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Pedepar:

1. Minstok B. B. Po3po6iieHHs Ta JOCTiIKEHHS ONTUMAJIbHYX aJITOPUTMIB MiHiMi3alii Oy/10BUX (PYHKLIN y
IOBiJIbHOMY JIOTIKOBOMY 6a3uci [71s1 IPOEKTYBaHHS IM(PPOBUX KOMOiHALiHUX pucTpoiB. — KBanidikauiitHa
HayKOBa ITpallsl Ha IIpaBax pyKonucy. Jucepraiis Ha 3M00yTTS HAYKOBOTO CTYINEHs KaHAUAATa TEXHIYHUX HayK 3a
crnienianbHicTio 05.12.13 - «PagiorexHiuyHi npucTpoi Ta 3acobu TesneKkoMyHikauiny (172 - TenexomyHikauii Ta
pagzioTexHika). — HanioHanbHUM yHiBepcUTET «JIbBiBChbKa nogitexHika» MOH Vkpainy, JIbBiB, 2024. V nucepranii
PO3B’S13aHO aKTyaJIbHE HAyKOBO-TIPAKTUYHE 3aBJIAHH4, SIKE MOJISITae B yIOCKOHAJIEHHI Ta PO3PO0OJIEHHI aJIFOPUTMIB Ta
MeTOo[IiB MiHiMi3alii Oys0BUX PYHKLIN AJ1s1 IPOEKTyBaHHS UU(PPOBUX KOMOIHALITHMX CXeM PafioTeXHIUHUX
IIPUCTPOIB Ta 3aCO0iB TEJIEKOMYHIKalill. 3alIPOIIOHOBAHO YMCJIOBE NIOIAHHS KOH'IOHKTEPMIB IOBIJIbHOTO PaHIy y
BUIJISIZ] IApU YMCEJL: IBIIKOBOrO 300pa’ke€HHS Ta [IBIIKOBOI MaCKU JliTepaiiB. JIBillkoBe 306pa’k€HHS OTPUMYEMO

IIJISIXOM 3aMiHM CMMBOJIIB ITOTJIMHAHHS HA HYJIi B [ICEBAOTPiliKOBOMY 300paskeHHi. [1[06 oTprmaru Macky JitTepasis,



CIIOYATKy 3aMiHIOEMO B TPIIKOBOMY 300paK€HHI HYJIi OOUHULSMMY, a IIOTIM CHMBOJIV TIOTJIMHAHHS HYJISIMMU.
OCKiZIbKY CKJICIOBAaHHSI MO>KJIMBI JIMIIE MK KOH'IOHKTEpMaMU 3 OJIHAKOBOIO MACKOIO JliTepaJliB, 06'eIHyeEMO TaKi
KOH'IOHKTEPMHU Y MHOKMHM. Ternep MOKHA MT03HAaYaTH KOXKEH KOH'IOHKTEPM JIUIIE OOHUM YMCJIOM, @ MaCKy
JliTepa’iiB BKa3aTy eJUHY AJ1s Bciel MHOXMHIU. Lle ae 3MOry BUKOPUCTATH B aJITOPUTMax MiHimizalii 6ys0Bux
dyHKLil [BIMKOBI oniepalii 3amicTb onepariil Hag cumBosiamu. Takui Mifxiz Mojeruye KOMII'IOTEPHY peasisaliiio
MeTogiB MiHiMi3allii. PO3BUHYTO MeTOJ, po3ueIlyIeHHs] KOH IOHKTEepMiB. 3allpoNIoHOBaHO Mogudikaliiio npouenypu
PO3YEIJIEHHS KOH'IOHKTEPMIB Ha OCHOBI YMCJIOBOTO [IOJAHHS, 110 JO3BOJISIE 3MEHIINUTY BUTPATU OOYUCIIIOBAJIbHUX
pecypciB, a BUKOPUCTaHHS AOJATKOBO LIiCTHAALSITKOBOI CUCTEMM YMCJIEHHS 1a€ 3MOTY PO3IIMPUTH KOJIO 3aBJIaHB,
sIKi MOXXKHA pO3B'sI3aTy 6€3 3aCTOCYBaHHS KOMITI0Tepa. PO3BMHYTO MeTO MOPO3PSIIHOTO BUPOLILYBaHHS IIPOCTUX
KOH'IOHKTePMiB. BukopucraHna po3pob6sieHe 4uCjIoBe [10JaHHS 3aMiCTb [1ICEBLOTPINKOBOTO, 110 1a€ 3MOTY OIlepyBaTH
4YMCJIaMU 3aMiCTb CMMBOJIIB Y MiIMHOKMHAX KOH'IOHKTEPMIB 3 OJHAKOBOIO MACKOIO JliTepasliB. YBELEHO ITOHATTS
KOJly TIOMITKM MHOXVMHU KOH'IOHKTEPMIB, 11711 YCIYEHHS TPIMKOBOIO IepeBa BUPOLIYBAHHSA IIPOCTUX KOH IOHKTEPMIB.
YBeJeHO NpoLeAypY BUABJIEHHS MiAMHOXUHY, €JIEMEHTH SKOi CKIICIOI0TbCS B OAVH KOH'IOHKTEPM, LIJIIXOM
IiIpaxyHKy KiJIbKOCTi €JIEMEHTIB OfJpa3y Ha eTalli COPTyBaHHS 3a 33J]JaHUM 6iToM. Po3mupeHo cdepy 3aCTOCYyBaHHS
METOAY /J1s1 HeJOBU3HaYEeHUX (DYHKIIiN. 3alIpONOHOBaHi 3MiHU JAIOTh 3MOTY PO3LIMPUTH KOJIO PO3B'SI3yBaHUX
3aBZaHb 32 PaxyHOK 3MEHIIEHHS 00YMCIIIOBAJIbHUX BUTPAT Ta PO3IMKPEHHs chepy 3aCTOCYBAHHS METOTY.
YII0CKOHasIeHO MeTOJ, MiHIMaKCHOTO ITIOKPUTTSI B TEOPETUKO-MHOXXMHHI (popMi. 3allpOIIOHOBAHO BIIOPSIIKOBYBaTH
CHAMBOJIbHI IU3TOHKTEPMH IOJ0 HAPOCTAHHS iX IOTYKHOCTEMN, TOOTO NOYMHAKYY 3 MiHiMasbHOI. Lle npuckoproe
Ipouenypy CrpoliieHHs cpOpMOBAHOI MHOKVHHU 32 PaXyHOK CKOPOYEHHS LIJISIXY IOLIYKY AU3 TOHKTEPMIB, 110
CIIPOILYIOThCS. 3allPOIIOHOBAHO NPOLEYPY JaHIIOTOBOTO ITIOKPUTTS TabJIMLi IPOCTUX KOH IOHKTEPMIB, sIKa
BpaxOBYye B3a€MHE PO3TalllyBaHHS KOH'IOHKTEPMIB y [BIlKOBOMY IIPOCTOPI, 10 1a€ 3MOTY CIIPOCTUTU LIUKIiYHY
YaCTUHY TabJIuLi MPOCTUX KOH IOHKTEPMiB. Lle mpu3BoAuTh 0 3MEHIIEHHS BUTPAT MAIIMHHUX pecypciB. s
3HIDKEHHS] 009N CITIOBAIbHOI CKIIATHOCT] 3aBAAHHS MOXKHA PO3paxyBaTu KoeillieHT CKIaHOCTi B OKOJIi
pO3rajyiy>KeHHs JIAHLIOTIB Ta IPUIHATY PillleHHS IIPO PO3PUB JIaHLIOra y IboMY Micli. [Iponenypa J1IaHIIoroBOro
IIOKPUTTSI MHOXKAHU IIPOCTHX KOH IOHKTEPMIB JIa€ 3MOTY PO30MBAaTU 3aBHaHHS IOKPUTTS Ha KijIbKa

004K CIIOBATIBHUX IIOTOKIB. 3alIpONIOHOBAHMH MiJIXiT] € €eBPUCTUYHUM. YIOCKOHATIEHO METO] I0GITOBOrO COPTYBaHHS
MHOXXUHHU LiJIUX YUCeJl, 1Ka He MiCTUTb TaBToJIOrii. ¥ poueci po30oUTTs 3a 3aaHUM 6iTOM 3 HOMEPOM N BUKOHYIOTh
IipaxyHOK €JIEMEHTIB IIiAMHOXUHY, 10 Ja€ 3MOTY BUSIBUTHU CKJICIOBaHHSI OTPMMAHOI MiIMHOXVHYU B KOH'IOHKTEPM
i Tozi 3aMiHMTH IpoLelypy COPTYBAHHS M0 iHIMMX 6iTax NpOCTMM NepepaxyHKoM Bin 0 mo (27n-1). Kpim Toro,
OCKIiJIbKY TIEBHI METOAM MiHiMi3alii HOTPe6yIOTh oNepesHbOr0 COPTYBAHHS MHOKHHY BUXITHIUX KOH'IOHKTEPMIB,
3aIpoIOHOBaHa MoaudiKallisg Jae 3MOr'y OTPMMATH YaCTUHY iMILIIKaHTIB BXXe Ha eTalli COpTyBaHHsL. Yieplie
3aIPOIIOHOBAHO METOJ, MiHiMizawii 6ys10BMX (QYHKIiH I06ITOBUM PO3OUTTSIM MHOKMHU KOH IOHKTEPMIB Ha OCHOBI
po3pobienoi mopudikarii no6iToBOro COpTyBaHHS 3i CKJICIOBAHHSM, 10 JA€ 3MOT'Y 3HAXOLUTH IPOCTi
KOH'IOHKT€PMU HU3bKOTO PaHTy 6€3 IPOMDKHUX CKJIeloBaHb. Lleit MeToy, 11o36aBjieHnii TapToorii. I npukiaagHoi
3a/1aui BUKOHAHO CUHTE3 [I€PEeTBOPIOBAYa KOJIiB 3alIPOIIOHOBAHUMU Y POOOTI METOJIAaMU, CEPE]], SIKUX METO]
MiHimi3anii 6ys10BUx QyHKILiN TOGITOBUM PO3OUTTSIM 3i CKJIEIOBAaHHSIM [10Ka3aB HalKpaluil pe3ysbTaT. Kiodosi
CJI0BA: KOH'IOHKTEPM, MiHiMi3a1ist 6ys10BuX QYHKIIiH, TOUIYK IIPOCTUX KOH IOHKTEPMIB, IIOKPUTTS TabJINLi IIPOCTUX

KOH'IOHKTE€PMiB, IPOEKTYyBaHHS LM(PPOBUX KOMOIHALITHUX CXEM.

2. Minziuk V. V. Development and research of optimal algorithms for minimizing Boolean functions in an arbitrary
logical basis for the design of digital combinational devices. ~-Manuscript. Dissertation for the degree of candidate
of technical sciences on specialty 05.12.13 - “Radio engineering devices and means of telecommunications” (172 -
Telecommunications and Radioengineering). — Lviv Polytechnic National University of Ministry of Education and
Science of Ukraine, Lviv, 2024. The dissertation solves an actual scientific and practical task, which is to improve
and to develop algorithms and methods of minimizing Boolean functions for designing digital combinational
circuits of radio engineering devices and telecommunications equipment. A numerical representation of
conjuncterms of arbitrary rank is proposed in the form of a pair of numbers: a binary image and a binary mask of
literals. The binary image is obtained by replacing the absorption symbols with zeros in the pseudo-ternary image.
To obtain a literal mask, we first replace zeros in the ternary image with ones, and then the absorption symbols



with zeros. Since gluing is possible only between conjuncterms with the same literal mask, we combine such
conjuncterms into sets. Now you can denote each conjunction with only one number, and specify the literal mask
with a single number for the entire set. This will allow the use of binary operations in algorithms for minimizing
Boolean functions instead of operations on symbols. This approach simplifies the computer implementation of
minimization methods. The splitting conjuncterms method has been developed. A modification of the procedure
for splitting conjuncterms based on the proposed numerical representation, which makes it possible to reduce the
amount of used computing resources, and the additional use of hexadecimal number system allows one to expand
the range of problems that can be solved without the use of a computer. The method of bitwise cultivation of
primes has been developed. The developed numeric representation was used instead of the pseudo-ternary one,
which made it possible to operate with numbers instead of symbols in subsets of conjuncterms with the same
literal mask. The concept of a code for marking a set of conjuncterms has been introduced to truncate the ternary
tree of growing primes. A procedure has been introduced for detecting a subset, the elements of which are glued
together into one conjuncterm by simply counting the number of elements immediately at the stage of sorting by a
given bit. The scope of application of the method for not fully defined functions has been expanded. The proposed
changes make it possible to expand the range of problems to be solved by reducing computational costs and
expanding the scope of the method. The minimax coverage method in the set-theoretic form has been improved.
It is proposed to arrange symbolic disjuncterms according to the increase in their powers, that is, starting from the
minimum. This speeds up the procedure for simplifying the generated set by shortening the search path for
simplifying disjuncterms. The procedure for chain coverage of the table of primes is proposed. This procedure
takes into account the relative position of conjuncterms in binary space, which makes it possible to simplify the
cyclic part of the table of simple conjuncterms. This leads to a reduction in the amount of used computing
resources. To reduce the computational complexity of the problem, you can calculate the complexity coefficient in
the vicinity of the chain branch and make a decision about breaking the chain at this place. The chain covering
procedure for a set of simple conjuncterms makes it possible to split the covering problem into several
computational threads. The proposed approach is heuristic. The method of bitwise sorting of integers for a set of
numbers that does not contain tautologies has been improved. In the process of partitioning by a given bit with
number n, the elements of the subset are counted, which makes it possible to identify the gluing of the resulting
subset into a conjuncterm and replace the sorting procedure by the remaining bits by simply calculating from 0 to
27°n-1. In addition, since certain minimization methods require preliminary sorting of a set of initial conjuncterms,
the proposed modification makes it possible to obtain part of the implicants already at the sorting stage. The
method of minimizing Boolean functions by bitwise partitioning of a set of conjuncterms has been developed. The
method makes it possible to find low rank primes without intermediate gluings. For the applied problem, the
synthesis of the code converter was performed using the methods proposed in the paper, among which the
method of minimizing Boolean functions by bitwise partitioning with gluing showed the best result. Keywords:

conjuncterm, Boolean functions minimization, primes search, table of primes coverage, combinational circuits
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dopma BacHoOCTI: Jlepkasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBIiTH | HayKy YKpaiHu

InmenTudikarop ROR:

VII. BizomocTi npo odiniiHHX ONIOHEHTIB Ta PELeH3€HTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBumie Im's I1o-6aTbKOBI:

1. KosnoBcbkuit Banepiin BanepiitoBuy

2. Valerii V. Kozlovskyi

KBasigikamis: n. 1. u., npodecop, 05.12.13
ImenTudikarop ORCID ID: 0000-0002-8301-5501
JonaTkoBa iHdopmalist:

IloBHe HaiMEeHYBaHHSI IOPHUAUYHOI 0COOM: HaujoHanbHuii aBiauiitHuil yHiBEpCUTET



Kog, 3a €IPIIOY: 01132330

Micue3HaxoaKeHH: npocnekt Jlio6omupa I'y3apa, 6yz. 1, Kuis, 03058, Ykpaina

dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im'st [10-6aThKOBI:
1. Caiiko Bosogumup I'puroposud

2. Volodymyr H. Saiko

KBasigikamis: n. 1. u., npodecop, 05.12.02

InenTudikarop ORCID ID: 0000-0002-3059-6787

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: BiiicbKOBUIl iHCTUTYT TeleKOMyHiKaLiii Ta iHGopmaTh3aii

imeni 'epoiB KpyT

Kopg 3a €IPIIOY: 24978555

Micue3HaxoaKeHHS: ByJl. MOCKOBCBKa, 6y, 45 /1, Kuis, 01011, Ykpaina

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MinicrepcTBo 060poHu YKpaiHu

InenTudikarop ROR:

PeuenseHTu

VIII. 3aKkJIl04Hi BiZoOMOCTi

BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBi

TOJIOBH pagu

BiiacHe IIpizBuine Im'sa I1o-6aThKOBI

TOJIOBYIOYOTO Ha 3acCimaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuk Bigginy YKpIHTEI, mpo €

BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOi

OisIIBHOCTI

Bobasno 0pin SpocnaBoBud

Kimmmar Muxaino MukoJanioBuy

bemnen M.IL.

VKpIHTEI

[Opuenko TersiHa AHaToJiiBHA



