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MAPKETI/IEACTIH XX¥MbIC ICTEYI XXAWJbI
TEOPUAITIbIK MOJIIMETTEP

Kasipei manoa yugprvix sxKoHOMUKAHBIY KAPKbIHObL  OAMYbl
asacvlHOA  Mapkemmnjelcmep — OHAAUH-cayoa —ojeMinoe bacmol  pei
amkapyoa. Mapkemnieiic camywviiap MeH Ccamvlin  AIyUbLIap2a
0ip-6ipin oHail mabysa MYMKIHOIK OepemiH YIKeH OHIAUH HAPbIK
cuakmol. COHbIMEH Kamap, MapKkemnjelcmep apkblibl Ccamy ome
ManeiMan, anr mapkemnielicmep KoOiHece UHMepHem-0yKeHOepMeH Oe
wamacmolpulnadel. Bipax mayapovl camyovly opmypai mypiepiHiy
Mynoem 6acka 3aHOul epexuienikmepi Oap exeHin MYCiHY Kepex.
Mapkemnelicmepoiy aupviKuia epekuienikmepi — mayapiapobiy KeH
accopmumenmi, NAUOALAHYUILL MeH HCeMKI3YWIHIY A8Mopu3ayuscyl,
CAmMblIn AYULbl MEH CAMYUbIHbIH JceKe KaOUHemi, meJem MeH Jcemxizyoiy
apmypai Hyckanapsl 6oavin madwviiadel. Tayaprapovl o3 KouMmaiapulHa
OPHANACMBIPAObL, MANCHIPLICIAPObL CAMBIN ALYWbLIAP2A IHCEMKi3eOi,
Camvin aiywbliapobl CaumKa mapmaosl, Camyubliapaa HCapHamaiblk,
Kypanoap meH camy manoayiapblH YColHAObL.

byn maxanaoa maprxemniericmepoiy KypbliblMblHa Oaca Hazap
ayoapwiniadvl. MapkemnJeiicke swot manoay xacay 6apvicblHOd OHbIH
aApMuIKWbLILIKMAPsl MeH  Kemutinikmepi Kapacmulpbiaadsl. Convlmen
Kamap OHblH naildacel MeH Kayinmepi Oe anvikmanaovl. Kowne Oe
Mapkemnieic Kaszipei mayoa KAnuaublKmul Kadjicem eKeHin aHblKmay
maxcamviHOa cayanrHama sxcypeizindi. Cayannamaza 107 Kamwicyuisl
gameicmol.  Ocbl  cayarmamaza dcayan 0Oepzen  Kamulcyubliapobly
Homuoicenepi ManKbliaHAaAobL.

Kinmmi ce30ep: mapxemnJeiic, unmepHem-oOyKeH, HCemKizyui,
Camblin anywisl, mayapiaaposbl OHAANUH camy.
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Kipicne

CoHFBI yaKbITTa Tayapiiap MEH KbI3METTepJli MapKeTIIelcTepMeH caTy
ote o3ekTi. COHbIMEH KaTap, MapKeTILIeiicTep caTylibulap YUIiH Jie, CaThIl
aybUIap YUIH e bIHFaiibl. ByriHri Tanna MapkeTIielcTep eH Kbuliam
JIaMBIII KeJie KaTKaH caTy apHachl 00JbI Tadbutaabl. MyMKiH, OyJ1 naHaemMusra
OailyIaHBICTBI alamMIap YHIEH JKHi LIbIFa ajMaraH Ke3Jie, ojlap KallbIKTaH CaThIIl
aybl KOJIJAHJIbI J)KOHE OJlap KaKeTTI CaThIN alysapjbl MapKeTiuielcrepe
yKacayFa JlarbliIaH 1bl, OyJ1 bIHFalIIbl FAHA EMEC, COHBIMEH KaTap Maiaaibl OoIIbl.
Cary1buiap TaparslHaH MapKeTIUIeHcTep i naiiiajiany »apHama IIbIFbIHapbIH
Jla, JIOTUCTHKAJIBIK IIBIFBIHAAP/ABI 1a YHEM/IEY MYMKIHAIriMeH OalIaHbICThI.
MapkeTiuieiictep apKblIbl caTy Ke3iHje, Tayapiap/bl caTyllbl KOMIaHUSUIApFa,
KbI3METKEpJIEep/IiH KOIITEreH TYpJiepi KaKeT eMec.

byriuri Tanga MapKeTIUIEHC YFBIMBIHBIH SPTYPJIi CHIIaTTaMalapbl MEH
TYXbIpBIMIAphl O0ap. XKanmsl MapkeTuieiic — Oys opTypi Tayapiap MeH
KBI3METTEP/li caTyFa apHaJIFaH OHJIalH-TuIaTGopMaHbIH Oip Typi. bip KbI3MeTTIH
Hemece MapKeTIIeHCcTeri OHIMHIH 0arachl ap TYpJIl OOIybl MYMKIH.

BbocekenecTik KochiMIa KbI3MeTTep ecebiHeH HeMece Oenrini Oip
CaTYIIBIHBIH UMUJDKIHIH SPEKIICIIIKTEPi eCeOIHCH KYPE, 01 MapPKETIUICHCTEp Ie
calTTapJarblail pEMTHHT TYPiH/E YChIHBUIFaH.

Mapketmieiictep keOiHece 03 KEHICTITIHIE SPTYPJli JKETKI3yIIiaepaiH
TayapJapblH YChIHAJbI: SIFHU, OYJI a3bIK-TYJIIK Tayapiapbl, KaKeTTi Tayapiap,
Ke3-KeJITeH KbI3MeTTep, Oananap Tayapliapbl 00Iybl MYMKIH —Oapibirsl Oipaen
nHTepHeT-Iu1aThopMaa. MapkeTiuielicTeri TayapiapablH Kol jKeTiIMILIIr,
o/ieTTe, ©3/1epiHiH OHIAH-(PHIHaIIapbl 0ap apTYpIIi Oeiiek cayaa JyKeHIepiHe
KaparaH/ia aJiieKaii/ia s)orapbl. MapkeTIuieicTep e caHbl MEH (OYHKIIMOHAJIIBIFbI
2014 >xpuiaan dacrar ecyjie.

CoHbIMEH MaKaJlaHbl jKa3yAarbl HEri3ri MakcaT — CaTbIll aJylbliap e3
KaJlaraH TayapJiapblH CaThII aJlaThIH )KOHE 63 TayapblH caTyFa KOIFa MYMKIHJIIK
OepeTiH MapKeTIUICHCTIH apTHIKIIBUIBIFBI MEH KYPBIIBIMBIHA JKAJIIBI IIOJTY JKacay
00JIBIN TAOBLIABL.

Hotm:kenep koHe TATKbLIAY

Mapkernieiic — OyJ caTymbliap MEH caThIll allyliblIapibl cayia
olepanusUIapblH XKYprizyre MyMKiHIIK OepeTiH oHnaiH-tuiatdpopma. MyHa
Tayapiap/sl, KbI3METTEp/li CaThIll alyFra HEMece caTyFa Hemece aibplpbacrayra
Gosaziel. MapkeTmielictep keOiHece caTymibuiap €3 TayapiapblH OpHaIacThIpa
QJIATBIH )KOHE CaThII aTyIIbLIAP OJap.Ibl 13/1€11, CATHIN aJaThlH HHPPAKYPBLIBIMIbI
KaMmramaceI3 erefi [1].

Kaszipri Tanya eTe 6ecen i KoJIaHbICTaFbl MapKETINICUCTEPAiH KaTapbl KOI:

1) Wildberries (https://global.wildberries.ru/)

2) Ozon (https://ozon.kz/)
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3) Flip.kz (https://work.vk.com/flip_kz)
4) AliExpress (https://aliexpress.ru)

5) Kaspi.kz (https://kaspi.kz)

6) Satu (https://satu.kz)

7) Tomas (https://tomas.kz)

8) Lamoda (https://www.lamoda.kz)
9) Edc.sale (https://edc.sale/ru/kz)

10) Ozon Global (https://global.ozon.com/ru-kz)

MapxkeTmiedcTepIiH KYPbUIBIMBI J)KaKChl OMJIACTBIPBIIFAH JKOHE CATBII
aJIyIIbUIAp YIIIH MHTYWTHUBTI, BIHFAMIbl HaBUTALMS, KaFbIMJIbl TU3aiiH Oap,
KbICKA TaKbIPBIITAp MEH MOTIHJED, JKeHII IMIKI i37ey, KOJIIay KbI3METiHe Kepi
Gaitanpicta 0oy Kepek. TemeHae MapKeTIIeHCTep IiH HEeTi3ri KUl Ke3/1eceTiH
KYPBUIBIMBI KOPCETITEH:

1 «Kepme» — Oyn KapamaiiblM MHTEpHET-IYKEHIe yKcac, OipaK caThlIl
anyurpliapAaH TayapJiap Typajibl aklapaTThl XHHAY JKOHE XYKTEyMeH
epeKIIeJICHETIH TayapJap KaTajors [2].

2 VIHTepHEeT-/IyKEeH CHSKTBI CaThII alTyIIbIHBIH KEHCEeCI.

3 CepikrecTiH (caTyWBIHBIH) KaOMHETI TayapJiapIbl «KOpMETre»
OpHAaJIACTBIpYyFa, caTy NMpOLECiH Oakpliayra, caTy OOWBIHIIA aHAIUTHKA allyFa,
aiHaBIMABI OaKpUIayFa, KIMEHTTEPIIH MiKipiepiHe kayamn Oepyre, qaysapibl
mienryre MyMKinaik 6epeni [3].

Mapxkermielcrep mikipiep KajlJblpyFa JXoHE Tayapiapnbl Oaranayra
MYMKIiHIIK Oepesi, Oys Ooxamiak carbin ajmylibulap YIIiH biHFaiubl. Keibip
MapKeTIUIeHCcTep «Kepi OaiiaHbIC yraiiapby CUSIKTHI Kypallibl Naijananaibl.

MapkeTIieliclieH )yYMbIC ICTEYJiH HEeri3ri apTBIKIIBIIBIKTapbl MEH
KEeMILIUTIKTEPiH KapacThIpanbIK.

APTBIKIIBUIBIKTAPBL:

1 Catymibl )kapHaMaHbl YHEMJICH anajibl )KoHe 63 OM3HECIH 1aMbITa alla/ibl,
MBICaJIbl, OM3HECT] KYpY CaThICHIH/IA.

OWTKeHI, MapKeTILUICHC apKbUIbI CaTy, TINTi, 63 CAUTBIHBI3IBI KAMTYFa
MYMKIHJIIK Oepe/ti. SIFHM, KaIbl aliFaH/a, Ke3-KeJIreH ajaM [ICTeN/IC ap3aH Tayap
caThlll aja ajajbl )KOHE OHBI MapKeTIUIeHCKe ©31He THIMJI OaraMeH Tarchipa
aJlaibl, TEK KAIIBIKTaH €CEIIi jKalliay KepeK, COHBIMEH KaTap 3 eHiMi YIIiH
Tayap KapToYKaJapblH j)Kacay Kepek (cCallTTa opHajiacTeIpy yiiH) [4].

2 MapKeTIIeHCIIeH )KYMBbIC iCTel OTBIPBIIN, CaTyIIbl O1p/IeH ©3 YCHIHBICHIH
KapacThIPaThIH YJIKEH, 631HE a/1aJ1 HAPBIK ayAUTOPHUSICHIH ajla ajajibl. by conbiMeH
KaTtap OpeH/ITI XKBUDKBITYFa, COHJJali-aK MHTEPHET-CANTThI J)Ka3yFa, CAaKTayFa JKoHe
JIAMBITYFa )KyMCaJIaThIH KOIITEreH pecypcrapabl yHemaeii [S].

3 Cary ayKbIMBIH KEHEHTY.

11
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MapxeTmieificTep i TaFbl Oip apTHIKIIBUIBIFBI — OJIAPABIH CaTy TeorpadMsChIH
JaMBITY MYMKiHZITi. CaTyIsl 3 TayaplapblH )kapHaMara, caTy KallaJlapblHIa OHIM
KOHMalaphlH allyFa KaKeTci3 KapKBUIBIK pecypcTapIsl JKyMcaMaii-ak, OyKiT e
Ooitprama cata anasl. O YIIiH JOTHCTHKAHBI MAPKETILISHC KY3ere aceipasl [6].

4 MapkeTIureiicTepMeH JKYMBIC icTey Ke31H/Ie KOCIIKep JKYMBICHIHBIH KeHOip
ACTIEKTiNIepi MapKeTIUielic MaMaHAapbIHa Tycedi. MBIcaibl, *KeKe WHTEPHET-
QYKCHII TaMBITY VIIiH CaTyIIBl «Ce0eTTI» TYPHIC KYPYHI HEMECe TOJIeM KYHeCiH
caifiTKa OalIaHBICTHIPYHI KepeK. TejeM TepMUHANBIH IIKi KipicTep KbI3METiHe
Tipkey Kaxer [7]. MyHIaii coTTep eTe KeTl, )KOHE OJIap IbIH KOTIIIIIIITi caTyIIbLIap
Tayap/pl MapKETIUIEHC apKbUIbI CATKAH Ke3/1€ MaHbI3/IbI O0IMaiIbl.

Kemmrinikrepi:

1 CaTymblmapMeH KYMBIC ITapTTaphl.

CoI CHSAKTBI, MAPKETIDICHC SKIMIIILTITT OJIap IbIH KeITiCIMITTapTHIH/IA )Ka3bUTFaH
OiprKaKThI TOPTINTE CATYIIBIIAPMEH BIHTBIMAKTACTHIK ITAPTTAPBIH ©3TEPTE ATabI
[8]. Hemece myHmaii e3repicTep Typaibl eCKepTy KIUSHTTEPre OJIap CHTi31UIreHTe
neiin OipHemre KyH OYpwIH keTkizimeni. KeOinece Oy KIMEHTTEPIIH Kammai
OyrarTamybIHa oKeneni, oy skakprana wildberries mapkeTruteiic Mpicanbraaa [9]
OalKaab.

2 MapkerTruieiicTepie TayapiapIbl JKbUDKBITY Typalibl IAPTTAp.IbIH TYpIIepi
03 TayapiapbIHa KOJI )KeTIMAUTIKTI JKOFAITYIBI KO3ICH/I.

By nerenimis, caTymisl JKEHUTIIK aKIUSTApBIHBIH Ke3SHICPiH 031 TaraifbIHAaH
aJMaiIpl, COHBIMEH KaTap TayapAbIH KalTaMachl MEH TYTHIHYIIBIFa KETKI3UTyiH
kamaramait anmaiasr [10]. CaTein amymeuiapia ochkl Macenenep OOUBIHITA
marpIMAap TYBIHIAFaH Ke3Je MapKeTIUIeCKe eMec, caTyIIblFa KYTiHeTiHIH
TYCiHY KepexK.

CoHBIMEH, JKOFapbla MapKeTIUICHCTEp/IiH KONITETeH aHbIKTaMaJIapbl TYPaJIbI
aNTBUIABL. ByIT «opTypiIi caTymbLIappIH TayapiaapbiH caTaThIH OHIaH-caiTTapy.
JKoHe «caThIm amyIIsl MEH CaTyIIbl apPACBIHIAFbI KEMTICIM», MYH/Ia MapKeTILIeHC
CaTBIN aNyIIBl YIIIiH Op TYPJl TayapiapAblH THIepMapKeTi OOJBI TaObLIaIb,
OapIIBIK CaTHIIT AMYJIAPBI Oip JKep/e Kacay MyMKIHIITi O0ap, 6ip yaKbITTa CaTyIIbI
YIIiH — O ic XY3iHae KeTepMe CaThINI adyIisl Oosbin Tadbbutansl. CoHman-ax,
MapKeTIJIEHC CaThUIBIM ayKbIMbI apPKBUIBI YCHIHA alaThIH TOMEH Oarasiapbl YIIiH
TaHBIMAJL.

SWOT ramgays! — OU3HECTI 3epTTEY 9IiCi: OHBIH KYIIITI )KOHE 9JICi3 JKaKTapHl,
CBIPTKBI MYMKIHJIKTEPi MEH KayiTepiH, IFHH, OM3HECTIH KaFIaifbIH OaraiayIbH,
JKOHE OHBI KCHEHTY MYMKIHIIKTEepiH TaOyAbIH OHal Kokl (1-kecTe).
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Kecre 1 — Mapxkernneiicrepre SWOT Tannayst

APTHIKIIBUIBIKTapBI MyMKiHIIKTEp
- Ken accopTumeHT; - KoceiMma Tenem omnuusuiapsiHa  KOJ
-TanceIpeicTsl OaKpLIay MYMKIHIIT; KETKI3y KeHIPEK KaMTY;

- Tuimzi Konmay KeI3MeTi;

- Bpenn typaist xabapaap 6oiy;

- Bepy nmyHKTTEpiHIH KeIl CaHbl;

- @otocyper OoiibIHIIA TayapAsl i31ey

- Cartblll amympUIap YIIH YCBHIHBICTApIbI
JKEKEJICH/IIPY canachlH apTThIpY;
- XKeTki3y KbI3METiHIH CallachblH KaKCapTy.

MYMKIHJIIT1;

Kemmrimikrepi Kayinrep

-XKeTkizy Mep3iMIepiHiH TYpaKCh3AbIFbl, |- Kubepkayimcizmik Toyekenzaepi KoHE
- TMaiipananymsurapaeie Gip  GeiriHiH | aNasKTEIK OpeKeTTep,

TOJIEM SICTepiH/Ier] WeKTeyep. - riaTdopMaHbIH OesieliHe acep eTy;

SWOT Tannmays! 0i31iH MapKeTIUICHCTIH Ka3ipri jKarlallblH TepeHipeK
TYCiHyTe MYMKIHAIK Oepii, coHIai-aK, OHBIH KYIITI JKOHE QJICi3 JKaKTaphl,
MYMKIHIIKTEpl MEH KayinTepi aHbIKTanaabl. byn Tannay MapKeTriieHcTiH
0OCEeKENeCTIK KaFIalibIH )KaKCapTyFa KOHE MaliJaaHyIIbUIAD YIIiH KYHIBUTBIKTHI
apTTBIpyFa OAFBITTANIFAH CTPATETHsIAPABI 931pieyre Heri3 OOIbL.

MapkeTIieCTiH Ka3ipri yakpITTa KaHIIATBIKTH Ka)KET €KCHIH aHBIKTAY
MaKCaTBIH/Ia cayaHaMa XYPTi31Idi.

CayanHaMa HOTIIKCCIHIE CH KOl jkac caHaThl 18 OeH 20 kac apajbIFbl
53,2 malbI3bIH KaMThIABL. Kazipri TaHIa MapKeTIUIeWcTi OapiabIFel KOJIaHa
amanel. CeOebl MapKeTIDICHCTEH Ke3-KEeITeH alaM ©3 KajlaFaH TOyaphlH Ta0a
anaznel (1-cyper).

Cis KaHpail sac caHaTbiHa Kipeciz?/K kakoil BO3pacTHOW KaTeropuu Bbl OTHOCUTECH?
111 orsetoB

® 1517
@ i8-20

21-30
® 3140

_‘ @ 41-50

‘

Cyper 1 — XKac canatsr OoiBIHIIA

MapxkeTIureficTi majanany uaeschl cayaiblHa agaMaapasy 94 maisier o
ner xayan Oepmi. by mereH MapkeTIieiicieH JKYMBIC JKacay Ka3ipri TaHIa eTe
©3CKTi opi BIHFAIIIBEI eTeH co3 (2-CypeT).
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Ciare mapkeTnneinc MoSMbAI KOCbIMWAaHbI NaiiganaHy naeschl Kel3bikToipaasl ma?/Bac

WHTepecyeT Waea UCNoNb30BaHUA MOBUNBHOTO NPUNOXeHUA MapKeTnnenc?
115 oTeeton

@ Waifla
@ XowHer

]

Cyper 2 — MapKeTIelCcTi aiganany uaesichbl

MapkeTIuieiicIieH )KYMBIC ICTeYIIH apThIKIIbUIBIFEI TYypajibl cayalHaMara
40 maiBI3bI — CaTHIN ANYIIBl KaJlaFaH TayapblH CATBIN ally MYMKIHAITi, opi 3
TayapbIH caTyFa KOIOFa MYMKIHZITi 06ap apTHIKIIBUIBIKTaphiH TaHaaasl. Cebedi
azlaMIapabIH OapIIBIFbI OHBIMEH JKYMBIC ICTEH aafpl, opi caTylIbuIap 3 eHIMACPiH
caTyMeH aifHaJIbICa aJIaIbl HEeMece JKeTKI3yIILIepAeH oHIM I caTta anasl (3-Cyper).

MapkeTnneic MoGunbi KocbiMIlanapAbl NanaanadyabiH, KaHAak apTbiKWbINbIKTapb! Ci3 YIWiH

MaHbl3Abl?/Kakue NpeMmMyLlecTsa UCNoNb30BaHKA ... MNOMEHUI ANA MapKeTneica BaxHbl ANs Bac?
115 oTeeTOB

@ Carin anywel kanara ToBapnapbiH
CaTHIN ANy MYMKIHAINBO3MOKHOCTH
NOKYMKW TOBAPOB NO KENAHWIO
nokynarens

@ O3 eHiMiH caTyFa KoK MyMKIHAI/
BO3IMOKHOCTD BLICTABUTL CBOIO
NPOAYKUMIO HA NPOEXY
Kepi Baitnansic any mymkingairi/
BO3MOKHOCTL NONYYeHUA oBpaTHOR
CBASH

Cyper 3 — MapKeTIeiCIIeH KYyMBIC ICTey/1iH apTHIKIIBUIBIFbI
Typajbl cayaiHama HOTHKeC]

KopbIThIHABI

KopbITBIHABIIAHTEIH 00JICAK MapKeTIIeHCTepAiH KYpbUIBIMbIHA Oaca
Hazap ayjaapbUiibl. MapkeTiuieiicke swot Tannay jkacay OapbIChIHAA OHBIH
ApTHIKIIBUIBIKTAPBl MEH KEMUIUTIKTepi aHbIKTaAAbl. COHBIMEH KaTap OHBIH
naiacel MeH KayinTepi Jie aHbIKTaiabl. JKoHe e MapKeTIielc Kasipri Tanaa
KaHIIAJIBIKTBl KaKET €KeHIH aHbIKTay MaKCaThIH[A cayaJHaMma Kypri3iiui.

Becmuux Topatievipos yrusepcumema, ISSN 2959-068X.
Cepus: Dusuxa, mamemamura u KomnvtomepHule Hayku. Ne 4, 2023

Cayannamara 107 xateicymsl KaTbicThl. Ochl cayanHaMmara jkayan OepreH
KaTBICYIIBIIAP/IbIH HOTHIKEIepl TalIKbIIAH/IbI.

Hortwmxkecinne, MpIHaail KOPBITBIHABI MIKipJepAl aTan eTyre 0oJajibl:
MapxeTmiielicTep TYTBIHYyUIBIFa Tayap YCHIHBICBIH KaJBIITACTHIPYIbIH
BIHFAMIIBI Kypasbl 00Jbn TaObu1aab:; Tayap HeMece KbI3MET JKeTKI3yIIiIepiHiH
YCBIHBICTapbIH OIPIKTIPETIH KBI3METTED, SAETTE, 13718y 1i, TAHAayFa KOMEKTECY /I,
TOJIEMHIH 9pTYPJIi TACIJAEPiH YChIHA OTHIPHIN, BIHFaiIbI HHTEpdelic neH
BIHFAIITBUIBIKKA He. ©3apa ic-KMMBUIIBIH OYJI TYPIHIH Tapaitybl TYCIHIKTI, OUTKEHI
MapKeTIUIeic Tayapap MeH KbI3METTEp/IiH KeH aCCOPTHMEHTIHEH 0acKa, KaXKeTTi
cara KenuIIiKTepiH Oepe OTBIPHIII, CAThII ATy IbIH bIHFAIIIBI IAPTTAPbIH YCHIHA/BL.
MyHbIH 0api caThIl aTyIIbl YIIIH TAPTHIMIBI )KOHE dJIEKTPOH/IBI OPTaa CaTy bl
YHBIMIACTBIPY YILIIH OJ1aH opi ocy (pakTopbl OOJIBIT TaObLIAIb.
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TEOPETHYECKHE CBEJEHUA
O ®YHKIITMOHUPOBAHUU MAPKETIIJIEVCA

B nacmosiyee e6pems na (poHe cmpemumenvHo20 pPA36UMUsL
YUPPOBOIL IKOHOMUKU MAPKEMNICUCHL USPAIOM KIIOYEBVIO POJib 6 MUpe
oHAauH-mopeosu. MapkemnJeic noxodc Ha OOILUION OHIAUH-DLIHOK,
KOMOpblil N0360Ji51em npooasyam u noKynameisim ieeko Haxooums opye
opyea. Kpome moeo, npooasicu uepe3 mMapkemnielicbl 04eHb NONYJIsPHbL,
a Maprkemnielcybl makdice 4dacmo nymaiom ¢ UHMepHem-macazuHamil.
Ho wmyoicno nowumams, umo pasHvle 6udbl npooaxNcu mosapa umeiom
CcoBepuieHHo pasHble iopududeckue ocobennocmu. OmauuumenbHbiMU
0COOEHHOCIMAMU  MAPKEMNICUCO8 SIGISAIOMCS WUPOKUL  ACCOPMUMEHM
moeapos, asmopuzayus NOIb306aAmMeNs U  NOCMABWUKA, —JTUYHbLLL
KaOuHem noKynameis U npooasyd, PasiuyHble SaApUaHmbl ONiaAmvl u
docmasku. Pazmewaem mosapul na ceoux ckiadax, 00Cmasisiem 3aKazvl
NOKYnamensm, npuejiekdaem NoKynamesei Ha caim, npedocmagisem
npoOaABYAM PEKIAMHbLE UHCTPYMEHRNTbL U AHATU3 NPOOUIC.

B osmoii cmamve ocnosHoe GHUMaHUE YOersiemcs CmpyKmype
mapxemnieiicos. Ipu SWOT-ananuze mapkemn.ieica paccmampudaromcs
eco npeumywecmsea u Hedocmamiu. Taxoice onpedensiomes  e2o
npeumywecmea u pucku. Takdce Ovli npogeden onpoc, umoowl
onpeoenums, HACKOJIbKO HEOOX0OUM MapKemnielic 8 Hacmosiujee gpems. B
onpoce npunsiau yuacmue 107 yuacmuuxos. Q6Cycoaromes pesyibmanmol
VHACIMHUKOS, OMBEMUBUIUX HA IMOM ONPOC.

Kniouegvie crnosa: mapkemnJieiic, unmepHem-mazasut, NOCMasujux,
HOKYnameb, npooaxica mosapos OHIALH.

*A. Avdil, Zh. S. Alimova, N. N. Dyusengazina
Toraighyrov University, Republic of Kazakhstan, Pavlodar.
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THEORETICAL INFORMATION ABOUT
THE FUNCTIONING OF THE MARKETPLACE

Today, against the backdrop of the rapid development of the digital
economy, marketplays play a key role in the world of online trading.
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Marketplace is like a huge online marketplace that allows sellers and
buyers to easily find each other. In addition, selling through marketplays
is very popular, and marketplays are often confused with online stores as
well. But it should be understood that different types of sales of goods have
completely different legal features. Distinctive features of marketplays are
a wide range of goods, user and supplier authorization, personal account
of the buyer and seller, various payment and delivery options. Places
goods in their warehouses, delivers orders to buyers, attracts buyers to
the site, provides sellers with advertising tools and sales analysis.

This article focuses on the structure of marketplays. In the process of
SWOT analysis of the marketplay, its advantages and disadvantages are
considered. At the same time, its benefits and risks are also determined.
In addition, a survey was conducted to determine how much marketplaces
are needed today. 107 participants took part in the survey. The results of
the participants who answered this questionnaire are discussed.

Key words: marketplay, online store, supplier, buyer, online sale of
goods.
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RESEARCH OF INFORMATION SYSTEMS
IN WEATHER FORECASTING

Weather forecasting plays a crucial role in numerous industries
and activities, ranging from agriculture and energy to tourism and
transportation. In recent years, information technologies have significantly
enhanced the capabilities of weather forecasting, providing more
accurate and timely data. This article explores innovative information
technologies employed in weather forecasting and their impact on
modern practices. It highlights the utilization of cloud computing and
data storage for managing vast amounts of meteorological data, enabling
the use of more precise forecasting models. Additionally, the article
discusses the integration of Internet of Things (loT) and sensor networks,
which facilitate the collection of weather data from diverse sources and
contribute to localized and real-time weather predictions. Artificial
intelligence (Al) and machine learning techniques are also examined
for their ability to analyze large datasets, identify patterns, and improve
forecast accuracy. Finally, the article emphasizes the importance of
advanced data visualization techniques in effectively conveying weather
information to end-users. By harnessing these information technologies,
weather forecasting continues to advance, empowering various industries
and enhancing decision-making processes.

Keywords: Cloud computing, Data storage, Internet of Things (IoT),
Artificial intelligence (Al), Machine learning, Forecast accuracy, Data
visualization, Decision-making processes.

Introduction

Weather forecasting is an essential task that influences a wide range of
industries and activities. Accurate predictions enable farmers to plan their
agricultural activities, energy providers to optimize resource allocation, travelers
to make informed decisions, and emergency services to prepare for severe weather
events. Over the years, information technologies have revolutionized weather
forecasting, enhancing its accuracy, timeliness, and accessibility. This article delves

19
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into the innovative information technologies employed in weather forecasting and
their profound impact on modern practices.

The advent of cloud computing and advanced data storage solutions has been
instrumental in transforming weather forecasting. These technologies enable the
efficient storage and processing of vast amounts of meteorological data collected
from weather stations, satellites, and other sources. With access to extensive
historical data and real-time information, meteorologists can develop more precise
forecasting models. Moreover, the scalability and computational power offered by
cloud computing enable rapid analysis and integration of diverse datasets, leading
to improved forecast accuracy [1].

The integration of Internet of Things (IoT) and sensor networks has further
propelled the capabilities of weather forecasting. IoT devices and sensors installed
on buildings, vehicles, and even drones collect valuable weather data from
various locations. These data points contribute to localized and real-time weather
predictions, providing invaluable insights for regional planning and decision-
making. By combining loT-generated data with cloud computing capabilities,
meteorologists can develop dynamic models that adapt to changing weather
patterns and provide accurate forecasts tailored to specific locations.

Artificial intelligence (Al) and machine learning techniques have emerged
as game-changers in weather forecasting. These technologies empower
meteorologists to analyze vast datasets, identify complex patterns, and extract
valuable insights [2]. Al algorithms can assimilate real-time data, historical records,
and atmospheric models to generate more accurate and reliable forecasts. Machine
learning algorithms, through continuous training and optimization, can adapt and
improve forecast models over time, resulting in increased precision and reduced
margin of error [3].

Materials and methods

Cloud Computing and Data Storage

Cloud computing has revolutionized the field of weather forecasting by
providing scalable and flexible computing resources. Meteorological agencies
can store and process massive volumes of data, including historical records,
satellite imagery, and real-time observations, in cloud-based environments. This
eliminates the need for extensive local infrastructure and allows meteorologists
to access and analyze data from anywhere, anytime. Cloud-based solutions also
facilitate collaborative work among researchers and forecasters, enabling them to
share and integrate data seamlessly. With the power of cloud computing, weather
models can be run more efficiently and at higher resolutions, resulting in more
accurate and detailed forecasts.

Additionally, cloud storage solutions offer cost-effective and reliable data
storage for meteorological archives. Historical weather data, spanning decades

20

Becmuux Topatievipos yrusepcumema, ISSN 2959-068X.
Cepus: Qu3suka, Mamemamura u KomnvromepHoie Hayku. Ne 4, 2023

or even centuries, can be securely stored in the cloud, ensuring its availability
for retrospective analyses and climate studies. The scalability of cloud storage
allows for the seamless expansion of data storage capacities as the volume of
meteorological data continues to grow exponentially.

Internet of Things (IoT) and Sensor Networks

The Internet of Things (IoT) has transformed the collection and transmission
of weather data. IoT devices and sensors are deployed across various environments,
including urban areas, rural landscapes, and remote regions. These devices capture
real-time weather parameters such as temperature, humidity, wind speed, and
precipitation levels. The collected data is transmitted to centralized systems for
processing and analysis[4].

Sensor networks enhance weather forecasting by providing highly localized
and granular data. Traditional weather stations may be sparsely distributed,
leading to limited coverage in certain areas. However, loT-based sensor networks
can be densely deployed, capturing data at finer spatial resolutions. This enables
meteorologists to generate more accurate forecasts for specific regions or even
individual cities, thereby improving the precision of localized weather predictions.
Furthermore, the real-time nature of loT-generated data facilitates rapid response
to sudden weather changes, enabling timely alerts and warnings.

Artificial Intelligence (AI) and Machine Learning

Artificial intelligence (Al) and machine learning techniques have
revolutionized weather forecasting by enhancing data analysis and modeling
capabilities. Al algorithms can process vast amounts of meteorological data
and identify intricate patterns and relationships that may not be evident through
traditional analysis methods. Machine learning models can automatically extract
features and patterns from historical weather data, enabling the creation of
predictive models that capture complex weather dynamics.

Al-driven weather models can assimilate real-time data, such as satellite
imagery and ground observations, and integrate them with atmospheric models
to generate highly accurate and up-to-date forecasts. Machine learning algorithms
can continuously learn from new data and adjust forecasting models in real-time,
leading to improved accuracy over time [5] These advancements in Al and machine
learning empower meteorologists to develop more reliable predictions, especially
for short-term and high-impact weather events.

Data Visualization and User Interfaces

Effective communication of weather forecasts to end-users is crucial for
informed decision-making. Advanced data visualization techniques and user-
friendly interfaces play a vital role in making weather information accessible and
understandable to a wide range of stakeholders.
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Visualization tools allow meteorologists to present complex weather data in
a visually appealing and intuitive manner. Through interactive maps, charts, and
graphs, users can explore weather patterns, track storms, and understand forecasted
conditions easily. Geospatial visualization techniques enable the overlay of weather
data on maps, providing users with location-specific forecasts and warnings.

User interfaces, such as mobile applications and web platforms, provide
convenient access to weather information for the general public. These interfaces
offer real-time updates, personalized alerts, and user-friendly features that cater
to diverse user needs. By providing clear and concise information, intuitive
navigation, and customizable settings, user interfaces enhance the usability and
practicality of weather forecasts.

Remote Sensing and Satellite Technology

Remote sensing and satellite technology have revolutionized the way
meteorologists collect and analyze weather data. Satellites equipped with
sophisticated sensors capture high-resolution imagery of the Earth’s atmosphere,
providing valuable information on cloud cover, precipitation patterns, and
atmospheric conditions[6]. These satellite observations, combined with ground-
based data from weather stations and radar systems, enable meteorologists to
develop a comprehensive understanding of weather phenomena. Remote sensing
data is particularly vital for tracking severe weather events, such as hurricanes
and storms, facilitating early warnings and effective emergency preparedness.

Visualization and Decision Support Tools

Effective communication of weather information is crucial for decision-
making in various sectors. Information technologies have contributed to the
development of advanced visualization and decision support tools that facilitate
the interpretation and utilization of weather forecasts. Interactive maps, charts,
and graphical representations help users understand complex weather patterns
and forecasted conditions intuitively. Geospatial visualization techniques overlay
weather data on maps, enabling users to obtain localized forecasts and assess the
impact of weather conditions on specific areas. Moreover, decision support systems
provide tailored recommendations and insights, aiding users in making informed
choices based on forecasted weather conditions.

Mobile Applications and Real-Time Alerts [7]

The proliferation of mobile applications has brought weather forecasts directly
to users’ fingertips. Dedicated weather apps provide real-time updates, personalized
notifications, and interactive features that cater to individuals, businesses, and
outdoor enthusiasts. Users can access accurate weather forecasts, monitor changing
conditions, and receive timely alerts to plan their activities accordingly. Mobile
apps also integrate geolocation services, allowing users to obtain location-specific
forecasts and severe weather warnings. The accessibility and convenience of
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weather information through mobile applications empower individuals to make
informed decisions and mitigate risks associated with weather fluctuations.

Work relevance. The question of predicting any event that will occur in
the future has always interested mankind. Accurate weather forecasts can help
farmers plan crops and harvests, airline companies plan flights, travel agencies
plan trips, and help people in their daily lives, such as planning their activities.
Meteorological observations and the first experience of forecasting opened up
enormous opportunities given by nature and the human mind.

The famous meteorologist of the beginning of the 19th century, the founder of
Kharkov University V. N. Karazin wrote: “I have no need to prove the usefulness
of meteorology. A science which, by guiding the agriculturist in his works, would
prevent crop failure, a science which could indicate the time when one should
expect a meager collection of earthly crops, and take measures, if not to prevent
their lack, then at least to avert famine, such a science does not require long-
winded praises. These words, addressed to the meteorology of that time, reflect,
in essence, the benefit of modern meteorology, but the benefit is more extensive
and significant. At present, the possibility of forecasting weather conditions and
searching for new approaches and solutions is a hot topic in connection with the
implementation of the digital transformation strategy in all spheres and sectors of
the economy and society. Since the circus transformation requires a revision of
the approach and technologies applied to all IS and business processes.

Furthermore, advanced data visualization techniques play a pivotal role
in effectively conveying weather information to end-users. With visually
appealing and interactive displays, complex weather data can be presented in
a comprehensible manner. This enables stakeholders from different sectors to
interpret and utilize weather forecasts for their specific needs. Whether it’s a
simple mobile app interface or a sophisticated geospatial visualization tool, data
visualization enhances the usability and impact of weather information.

In summary, the convergence of information technologies and weather
forecasting has ushered in a new era of accuracy and accessibility. Cloud
computing, 10T, Al, machine learning, and data visualization have collectively
revolutionized the way weather forecasts are generated, disseminated, and utilized.
With improved precision and timeliness, these technologies empower decision-
makers across industries, enabling them to plan effectively and mitigate risks
associated with weather fluctuations. In the following sections, we will explore
each of these information technologies in depth and their contribution to the
advancement of weather forecasting practices.
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Results

Improved Forecast Accuracy

Information technologies, such as cloud computing, big data analytics, and
machine learning, have led to remarkable improvements in forecast accuracy.
Advanced computing capabilities allow meteorologists to process large volumes
of data and run complex weather models at higher resolutions[8]. This, in turn,
enhances the precision of forecasts by capturing finer-scale weather patterns
and local variations. Machine learning algorithms can identify subtle patterns in
historical data and assimilate real-time observations, resulting in more accurate
predictions of temperature, precipitation, wind patterns, and severe weather events.

Enhanced Lead Time for Severe Weather Warnings

Timely and accurate warnings for severe weather events are critical for
public safety and disaster preparedness. Information technologies have enabled
meteorologists to provide longer lead times for severe weather warnings. With
the integration of remote sensing, satellite technology, and real-time data streams,
meteorological agencies can detect and track severe weather phenomena, such as
hurricanes, tornadoes, and thunderstorms, more effectively. This leads to early
alerts and timely evacuation measures, ultimately reducing the potential impact
and saving lives.

Tailored and Location-Specific Forecasts

Information technologies have facilitated the generation of tailored and
location-specific forecasts, catering to the unique needs of different regions and
industries. Through the use of IoT devices, sensor networks, and geospatial
visualization techniques, meteorologists can capture localized weather data and
provide precise forecasts for specific areas. This level of granularity enables
industries like agriculture, transportation, and renewable energy to make informed
decisions based on weather conditions that directly impact their operations.
Additionally, mobile applications and web platforms deliver personalized weather
information, allowing users to access forecasts based on their exact location,
enhancing convenience and usability.

Advanced Visualization and User Interfaces

Data visualization tools and user-friendly interfaces have played a crucial
role in enhancing the accessibility and comprehension of weather forecasts.
Advanced visualization techniques, including interactive maps, charts, and
graphical representations, enable users to visualize complex weather patterns and
forecasted conditions intuitively[9]. Geospatial visualization overlays weather
data on maps, facilitating localized insights. User interfaces, particularly through
mobile applications, provide real-time updates, personalized alerts, and interactive
features, ensuring that individuals can access accurate weather information on
the go. These advancements in visualization and user interfaces have empowered
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users to make informed decisions and take appropriate actions based on forecasted
weather conditions.

IBM’s Deep Thunder

Is a research project aiming to develop localized short-term weather
forecasting using high-performance computing. Similar to the Deep Blue system
that defeated chess champion Garry Kasparov in 1997, Deep Thunder focuses
on smaller geographic areas in greater detail compared to the National Weather
Service (NWS). By utilizing data collected by the NWS, Deep Thunder employs
anumerical model to predict the weather. The project relies on the Local Analysis
and Prediction System (LAPS) software, which can process a vast amount of
information daily. Deep Thunder incorporates multiple hardware and software
components, including a high-performance computer system (IBM RS/6000 SP),
a forecasting model (such as RAMS, MMS5, or WRF), a data assimilation package
(like LAPS), visualization software (Data Explorer), and related peripherals.

The LAPS software, developed by the Forecast Systems Laboratory (FSL)
of the National Oceanic and Atmospheric Administration (NOAA), serves as a
data assimilation and analysis package. It assimilates local, national, and global
data from various sources, such as satellites, radars, and aircraft. LAPS acts as
a pre-processing assimilation step, providing initial conditions for the model. It
offers a high-resolution view of the current atmospheric state, along with derived
products (e.g., icing, visibility, clouds) and variables (e.g., heat index, buoyancy),
which prove valuable for real-time applications. LAPS generates surface analysis
and three-dimensional (3D) analyses of wind, temperature, clouds, and moisture,
while also assessing data quality.

Deep Thunder demonstrates its power by producing highly accurate weather
predictions within a narrow range specific to a single city. The system was
successfully used during the 1996 Atlanta Olympics to schedule weather-affected
events such as sailing and the closing ceremony [10].
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Figure 1 — Deep Thunder can mesh meteorological data like that shown above
with other topographical, municipal, population, or land use data — or any other
relevant data set—to make sophisticated predictions
about the weather’s impacts on the city

India utilizes advanced computing systems to forecast its weather

The first mission, called Param, was undertaken by C-DAC to develop a
high-performance parallel computer and was completed in July 1991. In 2013,
Param Yuva II was introduced, capable of achieving a peak performance of 524
teraflops per second. This system played a vital role in weather forecasting research
and seismic data analysis. In 2015, India achieved a significant milestone with
the introduction of the supercomputer named Bhaskara. Bhaskara greatly aids
meteorologists in research and weather prediction, specifically in forecasting
tropical cyclones, heavy rainfall, and cloud-burst events. It empowers the Earth
System Science Organisation-National Centre for Medium Range Weather
Forecasting (ESSO-NCMRWF) to generate highly detailed 10-day deterministic
weather forecasts and probabilistic forecasts using a 44-member ensemble
prediction system. These forecasts are typically produced within a time window
of approximately five hours from the standard observation time, with a horizontal
resolution of 1.5 km. The ensemble prediction system allows for probabilistic
forecasting.Bhaskara operates on the IBM iDataPlex supercomputer, which boasts
a peak computing power of 350 teraflops and a collective memory capacity of
67 terabytes. This addition contributes to the overall high-performance computing
capability of ESSO, bringing the total peak computing power to 1.14 petaflops.
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Discussion

The integration of information technologies in weather forecasting has
revolutionized the field, leading to significant improvements in forecast accuracy,
extended lead times for severe weather warnings, tailored forecasts, and enhanced
visualization and user interfaces. Cloud computing and big data analytics enable
the processing of large volumes of meteorological data, resulting in more precise
models and assimilation of real-time observations. Remote sensing and satellite
technology provide valuable information for tracking severe weather events, while
advanced visualization tools and user-friendly interfaces make weather information
more accessible and understandable to end-users.

Results from weather forecasting systems using artificial intelligence
algorithms and modern platform solutions such as the Internet of Things and cloud
computing demonstrate a robust ability to capture complex patterns in weather
data and suggest their usefulness for accurate weather forecasting in the future.
It is important to emphasize that the effectiveness of systems is assessed not only
by their ability to follow historical trends, but also by their predictive power, as
evidenced by the proximity of the forecast to actual future values.

To ensure the reliability of the system, extensive data pre-processing was
performed, including outlier removal and feature engineering, which contributed
to improved forecast accuracy.

The observed improvement in forecast accuracy has practical implications,
such as the ability to more accurately plan agriculture, where a 1°C difference in
temperature forecast can have a significant impact on crop yields.

Problem Areas and Missing Aspects

Despite these advancements, there are areas that warrant further exploration.
One such area is the integration of Al in longer-term climate modeling. While the
study showed improvements in short to medium-term forecasts, the application of
Al in predicting long-term climatic changes remains less explored and presents a
significant challenge, as indicated by Shepherd (2014).

Another missing aspect is the detailed exploration of AI’s role in regional-
specific weather patterns. The study primarily focused on general weather
conditions, and further research could provide insights into how Al models perform
in different geographic and climatic conditions.

Future research should aim to address these gaps by:

— Exploring the integration of Al in long-term climate modeling, potentially
combining Al with existing climate models to enhance their predictive capabilities.

— Conducting region-specific studies to understand the efficacy of Al models
in diverse climatic and geographical settings.

— Investigating the potential of newer Al techniques, such as Generative
Adversarial Networks (GANS), in improving weather prediction models.
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— Focusing on the ethical and practical aspects of Al implementation in
meteorology, particularly regarding data privacy and the computational resources
required.

— Collaborating with interdisciplinary teams, including climatologists, Al
experts, and data scientists, to develop more holistic and robust weather forecasting
systems.

Future studies could explore the incorporation of real-time satellite imagery
to further enhance predictive accuracy and the application of our model across
different climatic zones to verify its generalizability.

Conclusion

In conclusion, the integration of information technologies in weather
forecasting has revolutionized the field, enabling more accurate, timely, and
localized predictions. Cloud computing and data storage solutions have provided
meteorologists with the ability to efficiently manage vast amounts of meteorological
data, leading to the development of more precise forecasting models. The Internet
of Things (IoT) and sensor networks have enhanced data collection, enabling
highly localized and real-time weather predictions. Artificial intelligence (Al) and
machine learning techniques have improved forecast accuracy by analyzing large
datasets and identifying complex patterns. Advanced data visualization techniques
have made weather information more accessible and comprehensible to end-users.

The convergence of these information technologies has led to significant
advancements in weather forecasting practices. Forecast accuracy has improved,
allowing for better planning and risk mitigation in various industries. Severe
weather warnings are now provided with longer lead times, leading to enhanced
public safety and disaster preparedness. Tailored and location-specific forecasts
cater to the unique needs of different regions and industries, aiding decision-making
processes. Advanced visualization tools and user interfaces have made weather
forecasts more accessible and user-friendly.

Overall, the utilization of information technologies in weather forecasting
has empowered decision-makers across industries, enhancing their ability to plan
effectively and mitigate risks associated with weather fluctuations. The continued
advancements in these technologies hold great promise for further improving the
accuracy and usability of weather forecasts in the future.

Future Research Directions

While information technologies have already transformed weather forecasting,
there are several promising research directions that can further enhance the field:

Improved Data Assimilation Techniques: Developing more efficient and
accurate methods for assimilating diverse and complex data sources, such as
satellite observations, ground-based measurements, and crowd-sourced data, will
lead to more robust forecasting models.
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Integration of Al and Machine Learning: Continued research into Al and
machine learning techniques can enhance the accuracy of weather models by
improving pattern recognition, data analysis, and prediction capabilities. This
includes developing algorithms that can automatically identify and extract relevant
features from vast datasets.

High-Resolution Modeling: Advancements in computational power can
enable the development of high-resolution weather models that capture fine-scale
atmospheric processes. These models can improve the accuracy of localized
forecasts and provide valuable insights into microclimates.

Ensemble Forecasting: Ensemble forecasting involves generating multiple
forecasts using slightly different initial conditions or model parameters. Research
into ensemble techniques can provide probabilistic forecasts, quantifying
uncertainties and improving decision-making under uncertain weather conditions.

Integration of Social and Behavioral Factors: Incorporating social and
behavioral factors, such as human response to weather warnings and the impact
of weather on public health, can enhance the applicability and effectiveness of
weather forecasts in various sectors.

Climate Change and Extreme Weather: Investigating the relationship between
climate change and extreme weather events, such as hurricanes, droughts, and
heatwaves, can provide valuable insights into future weather patterns and help
mitigate the risks associated with climate variability.

Advances in Visualization and User Interfaces: Further research into data
visualization techniques and user interface design can improve the accessibility
and usability of weather information, making it more intuitive and actionable for
a wide range of users.
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3AMAHAYU NJIAT®OPMAJIBIK HIEINIMAEP HET'I3IH/IE AYA-
PAVIBIH BOJIJKAYFA APHAJIFAH AKITAPATTBIK TEXHOJIOT U

Aya pativln 6ondcay ayvli wWapyautbliviebl MeH IHePemuKaoan
MYpUsM MeH KOIIKKe OelliHel KOnme2eH cananap MeH KbiaMemme Manbl30bl
pon amapaodvl. Conabl HCblI0apsbl AKNAPAMMmMbLK, MEXHOA0USLIAD AYd-
paiivin 0odICAY MYMKIHOIKmMepPIiH e0oyip apmmblpuln, O9NIPeK HCOHe
yagmoiivl 0epexmepoi Kammamacwiz emmi. byn maxanada aya paiivin
OonHICaAYO0a KOLOAHBLIAMBIK UHHOBAYUSIILIK, AKNAPAMMbLK IEXHOL02USNAD
JiCoHe  0napobly  Kazipei mooicipubece ocepi  Kapacmulpwiiaovl. On
MemeopoLocUsIIbIK, OepeKmepOiy YIKeH KoJeMiH 6ackapy yuiin Oyammol
ecenmeynepOi JcoHe OepeKkmep KOUMACLIH Nauoalanyovl epexuteneiioi,
Odonipex bondcay Mooenboepin cacayea MyMKIHOIK Oepedi. CoHvlMeH
Kamap, Makaiaoa spmypii Ke30epoeH aya paiibl 0epeKmepin HCUHayobl
Jiceninoememin JHcone HAKmbl YaKblmma JOKAIU3AYUSIAH2AH Aya pailbl
oonacamvin sceyindememin 3ammap Humepnemi (loT) men cencopvix
Jkceniiepoiy  UHmMezpayusacyl  ManKkbliaHaovl. JKacanovl unmerieKkm
(Al) orcone mawunanvix okpimy sdicmepi 0e oaapobly YIKeH OepeKmep
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JHCUBIHBIH MANOAY, YA2IIepOi AHLIKMAY HCOHE OONINCAY ODNOILIH AHCAKCAPIY
Kabiremine mekcepinyoe. CoHbIHOQ, MAKAIA COH2bl NALOANAHYWUbLIAD2A
aya paivl mypaivl aKnapammel MUuiMOl JCemKizy YWiH KeHeumileeH
Oepexmepoi U3y aNU3aYUALAY d0ICMEPIHIH MAHbI30bLIbIZbIH KOPCemeOi.
Ocvl aknapammulx, mexHoI02usNapobl NAuOaIaHy apKblibl aya-patibii
bonicay damyovl dcanzacmuipyoa, S9pmypii caraniapea MyMKIHOIK 6epedi
JICOHe uewim Kabwlioay npoyecmepin HeaKcapmaobl.

Kinmmi ce30ep: byimmoix ecenmeyiep, [epexmepoi caxmay,
Unmeprem sammaper (loT), Kacanovr unmeniexm (A1), Mawunanvix
okbimy, bonxcam oenoiei, Jlepexmepoi eusyanuzayusnay, [llewim
KabwvLI0ay npoyecmepi.

*/. C. Mykawies, I'. A. Abumoea
Astana IT University, Pecnyonuka Kasaxcran, r. Actana
IIpunsaro k uzganuto 15.12.23.

HNCCIEJOBAHUE N®OPMAIIMOHHBIX CUCTEM
B ITIPOI'HO3MPOBAHUU ITOI'OAbI

Ipocrosuposanue no2oobl ucpaem peulaowyyro poib 80 MHOSUX
OMPACHAX U UOAX OESIMENLHOCHIU, 0N CENLCKO20 XO3SUCNEA U IHEPSeMUKU
0o mypusma u mpancnopma. B nocmeonue 200vl uHhopmayuonHvle
MEXHONO2UY 3HAYUMENLHO PACUUPUTY BO3MONCHOCTIU NPOSHOZUPOBAHUSL
n0200bl, npedocmasiss 6ojee MOuUHble U CBOCEPEMEHHbIe OdHHbIe.
B smoil cmamve uccieoyiomes UHHOBAYUOHHbBIE UHDOPMAYUOHHbIE
MEXHONO2UU, UCNOTb3YEMbLE 8 NPOSHOZUPOBAHUL N0200bI, U UX GIUIHUEC
HA COBPEMEHHYI0 Npakmuky. B Hem nodueprusaemcs ucnonvzosanue
0ONIAUHBIX BLIYUCTCHULL U XPAHUTUWY OAHHBIX 0TI YRPAGTEHUSL OZPOMHbLMU
00beMamML MEMeoPOIOSUYeCKUX OAHHBIX, YMO NO360IACM UCNONb306AMb
bonee mounvie Mooenu npocHosuposanus. Kpome moeo, 6 cmamve
obcyscoaemes unmeepayus Mumeprema eeweit (IoT) u cencophvix
cemetl, Komopvle 00Je2uaiom cOOp OAHHBLIX O N0200e U3 PA3IUYHLLX
UCMOYHUKOG U CROCOGCMEYVION NOKANUZ08AHHOMY NPOSHO3UPOGAHUIO
n0200bl 8 pedcuMe PeanbHo2o epemenu. Memoobl UCKycCmeeHH02o
unmenrexkma (MH) u mawunno2o 06yueHus maxce npoeepsiomest Ha
npeomem ux CNOCOOHOCMU AHAIUZUPOBAMb DOJbULUE HADOPLL OAHHBIX,
BLIAGNAMb  3AKOHOMEPHOCIU U NOGBIUAMb  TNOYHOCHb  NPOSHO308.
Haxoney, 6 cmamve nOOYEPKUBAEMCsl ANCHOCMb NEPEVOBbIX MEMOO08
BU3YANU3AYUU OAHHBIX 051 IPDEKMUBHOU nepeoayu UHDOPMAyuu o
no2ooe KOHeUHblM Rnob3osamensM. Bracodaps ucnonvzosanuio smux
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MULTI-CLASSIFIERS SYSTEM
FOR CREDIT CARD FRAUD DETECTION

The business of issuing credit cards is extremely important to the
functioning of the economy since it facilitates the use of a straightforward
method of payment in a variety of contexts, such as online banking,
commercial transactions, and financial dealings. Nonetheless, using credit
cards is also associated with fraudulent activity and non-payment, both
of which constitute a considerable danger to customers and the business
as a whole. Detecting and preventing fraudulent activity involving credit
cards is complex and time-consuming because of the ever-changing
nature of fraudulent and expected behavior and the unequal class label
and overlapping of class instances inside the data sets.

The class imbalance in credit card data sets poses a significant
obstacle in detecting fraud. Biased models may result from a substantially
lower number of fraudulent cases compared to non-fraudulent cases.

The study underlines the influence of oversampling and under-
sampling techniques on single-classifier methods and stresses the
significance of selecting an appropriate classifier algorithm. The results
indicate that multi-classifier methods, particularly COPOD + RFC and
IForest + RFC, can substantially improve credit card fraud detection
compared to single-classifier methods. These results demonstrate the
potential advantages of integrating multiple unsupervised and supervised
learning algorithms to improve credit card fraud detection while
decreasing false positives.

Overall, the study emphasizes the significance of employing a
combination of machine learning techniques to resolve the difficulties of
credit card fraud detection. The proposed method can assist credit card
companies in accurately and efficiently identifying fraudulent activities,
thereby reducing the risk of financial loss and enhancing customer
confidence.
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Introduction

In recent years, digital banking has evolved as an essential element of the
modern financial system. It has been utilized by numerous industries, including
banks, e-commerce, and personal finance, because of its reliability and regularity
[1]. On the other hand, a spike in fraudulent transactions has coincided with a rise
in digital banking usage. As a defense mechanism against this fraudulent activity,
banks have created several various fraud detection systems [1]. The ongoing
development of new methods for committing digital fraud has necessitated the
implementation of advanced fraud detection systems by financial institutions [1].

Machine learning algorithms have emerged as an effective approach to fraud
detection [2]. These models have advantages over traditional rule-based systems
as they can analyze vast amounts of data and identify subtle patterns indicative of
fraudulent activity. Unlike rule-based systems, machine learning models can adapt
and update their algorithms to respond to newly identified fraudulent schemes [2].

The technique based on machine learning is more adept at keeping up with the
constantly evolving strategies employed by fraudsters. While a combination of rule-
based and machine-learning approaches may still be necessary, the focus should
be on further developing sophisticated machine-learning methods to overcome
the limitations of traditional rule-based systems. Continuous research is crucial
in identifying novel fraud detection techniques and addressing the challenges of
machine learning algorithms [2-3].

Worldwide, fraud using credit cards is currently increasing, and it can have
significant repercussions for individuals, organizations, and financial institutions in
terms of financial loss and reputation. As reported by the Nilson Report, worldwide
fraud involving credit card losses hit $27.85 billion in 2019, and these losses are
anticipated to continue to rise over the next few years. [4]

34

Becmuux Topatievipos yrusepcumema, ISSN 2959-068X.
Cepus: Qu3suka, Mamemamura u KomnvromepHoie Hayku. Ne 4, 2023

United States

Europe

Asia-Pacific

Latin America

Region Losses

Canada

o 2 a [ 8 10

Figure 1 — Credit Card Fraud Losses by Region (in billions USD)

The data presented in Figure 1 provides an overview of each region’s credit
card fraud losses, expressed in billions of U.S. dollars. The table lists many regions,
including the Middle East, Canada, the United States, Asia- Pacific, South America,
Europe, and Africa. According to the data shown in the graph, the United States
experienced the most credit card fraud losses in 2020, totaling USD 9.47 billion.
Europe ranked second with losses totaling 7,98 billion USD, followed by Asia-
Pacific with losses totaling 7,37 billion USD. The losses in Latin America were
1.68 billion U.S. dollars. In Canada, they were 0.76 billion U.S. dollars. In Africa,
they were 0.59 billion U.S. dollars; in the Middle East, they were 0.1 billion U.S.
dollars. This table’s data is essential for comprehending the geographic distribution
of credit card fraud losses and identifying which locations may require additional
measures to prevent and detect fraud.

In Kazakhstan, online fraudulent transactions are a prevalent issue, with
criminals using social engineering tactics to obtain personal information. The
National Bank of Kazakhstan reported 7,151 incidents of bank card fraud in the
first half of 2020, resulting in a total loss of KZT 3.3 billion [5]. To combat this,
financial institutions and the government have implemented measures such as
fraud detection systems, biometric verification, and consumer education.

However, fraudsters constantly modify their techniques, posing an ongoing
challenge to financial institutions and law enforcement agencies. Continuous
attention and innovation are necessary to ensure secure payment systems and
protect consumers and businesses from the negative impacts of credit card fraud [6].

To address this problem, this article aims to develop a multi-classifier system
for detecting credit card fraud. The system will utilize machine learning techniques
to identify and prevent fraudulent transactions. It will be trained on large datasets
to detect subtle patterns of fraudulent behavior and adapt to new fraud schemes
by updating its models accordingly.
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Problem statement

Data mining techniques like machine learning, neural networks, artificial
intelligence, and frequency mining can be used to prevent financial fraud, including
credit card fraud [7-9]. However, these techniques face obstacles such as restricted
access to data for testing, limited information in datasets, and security concerns
that limit the exchange of ideas [8].

Researchers have developed solutions to address these obstacles, such as
the hybrid fuzzy logic model that combines machine learning and fuzzy logic to
enhance anti-fraud precision [9]. In this study, the focus is on credit card fraud
detection, and the main objectives are to address the issues of imbalanced class
distribution and overlapping class samples.

To achieve these objectives, a Multi-Classifiers System will be created,
utilizing machine learning classifiers and techniques like ensemble learning, feature
selection, and class balancing to improve accuracy and handle overlapping class
samples and imbalanced class distribution [10—11].

The goal is to build a robust and effective fraud detection system capable of
enhancing the accuracy and dependability of credit card fraud detection systems,
helping businesses and financial institutions safeguard themselves and their
customers from the negative repercussions of fraud.

Materials and Methods

Machine learning algorithms, such as neural networks, Decision Trees,
Support Vector Machines (SVM), and Naive Bayes, have shown their effectiveness
in detecting fraudulent transactions by identifying patterns and anomalies in large
datasets. These algorithms outperform humans in automated fraud detection,
saving time and reducing errors. However, the success of these models relies
on high-quality training and validation data. Decision Trees excel in financial
fraud detection, but they can struggle with imbalanced class distribution or
overlapping samples, which researchers address through techniques like class
underrepresentation and overrepresentation. Linear and logistic regression models
are commonly used, but their performance may suffer from unbalanced classes
and overlapping samples, which can be improved by combining them with other
machine-learning approaches. The Local Outlier Factor algorithm detects fraud
by identifying deviations from the average, although it faces limitations with
sparse fraudulent data. Naive Bayes is reliable but less accurate with imbalanced
or overlapping data, yet it remains popular due to its simplicity and speed in fraud
detection.

C4.5, a decision tree method used for fraud detection, has limitations due to
imbalanced class distribution and overlapping class samples, but strategies like
under-sampling, oversampling, and cost-sensitive learning can mitigate these
challenges while maintaining its effectiveness in spotting fraudulent transactions.
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SVM is a powerful ML model for fraud detection, particularly for high-
dimensional and complex datasets. However, imbalanced class distribution and
overlapping class samples are challenges that can affect its accuracy. Various
techniques like oversampling, under-sampling, and feature selection can address
these issues. Despite these limitations, SVMs have shown high accuracy in
detecting fraudulent transactions, with some studies reporting 99.8 % accuracy.
Ensemble techniques can also enhance fraud detection efficacy. Additional research
is needed to build more effective algorithms to manage overlapping class samples.

It is essential to evaluate the effectiveness of fraud detection models to identify
in- stances of fraudulent behavior precisely. Based on the findings of an exhaustive
Literature Review, it has been determined that the performance of various models
for fraud detection varies significantly. Unbalanced and overlapping data sets pose
obstacles that a few models can effectively address.

In detecting fraud, the effectiveness of singular classification models like
decision trees, the likelihood of occurrence function (LOF), Naive Bayes, C4.5, and
support vector machines (SVMs) vary. Critical evaluative criteria for these models
include the data set, precision, constraints, and real-time efficacy. While each
model has advantages and disadvantages, combining them into a multi-classifier
system may effectively overcome their shortcomings and improve fraud detection
accuracy. In conclusion, integrating multiple models may improve fraud detection
performance, allowing for more accurate identification of fraudulent behavior.

Dataset Description

The chapter on data set description and preprocessing is vital to every data
analysis endeavor. The focus of this chapter is on detailing the obtained raw data
and the actions taken to clean, transform, and prepare it for future analysis. The
quality and precision of the study depend heavily on the data collection quality and
the preprocessing processes’ efficacy. Thus, it is essential to describe the data set
thoroughly, including its size, characteristics, and any missing or incorrect data. In
addition, all preprocessing methods, including missing value management, outlier
detection, and normalization, must be exhaustively documented and justified. By
providing a clear and straightforward description of the data set and preprocessing
processes, the future analysis will be more accurate and dependable, resulting in
more solid results.

These datasets are valuable resources for training and assessing machine
learning models for fraud detection and credit risk assessment and have been widely
utilized in research studies. The Credit Card Fraud (CCF) datasets is extensively
utilized in finance and credit card fraud detection.

The Credit Card Fraud (CCF) dataset, released in 2016 by European
cardholders, has been a valuable resource for fraud detection research. It provides
transactional data that has been extensively used to develop and test various
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machine-learning models and fraud detection techniques. The availability of
this dataset has facilitated the study and evaluation of novel strategies and
methodologies for detecting fraudulent credit card transactions. The CCF dataset
has played a significant role in advancing fraud detection capabilities [12].

The dataset contains 30 attributes, 28 of which are numerical and 2 of which
are categorical. PCA was used to change the numerical characteristics to keep
the data private.

Time vi vz Vi Vi vs v V7 va ve . V21 vaz va vad vas V26 var V28 Amount Class

0
1 o0
2

Figure 2 — Dataset visualization

The two defining characteristics are «Time» and «Amount» The «Time»
attribute indicates the number of seconds between each transaction and the first
transaction in the collection. The «Amount» field displays the transaction total
in euros. Table 1 shows a detailed description of the features in the CCF dataset.
«Class» is the target variable identifying whether a transaction is fraudulent.
Several 1 indicates a fraudulent transaction, while a value of 0 suggests a
transaction that is not fraudulent.

Table 1 — Credit Card Fraud (CCF) dataset features

. Feature | Description Type

Time Number of seconds Categorical

_ elapsed
V1-V28 PCA transformed Numerical

~ features
Amount ransaction amount Categorical
Class Fraudulent or non- Categorical

fraudulent

Preprocessing The data supplier has already preprocessed the dataset, and
the dataset contains no missing values.

Limitation The CCF dataset contains 492 fraudulent transactions out of a
total of 284,807 transactions, resulting in a class imbalance issue. To address this
imbalance, techniques such as oversampling and under-sampling can be employed
to balance the dataset before training machine learning models.

The CCF dataset includes anonymized features V1 to V28, derived from PCA
transformation for data privacy. Although the specific attributes and their meanings
are not disclosed for confidentiality reasons, researchers can utilize these features
as inputs for machine learning models aimed at detecting fraudulent transactions.
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The class imbalance issue in the CCF dataset, with a small number of
fraudulent transactions compared to valid transactions, poses challenges for
effectively detecting fraud using machine learning models.

Nevertheless, the CCF dataset has become a widely used benchmark for
fraud detection tasks in the academic community. Its availability has significantly
contributed to the development and testing of novel fraud detection techniques,
ultimately enhancing the security of credit card transactions.

Methodology

Detecting fraud in credit card transactions takes multiple steps of data
preparation and analysis using various machine-learning algorithms. Data
preparation includes cleaning and altering the data to make it usable for machine
learning techniques. SMOTE (Synthetic Minority Over-sampling Technique) is
a typical oversampling approach used in the preprocessing phase to handle the
problem of imbalanced data. Several metrics, including accuracy, precision, recall,
F1 - score, and AUC-ROC, are used to assess the performance of each model
(Area Under the Receiver Operating Characteristic curve).

Finally, a multi-classification model will implement a multi-classifier system
based on a sequential combination approach. This will allow us to integrate the
outputs from multiple classifiers to produce a more robust and accurate prediction.

The methodology intends to give a comprehensive approach to detecting
credit card fraud, considering the data’s uneven nature and the necessity for high
precision in recognizing fraudulent transactions.

Single classifiers models with datasets

We must first partition our data. The train test split function from the Scikit-
Learn module is used in the code fragment to split the data. The initial dataset
is divided into two sets, X and y, representing the input features and the output
label, respectively. The data is separated into two sets: training and testing, with
a test size of 30 % and a random state of 42. This means that 70 % of the data will
be used to train the model and 30 % to evaluate its performance. The training
set will be used to fit the model, while the testing set will be used to evaluate the
model’s performance.

Splittineg for the first datasot:

X_train. X_test. y_train, y_test — train tost_split(X. y. test_size — 0.3)
Splitting for the seccond datasaotn:

X_train, X_taest, y_train, y_teat —

train_test_splitd(X. ¥y. test_size—0.2.random_state—42)

Figure 3 — Code of splitting the dataset

For the first dataset, we will use several single-class classification models,
including Logistic Regression, Naive Bayes Classifier, Random Forest Classifier,
and Support Vector Machine (SVM).
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Logistic Regression is a statistical model used to study the relationship
between a dependent variable and one or more independent variables by estimating
probability using a logistic function. Any real-valued number is mapped to a
probability between 0 and 1 by the logistic function (sigmoid function). Based
on the input features, the model computes the probability ratio for the occurrence
of an event, such as fraud detection. The outcome of the logistic Regression is
a binary classification model with a threshold for classifying a transaction as
fraudulent or not.

SVMs are commonly used in machine learning to handle classification and
regression problems. The program projects the samples of a given data set with n
attributes into an n-dimensional space where each sample is represented as a point,
and the value of each attribute corresponds to a specific position. As demonstrated
in Figure 4, the SVM algorithm next calculates the best hyper-plane that splits
the data into classes.

=)

Figure 4 — Support Vector Machines (SVM) algorithm

The technique works by creating several decision trees using a random subset
of the features and a random selection of the data. For each tree, a bootstrap
sample of the training data is used to produce a new dataset of the same size as
the original, but some of the samples are repeated and others are left out. This is
referred to as bagging (bootstrap aggregating).

To predict the class of a new sample, the algorithm sends the sample through
all the trees and combines the results by taking the majority vote. The final output
is the class with the highest number of votes.

A random forest decision tree is generated using a collection of features and
data. This randomization helps to reduce overfitting and increase the generalization
of the model. Using techniques such as cross-validation, the algorithm’s
hyperparameters, such as the number of trees and the maximum depth of each
tree, can be changed to improve the model’s performance on the validation set.

The Multi-Classifiers System, often known as MCS, is an ensemble technique
that enhances the accuracy of predictions by merging the findings of multiple
classifiers into a single model.
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Before going on to more complex models, simpler classifiers that produce less
precise results are often applied first. In the sequential combination strategy, two
or more separate classifiers process the input data by collaborating sequentially.
Following this, the output of the initial classifier serves as the input for subsequent
classifiers. The boosting method is an example of a learning algorithm that uses
sequential combining. Figure 5.

Classification 1

Classification 2

Classification n

Figure 5 — Sequential combination

In this research project, a sequential multi-classifier combination strategy will
be implemented to improve the accuracy of fraud detection models. The concept
of merging supervised and unsupervised models to improve the identification of
fraudulent transactions will also be investigated. Support Vector Machine (SVM)
and Random Forest Classifier are the base classifiers employed in this work (RFC).

Combining the COPOD algorithm, an unsupervised outlier detection
methodology, with the RFC model constitutes the first combination method.
COPOD identifies data outliers and eliminates them from the training set,
enhancing the RFC model’s performance.

The second combination approach will entail combining the COPOD and
SVM algorithms. Like the first method, COPOD is used to preprocess the data by
finding and removing outliers, improving the SVM model’s performance.

Using the Isolation Forest (IForest) algorithm, another unsupervised outlier
detection tool, in conjunction with SVM, constitutes the third combination method.
The IForest algorithm functions by isolating data outliers through recurrent dataset
segmentation. By deleting these outliers, the SVM model’s performance can be
enhanced.

All unsupervised models (COPOD and [Forest) will be combined with RFC in
the fourth combination approach. Before feeding the data into the RFC model, this
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strategy seeks to discover and eliminate data outliers by combining the strengths
of two unsupervised outlier detection algorithms.

In the final combination procedure, all unsupervised models (COPOD
and IForest) will be combined using SVM. This method tries to enhance the
performance of SVM by reducing data outliers.

By applying sequential multi-classifier combination approaches with
supervised and unsupervised models, we hope to boost the accuracy of fraud
detection models and the capacity to identify fraudulent transactions.

Results and Discussion

The chapter on findings will compare the performance of single and multi-
classification models for credit card fraud detection.

Single classifier’s performance with the dataset

The table demonstrates the performance metrics of four distinct single
classifiers on the Credit Card Fraud (CCF) dataset. Each model is evaluated based
on its accuracy, precision, recall, and F1 score.

Table 2 — Single classifiers performance

_Dataset | Model | Accuracy | Precision | Recall F1 score
_ CCF __ Logistic 99.92 0.87 0.63 0.73
_ Regression
_ CCF__|__Naive Bayes 97.8 0.65 0.84 0.70
CCF _Random Forest 99.93 0.77 0.86 0.81
__CCF__| Support Vector 99.94 0.83 0.83 0.83
_ Machine

The logistic regression model had the highest accuracy for the CCF dataset,
at 99.92 %, but its recall was relatively low, at 0.63, showing that it struggled
to identify fraudulent transactions correctly. The Naive Bayes model’s accuracy
was lower, at 97.8 %, but its recall performance was superior, with a score of
0.84. The Random Forest model achieved the most excellent F1 score of 0.81,
indicating that its precision and recall were well-balanced. The Support Vector
Machine model achieved a balanced performance with an accuracy of 99.94 %
and an F1 score of 0.83.

Overall, these results indicate that the selection of a single classifier can
substantially impact a model’s performance and that other models may be better
suited for particular datasets and aims.

Multi-classification model performance

The table depicts the evaluation of the performance of various single-classifier
models trained on Credit Card Fraud (CCF)
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Table 3 — Multi classifiers performance

_Dataset Model _Accuracy | Precision | Recall F1 score
CCE CQOPQOD + RFC 99.95 0.92 0.78 0.85
CCFE COPOD + SV( 99.96 0.93 0.89 0.91
CCE [Farest + REC 99.94 0.92 0.76 0.83
CCFE Forest + SVC 99.93 0.81 0.82 0.82

__CCE__| All Unsupervised 99.94 0.88 0.78 0.83

+ REC
CCE All Unsupervised 99.92 0.86 0.73 0.73
+SVC

The performance metrics evaluated are accuracy, precision, recall, and the
F1 score. COPOD + RFC, COPOD + SVC, IForest + RFC, IForest + SVC, All
Un- supervised + RFC, and All Unsupervised + SVC are the models evaluated
for the CCF dataset.

Conclusions

Based on the tables presented, it is evident that several machine-learning
models have been employed to detect fraudulent behavior with varying degrees
of success. Logistic regression, Naive Bayes, random forest, and Support Vector
Machines (SVM) have all shown high accuracy in identifying fraud in credit card
transactions. However, imbalanced datasets can negatively impact the precision
of some models, such as Naive Bayes. In order to overcome these challenges,
researchers have proposed combining multiple models and using unsupervised
learning techniques. The combination of COPOD and random forest, and COPOD
and SVM, have shown excellent performance in detecting fraud, with high
accuracy, precision, recall, and F1 scores.

Overall, the use of machine learning models and unsupervised learning
techniques has the potential to improve the detection of fraudulent behavior
significantly. However, it is crucial to consider the limitations and challenges
associated with these models, such as imbalanced datasets and overlapping class
samples. Further research is needed to develop more robust and effective models
that can address these challenges and provide greater accuracy and reliability in
detecting fraudulent behavior
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KPEIUTTIK KAPTAJIAPIbI AHBIKTAYFA APHAJIFAH
KOII-KJIACCUPUKATOPIIAP )KYHECI

Hecue kapmanapvin wivleapy OusHeci 3KOHOMUKAHBIY JHCYMbIC
icmeyi yuiin eme MaHwvl30bl, OUMKEHI 0J1 OHAAUH-OAHKUHE, KOMMEPYUSLIBIK
MPAH3AKYUANAD  JCOHE — KAPJICHUILIK ~ MOMIENep  CUAKMbL  opmypii
KOHmeKkcmmepoe mikejei mojiem 90iCiH nanoaiany2a MymKiHOiK oepedi.
Hecenmen, necue xapmanapvli nardaiany aidaskmolk oOPeKemneH dcoHe
meJieM JHcacamaymer oe DAuIanbicmol, 0J1apoblH eKeyi e KiueHmmepee
JICOHe MYymacmai an2aHoa OU3HecKe aumapiblKmai Kayin meHoipeoi.
Hecue xapmanapvina kamvicmul anasaKmolk opeKemmi aublKmay HCoHe
AIObIH ALY, AIASKMbIK HCOHE KYMiemin MIHe3-KYIbIKMblY YHEMI 032epin
MYpamull CUNAMBIHA JHCOHE MEH eMeC CbIHbIN Oeneicine JcoHe Oepexkmep
JHCULIHBIHOARLL  CHIHbIN  OAHALAPLIMBIY  KADAMMACYbIHA  OAUIAHBICTbI
KypOeii JicoHe YaKblmmbl Kadjcem emeol.

Hecue kapmanapvinoly Oepexmep  JHCUHASLIHOA2HL  CHIHLINMBIK,
MeH2ePIMCI30IK  ANAAKMbIKMbL  AHBIKMAYO0d AUMAapivblkmail  Keoepei
grcacaiiovl.  Bipoicakmul  modenvOep — anaskmelx, —emec — iCmepmeH
Canbicmulpeanod anasKmulK icmep CaublHblY aumapavlKmai a3 O0IybIHAH
MYbIHOAY bl MYMKIH.

3epmmey 6ip kraccuguramopavik s0icmepee apmolk, IpIKMey HeoHe
memen manoay 90icmepiniy ocepin Kepcemeoi JCoHe ColKec JHcikmeyiul
aneopummin mayoayobly MAybi30bLIbI2bIH aman kepcemeodi. Homuoicenep
ken sicikmeyiw a0icmepi, aman aumkanoa COPOD + RFC scone [Forest
+ RFC, 6ip sicikmeyiut 90icmepmeH caiblcmulp2anod Hecue KapmaculHblY
ANAAKMBI2bLIH - AHLIKMAYObl  AUMAPALIKMAU  AHCAKcapma — anambiHbIH
KepcemeOi. Byn nomuoicenep scanean nozumuemepoi azatima Omulpbsin,
Hecue  KapmaculHbly — AldsSKMbleblH  AHLIKMAYObl  JCAKCApMy  YULiH
OipHeute 6aKbLIAHOAUMbBIH JHCOHe OAKBLIAHAMbBIH OKbIIY AN20PUMMOEPIH
OIPIKMIpYOiH bIKMUMAL apmMulKUUbLIbIKIMAPbIH KOPCemeoi.
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JKanner anzanda, 3epmmey Hecue KapmAaculHblY ANASKMbIZbIH
AHLIKMAY — KUBIHOLIKMAPLIK — Weuty — YUliH — MAWUHATLIK — OKbINY
90icmepiHiy  KOMOUHAYUACHIH — KOJLOAHYObIH — MAHbI30bLIbIZLIH — aman
kepcemeoi. Ycvinvbiiean o0ic Hecue Kapmacvl KOMNAHUSAIAPLIHA
AnasKkmelx, opexemmepoi 091 dHcoHe MUiMOI aublKmayea Kemekmece
anaovl, OCHIIAUWA KAPAHCHUILIK HCOSANMY KAYHIH a3aumaolsl HCoHe
MYMBIHYWBIIAPObIY CEHIMIH apmmblpadbl.

Kinmmi coe3z0ep: anasxmolk, ken dcikmeyiui d0icmepi, aHblKmay,
Oip oicikmeyiu 90icmepi, MPAH3AKYUANAP, O9N0IK, ANLAAKMbIK OpPeKen,
MAUUHATBIK, OKbIIY KOMOUHAYUACHL, HeCUe KAPMACHL.

*P. K. Mypam', @. Typcynmemosa’, H. K. Hooipos'
'Astana IT University, Peciy6inka Kazaxcran, r. Acrana;
*Nazarbayev University, Peciy6nuka Kazaxcran, r. Acrana
IIpunsaro k uzganuto 15.12.23.
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MOHIEHHUYECTBA C KPEAUTHBIMU KAPTAMMU

BusHec no 6wlnycky KpeOumHvix Kapm upe36bluaiiHo  6adCeH
0Nl (PYHKYUOHUPOBAHUSL  IKOHOMUKU, MNOCKONbKY OH  obiecuaem
UCNONBL30BAHUE NPOCIO20 MEMOOd ONIAMbL 8 PAZIUUHBIX KOHMEKCMAX,
MAKUX KaK OHAAUH OAHKUHE, KOMMepUecKue onepayuil u QUHAHCO8bLE
onepayuu. Tem He MeHee UCNONB306AHUE KPEOUMHbIX KAPHL MAKI’CE
CBA3AHO ¢ MOUWIEHHUYECKUMU OCUCMBUAMU U HENLAMeNCamil, KOMopble
npeoCmasnsaom 3HAYUMENbHYIO ONACHOCHb OJid KIUEeHmOo8 U OusHeca
6 yenom. O6Hapyscenue U  NPeOOMEPAWEHUE  MOUECHHUYECKUX
Oelicmeuil ¢ UCRONb308AHUEM KPEOUNHBIX KAPM 6N CLONCHIM U
mpebyem MHO20 8PEMEHU U3-3 NOCMOSHHO MEHAIOWe20Cs Xapakmepa
MOUWEHHUYECKO20 U OHCUOAEMO20 NNOBEOCHUSL, d MAKIICE HEPAGHBIX MEMOK
KIACCOB U NEPEKPLLMUSL IK3EMNIAPOE KILACCO8 8 HAOOPAX OAHHDBIX.

Jucbananc knaccos 6 HaOOpax OAHHBIX KPEeOUMHBIX Kapm
npeocmaeisiem cobou cepvesHoe npensimcmeue Oasi  OOHAPYICCHUS.
MowenHuuecmea. Ilpedessimvle modenu mo2ym Oblmb pe3yibmamom
SHAUUMENLHO MEHbUe20 KOMUYECMEA CIYHAe8 MOWEHHUYeCmed Nno
CPABHEHUIO C OeNlaMU, He CEI3AHHBIMU C MOUWEHHUYECTBOM.

B uccreoosanuu  nooduepkueaemcsi  GuusiHue Memooos nepe
ouckpemusayuyu U HeOOCMAmMo4HOU 6blOOPKU HA Memoobl € OOHUM
KAACCUDUKAMOPOM U NOOYEPKUBACMCA  BAJICHOCMb  6blO0pa
coomeememeyoujeco  areopumma  Kiaccuguxamopa.  Pezynvmamuol

NOKA3bI6AIOM, 4MO Memoodbl € HECKOAbKUMU KIACCUDUKAmOopamu,
ocobenno COPOD + RFC u [Forest + RFC, moecym cywecmeenHo
VAYHUUMbG 0OHAPYIICEHUE MOUEHHUYECMEA C KPEOUMHbIMU KaApMamu no
CPABHEHUIO € MEMOOAMU € OOHUM KLACCUPUKAMOPOM. Dmu pe3yiomamol
O0eMOHCIMPUPYIOM — NOMEHYUAIbHbIE — NPeUMyujecmed — unmeepayuu
HECKONbKUX AN2OPUMMO8 00yuenusi Oe3 yyumens u ¢ ydumenem OJisi
VAYHUEHUS OOHAPYIHCEHUS MOUWEHHUYECBA C KPEeOUMHbLIMU Kapmamu
npU 0OOHOBPEMEHHOM CHUNCEHUU KOTUYECNBA TONCHBIX CPAOAMbIBAHUIL.

B yenom, uccreoosanue noouepxusaem 8ax3CHOCMb UCHONb30BAHUS
KOMOUHAQuUYU ~ Memooo8  MAWUHHO20 — 00yuenusi  Onsd  peudenus
npobiemM O0OHAPYIHCEHUsL MOUEHHUYECMBA ¢ KPeOUMHbIMU KaApmami.
Ilpeonazaemviii mMemoo ModuCem NOMOUb KOMNAHUIM, BbINYCKAOUWUM
Kpeoummubvie Kapmol, MOYHO U IPPEKMUBHO BbIAGIAMb MOUEHHUYECKUE
oelicmeust, mem CamblM CHUICASL PUCK PUHAHCOBBIX NOMEPb U NOBLIULAS
dosepue KIueHmoas.

Kniouesvle cnosa: mowteHHUuecmao, MHO20 K1ACCUPUKAYUOHHDLE
Memoovl,  OOHapyodiceHue, OOHO  KIACCUDUKAYUOHHBIE — Memoobl,
MPAH3AKYUU, MOYHOCMb, MOUEHHUYECKAS. OesimeNIbHOCHb, COYemanue
MAWURHO20 00YUeHUs, KpeOUmHas Kapma.
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*3. b. CatimaHoea, B. O. MyxamemiaHoea, [. XK. Katibacoea,
3. K. Celinuwoea, []. E. Caczamb6ekosa

KaparanauHckuii TeXHMYECKNH yHUBEpCHTET nMeHH AObpuikaca CarmHosa,
Pecnyoinka Kazaxcran, r. Kaparanna

PA3PABOTKA [TPOrPAMMHOIO OGECIEYEHUS
ONTUMU3ALNA HEOQHOPOLHbLIX
3BYKOIMOI/IOLAOLMX MATEPUAJIOB

B cmamve coszoana mamemamuueckas mooenv, 8 OOHOMEPHOM
NPUOTUIICEHUY, ONUCHIBAWA  YCMAHOBUBUIUIICA NPOYecc NAOeHUs.
NAOCKUX — AKVCMUYECKUX 6OAH HA NOMY OECKOHEUHYIo  CUCmeMy
HEOOHOPOOHOCmel U  NO3GONAOWAS  UCCIe008amb  KOIDDuyueHmol
OMPAdICeHUst U NPOXONCOCHUs BOJIH HA  2PpaHuye O0OHOPOOHO2O
npocmpancmea U nouy OeckOHeuHOU OOHOMEPHO- NepUOOUYEecKoll
cucmemvl  HeOOHOpooHocmetli.  Hanucama — npoepamma  pacuema
KO3 uyuenmos ompasiceHuss U NPOXONCOeHUs. Ok PA3IUYHBLX
KoMOuHayutl cped. H3yueHo 6nusHUe 2eOMempuyueckux napamempos
cucmemsl (pasmepa HeOOHOPOOHOCHEN) U PUUYECKUX NapaAMEMPOs8 cped
6X005UUX 8 cUCeMY (HIOMHOCMb, CKOPOCMb 36YKA) HA KO3DDuyuernmol
npoxXodicOenust U ompadcenus. /s paoa  Mamepuanos HatoeHvl
ONMUMATbHBLE 3HAYEHUs NAPAMEmpPO8.

OCHOGHBIM —~ UCMOYHUKOM — GUOpayuu U wyma  s6JIa0mcs
NPOMbIULICHHbIE — CIMPOUMENbHbLE U MEXHUYECKUe  KOHCMPYKYUU.
Pewenue npobremvl nogviuienuss 6e30nACHOCMU U  KOMMOPMHOCMU
IHCUSHEOEAMENLHOCIIU YeNOBEKA SGISEMC s 8eCoMA AKMYAIbHOU 3a0aetl
6 NIAHEe PA3GUMUS COBPEMEHHOU MEXHUKU U MEeXHOT0UIL.

OCHOGHbBIM MEMOOOM CHUICEHUSL YPOGHS ULYMA U BUOPAYUTLL A6TIAEMCSL
UCNONL30BAHUE PAZTUUHBIX WYMO— U GUOPONOLTIOWAIOWUX MAMEPUATOS,
npedomepawawux pPacnpocmpaneHie wyma U eudbpayuu 8 30HY
pabomul uenosexa. B kauecmee nodobuvix mamepuanog 6 nocieouee
6peMsl UHMEHCUBHO UCCTCOVIOMCS 2eMEPOSCHHBIX MAMEPUATbL, MO €CMb
Mamepuansl, COCMoAwUe U3 PA3IUYHbIX CPed € PAZHLIMU NAPAMEMPAMIL
PacnpocmpaHenus: wiyma u suopayuil.

Hnspazpabomru HOGbIX Y MO—U BUOPONOLTIOWAIOWUX MANEPUATOE 8
Hacmosiuee 8pemMs akmyaibHO UHeoOX00UMO paspabomanms npoepammHO—
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ananumuiecKue cpeocmed Oisl UCCIe008AHUs BOIHOBLIX SAGIEHUU 6
2eMepocentblx Cpedax, a Mmaxice NPOeKMUPOBAHUs KA4eCmEeHHbIX
KOMNO3UMHBIX 2€eMePOSEHHbIX MAMEPUANo8 ¢ YAPAGISeMbIMU ULYMO/
BUOPO UZOTUPYIOWUMU U ULYMO/BUOPO NOTOWAIOUWUMY CBOLICIMBAMU.

Kniouesvie  cnosa:  npoepammmoe — obecneuenue, — pacuem
KOIQUYUEHMOB, MAMeMamu4ecKas MoO0enn, aIOpumm, KoMnvlomep,
38yKONnO2I0UWaOUIe MAmMepuabl.

Beenenne

Teoperuueckoe uccienoBanue AU(PaKIMUA BOJH HA CUCTEMAaX HMEFOIIIX
HEOIHOPOJIHYIO CTPYKTYPY MPEICTABIISCT 3HAUYNTEIILHBIN HHTEPEC [Tl OOIIHPHOTO
Kpyra NpUKIagHbix 3agad. Co3laHue U COBEPIICHCTBOBAHUC TOTIIOIIAIOIINX
MaTepUAJIOB — OJTHA U3 HUX. XapakTepHas crenu(rka 4aCTOTHBIX THUANa30HOB
HanboJiee TPYJHO TaCHUMBIX BOJH MMO3BOJIICT COCPEIOTOYNUTh BHUMAHUE HA
M3YYCHHUHU PACCESIHUS BOJIH C JUTHHOM BOJHBI MHOTO MIPEBBIIIAOIICH XapaKTePHBIH
pa3Mep paccenBarolie CTPYKTYpBbl. DTO CBSI3aHO C T€M, YTO KOPOTKHUE BOJIHBL, T.€.
BOJIHBI OOJIBIIION YaCTOTHI TUCCUITUPYIOT 3HAYUTEIIBHO OBICTPEE JUTMHHBIX BOJH.

CyuIecTBYIOIIME METOAbI MCCICIOBAHUS NEMII(DUPYIONUX MaTECPHAIOB
0a3upPYIOTCS B OCHOBHOM Ha yYeTC HEKHUX HMHTETPAaJbHBIX (OCPEIHCHHBIX)
XapaKTePUCTHK MaTepuana (MJIOTHOCTh, CKOPOCTh 3BYKa), UTO HE MO3BOJISCT
MOHATH TOHKOW crienin(MKA MEXaHHUKH mporecca [1].

[IpUHIMNHATEHO HHBIM SBIISICTCSI ITOJIXO0/] YUUTHIBAOIINH MPOCTPAHCTBCHHBIC
0COOCHHOCTH T'€OMETPUH CTPYKTYPBI, HAIIPUMEP MEPUOIHMIHOCTh. [IprMeHeHe
9TOT0 METOJAa K M3YyYCHHUIO BOJHOBOJHBIX CBOMCTB MPOHHIIAEMBIX CHCTEM
HEOJHOPOJHOCTEH MOXKHO HaWTH B [2, 3]. TaM jxe MOXKHO HAlTH JambHEHIIYIO
oubnuorpaduro o JaHHOU POOIEMaTHKE.

B Hacrosiiieit pabote npesioskeHa MEeTo/IMKa UCciieJoBaH s KO GUIMEeHTOB
OTPAXKCHUS U MPOXOKICHHUS BOJIH MMAIAOIIHNX HA MOy OECKOHECYHYHO OJTHOMEPHO-
MEPUOAMYECKYIO CUCTEMY HeoaHOpoaHocTel. Llens paboTsl — nanbHeiiee
Pa3BHUTHE YKa3aHHOTO METO/IA M €r0 MPUMCHCHHE K U3YUYCHHIO PACCESTHUS TTHHHBIX
BOJIH Ha I10JTy OCCKOHEYHOM CUCTEME IPOHHUIIAEMBIX OJJHOMEPHO-TICPHOANICCKUAX
HEOJHOPOAHOCTEN TpaHUYAIIX C OJHOPOIHON cpenoil.

B pamkax 3Toit 3a1aun y1anoch MOCTPOUTH MPUOIIKCHHYIO MOJCIb IS
HAXOXKICHUS KOO (PUIIMCHTOB OTPAKCHHUS U IPOXOXKICHUS TTa Iaro1ei BOJIHBI. Ha
OCHOBE ITOCTPOEHHON MOJIENIU CO3/JaHa MPOrpaMMa, O3BOJISIONAs PACCUNTHIBATh
JUTS 33JJaHHBIX cpejl K03 (UIIMCHTHI OTPaKeHUs U MpoxoxaeHus. [IpoBeaeHo
YHCJICHHOC UCCIICOBAHKE BIMSIHUAS TCOMETPHUCCKIX U (PU3UUCCKUX MTAPAMETPOB
Ha OTpa’karollee CBONCTBO CUCTEMbI HEOAHOPOAHOCTEH M pacCUUTaH MPUMEP
neMIIUpyIOIIero MaTepralia TUIa aTFOMHUHAA—CBUHEII—Pe3uHa [4].
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Marepuajibl 1 METOAbI

MaremaTtudeckoe MOJICIIMPOBAHUE HEOJHOPOJHOTO MaTepHaIIa C TPEOyeMbIM
BHOPOHM30IMPYONUMH ¥ BUOPOIIOTIIOIIAIOIIMMHU CBOMCTBAMHU, TIPOCKTUPOBAHKE
MaTepualia, H3rOTOBJICHUE HIIH TO00D U3 CYIIECTBYOIIUX, SKCIIEPUMEHTAIbHAS
npoBepka. MeToapl TEOpUU MPEACTABICHHUS TPYIN CUMMETPUN U YUCIEHHO-
AHAJTUTHYCCKUE METoNbl aHanu3a. [IpoBepka 3ddekTuBHOCTH pa3pabOTaHHBIX
aJTOPUTMOB M MPOTPAMMHBIX CPEJCTB OCYILIECTBIISIIACh MyTEM MPOBEICHUS
KOMITBFOTEPHBIX IKCIICPUMEHTOB C HCIIOIB30BAHUEM CIICIIUAITLHO pa3paboTaHHOTO
MPOrPAMMHOTO 00ECIICUCHUSI.

Pe3yabTaTsl U 00cy:KI1€eHUE

PRI REEETT
PR RTX IR,
el e

Pucynok | — 'eoMeTpust cTpyKTypsl U cucTeMa 0003HAYeHU I

IlycTs B IpOCTpaHCTBE 3allOJHEHHOM CPEloil, B KOTOPOW CKOPOCTh
3BYKa 03, IIJIOTHOCTb B COCTOSHHUU ITOKOs p3 HUMECTCA NpOoHUIIaeMast CUCTEMaA
HEOJHOPOHOCTEN coCToAmAas M3 ABYX CPEJl ¢ mapameTpamu (C, r) u
(c,, pP2) COOTBETCTBEHHO JUIS MEPBOH M BTOPOH CPEJIbl U MHUHUMAIbHBIM
npocTpaHcTBeHHBIM mepuoaoM L (puc.l) Cpena 1 cuutaercs 0ojiee MIOTHOU
yeMm cpena 2. [Ipeanonaraercs, 4To Bce ABHKCHUS B CPeax 3aBHUCST TOJIBKO OT
OJIHOW MPOCTPAHCTBEHHOMN TIEPEMEHHOM X.

V106HO BBECTH HOBYIO Ge3pasMepHyro nepeMeHnyro x' = x/ L (omyckas
B JIJIbHEWIIIEM LITPHX) ¥ UCIIOJI30BATh CIICAYIOIINE 0003HAUCHHUSI:

Q ={x:0<x<lk} Q,={x:k <x<l} Q ={x:0=x}, s nccs
k, — Ge3pa3sMepHas manmHA 00JIACTH 3aIOJHEHHOW Cpeloi MepBOTO THIIA,
[,=0Q, "dQ, T, =0Q, ML, - rpanuIib COOTBETCTBYIOMMX 001ACTEH.
ITycte u3 cpenwt 3 na rpannny '), magaer mockas Bonna. Paccmartpusaercs
YCTaHOBUBIIHUHCA NPOLECC, MOKHO CUYHUTATH, YTO BPEMCHHAA 3aBUCHUMOCTH
oT/eNeHa B BUIe ¢ ' u Ha rpanune I'|; 3a1aH0 Bo3MylIeHHE BUIa o,

rae k = wL/c,, 9To COOTBETCTBYET Na/IAIONICH BOJTHE SAMHUYHON aMITHTYIbL.
[TycTp nagaronias BOJIHA UMEET BUJ, ONMCAHHBIN BBIIIE, W TPEIOIOKUM, YTO
OTpakeHHas BOJIHA HMeeT BH Re ', rie R— HeM3BeCTHAsS AMILTHTY 12 KOTOPYIO
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MBI OyJieM Ha3blBaTh KOI((UIIMEHTOM OTpa)KeHHUs T.K. OHa HOPMHPOBaHa Ha
aMIUIMTYy MaJalomieil BOJIHBI. 3a/ja4ya COCTOUT B OIpeeIeH!H Ko duunenra
OTpaKEHHs B 3aBUCMOCTH OT PU3NYECKUX U TEOMETPHUYECKUX [TapaMETPOB Cpe/]
BXOJISIINX B CUCTEMY.

3BYKOBBIC BOJIHBI OIUCHIBAIOTCSl aKyCTHYECKUM BO3MYILICHUEM JIaBJICHHS
)2 (x),p2(x) COOTBETCTBEHHO B cpenax | u 2, KOTOpBIE yIOBIETBOPSIOT
ypaBHeHUsIM [ exbMmrosba:

pi+Ap =0BQ., pi+2x p,=0BQ,
©)

A=allc, x,=c/c

Ha rpanurie kontakTa cpen 1 12 v 1 1 3 107KHBI OBITH BBITTOJHEHBI YCIOBHUS
HENPEPHIBHOCTHU JIABJICHHs] K HOPMAJILHOHN K IPaHUIIE COCTABJISIIONICH CKOPOCTH

0 0 0 0
Pr=P, Pi=Ps —Pr=Tnu_ P “P; TP
Ox Ox Ox ox

(2)
T, =0/ P T3 = Ps /P

PaccmaTpuBaroTCsl BOJHBI, JJIMHBI KOTOPBIX HAMHOTO MPEBBIMIAIOT
XapaKTepHBIH pa3Mep HEOJHOPOTHOCTEH (HaMMEHBIIUH MPOCTPAHCTBEHHBIH
Tepuon), T.€. IITMHHOBOIHOBOE MPpHUOIIMKeHHe. Bioms HanpaBieHns ocn X OyayT
MIPOXOJUTH BOJIHBI, 9aCTOTHI KOTOPBIX COBIA/IAIOT C BOJHOBOAHBIMH YacTOTAMHU
CHCTEMBI HEOTHOPOIHOCTEH, cocTosmer u3 cpen 1 u 2. A T.K. paccMaTpuBaeTCs
JUTHHHOBOJIHOBOE TMPHOIIMKEHNE, TO 4acTOTa [1a/IafOIIEH BOJIHBI JIOJDKHA ITONa/1aTh
B TIEPBYIO TTOJIOCY TPOITYCKAHHS CHCTEMBI HEOTHOPOIHOCTEH.

osochl nponyckanus U 3anupanus. BosHoBoanbie GyHkIUH

[Ipex e yeM IPUCTYIHUTh K PEIICHUIO HCXOIHOH (TIOCTaBICHHON) 3a/1a4n,
paccMOTpUM 3agady O paclpoCTPaHEHUH NPOAOJILHBIX BOJH MO OECKOHEYHOU
OJHOMEPHO-NEPUOANYECKON CUCTEME HEOJHOPOAHOCTEN, B JajbHEHIIEM
HA3bIBAEMOM HEMOYKOM.
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Pucynok 2 — IN'eomeTpust 6eCKOHEUHOI TTepHOIMUECKON
CTPYKTYpBI U cucTeMa 0003HaueHnH

[TycTs, Kak ¥ paHee LenovKa COCTOUT U3 IBYX Cpe/l C 3aJaHHBIMU [TapaMeTpaMu
(TToTHOCTH, CKOPOCTH 3BYKa) (puc. 2). [logpoOHOE ncciieioBaHIE aHATOTHYHBIX
3a7a4 JJI Pa3auyHbIX LIEMOYeK MOXKHO HaWTW B [2]. 31ech ke MPUBOJUTCSA
0000IIeHUE Pe3yaIbTATOB U HEOOXOIUMAs B AaTbHEUIIICM TCPMUHOJIOTHSI.

Y cTaHOBUBIIIKECS aKyCTUICCKUE KOICOAHUS TABJICHUSI C KPYTOBOW YaCTOTOM
(® OMMCBIBAIOTCS MIPH MOMOILU YpaBHEHUH [ enbmrosba

pl+Ap, =0BQ., pi+2x p,=0BQ,
)

A=awllc, x,=c¢lc,

snece A =L/ ¢, — Gespasmepuas uacrora komebanmii, K, =¢, /¢, —
OTHOIIIEHUE CKOPOCTEH 3ByKa B COOTBETCTBYMOmUX cpenax [3]. Ha rpanmmax
KOHTaKTa CpeJl IOJDKHBI OBITH BHIIIOJHEHBI YCIIOBUSI HENPEPBHIBHOCTH JaBICHHS
1 CKOPOCTH, IIPUYEM YCIIOBUE HETTPEPBIBHOCTH CKOPOCTH MOYKET OBITH BBIPAYKEHO
4epe3 JaBJICHUE C IOMOLIBI0 HHTerpaia bepHym.

13, 15,
bh=P P =T Ty =P, /101 (4)
ox ox

[TocTaBnenHas 3ajxava MOJHOCTHIO ONMHCHIBAET PACHPOCTPAHEHHE
aKyCTHYECKHX BOJH B IETIOYKE, HO SIBJISCTCS TPYIHOW JUIS MCCIICIOBAHUS B
CHITy HEOI'paHMYEHHOCTH obOsactu Kosebanuid. ITockonbKy paccmaTpuBaemMast
LIETTOYKa SBIISIETCS] IEPHOANIECKON, MOXKHO HCIIOIb30BaTh €€ MHBAPHAHTHOCTh
OTHOCHTEJIBHO TPYNIIBl TPAHCIANMHA MO MPOCTPAHCTBEHHON NEpEeMEHHOM.
Jomyckaemasi rpyrina CHMMETPHUH ITO3BOJISIET PA3JIOKHUTh TPOCTPAHCTBO PELICHUN
Ha COOTBETCTBYIOIINE 3TOW I'PyIIie MHBApHAHTHBIC MTOIPOCTPAaHCTBA. Tak Kak
TpyIIIa TPAHCILIINI KOMMYTAaTHBHA, TO JIIOOOE €€ MPEe/ICTABICHUE B IPOCTPAHCTBE
JIOITYCKAaeMBbIX PEIICHUH YHUTapHO W OJHOMEPHO, MO3TOMY IIPOCTPAHCTBO
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peIICHUH MOKHO Pa3JIoKUTh HAa OJHOMEPHbIE MHBAPUAHTHBIE OTHOCHTEIBHO
ee MpeJCTaBICHUs IOANPOCTPAHCTBA. JlaHHbIE MOANPOCTPAaHCTBA 00/1anaoT
CJIC/TyIOLIIMMHU CBOWCTBAMHU:

1 MOIIHOCTh MHO’KECTBA MHBAPUAHTHBIX ITOIIPOCTPAHCTB - KOHTHHYYM.

2 Ecim gynkumu pl, p2—peuieHue 3aaqu B OJHOM IepHoje (s4yerke) —
TIPUHA/IKAT OJJTHOMY U3 3THX IOANIPOCTPAHCTB, TO OHH yIOBJICTBOPSIOT YCIOBHIO
(coBura (a3sl KoaeOaHuil)-

px+)=p(x)e” p,(x+1)=p,(x)e” —z<é<x 2.3)

U3 BTOpOTO CBOMCTBA CIIEAYET, YTO TOCTATOYHO CPOPMYITUPOBATD U PEUITUTH
3amady B OHOW suelike, T.e. mpu 0< X <1, ¢ JTOMONHUTEIBHBIM yCIoBUEM (5).
Pemenne Bo Bcei ermoyke MOKHO TIOTYYHUTh TIPOIOIDKCHAEM PEIICHHUS 3a/1a9H B
OJTHOH stuelike rpu oMot ycsosust (5). O6o3naunm 3anauy (3) — (5) —3amaueii C.

Omnpenenenue 1: BonHoBogubM 3HaueHueM 3aaaun C Ha30BeM Takoe
3HAYeHHE mapameTpa A Uis KOTOPOro CYIIECTBYET HETPUBHANBHOE PElICHHE,
yIoBIeTBOpsitomiee cootHomeHusM (3) — (5).

Onpenenenue 2: BomHoBosHoi yacToToii 3a1aum C HasbiBaetcs @ = A L/ ¢,

Onpenenenue 3: BonnoBonHoi pynkuueit 3agaun C Ha3zpiBaeTCs PyHKINSA,
YIOBJIETBOPSIIOIIAst COOTHOIIEHUSIM (3) — (5), TIPU COOTBETCTBYIOIIEM Q.

MOHO OTMETHUTb, YTO BOJIHOBOIHAS (DYHKITHSI, CYy>KEHHAsI Ha OJIMH ITEPUOI,
SIBIIICTCSI COOCTBEHHOM (DYHKIIMEH COOTBETCTBYIOIICH KpaeBoit 3amnau (3) — (5).
B [5] moka3aHbl JUCKPETHOCTh U BEIIECTBCHHOCTh MHOYKECTBA BOJIHOBOIHBIX
YacTOT ISl KaKI0TO (PMKCHPOBAHHOTO 3HAYEHHUSA Mapamerpa &. .

Konebanuss B 0OAHOM MPOCTPAHCTBEHHOM IEPHOJE OMUCHIBAIOTCS
COOTHOIIICHHUSIMH

pl+Ap =038 Q. pilk) = py(k,)
2 +A2K2p2 =0B Q,, r12plx(kl):p2x(kl) (6)

y 2 (O)GL :pz(l) T11P1x(0)‘?j§ =P (l)

O6mmee B pernenus ypaBHeHus Ienpmronbua B obnacrax Q) n €,
MOJKHO 3aITuBaTh B (hopMe
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p, =a, expliix)+ b, exp(—iix)
()
p, =a, exp(i’%’cux)"F b, exp(— i!-/1"('1:3“)

YuuTeBas TpaHUYHBIE YCIOBUS (4) HAa HeM3BECTHbIE KOI((QHUIHMEHTHI

pasnoxxeHus d, b1 ,a,, b2 MOYHO MOJIYYUTh OAHOPOJAHYIO CUCTEMY JIMHEHUHBIX
ypaBHEHMI ¢ MaTpulleld A UMEroIIel BU/I;:

expliik,) exp(— ik, ) —explilic, k) exp(—iik, k)
), exp(iﬂ]cl ) - 7, exp(f ik, ) — K, exp(i/li(lzkl) K, exp(f i&l(ukl) ®

expli¢) expli¢) —explidx,,) —exp(—idk,,)

r,explié) -1y, explié) —x,explidx,,) &, exp(—iix,,)

Herpusnanpaoe pemenue 3agaun C cymiecTByeT TOTra U TOJNBKO TOTA
KOTJ]a ONpEAeINUTENb MaTpULlbl A paBeH Hymo. HemocpecTBEHHO BBIUUCISSA
OIIPECINTENh HAXOIUM €TO BBIPAKECHHUE B BHJIE:

f(2,&)= 21? (21( sin( Ax) sin( Axk, ) cos( Ak, )t — &7 sin( Ax) cos(Awk, ) sin( Ak,) —

— 2k cos(£) + cos(Ax) sin( Ak, ) sin( Ak, )7 ” + 2x cos(Ax) cos(Axk, ) cos( Ak, )T — (€))
—sm( Ax) s Ak, )sm( Ak, )r> +x 7 cos(Ax) sm( Ak, ) s /’Lkl))

31€eCh K, — MPOTSHKEHHOCTh Cpefibl 1 B nanbHEkieM OyJeT Ha3bIBaThCS
koHueHTpanueit. CootHomenue (9) omnpenenser BOJHOBOJHYIO YacTOTY

A Kak QyHKIHUIO HapaMeTpOB CHCTEMBI U CBA3BIBAET €€ C MapaMeTPOM &
XapaKTCPU3YIOMUM CIABHUT (Pa3bl B COCCIHUX SYCHKAX, KOTOPHIH MOXKET
paccMaTpUBaThHCS KaK BOJTHOBOE YHCIIO BOJH OCTYIIHX 10 IIETTOYKH [9].

Ecim MBI OrpaHMYMMCS JIUING CITy9aeM JUTHHHBIX BOJIH, TO PacKIIaJbIBast
onpenenurens (9) mo A B Touke 4 = () u mpeHeGperas ciaraembivu ¢ A
moJTy4aeM MPUOIIKECHAYIO (OPMYITY JUIsT O€3pa3MEpPHBIX BOJHOBOIHBIX YacTOT
JUTMHHBIX BOJTH

27, (1—cos &)

0= (10)

ky ((1 T K )712 — T, —Kp, )+ ky (71-2 —2K,T), K, )+ KTy
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Janee mMona konebOaHWil COOTBETCTBYIOUIAs HHU3IIEH BOJHOBOJIHOMU
yactoTe OyaeT Ha3bIBaThes moysylieh [6]. HeoOxoauMo oTMETUTh, Y4TO IJTUHA
COOTBETCTBYIOILIUX BOJH 3HAUUTENIBHO MPEBBIIAET pa3Mepbl HEOJAHOPOIHOCTEH.

12 -
A
11 |
10 |-

09 =

07 M 1 M 1 M 1 M 1 3

PucyHok 3 — 3aBUCHMOCTD COOCTBCHHOM YaCTOTHI MOJI3YIICH
MO/IbI OT KOHLIEHTPAIH K,

Ha puc.3 npuBeneHa 3aBUCUMOCTb COOCTBEHHOW YacTOTHI IS MON3YLICH
MO/JIbI OT KOHIIEHTPAIMU CPE/bl IEPBOro THMA ISl (PUKCHPOBAHHBIX 3HAYCHUN
napaMeTpoB MJIOTHOCTH M CKOpOCTH 3ByKa (p,=11336 kr/m’, p,=1190 kr/m’,
¢,=2160 m/c, c,=1480 m/c, «CBUHEL- pe3UHaY, f =7).

Heo0xon1nMo OTMETHTH, YTO COOCTBEHHBIE YAaCTOTHI MOJI3YIIEH MOJBI
CYWIECTBEHHO 3aBUCAT OT KoHueHTpauuu k. Hanbonee cymecTBeHHO am1s
PasTUYHBIX IPUJIOKEHHUH TO, 4TO IpH K =0.5 cymiecTByeT rio0anbHbI MUHUMYM
COOCTBEHHOHM 4YacTOTHI Kak (PYHKIUW JIMHEWHOW KoHUeHTpauuu [7]. Hioke
TIPUBE/ICHA 3aBUCUMOCTH Oe3pa3MepHBIX COOCTBEHHBIX YACTOT ITOJ3YIIEH MOBI OT
ciBura (asbl KoueOaHUi B COCEHNX STUeHKax I pa3IMIHbIX KoHIeHTpanuii k1.

Pacuers! mpoBeeHHBIE IO GOpMyJIe JUISl OMPEISITUTENS OKa3bIBAIOT
yro npubmmwkenHast popmyina (10) cripaBeanyBa JIUIIL MPA MaJIbIX 3HAYCHUSIX
napamerpa & .

Pe3ynbTaThl YNCICHHOTO CPAaBHEHUS IBYX (POPMYJI IIPH MAJIBIX 3HAYCHUSIX
rapaMeTpoB MPHUBEACHBI Ha pHc. 5. JlOCTaTOUHO SCHO, YTO MpH X MeHbIHX 0.2
JUTSL HAXOK/ICHHSI BOJIHOBO/IHBIX YaCTOT MOKHO IOJIb30BaTHCS JITMHHOBOJIHOBOH
¢dopmyoii [§]. [IpuBeneHa 3aBUCIMOCTD BOJTHOBOIHBIX YaCTOT A OT CIBUTA (ha3bl
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& s Pa3IMIHBIX 3HAYEHNH KOHIIEHTPAIH K, . BHtHO, 9TO 11 IF000T0 3HAYEHNs
K, CYIIECTBYIOT HHTEPBAIIbI, B KOTOPBIX JIOKATN30BAHBI BCE BOIHOBO/IHBIE YaCTOTHI.
HazoBeM 3T Hemepecekarourecss HHTEPBAJbl MOJI0CAMU MPOIYCKaHM, a UX
JIOTIOJTHEHHME JI0 BEIIECTBEHHON OCH MOJI0CAMH 3aITUpaHus (HETIPOILYCKaHN).

Ha ocnoBe [10]-[13] aHQIMTHYECKOTO W YUCICHHOTO HccienoBaHus (9),
MO>KHO CJIETIATh BBIBOJ] O HAJTMYMH Y IIETIOYKH CYETHOT'O YHCIIA MOJIOC TPOITY CKAHUS
1 TI0JIOC 3aMAPaHus (HEMPOITYCKAHHS).

I"paHMIIBI TOJI0C IPOITYCKAHHS OMPEIETISFOTCS PABEHCTBAMU: JUTSI TIEPBOH TTOJIOCHL:

IIpumep pacyera MmaTepuaJa TUIIA AJTIOMHHUI- CBUHEL -pe3MHA.

PaccmotpuM npumep KOHKPETHOM CHUCTEMBI HEOJHOPOAHOCTEHW CBUHELI-
pesuna. Hanbosee mpocTo peann3yemsblii BApHAHT 3TO — IPOONHKH BBAPCHHBIC B
pesuny. Cpena 1 — cunen, cpena 2 — pesuna. (p,=11336 kr/m’, p,=1190 xr/m’,
¢,=2160 m/c, ¢,=1480 m/c). IIpeamonoxknm, 5Ta CHCTEMA CONPSHKEHA CO CPETOH
3 - amomunmeM (p,=2700 kr/m’, ¢,=6260 M/c) u3 KOTOPO¥ 1a1aeT BOIHA 4aCTOTOMH
f=10I'. 3amaga cOCTONT B OMpeIeNCHHE MapaMeTPOB CHCTEMBI TaKUX, YTOOBI
OTpakeHHasl BOJIHA ObLIIa MUHUMAJIbHA.

Vcnonp3yst ONMMUCAHHBINA BBIMIE aJTOPUTM OBLTH MPOBEACHHI pacueTsl. Ha
puc.3. mpuBeIeHa 3aBICUMOCTB MO IS KO3 (DUIHEHTa OTPaskeHHS OT JTMHEHHOM
KOHIICHTPALMY CBUHIA JJISI PA3INYHBIX Pa3MEPOB 3IEMEHTAPHOU STUCHKH LETTOUKH.
OueBnaHO, UTO JUIs JIIOOOTO PazMepa YEHKN CYIIECTBYET ONTUMAIBHOE 3HAUCHHE
KOHIIEHTPAIMU TIPH KOTOPOM OTpakeHHas BojHa MuHMManbHa (k =0.78).
HeobxonnMo oTMeTHTh ciiabyro ((paKTHYECKH OTCYTCTBHE) 3aBUCHMOCTH OT
pa3Mepa saemMeHTapHoOU siueiiku. Ho 3T0 u He yIMBUTENBHO MOCKOJIbKY JUIMHBI
BOJIH OETYIINX MO IENOYKE Ha HOPAIKH MPEBBIMIAIOT Pa3MephI STUCHKH.

CoBepIICHHO HHAYE JIEJI0 OOCTOUT B CIIydae €CJIM BMECTO JIFOMHHUS B3SITh
ctansb (p,=7700 xr/m’, ¢,=5880 m/c).

OtcyTCTBHE ONTUMATIFHOTO 3HAYEHNE KOHIIEHTPAIINH ITO3BOJISET C/IENIATh BHIBOJI,

Hanmnume onTUManbHOTO 3HAUYCHMS] KOHIEHTPAIMN CBSI3aHO C YCIOBHSIMHU
COTJIACOBAHUS MaTepHajoB (T.e. He I JHOOBIX MaTepHAIOB MOYKHO 1T0100paTh
OIITUMAJIbHBIE ITAPaMETPBI).

Tak ecyi B KauecTBe apamMeTpa COrJacoBaHMs B3SITh CPEJHEE TPOU3BEICHNE
CKOPOCTH 3BYKa Ha INIOTHOCTb, TO JUIS CUCTEMBI aJIFOMUHHM— CBHHEI] —PE3HHA»
9TOT MapameTp OTIMYaeTcs ciado, a Al CUCTEMBI «CTallb- CBUHELl —PE3MHA»
MMEETCsI OTIINYNE B HECKOJIBKO Pa3.

BriBoabI

1 TTocTpoeHa mpubIMKEHHAS MOAETb JIS pacdyeTa KOd(P(PHUINESHTOB
OTPaXEHUS M MPOXOXKJIEHUS MpH IAU(PPAKIUH TIOCKOH BOJHBI Ha CHCTEME
HEOJHOPOAHOCTEH, FPaHUYAILEH ¢ OJHOPOIHOMN cpeno.

2 Haiinens! popmysl A Ko3QPHUINESHTOB OTPaKEHISI M IIPOXO0KICHUS B
3aBUCHMOCTH OT ITapaMETPOB CPE/I.
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3 [IpoBeaeH YMCIICHHBIH aHAIM3 BIUSHUS T€OMETPHUYECKUX U (PU3UUECKHUX
IapaMeTpOB CUCTEMBbI Ha €€ OTpakalolllue CBOMCTBA (IIOKa3aHO, YTO HE Ul
J0OBIX HAOOPOB CpeJl M YacTOT MaJatoNel BOJIHBI CYIIECTBYET ONTHMAIIbHbIC
3HAa4YeHUs TapaMeTPOB).

4 Co3pana nporpaMma, Io3BOJISIONIAs PACCUUTHIBATD JUIS 3aJJaHHBIX CpeJl
K03(D(HUIMEHTHI OTPaKEHUSI U IPOXOKICHHS.
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2emepo2eHOINiK JiCylecine myCyiHiy mypakmsl npoyecin Cunammaimoii
Jlcone Oipmexmi KeHICMIKMIy WeKapacyinoa dicoHe Oipmexmec emec
0ip onwemoi nepuoomvl 2emepoceHOINiK JHCYUeCIHIH AHCAPMbICLIHOA
MOIKBIHOAPObIH UWLABLILICY JHCOHE OMmY KOI(DGuyuenmmepin 3epmmeyee
MYMKIHOIK ~ Oepemin 0ip onuemMoi JICYbIKmayoa Mamemamuxaibly
Mo0enwb dicacandvl. Op mypii opma KOMOUHAYUALAPHL YUIH UASHLIbICY
JIcoHe omy Kospduyuenmmepin ecenmey 6a20aprAMACHL HCAZLLIZAH.
JKylieniy ceomempusinbly napamempiepiniy (2emepo2eHoiniK Mmoauepi)
JiICOHe dicylieee  KIpemiH Opmanapovly QUsUKAIbIK Napamemprepiniy
(mol2vi30biebl,  ObIOBIC — JHCHIAIOAMObIZL)  OMY  JHCOHE  UASHLILICY
Koapuyuenmmepine ocepi sepmmendi. bipxamap mamepuanoap yuiin
napamempiepoiy OHmMailivl MoHOepi maodwvLIObL.

Hipin men [llyoviy Hezizei KO3 OHEPKOCINMIK KYPLLIbIC JHCOHE
MEeXHUKANLIK — KYPuLILIMOAp — 00abin  maobwiiadvl. Adam  oMipiniy
Kayincizoiei MeH JHCAUNbLIbIZLIH apmmblpy MOCENeCiH weuly Kazipei
3AMAH2bl MEXHON0UANAD MEH MEeXHOL02UANAPObL OaMbINY MYP2blCbIHAH
oeme o3exmi MiHOem 601611 MAOLLIAOb.

LIy men 0ipindi azaumyovly He2izei 90ici- uty MeH Oipindiy adammviy
JICYMBIC — QUMABLIHA  MAPALYbIH  OONOLIPMAUMBIH  OPMYPAL WY MEH
Qipinoi ciyipemin mamepuanoapovl natdarauy. XaxvlHoa ocbiHOall
mamepuanoap peminoe 2emepo2enoi Mamepuanoap, Aehu uLy met Oipindiy
mapany napamempiepi op mMypii opmaoan mypamvlH Mamepudanoap
KapxwbiHObl 3epmmernyoe.

JKana wyovl scone 0ipindi cinipemin mamepuanoapovl o3ipiey yulin
Kazipei yakblmma 2emepocenoi opmaodaevl MoIKbIHObIK KYObLIblCmMAapobl
3epmmeyee, COHOAU-AK OACKAPLIAAMbIH ULY/OIPil OKWAYIASbIUL HCOHE
wyowl/Oipindi - ciyipemin Kacuemmepi 0ap canaivbl KOMNOSUYUSIBIK
eemepoeendi mamepuandapowl dcobanayea apraiean 6az0apramanvik-
AHATUMUKATBIK KYPanoapobl o3ipiiey 63eKmi HCoHe Kadxcem.

Kinmmi co30ep: 6azoapramansik sxcacakmama, Kodphuyuenmmepoi
ecenmey, Mamemamuxanblk Mooenb, aneo0pumm, KOMHnvlomep, O0blOblC
ciyipemin mamepuanoap.

DEVELOPMENT OF SOFTWARE FOR OPTIMIZATION
OF INHOMOGENEOUS SOUND-ABSORBING MATERIALS

In the article, a mathematical model has been created, in a one-
dimensional approximation, describing the steady-state process of falling
plane acoustic waves on a semi-infinite system of inhomogeneities and
allowing us to study the coefficients of reflection and passage of waves at
the boundary of a homogeneous space and a semi-infinite one-dimensional
periodic system of inhomogeneities. A program for calculating reflection
and transmission coefficients for various combinations of media has
been written. The influence of the geometric parameters of the system
(the size of inhomogeneities) and the physical parameters of the media
included in the system (density, speed of sound) on the transmission and
reflection coefficients is studied. Optimal parameter values were found
for a number of materials.

The main source of vibration and noise are industrial construction
and technical structures. Solving the problem of improving the safety and
comfort of human life is a very urgent task in terms of the development of
modern technology and technologies.

The main method of noise and vibration reduction is the use of various
noise— and vibration-absorbing materials that prevent the spread of noise
and vibration into the human work area. Heterogeneous materials, that
is, materials consisting of various media with different parameters of
noise and vibration propagation, have recently been intensively studied
as such materials.

For the development of new noise— and vibration—absorbing materials,
it is currently urgent and necessary to develop sofiware and analytical tools
for the study of wave phenomena in heterogeneous media, as well as the
design of high-quality composite heterogeneous materials with controlled
noise/vibration insulating and noise/vibration absorbing properties.

Keywords: software, coefficient calculation, mathematical model,
algorithm, computer, sound-absorbing materials.
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BbIBOP UHCTPYMEHTAJIbHbIX CPELCTB U
®PEAMBOPKA 04151 CO34AHUS JECKTOIMHbIX
KPOCCIIJIAT®OPMEHHBbIX TPOIrPAMM

Lenv 6 Oannoii cmamve UCCIEO06aMb U ONPEOENUMb, KAKOU U3
COBPEMEHHBIX A3bIKO8 NPOSPAMMUPOBAHUS U 2PAPUUECKUX PPeUMBOPKOE
JIyduLe 6Ce20 noOX00um 015t CO30aHUsl 0eCKMONHBIX KPOCCHIAAMPOPMEHHBIX
npoSpamm, m. K. 8 MUpe WUpoKo UCNOAbIVIOMCSI KOMAbIOMEPbL He MONbKO
¢ Windows, no u ¢ Linux, macOS. B nauaie ObL10 npoanaiu3uposao,
HA YeM HANUCaHvl cospementule npozpammul nod Windows. /s ananuza
ObLIU  83AMBL  PACIPOCMPAHEHHBIE  NPOSPAMMbL  HA  CIAHOAPIMHOM
pabouem mecme paspabomuuxa npoepammHozo obecneuenus (110).
Cuenamypnuuii ananuz noxazan, umo 90 % npoepamm nanucanvt na C++
6 Visual Studio ¢ nomowwro komnunsmopa Microsoft, ocmanvnvie 10 %
Oensim noposHy medcoy cobou sizviku CH#u Delphi. Ananu3z ucnonv3o6anust
Kpoccniamgopmennvix — epapuyeckux  (dpetimeopros Nokazan — umo
moabko 15 % npoepamm ux ucnoiwb3yiom, u 3mo 2060pum 0 mom, 4mo
mHoeue paspabomuuxu I10 He 3aunmepecosanvl 6 UCHOIb30BAHUU
ux npoepamm 6 Opyeux OnepayuoHHuix cucmemax, xkpome Windows.
Tpu 6vIAGIEHHBIX KPOCCHAAMPOPMEHHBIX 2PAPUUECKUX DPELMBOPKOE
UMeIOm pPasHblll NPOYeHm UCHOIb306ANUS, M. €. Hem SI6HO20 Jaudepd
cpedu nux. Ucnonvzosanue gpeimeopka Qt niamuo 07 KOMMEPYEcKo2o
UCNONBb306ANUS U OYeHb 00PO2O, M. K. HYICHO NIAMUmyv 3d JUYEH3UU
Kax 6cem paszpabomuuxam 110, max u 3a uCnorb306anue 6 KanHCOOM
yempoticmee 05 gempausaemozo 110. Dpeiimsopk Electron npu ceoeti
becniamnocmu U KPOCCHAAMPOPMEHHOCU  UMeem  CYUeCmEeHHble
HEOOCMAmMKU.  PecypcoemMKOCHb, pamMep NPUNLONCEHULl, 0SPaAHUYEHHbLI
00CMYn K CUCMEMHbIM Pecypcam U O2PAHUYEHHAs NOO0epICKa OJis
namuenvlx Qyuxyutl. Kpoccniamgopmennoiii gpeiimeopx wxWidgets
JUMEH  BCeX  BbIUENEPEUUCTCHHbIX HeOOCAMKOos8, 0aenm HAmueHblll
unmepeiic nPULONHCEHUSAM, KOMOPbLe MAKIHCE NOIYUAIOMCSA HAMUBHBIMU
NOO KOHKpemmyio onepayuonnyio cucmemy. Takum obpasom,  pezyivmane
BbISIGICHO, UMO HAULYVYUUM BbI00POM OJisl pa3paboOmKu COBPEMEHHO20
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kpoccnuamepopmennozo 10 sensemes sa3vik npoepammuposanus C++ u
epaguueckuti kpocenrameopmennwiii gppetimeopk wxWidgets.

Kniouegvie  cnosa: npoepaMmuoe  obecneuenue,  A3bIK
NPOSPAMMUPOBAHUS, NPOSPAMMHBILL KOO, (DpeimMeopK, epaghuueckuil
uHmepgheiic, KOHCONbHAS NPOSPAMMA.

BBenenne

B Hacrosimiee BpeMsi B MHPE IIUPOKO HCIOJB3YIOTCS KOMIBIOTEPHI HE
tosbko ¢ Windows, Ho u ¢ Linux, macOS. [ToaTomMy coBpeMeHHBIN pa3paboTanK
MIPOTPaMMHOT0 00ecreUeHUsl I0JDKEH Je1aTh NPOorpaMMbl, paCCUUTaHHbIE Ha
BCce OCHOBHBIC omeparonHbie cucteMbl (OC), 4TOOBI OXBAaTHTh BECh PBIHOK
MOJIb30BaTENICH.

[TosToMy pa3pabOTUYKMKy W3HAYATHHO OYCHB Ba)KHO BBHIOPATh MPABHUIBHBII
SI3BIK Pa3pabOTKH MPOrPAMMHOTO 00CCIICUCHHS U JIONIOJTHUTEIIbHBIC (hPEHMBOPKHI
JULsL co3/1anms Tpaduueckoro nHTEpdeiica y nporpamm.

MaTtepuaabl H MeTOIBI

J11st Hauasa MpoaHaJIM3UPyeM C IOMOIIBIO aHAIN3aTOPa MPOrPAMMHOT0 KO/
Detect-It-Easy [4] Ha yem HamucaHbl COBpEMEHHBIC TporpaMmsl o Windows.
Jlis KOHKpeTHOTrO aHanu3a Bo3bMeM 20 pacnpocTpaHEHHBIX MPOTpaMM Ha
CTaH/IapTHOM paboueM MecTe pazpadoTuuka nporpaMmuoro obecrneyenus (I10).

Pe3ynbraT nmpoBesIeHHOTO CUTHATYPHOI'O aHajM3a MPOrpaMM IPHUBE/CH B
Tabnune 1:

Tabnunal — Pe3ynbraT cCUrHaTYpHOTO aHAIM3a IPOTPaMM

OCHOBHOH SI3BIK
Ne | Hassanue I1O paspaboTKu
CH++ C# Delphi | Q
Acrobat Reader | VS2019
Far Manager | VS2019
GetScreen VS2022

DpeliMBOpK

—_

wx Widgets Electron

Java VS2022
Macrium Reflect | VS2017
Micr0s306f; Office VS2022

OneDrive | VS2022
Visu;ézsztudio VS2022

MySQL Server | VS2019
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MySQL
Wor}l;b(e)nch NET4
Python VS2022
qBittorrent VS2022 +
TeamViewer | VS2019
WinDjView VS2013
Windows Media | VS2022
WinRAR VS2022
FastStone Image Delphi
Viewer 6
Jutoh VS2010 +
Sty | V82019
Microsoft Edge | VC++16 +
Hroro: 18 1 1 1 1 1

Curnartypusiit ananu3 110 mokasan, yto 18 mporpamm u3 20 HamucaHbI Ha
C++ [2], a 910 90 %. OcTansHble 10 % nensaT NOPOBHY MEXHY cOOOH A3BIKU
C# [1] u Delphi [3]. DT0 roBOpUT O TOM, YTO MPAKTUYCCKH BCE MPHIOKCHHUS
paspabarbiBatoTcst Ha Ct++ B cpene pa3paborku Visual Studio [8] ¢ momoripio
kommuisitopa Microsoft.

AHaJM3 KCIO0JIb30BaHUS KPOCCIUIAT(POPMEHHBIX TpadUUeCKuX (hpeiiMBOPKOB
MoKa3aji, YTO TOJIBKO TPU MPOTPaMMBl MX HCIOJB3YIOT, a 3T0 Bcero 15%.
DTO rOBOPUT O TOM, YTO MHOrHe npousBoaurenu 10 He 3auHTEpecoBaHbI B
ucrosib3oBaHuu ux nporpamm B apyrux OC, kpome Windows. [Ipuuem tpu
(peiiMBOpKa UMEIOT PaBHBI MTPOLIEHT UCIIOJIL30BAHUS, T.€. HET SIBHOTO JIHepa
Cpe/iu HUX.

Ucnonws3oBanue ¢peirimBopka Qt [7] miaatHo AJisi KOMMEPYECKOrO
UCIIOJIb30BaHHs U OYEHB JIOPOro, T.K. HY)KHO IUIATHTh 32 JIMIIEH3UH KaK BCEM
paspaborunkam I10, Tak ¥ 3a MCIOJb30BAHHE B KAXKIOM YCTPOMCTBE st
BcrpanBaemoro [10. [Toatomy naHHbIN GpeiiMBOPK HE TIOAXOIUT JJIsl HEOOJIBILIMX
KOMITAaHWH U MHMBUAYaJIbHBIX Pa3paboTUNKOB.

DpeiimBopk Electron [6] ipu cBoeii OecriaTHOCTH U KPOCCILIaTOPMEHHOCTH
UMEET CYIIECTBEHHbIE HEJIOCTATKH: PECYPCOEMKOCTh, Pa3Mep MPUIIOKEHHH,
OI'paHUYEHHBIN JOCTYII K CHCTEMHBIM pECYpCaM U OrpaHHUueHHAsI [TOJIePIKKA ISt
HaTuBHBIX QyHKIMH. [ToaTOMy ero HereaecooOpa3HO UCTIONBb30BATD.

Kpoccnnardpopmennsiii ¢ppeitmpopk wxWidgets [10] numen Bcex
BBILICTIEPEUNCICHHBIX HEIOCTATKOB, JIaeT HATUBHBII HHTEP(ENC PHIIOKESHUSIM,
KOTOPbIE TAKXKE IMOJYyYaIOTCs] HATUBHBIMU I10JI KOHKPETHYIO ONEPAalMOHHYIO
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cucremy. @peiiMmBopk wxWidgets 1mo3Bosisier pazpadarbiBaTh NpPOrpaMMbl HE
tonbko Ha C++, HO u Ha wxPython [9].

Pe3yabTaTsl U 00cy:KI1€HUE

Taknum 00pa3om, aHaJIU3 ITOKA3aJl, YTO HAMITY UM BBIOOPOM IS pa3padoTKu
coBpeMeHHOr0 KpoccruatrgopmenHoro 110 sBisiercs s3pik C++ 1 rpaduyeckuii
¢bpetimBopk wxWidgets.

PaccMoTpuM, Kak NMpaBWIBHO HYXXKHO Jenarh nporpammy Ha C++ mus
Kpoccriat)OpMEHHOT0 UCTIONb30BaHus ¢ wx Widgets Ha mprMepe KOHCOIbHOU
nporpammsl [11].

[Mpocreiimmuit kox, padoratomuii aiust Windows:

#include <clocale>
#include <string>
#include <iostream>
using namespace std;
int main() {
setlocale(LC_ALL, “Russian”);
string fio;
cout << «BBeaure CTpoKy: «;
cin >> fio;
cout << «BpI BBenH: « << fio << endl;

JlaHHbIi KO1l Oy/IeT HENPHUTOJICH JUIsl HCIOJIb30BAHUS MHTEPHAIIMOHAIBHBIX
cumBosioB UTF-8 [13], nanpumep, KuTalickux neporiudon, BMECTO HUX OyIyT
BBIBOJIUTHCS 3HAKW Bompoca. 3aro noj Linux naHHbIN Koa Oyner paboraTh
HOPMAJIBHO.

UroOb! BBILIETIPUBEICHHAS IIpOrpaMMa cTaja paboTOCIOCOOHA M MOJ
Windows u nox Linux, Hy’>KHO HCIIOJIb30BaTh TE€T'M YCIOBHOW KOMITHJISIIMH,
LIMPOKKE CTPOKU JUISi XPAHEHUs! JIAaHHBIX U COOTBETCTBYIOIIUE (DYHKIMH ISt
paboTsl ¢ HUMH. A TakxKe He 3a0bIBaTh MEPEKIIIOYaTh KOHCOJIb Windows B pesxum
nojaep:kku kogupoku UTF-8.

YHHBepcalIbHbIA NPaBUILHBINA KOJ| OYJET TaKOM:

#include <stdlib.h>
#include <iostream>

#ifdef WIN32
#include <io.h>
#include <fcntl.h>
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#endif

int main(int argc, char** argv) {
setlocale(LC_ALL, “ru RU.UTF-8);

#ifdef WIN32
_setmode(_fileno(stdout), O U16TEXT);
_setmode(_fileno(stdin), O U16TEXT);
_setmode(_fileno(stderr), O UI6TEXT);
#endif

std::wcout << L»Benure cTpoky: «;

std::wstring fio;

std::wcin >> fio;

std::wcout << L”BpsI BBenu: ““ << fio << std::endl;

}

Eciu MBI 3aXOTHUM CJIENIaTh 3Ty MPOrpaMMy C JIOKAU3alUeH MO pasHbie
SI3BIKK M CTPAHbI, TO HY)KHO HUCIOJIb30BaTh (peiiMBopk wxWidgets, T. K. B HeM
YK€ €CTh BCTPOCHHBIE MEXaHM3MBbI JIOKATU3AIUH U HHTEPHAIMOHATH3AIIH.

WHTepHAIMOHATN3UPOBAHHBIM KPOCCIUTAT(POPMEHHBIN MPOrPaMMHBIH KOJT
OyIeT TaKiM:

#include <wx/wx.h>

#ifdef WIN32
#include <io.h>
#include <fcntl.h>
#endif

int main(int argc, char** argv) {
WXApp myApp;
wxInitializer initializer(argc, argv);
wxLocale m_locale;
setlocale(LC_ALL, “ru RU.UTF-8);
m_locale.AddCataloglookupPathPrefix(wxT(“locale™));
m_locale.AddCatalog(wxT(“en”));
m_locale.AddCatalog(wxT(“de”));
m_locale.AddCatalog(wxT(“kk™));
m_locale.Init(twxLANGUAGE RUSSIAN);
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#ifdef WIN32
_setmode(_fileno(stdout), O U16TEXT);
_setmode(_fileno(stdin), O U16TEXT);
_setmode(_fileno(stderr), O UI6TEXT);
#endif

wxPrintf(wxGetTranslation(L”Bsenure ums: ©));
std::wstring fio;
std::getline(std::wcin, fio);
wxPuts(wxGetTranslation(L”Bs BBenu: ) + fio);
myApp.Exit();

H

Jl1s pa3paboTKM COBPEMEHHBIX KpOCCIUIAT(GOPMEHHBIX MPOTPAMM C
rpaduueckum uHTepdeiicom [12] Ha s3pike C++ u wxWidgets npomie Bcero
HCIIONIb30BaTh MHTETpUpoBaHHY0 cpeny paspadborku (IDE) DialogBlocks
[5] coBmectHo ¢ Visual Studio 2022. B DialogBlocks coznaercst unrepdeiic
MPOrPaMMBI U IPOTPAMMHBIN KOJI, KOTOPbI CHHXPOHHO MOXHO PEIAKTUPOBATh B
Visual Studio 2022. UcnonbzoBanue Visual Studio 2022 no3BosisieT UCrob30BaTh
ee kommusiTop C++, aHAIM3aTOPHI U IMOMOILIHUKY Kozxa. B camoii mporpamme
HY)XHO MaKCUMaJbHO 3aJ1eiCTBOBATh BCTPOCHHbIE B WX Widgets THITbI JaHHBIX,
KJ1acchl, PyHKIMHM U METOABI ISl KpOCCIIaT()OPMEHHOCTH M HE3aBUCHMOCTH OT
kxoHKpeTHOH OC.

PaccmoTpuM npocTeiinyto BU3yallbHY 0 KPOCCILIAT(QOPMEHHYIO IIPOrpaMmy
nenenus nByx mudp. Ee nnrepdeiic B DialogBlocks u anementsi rpaduueckoro
nHrepdelica npuBeCHb HA PUCYHKE 1.
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s DiclogBlocks_MSV52022 i demo - DiglogBlocks 2012 - MainForm] - o x
Fie Edit Element Build View Tools Tesks Help

D 2@

L I i e e [ o e
hew o swe | i weds | oy ot pore | dement | mad sange sesote
|| Projects | Eements | MainForm
S op e | vawbie | vethandos
Seers Stafic Buttons Lists  Text Range Pickers Containers Books Managed Windows Advanced Toobar Menubar Custom [41°]
.
-OEmhsHBBE=O
P IE L L=
— [ —
— Uen+ESnh
] B
1d value 10000
Title Neneswe 2-x widp
Centre
= e
Dialog units [m]
e ot
Tl et
Background colour

ofrexr Build ) (1) ->

PPz \DialogBlocks MSVS2022 no\mainform. cpp (195, 46
£s\CPPProjects\DialogBlocks_HSVS2022_wx_demo\DialogBlocks MSVS2022_wx_demo.vexprosl

cromsacsam gopyansmmi napaneTp
Tpenynpexnemn: 1
omuBox: 0

Tpomro spemesy 00:00:10.58
Done.

0 errors, 2 warnings

Pucynok 1 — Unrepdeiic nporpammer B DialogBlocks

Ecnu nporpamMmy ckomnminpoBath # 3armyctuts B Window 11, To ona
MpUMET BUJ, IOKA3aHHBII HA PUCYHKE 2:

W Oenerue 2-x undp X

Pucynok 2 — Bux nporpammstr B Windows 11
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Ecnu nporpaMmy ckoMITuiiMpoBaTh ¥ 3armyctuthb B Linux Ubuntu 22, To ona
MIpUMET BUJI, TIOKa3aHHBIN Ha pUCYHKeE 3:

DeneHue 2-x uncp

BeeauTe a:

BeegnTe b:

MogenuTb

PeaynbTaT 0.333

Pucynok 3 — Bun nporpammsr B Ubuntu 22

Kak BugHO 13 prcyHka 2 u pucyHka 3, mporpamma B kaxoi OC BBITISIAT
I0-CBOEMY, HATUBHO ISl 3TOH CPEJIBI.
®parMeHT K0/1a, OTBEYAIOLINH 3a caM aJIrOPUTM BBIUMCIEHHUS], TAKOM:

void MainForm::OnButtonClick(wxCommandEvent& event) {
double a, b;
wxTextCtrl* itemTextCtrll
TEXTCTRL a);
wxTextCtrl* itemTextCtrl2 = (wxTextCtrl*)FindWindow(ID _
TEXTCTRL b);
wxTextCtrl* itemTextCtrl3
TEXTCTRL c);
if (litemTextCtrl1->GetValue(). ToDouble(&a)) {
wxMessageBox(wxT(“a e uncmno!”)); return;

(wxTextCtrl*)FindWindow(ID _

(wxTextCtrl*)FindWindow(ID _

}
if (litemTextCtrl2->GetValue(). ToDouble(&Db)) {

wxMessageBox(wxT(“b ve uncno!”)); return;
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double c =a/b;
if (isnan(c) || isinf(c)) {
wxMessageBox(wxT(«pe3ynbTar He uncio!»)); return;

}
itemTextCtrl3->SetValue(wxString::Format(wxT(“%0.3”), ¢));

}

BriBoabl

B 3akimoueHun xodeTcss OTMETHUTh, 4TO Kpome sizbika C++ u wxWidgets
B Hacrosllee BpeMs OOJblIe HET CIIOCOOOB CO3/1aBaTh HATUBHBIC OeCIUIaTHBIC
KpoccriatOpMeHHbIE JIECKTOMHbIE porpamMMsl. SI3biku Java, C# 1 wxPython
He JIeNIal0T HaTUBHBIX rporpamm, Delphi u Qt nenaror, HO OHM OYEHb JOPOTH.

[Mostomy HeoOxoauMO s13b1K C++ 1 pperimBopk wx Widgets akTHBHO H3yuaTh
W MCHOJIb30BaTh B pa3paborke coBpemeHHoro I10.

CIIMCOK MCITOJIb30OBAHHBIX NCTOYHHUKOB

1 C Sharp [DnexTponHslii pecypc] — Pexxum noctyna: https:/ru.wikipedia.
org/wiki/C_Sharp

2 C++ [DnexTpoHHsIi pecype] — Pexxnm nocryna: https:/ru.wikipedia.org/
wiki/C++

3 Delphi 12 [Dnekrponnslii pecype] — Pexum mocrtyna: https:/www.
embarcadero.com/ru/products/delphi

4 Detect-It-Easy [DnexTponHslii pecypce] — Pexxum nocryna: https://github.
com/horsicq/Detect-It-Easy

5 DialogBlocks [Dnekrponnsiii pecypc] — Pexum mocryna: http:/www.

anthemion.co.uk/dialogblocks/
6 Electron [9nektpoHnHnslii pecypce] — Pexxum nocryna: https://www.electronjs.

org/
7 Qt [DnexTponHsbIii pecype]| — Pexum nocryna: https:/ www.qt.io/

8 Visual Studio 2022 [DnekTponHslii pecypce] — Peskxum poctyna: https:/
visualstudio.microsoft.com

9 wxPython [Dnekrponnsiii pecypc| — Pexxunm nocryma: https://wxpython.org/

10 wxWidgets [DnexTponHbiii pecype] — Pesxkxum moctyna:_https:/www.
wxwidgets.org/

11 KoHconbHbIE TPUIIOKEHUS [ DNEKTPOHHBIN pecypc]. — Pexxum noctyna:
https://en.wikipedia.org/wiki/Console application

12 OxonubIi nHTEpdeiic [DnexTpoHHsIi pecype] — Pexxum nocryna: https://
ru.wikipedia.org/wiki/OkoHHbIl_nHTEpdEiic
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13 FOuukox [DnekrponHslii pecypc] — Pexxum nocryna: https://ru.wikipedia.
org/wiki/KOHuKo
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KYMBIC YCTEJII KPOCC-IIVIAT®OPMACHI
BATJAPJTAMAJIAPBIH /KACAYFA APHAJIFAH
KYPAJIIAP MEH HETT3IEPAI TAH/IAY

Byn wmakananeiy makcamol Kaszipei 3amanebl  Oazoapiamanay
mindepi MeH 2epagpuxanvlk Heeiz0epOiH KauCbiCbl JHCYMbLC YCMENIHIH
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Kpocc-niam@opmansix, 6a20apiamaiapvli icacayea ey Koaauibl eKenin
3epmmey JicoHe aHbIKmay 00abin madwvLiadsl, cedebi Komnviomepiep
anemoe Windows ocytiecimen eana emec, Linux oicone macOS-nen Oe
KeHiHeH Kondauwiiaovl. bacvinoa Windows ywin kamoau 3amauayu
bazoapramanap xcazvli2anvlH manoaovik. Tanday yuiin 6i3 cmandapmmol
bazoapramanvly dcacakmama o3ipreyuliniy HCYyMblC CMAHYUSACLIHOA
opmax ~ bazoapramanapovl  Kabwviioaovl.  Konmanwba — mandayol
kepcemxenoet, bazoapiamanapoviy 90 %- v Visual Studio-oa Microsoft
komnunssmopsin naudaranvin C++ ocazviica, kanzan 10 %- o1 C# orcone
Delphi apacvinoa men bonineen. Kpocc-niamgpopmanvly epaguxanvix,
Kaykanapovl naudaianyobl manioday o0aapovl 6a20apiamanapobly meK
15 %-vl 2ana naiioananameiHvlH KOpcemmi, Oy kenmezen 0az0apIamMalblk,
Jrcacakmama  93ipieywinepoiy  windows-man  6acKka  Onepayusiiblk,
Jrcytieniepoe 63 6az20apaamanapsvli nauoalany2a myooeii emec eKeHiH
Kepcemeoi. AHviKmanean yw Kpocc-niamgopmanvlk  epaguKraibiy
He2i30iH Natoalany naivlzel mey, sieHu O1apobly apacblHOA HAKMbl
kewbacwol xHcox. Qf wenbepin nanoaiany KOMMepYusiblK natoaiamy
Yutin meeHedi dcoHe ome Kbimbam, cebebi 6apivlK 6a20apiamanvlx,
Jlcacakmamanvl  S3ipreyuiiep ywiH oe, eHOIpiieeH 0az0apiamablk,
Jrcacakmama Ywin op Kypwlaeblod Nanoaiany ywiin oe Juyensusiap
YUWin akbl meJey Kaxcem. DNeKmpoH ueHOepi 63iHiY epKiH JHCoHe KPOCc-
NAAM@OOPMATLIK CUNAMbIHA KAPAMACMAH eneyii Kemulinikmepee ue:
pecypcmapOobiy KapKbiHObLIbI2bL, KOJIOAHY MONuLepl, Jcylie pecypCmapulia
wexkmeyi KoNo#cemimOiiK, COHOAl-aK my2an QYHKYusLapobl KoioayobiH
wekmeyniniei. WxWidgets kpocc-niamgpopmacuinoly uienbepi sxco2apuloa
Kepceminieen OapblK KeMuiiKmepoeHr ayblmKbleaH, 01 COHOAU-ax Oenzini
Oip onepayusnblk Hcytie Yuwlin myaan 60abln Wbl2amuli KOCbLMuLaiapead
myean unmepeeiic bepedi. Coumin, 0Col 3aMaH2bl KPOCC-NIAMPOPMATLIK,
baz0apramanvix KAMmamacsl3 emyoi 0amvlmy Yulii ey HeaKcol mayoay
C++ 6azoapramanay mini ocone wxWidgets epaguranviy kpocc-
naamghopma wienbepi exeni anbiKmaiobl.

Kinmmi ce30ep: 6Oazoapramanvl dcacakmama, 0az0apiamanay
mini, npoepamma Koowl, uienoep, epapuranviy unmepgheiic, KOHCOIbObIK,
bazoaprama.
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SELECTION OF TOOLS AND FRAMEWORK
TO CREATE DESKTOP CROSS-PLATFORM PROGRAMS

The purpose of this article is to investigate and determine which of
the modern programming languages and graphical frameworks is best
suited for creating desktop cross-platform programs, because computers
are widely used in the world not only with Windows, but also with Linux,
macOS. At the beginning, it was analyzed what modern programs for
Windows are written on. For the analysis, common programs were taken
at the standard workplace of a software developer (software). Signature
analysis showed that 90 % of programs are written in C++ in Visual Studio
using the Microsoft compiler, the remaining 10 % are divided equally
between the C# and Delphi languages. An analysis of the use of cross-
platform graphics frameworks showed that only 15 % of programs use
them, and this suggests that many software developers are not interested
in using their programs in other operating systems other than Windows.
The three identified cross-platform graphics frameworks have an equal
percentage of usage, i.e. there is no clear leader among them. The use of the
Ot framework is paid for commercial use and is very expensive, because
you need to pay for licenses both for all software developers and for use
in each device for embedded software. The Electron framework, despite
its free and cross-platform nature, has significant drawbacks: resource
intensity, application size, limited access to system resources and limited
support for native functions. The wxWidgets cross-platform framework
is devoid of all the above disadvantages, it gives a native interface to
applications that are also native for a specific operating system. Thus,
as a result, it was revealed that the best choice for the development of
modern cross-platform software is the C++ programming language and
the wxWidgets graphical cross-platform framework.

Keywords: software, programming language, program code,
framework, graphical interface, console program.
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W3O0TPOMThI XXOHE AHU3OTPOIThl OPTAJIAP
LUEKAPAJIAPbIHOAFbBI TEPMOCEPMIMAI
TOJIKbIHAAPAbIH WAFbITY — CbIHY
KO30®ULMNEHTTEPI TYPAJIbI
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JKymvicmoly maxcamol mepmocepnimoi opma MoOenin 3epmmeyze
apHanzam K032aublc MeHOeyIepiMer HCOHE HCHbLIY aA2blHbIHbIY meHoeyi,
Dypve dcvlnyemkiseiwmiciniy menoeyi owcone [Jrocamens — Heilman
KamvlHacmapuvimer — OaulaHblcKan — (yHOameHmanovl  wewynepoin
KYPBIIBIMbIH KYpY, MOJIKbIHOAPObIY MYPIePiH Manoay H#oHe OaapobiH
e3apa mpaucopmayusacein xcikmey. Mzomponmaol sHcone aHU30mponmol
OpmManap wexkapailapblHoazvl mepmocepnimoi moaKbIHOapObly WA2blLy
— coiny koappuyuenmmepin npogeccop C. K. Tneykenoe oicone
OHbIY WOKIpMmepi Kypacmuvlpean Mampuyanvl oO0IiCiHily Komecimen
ecenmey 6o06in madwvinadel. On ywin meeic opmanap OUHAMUKACHIHBIH
MeoPUANBIK HCOHE KOCLIMULA MOCenelepiHily OipKamapviHbly wewinyi
QusuKanvik-mexanuxkanvl — Kacuemmepoiy — AHU3OMPONUACHL  MeH
bipmeKci3diciniy MOabIK ecenke anblHyblH Manan emeoi. AHU30Mponmeoix
opmanapoa moaKbiHobl npoyecmep maidayvlHuly Oacmvl epexutenici
ocbl ecenmepoe QUIUKATILIK YCHIHLIMOAD MeH U30MPOnmvl Opmanap
YWiH Jrcacan2an MamemMamukaisblk annapammelly NpUHYunmi mypoe
Konoamyea KeimelminoizinOe. Byn moaxwiHObIK opicmiy mypa dcoue
Kepi moaxwbinoapaa 6o1ine arimaumulHobl2blna oatiianvicmol. Exinwi 6ip
bacmul KubiHOblebl (DUUKATBIK-MEXAHUKAILIK OaulemMoepoily mulM Kon
bonybIHOA, COHOLIKMAH He2izei mayenoinikmep meH oudgepenyuanowix
meHOeynep  Haswliobl, MePMOCEPRiMOLNIK  meHOeynepin  ueuryoin
bipHewie odicmepiniy iwinen ey KONaUuIbiCblH maHoay Kaxcem 60.10bl.
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Mampuyanm  o0iciniy Hezizei npuHyUNUAIobl dicemicmici OipHeute
Qusukanvly 3¢pexminiy Oonyvl KeziHOe MONKbIHObIK Npoyecmepol
cunammay 6ipkeaxiniei 601vin maodwvliaowl.

JKymvic bapublcblHOa OIpIHWIOEH, MAMPUYAHM d0ICIMEH U30MPONmbl
JHCOHE  AHUZOMPONMbL  OPMANAP WEKAPAIAPLIHOA2bl  MEPMOCEPRIMOI
MONKLIHOAPObIH  UASBLIY-CIHY KOd(duyuenmmepin anvlkmay eceoi
AHAMUMUKATBIK, — mypoe  wbleapuliovl.  Kapacmuipviiean  npoyecme
OpbIH  ANAMbIH, JCOHE CAKMANY 3AHOAPbIH  KAMMAMACHL3  ememin
UHBAPUAHMMBIK, KAMBIHACIMAD alblHObl. AHU30MpOnmol opmanapoazul
OAUNAHBICKAH JHCOLLYIBIK JHCOHE CEPRiMOL MOJKbIHOAPObIY, MAapayblHd
Mampuyarm 90ici KOJLOAHbLIObL.

Kinmmi  ce30ep: usomponmuvl opma, aHU30mMponmel  Opma,
JHCOLLTY  MeHOeVIepl,  JCHILY — d2blHbl, MEePMOCEPNiMOi  MOIKbIHOAD,
mepmocepniMOiiK, Mampuyanm a0ici.

Kipicne

Tepmomexanukaiblk 3P dekTiyii cepnimMai opranapaa TOJKBIHIBIK
MPOIECTEPIiH 3aHABUIBIKTAPBIH 3EPTTEYIIH ©3CKTIiNiri reo(pu3nKaHbIH,
CEHCMOJIOTHSIHBIH, KOMITO3UTTI MaTepHalijap MEXaHHKAChIHBIH JKoHE T.0.
TEOPHSUIBIK MKOHE KOJIIAHOAIBI CCENTEPIH STy KAKCTTLIIrIMEH OailylaHBICTHI.
Baitnanpickan KO3FajbIC TEHJEYJEP] XKOHE JKBUIYOTKI3TIIITIK TeHAeyepi
KYPAEJUIIriMeH oHe (PM3UKaJIBIK — MEXaHHKAJIBIK apaMeTpIIepiHiH KONTIriMEeH
epekineneneai. Ocpiran 0alaaHbICTH JeopManusIaHaTBIH KAaTThl JcHE
MEXaHUKACBIHBIH 00JIMI — TEPMOCEPIIMAILIIK TCOPUSICHIHBIH Oy KoHE ra3
TypOMHAJIBI, PEAKTUBTI JKOHE PaKeTa KO3FaJITKBIIITHI, KOFAPhI JKbIIIAMIIBIKTHI
YIIaKTap, SAPOIIBIK peakTopiiap MEH jKaHe T.0. )kaHa KYpBUIBIMBI JKacal IIbIFapy
Ke31HJIe TYBIHJIANTHIH, MaHbI3/IbI Maceleliepi HHTEHCHUBTI Jamyaa. by Oarbit
HAKThl KPUCTAIAAPIBIH Oenrini Oip (hU3HKAIBIK KACHETTEPIH JKOHE KACAHIIBI
YKOJIMEH QJIBIHFaH KBIIITHI KOJIJJaHyFa CyleHe OTBIPbII, OaiyIaHbICKaH KBUTYJIBIK
YKOHE MEXaHHMKAJIBIK OpiCTep MEXaHWKAChIH 3epTTeri [1].

bipTekci3aik xKoHe aHM30TPOITUS HAKThI OPTaIap bl aHAFYPIIBIM TapasFaH
KacueTTepi Oousbin Tabbutaabl. Kpucrammapaarsl, ssFHU OipkaTap (U3HMKaJIBIK
KAacHeTTep aHM30TPOITHI OpTaNapAarbl TOJKBIHABIK KyOBUIBICTAp W30TPOIITHI
JKaFJaiiMeH CallbICTBIPFaH/la aHAFYPJBIM KYPJENipeK 3aHABIIBIKTapMEH
CHIATTANIA/IbL.

OcpbIFaH 0aiIaHbICTBI OIPTEKTI XKOHE M30TPONTHI OpTaaphl YIIiH KOPHEKTI
xoHe 3((EKTHBTI Teric TONKBIHIAP 9JIiCi aHM30TPOITHI OpTajap >KarJalbIHaa
Kypaeni 6onbin WHIKTHL. [laiinasaHbuibin )KYpreH TONKBIHABIK MPOLEcTepIi
3epTTeyiH aHAINTHKAIBIK 9JicTepi KoOiHece M30TPONTHI OpTajap YIIiH JKoHE
JKOFapbhl CUMMETPHSIJIBI OpTaiap YIIH KOJJAaHbUIalbl. AHU30TPOITHl OpTa
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JKarJaibIHa OyJ1 9/1icTep KaXKeTTI CaH/IbIK )KOHE CallaIbIK HOTIIKEJIepre SKeJIMeH i,
HEeMece OChI 9/IiCTep HETi31H/e allbIHFaH MICIIyJIep/IiH MMai/1achl aMalbl.

CaiikeciHiie, 3epTTey 9JiCTepiHiH JaMybIH )K9HE aHU30TPOIITHI OpTajlapiarbl
TOJIKBIHIAP/IbIH KACHETTEPI TypaJIbl TYCIHIKTIH KaJIBINTACYbIH iehopManusiIaHaTbIH
KATThI JICHE MEXaHUKACBIHBIH JIJIBIHFBI KaTapJIbl )KOHE aKTyaJlibl MiHACTTEpI JeTl
ecenreyre 0oJabl.

Matepuangap MeH daicrep

JKymbicThIH 3epTTey aaici — aHaauTuKaidblK. On QyHAaMeHTaNabl
HIenriMAepIiH HopMalaHFaH MaTpHLAJIap KYPBUIBIMBIH JKacayFa HeTi3/1e/reH.

MarpuuaHt oJ1ici HeTi31He )acaFaH TeOPHSUIBIK ecenTeysiep, Oy OipbIHFan
TYPFBIJIAH TOJIKBIHIAP/BIH KEH KJIaCTarbl OpTa/a >KalblLTyblH KapacThIpyFa
MYMKIHZIK Oepeni.

MarpHuaHT 9/iiCiHiH Heri3ri NpUHIMITHAIIB XKeTicTirl OipHere Gpu3nKaIbIK
s dexTiHiH 00ybl Ke3iHAE TOJKBIHIBIK MPOLECTEepli cunarray OipKeIKiiiri
GoJtbIn TAOBLIA/IBI: TEPMOCEPIIM/II, MATHUTTIK CEPITIMII, MTbE303JIEKTPIIIK KIHE
MarHATOIJICKTPIIIK, TbE30MArHUTTIK )KOHE MarHUTORJICKTPIIIK 3 PeKTiiep eHOCTiHIH
aBTOpPJIAPbI MAHUTTIK CEPITIMJII TOJIKBIH/IAP/IbIH MarHUTTIK PETTENTCH TEKILIEIIK
KpHCTaJIZIa Tapaly arJalblHIa KOd(QQUIMEHTTED MaTPULIACBIHBIH KYPbUIBICHIH
anuel;, Oepinred Kod3GpQuUuUEeHTTep MaTPULACBIHAH CIIMHJIK JKQHE CepHiM/Ii
TOJIKBIHAAPABIH OaiiiaHbIChl )KoHE 63apa TpaHCHOPMAIMSIChl aHBIKTaIbI [2].

TepmocepriMai opTa MOJIEITIH 3epTTEyTe apHAIFaH KO3FaJIbIC TCHICYIIEpIMEH
JKOHE KBUTYy aFbIHBIHBIH TeHIEYl, Dypbe jKbIUTyOTKI3TIITITIHIH TEHJICYI JKOHE
Hioramens — HeliMan kKaTbiHacTapbIMeH OalllaHbICKaH (yHIaMEHTAJIbI
LIEMIYJIEP/IiH KYPBUIBIMBIH KYPY; TOJIKBIHJIAP/IbIH TYPJIEPIH Tajl/ay KOHE OJIapAbIH
e3apa TpaHc(HOPMAIUSICHIH KIKTEY OV )KYMBICTBIH MAKCAThI OOJIBI TaObLIA b,
W3oTponThl *oHE aHWU30TPONTHI OpTajap HIeKapalapblHIarkl TEPMOCEPIIMII
TOJIKBIHAAP/IBIH LIAFbLTY — ChIHY Kod(dunmentrepin npodeccop C. K. TineykeHos
JKOHE OHBIH HIOKIPTTEpl KYpacThIpFaH MaTPHIAIBIK 9MICIHIH KeMeriMmeH
ecenTenenei [3-4].

AHHM30TPONTHI )KOHE M3OTPOITHI IIeKapalapblHAaFbl TEPMOCEPIIMIi
TOJIKBIHJAP/IbIH IAFbUTY — CBIHY KOI((QHUIMEHTTEPIH CUIIATTANTHIH TEHICYIIEPIiH
TOJIBIK JKYHECIH KelTipy KepeK. M30TponThl jkoHE aHU30TPOITHl OpTa
mieKapaiapblH/ia TEPMOCEPIiM/Il TOJNKBIHAAPABIH IIAFbLIY JXOHE CHIHY
K02 hUIMEHTTEePIH aHbIKTAYy eceOiH aHATMTHKAJIBIK TYPJIE IBIFapy Kepek [5—06].

CoHFBI yaKbITTa TEPMOCEPIIMIUIIK TEOPUSCHI Oy jK9HE ra3jibl TypOHUH.L,
PEaKTHBTI J)KOHE PAKETTI KO3FAITKBIIITHI, XKOFAphl JKbIIIaMIBIKTHI YIIAKTap,
SIIPOJIBIK PEaKTopIIap MEH jKoHE T.0. aHa KypbUIBIMIIBI JKacall IIbIFapy Ke3iHe
TYBIHAAUTBIH, MaHBI3bl Maceliesiepre OaiIaHbICThl MOH/II IaMy 1bl KaObUIIaIbI.
By KypbUIBIMI@pAbIH 3JE€MEHTTEpl IeMeHT 0eJiKTepiHiH OipKenki emec
JKBUTYy KEHEIOIMEH HIbIFapbUIaThIH, TEMIIEpaTypa IpaJiMeHT] naiaa OoJIbII KoHe
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MaTepHaIiapablH (HU3UKO-MEXaHUKAIBIK KYPBUIBIMBI ©3T€peTiH, OipKalbInThI
€MeC CTallMOHAPJIbl EMEC KbI3bIpy HIApTTaphl HETi31He XKyMbIc icTeii [7-8].

JKanmb! xkarnaiina 6ipKaJbIITEl €Mec JKBUTYJIBIK KeHElol TyTac jeHeae 0oc
YKY3€re acaiibl; 0J1 JKbUTY KepHEYIH TYBIHAATAIbI (TEPMUSIIBIK, TEMITEPATyPAIIBIK).
XKplny KepHEyiHIH KYMBIC jKacay CHUIAThl MEH KeJIeMiH 011y KYpBUIBIMHBIH
OepIKTIIIriH XKaH-)KaKThl TaJIay YIIH KaxeT [9].

Kbty kepHeyi ©3-03/iriHeH jXKoHE CHIPTKBI KYUIITEH MEXaHUKaJbIK
KEpPHEYMEH COHKeC Kellyi, )KapbIKTapbIH Maii1a 00JybIHA )KIHE )KOFapIIaThbUIFaH
MOPTTBIK MaTepuajblHaH KYPBUIBIMHBIH KHpayblHa oKeiyi MyMkiH. Keitbip
Marepualap KepHeyIiH Te3 naiaa 00iysl HEeTi31H/1e MEeHIeplIreH ic-9peKeTIeH
TE3 CTAlMOHApJbl €MeC, TeMIepaTypalIblK >Ka3bIKTHIK MOPTTBHIKKA aifHaia bl
Jla K9HE KbUTYy COKKBICBIH KoTepe anmaibl. JKbuly KepHeyiHiH KalTanama ic-
opeKeTTepi KyphUIbIM JIEMEHTTEPIHIH TepMollapIiay KupaybiHa skemiel. Koury
KEpHEYIiHIH iC-9peKeTTepi KYPbUIBIMHBIH TOJIBIK )KOHE IIPOrPECCUBTI OY3bLTybIHA
OKEIl COFaThIH, MaHBI3/IbI TNIACTUKAIIBIK AeopMalusIHbI KaxkeT eTyl MyMKiH [ 10].

Hotum:kenep koHe TaTKbLIAY

W3otponTs! opranapia cepriMIl TOIKbIHIAPABIH Tapalybl

WsorponTsl opTa A, 44 €Ki cepniMzi mapaMeTpiepMeH CHIIaTTaIaIbl.

Z oci OoiibiHIa y 0Ci OOWBIMEH MOJSIpU3ANMSIIAHFAH KOJIICHCH TOJIKBIH
TapaJiaTbIH OIPTEKCI3 OpTaHbl KapacThIpablK. Tapaiy jKa3bIKTHIFbI XZ.

Kosrauneic Tenzeyi keneci Typle 6omabt
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Kepuey TeH3opbIHbIH KOMITOHEHTTep1 ['yK 3aHbIMEH Oepineni

. Cuy Cuy 1

GU :/1(9(31]4’2/181], 0=?+W; &y =E(Hi’j +IIJ-_,-) (®)
IapMoHUKaNBIK TEHJEYJIEp Karnaiibiaa (7) TeHaeyiHiH KaTbIHACHIHaFbl

aHBIKTAYBIITAPHIH Oipinmi perti (1.1.8) Tenaeynepine kenripyre 6omazapt

aw

—
-

=BW_‘ W:{”Z’O-ZZ’HAY-’O-‘XZ}’ (9)

B Typinzeri marpuia KypblIbIMbIMEH

0 by b3 0
b,y 0 0 b,,
p=|"2 24 (10)
L bis by 0
1 ilk 5 1
=———b = by =—" pi by =ik, by =—:
12 242 | A+2u 21 @ P, Dy =K, 03y P

2 4
2 . 4k ‘L[(/u"')U);

A+2u

(10) Tenneyinmeri TopTeyiHEeH alfHBIMAIBLIAPILI 06Ty OMICIH KOJJaHY
apkpUIb (7) €Ki TeHeyl IIbIKCa, Al KJIFaH eKi TeH ey (8) KaTbIHAChIHAH IIIBIFaIbI.
B MarpuiachIHbIH KYPBUTBIMBI aHU30TPOIITHI OpTajIap/ia TapaiaThIH TOIKbIH AP IbI
CHUIATTANTBIH MAaTPUIIA KYPHUIBIMBIMEH COUKEC KeJe/Ii.

Biprekci3 opTanapaarsl KeJIeMIiK TOJKBIHAAD JKaFaaibIHIa bij 3JIeMEHTTep1
Keneci (hopMyaTapMeH aHbIKTaJIa bl

l imk inA ,
by = 1hi3 = b5 =———1 by == pi by =im; byg =i
T B A I P e P> 26
2 - -
b?4=i;b4;=n2!-I-w—a)zp;bﬁ:mnﬂ.g.M;
s A+2u ) A+2u
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2 4
bes =mPu+ TTHATH) 2
’ A+2u

XKapTbuiaii HIEKTENreH JKOHE IEKTeJIMEreH opTajap JKaraanapbiHaa
MaKCaTThl TYp/ie MOTEHIMAIIBI TYP/Ii KOJIJaHy, IAFbLTy JKOHE ChIHY ecerTepine
ColiKeC KeJeTiH [IeKapasbIK MapTTapbl KOFa OaiIaHbICThI.

Y3nmikci3 OipTekci3 KabaTThl KabaT acTbl OalTaHBICTApBIHAA KepHEY MEH
BIFBICY Y3HIKCI3IITi MAapTHIH KaOBLINAI, OHBI OIpTEKTi KabaT acThI XKyke Aer
enectereifik. OHma 7 -111i KabaT acThI KO3FAJIBIC TEHACY1 MEH 7 -IITi JKOHE (n — 1)
KabaT acThl OaimaHBICTapHI Keeci Typae Oomaabr:

dzu n 2 < o<
? + kr} u, = 0 du =Z= d17+1 (12)
(n) _ (n+1) ) _ X _
1':-YZ - T}Z > Uy =Upiqs z= dn+1 (13)
MYHJTaFbI d n - 1 -1 KabaT acTBIHBIH KOOpAMHATA 0acHl;
, o Je,
Uy, =——=1 p, =pu(d,): p, =pd,)
fL[I'.’
(11) TenaeyiHiH KaJITbI MIENTyi ONT1Ii:
u, = a”ef’k”'- +bﬁe'k” d,<z<d,, (@14
COHFBI HOTHKE
’ r
(P b, L) . p| . _1(up)
ng— — N bll—_——_f(l) — | blz—*
by by 4 wup yz 4 up

[Itpux z GoltbiHima nudQepentmanaaysl oingipeni. W = [a,b] BEKTOPBI
TYCKEH QHE LIaFbUIFaH TOJKBIHAAP/IbIH aMILTUTYJajlapblHaH KYpaJFaH.
TonKpIHIap/ABIH IAFBUTY-ChIHY €CENTEPiHIH MAaTPHLAIBIK KYPBUIBIMEI
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TepMocepniMAUIIK CEPHIMIITIK KOHE XKBUIYOTKI3TIIITIK TEOPHSICHIHBIH
JKaJIIblJIaMachl 00J1a OTBIPKII, KeH KyObUIbICTap bl CUNaTTaiibl. [IpuHIMIIa B!
€H HeT13rici TemIieparypa MeH ieopMaliyst ©picTepiHiH OaiIaHbICTBUIBIFBI OOJIBIIT
TaObLIa bl

Exi GipTexTi aHM30TPONTHI KEHICTIKTEp 1IeKapachl 00JbIN Z=( Ka3bIKTHIFbI
aJIBIHCHIH. bys1 opranapaarsl Ty3y jKaHe Kepi TOJKbsIHAAp (7)) Ty3y koHe (T 7)
Kepi TOJIKBIH MaTPUIAHTTaphl TypiHae Oepineni. bipiHmi opTa MaTpuIaHTTApBIH

—+ —_ . . .
T{" xome T| apkplnpl Genrimecek, eKiHIII OPTAHBIH TY3y TOJKBIHAAD

+ . o . . ..
MaTpUIaHTBIH 1, apKbuUIbl Oenrineifik. bepinren ecentiH MaTpULIaNbIK MEITiMi
MEH KYPBUTBIMBI KEJIECITe OKEI COFaIbI.
TyckeH, MaFbUTFaH J)KOHE CHIHFaH TOJKBIHIAP KeJeci Typje Oepineni:

—.‘ _ + —.‘

Wi = Tl Wo (15)
i, =T, (16)
ﬁ’C‘bIH = TZ ﬁ'f (17)

MyHzare! ﬁ’m > ﬁ”m > ﬁ"CmeGKTOpHapLI ., U,, U, opTaHbIH BIFBICY
uykrenepi, Ozz> Oxz- Oy xepHey TeH30pbl KOMIOHEHTTepi MeH (@, ¢,
JKBUTYJIBIK OIiC KOMIIOHEHTTEpiHeH KypanFaH; T,", T, koHe T, coikec KeJeTIH
MaTpuia Kod(pUIUEHTTEep! apKblIbl aHBIKTANA/bl, SIFHU OPTaHBbIH (QHU3UKa-
MEXaHUKAIBIK MapamMeTpiepl, ®KHLTIr jKOHE TOJKBIHIBIK BEKTOPIApPBIHBIH X, Y
KOMIIOHEHTTEPIHECH KyparFas; 1,“’,0 — TYCKEH TOJIKBIHIAP/IbIH aMIUIUTY JaJapblH
AHHIKTRHTEIH BEKTOP; 1), — MAFLUIFAH TONKHIHZAALH aMILTHTYJANAPHH
AHBIKTAHTHIH BEKTOP; fy, — CBIHFAH TOJKbIHAP AMILINTY AaNIaPbIH AHBIKTAHThIH
BEKTOP.

[lexapasa keneci mapTTap OpbIHIATLYBI KEPEK:

W, (0) =177 (0)wy =, (18)
W (0) =17 (O)30, =10, (19)
ﬂ"cam (O) =T 2+ (O)"T'V';t = ﬂ'f (20)

(18)-(20) - nman 171”0 S ﬁ"r ) ﬁ’r BEKTOPJIAPBIHBIH (DPU3UKAJIBIK MAFbIHACH
OipaeH aHbIK Oosazbl. Byt BekTopiiap OpTaHbIH BIFbICY HYKTeNepiH (U, Uy, U,
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), KEpHEY TEH30PBIHBIH KOMIIOHEHTTEPIH ( ..., O o vz ), COHBIMEH KaTap

Xz ?
opranap GeiMiHiH eKapachIHIAFbI KbULYJIBIK ©pic KoMIoHeHTTepiH (@, ¢,
) anbIKTafpLycnoBus (18)-(20) mapTel COHBIMEH KaTap U, BIFBICY OeNiMiHIH
1meKapachiniarbl MoH MeH O z  kepHey KoMIoHeHTachiH, U . BIFBICYBI MEH Gz

G

KEpHEY KOMIIOHEHTACBIH, ¥, BIFBICYBI MEH “ 3z KEpHEY KOMIIOHEHTACHIH KOHE

onbiMeH Gipre @ xone 4, e3apa GailnaHbICTHIPA/IbI.

TONKBIHAAPBIH IIAFBUTY €CeOiH MIBIFapy YIIH MIEKApaNbIK MIapTTapibl
xa3y KaxeT. Ce0eOi, BEKTOPIIBIK OaraH/ap bIFBICYFa, KAJIBINTHIIAPEl KEPHEY
KOMIOHEHTIHIH IIeKapachiHa )IHE JKaHaMaap KbUTYJIbIK Opic KypayIlbuiapbiHa
Kipeni, onaii 6osca (18) OipiHIII MIAPT KANBINTHI KeJieci TYP/E )Ka3bla Ibl:

Wo +W, =W, 1)

Byn maprran e3re menrMHiH y3iticci3airinig cede6i 0oJbI TaObuIaThIH
MaTPHLAIBIK AT KOWBLIAIbI:

I (0)wy + Ty (0)w, = T3 (0)w, (22)

W,, KOHE V_f/t BekTOopJyaps! yiriH (21) xone (22) — ai Gipre ecenrterexe
KeJleCiHI almaMpl3;

W, = (T, (0)=T; (0) ~'(T" (0) =T (0) ¥, (23)

= |E+ (15 0)-17(0) (1 0)-T5 0) fi 24)

Keneci Genrineymi eHrizeiik

G = (TS (0)- T (0) (1} (0) - 75 (0) (25)
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Omnpa (23) sxoHe (24)-ai keneci TypJe Kelripyre 001a bl
w, = Gw, (26)
W, =[E + G, 27)

Conbimen, (16)-(17), (23)-(24) - HaH IIaFbIFaH KOHE CHIHFAH TOJKBIHIAP
epici Keleci Typ/e *Ka3blaa bl
171«' = Tl_ Gﬁ’o (28)

Ui

— _ =+ —y -,
Wewn = TZ (E + G)WO (29)
(25) xoHe (26) epHekrepi OepiireH ecentiH wienrimMi OOJbIN TaObLIABI.
(25) epuerinen G matpumacs z=0 GoJIFaHIAFE TY3Y 5KOHE KEpi TOIKBIHIAPIBIH
MaTpPHULAHTTapBIMEH aHBIKTAIATHIH/BIFBI OaliKaIaIbl.
z=( GosrraH/a Ty3Y JKOHE Kepi TOJIKBIHAAP/IBIH MAaTPUIAHTTaph! TCH;

T(0) = %(E +iaR) (30)

MYH/Jarbl

L r=(p) +(a+%\/a2 —A)B) 6

o =—
kx(k+x)

TepmocepmiMIinikTiy OalJIaHBICKAH TEHICYJEPl CepmiMIi JKOHE
TEPMOMEXaHHUKAJIBIK MapaMeTpiepiHiH KentiriMmeH epekuenineni. COHbIMEH
OailyIaHBICTBI KA3ipri yakpITTa MaTPULIAIBIK dJ1icTep KobiHece 3PEeKTUBTI xKaHe
KOHCTPYKTHBTI OOJIBIN TaObLIA B,

KopbITbIHABI

byn mMakananga MaTpUIaHTTHIH aHAJUTHUKAIBIK 9/ICI HEri3iHAe U30TPOITHI
YKOHE aHM3OTPOIITHI OpPTAIAP IIEKAPACBIHAAFbI TEPMOCEPIIM/II TOJIKBIHAAP IBIH
LIaFBUTBICY-ChIHY KO3 (DMIIMCHTTEPIH aHBIKTAY IbIH ece0i ayibiHFaH. KapacThIpbUIbII
OTBIPFaH IMPOIIECTE AJILIHFAH WHBAPHMAHTTBIK KaThIHACTAp aJbIHAJbl KOHE
caKTayy 3aHIapblH KaMTaMachl3 eTeli. MaTpUuaibIK 9/1ic aHM30TPOITHI OpTaia
OaitIlaHBICKaH JKbUTY JKOHE CEpITiMJIi TOJIKBIHAAP/IBI TAPATY YIIiH KOJIJaHbLIIbI.
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O KODOPUINUEHTAX OTPAKEHUS — TPEJIOMJIEHUA
TEPMOYIIPYI'UX BOJIH HA TPAHUIIAX
N30TPOITHBIX U AHU3OTPOITHBIX CPEJ

Lemwvio  pabomvr  asnsemcs nocmpoenue cmpyKmypul
dynoamenmanvublX  peuitenull, CEA3AHHbIX YPAGHEHUAMU — OBUICEHUS]
U ypasHenuem Menio8o20 NOMOKA, YPAGHEHUEM MEenIonpPOEOOHOCIU
@ypve u omuowenusmu Jrweamens-Helimana Ons usyuenuss mooenu
MepMOYNpY2oll Cpeodbl,; AHANU3 MUNOE BOJIH U KIACCUDUKAYUS UX 63AUMHBIX
npeobpazoeanuil. Pacuem koaghduyuenmos ompasicenus — npeiomienus
MEPMOYNPY2UX 60JIH HA 2PAHUYAX U30MPONHLIX U AHUZOMPONHBIX CPEO
oOCyWecmenaemcs ¢ NOMOWbI0 MeMood MAmpuyanma, papadomaniozo
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npopeccopom C. K. Theykenogvim u eco yuenuxamu. /s peutenue psoa
meopemuueckux u OONOJHUMENbHbIX 3a0ay OUHAMUKU 21a0KUX cped
mpebyem NoaHO20 Yuema AHU30MPONUU U HEOOHOPOOHOCMU PUIUKO-
Mmexaruueckux ceoticms. OCHOHAsL 0COOEHHOCHb AHANU3A BOTHOOOPAZHBIX
npoyeccos 6 AHU30MPONHBIX CPEOax 3aKIOUAemcss 8 MOM, Ymo 6 IMux
3a0auax Hetb3s NPUHYUNUATILHO NPUMEHAMb (Pusuieckue pekomMeHoayuu
U MamemMamuyeckull annapam, paspabomannsiil 015 U30MPONHLIX CPeo.
DOmo c6a3aH0 ¢ mem, Umo G0IHOBOC NOJE HEe MONCEM PA30EIUMbCs HA
npsmovie u 06pamuvie 80Hbl. Bmopas cepvesnas npobiema 3akmiouaemcs
6 MOM, UMO QUBUKO-MEXAHUYECKUX USMEPEHULl CIUUKOM MHOZO,
nOIMOMY ObLIU 3aNUCAHbI OCHOBHAS 3AGUCUMOCTG U OUGhpeperyuanvroe
VpasHenue, a Memoo08 PeuleHUss YPAGHEHUs. KOJIUYeCHEa OBUICEHUS.
cyujecmayen HeCKOIbKO, NOIMOMY HYICHO OblI0 6blOpamb Hauboee
VOOOHbLL. [ NaBHbBIM NPUHYUNUATLHBIM YCHEXOM Memooa MAmpuyanma
AGNACTCS BO3MOICHOCHb ONUCAHUSL BOJIHOBO20 NPOYeccd Npu HAIUYUU
HECKOIbKUX puzuyeckux a¢hghexmos.

B xo00e pabomul, 60-nepsvix, aHarUMUUECKU 6blGeOeH pacuen
onpeoenieHus KOIDPUYUEHMO8 OMPadiCeHUA-NPELOMICHUSL IEPMOYIPYEUX
6OH HA 2PAHUYAX U3OMPONHBIX U AHUSOMPONHBIX CPed MenoooM
mampuyanma. Tlonyuenvl UHEAPUAHMHbBIE OMHOWEHUS, NPOUCXO0AUUE 8
paccmampugaemom npoyecce, u 00eCneuusarouue 3aKOHbl COXPAHEHU.
Hns  pacnpocmpamneHus — C6A3GHHLIX  MENIOBbIX U YNPYeUX GOJH
AHUZOMPONHBIX CPEOAx NPUMEHSIICS MEMOO MAMPUYAHMA.

Knrouesvie cnosa: uzomponmel cpeda, aHu30mponHas cpeod,
VPasHeHus: Menionpo8oOHOCY, NPUMOK Mend, mepMOynpyaue G0JHbL,
MePMOynpy2ocmy, Memood MAmpuyaHmd.
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ON REFLECTION COEFFICIENTS OF THERMOELASTIC
WAVES AT THE BOUNDARIES OF ISOTROPIC
AND ANISOTROPIC MEDIA

The purpose of the work is to construct a structure of fundamental
solutions related by the equations of motion and the heat flow equation,
the Fourier heat equation and the Duhamel-Neumann relations to
study the model of a thermoelastic medium; analysis of wave types

and classification of their mutual transformations. The calculation of
the reflection and refraction coefficients of thermoelastic waves at the
boundaries of isotropic and anisotropic media is carried out using the
matrixant method developed by Professor S. K. Tleukenov and his students.
To solve a number of theoretical and additional problems of smooth media
dynamics, it requires full consideration of anisotropy and heterogeneity
of physical and mechanical properties. The main feature of the analysis
of wavey processes in anisotropic media is that in these problems it is
impossible to fundamentally apply physical recommendations and
mathematical apparatus developed for isotropic media. This is due to the
fact that the wave field cannot be divided into forward and reverse waves.
The second serious problem is that there are too many physical and
mechanical measurements, so the main dependence and the differential
equation were recorded, and there are several methods for solving the
equation of the amount of motion, so it was necessary to choose the most
convenient one. The main fundamental success of the matricant method
is the possibility of describing the wave process in the presence of several
physical effects.

In the course of the work, firstly, the calculation of the determination
of the reflection-refraction coefficients of thermoelastic waves at the
boundaries of isotropic and anisotropic media by the matricant method
is analytically derived. Invariant relations occurring in the process
under consideration and providing conservation laws are obtained. The
matricant method was used to propagate coupled thermal and elastic
waves in anisotropic media.

Keywords: isotropic medium, anisotropic medium, heat conduction
equations, heat inflow, thermoelastic waves, thermoelasticity, matricant
method.
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ANALYSIS OF PERFORMANCE OF A PV SOLAR CELL
AND EFFECT OF PHYSICAL PARAMETER

In recent days, PV solar systems have been commercialized in almost
the whole world because of its advantageous efforts like a long-term
supply of power at a very lower cost and various governments are also
encouraging consumers to use sustainable green energy. The purpose of
this study was to develop a model that allows the user to predict PV cell’s
current-voltage (I-V) and power-voltage (P-V) characteristic curves
by varying irradiance, cell temperature, and diode ideality factor, and
the value of series resistance. The characteristic curves obtained from
the simulation of the MATLAB/Simulink model are matched with the
data given by the manufacturers by changing the value of mentioned
internal parameters. Comparative results of one and two diode models
with different electrophysical parameters are shown. There are analyses
for photocurrent, voltage and power, as well as their dependence on
single and two diode models. Block diagram models for diodes are also
presented.

Keywords: Irradiance, Temperature, Ideality Factor, Series
Resistance, current-voltage characteristics.

Introduction

Solar cell is mainly p-n junction which is made up of thin wafer or layer
of semiconductor. Electromagnetic radiation coming from Sun can be directly
converted into electricity when it is exposed to the metallic plates forming the
photovoltaic cell through photoelectric effect. When solar cell is exposed to sunlight
then photon that are coming from electromagnetic radiations having high energy
to the band gap energy of semiconductor are absorbed and create a deficient
of electron as a result electron hole pair is produced. The number of emitting
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photoelectrons is directly proportional to the intensity of incident radiation. When
photons get absorbed in the cell, energy of photons will cause the electrons to get
free and they can move in the cell, these electrons exist from both ends of cell
and creates a flow of electrons (creates electricity). With the increase in intensity
of sunlight number of photo-electrons emission can be increased (Intensity is
proportional to the number of photoelectrons) creates the passage of electrons
which in turn produces a more electricity. Internal electric field of p-n junction
may have impact on these carriers which are swept apart and produces a flow of
electrons emitted by photons is proportional to solar insulation [1]. PV system
naturally exhibits a non-linear I-V and P-V characteristics which may vary with
the intensity of radiation and temperature of cell.

SUNLIGHT
FRONT
ANTLREFLECTIVE CONTACT

COATING

SPECIALLY TREATED
SEMI-CONDUCTOR ™
MATERIAL

(

BACE CONTACT

Figure 1 - Basic solar cell

These solar cells don’t produce sufficient energy individually so by combining
these solar cells in photovoltaic panels we can produce enough energy to power
our homes as well as for many other purposes like space satellites.

The evolution of modeling and simulation has been made and this makes a
necessary part in modern time. The modeling of module comprises of non-linear
V-I and P-V characteristics. The literature of PV cell, this begins in beginning
of 1977 with [2]. After 1977 many researchers have studied it to enhance its
efficiency and reduce the cost. Many of the researchers have used circuit-based
method to characterize solar module of a simpler model; that is a current source in
parallel with a diode [3—6]. In solar modules, continually changing environmental
conditions such as partial shading can adversely affect the peak output power from
the model. Many calculating techniques have been suggested by the researchers
[3, 7-10]. Modest circuit constructed model was proposed in [3, 9-11]. Secondary
methods have also been given by researchers in which the V-I characteristics can
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be adjusted through mock intelligence methods [12—15]. However, some of the
methods are ideally difficult to implement and need much of the computational
efforts while the other methods are only limited up to the simulation of PV module.
Because of all the constraints, a correct and complete design of PV system was
presented circuit model in MATLAB Simulink model. In 29 Apr 2013 (Updated
06 May 2013) Shivananda Pukhrem analysis, «A circuit based simulation model
for a PV cell for estimating the IV and PV characteristic curves» [16].

Materials and methods

The important formulation used in modeling PV cell metallization is as
follows. For single diode model the relation between output current of a PV cell
and terminal voltage.

=t (25 -]

PV cells basic equation does not represent practical I-V characteristics.
A lot of PV cells are connected along with additional parameters like parallel
and series resistances (RS & RP) to form a practical module. Hence equation of
current is given by

I =1Ly, -1 [exp () - ”Rsx’] @)

AXVT Rp

For two diode model equation of PV cell current equation becomes,

Pt =t e (G557 - 1)) = e (G257 -1 -5 ©

Where Iph is light generated photo current, I is diode current, V is diode
voltage, T is temperature, A, A1, A2 diode ideality factor, k is Boltzmann constant,
10 is reverse saturated current, q is charge of electron, I the reverse saturation
current of diode D1 and D2 respectively, 11 is diode equation due to diffusion,
12 diode equation due to change recombination mechanisms. Modeling of single
diode ideal model.

) [

=
*
x + 2

Iph=lm[(Top-Tref)*Ki+lsc]
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Figure 2 — Light generated current block diagram

ld=lslexp{(V+I"REM(NS™n"VI"C)}-1]

Figure 3 — Diode current block diagram

lo=lsclexp{{Voc*q)(k*C*Top*n)}-11

Figure 4 — Reverse saturation current block diagram

J SR

I=[(Iph.Np)-Id-Ish]
Figure 5 — Output current block diagram
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Modeling for single diode with Rs. Now we have to consider shunt current
(ISH) for the modeling of single diode with series resistance Rs, for that that we
must know the value of series resistance (RS) and parallel resistance (RP). So,
we will vary the values of series resistance (RS) and parallel resistance (RP)
iteratively, by using MATLAB hence we can find shunt current.

- U

Ish=(I"Rs+V)/Rp I = Iph-ld-Ish
a) Shunt Current block diagram b) Block diagram of output current
for single diode with series resistance
Figure 6 — Block diagram
Modeling for two diodes with Rs. Current calculation process of two diode

model with series resistance is exactly same as that of single diode model but in
this case, we have to consider two diodes.

llphl

|

[id1] >

[1d2] »

Gl

[Ish]

|

I = Iph-ld1-ld2-Ish
Figure 7 — Block diagram of output current for two diode with series resistance

Modeling of Subsystem for single diode and two diode models with Rs
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Irradiance(p.u)
Wim2)1

= Electrical Reference

Solar PV panel

Figure 8 — Subsystem block diagram for single and
two diode models with series resistance Rs

Blue block is basically a subsystem, this part is user defined. On that block
a user can input his/her required data for temperature, Sunlight/irradiance, and
Voltage. Two diode model sub system is also same, but main difference in this
case is that we have to consider one extra diode for modeling. By using this
model of PV solar cell we can put data values of different solar cell models in this
model. Suppose if we are using a solar model named MX-65 it will have different
values of open circuit voltage, short circuit current and temperature co-efficient
of open circuit voltage and short circuit current as compared to that of MX-60
solar cell model. Now by varying these inputs we can observe different I-V and
P-V characteristics curves.

Results and discussions

P-V and I-V characteristic curves of a PV solar cell and radiations are highly
non-linear. For solar cell’s MSX-60 module (with pre set parameters given
in table 1) we have simulated P-V and I-V characteristics using MATLAB-
Simulink by varying different parameters like ideality factor, temperature, series
and shunt resistances to match the parameters set by the manufacturer (short circuit
current open circuit voltage, maximum current, maximum voltage and maximum
power) at standard temperature (298 K) and irradiance (1000 W/m?).
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Figure 9 — Model I-V and P-V characteristics curves
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Table 1 — Solarex MSX-60 module specification data

Characteristic SPEC
Typical peak power (P,) 60 W
Voltage at peak power (Vp) 171V
Current at peak power (IP) 35A
Short-circuit current (I ) 38 A
Open-circuit voltage (V) 21.1V
Temperature coefficient of open-circuit voltage -73mV/°C
Temperature coefficient of short-circuit current (K., 3mV/°C
Approximate effect of temperature on power -0.38 W/°C
Nominal operating cell temperature (NOCT) 49 °C

Effect of Temperature Variations on Solar Cell. We have taken diode ideality
factor 1.2, irradiance 600 W/m? and circuit temperature varied between 0 °C and
75 °C. Effect of temperature on solar cell maximum output power is simulated
and resultant I-V and P-V characteristics curves are shown below. Hence it is
clear from these curves that maximum output power of cell is greatly affected by
temperature variations. Power is reduced because with the increase in temperature
diode current is also increased. Maximum output voltage of single diode falls with
the increase in temperature is approximately 1.75 V/°C and for two diode model

approximately 3.5 V/°C.
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Table 2 — Single diode model and two diode model temperature variations o
Tempera- | No series 273 298 323 348 Temperature
ture (°C) | cell (Ns)
Pm(W) 36 (two 42.5990 38.5953 |34.4117 30.0569 b) for voltage
Vm(V) diode) 19.9000 17.8000 | 15.7000 13.6000
Im(A) 2.1407 2.1683 2.1918 2.2101
Pm(W) 36 52.4128 46.4099 40.4974 34.6911
Vm(V) Eisil(l)lgfls 24.0000 21.4000 | 18.9000 16.4000
Im(A) 2.1839 21687 |2.1427 2.1153
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Figure 11 —I-V (a,b) and P-V (c,d) characteristics curves
Table 3 — Single diode model and two diode model irradiance variations
Irradiance No 273 298 323 348
(W/m?) series cell
(Ns)
Pm(W) 59.2289 46.7111 34.1934 22.3043
Vm(V) dgoédgwo 16.1000 | 16.1000 | 16.1000 15.1000
Im(A) 3.6788 2.9013 2.1238 1.4771
Pm(W) ) 69.6928 54.9860 40.4974 26.3007
Vm(V) gleffi O(gle‘; 19.5000 | 19.2000 | 18.9000 18.4000
Im(A) 3.5740 2.8639 2.1427 1.4294
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Figure 12 — Single diode and two diode model difference for power,
voltage and current compared to ideal diode model

Conclusion

Photovoltaic (PV) cell, module and array are represented by a generalized
photovoltaic (PV) model. This model is formed with the help of MATLAB
and verified with different models. Main inputs to our model are irradiance and
temperature while the outputs are I-V and P-V characteristics curves under various
conditions. This model is designed in the form of Simulink block libraries. The
masked image makes the block model more user friendly and a dialog box permits
the users to easily configure the PV model The proposed model takes sunlight
irradiance and cell temperature as input parameters and outputs the I-V and P-V
characteristics under various conditions. For MATLAB modeling and simulation
such a comprehensive PV model is simple to be used.
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®OTOIJEKTPIIK KYH BATAPEACBIHBIH OHIMILIIT'TH
KIOHE ®U3UKAJIBIK ITAPAMETPJIEPAIH 9CEPIH TAJIJIAY

Conavl Kynoepi pomoaekmpiix Ky Jcylienepi ome momen bazamen
V3aK Mep3IMOL dleKmpMeH HcabObIKMay CUSKMbL ApMblKUbLILIKMAPbIHA
batianvicmol OYKil o5eMOe KOMMEPYUSIAHObL JCOHe IPMYPIIL yKimemmep
MY MbIHYWbLLAPObLIMYPAKMbLHCACHLIIHEPLUAHINAUOANAHY 2AUAKBIPAOB.
byn zepmmeyoiy maxcamuvl navdaranyuibizd @GomosjiemMeHmmiy mox
kepueyiniy (I-V) oicone kyamoinoiy (P-V) cunammamansix KUcoiKmapuin
AHCAPLIKMAHOLIPYObL, DJEMEHMMIY MEeMNEPAMypPachih JHCoHe OUOOMbLY
UOeanObLIbIK KOIPPUYUESHMIH JCOHE CePUSIIbIK KeOepel MOHOePIH 632epmy
apKbLbL OONICAY2a MyMKIHOIK b6epemin mooeb scacay 6onovi. MATLAB/
Simulink mooenin modenvoey Homudicecinoe anblHeaH CUNAMMAMATBIK,
KUCLIKMAp KOpcemineen WKL napamempiepoiy MOHOEPIH ©32epmy
aApKbLIbLL OHOIPYILIED YCbIHEAH MOTIMEMMePMEr CAlbICbIPbLIAObL. Op
mypai JeKmpohu3UKaIel napamempiepi oap ouoomapowiy 0ip JHcoHe
eKi MOOENIHIH CANbICMbIPMAibl Homudiceepl Keamipineen. @omomoxmol,
KepHeyOl JHCoHe Kyammbvl Maioay HOMmudiceiepl, COHOau-axK o1apovly Oip
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Kinmmi  coe3zdep:  owcapvlkmanOblpy,  memnepamypa, — uoeai
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AHAJIN3 IMMTPOU3BOJAUTEJIBHOCTH ®OTOIJIEKTPUYECKOI'O
COJIHEYHOT O 3JIEMEHTA U BJIUAHUSA
OUSNYECKHUX TAPAMETPOB

B nocreonue onu ghomosnexmpuueckue conmneynvie cucmemvl OblIU
KOMMEPYUATUZUPOBAHLL NOYMU 60 BCEM MUPE U3-30 UX NPEUMYUECME,
MAKUX KAK 00JI20CPOUHOE CHAOIICEHUE INeKMPOIHEPSUCI NO OUEHb HUZKOLL
yeHe, U paziuyHble NPABUMENbCIMEA MAKNHCe NOOWPSIOM nompedumeret
UCNONIBb308ANb YCIMOWYUBYIO 3€ICHYI0 dHepeuio. Llenblo amoeo ucciedosanus
oviia  pazpabomka MoOenu, KOMOpas NO360Jem NONb3068AMeENI0
NPOSHOZUPOBAMb  XAPAKMEPUCTIUYECKUE KPUBble HANPSNCEHUs MOKA
(I-V) u mowmnocmu (P-V) ¢omoaremenma nymem  usmeHeHus
0CBCUJeHHOCIU, — MeMnepamypsvl  dieMenma U Kod(ppuyuenma
udeanvnocmu  0uodda, a MaKdce 3HAYEHUs.  NOCIeO08AMENbHO2O
conpomueienus.  Xapakmepucmuueckue — Kpuebie, nOYYeHHble
6  pesyromame  molenuposanusi  mooemu  MATLAB/Simulink,
CONOCMABIAIOMCA ¢ OAHHbIMU, NPEOOCMAGICHHLIMU NPOU3EOOUMENIMU,
nymem USMEHeHUs. 3HAYCHUL YKA3AHHbIX GHYMPEHHUX NApaAMempos.
Tokazanvl cpasnumenvHbie pe3yivmamol 0OHOU U 08YX MOOeell OU0008 C
PaziuuHbIMU dekmpoghuzuyeckumu napamempamu. llpusedenvt ananuzol
Gomomoka, HanpsNcenus U MOWHOCIU, d MAKICE UX 3ABUCUMOCHIL OM
Mooereti ¢ 00HUM u 08yMsL Ouodamu. Taxsice npedcmagieHvl CMpyKmypHbie
cxembl OU0008.

Kniouesvie crosa: Ocsewennocmov, memnepamypa, Kod@huyuenm
udeanvbHocmu, NOCIKO0BAMENbHOE CONPOMUBTCHUE, B0bI-AMNEPHbIE
Xapakmepucmuxu.
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byn  wmaxanaoa eximwi pemmi mypaxmoul  Kodppuyuenmmi
CbI3bIKMBIK OUPpepenyuanobix menoeyiep HoHe oaapobiy Hcylieiepiin
wewimoepin  Kypyobly — OKbIpMAHOApad  YCOIHbLIAMbIH — 0dCMYPIIK
aodicmen  epexutenenemin  Jicoavl  Kopceminedi.  «Hugdepenyuandvix
meHOeyniep Hemece meHOeyIep dHCylecinoeei cunammamansvlx menoeyoi
weuryoe OUCKpUMUHAHMBL mepic 6012an dcaz0aiiea couKec KOMNIEKC
CaH  Y2blMbIHbIY MyN0e Kol0aHbayvimen epexuieninedi. ¥coiHvlizaw
a0ic, coHOati-ax, Oipmexmi menoeyiep Hca20aublHOA, eKiHwi pemmi
CBI3bIKMBIK MeHOeyiepOil Cbi3bIKMbIK Mayenciz depbec uweuimnoepitn Kypy
bapuicbinOa Oipinwi pemmi cbi3bIKMbIK meHOeyiepoi wewuiyoe Kkezoecemin
bepuynnu ooiciniy kemezimen eneizinyinde, opi anviHeaH ani20pUMm
bipmexmi menoeyiep iCyleciniy wewimin Kypyoa 0a KoJIOaHbLIAObL.
bipmexmi  emec menOeynepliy  OH  HcA2LIHOA — IKCHNOHEHYUATIObIK,
@yHKYUA dHCOHe KOCUHYC NeH CUHYCMbIY AUHbIMANbLIbL KOdpduyuenm-
KONMYUENIKMI CbI3bIKMbIK KOMOUHAYUACHIHBIY KoOeumindici Oepineernoe
meHOeyOiy depbec wewimoepi cunammamansly meyoeyoiy myoipiepinen
batinanvicevls  anvikmanaovl. Kapacmuvipviiein  omwipean moceneoe
oughgpepenyuandwix menoeyaepdi muimoi o0icmepmeH uibl2apy Hcoaoapbol,
A2HU 09Cmypai d0ICheH calblcmblpd OMbIPbIN, dPMYPIL ecenmiy wwl2apy
Jlcondapuin - epekuleienoipin - aukbin - Kapacmovipeat. Exinwi  pemmi
mypaxmsi Kod(huyuenmmi col3plkmuix Oud@epenyuanovix menoeyepoi
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JICOHe ONapObIH JCYUeNePIiHIY Wewimoepin Kypy Hoaoapsl 0oiauakma
cmyoenmmepee nPaKmuKaIblk cabakmapoad HeoHe 03IHOIK HCYMblCmapod
(COK, COOJK) ecen wivieapy 6apuicbinOa ke Kor0anvlcma 601avl 0en
ymimmeHnemis.

Kinmmi ceszoep: oupgepenyuanoviy menoey, ougpgepenyuanovix
meHOeysiep Jicylieci, CUNAmmMAamanblK menoeyiep, menoeyoiy oepbec
wewimi, KOMNJEKC CaH.

Kipicne

MaremaTHKajbIK O11iM Oepe OTBIPBII AJBIMBI3Fa KOSIP HET13r1 MaKCaThIMbI3
— OYTiHTI TaHJa 6Mip, KOFaM Taa0blHa call KOciOM MaMaHJIBIK aJTyblHA KaKETT1
OcNriJli MaTeMaTHKAJIBIK OLiM JKyHeciH KoJijjaHa OiJIeTiH, YKOHOMUKAJIBIK,
HapBIKTHIK KaTBIHACTHI TEPEHHEH TYCIHETIH, )KaHallla oiyay Kaoineri 6ap, cascu
axyajJibl, MOJICHHETTI )KEKE TYJIFaHbl KaJIbIITaCThIPY.

Keiibip MamMaHABIKTap/AbIH THUNTIK OarjapiamachlHa COHKeC MaTeMaThKa
TIOHIH OKBITY/]a KOMIUIEKC CaHJap YFhIMBI )KOHE KOMIUICKC MOH[I (DyHKIUsIIap
TYCiHITI MyJiae KapacTeipbuiMaiabl. CoHIali-aK, SKiHIII PETTI TYPaKThI
K03 PUIMEHTT] CHI3BIKTHIK OIpTEKTI jkoHE OipTeKkTi emec AuddepeHITnanIbK
TEHJICYJICPIIH CUIIATTaMAaJIBIK TCHJICYJICPi HAKTHI TYOIpre ve OoiMaraH )araanaa
Hemece TEHJICYIH OH JKarbl SKCIIOHEHIIHAN/IBI (QYHKIMSMEH )KoHE KOCHHYC TIeH
CHHYC (DYHKIHSIAPBIHBIH ChI3BIKTHIK KOMOMHAIMSCHIHBIH KOOCHTIH/ICI TYpiHIe
OepinreH »arnaiia, ChI3BIKTHIK TOYEJICI3 HICHIIMACPIHIH TYPIH i3aeyni Oenriii
YKaWT peTiHe enl YHrapbIMChl3 KaObuiiaiasr [1-2].

JKyMBICTBIH Ma3MYHBIH YCBIHYJBIH TOJIBIKTBIFBI YIIIH alJbIMEH [5—0]
onebueTTepine KeATIPUIreH TypakTsl KodddunuenTrepi 6ap exiHumi perTi
nuddepeHIHaNIBIK TCHACYIIH MICHIIMIH KYpPY 9JiCiHIH MOHIH KhICKaIlIa
OasHIaliMBI3.

Marepuannap MeH daicTep

KoaddunmenTrepi TypakThl, HaKThl 3koHe { canmapbl 00NATHIH ChI3BIKTHIK
OiprekTi eMec exiHmI perTi quddepeHInanabIK TeHIeyAl KapacThIpalbiK

Y'+ py+qgy= f(x). (1)

CBhI3BIKTBIK OIpTEKTI eMec TypakThl KodpduuueHTTi auddepeHnnanipk
TEHJICY/IIH JKaJIbI HIeHIiMi

y=y+y @)

TYpiHIe 6onajabl, MyHIarsl Y - COlKec
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n 1
y+py+qgy=0 (3)
GipTeKTi TeHaeyiniH xanmbl mentiMi, an Y - (1) 6ipTexTi emec TeHaeyiHin
nepOec MIeTTiMi.
BipTtekTi eMec TeHaeyniH aepOec memimMiH KYpyabl KapacThIpaibIK [5—06].
1. Keneci Typaeri GipTekTi eMec TeHJIeYAl KapacThIpalbIK

Y +py+aqy=P(x). “

MYHIaFbI

P(X)=ax +ax" +a,x"+.+a X +a_ x+a, )

ko> unuentrepimen 6epinren [7 - mi perri kenmymeik.
~ . . . - .
¥ mepbec wentiMin MbIHA TYpAIE i31€iMi3

}7: X U,,(X). (6)

MyHJAFel /M - Genrici3 caH, an

U0 = AX +AXT + AXTE 4+ A XA XA LA XA,

Koaq)qmuMeHTTem oenricis I1 - mii peTTi KONMYIIETIK.
~1

Yy, _y TYBIHJIBUIAPBIH TAYHII (4) TeHAEyTe KOSIMbI3
mm-1)x " u () +mx” (20 (9 + pou 0]+ x {0+ pul(9+qu(W]=P(Y @)

OPTYPJIi JKaFaaiIbl KapacThIpaibIK. [5—6]
Ayerep q#0, arun k #(), k # () Gonca, onza Gy xarnaiina, (7)
Tenzeyi opbiaaanysl yuin m=() Gonysl kepek, conjia (7) TeHaeyineH

n 1
u(x)+pu(x)+q-u,(x)=P(x ®)
TeHIeyiH anambl3. Opi Kapaii u;( X), u:;( X) TYBIH/IBLTAPBIH TaybIIT

u(x)=nAx"'+(n- NAX" +(n- 2)Ax" +..+
+4A X434 X +2A X+ A,

d'(x)=n(n- DAX" +(n- 1)(n- 2) Ax" +(n- 2)(n- HAX .+
+4 3A i+3 2A x+t21A

n-2
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onapsl (8) TeHICYiHE KOWCaK:

q-Ax+(q-A+pn-A)x +[g-A+p{n-1)-A+nln-1) Al +
[g-A+p{n-2)-A+(n-1)n-2) -Ale +.+(g-A,+3p-A +4 34 Jx +
+(q-A,+2p-A . +32A )Jx+(qg-A+p-A +21:A)=
=ax+tax'+tax’'+..ta x+a xta

X aliHBIMaJIbICHIHBIH Oip el JopeKenepiHin anbHAarbl KO3QQUIHMEHTTEPIH
TEHECTipim, KeJeci KyHeHi amaMbI3:

X' qg-A=a
X g:A+pnA=a
X q-A+p{n-1)-A+n(n-1)-A=a,
X q-A+pon-2)-A+(n-1)n-2)-A=a
X qA,*3p-A+t43-4,=a,
X g A t2pAL+I2A=a,,
X G-A+pAL LA, =4,

Kytteni memin A4, A, A ,..., A, ,, A xoobpunmenTTepinin MoHmepin
TabaMBbI3.

By omicti 6enrici3 K03 UIMEHTTEp 9/1ici AT aTanIbl.

Conpiven, g # 0 Gonranya (4) Teraeyin nepOec MEITMiH anambI3:

= AX AN AN A4 A XA ©)

B) erep g = 0 Gonca, sran k =0 memece k, =0 6Goxca, onna Gy
xarnaina (7) TeHIIK OpbIHIATYbI YIIIH m 1 Gonysi kepek, conna (7) Tenaeyinen

Xt (x)+(2+ xp) u,(x)+ p u,(x) = P(X) (10)

TEHJICYiH aJlaMbI3. Opi Kapaii >KOFapbma KepCeTUIreH Oenrici3 KoahGHuimeHTTep
QICIH IaigaIaHbIl 4 A 4 n . An KOX(PPUIUEHTTEPIH Ta0aMBI3.
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ConbiveHn, { = 0 Oonranna, (4) TeHACYiHIH IepOec MIeniMi MbIHA TYpIe
Ooaapl:

FEAXTHAXHAXT L HA X HA X HAX (11)

Keiine 4y, A, A ,..., A, |, A, 6enricis koo durmentrepin (10) Termeyi

Konpanbai, Y nepOec merniMiH (4) TeHaeyiHe KO apKbUIbl 1a Ta0yFa 001a bl
2. MbIHa Typeri 0ipTeKTi eMec TeHIEY Il KapacThlpambl3 [7-8]

n ! — . ax
Yy *py tqy=a, e (12)
MyHZarbl & ,d - OeplIreH TYpaKThl CaHaap.

~
y nepOec MIeTiMiH MbIHA TYPJIC 131eHMI3:

y=Ax"e" (13)
MYHJaFbl 1], A - 6enricis TYpPaKThI caHaap.
~ Al

Y,V TybiHObITapEIH TabaMbI3 jKoHE OHBI (12) TeHIeyiHEe KOMBIN, MbIHA
TEHJICY/Il aJlaMbl3;

Anfm- 1)x72 + nf2a+ p)x™' + (2> + pa+glx|=a, a9

OPTYpIi KaFrgaiaapelH KapacThIPalbIK.
A) erep & canmpl (3) cumarramManbslK TeHACYiHIH TyOipi Gonmaca,

SAFHU ](; *a, ]{2 4, 32 + pa + q¢ O, oHma OyJ karmaiina
(12) Tenney opwuaanys ymin M= 6Gonys kepek. (14) Tenneyinen

a
A(az + pa + q)= a,, Hemece A= L

—5 eKeHiH TabambI3.
a -+ patgq
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~ a : .
Conpa (12) tenneynin nepbec memimi YV = 2—0 e” TypiHzae
00aBL. a-t+tpatq

B)erep @ cansl (3) cunarramaibIK TEHJICYAIH jKail TyOipi Ooica, sFHU

K =4, kz za, a +p3+q=0, 23+p¢0, oHaa Oy
xarmaiina (12) TeHneyi opbIHIaTy s YIIiH 7] = 1 6oy kepek. (14) TerneyineHn

d
14(2& + p) =4, nemece A= —"— ecxkenin tabamb3. Conna (12)
2at+p
.. P e A aO dax .
TeHzeyiHiH aepbec memrimi Y = ———— X€ rypiuge Gonamsl.
2a+p

B) erep & canbl (3) cumarTaMaibik TEHIEYIIH eceni TyOipi Gorca, sFHu

]q=3, ](Z=3, 32+p3+q=0,23+p20, onja Oy karaaiia
(12) Tenney opsrHaanys! yuin (14) tengeyinen 2 A= 4, Hemece A= i
€KeHiH TabaMbI3. 2

. c e~ a . .
Conpa (12) Tenneyain aepoec memnrimi y = 70 Xze‘”‘ TypiHe OoJaibl.

HaTmxenep :koHe TATKBLIAY
3. MbIHa Typaeri OipTeKTi eMec TeHICYAl KapacThIpailbIK [5—6]

Y+ py +qy=P(x) e (15)

wyunare P(x)=ax"+ax"' +a,x"*+.+a X +a_x+a,

n-1

KO3 pUIEHTTEpIMEH OEpUITeH II-PETTi KOIIMYIIETIK, g = OeplireH TYpaKThl CaH.
~ .. . o . ~ __ m ax
Y naepbec meuriMin MbIHA TypAe i3zeiiMis Y = b'e -un(X) e,

mynnarbl g (X) = A X"+ Ax"' + AXTTH L+ A X +A x+ A -

ko3 dunmentrepi Oenriciz yz - perti kenmyuenik, 17 - Oenrici3 TypakThl caH.
?', y" TYBIH/IBUIAPBIH TayhIN (15) TeHIeyTe KOWBII, MBIHA TEHJICY 1 a1aMbI3:
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mm- 1)x"2 u,(x)+ mx™ ' [2u,(x) +(2a + plu,(0]+
x™ ‘[L!;;(X) +(2a+ plul, (0 + (32 + pa+ q) ‘u, (X) ]= P,(x)

OPpTYpIIi KaFAai1bl KapacTeIpanbIK.[7—8]
A) erep 4 canbl (3) cunmarraMaiblK TEHACYIIH TYOipi OoiMaca, SFHU

k#a, k,Za, a+pa+tq#0, onma 6yn xarnaiina (16) renuey
opsiHaanys! yirin M= 0 60:ysI Kepek, oyaan (17) TeHIACY I amaMbI3:

(16)

d,(0+(2a+ p)u(0+(a +patq)u (=P 17
Conpa (16) Teraeynin aepOec memimMi MbIHa TYpae OOIabl:

V=u, e =(Ax + AX" + AXH A XA x+ A" (18)

B) erep 4 canbl (3) cunaTramainblk TEHACYAIH kail TYOipi Ooiica, sSIFHU
]q=£1, kz Za, 32+p3+q=0, 2a+ p#0, oum (16) Tenney
opbIHAANYHI YIIiH M =1 Goiys! Kepek, Oyaan (19) Terueyi anampis:

2u,(x) +(2a+ p) u, (0 + {uy (0 +(2a+ p) u,(0]=P(0 (19)
Conpa (15) rerueynin aepOec memimMi MbIHa TYpae OOIabl:

F=xu e =(AX"+AX+AX" +.+A X +A X+ Ax)e" (20)
B) erep 4 cansl (3) cunarramaiblK TEHJICYAIH eceni TyOipi Oosica, sSFHI

k=a, k,=a, ao+pa+q=0,2a+p=0, ouyma (16) Tenney
OPBIHIAIYHI YIIIH 3= 2 00iysl Kepek, Oyaan (21) TeHACY i amaMbI3:

u(x)+4x-u(x)+x u(x)=P(x (21)
Axn, (16) Terneyaig nepoec memnriMi MeIHa TYp/e OoJaib:

F=x u, e = (AT H AT+ AN A LA AR (22)
Opi Kapall Oeusrici3 kod>pPuUIHEHTTEp OAICiH malgamaHbII

A.AA....A A KOX(PHUIHEHTTEPIH TaOaMBI3.
4. MpIHa Typaeri OipTeKTi eMec TeHIeY i KapacThIpaibIK
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Yy +py+qy= e"'”‘(ao cos bx + b, sin bx) (23)

MyHAa €, b() ,a,b- OepiireH TYpaKThl canmap sxoHe hp 2 ().

Y nepbec wewiMin MpiHa Typae i3nenmis:
v = x"e™( Acos bx + Bsin bx)

mynaa A B - Geunrici3 TypakThl caHaap.

v, 3'/’" TYBIHIBUIAPBIH TaybII, (23) TeHeyre Koicak (24) TeHaey i aambl3:

m{m- 1)x™*( Acos bx+ Bsin bx)+ mx™" [{2& + p)( Acos bx + Bsin bx)+2H{- Asin bx+ Bcos bx}]+
+ x’”[(zi2 - b+ pat qk Acos bx+ Bsin bx)+(2a + p}b( Asin bx+ Beos bx)] = a, cos bx+ b sin bx

24)

OPTYPIIL KarIai bl KapacThIPabIK.
A)erep a t bi campi (3) cunartamansik TeHAey iR TY6ipi GonMaca, SFHUH

(axbi) + platbi)+g=0
(az - b+ pa+q)i-(23+ p)bi 2 0.

Bynan @’ - b+ pa+q#0 xone 2a+ p#0, ouna 6yn xarnaiina
(23) Tenney opeipanysl yuiin m= () Gomysl kepek, conna (24) TeHIey1eH MbIHA
TEHACY/I1 ATaMBbI3:

(ar2 -b tpat q)(Acos bx+ Bsin bx) + (23 + p)b( Asin bx+ Bcos bx) =a, cosbx+ b;sin bx (25)

JKOHE TeHJICY I1iH eKi JKaFbIH/Ia TYPFaH colikec COS BX meH sin Bx (yHKUMsIApBIHBIH
ANIBIHAA TYPFaH KOA(OUIMEHTTEPIH TEHECTIPill, MBbIHA KYHEH] ajJaMbI3:

111



Topatievipos ynusepcumeminiy Xabapuwicot, ISSN 2959-068X.
Dusuka, Mamemamura HaHe KOMNbIOMePIIK 2blabimoap cepusicol. Ne 4, 2023

(a2 -b+pat q)A+ (24 + p)bB= a,
- (2a+ p)bA+(a*- b + pa+ q)B=1,
Conpa (23) renaeyain aepOec memimMi MbIHa TYpAe Oomapl:
y=e" (Acos bx+ Bsin bx) (26)
b) erep a * bi cannl (3) cunarramanslk TeHAeyAiH Ty6ipi Gonca, SFHK
a’- b +pa+tq=0, 2a+p b#0, ouna (23) Tenaey OpbIHIANYbI YLIIH
m=1 60IyBI Kepek, coHma (23) TeHaeyeH MbIHA TSHACY/I1 aTaMBbI3:

(2a+ p)( Acos bx+ Bsin bx) + 2b(- Asin bx+ Bcos bx) = a, cos bx+ b, sin bx(27)

JKOHE TCHJIY 1iH eKi JKaFbIHIIa TypFaH colikec COS BX men sin BXx pyHKUMAIApbIHBIH
IABIHIA TYPFaH KOA(MQHUIUEHTTEPIH TEHECTIPIll, MbIHA KYIHEH] ajJaMbI3:

2bB=a,
(28)
- 2bA= D,
. b pg-a
bynan A= b’ b

Conna (23) Tenaeynin nepbec weuimi y = Xe”"(Acos bx+ Bsin bX)
60.]'[3,[[51 HEMECE MbIHA TYpJC

1 ) .
V= - xe™(- b, cos bx+ a, Bsin bx) 29)

5. MbIHa Typaeri OipTeKTi eMec TeHACY Il KapacThipaitbik [7—8]:

V' + py + gqy=e*(P(xdcos bx+ Q. (xsin bx): (30)

MYHIa a,b - Oepinren TypakTh canpgap, pz(,
Pk(X)= a x* +ax"'+. . +a,  x+a, wone

112

Becmuux Topatievipos yrusepcumema, ISSN 2959-068X.
Cepus: Qu3suka, Mamemamura u KomnvromepHoie Hayku. Ne 4, 2023

Qr(X) =hyx" + ble" +.+b.,xtb ~ OepiiIreH KOIMYIIEIIKTED,

a,20,b, 20 (kr=0,12,..)

3”/ JepOec mIenriMiH MbIHA TYPJIE 137eHMi3:

m _ax

¥ = x"e™ (u_(x)cos bx+ v, (x)sin bx) (31)
MyHJIa 11 = maX{k; I'}, U[X] = A‘)Xm-l- AtXm—] .t A:1-1X+ 413

{x)=Bx"+Bx"'+.+B, x+B A.A..A, B.B...B,

o6eurici3 koaddurrenrepimen 6epinred 11 - peTTi KOMYILIEITIKTEp.
~ ~

Y, Y tysmasuiapsid Taysim, (30) TeHaeyre Kolcak, MbIHa ODHEKTI alaMbl3:
m(m- 1)x"* (u”(x) cos bx+ v (x)sin bX) + mx” [(23 + p)(u” (x)cosbx+ v, (x)sin bX) +
+ 2(u:,(x)cos bx+ v (x)sin bx) + 2(u'"(x)cos bx+ v (x)sin bx) + 2b(- u (x)sin bx+ v (x)cos bx)]+
+ X‘"[(a2 -b+ap+ q)(un(x) cos bx+ v (x)sin bx) + (23 + p)(ll:,(X) cos bx+ V:,(X) sin bX) +
+(2a+ p)b(- u, (x)sin bx+ v (x)cos bx)+ (u"(x)cos bx+ v'(x)sin bx) + 2b(- u' (x)sin bx+ v (x)cos bx]] =
= P(x)cos bx+ Q (x)sin bx

OPpTYpIi KaFaaiabl KapacTelpaibik. [9—10]

A) erep a * bi (3) cumarramanslK TeHAeyIiH TYOipi Oonmaca, sIFHH
a’- b*+ pa+q=0 xone 2a+ p#0,ouna(31) TeHuey OpbIHAANYBI YILLIiH
m= () Gonys! kepek, ouza (31) TeHIEyICH MbIHA TEH/CYIi ATAMbI3:

(32 - b+ pa+ qkuu(x)cns bx+ v, (x)sin bx) + (2a + p)(ur,(x)cos bx+ ! (x)sin bx) +
+(2a+ p)bl- u,(x)sin bx+ v (x)cos bx) + (u” (x)cos bx+ v x)sin bx) + (32)
+ Zb(- u'n(x)sin bx+ v:,(x)cnﬁ bx) = ﬂ(x)cos bx+Q, (x)sin bx

JKOHE TEHJIEYJIiH €Ki KarblHJAa TypFaH coiikec €08 [3X men sin Bx
(GyHKUUSUTAPBIHBIH QJIJBIHA TYPFaH KOd(QQHUIMEHTTEPIH TEHECTIpil, MbIHA
XKYHEHI alaMbl3:
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(a2 - % + pa+ qlu,(x)+ (2a+ plu (x) + (2a+ plov,(x)+ u(x)+ 26V, (x) = B (x)
(4 - 62 + pa+ gy, (x)+(2a+ p)v,(x)- (2a+ plou, (x)+ v:(x)- 260 (x) = O,(x)
Conpa (30) Teraeyain aepOec memiMi MbIHa TYpae O0Iabl:

(33)

y= e‘”‘(un(x)cos bx+ Vn(x)sin bx) (34)
B) erep 4 + bi cansbl (3), cunmarraManblK TeHJAeyAiH TyOipi Oosnca, siFHH
a’-b+ patq=0, 2atp, b20, ouna (31) TeHaey OpbIHAATYBI YIITiH

m=1 Gomysr kepek. oHna (31) TeHaeyneH MbIHA TeHICYII aJaMbl3:

(2a+ p}( uﬂ(x)cus bx+ Vﬁ(x}sin b+ 2(11;( x)cos bx+ V:‘(x)sin bx) +2b(- U"{X]Sin bx+ vﬁ(x}cos bx)+
+ H(2a+ p)u (x)eos bx+ v (x)sin bx) + (" x)cos bx+ v'(x)sin bx)+ 2b(- o (x)sin bx+ v (x)cos b)) =
= [':(X]COS bx+ Q(x)sin bx

JKOHE TEHJEY/MiH eKi karblHAa TypraH coiikec €OS X men sin Bx
GYHKUMATapBIHBIH aNIbIHAA TYpFaH KO3(QQHUIINEHTTEepIiH TCHECTIpil, MBIHA
JKYHEH] aTaMbI3:

(23 + p)u”(x)+ 21:;(x)+ 2bvn(x)+

+x(2a+ pu (x)+ u) (x)+ 26, (x]] = R (x) (35)
(2a+ p)v,(x)+2v,(x)- 26u,(x)+

+ 422+ p),(x)+ v (x)- 260, (x)] = Q.(x)

Conpa (30) renaeyiHig aepoec memnriMi MbIHa Typ/ie 0oJa b

5= xe*(u_[xlcos bx+ v (xJsin bx) (36)

Opi kapail Oenrici3 Kod3pGUUUEHTTEpP OAICIH malgaNaHbIl
AAA....A A, B.B,B,..,B ,B xo3ppunuentrepin Tabamsis.
[9-10].

KopbIThiHABLIAD

Kapacteipbuisin oTeipral «TypakTel KOd3()GUIIMEHTTI CHI3BIKTHIK
nuddepeHnnanapIK TeHeyIIep JKOHE OJIap/IbIH XKYHeIepiHiH MenimMIepiH Kypy»
MaKaJlachblH/]a KOMILJIEKC CaHJap YFBIMBIH OepMel ak Oochl Iemimaepal Kajgan
TaOyra OONAaTBIHABIFB Typajbl Oip o/icTeMe KeNTIPUIreH. ¥ ChIHBUIBI OTHIPFaH
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MakaJa [3—4] )kymbIcTa KEATIpUIreH TYPaKkThl KOAQPUIMEHTTI O1pTEKTI ChI3BIKTBIK
T pepeHIMaIIbIK TCHACYIIH MCIIiMIiH Ta0y 9ICTEMECIHIH JKaJFachl OOJIBII
TaObLIa/bI.
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NMOCTPOEHUE PEINEHUN JIUMHEMHBIX
JTUOPEPEHIMAJBHBIX YPABHEHUM BTOPOT'O MOPSIIKA
C HOCTOSIHHBIMH KO ®PUIUEHTAMU U UX CUCTEM

B pabome npeonazcaiomcsi nymu nocmpoenus oupghepenyuaiorvlx
VPAGHEHULL 8MOPO20 NOPSIOKA € NOCMOSTHHLIMU KOI(duyuenmamu u ux
cucmem, OMmaudaowuecst Om mpaouyuOHHOUMEMOOUKU NOCTPOCHUS JMUX
pewenuti. OHu OMAUNAIOMCS MeM, YIMO 8 HUX He UCHOTIb3YemCsi NOHSIMUe
KOMIJEKCHO20 YUCIHA, NPUMEHAEMO20 6 MPAOUYUOHHOM U3LOINCEHUU
6 cuyuae OMpUYAmMenbHo20 OUCKPUMUHAHMA XAPAKMEPUCTIUYECKUX
VpasHeHuil OUpDePeHyUaIbH020 YPAGHEHUSL UL CUCMEMbL VPAGHEHUIL.
B cmywae o00mopooHo20 ypaemenus cymv npeonacaemozo Memooa
3AKAIOUAENCS 8 UCTIONL30BAHUU NPU NOCMPOCHUU TUHEIHO HE3A8UCUMBIX
YACMHBIX peuleHull JUHEUHO020 YPAGHEHUsT 8MOpPO20 NOPAOKA Memood
bepnynnu, npumensemoco O peuwieHus: TUHEUHO20 YPAGHEHUsL NePEO2O
NOPsOKA, ROJYYEHHBLIL NPU IMOM ANOPUMM NPUMEHSIEMCSL U 8 ROCTP OCHUU
peutenus cucmemsbl 00HOPOOHBIX YpasHeHull. B ciyuae HeoOHOpoOHO20
YPABHEHUsL ¢ NPABOU YACbIO 8 BUde NPOU3Be0eHUss IKCNOHEHYUATLHOU
Gyuryuy U TUHEIHON KOMOUHAYUYU KOCUHYCA U CUHYCA C NePEeMEHHbIMU
KO puyuenmamu-muoeouieHamu, — 4acmHoe — peuieHue  ypasHeHust
onpeoensiemcsi 6He C8513U ¢ KOPHAMU XAPAKMEPUCTIULECKO20 YPAGHEHUSL.
B paccmampusaemoii 3a0aye 6vbliu yemKo paccmompenvl nymu 6618004
oughpepenyuanbHblx  YpasHeHull 3QGeKmusHbiMU  Memooamu, m. e.
nymem CpasHeHusi ¢ mpaouyuOHHbIM MemoooM, 8bl0ess NYMuU 8616004
paziuunblx  3a0ay. Hadeemcsi, wmo nymu nocmpoenusi JUHEUHbIX
oughepenyuanbHblx  YpasHeHutl ¢ NOCMOSHHbIMU KOIPDuyuenmamu
8MOPO20 NOPAOKA U PeuleHull ux cucmem 6 Oalvheluiem Oyoym wupoxo
UCNONb308AMBCS  CMYOCHMAMU  HA  NPAKMUYECKUX 3AHAMUsIX U 8
camocmoamenvuvix pabomax (CPC, CPCII) npu pewenuu 3adadu.
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CONSTRUCTION OF SOLUTIONS TO LINEAR DIFFERENTIAL
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EQUATIONS OF THE SECOND ORDER WITH CONSTANT
COEFFICIENTS AND THEIR SYSTEMS

The paper suggests ways of constructing second order differential
equations with constant coefficients and their systems, which differ from
the traditional methods of constructing these solutions. They differ in that
they do not use the concept of a complex number, used in the traditional
presentation in the case of negative discriminant of the characteristic
equation of the differential equation or system of equations. In the
case of the homogeneous equation are proposed method is to use in the
construction of linearly independent particular solutions of second order
linear equation Bernoulli method used to solve the linear equation of
the first order, obtained by this algorithm is applied in the construction
of solutions of the system of homogeneous equations. In the case of
the inhomogeneous equation with the right side as a product of the
exponential function and a linear combination of sine and cosine with
variable coefficients, polynomials, a particular solution is determined
independently of the roots of the characteristic equation. In the problem
under consideration, the methods of solving differential equations by
effective methods, that is, comparing them with the traditional method,
were clearly considered, highlighting the ways of solving different
problems. We hope that the ways of constructing Linear Differential
Equations of the constant coefficient of the second order and solutions
of their systems will be widely used in the future in the process of solving
problems for students in practical classes and independent work .

Keywords: differential equation, the system of differential equations,
the characteristic equation, particular solution, the complex number.
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OQJIEMEHTAP BOJILLEKTEPAIH
KACUETTEPI MEH K¥PblJIbIMbl

byn makananviy neeizei maxcamuol A0ponvlK puUKa HCOHe deMeHmap
bonwexmepoi mexkmen QuUIUKACLIHOA  OKbIMYObIH MAHbI30bLIbI2bIH
Kepcemy. Fanvimoapoviy oceizan Oeliinei 3epmmezeHn 3epmmeyiepimeH
ycvlHean 9o0ebuemmepine cylene OmMbIpbin, sO0POAbIK (DUIUKA JHCOHE
onlemenmap Ooaulexmepoiy Heeizei KOMNOHEHMMEPIMEH, onapoviy
esapa apexemmecy Kywimen oatinianvicmol. bonwekmep guzuxacoimviy
cmanoapmmul  MoOeni, 01 boawexmep apacvlioa opexem ememin
Kyuimepoiy e30epi bonuexmep aimacyblMern CUNammaiamoli oipmymac
Kepinicmi Kammamacels emeoi. ’Kone 0e bonuexmepoiy naiioa 6oayvimeH
0napobly  Wbl2y Mapuxvl, 01apoblH Kdcuemmepimen KypuliblMOapbl
xeamipinoi.  Aoponvix  Qusuxa  dicoHe  dnemenmap  Oonwexmep
Qusuxacvinvly  3anobLILIKMapvimern  Pezepgpopo  moocipubecine,
AMOMHbIY  KYPbIIBIMbIHA  MOKMANBIN, aAmomM Mooelihe CUnammamd
bepindi. Keapx mooleni, 6apuonoap Kapacmulpulivin, —0aAAPOLIH
KYPblIbIMOAPbIHbIH MAHbI30bLIbI2bI KOpcemineeH. Keapk eunomesacoinviy
CEHCayUANbLIbI2bL KBAPKMAP2d HCamambvlt JeKMpPIiK HcoHe 6apuoHObIK
3apa0mapovly OOMUeKMIK cunamuinoa scamvlp. Tabueamma bonamuin
Hezi3el 63apa opexemmecy mypJepi, COHbIH iUiHOe 2PABUMAYUATBIK HCOHE
MEKMPOMASHUMMIK 03apa opekemmecyze cunammama o6epinoi.

Dnemenmap  benuiexkmepdi  3epmmeyde CcoHebl yakbimma ipi
mabvicmapea Ko scemmi, 01 XXI eacvipoaavl mabuzam 3aH0bLIbIKMApbit
mycinyimizoiy Heeizi 6onvin mabwvliadvl. Diemenmap Oonuexkmepoiy
Kypoeni  6oaamuinObiebl  0aapouly  Oip-Oipimen  ocepiaeceminoicine
oatiianvicmol, 0ip-Oipimen ocepiece omuipvin Oacka 0Oip dlemenmap
bonwexmepee  mypienedi. Ocvbl  mypieny  Ke3iHOe  IHEPSUSHOLIH,
UMNYTIbCIbIY HCOHE KO32ANbIC MOIUEDIHIY 3aHOAPbl, COHOAU-AK APHAY b
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3aH0ap 0a opulHOANaobl. 3epmmey HcyMbvlebl OAPLICLIHOA 9-CbIHLINMAP
apacvlnoa depineer 6iiMOI KOPbIMbIHObLIAY MAKCAMBIHOA HCYPII3iIeeH
cabax nomudceci depindi. Cabax Homudiceci 9-colHbInmapowiy Oinim
OeHeelliH CalbICMbIPbIN, HOMUICECE OUASPAMMA MYPIHOe KepCeminol.

Kinmmi ce3zoep: snexmpon, nozumpon, Peszepghopo moscipubeci,
amom mooeii, I0Po, KeapK, ePasumayusi.

Kipicne

DneMeHTap OesmekTep (GU3MKAChl Ka3ipri FEUIBIMIA JKOHE TaOUFATTHIH
ipresi 3aHIBUIBIKTAPBIH TYCIHY1Mi3/e 0aCThI pes aTKapaabl. OHBIH MAHBI3IBLIBIFbI
OipHeIle acreKTiIepIe KopiHei:

OJIEMHIH KYPBUIBIMBIH TYCiHY: bemmekrep (u3uKachl FaiaMHBIH HEri3ri
KYPBUIBIC OJIOKTAPBIH KSHE OJIap/IblH 03apa opPeKeTTeCyiH 3epTTeiIi. by FputbiM
013re MaTepUsIHBIH HE/ICH TYPATHIHBIH, TAOUFATTHIH HETI3T1 KYLITEpi Kajlal )KyMBIC
ICTCHUTIHIH )KOHE Oap HOPCEHIH HETI31HC KaHIai mpoIlecTep KaTKaHbIH TYCIHYTe
KOMEKTECE/I].

TaburaTThlH HETI3ri 3aHIapbl: DJIeMEHTap OeJIIEKTep CanachiHIAFbl
3epTTeyliep eH Killli )KoHE eH YJIKeH MaclTa0Ta FajJaMHbIH 9PEKeTiH CUIIATTalThIH
ipresi 3aH1ap MEH MPUHLUIITEP/Ii OpHATYFa MYMKIHAIK Oepei. by 3anap 6apibik
0acka FhUIBIMU MIOHZEP YIIiH Heri3 OoJIbI TaOblIa b, YII 3aH1ap 0apibK 6acka
FBUIBIMU TIOHJIEP YILIH HETi3 OOJIBbIN TaObLIa bl

TexHonorusnapabl JaMbITy: DieMeHTap OejeKkTep (U3UKACHl YIIiH
93ipJICHTEH KOITEreH TEeXHOJIOTHsUIAp MEIUIMHA, aKNapaTThIK TEXHOJIOTHsIIap
JKOHE SHEepreTHKa CHAKTHI 0acka cananapja Kosijganoaisapra ne. Mbicai petinye
KaTepIi 1CIKKe Kapchl COYJIENIK Teparnusi YIIH MEAMLIMHAIBIK KypbUIFbLIIapaa
KOJIZIAHBUIATBIH aKCeJIepaTop TEXHOJIOTUSICHIH KeNTipyre 0oabl.

KocMonorusuibik sxyMOaKTap/abl miemry: DiaeMeHTap oemniekrep GU3uKachl
0i3re FaJlaMHBIH T1aii/1a O0JTYbIH, XKYJIIbI3/Iap MEH I'aTaKTHKaJIap IbIH YBOJIFOIUSICBIH
JKOHEC OHBIH OoJIalIaFrblH TYCiHYyr'e KeMeKTecemi. byn 0i31iH FagaMaarsl
OPHBIMBI3/IBI TYCIHY YIIIH MaHbI3/IbI.

DKCHEPUMEHTTIK 3epTTeyJiep: DIIeMEHTap OOJIICKTep (pU3UKACHIHIAFHI
9KCIEPUMEHTTEP KOoOiHece FHUIBIMU 3epTTEyJiep MEH WHHOBALMsIApFa BIKIAJ
CTETIH J)KOFapbl TEXHOJIOTUSUIBIK JKAa0 IBIKTAp MCH dJICTEP/I1 931pJICy/Ii TajaI eTe/Ii.

Kymrri xoHe anci3 Kymrepai 0ipikTipy: DieMenTtap Oeumiektep GU3UKaCchl
TaOUFaTTBIH OapJIbIK ipresi e3apa spekeTTecyiepin OipikTipeTin 6ipTyTac Teopus
yKacayra yMTbIIabl. by raburaTrtars! 6apibIK KyObLIbICTap Ikl TYCIHIPE aNaThbIH
«OapIIBIFBIHBIH TEOPHUSICHI» HEMece «OipbIHFall @pic TEOPHSCHD) JCTl aTalla Ibl.

ConbiMeH, DneMeHTap Oemnmiekrep (GU3UKackl O13/11H AyHHUE Typabl ipreii
OiTiMIMI3Te JIe, KAaJITbl TEXHOJIOTHSUIBIK KOHE FRITBIMHU MPOTPECKE JIe TEPEH dcep
erezi. bi3nin Kazipri TyciHirimis GenmrekTep pU3NKaChIHBIH CTaHIAPTTHI MOJIEITIHE
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eHeJIl, 01 OeJILEeKTep apachlH/a OpeKeT eTEeTiH KYIITepAiH e3Jepi OemexTep
aJIMacybIMEH CHUIIaTTalaThIH OIpTyTac KOepiHicTi KaMTaMachl3 eTe/i. AlWTa KeTy
KEpeK, CTaHIapTThl MOJIENIb OAPIIBIK aFbIMJIAFbl SKCIEPUMEHTTIK JIePEeKTepAiH
COTTI CHIIaTTaMaChIH KAMTaMachl3 €Te/ll KoHe Ka3ipri (pHU3HKaHbIH KEHICTEPiHIH
6ipi OOJIBIN TAObUIA/IBL.

Matepuangap MeH dicrepi

JKanmer anranna, Gpu3nka KapacThIpbUIATHIH YHEPreTHKAJIBIK MacIITadKa
colikec (pM3MKAIIBIK JKYHEHIH THIMJII MaTeMaTHKAJIbIK CHIIATTaMaChlH Oepyre
OarpITTalIFaH J)KOHE KOpILIaFraH aJ1eM OipHele TypIti OeseKkTepaeH naiia 6oiran
CHSIKTBI. ATOMJIap — OH 3apsITajIFaH NPOTOHIap/iaH (p) JKoHeE JIEKTPIIiK OelTapan
HeHTpoHAapAaH (n) TYpaThlH OPTAJBIK SAPOHBIH allHaJachlHAA aifHalaThIH
Tepic 3apsATalFaH IEeKTPOHAAPIbIH (€—) OaiiiaHbICKaH Kyiliepi. DIeKTpoHIap
SIPOFa KapaMa-Kapchl 3apsiiTap apachlHAAFbl 3JIEKTPOCTATUKAIBIK TapThUIBIC
apKblIbl Oaitmanbicajbl, OYyJI JIEKTPOMAarHeTU3MHIH 1prejii TEOPUsSCHIHBIH,
aTarn alTKaH/Aa KBaHTTHIK dJekTpoauHaMukanblH (QED) Temen sHeprusuibik
KepiHici 0oibIn TaOblIaasl. [IeproaThIK KecTe 3JIeMEHTTEpiHIH KacueTTepiHiH
0ail KypbUIBIMBI HaKThl AJIEKTPOH/Bl KYPBUIBIMJIBI Tajal €TeTiH KBaHTTHIK
MEXaHHMKaJaH TYbIHIAHIbl. ATOM SIAPOCHIHJIA IPOTOHIAP MEH HEeHTpoHaap Oip-
OipiMeH KYLITI SAPOIIBIK KYIITICH OaianbIicaibl, Oy KBAHTTHIK XPOMOAWHAMUKA
(KX ) nem aTanarhlH KYLITI ©3apa 9peKeTTECY/IiH ipreiii TEOPUSICHIHBIH KOpiHici.
Bemnmiexrep ¢usukaceIHbIY ipreii e3apa apekerrecyi oenrini 0ip PagnoakTusti
W30TOITAP/IBIH SAPOIIBIK B-bIabIpaybiHa skoHe KyHi KOpeKTeHAIPETIH SpOIIbIK
CHHTE3 IpOLEeCTepiHe xKayall OepeTiH QJICci3 e3apa OpeKeTTECyMEeH asKTaslajbl.
Snponsix B-babipay Ke3iHAE e, SIPOJIBIK CHHTE3ZC J¢ Tarbl Oip Oeiex
naiiga 6oazpl - Maccachl3 IEpIIiK AJIEKTPOH B! HelTpuHO (ve). JXKui ke3neceTin
(U3MKAIBIK KYOBUIBICTAPIbIH OapJIbIFbl MJICKTPOMArHUTTIK, KYILITI KOHE QJICI3
KYIITEPMEH 9PEKETTECEeTiH DJIEKTPOH, DJIEKTPOHbl HEHTPHHO, MPOTOH JKIHE
HEUTPOH OeJIIeKTepi TYPFhICBIHAH CHITATTayFa Oosasr [1].

[TpoTOHHBIH iMIKi KYPBUIBIMBI YIITIH KapanaibIM )KoHE €H bIKTHMaJl TOIIOJIOTHsT
OpTaJIBIK JJIEKTPOHHBIH alHaIaChIHIAFbl OpOUTANarbl €Ki MO3UTPOH OOJIBII
Ta0BIIaAbl. DIEKTPOCTATUKANIBIK CEPIIIIC MO3UTPOHIAP/ABIH AJIEKTPOHHBIH
KapaMma-Kapchl jKarblHAA OPHAJACYbIH TYJIbIpajbl. SIFHU, DJIEKTPOH €Ki
TIO3UTPOHMEH «KUIHI'€H» JKOHE JIBIHFAH YII JICHE KYIHecl PeIsITUBHUCTIK IIEKKEe
YKaKbIH alHAJIATBIH TasKIIara YKCcaiibl. byl Mozenb/1iH TaOuFy epeKIIeNiri IpoToH
3apsAbIHBIH IIAMAChI AJICKTPOH 3apsAbIHBIH IIaMachlHa Typa O0JIbII Keseai. Opoip
TIO3UTPOH YIIIiH Jie Bpoiyib TOIKBIH Y3bIHABIFBI

A=h/, =n2nR (1)
MyHJarbl R — no3uTpoH opOMTachIHbIH pajuychl, h — Ilnank TypakTeichl, P,
— TO3UTPOH/IBIK UMIYJbC. TypakThl n MO3UTPOH OpOUTACHIHA COliKec KeJeTiH
TOJIKBIH Y3BIHJIBIFBIHBIH CaHblH Oepeni. bi3 n = 1 gen anambi3.
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CoHbIMeEH, KaliTa perrey,
p.rR=h(2),
h=h/2x.
bipak MO3UTPOHIBIK UMITYJIEC P =YM V [€Il Ka3blTybl MYMKiH, COHIBIKTaH
OpOUTaHBIH TEHJCY1
I'mevR =h
Oomnapl. [IpoTOH inmiHeT] 3apsITHIH TapasTybl TOXKIPUOE JKY31H/E aHbIKTAJIFaH.
On R =0 ¢m ke3inze vonre TeH, R ~ 0,4 M ke3iHIe MaAKCUMYMFa JIeiiH KoTepiiei
xoHe R ~ 1,5 ¢pm ke3ine Honre AeiiH TOMEHACH . DKCIICPUMEHTTIK OCINTici3NiK
onerte OipHeute % Kypaiabl. bi3 Oy yiectipyai 211€KTpOH MEH €Ki 03U TPOHIbI
OiTipeTiH YII raycc ChI3bIFBIHBIH KaJbIIKA KEJITIPUINeH COMachlHA OPHATTHIK.
bi3 eH »aKchl COMKECTIK MOHJIEPiH alaMbl3:
R(e—)=0,0 ¢m, o(e—) = 0,56 o™, R(et+) = 0,421 dm, o(et+) = 0,43 Ppm.
KapanailbiMapUIBIK()kOHE CUMMETpHSI) YIIIH €Ki ITO3UTPOHHBIH Jia R xoHe
o MoHi Oipneit. bi3 conmaii-ak IpOTOH 3apsiIbIHBIH TapalyblHa COMKeC KeJeTiH
eKki nmo3uTpoHra R MoHJepiHiH can Oackamia O0oyblHa MYMKIHAIK OepeTiH
CoMKeCTIKTep/l OpbIHAAIBIK. Keeci TapMakTapAbIH OapiIbIFbl sKapaM/Ibl O0JIbIT
Kasnazbl. IIpOTOHHBIH MaccachlH (mp) JJIEKTPOHHBIH THIMJII MaccachlH JK9HE €Ki
TIO3MIIMSIHBI €CENTEY apKbUIbI ayFa 0oJa ibl:

3)

DJICKTPOCTATHKAIBIK UTEPY KYIITEPIMEH J0J1 TeMe-TeHIIKTEe OOIaThIH IIIK]
TApTHUIBIC KYyLITEepi Oap O6JIIeKTiH MEHIIIKTI Maccachl MblHA (OpMyJaMeH
AHBIKTAIAIbI:

4)

MYHJIarbl m, - GOJIIIEKTiH 6acTalKbl Maccachl, M-OHbIH OaKbLIAHATBHIH MACCACh,
Q-oubiH 3apsnel, an G, xKoHe k0 - OOMNIIEKTIH IMIHAEr! ayBIPIBIK KYIIi MEH
AIEKTPOCTATUKAJIBIK KymTepai oinaipesni. Hykremnik Oemmrex ymria R ~ 0,
JIEMEK:

)

mzme, 3JICKTPOHHBIH THIHBIIITBIK MaCCAChl JKOHE Q = €, DJICKTPOHHBIH 3apsA bl

kesimme Oym = Oepeni [2].

Pesephoparsia a-6enmexTepaiH MambIpayslH 3epTTeyre apHaIFaH
SKCIIEPUMEHTTEPIHAEC ATOMHBIH OPTAJIBIK OOIITiH/e eIIeMIepi OH 3apsATaIFaH
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SIpo 0ap eKeHAIri aHBIKTal/bl, OHBIH MeJepi AToM MaccacklHbIH 99,96 %
morbIpaanras (1-cyper).

Cyper 1 — ATOMHBIH KYPBUTBIMBI

ATOM MOJENiHIH KYpBUIBICHIH asfKTay YIIiH MBIHAa CYpaKKa jkayar Oepy
KepeK OOJIBI: aTOM SAPOCHIHBIH KYPBUTBIMEI Oap Ma, erep Oap 0oca, KaiiChICH?

SAnpona oH 3apsaTaiFaH MpoTOH OenmekTepiHiH 60mysl 1919 XpuTHI
Pesepdopn mokipTTepiMeH dKCHEPUMEHTAIABI TYpAe AonennaeHnai. [IpoTon
JMaTBIH p opibiMeH OeNTineHeTiH, CyTeri aTOMBIHBIH sSApochl. OHBIH
Maccachl m=1,6726-10"27 MeH 3apsIbl 3JICKTPOHHBIH abCOMIOTTI 3apsIbiHa
e=1,602-10"Ku teH [3].

1930 xburel Hemic FaneiMaapsl Yontep borte xone I'anc Bekkep,
0-0eIIeKTepMEH OCpIILTHHIIH COyIIeNCHYIHIe OONAaTHIH peaKIUsIap bl 3ePTTeH
OTBIPHIT, OaCTATIKBIa OCPIILTHI COyIIeNepi IeT aTalaThH OTe YIIKCH eHy KaoieTi
Oap xaHa coyneneHyai Tantel. 1932 xpuisl arputmibiH (usuri [xeiime Yagsuk
OCHI COyJICNIeHYIIH KAaCHETTEPiH 3epTTey OOHBIHIIA IKCIIEPIMEHTTEpP JKYPTi3iM,
Oepriunii coysenepi MPOTOHMEH CalbICTHIPBIIATEIH Maccachl 0ap 3JIEKTPIIiK
OcifTapan OeNmIEeKTepACH TYPATHIHIBIFBIH aHBIKTaABl. On Oy OernmexTepi
HEUTpOHIap Jen ataasl (aFbuUIL. neutral-OefiTaparn).

HeiiTpoH — 31eKTpoH, MPOTOH koHE PoTOHMEH Oipre Oacka Oemmek. by
GeIrieK JTaTHIHHBIH N apriMen Oenrineneni. OHbIH Maccackl m=1,6726-10"%7
MIPOTOHHBIH MaccachlHa COMKEC Kele i, eKTPIIiK OeTapart. DIeKTp 3apsAbIHbIH
OonMaybIHa OaiilaHBICTRI HEHTPOH 3aTIICH OTE JICi3 opekerTeceni. Hotmxkecinae
HEWTPOH Ke3 KEJTeH aTOM SAPOCBHIMEH COKTBIFBICKAHIIIA MATEPHSIIA TY3Y ChI3BIKIICH
KO3Fanazpl. AybsIp aTOMJIapMEH COKTHIFBICKAH/Ia HEUTPOH KAOBIPFaiaH CeKipreH
CepmiMi map CHUSAKTBHI SHEPTHAHBI JKOFanTIaiabl. JKeHur aTommapmer (CyTek,
OepryLTHiA, KOMIPTEK) COKTHIFBICKaH a HSUTPOH YHEPTHSACHIHBIH Oip OeIIiriH onapra
Oepim, Oasgy Kosrama Oactaiasl. KypaMbIHIa KEeHIT aToMIapel 6ap 3aTTap.sl
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HEUTPOH/IBI MOJIepaTOpIIap Jem araiiipl. EH THIMIII HEHTPOHIBIK MojiepaTopiiap
CyTeri aTOMBIHBIH Maccachl HEHTPOHHBIH MaccachlHa JKaKbIH OOJIFaH/IBIKTAH
KYpaMbIHJIa CyTeri 0ap 3artap (MbICANbI, Cy) OOJIBIN TAOBUIABI. Y aKbIT OTC KEJe
HEWTPOHHBIH KHHETHKAIIBIK SHEPT USIChI KOpILIaraH opTa 0eJIIIeKTepiHiH KbUTYJIBIK
KO3FaJIbICBIHBIH KHHETHKAJIBIK SHEPrHschIMeH Oipaeil 6onaabl. CabICThIpMatbl
TypAe 0asty KO3FaJIaThlH MYH/Iall HSUTPOH AP KBUTYJIBIK JICH aTaiaibl [4].

HeilitpoHnap TypakTsl sapojiap/ia FaHa TypakrTsl. EpkiH Ky#aeri HeHTpoH,
SIFHU SIIPOJIaH ThIC OpHAJIaCKaH, TYPaKChI3 Oeiek 0oubin Tadbutaabl. OHBIH
opTaila emip cypy yakbIThl t=886 c.

1932 »xbuThl HEUTPOHIAP AlIBUTFAHHAH KeHiH (PU3UKTEp — KeHeCTiK IMuTpuid
Jmvutpuesnu MBanenko meH Hemic Bepuep I'eiizenOepr sipo KypbUIBIMBIHBIH
IIPOTOH-HEUTPOHABIK MOJEIIH YCBIH/IBI. byl Mojens OoibIHIIA SIIPO €Ki TUNTI
OeJIICKTEePICH — IPOTOHIAP MEH HEHTpOHIapaAaH Typajs (3-cyper) [5].

. B
a0po ~10 "M wm

amom ~10"""m

Cyper 2 — ATOM MeH SIOpOHBIH KYPBUIBICHI XKOHE OJIap.IbIH OJIIIeMIepi.

Ksapkrap. KBapkTapasiH 00JTybI Typalibl TUIIOTE3a aca iprefi OemeKkTepIiH
€H a3 CaHbIHBIH YXHBIHTBIFbI PETIHJIC CYIEPKOIIIIeNepIiH aApOHIapblH KOPCETY
opekeTTepiHeH TybIHAaAbl. KBapk Momeni 1963 »xputsbl maiiga 6omael. OHBI
I'enn-ManHn xone LIBer Toyenci3 Typae YChIHIbI (KBapk TepMuHiH [ enn-Manu
yceiaraH). KBapk Mozeni 6olibIHIIIa OapruoHIap YIII KBApKTaH, al Me30Hap KBapK
TIeH aHTHKBapKTaH Typa/ibl. KBapK rUIoTe3achiHbIH CeHCALMSIIBLUIBIFBI KBAPKTAPFa
JKaTaThIH SJEKTPIIK KoHE OAPUOHIBIK 3apsATapAblH OOJIIEKTIK CHITAThIHIA
KaTeIp. KBapKkTapaeiH cunmaTTamanapsl 1-kecreze Kentipiires [6].

Kecte 1 — KBapkrapapiH cumarraMmanapsl
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Cunarramacsl KBapkThIH TYpI
d u s c b !
DIIeKTPIIK 1 2 1 2 1 2
sapsaer O ge +§€ =e +§€ —§€ +§€
Wzocnun / 172 | 12 0 0 0 0
Hzocninu =12 -12 0 0 0 0
IIPOEKIIHSCHI
I3
biptypmimik S 0 0 -1 0 0 0
Ocepnumk C 0 0 0 +1 0 0
Temenmik B 0 0 0 0 -1 0
Tonrsik T 0 0 0 0 0 +1
Macea m?) | 4.1- | L7- | 101257 | 1,275007 | 4,19%05% | 172,0+1.6
5.8 3.3 M»B B B I>B
M»B | MsB

Bacrankpia yin KBapk eHri3iii -u, d, s. oyiap coj ke3aeri Oerisi (eH ®KeHin)
aJIpOHJIAP/bl CUIIATTAY YILIH XKETKUTIKTI O0JIbl. Opi Kapail KBapKTap/IblH Ti3iMi
QJITBIFA JICUIH OCTI1 )KOHE Ka3ipri yaKpITTa OapJIbIK KBApKTap OCIIril AeT CaHAIA b,
Bapibik kBapKTap «0aiiKayibl», SFHU OJIApAbIH 0ap eKeH I SKCIIepUMEHTAI bl
TYPJIE I_JIEIIeH] T, AET€HMEH oJIap epKiH KYH/Ie )KOK CHSIKTBL. 1-KeCTeeH KYIITI
@3apa dpeKeTTecyre ToH OapIbIK a/UIMTHBTI KBAaHTTHIK caHap (0apIibIK KBapKTap
yurid 1/3 6onateia 6aproH TaHb! 1a B-1aH 0acka) HAKThI KBapKTapra OaiIaHFaHbIH
kepyre Oousazibl. D xone U kBapKTapbl U30CHHMHTE He (aFbullibiHIIa down xKoHe
up ce3epiHeH HIBIKKaH OyJ1 KBAPKTAp/IbIH aTaybIH]la M30IIMH BEKTOPBIHBIH Kaii/ia
OarbITTalIFaHbl KOpCeTiiesi), OIpTYpiilik-Tek S-KBapk, ouapoBanue- C-KBapk,
TOMEHJIIKTIH KBAaHTTBIK caHbl B-kBapk, an topness- T-kBapk. Ocbl aJpOHHBIH
KBapK KypaMblHaH Ke3-KEeJI'eH aJpOoH YIIiH OapjbIK OChl KBAaHTTBIK CaHIAP/bI
AHBIKTAY/IBIH KapanmaibIM PeIenTi mbiraisl [7].

[To3uTpoH e+ XoHE OH 3apsATaliFaH MIOOH W+ VIIiH KepceTKijep
JIMarpaMMa/IaFbl yaKbIT aFbIMbIHA KQPChI OaFbITTAIIFAHBIH KOPYyTe 00J1a/Ibl, O TKEeH]
oJiap JIEKTPOH €— JKOHE TePic 3apsiATaiFaH MIOOH [— YIIIIH aHTHOOJIIIEK O0JIBII
tabbu1a bl COHBIMEH KaTap, €Ki AuarpaMmaia (pOTOHHBIH KaThICYbIMEH LIbIHAApFa
€Ki TYy3y JKoHe Oip TOJKBIHJIBI ChI3BIK Kipeai. DOTOHHBIH 031 dIIeKTplliK OelTapart,
COHJIBIKTAH OJI ©3IMEH TiKelieil opeKkeTTecnei/i, an 0acka MbIHIApAbIH TYpJiepi
OJ1 YILIiH MYMKiH emec [8].

Heri3ri e3apa opekeTTecyJiep jKoHE 0JIapIbIH TaChIMAJIay IIbLIaPHI.

TaburaTTa OapibIFbl TOPT HETI3T1 ©3apa opeKerTecy Oap: KYIITI, dJICi3,
IPaBUTAIMSUIIBIK KOHE JIEKTPOMATrHUTTIK.
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Kecre 2 Herisri e3apa apekerrecyep

JpekerTecy | OpekerTecy | O3apa Caapict | O3apa
TYp:Iepi TachIMAJIAay | dpeKeTTecyre | bIpMad | dpeKeTTecTi
INBICHI KATBICYIIBLIA | Bl KTiH pei
P KAPKBIH
ABLIBIK
I pasumayusa | I'paButoH bapibix 1 MeTaalIeMHIH
TBIK GemmiexTep 60TyEI
Onexmpoma | ©otoH (Y) bapnpik 10%¢ | Makpoanemn
CHUMMIK 3apsIATaIFaH 1H 0OTYBI
GemmexTep
ariciz @DoTonHaH 1032 | Sxponapasie
Bexropisik Oacka OaprBIK [-pIaBIpaysl,
Gosomrnap GemmexTep J7IeMeHTap
W+ w-,z°% HemmexTepmi
H TypJIeHY1
Kywimi I'moon (g) Anponnap 1038 | Slnponapasin
60Ty

I'paBuTAIUSIIBIK opeKeTTecy. | paBUTALMSIIBIK ocepiiecyre KaThICThl 3apsi
IpaBUTAIMSIIBIK Macca OOJbIN TaObLIaAbl, 01 0apibIK 3aMaHayd MOJENbIep
HIeHOEPiH/Ie MHEPLUSIIBIK MaCCaMEH CIIKeC Kelle/li JKoHe SHEPTUsiChl 0ap OapibIK
oObekTiNiep oFaH ue. ['paBUTALMSIIBIK SPEKETTECY PajMyChl y3aK JUara3oHIbl
ouaipesi — OYJ1 sKapThUTail KITACCUKANIBIK aCHMIITOTHKA/IA YJIKEH KAIlIbIKThIKTAFbI
MMOTCHIINAIBIK YHEPTUS TEK 3 peTiHae TeMEHeHal KoHe Oy eTe Oasy.

r
JunHamuka/a OyJ1 Ke3 KeNreH KAIIbIKTHIKTa 3ePTTENETIH XKyle IpaBUTaLHsUIBIK 63apa
OpeKeTTeceTiH eKi OOBEKTI/ICH TYpaThIH 00JICa, PaJyCThI eleMeyTe O0IMalTHIHBIH
Oinaipeni. ['paBUTAIMSIIBIK 9cepiIecyIiH KapKbIHIBUIBIFEI oT¢ a3 [9].

DJIEKTPOMArHUTTIK ©3apa SPEKeTTecy Teopusichl (dnekTpoanHamMuka — ED,
KBaHTTHIK 3JeKTpoanHamuka — QED) jkeTKUTIKTI y3aK yakbIT OOWBI 93ipieHIeH
JKQHE KaKChl OOJIFaHBl COHINA, OHBI CAYJIENCHYAIH 3aTHEH 3JIEKTPOMAarHUTTIK
OpEKeTTeCYIHeH TYBIHIAWTBIH KONTEreH Macenenepre Koiananyra oonaapl. Kes
KEJIreH 9KCIECPUMEHTANABI TeKCepy Ke3iHae OyJl TEOpHsSHBIH OOJKaMaapsl
IKCIMEPUMEHTTIK KaTejlep MEH MaTeMaTHKaJbIK XYBIKTayJap IIeriHae
pacranabl. DIeKTp 3apssl 6ap Oapnblk OermexTep MeH (GOTOHIAp apachlHIa
3JIEKTPOMArHUTTIK acepiecynep Oomanbl. Onapasl SpeKeTTecy CaTiHae
(doToHIApABIH alMacysl HeMece (POTOHMAPABIH KYTHUIYbl MEH CAyJelleHyi
HOTWKECIHJIe KapacThipyFa Oomassl. [IporecTin KapKbIHIBUIBIFBIH aHBIKTAHTHIH

126

Becmuux Topatievipos yrusepcumema, ISSN 2959-068X.
Cepus: Qu3suka, Mamemamura u KomnvromepHoie Hayku. Ne 4, 2023

OpEKETTECY KOHCTAHTAChI 3JEKTPOMATHUTTIK OPEKETTECY KarjabiHaa e’
3apsIBIHBIH KBaJpaThl HEMece e’-re MPOIMOPIHOHAI OJIIIEeMCi3 mamMa GOoJIbII
TaObLIAIbL:
2 2
e 1 e 1
Ao = =— = — ~ — « 1! [10].
A, mc hc 137

KopbITbIHABI

OneMenTap OenmekTep (HHU3UKACHI MUKPOSIEMHIH KYPBIIBIMBIH JKOHE
sJeMeHTap OeNIICKTEepIiH e3apa OPEeKeTTEeCyiH 3epTTeyTre Kipicme OOobIm
TabpaApl. by xypc GapbpICHIHAA OKBITYIIBLIAP OUTIM amymIsiapra Kypaemi
YFBIMJIap MEH NPUHIHUINTEPAl TYCiHyre KOMEeKTecy YIIIH opTYpIi omicTepui
maiinanana anaapl. bi3aid mpakTika OOWBIHIIA A9picTep, 3ePTXAHAIBIK JKYMBICTAP,
TanKpIIayap *KoHE KOMIBIOTEPIIIK MOJENBACY dIicTepi KONIaHBUIABI. byn
omicTepi OKy OarmapiaaMachiHa JKoHE KypCTHIH KHBIH/BIK JeHIeiiHe OaiiTaHbICThI
OipikTipyre *xoHe Oeflimaeyre 6onanpl. Oxap OiTiM aXymIBUIAPIBIH dJIEMEHTAp
OemmexTep PU3UKACH TYpajbl TYCIHITIH TEPEHACTYTE KOHE OCHI canaja Tanaay
MKOHE 3epTTEY JaFAbUIapbIH JaMbITyFa KOMEKTECE]I].

KaneimracTeIpyIIbl 3KCIIEPUMEHT Ke3eHiHAe «SnponblK (Gu3nka sxoHe
aJeMeHTap OeNmeKTep» KypCHIH OpTa MEKTENTEe OKBITY HeriziHae 9 «Ay,
9 «O», 9 «b» cerEBIITapBIHA OaKbUTAY XKYpri3inai. OKymbeUIapra skaHa 6iTiMMeH
KaTap KOCBIMIIIA TarchIpManap (ecer, TecT, oaicTep apKbuibl) Oepinmi. XKone
COHFBI ca0aKTaH aJbIHFaH HOTIKE OOWBIHINA 9-CHIHBIITAP apachlHIA aHAIN3
sacaiel. COHBIH HOTIDKECIHIE 9«A», 9«O», 9 «by chIHBIMTaphl OOUBIHIITA: 9K A»
CBIHBIOBIHIA TOMEH OAIIIIBI 2 OKYIIIBI, OpTamia Oaiibl 15 OKyIIbl, aKOFaphl O Ib!
11 oxyrms! anabt. A 9«O» chHbIOBHAA TOMeH—0, opTama—18, sxorapei—10, 9 «b»
TeMeH—3, oprarra—13, sxoraps—9 0amn 0ok

Kecre 3 — CriapinTap apacslHaa OKYIIBUTAPIBIH OUTIM IeHTreiiepi

Ne ChIHBIITAp Jenreiinep
Kakcbt Oprama Temen
1 |9 «A» CbIHBIOBI 11 15 2
2 | 9 «O» ChIHBIOBI 10 18 0
3 | 9 «b» ChIHBIOBI 9 13 3

Mexren ¢pusnka Kypebiaaa 9-10-11 cepmrapra « S aponsik huznkay 6emimi
Ooiiprama cabak Kypri3inai. KopeITeIHIB cabak OOWBIHIIIA HOTIKE THarpaMMa/ia
KOPCETUIreH: 9-ChIHBINTAP Bl OTKI3UITeH cabak HOTHKeCl

JuarpamMmManapasl calbICTBIPy HOTHIKECIHEH OKYIIBIIAPABIH OiliM
IeHreinepiniy anrapyra 0oxanpl. CeIHBIITAp apachiHAa «SIAPONBIK Qu3nka
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YKQHE 3JIeMeHTap OeJIIeKTep» Kypchl OOMBIHINA ajiFaH OLTiMIEp] MeIaroruKajIbIK
MIPaKTHKa aH 6Ty 0apbIChIHAA KOJIIAHBUIIbL.
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CBOWMCTBA U CTPYKTYPA JIEMEHTAPHBIX YACTHIL

OcHo6Has yen» OaHHOU Ccmamvi — NOKA3AMb  BAJICHOCb
npenooasanuis 0epHOll (PUUKU U SIEMEHMAPHBIX YACTUY 6 WKOJIbHOLL
usuxe. Ha ocHoee numepamypbvl, npeoCmasieHHONU YUEHbIMU C UX
npeobLOY UMY UCCTIRO0BAHUAMU, IOCPHASL (PUSUKA CEAZAHA C OCHOBHBIMU
KOMROHCHMAMU  DJCMEHMAPHbIX 4ACMuUY, CUTOU UX G3AUMOOCHCIMBUSL.
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Cmandapmuas Mmooenvb QU3UKU  dTeMEHMAPHBIX 4ACMUY, KOMOpas
obecneuusaem eouHoe NPeOCMAasieHue O CULAX, OCUCMBYIOWUX MEHCOY
yacmuyamu, cama no cebe xapakmepuzyemcs 0OMeHOM UYacmuyamu.
A ¢ noserenuem uacmuy 0Aa8aIACH UCMOPUS UX NPOUCXONCOCHUS, UX
ceoticmea u cmpykmypul. C nOMOWbIO 3aKOHO8 IOEPHOU (PU3UKU U PU3UKU
INEMEHMAPHBIX  uacmuy ObLIu onucamvl dKcnepumenm Pesepgopoa,
cmpoeHue amoma U onucamue amomuou mooenu. Paccmompenv
K8apKO8Asi MOOelb, OAPUOHbL U NOKA3AHA BAXCHOCMb UX CHPYKMYP.
CeHcayuonHoCmb K8apKOBOll 2UNOme3bl 3aKI0UAemcs 8 KOPRYCKVISAPHOU
npupooe IeKMpUeckux U OAPUOHHBIX 3apsio08, NPUHAOTEHCAUJUX
keapkam. Onucanvl 0CHOBHbBLE 8UObI B3AUMOOCUCTNGUL, NPOUCXOOIUUX 8
npupooe, 8 MoM HUCTe 2PAGUMAYUOHHOE U DTCKMPOMASHUMHOE.

B nocneonee epems 6onvuwiou npocpecc 00CMuUSHym 6 U3VYeHuu
SNEMEHMAPHBIX YACMUY, YMO AGIACMC OCHOBOU HAULE20 NOHUMAHUSL
3aKkoH08 npupoodel 8 XXI eexe. Tom paxm, umo siemenmapule uacmuybl
AGNAIOMCI CLONCHBIMU, 0OYCILOGICH MEM, YMO OHU 63aUMOOCCMEYIon
Opye ¢ OpyeoM, OHU NPeepaujaiomcs 8 opyaue eMeHmapHoie Yacmuybl,
g3aumooeticmays opye ¢ opyeom. Ilpu samom npeobpazoéanuu makice
0elicmeyiom  3aKOHbL  JHepeull, UMNYIbCA U UMNYAbCA, d MAKHCe
cneyughuueckue 3axkonvl. B xode uccreoosamenvckou pabomei Obliu
npugedeHvl pesyibmamsl YypoKkd, NPOGEOEHH020 C Yelbl) 0000ueHus:
NONYHEHHBIX 3HAHULL cpedu 9-Kracchukos. Pezynomam ypoka cpagnugancs
C yposHeM 006paz06anus OesSIMUKIACCHUKOS U OMOOpaxicaics 8 eude
ouazpammol.

Knrouesvle cnosa: anekmpon, nozumpon, sxcnepumenm Peszepghopoa,
MoOenb amoma, 10po, K8apK, epasumayusi.
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PROPERTIES AND STRUCTURE OF ELEMENTARY PARTICLES
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The main purpose of this article is to show the importance of teaching
nuclear physics and elementary particles in school physics. Based on the
literature presented by scientists with their previous research, nuclear
physics is concerned with the basic components of elementary particles,
the strength of their interactions. The Standard Model of particle physics,
which provides a unified view of the forces acting between particles, is

itself characterized by particle exchange. And with the appearance of
particles, the history of their origin, their properties and structure was
given. Using the laws of nuclear and particle physics, Rutherford’s
experiment, the structure of the atom, and the description of the atomic
model were described. The quark model and baryons are considered and
the importance of their structures is shown. The sensational nature of the
quark hypothesis lies in the corpuscular nature of the electric and baryon
charges belonging to quarks. The main types of interactions occurring in
nature, including gravitational and electromagnetic, are described.

Recently, great progress has been made in the study of elementary
particles, which is the basis of our understanding of the laws of nature in
the 21st century. The fact that elementary particles are complex is due to
the fact that they interact with each other; they turn into other elementary
particles by interacting with each other. During this transformation, the
laws of energy, momentum and impulse, as well as specific laws, also
apply. During the research work, the results of a lesson conducted to
generalize the knowledge gained among 9th graders were presented. The
result of the lesson was compared with the level of education of ninth
graders and displayed in the form of a diagram.

Keywords: electron, positron, Rutherford experiment, atomic model,
nucleus, quark, gravity.
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COBPEMEHHBIE KOMIIBKOTEPHbBIE METO/AbI B
OBYYEHUU MATEMATUKE N PU3UKE: TPUMEPbI
NCroJib30OBAHUSA PYTHON

Cospemernnble MexXHONOSUU PAOUKATLHO Npeodpasyiom npoyecc
00yueHUst, 0CODEHHO 8 MAKUX HAYKAX, Kak mamemamuka u gusuxa. OOHum
U3 KIOUeBbIX UHCMPYMEHMOS, CHOCOOCMEYIOWUX MOMY USMEHCHUIO,
sensiemess Python, 6b1coK0YPOGHESbLIL A3bIK NPOSPAMMUPOSAHUSL, WUUPOKO
UCNONL3VeMbIIL 6 HAVUHBIX U 00pa3oeamenvHulx yeusx. B cmamove
NOOPOGHO PACCMAMPUBAIOMCI NPUMEPbL UCNONb306aHUs Python u ez2o
oubnUOmeK 6 0OYUeHUY MAMEMAMUYECKUM U (PUULECKUM KOHYENYUSIM.

B obnacmu mamemamurxu Python npednacaem MHONCECMEO
oubnuomer, exmouas NumPy, SciPy u Matplotlib, xomopwie mozym
UCNONBL308AMbCAL OISl NPOGEOCHUS. BbIYUCICHUL, AHAIU3A OAHHBIX U
BU3YANUBAYUU  PE3VILINAMOS. DMU B03MONICHOCMU Oelalom U3Y4eHUe
mMamemamuyeckux Konyenyuil 60Jee NOHAMHbIM U UHMEPAKMUGHBIM OJis
CMyOeHmos.

B ob6nracmu ¢usuxku Python mooicem ucnonvzosamocsi OJis
MOOENUPOBAHUST  (PUUYECKUX — cUCMeM U NPOBEOCHUsl  YUCTCHHbIX
akcnepumenmos. bnacooaps ceoeii eubkocmu u mowHocmu, Python
no36oNseN CMyOeHmam peulams CJLOJNCHble (QU3UUecKue YPAGHeHUs U
BUZYANUZUPOBAMb OUHAMUKY Qusuyeckux cucmem. bubruomexa Qiskit
npedcmagnsien coooll OMAUUHBIL UHCIPYMEHM 0I5 U3Y4eHUsL KGAHMOBbIX
BbIUUCTCHUL,  0Decneuusas OOCMYn K CUMVISINOPAM — KEAHMOBbIX
KOMNRbIOMEPOB.

C yuemom smux npeumywecmé Python evicmynaem eajichbim
UHCMPYMEHMOM 8  COBPEMEHHOM OOVHeHUU, NOMO2ds CMyOeHmam
Pazeueams HABbIKU KPUMUYECKO20 MbIUIEHUS, DPeueHus npoodiem
U NOHUMAHUSL  CNOJICHBIX ~HAYUHBIX — KOHYenyun. DOma  cmamvs
OemoHcmpupyem, kak Python moosicem ynyuwums o0yuerue Mamemamuxe
u gusuke, denas e2o Oojee UHMEPAKMUSHBIM U IPDEKMUBHBIM.
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Knrouesvie cnosa: Python, o6yuenue, mamemamuxa, Gusuxa,
KOMNbIOmMepHble Memoovl, moodeauposanue, NumPy, SciPy, Matplotlib,

Qiskit.

Beenenne

B Hacrosimee Bpemsi MHQOPMAaIMOHHBIE TEXHOJIOTHH HMPOHHUKAIOT BO
Bce c(epbl Halel )KU3HM, BKIIIOYas oOpasoBaHue. Bo3MokHOCTH, KOTOpBIE
MPEOCTaBIISIET COBPEMEHHAss KOMITBIOTEpHAsi TEXHHUKA, MO3BOJISIOT HaM He
TOJIBKO YIPOCTHTh M YCKOPUTH 00y4EHHE, HO U JIeJIaTh ero 0osiee HarisIHBIM 1
HWHTEPECHBIM.

Jlis Havana CTOMT OTMETHTH pabory Virtanen P. u coaBTopoB, KoTOpas
npeacraBisier 0MOnMoTeKy SciPy — OCHOBHOWM MHCTPYMEHT /Il HaY4YHBIX
Beruncienuit B Python [1]. B To ke Bpewms, cratbs Harris C. R. u ero xoser
MOAPOOHO OMHKCHIBACT MpUMEHeHHe OnoroTexr NumPy j1st paboTsl ¢ MaccBamMu
JAHHBIX [2].

[IporpammHoe obecneuenue st paguouHrepdepomMerpun ObLIO
npezcranieHo B pabore Chael A. A. v cOaBTOPOB, KOTOPOE MTO3BOJISICT BHIIOJIHSATH
aHaJIN3 U300paKeHUI U CUMYJISIIIMY B paMKax acTpO(U3NUECKUX UCCIICI0BaHNI
[3]. DTOT MoAXOM AEMOHCTpHpYeT, kKak Python MokeT OBITH MCIOJIB30BaH B
Ka4ecTBE MHCTPYMEHTA JUIsl CIICIHaIN3UPOBAHHOTO aHAIM3a JaHHbIX.

B crarbe Pivarski, Elmer u Lange 0611t paccMotpensl « Awkward Arraysy,
KaK MHCTPYMEHT Ul padOThI C HETHITMYHBIME CTPYKTypaMu AaHHbIX B Python,
C++ u Numba [4]. DTOT moxxox MO3BOJISIET YBUIETh BO3MOXKHOCTH Python B
00paboTKe 1 aHaJIM3€e CIOKHBIX CTPYKTYP JaHHBIX.

C Touku 3peHus o0pazoBarenbHOro nporecca, padborsl Thomas u Christensen
BBIICISIIOTCS TpuMeHeHueM Python ans oOydenust matemaruke, GuU3MKe U
akycrtuke [5]. X moxo/ mo3Bouisier 6oJ1ee HariIsiJHO JIEMOHCTPUPOBATD CIIOMKHBIE
MaTreMaTu4eckue U GU3nuecKre KOHICIIIHH.

[poxykr Jupyter Notebooks 6b11 mipejicTaBiieH B padote Kluyver u coaBTopoB
Kak (GopMaT, MOo3BOJISIOMINI CO3/1aBaTh BOCIIPONU3BOINMBIC BBIYHCIUTEIbHBIC
MpoIIecChl [6]. DTO 0COOCHHO MOJIE3HO B 00YUYCHUH, TaK KaK MO3BOJISCT CTYICHTAM
B3aMMOJICHCTBOBATH C KOJIOM M JIAaHHBIMU HaIPSIMYIO.

Meurer A 1 coaBTOpsI IpeacTaBuiIn SymPy, OHOINOTEKY U1l CHMBOJIBHBIX
BbanciaeHuid B Python, 4To MOeT OBITH MOJIE3HO TPU PEIICHUM CII0KHBIX
MaTeMaTH4YecKux 3aaad [7].

B crathe Deb, D onuceiBaroTcsi n1Ba moje3HbIX MHCTpyMeHTa Python
U ux npuMmecHeHue B ¢usuke [8], a Peterson u coaBTOpPHI pacCKa3bIBAIOT O
CHMBOJIMYECKOM PELICHUH YPaBHEHUH BYKEHUS JUIsi CHCTEM MHOTHX Telt [9].

DTOT 0030p MOATBEPKAACT TCHICHIMIO HCTONb30BaHus Python kak
WHCTpyMeHTa Juis oOJjerdyenus mnpouecca oOyuyeHus. bubnuorexa Xarray
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TpeJyIaracT MHOrOMEpHbIE MapKHPOBaHHBIE MaCCHUBBI M HA0OPHI JaHHbIX B Python,
YTO 3HAYNTEIBHO Oo0JIerdaeT padoTy ¢ JaHHBIMH Pa3IMYHBIX n3Mepenuit [10].

B 3101 cTaThe MbI pacCMOTPHM, KK COBPEMEHHBIE KOMITBIOTEPHBIE METO/IB,
B YaCTHOCTH, HCIIOJIb30BaHue Python, MoryT ObITH HCTIONIB30BaHBI B O0y4YECHUN
Maremaruke u ¢pusuke. Mbl yBuauM, kak Python u ero pazinuynsie 6nbaroTexkn
MOT'YT IOMOYb CTYyJIeHTaM OoJiee rIyOOKO MOHATh MaTeMaTHYECKUE U (PU3NIECKHe
KOHILICIIINY U TIPOBECTH MHTEPECHBIE U 00pa30BaTeIbHbIC IKCIIEPUMEHTHI.

Marepuajibl 1 METOAbI

Matepuasbl

Jliis ucniosnp3oBanust Python B 00yueHnn MaTeMatuke u pU3UKe MOTpeOyroTCs
ClIe/TyOIIMe MaTepHaIbl:

— Python: Python — 3T0 BBICOKOYPOBHEBBIN, HHTEPIPETUPYEMBIH SI3BIK
IIPOrPaMMHUPOBAHNS, KOTOPBIN OTIIMYHO ITOJXOAUT IS HAYYHBIX BerYucieHuid. Ero
IIPOCTON CHMHTAKCUC M OOTaThlil SKocucTeMa OMOIMOTEK AEIal0T €ro OTIINYHBIM
WHCTPYMEHTOM ISl 00y4YeHHUS] MaTeMaThKe U (PU3HKeE.

— Python 6ubnmorexn: BaxxHpiMn KOoMHoHeHTamMH 3KocucteMbl Python
SIBIISIFOTCST OMOIMoTekH, Takue kak NumPy, SciPy, Matplotlib u Qiskit, koTopsie
MIPEAOCTABIISIIOT HHCTPYMEHTBHI JJIsl MATEMaTHYECKUX BBIUUCIICHUI, YUCICHHOTO
pelieHus ypaBHeHNUI, BU3yaJIM3alliH U KBAHTOBBIX BBIYHCIICHUI COOTBETCTBEHHO.

MeTtoanl

— WurepaktuBHoe oOyuenue: Python nosBoxser cryaeHTam nsydaTh
MaTeMaTH4ecKue U (PU3NUecKre KOHLEIILUHI B MHTEPaKTUBHOM cpeje. CTyIeHThI
MOTYT U3MEHSTH KO/ ¥ HAaOJII01aTh 32 N3MEHEHHUSIMU B PE3yJIbTaTax B pealbHOM
BpPEMEHH, UYTO JieslaeT o0yueHne 0osiee TMHAMUYHBIM U HHTEPECHBIM.

— MogenupoBanue u Bu3yanuzauus: Python u ero 6u61M0oTeKH MO3BOJISIOT
CTYJIEHTaM MO/ICINPOBATh PA3IMYHBIC MATEMAaTHIECKHE U (PU3NUECKHE SBICHHS,
a TaK)Ke BU3YaJIM3UPOBATh PE3YJILTAThl 9THX MOJIENIEi. DTO MOMOTaeT CTyIeHTaM
JIy4Ille HOHUMaTh a0CTPaKTHbIC KOHIICTIIHH.

— Pemenne 3anau: Python Mo>keT ObITh HCTIONIB30BaH JUTS PEILICHUSI HIUPOKOTO
CIIEKTpa MaTeMaTHYECKUX U (PU3MYECKUX 33/1a4, BKIII0Yast, HO HE OTPaHUYHBAsCh,
3ajjlauaMu JIMHEHHOW anreOpsl, quddepeHInaIbHBIMU YPABHEHUIMH U
KBaHTOBBIMH BBIYHCIICHUSIMU.

— CamocrositenbHas pabora: Python nmonnepxuBaer camocTosTeIbHOE
H3y4YEeHHUE, TOCKOJIbKY CTYJIEHTBI MOTYT CAMOCTOSITEIIFHO MCKAaTh HH(OPMAIIHIO,
9KCIIEPUMEHTUPOBATH C KOJOM U pelarth 3a1au.

CoueraHue 5THX METOJIOB U MaTepHaIOB IOMOIaeT CO31aTh COBPEMEHHOE
u sddekTuBHOE 00yueHHe MaTeMaTuke U ¢usuke, B kKoropoMm Python urpaer
Ba)XKHYIO POJIb.
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Hcnoan3zoBanue Python B 060yuyeHun maremaTuke

Python nmpeiaraer MHo)ecTBO OnONMoOTEK, Takux kak NumPy, SciPy u
Matplotlib, koTopble MOT'YT OBITH HCTIOIB30BaHBI JIsl 00yUEHHUS MATEMaTHUECKUM
KOHIEHIUSM. DTH ONOIMOTEKH ITO3BOJISIOT CTYACHTaM 3aHUMAThCSI BBIYMCIICHUSIMH,
AHaJIM30M JIaHHBIX M BU3yallM3alluel pe3ysIbTaToB, 4To JAeIaeT MaTeMaTHKy Oosee
TIOHSITHOW ¥ MHTEPECHOM.

C nomoursio Matplotlib, cTyneHTbl MOTYT BU3yaIM3HpOBaTh QYHKIHMU U
JIaHHbIE, YTO [TIOMOTaeT B IOHUMAHNH KOHLETILUH, TAKNX KaK (QOYHKIMH, TPapUKH,
CTaTHCTHKA U BEPOSITHOCTb.

JlaBaiiTe paccMOTPHM KOHKPETHBII NpUMep HcIoib3oBaHust Python s
pelIeHnsT MaTeMaTHYecKuX 3aj1ad. B aToM mpumepe Mbl OyZeM HCIOIb30BaTh
6ubmorekn NumPy u Matplotlib jist Beruucienus u BU3yainu3auuu QyHKIHH.

JlomycTim, MBI XOTHM HCCIIeI0BaTh (GYHKIHUIO Y = X2, TOCTPOUTH e€ rpaduk
Y HalTH 3HaYeHue QYHKIUH P X = 5.

CHauasia He00X0JUMO UMITIOPTHPOBATh OUOINOTEKH:

import numpy as np

import matplotlib.pyplot as plt

Jlanee, onpeienuM 1uana3oH 3HAYCHUH X U BBIYHUCIUM COOTBETCTBYIOLIHE
3HAYCHUS Y:

x = np.linspace(-10, 10, 100) # 100 3nauenuii x ot -10 10 10

y =X ** 2 # BpIYMCIIIEM y JUISI KAXKJIO0T0 X

Ternepp, Korya y HaC €CTh 3HAYCHUS X U Y, MBI MOYKEM ITOCTPOUTH TpaduK
byHKIMH:

plt.plot(x, y)

plt.xlabel(‘x”)

plt.ylabel(‘y’)

plt.title(‘y = x27)

plt.grid(True)

plt.show()

YroObl HaliTH 3HaYeHUE (DYHKLIUH P X = 5, TIPOCTO MOJICTABUM 3HAUCHHE
B (DYHKIIHIO:

x_value =5

y_value = x_value ** 2

print(f’3nauenue pynkun y = x2 npu x = {x_value} paBno {y value}”’)

OTOT KOJ BBIBE/IET: «3HaueHne GyHKIMU y = X2 npu X = 5 paBHo 25». U
OyzeT nosy4eH rpaduk, KaKk Moka3aHo Ha pUcyHKe 1.
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Pucynok 1 — I'paduk dpynkmmnm y = x2

Taxum oOpazom, Mbl ncriosb3oBainy Python mist Busyanmzammm GyHKIMN

¥ BBIUHCICHUS e€ 3HaueHUs. IMEHHO Takue BO3MOXKHOCTH PythOl’l JCJIAarT €ro
MOIIHBIM MHCTPYMEHTOM JJIs O6y‘ICHI/IH MaT€MaTHuKH.

JlaBaiite pemM n BU3yaau3upyeM npocroe mudpepeHnansHoe ypaBHEHHE

NEPBOTO NOPAAKA, OMMUCHIBAIOIICC pa)II/IOaKTI/IBHHﬁ pacmoan.

YpaBHEHHE OIUCHIBAET MTPOIIECC pacHaja:

dy/dt = -k*y

IJIe y - KOJIMYECTBO BEIIECTBA, t - BpeMs, k - KOHCTaHTa pacrnasja.

CHauasia IMIOPTHPYEM HE0O0X0JMMble OMOINOTEKH:

import numpy as np

from scipy.integrate import odeint

import matplotlib.pyplot as plt

OmnpenensieM QyHKINIO, KOTOpasi MpeAcTaBisieT auddepeHnnansaoe

ypaBHEHHE:!
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def model(y, t):
k=0.3
dydt=-k *y
return dydt
VYcraHaBnMBaeM HadallbHBIC YCIOBHS M 331a€M JHAIla30H BPEMCHHU:
y0=5
t = np.linspace(0, 20)
Pemaem auddepeHuunaibHoe ypaBHEHHE:
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y = odeint(model, y0, t)

Teneps BU3yaqu3upyeM pe3yJibTar:

plt.plot(t, y)

plt.xlabel(‘time”)

plt.ylabel(“y(t)’)

plt.title(‘PannoakTuBHBIi pacnan’)

plt.grid()

plt.show()

PesynbraT BUzyanusanuu nokasaH B KauecTBe rpaduka, Ha pucyHke 2.

Pucynok 2 — I'paduk pagnoakTHBHOTO pacrajia

Harpaduke BbI yBHIHTE, KaK KOJIMTYECTBO BEIIECTBA YMEHBIIIACTCS C TEUCHUEM
BPEMEHH, YTO COOTBETCTBYET O’KHIaEMOMY ITOBE/ICHUIO PaJHOaKTHBHOTO PacIia/ia.

Hcnoan3zoBanue Python B 06yuenun gpusnke

B o6nactu pusuku, Python MoxeT ObITH HCIIOTB30BAH TSI MOACTHPOBAHUS
(U3MUECKUX CHCTEM M MPOBEACHUS YHCICHHBIX SKCIIEPUMEHTOB. bubmnorexw,
takue kak SciPy n matplotlib, MoryT ObITH HCTIONIB30BAHBI IS MOJICTUPOBAHMS U
aHaJIM3a MEXaHUYECKOTO JIBI)KCHHUS, SJIEKTPOMArHUTHBIX, TEPMOINHAMHUYECKIX
1 KBAaHTOBBIX SIBJICHHH.

PaccMoTpuM npocToii mpuMep MOJIeITMPOBAHHS ABHKEHHS I10J0POILIEHHOTO
BBEpX TeJa ¢ ucrons3osanueM Python. B ¢usmke 1o Ha3pIBaeTCst 0JHOMEPHBIM
PaBHOMEPHO YCKOPEHHBIM JIBI)KCHHUEM.
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Hcnonp3oBanuck 6ubmmorekn NumPy n Matplotlib. [Tepsas mo3Bosut Ham
paboraTh ¢ MaccMBaMM J@aHHBIX U IPOBOANUTH HEOOXOJMMBIC BBHIYMCICHUS, a
BTOpPasi HOMOXKET BU3YaJIM3UPOBATh PE3YJIbTATHI.

import numpy as np

import matplotlib.pyplot as plt

# HauanbHble ycloBUs

v0 = 20.0 # HavanbHast CKOPOCTh, M/C

g =9.81 # yckopeHue cBOOOIHOTO MaeHus1, M/c"2

t = np.linspace(0, 2*v0/g, num=1000) # maccuB BpeMeHH

# OyHKIMS JUI pacueTa BBICOTHI B 3aBUCHMOCTH OT BPEMEHH

def height (t, v0, g):

return vO*t - 0.5%*g*t**2

# Pacder BBICOTBI

h = height(t, v0, g)

# Busyanusanuus pe3ysbTaToB

plt.figure(figsize=(10, 6))

plt.plot(t, h)

plt.title(‘MopenupoBanue ABMKEHUsI OJOPOILICHHOTO BBEPX Teja’)

plt.xlabel(‘Bpewms, ¢’)

plt.ylabel(‘Bricora, m”)

plt.grid(True)

plt.show()

PesynbraT BU3zyanusanuu nokasaH B KauecTBe rpaduka, Ha pucyHke 3.

MogennpoeaHue gBvXeHns NogbpoleHHoro Beepx Tena

BbICOTa, M
=
15
o

0.0 0.5 10 15 2.0 25 3.0 35 4.0
Bpems, ¢

Pucynoxk 3 — I'paduk MomenmpoBaHus ABWKEHNS TIOAOPOIICHHOTO BBEPX Tea
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B »TOM mpuMepe MbI 333K HA4albHYI CKOPOCTH MOJOPOIICHHOTO Telia
v( 1 yCKOpPEHUE CBOOOIHOTO majicHus g. Jlajee Mbl CO3/1aTi MACCHB BPEMCHHU t,
KOTOPBI ueT ot 0 10 MOMEHTa BPEMEHH, KOT/[a TEJIO JOCTHIAeT 3¢MJITH. 3aTEM MBI
onpenenn GyHkimro height, kKoTopast BO3BpaIaeT BEICOTY TeJia B 3aBUCUMOCTH
0T BpeMeHH. MBI HCITOJIb30BAIIN ATY (DYHKIUIO IS pacyeTa BBICOTHI /I B KX IbIi
MOMEHT BpeMeHH {. HakoHel1, Mbl BU3yalTU3UPOBAJIH PE3y IbTaThl Ha rpaduke, re
1o ocu X OTKJIJIIBACTCSI BPEMsI, @ 110 OCH Y — BBICOTA Telia.

Takum obOpazom, Python mpencraBiser co0oil MOUIHBIN HHCTPYMEHT
Uit 00y4eHust MaTteMatuke U pusuke. OH MO3BOJSACT CTYICHTAM MPOBOIHUTH
WHTCPAKTUBHBIC YKCIICPUMEHTHI, BU3YAIIHM3UPOBATh PE3yJIbTAThl M MOJyYaTh
NIyOOKOE TOHUMAHUE PA3THYHBIX MATCMATHYCCKUX U (PU3NUCCKUX KOHIICITIIUH.
Baxxao otMeTuTh, 4T0 3hHheKkTHBHOE HCToIp30BaHke Python B 00yueHun TpedyeT
HE TOJIKO 3HAHHUS S3bIKA IPOrPAMMHUPOBAHUS, HO U IIOHMMAHUS CAMOW HAYKH.

Pe3yabTaTsl U 00cy:KI1€HUE

3a mocienHue Tobl UCHoib30BaHue Python B 00ydyeHMHM MareMaTHKE U
(u3HMKe MPONEMOHCTPUPOBAIO 3aMETHBIC PE3YJIbTAThI. YUaIllHecs, KOTOPhIC
HCIIOJIb30BAIH 3TOT SI3bIK MPOIPAMMHPOBAHMS B KaYECTBE JOMOIHUTEIBLHOTO
00pa30BaTEIBLHOTO pecypca, MOKa3aid MOBBIIICHUE WHTEPECa K M3y4aeMbIM
JTUCHUTUTAHAM, YIYYIIWIA CBOE TOHUMAHKE CIIOKHBIX KOHIICTIIHA U YBEITUUMITH
AKaJICMUYCCKUE JIOCTUKCHUS.

Python mo3Bomser y4yammmcs TpUMEHSITh TCOPCTUYCCKUEC 3HAHUS Ha
MPaKTHKE, YTO 00JIeryaet mporecc ocBocHus Matepuana. OcoOCHHO 3TO BaXKHO
B ciiyyae ¢ (DU3UKOM, I/iec aOCTPAKTHBIC TOHSITHS M CJIOXKHBIC YPABHCHUS MOTYT
OBITh BU3YAIIM3UPOBAHBI U MPOAHAIU3UPOBAHBI C MTOMOIIBI KOMITBIOTCPHOTO
MOJICIIUPOBAHUS. DTO JCNIaeT MPOIECC 00yUueHHUs 00Jiee MHTCPAKTUBHBIM H
3aXBaTHIBAIOIIHM.

Hcnonb3oBanue Python B 00yueHun matemaTtuke U (PU3MKE OTKPHIBACT
HOBBIC MIEPCIICKTUBBI U CO31aeT 00JIee rTyOOKOE TOHUMAHUE ITHX IUCIUILINH.
PesynbraTel ucnoib3oBanus Python B yueOHOM mporiecce MOKa3bIBAKOT Psif
MIPEUMYIICCTB:

1 IloBbllicHHE MHTEpPECa K M3ydaeMbIM JUCHUIUIMHAM: VCHoiah30BaHUE
WHTEPaKTUBHBIX MPOTPAMMHBIX CPEJCTB, TaKUX Kak Python, MoxeT yBicub
CTY/ICHTOB, IIOCKOJIBKY OHU MOT'YT IPUMCHSITh U3yYCHHBIC TCOPETHUCCKHIE SHAHHS
HA MPAKTHUKE, BBIMOJHATH PCAIbHBIC PACUCThI i BU3YAJIU3UPOBATH PE3YJIbTATHL

2 VayduieHue MOHUMAHUS CHOXHBIX KOHIENnIui: Bo3MoxKHOCTH
BH3YQJIM3aIl[UF MATEMATUICCKUX M (PH3MUCCKUX MPOIECCOB C MOMOIIBI0 Python
YIPOIIAeT MIOHMMAHUE CIIOKHBIX KOHIICIIIUH 1 (hopMyJ1. Busyanusanus 1aHHBIX
1 rpaduKOB IIOMOTaeT CTYJICHTaM JIYYIIIC YCBAUBATh U 3alIOMUHATH HH()OPMAIIUIO.
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3 PazBurHe HaBBIKOB ITporpammupoBanwsi: Vicrioss3oBanue Python B 00yuennn
MareMaruke U (pU3MKe CrocOOCTBYET Pa3BUTHIO HABBIKOB IPOrPaMMHUPOBAHMS,
YTO SIBJISIETCS B)KHBIM aCIIeKTOM COBPEMEHHOI'0 00pa3oBaHusl.

OJHaKo HECMOTpsl Ha BCE NMpEHMYILIecTBa ucnojib3oBanus Python B
o0pazoBaTeIbHOM IIpoliecce, eCTh U HEeKOTopble orpanuuenus. [Ipexne Bcero,
3¢ (eKTHUBHOE HCITOJIB30BAHME ITOTO MHCTPYMEHTa NpEeJIojaraeT HajJuunue
OITPEIETICHHOT'0 YPOBHS HAaBBIKOB IIPOrPAMMHUPOBAHUS Y YUAIIUXCSl M YUUTEIICH.
be3 stux HaBbIKOB npuMeHeHne Python MOXeT cTaTh CI0XHBIM U 3aTpyIHHUTH
oOyueH#He, a He 00JICTYHUTh €ro.

B nmobom ciywae, npeumymiectBa ncnoibszoBanust Python B o0yuenun
MareMaTuke U (PU3MKE JIeNIAl0T €ro0 MOLIHBIM HHCTPYMEHTOM, CIIOCOOCTBYOLIUM
Pa3BUTHIO COBPEMEHHOI0 00pa3oBaHUs. DTOT MOJIXOJ TpeOyeT JalbHeHero
W3YUYCHUS ¥ Pa3BUTHSL, HO yIKe ceifuac OH IpeiiaraeT MHOYKECTBO BO3MOXKHOCTEH
JUISL YJydIIeHUsl mpoiiecca 00yueHUs M MOHMMAaHMUS CIOXHBIX Hay4YHBIX
KOHLIETIUH.

B 3akurouenue, Python npencrasisier GoJsiblive BO3MOXKHOCTH IS
coBpeMeHHOro o0pa3zoBanust. [Ipy npaBUIILHOM UCIIOIB30BAHUN OH MOKET OBITh
MOIIHBIM CPEJICTBOM ISl YIIyUILICHUS KauecTBa 00y4eHUsI MaTeMaTuKe U (PU3MKe,
TIOBBIIICHHSI MHTEPEca YYalluXxcsl K TUM JUCHUIUIMHAM M MOJTOTOBKH HX K
Oynay1iel mpodecCHOHANBHOM JACSITEIBHOCTH.

BriBoabl

Vcnionb30BaHME COBPEMEHHBIX KOMIIBIOTEPHBIX METOJOB M TEXHOJIOTHH,
Takux Kak Python, MoeT 3HAUMTENIBHO YITyUILIUTH ITPOLiecC 00yUYEeHHsI MaTeMaTHKe
u ¢usuke. brarogapst cBOMM MOITHBIM OMOIMOTEKAM JUTS HAYYHBIX BBIYHCICHUN
Y BU3yaJIM3allMy JaHHBIX, Python cTaHOBHUTCS BaKHBIM MHCTPYMEHTOM B pyKax
YUAIUXCsl U Mpero/iaBaTesiei.

1 Maremaruka: bubiaunorexn Python, rakue xak NumPy u Matplotlib,
MO3BOJISIIOT CTYJAEHTAM BHU3YalM3UPOBATh U IKCIEPHUMEHTUPOBATH C
MaTeMaTH4eCKMMHU KOHIEHIUIMH. DTO IIOMOTaeT B yCBOCHUH aOCTPAKTHBIX TEM
U Jiesiaet o0yueHue 0oJiee MHTEPAKTUBHBIM U YBJIEKATEIIbHBIM.

2 ®uznka: Python ucnonb3yercs uist MOJICITUPOBAaHUS (PU3HYECKUX CHCTEM
Y TIPOBE/ICHHS YMCIICHHBIX SKCIIEPUMEHTOB M B KAY€CTBE AJIEMEHTA BUPTYaJIbHBIX
nabopaTopHeIX pador. OTO 1aéT BO3ZMOXKHOCTH CTYyJEHTaM NPOBOJUTH
MIPaKTHYECKHE pabOThI, TIO3BOJISIONIME JIyUlIe OHITh M M3yYUTh (DPU3UUECKHE
SIBIICHUSL.

3 IlporpammupoBanue: Osnanenne Python He TOJBKO pa3BHBaeT HaBBIKK
MIPOrPaMMHUPOBAHUS Y CTYJICHTOB, HO ¥ [IOMOT'aeT UM B M3yUSHNH TAKNX HAYK KaK
Maremaruka 1 ¢pusuka. OHH [OJy4aroT BO3MOKHOCTb IPUMEHSTh TEOPETHUECKHE
3HAHMS Ha IPAKTHKE ¥ BUJICTh HAIJISAHBIC PE3yJIbTaThl CBOUX ACHCTBUIL.
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Taxum o6pa3zom, ucrionszoBanue Python B 00yueHnu mateMaTHke U pU3HKe
—3TO MEPCIEKTUBHBIHN MOAX0/1, KOTOPBIH CIIOCOOCTBYET AKTUBHOMY O0YUEHHIO 1
yJIydIaeT IIOHUMaHue CI0KHBIX Hay4HBIX KoHuenuui. [Ipu srom HEoOX0oamumo
MMOMHHTbB, YTO 3P (PEKTUBHOE HCIIOIB30BAHUE ITUX TEXHOJOTHH Tpedyer
COYETaHUS KOMITBIOTEPHBIX HABBIKOB M TITyOOKOT0 IOHUMaHHUSI MAaTeMaTHYECKHX
1 QU3NYECKUX TIPUHIHUIIOB.
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MATEMATUKA MEH ®U3UKAHBI OKBITYJAFbBI 3AMAHAYH
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KOMIBIOTEPIIK 9AICTEP: PYTHON
BAFTJAPJIAMAJIAY TIJIITH KOJLJAHY MBICAJIJAPBI

3amanayu mexnonocusnap oKy npoyecin mybezelini o3eepmeoi,
acipece Mamemamuxa Hcome QUUKA CUAKMbL  2blibimMoapod. bByn
o32epicke vbIKnan ememin Heeizei Kypanoapouvly 0ipi—Python, evlivimu
i30enicme oicome OiniM Oepy MaxcamvlHOA KeHiHeH KOAOAHBIIAMbIH
Jlcozapwl Oeneetini bazoapramanay mini. Maxanada Python sicone onviy
KIManxauaiapvli - MamemMamuKkdaiblk JHCoHe (QUIUKATBIK  yeblMOapobl
0KbIMY0a KONOAHY MbICALOAPDL e2diceli-me2icelli Kapacmulpbliaobl.

Mamemamuxa canacvinoa Python kenmezen Kimanxananiapowl
ycuiHaovl, couviy iwinde NumPy, SciPy ocone Matplotlib, oaapouvt
ecenmey, 0epeKkmepoi manday HoHe HOmuiceaepoi U3y ANUIAYUSLLAY YULTH
natoananyea 6onadvl. Bya MymMKiHOIKmep Mamemamuxanivli yebimMoapovl
yiupenyoi cmyoenmmep Yuiin mycinikmi jcone unmepaxmugmi emeoi.

Quzuka caracvinoa Python gpuzuxanvix scytienrcpoi MoOenrboey JHcoue
CAHObIK dKCnepuMeHmmep Jcypeisy Yuin Koa0anvlia aiaovl. Mikemoinici
MeH Kyamolnbly apkaceiioa Python cmydenmmepee Kypoeii u3ukaivik
meHOeyiepOl  weutyee JHcoHe (HUIUKATLIK JHCyleiepoily OUHAMUKACHIH
efecmemyee  MYMKiHOIK  Oepedi. Qiskit ximanxanacel KEAHMMbIK
KoMnvlomep mpeHagicepiepite Kol JcemKizyee MYMKIHOIK Oepemin
K8AHMMbIK, ecenmeyiepoi YUpenyoiy mamaua Kypanvl O0awvin maowuliaovl.

Ocul apmMuIKUbLILIKMAPObl eckepe  OmbIpbIN, Python
cmyodenmmepee CblHU OULAY, MOCeenepOi Weuly JHeoHe Kypoeai abliblMu
MYACHIPLIMOAMATAPObL MYCIHY 0A20bLIAPLIH OAMbIMY2d KOMEKmecemin
3amanayu  OKbimyowlly Mauvl30bl Kypanvl 001uin  maowiiaovl. byn
maxanaoa Python mamemamuxa men @Qu3UKaHbl OKbImMYyObl Kalall
Jlcakcapma anamulHObl2bl, OHbl UHMEPAKMUBMI JCOHe MUIMOT ememinoici
KepcemisiceH.

Kinmmi  coz0ep: Python, oxwimy, Mmamemamuka, ¢usuxa,
Komnvromepaik adicmep, mooenvoey, NumPy, SciPy, Matplotlib, Qiskit.
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MODERN COMPUTER METHODS IN TEACHING

MATHEMATICS AND PHYSICS: EXAMPLES OF USING PYTHON

The advent of modern technology is dramatically transforming the
learning process, particularly in the fields of mathematics and physics.
A key tool facilitating this transformation is Python, a high-level
programming language widely employed for scientific and educational
purposes. This article offers a detailed exploration of the application
of Python and its libraries in teaching mathematical and physical
concepts. In the realm of mathematics, Python provides numerous
libraries, including NumPy, SciPy, and Matplotlib, that can be utilized
for computations, data analysis, and visualization of results. These
capabilities render the understanding of mathematical concepts more
comprehensible and interactive for students. In the field of physics,
Python can be used for the simulation of physical systems and the conduct
of numerical experiments. With its flexibility and power, Python enables
students to solve complex physical equations and visualize the dynamics
of physical systems. The Qiskit library serves as an excellent tool for
exploring quantum computing, providing access to quantum computer
simulators. Given these advantages, Python emerges as a critical tool in
contemporary learning, assisting students in developing critical thinking,
problem-solving, and understanding complex scientific concepts. This
article illustrates how Python can enhance the teaching of mathematics
and physics, making it more interactive and effective.

Keywords: Python, education, mathematics, physics, computer
methods, modeling, NumPy, SciPy, Matplotlib, Qiskit.
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KOHCTPYUPOBAHUE TEXHOJIO M N3YYHEHUA
PUSNYECKUX QPPEKTOB HA OCHOBE KOTHUTUBHO-
KOHTEKCTHOIO NMo4XO04A

Axmyanvrocms  uccie006anus 00YClo6IeHA 803PACMANHUEM POl
PBIHOYHO20 (hakmopa 6 n0020MoBKe CReYUAIUCIO8 COBPEMEHHO20 MUNQ,
a makaice OOHUM U3 COBPEMEHHBIX MPEHO08 MOOEPHUAYUU COOEPICAHUSL
Kypca Qusuxku u Opyeux ecmecmeeHHO-HAYUHbIX OUCYuniuH. B oannotl
cmamose Uccie008anbl OUOAKMULECKUe U MEMOOUHECKUe B03MOICHOCTNU
KOHMEKCMHO20 No0X00ad K USYYEHUI0 (QU3UYeCKUX OUCYUnIuH 6
npopeccuoHaIbHO-MEXHULEeCKOM 0bpazosanuu. Obweuszsecmiuo,
umo 6 MOOEPHU3AYUU HA NePEblil NIAH BbLOGUHYIUCL MPEOOBAHU K
NPAKMUYeCcKol NPUMEHUMOCMU NOJYYEeHHbIX 3HAHULL, NPUYEM HA YPOGHE
CHOPMUPOBAHHBIX HABLIKOS, NPUBSIZAHHBIX K KOHKPEMHbIM PAboYuM
mecmam. OcobeHHoCmbio pazspadoOmManHO20 KOHMEKCMHO20 N00X00d
K KOHCMPYUPOBAHUIO MEXHONIO2UU AGNACMC NPUMEHCHUE MemOo008
U cpedcms KOSHUMUGHOU OUOAKMUKU HA OCHOBE KAME20PUALIbHO2O
n00xX00a Kk OUOAKMUYECKOMY COOepAHCanuto oucyuniunbl. Llenvio cmamou
SA6NSIEMCsL UCCILO06AHUEe U CO30AHUe ONblMa paspadomru u anpoodayuu
KOHMEKCMHOU MEeXHOL02UU usydenus memvl «dppexm Anexcanoposar.
Teopemuueckoli  OCHOB0U — UCCIROOBAHUSL  SIGNSEMCS  KOSHUMUGHDIL
xoncmpykmususm XK. Tuadice, a makoice Hayunvle UCCIROOBAHUS
wronvl A. A. Bepouykoco.  Pesynemamol uccredosanus: 1) Oana
UHmMeEpnpemayusi CO8PEMEHH020 NOHUMAHUS KOHMEKCMHO20 NPUHYUNA
Kak cpedcmea peanus3ayu KOZHUMUGHOU OUOAKMUKU, 0becneyusanieco
CB853b  Pe3YIbMamos 00yueHUss ¢ KOHKPEeMHbIMU padouumMu Mecmamu
2) paspaboman KOSHUMUBHbII OUOAKMUYECKUL KOHMEHMm No meme
Dpghexm Anexcanoposa.

Kouesvie cnosa: konmexcmmulii n00X00, KOSHUMUGHASL KOHYENYUSL
oudaxkmuxu, kameeopusi usuueckue 3¢pgpexmol, 3¢pchexm Anexcanoposa,
Memoou4ecKkas Cucmema.
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Brenenne

AKTyaJIbHOCTb TeMbI 00YCIIOBJIEHA TEM, YTO B HACTOSIIIIEE BPEMS CYIIIECTBYET
OIIpe/ICJICHHBIN TMcOaIane MEXIy CIIPOCOM NPEIPHUSTHIH PErMOHABHOTO PhIHKA
TpyJla Ha KBAJIM(QHUIMPOBAHHBIX CIICIIMAINCTOB, 00JIQIAI0IINX HEOOXOIUMBIMU
PO eCCHOHAIBHBIMI KOMIIETEHIIMSIMH B KOHKPETHOI 00JIaCTH NEesTENbHOCTH,
C OJIHOM CTOpPOHBI, U OIPAaHUYCHHBIMU BO3MOYKHOCTSIMH BBICIIMX y4EOHBIX
3aBEJICHUH Y/IOBIETBOPHUTH ITOT CIIPOC, ¢ JIpyroi. OTHON U3 NPUYUH SBIISETCS
TO, 4YTO OOydaromuecs: He MPOSBISIOT AOJKHOW MOTHBAIMU K OCBOCHUIO
3HaHMH, YMEHUH 1 HABBIKOB 110 ONPEJICJICHHBIM IIpeIMEeTaM, He 3Hasi Oy IyIIero
pabouero mecra. B KOHTEKCTHOM moaxojie 00ydeHHe BeJeTCs B KOHTEKCTE
Oynyuieit nmpodeccHoHaNbHON NesATebHOCTH. MoaepHu3anus yueOHOoTo
nporecca B npodeccroHanbHOM 00pa30BaHUM HAIIpaBiieHa Ha ()OPMUPOBAHKE Y
BBIITYCKHUKOB BY30B M KOJUIEKEH KOHKYPEHTHBIX IPEUMYIIECTB, HEOOXOANMBIX
JUISL X YCIIeIIHOM coluaiu3aliy Ha pbIHKaxX TpyJa u oOpasoBanus. Ha
Hall B3MJISA, MOJACPHHU3ALMsI BO3MOXXKHA NPH ONTHUMAJIbHOM KOHTEKCTHOM
OOHOBJICHUM JUJIAKTHUYECKOI'0 COJIepKaHUs (PU3UKO-MATEMaTHUYECKUX U
00IIeTeXHNYECKUX TUCIMILINH, a TaKKe TEXHOJIOTHH oOyueHus. B nanHoM
HCCIIeIOBAaHUHU OBLIM aKTyaJIM3MPOBAHBI JIBA HANPABICHHUS MOJECPHHU3ALMU:
1) dyHKIMOHANBHAS IPAMOTHOCTh CHEIHMAINCTa, HA OCHOBE (OPMHUPOBAHUS
TBepAbIX (hard) mpakTnyeckux HaBBIKOB, HEOOXOJMMBIX /sl paboyero Mecra
110 CIEUHUAIBHOCTH; 2) MPEeIMETHO-IIOHATHIHAS TPaMOTHOCTh, IIPU KOTOPOH
6a3oBble U NMPOQUIbHBIC 3HAHUS, KAK PE3yJbTaThl 00YUYCHUs, CTAHOBSITCS
0oJsiee TPUMEHUMBIMU Ha OCHOBE CHCTEMbl METAaKOTHUTHBHBIX HaBBIKOB.
OnHa u3 npoOieM HCCIIeOBAHUS 3aKJII0YAeTCs B PEUICHUU JHJIAKTHYECKON
3a/laul «KaK JOCTUYb MaKCHMAJIbHOW NMPUMEHUMOCTH B Mpodeccuy 3HaHUH
U HaBBIKOB, (POPMUPYEMBIX NMPH M3y4YEeHUH (PU3MYECKHUX IUCHUIUINH. AHAIIN3
CUTYaIlH B NPAKTUKE YUPESIKACHUI CPEAHEr0 M BBICIIETO MPO(ECCHOHAIBHOTO
TEXHUYECKOTO 00pa3oBaHMs MOKa3bIBACT, YTO HY)XKHA KOHTEKCTHAas MOJEIb
o0yuenusi. [Ipuuem n3-3a KOJIMUECTBEHHOT'O M KAUECTBEHHOT'O N3MEHEHNS 00beMa
nHpOpMalNU B JIUJAKTHKE BCEX YPOBHEH 00pa30BaHUS aKTyaJHM3UpOBaJIaCh
npo0jemMa TEXHOJIOTU3AlMH, YIIOPSIOUYCHNUS U aJrOPUTMHU3AINHN y4eOHbIX
npoueccoB obydaeMbix. OCHOBHAs 3ajjadya TEXHOJOI'W3ALMU COCTOUT B
TOM, 4TOOBI CHOPMYJIHUPOBATH U LIEJIECO00Pa3HO paCIpe/eiIUTh MOPsI0K
npoueayp y4eHHus W KoJutabopanuu, o0ecrnednBaromux Xoja y4eOHOoTo
rporecca, Kak CaMOCTOSTEIbHOIO aKTUBHOTO YUYCHHUsSI CTYJIEHTOB, CTPEMSCh
IIPY 3TOM K JIOCTHXKEHHIO 3((EKTHBHOCTH KaXKAOTO dTara MCHUXO0JI0THYeCKUX
3aKOHOMEPHOCTEH ITpoIiecca yCBOCHUS INAaKTHUECKOTO COJIePKaHMsI TPEeMETa.
B coBpMEHHOI KOMIIETEHTHOCTHOM NMPAKTUKOOPHEHTUPOBAHHON Napaaurme
nipodeccroHabHOr0 00pa30BaHMsl aKIIEHT C/IEJIaH Ha KOMIIETEHIHSX, CBS3aHHBIX
¢ pabounmu mectamu. IIpoGiiema uccienoBanus: GopMynupoBaHue IPoOIIEMbI
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HCXOAMT M3 IPOTHBOPEUHS CYLIECTBYIOIIETO B peajbHON 00pa3oBaTeIbHOM
MPAaKTUKE MEXJAY HEOOXOJUMOCTHhIO KOHKPETHU3AIMU M TEXHOJOTH3aIluu
CHCTEMBl KOHTEKCTHOT'O M3Y4EHHUS! (DU3NYECKUX JAUCLUILIMH M OTCYTCTBHEM
CHUCTEMHBIX METOJIMYECKHX HCCIEJI0BAaHUN 10 NpolIeMe KOHCTPYHPOBaHUS
KOTHUTHUBHO-KOHCTPYKTHBHCTCKUX TEXHOJIOTHH. [{eIb1o rcciieioBanms sBiseTcs
pa3paboTKka KOTHUTUBHOW TEXHOJOI'MH KOHTEKCTHOTO M3Y4EHUS (PU3UUECKUX
3¢ (}eKToB Ha KOHKPETHOM NPUMEpPE KOHTEKCTHOI'O M3Y4YEHHs (U3UYECKOTrO
s dexra Anexcanaposa. 3aau UCCIICOBaHU: 1) N3yUUTh HAYYHBIH apceHal
TEXHOJIOTHH C KOHTEKCTHOW METOJI0JIOTHeH MCXOAs M3 0030pa M aHanusa
Hay4HOM JINTEPATYPhI, CIIOCOOCTBYIONIMIA PEIICHHUIO IPOOJIEMbI HCCIIEIOBAHMS;
2) pa3paboTaTh KOHTEKCTHYIO TE€XHOJIOTHIO B COOTBETCTBHUU C KOTHUTHBHO
- KOHCTPYKTUBUCTCKON JAMJAKTHYECKOW KOHLENIHMEH Ha NpUMepe W3ydeHUs
TeMbl «DdpdexT AsexcaHnposa; 3) NPOBECTH aHAIHM3 M WHTEPIPETAIHNIO
Pe3yJIbTaTOB HCCIe0BaHNs; 4) HA OCHOBE aHAIIM3a U MHTEPIPETAINH PE3yIbTaTOB
c(OpMyIHPOBATh PAKTUYECKUE BBIBOJIBI U PEKOMEHIALHH.

Marepuajibl 1 METOAbI

Lesbr0 KOHTEKCTHOTO O0YUCHHS SIBIISIETCS CO3/IaHHE YCIIOBUH, ITPU KOTOPBIX
CTYJEHTHI IpuoOpeTaoT HHPOPMALMIO O KOMIIETCHINAX, HEOOXOIMMBIX Ha
pabouem mecte Oyayuieit npodeccun. KOHTEKCTHBIN MOAXO0/ KaK OJMH U3
COBPEMEHHBIX 0230BbIX IPUHIIUIIOB B 00yYEHUH CIICIIMAIMCTA HOBOTO THIIA Ja€T
TeopeTHYeckoe 000CHOBAHHE, KOTOPOE CHOCOOCTBYET Pa3BUTUIO KOTHUTHBHO-
HKOHOMHYECKOH CyObEKTHOCTH CTY/ICHTa M PEATU3YETCsI Yepe3 aKTHBHBIE METOIbI
oOyuenus [1].

Bosnbiioe 3HaueHne Juis peanu3alyi KOHTEKCTHOTO acleKkTa OOHOBIICHHMS
COJZIEpXKAHMS U TEXHOJOTUH 00ydeHUs] MMEIOT Hay4HbIE MCCIEIOBAHUS
A. A. BepOuiikoro, [2;3;4]

B mpenpiaymux uccieaoBaHUsSX aBTOPOB OBIIM OMMCAHBI CJIETYIOIINE
TIOJIOKEHHS: «...B PAMKaX KOTHUTHBHO-/IESTEIBHOCTHOM TEXHOJIIOTHH 00yUCHHUS
(dbopmMupOBaHUE MOHITHH paccMaTpUBAETCS KaK pe3ysbTaT KOTHUTHBHOMN
JeATeNIbHOCTH OYAYIIUX CIENHAIMICTOB, 3aKIII0YAIOIIEiiCs B KOHLETITyaln3alun
u BepOanuzauuu mpoecCHOHAIBHBIX 3HaHMWH. B pesynbrate dopmupyorcs
CTPYKTYpPBl 3HaHHMs, KOTOpbIE TOJIY4alOT CBOIO PEIPE3CHTAINI0 B BUIE
TEPMHUHOB. B KOrHUTHBHO—KOHCTPYKTHBUCTCKOHM TEXHOJOTHU (hOPMHUPOBAHHE
(yHIaMeHTaIbHBIX 3HAHUH pacCMaTPUBACTCS KaK OJIMH U3 CIIOCOOO0B BepOAIbHOM
pernpe3eHTaluu crenraibHoro 3uanus. OHu o0pa3yloT HHPOPMAMOHHO-
KOTHUTHBHYIO CTPYKTYpPY, aKKYMYyJUPYIOUIYIO ClelHajlbHble 3HAHUS,
HE0OXOAMMBIC B Ipollecce HAyYHOH M MpOoecCHOHANbHOU NeSTebHOCTH
[5,C.12; 9].

Takum 00pazoM, B COBPEMEHHOM KOHTEKCTHOM OOyYEHUH M3MEHSIOTCS
COZIepKaHNe U TEXHOJIOTHH 00yUYEeHHUSI Ha OCHOBE KOTHUTUBHO-/ICATEILHOCTHOTO
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noaxoxa. Ilpu 3TOM NeATENbHOCTHBIW IPUHLUIT B JAHHOM HCCIIEIOBAaHUU
npencrabieH ydyenuem A. H. JleontseBa [6]. 3MeHeHHE TEXHOJIOTHU
3aKJII0YaeTCsl B MI3MEHEHUH KOTHUTHBHOM 3aKOHOMEPHOCTH M3YUeHHUST TUCLUITIINH
B COOTBETCTBHMH C MOJIOXKEHHEM, copmyinpoBaHHbIM A. A. Bepouuxum:
«KonrekcTHOE 00yUeHHE SIBISICTCS KOHLENTYalbHOW OCHOBOM JJIsl MHTErpaluu
yueOHOM, Hay4HOU paboThl CTY/AEHTOB ¢ Oynylield nmpakTH4ecKkol paboToi 1o
TEXHOJIOTHYECKUM IporieccaM npodeccum» [2]. Mcxomas u3 3ToN KOHIICIIINH,
MOYKHO pa3paboTaTh pazIMYHbIC TEXHOJOTHN O0yUCHHUS CTYICHTOB.

PazpabarpiBaeMast HaMH KOTHUTUBHO-KOHTEKCTHASI TEXHOJIOTHSI COCTOUT U3
Tpex 6a30BbIX OpM JesTensHOCTH o A. A. BepOunkomy:

1) yuyeOHas nesTENbHOCTh C BEAYLIEH POJIbI0 MHTEPAKTHUBHBIX WU
TIEPLENIMOHHBIX JICKIIUI U CEMHUHAPOB;

2) kBa3unpoeccUoHaIbHAs, BOIIOIIAIONIASICS B BBINOJIHEHUH KOHKPETHBIX
MPAaKTHYECKHUX 3aJaHuii;

3) yueOHo-npodeccuonanbhas (HUPC, Hamucanve HayYHbBIX CTaTeH, yuacTHE
B pa3paboTKe yUeOHBIX TOCOOUIT, KypCOBOEC MPOCKTUPOBAHHE).

Kak numer A. A. BepOuukuii: «TpaJunnoHHas JUJIAKTHYECKasi CHCTEMa
BHJIUT CBOIO TJIOOANBHYIO 33/1ady B TOM, YTOOBI IPHOOIIUTE CTYJEHTOB K
0000IIEHHOMY ¥ CUCTEMATH3HUPOBAHHOMY OIIBITY YesioBedecTBay [2]. CTyICHTHI
YCBaMBAIOT Yepe3 MaCCUB y4eOHOI nH(OpMaLny TO, 4TO HApaOOTAHO JIPYTUMH,
OHH OepyT rOTOBOE M3 KJIaJJOBOW COLIMANILHOTO OMbITa. B 3TOM citydae cTyaeHTy
HaBS3BIBAIOT 1IEJIM YCBOCHHS KEM-TO JIOOBITHIX 3HAHUM, U yueOHasi nHpOpMaIus
TepsieT JJIsl HETO JINYHOCTHBIH CMBICIL.

KoncrpynpoBanue ydeGHOro mporiecca B COBPEMEHHOM Ie1arorn4eckon
MIPAKTUKE OCYILECTBISICTCS JIMO0 HA OCHOBE 00yUYCHHUS Yepe3 HH(POpMAIHIO, THO0
Ha OCHOBE 00YUCHHS Yepes ASSTeIIbHOCTh. Mbl BBIOpAIIH e TETbHOCTHBIN TOIXO/I.

Jst 53¢ heKTUBHOI MOATOTOBKM CTYACHTOB MHIKCHEPHO-TEXHUYECKHUX
crienHaIbHOCTeH HeoOxoaumMo (GopMUpoBaHUE CHCTEMBI (yHAaMEHTAIbHBIX
(¢u3uYecKX 3HAHUH B COBOKYITHOCTH C KOMIIETCHIUSMH HPUMEHATH HX
B KOHKPETHOI NMPOU3BOJCTBEHHO-TEXHUUYECKOM JesATEIbHOCTH, KaK Ha
(dyHIaMEHTAILHOM, TaK U Ha PO eCCHOHAIBHO-OPUEHTHPOBAHHOM YPOBHE.

B ocHOBe KOTHUTHBHO# 00pa30BaTENIbHOM TEXHOJIOT UM JISKHT IIPEATIONIOKEHHE,
COCTOSIIIEE B TOM, YTO HEOOXOAMMBIM YCIIOBHEM YCIIEIIHOTO 00YYEHUSI SIBIISICTCS
MIOHMMaHUE YYEHUKOM TOH HH(POPMALIH, KOTOpast PEIbSIBIISICTCS EMY B KaUeCTBE
cojepxanus oOydeHus. sl KOHCTPYHPOBaHUSI KOTHUTHUBHON 4acTH Hallen
TEXHOJIOTUH HEOOXO0ANMO pa3padoTaTh IUAAKTHYECKUH KOHTEHT 110 N3y4aeMon
Teme. J{unakTHaecknii KOHTEHT JUIsl yueOHOM JesTeIbHOCTH — 3TO COJepIKaHHe
JUJIaKTUYECKOro MaTepualia 1o npeaMery (3aaadu, 3ajaHus, TEKCT, peleHne
MPaKTUYECKHUX 3a/1ady), B UCCIENOBaHUH — 9T0 Tema «DPuznyeckuit sppexr
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AunexcanpoBay. J{MIaKTHYECKUH KOHTEHT MPO(eCcCHOHAIBHON AesSTeIbHOCTH
— 9TO MPAaKTHYECKHE ITPOU3BOICTBEHHBIE 3a1a4H, pelIaeMble Ha paboueM MecTe.

Ja usyuenust pusnueckoro spdexra AjexcaHapoBa ObLI MPEI0KEH
CJIEAYIOIINHN TUIaH, COOTBETCTBYIOIIMH KOHIETIIIUM KOTHUTUBHOW JMJIAKTUKH
(KOTHUTHBHAS CXCMa U3yUCHHS):

1) U3y4nTH KPAaTKyI0 UCTOPHIO OTKPHITHS 3P PeKTa;

2) chopmynupoBaTh onpeaenacHue 3pdekra;

3) OOBSICHUTD, PE3YJILTATOM, KAaKOTO (PU3NYECKOTO SIBJICHUS HJIH IIpoliecca,
SIBIISIETCS TAaHHBIN 9 PeKT;

4) NOHNMATb CYIIHOCTh M MEXaHN3M 3(h(eKTa, UcCIle/JIOBaHUE MaTEMAaTHIECKON
3aj1a4uu, BeIpaXKaromeil cMpIci gusndeckoro s pexra;

5) N3y4YuTh TEXHUUYECKHE BO3MOXKHOCTH M 00JIaCTH IpUMEHEHHs (P deKTa B
TEXHHUKE, TEXHUUECKHUX yCTPOHCTBAX.

OTOI KOTHUTHUBHOM cxeMe u3ydeHus huznueckoro spdexra cooTBeTCTBYET
CIICAYIOIIAs CTPYKTYpa fAestenbHocTH 110 A. H. JIeonTheBy [6;8] cM. (Tabmuma 1):

Tab6nuna 1 — CTpykTypa KOTHUTHBHOH Yy4eOHO# eATeTbHOCTH

DopmupoBanme| Ilems 3amaan
oTpeOHOCTH B -
MOTHBA Uro Hamo Uro Hazo Uro ymers? Yemy HayunThCs?
3HATH? TIOHUMATB? Kakue xoMmnereHnun
(hopmupoBaTh?
Juarsoctuka | Yceouts |OMmupuue| Metononoruuecku | [IpuMeHATs Ha IpakTHKE
cucTeMbl  |yueOHBIH| ckuit  |# U TeopeTHUSCKHT
ONOPHBIX  |MaTepHal MaTepHal
R MaTepHai
Bocnpusrue Oco3HaHue Ilonumanue [Ipumenenue- | IIpumenenune
Bocpom3BeeH| TBOopUeckoe
HS
(OnopHble IBbI1aBacMBbIi I nakTHICCKHH lnnakTrdecku |uaaxTadaeck
3HAHHS i TaK THIeCKHI KOHTEHT if KOHTEHT [T [Eit KOHTEHT
|[coHTEHT 151 METOTOI0rHIeCcKOT [upakTHIeckoro [t
13y IeHH 0 XapakTepa B MPHUMEHEHHS:  [TBOPTIECcKOro
bopMe BompocoB 1 |crcTeMa 3a7ad [IpHMEHEHHS
3a1aHHH
Pedmexcns

KOHTpoIIb 1 OlleHKa YIeOHBIX JOCTH/KEeHHUH
Hopag motpeGHOCTD

1) Crynenram ObUI BBIIAH CIIEAYIOIMH Y4eOHBINA MaTepHal (JIMIaKTHIECKUI
KOHTEHT ISl u3yueHus): d3GppexT AsekcaHnapoBa ObUI 3apeTUCTPUPOBAH 0]

148

Becmuux Topatievipos yrusepcumema, ISSN 2959-068X.
Cepus: Qu3suka, Mamemamura u KomnvromepHoie Hayku. Ne 4, 2023

Ne 13 ot 30 okts10pst 1957 r. B PoccuiickoMm MHCTUTYTE TOPHOTO Jiejla UMEHU
A. CxounHCcKoro. B pesynbraTe npoBeaeHus nCccieJ0BaHU i TeJl IPU COyAapeHUN
E. AnexcanapoB ycTaHOBHWII paHee HEM3BECTHOE SIBJICHUE. DTO SIBICHHE COCTOSIIO
B TOM, YTO IIPH YIPYroM yaape Kod(QGHULUESHT Nepeaayn SHEPTui U3MEHSIeTCs
W 3aBHCHT OT OTHOILIEHHS MAacC COYJapsIOUIMXCsl TEJ 0 OIPEIeIEHHOTO
KPUTHUYECKOT0 3HAYCHMS ITOr0 OoTHOUIeHWs. HoBHU3HA, MapaJoKCalIbHOCTh
s eKTa 3TOro sBJICHUS 3aKITIOYAIHNCh B TOM, YTO KPUTHYECKOE COOTHOIICHHE
Macc 3aBHCEJI0 OT KOH(Urypaluu coyaapsomuxcsi Teia. M3BecTHo, 4yTo npu
aOCOJIFOTHO YIIPYT'OM YAape: BBIIOIHSIOTCS /1Ba 3aKOHA COXPAaHEHUsI MMITYJIbca U
sueprun. «KoadduumenT nepeatun sHepriy OT yIapsIoiero Teja K yAapsroneMy
TeJly 3aBUCHT OT COOTHOLICHUS MX Macc — 4yeM OOJIbLIE 3TO COOTHOIICHHE, TEM
Oonbiie mepegaBaemast sHeprus. [loaToMy B MallMHaX yAapHOTO JIEHCTBUS
BCErJa CTapajuch y4eCTh 3TO COOTHOIICHHUE, 10 KpaliHel mepe, 1o 1954 roxa,
korjga E. AnekcanapoBbIM OBLIO YCTaHOBIIEHO, YTO C POCTOM COOTHOMICHUS
Macc KO3 QUIMEHT nepeiauu pacTeT JHIIb 10 ONPEIeICHHOTO KPUTHYECKOTO
3HAYEeHHMs, ONPEIEIIEMOro CBOWCTBAMH M KOH(HUTrypannei coynapsromuxcs
texn (ynap ynpyruit). [Ipu yBennyeHUH OTHOIIEHHUSI Macc COYJIApSIOMINXCS
TeJl CBEPX KPUTHYECKOro KoddduimenTa nepeaayn sHEPrun ONpeiesisieTcs: He
peasbHBIM COOTHOILLIEHUEM MAcC, @ KPUTHUECKUM 3HAYEHUEM 3TOT'O OTHOLICHUSL.
CooTBETCTBEHHO, KOA(QGUIIMEHT BOCCTAHOBJICHHS ompenensercs GpopMoil u
Maccoi COyIapsIFOIMXCs TEJ, U CTENEHBIO PACCESHHSI YHEPTHH.

OueBuHO, 3TOT dPPEeKT 0053aTEABHO JOJDKEH YUYHUTBIBATHCS HPHU
MIPOCKTUPOBAHUH MAIIHMH YAaPHOTO ICHCTBUSL.

[Tocyie u3yueHus: 1aHHOW MH(POPMAIMU CTYACHTHI NOJYUNUIH 3aJlaHue
Ha METOJIOJIOTHYECKHI aHaJIn3 MHPOPMAIMK C LENIbI0 TPOBEPKU MOHUMAHUS
¢du3ndeckoro cmpicia addexra: HazBaTh SIBJICHUE U OTBETUTH Ha BOITPOC: KIOYEMY
9TO SIBJICHUE U ONPEIEIUTh: YTO MpU 3TOM M3MeHsiercst?» CymHocTs dddexra
AJlekcaHpoBa 3aKJII0YAETCsl B 3aBUCHMOCTH KPUTHUECKOTO COOTHOLICHHSI Macc
yIAPSIIOIINXCS Tel OT KOH(UTYypaIyy Tell.

To 00CTOSITENILCTBO, YTO KPUTHYECKAsi Macca 3aBUCUT OT KOH(UIYypaluu
TeJl, 0Ka3bIBAaCT BO3MOXKHOCTh MCKYCCTBEHHOI'O M3MEHEHHS €€ BEJIMYHHBI ITPU
COYJIapEHHUH OJTHOTO TeJla ¢ APYTUM H IIPU PacIipOCTPAaHEHHH yIaPHOTO UMITYJIbCa
10 OJTHOMY U TOMY K€ Telly.

Ciie1oBaTebHO, CTAHOBATCS MCKYCCTBEHHO YIIPaBJIsSIEMBIMH TaKHe
TIOCIICICTBYS yliapa, Kak:

— koaunment nepenauu sueprum, 1. €. KI1/1 ynapa;

— KO (PHUIIUECHTH BOCCTAHOBJICHHSI CKOPOCTH MJIM TIOTEPH OTHOCUTEIBHON
CKOPOCTH OTCKOKA.
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B Hacrositiee Bpemst pu pacyeTe MalliuH y1apHOTO ICHCTBHS yUUTHIBAIOTCS
HOBBIE TIPEJICTABJICHHS O TIepeJiaue SHEPTUH, KOI(PPHUIIUEHTE BOCCTAHOBIICHUS 1
COOTBETCTBEHHO UCIIOJIb3YIOTCS HOBBIE (DOPMYJIBI.

Harpumep, koadhunmeHT BoccTaHOBIICHUSI, PAaHEE CYUTABIINICS SJIEMEHTOM
XapaKTEePUCTHKH MaTEePUaJIOB, TENePb PACCUMTHIBACTCS JUIsl KKIOTO OT/EIBHOTO
cilydasl 10 KPpUTHYECKMM MaccaM. TeopeThuecku JoKazaHa BO3MOXKHOCTh U
1Lesiecoo0pa3HoCTh OypeHus Ha T1yOuHy nopsiaka 100 M 0e3 morpyKeHHst MaIlHBI
B CKB&)XMHY. MaliHbl, co31aHHble 110 3ToMy npunuuny (Ab-2, BII-80, I1-29,
[IK-9, BY-70, ®BY-70 u ap.), BBITYCKAKOTCS CEPUIHO PSIOM 3aBOJIOB.

Crnenyromuil 3Tann B MCUXOJOTHYECKOM IPOILECCE YCBOCHUS 3HAHUI
TIEpPBUYHOE BOCIIPOU3BE/ICHUE KOHTEHTA U OTBETHI HA BOIIPOCHI YMITMPUYECKOTO
YPOBHSI: IaTh ONpeJielieHne, B ueM 3akitouaercs apdext Anexcaniposa, Koraa u
KEM OTKPBIT U TaK JlaJiee B aCIIEKTE KOTHUTHBHOM CXEMbI H3yUeHHUsT (PU3NIECKUX
3¢ (eKToB — peleHrue CUCTEMBI 3aJla4 ¥ BOIPOCOB: T NMPUMEHSIETCS, KTO
yurtal, KTo HaOmonan, kro 3Haer? U tak nanee. Ho 3aganue o TeXxHHYECKUX
BO3MOXHOCTSX d(]deKra OTHOCUTCS K NPOdecCHOHAIBHO-OPHEHTHPOBAHHBIM
3aJIaHUSIM, TO €CTh SIBJISIETCSI KBa3UITPO(eCCHOHAIBHBIM KOHTEKCTHBIM 33/IaHHEM.

4) Tlpumep 3a1aHusI KBa3UTIIPO(PECCHOHAILHOIO XapaKTepa oKa3aH B HaIlIuX
myOJMKausaX, 0003HaYMM CKOPOCTH ITIAPOB MaccaMH M, U M, JIO yJapa 4epe3 v'
U V', TIOCJIE y/iapa — 9epe3 U (pUCyHoK 1)

Pucynok 1 — Ynopyruii ynap

Hx HAaIlpaBJICHUS YYTEM 3HAKAMU: IOJOKUTCIIBHOC 3HAYCHHUC MMPUITAIICM
JABUKCHUIO BIIPABO, OTPHULIATCIIBHOC — ABUKCHUIO BJICBO.
HpI/I YKa3aHHBIX JOIMYHICHUAX 3aKOHBI COXPaHCHNA UMCIOT BU/T

—_ r !
myv, + myv, = myv; + m,v,,

2 2 2 2
myvy + MaV; _ MqVy + myv;
2 2 2 2
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HpOI/I?:Be,H?I COOTBeTCTByIOH_[I/Ie r[pe06pa30BaHI/1$1 B Bpra)KeHI/IﬂX u, HOHy‘-II/IM
™ I
my(vy —vy) = mz(vz — ),
2 12y _ r2 2
my(vi —v1°) = my(vy” — v3).

OTKy1a
v, + v =0, + 15

Pemras ypaBaenus (3) u (5), Haxomum
(M4 —my )y +2My 0,

vy =
m1+m2

r_ (mp—mpvy+2mav,

172 =

mq+m,

3amanue KBa3unpodeccuoHalbHOro xapakrepa. [IpuBenemM KOHKpPETHBIN
npumep: MosloTkoM, Macca KOTOporo m =1 Kr, 3a0UBaloT B CTEHY I'BO3/ib MacCoi
m,=75 r. OnpenenuTs K.ILJ. 1| yaapa MOJIOTKa.

[Tocre uTeHuUs TEKCTa CTYICHT MOJIyYaeT 3aiaHie PelnTh 33/1a4y pacuyera
ynapa 1 00bSICHUTh BHYTPEHHHI MexaHu3M 3toro 3¢ dexra. [IpensapurensHo Ha
3aHSATHH [TPOBOIUTCS CIICAYIONIMN auanor: Mrak, mogemy 3o siBieHue 3G hext?
Bcesikoe nameHeHue, Mporcxosiiiee B IPUPO/IE, TEXHUKE M OKPYIKAIOLICH )KU3HH,
MOJKHO Ha3BaTh SIBJCHMEM WJIM IpolleccoM. B 3TOM mpoiecce nmpoucxoauT
u3MeHeHrne K03 duinenTa 3HepPruy, BhIACISIOMICHCS P yaape, a pe3yJibTar
U3MEHEHUs onpeaenseTcs 3¢ dexToM AslekcaHapoBa.

Onpenenum SHEPTHIO, 3aTPAYCHHYIO Ha YIiIyOJICeHHE T'BO3/sl B CTCHY.
[penBapuTenbHO HaiiileM CKOPOCTh CUCTEMbI MOJIOTOK — I'BO3/[b HEIIOCPE/ICTBEHHO
nocJie yJapa. 3anuiieM 3aK0OH COXpaHEeHUsI MMITYJIbca B IPOSKIMH Ha OCh «OX»
(MOIOXkKUTEIHLHOE HAMpPaBlIEHUE OCH COBMAJAAET C HANPABICHUEM JIBHIKEHUS
MOJIOTKA)

myv; + myv, = (Mg + my)u,

rJe V|, — CKOPOCTh MOJIOTKA JIO yapa;
V, — CKOPOCTb I'BO3JIS 10 Y/1apa,
U — CKOPOCTh MOJIOTKA U I'BO3I MOCJIE yaapa.
['Bo316 MEpen ynapom nokousicst v, = 0.
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IToaTomy
My

mq+msy
B pesynbrate COMpOTHBIECHUS CTEHBI CKOPOCTH MOJIOTKA U TBO3MS MOCIE
yaapa ObICTPO TAaCUTCS, a KMHETHYECKas SHEPIUs, KOTOPOH 0bIagaeT cucremMa

MOJIOTOK — I'BO3/1b, 3aTPAYMBACTCS Ha YTIyOICHHE TBO3/S B CTCHY.
DTy SHEPIHI0 HAXOIUM IO GopmyJie

_ (my+mp)u® _ miv
- 2 T 2(my+ma)

Tak KaKk MOJIOTOK CIIyKHUT JJis 3a0MBaHUs I'BO3/s B CTEHY, TO SHepruio T2
CIIEYyET CUMTATD TIOJIE€3HON. YUUThIBAs, YTO SHEPTUS MOJOTKA B MOMEHT yIapa

T

myv2

2
mq Ty

Tl -
TO

T, = ——
2 (my+my)

W ckoMpIit K.11.71.
T, my 1

Ty m,+m, 1,075 -
— 0
n=99%

CooTHomeHue mMacc kputudeckoe. [Ipu ganpHelimeMm yBelM4eHUU
OTHOLIEHUSI MacC COyIapsIomuxcs Ted KodhQHuIueHT nepeapadn dHEPruu
oInpesenseTcs yKe He OTHOIIEHHEM Macc, a JIMIIb KPUTHUECKUM 3HAUYCHHEM
9TOT0 COOTHOUICHHUS.

IIpu mpsiMOM LIEHTPaIbHOM yAape BEKTOPbI CKOPOCTEN IIapoB 10 U 1OCIe
yZAapa JexaT Ha IPSIMOM JIMHUY, COeTUHSIOMEH NX HeHTpsl. [Ipoexuun BeKTopoB
CKOpPOCTH Ha ATy JIMHUIO PaBHBI MOJYJISIM CKOpocTeH [5].

Paznuuus B conepikaTelbHOM HAIMOJIHEHUH 3BEHBEB CTPYKTYpPHI
JIeSITeIbHOCTHOTO, KBa3HIPO(PECCHOHAIBHOTO U KOTHUTUBHOI'O KOHTEKCTHOTO
y4eOHOT 0 Ipoliecca rnokasansl B Tadnuie 2. Kpome atoro B Tadimie 2 copepkaHne
3BEHBEB KOHKPETU3UPOBAHO HA IpUMEpe M3ydeHus dpdekra AnekcaHpoBa.
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Tabnuma 2 — KoHTeKCcTHOE TIPeICTaBICHUE CTPYKTYPBI O0YUCHUS CTYICHTOB

CTpyKIypHEIE CTpyETYpHEIE 3BEHEA CTpYKTYpHEIE 3BEHEA VaeOHad JeATENBHOCTE 0

3BEHBA KOTHHTHEHOTO IIOIX0J3 | KBA3HIPOQeCccHOHATEH 3pdeETy ATeKcaHIpOBEa

IeATETEHOCTHO Oro MoJxoaa

ro nogxoga

IloTpedHOCTH KorenreeEEIE TIpodieccHoHATBHEE TlparMaTHYeCKHE LETH B
MOTPe0HOCTH HIH NOTPeDHOCTH HIH 0OVIEHHH. IPHMEHEHHE
KIACCHIECKHE IETH B IparMaTHIeckHe emH B | 3diekTa Ha pabouem MecTe
YIeHHH VIeHHH

Motre Peamuzanus uHTenek- | KpamdHeanmonsoe 3panne 3¢derta H DpHMEHEHHE
TyaJILHOTO H JYXOBHOTO | COOTBETCTBHE Ha paboteM MecTe
OTEHIHAIA paboueMy MecTy

les VeBOHTE Vepouts yMeHHd B hard | VCBOHTE YMEHHA H HABBIKH
NpeIaraeMElH KOHTEHT | HABEIKH HeoOXOIHMEIE HeobxoaMMELe L1 pabodero
10 JHCITHILTHHE 1A BHINOTHEHHA MECTA CIETHATHCTA

IeHCTBHH Ha pabodeM
MecTe

3amauaH ITosHaBaTenRHEE: ITO TlpaxTH4eckHe 3a7aHHd, | IIpaKTHYeCKH HAa OCHOBE
HAaZI0 Y3HATh. IOHATE H B TOM THCIE OTKpHITHA AJeKcaHIpoBa
IPHMEHATE. TEOPETHRO-TIPAK- CO3MaH MeXaHHIeCKHH
DpCHMYTIECTECHHO THIECKHE TOTYIPOEOTHHE, OTOOHHHE
KOTHHTHBHEIE

Meroms! B KoreHTHBEEIE IlpakTHEA, TyaTbHEIE, IIpaxTHIecKHE, Ha

cpeacTea KOHCTPYKTHBHCTCKHE, IpOEKTHEIE MIPOH3BOJACTEE
IPOOIEMHELE,
[IPOEKTHEIE, AKTHBHEIE

TexHomorna KorenTHEHO- IIpoexTHO- KoECTPYKTHEHCTED-

peaTH3aHE OeATeIbHOCTHAL KOHCTPYKTHBHCTEAR IpOEeKTHAR

(kyasTypa) JeATETEHOCTE

Munaktigeckr | ComepxaHue TIpakTH9IeCcKHE 3amaun Ha 3dderT.

i KOHTeHT IHIAKTHIECKOTO IPOHIBOJCTBEHHEIE MabopaTopHEIE PaboTEL
MaTepHATa 1o 3a7avH. Ta00paTopHEE
opeaMeTy (3amaqm, PadoTEl
3aJaHHS. TEKCT)

JunaxTadeckas | KorenreBEIM KorcTpykTHBHIM KorcTpyKTHEHIM

KOHIIENITHA

Kommabopanms | ITepoemmma, Tleprenmms. Tlepuenuma. HETePAKITHI,
HHTEPAKITHA, HHTEPAKITHA, KOMMYHHKAITHA
KOMMYHHKAITHA KOMMYHHKAITHA

PeaymeTtar CHcTeMa 3HAHHI, Hard — soft, meTa- Hard — soft. Hapsmu
VMEHHH H HABEIKOB HABEIKH

5) AHanu3 QUIAKTHYECKOro KOHTEHTa Ui Oosee IIyOOKOro MOHWMAaHHS

U KBa3NpO(peCCHOHAIBLHOW KOHKPETHU3allMU 3HAHUI, YMEHUIl U HABBIKOB 110
U3y4JaeMoi TeMe MOKET OBITh OCYIIIECTBIICH Ha OCHOBE MPHKJIATHBIX MAaTEPHAIOB
(HarmsaHAS WITIOCTpAIMs K 9TOMY B BHAC 3a/Ja4M MPUKIAJIHOTO XapaKTepa):
«...ME€XaHU3M JUIS BO3AEHCTBUS HA TBEPAOE TEJIO yJapHOW HArpys3Koi,
153



Topatievipos ynusepcumeminiy Xabapuwicot, ISSN 2959-068X.
Dusuka, Mamemamura HaHe KOMNbIOMePIIK 2blabimoap cepusicol. Ne 4, 2023

COZEPIKUT J[Ba WIN OoJiee COyAapsIOLINXCs AJIEMEHTOB, MPUYEM OJMH U3 HHUX
sIBJIIETCSl pabovMM, HEMOCPEJCTBEHHO BO3/CHCTBYIOIIUM Ha TBEPJOE TEIO.
OH oTnMuaercs TeM, YTO B HEM IPEJyCMOTPEHO CPEJCTBO ISl CO3JaHUs
nepes] KaXkAbIM COyAapeHUeM JIEMEHTOB Halu4yie JONOJIHUTENBHOTO 3a30pa B
CHCTEME «COYAAPSIOIINECS JIEMEHThI — TBep0e Teso». OJIUH MU HECKOIBKO U3
COYIapSIOIIMXCSI JIEMEHTOB, 32 HCKIIIOUECHHEM paboyero 3JIeMEHTa, BBITOJTHEHBI
13 MaTepuajia ¢ MEHbIIUM MOJyJIEM YIPYTroCTH, YeM MaTepHuall 3JIeMEHTa.

Ha ocnoBe otkpeiTus E. B. AnexkcanapoBa co3jjaH Tak Ha3bIBaeMbIi
MEXaHUYECKHH MOJYyNPOBOJHHUK, B KOTOPOM Iepeaaya dHEPTrUH MOXKET
MIPAaKTHYECKH OCYILECTBIISATHCS TOJILKO B 33JJaHHOM HAlpaBJICHUH, HE3aBUCUMO
OT >KECTKOCTH OINOpbl. BO3HMKIO HOBOE HalpaBjeHHE B MOCTPOHKE MaIIMH
YAApHOTO NEWCTBUSA, MO3BOJUBIIEE CO3/aTh JIETKHE MOJIOTKH TaKOro poja.
HoBblii 0TOOWHBII MOJIOTOK, OCHOBAaHHBIH Ha JIAHHOM OTKPBITHH, B 2 pa3a jierde
CBOETO CEPUITHOTO MPOTOTHIIA, 00JIaIacT MOHMKCHHOW BUOpaIiel 1 OOJbIICH
MIPOU3BOJIUTEIBHOCTBIO, @ 110 pa3MepaM U (Gopme He OTIMYAeTCs OT HEro.
Obnerdyenne oTOOMHOTO MOJIOTKA, KOTOPBIH MCIIOJIB3YETCSl B KayecTBE JIOMa,
OTrpaHMYEHO CTATUYECKUMH Harpyskamu. UYrto ke kacaercs nepdoparopos,
pPYOMIIBHBIX MOJIOTKOB M JPYT'MX NOJOOHBIX MAalllMH, TO UX MOXXHO CHelaTh
3HAYUTEIIBHO OoJIee JETKHMHU.

Ve cyliecTByIOT 00pa3ibl pyOMIBHBIX MOJIOTKOB, KOTOpBIE B 4 pa3a
Jierde OOBIYHBIX TOH K€ MPOM3BOANUTEIBHOCTH. JTH MOJOTKH MOYTH LEIHKOM
W3rOTOBJICHBI M3 NOJAMMEpOB. OTKPBITHE MO3BOJHMIO CO3JaTh MAIIUHBI IS
CKOPOCTHOW HPOKOBKHM CBapHBIX LIBOB, yCIEIIHO paboTalolnue Ha psje
MPEANPUSITHHA. DTH MalIMHBI IPUHOCAT OOJIBIION 3KOHOMUUYECKUil 3 dekT n
CIIOCOOCTBYIOT MOBBILICHUIO KAYECTBA MPOJYKIIUI.

Koadunment nepenayn SHEpTuu OT yAAPSIOLIETO Tella K yJapsromemMy
3aBUCHUT OT OTHOILIECHHUSI MX MAacc - 4eM OOJblle 3TO OTHOLICHUE, TeM OOoJbliIe
nepegaBaemas 3Heprud. Ilo3ToMy B MalnmHax yJapHOro AEHCTBHUS BCerpaa
CTapaJIuCh Y4eCTh 3TO COOTHOIIEHUE, MO KpailHelt mepe, 10 1954 rona, xorna
E. AnekcanapoBbIM OBIJIO YCTaHOBJIEHO, YTO C POCTOM COOTHOLICHHS Macc
k03 puIMeHT nepenayu pacTeT JUMIb JO ONPEACICHHOTO KPUTHUYECKOTO
3HAYEHHMS, ONIPEEISIEMOr0 CBOWCTBAMU U KOH(MUTypanuel coyAapsommxcs Tel
(yrap ynpyruit).

ITpu yBenmueHnH OTHOIIEGHUS MAaCC COYIapsIFOLIUXCS TN CBEPX KPUTUIECKOTO
koa(duiMeHTa rnepeaadn SHEPruu ONpPEeIsIeTCs] HE PealbHBIM COOTHOLICHHEM
Macc, a KPpUTHYECKUM 3HA4EHHEM 3TOoro oTHomeHus. COOTBETCTBEHHO,
KO3 QUIMEHT BOCCTaHOBIICHHS onpeiessieTcs: popMoii 1 Maccoii CoyaapsroIxcst
TeJI, ¥ CTENEHBIO paccesiHus dHepruu. O4YeBHIHO, 3TOT IPPEKT 0053aTeIBLHO
JIOJDKEH YYHMTBIBATHCS MPU NMPOEKTUPOBAHMM MAIIMH YJIapHOTO JCHCTBHUS.
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Teopernuecku aokazaHa BO3MOXKHOCTH U I1€JIecOOOpa3HOCTh OypeHHus Ha
riryounax 10 100 M 6e3 norpyeHust OypruiIbHON MallMHbI B CKBXUHY [9].

Pe3yabTaThl U 00CyxKIeHUE

TeopeTnyeckuM OCHOBaHUEM UCCIIEIOBAHUS SIBIISIETCS TEOPUS KOTHUTUBHOTO
koHcTpykTHBH3MA JK. [Tnaxke [10,11]. B OCHOBY KOHTEKCTHOTO METOIa B 00yUYCHUH
TIOJIOXKEHBI ParMaTHYECKUE UJIEH PYCCKOro yueHoro A. A. BepOuikoro, KOTopsbIit
MPEITIOKIIT B IIPOIECC KOHCTPYKTUBUCTCKOTO YUEHHS BKIIOYaTh HH(POPMALIHIO,
3aJJaHusl ¥ BOIPOCHI KBa3UIPO(ECCHOHAIBHOTO XapaKTepa, LeJIeBoe Ha3HaueHHE
KOTOPBIX COBNAJAeT ¢ NMPAaKTUYECKUM MPUMEHEHUEM 3HaHHUM U HaBBIKOB Ha
KOHKPETHOM paboyeM MecTe.

B Hamrell mHTEpIIpeTallMM TEXHOJOTUS KOHTEKCTHOTO OOY4YEHUS— ATO
TEXHOJIOTHS aKTUBHOT'O KOTHUTHUBHOTO Y4YEHHS, B KOTOPOH 0Oydarouuics
SBJISIETCSl CyOBEKTOM M CaMOCTOSITEIBHO MPHUOOpETaeT 3HAHUS, HABBIKU U
OIIBIT KOHCTPYHPOBAHUSI HEOOXOJUMBIX 3HAHUH B IpoOIecCce TIAHUPOBAHUS
U BBINOJHEHUS MOCTENEHHO YCJIOXHSIOMUXCS MNPaKTUYECKUX 3aJaHUM.
TexHOJIOrHSI OPHEHTHUPOBAaHA HAa aKTHBHYIO CaMOCTOATEIbHYIO paboTy
CTYZEHTOB, METOJIMYECKasi CUCTEMa KOTOPON COOTBETCTBYET JIEATEIbHOCTHOMY
(o A. H. JleoHTheBY) 1 KOTHUTHBHOMY KOHCTpyKTHBUCTCKOMY (110 JK.[Tnaxe)
MOJIXO/aM.

BapuartuBHbI KOMIIOHEHT Kypca (M3MKH Ha MH)KEHEPHO-TEXHUYECKHX
(axyspTeTax JOJDKEH CIIocoOCTBOBATh (DOPMUPOBAHUIO YMEHUI TPOCIUPOBATH
¢yHzamMeHTaNbHbIe (U3MUECKUE 3HAHUS Ha 0O0BEKTHl NpodeccHoHaNbHON
JesITeIbHOCTH. B 4MCIIO OCHOBHBIX KaTreropui (U3MKH, MCCIENYEMBbIX
SMITMPUYECKUM CIIOCOOOM, KpoMe (PU3MUECKUX 0OBEKTOB, BXOJAT (hU3UUECKHE
SIBJICHUSI, TIPOLIECCHI, COCTOSIHMUS, A3 dekThl. [Tpn nx u3ydyeHnn yacto BOSHUKAIOT
TPYAHOCTH BBISIBJIICHUS KaTETOPHAIbHOM IpUHAIeKHOCTH oHATUA. Hanpumep,
CpaBHHUBAs NepedrciIeHHble kaTeropuu, A. A. [llanosanaoB npoBOAUT napasuienb
MEXJy TAKUMU MOHATUSIMHU, KaK «SIBJICHUE», «IIPOLECC» U «COCTOsTHUE» [12].

Just mpoBepku 3P pekTUBHOCTH pa3pabOTaHHOW HAMHM KOHTEKCTHOMU
TEXHOJOTHH OBLIM BBHIOpaHBI JABE I'PYIINBl DKHOACTYy3CKOT'0 MHIKEHEPHO-
TEXHUUYECKOT0 KOJUIe/Ka: dKCIepruMeHTa bHas (15 4ernoBek) M KOHTPOJIBbHBIN
(10 uenoBek). OuUeHUBANUCH CIEAYIONINE HABBIKHM MO CIEAYIOLIEH HIKaje
(hopMHpOBaHUS KOTHUTHBHBIX U KBa3NPO(ECCHOHAIBHBIX HAaBBIKOB: 1. HaBBIKK
(dopmynupoBanus onpeeneHus 3hdexTa; 2. HaBBIKK OCMBICICHHSI (PU3NIECKOro
cmbicia 3¢ dekra, Ha3BaTh Pe3yJbTaTOM KAaKOTO IpoIlecca sBIETCS JaHHBIN
a¢dexr; 3. 3HaHHE KTO M KOTJa OTKPBUI TaHHBIH 3(¢deKT 4. HaBBIKM aHAIH3a
npuMeHeHnst dpQeKra Ha MPOU3BOACTBE; 5. HABBIKM IPUMEHSTH I0JIyYeHHbIC
JITaHHBIE JUUIsl PELICHUS TOCTaBJIEHHON yuuTeNIeM 3aa4l B S9KCIIEPUMEHTAIbHOM
KJIacce M0 KOTHUTHUBHOM CXeMe M3yueHHMs; 6. HaBBIKM 0000LIaTh IOJIyYeHHbIC
JIaHHBIE, JIeNIaTh BBIBOJIbI HA KAKOM IPOM3BOJICTBE €Il MOKHO OY/IeT IPUMEHHUTh
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JNaHHBIA dQdeKT; 7. HABBIKM OLICHKH IOJYYCHHBIX 3HAHUM M MHPOPMAIHIO O
IIPUMEHEHHH.

B koHUe M3yueHUs TEMBI JUIS SKCIEPUMEHTAIbHOW I'PyHIbl OBLIO
JaHO 3aJaHUe HA OLCHUBAHUE PE3yJbTAaTOB O00ydeHHs IO pa3pabOTaHHBIM 7
JIeCKpUITOpaM. B KOHTpOJIBHOM KJlacCe OICHWBAHUE PE3yJbTATOB M3YUYCHUS
TEMBbI ITPOBOMIIOCH 110 TPAAUIMOHHONW MeTouKe. CpaBHUTEIBHBIC TIOKa3aTeNn
Ka4yecTBa 3HaHWH B 000MX TPYIIax INpeICTaBiIeHbl B Tabiuue 3.

Tabnuma 3 — [Toka3zarenu pe3ysbTaTta Mearoruueckoro IKCIepUMEHTa

rpymma Kon-Bo «5» | «d» | «3» | «2» | Ab6comorHas KauectBennas
yyanmxcs YCIIEBAEMOCTh | YCIIEBAEMOCTb
DKcIepHMeHTaIbHAS 15 5 6 4 0 100% 733 %
KonrponbHas 10 - 4 6 0 100% 40 %
150%
100% 5
] SKCICPHMCHTA/IbHBIN
50% KJ1acc
. ] KOHTpO.‘I];HBIfI KJIacc
0%
YeneBaemocTh Kauectpo
3HaHHH

Pucynok 2 — Jluarpamma pe3yJibTaToB yueOHBIX JJOCTHIKEHUH KOHTPOJILHON
1 DKCIIEPUMEHTAJILHOU IPYIIII

Pe3ynbTaThl NMeJaroruueckoro 3KCIepuMeHTa MOKa3alu JO0CTaTOUYHYIO
pasHuIly B KayecTBE [MOHMMAaHMs YYalIMMHUCS CMbIC]IAa YCBOCHHBIX 3HAHUW U
NIPAKTUYECKUX JEHUCTBUM, CTYA€HThI B 9KCIIEPUMEHTAJILHOM I'PYIIIIE BBIIOIHIINA
paboty Oojiee OCO3HAHHO, C BOOAYIICBICHHEM M IICJICHANIPABICHHO, JyUlle
oTBeYaH Ha 2, 4 U 5 BOIPOCHL, IOITOMY MOJYYMIH OTIMYHBIE OLEHKH, IPU
BBINOJIHEHUH 3a/IaHUs Ha IPUMEHEHUE 3HAHUI, IEMOHCTPUPYSI HaBBIKU ObICTpEe
U KaueCTBEHHEE OIIEHMBATh CBOM HABBIKM MO InKaye. CTyJeHThl KOHTPOJIbHOU
IPYIIIBI HE CMOTJIM OTBETHTH HA 3TH BOIIPOCHI.

BriBoabl

LlenHocTh 00yueHHs 10 pa3pabOTAaHHOIN TEXHOJIOTUH ONPEICISETCs ero
OpHeHTalrel Ha OyayIyIo crielMalibHOCTh 00y4yaemoro. KontekcTHoe o0yueHne
siBisieTcst 9 (EeKTUBHBIM PECYpCcoM JUIsl aJlalTalliy BBITYCKHUKOB K OymyILei
1podeCCHOHANIBHOI eI TEILHOCTH M Pa3BUTHS PO(ECCHOHATBHOTO MBIIIJICHUSL:
KaK TEOpPETHYECKOT0, TaK U IMIMPHUYECKOT0, B KOHTEKCTE COLMATIHBIX aCIIEKTOB
nipodeccun. TeXHONOrst HHTErpUpyeT yueOHYI0 1 MPOPEeCcCHOHANIBHYIO Chephl B
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HEKUIA 00111 00yJaroui Ipolece, Ha OCHOBE UCII0JIb30BaHMS CHaYasIa yueOHO,
3aTeM KBa3HIPO()ECCHOHAIBHON M YYeOHO-UCCICIOBATCIBCKON JCSTEIbHOCTH
CTyJICHTA.

B mpennaraeMoil TEXHOJIOTUU H3y4YeHHs puznmdeckux 3p(HEKTOB MBI,
MpPEXIC BCEro, OMUPACMCs Ha M3BECTHBIC CXCMbl M3YUYCHHUS JJICMCHTOB
CUCTEMBI (pu3nuecKoil Hayku. Du3nKa, KaKk €CTCCTBCHHOHAYYHAs! AMCIUILINHA,
MPEJICTABISICT COO0 CHCTEMY HEPAPXUUCCKU B3aMMOCBSI3aHHBIX SJICMCHTOB HJIH
HAYYHBIX KaTErOPUIl: OCHOBHBIX MOHATHH, HAYYHBIX WK 3KCIICPUMCHTAIBHBIX
(hakTOB, IMIIMPUYCCKUX TTOJIOKCHUA U SKCIICPUMCHTOB, (PH3UUCCKUX SIBICHHUN
U MPOIECCOB, (PU3UYECKUX BEIUYHMH, 3aKOHOB U 3aKOHOMEPHOCTEH, TCOPHii,
MIPHUHITUIIOB U OOJIBIIOTO KOJIMYECTBA MPUKJIAIHBIX MATCPHUAIOB M MIPUIOKCHUH,
HCIOJIb3YEMBIX B TCXHHUKE.
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*K. b. Cembaesa, K. A. Hypymorcanoea
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Bacein mibrrapyra 15.12.23 kaObuiiaH bl

KOT'HUTUBTI-KOHTEKCTIK TOCUITE HET'I3AEJITEH
OU3UKAJIIBIK OCEPJIEPAI 3BEPTTEY TEXHOJIOI'UACBIH KYPY

3epmmeyoin e3exminiei Kazipei 3amanzvbl munmeei MAMaHOapobl
oasApnayodasvl HAPLIKMbIK, QaKmopobly POIIHIK apmyblHa OAUIAHBLICIbL.
byn maxanada xocinmik-mexnukanelx Oinim  b6epyoeci  QuUKaALbIK,
noHOepOi 3epmmeyee KOHMeKCMMIK KO3KApACmull OUOAKIMUKANBIK HCOHE
aoicmemenik MymMKiHOIkmepi 3epmmeneen. Mooepruzayusoa anvbiHaaw
OLNIMHIY NPAKMUKANBIK KOJIOAHBLIYbLIHA KOULLIAMbIH MALANMap dHcoHe
HAKMbl HCYMBIC OPLIHOAPLIHA OAUIAHBICIbL KANBINMACKAH 0a20bLidp
Oeneeliinde  OipiHwii  opvlHea Kouwlizanvl  Oencini.  TexnonoeusiHol
Jrc0banayobly  0amvlean KOHMEKCMIK MOCLIIHIK — epeKulenici-noHHIY
OUOAKMUKANLIK, — MAMYHbIHA — KAME2OPUSIbIK — KO3KApac — Hezizinoe
KOcHUMUemMi  OUOAKMUKAHBIE d0ICmepl MeH KYypalodapblH KOJOAHY.
Maxananvity  maxcamor - «Arexcanopos  dgpexmiciymaxpbipblObIH
3epmmeyoiyy KOHMEKCMIK MEeXHON02UACHIH d3Ipey JICOHe CbIHAKMAH
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omKizy mooicipubecin 3epmmey KHcoHe Kypy. 3epmmeyOin meopusiivlk,
neeizi—/[ic.  Tuasceniy KoOZHUMUEMI KOHCMPYKMUGU3MI, COHOAU-AK,
A. A. Bepouykuii mexme0Oiniy evlivimu  3epmmeyiepi.  3epmmey
Homuoicenepi: 1) oKy Homudicenepiniy HAKmMbl JHCYMbIC OPbIHOAPLIMEH
OQUNAHBICHIH KAMMAMACHI3 ememin KOZHUMUGMI OUOAKMUKAHbL iCKe
acvlpy Kypaivl peminoe KOHMEeKCMIK NPUHYUNMI 3aMAHayu mycinyoi
mycindipy 2) Arexcanopos 3¢pghexmici maxvipvlObl GOUbIHULA KOCHUMUBIE
OUOAKMUK ALK MA3MYH 93IDJCHOL.

Kinmmi ce30ep: xonmexcmix mocis, OUOAKMUKAHBIH KOZHUMUBIMIK
MYAHCHIPLIMOAMACHL,  PUBUKATBIK, dcepiep Kame2opuscsl, Amekcanopos
agppexmici, odicmemenix xncyie.

*K. B. Sembayeva, K. A. Nurumzhanova
Toraighyrov University, Republic of Kazakhstan, Pavlodar.
Accepted for publication on 15.12.23.

CONSTRUCTION OF TECHNOLOGY FOR STUDYING PHYSICAL
EFFECTS BASED ON COGNITIVE-CONTEXT APPROACH

The relevance of the study is due to the increasing role of the market
factor in the training of modern specialists. This article explores the
didactic and methodological possibilities of a contextual approach to the
study of physical disciplines in vocational education. It is well known that
modernization has brought to the fore the requirements for the practical
applicability of acquired knowledge, and at the level of developed skills
tied to specific jobs. A feature of the developed contextual approach to
technology design is the use of methods and means of cognitive didactics
based on a categorical approach to the didactic content of the discipline.
The purpose of the article is to research and create experience in the
development and testing of contextual technology for studying the topic
«Alexandrov Effecty. The theoretical basis of the study is the cognitive
constructivism of J. Piaget, as well as the scientific research of the
school of A. A. Verbitsky. Results of the study: 1) an interpretation of the
modern understanding of the contextual principle is given as a means
of implementing cognitive didactics, ensuring the connection of learning
outcomes with specific jobs 2) cognitive didactic content on the topic of
the Alexandrov Effect was developed.

Keywords: contextual approach, cognitive concept of didactics,
category physical effects, Alexandrov effect, methodological system.
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NPABWUIJIA J151 ABTOPOB B HAYYHOM XXYPHAJIE
«BECTHUK TOPAUIbIPOB YHUBEPCUTETA.
CEPUA: ®DUSUKA, MATEMATUKA U
KOMIBbOTEPHbIE HAYKW»

PenaknnoHHAs KOJUTETHsI TPOCUT aBTOPOB PYKOBOICTBOBATHCS CJIETYIOIIUMU
TIPaBIJIaMH TIPH MIOJTOTOBKE CTAThEH JUIs OMyOIMKOBAHHMS B KypHAJIE.

HayuHnble cTaThu, mpeAcTaBiIsieMble B PEJAKLIUIO KypHaIa TOJKHBI
ObITh OpOpPMIIEHBI cOTIacHO 0a30BBIM HM3JaTEIBCKHM CTAaHIAApTaM IIO
odopmrennto crareir B coorBercTBUH ¢ ['OCT 7.5-98 «XKypnansl, cOopHHUKH,
nHPOPMAIIMOHHBIE H3NaHuA. M3naTenbckoe odopmieHne myOInKyeMbIX
MaTepHaJIOBY, MPUCTATEHHBIX OHOMMOTPa)UIECKUX CIFCKOB B COOTBETCTBHH C
I'OCT 7.1-2003 «bubnmnorpaduueckas 3anuch. bubdmamorpadraeckoe onmucanue.
Obume TpeOOBaHUS U IPAaBUIA COCTABICHUS.

* B HOMep mommycKaeTcs He 0oJiee 0JHOH PYKOIHCH OT OJJHOTO aBTOpa JIHO0
TOTO )K€ aBTOPA B COCTaBE KOJUIEKTHBA COABTOPOB.

* KommdecTBO COaBTOPOB OJTHOW CTAaThH HE Ooiee 5.

* CreneHb OPUTHHAIBHOCTU CTaThU JOJDKHA COCTaBIATH HEe MeHee 60 %
(cormacHO pemeHuo pelakKIInOHHON KOJIIETHH).

* HampaBisieMble CTaThU HE JOJDKHBI OBITH paHEe OIyOIMKOBAaHBI, HE
JIOIYCKaeTCsl MOCIeAyIOIIee OMyOINMKOBaHNE B IPYTUX XKypHaJax, B TOM YHCIIE
MIEPEBOBI HA JPYTHE SI3BIKU.

* PerreHne 0 NPUHATHH PYKOIHCH K OITyOIMKOBAHUIO TPUHUMAETCS T10CTIE
MIPOBECHUS MTPOILIEAYPHI PELIEH3NPOBAHUSL.

* JIBoifHOE peleH3upoBaHUE (CIIeToe) MPOBOAUTCS KOHPHUACHIHAILHO,
aBTOPY HE COOOIIACTCS UMS PELICH3CHTA, a PELIEH3EHTY — MM aBTOpa CTAThH.

* KButanuust o0 orurate mpemocTaBIseTCs MOCHE NMPUHATHS CTaTel K
myonukanud. CTOMMOCTh MyONuKauu B KypHane 3a ctpanuny 1000 (omaa
TBICSTYA) TEHTE.

* moktopanTaM HAO «TopaiiTsIpoB YHHBEPCUTETY» U HHOCTPAHHBIM aBTOpaM
(6e3 Ka3axCTaHCKUX COABTOPOB) ITyOJIUKAIHA B )KypHAJIE OECIUIaTHO.

*Ecnu cTaThsl OTKJIOHEHA AHTUIIIATHATOM MIIM PELEH3EHTOM CTaThs
BO3BpAIaeTCs aBTOPY Ha I0PaOOTKY. ABTOpP MOXKET TOBTOPHO OTIIPABHUTH CTATHIO
Ha aHTHUIIATHAT W pelieH3eH3upoBanne | pa3. OTBETCTBEHHOCTH 3a COAEPKAHNE
CTaThbH HECET aBTOP.

Penaxkims He 3aHUMAeETCs TUTEPATYPHOH M CTHIMCTHYECKOW 00paboTKOMH
CTaThH.

Cratbn, opopMiIeHHbIE C HAPpYLIeHHEeM TPeOoBaHMil, K My0JIMKAIIUU He
NPUHUMAIOTCS M BO3BPAINAIOTCSH AaBTOPaM.
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JlaToil nmocTymiIeHNsT CTaThbU CUMTAETCs JaTa MOJIyueHUs pelakiuei ee
OKOHYATEJILHOTO BapHaHTa.

CrarbH IyOJIMKYFOTCS 110 Mepe NoCTyTuieH s . XKy pHai popMHupyeTcs HCXo/s
U3 KoymdectBa He Oosee 30 craTeil B 0JJHOM HOMEpE.

IepuoanyHOCTL M3AHUS KYPHAJIOB — 4 pa3a B roj (e;keKBapTaJbHO).

Cpoku nojgaym craTbu:

- nepBbId kBapTan g0 10 gespais;

- BTOpo# kBapTain 1o 10 mas;

- Tpetuil kBapran 10 10 aBrycra;

- 4eTBepThIi kBapTai 10 10 HOSOpsI.

Hayunsiit xxypHan «Bectuuk Topaiirsipo yHuBepcurera», «Hayka
n texHuka Kazaxcrana» BbIIycKaeTCsl ¢ NMEPHOJUYHOCTBHIO 4 pa3a B I'oj B
ceTeBOM (JIEKTPOHHOM) (hopMaTe B ClIeTyOIIHIE yCTaHOBICHHbBIE CPOKH BBIX0/1a
HOMEPOB XypHaJia:

- IepBbII HOMep BbIMycKaeTcst o 30 MapTa TeKyILIero roja;

- BTOpOi HOMep — 710 30 uIOHS;

- TpeTuid HoMep — 10 30 ceHTsIOps;

- 4eTBepTHIi HOMep — 110 30 KeKadpsi.

CraTpio (JIGKTPOHHYIO BEPCHIO W KBUTAHIMU 00 oIuiaTe) cienyer
HaIpaBJIsITh HA caliTax:

- https://vestnik.tou.edu.kz/

- https://vestnik-pm.tou.edu.kz/

Jlyist Tioiaum CTaThy Ha MyOIMKAIMI0O HEOOXOAUMO MPOUTH PETHCTPALMIO
Ha cairte.

ABTOp, KOTOPBI BHEC HAUOOJIBIINI HHTEIUICKTYAIIbHbINA BKJIAJT B TIOITOTOBKY
pykornucH (IpH JABYX U 00Jice COABTOPAX ), SIBIISIETCS aBTOPOM-KOPPECIIOHIEHTOM
H 0003HAYACTCS « ).

ABTOpBI U3 pa3HbIX YUeOHBIX 3aBEJCHUM yKa3bIBAIOTCS [udpamu >

JIyis OCyIIECTBIICHUS TPOLIEAYPhI TBOWHOIO PEICH3UPOBAHHUsI (CIIENOr0),
aBTOpaM HEOOXOIMMO OTIIPABIIATH JIBA BAPUAHTA CTAThU: MIEPBBIN — C YKa3aHHEM
JIMYHBIX JAHHBIX, BTOPO# — 0€3 yKa3aHus JIMYHBIX JaHHBIX. [Ipu HapylieHuu
MIPUHIIKTIA CJIETIOr0 PELICH3UPOBAHUS CTAThsl HE PACCMATPHBACTCS.

Cmambvu 00191cHbL ObIMb OPOPMAEHBL 6 CHIPOZOM COOMIBEMCHEUL
CO CNLeOYIOUWUMU NPAGUIAMU:

— B »KypHaJIbl IPUHUMAIOTCS CTAThU 110 BCEM HAYYHBIM HAIIPABJICHUSM,
B 3JICKTPOHHOM BapUaHTE CO BCEMU MaTepHajaMH B TEKCTOBOM PEIAaKTOpPe
«Microsoft Office Word (97, 2000, 2007, 2010) mnst Windows» (B dpopmarax
.doc, .docx, .rtf).
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— OOuwmit 00beM cTaThH, BKIOYAs aHHOTALMH, JIUTEPATYPY, TaOJIHIIbI,
PUCYHKH M MaTeMaTH4yeckue (GpopMyJibl JIOJDKEH COCTaBISITH He MeHee 7 M He
0oJiee 12 cTpaHul ne4aTHOro Tekcra. [lona cmpanuy — 30 Mm co cex cmoponu
aucma, Texcm cmamou: xeenv — 14 nynkmos, eapuumypa — Times New Roman
(01151 pyccroeo, anenuticko2o u Hemeykoeo s3vikos), KZ Times New Roman (0ns
Ka3axcKo2o sA3bIKa).

CTpyKTypa Hay4yHOH CTaTbu BKJIIOYAET HA3BaHHE, AaHHOTALUS, KIFOUEBbIC
CJIOBA, OCHOBHBIE TTOJIOJKEHNS1, BBEJICHHUE, MATEPHAJIbl U METO/IbI, PE3yJIbTaThl U
o0CcyXkJIeHHe, 3aKIIOYeHNE, BBIBOJIBI, HH(OpMaIHI0 0 pUHAHCHUPOBAaHUU (TIpU
HaJM4YUH), CHUCOK MCIOJIb30BAHHBIX MCTOYHUKOB (JIUTEPATYphl) K Kaxa0H
cTaThe, BKIIOYasi POMAaHU3UPOBAHHBIN (TPAHCIMTEPUPOBAHHBIA JITATHHCKUM
a(haBUTOM) BapUaHT HAIIMCAHHS UCTOYHUKOB Ha KHPHWJUIUIE (HAa Ka3aXCKOM U
pycckoMm si3bikax) cm. L OCT 7.79-2000 (UCO 9-95) Ilpasuna mpanciumepayuu
KUPUTIOBCKO20 NUCbMA JIAMUHCKUM ANDABUMOM.

Cmambs 007121cHa cooepircanp:

I.MPHTHU (MexrocynapcTBeHHbIH pyOpHKaTOp Hay4YHOW TEXHUYECKOU
nH)pOpMaLnH);

2.DOI — nocne MPHTH B BepxHem mpaBoM yriy (IpucBauBaeTcs U
3aI0JIHSCTCS PelakIiel Ky pHala);

3. Mnummannl (MMs1, otTyectBo) DaMuiinst aBTopa (-0B) — Ha Ka3axCKOM,
PYCCKOM M aHTJIMHCKOM $SI3bIKaX (KUPHBIM MIPH(TOM, 110 LEHTPY);

ABTOp, KOTOPBIH BHEC HAMOOJBIINI HHTEIUIEKTYJIbHBINA BKJIAJL B IIOJI'OTOBKY
pykorucH (IIpH ABYX U 00Jiee COaBTOPaX ), SIBJISIETCS] aBTOPOM-KOPPECTIOHIEHTOM
n o6o3HaYaeTcs «*».

ABTOpBI U3 pa3HbIX YYCOHBIX 3aBEACHHH yKa3bIBAIOTCS [udpamu 2.

4. Appuanamus (opranusais (Mecto padboTsl (yueObl)), cCTpaHa, ropo) —
Ha Ka3aXxCKOM, PyCCKOM M aHIJIMICKOM si3bIkax. [lomHble qanuble 00 addummann
ABTOPOB MPEJICTABISIIOTCS B KOHIIE JKYPHAIa;

5.Ha3Banme CTaThbH JIOJDKHO OTPAXKaTh COJEpIKAHUE CTAThH, TEMATHUKY
U pe3yJbTaThl IPOBEJEHHOI0 HAyYHOrO HCCieloBaHMs. B Ha3BaHWe craThu
HEOOXO0AMMO BIOXXKUTH HHPOPMATHBHOCTb, IPUBIICKATEIBHOCTD U YHUKAJIBHOCTh
(ue Oosiee 12 ci10B, MPONUCHBIMU OYKBaMH, )KUPHBIM IIPUGTOM, 1O LEHTpPY, Ha
TPEeX sI3bIKAX: PYCCKUH, Ka3aXCKU, aHITTMACKUHN JTHOO HEMEITKUHT);

6. AHHOTAIUS — KpaTKas XapaKTepHCTHKA Ha3HAYCHUS, COJIePIKaHMsI, BUJIA,
(opMBI 1 Ipyrux ocoOeHHOCTEH cTaThu. JloJKHA OTpaskaTh OCHOBHEIC U LICHHBIE,
110 MHEHUIO aBTOPA, JTallbl, OOBEKTHI, NX NPU3HAKH U BBIBOABI ITPOBEICHHOIO
uccienoBaHusl. Jlaercsi Ha Ka3aXCKOM, PYCCKOM M aHIJIMHCKOM JIN0O HEMEI[KOM
sI3bIKaX (PEKOMEHyeMblii 00beM aHHOTAIMHU Ha SI3bIKE ITyOJIMKAIMY — HE MEeHee
150, ve Goxee 300 ciioB, KypcHB, HEXKUPHBIM MIPHU(TOM, Kerib — 12 MyHKTOB,
a03allHbIl OTCTYII CJicBa | cripaBa 1 cM, cM. oOpasen);
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7.KiiodeBble ciaoBa — HaOOp CJIOB, OTPAKAIOLIUX COJIEPKAHUE TEKCTa B
TEepMHHaX 00bEKTa, HAYYHOI OTPACIM U METO/IOB Ucciie10BaHus (0hOpMIISIOTCS
Ha TpEeX S3bIKaX: PYCCKUH, Ka3aXCKHUW, aHTJIMUCKUN OO0 HEMCIKUH; Kerilb —
12 myHKTOB, KypCHB, OTCTYII clieBa-ciipaBa — 1 cM.). PekomeHyemMoe KoimuecTBo
KITIOUEBBIX CJIOB — 5-8, KOJIMYECTBO CIIOB BHYTPH KIIIOYEBOH (pa3sl — He OoJee 3.
3aat0Tcs B MOPSIJIKE MX 3HAYUMOCTH, T.€. CAMOE BaXKHOE KIIFOUEBOE CIIOBO CTAThU
JIOJDKHO OBITH MEPBBIM B CITUCKE (CM. 00paselr);

8. OCHOBHOM TEKCT CTATBHH H3JIaraeTCs B ONPEACIICHHON M0CIIe10BaTeNIbHOCTH
€ro 4acTel, BKIIIoUaeT B ce0s:

- BBenenue (a03am 1 cM 10 JIeBOMY Kparo, )KUPHBIMH OyKBaMH, KeIjib —
14 mynkroB). OOocHOBaHME BEIOOPA TEMBI; AKTYaJIbHOCTH TEMBI HIIH TIPOOJIEMBI.
AKTYaJIbHOCTb TE€MBI OINPEEIISIETCs] OOIMM HHTEPECOM K U3YYEHHOCTH JJAHHOTO
00beKTa, HO OTCYTCTBUEM MCUEPIBIBAIOIINX OTBETOB HA MMEIOIIHECS] BOIPOCHI,
OHA JIOKa3bIBAETCSl TEOPETUUECKON MIIM MPAKTUYECKOW 3HAYMMOCTBIO TEMBI.

- MarTepuajsl 1 MeTOABI (a63ay 1 cm no negomy Kpaio, HCupHulMu OYK8amu,
Keaib — 14 nynkmos). JI0JDKHBI COCTOSITH M3 OIMCAHHsl MaTEPUAJIOB U X0/1a padOThI,
a TaKKe IOJIHOT'O OIMCAHUS UCIIOJIb30BAHHBIX METOOB.

- PesyabTaTsl u odcy:xkaenune (aosay 1 cm no neeomy Kpaio, JHCupHuiMu
bykeamu, keenv — 14 nynkmos). IIpuBoquTCS aHAIN3 U 00CYKICHUE TOTYYCHHBIX
BaMHM pe3yJIbTaToOB McciIeaoBaHus. [[pHBosSTCS BEIBOBI 110 TIOJTyYEHHBIM B X0/1€
HCCIIe0BaHusI pe3yJIbTaTaM, pacKpbIBacTCsl OCHOBHAs CyTh. M 3TO OJIMH U3 caMbIX
Ba)KHBIX Pa3JeJOB CTaThbu. B HEM HE0OXOIMMO MPOBECTH aHAIN3 PE3yJIbTATOB
cBOEit paboThl M 00CYKJEHHE COOTBETCTBYIOLIMX PE3YJILTATOB B CPAaBHEHUH C
MIPEABLIY UMY Pa00TaMu, aHAJIU3aMH U BHIBOAAMH.

- Undopmanuio o punancupoBannu (pu Hasimunm) (ad3at 1 cM 1o ieBomy
Kparo, )KUPHBIMH OYKBaMH, KeTJib — 14 IyHKTOB).

- BeiBoabI (ab3ay 1 cm no negomy Kpai, JHCUpHoiMu OYKEaMu, Keailb —
14 nynxkmos).

BbiBosibl — 000011IeHNE M TIOBEJCHNE UTOrOB pabOThl Ha JaHHOM JTare;
MO/ATBEPIKICHNE MCTUHHOCTH BBIJIBUTAEMOI'0 YTBEP)KJICHUS, BHICKAa3aHHOTO
aBTOPOM, M 3aKJIIOYCHHE aBTOpa 00 U3MEHEHHWH HAYYHOr'O 3HAHHUS C yYETOM
MIOJIyYEHHBIX PE3yJIbTaTOB. BBIBOABI HE JOJKHBI OBITH A0CTPAKTHBIMH, OHU
JIOJDKHBI OBITH HCIIOJIB30BAHBI J1s1 0000IIEHUSI pe3yIIbTaTOB UCCIIEI0BAHMS B TOW
WM MHOW Hay4yHOH 00JIacTH, C ONHMCAHHUEM IPEAJIONKEHUH WM BO3MOXKHOCTEH
JalbHEHIIeH paboThl.

- Cnucok MCMoJb30BAHHBIX HCTOYHHKOB ()KHUPHBIMH OYKBaMHM, KETJb —
14 myHKTOB, B LIEHTPE) BKIIIOYAET B CEOsL:

CraTbsi ¥ CIIUCOK UCTIOIb30BAHHBIX HICTOYHUKOB JTOJDKHBI OBITH O()OPMIICHBI
B cootBercTBUM ¢ ['OCT 7.5-98; TOCT 7.1-2003 (cMm. obpaserr).
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OuepeIHOCTh NCTOYHHMKOB ONPENEIISIeTCsl CIEIYIONUM 00pa3oM: cHavyasa
MOCJIEIOBATENIbHBIC CCBUIKH, T.€. HICTOYHUKU Ha KOTOPBIC BBl CCBHIJIAETECH 110
04epeTHOCTH B CaMOH CTaThe. 3aTeM JOTOIHHUTEIbHbIE HCTOYHUKH, HA KOTOPBIX HET
CCBUIOK, T.€. ICTOYHHKH, KOTOPbIE HE MMEII MECTO B CTaThe, HO PEKOMEHI0BaHbI
BaMU YUTATENsIM JUIsl O3HAKOMJICHUS, KaK CMEXHbIE pabOThI, MPOBOAMMEIE
napasenbHo. Oovem ne menee 10, ne bonee yem 20 naumenosanuil (CCHUIKA U
NPUMEYaHUs B CTaThe 0003HAUAIOTCS CKBO3HOM HyMepalueil U 3aKIo4aloTcs B
KBaJIpaTHBIC CKOOKHM), IIPEUMYIIIECTBEHHO 3a nocieauue 1015 ner.

B ciiydyae Hamuuusi B CIHMCKE MCIIOJIb30BAaHHBIX UCTOYHUKOB paboT Ha
KHpWIIIUIE (Ha Ka3aXCKOM M PYCCKOM SI3bIKax), HEOOXOMMO IPEICTaBUTh
CIIMCOK JIMTEpaTyphl B ABYX BapuaHTax: 1) B opuruHaie (yKa3blBalTCs
UCTOYHHMKH Ha PYCCKOM, Ka3aXCKOM M aHTJIMHCKOM JIMOO HEMEIKOM S3bIKaX);
2) pOMaHHM3MPOBAHHBIH BapHaHT HAIMCAHMS MCTOYHHUKOB Ha KUpWLIHIE (Ha
Ka3aXCKOM M PYCCKOM SI3bIKaXx ), TO €CTh TPAHCIUTEPALUsl JATHHCKUM ai(haBUTOM.
em. TOCT 7.79-2000 (UCO 9-95) [Ipasuna mpanciumepayuu KUpUIO8CKO20
NUCLMA TAMUHCKUM ALPAGUMOM.

Onnaiin cepsuc Tpancaumepayus no I'OCTy — https://transliteration-
online.ru/

Ilpasuna mpancaiumepayuu Kupuinio6cKozo nucbma
JAMUHCKUM angagumom.

Pomanusuposannuiiit cnucok numepamypol 0071MHCEH 6bl21A0eNb
caedyrouwum oopazom: aBTop(-bl) (TpaHCIUTEpAUs JIMOO aHTIIOSA3BIYHBIN
BapUaHT IPU €ro HAJIMYMHM) — Ha3BaHHE CTaTbH B TPAHCIUTEPUPOBAHHOM
BapuaHTe — [[epeBOj Ha3BaHMs CTAThH HA AHIVIMMCKUH SI3BIK B KBaJPATHBIX
CcKOOKax| — Ha3BaHHME Ka3axOs3BIYHOTO JIMOO PYCCKOSI3BIYHOTO MCTOYHHMKA
(TpancimTepanyst, 1100 aHITIMICKOE Ha3BaHKE IIPH €ro HAJIMYHMHN ) — BBIXO/IHBIC
JITaHHBIE ¢ 0003HAYCHUSIMH Ha QHTJIMIICKOM SI3bIKE.

* UnnocTpanuu, nepevyeHb PHCYHKOB U MMOAPHUCYHOUYHBIC HAAIIHCH
K HUM TIPEJICTABIISIIOT IO TEKCTY CTAaThbH. B 2JIEKTPOHHOM BEpCHU PUCYHKH M
wnoctpanuu npezacrasisitorest B popmare TIF mwim JPG ¢ paspeniennem He
menee 300 dpi.

* MaTtemaTudeckune (popmyJabl J0DKHBI ObITh HaOpaHbsl B Microsoft
Equation Editor (kaxast popmyiia — oiuH 0OBEKT).

177



Topatievipos ynusepcumeminiy Xabapuwicot, ISSN 2959-068X.
Dusuka, Mamemamura HaHe KOMNbIOMePIIK 2blabimoap cepusicol. Ne 4, 2023

Becmuux Topatievipos yrusepcumema, ISSN 2959-068X.
Cepus: Qu3suka, Mamemamura u KomnvromepHoie Hayku. Ne 4, 2023

Ha omoenvnoii cmpanuye (nocie cmamuu)

B aniekTpoHHOM BapHaHTe IPUBOJISTCS MOJIHBIE IOYTOBbIE apeca, HoMepa
cJIY:KeQOHOro ¥ iomManiHero TejnedoHoB, e-mail (Homepa TeneoHOB TSI CBSI3U

PEMaKINK ¢ aBTOpaMH, He ITyOIUKYIOTCS);

Ceéedenusn 06 asmopax

Ha xa3axckom si3bIke

Ha pycckom si3pike

Ha anrnuiickom s3bIke

damunung Umsa OrtdyecTBO
(TIOJTHOCTHIO)

JlonKHOCTh, yueHasi CTENeHb,
3BaHUC

Opranuzauus

T'opon

Nunexc

Crpana

E-mail

Tenedon
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C. K. AHmukeesa*, C. K. Kcembaeea
TopaiireipoB yauBepcuteT, Peciyonmka Kazaxcran, 1. [TaBmomap

TEOPETUYECKASI MOAEJIb ®OPMUPOBAHUA
KOMIETEHLUNUN COLUUNATJIbHbIX PABOTHUKOB
YEPE3 KYPCbI NOBbILUEHUA KBAJIUOUKALIUN

Boannoii cmamve npedcmasnena meopemuieckas mooens popmMuposanus
JUHHOCTIHBIX U NPOGHECCUOHATLHBIX KOMREMeHYUL COYUATbHBIX PAOONHUKO8
yepe3 Kypcvl NOGbIUEHUSA K8ATUDUKAYUY, KOMOpaAs paspabomana &
pamkax 0okmopckoul ouccepmayuu « Popmuposanue IUIHOCMHBIX U
nPOhecCUOHATHBIX KOMNEeMeHYUll COYUATbHBIX PAOOMHUKOS Yepe3 KypPCbl
nogviuleHus Kearuuxayuuy. B cmamve npusoosmes nedacocuuecxue
ACneKmuvl camoeo npoyecca MoOeaupo8aHus, nepeyucienbl Jmansl
neoazoeuyecko2o mooenuposanus. Ilpedcmagnenvl memooonoeuyeckull,
npoYyeccyanbHblil (MexXHON02UYeCKULL) U UHCIPYMEHMATbHBII YPOSHU MOOEU,
ee yenb, MOHUMOPUHE CHOPMUPOBAHHOCTIU UCKOMBIX KOMNEMeHyull, d
maxoice pesyrvmanm. B mooenu nokasanvl KOMREmMeHmHOCIHbILL, TUYHOCHIHO-
OPUEHMUPOBAHHBII U NPAKMUKO-OPUCHIMUPOBAHHDII Nedazo2uyecKue
100X00b1, 3AKOHOMEPHOCTNU, NPUHYUNBL, YCTIOBUS YOPMUPOBAHUS BLIOPAHHBIX
KOMRemenyuil; ORUCAHbL IMANbL PEanu3ayuil npoyecca (PopmMuposaniis, yposHil
ChopMUPOBAHHOCIU TUYHOCHIHBIX U NPOPECCUOHATLHBIX KOMNEMEeHYUIL.
B pasoene npakxmuuecxou nodcomoexu npeonazaemcs UHMepaKmueHas
paboma 6 cucmeme CIyuamenb-npenooasamenb-2pynna, HoOpasymesaruas
JQUYHOE YHacmue Kaxcoo2o Cneyuarucmd, a maxxice omxpulmue nepeoeo
6 Hauwell cmpane Pecnybiukanckozo obuecmeennozo o6veoutenus
«Hayuonanvhwiii anvsanc npogheccuoHaTbHbIX COYUATLHBIX PAOOMHUKOB).
Jlannas mooens noopasymesaent noo coboti OanbHelliee CO8ePUICHCNBOBAHIE
U camocmosmenvHoe pazeumue JUUHOCIMHBIX U NPOPecCUoOHaNbHBIX
KOMREemeHyuti COYUanbHulx pabomnuKkos. Imo no36015em yeuoems 8 Mooenu
apgpexmusHocmv peanuzayuu Kypcos nosviuieHus Keanuguxayuu, popmoi,
Memoobl U cpedcmaa pabomal.

Kawouesvie crosa: meopemuueckas mooenb, KoMnemeHyuu,
nogvluleHue KeATUGUKayuL, CoyuanbHvie pabomHuxi.
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Beenenne

CounaiipHasi paboTa — OTHOCUTEIBHO HOBAs JIJIsI HAILIEH CTPaHbI TPOpECCHsL.
[TosToMy oOydeHHE COLMANbHBIX PAaOOTHUKOB HAa COBPEMEHHOHN CTaauu HE
XapakTepu3yeTcsl HallM4ueM JAOCTATOYHO pa3paboTaHHBIX 00pa30BaTENbHBIX
CTaHJIaPTOB, KOTOPbIE HAXO/IHJIN ObI BEIpaXKEHHE B (JOPMYIHPOBKE I1E1arOr UeCKUX
Lenel, B coiepyKaHuy, TEXHOJIOTUAX yUeOHOTO MpoIiecca.

IIpodonxcenue mexcma nyoauKyemoz2o mamepuana

MaTtepuaiabl U MeTOABI

Teopernyeckuil aHaIU3 HAYYHOM MCUXOJOTO-NMEAATOTUUYECKOU U
CTEIHATBHON JINTEPATYPHI IO POOIIeMe UCCIICIOBAHNS; aHAJIN3 3aKOHOIAaTEIbHBIX
U HOPMATHBHBIX JIOKYMEHTOB IO OTKPBITHIO OOIIECTBEHHBIX O00BEIUHEHUN;
aHaJIN3 COAEPKAaHM TPOrPaMM KypPCOB ITOBBIIICHUS KBATH(UKAIINN COITHATTEHBIX
pPabOTHHUKOB; MOJICIMPOBAHUE; aHATIHU3 U 0000IICHHE TIeJarornieckoro OnbITa;
OTIPOCHBIE METOIBI (Oecea, aHKETHPOBAHNE, UHTEPBLIOUPOBAHNE); HAOIOICHHE;
aHalNU3 MPOAYKTOB ACATEIHHOCTH CHEIHATUCTOB; dKCIEPUMEHT, METOIBI
MaTeMaTH4eCKON CTAaTUCTUKH 10 00pabOTKe IKCIIEPUMEHTAIbHBIX JTAHHBIX.

IIpoodonxcenue mexcma nyonuKyemoz2o mamepuana

Pe3yabTaTtsl n 00cy:K1eHHe

UtoOBI HOHATH 00BbEKTHBHBIE 3aKOHOMEPHOCTH, JISKAIIHe B OCHOBE Ipoliecca
(hopMHUPOBaHUS U PA3BUTHSL JINYHOCTHBIX U MPOPECCHOHAIBHBIX KOMIETECHIINI
COITMATIBHBIX PAOOTHUKOB Yepe3 KyPChl MOBBIIEHH KBaTH()UKAIINH, HEOOX0IUMO
YEeTKO MPEACTaBIATh ce0e UX MOAETb.

IIpoodonxcenue mexcma nyoauKyemozo mamepuana

BriBoab!

Taxum o0pa3zoM, Ha OCHOBAHHH BBINIEH3TI0KEHHOT'O MOXXHO CAENaTh
BBIBOJI O TOM, YTO TeOpeTHUYecKas MOJelIb (GOPMHPOBAHUSA JTUYHOCTHBIX H
npodeccroHalbHBIX KOMIIETEHIIUH COIMAIbHBIX PAa0OTHUKOB 4Yepe3 KypChl
TMIOBBIIICHUS KBATU(DUKAIIMU COJIEPIKUT TPU YPOBHS €€ Peallu3allnu.

IIpodonxcenue mekcma nyonuKyemoz2o mamepuana
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C. K. Anmuxeesa™, C. K. Kcembaesa
TopaiirbipoB yHuBepcutet, Kazakcran Pecriyonukacst, [1aBnonap k.

BUIIKTUIIKTI APTTBIPY KYPCTAPBI APKBIL/IbI OJIEYMETTIK
KBISMETKEPJIEP/[IH KY3IPETTUIIKTEPIH KAJIBIIITACTBIPY/IbIH
TEOPHAIBIK MOJEJII

byn maxanada «Oneymemmix KvizsmemrepiepOiy OLNIKMINIciH
apmmulpy Kypcmapbsl apKblibl MYAANbIK HCIHE KICIOU KY3IPemminlikmepin
Kanolnmacmuolpyy O0OKMOPJIbIK ouccepmayusi uleHoepinoe 23ipileHeeH
OLIIKMINIKMI apPMmMeIPy KypCmapvl apKblibl d/leyMemmiK Kbl3MemKepiepoin
IMYAANIBIK JHCIHE KICIOU KY3blpemminiein Kaablnmacmuipyoull Meopusiibik,
MmoOeni ycvinvliean. Makanada moodenvoey npoyeciniy nedaco2uxkanbik
acnekminepi, nedazocuKkaiblk Mooeiboeyoiy Kezeyoepi KelmipileeH.
Mooenvdiy a0icnamanvik, npoyeccyanrovl (MexHoLI0SUSIbIK) HCIHE
acnanmulk Oeneeunepi, OHblY MAKCAMbL, KANCemmi Ky3vlpemmepoiy
KAIInmacy MOHUMopuHel, conoau-ax namuoiceci ycovinvlizan. Mooenvoe
KY3bIpemminiKKe, mynzaza 6azblmmangam Jcane npaKmukazd Oazelmmanean
neoazocuKaIblK maciioep, mayoaiean Kysvipemmepoi Kalblnmacmoipy
3aHOBLILIKMAPSL, KARUOAMMAPbL, WAPMMAPbl KOPCEMiieen, Kanblnmacy
npoyecin icke acvlpy Ke3eyoepi, dceKe JcaHe Kaciou KysvipemmepOoiH
Kanvinmacy oeneetiiepi cunammanzan. Ilpakxmukanelk 0aublHObIK
O6IMIHOE MbIHOAY UbI-OKbLIIMYUBL-NON HCYUECIHOE UHMEPAKMUGIE HCYMBIC
YCOIHLLIAObL, Ol 9P MAMAHHBIY JCeKe KAMbICYbIH, COHOAU-AK eniMiz0e
ANEAUIKBL «KICIOU dNIeyMemmiK KblsMemKepaepoiy Yammuolk albsHCbLY
PecnyonuKaIblK Ko2amOoblK OIpieCmiciHiK aubliyblH 6L10ipedi. Byn modens
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aneyMemmik Kbl3MemKepaepoiH JHeeKe JHeaHe Kaciou Kyzvipemmepin 00aH
api dicemindipyoi dicone mayeiciz oamvimyovl 0indipedi. Byn modenvoe
OLIKMINIKMI apmmulpy KypCmapblH iCKe acblpyObly MUIMOLIIZIH, HCYMbIC
HbICAHOApbl, 20icmepi MeH KYParioapbli Kopyee MYMKIHOIK 6epeoi.

Kinmmi ce3dep: meopusiibik MoOenv, KY3olpemminik, Oiikminiikmi
apmmuipy, aneymMemmik KbizmemrepJep.

S. K. Antikeyeva®, S. K. Ksembaeva
Toraighyrov University, Republic of Kazakhstan, Pavlodar

THEORETICAL MODEL OF FORMATION COMPETENCIES
OF SOCIAL WORKERS THROUGH PROFESSIONAL DEVELOPMENT
COURSES

This article presents a theoretical model for the formation of personal
and professional competencies of social workers through advanced
training courses, which was developed in the framework of the doctoral
dissertation «Formation of personal and professional competencies of
social workers through advanced training courses». The article presents
the pedagogical aspects of the modeling process itself, and lists the stages
of pedagogical modeling. The methodological, procedural (technological)
and instrumental levels of the model, its purpose, monitoring the formation
of the required competencies, as well as the result are presented. The model
shows competence-based, personality-oriented and practice-oriented
pedagogical approaches, patterns, principles, conditions for the formation
of selected competencies, describes the stages of the formation process,
the levels of formation of personal and professional competencies. The
practical training section offers interactive work in the listener-teacher-
group system, which implies the personal participation of each specialist,
as well as the opening of the first Republican public Association in our
country, the national Alliance of professional social workers. This model
implies further improvement and independent development of personal
and professional competencies of social workers. This allows you to see
in the model the effectiveness of the implementation of advanced training
courses, forms, methods and means of work.

Keywords: theoretical model, competencies, professional development,
social workers.

183



Topatievipos ynusepcumeminiy Xabapuwicot, ISSN 2959-068X.
Dusuka, Mamemamura HaHe KOMNbIOMePIIK 2blabimoap cepusicol. Ne 4, 2023

Caenenust 00 aBTopax

Ha ka3axckoM si3bike

Ha pycckom s3bike

Ha anrnuiickom si3bike

AnrukeeBa Caman Kanatopna
«ITemaroruka xoHe
TICUXOJIOTHsD MaMaHIbIFblI
OOBIHIIA TOKTOPAHT
TopaiiFbIpoB yHHBEPCHTETI,
I'ymaHHTApITBIK KOHE
QIIEYMETTIK FBUIBIMAAP
¢axynsreri, [TaBnogap,
140008, Kazakcran
Pecry6mukacel, samal_
antikeyeva@mail.ru, 8-000-
000-00-00

AmnTrkeeBa Caman

KanaroBHa JOKTOpaHT O
cnenuanbHocTH «Ilemarornka
U TIcUXoJorus», Topalrelpos
yHuBepcuret, DaKyabTeT
T'YMaHUTapPHBIX ¥ COLUATBHBIX
Hayk, [TaBnogap, 140008,
Pecnyonuka Kasaxcraw,
samal_antikeyeva@mail.ru,
8-000-000-00-00

Samal Kanatovna Antikeyeva
doctoral student in «Pedagogy
and psychology»,Toraighyrov
University, Faculty of
Humanities and Social
Sciences, Pavlodar, 140008,
Republic of Kazakhstan,
samal_antikeyeva@mail.ru,
8-000-000-00-00

184

Becmuux Topatievipos yrusepcumema, ISSN 2959-068X.
Cepus: Qu3suka, Mamemamura u KomnvromepHoie Hayku. Ne 4, 2023

NMYBIIMKALUNOHHAS 3TUKA
B HAYYHOM XXYPHAIJIE
«BECTHUK TOPAUIbIPOB YHUBEPCUTETA.
CEPUA: ®DUSUKA, MATEMATUKA U
KOMIMBbOTEPHbIE HAYKW»

Penaknmonnas xonmerus HaydHBIX xypHamoB HAO «Topalrsipos
yHuBepcureT» «BecTtHuk TopalirelpoB yHusepcutera», «Hayka u TexHuka
Kaszaxcrana» u HayuHO-nomnyJisipHoro xypHaina «KpaeBeneHue» B cBoei
podecCHOHANBHON AEATENBbHOCTH MPUAEPKUBAIOTCS NMPUHIUIIOB U HOPM
[TyGmuKamoHHON STUKN HaydHBIX KypHAIOB HAO «TopaliTbIpOB yHUBEPCHUTETY.
[TybnukannoHHas 3Tuka pa3paboTaHa B COOTBETCTBHM C MEXKIyHapOIHOU
My OIMKAIIMOHHON 3THYecKol HopMoit KomuTeTa 1o myOMMKaIlMOHHON 3THKE
(COPE), sTruecknMu IpyHIMIIAME TyOnukanuu xKypHaiaoB Scopus (Elsevier),
Komekca akagemnaeckoit uectnoctn HAO «TopaliTHIpOB YHUBEPCUTETY.

[TyOnukanuoHHas 3THKa ONPEAEIsieT HOPMbI, IPUHIUIBI U CTaHAAPTHI
3THYECKOTO MOBEJEHHS PEJAaKTOPOB, PELIEH3CHTOB M aBTOPOB, MEPHI 11O
BBIABIICHUIO KOH(DJIMKTOB MHTEPECOB, HEITUIHOTO MOBEACHUS, HHCTPYKLIUH TI0
U3BATUIO (PETPAKIMN), UCIIPABICHHIO U OTIPOBEPKEHUIO CTATHH.

Bce ywyacTHnKEM nporiecca myOIMKauy, COOM0AAI0T IPUHIHIEI, HOPMBI 1
CTaH/APTHI Ty OINKAIIOHHON 3THKH.

KavecTBo Hay4HOTO jXypHana 00eCrednBaeTCsl NCIOIHEHNEM MPUHIIUIIOB
YYacCTHHKOB Ipolecca MyOJMKAallMU: PAaBEHCTBA BCEX aBTOPOB, NMPUHIHII
KOH()HMIEHIINaTbHOCTH, OJHOKpPATHBIE IMyOIMKAalNK, aBTOPCTBA PYKOIUCH,
MIPUHIAIT OPUTMHAIBHOCTH, TIPUHLUI TTOJITBEP)KICHUS HCTOYHUKOB, MPUHIINAI
00BEKTHBHOCTH U CBOEBPEMEHHOCTH PELICH3UPOBAHNSI.

IIpaBa u 0053aHHOCTH YJICHOB PEAAKIIMOHHBIX KOJUIETHH Hay4HBIX
xypuaioB HAO «TopaiireipoB yHuBepcuteT» «BecTHuk Topailreipos
yHuBepcuteTay, «Hayka u TexHuka Kasaxcrana» u HaydHO-ITOMYJISIPHOTO
xyprana «Kpaesenenne» onpenenenst CO CMK 8.12.3-20 Ynpasnenue HayqHO-
N3JaTeNbCKON AEATEIbHOCTHIO.

IIpaBa 1 00513aHHOCTH pPeLleH3EHTOB

PenieH3eHThl HayuHBIX )KypHaI0B «BecTHUK TOpalrelpoB yHUBEPCUTETA,
«Hayxka u rexauka Kazaxcranay, HayqHO-IIOIyJIIpHOT 0 )KypHana «KpaeseaeHuey,
00s13aHBI PyKOBOJICTBOBATHCS IPUHINIIOM OOBEKTUBHOCTH.

[TepconanpHasi KPUTHKA B aJpec aBTOpa(-0B) PYKOIHMCH HEIOMYCTHMA.
PerieH3eHT OMKEH apryMEHTHPOBAaTh CBOM 3aMEUYaHUsI 1 0OOCHOBBIBATH CBOE
pELIeHNE O MPUHITUHN PYKOITUCH HIIH O €€ OTKJIOHEHHUH.
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HarmoHaapHOCTE, pETUTHO3HAS IPUHAIC)KHOCTD, ITIOTUTHYCCKUE FITH HHBIC
B3TJIS1/IbI aBTOPA(-0B) HE JOJDKHBI IPUHUMATHCS BO BHUIMAHKUE U YUUTHIBATHCS B
IIPOLIECCe PELICH3NPOBAHUS PYKOIIUCH PELICH3EHTOM(-aMH).

DKcnepTHas OLIEHKa, COCTaBJICHHAs PELIEH3EHTOM JIOJDKHA CITIOCOOCTBOBAThH
MPUHSATUIO PCHICHUS PEAaKIMEH O MyOIMKAUU U MOMOTaTh aBTOPY YIIYYIIUTh
PYKOITUCH.

PerieHre o MPUHSITHY PYKOITHCH K ITy OJTUKAIINH, BO3BPAIICHHE paOOTHI aBTOPY
Ha U3MCHCHHUE WK JOPabOTKY, MO0 pelieHne 00 OTKIOHCHUH OT ITyOJIUKAI[HH
MIPUHUMAETCS PEJIKOJUICTUEH OITUpasiCh Ha PE3yJIbTaThl PELIEH3UPOBAHMSI.

IIpuHOMN cBOeBPEeMEHHOCTH peneH3MpoBaHus. PerieHzeHT 00s3aH
MIPEAOCTAaBUTh PELICH3HIO B CPOK, OIPE/ICIICHHBIN pelakineii, HO He 1mo3iHee 2-4
HeJIesIb C MOMEHTA TTOJTyYeHHSI PYKOIIMCH Ha perieH3upoBanue. Ecim paccMoTpenme
CTaThH U ITOJIrOTOBKA PELICH3MU B HA3HAUCHHBIE CPOKU HEBO3MOJKHBI, TO PELICH3CHT
JIOJDKEH He3aMeJUINTEIbHO YBEJJOMHUTH 00 9TOM Hay4HOT'O pelakTopa.

PerieH3eHT, KOTOPBIN CUNTAET, YTO €T0 KBAIN(HKAINS HE COOTBETCTBYET JILOO
HEIOCTATOYHA JJIsl IPUHSTHUS PCIICHUS IPU PCLICH3UPOBAHHUH ITPEIOCTABICHHOM
PYKOIIHMCH JJOJDKEH HE3aMeTUTENILHO COOOLIUTH 00 3TOM HAyYHOMY PEIaKToOpy
1 OTKa3aThCsl OT PELCH3UPOBAHUS PYKOITUCH.

IpnHoMn KOHQUIECHIHMAILHOCTH CO CTOPOHBI peleH3eHTa. Pykonucs,
MIPEOCTaBICHHAsl PELEH3CHTY Ha PEIeH3UPOBAHUE JIOJDKHA paccMaTpHBaThCs
KakK KOH(UICHIMATBHbIH MaTeprai. PelieH3eHT nMeeT IpaBo JIEMOHCTPUPOBATh
e¢ 1/Wii 00CYKIaTh C IPYTUMHU JIMIIAMH TOJILKO TIOCJIC MOTYYCHHUS TUCHMEHHOTO
pa3peleHnst CoO CTOPOHbBI HAYYHOT'O PelaKTOpa KypHaa |/Win aBTopa(-oB).

Wudopmarius v uien HaydHOH pabOThI, OTYUICHHBIC B XOJIC PCIICH3UPOBAHMUS
n obecrieueHns MyOIMKAIMOHHOTO TPOLIecca, He JO0JDKHBI OBITh UCIIOJIb30BAHBI
peleH3eHTOM(-aMu) JUTS IOJYYCHUS JINYHOM BBITOJIBL.

[puHIHN MOATBEP:KIEHNS HCTOYHHKOB. PCIICH3CHT JOJKCH yKa3aTh
Hay4HbIE pa0OTHI, KOTOPBIE OKa3ajlu Obl BIUSHUE Ha HCCIEJI0BATEIbCKUE
pe3ysbTaThl paccMaTpUBaeMOW PYKOIHCH, HO He OBbUIM MPHBEICHBI aBTOPOM(-
amn). Taxoke pereH3eHT 00s3aH 00paTUTh BHUMaHUE HAYYHOTO PelaKkTopa Ha
3HAYUTEIBHOE CXOJICTBO WJIM COBIIAZICHUE MEX/TY PACCMaTPUBAEMOMN PyKOIHCHIO
U paHee OMyOJIMKOBAHHOW PabOTOM, O KOTOPOM €My U3BECTHO.

Ecin y penieH3eHTa MMEIOTCS JIOCTaTOYHBIE OCHOBAHMS I110JIaraTh, 4TO
B PYKOITUCHU COJIEPIKHUTCS IUIaruaT, HCKOPPCKTHBIC 3aMMCTBOBAHUS, JIOKHBIC
U cpaOpUKOBAHHBIC MaTEpPUAbl HIIA PE3yJbTAThl UCCICIOBAHUSA, TO OH HE
JIOJDKEH JIOMYCTUTh PYKOIKCH K ITyOJIHKAIIMK U TPOHMH(DOPMUPOBATh HAYYHOTO
pelakTopa )KypHaja O BEISIBIICHHBIX HAPYILICHUSX IPUHIIAIIOB, CTAHIAPTOB H HOPM
Iy OJIMKAIIMOHHOMN U Hay4YHOH STHKH.
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IIpaBa 1 06s13aHHOCTH aBTOPOB

[TyGnukannoHHas 3TuKa 0a3upyeTcsi Ha COOIIOICHUH ITPUHIIAIIOB!

OIHOKPATHOCTH My OJIMKAITUK. ABTOP(-bI) TAPAHTUPYIOT UTO MPEICTABICHHAS
B PENaKIMIO PYKOIHCh CTaThU He Obla MpeACTaBiIeHa ISl PACCMOTPEHUS B
npyrue uzfanus. [IpencraBieHne pyKoOMUCH €IMHOBPEMEHHO B HECKOJIBbKUX
YKypHAIaX/U3IaHUSIX HETPUEMIIEMO U SIBIISIETCS TPyOBbIM HapyILIEHUEM IIPUHIIUTIOB,
CTaH/IapPTOB ¥ HOPM IyOJIMKAIMOHHOM ATHKH.

ABTOpCcTBO pykomucu. JIumo, KkoTopoe BHeCJI0 HaAUMOONbIIUN
HMHTEJUIEKTYaIbHBIN BKJIAI B TOJrOTOBKY PYKOIUCH (TIPH IBYX M 00Jiee COaBTOpax),
SIBJISIETCSI ABTOPOM-KOPPECTIOHICHTOM H YKa3bIBA€TCsI IEPBBIM B CIIUCKE aBTOPOB.

J1uist KaxkJ101 CTaThy AOJIKEH ObITh Ha3HAUEH aBTOP LISl KOPPECIIOHICHIINH,
KOTOPBI OTBEYAET 3a MIOArOTOBKY (DUHAILHON BEPCHHU CTAThU, KOMMYHHKAIHIO C
peKOIIIernei, J0JKeH 00eCTIeUunTh BKITIOYEHHE BCEX YUaCTHUKOB HCCIISIOBAHUS
(TIpu KOJIMYeCTBE aBTOPOB O0JIee OJTHOTO), BHECIITUX B HETO IOCTATOYHBIHN BKJIAI, B
CIIMCOK aBTOPOB, & TAKIKE MOIYIHUTh 0JI00PEHIE OKOHYATEIHLHOM BEPCHHU PYKOITHCH
OT BCEX aBTOPOB JIJIsI TIPEJICTABIICHHS B PEIAKIINIO IS Ty OnnKkamu. Bee aBTopsl,
yKa3aHHbIE B PyKOIIMCH/CTAaThe, HECYT OTBETCTBEHHOCTD 32 COJICpIKaHHUE PAOOTBHI.

IpuHIMI OPUTHHATBHOCTH. ABTOP(-bI) TAPAHTHPYET, YTO PE3YIHTATHI
HCCIIeIOBAHMSI, N3JI0KEHHBIE B PYKOIHCH, TIPEJICTABIISIOT COO0I OPUTHHAIBHYIO
CaMOCTOSITENIbHYI0 paboTy, U He CO/Iep)KaT HEKOPPEKTHBIX 3aMMCTBOBAHHUN U
IIaruaTa, KOTopble MOTYT OBbITh BBISIBIICHBI B TIpOLIECCE.

ABTOpPBI HECYT OTBETCTBEHHOCTH 3a IyOJHMKAIIMIO CTaTeil ¢ MpU3HAKAMHU
HEITUYHOTO TMOBEJACHHUs, IJIarnara, camoluiariara, CaMOIUTHPOBAHUS,
banbcudukauu, GpadpuKanny, UCKaKCHUS JTaHHBIX, JIOKHOTO aBTOPCTBA,
nyOMpoBaHusl, KOH(IUKTA HHTEPECOB U OOMaHa.

IpuHUIUN NOATBEP:KIAEHUS UCTOYHUKOB. ABTOP(bI) 00513yeTCsI IPABUIHHO
yKa3bIBaTh HAayYHbIC M WHBIE UCTOYHUKH, KOTOPBIE OH(M) MCIOJIb30Ba(1) B
X0JIe UCCJIe[IOBaHUs. B ciydae MCIONIb30BaHUsI KAKUX-THO0 YacTel 4ymKHuX
paboT W/WIM 3aMMCTBOBAHUS YTBEPXKIECHUH MPYyroro aBTopa(-oB) B PYKOMHCH
JOJDKHBI OBITH YKa3aHbI OHOTHOrpaHUECKUE CCBUIKU C YKa3aHUEeM aBTopa(-oB)
nepBouctouHuka. Mudopmanusi, moaydyeHHas n3 COMHUTEILHBIX HCTOYHUKOB HE
JIOJDKHA MCIIOJIb30BATHCS MPU 0(OPMIICHUH PYKOITHCH.

B ciyuae, ecin y pelieH3eHTOB, HAyYHOTO PeIaKTopa, YWieHa(-0B) PEIKOJIICT UK
JKypHaJla BOSHUKAIOT COMHEHHS TIOJJIMHHOCTH U JIOCTOBEPHOCTH PE3YJIbTAaTOB
HCCIe0BaHusl, aBTOP(-bl) IOJDKHBI TPEAOCTABHUTH JIOTIOJIHUTENbHBIE MaTePUaIIbl
JUTSL TOJITBEPIKICHUSI PE3yJIbTATOB WK (DAKTOB, PUBOJAUMBIX B PYKOIIHCH.

Hcnpasienue ommbOK B mpolecce nyonukanuu. B ciydae BbISBICHUS
OIIHOOK ¥ HETOYHOCTEH B paboTe Ha TF000# cTaanu IMyOJIHKAIIMOHHOTO MPolecca
ABTOPBI 00SI3YIOTCSI B CPOUHOM TIOPSIIKE COOOIIUTH 00 3TOM HAYYHOMY PEIaKTOpy
U 0Ka3aTh MIOMOIIb B YCTPAHEHHH WJIM UCIIPABJICHUH OIIUOKHM sl ITyOuKaIum
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Ha caiiTe )XypHaia cooTBercTByronei koppekunu (Erratum uimu Corrigendum) ¢
KOMMeHTapusiMu. B cirydae oOHapykeHHs rpyObIX OIIHOO0K, KOTOPbIe HEBO3MOKHO
UCIIPaBUTh, aBTOP(-bI) JOJDKEH(-HbI) OTO3BAaTh PYKOIIHCH/CTATHIO.

HpuHnun co6.ioaeHns MyOJNKANMOHHON THKA. ABTOPBI 0053aHbBI
coOJII0JaTh STUYECKUE HOPMBI, CBSI3aHHBIE C KPUTHKOW WIJIM 3aMEYaHUSIMH B
OTHOILICHUY MCCIIEIOBAHNH, @ TAK)KE B OTHOIICHUH B3aUMOCHCTBUSI C PeAaKIen
110 MOBOJly peLeH3upoBaHMs U nyOnukanuu. HecoOurogeHne 3THUYECKUX
TIPUHIIUIIOB aBTOPAMH PaCLEHUBACTCS KaK rpy00e HApYILICHNE STUKH [Ty OJTMKALINA
1 JIa€T OCHOBAHMUE JUISl CHSATHSL PYKOIIMCH C PEIIEH3UPOBAHMS M/WIIN Iy OJIMKALIUH.

Konguukr unrepecon

Kondaukr uHTepecos, no ompexaeienuo Komurera no myOnukamoHHON
stuke (COPE), 5T0 KOH(IMKTHBIE CUTYallMH, B KOTOPBIX aBTOPBI, PELIEH3EHTHI
WIN YWICHBI PEJIKOJUICTUN UMEIOT HESIBHBIE HHTEPECHI, CIIOCOOHBIC MOBJIMATH Ha
WX CYXIEHHs KacaTelbHO IyOnnkyemoro marepuana. KoHGuIMKT nHTEpecoB
TOSIBIISIETCS, KOT/Ia UMEIOTCSl (PMHAHCOBBIC, JINYHBIE WIH MPOEeCcCHOHAIBHBIC
YCJIOBUSI, KOTOPBIE MOT'YT IOBJIHMATH Ha HAYYHOE CY)KJICHUE PEIIEH3EHTa 1 WICHOB
PEAKOJUIETHH, U, KaK pe3ylIbTaT, Ha PEIICHUE PEIKOJUIEIHH OTHOCHTEIBHO
Iy OJIMKAIMU PYKOIIUCH.

['naBHBIN peaKTOp, YWICH PEAKOIIIETHN U PEIIEH3CHTHI I0JIKHBI OTIOBECTHTH
0 TIOTEHIHAIBHOM KOH(JIUKTE HHTEPECOB, KOTOPHIH MOXKET KaK-TO ITOBJIHMATH Ha
peleHre peJakiunoOHHON Koyierud. YIeHb! peIKoJUIerHy JIOIKHBI OTKa3aThCs
OT PaccCMOTpPEHHSI PYKOIIHCH, €CIIM OHU COCTOST B KaKHX-TNOO KOHKYPEHTHBIX
OTHOIIICHHMSIX, CBSI3aHHBIX C PE3yJIbTaTaMH HCCIIC0BaHUS aBTOPA(-0B) PYKOITUCH,
1100 eciM CYIIECTBYET HHOW KOH(IINKT HHTEPECOB.

[Tpn noave pyKomMcH Ha paCCMOTPEHHUE B XKypHaJI, aBTOP(-bl) 3asBISET O
TOM, 4TO B COJICP)KaHUH PYKOIHMCH yKa3aHbl BCE MCTOYHUKH (DUHAHCHPOBAHMUS
HCCIIE0BAaHUS; TAKKE YKa3bIBAIOT, KAKUE HMEIOTCS KOMMepUecKne, (PUHaHCOBBIC,
JIMYHBIE WU TTPOQecCHOHaNbHbIE (PAKTOPBI, KOTOPHIE MOTIIN ObI CO3/1aTh KOH(IJIUKT
WHTEPECOB B OTHOIICHHH IOJJAHHON Ha PacCMOTpEHHE pyKomucu. ABTop(bl), B
MTUCbME NIPU HAIMYUK KOH(IIMKTa HHTEPECOB, MOTYT YKa3aTh YYCHBIX, KOTOPbIE,
10 X MHEHHIO, HE CMOT'YT OOBEKTUBHO OIIEHUTD MX PYKOIUCH.

PerieH3eHT He I0JKEH pacCMaTpHUBaTh PYKOITHCH, KOTOPBIE MOTYT IIOCITYKHTh
MPUYUHAMH KOH(JINKTAa MHTEPECOB, IIPOUCTEKAIONUIEr0 U3 KOHKYPEHIUH,
COTPYJHHYECTBA WJIN JAPYTUX OTHOLICHHH C KeM-JIN0O M3 aBTOPOB, HMEIOLIHX
OTHOIIEHHUE K PYKOIIHCH.

B ciydae Hanuuusi KOHQIIMKTa MHTEPECOB C COJEpP)KAaHHEM PYKOIIHCH,
OTBETCTBEHHBINH CEKpeTaphb JOJDKEH M3BECTUTh 00 3TOM TJIAaBHOTO pPElaKTOpa,
T10CJIE YEero PYyKOIHUCh TIepejaeTcst APYroMy PEeLeH3CHTY.

CymiecTBOBaHHE KOH(IMKTa HHTEPECOB MEXy YYaCTHUKAMH B Ipolecce
pPacCMOTPEHHMS M PELIEH3UPOBAHUS HE 3HAYNT, YTO PYKOIHCH OyJIET OTKIIOHEHA.
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Bcem 3amHTEpeCcOBaHHBIM JTUIIAM HEOOXOJHMMO, MO MEPE BO3MOXKHOCTH
n30eraTh BO3HUKHOBCHHSI KOH(JIMKTa WHTECPECOB B JIFOOBIX BapHUAIMAX Ha
BCEX ATamnax myonukanuu. B ciiyuac BOSHUKHOBEHHUSI KAKOTO-IU00 KOHMIMKTA
HHTEPECOB TOT, KTO OOHAPYKUI ITOT KOH(MIUKT, JODKEH HE3aMEIIUTEIbHO
ONOBECTUTH 00 3TOM penakiuio. To ke caMoe Kacaercs JIFOOBIX APYTHX
HApYIICHUH MPUHITUIIOB, CTAHAPTOB ¥ HOPM ITyOJIMKAIMOHHON 1 HAYYHOU ITHUKH.

HesTnuHoe moBenenue

HesTuuyHbIM mOBeJieHUEM CUHMTAIOTCA JEUCTBUS aBTOPOB, PEIAKTOPOB
WM U3JaTelisl, B Clydae CaMOCTOSITEIbHOIO MPEAOCTaBICHUs PELIEH3UN Ha
COOCTBCHHBIC CTaThH, B Clydae JOTOBOPHOTO M JIOKHOTO PCIICH3MPOBAHUS, B
YCJIOBUSX OOpAIICHUS K areHTCKUM YCIIyram JUis MyOJIMKallMH Pe3yIbTaTOB
HAay4YHOTO KCCJICJIOBAHUs, JDKEABTOPCTBA, Qanbcudukanuu u Gadpukanuu
Pe3yIbTaTOB HCCICIOBAHUS, MyOIMKAIUs HEJOCTOBEPHBIX ICEBI0-HAYYHBIX
TEKCTOB, IIEPEIaYr PYKOIUCH CTATCH B IPyTUC H3IaHus O€3 pa3peIieHIs aBTOPOB,
nepegayyd MaTepuajgoB aBTOPOB TPETHUM JIMIAM, YCIOBHUSI KOTJla HApYUICHBI
ABTOPCKUE MPaBa U MPHUHITUITEI KOHPHUICHIINATBHOCTH PEIAKIIHOHHBIX IPOIECCOB,
B CIIy4ae MaHMITYJISILIUK C TUTUPOBAHUEM, TLIIATMATOM.
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