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32idHo Haka3y MiHicmepcmea oceimu i Hayku YKpaiHu gid 07.04.2022 Ne 320 sicypHaay
npuceoeHo kamezopiw "B" i3 ekoHoMmiku ma nedazoziku (cneyiarbHocmi — 015 -
Iledazoeiuni Hayku; 076 - EKOHOMI4HI HAYKU)

32idHo Haka3y Minicmepcmea oceimu i Hayku YKpainu gid 06.06.2022 Ne 530 scypHany
npuceoeHo kamezopiio "B" i3 npaea (cneyiaivHicms — 081 IOpuduyHi HayKu)

32idHo Haka3y MiHicmepcmea oceimu i Hayku YKkpaiHu gid 10.10.2022 N2 894 »cypHa/1y npuceo€eHO
Kameezopiio "B" i3 mexHiku (cneyiasivHicmb - 122 Komn'tomepHi HayKu)

JKypHaa sudaemucs 3a niompumku MixcdepacasHoi 2invdii inxceHepis koHcy1bmanmis, [Hcmumymy ginocogii ma
coyiosnoeii HayionaavHoi Akademii Hayk Asep6atidxcany (baky, Asep6aiidscan), epomadcbkoi opeanizayii «XpucmusiHcbka
akademisi nedazoziuHux Hayk Ykpainu» ma epomadcvkoi opzaHizayii « BceykpaiHcbka acoyiayis nedazozie i ncuxosozie 3
JYX08HO-MOPA/NbHO20 BUXOBAHHS»

PexomendosaHo do sudasHuymea Ipesudieto Bceykpaincvkoi Acambaei dokmopie Hayk 3 depicagHo20 ynpasaiHHs
(PiweHHs 8id 24.09.2024, N2 8/9-24)

’ypHas Bk/IOYeHO 10 MiXKHapoJHOI HayKoMeTpHU4YHOI 6a3u Index
Copernicus (IC), Mi>kHapoiHOI oIIyKoBoi cucTeMu Google Scholar Ta 1o
MiKHapoHOI HayKoMeTpHU4YHOI 6a3u AaHUX Research Bible

e - INDEX FCOPERNICUS
Google @ e R

n

TI'onoeHuil pedakmop: Coninko IpuHa MukosiaiBHa - JOKTOP IOPUAUYHUX HaYK, Tpodecop, BiaMiHHUK
ocBiTH YKpainy, Jlaypear Ilpewmii IlpesaugenTta Ykpainu gia mosofux BYeHUX, Jlaypeat Ilpemii BepxoBHoi
Paju YkpaiHy HalTaJaHOBUTILIMM MOJIOJUM YYE€HHUM B rajiy3i pyHjaMeHTabHUX | IPUKJIAJHUX A0CTiKEHb
Ta HAYKOBO-TEXHIYHUX PO3POOOK, akajaeMik AkaZeMii Hayk BUILOI LWIKOJAM YKpaiHU, 3acayKeHUH HOPUCT
Yxpainu (KuiB, Ykpaina)

PedakuyiliHa Kosezis:

. BaxoB [BaH CTemaHOBUY — JOKTOP MeJarorivHuxX Hayk, npodecop, 3aBifyBay kadeapu iHo3eMHoi disosorii Ta nepekiasy MixperioHasbHoL
akajeMmii ynpassinHsa nepconanom (Kuis, Ykpaina)

. BynHuk BikTopisi AHaToJ1i{BHA - KAaHUAAT EKOHOMIYHUX HayK, npodecop, npodecop kadeapu Gi3HEC-TIOTiICTUKU Ta TPAHCIIOPTHHUX TEXHOJIOTIH
Jlep>kaBHOrO yHiBepcuTeTy iHQpacTpyKTypH Ta TexHosorii (Kuis, Ykpaina)

. Bouik IlaBjio [TaBnoBUY — JoueHT KadeJpH BoAHOI iHxeHepii Ta BoAHUX TexHoJoriil HalioHasbHOTO yHiBepCHTETY BOJHOrO rocrojapcTsa Ta
npupojoKopucTyBaHHs (PiBHe, Ykpaina)

. 'vpka Osbra IropiBHa - KaHAM/JAT TEeXHIYHHMX HAYK, JIOLEHT, AOLEHT KadeApH TOBAPO3HABCTBA, MUTHOI CHpPaBH Ta YNpaBJiHHA SAKICTIO
JIbBIBCHKOTr'O TOProBeJIbHO-eKOHOMIYHOro yHiBepcuTeTy (JIbBIiB, YKpaiHa)

. 'natiok Cepriii OJsiekcaHJpPOBHY - KaHJWAAT TEXHIYHUX HayK, JOLEHT,3aCTYyNHHUK JeKaHa ¢aKyJbTeTy aepoHaBiranii, eJeKTpOHIKM Ta
TeJlekoMyHikanild HanjonanpHoro aBiauiliHoro yHiBepcutety (KuiB, Ykpaina)

. Jauiit Onexcanjp IBaHOBUY - JOKTOpP €KOHOMIYHUX HayK, npodecop, 3aciyxeHU MpaLiBHUK OCBITH YKpaiHH, 3aBijjyBay Kapeapu diHaHCIB,
6aHKiBCcbKOI Ta cTpaxoBoi cripaBu MikperioHanbHoi akageMil ynpasiiHHs nepcoHasoMm (KuiB, Ykpaina)

. JiBigiHlok Muxaijo MuUxalJoBUY - JOKTOp ¢i3MKO-MaTeMaTHMYHHUX HAyK, nmpodecop, 3aBigyBau Bigaisy Bigainy nuBibHOro 3axucty Ta

iHHoBauiliHOl AissbHOCT] [lepkaBHOI ycTaHOBU'IHCTUTYT reoximii HaBKOJIMLIHBOro cepefoBuuia HanioHanbHoi akajemii Hayk YkpaiHu'
(KuiB, Ykpaina)

. Janenuyk AnboHa PepopiBHa - KaHAWJAT TEeXHIYHHUX HAyK, CTaplIMi BUKIaZay KadeApu BULIOI MaTeMaTHKH i ¢isuku TaBpilicbkoro
Jlep>KaBHOT'0 arpoTexHoOJIOriyHOro yHiBepcuTeTy iMeHi ImuTpa MoTopHoro (MesitonoJb, Ykpaina)

. 3abysioHOB [Opiit JIeoHi[OBUY - JOKTOpP TeXHiYHUX HaykK, mpodecop, YneH-kopecnonaeHT HAH Ykpainu, aupektop JepxaBHOI yCTaHOBH
«HcTUTYT reoximii HaBKoJIMLIHBOTO cepefoBulla HanioHanbHoI akagemii Hayk Ykpainu» (KuiB, Ykpaina)

. Inbin Banepiit IOpiioBuy - JOKTOp eKOHOMIYHMX Hayk, npodecop (KuiB, Ykpaina)

. Inpina AHacracia OsekcaHApiBHA - KaHJUAAT €KOHOMIYHMX HayK, JOLEHT, JOLEHT KadeApu my6sidHOTO ympaBiHHA i afMiHiCTpyBaHHS
HanionasbHoro ToproBesibHO-eKOHOMiYHOr0 yHiBepcuTeTy (KuiB, Ykpaina)

. Kappgaw OkcaHa Jlio6oMHUpiBHA — KaHAWAAT €KOHOMIUYHHUX HayK, JOLEeHT KadeJpH KOMII'IOTEPHHUX TEXHOJIOTiH Ta eKOHOMiYHOI KibepHeTHKU

HaBya/sbHO-HayKOBOT0O iHCTUTYT aBTOMAaTHKH, KibepHETHKH Ta 06YMC/II0BAIBbHOI TexHiKM HallioHasbHOTO yHiIBEpPCHTETY BOJHOTO rOCMOJapCcTBa
Ta NPUPOJOKOPUCTYyBaHHA (M. PiBHe, YkpaiHa)

. KBacHikoB Bosiogumup I1aBioBHY — JOKTOP TEXHIYHUX HayK, Mpodecop, 3aBifyBay KadpeApH KOMI'IOTEPU30BAHUX €J€KTPOTEXHIYHUX CHCTEM
Ta TexHoJiori HauionanbHoro asianiiHoro yHiBepcurtety (KuiB, YkpaiHa)
. KoBasienko BasieHTHH BacuiboBuUY - JOKTOP I0PUUYHUX HAYK, Tpodecop, NPOBiJHUI HayKOBUH CiBPOGITHUK CEKTOPY aBTOPCHKOTO NpaBa Ta

CyMDXKHHUX NpaB JlaGopaTopil aBTOPCbKOro npasa Ta iHpopManilHUX TexHosorid HaykoBo—/[0C/1iJHOTO LIeHTPY Cy10BOI eKCIePTU3H 3 NUTaHb
inTesexTyanbHoi BjacHocTi MiHicTeperBa octuuii Ykpainu (Kuis, Ykpaina)

. KoBasenko OsieHa Muxai/liBHa - KaHAU/AT [IeAaroriYyHUX HayK, IPOBIAHMI HAYKOBH# CliBPOGITHHUK BiAAiny npodilbHOro HaB4YaHHsS [HCTUTYTY
neparorikd HAITH Ykpainu (KuiB, Ykpaina)



KomuaTHuit Cepriit OsiekcaHApoBHY - JOKTOPAHT Kadeapu disocodii npaBa Ta opuguyHoi joriku HanioHanbHol akazgeMii BHYTpilIHIX cnipaB
(KuiB, Ykpaina)

KpaBuyk BosoguMup MuKo/iaiioBUY — JOKTOpP HOPUAMYHHUX HAyK, AOLEHT, JOLEHT KadeJpH KOHCTUTYLiHHOro, aJMiHiCTpaTHBHOTO Ta
MiKHapo/iHoro npasa BosimHcbKoro HanioHasbHoro yHiBepcuTety iMeHi Jleci Ykpainku (JIynpk, YkpaiHa)

Kysbmuu Jlrogmuia BosioAMMUpiBHA - JOKTOP TEXHIYHUX HAyK, TOJIOBHUN HAyKOBUH CHiBPOGITHUK [HCTUTYTY BOAHUX MpobJieM i Mesiopauii
HauionanbHoi akaseMii arpapHux Hayk Ykpainu (Kui, Ykpaina)

Kynuubkuit Cepriit OsieroBud - KaHJWAAT TEXHIYHUX HAYK, CTApLIMKA AOCJHiJAHUK, MPOBIAHUH HAyKOBHH CHiBPOGITHUK HAyKOBO-AOCJiJHOL
yacTHHU HaljoHasbHOrO yHiBEpPCUTETY BOAHOIO roCoAapCcTBa Ta NpUpoAoKopucTyBaHHs (PiBHe, YkpaiHa)

Jlyk’ssHuyk Ousexcangp IleTpoBHMY — KaHAMAAT TeXHIYHUX HayK, JOLEHT, JOLEHT KadeJpu OyJiBe/bHHX, JOPOXKHIX, MeJiOpaTHBHHX,
CiJIbCBKOTOCIOAAPChKUX MallMH Ta o6s1aAHaHHA HaljioHaibHOro yHiBepcMTeTy BOJHOrO TOCHOJApCTBA Ta INPHPOAOKOPHUCTYBAaHHHA
(PiBHe, YkpaiHa)

Mamka CeiT/iaHa MuxaisliBHa - JOKTOP TEXHIYHUX HayK, npodecop , npodecop Kadeapu 3eeHOi €KOHOMIKM Ta €KOHOMIKH TPHPOJOKOPUCTYBaHHS
Jlep>kaBHOI ekostoriyHoi akaAeMii nmicaaaunIoMHol ocBiTH Ta ynpas/iHHA (KuiB, Ykpaina)

Manyesnb JlaBug MacceHo - JOLEHT BiJAily mpaBa Ta 3aXUCTy JaHMX, CTApIIMA HayKOBUH CHIBPOGITHHK i YieH KOOPJUHALiHHOrO KOMITETy
na6oparopii UbiINET, 3anpomenuil wien PDPC, 4jieH-KOHCY/IBTaHT KoMiciii uudpoBoro mpaBa MyHILUNAIbHUX aJBOKATCHKUX KOJIEriH
Kammninaca Ta Ipas-I'pange (Can-Ilayny), a Takox Komicii 3 iHHOBaLii, ynpaB/aiHHA Ta TeXHOJOriH MyHiuUnNanbHOI aZiBOKaTCbKOI KoJeril
I'yapyabtoca, komeHTaTop IODA, nodecuuit 4wieH IDEIA Institute, ywieH HaykoBoro komitety MICHR, wien EDEN, 4jeH-KOpeCclOHJEHT
RedNAC, unen UMAU, unen-kopecnongeHT UBAU (ITopTyranis)

MukuTtiH Tapac MHUpOHOBMY - KaHAWAAT TEXHIYHUX HayK, 3aBiJyBau kadeApH MeHePKMEHTY PiBHEHCbKeOro [epXaBHOTO T'yMaHiTapHOIro
yHiBepcuteTy (PiBHe, YkpaiHa)

Mupropog-Kapnosa Basnepist BasnepiiBHa - KaHAUAAT IOPUAUYHUX HayK, 3aCTYITHUK JUPEKTOPA 3 HAYKOBOI pOGOTH, CTapIIMH BUKIaLa4d Kadeapu
aJIMiHiCTPaTHBHOTO, rOCNOJAaPChbKOr0 NpaBa Ta GpiHaHCOBO-eKOHOMIYHOI 6e3neku CyMmcbKoro JepxaBHoro yHiBepcuTeTy (Cymu, YkpaiHa)
Mistok BikTopist AHaTOJIiBHA - KaHAUJAT NMeAaroriYyHUX Hayk, JOLEHT, JeKaH (aKy/JbTeTy ynpasJiHHs, afMiHiCTpyBaHHsA Ta iHpopMauiiHoi
AispHOCTI [3MaisIbCbKOro JlepxaBHOro ryMaHiTapHoro yHiBepcuTeTy (I3main, Ykpaina)

MipowHiyeHko BaseHTHHa IBaHiBHa - AOKTOp NejaroriyHMX Hayk, npodecop, 3aBAyBauy KadeApu IcuxoJorii, mefaroriku Ta couiajbHo-
€KOHOMIYHMX AucuuILIiH HanjonanbHoi akageMii lepkaBHOI NPUKOPAOHHOI c1y»k61 YKpainu iMeHi Boraana XMesbHUIBKOTO (XMeJIbHULbKHUH,
YkpaiHa)

Mixanbcbkuii ToMaln — JOKTOP HayK, ZOLeHT Kadeapu reorpadii perioHanbHoro po3BuTKy ['aHcbkoro yHiBepcurtety ([losbiia)

Orienko Mukosa MUKoJIailOBHY - KaHAMJAT TEXHIYHUX HayK, npodecop kadeapu opraizauii aBiauiiHux po6iT Ta mocayr HaunioHasbHOro
aBianiiiHoro yHiBepcuTeTy (KuiB, Ykpaina)

OpapueHko Poman CeprilioBuY - 3aBifyBauy Kadeapu TeseKOMyHiKal[iiHUX Ta pajioesleKTPOHHUX cucTeM HanjioHasbHoro asiaunidHoro
yHiBepcuteTy (KuiB, YkpaiHa)

Onimenko Harasniss MukoJiaiBHa - JOKTOp I0PUJUYHUX HayK, nmpodecop, 3acaykeHUi 0pucT YKpainu, akagemik HAIIpH Ykpainu, 3aBigyBay
BigAisy Teopil fepxaBu i mpaBa [HCTUTYTY JepxxaBH i mpasa iM. B.M.Kopeubkoro HAH Ykpainu (KuiB, Ykpaina)

OnaHaceHKo BosioguMup MuKosailoBUY — AOLEHT Kadepu KOMIT'IOTEPU30BAaHUX €JIeKTPOTEXHIUHUX CHCTEM Ta TexHosorii HarioHanbHoro
aBiauiiiHoro yHiBepcuTety (KuiB, Ykpaina)

OppaHoBcbka OJsiekcanzipa IropiBHa - AOKTOp mejarorivHUX Hayk, npodecop, npodecop kadpeapu iHHOBALIHHUX TEXHOJIOTIH Ta MeTOAUKHU
HaBYaHHsI IPUPOJHUYMX AUCLHIUIH JlepkaBHOro 3aKiazy «[liBAeHHOYKpaiHCbKUH HalLliOHaJIbHUM nejaroriyHui yHiBepcuret iMeni K. I, YiunHcbKoro»
(Opeca, Ykpaina)

Oxpimenko (Kmypko) TerssHa OJieKkcaHApiBHA - CTAapIIMil HAyKOBMH CHiBpOGITHUK KadeApH KOMII'IOTEPU30BAHUX CHUCTEM YIIPaBJiHHS
HauionanbHoro aBianifiHoro yHiBepcuTety (KuiB, Ykpaina)

MaBnoB KocTAHTHH BosOoAMMHpPOBHY — JOKTOP €KOHOMIYHHMX HaykK, mpodecop, 3aBifyBau kadeApH HiJNPUEMHUNTBA I MapKeTHUHTY
BosimHcbKoro HauioHasbHOro yHiBepcuTeTy iMeHi Jleci Ykpainku (JIyubk, Ykpaina)

[ackanp OseHa BikTopiBHA - KaHAWJAT NeJarorivyHUX HayK, AOLEHT KadeApH NeJaroriyHUX TEXHOJIOriH mo4aTKoBoi OCBiTH JlepXKaBHOrO
3aksafly «[liBAeHHOYKpaiHCbKHI HallioHabHUH neAaroriyHui yHiBepcuTtet imMeHi K. JI. YunHcbkoro» (Ogeca, Ykpaina)

Monimyk BiTaniit BacuaboBUY — KaHAUAQAT CiJIbCHKOIOCNOJAPCbKUX HAYK , 3aBiflyBau Biffiny 3polieHHs, BigaiseHHs Mejiopauii IHCTUTYTY
BOJIHUX Npo6JieM i Mestiopanii HanioHasnbHoI akazemii arpapHux Hayk Ykpainu (KuiB, Ykpaina)

[puxoabkina Harania OsekciiBHa - JOKTOp nejaroriyHux Hayk, npodecop kadeapu nejarorikd, agMiHicTpyBaHHs i cnewuia/abHOI OCBiTH
HaB4asbHO-HayKOBOTO iHCTUTYTY MeHePKMeHTY Ta ncuxostorii I3BO «YHiBepcuTeT MeHemxMeHTY ocBiTH» HAITH Ykpainu (KuiB, Ykpaina)
CraxoBa Amxesika [leTpiBHa — cTaplIMil BUKJIaAa4 KadeJpy KOMI'IOTEPU30BAHUX €JEKTPOTEXHIYHUX CUCTEM Ta TexHoJorid HanioHasbHoro
aBianiiHoro yHiBepcuTeTy (KuiB, Ykpaina)

TypurHoBa ['aHHa BosiofuMupiBHA — KaHAKUAT EAAroriyHUX HayK, AOLEHT, ieKaH GaKy/IbTeTy MPUpOoAHUYO-reorpadiuHoi OCBiTH Ta eKoJiorii
HanionanbHoro neparoriydoro yHiBepcutety iMeni M.I1. lparomanoBa (KuiB, Ykpaina)

®ecenko AHppiit OsiekciHOBMY - KaHAMAAT TEXHIYHUX HayK, acUCTeHT Kadegpu kibepbesnmekd Ta 3axucTy iHdopmauii KuiBcbkoro
HauioHasbHOro yHiBepcuTeTy iMeHi Tapaca llleByenka. (KuiB, Ykpaina)

YepHeHko Bapsapa [leTpiBHa - KanaugaT $pi3MKo-MaTeMaTUYHUX HayK, JOLEHT KadeapH iHGopMaTHKH i BUILOl MaTeMaTUKU KpeMeHuyLbKOro
HalioHa/sbHOrO yHiBepcuTeTy iMeHi Muxaiaa Octporpascekoro (KpemeHuyk, YkpaiHa)

Yepuyxa Hazis MukosiaiBHa — JOKTOp NejaroriyHux Hayk, npodecop, mpodecop kadeapu couianbHoi peabiniTanii Ta coniaabHOI nejaroriku
KuiBcbkoro HanjioHasbHOTO yHiBepcuTeTy iMeHi Tapaca llleBuyenka (KuiB, Ykpaina)

Yymaxk OxcaHa BosioAHMUPIBHA - JOKTOP €KOHOMIYHHUX HayK, JIOLEHT, HAYKOBUH CHiBPOGITHUK BiAJiNY CTATUCTUKU i aHAJIITUKH BUILOI OCBITH
JlepkaBHOI HAyKOBOI yCTAaHOBU «|[HCTUTYT OCBITHBOI aHaNITUKKW», (KKiB, YkpaiHa)

Illanapa Haranisa AugpiiBHa - KaHAKWAAT NeJarorivHUX HaykK, [OLEeHT Kadeapu iHO3eMHUX MOB AJisl NPUPOAHUYHUX PpaKy/nbTeTiB JIbBIBCbKOrO
HalioHa/JIbHOrO yHiBepcuTeTy iMeHi IBaHa ®paHka (JIbBiB, Ykpaina)

lllepemeT [Heca BosoanMuUpiBHA - KaHAMWAAT NeJaroriyHUX HaykK, JOLEHT, JOLEeHT Kadeapu MeAuKOGiOJIOTiYHHMX Ta BaseOJIOTIYHUX OCHOB
OXOPOHM KUTTA i 3/j0poB’s HauioHasbHOro negaroriyHoro yHiBepcurety im. M. I1. [lparomanoBa (KuiB, YkpaiHa)

Axumuyk Anina OpiiBHa - JOKTOp €KOHOMIYHMX HayK, npodecop, AkaJileMiKk eKOHOMIYHUX HAayK YKpaiHd, npodecop kadeapu AepKaBHOrO
yIpaBJIiHHSI, JOKyMeHTO3HAaBCTBA Ta iHpopMaliiiHoi AisibHOCTI HanioHa/IbHOTO YHIBEPCUTETY BOAHOTO rOCIOAAPCTBA Ta IPUPOJOKOPUCTYBAHHS
(PiBHe, YkpaiHa)

Axumuyk Oser ®PeopocifioBuy - KepiBHUK rpynu 6iniHry Bigginy 6isHec-cucrem [JenaprameHnTty iHdopmauiiHux TexHosorid ITPaT
«PiBHeoGsieHepro» (PiBHe, YkpaiHa)

AnymuH AHApiNd BacuiboBHY - JOKTOP TEXHIYHMX HayK, CTaplIMH HAyKOBUH CIIBPOGITHHK, MPOBiIAHMH HAyKOBMH CHiBpOGITHUK Biaxiny
LMBIJIbHOTO 3aXUCTy Ta iHHOBaLilHOI fifnbHOCTI [lepxaBHOI ycTaHOBU'[HCTUTYT reoximii HaBKoJIMIIHBOTO cepeioBuila HalioHanbHoi akageMii
Hayk Ykpainu' (KuiB, Ykpaina)

CraTTi po3MmileHi B aBTOpPChKi# peaakuii. BiaznoBiganbHicTh 3a 3MicT Ta opdorpadiio nogaHux matepiajiB HeCyTb aBTOPH.

© aBTOpH cTaTeii, 2024
© BupaBHu4a rpyna «HaykoBi nepcnektuBu», 2024
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CEPIA «IIpaeo»

Bondarchuk Yu.P., Yeshchenko M.H., Bondarchuk S.V.
EMPLOYMENT RELATIONSHIP INVOLVING INTERNALLY DISPLACED
PEOPLE UNDER MARTIAL LAW IN UKRAINE

Bacuauk B.B. )
IHIPUHIUIIA 1IPOBALll AK CKJIAJ[OBA MEXAHI3MY [IYBJIIYHOI'O
AIHIMIHICTPYBAHHA Y ,ZZAHIPT COEP]

Apo3au C.O.
OCOBJIUBOCTI KBAJIIDIKALIIl BOEHHUX 3/I0YHHIB B YKPAIHI

dytko A.O.
FOPHJIUYHA KOHCTPYKIJIA JOT'OBOPY IIPO HAJ[AHHA PEAFIIITA-
LIMHUX ITOCJIYT

Koanakos B.K.
CUCTEMATHUKA IIPUHILUIIIB PIHAHCOBOI'O MOHITOPUHI'Y

Mockagaenko C.1.
IHHOHATTA TA OCOBJ/IUBOCTI FOCHOﬂAPCbKOI' KOMHETEHUIf
VYHITAPHOI' O KOMYHAJIbHOI O IIIJIIPUEMCTBA

Hoaimko H.JL., Pakya O.B.
BbAHKIBCHKA T@'APAHTIA TA I[IOPYKA AK BHJIU 3ABE3IIEYEHHA
BUKOHAHHA I[ITUBIJIPHO-IIPABOBUX 30FOB’A3AHb (HA I[IPUKJIA/I
JIOI'OBOPY ®AKTOPHUHI'Y)

Caobagam H.O.
OKPEMI ACIIEKTU PEAJII3ALIIl OPIAHAMHU JJEP)KABHOI BJIA/IU TA
OPI'AHAMU MICILJEBOI'O CAMOBPAJ[YBAHHA IIPAB TA OFOB AI3KIB Y
THHOHATKOBUX IIPABOBI/[HOCHHAX

Ceprienko H.A., I'anonos O.0.
IHBECTHIJIMHHUH APBITPAXK: MDKHAPO/IHI CTAHAPTH TA [IPAKTHKA
34XUCTY ITPAB IHBECTOPIB B YKPAIHI

Cuaanrnena 1.B.
TPAHCD®OPMALIIA 'POMAJAHCHKOI'O CYCIIIJIBCTBA AK CKJIA/[OBA
IIPOIIECY JIEP’)KABOTBOPEHHA
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AND CHOOSING THE WAYS AND PRINCIPLES OF BUILDING
MULTI-VALUED LOGIC COMPUTING SYSTEMS

Abstract. The article is devoted to the review and analysis of the theoretical
basis and mathematical apparatus of some unconventional, less well-known and
much less often used logics, including scalar threshold and multivalued logics,
especially matrix logics, which are a generalization of scalar logics and significantly
expand their functionality compared to scalar logics. Special attention is paid to the
review of linearly and monotonically multilinearly separable functions, which can
be a theoretical basis for the synthesis of logical elements based on them with
corresponding k-valued alphabets, with sign-variable codes, or non-positional
coding systems, for example, with a system of coding residues. On the basis of the
analysis of this mathematical basis, justification was made and possible promising
ways of building multi-valued logic computing systems were selected. It is proved
that the use of monotonically multilinearly separable functions and more general
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multivalued or threshold logics allows the synthesis and development of functionally
more powerful computing devices and systems of multivalued logic to be reduced
to the development of a parallel array of logical elements of multivalued logic based
on modulo addition operations and the use of systems residual coding. The need to
create universal or quasi-universal picture logic elements of matrix two-value logic
with a programmable setting for the performed function is formulated, since they
can become the main hardware basis for devices of multi-value and neural, and
especially matrix logic. Selected on the basis of a review and analysis of both the
theoretical basis and achievements in optoelectronics, promising ways and
principles of building promising multi-valued logic computing systems, the
hardware basis of which can be multi-threshold comparator-selectors, implemented
including on the basis of current reflectors and photonic elements of integrated
optics.

Keywords: multi-valued logic, threshold logic, parallel processing, accelerator,
non-traditional mathematical apparatus, multi-valued computing system, multi-
linearly separable function, universal picture elements of matrix two-valued and
multi-valued logic.
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OIJIA] TEOPETUYHOI'O BA3UCY JJIS1 OBITPYHTYBAHHS TA
BUBOPY IIJIAXIB I TIPUHIUAIIIB IIOBY10BHU
OBUYUCJIIOBAJIBHUX CUCTEM BATATO3HAYHOI JIOT'IKA

AnoTanis. CTaTTs NpUCBsYeHA OIVISIAY Ta aHA3y TEOPETUYHOTO Oa3ucy Ta
MaTEMaTUYHOTO arnapary ACSIKUX HETPAIULIMHUX, MEHII BiJOMHUX Ta 3HAYHO PiJIIIe
BUKOPHCTOBYBAHUX JIOTIK, B TOMY YHUCJI CKJIIPHUX IMOPOTOBUX Ta OaraToO3HaAYHHX
JIOTIK, 0COOJIMBO MAaTPUYHUX JIOTIK, SIK1 € y3araJbHEHHSIM CKAJIIPHHUX Ta SIK1 CYTTEBO
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PO3MIUPIOIOTh X (YHKI[IOHAJIBHI MOXJIMBOCTI y TOPIBHSHHI 31 CKaJSIpHUMH.
Oco06nuBy yBary MNpUILIEHO OTJSAY JIHIHHO Ta MOHOTOHHO MYJBTHJIIHIMHO
pPO3IUTbHUX (YHKIIIH, 1110 MOXKYTh OYTH TEOPETHYHUM 0a3UCOM JIJIsI CHHTE3Y Ha X
OCHOBI JIOTIYHUX €JIEMEHTIB 3 BIAMOBITHUMHU K-3HAYHUMHU andaBiTaMu, 31 3HAKO-
3MIHHUMH KOJaMH, YU HEMO3ULIMHUMU CUCTEMaMM KOJIyBaHHs, HaIlpHUKIaL 3
CHUCTEMOIO KOJyBaHHS 3anumikamMu. Ha OCHOBI aHamizy LbOr0 MaTeMaTH4YHOTO
0a3ucy 3/111CHEHO OOIpyHTYBaHHs Ta BUOpaHI MOKJIUBI 3 MEPCHEKTUBHUX HUIAXIB
no0y10BY O0UYHCITIOBATILHUX CUCTEM Oarato3HavyHoi Joriku. HaBeneHi mopiBHAIbHI
XapaKTepUCTHKU Ta IOKa3aHi (YHKI[IOHATbHI MEpeBaru JIOTIYHUX MPUCTPOIB,
CIeLiaJIbHUX TPOIIECOPIB Ta OOUUCIIOBAILHUX CUCTEM Ha OCHOB1 HETPaJAMUIIIHHUX
MOpOroBoi Ta Oarato3HayHoi JIOTikU. J[OBeAeHO, IO BUKOPUCTaHHS MOHOTOHHO
MYJBTUIIHIMHO PO3AUTBHUX (YHKIIA Ta OUIBII 3arajilbHUX OaraTo3HayHUX YU
MOPOTOBHX JIOTIK, JT03BOJISIE 3BECTH CHUHTE3 Ta PO3POOKY (DYHKIIOHATBHO OLIbII
HOTY)KHUX OOYMCIIIOBAJIbHUX IPUCTPOIB 1 CHCTEM Oararo3HayHoi JIOTIKH J0
PO3pOOKHM MapaenbHO MPAIIOI0YOro MacHuBY JIOTITYHUX €JIEMEHTIB Oararo3Ha4yHoi
JIOTIKH, IO 0a3yroThCsl Ha OIepalisixX 0JaBaHHS 3a MOJYJIEM Ta BUKOPHCTAHHI
CUCTEM 3alHIIKoBoro koayBaHHsA. CdopmynboBaHa HEOOXIAHICTH CTBOPEHHS
YHIBEpCATbHUX YW KBa3l-yHIBEPCAIbHUX KAPTUHHUX JIOTIYHUX EJIEMEHTIB
MaTpPUYHOI IBO3HAYHOI JIOTIKH 3 IPOrpaMOBAaHUM HaJIAIUTYBaHHSIM Ha BUKOHYBaHY
(yHKLIO, OCKUIBKM BOHH MOXYTh CTaTH OCHOBHHMM arapaTHUM Oa3ucoMm JUist
IPUCTPOiIB 0araTo3HayYHUX Ta HEUPOHHUX, & OCOOIMBO MAaTPUYHHUX JIOTIK. BuOpaHi
Ha OCHOBI OISy 1 aHamidy, K TEOPETHYHOro ©Oa3ucy Tak 1 JOCSATHEHb B
ONTOENEKTPOHIL, NEPCHEKTUBHI NUIAXW Ta MPUHLUIKA TOOYAOBH NEPCHEKTUBHUX
00YHUCITIOBANILHUX CUCTEM 0araTo3HauyHUX JIOTIK, allapaTHUM 0a3lCOM SIKMX MOXKYTh
cTaTu 0araronoporoBl KOMMIAapaTOpHU-CEIEKTOPH, peali3oBaHi B TOMY YHWCIl Ha
OCHOBI BIJI3€pKaIOBayIB CTPyMy Ta (POTOHHUX €JIEMEHTIB IHTETPAIbHOI ONTHKH.

KurouoBi csoBa: OaraTo3HauHa JIOrika, IOpOroBa JIOTIKa, MapajieiibHa
0o0poOKa, IpUCKOpIOBaY, HETPaJAMLIMHUNA MaTeMaTUYHUN amnapar, OaraTo3HauHa
00UYHCITIOBaJIbHA CHUCTEMa, MYJBTHIHIHHO po3auUIbHa (QYHKINS, YHIBEpCaIbHI
KapTUHHI €JIEMEHTH MaTPUYHOT IBO3HAYHOI Ta Oarato-3HavyHOT1 JIOTI1KH.
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Introduction. Over the past 30 years, there has been a constant increase in
interest in the tasks of image processing and recognition, which is due to the wide
application of devices and systems that use methods of processing multidimensional
signals, multilevel and color images, magnetic, thermal, acoustic and other fields.
Such systems are used for scene analysis, analysis of signals and images in medicine,
for recognition and automatic reading of symbols, images, signatures, for
identification of persons based on dactyloscopic images of fingerprints, retina, for
recognition and automated input into computer systems, languages gestures, etc. All
of these application areas use appropriate algorithms and models for image
processing, analysis, and recognition. In recent decades, the list of image processing
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methods has significantly expanded. In addition to traditional, long and widely
known, linear processing methods, a number of non-linear processing methods,
morphological methods and algorithms have appeared, which are described in terms
of matrix logics, in terms of corresponding newly created algebras of images. These
new non-traditional methods, approaches and algorithms are mostly based on
generalized, not ambiguous, but multi-valued, or even continuous, fuzzy, analog-
discrete, hybrid, biologically motivated neural logics [1-8]. There have been many
new scientific works, articles dedicated to the description, analysis and modelling of
Image processing and recognition processes precisely in terms of these more
generalized matrix neurobiologically motivated logics. At the same time, the
limitation to the wider use of these modern and promising logics and algorithms and
models based on them is the lack of efficient high-performance processors and
special computers, the architecture of which would correspond to these matrix
logics. Specialized image processing systems are known, which are implemented on
the basis of devices of the conveyor-systolic type, matrix type, processors with a
variable structure and switching systems, vector-matrix and matrix-matrix
multipliers, homogeneous computing and memory environments, neuroprocessors
[2, 4- 8]. But since high-performance image processing and recognition systems,
especially for real-time processing, require not only significant computing resources
and a large amount of memory for data storage, but also appropriate, adapted to
modern methods and algorithms with non-traditional logics, structures of such systems
and devices. Such structures, in addition, must provide not only parallel processing,
but also parallel input-output of matrix operands, therefore, consideration of
conceptual approaches and principles for the design of such specialized accelerator
computers is an urgent and necessary task. Parallelization of image processing
processes, two-dimensional arrays in most known architectures, such as matrix,
conveyor and systolic, does not occur at all stages of processing, and the
«bottleneck» is the input-output process itself. In addition, such processors, which
are parallel from the point of view of hardware implementations, do not always use
exactly matrix models and the corresponding matrix apparatus: matrix logic, linear
algebra, matrix computational procedures, algebra of morphological operations,
algebra of images, etc. Also, most such processors use simple discrete matrix logic,
and most often simple binary logic.

Analysis of Recent Research and Publications.

Therefore, the purpose of this article is to highlight issues related to the
analysis of the theoretical basis, which is necessary to create new matrix models
based on it, especially with the use of new generalized logics that can improve the
description, analysis, and modelling of parallel processing of two-dimensional and
multidimensional information. including images, in specialized high-performance
processors focused on more modern methods and non-traditional mathematical
matrix apparatus.
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The review of the theoretical basis, for example, partly of multi-valued logics,
for substantiating and choosing the principles of building specialized processors and
accelerators is aimed at the development and adaptation of new matrix models for
specific practical tasks. Their application in the modelling and design of such
specialized devices will allow choosing optimal and effective structures of such
processors and image processing and recognition systems even at the design stage.

Presentation of Main Results. We will consider and analyze the theoretical
basis for building special processors based on multivalued logic and equivalence
algebra [9-11] with its continuous logical operations and connections with other
operations and connections with other unconventional algebras.

Multivalued Threshold Logic (MTL) research originated in the initial period
of Threshold Logic (TL) research. After the description of the properties of the
threshold (binary) functions, work on the ternary PL began, which lasted for several
decades, which was explained by the emergence of possibilities for its implementation
on the basis of spectral components, first discrete, and then microelectronic
integrals. It is known that the binary TL is functionally complete, and out of all 16
existing two-digit functions, 14 are threshold, and the change of the weighting
coefficients of the vector makes such PL elements programmable for the desired
function. The functional completeness of the BTL has also been proved [12, 13],
I.e., any multivalued computing system (MvCS) can be implemented only with the
help of threshold functions, and this makes it possible to present a purely threshold
implementation of complex MvCS. On the other hand, from the point of view of the
«combinatorial explosion», BTL seems not to be interesting. After all, only 471 of

33° = 19683 the two-digit functions of ternary logic are threshold, and 4%¢only
18184 of the two-digit functions of quaternary logic are threshold. And when
considering the function of three variables of binary logic, only 104 (= 40%) of
them are threshold, for ternary 7,6 - 1012 functions, only 85629 of all functions are
threshold. The relative number of multivalued threshold functions (MvTFs) is
insignificant and decreases with the importance and growth of the number of
variables, but nevertheless the absolute number of such functions is large enough,
which is a good incentive, taking into account the functional completeness, to search
for a class of problems where BTL will give advantages.

One of the vivid examples of the effective application of BTL is the
implementation of a p-valued (p = 3) full adder (based on only two threshold
elements [13]). But mainly only electronic implementations were used for threshold
coding, for example, I%J1 a threshold detector for implementing 4-level logic [13].
The prospects opened up by optical, optoelectronic or electro-optical methods and
calculations and their elemental basis are hindered by the fact that known optical
bistable elements and structures (ideally a switching device with a transfer
characteristic in the form of «stairs») have a number of significant disadvantages
(large optical powers or instability, spread of parameters, etc.), which make it
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Impossible to easily implement all necessary (even with non-negative thresholds and
coefficients) operations, including quantization and level discrimination. Therefore,
the search for successful BTL implementations on a microelectronic basis is relevant
in combination with optical options for solving interconnection problems. An
additional incentive for this is that the implementation of BTL can be carried out
using the so-called multi-linear spread, that is, the representation of the BTL-
functions by the decomposition of binary auxiliary linearly separable (LS) functions
g: V™ - {0,1}, which are also thresholded.

A function f: V™ — V is multilinear separable (MLS) if there exists a multiset
G =< g;|lg;: V™ - {0,1}, where g; is the LR functionand 1 < i < p.>,

so that:

Y900 = f(x). (1)
The multilinear separable function f:V™ — V is monotone multilinear
separable (MMLYS) if for all values of X in IV™:
f)<iegix)=0 andf(x) =i<g;(x) =1. (2)
It is important that f is a threshold function if the entire set (number) g; of
auxiliary functions for the MMLS function are isobaric functions (isobars), that is,
LR functions with the same weighting coefficients. From the point of view of
geometry, a function f: V™ — VV is an MMLS if there exists a set of optionally
parallel n-dimensional hyperplanes separating, f~1(0) from f~1(1), f~1(p — 1).
Note that work [13] also shows that in ternary logic there are 703 two-digit MMLS
functions and 532485 three-digit MMLS functions, and in quaternary logic there are
61160 two-digit MMLS functions. This means a significant improvement of the
situation in comparison with the corresponding number of threshold functions as the
number of arguments increases.
The following lemmas are also known [12]:
If f:V™ -V isa MMLS -function, then the functions obtained by permuting
or complementing the arguments in f or by complementing f are also MMLS -
functions.
Let f: V™ — V is the MMLS function, where

-1

F6) = i),
i=1

Then £ is also an MMLS function and f(x) = X7~ g;(x), where, g;(x) =

—gi, 1 <i<p,l.e., g;isthe binary complement of g;.

From formulas (1) and (2), it becomes clear that the implementation of p-

valued MS functions (which includes threshold functions) reduces to (p — 1) level

LS-functions, which are simply binary threshold functions, but with p -valued

arguments. But since a p —valued argument can be represented, for example,
= |log, p[ by binary digits, any LS-function from m p-valued arguments can be
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represented by an LS-function from (m k) two-valued (binary) arguments. Binary
threshold coding has many adequate optoelectronic, optical implementations [12, 14],
and therefore, taking into account all the above-mentioned factors, it is possible to
propose the principles of implementation of the general structure of MS functions.
They will be based on the use of universal logical elements of binary logic from m k
arguments. Such picture elements of matrix binary logic (MBL) were proposed in
the paper [15]. But they have a significant drawback, which is an increase in the time
required to perform the MBL-operation when the number of arguments is increased,
since they use time-pulse coding as an intermediate. With typical values p; of
modules in residual coding systems (RCS) processes [16], for example, p =
{17,19,23,29 ... } the number of inputs to the universal matrix elements (UMES) of
MBL will be at least 10 at m = 2. And this means t,q, = t, - 2'° = 1024 t, that is
unacceptable. But if t, ~ 10712¢ this is the delay time of the optical signal, then
even when multiplied by a factor 2™k = 1024 the total processing time will not
exceed 1 nanosecond. Therefore, it is necessary to look for new approaches to the
creation of UMEs of MBL. One approach is to use spatial coding, which is more
convenient for optics. But a significant number of terms and arguments,
recognizable situations, with corresponding even amplitude two-level encodings,
require a significant total dynamic range and adjustment and reduction of
technological parameter scatters. The appearance of semiconductor lasers with a
controlled emission wavelength and highly efficient filters allows us to use, in our
opinion, the most optimal spectral coding, taking into account most of the
requirements and aspects in the development of UMEs of MBL or UMEs of MTL.
The essence of this approach is that an optical pulse generated by a laser diode with
the appropriate power P, and required A, € {/10,/11, ...,Ap_l} wavelength passes
through p spatial optical filters and appears only at the output of one filter, and a
similar pulse with A,, € {AO,AI, s Ap_l} a wavelength corresponding to the second

variable appears at one of outputs of another set of p similar filters. This allows
when using a threshold photocell (threshold > 1,5 P,) to convert each set of input
variable arguments into a unique spatial coordinate. Then the coordinate
(x,y) recognized {0,1,...,p — 1} x{0,1,...,p — 1} = {4, } x {4, } in this way is
matched (a laser diode with the required output wavelength is turned on at the output
of the threshold photocell 4;,,) in accordance A,y = f(Ax, 4,) With the truth table.
This allows the use of optically controlled transparencies (OCTs), spatial light
modulators (SLMs) and optical fixed filters selected by the truth table for f(x,y)
from a set of possible ones or laser diodes with a tunable wavelength. Possible
options for the implementation of such UMEs of matrix multi-valued logic (MMvL)
will be discussed further, here we have only outlined the principles and approaches
to the construction of computing systems (OS) of multi-valued logic (MvL), the
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essence of which boils down to the need to recognize subsets (regions) of points in
an n-dimensional cube, which divides the cube, and which correspond to the given
value f(x,y) = 4;, where i € {0,1, ...,p — 1}.

In other words, to form any desired switching function of the MvL, it is
necessary to perform (divide) the classification of all possible vectors or values of
the arguments that specify the points in the n — cube into p classes, and each class
(subset of points) must be assigned the required value, associated with the number,
class index. This conclusion allows us to state that it is possible to build a OS of
MvL on the basis of three-digit neural networks [17], but this requires new
theoretical fundamental and practical research that goes beyond the scope of this
work. We note here only the fact that for the above approach we need to apply such
ANNSs, in which the capacity exceeds the number of neurons [18].

The following information about the so-called «generalized» separation,
which is similar to multilinear separation functions, should become the theoretical
asis for choosing ways to build the OS of MvL.

Let f:V™ -V [19]. We define a multiset as follows: G = (g;|g;: V™ -
{0,1}, g; is an LS function,1 < i < K)atK = p.

Let's define Q: V™ - V™ Q = (91,92, -, qn ), Where q;:V - V,1 < i < n.
If for all X € V™ holds

izl gi(Q() = f (),
then it can be asserted that f is determined using a «generalized» separation,
where T' is a closed form of defined pairwise connecting procedures. From a
geometrical point of view, this allows us to use not a hyperplane, but a hypersurface
to separate (separate) the points of the hypercube V™. The latter divide some subset
f~1(v) from neighboring subsets f~1(v+ 1) (or from f~1(v— 1)), because k > p.
Quadratic or other nonlinear separation of the function (by hypersurfaces) is
better suited to implementation based on nonlinear light modulators [11]. The use of
non-linear transformations of the arguments, i.e. non-linear refinement before
splitting, facilitates the selection of hyperplanes or MS functions.
Another promising direction in the construction of MvL-OS is the use of
multi-threshold comparators [20], which are described by a function f:V — {0,1},
where V ={0,1,...,p—1} and a set of thresholds (threshold vector T =
., t2p) Such that:

B 0,if v<tior(t, < v<tz)ort, < v<ts..
f) = {1,if th Sv<tyor(ty S v<ty)orty ; < v<ty
towit U'ZP(¢! < v< thy),
where t!, t,ﬂp is a pair of thresholds corresponding to the [ range of the carrier:
lower t;, and upper t,,,,. Such multi-threshold comparators can also be called level

selectors. We define a complementary function f(v) to this function f(v), which is
defined as:
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Foy =10 ifUl(t} < v<tl)

1,if the opposite
Note that this approach still strongly depends on the complexity and real
possibilities of effective optoelectronic hardware implementation of such multi-
threshold comparators, including those based on current mirrors (CMs) with
photodiodes at the input [20]. In work [21] it is shown that not only functionally
complete basic but all functions of binary logic can be implemented on these
photocurrent reflectors, and in work [22] the results are presented showing the
possibility of such circuitry on the CMs to implement a number of known basic
functions (minimum, maximum) and generalized operations (equivalence, non-
equivalence) of analog neurobiology. Therefore, further research in this direction
and the development of methods for the synthesis of such multi-threshold
comparator-selectors with different types of coding of arguments and variables
(spatial, amplitude, phase, spectral, etc.) are expedient.
At the end of a brief overview of the theoretical basis for choosing the
principles of building MvL-OS and their basic elements, for example, universal
functions, MS functions, or a set of elementary logical functions that make up a
functionally complete (or weakly complete) system in MvL, we recall that the
following are known complete systems:
1) the Rosser-Tuckett system: {0,1, ...,p — 1,x% x1, ..., xP~1, A,V }, where A

are V — the symbols of operations min ( x4, x,) and max( x4, x,);
and xlzfl(x)={p—1,x=l(l=0,1,...,p—1)

0,x #1
- characteristic functions;
2) the Post system: {V, ~}, consisting of generalized disjunction operations
(max) and a cycle (~) defined as f(x) = ~x = (x + 1)mod p;
3) the Webb system consisting of one Webb operation (°);
f(x1,%2) = x,°x, = (max(xy, x,) + 1)mod p;
and an incomplete system: {V,A —0,1,..,p— 1}, where () is the so-
called complement (x¥ =p — 1 — x), and (V) and (A) are the operations of taking
max and min, which corresponds to the Kline algebra [23], the structure of which
Is simpler than the algebras associated with the above systems of Rosser — Tuckett,
Post, Web, and therefore is more widely used.
The analysis of this information shows that the presence of a set of constants
{0,1, ...,p — 1}, which makes weakly complete systems complete, and operations:
{VorA,—,°} allows to implement essentially all known complete systems and

algebras. The implementation of the operation () by optical methods essentially
reduces to simple mirror images, the operation ( ~) to level shifts, the operation (V)
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or (A) taking into account de Morgan’s laws and in the presence of the operation
) reduces to(V) or (A), respectively, and therefore there is a need for one of
them, and they are successfully implemented by the MMLS function or through the
operation of the limited difference of analog logic [22], in addition, the operation (°)

essentially includes the operations (V, ~) from the Post system, the implementation
of which was already mentioned above.

The use of MvL-OS as a basis for counting prime p numbers provides some
specific features, since it is known that the operations of addition and multiplication
modulo p then form a field, and it is possible to represent any switching function of
one or two or more variables by polynomials in the form:

p-1
)= ) a;-xi(mod p)
= and
f,y) =fo()+ filx) y+ fL(x) - y* 4+ -+ f_1(x) - yP~1(mod p),

where

fi(x) = agi(x) + ag; - x + az; - x* + -+ ag-1y - xP "1 (mod p),

In addition, since, on the basis of Fermat's theorem, the operation of
multiplication by modulo for a simple p can be reduced to the operation of addition
modulo (p — 1) powers of the generator, we come to the conclusion that the system
of operations of addition and multiplication modulo p, or even one operation of
addition, but modulo p and (p — 1) are weakly functionally complete. Therefore,
supplementing them with a set of constants {0,1, ..., p — 1} makes them completely
functional. Thus, it is necessary to look for such principles of construction of MvL-
elements, and especially matrix multivalued ones, which are based on modulo
addition operations, and are independent of the values of the module, because the
moduli p; can be different. The operations of simple algebraic addition and
multiplication of signals are easily represented and implemented by the optical and
optoelectronic elemental basis, taking into account the various physical effects that
can be used for this. It is also known that analog periodic phenomena in optics, such
as time or space-phase modulation, discrete changes in polarization, etc., are used to
iImplement modulo operations. Methods of passive spatial maps, holographic
recoding tables, based on optical deflectors and beam switching devices, methods of
correlation processing and recognition, methods using electro-optical waveguide
switches [16, 12, 24] deserve special attention. Works [25-27] and many others are
examples of such application of optical methods for the implementation of the above
modulo operations.

Conclusions. Conclusions: An overview of the theoretical basis for choosing
ways and principles of building multi-valued logic computing systems showed that
attention should be focused on:
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1) the development of a generalized structure suitable for optoelectronic
implementations that implements MS functions;
2) the further more effective, especially with a significant number of variables,
optoelectronic version with new types of coding (spectral, phase, polarization)
construction of the general structure of universal matrix elements of binary logic;
3) the study of the possibilities of using neural networks and their optoelectronic,
optical implementations for building generalized structures of multi-valued logic
computing systems and their basic universal or quasi-universal functional elements
that implement the operations of complete systems;
4) researching the possibilities of effective implementations by means of
optoelectronics and optics of «generalized» separation of functions, MS and MMLS-
functions using pre-processing and non-linear transformations of arguments;
5) researching synthesis methods, designing multi-threshold comparators,
selectors, discriminators; search for new effective implementations of them by
optoelectronic means, including current reflectors;
6) creation of a new mathematical apparatus for describing such multi-level,
multi-valued selectors in connection with other known mathematical modules,
algebras and structures; mathematical apparatus of neurobiology, algebras of
multivalued continuous logic;
7) researching the possibilities of creating universal elements with fast
adjustment not only of scalar multivalued and matrix multivalued logic, but also
continuous, neural, hybrid logics generalized to the matrix case [28, 29].
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