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Cumunikoé T.B. Mopeni Ta MeTOIW MiABUIICHHS €(PEKTUBHOCTI YaCTOTHO-
3aJIEKHUX TPOrPAMHO-AJITOPUTMIYHUX KOMIOHEHT OOpPOOKHM JaHUX BHCOKOIO
nopsaky. — KeamigikamiiiHa HaykoBa mpails Ha paBaxX pyKOIIUCY.

Hucepramiss Ha 3700yTTS HAyKOBOTO CTymHeHS HokTopa (Qimocodii 3a
cnemiaibHicTiO 122 — Komn'torepHi Hayku. — Harionanbauit yHiBepcutet «Oiecbka
nomitexHikay, MOH Ykpainu, Oneca, 2026.

Y BeTynmi  po3risgaroThCs  OOYMCIIOBAIbHI CHCTEMH, Yy CKJIadl SKUX
3aCTOCOBYIOTBCS ~ YAaCTOTHO-3QJICKHI — MPOTPAMHO-AITOPUTMIYHI ~ KOMIIOHEHTHU
(U3ITAK) 00pobku maHux, 1 (HOpMyeThCs 3ajaya aarOPUTMIYHOTO CIPOILCHHS
peanizaiii Ta 3MEHIICHHS OOYHMCIIIOBAJBLHUX BUTPAT BUKOHAHHS aJITOPUTMIYHOI
o0poOKM JaHuX HAaTuukiB. [0 Takux cUCTEM HajexaTh, 30Kpema, Oe3MiJOTHI
JTaabHI anapaT 13 TporpaMHUMH 3acO0aMM OI[IHIOBAHHS O€3MEYHOI BUCOTH ITiJT
yac MOCaJK{, Ha3eMHI MOOUIBHI TUIATGOPMHU 3 AITOPUTMIYHUMHU MiACUCTEMaMU
BHU3HAYEHHS BIJICTaHI 10 MEPEUIKO, IHKITHOMETPHYHI OOYMCITIOBAIbHI KOMIUIEKCH
JUisi OypiHHS Ta KOHTPOJIIO TMPOCTOPOBOI Opil€HTaIli 00’€KTiB y Teodi3nyHux
JOCITIKEHHSX, @ TaKOK OOUYHCITIOBAILHOT CUCTEMHU CYy4aCHUX aBTOMOOUIIB, Y SIKMX
AITOPUTMIYHUN aHaIli3 JaHUX BUKOPUCTOBYETHCS JIJISl POTPAMHOTO PO3ITi3HABAHHS
PEXKUMIB JICTOHAIIIT IBUTYHA BHYTPIIIHBOTO 3TOPSTHHSI.

Bonanouac 15t 004uCTIOBaIBHUX CUCTEM PEaIbHOIO Yacy HasiBHI MiAX0IU 10
MPOTrPaMHOTO TEPEPaXyHKy IMapaMeTpiB TAKUX KOMIIOHEHT XapaKTepU3YIOThCS
3HAYHUM 00’€éMOM  OOYHMCJIEHh Ta 3HAYHMMH  YacOBMMHU  BUTpaTaMu
OOYHUCITIOBAILHOTO TPHUCTPOIO, WO 3HMXKYE OOYUCIIOBAIIbHY €(EKTHUBHICTh
MPOTrPaMHOTO BUKOHAHHS 1 OMEPATUBHICTh MPHUUHATTS PIIEHh Yy BOYIOBaHHUX
OOYHUCITIOBAILHUX CHUCTEMaxX. Y 3B’S3Ky 3 UMM BHUHHUKA€ CYNEPEUHICTh MIX
BUMOTaMHM JI0 3MEHIIICHHS aJITOpUTMIYHO1 ckitagHocTi peanizaiii Y3ITAK oOpobku
JAaHUX BHUCOKOTO MOPSJKY Ta HEOOXITHICTIO IX IIBHJKOIO 3aCTOCYBaHHS B yMOBax

peanbHOro yacy (3a0e3neueHHs rapaHTOBAHOTO Yacy BIATYKY).



OCHOBHOIO TPUYMHOIO 3a3HAYEHOI CYIMEPEYHOCTI € BUKOPUCTAHHS
pecypcoeMHUX MpoLIeIyp MporpamMHoi peanizaiii maTeMatnyHux mojaenen U3ITAK,
AKi TOTpeOyIOTh 3HAYHOTO 00’€My OO4YMCIIeHb, 30KpeMa, BEJIHMKOI KUIBKOCTI
omeparlii. ¥ nucepraiiiiHiii poOOTi 3ampoOIOHOBAHO IMiAX1J 10 3HUKEHHS 00’ €My
O0YHCIIEHb aNTOPUTMIB 1] YaC BUKOHAHHS IPOTPAMHOTO KOy, 1110 IPYHTY€EThCA Ha
MOCIIJOBHOMY MPOTPAaMHOMY 3’€IHAHHI OJHOTHITHUX AJITOPUTMIYHUX KOMIIOHEHT
HU3BKOTO TIOPAJIKY.

OTxe, akTyaJIbHOIO € 3ajJa4a CTBOpEeHHs maremMaTHuHux moxened U3ITAK
U poBOi 0OPOOKHU JaHUX AJI1 OOUHUCIIOBAIBHUX CUCTEM, IPUJATHUX JI0 PECYPCHO-
€KOHOMHOI IIPOrpaMHoOi peajizallii Ta JUHAMIYHOIO MPOTPAMHOIO HalalllTyBaHHS
3aJIEKHO B1Jl YMOB (DyHKIIIOHYBaHHS. Pe3ynbTaTUBHICTD peani3allii TPaKTY€eThCs SIK
3MEHIIEHHS 00’ €My pO3paxyHKIB OOUHMCIIOBAILHOTO MPUCTPOIO M1J] 4aC CTBOPEHHS
il mepepaxyHKy mapaMeTpiB MAaTEMaTUIHUX MOJICJCH, 10 € KPUTHUYHUM JIJISl CHCTEM
peanbHOro Yacy, skl IpaloTh 32 0OMEKEHUX 00YMCIIOBAILHUX PECYPCIB.

VY nepmomy po3iii JucepTaiitHoi poOoTH IMIPOBEICHO KOMITJIEKCHUHN aHaI3
mateMatnyHux wmozened UY3ITAK, mo 3acTocoByrOThCS Mpu 00poOLl JaHHX B
OOYHUCITIOBAILHUX CUCTEMAaX, 30KpeMa aBTOHOMHUX MOOUTHHUX TIAT(HOPM, 3 METOIO
BU3HAUEHHS NUIAXIB TOKpAIICHHS OOYMCIIOBAIbHUX CKIAJOBHUX X MPOTPAMHOI
peasnizalii B yMoBax 0OMEKEHHX alapaTHUX PECYPCIB OOUUCITIOBATILHUX MTPUCTPOIB.
Poznin mpucesueHo (GopMyBaHHIO TEOPETUYHHUX 1 aITOPUTMIYHO-apXITEKTYPHHUX
nepenyMoB ctBopeHHa U3IIAK, opieHTOBaHHMX Ha NPOrPAMHO-AJITOPUTMIYHY
peanmizailio, IHTETpaIio y cydacHi KiOep]i3uyHi CUCTEMH Ta BIAMOBIIHICT
Bumoram [amyctpii 4.0+.

Y migpo3numi 1.1 BUKOHAHO aHali3 Cy4YyaCHUX TEHJICHLIM PO3BUTKY
iHQOpMaIIHHUX CHUCTEM AaBTOHOMHHMX MOOUIBHUX TUIaTGOPM Yy KOHTEKCTI
Ki0ep(di3uyHUX cucTeMm, NpoMHUcIoBoro IHTepHery peued Ta miaxoniB IHmyctpii
4.0+. Tloka3aHo, 1110 3pOCTaHHS aBTOHOMHOCTI, 1HTEJEKTyani3alli Ta MOOIbHOCTI
TaKUX CUCTEM 3YMOBJIIOE Pi3Ke 301JIbIIIEHHS 00CSTIB TaHUX 1 MIABUIIICHHS BUMOT JI0
MPOTpaMHOi 0OPOOKH y PEKHMI peaTbHOro 4acy. BuzHaueHO OCHOBHI OOMEXXEHHS

aBTOHOMHHX  MOOUTbHUX  1iaTdopMm. OOIPYyHTOBaHO, TIO  MABUIICHHS



pe3yJibTaTUBHOCTI mporpamHoi peam3anii Y3ITAK mnpu Takux OOMEXKEHHSX
JIOIIBHO 3a0e3MeuyBaTH 3a PaxXyHOK YAOCKOHAJIEHHSA MPOrPaMHHUX IapaMeTpiB,
MOAYJLHOT TTPOTPAMHO-aJITOPUTMIYHOI opraHi3aiiii 0OpoOKH JaHHX, MTEPEHECEHHS
JaCTHHU 0OPOOKH Ha JIOKaJIBHUHN piBeHb (edge-004uucieHH).

VY migposaim 1.2 pocnmimkeno matematuuHi moxaeni 3’eananns U3IIAK y
3aauax nporpamMHoi o0poOku manux. [IpoanamizoBano 6a30Bi crocodu 3’ € THAHHS
KOMITOHEHT — TMOCJI1IOBHUM, MapajebHUM Ta 3yCTpIYHO-TIapayieNibHe 3'€IHAHHS — 3
MO3MIIH iX BIUIMBY Ha mepenaBaibHi GyHKIT. OOrpyHTOBaHO, 110 1751 00pOOKH
JAaHUX Ha OOpTy aBTOHOMHHUX MOOUIbHUX TUIATGOpPM HANOUIBII JOLIUIBHUM €
MOCJIJIOBHE 3’€JHAHHSA OJHOTUIIHUX KOMIIOHEHT HHU3BKOTO TIOPAIKY, SKE
3a0e3nedye NABUIIEHHS TOPSAJIKY CUCTEMHU.

Y migpo3gini 1.3 BHUKOHAHO aHaMi3 TOCIIJIOBHOTO 3’€IHAHHS aHAJIOTOBHX
YaCTOTHO-3aJICKHUX KOMIIOHEHT HU3BKOTO TOpsaKy. Ha mpukiaai MaTeMaTHIHUX
Mozened (UIBTPIB HUBBKUX YaCTOT JPYroro MOPSAKY JOCHIIKEHO 3MIHY
aAMIUTITYTHO-4aCTOTHUX ~ XapaKTEPUCTUK TMPU iX TMOCTIJOBHOMY 3’ €JIHAHHI.
OOrpyHTOBaHO JOLUIBHICTh BUKOPHUCTAHHS YACTOTHO-3QJICKHUX KOMIIOHEHT 13
mwiockoro AYUX y cMmy3i MpoIycKaHHs, a TaKOX HeOOXiIHiCTh MonepeIHbOro
PO3pPaxyHKy il Ta0JUYHOrO0 30epiraHHsi mapametrpiB y TaOJulll MOMEPEIHHO
OOYMCIIEHNX 3HA4Ye€Hb 3 YpaxyBaHHSM pPECYpCHHUX OOMEXKeHb aBTOHOMHHUX
MOOUIbHHX TIAT(POPM Ta BUMOT 0OpOOKU JaHUX B peaIbHOMY Yaci.

VY migposnun 1.4 mpoBeneHo ananoriyauil anams ansa uudposux U3ITAK
HU3BKOTO TOPSIJIKY, OPIEHTOBAHUX Ha MPOTpamMHy peajizailiio B 3ajadax oOpoOKH
naHuX. JlocmipKeHO TOCHIOBHE 3’€IHAHHA YaCTOTHO-3QJIEKHUX KOMIIOHEHT
HIDKHIX YacTOT 1 CMYTOBHUX YaCTOTHO-3QJIGKHUX KOMIIOHGHT JAPYTOro TMOPSJIKY.
[Tokazano, mo st udpoBux Mojaeneit GpinbrpiB barepBopra Ta YebOuiesa npyroro
poAy MPOSBIISIIOTHCS T1 caml 3aKOHOMIPHOCTI, IO ¥ JJIsl aHAJIOTOBUX KOMITOHEHT:
«CTHUCHEHHS» aMIUTITYTHO-4aCTOTHOI XapaKTepUCTUKU, 3CYB HYacTOTH 3pi3y Ta
3pOCTaHHS KpyTW3HU crnamy. JlJis CMyroBHX YacTOTHO-3JICKHUX KOMIIOHEHT
barepBopTa BCTaHOBIEHO CUMETPUYHUN 3CYB YACTOT 3pi3Yy J10 LEHTPAIbHOI YaCTOTH

Ta 3BYXEHHS CMYTM TPOIYCKAaHHS MpPHU TMOCTiAOBHOMY 3’€aHaHHi. OTpumani



3aJIEKHOCTI KOPEKTHO AampOKCUMYIOThCA AHATITUYHUMHU (QYHKUISIMH, OJHAaK 3
ypaxyBaHHAM pPECYpCHUX OOMEXeHb OOpTOBUX OOYMUCIIOBAIBHUX CHUCTEM
OOIPYHTOBAHO JAOUIJIBHICTH IX MONEPEAHBOr0 TA0JUYHOIO 3aBaHHA Y IaM'ATi
AJIsl IPUCKOPEHHSI 00YMCJIeHb, 30KpeMa Y BHIAJAKAX anapaTHO-NPOIrPaMHOL
peaJizauii Ha 004YHCIIOBAJBLHUX NPUCTPOAX.

BceranoBiieHo, 110 HAWOUIBII JOLUIBHUM 3 TOYKHA 30py QJITOPUTMIYHOL
CKJIQJTHOCTI MmiaxoA0M j1o mijBuiieHHs nopsaaky Y3IIAK B aBTOHOMHMX MOO1TEHUX
maTopMax € TOCHITOBHE 3’€HAHHS OJHOTUITHUX aJTOPUTMIYHUX KOMITOHEHT
HU3BKOTO Nopsaky. Kpamuymu 11t Takoro mijxoy € MaTeMaTH4HI Mojiel (PUIbTPiB
barepBopTa Ta Uebuiiea apyroro pojy, siki 3adbe3nedyroTh miocky AUX y cmys3i
MPOIYCKAHHS, NependadyBaHy 3MIHY YaCTOTHHUX XapaKTEPUCTUK 1 MOXKIHUBICTh
aHATITUYHOTO TPOTHO3yBaHHs NapameTpiB. OTpumaHi pe3ysbTatd (HOPMYIOThH
TEOPETUYHE MIAIPYHTS JUIS MOJAJIBIIOTO TMEepPEeHATATYBaHHS OO0YHCIIOBATEHUX
npoueayp crtBopeHHsi U3IIAK Ta mnokpaieHHss OOpoOKM JTaHMX aBTOHOMHHUX
MOOUTBHUX TIIATHOPM.

3a pe3ynbTaTaM MPOBEACHOTO aHali3y c(HOpMYyITbOBAHO METY Ta 3aBIaHHS
JIOCITIIKEHHS.

JApyruii po3ain aucepraiiiiHoi poOOTH MPUCBAYEHO PO3POOJICHHIO Ta
TEOPETUYHOMY  OOIPYHTYBAaHHIO  METOAY  MIJABUIIEHHA  OOYMCITIOBAIBHOL
edexkTuBHOCTI MatemMaTuuHux mojnenei mudposux Y3IMAK Bucokoro mopsaky Ha
OCHOBI TOCTIZOBHOTO 3’€IHAHHA OJHOTHUITHUX QITOPUTMIYHUX KOMITOHEHT
HU3BKOTO TOPSAJIKY Ta BUKOPUCTAHHS BCEMPOMYCKHUX MPOrPAMHO-aJITOPUTMIYHUX
koMrioHeHT (BITAK). OcHoBHY yBary 30cepe/lKeHO Ha aHAIITUYHOMY BU3HAYCHHI
4acTOT 3pi3y, JMAOCIHIDKEHHI 3aKOHOMIPHOCTEH 3MIHM aMILIITYHO-4YaCTOTHUX
XapaKTEPHUCTHK 1 POPMYBaHHI MPOTPAMHHUX IT1JIX0/11B O KEPOBAHOTO HAJIAIIITYBAHHS
napametpiB U3ITAK.

Y migpo3aini 2.1 3anponoHOBaHO aHATITUYHUN MIiAXiA 0 BU3HAYCHHS
4acTOT 3pi3y TMPH TMOCTIAOBHOMY 3 €QHAHHI OJHOTHIIHUX aJITOPUTMIYHHX
KOMITOHEHT TMepIioro mopsaky. OOrpyHTOBaHO [ONUIBHICTD BHKOPHUCTAHHS

U3ITAK mnepioro mopsiaky, sk 0a30BUX €JIEMEHTIB JUIsl CTBOPEHHS KOMITOHEHT



BHCOKOTO MOPSIKY 3aBISKH MaJlii KUTBKOCTI KOE(IIIE€HTIB MepeaaBaibHOT QyHKITIT
(o MiHIMI3y€e BHUKOPHCTaHHS MaM'ATi), MPOCTOTI aJTOPUTMIYHOI peaizaiii Ta
O0YHCITIOBANIbHIN CTIHKOCTI M1 Yac 00poOKM JaHuX y peanbHoMy 4aci. [Tokasano,
10 TP TOCIIIOBHOMY 3’ €JHAHHI OJHOTHUIHUX AJITOPUTMIYHMX KOMIIOHEHT iX
nepenaBaibHl (QYHKIII €KBIBaJIEHTHI MIAHECEHHIO JO CTYMNEHs, IO A€ 3MOTY
CYTTEBO 30inbIyBaTH KPyTH3HY AUX 03 npsiMoro creopenns oaHoro Y3IMAK
BHCOKOI'0 MOPAJAKY 1, BIATOBIIHO, O€3 HAJAMIPHOTO 3pOCTaHHs 00’ €My OOYHCIICHb.
[TpoBenena knacuikariiss mporpaMHO-aJrOPUTMIYHIX KOMIIOHEHT.

Y migposnuni 2.1.1 gocmikeHO TMOCTIAOBHE 3’€IHaHHS MPOTPAMHO-
QITOPUTMIYHUX KOMIOHEHT HmkHIX 4YacToT (ITAKHY) mepmioro mopsiaky, sk
0a3oBux enemeHTiB ais ctBopeHHs UY3ITAK Bucokoro mopsnaky i3 migBHUIIEHOIO
eekTuBHOCTI. BcTaHOBJeHO, 10 31 30UIBIIECHHAM KUIBKOCTI ITOCIIIOBHO
3’eqHanux Y3ITAK BinOyBaeTbcs 3CyB 4aCTOTH 3pi3y B 00JaCTh HUKYMX YacTOT Ta
3pOCTaHHs KPYTH3HH AaMIUTITyJHO-9aCTOTHOI XapakTepucTUkd. OTpuMaHo
aHATITUYHI CITIBBIJHOIIICHHS, 5Kl 3a0€3MeYyI0Th TOYHE BU3HAYECHHS] HOBUX YaCTOT
3p13y 3QJIEKHO BiJ YMcia 3’ €JHAHUX KOMIIOHEHT 0€3 BUKOPUCTAHHS allPOKCUMAIIIH.

Y migpo3aimi 2.1.2 BUKOHAHO aHAJOTIYHUN aHai3 MJs MPOTPAMHO-
QNTOPUTMIYHUX KOMMOHEHT BepxHiX uactoT (ITAKBY) mnepmoro mnopsaky.
[Tokazano, mo npu nocaigoBHoMy 3’eaHanHl Takux UY3ITAK wuacrora 3pizy
3MINIYETHCSA B 001aCTh BUIIMX YacTOT, a kpyTusHa AUX 3pocrae. BecranosJieHo,
110 3a3Ha4YeHa MOBEAIHKA € HeOaXaHOO I 3a7a4 MOIaBIEHHS BHCOKOYaCTOTHHX
3aBaJl, OCK1JIbKU 3CyB YACTOTH 3p13y MOIIUPIOE MOJIOCY 3aTPUMKH B 00JIACTh BEPXHIX
4acTOT, Ta MO>KE MOTIPUTYyBaTH SKICTh (PUIBTpAILIii.

OTrpumano aHamiTHYHI (OPMYNM IJIi BU3HAYEHHS YacTOT 3pi3y MpHU n-
KpaTHOMY mporpamMHomy 3’emHanHi ogHoTumHHX [TAKBY 1 cdopmynsoBano
OOMEXEHHSI IIOAO0 JOUUIBHOCTI 3aCTOCYBaHHS TaKoro Croco0y 3’€IHaHHS B
NPUKIIATHUX 3a]a9ax.

VY migpo3aim 2.2 po3risHyTO TocigoBHE 3’ e€qHanHsa ogHoTHIHNX Y3ITAK
npyroro nopsanaky, g0 skux BigHeceHo ITAKHY 1 ITAKBY gpyroro mopsiaky, a

TaKOX CMYTOBiI mporpaMHo-anroputMmiuHi kommoHeHTH (CITAK) ta pexexTopHi



nporpamHo-anroputMivudi komnoHeHTH (PITAK) nepioro nopsiaky. Iloka3zano, o
s [TAKHY 1 [TAKBY apyroro mopsiAKy OTpMMAaHHS TPOCTHX aHaJITUYHUX
BUpa3iB U1 4YacTOT 3pi3y YCKIQJHIOETbCS HEOOXIAHICTIO pPO3B’SI3aHHS PIBHSHB
BUILUX CTETICHIB, 1110 MOTIPIIy€ NPUIATHICTh IPSIMOTO aHANITUYHOTO BUSHAUYECHHS Y
OporpaMHOMY KOJAI B yMOBax OOMEXEHMX OOYHCIIOBAIBHUX PECYPCIB
OO0YHCITIOBAIEHUX MPUCTPOIB.

VY nigpo3aini 2.2.1 po3po0aeHo aHAIITUYHUN METO BUSHAUYECHHS 4YaCTOT 3pi3y
npu mociimoBHOMY 3’eqHaHHi omHoTHnmHUX CIIAK mepmoro mopsaky.
BcranoBneno, mo mnpu TakoMy 3’€HAHHI IIEHTpajbHA YacTOTa 30epiraeThcs
CTaJIOI0, TOJAl K YacTOTH 3pi13y CHUMETPUYHO 3MILIYIOTBCS JI0 LIEHTPY CMYTH
NPOIYCKAHHS, IO MPU3BOJIUTH N0 ii 3BYKEHHS 3a E€KCIIOHEHUIWHUM 3aKOHOM.
OTpuMaHo aHATITUYHI BUPA3U J1JIs1 OOUUCIICHHS Y TPOrPaMHOMY KOJI1 4acTOT 3pi3y
Ta MIUPUHHA CMYTH NPOIYCKaHHS 3aJIEKHO B1J KUTbKOCTI 3’€qHanux Y3ITAK.

VY miaposaim 2.2.2 pochimkeHo nociigoBHe 3’enHaHHs PITAK meprioro
nopsaaky. Ilokaszano, mo Ha Biaminy Big CIIAK, mpu mocnimoBHOMY 3’€IHaHHI
PITAK BinOyBaeTbcs HE 3BYKEHHs, a PO3MIMPEHHS CMYTd BUPI3aHHA, IO €
HeOaKaHUM JIJIsi OUTBIIOCTI TPAKTUYHUX CIIEHApliB, Ji¢ MOTpiOHE MOJaBICHHS
BY3bKOT'O Jllara3oHy 4acToT y AaHuX. OOrpyHTOBaHO HEJOUIBHICTh BUKOPUCTAHHS
JaHoTro miaxoxy st popMyBaHHA By3bkocMyroBux PITAK.

VY migposaini 2.3 3anpononoBaHo BukopuctaHHs BITAK sk 6a3oBux
enemeHTIiB ansi ctBopeHHs U3IIAK miaBumieHoro mopsiaky B 3agadax 0OpoOKH
nanux. Y migposaia 2.3.1 posrsiayTo dopmyBanns BITAK mepioro ta npyroro
nopsaKy Ha ocHoBl Matematuunux moaenei [TAKHY, TTAKBY, CITAK Ta PITAK
tumiB. [loka3aHo, 10 Taki alrOpUTMU 3a0€3MEUYIOTh PIBHOMIPHY aMILIITYIHO-
YaCTOTHY XapaKTEPUCTUKY 3 OJJHOUACHOIO KOPEKII€r (ha30BUX XapaKTEPUCTHUK.

VY migposzain 2.3.2 pocnimxeno MoxinBicTh popmyBanHs [TAKBY, CITAK
ta PITAK 00po6ku manux Ha ocHoBl BITAK. ITokazano, mo 3’e¢qnanns BITAK i3
I[TAKHY a6o CITAK nae 3mory otpumyBaTtu U3ITAK 3 migBUIIEHOIO KPYTHU3HOIO

AUYX 1 mporpaMHO-KEpOBAHUM 3CYBOM 4acTOT 3pizy. OOIPYHTOBAHO, 110 TaKHii



MIJX1J] € TEepPCIeKTUBHUM JJIsi aBTOMATH30BAaHOTO TepepaxyHKy Koedilli€HTIB
U3ITAK y cknaii aBTOHOMHUX MOOLITBHUX TIATHOPM.

Bcra"oBiieHo, 110 3ampoNOHOBAHWN METOJ| ITOCHIIOBHOTO 3’ €IHAHHS
ITAKHY B mnoennanni 3 BukopuctaHHsM BITAK 3a0e3neuye dopmyBaHHS 3
MEHIo  anroputMmiuao  ckiamHicTio  Y3IIAK  Bucokoro mopsaky 3
MPOrHO30BAaHUMH XapaKTepucTUKaMu. OTpUMAaHi aHANITUYHI CIiBBIIHOIICHHSA
JAI0Th 3MOTY TOYHO OOYMCIIIOBATH YaCTOTH 3p13y Ta CMYTH MPOITYCKaHHS.

Tperiii po3ain qucepraiiitnoi poOOTH MPUCBIYCHO MPAKTUYHIN MpOrpaMHii
peaizaliii 3aponoHOBaHOTO B MONEPEIHIX po3auiax metoay hopmyBanHs U3ITAK
MIJBUIEHOTO TIOPSJAKY HA OCHOBI TMOCHIJIOBHOTO 3’€IHAHHA OJHOTUITHUX
KOMIIOHEHT NEPIIOro MOPSIKY, a TaKOX OI[IHIOBaHHIO 00’e€My OOYHCIICHb MpH
NporpamMHiii peaJizanii Ta anapaTHO-NPOrpaMHii anmpoodauii aJIropuTMiB.

Y migpo3aini 3.1 posrasnyto peamzaniio [IAKHY miaBuiiieHoro nopsiaky
IIUIIXOM TIOCTIOBHOTO 3 €JHAHHS OJHOTHUITHHX AQJTOPUTMIYHUX KOMITOHEHT
NEePIIOro TMOPSAKY. 3alpONOHOBAHO CTPYKTYPHO-aJITOPUTMIYHE PIIICHHS I
ONepaTUBHOI 3MiHU ekBiBajgeHTHoro nopsaaky Y3IIAK, mo go3Bossie onepaTUBHO
3MIHIOBaTH MOPSAOK (PiabTpa. OOGIPYHTOBAHO JIOIIBHICTh 3aCTOCYBaHHS I[bOTO
pilIeHHS Ha O00YMC/IIOBAJIBHUX NPHUCTPOSIX, SK 3ac00y 3a0€3MeUeHHsI THYYKOIro
anapaTHO-MIPOTPaMHOTO HAJAIITYBAaHHS IPU 0OMEKEHUX pecypcax.

VY migposnini 3.2 mochimkeno peanizarito CITAK Bucokoro mopsiaky Ha
OCHOBI ~ OJHOTHUITHUX KOMIIOHEHT mepiioro mnopsaky. Ilokazano, 1o
3alpOINIOHOBAHUIN  AQITOPUTMIYHMM  MIAX1J  JO3BOJISIE  MPOrPaMHO-KEPOBAHO
3BY)KyBaTH CMYTY TIPOMYCKAHHS TPU HE3MIHHIA LEHTpalbHI YacTOTi, IO
MIITBEP/KYE  TEOPETUYHI  MOJOXKEHHS, OTpPUMaHi B  JIPyrOMY  PO3JILIIL.
3anpononoBano peamizaiito CITAK nns 06poOku JaHUX yIbTPa3BYKOBUX JAaTUYHKIB
aBTOHOMHUX MOOUTBHUX TIaThOPM.

VY migposaini 3.3 po3rsinyTo peanizaiiito PITAK BUCOKOTo mopsiiKy HUISIXOM
nocaimoBHoro 3’egHanHs oxHotunHux CITAK. Ilokazano, 1o xoda JaHUK
NPOrpaMHUM MIAX1 € NMPUIATHUM JUIsl pealiizallii, po3IUPEHHsI CMYTH BUPI3aHHS

npu  30UThIIEHH] TOPSAKY (inbTpa 0OMEXye HWOoro eQeKTHBHICTh IS



BY3bKOCMYTOBUX MPOrPaMHUX 3aCTOCYBaHb, 110 Y3TOJKYETHCS 3 TEOPETUYHUMU
pe3yJibTaTaMu MONepPeaHIX PO3/ILTIB.

VY migposnini 3.4 mocaimkero nporpamuy peamisaiiito BITAK miaBumenoro
€KBIBAaJICHTHOTO TOPSAAKY HA OCHOBI TOCIIJOBHOTO 3 €IHAHHS OJHOTHUITHUX
QITOPUTMIYHUX KOMIIOHEHT TEPIIOr0 MOPSIKY. 3alpOIIOHOBAHO JIBAa MIAXOIU 0
dopmyBannas BITAK: na ocuoBi pizuuii monaeneit [IAKHY 1 ITAKBY, a takox Ha
ocHoBl 3’eaHanHa CIIAK 1 PITAK. O0rpyHTOBaHO AOIUIBHICT BUKOPHCTAHHS
OOYHCITIOBAIFHUX TMPHUCTPOIB [JIsl peamizallii TaKuX CTPYKTYp Yy BOYIOBaHHX
CUCTEMaX peajbHOro yacy.

Y migposnin 3.4.1 naBeneno peamzanito BITAK meproro ta apyroro
nopsakiB. [TokazaHo, 1110 3aIPOMOHOBAHUM MiAX11 JO3BOJISE JUHAMIYHO 3MIHIOBATH
NOPSIJIOK Moziei PuibTpa 6€3 HeOOX1THOCTI CTBOPEHHS HOBUX KOMITOHEHT.

Y migpo3aim 3.5 pO3TASHYTO MPUKIAA TPAKTUYHOIO 3aCTOCYBaHHS
3alPOIIOHOBAHOTO MIAXOMY JUIS PO3B’SI3aHHS 3a/ayl BHSBJICHHSA Ta TMOJABICHHS
JETOHAIIIMHUX PEXUMIB JBUTYHA BHYTPIIIHHOrO 3ropsiHHs. [lokaszaHo, 110
BukopuctanHa CIIAK 13 mnporpamHo-KepOBaHMMHM HapaMmeTpaMu 3abe3nedye
edeKTHUBHE BHJUICHHS JCTOHAIIMHUX CKJIAJIOBUX y PEXKHUMI PEATbHOrO Yacy.
3anpornoHOBaHO CTPYKTYPY, V SIKi mociigoBHe 3 €qHaHHs ogHOTUIHUX U3ITAK
BUKOPUCTOBYETHCS ISl TMHAMIYHOI OOPOOKH JaHUX BIJAMOBIIHO JI0 3MIH PEKUMIB
poOoTH ABUTYHA. OOIPYHTOBAHO MOKJIUBICTh IHTETPAIlil TAKOTO MIIXOY B Cy4acH1
BOy/0BaHI aBTOMOOUIBHI Ta loT-opieHTOBaHI MpPOrpaMHi CUCTEMH KEPYBAaHHS SIK
€JIEMEHT O0YMCIIOBAIBHOL MIITPUMKH MPUNHATTSA PIIICHb Y PEAIbHOMY Yaci.

VY BHCHOBKax 10 PpO3JAUTy BCTAHOBJIEHO, IO 3alpOIOHOBaHI peaizailii
nociaigoBHOoro 3’enHaHHs  omHoTHUNHUX U3IIAK  migBuiieHoro mopsaky
3a0e3MeuyloTh 3MEHIICHHS O00’€My O00YHC/IeHb AaJrOpuTMiB, TOPIBHSIHO 3
TpaguiiiaumMu  migxogamu ctBopeHHs U3ITAK Bucokoro mopsiaky. OTpumani
pe3yabTaTH MIATBEP/KYIOTh MPHUAATHICTH PO3POOJIEHOr0 MPOTPAMHOTO MIAXOIY
JUISL 3aCTOCYBaHHA Yy BOY/IOBAaHHUX OOYMCIIOBAIBHUX CHCTEMaX, aBTOHOMHHX

MOOUIBHHX TIAT(POpPMax Ta CUCTEMaX PEATbHOIO Yacy.



Knrouosi cnosa: xommr’ioTepHi Hayku, ImdpoBa o00poOka CHTHAIIB,
anropuT™Mu (QuIbTpaIlli, YaCTOTHO-3aJIeKHI KOMITIOHEHTH, IMOCTiOBHE 3’ €IHAHHS
KOMITOHEHT, 00’€M OOYHMCIIeHB, TIpOoTrpamMHa iHKEHepis, aBTOHOMHA cuctema, [oT,
JaTYUKU Ta I1’€30KepaMiuHi JaTyuku, Kibepdismuna cucrema, BIIJIA,

iHpopMaIlliiiHa cucTeMa, MaTeMaTUYHE MOJICTIOBaHHS, €IEKTPOHHI KOMIIOHEHTH.

Cnucok ny0aikaniii 3100yBaya 3a TeMOK AucepTanii

Crarri

1. CurnikoB T. B., Crymennr II. B.. PobGotorexniuna cucrema 3
OJTHOTUITHUMHU YaCTOTHO-3aJIEKHUMH KOMIIOHEHTaMU y TPaKTI 0OpOOKM CUTHAIIIB
natuyukiB. EnextporexH. Ta komm’rotep. cucremu. 2023; 37 (113): 52-61. DOIL:
https://doi.org/10.15276/eltecs.37.113.2023.06 URL.:
https://eltecs.op.edu.ua/index.php/journal/article/view/3235/1146

2. Sytnikov T., Bilenko A., Sytnikov V., Streltsov O., Stupen P. Increasing
the Efficiency of the Information Management System for Controlling the Spatial
Orientation of Objects in Geophysical Research. Engineering Proceedings: MDPI
Engineering Proceedings; Vol.41(1), NS. DOI:
https://doi.org/10.3390/engproc2023041005. URL: https://www.mdpi.com/2673-
4591/41/1/5/pdf?version=1689236119 (Index Scopus)

3. Sytnikov T.V. Increasing g-factor of the digital sensor signals processing
path in autonomous-mobile robotic platforms with limited computing resources.
Enextporexniuni ta komm’torepHi cucremu. Odessa 2024; 39(115): 26-34. DOL:
https://doi.org/10.15276/eltecs.39.115.2024.3 URL:
https://eltecs.op.edu.ua/index.php/journal/article/view/3270/1179

4. Sytnikov V.S., Kudermetov R.K., Stupen P.V., Polska O.V., Sytnikov T.V..
Constructing sensor signal processing channel for autonomous robotic platforms.

Radio Electronics Computer Science Control. 2024: 175-184. DOI: 10.15588/1607-


https://doi.org/10.15276/eltecs.37.113.2023.06
https://doi.org/10.3390/engproc2023041005
https://doi.org/10.15276/eltecs.39.115.2024.3
http://dx.doi.org/10.15588/1607-3274-2024-4-17

3274-2024-4-17. URL:
https://www.researchgate.net/publication/387436663 CONSTRUCTING_SENSO
R_SIGNAL PROCESSING CHANNEL FOR AUTONOMOUS ROBOTIC PL
ATFORMS (Index Scopus)

5. Sytnikov T., Sytnikov V. A phase correction node construction for cyber-
physical systems based on all-passfilters. Electrical and ComputerSystems. 2025;
43(119): 34-40. DOI: https://doi.org/10.15276/eltecs.43.119.2025.4 URL.:
https://eltecs.op.edu.ua/index.php/journal/article/view/3329/1206

6. Sytnikov T. V., Bilenko A. O. Sensor signal processing unit in an
autonomous mobile platform using bandpass frequency-dependent components.
Electrical and Computer Systems. 2025; 44(120): 55-60. DOIL:
https://doi.org/10.15276/eltecs.44.120.2025.7 URL.:
https://eltecs.op.edu.ua/index.php/journal/article/view/3341/1217

Momnorpadgis

Sytnikov T. Internal combustion engine detonation elimination through the
application of bandpass filters in the control information system. Information
processing in control and decision-making systems. Problems and solutions. Odessa
2023:307-332. URL: https://icst-conf.com/2023%20MG.pdf

Kondepenuii

MixkHapoaHi

1.Sytnikov T., Sytnikov V., Streltsov O., Stupen P. Increasing Order of Digital
Filters of the Same Type in Robotic Systems. Proceedings of the 12th IEEE
International Conference on Intelligent Data Acquisition and Advanced Computing
Systems: Technology and Applications (IDAACS). — Dortmund, Germany,
December 2023; Vol.1: 1200-1204. DOI: 10.1109/IDAACS58523.2023.10348806
URL: https://ieeexplore.ieee.org/document/10348806 (Index Scopus)

2. CurnixoB T., bagepxo I., Crynens II., CurnikoB B. Bukopucranus
ofHOTUNHUX OGIBTPIB Yy BOyaoBaHux cuctemax. International Conference of

Students and Young Scientists in Theoretical and Experimental Physics — Heureka


http://dx.doi.org/10.15588/1607-3274-2024-4-17
https://www.researchgate.net/publication/387436663_CONSTRUCTING_SENSOR_SIGNAL_PROCESSING_CHANNEL_FOR_AUTONOMOUS_ROBOTIC_PLATFORMS
https://www.researchgate.net/publication/387436663_CONSTRUCTING_SENSOR_SIGNAL_PROCESSING_CHANNEL_FOR_AUTONOMOUS_ROBOTIC_PLATFORMS
https://www.researchgate.net/publication/387436663_CONSTRUCTING_SENSOR_SIGNAL_PROCESSING_CHANNEL_FOR_AUTONOMOUS_ROBOTIC_PLATFORMS
https://doi.org/10.1109/IDAACS58523.2023.10348806
https://ieeexplore.ieee.org/document/10348806

16-18 May, Lviv, 2023: 112. URL:
https://physics.Inu.edu.ua/conferences/heureka2023/files/Heureka2023.pdf

3. Menenuyk T. M., I'puropoB A. I'., Temmeuyk A. M., CurtnixoB T. B.,
Crynens I1. B. 3actocyBaHHS OJHOTUIHUX YaCTOTHO-3aJICKHUX KOMIIOHEHT IPHU
oOpoOIli CHUTHAJIB JaTYMKIB EJICKTPOHHUX CHUCTEM aBTOMOOLIA. I[HHOBaIiiHI
aCTeKTH PO3BUTKY aBTOMOOUTBHOTO TPAHCHOPTY YKpaiHu: 30IpHUK Te3 JAOMOBIACH
MDKHApOJHOT HAYKOBO-TIPaKTU4YHOI KoH(pepeHiii, M. Kam’sHcbke, 16-18 TpaBHA
2023: 109-110. URL: https://www.dstu.dp.ua/uni/downloads/tezu_ag.pdf

4. Sytnikov T., Bilenko A., Sytnikov V., Streltsov O., Stupen P. Increasing
the Efficiency of the Information Management System for Controlling the Spatial
Orientation of Objects in Geophysical Research. Engineering Proceedings:
International Conferenceon Electronics, Engineering Physics and Earth Science
(EEPES’23) Kavala, Greece, 21-23 June 2023 URL:
https://eepes.eu/index.php/conference-proceedings/conference-
proceedings/eepes2023-conference-proceedings (Index Scopus)

5. CutnikoB T. B., BoiitoB B. M., JlaBpyxin B. B., MonoukoB B. M.,
CutnixoB B. C. 3acTocyBaHHSI OTHOTUITHUX CMYTOBUX Ta PEKEKTOPHUX (PLIHTPIB
JUISL THABUIIEHHS TOPSIAKY OOpoOKM curHamiiB. JlaTuMku, mpuiiagd Ta CUCTEMHU—
2023: 30ipHuK. mpailb. X Mi>kHapoAHOI HAYKOBO-TEXHIYHOI KOH(pepeH1ii, Yepkacu,
12-14 BEpec. 2023: 104-106. URL:
https://er.chdtu.edu.ua/bitstream/ChSTU/4653/1/%D0%97%D0%B1%D1%96%D
1%80%D0%BD%D0%B8%D0%BA%20%D0%BC%D0%B0%D1%82%D0%BS5
%D1%80%D1%96%D0%B0%D0%BB%D1%96%D0%B2%20%D0%9C%D0%9
D%D0%A2%D0%9A%20%D0%94%D0%9F%D0%A1-2023.pdf

6. Sytnikov V., Streltsov O., Stupen P., Stevic Z., Sytnikov T. Analysis of the
Application of Serial Connection of the Same Type Bandpass Filters in the Sensor
Signal Processing Channel in the Information Control System. CEUR Workshop
Proceedings. — (September 21-23 ICST-2023 Odessa) 2023; 3513: 39-50. URL:
https://ceur-ws.org/Vol-3513/paper04.pdf (Index Scopus)


https://physics.lnu.edu.ua/conferences/heureka2023/files/Heureka2023.pdf
https://www.dstu.dp.ua/uni/downloads/tezu_ag.pdf
https://eepes.eu/index.php/conference-proceedings/conference-proceedings/eepes2023-conference-proceedings
https://eepes.eu/index.php/conference-proceedings/conference-proceedings/eepes2023-conference-proceedings
https://er.chdtu.edu.ua/bitstream/ChSTU/4653/1/%D0%97%D0%B1%D1%96%D1%80%D0%BD%D0%B8%D0%BA%20%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D1%96%D0%B0%D0%BB%D1%96%D0%B2%20%D0%9C%D0%9D%D0%A2%D0%9A%20%D0%94%D0%9F%D0%A1-2023.pdf
https://er.chdtu.edu.ua/bitstream/ChSTU/4653/1/%D0%97%D0%B1%D1%96%D1%80%D0%BD%D0%B8%D0%BA%20%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D1%96%D0%B0%D0%BB%D1%96%D0%B2%20%D0%9C%D0%9D%D0%A2%D0%9A%20%D0%94%D0%9F%D0%A1-2023.pdf
https://er.chdtu.edu.ua/bitstream/ChSTU/4653/1/%D0%97%D0%B1%D1%96%D1%80%D0%BD%D0%B8%D0%BA%20%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D1%96%D0%B0%D0%BB%D1%96%D0%B2%20%D0%9C%D0%9D%D0%A2%D0%9A%20%D0%94%D0%9F%D0%A1-2023.pdf
https://er.chdtu.edu.ua/bitstream/ChSTU/4653/1/%D0%97%D0%B1%D1%96%D1%80%D0%BD%D0%B8%D0%BA%20%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D1%96%D0%B0%D0%BB%D1%96%D0%B2%20%D0%9C%D0%9D%D0%A2%D0%9A%20%D0%94%D0%9F%D0%A1-2023.pdf
https://ceur-ws.org/Vol-3513/paper04.pdf

7. Sytnikov T., Sytnikov V., Streltsov O., Stupen P. Serial connection of the
same type of bandpass filters to increase the order of signal processing in the
information and control system. Information-Management Systems and
Technologies: Materials of the XI International Scientific Conference(ICST-
ODESSA-2023), Odessa, 21-23 September, 2023: 28-31. URL: https://icst-
conf.com/2023.pdf

8. CutnikoB T.B, binenko A.O., CutnikoB B.C. 3acTocyBaHHS OJHOTHITHUX
b1IpTPIB UM MIABUIICHHS MOPAAKY 00poOku curnamiB. CIET-2023 29-31 tpaBus
Odessa. 2023: 15-16. URL: https://old.tkea.com.ua/siet/archive/2023/15.pdf

9. CutnikoB T. B., IlepekpecroB 1. C., Umenescrkuii A. M., KynpistHos O.
M., CurtnikoB B. C. TlocniioBHe 3’€IHaHHS OJAHOTUIHUX CMYTOBHUX YaCTOTHO-
3aJIeKHUX KOMIIOHEHTIB JJIsi MIABUIICHHS TOPSAIKY NepenaBaibHOiI (YHKII y
aBTOHOMHHMX MOOUIbHUX IaTdopmax. [Ipobiemu iHQOpMaTUKH Ta KOMII IOTEP.
texHiku (ITIKT — 2023): np. XII MixkxHapo/iHa HayKOBO-IPAKTUYHA KOH(EPEHIIis,
UYepnisli, 10-12 JIMCTOIL. 2023: 86—89. URL:
https://drive.google.com/file/d/10m9pfY czudmlanvOnalMgZgMSoGyFPA-/edit

10. Sytnikov T., Perekrestov 1., Chmelevsky A., Stupen P., Sytnikov V..
Application of a series connection of the same type bandpass frequency dependent
components in systems with renewable energy sources. Proceedings 11th Intern.
Conf. On Renewable Electrical Power Sources, 02—03 November. — Belgrad, 2023:
159-163. URL: https://www.smeits.rs/include/img/mkoiee-
2023/PROCEEDINGS 11 ICREPS.pdf

11. CutnikoB T. B., banepko 1. B., CutnikoB B. C. IlocniioBHe 3’€1HaHHS
OJHOTUITHUX YACTOTHO-3AJICKHUX KOMITOHEHTiB. Da304acTOTHA XapaKTEPUCTHKA.
Cyuac. iHpopM. TexHomorii — 2024 : Marepianu 4OTUPHAAISITOI MiXKHAp. HayK.
KOH(. cTyeHTiB Ta MoJionux BueHux, Oneca, 16—17 tpas. 2024: 145-147. URL:
https://drive.google.com/file/d/1612nZaiRtoVwermre3UMhKbS-
8B4Bex4/view?usp=sharing

12. Cutnikos T.B., bagepko 1.B., binenko A.O., Cutnikos B.C. Anani3s ¢azo-

YaCTOTHOI XapaKTePUCTUK TPU 3aCTOCYBaHHI OJHOTUIHUX (DUIBTPIB s


https://old.tkea.com.ua/siet/archive/2023/15.pdf
https://drive.google.com/file/d/10m9pfYczudmIanv0na1MgZqMSoGyFPA-/edit
https://www.smeits.rs/include/img/mkoiee-2023/PROCEEDINGS_11_ICREPS.pdf
https://www.smeits.rs/include/img/mkoiee-2023/PROCEEDINGS_11_ICREPS.pdf
https://drive.google.com/file/d/1612nZaiRtoVwermre3UMhKbS-8B4Bex4/view?usp=sharing
https://drive.google.com/file/d/1612nZaiRtoVwermre3UMhKbS-8B4Bex4/view?usp=sharing

MIJBUIICHHS TOpsAKy 00poOku curHamiB jgatuukiB. CIET-2024 Odessa 27-29
tpaBHsa 2024. URL: https://old.tkea.com.ua/siet/archive/2024/36.pdf

13 CwurnikoB T., bimenko A., bamepko I., CurtnikoB B. [ocmimkeHHs
($ha3049aCTOTHUX XapaKTEPUCTUK IIPH 3aCTOCYBAaHHI OJTHOTUITHUX CMYTOBUX (DUIHTPIB
JUTS TIABUIICHHSA TOPSAAKY OOpOOKHM cUTHAmNiB. JlaT4MKu, MpUIagy Ta CUCTEMU —
2024: 36. np. XI Mixnap. Hayk.-TexH. KoH(]. 30-31Tpausa. 2024 p. — Uepkacw,
2024: 42-44. URL:
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449 &url=https:/
/er.chdtu.edu.ua/bitstream/ChSTU/5031/1/%25D0%2594%25D0%259F%25D0%?2
S5A1-
2024%2520%25D0%25B7%25D0%25B1%25D1%2596%25D1%2580%25D0%?2
5BD%25D0%25B8%25D0%25BA%2520%25D0%25BF%25D1%2580%25D0%
25B0%25D1%2586%25D1%258C.pdf&ved=2ahUKEwiR2ZrohsqPAxW3SvEDH
TmkBUoQFnoECBkQAQ&usg=AOvVaw3pjdbaA4vvUgd8jeGQ ofE

14 CurnixoB T. B., IlepekpectoB 1. C., JlaBpyxin B. B., CutnikoB B. C.
ABTOMaTH3aLis KOpeKIii Ga3u y TpakTi 0OpoOKH CUTHAIIB aBTOHOMHOI MOOUTBHO1
poboToTexHiyHOi TiaThopmu. [HPopM. TexHosorii 1 aBromaTtuzails — 2024:
Martepianu XVII MixHap. Hayk.-nipakT. KoH(., Ozneca, 31 xoBT. — 1 nmucron. 2024:
682—683. URL: https://ontu.edu.ua/download/konfi/2024/Collection-of-abstracts-
of-the-conference-ITIA-2024.pdf

15. CurnikoB T.B., XKepeokin C.€., Umenercrkuii A.M., Cutniko B.C.
3actocyBaHHS (ha30BHX KOPEKTOPIB y aBTOHOMHHUX MOOUIBHUX POOOTOTEXHIYHUX
mwiatopmax st oOpoOKHM curHamiB natdukiB. [IpoOnemu iHbOpMaTHKK Ta
koM totrep. TexHiku: [Ipami XIII Mixuap. Hayk.-npakt. koHd. (INKT — 2024),
UYepnismi, 01-03 mucrton. // YepH. Ham. yH-T. — YepniBmi, 2024: 55-56. URL:
https://drive.google.com/file/d/1YY-YHwal-apT TVEOtaGh6rBiTOWJmS8x/edit

Bceykpaincbki

1. CutnikoB T. B., Mapymak 10.B., bypsaukiscekuit C.E., Menbuudyenko M.
I'., CutnikoBa B. O. Anroputmizaiisi 0OpoOKM €KCHEPUMEHTAIBHUX MEIMYHUX

JAaHUX 3 3aCTOCYBaHHSAM OJHOTUIMHKUX (DiTbTpiB. KoMIT 0OTEp. IHTENEKT. CUCTEMH Ta


https://old.tkea.com.ua/siet/archive/2024/36.pdf
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://er.chdtu.edu.ua/bitstream/ChSTU/5031/1/%25D0%2594%25D0%259F%25D0%25A1-2024%2520%25D0%25B7%25D0%25B1%25D1%2596%25D1%2580%25D0%25BD%25D0%25B8%25D0%25BA%2520%25D0%25BF%25D1%2580%25D0%25B0%25D1%2586%25D1%258C.pdf&ved=2ahUKEwiR2ZrohsqPAxW3SvEDHTmkBUoQFnoECBkQAQ&usg=AOvVaw3pjdbaA4vvUgd8jeGQ_ofE
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://er.chdtu.edu.ua/bitstream/ChSTU/5031/1/%25D0%2594%25D0%259F%25D0%25A1-2024%2520%25D0%25B7%25D0%25B1%25D1%2596%25D1%2580%25D0%25BD%25D0%25B8%25D0%25BA%2520%25D0%25BF%25D1%2580%25D0%25B0%25D1%2586%25D1%258C.pdf&ved=2ahUKEwiR2ZrohsqPAxW3SvEDHTmkBUoQFnoECBkQAQ&usg=AOvVaw3pjdbaA4vvUgd8jeGQ_ofE
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://er.chdtu.edu.ua/bitstream/ChSTU/5031/1/%25D0%2594%25D0%259F%25D0%25A1-2024%2520%25D0%25B7%25D0%25B1%25D1%2596%25D1%2580%25D0%25BD%25D0%25B8%25D0%25BA%2520%25D0%25BF%25D1%2580%25D0%25B0%25D1%2586%25D1%258C.pdf&ved=2ahUKEwiR2ZrohsqPAxW3SvEDHTmkBUoQFnoECBkQAQ&usg=AOvVaw3pjdbaA4vvUgd8jeGQ_ofE
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://er.chdtu.edu.ua/bitstream/ChSTU/5031/1/%25D0%2594%25D0%259F%25D0%25A1-2024%2520%25D0%25B7%25D0%25B1%25D1%2596%25D1%2580%25D0%25BD%25D0%25B8%25D0%25BA%2520%25D0%25BF%25D1%2580%25D0%25B0%25D1%2586%25D1%258C.pdf&ved=2ahUKEwiR2ZrohsqPAxW3SvEDHTmkBUoQFnoECBkQAQ&usg=AOvVaw3pjdbaA4vvUgd8jeGQ_ofE
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://er.chdtu.edu.ua/bitstream/ChSTU/5031/1/%25D0%2594%25D0%259F%25D0%25A1-2024%2520%25D0%25B7%25D0%25B1%25D1%2596%25D1%2580%25D0%25BD%25D0%25B8%25D0%25BA%2520%25D0%25BF%25D1%2580%25D0%25B0%25D1%2586%25D1%258C.pdf&ved=2ahUKEwiR2ZrohsqPAxW3SvEDHTmkBUoQFnoECBkQAQ&usg=AOvVaw3pjdbaA4vvUgd8jeGQ_ofE
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://er.chdtu.edu.ua/bitstream/ChSTU/5031/1/%25D0%2594%25D0%259F%25D0%25A1-2024%2520%25D0%25B7%25D0%25B1%25D1%2596%25D1%2580%25D0%25BD%25D0%25B8%25D0%25BA%2520%25D0%25BF%25D1%2580%25D0%25B0%25D1%2586%25D1%258C.pdf&ved=2ahUKEwiR2ZrohsqPAxW3SvEDHTmkBUoQFnoECBkQAQ&usg=AOvVaw3pjdbaA4vvUgd8jeGQ_ofE
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://er.chdtu.edu.ua/bitstream/ChSTU/5031/1/%25D0%2594%25D0%259F%25D0%25A1-2024%2520%25D0%25B7%25D0%25B1%25D1%2596%25D1%2580%25D0%25BD%25D0%25B8%25D0%25BA%2520%25D0%25BF%25D1%2580%25D0%25B0%25D1%2586%25D1%258C.pdf&ved=2ahUKEwiR2ZrohsqPAxW3SvEDHTmkBUoQFnoECBkQAQ&usg=AOvVaw3pjdbaA4vvUgd8jeGQ_ofE
https://ontu.edu.ua/download/konfi/2024/Collection-of-abstracts-of-the-conference-ITIA-2024.pdf
https://ontu.edu.ua/download/konfi/2024/Collection-of-abstracts-of-the-conference-ITIA-2024.pdf
https://drive.google.com/file/d/1YY-YHwal-apT_TVEOtaGh6rBiT0WJm8x/edit

Mepexi :Matepianu XVI Beeykp. Hayk. npakt. WEB koH(}. acnipaHTiB, CTYIeHTIB
Ta MonoauxBueHux, KpusuitPir, 21-23 0Gepe3. 2023: 166-168. URL:
https://drive.google.com/file/d/1PAtRbpa3K2EbFI8A5xbOkJeXnwbSHODV /view

2. Cutnikos T. B., bagepxko 1.B., bBypsukiscekuii C.E., Menbanuenko M. I'.,
CutnikoBa B. O. OOpoOkM eKCHEepUMEHTAIbHHX OIOMEIUYHUX JaHUX 3
3aCTOCYBaHHSAM OJHOTHUMHHUX (iabTpiB. CTaH, JOCATHEHHS Ta TMEPCHEKTUBU
IndopmarniitHux cuctem Ta TexHosorii: marepianu X XIII Beeykp. Hayk. TexHIuHa
KOH(. MOJIOIUX BYEHHUX, acmipaHTiB Ta crydeHTtiB. Onecca, 20-21kBithsa. 2023:
445-447. URL: https://card-file.ontu.edu.ua/server/api/core/bitstreams/be977147-
€040-4bf4-acde-90e14e967221/content

3. CutnikoB T. B., AdanaceeB 1. C., bocosckuit B. O., CynakoB B. b.,
CutnikoB B. C. IlocnigoBHe 3’€IHAaHHS OJHOTUIIHUX CMYTOBUX YacTOTHO-
3aJIEKHUX KOMIIOHEHTIB Y aBTOHOMHHMX MOOLITbHUX cucTteMax. OnbB. popym —2023:
Crparterii kpain [Ipp4opHOMOp. perioHy B Te€ONONIT. mpoctopi. TexH. Haykwu.
Cranuit po3BUTOK YHIBEPCUTET. CUCTEMHU OCBITH, Mukoinais, 15—18 yeps. 2023: 49—
53. URL:
https://dspace.chmnu.edu.ua/jspui/bitstream/123456789/1194/3/%d0%9¢%d0%a4-
2023.%20%d0%a2%d0%b5%d1%85%d0%bd%d1%96%d1%87%d0%bd%d1%96
%20%d0%bd%d0%b0%d1%83%d0%ba%d0%b8.%20%d0%al%d1%82%d0%b0
%d0%bb%d0%b8%d0%b9%20%d1%80%d0%be%d0%b7%d0%b2%d0%b8%d 1
%82%d0%be%d0%ba.pdf

4. CutnikoB T. B., Karpuuenko M. O., MinakoB O. O., Canko A. M.,
CurnikoB B. C. [ndopmartiiino-yrpasisitoua cucTemMa yCyHEHHS JIeTOHAIlT IBUTYHA
BHYTPIITHBOTO 3rOPaHHS 3 BUKOPUCTAHHSAM TOCTIIOBHOTO 3’ €THAHHS OJHOTHITHUX
bineTpiB  HM3bKOTO TopsAaky. XXVI BceykpaiHchbka HayKOBO-IIpaKTUYHA
KoH(epeH1is, npucBsiyeHa BcecBITHbOMY JHIO HayKH B 1M’Si MUPY Ta PO3BUTKY:
Tesm pgomoBimer, MmukomaiB, 6-10 mucrom. 2023: 441-443. URL:
https://dspace.chmnu.edu.ua/jspui/handle/123456789/1869

5. CutnikoB T., llxoxin O., [inenko O., XKepebkin C., CutHikoB B.

ABTOHOMHa MOOUTbHAa TuIaTGopMa 3  OOMEKEHHMH  OOYUCITIOBATLHUMU


https://card-file.ontu.edu.ua/server/api/core/bitstreams/be977147-e040-4bf4-acde-90e14e967221/content
https://card-file.ontu.edu.ua/server/api/core/bitstreams/be977147-e040-4bf4-acde-90e14e967221/content
https://dspace.chmnu.edu.ua/jspui/handle/123456789/1869

MOXJIMBOCTSAMHU. [lepcrieKTUBHI HANIPSIMKHU Cy4acHO1 €JIeKTPOHIKH, 1H(POpMaIliHHUX
1 koM’ rotepHux cucteM: VIII BceykpaiHchka HayKOBO-TpakTHYHA KOH(EpeHITis
(MEICS 2023): 22-24 aucTonaaa Juimpo: 117-118. URL:
https://www.dnu.dp.ua/docs/ndc/2023/materiali%20konf/25 MEICS-2023.pdf

6. CutnikoB T. B., UmeneBcokuii A. M., KynpisaoB O. M., CutnikoB B. C.
3acTocyBaHHS OJTHOTUITHUX (PUIBTPIB IMpU OOMEKEHUX 00UNCITIOBAILHUX pecypcax.
Indopm. Texnosorii Ta imkeHepis — 2024: Beeykp. Hayk.-mipakT. koHG.: Te3u mor.,
Muxkoais, 31 cid. - 2 JIIOT. 2024 98-99. URL:
https://dspace.chmnu.edu.ua/jspui/handle/123456789/1661

7. CutnikoB T.B., Monoukos B.M., BoiitoB B.M., Cutnikos B. C. ®a3oBuii
KOPEKTOp SIK KOMIIOHEHT TpakTy OOpPOOKH CHTHajiB JaTYMKIB Y MOOUIbHIN
wiatgopmi. Morun. untanus — 2024: JlocBia Ta TeHIEHIIIT PO3BUTKY CYCHIbCTBA B
VYkpaini: ['106. Hat. ta perion. acriektu: Tesu XXVII Beeykp. Hayk.-nipakT. KOH.,
6—10 aucromn. 2024 p., Mukoinais / MOH VYkpainu, YopHomop. Hail. yH-T im. [letpa
Moruim [Ta 1H.]. — Mukouais, 2024: 131-132. URL.:
https://dspace.chmnu.edu.ua/jspui/bitstream/123456789/2507/1/%D0%A2%D0%B
5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D1%96%20%D0%BD%D0
%B0%D1%83%D0%BA%D0%B8.pdf


https://www.dnu.dp.ua/docs/ndc/2023/materiali%20konf/25_MEICS-2023.pdf
https://dspace.chmnu.edu.ua/jspui/handle/123456789/1661
https://dspace.chmnu.edu.ua/jspui/bitstream/123456789/2507/1/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D1%96%20%D0%BD%D0%B0%D1%83%D0%BA%D0%B8.pdf
https://dspace.chmnu.edu.ua/jspui/bitstream/123456789/2507/1/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D1%96%20%D0%BD%D0%B0%D1%83%D0%BA%D0%B8.pdf
https://dspace.chmnu.edu.ua/jspui/bitstream/123456789/2507/1/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D1%96%20%D0%BD%D0%B0%D1%83%D0%BA%D0%B8.pdf

ABSTRACT

Sytnikov T.V. Models and methods for improving the efficiency of frequency-
dependent software-algorithmic components of high-order data processing. —
Qualification scientific work in the form of manuscript.

Thesis for the PhD degree in specialty 122 Computer science. — Odessa
Polytechnic National University, Ministry of Education and Science of Ukraine,
Odessa, 2026.

The introduction considers computing systems that incorporate frequency-
dependent software-algorithmic components (FDSAC) for data processing and
formulates the problem of algorithmic simplification of implementation and
reduction of the computational volume for processing sensor data. Such systems
include, in particular, unmanned aerial vehicles with software tools for estimating
safe landing altitude, ground mobile platforms with algorithmic subsystems for
determining distances to obstacles, inclinometric computing complexes for drilling
and spatial orientation control in geophysical research, as well as computing systems
of modern vehicles, where algorithmic data analysis is used for software-based
recognition of internal combustion engine detonation modes.

At the same time, for real-time computing systems, existing approaches to
software recalculation of parameters of such components are characterized by a
significant volume of computations and considerable time costs of the computing
device, which reduces computational efficiency and responsiveness in embedded
computing systems. In this regard, a contradiction arises between the requirement to
reduce the algorithmic complexity of implementing high-order FDSAC data
processing and the need for their rapid application in real-time conditions (ensuring
guaranteed response time).

The main cause of this contradiction is the use of resource-intensive
procedures for software implementation of mathematical models of FDSAC, which
require significant volume of calculations. The dissertation proposes an approach to

reducing the computational load of algorithms during code execution, based on the



sequential software connection of low-order algorithmic components of the same
type.

Thus, the task of creating mathematical models of FDSAC for digital data
processing in computing systems that are suitable for resource-efficient software
implementation and dynamic software adjustment depending on operating
conditions is actual. The effectiveness of implementation is interpreted as reducing
the computational workload during the creation and recalculation of parameters of
mathematical models, which is critical for real-time systems operating under limited
computational resources.

The first chapter of the dissertation provides a comprehensive analysis of
mathematical models of FDSAC used in data processing in computing systems,
particularly autonomous mobile platforms, in order to determine ways to improve
the computational aspects of their software implementation under conditions of
limited hardware resources. The chapter is devoted to forming theoretical and
algorithmic-architectural prerequisites for creating FDSAC for data processing with
an emphasis on their computational configuration, oriented toward software-
algorithmic implementation, integration into modern cyber-physical systems, and
compliance with Industry 4.0+ requirements.

In subsection 1.1, an analysis of current trends in the development of
information systems of autonomous mobile platforms is carried out in the context of
cyber-physical systems, the industrial Internet of Things, and Industry 4.0+
approaches. It is shown that increasing autonomy, intelligence, and mobility of such
systems leads to a sharp increase in data volumes and higher requirements for real-
time software processing. The main constraints of autonomous mobile platforms are
identified, including resource limitations in energy consumption, communication
bandwidth, and computational capabilities of onboard computing devices, as well as
increased requirements for software security. It is substantiated that improving the
effectiveness of software implementation of FDSAC under such conditions should

be achieved by optimizing software parameters, modular software-algorithmic



organization of data processing, transferring part of processing to the local level
(edge computing).

In subsection 1.2, mathematical models of interconnection of FDSAC in data
processing tasks are researched. Basic methods of the component’s interconnection
— sequential, parallel, and counter-parallel — are analyzed in terms of their
influence on transfer functions and amplitude-frequency characteristics. It is
substantiated that for onboard data processing of autonomous mobile platforms, the
most appropriate approach is the sequential connection of low-order components of
the same type.

In subsection 1.3, the sequential connection of analog low-order frequency-
dependent components is analyzed. Using second-order low-pass filter models as an
example, changes in amplitude-frequency characteristics during sequential
connection are researched. The expediency of using frequency-dependent
components with flat passband response is substantiated, as well as the need for
preliminary calculation and tabular storage of parameters in lookup tables,
taking into account resource limitations and real-time processing requirements.

In subsection 1.4, a similar analysis is conducted for digital low-order FDSAC
intended for software implementation. Sequential connections of low-pass and band-
pass second-order components are researched. It is shown that digital Butterworth
and Chebyshev type II filters exhibit the same patterns as analog ones: compression
of the amplitude-frequency characteristic, cutoff frequency shift, and increased
slope. For band-pass Butterworth components, a symmetric shift of cutoff
frequencies toward the center frequency and narrowing of the passband are
observed. The obtained dependencies are well approximated by analytical functions;
however, considering resource constraints of which are located within the on-board
computing systems, and the integrity of their preliminary table assignment in
memory for fast calculation is based on, and operates in the form of hardware
and software implementation on computing devices.

It is established that the most appropriate approach from the standpoint of

algorithmic complexity is the sequential connection low-order components of the



same type. The most suitable models are Butterworth and Chebyshev type Il filters,
which provide flat passband response, predictable frequency behavior, and
analytical parameter estimation. These results from the theoretical basis for further
adjustment of computational procedures for creating frequency-dependent program-
algorithmic component (FDPAC) and improving data processing of autonomous
mobile platforms.

Based on the analysis, the goal and objectives of the research are formulated.

The second chapter is devoted to the development and theoretical
justification of a method for improving computational efficiency of high-order
digital FDSAC models based on sequential connection of low-order components of
the same type and the use of all-pass program-algorithmic components (APAC). The
focus is on analytical determination of cutoff frequencies, research of changes in
amplitude-frequency characteristics, and forming software approaches for
controlled parameter tuning of the FDSAC in real time under conditions of limited
computing resources of the computing device of autonomous mobile platforms.

In subsection 2.1, an analytical approach for determining cutoff frequencies
for sequentially connected first-order components is proposed. The expediency of
using FDSAC of the first-order as base elements to create high-order components is
substantiated due to the small number of transfer function coefficients (which
minimizes memory usage), simplicity of algorithmic implementation, and
computational stability during real-time data processing. It is shown that when
similar algorithmic components are connected in series, their transfer functions are
equivalent to raising to a power, which makes it possible to significantly increase
the steepness of the frequency response without directly creating a single high-order
FDSAC and, accordingly, without an excessive increase in the volume of
calculations. A classification of software-algorithmic components is carried out.

In subsection 2.1.1, the sequential connection of first-order low path software-
algorithmic components (LPSAC) is investigated as basic elements for creating
high-order FDSAC with increased efficiency. It is established that with an increase
in the number of sequentially connected FDSAC, the cutoff frequency shifts toward



lower frequencies and the slope of the amplitude-frequency characteristic increases.
Analytical relationships are obtained that ensure accurate determination of new
cutoff frequencies depending on the number of connected components without the
use of approximations.

In subsection 2.1.2, a similar analysis is performed for first-order high path
software-algorithmic components (HPSAC). It is shown that when such FDSAC are
connected sequentially, the cutoff frequency shifts toward higher frequencies and
the slope of the amplitude-frequency characteristic increases. It is established that
this behavior is undesirable for tasks of suppressing high-frequency noise, since the
shift of the cutoff frequency extends the delay band into the high path region and
may degrade filtering quality.

Analytical formulas are obtained for determining cutoff frequencies for n-
fold software connection of HPSAC of the same type, and limitations regarding the
feasibility of using this connection method in applied tasks are formulated.

In subsection 2.2, the sequential connection of second-order FDSAC of the
same type is considered, which include second-order LPSAC and HPSAC, as well
as first-order band-pass software-algorithmic components (BPSAC) and band stop
software-algorithmic components (BSSAC). It is shown that for second-order
LPSAC and HPSAC, obtaining simple analytical expressions for cutoff frequencies
1s complicated by the need to solve higher-degree equations, which reduces the
suitability of direct analytical determination in program code under conditions of
limited computational resources of a computing devices.

In subsection 2.2.1, an analytical method for determining cutoff frequencies
for sequential connection of first-order BPSAC of the same type is developed. It is
established that with such a connection, the central frequency remains constant,
while the cutoff frequencies shift symmetrically toward the center of the passband,
which leads to its narrowing according to an exponential law. Analytical expressions
are obtained for calculating cutoff frequencies and passband width in program code

depending on the number of connected FDSAC.



In subsection 2.2.2, the sequential connection of first-order BSSAC is
researched. It is shown that, unlike BPSAC, sequential connection of BSSAC results
not in narrowing but in widening of the rejection band, which is undesirable for most
practical scenarios where suppression of a narrow frequency range in data is
required. The inexpediency of using this approach for forming narrowband BSSAC.

In subsection 2.3, the use of all-pass software-algorithmic components
(APSAC) as basic elements for creating FDSAC of increased equivalent order in
data processing tasks is proposed. In subsection 2.3.1, the formation of first- and
second-order APSAC based on mathematical models of LPSAC, HPSAC, BPSAC,
and BSSAC types is considered. It is shown that such algorithms provide a uniform
amplitude-frequency characteristic with simultaneous correction of phase
characteristics.

In subsection 2.3.2, the possibility of forming HPSAC, BPSAC, and BSSAC
for data processing based on APSAC is researched. It is shown that the connection
of APSAC with LFSAC or BPSAC makes it possible to obtain FDSAC with
increased slope of the amplitude-frequency characteristic and a software-controlled
shift of cutoff frequencies. It is substantiated that this approach is promising for
automated recalculation of FDSAC coefficients within autonomous mobile
platforms.

It is established that the proposed method of sequential connection of LPSAC
in combination with the use of APSAC ensures the formation of high-order FDSAC
with lower algorithmic complexity and predictable characteristics. The obtained
analytical relationships make it possible to accurately calculate cutoff frequencies
and passbands.

The third chapter of the dissertation is devoted to the practical software
implementation of the method for forming FDSAC of increased equivalent order
proposed in the previous chapters, based on the sequential connection of a first-order
components of the same type, as well as to the evaluation of calculation volume

during software implementation and hardware-software testing of algorithms.



In subsection 3.1, the implementation of high-order LPSAC by sequential
connection of a first-order algorithmic components of the same type is considered.
A structural-algorithmic solution for operational changing the equivalent order of
FDSAC is proposed, which allows operational modification of the equivalent order
of the filter. The expediency of using this solution on computing devices as a means
of ensuring flexible hardware-software configuration under limited resources is
substantiated.

In subsection 3.2, the implementation of high-order BPSAC based on first-
order components of the same type is researched. It is shown that the proposed
algorithmic approach allows software-controlled narrowing of the passband at a
constant central frequency, which confirms the theoretical provisions obtained in the
second chapter. An implementation of BPSAC for processing data from ultrasonic
sensors of autonomous mobile platforms is proposed.

In subsection 3.3, the implementation of high-order BSSAC by sequential
connection of BPSAC of the same type is considered. It is shown that although this
software approach is suitable for implementation, the widening of the rejection band
with increasing filter order limits its effectiveness for narrowband software
applications, which is consistent with the theoretical results of the previous chapters.

In subsection 3.4, the software implementation of APSAC of increased
equivalent order based on the sequential connection of a first-order algorithmic
components of the same type is researched. Two approaches to forming APSAC are
proposed: based on the difference of LPSAC and HPSAC models, and based on the
connection of BPSAC and BSSAC. The expediency of using computing devices for
implementing such structures is substantiated in embedded real-time systems.

In subsection 3.4.1, the implementation of first- and second-order APSAC is
presented. It is shown that the proposed approach allows dynamic change of the
order of the filter model within autonomous mobile platforms without the need to
create new structures.

In subsection 3.5, an example of practical application of the proposed

approach for solving the issue of detecting and suppressing detonation modes of an



internal combustion engine based on algorithmic data analysis is considered. It is
shown that the use of BPSAC with software-controlled parameters ensures effective
extraction of detonation components in real time. A structure is proposed in which
the sequential connection of FDSAC if the same type is used for dynamic data
processing in accordance with changes in engine operating modes. The possibility
of integrating this approach into modern embedded automotive and loT-oriented
software control systems as an element of computational support for real-time
decision-making is substantiated.

In the conclusions to the chapter, it is established that the proposed
implementations of sequential connection of high-order FDSAC of the same type
ensure a reduction in the volume of algorithm computations compared to traditional
approaches to creating high-order FDSAC. The obtained results confirm the
suitability of the developed software approach for application in embedded
computing systems, autonomous mobile platforms, and real-time systems.

Keywords: computer science, digital signal processing, filtering algorithms,
frequency-dependent components, serial connection of components, volume of
calculation, software engineering, autonomous systems, IoT, sensors and
piezoceramic sensors, cyber-physical system, UAV, information system,

mathematical model, electronic components.
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