOBYBATH
Harnpyroro He Oinbme 42 B. Jlns normwkenas mepexeBoi Harpyru 220 1 127 B no 42 B

Tpeba 3acTOCOBYBaTHM NOHWXKYBalbHUM TpaHchopmarop. OAuH KiHElb BTOPUHHOT
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(moHM>XyBabHOT) OOMOTKM TpaHchopMaTopa 1 METaleBUM KOXKyX TpaHchopmaropa
HEOOX1THO 3a3eMJISITH (3aHYJISTH).

[Ipu mix’enHaHHI amapaTypud 1O LIEXOBOI MEpPEkl HEOOXIIHO 3aCTOCOBYBAaTH
IITENCENbHI P03’ EMHU.

VY pasi HecpaBHOCTI Yy MEPEKEB1i MPOBO/ILI BUKIUKAIOTh €JIEKTPOMOHTEPA.

[Ipu MoHTaxi paaiocxeM 3a00pOHSAETHCS: MEPEBIPSITH HA JOTUK HAsSIBHICTh
Hafpyru 1 HarpiB CTPYMOINPOBIJHUX YACTUH CXEMH; 3aCTOCOBYBATH [Jis 3’ €IHAHHS
0JIOKIB 1 NPUJIAJIB APOTH 3 MOIIKOJKEHOIO 130JISII1€I0; TPOBOAUTH MAasHHS 1 YCTAHOBKY
JeTaneii B ycTaTKyBaHHI, IO 3HAXOIUTHCS T HAMPYTrol; BUMIPIOBATH HAMPYTH 1
CTPyMH TIEPEHOCHHMH TMpHJIaJaMH 3 HEi30JbOBAHMMHU MPOBOJAMHU 1 IIy[aMu;
mix’eqHyBaTH OJOKHM 1 MPHJIAAN O YCTaTKyBaHHS, IO 3HAXOAMTHCS Tl HAMPYTOIO;
3aMIHIOBaTH  3aloOODKHUKKA Yy  BBIMKHEHOMY  yCTaTKyBaHHI; IMpalloBaThd Ha
BUCOKOBOJIBTHUX YCTaHOBKax 0€3 3aXMCHUX 3aCcO0IB.

Kpim TOro, mikipa JrOIMHM Tij BIJTMBOM BOJIOTHM 1 BUCOKOi TEMIIEpaTypu CTae
MPOBIAHOIO, IO 3MEHIINYE OIip Tida JIOJAHUA 1 MIJBUINYE HEOE3MeKy ypaKeHHs
EJIEKTPUYHUM CTPYMOM.

CrtpymoripoBigHa miajora (MeTanena, eriisiHa, 0eTOHHA), Ha AKii CTOITh JIIOJIMHA,
PI3KO 3MEHIIyE OIip HOro KoJsa i MigBUIYEe HEOE3IeKy JOTHKY 10 CTPYMOIIPOBIIHHUX
YaCTHUH, 110 3HAXOATHCS i Hanpyroo. [IpoBigHui AT OCiTa€ HAa MPOBOJAX 1 YTBOPIOE
IIPOBiAHE KOJIO, BHACIIIIOK YOTO MOIIMBI 3aMUKAaHHS Ha 36MJTIO 1 MK (hazamu. Inki napu
a00 ras3u (XiMI9HO aKTUBHE CEPEIOBHIIE) PYHHYIOTh 130JIA11i10 1 3MEHIIIYIOTh ii Omip.

TakyuM YHHOM, O3HAKaMM ITiIBHUIIICHOI HEOE3IEKH €:

1) Bomora (BigHOCHa BOJOTICTh TOBITps Buime 75%) abo HasIBHICTh
CTPYMOTIPOBITHOTO THITY;

2) CTpYMOTIPOBIIHI MiJIOTH;

3) migBueHa temneparypa mositps (6inbire +350C);

4) MOXJIMBICTb OJHOYACHOTO JOTHKY JIIOJAWHU [0 3a3€MJIEHUX KOPITyCiB
o0J1aTHaHHS 1 10 YaCTHH eJIeKTpoOoOIIaIHaHH, 1[0 niepeOyBae i1 HalpyTo¥o.

O3Hakorw 0co01MBOiI HEOE3MEKH € HasBHICTh OCOOJIMBOT BOJOTOCTI (BIAHOCHA

BOJIOTICTh MOBITps Onm3bka 10 100 %) 1 XIMIYHO aKTUBHE CEpEJIOBHUILE. 32 CTYIEHEM
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HEOE3MEeKN YPAKEHHA JIOAEH €IeKTPUYHUM CTPYMOM HPHUMIIIEHHS MiIPO3AUISIOTh Ha
Taki Kjiacu: Oe3 MiABUIIEHOT HeOe3MeKH (BIACYTHI O3HAaKM SK IMIIBHUILEHOI, TakK 1
0co0nMBOi HeOe3MeKu), 3 MiJBUILEHOI HeOe3MeKow (MpUCYTHS JIMLIE OJIHAa O3HaKa
MIJBUIIIEHOT HEOE3MEeKH) 1 0CO0IMBO HeOe3NeyH1 MPUMIIIeHHS (HAasgBHICTh X04a O OJHIET
O3HaKU 0c00JIMBOiI HeOe3meku abo OJHOYACHO JBOX 4YM OUIbIIE O3HAK MIABUIIEHOI
HeOEe3IeKH).

Jlo mpuMilieHb 0€3 MiABUINEHOT HEeOe3MEeKH BIAHOCATHCA CyXi, 3 HOPMaJIbHOIO
TEMIIEPaTypoIo, 130JbOBAHUMHU MIJIOTaMH, 0€3 Muily, 0 He MalTh ab0 MaloTh Mally
KUTBKICTh 3a3€MJICHUX NpeaMeTiB. TakuMH MPUMINICHHSIMU € KOHTOpH, JabopaTopii,
KUTIIOBl, @ TAaKOX BHUPOOHMUYI MPUMIMICHHS, L0 HE MAalOTh O3HAK IiJIBUILIEHOI a0o0
oco0nuBoi HebOesneku. bumpima vacTMHAa BUPOOHUYUX MPUMINICHb BIIIHOCUTHCS [0
0CcO0JMBO HEOE3MEeYHUX SIK Taki, 10 MalOTh O3HAKy 0co0JIMBOI HeOe3eku abo aBa 4u
OUTbIlIE O3HAK IMIABUIIEHOT HeOe3meku. Y NPUMINIEHHAX 3 XIMIYHO YW OpPraHidHO
AKTUBHHMM CEPEJIOBUIIEM ITOCTIHHO a00 MPOTATOM JOBTOTPHBAIOIO Yacy MICTATHCS
arpecWBHI TapH, Ta3W, PIAUHU, YTBOPIOIOTHCA BIAKIAACHHS W IUIICEHb, IO MIiIOThH
PYMHIBHO Ha 130JI4111F0 1 CTPYMOBEIyYl YacCTHHU ellekTpooOnaaHaHHsA. [liero
Kiacudikaiiero Cii KepyBaTHCS MPU YJAIMITYyBaHHI W eKcIuTyaTallii eIeKTPUYHHUX
YCTaHOBOK.

3axucHi 3aco0u TmTpu OOCIYroBYBaHHI PaaiOCICKTPOHHMX MPUCTPOIB Ta
€JIEKTPOYCTAaHOBOK, HACTYITHI.

Enexrpo3axucHi 3aco0u MOAUIAIOTH Ha 130JIF0I0Yl (OCHOBHI 1 JOJIaTKOBI),
OTOPOJIKYBaJIbHI Ta 3aMI001KHI.

OcHOBHI 130JTI0F041 3aXMCHI 3aCO0M MaIOTh 130JIAII1I0, 3/IaTHY JOBTO BUTPUMYBATH
poboUy Hampyry pagioeICKTPOHHUX MPUCTPOIB, 1 TOMY HUMH JIO3BOJIIETHCS TOPKATHUCS
CTPYMOTPOBITHUX YaCTHH, 10 3HAXOASATHCS i HAIIPYTOIO.

J10 HUX BITHOCSITBHCS

- B enekTpoyctanoBkax 0 1000 B - gienexTpudHi pyKaBUUYKH, 13010091 IITAHTH,
130JTF0I04Y1  Ta E€JIEKTPOBUMIPIOBANbHI KJIIII, CIIOCAPHO-MOHTAXHUW 1HCTPYMEHT 3

130JTI0I0YMMU PYKOSTKaMU, & TAKOK MOKAKYUKU HATPYTH;
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- B eniekTpoyctaHoBKax moHaa 1000 B - i3omioBasibHI IITAHTH, 130JII0K0Yl Ta
€JIEKTPO-BUMIPIOBAJIbHI KIIIIII, MOKAKYMKH HAIMPYTH, & TAKOXK 3aCO0M JJII PEMOHTHUX
poOiT mix Hanpyroto Buiie 1000 B.

JlolaTKoB1 130J1F0K0Y1 3aXMCHI 3acO0M HE 37aTHI BUTpUMATH poOOYYy HANpyry
PaIOCIEKTPOHHUX MPUCTPOiB. BOHU MIFCUIIOIOTH 3aXHUCHY 110 OCHOBHMX 130JIFOIOUMX
KOUITIB, pa30M 3 SIKUMHU BOHHU IMOBMHHI 3aCTOCOBYBaTUCA. J[O MOAATKOBHUX 130JIFOI0OYUX
3aXMCHUX 3aC001B HAJIEKATh:

- B enekTpoyctaHoBkax g0 1000 B — mienexkTpuuH1 Kajomli 1 KAUJIUMH, a TaKOXK
130JTF010Y1 H1JCTaBKH;

- B esiekTpoycTtaHoBkax rnoHaa 1000 B — nienekTpuyHi pykaBUUKH, OOTH 1 KUIIUMH,
a TAKOXK 130JIF0F0Y1 IT1JICTABKH.

3a00pOHSAETHCSA TOTOPKATHUCS JO 130JISITOPIB Pa/liOCIEKTPOHHUX MPHUCTPOIB, 1110
nepeOyBaroTh i1 HAPYTroto, 0€3 3aCTOCYBAHHS CJIEKTPO3aXUCHUX 3aCO0IB.

[Ipy BuKOHaHHI pOOIT OJM3BKO HEOTOPO/KEHUX CTPYMOBEAYYMX YACTUH
3a00pOHSIETHCS PO3TAILIOBYBATHUCA TaK, 100 L1 YACTUHU 3HAXOAMUJIMCS 033y 4d 3 000X
OIYHUX CTOPIH.

[Ipu 06cnyroByBaHHI, a TAKO)K PEMOHTI €JIEKTPOYCTAaHOBOK Ta PajioeIeKTPOHHUX

IIPUCTPOIB 3aCTOCYBAHHS METAJICBUX JIPAOUH 3a00POHSIETHCS.

2.3 Iloxe:xxkHa 6e3meka. besneka mpoTH MoKexi B KOHTEKCTI OXOPOHH Tparli

Y pobourx NpPUMINIEHHAX Ha MIANPUEMCTBAX MOXKYTh ICHYBaTH TOTEHIIINHI
JDKepena 3amalieHHs, Taki SK BIOJKpUTE TMOIyM's, HECYMICHICTh abo nedextu
eNeKTpooOIaHaHHs, ICKpU BHACHINOK yJapiB a0o TepTs MalluH Ta OO0JaJHaHHA,
camo3aliMaHHs, CTaTUYHA €JIEKTPUKA, yAapy OJUCKAaBKHU Ta 1HIII.

Enextpuune obGnagHaHHS, €NEKTPOHHI TpUIAAN, PaJIOCICKTPOHHA amaparypa,
CHUCTEMHU KEpyBaHHS Ta E€JEKTPOINpHUMadi MOXXYTh CTBOPIOBATH MOXKEKHY HEOE3NeKy
4yepe3 BUKOPUCTAHHS MaTepialliB, TAKUX K TyMma, TUIACTMACH, JIAaKX Ta OJIii.

Jlist 3a0e3nedeHHs] MOKEKHOT O€3MeKH B yCiX MPHUMIMICHHSIX HEOOXITHO MaTh
nepiIi 3aco0u MoKeKOraciHHS, Takl sIK MOXKEXKHUN BojgonocTad (moxexHi kpanu I1K),

MOKEXKHI IUTH 3 KOMILJIEKTOM MOKEXHOT0 IHCTPYMEHTY, BYTJIEKUCIIOTH1 200 MOPOIIKOBI

Jluct
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BOTHETaCHUKU. Y BUIAJKY MOKEK1 HEOOXITHO BIAKIIOYUTH €JIEKTPOKUBIICHHS, HETAaHO

3ateneoHyBaTu 3a HOMepoM 101 10 MOXKEKHOT KOMAaH/IM, €BAKYIOBATH JIIOJIEH 3T1AHO 3

IUIAHOM €BaKyallii Ta po3MmovaTH JIKBLAALII0 MOKEXI.

3Mm.

Apk

No nokym.

ITigmmc

Jlara

BKC.27.07.002.00.KPB.M3

Jluct

51




BUCHOBKH

PesynbraTom OakanaBpchbKOd poOOTH € aHali3 NEepeTBOPIOBAYIB 3BYKOBHUX
CUTHATIB, SKUA MOXKE 3aCTOCOBYBATHUCS B pPI3HOMAHITHUX MPHUCTPOSIX, TaKUX SIK
MOOUTLHUN TeneoH, ayaionporpaBad, My3uuHui eHTp, Bluetooth — mepenaTunku Ta
I, Takok Oynu poO3MIITHYTI METOIHM TEPETBOPECHHS 3BYKOBOTO CHTHATY, TPHKJIAIH
IHIMX TIepeAaTIYNKiB 3BYBOBUX CUTHAJIB, AKi MOOYyq0BaHI Ha 0a3i 1HIIUX METOMIB, SIKI
BIJIPI3HAIOTHCS BiJ po3pobiroBaHOro. B pobOTH TakoX pO3MISAAlOThCSA 1 CTaHAAPTH
our(poBKH 3BYKy Ta (popmaTu, B IKUX ayi0iHPOpMAIIis OCTYyMAa€e 0 OTPUMYBaya.

['0n0BHOIO BIAMIHHICTIO PO3pOOIIOBAHOTO aHAJIN3a € MaKCUMaJibHE 301IbIICHHS
SKOCTI MOBH 3a PaXxyHOK BHUKJIIOYEHHS orepailii KBaHTYBaHHS 3a PIBHEM IMITYJIbCIB
NOMWJIKY NIepe10ayeHHs 1 TOBHE BUKJIIOYEHHS BTpaT 1HGOpMaLiitHuX iMITyJibeiB. Cxema
JOCIIIJIPKEHUX ~ TEePEeTBOPIOBAUIB 3BYKOBHX CHUTHAIIB MOXE OyTH YJOCKOHAJIEHA ISt

MoAAJIbINOI0 BUKOPUCTAHHS.

HEPEJIIK BUKOPUCTAHUX JIKEPEJI

1. lanyes I'.A. [lpunuunu noOyA0BH 1 OCHOBU ()YHKLIOHYBAHHS CHUCTEM 1 MEpEX
3B's13Ky: HaBuanbHO-MeToanunuiinocionuk. Taranpor: Bug-so TPTY. 2000.- 100 c.

2. boupapes B., Tpecrep I'., Uepnera B. Lludpposa 00podOka curnanis - CeBacTomnob:
CeBl'TY, 1999.-397 c.

3. Oxoponamnpaiii B enekrpoyctaHoBkax: [lociOnuk nnst Bysik / Ilig pen. B.A.
KusizeBcbkoro. — M.: Enepris, 1983.-319 c.

4, I'OCT 12.0.003-74 CCBT. HebGe3neuni Ta IIKiIJIABIBUPOOHUYI()AKTOPH.
Knacudikarris.

S. Teopia enextpuunoro 3B'sa3ky / mig pea. [.JI. Knoscekoro. - Mocksa, «Pasio 1

3B's130K», 1998.-432 c.

6. BacunreB K.K. MeTonnka oOpoOku cuUTHaIIB — HaB4aibHUM nociOHuK, Yal' TV,
2001.- 80 c.
Jlucr
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7. K.K. BacunbeB, B.A. I'mymkos, A.B. JlopmigontoB, A.I'. Hectepenko Teopis
eJIEKTPUYHOTO 3B'SI3KYy: HaB4YaibHUW mociOHmk min 3ar. pea. K.K. Bacunbesa. -
ViesaiBesk: Yl 'TY, 2008. - 452 c.

8.  www.nau.edu.ua

9.  www.pidruchniki.com

10. https://books.google.com.ua

11.  http://www.straipsniai.lt/ru
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O3B
HA PO3MIIIIEHHSA
BUITYCKHOI KBAJTI®IKAIIHHOI POBOTH
B EJIEKTPOHHOMY PEIIO3UTAPIi BCII «OT®K OHTY»

Mu, 110 H¥KYe HIITHCaInCs,

Bacunwvee B.A.,
3100yBay ocBitu rp. 2bKC-27, Ta

T'aosrcuee M. M.,
KEpPIBHUK JIUIVIOMHOTO MPOEKTY,

HE 3alepeuyeMo II0JI0 PO3MIIIEHHS €JIEKTPOHHOI'O BAapIaHTy HOSCHIOBAJIBHOT
3aMKMCKU JI0 BUITYCKHOI KBaNi(iKaIiitHOT poOOTH MOJIOIIOrO CIEiaicTa Ha TEMY:

«locnioxncenna mpaouyiitnux popmamis 38yKy ma ix 3aCmocy8anHs y
cyuacnux zadxcemax» (Bacunvee B.A., kepisnux pooomu — I'adscuce M.M.)

BukoHaHoro y BCII «Opecvkuit TtexHiunmii (axouit kosemk Oaecbkoro
HaIlIOHAJLHOT'O TEXHOJIOTTYHOTO yHiBepcuTeTy» B 2023 poili, y MOBHOMY 00Cs31 B
enexkrponHomy pernosutapii BCII «OT®K OHTY» ajs BUIBHOTO AOCTYIY uepes
Mepexy [HTepHer.

Hecemo BiMmoBimanpHICTh 3a 1ICHTUYHICTh €JIEKTPOHHOIO Ta JPYKOBAHOTO
BapiaHTIB BHUIYCKHOI KBaTiikamiiHoi poOOTH, 1 JaeMO 3roay Ha OOpoOKy
NEPCOHATBHUX JIAHUX.

Buxkonasenp | Bacunvee B.A.l

KepiBauk | T'aosrcues M.M. |

«12» uepsus 2023 p.



BCII «OJJECbKNI TEXHIYHUU ®AXOBUI KOJIEJXK OHTY»

BIII'VK

KepiBHUKA Mpo KBamidikaiiifHy podoty 6akanaBpa

Bacunveea Braoucnasa Anopiiioeuua

(mpi3BuILe, iM's1 Ta 110 6aTHKOBI 37100yBayua/3100yBauYKH OCBITH)

OcsiTHBO-TIpOdEciitHa mporpama «Komn’romepna inowcenepisny

CreniaapHICTh 123 «Komn tomepua inowcenepisy

Tema xBanidikaniitnoi podboTu

«/locaimzkenHs TpaanuiiiHux opmaris 3ByKy Ta iX 3aCTOCYBAHHSA Y CYYACHHMX IaKeTax>

XAPAKTEPUCTUKA KBAJI®DIKALIHOI POBOTH

a) 00CsT 1 SIKICTh BUKOHAHHS pOOOTH (pO3paxyHKOBO-MOSICHIOBAJILHOT 3aITHCKH )

Bakanaspcoka poboma eukomama AKICHO, V Oocmamubomy o0bcazi, Ha 53 cmop.

OpYKO8aHOMY mekcmy, 2padiuna yacmuna v 14 crandax eionosgiono 0o cmanoapmam i JCTY.

Po30inu noscrrosanvroi 3anucku 6ionosioaoms emanam pilieHHs 3a60aHHS, NOCMABIEHO20 Y

bakanaspcvkoi pobomu. Ilpezenmayis euxonana aKicno, y oocmamuvomy oocazi. Ilpesenmauis

HA0YHO OemoHcmpye pesyibmamiu_pobomu. Cnucok Jimepamypu CKIA0EHO 6 00CHAmMHbOMY

0bca31 ma 8ionosioae memi kearihixauinol pobomu.

0) caMOCTiliHICTh pOOOTH HaJ KBaTi(iKaI[IHHOK pOOOTOIO

Cmyoenm camocmitino 06pas Hanpsam ma memamuxy Keaunigikayitinoi pooomu. I[lpogie

aHaniz ICHyruYux piuienb ma 3pooue HeoOXioni UCHO8KU Oiis peanizayii npoekmy. OcHO8HI

AHANIMUYHI MA NPAKMUYHI pe3yTbmamu CmyO0eHmom OmpUMani camocmitiHo

B) TEOPETHYHA IMIArOTOBKA OakayiaBpa

Bionosgidae sumozam, wio Haoaromuvcs 00 bakaraspa 3i cneuiaibHoCmi

«Komn tomepna inocenepisy




I') BMIHHSI pO3B’13yBaTH BUPOOHNYI Ta KOHCTPYKTOPCHKI MTUTAaHHS

Hunnomuuk emic nocmasumu peanvHi 8UpoOOHUYI 3a80AHHA OOCUMb BUCOKO20 MEXHIYHO20 PIGHS

i supiwumu ix iz 3acmocy8aHHAM 00CACHEeHb HAYKU I MEeXHIKU 8 001acmi KoMN 10mepHux

Hayk, anapamuux 3aco6is i npoepamyeanns. IIpu ybomy OuniomMHuK 0ocums 00ope

OPIEHMYEMBCA 8 NUMAHHAX MEPENCEGUX MEXHON02IU T NPOSPAMHO20 3a0e3nedenHs. SHauoMuil

8 OCMAHHIX OOCASHEHHAX 6 2aLY3I KOMN TOMEPHUX MEXHONIO02IU | MEPEHCHUX CUCEM.

Jlobpe 60100i€ YMIHHAM [ 3HAHHAM 68 001ACMI CYYACHUX mexHoao2il, komnoneumie PEA ma ix

3ACMOCYBAHHAM 015 BUPTULEHHS 3A680AHb MEXHIKU | HAVKU.

O1iHKa po3paxyHKOBOT YaCTUHU 5 (BimMiHHO)
Orinka rpagigaoi (Mpe3eHTaIiifiHOT) YaCTHH! 5 (BigMiHHO)
3arajpHa OIliHKa 5 (BigMiHHO)

[IpizBuie, iM’s, M0 6aTHKOBI KEPIBHUKA POOOTH

A.T.H., 1po¢. "'axnes M.M.

Micue po6oTH 1 mocasa KepiBHHKa poOOTH

npod. kad. 1113 AVYIT3

« » 2023 p. Iapxue M.M.

(i gmuc) (mpi3BHuIIe Ta iHIL[iATH KepiBHHKA)




U) UNICHECK

fm's xopucTyBa4a: iD nepenipku:

Haranin BikropisHa Konych 1015608081

Bara nepeBipku: Tun nepenipku:
15.06.2023 09:24:27 EEST Doc vs Internet + Library
Bara 3sity: iD kopucrysaua:
15.06.2023 09:25:53 EEST 100011688

Hazsa poxkymenrta: 2BKC-27 Bacunses B.A.

Kinskicre cropinok: 50 Kinekicrs cniis: 10745 Kinbkicrs cumsonie: 78037 Posmip dainy: 628.60 KB 1D dhainy: 1015256139

Haubinswa cxoxicrs: 10.5% 3 InTepuer-axepenom (http://kipt.com.ua/wp-content/uploads/2018/10/%D0%S7%D0%B2%D1.

Cropinka 52

He 3Haupeno axepen 3 Bibniotexkn

0% Uurar

BusyyeHHA UWTAT BUMKHEHE

Bunyuenns cnucky 6ibniorpadiyHux nocunans BUMKHEHS
0%
Buny4yeHsb

HeMmae Bunyyenux gxepen

Mopudikauii

Bussneno mopudikauii vexcry, Jeranvua indopmanis gocrynna s ounain-asiri

3aMinenHi cumronu



TO3BLI
HA PO3MILLEHHSI
BUITYCKHOI KBAJI®IKAIIIIMHOI POBOTH
B EJJEKTPOHHOMY PEIIO3UTAPII BCII «OT®K OHTY»

Mmu, 10 HHKYE ITiAITHCaTUCS,

Bacunves B.A.,
3n00yBay ocBitu rp. 2bKC-27, Ta

I'aoocuee M.M.,
KEepIBHUK JUIJIOMHOIO MPOEKTY,

He 3amepedyyeMo IIOJ0 PO3MILIEHHsS €JNEeKTPOHHOIO BapiaHTy MOSICHIOBAJIBHOL
3aIMCKH 10 BUITYCKHOI KBajiikaliiHOI poOOTH MOJIOIUIOrO CrielialicTa Ha TeMYy:

«Jocniodcenna mpaouyiiinux ghopmamie 36yKy ma ix 3acCmocy8aHHsa y
cyuacHux zadxcemax» (Bacunvee B.A., kepienuk pooomu — I'adxcuece M.M.)

BukoHaHoro y BCII «Opecpkuii TexHiuHUH QaxoBuili konemk OmecbKoro
HAalllOHAJIFHOT'O TEXHOJIOTIYHOrO yHiBepcuteTy» B 2023 poli, y moBHOMY 00Cs3i B
enektponHoMy pemno3utapii BCIT «OT®K OHTY» nns BiIbHOrO JOCTyIy depes
Mepexy [HTepHeT.

Hecemo BimmoBinanbHICTh 32 iIEHTUYHICTH €JIEKTPOHHOIO Ta APYKOBAHOTO
BapiaHTIB BHIIyCKHOI KBaiiQikalliiiHOi poOOTH, 1 JaeMO 3rogy Ha O0OpoOKy
MIepCOHATIBHUX JaHUX.

Buxkounasens / %///4/ v / Bacunvee B.A./

KepiBauk % / T'aoarcuee M.M. /

«12» ugepBHs 2023 p.



BCII «OIECBKII TEXHIYHUI ®AXOBUIM KOJIEIDK OHTY»

BIAT'YK
KepiBHHKa Ipo KBatidikauiiHy poboTy O6akanaspa

Bacunvesa Braoucnasa Auopitioeuua

(npi3suwe, iM's Ta no GatekoBi 3100yBa4a/3106yBa4KH OCBITH)
[}

OcsiTHRO-IIpOdECiifHa mporpama } «Komn romepna inoicenepisay

CreuiansHiCTh 123 «Komn tomepHa indicenepiay

Tema kBaui¢ikauiinoi poboTu

«docaimkeHHsa TpaguuiiiHux ¢opMaTiB 3BYKY Ta iX 3aCTOCYBaHHA Y CY9aCHHX raJskeTax»

XAPAKTEPUCTUKA KBAJI®IKALIMHOI POBOTH

a) 00cAr i AKiCTh BUKOHAHHS poOOTH (pPO3paxyHKOBO-NOSICHIOBAIBHOI 3aIIMCKH)

FBaxanaspcvka poboma 6ukoHana sKicHo, y Odocmamubomy 06casi, wa 53 cmop.

Opvkosaromy mexcmy, epadiuna wacmuna vy 14 craiioax 8ionosiono 0o cmandapmam i JCTY.

Po30inu_noscriosanvHoi 3anucku 8ionosioaroms _emanam_piuieHHA 3a60aHHA, NOCMAENEHO20 Y

bakanaspcvkoi pobomu. IIpesenmayis 6UKOHana AKicho, y docmamubomy 06casi. Ilpesenmayis

HAOYHO OemoHcmpye pesvibmamu pobomu. Cnucox nimepamypu CKAA0eHO 8 00CMAMHbOMY

06ca3i ma 8ionogioae memi keanipixayitunoi pobomu.

6) camocTifiHICTE poO0TH Ha KBai(iKaiifHO pobOTOO

Cmydenm camocmiiino 06pag Hanpsam ma memamuxy keanigixayitinoi pobomu. Ilpogie

ananiz icHyrouux piueHb ma 3po6ue Heobxioni 6ucHoeku ona peanisayii npoexmy. OCHOBHI

QHANIMUYHI Ma NPAKMUYHI pe3yIbmamu cmyOeHmom OmpUMaHi CamocmiiHo

B) TEOpPETHYHA MMIATOTOBKa HakasiaBpa

Bionogioae sumozam, w0 Haoaromecs 00 bakanaspa 3i cneyiaibHoCmi

«Komn tomepna inoicenepisy




T) BMiHHS pO3B’s3yBaTl BUPOOHUYI Ta KOHCTPYKTOPCHKI MUTaHHS

Hunnomuux emie nocmasumu peanvHi 6upoOHUYI 3a60aHHA OOCUMb BUCOKO20 MEXHIYHO20 PiGHS

I 6upiwumu ix i3 3acmocy6anHIM OOCSeHEeHb HAYKYU | MeXHIiKU 8 06aacmi KoMn lomepHux

Hayx, anapamuux 3acob6ie i npozpamyeanus. Ilpu ybomy OUNIOMHUK 00CUmb 006pe

OpIEHMYEMbCA 8 NUMAHHAX MEPENCeBUX MEXHON02IH | npo2pamHo20 3abe3neyenns. Inatiomui

8 OCMAHHIX OOCACHEHHAX 8 2ALY3] KOMN TOMEePHUX MeXHON02IU | MePeNCHUX CUCMeM.

Jlobpe 60100i€ YMIHHAM [ 3HAHHAM 8 0bracmi CYYacHux mexHonoziu, komnonenmie PEA ma ix

3aCMOCY8AHHAM OIS BUDIULCHHS 3080QHb MEXHIKU | HAVKU.

OuiHKa po3paxyHKOBOI YaCTHHH S (BigMiHHO)
Ouinka rpadivsoi (Mpe3eHTalifHoT) YaCTHHH S (BigMiHHO)
3arayipHa OLIHKA S (BigMiHHO)

ITpizBume, imM’s, 10 6aTEKOBI KepiBHHKA poOOTH

.T.H., npo¢. 'apxnes M.M.

Micue po6GoTH i mocana KepiBHHKA poOOTH
npod. kad. 1113 AVIT3

« t{"/» %2023 p. W Tamxunes M.M.

'(ﬁiun ) / (mpi3BuILe Ta iHiLiaMM KepiBHUKA)




BCIT «OIECBKWIM TEXHIYHUI KOJIEJDK OHTY »

PEHEH3IA

Ha kBauti(pikauiiiny poboty GakanaBpa
BIJUIIEHHSI KOMIT FOTEPHHX CUCTEM

Bacunvee Braoucnae Anopiiioeuu

(mpizBHIe, 1M s Ta 110 GaTHKOBI)
Hanpsmky miaroroBku 123 «Komntomepna inxcenepis »

KepiBuuk kBamidikauiitnoi podotu T'aoxncues M.M.

(mpi3BuIe, iM' 5 Ta 10 6aTHKOBI)

Tema kBanidikaiisoi po6oTH «locnioxcennn mpaouyinnux popmamie 36yKy ma

iX 3aCMOCy8aHHA y CyHacHux 2a0xcemax»

OOcsr nosiCHIOBAJIBHOI 3aITHCKH 53 CTOPIHOK

O6csr rpadivnoi (Mpe3eHTaliifHOT ) YACTHHHU MMPOSKTY 14 apkyunB (ciaiiziB)

XAPAKTEPUCTHUKA KBAJII®IKALIIMHOI POBOTH

a) 3aKJIFDUEHHS MPO CTYMiHb BiANOBIHOCTI BAKOHAHOT POOOTH 3aBIaHHIO
IlpencraBnena Ha pereHsilo BUIYCKHA KaauigikaniiiHa po6GoTa BiAIOBiga€

3aTBEP/DKEHINA TeMI Ta BUKOHAHWH BIATIOBIAHO JO TEXHIYHOTO 3aBJaHHA. BuryckHa

po0oTa Ma€ akTyalbHY TEMAaTHKY IIOJI0 AHATI3Yy Ta NMPAKTHYHOI peai3aiii METOiB

IIEPETBOPEHHS 3BYKOBHX MOBIIOMJIEHb Ta (JOPMATIB 3BYKY.

0) XapaKTepHCTHKA BUKOHAHHS KOKHOTO PO31iTy poOOTH
IlosicHroBasIbHA 3anMCKa CKJIQNAETBCS 3 TEXHOJIOTIYHOTO PO3JUTY, PO3ALIY

OXOPOHHU TIpalll Ta A0AaTKy. TeXHOJOTIYHUI PO3/ILT MOSCHIOBAIBHOI 3alIMCKH MiCTUTD

MiIPO3AUIM, [0 MOETAlHO OXOIUTIOKTh AHAMNTHYHY 4YacTHHY, peai3aiilo CyTi

po0oTH, JOCHHKEHHS €()EeKTUBHOCTI NPUMHATHX pillieHb. P03 OXOPOHM mparli

MICTHTb 3arajibHy iH(OpPMAIIilO Ta BAMOTH JI0 TeXHIKU Oe3mneku oneparopa EOT

B) OLIIHKA SIKOCTI BUKOHAHHS rpadiuHoi (Ipe3eHTaiifHo1) YacTHHE POOOTH i MOSCHIOBAILHOI

3alIMCKH
I'pagiuna yactmHa cramaerbes 3 15 chaiifiB MyJabTHMEAIRHOI Mpe3eHTallii,

BUKOHAHOI y mnporpamHomy npoiaykri MS PowerPoint, siki MicTSTh KpeclieHHS Ta

UIKOCTPaTUBHI cXeMH, Tabiui, rpadiky, nepeabadeHi TEXHIUHUM 3aBIaHHSM.

IlosicHroBalbHA 3armMcKka BHKOHAHA dKyparHoO Ta Yy BLIIOBIJHOCTT [0 HOPM

oopMiIEHHA JOKYMEHTIB. JIKiCTh BWKOHAaHHA rpaiuHoi uacTuHH poOOTH Ta

MOSICHIOBAJILHOI 3aITMCKU BUCOKA, pO3pO0OKY BUKOHAHO y IIOBHOMY 00Cs31




I') MepeniK MO3UTUBHUX SKOCTEH podoTH

[TpoaHani3oBaHO caMe AaKTYaibHI METOJM MEPETBOPEHHSA 3BYKY Ta MPHUCTPOIB iX

IIPAKTUYHOK) peai3allii;

Y po0oTi BUKOHAHO MPAKTUYHY peali3alild METO/IB TNEPETBOPEHHS 3BYKOBHUX

MOBIAOMJIEHb PI3HUX (POPMATIB;

Po3po06iieHi pexoMeHaallii Mmoo iX MoAaibiIoi MOAEpHI3aLlli.

1) OCHOBHI HEJIOJIIKH poOOTH

3 TEKCTYy TOSCHIOBAJIBLHOI 3alMCKH HE YK€ 3pO3YMUIO, HACKUIBKH CHIJIBHO

PEKOMEH/IOBAHMI METOIM Ta IIPUCTPii NMEPETBOPEHHS BIIPI3HAIOTHCS Bl aHAJIOTIB 3a

SKICHUMHU TlapaMeTpamMu 00poOKu CUTHAIIB;

Y po3aull OXOpOHM Tipalli HaBECHI BiiOMI HOPMAaTHMBHI BUMOTH 3arajbHOrO IUIAHY

3aMICTh KOHKPETHHUX PO3PAXYHKIB OCBITJICHHS MPUMILICHHS, BEHTUISILIIT, PIBHS LIyMY.

00,
OuiHKa Po3paxyHKOBOi YaCTHHH 4 /f%ﬂ/
Ouinka rpadigHoi (Mpe3eHTaNiHHOi) YacTHHHU Zf/ /;l&%é/
3arasbHa OL[iHKa C(/ %J'/CZC’ /
g, 5.
[Ipi3Buuie, iM’s Ta 0 6aTHKOBI PELIEH3EHTA Craiikyua Cepriid BonoaumMuposud

Micue poboTH 1 mocana pelLIeH3eHTa l:[ep)KaBHI/II/I YHIBCPCUTET IHTCIICKTYaJIbHUX

TEXHOJIOT1# 1 3B’ 13Ky, K.¢.H., nouieHT kageapu Kb ta T3I, mom.nekany axkyapTeTy

1H(popMaIIHUX TEXHOJIOT1H Ta KibepOe3neku
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