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Abstract. As digital technologies continue to advance, the volume of shared
information is growing at an incredible speed. This trend causes a massive demand for
bigger storage systems and improved bandwidth for communication channels. In the
past, when internet connections was slow, transferring even basic programs or files took
a very long time. This is why efficient data compression methods became so essential.
These techniques led to the development of archivers-tools that considerably decline file
sizes withaut damaging the actual content. In this work, we took a close look at modern
compression algorithms based on wavelet transforms. We did not just compare existing
methods; we also developed our own software solution using the Wavelet Toolbox within
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the MATLAB environment. Through various tests, we checked how much different types of
data could be reduced and measured the specific compression ratios. The Wavelet Toolbox
provides a wide range of functions for processing signals and images. The compression
works by removing less important wavelet coefficients and then restoring the signal. The
study analyzed data compression algorithms based on the discrete wavelet transform. The
audio and image compression processes were implemented in the MATLAB environment,
and the influence of different wavelet types and division levels on the compression efficiency
was assessed. The results of the study showed the efficiency of Dmey and DB20 wavelets
for audio signals, as well as Haar and Biorl.1 wavelets for images. The proposed approach
allows optimizing the processes of data storage and transmission without reducing their
quality. The efficiency of the algorithm is confirmed by high results in compression and
restoration of various types of signals.

Keywords: wavelet transformer, data compression, audio signal, image processing,
compression ratio, recovery algorithm, decomposition degree
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Annoranusi. CaHJBIK TEXHOJOTUSHBIH JaMybIMEH OEpUICTIH akKmapaT Kejemi
eTe Te3 ecyne. by 01311 KypbUIFbl JKaIbiH KEHEHUTY JKoHE OaillaHbIC apHACBHIHBIH OTKI-
3y KaOUIeTiH jkaKcapTy YIIIH jKaHa LIennmaep i3aeyre Moxxoyp ereni. bypblH nuHTepHer
OailTaHbBICHI QJICI3 OOJIFaH Ke3/ie, TIMTI KapamaibiM Oaraapiamaiapasl Hemece Qaitnnap-
IIbI JK10epy 1€ y3aK yaKbITTBhI ayifbl. J[om OChI Ke3/1e THIMJl AEPEKTEepl ChIFY dJicTepl
CypaHbICKa ue 0oJbl, Oy (aiin emmeMiH OHBIH Ma3MYHbBIHA 3USTH KENTIpMel a3aiiTa-
TBHIH TaHBIC MYpPaFaTIIbIIAP/IbIH JaMybIHA 9Keail. by makanana 013 TOJKbIHABIK TYpJIeH-
JipyJepre HETi3[e/reH 3aMaHayu ChIFy aJlfOPUTMIEPIH erKeH-TerKesi KapacThIpAbIK.
bi3 Tek KonmaHbICTaFbl TOCUIAEPII CANBICTRIPHIN KaHa KoiiMall, CoOHbIMEH Karap Wavelet
Toolbox maketin naiiganansin MATLAB-Ta 63 GarmapiamanbIK memiMiMi3l sKacaabik.
bi3nin chiHaKTapeIMbI3a 013 9PTYPIIl AEPEKTEP TYPJEPiH KaHIIAIBIKTH a3aifiTyra 0oa-
TBIHBIH JKOHE HAKTBI CHIFY >KbUIAMIBIKTApbIHA KOJ JKETKI3UIreHiH Tekcepaik. Wavelet
Toolbox Kypangap >kuHaFbl CUTHAJIAAP MEH KECKIHACP/l UKeMI1 Typae OacKkapyra MyM-
KiHAIK O0epeni. MyHaa CbIFy TpoIeci MaHBI3Ibl €MEC TONKBIHABIK KOA(PGUIIMEHTTEPA1
aJIBIN TacTay apKbUIbI )KY3€Te achIPbLIAbl, COMAaH KEHIH CUTHAN KaJIbIHA KEITIPLIEII.
3eprTey OapbIChIHAA TUCKPETTI BEHBIET-TYPJICHIIPTIIIKE HETI3AeNreH MoIMETTepIl
Kbicy anropurmaepi Tanganasl. MATLAB opraceinia ayauocurHaniiap MeH KeCKiH-
Jep/ii KBICY MPOIIECTEPI JKY3€Te aChIPBLIBII, dp TYPJIl BEUBIIET Typiepi MeH OoliHy JIeH-
reinepiHid KbICy TUIMIUTITIHE dcepi Oarananabl. 3epTTey HoTmxkenepi Dmey xone DB20
BEUBJICTTEPIHIH ayluOCUTHAAap yiuiH, an Haar sxone Biorl.1 BeliBneTTepiHiH KeCKiH-
Jiep YIIH THIMIUTITIH KOPCeTTi. ¥ ChIHBIIFAH TOCI MOJIIMETTEP/IIH carachlH TOMEHIET-
TIeH, OJIap/bl CaKTay MEH TachIMaiay YAepICTepiH OHTaWIaHABIPYFa MYMKIHIIK Oepe/i.
AJTOPUTMHIH TUIMAUIITT SPTYpJl TUOTET1 CUTHAJIIAPbl KbICY JKOHE KaJIbIHA KENTIpY
Ke31H/1€ KOFapbl HOTUKEJIEPMEH JJIEIICH .

Tyilinai ce3mep: BeHBIET-TYpPJICHIIPTIII, MOJIIMETTEPAl KbICY, ayJHOCHTHA,
KECKIH/I1 OHJeY, KbICY KOO(PPUIIMEHTI, KaJIbIHA KETIPY aJlTOPUTMBI, 06JIiHYy JeHreil

Joiiexco3nep ywin: T.J[. Mwman6Gexosa, XK.b. WHo6paera, I'T. [l>xakaHoBa,
I'T. Ackan6aii (2026). MonimeTTepi BEHBICT-TYPICHIIPTIMITIH HETI31HAE KbICY ajro-
putmi; MATLAB opracbinaa Tannay koHe icke achlpy // XasbIKapaslblK aKmapaTThIK
YKOHE KOMMYHHKAJIBIK TeXHOJOTHsU1ap KypHaisl. T. 7. No. 26. b. 167-184. https://doi.
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AnHoTtamusi. C pa3BuTHEM IHUQPPOBBIX TEXHOJIOTUH O0OBEMBI IepeaaBaeMoOil WH-
dbopmanu pacTyT HEBEPOSITHO OBICTPO. ITO 3aCTaBISET HAC UCKATh HOBbIE PEIICHUS IS
paciiMpeHusi NaMsTH YCTPOICTB U yAyUIIeHHs] TPOMYCKHOW CIIOCOOHOCTH KaHAJIOB CBS-
3u. PaHbliie, Korga MHTEpHET-cOeIMHEHUE ObUIO c1a0bIM, OTHpaBKa J1axke OOBIYHBIX IIPO-
rpaMM WM QailsioB 3aTsruBaigachk Hajnouro. MiMeHHo Toraa ctaiu BocTpeOoBaHbl METObI
3¢ (}HEeKTUBHOTO CXKaTHsl JaHHBIX-TAK MOSBUIIMCH MPUBBIYHBIE HAM apXHUBAaTOPhI, KOTOPHIE
yYMEHBIIAIOT pa3Mep daiiia, He MoPTS ero coxepxkumoe. B ganHOM pabore MbI OapoO-
HO M3YYHJIA COBPEMEHHBIC aJITOPUTMBI CKaThs, padoTaroiiue Ha 0aze BEHBIET-TIpeodpa-
30BaHUIl. Mbl HE TOJIBKO CPABHUJIM CYIIECTBYIOLIUE MOAXO/AbI, HO M CO37aJId COOCTBEH-
Hoe nporpammHoe pemnieHue B cpene MATLAB ¢ nomomnisio makera Wavelet Toolbox. B
XO0J1e TECTOB Mbl IPOBEPHIIN, HACKOJIBKO CHJIBHO MOXKHO YMEHBIIUTh Pa3Hble THIIbI JaH-
HBIX U KaKhe KOHKPETHBIE MOKa3aTeIu CKaTHsl Py 3TOM noiyyatotcs. MHcTpymenTapuit
Wavelet Toolbox mo3Bossier rudko padoTaTh ¢ curHajgamMu U u3oopaxkenusmu. [Iporece
CKaTus 371eCh MPOUCXOIUT 3a CUET y/IaJIeHHUsI BTOPOCTENIEHHBIX BEHBIET-KO3(PPUIIEHTOB,
MIOCJIE Yero CUTHaJl BOCCTaHaBIMBaeTcs. B xone uccnenoBanus OblTH MPOAHATU3UPOBAHBI
AJITOPUTMBI C)KATHUS IaHHBIX HA OCHOBE JUCKPETHOTO BelBIeT-npeodpazosanus. [Iponec-
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CBI CKaTus ayauo M n300paxkeHui Oblu peanusoBanbl B cpene MATLAB, a takke Obuio
OLICHEHO BIIMSHUE Pa3IMYHbIX TUIIOB BEMBIIETOB U YPOBHEH paz/ieneHus Ha 3pPEeKTUBHOCTh
ckarus. PesynbraThl uccienoBaHus 1mokaszainu 3QQeKTUuBHOCTH BeiiBieroB Dmey u DB20
JUISl ayTUOCUTHAJIOB, a Takke BerBieToB Haar u Biorl.l mns uzoOpaxenuit. [Ipenmoxen-
HBIM TOJXOJ] MO3BOJIAET ONTUMHU3HUPOBATH MPOILECCHl XPAaHEHUs U Mepelayd JaHHbIX 0e3
CHI)KEHHUS MX KadecTBa. D(P(PEKTUBHOCTH aJITOPUTMA MOATBEPK/I€HA BHICOKUMU PE3YbTa-
TaMU IPU CKATUU U BOCCTAHOBJICHUU PAa3IMYHBIX TUIIOB CUTHAJIOB.

KuroueBble ciioBa: BeiiBieT-peoOpazoBaTelib, Cokatue MHPOpPMAIMH, ayIUOCHUT-
HaJ, 00paboTKa n300pakeHus1, KOYPPUIUEHT CHKATUS, AITOPUTM BOCCTAHOBJICHUS, CTETICHD
pa3iokKeHus

Jas  uurupoBanusi: T.JI. Mman6GexoBa, X.b. HOpaesa, I.T. Jl>xakaHona,
I'T. AckanOaii (2026). Anroput™ cxaTus JaHHBIX Ha OCHOBE BeiBIeT-npeoOpa3oBare-
ns: a”Hanu3 U peanuzauus B MATLAB // MexnyHaponHblil xypHain HHOOPMalMOHHBIX U
KOMMYHHKAITMOHHBIX TexHosoruid. T. 7. No. 26. Ctp. 167—184. https://doi.org/10.54309/
JICT.2026.26.2.011. (Ha ka3.).

KonduukT HHTEepecoB: aBTOPHI 3asIBISAIOT 00 OTCYTCTBUU KOH(IMKTa UHTEPECOB.

Kipicme.

3aMaHayy TeJIeKOMMYHHUKALUSIIBIK )KYHesep aknapaTThlH ©3apa aJaMacybIHbIH 0acTbl
MH(GPaKYpbUIBIMBI OOJIBIN aHBIKTAJIIbI KOHE OJIap KeH KeJIEMJIET1 MaJliMeTTep Il OailiaHbIC
apHajapbl KOMETrIMEH KETKi3yre Heri3fiefireH eTe KypAel TeXHHUKAJbIK, 9pl MporpaMma-
JBIK Kypasigap KOMIUIEKCIH KaMTH bl ByHaaii sxyiienep MOTiHIIK, TpadUKaJIbIK, JbIOBICTHIK
XKoHe OCiHe aKmapaTrTapbl CEHIMII Typae Taparyra MyMKiHIIK Oepemi. CoHbIMEH KaTap,
Oy xyHenep OipHelIe OHIaraH MbIHHAH OacTan MWUIMOHFA JEHIHTI Maigananynibliapra
KbI3MET KepceTyre KabieTTi, OyJ1 olapAblH OHIMIUTII MEH TUIMJLIITIHE KOFaphl TajanTap
KOSI/IBI.

TenexoMMyHHKaLMsI KbI3METTEPIHIH CallachlH JKaKCAPTYIaFbl HET13r1 MocesenepIiy
Oipi- OailaHbIC apHATAPBIHBIH OTKI3Y KaOUIETTUIIrNH OaphlHIIA TUIM/II NaiinanaHy. ApHa-
Jap/bIH OTKI3Y KaO1IeTTLIIr keOiHece kel apKblibl ©TeTiH TpaduK KesieMiHe OailIaHbICThI
(Chen et al., 2024; Daubechies et al., 2001). Tpaduk kemeMiHiH apTysl AepeKTepai oepy
KBUITAM/IBIFBIHA KEP1 9Cep €Tyl JKOHE JKEJIIHIH KaIMbl OHIMAUIINH TOMEHAETYl MYMKIH.
Ocbirad 0ailIaHBICTHI aKMapaT KOJIEMIH a3aiTy, SFHU IEPEKTEP/l ChIFY dIICTEPIH KOJIIaHy
€peKIe MaHbI3Ibl. JlepeKTep/il ChIFy alrOpUTMICPIH KOJIJIaHy apKbUIbl OEpIIeTiH aKmapar
KOJIEMIH a3aiiTyFa ’oHe apHa pecypcTapblH THIMAIpEK NMaigananyra 00mabl.

Conrbl KbUIAAPHl TOJKBIHIBIK TYPACHIIPY LHUQPIBIK TEIEKOMMYHUKAIUS *Kyiie-
JepiHAe CUTHAIBI OHICYIIH THIMII 9ICTEPiHIH O1p1 pETiHAe KeHIHEH KOMAaHBUIBIM KeIeTi.
by ozic curHanabl Tannay MEH eHJEY/Ie JKOFapbl HOTHXKEIepre KOJI JKEeTKI3yre MYMKIHAIK
6epemi. TONKBIHIBIK TYPICHAIPY KOJAaHY apKbLUIbI CHTHAJIABI CHIFY JCHTEHIH OlpHeIIe ece
apTThIpyFa 0oJaabl, OYJI IOCTYpIIi oaicTepre Kaparanaa antapibikrail Trimal (Imanbekova
et al., 2021). ConsiMeH KaTap, OailylaHbIC apPHACKIHBIH OTKI3y KaOUIeTTUIIriHe 0alIaHbICTHI
cUrHaiAbl Oenriil Oip AeHreire el ChIFyFa )KOHE canachblH alTapibIKTall TOMEHIeTIeN
Oepyre Oomanbl. TONKBIHIBIKKA HETI3JENTeH KIACCUKAIBIK ChIFY ainropurMjiepine Haar,
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Huffman >xone Doubéchy omictepi sxaraspl.

BetiiBier TypreHaipyaepiHiH HETi3ri apTHIKIIBUIBIKTAPBIHBIH Oipi-oJiap CUTHAIIBI
YaKBIT JKOHE JKUUTIK cajanapbiaa Oip yakpITTa Tangayra MYMKiHIIK Oepeni. by anic,
@ypbe TYpIEHAIPYiHIH apTHIKIIBUIBIKTAPBIH CAaKTall OTBIPHIM, KOCHIMINA MYMKIHIIKTED
yChiHaAbI. ATan aiiTKaHIa, BEHBIETTEp CUTHAJIBIH yaKbIT OOWBIHIIA OpHAJACYBIH [,
OHBIH JKULTIK CHUMAaTTaMalapblH Ja JToJI aHbIKTayFa MyMKiHmik Oepeni (Egorova et al.,
2019). Hotmxecinae curaaji KYpbUIBIMBIH TEPEH TalAay JKy3ere achbIpbliaIbl )KOHE OHBIH
MaHBI3/IbIl KOMITOHEHTTEP1 OOTIHEII.

MATLAB opraceinarsl Wavelet Toolbox makeTi BeWBIET TajaayblH KYPri3ydiH
KyaTThl KypaJIqapbIiHbIH 0ipi 00k TaObLIaAbl. by makeT naigaianybFa rpaduKaibk
uHTep(deicTI maiamaHbIl CHTHAIIAPIBI OHJICYTE, TaJIayFa JKOHE ChIFyFa MYMKIHIIK Oe-
peni. ConsiMeH Katap, Wavelet Toolbox y3mikci3 jkoHEe TUCKPETTi BEHBIET TYpICHAIPY-
JIEpiH OpPBIHJIAY, CHTHAJIIAP MEH KeCKIHACPAl IIyAaH Ta3apTy QyHKIUSUIAPBIH, COHAN-aK
JIepeKTepAl CBIFY KypailapblH KaMTHIbL. Byl MyMKIHAIKTEp FBUIBIMU 3€pTTEyJep MEH
WH)KEHEPITIK MaceNesepal THIM/II ISy e KaFaai )Kacaiapl.

Byt 3epTTey KyMBICBIHIA CUTHAJIIBI ChIFyFa apHaJIFaH OaFaapiaMaliblK JKacaKTa-
Ma KacaJ/ibl )KOHE OHBIH HOTIDKENepl KapacThIpbulabl. barmapiama cUrHaIIsl KOMIIO-
HEeHTTepre 0eIryre )KoHE OJapAbIH OpKAaUCHICHIH 06JICK OHJIEYTe MYMKIiH/IIK 6epei. ApTHIK
HEMeCe MaHBI3/Ibl €eMeC KOMIIOHEHTTEP/I1 KO0 apPKBLIB CUTHAJ KYPBUIBIMBI CHIFBIM/IATIa-
ITbI, HOTFDKECIHE (aii enmieMi alTapibiKTail azasapl. Toxipubenep KkopceTKeHAeH, Oy
TOCIUJI aKMapaTThIH HETI3T1 CalmajiblK KOPCETKIIITEPiH CaKTail OTBHIPHII, CUTHAJ OJIIIEMIH
[IaMaMEH YIII €Cere a3alTyFa MyMKIHIIK Oepei.

AKIapaTThIK-TEICKOMMYHHUKAIMSIBIK ~ TEXHOJIOTHSIIAPABIH,  KapKBIHABI  TaMYyBbI
CaHJbIK CHUTHAJApIbl OHICY CATAaChIHIAFbl )KETICTIKTEPMEH THIFbI3 OailnaHbicThl. By
KETICTIKTep aKmaparThl KaObUIIAy, OHICY XKoHE Oepy MpoIecTepiH OHTAMIaHIbIpyFa
MYMKiHJiK O6epeni. baitnansic apHanapsl apKpUIbl IepeKTepai Oepy Ke3iHAer! Heri3ri MiH-
JeTTepiH Oipi-aKknaparThl MYMKIHJITIHIIE a3 OypMajiayMeH ChIFy jKOHE COJaH KEiiH OHBI
JIoN KanimbiHa KenTipy. OcbliFaH OaiIaHBICTBI COHFBI JKbUIAAPBI THIMJII CHIFBIMAY aJIro-
PUTMIEPIH 93ipJeyTe KbI3bIFYIIBUIBIK aPTHIN KeIe .

XKanmsl, gepexTepi ChIFbIM/IAY TEXHOIOTUSUTAPBIH Mai1anany Kol KeJeM/Ie aKna-
paTTHI cakTay Ke3iHJIe ’KaJl pecypCcTapblH YHEM/IEYTe, COHIali-aK OaiTaHbIC Kyhenepine
OepiieTiH aepeKTep KeJeMiH a3aiiTyra MyMKIHIIK Oepeni. byit o3 keserinae dainmapasH
©JIIIIEMIH a3alTa/Ibl ’KOHE OJIap/Ibl OTKI3y KaO1IeTl IeKTeyIli apHalap apKbUIbI )KbUTIaMbl-
pak Oepyre mymKiHAik Oepemi. COHIBIKTaH aKmapaTThl CHIFBIMIAY SAICTEPIH KETUIIIPY
Ka3ipri 3aMaHFbl TEJICKOMMYHUKAIIMS CAIACKIHBIH €H MaHbBI3bI OAFBITTAPBIHBIH Oipi 00-
JIBIT TaOBLTAIBL.

9jicTep MeH MaTepuaJaap.

AKmaparTsl KbICy YIIIH KONTEreH op TYpil TOCUIAepl MEH anropuTmiepi Oap
(Imanbekova et al., 2021). ILIbIFbIHCHI3 TOCUIACP AEKOMIIPECCHSIAH KEHIHTT OacTamKel
CUTHAJIJIBIH eIIKaHAal aa Oip OypManaychl3 TOJBIK KaJIbIHA KeTyiH KAMTaMachl3 €Tel.

Byn ke3ne, mBIFBIHEI Oap KBICY TOCUIIEpPi KaJbIHA KEJITeH CUTHAIAAPbIH IIa-
MaJlbl ayBITKYJIapbIH Kibepeni. bynmaii anroputmaep HEFypIbIM MaHBI3Ibl €MeC OOJIBII
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CaHaJIaThIH MOJIIMETTIH JKOWBLIFaH OOJITIHIH €CeOIHEH KBICYIBIH KOFapFhl JopeKeciHe
KOJI J)K€TK13e/11. ©JIeTTe, 0Jap IBIFBIHCHI3 TOCUIEPMEH CaIbICThIPFAH/Ia HKOFAPhl THIM/ILI1-
riMeH KamTamachI3 erefi. KpIcy anropuTMiHiH HETi3r1 cUmarraMachl OOJbII KbICY KO3g-
¢unueHTi TabbLIA I, 011 0AaCTaNKbl (KbICHUIMAFaH) MAJIIMETTEPAIH KOJIEMIHIH KbIChUIFaH
MOJIIMETTEP/IIH KeJeMiHe KaTbIHAChIMEH aHbIKTAJIabl:

k=2
% (1)

k — KpIcy K03 dUTIHEHTI;
Sy — KBICBUIMaFaH MAJIIMETTEP/IiH ©JIIIeMi;
S¢ — KbICBUTFaH MAJIIMETTEP/IIH OJIIIeMi.

Kpicy koadduniueHTiHIH MOH1 HEFYPIIBIM YJIKEH OOJIFaH cailblH, KOJIJaHBII KaTKaH
QITOPUTMHIH THIMAUII COFYpPJIBIM >KOFapbl Oonbinl caHayiajgsl. COHFBI yaKbITTapia,
aKnaparThl KpICyFa OaillaHBICTBI TarchblpMaiapAblH HICIIIMIM Ke3iH/Ae BEUBIET-TYpJIeH-
JIPTIII HeT131HeT] aMasaaphl KWl KOJIAHBLIBIN XKaThlp. KeICYIbIH KITaCCHKAJIBIK aJIro-
pUTMIEpiHIH apacbiHaH Xaapa TypiaeHaiprimis, Xadhdman koaraysis, Jlobemn BeiBieT-
TEpiH CBI3BIN ailTyra Oomanabl. KpICyablH cumarTaManapblHbIH alTapliibIKTal >KaKcapybl
KOMIIPECCHUSHBIH KOFapbl JeHreiiHe ne apu(METHKAIBIK KOATATYABIH TOCUTIH KOPCETe Il
(Daubechies et al., 2001).

JIMCKpeTTI BeHBIET-TYPJICHIIPTIITEPAIH 3aMaHayd ICKE achblpy aHaju3l OHbI
HIapTThI TYPJIE €K1 HET13T1 KaTeropusiFa MYMKIH/IIK Oepeni: OarnapiamMabIK )koHe Oaraap-
JaMallbIK-anmnaparTelK Kypangap. KapacTeIpbUibill OTBIpFaH 3epTTeyiepleri JAUCKpeT-
Ti-BEUBIET-TYPJICHAIPrilITepAlH OaraapnaManslk xy3ere acwsipynapsl MATLAB opra-
CBIHJIa KapacThIPbUIAIbI.

Kanmer aifTkana, TUCKPETTI BEHBIET-TYPJICHIPTIIITI KOJIJTaHATBIH OaFaapiama-
JBIK KaMTaMachl3 €Tyl OHAIpY/l KeJeciiel KYpbUIbIM TYpiHe KepceTyre 0oaabl:

1. Kolibuiran TanchlpMaHblH KOHTEKCTIHJIE CUTHAJAApAbIH CHUIATTaMacChIHbIH
aJIFalIKbl OepiIreH/IepiH KUHAY MEH OHBI TaJJlay;

2. KOMITBIOTEPIIIK MaTeMaTHKa KyHeciHaeri BeHBIeT-TYpJIeHIIPTrilIiHIH KiTanxa-
HaCBIH KOJIJITaHY apKbLIbl MOTIMETTEP/I1 JI/IbIH ajla OHJeY, BEUBJIETTIH COHKEC TYPIH KOHE
OeJliHYy JICHTeiH TaHaY;

3. beniny feHreiiH aHbIKTay KOHE aJbIHFaH K03()QUIIMEHTTEPIIH OHIeY aJrOpuT-
MiH TaHJ1ay;

4. Tannanran OarmapiiamMainay TUTIHIH €PEKIICeTIKTEPIH eCenKe ajia OTBIPBIIN JTUC-
KpETT1 BEHBIET-TYPJICHAIPTIIITIH aJTOPUTMIH OaFgapiaMalblK sKy3€re achIpy.

ManimeTTepi KbICY MEH KbICY aJITOPUTMIH 3€pPTTEy Ke31H/E OH/EY aIrOPUTMIHIH
YKaJIIbI dKYMBIC TPUHIIMII TYXKBIPbIMJAIFaH. |-1111 cypeTTe KopceTUIreH e, BeHBiIeT-Typ-
JICHIIPTIII YILIiH KeJecl Ke3eHAepiH KOCaThIH ©3TepPTUITeH aJrOPUTM YChIHBUIFAH:
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o)
1

[ Bacrankbl curHan/danngsl ]

KYKTEY

:

MNapameTpneppi opHaTy ]
(BefBneT Typi, 6eniHy OeHrei)

I

BeisneT-gekomnosvums

I

KoadbduumenTTepai wekrey ‘
(Thresholding)

'

[ CvrHangbl KannbiHa KenTipy

!

[ KbicbinFaH dainabl cakray

:
(om D)

Cyp. 1. BeliBneT-TypaeHIIPTilI HETI31HACTI MAIIMETTEPAl KbICY aITOPUTMIiHIH OIOK-CXeMachl

—
.

—

—

bipiHii ke3eH 1e KbIChITyFa KeTeTiH (aiiAblH UMIOPTHI XKY3€re achlpbuiaabl. Apbl
Kapail OeiiHy JeHreii MeH Colikec KeJeTiH BEHBIET TYpiHE TaHjay >Kyprisiiei, COHbIH
HETI31HJe CHUTHAJAbIH BEWBIET-bIAbIPAYbl OpbIHAANAAbl. YIIIHIIN KE3€HJIe CUTHAJIbIH
KOMIIOHEHTTepre 0esIiHyl OpbIH/Ia1a/Ibl, OJ1 apbl Kapai THIMJII KbICY/AbI XKYPri3yre MyMKiH-
nik 6epeni (Mallat et al., 2008). Onan keitiH cUTHAJIIBIH KOJIEMiHIH KIlIIPEI0l MEH KbICY
Ke31HJIe Maiia 60aThlH MYMKIH OypMaliayaapabl KO0 XKy3ere achlpbuiabl. COHFBI Ke3eH
KBICBUTFaH KYHiHAeT1 (ailinabl cakTay OONbIN TaObLIadbI.

Hotumxkenep :kaHe oJiapabl TAJAKbLIAY.

O3iplieHreH OaraapiaMaliblK KaMTaMachl3 €Ty 9p TYpJii BeHBJIeT TUNTEpiH naiina-
JaHyMEH ayUOCHUTHAJAbI KOMIIOHEHTTepre Oeily (GyHKUUACHIHA He. BelBiaer-plabipary-
IIbl OpBIHJAFaHHAH KeWiH ycak Oemnmekrep/i 0acy kypriziieai, Oyl CUrHAIAbIH canachlH
TOMEHETIIEH apThIK aKnapaTThl xoroFra MyMKinaik 6epeni (Tropchenko et al., 2009) O3ip-
JICHIeH aJrOpUTMJII MaiifanaHy HOTH)KECiHAE KaObUIIAHATBIH CalachlH CaKTall OTBIPHII
ayauodainaapabl THIMIIL KbICYFa KOJ XKeTKi3e anambl3. Kelcbutran Qaiinnap cakTaiaTbiH
MOJIIMETTEP/IIH KeJIEMIH KbICKapTa OTBIPBII apbl Kapai Kojailyibl KojiaHyFa OonaTbIHIai
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eTII ayJJHoCcUIIaTTaMaliap/ibl CAaKTaH/Ibl.

I-un xecrene emmemi 427 892 Oait GonarbiH ayauodaiinabl 6edy JeHreniHiH
e3repyl Ke3iHjeri op Typil BeHBIeTTep/ll NMaiaanany apKbUIbl KbICY HOTHKECI KeNTipii-
reH. Kenripinaren moniMerTep BeHBIETTIH TYpl MeH 0oy TepeHIITiHIH KbICY THUIMIUTITiHE
ocepiH Oaranmayra MyMKIHIIK Oepei.

Kecre 1 — TectTik ayanodainabpiH KbICHUTY HOTHXKECI

BetiBnerriy | n = 2 ke3in- n = 3 Ke3iggeri n=2 Ke3iHJeri KpICy | n=3 Ke3iHeri KbICY
aTaybl Jeri enmeMi, | exmewmi, 6aiit kodddunneHTi kod(durmenTi
Oaiit

Haar 262911 263124 1.63 1.62

DB4 210109 176624 2.03 2.43

DB20 144564 87237 2.94 4.92

Sym8 181656 135779 2.35 3.15

Dmey 135778 77028 3.15 5.56

Coif5 169668 116654 2.52 3.66

Fk22 187853 135249 2.28 3.17

Cyp. 2—6 GacTankpl aymuoCUTHAIIAPABI N O6TIHY Ke31H/e op TYPJIi JEHTeHIe KBICY MbI-
cajaapbl KOPCETIITEH.
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Cyp. 2. bacTankpl CUrHasi:

| | | | ]
0 200 400 600 800 1000 1200

Cyp. 3. Xaapa BeiBneTiHiH QyHKIMACHIH TAJIAUTBIH N=2, 0=5 Ke31HAeTi KbICY
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Cyp. 6. fk 22 BeiiBneTiHiH QyHKIUSACHIH TAITAUTHIH n=4, 0=5 Ke3iHAET1 KbICY

Kenripinren HoTHXKeIEpAEH KbICYAbIH THIMALIIT NaijananFad BEHBIETTIH TYpi-
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HEH Jie, TaHaagraH Oeiy JEHTeWiHEH /e TOyell eKeHIIr1 KepiHim Typ. n=3n = 3n=3
OeiHy AeHreil Ke31He KbICYbIH eH THIMII Ko3dduuuenti 6oasim Dmey (5.56) u DB20
(4.92) BeiiBieTi ekeHAIr1 KOPiH/L, OYJ1 ONapAbIH KOJAMIIbI callaHbl CaKTall OTBIPHII, ayIu-
OCHUTHAJIBIH KBICY TalChIpMasIapbIHa JKOFaPhI )KapaMIbUIBIFBIH KOPCETE/].

Haar BeiiBrieTi ©31HIH KapamnaibIMAbUIbIFbIHA KapaMacTaH, KeJNTIpUIreH BelBieT-
TEpJiH apachlHIa €H TOMEH KbICy KO3(PPHUIIMEHTIH KOPCETIN TYp, Oy KapacibIpbUIbIIT
OTBIPFaH TaIChIPMAaJIAPABIH 1ITIHJE €H THIMCI131 OOJBIT TAOBLIIBI.

Ochburaiiia, KeICHUTY ACHTeHl MEH KalTa KaJIblHA KeATIPUITEeH ayaroCUTHAJIIBIH
apachIHJIaFbl KOMIIPOMUCIHE KeTy BEHBJIET MEH OOJIIHY JCHTCHIH TaHIayldarbl MaHbI3IbI
pOJTiH aTKapasbl.

I n=l

‘ N n=]
5t

0 ‘I tI ~| | " | l
3 & 2 ¢

& Q N &

b o Y
-
o ¢ &

L] L FY

KBICBLTY KoaddHILIHEHT1

—

BeHBIET TYPI

Cyp. 7. Op Typii BeiiBaeTTepi YIiH KbIChUTy KOd()GUIHSHTTEPiH rpadUKaIbIK CATBICTBIPY

Korapeina n=2 u n=3 0oy AeHTeHl KE31H/Ie 9P TYPJIl BEHUBIETTEPI YIIIH KbICHLTY
k03 HUIMEHTTEPIHIH TpadUKAIBIK CaTBICTHIPBUTYBI KOpceTiareH. byt BeiBieT Typi MeH
0oy neHreiine OaiIaHbICThI KbICY THIMILTIT] Kajlaik ©3repeTiH/IITiH aHBIK KOPCETII TYP.

Betisnem-mypnenodipeius apkwlivt Maiimemmepoi Kbicy

BeiiBner-omictepin canbicThipy yurin C++ TuUliHIE Ka3bpliFaH koHe Minlmage
JIen aTtayiaThlH OarnapiaManiblK Kypasid KoigaHbliabl. byn Oarmapnama OacTamnkbiia TeK
O1p Typaeri BEMBJIETTI TEKCEPY MaKcaThlH/a kacanFaH 0onateiH. Keiin KocbimIa GyHK-
LUsJIap €HT131UT1iN, 0acKa BEHBIIET TypJepiH KOJiay MYMKIHIT KOCBUIIABI, COHBIMEH Ka-
tap EZW-konray anropuTmi icke aChIpbUIBIT, COHIIPY THIMIILIITIH apTThIpyFa MYMKIHIIK
oepai. Ocel Tapayma 613 Minlmage OarmapiaMachIHBIH KEHOIp JKy3ere achIpbLIly €peK-
HIETIKTEPIH KapacThIPaMBbl3.
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Minlmage BeiiBner-keckid kommpeccopsl (Cyp. 8 KapaHbI3) 24 OUTTIK *KoHE 8 OUT-
TIK CYp TYCTi CypeTTepal KbicyFa apHanraH. bactankeiia Oarmapiama Xaap BEUBIICTIH
KOJIJITaHa OTBIPHIMN, TUANa30H acThl KOATAY YIIiH jkacaiFaH OonaTbiH. Typii BeliBneTTepAi
caibIcThIpy yiIiH Daubechies jxoHe 6MOpPTOroHaNIb/bI CIIIAiH-BEUBIETTEP CUAKTHI OacKa
Typrepi ae enrizuiai. CoHbIMEH KaTap, OacTanksl quana3oH acTel koaray EZW-koarayra
ayBICTBIPBUIBIIN, KbICY HOTHKEIEPIH XKAKCAPTy MYMKIHAIT KOCBUI/BI.

Minlmage 6arnapiiaMachlHBIH MaHBI3IbI €PEKIIEIIri-ClITEME apKbIIbI KbICY Mapa-
METpJIEPIH ©3rePTy APKbUIBI SPTYPJIl KbICY 9pEKeIepl MEH CypeT carachlH ajayFa MyM-
KiHaik Oepyil. Ilaiinananymel Qaiin kenaeMiH HEMECE CypeT canachlH TaHJayFa OoJafbl.
CoHBIMEH KaTap, 9pTYpJIl CypeTTepre opTypili BEUBIETTEP Al KOIAaHy apKbUIbl €H THIM/II
KbICY HOTHIKEJIEpIHE KeTyre OoJabl.

Source Preprocessor DWT EZW Coding
Image |—> —> __»

Decompression Compressed Entropy
Image Coding

Cyp. 8. KpicynbIH Heri3Ti cytdackl

MATLAB opmacwvinoa getignem-mypieHoip2iuimiy He2izinoe KecKiHOi KblCy

JIMcKpeTTi BeHBIET-TYPISHAIPTilITI MainanaHy Ke3iHAe OOiHYIIH IeHrei-
1H KEHEWTy CUTHAIABIH HEFYpJIBIM THIMII KbIchbUTyblHAa kemekteceni (Mallat, 1989;
Daubechies, 1992). byn op biabIpaTyablH Kejeci IeHreliHae CUTHAIAbIH YCaK OeiexK-
Tepi O/1aH apbl YCaK OOJIBIN OOJIHETIHAITIMEH TYCIHAIPIIC i, OJIapABbIH alTapIbIKTal 061i-
I'lH BU3YaJIZIBIK HEMECE ayIHOJIBIK CallachlH )KOFAJITIIAH aJIbIll TacTayFa OoJapbl.

3eprreyai xkanracTeipy kedinae MATLAB opraceiHia exi eneM/i CUrHai-KeciH-
IiH1 KbICy ypaici »kyprizuiai. Tectrik ¢aiin perinae enmemi 686 732 GalTTHIK KECKiH
May 1aHaabIH/IbL.

MATLAB opracsiHa KeCKiHA1 KbICY YP/iCl KeNecieii Heri3ri Ke3eHepAeH OTe/Ii:

1. bactankbl KECKiH/I1 )KYKTEY;

2. KeckiHai BEHBICT-TYPJICHIIPTIIITIH ONEpalusIapbiIMEH COMKeC KeleTiH (op-
MaTKa TYpJeHAiIpy (MbICAlbl, CYp TYCTEpiHE TYPIACHAIPY);

3. bepinren Oeiny neHreiinie AMCKPETTI BEHBIECT-TYPICHIIPYiHIH OPBIHIATYHI,

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License
178



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2026. Vol. 7. Is. 2 (26).

4. KeciHa1HIH KOPBITHIHBI CallacblHA 9cepi TOMEH KO3(PPUIMEHTTEP/ 1 KOIO;

5. Ozrepruires ko3¢ GUUUEHTTEPAIH HET131H 1€ KECKIHIep Il KaJIIbIHA KEATIpY;

6. AJNBIHFAaH KbICBUIFAH KECIHJIIHI CaKTay MEH KbICy THIMJLIITH Oaraay.

bepiiren icke acelpy BEMBIET-TYPJACHAIPTilITIH TEK KaHa ayAHMOCHUTHAJIIAp YIIiH
FaHa eMeC, COHBIMEH KaTap, KECKIH CUSKTHI €Ki OJIIIeM/I1 MAJIIMETTEP YIIIiH J¢ KOJIJAHbLTY
MYMKIHJIT1 pacTanibl. AJNBIHFAH HOTHKENEp OOMyliH ONTHUMAJIbl apaMeTpiepiH KoHe
BEUMBJICTTIH COMKEC TYPIH TaHAay KEe31HIE €H THIMII Tocuire kepceteni. BeiBner-rangay
HETi31H/e aKnapaTThl KbICYFa apHAJIFaH apHailbl 931pJICHIeH aJlfOPUTMIe CYHEHE OThIPHI,
CTaTUKAJBIK KecKiHzaepai (2D curnanmapel) KbICyFa MYMKIHAIK OepeTiH OaraapiaMa xa-
canasl (Cyp. 9 kapaHsbI3).

W00 ) o O ke L D
1 I

BB B B B B B B b b b b b e b e e e
=] N N o W O W0 =) U e W N O
I | | I | | 1 1 1 1 | 1 1

(=2
I

W W W W W b
o W B = O W
| I I I (R

clear;

close al1;
cle:
£ 3
file oun
X=imread(file);

% n: ypoBeHL CEATMA, Wname: MMA BefiBneTa

n=g;

wname = 'haar';

x = double (X);

¥ Bederner-paznomesme maobpamesms

[c,8] = wavedecZ (x,n,wname) ;

% AnropuTr Bmfopa xosdMUMEHTA WYMONONABISHMSA

alpha = 1.1; m = 10*prod(s{l,:)):

[thr,nkeep] = wdcbm2(c,s,alpha,m);

% CmaTtme msobpameHus

[xd,cxd, sxd,pexf0,perfl2]) = wdencmp('lvd',c,s,wname,n,thr,'s'):;
disp ('CooTHOmexMe CEaTHMA');

disp (perf0);

Xc = uint8(xd);

%
R waverec2 (c, s,wname);
rc = uint8(R):

X = uint8(x);

OCCTAHOBJIEHME CHMI'HaNa

I w

% Mocrpoenme M3obpameHyt

figure;

subplot(221), imshow(x):
title('McxonHoe usobpamenme')
subplot (222), imshow(xc):
title('CzaToe uz=obpamexue')

subplot (223), imhist(x):
title('Tucrorpara mcxogHoro damma')
subplot (224), imhist(xc):
title('Tucrorparma cmaToro damna')

Cyp. 9. 2D KeckiHiH KbICyFa apHaJIFaH O0araaoaMaHbIH CKPHUIITI

barnapnama keckiHzi Kypamaac OeJiikTepre *ikKTey MYMKIHJITIHE U€ jKOHE KOTl-
TEreH BEHBIIET TypJiepiMeH >kyMbIc icTeini. Kypamaac Oemikrepre axpIpaTKaHHAH KeHiH
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OarmapiiamMa cypeTrTeri Hemece poTomarsl apThIK AeTaabAaapasl Tericteiiai (Cyp. 9), COHbIH
HOTIKECIH/IE KKETCI3 aKmapar )KONBUIBII, IIBIFBICTA KOJIEMI IIaMaMeH 2,5 ece KbIcKap-
TBUTFaH (a1 aTbIHAIBI.

Hezxopon wabpan e Coatos waobpansnine

gL [ WETorpaMia WEXOAHON daina 10 THETOTPAMMA CXATOND hanna

o
| 4 | -
& '
1 4
i
) ‘ ‘

' ;

0 1] 100 150 Ful =0

Cyp. 9. DOTOCYPETTi KbICY MBICAJIBI

ANBIHFaH MOJiMeTTep OOIiHy JeHTeHiHIH YJIFalobl KOPBITBIHABI (aiiibH eJl-
MIEMIHIH alTapJbIKTall KBICKApybIHA OKENETIHIH monenaeiimai. Herypibim OalikaiaThiH
ocep Haar, Biorl.l u Rbiol.l BeiiBnerrepinae kepiHeni, Oy xxepae n=5n = 5n=5 Oeniny
JeHrelinae Oactanksl GailyipIH eIIeMine Kaparanaa 2,5 ece JieH actam asasiibl. Db40),
Fk22 sxone Sym8 cHSIKTBI Kyp/ielli BEUBJIETTEPl KOJEMHIH a3bIpaK aiiKbIH TOMEH/ICY1H Kop-
cerei, Oy TepeH OeliHy Ke31H 1e KYPhUTBIM/IBIK aKIapaTThIH KOl O6JIiriH cakTayMeH Oaii-
JaHBICTBI 00Tyl MYMKiH. JlereHiMeH, OyHmal xkarnail OONFaHHBIH O©31HJE ¢ KSCKIHHIH
BU3YyaJ/Ibl KaOBUIAAY BT KOFAITIIAN KBICYyFa KOJ KETKI3yre 00oiabl.

Hemek, 2D-curHanmapslH BEHBIET-KBICYIBIH aJTOPUTMIHIH THIMIUTITT TiKenei
BEHBIIET TIeH OoyiH TepeHairine Tayenai. CHMMETpHSIIBIK KYPBUIBIMBI Oap KapanaibiM
BeiiBierTeptep (Mbicanbl, Haar, Biorl.l) KbICyabIH KOFapbl JEHIEHiH KaMTaMachl3 €Tyl
MYMKiH. By €3 ke3erinzue omapsl MOIIMETTep/Il CaKTay KOJEMiHiH MIEKTeylIepi MaHbI3/IbI
OoNaThIH TaNChIpMaap YIIiH KOJIAMIIbI eTe.
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Keckinmi KpICY/IbI HOTHXKEIIEPl TOMEHICTI KeCcTere eHri3iires (2-1ri kecre).
Kecre 2 — 2D keckiHzi 06y JeHIeHiHIH op TYpIIi TapaMeTpiiepiMeH KbICY HOTH-

Kecl
BeiiBaer n=2 ke3ingeri | n =3 ke3iH- n =4 ke3iggeri | n= 5 ke3iHmeri
aTaiysl eJnremi, OanT neri emmemi, | emmemi, OanT eJremi, OanT
OanT
Haar 321739 277726 206405 179253
Db4 313929 280484 258686 244978
Db20 315488 281613 259534 246237
Db40 319145 283429 260340 248120
Fk4 324840 302233 289699 262432
Fk22 318657 282986 261870 248844
Biorl.1 301907 253795 206405 179253
Bior6.8 319651 279053 256525 242259
Rbiol.1 301907 253795 206405 179253
Rbio6.8 319651 279053 256525 242259
Sym8 324840 302233 289699 262432
Coifl 310995 280177 265217 256053
300000}
250000}
-
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= 2000001
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Cyp. 10. Op Typmi Kpicy neHreiingeri 2D KecKiHiH KbICYbIH CAIBICTBIPY
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10-11b1 CypeTTe 9p BEUBIET YIIIH O6dy/IiH 9p TYpJil JeHreliH KoinanymeH 2D-ke-
CKIHHIH KBICBUTYBIHBIH Tpa(UKaIbIK CaTbICTRIPBUTYBI KOpceTuireH. [ padukren 0oy neH-
reifi yJIKeHWreH caiiblH (ailyiIbIH ©JIIeM] 03repeTiH KOPIHIN TYp, 0J1 63 KE3€T1H e BelBIeT-
TEpJIIH op TYPJi TUIITEP] YIIIH KbICYABIH THIMALIITTH KOPCETIN TYP.

Keckinzaepai KbICy aaropuTMAEpiHiH TUIMAUIITH aHBIKTay MaKcaThIH/a KECKIH ca-
NachlH CUMATTAMTHIH OipKaTap CaHIbIK KOPCETKIIITEp MaiianaHbliibl. ATaaraH METpH-
KaJlap KbICBUTFAaH KECKIH MEH OacTamKbl KEeCKIH apachIHIAFbl albIPMAIIbUIBIK JIEHICHIH
Oaramayra MyMKiHAIK Oepeni. [IpakTrkana »uil KOJITaHBIIATHIH HET13T1 KOPCETKIMITEDP Ka-
TapbIHa oprama KBaaparThik Kate (MSE-Mean Square Error), curHan MeH IIyabIH IIBIH-
neiK KateiHackl (PSNR-Peak Signal-to-Noise Ratio) »oHe KypbUIbIMIBIK YKCACTBIK HH-
nekci (SSIM-Structural Similarity Index) sxatazabr.

MSE kepcertkiii 0acTankbl KECKIH MEH KalTa KaJlblHa KeJITIPUIreH KeCKiH apa-
CBIHJAFbl MUKCEbAIK alblpMaIIbUIBIKTAP/IbIH OpTalla KBaJpaTThIK MOHIH CHUIATTaW[Ibl
(Wang et al., 2004). By kepceTKIITiH MoHI HEFYPIBIM TOMEH OOJIFaH CalbIH, ChIFBUIFAH
KECKIHHIH carachl COFYPJIBIM KOFaphl Jen OarajnaHabl, SFHU OacTamnKbl aKnapaTThiH Oyp-
MajaHybl a3 00Ja k.

PSNR mapameTpi curHaj MeH WIyAbIH apaKaThbIHACHIH CHUIIATTail OTBIPBII, KbICY
HOTHKECIH/IE aJIbIHFaH KeCKIH CamachIHbIH JeHreiiH anpikTaiap! (Kumar et al., 2022). byn
KOPCETKIIITIH MOHI KOFapbl OOJIFaH Kar/alia KeCKIH CalmachlHbIH KaKChl CaKTaJIFaHbIH
oinnmipeni. Onerre 30-40 dB nuama3oHbIHIAFE MOHJEP KaHAFATTAHAPIIBIK JKOHE KOFaphl
camaHbl KepceTe/l.

SSIM wmHzIekci ekl KeCKIHHIH KYPBUIBIMJIBIK YKCACTHIK JOpeXeciH Oarajayra ap-
Hanrad. OHbIH MoHI-1 MeH | apanbIFbIHIA ©3repe/il, MYHIaFbl 1 MoH1 KeCKIHAEP/IIH TOIBIK
colikec KeJleTiHIH KepceTeal. bys kepceTkim Buyaiipl KaOblIAayFa sKaKblH Oaraiiay »Kyp-
ri3yre MyMKIHIK Oepeil.

MSE kepceTkillliH ecentey Keiaeci OpHeK apKbLIbl XKY3€re achlpblLiIaibl:

M .
MSE = :Z > (UG — K0, ))) @

An PSNR MOH1 TOMEHIET1 bopmyna OOMBIHIIIA AHBIKTAJIAbL:

MAX*® )

PSNR = 10log ,, (H

3)

Kectene xepceTiireH HOTHXKeNepre CoHWKec, BEUBIET-TYPJICHAIPY HeTi3iHIe
KYPBUTFaH KBICY QJITOPUTMI KECKIH CalachlH aWTapibIKTall JCHreiIe cakTail OTBHIPHII,
JepeKTep KOJIeMiH THIMII Typle a3aiiTyra MyMKiHIIK Oepemi. Ocipece Symlet xoHe
Daubechies BeiiBrneTTepi Korapsl camna KOpCeTKIIITEPIMEH epeKIIeIeHE .
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3-11i KecTene 9pTypili BEUBIET TYPJIEPiH KOJIAaHy apKbUIbI aJIbIHFAH KECKIHIEP/l KbICY
HOTIKEJIEPiHIH cara KepceTKimTepi OepiireH.
Kecte 3 — Keckinzi KbICy HOTHIKEJEPIHIH cana KOpCeTKITepi

BeiiBier Typi Kepicy koa¢pduipeHTi PSNR (dB) SSIM MSE
Haar 3.8 34.5 0.92 8.21

Daubechies 4.2 35.7 0.94 7.04

Symlet 4.5 36.3 0.95 6.62

KopbIThIHABI.

1. Beiignem-mypnenoipeiwumi natioaiamy apkvlivl Maaimemmepoi KblC) muimMoini-
2i; byn makanama KapacThIpbUIFaHAyJUOCHTHAIIAD MEH KeKIHAEepAl KbICyFa apHaJFaH
BEUBJICT-TYPACHIAIPTIMITEP Al MalIaIaHy KOFaphl THIMJII TOCILT OOMBINT TaObUIATHIHIBIFBIH
pacTajpbl.

2. Betignem mypiniy xvicy muimoinicine acepi: Maxkanaaa KbICyIbIH THIMITIT] CUT-
HJIaAbl TYPJIACHAIPYTe apHaIFaH BEUBIETTIH TYpiHE TOyelN Il eKeHIIrl kepcetiireH. Dmey
xone DB20 BetiBmertepi (5.56 men 4.92 colikec) aymnOCHUTHAIIAPALI KbICY Ke31HAEC €H
XKoFapbl K03 PUIIMEeHTTEP I KOPCETT1, Oy OJIap Ikl CaachlH CaKTai OTHIPHIN KbICY TalChl-
pMachl YImiH Konaiel ereni. by ke3ne Haar BeliBreri o3iHiH KapanaibIMIbLIBIFRIHA Ka-
pamMacTaH, KbICy KOHTEKCTIH/I€ €H THIMC131 OOJIBIN MIBIKTHI.

3. Bony Oeneeiiinen Kbicy Kodghhuyuenminiy mayenoiniei: beiry neHreui KpICyIbIH
THIMJIUTITIHE alTapIIBIKTal ocepiH Thirizeni. besiny meHrei xorapbl OOJFaH CabIH, CUT-
HaJIJIBIH CallachlH TOMEHACTIICH KOOIpEeK MoIIMETTEp Il emripyre 0oyiaabl. AyIuoCUTHAII-
Jap YIIiH eH YJKEH KbIcy ko3¢ duimuenTi n=3 6eiry IeHreii Ke3iHe, ail KeCKiH YIIiH — n=>5
Ke31H/1e O0JI/IbI.

4. MATLAB opmacwinoa icke acvipy dbazoapramacwyi: MATLAB opraceiHga awuc-
KpEeTTi BEHBJIET-TYPJICH IIPTIIIIH KY3€Tre achlpaThlH aJITOPTUMIH KaAMTaMachl3 €TETiH d31p-
JieHreH OarnapiaMaiblK KaMTaMachl3 €Ty ayJUOCUTHAIIAP/bI Ja, KECKIHIep/Il 1e OHIeY-
JIiH KOFapbl Ka0ijieTi MeH (DyHKIIMOHAJABIIBIFBIH KOPCETE ],

5. Opmypni manimemmep yulin eetieiemmi mayoay OOUbIHWA YCbIHbICMAap.: Aynu-
OCUTHAJIJIAp YIIiH eH THiMIi 6osbim Dmey sxone DB20 BeiiBnerTepi TaOblIaabl, aJl KECKiH-
nep yuria Haar men Biorl.1 BeliBrierTepiH TaHaraH xeH, ce0eOi onap BU3yasIbl carmachlH
cakTail OTBIPBIN KbICYABIH >KOFapbl KO3 (PUIIMEHTIH KaMTaMachl3 eTeIl.

6. 3epmmeyoiy moadcipubenix KyHOulLiblebl: BeWBIET-TYpICHIIPTIIITI Maiigana-
HYMEH O3IpJICHIeH KbICY aJIrOpUTMI MOJIIMETETpel IIbIHAWBI CaKTay MEH JKiOepy >KyH-
elepiHie KOJNJaHBLUTYbl MYMKIH, MBICAJbl, MYJIBTUMEIUAHbl Oackapy »KyiHenepi, ayauo
KOHE KeCKiH (ailiapblH MyparaTTay *KoHe CallaHbl )KOFAITIAN IepeKTep KOJIEMiH a3alTy
MaHBI3/IbI pecypc MEKTey Il Konaanodanapaa.

JKanmel anraHma, BEMBICT-TYPACHAIPY HETI31HAET] KbICY aJITOPUTMIEP] aKmapar-
TBIH HET13T1 KYPbUIBIMIBIK 3JIEMEHTTEPI1H CaKTal OTHIPHII, IEPEKTEP KOJIEMiH alTapiIbIKTal
azaiTyra MYMKIHJIK OepeTiHl aHbIKTaJIabl. byt of1ic acipece yJIKeH KeyeMIeri MyJbTUMe-
JUSITBIK MOJTIMETTEPMEH JKYMBIC ICTCHTIH JKyHeep YIIiH THIMII OOJIBIT TaObLTa IbI.

3epTTeyaiH FhUIBIMA MaHBI3IbUIBIFBI—BEHBIETTIK TaNayIbIH MAJIIMETTEP/l KbICY
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CaJIaChIHJAaFbl TEOPHSUIBIK XKOHE KOJMAaHOAIbI MYMKIHIIKTEPIiH KEIIEHl TYpHAe KapacThl-
pybIHIA. AJ TPAKTUKAJIBIK MAHBI3ABIIBIFBI — YCBIHBUIFAH aJITOPUTMICPAl HAKTHI JKyHenep-
Jie, aran aiTKaH/Ia TeJICKOMMYHHKAIMSUIBIK JKeIepae, OVITTBIK caKTay >KyHelepiHue,
MYJIBTUMEIMSITBIK IEPEKTEP/Il OHICY JKOHE apXUBTEY XKYHelepinae Kolaanyra 00i1aThiH-
JIBIFBIH/IA.

KopbITbIHIBITAN Kene, YCHIHBUIFAH SAICTEp MEH aITOPUTMACP aKMapaTThl THIMI
KBICY, CaKTay OHE TachIMaJIay MOCEIICJIepPiH IIeNTy/Ie MaHbI3Ibl Kypai OOJbIN Ta0bLIa-
nbl. bonamakTa Oyi1 OarbITTaFsl 3epTTEYACPAl KETIIAIPY, dcipece aaanTHBTI BEHBIET 9i-
CTEpiH EHTi3y JKOHE KacaH/bl HMHTEJUICKT HET131HJIEeT1 KbICYy aIropuTMIepiMeH OipiKTipy,
3epTTey HOTHXKEINEPiH OfaH opi JAMBITYFa MYMKIHIIK Oeperi.
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