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JI. Hypcepix*, @.P. I'vemanosa®, I'A. A6oyaxapumosd®, K.C. Jamwbexosa’

Lon-@apabu amvinoazer Kazax ynmmuix yuueepcumemi, Anmamor k., Kazaxcman
2A6aii amwinoage Kaszax ynmmulk nedazoeuxanwiy yuugepcumemi, Aimamu 5., Kazagcman
*Xanvikapanvix 6usnec ynusepcumemi, Anmamul ., Kazaxcman

METASBPECTHUKAJIBIK AJITOPUTM APKbL/IbI K6JIIK KYPA/IJAPBIH BAFbITTAY

Anoamna

YCBIHBUIBII OTBIPFAH 3EPTTCYAIH HETI3Ti MaKcaThl TEHETHKAJBIK aJTOPUTMIEpAi KOJTaHa OTBIPBIN, KOk
KypaJliapblH OarbITTay MaceseciH menry 0ol Tadbutansl. Kemik KypangapsiH OarsiTTay MaceineciH memy (VRP) -
Oyn NP-TonblKk KiacblHa >KaTaTblH KypAedl KOMOWHATOPIJBIK OHTaWIaHABIDY Maceneci. MacereHiH cumaTbiHa
OailanblcTel yikeH VRP nmaHamapel yIniH HakThl SAiCTepAl KOJIaHY MYMKIH eMec. ['eHeTHKaiblK anropuTMmiaep
OHTAWJIAaHABIPY KSHE 13/Iey ecelnTeyepiHiH HaKThl HeMece JKYBIK MIeNIiMiH Taly YILIIH ecenTeyyiepAe KOJAaHbUIAThIH
i371ey SAiCiH YChIHAIBI.

byn Makanaga TaOurM DBONIONMS MEXaHU3MJEPIHE HETI3JeNreH TeHETUKAIBIK aITOPUTM CHAKTHI OHTAWIIBI
MapIIpyTTHI i3SyAiH METa3BPUCTUKAJIBIK d/1iCTepi KapacThIpblIaabl. JKYMBICTBIH MaKcaThl 13716y YaKbITBIH a3aiiTy jkoHe
€H a3 IIBIFBIHAAp OarbITBIH TaHAAy MYMKIHZITIH apTTHIPY VIIIH OHTAWIBl MapHIPYTTHI i3[CYAiH METadBPUCTHKAIBIK
oMicTepiH KETLUTHipy OOJBIT TaObLTAIHI.

Tyiiin ce3mep: kemik KypammapblH OarpitTay MoceneciH menry (VRP), remerwkansik amroput™M, NP-TOIBIK,
METadBPUCTHKA, OHTAHIIBI OaFBITTHI 131€Y.

Annomayus
M. Hypcepix', @.P. I'yvcmanosa®, I A. A6oyaxapumosa®, K.C. Hanvbexosa®
Kaszaxckuii nayuonanvuoiii ynusepcumem umenu anvo-Papabu, 2. Anmamol, Kazaxcman
2Kazaxckuil HayuoHanbHbulll nedazo2uyecuxii ynueepcumem umenu Abas, 2. Anmamol, Kazaxcman
3Vuusepcumem mescoynapoonozo busneca, 2. Anmamol, Kazaxcman
MAPHIPYTHU3ALUA TPAHCIIOPTHBIX CPEACTB C IOMOIIBbIO META3BPUCTUYECKOTI' O AJITOPUTMA

OCHOBHOH IIENBIO MPEUIaraeMOro UCCICIOBAHUS SIBIICTCS PEHICHHE MPOOJIeMBl MapIIpyTH3alUU TPAHCHIOPTHBIX
CPEICTB C TOMOMIPI0 TCHETHYECKUX AITOPUTMOB. 3ajada MapIIpyTH3alUU TpaHCHOPTHHIX cpenctB (VRP) sBusercs
NP-monHO# crmokHOU 3amadeit koMOMHATOpPHUKH. [Ipy GONBIINX KOMUYECTBaX BXOIHBIX JaHHBIX B 3amade VRP odeHn
3aTpaTHO HAaXOAWTh CaMoO€ ONTUMajbHOE pemieHre. [ eHeTHYecKHue aNTOpUTMbl TMpEeAJaraloT MaKCHMAalbHO
ONTHMAIILHOE PEIICHUE 32 KOPOTKUN MPOMEXYTOK BPEMEHH.

B crarbe paccMaTpuBaKOTCS TEHETHYECKHE aTOPUTMBbl OCHOBAHHBIE HA MEXAaHHM3ME OBOJIOLIUW ISl TIOUCKA
ONTHMAJILHOTO MapIIpyTa METadBPUCTHUECKUMU MeToAaMHu. Llenbro paboThl SBIsIeTCSs MUHUMHU3AIUST BpEMEHHU TTOUCKa
HauOoJee MPUEMIIEMOTO ONITUMAIBHOTO PEIISHUS 3a1a4H, a TAK)KE Pa3BUTHE METadBPUCTHUECKUX METOIOB.

KiroueBble cjoBa: pemeHne NpoOJIeMbl MapUIpyTH3allMd TpaHCHOPTHRIX cpeacTB (VRP), renernueckuit
anroput™M, NP-miosHEBIe 3a1a4n, METa3BPUCTHKA, ONITHMH3ALNS MAPIIPY TH3AIHH.

Abstract
ROUTING OF VEHICLES USING THE METAHEURISTIC ALGORITHM
Nurserik D. %, Gusmanova F.R. %, Abdulkarimova G.4. 2, Dalbekova K.S. 3
!Kazakh National University named after Al-Farabi, Almaty, Kazakhstan
2Kazakh National Pedagogical University after Abai, Almaty, Kazakhstan
SUniversity of international business, Almaty, Kazakhstan

The main goal of the proposed research is to solve the problem of vehicle routing using genetic algorithms. Vehicle
Routing Problem (VRP) is an NP-complete complex combinatorial problem. With a large amount of input data in a
VRP problem, it is very expensive to find the most optimal solution. Genetic algorithms offer the most optimal solution

in a short period of time.
This article discusses genetic algorithms based on the mechanism of evolution for finding the optimal route by
metaheuristic methods. The aim of the work is to minimize the time needed to find the most acceptable optimal solution

to the problem, as well as to develop metaheuristic methods.
Keywords: solution of the wvehicle routing problem (VRP), genetic algorithm, NP-complete problems,

metaheuristics, routing optimization.

MapmpyTTay Macenenepi MeH xKocnapiay MaceseIepiHiH KONTereH YKCacThIKTaphl 0ap ekeHairi oenrii,
aTarn aWTcak, JKypill ©TKCH JXOJJIbI HeEMece aybICy YaKbIThIH MUHHMHU3AIMsUIAY OOBEKTUIEPiH OHTAMIIbI
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pertinirin Tabyael Ourmipemi. ['padukanslk mporeccopiia KXYMBIC icTeyre OeHIMIeNTeH ITHHAMHKAIBIK
OarmapilamMajnay TPOICAYPAChIHAA VCHIHBUIFAH JKOHE KYIICHTUITEH KON OHIMII OHIpIC KECTEeCIH KYpy
MOCeJIeCl YIIIiH FreHETUKAIBIK allTOPUTM HET13 PeTiHIe albIHbI [1].

JKanmer ocel canaia KapacThIPhUIFAH MAJIIMETTEp KBICKA MEp3iMJIe €H QM IICIIIM aily YIIiH OJapiblH
HaKThl KACHETTEPIH eCKepe OTHIPHII, HAKThI Macelnenep i menryre 6arpiTtasrad. COHBIMEH KaTap, Iy TiH
ombeban omicTepi MpaKTWKa YIIIH ©T€ MaHbBI3AbI, OWUTKEHI ojlap KoygaHOaisl >kK00aHbI Te3 Oacrayra,
OarIapiaMaibiK dKacaKTaMaHbIH ajFallKbl HYCKAJIAPBIH 1CKe KOCYFa, OHIPICTIK XKaFJaiIbIH MaTeMaTHKAIBIK
MOJIETIIH IIeNTyTe Ha3ap aynapyFa jKoHe jKOOaHBI iCKe achIpy[bIH MaiachkiH Oaraiayra MYMKIHIIK Oepeni.
Benrimi 6ip MocenmeHi WeMTyAiH MSJAITIH apTTHIPY YOIIH apHaibl anropuTM KYpy Typaibl IIEUIiM
KaObUIaHFaH JKaFjaina, oMOe0am alropuTMIep KOJI KETIMJII HOTHMXKENEPHl KaHIIAJIBIKTHI JKaKcapTyFa
0O0JIaTBIHIIBIFBIH KOPCETETIH OacTanKpl HYKTE PETIH/C KbI3MET eTeIi

VRP-ni kenecineii cunarrayra 0onaapl: Oip/eii CHIMBIMIBUTBIFEL Oap KOIiK MapKiH, KNIl AETIOHBI KOHE
KIIMEHTTEP/IiH OipHEIIe TaalTaphIH €CKEPE OTHIPHII, Kbl MAPIIPYTTAP KUBIHTHIFBIH OapIIbIK TajlalTapra
ColiKeC KeJeTiH MapIIpYTTBIH €H TOMEHT1 KyHbl OolbiHIIA Taly Tanam eTiyeni [2]. Bapmek mapmpytrap
nernoaa 6acTajbIln, COJ XKEpe asKTAIBI JKOHE ojlap op KIMEHTKE TEeK Oip peT, TeK Oip KoJik KypalbIMeH
KBI3MET KOPCETLUIETIHACH eTil jKacamysl KepeK. | eHeTHKabIK anroputMaep JlapBrH eHri3reH TaOurd ipikTey
MEeXaHU3Mi OOMBIHINA KYMBIC Kacanpl [3].

Omap Oenrim Oip omepaTopiapAbl ONMEPANUSUIBIK JKyHenep IMIenIiMAepiHiH KUBIHTHIFBIHA KOJIaHA/IbI,
Mocelie JKaHa TMOMyJNSAIUs aJJblH-ajla AHBIKTaIFaH KpUTepUil (YHKIMACHIHA COWKEC aJbIHFBICHIMEH
CaJIBICTBIpFaH/Ia JKaKcapaThlHAalM eTin menriieai. by npoueaypa anaplH-ajia TaHJAFaH UTEPALUs CaHbIHA
0ailJIaHBICTBI KOJIIAaHBLIA/IbI, COHFBI TIOMYJIAIUIa TAOBIIFAH €H KaKChl IICIIIM HeMece KelOip xaraaiiapaa
ANITOPUTMHIH 3BOJIOIMACH Ke3iHAe TaObUTFaH €H JKakchl mmiemiMi Oomaapl. JKammer skarmaiina, MoceneHi
eIy KOATaIaabl XKoHE orepaTopiiap MICHIIMACPAiH KOATAIFaH HyCKalapblHa Kojjaanbuiaael. Koaray amici
TCHETUKAJIBIK aJlTOPUTMII OpbIHAAyJa MaHBI3Abl pel arkapaabl. Karte koj jka3sy Oyl TOMEH OHIMILUTIKKE
okenesi. ['CHETHKANBIK anrOpuUTMJICP KOJJAHATBHIH  OIEpaTopiiap TaOWFH  CYpPBINTATY MPOLECIH
UMUTAUSIIA bl EH TaHbIMAal KOJIAHBICTAFbI ONiepaTopiaapbl OYJI — KoOeto, KPOCCOBEP MKOHE MyTAaIlUs KIHE
oJiap OChI PETIICH KOJIaHbLIabl. PEerpoayKiius onepaTopsl Ka3ipri HOMYJIAIUsAAa HEFYPIIbIM JKaKChl MM
0oJica, Kereci MOmyJsaLusga COFYPIbIM Ken (a3) KalTalaHyasl KaMTamachlis ereii. KeOelTy omepaTopbiH
KOJIJTAHFAHHAH KEWiH aJbIHFAH TMOMYyJSAIMS KE3JeHCOK IIeNmiM JKYNTaphlH TaHAaWAbI, OJapAbl EpKiH
Mo3uIMsUIapra OeJieqli JKOHE oJlapJbl EKiHII OesikTepMeH anMmactbipagsl. COHBIHAA orepaTtop KeoOero
orepaTtopjiapbl MEH KpPOCCOBEpPJi KOJJIaHFAHHAH KEHMiH KOJIJAHBUIATBIH MYTaIlUs KE3JCHCOK IIemIiM
AJIEMEHTIH TaHJaIl, OHbI Oenriii Oip BIKTUMAaNABUIBIKIEH e3repTe/i. COHIBIKTaH TeHETHKAIBIK aaTOpUTMAED
OHTAMNAHJIBIPY JKOHE 13716y eCeNnTepiHiH NIBIHAWLI HEMECE XKYBIK IICIIMIepiH TabyFa apHAIFaH ecenTeyep
OMICIH YCBIHAJIBI.

EH OackiHma Gactankpl OybIH aHBIKTATYBl KepeK. MYHBI Ke3JIeHCOK MHUIMATH3AIHS apKbUIbI kKacayra
0oJapl HEMece aNTOPUTMHIH IIENIiMAep] BIKTUMAI i3/Iey KeHICTIriHAe KYMBIC iCTeyre MYMKIHJIIK OepeTiH
TYKbIM ceOyai KoyimaHa anaabl. OChl yaKbITTaH Oacran BIKTHMaj IICIIiM TaObUFaHfa JEWiH HeMmece
YpIaKTapAblH MaKCHMAJIJIbI JICHIeHiHe )KETKEHIIIE KeJIecl KajiaMaap OpbIHIaia bl

Bipinmi kagam — TaHmay: anApIMeH JKaHA YPHAKThl ©Cipy YIIiH KOJNAHBICTaFbl MOMYJNSIUSHBIH Oip
Oeunirin TaHnmaiMe3. Ipikrey (uTHeCKe HETI3feNreH Tocle >KYMBIC JKacanajgsl, MyHJa OacKaiapra
KaparaHJa ke0eroi bIKTUMall OachIMbIpak Kesemi. ExiHin kagam — keOero: keOew Ke3eHIHAE KelieCi yprak
KpPOCCOBEp >KOHE MYTallMsl 9JICTEepiH KOJJaHa OTHIPBIT KYphUIagsl. OpOip kaHa Oamara ata-aHanap XyObl
TaHIaa]Ibl, OJIAP/IBIH 1IIiHEH 0ajia OHBIH KACUETTEPiH anajbl. OTy Ke3iH/Ie TeHOTHI €Ki aTa-aHaaH ajbIHbII,
*kaHa Oaa kacay yiuiH Oipiktipiieni. benrini Oip BIKTUMaIIBUIBIKICH, Oajia KeWiHHeH Oenriiai 0ip reHaepi
MoIUHUKaUMsIIay1aH TYPaThIH KelOip MyTauusFa yislpaiasl. by memriM KeHiCTiriH TepeHipek 3epTrreyre
JKOHE TCHETHKAJBIK OPTYPJIUIKTI KaMTaMachl3 €Tyre HEMece CaKTayFa KeMeKTecedi. bys myramus ojerre
TOMEH BIKTUMAJJIBLUIBIKIICH OainanbicThl. COHIABIKTAH MOMYJIALMAAA THIMII 13/IeyIl KaMTaMachl3 €Ty YIIiH
ICHETUKAJIBIK cala MEH SPTYPJUIK apachlHAAFbl AYPHIC TEHE-TEHIIK KaXKeT. YIIIHIN KajaM/a iCKe achIpy
OapreiceiHaa Python OGarmapnamanay TisliHIE HOTHXKE albIHABL 1-CypeTTe KypajaapblH OarbITTay MIceseciH
TFCHETHUKAJIBIK aJIFOPUM OOMBIHIIIA €CeNTIH KOMBLIBIMBI peTiHae OJIOK-cXeMa KepceTiareH. TepTiHi Kagamaa
XpOMOCOMaJIap IbIH OPBIHIANTYBI J)KY3€re aChIphbLIabl.
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Cypem 1. I'enemukanvix ancopummuiny Hezizinoezi VRP wewiminiy 610K-cxemacol

XpomocoManapslH, opOip KHUBIHTBIFBI Oip Keke ajgaMipl OeliHeneiini, Oyn VRP ymiH mymkin
menrimaepAin Oipi (erep OapibIK MIEKTEyJIep OpbIHAAICA, OHAA OHBI IYPHIC IIEIIIM el caHayra OoJasbl).
OpOip XxpomMocoMa MapHIpyTThI OiNAipesii xoHe OHBbl MapHIPYT 00BEKTIiCI JKy3ere acblpaabl. Route oObekTici
OapiblK TreHaepai (TYThIHYLIBI OOBEKTIICpPIHE CLITeMeNep) MacCUBTe cakTaiael [4]. MaccuB HHIEKCI
KIMCHTTIH MapIIpyTTarbl OpHBIH Kepcereni. bapnblk memim mapmpyrrapel VRP HbicaHBIHIA MaccHUBTeE
cakrajnajabl, MYHJarbl MHAEKC MaplIpyT HeMipiH asbIKTaigpl. VRPManager xoraprel JeHreiine
MOMYJISILUSHBI  aHBIKTaWThIH Oapyiblk VRP  HblcaHmapelH cakrabfbsl. MacCHBTI KOJIaHyIbl TaHIay
VRPManager (VRP HbicanmapbiH cakray yuniH) skoHe VRP oObekrinepi (MaplipyTTapAbl cakTay YIIiH)
YIIiH OHTAMIBI OOJBIN TaObUIAgbl, OUTKEHI 0i34€ TYPaKThl MOMYJISLHS KOHEe MapLIPYTTap >KUBIHTBIFEI Oap.
l'engepni (xiueHTTEpAl) cakTay YIOIH KapanabiM OaliJlaHBICTBIPBUIFAH TIi3IMHEH Tepi KapamaibiM
0aliIaHBICTHIPBUIFAH Ti3iM KOJaiibl 0onansl. KipicTipy »oHe KO0 TpOIeAypachl peTiHIe MacCUB Kasipri
Ke3JIeTiZIeH JKplIIaMbIpakK 00yl MYMKiH. KpoccoBepiiep reHeTHKaNBbIK alrOpUTMIEPAE — XPOMOCOMAHBIH
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HEeMece XpoMOocoMalapablH OaFmapiaManmaHyblH Oip ypHakTaH eKiHINI YpIIaKkka e3repTy  VIIiH
KOJIIaHbLIAThIH T'€HETUKANBIK omepatop. Onap jkaHa OajaHbl Kypy YIIiH Oip agaMHaH akmapaT aiblIl,
eKiHIIiciHe eHri3eni [4].

Becinmi xamampaa WIBIFBIHHBIH OPHBIH TOJNTHIPY KapacThIpblIanel. bamanel xeHaey OapbIChiHAA Onap
aNapIMEH TEHETHUKAIBIK aKIapaTTBIH KONTITiH HeMmece OipHopce >KEeTICHEHTIHmIriH Tekcepemi. backarma
aliTKaH/a, MMporecc Kail KIIMEHTTePAiH MapIIpyTTap/ia >KOKTHIFBIH KoHe KalChICHIHA KbI3MET KOPCETLIeTIHIH
Tekcepeni. bipHeme peT KbI3MET KOPCETUIETIH KIIMEHTTEp XpoMocoManapAaH MbIFapbuIaabl, COHIBIKTaH Oip
KJIMEHT Oip peT Katbicaapl. KalTamaHaTelH TeHIEp KOHBUIATHIH OPBIH Ke3IeiCoK TaHmananpl. JKeTicreHTin
KIIMEHTTEP/Il KaiTa eHrizy Kepek. byi xepne sBpucTtrka 6acTel OpbIH anmaabl. KimeHTtTep xail Ke3meicox
XKepre eMec, ojiap KOJNJaHbUIATHIH JKepre opHanacThIpbuiaas! [5]. Bysr opbiHAb KMEHTTI Oenrii Oip xkepae
0ap MapIpyTKa €Hri3yre THIPHICY apKbUibl TaOyra Oosxagsl. Ockl MapHIpyT YIIIH aWbIMIYIABIH MeJIepi
KaHIIIaFa OCeTiHIH aHpIKTay. EHmi Oyn ypaic Oapiblk MapIipyTTapra MapmipyT TaObUIFaHFa JeiiH JKoHe
KIIMEHT MYMKiH €H a3 albIMIIyJl cajJaThlH MapIIPYTTaFbl TO3ULMsIFa ISHiH KoJganbiaasl. by kagam ete ken
YaKBITThI aJlajibl, COHIBIKTAH OVJ1 9/1ic Oenriii O0ip BIKTHMAIBUIBIKKA OalIaHbICTHI KOJIAAHBUIAbI. OUTIECE,
KIIMEHT Ke3[AEHCOK MapIIpyTKa Ke3[eiCcOoK KaJbITa JKail eHri3iieni.

AJTHIHIIBI KaJjamia XpOMOCOMAaHBIH KapaMIbUIBIFBIH Oaranay YIIiH apHalbl ailbIIIyIT )KYHeci eHTi3ii.
By npuHIMN jkakcel MapuipyTTaplbl jKaMaH MapUIpyTTapAaH aKbIpaTyFa KeMeKTeceAi. AMNBIIIMyIabI
ecenTey Ke3iHe SPTYPIIi aCIeKTiIep ecKepiiei, MBICalTbl, MApIIPYTTHIH KAIIBIKTHIFEI HEMECE erep KIIMEHTKE
KeIll KbI3MET KepceTisice, Kenriry. byt opTypii albInmmyst onepaTopiapbiH JKeKe-KeKe peTTeyre 0oaibl.

JKana Oayiara alipIIIIyYIAap €CENTEITCHHEH KeiiH, jkyiie OanaHbl KaObulIayra HeMece KaObLijaMayra
mlenniM KaObuiaaiasl. By mpornecc omaplblH ara-aHanapblHBIH JKa3aapblH jKa3ajJapbIMEH CAJBICTHIPAIBL.
Erep Oama OymaH na >kakChl HOTIDKE KepceTce, OHBI KeHiHr1 yprak acelpan amajsl. Amaiina, erep Oamana
YJIKeH KeJleMzie albInmyI1 OoJica, OHJIa aTa-aHajapra oJlapblH albIIIyIapblHa CYHEHETiH Tarbl Oip ipikTey
nporeci 6omazapl. by mponecre 6anana Gap TipUIiIiK €Ty MyMKIiHJIIT1, OTKeH] Oy TeHETHKAJIBIK OpTYPJILTIK
yiriH MaHbe3Abl. Erep OamaHbIH aTa-aHacklHA KaparaHAa YIJIKEH »Ka3achl OOJFaH jKarjaijga Tipi Kaimyra
MYMKIiHZITi 601Maca, Oy xyie KaTaH Oomap exmi [6, 7]. Amadiga Oy >KyHeHIH alBIIITyNl CAaHKIUSIIAPBIHBIH
MUHHMAJIB! JCHIeHiHAC TYPHII KAITybIHa 9Kelyl MYMKiH, 01 Oynan opi Oy3puiMaiiabl. COHABIKTAaH XKaMaH
Oanara a aMaH KajyFa MYMKIHAIK Oepy ©Te MaHBI3]IbL.

Kerinmi kamamaa ¢uTHECTeH OaitmaHBICHl eckepineni. JKaHamaH KypbUFaH TYPFBIHIAPIBIH KaCHICHI
KeOelo/li YHATAaTBIHBIH TaHJay YIIiH op aJaMHBIH JICHE INBIHBIKTHIPY NAHBIHIBIFBIH ecenTey KaxeT. by
OHBIH XpOMOCOMAJIAPbIHBIH OapIbIK Ka3ajapblH KOCHII, OJIapIbl KOJIJIaHy apKbUIbl XkKacanajpl max_penalty -
OyJ1 OChI OybIH/1a TAOBLIFAH JKEKE TYJIFara €H YJIKEH JKaJIbl albimy [8].

duraec=100*(max aipIIIyIT-albITTy)/(max aibImy)

CoHpIKTaH (PUTHEC jKa3a CUSKTBHI aOCOINIOTTI ejmeM eMec (OHbl YPIaKTapMEH CaNIbICTBIpyFa 0oiajsl),
Oipak conm ypmak yuriH >keprimkri emmem. ®PutHec 0-meH (Keke amaMFa MaKCHMAaIbl aWbIMITyJIMEH
TaraiipiHAananel) Teopusuiblk TyprbimaH  100-re neitin  esrepyi MymkiH (OyFaH ic Ky3iHIE KOI
KETKIZUIMEHI1 ).

du3uKasbIK JalbIHIbIFbIHA OAaHIaHBICTEI TaHAay YpAici. EHII ecenTelreH sapamMabUIbIK Kelleci yprakKa
MYIIelepAl TaHnayFa KeMeKTecedi. byi AeHrenekTi TaHAay oJici apKbUIbI JKacalaipbl, OHNIA (DU3UKAIIBIK
JafBIHBIFBI )KOFAPhI alaMziap Oackaiapra KaparaHnja keOipek Tanaanaisl [9].

Hotmxecinae angpIMeH KO3FAITKBIITH PTYPJi JepeKkTep MeH Tekcepinai. JKanmel MeTa’BpHCTHKA
HaKTHI MIENIM Tammnacaja i3/eJIiHreH MOCeJICHIH eH ONTHMAIIIbl HYCKaJapblH YCBIH/BI. bapIblk TexcepinreH
JepeKTep inriHeH Aypbhic memiM TaOpuabl. Keiibip memiMaep eTe »akchl OONIBL, OO 3 KOIiK YIIiH
KacalFaH MapIIpyT Ke3iHJe Oi3re j>Kakchl HOTIKE KepcerTi. TemeHae cyper-2 OoiibiHmIa, Oy keple
OipHeme >KETKi3ylIl KeJiKTepi MeH jkoHe OipHelle HYKTelep, SFHH MeKeH-kKaijap kepcertiiareH. Jlemo
peringe KazNU MekeH-kailibl KapacThIppUIIBI JKoHE 14 TYHKTKE JKETKi3y MakcaTblHAa HYKTE
KOOpJIMHATAIaphl €HI131II1.

Haxreipak kepiny ymniH 3 kypsep MeH 14 Hykre kepceTingi. Ocbl MeKkeH-MeKeHKainap OOWBbIHINIA eH
OHTAMJIBI HOTHIKE aJIBIHBII, OJIap 2-CypeTTe KeATipisiai.
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KopbIThIHABI

JKyMbICTBIH 0acThl apTHIKIIBLUIBIFEI OCPUITeH ecemnKe ONTUMAIIBl JKayanThl a3 YakbIT illHAge Taoly.
Bapnpik eH onmTtuManel mIenmriMaepai i37en, KapacThIPHIT OThIpMal, OepiireH MocesleHi Te3 JKOHe KOJIaH
KEJTeHIIe OHTAMIBI memiMiH Taby. by 6i3 ke ntipren mocene Ou3Hec YIIiH 6Te MaHbI3bI, ce0edi On3HecKe
MOCEJICHIH J9N Ka3ip MIeNIIreHi MaHbI3Abpl. byn skepae OusHec yIIiH 0acThl pecypc YakKbIT OOJBIN Typ.
Comapapl KapacTplpa KeJle TeHETHKAJBIK alrOpUTMAEP HAKTHI SICTI KoJimaHyFa OOMMAaNTBIH Maceienepai
IIeNIyre KBI3BIKTHI TOCLM yChbIHAAbl. JKakchl menriM Taly YIIH KeNTereH yprakTapibl maiganayra Typa
kenai. COHABIKTAH OJKYHMEHIH >KaKChl INENIIMIe Te3ipeK JKaKbIHJIayblHa KOMEKTECETiH KeHOip apHaiibl
SBPUCTHKAHBI €HTi3iN Kepaik. KpoccoBep omiciH TaHaay ©Te WHTYHTUBTI OOJJBI KOHE OJapIbIH YKaKChI
HEMece Halllap eKeH[ITiH Oaranail amMaiiMbI3. DBPUCTUKAIBIK 9MICTI KOJJaHa OTHIPHIIL, jKaHA 3JIEeMEHTTEPIi
ki OarjapinaMa peTiHlle SHTI3eTIH JKOHE PETTLTKKE Heri3feireH KapanaiblM KpOCCOBEpP JKACAWTBIH Tarbl
OipeyiH Ky3ere acelpy OOWBIHIIIA XKYMBIC *Kacansl. Erep 3BpUCTUKANBIK JCHTeWl KOFapbl KOSTHIH Ooica,
oHJa Oip XarblHaH ©TE€ JKaKChl HOTWXKENepre KOJ JKeTKi3yre Oomanel, Oipak Kem XKarjaiia >KaKchl
HOTIDKETIepre KOJI JKeTKi3y KubIHAakapl. COHABIKTAH JKYHWEHI KbUIAAM IIenriM Tady MeH i3[ey KeHIiCTiriH
HIEKTEy apachIHAAFbl TEMe-TeHIIKKE KENTipy OOWBIHIIA )KYMBICTAP KacalIbl.
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ATMOC®EPAJIbIK AYAHBIH, bIJIFA/IZIbl TEPMOMETP BOMBIHIIIA TEMIIEPATYPACBIH
ECENITEUTIH MOBW/IbJIK KOCBIMIIA K¥PY

Anoamna

3eptTey arMochepalblK ayaHbIH BUIFAIIbl TSPMOMETP OOWBIHIIA TEMIIEPATYPACHIH CCENTEYre apHaIFaH MOOWJIbII
KOCBIMIIIACBIH JKkacayra OarbiTTairad. JKakcapThUlFaH MOOHJIBAI KOCBIMIIAHBI MaiifianaHy KOJAaHYIIbLIAPIbIH
aTMoc(epanblK ayaHBIH BUIFAIABl TEPMOMETp OOWBIHIIA TEMIIEPaTypachlH €CENTeyOiH HeTi3ri Kypaisl OOJbII
TalObUIa b, MOOHIBAI KOCHIMINA MaliflajlaHylIbIApFa Ke3 KENIeH yaKbITTa JKOHE Ke3 KENIeH JKeple HOTIKE alyFa
KeMekTeceni. MoOWipai KOCHIMIIA aTMOC(EpanblK ayaHBIH BUFAJIIbl TEPMOMETp OOWBIHIIA TeMIIepaTypachiH
€CeTTeTiCi KeJNeTiH MalmalaHylblIapra KOJaimel jkacamraH. MoOmimbai KOCBIMIIAHBI o3ipiey KediHme Xcode
wraTopMackl KOIAaHBUIABL. MoOMIBII KOCEIMINIA HETI3T1 YII Tuiae xkacanmbl. Kasak Tiimi, OpeIC TUII KOHE aFBLIIIBIH
TIIAI maiinanaymsuiap Koyiganca 6omaasl. MoOWIBII KOCBIMIIA KOJIAHYIIBUIApFa TYCIHIKTI 00Ty VIIIiH TYCIHAIpMEIep,
ecenTeysep, CoJ ME3eTTe eCenTey MYMKIHAIr jKOHE TUIAI e3repTy MYMKIHJIT CHSKTBI KONTereH MYMKIHIIKTEepIi
KaMTHUIbl. MOOMIBII KOChIMINIA aTMOC(epasblK ayaHbIH bUIFAIABI TEPMOMETP OOMBIHINA TEMIIEPATyPaChIH CCENTeyre
JI9J1 JKOHE XKBUIZIAM aHBIKTayFa YJIKEeH KeMek Oepesi. MoOMIIbAi KOChIMIIA Ci3re Ke3 KeJIreH yaKbITTa, Ke3 KeJI'eH XKep/e
ayaHBIH BUIFQJIZIBI TEPMOMETP OOMBIHIIIA TEMIIEPATypPaChlH ecenTeyre KoMeKTeceai. MoOUbaI KOChIMINA ECenTey IiH
HOTH)KECIH OHTAWIaH/IBIPAIbI.

Tyiiin ce3aep: armMocdepainbik aya, aya bUIFAIBUIBIFBI, ICUXPOMETP, TeMIeparypa, |-d auarpamma.
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PA3PABOTKA MOBUJIBHOI'O TPUJIOKEHUSA PACUETA TEMIIEPATYPBI ATMOC®EPHOI'O
BO3JYXA IO BJIA’)KHOMY TEPMOMETPY

HWccnenoBanue HampaBieHO Ha pa3pabOTKy MOOWIIBHOTO HPHWIIOKEHUS JJIsl pacueTa TeMIlepaTypbl aTMOC(epHOro
BO3IyXa IO BIAXHOMY TepMOMeTpy. Mcronp30BaHHE YIydIICHHOTO MOOWIBHOTO MPHUIOKEHHUS SBISETCS OCHOBHBIM
WHCTPYMEHTOM JUIS pacdeTa IOJb30BaTeIIMH TEMIIEpPAaTypbl aTMOC(EpPHOTO BO3AyXa IO BIAKHOMY TEPMOMETpY.
MobunpHOe TPWIOKEHNWE IIOMOTAeT II0JIb30BATEIsIM I0Jy4aTh pPe3yiabTaThl B J000€ BpeMs M B JIIOOOM MecCTe.
MobunbHOe NMpUIIOKEHNE TPEeAHa3HAYEeHO JUIS T0JIb30BaTeNeH, KeNalouX pacCUuTaTh TEMIIEpaTypy arMoc(epHOTo
BO3/lyXa MO BJIQXXHOMY TepMoMeTpy. [Ipu pazpaboTke MOOMIBHOTO MPHIIOXKEHHS HCIOIb30Banach miardopma Xcode.
MobuneHOe TpHUIIOKEHHE pa3pabdoTaHO Ha TPEX OCHOBHBIX s3bIKax. Ka3aXCKOS3BIYHBIE IOJIB30BATENH, a TaKKe
PYCCKOSI3BIYHBIE W AHIJIOSI3BIYHBIC TOJIB30BAaTENN. MOOHIbHOE NMPHUIIOKEHNE BKIIOYAeT B ce0s MHOXKECTBO (hYHKIHH,
TaKUX Kak OOBSICHEHUS, BBIYUCIEHHUS, BO3SMO)KHOCTh OJTHOBPEMEHHOTO BBIYHCIICHHUS 1 BO3MOKHOCTh U3MEHEHUS S3bIKa,
4TOOBI OBITH MMOHSATHBIM TI0JIb30BATENSIM. MOOMIIbHOE MPUIIOKEHNE BIAXKHBIA TEPMOMETP aTMOC(HEPHOTO BO3IyXa.

KiroueBble cjioBa: atMmoc(hepHBIN BO3YX, BIAXKHOCTh BO3/yXa, IICHXPOMETp, TeMrepaTypa, auarpamma I-D.

Abstract
DEVELOPMENT OF A MOBILE APPLICATION FOR CALCULATING THE TEMPERATURE OF
ATMOSPHERIC AIR BY A WET THERMOMETER.
Nyssan S.4., Makashev E.P.%, B.S.Daribaev B.S.?, Berkimbaeva S.B.?
Al-Farabi Kazakh National University, Kazakhstan, Almaty
2University of international business, Almaty, Kazakhstan

The research is aimed at developing a mobile application for calculating atmospheric air temperature using a wet
thermometer. The use of an improved mobile application is the main tool for users to calculate the atmospheric air
temperature using a wet thermometer. The mobile app helps users get results anytime, anywhere. The mobile
application is designed for users who want to calculate the temperature of atmospheric air using a wet thermometer.
When developing the mobile application, the Xcode platform was used. The mobile app is developed in three main
languages. Kazakh-speaking users, as well as Russian-speaking and English-speaking users. The mobile app includes
many features such as explanations, calculations, the ability to calculate simultaneously, and the ability to change the
language to be understandable to users. The mobile application, the wet thermometer, atmospheric air.

Keywords: atmospheric air, humidity, psychrometer, temperature, diagram I-D.
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