ISSN 1999-9941, “TH®OPMAILIIMHI TEXHOJIOI'Ti TA KOMIT'FOTEPHA THXXEHEPIS”, 2023, Ne2

V]IK 681.327.11

H. B. Cauamiok-Kagenska', O. I1. ITposop’, B. B. Xom’iok’, P. IT. IlleBuyk”

MATEMATHUYHUN OIMUC ONEPAIIIL
JUDEPEHIIIOBAHHS B JIOTIKO-YACOBOMY
CEPEJIOBHUIIII

'BinauipKkuii HAOHABHTH TEXHIYHMI yHiBepcuteT, BinanIs

23axisz0pra'1'Hc1>KHﬁ HaIllOHAJIBHAUH yHIBEpCUTET, TepHOILITH

Awnortanis. EdextiBHa Ta cBoeyacHa 0OpoOKka iHpopMallii € ofHi€0 3 HaBaXIMBIIKX MPOOJIEM CTBOPEHHS 3ac00iB ii 00poOku Ha piBHI
JFOJICBKOTO CIPHIHATTS Ta MHUCICHHS. AHAIITHYHA 00poOKka IU(POBUX CHUTHAIIB B rpadidyHOMY UM B YHCTO IHU(POBOMY IpEICTaBICHHI
IIeno OOMeKeHa 1 He BpaxoBYe JMHAMIKY CHTHAIIB Ta MOBigIoMiieHb. KilacH4HUMIi amapaT JOTIKK € HEAOCTaTHIM JJIsl ONUCY JHUHAMIKH TO-
BeIiHKU CHCTeMH B 4Yaci. ToMy akTyalbHOIO € po3poOKa MOJeNnell Tak 3BaHOro OyJaeBOro audepeHLiaIbHOrO YHUCICHHS, OCKIIBKH JAaHUM
IIX1]] CIIUPAETHCS Ha 3aralibHe MOHATTS 3MiHM JIOTIYHOT 3MiHHOT, 1110 MPU3BEJE 0 YHIBEPCAIbHOI, 3 TOYKH 30pY IUHAMIKH, CHCTEMH TOHSTh
Ta onepauiil. 11{o6 monermmTH nonepenHIo 0OpOOKY MMHAMIYHHX IHU(POBHX 3MIiHHUX Ta CUTHAIIB MOXKHA BUKOPHCTATH JIOTiKO-4acOBY
¢dyHKkuito 6arato3HavHoi JOriku. MeToro TaHOi CTATTi € MaTeMaTHYHE HPEACTABICHHS Au(epeHIIFOBaHHS JOTIKO-4acoBHX (yHKLi# GaraTo-
3HAYHOI JIOTIKHM B IHIEKCHIi (opMi 3armucy 3 BUKOPUCTAHHSAM MOJIENIOBaHHS 11 cxeMu. [Toka3aHo JNOIIIBHICTD i€l 3aMiHM JOBUILHOTO LU}-
POBOrO CHTHANY (3MiHHOT), IO 3MIHIOETHCS B Yaci, JIOTIKO-4aCOBOK (DYHKIIIEI0, KA Ja€ MOXKJIMBICTD MOJICTIINTH TONEPEIHIO aHATITHYHY
00poOKy HH(BPOBHX CHIHATIB Ta 3MIHHHX, BUKOPUCTOBYIOYH BIIACTHBOCTI TakuxX (GYHKIii. B cTaTTi mpeacTaBieHO HOBHI MaTeMaTHYHHI
arrapat Onucy J'IOFiKO-‘IaCOBI/IX beHKLIlﬁ 6aFaT03Ha‘IHOT JIOFiKI/[ Ta OKpEMHX onepauiﬁ HaJl HUMU 3 BUKOPHUCTAHHAM MOICIIFOBAHHS BiI[OMI/IX
cxeM peaiizanii. B poboTi po3risgaoTsest 0coOIMBOCTI MOXixnHOI GaraTo3Ha4yHoi Jioriko-yacoBoi GyHKHiT (BJIU®D), sk oxHiei 3 HaHOimbIT
BXKUBAaHHUX 1 OCHOBHHX OMEpAalliii, [0 BUKOPHCTOBYETHCS MPU JOCIIHKEHHI CUTHAMIB 1 300pakenp. [lokasaHi ii XapakTepUCTHKHU i 0COOITH-
BOCTI JUIS (DYHKIIH, IO IpencTaBieHi B iHAeKkcHIH ¢opmi. OTpuMaHO 3aranbHHil BEpa3 MOXiZHOI N-TO MOPSIKY Ta IOKA3aHO, IO Pi3HI
JIOTiKO-9acoBi ()YHKIiT MOXKYTh MaTH OJHAKOBY ITOXiJHY. BBeneHO moHATTS miBoi Ta mpaBoi nmoxixHoi JIY®D Ta moka3aHuil B3a€MO3B 30K
Mix HEMIL. PosrmstayTo BmactuBocti K — 3maumoi moximnoi BJIU®D i oTpuMaHo BHpasH UIs MOXiZHO! KOH FOHKIL Ta 113 foHKii. Haexero
MOJKITHBY CTPYKTYPHY cXeMy quepeHIiaTopa, o BiIKpHBAE MOXKIIMBICTh anapatHoi 00pobku Garatoznaunux JIUD.

KarwuoBsi cioBa: joriko-uacoBa GyHKIisi 6araTo3Ha4yHol JIOTiKH, iHAekcHa (opMma, noxiaHa, 0co6JUBOCTI MOXiAHOI, moxinHa N -ro
MOPAAKY.

Abstract. Effective and timely processing of information is one of the most important problems of creating means of its processing at the
level of human perception and thinking. Analytical processing of digital signals in a graphical or purely digital representation is somewhat
limited and does not take into account the dynamics of signals and messages. The classical apparatus of logic is insufficient to describe the
dynamics of system behavior over time. Therefore, it is important to develop models of so-called Boolean differential calculus, as this ap-
proach is based on the general concept of changing the logical variable, which will lead to a universal, in terms of dynamics, system of con-
cepts and operations. To facilitate the preprocessing of dynamic digital variables and signals, the logic-time function of multivalued logic can
be used. The purpose of this article is a mathematical representation of the differentiation of logic-time functions of multi-valued logic in the
index form of the record using the simulation of its scheme. The paper shows the expediency of the idea of replacing an arbitrary digital
signal (variable) that changes over time with a logic-time function, which allows to facilitate the preliminary analytical processing of digital
signals and variables using the properties of such functions. The article presents a new mathematical apparatus for describing logic-time
functions of multivalued logic and individual operations on them using modeling of known implementation schemes. The paper considers the
peculiarities of the derivative of the multivalued logical-time function (LMF), as one of the most used and basic operations used in the study
of signals and images. Its characteristics and features are shown for functions presented in index form. The general expression of the deriva-
tive of the n order is obtained and it is shown that different logic-time functions can have the same derivative. The concepts of the left and
right derivative of the LMF are introduced and the relationship between them is shown. The properties of the k derivative of the BLMF were
considered and the expressions for the derivative conjunction and disjunction were obtained. A possible structural scheme of the differentia-
tor is presented, which opens up the possibility of hardware processing of multi-valued LMFs.

Keywords: logical-temporal function of multivalued logic, index form, derivative, peculiarities of the derivative, derivative of the n-
th order.
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Beryn

IIporpecuBHi iHpOpMAaIliiHI TEXHOJOTIi MOB’sA3aHi 13 HEOOXiAHICTIO 300py Ta 0OpOOKH BETUKUX 00’€MiB
indopmarii. EpexTrBHa Ta cBoedacHa 00poOKka iHpopMaIlii € OJHIEI0 3 HAMBAKIUBININX MPOOIEM CTBOPEHHS
3ac00iB 11 0OpOOKH Ha PiBHI JIFOJCHKOTO CIIPHHHATTS Ta MHUCICHHS. [lepcrieKTHBHI PO3pOOKH CHCTEM IITYIHOTO
IHTEJIEKTY BUMAraloTh aHAJITHYHOTO ONUCY CHUTHAIIIB Ta iHPOpMaIii, IK MOXKJINBOCTI PO3BUTKY 3arajJlbHUX CH-
creM 00poOku iHdopmauii [1]. 3 po3BUTKOM LU(POBOI TEXHIKKM 3MIHMIKCSA cHOCOOHM 30epiraHHs Ta 0OpoOKH
JIaHUX 3 JUHAMIYHUM pO3IIMPEHHAM iHTepdeiicy MiX 30BHIIIHIM CEpeloBHIIEM Ta 3aco0amMM KOMI IOTEpPHOT
iHpopMarii.

Opniero 3 ¢yHAaMEHTaJNbHUX oOmepauid  KoOMI'IoTepHOi 00poOku iHdopmanii €  omeparis
TuQepeHIiIOBaHHS, SKa JEKUTh B OCHOBI TEXHOJOT1H 0OpOOKH CHUTHAIIB, SIK Bi3yaJbHHUX TaK i 3BYKOBHUX, CTBO-
peHHst GiOMETpUYHHUX iMEeHTHU(IKATOPIB A 3aXUCTy MOCTYMy M0 indopmartii i T. in. [2, 3]. Ockineku Hapasi
OinpIicTs iH(GOPMANIHHUX CHCTEM MPALOIOTh B PealbHOMY Yaci, akTyaJbHOIO € 00poOka iHdopmariii B JoTiKo-
YaCOBOMY CEPEIOBHII 3 BUKOPHCTAHHSIM JIOTiKO-9aCOBUX (YHKIIIH, sIKi MOXKYTh OIIMCYBATH SIK CTALliIOHAPHY, TaK
1 AnHAMIiYHY iHpOpMAaIiIo.
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OrJsa Ta MOCTaHOBKA 3agayvi

B po6orax [4, 5] 6ymo posmisiHyTO Hesiki 6a30Bi JIoTiuHI omeparii Haj 6araTo3HAYHUMH JIOTiKO-4aCOBUMH
¢byukuismu (BJTUD), mo npeacTaieHi B iHACKCHIH Gopmi 3amucy, a B pobori [6] omepauis audepeHuitoBaHHs
BUKOHYBanach rpadiuno. CUMBOJIBHUIT BapiaHT 00YMCIICHHS MOX1JHOT HE MaB JKOJHOI HA0YHOCTI 1 OyB 3aHaATO
TPOMI3JIKMM 1 HE 3pyYHHUM Y BUKOPHCTaHHI.

B po6oTi [4] Oy110 po3rIISHYTO MOXIIUBICTH 1 JOUIIBHICT BUKOPUCTAHHS OTEpaIlii HePIBHO3HAYHOCTI IS

mudepeniany (O):

Jz(t) = z(t)o, z(t +dt) _

Jdmsa dt =A =1 orpumaemo: dz(t) =z(t)Sz(t+A)=z(1)Sz(t+1) .

Moxigaa JTYD e Takox JIUD, mo nokasye BeIWYWHY 3MiHH MOTOYHOTO (B MOMEHT ) 3Hauenns JIUO
BIZTHOCHO OyJIb-SIKOTO 1HIIOTO (B MOMEHT {+ S ) IMonepeIHbOro Yi HACTYITHOTO 3HaYeHHs (YHKIIIT, 110 BiJaieHe
BiJ] MOTOYHOTO HAa S A -iHTepBaiiB. ToMy akTyanbHOIO € pO3poOKa MaTEeMaTHYHOTO TPEICTABICHHS MOXiTHOI 3
BUKOPUCTAHHSAM 1HJICKCHOT (OPMH, TOCIIIKECHHS 0COONIUBOCTEH omeparlii JudepeHIiFoBaHHS Ta MOXIHUBOCTI i1
CXEMOTEXHIYHO peanizaliii.

MerToro maHOI CTaTTi € MaTeMaTUYHE MIPEICTaBICHHS Ar(epeHIIIIOBaHHS JIOTiKO-9acOBUX (YHKIIH Oarato-
3HAYHOI JIOTiKU B iHIEKCHiH GopMi 3amicy 3 BUKOPUCTAHHIM MOJCITIOBAHHS 11 CXEMH.

OCHOBHI N0J103kKeHHS

Moximna JTY®, npu dt = A =1 BusHaUaeThCsA GOPMYIIOFO:
dz(t) :
[T =dz(t)|,, =2'(t)= z(t)ez(t+1)}

1)

B npomy Bunanky noxigHa i qudepeHiiiai CriBnaaaTh.
MoyKHa JOBECTH, IO MOXiJHA CYMEpPIO3MIii (JIOTIYHOT CYMH) JIOTiKO-4acOBHX (DYHKIIIH TOPIBHIOE Cymep-
no3uiii (JIoriuHii cymi) HOXiTHUX IUX QYHKIIH.

Slkmo z(t) =x(t)#y(t), me x(t)=x" ma y(t)= ytT: , TO TIOXiJJHY MOYKHA BU3HAYUTH TaK:
' — y' & Ty
2(t) =Xy, @)
Hua z(t) = thll H}Zthz E}---E}ZIT' OTPHUMAEMO:
Z'(t) = ztllﬂ}zfﬂlﬂ}zfz E}z}zqz ﬂ}---ﬂ}zéﬂ}ztliqi

3a Tako1o X CXEMOI0 JIpyra MoXijiHa JOPIiBHIOE:

z”(t):ziﬂ%z2 E}ziﬂ}zz E}---ﬂ}ziﬂ}zz

t+T; t,+T, ti+T,

(3) _ 51 1 1 1 1 1 1 1 1 1 1 1
BiHHOBiI[HO z (t) - Zt1 E} Ztl+2 E} Zt1 +Ty E} Zt1 +T+2; E} th {E th +2 E} th +T, E} th +T,+2 E} Zti E} Zti +2 E} Zti +T; H}Zti +Ti+2

Hns K -3HayHOTO BapianTy mpu S=1:

[2'(t)]=[z®)] =[z)2(t+D)] =2()S2(t +DS2(t + DSz (t +2) = 2(t)Sz(t +2)

Jie KBaJApaTHI JyXKKH BKa3yIOTh Ha 3aralIbHONPHUHHATE 3HAYCHHS iHACKCIB. B iHAEKCHIH dopMi MOXKHA oepKaTh
3HAYCHHS ITOX1IHOT JIOTiK0-4acoBOT (DyHKIIIT:

Tiax —1
2 _ T,
2(0)= W (a,0a,,)|7 o
B ¢opmyni (3) Bukopucranuii 3cyB BipaBo (3aTpuMka). Taky MoxijiHy, 10 BUKOPHCTOBY€E HACTYIIHI 3Ha-
4yeHHs (QYHKIIIT, HA3BEMO «IIPaBOIO». BIAMOBIAHO «IiBa OXiTHAY, 3 TONEPEIHIMU 3HAYCHHSIMH, MATUME BHTIISL;
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T, 1

Z(1)=W (a,0a,.,)

Tnax
th

(4)
Hanpuknan, — mms  Qymkmii  5x(t)=1212101021110220[x°  maemo  Bimmosimo — mpasy
JX ()R =1111111210012020| ,x° ra nisy ,X'(t)L =1111111121001202|,X° noximmi. Baunmo, mo npasa

MOXIi/THA 11€ 3CYHYTa BJIIBO JIiBa OXiTHA 1 HABIAKH.
I'pacdiunnii Bapiant BJIYD i 1i moxinHUX mpezcTaBiieHo Ha puc. |

a0
D™, x(t)

Pucynox 1 — IToxinaa BJTH®

[Migxpecnumo, o0 omeparis HepiBHOZHAYHOCTI NP OOYUCIICHHI TOXiTHOI, BUKOHYETHCS HAJ IBOMA CYCil-
HIMH PO3psAaMH MPOIYKYIOYOT0 CIIOBA.
ToxiaHi BUIIUX MOPSAKIB BUJISIIAIOTH TAK:

T

max 71

7= =W (a,0a,,)

1

T —
kZ”(t): Yyo (aleat+leat+leat+2)

Tinax
th

Tmax
th

Tmax —1
kZ(S) (t) = \t/l{) (ateat+1eai+26ai+3)

1

Tmax,
ZtTZmaX = Yyo (aleat+4)

Tmax
th

Tmax
4
29 (1) =W (a,0a,,02,,02,,00,,62,,02,,02,,)

AmHajii3 nux pe3ysbpTaTiB A03BOJISIE 3aUCATH 3arajibHy (GOPMYITy | -KpaTHOI MOXiIHOT:

. i .
X" = © Elx(t+5)
, 5)
ne ESi IBiiikoBi OiHOMianbHI KoedimienTn [3], S— BenWYHHA 3CYBY, a 1HIII iHAEKCH MAIOTh 3araJlbHONPHI-

HsTe 3HaYeHHs. CrpaBe/UIMBICTD CHiBBIAHOMEHHS (5) TOBOIUTHCS METOIOM MaTeMaTHYHOT IHAYKIIT.
SIKIo omycTUTH 3CyB Ha S OJHMHUIL OTPUMAEMO OUIBbII 3arajbHUI BUITAJOK IOXIJHOI 110 MapaMmeTpy

s€{1,2,3,...T —1}:
Trax —1 T
2°()=W (a,©D%a, ) 2™

(6)

TyT MOPIBHIOIOTHCSI 3HAYCHHS (YHKIIIT HA OJMHIYHOMY | -My Ta i+ S iHTepBai.

95



ISSN 1999-9941, “IHOOPMALIIIHI TEXHOJIOI'Li TA KOMIT'FOTEPHA IHXXEHEPLA”, 20X X, NeX

Toxni me, MOXKHa BBa)KaTH MapaMETPUYHOIO S -IHTEpBAJIbHOIO NOXiAHOW. binbmie Toro, S Moxe OyTH
Bil’eMHHM (JTiBa IMOXi/THA).

3a BusHaueHnHaM 7" (t)# A (t), 60 ,z"°(t) — e moxizHa mepuIOro MOPAAKY MO Mapamerpy S, a
2% (1) — e moxinma mopsKy S .

Hagenemo nesiki oueBrHI BaacTuBocTi K -3HayHOI noxigxoi JTUD:
[Const] =0
[ &] =[ex]
[kxtekyl], :[kxt]’e [kyt]’

Toax —1

(o oeyy ) =W (("a 2¢) e (a., D))

i=0

! Tmax

k (XDy) min(t,, t,)

()

Jlist 004MCIIeHHS TIOXIAHOT A3 IOHKIIIT CKOPUCTaEMOCH IpaBmiioM e Moprana (2.267):

!

oW ((k-1)-"c)

x)

g belen-apen-sel s
lelkar{(te-aa oy —e)

min(tx ,ty)
(8)

VY BJIY® onmHakoBi MOXiIHI MalOTh He JuUIIe (YHKIIA Ta 11 iHBepcis, a i iHmi QYHKIII, 10 MalOTh IMiiHTe-
pBaJIi HE3HAYHOTO 3POCTAHHS-CIIaIaHHs (pHC.2).

hvuryin | —

__J._F_.
hvurcyis 2 ; S—t—

ROXIOHA —J foo
Pucynoxk 2 — IToxingna BJTU®D

3a BU3HAUEHHSIM JKBAaBOCTI 1 HATIOBHEHOCTI Ma€MO BJIACTHBICTH: HAlIOBHEHICTh MOXiIHOI piBHA XKBaBOCTI ii
¢ynkuii ado >kBaBicTh (PyHKIIT piBHa HAIIOBHEHOCTI NOXiqHOT i€l ¢pyHKii [3].
Ha puc. 3 npencrasneHa cTpykTypHa cxema andepenuiaropa. [i o0CHOBy cTaHOBUTH cxeMa HepiBHO3HAY-

HOCTI «©», M0 BHUKOHYE OMEPAIlif0 HAJ JBOMA CYCIIHIME PO3PsAAaMU BXIJTHOTO MOCTIIOBHOTO MPOAYKYKOUOTO
AT . N . .
cioBa K 3aMMCaHOTO B MOCIIAOBHHUI PETICTp 3CYyBY Ha K 3maunmx D-tpurepax. Ile eKBiBaJeHTHO oreparrii

HaJl CIIOBOM 1 HOT0 3CYHYTOIO KOIIi€r0. SIKIO BUXiHE CIOBO (DIKCYETHCS B MEPIIOMY JIIBOMY TPUTEpi, TO MAaEMO
JiBy MOXiAHy. | HaBHakW, KOJM TMepIInii po3psii BUXIAHOTO ciioBa (iKCYeEMO B JPyroMy TpHUrepi, TO Ie IpaBa
MOXiHa.
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AT
IK=>'l ~|rj

i

3cys

Pucynox 3 — CtpykrypHa cxema audepeHuiaropa

BucnoBku

1. PosrmsHyTO iHIEKCHY (hopMy MOXimHOI OaraTo3HavHOI JIOTiKO-9acoBOi (YHKII, K OAHI€T 3 HAWOUIBII
BXKMBAHWX OCHOBHHX OIEpaIliii, 0 BUKOPUCTOBYETHCS IIPH 00poOIIi iHGopMaIlii Ta BiAMideHO 11 0COOIUBOCTI.

2. BBenmeHo MOHATTA JiBOI Ta paBoi nmoxigHoi JIUD Ta mokazaHuil B3aeM0O3B’ 130K MiK HUMH.

3. OtpuMmaHo 3araJibHUI BUpa3 MOXiJHOI N-TO MOPSAKY Ta NOKa3aHo, IO Pi3Hi JOTiK0-4acoBi (GyHKLIi MO-
JKYTh MaTl OJIHAKOBY MOXIJHY.

4. PosrastHyTo BIacTHBOCTI K —3HawHOi moximHoi BJIU® i oTpuMaHO BHpa3u Ui MOXiqHOT KOH FOHKII Ta
A3 TOHKIIII.

5. HaBesmeHO MOXIHBY CTPYKTYpHY cxeMmy audepeHIfiaTopa, IO BiIKPHBAE€ MOKIMBICTh amapaTHOL
00poOku Oaratoznaunux JIUD.
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Binomocri npo aBTopis

Cavanwk-KaBenska Haranis BacuimiBHa — kaHIMIaT TEXHIYHUX HAYK, JOICHT, TOLEHT Kadeapu BHUIOi Ma-
TEMATHKH.

IIpo3op OJena IleTpiBHA — KaHIUIAT ITEAATOTIYHUX HAYK, AOICHT, TOUEHT Kadeapu BUIIOT MaTEMaTHKH.
Xom’1ok BikTop BikTopoBu4 — KaHIMAAT TEXHIYHIX HAYK, TOIEHT, JOLEHT Kadeapn BUIIOI MATCMaTHKH.

leBuyk Pycaan IleTpoBuY — KaHAUIAT TEXHIYHUX HAYK, JOIEHT, TOICHT KadeIpu KOMIT IOTepHUX HAYK.
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