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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.
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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.
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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
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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.

21



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

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.

26

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

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]
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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>

65



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

#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

70

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

13 FOuukox [DnekrponHslii pecypc] — Pexxum nocryna: https://ru.wikipedia.
org/wiki/KOHuKo
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