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b «XAJBbIK)»

B 2016 rogy mist pa3BUTHS U YAYYIICHUS Ka9eCTBA )KU3HHU Ka3aXCTAHIIEB OBLT
CO3J1aH YacTHBIN briarorBopuTenbHbIH HOHT « XaTbIK». 3aTOIBI CBOCH eI TETHPHOCTH
Ha pealln3aluio OJaroTBOPUTEIIBHBIX IPOCKTOB B 001ACTSIX 00pa30BaHus U HAYKH,
COLIMANIbHOM 3allMThI, KYJBTYPBI, 3APaBOOXpaHEHUs] U cnopra, POoHA BBLACTHI
Oonee 45 MUITHAP/IOB TEHTE.

Ocoboe BHuManue bnarorBopurensheiii  GoHA  «XadbIK»  yaenseT
00pazoBaTeNbHBIM IPOrpaMMaM, CUUTas 3TO HANpaBlICHHE OJHUM U3 KIIFOUEBBIX
B cBoell aesrenbHOCTH. OKa3biBasi MOAJEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@®oH1 BHOCUT CBOW MOCHJIBHBINA BKJIaJ B pa3BUTHE Kaue€CTBEHHOI'O 00pa30BaHUs
B Kazaxcrane. Tem cambiM crmocoOCTBYSl pOCTy 4YHcia JIIOf#EH, CIIOCOOHBIX
MEHSTh KU3Hb B CTpaHe K JydmeMmy — NpodeccHOHAIOB B pasMUHBIX cdepax,
MOTCHLIUANBHBIX JIMACPOB U «BETUKUX YMOB». ORHON M3 3HAYMMBIX WHHULIMATUB
¢donaa «Xanslk» B 00pa3oBarenbHol cdepe cran npoekT Ozgeris powered by Halyk
Fund — nepBsiii B cTpane 6usHec-nHKyOaTop utst ydamuxcs 9-11 knaccoB, KOTOpBIT
MIOMOTaeT Pa3BUBaTh HEOOXOANMBIEC B COBPEMEHHOM MHpE MpeIIpUHIMATEIbCKHE
HaBbIKU. Tak, Ha coelicTBHE MaJloMy OM3HECY HIKOJILHUKOB OBIIO BBIZIEJICHO Oosee
200 rpanrtoB. g noanep:KKW TaJaHTIMBBIX U MOTHUBUPOBAaHHBIX JeTed DoHn
HEOHOKPATHO BBIACIISUI IPAaHTHI Ha 00yueHue B MextyHapoqHoH mkoie « Mupacy»
u B Astana IT University, a Take MOMOT' Ka3aXCTaHCKHM HIKOJIbHUKAaM NPHUHATH
ydactue B mpectmkHoM kKoHkypce «USTEM Robotics» B CLIA. Atopckue
paboTsI B pamkax npoekTa « Tamimrepy, koropomy DoHJ 0Ka3all NOAICPKKY, JICIIN
B OCHOBY y4yeOHOW MpOrpaMMbl, Y4EOHHKOB M Y4€OHO-METOIMYECKUX KHHI IO
npeameTy «OCHOBBI IpeIIPUHIMATEIbCTBA U On3Hecay, npenogasaemoro B 10-11
KJIaccax Ka3axCTaHCKMX LIKOJ M KOJIICIKEH.

[ToMuMO moOMOIIM HIKOJIBHUKAM, YYalIUMCsl KOJUIeIKeld u cryneHTam DoHp
CYUTAET BOXHBIM BHECTH CBOH BKJIaJ B MOBBINICHUE KBAJIM(HUKALNUU MEaroros,
COBEPLICHCTBOBAHHE MX 3HAHWH M HABBIKOB, MOCKOJIBKY MMEHHO OHH SIBJISIOTCS
MPOBOAHMKAMM 3HAHWH OyAyIIMX IMOKOJICHMH Ka3axcTaHueB. [Ipu mommepikke
doHma «Xanblk» B KOKHOH CTONHWIE OBUT OpPraHW30BaH €XKETOIHBIN TOPOICKOM
KOHKYpc neparoros «Almaty Digital Ustaz.

BaxxHoil MHMUIMATHBOM CTasl peaju3yeMblii MPOEKT M0 OOYYECHUIO OCHOBAM
(MHAHCOBOM TPaMOTHOCTH IpenojaBaTesiedl M3 BochbMM obnacteil Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BIMSHHE Ha BOCIHMTAaHHE (UHAHCOBOH
IPaMOTHOCTH M NIPEAIPUHUMATEIBCKOTO MBILIJICHUS Y HOBOT'O OKOJICHUS TpaskAaH
CTpaHBbI.



HeoOxomumyto nomomps @onp «Xalblk» OKa3bIBa€T U TEM, KTO OCOOECHHO
OCTpPO B HEHl Hykmaercs. B pamkax coluanpHON 3aIlIMTBHl HACEJICHUS aKTHBHO
MpoBOAXTCS paboTa MO MOAJEPIKKE AETeH, ocTaBIIMXCs Oe3 poxuTenel, AeTei u
B3POCIBIX U3 COLMAIBHO YS3BUMBIX CIIOCB HACEJICHHUS, JIOACH C OrpaHMYCHHBIMU
BO3MOJKHOCTSIMH, @ TaKXe 00CCIICUCHHIO HYKAAIOMINXCS COLHMAJIbHBIM KHUIBEM,
CTPOUTENILCTBY COLIMAJIbHO BaKHBIX OOBEKTOB, TAKUX KaK JAETCKUE CaJlbl, AETCKUE
TUIOIIAAKH U (PU3KYIBTYPHO-0310POBUTEIBHBIC KOMITJICKCHI.

B xonmnky 106psix gen @onaa «Xasblk» MOKHO 100aBUTh OKa3aHUE TOMOLIH
JIETCKOMY CIIOPTY, Ky/la OTHOCUTCS MOJJICPKKa B Pa3BUTHM JETCKOro ¢gyrdoia u
Kapate B Hauel crpane. JKu3HEeHHO BasKHYIO ITOMOIbL biiaroTBOpUTeIbHbIN (GOHIT
«XanpIK» OKa3aJl HallUM COOTEYECTBEHHMKAaM BO BpeMsl HEAaBHEH MaHIEMUU
COVID-19. Torna, B pasrap Tsbkenoil 0opsObl ¢ KOpOHaBHUpPYCHOW MHQeEKuuei
®onpx Bbtennn cBbimie 11 MWIIMAapIOB TEHTe Ha MPHOOpETeHHEe HEOOXOIUMOro
MEIUIMHCKOTO OOOPYAOBaHMS M JOPOTOCTOSIIMX MEIWLHUHCKUX Ipernaparos,
aBTOMOOWJICH CKOPOM MEIUIMHCKOM MOMOIIM M CPEIACTB 3aIlUTHI, aJpPECHYIO
MaTepranbHyl0 MMOMOIIb COLMANBHO YS3BHMBIM CJIOSM HACEICHHUS U JCHEKHBIC
BBIMJIATHl MEJULIMHCKUM PAOOTHHUKAM.

B 2023 rogy napsiny ¢ OIpyruMH MpPOEKTaMH, HALICIECHHBIMH Ha MOBBILICHUE
01aroCcOCTOSHUS Ka3aXCTaHCKHUX IpaskaaH DOoH peLn yIeIuTh 0c000e BHUMAaHHUE
HayKe, TOCKOJIbKY OHa SIBJISIETCSl 4YaCThIO OOIIECTBEHHOM KYJIBTYPHI, & YPOBEHb €€
Pa3BUTHS ONPEACISICT YPOBEHD PA3BUTHUS TOCYIAPCTBa.

[Honnepxka @oHIOM BbIMycKa >XypHanoB HamuonanbHOH AKaneMuu Hayk
PecnyOnmukn KazaxcTtaH, KOTOpble BXOAAT B MEXAyHaponuHble (OHABI Scopus U
Wos 1 B KOTOPBIX IYOJIHMKYIOTCS CTaTbH OTEYECTBEHHBIX YUYCHBIX, JOKTOPAHTOB
W MarucTpPaHTOB, a TAK)KE HAyYHBIX COTPYIHHKOB BBICHIMX Y4YEOHBIX 3aBEeICHHI
W HayYHO-HCCIIEIOBATENbCKAX MHCTHUTYTOB HAIICH CTpaHbl SBISIETCS HE MEHEE
3HAYUMBIM BKJIaioM PoH/Ia B pa3BUTHE Ka3aXCTaHCKOTO OOIIECTBa.

C yBa:kenuem,
BbaarorBopurenbHblii ®oHa «XaabIK»!
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BAC PEJAKTOP:
BEHBEPUH Banepuii BacuibeBny, MeIuIMHA FUIBIMIAPBIHBIH TOKTOPEL, Tpodeccop, KP YFA akanemuri,
Kaszakcran Pecryonukacer [lpesunenti Ic Backapmackl MeauuMHAIBIK  OPTaIbIFBIHBIH - IUPEKTOPbI  (AJMaThl,
Kasakcran), H=11

PEJAKIOUAJBIK AJKA:

PAMA3AHOB Tinexka6b11 CoouTYIbI, (6ac peNaKTOpABIH OpbIHOAcaps!), GH3HKa-MaTeMaTHKa FhUIBIMIAPBIHEIH
Jnoktopsl, ipodeccop, KP ¥FA akanemuri (Anmvarel, Kazakcran), H =26

PAMAHKYJIOB Epnan Mupxaiizapyibl, (6ac permakrtopasiH opbiHOacapel), mnpogeccop, KP  YFA
KoppecroHaeHT-Mmy1reci, Ph.D OHoXuMust jKoHE MOJIEKYIAbIK TeHETHKA caaachl OOMBIHINA YIITTHIK OHOTEXHOIOTHS
opranbrbiHbH 0ac aupekrops! (Hyp-Cynran, Kasakcran), H =23

CAHI'-CY Ksak, PhD (6uoxumust, arpoxumust), npodeccop, Kopeit GHOFBUIBIM KoHE OHOTEXHOIOTHS FEUTBIME-
3eprrey uHCTHTYTEI (KRIBB), ecimuixrepiH HIKeHEpIiK jKyHenepi FHUIBIMU-3ePTTEY OPTabIFBIHBIH 0ac FHUIBIMI
Kpi3MeTkepi, ([]puon, Kopes), H =34

BEPCIMBAEB Paxmerkaxbl Eckenipy/bl, Ononorus reUIBIMAAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
axagemuri, Eypasus ynrteik yausepeunreri. JLH. l'ymunes (Hyp-Cyiran, Kasakcran), H= 12

OBUEB Pygar, TexHuka FbUIbIMIApbIHBIH JOKTOpbI (Onoxumus), npodeccop, Cankr-IlerepOypr MEMIIEKeTTiK
TEXHOJIOTHSUIBIK, MHCTUTYTHI «XUMISUIBIK JKOHE OMOTEXHOIOIMSUIBIK alIlapaTypaHbl OHTaMIaHABIPY» Ka(eapachIHBIH
menrepyiuici, (Cankr-ITerepOypr, Peceit), H= 14

JIOKIIHNH Bstuectas HoranoBmu, MeauiHa FBUIBIMAAPBIHBIH JTOKTOPBI, Ipodeccop, KP ¥YFA akanemuri,
«PERSONA xaJbIKapasblK KIMHUKAJIBIK PEMPOIYKTONIOTUsl OPTANIBIFBIHBIH AUPEKTOpbI (Anmarsl, Kazakcran), H = 8

CEMEHOB Baagumup I'puropbeBuy, Owomorust FbUIBIMAAPBIHBIH —JOKTOpBL, —mpodeccop, Yysamr
pecryOniKachIHBIH €HOCK CIHIPreH FhUIBIM Kaiipatkepi, «UyBail MEMJICKETTIK arpapiiblK yHHUBepCHTETD Denepanabik
MEMJICKETTIK OIO/DKETTIK JKOFaphl OimiM Oepy Mekemeci AKYyLIEpIK oHE Teparus KaeIpachlHbIH MEHIEPYILICi,
(YeGokcapsr, Peceit), H =23

DAPYK Acana [lap, Xamaap ans-Mamkina Xamaap yHUBEPCHTETIHIH IIBFbIC MeuIMHa (axyisreTi, [Ibreic
MEIUIMHACKI KOJUTeKiHIH npodeccopsl, (Kapauw, [Tokicran), H =21

HIENETKHWH Urops AsiekcanIpoBHY, MEIHIIMHA FEUTBIMAAPBIHBIH JOKTOPbI, MOHTaHa ITAThI YHUBEPCUTETIHIH
npodeccops! (Monrana, AKII), H=27

KAJIAH/IPA IIberpo, PhD ({pusuka), HAHOKYPBUIBIMIBI MaTepUaIIap bl 3ePTTEY HHCTUTYTBIHBIH TPOGECccopb
(Prv, Utamus), H =26

MAJIBM Amnna, dapmaneBTrKa FEUIBIMAAPBIHBIH JOKTOPSL, Ipodeccop, JIIoOMMH MenuimHa yHUBEPCHTETIHIH
(apmanepTika daxyasTeTiHiH AekaHsl (JIoommn, [onsma), H =22

BAUMYKAHOB [lacran Acbl16eKy.Ibl, aybUl IIAPYaIIbUIbIFbI FRUTBIMIAPBIHBIH T0KTOpBL, KP ¥FA koppecron-
JIeHT Myteci, "Mail mapyanibuibFbl KoHE BeTePUHAPHS FHUIBIMU-OHIIPICTIK opTaibibl" JKIIC man mapyarbuibEbl
JKOHE BETCPHHAPNBIK MEAVIMHA JerapTaMeHTiHiy Oac reumbivu KpiMertkepi (Hyp-Cynran, Kasaxcram), H=1

TUTUHSHY Uon MuxaiiioBuy, (hr3nka-MareMaTHka FbUIbIMIAPBIHBIH JJOKTOPBI, akaieMuk, Momjosa Feuibiv
AKaJIeMISICBIHBIH TIpe3ueHTi, MooBa TexHUKaIbIK yHIBepcuTeTi (Kummues, Monnosa), H = 42

KAJIMMOJIJAEB Maxkcar Hypominyibl, Qusnka-MaTeMaTHKa FhUIBIMAAPBIHBIH JOKTOPEI, Tpodeccop, KP
YFA axanemuri (Anmvarsl, Kazakcran), H="7

BOLIKAEB Kyanraii Arasbiyjibl, Ph.D. Teopusnbik xoHe sSaponblK (GU3MKa KaderpachiHbIH JOLEHTI, -
®Dapabu areigars! Kazak yinrTeik yHEBepeuTeti (Anmvarst, Kazakcran), H = 10

QUEVEDO Hemando, ipoceccop, SIporbIk FeuibMaap HHCTHTYTHI (Mexuko, Mekcrka), H =28

JKYCIIIOB Mapar AG:xaHy/bl, (U3MKa-MaTeMaTHKa FBUIBIMIAPBIHBIH JOKTOPBI, TEOPHSUIBIK JKOHE SIPONIBIK
¢huzmka kadeapacsHbIH mpodeccopsl, an-Papadbu arbimars! Kasak yiTTeik yauBepeureTi (Anmars, Kazakcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBud, (r3Hka-MareMarnka FbUIBIMIAPBIHBIH JOKTOpbI, YkpamHa YFA
akazemuri, KoimanOasl MaTeMaTika skoHe MexaHuka MHCTUTYTHI (JloHenk, Ykpauna), H=15

TAKUBAEB Hypranu Kabarayiibl, (u3ika-MaTreMaTHKa FhUIBIMAAPBIHBIH JIOKTOpBI, mpodeccop, KP ¥FA
axanemuri, on-Dapabu arempars! Kazak yiTTeik yauBepenteti (Anmarsl, Kasakeran), H=5

XAPUH Cranncnas HukonaeBnu, (usnka-mMareMarvka FhUIBIMIApBIHBIH JOKTOPEL, mpodeccop, KP YFA
axangemuri, Kasakcran-bpuran texuukansik yHuBepeuteti (Anmarsl, Kasakcran), H= 10

JABJIETOB Ackap EpOynanoBuy, ¢u3nka-MareMarika FhUIBIMIAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akaziemuri, an-Oapadu arsiHaare! Kazak yiarTeik yHuBepeuteti (Anmvarel, Kazakcran), H =12
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TOKJAJIBI 2024 o2
HALII/IOHAHBHOﬁ AKAJIEMHUUN HAYK PECITYBJIMKHN KA3AXCTAH

TJIABHBIMA PEJAKTOP:
BEHBEPHH Bauepuii BacuiibeBu4, TOKTOp MEIMIMHCKUX Hayk, mpodeccop, akanemuk HAH PK, mupexrop
MemuumHckoro eHtpa YipasneHust jienamu [pesunenta Pecrryonuku Kasaxcran (Anvarst, Kasaxcran), H= 11

PEJAKINUOHHASA KOJIJET US:

PAMA3AHOB Tiekkagya CabuToBUY, (3aMECTHTEIb IIABHOTO PENAKTOPA), JOKTOP (DPH3MKO-MaTeMaTHuecKuX
Hayk, npodeccop, akagemuk HAH PK (Anvarsl, Kasaxcran), H =26

PAMAHKYJIOB Epian Mupxaiinapsud, (3aMeCTHTENb NIABHOTO PEIAKTOpa), npodeccop, WieH-KOpPEeCIOHIeHT
HAH PK, Ph.D B obnact OHMOXMMHM ¥ MOJEKYJISIPHOW TeHETHKH, [eHepaibHblid aupextop HarmoHanbHOTO IIeHTpa
ouorexnonoruu (Hyp-Cynran, Kazaxcran), H =23

CAHTI'-CY KBak, nokrop ¢unocodun (Ph.D, Gnoxnumusi, arpoxumus), mpodeccop, IIaBHbIi HayqHbIiT COTPYITHHIK,
HayuHo-uccnenoBarebekuil LEHTP MHKEHEPHBIX cUcTeM pacTeHni, Kopelickuii HayuHO-UCCIe0BaTeNbCKU HHCTUTYT
ouonayku u ouorexnonoruu (KRIBB), (I»4on, Kopest), H = 34

BEPCUMBAEB Paxmerka:u MckeHIHPOBHY, TOKTOp OHONOrHYECKUX Hayk, mpodeccop, akanemuk HAH PK,
Eppasuiickuii HarmoHanbHblii yausepcurer um. JLH. T'ymunesa (Hyp-Cynran, Kazaxcran), H= 12

ABUEB Pydar, noxrop TexHHYeCKHX Hayk (Omoxumirs), mpodeccop, 3aBemyronmii xkadenpoit «OnTHMusarms

XUMHYECKOW 1 OMOTEXHONIOTYECKOl anmaparypb», CaHkT-IletepOyprekuii rocy1apCTBeHHbIN TEXHONIOT MYECKUI HHCTH-
TyT (Cankr-IlerepOypr, Pocerst), H = 14

JIOKIIIUH Bsiuecia HoraHoBu4, JOKTOp MEIMIMHCKHX Hayk, npodeccop, akanemuk HAH PK, mupexrop
MexayHapOIHOTO KIMHIYECKOro neHTpa penponykroioray «PERSONAY (Amvarst, Kazaxcran), H=8

CEMEHOB Buiagumup I'puropbeBud, JOKTop OHOIOrHYECKUX HAyK, MPOQEccop, 3aciTy KeHHbIN e Te b HayKH
Yysarckoii PecryOnuku, 3aBeyroriiii kadenpoit Mopdosoriu, akyiepeTsa 1 tepaniu, OeaepaabHoe rocyIapcTBEHHOS
OlomKkeTHOE 00pa3oBaTelbHOE YUPEXKICHHE BBICIIEro oOpazoBaHmst «UyBamICKMil TOCYNApCTBEHHBIN arpapHbIi
yauBepcuter» (Yebokcapsl, Uysarickas Pecryonuka, Poceust), H =23

DAPYK Acana Jlap, npodeccop Komtemka BocTouHOH MemuimHbl Xamaapaa anb-Majpkusa, (hakyisTeT Boc-

TOYHOM MeanIHbl YHuBepcuTera Xamuapaa (Kapauu, [Takucran), H=21

MIENETKWH Hrops AnekcaHapoBHY, IOKTOP MEIMIMHCKUX HayK, podeccop YHUBepcHTeTa mtara MoHTaHa
(CILIA), H=27

KAJIAH/IPA Iserpo, roxrop ¢unocoduu (Ph.D, dhusuka), npodeccop UHCTHTYTA 10 M3yUCHHIO HAHOCTPYKTY-
pupoBanHbIX Marepuaios (Pum, Utams), H =26

MAJIBM AnHa, 1okTOp (hapMareBTHIecKUX Hayk, Ipodeccop, ekaH (apMareBTHdeckoro haxynsrera JIroomm-
CKOro MeJMIMHCKoro yHuBepeutera (JIro6mun, [Monmbnra), H = 22

BAUMYKAHOB Jlacranfexk AcbLIGEKOBHY, JIOKTOP CEIbCKOXO3SHCTBEHHBIX HAyK, YICH-KOPPECHIOH/ICHT
HAH PK, maBHblit HayuHbIH COTpYIHUK JlenapraMeHTa »KUBOTHOBOJICTBA M BeTeprHapHOi Meuimubl TOO «HayuHo-
TIPOU3BOICTBEHHEII LIEHTP KUBOTHOBOZCTBA U BeTepunapminy (Hyp-Cyirran, Kasaxcran), H=1

TUTUHSIHY Won MuxaiisioBud, 10KTOp (GU3HMKO-MaTeMaTHueCKUX HayK, aKaJIeMUK, PE3UICHT AKaeMUU HayK
Moniobl, Texuuueckuii ynusepcurer Monioss! (Kumimnes, Moiosa), H =42

KAJIMMOJIJAEB Maxkcat HypaanioBud, TOKTOp (pU3HKO-MareMaTHIecKHX Hayk, IIpodeccop, akagemuk HAH
PK (Anmarsl, Kazaxcran), H="7

BOLIKAEB Kyanraii ABraszpieBuy, noktop Ph.D, npenonaaresb, 101EHT Kadenpbl TEOPETUYECKOM U SIePHOM
m3uku, Kasaxckuii HalMOHaIBHBINA YHUBEpCHTET MM. ainb-Dapabu (Anmmarel, Kasaxcran), H= 10

QUEVEDO Hemando, nipodeccop, HarmonansHeiii aBroHomHbIH yHUBepcHTeT Mekcuku (UNAM), UHcTutyT
sinepHbIX Hayk (Mexuko, Mekcuka), H =28

JKYCYIIOB Mapar A6:kanoBHY, TOKTOP (PH3HKO-MaTeMaTHICCKUX HayK, Ipodeccop Kaheapbl TEOPETHIESCKON i
snepHoit pnsnku, Kasaxcknii HarpoHanbHbIH yHHBepcHTeT nM. anb-Dapabu (Anmvarer, Kasaxcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBud, JOKTOp (H3HKO-MareMaTH4ecKuX Hayk, akagemMuk HAH VkpauHer,
VHCTHTYT NPUKNIaHOM MaTeMaTHKy 1 MexaHuky (JloHenk, Yikpauna), H=5

TAKUBAEB Hypraan JKa6araeBud, JoKTop (U3HKO-MaTeMaTHICCKHX Hayk, mpodeccop, akanemuk HAH PK,
Kazaxcknii HaMOHAIBHBIN yHHBepeHTeT UM. anb-Dapadut (Anmmarsl, Kasaxcran), H=15

XAPUH CrannciaB HukonaeBH4, TOKTOp (pH3HKO-MaTeMaTHUeCKHX Hayk, Ipodeccop, akagemuk HAH PK,
Kazaxcrancko-bpuranckuit Texanueckunii ynusepeuret (Anmarsl, Kazaxcran), H=10

JABJIETOB Ackap EpoOynanoBud, 1OKTOp (U3MKO-MareMaTHdecKux Hayk, npodeccop, akagemuk HAH PK,
Kazaxckuii HaMOHAIBHBIN yHHBepcHTeT M. anb-Dapadu (Aymarsl, Kasaxcran), H=12

Hoxaaasl HannonanbHoii akagemuun Hayk Pecnyosmuku Kazaxceran»
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Abstract. The significance of this research topic lies in the need to the necessity
to simulate rogue waves using information technology tools. This is especially crucial in
the current trend towards finding connections between natural phenomena and program-
ming. Rogue waves are massive in scale, appearing suddenly and significantly larger
than the surrounding waves, seemingly emerging from nowhere. (Hager et al., 2024). By
examining these scholarly data on waves, we can comprehend and forecast their behavior
using physics and programming. Into the bargain, by altering the frequency, amplitude,
and together with the parameters of the seed solutions in a programming language, we
can achieve our outcomes. The immediate objective of this research project is to measure
the methods for solving nonlinear differential integrable equations to model rogue waves,
especially the Darboux transform (Albatyrova et al., 2023) and simulated the results in
the multi-paradigm programming language Python. The Darboux transformation enables
the creation of various intriguing solutions, such as soliton and rogue wave solutions,
for nonlinear integrable equations. The central significance of the research is the use of
programming languages for modeling nonlinear differential equations to establish a theo-
retical framework for experimentally manipulating three-dimensional rogue waves along
with offering motivation for mitigating rogue wave disasters in marine environments in
nature.

Keywords: nonlinear differential equation, rogue waves, Python, modeling, Dar-
boux method, spin, spintronics, soliton
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AHHOTanmusi.  3epTTey  TaKbIPbIOBIHBIH  MaHBI3IBUIBIFBI  aKMapaTThIK
TEXHOJIOTHSIIAPAbI KOJIJIAHA OTHIPBIIL, >KOWKBIH TOJIKBIHIAP/ bl MOJICIB/ICY KOKETTITITIH IE.
Byn ocipece Taburu KyOBUTBICTAp MEH aKMapaTThIK TEXHOJIOTUSIIAD apachiHIAFbI
OaiimanbicTap/abl TaOYy IBIH Ka31pri TCHJACHIUACHIHIIA 6T MaHbI3/Ibl. JKOWKBIH TONKBIHIAD
KYTIIETeH JKEpJeH Maiina OONaThlH CHUSKTHI YJIKCH MacliTa0ka Hhe, KCHETTEeH TMaija
0oJ1a/1bl J)KOHE KOpIaraH TOJKbIHIAPAAH e19yip YIKeH. TONKBIHAAP/BI 3ePTTEY apKbLIbI
013 onap/pIH MiHE3-KYIKbIH (M3MKa MeH Oaraapiiamanay apKbUIbl TYCIHIN, Ooypkai
anmambi3. COHBIMEH KaTap, OariapiiaMaliblK TUIIeri 0acTanKbl MapTTapAblH KHITITiH,
aMIUIATYIAChIH JKOHE MapaMeTpIICpPiH ©3repTy apKbUIbl 013 9pTYpJIi HOTHXKEIepre Kol
KeTKizeMi3. Byl 3epTTey »k00acChIHBIH TiKeJIeH MaKcaThl - OChI TOJKbIHIAPbI JlapOy
oiiciH Kojiansi, Python Oarmapinamanay titinae moaensaey (Albatyrova et al., 2023).
JapOy TyplieHIipyi CBI3BIKTHIK €MeC WHTErpallaHaThIH TeHJEYJep YLIIH COJUTOHAAP
MEH JKOWKBIH TOJKBIHAAP CUSKTBHI OPTYPJIi KbI3BIKTHI HICHIIMIEPAl Kacayra MyMKIHJIIK
Oepei.

Tyiiin ce3mep: CbI3BIKCHI3 U QepeHInanapl TeHaeyIep, >KOUKbIH TOJKbIHIAP,
Python, monensaey, HapOy oaici, cinH, CHUHTPOHHUKA, COIUTOH
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AHHOTAanUsl. 3HAYUMOCTH JAaHHOW TEMBI HCCICIOBAHUS  3aKIIOYACTCS
B HEOOXOAMMOCTH MOJCIHPOBAHUS Pa3pYIIAIOIIUXCS BOJH C HCIOJIb30BAHUEM
MH(OPMAIMOHHBIX TEXHOJIOTHH. DTO OCOOCHHO Ba)KHO B COBPEMEHHOW TEHJCHIIUU
HaXO0XICHUS CBsI3eH MEXKAY MNPUPOJAHBIMU ABJICHHUAMHU U TIPOrpaMMHPOBAHHCM.
Paspymiaroryecss BOJHBI MMEIOT KOJIOCCAJIbHBIA MAaciiTad, BHE3AlHO TMOSIBISISICH U
3HAYUTENBHO PEBBIIIAS [0 Pa3MepaM OKPYIKAOIINE BOJHBI, KAXKETCsI, 4TO OHU BOSHUKAIOT
U3 HUOTKYJaA. I/I3yqa${ BOJIHBI, MBI MOXEM IIOHATL W IMPOrHO3UPOBATH UX IMOBCACHUC,
UCToNb3ysl PU3KMKY U MporpaMMHpOBaHKHe. KpoMe Toro, M3MeHsis 4aCTOTy, aMILTUTY Ly
U napaMeTpbl HadaJlbHBIX YCJIOBI/Iﬁ B IPOrpaMMHOM SA3BIKE, MBI MOKEM IIOJTYYUTH
pa3nuyHble pe3yibTaThl. HemocpeaCTBEHHON IeNbI0 JAHHOTO HCCIIEI0BATEILCKOTO
MPOEKTa SBIISIETCS HM3YyYCHHWE METOAOB PEIICHHs HEIMHEHHBIX IU(PepeHInaTbHBIX
WHTETPUPYEMbIX YPaBHEHUH JIsi MOJICIIMPOBAHMUS STHX BOJIH, 0coOeHHO Metona apOy
(Albatyrova et al., 2023), u MojieIUpOBaHUE PE3YJIBTATOB Ha SA3BIKE IPOTPAMMHUPOBAHUS
Python. IIpeoOpazoBanue /lapOy mo3BOJISET CO3/1aBaTh pa3jiMuHbIe HHTEPECHBIC pellie-
HUsl, TAKME KAK COJIMTOHBI U pa3pylUarOLIUe BOJHBI JUIsl HEJIMHEWHBIX MHTETPUPYEMBIX
ypaBHeHHH. OCHOBHOE 3HAYEHHE MCCIICIOBAHMS 3aKIIFOUACTCS B UCTIOIb30BAHUH SI3bIKOB
[IPOTPaMMHUPOBAHUS JJIsl MOJICTTMPOBAaHMSI HETMHEHHBIX U PepeHIINATBHBIX YPaBHEHUH
C ETIbIO CO3/IaHUS TEOPETHIECKO OCHOBBI JUIsl SKCTIEPUMEHTAIBHOTO YIIPABICHHS TPEX-
MCPHBIMHU BOJIHAMH, a TAKKC MOTUBALMU JJId MPEAOTBPALLICHUA KaTaCTpO(b C pOTOBBIMU
BOJIHAMH B MOPCKHUX YCJIOBUAX B IPHUPOJC.

KuiroueBble ci10Ba: HelmHeliHOE M epeHIranibHOe ypaBHEHUE, pa3pyLIAroIe
BouHbI, Python, Mmogenuposanue, merox dapOy, clinH, CHMHTPOHHUKA, COTUTOH

Introduction

The study of spins, modeling of rogue waves, spintronics, and nonlinear differen-
tial equations are interconnected through the need to solve complex nonlinear differential
equations in the design and analysis of spintronic devices. This process enhances under-
standing and prediction of the dynamics of spins and waves within such systems, facili-
tating the development of new device types that operate more quickly and efficiently than
traditional electronic devices. Researching and modeling the solutions to these equations
helps in better comprehending their behavior.

Recently, many educational institutions have improved their theoretical and ex-
perimental physics courses through the integration of information technology. This sum-
mary describes our experience creating a course on theoretical physics using the Python
programming language of choice. The main goal of this course is to prepare students to
model physics problems using programming languages. In my article, [ will demonstrate
the use of a programming language to model nonlinear differential waves, highlighting
the connection between physics and information technology.

Many reasons to choose Python were based on several significant advantages,
such as its free availability, Python’s syntax is clear and understandable, making it ac-
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cessible even to those new to programming. Python also supports interactive plotting
functions, such as those found in matplotlib. While object-oriented programming (Backer
et al., 2007) is possible with Python, it is not required, meaning that the focus may be
on solving physics problems with a computer rather than mastering the more complex
aspects of Python. However, Python is also attractive to students with more advanced
programming knowledge (Backer et al., 2007).

The paper (Gennadiy et al., 2023) investigated one notable example, where a
study examining soliton dynamics in the nonlinear Schrédinger equation in Python. The
time progression of the partial differential equation was calculated using a linear ap-
proach with explicit sampling of the spatial components. Object-oriented programming
and silent compilation were used to speed up computing processes. The use of a specific
package made it possible to conduct numerical studies of physical phenomena, where
considered nonlinear Schrodinger equation

Methods and materials

The paper (Hemmen et al., 1984) explores the arrangement of all spins in fer-
romagnets at low temperatures. The concept of spin describes the rotation of a particle
around its own axis. Quantum spin systems represent a fascinating area of physics. In
these systems, spins act as nanoscale magnets and interact following the principles of
quantum mechanics. Although these magnets are atomically small, the substantial ro-
tation of electrons around their axis produces observable effects. Because spin systems
serve as primary models for quantum magnetic insulators, they are applicable to various
types of magnets (John et al., 2010).

Samuel Goudsmit’s book chronicles his collaboration with the promising scien-
tist George Uhlenbeck and their work with other notable scientists in discovering electron
spin (Albatyrova et al., 2023). Their investigations into the Pauli exclusion principle,
employing quantum numbers m1 and m2, led to the revelation that elementary parti-
cles exhibit four degrees of freedom, which affirmed the presence of electron spin. This
breakthrough also accounted for why the value of m is always either positive or negative
one-half. Furthermore, they found that elementary particles possess intrinsic magnetic
moments equal to the Bohr magneton (Li et al., 2016).

The physicist Werner Heisenberg was the first scientist to engage with the inno-
vative ideas introduced by Uhlenbeck and Goudsmit. He applied the concept of spin to
create a new approach to quantum mechanics, which later became recognized as Heisen-
berg’s quantum mechanics (Li et al., 2016).

The swift advancement of technology in the 21st century has significantly min-
iaturized our devices, leading to rapid changes in their architecture. This evolution pres-
ents challenges for scientists in data storage and conservation. Traditionally, capacitors
are used to store data through electron charges, but as these charges begin to diminish,
an alternative is sought. In this scenario, scientists opt to utilize the spin of elementary
particles to transmit information, taking advantage of the particles’ inherent property of
coherence for quicker data transfer. Yet, as storage units shrink, electron leakage occurs,
resulting in data loss. Additionally, transmitting information via spin over long distances
poses a challenge. To overcome these issues, researchers are increasingly turning to spin-
tronics as a viable solution (Li et al., 2016).

Spintronics represents an innovative area within technology. This field focuses
on studying electron spins, which can function both as information transmitters and data

10
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carriers. Leveraging these characteristics of elementary particles, it is feasible to acceler-
ate the transfer of information (Li et al., 2016).

In spintronics, electron spins are also utilized. This involves considering the rota-
tional properties of electrons. Specifically, “spin up” is visualized as having the north pole
at the top, while “spin down” represents the reverse orientation (Albatyrova et al., 2023).

Researchers have developed a novel method for data storage by substituting ca-
pacitors with a device composed of two ferromagnetic layers separated by an insulator.
In the arrangement, the domains within the first ferromagnetic layer align their vectors
uniformly when influenced by the presence of the insulator in the second layer. Electrons
are allowed to pass only when both ferromagnetic layers are aligned in the same direc-
tion, which represents a ‘one’. If the alignments differ, it represents a ‘zero’. This type of
insulator, known as a topological insulator, is set apart from other materials by its ability
to induce a directed movement of electron spins on its surface. This spin characteristic is
then utilized to facilitate information transfer.

The technique mentioned in (Albatyrova et al., 2023) can be applied to depict dy-
namic systems and provide an introduction to Lax pairs. From the research documented
by (Myrzakulov et al., 2016), it is understood that the Kuralay IIA Equation is formulated
as follows:

5. —SAS, —uS, =0, (1)
1 o
ux—i{s;}; 0, (2
where § = (51,52,53) represents a spin vector, which has a length of ¥ =1

.The Lax pair for our model is presented as follows (Myrzakulov et al., 2022; Myrzaku-
lov et al., 2016; Myrzakulov et al., 2022; Nugmanova et al., 2022)

Y. =T, (3)
Y = Ny, (€Y
in which
¥ = —iis, ()
24
NE1mah ©
where P we can identify as
P = 0.25([S,5.] + 2idS), %))
in this context, d denotes a scalar potential. Also, the spin vector is expressed in
matrix format
(35 57 )
s=(31 25), ®
Si = 51 i E:S:_,

We examined the Darboux method, which is a convenient technique for generat-
ing fresh solutions to nonlinear integrable equations. As described in (Albatyrova et al.,
2023), the Darboux transformation offers an entirely algebraic approach that allows for
successive continuation (Baoqun et al., 1998).

However, the Darboux transformation method, used for solving certain nonlinear
evolution equations, is comparatively simpler and more elementary, although it can still

provide soliton solutions.
11
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Soliton equations play a crucial role in various fields like nonlinear optics, deep
water wave theory, and plasma physics. Many methods exist to derive exact solutions for
these equations, including the backscattering method, bilinear method, Darboux trans-
form method, and algebraic geometry method. Numerous intriguing exact solutions have
been discovered, including the well-known pure soliton solution, finite band potential
solution, and pole expansion solution. Among these approaches, the Darboux transfor-
mation has garnered increasing attention and has seen rapid development in theoretical
studies of soliton and polarizable systems. As detailed in References (Myrzakulov et al.,
2022; Nugmanova et al., 2022; Xinhui et al., 2023), the Darboux transformation offers
a wholly algebraic and potent means of obtaining new solutions to nonlinear problems
from existing ones (Chuanzhong et al., 2012).

The Darboux transformation is a robust algebraic technique frequently utilized
to generate new solutions for nonlinear differential equations based on pre-existing ones.
It proves especially useful in soliton theory for equations like the Korteweg-de Vries and
nonlinear Schrédinger equations. An essential aspect of the Darboux transformation is its
capability to form new soliton hierarchies and investigate their bi-Hamiltonian structures.
These features are crucial for analyzing the integrability and solutions of such equations
(Chuanzhong et al., 2012). Recently, the Darboux transformation has been used to obtain
rogue wave solutions for the equations (Jieming et al., 2013).

The Darboux transformation is highly effective in deriving various solutions for
the equations, which are beneficial in elucidating phenomena in nonlinear optics (Herbst
etal., 2013).

In the article (Albatyrova et al., 2023), we achieved first fold Darboux trans-
formation for the analyzed spin system. We will use the components of the spin matrix

following expressions: _ _
(A1 = 23y,

St = St A Vo (10)
o 5__1((-111—-351)%'1’;)11 (ll)
A7y | — A5 g,
5ty = 53_1_({ 1 |a,ul|‘ﬁ 2 Ia,b_l})
x (12)

we can recognize the unknown value as A= |3y + W2l With this information,
we are now prepared to develop different types of rogue wave solutions using these val-
ues.

The next step is finding new rogue wave solutions for our model. To discov-
er the exact solution, we select a solution to the linear spectral problem, denoted as

W= (i:'-l‘liJ i:'-IJE}T in which

l}l"i — EEB[J (13)

where
, = etfs, (14)
q_'): = Eig!.l (15)

where 0 is a parameter that influences the form and dynamics of the waves. We
12
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will consider this parameter, with n, g, A variable parameters, as
8, =nx—qgt—A, (18)
8 = —(nx—qt — A), 17
According to the article (Mackenziey et al., 2019; Gilson et al., 2003), enhancing
the parameter that multiplies the nonlinear term in the nonlinear Schrédinger equation,
while keeping the initial condition u(x, 0)=sech constant, results in bound states with
progressively more solitons. This leads to much sharper spatial and temporal gradients,
posing a tougher challenge for numerical methods than previously encountered, so we
will take our seed solution by using expressions (13)-(17) in this form
S5t= gsech{d(ﬂx— It + qb):ltanh{d(nx— It + gt-)} gilnx—qr-a) {18)
5= gsech(d(ﬂx — It + q.‘:)}tanh{d(nx — It + g&-)} gilna—qr-al {19)
where the sech function describes the soliton with a hyperbolic secant curve,
known for its stability in form during propagation and interactions. The new outcomes by
using expressions (10)-(12) obtained are presented as follows:
§H = gsech{d(ﬂx —It+ q}:)}tanh{d(nx— It + g&-)} gilne—at-a) 4 (- .1:_.1}11-3‘3*':”““?*"-"), (20)
§' = gsech{d(ﬂx —It+ cp):}tanh{d(nx —lt+ g&-):} gilne—gr=a) 4 (- ,;I,,_Tl)neff':”““?"'f‘). (21)

The wave’s oscillatory characteristics are captured by an exponential term with
a complex exponent. The Python code for this simulation will be presented, along with
the corresponding results (Figures 1-2) for the expression (20)-(21). For the second rogue

waves solutions (Gilson et al., 2003), we considered the next expressions
Py = elry, (22)

i,’-l): - gf'}*’:J (23)

where 0 is a parameter that influences the form and dynamics of the waves. We
will consider this parameter, with n, q, A varjable parameters, as
yr=x*+14, (24)
yz = —(x* +t4), (25)
Expressions for the seed solutions

m(j+ Im*+rm?®)

st 5 26
1+ gm= (26)

m{j— lm*+rm?®
- = (f—ﬂ) (27}

1+gm-
here our new rogue wave expressions in the form of (28)-(29)
; 4 ;]

ot — m(j + Im +ﬂ1‘m )] i_i) xef':14+*43, 28)

1+ gm=- 1 A2

m(j — Im* +rm® 1 1 y

g- = G _ )_'_ (r__) Xe—zl_.r‘+r‘)J (29)

1+ gm=- 1 a

Results and discussion
As a result, through the application of traditional techniques for resolving non-
linear integrable equations, new solutions for rogue waves were derived using the Python

13
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programming language. This process allowed for the observation of three-dimensional
visualization. We get 3D model (Figures 3—4) for the equations (28)—(29).

import numpy as np

import matplotlib.pyplot as plt

from mpl _toolkits.mplot3d import Axes3D

# Constants

g=1.0,d=1.0,1=1.0, phi = 0.0, delta = 0.0, lambda_1 = 2.0, lambda 2 = 3.0,
m=1.0,q=0.0

# Define n and t ranges

n = np.linspace(-10, 10, 400)

t = np.linspace(0, 10, 400)

n, t = np.meshgrid(n, t)

# Compute the values

x=d* (n-1%*t+ phi)

term1 =g * (1 / np.cosh(x)) * np.tanh(x) * np.exp(1j * (n - q * t - delta))

term2 = (1/lambda_1 - 1/lambda_2) * m * np.exp(-2j * (n - q * t - delta))

S =term1 + term2

# Plotting

fig = plt.figure()

ax = fig.add_subplot(111, projection="3d’)

ax.plot_surface(n, t, np.real(S), cmap="viridis’) # Change np.real to np.imag or np.abs

for different properties

ax.set_title(‘Rogue wave with 1 solution”)

ax.set_xlabel(‘n’)

ax.set_ylabel(‘t’)

ax.set_zlabel(‘(S+)”)

plt.show()

Rogue wave with 1 solution
Rogue waves with 1 solution

0.4
02
0.0

-02
-0.4

Real(s-

Figure 1. A visual representation of Figure 2. A visual representation of the
the new soliton solution new solution

import numpy as np
import matplotlib.pyplot as plt
from mpl toolkits.mplot3d import Axes3D
# Constants m=1.0,j=1.0,1=1.0,r=0.1,q= 1.0, lambda 1= 2.0, lambda 2 =3.0
# Define x and t ranges

14
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x = np.linspace(-0.5, 2.5, 400)

t = np.linspace(-0.5, 2.5, 400)

X, t = np.meshgrid(x, t)

# First term calculation

first term=m * (j + 1 * m**4 +r * m**8) / (1 + q * m**2)
# Second term calculation (complex exponential)
coefficient = (1 /lambda 1 -1/lambda 2)

second_term = coefficient * x * np.exp(1j * (x**4 + t**4))
# S’ expression

S = first_term + second_term

# Plotting

fig = plt.figure()

ax = fig.add_subplot(111, projection="3d’)
ax.plot_surface(x, t, np.real(S), cmap="viridis’)
ax.set_title(‘Real Part of S+\*)

ax.set_xlabel(‘x’)

ax.set_ylabel(‘t")

ax.set_zlabel(‘Real(S+\")")

plt.show()

Real Part of S+'

Visualization of S a5 a Potential Solitonike Solution

ES

=
N
Real(s+')

=
o

Figure 3. Simulation of the Figure 4. Simulation of the

This article delves into the computational modeling of physical phenomena uti-
lizing the Python programming language. The investigation culminates in an examination
of rogue waves as nonlinear differential equations. These waves are described by the non-
linear differential equation. Through the application of the Darboux method for solving
the model, we obtained new solutions with new root equations

Conclusion

In conclusion, this research has demonstrated the importance of employing infor-
mation technology tools to simulate rogue waves, aligning with the current trend of inte-
grating natural phenomena with programming. We obtained the subsequent findings: (1)
Novel seed solutions equations were employed for resolving our model (1)—(2), (2) Py-
thon was utilized for the emulation of a physical phenomenon, specifically rogue waves.

Through the manipulation of frequency, amplitude, and other parameters within
a programming framework, significant outcomes can be achieved. This study has fo-

15
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cused on employing the Darboux transform, a method for solving nonlinear differential
integrable equations, to model rogue waves with Python. Using programming languages
for such modeling not only establishes a theoretical foundation but also offers insights
into mitigating rogue wave disasters in marine environments. By understanding and ma-
nipulating three-dimensional rogue waves, this research contributes to enhancing safety
measures and minimizing the impact of rogue wave incidents in nature.
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