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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 classification of communication signals in low signal-to-noise
ratio (SNR) environments poses a significant challenge, particularly due to the
dynamic and complex nature of these conditions. Traditional signal recog-nition
methods, which are primarily effective in stable SNR scenarios, often fail to deliver
reliable results when faced with fluctuating SNR levels. Addressing this critical gap,
our research introduces a novel entropy-based methodology for identifying modulation
types under variable SNR conditions. This innovative approach utilizes a diverse array
of entropy measures to extract and differentiate sig-nal characteristics, specifically
targeting various phase modulation types such as BPSK, QPSK, 8PSK, 16PSK, 32PSK,
and 64PSK. The versatility and adaptability of the proposed algorithm mark a significant
departure from conventional feature extraction methods, enabling it to maintain high
accuracy in environments where traditional approaches are less effective. Through
extensive experimentation and analysis, our algorithm has demonstrated superior
performance in challenging conditions, achieving robust and reliable signal
classification even at SNRs as low as -4 dB. This advancement not only showcases the
potential of entropy-based approaches in enhancing signal classification in complex
communication systems but also sets a new benchmark for future research in the field.
The implications of this study are far-reaching, offering practical solutions for
improving the efficien-cy and reliability of communication technologies in real-world
scenarios.
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AHHOTaNMS. Curnan-mry kKateiHackl  (SNR) Temen opTajnaparsl
OailJlaHBIC CUTHAJIJIAPBIHBIH KIKTEIY1, 9Cipece OChl KaFaaiaap/IblH TUHAMUKAJIBIK KOHE
KypJieNi cumnaThiHa OalIaHBICTBl aWTapIIbIKTall KUBIHABIK TYIbIpaabl. EH anibiMeH
typakTel SNR crenapuiiiepinge THiMAI OONAThIH JIOCTYPJi CHUTHAIABI TaHy OJicTepi
SNR ngeHrefinepinin KyObUTybIMeH OeTre-0eT KelreHae CeHIMII HOTHKeepai Oepe
anMaipl. Ochl MaHBI3IbI OJKBUIBIKTBI JKOK YIIIH Oi37iH 3epTTey aiiHbiMaibl SNR
JKaFJaiblHAa ~MOJIYJSIUS  TYpJepiH aHbIKTaAyFa apHaJFaH JKaHa OSHTPOIUsSFa
Herizenred ojicreMeni enrizemi. byn waHOBamusuibik Tocii BPSK, QPSK, 8PSK,
16PSK, 32PSK xone 64PSK cusiktel oprypni (azanblk MOIyJsUsl TypliepiHe
OarpITTaiFAaH CHTHAJI CUINIATTaMajiapblH IIbIFAPy JKOHE capajay YIIH 9pTypii
SHTPONMSI TYpJEPIH maijanaHaabl. YChIHBUIFAH aJTOPUTMHIH oMOeOanThiFbl MEH
OCHIMIIIIrT JOCTYpii TOCUIAEp THIMILIINT TOMEH opTajapja >XOFapbl JOJJIIKTI
CaKTayFa MYMKIHIIK OepeTiH ofeTTeri MYMKIHIIKTepAi IIbIFApy OJicTepiHeH
adTapibIKTall aybITKYy bl KepceTeai. KeH ayKbIMIbl SKCIIEPUMEHTTEp MEH TajjayJjiap
apKbUIbl  OI3/iH aJIrOPUTM KYpAEl Karjaiiapia Korapbl OHIMIUIIKTI KOpPCETTi,
tinTi -4 1b netiin TemeHn SNR-1e ceHiMIl KoHE CEHIMJII CUTHAJ Kiaccu(UKAIHUIChIHA
KOJI JKeTKi3/Il. By mporpecc Kypesi 0aiaHbIC JKyHelepiHaeri CurHaIap bl KIKTey i
KAKCApTyAarbl OHTPOIMWSFAa HETI3AENreH TOCUIASpAIH OJeyeTiH KOpCeTill KaHa
KOMMaii/ibl, COHBIMEH KaTap OChl cajiajiaFbl OoJialliaK 3epTTeyjiep YIIiH  JKaHa
Oarmapabpl  Oenrimedimi.  bByn  3eprreynmiH  camjapbl  K€H  ayKbIMJBI  OOJIBII
TaObUTA/IbI, HAKTHI QJIEMJICT] ClEHApUNIePAe KOMMYHUKAIUSIIBIK TEXHOIOTHSIIAP IbIH
TUIMJIUTITT ME@H CEHIMLIITIH apTThIPY YIIIH MPAaKTUKAIBIK MEIiMAEP/Ii YChIHAIBI.
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AnHoramusi. Kiaccudukaiuss CHrHajJOB CBSI3M B Cpellax C  HH3KUM
otHomeHnueMm curHan/mym (SNR) mnpeacraBmser co0oil cepbe3Hyl0 mpodiemy,
OCOOCHHO M3-3a JIWHAMHYECKOTO M CJOXHOTO XapakTepa 3THX ycioBud. Tpamm-
IIUOHHBIE METO/Ibl PACTIO3HABAHMS CUTHAIIOB, KOTOPHIC B TIEPBYIO ouepeib (D (eK-TUBHBI
B CIEHAPHUAX CO CTAOWIILHBIM OTHOIICHHEM CHUTHAI/IIYM, YacTO HE JAIOT HaJC)KHBIX
pe3yabTaTOB MpPU KOJEOAHWSIX YPOBHEH OTHOIMICHUs CHUTHAN/IIyM. UTo-Obl yCTPaHUTH
3TOT KPUTHYECKUI MpoOes, Hallle UCCIe0BaHNe MPEICTaBIsIeT HO-BYI0 METOJIOJIOTHIO,
OCHOBaHHYIO Ha DHTPOMUH, JUIA ONpEeAeNeHHs THUIIOB MOAYJS-IIMU B YCIOBHUAX
MEPEMEHHOTO OTHOIICHHS CHUTHAI/IIYM. DTOT WHHOBAIMOHHBIA TOJXOJl HCIOJB3YeT
pasHooOpa3Hblii HAOOp DHTPONMHMUHBIX Mep JUIss HW3BIeueHHs W auddepeHranumn
XapaKTepPUCTUK CHUTHAJIA, B YAaCTHOCTH, JJIS Pa3jIMYHBIX THUNOB (ha30BOW MOMYJISAIHH,
takux kak BPSK, QPSK, 8PSK, 16PSK, 32PSK u 64PSK. YHuBepcaJbHOCTh U
aJaNTUBHOCTh  TPENJIOKEHHOTO  alIrOpUTMa  CYIIECTBEHHO OTJIMYAlOT €ro  OT
TPaJWIIMOHHBIX METOJIOB W3BIIEYECHHS NMPU3HAKOB, MO3BOJISS €My COXPAHSTH BBHICOKYIO
TOYHOCTh B Cpeliax, Iie TPaJUIMOHHBIE MOAXOIbl Me-Hee 3(hdexkTHuBHBI. braromaps
OOIIMPHBIM  DKCIIEPUMEHTaM W aHaIW3y Hall alrOpUTM IPOJEMOHCTPUPOBAI
MIPEBOCXOAHYIO TPOU3BOJUTENFHOCT B CIOXHBIX YCIOBHUSX, 00€CTIEUNB HAASKHYIO U
HQ/ICKHYIO KIACCU(PHUKAINIO CUTHAIOB Jla)Ke NPU TaKUX HU3KUX OTHOIICHUSX CHUTHAN/
myM, Kak -4 1b. OTo goCTH)XEeHNE HEe TOIBKO JEMOHCTPHUPYET MOTEHINAT SHTPOTTMHHBIX
MOJIXOJIOB B YJIYYIICHUH KJac-CH(HUKAIUN CUTHAJIOB B CJIOXHBIX CUCTEMaXx CBSI3H, HO H
YCTaHABIUBAET HOBBIA OPUEHTHP IS Oy MyIINX UCCIETOBAHUN B 3TOI 00JIacTH.
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3HaueHUe 3TOT0 HCCIe-I0BAaHUS HMEET HaJIeKO HIYyIIUMEe IMOCIEICTBUS: OHO
npeajaraeT MpakTUYEeCKHE pelIeHUsl s TMOBbIIEeHUS 3(G(EKTUBHOCTH U
HAJIe)KHOCTH KOMMYHHUKAIIMOHHBIX TEXHOJIOTHI B pEaJIbHBIX CLEHAPHUSX.

KuaroueBble ¢ji0Ba: YHTpOIHS, MOAYJLAIHs, Kiaccudukamnus, MPSK, SNR

Introduction

Currently, technological advances have made classification and
identifica-tion an integral part of the data transmission industry. This is a
relatively new area of research in signal analysis that continues to attract a lot of
interest, which has led to its considerable prominence in recent years.
Classification plays a key role in many applications, for example, in military
and civilian communication sys-tems including monitoring, radio-observation,
electronic warfare, cognitive radio (CR) and software-defined radio (SDR)
(Zhou et al., 2019; Zhao & Yang, 2017; Li &Ying, 2014). However, due to the
high signal density, modulation classification (MK) is becoming an increasingly
complex process, especially in communication systems with unknown
parameters such as carrier frequency and sample duration. Furthermore, it
cannot be denied that the complexity of recognition increases un-der various
noise exposures, and the classification task at a low signal-to-noise ratio
(SNR) is now widely studied in (Uys et al., 2017; Li. et al., 2016; Wang et al.,
2018). Various algorithms have been proposed to solve this problem.

Classification algorithms are commonly bifurcated into two predominant
categories: firstly, the decision theory approach, which is predicated upon
the likelihood function (LB) as evidenced in source (Zheng & Lv, 2018), and
sec-ondly, the statistical pattern recognition methodology, which hinges on
feature extraction (FB), as delineated in source (Huang et al., 2019). The latter,
FB, has garnered widespread acceptance in the realm of classification due to
its advan-tageous attributes, namely consistent performance stability and
reduced compu-tational complexity. This methodological approach generally
encompasses two principal phases: the initial phase of feature selection and the
subsequent phase of classifier development. Within the realm of feature
extraction, this subsystem is tasked with isolating features that are
representative of signal characteristics, achieved through the analysis of data
within either the time domain or the trans-formation domain.

Recent advancements have seen the evolution of both feature types and
extraction methodologies, giving rise to novel features being proposed and em-
ployed specifically for modulation recognition. Notable among these advance-
ments, as indicated in references (Yan & Feng, 2017; Yan & Liu, 2018), is the
successful classification of modulation signals such as MSK and MPSK through
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the utilization of an image analysis approach, which involves the measurement of
Hamming’s distance. Further, reference (Zhao & Guo, 201)] introduces a novel
feature predicated upon fourth- and sixth-order cumulants, coupled with the de-
velopment of a neural network classifier designed for the identification of a spec-
trum of nine signal types, encompassing MSK and MQAM signals.

An additional recognition algorithm, based on spectral analysis as detailed
in source (Nemala & Patil, 2013), accentuates the characteristics inherent in both
the power spectrum (Guo & Li, 2010) and the cyclic spectrum (Boutte & Santha-
nam, 2009) of signals within the frequency domain. This approach has the distinct
advantage of mitigating noise effects in the transmission channel. However, it
necessitates a considerable amount of prior signal knowledge and entails a rela-
tively high level of computational complexity. Conversely, the constellation map
methodology, as illustrated in source (Liu & Lin, 2009), offers a more straight-
forward approach. It effectively displays the structural characteristics of signals,
boasting advantages such as simplicity, intuitiveness, and a lower dependency
on the signal-to-noise ratio (SNR). Various types of modulation can be used in
the data transmission environment to ensure the most efficient and correct de-
livery of communication signals. Data delivery is carried out using a modulated
signal which in turn is a complex signal with variable parameters depending on
the transmitted information. A well-known method for determining the complex
characteristics of signals is information entropy (Jeon & Chehri, 2020; Zhanabaev
& Kozhagulov, 2018). The advantage of the entropy feature extraction method is
that it provides a high level of noise immunity and stability. According to the sim-
ulation results in (Li & Guo, 2015), the algorithm based on entropy characteristics
demonstrates good anti-noise characteristics and can give a detailed description of
the characteristics of radar signals in a complex environment with a low signal-to-
noise ratio (SNR). In reference (Zhang & Li, 2018), the authors concluded that the
algorithm for feature extraction based on the entropy cloud can reach 100 % rec-
ognition rate even at SNR of -11 dB. A number of experiments related to various
entropy methods have also shown that complex signals such as BPSK, QPSK, as
well as QAM signals are more complex in the detection process. The article (Liu
& Guan, 2017) indicates that new functions are rarely proposed that can complete
the classification of MPSK and MQAM signals. In this regard, our research efforts
are focused on the identification of modulation types using a new algorithm of
calculating the probabilistic space for various feature extraction methods.

This paper is organized as follows: Section 2 summarizes extraction meth-
ods and algorithms. Section 3 describes experimental data, results, which are an-
alysed in detail. Section 4 provides conclusions and possible directions for future
research.

Method

Theory of Entropy

Currently, there are many different approaches to signal identification, but
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undoubtedly, all approaches consist of two components: feature extraction and
a classifier. No classifier system can work without certain input data, especially
with incorrect functions.

In the well-known theory of information, “entropy” is a measure of the
uncertainty of various events. Usually, as entropy increases, the signals become
less stable. It can be used to determine the internal characteristics of signals, for
example, to describe the distribution of uncertainty and calculate various statistics
to determine the degree of signal complexity. Thus, the entropy feature extraction
method is well suited for extracting features of the classification of modulated
signals.

In this paper, four different entropies are selected to perform feature ex-
traction algorithms.

The entropy analysis algorithm selects functions based on the uncertainty
of the information; it does not require knowledge of the signal parameters. It has
a relatively small amount of computation, so it is a fairly simple algorithm for
extracting features.

Typically, the structure for classification includes three parts, feature ex-
traction, feature selection, and classifier. We will consider feature extraction in-
cluding entropy functions.

The principles and methods of information theory have become an inte-
gral part of probability theory and statistics and have found application in various
fields. The concept of entropy has a special meaning in the field of information
theory and was introduced by Shannon. Shannon’s entropy is a measure of the
uncertainty of some system. It should be emphasized that Shannon perceived in-
formation as signals that are necessary, useful for the recipient. Unhelpful signals
are noise, interference from Shannon’s point of view. If the signal at the output of
the communication channel is an exact copy of the signal at the input, then this
means the absence of entropy from the standpoint of the information theory. No
noise means maximum information. Shannon’s entropy looks like as follows (Liu
& Guan, 2017):

H(p) = H(py.pz, o Pp) = — ZF;‘IGHPE
i=1 (D

where P = 1. P2, Pn) shows the existing probability of each event in the
collection, provided that

mn
0=p; =1, ZF;‘: 1
i=1 (2)

According to the definition of the entropy function, H(p) has the follow-
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ing properties:

1. Symmetry.

The value ¥ ® of remains unchanged with an arbitrary change in the
order of the components P1-P2:-:Pn of the probability vectorP? = Py P2s Pa)
, that is, the entropy result refers only to the general statistical properties of the X
set.

2. Nonnegativity

The value of the entropy function is always a non-negative quantity, name-

ly:
H(piJPZJ S pn] =0 (3)
3. Reliability property
The entropy value must be zero when a certain event occurs in the set.
4. Extreme property
In the X set, when each event has the same probability, it obtains the max-
_ L _ 1
imum entropy. When every event in X set has the same Pr=P2="=Pa=4
probability , the entropy reaches its maximuriq \ialue. iAs follows:
H(Pijpzj--up“]iﬂ(;;;; "'J;)zzﬂgn (4)

Using the definition of Shannon’s entropy, exponential entropy was intro-
duced to construct a two-dimensional feature entropy to improve signal recogni-

tion (Li et al. 2016). Assuming that the probability of an event is Pi , the amount
of information can be written as:

ﬂfexp(??i} =gl P (5)

Exponential entropy can be defined as follows:

1) =Y peets
= ©)
From formulas (5) and (6) it can be seen that in comparison with generally

AM(p;) =logleg (l)

accepted information Pi/  the new concept Alerp(pi) has the
same meaning. In the time domain of definition [0,1], the Aoz (pi) 1S @ mono-
tonically decreasing function and its range is [1, €]. When the probabilities Pi of
all events are equal, the Hexp will receive the maximum value.

To investigate further applications of entropy and to calculate the uncer-

tainty of the generalized distribution, Alfréd Rényi proposed a new entropy, which

looks like as follows:
EiP:"
YiPi (6)

1
R*(p) = 1= alog
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where the parameter determines the order of Rényi’s entropy, a € (0, 1) U
(1, ©)or a € {0, 1, o}. With a = 1, the Rényi’s entropy limit can degenerate into
Shannon’s entropy, so Rényi’s entropy is a generalization of Shannon’s entropy.
The entropy of Tsallis is a generalization of the standard Boltzmann and Gibbs’
entropy [23]. It can be defined as:
1-%E,p]

-l 0

In formula (7), k - some positive constant that defines the unit of measure-
ment of entropy, and in physical formulas it is a beam of dimensions, such as the
Boltzmann constant. From the point of view of the entropy optimization problem,
this constant is insignificant, therefore, for simplicity, k = 1 is often taken. N - the
total number of elements of the set of probabilities, and - the corresponding prob-
abilities. When the order is 1, the entropy of Tsallis is converted to the Shannon’s
entropy.

Proposed algorithm

In the process of extracting features, the target signal can be affected by
noise, and the amplitude of the signal has a certain property of fuzziness and
randomness. The extracted characteristic of the signal is not stable, but fluctuates
within a certain range. It is difficult to accurately and completely describe the
characteristics of the target signal. To solve this problem, an algorithm for deter-
mining the probability was proposed, which divides into regions in the coordinate
IQ (I - in-phase signals, Q - quadrature signal). The steps of the proposed algo-
rithm are as follows.

The probability is determined by the following formula (Figure 2):

iZNI‘,Z(@)

pJ =

S,=k

N

Lped,

Q= arctan(%j Z(p)= {0‘ . q)] o
where i/, PED , 7 is the collection of sets
of each sector
Q

o. (1)}
° L ]

Figure 2. Probability method
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In the IQ coordinate, we divide the regionZ ((0) into equal sectors @,

where the angle is determined by ¢, = arctan (QJ After that, we calculate the
sum of all points as follows: Y

Z(¢):{1;¢e®j

0,pe®,

If the points fall into the sector @, we will denote it as 1. After deter-
mining the total number of points in the sector j, dividing by the total number of
points N , we calculate the probability in this sector.

Results and Discussion

To increase the variety of signal datasets, a new dataset called Hisar-
Mod2019.1 was used. The dataset includes 26 modulation types from 5 differ-
ent modulation families, which are analogue, FSK, pulse amplitude modulation
(PAM), PSK, and quadrature amplitude modulation (QAM).

To extract entropy features, experiments are carried out for each signal at
different SNRs and the average value of its information entropy is obtained. The
change curve of different entropy with SNR is shown in Figure 3.
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Figure 3. The change curve of different entropy with SNR. (a) Shannon’s entropy; (b) Rényi’s entropy; (c)
Exponential entropy; (d) Tsallis entropy

Figure 3 shows that most of the entropy decreases with increasing SNR
and begins to stabilize. This is due to the fact that as the SNR increases, the degree
of signal interference decreases, and when the signal SNR reaches a certain level,
the change in the entropy value is mainly caused by the randomness of the signal
symbols. As shown in Figure 3a, Shannon’s entropy distinguishes well BPSK,
QPSK, 16PSK, 64PSK signals and easily classifies these signals, the distance be-
tween other signals is relatively small, and the entropy value does not change sig-
nificantly depending on the SNR signal. Exponential entropy distinguishes BPSK,
64PSK signals. Compared to Shannon’s entropy, exponential entropy has poor
classification ability for various modulation signals.

Figures 3b,c show that Rényi’s and Tsallis entropy distinguish BPSK,
QPSK and 64PSK signals. However, the overlapping of 8PSK and 32PSK signals
is more serious and they are difficult to separate by the Rényi’s, exponential and
Tsallis entropy. Compared to the above types of entropy, Shannon’s entropy can
more effectively distinguish 8PSK and 32PSK signals.

Conclusion

This article mainly explores the method of identification of modulated sig-
nals based on entropy. First of all, according to the HisarMod2019.1 database, a
kind of signal model was derived. The distribution of each type of signal for each
entropy feature is obtained, and then the possibility of classification is carried out
by observing the distribution in the space of entropy features. 4 types of entropy
were viewed: Shannon’s entropy, Rényi’s entropy, Tsallis entropy and exponential
entropy. The application of Shannon’s entropy showed the best result compared to
other types of entropy. Due to the variety of available entropy and the complexity
of determining the types of modulation, an algorithm for selecting features was
proposed for classification based on the results of entropy changes. We checked
the effectiveness of the algorithm by comparing it with other results.

In particular, we can classify 6 commonly used modulation types: BPSK,
QPSK, 8PSK, 16PSK, 32PSK, and 64PSK. Modelling of various signal-to-noise
ratios confirms the effectiveness of the algorithm.
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