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lIpokoghves A. KO. Metoau aHaiizy TOYHOCTI Ta JOCTOBIPHOCTI OOUMCIIIOBAILHOT
peamizaliii MoJenei JTUHAMIYHUX CHCTEM B TNMPHUKIATHUX 3ajadax IX MOJICITIOBaHHS i
ynpasiinHs. — KBamigikaliiiiHa HayKoBa Mpailsl Ha IpaBax PYKOIHKCY.

HMucepranist Ha 3700yTTS HAyKOBOTO CTYINEHs JokTtopa (inocodii 3a
crnemianbHicTIO 121  [HXeHepiss mnporpamHoro 3a0e3nedyeHHs. — HarioHanbHUN
yHiBepcuTeT «Onecbka mojiTexHika» MiHicTepcTBa OCBITH 1 Hayku YKpainu, Opeca,
2025.

B pob6oti Oyno BUpIIEHO BaXKJIMBY HAYKOBO-TIPAKTHUHY 3a/1auy, SIKa MOJSATAE Y
PO3p0o0IIi METOIB MPOrHO3YBAHHS TOYHOCTI Ta 3a0€3IeUYeHHS JIOCTOBIPHOCTI YHCIIOBOI
peamizaiii MaTeMaTHYHUX MOJEJIe JMHAMIYHHUX CHUCTEM TP PO3B’SI3yBaHHI

NPUKIIAAHUX 3a/1a4 1X TOCHIKEHHS (MOISIOBaHHS Ta MOIIYKY YIPaBIIIHHS).

BcranosiieHo, 1110 po3po0ka 1 yIOCKOHAJICHHS] METO/IIB PO3PAXyHKY Ta KOHTPOJIIO
MporieciB PyHKIIOHYBAHHS TUHAMIYHUX CUCTEM, SKi CKJIQIal0Th MEPEBAKHY OLIBIIICTh
TEXHIYHUX 1 TEXHOJOTIYHUX MPOIECIB Ta 00 €KTIB, SBISE COOOI0 axmyaibHy HAYKOBY
npoOieMy, IO Ma€ TaKOX BaXIWBE npuxkiadHe 3HadeHHd. IlokazaHo, 110
KOHCTPYKTHUBHUM IUISIXOM JIOCIIIPKEHHS TMHAMIYHUX CUCTEM € ModentoganHs (30KpemMa
MaTeMaTH4He), B XOJI SKOro JOCIIKYETbCcsl He peanbHa ((pi3uuHa) auHAMIYHA
cucrema, a i mamemamuuna mooenv (MM), sika ¢hopMatizoBaHO — y BUIJISI/I IIEBHOTO
MaTeMaTUYHOTO BHpa3y — omucye (i3U4H1 SBUINA, 110 XapaKTepHU3yKTh JAUHAMIYHI
BJIACTUBOCTI JOCTIHPKYBaHOI cuUCTeMHU. [Ipu [bOMY BaXJIMBHUM KJIacOM MOJENeH
JTUHAMIYHUX CHUCTEM CIIIJT BBAXKATH OuepeHyiaivHi Ta inmespanvHi pieHsaHHs, K1, Ha
BIIMIHY BiJ] IHIMUX MOJeNel (HANPUKIIAJ, PEKYPEHTHUX Ta EMITIPUYHHUX 3aJIeKHOCTEH
TOINO), 30KpEMa, aJIeKBATHO OIMHUCYIOTHh peanbHi (I3WYHI SBUINA 1 MPOIECH B yCHOMY
Jliana3oHl mapaMmeTpiB, a APYTi — KPIM TOTO, TO3BOJISIOTH OMKMCYBATH SBHINA «ITICIISIIID»
(ToOTO peakiiito Ha paHilie BBeACHI 30y Kyr0Ul BIUIMBH), @ TAKOX 3a0€3MeIYIOTh e(PEeKT
«mam’sITi», 10 MOJIArae y HaKOMWYeHH1 1H(opMallii mpo morepeiHi CTaHu AUHAMIYHO1
cucteMu. Pe3ynbrati mMaTeMaTHYHOTO MOJICTIOBAHHS MOXYTh MaTH $IK CaMOCTIiiHE

3HAYEHHsS B TNpsAMINA 3ajadl aHalizy AMHAMIYHMX CHUCTEM — Y BHUIUIAJI OTPUMAHMUX
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PI3HOTO POy XapaKTepUCTUK (MEPEeXiTHUX, IMIYJIbCHUX, YaCTOTHUX TOIIO), TaK 1 y
BUMAJKY BITHAXO/HKCHHS BIATYKIB AWHAMIYHMX CHCTEM Ha BBEJCHI BIUIMBH IpHU
pPO3B’sI3yBaHHI 3BOPOTHOI 3a7adyi — CHHTE3Y aJlOPUTMIB Ta CTpaTerid yIpaBlIiHHS
3a3HAYCHUMHU CUCTEMaMHU.

BaxxnmuBuM acmekToM MaTeMaTHYHOTO MOJICTIOBAHHS, KpiM adexgamuocmi MM
peanbHiil JUHAMIYHINA CUCTEMI, IO MOJSArae y BIAMOBIIHOCTI PO3B’SI3KIB MAaTEMaTUUHUX
BUpa3iB (ski ckiaagaroTh MM) auHaMivHIA TIOBEAIHIN (Pi3MYHOT CHCTEMH, €
3a0e3neYeHHs] 00CMOBIpHOCMI X PO3B’SI3KiB, OTPUMAHUX 13 3aCTOCYBaHHSM IIPU
peamizaiii MM KOHKpeTHUX OOUYMCIIOBAILHUX 3aCO0IB 1 JJIS BBEICHUX Y MOJIEITh
BUXITHUX JaHUX. Y 3B’S3Ky 3 IIUM TOCTAaBJICHO Ta PO3B’S3aHO HU3KY 3a7ad MI10]I0
CTBOPEHHS JTIEBUX METOIB 1 BIAMOBITHUX aJTOPUTMIB KOHTPOJIIO Ta aHAII3y IPOIIECIB
(GyHKIIIOHYBaHHSI 1 TOYHOCTI amapaTHO-IIPOrpaMHUX 3aco0iB, sKi peanizyroth MM
JOCIIDKYBaHUX TUHAMIYHUX CUCTEM.

Jo ckmagHux mnpoOseMm, sfKi HE MaloTh JOTENep YHIBEpCaIbHOTO pIIICHHS,
BITHOCUTBLCS OIlIHKA mouHOoCmi PO3B’SI3Ky 3amad MOJICTIOBAaHHS Ta YIPaBIIHHS
JTUHAMIYHUMU CUCTEMaMHU 13 3aCTOCYBAHHSIM 3aCO01B KOMIT FOTEPHOT TEXHIKH.

Ha ocHoBi aHamizy mepeBar 1 HEIOJIKIB ICHYIOUMX METOIB aHami3y SKICHHX
MOKAa3HUKIB OTPUMAHUX YHUCJIOBHX peamizamii MM nuHamMidyHMX CHUCTEM, B POOOTI
3MIMCHEHO CIIPO0y YCYHEHHSI MPOTUPIUYS MK 3HAYHOIO MIPOIO0 PO3BHUHYTOT MOJIEIBHOI 1
METO0JIOTIYHOT MIATPUMKH 3aCO0IB MAaTeMaTHYHOTO MOJICIIOBAHHS Ta BIJICYTHICTIO
33I0BUTBHUX (30KpeMa, 3a IMIBUAKOMIEI0 Ta OOYUCITIOBAIRHUMM BUTpPATaMH) OIIHOK
TOYHOCTI Ta JOCTOBIPHOCTI PO3B’S3KIB  BIJMOBIAHUX PIBHAHB SK  MOJENICH
JTOCTIDKYBaHUX TUHAMIYHUX CUCTEM.

KOHCTpYKTUBHICTh 3alpOMOHOBAHUX METOIB KOHTPOJIO MOKA3HUKIB SIKOCTI TIPU
oOuuncoBanbHIN peanizaiii MM auHaMIYHHUX CUCTEM B 3ajjayax iX MOJICJIIOBAHHS Ta
YOpaBIIHHSA MIATBEPIKEHO PO3B’SI3KOM TECTOBHX MPUKIAIIB, HAOIMKEHUX 10
peaNbHUX MPAKTUYHUX BUTIAKIB.

MeTtoro auceprauiiiHoi po6oTn € po3poOka METOIB MPOTHO3YBAHHS TOYHOCTI 1
aHai3y JOCTOBIPHOCTI OOYHMCIIOBAILHOI peamizallii MOJeNed IUHAMIYHUX CHCTEM,

NPEACTAaBICHUX Y Kiacax Au(epeHIiaibHUX Ta I1HTErpajbHUX pIBHAHb — TMPHU
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PO3B’s3yBaHHI MPUKIATHUX 33724 MOJICTIOBAHHS 1 YIPABIiHHSA HA X OCHOBI, HUISIXOM
BU3HAYCHHS T[IOKAa3HUKIB  SKOCTI  3aisIHUX  KOMITIOTEPHUX Ta  IMPOTPAMHO-

QITOPUTMIYHHUX IHCTPYMEHTAJIBHUX 3aCO01B.

JIns moCSATHEHHS BKa3aHOI METH JIOCTIDKEHHS B AUCEpTaIlidHId poOoTi OyIio

NMOCTABJICHO Ta PO3B’SI3aHO HACTYIIHI 3a1a4i:

— PO3MISIHYTO ICHYIOYI MiAXOAM 10 MaTeMaTW4dHoi (opmamizaiii AMHAMIYHUX
CUCTEM B 3aJayax iX MOJEJIIOBaHHS 1 YNPAaBIIHHS, B PE3yJbTaTl 4YOro IOKAa3aHO
OCOOJIMBOCTI OMHCY NWHAMIYHHUX CHUCTEM MOJICISMHU y BUTISAl AudEepeHIlialbHUX Ta
IHTErpaJbHUX PIBHSHB PI3HUX THIIIB;

— BHKOHAaHO aHajJi3 METOJIB YHCIOBOI peami3amii audepeHIliabHIX Ta
IHTErpajlbHUX PIBHSHB SK MaTEeMaTHYHUX MOJENeH JAMHAMIYHMX CHUCTEM, a TaKOXK
NOXUOOK, SIKI BAHUKAIOTh MIPU LIbOMY;

— po3po0JICHO METOJ] paHXUPYBaHHS 3a IMOXUOKOK ISl OI[IHKM TOYHOCTI
PO3B’s3yBaHHS 33J1a4 MOJICTIOBAHHS TMHAMIYHUMH CUCTEMaMU Ta YIIPABIiHHS HUMH,

— 1oOyaoBaHO (Ha OCHOBI METOAY paHXUPYBAHHS 3a IMOXMOKOIO) OI[IHKH
«3HU3Y» (QYHKIIH pO3MOAUTY HEYCYBHOI MOXMOKM peai3alli MaTeMaTHYHUX MOJesei
TUHAMIYHUX OO0 €KTIB, TpEACTaBICHHX IU(PEpeHIlIaJbHUMH Ta I1HTETrpaJbHUMH
PIBHSHHSIMU, B 33]1a4aX MOJICTFOBAHHS 1 YITPABIIHHS;

— Ppo3po0JieHO MeTOau (EKCTPAMOJISAIINHNN, IHTEPIONAIIHHUN Ta aJanTUBHUMN)
KOHTPOJIIO JTJOCTOBIPHOCTI OOYMCIIIOBAIBLHOI peaiizallli Mojeael JUHAMIYHUX CHCTEM B
Ipoliecax iX MOJEIIOBAHHS Ta YIIPABIIHHS;

— OMpalbOBAHO JOCBIJ MPAKTUYHOrO 3aCTOCYBaHHS METOMAIB paHXHPYBaHHS 3a
NOXHOKOI Ta KOHTPOJIO JOCTOBIPHOCTI OOYMCIIOBAIBHOI peaizallii  Mojesnei
JTUHAMIYHUX CHCTEM B 3aJa4ax iX MOJICITIOBAHHS Ta YIIPABIIHHS.

HaykoBa HOBM3HA OTpUMaHUX PE3yJbTATIB, SIKI BUHOCATHCS HA 3aXHUCT, MOJISITAe
B TOMY, 1[0 8nepuie:

— 3aIpONOHOBAHO METOJl PAH)KUPYBAHHS 3a MOXHOKOIO TpU PO3B’sA3yBaHHI
3a/1a4 MOJICJIIOBAHHS TUHAMIYHUX CHUCTEM Ta yIPABIIHHSI HUMHU, KM, HA BIAMIHY BiJ

BITOMHUX, 30KpeMa, METO/IIB OI[IHIOBAHHS TOYHOCTI YHCIIOBOTO PO3B’S3yBaHHS PIBHSHb
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MaTEeMaTU4YHOI (PI3UKH, JTO3BOJISE€ TOMEPETHBO (10 MOYATKy MPOLECY KOMIT IOTEPHOTO
PO3B’sI3yBaHHS 3a/iadi) BHUKOHATH PO3PAXYHOK 3aJIeKHOCTI MOXMOKH PO3B’S3KY BiJ
XapaKTePUCTHUK MEPBUHHUX MOXMOOK 13 3allydeHHsAM Kiacudikailii 3a TOUHICTIO 3ajady,
110 pPO3B’SA3YIOThCH,

— 3aIpOMOHOBAHO METO]I KOHTPOJIIO JOCTOBIPHOCTI OOUYMCIIIOBAJIBHOI peanizallii
MM nuHaMiuHMX CHUCTEM 31 3pOCTAlOuOI0 TOYHICTIO, SIKMH, HAa BIIMIHY BiJl METOIB
«TPOTHO3 — KOPEKIis», 3a0e3meuye MociiJOBHE OTPUMAHHS 3HAYE€HHS IIyKaHO1 QyHKIT
CTaHy JTUHAMIYHOI CHCTEMH 3 IMOPSJIKOM TOYHOCTI JIOKAIBHOI MMOXUOKHU, SKUH (TIOPSJIOK)
30UTBITYE€THCS;

— 3almporiOHOBAHO  METOJIM  KOHTPOJIO  JIOCTOBIPHOCTI  OOUYMCIIOBAIBHOI
peamizarii Mojienell JMHAMIYHUX CHCTEM B IIpollecax iX MOJICTIOBAHHS Ta YIIpaBJIiHHS,
3aCHOBaH1 Ha 171ei BBEJCHHS KOHTPOJBHOTO aJrOPUTMY, SIKUH BUKOHYEThCA Ha €Tarl
YHCJIOBOTO PO3B’s3yBaHHS MMOCTABJICHOI (OCHOBHOI) 3aj1ayl, ajie TaKoro, 110 MPOCTIIINMA
32 OCHOBHHIA; PUYOMY, 3aIPOIIOHOBAHI METOAU KOHTPOJIO JTOCTOBIPHOCTI, JO3BOJISIOTH
JOCSITHYTH TIABUINICHHS OCTaHHBOI 3a PaxyHOK 3aCTOCYBaHHS B KOHTPOJIBHOMY
anroputmi Hpopmallli, Ky BXKe MPOKOHTPOJIHOBAHO HA MOMEPEIHIX KPOKaX OCHOBHOIO
anropuT™My (EKCTPAMOJSAIIAHANA METOJ), a00 JJO3BOJIAIOTH OpPraHi3yBaTH HESBHUM
KOHTpOJIb, IO 3a0e3medye 3MEHIICHHS [lana3oHy BIAXWJICHHS BEIUYHHH, SKa
KOHTPOJIIOETHCSL B KOHTPOJBHOI, TOOTO JO3BOJSIOTH 3HU3UTH PIBEHb IMIyMY
(IHTepHONAIAHUNA METO/);

— 3aIpOINOHOBAHO KpUTEpli MO0 MPUHUHSATTSA PIIIEHHS TPO HASBHICTH abo
BIJICYTHICTh MOXHMOKH (300(0) B OCHOBHOMY OOYHCIIIOBAJIbHOMY  aJTrOPUTMI
pO3B’s3yBaHHS 3aJad MOJENIOBAHHSA IUHAMIYHUX CHCTEM Ta YIPABIIHHA HUMH, IO
J03BOJIHIIO C(POPMYJIFOBATH CUCTEMY NMPUNUHATTA PILIEHb NPU KOHTPOIl JOCTOBIPHOCTI
(IKa TPYHTYETbCS HA OCHOBI YBEJECHHMX MOHATTAX MIpH TOYHOCTI OOYMCIEHb Ta
JOIMYyCTUMOI 00JIacTl 3HAa4YeHb I1I€1 MIPH), a TAaKOXK PO3POOMTH aJaNTHUBHI METOIU
KOHTPOJIIO JIOCTOBIPHOCTI OOYHMCIIIOBAJIBHOI peaiizallii Mojelnel NTHHAMIYHUX CHCTEM,
K1 3a0e3MeuyloTh BU3HAUEHHS MapaMeTpiB KOHTPOJIBHOTO aJITrOPUTMY 3 YMOBHU
MIHIMyMYy TI€BHOi MipH OJIM3BKOCTI pe3yJIbTaTiB, OTPUMAHUX 3a KOHTPOJBHHM Ta

OCHOBHHUM aJI'OpUTMaAX.
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I[IpakTnyHa wiHHiCTHL POOOTH mMOJSTaE B TOMY, IO 3alPOIOHOBAHI METOIU
IPOTHO3Y TOYHOCTI 1 aHadi3y JOCTOBIPHOCTI OOYHMCIIOBAIBHOI peaiizallii Mojenein
JUHAMIYHUX CHCTEM JO3BOJISIIOTH PO3IIMPUTH KJIAC BAXJIMBUX ISl MPAKTUKU 3a]a4
MOJICTIOBaHHS Ta yMHpPaBJIiHHA BKa3aHUMHU CHCTEMaMH, a PO3pOOJIEHI aJrOPUTMHU, IO
MOKJIAaJICHO B OCHOBY 3alpOTIOHOBAaHMX METOJIIB, OpPI€EHTOBAaHO HA PO3B’A3yBAaHHS
LIIMPOKOr0 KOJa 1HXEHEPHUX Ta AOCIHIAHUIBKUX 3a7ad, SIKi BUHUKAIOTh MPU aHai3l
JUHAMIYHUX CHCTEM Ta yIPaBIiHHI HUMHU.

3acTocyBaHHS PO3POOJICHUX MPUKIATHUX aJTOPUTMIB IMPOTHO3YBAaHHS TOYHOCTI
Ta JIOCTOBIPHOCTI YHCJIOBOi peamizaiii MM JIuHaAMIYHUX CHCTEM JO3BOJISIIOTH

3a0e3neunTr OakaHy TOYHICTh, @ TAKOXX 3MEHIIIUTH Y (1,4...2,5) pasu KUTbKICTh 3001B B

mporieci po3B’s3yBaHHS pEATbHUX 3a7a4 MOJCIIOBAHHS JIWHAMIYHUX CHCTEM Ta
YIpaBIIHHS HUMHU.

Po3pobnieni Metomaw aHamizy TOYHOCTI Ta JOCTOBIPHOCTI OOYMCITIOBAILHOT
peamizamii MM wmoxenelt nuHamidHUX cucteM 3ampoBamkeHo B TOB «Hadrorasxim
CepBicy (TOB «HI'X CepBic»), ne ix BKIOYEHO J0 CKIaay MPOrpaMHO-
anropuTMiuHoro 3abesnedyeHns gairouoi ACY TII.

PesynpTaTn, oTpuMaHi B AUCEpTaIliiHI poOOTI, BUKOPUCTAHO IIPH PO3POOIT
JIEKI[IHHUX KYpCIB Ta BIAMOBIIHUX UKJIIB JJA0OpaTOPHUX POOIT, 3 TUCHUILTIH: «YUCIOB1
Metoan», «Komm’irorepHe MojenoBaHHS MpoleciB 1 cucrem», «lneHTtudikaiis Ta
MOJICNIIOBaHHs MpoueciBy 1 «Mojeni Ta 1HCTpyMEHTaldbHI 3acO0M MaTeMaTUYHOTO
MOJICTIOBaHHSI TEXHOJIOTTYHUX MPOIECIB», a TAKOX 3aCTOCOBAHO MpPHU PO3pOOIl TeM
0akamaBpChKUX Ta MariCTepChKUX KBaMi(iKaiifHuX pooir.

O0’ekT AOCTiIKEHb — MPOIECH MAaTEeMATHYHOTO MOJICIIIOBAHHS JTHHAMIYHUX

CUCTEM B 3aJlayax iX MOJICIIIOBAHHS Ta YIPABIIIHHS.

IIpeamer fociilzkeHb — OLIHKM SKICHUX XapaKTEpUCTUK (TOYHOCTI,
JIOCTOBIPHOCTI Ta BIJCYTHOCTI 3001B MpH YMUCIOBIM peainizallii) Mojenell Ta 3aco0iB
MOJICITIOBAHHS 1 YMPaBIiHHS B 3ajadaX MPUKIAJHOTO JOCHTIDKEHHS JTAHAMIYHUX

CHCTCM.



KimrouoBi  crmoBa: MaremMarMdHe — MOJICTIOBAHHS, MaTeMaTH4YHA  MOJIEb,
nudepeHianbHl Ta IHTErpajibHl PIBHSAHHS, JOCTOBIPHICTh OOUMCIIOBAJIBHOI peai3allii,
TOYHICTh PO3B’A3KY, PAHKUPYBAHHS 32 MOXHOKOIO.
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ABSTRACT

Prokofiev A. Yu. Methods for analyzing the accuracy and reliability of
computational implementation of dynamic systems models in applied problems of their
modelling and control. — Qualification scientific work in the form of a manuscript.

Thesis for the degree of Doctor of Philosophy in the specialty 121 Software
Engineering. — Odessa Polytechnic National University, Ministry of Education and
Science of Ukraine, Odesa, 2025.

The work solved an important scientific and practical problem, which consists in
developing methods for predicting the accuracy and ensuring the reliability of the
numerical implementation of mathematical models of dynamic systems when solving
applied problems of their research (modelling and control search).

It has been established that the development and improvement of methods for
calculating and controlling the processes of functioning of dynamic systems, which
constitute the vast majority of technical and technological processes and objects, is an
urgent scientific problem, which also has important applied significance. It has been
shown that a constructive way of studying dynamic systems is modelling (in particular,
mathematical), during which not a real (physical) dynamic system is studied, but its
mathematical model (MM), which is formalized — in the form of a certain mathematical
expression — describes physical phenomena that characterize the dynamic properties of
the system under study. At the same time, an important class of models of dynamic
systems should be considered differential and integral equations, which, unlike other
models (for example, recurrent and empirical dependencies, etc.), in particular,
adequately describe real physical phenomena and processes in the entire range of
parameters, and the latter, in addition, allow describing the phenomena of «after-
effects» (i.e., the reaction to previously introduced exciting influences), and also
provide a «memory» effect, which consists in accumulating information about the
previous states of the dynamic system. The results of mathematical modelling can have
both independent significance in the direct problem of analyzing dynamic systems — in

the form of various types of characteristics obtained (transient, pulse, frequency, etc.),
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and in the case of finding the responses of dynamic systems to the introduced influences
when solving the inverse problem — the synthesis of algorithms and strategies for
controlling the specified systems.

An important aspect of mathematical modelling, in addition to the adequacy of
the MM to a real dynamic system, which consists in the correspondence of the solutions
of mathematical expressions (which make up the MM) to the dynamic behaviour of the
physical system, is ensuring the reliability of these solutions obtained using specific
computational tools in the implementation of the MM and for the input data entered into
the model. In this regard, a number of tasks have been set and solved to create effective
methods and appropriate algorithms for controlling and analyzing the processes of
functioning and accuracy of hardware and software tools that implement the MM of the
dynamic systems under study.

Complex problems that do not yet have a universal solution include the
assessment of the accuracy of solving problems of modelling and control of dynamic
systems using computer technology.

Based on the analysis of the advantages and disadvantages of existing methods
for analyzing the qualitative indicators of the obtained numerical implementations of
MM dynamic systems, the work attempts to eliminate the contradiction between the
significantly developed model and methodological support of mathematical modelling
tools and the lack of satisfactory (in particular, in terms of speed and computational
costs) estimates of the accuracy and reliability of solutions of the corresponding
equations as models of the dynamic systems under study.

The constructiveness of the proposed methods for controlling quality indicators in
the computational implementation of MM dynamic systems in the problems of their
modelling and control is confirmed by the solution of test examples, close to real
practical cases.

The purpose of the dissertation is to develop methods for predicting the
accuracy and analyzing the reliability of computational implementation of models of

dynamic systems, represented in the classes of differential and integral equations —
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when solving applied modelling and control problems based on them, by determining
the quality indicators of the computer and software-algorithmic tools involved.

To achieve the stated research goal, the following tasks were set and solved in
the dissertation work:

— existing approaches to the mathematical formalization of dynamic systems in
the tasks of their modelling and control were considered, as a result of which the
features of describing dynamic systems by models in the form of differential and
integral equations of various types were shown,;

— methods for numerical implementation of differential and integral equations as
mathematical models of dynamic systems were analyzed, as well as the errors that arise
in this case;

— developed an error ranking method to assess the accuracy of solving problems
of modelling and controlling dynamic systems;

— constructed (based on the error ranking method) "bottom-up" estimates of the
distribution functions of the non-removable error of the implementation of
mathematical models of dynamic objects, represented by differential and integral
equations, in modelling and control problems;

— developed methods (extrapolation, interpolation and adaptive) for controlling
the reliability of the computational implementation of models of dynamic systems in the
processes of their modelling and control;

— developed experience in the practical application of error ranking methods and
controlling the reliability of the computational implementation of models of dynamic
systems in the problems of their modelling and control.

The scientific novelty of the results obtained, which are submitted for defence,
lies in the fact that for the first time:

— a method of ranking by error when solving problems of modelling dynamic
systems and their control has been proposed, which, unlike known methods, in
particular, of assessing the accuracy of numerical solution of equations of mathematical
physics, allows to preliminarily (before the beginning of the process of computer

solving the problem) calculate the dependence of the solution error on the
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characteristics of the primary errors with the involvement of classification by the
accuracy of the problems being solved;

— a method of controlling the reliability of the computational implementation of
MM of dynamic systems with increasing accuracy has been proposed, which, unlike the
methods of «forecast — correction», ensures the consistent obtaining of the value of the
desired function of the state of the dynamic system with the order of accuracy of the
local error, which (order) increases;

— methods for controlling the reliability of the computational implementation of
models of dynamic systems in the processes of their modelling and control are
proposed, based on the idea of introducing a control algorithm that is performed at the
stage of numerical solution of the set (main) problem, but one that is simpler than the
main one; moreover, the proposed methods for controlling reliability allow to achieve
an increase in the latter by using in the control algorithm information that has already
been controlled at the previous steps of the main algorithm (extrapolation method), or
allow to organize implicit control, which ensures a reduction in the range of deviation of
the controlled value from the control, that is, they allow to reduce the noise level
(interpolation method);

— criteria for making a decision on the presence or absence of an error (failure)
in the main computational algorithm for solving problems of modelling and controlling
dynamic systems were proposed, which allowed us to formulate a decision-making
system for reliability control (which is based on the introduced concepts of the measure
of accuracy of calculations and the permissible range of values of this measure), as well
as to develop adaptive methods for controlling the reliability of the computational
implementation of dynamic systems models, which ensure the determination of the
parameters of the control algorithm from the condition of a minimum of a certain
degree of proximity of the results obtained by the control and main algorithms.

The practical value of the work lies in the fact that the proposed methods for
predicting the accuracy and analyzing the reliability of computational implementation
of models of dynamic systems allow us to expand the class of problems of modeling

and controlling these systems that are important for practice, and the developed
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algorithms that form the basis of the proposed methods are focused on solving a wide
range of engineering and research problems that arise in the analysis and control of
dynamic systems.

The use of developed applied algorithms for predicting the accuracy and
reliability of numerical implementation of MM dynamic systems allows to ensure the

desired accuracy, as well as to reduce the number of failures (1,4...2,5) in the process of

solving real problems of modelling and controlling dynamic systems.

The developed methods for analysing the accuracy and reliability of
computational implementation of MM of dynamic systems were implemented at
Naftogazhim Service LLC (NGH Service LLC), where they are included in the software
and algorithmic support of the operating ACS.

The results obtained in the dissertation were used in the development of lecture
courses and corresponding cycles of laboratory work in the disciplines: «Numerical
Methods», «Computer Modelling of Processes and Systems», «Identification and
Modelling of Processes» and «Models and Tools for Mathematical Modelling of
Technological Processes», and were also applied in the development of topics for
bachelor's and master's qualification theses.

The object of research is the processes of mathematical modelling of dynamic
systems in the tasks of their modelling and control.

The subject of research is the assessment of qualitative characteristics
(accuracy, reliability and absence of failures during numerical implementation) of
models and modelling and control tools in the tasks of applied research of dynamic

systems.

Keywords: mathematical modeling, mathematical model, integral equations,

reliability of computational implementation, solution accuracy, ranking by error.
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