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AHOTALS

IMaBaenko €.B. OuiHka MOKJIMBOCTI NepexonJjieHH MOBHOI iHdopmamii i3
BH/IIJIEHOTO TPUMILlIEHHSI TAa CHOCO0M HOro 3axXucCTy BiJ BHUTOKIB iH(opmamii
TeXHiYHMMU KaHajgaMu. — KBamidikaliiiHa HayKoBa mpaiisi Ha IpaBax PyKOMHCY.

Huceprairist Ha 3100yTTS HAyKOBOTO CTYIEHs MOKTOpa (itocodii B ramy3i 3HaHb
17 «EnekTpoHika Ta TeJeKOMYHIKalii» 3a cruemianbHicTio 172 «TenekomyHikaiii Ta
pamiorexHika». — HamioHanbHMII TexHIYHMI yHIBepcuTeT YKpainu «KuiBcbkuit
noyitexHiyHui 1HCTUTYT 1MeHi Iropst Cikopcekoro» MOH VYkpainu, Harionanpawmit
TEeXHIYHUM yHiBepcuTeT YKpainu «KWUiBCHhKMIM MOMITEXHIYHUNA IHCTUTYT iMeH1 Irops
Cikopcrkoro» MOH VYkpainu, Kuis, 2024.

HucepramiitHa poOoTa MNpHUCBSYEHA BHUPIIMICHHIO HAYKOBO-TPAKTUYHOI 3ajadi
MIJBUIICHHS €(QEeKTUBHOCTI Ta BJIOCKOHAJICHHS 3aXUCTy IMPHUMIIICHh BiJ BHUTOKIB
1H(dOopMaIi Mo aKyCTHYHUM KaHAJIaM [UISIXOM yIOCKOHAJICHHS PO3PaXyHKOBOTO METOTY
BU3HAYEHHS CJIOBECHOI PO30IPIMBOCTI 3 MOXKIIMBICTIO BUKOPUCTAHHS ONTUMAIBHOI IO
KPUTEPII0 MIHIMYMa 1HTErPaJIbHOTO 3HAYEHHS 3aBaJid, 1[0 IO3BOJUTh HE TUIbKHU OI[IHUTHU
MO>KJIMBICTh TIEPEXOIUICHHSI MOBHOI 1H(popMaiiii, a i 3abe3neuynTtH ii 3axuct. Kpim Toro,
OyJa po3murpeHa MaTeMaTHIHa MOJICITb ONTHKO-EICKTPOHHOTO KaHAJy BUTOKY MOBHOT
iHpopMarii, Mo J03BOISE OIIHUTH MOXKIIMBICTH TNEPEXOIICHHS MOBHOI 1H(pOpMaIrii
3acobamu JICAP (mmazepHi cucremMu akyCTHUYHOI PO3BIKH), a y 3B 53Ky 3 BHCOKOIO
1H(OPMATUBHICTIO JaHUX KaHAJIIB, AICTaJIa NOJAJBIIOT0 PO3BUTKY MaTEMaTUYHA MOJIEIb
pamioeNEKTPOHHOTO KaHAy BUTOKY iHQoOpMaIli MUIIXOM BpaxyBaHHS MapamMeTpiB
nepenaBavya Ta IpuiiMaya, IO JO3BOJMIIO PO3PaxyBaTH ONTHMAIBHHH pIBEHBb
HEOE3MMeYHOTO CUTHAYy Ta MACKyHYOoro IIyMy B 3ajavax MPOTHIIl TEPEXOIUICHHIO
1H(DopMaIii 3acodaMu TEXHIYHOT PO3BIIKH.

Y  nepwomy poszdini naucepralii MNpoaHali30BaHI TEXHIYHI KaHAJd BUTOKY
iH(popMartii BualieHoro npuMinieHHs. Cepenl po3sIHy THX KaHATIB: IPSIMHUM aKyCTUYHUH,
aKyCTOBIOpaIiifHIM, aKyCTOCJIECKTPUIHHM, ONTUKO-EJICKTPOHHUM Ta €IEeKTPOMArHITHHUMI

KaHaJIu.



PosrnsnyTo MeToau 3axucTy MOBHOI iH(popMaIllii Bi ii BUTOKIB uepe3 aKyCTUYHI
KaHaJI1, MPUBEICHA MTOCIII0BHICTh 3aXO01B IIPH OpraHi3allii 3aX1UCcTy MOBHOI iH(hopmarrii
BiJl 1l BUTOKIB 13 BHJIUICHOTO MPHUMIIICHHS, HaBEJACHUN CIUCOK 3ac00iB Ta CIOCO0IB
NEPEXOIUIEHHs] MOBHOI 1H(OpMalli, a TakoX 3axodiB MPOTHUIII s KOXKHOIO 3
MPUBEJACHUX aKyCTUYHUX KaHaJiB.

J1is 3a06e3neueHHst BAMOT 110 €JIEKTPOMAarHiTHii 6e3mneri BUA1IEHOTO MPUMILIEHHS
OyJl0 pO3IJISIHYTO ©€KpaHyBaHHsS EJIEKTPOMArHITHUX XBWIb. [loka3aHi OCHOBHI
MOJIOKEHHS 1 3aJIEKHOCTI €KpPaHyBaHHSI €JIEKTPUYHUX, MATHITHUX Ta €JIEKTPOMATHITHUX
€KpaHiB, PO3IJISTHYTI BUMOTHU /10 €JIEKTPUYHUX Ta MAarHITOCTATUYHUX eKkpaHiB. [lokazanuii
po3paxyHOK €()EeKTUBHOCTI €KpaHyBaHHS MAarHiTHUX Ta HEMarHiTHHUX MarepiaiiB Ha
3aJlaHMX YacTOTaX MpHU PI3HUX 3HAYEHHSX MPOBITHOCTI Ta TOBIIMHU CTIHOK €KpaHy.

Po3riasiHyTO MoKa3HUK CIOBECHOI PO30IPIMBOCTI, JIs OLIIHKU 3aXUCTY BUALIEHOTO
NPUMIIICHHS BiJI BHUTOKIB aKyCTHYHOI 1HdopMallli, NpuOIU3HY IIKaTy OLIHKU
NEPEXOIUVIEHOT0 MOBHOTO MOBIAOMJICHHS, KpUTEpli €(PEKTUBHOCTI 3aXHCTYy BHILIEHUX
NPUMIIICHh 3 TOYKH 30py TOKA3HHWKA CIIOBECHOI PO30IpIUBOCTI, PO3PaXyHKOBHH Ta
1HCTPYMEHTAJIbHO-PO3PAXYHKOBUH METOAM OILIHKKA pO30ipJIMBOCTI MOBH, a TaKOXK
NOCJIIJIOBHICTh I MpU 3A1MCHEHHI KOHTPOJIO0 €(PEKTUBHOCTI 3aXHCTYy BHJILJIEHOTO
NPUMIIICHHS BiJ] BUTOKIB aKyCTUYHOT 1H(GOpMAIIil TpU BUKOPUCTAHHI IHCTPYMEHTAIBHO-
PO3PaxyHKOBOT'O METOTY.

Y opyeomy po30ini nucepTariii MpOBOIUTHCS aHATITUIHUHN OTJISIT Ta 3aCTOCYBAaHHS
MaTEeMaTUYHUX MOJIEJel aKyCTUYHOTO, ONTHUKO-EJIEKTPOHHOTO Ta PaioeIeKTPOHHOTO
KaHaJIIB BUTOKY 1H(pOpMaIIii.

Posrnsgnyra matemarnyHa MoOJEIb AKyCTHYHOTO KaHaly BHTOKY 1H(popMarii
JI03BOJIMJIA OI[IHUTH CTaH 3aXHUINEHHOCTI MOTCHIIIMHUX aKyCTHYHUX KaHaJliB BHTOKY
MOBHOI 1H(poOpMalii po3paXyHKOBUM METOJIOM, BPaXOBYHOUM MOXJIMBI MPOCTOPOBI i
CHEpreTUYHl YMOBU PO3BIAYBAJIHHOTO KOHTAaKTy B KaHalll Ta 3a0e3Meuyloyd BUCOKY
TOYHICTh OLIIHKM 3aXUIIEHOCTI MOBH, MOJI€NIb BCTAHOBIISIE€ (DYHKIIIOHAJIbHY 3aJIEKHICTh
pO30IpIMBOCTI MOBHU BiJl XapaKTEPUCTUK CUTHAIBHO-3aBaI0BOI OOCTAHOBKM B KaHAJII.
JI71s1 OLIIHKY CJIOBECHOT PO30IpIMBOCTI MOJICNIb BUKOPUCTOBYE (DOpMaHTHHUIM MeTo. s

3a0e3MeUeHHs aJIeKBaTHOCTI (PI3MYHUX MIPOLIECIB MPOTIKAIOUMX B KaHali, MpPUBEICHA



MaTeMaTHuyHa MOJEJb aKyCTUYHOTO KaHajla BUTOKY 1H(OpMaIlil mpeacTaBieHa y BUTIISAL
CYKYITHOCTI YOTHUPbOX B3a€EMO3B’S3aHUX MOJEJEH, TOCTaTHhO TOYHO ONHMCYIOUUX
aKyCTUYHUI CHUTHAN, SKUH CTBOPIOETHCA JKEPENIOM MOBH, AaKyCTHYHI HABMHUCHI
MEPENIKOU 1 MPUPOAHI IIYMHU, BILUIUB HEOJHOPITHOTO CEPEIOBUINA PO3MOBCIOKEHHS 1
MO>KJIMBOCTI aKyCTUYHOTO MpUiiMaya Mo po3Mi3HaBAHHIO MOBH.

Buxopucrana B 10CiIPKEHHI MaTeMaTHYHA MOJIETTb ONITUKO-EIEKTPOHHOTO KaHAITY
BUTOKY aKyCTHYHOI MOBHOI i1H(opMaIli J03BOJIMIA 3MOJCIIOBATH 3arpo3d BUTOKY
MOBHOI iH(opMaIlii depe3 BIKOHHI OTBOPH Ta NMPOMOMH 3 BHUKOPHUCTAHHSIM OITHKO-
eIEKTPOHHO1 amapaTypu AMCTAaHIIHHOTO TMPOCIYXOBYBaHHS MOBHU. JlaHa 3arposa
3aCHOBaHA Ha MOJYJIIOBaHHI BIJIOUTOTO JIa3€pPHOTO BHUIPOMIHIOBAHHS 3THHATHBHUMU
KOJIMBAHHSMH BIKOHHHMX INMHOOK, JDKEPEJIOM SIKHX SIBISIOTHCS MOBHI CHUTHAIH, IO
UPKYJIOIOTH BCEpEANHI MpUMIIIeHb. JlaHa MOJeIh JA03BOJISE BUSHAYUTH BiAHOIICHHS
MOTYXHOCTI KOPHCHOTO CHUTHANy JO MOTY>KHOCTI IIYyMYy Ha BHUXOJl JeTeKTopa Ta
pO3paxyBaTH CIOBECHY PO30IpJIMBICTh MOBU Ha BUXO/Il ONITUKO-EJIEKTPOHHOT anapaTypu
JUCTAHIIIHHOTO MPOCIYXOBYBAHHS MOBH 3 ypaxyBaHHSM BCIX MEPETBOPEHBb BHXITHOTO
aKyCTUYHOTO CHTHAy, IIyMOBHX CKIAJOBHX 1 BiJHONIEHh CUTHAJ/IIYM B TOYKax
3HIMaHHs 1HdOopMallii 3aco0aMu TUCTAHIIIHHOTO MPOCITYXOBYBaHHS MOBHU.

[IpuBenena maTemMaTH4HAa MOJEINb ONTHKO-EIIEKTPOHHOTO KaHATY BUTOKY MOBHOI
iHpopMmarlii Oyia po3lIUpeHa 3aJIeKHOCTIMU JJI1 BU3HAYEHHS BEJIMUUHUA CUTHA/IIYMY
Ha BXOJIl ONTHUKO-EJIEKTPOHHOI armapaTypy Ta BIAMOBIIHOI ili CTIOBECHOT PO30IpIUBOCTI
JUTSl OTPUMaHHSI MIHIMQJIBHOTO 3HAYEHHS CJIOBECHOI PO30IpIMBOCTI HA BUXOJII ONTHUKO-
€JIEKTPOHHOI amnapaTypy JUCTAaHUIMHOTO MPOCIyXOBYBaHHS MOBH. Takoxk, B poOOTI
NpUBEICHUN 3B’S30K 3a3HAUEHOI MOJENl 3 NPEACTABICHOI0 METOJUKOIO OLIHKH
MO>KJIMBOCTI MEPEXOIUICHHS Ta 3aXMCTy MOBHOI 1H(QOpMalii BUIIJIEHOTO MPUMIIICHHS,
IO J03BOJIIE€ OLIIHUTH MOXJIMBICTh MEPEXOIUIEHHS MOBHOI 1H(pOpMallii yepe3 BIKOHHI
OTBOpH Ta NMPONOMH 3 BUKOPUCTAHHSIM ONTHKO-EJIIEKTPOHHOT anaparypH AUCTAHI[IHHOTO
POCITYXOBYBaHHS MOBHU.

Bukopucrana B oCaipKeHHI MaTEMaTUYHA MOJENb PalOCICKTPOHHOTO KaHay
BUTOKY 1H(opMarii npu pizHUX Moaudikaiisx GyHKIT IpaBaono1i0HOCTI, sSKa MO CyTI

npenacrasiigie coO000 MaTeMaTUYHUU 3amuc TeopeMu baiieca, mokaszye SIKUM YHHOM 13



anplOpHUX JTaHUX 1 pe3yJIbTATIB aHAII3y PUUHATOIO KOJUBaHHS (OPMYIOTHCS anpiopHi
3HaueHHs. ba3yro4ynch Ha MOJ0KEHHAX TEOpii ONTUMAIBHOTO MPUHOMY, MOJIETh OMHUCYE
MPOIIeC MEePETBOPCHHS MPUHHATOTO PO3BIAYBAIBHHM TpPHHMadeM €JICKTPOMAarHiTHOTO
KOJIMBAHHS 3 METOIO IPUUHSATTS PIICHHS PO HASBHICTh CUTHAIY, BPAaXOBYIOUH BUMOTH
HE3aHWKEHHS OLIIHKA MOXJIMBOCTEH po3BiaKu. [Ipy BupilIeHH] 3a/1a4 B KOHTEKCTI JIaHO1
Teopii BIJAMOBIAb MOBMHHA OyTH OTpUMaHa SK Ha OCHOBI MOMNEpPEeAHIX (ampiopHUX)
BIJIOMOCTEH MPO CUTHAJ Ta 3aBaJiM, TaK 1 pe3yJbTaTIiB aHAI3Y JAaHUX, 110 MICTATHCS B
NPUHHATOMY KOJHMBaHHI. B KOHTeKCTI gaHOi Mojeni Oyia po3risiHyTa HEpIBHICTH JJIs
BUHECEHHSI PILIEHHS PO HASBHICTH 200 BIJICYTHICTh IETEPMIHOBAHOI'O CUTHATY Ha (OH1
Ouoro mymy, a Takok (YHKIIIOHaTbHA CXe€Ma ONTUMAJLHOTO TMpUiiMadya 3 4OTHpMa
MOKJIMBHMH BWIMAJKaM{ BHUSBIICHHS CUTHAy, IO ITOPIBHIOIOTHCSA 3 BCTAHOBJICHUM
MOPOroM 3aco0y paioeIeKTPOHHOT PO3BIIKH.

Y  mpemvomy pos3dini nucepranili yIOCKOHAJIEHO PO3PAXyHKOBUM METOJ
BU3HAYEHHSI CJIOBECHOI PO30IPJIMBOCTI MIISAXOM BUKOPUCTAHHS ONTHUMAIBHOI MO
KpUTEPII0 MiHIMyMa IHTETPAJIbHOTO 3HAYCHHS 3aBajW, [JI1 BU3HAYCHHS PIBHS
3aXMIIEHHOCTI MOBHOI 1H(pOpMAaIlii BUAIIICHOTO MpuMileHHs. J[Jig mpakTUUHOI peaizalii
YAOCKOHAJIEHOTO MeToAy Oyia TmpeacTaBlieHa METOJIMKA OIIHKH  MOXJIMBOCTI
MEPEXOIUICHHS Ta 3aXMCTY MOBHOI1 iH(MOpMaIlii, IpUBEeACHI pe3yJbTaTH ii PO3PaXyHKIB.

[IpencraBiena MeToIMKa MPOBOJUTH OIIHKY 3aXHUIIEHHOCTI MOBHOI iH(popMarlii
BUJIIJICHOTO TPHUMIMICHHS TNUIAXOM PO3PaxXyHKY BIJHOIICHHS CHTHAJ/IIYMy 3a
OTOPO/DKCHHSAMU TIPUMIILICHHS, a TaKOXK OIIHIOE MOXJIMBICTH IEPEXOIJICHHS MOBHOI
1H(pOopMaIlii Ha OCHOBI PO3PAXyHKY 3HaY€Hb CJIOBECHOI pO30IpIMBOCTI IPH HABMUCHOMY
1 HECHaBMUCHOMY MPOCIIYXOBYBaHHI MOBHOT iH(pOpMaIlii i3 CyMI>XHOTO MPUMIIIICHHS Yepe3
€JIEMEHTH HOro KOHCTPYKIii. Po3paxyHOK 3Haue€Hb CIOBECHOI PO30IpIMBOCTI
3aCHOBAHMI Ha BpaxyBaHHI MapaMeTpiB BUIIJICHOTO MPUMILIEHHS (IJIOWIl Ta THUILY
KOHCTPYKTHUBHUX €JIEMEHTIB, HAsIBHICTh a00 BIJICYTHICTb CIPSIMOBAHOTO MIKpO(DOHY) Ta
HE TOTpeOye BUKOPUCTAHHS IIMPOKOIO CIEKTPY IHCTPYMEHTAIbHO-BHUMIPIOBAIBLHOTO
obnmagHaHHs. Takox, B poOOTI MpUBEAEHUHN 3B’S30K 3a3HAYCHOI METOJUKH 3 OMTHKO-
CJICKTPOHHUM KaHaJIOM BUTOKY MOBHOIT 1H(opMaIlii, 1110 JO3BOJISE OLIIHUTH MOXKJIUBICTh

NepEeXOIUIEHHs] MOBHOI 1H(OpMallli yepe3 BIKOHHI OTBOPHU Ta MPOHOMHU 3 BAKOPUCTAHHIM



OIITHUKO-EJIEKTPOHHOI JI1a3€pHOT anapaTypy AUCTAHLIHHOTO MPOCITyXOByBaHHSI MOBH. A y
BUIAJIKYy HEBIAMOBIAHOCTI CIIOBECHOT pPO30IPIMBOCTI OTpUMAHOI 3a pe3yibTaTaMu
IIPUBEICHOI METOJUKHA BCTAHOBJIEHUM 3HAYEHHSIM, MOKHA PETYJIIOBATH 11 BEJIMUUHY 3a
JIOTIOMOI'OK0  BUKOPUCTAHOI B METOJMLI ONTHMAJIbHOI IO KpPUTEPI0 MIHIMyMa
IHTErpajbHOTO 3HAauYeHHs 3aBaju. Peamizallis maHoi 3aBajiu 3aCHOBaHa HAa BpaxyBaHHI
BaroBUX KOEQILIEHTIB, 1110 XapaKTEPU3yIOTh BIPOTIHICTh HASBHOCTI (POPMAHT MOBHU B
JaH1{ 9acTOTHIN cMy3i1 1 BiTOOpakaroumx BKJIAJ IaHOT CMYTH B CIIOBECHY PO30IpJIHBICTb.
Takum 4MHOM, TIPU PO3MOJILJICHH] €HEeprii IIyMOBOTO CUTHANY M0 YaCTOTHUM CMYyTaMm y
BIJIMOBIAHOCTI 3 BaroBUMHU KoedillieHTaMH, BUKOPUCTAHA ONTUMAJIbHA 3 TOUKHU 30pH
pUBEACHOI METOIMKY 3aBaja. l[Iporiec po3paxyHKy 3HAYEHB CJIOBECHOI PO30IpIUBOCTI
Ta ONTHUMAJIbHOI MO KPUTEPII0 MIHIMyMa IHTErpajJbHOTO 3HA4YEHHS 3aBaju OyB
aBTOMAaTH30BaHUI B mporpamHoMy cepenoBuini Mathcad, a pe3ynapratu po3paxyHKy
MIPUBEJICHI B POOOTI.

Takoxk, B poOOTI JicTajlia MOJAJIBIIOTO PO3BUTKY MaTeMaTU4YHAa MOJIEIb
pamioeNIEKTPOHHOTO KaHAy BHUTOKY iHQoOpMaIlii MUISIXOM BpaxyBaHHS MapaMeTpiB
nepeqaBaya Ta TpHiiMada, IO JO3BOJIMJIO pPO3paxyBaTH ONTHMAaIbHUN PIBEHb
HEOE3MEeYHOT0 CUTHATY Ta MaCKYIOUOTO IIyMy.

Y nmepmiomy Bumanaky, Ha 0a3l Mojeni paaioeNeKTPOHHOTO KaHaly BHUTOKY
iH(dOopMarlii, MpUBEAECHUN PO3pPaXyHOK ONTUMAIBLHOTO PIBHS CUTHAIY MIXK TEpe/laBaueM
Ta MpUiiMadyeM B MeKax KOHTPOJIbOBAHOI 30HM, TAKOK MPECTABJICHI 3aJI€KHOCTI YMOB
HE OTPUMaHHS KOPUCHOTO CHTHAJY MpuiMadeM 3aco0y pa/ioeIeKTPOHHOI PO3BIIKH 3a
MEKaMU KOHTPOJIbOBAHOI 30HH.

Y napyromy Bumanky, Ha 0a3l MojaeNi pPamiOCNEeKTPOHHOTO KaHaldy BHUTOKY
iH(pOopMaIlii Ta OHOrO 3 MOMJIMBUX BMITAJIKIB BUSBIICHHS PO3BIyBaJbHUM IpHUiiMadueM
CUTHaJly Ha (OHI LIyMy, MPEJCTaBI€HA MOXIIMBICTh 3amoOIraHHs MEPEXOIJICHHIO
CUTHaja, 110 BUXOAMTH 332 MEXI KOHTPOJIbOBAHOI 30HM Ta MEPEBHUIIY€E 3aJaHUI MOpIr
3aco0y paJlOCNEKTPOHHOI PO3BIJIKH, MUISXOM MOr0 MACKyBaHHS CIEHiaJIbHO
chOpMOBaHUM IIyMOM, MPUBEICHUN aJrOPUTM BH3HAYECHHS ONTHMAJIBHOTO pPIiBHSA

MacCKyIU4Ooro 1ymy.



Knwuoegi cnosa: po30ipavBICT, MOBH, IIIyMOBA 3aBajla, CUTHAJI, CUCTEMA OE3MEKH,
3amo0iraHHsT BUTOKY MOBHOI 1H(popMmarlii, KoedilieHT po30ipIMBOCTI MOBH, 3aXHCT
MOBHOI 1H(opMailii, moOiUHI €IEeKTPOMAarHiTHI BUIIPOMIHIOBAHHS 1 HABEJACHHS, 3aXUCT
1H(popManli, CHEKTpaJIbHUI CKJIaJ BUIPOMIHIOBAHHS, TEXHIYHMM 3axucT iH(popmarli,

TEeXHIYHA PO3BiJIKa, TEXHIYHI KaHAJIA BUTOKY 1H(OpMaIrii.



ANNOTATION

Pavlenko Y.V. Assessment of possibility the interception of speech information
from the premises and ways of its protection from leakage of information via
technical channels. - Qualifying scientific work on manuscript rights.

Dissertation for obtaining the scientific degree of PhD in the field of knowledge 17
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radio engineering"”. - National Technical University of Ukraine "lhor Sikorskyi Kyiv
Polytechnic Institute” MES of Ukraine, National Technical University of Ukraine "lhor
Sikorskyi Kyiv Polytechnic Institute” MES of Ukraine, Kyiv, 2023.

The dissertation is devoted to solving the actual scientific and practical problem of
increasing the efficiency and improving protection of premises from information leaks
via acoustic channels by improving the calculation method of determining speech
intelligibility with the possibility of using the interference of optimal criterion of the
minimum integral value, which allows not only to assess the possibility of interception of
speech information, but also to ensure of its security. In addition, was expanded the
mathematical model of the optical-electronic channel of speech information leakage
which allows to assess the possibility of interception of speech information by means of
LARS (laser acoustic reconnaissance systems) and also due to connection with the high
informativeness of these channels received the further development the mathematical
model of the radio-electronic leakage channel information by taking into account the
parameters of the transmitter and receiver, which made it possible to calculate the optimal
level of dangerous signal and masking noise in the tasks of countering the interception of
information by means of technical intelligence.

In the first chapter of the dissertation was analyzed the technical channels of
information leakage of the allocated premises. Among the reviewed channels: direct
acoustic, acoustovibrational, acoustoelectric, optical-electronic and electromagnetic
channels.

Considered the methods of protecting speech information from its leaks via

acoustic channels, presented the sequence of measures for organization of protection of
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speech information from its leaks from premises, given the list of means and methods of
interception of speech information, as well as countermeasures for each of the given
acoustic channels.

Considered shielding of electromagnetic waves to ensure electromagnetic safety
requirements of the allocated premises. Shown the main provisions and dependences of
the shielding of electric, magnetic and electromagnetic screens, considered the
requirements for electric and magnetostatic screens. Shown the calculation of the
efficiency of shielding of magnetic and non-magnetic materials at given frequencies on
different values of conductivity and thickness of the shield walls.

Considered speech intelligibility index, for evaluating the protection of allocated
premises from acoustic information leaks, an approximate scale for evaluating an
intercepted speech message, criteria for the effectiveness of the protection of allocated
premises from the point of view of a verbal intelligibility indicator, calculation and
instrumental-calculation methods for evaluating speech intelligibility, as well as the
sequence of actions for implementing control of the effectiveness of the protection of the
allocated premises from the leakage of acoustic information using the instrumental and
calculation method.

In the second chapter of the dissertation carried out an analytical review and
application of mathematical models of acoustic, optical-electronic and radio-electronic
channels of information leakage.

The considered mathematical model of the acoustic channel of information leakage
made it possible to assess the state of security of potential acoustic channels of speech
information leakage by calculation method, taking into account the possible spatial and
energy conditions of intelligence contact in the channel and ensuring high accuracy of
speech security assessment, the model establishes the functional dependence of speech
intelligibility on the characteristics of the signal-jamming environment in the channel.
For assessing speech intelligibility, the model uses the formant method. To ensure the
adequacy of the physical processes occurring in the channel given mathematical model
of the acoustic channel of information leakage presented as a set of four interconnected

models that sufficiently accurately describe the acoustic signal created by the speech
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source, acoustic intentional interference and natural noises, the influence of a
heterogeneous propagation environment and possibilities acoustic receiver for speech
recognition.

The mathematical model of the optical-electronic channel of the leakage of acoustic
speech information used in study made it possible to simulate the threats of the leakage
of speech information through window openings using optical-electronic equipment for
remote speech eavesdropping. This threat based on the modulation of reflected laser
radiation by bending vibrations of window panes, the source of which are speech signals
circulating inside the premises.This model allows you to determine the ratio of the power
of the useful signal to the power of the noise at the output of the detector and calculate
the speech intelligibility of the speech at the output of the optical-electronic equipment
for remote speech eavesdropping, taking into account all transformations of the output
acoustic signal, noise components and signal-to-noise ratios at the points of information
capture by means of remote speech eavesdropping.

The given mathematical model of the optical-electronic channel of speech
information leakage was extended by dependencies for determination of signal-to-noise
value at the input of the optical-electronic equipment and the corresponding speech
intelligibility for obtaining the minimum value of the speech intelligibility at the output
of the optical-electronic remote speech eavesdropping. Also, in paper shown the
connection of the specified model with the presented methodology for assessing the
possibility of interception and protection of speech information of allocated premises,
which allows to assess the possibility of interception of speech information through
window openings using optical-electronic equipment for remote speech eavesdropping.

The mathematical model of the radio-electronic information leakage channel used
in study with various modifications of the likelihood function which is essentially a
mathematical notation of Bayes' theorem shows how a priori values are formed from a
priori data and the results of the analysis of the received oscillation. Based on the
provisions of the theory of optimal reception, the model describes the process of
converting the electromagnetic oscillation received by the intelligence receiver in order

to make a decision about the presence of a signal, taking into account the requirements of



11

not underestimating the intelligence capabilities. When solving problems in the context
of this theory, the answer should be obtained both on the basis of previous (a priori)
information about the signal and interference, and the results of the analysis of the data
contained in the accepted oscillation. In the context of this model, an inequality was
considered for making a decision about the presence or absence of a deterministic signal
against a background of white noise, as well as a functional scheme of an optimal receiver
with four possible cases of signal detection, which are compared with the established
threshold of a radio electronic intelligence tool.

In the third section improved the calculation method of determining speech
intelligibility by using the interference of optimal criterion of the minimum integral value
to determine the level of protection of speech information of the allocated premises. For
the practical implementation of the improved method, presented methodology for
assessing the possibility of interception and protection of speech information and
presented the results of its calculations.

The presented technique assesses the security of the speech information of
allocated premises by calculating the signal-to-noise ratio behind the premises enclosures,
and evaluates the possibility of interception of speech information based on the
calculation of speech intelligibility values by intentional and unintentional eavesdropping
of speech information from the adjacent premises through its structural elements. The
calculation of speech intelligibility values based on the parameters of the allocated
premises (area and type of structural elements, presence or absence of a directional
microphone) and does not require using of wide range of instrumental and measuring
equipment. Also, the paper shows the connection of the specified methodology with the
optical-electronic channel of speech information leakage, which allows to evaluate the
possibility of interception of speech information through window openings using optical-
electronic laser equipment for remote speech eavesdropping. And in the case of
inconsistency of the speech intelligibility obtained by the results of the given
methodology with the established values, it is possible to adjust its values with the help
of used in methodology the interference of criterion of the minimum integral value. The

implementation of this interference based on the weighting coefficients characterizing the
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probability of the presence of speech formants in a given frequency band and reflecting
the contribution of this band to speech intelligibility. Thus, when distributing the energy
of a noise signal across frequency bands in accordance with the weighting coefficients,
used from the point of view of the presented methodology the optimal interference. The
process of calculating the values of speech intelligibility and the interference of optimal
criterion of the minimum integral value was automated with the help of Mathcad software
and the results of the calculation are given in the paper.

Also, in paper presented the further development of mathematical model of the
radio-electronic channel of information leakage taking into account the parameters of the
transmitter and receiver which made it possible to calculate the optimal level of dangerous
signal and masking noise.

In the first case, on basis of the model of radio-electronic channel of leakage
information given the calculation of optimal signal level between transmitter and receiver
within the controlled zone as well as presented dependences of the conditions of non-
reception of a useful signal by receiver of radio-electronic intelligence outside the
controlled zone.

In the second case, based on the model of radio-electronic channel of leakage
information and one of the possible cases of signal detection by the intelligence receiver
against the background of noise presented the possibility of preventing the interception
of a signal that goes beyond the controlled zone and exceeds the specified threshold of
the radio-electronic intelligence tool by masking it with specially formed noise presented

the algorithm for determining the optimal level of masking noise.

Keywords: speech intelligibility, noise disturbance, signal, security system,
prevention of leakage of speech information, speech intelligibility index, protection of
speech information, side electromagnetic radiation and guidance, information protection,
radiation spectrum, technical protection of information, technical intelligence, technical

channels of information leakage.
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BCTYII

AxkTtyanbHicTb TeMu. KondigeHuiiina iHgopmaliis, o UUPKYIOE HA MIINPUEMCTBI
rpa€ BAXIUBY poib y Horo (yHKIIOHyBaHHI. HasBHICTH creriagbHUX BUAUICHUX
npumMimienb (BII) ams oOpobku, 30epiranHs Ta nepenadi KoH}iaeHIIHHOT 1HGOopMaIii,
HAIPUKJIaa, KIMHATH JUIsl IEPErOBOPIB, CTajla HOPMOIO HE JIUIIE Y BEIMKUX KOPIOpaLifX,
a ¥ B opraHizaiisix cepeHb0l BeIUYnHU. Bes Taka iHbopMarlis MOXKe cTaTh 00'€KTOM
iHTEpecy 3JI0BMHUCHHKIB. CaMe TOMY BHUHHUKA€ MOTpeda CTBOPIOBATH YMOBH, 32 SKUX
MOJIMBICTb BUTOKY I1H(opMalli KOHPIAEHUIHHOTO XapakTepy OyAe MiHIMI30BaHa.
OpHak, Ha KOXKHY CUCTEMY 3aXMCTY 3JIOBMUCHUKU 3HAXOMSTH CIIOCOOU 11 MOJ0JIaHHS, a
OT)KE€, BUHMKA€ HEOOXIJTHICTh NMOCTIMHOIO BJIOCKOHAJICHHS CIIOCOOIB Ta METOMIIB JJIA
3a0€3MeUYCHHS] HAJIeKHOT 3aXHIIEHOCTI KoHbimeHIiiHoi i1Hpopmariii. Came ToMmy,
HEOOX1THICTh 3aXUCTy 1HpOopMallii, o MicTUThCS y BII He BUKIIMKae CyMHIBIB.

CyTHICTH 3aX0/IiB 3aXHUCTy 3BOJAUTHCS JO MEPEKPUTTS MOKIMBHUX KaHAIIIB BUTOKY
1H(opMarlii, siki 3'IBISIOTHCS B CHITY 00'€KTUBHHX YMOB ii TIOIIMPEHHS 1 3a111KaBIICHHOCTI
3JI0BMUCHUKIB B ii oTpumaHHi. KaHanu BuTOKy iH(popMallii yuciaeHHl. BoHu MOXyTh
OyTH SIK IPUPOJHUMHU TakK 1 MITYYHUMHU, TOOTO CTBOPEHHUMH 3a JOTIOMOTOI0 TEXHIYHHX
3aco0iB. [lepekpuTTs BCiX MOKIMBUX KaHAJ1B HECAaHKIIIOHOBAHOTO 3HIMaHHA 1H(GopMaIlii
noTpedye 3HAYHUX BUTPAT 1 TOMY B IMMOBHOMY 00CS31 3pOOUTH 1€ BIAETHCS JAIEKO HE
3aBkau. B mepury depry, HEoOXiqHO 3BEpPHYTH yBary Ha Ti 3 HUX, SKI MOXYTh OyTH
BUKOPHUCTaHI 3 HAMOLIBIIO HMOBIPHICTIO.

TakuMm yMHOM B pOOOTI PO3MISAAETHCS 3ahada MIABUIIEHHS €()EKTUBHOCTI Ta
BJIOCKOHAJICHHSI 3aXHUCTY MPUMIIIECHb BiJl BUTOKIB 1H(pOpMaIlli 0 aKyCTUYHUM KaHajgam
NUISXOM  YJOCKOHAJCHHS  PO3PaXxyHKOBOTO  METOAY  BH3HAYCHHS  CIIOBECHOI
pPO30IpIMBOCTI 3 MOMKIIMBICTIO BHKOPUCTAHHS ONTHMAJIBHOI MO KPUTEPI0 MiHIMyMa
IHTETPaIbHOTO 3HAYEHHS 3aBajH, IO JO3BOJUTh HE TUIBKH OIIIHUTH MOJXIJIHUBICThH
NEepeXOIUIeHHs] MOBHOI 1H(opmanii, a W 3abe3neuntu ii 3axuct. Kpim Ttoro, Oyna
po3lIMpeHa MaTeMaThuyHa MOJIElb OITHUKO-EJIEKTPOHHOIO KaHally BUTOKY MOBHOIT
iH(opMarii, 10 J03BOJSE OIIHUTH MOJKJIMBICTH IEPEXOIJICHHS MOBHOI 1H(poOpMaIrii

3acobamu JICAP (nasepHi cuCTEMH aKyCTHYHOI PO3BIIKHM), a y 3B’SI3Ky 3 BHCOKOIO
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1H(OPMAaTUBHICTIO TAHUX KaHAJIB, /IICTala MOJAIbIIOT0 PO3BUTKY MaTEMaTHYHA MOJIEIb
pPagioeNIeKTPOHHOTO KaHaTy BUTOKY iH(oOpMaIlii NUISIXOM BpaxyBaHHS MapamMeTpiB
nepeqaBaya Ta TpHiiMaya, IO JO3BOJIMJIO pPO3paxyBaTh ONTHUMAIbHUN PpIBEHb
HeOE3MeUHOro CUTHajdy Ta MAacKyl4yoro IIyMy B 3aJadax MPOTHIII MepPeXOIUICHHIO
1H(opmMmarii 3acod0aMu TEXHIYHOT PO3BIIKH.

3B'S130K po0OTH 3 HAYKOBUMH NPOrpamMamMm, IJIaHaMH, TeMaMu. BuknaneHni y
JucepTaiii HOBI TEOPETUYHI Ta TMPAKTUYHI PpPe3yJabTaTH JOCHIHKEHb MOXYTh
BUKOPUCTOBYBATHUCS TIPHU PO3POOII Ta eKCIUTyaTallli CUCTEM aKyCTHYHO1 €KCIIePTU3H Ta
KOpEeKLIi MpUMIIIEHb, & TaKoX Yy OCBITHROMY Mpoleci Kapeapu MNpUKIATHOT
paIioeICKTPOHIKH 3a crerianbHicTIo 172 TenekoMyHikalii Ta paaioTexHika, B OCBITHIN
nporpami  “TenekomyHikamii Ta  pajaioTexHika’  HalioHaabHOrO  TEXHIYHOTO
yHiBepcuTeTy YKpainu “KHiBChKHIl MOMITEXHIYHUN IHCTUTYT iMeH1 Iropst Cikopcbkoro™.

Merta i 3aBaaHHs J0c/aiIzKeHHsA. MeTor0 aucepTaiiiHoi poOoTH € 3a0e3neueHHs
3aXUCTy 1IHPOpMAIlli BUAICHOTO IPUMIILIECHHS B[l ii BATOKY TEXHIYHUMHU KaHAJIaMHU.

JIy1st MOCSITHEHHS TIOCTABJICHHOT METH BUPIIIICHI HACTYITHI 3aBJaHHS:

1. AHani3 TeXHIYHUX KaHaJIIB BUTOKY 1H(OpMaIlli BUALIEHOTO NPUMIIIEHHS Ta
3aX0/11B MPOTUIIT JAaHUM BUTOKaM, CIIOBECHA pO301pJIMBOCTh MOBHOI 1H(OpMaIlii.

2. AnHamiTHYHMM OrJIsiA  Ta 3acTOCYBaHHS MAaT€MaTUYHMX  MOJeNel
aKyCTUYHOTO, ONTHKO-CJIEKTPOHHOTO Ta PaJiOCIIEKTPOHHOTO KaHaJiB BUTOKY
iH(DOopMmarrii.

3. VYIockoHajmeHHS PO3PaxyHKOBOI'O METOAY BHU3HAUEHHS CJIOBECHOI
pO30IpJAMBOCTI WIJISAXOM BHUKOPUCTAHHA ONTHMAJIbHOI MO KPUTEPI0 MiHIMyMa
IHTETpaJlbHOTO 3HAYCHHS 3aBajiM, JJI1 BHU3HAYCHHS PIBHSA 3aXHUIIEHHOCTI MOBHOI
1H(dOopMaIlii BUIIIIEHOTO MPUMIIIEHHS.

4. Po3mmput MaTeMaTUyHy MOJENb ONTHUKO-EICKTPOHHOTO KaHaly BHUTOKY
iHbopMaIi [UIIXOM OTPUMaHHS aHANITHYHUX 3aJEKHOCTEH Il  PO3PaxXyHKY
MIHIMAJIBHOTO 3HAYEHHS CJIOBECHOI PO30IPJIMBOCTI HA BHUXOMl JIETEKTOpa OITHUKO-

€JICKTPOHHOT anapaTypy JIUCTAHIIMHOTO MPOCIYXOBYBaHHS MOBH.
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5. Po3mmput mMaremMatuyHy MOJAENb PagiOCNEeKTPOHHOTO KaHAIy BHUTOKY
iHbopMmaIi [UIIXOM OTPUMaHHS aHAMITUYHUX 3aJEKHOCTEH JUIsi  PO3PaAXyHKY
ONTUMAJILHOTO PIBHS HEOE3MEYHOTO CUTHATY Ta MAaCKyI4oro IryMy.

O0’€eKkTOM 10CTIIZKEHHA € 3aXUCT 1HPOpMallli BUAUIEHOTO TPUMIILIECHHS.

IIpeamMeTom AoCaiTKeHHS SBISETHCS OLIIHKA MOKIIMBOCTI IEPEXOTUICHHS] MOBHOI
iH(dopMaIlli BUAUIEHOTO MPUMIILIEHHS 3ac00aMM TEXHIYHOI PO3BIIKM Ta CIOCOOH HOro
3aXMCTY BiJ] BUTOKIB 1H(POPMAIIii TEXHIYHUMHU KaHAJIAMHU.

Metoan AOCTiIAKEeHHS. st BUPIIIICHHS MOCTABJICHHUX 3a/a4y
BUKOPUCTOBYBAJUCh HACTYIHI METOAM Ta MOJENL: JUIsi OLIHKH MOXJIMBOCTI
NEPEXOIUICHHST MOBHOI 1H(popMaIlii 13 BUAUICHHOTO MPHUMIIICHHS OyB BUKOPUCTaHUI
(GbOpMaHTHMI METOJ] BU3HAUYEHHS CIOBECHOI PO30IpJAMBOCTI MOBHU. JJis OLIHKU CTaHy
NOTEHIIITHOr0 KaHaly BUTOKY aKyCTHYHOI 1H(opMalii po3paxyHKOBUM METOJIOM, IIO
JIO3BOJISIE AllPIOPHO OLIHUTH CTaH JIaHOTO KaHally JUIsi KOHKPETHOTO BHJILIEHOTO
NPUMINIEHHS BUKOPHUCTOBYBAJACh MAaT€MaTHYHA MOJIEIh aKyCTUYHOTO KaHajla BUTOKY
MOBHOT iHpopMmarrii. [[j1st OIIHKK MOKIIMBOCTI MEPEXOTUICHHS aKyCTUYHOT 1H(pOpMAIIii 1Mo
OINTHUKO-EJIEKTPOHHOMY KaHaIy Ta pPO3paxyHKy MiHIMaJIbHOTO 3HAYEHHS CIIOBECHOI
PO301pJIMBOCTI HA BUXO/1 IETEKTOPA anapaTypu IUCTAHLIMHOTO MPOCIyXOBYBaHHS MOBU
BUKOPHUCTOBYBAJIACh MOJIETh ONITHKO-EIEKTPOHHOTO KaHajla BUTOKY MOBHOT iH(MopMariii.
JUis  OIIHKK MOXJIMBOCTI TICPEXOIJICHHSI €JIEKTPOMArHiTHOrO BHUIIPOMIHIOBAHHS
TEeXHIYHUX 3ac00iB 00poOku iH(oOpMaIli BUKOPUCTOBYBAJIACh MaTeMaTHYHA MOJICITh
PagioeIeKTPOHHOTO KaHaly BUTOKY 1H(OpMaIIii.

HaykoBa HOBH3HA OTPUMAHHUX Pe3yJIbTAaTIB!

1. YaockoHaneHo po3paxyHKOBHI METOJ BHU3HAYEHHS CIOBECHOT PO30ipIMBOCTI
IUISTXOM BUKOPHUCTAaHHS ONTHUMAJIBHOT MO KPUTEPI0 MiHIMyMa IHTErpaibHOTO 3HAYCHHS
3aBajy, I BU3HAYEHHS PIBHA 3aXUILEHHOCTI MOBHOI 1HQoOpMAaIlli BUIIJIEHOTO
MPUMIILICHHS.

2. Po3mmpeHa mareMaThyHa MOJEIb ONTUKO-EJIEKTPOHHOIO KaHally BHUTOKY
MOBHOI 1H(OpMalii HUIIXOM OTPUMAaHHS AHATITUYHUX 3aJEKHOCTEH ISl PO3PAXYHKY
MIHIMAJIBHOTO 3HAYE€HHS CJIOBECHOI PO30IPJIMBOCTI HA BHUXOMl JIETEKTOpa OITHUKO-

CJICKTPOHHOT anapaTypy TUCTAHIIIMHOTO MPOCIYXOBYBaHHS MOBH.
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3. Jicrana momanpmioro poO3BUTKY MaTeMaTWyHa MOJETbh PaiioeJeKTPOHHOTO
KaHally BUTOKY 1H(OpMAIIiT IIJITXOM BpaxyBaHHs IMapaMeTpiB MepeaaBaya Ta npuiimMaya,
IO JO3BOJMJIO pPO3paxyBaTH ONTUMAJIbHUNA piBEHb HEOE3MEUHOTr0 CHTHAIYy Ta
MacCKyI40ro Irymy.

IIpakTH4yHe 3HAYEHHS OTPUMMAaHUX pe3yJabTaTiB. BuknajeHi y nuceprailii HOBI
TEOPETUYHI Ta MPAKTUYHI Pe3yJbTaTH NOCIIIKEHb OYyJM BNPOBA/KCHI B HaBYAJIbHUM
nporiec  kadeapu TPUKIAAHOI PaTIOCIEKTPOHIKK PAAIOTEXHIYHOTO (DAKyIbTETy
HamionansHoro TexHiuHOTO YyHiBepcuTeTy YkpaiHun «KuiBcbkuil mONITEXHIYHUN
1HCTUTYT iMeH1 [ropst CIKOpChKOTO0», 3T1IHO 3 aKTOM BIIPOBAJKEHHS, 1] Yac M1rOTOBKU
7ab0opaTOpHUX Ta MPAKTUYHUX 3aHATH 3 HaB4YanbHOI auctumuiiau [RE-80] «Croenxypce
dbopmyBaHHS 1 OOpOOJICHHS CHUTHAIIB» Il CTYJICHTIB 3a CHelialbHIcCTIO 172 —
«EnexTpoHH1 KOMYHIKalli Ta paaioTEXHIKa.

OcobucTtuii BHecoK 3100yBaya. TeopeTuyH1 Ta MPaKTHUYHI BUCHOBKH, PE3yJIbTaTh
pPO3paxyHKIB, @ TAKOXK MPEICTaBIEHI B PoOOTI pIIEHHS OTpHMaHl 1 cHOpMyIbOBaHI
aBTOPOM CaMOCTIHHO.

Anpo0auisi pe3yJIbTATiB AUCepPTAaIlil.

OxpeMi MOJNIOKEHHSI TUcepTaliiiHOT poOOTH AOMOBIIaIUCs Ta OOrOBOPIOBAIIUCS Ha
HaykoBux koHdepeHiisix: The 6th International scientific and practical conference
“Global science: prospects and innovations” (Liverpool, 2024), The 6th International
scientific and practical conference ‘“Modern research in science and education” (Chicago,
2024), The 6th International scientific and practical conference “Old and new
technologies of learning development in modern conditions” (Berlin, 2024).

Iy6aikauii. 3a pe3ynbTaTé A0CHIKEHb OMyOIiKOBaHO 3 HAYKOBUX Ipalil.

Crpykrypa Ta o0csAr auceprauii. J(ucepramisa ckiagaerbest 31 BCTYIY, TPhOX
PO3/1J11B, BACHOBKIB, CIIMCKY BUKOPUCTAHUX JIKEpeNl Ta JoAaTKiB. PoO0Ta BUKIIaeHa Ha
111 apkymrax OCHOBHOTO TEKCTY, MICTUTh 33 pPUCYHKA, 5 TaOJIHIlb, CTUCOK BUKOPUCTAHOT

JiTepaTypH BKIIOYae /7 aKepel.



21

PO3JILI 1.
AHAJI3 TEXHIYHUX KAHAJIIB BUTOKY TH®OPMAIII BUILIEHOTO
MPUMILIEHHS, METOJIU TA 3AXOJ MPOTHU/IIT JAHAM KAHAJIAM,
CJIOBECHA PO3BIPJIMBICTh MOBHOI TH®OPMAIII|

1.1 Anani3 TexHiYHHUX KaHAJIB BUTOKY iH(popManii BUiJIeHOro mpuMilieHHS.

VY 3arasibHOMY BHUNaAKy (DYHKIIOHYBAaHHS OYJlb-KOTO TE€XHIYHOTO 3aco0y ado
POrpaMHO-arapaTHOTO KOMILIEKCY, 0 00polbiisie iHhopMaIlito B paMKax BUIIJICHOTO
NPUMIIIEHHS  CYNPOBOUKYETHCS  BHHUKHEHHSM  CYNPOBODKYIOUMX  HeOakaHMX
aKyCTHYHHMX Ta (ab0) eJeKTpOMAarHiTHUX MOJiB 1 curHaiiB. [1omiOHI cynpoBOKYyIOUl
akycThuuHi Ta (a00) eJIeKTPOMAarHiTHI BUIPOMIHIOBAHHS SIBJISIFOTHCS TMOTEHIIMHUMU
HOCIsiIMU HeOe3neyHux curHaiiB. CepeqoBuIlle MOIIMPEHHS TaKUX BUIIPOMIHIOBAHb Ta
CUTHAJIIB MOXe OyTH PI3HUM: TOBITpPsI, CTOPOHHI IIPOBITHUKH, €IEMEHTH KOHCTPYKIIIT 1
T.11. ToOTO iCHYIOTH OO'€KTUBHI TNPUYMHU YTBOPECHHS TEXHIYHUX KaHAIIB BUTOKY
1H(popManli BUAUIEHUX NpuMilieHb. HasBHICTh IUX KaHAIIB JO3BOJISIE 3IOBMUCHHUKAM
OTpUMAaTH MOXKJIMBICTh HETJIACHOTO 3HIMaHHS 1HQopMmarlii 0OMEXKEHOro IOCTYymy 3a
JIOTIOMOTOF0 CTIeIiajIbHUX TEXHIYHUX 3ac00iB. TakuM YHHOM, y 3arajJlbHOMY BUMAAKY
TEXHIYHUM KaHAJIOM BUTOKY 1H(pOpMaIlii SBISETbCA CYKYMHICTh HACTYITHUX €JIEMEHTIB:
00'exTa po3BikH (IHPOPMATUBHOTO CUTHATY), TEXHIYHOTO 3ac00y 3HIMaHHS 1HGOpMAIIii
(3aKJIaIHOrO MPHUCTPOIO) Ta (PI3UUHOTO CEPEJOBHUINA TOLIMPEHHS 1HPOPMATHUBHOIO
curnany [1-3].

TexHiuHI KaHAIM BUTOKY 1HPOpMAIIii MOXKHA KIIAaCU(IKyBaTH HACTYITHUM YHHOM [1-7]:
— 32 MOXOJKEHHSM: IITY4H1 (TOOTO crieniaabHO CTBOPEH1) Ta MPUPOIHI (BIKOHHI OTBOPH,
OaTapei ormaJieHHs Ta 1H.);

— 3a ()yHKIIIOHYBaHHSM: peajibHi (TOOTO /Ait04i) Ta MOTEHIIIMHI (HE BUKOPUCTOBYIOTHCH,
ane icHyroui);

— 3a (DI3UYHOIO MPUPOJIOI0: AKYCTHYHI (Y TOMY YHCII1 aKyCTOEIEKTPUYHI, BIOPOAKyCTHYHI
Ta 1HIII aKyCTHUKO-TIEPETBOPIOBAJIbHI), €JIEKTPOMArHiTHI (y TOMY YMCII Mar”iTHI Ta
€JICKTPUYHI1) Ta BI3yaJIbHO-ONTHYHI.

[Ipo akycTH4YHI KaHaJIu BUTOKY 1H(OpMaIlli MPUHHATO TOBOPUTH B TUX BHUIAQJIKaX,

KOJIM 1X JDKEPEJIOM CIIYKHUTh JIOJMHA, ii MOBHHMI amapar. Camy iH(MoOpMaIliio B bOMY
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BUMAAKY TaKOXX Ha3MBAalOTh MOBHOIO. MOBHMII amapaT JIOAMHU SIBISITHCS JXKEPEIOM
aKyCTHYHUX XBWIb B miana3oHi dactor 70-7000 I'p [8]. CnyxoBuit amapar JioauHA
J03BOJISIE CIIpUAMATH aKyCTH4HI XBWil B nmianma3zoni wactor 20-20000 T'mp [9]. Le
NEPBUHHI JKEpena Ta NnpuiMadi MOBHOI 1H(popmarii. SKmo * s BIATBOPEHHS Ta
puiioMy MOBHOI 1H(oOpMAaIlii BUKOPUCTOBYIOTHCS TEXHIYHI 3acO0M Ta MPHUCTPOI, TO
TOBOPSYM IIPO BTOPUHHI JIXKepesia — 1€, HAlPUKJIIa, TyYHOMOBIII Ta MIKpO(hOHHU.

3amexxkHo BiA (I3UYHOI NPUPOAU BUHUKHEHHS 1HGOPMAIIMHUX CHUTHANIB,
CepeloBHINA iX TONIMPEHHS, aKyCTUYHI KaHaJIu BHUTOKY iH(opMalii MOAUISIOThCS Ha
[1,10]:

- IpsIM1 aKyCTHYHI;

- aKyCTOBIOpaliiiyi;

- aKyCTOEJIEKTPHUYHI;

- HapaMeTPUYHI.

-OIUKO-EJICKTPOHHI (aKyCTOOIITHYH])

[Mpsimi akycTuuni kanamu [1, 5 - 7]. B naHux kaHamax cepeoBHUINEM MOMUPEHHS
HEOE3MEeYHUX CUTHAJIB SIBISIETHCS MOBITPs. TexHIYH1 3acO0M PO3BIIKH, 32 TOOMOTOIO
SAKUX BEAEThCS MEPEXOIUICHHS 1HGOpMaIlii o MPsSMOMY aKyCTUYHOMY KaHaly, B SIKOCTI
NIEPBUHHOIO MEPETBOPIOBaYa BUKOPHUCTOBYIOTh BUCOKOUYTIHMBHI MikpodoH (puc. 1.1)
a6o mikpodoH crpsmoBanoi mii. [{i MikpooHH MepeTBOPIOIOTh MEXaHI4YHI (aKyCTHYHI)

KOJIMBAaHHA Ha eHeKTpI/I‘{Hi.

Pucynok 1.1 — Ilpukiiagu BUCOKOUYTIUMBUX MIKPO(DOHIB
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B 3arampHOMy BUIIAJKy, MOKJIMBI HAacTyIlHI BaplaHTU NEPEXOIUIEHHS MOBHOI

1H(pOopMaIIii:

— 3 TPOHUKHEHHSIM Y BHWJAUICHE NPUMINICHHS 3 PO3MIIICHHIM B HBOMY

nopraTUBHUX (a00 3akaMyhIb0BaHUX) TUKTO(GOHIB (pHc. 1.2);

Pucynox 1.2 — IlopratuBHuii uudpoBuii IMKTOHOH

— 3 IPOHUKHEHHSIM Y BHUJIUICHE MPUMIIICHHS 1 MPUXOBAHE PO3MIIIICHHS B HHOMY
3aKJIQJIHAX TPUCTPOIB, IO 3AIMCHIOIOTH TMepeaady IMepexoruieHol iHdopmarii 1mo
pajiokaHaity, ONTHYHOMY KaHally, JIAHIIFOTaM >KUBJICHHS, TeJIe()OHHUM JIIHIAM, 1HIIUMU

3’ € qHYBaJIbHUMH JIiHIsMU (puc. 1.3):

a) 0) 8) 2)

Pucynox 1.3 — [Ipukiiaau 3akinaiHUX aKyCTUYHUX MPUIIAIIB:

a) 3akoMy(pibOBaHa MPOBIJIHA 3aKJIaJIKa; O) MEPEKEBA 3aKIAIKA;
8) pajlio3akiajaka 3 aBTOHOBHHUM >KUBJICHHSIM; 2) pajio3aKiajaKa 3 )KHBICHHSIM BiJT

TenedoHHOT JiHIi
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— 0€3 IPOHUKHEHHS Y BHUJILJIEHE MPUMIILEHHS, 3 BUKOPUCTAHHSAM CHPSIMOBaHUX
MikpohoHiB (a00 creriaTbHIX KOHCTPYKIIHM Ha IX OCHOBI), K1 3HAXOASATHCS 32 MEKaMHU
KOHTPOJIbOBAHOT 30HM, 3 MOJAJbIIMM 3amucoM Ta (abo) mepenavyero MepexoruieHol

iHpopMalii Ha MPUIMabHI MyHKTH MO Pi3HUX KaHaiax (puc. 1.4):

a) 0) 8)

Pucynok 1.4 — Ilpukiaaym BUCOKOUYTIMBUX HAMPaBICHHUX MIKPO(OHIB

3aKJIaIHNX aKyCTHYHHUX HpI/IJ'IaI[iBI

@) TpyOuaTuil HampaBlE€HHUUW MIKPpOQOH ©6) mnapabOJIYHUN HANpPaBICHUN

MiKpOo(OH; 8) aKTUBHUI HAIIpaBICHUH MIKpO(hOH 3 PETYIIOBAHHSM Uy TIUBOCTI

— 03 BHUKOPHCTAHHS CIHEIIaIbHUX TEXHIYHUX 3aC00iB PO3BIIKH OKPEMUMH
oco0amu (CTOpOHHIMHM BiJIBiyBa4amMu, 00CIyTOBYIOUHM IEPCOHATIOM, KOJIeraMH TOIIIO),
AK1 mepedyBalOTh y CYMDKHHMX 4YM IHIIMX CIIy>X00BuUX mpumimeHHsAxX. Llei cmoci6
NEePEeXOIJICHHs] MOBHOI 1H(popMallli Ha3MBAa€ThCS HEHABMUCHUM IPOCIYyXOBYBAHHSIM.
SAxkmo nang  nepexoryieHHs  1HQopMauii  BUKOPUCTOBYIOThCS NOPTAaTHUBHI  abo
3akaMyhap0oBaHl JAUKTOGOHHM, TO 3TOJOM 3JIOBMHCHHK TIOBHHEH OyjJe IOBTOPHO
NPOHUKHYTH B JlaHE NPUMIIIEHHS A7 iX BriydeHHs. Lleil YWHHUK € BaKIMBUM
HEJOJIIKOM I[hOTO CIIOCcO0y mepexoruieHHs MoBHOI iH(opmMaitii. ToOTo, AKIIO Ciry)00¥0
Oe3neKu pH creliaJbHOMY 00CTe)eHH1 Oy BUSBIICHI TPUXOBaHi 00 3akamyIiboBaHi
JTUKTO(POHHU, TO 3JTOBMUCHHUK IMPH MOBTOPHOMY NPOHUKHEHHI B MPUMIIICHHS PU3UKYE
OyTH cHIMaHUM Ha MICLl 3J04YMHY. SIKIIO € MOXJIMBICTh HEKOHTPOJIbOBAHOIO 1
0e3MepemKoHOrO JIOCTYNy Yy BHUIUICHE MPUMILIEHHS, TO B HHOMY MOXYTh OyTH
PO3MIILEH] ClelialibHl BUCOKOYYTIMBI MIKpOGOHM Majoro po3Mmipy, MOB's3aHl MO

NPOBIIHIN JTiHIT 3 TpUAMaIbHUM MyHKTOM IMepexoruroBaHoi iHdopmartii. JosxuHa
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TaKuX 3’ €IHYBaJbHHUX JIIHIA MOKe OyTH COTHSIMHU 1 HaBiTh THcs4aMu MeTpiB. [loaiOHi
pO3BilyBalbHI aAKyCTUYHI CHUCTEMHU HA3UBAIOTHCA MPOBITHUMHU MIKPODOHHUMU
cuctemamu. Ha pucynky 1.5 mnokazaHi NOpHUKIagd MIHIATIOPHUX BUCOKOYYTIMBUX

MIKpO(OHIB, III0 BUKOPUCTOBYIOTHCS JIJISl MPOBIAHUX MIKPO(OHHUX CHCTEM.

Pucynox 1.5 — IIpukiaaym BUCOKOUYTIMBUX HAMPaBICHHUX MIKPO(OHIB

3dKJIIAAHUX aKYCTHYHUX HpI/IJIaIIiB

[IpuiimanbHa Ta (ab0) mepenaBajibHA amapaTypa MepexoruieHoi iHdopmalrli
pPO3MINIYEThCSI ~ HalyacTimie y  BaXKOAOCTYNMHUX — Micuax. Sk mpuiiMaui
BUKOPUCTOBYIOTHCA LHM(PPOBI 3BYKO3AMUCYIOIOUI CHCTEMH 3 pPI3HUMHU (UIbTpaMu
(exBanaiizepu, QUIBTPH BEPXHIX Ta HWKHIX YacTOT, OKTaBHI (UIBTPU TOIIO) Ta
porpaMHo-anapaTHUMHU QyHKIISIMHU IITyMOTIOHM>KEHHS.

AxycroBiOpartiitai kananu [1, 5 - 7]. Y nanux kaHaiax cepeOBHIICM MOMTUPEHHS
HEOE3MEeUHNX CUTHAJIB SIBISIIOTHCS CKIIAA0B1 OyiBEIbHUX KOHCTPYKIIH (CTemi, CTIHH,
mijuiory, Oanku, BiKHA, JIBEpl TOIIO) Ta 1HXKEHEPHI KOMYHIiKalii (TpyOu omajeHHS,
BOJONIOCTAaYaHHs, KOPOOW BEHTHWJIALII). ¥YCl mpeaMeTH, nepedyBatoyl B aKyCTHUHOMY
0J11, 3a3HAI0Th MPYKHUX MEXaHIYHUX KOJIMBaHb, BUKIIMKAHUX JI1€0 OTO aKyCTUYHOTO
noJist. [Ipu ibOMy MeXaHi4HI KOJTMBaHHS BiI0OyBaIOTHCS 32 THM CAMUM 3aKOHOM, 32 SIKHM
3MIHIOIOTHCSl XBUJIbOBI XapaKTEPUCTUKU aKyCTHYHOTO MOJS. SIKIIO aKyCTUYHE I0JIe
NPE/ICTaBIII€ MOBHUW CHUTHAJ, TO IS TMEpeXoruieHHs 1Hdopmarllli TeXHIYHUN 3aci0
PO3BIJKM B SIKOCTI IEPBUHHOTO MEPETBOPIOBAYA MOBUHEH MICTUTU BIOpaIlIMHUN JaTYHUK
- aKCEIEpPOMETP, KU IpeacTaBiisge COOOK0 JAaTUMK, 10 NEPETBOPIOE MEXAHIYHI MPYKHI
KOJIUBAaHHS B €JIEKTpUYHI. 3a (I3MYHUM NOPUHLUIIOM TIEPETBOPEHHS CUTHAJIIB

aKceJIepoOMeTpH MOXKYTh OyTH:
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- M'€30€JICKTPUYHI;

- MICTKICHI;

- TEH30PE3UCTHBHI;

- IHIYKII1HHI;

Ha pucynky 1.6 mpencraBieHuit 30BHINIHIN BUTIISI Ta IPUCTPIH IT'€30KEPAMiTHOTO

aKceIropoMeTpa

a) 0)
Pucynox 1.6 — 3oBHIIIHIN BUJ (@) 1 TPUCTPIii (6) akceIepoMeTpa

AKkcenepomeTp, 3'€qHaAHUIN 3 €NEKTPOHHUM II1ICUIIOBAYEM, MPEACTABISIE COOOIO
€JEKTPOHHUM cTeTocKonoM. [1oi0H1 CTEeTOCKONU Jal0Th MOMJIMBICTh MEPEXOILUTIOBATH
MOBHY 1H(OpMaIlit0 Yepe3 OCTOHHI Ta IErJIsiHI CTIHU 3aBTOBIIKK J0 1 M (puc. 1.7).
[TepeBaroro Takux TEXHIYHUX 3aCO01B PO3BIJIKH SIBISETHCS MOKIIMBICTD MEPEXOIUIIOBATH

1H(popmanito 0e3 NPOHUKHEHHS Y BUIJICHE MPUMIILIECHHS.

\Y
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Pucynoxk 1.7 — Ilpukiany eJIeKTPOHHUX CTETOCKOIIIB

3a JIONOMOIrOK CTETOCKOMIB MOXJIMBI HACTYIIHI BaplaHTH IE€PEXOIUICHHS

1H(popMmari:

— 0Oe3nocepeHe MIIKIIOYEHHS! €JIEKTPOHHOIO CTETOCKONA /0 3BYKO3aIHMCHOI
anaparypi 3 MOXJIMBICTIO MapajelbHOrO0 MPOCIYXOBYBaHHS MEPEXOIUTIOBAHOI MOBHOI

1H(popmaii;

— TIAKITIOYEHHS EJIEeKTPOHHOTO CTETOCKOMa JO 3aKJIagHOTO MPHUCTPOIO, IO
3M1MCHIOE TIepeaady IepexoruieHoi iHdopMarii mo pamiokaHanmy. Taki CTETOCKOIH

HA3MBAIOThCA pajgiocTeTockonamu (puc. 1.8).

Pucynox 1.8 — Ilpukany paaiocTeTOCKOIB 3 aBTOHOMHUM KHUBJICHHSIM

ENeKTpoHHI CTETOCKONMM BCTAHOBIIOIOTHCS HaWyacTie y Cchayk0oBux abo
TEXHIYHUX NPUMIILIEHHSX, Y MAJIOMOMITHUX MICLSX Ha TPyOH BOJIO- Ta TETIONOCTaYaHHs
abo moBITPS BEHTWIALII. MOXIJIHMBA yCTaHOBKA Ha TIOBEPXHI OTOPOKYBaJIbHHUX
KOHCTPYKIIIH B IPUMIIIIEHH], CYMIDKHOMY 3 THM, 110 3aXUIIAETHCSI, a TAKOXK HA BIKOHHI
IIPOMOMM Ta OTBOPH.

AxycroenextpuuHi kananu[l, 3, 6]. B ocHOBiI yTBOpPEHHS JTaHUX KaHAJIiB BUTOKY
nexuth "Mikpodonnuit" epekt. CyTHICTh HOTO TIOJISITAE B TOMY, 1110 0arato eJIeMeHTIB
Ta (a00) By3J1B paJlOCIEKTPOHHOI armapaTypy, FOJOBHUM YMHOM JOIOMIXKHI TEXHIYHI
3acobu Ta cucremu ([T3C) mMoXyTh 4aCTKOBO 3MIHIOBaTH TapamMeTpH Iij BILTUBOM

akycTuuHoro moJis. Hampukian, Moke 3MIHIOBaTHUCS €MHICTh Yy TUIIBKOBUX Ta
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METAJIOTUTIBKOBUX KOHIEHCATOPaxX BEJIMKOI €MHOCTI; 1HAYKTUBHICTh KOTYILIOK, TIOTAHO
3aKpIIUICHUX Ha CEPJICYHUKAX JPOceiiB ado TpaHC(HOPMATOPiB; HAMATHIYEHICTh CAMUX
CEepJIeYHUKIB TiJ BIUIMBOM MexXaHIyHUX nedopmauiii (edexkt Buwiapi); MOXyTb
3'SBJISITUCS PI3HULI MOTEHLIATIB IMIJl JI€I0 30BHINIHIX aKyCTHYHUX HABaHTa)XCHb B
eJIeMEHTax, IO MICTITh I'€30KepaMiuHl IIACTUHH (e(eKT I'€30CTPHUKINT); MOXKYTh
BUHUKATHU CTaTUYHI 3apsAM 32 PaXyHOK TePTS P13HOPIIHUX NpeaMeTIB (TOBEPXEHb) OJUH
BiJl o7iHOTO (TprboenekTpuuHuii edekt) Toro. OKpiM MOAIOHNX CYIMyTHIX e()EKTIB, IesKi
JAT3C MOXyTh MaTH y CBOEMY CKJIajl Oe3nmocepeHhO HEOE3NeUHl eNeKTPOaKyCTUYHI
NEpPETBOPIOBaYl (AATUMKKU MOXKEKHOI CHTHAJI3allli, peTpaHcsauiiHl rydyHoMoBii). Ha

puc. 1.9 moka3zaHi Jesiki aKyCTOETIEKTPUIHI TIEPETBOPIOBAYI:

—— _— // - = .\'\
s T TN =
g Y
a 7] 8
~U A Tzonayin
—
1 _'P;/'
~
- - e — - . =
= “\‘\\ f@‘\ /ff “‘\\
. r 0

Pucynox 1.9 — ®i3uuHi epekTu B aKyCTOEIEKTPUUHHUX MIEPETBOPIOBAYAX

@) edeKT eNeKTPOMArHiTHOI 1HAYKIT; 6) epeKT MarHiTOCTPUKIII; 6) €MHICHUU
edekT; 2) edeKT M'e30CTPUKIN; ) TEH30pPE3UCTUBHUIA €(EeKT; 0) TPUOOETEKTPUIHUIN
edexT

VY BciXx BuMagkKax, 3MiHa TapaMeTpiB OKPEMHUX EJIEMEHTIB TATHE 3a COOO0I0
BUHUKHEHHST Ha HUX a00 HeOe3NneyHol Hampyrd, [0 3MIHIOEThCS 3a 3aKOHOM

aKyCTUYHOI'O0 CUTHaly, ab0 MOZIyJiALii Hanpyru Ta (abo) cTpymiB, 10 HAyTh yepe3 i
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eneMeHTH. MOXIMBI  HACTynHI  BaplaHTH  MepexoIuieHHs  iHdopMmamii 1o
aKyCTOEJIEKTPUYHOMY KaHaIy:

- TACUBHE TIEPEXOIJICHHST,

- aKTUBHE MEPEXOTUICHHS.

[Ipu macuBHOMYy mepexoruieHH1 iH(popmarii (puc. 1.10, a) TexHiuHuii 3acid
PO3BIAKH (HU3bKOUYACTOTHUM BUCOKOOMHUM IMiJICHITIOBaY ) O6€31ocepeIHbO (TallbBaHIuHO)
HMIIKIIOYAETBCA 10 TPOBIAHUX JIHIA, 3'€qHAHUX 3 CJIEeMEHTaMH, IO MaloTh
«MiKpopoHHUI edeKT. 3Bakalouu Ha HE3HAUYHUN piBEHb HaBeJeHUX (200 1HAYKOBaHHX)
EPC, nanpHicTh mnepexomieHHd 1Hpopmalii OOMEXKYETbCA KUIbKOMA METpaMu, Yy

KpalioMy BHIIJIKy TPOXH Ol/IbIIE AECATKA METPIB.

Enemenmit s "mikpod omrnms”
ediexToM

Enementn 3 "Mikpodommm" ederTom

Binoutigi BY curaan BU N — Y

/ Tlposiaei s 28'axcy v Tlpoisps s sy

BucoroacToTHER

I—h;:-'._bl{otlacmnﬂm reHspaTop
TOCHTHE A4 J’ l

| | Brcorowy TIHERIT
.'—“mapar\.pa I EELMaT
3BYKOZAMCY
I mepenadi

a 4]

Pucynox 1.10 — [lepexomnnenns iHpopmalii no akycToeIeKTPUYHOMY KaHaIy:
@) TIaCUBHE MEPEXOIUICHHS; 6) aKTUBHE MEPEXOIJICHHS

[Ipu akTuBHOMY TepexoruieHH1 iHpopmarii (puc. 1.10, 6) 10 MpOBIAHUX JTiHIH,
3'€IHAaHUX 3 JIEMEHTAMH, 1[0 MAIOTh «MIKpODOHHUI» €PEKT, TIAKIIOYAETHCS TeHEPATOP
HAIPYry BUCOKOI 4acTOTU. OCKUIbKY MOAIOH] €1EMEHTH ISl TAKOIO BUCOKOYACTOTHOTO
reHepaTopa € HEy3rO/DKCHUM HAaBAaHTAXKEHHSM, TO BHUCOKOYACTOTHUM CHUTHAJ, SKHM
MOJYJIIOETBCS Ha LUX €JIEeMEHTaX 3TiHO 3 3aKOHOM aKyCTHYHOIO CHUTHaily, Oyne
BIJIOMBATHCA Ta NOIIUPIOBATUCS Y 3BOPOTHUM OiK ab0 mepeBUIIPOMIHIOBATHCH. [is
npuiioMy BIZOMTOTO MPOMOJYJIBOBAHOTO CUTHAIY BUKOPUCTOBYIOTHCS CHEIllalbHI

BUCOKOUYT/IMBI mpuiiMaui. [laHuii cmoci®d mepexoruieHHs Ha3UBa€ThCS CIOCOOOM
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BHCOKOYACTOTHOTO HaB's3yBaHHs. JlaNbHICTh MEPEXOIUICHHA MpH JAaHOMY CIOCO01
JOCSITa€e KUIBKOX COTeHb METPIB BiJ JKepea.

[Mapamerpuuni kananu [1, 3, 6]. 3 ¢i3uuHOl TOUKM 30py, JAaHI KaHAIA BUTOKY
1H(popManli NPAKTUYHO HE BIAPIZHIIOTHCA BIJl AKyCTOEJIEKTpUYHUX KaHamiB. IIpo
napaMeTpUuHl KaHaJld NMPUIHATO TOBOPUTH y TOMY BUIAAKY, sKuio y ckiuanl AT3C e
BHCOKOYACTOTHI TeHepaTtopu. Tak camo, sIK 1 y BUMAAKY aKyCTOEJIEKTPUYHUX KaHaJliB
BUTOKY 1H(OpMAIIii, MPU BIUTMBI 30BHIMIHBOTO aKyCTUYHOTO TOJISI HA Pi3HI €JIEMEHTH
BUCOKOUYAaCTOTHUX T'€HEpaTOpiB BiAOYBa€ThCs 3MiHA JESKUX MapaMeTpiB CKIAJIOBUX
€JIEMEHTIB (3MIHA €MHOCTI, IHIYKTUBHOCTI TomO). [Ipu 11bomMy BinOyBaeThCs 4acTOTHA
MOJTyJIALlSE BACOKOYACTOTHOTO CUTHAY BiJl FeHEpaTOpa HU3bKOYACTOTHUM aKyCTHUYHUM
CUTHAJIOM (32 paxyHOK «MIKpO(QOHHOro» edeKkTy, 3MIHM 3a30piB 4Yepe3 MOXHOKHU
CKJIaJIaHHSI 1 KPIIJIeHHs To110). HallG11b111 CXUITBHI O TAKOTO BILUIUBY T€TEPOJIUHU PaIio-
ta TtenenpuiiMaviB. ko moxioHi HAT3C Oyayte 3Haxomutucs y  BII, 1o
pajlOBUIPOMIHIOBAHHS T'€HEPATOPIB, MOJYJIbOBAHI AKYCTHUHHUM CUTHAJIOM, MOXKYTh
OyTH nepexoryieHl TEXHIYHUMU 3ac00aMU pO3BIIKH. SIK 1y BUNIAAKY aKyCTOEIEKTPUIHUX
KaHaJliB, MOJIMBI J[Ba BapiaHTH MeEpeXOoIUIeHHs 1HopMalll MO MapaMeTpUIHOMY
KaHaJy:

- IACUBHUW NEPEXOIUICHHSI;
- aKTUBHE MEPEXOTICHHSI.

[Ipn macuBHOMY MEpPEXOIUICHHI YYyTIMBOCTI TEXHIYHOTO 3ac00y pajliopO3BiIKU
NOBUHHO OyTM  JOCTaTHbO, 100 MpuUiMaTH  MOJIyJbOBaHe  1HOpMaIliiiHe
pPaJlIOBUIIPOMIHIOBAHHSI TE€HEpaTopa 3 MOJANBIIOK JEMOAYJSALIEI0, (UIBTpaII€lo,
MOCWJICHHSIM Ta 3BYKO3aMuCcOM ab0 mepeaadeto Ha MPUUMabHUN MyHKT 1H(GOpMAIIii 1o
pajiokaHaiy.

[Ipu akTuBHOMY nepexorieHH1 HeoOxiaHo BiuBatu Ha J{T3C, mo 3Haxoa4TbCs B
3aXUIIEHOMY a00 BHJIIJICHOMY MPHUMIIICHH], BHUCOKOYACTOTHUM €JIEKTPOMArHiTHUM
nosieM (BUCOKOYACTOTHE ONPOMIHEHHS). Y IbOMY BUTIAJIKY 33 HassBHOCTI y ckiaai JJT3C
€JIEMEHTIB, M0 MalTh «MIKPOQOHHHID» e(eKT, BiIOYBaTUMETbCA MOIYJIALIS
NEPEBUIIPOMIHIOBAHOT'O €JIEKTPOMArHITHOIO CUTHAIY 3@ 3aKOHOM MOBHOTO cUrHaiy. s

peanizalii Takoro crnocoOy mnepexorieHHs iHdopMallli y CKIaJal TEXHIYHOTO 3aco0y
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poO3BiAKM Mae OyTH BHCOKOYACTOTHHMI TE€HEpPATOp €JICKTPOMArHiTHUX XBWIb 13
CIPSIMOBAHOIO aHTEHOIO Ta BUCOKOUYTJIMBUH pajlionpuiiMay.

3a aHAJIOTIYHOIO CXEMOK0 (3 BHKOPHUCTAHHSIM BUCOKOYACTOTHOTO ONMPOMIHEHHS)
MOXJIMBE TMEPEXOIUICHHSI MOBHOI 1H(GOpMAIlli 3a JOMOMOIrOK 3aCTaBHOIO MPUCTPOIO -
engoBiOpaTop. EHmoBiOpaTop sBisge co0oi0 00'eMHMI pe3oHATOp ab0 KOJUBATBHUUN
KOHTYp, Y CKJIaJll SIKOTO € HENiHIAHI eleMEeHTH. TakuMu HeTiHIMHUMU eJIeMEHTaMU
MOXKYTh BUCTYIIATH HETIHIWHI PE3UCTOPH (HAMPUKIIAJ, ByTUTEHUN MIKpO(OH), HEMHIINHI
€MHOCTI (KOHJIeHcaTopHUi Mikpo(doH). L5 cuctema mae nesiky pe30HaHCHY YacTOTY, 1110
BU3HAYAETbCS CTATHYHUMM [apaMeTpaMu €JIEMEHTIB, L0 1l YTBOPIOWOTh. K
HaBaHTA)KEHHS JJIS1 TAKO1 PE30HAHCHOT CUCTEMHU BUKOPUCTOBYETHCS AaHTEHA, SIKa BiAIrpae
pOJIb  BTOPMHHOTO BWIIPOMIHIOBAa4Ya EJIEKTPOMArHiTHUX XBWIb. JlaHa cuctema
Kamy(ayeTbcss y BUIIAAL OyAb-SKOro mpeaMera (CyBEHIpy, KapTHHH TOILIO) 1
BCTAHOBJIIOETHCA Y BUAUICHOMY IpuMilieHHi. [1i1 BITIMBOM aKyCTUYHOTO MOJIS MOBHOTO
CUTHAJIy HEJIHINMHI €JeMEHTH a00 €JIEeMEHTH 00'€MHOI0 pe30HaTopa OyayTh HE3HAYHO
3MiHIOBaTH CBOi mapameTtpu («MikpodonHmit» edekr). Skmo enmoBiOpaTop
OTPOMIHIOBATH BHCOKOYACTOTHHM EJICKTPOMArHITHUM II0JIEM Ha PE30HAHCHINA YacToOTi
€H/10B10paTopa NepeBUITPOMIHIOBAHHI CUTHAN Oy/1€ MPOMOYJIbOBAHU 110 aMILTITYl Ta
¢da3i akycTuyHUM curHaioM. EHeprisi BTOPMHHOTO BUIIPOMIHIOBAHHS 3aJIEKUTh Bij
Ir€OMETPUYHUX PO3MIPIB Ta MPOCTOPOBOI OpieHTaIli eHjpoBiOparopa. g peamizartii
TaKOTo CIIOCO0y MepexOoTuIeHHs iH(opMaIlii y CKiIaai TEXHIYHOTO 3ac00y PO3B1IKH TAKOK
Mae OyTH BHUCOKOYACTOTHUN TEHEPATOp EJIEKTPOMArHITHUX XBWJIb 13 CHPSIMOBAHOIO
aHTEHOI0 Ta BUCOKOUYTJIMBHU panionpuitmMad. Ha puc. 1.11 nmoka3aHO HNpUHUMUIIOBY

CXeMy TepeXOIyICHHsI MOBHOT 1H(OpMAaIlii 3a JOMOMOT0I0 eHI0BiOpaTopa.
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Ennoribpatop MOEHII CHTHAI
Hemiminng
eNEMEHT

ITepeEHnpoMiHIORa
AHTEHHa
TepeEHmpoMiHEHII
MOV OB aHHIH CHIHAI
BucorogacToTHIG

OMPOMIHFOROSHI CHIHAI

BucoxodIvIIIENH

BY renepartop =
TIpHiM a4

Anapatypa
3EVEO3AMICY

Pucynox 1.11 — Cxema mnepexomieHHS MOBHOI iHQopMalii 3a JIOMOMOTOI0
eHI0BIOpaTopa

[lepeBara enmoBiOpaTopa mosisirae B TOMy, 110 Y HOro CKJIajl BIACYTHI JDKepesa
KUBJICHHS Ta HaIliBIIPOBITHUKOBI €IEMEHTH, TOMY TaKHil 3aCTaBHUU TPHUCTPIN ayxke
BaXXKO BHMSIBUTU. A HEJOJIIKOM € T€, 10 HEe3HAyHl 3MIHM MapaMeTpiB PE30HAHCHOI
CUCTEMU OOYMOBIIOIOTh HU3BKUN KOEQIIIEHT MOIYJISIT MEePEeBUIIPOMIHIOBAHOTO
CUTHAJIY 1, SIK HACI10K, MOTPiOHA 301/IbIlIEHA MOTY>KHICTh OIPOMIHIOBAJILHOTO BILJIUBY.

[Ile ommH cmoci6 mepexomieHHs MOBHOI iH(GopMarii i3 3acTOCyBaHHSIM
BHCOKOYACTOTHOT'O ONPOMIHEHHS MOJISTa€e y BUKOPUCTAHHI 3aCTABHOTO MPUCTPOIO TUITY
aynioTpaHcroHiepa. AyaioTpaHCIOHIEpU, HA BIIMIHY BiJl €HA0BIOpATOPIB, SIBISIOTHCS
AKTUBHUMH 3aKJIQITHUMH IPUCTPOSIMHU Ta MICTSTh Y CBOEMY CKJIa 1 MIKpO(OH (MOKIUBHUI
BUHOCHHMI MIKpPO(OH) Ta MICUIIIOBAY HU3bKOI 4acTOTU. MOBHUMN CUTHAJ CIPUUMAETHCS

MIKpO(OHOM 1 TIOJAETHCS HA IMiICHITIOBAY HU3bKOT 4acToTH. [10TiM CHUTrHAN HAAXOAUThH HA
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HEJIIHIMHUN €JIEMEHT PE30HAHCHOI CUCTEMHU, SIKHIl IT1J] BIUIMBOM L[OTO CUTHAJY 3MIHIOE
CBO1 IIapaMeTpH 1, K HACHIIOK, 3MIHIOETbCS PE30HAHCHA YaCTOTa CaMoi CUCTeMH. SIK 1y
BUIIAJIKy €HAO0BIOpaTOpa, pe30HaHCHA CHCTEMa ayAlOTPAaHCIOHAEpa HaBaHTa)X€HA Ha
NEPEBUIIPOMIHIOIOUY aHTEHYy. TakuM YMHOM, SKIIO ayJ10TPAaHCIIOHJAEP OMPOMIHIOBATH
BUCOKOYACTOTHUM €JIEKTPOMArHITHUM TII0JIEM Ha WOro pe30HaHCHIM YacToTi, TO
NEePEeBUPOMIHIOBAHUM cUTHAN Oyje MPOMOAYIbOBAHO MO aMILTITY 11 Ta (a3l aKyCTUYHUM
CUTHAJIOM.

OcHoBHa mepeBara ayaioTPaHCIOHJEPIB — MOXJIMBICTh JOCATHEHHS OUIBIIOTO
Koe(ilieHTa MOIyJAlll MEPEBUIIPOMIHIOBAHOTO CUTHATY, a TaK0X BUKOPUCTAHHS
HaB'S3yI0YOr0 BUCOKOYACTOTHOTO BUIIPOMIHIOBAHHS MEHILOI MOTY>XHOCTI. Bumie Oymnu
PO3IJISTHYTI MPUHIIMIIOBI acHEKTH poOOTH ayJioTpaHCIOH/Epa, aje OUIbIl JTOCKOHAII
TEXHIYH1 PIIIEHHS 103BOJISIIOTh HE TUIBKA OTPUMYBATH OUTBIINNA KOE(PILIEHT MOAYJIALIT,
ajyie 1 BUKOPHCTOBYBATU 1HII BUAM MOMYJAII, a TAaKOX 3MIHIOBAaTH YacCTOTY HECY4Oi
KOMIIOHEHTH  NEPEBUIPOMIHIOBAHOTO  curHaiy. ToOGTto  Ouibll  JOCKOHAM1
ayJiOTPAaHCTIOHICPU SBISIOTHCSA 3aKJIAIHUMH TMPUCTPOSIMH 3 KEPYIOYHM 30BHIIIHIM
BIUTMBOM. 3aKJaJHUNA TMPUCTPIA CTAa€ aKTUBHUM TIJBKU IIiJl BIUTUBOM 30BHIIIHHOTO
BHCOKOYACTOTHOTO  ONPOMIHIOIUOI0  eJIeKTpoMarHiTHoro mnons. Jlo  HemomikiB
ayI10TPAHCIIOH/IEPIB BITHOCATh MOJKJIMBICTH iX BHSBJICHHS 3a JIONMOMOTOKO JIOKATOPiB
HEJIIHIMHOCT1 Ta CUCTEM PaiOMOHITOPHUHTY.

OnTuko-enektponHuit kaHai[1, 5-7]. [Ipu mepexoruieHHI akyCTUYHOT iHpOopMaItii
JTAHUM KaHaJIOM BUKOPUCTOBYIOThCS J1a3epHi cuctema akycTudHoi po3inku (JICAP)

a0o0 iX I11€ HA3UBAIOTh «IA3EPHUMU MIKpODOHAMUY.
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Pucynox 1.12 — [Ipuknag JICAP

[TpuHIMI 1ii TAKUX CHCTEM MoJsaTae B HactymHoMy [11, 12]: mpu BeneHHI po3MOBH
aKyCTHYHHM CHTHAJI, IO TOIIUPIOETHCS B TIOBITP1, BIUIUBAE HA Pi3HI TOHKI BiIOMBarOUi
NMoBepxH1 (BIKOHHI CKJIa, J3€pKaja TOII0), 3MYIIYIOYH iX BIOpyBaTH 3 4acTOTOIO, IO
JIOPIBHIOE YACTOT1 aKyCTUYHOTO CUTHAITY, CTBOPIOIOYH TaKUM YHMHOM SIK OM (poHOTpamy
npoBeneHol po3moBU. JlazepuuM mnepegaBadeMm, mo BxoauTh a0 ckiany JICAP,
TE€HEPYETHCS BUIPOMIHIOBAHHS - JTa3€pHUM MTPOMiHb, IKH, JOCSATAI0YH BIKOHHOIO CKJIA,
B1JIOMBAETHCSA BiJ MOr0 MOBEPXHI 1 MOJCTIOETHCS BIUIMBAIOYMM Ha CKJIO aKyCTHYHUM
curHasioM. Jlami BigOuTE Jia3epHEe BUNPOMIHIOBAHHA (BIIOUTUI MPOMIHb) MPUIAMAETHCS
BiJl CIUNITTEpa UYYTJIMBUM NPHAMAYeM Ja3epHOTO BUIPOMIHIOBAHHS (IETEKTOPOM).
3actocyBaHHA CIUIITTEpa (AUIBHUKA My4YKa) JO3BOJISIE 3BECTH IMAJAl0UMil 1 BITOUTHI
NpoMiHb B OAHY TOuky. Ilpm neMomyinsiii BiZOMTOrO Ja3epHOr0 BUIPOMIHIOBAHHS
BUJUISAETHCS MMOYAaTKOBUN aKyCTUUYHUN curHall. Jlasep Ta mpuiiMad yTBOPIOIOTH CKJIATHY
Ja3epHY aKyCTUYHY JIOKallliHy cHCTeMy («Ia3epHuil MiKpodoH»), IO MpaIoe Y
OJMMKHBOMY 1H(QpPaUYEpBOHOMY Jlana3oHl XBWib. PealbHO nazep, CILITTEP 1 JETEKTOP

MOYTh OyTH MO€EHAH] B OJTHOMY IIPUCTPOI.
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Pucynok 1.13 — Cxema HalnpocCTimoro ja3epHoro MikpodoHa

SxicTb NpuiHATOI 1H(OPMALT 3aJI€KUTh Bl HACTYIMHUX (DaKTOPIB:

— MapaMeTpiB BUKOPHUCTOBYBAHOTO Jiazepa (MOTYKHICT1, KOTEPEHTHICTI, JOBKUHU XBUITI,
T.1.);

— mapameTpiB (¢oTonpuiiMaya (Y4yTJIMBICTE Ta BHUOIPKOBICTh (POTOAETEKTOPA, BHIY

00pOOKH MPUUHATOTO CUTHATY T.1I.);

— mapaMmeTpiB atmocdepu (po3CitoBaHHS, IOTJIMHAHHS, TYpOYJIEHTHICTh, PIBEHb

¢hoHOBOTO 3aCBIYEHHS 1 T.JI.);

— CTaH 30HJOBAHOI TOBEpPXHI (LWIOPCTKICTH ab00 HEPIBHOCTb, 3YMOBJEHI fK

TEXHOJIOTTYHUMHU PUYUHAMH, TaK 1 BITABOM CEPEIOBUIIA);
— piBHS (DOHOBUX Ta aKYCTUYHUX IIIYMIB;
— piBEHS SKOCTI MEPEXOIJICHOTO aKyCTHYHOTO CUTHAITY.

@i3U4yHI TPUHIUIM, IO JIekKaTh B OCHOBI YTBOPEHHSI JAHOTO KaHATy BHUTOKY
iH(OopMallii, MOXHA MPEICTABUTH y BHUIJISAII HACTYMHOI cxeMH[12]: mpu BUKOpPUCTaHHI
Ja3€pPHOTO BUMIPOMIHIOBAHHS 711 IPOCIYXOBYBaHHS PO3MOB, 110 BEAYTHCSA Y BUIIICHUX
OPUMILIEHHSIX BHUKOPUCTOBYETHCS JIA3€PHUM IMy4OK MJIsi CKaHyBaHHS (B pPEXUMI
BiIOMBaHHA) BIiJ MOBEepxHI ckia (puc. 1.2), B JUIAHKaX SKOTO BIIOYBalOThCS

MIKpONIEPEMIIIEHHS, 1110 CYTPOBOIKYIOThCS MOUIUPEHHIM aKyCTUYHOI XBUJIL.
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Pucynox 1.14 — Cxema 3MiHU YMOB B1IOMBaHHS JIa3€PHOTO MPOMEHS Ha BIOPYIOUiii

MOBEPXHI
PosristneMo iiMOBIpHY TTOCIIIOBHICTh MEPETBOPEHB 1H(OPMAIIi PO 3BYKOBE IMOJIE:
p(Q) = £(Q) = ¢(Q) = R(Q) = Egipg (2 w) = 1(Q, w) = U(Q) » P(Q)
e ¢ () — Kyt magines (BigOUBaHHS) J1a3€pHOTO IIyYKa;
Eying.(Q, ) — BEKTOp HANpyTH €J1E€KTPHYHOTO IO BiIOMTOTO IydKa;
W — KPyroBa 4acToTa JIa3epHOTO BUIPOMIHIOBAHHS;
1(Q, w) — KpyroBa 4acToTa Ja3epHOro BUIPOMIHIOBAHHS;
U(Q) — 3miHHa Hampyra 3ByKOBOi 4aCTOTH;

P(€)) — 3ByKOBHMI1 THUCK Ha BUXO/Il TUHAMIKA;

JlazepHuii mMy4oK mMajae Ha MOBEPXHIO ckia. [lmocka MOHOXpOMaTWYHA XBHIIS
aKyCTHYHOTO TIIOJISl TPUMIINEHHS BHMKIWKAae repiogudni npyxHi medopmarii &(0)
noBepxHi ckia. Yepe3 MikpomaedopMmallii MOBEpXHI 3 YaCTOTOK 3BYKY 3MIHIOETHCS KYT
naaiHHs (BIAIOBIAHO 1 KyT BiZOUTTS) CKaHyIOUoro jgasepHoro mydka — ¢ (). Ils 3mina
OpOKYE 3MiHy KoedirientiB @penens R, ski 3anexars Bix ¢ (L), a, oTke, 1 BiJ KyTOBOT
YaCTOTH KOJIMBaHb - (). Jlani BHAcH110K 3Mi1HH Koe]iieHTiB @peHens BiAOyBa€eThCS 3MiHA
BEKTOpA HANpYKEHOCTI EIeKTPUYHOTO TOons BimbuToro myuka - Eyig (Q, w). 3mina
aMIUNTYIM BEKTOpa IHTEHCHUBHOCTI €JIEKTPUYHOIO TMOJs B Yaci O3HAdae 3MIHY
iHTeHcuBHOCTI Bimburoro myuka - I(Q,®). Tomy, 3MiHa IHTEHCHBHOCTI BiZOHUTOrO
J1a3ePHOTO MyYKa 3a JOMOMOTOX0 3MiHM aMIITTY M Epig (0, w) MicTuTh iHbOpMaILio npo

aKyCTHYHE ToJie puMilleHHs. Po6oTa (hoTornomMHoyBaya 1nos'si3aHa 3 Horo peakiiero Ha



37

3MIHY BXIJJHOTO MOTOKY CBITJIa; TOMY Y HbOMY YTBOPIOETHCSI 3MIHHA HAIpPyra 3BYKOBOI
gactotd - U(Q). Jlaii 3MiHHA Harpyra 3ByKOBOI YaCTOTH IIEPETBOPIOETHCS Ha 3BYKOBHIA
THUCK Ha BUXOJI AuHamika - P((}).

Hes3Baxkatoun Ha Oe3mepedyHi IMepeBaru JaHOTO Kiacy oOJagHaHHS, IS
NEPEeXOIUICHHS] AaKyCTHYHOI 1H(opMmarlii, MUPOKE iX BUKOPUCTAHHS HA MPAKTHIN
oOMmexyeThes psasioM dakTopiB. Hacammnepes, 11e BUCOka BapTIiCTh MOAIOHUX CUCTEM — Bij
10 mo 100 Tucsy monapiB 1 Buime. OUeBHUIHO, IO TaKi BUTPATH MiJ CUJIY JIUIIE JTyKE
HebaratboM Ccy0'eKkTaM, fAKI 3aiiMalOTbCsl HE3aKOHHUM 300pOoM  KOH(IAEHIIHHOT
iHopmarii. Kpim toro, st mpaktuunoro 3acrtocyBaHHs JICAP HeoOxinHi QaxiBii
BHUCOKOT'O PIBHSI, SIKI MAIOTh HE TIJIbKH MPAKTHYHI HABUYKU MOBOKEHHS 3 MOAIOHUMHU

CHUCTCMaMu, aJic u BOHO,ZIiIOTL TaKTHUKOIO 1X 34CTOCYBAHH:A B piSHI/IX YMOBax.

3ano0iranHs 3HiMaHHs iH(GOpMAIIiTl 32 JOMOMOTOI0 Jla3epa MoJjsirae B HactynHomy [11-
14]:

— JUIS CTBOPEHHS TMPOTHUAII 3HIMaHHA iH(opMaIii 3a JOMOMOIoK Jiazepa
HEOOX1THO PO3pOOJIATH METOAM, IO AO3BOJSIOTH 3MEHIIMTH A0 HyJs R muisaxom
CTBOPEHHSI Ha CKJI1 CTICIIAIBHOTO MIapy MOKPUTTS; TAKUM YHHOM, CJIiJI BAKOPHUCTOBYBATH
3BYKOMOTIJIMHAIOY1 MaTepiayii Ta KOHCTPYKUII mepe] BIKOHHUM CKJIOM Yy MPUMILIEHH]
(HampuKJIaJ, TOPHUCTI MOTIMHAIOYI MaTepiaiu, aje BOHU JIAI0Th ITepEeBaKHE TTOTJIMHAHHS
B oOmacti Bucokux uactoT (>1000 T'm) 1 myke HeedekTUBHI B HWXKHINA YacTHHI
YaCTOTHOTO JIialia30HY); Kpallle 3ByKOMOTJIMHAHHS B IPUMIIIEHHI 3a0€3MeUyEeThCS, IKIIO
MaTH Pl By3bKHX MOPTHEPIB, HK OJHY ITUPOKY (MPHU PIBHIN 3araabHIN MHUPUHI); 00
CTBOPUTH TIOTJIMHAHHS B 00JIACTI HHU3BKUX YacTOT, MOXK€ OyTH BUKOpHCTaHA Taka
KOHCTPYKIIiSl MOTJIMHAIOYOTr0 MaTepiany K Pe30HAHCHI MOMJIMHAY1, OJHUM 3 BUJIIB SIKUX
€ MeMOpaHHUI TOTJIMHAY - HATATHYTE IOJOTHO, IO MPUKPUBAE BIKHO; PE30HAHCHI
nornuHadi epexktuBHI 006macTi yactot <1000 I';

— TMPOTHAISTH 3HIMAaHHIO 1H(pOPMAIIii 32 TOMOMOTOIO JIa3epa MOXKHA MPOCTUM Ta
e(eKTUBHUM CIIOCOOOM: IOCTATHRO Mepe]] OYATKOM BaXKIIMBOT PO3MOBH BIAKPUTH HA 1-
2 cM BIKHO; SIK HACIIJIOK, 3MIHUTBCA KYT MAJIHHS JIa3€PHOrO MPOMEHS, OTXKE, 1 KyT

BIIOUTTA, TOOTO. NIIOIMHI 3 (POTONOMHOXKYBaueM (3JI0BMHUCHHUKY) JOBOAUTHCS OIraTH Mo
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naxy abo mo noBepxy (IEpHeHAMKYJIIpHA IUIOMIMHY) a0o Mo moBepxax (BEepTHKajIbHA
IUIONIMHA), a SKIIO IMiJl YaC PO3MOBHU KiJIbKa pa3iB 3aKpUBaTH Ta BIAKPUBATH BIKHO,
(akTUYHO LILOMY 3JOBMHUCHUKY OyZle HEMOXJIHMBO OINEPATHMBHO 3MIHIOBATH MICIIE
IpUiioMy J1a3epHOro npomeHs. TakuM YMHOM, MOYKHA YHUKHYTH 3HIMAHHIO 1H(opMarlii.

EnexrpomarniTHuit kanan [15 — 20]. CnekTpainbHuU CKJIaJ BUIIPOMIHIOBAHHS
CJICKTPOMArHiTHUX XBWJIb JIy>K€ IIMPOKOrO IHTEpBajia 4acTOT. B OCHOBI yTBOpEHHS
CJICKTPOMATHITHUX KaHATIB BUTOKY 1H(GOpMAIIii BUAUICHUX MPUMIIIEHB JeXKaTh MOOIYH1
CJICKTPOMArHiTHI BUIPOMIHIOBaHHS 1 HABEJEHHs, a TakoX I1HQopMaIliitHl TpoIecH,
NOB'SI3aHI 3 BUKOPUCTAHHAM Y  CTPYKTYpl BHJIUIEHUX MPUMIIIEHb PI3HUX
pamioenektponnux npuctpois (PEII).

[Tpu Bu3HaueHH1 xapaktepuctuk naHux PEII gk mxepen moOiuHHUX €IE€KTPOMArHITHUX
BUIIPOMIHIOBaHb, CJIiJI BpAXOBYBATH iX PI3HOPIIHICTH Ta BIAMIHHOCTI BUKOHYBAHUX HUMU
GYHKIIN Y cKiTaal BUAIIEHOTO IPUMIIIICHHS.

Ak mxepena iHdopmalli B TEXHIYHMX KaHajaxX, paalOeleKTPOHHI IMPUCTPOI

MOXYTb PO3IIIAIATHCh SK:

- BUIIPOMIHIOBaY1 €JIEKTPOMArHiTHUX KOJIMBAHb;

- MepeTBOproBaul Pi3MYHUX BEJIIMYUH;

- JUKepena MapasuTHUX 3B'SI3KIB Ta HaBEJEHb HA JPOTH Ta €JIEMEHTHU y BUAUICHUX
NPUMIIICHHSX.

Sx BumpomiHIOBaYli TOOIYHUX EIIEKTPOMATHITHUX BHIPOMIHIOBAHH BOHHU
MOAUISIFOTHC 3a Al1ala30HOM YacTOT Ha HU3bKOYACTOTHI, BACOKOYACTOTHI Ta OITHYHI.

[lepeTBoproBaui 3a BHIOM TEPETBOPEHHS MOXYTh OyTH aKyCTUYHHUMH Ta
CJIICKTPOMArHITHUMH.

[Tapa3uTHi 3B'SI3KM Ta HAaBEACHHS B PAaiOCICKTPOHHHUX MPHUCTPOSX MOXKYTh
BUSIBIISITUCS Y BUIVISAI 3BOPOTHHMX 3B'SI3KIB Ta BHUTOKIB IO JIAHIIOTAX >KUBICHHS Ta
3a3€MJICHHS.

Pi3HOMaHITHICT, Ta  PI3HOPIAHICT  PAIOCIEKTPOHHUX  MPHUCTPOIB,  iX
PO3NOAIEHICT, Y CKIAAl BUAUIEHUX MPUMILIEHb 3yYMOBIIIOIOTh  MOXJIHMBICTh
BUKOPUCTAHHS 3JI0OBMHUCHHMKOM PI3HMX (I3UYHUX CEPENOBHIN Ta TEXHIYHHUX 3ac00iB

PO3BIJIKM J1J1s1 IEPEXOIUIEHHS 1HQOpMaIli.
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Y  pa3si  BUKOPUCTaHHS Ui  NEPEXOIUIeHHs  iHopmalii  MmoOIYHUX
CJICKTPOMATrHITHUX BUIPOMIHIOBaHb PaJiOCIEKTPOHHOTO TMPHUCTPOIO y3araJibHEHa
CTPYKTypa TEXHIYHOTO KaHaJly BHUTOKY I1H(OpMaIii [aHOro THUIy MaTUME BHIJIAL,

npejacTaBieHui Ha (puc. 1.15)

CepeIOBHINE PO3IIOBCHIKEHHA
inpopmaniiiHOrO

CHTHATY
[r————— """ T [
| o e l
¥y (28 I ! J1 |
' V; ' l/l/ K—x%—-——- :—>\\ |
[ MI > PEIT IKC » BHIpOMiHEOBAY | d : R PI1 :
| | 7 |
I |
: O0'eKT po3BIOKH : ! T3P !
N & S © |

Pucynok 1.15 — 3aranpHa cTpyKTypa TEXHIYHOTO KaHajla BUTOKY 1H(popmarlii 1o

IIEMB

e
- MI — macuBm 1H(pOpMallii, IO NMEpeAatOThCA M0 KaHajaax 3B'A3KY;

- v; — iHopMaIliifHe 1moJe -To MacuBa iH(opMaIlii BINIMBAIOUOTO HA PaIi0CTEKTPOHHUI
npuctpi,1=1,2, ..., 1;

- pj —J-€ PaliOENEKTPOHHOIO NPUCTPoto, j = 1, 2, ..., J,

- 7j; — BIATYK j-TO PaIioeJeKTpOHHOrO npuctporo y surisai [IEMB na inpopmartiiine
T0JI€ BIUTMBAKOYOTO i-T0 MacuBa iHdopmariii, j =1, 2, ..., J;

- BUIIPOMIHIOBa41 — 3'€THYBaJIbHI MPOBITHUKH MiXK PaAI0CIEKTPOHHUMU MPUCTPOSIMH, SIK1
BUKOHYIOTh (DyHKIIIT aHTEH, 3a0€3MeUyI0ur B3a€MO/III0 3 TIOBITPSIHUM CEPEIOBUIIEM IS
NOIIUPEHHS 1H()OPMAIITHOTO CUTHAITTY.

- PI1 — po3BigyBanbHMIA pUiiMad y CKJIaJli TEXHIYHOTO 3ac00y PO3BIAKH, 32 TOTIOMOTOIO
SAKOTO  3/[IHCHIOETHCA MEPEXOTUIEHHS BUIPOMIHIOBAHHS 7j; Ta BUIYYEHHS 3 JIAHOTO
curHaiy iHdopmariii;

- d — BiicTaHb MK pasiOeNIEKTPOHHUM MIPUCTPOoeM Ta PIT;

- dq — BiJICTaHb, KOHTPOJILOBAHA IIEPCOHAIIOM.
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[Tig OLJ] (06’exT 1H(MOpMAIiHHOT IATBFHOCTI) po3yMieThes pocTip (Hanpukian, BII), y
MeXaxX SIKOTO BUKIIOYEHO PO3MIIIECHHS 3JIOBMUCHHKOM OYIb-IKHUX TEXHIYHUX 3aC001B
po3Biaku (T3P), abo Take po3MmileHHS TOB'SA3aHO 3 HEOOXITHICTIO MPOBEICHHS HUM
OTIEPaTUBHO-TEXHIYHUX 3aXO/1B;
- d, — Bigcranb 3a Mmexkamu OlJ], KOHTPOJIbOBaHA 3JIOBMUCHUKOM.
Sk cepenoBuile MOMMPEHHS 1HGOPMALIMHOIO CUTHATY B TEXHIYHMX KaHAJl BHUTOKY
iHdopmarii [IEMB po3risigaeTbest moBiTps.

Ha pucynky 1.16 mnpuBeneHo TmpukiIaZ aBTOMATU30BAHOTO  KOMIUIEKCY

BuMiptoBaHHs [IEMB:

Pucynok 1.16 — ABromatn3oBanmii KoMIuiekc BumiproBanus [IEMB

KoxxHuii pamioeneKTpOHHUN TPUCTPIN SIBISIETBCS JKEPEIIOM MAarHITHUX Ta
CJIICKTPOMArHiTHUX TIOJIIB IIMPOKOTO YACTOTHOTO Jlialla30Hy. XapakTep IHMX IIOJIiB
BU3HAYAETHCS BUJOM MAacCHBIB 1H(OpMaIli, 10 TEepenaloThcsl KaHaTaMHu 3B'S3KY,
peaizoBaHUMM TEXHIYHUMH 1 KOHCTPYKTUBHUMHU DIIICHHSIMHU, a TaKOXK EJIIEMEHTHOIO
0a3010, 1110 BUKOPUCTOBYETHCS B PAJA10CIIEKTPOHHOTO IIPUCTPOIO.

Bix xapaktepy mons, 10 3MIHIOETBCS 3 BIICTAaHHIO d, 3aJCKHTh THII
BUKOpHUCTaHOTO 15 peanizamii nepexoruieHHss [IEMB PII. B 6nwkHiit 30H1 BijgcTadb d

3Ha4HO MeHma 3a aomkuHy xBuii A [IEMB (d << A) i mone mae marHiTHuU# abo
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CIICKTPUYHUN XapakTep, y HaibHid 30HI (d- >> A) moie HOCUTH ENEKTPOMArHiTHUI
XapakTep MOIUPIOIYUCH Y BUIIISAII TIJIOCKOI XBUII, €HEPris sSKOi PO3MOoJIijieHa MOPIBHY
MDK €JIEKTPUYHOIO Ta MAarHiTHOIO CKJIaJI0OBUMU.

Y 3B'\I3Ky 3 LMM, YCl €JEKTPOMArHITHI BHIPOMIHIOBaYl NOJUISIOTECS HA
HU3BKOYACTOTHI Ta BUCOKOYACTOTHI.

Jxepenamu HuzbkodactotHUX (HY) [IEMB, sik mpaBusio, IBASIOTHCS P13HOTO TUITY
3BYKOMIACWIIOBAIBHI mpuctpoi. s ix mepexorieHHs BUKopucTOBYROThCs PII, ski
BKJIFOYAIOTh MarHiTHY aHTEHY Ta CEJIEKTUBHMM IM1ICUITIOBAY 3ByKOBUX YaCTOT.

Y  ckmami  OIJf mxepenamu  HeOesnmeyHoro  BucokodactotHoro (BY)
iHopMariitHoro curHaiy € pizHoro tuimy BU-reneparopu, momynsaropu BU-konuBaHb,
EOM MoHITOpH, €JIEMEHTH, 110 BOJOIIIOTh HETIHIMHUMH XapaKTepUCTUKaMH (H10/u,
TPAH3UCTOPH, MIKPOCXEMH), MIJCUIIOBAYl Ta 1HII €JIEMEHTH, TEpEBEICHI B PEKUM
caM030y/I>KEHHS ITPU BUHUKHEHH1 Tapa3uTHOTO MO3UTHUBHOTO 3BOPOTHOTO 3B'SA3KY.

YMOBM MOWIMPEHHS €JIEKTPOMArHiTHUX KOJMBaHb MOXYTb OyTH OINUCaHI
BiJIMTOBITHO JI0 HACTYITHOTO BUPA3y:

AZ
P

B nep Gnep ) an " Hpep * Hup © 16712 - d2

p:

ne By, — notyxHicts [IEMB Ha Bxomi PIT;
Byep — notyxuicTs [IEMB Ha BUX0Ii paiio€NeKTPOHHOTO MPUCTPOIO, K

BurnpominioBada [IEMB;

Grep — KOEOIIEHT CIPAMOBAHOI il nepenaBanbHOi anTenu (1711 yMoB IIEMB Gy, =
1);

G,p, — KoedimieHT cpsMOBaHO1 A1l mpuiiManbHOi anTeHu PIT;

p

Unep — BTPaTH B aHTEHHO-(1IEPHOMY TPAKTI PaIiOEIEKTPOHHOTO NPUCTPOIO K

BurnpomiHtoBaya [IEMB;
[np — BTPATU B aHTeHHO-(inepHomy Tpakti PII T3P;

A — nopxuna xsuii IIEMB panioenekTpoHHOTo mpucTporo;
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d — BiJicTaHb MIXK pafiioeNEeKTPOHHOTO npucTporo Ta PII.

B jannx yMOBax, 3JIOBMUCHUK 3 METOIO MiJBUIIECHHS 3Ha4YeHHs P, Ha Bxoml PII,

10 BU3HAUYA€ MEPEBUIICHHS MOTO CepeHbOI MOTY>KHOCT1 HaJl CEPEAHBOIO MOTY>KHICTIO

3aBaj g. = By / By, Ma€ MOXKIIMBICTD BILIMBATU HA BEMYUHY [y, 1 d, (4aCTHHA BiICTaHI

d) nusxom 3acrocyBanHs PII, 1m0 Mae BinoBiHI enekTpuyHi napameTpu (AFpp — cmyra
MPOIYCKAHHS 110 YACTOTI 1 Gy — 9y TIMBICTB) y MPOLIEC peati3aiii BiANOBIAHOL cTparerii
BeJICHHSI TeXH14HOi po3Biaku (TP).

Poznsinemo crparerii nepexorenns: [IEMB npu ypaxyBaHHI JEKiJIBKOX YMOB:

- TexHiuHu KaHa1 BUTOKY 1H(POpMaILlii yTBOPIOETHCS TPU MEPEBUILIEHHT 3HAYCHHS
g. (nepeBulIleHH1 cepeHboi oTyKHOCTI curHainy IIEBM Haj cepeiHbOr0 TOTYKHICTHIO
3aBaj).

- liamazon gactot [TEBM Af, po3misaaeTbes mpu NEpeBHILEHH] MOTYKHOCTI OT0O
YaCTOTHUX CKJIQJIOBUX JCSKOTO KPUTUYHOTO PIBHS.

B upoMmy KOHTEKCTi, cTpaTerii 37J0BMUCHHMKA 100 mnepexomieHns [IEMB
pPasioeNeKTPOHHOTO MPUCTPOIO MOYKHA PO3JILJIUTH Ha JIBA TUIIH:

- ctparerii nepexoruiends HY [IEMB;
- ctparerii nepexoruiendss BY IIEMB.

Crparerii mepumoro TUIMYy XapaKTEpPU3YIOTHCS MEPEXOIICHHSM BY3bKOCMYTOBHX
[NEMB (A4f, = 3 — 5 xl'm) y OmwkHiA 30HI, IO MICTATh, SIK MPABUIO, MOBHI
MOBI1JIOMJICHHS.

Hani crparerii He BHMaraloThb BUKOPUCTAHHS CKJIQJHHX IIMPOKOCMYTOBHUX Ta
BucokouyTnuBux PII. Bucoka 30MTKOBICT MOBHHUX MOBIJIOMJIEHb, TIOB'i3aHa 3
OCOOMBOCTSIMU PO3IMOMALUTY YaCTOTHUX CKJIAIOBUX MOBHOTO CHTHANy IO Jlama3oHy
JI03BOJISE 3a0€3MeuyBaTH 3a/1aHi 3IOBMUCHUKOM BUMOTH JI0 BIIACTUBOCTEH MEPEXOIICHOT
iHdopmarii. OcoOnmuBICTIO peadizaiii CcTparerii Takoro TUIY € MOXKJIUBICTh
3aCTOCYBaHHS MOOLIbHUX, 1 nopratuBHUX PII B OmmkHiil 30H1 nepexomienns [IEMB

PEIL. 111 o6cTaBuHa 3yMOBIIIOE BUCOKY CKPHUTHICTb BesieHHs TP.
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Crparerii Jpyroro TUIy XapaKTepU3YIOTbCs MEPEXOIUICHHIM mupokocmyrosux [TEMB
(Af. > 250 xI'm) y nmanpHii 30HI, IO MICTATH BUCOKOIIBUIKICHI IU(GPOBI MOTOKH
1HdOopMalii.

i cTparerii BUMararoTb 3aCTOCYBaHHS CKJIAJHUX IIMPOKOCMYTOBUX 1
BrucokouyTnuBux PII, sik mpaBumiio, y ckiiaii mporpaMHo-anapaTHUX KOMIUIEKCIB pajiio- Ta
pamioTeXHIYHOTO KOHTpomo. [Ipu oMy 3abe3neueHHs 3aJaHUX 3JIOBMUCHUKOM BHMOT
JI0 BJIIACTUBOCTEH 1H(OpMAIIii, 110 TMEePEXOTUTIOETHCS TOB'A3aHO 3 HEOOXIAHICTIO OOMIKY
CTPYKTYpH MakeTiB MoBizoMiieHb. OcCOONMBOCTI peaiizaiii cTpaTeriii Takoro THUITY
NOB'AI3aH1 3 HEOOXIJHICTIO 3aCTOCYBaHHs cTallloHapHUX a0o Bo3umux PII y ckmaai
IIporpaMHO-arapaTHUX KOMILUIEKCIB pajio- Ta pajio TEXHIYHOTO KOHTPOJIO Y JaIbHIM

3oH1 nepexoruienns [IEMB PEIT OI/I.

1.2 MeToau Ta 3aX0A4 NPOTUIIl BUTOKY MOBHOI iH(popMaLil TEXHIYHUMHU KaHAJIAMH

Ha nanuii MOMEHT, aKTyaJlbHICTh 3aXUCTy MOBHOi i1H(opmarllii BiJi BHUTOKIB
TEXHIYHUMU KaHajgamu Oe3nepedna. OcoOIMBO 1€ CTOCY€ETbCS 00roBOpeHHs 1H(popmariii
00MEKEHOTO JIOCTYITY MpHU MPOBEACHHI Hapal, IEPETOBOPIB 1 T.1I.

Po3piznsiroTh nacusHi Ta aktuBHI Metoau [7,10]. [TacuBHi MeToIM cipsiMOBaHi Ha
3HIDKCHHSI PiBHS 1H(OOPMATUBHOTO CUTHAIY 3a PaXyHOK IOKPAIIEHHS 3BYKOI30JISIIIT
1H)KEHEpPHUX KOHCTPYKIIM Ta BCTAHOBJEHHS (PUIBTPYIOUUX MPUCTPOIB Y MPOBIIHOMY
3B'S3KY.

[TacuBHi MeToU cripsimoBaHi Ha [10]:

— 3racaHHs aKyCTUYHHMX CHUTHAJIB 3HAYCHHSIM, M0 3a0€3MeuyroTh HEMOXJIUBICTH iX
MIEPEXOTUICHHS 32 JIOMTOMOTO0 3aC001B aKyCTUYHOI PO3BIIKH HA TJIi IPUPOTHOTO IMIyMY Y
MICIISIX X MOYKJIMBOI YCTaHOBKH;

— 3racaHHs 1H(OpPMaLIHHUX E€NEKTPUYHHUX CHUTHANIB y crnonyyHux jgiHigsx JAT3C, mo
BUHUKAIOTh B PE3yJbTaTl aKyCTOEJIEKTPUYHUX MEPETBOPEHb aKyCTUUHHUX CUTHAIIB, 10
3Ha4YC€Hb, SKI YHEMOXJIMBIIOIOTH 1X 130JA11F0 3a JIOMOMOTOK PO3BIAKM Ha (oHi

OPUPOIHOTO LIyMY.
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AKTHBHI METOJM 3aCHOBaHI Ha MIABUUIECHHI PIBHS LIyMYy IO BIAHOLUEHHIO IO
npupoaHoro ((hoHOBOTO) 1 peami3yloThCs 3 BHUKOPHCTAHHSIM TEXHIYHUX 3ac00iB, IO
IPYHTYIOTHCSI Ha PI3HUX LIyMaX F€HEPaTOPiB.

AKTHBHI MeToaH cripsimoBaHi Ha [10]:

— CTBOPEHHSI MaCKyBaJIbHHX IIyMiB, 3 METOIO 3HWKCHHS CITIBBITHOIICHHS CUTHA/IIIyMY
JI0 3HAYEHb, 10 3a0e3MeUyr0Th HEMOXKIIUBICTH iAeHTH(IKaIi MOBHOI 1H(opMarlii 3a
JIOTIOMOT'OI0  aKyCTUYHOI PO3BIAKKA Yy MICHSIX X MOMJIMBOI YCTaHOBKH, CTBOPEHHS
CJICKTPOMArHiTHUX TEPEIIKOA, 10 MacKyrTh, B crnoinyunux JiHigsx T3C 3 metoro
3HW)KCHHS CITIBBITHOIIICHHS CUTHAJI/IITyMY IO 3HAYEHb, 1110 3a0€3eUy0Th HEMOXKJIUBICTh
1300141111 1HPOPMAIIHHOTO CUTHATY 3a JOMOMOIOK PO3BIIKH Yy MOXIMBUX MICIAX iX
3'eTHAHHS.
3axucT MOBHOI 1H(popMalii Bl BUTOKY aKyCTUYHUMHU Ta BiOpaliiHUMHU KaHalaMd B
VYkpaini BiOyBaeThCcs B BIAMOBIAHOCTI J0 3aKoHOAaBUYWX [21-23] Ta HOpMaTUBHHX
JIOKYMEHTIB 1 BKJIFOUA€ B ce0€ TPH IPYITH 3aXO0/IIB:
— opraHizalliiti;
— opraHi3aliiHO-TeXHiYHi,
— TEeXHIYHI.

[TocnimoBHICTh Al MpW opraHizaiii 3aXUCTy Uil 3aro0IraHHs BUTOKY MOBHOI
iHpopMallii BUIiIEHOT0 MPUMIIIICHHS niepedavae HacTymnHi eTanu [4, 7, 10]:
1. OuiHIOIOTHCSA HAABHICTH Ta peajbHl MEX1 KOHTPOJIBLOBAHOT 30HU 00'€KTA.
2. IlpoBomuTbcs OIIsiA  BHUAUICHOTO TPUMIIICHHS, BH3HAYAIOTBCS THIH Ta
XapaKTEPUCTHUKU JABEPE, BIKOH, CTIH Ta MEPEKPUTTIB.
3. BuzHayaeThCsl HAJIEXKHICTh Ta PEKUM JIOCTYIY 10 OyAMHKIB, BIKHA SIKUX BUXOJSTh Ha
JaHe BHJIUICHE TPHUMIIIECHHS, BUMIPIOIOTHCS BiJCTaHI 0 HUX. [IpoBOIMUTHCS OIiHKA
MO>KJIMBICT1 MEPEXOIJIEHHsI aKyCTUYHOI 1H(opMallli 3 BUKOPUCTAHHAM CIPSIMOBAaHUX
MIKpO(hOHIB 1 aKyCTUYHUX JIA3EPHUX CHUCTEM PO3BIIKH 3 OyAiBENb, IO 3HAXOMIATHCS 3a
MEKaMHU KOHTPOJIbOBAHOI 30HMU.
4. BuzHayaroTbCd MicCll TNMAapKyBaHHS MalllMH, KyJAM BHUXOJSTh BIKHAa BHUJIIJIEHOTO

MPUMIILIEHHS, BUMIPIOIOThCA BIJICTaHb 10 HUX. [IpoBOAUTHCA OIlLIHKA MNOTEHIIHHOI
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MO>KJIMBICTI MEPEXOIUIEHHS aKyCTHM4YHOI 1H(opMalii BUKOPUCTOBYIOYHM CIPSIMOBaHI
MIKpO(OHU Ta aKyCTHYHI Ja3epHI CUCTEMHU PO3BIJAKK 3 MAIIWH, SKI MPUMIapKOBaHI 3a
MEKaMU KOHTPOJIbOBAHOI 30HH.

5. Bu3HauarOThCA TNOTEHIIMHI MiICUsi TPHUBAJIOrO 3HAXOMKEHHS OCI0 mo0nu3y
KOHTPOJIbOBAHOI 30HU 00'ekTa (aBTOOYCHI 3YNHWHKH, JIAaBH IS BIAMOYHMHKY TOIIO),
BUMIPIOIOTBCA BiJCTaHlI A0 HUX. [IpoBOAMTBCSA OIliHKAa MOTEHIIIHHOI MOMKJIMBICTI
MEPEXOIUICHHS aKyCTU4YHOI 1H(OopMaIli BUKOPHCTOBYIOUM CHPSMOBaHI MIKpOhOHU
MIPUXOBAHOTO HOCIHHS 3 MICI[b MOJKJIMBOT'O TPHUBAJIOTO IepeOyBaHHSA 0cCi0 MoOIu3y
KOHTPOJIbOBAHO1 30HU 00'€KTa.

6. Bu3HauaroThCS MiCIl MOXKIIMBOTO O0€3KOHTPOJIBHOTO TepeOyBaHHS CTOPOHHIX 0Ci0 y
MeXax KOHTPOJIbOBAaHOI 30HU 00'€eKkTa (CTOPOHHBOK HA3MBAETHCS 0co0a, KOTpa 3a
XapaKTEpOM BHUKOHYBaHOI poOOTHM abo Ciyk0OBMX OOOB'A3KIB HE Ma€ JOCTYNY 0
B1JIOMOCTEH, SIKi 0OTOBOPIOIOTHCA Y BUIALICHOMY HpHMilieHH1). OLIHIOEThCS MOTEHITIHHA
MO>KJIMBICTh HEHABMHUCHOT'O MPOCIYXOBYBaHHA PO3MOB Yy BHUIUIEHOMY HPHUMIIICHH]
CTOPOHHIMH 0COOaMHu.

7. Bu3HauaroThCsl MPUMIIIEHHS CYMIXKHI 3 BUJIUICHUM, BCTAHOBITIOETHCS iX HAJICKHICTD,
NPU3HAYCHHS Ta PEXUM JOCTYNy 10 HHUX (32 MOKJIUBOCTI TPOBOJUTHCS 1X OTJIAN).
[TpoBoaUTHCA OIIHKA TOTEHIIIHHOT MOYKJIMBICTI IEPEXOTUICHHS aKyCTUYHO1 iHGOopMaIIii 3
BUKOPHUCTAHHSM €JICKTPOHHUX CTETOCKOIIB 13 CYMDKHHUX MPUMIIICHb.

8. OIHIOEThCS XapaKTep IHKEHEPHUX KOMYHIKAIlii, BH3HAYAIOTHCA 1HXKECHEPHI
KOMYHIKaIIii, iK1 3HaXOAThCS 3a MEXKaMHU KOHTPOJIbOBAHOI 30HU, Ta MICIS MOXJIUBOTO
IOoCTyny a0 HuX. [IpoBOAMTBCS OlIHKA MOTEHIINHHOI MOXIIMUBICTI MNEPEXOIJICHHS
aKkyCTH4HOi  iH(opmMmaIii 3 BUKOPHCTaHHSIM EICKTPOHHUX  CTETOCKOIIB, IO
M1IKJIF0YAI0ThCS 0 1HKEHEPHUX KOMYHIKAITIH.

9. Bu3HauaeTbcsi MOXIIMBICTH JIOCTYMYy 13 30BHIIIHBOIO OOKY J0O BIKOH Ta CTIH
BUJIICHOT'O TIpUMIIIeHHs. [IpoBOANTHCS OIliHKA TOTEHIIIMHOT MOYKJIUBICTI IEPEXOTIIICHHS
aKkycTU4HOi 1H(opMaIii 3a JIONIOMOIOK  PaJlOCTETOCKOINB, BCTAHOBJIEHUX 13
30BHIIIHBOIO OOKY BUAUIEHOIO MPUMILIEHHS.

10. BusHauaroTbcsl JOMOMIDKHI TEXHIYHI 3aco0M Ta cUCTeMU (3aCOO0M KOHTPOJIIO Ta

YIOPABIIHHS JOCTYIOM, 3ac00aMHM OXOPOHHOI Ta MOKEKHOI CHUrHaji3aiii, TeiaedoHH1
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amapaTu TOIIO), 3’ €AHYBaJIbHI JIIHIT 110 3HAXOIATHCS 32 MEKaMU KOHTPOJIbOBAHOI 30HU,
BCTAHOBJIOIOTHCS MICIIsI MOXKIIMBOTO IOCTYMY /10 HUX. [IpOBOIMTHCS OlIIHKA MOTEHIIHHOT
MO>KJIMBICT1 IEPEXOMIEHHS aKyCTHUUYHO1 1H(OpMaIii aKyCTOSIEKTPUYHUMHU KaHAJIaAMH.
11. 3miiiCHIOETBCSA TMEPEBIPKM HASIBHOCTI Y BHJAUIEHOMY IMPUMIIIEHHI Ta CIPaBHOCTI
3aco0iB 3axucTy iHpopmarllii (cucreM BiOpOaKyCTHYHOTO MAacKyBaHHS, 3aC001B 3aXUCTY
Tene(OHHMX anapariB TOIIIO).

12. IIpoBoauThCS aHATI3 OpraHi3aMifHUX 3aXO0IB 13 3aXUCTYy BUILJICHUX IIPUMIIICHD BiJl
BUTOKIB aKyCTUYHOI iH(pOopMaIii.

3a pe3yibTaTaMyd TPOBEJCHHS  CHEIIaJbHOIO  OOCTEXEHHS  BUIILJIEHOTO
IPUMIIICHHS POOUTHCS BUCHOBOK MPO MOTEHIIMHY MOXKIIUBICTh MEPEXOIJICHHS MOBHOT
iHbopMarllli Mo MNpsSMUX aKyCTMYHHUX, aKyCTOBIOpalliHUX, aKyCTOONTHYHUX Ta
aKyCTOEJEKTPUYHUX KaHanaxX. BuzHauaroThest 3ac00M aKyCTHMYHOI (MOBHOI) PO3BIAKH,
IOJI0 SKUX HEOOXITHO 3AIMCHUTH KOHTPOJb 332 BUKOHAHHAM HOPM 3aXHIIECHOCTI
1H(popMalli, Ta BCTAHOBIIOIOTHCS MICHS iX MOXJIMBOIO PO3MiLIEHHS. Bu3zHauaroThbCs
MICIISI MOJKJIMBOT'O 3HAXOJKCHHS CTOPOHHIX OCIO, MIOAO0 SKHUX HEOOXITHO 3MIMCHUTH
KOHTPOJIb 32 BUKOHAHHSIM HOPM 3aXHUIIEHOCT1 1HpOopMallii.

Cuctema 6e3nexu MOBHOT 1H(OpMaIIii Mij] Yac MpOBEACHHS MEPEroBOPIB 1 HApas y
BUJIIJICHOMY TPUMIIIEHHI Tependayae 3acTOCYBaHHS KOMIUIEKCY 3allpOMIOHOBAHUX
Croco01B pO3TIAHYTUX B Tabmumi 1.1., 1€ HaBeAeHO CHUCOK 3aco0iB Ta CIOCOOiB
MEPEeXOIUICHHST MOBHOI 1HGoOpMaIii, a TaKOX 3aXOAiB MPOTHUMII ISl KOXKHOTO 13

NPHUBEICHUX TEXHIYHUX KaHauiB [5,10]:

Tabmus 1.1
Kanan | 3aci6 abo croci0 nepexorieHHs 3axou mpoTH il
= Jlroaceke Byxo (mpsiMe 1. ITokpaiieHHs 3ByKO130Js1111
E 1JCITyXOBYBaHHS) 2. BukopucTaHHs 3al1yMJICHHS
<; JluktodoH 1. 3axoau MO BUSABIICHHIO JUKTO(OHIB
~
© 2. BukopucranHs 0JIOKaTOPiB
E
Z (mogaBroBayiB) TUKTO(POHIB 1 MOOLITBHUX
a
= TeneQoHiB
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AKYCTHYHI 3aKJIa/iH1 PUCTPOL

1. ITocTanoBKa pajionepenIko;y

2. Bukopucranss iHTEpPEpEHIIIITHOTO

METO/y mojiaBiieHHs miacuimtoBaya P3I1.

3. 3axomu no nomyky P3II

150805051

(XY

Bi6pari

EnexkTponHuii creTockomn

1. ITokparieHHs 3ByKO130JIs1IIi1
2. Bukopucranss BiOpamiitHux

reHepaTopiB

Paniocrerockorn

1. ITokpareHHs 3ByKO130JIs1IIi1
2. Bukopucranss BiOpamiitHux
reHepaTopiB

3. ITocTraHoBKa pajiozaBa

ITacuBHUM

(V)

aAKyCTOCJIICKTPUYHHUU

Mikpodonuuit epext

AKTUBHUI

(v

AKYCTOCICKTPUYHHNHU

BucokoyacTtoHne HaB’ I3yBaHHS
Yy

1. BigmroueHHs pkepen HeOe3neuHuX
CHUTHAJIIB

2. ®inpTparis HeOe3NeYHUX CUTHATIB
3. OOMexeHHS HeOS3ITeYHNX CUTHAJIIB
4. Bukopucranas OydepHUX mpucTpoiB
5. JIiniiiHe 3au1yMIIeHHS

6. [IpocTopoBe 3amrymieHHS
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[To61uHe enekTpoMarHiTHe

BUINIPOMIHIOBaHHS

1. ExkpanyBaHHS IPUMILIEHb

2. EkpaHyBaHHS KOMIIOHEHTIB

IlacuBHUI
aKyCTOEJIEKTPOMAarHiTHH

EHepFCTI/I‘{Ha Ta HCCHCPI'CTUYHA

BucokouacToTHE ONTPOMIHEHHST | paJilOTEXHIYHE palioOMacKyBaHHS
MPUMITIICHHS (mocTaHoBKa 1mryMoBoi abo

3aropojKyBaJIbHOT 3aBaJIN )

AKTUBHUU
aKyCTOEJIEKTPOMAarHiTHH

JlazepHi cucTeMu aKyCTUYHOI 1. Bukopuctanns 3aco01B 30UIbIIYIOUNX

po3Binku (JICAP) aMIUTITY Ty BiOpaIliif TOHKHX TTOBEPXOHB

AKYCTOONITUYHUHI
(J1azepHUit)

Ta6muis 1.1 — Crrcok 3aco0iB Ta crioco0iB EPEXOIUICHHS] MOBHOI 1H(popMaliii, a
TaKOX 3aX0J1B MPOTHUAIT JJI1 KOKHOTO 13 MOXJIMBUX KaHaIIB BUTOKY 1H(popMarlii
1.3 EjekTpoMarHiTHe eKpaHyBaHHs, IK CIOCi0 3axucTy 00’€KTIiB iH(popmaTu3zauii
BiJl BUTOKIB iH()OpMAaLii 10 TEXHIYHMM KAHAJIAM
Jlns1 3a6€e31eueHHs] BUMOT T10 €JICKTPOMAarHiTHIN Oe31elli BUIICHOT0 IPUMIIIEHHS,
0 BKJIIOYaE B ce0e MPOTHUJIII0 HECAaHKI[IOHOBAHOMY JAOCTyny /A0 1H(opmauii 3
BUKOPHCTAHHSM CIICLIaJbHUX TEXHIYHUX 3ac00iB, BHUKOPHUCTOBYETHCS EKpaHYBAHHS
CJICKTPOMArHiTHUX  XBUJIb. AKTyalpHICTb  PO3POOKHU BUCOKOE(EKTUBHUX,

HIMPOKOCMYTOBHMX, TEXHOJOTIYHUX 1 3pYyYHUX B EKCIUTyarauii eKpaHylouux 1
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pPaJIONOTIIMHAIOYMX MaTeplajiB MOSICHIOEThCA MOCTIMHOIO MNOTpe0O0 B JIAHHUX
MaTepiaiax Mmpu 3aXUCTi pi3HOTO poy 00’ €kTiB iH(DOpMaTH3alii (BUAUICHUX MPUMIIIEHB)
Tak 1 Mmpu po3poOlil Ta yAOCKOHAJIEHHI KOHCTPYKIIM pajioeNeKTPOHHUX MpPHIIAJIIB,
npuiIaaiB 3axucty iHpopmarii i BilickkoBoi TexHiku. Crnmparounchk Ha poboty [24]
PO3IIITHEMO JaHE TTUTaHHS.

ExpanyBaHHSIM Ha3WMBaIOTh JIOKANi3allil0 €JIEKTPOMATHITHOI €HEprii y NEeBHOMY
MIPOCTOPi 32 paxyHOK OOMEKEHHS PO3MOBCIODKEHHS ii yCiMa MOXKJIMBHUMH CIIOCOOaMHU.
Jlanuii mponec XapakKTepu3yeTbCS pPO3CIIOBAaHHSM, 3aJOMJICHHSM, BiJIOWBAHHSAM 1
NOTJIMHAHHSAM €HEpril eJIEKTPOMAarHiTHUX TMOdiB. PO3pI3HAIOTE HACTynHI BUIU
eKpaHyBaHHS:

- eKpaHyBaHHS €JICKTPUYHOrO MoJjis (ToJjie B OJMKHIN 30H1 BUIPOMIHIOBAHHS BIJl

JDKepela eKBIBAJIEHTHOTO €IEKTPUIHOMY JTUTIONIO)

- eKpaHyBaHHS MarHiTOCTaTUYHOTO ToJIs (1ojie B OJIMIKHIN 30H1 BUIPOMIHIOBAHHS

B1JI JXKepeia, €eKBIBaJIGHTHOTO MarHiTHOMY JIMIOJIIO — PaMIli 31 CTPyMOM)

- ©KpaHyBaHHs €JCKTPOMArHITHOTO mTOoJs (rmosie B ONWXKHIA 1 JaNbHIN 30HaX

BUIIPOMIHIOBaHHS BiJl Oy/Ib-SIKMX IHIIUX €JIEKTPOMArHITHUX JIKEPEI EHEepTii)

[Tpu mpoekTyBaHHI €KpPaHYIOUMX CHUCTEM BHKOPHUCTOBYIOTH TEOPIIO TOJS, MPHU
IbOMY BBOJSTH TMOHATTA «edeKTHBHICTH, ekpanyBaHHs» (EE), ske B momanbiiomy
BUKOPUCTOBYIOTh Y SIKOCTI OCHOBHOI'O KpHUTEpis BUOOPY EKpaHYHOUHMX MarepialiB 1
KOHCTPYKITiH €KpaHiB.

['onoBHe 3aBmaHHsA €KpaHy — TMOCHAOJIEHHS HANpyru enekTpudHoro € abo
maruiTHoro (H) nmonis. Expanytouy ito ekpaHy 3p0o0JeHOTr0 i3 HEMarHiTHOI'O MaTepiaiy
y 3MIHHOMY €JIEKTPOMarHiTHOMY TOJIi BU3HAYAIOTh CTPYMH, [0 HABOMASITHCS y TUTOITUHI
eKpaHy, a TaKOXX MarHiTHe moie, 30y/UKeHe NaHuMHu ctpymamu. [Ipm expaHyBaHHI
Bcepenuni 0mokiB PEA (pamioenekTpoHHa anapaTtypa) BHACIHIIOK BIJTHOCHO HEBEIUKHUX
BIICTAHEH MK JDKEpellaMu Ta NpHiiMadyaMd 3aBaji MOBE Wje, 3JeOUIbIIOoro, Ipo
eKpaHyBaHHS €JIEKTPO- Ta MArHITOCTATUYHUX IOJIB.

Haii6inpmmii BriinB Ha mpane3aaTHicTh By3niB PEA Bka3ye marnitHa ckjiamoBa
eJIEKTpOMAarHiTHoOro moss 3 inaykuieto B. Komu marnitae moste 3 yacrororo f meperunae

3aMKHYTHI KOHTYp Tuioniero S, To B KOHTYpi1 Bunukae EPC (enexTpopyiiiiHa cuia).
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|U| = 2nfS|B]| (1.1)
Po3paxoBana 3a ¢opmynoro (1.1) nampyra sBIsS€TbCS HANpPyrow 3aBagu JUis

YYTJIMBUX €JIEMEHTIB MPUCTPOIO.

Skmo, |U| = U, i HeMa MOXKJIMBOCTI 3MEHIIIMTH TLIONTY KOHTYpa S, ToIi mOTpiOeH

CJICKTPOMAarHiTHUHN eKpaH, €EeKTHUBHICTh SKOTO:

14

EE = 20lg (- (1.2)

Hle EE — edektuBHicTh enexTpomarHitHoro ekpany, U — EPC, mo BuHukae y

3aMKHYTOMY KOHTYpi; U, — Hampyra 3aBajiu.

3aranom, eJeKTPOMAarHiTHI €KpaHu MOXHa KjIacu(IiKyBaTH 3a TPbOMa O3HAKAMM:

THUITY MOJISl 3aBa/IM, KOHCTPYKTUBHIM (opMI Ta MaTepially KOHCTPYKIIIT CTIHOK €KpaHy.

Tum mong 3aBagn

[To Tury 3aBajii pO3TIIAIAI0T, MAarHITOCTATUYHI, €JIEKTPUYHI Ta €JIEKTPOMAarHiTHI
noJi. I1ig 3aBagor0 po3yMitOTh BHYTPIIIHINA a00 30BHIIIHIN BIUIMB, B PE3YJITATI SIKOTO
BiIOYBA€EThCSI CMOTBOpPEHHS iHGoOpMarii B mporeci ii 00poOku, MmepeTBOpPEHHS,
30epexeHHs abo 1e penaui. Ob6unactb IpOCTOpPY HABKOJIO YMOBHOTO
BUIIPOMIHIOBAYa €JIEKTPOMATHITHOI 3aBajJi PO3MALISAEThCA Ha OmmkHIO (I < A21 ) i
nanbHio (I > A/21 ) 30HU, Jie I — BiACTaHb BiJ BUIPOMIHIOBaYa JI0 €KPaHa; ; A - JOBKHHA

XBWJI1 3aBajIH.

dopma exkpaHa.

dopma ekpaHa BIUIUBAE HA €PEKTUBHICTh EKPAHYyBAHHS Yepe3 3aJICKHICTh BT Hel
BEJIMUMHU XapaKTEPUCTUYHOTO OMOpy cepenouina. Jlo Toro x, popma ekpaHa BIUITUBAE
Ha 3HAYEHHA YacTOTHM Ha SKIM BIAOYBaeTbCcsl Pi3Ke 30UIBIIEHHS MAr”iTHOroO 1
CJICKTPUYHOTO TIOJII BCEPEIWHI €KpaHy, a 3HAYUTh HA WOTr0 PE30HAHCHI BIACTHUBOCTI.
Buainate npsmoxkyTHy, IwmiHApuuHy 1 chepuuny ¢opmu expaniB. EdexTuBHICTH
eKpaHyBaHHS €JIEKTPOMATHITHOTO TOJIS MPSAMOKYTHOTO, MITIHIAPUIHOTO 1 CHEPUIHOTO

€KpaHiB BUPAXKAETHCSA HACTYITHUM NPUOIU3HUM CITIBBIIHOILIECHHSIM:

EE, = EE, + 3,6 16 = EE_ + 9.6 1B



51

e EE,- eQexTuBHICTH €KpaHyBaHHS E€JIEKTPOMArHiTHOTO MOJIsi MPSMOKYTHOTO
ekpany; EE; — e(eKTUBHICTE €KpaHyBaHHs €JIEKTPOMArHITHOIO HOJIS HUIIHAPHYHOIO
exkpana; EE. — edexkTuBHICTh eKkpaHyBaHHSA EJIEKTPOMATHITHOTO TMOJS CHEPUIHOTO

eKpaHa.

Halikpaie criBBIAHOIIEHHS XBUJIEBUX OMOPIB MPOCTOPY 1 €KpaHa Mae IUIocKa
XBUJISA, BHACTIJIOK YOT'0 BUHHMKAE OUTbIle BIIOMBaHHS XBUIi. J[aHa oOcTaBMHA 00YMOBITIOE
nepeBary HWIHAPUYHOTO €KpaHy IO BIJHOIICHHIO 10 C(EpPUUYHOro i, B CBOIO 4epry,
IPSIMOKYTHOTO 110 BIJTHOIIEHHIO 10 000X TaHUX KOHCTPYKIIIH.

3BOpOTHA 3aKOHOMIPHICTH CHpaBeIuBa 1 IJisi MarHiTHUX eKpaHiB. B manomy
BUIMAJKy, Ma€ MICIE HACTyIMHa 3aJICKHICTh MK €(QEKTHUBHICTIO 3aTyXaHHs
IPSIMOKYTHOTO, IMJIIHAPUYHOTIO 1 C(hEpUIHOrO EKpaHiB:

EE, = EE; + 3,6 b = EE. + 9.6 1b

[lboMy € 1 ¢i3uuHe MossCHeHHs. J[is MAarHITOCTaTHYHUX €KPaHiB BIIOYBAETHCS 110
OPUHIMIY 3aMUKaHHS MarHITHOI'O MOTOKY B MarHiTHiA Maci ekpaHa. Ekpanytouunii epexr
3pocTae 31 3MEHILIEHHSIM OMOpYy €KpaHa JAHOMY MOTOKY. B MOpiBHSAHHI ¢ MPSAMOKYTHUM
€KpaHoOM, OUIbIII TOYHO JaHI BUMO31 BIAMOBIJA€ KOHCTPYKIlS y BUTJISAI miapa abo
HUJIHIpA.

Martepiast 1 KOHCTPYKITisI €KpaHy.

Martepian CTIHKM €KpaHy HaWOUIbII BIUIMBAE Ha €()EeKTUBHICTh €KpaHyBaHHA. 3a
MaTepiasioM 1 KOHCTPYKLIEIO CTIHOK BUAUISIOTh MAarHiTHI Ta HEMarHiTHI METAJU, a TAKOXK
donbroBani, CITKOBI,  pPaJiONOTJMHAIOYI Marepiady Ta OararomapoBi €KpaHH.

Benuuunoto, 110 xapakTepu3ye eKpaHyouy Jiil0 MaTepiaiy eKpaHa SBIS€ThCS TIMOuHA

NPOHUKHEHHS O (Ha Takii rIMUOMHI HaNpyra eJIeKTPUYHOIO MOJISl 3SMEHIIYETHCS B € pas3iB)

[9]:

Jle w = 2nf — kyToBa yactoTa; f—4acrora, I'll; ¢ — npoBigHicTh, CM - cM3; U = ug-
Uy,
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Uo = 1,256 - 1078 r : cm L — MarHiTHA cTana; Uy —
BiJHOCHA MarHiTHa NPOHUKHICTb

Akmo ekpaH Mpanoe B MarHITHOMY MOJ1 ONMXKHBOI 30HHM, €(EKTHUBHICTb

eKpaHyBaHHS JJII MarHITHUX MaTepialliB y MOPIBHSIHHI 3 HEMarHiTHUMU 3HAYHO BUIIIE,

TaKk sk 4 >> 1. B enekTpoMarHiTHOMy IO JajibHbOI 30HH, HEMArHITHI MaTepiaiy,

BHACJIJIOK 1X OUIBIIOT TPOBITHOCTI SBJISIFOTHCS OUTHIN €(hEKTUBHIMIUMH, HI’K MarHiTHI.
TeopeTnyHo, BUPINICHHS 3aja4i €KpaHyBaHHS, BH3HAYCHHS 3HAYCHb HANPYTH

TMOJIIB HA/I3BUYAITHO BaXKKO, TOMY BIAIITOBXYIOUMCH BiJi KOHKPETHOI 3a/1a4i JOIIIBHO

pO3IIsIaTH HOTO OKpeMi BUIU: €JIEKTPOMAarHiTHE, MarHiTOCTaTUYHE Ta €JICKTPUYHE.

ExpanyBaHHS €1€KTPUYHHUX IOJIIB.

Enexrpuuna ckiamoBa €JIEKTPOMArHiTHOTO TOJISI Ma€ Micle B OMMDKHINA 30HI
BUIIPOMIHIOBaHHS MpPU MPOTIKAHHI MajluX CTPyMIB Ta HpPH BEIUMKUX HaIpyrax
dbynkuionansHuX By3miB T30I, ska po3rismaeThes siK 3B’S30K 4epe3 Maly Hapa3uTHY
eMHICTh C.; MK JKEpelnaMH Ta NpuiiMadyaMy HaBeJleHb, €PEKTUBHICTD 11 eKpaHyBaHHS

BH3HAYA€THCA HACTYITHUM CHiBBi}]HOIHGHHSIM:

= 20lg5e

!
CCB

A =20lg

Up
Ups

Takum ynHOM, 3HUKYI0UH C.; TUM camuM 30UTbIITYyEMO 1 EE.

PosrasineMo 0CHOBHI pekOMeH/allii, CTOCOBHO BUKOPUCTAHHS €JIEKTPUYHUX €KPaHIB:

1. 3aMuKaHHS CHJIOBHX JIiHIA €JEKTPUYHOTO TMOJIsi HE MOBUHHO BHXOJWUTH 32
MeX1 KOHCTPYKIIT eKpaHy.

2. Ilpu po6oTi HAa HU3BKHUX YacTOTaX, KJIOYOBE 3HaUeHHs 3 TOUkH 30py EE mae
SKICTh KOHTaKTy €KpaHy Ta KOpIyca HpUCTpOs, TOBLIMHA €KpaHa Ta Horo
MaTepiaay MPaKTUIHO HE MAIOTh 3HAUCHHSI.

3. IIpu poOOTI Ha BUCOKMX HYaCTOTaX, B PEXKHUMI E€IEKTPOMArHITHOTO TOJIA,
KJIIOYOBE 3HAUEHHA 3 TOukH 30py EE MatoTh BnacTHMBOCTI MaTepiany eKpaHy

(Mar”iTHa MPOHUKHICTh, €JIEKTPUYHA MTPOBIIHICTh) Ta HOTO TOBIIMHA.

ExpanyBaHHs ~ HM3bKOYACTOTHMX  MArHiTHUX  MOJIB  (MarHiTOCTaTUYHE

CKpaHyBaHHS).
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Expanu BUTOTOBISIOTH 13 (hepOMarHiTHUX MatepianiB (HalpHUKIa, epManoi abo
CTayb), 10 MAIOTh BEJMKY BIJHOCHY MArHiTHY MPOHMKHICTH W,.. BHacmigok 3Ha4yHOT
PO301KHOCTI MIXK [, €KpaHy Ta [, BHYTPIIIHHOTO CEPEAOBUIIA, CUIIOBI JIIHIT MarHITHOTO
1oJig Oy Iy Th MPOXOJAUTH B3JJOBXK CTIHOK €KpaHy, KOTP1 MarOTh 3HAYHO MEHILUHI OIip HIXK
omip noBiTpsa. EE MaruiTHOro mosist 3ajie)KuTh BiJl U, €KpaHy (OImip MarHiTOIPOBOIY) Ta

HOro TOBIIWHHA 1 BU3HAYAETHCS HAaCTYITHHUM BHUPA30M:

A =20lg (—"515+ 52y

Jle | — BiIHOCHA Mar”iTHa NPOHUKHICTh MaTepialia eKpaHa;
S=5+5,
Jlanuii BUJ €KpaHyBaHHS 3aCTOCOBYETHCS IIPH IOAABJICHHI HaBEJICHH B Jlialma3oH1
gactor 1-10 xI'u. Po3risiHemMO OCHOBHI peKOMeHJalli, MI0J0 BUKOPUCTAHHS

MarHiCTaTUYHOTO E€KpaHy:

1. Marepiasl ekpaHy HOBUHEH MaTH BUCOKE 3HAYEHHS [,

2. YUum Ounbliie 3HaYEHHS TOBIIMHHU €KpaHy TUM OulbIna €(pEeKTUBHICTh MOTO
eKpaHyBaHHSI.

3. EdextuBHiCTh ekpaHyBaHHS HHU3bKOYACTOTHUX MArHITHUX TIOJIB BiJ

3a3eMJICHHS HE 3aJICKHTh.
ExpanyBaHHS BUCOKOYACTOTHHX MarHiTHUX MOJIB.

ExpanyBaHHS MarHiTHOT'O TI0JI1 0OYMOBJICHO B TIEPIITY YEPTy KOMITCHCAIII€I0 JaHOTO
MOJISI MATHITHUM TI0JIEM BUXPOBHX CTPYMIB, a TaKOX MOCTA0JICHHSIM MarHiTHOTO TTOJIS
IpY MPOHUKHEHHI B TIMOMHY MaTepiaily CTIHOK ekpaHa. UuMm Bulle 4acToTa MarHiTHOTO
MOJIsSI, THM MEHIIa TJIMOWHA MPOHUKHEHHs. J[0 THX Mmip MOKW TOBIIMHA CTIHOK €KpaHa
MEHIIIE TTTMOMHU IPOHUKHEHHS (M1 HU3BKUX 9aCcTOT), OCHOBHY POJIb TPAa€ KOMITCHCAITIS
noJig. 31 30UIBIIEHHSIM YacTOTH, KOJI TOBILMHA CTIHOK €KpaHa cTa€ Oulblile TTUOMHU
OPOHUKHEHHS, BUPIIAIbHUM (AKTOPOM MOXKE CTaTH OCJA0JIeHHS TOJs MpHU
MPOHUKHEHH1 MOTO B TOBIIMHY CTIHOK €KpaHa. Tak SK 3 POCTOM YaCTOTH MAarHiTHOTO
noJis TIMOMHA MPOHUKHEHHS 3MEHIIYETHCS, TO 3MEHIIYETbCS 1 MarHiTONPOBIAHICTh

eKpaHa, sika 3aJIeKUTh B TabapUTHUX PO3MIPIB 1 MarHiTHOI MPOHUKHOCTI MaTepiana
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expaHa. B maHux yMoBax, B HacilJOK CYTTE€BOI'O 3MEHIIEHHS €KBIBaJEHTHOI TOBILMHU
CTIHOK €KpaHa, HE MPOSBISETbCS SIBUIIE IIYHTYBaHHA MarHiTHoro mojs. Tomy, ans
3a0€e3MeUeHHs] €eKpaHyBaHHSI Ha BUCOKMX YacTOTax, B SKOCTI MaTepiajia eKpaHiB 4acTo
3aCTOCOBYIOTh HEMAarHiTHI MaTepiaiH.

EdexTuBHICTh €KpaHyBaHHS MAarHiTHUX I10J11B HA BUCOKUX YaCTOTaX BU3HAYAETHCS
BTpaTaMu BHM3BAaHMMHM BHUXPOBHMH CTPYMaMH B MaTepialll €KpaHa 3a PaxyHOK ix
MOTJIMHAHHSA, BiAOMBaHHSA a00 kommeHcali. I1ix Ji€er0 BUCOKOYACTOTHOIO MAarHiTHOTO
1oJisl, I1F0Th ABa (DaKTOPU BHU3BaHI BUXPOBUMH CTpyMaMH: 3BOPOTHE IOJIE €KpaHa Ta
NOBEpXHEBUI edeKT ioro marepiany. IIpu BIZHOCHO BENMKOMY 3HAY€HH1 TOBIIMHI

Marepiay eKpaHa, Ipu g, > & nitoth obunsa daxropu i EE MoxkHa Bu3HauMTH 110

IpUOJIM3HIN 3aJ1€KHOCTI:

D

E =~ eser/a(l_l_ -
2 2,8mu é

)

Ha Hu3bKHX 9acToTax, PH Geyp, < &, CIOCTEPIra€ThCs HE3HAYECHUM OBEPXHEBUIH

edekT 1 Ji€ TUIbKA mnepmui (pakTop, €PEeKTUBHICTH PO3PAXOBYIOTH 32 JOIMOMOIOIO

HAaCTYITHOT'O piBHSIHHSI:

WiooD8,., >
E = 1+(%)

ExpanyBaHHS €J€KTpPOMarHiTHUX MOJIIB.

Cnig  BIOPI3HATH €KpaHYBaHHS €JIEKTPOMArHITHUX TIOJIB BlJ MAar”iTHOTO
eKpaHyBaHHS, K€ BIIHOCSATH J0 €KpaHYBaHHsS MarHiTHUX IOJIB Ha HU3bKUX YacTOTaX
(manpuknan, 60 I'm). Marepianu Uit eKkpaHa Il €JIEKTPOMArHiTHUX —TIOJIB
BIJIPI3HSIOTBCA BiJl MarHiTHuUX. EkpaHyBaHHS BiIOyBa€eTbCs 3aBISKH BIJIOMBAaHHIO
€JICKTPOMArHiTHOT XBWJI1 BiJl METAJIEBOi MOBEPXHI €KpaHa 1 MOJAIBIIOMY 3aracaHHIO
3aJIOMJIEHOT XBWIIL Y TUT1 ekpaHa. OCHOBHMM MEXaH13MOM 3aXHCTY BiJ] €IEKTPOMAarHiTHUX
3aBaJl SBIAETHCA BinOWBaHHS. BinOuBaHHS O0OYMOBIIOETBCS — HEBIAMOBIIHICTIO
€JIEKTPOMArHITHOTO CEPElOBUIIA, B SIKOMY pPO3IOBCIOJKYETHCS €JIEKTpOMAarHiTHa
eHepris 3 MarepiajgoMm ekpaHa. Ha pucynky 1, nokazanuii 3araibHUN MEXaHI3M 3aXUCTY

Bi1 EMII (enekTpoMardiTHOTO 1osisi) 3a JOMOMOT OO IJIOCKOTO €KpaHy:
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Magaoua enexTpomarHitTHa
XBWNA

E A~~~y ENEKTPOMArHITHUA

13 eKpaH
H p
3anomneHa
Biggura  a i e
E1eKTPOMArHiTHa Y
SO ] MoraunyTa
eNeKTPOMarHiTHa
A~ _xeuna

]

Pucynok 1.17 — ExpanyBanus EMII miockum ekpanom

3arangom, B3a€MOJII0 €JIEKTPOMArHITHOI XBUJIl 3 €KPAaHOM MOKHA TMPEICTaBUTU
HACTYITHUM YWHOM: BITOUTTS XBUJII BiJl TOBEPXHI €KpaHy, YaCTKOBE MMPOHUKHEHHS XBUJI1
B CTIHKY €KpaHy 3 ii TNOJajbIIMM IMOTJIMHAHHS MaTepiajioM eKpaHy 3a paxyHOK
0araToOKpaTHOrO BIJOMBAHHS BiJ MOro CTIHOK B pE3yJbTaTl BiOYyBaeTbCS YaCTKOBE
NIPOHUKHEHHSI XBHWJII B 00JIaCTh €KpaHyBaHHsA. SKIO BTpara eHeprii XBWJII B €KpaHi,
TOOTO 11 mornuHaHHs, nepeBuirye 10 ab, To XBWIAMH, IO TPONUIUIM 32 €KpaH MIiCHs
BHYTPIIIHIX BiIOMBaHb MOXKHA 3HEXTyBaTH (TIPAKTUYHE 3HAYCHHS MAIOTh TUTBKH JIBA
nepiii BijIOUBaHHS).

MeraneBl eKpaHH BIJIPI3HSIOTBCS BUCOKOK €(QEKTHUBHICTIO pOOOTHM Ha
pamioyacToTrax, $Ki 30UIBIIYETbCS TpHU 30UIBIICHHI YacTOTH EJIEKTPOMArHITHOTO
BUITPOMIHIOBaHHSI, IO TIa1a€, OJTHAK BOHU MAIOTh OJWH iCTOTHUI HEAOMTIK, OB’ I3aHUH 3
iX BHCOKOIO €JIEKTPOIPOBIAHICTIO: BUCOKUM KOE(IIEHTOM BIAOUTTS, 3YMOBJICHUM
BEJIMKOIO BIZIMIHHICTIO XBUJILOBOTO OMOPY BUIBHOTO MPOCTOPY Ta EKPaHy.

[HITMM MEXaHI3MOM 3aXHCTY BiJl €ICKTPOMArHiTHUX 3aBaJl ABIISE€THCS MTOTJIMHAHHS.
JIJ1st 3HAYHOTO TIOTJIMHAHHS BUIIPOMIHIOBAHHS €KPaH MOBUHEH MaTH €JIEKTPUYHI Ta/abo
MarHiTHi JUIOJI, 10 B3aEMOJIIOTH 13 €JIEKTPOMAarHiTHUMHU TOJISIMHA Y BUIIPOMIHIOBaHHI.
Taxki Ao MOXyTh OyTH IPEICTAaBIICHI MaTEpiaJlaMH, 1110 MAtOTh BUCOKY JIEIEKTPUUHY
IPOHUKHICTh. MarHiTH1 JUIIONI MOXKYTh OyTH IpPEACTABIICHI MaTepiajlaMH, 110 MarOTh
BHCOKE 3HAYEHHS MArHiTHOI NPOHUKHOCTI. Ha HuU3bKMX dYacToTax e(eKTUBHICTH
eKpaHyBaHHS THM BHWINA, YUM BHIIE 3HAUYCHHS MAarHiTHOI NMPOHMKHOCTI MaTepiaimy

exkpana. O/HaK, 3 ypaXxyBaHHSIM TOTO, MO 3aJIEKHICTh BTpAT MPHU MOTIMHAHHI TPSIMO
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MPOIOPIliiiHA 3HAYEHHSM TOBIIWHHA €KpPaHy Ta YacTOTH EJIEKTPOMArHITHOTO IIOJIS,
JIOBOJIUTHCST 30UIBIIYBAaTH TOBIIMHY €KpaHa. 31 3pOCTaHHSM YacTOTH, MarHiTHa
IPOHUKHICTB BCIX MarepiaiiB MIBUIKO 3MEHILYETHCS IPU YOMY — UMM O1jIbIII€ 3HAUEHHS
Mar”iTHOi MPOHUKHOCTI, TUM 3HAYHilIe i 3MEeHIIeHHs. ToMy, MaTepialnu 3 BEJIUKUM
3HAYEHHSIM [M0YaTKOBOT MarHiTHOI MPOHUKHOCTI JOIIbHO BUKOPUCTOBYBATH JIJIsl HACTOT
omu3bko 1 k[, [lpu OuIbIIMX 3HAYEHHSX HANPYXEHOCTI MAarHiTHOTO MOJs 4Yepes
HACHYCHHS MaTepiany (epoMarHeTuka Horo MarfiTHa MPOHUKHICTh MaJa€ TUM Pi3Killle,
yiM OUTbIIE TTOYATKOBE 3HAYEHHS MPOHUKHOCTI. ElleKTpoMarHiTHe BUIPOMiIHIOBaHHS Ha
BHCOKHMX 4YacTOTaX IPOHUKAE JIUIIE TMOOJN3Y IMOBEPXHEBOI 00JIACTI EIECKTPUYHOTO
npoBigarka. O0’eMHa MUTBHICTh CTPYMY MakCUMaibHa Ol moBepxHi poBigHuka. [Ipu
BiJIJIaJICHH] BiJ] IOBEPXHI BOHA 3MEHIITYEThCS €KCTIOHSHIIMHO 1 Ha TTIMOMHI O CTa€ MEHIIIE
B KiTbKa pa3ziB. JlaHy TIMOMHY TPOHUKHEHHS MOKHA pO3paxyBaTH 3a HACTYMHOIO

dbopmyiioro:

5==Jﬁ;=Jnl7 (1.3)

Buxoasuu 13 BHILECKa3aHOTO, €(PEKTUBHICTh E€KPAHYBAHHS €JIEKTPOMArHiTHOI'O

noJig Moxe OyTH npejicTaBiieHa (opMyJioro:

Oexp

EE = EHaA/EZ = Hnaa/HZ =es ZCHOB/4ZCMeT, (14)
ne Zepop. = 377 OM — XapakTepuUCTUUYHHI omip Bakyymy (i TOBITps), TJIMOWHA
IPOHUKHEHHSI pPO3pPaxoOBYEThCA 3a GopMyioro (3), XapakTEpUCTUUHUNA OMIp MaTepiany

eKpaHa pO3paxoBY€EThCS 3a (OPMYIIOL0:

2
ZMH=J§:/%¥ (15)

bazyrounce Ha ¢opmymax (1.3), (1.4), (1.5) nposemenuii pospaxyHok EE
(eeKTUBHICTH €KpaHyBaHHS) Ta TIMOMHU MTPOHUKHEHHS €JIEKTPOMArHITHOTO TOJIS IS
MarHiTHMX Ta HEMarHiTHUX MaTepiajiB Ha 3aJJaHUX 4acTOTaX MPHU Pi3HIN MPOBITHOCTI Ta

PI3HUX 3HAUCHHSX TOBIIMHU CTIHOK €KpaHy:
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Tabmurs 1.2
EE
AmoMiHIN Jlatynp Minp Cranb [Tepmanoii
f )
expr | 0=38 | U, o= ;- 0=59 | u, 0=10 | u, 0=1.54 | p,
'y MM | *10* |=1 |166* | =1 |*10* | =1 | *10* | =50 | *10* = 8000
Cwm- 10* Cwm- Cwm- Cwm-
cm3 Cwm- cm3 cmB cm3
cm3
0.03 146 143 148 124 94
102 0.3 147 143 148 125 99
1.0 147 143 150 127 113
2,0 148 144 151 131 132
['mubuna
MPOHUKHEHHS &, 8.170 12.350 6.550 2.250 0.450
MM
0.03 136 133 138 114 85
0.3 137 133 139 117 102
103 1.0 140 135 142 126 144
2,0 143 137 147 138 204
I'mubuna
MPOHUKHEHHS &, 2.600 3.900 2.070 0.710 0.140
MM
0.03 127 123 128 105 79
0.3 130 125 132 115 131
10* 1.0 137 130 141 142 265
2,0 148 137 155 181 456
I'mubuna
MPOHUKHEHHS §, 0.820 1.230 0.655 0.225 0.045
MM
0.03 117 113 119 97 82
0.3 126 119 131 130 245
10° 1.0 150 135 160 216 669
2,0 184 157 202 338 1275
I'mubuna
MPOHUKHEHHS §, 0.260 0.390 0.207 0.071 0.014
MM
0.03 110 105 112 95 111
0.3 138 124 148 199 628
106 1.0 213 173 241 469 1968
2,0 319 243 373 855 3884
I'mubuna
MPOHUKHEHHS §, 0.082 0.124 0.066 0.023 0.004
MM
0.03 106 99 111 110 225
0.3 197 159 224 440 1860
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107 1.0 433 315 517 1294 6099
2,0 769 537 936 2514 —
I'mubuna
MIPOHUKHEHHS §, 0.026 0.039 0.021 0.007 0.001
MM
0.03 118 104 128 179 608
0.3 405 294 486 1221 5779
108 1.0 1150 786 1414 3922 —
2,0 2213 1489 2739 — —
['mubuna
MIPOHUKHEHHS &, 0.008 0.012 0.006 0.002 0.0004
MM

Tabnumus 1.2 — Po3paxynok EE ta rmubunnu npoHUKHEHHS €EKTPOMArHiTHOTO MO

JUIS MarHITHUX Ta HEMAarHITHUX MaTepiaiiB Ha 3aJaHUX YacTOTaxX MPH PI3HUX

3HAYEHHSX MPOBIAHOCTI Ta TOBIIMHU CTIHOK €KpaHy

Yacrtorni 3anexxHocTi EE npu pi3HuxX 3HaYeHHSM TOBIIMH €KpaHa:

Tadomus 1.3

807

0

gx10°

110"

Oexp Husbki yactotu Bucoki yactotu
EE 20
200
A moarmndi )
Jamymd(f) 350
= Miz(f)
2 Cramlf)
on —_ =
() Hepm.'mﬁt:',‘-“;.:,;
S
5%
. P
10° f 10
EE 1 EE
160 N0y’
.-",j:riu-iﬁ[f:l P — Amoarmi( )
Jlaryms( ) R —— laryme{f)
— — —
S Mim(f) 120t Mizs(f)
= EME ] Crams(f) 5000
gn Mepaancii £) 1007 Tepaanaii(f)
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EE 150r EE ¢
150 3500
10
Amm[f}llg\ | | | | | Amgami] )
Taryun(f) Jaryme(f)
Mizu(f) e S Mim(f) 2107
s — 1404 - - - . | ==
s Em[f) Crans(f)
— H*P“""‘ﬂmm. | TTepuancdi(f) Lx10?
130 2
130 . - - -
P £10° 6A0 a0 b1l 2107 4107 6x107 8x107  1x10®
s ; . .
10" 10 0¥ £ 10
EE
EE 186 000
e e’
Aroncimii( £ 170 Amcuimia({)
Jatyms(f) Marymsdf)
Miz(f) 16 MEns( ) 4«107
é Ll 5oy Crams(f)
(@\| Mepuanoii(f) Mepasansin £) 310t
1407
B I I 50
2100 &af® &0t 22100 1a0* - - . - s
. . B0 dx10"  6=10°  8=10"  I=10
i £ 10 s i .
1] 10

Tabmus 1.3 — I'padiku yacTOTHUX 3a1eKHOCTEN Tabnuil 1.2 mpu pi3HUX 3HAYEHHSIX

TOBILMHH €KpaHy

3aneXHOCT! IIMOWHU MPOHUKHEHHS €JIEeKTPOMAarHiTHOrO MOJs BiJ YacTOTH IS
MaTepiaiB, SIK1 YaCTO BUKOPUCTOBYIOTHCS IPU BUTOTOBJIEHH] €KPaHiB, IPUBEACHI HA PUC.

1.18:
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Armrominii(f) &
Jaryee(f)

Mige(f)
Crams(f)

TTepmanom(f)

L

200 400 600 300 1x10°
10' f 10°
Pucynok 1.18 — YacToTHa 3aJ1€KHICTh TTMOMHH MPOHUKHEHHS €JIEKTPOMArHiTHOTO

TIOJIS JJIS PI3HUX MaTepialiB

TakuM 4YMHOM, y BHMAJAKy €KpaHyBaHHS Ha BHUCOKHMX YacTOTaX, HEOOX1IHO
BUOMpATH MaTepiaiu 3 BUCOKOIO MPOBIJHICTIO, @ HA HU3bKUX — 3 BUCOKOIO MPOHUKHICTIO.
Jlig expaHyBaHHSI MOCTITHOTO MAarHiTHOTO TOJISi BUKOPUCTOBYIOTHCS MAarHiTHO-M’SKi
MaTepianM, Takl SK InepMmaiou, ambcudep, TpanchopmaTopHa abo €IEKTPOTEXHIYHA
cTanmp, Tomo. Jlms expaHyBaHHS BHCOKOYACTOTHOTO €JIEKTPOMArHiTHOTO OIS
BUKOPHUCTOBYIOTHCS MaTepialiv 3 BUCOKOIO MPOBIIHICTIO: CP10JI0, Mi/Tb, aJTIOMIHIM, JIATyHb
Tomo. EdexTuBHICTh €KpaHyBaHHS B HaWOUIBIIMKA Mipl 3aJIEKUTh BiJl CTIHOK €KpaHy.
Kpim Toro, Meranu i ciyiaBu 3 BHCOKOKO TMPOBITHICTIO, 32 BUKIIOYCHHSIM CTalll, HE
HIIXOMSTh JIJIl €KpaHyBaHHS MOCTIMHUX MarHiTHHX IOJIIB, TOMY IO MalOTh MarHiTHY
MPOHUKHICTh PIBHY OJMHHUIN (K y TOBITps). Takox, AJis TOro, M0 3A1MCHIOBATH
eheKTHUBHE EKpaHyBaHHS B IIMPOKOMY Jlialma30HI YacTOT Kpaile BUKOPUCTOBYBATH
OaraTorapoBi MaTepiau, HAIPUKIA] CTallb 3 HAHECEHUM IIapOM MPOBiTHOTO METamy.
Jns oTpumanHsa 1ie OuIblIOro koedillieHTa eKpaHyBaHHS MOKHAa 3aCTOCOBYBATH

KOMOiIHOBaHI OararorapoBi MaTepiaiu.
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1.4 CnoBecHa po30ipmBicTh MOBHOI iH(popMamii

OcCoONMBICTIO aKyCTUYHOI PO3BIJIKM SBJISIETBCA Te 110, Oe3mocepenHii aHai3
MEPEXOIUICHOI 3a JOMOMOTOI0 3aC001B aKyCTHYHOI PO3BIAKK 1HGOpMAIT BUKOHYETHCS
JIFOTUHOTO.

ToMy, B SIKOCTI MOKa3HUKA ISl OLIHKM 3axucTy BII BiJ BUTOKIB aKyCTHYHOI
iH(popMaIlii TEXHIYHIMH KaHaJlaMU BHCTYIA€ ClIoBecHa po30ipiuBicts W, [25-27]. Ilix
HEI0 PpO3YMIEThCA BHUPAKEHA Y BIJACOTKaX KUIBKICTh NPABWIBHO TMPUUHATHX 13
MEPEXOIUICHOI PO3MOBH CIIiB, 3pO3yMUTHX JtOIMHOI0. E(EeKTUBHICTh 3aXUCTy MOBHOT
1H(opMarii B MiIoMy 3aJ€XKHUTh BiJ IIJICH, K1 IEPECiyeThCS MPU OpraHizallii 3aXuCTy
NPUMIILIEHHS, HAPUKJIAA: MIPUXOBATH MPEAMET BEJICHHS MEePeroBopiB, iX CyTh, UM caM
dakt ix npoBeaeHHs. Po3risHeMo nmpuOIN3Hy KAy OIIHKH MEPEXOIJIEHOTO MOBHOTO
noBigomieHHs [26]:

- IlepexormneHe nMoBiIOMIEHHS MICTUTh AESKY KUIbKICTh 3pO3yMUIHX CIIIB JJOCTATHIX
JUTSI IETaTbHOTO PO3YMIHHS CYTI MTOBITOMJICHHS.

- Ilepexorene nMoBiIOMICHHS MICTUTb JAESKY KUTBKICTh 3p03yMUIHX CIIIB JJOCTATHIX
JIVIIIE /171l TIOBEPXHEBOTO PO3YMIHHSA CYyTi, TPEIMETY Ta METH PO3MOBH.

- IlepexomieHe MoBIAOMIICHHS MICTUTH AESIKY KUTbKICTh 3pO3YMIJIUX CJIIB IOCTaTHIX
JIIIIE JIJIs1 PO3YMIHHS IPEIMETY PO3MOBH.

- IlepexormneHne noBiIOMIEHHS MICTUTb AESKY KIIBKICTh 3p03yMUIHX CIIIB JJOCTATHIX
st pikcanii gakTy HAasBHOCTI pO3MOBH, aj€ HE JOCTATHIX JJIS PO3YyMIHHS
IpeIMETY PO3MOBH.

- IlepexomieHe TOBIIOMJICHHS HE [03BOJIAE BCTAaHOBUTH (aKT MPOBEICHHS

PO3MOBH.

Ha npakTuii, m1s qetanbHOro po3yMiHHSI CYTI pO3MOBH CJIIOBECHA PO30IpIUBICTD
noBUHHA cKianaty oibine 70-80%, a 1y moBepxHeBoro po3yMinHs Oinbie 40-60%. 20-
40% cnoBecHOi pPO30IPIAMBOCTI JO3BOJISIE BCTAHOBUTHU MPUOTU3HUN TpEIMETy
neperoBopis, a npu 10-20% croBecHOT po30ipAMBOCTI 1€ B3arajii HEMOXIMBO. SIKIIO &
3HAYEHHS CJIOBECHOI po30ipauBocTi MeHbIe 10%, TO BaKKO BCTAHOBUTH HABITh O3HAKU

MoBHU. Kpim TOro, mpu 3axucTi BUAUICHHUX MNPUMIIIEHh HEOOXIHO BpPaxOBYBaTH SIK
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nepexoruieHHs iHdopmarii 3a JOMOMOToI0 3aco0iB  aKyCTUYHOI pO3BIIKM Tak 1
MOJKJIMBICTh HEHAaBMUCHOTO IMpPOCIYXOBYBaHHA. IIpum mepexoruieHHI aKyCTHYHOI
1H(popMmarlii 3acod0aMu TEXHIYHOT PO3BIIKH MOKIIMBUM 3aIIMC PO3MOBH JJIs 11 MOAAJIBILIOTO
aHaii3y [UIIXOM  0araTopa3oBOro  MPOCIYXOBYBAaHHS, LI0 HEMOXJIHBO IpHU
HEHaBMHUCHOMY IIPOCITYXOBYBaHH1. ToMy 3 ypaxyBaHHSAM LLJIEH, K1 IEPECIi Iy OThCS IPU
oprasizailii 3aXMcTy BUJUIEHUX MPUMILIEHb, JOLIBHO 3alIPOBAIUTH HACTYIIHI KpUTEPIil

e(peKTUBHOCTI IXHBOTO 3axucTy (Tadmuus 1.4) [26, 27]:

Tabmuis 1.4
Merta 3axucry IHoTeHuiiini kKaHaIH Kpurepii 3axucry
BHUTOKY iH(opmamii
[IpuxoByBaHHS (pakTy [IpssMuit akyCTHYHHNM,
BEJICHHS MIEPETOBOPIB y aKyCTOBIOpaIiitHUA,
W, < 10%
BII AKyCTOOIITUYHUH,
aKyCTOEJIEKTPUYHNAN
[IpuxoByBanHs npeamety | [Ipsmuit akycTrdHMM,
neperoBopis y BII aKyCTOBIOpaliitHUHA,
W, < 20%
aKyCTOONTUYHUU,
aKyCTOEJIEKTPUYHU I
[IpuxoByBaHHS 3MICTY [Ipsamuii akyCTUYHUH,
neperoBopis y BII aKyCTOBIOpaIiitHUH, W, < 30%
aKyCTOONTUYHUH,
AKyCTOEJEKTPUYHNAN
[TpuxoByBaHHS 3MICTY [Ipsimuii akycTnuHUM 0€3
neperoBopis y BII BUKOPHUCTAHHS TEXHIYHUX
. W; < 40%
3ac001B (HECHaBMHUCHE
IIPOCIIyXOBYBaHHs

Tabmuusa 1.4 — Kputepii epexruBHocTi 3axucty BII
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Jnis o1iHKK po30ipaMBOCTI MOBH B OCHOBHOMY BHUKOPUCTOBYIOTH PO3PaxXyHKOBHIA
Ta THCTPYMEHTAIIbHO-PO3PAaXyHKOBHU I METOU. PospaxynkoBuii METO
BUKOPHUCTOBYETHCA, SIK MPABUIIO, HA CTaJili MOMEPEAHBOTO CIEIIaIbHOTO OOCTE)KEHHS
BUJIUICHOTO TPUMINIEHHS 1JI BU3HAYEHHS MOTEHIIMHUX KaHaIIB BUTOKY aKyCTHYHOI
iHpopMmarii 6e3 3acTOoCyBaHHS  BHUMIPIOBAJIBHMX 3aco0iB.  IHCTpyMeHTaJIbHO-
pPO3paxyHKOBHM METOJ 3aCTOCOBYEThCS TMPH TNPOBEACHHI arecTailii BHIUICHUX
NPUMIIICHb 32 BUMOraMu Oe3rneku iHdopMarllii Ta BiAPI3HAETHCSA BiJl pO3PaXyHKOBOTO
TUM, 10 PSII BUXITHUX JAHUX JIJIS1 pO3paxXyHKY po301pJIIMBOCTI MOBU OTPUMYIOTH IIUISIXOM
IIPOBEICHHS BUMIPIOBAaHb BUKOPHCTOBYIOUHM KOHTPOJIHLHO-BUMIPIOBAIBHY ammaparypy
[10].

KoHTponb epeKkTUBHOCTI 3aXMCTy BHAUICEHOTO TMPUMIIIEHHS BiJl BHUTOKIB
aKyCTHUYHOI 1H(OopManii Ipy BUKOPUCTAHHI IHCTPYMEHTAIBHO-PO3PAXYHKOBOTO METOY
IPOBOAMTLCS B HACTYIHIN mmociigoBHocTi [10]:
1.IIpoBoauThCs cneniaibHe OOCTEKEHHS BUAIIIEHOTO MPUMIILIEHHS.

2. Bu3znagaroTbcs BUI MOBJICHHS Ta 1HTErpaJIbHUN PIBEHb TOJIOCOBOTO CHTHAITY.

3. 3aificHIOETRCS BUOIP anapaTtypu Jjisi KOHTPOJIFO Ta METO/IIB MPOBEICHHS
BHUMIPIOBaHb.

4. TIpoBOASTHCS PO3PAXYHOK CIOBECHOT pO30IpIAMBOCTI MPU HEHABMUCHOMY
MPOCIIyXOBYBaHHI Ta MEPEXOIJIEHHI aKyCTUYHO1 1H(opMallii 3aco0aMu TeXHIYHOT
PO3BIIKH.

5. [IpoBonAThCS BIOpOAKyCTUYHI BUMIPIOBAHHS Ta PO3PAXyHOK CIIOBECHOT
PO301pAMBOCTI MOBH MPHU MEPEXOIICHHI 1HPOpMAITli eTEeKTPOHHUMU CTETOCKOIAMH Ta
Ja3epHUMU 3ac00aMu aKyCTUIHOI PO3BIJIKH.

6. [IpoBOUTHCSI KOHTPOJIb TOMOMIKHUX TEXHIYHUX 3aC001B HA MOXKJIUBICTh
BUHUKHEHHS B HUX aKyCTOCJIECKTPUIHUX ITEPETBOPCHb.

7. OopmitsieTbCsl MPOTOKOJI KOHTPOIIIO €PEKTUBHOCTI 3aXUCTY BUIUICHUX MIPUMIIIEHB
B1Jl BUTOKIB MOBHO1 1H(opmMmariii.

Sxmo po3paxoBaHe 3HAYCHHS CJIOBECHOI PO30ipIMBOCTI MOBH HE TEPEBHIILYE
BCTAHOBJIEHOTO HOPMOBAHOI'O 3HAYEHHSI, TO BBAXKAETHCS, 1[0 IEPEXOTICHHS IEPETOBOPIB

y BUJUICHOMY NPUMIIIEHH] TEXHIYHUMHU 3aC00aMH aKyCTUYHOI PO3BIIKH HEMOXKIIHBO.
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SIKmo po3paxoBaHE 3HAYEHHS CIOBECHOT PO30IpIMBOCTI MOBHM BHIIE BCTAaHOBIECHOTO
HOPMOBAHOTO 3HAYEHHs, TO B TaKOMYy BHUMAJKy HEOOXIJHO BXKMUBATH 3aXOJIB II0JI0

3aXMCTYy BUAUICHOTO MIPUMILIEHHS BiJl BUTOKY aKyCTUYHOI MOBHOI 1H(OpMaIii.

BucnoBku 10 posainy 1

1. IlpoBeneHuid oOrJsA TEXHIYHMX KaHAJIB BUTOKY 1H(pOpMAILii BUALIEHOrO
INPUMIIICHHS, 3ac00iB PO3BIIKH, 3a JOMOMOIOI0 SKHX BEICTHCS IEPEXOIICHHS
iHdopmaiii mo nanuM kaHanaMm. Cepell pPO3NSIHYTUX KaHamiB: MPSAMHUA aKyCTHUYHUU,
aKyCTOB10OpaliitHui, aKyCTOCIEKTPUYHUMN, ONTUKO-EJIEKTPOHHHI Ta €IeKTPOMAarHiTHUH.
Oco0nuBy yBary B po0OTi IPUIITIEHO TPSIMOMY aKyCTUYHOMY, ONITUKO-EIEKTPOHHOMY Ta

pPagioeIEeKTPOHHOMY KaHaJlaM.

2. Po3risHyTI METOIM 3aXUCTy MOBHOI iH(OpMaIlii BiJi BATOKY Yepe3 aKyCTHYHI
KaHaJli, MPUBEJIEHA MOCIIOBHICTh 3aXO0/IIB MPH OpraHi3ailii 3aXUcTy BiJa i BUTOKIB 13
BUJIUVICHOTO TIPUMIIIECHHS TEXHIYHUMM KaHaJlaMH, HaBEJCHUN CIHCOK 3aco0iB Ta
cnoco01B MEePEeXOIUIEHHsI MOBHOI 1H(pOpMallli, a8 TAKOXK 3aX0/11B IPOTUIIT JUIsl KOKHOTO 13

IIPUBEJICHUX TEXHIYHUX KaHaIIB.

3. Jlna 3abe3meueHHS BHUMOI TI0 €IICKTPOMATHITHIA Oe3meri BHJIIICHOTO
OpUMIIICHHS OyJIO PO3MJISTHYTO €KpaHyBaHHS €JEKTPOMArHiTHUX XBWIb. JlochmimkeH1
OCHOBHI TIOJIO)KEHHSI 1 3aJIe)KHOCTI €KpaHyBaHHsS €JIEKTPUYHHUX, MArHiTHUX Ta
CJICKTPOMArHiTHUX €KPaHiB, BA3HAYEHI BUMOTH JI0 €JIEKTPUYHUX T4 MAarHITOCTATUYHUX
ekpaHiB. [lokazaHuiéi po3paxyHOK €(EKTHBHOCTI CKpaHyBaHHS MAarHiTHUX Ta
HEMarHiTHUX MaTepialliB Ha 3aJJaHUX YacCTOTaxX MPH Pi3HUX 3HAYCHHSX MPOBITHOCTI Ta
TOBIIMHU CTIHOK €KpaHy. PO3INIsIHyTI pekoMeHnaiii o0 BUOOpYy MarepiajiiB Hjs
C€KpaHyBaHHSI MAarHITHOTO Ta €JEKTPOMArHiTHOTO TOJisl, MNUTaHHA €(QEKTUBHOCTI

CKpaHyBaHH:.

4. Po3rnsHyTH TIOKa3HUK CJIOBECHOI PO30IpIMBOCTI 71T OIIHKH 3aXHCTY
BUJIUICHOTO TPHUMINIEHHS BIiJI BUTOKIB aKyCTU4YHOI 1H(opmaIlli, mpuOIu3Hy IIKaTy
OI[IHKM TIEPEXOIJICHOTO MOBHOTO IOBIJIOMJICHHS, KpUTEpli €(PEKTUBHOCTI 3aXHUCTY
BUIJICHUX TPHUMINICHh 3 TOYKHM 30py TIOKa3HUKA CJIOBECHOI PO30ipIMBOCTI,

PO3paxyHKOBHM Ta IHCTPYMEHTAJIBHO-PO3PAXyHKOBHM METOJM OIIHKH PO30IpJIMBOCTI
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MOBH, a TaKOX TOCTIIOBHICTh TPHU 3A1MCHEHHI KOHTPOIIO €(PEKTUBHOCTI 3aXHCTy
BUJIIJICHOTO TPUMIIICHHS BiJ BUTOKIB aKyCTH4HOI iH(OpMaIli npu BUKOPHCTAHHI

1HCTPYMEHTAJIbHO-PO3PAaXyYHKOBOTO METOTY .
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PO3JILI 2.
AHAJITUYHHAH OTJISIA TA 3ACTOCYBAHHS MATEMATHYHHUX
MOJIEJIEV KAHAJIIB BUTOKY IH®OPMAIII

2.1 MaTtemMaTH4Ha MOJieJIb AKYCTHYHOI0 KaHAJAa BUTOKY MOBHOI iH(opmaii

PosrasHeMo icHyr09y MaTeMaTHdHy MOJIeTh aKyCTUYHOTO KaHaly BUTOKY MOBHOI
inpopmarii [28-35]. MatemarnuHa MOJEIb BCTAHOBIIOE (PYHKIIIOHATY 3aJCKHICTD
pO30IpIUBOCTI MOBM BiJl XapaKTEPUCTUK CUTHAJIbHO-3aBaJ0BOI OOCTAaHOBKHM B KaHal.
Jlnst  3abesneueHHsT aleKBaTHOCTI (pI3MUHUX TMPOIIECIB TPOTIKAIOYMX B KaHall,
MaTeMaTU4YHa MOJEJb MPEJICTABIIEHA Y BUTJISAI CYKYITHOCTI YOTUPHOX B3a€EMO3B’SI3aHUX
MoOJIeNiel, TOCTaTHRO TOYHO OIUCYIOUWX aKyCTHYHWUW CHUTHAJ, SIKHA CTBOPIOETHCS
JUKEpeJIOM MOBHU, AaKyCTHYHI HAaBMHCHI TEPEIIKOJAW 1 TMPUPOJIHI TIYMH, BIUIUB
HEOJHOPITHOTO CEPEOBUIIA PO3MOBCIOHKEHHS 1 MOXKJIMBOCTI aKyCTUYHOTO MpuiiMaua
M0 pO3Mi3HaBaHHIO PO30IPIMBOCTI MOBH.

B npo6nemax 3abe3neueHHs iHdopmaliitHoi Oe3MeKn BaXIJIMBE MICIE 3aiiMaloTh
3a/a4yl OLIHKKA €(EeKTUBHOCTI 3axucTy 1H(opmalii Bil ii BUTOKIB MO aKyCTUYHUM
kaHanaM. [le moB’s3aH0 3 TUM, IO aKYCTUYHI CUTHAJIM HECYTh CEMaHTHYHY 1H(POPMAIIIFO
KOH(D1ICHIIIITHOTO XapaKTepy, AKa JIETKO CIIPUHMAETHCS CIIyXOBUM anapaToM JIIOJIMHU, a
IIPU HASIBHOCTI TEXHIYHUX 3aC00IB aKyCTHUYHOI PO3BIJKA BOHA MOXKE OyTH MpociyXxaHa
Ha BIJICTAHSX, 10 TIEPEBUIYIOTh TPAHUIII KOHTPOIHLOBAHOI 30HH.

PexomeHn0BaHa HOPMATHMBHUMH JOKYMEHTaMH METOJWKA IHCTPYMEHTAJIBHOTO
KOHTPOJTIO HE JO3BOJISIE OLIIHUTH MOTCHITIHUI CTaH aKyCTHYHOTO KaHATY BUTOKY MOBHOT
iH(dopMaIli Ha CTaAisX MOMEPEAHBOTO CHEIIATBHOTO0 OOCTEXKEHHS ab0 MPOEKTYBaHHS
BUJIUIeHOTO (3axuineHoro) mpumiiieHHs (BII). Jlo Toro », po3paxyHkoBa 4acTHHA
METOJIMKHU € CHPOIIEHOI0, T.K. HE BPAaXxOBY€ HEPIBHOMIPHICTh CIIEKTPIB MOBH 1 IIIyMY,
pO3MipH Ta HEOAHOPITHOCTI 3BYKOi30I0I0UNX Ooropox, AUX cepenoBuIla MOMUPEHHS
Ta CIyXOBOT'O amapary. TakuM 4YMHOM, OYE€BHJHA NMPAKTUYHA MOTpeda B OLIHII CTaHy
MOTEHIITHUX KaHaTIB BUTOKY aKyCTHYHOI 1H(opMallii po3paxyHKOBUM METOJIOM, IO

JIO3BOJISIE ANPiOPHO OINIHUTH CTaH JaHOTO KaHamy st koHkperHoro BII. Jlns
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3a0€e3MeUeHHs] aJeKBATHOCTI Ta BUCOKOI TOYHOCTI OLIHKM MaTre€MaTH4Ha MOJENIb Ma€
BPaxOBYBAaTH BCUISIKI MPOCTOPOBI Ta €HEPreTUYHI YMOBH PO3BITyBaJIbHOTO KOHTAKTY 3
ypaxyBaHHAM aKyCTUYHHMX BIACTHBOCTEH MPHUMIMIEHh Ta TEXHIYHUX MOXKINBOCTEH
Cy4YaCHHUX 3aC001B aKyCTUYHOI PO3BIIKH.

3 ypaxyBaHHAM cClenU(iKu MOMMPEHHS aKyCTUYHUX KOJIMBAHb 1CHY€E 2 MPOCTHUX
(HeckIaJHMX) aKyCTUYHMX KaHalIM BHUTOKY MOBHOI 1H(oOpMallii: NOBITPSIHUN Ta
BiOpoakycTHUHU KaHaH. B 000X maHWX KaHajgaX OCHOBHUM IMapaMeTPOM, IO BIUIMBAE
Ha 3aXUIICHICTh 1H(QOpMAaIlii ABISETHCS PO30IPIMBICTH MOBH, SIKa 3aCHOBaHA Ha OIlIHIII
010JIOT1YHOTO CUTHAIY, 110 T€HEPYETHCS JIIOAUHOIO Ta CIPUNMAETHCSI OpraHaMU CIyXY.
Po30ipauBicTh MOBH B aKyCTUYHOMY KaHaJl 0€3MOCEPEIHbO 3aJICKUTh B/l CTPYKTYPHO-
IMPOCTOPOBUX YMOB, TOOTO BiJ CKJIAJOBUX €JIEMEHTIB KaHally, IO BIUIMBAIOTh Ha
NOIIUPEHHS MOBHOI'O CUTHAIY Ta KOT0 po30IpIUBICTh 32 MEXXaMH KOHTPOJIbOBAHOI 30HU,
a TakoX BIJI B3aEMHOTO MPOCTOPOBOTO pO3TAllyBaHHsS JpKepenaa Ta MpuiimMada
aKyCTUYHOTO CHUTHaJdy Ta IHIIMX BIUIMBAlOYUX eleMeHTiB. KopoTko MOXHO
OXapaKTepu3yBaTH CTPYKTYPHO-TIPOCTOPOBY MOJEIb aKyCTMYHOTO KaHaly BHUTOKY
iHpopmarii (puc. 2.1) HACTYIHHUM YMHOM: CTBOPIOBAHI JDKEpEIaMy aKyCTHYHI TOJIS,
ocyla0JieHl CepeOBUIIEM MOLIMPEHHS, 3aMacKOBaHI MNPUPOJHMMM IIymMaMu Ta
HaBMHUCHUMH NEPEIIKOAAMH, MOIIUPIOIOTHCS 32 MEKI KOHTPOJIBOBAHOI 30HU Ta MOXKYTb
OyTH nepexoruieHi 3acobamMu aKkyCTUYHOI PO3B1JIKH, sIKi po3TamioBadi y BII, abo 3a itoro

Mexamu y cycimapomy npuMimnieHHi (CIT) abo HaBiTh y BIAKPUTOMY TIPOCTOPI.
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[ Tepeno axyerHaEm: carEams (AC) Tepenoe agyeTHIERE 33830 (A3) l_
BiHIIp oMiHIOOME SKYCTIUHE Tole Bympomirrorote aKycTirHe Nome
TTpmumit amaT Bropuusi meepena) | [Tpmumil maran Bropuusi msepend
posnoBCIOmEsHER (BeomEOpiTHOCTE POSTOBCEMESHER (EeomEOpIOHOCTI
AC B mosiTpd CEpEIoEHIa) A3J B nosiTpi CEPETOEHIIA)
o+ Jo—d SO —
FoROBMHIT ITYM
EHALUTZHOTD TPHMITIZHES
1 1
| ARYCTHURE DMTE Y BEHOUTeRoMY opmvimerni (BIT) |

t

[ FaHan TeepOoro cepedOBHINA POSTOECHIMECHER (IMSsHEPHIR FORCTVELLE)

F.aHam posmos-
CEOMHEHAA ¥ BiD-
EPHTOMY
CEpEICEHIIL

Foroemi orym CTI
abo BlOEpHTOTe

npocTopy

N ._ . )

AKYCTHYHE 02 ‘ ARVCTHIRE Doe

» ¥ EUIEPHTOMY B CYMOEHOMY
+ } +

[MpocTopose posHECER] AKEVCTHYH] DDA

Pucynok 2.1 — CTpyKTypHO-IIPOCTOPOBA MOJENb aKyCTUYHOTO KaHajla BUTOKY

iHpopmarii

3aie’HO B1Jl eHEPreTUYHUX YMOB PO3BIyBaJIbHOIO KOHTAKTY, MOBHA 1H(OpMaIis
Moke OyTH po3mi3HaHa 3 TMEBHOK SKICTIO a00 He posmizHaHa. OTke, MaTeMaTH4YHA
MOJIelh aKyCTHYHOTO KaHaly BHUTOKY MOBHOI iHQoOpMaIlii MOBHHHA SIBISTH COOOIO
CYKYTHICTh B3a€EMOTIOB'SI3aHUX MAaTeMAaTUYHUX BUPA3iB, SKi aJI€KBATHO Ta JOCHTHh TOYHO
OMHCYIOTh CTaH PO30IPIUBOCTI MOBU Ha BUXOJ1 3aC001B aKyCTUYHOT PO3BIJKU 32 PI3HUX

IMPOCTOPOBUX Ta CHCPICTUIHUX YMOB pOSBi)IYBaJIBHOFO KOHTAKTYy.
3arajibHi MOJIOKEHHS MaTEMAaTHYHOTO MOACIOBAaHHA.

AJIeKBaTHICTh Ta TOYHICTh MOJI€N aKyCTHYHOrO KaHajla BHUTOKY 1H(opmaii

3aJIeKUTh BiJl BUOOPY METONY OIIHKK CJIOBECHOI po30ipiauBocTi MOoBU. Ha mpaxTui,
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BUKOPHUCTOBYIOTHCSI TPH IPYIHU 00'€KTUBHUX METO/IB OLIHKH: ()OPMaHTH1, MOy IALIMHI
ta emmipudHi. ¥ po6orax [31-33] BcTaHOBJICHO, 110 HAKOLIBII aCKBATHUM METOIOM
OIIIHKK € (DOPMAHTHHUM METOM, Y SIKOMY aHajli3 MOBU 31HCHIOEThCA Y 20-4aCTOTHHUX
CMyrax 3 pIBHOAPTUKYJISIAHUM PO3IMOAITIOM PO301pIUBOCTI a00 B 21-i TpeTbOKTaBHUX
cmyrax (y CIpOIIEHOMY BapiaHTi B 7-OKTaBHUX cMmyrax). B Mexax OKTaBHHUX CMYT
CHEKTPM MOBHM 1 IIyMy, a TaKOX ULIUIBHICTh pO3MOALLY WMOBIpHOCTEH (QOpMaHT,
OPUIHATO BBAXATH MPAKTUYHO HE3MIHHUMHU. OCKUIBKM BITYM3HSHOIO HAyKOI Ta
IIPOMHUCIIOBICTIO PO3pPOOJICHO Ta CTBOPEHO TPETHOKTaBHI Ta OKTaBHI (GUIBTPH, TO
MaTeMaTU4YHa MOJIEJb aKyCTUYHOTO KaHaTy BUTOKY 1H(OopMallii MOBUHHA SBJISITH COOOI0
MaTEeMaTUYHUN BHUpPA3 CIOBECHOI pO30IpJIMBOCTI MOBH, IO MOXE OyTH ONUCAHUM Yy
BUIJISI/II CIIEKTPAJIbHOIO MACHUBY PIBHIB MOBHOT'O CUTHally B 21-i TpeTbOKTaBHOI cMy31
(1/3 oxTaBHOT CMYyTH).

3 ypaxyBaHHSM cHelU(IKH CTPYKTYpPHO-TIPOCTOPOBOI  MOJENl, MOJEIb
aKyCTUYHOI'O0 KaHaJdy BHUTOKY MOBHOI 1H(popmalli JOLUIBHO JE€KOMIIO3yBaTh Ha 4
B3a€EMOY3TO/KEHI OKpeMi MOJENi: JDKepena aKyCTUYHOTO CHUTHANy; aKyCTHUYHUX
MEPEIKO/l Ta IIYyMIB; CEpeIOBUIIA MOIIMPEHHS aKyCTUYHOIO CUTHAIY Ta aKyCTUYHOTO

npuiimaya.
Mopaenb mpxepena akyCTUYHOTO (MOBHOTO) CUTHAIY.

3HayYeHHs CNEKTPAILHOIO PIBHA aKycTWuHOro curnany L (fep,) B 1/3 BII

BU3HAYAETHCS BUPA30OM.

[ 950f

fu; IS

Tf) = Ls + Vi! [,E[B], (21)

Ls,(fop;) = Ls +10-1g
ne Lg - iHTerpajibHuil piBEHb aKyCTUYHOI'O CUTHAITY, III0 BUMIPIOEThCA Ha BijicTaHl 1 M;
G,(f) — ycepemHeHHWI EHEPreTHYHHN CIEKTp aKycTuuyHoro curHany; Gq(f) -
yCepeaHEeHa CIIEKTpaJibHA LIUIbHICTh MOTYXKHOCTI aKyCTUUHOTO CUrHaiy; V; — BaroBuit
CHEePreTUYHUIN KOeillieHT I-i cMyTH, 10 MoKa3ye ii BHECOK B IHTETPaIbHY MMOTYXHICTh
o - . _
aKyCTMYHOTO ~CHIHANy, MpU OUiHUNI B b Mae Bi’eMHME 3HAK; fo,

CepeIHbOTeOMETpHYHA YacToTa I-1 cMyru; fH; Ta fB; — BIAMOBITHO HW)KHS Ta BEPXHS
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rpaHuyHi 4acToTH I-i cMyru. Po3paxyHOK 3HaueHb NAaHMX YacTOT 3IIMCHIOETHCS 3a

HACTYMTHUMU (HOpPMYIJIaMu:

x+i-t pri

fcpi = 101—0,in = 2'{/2’

f;3i = ﬁ:pi. \ Z,i:]_,N

ne i - Homep cmyru; N — gucio cmyr, 1o gopiBaroe 7 st BIT ta 21 ms 1/3 BIT; X —
qucio, piBHe 18 mist okraBHOi cmyrm i 19 mis 1/3 okraBHOi cmyrw; t - 9ucio, 1o
nopiBHioe 1 mns oktaBHOI cMmyrd 1 3 misa 1/3 okraBHOT cmyru. OTke, MaTeMaTHYHa
MOJIeNb JDKEpeNna aKyCTHYHOTO CHUTHANy OMHCYEThCs BuUpaszoMm (2.1), mo 3aiiicHIoe

MePETBOPEHHS 1HTETPAJILHOTO PIBHS MOBHOTO CUTHaNIY L, B HOTO CIEKTpasibHI PiBHI

Ls,(fep,) B 1/3 BIL
Mopeinb aKkyCTUYHUX MEPELIKO/] Ta IIyMiB.

HaiiBaxxnuBimumu  ¢dakropamu, M0 BIUIMBAIOTH Ha PO30IpIUBICTH MOBH,
SBIIAIOTHCSA AKyCTUYHI TPHUPOJHI IIYMH Ta HAaBMHCHI TEPENIKOIW, TaK SK MPolec
CIPUIHATTS MOBH B IIIyMi CYTIPOBOJ/IKYETHCSI BTPATAMH CKJIAJIOBUX €JIEMEHTIB ((hopMaHT
Ta (OHEM) MOBHOTO CrOBIIeHHS. [Ipn 11boMy po30ipHMBICTE MOBH Oyje 3a€KaTh BiJl
PIBHSI Ta BUJy Nepemko] (IIyMy) y MicIli po3MIlIeHHs MpuitMaya 3aco0y aKyCTHYHOI
po3Binku. CHeKTpalbHUN PIBEHH CyMapHOro IIyMy L, 110 HaBOJUTHCS HA BXOII

aKyCTHYHOTO IIPUCTPOIO, BU3HAYAECTLCS BUPA3OM:
Lyi = Le, + x - Lny, (2.2)

ne L, Ln; — BIANOBIZHO CIEKTPAJIbHI PIBHI IPUPOJHOTO HIyMY T HABMUCHUX MEPELIKO/
B aKyCTUYHOMY KaHalll, IKi BUMIPIOIOTHCS HA BXOJIl aKyCTHUYHOTO Ipuitmauda fo i-i 1/3
OII$ y — dopmamnizoBaHmii TapaMeTp, IO YTOYHIOE YMOBU PO3BiAYBaIbHOTO KOHTAKTY
Ta XapaKTepU3y€ 3aCTOCYBAaHHS aKTUBHUX Nepemko npu x = 1.

Takum 4rHOM, 3aJeXKHICTh (2.2) npeacrarisie co00K MaTEMAaTHUUYHY MOJIENb, 110
ONKCY€E CHEKTPAJIbHUI PIBEHb IIyMa Ha BXOJAl aKyCTUYHOIO IpuiiMaya, sAKUN

CTBOPIOETHCS 32 PaXyHOK HASIBHOCTI MPUPOJIHIX IITYMIB.
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Mogens cepenoBulla po3NOBCIOIKEHHS aKyCTUUHOTO CUTHAILY.

[{s Mozenp MOBUHHA 3 OTJIAAY Ha MPOCTOPOBI YMOBH PO3BIAYBaJIbHOTO KOHTAKTY
OMHCYBAaTH HEPIBHOMIPHE 3aJI€)KHE BiT YACTOTH OCIa0JIEHHS MOBHOTO CUTHATY B MPOIIEC]
HOTrO TMOLIMPEHHS 3 YypaxyBaHHSAM OCOOJMBOCTEH aKycTMKU KOHKpeTHux BII, ix
3BYKOI30JIFOIOYMX Ta 3BYKONOIIMHAOYMX MOMKIUBOCTEH. 31 CTPYKTYpPHO-IIPOCTOPOBOI
MOl aKyCTUYHOTO KaHajly BUTOKY MOBHOI iH(opMallii BUIUIMBAE, 110 MOXJIMBI 4
BapiaHTH MPOCTOPOBUX YMOB PO3BITyBAIbLHOIO KOHTAKTY, 33J1al0ThCs (hOpMasi30BaHUMHU
napameTpamu pl, p2: MiACTyXOBYBaHHSA y BiakpuTomy mpoctopi (pl = p2 = 0);
nigcinyxopyBaHHs y BII (pl = 0, p2 = 1); miacnyxoByBanHsa no3a BII y Biakputomy
npocropi (pl = 1, p2 = 0); mincnyxoBysanns B CII (pl = p2 = 1). Buxonsuu 3 Takux
YMOB, CIEKTpallbHUNA piBEHb LC; aKyCTUYHOTO CHUTHAJdy y TOYIl PO3MIIIEHHS

AKyCTHYHOTI'O HpHﬁMaqa BHU3HA4YA€THCA CUCTCMOIO:

( Biro .
L; — 201 - 1=p2 = 0;
i —201g(ro) — 7500 if pl =p2 =0;
L= 101g(10%* = + 10%a) = Ly, ifpl=0,p2=1 (2.3)
| Ly, = Zi = 201g(r), if pl=1,p2=0’ '
| 101g (100'1(Lmi‘zi) +10'8 (Sn/“2i52>,if pl=p2=1

ne L; - CnexTpaibHH piBEHb aKyCTUYHOTO CUTHATY Ha BUXO/I1 JKepena, 1b; 1y - BiICTaHb
BIJI JpKepesa akyCTUYHOTO CUTHATY JI0 aKyCTUYHOTO IIpHiiMaya y BIIKPUTOMY MPOCTOPI,
M; B — 3HAaYEHHs KOE]IIIEHTA 3racaHHs 3BYKY B MOBITPi; Ly~ CIEKTPAILHUN PIBEHD
aKyCTHYHOI'0 CUTHaIIy y Toull npuiiomy y BII, mo cTBoproeThes npsmoro xBuietro, 1b;
L, — cieKTpanbHu# piBEHb aKyCTMYHOTO CHUTHAJTY Y To4lll nmpuiiomy y BII, cTBoproBanuii
nu(y3HOI CKIaN0BOI N0JIs, AB; Lyq, — CIEKTPaIbHUI PIBEHb aKyCTUYHOIO CHIHATY Ha
MEX1 CepeOBUIL MOBITPSI — KOHCTPYKIIS, IO 3aXUIIA€ OrOPOHKYBaJIbHI KOHCTPYKIIT Y
BIl, nb; Z; — BTpatm (3aracaHHsi) aKyCTUYHOTO CUTHAIy y TBEPJAOMY CEPEIOBHIII
MOIIMPEHHS (3BYKO130JIF0I0Y01 OTOPOKYBAIBHOT KOHCTPYKIIi), 1B, 1, — BIJACTaHb Bij
30BHIIIHBOI TOBEPXHI OrOPOKYBAJIbHOT KOHCTPYKIIII 10 TOUKU MPUKOMY aKyCTHUYHOTO
CUTHAIIY Y BIAKPUTOMY MPOCTOPI, M; S, — TUIOIIA OTOPOIKYBaIbHOT KOHCTPYKITIT Mixk BIT

ta CII, M?; S, — moma BHyTpimHix nosepxons CII, B SK0My po3Millly€ThCs aKyCTHUHHMIA
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npuiimau, M?; a,; — CepeHiil ciekTpanbHuii KoedilieHT 38yKonornuaanns 38yky y CIL.
3HaueHHS CHEKTPAIbHUX PIBHIB aKYCTUYHOTO CHTHAITY, CTBOPIOBAHHX MPSIMOIO XBHIICIO

Ta TUQy31MHOI0 CKJIAJ0BOIO MOJIs, Y TOYIll MPUMOMY BU3HAYAIOTHCS 3T1IHO 3 POopMYyJIaMu:
LTLBi = Li — 20" lg(rl);

1001Li - 4+ (1 — ay)
a’1 b Sl

Lﬂi = 10 b lg ) (2'4)

e S, — oA BHyTpinHix nosepxoHs BIT, M?; a;— cepeHiii ciekTpanbHuii KoedilieHT
3ByKOmnoriuHaHHs 3Byka y BII. 3a pomomororo moneni cepeAoBUIAa MOUIMPEHHS
aKyCTHYHOTO CHUTHAJy, IO ONHCYeThcsl Bupaszamu (2.3) i (2.4), po3paxoBYIOThCS
CHEeKTpajibHI PiBHI LC; MOBHOI'O CHTHajy Ha BXOJ1 aKyCTUYHOIrO MpuiiMaya JUisl pi3HUX

BapiaHTIB MPOCTOPOBOTO PO3BIAYBATILHOIO KOHTAKTY.
Mopenp aKkyCTUYHOIO IpumMaya.

Oco0MuBICTh aKyCTUYHOTO KaHATY BHUTOKY MOBHOI iH(opMaIllii TOJIsArae B TOMY,
10 CEMAaHTUYHHI aHaji3 MOBH, NMEPEXOIJICHOT 3aC00aMU aKyCTUYHOI PO3BIIKHA, POOUTH
J0UHA. 3 ypaxyBaHHSAM IIl€l OCOOJIMBOCTI, @ TaKOK O00OpaHOro (hOpMaHTHOTO METOAY
OLIIHKH, MaTeMaTU4YHa MOJIeIb aKyCTHYHOTO IpHUiiMaya Ma€e OMUCyBaTH (QyHKIIOHATBHY
3QJIEKHICTh 1HTErpajbHOI BEJIIMYMHU, L0 XapaKTEPU3ye PO30ipJUBICTh (APTUKYIISIIIIO)
MOBH, BiJ BIJHOIICHHS pIBHIB CUTHAJ/IIyMY Ha BXOJl HpHiiMada, TOOTO BIJ
CHEPreTHYHUX YMOB PO3BIAYBAIBHOTO KOHTAaKTy. Jisi 3pydHOCTI OOYHMCHEHHS IIei
IHTerpayIbHUN (YHKIIIOHAT CJI1J] 3aMIHUTH 3BaXXKEHOIO CYMOIO, 1110 JI03BOJISIE IPOBOIUTH

po3paxyHoOK ¢hopMaHTHOI po30iparBOCTI MOBH R:

R= ) k-0, (2.5)

ne | — momep 1/3 BII, n — ix uucio, k; — Barosi Koe(ili€HTH, 0 XapaKTEPU3YIOTh
iiMoBipHicTh HagBHOCTI popmant B 1/3 BII, T06TO iX BaroBuii BHECOK y po30ipIUBICTb,

T;
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(Q;) - xoedimieHT CHpUUHATTA (GOPMAHT, IIO 3aJEKUTH BiJ BITHOCHOTO piBHA Q;

CUTHAJI/IIyM, TOOTO
Qi = (q;i — AAl = LCi — LI_Hi — AAl + e ' KH,Z[l +m- KOH_Ii,,Z[B, (26)

Jie q; — CHEpreTUYHE CIIBBIJHOIICHHS PIBHIB aKyCTUYHOTO CHUTHATY Ta aKyCTHYHHX
3aBaja; AA; - QopMaHTHUN mapaMeTp, IO XapaKTEepU3y€e EHEPreTUYHy 30UTKOBICTh
JUCKPETHOT CKJIaI0BOT aKyCTUYHOTO CUTHANTY; © Ta m — ¢opMalii3oBaHi mapaMmeTpH, 1110
YTOUYHIOIOTh E€HEPreTUYHI yMOBH PO3BIAYBAJIBHOTO KOHTAKTy, sSKIo © = 1, TO
MPOCIIyXOBYBaHHSI MOBHU 3/IIMCHIOETHCS 3 BUKOPUCTAHHSIM TEXHIYHUX 3aCO01B aKyCTHUYHOI
PO3BIAKH (TOCTPOCIPSIMOBAHUX MIKpO(OHIB), KO M = 1, TO MPOCITyXOBYBaHHS MOBH
3MIIMCHIOETHCS 3 BUKOPUCTAHHIM TEXHIYHUX 3aCO01B IIIyMOBOrO O4MIIeHHS MOBU; KHp;
— koedimient copsmoBanoi aii (KHJI) mikpodony B 1/3 BII, mo xapakrepusye
CHEepPreTUYHUI BHUTpalll 3a paxyHOK Horo 3actocyBaHHs, nb; Kom; — koedimieHT
NOKpalleHHs BiAHOWIEHHS curHain/mym y 1/3 BII 3a paxyHok 3actocyBaHHs 3acoOiB
IIyMOBOTO oOuHIIeHHs, ab. 3HaueHHs koedimientiB 7;(Q;) Ta k; BH3HAYAIOTHCS 3a

JIOTIOMOT'OI0 aHAJITUYHUX CIHIBBIJHOIIEHb, 110 3a0€3MeUyl0Th MOMUJIKY ampOKCHMAIIil

MeH1e 1%:
0,78 + 5,46 - exp (—4,3-1073 - (27,3 — |Q;)?)
rl' = V1~ 1 0,1-|Q; ) (27)
+ 10011@;l
_ (1, if Q; >0,
AeYL = {0, if Q; <0,
_ { 2,57 - 1078 - [f3* — £5*]if f < 400 T, 28)
© (1,074 [exp(—107*- £5"°) —exp(—107% - £119)] '
Tenep, po3paxyHOK clioBecHOI po30ipauBocTi MoBH W JIerKo 3/1IMCHIOETHCS 32
JIOTIOMOT'OX0 HACTYITHOT'O BHPA3Yy:
1,54 - R%?5-[1 —exp(—=11-R)],if < 0,15
W = 11 R (2.9)
1-— ————— ),if R 20,15
eXp( 1+O,7-R) I
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Bupasu (2.5) - (2.9) npeacrapisatorh co00r0 MaTeMaTHYHY MOJIEIh aKyCTHYHOTO
npuiimMava, mpu IboMy BHpa3 (2.6) BH3HAYAE EHEPreTUYHI YMOBHU PO3BiyBaIbHOTO
KOHTAaKTy B1Jl SIKOTO 3aJIekUTh (hopMaHTHA po30ipiauBICTh MOBH, a BUpa3 (2.9) onucye
3aJIEKHICTh BEJTMYMHH CIIOBECHOT pO301pIMBOCTI BiJ] (POPMAHTHOI PO30OIPIUBOCTI.

Takum 4rHOM, pO3paxoBaHa 3a JOTIOMOT'0I0 MOJIEIN CII0BECHa PO30ipJIMBICTh MOBU
J03BOJIsIE  3pOOMTH BHCHOBOK NP0 CTaH 3aXMILEHHOCTI MOBU B JOCIHIIKEHOMY
aKyCTUYHOMY KaHaji, a MaTeMaTHYHa MOJEJb aKyCTHYHOTO KaHaJdy BHUTOKIB MOBHOI
iHpopmMmarii, po3pobieHa Ha OCHOBI CTPYKTYPHO-TIPOCTOPOBOI MOJENI, BCTAaHOBIIIOE
(yHKLIOHANBHY 3aJI€KHICTh PO30IPIMBOCTI MOBHM BIJ XapaKTEPUCTUK CHUTHAIBHO-

3aBaJI0BOI OOCTAHOBKH B KaHAJII.

2.2 MaremMaTH4Ha MOJeJb ONTHKO-€JeKTPOHHOI0 KAHAJA BUTOKY MOBHOI

ingopmamii.

OnHuM 13 aKTyaJbHUX KaHaJIB BUTOKY MOBHOI 1H(GOpMAIlil SBISETHCS OMTHKO-
enekrporani kaHai [11-14, 36-40]. Ilpu oMy, HaliHeOE3NeUHINI 3arpo3W BUTOKY
MOBHOT 1H(}OpMaIi MOXIHBI Yepe3 BIKOHHI OTBOPU 3 BUKOPUCTAHHSM OITHUKO-
CJICKTPOHHOT JIa3epHOI amaparypu AUCTAHIIMHOTO MPOCIYXOBYBaHHS MOBH (Ja3€pHUX
MmikpodoHiB). JlaHa 3arpo3a 3acHOBaHa Ha MOJYJIIOBaHHI BiIOWTOTO Ja3epHOTO
BUIIPOMIHIOBaHHS 3THHAIBHUMHU KOJMBAHHSMH BIKOHHUX IMHOOK, JDKEPEIOM SKHX €
MOBHI CUTHAJIH, [0 IUPKYITIOIOTHh BCEPEINHI TPUMIIIEHb.

[IpomnoHy€eThCSt HACTYITHA MOJIEJIb ONTOEIEKTPOHHOTO KaHATY BUTOKY aKyCTHYHOI
MoOBHOI iH(opmaii. brok-cxema 11i€l Mojeni mpeacTaBieHa Ha puc. 2.2:

OnTHKO-eNeKTPOHHA anapaTypa AHCTAHNiHHOTO

I IpoCIVXOEYEAHHA MOEH

|

|

S(t) | Sguilt) Saeml(t) . |
*™ Bigbmearoua [T I " Peectpyrouiit ||

(1) | a0t eMomymaTop| oD |
il NOBepXHI nz(t) | ns(t) OpHCTD |
I |

O, | € 0 |

Pucynok 2.2 — biok-cxeMa BUTOKY aKyCTHUYHOT MOBHOI 1H(GOpMAIIii 10 ONTHUKO-

CJIEKTPOHHOMY KaHaTy
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Ha (puc. 2.2) npuBeeHi HACTYIHI MO3HAYCHHS:

S(t) — inpopMaTUBHHI aKyCTUYHHIA CUTHAI;

Sgu(t) — BIHOWTHMIA CHUTHAN JIa3epHOTO BHIIPOMIHIOBAHHS, TPOMOIYJIbOBAHUIA

1H()OPMATUBHUM aKyCTUYHUM CUTHAJIOM;

Soem(t) — iHGOPMATHBHUIN €JICKTPHUYHUN CUTHAT HAa BHXOJI JIEMOJIYJIATOpa 3ac00y
3HIMaHHS 1H()OpMaIIii;

ni(t) — mymoBa ckiagoBa, OOYMOBIIEHA aKyCTUYHUM HH3bKOYACTOTHUM IIYMOM
JIOYMM Ha BiJIOMBaIOYy MTOBEPXHIO OTOPOKYBAITLHOT KOHCTPYKIIIT;

n2(t) — rymoBa ckiiazoBa, 00yMOBJICHa aTMOC(HEPHUMH IIIyMaMH TPaKTy Hepeaadi

CUTHAIY;

n3(t) — mrymoBa ckiiazoBa, 00yMOBJICHA BJIACHUMH IIIyMaMH;

Q — BITHOIIICHHS CUTHAJI/IIIYM y BIJTIOBIIHMX TOYKAX IO MOTY>KHOCTI.

B paniii mopneni, Ha BiAOMBarO4y MOBEPXHIO OrOPOKYBaJbHOI KOHCTPYKIIT
BITUBAE iHPOPMATUBHUIN aKyCTUYHUIN CUTHAII, 3MYIITYIOYH HOTO 3MIHIOBATH ITapaMeTpH
BIIOMTOrO Ja3epHoro BumpoMmiHioBaHHs. Hexali Ha moBepxHIO o00'ekTa, 110
JOCIHIIKY€ThCS, BIUTMBAE TOHATBHHIA aKyCTUYHUHN CUTHAN. Y 1bOMY BUIAJIKY TIOBEPXHS
00'ekTa, MO AOCTIKYETHCS, KOIMBATUMETHCS 32 3aKOHOM:

X(t) = L-cos(Qt + o)
3a HasBHOCTI 3CyBY 4YacTOT 1HTEP(EPYIOUMUX MYyUYKiB BHUXIJTHUWA CUTHAJI JIA3€PHOTO
JOIUIEPIBCHKOrO  BiOpOMEpEeTBOpIOBaYa SIBJs€ COOOK YaCTOTHO MOJAYJIbOBaHE

KOJIMBAHHS BUY:

IS
Wo — CEpeaHE 3HAYCHHS YaCTOTHU CUTHAILY,

So — aMITTiITy/1a CUTHAY;

L — amrtiTy1a BIOpOKOJIMBAHb;
Q) — yacrtoTa BiOparlii;

@, f — mo4atkoBi ¢asu.

AmruriTya BiOparlii 3 IbOTrO PIBHSHHS MOXE€ OyTH BHU3HA4Y€HA 32 BUMIPSIHUM



76

3HAYEHHSM 1HAEKCY (a30BO1 (YaCTOTHOT) MOAYJISIIII.

Takum dYHUHOM, BIIOUTUN CUTHAJIT BUSBISETHCA MPOMOJYJIHOBAHUM TI0 (asi
(gactoTri) 1 mpu modarkoBux ¢azax piBHUX HyIO (¢ = 0, B = 0) moxe OyTu
MPEJICTABICHUN Y HACTYITHOMY BUTJISIL:

S (t) =S -cos[eQ -t+mg -sin(Q-1)]
Ocki1bKH, Ha B1I0MBaOUy MOBEPXHIO 00'€KTA BIUIMBAE HE TIILKU KOPUCHUM TOHATBHUN
AKyCTUYHHI CHUTHAJ, aje 1 aKyCTUYHHH HU3bKOYACTOTHHH NIyM, TO BigoOpakeHe
BUIIPOMIHIOBAaHHS J1a3epa 0y1e IpOMOAYJIbOBAHO MO (pa3i (YaCTOT1) CyMIILIIO0 CUTHAITY
S(t) ta mymy na(t):
S(t) =my sin Qt;

N1 (1) = Kk, & (1),
ne £1(t) — rayciBchbKuif HU3bKOYACTOTHUIA IyM, puaomy < & (1) >=0u < &2 (t) >=
1/2;
mM¢ — iHIeKC (Ha30BO1 (YACTOTHOT) MOTYJISAIII].

VY npoMmy BUIAJIKy, Y BIIOMTOMY BHUIIPOMIHIOBaHHI Jla3epa € IIyMOBa CKJ1aJ0Ba
ni(t), oOymMoBiICHa MPUPOAHUMH AKYCTHYHHMHU IIyMaMH, SIKy MOXKHA PO3TJISIATH 5K
JDKEepesio HOpMaJbHOTO ITyMy IPUBEACHOTO J0 BXOy IpuitmMada. To/l Mo)KHa BBaXaTH,
0 Ha BIIOUTUM 3 TOBEPXHI JOCHIKYBAaHOTO OO0'€KTa CHUTHaAl Jiazepa MJIIOTh
HU3bKOYACTOTHI 30y XKCHHS, 1110 ABJISIOTH CO00F0 cymint iHpopmaTuBHOTro curHany S(t)
Ta HaBeZIeHOTo myMy Ni(t) i3 CiBBIAHOIIEHHSIM CUTHAJ/IIYM, piBHEM Q1.

_<SHH) >

<) >’
ne< S3(t)>= Tli_)moo%f_TT S2(t)dt;

< n2(t) >:T11_)r£10%f_TT nZ(t)dt.

BigbuTtuit MoaynboBaHUN CHUrHAI SQbM (t) HagxoauTh Ha BXIia amapaTypd pa3oMm i3

atMocepuumu mymamu Np(t). Tlo3HauMMo BIiJHOIICHHS CHUTHAJI/IIYM Ha BXOJI

amaparypu gepe3 Qo
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< Sem (@) >
2T <n2(@) >’

e

< SZa(0>= lim — [, S3.(Ddt;

< n3(t) >:T11_)rgo%f_TT nZ(t)dt.

[Ticys mepeTBOPEHHS Ta IETEKTYBAHHS PE3yIbTYIOUNI CUTHAT MOYKHA TOJATH SIK CYMIIII
iHhopMaTUBHOTO cUrHAITY Spem(t)=K S(t) 1 mrymy n3(t) i3 criBBiAHOIIEHHSM CHUTHAJ/IITYM

Qs,
. 1 (T
ae < SL%GT(t) >= Th—>moo o f—T S,z%eT(t)dt;

2 1: 1 T 2
< nz(t) >=lim — n5(t)dt.
Toni BITHOIIEHHS MOTYKHOCTI KOPUCHOT'O CUTHAJTY JI0 IIyMYy Ha BUXOJ1 ONTUMAJIBLHOTO

NepeTBOPIOBaYA (JIETEKTOPA) BUSHAUUTHCS CIIBBIIHOIICHHSIM:

_ ijQO1Q2
(2Q1 + Qm? +2Q,m% + m?)’

Sk B11OMO, ClIOBECHA PO30IpIMBICTh MOBH OB’ S3aHA 13 CHIBBIIHOIIEHHSIM CUTHAJ/ITYM

Q3 (2.10)

BHUPA30M:

1

W=1fozi0

(2.11)

JUIs OLIIHKKM MOXKJIMBOCTI TMEpPEeXOIUIeHHS MOBHOI 1HGoOpMalii MO0 ONTHKO-
€JIEKTPOHHOMY KaHally 3aCTOCYEMO pe€3yJbTaTH MPUBEICHOI MaTEMAaTUYHOI MOJEII B
metomuii 3.1. 3 orisay Ha 1€, NPONOHYETHCS PO3LIMPUTH MPHUBEACHY MaTEMaTHUHY
Mojienb Bupaszamu (2.12) - (2-14).

Toni, i3 3anexHocti (2.11) MoXKHA OTpUMAaTH BENHYUHY Q3 IUIsI MiHIMAIBHOTO

3HAYECHHS CJIOBECHOI PO301pIIMBOCTI HA JETEKTOPI:



78

0,21W,in
Q3 =—, (2.12)
; 1- Wmin
Jlaii, BAKOpHCTOBYIOUH 3aekHICTh (2.10), orpumMaeMo 3HadeHHS Q!
2Q1Q3 + Q1Q32mf + Q3m]
0=~ (2.13)
( mg Q1 — Q3mf)
SIK1HA BIATIOBIJIa€ CJIOBECHA PO30IPIUBICTE:
1
(2.14)

Ve = 10210,
LR )

Taxum ynHOM, IpUBEZIEHA MOJIETb ONITUKO-EJIEKTPOHHOTO KaHaTy BUTOKY MOBHOT
aKyCTHYHOi i1H(popMallii J03BOJISS€ BHU3HAYMTH BIJHOIICHHS TMOTY>XKHOCTI KOPHUCHOTO
CUTHAJIY J0 MOTYXHOCTI IIyMy Ha BUXOJIi ONTHMAaJILHOTO IMEPETBOPIOBaya (I€TEKTOpa).
Kpim Toro, 3acrocysaBmiu criibHo (opmynu (2.10) i (2.11), MOXHA BH3HAYHMTH
CIIOBECHY pPO30IpJUBICTb MpPU BHUKOPHUCTAHHI OINTHUKO-EJIEKTPOHHOI amapaTypu
JUCTAHIIIHHOTO TMPOCIYXOBYBaHHS MOBH 4Yepe3 BIIHOIICHHS CUTHAI/IIYM Ha
B1/I0MBaIOYii MOBEPXHI, BIIHOIIEHHS CUTHAJI/IIYM Ha BXOJI1 3aC00y MPOCITyXOBYBaHHS
MOBH Ta apaMeTPiB MOIYJIALIT BIIOMBAIOUOT TOBEPXHI.

Taxosx, mpu criiibHOMY BHKOpHCTaHHI hopmyi (2.12) 1 (2.13), MmokHA BUSHAYHUTH
BeJIMYMHY (J, Ta BIANMOBIAHY il cioBecHy po30ipnuBicTh (2.14) mis MiHIMAIBHOTO
3HAUEHHS CJIOBECHOI pO30IpAMBOCTI Ha BHUXOJI ONTHUMAJIBHOIO TEPETBOPIOBaYa
(merextopa). 3HayeHHS  CilOBecCHOi  po30ipiauBicTi W, MoOXHa  OTpUMaTH,
BUKOPHUCTOBYIOUM METOJIMKY HaBeAeHy y posauri 3.1. Y Bumaaxy HEBiIMOBIAHOCTI
OTpUMaHOi cJOBecHOi po3OipnmuBocTi W, BCTaHOBIEHMM 3HAUEHHSM, MOJXKHA

PETYJIIOBATH 11 BEIMYUHY 32 JIOMNOMOTOI0 ONTUMAIBHOI 3aBa/ii MPUBEACHOI Y po3imi 3.1.

2.3 MaTtemaTH4yHa Mo/ieJIb PaJioe/IeKTPOHHOI0 KaHaJa BUTOKY iH(opmamii
PosrnsHyTa MaTemMaTiuaHa MOJIEb Pal0EIEKTPOHHOTO KaHalla BUTOKY iH(opMailii

13 3aCTOCYBaHHSAM PaIiOTEXHIYHOT PO3BIAKH BKIIOYA€E TPU OCHOBHI Os10km [41]:

1) Onoxk po3paxyHKY BIJHOIICHHS CHUTHAJ/IIyM Ha BXOJl pPO3BIIYyBaJIbHOTO

npuiiMayda npu po3BiALI Pall0eIeKTPOHHUX CUCTEM B 3a/IaHUX YMOBaX;
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2) OJOK ommCy TMpOLeCy MEPEeTBOPEHHS MPUHHATOTO BXIiJHOTO CHTHAIY
€JIEMEHTaMH PO3B1yBaJILHOTO MIpUiiMaya,

3) Omok po3paxyHKy 1H(QOpPMAI[IfHOIO TMOKAa3HWKA, IO XapaKTepH3ye
e(eKTUBHICTh POOOTH PO3B1AYBAJIBLHOIO IPpHUiiMaya B MPOLECT PO3BIIKH.

BpaxoByroun, 110 piBeHb IIYyMIB BHU3HAYAETHCS UYTIMBICTIO, BiJHOIICHHS

CUTHAJI/IITyM BU3HAYATUMETBCS 32 HACTYITHO (hOPMYIIOKO:

min (2.15)

ne P, — noTyXHICTh CUTHATy Ha BXOZI JIIHIHOI YaCTUHU NpHiiMayda
Pripmin — MOTYXKHICTb CUTHATY Ha BXO/JIl MPUHAMAIbHOI AaHTCHH

Amnami3 Ta 00poOka npuitHsaTOoro KonuBaHus &(t) 3 MeTOH MPUUHATTSA IEBHOTO
PIIIEHHS! MOXKYTh 3/IICHIOBATUCS TBOMA METO/IaMH: IUCKPETHUM Ta Oe3MepepBHUM.

SIKIIO  CIIOCTEpPEKEHHSI TPOBOJIUTHCS B OKpEeMi MOMEHTH 4Yacy (IMCKpPETHE
CIIOCTEPEXKEHHS), TO 1HQOpMaIlis MPO MPUHHATI HaHi Oyae MICTUTUCh y BUMAIKOBUX
BeimunHax &1=&(1), ..., (tm)=¢ (tm), MO mpeAcTaBisAIOTh cO00I0 BUOIPKOBI 3HAYCHHS
npuitHsaToro konuBaHus &(t) y MoMeHTH 4acy ty, to,..., tm,

BuOipkoBi 3HaY€HHS NOPUUHATOrO KOJIMBaHHA &(t) OMMCYIOTHCS  CIUIBHOIO
TYCTUHO UMOBIPHOCTI Wi, (&1, &, ..., m), @ BIANOBIAHI BUOIPKOBI 3HAYEHHS IIyMY N(t) —
TYCTHHOIO UMOBIPHOCTI Wp, (N1, Ny, ..., Nm).

[Mpumyctumo, mo BigOyBa€eThCs AUCKPETHE criocTepexeHHs, 1 curHai S(t) =s(t, 1)
3aJICKUTH BiJl OJTHOTO IMapameTpa A, o Mae anpiopHy MUIbHICTh iMOBipHOCTI Wor(4).

Toni, yMOBHa IMOBIPHICTh BUBHAYAETHCA BUPA30OM

W () =Wy, 2.16)

1 HA3UBAETHCS ATTOCTEPIOPHOIO UMOBIPHICTIO.

PosrisinyTa, sIK GyHKLis Big A, ymoBHa iimosipricts W(&,...&, |4) HasuBaerbes

¢yHkmiero npaBaonoaioHocTi. [lpu QikcoBaHWUX 3HAYEHHSX &), &, BOHA IIOKA3YE,
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HACKUJIbKHU OJTHE MOKJIMBE 3HaUeHHs A npaBaonoaioHiue iHmoro. [lo3naunmo ¢pyHkiio
npasonoioHocti yepes L (4):

L(2)=W(& . &y 1) (2.17)
TOJII:

W, (4)=kw, (2)L(2), (2.18)
ne

k= [Jw,, (1) L(2)da]".

®opmyna (2.18), mo cyTi, mpeacTaBisie MaTeMaTUYHMI 3anTHC Teopemu baiieca, sika
[OKa3ye, SIKUM UYWHOM 3 anpilOpHUX JAHUX Ta pe3yJbTaTiB aHai3y NPUIHATOrO
KOJMBaHHA (POPMYIOTHCS allpiopHi 3HAYECHHS.

®opmymna (2.18) moxxe OyTtm y3arampHeHa. SIKmo mapamerp A MOXe MpuiMaTh

JIUIIE OJTHE 3 KUIBKOX TUCKPETHUX 3Ha4YeHb A1, A2, ..., Av, TO MOKHA 3aIllUCATH.

W, (1)=kW_ (4)L(A) i=12..v, (2.19)

re
(= {zw (AL )T

S0 curHan 3ajexuTh Bif 4 TapameTpiB A1, Ao, ..., Ay, TOOTO
s(t)=slt, 4, Ay A, ), (2.20)

ToAl hopmyiia Oyje MaTH BUTJISIL;

Wps(il...,ﬂ,ﬂ) =k Wpr(ﬂ,l...,/llu) L(/Il...,iﬂj, (2.21)

IS

=[] W (Ao 2, ) L (s 2, ), 2, |
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3 dopmyi (2.18), (2.19) Ta (2.21) BuaHO, IO TPU BIJOMHX aNPIOPHUX T'YCTHHAX
WMOBIPHOCTEM 3HAXO/KEHHS aroCTePIOPHOI WMOBIPHOCTI 3BOJIUTHCS 1O OOYUCICHHS
(GyHKUIT MTPaBaONOI10HOCTI.

Y ToMy BHMAAKy, KOJU TPUAHATE KOJMBAHHS MPEICTABISAE€ ATUTHUBHY CYMIII

CUTHAITy Ta IIyMy, TOOTO:

e

(t)=s(t)+ n(t)

1 OaraToBUMIpHI TYCTHUHM WMOBIPHOCTI Imymy W, (nl...,nm) BIIOMI, (PYyHKIIIT
IPaBIONOAIOHOCTI OOYMCIIOIOTBCS IOPIBHSAHO TpocTo. B iHmMHMX BHmagkax ix
00YHMCIICHHS MPENICTABIISE AY’KE CKIIAIHE 3aB/IaHHS.

Jlami Mu 0OMEXUMOCS PO3TIISIOM TOTO BaXKJIMBOTO, € OKPEMOT'O BUNIAJKY, KOJIU
npuiiHaTe kommBaHHA &(f) € aguTMBHOIO cywmimmro KopucHoro curHamy S(t) i
HOpMasibHOTO Ointoro mymy N(t). Ilpu nboMy 3HaYSHHS CIIEKTPAIBHOI MIUTBHOCTI IIyMY
No mpumyckaTuMeMo BiJJOMUM.

TakuM YWHOM, NpU AUCKPETHOMY croctepekeHHi ¢opmyna (2.18) nalysae

HACTYITHOT'O OCTATOYHOI'O BUTJIAY .

W, (2)= kW, (2)L(2),

AC

A No i=1

Lu){”“of exp[-i-i@:(n>—s<ti,z>>2-A]

Skmio mapamerp A Moke Ha0yBaTH KUIBKOX 3HA4YCHb A1, A2, ..., Ay, TO y dhopMyiy
(2.19) notpiOHO miACTaBIATH (QYHKIIIIO MPABIOMOAIOHOCTI IPH BIAMOBITHOMY 3HAUCHHI
napameTpa A.

[IInsxoM aHAIOTIYHUX MIPKYBaHb HEBAXXKO TEPEKOHATHUCS, IO JJII CUTHAITY
(2.20), skmii 3a;mekaTh BiJ JEKUIBKOX IapaMeTpiB, (pyHKIsS MpaBAONOaAiOHOCTI, IO

BXOJIUTh y popmyiy (2.21), Mmae BUTIISIA:

-m

L(Ay,n 2, )= [” 'ANO jz exp[—Nio : i(; (t,)-slt;, 4y, 4, )] A]

i=1
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Takum ymHOM, TIpu Oe3mepepBHOMY criocTepexeHHi dopmyna (2.18) nabysae

HACTYITHOT'O OCTATOYHOI'O BUTJIAY .

W, (2)=kW, (1) F(2)

ne F(A) — byHKIioHan mpaBaomnoaiOHOCTI.

3 ypaxyBaHHSM BHUKIIAJICHOTO, OOTPYHTYEMO OINTHUMAJbHY CXEMY BHSBIICHHSI
CUTHANy IS TPAKTUYHO BAXKIMBOTO OKPEMOTO BHUMAAKY, KOJH CHUTHAJT HOCHUTH
JETEpMIHOBaHUH XapakTep, a HEBIJJOMHM mapaMeTp A MoOKe MPUHMaTH TUTHKU OJTHE 3
nBOX 3HadueHb: A = 1 (y mpuitHATOMY KONIMBaHHI mpuCyTHii curHan); 4 = 0 (y
MPUIHATOMY KOJMBaHHI CUTHAJ BIJICYTHIHN).

Hexaii nmpuitasite konuBaHHs &(t) cTaHOBUTH CyMy

E(t)=as(t)+n(t), O<t<T

ne n(t) - HopMallbHU OUTHH Ty M;
S(t) — kopucHHI curHaN BijioMoi (GopMHU (IETEpPMIHOBAHWW CHUTHAJ), IO ITOBHICTIO
pO3TaIIoBaHUi Ha IHTEPBAJIl CIIOCTEPEIKECHHSI.

o cTocyeTbes anmpiopHUX BiAOMOCTEH MpO mapameTp A, TO BBAKaTUMEMO, IO
anpiopHi IMOBIpHOCTI HasiBHOCTI Ta BigcyTHOCcTi curHaimy Wor(1) , Wpr(0) Bimomi.

[Ipu GesmepepBHilt 00poOII MPUITHATOI peami3amii amocTepiopHa WMOBIPHICTH

HAsSIBHOCTI JieTepMiHOBaHOTO curHaiy (A =1) Bu3HadaeThcs HopmMyIioro:

1 T
w01, o] LI | .22)
00
AmocTtepiopHa HMOBIPHICTH BiJIcyTHOCTI curHaiy (A = 0), 04eBUIHO, JOPIBHIOE:
T
W, (0)- o, Ol L[ 229
00

IPUYOMY:

W, (0)+w,, [1)=1.
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Ha puc. 2.3 HaBeneHo 4oTupH peamizailii BUNAJAKOBOIO KOJIHMBAHHS: MEPIIi JBI
300paKyIOTh IIIyM Ha BUXO/Il Y3TO/HKEHOT0 (DUIbTPa Gn, a 1HII - CyMy CUTHAIY 1 IIyMYy
g=q(l). Hexaii BcTanoBjeHO Jeskuii mopir H. J[Jis KOHKpETHUX peati3alliid, HaBeJICHUX Ha
puc. 2.3, MO>KHa MOMITHUTH, 1110 LIyM MEepIIoi peatizalii He NepeBUILye opora. Y Ipyrii
peastizalli CUTHally HEMae€, IPOTe 3HaYEHHS LIyMy IEPEBUILYE MOPIT. Y TpeTii peanizarii
CyMa CUTHaJy Ta IIyMy IE€pEBHILYE IMOPIr, a YETBEpTa peasizallisi, He3BaKalouu Ha

HasIBHICTh CUTHAIly, HC JOcCsATacE 1rmopora.

d

Pucynok 2.3 — YoTupu MOKIMBUX BHUITAKU MTPH BUSIBJICHHI
CUTHaTy Ha QOHI IIyMy
3 pO3IJIIHYTUX YOTHPHOX BHUMAJKIB y JBOX BHUMaAKax (MEpIIOMY Ta TPETbOMY)
OyJe MpUHHATO MpaBUJIbHE PILIEHHS, a Y JABOX IHIIMX (IPYyromMy Ta YETBEPTOMY) —
HenpaBwiIbHE. SIKIO B3STH 1HIINIA TOPIT H, omucaHa CUTYaIlisi MOXKe 3MIHUTHCS.
Buxonsuu 3 gaHoro posrisily NPUXOAMMO 10 BUCHOBKY, 1O IPU KIHLIEBOMY
3HAYEHHI €HEprii CUTHAIy Ta HasgBHOCTI BUIIAJKOBOIO LIyMY HPHUHSATTS PILICHHS IPO

HASIBHICTH YU BIJICYTHICTh CUTHAITY 3aBXK/IM CYMPOBOKYETHCS TOMIJIKAMU JBOX BH/IIB:
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1) He3Ba)karOUM Ha BIJICYTHICTh CUTHAIY, IIYM MEPEBEPLIYE MOPIT 1 IPUHMAETHCSA
HENpaBUJIbHE PILICHHS MPO HASBHICTh CUTHAITY (ITOMUJIKA MEPIIOTO POAY);

2) Xouya CHUTHaJ TMPUCYTHIN, ajieé TPaHWUYHUW pIBEHb HE TMEPEBUILEHUN 1
MPUNMAETHCS TOMUJIKOBE PIIICHHS PO BIACYTHICTh CUTHAY (MIOMIJIKA JPYTOTO POAY).

[To3HaurMo HMOBIPHICTH ITOMUJIKH TIepmioro poay yepe3 Po=P(1|0) Ta iMOBIpHICTH

nOMHJIKK apyroro poay udepe3 P1=P(1|0). Jas uux WMOBIpHOCTEH MOXEMO 3alucaTH

dbopmymu:
00 H
I:)o = IWps (qn|0)dqn’ Pl = IWps (q|l)dq
H 0

Cepennst IMOBIPHICTh 3arajibHOi (CyMapHOi) TOMHWJIKH JTOPIBHIOE:

P, =P, + P, =H [W,(q0)dag, + [W,(qft)da, (2.24)

a UMOBIPHICTh MPAaBUJIBHOTO BUSIBJICHHS! CUTHAITY TIOPIBHIOE:
D=1-P

3rifHo 3 KpUTEpIEM 1J€albHOTO CIOCTepirada, TMOpPOTOBHM piBeHb H
BCTAHOBJIIOETHCSA TAKUM, III00 WMOBIPHICTb 3araJibHOI MOMUJIKU P, OyJia MiHIMAJIBHOIO 1,
BIJIMTOBIJTHO, UMOBIPHICTh MPABUIILHOTO PIIIEHHS MaKCUMAIIbHOIO.

[Ilo6 mpaBa uvactuHa piBHOCTI (2.24) Mayna MiHIMYM, MOTPIOHO NPHUPIBHATU
noxigHy H no Hynsa. B pesynbTaTi oTpuMaeMo, 1o SIKIIO JUIs TPUHHATOL peaizallii
BUSIBUTHCSI:

To MOXkeMO KOHCTaTyBaTH (PakT HABHOCTI CUTHAITY, 1 HABIAKH.

Ha (puc. 2.4) HaBelleHO ONTUMAJIBHY CXEMY BHUSBIICHHS JCTCPMIHOBAHOTO CHTHAITy Ha

(doH1 mymy.
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s~q=h

Iloporoemii
TIPHCTPii

n~qg=<h

b
e

s()

Pucynok 2.4 — OntumaiibHa cxema i BUSIBJICHHS JIETEPMIHOBAHOTO CUTHAJY Ha
¢oHi myma
[MixcraBuBmm B (2.25) BUpasu anoctepiopHux iMoBipHOCTe# (2.22) 1 (2.23), oTpumaemo,
10 PIIICHHS MPO HASBHICTh CUTHATY MPUHMAETHCS MTPU BUKOHAHHI HEPIBHOCTI

exp N%:[f(t)s(t)dt >Vx2%8exp[l\|£0j

BpaxoByrour MOHOTOHHUH XapakTep JiorapupmivHoi PyHKIIT Ta Jorapudmyroun

00OU/IB1 YaCTHHHU I1i€1 HEPIBHOCTI, 110 MICTUThH TTO3UTUBHI BEIMYNHU, OTPUMAEMO:

qZNi]‘f(t)s(t)dt>N£+anVzL8=h' (2.26)

0

3 miei GopMynu BHUIHO, IO JJsi BUHECEHHS pIIIEHHS MpPO HAasBHICTH abo
BIJICYTHICTh J€TEPMIHOBAHOIO CUTHaTy, Ha (OHI OLIOro mymy, MOTPIOHO MPUHHATY
peanizaitito ¢(?) mepeMHOKUTH 3 cUrHaioM S(t), MpoiHTerpyBaTH J00YTOK MO iHTEpBAITY
yacy T, e BiomMa peanizailisi, 1 pe3yiabTaT IHTETpyBaHHS MOPIBHATH 3 moporom H, 1o
BU3HAYAETHCS TMPABOIO dYacTUHOK (opmymu (2.26). Skmio 1ei moporoBuil piBEeHb
NEPEBUIICHO, TO MPUNUMAETHCSA PIMICHHS MPO HASBHICTh CUTHATY. SIKIIO X MOpPIT HE

NEPEBUIICHUH, TO KOHCTATY€ThCS BIICYTHICTD CUTHAIY.
BucHoBkH 10 po3ainy 2

1. Po3risHyTO MareMaTHM4Hy MOJ€lb AaKyCTMYHOIO KaHally BHUTOKY MOBHOT
iHpopMallii, 1O BpaxoBye€ MPOCTOPOBI Ta EHEPreTHYHI YMOBH PO3BIAYBaJIbHOTO

KOHTAaKTy B KaHaJll Ta 3a0e3ledyye JOCTaTHhO BHUCOKY TOUYHICTH OIIIHKM 3aXHIIEHOCTI
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MOBH. MareMaTuyHa MOJENb MPEACTAaBICHA Y BUIIAI CYKYHHOCTI 3 YOTHPBHOX
B3a€MO3AJICKHUX MOJIEJe, 0 JOCUTh TOYHO ONMCYIOTh AaKyCTUYHHMM CHUTHAa,
CTBOPIOBAHUMU JIPKEPEIIOM MOBH, aKyCTHYHI HABMHUCHI MEPEIIKOAM Ta MPUPOJHI LIYyMH,
BIUIMB HEOJHOPITHOTO CEPEIOBUINA MOUTUPEHHS Ta MOXKJIMBOCTI aKyCTUYHOTO IIpUiiMada
10 PO3Mi3HaBaHHIO MOBH. Po3paxoBaHa 3a IOMOMOTOI0 PO3MIISIHYTOI MOJIENI, HA OCHOBI
(GbopMaHTHOT'O METOY, CJIOBECHA PO30IPIMBICTH MOBH J03BOJIUTh 3pOOUTH BUCHOBOK IPO
CTaH 3aXMIIEHOCTI MOBH Yy JOCIHI)KyBAaHOMY aKyCTUYHOMY KaHaji BHUTOKY MOBHOI1
1H(opMarlii, oiHUTH ePEKTUBHICTh MOXKJIMBUX 3aX0JI1B 3aXHUCTY.

2. PosrnsHyTa MareMaTH4Ha MOJENb ONTHUKO-EIEKTPOHHOTO KaHalla BHUTOKY
aKyCTHUYHOI 1H(OMAIlli, 10 J03BOJISIE BUSHAYUTH BIJHOMICHHS TOTYXHOCTI KOPHUCHOTO
CUTHAJy IO MOTYXHOCTI IIyMy Ha BHUXOJI JETEKTOpa, a TAaKOXX BU3HAYUTU CIOBECHY
pO301pJMBICTh MOBU IIPU BUKOPUCTAHHI ONITHKO-EJIEKTPOHHOI anapaTypu JUCTaHIIHHOTO
MIPOCIIYXOBYBaHHSI MOBHM 4e€pe3 BiJHOIICHHS CUTHAI/IIYM Ha BiIOMBarOYid MOBEPXHI,
BIJIHOIICHHS] CUTHAJI/IIyMY Ha BXOJl 3ac00y NpPOCIYyXOBYBaHHS MOBHM Ta IMapaMeTpiB
MOIYJIAIIT BiIOMBAOYOi TOBEPXHI.

[TpuBenena MmaTeMaTHyHa MOJIENb OyJia PO3IIUPEHA 3aJICKHOCTIMU JIJIs1 BUSHAYCHHSI
BEJIMYMHHU CUTHAJI/IIYMy Ha BXOJ1 ONTHKO-EJIEKTPOHHOI amapaTypy Ta BIAMOBIAHOI 11
CJIOBECHOI pO30IpNMBICTI [JIi OTPUMAHHS MIHIMAJIBHOTO 3HAYEHHS CJIOBECHOI
pO30IpJIIMBOCTI HA  BHUXOJl  ONTHKO-GJIEKTPOHHOI  amapaTypd  JIUCTaHLIMHOIO
IPOCIYXOBYBaHHS MOBHM. Takoxk, TPUBEACHUA 3B’SI30K 3a3HAUEHOI MOJemi 3
MpeACTaBleHOI0 B 3.1 METOMMKOIO OIIHKH MOXIJIMBOCTI NMEPEXOIUIEHHS Ta 3aXUCTy
MOBHOI 1H(poOpMalii BUIUIEHOTO MNPUMIIIEHHS, IO JO03BOJISIE OI[IHUTH MOXJIUBICTh
NEPEXOIUICHHST MOBHOI 1H(OpMaIlii 3 BUKOPUCTAHHSIM ONTHKO-CJIIEKTPOHHOT anmapaTrypu
JTVCTAHIIHOTO TPOCITyXOBYBaHHS MOBH.

3. PosrnsHyTra MareMaTMyHa MOJEIh PaAiOCIeKTPOHHOTO KaHalda BUTOKY
iHdopmarni, sika 0a3yrUKnCh Ha TMOJOKEHHAX TEOPii ONTUMAJIBLHOTO MPUHOMY, OMUCYE
IpoLIeC MEePETBOPEHHS MPHUHHATOrO PO3BIAYBAIBHUM MpPHUIIMAYeM €JIEKTPOMArHiTHOTO
KOJIUBAHHS 3 METOI0 NPUUHATTS PIMIEHHS MPO HASBHICTh CHUTHAIy PO3BiTyBaJIbHUM
pagioeNeKTpOHHUM TNpUCTpoeM. [IpuBeneHa maTemMaTH4YHa MOJENb JliCTaja CBOIO

NOJANBUIOr0 PO3BUTKY B MyHKTax 3.2. Ta 3.3, ne LUIIXOM BpaxyBaHHs MapaMeTpiB
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neperaBaya Ta IpuiiMaya, MPEACTABICHO pO3PaXyHOK ONTUMAJIBHOIO  PIBHS

HEOE3[EYHOr0 CUTHAITY Ta MACKYKYOIo IyMYy.



88

PO3JILI 3.

METOJHNKA OLIHKY MOKJIABOCTI IIEPEXOILUIEHHS TA 3AXUCTY

MOBHOI IH®POPMAILI BUIIJTEHOTO ITPUMILIEHHS, ONITUMI3ALISA
PIBHSI HEBE3ITEYHOT'O CUTHAJTY TA MACKYIOUYOT'O IIIYMY

3.1 MeToanka oOiHKM MOKJIHBOCTI MepPeXoIJIieHHs Ta 3aXHUCTY MOBHOI

indgopmanii BuaisieHOro npuMileHHsI

JIOCTIIKEHHIO TaHOT TeMATHKH MPUCBSYCHUHN LIIHH psig pooit [42-62], meToro
JaHOI METOJUKU SIBJSIETHCA OIIIHKA MOXIIMBOCTI TEPEXOIUICHHS Ta 3a0e3meueHHs
3axucty MoBHOI iHGopmarii BIT (Buninene npumitieHHs ), sika Ja€ MOKIUBICTh OIIHUTH
3axXUIIeHHICTh MOBHOI 1H(opmanii BII, nuigxom po3paxyHKy BiJHOIIEHHS CUTHA/IIYM
32 OrOPOXKCHHSIMU MPUMIIICHHS, a TAKOXk OLIIHIOE MOXJIMBICTh MEPEXOIUICHHS MOBHOI
iHpopmanii BIl mo akycTHYHMM KaHaJlaM Ha OCHOBI PO3paxyHKy CJIOBECHOI
PO301pJIMBOCTI IPU HABMUCHOMY 1 HEHABMUCHOMY MPOCITYXOBYBaHHI MOBHOI 1H(opMmatii
i3 CII (cymikHE TpUMIIICHHS) Yepe3 €JIEMEHTH HOro KOHCTPYKIIi (CTiHH, CTeNo,
Hi/IJI0TY, TIEPETOPOJIKY, IBEPI Ta BIKHO).

B mopiBHsHHI 3 poboToro [53], po3paxyHOK 3HaU€Hb CIIOBECHOI PO30ipIMBOCTI
3aCHOBaHMi Ha BpaxyBaHHI mapameTpis BII (Turori Ta TUITY KOHCTPYKTUBHUX €JIEMEHTIB,
HasIBHICTh a00 BIJCYTHICTh CHPSIMOBAHOTO MIKpOQOHY) Ta HE MOTpeOye BUKOPUCTAHHS
IIUPOKOTO CTIEKTPY 1HCTPYMEHTAIHLHO-BUMIPIOBAIBHOTO O0JaHAHHS. TakoX, B pO3/Iii
2.2. npuBeAEHUH 3B’ A30K 3a3HAYEHOI METOJMKH 3 ONTUKO-EJIEKTPOHHUM KaHAJIOM BUTOKY
MOBHOI 1HoOpMaIlli, MO0 JAO03BOJSE OI[IHUTA MOXJIUBICTh TEPEXOIUICHHS MOBHOI
iH(pOopMarrii yepe3 BIKOHHI OTBOPH Ta MPOHOMH 3 BUKOPUCTAHHSM OMTHKO-EICKTPOHHOT
Ja3epHoi amapatypu auMcrasiiiiHoro mpociayxoByBaHHst MoBu (JICAP). Kpim Toro, y
BUMAJIKy HEBIAMOBIJHOCTI CJIIOBECHOT pPO30IpJAMBOCTI OTPUMAHOI 3a pe3ysibTaTaMu
BUKOPUCTAHHS IPUBEACHOI METOJAUKN BCTAHOBJICHUM 3HAYEHHSIM, MOKHA PETYJIFOBATH 11
BEJIMYMHY 3a JOIMOMOTOK) BHKOPHUCTAaHHS B METOJMIN ONTUMAIBHOI IO KPUTEPIO
MIHIMYMa IHTETPAJIbHOI'O 3HAYEHHSI 3aBa]IU.

3axumieHHicTh 1HGOpPMAIIl OI[IHIOETHCS EHEPreTUYHUMHU 1 1H(OpMaIiiHUMU

nokasHukamu [27]. Sk BioMO, B SKOCTI CHEPreTHMYHOrO IMOKAa3HHMKA 3aXHIIEHHOCTI
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iH(popMallli BUKOPHCTOBYETHCS BIJHOUICHHS CHUTHAJ/IIYM Ha BXOJl aKyCTUYHOTO
npuiimMaya.

[IpoBeaemMoO OLIHKY MOXJIMBOCTI MPOCIYXOBYBAHHS MOBHOi iH(opmamii i3
BUJIIJIEHOTO MPUMIIIEHHS HUISIXOM PO3paxyHKY 3HAQUEHHsSI CUTHA/IIYM B CYMIKHOMY
MPUMIIIICHHI.

CnoyaTky HEOOXiHO OmMcaTH pIB€Hb MOBHOTO CHUTHAldy B MNpuMimieHHi. s
rydHoi po3MoBH BiH fopiBHIoBatuMe 60 — 70 ab. fkio ry4HicTh MOBH B MPUMIIIEHHI
JOpIBHIOE L. , a 3BYKOI3OJIALISA CEpEelOBUINA HA LUIAXY MOLIMPEHHS 3BYKY — Z., TO

TYYHICTh MOBHU B TOYIIl MPOCITYXOBYBaHHS pO3paxoBYy€eThCs 3a (OPMYJIOL0:

Konu mpociyxoByBaHHsSI MPOBOJUTHCS 3 BUKOPUCTAHHSM TEXHIYHUX 3acO0IB 3
YAaCTOTHOIO KOPEKIII€I0, KOMIIEHCYIOUM 3HM)KEHHS YyTJIMBOCTI CIIyXY JIFOAUHU B 001acCTI
HU3bKHX 4acTOT Ha 6 1B, ToA1 piBeHb I'ydHOCTI 32 OTOPOKEI0 BUZHAYAETHCS 32 YTOYHEHUM
BUPA30M:

Ly=L—Z.+6 (3.1)

Ha MOXNMHMBICTh NMPOCTYXOBYBaHHS MOBU BIUIMBAIOTh aKyCTHYHI IIYMH, IO
CTBOPIOIOThCSI B OyiBJII Ta Ha BYJUI. PiBeHb CHUTHaly 3 ypaxyBaHHSIM aKyCTUYHHX

IIyMiB Ly, B TOYI TPOCTYXOBYBaHHS PO3PaXOBYETHCS 3a (HOPMYIIOIO:
Ly=L.—Z.+6-1Ly

[Ipu po3paxyHKy 3axUCTy NPUMILIEHHS BiJ BUTOKIB 1H(OpMaIli aKyCTHYHUM
KaHAJIOM PEKOMEHJIYEThCSl OpaTH 3HAYEHHsI aKyCTUYHUX IIyMmiB He Buiue 20 ab abo He
BpPaxOBYBaTH 30BCIM.

HacTtynmHuM KpokoM HE0oOXiHO BU3HAYUTH THI OTOPOKEHHS, 32 IKUM BEICThCS
PO3paxyHOK PiBHS aKyCTUYHOTO CUTHAITY.

VY nepmoMy BUIIAIKY 1€ OAHOPITHA TOBEPXHs 0€3 IBEpei 1 BIKOH, 110 CKIATAEThCS
3 €IMHOTO €JIEMEHTA, SIKUW 3a0e3neuye OJHe i Te caMe 3HayeHHs 3BYKOI30JIALI] Y BCIX

TOYKax.
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Buxonsuu 3 Bupasy (3.1), po3paxyHOK piBHS aKyCTHYHOT'O CHTHAITY 32 OTOPOKaMu

MPUMIIICHHS B JAHOMY BHUIIQJIKy BUKOHYETHCS 32 (POPMYIIOO:
Ly=L.—6+10-1gS, — Z.+ 6 - L, (3.2)
ne L. — piBeHb MOBHOT'O CUTHATY B MPUMIIICHHI (TIepe] oropoxkero), nb;

-6 1b — mompaBka, BpaxoByrO4a XapakTep 3BYKOBOTO IOJIS AJal0u0ro Ha MepemKoay;

S, — IJIOIIA OrOPOJKEHHS, M2,

Z .~ 3BYKOI30JIsILI1{HA 31aTHICTh OTOPOKEHHS, 1b;

L, — piBeHb mymy, ab;
VY npyromMy BUITaJIKy HEOOX1THO 3pOOHTH PO3PaXyHOK 3BYKO130JII0F0U0I 3/TaTHOCTI
HEOHOP1IHOI MOBepxHI (1B), 1110 CKIaAaETHCS 3 €IEMEHTIB 3 P13HOIO 3BYKOI30JISIIIEIO TA

wiomero S. JlaHa 37aTHICTh BU3HAYA€ETHCS 32 (POPMYJIOH0:
So
Zun = Z.— 101 [1 + ——(1001¢c%0) — 1 ]
HIT c g SC + SO ( )

ne Z. 1 Zy — BeIM4rHa 3ByKO130JIs11i CTIHM Ta BIKHA (JBepeil) BIAMOBIIHO;
S¢; 1S, — moma cTiHu Ta BikHA (IBEpei) BiAMOBIIHO;

Po3paxyHOK piBHS aKyCTHYHOIO CHUTHAIy 3a OrOpOKaMH MPUMILIEHHS
MPOBOAUTHCS 32 GOPMYJIOKO:

L,=L.—6+10-1gS, — Z,, +6 — L, (3.3)

ne Z,n— 3ByKO130JIs11HA 3/1aTHICTh HEOAHOPITHOT MOBEPXHI OTOPOKEHHS, 1b;
JIist TapaHTOBAHOTO 3aXMCTy MOBHOI iH(OpMaIii BIAHOWIEHHS CUTHAI/IIYM MOBUHHO

oytu He 6inbme 0,1 a6o (-10) nb.
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3T0OBMHCHHE

Hxepeno Lc Lm Lo

MOBHOTO
CHIHANY

Pucynok 3.1 — Haouna cxema OIIHKH MOKJIMBOCT1 IPOCITYXOBYBaHHS MOBHOT
1H(opMaIlii 13 BUAIIICHOTO MPUMIILICHHS

Sk pe3ynbTar MpOBEJACHUX PO3PAXYHKIB, METOAHMKA JO3BOJISIE OTPUMATH 3HAUYCHHS
pPIBHS aKyCTHYHOIO CHUTHaJIy 3a OTOPOJDKEHHSMU MPUMILIEHHS 3a0e3nedyroun
MOJKJIMBICTh TOPIBHSHHS TEOPETUYHUX PE3YJIHTATIB 3 MPAKTHUYHUMH, & BUKOPUCTAHHS
OMHMCAHUX 3aJEKHOCTEH MOTPIOHE ISl JOCSITHEHHS ONTHUMAIBHOTO 3HAYEHHS PIBHS
aKyCTHYHOTO CHTHAJIy 3a OTOpOJDKEHHSIMH IpumimeHHs. Otpumani 3 BupasiB (3.2) Ta
(3.3) 3HaueHHS piBHSA aKyCTHYHOTO CHTHAIY 3a OTOpPOKaMHU TMPHUMIIIEHHS HEOOXiTHO
pO3rIsiaTH B KOMIUIEKCI. Pi3HMIIS M 3HAUYEHHSMU 3BYKOI30JIFOIOUOI1 3JIaTHOCTI BCIX
CTIH Ta NEPEKPUTTIB NPUMIILIECHHS Ma€ OyTH MIHIMAIbHOIO.

Hami orpumani pe3ynbTaTu piBHA 3axucty BIIl po3rismaroThecs 1 mpuiMaeTbes
pIlIEHHS TMpO MIiABUIIEHHS PIBHSA 3aXWUIUEHOCTI MPUMIMIEHHS 3a JIOMOMOTOI0
JOOTIPAITIOBAaHHS KOHCTPYKIIii, 3aMiHA a00 JTOJaBaHHS 3BYKOMOTJIMHAIOYMX MaTepiaiiB,
a00 BUKOPUCTAHHS JIOJATKOBUX aKTUBHUX 3aCO01B 3aXHUCTY.

B gaxocti  iHQopMamiiHOrO  KpuTepis  3axuIIeHHOCTI  iHpopmamii
BUKOPHUCTOBYETHCS PO30IpIUBICTH MOBH.

BuxopucroBytoun 3anexHocrti (3.2) ta (3.3), po3riisHEMO aJrOpUTM PO3paxyHKy

CJIOBECHOT po30ipIMBOCTI HA OCHOBI (hopMaHTHOTO MeToay [34]:
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1) Crextp MoBu po3ouBaeTbest Ha N qoBUTbHUX wacToTHHX cMyT (I =1,...,N), 115 KOXKHOT

YaCTOTHOI CMYTH BH3HAYAETHCS CEPEIHHOIC€OMETPUYHA YaCTOTa 32 (hOPMYJIOK0:

fepi =/ fH; " fB;
2) JI71st KOXKHOT 4aCTOTHOT CMYTH BH3HAYAIOThCSL:
a) dopmantauii mapamerp AAi, mo xapakrepusye eHepreTHdHy 30HTKOBICTH MOBHOTO
aKyCTUYHOTO CUTHAJTy B JJaHI{ 4aCTOTHIN cMy3i (30MTKOBICTh 00OYMOBJICHA HASIBHICTIO B
MOBI1 He(pOpPMATHUX CKJIAJIOBHX, J0 SIKUX BIAHOCATHCS OCHOBHI TOHH, 00J1aCT1 4YacTOT MIXK
dbopmaHTaMH 1 CKJIQJOBI, IO 3aJeXaThb BIJ IHIUBIAYyAIbHUX OCOOJIMBOCTEH

CHIBPO3MOBHHKIB) 1 pO3paxOBY€EThCS 32 (POPMYJIOIO:

200
(f.)m - 0,37,f < 1000 FI_[,'
Mi=41"""" 1000
1,37 + (f)w,f > 1000 I'u;
i

6) Barosuii koedimient Ki, mo xapaktepusye HMOBIpHICTb HASBHOCTI (POPMAHT MOBH B
JaH1 4aCTOTHIN CMYy31 1 pO3PaXxOBYETHCS 32 POPMYJIIOIO:

ki = kipsy = Kirm
Py 1IbOMY, 3HAYCHHS BaroBOTO KOE(IIIEHTY ISl BEPXHBOI k(fBl.)Ta HUKHBOI k(le.)

IPaHUYHOI YaCTOTH i-TO1 YACTOHOI CMYTH CIIEKTPa MOBHOI'O CUTHAITy PO3PaXOBYETHCS 3a

dbopmyIioro:
y _{ 2,57 - 1078 - (fu;)%* 100 < fH; < 400 I'y;
Ui 711 — 1,074 - exp (—=107% - (fu,)18,400 < fu; < 10 000 I';
N _{ 2,57 - 1078 - (fB;)%*,100 < fB; < 400 'y
By ™ (1 — 1,074 - exp (=107 - (fB,)118,400 < fB; < 10 000 'y

3) V KOXHI{ 9acTOTHIN CMy31 BUMIPIOIOTHCS PIB€Hh MOBHOTO CUTHANY L.;, 1b 1 piBeHb
mymy Ly, 1B, sIKi po3paxoByOTHCS:
BIJIHOIIIEHHSI CUTHAI/IIYM (;, Ab:

qi = Loy — Ly

BIHOILICHHS curHan/mym Q;, n1b, 3 ypaxyBanusm (3.2) Ta (opMaHTHOrO IHapameTpa
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AA;-
Q;=q; —L.—6+10-1gS, — Z.+ 6 — AA;;
BisHOmeHHs curHan/uyM Q;, 1B, 3 ypaxysannsm (3.3) Ta gopmantHoro napamerpa AA;:
Q=q; —L.—6+10-1gS, — Z,, + 6 — AA;;
napameTp p;, 110 MOKa3y€e COPUUHATTS (POPMAHT CITyXOBUM anapaToM JIFOAUHH (TTOKa3ye
HMOBIPHICTh TOTO, 1110 MPU TAHOMY CUTHAJI/IIIYM (; B JaH1i YaCTOTHIN CMy31 onepaTop

MOYy€ 3BYKH MOBH):

0.78 + 5,46 - exp[—4,3 - 1073 - (27,3 — |0;|D)]

Q) = 1+ 100110
Pil¥i | _078+546-exp[—43-107 - (273 — |Q;[*)] 0.
- 1+ 100l Q>0
1e | — HoMep 4acToTHOI cMyTH, | = 1-7;

CHCKTPAILHUH 1HICKC apTHKYJIALIT (3p03yMUIOCTi) MOBH R;:

Ri = p;i -k

4) Po3paxoBy€eThCs IHTEIPANbHUMN 1HIEKC apTUKYJIALIT MOBH R:

7
R = Z Ri
i=1

5) Po3paxoByeTbcst ciioBecHa po30ipuBicTh W:

1,54 - R%?>-[1 —exp(—11-R)],R < 0,15;
11-R
1+07 R

W =

1—exp( ),R20,15;

CTpyKTypHa cXema MOJIeJIi IIPECTABICHOT METOAMKH 300paskeHo Ha (puc. 3.2):
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Pucynok 3.2 — CTpykTypHa cxema po3paxyHKy CJIOBECHOI po30ipJIMBOCTI

Pesynbratu po3paxyHky cioBecHoi po30ipnuBicti 13 CII depe3 cTiHu, cTelto,
H1JUI0Ty, TEPEeropoaKy, ABEpl Ta BIKHO NMPU HEHaBMUCHOMY IPOCIYXOBYBaHHI Ta MPHU
MePEXOIUICHHI MOBHOI 1HQopMaIlii 3a JIOMOMOIOK 3ac00iB aKyCTHYHOI PO3BIIKH

(mampaBieH1 Mikpo¢OoHHU) TIpUBeeHI B Tabauii 3.1.

Tabmums 3.1
W rinaBesMikpogona 2,32079 x 1073
Werina3Mikpodonom 0,02601
WrenaBesMixpodona 0.07085
WerensaMikpoporom 0.65522
WhinnorabesMixpogora 1,60694 x 1078
Whinnora3Mixpogoronm 9,03688 x 1077
WheperoponxaBesMikpodona 3,98781 x 1078
Wheperopoaxa3Mikpodorom 2,25177 x 1077
WiiknoBeaMikpodona 99,10632
Wiikno3Mixpodorom 99,59743
W isepiBesMixpodona 97,80146
W isepiaMikpodorom 99,22417
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Tabmus 3.1 — Kinnesi 3Ha4eHHs CIOBECHOI pO30ipIMBOCTI Y BIICOTKAX JUISI BCiX

KOHCTPYKTHBHUX eyieMeHTiB BII.

JInsg mMABUINEHHS TOYHOCTI OINIHKK (BUKJIIOYCHHS JIIOJACHKOro (akropa Ipu
MPOBEJICHHI PO3paxyHKIB) Ta MPUCKOPEHHS Mpolecy OLiHKA 3axuineHocti BII Bix
BUTOKIB 1H(OpMaNii Mo aKyCTUYHUM KaHaJlaM MpPOLEC PO3paxyHKy METOAY OLIHKHU
CJIOBECHOI PO30IpJIMBOCTI MOBH OYB aBTOMATH30BAaHWM B MPOTPAMHOMY CEpPEIOBHIII

Mathcad (momarox A).
OcHOBHI 3aBJaHHs aBTOMaTH3aIll:

— aHam3 BX1AHUX JaHux moxao BII, orpumanux Bix KopuctyBaya;

— PO3PaxyHOK CIIOBECHOI p030ipJMBOCTI MOBH MPH MEPEXOIUICHHI 1H(GOpMAIli MUIIXOM
npocayxoByBaHHa 13 CII uyepe3 oropoxyBaiabHI KOHCTPYKIi 3 BHUKOPHCTAHHIM
HaIpaBJICHHUX MIKpO(QOHIB (HAaBMHCHE MPOCTYyXOBYBaHHsA) Ta 0e3 HHUX (HEHABMHUCHE
IPOCITYXOBYBaHHS);

— BUJja4a pO3paxOBaHKUX 3HAUYEHb PO30IPIMBOCTI MOBHU y BIJCOTKAX.
BxinHuMu 1aHuMu U1l pO3paxyHKY BUCTYIAIOTh:

— mnapametpu BII: miomi KOHCTPYKTMBHHUX €JEMEHTIB: CTIH, CTe€l, MiAJIOTH,
TIepEropo Ky, ABepeii Ta BikHa (M?);
— HasiBHICTH a00 BIJCYTHICTh CHPSIMOBAHOTO MIKPO(OHY;

— THII CTiH, MJIOTH, CTEJI1, IEPETOPOJIOK, CTIHU 3 BIKHOM Ta CTiHU 3 JIBEpUMA,

st po3paxyHKy CJIOBECHOI po30ipiMBOCTI HeoOXigHO BBecTu mapamerpu BII Ta

HasIBHICTH 200 BIJICYTHICTh CIIPSIMOBAHOTO MIKpO(OHa.
Buxinaumu nanuMu BUCTYTatOTh (%):

— P0361piuBIiCTh MOBHM MPU HEHABMUCHOMY TpociyXxoByBaHHi 13 CII;
— P0301pnuBICTE MOBH 111 Yac MEPEXOIIEHHS 1H(OpMaLli 3a JOMOMOT00 CIPSIMOBAHUX

MIKpO(OHIB.

JIist OLIHKK $KOCTI MEpPEeXOIUIEHOI PO3MOBM HEOOXIJIHO KEpyBaTUCS 3HAUYCHHSIMU

PO30IpIMBOCTI MOBH, JJOBEJICHUMHU SKCIIEPUMEHTaIbHO [23, 24]:
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— W < 10% — npuxoByBaHHs (akTy BeJeHHs neperosopis y BII;

— W <20 — 30% — npuxoByBaHHs nipeaMeTa neperopopis y BII;

— W <30 — 40% — npuxoByBaHHs 3MicTy nieperosopis y BII;

— W <40% — npuxoByBaHHs 3MicTy nieperoBopiB y BII (HeHaBMUCHE IPOCITYyXOBYBaHHS
i3 CII).

Y BuUNAAKy HEBIAMOBIIHOCTI CIOBECHOI pO30IpJMBOCTI OTpUMAHOI 3a
pe3yibTaTaMu BUKOPUCTaHHS MIPUBEICHOI METOMKHA BCTAHOBICHUM 3HAYCHHSIM, MOYKHA
peryJIroBaTH ii BEJIUYMHY 3a JOTIOMOTOI0 BUKOPHUCTAHHS 1CHYIOIOYOI ONTHUMI30BAHO1 IO
CIIEKTPY LIYMOBOI 3aBaJIH.

JlocnmipKeHHIO PI3HUX CMOCO0IB MpoTHii Ta 3amoOiraHHI0 BUTOKAM MOBHOL
iHpopMarii nmpucBsueHuit M psa poOiT [56-74], 30kpema, Hanpukiam, B cTarTi [63]
pO3MIISIAAIOTECS  AITOPUTMU  (DOPMYBaHHS 3aXMCHOI MOBOIOAIOHOT MEPEIIKOH,
MIPOBOJMUTHCS iX TMOPIBHAHHS 3 TOYKU 30py €(DEKTHBHOCTI MacKyBaHHS MOBH. B po0ori
[64] mporonyeThest KoediieHT po30ipIUBOCTI MOBH JJII TECTOBOTO CHUTHAY, Ha 0asi
pPO3paxXyHKy SIKOTO YJOCKOHAJICHO METOJM OIIIHKA PIBHSA 3aXUIICHHOCTI MOBHOI1
iHpopmMariii. B crarrti [65] mpononyeTbes crociO it 3aXUcTy MOBHOI iH(opmarrii, 1o
0a3yeThCsd HAa BUKOPUCTAHHI Te€HEpaTopa MOBOMOAIOHOI 3aBajyd MpPHU 3aCTOCYBaHHI
TEXHOJIOT1i OI[IHKM CTYTEHS 3aXHIIEHHOCTI MOBHOI 1H(OpMaIlii Ha MeKi KOHTPOJIHLOBAHOT
30HU. B po6oTi [73] aprymMeHTOBaHO JBONapaMETPUYHE 3aJlaHHs CTaHy O€3MeKu MOBHOT
iH(popmarrii Ha 00’ €KTi Ha OCHOBI HOpPMYBaHHS 3HAYCHb €()EKTUBHOTO YMCIIAa MOKITUBUX,
CTaTUCTUYHO HE3AJICKHMX KaHATIB BHUTOKY, II0 CYKYIHOCTI SKHX TIOBHHHA
3a0e3MeuyBaTrUCh CI0BECHA PO30IPJIMBICTh EPEXOITIOBAHUX MOBIOMIIEHD. [Ipu TakoMy
miaxoni, me OUTbIIy akTyaJdbHICTh HaOyBa€e ONTHUMI3Allisl MapaMeTpiB IIYMOBHUX 3aBaj,
3a0e3neuyrouya MaKCUMaJIbHO MOJKJIMBE 3HMKEHHSI CIOBECHOI pO30ipJIMBOCTI MOBHU B
MO>KJIMBHX KaHaNax ii BUTOKY IpH (P1IKCOBAaHOMY piBHi 3aBaj (a00 MIHIMAJIbHO MOXJIMBUI
piBEeHb 3aBaj] IpH (PIKCOBAHOMY PIBHI CIIOBECHOT PO30IpIUBOCTI).

Takox, 3a pe3ysibTaTaMu IPOBEICHUX 00YUCIIeHb 3 poOoTH [ 73] BUILTUBAE, 1ITO TSI
3aJ1aHOTO 1H()OPMATUBHOTO (3aXHUIIEHOT0) MOBHOTO CUTHAITy, ICHYE ONTHUMI30BaHA IO
CIIEKTPY IIIyMOBa 3aBaja, 3abe3rneuyroua MiHIMAIbHY WOro po30IpiMBICTh IPHU

(1KCOBaHOMY I1HTErpajJbHOMY pIBHI 3aBaJu: NPUXOBYBAHHS TEMH PO3MOBU MOXE
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JOCATATHCS TIPU CMyTax 4acToT BKItoyarouux cmyry 175-8900 I' (puc. 4) [73]. Takum
YUHOM, B po00Ti [73] IMOBEIeHO, M0 3aiTyMiIeHHs B cMy3i yactoT 175-5600 'y, B sskux
npamroe OUIBIIICTh 3ac00IB  aKTHUBHOTO 3alllyMJIEHHS HE JO3BOJISIE  JIOCATTH
rapaHTOBAHOI'O PIBHSA CJIOBECHOI po30ipiauBcTi HUxk4e 0.45, TOOTO CcTBOprOE JuIIe
1JUTFO3110 3aXUCTY 1H(OpMaIIii Mpr BUKOPUCTAaHHI 3aC001B IPOCIYXOBYBaHHS 31 CMYTYIO
10 k' 1 Ginbiie. B po6oTi [74] po3risiHyTI 3HaY€HHs CHIBBIIHONIEHb CUTHA/IIYM B
OKTaBHUX CMYyTaX, IIPH SIKKX CIIOBECHA po30ipauBicTh cTaHoBHUTH (.2, 0.3, 0.4 B mianma3oH1
180-5600 I't mist pi3HUX BUJIB IIyMIB (OUTHM IIyM, POKEBUH IITyM, IIyM 31 CHAgoM
CHEKTPAIBbHOI TyCTUHU 6 b, IryMOoBa MOBOIMOi0HA 3aBana). Kpim 1iporo, B podori [73]
pUBECHI pe3yJbTaTH PO3PAaXyYHKIB ONMTHMI30BAHUX MO CHEKTPY 3aBaj MO BUOpaHUM
OKTaBHUM 1 CIIEKTPAIILHUM CMYyTaM, a TAKOK MMPOBEICHUI aHaNi3 3 ypaXyBaHHSIM BaroBUX
KOe(]III€HTIB.

Takum yrHOM, B J1aHi#i po0OOTI, 3 ypaxyBaHHIM PI3HUX IM1IXO/1B, POAHAIII30BaHUX
y BHILE3ralaHuX poOOTax MNPONOHYEThCSA BUKOPUCTAHHA B NPHUBEACHIA METOIUIII
po3risHYTOI B poOoTi [73] onTUMaNbHOI MO KpHUTEPil0 MiHIMyMa IHTETrpajbHOTO
3HAUEHHS 3aBaJii MPU 33JaHOMY 3HAYEHHI1 CIOBECHOI PO30ipJAMBOCTI B Aiana3zoHi 175-
8900 I'm.

CyTb miIXo1y, 3alporoHOBAHOTO B po00Ti [73], 6a3yeThcsi Ha BpaxyBaHHI BarOBUX
Koe(illieHTiB, BigoOpaxaroyux BKJAJ JaHOI CMYTH B CJIOBECHY po30ipiuBicThb. Toi,
PO3MOUIMBILIN €HEPTII0 UTYMOBOTO CHTHATY MO YAaCTOTHUM CMYTaM Y BIAMOBITHOCTI 3
IUMU  KoeQillieHTaMi, MOKHA OTPUMATH ONTHUMAJIbHY 3 TOYKH 30pYy MPHUBEICHOT
METOJUKH 3aBay. Po3risiHeMo MaTeMaTuyHy MOJIEIH TaHOT 3aBajIH.

OOGuucICHHS IHTETPATBLHOTO PIBHS CUTHATY 3IHCHIOETHCS IIIIXOM J01aBaHHS
IHTerpaJIbHUX PiBHIB CUTHATY B OKTABHUX CMYyTaXx:

Lint = 10 - log(10%141 + 109142 4 10011s + 1002 + 10%1%s + 100126 + 10%17)

7
Lint = 10 -log Z 1001 Li

i=7
ne L,— IHTerpajJbHUi pIBEHb CUTHAIY B 1-i OKTaBHIM cMy31; LIHT — IHTerpaapHui

pIBEHb CUTHAITY.
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Hanpuknaz, nis curaainy 3 interpaibHuM piBaem 70 nb:

7
10 -log 2100'1'“ =70

i=7

7
z 100,1-Li — 100,1L1HT
i=1
7
> 1004k = 107
i=1

Posnoainnmo any cymy y BIATIOBITHOCTI 3 BarOBUMHU KoedillieHTaMu Ha 7 CKIaJOBUX
I;:
I. =k - 100,1'LiHT

l l

Opumaemo IHTErpalibHI PiBHI CUTHAJIIB ONTUMI30BaHOI 110 CIIEKTPY 3aBaJy B OKTAaBHUX

cMyTax:
Li = 10 ' lOg (Il)
MiHimizallis OTPUMAaHOT0 3HaYCHHSI ONITUMAJILHO1 3aBajIu:

Po3paxynok cnoBecHoi po30ipiuBocti W ipu m * L; 32 yMOBOIO HE MEPEBUILICHHS

: . : %
TIOPOTOBOTO PiBHS CIOBECHOI pO30ipIMBOCTI (W = 1);

nop

e M — KoedIieHT MiHIMaJILHOTO 3HAYCHHS ONTUMAJIBHOI 3aBaJIH JIJISI IIOPOTOBOTO

PiBHS CJIIOBECHOT pO30ipJIMBOCTI;

Wi op— TIOPOTOBUA PIBEHB JOTIYCTUMOTIO PiBHsI CJIOBECHOI po30ipuBocTi W

Bnok poapaxyHky L; m- Ly W
i iHiMi ii
L. iHTerpanbHUx bnok MiHimizau B oK NOpIBHAHHA -1
iHT _ L ) " -1 Bnok pospaxyHky W
__®T | pisHieont. 3aBagu i ONTUMi30BaHOI m - Ly Top
cnoBecHoi 3 NoporosmMM
3 ypaxyBaHHAM no cnekTpy N ) piBHeM ——>
. ozbipnumeocTi
BaroBux L; 3aBagu m-L; p p
koediuieHTis g

Pucynok 3.3 — CtpykTypHa cxeMa po3paxyHKy ONTHMAIbHOT 3aBaIu



99

[IpoBeneHi po3paxyHKH CIIOBECHOI pO30ipAMBOCTI NpU PI3HUX 3HAYCHHSIX

ontumainbsHoi 3aBaau (100%, 90%, 80%, 70%) Ha npukiaai ABepei 0€3 BUKOPHUCTAHHS

MikpodoHa.
Ta0mumg 3.2
WaBepiBe3MiKpocb0Ha 100% 0,082
W,uBepiBesMiKpO(bOHa 90% 0181
WL[BepiBGBMiKpO(l)OHa 80% 5,545
WaBepiBesMiKpod)OHa 70% 23,759

Tabnus 3.2 — KiHIIEB1 3HAYEHHS CIIOBECHOI PO30ipIMBOCTI y BIICOTKAX MPHU Pi3HUX
3Ha4YeHHSAX onTuMaiabHOI 3aBaau (100%, 90%, 80%, 70%) na nmpukiasi nsepei 6e3

BUKOPHUCTaHHA MIKpO(oHa

[ToBHMI mpolleCc pO3paxyHKy ONTUMANbHOI 3aBaji OyB aBTOMAaTH30BaHUIl B

nporpamHomy cepenopuini Mathcad (tomarok A).

3.2 Po3paxyHOK ONTHMAJILHOTO PiBHSI CUTHAJTY B MeKaX KOHTPOJIbOBAHOI 30HU Ta

BHU3HAYEHHS] YMOB HOT0 He OTPMMAaHHA 32 il MeKaMHU 32c00aMH TeXHIYHOI PO3BiIKH

Ha 6a3i moneni pamioeneKTpOHHOrO KaHaldy BHUTOKY iH(opMalii IpuUBEAEHOI B
po3mimi 2.3 Ta pobit [75, 76], po3paxyeMo ONTHMAaIbHUN piBEHb CHUTHATY, IO
nepenaeTbes MK MepejaBayeM Ta MpuiiMadeM B MeKax KOHTPOJIbOBAHOT 30HU, a TAKOXK
IPEeICTaBUMO YMOBH HOT0 He OTpuMaHHs nipuiiMadem 3 TP (3aci0 TexHIYHOT pO3BIIKH) 32
MEKaMHU KOHTPOJIbOBAHOI 30HMU.

Hexail mkepeno BUIPOMIHIOBAHHS — aHTEHA PaJlIOEIEKTPOHHOIO 3aco0y, 110
XapaKTEPU3YEThCs KOSPIIEHTOM MiACUIEHHS Gpep , TOII TYCTHHA MOTOKY TOTYXKHOCTI
Ha BiAcTaHi D B HampaBiieHHI MakCMMyMa BUIIPOMIHIOBaHHSI Oyje BHU3HAYATHUCh SIK:

_ P X Gnep
AT 4mD?

ne Py — OTYyXHICTb JKEpeia BUIIPOMIHIOBaHHS, BT;

(3.4)
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Grep — KOCQILIEHT HANPABJICHOI JIT AHTEHU PAIIOETIEKTPOHHOTO 3ac00Y;

4mD?— mnoma chepu pamuyca D, anpokcumyrouoro GppoHTY eleKTpOMAarHiTHO
XBUIIL;
D — nmanpHICTB Bij pajiioeIeKTPOHHOIO0 3ac00y /10 IpuiiMaua;
[Tpu Bimomiit epeKTUBHIN TUIONI MPUHOMHOI aHTEHH S, MOTYKHICTh CUTHATY Ha
BXO/1 IPUHOMHOT aHTeHU Oy/ie piBHA:
Popp =S-11, (3.5)
Koeoiuienr migcunenns antenu Gy, Ta il eheKTUBHA MIIOIIA PO3CIIOBAHHSA S

[10B’ 13aH1 CITIBBIIHOIIIECHHSIM:
2
. A Grp
4’

ne A - TOBXUHA XBUJII BUIPOMIHIOBAHHS, M.
3 ypaxyBanusMm (3.4) hopmyiy (3.5) MOKHa 3amTUCaTH y BUTIISIL:

b Pg2A?Gyp Grep
€ 16m2D2K,

(3.6)

Posrissremo (puc. 3.4), ne 300pakeHa cxema nepeavi CUTHAITy MK IiepeaBadeM
aboneHTa Al Ta mpuiimadyem aboHeHTa A2, 1110 BUXOJIUTH 3a M1 30HU R2 Ta Moxe OyTn

nepexomiennit npuitmayamu 3TP A3.1 Tta A3.2.
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kD
D I [TpuiiMay
< | ABoHeHT A2
() It 1 (GY))
P, Jona R2 \ Pemin
_—= ® i
~SSSoZooC T Fen T |
llepegaBay ™ - ST == = — = ) R3.22“
AGorenT Al ~ e~ I T~ _ s '
o~ B B ((M))
> P31 |
~ / .,‘ R3.21 .
~ R3 12 1 !
~ Iy - TMpuiimMay
~ o /- ! 3TPA32
‘ﬁ-.\ ,.'_-f' chnpS’TP < Pcmin
R311 ((@ 3))
,/ ﬂPcnp 3TP
/
2 MpuitMay

3TP A3.1

Pucynok 3.4 — CxeMa nepexoIuIeHHsI CUTHAITY, 1110 BUXOIUTh 32 Mexki 30HH R2
Brenemo koedimient k, BimoOpaxkarounii BijicTanb Mixk aboHeHTamu Al Ta A3 uepes

BiJIoMy BijicTaHb D Mixk aboneHTamu Al 1 A2.

IMpu k > 1 npuiimau 3TP Oyae 3HAXOAMTHUCH 3a MEXaMH KOHTPOJIHOBAHOI 30HH, IO

os3Ha4ae P 31p < Pemin

IMpu k < 1 npuitmay 3TP Oyzae 3HaXoAuCh B MeXaxX KOHTPOJHOBAHOI 30HH (MiX

aboneHToM Al Ta aboHeHTOM A2).

KoedimienT migcunenHs anteHn Moxe Oytm mpenctaBieHuit depe3 i1 KCJI
(xoedimient cupsimoBanoi 1ii) Ta KK/ (koediieHT KOpUCHOI 11i) y HacTymHUM cnocio:
G=(0,9) = nD(6,9), (3.7)
P®,¢)
(Ps / 4m)

n= Py /F — KK

ne D(6, ) = KCZ;

Otxe, 3 ypaxyBanusm (3.7), dopmyna (3.8) moxke OyTm mpejacTaBieHa Yy

HACTYIHOMY BUIJISIII:
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P, np - 1611%(kD)?*Kg
an max (9' (P) PEAZ ’

ne K — xoedimieHT BimcTani Mixk nepenaBaueM aboHeHTa Al i mpuitmauem aboneHTa A2;

Gnep min (0» (P) = (38)

P, up — TOTYXKHICTH CHTHAILY Ha BXO/Il IPUAMAIIBHOI aHTEHH NpuiiMada aboHeHTa A2;
Grp max (6, @) — MakcuManphui KOe(illieHT MiICHIEHHS aHTEHH NpuiimMaya A2.

Takum urHOM, ITpHU BiTOMHX 3Ha4YeHHAX D (BimcraHi Bij mepenaBada abonenTta Al

110 npuitmMada a6oHenTa A2) i Gypmax (6, @) (MakcuManbHOMY KOEQIliEHTY ITiICUICHHS
aHTCHU TMpUiiMada), MOXKHA pPO3PaXOBYBaTH MiHIMaIbHY BEIUYHMHY CHUTHAIY, IO
TnepeaeThesl 32 JOMOMOIOK PEryIOBaHHSA BiIMOBIIHOTO KOeilieHTa Grepmin (6, @)
(MiHIMaJIBHUHN KOE(]IIIEHT IMiICHJICHHS aHTEeHHU TepeiaBayva).

Ha (puc.3.5 — 3.7) 300pakeHo 3aIe:)KHOCTI MIHIMAIBHOTO KOoe(illieHTa ITiICUIICHHS

aHTeHHU 1epeaBada Gpep min Bill JOBKUHM XBUII BUIpOMiHIOBaHHA A Ta Biacrani D Bin

repeaaBaya J10 puimMaya.

107>
% Grepmin(\)
:bb-' -
107!
1 A 10
X axs

Pucynok 3.5 — 3anexxHicTb MiHIMaJIbHOTO KOoe(illi€HTa MiICUICHHS aHTEHU

nepenaBaya Gyep min Bill A
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2
10°
% Grepmin(D) |
P
10 |
1 D 50
X axis

Pucynok 3.6 — 3anexxHicTb MiHIMaJIbHOTO KOoe(illi€eHTa MiICUICHHS aHTEHU

nepenaBada Gpep min Bil D

10

Grepmin ( Gripmax)

Y axis

| N

0 Grpmax 10

X axis
Pucynok 3.7 — 3anexxHicTb MIHIMaJIbHOTO Koe(ili€HTa MIICUICHHS aHTEHU

nepenaBayd Gpep min Bl Gup max

Takum unHOM, sikiio 3TP Oye 3Haxouch 32 MeKaMu KOHTPOJIbOBAHOI 30HH, TO1
3HAQYCHHSI CUTHAJY IepenaBavya He jpocsarHe moporosoro piBHs H 3TP (puc. 3.8), mio

3a0€3MeUnTh 3aXKUCT JAHOTO BUX1THOTO CUTHAIY.
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q(1)

Pucynox 3.8 — OnuH 13 BUTIQJKIB IIpU BUSBJICHHI CUTHAITY Ha QoHi mymy (puc.2.3
d) (xoua curHaJ NPUCYTHIM, aJie HE MepeBHUIIye nmoporosuii piseas H 3TP,

NPUAMAETHCS PIICHHS PO BIJICYTHICTh CHTHAITY)

Ha 6a3i (puc. 3.4), po3riisHEMO JBa BHUIAIKH BHSIBJICHHS PO3BiAyBaJIbHUM
npuitmauem 3TP curnany Bin abonentra Al ta abonenTta A2.
VY nepmomy Bunajky (curxan Bijg aboHenta Al), Buxoasuu 3 (3.6), HOTYKHICTh

CUTHAITy Ha BXO/JI1 mpuitmManbHoi antenu 3TP:

PZAZ an 3TP (0: (p3)Gnep min

P = , 3.9
Cl'Ip3TP 16n2(kD)2K6 ( )
1€ (U3 MOKE IPUMMATH 3HAYEHHS (P31 Ta P35.
Taxkum 4rMHOM:
ch np 3TP(k) — lim APc np 3TP
dk Ak-0 Ak
[ToTy>XHICTh CUTHATY Ha BXO/ll MPUHAMAaIbHOI AaHTEHH NpuiiMaya aboHeHTa A2:
P52?GppGrep mi
Pc - _ z np “'nep min (3.10)
1 67T2D 2K6

Ipu P pp 31p < P yp KOpPUCHUH CHrHaN Ha B0 nipuiiMaya 3TP ue Oyze otpumanuii 3a

YMOBH:
P
e3P (3.11)
Pc np

[Ticns mpoBeeHUX NEPETBOPEHb, OTPUMAEMO 3aJIEKHICTh!

Pc np 3TP _ i an 3TP(9f QDS)

P np k? Grp ’
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i_ anBTP(ef QDS) <1
k2 Gup

OT1xe, yMOBa HE OTPMMAaHHS KOPUCHOTO curHainy npuitmaduem 3TP Bin aGoHeHTa
A1l moxe OyTH npejcTaBieHa BUPA3OM:

G, o,
k>\/ p3TP( ®3) (3.12)

)
Grp

Jnst apyroro Bumaiky (curHai Bif aboHeHTa A2), BUKOPHUCTOBYIOUU TEOPEMY
KOCHHYCIB, OTPUMA€EMO 3HAYEHHS BiJICTaHl Mk aboHeHTamMu A2 Ta A3:

R3 = D? + k?D? — 2DkD cos ¢4

Tomi
R% = D?(1 + k? — 2k cos ¢3), (3.13)
ne R; mosxe mpuitmatu 3HaueHHs R34 260 Rj5.

3 ypaxyBanssM (3.13), TOTy>KHICTh CUTHAJTy Ha BXOJi puiiManbHoi anTeHu 3TP:

PZAZ an 3TP (8; (P3)an

Penp3te = 16m2RZK, (3.14)
Otpumaemo:
chnp3TP(<P3) — lim AP p 3TP
dos Ap—0  A@

BpaxoByrouu ymoBy (3.11), micinst mpoBeieHHX NEPETBOPEHD, OTPHMAEMO 3aJICIKHICTb:

Penpare D_Z Gy 31p(6, ©3)
Pc np R?% Gnep min

Buxomsam 3 (3.13):

PC np 3TP _ 1 . an 3TP(6: 903)
P p 1 + k? — 2k cos @4 Grep min
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Toni, 3 ypaxyBanHsam (3.11), ymMoBa He OTpUMAaHHS KOPHCHOI'O CHTHAIY

npuitmauem 3TP Bin aborenta A2 moxke OyTH MpeICTaBICHA BUPA30OM:

1 _ Grp 31r(6, ©3)
1 + k? — 2k cos ¢4 Grep min

<1, (3.15)

Cain 3a3HaunTH, 110 napamerpu 3TP OyayTh kpalumu 3a TaTHY anaparypy, TO/Al
MaKCHMaJIbHHUI p1BEHb CUTHATY Ha aHTeH1 npuiiMada 3TP, 3 ypaxyBaHHSAM MaKCUMaJIbHOI
YYTIUBOCTI, SKYy III€ MOXKHAa XapakTepusyBatu KoedimieHtom mymy N,, pIBHUM
BIJIHOIIEHHIO MOTY>KHOCTI IIYyMiB, CTBOPEHUX Ha BUXO/II JIHIHOI YaCTUHU NpuiiMaya
eKBIBaJICHTOM aHTEHH (MIpH KiMHATHI#H Temniepatypi Ty = 290 K) 1 niHIIHOIO 4aCTHHOIO,

a0 HOTY)KHOCTi IIIYMiB, CTBOPCHHUX JIMIIC €KBIBaJICHTOM aHTCHH.

Pe3tp max = NokoTolIly,
ne ko = 1,38 + 10723 I/rpag - crana BosbiMana;
[1,, — mrymoBa cmyra JiHIHHOI YacTUHU NpuitMaya, ['x;

Takum ymHOM, Ha 6a31 MOJEN PalOEICKTPOHHOIO KaHally BUTOKY 1H(opmarrii
NPUBEICHUN PO3PAaXyHOK ONTHMAJIBHOTO pPIBHS CHTHANTY, IO TEPEJAEThCS MiX
nepenaBayeM Ta MpUiMadeM B MeXKaX KOHTPOJIHOBAHOI 30HM, a TAKOXK MPEICTABICHO
YMOBHU HOr0 HE OTpUMaHHs npuiiMadeM 3TP 3a MexxaMu KOHTPOJIbOBAHOI 30HMU.

[IpencraBneno cxemy (puc. 3.4) mepenadi CUrHaJIy MiX IepenaBayeM aOOHEHTa
Al Ta mpuiimauem aboHeHTa A2, 10 BUXOAWTH 3a MeXl 30HM R2 Ta moxe Oyrtu
nepexoruiennit  npuiimadamu  3TP  (A3.1 Ta A3.2). Bemeno koedimient K,
BitoOpakatounii BiAcTaHb MK aboHeHTamu Al Ta A3 depes Bimomy Biactanb D mixk
abonentamu Al i A2. lllnsixom aHamITHYHUX MTEPETBOPEHB, OyJla OTPUMAaHa 3aJIEKHICTh
(3.8) mnma po3paxyHKy ONTHMAJIBHOTO PIiBHS CHTHaTy MK TnepemaBademM Al Ta
npuiiMadeM A2 Ui Horo mepeaadi B MeKax KOHTPOJIBOBAHOI 30HH. TakoK, Ha OCHOBI
npecTaBiIeHOl cxeMu (puc. 3.4), pO3MIISIHYTO JIBa BUINAIKH BUSBJICHHS PO3BiTyBaIbHUM
npuiivadem 3TP (A3.1 ta A3.2) curnany Bix aboneHta Al Ta abonenTa A2. Ha 0a3i
PO3paxoBaHOi MOTY>KHOCTI CUTHATY Ha Bxo1 ipuitmada 3TP dyepes BBeneHuii keodiiieHT

k (3.9) i kyT @ (3.14), a TaK0k MOTY»KHOCTI CHrHaIy Ha Bxoi npuiiMada A2 (3.10), Oynu
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npeacTaBiieHl 3a1eKHOCTI (3.12) Ta (3.15) 11t yMOB He OTpUMaHHSI KOPUCHOT'O CUTHAITY

npuitmauem 3TP Bin abonenta Al ta abonenta A2 3a MexaMu KOHTPOJILOBAHOT 30HHU.

3.3 Po3paxyHOK ONTHMAJIBLHOI0 PIBHS MACKYI0UYOIr0 IIYMY /ISl 3aXUCTY CUTHAJLY, B

YMOBaX HOro nepexonJieHHs 3ac00aMHu TeXHIYHOI PO3BiAKHU

Ha ocHoBI Mozierni paioeIeKTpOHHOTO KaHaly BUTOKY 1H(opMaIlii mpuBeneHol
B posauni 2.3, pobit [76, 77] Ta OogHOTO 3 MOJIMBHX BHIIAQJKIB BHSIBJICHHSI
PO3BiIyBAILHUM TpHUiiMavyeM CHUTHaly Ha ¢oHi mymy (puc 2.3 ¢), pO3IISIHEMO
MOJXKJIUBICTh 3aXHCTy CUTHaIy, IO BUXOJUTh 3a MEXI KOHTPOJIHOBAaHOI 30HU Ta

MIEPEBUIIYE 3aJIaHKUI TIOPIr 3aco0y pagioeIeKTPOHHOT po3Biaku H.

q(1)

H —_—— - o — —

T
C

Pucynox 3.9 — OniuH 13 MOKJIMBUX BapilaHTIB BUSIBICHHS PO3BiAYBaIbHUM
npuiiMadeM CUrHaITy Ha GoHi mrymy (puc 2.3 ¢), Ipu SKOMY CHTHAJI TIEPEBUIILYE

BCTaHOBJIeHUH nopir H

Ha#i6inpm mpocTUM 1 ONEpaTMBHUM CHOCOOOM BHPINICHHS JIaHO1 3ajadi
SBJIE€THCS aKTUBHE MAaCKyBaHHSI BUX1JHOTO CUTHAJIa HU3bKOYACTOTHUM BIJIP13KOM O1J10T0
rymy.

Busnaunmo MiHIMaabHO HEOOXIAHHM piBeHb IHTEHCHBHOCTI MAaCKYyIOUYOi 3aBajH,
sKa BIAPI3HAETHCA BiJ 30BHIMIHHOTO (OHOBOrO IIYMYy BIJIHOCHO CTa0lIbHOIO
IHTEHCUBHICTIO 11 (pOpMyBaHHS Ha MPOTS31 BCHOTO YACy JKUTTEBOTO IUKIY BUXITHOTO
CUTHAJTy JIJIs1 3an00iraHHs HOro NMepexoruIeHHIO 3ac00aMu paIloeIeKTPOHHOT PO3BIIKH.

PosrnsHeMo CTpyKTypHY CXeMy MEpPEXOIUICHHS BHXIJHOTO CHUTHala 3aco0amu

TexHiuHoi po3siaku (3TP):
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= K{f}

Pucynok 3.10 — CtpykTypHa cxeMa IepeXoIuIeHHS BuxigHoro curaaia 3TP
e
e S — TECTOBHI CHTHAII,
e Y — aguTHBHA CyMIIll BUXIJTHOT'O CHTHAJA X 1 30BHIMIHBOTO 1mryma N;
o K(f) — koMIUIEKCHA YaCTOTHA XapaKTEPUCTHUKA OTOPOXKYI0U0T KOHCTPYKIIIT;

e 3TP —3acib TexHIYHOI PO3BIJIKH.

Sxmio, Mackyrounii mym BifacytHid (M = 0) i Ha BEXOII CXEeMHU i€ aJUTHBHA CYMIII

BUXIJHOTO curHany X 13 30BHIIIHIM ((poHOBUM) miymom N:

Y =vX2%2+ N2
Tomi Buxiganii curgain X
X =+Y?2 — N2 = 5- K(f) (3.16)

Hexaii Ha BUXO/1l KOHTPOJILOBAHOT 30HU BCTaHOBJEHO neskuid mopir Hy mis 3TP. Toni,
PO3IIIIHEMO BUIA/IOK, KOJIM CUTHAJ HE 3aXUIIEHUH 1 mepeBuiiye nopir Hy, , T06TO:
H- H, = AH, (3.17)
ne AH — nepeBUILIEHHS CUTHAJIOM moporosoro piBas 3TP
H, = H—-AH (3.18)
VY upoMmy BMNAJKy, 3ajadya aKTMBHOIO MACKYBAaHHs IOJISrae B 3a/JaBaHHI TaKoOro
MIHIMAJILHOTO P1BHA MacKyro4oro curHaia M npu sikomy Hy,, = AH
Hna Bukonanas ymoBu (3.18), cpopmyeMo akTHBHY mLIyMOBY 3aBamy M.
3anuieMo BIHOIICHHS CUTHAI/IIIYM B KIHEMaTU4H1H opMmi JIJ1s1 IBOX 3HaUYE€Hb aKTUBHO1

rymoBoi 3aBaau mipu M =01 M # 0;
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Mlpu M =0
R gz(fnz

Mpu M # 0
_ K ()

M ="N2ymz
l€ (i, qu;- BIIHOUICHHsS CUTHAJI/IIYM MPU BIICYTHOCTI aKTUBHOI MACKyrOYOi
3aBajIv 1 MPY HAIBHOCTI aKTUBHOI ITyMOBO1 3aBajiy BiIMOBIIHO.
3anuireMo BiTHOIIICHHS BUIY:
MZ

q _ M
= 1+ 47 =60 (3.19)

ne §Q — xiHemMaTHyHe 3HAYCHHS MTePEBUIIICHHS CUTHAJIOM MOporoBoro pisHs 3TP.

I3 Bupazy (3.19), kinemaTHYHU TTapaMeTp MacKyr4oi 3aBa/iu, 3a0€3MeUy0Unii pIBHICTh

(3.18), sBnsETHCSI MiHIMAIIBHO HEOOXITHIUM PiBHEM IHTEHCHBHOCTI MAaCKYIOYOi 3aBaJIu:

(3.20)

TakuM 4YMHOM, CTPYKTypHa CX€Ma MEpeXOlieHHd BuxigHoro curHaia 3TP 3

BUKOPHUCTAHHSAM MPUBEICHOT 3aBaJu OyJie MAaTH HACTYITHUN BUTJISL;

Pucynok 3.11 — CrpykTypHa cxema nepexoruieHHs: BuxigHoro curnana 3TP 3

BUKOPUCTAHHAM MacKyo4oro mymy M

Jc

Y* — aguTUBHA CyMilll BUX1THOTO cUrHaia X 3 MacKylO4uM IrymoM M;
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Y — aguTUBHA CyMill BUX1THOTO CUTHAJIA X 3 MAaCKYKOUYHMM IIyMOM M 1 30BHIIIHIM

urymom N.

Takum ynHOM, Ha 6a31 MO PaJlOeIEKTPOHHOTO KaHaTy BUTOKY iHQopmMairii, a
TaK0>X OJHOTO 3 MOXKJIUBUX BapiaHTIB BUABIICHHS PO3BiAyBaIbHUM MpUHMadeM CUTHAITY
Ha (POHI 1IyMy, IPEACTABICHO MOXJIMBICTh 3al00IraHHS MEPEXOIUICHHIO CHUTHANA, 1110
BUXOJIUTHh 3a MEX1 KOHTPOJIbOBAHOI 30HM Ta MepeBullye 3amaHuil mopir H 3acoOy
PadloeNeKTPOHHOI PO3BIIKM IUIAXOM MOro MacKyBaHHS cCHElialbHO c(opMOBaHUM
IIyMOM, MPHUBEACHUN aJITOPUTM BHU3HAYEHHSI ONTHUMAJIBbHOTO pPIBHS I1HTEHCHUBHOCTI
MacCKy4Oro IIyMmy.

byna orpumana 3anexHicth (3.20), jUIS BH3HAYCHHS ONTHUMAJIBHOTO PIBHS
IHTEHCUBHOCTI MaCKyI0401 3aBa/iH, SIKa BIIPI3HAETHCS BiJ] 30BHIIIHHOTO ()OHOBOTO IITyMY
BIJIHOCHO CTaOUTbHOIO IHTEHCUBHICTIO 11 (POpMYyBaHHS Ha MPOTSA31 BCbOI'O YaCy KUTTEBOTO
IUKIY BUXIHOTO CHUTHaly Il 3amnoOiraHHs HOro MepexoIUIeHHI0 3aco0aMu
PagioeNeKTPOHHOI PO3BIIKHU, MPEJACTABICHO CTPYKTYPHY CXEMY MEPEXOIUICHHS CUTHATY

3aco0aMu TEXHIYHOI PO3BIJIKH, 3 BUKOPUCTAHHSAM MPUBEJIEHO1 3aBaau M.

BucHoBku 10 po3ainy 3

1. IlpencraBieHa MeTOAUKA OIIIHKM MOXJIMBOCTI TMEPEXOIUICHHS Ta 3aXUCTY
MOBHOI iHpoOpMaIlii MO aKyCTUYHOMY KaHany. [IpuBeneHui anropuTM METOIUKH Ta
pe3yJbTaTH PO3pPaxyHKY CJIOBECHOI PO30IPJMBICTI TPH MPOCIYyXOBYBaHHI MOBHOI1
iH(MopMarIi 13 CyMDKHOTO MPUMINIEHHS Yepe3 CTiHU, CTEeNI0, MiJJIOTy, MEPETOPOIKY,
JBepl Ta BIKHO MPHU HEHAaBMHCHOMY TMIPOCIYXOBYBaHHI (0€3 HampaBieHOro MikpohoHa)
Ta MpU NEPEXOIICHHI MOBHOI 1H(OpMAIlii 3a I0MTOMOT0I0 3aC001B aKyCTUYHO1 PO3BIIKU
(3 HAaIPaBJIIEHUM MIKPO(POHOM).

Po3paxyHOK 3Ha4YeHb CIIOBECHOI pPO30IpIMBOCTI 3aCHOBAHMM HAa BpaxyBaHHI
nmapaMeTpiB BUIIJICHOTO TPUMIMICHHS (IUIONII Ta TUIMY KOHCTPYKTHBHUX EJIEMCHTIB,
HAsIBHICTH a00 BIJCYTHICTh CHPSIMOBAHOTO MIKpOQOHY) Ta HE MOTpeOye BUKOPUCTAHHS
HIMPOKOT0 CIIEKTPY 1IHCTPYMEHTAJIbHO-BUMIPIOBAJIBHOTO 00JIaJTHAHHS.

Y BUmagKy HEBIAMOBIMHOCTI CJIIOBECHOI PO30IpAWBOCTI OTPUMAHOI 32

pe3ylibTaTaMU 3aCTOCYBAHHSA HpI/IBeIleHOI MCTOAMUKH, 3alIPOIIOHOBAHC BUKOPUCTAHHS B
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METOJIMIIl ONTHUMAJIBHOI IO KPUTEPII0 MIHIMyMa IHTETPAJIbHOIO 3HAYEHHS 3aBaju.
[IpencraBieHo pe3ysbTaTH PO3paxyHKIB ciaoBecHOi po30ipauBocti mpu 100%, 90%,
80%, 70% onTuMaIbHOI 3aBaJIy.

2. [ictama momamblIoro PO3BUTKY MaTeMaTHYHA MOJENb PaalOeleKTPOHHOTO
KaHaJTy BUTOKY 1H(oOpMaIllii, Ha OCHOBI SKOi, IIVIIXOM BpaxyBaHHS OJIHOTO 3 BHUIIAJIKIB
BUSBIJICHHSI CUTHATy Ha (POHI IIyMy, NMPUBEACHHUH PO3PAXYHOK ONTHUMAJIBHOTO PIBHS
MAaCKyH4O1 3aBajIu.

3. Micrana mopanplioro po3BUTKY MaTeéMaTHYHa MOJEIb Pa/llOCIEKTPOHHOIO
KaHally BHUTOKY 1H(opMmalli, Ha OCHOBI $KOi, IUIAXOM BpaxyBaHHS IapaMmeTpiB
nepenaBadya Ta TpHiiMava, pO3paxOBaHWM ONTHUMAIBHUN PIBEHb CHUTHANY JUIsl HOTO
nepenayl B MeKax KOHTPOJIbOBAHOI 30HU, MIPEICTABICHI MAaTEMaTH4HI 3aJI€KHOCTI YMOB
HE OTPUMaHHS KOPUCHOI'O CUTHAJy MpUiMayeM 3aco0y paaioe’deKTPOHHOI PO3BIIKH 3a

MCXaMH KOHTpOHLOBaHOI 30HHU.
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B CHOBKHA

B nawuceprauiiiHiii po0oTi BuUpillleHa akTyalbHa HAyKOBO-NPAKTHUYHA 3ajayda
MiIBHUINCHHS €(EeKTUBHOCTI Ta BIOCKOHAJEHHS 3aXHCTy BHJUICHHX IPUMIIICHb BiJ
BUTOKIB 1H(oOpMaIlli TEXHIYHMMH KaHallaMM. B KOHTEKCTI JaHOi TeMaTWKW OyJH
OTPHMaHI1 HACTYIIHI PE3yJIbTATH:

1. YockoHaneHo po3paxyHKOBHUM METOJ BH3HAUCHHS CIOBECHOI PO30IpIMBOCTI
[UIIXOM BUKOPHUCTAHHS ONTUMAIbHOI IO KPUTEPII0 MIHIMyMa 1HTErpajibHOTO 3HAYCHHS
3aBajy, Ui BU3HAYEHHS PIBHA 3aXUIIEHHOCTI MOBHOI 1HQOpMAIlli BHUIIJIEHOTO
npumitieHHs. JJig npakTUYHOI peaiizallii yI0CKOHaJIEHOro MeToay Oylia mpeacTaBicHa
METO/IMKA OLIHKKM MOJIMBOCTI MEpPEXOIUIEHHd Ta 3axUCTy MOBHOI 1H(popmarlii
BUJIIJICHOTO TIPUMIIIICHHS, IPUBEICHI PE3YIbTATH i1 pO3PaxyHKIB.

O1uiHKa 3aXUIIEHHOCTI MOBHOI 1H(OpMAIIil BUALUIEHOTO MPUMIILIEHHS TPOBOUTHCS
HIISTXOM PO3paxyHKy BiTHOIIEHHS CUTHAI/IITYMY 32 OTOPOKEHHSIMU MPUMIIIICHHS Ta HA
OCHOBI1 PO3paxyHKy 3Hau€Hb CIOBECHOT po30ipauBocTi. PO3paxyHOK 3HaU€Hb CIIOBECHOT
PO301pJIMBOCTI 3aCHOBAHUI HA BpaxXyBaHHI TapaMeTPiB BUALIEHOTO IPUMIIIEHHS (IO
Ta THUIy KOHCTPYKTUBHUX €JIEMEHTIB, HAsBHICTb a0O0 BIJACYTHICTh CIPSMOBAHOTO
MiKpo(oHY) Ta HE TOTpeOye BUKOPUCTAHHS IIUPOKOTO CIEKTPY IHCTPYMEHTAIBHO-
BUMIpIOBAJIBHOrO oONagHaHHsA. Takoxk, B poOOTI NpPHUBEACHHUI 3B’SI30K 3a3HAYEHOI
METOJUKHU 3 ONTHKO-€JIEKTPOHHUM KaHaJIOM BUTOKY MOBHOI iH(opMaIlii, 0 J103BOJISE
OL[IHUTH MOXJIUBICTh MEPEXOIJIEHHS MOBHOI 1H(opMmallii yepe3 BIKOHHI OTBOpPH Ta
MPOMOMH 3 BUKOPUCTAHHSIM ONTHUKO-EJIEKTPOHHOI JA3€pHOI anapaTypu JUCTAHIIAHOTO
NPOCIYXOBYBaHHS MOBH. Y BHMAJAKy HEBIJIOBIJHOCTI CIOBECHOI PO30IpIUBOCTI
OTPUMAaHOI 3a pe3yibTaTaMy MPUBEICHOI METOUKN BCTAHOBICHUM 3HAYEHHSIM, MOYKHA
perymiroBatu ii BEIWYMHY 3a JIOMOMOTOK) BUKOPHUCTAHOT B METOJHUIN ONTHUMAIBHOI IO
KpUTEPiI0 MiHIMyMa IHTETpajibHOro 3Ha4eHHs 3aBagu. [Iporiec po3paxyHKy 3HA4YEHB
CJIOBECHOI pO30IpJMBOCTI Ta ONTUMAJIBHOI MO KPUTEPII0 MiHIMyMa I1HTErpajbHOTO
3HAYCHHsI 3aBaji OyB aBTOMAaTU30BaHUil B iporpaMHoMy cepenoBui Mathcad.

2. Po3mmpeHa MareMaThuyHa MOJIEIb OINTHUKO-€JIEKTPOHHOIO KaHalla BUTOKY

MOBHOI 1H(OpMaLii OUIIXOM OTPUMAaHHS AaHATITUYHUX 3aJEKHOCTEH ISl PO3PAXYHKY
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MIHIMAJIBHOTO 3HAYEHHS CIIOBECHOI PO30IpAMBOCTI HA BUXOJl JETEKTOpa ONTHKO-
CJICKTPOHHOI amapaTypy IJUCTAHIIHHOTO MPOCIYyXOBYBaHHS MOBHU. Takoxk, B poOOTI
MPUBEJICHUI 3B’SI30K JIaHOI MOJIEN1 3 MPECTABICHOI METOAMKOI OLIIHKA MOXJIUBOCTI
MEPEXOIJICHHSI Ta 3aXHCTy MOBHOI 1HQOpMAaIlii, MO A03BOJISE OIIHUTH MOKIIUBICThH
MepEXOIUICHHS MOBHOI 1H(opMallii uepe3 BIKOHHI OTBOPH Ta IPOHOMH 3 BUKOPHCTAHHSIM
OTITHUKO-EJIEKTPOHHOI anapaTypy AUCTAHIIHHOTO MPOCTyXOBYBaHHS MOBH.

3. Jlicrajna momaibIIOro PO3BHTKY MaTeMaTH4YHAa MOJACHIb PaaiOeICKTPOHHOTO
KaHally BUTOKY 1H(OpMAIIii IIJITXOM BpaxyBaHHs MapaMeTpiB NepeiaBaya Ta npuitmaya,
110 JI03BOJIMJIO ONITUMI3yBaTH PiBeHb HEOE3MEYHOTO CUTHATY Ta MAaCKYIOUOT 0O IIyMy.

Y nmepmomy Bumanaky, Ha 0a3l Mojeni pamioeNeKTPOHHOTO KaHAly BHUTOKY
iH(opMallii, IpUBEICHUN PO3paXyHOK ONTUMAILHOTO PIBHS CUTHAIY MIX IepelaBadyeM
Ta MpUiiMaueM I HOTO Tepenadi B MeKax KOHTPOJIHOBAHOI 30HHU, MPEACTaBICHI
3QJIEKHOCTI  YMOB HE OTpUMaHHS KOPHUCHOTO CHUTHaNly TMpuiiMadeM 3acoly
PaaioeIEKTPOHHOT PO3BIJIKM 32 MEKaMU KOHTPOJIHLOBAHO1 30HH.

Y napyromy Bumanky, Ha 0a3l MojaeNi pPagiOCNEKTPOHHOTO KaHaldy BHUTOKY
iHdopMmarlii, a TakoX OJHOTO 3 MOJIMBUX BHIIAJKIB BUSIBICHHS pPO3BIIYyBaJIbHUM
npuiimMadeM curHaiay Ha (GoHI IWIyMy, MpEACTaBI€HAa MOXJIMBICTh 3aroOIraHHs
NEPEXOIUICHHIO CUTHAJa, M0 BUXOJIUThH 32 MEXKI KOHTPOJIHOBAHOI 30HU Ta MEPEBUIIYE
3aJlaHUN  TIOPIr 3aco0y pajloeIeKTPOHHOI PO3BIAKK, NUISIXOM MO0 MacKyBaHHS
crieriagbHO ¢(hOPMOBAHUM IITyMOM, TIPUBEACHUN aITOPUTM BU3HAYCHHS ONTUMAIBHOTO

PIBHSI IHTEHCUBHOCT1 MacKyl04oi 3aBajiu.
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JTIOJIATOK A

ABTOMATHU30BAHUI PO3PAXYHOK CJOBECHOI PO3BIPIMBOCTI 3
BUKOPUCTAHHAM OITUMAJIBHOI 3ABAJIN.
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ABTOMAaTH30BaHUI1 PO3PAXYHOK CJIOBECHOI p0o30ip/IMBOCTI BUiJIEHOr0 NPUMIlLIEeHHSA
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CniBBigHOLLEHHS PiBHIB MOBHOIO CUrHany i lWymy Ansi CTiHn 6e3 BUKOPUCTaHHS MiKpOOHY
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mis, = 1

Py iy

Qi =Lc - 6+ 10log(Screns) — Zcrenx — Lmi - .-':L'-'Li + A
Ql = —46.6673604233
(., = —40.83068403522

Q3 = —37.08393003469
Q__1 = —33.4398273047
Qj = =34 2420319634
Q._r, = =33 2224247037
Q, = -32.1390310692

Feremd = 3660

ey ey

RS | Q]

-11.E
1+0.7.R

25 — .
156 ROB [0 R}i|

1+

1%/
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Oy (Lerens)
Qo ZeTens)

— 210

Q3(Zetens)
Qu(Zerems)
Qu(Zerens)
Qs( Zetema)

_Q__—.E._Zc‘rm} —2.3=10

It

0 63

3anexHicTb curHan-wymy Bif 3BYKOI30NAUIT ANS CTeni 3 BUKOPUCTaHHAM MiKpodoHa

i=1.7

0.78 + 5.46 - exp[—_-u- 107" (273 - |Qi| :.‘] 0.78 + 5.46 - Exp|:—=l-_3- 107" (273 - |Qi| :.‘]
| o _

R RS L1

Pi = if |.Qi£ 0.

P1 = 00000402421

P, = 0.0002696232

P3 = 00006336513

P__1 = 0.0013879321

Pj = 0.0019640132
P, = 0.0026060482

L=4]

5 = 0.0034914049

P
R =P -k
S 1 1

> (B K
i=1

E = 0.0018774043

R

-11.E

7. 23 - 11.
Werena3Mixpodonon = if R > 0151 —e TR 154 g% [1 _ R}i|
Weremashlixpodonom = 00063521524

Po3paxyHok crnoBecHOi po36ipnuBicTb AnA nignoru 6e3 BUKOpUCTaHHA MikpodpoHa:

I_I.ul =76
Lo, =78
Lur, = 7§

3
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I_I.II4 =73
I_I.l.tj =80
I_Illﬁ =82
Lo, = 82
Zmpnora = 79
Smpmora = 33
mk =1

ey

Lmignora = Le — 6 + 10log{Smipnora) — Zmpnora

Lmignora = 044065804433

CniBBigHOLLEHHS PiBHIB MOBHOIO CUrHany i Wymy Ans nignorn 6e3 BUKOPUCTaHHS MiKpOdOHY

P

B

PR

++++++++++

100

a0

Lmiamora 50
L

PR 40

20

0

1]

2 4

i

Qi =Lc — 6§+ 10log{Snmipnora) — Zmigmora — I_I.l.ti - .-'Ju'-'Lj.

Ql = 00 6673604233
Q}, = —03 83046840522
Q3 = —00 0330300340
Q4 = —B8.4308275047
Qj = —B62420319434
Qﬁ = —B62224247057
Q. = —-83.13%0310652

i=1.7

0.78 + 5.46 - Exp[—¢.3 1077 (273 - |Qi|'|.2:| 0.78 + 5.46 - Exp|:—-1._3 1073 (273 - |Qi|'|.2:|
| . | |

P, =if| (Q £ 0).

P1 = 00000000001

PZ = 0000000003
P3 = 00000000006
P4 = 00000000011
Pj = 00000000019
P, = 0.0000000019

i
P, = 0.0000000024

1+ 1001

1+

1o+ 1
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B =P -k

L0 ] 1 1

B = Z [Pi : ki}
i=1

E = 0.00000000135
-11.E

7. 25 —-11.
WriignoraBesMixpotora = if| R > 015.1— e 70 & 154. 8% [1 _ R}i|
WnignorabesMirpodona = 0.0000000002

Po3paxyHok crioBecHOi po36ipnuBicTb ANA Nignoru 3 BUKOPUCTaHHAM MikpodoHa:

mk =1

Py iy

Qi =Lc -6+ 10log{Smipnora) — Zmignora — Lmi - .l-‘-":.i + A
Ql = 036673604233
Ql = —87 8306840522
Q3 = —84 08303500363
Q__1 = —B2 4308275047
Qj = —80.2420319634
Qﬁ = —B02224247957

Q, = —79.1390310692

Zmipgnora = 79.. 83

- 6x10°
(1 Zmignora)
— -__-'-‘-‘-l——_
QJ(Z’I"“”“’”}—&-.MW:HHE ——]
Q) I e
Qs(Zmimmora) ““‘h—-h______ﬁ_ﬁh_x
(s Zmignora)
Q(Zuianora) — 7510 e
"‘"—-—-..___‘_‘___
- 810 30 81 82 83
Zmigmoera

CniBBigHOLLEHHS piBHIB MOBHOIO CUrHany i Wymy Ans nignoru 3 BAKOPUCTAHHSAM MiKpOhOoHY

0.78 + 5.46 - exp[—4.3- 107> (273 - |E;_I'i| 5‘] 0.78 + 5.46 - Exp|:—=l-.3- 107> (273 - |E;_I'i| 5‘]
. o .

e 1001 s 10001

P, = if| (Q £ 0),




P1 = 0000000003

P, = 0.0000000013

P3 = 00000000023

P4 = 00000000044

Pj = 00000000074

Pﬁ = 00000000074

P, = 0.00000000035

B =P -k

L0 ] 1 1

B = Z [Pi : ki}
i=1

E = 0.0000000:06

—11.E

7. 25 —11.
Wrignora3Mixpodoron = if R = 015.1— e 0 R 154 g0 [1 _ R}i|
Wnignorashlikpodomon = 0000000000

Po3paxyHOK crioBecHoi po36ipnuBicTb Ansi neperopoAku 6e3 BUKOPUCTaHHSA MiKpod)oHa:

Zneperopomea = 73

Snmeperopogra = 14
mk =10

I_I.ul =62

I_IJ.T.: =62

I_I.u3 =62

I_IJI4 = 85

I_I.uj =08

I_I.llﬁ = 103

L. = 103

Loeperopomka = Le — 6 + 10log{Sneperopopra) — Zneperopomka

Loeperopomka = 0.4612803368

150
ll}l} - +++|-++++
Lozperopoaxa 4"
L]I[l +*+
50
0
0 2 4 6 8

i
CniBBigHOLLEHHS PiBHIB MOBHOMO CUrHany i ymy Ans neperopoaku
6e3 BMKOpPUCTaHHSA MiKpOGOHY
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Qi =Le — 6§+ 10log{Sneperopopra) — Zoeperopomxa — L]'Jli - .-l%.i
Ql = —B3.64676031

Q: = —72.8100850380

Q3 = —74.9633591237

Q__1 = —04 4302275014

Qj = —104 2214320301

Qti: —1092018248824

Q, = —108.118431156

-

i=1.7

0.78 + 5.46 - exp[—J,a- 1077 (273 - |E;_I'i| r} 0.78 + 5.46 - Exp|:—=l-_3- 10> (273 - |E;_I'i| r}
. o .

Lo 1% Lo 1001

P. = if|(Q,20),

P1 = 00000000021

P, = 0.0000000081

P, = 0.0000000240

3
P, = 0.0000000003
P.=0
P.=0
P,=0
R =P -k
A 1 1
7
R=3" (B
i=1

E = 0.0000000031
-11.E

1. 25 —11.
1+0.] R_l.jJ,-RD":'-[l—e[ 11R}:|:|

WneperopogkabesMirpodona = | R 2 013,1 - ¢
WneperopogkabesMirpodona = 0.0000000004

Po3paxyHOK crnoBecHOi po36ipnuBicTb Ans neperopoaku 3 BAKOPMCTaHHAM MikpodoHa:

mk = 1

Py iy

Qi =Le — 6 + 10log(Sneperopopka) — Zneperopomsa — Lmi - .-iL'—'s.i + M
Ql = 7064676031

Q: = —73.8100850389

Q3 = 680633501237

Q__1 = —B8.4302275014

Qj = —082214320301

Qti: —1032018248824

Q, = —102.118431156

— =
Zneperopomga = 73.. 80



— 5x10°

(}4( Zneperopomea)

Qy( Zmeperopoasa) G107

Qs(Zneperoponsa)

Q4( Zneperoponsa)

— Tx10P

Qs(Zneperoponsa)

Qg( Zneperoponsa) —_—
5 ——_———ﬁ&
Q-+ Zoeperopogza) — B 10 —— |

— 103 76 77 78 79 30

Znsperopomsa

3anexHicTb curHan-wymy Bif 3BYKOi3oNnAUIl Ansi CTIHOBOI NEPEropoakn 3 BUKOPUCTAHHAM MiKpodoHa

i=1.7

-

—_ ; v — P \
0.78 + 5.46 - Exp[—4.3- 1073 (273 - |Qi| :.‘] 0.78 + 5.46 - exp[_J,_a. 107> (273 - |Qi| :.}
| o |

T e 1001

P P
P, = if] (Q, £ 0).

P1 = 0.00000000835
Pl = 0.0000000323
P3 = 0.0000000004
P4 = 0.0000000011

Pj = 0.0000000001

P.=0

P.=0

B.=P -k

LT ] 1 1

R = Z [Pi-ki}.
i=1

E = 0.0000000126
-11.E

7. 25 —11.
Wneperopograshlikpodonom = ff| R =2 013,1 - ¢ +0.TR L1534 - E.D'“:I - [1 - EI: 1 Rj':li|
Wneperopograshlizpodoron = 0000000023

Po3paxyHok crioBecHoiI po36ipnuBicTi ans BikHa 6€3 BUKOpUCTaHHA MiKpodoHa:

SEirEO = 3.04

Frirno = 31

n=3
n=1
I_I.u1 =31

Lm, =31
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I_I.l.t3 =131
I_I.II4 =131
I_I.l.tj =131
I_Illﬁ =131
Lm. =31

i P
Zn = Zetima— 10 - log 1+ — om0 01 (Zerima—Zsimo) _
o Scrima + n - Seiko

ZH]I = 342219608346

i=1.17

mk =1

Leirxo = Lo — & + 10log( Seirzi0) — Zeixeo
Leisso = 40.7378644408

Qi =Lc — 6 + 10log{ Scrina) — ZH]I - I_:r.|.ti - i‘u‘tj

42

40

38
LeixHD
Lm, 36

LI

34

32

B I I A I A

3‘}1} 2 4 & 8

i
CniBBigHOLLEHHS PiBHIB MOBHOIO CUrHany i Lymy Ans cTiHv 6e3 BUKOPUCTaHHSA MIKPODOHY

Ql = —12. 4074400872
QZ = —§.3707633168
QS = —1.7240526013
Q4 = 1.3000019307
Qj = 30178874721
Q. = 70374046587

5]
Q. = 81208833662

i=1.7
0.78 + 5.46 - exp[—d,.s 1077 (273 - |Qi|'|.2:| 0.78 + 5.46 - exp[—4.3 1077 (273 - |Qi|'|.2:|
P =if|(Q,=0), o : —.1- o : :
1+ 1001 1+ 1001
P, = 0.1566631803
P, = 0.2961037558

P3 = 0.4453543408



P4 = 03370741621

Pj = 06383404421
Pﬁ = 07162003038
P, = 0.7458878263

=P -k
i i

B = Z Pk
i=1
B = 0612856480

Fre

WeitsoBesMirpodona = | B 2 0151 — e
WeirrobesMikpodona = 0.9910632313

Po3paxyHok crioBecHOi po36ipnuBicTb ANA BikHa 3 BUKOPUCTaHHAM Mikpod)oHa:

SEirHo = 3.04

L

Feippo = 31

P rier e

n=>3
L

i

EHH = Ferina — 10 - 10%1 +

ZH]I = 342219608346

i=1.7

Qi =Le — 6§+ 10log(Scriga) — ZH]I - I_mi— .-l'—":.i+ M

Ql = —§.4074400872
Q: = —0.3707633168
Q3 = 42730603085

Q__1= 7.8000019307

Qj = 11.0178874721
QI5-= 130374046307
Q. = 141208853662

o= 31.43

ARRR AR AR

25 —_— .
15s. ROS [y 1 R}i|

ScTiHA + 1 - SEIRHO

o1 (Zetina—Zsixxo) _ 1}
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300

Q( Zeixno)
— 'ﬁ{”} —— —
Qy(Zsixzo) __d___________________—--'”"______——”'_____-—-
Qs(Zsixso) 4p0————"—
Q4 Zsixuo) o — |
— 200
Qs( Zrirmo)
Qs(Zsizmo) g
Q(Zsixgo)
- — 200

— 4005 33 40 45

FEIEHD

3anexHicTb curHan-wymy Bif 3ByKOi30NsUii BikHa 3 BUKOPMUCTaHHAM MiKpOodoHa

i=1.7

P =if|(Q,£0),

078 + 546 - exp[—d,.s 10

3

(273 - |Qi|}2]

1-

0.78 + 546 - exp[—4.3 10

5. (273 - |Qi|}ﬂ

P1 = 0300725145

P2 = 04823607469
P3 = 0.6358737391
P4 = 0.7374823319
Pj = 0.8148033161
Pﬁ = 0.8553063138
P = 08744878308

=P -k
i i

E = Z {Pi - ki}
i=1

B = 07703053182

3w

1+

-11.E
1+0.7.R

Weikpo3hMikpodonon = of | K = 015, 1 — e
Weirkpo3hikpodomon = 09950373309

ot | Q]

1+

a5t r2B [ "'R}]:|

o1

Po3paxyHok crnoBecHOI po36ipnuBicTb AnsA ABepen 663 BUKOPUCTaHHA MiKpodpoHa:

Smeepi = 1.08
Zpeepi = 30
n=1

I_I.ul =30

I.mz =30
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ng =30

I_I.u4 =30

Lmj =30

I_I.uﬁ =30

L. = 30

Zu_ = Zerina — 10 - log| 1 + n - Smeepi _ [109_1.(m_3m3p1} i
E Seriea + n - Sgeepi

Zu_= 40306
I

i=1.17

mk =10

Logepi = Lc — 6 + 10log{Speepi) — Zoeepi
Lpeepi = 36.0666312026
Qi =Le — 6+ 10og(ScTina) — ZH]I - Lmi - .-l-'%.i

Ql = —17.49174458406

40

Lagepi

tm ©

[ ]
14

20
0 2 4 ]

i

CniBBigHOLLEHHS PiBHIB MOBHOIO CUrHany i Wymy ans asepen 6e3 BUKOPUCTaHHS MiKpOdOHY

Q. = —11.6550603603
Q3 = —§.8083344543
Q4 = —32842020221

Qj = 00664073807

Q, = 1.953199787
Q, = 3.0363935134
i=1.7

R -3 V2 - -3 2

_ 078+ 3546 - exp —43-10 ~ - (273 - |Qi|_:. 0.78 + 546 - exp{ 43 - 10~ - (273 - |Qi|_:.
= #1949 o1 ]a . o1 ]a
1+ 10 1+ 10

P, = 0.0768504753
P, = 0.1717467631
P, = 0.2894466376
P, = 0.3952495119

4
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Pj = 04086302000

Pﬁ = 03620233111

P, = 03968640602

R =P -k

A 1 1

R=>" (B-kj
i=1

R = 0.458

WoeepibesMixpodona =if| R 20131 - ¢

-11.E
1+0.7.R

WoeepibesMirpodona = 0.978

Po3paxyHok crioBecHoOi po36ipnuBicTi Ans ABepen 3 BUKOPUCTAHHAM MikpodpoHa:

Smeepi = 1.98
Zmsepi = 30

n=

&4:6
A,=6
.-'113:=Ei
.-'14:=Ei
.-'lj:=lfi
.-'116:=Ei
.-'1';..,:=Ifi

EHH = Ferina — 10 - 10%1 +

f1 - Sgeepi

Seriea + n - Sgeepi

[ 101 (Zerima—Zasep) _ 1]}

Qi =Le — 6+ 10log(ScTina) — ZH]I - Lmi - .1'—‘5.i + .11.

Zn_= 40.306
i=1.7

Q, = -114%2
Q, = -5.655
Q; = -0.808
Q= 2716
Q= 3.934
Qg = 7933
Q. = 9.037

Zmeepd = 30_ 4

25 - .
15a. RS [1o 1 R}i|
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3anexHicTb BEMEYNHN CUrHan-wymy Big, 3ByKOi3onsLil Ana ABepen 3 BUKOPUCTaAHHAM MiKpodoHa

1=1.7

30 32

34

Zsepi

36

38

0.78 + 5.46 - E}q:[43 103 (273 - |Q1| ﬂ 0.78 + 5.46 - Erp|:—43 w03 (273 - |Q1| ﬂ
d-

Pi:iE{Qiiﬂ},

P1 = 0.1751346686
P2 = 03224743393
P3 = 047404343548
P4 = 0.5863066478
Pj = 0.6856632342
P‘5 = 0.7415120238
P.J| = 0.76004 10407

R.=P k
7
R=D (7%
i=1
R = 0.63945009

Woeepi3hMirpodomom = 1'f|:R =013,1-

1+

Wroeepishixpodomon = 0.902

ot | Q]

-11.E.

JHOTR o 025 [1 _ IR

1+

ol
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KiHueBi 3HaYeHHA cnoBecHOI po36ipNMBOCTI y BigcoTKax AnA BCiX KOHCTPYKTUBHUX enemMeHTiB BIN:

{ WennabesMixpodona A 0
WetinasMikpodoHoM 0 2.32079°10°3
WerenaBesMirpodona 1 0.02601
Werena3hikpod omonm 2 0.07085

Wnignorabeshixpodona 3 0.65522

Wmipmora3hixpodomom E 1.60694-108

resuit = 100 | =[5 [ 9.03688°10°8
Wneperopoprabeshlizpod ona

Wneperopogra3hirpodoron f 3.98781-10°8

WeiksoEeshMixpodona 7 2.25177°107

Weikso3Mikpodonom 8 99.10632

Woeepibeshikpodona > °9.59374

| | |10 97.80146

\ Woeepi3hlixpodomonm J T 99 22417

143

3anexHicTb BENMMYMHM CNOBECHOI po3bipnuBocTi Bia curHan/wymMy Ans BCiX enemMeHTiB KOHCTPYKLLl:

L e o o e e

Werimabeshinpodona. 100
I
WerenabesMirpodora- 100
WrignorabesMirpodora- 100 60
L]

WoeperoponrabesMixpodora- 100

WaismobesMixpodoma- 100 40
Wioeepibeshlinpodora- 100

| =

20 10
Q;

3anexHicTb BENMYNHN CITOBECHOT pOo30ipNMBOCTI Big curHan/wymy

ONS BCiX €eNeMEeHTIB KOHCTPYKLi

10
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ABTOMaTM30BaHUM PO3paxyHOK ONTUManbLHOI 3aBaAu ANA PeryntoBaHHA CIIOBECHOI po36ipnmBocTi

Lyimr =70
i=1.7
L=k - 100t
i i
o 0.1.Lurz
I1 = Ll - 10
L=k, - IDD.I-I_EE'.[
L =k, . IDD.I-I_EE'I
a . |
. 0.1.Lusz
14 = L4 - 10
i 0.1.Lurz
Ij = Lj - 10
0.1.Lust
IIS = 1"5 - 10
I_’ - k? _ IDD.I-I_EE'I
.«I?.-i =10 - 10g| Ii.:'

01L, _o01L, _01L; _01L, _01L; _01L; _01L,
10 +10 T+ 10 +10 +10 C+10 0 410

7 i
| < 0.1.L; |
L = 10-1052 10 _
li=1 J
Lumrr = 69.9444761419

10 - tog(L)
46.6184479768

Lyt == 10 - log

AR AR AR

1

1

b2

60.3680605438

Laa

632303167418

A

= 544265773483

648773323876

LA

= 64.1121733083

L=4]

L
L
L
L
L
L
L
L

L = 331274913422

Po3paxyHok cnoBecHoi po3bipnuBocTi npu 100% onTumanbHOI 3aBagu Ans ABepen 6e3 BUKOPUCTaHHS
MikpocpOHy:

Lo =1L.
i i

Ly =
i

46.6184479768
54.4263775483
60.5689695438
63.2395167418
04.8773525876
64.1121753083
58.1274913422
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Smeepi = 1.98

Zorepi = 30
n=1

f1 - Sgeepi
Serina + n - Sgeepi

Qi = I‘i — 6 + 10log(Scrina) — ZH]I - Lm{ - .ﬂ_-":.i

-1

Zu_ = Zetima - 10 1ag{1 + o1 (Zerma-Zazept) 1}
] -3 V)
0.78 + 5.46 - exp[—4.3- 100 ~ - (273 - |Qi|||

e 1001

—13 -
0.78 + 5.46 - Exp|:—-l-.3- 10 - (273 - |Qi|:.:|

e 1001

1

B = Z |Pi-ki].
i=1

~11R
7. 25 —11.
WamepiBesMixpodonal0% = i#|R = 0.15.1— e 7O R 154 g0, [1 _TUR

WoeepibesMixpodomal s = 0.000816007

Po3paxyHok cnoBecHoi po3bipnuBocTi npu 90% onTumanbHOI 3aBagu Ans ABepen 6e3 BUKOPUCTaHHSA
MiKpOPOHY:

Lo =09 - L.
1 1

Ly =
i

41.9566031791
48.98373097935
54.5120725894
56.9155650676
58.3896173288
577009577775

52.314742208

Qi = Li — 6+ 10log{ScTima) — an - I_IJIi - .-':L—":.‘i

0.78 + 5.46 - exp[-_u- 107" - (273 - |:;ri

e 1001

:. :j|

0.78 + 5.46 - E:»:p|:—~|-.3 1007 (273 - |:;ri

e 1001

:. :j|

1=

B = Z |Pi-ki':.
i=1

-11.E

T. 23 - 11.
WasepiBesMikpodonad0% = ith >0151- e TOTR 154 0P [1 _ R}i|
WoeepibesMixpodoma®l?e = 00081019363
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Po3paxyHok crnoBecHoi po3bipnuBocTi npu 80% onTumanbHOI 3aBagu Ansa ABepen 6e3 BUKOPUCTAHHA
MiKPpOPOHY:
L. =08 - L.

1 1

Lu. =
i

37.2947583815
43.5411020386
48.455175635
50.59161330934
21.90188207
51.2897402467
46,5019930738

Qi = I‘i — 6 + 10log(Scrina) — Z"H]I - Lm{ - .-'JL—"L1.

_"'\ "| _"'\ "|
0.78 + 5.46 - exp[—_u- 10 7 - {273~ |E;_I'i| r} 0.78 + 5.46 - E:»:p|:—-l-.3- 10 7 - {273~ |E;_I'i| r}

P. = if| Q. £ 0) 1
1 1 Lo ol RRLRS L1
E.=P -k
L0 ] 1 1
7
R:=Z |Pi-ki].
i=1

~ILR
7. 25 —11.
WagepiBesMixpodona8% = iR = 015.1— e 70 & 55 g0 [1 _ R

WoeepibesMixpodonallls = 0.05354456603

Po3paxyHok cnoBecHoi po36ipnuBocTi npu 70% onTumanbHOI 3aBagu Ans ABepen 6e3 BUKOPUCTaHHS
MikpocpOHy:

Lpr. =0.7-L.
i i

Qi = Li — 6 + 10log(Scrina) — an - I_U.Ii - .14.1.

_1 7 _1 7
0.78 + 5.46 - exp[—u- 107 - (273 - |E;_I'i| r} 0.78 + 5.46 - Exp|:—-l-.3- 107 - (273 - |E;_I'i| r}
A-

e 1001 s 10001

B = Z |Pi-ki].
i=1

~11R
7. 25 —11.
WmepiBesMixpodonal0% = #| R > 015.1— e 70 F 154 g08 [1 _ IR

WoeepibesMixpodona7ll = 02373806688
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KiHueBi 3HaYeHHA cnoBecHOI po36ipNMBOCTI y BigCcOTKax Npu Pi3HMX 3Ha4YeHHAX ONTUManbHOI 3aBagu
(70%, 80%, 90%, 100%):

{ WoeepibesMixpodonal00% | [ 0.0816007001

WoeepibeshMixpodona®ile 08101936296
result = 100 - ] ) =
WoeepibesMixpodonadle 3.54435660548
\ WoeepiBesMixpodona70% | | 23.7389668825 )
30)
WisepibesMixpodosal 00%- 100,
WasepibeshMixpodora®0%s- 100
WiasepibeshMixpodoral0®s- 100
Wasepibeshixpodora70%- 100 10
%o 33 40 45 30

LIIIi_
3anexHicTb BenuunHn crioBecHoi po3bipnueocTi npyn 100%, 90%, 80%, 70% onTumanbHOl 3aBaau Ha Npuknagi
nBepen 6e3 BUKOPUCTaHHS MiKpOhoHy
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JIOJIATOK B

CIIUCOK NYBJIKAIIIA 3A TEMOIO JIUCEPTAIIIL TA
BIJOMOCTI ITPO AITPOBAIIIO PE3YJBTATIB JOCJ/IIKEHHSA
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