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The development of algorithm for operation of expert system for determination of
equipment composition of hybrid energy supply system on renewable energy sources
as an autonomous power source for the pumping station of the heat supply systems

Abstract: In this paper, the problem of creating the algorithm for the work of the expert system
for selecting the equipment composition for combined energy supply system on renewable energy
sources is being solved. The reason for choosing an alternative energy source as an autonomous
power source is that it is both economically and environmentally friendly. To solve this problem, it
is proposed to use the method of construction of generalized structural scheme of the expert system
and search optimization method, thanks to the latter the program will be able to help select one of
the options necessary for the consumer. This expert system was created in order to select necessary
equipments without recourse to experts, thereby reducing some dependence on them. Also, the
rationale for choosing the chosen optimization method is given.

Keywords: expert system, alternative energy sources, hybrid power station
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Problem statement. For any power installation, it is necessary a reserve source of electricity to
increase reliability of work [1]. And as a backup source, an autonomous power source was selected on
renewable energy sources. Renewable energy sources are gradually replacing the traditional electric
power industry and an independent selection of equipment for a hybrid power supply system causes
a number of difficulties, which leads to the necessity to apply to specialists in this field. This leads
to the topicality of developing an algorithm for the work of an expert system (ES) in this area. The
purpose of this work is to create an algorithm for the work of an expert system for determining
the composition of hybrid power system equipment on alternative energy sources, which issues a
ready-made version of a combined system based on specified parameters. The task of the expert
system is to select the composition of equipment that will produce the greatest power at the set
economic costs or at the lowest price within the required capacity.

Used software. The database is implemented on the «MySQL» software.

Methodology and results. To solve the problems, the search optimization method and the
method of constructing the generalized structural scheme of the expert system were used.

The generalized structural scheme of the expert system (Figure 1) consists of the following compo-
nents: working memory, also called a database (DB), knowledge base, solver, dialogue components,

explanatory and knowledge acquisition [2].

Knowledge base
Working

memory Rules

!

Acquisition of
knowledge

Expert-user
le—]

Dialogue

General facts

Ficure 1 — The scheme of the generalized expert

The work of the ES consists of two stages:

I. Selection of equipment types based on the given region.

I1. ES begins to search for models of equipment that meet the specified conditions of technical
requirements. Of these models, the ES constitutes a hybrid system (HS) that generates maximum
power at a given financial cost or has a minimum cost within the required capacity [3].
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Thus, the objective function takes the following form:

7 — EZ:lNi > N
i1 Qi <@

where: N; — power generated by one unit of hybrid system equipment;

N — power set by the expert;

Q); — the cost of one unit of equipment included in the hybrid system;

() — cost set by expert;

k — total number of units of equipment.

Taking into account the specifics of the task, search methods are the most suitable methods
for optimization. The essence of search optimization methods for the chosen objective function is
reduced to finding, under the imposed constraints, such values of the mechanism parameters that
give the maximum (minimum) of the objective function [4].

Thus, if the maximum power is preferred, the optimization task takes the form:

Z = N; — mazx

Qi <Q

and in case of preferring the minimum cost:
Z = Q; = min

N; <N

Figure 2 shows the work algorithm of the expert system. The input parameters for the functioning
of the system are:

- geographical region (R);

- required power of electricity consumption (N);

- area of the heated room (S);

- cost of the entire hybrid system (Q);

- optimization criterion (K);

- selection of a diesel generator as an independent power source (D).

The above parameters are set by the expert.

The output parameter for the ES is a ready-made solution based on the specified criteria, which
is optimal under the conditions of the specific task.

At the first stage, the user specifies the region from the database and the system performs a
search, then the system decides what types of equipment to use rationally to solve the task.

Given that the system is aimed at optimizing the solution for economic costs, for most regions,
the selection of equipment will be realized only of one type, since it makes no sense to purchase
an installation for working with sources that have not more than half of the available capacity
throughout the year.

The following symbols are used in the figure 2: WG- wind generator, SP- solar panel, SC- solar
collector, DG- diesel generator.

After determining the modification of the equipment, the system selects specific models of equip-
ment for the hybrid system by the ratio of power and price, which meets the specified conditions
(Figure 3). Then the system starts searching for equipments in the database and if the system
finds facility that satisfies all parameters, then it includes it in the list of possible solutions. If such
equipment is not available in the database, the system calculates how much equipment is needed to
obtain the required capacity and verifies the total cost of this equipment. If the value is within the
specified limits, the system also includes this assortment in the list of possible solutions. And the
output of the system gives a list of possible solutions. Then follows optimizing process of obtained
data, in order to find the most suitable solution for the user (Figure 4).

For power optimization, the system assigns the maximum value to the first solution from the
list of possible. After that, the expert system begins to compare the values of the parameters
among themselves and to search among them the largest value, until the list of possible solutions
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6.
V=Vi
T=Ti
3.
i=1+]
no no no
yes yes yes
A 4
5. 9. HS contains 10. HS does not 11. HS contains 12. HS does not
Error. Region wind generators | contain wind solar panels and | contain solar panels
not found in DB generators collectors and collectors
13.
Choice of equipment
composition
|
v
14.
Choice of equipment
composition

15.
Solution of ES

Ficure 2 — ES work algorithm

1. The presence
in system of
WG,SP,SC,DG

9. There is
SP and SC

A

A 4

7. One possible HS 8. Under given 14. One possible HS 15. Under given
conditions, the use of conditions, the use of SP
WG is impossible and SC is impossible

T T |

16. Possible HS

Ficure 3 — Equipment search algorithm
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End

F1GURE 4 — The algorithm for finding the optimal solution

is completely processed. Similarly, the system operates in the case of optimization of the cost of a
hybrid system, but in this case the system seeks the minimum cost of the equipment.
Figure 5 shows the implementation of the program algorithm of the expert system.

i Default

i int{11) | e i { NULL
i text =S NULL
int<{11) NULL
int<{11> b i NULL
stoimost int{11> S NULL
gabariti | text NULL
comment i text H :
+
rows in set (0.00 sec)

row in set (0.00

nysql>

Ficure 5 — Implemented expert system program

Conclusion. The main task of this work was the development of an algorithm for the work of an
expert system to determine the optimal composition of hybrid power supply system equipment for
any facility on renewable energy sources. The task is completed. The expert system is developed,
created and debugged.
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B.K. Exin, M.A. CkynkuH, B.P. Kacumosa
JI.H. lymunes amvindazo, Eypasus yammok yrusepcumemi, Acmana, Kaszaxcman
2KpuibITy >KYHECiHIH COPFbI CTAHIMSJIAPBIHA OKIIAY KOPEK KO3l peTiHAe >KaHFbIPMAaJIbl YHEPrus Ke3JepiH
naii/lajjaHaTblH TUOPUATI SHEPrusiMeH KaMTaMachI3 €Ty >KYHeciHiH >kababIKTapblH aHBIKTAY YIIIH 9KCIEepPT
JKYHMeCiHiH >KYMBbBIC aJITOPUTMIH >Kacay

AHHOTaUS. 2KaHfplpMaJibl 9HEPrusi Ke3JepiH naiijajaHaThlH THOPHATI SHEPrusiMeH KaMTaMacbl3 €Ty KyileciHiy
KaOABIKTApbIH aHBIKTAy VINIH JKCIEPT XKYHeCiHIH »KyMBIC aJlOPUTMIH »kacay Moceseci memineni. DBamama Kyar kesi
9KOHOMUKAJIBIK, >KOHE SKOJIOIUSJIBIK TYPFbLIApDAAH THIMJI OGOJIFaHIBIKTAH, OJ1 aBTOHOMJIbI KOPEKTEHJIPY Ke3i peTiHle TaHall
AJIBIH/IBI. MakcaTbIMbI3Fa KeTy VIIH, SKCIepT KYHecCiHiH KajlbLIaHFAH KyPBUIBIMIBIK CYJI0acChlH caJly oJiici MeH
ONTUMU3ALUSIIAY IBIH, 13/1eCTipy TOCIIiHIH KOJITaHybl YChIHBLIA/IbI, COHBIH apKachIH/a barjapamMa TYTHIHYIIBIHBIH ©3iHe KaXKeTTi
onuusIapabiy, OipiH TaHIayFa KeMeKTece ajaJbl. DByJl sKcHeprTik Kyiie 6acka ja capaliibuiapra >KojJaHbaii-ak, KepekTi
KabOABIKTAP/bI O3/IriHeH TaHJan ady yuiiH kacaaran. CoHpal-ak, caliJlaHFaH ONTUMUBAIMAIAY OJICIHIH TaHIay HerizaeMeci
KeJITipiymi.

TyiiiH cesaep: 3KcIepT »Kylieci, }KaHFbIPMaJIbl SHEPIUs KO3/1epi, TMOPUATI 3JIEKTPOCTAHIIUS.

B.K. Eaun, M.A. Ckyakun, B.P. Kacumosa.
Espasutickull Hayuonarvoroid yrusepcumem umeny JI.H. l'ymuasesa, Acmana, Kazaxcman
Coznanue ajgropurma paboThl 9KCHEPTHOM CUCTEMBI JJisl OIpeJeJIeHUsI COCTaBa Ob0opyaoBaHus rubpuaHON
CHUCTEeMbI 9HEPrOoCHAGXKEeHMs HA AJIbTEPHATUBHBIX NCTOYHUKAX YHEPruu B KAYECTBE€ ABTOHOMHOIO MCTOYHUKA
OUTAHUS OJISI HACOCHOM CTAHIMU CHUCTEM TEIMJIOCHAGXKEeHUSI

Awnnoranus. B pabore craBuTcs M pemraercs 3ajada CO3JaHUs aJrOPUTMa pabOThl SKCIEPTHON CHCTEMBI JIsi mojbopa
cocTaBa 000PyIOBaHUS KOMOMHHPOBAHHOM CHCTEMBI S9HEPrOCHAOKEHNUSI Ha BO30OHOBIISEMBIX UCTOYHUKAX SHEPIHH [1JIsI HACOCHOM
crannuu. llpudmaa BBIGOpa aJIBTEPHATHBHOIO MCTOYHHKA SHEPIMU B KadeCTBE aBTOHOMHOI'O MCTOYHHKA IUTAHUS COCTOUT B
TOM, UTO OHA SIBJISETCS KaK SKOHOMUYHOM, TaK M 9KOJOTHYHON. J[yis pemrenus sToi 3amadu IpeaiaracTcs UCIOAb30BaTh METOZ,
OCTpOeHnst 0OOOIIEHHON CTPYKTYPHON CXEMbI SKCIIEPTHO CHCTEMBI UM IIOMCKOBBIA METOJ OIITHMHU3AIMU. DBiaromapsi MeTOIy
ONTHMH3AIUN IIPOrPAMMa CMOXKET IIOMOYb BBIOpATh OAHY U3 Onmuil HeoOxomumMmoil mjst morpeburens. Jammas skcmeprHas
cucrema OblIa CO37aHa [JIsI TOrO, 4TOOBI HMOAOHpaTh HeoOXOoAuMoe obopyroBaHHe Ge3 OOpallleHUsI K SKCIIEPTaM, TEM CaMbIM
CHHU3UB OT HUX HEKOTODPYIO 3aBUCUMOCTBb. Tak»Ke IMpUBEIEHO OOOCHOBaHME BBIOODA M30PAHHOIO METO/a OINTUMUBAINN.

KiroueBble ciioBa: 9KCIEPTHAsI CHCTEMa, aJIbTEPHATUBHBIE NICTOYHUKN SHEPIUU, THOPHUIHAS SJIEKTPOCTAHIIUS.
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HeOOXOIMMO IPESOCTABUTEL COIPOBOAUTEIBHOE MUCHMO B PEJAKIINIO YKypHAJIA.

SI3bIk myGauMKaAUUil: Ka3aXCKUil, pyCCKuil, aHTJINACKAN.

3. OrnopaBieHue craTell B peJaKIMIo O3HAYaeT coIjlacue aBTOpPOB Ha mnpaBo Msnarensi, EBpasuiickoro
HanuoHaJbHOro yHuBepcurera umenu JI.H. 'ymuneBa, usgaHusi crareil B >KypHajie M MNEePEU3JaHUsI UX Ha
Jao60oM mHOCTpaHHOM s3bIKe. IIpenacraBiasisi TekcT paboThl s nNyGauKanuy B >KypHaJie, aBTOpP rapaHTUpYyeT
NPaBUJIBHOCTb BCEX CBeAeHUil o cebe, OTCyTCTBUE IJIaruata u ApPpyrux (popM HEeNpaBOMEPHOr'O 3aMMCTBOBAHUS B
pykKomnucu, Hajjiexkainee opopMJIeHNE BCEX 3aMMCTBOBAHUIN TEKCTa, TabGjull], CXeM, NJIIIOCTPALUIA.

4. O6beM cTaTby HE JOJIPKEH IpeBbluarh 18 crpanur (ot 6 crpaHu).

5. CxeMa IOCTPOEHUS CTATbU

I'PHTH http://grati.ru/

Hruyuaas, v Pamuauro aemopa(os)

IHoanoe naumenosarue opzanusdayuu, 20pod, cmpara (ecau aBTopbl paboTAIOT B PA3HBIX OPraHU3ANUAX, HEOOXOIUMO
[IOCTaBUThH OJINHAKOBBIN 3HAYOK OKOJIO (DaMHUJIMK aBTOPA U COOTBETCTBYIOIIECH OPraHU3aIN)

E-mail asropa(os)

Hassanue cmamvu

Annomayus (100-200 cioB; He TO/KHA COAEPKATH (DOPMYJIBI, HE TOJI?KHA IIOBTOPSATH 10 COJEPYKAHHUIO HA3BAHHUE CTATHH; HE
JOJIZKHA COEePKaTh 6ubnorpaduyaecKue CCbUIKY; NOJXKHA OTParXKaTh KPATKOE COJIEPYKAHNE CTATbU, COXPAHs CTPYKTYPY CTaTbU
—BBeJleHHE,/ TIOCTAHOBKA 3a/a4M,/ 1e/ii,/ UCTOPHsl, METOBI UCCJIEIOBAHNs, PE3yJIbTaThl/00Cy XK ICHNE, 3aKIIOYeHUE/ BBIBOJIBI).

Karouesvie caosa (6-8 cios/cioBocoderanuii. KurodeBble €I0Ba JOJXKHBI OTParXkaThb OCHOBHOE COJIEPYKAHUE CTATbH,
HCIIOJIb30BATH TEPMUHBI U3 TEKCTa CTATbU, & TAKXKE TEPMUHBI, OMPEIEIIIIONIUE MPEIMETHYIO O0JAaCTh M BKJIIOYAIONIUE IPYTUe
BasKHbIE TOHSTHUS, [TO3BOJIAIONIAE OOJIErYUTh U PACIHIUPUTH BO3MOXKHOCTH HAXOXKJECHHS CTATbU CPEJICTBAMU WH(MOPMAIMOHHO-
[IOMCKOBOM CHCTEMBI).

Oc1oeHoli merem cmamsbu J0JKEH COlep:KaTh BBeJieHNe, TIOCTAHOBKY 3a/1a4K,/ 11eJ1M,/ UCTOPHIO, METObI UCCIIEOBAHNSI,
Pe3yJIbTaThl/ O6CY K I€HHE, 3aK/IIOUEHUE / BBIBOJIBIL.

Tabauynbt, pucyrru HEOOXOIUMO PACIIOIAraTh MOCJE YIOMUHAHUA. KarXIo# HIUIIOCTPAlMH JOJIZKHA CJIEI0BATh HAJIKCH.
Pucynkwn 10/2KHBI OBITH 9€TKUMU, YUCTHIMU, HECKAHUPOBAHHBIMU.

B crarbe nHymepyrorcs numb Te DOPMYABL, HA KOTOPBIE TIO TEKCTY €CTh CCHLIKU.

Bce abbpesuamypbr u cokpaleHusi, 3a UCKJIIOYEHWEM 3aBeJIOMO OOIIEN3BECTHBIX, JOJIKHBI OBITH paciindpoOBaHbI IPU
IIEPBOM YTIOTPEOJIEHUN B TEKCTE.

Ceegenust o purarcosot noddepotcke paboThl YKA3bIBAIOTCS HA MEPBOI CTPAHUIE B BUIE CHOCKH.

Cnucox aumepamypot

B Tekcre ccplikn 0603HAYAIOTCA B KBAAPATHBIX CKOOKax. CCBUIKM JOJIKHBI OBITH IIPOHYMEPOBAaHBLI CTPOTO IO MOPSIKY
YIOMHMHAHUs B TeKcTe. llepBasi CChUIKa B TEKCTE Ha JIUTEPATypPy JOJXKHA nMeTh HoMmep 1], Bropas - [2] u T.1. Ccblika Ha KHUATY
B OCHOBHOM TE€KCTE CTATBU JIOJIZKHA COIPOBOXKIATHCH yKa3aHHEM HCIOJB30BAHHBIX cTpaHun (Hampumep, |1, 45 crp.]). Ccbuikn
Ha HeoIlybIMKOBaHHBbIE PAGOTHI HE JIOIycKaloTcs. HerkesraTeqbHbl CCHUIKN Ha HEPEIEH3UpPyeMble U3/ aHus (IPUMEPbl OIMCAHWS
CIIMCKA JIMTEPaTyPbhl, OUCAHUS CIIMCKA JINTEPATYDHI HA AHIVIMACKOM SI3bIKE CM. HHUXKEe B 00pasie 0pOPMJIEHUS] CTATHH).

B komIle cTaThy, MOCIE CIUCKA JIUTEPATYPbI, HEOOXOAMMO yKa3aTh bubauozpagpuueckue darHble Ha PYCCKOM U AHMTTUACKOM
sa3bIKax (ecau craTbsi 0pOpMIIEHA Ha Ka3aXCKOM sI3bIKe), Ha Ka3aXCKOM U aHIVIMICKOM si3blKax (ecim craTbst odOpMIieHa Ha
PYCCKOM sI3BbIKE) M Ha PYCCKOM U Ka3aXCKOM #A3bIKaX (ecsin craTbs opopMIIeHa HA AHIVIMHCKOM S3BIKE).

Ceederus 06 aemopax: damuans, UMs, OTIECTBO, HAyIHAs CTEIEH, JOJKHOCTb, MECTO PabOTHI, ITOIHBIN CIIyKeOHBII
azapec, TesedoH, e-mail — Ha Ka3aXCKOM, PYCCKOM M aHIVIMMCKOM S3BbIKaX.

6. Pykomuch mosrkHa OBITH TIHATEJIBHO BbIBEpeHA. PyKOmncH, He COOTBETCTBYIONINE TEXHUYIECKUM TPEOOBAHUAM, OYIyT
BO3BpallleHbl Ha 10paboTKy. Bo3BpaliieHrne Ha JOPabOTKY HE O3HAYAET, YTO PYKOIVMCH IPUHSATA K OIyOJIMKOBAHUIO.

7. Pabora c 3/1eKTpOHHOM KOppekTypoii. Crarbu, nocrynusiime B OTes HayYHbIX U3AAHUIN (PeaKIHs), OTIPABIISIOTCS
Ha AHOHUMHOE DEeIeH3WpOBaHWe. DBce pEeleH3uu MO CTAThiAM OTIPABJAIOTCS aBTOPYy. ABTOpaM B TedYeHWE Tpex JHel
HEOOXOIMMO OTIIPABUTH KOPPEKTYPY crarbi. CTaTbH, IOJIyYHUBIINE OTPHUIATEIbHYIO PEIEH3UIO, K IOBTOPHOMY DPaCCMOTPEHHIO
HE IPUHUMAIOTCHA. VICIpaBieHHbIe BADUAHTBI CTATEH U OTBET aBTOPA PEIEH3EHTY MPUCHUIAIOTCA B penakiuio. Crarbu, nuMeronme
[IOJIO’KUTEJIbHBIE PEIEH3HH, [IPEICTABIISIIOTCS PEAKOJIVIETHH YKy PHAJIA 11T OOCYXKIEHUST ¥ YTBEPXKACHUS [JJIsl IIyOIUKAI[AHN.

IlepuonuyHOCTh >KypHaJa: 4 pa3a B rof.

8. Omara. ABTOpaM, IOJIYYHBIINM IIOJIOXKUTEILHOE 3aKIIOYUEHNE K OIyOINKOBAHUIO, HEOOXOAUMO IIPOU3BECTH OILJIATY IIO
cnexyomuM peksusutaM (s corpyaaukos EHY — 4500 Tenre, mis croponaux opranusanuii — 5500 Tenre).
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2K.K. IllagpsipoBa, /I.B.KypmauraaneBa, I.'T. FOcynosa

MakaJjiaHbI paciMaey YJIrici
MPHTW 27.25.19
A K. XKy6ansimesa ', H. Temupranues?, A.B. Yrecos?

U Mnemumym meopemumeckoti mamemamury u nayumoix evucaenuti Eepasutickozo
HAYUOHAALHO020 YyHusepcumema umenu JI. H. Tymunaesa, Acmana, Kazaxcman
2 Axmrobuncruti pezuonasvholi eocydapemeenmoni ynusepcumem umenu K. Xybanosa,
Axmobe, Kazaxcman
(Email: ' avaulezh@mail.ru, % ntmath10@mail.ru, 3 adilzhan_ 71@mail.Tu)

Yucnennoe nuddepeHimpoBanue pyHKIHiI B KOHTeKcTe KoMIbIOTEepHOTO
(BBIYMCIIMTEIBHOIO) IIONEPEYHNKA

Awnnoranus: B pamMKax KOMIBIOTEDHOIO (BBIYMCJIUTENHHOIO) —IOHEPEYHUKA  IIOJHOCTHIO
perena 3amada  npubmKeHHoro guddepeHnupoBannsd QYHKINWA, TPUHATLIEKAITNX KJIACCAM
CobosieBa 110 HETOYHON WHQOPMAIUHU, IOJYIEHHOW OT IIPOM3BOJBHOIO KOHEYHOI'O MHOYKECTBA
Tpuronomerpuieckux Koaddunuentos Pypwe-Jlebera muddepennupyemoii dynknuu... [100-200
cio|. KurrodeBble ciioBa npubimxkeHHoe auddepeHnnpoBanne, BOCCTAHOBIEHNE 10 HETOYHOM
uHGOPMAINH, [IPeJeIbHAs IOIPEITHOCTh, KOMIBIOTEPHBIN (BBIYUCINTENbHbI) HONEepevYHuK. [6-8
CJIOB/ CJIOBOCOYETAHMIA|.

BBenenue

TekcT BBEIEHMUSI. ..

Apropam He ciejyer HCHOJIb30BaTh HecTaHuapTHble makerTbl LaTeX (ucmosb3yiive ux Juib B
ciydae KpaiiHeil HeOOX0MMOCTH )

3aroJ/IoBOK CEKIu

1.1 3arojioBOK HOJCEKIIU
OKpyKeHusl.

Teopewma 1. ...

JlemMma 1. ...

IIpennoxxxenune 1.

Omnpenenenue 1. ...

Caencrsue 1. ...

3ameuanmue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemo.
JokaszaTenbcTso. Tekcr JoKa3aTebCTRA.

2. ®opmyibl, TAGJIUIBI, PUCYHKH

. — N Al — ; L 7(N)
On(en; DN)y =dn(en; T F; D)y = (l<N>,:oIzlf)eDN N (€N, (l 790N>)Y, (1)
rae On (aN; (Z(N),¢N))Y =on(en; T; F (Z(N),gpN))y =
= sup |77 () =on (I8 (1) 4480880 () +28000:)]| -
feF Y
Mv” <1(r=1,..,N)

Tabsmibl, pUCYHKH HEOOXOUMO pacioyiararh nocjie ynomuHanus. C KaxKJ0# WILTIOCTpanueil J0/KHa
CJIeIOBATh HAJIIINCh.

3. Ccbuiku u 6ubamorpadus

Juist ccbIoK Ha yTBep:KeHus, hOPMyJIbl U T. I. MOXKHO HCIOJIb30BaTh MeTKH. Hampumep, Teopema 2,
Dopmymna (1)
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Tasnuua 1 — Hazsanue tabuibt

IIpoctrie He mpocteie
2,3,5,7,11, 13, 17, 19, 23, 29 | 4, 6, 8, 9, 10, 12, 14

45

s
=

L
%3}

i

L
]

mgr = — 6,7635+0,02-t

fed
Ln

p

Pacxox sozayvxa
Ha | Kr ILIMOBBIX razoB, KI/Kr

a

1500 2000 2500
0
TemnepaTyvpa ropenans, C

Pucyvuok 1 — HasBauue pucynka

s pykoBojicTBa o INTEX u B KadecTBe mpuMepa 0hOpMIIEHHS CChLIOK, CM., Hartpumep, JIpBosckuit C.M.
Habop u Bepcrka B makere WIEX. Mocksa: Kocmocurdopm, 1994.
Crucok auTepaTypbl 0QOPMIIAETCS CIIEYIONUM 00PA30M.

Crucok anreparypbl

1 Jlokynmesckuit O.M., l'aspukos M.B. Hauana yucnennoro anammza. —M.: TOO "duyc", 1995. —581 c. - KHura
Temuprammes H. KoMnbioTepHbIil (BBIYUCIATEIBHDIN) MOMEPEIHIK KAK CHHTE3 M3BECTHOTO W HOBOTO B IUCJIEHHOM
anamuse // Becruuk Espasuiickoro Hanmonasssoro yausepcurera uMenn JI.H. I'ymunsesa —2014. —T.4. Ne101. —C.
16-33. doi: ... (upu HAIMYINK) - CTATHS

3 2Ky6Ganbimesa A. 7K., Abukenosa I1I. O HopMax npou3BogHBIX DYHKIUN C HYJIEBBIMUA 3HAYEHUSIME 3aJaHHOTO Habopa
JIMHEAHBIX (DYHKIMOHAJIOB W UX MPUMEHEHHs! K IONEPEIHUKOBBIM 3ajgadaM // @yHKIMOHAIBHBIE NPOCTPAHCTBA
u Teopus npubKeHns byHkuumit: Tesucel mokmanoB MextyrapoaHoit Kondepeniun, nocssmenaas 110-geruso
co must poxaenust akagemuka C.M.Hukonbckoro, Mocksa, Poccusi, 2015. — Mocksa, 2015. —C.141-142. - Tpyabl
KoH(epeHIInit

4 KypmykoB A.A. AHrmonpoTeKTOpHas U TUIOJIHUIINIEMIYeCKas aKTHBHOCTD JieyKoMusuHa. —Amarer: Bacray, 2007.
—C. 3-5 - razeTHbIE€ CTATHU

5 Kpipos B.A., Muxaitimuenko I'.I. Ananutudeckuii MeTO/| BIOKEHUsI CUMILUIEKTHIECKOH reomerpun // Cubupckue
9JIEKTPOHHBIE Maremarudeckue uspectust —2017. —T.14. —C.657-672. doi: 10.17377/semi.2017.14.057. — URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (mara obpamenms: 08.01.2017). - 9JIeKTPOHHBIN Ky PHAJ

A.2K. 2Ky6aupimmesa ! , H. Temipramues ! , A.B. Yrecos 2

L JI.H.TNymunes amuvindazo, Eypasus yammork yHU6epCumeming, meopuibil MamemMamuKa HCoHE 2olAbMU ECEnMeYAeD
uHcmumymaot, Acmana, Kaszaxcman
2 K. Ky6anos amomdaes. Axmebe oHipaix memaexemmir. yrusepcumemi, Axmobe, Kasaxcman

Kowmnsiorepiik (ecenreyim) auamerp MoHMOTIHIHAe DyHKUMsIapAbl caHABIK AuddepeHuanaay

Annoranusa: Komnbiorepnik (ecenteyim) guamerp monmorininge CoGosieB KIAChIHIA YKATATHIH (DYHKIMAIAD/ Bl OJIAPIbIH,
TpuroHomeTpusiyibik Pypue-Jlebera KoadduImeHTTepiHIH aKbIPJIbl YKUBIHBIHAH AJIBIHFAH JI9J1 eMeC aKIapaT OONBIHINIA YKYbIKTAY
ecebi Tosnbrrbiven mentinni [100-200 ceszep].
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Tyitin ce3gep: xybikran nuddepeHnuaniay, I9J eMeC aKnapar OOMbIHINA KYybIKTay, IIEKTIK KaTesaik, KoMmnbiorepiik
(ecenreyim) nuamerp [6-8 co3/ces Tipkectepi|.

A.Zh.Zhubanysheva ! , N. Temirgaliyev !, A.B. Utesov 2

L Institute of theoretical mathematics and scientific computations of L.N. Gumilyov Eurasian National University,
Astana, Kazakhstan
2 K.Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan

Numerical differentiation of functions in the context of Computational (numerical) diameter

Abstract: The computational (numerical) diameter is used to completely solve the problem of approximate differentiation
of a function given inexact information in the form of an arbitrary finite set of trigonometric Fourier coefficients. [100-200 words|

Keywords: approximate differentiation, recovery from inexact information, limiting error, computational (numerical) di-

ameter, massive limiting error. [6-8 words/word combinations|
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