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Annomayun: B cmamve usnodcenvt memoovl npenooaeaHus Guauku noaynposooOHUKO8 8
CpeOHUX pecuonanbHulx wikonax e.Tanovikopeana. Ilpednodcen Kpye 60npoco8 NO U3Y4eHuro
INEeKMPOPUIULECKUX CBOUCME NOLYNPOBOOHUKOS , KOMOpble UMEIOM HAUOONbULYIO HAYYHVIO U
NPAKMU4ecKyro 3HaA4uUMOCmb 6 MeXHuUKe U Hayke, U OOCMYNHbL ONA NOHUMAHUS YUAWUXCA O
NOJYNPOBOOHUKAX HA NPAKMUYECKUX U 1aDOPAMOPHBIX 3AHAMUSX.

Knrwoueewie cnosa: nonynpoeooHuku, Memoowl, U301AMopbl, HOCUmMeNU, ObIPKU, NOOBUNCHOCTND,
KOHYeHmpayusi, npumect, 0OHOpbl, AKYENmopbdl.

B nporpamMme no ¢usMke Ans CpelHUX PErHMOHAIBHBIX IIKOJ TI.TanablkopraHa OCHOBHOM
y4eOHBI MaTepuan O IMOJYNPOBOJHMKAX HAXOAMTCA B HOBOM TeMe «DJEKTPUUYECKHE CBOMCTBA
MOJTyIIPOBOJTHUKOBY, KOTOpas Hu3ydaeTcsi B pasjene «JjekTpuuecTBo». JlaHHas Tema Ha
CETONHSIIHMN JIeHb HE UMEET OKOHYATEIIbHO YCTAaHOBJICHHBIX BBIBOJIOB. B CBS3M ¢ 3THM BaXkHO
BBIJICJIUTE KPYI BONPOCOB, KOTOpble 00JIaAal0T HauOoNbLIeH HaydyHOH M NpaKkTUYEeCKOH
3HaYMMOCTBIO, a TAK)KE OCTAOTCS JOCTYITHBIMH JUISI TIOHUMAHUS YUaIIAXCSL.

B conepxanue 00s3aTeIbHOrO y4eOHOrO MaTepuana CleAyeT BKJIIOYUTh H3ydCHUE
COOCTBEHHOM MPOBOAMMOCTH ITOJTYITPOBOTHUKOB M €€ 3aBUCMOCTH OT TemIieparypsl. MccinenoBanue
COOCTBEHHOM MPOBOAMMOCTH UMEET MPEUMYILECTBEHHO TEOPETUUECKOE 3HAUEHUE, TAK KaK TOMOIaeT
MOHATH (PU3WYECKHE CBOMCTBA IOJYIPOBOJHUKOB. 3aBHCHMOCTH MPOBOJUMOCTH OT TEMIEPATypPhI
0COOEHHO BaXKHA, ITOCKOJIBKY OHa PAaCKpbIBAET OCHOBHYIO NPUYMHY €€ BO3HHMKHOBeHHs. Kak
M3BECTHO, KITFOUEBasi 0COOCHHOCTH TOIYIIPOBOJHUKOB, OTIMYAIOIIAS X OT METAIJIOB, 3aKIIFOYACTCS
B TOM, 4YTO HOCHTEIM TOKa HUMEIT TeIuloBoe mpoucxoxaeHue. CoOTBETCTBEHHO,
3JIEKTPOIPOBOHOCTD B MOIYITPOBOHHUKAX MOABIISIETCS OJ1aro1apsi TEMIIOBOMY JIBHKEHHIO [1].

[Ipu Temniepatype, 6113K0H K a0COTIOTHOMY HYJIIO, ITOJIYIPOBOAHUKH (PaKTHUECKU BEyT ce0s
Kak n30ATopsl. [losiBieHne HocuTenel Toka B HUX 00YCIIOBJIEHO HE TOJIBKO TEIUIOBBIM JIBUKEHHEM,
HO Y BO3JICHCTBHEM PA3JIMYHBIX SHEPreTHUECKUX (PAaKTOPOB, TAKMX KaK U3IydeHue, OoMOapaupoBKa
OBICTPBIMHU YaCTHILIAMH, BO3JIEHCTBUE CUIIBHBIX NOJIEH MM MexaHudeckas nepopmarusa. Cpenu sTux
¢dakTOpoB 0c000E BHMMAHHUE CIEAYET YAEIUTh (OTONMPOBOAMMOCTH, KOTOpash MMeeT Hauboiee
HIMPOKOE MPAKTHUECKOE IPUMEHEHHE.

Jlanee Ba)KHO pacCMOTPETh BIMSHUE PA3IHMUHBIX PUMECEH Ha AJIEKTPOIPOBOJHOCTh, TaK KaK
OHU CYUIECTBEHHO ONPEIEIIIOT  JIEKTPUYECKHE, MarHUTHbIE U  ONTHUYECKHE CBOMCTBA
MIOJTYIIPOBOTHUKOB. B 3TO# CBSi3M HEOOXOAMMO BBECTH MOHITHE NMPHUMECHOW MPOBOJIUMOCTH. DTO
MIO3BOJIMT IN1y0Xe U3YUHUTh KIIFOUEBBIE CBOWCTBA JIEKTPOHHO-IBIPOYHBIX MIEPEXO0/I0B U JIyUIlIle TOHATh
¢u3nyeckue Mpolecchl B TaKUX YCTPOMCTBAaxX, Kak JAHOMABI, TPAH3HCTOPBI, TEPMOIJIEMEHTHI,
(OTO37IEMEHTBI U IpYTHe MOITYIPOBOJHUKOBBIE TPHOOPHI.
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HccnenoBanue 3TUX CBOMCTB UIpaeT KIIOUEBYIO pOJIb, MOCKOJIBKY OHHU OOYCIIOBIMBAIOT
LIMPOKOE TEXHUYECKOE NPUMEHEHME IOJIYyNPOBOIHUKOB. Hampumep, BBIIPAMUTENBHOE CBONHCTBO
JIEKTPOHHO-/IBIPOYHOIO IIEpeX0/a SBJSIETCS OCHOBOH pabOThI IOJIyIIPOBOJHUKOBBIX JUOJIOB,
KOTOpBIE CETOJIHA SIBIISIFOTCSI OJHUMHM M3 CaMbIX pPacIpPOCTPAHEHHBIX IOJYNPOBOJHUKOBBIX
ycTpoiicTB. DOTO3IEKTpUYECKIE CBOMCTBA ATOTO TIEpexoa TakyKe UMEIOT O0JIBIIOe 3HAYCHHE KaK C
Hay4HOHU, TaK U C TEXHUYECKOM TOYKM 3peHMs. Ha uxX OCHOBE CO3MArOTCS IOIYIPOBOJIHUKOBBIC
(GOoTO37IEeMEHTEl U COJHEYHblE OaTapeH, KOTOpble HaxXoAsT BcE OoJiee MIMPOKOE MPUMEHEHUE B
(OTOANEKTPUUECKUX M3MEPEHHAX, ABTOMAaTHKE, OCHOBAaHHOM Ha (OTODJEKTPOHHKE, U B
COBPEMEHHON KOCMUYECKON SHEPreTHUKE.

Bricokas cBETOUYBCTBUTEIBHOCTD 3JIEKTPOHHO-IBIPOYHOr0 NEPEX0/Ia OTKPHLIA BO3MOKHOCTH
JUIs CO3/IaHUsl HOBBIX TOJYNPOBOAHMKOBBIX YCTPOMCTB — (HOTOAMOAOB, KOTOpBIE HAILIH
npUMEHeHHe B (POTORNEKTPOHHOW aBTOMaTHKe. l3ydeHHe TEepMOINIEKTPHUUECKUX CBOWCTB
MOJyIIPOBOJHUKOB ~ IPEJCTABISET OCOOBIM MHTEpec MO JBYM MpHYMHAM. Bo-nepBblX,
TEPMOAIEKTPUYECKUE SIBJICHUS U3Y4aAlOTCA B KypCE€ DJIEKTPUYECKOrO0 TOKAa B METauIax, MOITOMY
BaXXHO paCCMOTPETh UX U B MOJIYNPOBOIHUKAX, IJI€ OHU HPOSIBIIAIOTCS OCOOEHHO APKO. DTH SBICHUS
UMEIOT  3HAYUTEJIbHOE  IPAKTUYECKOE  3HAY€HWE, IIOCKOJbKY  IO3BOJISIIOT — HalpsSMYRO
peoOpa3oBbIBaTh BHYTPEHHIOID SHEPTHIO B AJIEKTPHUUECKYIO0, a TaKKe OOecreuynBaTh MOJTy4YEeHUE
TeIia WM XO0JIOJIa C UCTIOJIb30BAaHUEM AIIEKTPUUYECKOTO TOKa [2].

Bo-BTOpBIX, H3y4eHHME TEPMODJIEKTPUYECKUX CBOMCTB IOJYNPOBOJHUKOB ITO3BOJIAET
OTIpEAENINTh 3HAK HOCHUTENIEH TOKAa IO HAIPaBJICHHIO TEPMOTOKA, MOATBEPXkAAasi HAa IPAKTHKE
CYIIECTBOBAHUE KaK AJIEKTPOHHOM, TaK ¥ JIPOYHOI MPOBOIUMOCTH, YTO UMEET OO0JIBIIOE 3HAYCHHUE.
OnHako HeNb3sl OTPAaHWYMBATHCS AHAIM30M CBOICTB JIMIIb OJHOTO mepexona. HeoOxoammo
paccMaTpuBaTh 0oJjiee CIIOXKHBIE CHCTEMBl 3JIEKTPOHHO-IBIPOYHBIX MEPEXOJ0B, CIIOCOOHBIE
BBITIOJIHATH HE TOJIBKO BBINPSAMIIEHHE, HO M YCUJIEHUE WJIM T€HEPALIMIO AJIEKTPUUECKUX KOJIeOaHUH.
[Ipocrenimmii npumMep TaKOW CUCTEMbI — JBOMHOW MEPEXO TUIIA p—N—p WU n—P—~n, JICKALIHUN
B OCHOBE pabOThI IOJYIPOBOJHUKOBOIO TpHoAa (TpaH3ucTopa wWid (OTOTpaH3UCTOpA).
[lonynpoBOHUKOBBIE ~ TPUOXBI, IOCTOSHHO  COBEPIUEHCTBYSACH, IIOCTENIEHHO  BBITECHSIOT
AJIEKTPOHHBIE JIAMITHI.

N3ydenne noaynpoBOJHUKOB B CPEAHEN IIKOJE UMEET BaXKHOE IOJIMTEXHUYECKOE 3HAUCHHUE.
Cpenu Bcex MOJTYNPOBOAHUKOBBIX YCTPOICTB TPaH3UCTOP SIBJISETCS HauOOJEE CIIOKHBIM, OJJHAKO
BO3HHUKAIOIIME TPU €ro W3y4eHUH TPYIHOCTU BIIOJHE NPeoJoiuMbl. M3ydueHue OOBEMHBIX U
KOHTAKTHBIX CBOWCTB MOJYIPOBOAHUKOB CO3JA€T MPOYHYIO OCHOBY JUISl MOHUMAHMS MPHUHIIMIIA
paboTbl 3TUX YCTpoiicTB. OCHOBHBIE 3JEKTPUYECKHE CBOWCTBA IOJYIIPOBOJHUKOB CIEAyET
paccMaTpuBaTh B paMKax OTIAEIbHOM TEMbI, KaK 3TO MPEIyCMOTPEHO B OOHOBJIEHHOW LIKOJIbHOMN
nporpamme no ¢usuke. Takoil moaxoa crnocoOCTBYET (POPMUPOBAHHIO Y YHALIUXCS TITyOOKUX U
YCTOWYMBBIX 3HAHUI O KIIOYEBBIX CBOWCTBAX MOJYIPOBOIHUKOB U UX TEXHUYECKUX MPUMEHEHHSIX.

DKclepyMEHTalIbHbIE JaHHbIe, MOJYYEeHHBIE B pe3ysbTaTe J1a0opaTOPHBIX HCCIEIOBAHUM,
o0ecreynBaroT JOCTOBEPHOCTh TEOPETUYECKUX MOJIENIEH, aHATU3UPYIOT (PU3HUKY MOTYIPOBOJIHUKOB
U IPHOOPETAIOT IPAKTUYECKHE HABBIKU pabOTHI C U3MEPUTEIbHBIM 000pyaoBanueM. JlabopatopHsie
paboThl TakXKe HaNpaBlI€Hbl Ha KPUTHUYECKYIO MBILIUICHUIO: CTYJAEHTHl Y4YaTCsi aHaJIM3HpPOBATH
OKMOKH ¥ HEMIPABUIIBHO HMHTEPIIPETUPOBAHHBIC TaHHBIE [3].

Hayunble wuccienoBaHus 31€KTPOQU3NYECKUX CBOWCTB IOJYNPOBOAHUKOB C IIOMOIIBIO
nabopaTopHBIX  pabOT  SABIAIOTCA  KOHTPOJIBHOM  4acTbio  oOpa3oBaHusi B 00JIacTH
MaTEepUAIOBOBEJICHUS M DJIEKTPOHHOM TeXHMKH. OHU NO3BOJISIIOT HE TOJIBKO 3aKpelHUTh 0a30BbIE
3HAHMUS, HO ¥ TIOBBICUTH HABBIKU IIPAKTHUUYECKOI0 IPUMEHEHMSI IIOJYYEHHBIX IaHHBIX. B coBpeMeHHOM
MUpE, I/l TOIYIPOBOJHUKH OIPEENIAI0T TEXHOJIOTUH, TAKUE UCCIIEI0BaHMsI CTAHOBATCS BCe Oolee
3HAYMMBIMH JJIs1 OyIYyIIUX WHKEHEPOB U UCCIIEA0BATEINCH.
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Aunomayusn: B cmamve usznoocenvt memoo onpedeneHus yOeabHO20 CONPOMUBTIeHUs.
NOJYNPOBOOHUKOB 8 CPEOHUX PecUOHANbHbIX wiKoaax 2. Tandvikopeana. Ilpednodcen kpye 6onpocos
N0 U3YYEHUIO IIeKMPOPUIULECKUX CBOUCME NOJYNPOBOOHUKOS, KOMOpble UMeom HAUOOILULYIO
HAYYHYIO U NPAKMUYECKYI0 3HAYUMOCMb 8 MeXHUKe U HayKe, U O0CHYNHbL OJisl NOHUMAHUS YYaAUUXCSL
0 NOYNPOBOOHUKAX HA NPAKMUYECKUX U 1aDOPAMOPHBIX 3AHAMUSIX.
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VY aenbHOE CONPOTUBICHHE MOJIYIPOBOJHUKA SBIISETCS BAXKHBIM 3JIEKTPUUECKUM [TapaMETPOM,
KOTOPBIM YUUTBIBAETCS TPU IPOU3BOICTBE MOJIYIPOBOJHUKOBBIX YCTPOMCTB. st ero onpeneneHus
yaile BCEro UCIOJb3YIOTCS ABa METOAA: IBYX30H/OBbIN U YETHIPEX30HI0BbIH. DT METO/IbI 110 CYTH
He paznuyarTcsa. B mocneaHue ronabl, TOMUMO KOHTAKTHBIX (30HIIOBBIX) METOJOB, BCE OOJbIIE
MPUMEHSIIOTCS OECKOHTAKTHBIE BBICOKOYACTOTHBIE METOJIMKHM, TAaKHE KaK E€MKOCTHBIM U
WHAYKIIMOHHBINA, 0COOCHHO /IS OIYIIPOBOTHUKOB C BBICOKUM YEIBbHBIM COMpOTUBIeHUEM|[1].

B MukposnekTpoHuKe ISl U3MEPEHUs YJEIbHOI'O COMPOTHUBIIECHUS AKTUBHO IMPUMEHSETCS
YETBIPEX30HA0Bas METOAMKA. JTO €€ BBICOKUMU METPOJIOTMYECKUMH XapaKTEPUCTUKAMM, IIPOCTOTON
peanusaiy ¥ yHUBEpCaIbHOCTbBIO, TO3BOJISAIONIEH KOHTPOIUPOBATh JAHHYIO BETUYHHY B PA3IUYHbBIX
m3nenusax. K TakuM W3AENUSAM  OTHOCATCA TONYMPOBOIHUKOBBIC IUIACTUHBI, OOBEMHBIC
MOHOKPHUCTAJIJIBI U CJIOMCTBIE IOJIYIIPOBOJHUKOBBIE CTPYKTYpbl. YeThpex30HI0Bas METOJUKa
o0ecreynBaeT TOYHBIE U HAJICKHBIC PE3YNbTAThl, YTO JIeTIAeT €€ MPEANOYTUTEIBHBIM BEIOOPOM IS
MCCIICIOBATEIILCKUX M IIPOU3BOICTBECHHBIX MTPOIIECCOB B 00JACTH MUKPOAJICKTPOHHUKH[2].

Mertoa OCHOBaH Ha SIBJICHMM PACTEKaHHUs TOKa B TOYKE KOHTAKTa METAJUIMYECKOIO OCTPHS
30H/1a C MOJYIPOBOJIHUKOM. Uepes oiHy napy 30HI0B IIPOMYCKAETCS dJIEKTPUUECKUN TOK, a BTOpas
UCTIOJIb3YyeTCs A1l U3MEPEHUs HalpsKeHus1. PaccMOTpUM ero npuMeHHUTEIbHO K I10JIyOECKOHEYHOMY
o0pa3lly MOJYNPOBOAHHKA, OTPAaHHMYEHHOrO IUIOCKOM MMOBEpXHOCThIO. Ha 3Ty mOBEpXHOCTH,
MEePHEHIUKYIISIPHO K HEH, MOMEIaloT 4 OCTPOKOHEUYHBIX METAINIMYECKUX 30H/a, KaK MOKa3aHO Ha

(puc. 1).
f

1]

l.SZ

L
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Puc. 1. Cxema 4eTbIpEX30HA0BOM I'OJIOBKH C IUHEHHBIM PACIIOJI0KEHUEM 30H/10B

Bce ueTbipe 30H1a pacmonokeHbl Ha 0JHOM NpsiMoii. Uepe3 BHemIHUE 30HbI 11 4 mporycKaoT
INEKTPUICCKUH TOK OT ncrtounuka Toka (WUT), a mexay 30amamMu 11 3 BosbT™METpOM V' H3MEPSIOT
pa3HOCTh MOTEeHIUANIOB. 3Has Ji4 1 Uz3, HETPYJIHO HAWTU 3HAYEHHE YACIBHOTO COMpOTUBICHHSA[3].
JleficTBUTENBHO, B MPEANOI0KEHUH MOJyOeCKOHEYHOCTH 00pa3ia KaKIblid 30H] CO3/1aéT BOKPYT
cebsi cepuyeckoe cuMMETpUUHOe MoJie. B 11000 Touke Ha MOBEPXHOCTH moiycheps! paguyca I
IUIOTHOCTbH TOKA, HANPSKEHHOCTH MOJI U MOTEHLIUAI, TI0ATOMY, Oy1IyT:

j=J/2mr? (1)
E=jp )
nooooooooodonoodogrdioooooouoodooodoiiooiioodoooon
=pjr=Jp2nn (3)

YyBCTBUTENBHOCTh JaHHOTO MeToja mo HampspbkeHuto dU/dp mpomopiimoHalibHa TOKY H
oOpatHO mponopuuoHanbHa SHokB. Tok depe3 oOpaser] yBelIMYMBATH HEXKENAaTeIbHO (M3-3a
TepMOdJIeKTprUecKuX 3P deKkToB npu HarpeBaHuu odpaszna Uz MOKET OBITh UCKAXKEHO), TOATOMY
JUTSL YBEJTMUEHUSI YYBCTBUTEIIPHOCTH MOXKHO YBEIUYMBATH Sp, yMeHbmas S1 U Sz. [Ipu Sp>>51=S3
YyBCTBUTEIHLHOCTh MOKET OBITH MOBHIIIICHA IPUMEPHO B 2 pasa.

Ecnu B monynpoBOIHUKE CO3/aTh TpaJMeHT TEMIEpaTypbl, B HEM OyaeT HaOI0IaThCs
IPaJIMCHT KOHIICHTPAIIMi HOCHUTENeH 3apsaa. B pesynbTate BO3HHKHET MU(D(Y3HOHHBIA MOTOK
HOCHUTEJICH 3apsja M CBS3aHHBIA ¢ HUM IH(PQGY3HOHHBIM TOK. B 00pasiie BO3HHKHET Pa3HOCTh
[TOTEHIIMAJIOB, KOTOPYIO0 NpuHATO HasbBaTh TepMoDJIC [4]. 3mak TepmoD]IC 3aBHCHT OT THIIa
MIPOBOJIUMOCTH TOJYNPOBOJAHMKA. Tak Kak B MOJYIMPOBOJHUKAX JBa THUIIA HOCHUTENICH 3apsja,
nuhPy3MOHHBIH TOK CKJIAAbIBACTCS M3 JBYX COCTaBJIAIOMUX, a 3HaK TepmMoDJIC 3aBuCHUT OT
npeoOyaaromero THMA HOCUTENeH 3apsana. YcraHoBuB 3HaK TepMoDJ[C ¢  momolkio
raJibBAaHOMETpPa, MOXXHO CJAeNaTh BBIBOJ O THIE TMPOBOJUMOCTH JAHHOTO  OO0pasia.

CIIMCOK JIMTEPATYPbI:

1. Cagenkos, A. 1. MeTouka uccie10BaTeabCKoro 00yuyeHus MIIaIuX MKoIbHUKOB: [Toco0. ms
yauTenel, poaureneii, Bociimrareneid. / A. M. CaBenkos. — Camapa: ®enopos, 2007. — 202 c.

2. CaseHkoB, A. 1. CozneprxkaHue U OpraHu3alus UCCIEA0BaTEIbCKOT0 00yUEeHHUS IIKOJIBHUKOB. / A.
. CaBenkos. — M.: Cents6ps, 2003. — 204 c.

3. Ceprees, U. C. Kak oprannzoBaTh NpOEKTHYIO JeSATENbHOCTh yuamuxcs: [Ipaktuueckoe mocoo.
1U1s1 paboTHUKOB 001meoopaszorar. yu. / M. C. Ceprees. — M.: Apkru, 2014. — 80 c.

4. Cepenenko, I1. B. Pa3Butue ncciaenoBarenbcKMX YMEHUH U HABBIKOB MJIAJIIIMX HIKOJBHUKOB B
YCIIOBHSAX TIepexoa K 00pa3oBaTelIbHBIM CTaHIapTaM HOBOTO TOKoJIeHus: MoHorpadwus. / I1. B.
Cepenenxo. — FOxno-Caxanunck: M3a. CaxI'V, 2014. — 208 c.

0 “MexayHapoHbIH Hay4HO-UccaefoBaTebcKUH LeHTp “Endless Light in Science”



OU3UKO-MATEMATUYECKHE HAYKHU n

Impact Factor: SJIF 22%2212 - 55-211 PHYSICAL AND MATHEMATICAL SCIENCES

DOl 10.24412/3007-8946-2024-151-8-15
YK 621.313.629.73
UX-OPUEHTUPOBAHHOE MOJEJIMPOBAHUE ABUALIMOHHbIX
IAJIEKTPUYECKHUX MAIIIMH B MATLAB

AHJIPEIOK JAHMNJI BUKTOPOBHUY
Kypcant ¢akynbrera rpaxaanckoil aBuanuu benopycckoil rocyaapcTBeHHOM akaieMun
aBuanuu, HayuHslil pyKoBOAMTENb — KaHIUAAT TEXHUYECKUX HAyK, IOLEHT, podeccop Kadeapbl
EHuOIIJl Benopycckoii rocynapcTBeHHOM akanemuu aBuanuu A.I'. Kanyctun
MuHck, benapycs

Annomayun: paboma noceauwjeHa  UCCIEO08AHUIO  IPDEKMUBHOCU — ABUAYUOHHBIX
INEKMPUYECKUX MAWUH C UCNOTb308aAHUeM umumayuonnozo modenuposanus ¢ Matlab (Control
System Toolbox, Simulink). Paccmompenvt mpancghopmamopsi, acuHxpouHvie U CUHXPOHHbIE
MAWUHbL, 2eHePAMmopbl U MAUUHBL NOCMOSHHO20 MOKA. Pe3ynbmamel cnocobcmsyiom onmumusayuu
npUMeHeHUs! INeKMPUYECKUX MAuuH 6 asUayuu.

Kniwouesvie cnosa: INeKmpuyecKue — MauuHbl, UMUMAYUOHHOEe — MOOenUposaHue,
MatLab&Simulink, acunxponnas mawuna, cunxpounwiii 2enepamop, CUHXPOHHASL MAULUHA,
osueamenb NOCMOSHHO20 MOKA.

DNeKTpUYecKre MalllMHbl TPUMEHSAIOTCS MPAKTHUYECKH BO BCEX OOPTOBBIX CHCTEMax
COBPEMEHHBIX CaMOJIETOB, MOCTPOCHHBIX 10 TexHosoruu More electric aircraft [1,2]. Dto roBopur
00 aKTyaJIbHOCTH WCCIICIOBAHUN AIIEKTPOMATHUTHBIX U AJIEKTPOMEXaHHUECKUX IMPOILIECCOB, PEKUMOB
pabOTHl JJNEKTPUUECKUX MAIMH, KaK Ha BO3AYIIHBIX CyIaX, TaK W B HAPOJHOM XO3SIHCTBE.
HccnenoBanus cBsi3aHbI ¢ BOMPOCAaMHU O0ECTIEUEHUS] CTATUYECKON U JMHAMUYECKON YCTOHYMBOCTH
ANEKTPUYECKUX MAlIMH U AJIEMEHTOB 3JIEKTPONPUBO/A B YCIOBUSX BO3pACTAIOLIEH CIOXKHOCTU
SHEProCcUcTeM [2].

B paGote BBIMOTHEHBI HccienoBaHus Kacarommecs 3()(eKTuBHOCTH (YHKIIMOHUPOBAHUS U
WCIIPABHOCTU aBUALIMOHHBIX AJIEKTPUYECKUX MAIIUH C TIOMOIIbIO UMUTAIMOHHOTO MOJEIUPOBAHUS
B cpeae Matlab Ha ocHOBe aHanm3a XapakTepUCTHUK U PEKUMOB PaOOTHl MAIKH, TOTYYCHHBIX B
pe3yJbTaTe IMUTaMOHHOTO MoienupoBanus [3,4].

HccnenoBanus 0OxBaThIBAIOT CJEAYIOIIME THUIbl ABUALMOHHBIX AJIEKTPUYECKHUX MAIUH —
TpaHc(hOpMaTOPbl, ACHHXPOHHBIE JIEKTPUUECKIE MAIIMHBI, CHHXPOHHBIE IBUTaTEIN U T€HEPATOPHI,
MalINHbI TOCTOSIHHOTO TOKA.

HccnenoBanusi BBIMOJMHSINCH C HCIONB30BaHMEM TMakera Monenupoanus Matlab c
pacumpenusimu Control System Toolbox u Simulink [5].

[Ipu wuccnenoBaHMU ONPEAEIINCH aJEKBATHOCTb, YHMBEPCAJIBHOCTH U 3KOHOMUYHOCTh
MojIeJieH AJIEKTPUUYECKUX MAILUH, UX CIIOCOOHOCTD OMUCHIBATh U IPOrHO3UPOBAThH IOBEICHUE MAIIIMH
B pa3IMuYHBbIX YyCIOBUSX. MccinenoBaHus BBIIOJIHSUINCH € HCIIOJIB30BAHMEM COBPEMEHHBIX
BBIUMCIUTENBHBIX ~METOJOB JJs aHaJIW3a M ONTHUMM3AIMHM  3JCKTPOMEXAHMYECKUX U
AJIEKTPOMArHUTHBIX TPOLIECCOB, a MMEHHO C HCIOJb30BaHHeM cpenbl Matlab ¢ pacmmpenusmu
Control System Toolbox u Simulink [3,4,5].

Ilo pe3ynbraTam McCiI€OBaHMS TOJIYUYEHBI CIEAYIOLUINE PE3YIIbTATHI.

1. ImuTaninoHHoe  MOJeNMpoBaHME  Tpex(da3HOro  aCHMHXPOHHOIO  JIBUraTens  C
KOPOTKO3aMKHYTBIM POTOPOM (PUCYHOK 1) TMO3BOJIUJIO MPOBECTH aHAIU3 JUHAMUYECKHX U
CTAllMOHAPHBIX XapaKTePUCTHK JBuUratensd. [Ipu BBINOIHEHUH MOJEIUPOBAHUS HCCIEIOBAIUCH
MPOIIECChl 3alycKa, TOPMOXKEHHUS U TEPEXOJHBIX IPOLECCOB, PEXUMBI pabOTHl JBUTATENS IPH
Pa3IUYHBIX BEJIMUMHAX U XapaKTepax HAarpy3KH U OLIEHEHO BIIMSHHUE U3MEHEHUS MapaMeTpOB CETH
Ha paboTy BUTATEII.

2. ImuTaniMoHHOE MOJIeINpOoBaHUe Tpex($a3HOro AaCHHXPOHHOIO JBUTaTeNs C (a3HbIM
poTopoM (PUCYHOK 1) MO3BOJIMIO JIETAJIbHO MPOAHAIM3UPOBATH M ONTUMH3UPOBATH €ro padouue
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XapaKTepUCTUKU ([0 OTHOLIEHUIO K JHEPreTUYECKUM 3aTpaTaM Ha YIpaBICHHUE JBUTATEIIEM).
MonenupoBaHue AAHHOIO TUIA JABUraTessd BKJIOYAJIO HCCIEAOBAHUE €r0 JUHAMHYECKHX U
CTAllMOHAPHBIX PEXHUMOB pPalOTHI, TAKHX KaK 3alyCK, TOPMOXXEHHE M PETyJIHpPOBAHHE YaCTOTHI
BpaILCHUS BaJa.

]

‘r}—I WHWY

Pucynok 1 — ImuTauronHast MOJEJb UCCIIEIOBAHUS ACHHXPOHHON MAIIIMHBI C
KOPOTKO3aMKHYTHIM U (ha3HBIM POTOPOM
B Xoje MOJICITUPOBAHUS JIBUTATEIIS TIOJTYYCHBI XapaKTEPUCTUKU
N = f(P,),cosg = f(P,) acHHXpOHHOW MalIMHBI KOPOTKO3aMKHYTHIM POTOPOM (PHCYHOK 2, 3),
MEXaHWYECKHE XapPAKTEPUCTUKH ACHHXPOHHOTO ABUTATENSI C (Pa3HBIM POTOPOM IMPHU Pa3THIHBIX
3HAYEHUSIX T0OABOYHBIX COMPOTHUBIICHUHN (PUCYHOK 4)

7 CoS¢ |

n
_ 1.
0,6 -
0,8
0,5 1
04 - 0,6 1
0.3 1 04 -
0,2 -
0,2
0,1 -
0 - L N B S I S B . R . R E— — 0 T
0 1246 2460 3632 P, B 0 1246 2460 3632 P, B
Pucynok 2—Pabouas xapakrepucTika Pucynok 3—3aBucumocts cos@ = f(P,)

n=f(P)
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Pucynok 4 — MexaHnueckue XapakTepUCTUKU AaCHHXPOHHOTO JBUraTelis ¢ (pa3HbIM pOTOPOM
MIPU PA3IUYHBIX 3HAYCHUSIX JOOABOYHBIX CONMPOTHBICHHN

3. NmuTanumoHHOEe MOICTMPOBAHNE CHHXPOHHOTO IeHepaTopa (PUCYHOK S) Ipu ero padoTe Ha
MACCUBHYIO HAarpy3ky (pe3ucTop, WHIYKTHBHOCTb, €MKOCTh) MO3BOJIHIU ONPEACIUTh BIIHSHUE
W3MCHCHHS XapaKTepa M BEIUYHMHBI HATPY3KH HA BHEIIHIOW XapaKTEPUCTHKY W KOd(HUIIMEHT
MOJIE3HOTO JIEUCTBUSL TeHeparopa. lcciemoBaHus MOKa3aid, YTO TPU AKTUBHO-UHIYKTHBHOM
Harpyske pCakuusa aKOps IpOoJa0JIbHasd pasMarinduBaroiias, CJICJ0BaTCIIbHO, IPU YBECIUUYCHHUHN TOKaA
HArpy3Kd BBIXOJIHOE HAIpsHDKCHHE TeHepaTopa yMEHBIIAeTCs; MPU aKTUBHON HAarpy3Ke peaxIus
AKOpSA NPOJOJIBHO-TIONICPEUHAs pasMarHnivBaroniasa, mo3TomMy ¢ poCTOM TOKa HAarpy3kKu BBIXOJHOC
HaMpsHKEHHE TeHepaTopa TakKe YMEHbIIAETCs, HO TOCKOJBKY MPOJI0JIbHAS COCTABIISAIOIIAS MEHBIIIE,
4Y€M B NPCAbIAYHIEM, TO UMECT MECTO PaSMAarHM4YMBaHUC AKOpPSA U HE CTOJIb CUJIBHOC YMCHBIICHUC
HaMpPsDKEHUs TeHEPaTopa, Kak B MPEIbIAYIIEM CIydae; IpU aKTUBHO-EMKOCTHOM HArpy3Ke peakius
AKOpSA NPOAOJIBHO-TIONCPECUHAAd HaMarHu4vBaromias, 4TO BBI3BIBACT POCT BBIXOAHOI'O HAIPSIKCHUSA
reHepaTopa IpH yBEIMYECHUM TOKA Harpy3Kd. Pe3ynbpTaTel MCCIENOBAaHUN CIIENYET YYUTBIBATH IIPH
MPOSKTHPOBAHUHU CHCTEM PETYIUPOBAHUS HATIPSHKCHUS TeHEPaTopa.

B xome wMonmenupoBaHUsI TeHepaTopa IMOJYYEHBI: «XApaKTEPUCTUKA 3aBHCHUMOCTHU
HANPSDKCHUS OT TOKA SIKOPsI CAHXPOHHOTO TeHepaTopay (PUCYHOK 6), XapaKTEPUCTHKA 3aBUCHMOCTH
HaIIpsDKEHUS OT MOIIHOCTH CHHXPOHHOIO TeHepaTtopa (PUCYHOK 7), Ha aKTMBHYI, aKTHUBHO-
WHIYKTHBHYIO, aKTHBHO-€MKACTHYIO Harpys3Ky.
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Pucynox 5 — Cxema UMHTAIIMIOHHON MOJIEJIM CHHXPOHHOT'O TeHepaTopa
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Pucynok 6 — XapakTepucTuka 3aBUCHMOCTH HAIPSHKEHHS OT TOKA SKOPSI CHHXPOHHOTO
renepatopa U=f(la)
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PucyHnok 7 — XapakTepucTUKa 3aBUCUMOCTH HANPSKEHUSI OT MOITHOCTH CUHXPOHHOTO
rerepatopa U=f(Pr)

4. HmuTanimoHHOE MOJENMPOBAHUE CUHXPOHHOI'O KOMIIEHCATOpa (PUCYHOK §) mpHU €ro
paboTe Ha <OKECTKYI0» CETh II03BOJIMJIO BBITOJHUTH AHAIW3 W ONTHMHU3MPOBATH IPOIECCHI
CTa0MIIM3aLMU HANpPsDKEHUS] M YIYUIICHHs KayecTBa IOKas3aTelei aiekTposHepruu. llpm stom
YUYHUTHIBAJIOCh, YTO OCHOBHAsI (DYHKINS KOMIIEHCATOpa — PETYINPOBAHNE PEAKTUBHON MOITHOCTHU B
CeTH s CTAOMIM3allMM HAINpPSDKEHUS W YIYUIICHUs TOKa3aTesleld KadecTBa SJIEKTPOIHEPIHH.
[TokazaHO, YTO HCHOJB30BAaHHE CHHXPOHHOTO KOMIIEHCATOpa OCOOEHHO BaXXHO B YCIOBHSIX
«OKECTKOI» ceTH, TIe KoJleOaH!s HANpsHKEHUS MPH pe3koM u3MeHeHuu Harpysku (80% mo 100% ot
HOMHUHAJIBHOW) MOT'YT IPUBECTH K HECTAOMIBLHOM paboTe MPHEMHHKOB JIeKTpodHepruu. B mpomecce
MOJICIUPOBAHUS HCCIEAOBAINCH JTMHAMUYECKHE XapaKTEPUCTUKU CHHXPOHHOTO KOMIIEHCATOPA,
TaKkMe KaK peak[us Ha W3MEHEHHsS Harpy3Kd, KoJeOaHWs HamnpsDKeHHS M JApPYTHe CeTeBbIC
BO3MYIICHUSI.

Dugtod

Pucynok 8 — CxemMa UMUTAlIMOHHOW MOJIENIN padOThl CHHXPOHHOMN MAIlIMHBI B PEKUME
KOMIIEHCATOpa

B X04¢€ MOACIUPOBAHUA CHMHXPOHHOI'O KOMIICHCATOpaA IIpHU €ro pa60Te Ha <«GKCCTKYI0» CCTb

ObLIa MOJTyYeHa XapaKTEPUCTHUKA 3aBUCUMOCTb JICUCTBYIOMIEero Hanpsbkerus ot DJ[C cetu (pUCyHOK
9).
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Pucynok 9 — Xapakrepucruka komrencaropa U; = f(Ey)

5. HMuTaninoHHOE MOJAETHPOBAHKUE JBUTATENICH MOCTOSHHOTO TOKA C MapayjielbHBIM
(pucynok 10) u mnocnenoBarenbHbIM (pUCYHOK 11) BO30yXKA€HHEM IO3BOJMIO JI€TAJBHO
MPOaHATU3UPOBaTh W ONTHMHU3MPOBATh HMX pabouyne XapaKTePUCTUKU ONpeeNuTh 00JacTu

IMPUMEHEHHNA TEX UJIN MHBIX HBHFaTeHeﬁ Ha KOHKPETHOM BUAC TPAaHCIIOPTA.

PR
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<Armature current ia (A)>

] »
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Pucynox 10 — Mogens HIIT ¢ nmapamiensHbIM BO30yKIeHUEM
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Pucynox 11 — Mogens JAIIT ¢ mocienoBareasHbIM BO30YKICHHEM
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B xone monenuposanus 1T ¢ nocnenoBaTenbHbIM U TapaJUIeIbHBIM BO30YKIEHUEM
HOCTpOeHbI paboure xapakrepuctiku w = f(P,) (pucynok 12), M = f(P,) (pucyHok 12)
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Pucynok 12 — PaGouast xapaktepuctuka w = f(P,) IIIT
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Pucynok 13 — PaGouast xapakrepuctuka M = f(P,) T

AHanmu3 UCMOJIb30BaHUs Maketa mozenupoBanus Matlab ¢ pacmmpenusmu Control System
Toolbox u Simulink mst uccaenoBanus pabOTHl ABUAIIMOHHBIX JIEKTPUYECKUX MAIIHMH MTOKa3al:

1. Hcnons3oBanne TporpaMMHOT0 obecriedenus, Takoro kak Matlab, mossomnster cosmars
TOYHbBIE U JCTATU3UPOBAHHBIE MOJETH JICKTPHUCCKMX MAIIWH, 4TO O0JIeryaeT BH3YaTH3AIUI0 H
MHTEPIIPETAIMIO PE3YIILTATOB HCCIEI0BaHMA. MoenupoBaHue CHOCOOCTBYeT pa3paboTke u
ONTHMU3AIMH MAPAMETPOB DIICKTPUUECKUX MAIIHH, MOBBIIIAS WX HAJICKHOCTh, 3PPEKTUBHOCTD,
JOJITOBEYHOCT, W WrPaeT KIIOYEBYIO pOJIb B HHIKEHEPHBIX HCCIICJAOBAHUAX M pa3paboTKe
WHHOBAIIMOHHBIX TEXHOJIOTHI.

2. Cpena Matlab & Simulink mo3BossieT pemuTh psij pa3IuYHbIX 3a/a4, TAKUX KaK: aHAIU3
JaHHBIX, pa3paboTKa aJrOpUTMOB, MOJEIMPOBAHHE W MPOECKTHPOBAHHE DIICKTPHUCCKHX MAIIUH,
CO3J1aBaTh MOJIEIIN U MPUIOKEHUS ISl paCYETOB M OCTPOEHHIM XapaKTEPUCTHK C IEIBI0 UX aHaJIn3a
u 1.0 IIupoKuil acmeKT Ha3HAYEHHs 95TOr0 HWHCTPYMEHTa [ENIaeT €ro yHHUBEPCATbHBIM.
Hcrons30BaHie JAaHHOM Cpeasl MOAEIMPOBAHMS Ul HCCIEIOBAHHS DJIEKTPUYECKUX MAIIUH H
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CUCTEM PEeTyJTHMPOBAHUS UX XaPAKTEPUCTHK ITO3BOJISET YMEHBIITUTH KaK TPYI0EMKOCTb, TaK M 3aTPAThI
Ha TIPOEKTUPOBAHUS U UCCIIEAOBAHNUE.

3. Ilporpammuoe obGecrneuenne Matlab, momoraer 6e3 Oosbimx 3arpar (QHU3HUSCKUX H
(hMHAHCOBBIX) HCCIEAOBATh BIUSHUE PA3TUYHBIX IMApaMETPOB Ha padOTy AIIEKTPUUYECKUX MAIIHH,
BBISBJISTH ONTHMAJIbHBIC YCJIOBHS OSKCIUTyaTallMd W pa3palaThiBaTh MEpbl IS TTOBBIIICHUS
3¢ (HEeKTHBHOCTHU ¥ HAJIC)KHOCTH MAIIIUH.
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Annotation. This article discusses the properties and applications of the conformable
fractional derivative in various fields of science. The theoretical foundations were analyzed, as well
as examples of applications in mathematical modeling of processes in physics and biology.
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The conformable fractional derivative is a generalization of the classical derivative that takes
into account the properties of nonlinear and nonstationary processes. It is used to describe the
dynamics of systems where standard methods do not provide the required accuracy. Unlike the usual
derivative, the conformable fractional derivative allows modeling complex dependencies and
asymptotics in various scientific fields.

A review of the literature shows that conformal fractional derivatives are used in such fields as
physics, biology, economics, and engineering. For example, in [1], the authors study the use of
fractional derivatives to describe diffusion processes, and in [2], their application in biomedical
models is considered.

The purpose of this study is to analyze the theoretical foundations of the conformal fractional
derivative and its application in mathematical modeling. We set ourselves the following tasks:

1. To study the main properties of the conformable fractional derivative.

2. To analyze its application in specific scientific problems.

3. Propose numerical methods for solving equations with conformal fractional derivative and
evaluate their effectiveness.

The conformable fractional derivative

1 d [ fo

DEF) =1 @y dx ) T Ch

For a function f(x) is defined as a generalization of the classical derivative, where the parameter
a can take fractional values (0<a<1) [3]. This derivative takes into account not only the local behavior
of the function, but also its global characteristics. One of the key properties of the conformable
fractional derivative is its ability to describe processes with memory, which makes it especially useful
for modeling nonlinear and complex dynamic systems.

Unlike the traditional derivative, which estimates the rate of change of a function at a specific
point, the conformable fractional derivative takes into account past values of the function, which
allows modeling delay and memory effects. For example, in the traditional diffusion model, the rate
of change of concentration of a substance depends only on the current state, whereas in the model
with a fractional derivative, the previous distribution of the substance also has an effect [4].
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The choice of the conformable fractional derivative is justified by its high flexibility and
versatility in applications. It allows for a more accurate description of processes that cannot be
adequately modeled using traditional approaches. For example, in biology, for modeling population
growth, where the influence of historical data on the current state is significant, fractional derivatives
can provide more accurate results. Also in physics, for describing processes associated with fractional
flow and diffusion, the use of a conformable fractional derivative helps improve the quality of
modeling.

The conformable fractional derivative is widely used in modeling diffusion processes, where
traditional approaches are often insufficient [5]. For example, in a system with fractional diffusion,
where molecules move based on previous movements, the use of fractional derivatives allows a more
accurate description of the particle distribution. Models based on the conformable fractional
derivative show improved results in predicting the time to equilibrium in complex media such as
porous materials or biological membranes.

In biology, conformable fractional derivatives are used to model population growth that takes
into account interactions between individuals and the influence of historical data on current states [6].
For example, models describing the spread of diseases can take into account both the current number
of cases and previous outbreaks, which allows for the prediction of epidemic waves with high
accuracy. These models are especially useful in ecology, where time delays and memory effects play
a key role.

In engineering, conformable fractional derivatives are used to optimize various processes, such
as heat transfer, fluid flow, and the dynamics of mechanical systems. The use of fractional derivatives
allows for more accurate modeling of system dynamics, especially in the presence of changing
parameters and unstable environments. For example, in control systems, where it is necessary to take
into account response delays, the use of a conformable fractional derivative can significantly improve
control and stability characteristics.

Solving equations with a conformal fractional derivative requires the use of specialized
numerical methods, since analytical solutions are often unavailable. One of the most common
approaches is the discretization method, which transforms fractional derivatives into finite difference
forms. For example, Gregory Baglioneri's method allows one to approximate a fractional derivative
using finite differences, making it possible to use standard numerical methods such as Euler's method
or the Runge-Kutta method [7].

Another approach is to use spectral methods, which allow solving equations in the frequency
domain, providing high accuracy for smooth solutions. The Fourier method, in particular, can be used
to analyze the properties of the system and obtain a solution in a more compact form [8]. These
methods allow for efficient solution of problems with high dimensionality and complex boundary
conditions.

To demonstrate the efficiency of the proposed numerical methods, we will consider two
examples of application of the conformal fractional derivative.

1. Modeling diffusion in porous materials: in this case, a numerical simulation of diffusion in a
cement matrix was carried out. Using the Baglioneri method, it was possible to reproduce
experimental data showing anomalous behavior of the substance distribution, which confirmed the
hypothesis of fractal diffusion [9].

2. Population growth: In another example, the population growth dynamics of a bacterial culture
were modeled using historical data on antibiotic exposure. Using the spectral method, the results
showed more accurate predictions than traditional models, which allows these methods to be used in
epidemiological forecasting practice [10].

During the study, numerical simulations were conducted for various scenarios using both
conformal fractional derivative and traditional methods. The modeling results for each problem were
compared with experimental data and analytical solutions where possible.

Diffusion modeling: The results showed that the model with a conformable fractional derivative
more accurately describes the diffusion process in porous materials compared to the classical model.
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For example, when comparing the time series of substance concentrations obtained using both
models, there was a significant discrepancy in the accuracy of the predictions, which is confirmed by
the determination coefficient R?, which was 0,95 for the fractional model versus 0,75 for the
traditional one.

1. Population growth: In modeling the population growth of a bacterial culture, the results also
confirmed the advantages of the fractional model. The concentrations predicted by the model with a
conformable fractional derivative coincided with the experimental data in 85% of cases, while the
traditional model showed an accuracy of only 65%.

When discussing the accuracy and efficiency of numerical methods, several key points can be
highlighted:

Accuracy. The use of a conformable fractional derivative provides higher accuracy when
modeling processes with memory and nonlinear dependencies. This avoids significant errors
associated with ignoring previous states of the system.

Efficiency. Although numerical methods for fractional derivatives may be more
computationally expensive, their ability to accurately describe complex processes justifies the
additional costs. In particular, spectral methods demonstrate high efficiency when working with
smooth solutions, which reduces the calculation time.

Thus, the results of this study confirm the importance and prospects of using the conformable
fractional derivative in various fields of science, especially in problems that require taking into
account historical information and complex dynamics.

The study examined the properties and applications of the conformable fractional derivative,
which led to several key conclusions:

1. The conformable fractional derivative provides a powerful tool for modeling processes with
memory and nonlinear dependencies, significantly improving the accuracy of predictions compared
to traditional methods.

2. Numerical methods, such as Baglioneri and spectral methods, have shown high efficiency
and accuracy in solving equations with fractional derivatives, which allows them to be successfully
applied in various scientific and practical problems.

3. The results obtained confirm that the use of the conformable fractional derivative is a relevant
and valid approach for describing complex dynamic systems in physics, biology and engineering.

Further research in the field of conformal fractional derivatives can focus on several key areas:

Development of new numerical methods: improving existing and creating new numerical
methods for solving more complex fractional derivative equations can significantly expand the scope
of their application.

Integration with other approaches: exploring the possibilities of integrating conformal
fractional derivatives with machine learning and artificial intelligence methods to create adaptive
models that can account for complex dynamic changes in systems.

Experimental verification of models: it is necessary to continue experimentally verifying the
obtained results, especially in areas such as ecology and medicine, where accurate models can have
a significant impact on practice.

In conclusion, we note that the conformal fractional derivative is a promising tool for scientific
research and practical application, which can significantly improve the understanding and prediction
of complex processes in various fields of science.
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Annotation. Kazakhstan is currently experiencing the era of the Fourth Industrial Revolution,
characterized by the rapid development of information technologies, high-tech innovations, and
transformations that significantly impact the education system. Modern education aims not only to
impart knowledge and skills but also to develop competencies essential for mastering core
professional programs and applying acquired knowledge in everyday life. This article highlights the
importance of utilizing the MathCad platform in school mathematics courses and emphasizes its role
in fostering students' analytical thinking skills and solving geometric and algebraic problems.

Keywords: MathCad, mathematics, visualization, interactivity.

Modern trends in the development of secondary and higher education impose high demands not
only on traditional teaching methods but also on students' ability to effectively utilize computer
technologies to solve various problems [1, p. 9-12].

Mathematics, particularly geometry, is considered one of the most challenging subjects for
students. Therefore, mathematics teachers face the task of increasing interest in the subject,
motivating students, and fostering strong mathematical knowledge. The use of innovative and
informational technologies in mathematics education remains one of the critical issues [2, p. 166-
176].

One effective way to enhance students' interest is through the use of electronic visual tools for
explaining material. Various software tools provide students with opportunities to work with
graphics, audio, and modern video equipment, encouraging them to engage in modeling diverse
environments [3, p. 9-13].

These platforms are particularly effective for solving applied problems, including mathematical
modeling in science, engineering, and economics. One of the key advantages of modern computer-
based mathematical systems is their advanced graphical capabilities, which enable the visualization
of various mathematical concepts and methods [4, p. 4-5].

The main goal of this study is to explore the role of the MathCad platform in enhancing students’
interest in mathematics, their motivation, thinking skills, visualization abilities, and modeling
competencies.

Over time, working with the program has become more user-friendly. New development stages
have been implemented, including support for various mathematical functions, faster task
calculations, and an updated workspace interface [5].

In the modern digital era, MathCad continues to evolve to keep pace with contemporary
computational technologies. The platform offers cloud-based versions, providing access from
anywhere with an Internet connection, significantly facilitating remote and collaborative work [6].
Additionally, MathCad integrates with other software applications such as Microsoft Excel and
MATLAB, making it a valuable tool for data analysis and scientific research.

Key features of MathCad include:

e performing simple calculations (functions of a large calculator);

e carrying out complex computations without the need for programming;

e analytical transformations of symbolic expressions;

e performing matrix operations;
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e solving systems of equations and inequalities;

e solving differential equations;

eintegration and differentiation;

e plotting graphs in Cartesian and polar coordinates;

e creating graphs, animations, and more.

Among the listed features, MathCad offers users convenient tools for visualizing calculations
and creating graphs of any complexity — in both Cartesian and polar coordinate systems, for
functions with one or multiple variables [7, p. 6].

Many school problems requiring extensive daily calculations can be efficiently and, most
importantly, accurately solved using computer-based mathematical systems. The additional time
saved creates opportunities to implement new teaching and learning methods in mathematics.
However, it is important to note that teaching technology does not always align perfectly with the
development of students' worldviews and theoretical knowledge. Mathematics, especially geometry,
remains one of the most challenging subjects for students. Therefore, mathematics teachers face the
critical task of enhancing interest in the subject, motivating students, and delivering mathematical
knowledge effectively. The integration of innovative and informational technologies into
mathematics education is one of the pressing issues today [8, p. 201-214].

One effective way to increase students' interest is by explaining material using electronic visual
aids. Various software tools provide learners with the ability to utilize graphic, audio, and advanced
video equipment, encouraging them to engage in modeling different environments.

As noted by the Russian educator K.D. Ushinsky [9, p. 18-26], in response to the demands of
modern times, every teacher enhances their knowledge and integrates innovative technologies into
lessons to meet contemporary standards. This approach makes lessons more engaging, meaningful,
efficient, and effective compared to traditional monotonous teaching methods. In today's world, the
level of scientific and technological progress determines the quality and depth of a student's
knowledge, skills, creativity, and critical thinking abilities. The primary goal of mathematics
education is to systematically apply specialized pedagogical methods to foster students' creative and
logical thinking, develop a scientific worldview, and cultivate self-education skills.

It is worth noting that MathCad is not just a tool for solving mathematical problems. It
encompasses a wide range of materials related to science and technology, including documentation,
scientific reports, books and articles, dissertations, theses, and course projects, allowing them to be
prepared for high-quality publication. Furthermore, these materials can simultaneously include
complex texts, mathematical formulas, function graphs, and various illustrative elements. MathCad
also enables the creation of high-quality electronic books with hypertext links.

Teachers striving to strengthen the connection between mathematics and other subjects
inevitably need to dedicate additional time to research and deepening their understanding. However,
it is essential to incorporate not only the improvement of students' mathematical literacy but also the
development of their skills in using information technologies into the mathematics teaching process.
A survey was conducted in schools in Almaty to evaluate the effectiveness of using mathematical
software packages. Questionnaires were designed to determine the need for implementing
mathematical packages in the educational process. Let us analyze the results. The survey was carried
out via social media using the WhatsApp application and the Google Forms platform.

83.3% of the respondents who participated in the survey indicated that they use mathematical
software packages in their mathematics lessons (picture 2).
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Picture 2. Do you use mathematical software packages (e.g., GeoGebra, WolframAlpha,
Mathcad) in your lessons?
(Source: Compiled by the authors)
To the question of what tasks they use mathematical software packages for, respondents
answered that they use them for plotting function graphs, solving integrals, and addressing
geometry problems (picture 3).
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Picture 3. What types of tasks do you use mathematical software packages for?
(Source: Authors' compilation)

In mathematics education, the use of new teaching methods fosters students' subject-specific
competence. They learn to understand and analyze problems, identify patterns, apply subject
knowledge, utilize information technologies, and discern information found online.

The majority of respondents noted that the use of mathematical software packages increases
students' interest and saves time (picture 4).
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Picture 4. What advantages do you see in using mathematical software packages in schools?
(Source: Authors' compilation)
Schools should be well-equipped with computers, other hardware, and Internet access to
effectively use mathematical software packages. 75% of respondents noted that the availability of
computers and other equipment is at a medium level (picture 5).
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Picture 5. How do you assess the availability of computers and other equipment in your
school?
(Source: Authors' compilation)

Discipline and information literacy play a key role in teaching the subject. Therefore, to
determine how much attention is given to subject-specific and information literacy, the survey
included a question related to information literacy (picture 6).
® Sr= aEscs
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Picture 6. How do you assess your level of information literacy?
(Source: Authors' compilation)

The main issues encountered when using mathematical software packages are the inadequate
material and technical resources of schools and slow Internet speeds. The use of the Mathcad platform
in school mathematics education is an innovative and effective approach that promotes a deeper and
more practical understanding of mathematical concepts. This software enables students to interact
with mathematical formulas, graphs, and data through an intuitive interface, making the study of
mathematics engaging and enjoyable.

The significance of using mathematical software packages in lessons was highlighted in the
conducted research. Mathcad enhances students’ problem-solving skills through visualization,
analysis, and numerical computations, providing a deeper understanding of mathematical concepts
and their real-world applications. Moreover, the use of Mathcad demonstrates the importance of
strengthening interdisciplinary connections between mathematics and other fields, such as physics,
chemistry, engineering, and economics. It also fosters improved mathematical literacy in lessons,
along with digital creativity, responsibility, and adaptability.
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CPABHUTEJIBHBIN AHAJIN3 YCIEBAEMOCTH CTYJAEHTOB KOJLTEIKA
10 MATEMATHKH JUISA TYMAHUTAPHBIX M CHEIIUAJTLHOCTEM
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Annomayun. B Oannoli cmamve npeocmasieH CpPAGHUMENbHbIL AHAIU3 YCHe8aeMoCmu
CMYOeHMO8 KOLIeOHCa NO Mamemamure, O00YYAIOWUXCA HA 2YMAHUMAPHBIX U MEXHUYECKUX
CHeyuanbHoCmsax, 20e UCHOAb3YIMCA Mamemamuyeckue pacdemsi. Llenv  uccreoosanus
3aKIIOYAEMCS 8 BbIAGIEHUU PA3TUYUL 8 YPOBHE YCBOCHUS MAMeMAMU4ecKux 3HAHUll U HABbIKOG
MedHcOy 08YMs cpynnamu cmyoenmos. s 0ocmudicenus 3moil yeau Obliu NpoaHaIu3upo8aHbsl
pe3yabmamyl IK3aMeHO8 U KOHMPOIbHLIX pabom, a maxice npoeedeHsbl ONpoCyl, HANPABLEHHbLE HA
OYEHKY BOCHPUAMUSL MAMeMamuKku u momusayuu K oOyyenuro. Pezynemamvi uccireoosanus
NOKA3aAU, YMO CMYOeHmbl MEeXHUUEeCKUX CReyuaibHoCmel O0eMOHCmpupyiom 6oaee 8biCoKUe
noKazamenu ycnegaemocmu no Mmamemamuxe no cpasienuro ¢ cymanumapuamu. Oonaxo, vecmomps
Ha 2mo, cpedu CMmyOeHmos 2yMAHUMAPHbIX CREeYUATbHOCIel HADI00Aemcs 8blCOKULL UHmepec K
NPAKMU4ecKoMy NPUMEHEHUI0 MamemMamudeckux 3HaHuil 6 ux oobaacmu. B cmamwve makoice
PaAccMampusaomcs (hakmopwvl, GIUSIOUUE HA YCNEBAEMOCb, MAKUE KAK MemoouyecKkue nooxoowl,
VPOBEHb NOO2OMOBKU U MOmMuUusayusi cmyoeHmos. Bwvieoodwi uccredosanusi noouepkusarom
HeobXo0UMOCmb a0anmayuu y4eOHbIX npocpamMm U Memo008 NPenooa8anus MamemMamuxu ¢ yuemom
cneyupuUKU paziuyHbIX CneyuaIbHOCmel, Ymo Modcem CnocoOCcmeosams no8blueHUIo uHmepeca u
ycnegaemocmu cmyo0eHmos 6 0anHou oonacmu. Pezyiemamol mo2ym Ovlms noiesusl 0isi nedazo2os
U AOMUHUCIIPAMOPOS KOIEOXdCel, CMPeMAWUXCA VIAVYUUMb KA4ecmeo MamemMamuyeckoeo
obpazosanus.

Knroueevie cnoea: mamemamuxa, cpagnumenvubsiil ananus, t-kpumepuii Cmovrooenma.

BBenenue

YacTo MOKHO yCTBIIIATh YTBEPKACHUS BpoJe: «MHe He Hy>KHA MaTEMAaTHKa, S TYMaHUTAPHUII».

MHorue poauTenu UCKpeHHE YOEKAeHbI, UTO €CIIH Y UX JETeH BRICOKHE OLIEHKH I10 JTUTEpaType
U PYCCKOMY SI3BIKY, TO 3TO NMPU3HAK UCKIIOYUTEIHLHO T'YMAHUTAPHOTO cKiaga yma. Ho Bo3HUKaeT
BOIPOC: HYKHBI JI TYMaHUTApUI0 MareMaTuueckue 3HaHusA? Benp B Haile BpeMsi BBIYMCIICHUS
MOXHO JIETKO JIOBEPUTH KaJIbKYJATOPY, 4 CJIOXKHBIE 3a/adyd PELIMTh C IIOMOIIbK HMHTEpHeTa. B
pe3yabTaTe JIETU BBIPACTAIOT C MBICIIbIO, YTO MAaTEMAaTHKA UM HE TIOJ] CHITY, M YTO 3TO «HE HX» HayKa.
OpHako Takoe MHEHHE — OOJIbIIIOe 3a0yKIeHHUE.

BaxHo noHATH: pazzieseHne Ha «T'yMaHUTapHbIIN) I «TBOPUYECKHI» YM — 3TO CKOpee criocod
orpaBaaTb HCAOCTATOK PA3BUTHUA MATCMATUUCCKUX HABBIKOB, @ HC UX OTCYTCTBHUC KaK TaKOBOC. BG,Z[B
MaTeMaTHUYECKHI MOTEHIIUAJ €CTh Y BCEX; BOMPOC JIUIIb B TOM, HACKOJIBKO OH ObUI pa3BUBAEM.

Pa3yMeeTc;1, HC BCCM HYXHO yTJIYG.H}ITBCSI B MAaTCMATUKY WJIN 3aHUMATbLCA TOUYHBIMU HaYKaMU
npodeccroHanbHo. Ho cuntaTh, 4TO0 MaTemMaTHka abCOIIOTHO Oecrosie3Ha, — Trpydas ommbka. Ita
HayKa HAXOJWUT NpUMEHeHue B 000 chepe. [laxke ecnu BeIOpaHHas npodeccus HE CBs3aHA C
JU3aiHOM, CTPOMTENILCTBOM WM MPENOJaBaHUEM, IIKOJbHbIC 3HAHUS MaTeMaTHKH BCE PaBHO
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npuroastea. [Ipaktuuecku nmobas pabota TpeOyeT BbIUMCICHMH U pacueToB. Ecnu 3amymatbes,
MaTeMaTHKa OKPY>KaeT HaC MOBCIOY.

MaremaTika He3aMEHHMMa, KOrJa pedb MJET O pelleHHH 3a7ad, TPeOyIoIIUX aHaiu3a U
pacueToB. Takue 00JaCTH, KaK CTaTUCTHUKA, TEOPUS BEPOSITHOCTEH, IPOrHO3UPOBAHHUE, CTAHOBATCS
0COOEHHO BaKHBI B OM3HECE U NPH 3aIycke cOOCTBEHHOrO jena. JIo6oii mpoekT TpedyeT pacuera,
aHaJu3a U IUIaHWpoBaHUs. Jlake eciii B KOMaHJE €CThb CIELUATUCThI, KOTOPbIE 3aMYyTCsl 3TUMU
BOIIPOCaMU, UX pabOTy BCE paBHO HY)KHO KOHTPOJIMPOBATb.

VYcnex B Ou3Hece HEBO3MOXKEH 0€3 NMPUMEHEHHS MaTeMaTHYeCKHX METOJOB, TaKuMX Kak
MIPOTHO3UPOBAHNE U MOAEINPOBaHNE. FIMEHHO MO3TOMY BBITYCKHUKH TEXHUYECKHUX BY30B 3a4acCTYIO
JIOOMBAIOTCSA 3HAYUTENILHBIX YCIEXOB B MpEANPHUHUMATENLCTBE. TeM He MeHee, Te, KTO paHee He
YAEIsUI BHMMAaHUSL TOYHBIM  HAayKaM, BCErJa MOIYT HaBepcTaTh YIYIIEHHOE  4Yepes
CHeMaIN3UpOBaHHbIE KypCHI U JIUTEPATYPY.

bu3znec — 3T0 4eTKO OpraHM3OBaHHAsl CHCTEMa, CO3/IaHHE KOTOPOW TpeOyeT JIOTHYEecKOro
MBILUICHUS], YMEHHS 000011aTh ¥ TOHUMATh B3aUMOCBSI3U. M3BECTHO, UTO M3yUeHNE MAaTEMAaTHUKU U
JIPYTUX TOYHBIX HAYK CIOCOOCTBYET PA3BUTHIO 3TUX HABBIKOB.

MaremMaTika OMOTraeT CTPYKTYpUpOBaTh MbIILIeHHE. be3 0a30BBIX 3HAHUH B 3TOW 00IacTH
YelloBeKY OYAET CII0)KHO HaXOUTh PEIIeHHsI B KPU3UCHBIX CUTyalusax. bonee Toro, MaTeMaTuueckuit
MOJIXOJT TO3BOJISIET B3MVIAHYTh Ha MpOOJEMY C HOBOM TOYKM 3pEHHS, YTO HYAacTO MNPUBOAMUT K
HEOKUJaHHBIM U 3P PEKTUBHBIM PEIICHUSM.

MatemaTika — 3TO HUHCTPYMEHT mopsaka. OHa CUCTEMATU3UPYET, CTPYKTypuUpyeT U
YIPOIAeT Xaoc, YrpoKalIui TeM, KTO MpeHeOperaeT 3HaHUSIMU. DTOT acleKT KpaiiHe BaXkeH IS
Hallero BHYTPEHHETO MMpa U HMHTe/UIeKTa. HalTH 4YTO-TO, YTO pa3BUBAET MBIIUICHUE TaK XKe
3¢ (HeKTUBHO, KaK TOUHBIE HAYKH, Ceiuac MPaKTUYECKH HEBO3MOXKHO.

MareMaTika Kak TOYHas Hayka HE TEprnUT OmmMOOK M HeOpekHocTH. OHa BOCHHUTHIBACT
CTPYKTYPHOE MBILIUIEHME M TOMOTaeT NpPeACKa3blBaTh pe3yinbTaThl. ba3zoBble maTeMaTHyeckue
3HAHHUS TTOJIC3HBI B JIFOO0H cdepe: 0T OBITOBBIX pacYeTOB 10 MPO(HEeCCHOHATEHOM eI TeILHOCTH.

XOTSl TEXHOJIOTUU TO3BOJIAIOT YIPOCTUTh MHOTHUE BBIYUCIICHUS, OHU HE PAa3BUBAIOT JOTUKY U
uHTeIUIeKT. Eciin y Hac B TonoBe HEeT XOoTs Obl 0a30BBIX OCHOB, HHMKAaKas TEXHHKA HE CMOXKET
KOMIIEHCUPOBATh 3TOT MPoOe.

O030p uTEpaTYpHI

B pa6ote B. A. Ycnenckoro "MaTtemaTiudeckoe  TyMaHUTapHOE: TIpeoaoseHue oapbepa”. B
3TOM YBJIEKATEJIbHOM HCCJIEJIOBAaHUU aBTOP OOCYXKJIaeT BaXHOCTh B3aUMOJAECHCTBUS MEXKAY
MaTeMaTHUKON M T'yMaHUTAPHBIMU HayKaMmH, MOJYEPKUBAs, YTO TOJIBKO Yepe3 MPUMHUPEHHUE ITHX
obJyacTeld 3HaHUM MOYKHO JIOCTHYh Oosiee rIy0OKOTro MOHUMaHUsA MUpa. Pa3MbIlieHus: 0 ToM, Kak
MaTeMaTHKa U UCKYCCTBO MOTYT COCYILIECTBOBATh U o0oramaTh Apyr Apyra!

MoxkHO 3amMeTuTh Kak B. A. YcmneHnckuii 000CHOBBIBAET HEOOXOIMMOCTH B3aMMOIEHCTBUS
MEXy MaTeMaTUKOW U TYMAHUTAPHBIMM HAayKaMHU, MOJYEPKUBAs, YTO Pa3HbIC CTUJIA MBILIUICHHUS,
MpHUCYIIME 3TUM o0JacTsM, MOryT oOoratuTh Apyr apyra. OH yTBEpXkIaeT, 4YTO H3yueHue
MaTeMaTHYECKUX METO/I0B, TAKMX KaK aKCHOMAaTUYECKHI 10IX0/1, CIIOCOOCTBYET Pa3BUTHIO CTPOTOr0
MBIIUICHHS U JUCLHUIUIMHBL, YTO MTOJIE3HO HE TOJIBKO JUIsl MATEMAaTUKOB, HO U JUIs rymaHuTapueB. C
JIpPYrol CTOPOHBI, TYMaHUTApHbIE HAYKH Pa3BUBAIOT TOJEPAHTHOCTb K PA3JIMUHBIM MHEHUSM U
IIOMOTAOT JIy4YIlle TIOHUMAaTh CJIOKHBIE, PACIUIBIBUATHIE SIBJICHHUS OKPYXKAIOIIEr0 MUpPA, YTO TAKKE
MOKET OBITh MOJIE3HO JUISI MATEMAaTHUKOB.

Taxke aBTOp OTMEYaeT, YTO JUTEpaTypa M MCKYCCTBO SIBJISIOTCS BaXXHbIMH YacCTSIMHU
YEJIOBEUECKOM KYyIbTYypbl, M HX IEHHOCTh HE OrPAHUYMUBAECTCS TOJBKO MPAKTUYECKUMHU
MPWIOKEHUSAMU, KaK 3TO 4acTo ObiBaeT ¢ marematukod. OH MOAYEpPKUBAET, YTO COYETAHUE
MaTEMaTUYECKOI0 M T'YMaHUTAPHOIO IMOAXOJOB COXpaHSET MPUBJIEKATEIbHOCTh HE TOJIBKO JUIS
Hay4YHBIX PaOOTHHKOB, HO W JJIA T€X, KTO HE cOoOMpaeTcsl 3aHUMAThCsl HAyKOH, 4TO JENaeT 3TO
B3aMMOJICHCTBHE BaXXHBIM I 00JI€€ MIMPOKOTO MOHUMAHUS YEIOBEYECKOTO OIbITA.

B pabote aBTOpa HE MPHUBOJATCS KOHKPETHBIE MPUMEPHI U3 JUTEPATYphl WIH GuiIocopuu B
TPaJIULUOHHOM CMBICJIE, OAHAKO OH O0CYXJIaeT KOHLEMNIMM U HIEH, KOTOpPbIE HIUIIOCTPUPYIOT
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pasznuuus MeXJIy MaTeMaTH4YeCKMM M TyMaHUTapHbIM MblluieHHeM. Hampumep, oH ynoMuHaeT
aKCMOMAaTHUYECKUI METOJ], KOTOPBIN MCIIONB3YETCsl B MATEMATHKE, U KaK OH CIIOCOOCTBYET CTPOTOMY
MBILIUIEHUIO, B OTIMYME OT 0o0Jiee PACIUIBIBYATBIX M MHOTIO3HAYHBIX MOHITUH B I'yMaHHUTapHBIX
HayKax.

Takxe aBTOp MOJUYEPKUBAET, YTO MAaTEMATUKU CKJIOHHBI BUAETh MUP B Y€PHO-OEJBIX TOHAX,
YTO MOKET IPUBECTH K HEJOTIOHUMAHUIO 00JIee CII0KHBIX U MHOTOTPAHHBIX YEJIOBEUECKUX SIBICHUH,
KOTOpBIE JIy4llI€ ONUCHIBAIOTCSA T'YMaHUTAapHBIMU HaykaMu. OH yKa3bIBaeT Ha TO, YTO TYMAHUTAPUHU
Oosiee TOJIEPAHTHBI K PAa3IUYHBIM MHEHHMSM, YTO SBJISETCS Ba)KHBIM acCMEKTOM HUX IMOIXOoAa K
ITOHMMAHHIO MHpA.

Takum 00pa3oM, XOTS KOHKPETHBIE JIUTepaTypHble Wi ¢GMIocopCKue TNpUMEpPHl HE
YIIOMHHAIOTCS, Y CIIEHCKUI MCIIOIb3YeT 00IMe KOHUEIIIMYA U METO/IbI, YTOOBI IPOMJUTFOCTPUPOBATH
Ba)XHOCTb B3aUMOJICHCTBHS MEXKIy ABYMS 00JIaCTMU 3HAHUH.

Ctporo roBops YCHEHCKHH TOMUYEPKUBAET, YTO MATEMAaTHKH W TYMaHUTApUH O00JIaIat0T
pa3IUYHBIMM CTUJISIMH MBILUIEHUA. MaTeMaTHUKU CKJIOHHBI K CTPOTOMY, aKCHOMaTHYECKOMY
MOJIXOAY, B TO BpeMsl KaK T'yMaHUTapuH Oosiee OTKPBIThI K MHTEPIIPETALUSIM U MHOKECTBY TOUYEK
3peHus. DTO pa3nuyue odoram@aer o0e CTOPOHBI, MO3BOJISIE MM YYHUTHCS APYr y Apyra. ABTOp
YTBEPKJAET, UYTO M3y4EHHE MaTEeMaTUKH, OCOOCHHO aKCHMOMAaTHYECKOI'0 METO/Ad, pa3BUBAET
MPUBBIYKY K CTPOrOMY MBIIUIEHUIO, YTO IOJIE3HO HE TOJBKO /s MaTEeMaTHKOB, HO W JJIA
ryMaHUTapueB. DTO CIOCOOCTBYeT 0ojee YEeTKOMY M OpPraHM30BAaHHOMY IOJXOAY K aHalIu3y
nHpopmanmu. OH aKUEHTHPYET BHUMaHHE Ha BaYKHOCTU B3aWMOJICHCTBUS MEXIy MaTEeMaTUKON U
IryMaHUTapHbIMM Haykamu. OH CUMTaeT, YyTO TaKOoe B3aUMOJEICTBHE MOXKET NPHUBECTH K Ooiee
rI1yOOKOMY TOHUMAHHIO CIIOXKHBIX SBJICHHUH U MTPOOJIEM, C KOTOPBIMHU CTAIKHBAETCS YEIIOBEUECTBO, a
TaKXe, YTO Ba)KHOW 11eJbl0 0OyueHMsI TyMaHMTapUeB MaTEeMaTHUKE SBJISAETCS HE TOJBbKO Iepeaaya
3HAHWUW, HO W PACUIMPEHUE UX ICUXOJOTHH, MPUBUTUE CTPOrOW JHUCHUUIUIMHBI MBIIUIEHUS. DTO
MIOMOTAeT T'YMAaHUTApUsAM Jydllle CHpPaBIATbCS C AOCTPAKTHBIMM KOHLENIMSAMHU M pa3BUBATh
KPUTHYECKOE MBILIUICHHUE.

OTH UJeu MOoAYePKHUBAIOT HEOOXOIUMOCTh MHTETPALlM MaTeMaTHUYeCKOro U I'YMaHUTapHOTO
MOJIXOI0B /JIsi 00JIee MOIHOTO MOHUMAHHS MUPA U YEIOBEUYECKOTO OTIBITA.

B paGote apyroro aBTOpa mpHUBOAUTCS JEKIMA O (punocodckux mpobiemMax COBpEeMEHHOMH
MaTeMaTUKU. B 3TOM JOKyMEHTe POBOAMIOCH TITyOOKOe MccienoBanne GpuimocopcKkux OCHOBaAHUN
MaTeMaTUKH, CIeUU(PUKY MaTeMaTHYeCKOro 3HaHMS M ero ponb B Hayke. OTMedaercsi, uTo
MaTeMaTHKa — 3TO HE MPOCcTO Habop GopMyl, a SA3bIK, KOTOPBIM CBS3bIBACT pa3/IMYHbIE HAYKU U
IIOMOTaeT HaM JIy4lle [IOHUMAaTh MUP BOKPYT.

B nexuum paccmaTpuBaroTCsl JIB€ OCHOBHBIE I'pyMIbl PHIOCOPCKUX MPOOJIEM MATEMaTUKU:
OHTOJIOTMUECKHE U MUCTEMOJIOTHYECKHUE.

1.0nmonocuueckue npobnemsvr KacarOTCSi TPUPOIBI W CYLIECTBOBAHMS MAaTEMaTHYECKUX
00BEKTOB, a TAKXKE UX 00YCIOBICHHOCTH TEOPUSMH, B KOTOPBIX ATH OOBEKTHI 33/1aHBL. DTO BKIIOYAET
B ce0s BOIPOCHI O TOM, CYILIECTBYIOT JIM MaTeMaTUYECKUe 0ObEKThI HE3aBHCUMO OT YEJIOBEUECKOI0
CO3HAHMS U KaK OHU COOTHOCATCS C PEAJIBHOCTBIO.

2.9nucmemonoauyeckue npoodaemsbl CBSI3aHBl C BOIPOCAMM O TOM, Kak Mbl IIO3HAaeM
MaTeMaTHYECKHE UCTHHBI, KAKOBA IIPUPO/Ia MATEMAaTUUECKOI0 3HAHUS U UTO JEJIaeT MaTEMaTUUECKHE
JI0Ka3aTeNbCcTBA yOCIUTEIBHBIMU M HEONPOBEPKUMBIMU. OTH IMPOOJIEMBbl TaKXkKe 3aTparuBaroT
BOIPOCHI O TOM, KaK MaTeMaTHYECKUE KOHICTLUU M CYKICHHUS MOTYT ObITh HE3aBUCUMBIMHU OT
SMIIUPHUYECKOTO OIIBITA.

Taxum 00pa3oM, JEKIHs 0XBAaTHIBAET IIMPOKUI CTIEKTP (PHUI0CO(PCKUX BOPOCOB, CBA3AHHBIX C
IIPUPOION MATEMATHKH U €€ TIO3HAHUEM.

B paGore MHOrMx aBTOpPOB OTMEYAETCs, YTO MaTeMaTHKa WIpaeT KIIOYEBYIO pOJb B
€CTECTBEHHbIX HayKaX, BBIIOJIHAS HECKOJIBKO BaXKHbIX (DYHKLMI TaKUX KaK HallpuMep MaTeMaTHKa
CIIY’)KUT YHHMBEPCAJIBHBIM SI3bIKOM, KOTOPBIH MO3BOJIAET TOYHO (POPMYyIHpOBATh HAy4HBIE WUACH U
teopur. OHa obecrneunBaeT HEOOXOAMMYIO CTPYKTYPY JUIsl ONMCAaHUS SIBICHUM U IPOLECCOB B
pa3MYHBIX 00JacTAX HAyKH, TAaKUX Kak (Qu3uKa, XuMus 1 Ouojorus. bojee Toro, 3HaUMTEIHHBIC
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JTOCTIDKEHUSI B MaTeMaTHW3allid HAYyYHOTO 3HaHUS OBUIM JIOCTUTHYTHI B TakWX OO0JacTsAX, Kak
aCTpOHOMMS, MEXaHHMKa, THJApaBiIuKa M (u3uka. MaremaTHuecKue MOEIU MOMOTaloT YYEHBIM
(GbopMynMpOBaTh MIIOTE3bI, IPOBOJAUTH HKCIEPUMEHTHI U MHTEPIPETUPOBATh pe3ynbTaTsl. Kpome
3TOr0, MaTeMaTHKa aKTUBHO UCIIOJIB3YETCs B IPUKIIAJAHBIX HAyKaxX U TEXHHUKE, YTO MO3BOJISIET pelIaTh
MpaKTUYEeCKHe 3a/Ja4i W pa3padaThiBaTh HOBBIE TEXHOJOTMH. be3 MaTeMaTHdyecKoro ammapara
HEBO3MOXHO OBLIO OBl OCYLIECTBUTH TaKHE JOCTM)KEHHS, KAK OCBOCHHE KOCMOCAa WM CO3JaHHe
JIEKTPOHHO-BBIYMCIUTEIbHBIX MAILIUH.

Takum o00pazoMm, MaTreMaThKa HE TOJBKO CIIOCOOCTBYET YIIIyOJIEHHOMY IOHHUMAaHHUIO
€CTECTBEHHBIX SIBJICHMH, HO M SBISAETCS OCHOBOM Ul NMPAKTUYECKHX NPWIOKEHUH B Hayke U
TEXHUKE.

[Tpu pabote ¢ peanbHBIMH (HU3UIECCKUMH O0BEKTAMH HEOOXOAMMA HAcaIU3aIis B KOHTEKCTE
MaTeMaTHYEeCKUX 00BEKTOB — 3TO MpOIIeCcC, P KOTOPOM CJIOXKHBIE U Pa3sHOOOpa3HbIE peabHbIe
SBJICHUS YNPOUIAIOTCA 10 Oosee abCTPAaKTHBIX M MICAIM3MPOBAHHBIX MoJeNed. DTOT IpoLecce
BKJIIOYAET B ce0s1 HECKOJIBKO KITFOUEBbIX aCTIEKTOB:

1.0Omeneuenue om xoumkpemuwvix ceoticmg. Vneanusarus MO3BOJIIET COCPEAOTOUYMTHCS Ha
KOJIMYECTBEHHBIX W TIPOCTPAHCTBEHHBIX CBOWCTBaX OOBEKTOB, WTHOPHUPYS HX KadeCTBEHHBIE
XapaKTEePUCTUKH. DTO MOMOTaeT co3/laTh 00JIee MPOCThIE U YIPaBIseMble MOJEIH, KOTOPhIE JIerye
aHaJTM3UPOBATh U MCIIOJIb30BaTh B MATEMAaTHUECKUX pacueTax.

2.Co3z0anue abcmpakmmuvix 00vekmos. B pe3ynbrare uaeain3alud BO3SHUKAIOT a0CTPAKTHBIC
MaTeMaTU4eCKue OOBEKTHI, TAKWE KaK TOYKH, JIMHUHM M TUIOCKOCTH, KOTOpblE HE UMEIOT MPSIMOTO
COOTBETCTBUS B peasIbHON NEHCTBUTEIBHOCTH. DTH 00BEKTHI (POPMUPYIOTCS HA OCHOBE MJI€AJIbHBIX
YCJIOBHMM M CBOWCTB, UTO JI€JIA€T UX MOJIE3HBIMU JUIs IOCTPOCHUS TEOPUN U MOJCIICH.

3.Céa3v ¢ peanvnocmuio. Wneanuzauus Takxke [OApa3yMeBaeT, YTO CO3JaHHbIC
MaTeMaTH4YeCKHE MOJEIH MOTYT HE TOJHOCTBIO OTPa)KaTh CIIOKHOCTh PEAbHBIX OOBEKTOB W
nporeccoB. OJTHAKO OHM MO3BOJIAIOT JA€aTh MOJE3HbIE MpPeACKa3aHHus U BBIBOJbI, KOTOPbIE MOTYT
OBITh TPOBEPEHBI IKCIICPUMEHTAIBHO.

Takum oOpa3zom, wujeanu3anys sBISETCS BaXKHbIM HHCTPYMEHTOM B MaTeMaTHKe,
MO3BOJISIONIMM CO3/1aBaTh MOJIENN, KOTOPBIE YIPOIIAOT IIOHMMAHNE U aHAJIN3 CIIOKHBIX SIBICHUI B
pearbHOM MHpe.

OcHoBHas1 YacTh

Huckpemnas cayuaiinas éenuyuna X — 3T0 cliydaiiHasi BeIMYMHA, TPUHUMAIONIAs 3HAUYCHHS U3
KOHEYHOT'0 WJIM CYETHOTO MHOKECTBA. 3aKOH pacIpeeseHUs] JUCKPETHOM CIy4ailHON BETMYHHBI
3agaéTes yanie Bcero He (yHKUMEH pacnpefesieHus, a padom pacnpeoenenus, T. €. Tabauuen

X X4 Xy Xn
p P1 P2 Pn

B KOTOPOH X1, Xp,** X;, — PACIIOJIOKEHHBIE 110 BO3PACTAHUIO 3HAYECHUS JUCKPETHOM CIlydaliHON
BEJIMYUHBI X, & P1, P2,"* Ppn — OTBEUAIOIIME STUM 3HAUEHHUSAM BEPOATHOCTH. YUCIIO CTOJIOLIOB B ATOM
TabmuIe MOKET OBITh KOHEYHBIM (€CJIM COOTBETCTBYIOLIAs clydaiHas BEJIWYMHA IMPUHUMAET
KOHEYHOE YHCJIO 3HAUYEHUI ) NI OECKOHEUHBIM.

OueBuHO, 4T0),; X;p; = 1

Mamemamuyeckum odxcudanuem OUCKPEMHOU CAyYauHou eeaudursl X HA3BIBAETCA YHUCIIO
MX =Y, x;"p; paBHOE CpPEIHCB3BCUICHHOMY 3HAUCHUIO CJIy4allHOM BEJMYMHBI C BECaMH-
BEPOSITHOCTSIMHU.

Jucnepcust ciydailHOM Benw4uHbl X, 0OO3Hauaemas kak IN([f), paBHa MareMaTHYEeCKOMY
OKHJIAaHUIO KBaJpaTa OTKJIOHEHMs CIy4ailHOM BeNWYMHBI OT €€ MaTeMaTHYeCKOro OXHIaHHS:
D(X) = M(X — MX)? D10 XxapaKTepHCTHKa CTENEHH BapMAllMK 3HAYECHUH CITyqailHON BEJTMYMHBI
BOKpYT €€ LieHTpa rpynnupoBaHus. Jlucrnepcus sBiaseTcss BaKHOM XapaKTEpUCTUKOM AJisd aHaimu3a
CIIy4alHBIX BEJIMYUH.

D(M) = M(X?) — (M(X))?

0 “MexayHapoHbIH Hay4HO-UccaefoBaTebcKUH LeHTp “Endless Light in Science”



OU3UKO-MATEMATUYECKHE HAYKHU

Impact Factor: SJIF 22%2212 - 55-211 PHYSICAL AND MATHEMATICAL SCIENCES

OcHOBHBbIE 3aKOHBI pacpe/Ie/IeHNs] AUCKPETHBIX CIy4allHbIX BEJIMYMH BKIIIOYAIOT:

bunomunanbHOE pacnpeneneHUe - ONMCBHIBAET KOJIMYECTBO YCIEXOB B N HE3aBUCHUMBIX
UCIIBITAHUSAX.

[TyaccoHOBCKOE pacrpefenieHue - UCTIONb3YeTCs Uil MOJICIIMPOBAaHUS KOJIMUYECTBA COOBITUH,
MPOUCXOAIINX B (PUKCUPOBAHHOM MHTEpBaJie BPEMEHU WM MTPOCTPAHCTBA.

I'eoMeTrpuueckoe pacipeieeHue - ONpeneseT KOJUYECTBO UCTIBITAHUM 10 IEPBOrO yCIeXa.

DT 3aKOHBI IOMOTAlOT aHAJTU3UPOBATh U IIPEJICKA3BIBATD TIOBEICHUE TUCKPETHBIX CITy4alHbIX
BEJINYHH.

BbiBoabI M 1ajIbHelIINE ePCIIeKTUBBI HCCIeJ0BAHUSA

B nanHOM nccienoBaHUM NPUBEICHBI JaHHBIE 10 pe3yinbTaraM TecTa 1o Tteme CiydaiiHas
BEJIMYMHA U €€ YUCIIOBBIE XapaKTEPUCTUKU. B nccienoBaHuy HCIIONIBb30BAIUCH TIOJTyYEHHBIE OTBETHI
Ha TECT TpPYyNI KOJUIEIKAaF KOTOphle OOYdYaloTCs IO Pa3HbIM CIEHUAIBHOCTSAM. XOTS B
CHELHUAJIBHOCTIX HET YEeTKOW IpaJaluy Ha T'YMAHUTApHOE MJIM TEXHUYECKOE HampasieHHe. Tem
HEMEHee JeIOT OOJbllle pacueToB M aHAJIW3 PHUCKOB B CBOEH Mpodeccuu CHenuanbHOCTH
MEHEJKMEHT, MapKEeTUHT, TOCTUHUYHBII OM3HEC, a MEHEee 3aMHTEPECOBaHbl B TOUHOCTH MOKa3aTenen
10 HallIEMy MHEHUIO 3TO CHEIUAIbHOCTH IOPUINYECKOE JIETIO.

B Tabnuue 1 nmpuBeseHs! BOIIPOCH TeCTa

Tabnuma 1

Bomnpocsl

1 Ymo naswviearom cayuauHou 6eiuyuHou?

2 Cymma seposmuocmell 8cex 3/1eMeHmapHblx codbImull pasua...?

3 B kopobke 4 benvix u 6 yepHvlx Wapos, Hamu 6epoSMHOCb YUMo Oblll 8blOpaH Oenblil
wap?

4 Ecnu X=3, a p=0.6, mo eco mamemamuueckoe oxcuoanue pasHo...?

5 Ecnux1=2, p1=0.4, x2=4, p2=0.6. Yemy pasrno mamemamuyeckoe oxcuoarue?

6 Ecnux1=2, p1=0.4, y2=4, p2=0.6. Yemy pasno M(3X+2Y)?

7 Ecnu  oucnepcus  cayuainou eenuuunvt D(X)=9, mo cpednee ksadpamuueckoe
OMKIOHEHUe PAsHO...?

8 Ecnu oucnepcus  cayuaunoi eenuuunvt D(X)=8.6, mo cpeonee keadpamuueckoe
OMKIOHEHUE PABHO...7

9 Ecnu cpeonee keaopamuueckoe omxnonenue cuema(X)=1,73, mo oucnepcus cayuainou
8eUYUNbl PABHA...7

10 Dopmyna 015 8bIYUCTEHUSL MAMEMANUYLECKO20 OHCUOAHUA?

11 Dopmyna 0ns 8blYUCTEHUSL OUCNEPCUL CIVHAUHOU BeIUYUNBL!

12 Dopmyna 015 8bIUUCTEHUSL CPEOHe20 K8aOPaAMmuiecko2o0 OMKIOHeHUA?

13 Dopmyna 015 8bIUUCTEHUSL CPEOHe20 K8aOPaAmuiecko2o0 OMKIOHeHUA?

14 Haiimu paxmopuan wucna 4?

15 Havmu ¢pakmopuan yucaa 0?

B pa6ote npusenensl cpasueaus rpynn MH (menemkment) ¢ FOP, MI'P (mapketunr) ¢ FOP,
I'b (roctunmnunsiii 6usnec) ¢ FOP, tak kak TpeOyeTcss HAUTH MOATBEPIKICHUE UM OMPOBEPIKICHHE
TUIIOTE3bI:

HO: Ectp Oonplnas pa3HHIla MEXIy TPYMNIIaMHU KOTOPbIE B TEOPUM dalle MNPUOETarT K
MaTeMaTHYEeCKOMY anmnapary.

H1 HeT GonpI0ii pa3HHUIIBI MEXKY IPYIIIAMHU.

['unoTe3sl npoBepsieM ¢ TOMOIIbI0 Kputepusi CTbIOICHTA /JIs1 HE3aBUCUMBIX BHIOOPOK.

t-xpurepuii CThIOACHTA 17151 HE3aBUCUMBIX BEIOOPOK MCTIONIB3YETCS IS TPOBEPKH THIIOTE3BI O
TOM, YTO CPEIHNE 3HAYEHUs ABYX HE3aBUCUMBIX I'PYII CTATUCTHYECKH pa3indyaroTcs. OH m03BOJISIET
ONpENIeNUTh, €CTh JU 3HAYUMBIC pa3IHuds MEXAYy CPEJIHHUMH 3HAUYCHUSIMHU JIBYX BBIOOPOK,
OCHOBBIBASICh HA UX pa3Mepax, CPEIHUX 3HAYEHUSAX U CTAHAAPTHBIX OTKIOHEHUSX.
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Ecnu t-3HaueHune, NOJy4eHHOE B pe3yJbTaTe pacyeTa, MPEBBIIIAET KPUTHYECKOE 3HAaUCHHE t U3
TaONIUIBI (B 3aBUCUMOCTH OT YPOBHSI 3HQUMMOCTH U CTENEHEH CBOOOJIbI), TO HyJeBas THmoTe3a (o
PaBEHCTBE CPEHUX) OTBEPIaeTCsl, YTO YKAa3bIBAECT HA HAJIMYME CTATUCTUUECKH 3HAYUMOTO Pa3IuUUs
MEXKy FPYIIaMH.

1) CpaBHuBaeMsie rpyninsl FOpucTsl 1 MeHeKMEHT
B Hmwkecnenyromiei Tadauie 2 mokasaHa JByXBBIOOPOUHBIH t-TECT C pa3IMYHBIMHU BHIOOPKAMH
TaOmuma 2
J{ByXBbIOOpPOYHBIH t-
TeCT C Pa3JIMYHbIMH
BbIOOPKaAMH HOpucmot Mapkemune
Cpennee 12,29268293 | 14,19047619
Hucnepcus 7,012195122 | 1,475029036
HaOmronenus 41 42
['unoTteTnueckas
pa3HOCTh CPEAHUX 0
df 56
t-BEIUMCIIEHHOE 4179827916
P(T<=t)
OJTHOCTOPOHHEE 5,16868E-05
t KpUTHYECKOE
OJIHOCTOPOHHEE 1,672522303
P(T<=t)
JIBYXCTOPOHHEE 0,000103374
tBBIT>tKPUT O3HAYAET TPYIIa IOPUCTHI MO 3HAHUSM B
matematuke 1o TemMe CiydallHble  BEJIMYMHBI
CTaTHCTUYECKU 3HAYUMO OTIIUYaeTCA oT
t KpUTHYECKOE CHEIMAJIbHOCTH MEHEI)KMEHT C BEpOSITHOCTbIO HE
JIByXCTOpPOHHEE 2,003240719 | menee 95 %
2) CpaBuuBaemsie rpynnsl FOpuctsl 1 MapkeTunr
Tabauma 3

JIByXBBIOOPOYHbBIH t-
TeCT € PAa3JINYHbIMHU

BbIOOPKaAMH HOpucmun Mapkemune
Cpennee 12,53846154 | 11,19148936
Hucnepcus 5,991902834 | 11,07123034
HaOmronenus 39 47
['unoTteTnueckas

pa3HOCTh CPEAHUX 0

df 83

t-BBIUHCIIEHHOE

2,159106632

P(T<=t)

OJIHOCTOPOHHEE 0,016864233
t KPUTHYECKOE
OJIHOCTOPOHHEE 1,663420175
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P(T<=t)

JIBYXCTOPOHHEE 0,033728466
tBEIT>tKPUT O3HAYAET TPYIa IOPUCTHI IO 3HAHUSM B
Marematuke 10 TeMe Ciy4yalHble BEJIUYMHBI
CTATUCTHYECKH 3HAYUMO OTJIMYAETCS oT

t KPUTHYECKOE CIENUATLHOCTH MApPKETUHT C BEPOATHOCTHIO HE

JIBYXCTOpPOHHEE 1,98895978 | menee 95 %

CpaBuuBaemsle rpynmsl FOpuctsl u 'ocTuHUYHBIN OU3HEC

Tabnuma 4
JIByXBbIOOPOYHbBIH  t-
TeCT € Pa3JINYHbIMHU
BbIOOpPKaAMH HOpucmu Mapkemune
Cpennee 12,29268293 | 12,45
Hucnepcust 7,012195122 | 7,102631579
HaOmroneuns 41 20
['mnorernueckas
Pa3HOCTh CPEeTHUX 0
df 38
t-BBIYMCIIEHHOE 0,216878571
P(T<=t)
OJIHOCTOPOHHEE 0,414731592
t KPUTHYECKOE
OJIHOCTOPOHHEE 1,68595446
P(T<=t)
JIBYXCTOPOHHEE 0,829463184
tBBIY<tKPUT O3HAYaeT HET 3HAYMMBIX pa3JIM4ul
t KpUTHYECKOE MEXIY JBYMSI BBIOOpOK. BBIOOpDKM MOXHO CUMTATh
JIBYXCTOPOHHEE 2,024394164 | 0o THOPOIHBIMH.
3akiiloueHue

B 3akmoueHnn npeacTaBiIeHHOM paboThl MOKHO OTMETHTH CIICAYIOIIEe:

Pe3ynpratel MccnenoBaHus, NPOBENCHHOIO C MCNOIb30BaHMEM Kputepus CTbIOAEHTA I
HE3aBUCUMBIX BBIOOPOK, MOATBEPIMIN 3HAYUMOCTh PA3IUUYUNA MEXKIY CPEIHUMHU 3HAUYCHUSIMU JIBYX
rpyni. BbIBIEHHOE CTAaTHCTUYECKM 3HAYMMOE pa3jIMyMe YKa3blBa€T Ha TO, 4YTO (DAaKTOpHI,
UCCIIElyeMblE B paMKax JaHHON pa0oOThl, OKa3bIBalOT 3aMETHOE BIUSHUE HAa H3ydaeMble
IIEPEMEHHBIE.

AHanu3 TONY4YEHHBIX JaHHBIX MPOJEMOHCTPUPOBAI, YTO CIELHMAJIBHOCTH MApKETUHI U
MEHEP)KMEHT HMEIOT CYIIECTBEHHYIO pA3HUIy B TIOIYYCHHBIX 3HAHUSAX B CPABHEHHH CO
CHEIMAIBHOCTBIO IOPUCT, HO B C JPYroil CTOPOHBI CHEIMAIBHOCTh TOCTUHUYHBIA OM3HEC MOKa3al
OJIMHAKOBBIEC PE3YJIBTAThl. DTU PE3YJIbTaThl HE TOJIBKO MOATBEPKAAIOT BBIIBUHYTYIO TUIIOTE3Y, HO U
OTKPBIBAIOT HOBBIE IEPCIIEKTHBHI JIJIs TaIbHEHIIINX UCCIIEIOBAaHUH B JTaHHOH 00acTy.

Pexomennyercst nmpoBecTu Oojee TriayObokoe H3ydeHHE (DAaKTOpOB, BIUSIONIMX Ha JaHHBIE
pe3yabTaThl, a TaKXE PacIIUPUTh BBIOOPKY AJIsl MPOBEPKH CTAOMILHOCTH IMOJYYEHHBIX BBIBOJIOB.
Takum o0pa3zom, pe3ynbTaThl AAHHOM pabOThl MOTYT CIYKUThb OCHOBOH MJs AajdbHEHIIMX
HCCICAOBAaHUN UM TPAKTUYECKUX PEKOMEHAALMHM, HAIPaBICHHBIX HA IIPOBEJCHHE aHAJIU30B
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yCIEBaeMOCTH, aTaKXKe B ApryMEHTUPOBAHHOCTH A1 (HepeHIINPOBAHHBIX MTOX0A0B B UCIIOJIb3YEMOM
METOJMKHN 00yueHHsI U TI0JJaBaeMOro MaTepuasia.
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DOl 10.24412/3007-8946-2024-151-33-38
YK 517.947
O MIPUMEHEHHWU METO/IA TINKAPA K PEHIEHUIO HEJIMHEMHBIX
WHTEI'PAJIBHBIX YPABHEHUM C 3AITA3IBIBAIOIIIUM APTYMEHTOM

BATUPOB PU3BAH IOYCHU® OI'JIbI
JoueHT kadenpsl Marematrka, Munreuaypckuit I'ocynapcTBeHHbIM Y HUBEPCUTET,
Mumnreuayp, AzepOaiixan

MAMMAJTOBA MAXITAPA CAMEJI KbI3bI
npenoaasaTenb kadenpsl Maremaruka, Munreuaypckuii I'ocyaapcTBeHHbI Y HUBEPCUTET,
Mumnreuayp, AzepOaiixan

Annomauus. Jlannas cmamuvsi NOCBAWEHA PEUEHU) HeTUHEUHbIX UHMEeSPATbHbIX YPAGHEHULL C
3anazovisarowum apeymenmom. C nomowpio memooa Mamemamuyeckol UHOYKYuu 0oKa3vléaem
umo, oanHasn pyukyus f(t, x,Xxq, ..., Xpy) UMeem eOUHCMBeHHOoe peuleHue U IMo peulenue A61emcs
npeoeiom nocied08amenvbHulx npubaudxcenutl. Ilpumenss memoo mamemamudecKou UHOYKYUU
saxmouaem, umo £, (t) ne eospacmaem npu 6cex n=1,2,.....

Knrwouesvie cnosa: HenpepvleHble cﬁym@;uu, COBOKYNHOCmMb, HyJ1eeoe peuierue, urnmezpai,
nOCﬂe()OGGmeﬂbHOCmb, JemMma.

PaccMoTpuM cleyIolee ypaBHEHHe
X(t) =}<t =) f[5,X(8), X( = 71(5)),-.., X(5 — 7pn (5)) s —{f(n —t) F[t, X(t), X(t = 71 (1)),.... X(t — 7y (1)) o,
(Oﬁsztﬁﬂ) 0 1)

X(t)=0 na Ey = [i rtﬂ_‘ (t—r, (t)),O} rne 7;(t) >0 - sananmsie na [0, 7] menpepbisubie

byakuuu (1=212,...,m).
3aMeTuM, 4To K ypaBHEHUsIM BUe (1) cBoauTCA, HAapUMep, ciaenyolas Kpaepas 3a1a4ya

d ;?2('[) = f[t, x(t), X(t — 7, (1)),..., X(t — 7., (t))]

x(0) =x(7) =0,
Xt)=0 mna &,

e 7;(t)>0,(i=12,...,m) -3anannsic a [0, 72'] HENpephIBHbIE (DYHKIHH.
[TocTpouM CleayIoLIyIO HOCIEe0BATENLHOCTh

a®="2 01N,
i=0
0= [ €= S)u 5. s(Fs + [ (7~ Oyt s O]+

n [t z (2)
+ Z{I (t=9)p[s,&0 (s — 7 () s + lj(” -gilt-7, (t)]dt},
7o

i=1 |0
e @;(t,u),(0<t<7,0<u<2R,) - HenpepsiBHBIC QyHKLMH;
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m
73N, <2R,,
i=0
N; =£ntan00(t,2Ro), N, =max ¢, (t,2R,), (i =1,m)
<t<rz <t<z

JlemMma. HyCTB ITOJIOKUTCIIBHBIC HCIIPCPBIBHLIC (I)YHKI_[I/II/I
@;(t,u),(0<t<z,0<u<?2R,)

He yOBIBAIOT MO0 COBOKYIMHOCTH apryMeHTOB , U W ypaBHEHHE
t t V.4
u(t) = [ (t —s)e,[s,u(s)ds + — [(x = t)gp[t.u(t)Jdt +
0 0

n

+ Z{j (t—s)gi[s,u(s —7;(s))Jds + lT(” ~tgitu(t -7, (t)]dt}
0 7o

i=1
ut)=0 wna E,

MMEET TOJIBKO HyJIeBO€ pelieHne. Torna nocineaoBaTeabHOCTh QYHKIUM
£, (1), (N=12,...)

MOJIOKUTEINIbHA, HE BO3pacTaeT [S5] u

lim e, (t) =0 @)
n—o0
HokasarebicrBo. IlonoxurensHocts &, (1) cleyer H3 TOro, 4ro (QYHKUUH

o, (t,u),(i= 1,_m) IIOJIO’KUTENBHBL. [IokaxkeM, 4TO [0, n] He Bo3pacraet[l].
U3 (2) umeem

t T
g(t) = f(t — S)@ol s, &0(s)]ds + %J(n —t) o[t eo(t)dt +
0 0

+Z j(t -5) (pl-[s, eo(s - Ti(S))]dS + %f(n — )i [t, &t — T;(t))]dt; <
0 0

=1

t T
t
< J(t —S)po(s,2Ry)ds + ;J(n —t);(t, 2Ry)dt +
0 0

m t T
+z f(t —5);(s,2Ry)ds + %J(n —t)@;(t,2Ry)dt ; <
0

i=1\o

t T m t b
t t
<N, f(t—s)ds+;f(rr—t)dt + ZNi f(t—s)ds+;f(rt—t)dt =
0 0 i=1 0 0
(m+t)t < (m+tt (m+) %
:NO +ZNl = 'ZNL':go(t),
2 i=1 2 2 i=0
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Te.  &g((t) < g(t) u

g(t—10) <g(t—7®) (=Tm)
O4eBUIHO, YTO
go(t —7:(1)) < (1), (i=1,m)
JlommycTM, 9TO en(t) < gp_1(t) m

en(t—1;(1) S gy (t — (), (i = Tm)
Torna u3 (2) umeem [2].

na(©) = [ (6 = Dguls,en(s)]ds + = [ (2 = Dot 20l +
0 0

+

I

f(t — s)<pi[s, sn(s - ri(s))]ds + %f(n - t)(pi[t, en(t — Ti(t))]dt <
0

0

t T
< [ @ = 00ls,e0 s (s += [ Gu = Dpolt, a0y )t +
0 (0]

m t -
+; OJ (£ = )pils, en-als = 7ls)lds + %Of (= O)[t, en-1 (t — T()dt{ = £q(t)

T.e.
€n+1(t) =< Sn(t)
eni1(t—1;(t) S g, (t —7;(®), i= (T, m)

[lpuMeHsst METOJ MareMaTHYecKoi WHAYKIMM 3akmodaeM, uto &,(f) He Bospacraer
mpu Bcex N=1,2,... .

Cnpasemniocts (4) ciemyer U3 Toro , uto en(t) cxomurest (Tak Kak OHa HE BO3pacTaeT U
OrpaHHuY€Ha CHU3Y) U ypaBHEHHE (3) UMEET TOJIbKO HyJieBoe perieHue [3].

Teopema. Ilycts hyHKIIHS

f(t,x,xq1, e, Xm)
orpejielieHa M HeTIPEPhIBHA 10 COBOKYITHOCTH NIEPEMEHHBIX B

R =[0,7] X [-Ry,Ro] X . X [—Rgy,Ro], u Mm? Y, N; <R,
M = max|f(t,x,xq, ..., X)) |
(t,x, x4, -, xym) ER (5)
ITycThb, KpOME TOTO, B R BBIIOIHEHO YCIOBHE

m
F (6,2, X1, o ) = F(6, X, %L ey X0 )] < 00l 1 — %] + Z o[t 1%, — xL[]
i=1

rie @, (t,u),(i=1m)
yaoBieTBopsieT yciaousiM Jlemmel. Torna ypoBaenue (1) uMeeT eIUHCTBEHHOE PEIIEHUE U 3TO
pemeHHe SIBIISICTCA HpC,I[eJ'IOM IIOCJICA0OBATCIIBHBIX HpI/I6J'II/I>KeHI/II71
t

X (1) = f(t = S)f[8,%n-1(8), Xp—1(s = 11(S), e, X1 (S — Ty (s)]ds —
0
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2 [ = OF s (O n s = 2O, s (£ = T ()1
0

npu t—1,(t) >0 i=(1,m)
(6)
Xt)=0 ma E,, n=12,...

CKOpPOCTb CXOAMMOCTH OTIPENIENSAETCS C MOMOILBIO (POPMYITBI
126, (8) — x(®)] < €n41(8)
()

rie £,(t) ompexaensiercs paBeHCTBaMH (2).

HoxazarenbctBo. M3 yenoBus (5) cnemayer, uyto (t, xn(t)) € R. [Ins noka3aresbCcTBa TEOPEMBI
JOCTATOYHO YCTAaHOBUTH CHpaBeANuBOCTh (7), Tak Kak M3 JlemMMmbl OyaeT cienoBaTh Takke
CXOAMMOCTh MPUOMMKEHUH K pEIIeHHI0 (CYIIeCTBOBaHWE U €IWHCTBEHHOCTb pemieHus (1)
OueBHJIHBI) [4].

ITycTh
v (£) = |xn (8) — x(0)]
Torma
t
vp(t) < J(t — SIf[s, xn-1(5), xn—l(s —14(5), ---'xn—l(s - Tm(s))] -
0
—f[s,x(s), x(s — 11(5), ..., x(s — T (s))]ds+
+£ f (1 — O [t, X1 () Xno1 (t = T1(8)), oo, X1 (E = T (D))] =
0
~ 20 (e = T (@)1 < [ pols, s (5) = x(1(e = ) +
0
+Z f (pl-[s, |xn_1(s — ‘L'l-(S)) — x(s — ‘L'i(S))” (t —s)ds +
i=1p
+2 [ alt 2 () = x@)x — e +
T 0
t LA
+ ;Z f @i[t, [xn-1(t = () = x(t = m(@®)|] (7w - D)dt
i=19
T.e.

V() < [ (t = $)@ols, Vo1 ()]ds + = [ (r — £) o[t vy (D]t +

3 4 [ €= 9ils,vass = nio)lds += [ (=0 pilt vas (e~ T (O)de
=1 \o 0

IIpu n

(8)

1 umeem

t 1 4
n(® = [ (€= ol vo (ds += [ G = 0) polt, vo(©))de +
0 0
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3

i=1

t T
+ Z Of(t — s)<pl-[s, vo(s — Ti(S))] ds + %Of(n — )it T;(t)]dt ; <
t
< [ =5 pols,2Rolds + - [ (2 = Dol = Dpolt, 2Rode] +

m t T
t
+Z f(t—s)goi[s,ZRo]ds +;f(n — ) pilt, 2R, )dt <
i=1\po 0

<N, t2 Tl’ i 7'[2 (n+t)tiN
2 "m0 - ‘2 2 :

i=1

n() < (”;t)tzzvi = & (1)

vi(t —1;(t)) < go(t —lzrol-(t) ,i=1m

Honyctum, 4To
Un () < &p-1(2)
vt = 7(0) < £n-a(t — 7,(0))

Tormga u3 (8) umeeM

Pa® = [ (€= ) guls,v(Nds + - [ (2= 0 polt, v (©)]de +
0 0

+Z f(t —s)ils, v (s — 7;(s)]ds + %f(n — t)(pi[t, vn(t — Ti(t))]dt <
i=1\o 0
< [ @ = 0015, e0s@ds + = [ (= Dolt e a @] e +
0 0
+; E!(t — s)gai[s, sn_l(s — Ti(S))]dS + %!(n - t)(pi[t, sn_l(t — Ti(t))]dt = &, (t)

[Ipumensis MmeToa MaTeMaTHYECKOM HHAYKIIMU, YTBEPKIAAEM, UTO

|l () — x ()] < 71 (2)
npu Bcex n = 1,2, ...
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DOI 10.24412/3007-8946-2024-151-39-42
VJIK:372:512
CBI3BIKTHIK ®YHKIMSTIAPABI KATBIHACTAP APKBLIBI OKBITY

’KACAFAHBEPTEHOB BAYBEK 3EMHOJLITA Y.JIBI
Abaii atbiHarsl Ka3zak YITTHIK Me1arorukajiblK YHUBEPCUTETI, 2 KypC MarucTpaHThI,

7M01501 — Matematuka

Froueimu xketekmi: ECEHOBA ML.MU., 11.F.K., JOLEHT.

Byn  maxanaoa colzelkmulk  QyHKYUAIAPObI  KAMBIHACMAD APKbLIbL OKbIMYObIH, MUIMOI
a0icmepi Kapacmulpvliadsl. Cvbi3bIKMulK, QYHKYUS Y2biMbl KYHOENKmMI omipoe Ke30ecemin HaKmubl
MBLCANOAp APKbLIbL MYCIHOIPININ, OHbIY MAMEMAMUKAILIK Heci30epin mepenoemyee 6a2blmmaiean
a0icmemenik  macindep ycvinvinaovl. OKbimyovly OY1 MACiNi  Meopusnblk  Mamepuanovl
BUZYANUZAYUANLAY, NPAKMUKATILIK eCenmep uleuly JHCaHe MamemMamuKaiblK KamvlHacmapobl OMIpJiK
Jcazoaliiapmer  OAUIAHLICMBIPY — APKbLLIbL  JiCy3e2e  ACbipbliaodbl. 3epmmey  Hamudicenepi
OKYWbLIAPObIY AHATUMUKATILIK OUNAY KAOLNemiH, NaH2e 0e2eH Kbl3bl2YULbLIbIEbIH APMMBbIPY2A HCIHE
@YHKYUOHANOBIK, CAYyamMblIbleblH 0AMbIMYea bIKNAl ememinii Kopcemeoi.

Tyiiin co30ep: Coul36IKMbIK (QYHKYUS, KAMIHACMAD, 6U3YATU3AYUS, MAMEMAMUKALbIK
cayammuliiblK, NDAKMUKAIbIK ecenmep, meopusi MeH npaKmuka 6atiiaHblCbl

MareMaTiKaaa CHI3BIKTHIK (YHKIUsUIAp alHBIMANIbLIAp apachlHAAFbl €H KapamailbIM KoHe
MaHbI3[Ibl KaTbIHACTApJbl CUMATTaWIbl. by QyHKIuMsuiap opTypsi MaTeMaTHKalbIK Mocelnesepi
ey YIIiH KEHIHEH KOJIAHBUIAJbl JKOHE OJapAbIH HETI3ri epeKIIeNiKTepi MEeH KacHeTTepi
OKYIIbUIApFa TYCIHIKTI op1 THIMAL Typae Oepinyi KakeT. ChI3BIKTHIK (QYHKIMsIIap MEH KaTbIHACTAp
apachIHIarel OalIaHBICTAPIBI TEPEHIPEK TYCIHY apKbUIBl MAaTEMATHKAIBIK OUTIMII JTaMBITYIBIH
Heri3zepi KanaHansl. OcCkl MakKanajga ChI3BIKTHIK (DYHKIMsIIApAbl KaThIHACTAP APKBUIbI OKBITYIBIH
epeKIIeIiKTepl MEH 9ICTEMEJIK acTeKTijaepi KapacThIPbUIaIbI.

ChIBBIKTHIK (YHKIMATIApAbl KaThIHACTAp apKbUIBI OKBITY — OYJI Ka3ipri 3aMaHfsbl O11iM O6epy
KYHeCiHIe MaHBI3/Ibl OPBIH AAThIH, MATEMATHKAJIBIK O1TIMII TEPEHIETY MEH TaMbITyFa OarbITTaJIFaH
Oipereit Tocin. MaTeMaTHKaaa ChI3BIKTHIK (DyHKIMSAIAp alfHBIMAIBIIAP apAChIHAFbl €H HET13I1 JKoHe
KapanaiplM KaTbIHacTapAbl Ouiaipeni, Oyl (QyHKUMsUIApAbl AYPHIC TYCIHY MaTeMaTHUKaJIbIK
MOJENBACP KYPY, €CEeNTep Il UICIy XKoHEe oMipe KOJIaHy YIIiH MaHbI3/Ibl OO Ta0bLIAIbI.

Kazipri ke3me MaTeMaTHKANBIK CayaTThUIBIK KOFamua >Korapbl OaranmaHajbl. ChI3BIKTHIK
GyHKUMSIapABl MEHIepy OKYIIbLIapAbl MaTEeMaTHKAJbIK OWIaylbl AAMBITYFa >KOHE CBI3BIKTBHIK
KaThIHACTApAbl HAKThI ©OMip/e KoJJaHyFa [aspiayrFa MyMKIiHAIK Oepexi. byn KareiHacTtap
HSKOHOMHKA, (pU3HKa, UHKEHEpHs, CTATUCTHKA, KoHEe 0acka Jia cajajiapia KeHIHEH KOJIJIaHbLIa/bL.
ChI3BIKTBIK (DYHKUHMATIAPbI KaTbIHACTAP APKbUIBI OKBITY OKYLIbLIApFa TEOPHUSUIBIK O1TiM/A1 HAKThI
eMip/ieri Macenenepre KojiaaHnyra MyMKIHAIK Oepei.

ChI3BIKTBHIK  (DYHKIUSIApIBl OMIPIIK KaThIHACTAP apKbLIBI OKBITY OICI OKYIIBLIAPIBIH
TEOPHSIHbI TYCIHIN KaHa KoiiMaii, OHbI HaKThl eMipJe KOJJaHyblHa MYMKiHAIK Oepeni. byn omic
CBI3BIKTHIK (DYHKITUSHBIH KYpACTl MaTeMaTUKAJIBIK YFBIMHAH TOpl, KYHIEIIKTI ©MIPMEH ThIFbI3
OaiinaHpIChl Oap MpaKTHKAJIBIK Kypal eKeHiH kKepcereni. KaTblHac YFBIMBIH HETi3re ajia OTHIPHIIL,
CBI3BIKTHIK (DYHKITUSHBI OKBITY OKYIIBUIAP/IbIH aHAJTUTUKAJIBIK JKOHE aOCTpakKTiI oijiay KaOuIeTiH
JaMbITY/1a KaHa Me1arOrMKaJIbIK TOCUI PETiH/AE YCHIHBUIAIBI.

ChIBBIKTBIK ~ (DyHKIMsUIApbl — KAaTbIHACTAp  apKblIbl  OKBITYABIH  0acTbl MaKcaThl —
allHBIMAJBIIIAp apachIHAAFbl KaThIHACTAP bl MATEMATUKAJIBIK TUIJIE AYPHIC CHIIATTAY KOHE OJIapIbIH
MOHIH HaKThl ©MIpMEH OalIaHBICTHIPY JKOHE OMip 1€ KOIaHYAbIH THIMIUIITIH KOPCETY.

ChBBBIKTHIK  (DyHKIMsUIApIbl OKBITY OapbIChIHIA KaThIHACTAP/bl KOJJAHYAbIH MiHaeTTepi
KeJeciaen:
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1. CoI3BIKTHIK (PYHKIUSIIAPABIH TEOPHSUTBIK HET131H )KOHE OHBIH OKY OaraapiamMachIHIarbl
POJIiH aHBIKTAY.

2. KaTpiHacTap apKbUIBI OKBITYABIH 9IICTEMENIK €PeKIICTIKTEPIH CUIIaTTaYy.

3. KatblHacTap apKbUIbl OKBITY OapbIChIHIA OKYIIBUIAPIBIH MaTeMAaTHUKAJIbBIK CayaTTbUIBIFbI
MEH KBI3bIFYIIBUTBIFBIH aPTTHIPY KOJIJAPBIH YCHIHY.

4. CpBBIKTBIK (YHKIUSUIAPAbl HAKThl ©Mip MbICATAapbIMEH OaJIaHBICTBIPHINT OKBITYIBIH
TOXKIPUOETIK KypaIapbiH 931pJiey.

ChIBBIKTBHIK (PYHKIUSIHBIH TEOPHUSJIBIK Herisaepi

Coe3bIKTHIK QyHKIHS Y = KX + b Typinae xa3siaansl, MyHaars! K — koaddumnuent, b — TypakTh.
CBIBBBIKTBIK (YHKIUSHBIH T'paduri — Ty3y CBI3BIK, OHBIH OarbIThl K03(duimeHT K-re Toyenmi.
Marematukagarsl 0acThl UASsJIAPABIH Oipl maManap apachbIHAAFbI ©3apa Toyenaunk. by GyHkus
Hemece (QYHKIIMOHABIK TOYEIIUTIK YFBIMBI apKBUIBI Oepinesi. MeKkTen MaTeMaTuKachlHAa QYHKITUSL
HeMece (PYHKIIMOHABIK TOYSAUTIK YFBIMBI HET13T1 YFBIMIAPABIH OipiHe katajbl. OKyIIbUIapabIH
(GyHKIMOHANBIK O1TIMIH KaJIBIITACTHIPY YILIIH OipHEeIIe 91iCTep MEH TEXHOJIOTUsIapAbl KOJIAaHyFa
OoJIabl:

1. VHTepakTHBTI KOMMBIOTEPIK Oarmapiamanap MeH KojinaHOamapael nmainanany: Kasipri
3aMaHFbl TEXHOJIOTHSUIAP CTYJICHTTEPTe MYMKIHIIKTEPMEH TOXIpHOe Kacayra, rpaduKTepal canyra,
napaMeTpiep/l e3repTyre J>KoHEe HOTWKEJepAl Taljayra MYMKIHIIK OepeTiH HHTepaKTUBTI
KOMITBIOTEPJTIK OarmapiamManap MEH KoJJaaHOamap[pl MaijalaHyra MYMKIiHZIK Oepexi. by
Oarmapnamanapabig keitdipine GeoGebra, Desmos sxone Wolfram Alpha kipeni.

2. HakTbl 1epekTepMeH xKyMbIc icTey: OyHKIUAIAapAbIH rpaduri xoHe olapablH KacCUeTTepiH
TaNgay YIIH HaKTBl JepeKTepli maifanany (QyHKIusuapasl KoigaHOabl TYCIHYre bIKHANT €TEel.
CryneHTTep 3KOHOMUKAJBIK TEHACHLUIAP, aya pailbl IepeKTepl HeMece CTaTUCTUKAIIBIK JepeKTep
CHSIKTBI QPTYPJIi JKaFJaillappl 3epTTei anaibl sKoHe oJapAbl (PYHKIIMOHAIIB Tpa(UKaIBIK TICIT
apKbUIbI TaNal amajibl.

Mpican 1. AnaMHBIH 2 KM/CaF KbUITAMIBIKIICH XKYPIll ©TKEH YKOJIBIHBIH rPpa(UTiH CAIIBIHBI3.

benrinenis: t - )K0J1 )KYpY YaKbIThI (CaFaTIeH), S - KOJI )KYPIeH K0J1 KM). AHHBIMaJIBIHBIH opOip
MOHI YIIiH t, MyHJarsl t > 0, S alfHBIMaJIBICHIHBIH ColiKeCc MOHIH TaOyFa 00aabl.

Enpeme, t = 0,5 6onca, S=2+0,5=1,erept=2,oamaS=2+2=4;erept=3,0o50aS=2"°
3=06.

1—cyper
S alHBIMANBICHIHBIH t alHBIMaJIBIFA TOyeNauIri S = 2t ¢opmynackiIMeH epHeKTenemi. by
MBICaJIIa t TOYeJICi3 alHBIMAIIBI XKOHE S TOyeI i aifHbIMaIbl OOJIBIT TAOBLTAIBL.

Mpican 2. 2 — cyperTe KepceTulreH GyHKUUAHBIH rpaduridii OX ociMEeH KUbUIBICY HYKTECIH
aHBIKTaHbI3.
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2 —cyper
Bepinren ecenti y = kx + b CBI3BIKTBHIK TeHALYIHIH (pOpPMYyIachIH apKbUIBI IIBIFapyFa 00aIbl,
Oipak OyJ1 ecenTi MIbIFapyIbIH TaFbl O1p kKOJIbI — KaThIHACTAP/IbI AKAAIaHY.

‘B

OnRe A
3 —cyper

Ty3y Ox ocia 0 meH 1 OyTiH caHAapbIHBIH apackiHIarel D HykTeciHae Kubin eTedi. Erep 6i3
OCBI apalIbIKTapIbl 3 — CypeTTeriiel Oenriyien anaTbiH 00JICaK,

AD _ 08 _2
DB 12 3

Baiikaranbimbizaait, Ty3y Ox ocinzgeri 0 meH | HyKTenepiHiH apacklHAarkl Naiaa 6onran oec
OOJIIKTIH eKIHIIICiHIEe, SFHU (E; 0) uemece (0,4; 0) HyKTECiHIE KUBIIT OTE/I.

ChIBBIKTHIK () YHKIHSITIAP/IBI OKBITY 1A KATBIHAC TIEH MPOTTOPITUSTHBIH MAHBI3IbI POJT ATKAPATHIHBI
ce3ci3. bys yFeIMiap OKymIbUIapFa CHI3BIKTHIK (DYHKIMSIIAPIBIH MOHIEPIH YpPBIC TYCIHYre >KOHE
oJlapZibl HaKThl eMipae THUIMII KojjaHyFa MyMKIHIIK Oepeni. KarbiHac meH mpomnopuusiiapiabl
KOJIJaHy apKbUIbI ChI3BIKTHIK (DYHKIMsIAp Typajibl TepeH OiaiM anyra 6oiazibl, Oy OKYIIbUIap/IbIH
MaTeMaTHKaJIBIK OiJiay KaOlIeTiH apTThIpaIbl.

0 “MexayHapoHbIH Hay4HO-UccaefoBaTebcKUH LeHTp “Endless Light in Science”



OU3UKO-MATEMATUYECKHE HAYKHU

Impact Factor: SJIF 22%2212 - 55-8911 PHYSICAL AND MATHEMATICAL SCIENCES

9JIEBUETTEP:

N. C. Ky3nenoBa, «MaTemaTuka >koHe OHBIH dlicHamackl», HoBocubupck: Hayka, 2009.

A. II. JIn, «ChI3BIKTHIK (YHKLMSIIAP JKOHE OJIAPbIH KOJIJaHbUTYb», AnMaTsl: bimim, 2012.

X. T. bateip6ekoB, «MaTemaTuka Heri3aepi», Actana: ®onuant, 2015.

I'. M. T'onoBko, «KaTbelHac meH mponopuust Heriznepi», KypHan «MaTemaTtuka xKoHE OKBITY»,
Neg, 2018.

el A

0 “MexayHapoHbIH Hay4HO-UccaefoBaTebcKUH LeHTp “Endless Light in Science”



COJAEPKAHUE
Impact Factor: SJIF 2021 - 5.81 ACONTENTS -
2022 - 5.94

COJIEPKAHUE
CONTENT

OUSNKO-MATEMATUYECKHWE HAYKHU
PHYSICAL AND MATHEMATICAL SCIENCES

PAXbIMBEKOB AMTBAM YKATIAPOBUY, BAKTBIBAEB PYCJIAH HYPJIAHYJIbI, MAUKOKAHOBA
AWTEPUM APJAKOBHA [KA3AXCTAH] O NMPENOJAABAHWNU ®U3UKHU TOJIYIIPOBOJHHUKOB B

PAXbIMBEKOB AMTBAM dKATIAPOBHUY, TUTOBA KPUCTHHA BJIAJUMHUPOBHA, YCEHXAHOB
HYPAJIW CAKEHYJIbl [KA3AXCTAH] ONPEJEJIEHUE YJEJIbHOI'O COITIPOTUBJIEHHUA
[TOJIYIIPOBOZAHHUKA B IABOPATOPHBIX YCJIOBUAX. ...t ssssssssssssssins 6

AHJAPEIOK JAHWJ BUKTOPOBUY [MHWHCK, BEJIAPYCb] UX-OPUEHTHPOBAHHOE
MOZJE/IMPOBAHUE ABUALIMOHHBIX 3JIEKTPUYECKUX MAIIMH B MATLAB......onrrirnsiiinis 8

DRUZHININ KONSTANTIN VALERIEVICH, KOSMAKOVA MINZILYA TIMERBAEVNA [KARAGANDA,
KAZAKHSTAN] APPLICATION OF THE CONFORMABLE FRACTIONAL DERIVATIVE IN
MATHEMATICAL MODELIN Gt st stsssssssss s sssstss ssssssssssssss s sasssans 16

AVCHIBEKOVA M.I. [ALMATY, KAZAKHSTAN] INTEGRATION OF MATHCAD INTO SCHOOL
MATHEMATICS TEACHING: NECESSITY AND PROSPECTS......onissssssnssssssssssssssssssssssssssssssssnns 20

BAETOB KAWPAEH XAWPBEKOBUY, ABYUBEKOBA MYATTAP, CTYAHHUEBA PbICKYJ/Ib
[AJIMATBI, KA3BAXCTAH] CPABHUTEJIbHBIM AHAJIU3 YCIIEBAEMOCTHU CTYJIEHTOB KOJIJIEIDKA
M0 MATEMATHUKU JJd TYMAHMTAPHBIX MW CIELUAJILHOCTEH HMCIO0JIb3YEMBIX
MATEMATHYECKHUE PACUETDL......itrtnsrssns s st sssssss s s sssssanss 25

BATUPOB PU3BAH IOYCU® OIJIbl, MAMMAJOBA MAXIIAPA CAME/, KbI3bl [MUHTEYAYP,
A3EPBAWJXAH] O TIIPUMEHEHUM METOJA IIMKAPA K PEHNEHWIO HEJIMHEWHBIX
WHTETPAJIBHBIX YPABHEHHWH C 3ATIA3/IbIBAIOIITUM APTYMEHTOM.....ccoovvvveressssssssesssssssssessssssssssesnss 33

’KACAFAHBEPTEHOB BAYBEK 3EMHOJIJIAYJIbI, ECEHOBA M.U [TAPA3, KA3AKCTAH]
CBI3BIKTBIK @YHKIUAJIAPJBI KATBIHACTAP APKDBIJIBI OKBITY ....coiiieiersiesessesssessssssesssssssssssssenns 39

0 “MexayHapoJHBIH HAyIHO-UCCIeoBaTenbcKul IeHTp “Endless Light in Science”



“IN THE WORLD OF

SCIENCE AND EDUCATION"

~

els.education23@mail.ru

ntre “Endless light in science”

ational scientific ce

intern



