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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTHU

AKTYaJIbHICTh TeMH JOCJiAKeHHs. 3a0e3neueHHsl iHPpaCTpyKTypr YKpaiHu MepekaMy CYy4acHOTO
IIBUJIKICHOTO Ta IOTY)KHOTO 3B'A3Ky BMMAara€ IpOBEJECHHs IMOCTIMHMX HAYKOBHX JOCHIIKEHb B  PI3HUX
HanpsIMKaxX TMiJBUIIEHHS Horo egekTuBHOCTI. OAHMM 3 HaNpsMKiB TaKUX JOCTI/PKEHb € PO3BUTOK 1
YIOCKOHAJICHHS] OJTHOTO 3 KJIIOUOBHX EJIEMEHTIB TEIEKOMYHIKALIHHUX CHUCTEM, a came TEXHOJOr1I 1udpoBoi
niepenadi KopucHUxX nanuX. Cepel yehoro pi3HOMAHITTS TEXHOJOTIH IrdpoBoi mepeaadi KOPUCHUX JTaHUX,
10 BUKOPUCTOBYIOTbCS B CYYaCHUX TEJIEKOMYHIKALIMHUX MEpeKax, YlbHE MiCle 3aiiMaroTh TEXHOJOTI{
niepeziadi CUrHajiB 3 0araTono3uLiHHO (ha30BOK0 MaHIMTYIsIier0. BoHM Ha BUCOKOMY piBHI 33/I0BUTHHSIOTH
CY4aCHMM E€HEpPreTHYHUM U CIEKTPaIbHUM BUMOraM 1, y MOPIBHAHHI 3 IHIIMMU BUJAMH AUCKPETHUX CUTHAIIB
niepeayl JaHux, 3a0€3MeuyloTh BUCOKY MPOITYCKHY CIIPOMOKHICTh KAHATIB Ta 3aBaJIOCTIHKICTh MPUHAMATEHO
-IIepeIat0UMX MPUCTPOIB 3aCO0IB TEJICKOMYHIKAITIM IIPY HAIBHOCTI CKJIAJIHUX 3aBaJI.

BupirieHHst mUTaHHS TT1IBUIIEHHS €(heKTUBHOCTI TEIIEKOMYHIKAIIHHAX CHCTEM, IO MPAIFOIOTH Ha OCHOBI
TEXHOJIOTIi 3 0araTornmo3uIiiHOW (a30BOK0 MAHIMYJIIEI0 BUMAra€ OOTPYHTYBAHHS IMOJAIBIINX HAMPSMKIB
JOCHI/DKeHb IO/I0 YAOCKOHAJICHHSI BKA3aHOI TEXHOJIOTii MPH YMOBI 30€peKeHHS BCIX NMPUTAMAaHHUX Ii
BJIACTMBOCTENl B yMOBax BIUIMBY Pi3HHMX 3aBaj Ta 30ypeHb. BiamiueHo, 10 B pajiokaHanax CyHacHHX
PaTiOTEXHIYHUX TPUCTPOIB TOPS 13 HIYMOBUMH 4YacTO TPHUCYTHI W HeduyKTyamiiiHi 3aBajy pi3HOrO
NOXO/PKEHHS, 10 BHUKJIMKaHI SK HPUPOAHIMU NPUYMHAMM, TaK 1 MOXMOKaMM amapaTrypy, MOPYILEHHSIM
pETIIaMeHTIB 3B'SI3Ky Ta HABMUCHUMH HisiMH B pafionpoctopi. [losBa HeykTyaliifHiX 3aBaj B 3aralbHOMY
NPHU3BOJUTH J0 3HIKEHHS SIKOCTI 3B13Ky. IIpy 1IbOMy HEOOXIHO BpaxyBaTH, 10 KOXHA 3 TaKUX HAWOLIbII
IIKUIMBUX  He(DIyKTyaliiHAX 3aBaj TIEBHUM YHHOM BIUIMBAE Ha SIKICTh Tmepenadi iHpopmamii B
TENIEKOMYHIKAIIHHIM Mepexi, 110 MPAIFOe Ha OCHOBI CUTHAITY 3 0araTorno3UIliiHHO0 (ha30BOK0 MAHIMTYJISIIIELO.

€ oueBMOHMM, IO BHUPIMIEHHA 3aBIAHHS MIJABUINCHHA e(QEKTHBHOCTI  (YHKIIOHYBaHHS
TENIEKOMYHIKAIIIfHOI Mepeki Ha 0a3l cUrHaimy 3 0araTorno3wiiiiHOI (a30BOI0 MaHIMYIAIIEI MOTpedye
BU3HAUCHHSI BCHOTO CIIEKTPY HE(IyKTyalliiHUX 3aBaj], SIKi BIUIMBAIOTh HAa BKa3aHy MEPEXKY Ta PO3POOKH
Crmoco0iB Ta METOAIB, 00’€IHAHMX B 3arajbHy METOAMKY OIIHKM BIUIMBY HeQUIyKTyalliiHHX 3aBaj Ha
3aBaJJOCTIMKICTh MPHAOMY JTCKPETHHX CHTHAJIB 3 0araToOro3UIIiIHHOI0 (ha30BOIO MAHIITYIIAIIIETO.

[Ipu BupileHHI BU3HAYEHOTO B JIWCEPTaliliHiId poOOTI 3aBIaHHS, aBTOP Yy CBOIX JOCIHIIKEHHSIX
CIIUPABCS Ha Mpalll BITYU3HAHUX 1 3apyOIKHUX BUECHHUX, SIK1 3pOOMIIN 3HAUHUI BHECOK Y PO3BUTOK TEOpIi
00poOKH pajmionokaitiiinux curHamis. A came: Timothy A. Thomas, E. P. Simon, Harpreet S. Dhillon,
banker B.JI., Crexnosa B.K., bepkman JI.H., Kozenkor C. B., boiiko 0.M., Knumam M.M., [llupman
S1. J1., Kpusyna B.I'., bapkoscekuii B.B., 3aitnes C.B.

AHaJi3 HayKOBUX JOCTIPKEHb BITUU3HSHUX 1 3apyODKHUX BUYEHUX TMOKA3aB, 10 3aBJAHHSIM OIlIHKH
BIUIMBY HE(PIyKTaLIHHUX 3aBaJl IPUPOJHOIO XapaKTepy Ha 3aBaJOCTIMKICTh CUTHAJIB O€3MOCePEaHbO 3
OaraTono3uiiiHoI0 (Ha30BOI0 MaHIMYJIALIEI0 B IPOLEC] IX MPUHOMY HE MPUIUISIIOCS BIAIOBIIHOT yBary.
Jani o6ctaBuHU (OPMYIOTH HOBE HAyKOBO-TEXHIYHE 3aBJIaHHS, CIPSMOBaHE Ha IiJABUIICHHS
eeKTUBHOCTI (PYHKITIOHYBAaHHSI TEJIEKOMYHIKAIIIHOT MEpeKi Ha 0a3i CUTHAITY 3 0araTomo3uIifHOI (Pa30BOIO
MaHIIyJIALIERO.

€ oueBMAHMM, WIO0 BUPIMIEHHS 3aBJaHHS MIABUILEHHS €QEKTUBHOCTI (PYHKIIOHYBAHHS
TEJeKOMYHIKalliifHOT Mepeski Ha 0a3i CHTHaNIB 3 0araTomo3uIiifHO0 (a30BO0 MaHIMYIALIE0 TOTpedye
BUDIIICHHS pPsAy 4YacTKOBHX 3aBAaHb. J[0 TakWx BiJIHECEHO BHU3HAYEHHS BCHOTO CIIEKTPY
HeUIYKTYallliHUX 3aBaJl, Kl BIUIMBAIOTh Ha TEJIEKOMYHIKAIIITHOT MepeXy Ta MOJIETIOBAHHS X BIUIMBY
Ha TIOKa3HUKU 3aBaJOCTIMKOCTI NpUHOMY JUCKPETHMX CHUTHAJIB 3 0araTomo3uiiiiHol (a30BoI0
MaHimyssuiero. Lle, B cBOO uepry, A03BONUTH 3IHCHUTH PO3pOOKY CIIOCOOIB Ta METO/IB, 00’ €IHAaHUX B
3araJlbHy METOJUKY OLIIHKH BIUIMBY He(DITyKTyalllHUX 3aBaJ HA 3aBaJIOCTIMKICTh TPUHOMY TUCKPETHUX
CUTHAJIIB 3 6araTono3uuiiHoOK0 (Pa30BOI0 MAaHIMYJIALIE0.

3B's130k po0OTH 3 HAYKOBUMH NMpOrpaMaMu, IjaHaMu, TemMamu. JlucepraitiitHe JOCTIIKEHHS
BI/IMIOBiJJa€ BUMoOTraM cTatTi 5 3akoHy Ykpainu «I[Ipo mpiopuTeTHI HalpsIMA PO3BUTKY HAYKU 1 TEXHIKM»
Bix 11 mumas 2001 pox Ne 2623-111 (31 3minamu Ta qommoBHeHHsIMU Bix 29.01.2021 p.), myHKTY Hepmioro
posniny apyroro «llepeniky mpiOpUTETHUX TEMAaTHUYHUX HANPSMIB HAYKOBHX JOCITIKEHb 1 HAyKOBO-
TEXHIYHUX po3poOok Ha nepion 1o 2021 poxy», 3aTtBepaxkeHoro [loctanoBoro KMV Bix 7 Bepecus 2011
p. No 942,
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JlocnmipKeHHsT TPOBECHO B MeXax HayKOBO-AOCHITHOI poboTtu: «lHopmauiiiHa Ta apiamiiiHa
Oesreka 00’ekTiB KpuTu4HOi iHGpacTpykrypu» (AP Ne0119U102297), HamionanbHuii aBialliiHUMA
yHiBepcuTeT, akT peamizamii Bim 19.09.2023 p., Nel8.03-14.2; «JochmimkeHHS HATIHHOCTI
tenekoMyHikamiitHux mepex» (PK Ne 0114U000404), «Metoauka po3poOku 0e3mpoBOJOBOI MEpExi
BUCOKOI HIUTbHOCTI Ha 0a3i TexHonorii Aruba Instansy (PK Ne 0118U004553), /lepxaBHuii yHiBEpCUTET
iHpopMaIifHO-KOMYHIKAIIIHHUX TEXHOJIOT1H, akT pearizarii Bix 07.11 2023 p., Ne0/144-23.

Metoro aucepTAliiHOIO JOCTIIKEHHSl € TIJBUIICHHS 3aBaJOCTIHKOCTI NPUHAOMY TUCKPETHUX
CUTHAJTIB 3 0araTorno3uIiiHo (Ha30BOI0 MaHIMYJIAIIEI B yMOBaX BIUIMBY He(DIIyKTallIHHUX 3aBa.

BianosinHo 10 MeTH B poOOTI 0YII0 IMOCTABICHO 1 BUPIIICHO TaKi 3aBJaHHS:

1. AHai3 mporeciB MpUHOMY CUTHAITIB 3 0araToro3MIiiHO (Ha30BOK0 MAHIMTYJIAIIEID Ta 0COOIMBOCTEH
(dhopMyBaHHS BIUIUBY Ha 1X 3aBaIOCTIHKICTh HE(TyKTAIIHHNAX 3aBa]] Ta 30YPECHb.

2. Po3poOka MeToly OLIHKM 3aBaJOCTIMKOCTI KOI€pPEHTHOrO MPUHOMY JMCKPETHOIO CHTHAIY 3
0ararono3uiiitHo0 (a30BOI0 MAHIMYIISIIIEIO B YMOBAX BIUTMBY HE(IyKTaLlIMHIX 3aBa;

3. Po3poOka momeni Ta Ha ii OCHOBI METOAY OIIHKH BIUIMBY IOXHOKHM CHCTEMH CHHXpPOHI3allii Ha
3aBaJIOCTIMKICTh KOT€PEHTHOTO MpPUIOMY JICKPETHOIO CUTHATy 3 0araTormo3uIiiHOI  (ha30BOO
MAaHIMYJISIIEI0 B yMOBaX BIUIMBY He(DIyKTAIIIHUX 3aBa;

4. Po3poOka METOy OINHKA 3aBaJIOCTIHKOCTI aBTOKOPEISIIHOTO JEMOAYJSTOpa CUTHATY 3
0araTono3uiiiHOK (Ha30BOIO MAHIMYISIIEI0 B yMOBaX BIUIMBY HE(DITyKTAIIMHUX 3aBal.

5. Ouinka BIumBY He(UIyKTallIMHUX 3aBaj HA €PEKTUBHICTH 3aBaJIOCTIHKOCTI NPHHAOMY CHIHAJIB 3
0araTono3uiiiHOI (Ha30BOO MAHIMYIISIIELO.

06’exmom 0ocniodicenHs: € TIPOIEC TPUHAOMY JUCKPETHUX CUTHAIIB 3 0araTONoO3WINHHO (a30BOIO
MAaHIMYJISIIELO.

IIpeomemom Oocniodcenns € 3aBaAOCTIMKICTh TMPUHOMY JUCKPETHUX CHTHAIIB 3 0araTormo3wIiiftHO0
(ha30BOI0 MaHIIMYJISLIIEI0 B YMOBAX BIUIUBY HE(IIyKTAIlIHHUX 3aBa]l.

MeToau aocaizkenb. Y nucepTamiifHid poOOTi HOBI HAYKOBI pe3yJIbTaTH i BUCHOBKH OTPUMaHi Ha
€IMHIM METOJOJOTIYHIM OCHOBI MAaTEMaTHYHOTO aHaji3y W CHUHTE3y CKIAIHHX TEXHIYHUX CHCTEM.
BukopucroByBanucsi cydacHi i KJIacCH4HI METOAM TEOpii CHUTHANIB 1 CHUCTEM, METOAU CIEKTPAIbHOL
Teopii, METOIM Teopii 1HBAPIAaHTHOCTI, METOAM MAaTEMAaTUYHOTO Il CUCTEMHOIO aHaji3y, METOJH Teopii
3B’SI3KY, T€OPii HMOBIPHOCTI 1 MATEMATHYHOI CTATUCTUKH.

BiporiiHicTh HayKOBUX pPE3yJIbTaTiB, BUCHOBKIB Ta PEKOMEHAIliN, BUKIAJECHUX Yy AUCepTaLiiHIi
poOoTi, OOTPYHTOBAaHO KOPEKTHUM BHKOPHCTAHHSIM MAaTEMaTHYHOTO amapaTy Ta MOJEITIOBAaHHSM Ha
EOM.

HaykoBa HOBH3HA oOJep:KaHUX Ppe3yJbTaTiB. Y Tpoleci TEOPETUYHUX JIOCTIKEHb 1
MO/ICNIIOBAHHS Y AUCEepTaLiiiHii poOOTI ofiep>kaHi HACTYIHI HOBI HAYKOBI pe3yJIbTaTH, a caMe:

Habys8 nooanbuio20 po3UMKY

— METO/]I OLIHKH 3aBa/IOCTIHKOCTI KOT€PEeHTHOTO NMPHHOMY JAMCKPETHOTO CHTHANY 3 0araTorno3uIiiHO0
(ha30BOI0 MaHITYJIALIEL0, KU, HA BIIMIHY BiJl ICHYIOUHMX, JI03BOJISIE OLIHUTH 3aBaJI0CTIMKICTh KOI'€PEHTHOTO
NpUHOMY B YMOBAX BIUIMBY HE(ITyKTaIlIHUX 3aBas;

VOOCKOHAIEHO

— METO/] OLIHKM BIUIMBY MOXUOKH CHCTEMHM CHHXPOHI3allii Ha 3aBaJJOCTIMKICTh KOT€PEHTHOTO MPUIOMY
JCKPETHOTO CUTHATY 3 0araTomo3WINHOK (ha30BO0 MAHIMYJISIIIEIO, SIKHA JTO3BOJISIE BCTAHOBUTH MOXUOKY
CHCTEMHU CUHXPOHI3allii TP HAIBHOCTI B KaHaJI MPUIOMY JaHUX He(IIyKTallifHUX 3aBa]] Ta OLIHUTH 1i BILUIUB
Ha 3aBaJIOCTINKICTh KOTEPEHTHOTO MPUHOMY TUCKPETHOTO CUTHAIY;

Ha0y8 NOOALULO2O PO3BUMK)

— METOJI OINIHKH 3aBaJOCTIMKOCTI aBTOKOPEJAIIHHOTO JEMOIYNISITOpa CHUTHATY 3 0araTOmO3WINIHHOIO
(ha30BOIO0 MAHIMTYJIALIEI0 B YMOBAX BIUIMBY HE(ITYKTAIIMHUX 3aBajl, IKUI, Ha BIIMIHY BiJ] ICHYIOUHX, J03BOJISIE
3MIACHUTH OLIIHKY 3aBa/IOCTIMKOCTI OKpeMO JUIsl CHH(pa3HUX Ta KBaIpaTypHUX KaHAIIB Ta BU3HAYUTH NUISXH il
TIIBUILIEHHS Y MOBaX BIUTUBY He(OIYKTAI[IHIX 3aBa/l.

IpakTuyne 3HA4YeHHH OJEP:KAHUX Ppe3yJbTaTiB y Tamy3l po3poOKHM Ta CTBOPEHHS
TEJIEKOMYHIKallIHHUX CHCTEM IIOJIArae y TOMY, L0 3allpONOHOBAHI B JAMCepTaliiiHiil podoTi MeToau y
MOEHAHHI 3 aJTOPUTMaMM iX 3acCTOCYBaHHS 3a0e3MeuyloTh MIJBUIIEHHS 3aBaJOCTIMKOCTI Npuilomy
JUCKPETHUX CUTHAJIB 3 0Oararono3uuiifHO0 (a30BOI0  MAHINMYJSAIIEI0 B  YMOBAaxX  BIUIMBY



He(IyKTaliHUX 3aBaj.

1. BcraHoBieHO, 110 OCHOBHHUMH BUJAMU HEPIYKTYyalliiHUX 3aBaj, SKI MOXYTb YMHUTH BIUTUB Ha
3aBaJJOCTIMKICTh MPUIOMY JUCKPETHUX CUTHAJIB 3 0AraTono3uiiifHO0 (a30BO0 MAHIMYJIALIEI0 € TApMOHIYHA
3aBaJla, Xa0TUYHA IMITYJIbCHA 3aBajJla Ta MYJIbTUILTIKATHBHA 3aBaJIa.

2. Pe3ynbTaTH OLIHKY 3aBa/IOCTIHKICTh KOTEPEHTHOTO MPHHOMY CUTHAJIB 3 0AaraTorno3uiiiHo0 (Ha3oBo0
MAaHIITYJISIIE0 TP HASBHOCTI TapMOHIMHOI HE(UIYKTyalliiHOI 3aBaiyd IMOKa3ad, IO 13 30UIbIICHHIM
MO3MLIMHOCTI CHTHATYy BIUIMB TapMOHIYHOI 3aBaiy JUIsi CMIHaiB 3 mosuuiiHicTio M = 2 abo M = 4
MPaKTUYHO HE 30UTblye BenmuuuHy OiToBOi mommuikd. Ilpu Benmkidd iHTeHcHMBHOCTI (U > 0,5) mpuITUTBHI
TapMOHI¥HI 3aBaJIi IPAKTUYHO PYWHYIOTh MPHIOM BCIX BHIIB cUTHAIIB bOM.

3. Pe3ynpTaTil OIIHKYM 3aBaJIOCTIMKICTh KOT€PEHTHOTO PUHOMY CUTHAJIB 3 OArarono3uiiiHo0 (Ha3soBoo
MAaHIITYJISIIE0 TPYU HASABHOCTI IMITYJIbCHOI HE(IIyKTYyalliifiHOT 3aBaayl TOKa3aiM, IO JyIsi 3abe3reueHHS
NPUAHATOrO0 piBHA HMOBipHOCTI cuMBONBbHOI moMuiku P=0.001 3a HasgBHOCTI IMITyJIbCHOI 3aBagu 3
iHTeHCHBHICTIO 1.0 B 3a1€)KHOCTI BiJI BIZIHOCHOTO 3HAYSHHS TAKTOBOTO IHTEpBaTy OTpiOHE 301uibimenHss BCIL
Bin 1 go 6 J16. Ilpu mamux iHTeHCHMBHOCTSIX, M0 1 =0,2, imMImynbcHA 3aBaja 3AiMCHIOE ClaOKWii BIUIMB Ha
3aBaIOCTIHKICTh MpHiMava.

4. Pe3ynbTaTyl OLIHKA 3aBaI0CTIHKICTh KOTEPEHTHOT'O MPUIfOMY CHTHAJIIB 3 0araTormo3uIinHo (azoBoio
MAaHIMYJSIIE0 MPU HAsBHOCTI MYJIBTUIUIIKATUBHOI HE(IyKTyaliiiHOI 3aBajy IOKa3aid, IO 3aBajga 3
BIJIHOCHUM CEpe/IHIM 3Ha4eHHsM iHTeHcuBHOCTI | = 0.1, mucmepciero amrmtityam 0,01 Ta qucnepciero dasu
0,01 paL[2 npu iMoBipHOCTI GiToBOi momwmiku 0,001, s curHamiB 3 nosuiiiHicTio 2-OM Ta 4-OM nae
MOTIpIICHHS CiBBiHOMICHHS curHa/myM Bif 0,3 no 1 ab. [ cursanis 3 nosumiiinicTio 8-OM ta 16-OM
11€ TIOTIPIICHHS] MOYKE CTAaHOBUTH Bifl 2,5 110 5 b, BiAMOBIHO.

5. Pe3ympraTé OIIHKK IMOBIPHICHMX XapaKTEPUCTUKAX TMOSBH OITOBOI IMOMHJKH CHTHATY 3
0araTono3uiiiHoK (Ha30BOI0 MOMAYJISLIEI0 MPH HASBHOCTI (Pa30BOi MOMUIIKM KOT€PEHTHOTO AEMOAYISTOpa
TIOKA3aJIH, 1110 TIPH BEJTMKUX CITIBBIJHOIIEHHSX CHTHAJI-IIIYM HE3HaYHa MOMMJIKA OIiHIOBaHHS (a3u, Bix 1/180
10 /90, IpUBOAUTH A0 3HAYHOTO 30UIBIIEHHS IMOBIPHOCTI O1TOBHX moMmIIoK. [Ipu BunaakoBux (aykTyarisx
¢azum st curnamis 3 M > 4, konmu gucniepeist oMk 3MiHioeThest Big 0 10 0,01, HMOBIPHICTS HOMUIIKH MOXKE
3pPOCTH Ha OJIMH-/BA TTOPSIKH.

OtpumaHi pe3yabTaTH JI03BOJAIOTH MPUMTH OO BHUCHOBKY, IO MiJ Yac MPUHOMY CHIHAIIB 3
0araToro3uIHHO (a30BO0 MAHIITYJIAIIEIO TOMYCTUME 3HAYCHHS MOXHUOKU OINIHKM (ha3u HECYUOi 3aJICKUTh
BiJI To3uIiitHOCTI M 1 3MIHIOETBCS Bif 11/36 — /72 miia curHamis 3 mosutiigictio 2-OM xo n/180 st 32-OM.

6. OILIHKY 3aBaJIOCTIHKOCTI aBTOKOPEISLIHOTO JEMOAYJSTOpa CUTHATY 3 0araTorno3uiliiHor (HazoBoOro
MaHIMyJIALIE0 TP HAsIBHOCTI HE(IIyKTalliiHUMX 3aBaj MOKasajia, 10 HediyKTaliiiHa 3aBaja 3 Maoko
iHTeHcuBHICTIO | = 0,1 1o 0,3 mpakTW4HO HE MO3HAYAE€ThCS HA 3aBaJIOCTIMKOCTI JIEMOMYJSITOpa, a
JIOMIHYIOUHMH BIUIMB 3/IHCHIOIOTH PEJIEIBChKI 3aBMUpPAHH. SIKIIO 1HTEHCUBHICTh 3aBajl 3pOCTa€ JI0 3HAUCHb
outem = 0,5 TO IS cyMapHOI HMOBIPHOCTI CHMBOJIBHOI TTOMIUTKH B 3Ha4YeHHI 0,01 101aTKOBI eHepreTHyHi
BTpaTH 32 paXyHOK HEe(DIyKTaIIiHOI 3aBa/ii CTAaHOBJIAThH BXKe OM3bKO 3 b B MOPIBHAHO 3 BUMAIKOM, KOJIH
BIJICYTHS TaKa 3aBajia.

7. Hedmykrauiiina 3aBaga MOXe JOCUTb CHJIBHO MOTIPLIYBaTH 3aBaJOCTIMKICTh aBTOKOPENSALIMHOIO
nemonynsropa curHaniB BOM B kanani 0Oe3 perneeeBChKUX 3aMHpaHb, OCOOIMBO MPH 31 30UIBLICHHAM
MO3UITITHOCTI CUTHATIB. 31 30UIBIIICHHSIM 1HTEHCMBHOCTI 3aBa/iv JI0 3HaYeHHs Ha 50 BiICOTKIB NPU 3HAUYCHHSX
BCII no 10 nb #MOBIpHICTH CUIMBOJIBHOT ITOMUJIKM MO>K€ HOTIPIIMTUCH HA JBA MOPSAKY.

[IpakTuHa WIHHICTE pOOOTHM MIATBEp/KEHA aKTaMH peaii3alii OCHOBHHX pe3yJbTaTiB
JOCIIJDKeHHsT y HaB4yalbHOMY Ipoueci HamioHampHOro asialiifHoro yHiBepcutery, Jlep:kaBHOTO
YHIBEpCUTETY 1HPOpPMAIIHHO-KOMYHIKAIMHUX TEXHOJIOTIH. Y J0JaTKy A0 JucepTauiiHoi poboTu
IpEeJCTaBIeH] JTOKYMEHTH, IO IiJITBEP/DKYIOTh MPAaKTUYHE BUKOPHUCTAHHS PE3yJbTaTiB JAUCEPTAIiiHOT
poboTH.

OcoOucTnii BHecok 3700yBaya. HaykoBi MOJIOKEHHS Ta pe3yiabTaTH AUCEpTallii OTpHUMaHi
aBTOpOM caMocCTiiiHO. OcoOMCTO aBTOPOM 3/1HCHEHA PO3pOoOKa 3arajabHO1 KOHIIEMIIIT qucepTallii, BUOip
00’€KTy Ta MpeIMeTy IOCTKEHHsS, BU3HAUEHO METy Ta 3ajaadi poboTH, oOpaHO Ta OOIPYHTOBAHO
METOIN HOCIIKEHD.

B nuceprauiiiniii poOoTi y3aralbHEHO pe3ybTaTH JOCIIIKEHb, BAKOHAHUX aBTOPOM OCOOHCTO Ta
onyOIIKOBaHMX B CITIBABTOPCTBI B podOoTax [1-8]. Yci HaykoBi pe3yabTaTy, 1Mo MOAAI0ThCS A0 3aXHUCTY,
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OJIepKaHO OCOOMCTO aBTOPOM, HAyKOBI CTaTTi, OMyOniKoBaHI y ()aXxOBHUX BHJAHHSX, BIAMOBINAIOTH
BHMOTaM $IK 32 Ha3BOIO, TaK 1 32 3MICTOM.

B nHaykoBuX myOmikamisx y CHIIBaBTOPCTBI aBTOpY HaJe)XaTh: IPOBITHA pOJIb y BHOOpI Ta
OOTpYHTYBaHHI HAaNpsSMKY JOCIIPKEHb, MOCTAHOBKA 3aJadyl Ha pI3HUX eTanax BHKOHAHHS pPOOOTH,
aHaJi3 Ta iHTepIpeTalis OTpUMaHuX pe3yabTartiB. B nmucepramiiiHiii poOOTI He BUKOPUCTOBYBAIUCS 1/1€i
Ta pO3pOOKH, 110 HAJIEKATh CIIBABTOpaM, 3 SKUMHU OMyOIIKOBaHO HAYKOBI ITpaIi.

Y omy0OiKOBaHMX y CHIBaBTOPCTBI poOOTax aBTOPOM JHUcCepTallii 3poOJeHO Takwili ocoOuCTHit
BHecok. B [1] momano ocoOucTto po3poOiieHI MaTeMaTH4HiI 3aJeKHOCTI OIIHKH  BIUIMBY
HeUIYKTYal[lfHUX 3aBajl Ha 3aBaJOCTIMKICTh MPUHOMY IUCKPETHUX CUTHANIB 3 0araTorno3uiiiiHO0
¢dazoBoro MaHinyssniero. B [2] momanHo matemMaTH4HI 3aJ€KHOCTI Ta HAa iX OCHOBI MOJIEIb OIIHKH
BIUIMBY (a30BOi MOMWJIKM CHUCTEMHM CHHXPOHI3allii KOTEPEHTHOrO AEMOAYJSATOpa Ha WMOBIPHOCTI
0iTOBOT MOMMJIKM CUTHAJIIB 3 OaraTtomno3uiiiHow (a3zoBoro MaHinyssmiero. B [3] momani pe3ynbraTtu
OLIIHKH  3aBaJIOCTIMKOCTI KOTEPEHTHOTO TPUIOMY CHUTHamiB 3 0araTono3ulliifHO0  (a30BoOIO
MaHIMYJISAIIE0 TPU HAasABHOCTI HeIyKTyamiiHuX 3aBaja. B [4] oOrpyHTOBaHO HAayKOBE 3aBJaHHS Ha
pO3po0OKy Ta moJaHa MOJETbh ONEPATHBHOTO MPOTHO3YBAaHHS ONTHMAJIBHHX pPOOOYMX YACTOT IS
JTAIbHBOTO PAAio3B’sI3Ky 32 YMOB BIUTUBY HeQUIyKTyalliiiHuX 3aBaa. B [5] momaHo pe3ynbTaTé OIIHKU
BIUTMBY MYJIbTHUILTIKATHBHOI 3aBaJ i Ha IMOBIPHICTH OITOBOI MOMMIIKM KOT€PEHTHOTO MPUHOMY CUTHAJIIB
3 Oararomno3wuiiitHoo (a3oBoro MaHimyssuiero. B [6] mogano 3axoau 3a0e3nedeHHs 3aBaIOCTIMKOCTI B
MEpEeKEBUX CYIMYTHHKOBUX CHCTEMax B YMOBaxX BIUIMBY pi3HuX 3aBaj. B [7] oOrpyHToBaHO 3axomu
3axucTy iH(popMalii B M0OaTbHUX HABIrallIiHUX CYMYTHUKOBUX CHCTEMax MiJl JI€0 BIUIUBY Pi3HUX
3aBajg Ta 30ypeHb. B [8] mpoBemeHO OIIHKY MOMJIMBHX 3aXOMIB Ta 3aCTOCYBAaHHS DPi3HUX CIOCOOIB
3MEHIIEHHS BIUIMBY He(IyKTamiHMX 3aBaj Majioi MOTY>KHOCTI METOJaMH  IiABUIIECHHS
3aBaJIOCTIHKOCTI CHTHAITIB 3 0araTono3uIiiHo0 (a30BO0 MAHIMTYJIAIIEIO.

Anpo0anis pe3yiabratiB auceprauii. OCHOBHI MOJIOKEHHS 1 pe3ylbTaTy AMCEPTAllil, MPaKTHYHI
BUCHOBKH 1 peKOMeHpalii, siki oaepkaHi B Xxoxai poOotu, ampoOoBaHi Ta ompwionHeHi B xoxi: IX
MDKHApOAHOI HayKoBO-TexHI4HOi KoH(epeHuii «ITSec: be3neka iHpopManiiHuX TexHONOTii», 22-27
oepesns 2019 poky, HarionansHuii aBiariitauii yaisepcuret; XXII International Scientific and Practical
Conference «International Trends in Science and Technology» February 28, 2020, Warsaw, Poland;
MixHapoaHa HayKoBO-TexHiuHa KoH(pepenmii «ABIA-2023», Ykpaina, Kui, 18-20 xBiTHsa 2023 p.,
HarmionansHuit aBiariiiHuil yHiBEpCUTET.

KpiM TOro, oCHOBHI MOJOXEHHS 1 pe3ylbTaTH AMCEpTallll, MPaKTUYHI BUCHOBKHM 1 pEeKOMEHJalli
TaKOXX anpoOoBaHO Ha MikKadenapanbHoMy cemiHapi PakyibTeTy KibepOesneku Ta KOMI IOTEpHOL
1mkeHepii HarioHansHOTO aBialliifHOTO YHIBEPCUTETY.

IMy6amikamii. OCHOBHI HayKOBI TIIOJIOXKEHHS Ta pe3yJbTaTH JUCEPTALiHHOTO JOCIIJKEHHS
OImy0JIIKOBAaHO B 8 HAYKOBMX Mpalsx. Y TOMM 4HCHl: B 5 cTaTed, BkitoueHux 1o «llepeniky HayKoBuX
(baxoBux BUAaHb YKpaiHU»; B 3 Te3aX AONOBiJEH Ta MaTepiagax KOH(pEepeHIIH.

Crpykrypa aucepramii Ta Ti o6car. [lucepramiitHa poOoTa CKJIalaeTbcs 3 aHOTAIlll, 3MICTY,
HepeniKy YMOBHMX CKOPOYEHb BCTYINYy, YOTHUPbOX pO3JUIIB, 3arajJbHUX BHCHOBKIB, CIIHCKY
BUKOPHUCTAHUX JIKEpeNl Ta A0AaTKiB 1 Mae 114 cTOpiHOK OCHOBHOT'O TEKCTY, 37 pUCYHKIB Ta 13 Tabnuilb,
2 ctopinkH AoxatkiB. CIIMCOK BUKOPUCTAHUX JpKEped MICTHTh 98 HaliMeHyBaHb 1 3aiiMae 12 CTOpiHOK.
3aranmpHUI 00cAT mucepTaniiHoi poooTn — 143 cropinku

OCHOBHHM 3MICT POBOTH

Y Beryni MICTUTBCS OOTPYHTYBaHHSI aKTYalbHOCTI 1 CBOEYACHOCTI MPOBEJCHHS TOCIHIIKEHb 3a
00paHOI0 TEMAaTHUKOIO, BU3HAUYEHAa MeTa poOOTH 1 cHOpMYyTbOBAHO MEpENiK YaCTKOBUX 3aBAaHb, IO
BKJIIOYAIOTh TEOPETUYHI JOCHIKEHHS Ta MOJIEIIOBAHHS IMPOLECIB NMPUHOMY AMCKPETHHUX CUTHAIIB 3
OaraTono3uiiiHOI0 (a30BOI0 MaHINMYALIEI0 B yMOBaxX BIUIMBY HeQuyKTaumiiHux 3aBaj. Omnucani
METOJM, SIKI BUKOPHUCTOBYBAJIUCH JJIsi OTPUMAaHHS HAyKOBUX pe3yJbTaTiB, a TaKO0X BiJAMOBIIHICTb
JOCITIJDKEHHSI aKTyaJlbHUM HAyKOBUM IporpamaM. BuuizeHo mnepemik KIIOYOBUX OTPUMaHHUX
pe3yNbTaTiB, BKa3aHa iX HOBU3HA 1 MpPAaKTHYHA I[IHHICTH JAJIS 3aCTOCYBaHHS B raiy3l po3poOKu Ta


http://con.dut.edu.ua/index.php/communication/article/view/2695
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CTBOpPEHHS TEIEKOMYHIKamiiHuX cucreM. OcoOucThii BHECOK 3100yBadya BKAa3aHO Pa3oM 3 MEPEITiKOM
nmyOsikarii mo Temi gociipkenss. [logano 3araibHUI OMUC CTPYKTYPH 1 3MICTY POOOTH.

Y nepumiomMy po3aijii 3 BUKOPUCTAHHSAM CYYaCHUX JIITEPAaTYpHUX JDKEpPEN MO TeMi JOCITiJKCHHS
3MIACHEHO aHali3 OCHOBHHX XapaKTEPHCTHK CHrHaliB 3 OaratodazoBoro Mmaninyssiiero (BPM) ta
0COOIMBOCTI 3aBaJOCTIMKOCTI iX MpHiioMy B yMOBax [ii pi3HHX 3aBaj Ta 30ypeHb. BuzHaueHO meperik
HeUIyKTaIlIfHAX 3aBajl, 10 MOXYTh c(opMyBaTHCh miJ Ji€l0 yMOB 1 (pakTopiB, B SKUX (DYHKIIIOHYE
TeJICKOMYHIKaITlifHa Meperka repeiadi JaHux Ha 06a3i CUTHAIB 3 0araTorno3uIliifHO0 (a30BOK0 MAHIITYIISIIIETO.
[Tomano MaTeMaTH4Hi 3aISKHOCTI PO3PAXYHKY 1X XapaKTEPHCTHK.

Busznaueno, 1m0 BUpImIEHHS 3aBJaHHS  MiABUINEHHS  e(eKTUBHOCTI  (yHKIIOHYBaHHS
TeJIEKOMYHIKaIiitHOT Mepexi Ha 0a3i curHaiy 3 bOM mnoTtpelye BUpIIICHHS Py YaCTKOBHX 3aBIaHb,
70 SKHX BIJIHECEHO BCTAHOBJICHHS BCHOTO CIEKTPY He(IYKTyaliHHUX 3aBajJ Ta po3poOKa METOAMK
OIIIHKK He(MIyKTAllIHHUX 3aBaJl Ha 3XaBaJOCTIMKICTh NPUHOMY ITUCKPETHUX CcHUTHaIiB 3 bDOM.
[TokazaHo, mO OJHHUM i3 BHIIB TaKUX 3aBaj, SKi BIUIMBAIOTh HAa €()EKTHBHICTH Iepeaadi JaHuX
TEJICKOMYHIKAIIHHUMU Mepekamu, € HedIyKTaliiHl 3aBagu. BIIMB SKUX MPOSBISETHCSA B 3HIDKCHHI
PiBHS 3aBaIOCTIMKICTh pUOMY CUTHAJIB 3 BOM.

B po3npini posrisHyTO curHanu 3 OaratomosumiiHoi ¢azoBoro Manimymsmiero (BOM  abo
anrinicekor0 MPSK), Taki, o npuitMaroTh ojiHe i3 M MOXKJIMBUX 3Ha4€Hb B TAKTOBOMY iHTEpBali T, Ta
BH3HAUYAIOTHCA (DYHKI[IOHATBHOIO 3aJI€KHICTIO:

s, (t)=Acos(apt+o +@,), ¢ = , t€[0,Ts], i=01..M-1, (1)

ne wo — Hecyda yacrora; Ao = J2E /T, , ¢i , pc —ammunityna, dasa i mouarkoBe da3oBe 3MilCHHS

indopmartiitnoro curnany, npu domy Es = KEp, me Ep — enepris ognoro indopmariiiinoro 6ira, kK =
logoaM — kisbKicTh GITiB KAHAILHOTO CUMBOJTY.

CurnanbHi cy3ip's curHary bOM 300paxeni Ha Puc. 1. CurHanbHi TOYKH 1 BIIMOBIAHI IM KaHATIbHI
CHUMBOIIM PO3TAIIOBAHI 3T1IHO KoyBaHHs [ pes.

000
01 11 100 001
1 0 —_ - 101 011
00 10 111 <010
110
M=2 ¢ =0 M =4, ¢c=% M =8 ¢ =0

Puc. 1. CurnansHi cy3ip'a 3 BOM
(MyHKTHPOM MOKa3aH1 IpaHulll o01acTel IPUUHATTS PIILICHHS).

B po6oti npuifHATO, 110 MiHIMajdbHAa MMOBIPHICTH NMOMWJIKM Ha CHMBOJI, IIO JIOCSTA€EThCS IMpU
ONTUMAJIbHIN KOorepeHTHI 00pobui curnany Buny (1) 3 M BU3HaYaeThCS BUPA30OM:

P(M) ~ ZCD(«/Zkybsinﬁ) (2)
@ (x) :2i "ot (3)
T X

ne yb = Ep/No — BiJHOIIEHHSI CHTHAI/IITYM, 1110 TIepepaxoBaHe Ha OJuH OiT iHdopmarii.
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Ha puc. 2 momaHo 3a1exHOCTI HMOBIpHOCTI 01TOBOT OMIIIKHU Pep Bin BimHOmeHHs En/No y kanami 3
aIUTUBHUM O171MM rayciBcbkuM mymoMm st M = 2, 4, 8, 16 1 32. [logani KpuBI UTFOCTPYIOTh BTPaTH y
BiZIHOIIEHH] CHTHAJI/IIYM 110 Mipi pocty M > 4. IToka3ano, mo npu Pep = 10 pisauns y Ep/No i M =
4 11 M = 8 mpubsmsHo nopiBHoe 4 b, a pizaunsg mixk M = 8 it M = 16 npubauzno nopisHtoe 5 ab. s
BEJIMKUX 3HaueHb M 3pocTaHHs umcia (a3 BABIYI BUMArae 0JAaTKOBOTO 30UTBIICHHS BiJHOIICHHS
CUTHaJ/IyM Ha 6 1b/0iT 1711 JOCATHEHHS Ti€l K SKOCTI.

10° - - ' '

eb

E b,-';NO, b

Puc. 2. BanexxHocTi Pep Bia BimHOIIeHHS curHai/myMm En/No
JUIS KOTEPEHTHOTO TpHitoMy curHanis B®M npu pisHux 3Hadennsx M =2

B pozninmi posrisiHyta cxemu (opmyBaHHs curHamiB 3 BOM, mo moOygoBaHa Ha OCHOBI
YHIBEpPCAJIbHOTO KBaPaTypHOr'0 MOAYJISATOPA, pUC.3.

Jns peanizanii KBaapaTypHOTO MOAYISITOpPa B CXeMl BUKOPUCTAaHO J[Ba MOMHOXKyBada 1 CyMarTop
curHainiB. [loeTHaHHS IMITYJIBCIB HANIPYTH Y CHH(pa3HOMY i KBaJJpaTypHOMY KaHajlaX yTBOPIOIOTH OJMH
cumBosl BOM. Ha Bxomu moMHOXyBauiB mojparoThes 0iToBi motoku I(f) Ta Q(t). ['enepatop Hecywoi
yacToTu (popMye Hecyue rapMoHiifHE KolMBaHHS Ui [-kanany, sike micist ¢azoobepraya Ha m/2
MOJIAEThCSl Yy SAKOCTI Hecydoi Ha (Q-kaHan. B pesynbraTi migcyMOBYBaHHSI KOJIMBaHb IHICHS JIBOX
NOMHOYyBayiB [-kanany Ta Q-kaHany BUXOAUTH curHain bOM.



4'®_‘ _r.\'(l)somu—1 (dr [ r:?’,_
Somim (D) L f

T,
‘ [x0s.0 0r [TO_5

SDHI

=

KaHanbHHH

CHMBOII
—

k4

Baok BHOOPY
MaKCHMYMY

T,

[3Os.@dt [T7_F

Som ()

>
o M|/

f -/
[ 5.0 O [T 5]
Sona (1) Sunl(r) i Sonf(r) R ® T—"
Biok opMyBaHHA Biox TakToBO1
ONOPHHX XBHIE CHHXpOHi3amii
L )

Puc. 3. CtpykTypHa cxema KOrepeHTHOTo neMoayiistopa bOM curnamnis

B poszmini Bu3Ha4YeHO, IO IS AOCSTHEHHS METH POOOTH HEOOXiIHO: PO3pOOMTH MOENi OIiHKA
3aBaJIOCTIMKOCTI TEJIEKOMYHIKAI[IHHOT Mepeki mepefadi AaHux Ha 0a3i curHamiB 3 bOM B ymoBax
BIIMBY 3aBaJl; OLIIHATH BILTUB HE(DIYKTAIMHUX 3aBaJl HAa €()EKTUBHICTH 3aBaJOCTIHKOCTI KOT€PEHTHOTO
npuiioMy CUTHAJIIB Ha 06a31 CUTHAIB 3 6araTono3uinHoKw (Ha30BOK MaHIMYIISIIEO.

Jpyruii po3aiJi IpucBSYEHO TOCII/DKECHHIO BIUIMBY HE(PIyKTalliHHUX 3aBaj, IO AIIOTH y KaHAIax
3B'SI3Ky Ha 3aBaJIOCTIHKICTh MPUHOMY CUTHAIIB 3 OaraTono3uuiiHoo (a3oBoro Moayisuiero. B po3aini
BIIMIY€HO, IO B 3aJIEKHOCTI BiJl YMOB PO3MOBCIOJKEHHS PaIlOXBHJIb, MICI[S, Yacy oOpraHizallii,
TEeXHIYHMX XapaKTEPUCTUK KaHAIIB PaJlio3B's13Ky, B HUX NMPUCYTHs BEJIHKA KUIbKICTh pi3HUX 3aBaj. Lle
3aBaau (UIyKTyaliiHOro (IIyMoBOro) Ta HeQUIYKTyal[liHOro THIY, aAUTHUBHI 1 MYJIbTUILIIKaTUBHI. [[0
quciaa HaAMOUIbII PO3MOBCIOKEHUX HE(IYKTyaliiHUX 3aBaj B PO3ALUII BIJIHECEHO CHUTHAJIONONIOHI, Y
TOMY 4YHCJIl BY3bKOCMYTOBI, TAPMOHIMHI, a TaKOX IMITYJIbCHI 3aBaau. [IpuiiHATO yMOBY, 110 BKa3aHl
HeQuIyKTalilHI 3aBali MOXKYTh MaTH Pi3HMHA YaCTOTHHH poO371aJ], a piBHI TaKuX 3aBaj 3BUYAHO MEHII]
ab0 cHiBMIpHI 3 pIBHEM KOPUCHOI'O CUTHAITY.

CdopmoBano Mozeni 1 0OMeKEHHs JUIsl OCHOBHMX THUIMIB JIF0UMX 3aBaj. 30KpeMa MoJeb IIyMOBOT
3aBajid, fKa NPUMHATA B PO3JLIL U JOCHIJDKEHHS, MoJaHa BHpa3oM (4) y BUIUISI CTallOHAPHOTO
BUIIA/IKOBOTO MPOLECY TUITY «OLIHMH rayCiBCHKUHM IIyM» 3 KOPEALiHO0 (QYHKIIEI0 BUAY:

R(r) =—25(r) (4)

Busnaueni B po3auii BuaM HeQIyKTyalliHUX 3aBaj, Ta iX (QYyHKUIIOHAIbHI MOJENI, IO MPUHHSATI
JUISL IOJAIBIIOTO TOCIIPKEHHSI BKIIFOYAIOTh HACTYIIHI.
I'apmoniuna 3asada:

S; (t) = (Ao cos[(worAwn)t + @n ], (5)
Jie i — BIIHOCHA IHTEHCUBHICTh; 4®, — YaCTOTHHUM PO3JIaJl; ¢, — BUMIAJKOBA IMOYaTKOBa (a3a 3aBaj, 110

PIBHOMIpPHO po3mojiiieHa Ha HaniBiHTepBaii (-7, +7/.
Iunynvcha 3a6a0a — Xa0THYHA TIOCITITOBHICTD PAiOIMITYJIbCIB BUY:

S; (t) = A(t) cos(wot + @n), 0<t< 1;, (6)
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BUIAJKOBOI TPUBAIOCTI T; < Ts, MPUYOMY LI TPUBAIICTH OIHUCYETHCS EKCIHOHEHLIMHUM 3aKOHOM

posmnoiny, a oruHaroda A(t) onucyeThesl TMCKPETHUM MapiOBCHKHM MPOIECOM 3 ABoMa ctaHamu: Ar =0

1 A2 = uAo. MOMEHTH TIepexoay MIXK ITMMHU CTaHAMU YTBOPIOIOTh ITyaCCOHIBCHKUMN TMOTIK.
Mynvmunnikamuena 3aéada, O BUKIMKAE 3aBMUPAHHS KOPUCHOTO CUTHATY BUY:

Sl(t)=,u(t)A)cos(a)0t+g0i +(pn), @ ZiZV”' te(0,Ts), i=0,1,..M -1, (7

1€ (1) — aMILTITYJHHI MHOYHHK, III0 OTIMCY€ETHCS 3aKOHOM po3noaijieHHs Paiica.

[TokazaHo, 1m0 KJacMYHA JIiHIHA 1HBapiaHTHA B Yaci Teopis, Ha sKiid 0a3yrThCs 0arato METOiB
O0poOKM CHTHaTIB 3 3aBajjaMM THIy «OUIHMI [Iym», HE WiAXOOUTH AJs BHPIIICHHS TNPOOJIeMHU
He(IYKTyaI[iiHOTO HECTAI[IOHAPHOTO IMITYJIbCHOTO IITyMY.

3arponoHOBaHO AJTOPUTM JUIsl BHUSABICHHS IMIYJIbCHOTO IIyMy Ha OCHOBI MoOJeNi JiHIHHOTO
MPOTHO3YBaHHSI CHUTHAy 3 BUKOPHCTAHHAM JBOBaroBoi (yHkimii ThiOKi, sika € TiOpUIOM OIIHKH
HAMEHIIOTO CepeIHbOKBAIPATUYHOTO BIIXWUJICHHS Ta aOCOJIOTHOTO 3HAueHHS (YHKIIH MOMHUIOK i
MO3Ke 3a0€3MeYUTH HAIHY OLIIHKY PiBHS TOMUIIKH.

Y TperboMy po3aii po3poONICHO Ta TOJAHO MOAENI Ta HA iX OCHOBI METOJIWKY OIIHKU
3aBaJIOCTIMKOCTI  KOPEJAIIMHOIO KOTEPeHTHOro nmpuiiMada curHainiB b®dOM npu HasgBHOCTI
HEQIIyKTYaIlifHUX 3aBal.

PosrisiayTa B po3miiai poOoTa KIACHYHOTO KOPENSIIIHHOTO KOTEPEHTHOTO IMpHiiMauda (puc. 3) 1mo

npuiiomy currany (1) 3 BpaxyBaHHAM BIUIMBY Oimoro mymy. Ilpomemypa Bkimoyae po3paxyHOK
iHTerpany 3roptku | ans indopmariitHoro 3mMinHoro curnany X(t) ra M omopHHX CUTHAIIB:

I = % ! x(t) cos(ay + %”)dz. (®)

Jlist BipHOTO MPUIOMY j-TO KaHAJIBHOTO CUMBOITY OyJia BBEJEHA yMOBa!
L >{l}, i#jij=1..M-1 9)
MIMOBipHICTb Takoi B pO3/1iJli BUBHAYEHO, SIK:

Py T T pi; > 1) (10)

ne p(lj = 1)) — Bu3HAyae YMOBHY HMOBIPHICTH TIEPEBHINEHHS HANpPYrd Ha BUXOIl j-TO KOpeJsTOpa
BIZIHOCHO I-TO, IPH NIepelaBaHHi j-r0 CHMBOJY B KaHali 3B'S3KY.
MIMOBIpHICTh MOMUIIKH Y BHIAJAKY OTPUMAHHS OJHOTO CUMBOJIY IO/IaHO y BUTJISII:

Pes =1- Ps. (11)
B po3aini npuiiHATO yMOBY, 110 y BUNAJKY (ikcallii MepeBUIIEHHS PiBHS MOKa3HUKA CUTHAJ/IIYM
JUIs WMOBIPHOCTI CHUMBOJIBHOI MOMUJIKH Pes Ta HMOBIpHOCTI 0iTOBOi NMOMMIKU P, CIpaBejIMBe

CHIBBiHOIIECHHS

Peb = Pes /IOgZM (12)
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OTtxe, 3aranbHa MOJIENb CHCTEMH Iepefadi AaHUX BinoOpa’kae MPUCYTHICTh B KaHAJl 3B’SI3KY
KOPHUCHOTO CHrHaiy, Qurykryamiiinoro oimoro mymy N(t) ra Hedumykryariiiaoi 3aBaau Sn(t) (puc. 4).

ITym
n(r)
‘
posepee | { mepeman | 2O Kot L mpuan |y Oy
f 5.(D)
3apagH

Puc. 4. CtpykTypHa cxema TeJIeKOMYHIKAIIMHOI CUCTEMH
[Mporiec X(t), o BxoauTh y (8), B pO3/IiIi MOJAHO Y BUTJISII:

x(t) = si(t) + sa(t) + n(t) (13)

Jns  aHamizy 3aBaJOCTIMKOCTI B pPO3AUTT BU3HAUYEHO TPU HAHOUIBII pPO3MOBCIOKEHI BUAU
HedaykTyariitaux 3aBaj Sn(t) Ta moxani ix matematuuni mozaedi (5), (6), (7).
[Tpu po3pobui okpemMoi MoJeli po3paxyHKy WMOBIPHOCTI IIOMWIKA PUAOMY CHUMBOITY 3 1HAEKCOM
«i» Oyno BUKOpUCTaHE BEKTOpHE mpenactaBieHHs bBOM mis curnany, mymy i 3aBaau (puc. 5).
n(f)

Su(D)
sAT)

Mexxa oOmacTi
MPAaBHIBHOTO MPHHOMY

P

Puc. 5. Bexropne npencrasinenus bOM curnany, mymy ta 3aBagu

[TpuiinsTa B pO3AUII METOAMKA PO3paxyHKY HMOBIPHOCTI NMOMMJIKM NpH HPUHOMI KaHaJIbHOTO
CHMBOJTy 3 1HJIEKCOM «i» 3 BpaxyBaHHSIM BEKTOpHOro mpezcraBieHHs BOM (puc.5) Ta HOpMaIbHO
PO3MOAIICHUX BHIAJKOBUX TpoueciB |i Ha BUXOAAaX KOPENATOPIB, 3aCHOBAHA HAa PO3PaxXyHKY
CTaTUCTUYHUX UMOBIPHICHUX XapaKTEPUCTHUK.

A came, B po37iJli pO3paxoBYIOThCS: CEpe/iHI 3HAUEHHSI MaTeMaTUYHOTO OYIKYBaHHS Mo, ... Mi,...Mwu-1;
mucnepcii Do, ...Di,...Dm-1, B3aemH1 kopensuiiiHi MoMeHTH Mo-. OTpuMaHO pe3yabTaTH MOPIBHSHHS

BUIMAAKOBHX mporieciB Y= lo — i 3 BUKOPHCTaHHAM KOPEISIIMHIX iIHTErpaIiB:
Mo-i =< Yo = =< lg= —<[; >=mg- m; (14)
Do.i= Do+ D1 - 2Mo.; (15)

3 BpaxyBaHHSIM
N
< n(t) == 0; < n(t)n(tz) == ?u otz —ty); woTs 2> 1. (16)

B po3aini 3Mo/1e1b0BaHO Ta MOJJaHO HACTYITHI 3aJIE)KHOCTI:

245 Ts
Mo = N—“fu < so(t)+5n(t)>COS(wot+@0) At; . cvv v e (17)
o
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24 Ts iZ
mi = N—;‘ fu << so(t) + Ss(t) > cos(wot+ %)dt. e eereiiee e (18)
442 NoTs 2E
=< |2 = 0Pl = Ml M=
Do lo lo Mo M 3 Mo No (19)
445 NpT, 2N,
Di=< I > —< |i=?=m?+ N_%T_ mi% = N—D(ZO)

443 NoTs iZm 2E, iZm
= e — -—)— = ) F
Mo-i = mom; M 3 cos(po M) Momi No cos(po M) (21)

Hucnepcis, mo BXoauTh B (15), po3paxoByeThCs:
4Es i2m
Do.i = Ng [1 - cos(gpo - y)] (22)

PesynbraTn HOCHiIKEHB 3aBaJOCTIHKOCTI KOPENALIHHOTO KOTEPEHTHOTO NpruiiMada curaaiize BOM
3a HasBHOCTI FapMOHIYHOI 3aBajid, MO OJCPKaHI 3 BUKOPHUCTAHHSM 3alPOIMIOHOBAHOTO METOAY NpHU
YMOBI pO3paxyHKy 3HAa4€Hb BEJIWYMH, 110 BXOoAaTh 10 (14) ta (15), 3 ypaxysauusm (1), (5), (9) ta (13)
MOJaHO B BUIIISIAI (PYHKIIOHANBHOI 3alleKHOCTI O€3yMOBHOI WMOBIPHOCTI TMOMUWJIKH HIpUHOMY
KaHapHOTO cuMBOIy (11) i 6iToBoi momumiku (12) ycepenueHHSIM Pes 1 Pen 0 BUMaikoBiii BenuuuHi #:

1 [ 1 V4
Po = | Pelndn, Ry =" Ry)dn. (23)

Ha puc.6. moka3zaHi 3a1exHOCTI HMOBIpHOCTI MOMMIIKH Pep Bia BigHomeHHs curHai/urym (BCILL)

7, = E, / N, b= mpu HynpOBOMY po3i1aji rapMOHiuHOi 3aBanu A, T (npuIiiibHa 3aBaja).

10 10° 5%

B) r)
Puc. 6. 3anexHocti iimoBipHOCTi 6iTOBOT MoMIKH Peb Bim BCII E, / N, anst BOM
B IIPUCYTHOCTI TApMOHIUHO1 3aBaau: a) 2-OM; 0) 4-OM; B) 8-OM; r) 16-OM
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AmHai3z rpadikiB J103BOJIIE€ 3p0OOUTH BUCHOBOK IIPO T€, IO 13 30UIBIICHHSIM MO3HUIIIHHOCTI M BIUTHB
TrapMOHIYHOI 3aBajii 3HAYHO MIJACHIIOETHCA: AKIO ciadka 3aBamga (u = 0,1) gna M =2 a6o M =4
MPaKTUYHO HE 30UIbIye BeTUIUHY Pep, TO st M =16 a6o M = 32 3HMXKEHHS 3aBaJIOCTIHKOCTI cTae
MOMITHHM.

[TpoBeneHe MOCIIHKSHHS XapaKTepy 3MiHU 3aBaJJOCTINKOCTI puiioMy curaaiiiB BOM B 3anexHOCTI
BiJ] BEJIMYMHU PO3JIaAy FrapMOHIuHOI 3aBagu Aw,, T, .

BiamoBiaHi KpuBi 1OKa3aH1 Ha puc.’.

Puc. 7. 3anexxnocti IMOBIPHOCTI GITOBOT MOMIIIKHU Pep
BijI po3nany rapmoniunoi 3aBamu Aw, T, npu E /N, =13 0b5,u=0,5

AHai3 3anexXHOoCTel puc.7 mokas3as, 10 HMOBIPHICTh TOMHUIKU Peph 3HUKYETHCS MpU 301IbIICHHI
pO31ay i B MOJATBIIOMY HAOIMKAETHCS JI0 MMOBIPHOCTI TTOMIJIKH O€3 3aBaJIH.

3HaueHHs, B SKUX WMOBIPHICTh MOMMIKHU JIOCSTa€ CBOIX MIiHIMyMIB, BIAMNOBIIAIOTh HYJISIM
OTHMHAIOYO0] €HEPreTHYHOTO CHEKTPY KopucHOro curHainy. s M < 8 mpu posnagax 3aBajau, OUTBIINX 32
BenuunHy Aw,, >5/T , ii BINIMBOM MOXHA 3HEXTYBATH.

[TpoBeneHo ToCiIKEHHs 3aBalOCTIHKOCTI KOT€pEeHTHOro npuitMaua curHainiB bBOM 3a HasBHOCTI
IMITYJIbCHOT 3aBa/id, MMOAaHOT B pOOOTI B BUIJISIII MaTeMaTH4YHOI Mojeii Buay (6).

VIMOBipHicTh 6iTOBOI MOMIJIKM y TIPHCYTHOCTi IIyMy Ta iMITYJIbCHOI 3aBamgd B poOOTi MOJAHO
BUPA30M:

P =PO)F,, +POP,

Jw Jwi+n (24)
ne P(0) — WiMOBIipHICTh BiJICYTHOCTI 3aBaj Ha TakToBoMy iHTepBaii; P(l) — WMOBiIpHICTH HAsBHOCTI

3aBaJ i Ha TAaKTOBOMY iHTepBaii; P, — HMOBIpHICTH OITOBOT MOMMJIKM 33 HAsIBHOCTI Jiniie mymy; P

elu elw+n
— MMOBIpHICTH 6ITOBOI HOMMUJIKH 33 HasIBHOCTI Ha TAKTOBOMY 1HTEpBaJli IIIyMy Ta 3aBaJiy.

Ha puc. 8,9 mokazana 3anexHicTh imoBipHOCTI momuiku Bin BCIHI st pisHHX iHTEHCHBHOCTEH
3aBaau immynbscHoi 3aBagu (1) mpu AT, =0,1.

[Tpu MozaenroBaHHI PO3TISIHYTO JIBa BUIAIKHU: TIEPIIUH BUIAIOK JJIsl KOXKHOTO BUIY curHaiie bOM
mpu (z,/T,),,,=0,2, npyrnii Bunagox — mpu (z,/T)., =0,5. PospaxyHkn nokasywoTs, mo s
3a0e3meueHHsT MMOBIPHOCTI TMOMUIKH Peph = 10* mus 2-OM 3a HAsSBHOCTI IMIyBCHOT 3aBaju 3
iHTeHCcHBHICTIO 1« = 1 moTpiOHO 36inbmenHs BCII Bevoro Ha 0,1 ab, sxmo (z,/T;)., =0,2 Ta Ha 2,5

y =0,5.

Jlnst 3abe3neueHHs #IMOBIpHOCTI momuiiku Peb = 102 s 8-OM 3a HasBHOCTI IMITYJIbCHOT 3aBajin 3
iHTeHcuBHICTIO 1 = 1 Bxke moTpidHe 30inbmenns BCI wa 1 ab, sxmo (z,/T,).,, =0,2 i 6inbmie Ha 6

cep

ab, sxkmo (z, /T,)

cep

ab, sxmo (z,/T,)., =0,5 . IIpn Manux iHTeHCUBHOCTAX, Hanpuknan, u =0,2, 3aBaja 34iHCHIOE CITaOKHit

cep

BIUTMB Ha 3aBaJIOCTINKICTh MpUMaya.



B) r)
Puc.8. 3anexHictp iiMoBipHOCTI oMuIKH Pep Bin BCIL E, / N, n1st BOM 3a HassBHOCTI iMITyJIECHOT

saann; AT =01 (7,/T),, =0,2:a) 2-OM; 6) 4-OM; B) 8-OM; 1) 16-OM.

109 T T T T - T 10

10° — y SN 10°

E,/N
AT,=0% (7,/T),.,=0,5.
a) - 2-OM; 0) - 4-OM; B) - 8-OM; 1) - 16-OM; 1) - 32-OM.

Puc. 9. 3anexwnicts iMoBipHOCTI Tommitku Peb Big BCII 0 nns BOM 3a HasIBHOCTI IMITYJILCHOT

3aBaJiu
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PesynbraTtu mocmipKeHHS 3aBaJIOCTIHKOCTI KOTEPEHTHOTO NpuiiMadya curdaiiB bO@M 3a HasBHOCTI
MYJIBTUILTIKATUBHOI 3aBaji, MMOJaHOI B poOOTi B BUTIAAI MaTeMaTuuHoi Moneni Buay (10) mogano Ha
3aJIeKHOCTSX puc.10.

D“=IZI.L p =0.1;

0,01

A
D. =01

* p =001;
u
D, =001

u=‘vlT- pe=0 \

D, =00 U
D ! D, =001

D= 0,01

D. =001

B) r)
Puc. 10 . 3anexuicts iimoBipHOCTI momuiku Pep Bin BCII E, / N, s BOM 3a HasiBHOCTI
MYJIbTUIUTIKATUBHOI 3aBaau: a) 2-OM; 6) 4-OM; B) §-OM; 1) 16-OM

[TokazaHo, 1m0 MyJBTUIUTIKATMBHA 3aBajJia 3 BIJHOCHUM CEpeAHIM 3HAa4YeHHSAM 1, aucnepciero
ammtitymu 0,01 Ta mucnepciero dasu 0,01 pax? nas 2-OM ta 4-OM nae, npu Pep = 107 noripurenns
BCHI Big 0,3 no 1 ab, a ana 8-®M ta 16-OM — 2,5 ta 5 nb, BinnosiaHo. [Ipu 36inbmeHHi aucnepcii
¢ykTyaliii HeraTUBHA Jis MYJIbTUIUIIKATUBHOI 3aBaJM 3HAUHO 3POCTAE.

V paiiciBcbkoMy KaHalli Ha 3aBaJOCTIMKICTh MPUHOMY CHUTHAIIB 3 Maioro nosuuiiiHictio (M < 8)
OUTBII ICTOTHMM BIUIMB MaroTh (iaykryauii ammmityau, HDK ¢aszu. [Ipu M > 8 BumB ¢a3zoBux
¢ykTyarliii CyTTeBO 3pOCTaE.

Y d4erBepTOoMy PpO3IiJdi TMPOBEACHO JOCHIKEHHS 3aBaJOCTIHKOCTI  aBTOKOPENSIIHHOTro
nemonynstopa curaaiiB bBOM npu HasBHOCTI He(DIYKTYyallIHHUX 3aBajl.

st 3a6e3meueHHs cTabiIbHOI POOOTH CUCTEMH CHHXPOHI3allii aBTOKOPENSIIIHOTO JeMOyasTopa
curHanis bOM npu HasBHOCTI HeIyKTyalilHUX 3aBaj B POOOTI MPOBENEHO IOCTIIKEHHS BILTUBY
¢$a30BOi MOMWJIKM CHCTEMHM CHHXpOHI3alii Ha WMOBIPHOCTI OITOBOi TOMMIKHM CHUTHATIiB 3
Oaratomno3uiliitHo (a30BOI0 MAHIMYJIAIIEHO.

[lomano wmozens OIIHKM BIUIMBY (Da30BOi MOMMIIKM CHUCTEMH CHHXPOHI3alii KOTepeHTHOro
JNeMOAYJIATOpa Ha MMOBIPHOCTI OITOBOi TMOMMWJIKM CHUTHaliB 3 0araTromno3uuiiHow (a3oBOIO
MaHIMyJISLIELO.
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Busnaueno, 1o 3a HasBHOCTI nmoxuOku podotu cuctemu @AIIY no ¢asi Hecyyoi 4acToTH OMOpHi
CUTHAJIN y CXEeMl KorepeHtHoro mnpuilomy BO®M matumyTth neske (azoBe 3MIlIEHHS ¢, ILIOJO
HOMIHAJIbHUX 3HAUCHB!

i2m
Sﬂl‘[!-(t] = cﬂs[mut—I— "p!_ + {Paﬁtj’{pf = F,t = [ﬂ,Tg],i = ﬂ, 1,... M-—-1.

[HTerpal 3ropTky B yMOBax 10siBU (ha30BOr0 3MillleHHs Oy/ie MaTH BUIJIS
_ 24y (T izm
I, = Tﬂfu‘x[tj cos (mut—l—?—k rpm) dt. (25)

BHecena BinmoBimHa KOPEKIisi B MOJENb PO3PaxXyHKY CTAaTHCTUYHUX IAapaMeTpiB PO3MOALTY Ha

BHUXO0JaX BCIX KOPEISATOPIB.
Mogenb cepeqHiX 3Ha4YeHb, B3AaEMHUX MOMEHTIB Ta JUCHEPCii PO3MOAUIIB CTaTUCTHYHUX

napaMeTpiB Ha BUXO/aX BCIX KOPEISITOPIB 3 BpaxyBaHHsIM (1) MogaHo B BUTIISAII:
CepenHi 3HaU€HHS My 1 M; 3 BpaxyBaHHIM (a30BOro 3MillIEHHS BU3HAYAIOTHCS HACTYITHUM YHHOM:

24, (7=
my =< I, >= N_GJ- < x(t) = cos(wyt+ @y + @, )dt =

24,
N_ :’: sp(t) + n(t) =cos(wyt+ @, + @, )dt =
o Yo
243
_N cns(mut—l-fpu)cns(mut—l-fpu + @ )dt =
0 Jo
Az Al Ts 2E,
— cns(zmut-l-E{pu + @, )dt+—| cose_dt=—cosg_,.
o Jo No Jy Ny

24, (= i2m
m; =< I, ::==N— < x(t) = cns(mut—l-?-l-fpm)dt =
0

24, (T i2m
:N_u . < 55(t) + n(t) =cos (mut—i-?—i-{pm) dt =

243 i2m

N_u i cns[mut-l- fpu]cns(mut—l-?‘i'fﬂm)dt =

— @)

Hucniepcii BU3HAYAIOTHCS BUPa3aMHu:

D,=<I;>—-<1I,="=<I;>—mj =

Z
_ 445 .

:‘: x(t,)x(t;) = cos(wyt, + @y + @) cos(wyt, + @, + @_ )dt, dt, —mg; =

4,42
J. f < 59(ty)so(t5) > cos(wyt; + @q + @) cos(wyt, + @y + @, )dt, dt, +

4,42

= n(t,)n(t,) > cos(wyt, + @, + @) cos(wyt, + @, + @, )dt, dt, —mj =

=mZ+ =2



17

D,=<Iy>—<I,>*=<I!>—m}=
4,42 i2m i2m 2
:‘:x(tijx(tz] > cos (mut1+ o +fpm)cns (mutz+ + -rpm) dt,dt, —m; =
4A3N,T 2E
=m! + zu & m; =—
2 4 N

3MilIaHI MOMEHTH:

4,42

": x[ti)x[tz]

i2m
> cns(muti + @, + @) cos (mutz +—+ ‘Pm) dt dtz mym; =
4,42

5:1 (t,)s5,(t;)cos(wyt, + @y + @, ) cos (mu 2 =+ fpm)dt dt, +

4,42
J- J < n(t.l]n[tz] = cos(wyty + @, + @) cos (mut +— + 'fP.m) dt,dt, —mym; =

L34 4ALN,T, ( rzn) 2E, ( Izrr)
= m ’m, cos —_—— | — nL ’.ln ——CDS _ .
0 N2 4 LCIY 0 N, oM

CepenHi 3HaUCHHS KOMOIHAIIT KOPEJSIIMHNX KaHATIB Mg_; BABHAYAIOTHCS HACTYITHUM YHHOM:

2E, 2E, 21
My_; = M; — 1y = Tﬂ cos @, — N_u COS (? + fpm) =
2E 127 4E I I

= T: [cns @., — COS (F + fpm)} = N_u [sinﬁ sin ({pm + H)},

a cyMapHi Jucnepcii BU3HaYatoThCs 3a (opMyoro:

4E i2Zm
D, ;= N (1 - CDSF).
0

VYMOBHI 110 TapaMeTpy 4acTOTH 3MillleHHS (@, ) IMOBIPHOCTI, OOYHCIICH] 32 BUPA30M:

4E_ [ . im . i

N, [snaﬁs:n(fpm +ﬁ)]

|Eﬁ (1— cos IZFIT)

NN (26)

Pilp>1)lp=1-9®

[TpoBeneHO po3paxyHKH WMOBIPHOCTI OITOBUX NOMMJIOK IIPU YMOBI, 0 ¢, Oyina abo MOCTiHHOO
BETMYMHOIO (CTaTMYHAa TIOMWJKA), a00 JAWMHAMIYHO 3MiHIOBaJsacs (BHUIMAAKOBI  QUIyKTyalrii).
MonentoBanHsl BUNAAKOBUX (iykTyaniid 3aificHioBaocs MeTojoM MonTe-Kapio Ta BBakanocs, 110
IIOMWJIKA OIHIOBaHHA (a3 ¢,, € rayCiBCbKOI BHIIaJKOBOIO BEIMYMHOKO 3 HYJIBOBHM CEpPEIHIM 1
mucniepciero D, (pax?).

Ha puc. 11 npencraBieni 3a1exHOCTI 61TOBOT MOMUIKHU Peb BiJ BigHOmEHHs curHan—1nym (BCI)
E, / N, mpu pi3HHX 3HaUCHHSX 3MillleHHs (pa3u OMOpHHUX KonuBaHb it M =2, 4, 8, 16 ta 32.

AHani3 3anexxHocTel, moganux Ha puc. 11 mokaszas, 1m0 31 30UTBIIEHHSM MO3UIIHHOCTI CUTHAIIIB

b®M BHiMB CTaTUYHHUX Ta BUITAIKOBUX MOMIUIOK OIIHIOBaHHS (a3 Ha WMOBIPHICTH OITOBHX MOMHJIIOK
3pOCTaE.
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Puc. 11. 3anexHicTb iiMoBipHOCTI 6iTOBOT moMuIKH Peb Bim BCIII E, / N, npu cratnanoMy 3milieHHi
¢a3u onopHUX KonuBaHb @,, Uit BOM: a) 2-OM; 6) 4-OM; B) 8-OM; r) 16-OM; 1) 32-OM.

Jlns 2-®M npu Pey = 102 cratnuna mommsika omuinroBanHs dasu ¢,, =7 /36 ekpiBaneHnTHa

noripmenHto BCIHI na 0,04 ab, a 8-OM — Bxe Ha 1,4 nb. Cnig migkpeciuTd, 10 MPHU BEITUKHUX
cmiBBigHomeHusx BCII E, /N, naBiTh Mana momuiika omintoBanHs ¢aszu (/180 - 1/90) npu3BoanTh
0 CYTTEBOTO 30UTbIIEHHS MWMOBIPHOCTI OITOBHMX NOMMIIOK Yy CHCTeMax TIepefadi MaHHX, 0
BUKOPHUCTOBYIOTH BOM Bucokoro nopsaxy. [Ipu BunagkoBux ¢aykTyauisax ¢aszu uist cursaiis 3 M > 4,
KOJIH TUCTIEPCis Dq, 3miHeThes Big 0 10 0,01, HIMOBIpHICTh MOMUIJIKK MOXe OyTH 3MiHEHA Ha OJJUH-/IBA
HOPSAKH.

B po3auni po3risiHyTO aBTOKOpENAIINHUN anroputM npuiiomy curHaiie bOM, mo € meHm
e(eKTUBHHUIA 3 MOMIAAY 3aBaJOCTIMKOCTI, aje MPOCTIIIUH 3a CXeMHOIo peanizauieto. [IpuiiHsaTo, mo
YHUCJIO MOKJIMBUX 3Ha4€Hb (a3 Mocuyiok M JUisi aBTOKOPENALIMHOIO ajaropuTtMy HpUHOMY CHUTHAIIB
B®M cTaHOBUTS, 5K ITpaBUIIO, 2, 4 a60 8.
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Ha puc. 12 nogano cxemy KBaipaTypHOTO aBTOKOpEJSLiiHOTO AeMonynsTopa aiasi bOM curnanis,
NPUIHATY A JOCIiPKECHHS.

X,
% THU1 :

x() | | ¥ Bupinryroumii
| Z =aertg(—) * IpHIa

Kanansamit
CHMBOII

k

/2 (X ——{ ®HU2
Y,

Puc. 12. CtpykTypHa cxeMa aBTOoKopensiiiHoro aemoayisatopa bdOM curnaiis.

[TomaHo yIOCKOHAICHUI METOJ OLIHKU 3aBaI0OCTIHKOCTI aBTOKOPEIISIIHHOIO JIEMOJYJISITOPa CUTHATY 3
0araTorno3uIiHHOI (Ha30BOKO MAHIMYIISIIIEIO TPY HASBHOCTI HE(DIYKTAIIIIHUX 3aBaI.

[IpoBeneHO MOCHIIKEHHS 3aBaIOCTIMKOCTI aBTOKOPENALIMHOIO Jemomyistopa curHanie bOM mis
palioKaHaTy 3 peNieeBCHKUMH 3aBMHPAHHSIMU Ta CYMapHOKO HE(IYKTAIlIifHOT 3aBa/I0k0.

3M0/1e71bOBaHO TTOBHY WMOBIPHICTh TIOMUIIKU 151 curHaITy 2-OM

By3sbkocmyrosuii nporiec npuiiomy curaainy X(t) st ib0ro BUMaAKy, MIiCHIsA CEICKTHBHOTO QLIBTPY
® nHa Bxoxli mpuiimMaya (puc.l12), HamamTOBAaHOTO Ha HECydy YacToTy, B poOOTI pPO3KIAJEHO Ha
KBaJpaTypHi CKIIA/I0Bi Ta MOJJAHO HACTYIMHUM YHHOM:

X, (t) = BAcos(wyt + ¢, ) + BpAcos[wyt + Aw t+ ] + §(t) =
= B Acoswytcosy, — B Asinw tsing, +
+B.pAcosmwytcos(Aw t+ 1) — B.pAsinm tsin(Aw t+ 1) +
+E (t)coswyt— E_(t)sinwyt =
= (B Acoswgtcosqg, + B pAcosmytcos(Aw t+ 1) + & (t)coswm,t) +
+[—B.Asinw tsing, — B.pAsinwytsin(Aw t+ n) — & (t)sinwyt] =y, + z,;
v; = B Acosw tcosg, + B.pAcoswytcosn + E (t)cosm,t,
z, = —B.Asinw,tsing,; — B pAsinwytsing — & (t)sinw,t,

X, (t) = BAcos[w,(t — T,) + @,] + BpAcos[w,(t—T,) +n] + §(t—T,) =
= B_Acos[w, (t — T,)]cosg, — B_Asin[w,(t — T,)]sing, +
+B.prAcos[wy(t— T, )]cosn — B pAsin[w,(t — T,)]sinn +
+E.(t — T,)coswy [wy (t — T,)] — §,(t — T,)sin[wy(t— T,)] =
— B.Acos[w, (t — T,)|cos@, + B, pAcos[og (t — T,)]cosn + & (t— T,)cos[on (t— T,)] +
+{—B.Asin[w,(t — T, )]sing, — B_pAsin[w,(t — T )]sinn — & (t — T )sin[w,(t — T )]} =
¥y T2

ne fe, fs i &(t), & () — kBaapaTypHi KOMIIOHEHTH KoedimieHTa £ 1 OTHHAI0OYOT IyMOBOTO KOJHWBAHHS,
1110 MalOTh T'ayCiBCbKi PO3MOILIH.

[Ipomiec Ha npyromy Bxojai mepeMHOXyBada cuH(paszHoro kanamy AK]Jl, mo 3arpumanuii Ha
TPUBAIICTh KAHATTLHOTO CUMBOJLY, IOAAHO y BUTJISI]II:

v, = B Acosw,tcosg, + B pAcoswytcosn+ £ (t — T, )cosw,t
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z, = —B.Asinw,tsing, — B pAsinw tsinn — & (t — T, )sinw,t

Curnan na Buxomi ®HY1 cunHbazHoro kanamy micis ¢iabTpamii CKJIAIOBOI 3 YacTOTOW 2an
BU3HAUYCHO SIK:

Xo(t)=LF[X,(t)- Xz(t]]lzmn =LF[(yy—2z4) - (72 _zzj:szn =TyTy Ty,
ne LF - oneparop, mo Bignosinae GpinbTpy HUKHIX Y4aCTOT.

r, = B.Acos¢,; + B.pAcosn + E_(t)
r, = B.Acose, + B pAcosn +§ (t—T,)
r; = B.Acos¢, + B.pAcosn + E_(t)
ry = B,Acose, + B,pAcosn +§ (t - T,)

OcTanHiil BUpa3 B po3iJii MOJIaHO B KBaApaTUUHIN popmi:
4X,(8) = pi +p3 +p: +pP%
VYci ckIanoBi OO BUPaA3y TayCiBChKI.
P, = (r; + r;) = [B.A(cosq; + cosq,) + 2B pAcosn + & (1) + & (t—T,)],

[Toka3ana HMOBIPHICTH MIOMHJIKOBOTO TPUHOMY KaHAJILHOTO CHMBOJIY 32 YMOBH, IIIO IepeaBaiach
KOMOIHAIIisl CHMBOJIIB 3 pi3Hutiero ¢hasz dp = 0.

p[XO(t)<0]:%{1— R } 27)

1-5°

Benuuunu, 1o BXoas1h /10 (27), B poOOTI pO3pax0BYIOTHCS] HACTYITHUM YHHOM:

<rr, > g <hn>

J<BZ><r?> J<ri><r?>

R=

< r} »>=< [B,Acosq, + B.pAcosn + § (1)) ==
. l (B:Acosg,)” + (B.nAcosn)” + (E.(1)* + o
+2B,Acosqg, B pAcosn + 2B Acose,E, (1) + B pAcosnE, (1)
= ﬂ'zCDqu:li +a? pzcnszn + a‘% + 20?2 [LCOSp,COST) =
= o’ (cosq, + pcosn)® + cr%,
<r; ==< [B.Acosq, + B.pAcosn + &, (t—T,)]* ==
[ (B.Acos@,)® + (B.pAcosn)® + (. (t—T,))* + ] o
+2B.Acos@, BpAcosn + 2B Acos@,E,(t— T,) + B pAcosng (t— T,)

= ﬂ'zCDqu:lz +a? pzcnszn + a‘% + 20?2 [LCOSP,COST) =

= ¢’ (cos@, + pcosn)” + of,

<ryry >=< [B.Acosg, + BpAcosn + & (1)][BAcosg, + B.pAcos + & (t— T,)] >=
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B.Acosq, B Acosg, + B Acosqg, B pAcosn + & (t)B Acosg, + B Acosg, B pAcosn +
+£c(tjic(t - TS)
= 6’ cosg, cos@, + &’ pcos@,cosn + o’ pcosg, cosn + 6 p’cosin =
= ¢”(cosq, cosg, + p(cosg, + cose,)cosn + p?cos’y),
< T Ty === [ﬁc‘qﬂCGS‘pi + ﬂcﬂﬂuﬂﬂﬁﬂ + fc (t)] [ﬂs‘quSi“‘Pz + ﬁsll‘.“AUSiH’H + Eg (t - Tsj] ==
BcAgcosp, B Agsing, + B Apsing, B pAgcosn + § (B Apsing, + B Agcosp B, pdgsing +
== +Frf“"ﬂfﬂ'ﬂfﬁslu‘qﬂﬂ?”f + Fcﬁﬂnfﬂﬂlfs':t - Ts] + Frdﬂfﬂsqpl‘fs{t - Ts] +Fc£‘ﬂnfﬂﬂlfs':t - Ts:l +| ==0.
+fr {t] fr{t - T.-s]

Ocranns piBHICTh 03Havae, o S =01

L L L
R = | 17z .§=0:

| 32 2
w|=:11}{12}

p[Xo(6) < 0] = > (1),

ﬁMOBipHiCTB MTOMUJIKUA ] [ Xo(t) < 0] B pOOOTI OIIHIOETHCS JIJIS1 BUTIA IKIB:

1. ¢=01i¢,=0.
2. ¢p=mi@p,=1x.
3. ¢9=0i¢g,=7x.
4. @ =71¢,=0.

Pe3ynbratu po3paxyHKiB 4aCTKOBUX WMOBIPHOCTEH CHMBOJIbHOI 1 OITOBOI MOMWJIOK TIPHU PI3HUX
KoMOiHaIisfX (a3 MOCUIIOK CUTHAIy 3BelieH1 y Taou. 1.

Tabmuusg 1. Oxpemi HMOBIPHOCTI MOMMJIKY Tpu M = 2

Kombinarii ¢a3 VIMOBipHiCTb MOMIIIKH [Tapamerpu
2R

¢, = 0,9, =0 P :E( L ) ¢, = (1 + pcosn)®
L 2\¢g+1

O, =T, =T Pﬂzi( 1 ) ¢, = (1 — pcosn)*
= 2\c,g+1

¢, =0¢, =m _ 1 VE16,q ¢, = (1 + pcosn)®

o, =mp, =0 PE‘}_PEE_E(l_‘rf[clq—l-l] (cgq-l-l)) ¢, = (1 — pcosn)*

[ToBHa IIMOBIpHICTH CUMBOJIBHOT (01TOBOT) OMWMIIKH TTpH M = 2 B poOOTI 1MOIaHO y BUTIISII:

Pupy= S(P,y + Pyt Puy+ P )—1( 05 05 ., VEi2q
AT e e Tt qatl T gD (et D (29)

Be3 rapmoniunoi 3aBaau npu u = 0 Ta npu ymosi: €y = Cz = 1, Bupas (29) B possini 3BeneHo
pi (o}



Po3paxyHOk moBHOT HMOBIpHOCTI TOMUJIKU 4-DOM.

3MO0/1eTIb0BAaHO MTOBHY MMOBIPHOCTI MOMMJIKH JUIst cUTHAITY 4-OM

[Ipuiinsaro, mo npu M = 4 o6poOka curHary npoBoauThes B cuHpaznomy (CK) Ta kBagparypHomy
(KK) xanamax, i oOuucmoeTscsi (a30BHI KyT CHUTHAJIBHOTO BEKTOpAa HA KOMIUIEKCHIN IUIOIMHI

Y
Z =arctg(—).
g(x)

[Ipuiinara B poboti cxema Puc.13, BiamoBimae HaWOLIBIN TMOMMPEHIH cucTteMi (HOpMyBaHHS
CHUTHAITy 31 3CyBOM CHUTHAJIBHOTO Cy3ip’si Ha /4. ToMy MMOBIpHICTP TOMUJIKOBOTO MPUIOMY CUMBOIY Pe
MOJAHO Yepe3 WMOBIPHICTh NMPaBUIBLHOTO MpUHOMY P — WMOBIPHICTh TOMAJaHHS Yy BiAMOBIIHHMA
KBaJPaHT KOMIUIEKCHOI ILIOIKMHK XY, a caMe:

- it Ag = m/4 — 1 xBaapanT (cuHdaszuuii kKanan X > 0, kBagparypuuit — Y> 0);

- it A = 3n/4 — 2 kBagpant (cundaszuuii kanan X < 0, kBaapatypuauii —Y>0);

- st A@ = 5n/4 — 3 xBaapanT (cuHpasuuit kanan X<0, kBaaparypuuii — Y<0);

-t A@ = 7m/4 — 4 kBaapanT (cuH(pa3uuit kanan X>0, keagparypuuii — Y <0);

P. =1 - Punax Prny. (29)

Jlis BCTAQaHOBJIGHWX BUNAJKIB NMPUHOMY CHMBOJIy Y BIiJIOBITHUI KaHal pPO3pOOJIEHO HACTYIHI
BUPA3U pO3paxyHKy HMOBIPHOCTI IPaBHIBLHOTO MPUHOMY.
MMOBIpHICTh TIPAaBHIBHOTO NpUiioMy B cUH(a3HOMY KaHaui Juis BUNAAKy Ap = w/d: ¢ =xl4 i

¢, =0.
. R i1 I . . ' o
<ri{>=og" [cosz-l- wcosn)~ +cx = myo- +cp;my = (? + ucosn)-,
<rf >= o°(1+ ucosn)® + ¢ = myo” + ¢f;m, = (1 + pcosn)?,

m m
< 1T, >= 67 (cnsz + [.l{cnsz + 1} cos + !.chnszuj =m,o”",

V2 V2
mgy = —+ u(?+ 1)(:051] + p’cos®y,

B m,o” B Jym,;m,o? e’
R, =— =— Pa= i

w|' (m,0? + 67)(m,06% +67) [(m,0? + 67) (m,0° + 67) g

1 m, " 1 /mym 1

Pp=5|1+ : :_( f L s & ):_(1+R1)

2 2 y(myq+1) (m,q+1) 2

[
‘J (my6? + oF) (my6” + 0F)

= Pm‘[i .
VIMOBipHICTb IPAaBUIBHOTO NPUIOMY B CMH(Aa3HOMY KaHaJll JJIsl BUMAIKY:

Ao =Tn/4 (-n/4): ¢, =Tnl4 i¢,=0.

. - . . . .
<ry »>= cr'[? —pcosn)”+ o =m0 + og;

<r] >= o’ (1+ pcosn)® + af = m,0” + of;
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vz vz
<ryr, == o’ (? + I.L( + 1) cosn + pcos’n

2 o2
m,o
R, = : : __z
[(m,e? + o7 ) (m,o” + of e
1 m. o’ 1 /m. m 1
Pm‘:=_ 1+ I = =_( f k = zq ):—(1+R1j
2 y(myq+1)(m,q+1) z

w|| (m,oe®+ cr%] (m,o? + a‘%]
= Pm'ti

MIMOBipHICTh IPAaBUIBHOTO MPUIOMY B CHH(Aa3HOMY KaHaJli JJIsl BULIAJIKY:

Ap=3n/4:: ¢ =37141¢,=0.

[Ipu npomy
. , V2 . , , .
<r;>=o (—? + pcosn)” + o = myo” + og;

<rj >= o°(1+ ucosn)® + 6§ = m,0° + of;

V2 V2
<ryr, == o’ (—?-I- I.L(—— + 1) cosn + p’cos 1]) = m:o’,

2
m; o’ o’
R, = T Y
[(myo? + o7 )(m,o” + of) 3
1 m_ o> 1 m 1
Pm‘::_ 1-— i =_(1_ I =1 ):_(1_R2j
2 y(myq+1)(m,q+1)

[
w|| (m,yoe?+ cr%] (m,o? + a‘%]
= Pnnz
VIMOBipHiCTb MPaBUILHOrO NPHUItOMY B CHH(MA3HOMY KaHAII JUTs BUIIAKY:
Ap=5n/4: ¢, =57141¢,=0.
” .2 . , . R
<r;>=o (—? + pcosn)” + o = myo” + og;

<rj >= o°(1+ ucosn)® + 6§ = m,0° + of;

V2 V2
<ryr, == o’ (—?-I- I.L(—? + 1) cosn + p’cos 1]) = m:o’,

m; o’ o
R, =~ Y
[(myo? + o7 )(m,o” + of) 3

[

1 m_ o 1 m 1
P =3 1—— 3 =_(1— f 59 ):_(1_112)
1 1
'\lll (mye6? + 67) (my0? + oF) y(myq+1)(m,q+1)

= Pnnz
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[Ipu po3poOui Bupa3iB HWMOBIPHICTH NPABWIBHOTO NpUHOMYy B CcHH(pA3HOMY KaHall Ui
KBaJpaTypHoro kanany (puc. 13) BpaxoBaHo ¢a30BHii 3CyB, 1110 BHOCUThCA (pazoodepTauem (-m / 2).
MIMOBipHICTh IPAaBUIILHOTO MPUHOMY y KBaapaTypHOMY KaHam s A = Sm/4 ta Ap = Tn/4,

plro(® <0l =2[1-——]

VIMOBIpHICTh MPaBUJIBHOTO MPUHOMY y KBaApaTypHOMY KaHa JJIsl BULAAKY:

Ap =m/41A¢p =3n/4.

bo—
2 24152

P[Yu[ﬂ}ﬂ]=1—p[}"u[t]:‘:ﬂ]=1—%[1_ R ]_1 1 R

Vi1-—5§2
LAy Ty = R P
R = I| = I|
.2 .2 .2 .2
w|ﬂ:11}{12} "JI{T:L}{TZ}

Po3paxynky iiMoBipHOCTI moMuiiku ripu M = 4 mogano B Tab. 2.

Tabmuns 2. Po3paxyHok HMOBIpHOCTI HOMUJIKY Tipu M = 4

Pizaums das Kanan R P .
HOCUJIOK A¢ mm -
w Sé ii 828:§3 1-0,25(1+R,) (1+R,)
o EE iz 855((11+i4)) 1-0,25(1-R,) (1+R,)
. EE i; 8281; 1-0,25(1-R,) (1-R5)
i EE i: %2((11+§:)) 1-025(14R,) (1-Rs)

Pe3ynpTat po3paxyHKiB OKpeMHUX HMOBIpHOCTEH CHUMBOJIBHOI MOMMJIKM HPU PI3HUX 3HAYEHHSX
pi3HMLb (a3 mocuiok 3BeneH1 y Taou. 3.

Tabmuis 3. Oxkpemi IMOBIpHOCTI TOMMJIKY ITpu M = 4.

Pizauis
¢a3 NmoBipHiCcTH
Kanan Pron ITapamerpu
IIOCHJIOK IIOMMJIKHA
A¢
/4 CK p =114 Vm,ma g m, = (—+ wcosn)* For =1 = Fopyy Froyy
frrm 2 Jimyg+1jimyg+1) - -
m. = (1 + pcosn)-
KK T N [z q mg = (T +psing)”
mmr T g J L mBq+J.}l Mo q+1)
3n/4 CK p = i(l _ Vmgmg q ) my = (L+ pcosn)* Peo =1 —Poryn Proyes
I 2 Jimgg+1ljimyg+1) mg = {£+us'm;|]:
KK e
1 Jma.mga = ——+ ucos
Pn:n = :(1 _|_ E ) { ?;I:]
2 Jimga+1){m,q+1)
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Sm/4 CK p =1f1_ Vm,myq m, = (1 + pcosn)* Poa =1 —Porya Proys
e 2 J (mya+1){m,q+1) V2 -
My = {—T-I-.ucusrll]'
KK 1 JMmamg q _ V2 ) .
Fam: = 51 Jimeg +D(mag¥D /| & (=5 + psin)
Tn/4 CK 1 Vm, myq V2 . Py=1-P P ..
P, = 2 1+ S arimggrty ) | T T {?"‘.ﬂﬂﬂsﬁ']'
m. = (1 + peosn)*
KK 1 Jmama q _ V2 ) ,
Fams = 3 (1 JomeatDimga+D )| ¢ (= + psing)

IToBHa HMOBIPHICTh CUMBOJIBHOT TOMUJIKU TIpH M = 4 TOpiBHIOE
L 30
afAZZ(&1+F)e;2+&3+&4) (30)
VY 3aranbHOMY BHUMAJKYy aHAIITUYHUI 3amuC A7 BUNAAKy Oe3 HeduiykTariiHoi 3aBagu npu u = 0

IIOJJAHO BHUPA30M.

2

p,—1-Yqe 9 (31)

T4 J@+2)(g+)

Ha Puc.13. noka3zana 3anexHicTb MMOBIpHOCTI cuMBObHOT momuiku Bix BCII y panmiokanani 3
peNeiBCHKUMH 3aBMUPAHHAMU Ta TAPMOHIYHOIO 3aBa/1010.

9.5 ‘ g.1b
a) 0)
Puc. 13. 3anexnicts iiMOBipHOCTI cuMBobHOT moMmitkH Bi BCII y pagiokanari 3 peneiBcbKkuMu
3aBMHUPAHHSMHU Ta TAPMOHIYHOIO 3aBa1010 a) st M = 2, 6) ans M = 4.

[Tokazano, mo HeduyKTaliiiHa 3aBaja 3 MaquMu iHTeHCcHuBHICTAMHU 4 = 0,1 1 x4 = 0,3 mpakTU4HO He
MO3HAYAETHCS Ha 3aBaIOCTIHKOCTI JEMOIYASTOPA, 1 B I[bOMY BHUIIAIKy JOMIHYIOUYHI BIUTHB 3/11HCHIOIOTH
pereeBchbKi 3aBMupaHHs. ko i = 0,5, To mmsa Per =101 nomaTkoBi eHepreTHuHi BTpaTH 3a paxyHOK
rapMOHIYHOI 3aBaJy CTAHOBJIATH Bike Onu3bko 1,5 n1b (M = 2) i 6musbko 3 1b (M = 4) nopiBHSHO 3
BUIIAJIKOM, KOJIM BIJICYTHS Taka 3aBaja.
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BUCHOBKH

1. B po0OOTi po3risHyTI NMUTAaHHS OLIHKK BIUIMBY HE(IYKTyalliiHMX 3aBaJ Ha 3aBaJIOCTIHKICTh
NpUHOMY TUCKPETHUX CUTHAIIIB 3 0araTono3uuiinHow0 (pa30BOr0 MaHIMYJIAIIE.

Busznaueno, mo 3abe3meyeHHs] BUCOKO PIBHS 3aBaJOCTIMKOCTI B YMOBax BIUIMBY (UIYKTYyalliiiHUX
3aBajJ Ta MOJaiblIa HayKoBa poOOTa IIOMO0 MiABUIICHHA €()EKTHBHOCTI Mepeaadi AUCKPETHUX AaHUX
bopMyIOTh HOBE aKTyajdbHE HAYKOBE 3aBJaHHsS I0J0 MiJBUIICHHS 3aBaJOCTIHKOCTI mIpuiioMy
JUCKPETHUX CUTHAJIB 3 0ararono3uuiiHOl  (a30BOI0 MAHIMYINALIED B yMOBax BIUIUBY
HeIyKTaliiHUX 3aBaj.

2. BcTaHoBII€HO, 110 OCHOBHUMH BHJIAaMH HEe(IYKTyaliHHUX 3aBaj, SKIi MOKYTh YAHUTH BIUIMB Ha
3aBaIOCTIMKICTh TMPUHOMY JIHUCKPETHUX CHUTHAIIB 3 0araTomo3uIliiHOI (Da30BOI0 MAaHIMMYJIAIIE €
HACTYIIHI: TApMOHIYHA 3aBaJia, XaO0THYHA IMITyJIbCHA 3aBaja, MyJbTHILTIKATUBHA 3aBaja.

3. 3 METOI0 3MEHIICHHS BIUIMBY Ha 3aBaJOCTIMKICTh BXIJHOTO CHTHaTYy Ha 0a3i curHaiiB 3 bOM
3arpoINOHOBAaHA BiJNOBITHA METOOJIOTISl OLIHKU BIUIMBY HE(IyKTyallifHUX 3aBaj Ha 3aBaJIOCTIMKICTb
MpUIOMY TUCKPETHUX CUTHAIIB 3 0araTorno3ulinHow (Ga30BOK0 MaHIMYIISIIELO.

4. HaOyB mOJaIbIIIOr0 PO3BUTKY METOJI OI[IHKU 3aBaJJOCTIHKOCTI KOTEPEHTHOTO TPHHOMY JHCKPETHOTO
CHTHAITY 3 0araTorno3uiiitHow (Ha3oBOI0 MaHIMYIALIEIO, SIKHiA, HA BIAMIHY BiJ ICHYIOUMX, JO3BOJISE OLIHUTH
3aBaJIOCTIMKICTh KOT€PEHTHOTO MTPUIOMY B YMOBaX BIUTHBY HE(IIyKTAI[IHHUX 3aBaI.

3. Pe3ynbTaTi OLIIHKH 3aBaJIOCTIHKICTh KOTE€PEHTHOTO MPUIOMY CUTHAIIB 3 0ararorno3uiiiHow (pazoBoro
MaHIIyJIAIIEI0 TPU HAsSBHOCTI TapMOHIMHOT HE(IYKTYalliiHOI 3aBajyl IMOKa3ajaM, MO 13 30UIBIICHHIM
MO3UIIIHHOCTI CUTHATY BIUIMB TapMOHIYHOI 3aBaayl JJIsl CHTHANIB 3 Mo3ulliiHicTFO M = 2 abo M = 4
NPAKTHYHO HE 30UTbIye BennumHy OiToBOi mommkd. [Ipu Bemukiii iHTeHCHBHOCTI (U > 0,5) mpuniteHI
rapMOHIHI 3aBa/I IPAKTHYHO PyHHYIOTh IPHHAOM BCiX BUIIB curHaiiB BOM.

Pe3ynbTaTl OIIHKK 3aBaIOCTIMKICTh KOI€PEHTHOrO MPUIOMY CHTHANIIB 3 0ararorno3uiiiHoi ($a3oBoro
MaHIIyJIAIIEI0 TP HAsABHOCTI IMITYTbCHOI HE(IIYKTYaIlliHOI 3aBajy IOKa3aad, MO I 3a0e3NeyeHHs
NPUMHATOrO piBHS MMOBIpHOCTI cuMBONIBHOT mommikd P=0.001 3a HasBHOCTI IMMYNIBCHOI 3aBajgl 3
iHTeHCHBHICTIO 1.0 B 3aJ1€:KHOCTI BiI BITHOCHOTO 3HAYECHHSI TAKTOBOTO 1HTEpBATY MOTpiOHE 30uthIeHHss BCILI
Bin 1 mo 6 JI6. Ilpu manmux iHTeHCHUBHOCTSX, A0 W =0,2, IMITynbcHA 3aBaja 3/AIHCHIOE CIAaOKWil BIUIMB Ha
3aBaJIOCTIMKICTh MTpUiiMaya.

Pe3ynbraTé OIIIHKM 3aBa/IOCTIHKICTh KOT€PEHTHOrO MPUHOMY CHUTHAIIB 3 0araromo3uLiiHO0 (ha3oBorO
MAaHIMYJISIIE0 [PU HAsBHOCTI MYJIBTUIUIIKATUBHOI HE(IyKTyalliiHOI 3aBagu MOKa3ald, IO 3aBaja 3
BITHOCHMM Cepe/iHIM 3HaueHHsM iHTeHcuBHOCTI | = 0.1, mucnepciero ammtityzu 0,01 Ta aucnepcieto ¢azu
0,01 paz[2 npu iMoBipHOCTI OiToBOI Mommku 0,001, s curHamB 3 nosumiidHicTIO 2-OM Ta 4-OM nae
noripiieHHs chiBBiHOMIeHHS curHa/myM Bif 0,3 no 1 ab. J{ns curnanis 3 nmoswuiitnictio 8-OM ta 16-OM
11€ TIOTIPIIIEHHS] MOYKE CTAHOBUTH Bifl 2,5 110 5 Ab, BIAMIOBIHO.

6. YIockoHaleHO METO/ OIIHKM BIUIMBY MOXMOKM CHUCTEMH CHHXpOHI3allii Ha 3aBaJOCTIHKICTh
KOT€PEHTHOTO MPUHOMY AMCKPETHOTO CUTHAITY 3 0araTorno3uLiiHo0 (a30BOI0 MaHIMYIALIEIO, SKUH T03BOJISIE
BCTQHOBUTHU TMOXMOKY CHUCTEMH CHHXpPOHI3allil MPU HASBHOCTI B KaHAIl NPUHAOMY JAaHUX He(IyKTAIlHHUX
3aBa/l Ta OLIHUTH il BIUIMB HA 3aBaJIOCTIMKICTb KOT€PEHTHOTO IPUHOMY AUCKPETHOIO CUTHATTY.

5. Pe3ymbraTd OIIHKM IMOBIPHICHMX XapakTePUCTUKAaX IMOSBM OITOBOI IMOMMJKM CHUTHATY 3
0araTorno3uIiiHO0 (Ha30BOK0 MOIYJISIIEI0 MPH HASIBHOCTI (Pa30BOi MOMMUIIKH KOTE€PEHTHOTO JEMOIYIISATOpa
TMOKAa3aJId, 1110 MPH BETUKUX CITIBBIHOIIEHHSX CUTHAI-IIIYM HE3HauHa MOMMUJIKA OIiHIOBaHHS (aswu, Bix /180
710 /90, IPUBOJIUTH 10 3HAYHOTO 301IBIIEHHS IMOBIPHOCTI OITOBHX MOMMJIOK. [1py BUNagKOBUX (IIyKTYyarlisax
dazu st curHaiB 3 M > 4, konmu ucriepcist ToMuitku 3MiHIOeThCs Bi 0 10 0,01, HMOBIPHICTh TIOMIIIKHA MOXKE
3POCTH Ha OJIH-/BA MOPSIKH.

OtpuMaHi pe3ylbTaTH JO3BOJIIIOTH TMPUHTH 1O BHUCHOBKY, IO MiJ Yac NPUAOMY CHUTHAIIB 3
Gararorno3uliitHoo (pa3z0BOI0 MaHIMYJISALIE0 JOMYCTUME 3HAUSHHSI MOXUOKU OLIHKU (ha3u HeCcydoi 3a1eXuTh
BiJ1 rtosuiiiHoCTI M 1 3MIHIOETBCA Bif 11/36 — /72 miia curyamis 3 nosuuiigictio 2-OM o /180 mis 32-OM.

7. HaGyB mojaybIioro po3BUTKY METOJ OLIHKM 3aBaJIOCTIMKOCTI aBTOKOPENSLIHHOIO JAEMOAYIATOpa
CUT'Haly 3 0araTorno3uiiiHow (pazoBOH0 MaHIMYJISLIEI0 B YMOBAaX BIUIMBY HE(IIYKTALIHUX 3aBaj, SIKHMi, Ha
BIIMIHY Bijl ICHYIOUHMX, JO3BOJISE 3IIMCHUTH OIIHKY 3aBaJOCTIMKOCTI OKpeMo il CUH(a3HUX Ta
KBaJ[paTypHUX KaHATIB Ta BA3HAYMTY IIUISXH il MIABUIIICHHS Y MOBaX BIUIMBY HE(TYKTAIlIHHUX 3aBal.
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8. OuiHKM 3aBaIOCTIMKOCTI aBTOKOPEIALIIHHOIO IEMOIYIISITOPAa CUTHATY 3 0araTomo3UIIHHOI0 (ha30BOIO
MAaHIITYJISIIE0 TIPYA HAasSBHOCTI He(IYKTAlIHHUX 3aBaJl TMOKaszaia, MO HeQUIyKTalliiHa 3aBaja 3 MaJioro
inteHcuBHicTiIO | = 0,1 10 0,3 TWpakTHYHO HE TO3HAYAETHCS HA 3aBaJOCTIMKOCTI JEMOAYJATOpA, a
JTOMIHYIOUMH BIUIMB 3/11HCHIOIOTH PEIEIBChbKI 3aBMUpPAHHS. SIKIIO IHTEHCUBHICTh 3aBa/Id 3POCTAE JI0 3HAUCHb
outem p = 0,5 TO I cyMapHOi HMOBIPHOCTI CUMBOJIBHOI TOMIUTKH B 3Ha4YeHHI 0,01 101aTKOBI eHepreTHyHi
BTpATH 3a paXyHOK HE(IyKTAIlliHOI 3aBa/ii CTAHOBIISATH BKe OMM3bKO 3 1B B TOPIBHSHO 3 BHIIAJKOM, KOJIU
BIJICYTHS TaKa 3aBaJia.

Hedmykramiiina 3aBaja MoXKe JOCHTh CHJIBHO TIOTIPIIYBATH 3aBaJOCTIHKICTh aBTOKOPEISIIIHHOTO
nemonyisitopa curHaniB bOM B kaHami 0e3 peleeeBCHKHX 3aMHpaHb, OCOOIMBO TpH 31 30LIBLICHHSAM
MO3HULIIHOCTI CUTHAMIB. 31 30LIbLICHHSM IHTEHCUBHOCTI 3aBajiv JI0 3HaYeHHs Ha 50 BiJICOTKIB IPH 3HAYCHHSX
BCII no 10 nb #iMOBIpHICTE CUMBOJIBHOT IIOMUJIKH MOYKE TIOTIPIIATHCH HA JIBA TOPSIKH.

9. Orpumani B gucepTarliiiHi poOOTI pe3yabTaTH HOCATH CAMOCTiHE, BAaroMe 3HAYCHHS 1 MOXKYTh
OyTH BHUKOPHUCTaHI MPU CTBOPEHHI MEPCHEKTUBHUX PAaIIOTEXHIYHUX MPUCTPOIB KOTEPEHTHOrO Ta
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AHOTAIIA

Mesemko T.B. Meronmka OwiHKM 3aBaJOCTIMKOCTI NpPUIiOMY [IMCKPEeTHHX CHTHAJIB 3
Oararono3uuiiiHO (a30BOI0 MAaHIMyJIsAli€El0 B YyMOBaxX BIUIMBY HeduiykramiiiHux 3aBaa. — Ha
npaBax PyKOIHCY.

HucepTariis Ha 3100yTTS HAYKOBOT'O CTYIICHS KaHIWJaTa TEXHIYHMX HAyK 3a CIEIIaJbHICTIO
05.12.13 — «PamiorexHiyni mpuCTpoi Ta 3acoOu TeleKOMyHiKalii». — HamioHaibHUN aBiaridHui
yHiBepcuteT, Kuig, 2024.

VY nucepramiiiHiii poOOTI BUPIMIYEThCS AaKTyallbHE HAyKOBO-TE€XHIYHE 3aBJaHHA IIOJ0 Ha
MiJBUIICHHS 3aBaJIOCTIMKOCTI MPUHOMY JTUCKPETHHX CHTHAJIB 3 0ararono3uiiiHoi (a3oBoro
MaHIITyJSIEI0 B YMOBAX BIUTUBY HEUIYKTAIIHHUAX 3aBa/l.

VY mpotieci TEOPETUUHUX AOCTIIKEHb 1 MOJIETIOBAHHS Y IMCEPTalliiiHii poOOTI 0JepKaHi HACTYIHI
HOBI1 HayKoOBI pe3ynbTaTi. HabyB moganbIoro po3BUTKY METO OILIHKH 3aBafOCTIHKOCTI KOT€PEHTHOTO
OpUHOMY JUCKPETHOI'O CUIHaly 3 Oararono3uuiiiHolo (a3oBo0 MaHimyssiuiero. Bkazanuil meron, Ha
BIIMiHY BiJl ICHYIOUHX, JIO3BOJISIE OIIIHUTH 3aBaIOCTIMKICTh KOT€PEHTHOTO MPUAOMY B YMOBaX BIUIMBY
He(IyKTaliiHUX 3aBaJl. YJOCKOHAJIEHO METOJ OLIHKH BIUIMBY MOXHOKHM CHCTEMH CHHXpPOHi3alii Ha
3aBaJIOCTIHKICTh KOTEPEHTHOTO TPUHOMY JIHUCKPETHOTO CHUTHAIY 3 0araromo3uuiiiHOo (a30BOIO
MmaHinysniero. [lomanuil MeTosy 103BOJIsSE BCTAHOBUTH IMOXMOKY CHCTEMH CHHXPOHI3alii B yMOBax
BIUIMBY HE(IyKTalliHHUX 3aBaj Ta OILIHUTH ii BIUIMB HA 3aBaJOCTIHKICTh KOTE€PEHTHOT'O MPHIHOMY
JUCKpeTHoro  curHainy. HaOyB  mopanbmioro  po3BUTKY — METOA  OLIHKM  3aBaJOCTIHKOCTI
ABTOKOPEJISIIIHOTO JIEMOAYJISITOPa CHUTHATY 3 0ararono3uIliiHO (a30BOK0 MAHIMYIAIIECID TIPH
HasBHOCTI HedmykTamiiHux 3aBaj. [loganuii MeTon, Ha BiIMIHY BiJ ICHYIOUHX, O3BOJISE 3I1ACHUTH
OLIIHKY 3aBaJIOCTIMKOCTI OKpeMo ajisi cMH(pa3HMX Ta KBaJApaTypHMX KaHAJIB Ta BU3HAYUTH WUIAXH il
MiJBUIICHHS Y MOBaxX BIUIMBY HE(IYKTAIlIHHUX 3aBa/l.

[IpakTuHEe 3HAUEHHS OJEP)KAHUX  pe3ylbTaTiB y Taly3l po3poOKM Ta  CTBOPEHHS
TEJIEKOMYHIKaIl[IHHUX CHCTEM IIOJIArae y TOMY, 10 3alpOINOHOBaHI B JAUCEpTaliifHii poOOTI MeToIu y
MOETHAHHI 3 aJTOpUTMaMU iX 3aCTOCYBaHHs 3a0€3MeuyroTh MIJABUIIECHHS 3aBaJ0CTIHKOCTI AUCKPETHUX
CUTHAJIIB 3 0araTono3uuiiHow0 (pa30BO0 MaHIMYJIALIEI0 B yMOBaxX BIUIMBY He(DIyKTal[iiiHUX 3aBajl.

OTtpumaHi B TucepTaliifHi poOoTi pe3yabTaTH HOCATh CaMOCTIHHE, BaroMe 3Ha4eHHsI 1 MOXKYTh OyTu
BUKOPUCTaHI TPU CTBOPEHHI TMEPCIEKTUBHUX PAAIOTEXHIYHUX MPUCTPOIB KOTEPEHTHOIO Ta
ABTOKOPEJISIIITHOrO MPUIOMY TUCKPETHUX CUTHAIIB, CIIPOMOXHUX peajli3yBaTH MiJABHUILEHHI 3HAaYECHHS
3aBaJJOCTIMKOCTI BXiJIHUX CHUTHAJIB 3 0araTono3uuiiHo (a30BOI0 MaHINMYJALIE€I0 B YMOBaX BIUTUBY
He(IyKTalliHUX 3aBajl.
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In the dissertation work, an actual scientific and technical task is solved in order to improve the
noise immunity of discrete signals with multi-position phase shift keying under the influence of non-
fluctuation noise.

In the process of theoretical research and modeling, the following new scientific results were
obtained in the dissertation work. The method of assessing the immunity to interference of coherent
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reception of a discrete signal with multi-position phase shift keying has gained further development.
This method, unlike the existing ones, allows you to evaluate the immunity to interference of coherent
reception under the influence of non-fluctuational interference. For the first time, a model for evaluating
the influence of the synchronization system error on the interference immunity of coherent reception of
a discrete signal with multi-position phase shift keying has been developed. The presented model makes
it possible to establish the error of the synchronization system under the influence of non-fluctuation
interference and to estimate its effect on the interference immunity of coherent reception of a discrete
signal. The methodology for evaluating the immunity to interference of the autocorrelation signal
demodulator with multi-position phase shift keying in the presence of non-fluctuating interference has
been improved. The improved technique, in contrast to the existing ones, allows to evaluate immunity to
interference separately for in-phase and quadrature channels and to determine the ways of its
improvement in languages affected by non-fluctuational interference.

The practical significance of the obtained results in the field of development and creation of
telecommunication systems is that the methods proposed in the dissertation, in combination with the
algorithms for their application, ensure an increase in immunity to coherent reception of discrete signals
with multi-position phase shift keying under the influence of non-fluctuational interference.

The results obtained in the dissertation are of independent, significant value and can be used in the
creation of promising radio engineering devices for autocorrelation reception of discrete signals, capable
of realizing increased immunity values of input signals with multi-position phase shift keying under the
influence of non-fluctuating interference.



