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KHUPUILL (dpancada aoxTopu (PhD) anccepraumsicH AHHOTALHACH)

Aucceprauua MaB3yCHMHUHr aosizap6aurn Ba 3apypatH. XKaxonna Te3
cypatnapaa puBoxknaHub 6opa&rran ax60opoT - KOMMYHHKallHs TEXHOIOrHA1apH
YUYH CHrHannapHH THKJIALL, pakamid HuuoB OepHil MacanalapHHH €uMllAa
Jlokan cnyiaiiH MOIGIApH acOCHAa KYN AAPONM apXHTeKTypanap yuyH napamien
anropuTMnapaaH GoHpanaHMIu Ba oONTHMan €YWMIApHHH TOMHLI  YuyH
YHYMIOPIHIH OKOPH, caMapanu napamnen xucobnawl anropHTMAapHHH Huab
YHKHLW MyXHM axaMHsT Kach atMokaa. Jlokan crnaiiH-QyHKUHANApHHH KypUluaa
XucobnamnapH1Hr KaMITHTH, aHHKIHK JapaXacHHH IOKOPHJIHIY, PaKaMilH HuLiall
ANCOPUTMNAPHHHHT MOCHaLlyBYaHNury, onTuMman auddepeHUran Ba SKCTpeMman
XoccanapHi, nNapaMeTplapHH XMCOOMAlIHHHF COAJANUIH, XaTOJHKIIapHHHI
SXJIMTAAINra TabCHP JAAPXACHHMHI nacTiurd Tydaiiny CHrHauapra pakamiH
MLIOB GEpHLUHHHT Tapajliell anrOpMTMIAPHHM APaTHLUAA MYXHM MaTeMarHk
BOoCHTa  xucobnaHamu. VYmly #HyHanumnga O kaxOHHMHI  PHBOXIAHTaH
Mamnakatnapuaa, xymnanai AKLU, Iepmanus, Bytok Bputanus, XHHAHCTOH,
Xuto#, XKanybuii Kopes, Poccus depepaumscu Ba SnoHus kabu KyHEHMHT
pHBOX/IAHraH aBNAT/apUAA UNFOP TaAKMKOTIap onub Gopuamokaa.

HyHéna Tenrmac opanuknapaa ymuab ofMHraH adPOMArHUT CHTHANAAPHU
paKamiiv Hilnaw OpKanK ep octuaaru doiinany xaszunma GoANHKNAPHHH aHHKNaL
CaMapajiop/iIirHHK  OWHpHI Gopacuaa Karop WAMHA TaakMkoTiap onub
6opunmokna. Kasunma Goitnuknapuun TYFpH Ba Te3 aHMKIALl YYYH a3pOMarHur
CHFHaHK KAl KHJIHLL, CHrHaN KaTTa Maiilonnapaa ¥n14ab onvHrawmra cababnu
opanuinapHu Genruiall Xamaa Tes aHuKiam, LWYHMHrAGK CHTHAIrA pean BakT
peXuMuaa nokan CrnaiH ycyanapu acockaa pakamid Wuos SepHil, 3aMOHaBHi
napamieNl TEXHONOIWANAPHM Kynnab KyBBaroOBUM AacTypHii BOCHTanapAaH
dofinanannb, xarra Maliionnapaa ynua6 ONMHraH a3pOMAarHMT CHUTHALTapHH
paKamny HLna, nokan CriaifHnap acocuaa XarojlHKIapHHH KaMaATHPHLI JIO3UM
6ynanu. [OkopH napaxanaru auuiaMKnapra OSPHLUMLI YYYH a3pOMarHuT
CHrHanapra pakamili HUUIOB Gepuiuga lOKOpH camapa OepyBUM MareMmarux
annapatnapH¥  Kyanam  kepak. bBynpail MacananapHM €4MINAQ  TEHrMmac
Opanuinapiaa KypH/IraH fokan crnaifH ycyAnapvHH TaOKMK KHIIHIL, aManHi
MacananapHu €4HIlAa  Kynnaw MYMKHH 6ynran IMOPHTMIIADHH
TaKOMMJUTALUTHPHLL JIO3UM G¥nanu.

PecnybnukamMuspa  xaMm  cursannapra wiwiop GepHIIHMHF  camapan
ycynnapu Ba alrOpHTMIIApPHHH ApaTHlU, kaTTa XaKHMAArd CUrHauiapra pakamiu
uunos Gepuwina  Kymai  marematwk BocHTanapH TaHnall Ba  napawien
XHCOONAIIHUHT 3aMOHaBHik TEXHONOruANapHHN Kymnaw GyAnyYa KEHI KaMpORIH
WIMHA TaAKMKOT HULTApH ONHG Gopunmoxpa. 2017-2021 iiunnapaa Y3bexucroH
PecnyGnukacHH SHAald PHBOXNAHTHpHII 6¥itMua Xapakarjiap CTpaTeruscHia,
AYMIanaH «...HnFop ax60poT-KOMMyHHKALHSA TeXHOMOrHAIAPHHH XKOPHH ITHUIL Ba
ynapaaH ¢ofnanaHull, HIMHA Ba HHHOBALMOH IOTYKIApHHH aMalHeTra >OpHi



STHUIHHHT CaMapald MeXaHH3MIApHHHM ApaTul..»' Basucanaps Genrunanra.

Mazkyp BasudanapHu amanra olWMpPHINAG, XyCYCaH, CHIHannapra pakamin HLLTOB
GepuLuza Jokan cnnaifiHnap acocuga kKyn SApONH MpoLeccopiap y4yH napajien
anropuTMAap ApaTHLl, MabiyMoTJIapra Te3KOp HILIOB Gepuiw, curHawiapra
pakamny HUUIOB GepHil aNrOpHTMIAPUHMHI CaMapafoOpIMrvHH OLIMPHII Ba
CHFHANNAPHHHT JIOKaN XYCYCHATIApHHM aHHKNAWira MymKaulaHrad  ycyl,
anropuT™, amnmapaT Ba JAacTypHil BOCHTIapDHH HUAO YHKMID MYXHM
sasudanapaan Gupu xucobnanay.

Va6exucron Pecnybnxacu [pesunenturnnr 2017 iiun 7 despannaru -
4947-con «V36exucton PecmyGnukacuHM AHana pHBOX(NaHTHpHL  6Yiinua
Xapakarnap crpareruscu Tyrpucunantd Ba 2019 itun 7 despanaaru [1d-5653-con
«AXxb0poT coxacH Ba OMMaBHH KOMMYHHMKAUMANAPHH SHAZA PUBOXJIAHTHPHINIA
ona KywHmya uyopa-tagbupnap TyrpucHaa» ru  dapmonnapu, 2019 iimn
10 suBapaaru Basupnap Maxxamacununr «lactypuii Maxcynornap Ba ax6opor
TEXHONOMHSUTApH TEXHOMOIHK Mapky (PaoNHATHHH TaLIKUN STHL YOpa-TaaGHpiapH
TyrpucHaa»TH 17-COHNM KapopH Xampa, Maskyp Qaonustra Ternunu Gouixa
MebEPHii-XYKYKHi Xyrokarnapaa Genrunanrad BasHanapHu aManra OLIMpPHLITA
ywby aHccepTauHa TaAKHKOTH MabjlyM Aapaxajia XH3Mar Kulagu.

TaakukoTHHHr pecnyGinKka (aH Ba TEXHOJOTHANAPH PUBOAIAHHUILIH-
HHUHT YCTHBOP HiyHaaumnapura Mocanru. Maskyp taakukot Pecny6nuka dau
Ba TEXHOJOrMIap puBOXUTAHMIMHUHT V. «Ax6opoTnawrupuis sa axGopor-
KOMMYHHKaLIMA TEXHOJIOTH/IADHHK DHUBOXJIAHTHPHULU»  YCTYBOp HYHIHIUH

nponpacuaa SaxapHiras.
MyaMMOHHHI ypraumsaranaug napaxacuy. DYHKIHSTAPHH

MHTEPNONALHMANALl  Ba  AKHHMAWITHPHIIAA  XyCycaH cnnaiiH-QyHKuusnap
Ha3apMACHHH pHBOXJIaHHIUHAR Kyiiupard xopwxui onumnap: W.IC1LénGepr,
J.L.Holladay, [bx.AnGepr, 3.Hunbcon, C.B.Creukun, F0.H.Cy660THH,
10.C.3absnos, x.Yonuw, B.M.Ksacos, B.Jl.Mupownuuenko, B.C.PabeHbkuii,
A.A.Camapckuii, A.B.I'ymun, A.M.IpeGenHukoB Ba Gowxa onumnap ¥3
XHCCAaCHHH K¥LraH Ba kyiunb kenmoxaanap. Y3bexuctonna ywby iiyuanyimiapuu
pusoxnannmuna M.U.Hcpounos, X.M.Loaumeros, A.Xaéros sa Gowka Gup
KaTOp ONMMJIIap TOMOHKAAH WIMHH-TAAKHKOT HLWIApH onub Gopunran.

ByHpaH Tawkapd napamien TEXHONOTHANAPHHH  Kyina6-KyBBAT/IOBYH
JacTypuii  BOCHTanapiaH ¢o#panaHui ycynnapHHH Hwnab uyukuw 6¥iuua
xopwxuit  onumnap: A.C.Araros, K.I0.Boraues, [Ix.PoGeprc, I'.Juapioc,
L1.Oxtep, B.B.Boesoaun Ba Gollka 4er /MK ONMMNED MAMHHA-TAIKMKOTIAp
onn6 6opmokpanap. LLynuuraex Vabekucronga MM. Mycaes, X.H.3aluuaunos,
V.P.XamMzamoBnap TOMOHHAaH reofusnka Ba MeOMUMHA COXANApHAarH
CHrHaIapra Kyn AApONH Npoueccopiapaa HUIOB Gepuill skapaBHaapHHHu
napanien anropuTMiap €pAamMHia CamapajopJIMTHHH OWHMpHIUra GaFdlUIaHraH
unmHii TakMKoTap oub 6opmoknanap.

! $736exucron Pecny6aukacu Mpesnaenty 2017 iinn 7 dpespannaru Md-4947-con « Vibexucron
Pecny6ankacunu aHana pusoxctanTupui G6yiinua Xapakatnap crpateruscu TYrpucunanry GapMoHH
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Coxara OHMA TaZKMKOTNAp TaXAWIH LWYHK KypcaTaauky, TeHrmac
opanuknapaa ymuaHraH reodusHk Ba MHCOH -TaHacHMAaH OJNIMHraH GHoMenuLyHA
CHFHATapHHH paKaMJIK HLlUjdal Ba THKIALWI Macananapsaa HIINaTHAaAHTraH
MaTeMaTHK MOIENIap Ba yfnap acoCHia napauies aNropuTMIap Hiwab 4HKHL,
xucobnall TH3HMIIAPH YUYH IOKOPH TEINHKAA HLUNAliAMraH AHrH YCyIap ApaTHIL,
Xamia 3aMOHaBHil  JacTypnall TWwUlapuaa napamien Mo  Gepuun
TexHonuruanapuaan oinanaHnb, kaTTa xaxmaary cHrHaniapra HuLos GepHil
*apa€Hnapuia Kedaauran xucobnawmap yyyH napaien HWUmoB OepyBuH
JacTypuil Ba annapar BOCHTanap spaThil Ba YAapHH Kyn SApoJM npoueccopiapaa
amanra OWHPHII MyaMMOJIapH eTapiiy Japaxaja ypraHuaMaras.

JAuccepTaums TAAKHKOTHHHI AWCCEPTauMs GaKapHIraH 0Nui TALIHM
MYaCCaCaCHHHHI WIMHMI-TAAKMKOT HIufapu pexanapu Gunan GOFAHKAHIM.
Jucceprauna TankMKOTH Myxamman an-Xopasmuit Homuparu TolukeHT axGopor
TEXHOJIOTHANAPH YHHMBEPCHUTETHHHHI WIMHH TaAKMKOT HUUIAPH PEXACHHHHT
Ne BB®-ATex-2018-249 «Buomerpuk curHannapra pakamiad Hunos Gepuin
ycyanapi  Ba  anropuTMnapuH¥  Huua6  uuxkuu» - (2018-2020) Ba
Ne ©3-20200930404 «Bynak-nonuHomuan 6asucnapaa curHannap Ba TacBMpnapra
pakamii MUUIOB OEPULIHMHI WHTENNEKTyan AacTypHii-TEXHHK TH3MMIapHHH
APaTHILHKHT Ha3apuH MeTojonoruk acocnapu» (2021-2024) mas3ynapuiard
UNMuii NoHuXanapu aoupacuna Gaxkapunras.

TaAKHKOTHHHr MaKcaau Jokan chnaiiH MOAENIapM acocHia TeHr Ba
TEHrmMac OpaIHKNapAa YNuaHraH CurHasiapra pakamiu MUUIOB GepHILHMHT
napannen anropuTMIapH Ba JacTypuii MaXMyacHHK HiLNa6 yHkuAaaH nopar.

TaaKHKOTHHUHT Basudanapu:

CHrHajjlapra pakamiu vumnos 6epuiiga craiiH-GQyHKIHAIAP YCYUIapHHH,
napauien airopuTMiiap Ba MNpoLECcCOp apXMTEKTYpanapHHH TaAKUK 3THII
acCHOCHMA 3HI MaKGy/l MaTeMaTHK MOZEN Ba apXUTEKTYpPaHH Takiud 3TuL;

Nlokan  MHTEpNONAUMOH KyOuk crualimnap &Epaamuna OGuomenuumuHa
CHrHJNapHHU pakamili HUIALL aNFOPHTMAAPHHH HLUNAb YHKHLI;

TEHr Ba TEHrMac opanukiapna ymyabG onuHraH aspoOMarHHT CHrHajulapra
paKkamiu MUUI0B GEpULIHHHT Napannen aNropuTMIapHHH HILIA0 YHKMLI;

CHrHajulapra pakamiau WuuoB OepHIUHHHI napauiel alropuTMIapH
acocHAa adpOMArHHT CHrHayapHUHr macodara Gornuk GyaraH MyamMMOnapuHH
Te3 Ba Pyl BaKT PEKMMHAA aHHKJIOBYH YCYyN APaTHLL;

Kyn A4pONM  mpoueccopnapia Jiokan ChiaiH  YCYJIapH  acocuaa
CHFHANNApHH DPaKaMIIM HLUIALl jKapa&HNapMHH MOMEANALTHPUIUHK HacTypHi
MaXXMYaCHHH ApaTHIL.

TanKHUKOTHUHT 06beKTH cupaTHaa a3pOMArHHT CHTHAJIAP Ba KN AApOIM
npoueccopiap OJIMHIaH.

TaaKHKOTHUHT npeameTu cudarupa nokan KyOMK CIUlaiiHnap acocuaa
CHrHamnapra Wuos 6epHin ycynnapu, anropuTMiapu Ba NacTypHil BOCHTasapH
ONIMHIM.

TaakukoTHuHr ycynnapu. Taakukor sapaéHuza (QYHKUHOHAN Tax/THI
Ha3apuiACH, noKan CHadH dyHkuusnap Ba MOAE/IAITHPHLI Ha3zapHsUlapH,
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KATOpNap Ba MaTpUUANap HasapusAnapH, UIYHHHTAEK, napanien xucoGnaw
Hasapusnapuaas GoiaanaHuarat.

TaAKMKOTHUHT WIMHIT SHFUAUIH Kylinaarunapaan ubopar:

CHIHaUlapra pakamiii HuwioB Gepulga crnaiH-GyHKUMsnap ycynnap,
napauien anropHTMIIap, NPOLECCOP apXHTEKTYpanapH TaaKuk 3Tuiau. Hatkana
3Hr MakGyn wMaremaTmk annapar cudartma jokan  crslaiimnap  Ba
NPOUECCOPSAPHUHT KYT SAPONH apXHTEKTYPACH TAKITH( STHIAH;

NOKall MHTEPNONAUHOH KyOMK cruadinnap &ppamuaa  GuoMennuMHa
CHIHANNapHHH paKaMiTK HULTAL arOPHTMIAPH HINEE YMKHIAH;

TEHr Ba TEHrMac opanukiaapaa ymuab ONHHraH aspoMarHMT CHrHamapra
paKamny KIAOB GEpHLIHMHT Naparnien anropuTMIapH HIab ynkunrau;

CHTrHaJUlapra pakamid HUUIOB OEpHILHMHI Mapajjiell  anropuTMiIapH
acocuja a3poMarHMT CHTHaLIapHUHr Macodara 6ornux 6¥nraH MyamMonapHHH
TE3 Ba pean BaKT pexHMHAA aHHKIAll YCYJIH SIpaTHIIraH,

TaaKHKOTHUHT aMaaHii HaTUXKaNapy KyHuaarunapaad ubopar:

TEHrMac opaluKiiapaa ONMHIaH KaTTa XaKMIard reodusux cHrHanjaapHH
pakamiy Muall JkapaéHnapuHM napamien Xxucobnaul pactypuit  mMomysaapu
ApaTHiraH;

Kyn sAponM mpoueccopnapAa Jokan cnnaifH  ycynnapu &paamuaa
CHTHANNAPHM pakaMnu WuLaml >apagHNapHHH MOAEUTAIITHPHIUHM AACTYpHil
M2)XMYacH spaTHiras.

TaakukoT HATHKAIAPUHHHT UIIOHYIHJNIH, TankukoT
HaTHXATAaPHHUHI  MIIOHWIMIAMIH MYaMMOHH ¥YpraHull Ba Taxjiun KHJAHLI
HaTIKacHaa reousnKa coxacuna a’pOMArHHT CHIHAUIGPra pPaKamili HLWIOB
GepHl  yuyH KynaHMmyBYH XMcoONaml TH3WMNAPHUHT camapajaopnurura
KyHunanuras 1okopu tanabnap, nokan Ky6uk crnaiiH-QyHkuuanap acocuaa sHru
yCyn, anropuTMnap xamja Kyn npoueccopid Ba K¥n AApONM TH3UMAP ApaTHLI
Tanabnapura MoC/UrH 61naH H3OXTaHAMH.

TaakukeT HaTWKaNapUHUHT uaMKii Ba amanuii axamusaTH, TanKHMKOT
HaTHXANAPUHHHT WIMHA aXaMHATH CHTHAUTADHH paKaMNH MIUNalWijia napaien
aIropuTMNap WAl uukuM yuyH Hasapuii Ba ycnmybuil acocnap, TeHrmac
OpaNnMKiIapia yNuaHraH CHrHAIApHH pakaMi MUUTALUHUHE alirOPHTMNApH Ba
FACTYpHH MaxMyacu kuiiuH (opMaTALITHpUNAAMraH axGopoT TH3MMIAapHAa
KapopsapHH Kabyn KWiHwHy yenyGuatnapu 6unan H3oXaHanu.

TankukoT HaTkanapuHUHr amManuii axamUATH a3POMArHuT CHIHAJMapHH
PAKAMIIH HLUNALN Y4YH napajuieN anrOpHTMIAap aCOCHAA TAKOMUJUTALUTHPHATAH Ba
HULNa0 YMKMAraH [acTypuii BOCHTA DeCHyGiHKAMHI a3pOMArHMT TamKMKOT
MapkaiapHia KaTTa XaxMIArH CHTHalapra pakaMid MIUIOB  Gepull
apaCHNapHHH TE3NHTH Ba cudaTHHU OLUMpHLI GHNAH M3OXIaHAIH.

Taakukor  HaTMKANAPUHHHT WOpHH  KuaMHMWIK  KYn  saponu
Tpoueccopnap y4yn kybuk cruiaithnap €praMmia CHrHannapHM pakaMmiH LRl

flapajlien anropHTMIapHHH ApaTHLL Ba YIApPHHHT JACTYPHH BOCHTANIAPHHH HLLNAG
UMKHLI GYHHYa ONHHIaH HaTHXaNap aCOCHA:



TEHrMac opaivkiapaa ¥n4ab onuHraH reousuk CHrHAINAPHH paKamiy
MLUNAWHKUHT JIOKaN CMIaHH yCyslapy, anropHTMIapH Ba yjap acocuia ApaThiraH
nactypuii maxmya «THAPOHHIEO» uHcTHTyTHra scopuii kunuHran (Ax6opor
TEXHOJIOTHANIADH Ba KOMMYHHKAaUWANapHHW pPUBOMUIAHTHPHIL Ba3HPIHTHHHHI
2021 #Aun 29 ceutabppary 33-8/6887-con MamnyMoTHoMmacu). Hatmwkana
sipaTWiraH AacTypHii BOCHTa reoM3HK TaakuKOTAapAa XHcobnawra Keragurad
BaKTHH 35%ra Ba xaronuknapuu 18-22%ra kamaiiTHpHIL KMKOHHHH GepraH;

BuomenMUMHA CHrHAINapMHW pakamnM Huwiaw  opkand  6ow  Mus
Ty3UNManapuiard ¥3rapuilnap COHMHH aHMKMALIHMHI JIOKan CIAHH yCYJUlapH,
anropHTMIIapH Ba yNlap aCOCHAA ApaTHIraH nacTypHii MakMya «PecnyGnuka cyn
THOOMH aKkcnepTH3a WiIMMEA ammuii Mapkash Camapkaua ¢uananu»ra opuit
kunuHrad (AX60poT TEXHONOrHANApH Ba KOMMYHHKALMANAPHHH PUBOXKIAHTHPHII
BasUpnUruHMHr 2021 Hun 29 centsbpparn 33-8/6887-cOH MabIyMOTHOMACH).
Harwxana, 6ol MM TysHIManapaary y3rapuuutapHy aHukialW Myaaati 61%ra
Ba XxatonukHH  11-15%ra kamaiTHpHiIL uMKOHHHY GepraH.

GHOMEMLIMHA CHIHANNAPH Ba THOGHET TacBHpNapHHH PaKaMiIH HLLTALIHHHT
6ynak-6asuc ycyanap, anropuTwmiapH Ba ynap acocuia ApaTunrad JacTypHil
maxmya «CaMMH 1-inunukacuyra sopuii kunnHran (AXGOpOT TEXHONOrHANApH
Ba KOMMYHMKAUHMANADHHH  DUBOXNAHTHDHIL  BasHPNMrMHMHr 2021  #un
29 centaGpuaru 33-8/6887-con MamnymoTHoMacH). Haruxkana, KOHZaru
NEAKOUNTNIAp COHHHM aHMKnaw Bakt S58%ra Ba xaTonukHu 10-12%ra
xaMal THPKILI MMKOHHHY Gepran;

TaaAKHKOT HATHXKAJIAPDHHHHI anpoGaumsacy. JluccepTauMsHUHT HIMHI Ba
amaiuii  HaTWXanapy 2 Ta Xankapo Ba 8 Ta pecnybnuka WIMHi-aManHi
aWxcymaHyapuia MyXoKkamanaH YTKasHraH.

TagKHKOT HATWXKANAPDMHMHE JBLAOH KUAMHraHauru. Jlucceprauus
maB3ycu G6¥AHua skamMu 33 Ta wnMuMit M yon 3TMAraH, WynapAaH Y36eKHCTOH
Pecnybnukacu Onuii aTTecTalmus KOMHCCHSICHHHHI AOKTOPJIMK AHCCEpTaLusiapH
acocyii WIMHH HaTHXanapHHH YON ITHLI TABCHs STHATAH WIMHIl Hawpnapaa 12 Ta
maKonia, 6 TacH XOopikuii Ba 6 Tacu pecny6nnka KypHaNIapua HaWp KWIHHTAH
xampa 3 Ta OXM yuyH spartunras nacTypuii BOCHTANapHH Kall KHIHLI
ryBOXHOMAJIapH ONIMHIaH.

AuccepTaUMAHHHT TY3UIHWK Ba XaxMH. JlHCCEpTalMs KHPHII KUCMH,
TyprTa 606, Xynoca, goinananunran anaGuérnap pyiixaru, Wwaprnu Gearunap sa
aramanap PpyiixaTH xamza wunoBanapfaH u6opar. JMCCEPTALMSHHHT X&KMH
117 6€THH TALIKKUN 3TaH.

JUCCEPTALIUSTHUHT ACOCHI1 MASMYHHU

Kupuu xucMuga Aucceprauus MaB3YCHHHHI fon3apbnuru Ba 3apypatu
acocnab Gepunran, Makcaz Ba Basudanap 1AaKHINAHTUPHITaH, TAAKUKOT O6BEKTH
Ba NpPEAMETH AHHKIAHTAH, TANKMKOTHMHT Y3bekucton Pecrmybnuxacu dan Ba
TEXHONOrHANAPH TapaKKMETHHHHT YCTYBOD HYHanHIIMIra MOCTMIM Genrunanrad,
TaAKUKOTHHHT WIMHH SHTMAWTH Ba aManuii HaTwkanapu kypcatu6 yrunran,
OJIHHIAH HaTHXXANAPHHHI XaKKOHUHAUrY acocnab Gepunrad, OJIMHIaH HaTHXanap
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Hazapuii Ba aManui axaMuaTH o4ub Oepwirad, TAAKMKOT HaTHXATAPHHWHT
aMaNHETTa TaTOUK ITHIKLIM, HIUHH CHHALI HATIXKaNapH, HALUp 3TH/rad Kwnap Ba
JHCCepTalys TY3UAMACH TYFPHCHAArH MawlyMOTJIap KeITHPHIIraH.

JuccepraulaHuHr  «Cursannapra paKkamad  uwnoB  Gepuwaa
KyNAaHUAAAWraH  crilafiH-QyHKUMANAPHHHT  TaxXJauau» ne6 HoOMAaHraH
GupuHun 6006MAa CHrHAUIapHH pakamin¥ HUUIALWl Ba YNapHH KYAJIaHUAMLL
coxanapd, kyOuk  cnnaliH-QYHKUMS  yCYJUIapH,  a3pOMarHHT  CHTHal
KypcaTKHWIapH, CHrHAIapHH pakamid HIJalia napauien anropHTMIapHH
KYJUTaHHJIMID MyaMMONAapPHHHHI TaXjMIH KEeNTHpWiraH. CurHannapra pakamiu
uios Gepuil yCynnapuuu Ypranu® 4MKHMII HATHXKACKAA CRNaiiH-yCymniapHHUHT
TacHUGH HUNAO uyMKMAraH. A3DOMArHHT CHUTHAUIADHH pakamiM MIUUAHWHT
napauies anrOpMTMIAapHHH amMaira OMIMPHLIAA KYN SAPONH MPOLECCOPHHHT
YMYMH#l XOTHPIH apXUTEKTYpacH TaHIaHraH.

CurHannapHi pakamny MlWall TH3MMIADHHH TypnM XWl TeXHHK
KypunaManapua  kynnaw, Macodaman TYpH6  ofbexTnapum  sonanawna
¢oiipananui, THEGHII - GUONOrMK TAAKMKOTIAPAA, A3POMArHHT TAAKMKOTIapaa Ba
IeHTH3 KeMmanapy KaTHOBM (anoka, paavModusMKka, pakamnu onrTuxa)ia Ba 6Hp
KaTop 1y kabu coxXanapHHUHI MacaalapHHH Xal KWIHLIJA HILIaTUNAM.

JKaxoH amanuéruaa kamed €pOCTH 3JEMEHTNIAapHra 6ynran Tanabuuur ownb
GopatrraHnuru cababnmu, ynapuuHr xoMawé Ga3saCMHH MyHTa3aM KeHraHTHpuO
GopHil MyXMM axaMHAT kac6 3TanM. Iy 6oucpaw, karra MaioHnapaa
ad3pOMAarHHT TaNKMKOTNAp (a3poMarHHT pasBeska) ¥Tkasub, reoMarHuT Maiiou Ba
YHM TalIKWN KMAYBYUMSIApHH ¥nyawl, LIy XKYMIAJaH, YNapHHHI TY3HIHLUHHH
XapHTanalwTupu Ba goitfany Kasuamanap KOHIAPHHK pasBeaxa KHJIMLI MyXHM
xucobnanamu. AspomarHut TafKMKOTJIap ‘KapaHHAa onaTaa 3KCIEepHMEHTan
MabITyMOT/apra TasHHO, ep MaruuT MailiOHHHHKT YMYMUii XapakTepuHy THKALL
kepak Gynammu. Yuwby MyaMMOHMHI aHbaHaBHH €UHMH 3KCIEpPHMEHTaN
MaBIIyMOTJIap TYniamura 3ur skuu kenaauraH Makbyn QyHkumsnap Tynnamunu
aHuKnamgax uboparaup.

A3poMaruur CHTHajylap  MarHHTOpasBeTKa  ycynuaa  ONMHAIM.
l}llarﬂmopassenxa ~ 6y reodusuk ycyn 6ynu6, Ep Maruur maimoHuHuHT
Y3rapULIMHH  yprauuira acocnaHraH. MarHMT MaHIOHHMHT Y3rapuM TOF
KHUHCJIaDH  Ba MablaHNapHMHr Xap XWJI MAarHMTIAHTaHNAMrH GunaH GOFIMK.
Marnuropaseeska TEMHMD MabiaHNapHHH H3Jall BAa KMAWDHIIAA 3HT CaMapaiy
yeynagp. YV reonorux Xaputanawna, TY3WIMQIH TajkMKOTIapaa Ba 6Gouika
¢dofipany KasMnManapuu wanamgza kewr KYUTaHMNanM. Marsut Maizonm ep
103aCua, ICHIU3 CaTXKMa, XaBoa Ba KyAykiapa YiruaHay.

CHrHanmnapuu paxamsiu winam TH3MMM 25POMArHHT CHFHATIApHH pean
BAaKT Macwrabuna, 3amonasmit xucobnau TEXHONOMMANApH EpaaMuAa paKamiH
WULTAHUIIHHKHT Napanien anropuTMIapyHH APaTHLI HMKOHMATNADHHM Gepamu.
Jloxan cnnafiunap Ha3apUACH UMKOHMATNIAPH IOKOPH CaMapajiop/MK Ba aHHKJIMK
Tanabnapura xaso6 Gepa omaguran, CHrHaIapra paKkamiH MuULIOB GepHUIHHHT
AHTH AITOPHTMAAPUHK MiNa6 YHKHII MMKOHHHH Gepay.



AlHuKca KyOHK CrIaiiHnap yna karta MareMmatuk ad3a/uiHKKa sra. Ynap
Gepunran HyKTalapHH HHTEPNONALUMANOBYM Ba KBaapar 6unaH HHTErpailaHyBYH
HKKHHYH TapTuGnM XocunacH Mapxyn 6ynran Gapua QYHKUHANIAp H4YHIA
MHHHMAJT ICCHJINK XYCYCHATHIA 3ra 6ynraH sroHa GyHKUHAOHD.

Huccepraunsnunr «Jlokan cnnaitH-pyHKuUMS Kypuml ycyajiapy Ba
anropuTMaapu» ae6 HOMIAHraH MKKHHYM G06HAA NOKan MHTEPNONALMOH KyOHK
CNaiH-pYHKUMANAPHU KypHILLl YCYNiapH, crnaiii-pyKiua yCY/IapH XaToNHK-
napuHu  Gaxonaiw, sokan KyO6uK crnaiH-QYHKUMANAPHUHT Y3NyKCH3NUIHHA
TEKWHPHII Ba AKUHMAWMIN Kypcatruyd OyilMua TakkocHawl HaTHXajlapy
KENTHPHITaH.

Hucceprauusna TeHr Ba TEHrMac OpanuKkiap yuyH KyGHK CILTaiH-QyHKUAS
YCYJUIADHHUHT KYDWIHID YCYNNapH KeATHpwira. ['peGeHHHMKOB ChnaiHH,
PaGeHbKHii cnaifiHy Ba JIOKa MHTEPNONSLMOH KyGHK CrutaiHIapH TAHNaHTaH.

Hurepnonauvon  6ynmaran  IpeGennukoB  KyGMK  CIUTAHHMHHHT

x€[x;,x; 1),/ =0,n-2 OPANHKAArH KYPUHHLIHN KyiiHaaruua:

3
GS(f:3) =X v, (0 (x..,.) Q)]
=0
6y epna
v 0=20-F

w2(1)= %(3{3 -6r2 +4)
w3(r)= %(1 +304+32 +3(3)

1
W4(f)=gt3

6yHna S(x) - I'pebeHHHKOB cnnaiiku, y ; = X y3rapyBuura GOFNMK Kuiimatnap,
S(xi4j-1) - dyHKuMa KuiimaTnapu, {=(x-x)h - opamuK h=x,-x,_,
y3rapyBuura GOFJIHK Kuiimar.

Tyryn nykranapra Gornuk 6ynmaran kybuk cnnadH-QyHKUMS yCymnu
CHIHAIUIApHY pakaMJIM HULIALIAA KeHT Kyananunaau. JIeKHH CUrHan KuiiMatiapu
COHM OpTraHM CaliMH TYryH Hykranapra Gornuk O6ynmaran kyOHK cmnaii-
dyukuusnapnan Qolnananunranna xaronuk karranawn6 keramd. ByHzaii
XOnatnapia WMHTEPNOMAUMOH YYMHYM jmapaxand (KyGMK) crnafin-yHKuHs
ycynnapuzaau ¢oiganaHuw Sxiu camapa Gepanu.

Jlokan 6asuc acocuna PaGenbkuit crimaitnunm Kypuin. Kapanagrran cursan
erapnnya cwuuk 6ynmaca, y xonaa 6y curnanhu crnaitd QyHKLHS yCynnapaa
CHIHKNAWITHPHLL MaKCaAra MyBOMHK. YHUHT x € [x;,x; , 1),/ =0,n~2 OpanHKiaru
YMYMHH KYpHHHIIH Ky#ngarada:



3
S3(/59)= D 8710 f Giagm1)s )

Jj=l
6y epaa
A =(1-0>(+0),
S () =1(1+20-22),
#() =-12(1-1),

6ynga S3(f,x) - Pabenbkuii cnnaiinu, ¢; - x y3rapypuura GoFnuK Kuiimatiap,
S(xipym) - Oynxuns kuiimaTnapd, (=(x-x)/h - OpanHK h=x,-X_,

y3rapyBuura GOFIHK KMAMAT.
SIKMHNAIITHPHLI AHHKIWIH IOKOpH OynraH xamua cmnaiH (yHKUHMAHH |
3KCTpeMal XOCCaCHMHM HWHoOarra onradH xonga ¢yHKuMsra sKMHIAWHAIIAG
YuHH4H papaxany Pabenbkuil crnaiinnnan gofigananu sxwm1 camapa Gepaay.
Jloxan HHTEPNONAUMOH KyOHK crnaiH-QyHKUMS KypHlI Y4yH [a,b]
OpaJTHKHH n Ta TEHr 6ynainapra 6ynub YHKUJIAAH.
a=xg <X| <..<Xj <Xjy)] <..<Xp =b Kapana€TraH joKal HHTEPNONALHOH KyOHk

cnnaiin momenuHH X€[v,,x,], (i=0,n—1) opamukma mxkuTa y(x) Ba yi(x)
napaGonanapHMHr UYM3MKIM KOMOHHauMsCH oOpkanu Kypunamu. By epma S3(x)
cnnaiinnn xe[x;, x4}, (=0,n—1)opanukaa Kypuuw yuyn Kyiinaaru TYprra Hykra
Gepunran  6yacHH.  A(x,_y,¥i-1) » B(x;,¥i) 5 Cxists Yis1) » D(X,42.Yie2) . LlyHn
aiiTn6 yTHII KepaKky, ywby ycynaa HHTEPNONAUKOH KyOHK CnaiiH MOAENHHH
KypHLU ydyH anbarTa TYpTTa Hykraga goinananunam (1- pacm).

ACXye1. Y1)
' C(Xe1:Y143)

D(’N:«."uz)
/ B(x,. )
] ’ \ x

Szh)

1- pacm. S3(x) J1oKan KyGHIc cnutaiin KypHII 0PaIHFHHHHT KYPUHHLIN

Jloka MHTEPNONALMOH KyOHK CITaAH-QYHKIMAHMHT x € [x;,X; 4 1).i=0,n-2
OpanuKaard yMyMHii KYpHHHLIM KyHAHIarnya:



N
S3U/:3)= D 00 (i j-1) €
_ =0
6y epaa
9O =-0511-2,

050 =0.5(1-1)2+ 2 -32),

03()=051(1+41-3r2),

¢4(r)=—0,51(l—1)12
6ynna S3(f,x) - JOKan WHTEpPNONAUMOH KyOMK crafiH, ¢; - X y3rapyBuHra
GornuK KuiAMaTAap, f(x.,-1) - GyHKUHS kuiimaTiapH, t=(x—x,.)/h - OpaHK
h=x, -x,_, y3rapyBuura BornuK kuiimar.
Jlokan HHTEpNOASUHMOH KyOMK CIUIailH CHUTHaiapra pakamid HUUIOB
Gepulaa AKMHIALALL TEINHTH I0kOpH XucobnaHanu. TeHrmac opanukiap yuyH
XaM JIOKaJ MHTEpNONALHOH KyOHK cnnaifH Moaenu TawiaHraH. Y xaM IOKOpHAart

keTMa-keTsik kabu napabonanap kecuiumacu opkanu Kypunami. 3- dopmynanad
X=X

dbapkn @,,(t;) HHHT {;= ABHU A, = x;,, —x, OPAIMKNAPHUHT TYPNHUA 3KaHH

i
xucobnananu. By aca, Jiokan HHTEPNOASLMOH KyGHK crulaiiH MOAENH acoCHAa TEHT
Ba TEHrMac opanHKjiapaa S'/.n'-laHl‘aH CHrHaJUIapHH paKkamMJii HLUIall HUMKOHHUATHHH

spaTaH (2-pacH).

[ a.nxy. /
L h=x;x,. m=h/g, j=1 |

Sl 2 -‘L---., Hyx 7
e R
lp)()=051-0Q+2-3") r’{ Xuconau: S (x)

.
.
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.
'
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.
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-
]
1
.
H
H
'

i 2 L ‘
P4(r)=-0510 1)t r F S |

2-pacMm. Jlokan HHTEPNoAAUHOH KYOHK cnnaiii mogenv acocuna CPUB
anropuTMH
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Huccepraumauuar «CurHaanapra pakamad uumios  GepHwHUHT
napawuen aaroputviapu» ne6 HOMAaHraH YyuuHuM 6Gobuma aspoMarHHT
CHTHAUIADHHH paKaMilM HILJAWHMHE MApayieN anropuTMHH aMajira OLIHpHLI
Gockuunapu Genruwnab onMHraH Xxamaa TEHI Ba TEHIMac OpanMiIapAa KypHaraH
JIoKan KHTepNnoNsAUHOH Ky6HK cnaiH napaMeTpiapHHy XHCOONAWHKHT napannen
IMOPHTMIIApH HULTA0 YMKHAraH.

[apannen xucobnaw xapaéunapuHH AacTypiallja TH3MMHHHI Napaiel
oxuMnapuaan doiinananunany. Ywby napamien OKMMIapHH TAlOKKN KMIMLI Ba
ynapHu GollKapHII napannen alrOPUTMHUHT Mypakkabnurura kapab amanra
OLUMpHNAnH. SIbHH mapannen anropuTMAA LMK skapa&HapHi TapTHOMaWTHPHLL
3apyp. Macanan, gacTypaa uWukd LMKANiapra anoxuia OKUMIAp ApaTHll Kepak.
Ynap yuyw axparuiraH napannesl OKMMAAPHH TYFPH TalUKW KWAMACHHK
MabiIyMOTNapHHHF A¥Konuiunra onub kenamu. By 3ca AaCTYPHHHI HaTHXACHHH
HOTYfpH unxumMra omub kenaau. TeHr Ba TEHrMac OpaNMKiIapia KypuiraH
CIUTaiiHIapHK XMCOOMALUIHUHT napannen alropyTMHHH AAacTypnamaa Xyaad wy
MyamMmora Ay4 kenuHAu. Bynu Gaprapad sTHw y4yH napamien OKHMIapHH
HKKMHYM LMK TyraraHwjaH cyHr YuupHll Kepakiur¥ aHuknauad. llynpa
OHDHHYH UMKIHMHI MKKMHYM KajaMHra YTHAraHja fHa yJapaaH kaiita
toiinananui MyMKus.

ASPOMAarHHT CHTHaNapHHKY PaKAMIK HLINALIHHHT NAPAUIEN aNropHTMHHH
amanra owHupHII GOCKHYH Ky#iuaarunapaad ubopar:

1-anroputMHM amanra owMpHILAAa napannen Xucobnaul MyMKHH Gynara
LMK JKapaEHNapHHY aHHKALL; .

2- 2NIrOPHUTMHHHT KeTMa-KeT 60CKMUHMAA NMHAMMK MACCHBJApHH ApaTHLI Ba
YynapHu xucobnauu;

3-noxan ky6uk crnaiiH x y3rapysunra GOFIMK KuiMaTnapuuH (4, ¥, Ba @)

XHcoGnau mpoueAypacHHH TAIKKA KIIHIL,

4-TeHrMac oOpanMKNapaa Kypuiran KyGHK CIUIAHHHHHT X Y3rapysuura
Gornuk kuiimarnapununr (@, sa 4, ) xucobnaw NpOUEAYPACHHH TaLKHA KHITHLL,

5-mpoueccop saponapkaa napannen XMcoGNaHraH MacCHBAAPHH Kamiall
TMpoueAypacHH SpaTHII Ba aMaira OLIMPHLLL

6- keTMa-KeT Ba napajien xucobnau npoueaypanapy EpaamMuia HaTHKanap
MACCHBHHH APaTHII Ba 3KPaHra YMKAPHLL.

Uly Gunan 6upra napannen oxkMMIapHH GaXAPHIMIIMAA XOTHpA
kaTaknapura 64p BaKTZa HKKHTa KuiimMaTiapHy €31 XoaucacH coaup 6ynau. By
3Ca CHrHaIapHUHr 6ab3¥ HyKTanapaarw KuiiMaTIapMHH HyKomMwura Onu6
kenmu. By MyaMMOHM Xan KMAMII yuyH Taknug KMIMHRAH MapajieN anropuTMIa
CHHXpOHJNall amanra OUMpHAraH. CHHXpOHNaWl JKapatHHHHHT aIrOPHTM
BasHanapura GornuK 6ynran Myammonapu MaBxyA Ba 6y MyamMonap napauien
JacTypnaul TexHoONorusap EpAaMuaa Xan KHIMHMaH.

Taunasran nokan kybux crnalin-gpynkuusnapra Kynaiiuk MaKcaauza
Kyhiunarnya Genrunaw kuputuiran. Pabenbkuii nokan ky6uK crniaite YCYNHHH
RS;(x) opkanu Genrunanrad. Tyryn Hykranapra 6ofmuK Gynmaran I'peGeHHHKOB
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CraiiH yCYMMHH GS,(x) Ae6 Genrunanran. Taknu¢ atunaérrad CrUiadH ycyiu
S,(x) 6unaH GenrunaHraH. GS,;(x) Ba S,(x) Kybuk cnaiinnapHu Xap 6up opanHkaa
—KYPWIMLIH y4yH TYpTa X y3rapyBuura GoFmuk 6ynraH kuiimarnaphu (4 Ba @)
XHco61a6 MOC paBHLLAA TYryH HyKTanapaard J; KuiiMatnapra kynaitupunani. by
xapa€HiapHH Xap GHpHHH anoxiaa TYpTa MaccHBapra axparub onHHaIH:
S35 =R+AR+PB+F, (5)
6y epna
R=af(x), B=0f(x),B=¢/(x3) Ba P, =0,/ (x4).

Pabenbkuii RS;(x) nokxan kyOMk crnaifH ycynuaa maccuBiiapra axparHil
yura 6ynamn. A =¢/(x), P =y»f(x) Ba PR =y;3f(x). Llynpan cyHr
JacTypiall KMCMMAA aHMKJAHraH OPAIMK YYyH Napawlen aactypiap &3uianH.
A3DOMarHHT CHrHalHW TaHnal ONIMHraH CIUaiHNap OpKAIM paKamiH HLUIOB
Gepuw yuyn cnnaiin napametpnapuiu (&,¥; Ba @;) xucobnam KHCMH
napamiennawiTpunrad. TeHrMac — opanHKiapAa  OJMHa&éTraH — a3poMarHuT
CHFHQINApHH paKamiii MUUIALl >KapaéHIapMHH JIOKal HHTEPNONSUHOH KyOHk
CIUIaifH ModennapH acocuia napanien Xx1Mcobnaiu anropsTmaapH HuUad YnKHnrad
(3-pacm).

Bomnaam

[/ N.h. Y. X /

m Xa
Ak ‘ l Hi[i]= x[i]-x[i-1] |_]

[ ] OpenMP (Oxiim) 1 ]
HAyx

J<N-1
Xa
[ H2= (x]j]-xli-1D/h ]

¥ L 2 v v
[ PUA=07) | [ 720 =9/ Il Pli.fl='¢:f(xml P41,/ () |
Y

| ] S=Sum(B+P,+P+P) | p———

3- pacm. TeHrMac opajiMKNapaa OMHIraH CHTHAJUIAPHH PAKAMIM HULIaw
sKkapagnunapuHu ky6uk cnnaiivnap épaamuaa napaen xucoGiaw
aaropuT™Mm
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Teodusuka coxacHAard WIMHKI u3naHulnapaa Maxcyc ¥muos acGoGnapu
6unan sxuxo3NaHraH CaMONET Ba BEPTONETNAP EPAAMMAA EPHUHT MArHHT MAiiIOHH
(Mammopagsenxana) €KH epHHHI IpaBHTaUMOH MaiaoHH (rpaBHpa3BeaKana)
Ynuyananu. Yna4oB HaTHXalapyH MacCHUB KYpHUHHILKAA XOTHpanapra (¢newukanapra)
&wianu. Arap ynuabG ONIMHAETraH ep HOTeKHCAMKNapaaH (Tornap, Gananp
amgupiHKIapaan) nbopar 6ynca, y xonaa ynuosnap TeHrMac opanukiapaal néopar
6ynaou. Wlynpaii xkunub, IOKOPHAA KENTHpWIraH LIApoMTAapAa ynuab OfHHraH
a3pOMarHUT CUrHAWIApHH paKaM/li HILNAWHKHE caMapand ycymnapuiaH Oupu
TEHrMac OpalHiIapia Kypuirai MozaemwapaaH (okgananiw  xucobnaHaau.
Taknud KWIHHAETTaH TEHrMac OPAIMKNAapAa KypHIraH JIOKan HHTEpNONALMOH
KyOuKk crnaiiH MOAENH caMapalOp/iri, aHHKIHIN Ba NapaMeTpilapuHH aHHKIaL
y4yH KaM aMauiap tanab kunraunuru 6unan Gynaaii MacananapiHu e4HIIAA KEHr
KYJUIRHWIMIOH MyMKHH.

Harmxanap Intel(r) Core(TM) i5-10300H CPU @2.50Ghz npoueccopuna
oauHad. Kupuin HaMyHanapHHHHE COHM kynajiviuy GuiaH, pakamiii HILNAIHEHT
napamien KMCMH Ba TEINAIWITHPHIL ko3dduumeHTH Xam owau. N=32768 na
a3pOMarHHT CHTHANNIapMHH PaKaMilH HlLnaLl skapa8HiapHHy napanien xucotnain
yuyn 0.0415, kerma-ker xucobnaw yuyn sca 0.1360 conus kepax Gynau.
Teanawupum xo3puuueHTH 3.27 HY Talwkun 3TAK. By HaTibkanap TYpr aaponu
NpOLECCOPAAa aManra OLIMPHITMAH/IHIH YUyH TE3NAUTHPHII KO3(QHUHEHTHHHHT
3HT IOKOpH Kuiimaru 3.27 6ynau.

Iuccepraumsanuar  «CHMrHannapun  Jokan cnaaiiHnap  €paamuaa
PaKaMiH HILNIAW  JKAPAEHNAPHHU  MOAGANAWTHPHIL YYYH AaCTypHii
maxkmya» €6 HomnaWraH TYpTHHuM Go6naa sokan cnnaiiunap ycymnapaa
reopusuka Ba MeAMUHHA COXaCMAAarH CHrHalapra pakamid MUUIoB Gepuiy
HacTypH HMuU1ab uYMKWIraH, JIOKanl MHTEpAONALUMOH KybHK clulaiinnap
napaMeTpiapMHM napauten xucobnaw xapadunapund  GOLUKApHID  YCYIH,
a3pOMarHMT CHIHalNapHH paxamili HiLnaul >kapa&HnapuHH napauien xucobnatu
aNrOpHTMMHKHI JAaCTypHil MaXMyaCHHM spaTHIUl Macananapd KypHO 4YHKHAraH.
Jloxan craiiHnapHi xucobnall xapa€HnapuHi MOJENNALITHPHLIHHHT Mapaien
JACTYpHil Ma)KMyaCHHH acOCHH MaKCaau — TeHT Ba TEHrMac OpaiMKiapaa ynuab
OJITMHAJIMraH a’spoOMarH1T CHrHalIapra jokan crnaiiH ycynu épnaMmaa napauien
nunos Gepuwiaup. Jlactypuii Maxmya. 6uTTa JacTypHit naker KYpHHHUIMAA
pacmuinawrtupunran  6ynu6, OenrunaHran napamerpnap Omnam  ¥3apo
GoFnanyiaHraH KHCM JacTypiiap (Mpoleaypa)aaH TalKui TONraH.

Tyswnima 3 KuCMIaH TalKWl TonraH. |- KMCM Jlokan CrnaitHNapHHUHT
napameTpiiapuHH xycobnaiu, 2- KMCM napamien Xucobnaw aactypH, 3- KMCM
noKan CIafiHnap OpKalM a3pOMarHMT CHIHAUIADHM pakaMiM HuUios Gepui
pacTypd fne6 HommaHrad. 1- kucmia “IpeGeHHMKOB CrnailH napaMmerpnapHHH
xucobnaws aactyph”, “Pabenbkuii cnnaiin napamerpnapuuu xucobnau aacTypu”,
“Jlokan cCrialiH napaMeTprapHHM XWcoGnawl gacTypu” Ba “XaToNMKIapHH
Gaxonaul JacTypH” >kodnawran. 2- kucmaa “TeHr opamMkiap YuyH Jjokan
MHTEPNONAUMOH KyOMK CraifHnap napameTpapuiu napamuien  xucoGnai
wapaéunapuid OpenMP Texnonornscu &ppamupa amanra owpum AaCTypu”,
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“TeHrMac oOpanuKiap yuyH Jiokan HHTEPNONAUHOH KYOMK  crutaiiHnap
napameTpiapuHHd napajuien xucobnawn sxapa€hnapuud OpenMP TeXHONOrHACH
épaaMHaa  amanra  OWpHW  gacTypH”  Ba  “OnMHraH  HaTWXalapHH
BH3YyalMaWTHPHLI NacTypH” xoinawrad. 3- KMcMAa “A3pOMarHHMT CHrHanaapra
TeHr opanudknapaa uuioB OGepuin”, “AspoMarHMT CHUrHajlapra TeHrmac
opanuknapaa MuoB Gepuw” pa “ONHHIAH HaTHWXKAIAPHU BH3YyannaliTHPHLI™
JacTyphnapH oinawurat. Slpatunrad acTypuii MaXXMyaHHHT YMYMHH Ty3ynmMacH
4- pacMaa KENTHPHWIraH.

r JACTYPIIT MAXKMYA TY3IJIMACH

A4

v y v
- ;oo LSl T ’
é.l—l,ocnISplmS ancrym —I “ParallelSpline™ m2cTypu é' LSplineDSF™ aacrypn |
F'peberoutkos cnaalunzpras AIpoMENTAT GrrHanAzpra
> napaseTpaspions xucobaw - OpATBXAZPAA 121308
BOCTYPi Tenruac opamxnapan Jauasran Gepiaw azcTypy
CHIMANARPTE PRKAMAH HILNOD .
Pusbebkiti cnasisinapras 6epiaunioetr RAPALICA AACTYP
napaxcTpazpinul Xucobnamw POMARGAT CHINAAAPT
ﬁ ascrypn =a TeHTMEC OPATIKAZPIY
Omasran HaTioxanzpron saunoa Gepsan aacTypy
SIOYAURIITHPICY JACTYPH
Hloxan kyGix cnazitaspist o [——
N3paMeTpApstiol Xucobnaw
> aacryp —>|  moysanmmipias ascrypn

er?mompmc Gaxonaw zacTypit I

4- pacm. Jlokan cnaiiHiap 0pKaiu cCHrHaIapra paKkamii Mios GepuiHg
JacTypHii MaXKMYaCHHHHT Ty3HJIMacH

HDactypnalipa MaccuB Ba MaTpHLla 3MEMEHTNIApH YCTHAA amaniap
6a>KapHIUHY TAWIKWIT KWIHLL LMK JKapa€unapy EpaamMuia amaira omupunanu. By
xapagunapii RAM na napannen Tawkun 3THWHHHT Gup-Heuta ycynnapH
maBxyn. Macanat, static, dynamic, guided va auto. OpenMP TeXHOROrHACHHHHT
Ky#inparu oneparopu €paamuna, KOlllaa uukn scapaéunapuHi Xucobnawuu 6 ta
6noknapra axpartul OkMMIIapra TakCUMITaHAAM. YHHHI CHHTAKCHCH Kyiinaaruua:

#pragma omp for schedule (static, 6);

Static - arap oKMMNap YaKMpHNULIK TapTHOra CONMHMAca, GUTTa XOTHpaja
6up HeuTa xapaHNlapHU amajira OIHpUNHUIM GUp BaKTAa 103 GEpULIM MYMKHH.
Harikana OWTTa KkaTakra E3WiraH MKKMTa KuiiMaraaH OWTTack  Konamu
JeraHuaup. By 3ca kyTunaérran Hatixa xaro 6ynuiunra onu6 kenamu. Dynamic -
xucobnau >xapa€unapuiu 6nok xaxmu Gyiiuua AMHAMHK XONarja OKMMiapra
TakcuMnaiau. Xap-6up okuM Gnokaan xucobnaiu jkapa€HiapHHH KaGyn Kunu6
oIraHxaH KeliuH, ynapHu Kenuw TapTHOH




wyHnai TakcHmiaimu. VYwly TakcHmnall ycynW kapaHNIapHH TapTHOMH
Takcumnaw Ouian 6upra okHMIapHH GHp MebEpaa HILIALIHHE TabMHHIaNIH.

JKapa€nnapHH TakCHMIALIHHHT Kavaall TypuaaH ¢oiijanaHuuiias Karbuii
Hazap mnapaulen xucobnaw xapa&HNapHHH CHHXPOHJIALI 3apypaHp. SbHH
OKuMmIapra BasudanapHH ONTHMal TapKaTHLL jkapa&Hnapuia HaTHXLIApHHHD
@HHKIIHIMra XaMm axaMHAT Kapatuuw 3apypadp. By xapaénnapun myBaddakusTinu
TaUIKHI 3THL MAKCHMaJl camapaiopiHKKa dpHiuKuIra onub kenaau.

Jactypnampaa KHMpyBuM curHan kuiiMat N=65536 gna y3rapyBuHiapHH
JHHAMMK 3BJIOH KHITMHTaH1a UMK xapaéHnapuHy Oaxapuiira capduadrad Bakrra
nucOaran dynamic (0.99 cex) sa guide (1.01 cex) ycynnap Tes 6awapunni. CTaTik
YarapyBuHiap 3uJIOH KHIHHraHaa sca static (0.22 cek) Ba guide (1.11 cek) ycynnap
Ounan xucobnauuiap tez Saxapuamu. Jemak n Ta KHPYBUYH XaxMra ara Oynran
CHrHANHW napamuien xucobnawl yuyH LMKN »kapa€HnapuHd dynamic Ba guide
yceynnapi €paaMmia Tallkui KWiIMW makcaara mysodui O¥nap skad. Lllynapau
uHobaTra oNraH Xonaa JoKan MHTEPNONALHMOH KyOHK crnaiiH napameTpnapHHH
napanien xucobnaw kapaéHnapupa HKkMTa, dynamic Ba guide ycymnapu
HMKOHHATIAPHHH XHcoOra onraH Xonjaa sHrd OOLIKapHLI YCYJIH Y4yH NacTypHH
BOCHTA APATHJIAH. YHHHI HLLJALL %apaéHi S-pacmMia KelTHPHIIraH.

O-oKrnM L-okan 2-OKHM 3-oxnm

napaJuien xucobaaw kapaéHaapuHy KypHHHIIN

[Mapannen uukn :xapa€HNapHHH TALUKWI 3THLIAA OKHMIApPHHHI COHHHHM Ba
Onokfap XHKMHHH aHMKIAL MyXHMM XHcobnananu. JIekuH luyHnai Basucdanap
6ynannkH, ynapuu ¢akar cratHk yarapyBuunap OWlaH Xall KHIMIIra TYFpH
kenaaM. ByHpali xonma kupyBUM cHrHan Xaxmura Hucbaran KaiicH ycynHH
TaHnaw AaCTypUMHUHT HXTHEpHAA OYnanu.

Sparunrad ycyn aiHaH JIOKal HHTeproasuMoH KyOMK crnaiiH acocHia
a3pOMarHHT CHIHanIapra napamies HUoB 6epHLl y4yH K¥Il Kenanu. A3poMarH4T
TanKHKOTAAp camonér €xu Beprosiérnap €paaMHuia amanra OLUHpHaH.
[Mapsoznap 100-200 km/coar Teanukaa njouMHii pasuinga 50-200 m Gananmumkaa
amanra OWHPHIaad. A3POMarHUT TAAKHKOTJIADHHHI OKOPH MaxCyJIOpJIHIH
TyQaiini ynap KypykIMK Ba CyB MaiiflOHJTapHHHHT KaTTa KHCMHHH MarHHT
MaHIOHHHH ¥pranuiu y4yH uuuartunagd. M kynunuer Gowmna sa oxupuaa 10
KM y3yHJIHKraua 6¥nran Maxcyc Ha3opar yTKasHnaau.
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A3pOMarHHT Ky3aTyBAaH aci MaKcal TaaKHKOT JAOHHpacHaa KapanaérraH
Kasuama GOITMKNApUHN MarHUT MaiiIoHnapura Kypa xapuranaul xucobnaHasiu.
By epma acocuii MyamMonapiaH OHTTacH-MarHMT MaimOH Tapkana€rraH jKOHHH
yuub KeTaéTraH TE3NHKAAa aHHWK MaliaoHMHH Genrunaw xucobnaHaau. Xozupraya
6y MyaMMOHH NapBO3/laH CYHI Xan KHIWHaH. AnbarTa KaTTa MailioHnap yuyH 6y
HoKynait #yn xucobnaHagu. Maiinon 6¥iinab ysyHacura napso3 TyrajiaHraiaa
KyHAanaHrura napeo3 xapa€un 6ounanann. Kyfinnran acocuit sasuda nacrtnabku
napBo3 SKYHNAHraHAa CaMOJETHH KYHAQIaHrura YJYuil kepak &€KH Kepak
3MacNUrHHM aHuKnaw xucobnanamu. [lapBos BaxkTHAa Kkabyn KHAMHaETraH
CHFHTHUHT aHWK MaiJOHMHH peall BakT x»apagHua aHHKAaWl MyaMMOCH TaKIHg
KWIKMHIaH Napauien aropHTM aCOCHIa SUHIAH.

[MapBo3 BakTHAAa ONMHraH CHrHaN KMHMAaTNapHHH aHUK Ba Te3 Xucobnain
ydyyH JOKan WHTEpNnoNsuMOH KyOMK crnaiinnap kyn kenmu. Cababu mnokan
HHTEPNONAUMOH KyOMK CrnnalfiHHM TEHr Ba TEHIMac Opanuknap KypHiOo
MYMKHHIIHFH Ba COAJAIHIH, XaMJa aHHKIHK JapaxacH IOKOPH 3KaHIWrH
xucobnaHanu.

o - e =
sigaati

(= Grebannikov spiayni ) Ryabenkiy splayni A Lokal irterpotlyasion splayn

) Daka shorotadn cingan wgnokar )
11 Toy¥ xududianian olngan sQnatar g X

Sgnsie yataen .
;o ] Yukissh
[T e
¢
© L] k] 3 ‘ s . ’ ) A 2 2l
Max: hm Hioblash
Min: 300m RN

350m

6- pacm. Aapomarmrr CHIHaJIHH paKamJIM HULALW AACTYPHHUHT oitHacH

6-pacMIaH KYpPHHaAMKH a’pOMarHHT CHIHAIHH TEHI Ba TEHIMac
opanuknapaa uuuioB Gepuin uMkoHuATH Gop. Oiinaza kenTupunran Max - 6y
TEHrMac OPATHKNAPHUHT 3HT KaTTa KWHMaru. Min - TeHrMac OpanuKJIapHHUHT 3Hr
KkuuMK KuiimatH. Macoda 3ca pean BakTAa ONIMHTaH TEHrMac OpANMKHHHI
Y3yHJIMIH Xucobnanany.

XVYJIOCA

«Jlokan cnnaiiH ycCynnapia CHrHannapra pakamin HUUIOB OGepHIIHMHT
napajuieN anropuTMAapH Ba JacTypuii MaXMyacH» MaB3yCHAArH AMCCEpTaLMs
6yiinua onub Gopwirai TaKUKOTAAP HATHXacHAA KyHMJard Xynocanap Takaum
ITHIAN:

1. CurHaniapra pakamnu HiwioB Gepuina cnnaiiH-QyHKUMA yCyanapu Ba
napaniesin anropMTMiIap Ba annapar BOCHTaNapH TAaiKHK 3THNMO, HaTxana

19



CHTHANMapHH pakaMiH Mumaw; JKapaéHiapHHu NapainealTHpuL yayH sur
Makbyn Matemaruk MOZen-nokan KkyGuk CrnaiiH-hyHkunsanap sa sur MakOyn
annapar BOCHTa-Ky aaponu APXHTCKTYpanap 3KaH/IHIH aCoChaHan;

2. Jlokan HHTEPNONAUHOH  kyOHK crnakH-hyHkunsnap €paamuaa
SGuomeanumua CHTHANNAPHHH pakami{ HIwiamg ITOPHTMIIAPH MLTA0 YHKMAaY.
Sparunran NrOpHTMAap &poamuna FacTpO3TEPONOrHK CHrHA/IApra pakamy
HUnaw  natwiacuna I'peGeHHnkoB criaiing xaronuru 0.0593, PaGenbkui
crnnaiuuny Xatonuru 0.0040 Ba nokan cnnaiu xaronurd 0.0023 v Tamkun ITOH.

3. Jlokan HHTEPNONAUHOH KyOuK CruaiH-QyHK M MOJENNapH TeHr Ba

5. Spatunran AMrOPHTMJIAp acocHaa Jiokan cruaiiHnap épnamuna 6o
MHANAH O/MHAAHraH GHOMeIHLMHA CHTHAaNIapUra pakamian HUUIoB Gepunny.
Hatwxana Gow mus TYSHIMAnapuiary yarapuuminap COHWHH aHHKIaL BAKTH
61%ra Ba xaronuk 11-15%ra Kamaiinu.

6. "Paralle] Studio" TEXHONOrHACH Ba  Kyn  anpomu npoueccop
apXHTeKTypacH EpnamMuza reouau CHTHANNAPHK paKkamiH MULIAW Napannen

OUIHPHUI HMKOHHHH Gepay.

7. CHrHannapuu nokan Crnaitnap ycynnapu sa K¥n anposnu npoueccopnap
€piaaMua pakamny  uumai Aapaéunapuuu MOAEnNaWTHPHLI  yyyH JacTypHi
MaxMya SpaTHnan.
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MEXAHM3IMOB NO BHEAPEHHIO B NPAaKTHKY Hay4dHbIX M HHHOBAUMOHHBLIX
nocTHxennii..»'. TIpn peanusauuy JaHHLIX 3a7a4 BKHBIMH SBISIOTCS BOMPOCH
pa3paboTKH NapalIeNibHBIX AIFOPUTMOB Ui MHOTOAJEPHBIX MPOLIECCOPOB Ha
OCHOBeE KyOHUeCKHX cruaiinoB npu uxgposoit o6paborkn curuanos, paspaboTku
METOAOB, ANTOPHTMOB, aNNapaTHEX H MPOFPaMMHBIX CPEACTB, NPEAHA3HAYEHHBIX
ans onepatuBHON 06paboTk AaHHBIX, MOBbILEHHA 3¢PEKTHBHOCTH anropuTMOB
tmdpoBoii 06paboTKH CHIrHANOB U ONPEAENEHHUIO IOKANbHBIX CBOHCTB CHIHAJIOB.

JlaHHOe AMCCEPTaUHOHHOE HCCIEMOBAHME B ONPEACNCHHOH Mepe CIYXHT
OCYILIECTBJIEHHIO 3a/iay, NMpPeXyCMOTPeHHBIX Ykasamu [lpesnpenta PecnyGnuku
Va6ekuctan ot 7 deppans 2017 roma NeVII-4947 «O Crparerun aeiicrsuii no
JancHeiimeMy passutHio PecnyGnukh V3bekucrau» u ot 7 deppana 2019 rona
NeVTI-5653 «O OONONHMTENBLHBIX Mepax no JanbHEHIIEMY pa3BHTHIO
undopmaLroHHOi  cepel M MAacCOBBIX KOMMYHHKauuit», IloctaHoeneHHeM
Ka6unera Munncrpos Pecny6nuku Y3abekucraH ot 10 susaps 2019 rona Nel7 «O
Mepax no Co3faHKIO TEXHONOrHYECKOro Mnapka NpOrpaMMHBLIX NpPOAYKTOB M
MHQPOPMALMOHHBIX TEXHONOrKH», a Takke APYrMMH HOPMAaTHBHO-NPAaBOBbLIMH
aKTaMH, KacaloLMMHKCs NaHHOH cdepbl.

CooTBeTCTBHE  MCCJIEIOBAHMSI  MPHOPUTETHBIM  HanpaBleHUSIM
pa3’BHTHSI HaYKH W TeXHONOTWi pecny6auku. [laHHOe HccnenosaHue
BBINOMHEHO B COOTBETCTBMM C NMPHOPHTETHLIMH HaNpasieHUIMH Pa3BUTHA HayKH
# Texuonoruu IV — «MudopmaTruzaums ¥ pa3BuTHE MHPOKOMMYHHKALIMOHHbIX
TEXHONOIHiiy .

CreneHs H3yueHHocTH npobaembl. Hccnepoeanus cnnaiiH-gyHxuui U
METONOB pelleHus 3ajay annpOKCHMAalMH ClUlaiiHaMu BeNM Takue 3apybexHble
yuenbie kak UK. LJEnGepr, J.L. Holladay, . Ans6epr, 3.Hunscon, k. Yo,
C.B. Creuxnn, I0.H. Cy66otun, L.L. Schumaker, 5.11.Boxanos, }0.C. 3aBb0B,
B.A. Keacos, B.JI. MupouwHnuenko, B.C.Pabenbkuii, A.A.Camapckuii,
A.B.I'ynun, AW. [peGennnkos H ap. B V3bekucrane B 3roM HanpaBneHHH
HayyHble WCCIEJOBaHWUA NPOBOIWNHU DAL Y4YEHbIX, B 4acTHOCTH M.U.Hcpounnos,
X.M.lUloanmeroB, A.Xaéros H Jp.

Kpome Toro, paspa6oTka napawiefibHeIX anropuTMoB uudpoBoii o6paboTKH
CHFHAIOB ¥ NpOONeMb! MOBLILIEHHA TOYHOCTH B 3HAUMTENBLHON Mepe ocselleHb! B
HayuHo#i nuTepatype B Y30ekucTaHa M BO BceM Mupe. Bonpoch paspaGoTKH
MeTOoa0B HCNONbL30BAHHUA NporpaMMeIxX CpeacTB, noAAEpXXHBaIOLUHX
napaiensHble TEXHONOrHH HAIUIM OTPaXeHHe B padoTax TakuxX 3apyOemHbIX
ydenbix kak B.B.BoesoauH, A.C.Aratos, K.IO. Boraues, L11.9xtep, Jlx.Po6epTc,
[Sunproc u ap. Kpome Toro, B Y36exucrane M.M.Mycaes, X.H.3aiinnanHOB,
¥Y.P.XamaaMoB NpoBOAMIH HaY4HbIE HCCIIENOBaHHA, NOCBALIEHHBIE OBLILIEHUIO
MPOH3BOAMTENBHOCTH MpOLECCOB  006paGOTKH  NaHHBIX BO  MHOrosAEpPHBIX
MpoLEeCcCOpaXx C NOMOLIBIO NApaUIENBHBIX aIrOPUTMOB.

Ananus MccrnefioBaHuii B 1aHHOH obnacTh nokasan, 4yro B HemOCTaTOHHOM
Mepe M3yuyeHbl MaTeMaTH4eCKME MOAENH M pa3paboTaHHble Ha UX OCHOBE

'Vkas Ipesunenta PeciyGankn Yabexuctan or 7 despans 2017 roma NeYT1-4947 «O Crpatersu
nelicTauii no aanbHeiieMy passuthio PecnyGauim ViGexucrann.
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napannenbHbLIE AIrOPHTMbI, ApPHMEHseMble B 3agauax uu¢posoii obpaboTku H
BOCCTaHOBJIEHHH reoU3HyeCKUX CHIHANOB, MOMYYEHHBIX B HEPaBHOMEPHBIX
HHTEpBanax, BOMpPOChI CO3[4AaHMA BBLICOKOCKOPOCTHBIX HOBBIX METONOB Ui
BbIMUC/IMTENBHBIX CHCTEM, @ Takke pa3paboTKH W NMPHMEHEHHA B MHOIOANEPHBIX
npoueccopaX MPOrpaMMHBIX M  aNMNaparHeIX CpeicTB, OCYLIECTYBJIAIOLUNX
napanieNnbHble BEIYHCACHHS AN CHIHANOB GONBLIKX 0O6BbEMOB C HCNONbL30BaHHEM
TEXHONOrHiH napannenbHo# obpabotkn  © COBpEMEHHEIE A3BIKH
NporpaMMHpOBaHHS.

CBa3b AHCCEPTALMOHHONO HCCIeA0BaHMA C IUIAHAMH  HaAy4HO-
HcceaoBaTebeckux paGoT Bbicuiero 06pa3oBaTesibHOr0 Y4peKAEHHs, rae
BbINOJIHeHa AuccepTauus. JlucceprauMOHHOE HCCNEAOBaHHE BBINOIHECHO B
pamMKax NpOEeKTOB MJlaHa Hay4HO-HCCIefOoBaTeNbCkHX pabor TaulKeHTCKOro
YHHBEpPCHTETa HH(POPMALIMOHHBIX TEXHONOTHE 1o Teme: Ne BBD-ATex-2018-249 -
«Pa3paborka meronoe M anroputmoB uudpoBoii 0GpaGoTkH GHOMETPHYECKHX
curnanos» (2018-2020) u Ne $3-20200930404 «TeopeTHKO-METOACAOTHYECKHE
OCHOBbI Pa3palioTKH HHTEJIEKTYANBHBEIX INPOrPAMMHO-TEXHHUECKHX CHCTEM
wHppoeoit o6paboTku curHanos H H30OpaXeHHH KyCOYHO-NONHHOMHANbHBIMH
6asucamu» (2021-2024).

Lenbio uccneaoBaHus ssiserca paspaborka napamneNbHBIX alropHTMOB
M MpOrpaMMHOro komnjekca uugpoBoii 06paboTkH CHIrHaNOB, H3MEPCHHLIX B
PaBHOMEDHbIX H HEPaBHOMEPHLIX HHTEPBANIAX METOAAMH JIOKANBHBIX CIUIaHHOB.

3anaum uccsienoBaHHA:

HCCNeqoBaHUE METONOB CIUaiiH-GYHKUHHA, MapanienbHLIX AITOPHTMOB H
apXxuTeKkTyp mpoueccopoB ans uugposo#i o6paboTku cursanoB H B pe3yibTare
npeniokuThL HaubGonee ONTHMAIBHOIO  MAareMaTH4Yeckoro amnmapara H
apXUTEKTYpHI;

paspabotka anroputMoB LHPOBOi 06paboTkh GHOMENUUHHCKHX CHIHANOB
C TIOMOLLBIO JIOK&IBHBIX HHTEPMONSALUHOHHBIX KYOHUECKHX CIIaifHOB;

paspaboTka  napaUleNbHBIX ~ aNrOpUTMOB  MQpOoBOH obpaborku
A5POMArHUTHBIX CHTHANOB, W3MEPEHHBIX B PABHOMEDHLIX H HE PaBHOMEPHBIX
HHTEpBalax;

paspaborka MeToZa OMEPaTHBHOIO OMNpEAENEHHA B PEXHME PealbHOro
BpPeMEHH NpobiieM, CBA3aHHbIX C PaCCTOSHHEM a3POMArHMTHBIX CHIHANOB Ha
OCHOBE NapaienbHoro anropuTma ukdposoit obpaborku cursanos;

paspa6orka MPOrpaMMHONO KOMILIEKCZ MIA MONENHPOBAHHA NpPOLECCOB
uudposoil  06paGoTku CHrHaNOB JNOKANBHBIMH CINaiHaMH B MHOIOAZEPHBIX

npoueccopax.
OObeKT HCCAEN0BAHMSA  ABISAIOTCA  a3pOMarHuTHbBlE —CHTHAIBL  H
MHOTOsIEpHEIE MPOLIECCOP.

Mpeamer Hccaea0BaHHs METOBL, AIFOPHTMb! H MPOrpaMMHBIE CPEACTBA
06paboTKH CHIHANOB HA OCHOBE JIOKATBHBIX KyOHUECKHX CTIaifHOB.

Meroanl HccsienoBaHHn. B XxoZe MccleaoBaHus MCNONB30BAMCH TEOPUs
dyHKUMOHANbHOTO  aHANW3a, TEOPHM  JIOKANBMBIX  crnalH-QYHKUMA  H
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MOZAENHMPOBaHHs, TEOPHS DANOB M MaTpHl, a Taike TEOpHi napanienbHbiX
BbIYHCIICHHIA.

HayuHast HOBM3HA MCCJIEIOBaHHS 3aK/IOYAETCA B CIEAYIOLIEM:

HCCNEOBaHbl METOAbl CRfialiH-QYHKUMHA, NapaIebHbie aNrOpHTMEL, H
ApXMTEKTYPBl MPOLECCOPOB A undposoii 06paboTkH cHrHaloB. B pesynsrare
NpeiokeHsl B KauecTBe Jy4IIEro  MaTeMaTHUueCKOro annapara JokanbHble
CrUaiiHbl M MHOFOsSIEpHas apXHTEKTYpa NpoLECCOPOB;

paspaGoTanbl  anropuTMel  umdposoii  oGpaboTKH 6roMeIMUIHHCKHX
CHIHANIOB C MOMOHILIO JIOKANBHBIX KyOHHUECKHX CMaiHOB;

paspaboTaHbl ~ NapajfeNlbHble  aNrOpHTMbI uudposoii  obpaborku
A3POMArHHUTHBIX CHIHANOB, U3MEPEHHbIX B PaBHOMEPHBIX H HE DaBHOMEPHbLIX
HHTEpBAIAX;

pa3paBoTaH METOJL ONEPaTHBHOTO ONpefeNeHHs B PEXHME peanbHOro
BpeMeHy NpobnieM, CBA3aHHbLIX C PACCTOSHHEM a3POMArHUTHBIX CHrHAIOB HA
OCHOBE NapaLIENEHOrO aANropuTMa UH(pPoBoil 06pabOTKH CHIHANOB.

IMpakTHuecKHe pesyibTaThi HCC/IEA0BAHHS 3aKUTIOUAIOTCS B CIIEAYIOLIEM:

CO3AaHbl MPOTPaMMHBbIH KOMIIEKC W MapaieNibHbli anropuT™ LHppOBOH
06paGoTki reoU3MUECKUX CHIHANOB C MOMOLUBIO MapAUIENbHbIX MOTOKOB
CHCTEMBI;

pa3spaboraH nporpaMMHbIi KOMMeKc uudposoii o6paboTku
reodusnueckux CHrHanos GonbLIHMX 06bEMOB, W3MEPEHHBIX B HEPaBHOMEPHBLIX
HHTEpBANax;

co3naH OpOrpaMMHBIH  KOMIJIEKC JiA  MOAENMPOBaHHA  MPOLECCOB
uncpoBoii 06paboTKH CHIHANOB € NOMOLULIO JIOKAJILHBIX CILIaliHOB.

JloCTOBEpHOCTb Pe3yJibTaToB HccienoBaHusn 0O0CHOBBIBAETCA TeM, YTO B
pe3ynbTaTe M3ydeHHs W aHaH3a Npobnembl Bhicokne TpeGoBaHuA ana  UMGpoBO
06paboTKH a9POMarKHTHLIX CHTHANOB K NPOM3BOAMTENLHOCTH  BbIMHCIHTENBHBIX
CHCTeM, HCTIONB3yeMbiX B cdepe reousuku cornacylorcs ¢ TpeGOBaHHUSIMM 1O
CO3JAHHIO HOBHIX METOAOB W aNrOPMTMOB, OCHOBAaHHBIX Ha JIOKaNbHBIX
KyGHuecKuX CruialiH-GyHKUNAX U MHOrONPOLIECCOPHBIX K MHOTOSAEPHBIX CHCTEM.

HayuHan ¥ npakTH4ecKas 3HAYUMOCTL Pe3y/bTaToB MCCIEN0BAHUA.
Hayunad  3HauMMOCTb  DE3y/lLTaTOB  MCCnefoBaHHf  OBOCHOBBIBAETCH
TEOPETHYECKHMH M METONHYECKHMH OCHOBaMHM pa3pabOTKM napaneNbHbIX
anropuTMoB mipH wHdposoit 06paboTke curHanos, a Talke METOAMKON NPUHATHSA
pelleHHit B TeXHWYECKHX cHCTemaax uudposoii o06paGoTkn B TpPYAHO
dopmanuzyeMbix HHPOPMALMOHHEIX CHCTEMAX.

[IpakTHyeckas 3HAYUMOCTb PE3Y/LTATOB WCCNEAOBaHHA OOOCHOBBIBAETCH
TEM, YTO MPOrpaMMHbIH KOMIJEKC, pa3paboTaHHbIit H yCOBEPLIEHCTBOBaHHBIH Ha
OCHOBE MapaUIeNbHbIX AArOpHTMOB  UH(pPOBOH 06paboTkH a’pOMarHHTHLIX
CUIHaJIOB, MOBBICHAO CKOPOCTH M KauyecTBO fpoleccoB LHPpoBoii obpaboTkH
curHanos 6onswioro ofbeMa B a3POMarHHUTHLIX HCCNENOBATENbCKUX LIEHTpax
Haweil PecriyOmuku.

BHeapeHue pe3ynbTaTOB HMcCjiedoBaHus. Ha OCHOBe pe3ynLTaros,
NONYYEHHBIX B XOAE pa3paGoTKH NapanieNbHbiX aIrOPUTMOB M UX NPOrPaMMHBIX
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cpencts no uugpoBoii 06paboTke CHIHAIOB ¢ NMOMOLIBIO KyOHUECKHX CIaHHOB
JUIsi MHOTOSLIEPHBIX MPOLIECCOPOB:

Meroasl, anroputmbl LHGPPOBOH 00pabOTKM CHTHANOB JIOKIbHBIMH
crnaifHaMu, NONMYYEHHbIX B HEPAaBHOMEPHBIX HHTepBalaX, H paspaboTaHHLIA Ha
WX OCHOBE MPOrpaMMHbINi KOMIUlekC BHenpeHsl B uHctutyre « TMJIPOUHI'EO»
(cnpaBka MuHHMCTEpCTBA MO pa3BHTHIO HH(QOPMALMOHHBIX TEXHOMOMWA M
KOMMYHHKauuii ot 29 cenrabps 2021 roma Ne33-8/6887). B pesynbrare
pa3spaboTaHHoe NPOrpaMMHOE CPEACTBO NMO3BOJIMIO COKPATHTh BpEMS BbIYHCICHHS
Ha 35% u ypoBeHb norpewHocreii Ha 18-22%;

Meroabl, anropHTMbl OMpefeNeHHs YPOBHA H3MEHEHHH B CTPYKType
roNIOBHOTO MO3ra JIOK&IbHBIMH CIUIaliHaMH M pa3paboTaHHBIA Ha WX OCHOBE
NporpaMMHbIi  kOMNnekc  BHeApeHsl B Camapkanackuii  unuan
Pecny6nuKaHCKOrO — Hay4HO-NPaKTHYECKOro HEHTpa  CyAeOHO-MEIMUHHCKOH
akcrnepTu3sl  (cnpaBka MHHHCTEPCTBA MO  PasBHTHIO  HHGOPMALMOHHBIX
TexHonoruii W KoMMyHukauuii ot 29 centsbps 2021 roma Ne33-8/6887). B
pesynsTaTte Ha 61% COKpaTunaces BpEMA BLIABIEHHA H3MEHEHHH B CTPYKType
FrONoBHOrO Mo3ra H Ha 11-15% cHH3HNach NOrpewHoCTb.

Kycouno-6asuchble  Metompl, anroputmsl  uMdposoli  ofpaboTku
GHOMENMUMHCKHX CHTHANOB H MEMUHHCKUX H300pakerHit u paspaboTanbiii Ha HX
OCHOBE MpPOTPaMMHBIii KOMILIEKC BHEAPEHH! B JAEATENBHOCTb IKTHMHHKH Nel
CamapkaHICKOro MEIMLHMHCKOTO HHCTHTYTa (cmpaska MHHHCTEpCTBAa o
pasBuTHIO HHGOPMALHOHHBIX TEXHONOIHI H KOMMYHHKaLHii oT 29 ceHTabps 2021
roga Ne33-8/6887). B pesynsrare Bpems onpegpeneHus JIEAKOLUMTOB B KPOBH
CoKpaTHaoCh Ha 58%, NpH 3TOM MOIPEIHOCTL CHU3WIOCH Ha 10-12%.

Anpo6auus Ppe3synbTaTOB HCC/IeR0BaHHUSA. Pe3ynbTaThl MCCNEAOBaHHS
Gbinu ofcyxaeHbt M 0400peHbl Ha 2 MeXAYHapoAHbIX M 8 PecmyGnHKaHCKHX
HaY4YHO-NPAKTHYECKHUX KOH(EpEeHLHAX.

Ony6AHKOBAHHOCTL  Pe3ynbTaTOB  MccheaoBaHus. [lo Teme
ucenenopanus onybnuxoBaHb! 33 Hay4yHbIX pabot, W3 HuX 12 crareli B HAYYHBIX
M3JaHMAX, PpEKOMEHOOBAHHBLIX Beiciieli arrecTaunoHHON  KOMHCCHEll K
nySIHKALKKE OCHOBHbIX HaYYHEIX PE3YNLTATOB JOKTOPCKMX AHCCEPTAlHH, B3 HHX
6 B 3apyGexHbIX kypHanax H 6 B PecnyGNHKaHCKMX KypHanax, a Takke
nonyueHsl 3 CBUAETENLCTBA HA MporpaMm ans OBM.

Crpyxrypa u o6bem aucceprauuu. JluccepralliM COCTOHT H3 YETHIpEX
rNaB, 3aKIIO4EHHA, CNHCKA HCTIONBE30BAHHOM NMTEpaTyphl H NMpHIOKEHHH. OObeM
aucceprauuu cocrasnser 117 ctpanun.

OCHOBHOE COJEPXXAHUE JUCCEPTALIUH

Bo BBefeHHH OOOCHOBAHBI AKTYaILHOCTb M BOCTpEGOBAaHHOCTH TEMBI
ZMccepTaunH, onpeleneHb! UeNb W 3anaud, OOBEKT M NMpEAMET HCCNEROBaHHUA,
NPHBOAMTCA COOTBETCTBHE MCCNEJOBaHHA NPHOPHTETHLIM  HAMpPABJICHHAM
Pa3BHTHS HAaykH M TeXHONoruid PecrmyGnuku V3bGekuctraH, HIIOKEHbI HayuHas
HOBHM3Ha, MPaKTHYECKHE PE3YNLTAaThl HCCNIeAOBaHUsA, 060CHOBaHAa AOCTOBEPHOCTh
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NOMyHEHHBIX PE3YNBTATOB, DAacKpLIBAETCH TEOpETHueckad H npakTH4ecKas
3HAYHMOCTb PE3YNIBTATOB HMCCENOBaHHMsA, MPUBEACHbI BHEAPEHHE pe3yabTaToB
HCCIeOBaHuA, CBeleHHas 006 onyOnHKOBaHHOCTH Ppe3yfbTaTOB W CTPYKTYpe
JHccepTauHy.

B nepBoji rnaBe AKUCCEPTALUH « AHAMH3 cnaaitH-pyHKUMI NpUMeHAeMbIX
npu undposoii 06paboTie CMrHaNOB» NPEACTaBNEH aHATH3 METONOB uudposoii
0GpaBOoTKH CHIHANOB M 06/acTH UX NPUMEHEHHA, METOL0B KyOH4eckHx cruiaiH-
yHKumii, nokasarenedi a3POMATHMTHBIX CHTHANOB, npobnemM npuMeEHEHHs
napajuleibHBIX aFOPHTMOB uucposoii oOpaboTku curHanos. B pesynbrare
u3ydeHus MeTof0B UuGpoBOl 06paboTky cHrHanos paspaborana kinaccHdukauus
CIUIaiH-MeTOZOB. Bhi6paHa apXHTEKTypa MHOTOSIEPHBIX MpoueccoB ¢ obiuei
NAMATHIO NP peaiu3allii NapaieNbHLIX anropuTMoB LHpoBOH obpaboTku
a3pOMarHWTHBIX CHTHAIOB.

Crucremsl 1MdpoBoii 06paboTkH CHrHaNOB NPHMEHAIOTCA B pellieHHH 3ajay
B PasfMuYHBIX TEXHHYECKMX YCTPOWCTBaX, AMCTaHHOHHOM 30HAMPOBaHHH
OBBLEeKTOB, B  MEIMKO-OMONOTHYECKHX  HCCNeAOBaHHAX,  A3POMarHWUTHBIX
yccnea0BaHKsi H MOPCKOM CyAOXOJICTBE (CBsA3H, pannodu3nkH, LM(POBOit ONTHKH)
U apyrux cdepax.

B MMpOBO} NpPAaKTHKE € MOBLILIEHHEM CAPOCA HA PEAKHUE SJIEMEHTHI
MOCTOAHHOE pAacliMpeHHE HX ChIpbeBOi 6asbl MMeeT BaxkHOE 3HaveHHe. B arok
CBSI3H, BAKHBIMH SBJIAIOTCA MNPOBENCHHA aj3pPOMArHWTHBIX HCCNeNoBaHHH
(a3poMarHuTHON pa3BelikH), ONPENENEHHE TreOMAarHUTHOTO ToNiss KW ero
COCTaB/SIOIIMX, B YAaCTHOCTH, KapTtorpadupoBaHus MX COCTaBa H pa3BelKH
MECTOpOXKAEHHI  NOJe3HbIX  HMckomaeMbiX. OO6buHO NpH  NpoBeJeHHH
a3POMArHUTHBIX MCCNEN0BaHHH HEOOXONMMO BOCCTaHOBMTH OOLMH XapakTep
MarHyTHOro nojis 3€MJH, ONHPaiCh Ha 3KCNEPUMEHTAIbHBIE  JaHHbIE.
TpaguuuonHoe pelleHHe [aHHOHK npobnembl 3akmiouaeTcs B ONpeAeNeHHH
MHOXECTBA  ONTHMANbHBIX  (YHKUMIH, npubnukeHHBIX K  MHOXECTBY
IKCMEPUMEHTANBLHBIX JAHHBIX.

A3pOMarHuTHple CHIHAIbl MNONYHAIOTCA METOAOM  MAarHHTOpasBELKH.
Maruuropassenka — 310 reodu3u4ecKuil MeTo/, KOTOPHH OCHOBaH Ha M3yueHHH
u3MeHeHHii mMaruuTHoro nons 3emau. U3MeHenne MarHWTHOrO MNOMA CBA3aHO C
PaanMyHON HAMAarHMYEHHOCTHIO TOPHBIX NOpOA M pyAbi. MarHuropasseaka
aBnsercs Haubonee 3¢¢eKTHBHBIM METONOM NoWcka XeNe3HoH pyawpl. OHa
IIMPOKO NpUMEHAETCS NMPH FEONOrMYECKOM KapTorpadHpOBaHMH, CTYPKTYpHBIX
HCCNIEIOBaHUAX M B TOMCHKE MAPYTHX TMONE3HbIX HcKonmaeMuiX. WamepeHue
MarHHTHOrO MOJs OCYLIECTBIISETCS Ha NMOBEPXHOCTH CyLUH, MOps, B Bo3ayXxe H
KoJoAuax.

Cucrema umdpposoii  00paGoTku  curmanoB  MO3BONSET  co3path
napamiensiele anropuTMbl UHGPOBOH 06paGoTkH aspoMarHUTHBIX CHIHanoB B
PEXHME peanbHOro BPEMEHH C  MOMOIULIO COBPEMEHHBIX BbIUHCHHTENbHBIX
TEXHONOrHii. BO3MOXHOCTH TEOPHHM  JIOKaNbHBIX CIUIAHHOB  MO3BONIOT
pa3paGorare HOBbIE NArOpHTMbI UMGPOROI 06paGoTKH CHIHANOB, OTBeualOLIMX
Tpe6GoBaHHAM BLICOKOH MPOH3BOAHTENBHOCTH U TOUHOCTH.
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Kybuueckne  cnnaiiHel  ob6najailoT  MHOXECTBOM  MaTeMaTHUYECKHX
npenmyliects. OHU SBNAIOTCA €AHHCTBEHHBIM BHAOM (DYHKIMii C HHTErPHPYEMBIM
KBaaparoM, KOTOPOMY IMpPHCYIUE MHHHMANBHad CrAaXKEHHOCTb CPEAH BCEX
¢yHKUMEA ¢ MHTeprONALMER 3aNaHHLIX TOUEK H HATHYHEM NMPOM3BOAHONH BTOPOro
nopsaxa.

Bo BTOpoi#i rnase mucceprauun «Meroanl M anropuTMbI NMOCTPOEHHS!
N0Kan cnaakiH-QyYHKUMHID ONMHCBIBAIOTCS METOAB! MOCTPOEHHA JIOKalbHBIX
MHTEPNOMALUHOHHBIX KyOH4YeCKHX cnnaiH-pyHKUMi, pe3ynbTarbl CPaBHEHHMS MO
OLICHKE MOrpeLHoCTed METONOB CitaliH-pyHKLMH, noka3aTeneil anmpoKCHMALHH
H POBEPKH HENPEPLIBHOCTH JIOKANBHbLIX KyOHueckux crnaiH-pyHKLUHHA.

B nMcceprauuu npHBOAATCS METOAbI NMOCTPOEHHS KyOWYECKHX CILiaiiH-
¢yHKumMi Ans paBHOMEPHBIX H HE HHTEpBanoB. [[Ns paBHOMEPHBIX HHTEPBAIOB
BbIOpanbl cnnaiin  [peGeHHMKOBa, cmnaiiHa PaGeHbkoro MW JIOKaNbHblE
HHTEPNONAUHOHHbIE KyOHUECKHE CIUTaitHbl, He CBA3aHHBIE C Y3/IOBEIMH TOUKaMH.

Cnnaith MpeGeHHUKOBA, HE CBA3aHHBIHA C Y3OBBIMH TOYKaMH, Ha HHTEpBale

[x;,x; ;1] BEIMMAOWT CASAYIOIMM 06pa3oM:

3
GS;(f; xX)= Z Wpl ({)f(xhj-l) (I )
=0
3JeChb
Wl(')=';_(l _')3

Wz(t)= %(313 -6r2 +4)
w3(t)=%(l+3t +32 +3r3)

1
W4(t) = 2'3

rae S(x) - cnnaiin ['peGeHHUKOBA, y; - X 3HAUEHHSA, CBA3aHHBIE C NEPEMEHHOIH,
S(xisjm1) - 3uauenus ¢yHKuMM, !=(x—x)/h - 3Hauenve, CBA3aHHOE C

NEPEMEHHOH UHTEpBaNa h=x, —X; _,.

Meron ky6uueckoii cnnaliH-QYHKUHH, HE CBA3aHHbIH C Y3IOBBIMH TOUKAMH,
LIKPOKO MpHMeHserca npu 1udpoBoi o6paborke curnanos. Ho ¢ yBENIHUCHHEM
KOJIMYECTBA OTCYETOB CHIHATA MPH MCNONL30BaHMH KyOHYECKHX CIUIaiH-
GbyHKUHil, He cBA3AHHBIX C Y3VIOBBIMH TOYKAMM, MOBHIINAETCS TAKOKEe 3HAYECHHs
norpeiHocreit. B aroM ciydae 3(QEKTHBHBIM sBNgeTCs NPHMEHEHHE METOLOB
HHTEPNOJNSUKOHHBLIX (KyOHUECKHX) CraiH-GyHKIUI TpeThero nopsixa.

MNocrpoenne cnnafina Pabenbkoro Ha ocHoee fokansHoro 6asuca. Ecnu
paccMmaTpHBaempblii CHIHal HENOCTaTOYHO CHIaXeHHBIH, B 3TOM Cilydae
uesecoobpasHo cruaguTh €ro METoAaMH craiiH-¢yHkuuii. O6muA B HHTEpBane
{x;.x; 4 1] BbIpaXcaercs cneQyroumMM oGpasom:
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S3(/,0)= ) ;1S (Xisju1)s 2)

3
Jj=l
30€eCchb
an=1-020+0),
B0 =1(1+2-2),

#0=-2-,
rae S3(f,x) - cnnaiin PabeHpKkOro ¢; - 3HaueHUs, CBA3aHHbIE C NMEPEMEHHON X,
3 J

S(xi4j21) - 3HAYEHNS PYHKUHH, [ = (x- x,)/ h - 3HaueHKe, CBA3AHHOE C MEpeMeH-

HOM HHTepBana h=x,~x,_,.

C yueroM BbICOKO# TOYHOCTH annpOKCHMAUHH H IKCTPEMATLHBIX CBOHCTB
cnnaiin-GyHKuuK 3PeKTHBHEIM SBISETCS HCNONB30BaHHE cnnaiina Pabenpkoro 3
nopsaxa npy npubnuxeHnH k GyHKUMH.

Jlng nmocTpoeHHs JNOKAILHONH MHTEPNONALMOHHON KyOuueckolt crnaiiH-
(yHKUMH HEOGXONMMO pasNesiuTh WHTepBan [a,b] Ha 7 paBHBIE OTpE3KM.
PaccmatpuBaemas MofeNb JIOKQNBHOMO HHTEPNONAUMOHHOIO  KyGHYEcKoro
cnaaiiHa a=xg<X| <..<Xj <Xj3] <..<X, =b dopmupyercs  NHHEHHBIM
xoMbuHupoBanwem  aByx mapabon  yi(x) W ya(x) B  HHTepBaNe
xe[x,,x,-.H], (i=0,n-1). 3mecb mNA NOCTpOEHHA cnnaiHa S$;3(x) B HHTepBaie
xe[x,.x,+, ] (i=0,n-1) nycrb 6ynyT 3ajaHb! 4eThipe TOUKH:
Axic1,Yic1) » B(xi, ¥i) » C(Xists Yiat) » D(Xir2,¥is2) . CNenyeT OTMETHTB, YTO MpH
NOCTPOEHHH MOJENH HHTEPIONIUMOHHOrO KyOHUecKoro crnaiiHa JaHHBIM
METOAOM HAJIOKHT HCMONB30BaTh HeThIpe TOUKH (pHC. 1).

y
(ioseios) ,%u',"nx)
AN
/ '\D(xuzn‘n:)
{ 3
B(x,,y,) \
o { ‘, x
S,[x)
Puc. 1. Bua HHTEPBAJa NOCTPOEHHS JI0KAILHOTO KyGHueckoro
cnaaiina s; (x)

JlokaneHas WHTEPNONAUMOHHAS CrnaiiH-QYHKUHMA B WHTEpBANE [x;.x; . ]

KMeeT cnegyrouuit obiuii BUA:
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330; x)= iq’jﬂ(’i)f (xi4 j-1) 3)
34eChb a
o)1) =-051(1-1)2,
0, ()=051-n@+2-32),
03(N=051(1+41-312),

040 =-05(1-1)?
rae S3(f,x) - JAOKaNbHbI HMHTEPNONALMOHHLIA KyOuueckuii cnnaiid, ¢; -
3HAYeHHs, CBA3AHHBIE C MEPEMEHHOH X, f(x,,.) - 3HaYeHus dyHKuHY,
t=(x— x,)/ h - 3HaueHHKe, CBA3AHHOE C MEPEMEHHOM uHTepBana h=x, -x,_,-

CxopocTh  anmpokcHMaukH npu  uudoposoii  obpaGorke CHFHANOB
NIOKaNLHBIM HHTEPTIONSLMOHHLIM KyGHUYECKHM CILTaliHOM ABISETCA BLICOKOH.

JIna HepaBHOMEpHBIX WHTEPBANOB Taloke BbiOpaHa Mozeb JOKAMBHOIO
kybuyeckoro cmnaiiHa, koropas ofpasyeTrcas B  MpUBEAEHHOH  BHILOE
NOCNEeNOBATENBHOCTH MepeceueHus napabon. Tpu 3rom B oTnuuue oT GOpMYNLI
(3) npu ¢,,,(,)6yzer l,=%, T.e. WHTEPBAbl A, =X, - PpadNuuHbl. ITO

4
nosBonser npou3BoauTb uudpoBylo 06paboTky curHanos, mnoTy4eHHBIX B
pPaBHOMEPHLIX H HEPAaBHOMEpHBIX HHTEpBaNaX, Ha OCHOBE MOMENH JIOKATBPHOIo
MHTEPNONALHOHHOrO KyOHueckoro cinaiiia (puc. 2).

[ a.nx,y, /
A 4
| h=x;x,, m=h/g, j=1 |
L :
HET
Ja
C =+ 1 i=] ]
|m e ——————— 1 :
I g)=-051(1-1)% b "ﬂ
[ U
F=========c== L na
:fz(l)=0,5(|-l)(2+?.l—3(2) |""§_. PacuemSJ(x)
,_::::::::::._L_ i
P05 a3t e

l

Puc. 2. Anropu™ CPHUB Ha ocHoBe MoeJiH SI0KAJIbHOTO

HHTEPNOJALHOHHOTO KyﬁH‘ICCKOI'O cnaaiiHa
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Tpersss rmasa aucceprauuu «IapamnensHbie anropuT™bt uuppoBoi
o6pa6oTkn CHrHAJIOB» MOCBsAlleHa pa3paboTke MapalIENLHOro anropuTMa
BbluHCIEeHH kOI(GPHLHEHTOB CIiafHa € MOMOLULIO MNapajuieNibHbiX NOTOKOB,
MapaienbHbiM AITOPHTMaM Ha OCHOBE  JIOKaNnbHOro KyBuueckoro cnnaiHa,
mpUMEHeHHIO WX mis  uudpobioit  o6paboTku  reodU3NUECKMX CHTHANOB,
paspaboTke MapalebHLIX IFOPHTMOB BbIYHCIIEHHS MapaMeTpoB KyOuueckoro
cruiaiiHa, NOCTPOEHHOro A1l HEPaBHOMEPHBIX HHTEPBANOB.

Mpu nporpaMMHPOBaHHH MNPOLECCOB  MAPAIENBHOTO  BBIYUCAEHHA
NPUMEHSIOTCS ~ MapauleNbHble  MOTOKH  cucTembl.  OOpasoBahne  3THX
napannenbHbIX MOTOKOB M WX YNpaBNeHHMe OCYLUIECTBISIOTCS B 32BUCHMOCTH OT
CNOWHOCTH MapaUiefibHOro  anropuTMa, T.€. B MapajulelbHOM  anropurMme
Heo6XoaMMO YNOpAZOUMTh LHMKIBL. Hanpumep, ans BHYTPEHHBIX UHMKJIOB B
nporpaMMe  HeoOXOAMMO  CO34aTh  OTAEAbHbIE MOTOKH. HekoppexTHoe
o0pa3zoBaHue MapauieNbHbIX MOTOKOB, BHIIENCHHBIX WIS LUHMKIOB, NPHBOIMT K
norepe AaHHbIX. OTO, B CBOKO OYEPENb, NPUBOAHT K HEKOPPETHLIM pe3ynbTaram
np¥ HMCNONL30BaHMK nporpaMMbl. [Ipn nporpaMMUpOBaHHMM napanienbHOro
anropuT™Ma BLIMHCNEHMS CJIaHHOB, MNOCTPOEHHBIX HA PAaBHOMKPHLIX H
HepaBHOMEpPHLIX HWHTepBalax, BO3HHKIA Takasa xke npobneMa. OnpeaeneHo, yto
INs ycTpaHeHHs ee HEOoOXOAMMO OTKIIOYHTL NapaIENbHLIE MOTOKH MO
OKOH4aHWK BTOpOro uukna. IIpH 3TOM NpH nepexosie kO BTOPOMY WIAry nepEoro
LM K12 MOXHO NCMONIB30BATh WX 3aHOBO.

DTan OCYLIECTBIIEHHA NapaulebHOro anroputma LMdpoBoil 06paboTkH
a3pOMarHUTHLIX CHFHANOB BKIIOYAET B ceba:

|- onpeneneHye LMKIA, KOTOPBIH MOXHO napauiefbHO BBIYHCIAWTL, NpH
OCYILECTBIEHHH AIMOPHTMAa;

2- co3paHHe U BbIYHCNEHHE IHHAMHUECKHX MaCCHBOB Ha NMOCNEN0BaTENLHOM
JTane anropuTMa;

3-ocyuiecTenenne NpoUENypbl BbluMcienus 3HaueHuil (&%, n @)
JIOKaNbHOro KybKuecKkoro Caiita, CBI3aHHLIX C NepeMEHHOI X;

4- ocylecTBAEHUE NPOLEAYPHI BEIMHCNEHHs 3Hauennil (@, M #,) cBs3aHHbIX
C nepeMeHHOMN x KyOMUECKOrO CIUIaiiHa, KOTOpbIil MOCTPOEH Ha HEPBHOMEPHLIX
HHTEpBaiax;

5-co3naHne W OCYIIECTBAECHHE NpOUEAYPbl KOHUEHTPALUHH MacCHBOB,
napannenbHo BLIYKCIEHHBIX B AAPaX Mpolieccopa;

6- coznanue ¥ BHIBOL HA IKPAH Pe3YNETaToOB NPOLEXYP NOCIEA0BATENLHOIO
H NapanenbHoOro BEMMUCIIEHHS.

Bmecte ¢ Tem, npH OCYLIECTRICHHH NapannenbHbIX MOTOKOB NPOMCXOAMT
ONHOBpEMEHHAs 3amHCh ABYX 3HAHYCHUH B sueiiky naMmaTH, YTO NpHBOAMT K
noTepe 3HayeHuii CHrHANOB HAa HEKOTOpLIX Toukax. Jid pelieHus pagHolt
npobneMs!  OCYLUECTBIAETCA CHHXPOHM3ALMA NpeaIOKEHHONO NapaienbHOro
anroputma. IMpyu CHHXPOHU3ALUMH CYLIECTYIOT npobneMel ¢ QYHKLHOHMPOBAHKEM
AINOPHTMa, KOTOPBIE peLaloTCs ¢ noMoulbio OpenMP, ssnaroLueiica Texnonorueii
napannensHoro nporpaMMHpPOBaHHA.
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Ins ONTHMH3aUHK BBLIGPAHHLIX NOKAIBHBIX KyOuueckux craiH-GyHKuuHA
BBEAEHO chnefpyoue 06o3HaueHHs. MeTOA JOKansHOro KyGHueckoro CIuiaiiHa
PaGenbkoro obosHauen RS;(x). Meroxu cnnaitha 'pebeHHHKOBA, HE CBA3aHHOIO C

Y3NOBBIMH TOHKaMH, OTMeYeH KaK GS;(x). IlpeanokeHHbI MeTon culaiiHa

onpeznenied Kak S,(x). Jia nocTpoeHns KyOHUECKHX CrfaiiHOB GS;(x) M S,(x) Ha

KaXIOM MHTEpBasle BLIYHCISIOTCS 3HaueHus (& U @; ), He CBA3aHHbBIE C YETHIPbMA

nepeMeHHLIMH X, U COOTBETCTBEHHO YMHOXAIOTCA Ha 3HAUeHHs Jf; B Y3NOBBIX

Toykax. JlaHHble NpoLecchl BEIACHSIOTCA B OTAENbHBIE YSTHIpE MacCcHBa:
S3(x)=R+~A+P+F, &)

31€ech

R=a/(x), B=¢f (%), B=03/(x3) u Py=04/(x4).

MerogoM nokanbHO  Kybudeckoro cruiaifHa PabeHbkoro  RS;(x)
BLIAGNAIOTCA TPH MaccuBa: B=w¢f(x), PR =y,rf(x;) u B =y;f(x;). 3atem B
NPOrpaMMHON YacTH 3aMKCHIBAIOT NAPaIENbHBIE MPOTPaMMbl A BHISBIEHHBIX
uHTepBanoB. Jna uudposoii 06paboTki a3pOMarHWTHBIX CUrHANOB OTOOpaHHEIMH
cnnaiiHaMH peany30BaH NPOLECC ApacnapaUieNMBaHHe BbIUMCIEHHH NapameTpoB
cnaina (4,¥; ¥ @;).

Pa3paGoraHbl airopuTMel napannenbHoi  06paGoTku  a3pOMarHMTHBIX

CHIHAIOB, NONYYEHHBIX B HEPAaBHOMEPHBIX HHTEpBanax, Ha OCHOBE Mofejei
JNOKANbHBIX HHTEPNONALMOHHBIX KyGHUeCKHX cnnaiHoB (pHc. 3).

[ Nob¥:X /

Ri[i]= x[i]-x[i-1]

[ H2=Gljl-xli-1)Vh 1

nv @
X
[ =i*#]
2 L 2 L 2 h 4
L_PILi)=pfCx,) I[ PAji) =@ f(x,) || P3[j.ljl=£¢§:c,) || P.4_|[.{!=2,2(k;2~'l
Y
L |  S=SumB+Ph+tP+P) | = |—

Puc. 3. AnropuT™ NapajiebHOro BbIYHC/IEHUR nipoueccoB Ludposoi
06pa6oTiH CHrHA0B, NOJTYHEHHBIX B HEOAWHAKOBbLIX HHTEPBAJIAX, C
NnoMowbI0 KyOHuecKux cniiaiftHoB
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B reousnke LIHPOKO NPHMEHAIOTCS MAarHMTOPa3BEAKa M MPABHPa3BEaKa.
Jins nmpHMEHEHHs NAHHBIX METONOB B HAy4HBIX MCCNEJOBAHHAX B OCHOBHOM
HCMONB3YIOT aBvauuio. TlpH 3TOM ¢ MOMOINBIO CaMONETOB M BEPTOJETOB,
OCHAUIEHHBIX CNEUHANBbHBIMH H3MEPHUTENIbHBIMH npuﬁopaMH, OCYILLIECTBAACTCA
M3MEPEHHE MarHWTHOrO MONA (MarHUTOpasBefka) WIH IPaBMTALMOHHOrO NOAs
3emnu (rpaBHpassenka). PesyneTaTel u3MepeHHs 3anKCHIBalOT B BUIE MACCHBOB Ha
¢new-kapTel. Ecnu  M3MepseMble yYacTKH MOBEPXHOCTH 3€MJIM COCTOMT M3
HEpOBHOCTEH (rop, BLICOKHX XOJNIMOB), TO pe3ynbTaThbl H3MepeHHs GyLyT COCTOAT
M3 HEpaBHOMEDHbIX HMHTEPBANOB. TakuM 06pasoM, OAHHM M3 3(deKTHBHLIX
meTonoB uHM(ppoBOH 06pabokM a3pOMArHUTHBIX CHIHANOB, MONYYEHHbIX B
MPUBEACHHBIX BbIllE YCTIOBUAX, SBIAETCH MCNONb30OBAHHE MOZENEH, KoTOpble
NIOCTPOEHLI B HEPaBHOMEPHBIX HHTEpBanax. [pemnioxeHHas MOAENb JIOKANLHOIO
MHTEPNONSLHORHOIO KyOHYECkOoro cnajina, copMHpOBaHHas B HEPABHOMEPHBIX
HHTepBanax, TpebyeT MeHbLUE OMepauHii 1)1 OnpefeNneHus NapaMeTpoB, ABISETCS
s¢dexTnBHOA, Gonee TOYHON H M MOXKET WIMPOKO NMPHMEHSTLCA WIS peLleHHs
TaKoro poja 3aau.

PesynsTaThi monyueHbl Ha npoueccope Intel(r) Core(TM) i5-10300H CPU
@2.50 Ghz. C yBenuueHHEM BXOASALUNX OTCHYETOB CHIHANIOB NMOBBILIAIOTCA TAKOKE
napanienbHas CoCTaBnsiolas ¥ koahuuneHT yckopeHus UHPpPoBOil 06paboTKH.
Ipu N=32768 ans napannenbHOro BbMUCIEHHS MPOLLECCOB LH(POBOi 06paboTKH
a3POMArHUTHLIX CHIHaIOB HeoOxomumo 0.0415 cek., ANs NOCHENOBATENbHOFO
BerMHCIeHus cooTBecTBEHHO 0.1360 cek. KoadipuumeHt yckopeHus cocrasun
3.27. TockonbKy pe3yasTaThl NONYYEHb! MPH BLINOHEHHH HA YETBIPEXbAACPHOM
npoueccope camblii BbicOkui ko3 duumenT yckopenns cocrasun 3.27,

B uerseproii rnase aucceprauun «IlporpamMmHbiii  KOMMUIeke A8
MOJeNHUPOBaHHA MpoueccoB LUMGPOBOHi 06paboTKH CHIHANOB ¢ NOMOWbIO
JIOKABHBIX CNJIAHHOBY PaCCMOTPEHbI BOMPOCH pa3pabOTKH MPOrpaMMHOrO
KOMMNEKCa BBIMUC/IEHHS NApaMETPOB JIOKANLHLIX CIUIAfHOB M BHeIpeHus B
Guomennumnckue curHansl, paspaGoTkH Metona yNpaBleHus npoleccami
NapanienbHOro BeIYHCIIEHHS JIOKANBHLIX CIUTaHOB MOCPEACTBOM AMHAMHYeCKOH
namaTH. OCHOBHas Leb MPOrPaMMHOTO KOMIMEKCa MOAENHPOBAHHS npoueccos
BBIMHCIIEHHS JIOKaNbHBIX CIUTA{HOB — mMapannenchas 06paboTka a3pOMarHUTHBLIX
CHTHANOB, MONY4YEHHBIX B PaBHOMEPHBIX M HEpPaBHOMEPHbIX HHTepBanax, C
MOMOLIBIO METO/IA JIOKANLHOrO CRNtaliHa. IporpaMmHbIii KOMIEKC paspaGoTaH B
BHAE OZHOrO MPOrpaMMHOrO MaKETa M COCTOMT M3 B3aUMOCBA3aHHbIX
noanporpamm  (npoueayp). Bce  npouemyper  nporpammHOro  nakera
¢yHKUHOHMPYIOT Cpeau AHHAMMYHO PacHpesieneHHbIX NOTOKOB MO BceMy o6bemy
6noka BBMYMCNIHTENLHBIX MPOLECCOB. DTO NOBBMUAET NPOM3BOAHTENLHOCTb
CHCTEMBI M yny4lliaeT pe3y/bTarsl ee paborsl. [Momnporpammel NporpaMMHOro
KOMIiekca no pacnapaUIeIHBaHHIO NMPEAOCTARJISET BO3MOXHOCTH onpefesuThb
BPEMs, 3aTpaunBaeMO€ Ha MOCIENOBATENLHYIO M MapaLIelbHYIO 0bpaborky
BXOAALUX CHIHANOB, KOTOPLIE BXOAAT B 06bem N npu BHECEHUH KONMuecTBa sanep
npoueccopa, a Takke NPOBECTH aHAMHM3 (B Buge JHarpaMMel) pesynLTaToB
anNpOKCHMALMH OXHOMEPHBIX CHTHAJIOB.
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CTpyKTypa NpOrpaMMHQIO KOMIUIekca cocTOMT M3 3 wacredl. | uacte —
BBIYMC/IEHHE MapaMETPOB JNOKANbHLIX ChnaifHOB, 2 4acTb — MNporpaMma
peanM3auMM NapalIeNbHBIX ANTOPHTMOB, 3 uacTh — nporpamma LH(ppoBoi
00paboTky a3poMarHWTHBIX curHanos. B 1 uyactu pacnonoxensl «IlporpamMma
BBLIYHCIIEHHA MapaMeTpoB crnaiHa [peGennukoBa», «IIporpaMma BBIUHCIICHUS
nmapaMeTpoB criafiHa Psabenbkoro», «[IporpaMma BbIMMCIEHHS NapamMeTpoB
nokanbHoro cnnaffna» M «Ilporpamma oueHxkd norpewHocTei». Bo 2 4actu
pasMetieHbl  «[lporpaMma  BHIMONHEHHA MapannenbHbIX AITOPHTMOB  AJIA
PaBHOMEPHBIX HWHTEPBAIOB Ha OcHOBe TexHonoru# Open MP», «Ilporpamma
BBITIONIHEHHS MapAIUIENBHBIX AANOPHTMOB [UIA HEPAaBHOMEPHBEIX HHTEPBAIOB Ha
ocHoBe TexHonorud OpenMP» u «[IlporpamMa BH3yanusaLuH pe3ynbTaToB». B
NpPOTPaMMHOM KOMILIEKCE CYLUECTBYET pasfien ONpefeeHHs HanpabieHuii
a3pOMarHUTHLIX CHTHAIOB, NMONYYEHHBIX B HEPaBHOMEPHBIX HHTepBatax. JlaHHbIH
pasfen  COCTaBieH  HAa  OCHOBE  anropuTMOB,  NpPEMJIOKEHHBIX B
auccepraun. CTpyKTypa pa3paboTaHHOrO NporpaMMHOrO KOMILIEKCA IPUBOAKTCS
Ha pHc. 4.

CTPYKTYPA NPOrPAMMHOTIO KOMIUIEKCA

A4

i y v

e.l “LocalSplins™ run “LSplineDSP™
plinsnporpa —l €|  “ParallelSpline™ nporpasa <—| PineDSF™ nporpares —I
Mporpauua sxuucrcIcs peGonat
=N MAPIMCTPOD CnAsiBG npo";:mam::a
[peSetaaaconn e s e
NAPAANCAIHIS NPOTPAMMA QTOEKOBMX IMTCPBARAX
) tt:mcpem:n 8 KCPARIMX
Mporpamma Wl'tflmml 104Tepsamx Mporpaxua obpabona
> nepaxctp F LS|  apomancmian curranos &
L S] Mporpauns am moyancnzo HEODOEKODMX HHTCPBANAX
MOMYMCHIMX PCIYLTATOD
Mporpauuma sicmcacrso Mporpaxia aus
—> xyGiricoxoro crunita —>
poymTaTos
LS Mporpaxua oucrot
norpeumocreit

Puc. 4. CTpyKTypa NnporpaMmmHoro KomnJexca o6paGoTicH CHrHanoB
JIOKaNbHBIMH CNNAHiHAMH

BuinonHeHHe onepauuii ¢ MaccHBaMH W WIEMEHTaMH MarpHlbl B
NPOrPAMMHPOBAHMM  OCYLIECTBASETCS C MOMOLULIO  ITHKIOB. CyuecTByeT
HECKONBKO METOAOB MAapaUIENIbHOH OpraHH3auWH NaHHbIX MPOLECCOB B RAM.
Hanpumep, static, dynamic, guided va auto. BeruucneHHe OHKJIOB B K3l ¢
NOMOLLBIO ClEAYIOLIEro oneparopa TexHonoruu OpenMP paclpeleieT Ha
NOTOKH, BbUAEJIEHHbE B 6 6nokoB. Ero CHHTaKkCHC BBIMSAMT CHEAYIOLIHM

obpazum: #pragma omp for schedule (static, 6);
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Merofa NpPHUMEHHTENbHO K. ofbeMy BXOAALLEro CHrHana oCTaerca  3a
NpOrpaMMHCTOM. :

MarHuTOpasBeNoUHbIe paGoTsl BLLIENSIOTCS CPENH APYTHX reopu3nyeckux
meTofoB HaubonbluieH  NPHMEHAEMOCTHIO. A3JDOMArHHMTHRIE  HCCNCAOBaHHA
OCYILECTBASIOTCA € NOMOLLBIO CaMONETOB M BepToNeTOB. T10NEThI MPOUCXOMAT Ha
BbicoTe 50-200 M Ha MOCTOSHHOH OcHOBe Ha ckopocTH 100-200 km/uac. M3-3a
BBICOKOH MNPOAYKTHBHOCTH a3pOMarHMTHLIE HCCIENOBAHHA HCNONB3YIOTCH B
H3y4YE€HHH MarHUTHOro nons GonbLuo# 4acTH CyXOIYTHBIX H BOAHBIX MPOCTPAHCTB.
B Hauane u koHue paBo4ero AHs NPOBOAKTCA KOHTPONb pacTOSHHUHA 10 10 kM.

HcerunHol nenbo a3pOMarHUTHOro HabmozeHus ABJISAETCS
kaprorpaupOBaHHE MOJE3HbIX MCKOMAaEMbIX, PAcCMATPHBAEMbIX B paMkax
MCCNEIOBAKHS, MO MarHWTHBIM TMONAM. 31€Ch ONHOH M3 OCHOBHBIX mpobrnem
sBnAeTcas  npobnemMa  onpejeneHHA  KOHKPETHOro  MpoCTpaHcrBa Mo
pacnpefieleHHbIM MarHMTHBIM MONSAM B MojeTa Ha ckopocTH. Jlo Hacrosinero
BpeMeHH 3Ta npobiema pelnanach nocne nonera. KoHeYHo xe, 310 HeyAo6HO Anst
6onbinx npoctpaHcTB. CneaoBateNbHO, NOCTE MPOAONIBHOIO NoJNeTa HAUHHACTCS
NoNET NONEpeYHoro xapakrepa. [Ipy 3ToM OCHOBHas 3afiava 3aKJIIOYaeTCs B TOM,
4TOGBI ONPEAEANTD, HYXKHO JIH OCYLUECTBATh NMONEPEYHBIH MOJET MO OKOHYaHHH
MEepBOHAYAILHOTO NpoaoabHoro nonera. Takum obpasom, mpobnema onpeneneHus
KOHKPETHOMO NOJs CHrHana, NMPHHHMacMOro BO BpeMs TMON€Ta B PEXHME
peaNbHOro BpPEMEHH, pELIaeTci Ha OCHOBE [PEMJIOKEHHONO NapajuleNibHOro
anropuTMa.

Jns  To4WHOro W OMeparMBHOrO BBIUMCIEHHS 3HA4YEHWH CuUrHana,
NONYy4EHHOrO B MpOLECCEe MONeTa, ONTUMANLHBIM NMPEACTARIAETCS JNOKATBHBIX
kybuueckux  cnnaiiHoB. [lockonbky — NOKaNbHBIR  CIUTalH  OTIIHYACTCA
BO3MOXHOCTBIO M TNPOCTOTOH MNOCTPOEHHA PABHOMEPHBIX H  HEPaBHOMEPHBIX
HHTEPBAIOB H BLICOKOH TOUHOCTLIO.

B 30wy BT P8 I SIEIAT) P O Gt -
Blomaditsina signall  Geoflzik signallar

Q Grebennikov optayni GMW‘ @ Loka! inserpolyatsion splayn I
] S o
2 Oata shoroda oleggan sonute N i = \ .
) Togh suxhutarcan cAngan signalon N
L ) i
[o1e2 ] e : |
° t 3 “ 13 L] ” "
Max: 1km
Min: 300m
Masata: 350m

Puc. 6. OxHo nporpamMmsi undposoit 06pa6oTicn a3poMarHHTHOro CMrHana

Kak BuAHO M3 pHc. 6, 0OpaboTka aspOMAarHMTHBIX CHIHANOB BO3MOXKHA B
PaBHOMEpPHBIX H HEpaBHOMEPHBIX HHTepBanax. B npuBeneHHOM OKHE POrpaMMEI
HauGonbllee 3HAueHME HEPABHOMEDHBIX HHTepBaloB o6o3HaueHo Max.
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CoorBercTBeHHO Min — 3T0 HaUMeHblIee 3HAaYCHHE HEPABHOMEPHBIX HHTEPBANOB.
PaccrosHueM ke ABJAETCA MNPOTAKEHHOCTh HEPAaBHOMEPHONO HHTepBana,
NOMYYEHHOTrO B PeXHME PEAlIbHOIO BPEMEHH.

3AKUIIOYEHHUE

1. HccnepoBaHbl METOAbI CniaiH-yHKUHH, NapaiebHble aNropuTMbl H
anmapaTHble CpeacTBa  uM¢poBoii 06paboTku CHrHaNOB, B pe3ynsTate s
pacnapainenMBaHis npoueccoB  uMdpoBoil 06paboTKH CHIHANOB OGOCHOBaHbI
BLIOOp B KauecTse JyHLIEro MaTeMaTHYECKOro annapara-Ky6Hueckue ToxanbHble
CrUIaif{Hbl, @8 B Ka4I€CTBE annapaThiX CPEACTB - MHOTOALEPHas apXUTEKTypa
IpOLIECCOPOB;

2. PaspabotaHbl anroputmel uMdpoBoii o6paGoTkn GHOMEIHLMHCKHX
CHTHaNOB C MOMOLUBIO JIOKANbHBIX HWHTEPIOALMOHHLIX KYBMUEcKHX cnnaiid
¢ynkumii. B pesymbTate unposoi 06paboTkM  racTPOIHTEPONOrHYECKMX
CHFHAIOB MOMOUILIO Pa3pabOTaHHLIX aNrOPHTMOB MONYYEHBl  CHEAYIOLIHE
3HAYeHHs MOrPELIHOCTEA: NpH MCNoNL30BaHMHK crnaiina I'pebennukosa 0.0593,
cruiaiina Pabenskoro - 0.0040, a Taioke nokansHoro criaiina 0.0023.

3. TNoka3aHa BO3MOXHOCTb NOCTPOEHHsS MOJeNeli JTOKaNbHBIX KyOHueckux
CIIaiH-QYHKUMH B DAaBHOMEPHLIX W HEPaBHOMEPHEIX HHTepBalax. JT0
MOC/TYXXHIO OCHOBOH Mis pa3paboTKM NapaieNbHLIX aINOPHTOMOB urdposoit
O0paGOTKH ~a3POMArHMTHBIX CHFHAOB, M3MEPEHHLIX B DABHOMEPHbIX M
HEPABHOMEPHEIX WHTEPBANaX C MOMOLUBIO JIOKANLHLIX CMAaiHOB. B pesynwrate
MpHMEHEHHA ~ pa3paGOTaHHOrO NApALIENLHOrO anropuT™Ma mis  LMgpoOBOi
obpabotku reodusuteckoro curiana Ha 35% cokpariioch BpeMs onpeneneHus
H3MEHEHHH MarHUTHOrO nond 3eMIH W Ha 22% CHH3WICA 3HayeHue
TIOrPELIHOCTH.

4. TpeanokeH  mapaienbHbli  anroputm  uupoBoit  0B6paboTku
reo(pH3MUECKHX CHrHANIOBH3MEPEHHBIX B HEPaBHOMEpHLIX HHTEPBANAX Ha OCHOBE
TOKaNbHbIX CrUIaiiHoB. TIpeIOKeHHbIH napannensHeii ANTOPHTM NO3BOAMN
TMOBLICHTE CKOPOCTDb ONPEACNIEHHUS XapaKTEPUCTHK MaruuTHLIX nonei B 1,5 pasa.

5. Ha ocHoBe pa3pabOTaHHLIX anrOpUTMOB ¢ MOMOUIBIO JOKANLHOMO
CrutafiHa ocyulecTieHa UM@poBas o6paboTka curHaioB rojiOBHOIO Mosra. B
pesynbTare Bpems OMpPENENCHHA HW3MEHEHHH B CTpyKTYpe FOMOBHOIO MO3ra
COKpaTHoCk Ha 61% H COOTBETCTBEHHO CHU3MJICS 3HAaUEHHE MOIPEWHOCTH Ha | 1-
15%.

6. C  nomowplO TEXHONOrMH "Paralle] Studio” H ApXUTEKTYpBI
MHOTOACPHOro NpoLeccopa BHEAPEHUE B NPAKTHKy napaieNbHbX AFOPHTMOB
wHdpoBoii 06pabokn reopU3UUECKHX CHIHANOB K METOIOB JIOKANbHBIX CIUIafiHOB
TNO3BONHIH yBEeNUUUTE GLICTPOACHCTBHE B ONpeaenEnHbX 3HAYCHHAX TOUHOCTH
noBblleHHe 3()peKTHBHOCTH CHCTEMbI B pelueHuM 3apay NPOTrHO3HPOBAHHS,
HHTEPNONAUMH, HACHTH(HKALKH, CKATHS W BOCCTAHOB/EHYS CHIHANOB.

7. Cosgan nporpaMMHBIR  KOMINexc ans MOJENHPOBaHHUA  LMpoBoii
06paboky CHrHANOB C MOMOLLBIO METONOB NIOKANbHEIX CrU1aitHOB ¥ MHOTOsIEpH bIX
MpOLECCOpoB.
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INTRODUCTION (abstract of PhD dissertation)

The aim of the research work development of parallel algorithms and
software package for digital processing of signals in local spline methods.

The object of the research work is received aeromagnetic signals and
multi-core processors.

The scientific novelty of the research work is as follows:

methods, parallel algorithms and structures of spline functions of digital
signal processing are investigated and the most optimal mathematical apparatus
and structure are presented;

algorithms for digital processing of biomedical signals based on local
interpolation cubic spline models have been developed;

parallel algorithms for digital processing of aeromagnetic signals received in
the same and unequal intervals have been developed;

a method for real-time determination of spatial problems of aeromagnetic
signals based on a parallel algorithm for digital signal processing has been
developed.

Implementation of the research results. On the basis of the results
obtained during the creation of parallel digital signal processing algorithms using
cubic splines for multicore processors and the development of their software:

a software tool developed on the basis of algorithms for digital processing
and data smoothing using spline methods was introduced at the State Institution
"Institute of Hydrogeology and Engineering Geology" of the University of
Geological Sciences (Ministry for the Development of Information Technologies
and Communications, certificate Ne 33-8/6887of September 29, 2021). As aresult,
the efficiency of geophysical surveys increased, the information content, accuracy
and reliability of the results obtained and the level of errors decreased: the
computation time was reduced by 35% and the level of errors by 18-22%, the
productivity increased by 25%;

The Samarkand State Medical Institute has introduced a set of basic
methods, algorithms for digital processing of brain structures and a software
package based on them . (Ministry for the Development of Information
Technologies and Communications, certificate Ne 33-8/68870f September 29,
2021). As a result, the time taken to determine the number of changes in brain
structures decreased by 61% and the error by 11-15%.

As a result of the implementation of this software package, cost-
effectiveness has been achieved. Partial-based methods, algorithms for digital
processing of biomedical signals and medical images, and a software package
based on them have been introduced in the "SamMI Clinic 1" (Ministry for the
Development of Information Technologies and Communications, certificate Ne 33-
8/68870f September 29, 2021). As a result, the time taken to determine the number
of leukocytes in the blood was reduced by 58% and the error by 10-12%.

Publication of research results. On the topic of the dissertation, 33
scientific works were published, of which 12 joumal articles, including 6 in foreign
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and 6 in republican journals, recommended by the Higher Attestation Commission
of the Republic of Uzbekistan for publishing the main scientific results of doctoral
dissertations, 3 certificates of registration of software products for computers were

also received.
Structure and volume of the dissertation. The dissertation consists of an

introduction, four chapters, conclusion, references and appendices. The volume of
the dissertation is 117 pages.
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