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The object of this study is models of low-power digital logic
circuits. The problem being solved is the effectiveness of the tech-
nique for simplifying Boolean functions to obtain optimal struc-
tures of logic circuits. A new theorem of a non-standard system of
simplification of Boolean functions has been formulated, according
to which in order to obtain a minimal function it will suffice to per-
form all non-redundant operations of simple and/or super-gluing
of variables, which ultimately provides a minimal function in the
main basis without using an implicant table. Thus, the problem of
simplifying Boolean functions to the simplest normal equivalent
is solved in one step. The interpretation of the result is that the
properties of 2-(n, b)-design combinatorial systems make it possi-
ble to reproduce the definition of logical operations of super-gluing
variables, to represent logical operations in a different way, and
vice versa. This, in turn, ensures the establishment of the locations
of equivalent transformations on the binary structure of the truth
table and the implication of a systematic procedure for simplifying
Boolean functions by an analytical method. Special feature of the
results is that unambiguous identification of the locations of equiv-
alent transformations is possible even when different intervals of
the Boolean space containing the 2-(n, b)-design systems have
common modules.

It has been experimentally confirmed that the non-standard
system improves the efficiency of simplifying Boolean functions,
including partially defined ones, by 200-300 % compared to analogs.

In terms of application, a non-standard system for simplifying
Boolean functions will ensure the transfer of innovations to material
production: from conducting fundamental research, expanding the
capabilities of digital component design technology to organizing
serial or mass production of novelties.

Keywords: simplification of Boolean functions, non-standard
system, intervals of Boolean space, location of equivalent transfor-
mations.
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Today’s management solutions depend precisely on the suc-
cessful solution of optimization problems, which are discontinuous,
undifferentiated and multimodal. One of the approaches to increase
the efficiency of solving optimization problems is bio-inspired al-
gorithms. The object of the study is complex dynamic objects. The
subject of the study is the decision-making process in the problems
of managing complex dynamic objects. A management method using
a bio-inspired algorithm is proposed. The research is based on the
goose algorithm — for finding a solution to the state of dynamic
objects with a hierarchical structure. Evolving artificial neural
networks are used to train goose agents (GA) and an advanced
genetic algorithm is used to select the best ones in the combined
swarm algorithm.

The originality of the proposed method lies in setting GA taking
into account the uncertainty of the initial data, improved global and
local search procedures. Also, the originality of the study lies in de-
termining GA food locations, which allows choosing the priority of
search in a given direction. The next element in the originality of the
study is the ability to determine the indicators of guard GA, which
allows adjusting the amount of time during which the GA flock will
be located. Another original element of the study is the determi-
nation of the initial velocity of each GA. This makes it possible to
optimize the speed of conducting exploration by each GA in a certain
research direction. The method allows increasing the efficiency of
data processing at the level of 10—12 % by using additional improved
procedures. The proposed method should be used to solve problems
of evaluating complex dynamic objects.

Keywords: deep learning, complex processes, genetic algorithm,
complex and dynamic objects.
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The object of the study is complex dynamic objects. The sub-
ject of the study is the decision-making process in the problems of
managing complex dynamic objects. A method of assessing the state
of dynamic objects using a combined swarm algorithm is proposed.
The research is based on a combined swarm algorithm — for finding a
solution to the state of dynamic objects with a hierarchical structure.
To train the individuals of the combined swarm algorithm (CSA),
evolving artificial neural networks are used, and to select the best
in the combined swarm algorithm, an improved genetic algorithm is
used. The originality of the method is:

— in taking into account the type of uncertainty and noise of data
during the operation of the combined swarm algorithm due to the
use of appropriate correction factors;

— in the implementation of adaptive strategies for the search for
food sources due to setting appropriate search priorities;

— in taking into account the presence of a predator while choos-
ing food sources by the flock agents of the combined swarm algo-
rithm, which allows excluding unwanted search areas;

—in the additional consideration of the available computing re-
sources of the state analysis system of complex dynamic objects while
determining the maximum permissible parameters of the combined
swarm algorithm;

—in the possibility of changing the search area and speed of
movement by separate individuals of the flock of the combined
swarm algorithm;

—in determining the best individuals of the flock of the com-
bined swarm algorithm using an improved genetic algorithm;

— in training knowledge bases, carried out by training the synap-
tic weights of the artificial neural network, the type and parameters
of the membership function, the architecture of individual elements
and the architecture of the artificial neural network as a whole.

The method makes it possible to increase the efficiency of data
processing at the level of 14-20 % by using additional improved
procedures. The proposed method should be used to solve problems
of evaluating complex dynamic objects.

Keywords: efficiency of decision-making, hierarchical struc-
tures, complex and dynamic objects, optimization.
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The object of the study is complex dynamic objects with a hierar-
chical structure. The problem solved in the study is to increase the
efficiency of decision-making while ensuring the given reliability. The
subject of the study is the process of decision-making in management
problems using an improved cat swarm optimization algorithm (CSO),
an improved genetic algorithm and evolving artificial neural networks.

The proposed method, due to additional and improved proce-
dures, allows you:

— to take into account the type of uncertainty of the initial data
for setting CA for the local search procedure;

— to implement adaptive strategies for finding food sources by CA;

— to take into account the experience of the most authoritative
CA while conducting local and global search;

— to take into account the available computing resources of the
state analysis system of complex dynamic objects and determine
their required amount for involvement;

— to take into account the CA search priority;

— to determine the best CA using an improved genetic algorithm;

— to conduct training of knowledge bases, which is carried out
by training the synaptic weights of the artificial neural network, the
type and parameters of the membership function, and architecture
of individual elements and the architecture of the artificial neural
network as a whole;

— to avoid the local extremum problem by using the jump pro-
cedure.

The proposed method was tested on the example of solving the
problem of determining the composition of an operational group of
troops (forces) and elements of its operational structure. An exam-
ple of using the method showed an increase in the efficiency of data
processing at the level of 14-19 % by using additional improved
procedures.

The proposed approach should be used to solve the problems of
evaluating complex and dynamic processes characterized by a high
degree of complexity.

Keywords: mentor cats, combined approach, genetic algorithm,
global and local optimization.
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PO3POBKA HECTAHJIAPTHOI CUCTEMU CIIPOIIEHHSA BYJIEBUX ®YHKIIII (c. 6-34)

M. T. Conomko

O6’eKTOM JIOCTI/KEHHS € MOEJ MaJIONOTYKHUX HN(MPOBUX JIOTIUHIX CXEM. ITpo6aema, 1o BUpilllyBasacs, NOJIsAra€e B e(peKTHBHOCTI CII0-
co0y criporerns OyieBUX GYHKILH I OTPIMAHHST ONITUMATBHIX CTPYKTYP J0TigHnX cxeM. CHOpMyIbOBAHO HOBY TEOPEMY HeCTaHIapTHOI
CUCTEMH CIIPOIIeHHs OyJIeBUX (DYHKILIH, 3riHO 3 KOO I OTPUMaHH MiHIMaIbHOT (DYHKIIIT 0CTaTHHO IIPOBECTH BCI HEHAJIMIIKOBI orepartii
MPOCTOTO Ta/ab0 Cynep-CKICIOBaHHA 3MIHHUX, 10 y TMACYMKY 3abe3edye MiHiMaabHy (QYHKINIO B OCHOBHOMY Oasuci 6e3 3acTOCyBaHHS IMILTi-
KkaHTHOT Tabuii. Takum ynHOM, ipobieMa crpoters OyJieBrx (hyHKILi 10 HARIIPOCTIIIOro HOPMAIBLHOTO eKBIBAJICHTY PO3B’SI3YETHCS 32 OJIIH
KPOK. [HTepIpeTallisi pe3yJIbTaTy TOJISArae y TOMY, 1[0 BJACTUBOCTI KOMOIHATOPHUX cucteM 2-(n, b)-design faoTh 3MOTy BiATBOPIOBATU BU3HA-
YEHHsT JIOTIYHUX OTepalliil cylep-CKICI0BAHHS 3MIHHUX, TIO-1HIIIOMY MPECTABJISITH JIOTivHi onepartii i nasmnaku. Ile, cBoeio ueproro, 3abesreuye
BCTAaHOBJIEHHS Ha GiHapHiit cTpyKTYpi TabJIMI ICTHHHOCTI JIOKaIi#f piBHOCHIBHUX IEPETBOPEHD Ta IMILIIKYBaHHS CUCTEMAaTH30BaHOT TPOLE/Ly-
pu cripommenns OyneBux GyHKIH anamiTnaHnM MeTogoM. OCOOMMBICTD OTPUMAHUX PE3YJIBTATIB MOJIATAE Y TOMY, IO OHO3HAYHE BUSBJIECHHS
JIOKAIIill PiBHOCHJIBHUX TIEPETBOPEHD MOKJIUBE 1 TOJ, KOJIM PisHi inTepBasu GyJeBOro mpocTopy, o yTpuMyioTh cucremu 2-(n, b)-design,
MaIOTh CITLJIbHI GJIOKH, IEPETHH.

EkcriepuMenTanbHo MiATBEPKEHO, 1110 HeCTaHapTHA CHCTEMA TABHUILY € eheKTUBHICTH CIIPOIeHHs Oy1eBnX (hYHKILiT, y TOMY YHCI i gacT-
KOBO BH3HAYEHUX, MOPiBHAHO 3 anasoramu Ha 200-300 %.

VY npukIaHOMY BiZIHOIIEHHI HECTaHIAPTHA CUCTEMA CIPOIIeHHsI Oy IeBUX (DYHKINN 3a6e31eunTh TpanchepT HOBOBBEACHD y MaTepiaibHe
BUPOGHUIITBO: Bill TPOBeAeHHsT (DyHAAMEHTAIBHIUX MOCI/UKEHD, PO3IIMPEHHS] MOKIMBOCTEN TEXHOJIOTIT IIPOEKTYBAHHS IIUMPOBUX KOMITO-
HEHTIB /10 OpraHizalii CepiiiHOro Y MacoBOr0 BUPOGHUIITBA HOBHHOK.

Kirouosi cioBa: criporieHnst 6yieBux hyHKIIii, HecTaHAapTHA CHCTEMA, IHTEPBAJI OYJIEBOTO TIPOCTOPY, JIOKAITisT PIBHOCHILHUX TIEPETBOPEHD.
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PO3POBKA METOJIY YIIPABJITHHSI TEXHIYHUMH CUICTEMAMU 3 BUKOPHCTAHHSIM BIOTHCIIIPOBAHOTO
AJITOPUTMY (c. 35-43)

0. 4. Cosa, 1. A. Imutpies, H. I. Kyuyk, O. B. €Ebumenxko, H. 1. JlutBunenxo, I. A. Ilrexosa, A. M. lllatpos, €. 1. Yemepuc,
0. B. Jlos6enxo, M. 1. Croiiues

YupaBsiHChKi PillleHHsT CHOTOJICHHST 3a/I€KATh caMe BiJ YCIIITHOTO BUPIIIEHHsT ONTUMI3AIIITHUX 3aB/IaHb, SIKi € PO3PUBHUMME, Heardepen-
MII0BAaHNUMH, & TAKOK MYJIETUMOAATLHUMUA. OIHUM 3 THAXO/IB 10 TiABUIIEHHS e(heKTHBHOCTI BUPILICHHS ONMTUMI3AIiHIX 3aBaHb € GioiHci-
posani anropurmu. O6’€KTOM JAOCIFKEHHST € CKAaIHi uHamMivni 06’ektu. [TpeMeToM A0C/IKEH S € TIPOLEC IPUHHATTS PillleHHs B 3aBIaHHAX
YIPABIIHHS CKIQIHUMU IUMHAMIYHIME 00 €KTamMu. 3arpornoHOBAHO METO YIIPABJIHHS 3 BUKOPUCTAHHM Oi0IiHCIIIPOBAHOTO anroputMmy. B oc-
HOBY JIOCJIPKEHHST TTOKJTJIEHIH aITOPUTM 3rpai TycakiB — /st TIONIYKY PillleHHS II0/I0 CTaHy AMHaMIYHIX 00'€KTIB 3 iepapXiuHoIO CTPYKTYPOIO.
Jluist HaBuaHHst areHTiB TycakiB (AT) BUKOPUCTOBYIOTHCS HITYYHI HEHPOHHI MEPEKI, 110 €BOJIOIIOHYIOTh, & /ISt BITOOPY HAWKpAIIUX B KOMOIHO-
BaHOMY POHOBOMY aJITOPUTMi BUKOPUCTOBYETHCS YIOCKOHATCHUI TeHETHYHIIT aJITOPUTM.

OpuriHaJIbHICTD 3aIIPOIIOHOBAHOTO METO/LY HOJIATae y po3craBieHHi Al' 3 ypaXyBaHHAM HEBU3HAYCHOCTI BUXIJHUX JJAHUX, Y/IOCKOHAJIE-
HUMH MIPOIEYPaME IJI00ATBHOTO Ta JIOKAJTBHOTO MONTYKY. TAK0K OPUTIHANBHICTD TOCI/IPKEHHS MOJIATAE Y BUSHAYEHH] MicIlb XapuyBanHs AT,
110 103BOJIsIE OOPATH MPIOPUTETHICTD MONIYKY B 33/AHOMY HAIPSIMKY. HacTymHUM elleMeHTOM OPUTIHAIBHOCTI TOCTIKEHHST € MOKJIUBICTD
BU3HAYCHHST MOKA3HUKIB AT-OXOPOHILIB, 110 J03BOJISIE KOPETYBaTH KIJIbKICTh Yacy, Ha skomy Oyze sHaxoqutucs 3rpast AT, Hacrynum enemen-
TOM OPHTIHAJBLHOCTI AOCTIPKEH S € BU3HAUEHHS TTOYaTKOBOI MBUAKOCTI Koskioro Al Ile m03Bossie onTrMi3yBaTi MIBU/IKICTD TPOBEAEHHS
JocJIijKeHb KOKHUM Al 'y BU3HAYeHOMY HalpsMKY JOCJi/KeHb. BUKOPHCTaHHS METOJY J03BOJISE JOCATTU Ii/IBUIIECHHS OIEePaTUBHOCTI
00pobkn pannx Ha piBai 10—12 % 3a paxyHOK BUKOPUCTAHHS JOAATKOBUX YAOCKOHAJIEHUX MPOIEAYP. 3arnpornoHOBaHUi METO/ JIOIIIBHO
BUKOPHCTOBYBATH JJIs BUPIIIEHHS 3314 OI[IHKM CKJIQIHUX ANHAMIYHUX 00’€KTiB.

Kmiouosi ciioBa: riimGoke HaBYaHHsI, CKJIA/HI TIPOIIECH, TEHETHYHUI alrOpuT™, CKJIa/IHI Ta AMHaMiYHi 00’eKTH.
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PO3POBKA METOZY OHIHKU CTAHY ITUMHAMIYHUX OB’€KTIB 3 BUKOPUCTAHHAM KOMBIHOBAHOI'O
POMOBOIO AJITOPUTMY (c. 44—54)

A. B. lllumaupkuii, O. I. imutpiesa, O. 1. Jlurunenko, I. B. Bopucos, 0. B. Bakyienko, Temerbay Mukashev, O. C. Mopaosues,
C. O. Kamkesnu, I. T. JIsmenko, B. II. Beauuko

OG6’ eKTOM HOCTIIFKEHH ST € CKIa/IHI AnHamivni 00’ ekt. TIpeMeToM H0CTiKEeH ST € TPOIeC MPUITHATTS PIlIeHHsT B 3aBAAHHIX YITPABJIiHHS
CKJIAIHUMU IMHAMIYHUMU 06’ €KTaMu. 3amporOHOBAHO METO/[ OIIHKY CTaHy ANHAMIYHUX 00'€KTIB 3 BUKOPUCTAHHSAM KOMGIHOBAHOTO POIi0-
BOTO &JITOPUTMY. B OCHOBY /I0CTI/UKEHHS OKTaIeHNIT KOMOIHOBAHHI POIOBHIT aJITOPUTM — JJISI TIOMIYKY PIillIEHHS MO0 CTAHY ANHAMIYHHUX
00’eKTiB 3 iepapXiuHoio cTpyKTypoio. st HaBuamtsa ocobun KoMGiHoBaHOTO poitoBoro ajroputmy (KPA) BUKOPHCTOBYIOTHCS INTYYHI HEll-
POHHI Mepexi, 10 €BOMOIIOHYIOTh, a Ui BiGopy Halikparux B KOMOIHOBAHOMY POMOBOMY aJTOPUTMI BUKOPUCTOBYETHCS YIOCKOHATEHUH
reHeTnaHuil anroput™. OpHUTIHATBHICTD METO/LY HOJIATAE:

— y BpaXyBaHHi THUITY HEBM3HAYEHOCTI Ta 3alllyMJIEHOCTI IAHUX [IPU pOOOTI KOMOIHOBAHOTO POIOBOTO AJITOPUTMY 32 PAXyHOK BUKOPUCTAH-
H BIATIOBIAHNX KOPETyBaJbHIX KoeDillieHTiB;

— y peasrizallii aIalTHBHUX CTPATETiH MOMIYKY JKepeJs XapuyBaHHs 32 PaXyHOK BHCTABJIEHHS Bi/[IIOBIIHIX MPIOPUTETIB TOIIYKY;



— y BpaxXyBaHHi IPUCYTHOCTI XI:KaKa MK BUOOPI [FKEPEJT XapuyBaHHsI areHTaM i 3rpai KOMGIHOBAHOTO POHOBOTO AITOPUTMY, 1[0 03BOJISIE
BUKJIIOUNTH HeOQKAH] [IISHKN HOIILYKY;

— y JI0JIATKOBOMY BPaxXyBaHHI HASBHUX OOUMCIIOBATBHUX PECYPCIB CHCTEMH aHai3y CTaHy CKJIAJHUX AMHAMIYHIX 00’€KTiB IPU BI3HA-
YeHHI MAKCHMAJIbHO JIOITyCTUMUX TIapaMeTPiB KOMGIHOBAHOTO POMOBOTO AJITOPUTMY;

— Y MOKJIMBOCTI 3MiHM TLIOTI MOIIYKY Ta IBUAKOCTI PyXy OKPEMUMU 0COOMHAMY 3rpai KOMGIHOBAHOTO POHOBOTO AJITOPUTMY;

— y BU3HAUeHHI HAlKPAIIX 0COOMH 3rpai KOMOIHOBAHOTO POIIOBOTO AJITOPUTMY 32 IOIIOMOTOI0 YIOCKOHATIEHOTO TEHETHYHOTO aJITOPUTMY;

— y HaBYaHHi (a3 3HaHb, 1O 3INCHIOETHCS NIIIXOM HABYAHHST CHHANITUYHIX BAr MITYYHOI HEHPOHHOT MEPEsKi, THITY Ta mapamMeTpiB hyHK-
11ii HaJIeKHOCTI, & TAKOXK apXiTEKTYPH OKPEMUX eJIEMEHTIB i apXiTeKTYPH IMTYYHOI HEHPOHHOI MePeXi B IiTOMY.

Buxopucranus MeTozy /103BOJISIE IOCSITU MiAIBUIIIEHHS OlePaTUBHOCTL 00pobKku ganux Ha piBui 14-20 % 3a PaxyHOK BUKOPUCTAHHHA
JOIATKOBUX YJOCKOHAJIEHNX IPOIIELyp. 3aMPOIOHOBAHUI METO/[ JIOIITbHO BUKOPHUCTOBYBAT! /IS BUPINICHHS 3a/1a4 OI[IHKH CKJAJHUX
NMHAMIYHUX 00 €KTIB.

Km040Bi c10Ba: O11epaTHBHICTD IPUIHSTTS PillleHb, I€PapXivuHi CTPYKTYPH, CKIAHI Ta [MHAMIYHI 00 €KTH, ONTHMI3aILisL.
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PO3POBKA METO/IY OIIHKU 3 BUKOPUCTAHHAM KOMBIHOBAHOTO AJITOPUTMY KOTAYOT 3TPAT (c. 55-63)

Ageel Bahr Tarkhan, I. A. Kyuyk, I. I. Cranoscbka, B. B. Toxusn, H. B. Toxsn, O. B. JKapoga, €. C. Kpuwkanisebkuii, A. A. JIio6apens,
I. B. 3BepuixoBcbkuii, A. O. Mucok

OG6’eKTOM NOCTIIFKEHHST € CKJIa/IHI AMHAMIYHI 00’€KTH 3 iepapXiuHO0 CTPYKTYporo moOyoBu. [Ipobiema, 1o BUpINIyBaiacst B A0CIKEHH I, —
TTIBUIIEHHsT ONEPATHBHOCTI IPUIAHSTTS Pillieb MpK 3a0e3TevdeH i 3aaHol 10CToBipHOCTI. TIpeMeToM 0CIIPKEHHSI € TIPOIeC TIPUITHATTSI PIIeHHS
B 3aB/IAHHSX YIIPABJIHHS 32 JI0NIOMOTOI0 Y/IOCKOHAJIEHOTO alIropuT™My KoTstuoi 3rpai (AK3), yiocKkoHaIeHOro reHeTHYHOTO aJITOPUTMY Ta IITYYHNX
HePOHHNX MepPE’k, M0 €BOIOIIOHYIOTh.

3aIportoHOBAHNIT METOJT 3aB/ISIKNU JIOZIATKOBUM Ta y/IOCKOHAJIEHNUM IIPOIIE/lypaM /[03BOJISE:

— BpaxyBaTH TUIT HEBU3HAYEHOCTI MOYATKOBUX JIaHUX Jiist BucTaBaeHHs AK /1711 11potie/typit JIOKATbHOTO HOIIYKY;

— peastisyBaTH aIaiTUBHI cTpareTii momyky mxepen AK;

— BpaxyBaTu J0CBi/ Haiibiibim aproputetHnx AK npu npoBeieHHi JIOKalIbHOTO Ta T100aJbHOTO MOLIYKY;

— BpaxyBaTH HasgBHI 00YMCTIOBATIBHI PECYPCH CHCTEMH aHAJI3y CTaHy CKJIQJHNX IUHaMIYHIX 00'€KTiB, Ta BU3HAYATH X HEOOXIHY /10 3a1y-
YeHHSI KiJIbKiCTh;

— BpaxyBaTH PIOPUTETHICTD TontykKy AK;

— IIpOBeCTH BU3HA4YeHHA Haikpamux AK 3a 10IoMoroio yZiocKOHaJIeHOTo FeHeTHYHOTO aJITOPUTMY;

— MPOBECTH HABYaHHs (a3 3HAHb, IO 3/IIICHIOETHCS IIIIXOM HABYAHHST CUHATITHYHUX BAr IITYYHOI HEIPOHHOI MEPEsKi, THITY Ta mapame-
TPiB QYHKITT HATEIKHOCTI, a TAKOK apXiTeKTYPH OKPEMUX eJIeMEHTIB i apXiTeKTypH IITYIHOI HEHPOHHOI MepeXKi B IiJIOMY;

— YHUKHYTU MPOGJIEMH JIOKAIBHOTO €KCTPEMYMY 32 PaXyHOK BUKOPUCTAHHS TIPOLELYPU CTPUOKA.

TIposenena anpobartist 3apOMOHOBAHOTO METO/Y Ha TPUKJIA/Ai BUPIIIEHHs 3aBIaHHS BU3HAYEHHS CKJIAAY OMEPATHBHOTO YrPyMOBAHHS
BilicbK (CHJI) Ta e1leMeHTiB Horo onepaTiBHOI 100y 0B 1. [IprKIa) BAKOPUCTAHHS METO/LY OKa3aB MiABUIICHHS e(heKTUBHOCTI ONepaTUBHOCTI
06po6ku nanux Ha piBHi 14—19 % 3a paxyHOK BUKOPHCTaHHS IOIATKOBHX YIOCKOHAJIEHUX TIPOIIELYP.

3amponoHOBaHWI MiXi/l AOIITBHO BUKOPUCTOBYBATH /LIS BUPIIIEHHS 3aBIaHb OIIHKI CKIAIHNIX Ta ANHAMIYHUX MTPOIIECIB, IO XapaKTe-
PU3YIOTHCSI BUCOKUM CTYIIEHEM CKJIAHOCTI.

Kiio4oBi cioBa: KoTH HaCTaBHUKH, KOMOIHOBAHWIA TTi/IXi/l, FCHETHYHUI aJITOPUTM, IJI00aIbHA Ta JIOKAJIbHA OTNTHMI3altist.



