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Pedepar:

1. C. Baxxan. OneparopHa Moaudikallis FeHETUYHOTO aJITOPUTMY [1J1 JOCJIiIKEHHS [IPOLECiB, 0 MOAEIOIOTbCS
IIBUJIKO OCLWJIIOIOUMMU Ta AUCKpeTHUMU QyHKUisMu. O6'ekTu nociinxkeHHs: JIiHilHI onepaTopy y CKiH4eHO
BHUMipHOMY ITpocTopi; PpyHKLii ofHiel 3MiHHO], 1110 BU3HaYeHi Ha 3aMKHEHOMY BifIpi3Ky; BEKTOPHO3HAYHi JUCKPETHI
dyHKuii. [IpegMeTn nocifKeHHs B AucepTaliliHiil poOoTi: JiHilHI onepaTopu CleliaJbHOrO BUTIISLY, SIKi
3[iICHIOIOTH OIepallil KP)OCUHIOBEPY Ta MyTallii; MHOXXMHU KaHTOpa; NpyKIIaHi 3a1a4i NOMYKy MiHIMyMy (PYHKIii
opHiel 3MiHHOI; 335a4a IPO CTBOPEHHS PO3KJIaly 3aHSITh 3aKJIafy ocBiTh. MeTa mocinkeHns. Po3pobka
MaTeMaTU4HOI MojeJli MOAU(IKOBAaHOrO FTeHETUYHOTO aJITOPUTMY Ha OCHOBI Teopii JIiHiliHuX onepaTopis, i3
3aCTOCYBaHHSIM [10 337a4: — IIOLIYKY €KCTPEMAJIbHOTO 3HA4€HHs (PYHKIiI ofHiel 3MiHHOI y IecsITKOBOMY BapiaHTi
IIpeJCTaBJIeHHs; — 33a4 IIPO aBTOMaTU30BaHe (OPMYBaHHS PO3KJIAly 3aHSTh 3aKJIafy OCBITU. Y NEepHIOMY PO3Tii

«AHaJi3 JOCIiIKEeHD B TEOPii FTeHETUYHUX aJITOPUTMIB Ta IX IPAKTUYHUX 3aCTOCYBaHb» BUKJIALIEH] pE3yJIbTaTU



cucreMarusallii Ta aHaJIiTUYHOrO OIJISIy HAYKOBUX IIpPallb BiOMUX BY€HUX. [IpOBEEHO BOCIIIKEHHS Cy4aCHOIO
CTaHy Teopii Ta IPaKTUKKU 3aCTOCYBaHHS FeHEeTUYHUX aJITOPUTMIB. Y 3B's13KY 3i crierudikoro nepeHeceHHs
IIPUPOHbO-EBOJIIOLHUX Aii1 Ta 30€pe>KeHHs TEPMiHOJIOri FeHETUYHHUX [IPOLECIB IIif 4ac ONpalloBaHHS HayKOBUX
mpaup, 0yJI0 Bil3HaU€HE 3aCTOCYBaHHSI CMHOHIMIYHMX 3HA4€Hb OJJHAKOBUX MIPOLECIB Ta €JIEMEHTIB MAaTEMAaTUYHOTO
TPaKTyBaHHS F€HETUYHUX aJITOPUTMIB. BCTAHOBJIEHO BiNIOBIIHE 3iCTaBJI€HHS BUKOPUCTAHHA FT€HETUYHOI Ta
MaTeMaTUYHOI TePMiHOJIOTii. [IpOBEEHO OIS TEOPETUYHUX TA MPAKTUYHUX IMTiAXOMiB 3aCTOCYBAaHHS KJIACUYHUX Ta
MOI1(}piKOBaHMX T€HETUYHUX AJITOPUTMIB [171 PO3B’sI3aHHS 337124 3HAXOPKEHHS I7100aJIbHUX eKCTPEMYMIB PYHKILIH
OpfHiel 3MIHHOI Ta 337124 CKJIAJIaHHS PO3KIany. 34iICHEHO OIJIsLH, NOCIiIKEHD 3 T€OPii PO3KJIaliB, METOLIB
PO3B’I3aHHS 3a/1a4 Y Lili rajyysi i3 3acToCyBaHHSM METOJiB PO3B'sI3aHHS TPAHCIIOPTHUX 3a1ay4. Y pe3yJibTaTi
IIPOBEIEHOr0 aHaJli3y 3alIpONIOHOBAHO €NVHMI MiAXiA N0 PO3B’s13aHHS 3a/a4i [1OIIYKY I7100aIbHOIO EKCTPEMYMY
dyHKLiI ofgHiel 3MiHHOI Ta CKIaAaHHs PO3KJIazy, 1o 6a3yeThCsl HA 3aCTOCYBaHHI JIHIHUX ONepaTopiB, SIKi € B
[IEBHOMY CEHCI y3araJbHEHHAMU Olepaliiil KpOCUHIOBEPY Ta MyTallil B KJIACUYHOMY F€ HETUYHOMY aJITOPUTMI.
AnropuTMU pO3B’I3aHHS LMX 33/1a4 € HOBUMU, TOMY IIOTPEOYIOTh OOIPYHTYBaHHS iX Npale3JaTHOCTI Ta
e(EeKTUBHOCTI. 3 1jiel0 METOI0 PO3POOJIEHO IPOrPaMHi 3aCTOCYHKHY, SIKi Ial0Th 3MOT'y IPAKTUYHOTO [IPOBEJIEHHS
YUCEJIbHUX €KCIIEPUMEHTIB. Y IPYroMy po3zini «MaTemaTuyHa MOJENb ONIEPATOPHOI Moau(ikallii reHETUYHOTO
aJITOPUTMY» PO3POOJIEHO MaTEMAaTUYHY MOZIEe/Ib OllepaTopHOi Moaudikallii reHeTUYHOTO aJITOPUTMY, HaBeZIeHO
anroputM ii peasnizatii. MaTemMaTtuyHa MojieJb oniepaTopHOi MopudiKalii FeHeTUYHOTO aJrOPUTMY 6a3yeThCs Ha
3aCTOCYBaHHI JIiHIHUAX ONE€PaTOPiB, 10 NOPOIKYIOThCSI CTOXaCTUYHMMHU MAaTPULSIMY, SIKi peasi3yloTb NIpoLenypy
pekoMbiHalii es1eMeHTiB 0671aCTi NOMIYKy. 3alIpOIIOHOBAHO TPY BapiaHTH 37iICHEHHS onepauii myTauii 171
ornepaTopHoi Mmopudikalii reHeTUYHOro anroputmy. [lepimuii BapiaHT onepatiii MyTallii BUKOHY€e BUIIaIKOBUIA
IIPOLIEC CTBOPEHHS HOBOI IIapy XPOMOCOMMY, SIKa HaZaji NpuiiMae y4acTb Y BUSHAYEHHI HOBOI Iapy XpPOMOCOM [1J15
HACTYITHOTO iTepauiiHoro Kpoky. JIIpyruii BapianT ornepauii MyTarii 3aCTOCOBy€e CTOXaCTU4HI MaTpulii 3
BUKOPMCTaHHSIM BUNIQJKOBUX IIaPaMETPiB BUBHAUYEHOTO TUITY, SIKi € OIIEpaTOPaMU pO3TAryBaHHS. TpeTill BapiaHT
3aIIpOIIOHOBAHOI Onepalii MyTallii rmossArae y BUKOPUCTaHHI MHOKAHM KaHTOpPA, SIK HOBOTO METOAY J1J1s1 OTPUMaHHS
€JIEMEHTIB NOoNyJIALii. Y TpeTboMy po3aiii «OnepaTopHa MOJENb CKIAJaHHA PO3KIaAy 3aHATh 3aKj1aay OCBITH»
HaBeJleHa [T0CTaHOBKA TPAHCIIOPTHOI 3a/1avi CIieniasbHOTro BUAY Ta Ha ii OCHOBI po3po6sieHa MaTeMaTUYHa MOZEJb
CKJIaJIJaHHS pO3KJIafly 3aKjasy ocBiTH. [IpefcTaBieHO NPUHLIUIN [100YI0BY [T0YaTKOBOTO OIIOPHOTO I1JIaHy PO3KJIany
3aHSITh METO/IOM MiHIMaJIbHOTO €JIEMEHTA Ta METOJIOM BMIIa[JKOBOTO 3aIIOBHEHHS. A TaKOX HaBEJ€HO METOAU
1o6YOBY Ta 3aCTOCYBAHHS OIlePATOPY BAOCKOHANIEHHS po3kiany. O6IPyHTOBAHO IIPUHIMII BIIOPSAKOBAHOCTI Ta
PaHXXyBaHHS JaHUX. [IpoBefieHO MaTeMaTUYHe MOJEIOBAHHS 3a/1a4i PO NIpU3HAYEHHS ayJUTOPHOTrO QOHIY AJIs
IIPOBEJIEHHS 3aHSThb. Y YeTBEPTOMY PO31isli «AHasi3 pe3ysbTaTiB KOMITIOTEPHOIO MOJEJIIOBAaHHS 33/1a4 IIOLIYKY
r7106aJIbHOTO €KCTPEMYMY Ta CKJIAJIaHHS PO3KJIafly» NPEACTABIEHO PE3YIbTaTU YMCEJIbHUX eKCIIEPUMEHTIB
OTPMMAaHUX 32 IOIIOMOTOI0 PO3PO6JIEHUX KOMITIOTEPHUX TPOrpaM. A came, MpeACTaBIeHo rpadiuHi Ta ynucesbHi
Pe3yJbTaTH [J1s1 3a1iavi MOIYKy r7106abHOro MiHiMmymy GyHKIi ofHiel 3MiHHOI 3 Pi3HHMU YMOBaMU 3aCTOCYBaHHS
OIIEepaTopiB, 110 Peasi3yloTh KPOCMHIOBEP Ta MyTallilo. A TaKOX, PE3yJIbTaTH PO3B'SI3aHHS 3a71a4i CKJIaJaHHS
PO3KJIa/ly 3aHSTb 3aKJIaZly OCBITU 3a JOIIOMOTOI0 KOMITIOTEPHOI Iporpamu «I'eHepaTop po3kiany». BukoHaHo aHasli3
[IOPiBHSIHHS Pe3yJbTaTiB ABOX METO/IiB IIOOYZOBU OMOPHOrO IJIaHy. JJOCinKeHo 3aCTOCyBaHHS OIlepaTopiB
[IepeCTaHOBKY PSAKIB MaTpUlli po3KJIazy, sIKi IpeJCTaBisiioTh CO6010 aHaor onepauii myrauii. Kiovyosi ciosa:
MaTeMaTU4HE MOJIEJIIOBAaHHS, TEeHETUYHUI aJITOPUTM, TPAHCIIOPTHA 3371a4a, ONIEpPaTOpH, MyTallisi, MHOXKMHA
KaHntopa, 3agadi ontyumizanii, itepayiiHui pouec, EKCTPEMYM, PO3KJIALL 3aHSTh.

2. S. Bazhan. Operator modification of the genetic algorithm for researching processes modeled by rapidly
oscillating and discrete functions. The object of the research: linear operators in a finite dimensional space;
functions of one variable defined on a closed segment; vector-valued discrete functions. The subject of the
research: linear operators of a special form that perform crossing over and mutation operations; Cantor sets;
applied problems of finding the minimum of a function of one variable; the task of scheduling classes in an
educational institution. The aim of the research. Development of a mathematical model of a modified genetic
algorithm based on the theory of linear operators, with application to the tasks of finding the extreme value of the
function of one variable in the decimal version of the representation and tasks. The first chapter presents the



results of the conducted search, systematization and analysis of scientific works of famous scientists. A study of
the current state of the theory and practice of the application of genetic algorithms was conducted. In connection
with the specificity of the transfer of natural-evolutionary actions and the preservation of the terminology of
genetic processes during the study of scientific works, the use of synonymous meanings of the same processes and
elements of the mathematical interpretation of genetic algorithms was noted. Correspondence in the use of
genetic and mathematical terminology was established. An overview of theoretical and practical approaches to the
application of classical and modified genetic algorithms for solving the problems of finding global extrema of
functions of one variable and the problems of arranging a schedule was carried out. A review of studies on the
theory of schedules, methods of solving problems in this field with the use of methods of solving transport
problems was carried out. As a result of the analysis, a unified approach to solving the problem of finding the global
extremum of a function of one variable and arranging a schedule is proposed, based on the application of linear
operators, which are, in a certain sense, generalizations of crossing over and mutation operations in the classical
genetic algorithm. Algorithms for solving these problems are new, so they need justification of their workability
and efficiency. For this purpose, software applications have been developed that enable practical numerical
experiments of the automated scheduling classes in an educational institution. In the second chapter, a
mathematical model of operator modification of genetic algorithm is developed, the algorithm of its
implementation is given. The mathematical model of the operator modification of the genetic algorithm is based
on the application of linear operators generated by stochastic matrices, which implement the procedure of
recombination of elements of the search area. Three variants of the mutation operation for the operator
modification of the genetic algorithm are proposed. The first option is based on a random process of selection of
parental chromosomes at the stage of determining the best parental pair of chromosomes on a given segment. The
second option of the modification is based on the application of stochastic matrices with the use of random
parameters of a certain type, which are stretch operators. The third option of the proposed mutation operation
suggests applying the Cantor set as a new method for obtaining population elements. In the third chapter presents
a mathematical model for arranging a schedule of an educational institution based on a special type of transport
problem. This section deals with presenting the principles of building the initial reference plan of the class
schedule by the minimal element method and the random filling method. The principle of orderliness and ranking
of data is substantiated. Also methods of construction and application of the schedule improvement operator are
given and task of assigning an auditorium fund for classes has been modelled. The fourth chapter presents the
results of numerical experiments obtained with the help of developed computer programs. Graphical and
numerical results are presented for the problem of finding the global minimum of a function of one variable with
different conditions of application of operators implementing crossing over and mutation. The results of solving
the task of arranging a schedule of classes in an educational institution using the computer program "Schedule
Generator" are presented. An analysis of the results of the comparison of two methods of building a reference plan
was conducted. The sections also contains study of the application of operators for permuting the rows of the
decomposition matrix, which are an analogue of the mutation operation. Keywords: mathematical modelling,
genetic algorithm, mutation operators, Cantor's set, optimization problems, iterative process, extremum, class
schedule.
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