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KHPHII (pancada goxtopn (PhD) anccepTauusci aHHOTALMACH)

JuccepTaumMs MaB3ycHHHHr goa3ap6aurm Ba 3apypat. JKaxonza
3aMoHaBMii ax6OpPOT KOMMYHMKalUHA TEXHOJIOTHANIAPHHHHT  PHBOMUIAHWIIH
CHMTHAIUIAPHH THKJIAL, PaKaMIH MUUIOB OepHill MacanalapUHH eyHllfa napanien
anropuT™MIap ApaTHLI, HULIOB GepHlll jxapagHnapuHU KYM AAPONH apXHTEKTYpa
acocMiia aManra OLIMpHMII Ba ONTHMMAN €4YMMIIap TONHW Y4HYH napanjien
aNropHTMIap HUUTA6 YMKMI MYXMM axammaT kxac6 atMokaa. Mxticocnauwran
KypHAManap Tapkubura kupyBuM €KH XapakaTjard oGBeKTiIapAa Xoiialiran
MaluMHa, KOMIUIEKC Ba TH3HM/IapHHHT TY3WIHIIH Ba HIUIALI QIrOpHTMIIApH
PMBOXKHHHT 3aMOHaBHit 60cKMuM Mypakka6 >kapa&H Ba MafilOHIapHH Te3 TaX/
KWK Ba KaTTa Xaxmjaard ax60poTHH pean BaKTAa KalTa MIWIALl TEINMUTHHH
ommpuiura, xymnanad, AKIL, Poccus denpepauuscH, XUHAHCTOH Ba Kopes
Pecry6nikanapuaa Taceup Ba CHrHa/Iapra HLUIOB Gepulllia 3aMOHaBHi yCysuiap,
IrOPMTM  Ba  CTpYKTypaBuii  BocuTamap, Xucobmawl — BOCHTaIapHHHHI
apXMTEKTypacu Ba AacTypuil BOCHTAnap OpPKIH €HHII YCYJUIApHHH nunab
YHKHLIFA aJI0XHAA STHOOP KapaTHIMOKAA.

Xaxonna curmannapra pakamnu uuwios Oepuin MacananapuHi  CuHllAa
napannen airopuTMAap APATHIL BA MULIOB GepHIl skapaEHNapuHM KM AAPOIH
apXMTEKTypa acocHla aMaira OUIMPHIUra KapaTWAraH WIMHA TaAKWMKOT HLLIap
onub Gopmokaa. By Gopana, sxymnanaH, CHrHAUIApHH TAXJIW KHJIHLI Ba THRTALI
Macananapuia mapaien KaiiTa Muiam Ba CrutaiiH-QyHKUMSnap ycyJ/ulapuHH
TAaKOMWIAWITHPHL, crnaitunap Gynaknn  QyHKUMANApP cunpm  cudatnaa
XHCOB/alNAPHH KAMIHTH, KaliTa HILTAll aJrOPHTMIaPHHHHT MOCTALIYBYAHIHIY,
ontumMan auddepeHuwan Ba  SKCIpeMan  XoccanapH, —MapaMeTpiiapHu
XMCOGNALIHMHT COAAANMIH, XAaTONAPHMHM SXJIMT/ALIra TabCHP AApKACHHHHI
nactaurs Tydalinu AacTyphik Ba  annapaT BOCHTalapHHH  ApaTHLUra
iyHanTHpUIras WaMuit TAKUKOTIAp ONKMG GOPHIMOKAA, MABLIyMOT/Iapra TE3KOp
HINOB GepHil, CHTHANNApHM pPaKam/li HLUIAWl ATFOPHTMIApHHH - camapa-
FOP/IMTHHM OWUMpHMII BA CHFHA/UIADHH NOKAT XyCyCHATNapHHH aHHKfAUIra
MY/DKaNnaHraH ycyn, airopuTM, anmnapar..Ba-facTypHii BOCHTAlapHH uuab

YMKHII J0N3ap6nuruua KonMokma. . ¢ OBPAN

Pecny6nukaMusna  aBTOMOOHIIB * CaHQATH * : pUBOXH  y'YH axGopoT
KOMMYHHKaIHA -rexuonomnnapnﬂy}‘ TanbuK ._31'14:1;46, , vuwiab  unKapuu
CaMapafiOp/IMrHHH OLIMPHIN YHYH, XHcoGnall TH3MMIIapH >KypHlllla napaiien
anroput™Maap Kyamam yopa-taaGupiiapy amajra. OWMpHIMOKIA. 2017-2021
funnapna Vabekucron PecryGnuKadiiHuM . SHANA. PHBOXNUIAHTHPHII 6yiinua
XapakaTnap crpaTermAcuia, XymiafaH, «...JAJn-TPaHCTOPT, MyXaHIHCIHK-
KOMMYHHKALMS Ba IKTMMOMA HHQDPATY3MIManapid noAMxanaw —Xampa
MOJICPHU3ALMA KWIHL, .. HH(OPMALHOH-KOMMYHHKALMOH TEXHONOrHANapHH
®opuil 3THw» | Basudanapu Genrmnawrad. Maskyp Basubanapuu amanra
OWIMpHILAS, KyMTafaH, CHrHalIapra pakamiau Huos Gepuiiia kymnaaponu

"1 YsGexucron PecnyGmixacn Tpesugesmmmmr 2017 Bun 7 despannarn T1d-4947-con «¥aGexucron
Pecry6nHKackiy AHANA PHBOXTAITHPHI G/ XapaKaTnap CTPATETHACK TYFPHCHAANTH QapMOHK
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npoiieccopnap YWyH napannen anropuTMaap fapatvil, Kybux Ba OukyOuk
crutaiiHnap acocHAar# Maxcyc npoueccopfiap CTpyKTYpalapHHUHT MOAEIapHHH
MwIal YMKULI MyXHM Macananapyian 6upu Xuco6naHaam.

V3bexkucroH Pecmy6nukacu Ilpesunentnuuur 2017 i#un 7 despannaru
T1®-4947-con «V36exncron Pecrrybnukacyunu sHaga pHBOXNAHTHpHIL 6¥iinua
Xapaxkatnap cTpaTerMAcH TYFpucupanth Ba 2017 #imn 12 pekabpaarn
N®-5278-coH «AXOMHra AaBNaT XH3MATIapH KYPCATHWHUHT MUIMA TH3HMHHH
Ty6taH MCNOX KWIHW Yopa-Tafbupnapu Tyrpucunanrn dapmonnapu, Basupnap
Maxkamacurnir 2017 #inn 15 centabpnaru 728-con «Vabekucron Pecriy6nukach
AroHa HHTCPAKTHB JaBJaT XU3MaT/lapH NOPTAIM OpKANM 3JIEKTPOH AaBjiaT
XHIMATNapH KYpcaTHIl TapTHOMHHM TaKOMWUIALITHPHII  Yopa-TanGupiapH
TyrpucHaanr® Kapopu xamma maskyp ¢aonmarra Termumy Gowka menEpuii-
XYKyKuit Xyxoxatnapma Genrunadran pasudanapHu amanra ommpHmura ywby
TaAXHKOT MyaliqH napaskafa Xu3MaT Kuiaau.

TaakukoTHURr pecny6auka ¢an Ba TeXHOJOTHSIAPH PHBOMUIANHUIN-
HUHT ycTyBOp HyHaaHINapura mocaurn. Maskyp TaaKHKOT pecrny6nnka dan
Ba TEXHOJIOrHANAp pHBOMUIAHMIMHMHr IV. «AxGopornawTupmm Ba ax6opoT-
KOMMYHHKalMs TEXHONOTHAMApHHH PHBOMJIAHTHPHILY YCTyBop HyHanuiuy
noupacuaa 6akapuiaras.

Myammonuur ypranunranauk gapaxacu. XO3MPrH KyHraua TacBHpap
6unan Mmnam, reodu3HK Ba CeiCMHK CHrHa/LTapra pakami¥ HUUIOB GepHLIHUHT
ycyn Ba anroputMiapy uuab yukmm O¥iivua wamuit Ba amamnii HaTipkanap
onuuran. JXXymnanan, MaTeMaTMK MOAE/UTAIITHPHIN Macananapu - I'.M.Mapuyk,
I0.H.Cy66otnn, B.A.Bacunenko, crniaiiwiap Ha3apuACH euMmuapy -
10.C.3aBanoB, C.®.Ceunbun, C.B.Creuxkun, M.Hcpounos, X.llloaumeTos,
B.A.Mupoiunnuenko, Maxcyc mpoueccopnap apXMTEKTypalapHHH MOAe/IapH Ba
Jioiiuxanapunn uMuwad umkum - A.U.I'peGennuxos, B.M.Kpacos, O.3enkesuu,
k.®uxc, K.neBop, I'.Crpenr, wynunraex M.M.Kamunos, T.d.Bexmypanos,
M.Mycaes, A.Mmamos, X.H.3aliunanHos Ba GOIIKA OnMMIAD MAMHER MuIapuia
KYpu6 unkunran.

Maxcyc npoueccopiapHHHT JKaABaI-a/ITOPUTMHK CTPYKTYpalapHHu ApaTHIL
ycyjulapd, cmnafiHnap HalapuicM  acocnapuHn  Oupranukma  Kymnau,
CaMapafiopAury Ba aHMKIMCH IOKOpH OynraH ycyanap spaTuwl, cHrHannapra
pakamny MnwioB Gepuin, Xxamaa THKIAW y4yH napautei Xucobnaw aactypuii Ba
annapar BOCHTanap ApaTHlll MyaMMOJIapH eTapiy Aapaxana ypraHuiMmaraH.

JAucceprauua TAAKMKOTHHHI QuccepTrauus 6axapuaran oauit Tabaum
MYACCACACHMHHHI HAMHA-TAAKMKOT MULIAPH pexanapH Gunan GoraMK/IHIH.
Huccepraumsa Tagkukorn TomkeHT axGopoT TEXHOJOTMANADH YHHUBEPCHTETH
WIMHA-TANKMKOT muutapn  peskacuHuHr NeEd4-001-«Crnafinnap acocuzaa
CUTHAUIADHH  MUUIAIl AOMapaT AacTypHii THIUMIAP SPATHLIHWUHC Haszapuil-
ycnybuit acocnapu» (2014), Ned4-021-«bynak-nonuHomuan 6Gasucnapaa TO-
BYIIHM KaliTa MIIall Ba THK/IAW MHTE/UIEKTYan-RacTypHit TEXHHK TH3UMIapHHH
APaTMIUHMHr Hasapuii Metomonoruk acocnapu» (2012-2016) sa NeBA-A5-021-
«CeficMHK CHrHa/UIapHM Kalita Huulaml Ba  BeliBner-traxaun Kunum Yy4yH
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MaxcycnalTHpUAraH TH3uM apatumy (2016-2018) Mas3ycuparn noituxanap
Jonpacuaa 6axcapuirat. ’

TaaAKMKOTHHHI MakcagH Kyb6uk Ba OukyOuk cnnaiinnap &Epaamuna
¢dyukuvonan ~— GOFNAHMUIUIADHM  pakaMiM  HMIUAIl  QIFOPHTMIIAPHHHMHT
camMapaJOp/IMrMHH OIIMPHII YCYJUIADHHH ApaTHUl Ba AAcTypui TaBMHHOTHHH
" vnab yuKuwaaH u6opar.

TaaKHKOTHHHT BasHdanapH:

dynkuuanap Ba TaxpubanzaH ONMHraH QyHKUMOHan GOFIaHHMINIApHH
AKMHNAUITHPHIN YCY/IApHHM TAaAKMK KWIMII Ba TaHMaG OMHHTaH CHrHaUTap
CHH(H ydyH ONTHMaN yCyNHH aHUK/IaLL;

CHFHAIIAPHM PAKaMJIK HILNAUIAA KYNAAPONM NpoLeccopaap ydyH mapasies
anropuTMIAp APaTHLI;

Ky6uk Ba Ouky6GHK crnaiiHnap acocupard Maxcyc  mpoueccopiap
CTPYKTYpanapHHHHI MOJEJUIAPHHH HULTA6 YHKHLL;

6Mp Ba MKKH YnMuoBRMM (QyHKUKHOHAN GOFNMaHMULIApHH CIUTaitHnap &paamnza
pakamiM MLWALl KapaEHNApHHM MOAEMTAUITHPHIN YYYH ASCTYpuii TabMHHOT
TY3WIMacHHH HIab vuKuIL,

TagxukoTuuur ofbexTn cudaTMAa CHFHANApHM  KaiTa  uMuinaw
*apaéunapuna gofinananunaaurad Taxpuba cTeHIapu Ba Maxcyc npoueccopiap
CTPYKTYpanapH OfMHIaH.

TaaKHKOTHMHr npeameTH Kkybuk Ba Guxy6ux cnnafinnap acocuaa
CHHAJUIAPHM PaKaMIIM HUUTALll ANTOPHTMIAPH BA YCYJUIapHHH TaLKMUI STajH.

TaaKuKOTHMHT ycyanapu. TanakMKOT apaéHuia QYHKUHOHAT TAXIi
Ha3apuACH, crutaiiH-yHKUMSIAp Ba MOIE/UIAIITHPHLI Ha3apHAiapH, Karoprap Ba
MaTpHUa/ap HasapHAfaph, WYHMHTZeK, Mapaien XucoGnau HasapHsiapunaH
doiinananunran.

TaaKuKOTHHHT NAMHil AHCHAKTH KyHHZarunapaaH nGopar:

dyHkumsnap Ba TaxpubagaH onuHraH —QyHKUHOHAN GoFNaHHIIIAPHH
AKMHNAWTHPHII  YCY/NIADHHH  TAOKUKKWIHLI HATHXKacHad Taunab OJIMHraH
curHaIap cuHdH yuyH cruiaiH-pyHKUMANAp yCy/H aHATHTHK TaXjIii HATHKacH

acocya TakoOMH/UIAIITHPWITaH,
aBTOMOGMAL KMCM/IAPHMHH CHHAUI JkapalHHMIaH ONMHIaH CHIHA/LIapHH

paKaMJIM MILNAalIra MYKaNNaHraH apanies alropHTMIap HuU1a6 YMKWIraH;
Ky6uk Ba Guky6uK GasMcnH crafinnap acocuia BUOPO CHTHALIAPHM Kyl
ARPONM mpoueccopiapia paKamiin  HIUIalra MyIDKa/UIaHraH ~ caMapanop

IrOPUTMNAPH APaTHIIraH;
6up Ba MKkH $n40RMH GYHKUHOHAN GOFIAHHMILIAPHH cruiaiiunap épaaMuna

pakamiM Miwiam KapaHiapuHH MOAEIIAITHPHLL YUYH Aactypuit TabMHHOT
Ty3HWnMacu Miwiab YHKUIraH.

TaakuKoT amanuit HATIAKAAAPY KyHuaarunapaan ubopar:

BUGPO CHrHA/IAPHM paKaMmiH HLalWl ydyH 6asucnu cnnaiitnap acocHaaru
xucobnam cTpykTypalapHHH MOAELIAWTHPHIL YHYH 1rOPUTM Ba JacTypHii
BOCHTA HILNA0 YUKHIraH,



aBTOMOGUNE KUCMIIADHHH CHHAMI XAapa¥HHAaH ONMHraH CUTHA/UIADHH MKKH
ynuoemH curHawiapHu Ouky6uk Gasmcnu cnnaifnnap Gunas mopennauwTHPHII
YUYH anropuT™ Ba AaCTYpHit BOCHTA MULIAb YMKHAraH;

curHannapra 6ynax-6asuc ycynna uuutos Gepuu ywyH anroput™ Ba Aactyp
HINat YHKWIraH.

TaakKHKOT HATHXKAJIAPHHHHI HIIOHYWINIMIH. TWKOT HaTHXalapuHHUHI
MILOHWIH/IHIH MyaMMOHM YpraHuul Ba TaX/IW1 KWIHII HAaTHKAcHAa CHrHamiapra
pakaMnM HuUUtoB Oepumiga coXala KY/UIAHWIYBYM XucoGnawl TH3MMIapH
camapafiopnurura Kyiiunaguran tokops Tamabnap cnnafin-¢yHkumanap acocuaa
AHTH METOA Ba alropuTMiap €KH mapaief-KOHBeliepnH kxynnpoueccopau Ba
KYT4apoJI TH3UMJIAp APaTHLI Tanabnapura MOCIHTH GHaH H30XNaHaIH.

TaaKHKOT HATHXKAJMAPHMHHHI HiMHi Ba amanmuii axamustu. Taakukor
HaTWXaNapMHUHT HAMMH aXaMUATH CHFHAJUIApHH PakaMJIM Huulaluaa Aactypui
TabMHHOT MULIA6 uMKMII Y4yyH Ha3apuii Ba ycmy6uil acocnap Ba ax6opoThu
XY’OKaTNAIITHPHIN XaMAa pakaMAH HUUIAIIHHHT TEXHHK TH3NMIapH KHHHH
dopmamnawrTHpunanurad  ax6opoT TH3UMIApHAA KapopiapHH Kabyn KWIMLIHM
ycny6ustnapn Gunas u3oxnaHanH;

TaaKHKOT HaTHXKaNapHUHUHE aManHit axaMHATH BUGPO CHHIralTapHH paKkaMau
HUUTAll AITOPHTMIIAD acOCHAA TAKOMWUIAWITHPMAraH Ba HUUIA0 “MKWAraH
JacTypuii MaxkMya aBTOMOOHN KHCM/IApHHH CHHAI Xapa&HK cHdaTHHU OLIHPHIL
6ynaH H3oXNaHamu.

TaAKHMKOT HATHAKAJAPMHHUHT XKOpHil KuamHumn ky6uk Ba 6uxy6uk
Gasuc crunaiiwnap EpaamMuaa GyHKUMOHaT GOFNAHMINNADHM paKaMIM MUUIALI
KapalHNapMHUHI camMapafiOpP/IMrHHH OWIHPHII QITOPMTMAApPU Ba AAcTypHil
TabMUHOTHHY HINa6 yuku 6YiiHya oNUHraH HaTHXKanap acocuaa:

CTUafiH yCy/utap acocuia MaTyMOT/apHH pakam/IM HUUlall Ba CH/UTHKIAL
anroputMH  «GM-Uzbekistan» axuuanopauk KoMnaHuAcHAa »xopuil KHIHHraH
(Ax6opoT TexHonmoruAnapu Ba KOMMYHMKAUMANADMHH  PHMBONUIAHTHPHLU
Basupnurununr 2018 #iun 6 pexaGpnarn 33-8/9165-con MamnymoTHOMacH).
Hatwxana spatwiran anroput™ Ba TH3UM Xucobnaumuapra Kerajuradi BaKTHU
12%ra, HaTWwKanapHH XyXOKATIAIUTHPHMII BAKTHHH 26%ra Ba XaTONMKIapHH
7-15%ra KHCKapTHIL, nuuiab YHKapHLI caMapafopaHTrHHH
40-45%ra owMpuL UMKOHHMHHU GepraH;

CelficMHK curHamnapHu ciulafii ycyauaa TaxXJWl KWIMII Ba paKamiH
Huamra MypxkaulaHrad, KypWIMaJapHHHI HUUlall >kapadHuaa CefCMHK
TeOpaHHINapHK Ha30paT KWl y4dyH Humnab uumkwiran anropurM «GM-
Uzbekistan» akumsmopnuk  koMmmaHumacupa skopuit  3stunran  (AxGopor
TeXHONOTHANAPH BA KOMMYHHKALMAUIADHHH PHBOMUIAHTHPHIL Ba3HPAMTHHUHT
2018 #mn 6 pexabpparm 33-8/9165-con  MamnmymotrHOMack). Harmxama
xucobnaunapra cappnananurad Bakr 14%ra, HaTHXanapHH XyxoOKaTIaWTHPHLL
BAaKTHHH 25%ra KMCKapTHPHII HMKOHHHH Gepra;

aBTOMOGWII KMCM/IADHHM CHHAIL XKapa8HHUAAH OJIMHraH BUGpo curHannapHu
Ky6buk Ba OukyOumk OGasucnu cnnaiiiiap yCynma pakamiau uuuiam yuyH
mymxannauran anropurm «UMID UCHKUNI AUTO» MachyauaTH 4eriaHra
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KaMHATHAra )Kophi KWIMHraH (Ax6opoTt TEXHOJIOTHSAIapH Ba
KOMMYHHKALHANAPHHH PUBOXUIAHTHPHIN BasUpIUrHHUHr 2018 #un 6 nexabpaaru
33-8/9165-con MawmiyMoTHoMacu). Harikacuga aBTOMOOHN KHCMAapuiaru
HOCOINMKIAPHK aHMKNaW 15%ra OWMpHIL, AAcTypuii TabMHMHOT - XMcobnal
skapa&unapu 4-5 6apo6apra kaMalTHpHII HMKOHHHH GepraH; S

Ky6uk Ba Guxy6uk 6asucnu crutafimnap acocuaa BMOpO CHrHanapHu Kyn
SAPONM MpoleccopsiapAa pakaMiIH HILIalira MyJoka/U1aHraH caMapagop ainropuT™
«TOP TRANSPORT TASHKENT» Machy/nuATH 4CKIaHTaH XaMHATHIa XKOpHI
KunnHran (Ax60poT TeXHONOrHANAPH Ba KOMMYHHKAUMANAPHHH PHBOXUIAHTHPHIN
Basupnuruauur 2018 jiun 6 pexabpnaru 33-8/9165-con MabJIyMOTHOMACH).
Harixaga aBTOMOOWN KucMnapuaard HOCO3NHKJIApUHH TOMHII AHHKITHIMHH
18%ra OWMpHIN, HaTWxkanap aHUKIMMH 15%ra OWMpPHIL, AACTYpHH TabMHHOT
xucobnam xapaéunapura capdnasaguraH sakr 2-4 Gapobapra kamaiiTHpHLL
HUMKOHHHH GepraH.

TAAKMKOT HATHKAMADHHMHr  annpoGanmsich. Maskyp  TagKHKOT
HaTikanapu annpobauusigaH yTran Xxamaa l2ra Xxankapo Ba 9 Ta pecnyGnukxa
HIMuUii-aMaIHii aHXKyManiapua MyXokama KHIHHIaH.

TAAKMKOT HATIGKAJAPHHHHT JBJIOH KMIHHranaurd. TaiKMKOT MaB3ycH
6yiivua sxamu 29 Ta WiMuii M 4om OTWIraH, LIyJapAaH, Y36ekuctox
Pecny6nukacu Onuii aTTecTauns KOMHCCHACHHHHI JOKTOPJIHK AHCCEpTaLMANapH
acocHii WiIMMIt HaTWXKANAPHHK YOI 3THLI TABCUA STHIraH wiaMuil Hawpnapaa 6 ta
MaKkona, 2 TacH Xopwxuii Ba 4 Tacu pecry6nnKa ypHaIapuaa 4on 3THIraH
XxaMaa S ta DXM yuyH sApaTHAraH AacTypHil BOCHTalapHH Kaia Kuiim
rynoxﬂoma.rlapu OJIMHIaH. -

JIHccepTALMAHMHT TY3UAMIUM Ba XaxwmH. Jucceprauus KHpHIL, TypTTa
606, xynocanap, oHnanannwiran agabuérnap Ba unosanapfaH Hubopar.
JucceprauusHuur Xxakmu 109 6eTHH TalIKKI 3TaAH.

JUCCEPTAIIMAHUHT ACOCHI MAZMYHH

-

Kupmn xucMuaa AMccepTauua TAAKHKOTHHUHT ponsap6uury Ba 3apypHATH
acoC/NaHra, TaOKMKOT Makcand Ba Basudanapd Xamza 06BeKT Ba NMpeAMeTaapH
TaBcudnanran, V3bexucron  Pecmybnukacu ¢an Ba  TEXHONOTHACH
TapaKKMETHHUHT YCTYBOp HyHanHuunapura MOCIHIH KypcaTiirad, TaaKUKOT
WAMMN  sHrwiMrd  Ba  amanut  HaTwkanapn 6agH  KMIMHMaH, OJIMHraH
HaTIDKanapHMHr Hasapuit Ba aManuf aXaMHATH ouyu6 Oepiirad, TaOKHUKOT
HATIOKANAPMHH JKOPUI KWIMII pYiXaTd, HAWp 3THArAH HOUIAp Ba AHCCEpTaliA
Ty3uwnuuu 6¥iuya MabIyMOT/Iap KEITHPUATraH.

Huccepratmsanuir  «@YHKUMATADHH  AKHHIAWUTHPHIN 3aMOHaBHit
YCYAIAPHHUHT TAXAMAW» Ae6 HOMMaHraH GHPHHYM 606upa GyHKUMANAPHH
AKMHMAWTHPHLAS  KYIaHWIaAMraH YCyJUIapuHH  TaXjuiH, dynkunoHan
6oFnanumnapHu Oup YNAHOBMH CrUaliHnap acocHAa AKMHMAWITHPHII yCynH,
dyHKunoHan GoFnaHHULTApDHH K¥n $IMOBNM crinaifHiap acocHaa SKWHIIAWTHPHI

yCyJuU1apH KeITHPHUNTaH.



CHrHamwnapHy pakamiM WILIAUWHHMHT 3aMOHABMH YCYJIapy KYN XMXaTHaH
aIfOPUTM  BAa  CTPYKTypaBuil  BocHTanap, Xucobnaml  BOCHTAIapHHMHT
apXMTEKTYPacH Ba AAaCTYpHit BOCHTANAPHHHT PHBOXHIa GOFMHKAMD.

DYHKUMANAPHH XA/BaN KYPHHHILAATH MaBITyMOT/Iap acOCHAA (DYHKLMAHHUHT
AHAMHTHK KYPUHHIIMHM THKJIAll MaCalaCHHMHT 3HT COAAA Ba XKYJa KEHr
Ky/1aHunaural kKypuHuIuY 6y GyHKUMANAPHE HHTEPNONALMANIALAND.

Knaccuk uHTEpnondums Macanacupa Kymxamiap [a,b] OpaJIHKHH ¥3uaa

Kypwiagu. TyryH HykranapHu KaH4a KynmaiTHpCak SKMHJAWMII WIYHYA SXIIM
6ynanu. JlekuH KypunadTraH KYTIXaIHMHT JapaXkacH TYTYH HyKTanap COHHra
6OFMHK, TYryH HyKTanap COHH OWMIIH GHIaH KYNMXaAHUHT AapaxacH omu6
Gopanu Ba kynxam KodQQUUEHTIApUHM aHMKIAW YYYH IOKOPH TapTHGIM
anrebpaMk TeHIJIaManap CHUCTEMaCHMHM euuwra TYFpu kenagu. Knaccuk
WHTEPNOMMLMOH KYTIXanfnapHH MMKOHMATIApM KMCMaH verapanaurad. Tysunrad
anrebpank TeHrJamanap CHCTEMAcCHHMHI COHH TYTYH HYKTaiapra GOFNHK 3KaH,
TYryH HyKTanap omuiuy 6unax anreGpank TeHriamMaitap CUCTEMacHHHHT TapTHOU
XaM omu6 keramu. HaTmxaga KnacCHK MNOJMHOMIAD KYPHIHIIMAA KyWHIary
KaMYHJTHKIIap [03ara Kenaau:

HHTEpNONALMOH K¥NXaz, OKopH Aapaxanu 6ynranu y4yyd ¢opmyna Kynaii
aMac;

' IOKOpH fapaxanM anre6pauk TeHr/lamanap CHCTEMacHHH euMIl kapadHuaa
MaBJIyM METOAMK XaTOJHIIIap naiino 6ynany;

Xucobnam skapaéHu Mypakkabnawmb, HaTiKaga Xxucobnamr XaToJNHCH
KOnanw.

Kypunaérran kynxag TuiiaHaéTraH QYHKUMAra sSXIIM SKHUHIALIMACIMIH
MymMkuH. IllyHuHEr yuyH, 6y HyKCOHJapAaH KyTWIMII  MaKcagHja
HHTEPNOJLILMANALI  MacalacHla KJIAcCHK MOAMHOMAAp YpHUra  craiid-
(yHKumANap EpmaMHia SKMHNAWTHPHIN XyAa KaTTa HMKOHHMATAApra sra 63nu6,
Te3na daHaa ¥3 YpHUHM TOMAH.

Jloxan MHTEpPNONALMOH crulaiinnap HHTepNoONAUNANAHAETIaH 06beKTra AXIIK
AKMHIAIAM Ba KyPWJIMIUH coana kypuuuaa 6Yynaau. Kypunaérranw crunaiid
hapaxkacH TYryH HyKrasapra Gornuk 3mac. Kypunaérran cnnalin-dyHkuys [a,b]

opanukna smac, 6anku [x,, xm] i= (ﬁ__]) opanukiapaa Kypwiagn Ba 6y

crulaiH-GyHKUMA Xap 6up opanuknapaa GuMp XWN CTPYKTYpanu KynxamnapiaH
ubopar 6ynaau.

Knaccuk uuTepnonaumsanamaa sca Gytyn 6up [a,b6] opanmkma 6urra
dynxuna xypunap sau. IyHMHr y4yyH XaM KJacCHK MHTepronsuusnalra
HucbaraH, cmnaiin-QyHkuuanap &pAaMHIA  KapanraH — HMHTeprosuMsIan
MacalaCHHHHI aHHKJIHK AapaXkacH IOKOpH Ba KyPWIHIIH )XHXaTHAAH XaM COAia
6§namu. [xnxm](i = O,T_l)opanmqlapna KypWIraH CHIUTHK-6$1aknu Kymxami

byukumnsnapra cniaiin-gynrxyusnap aeiinnaan.
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OYHKUMANADHH MHTEPHONANHANAIl MacanacHia KIACCHK NOJHHOMIIap
OpKAMM HMHTEpNOMALMANALI MacajiacHra HHcOaTaH camapaiM 3KaHIHIMHH
KypcaTau.

TMonuHOMMAN MHTEPNONALHOH CIUTaltR-PYHKIMA Y3UHHHT:

1) unTepnonsung 06LEKTHrA AXLIHK SKUHITAUTYBYAHINUIH;

2) KypWwIiHLIH COAA Ba KOMMBIOTEP aNrOPMTMHHM TY3MIU JKyfa COAAATMIH
Ounan axcpanub TypaaH.

Bu3 amanga Y4YHHYM [apaxand, ABHM KyOMK cruiafHnapmaH KeHr
doitnananamus. Crnaiiund  Tabpudnmam  ¢opmynacuma  Ko3¢GHUHEHTHUHT
KuiiMaTH (YHKUMSHUHr TyryHaapu Ba TyTyHjap opachpard Macoda opkanu
ntponanananu (1). d = 2 pedexmiM crnaffiHIap y4yyH anropuTMiiap MYT/IaKo
TypryH caHanaau. Jleknn d = | 6ynraHnia CHUTHKIOBYM PEKKYPEHT CrulafiHnap
3ca Gapkapop 3mac. Ky6uk B-cnnaiirnap Kyfunaraua HpomanaHau:

0, x22,
. (2 -x)*6, 1<x<2, )]
Bi(x) = 1/6(1 + 3(1 =x) + 3(1 -x)? - 3(1 -x)*), 0<x<l1,
Bi(-x), x<0.

1- pacMaa 6urTa 6asuc crnalin KeNTHpWIraH. 2- pacMaa 3ca k=1 yarapmac
Kajiamra CWDKHTHITaH KyOHK 6azucnu crutaifiyiap MakMyacH KEITHPHIraH.
3-mapakanu crulaiinap yuyH nokan dopmynanap Kyingarsn Kypm{mura Ira:
- 3 HyKTanu ¢gopMmyna:
= (1/6)(fi-1 + 8fi—fis1);
- 5 HyKTanu dopmyna:
= (1/36)(fi-2— 1Qfi.1 + S54fi = 10fi+1 + fir3):
- 7 nykranu popmyna:
b;—(1/216)( f 3+12f 2—75f 1+344f;—75f +1+12f +z—f +3)

2- pacm.l(yﬁmc 6a3ncnn cnnaﬁunap
MaxXMyacH
J(x) dyHkuuaHu vHTepnonsuHanaiaurad 1 gedexTnn m napaxany Sm(x)
cnnaitH dakarrnHa  B-crinailunap €pnamupa AMFMHAM  TapHKachiaa
udoaanaHuIN MYMKHH:
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f@)=5.(9=388(), asxss, @

i==1

By epaa b; — koaddputmentnap.

IWlynnait xunu6, ¢yHKUMANApHM Ba TaxpuGalaH ONMHraH (xapsannap
KYPHHHLINATH) MabIyMOT/IAPHH KyGHK crnaifHnap €paamMHAa AKHHNTALUTHPHIL
YCyJUIapHHH TaAKHK 3THII KyHHAarunapHH KYpcaTau:

1. Katop MacananapHH eudiuja, XycycaH IOKOPH IpaIMeHTIH, pe3oHaHc
HYKTaJlap¥ MaBXy[ Gynran ¢yHKUMANApHH AKHHIAWITHPHILAA KyOMK GasHcan
CIUTAHNApHM KJ/nall aHUKIMK G¥iiHda Golka Kymxamiapra HUC6aTaH sAXIUH
HaTXanapuu 6epann.

2. QyHxkuManapHu Ba TaxpubamaH ONMHTaH (KaaBaInap KYpUHHUILAATH)
MawJlyMOT/IapHH (2) ¢opmyna épaamuaa AKWHIAWTHPHLIAA B-crinaliunapHunr
Jiokan xoccacH HaMo&€H 6¥manu. By sca ¢yHKuMAHMHr MXTHEpMN HyKTaaaru
KMHMAaTHHH  ¢akat m+] (6y epma m cnnailn napakacu) HUFMHIWIAP
KYpUHHMIUMAA, sbHM KoddduumeHTnapHu 6asuc asneMennapura Kkynaiitmanap
HuFMHAMNApY KYpUHMIDWAArY 4u3nkiM dopmaga Mdoaanaul opKanM aHWKAALI
MYMKHHJIMTHHH K§pcaTtanu. IOkopuzia kenTHpHIraH (2) xynxan xucobnaunapxu
napasulesuIaluTHpHUIL Ba  MaxCyc  mpoleccopiapHH napawulesulawiral
apXHTEKTypalapHHH ApaTullra acoc 6ynaau.

Keiiunru nafitnapaa kyn yarapysunnnu ¢pyHKUMSIapHY SKUHIAIITHPYBYM KT
§muoBnu crinafimnap HasapuAcH aHYa PUBOXUIAHAM. Arap (akaT HHTEPNONALHOH
TIOJIMHOMMAN CIUIAiiHNap COXacH HasapAa TYTWIca, Y Xojiga Oup ynuosnu
CIUIaiHNapHKM aHMKIAl GHp Hewa apryMmeHTNap XOJIaTMra KeHrasau. ByHaa
Sm(x,y) dynxuna {x, yi}, Typra Huc6aTaH HKKH Y3rapyByaH m Aapaxafaru cruialin
Aefiunagy. Arap y m napaxagary nonuHom 6uwiaH TYFpy Tywuca, x Ba y 6yiiuua
xap 6up D Tyrpu 6ypuakna uryHnaii 6ynanm.

Xap 6up aprymeHT 6¥iiuua m TeHr Aapaxanard Kyn $14oBnM nonyHoMuan B-
crnaiinnap 6up ynmuoBnM  B-cnnaiiWiapHHUHMr TeH30p KYymalTmacH Xonuaa
aHMKIaHazM:

B, (x,y,....u) =B, (x)®B,(»)®...Q0 B, (u)
XycycaH MKku YITYOBAN m Aapaskanar Sm(X,y) crunaliH yuyH:
Sm (‘x’ J’) = Z Z bI]Bm.l('x)Bm_](y)’
topmyna Ypuwnuaup.
By mkkHnaMuu Kucka kynafitmanap HuruHAucuaa kodpduuextnap sa 6up

Ynuosnu B- cnnatinnap Maxpax 6ynaau, MKKM yauamau 6a3uc CnaitHHHUHT HOMB
6¥nmaran KuliMaTnapuHy aHUKIALIHUHE

B(x,y) = B(x)® B(y)
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udonpacu [x,xi+1; ypyj+i1l, TYFpU TYpTOYpuak 6Ynu6, y TYpHH Kyhumaruua
Malifanain HaTHXacHa OMTMHAIH:

A x0<xl<x2<..<Xnr1<Xnl,
Ay:y0 <yl <y2<..<Yurt<ym

Illynpait kunu6, OGup ¥YnuoBnH cCIUIAHHIAPHMHT JIOK&N XOcCcanapH Kyn
ynyoBnM crutalinnap y4uyH Tyna &fwiagd. AnNNpoKCHMAauUMAHMHr 6Hp Xun
Kamamiga MKKM JTYOBNH CHUIaiiH MKKMTa OMp Y/MHOBAM CIUIAH KYpHHHILMIA
n(oaanaHHIIH MyMKHH.

Kapsan
DyHKUHAIAD AKHHIAWTHPYBYH K¥nxaajaap COMHIMTHPMACH
Xucobnauzars
XaTONHK
)= ¥, x<2 1,08*10* 1,88*10° 0,20*10*
In(x), x22 | _
Merouk xatomuk | §SG/128)max (' | £ sG/28mads*(afh* | &5(4/384)max]r(xfa*
Xucobnaumap coku
(N=1024 4 agponu 7372 9420 4096
8PXUTEKTYPA Y4YH)
Tenmma.nap CHCTeMacH
eginany, JJekKuu TeHriiaMa
Tenrnamanap Tenrnamanap MaTPHUACH TYAHK IMac 3-
HlmP nOALa CHCTEMacH eynnany CHCTEMAaCH evnnanu S-AHamnannn.YnapHH
€HHIIHH CRMapaNH NPOroH
YCYSIH MaBxXy A
“HmeﬂH"
TYFYH HYKTQ/1ap COHH | TyTYH HYKTanap coHH dopMynanapaan
owniK Ginax kYnxan | owmiiu GunaH Kynxan GoflnananHm yyMKHH
Annpoxcumauns napaxacH opTami Ba | Japakaci OpTam Ba Kymxan aa mc’; 'H
HATHXAAA XaTOMHK XaM | HATH)Kaa XaTONKK XaM Hyfmnagpi:a pﬁom“"zgm
. optHO Oopaay. opti0 Gopaau. omH6 GopMalizn.
QMyHKUMANAPHH AKHHAAIITHPHIIHHHT  MaBXyRd  YCY/UIapHHH TaxJIMIH

HaTIKacHAa uTepnonsuusa Macanack Kypn6 umxunnb, OyHma nmactiab
nHTepnonauuanam 6y GyHKUMAHMHT KuIMAaTMapHHH apryMEHTHHHHT )Xa#Baija
Gepunmara KuiiMariapu ydyH Tonum pne6 TywyHwiraH 6ynca, Xosupaa
MHTEpNONALMANALI TYIYHYACH KYAa KeHTr MabHoma TywyHuwnamu. llyHuHraek,
Maskyp OynuMaa Jlarparx HHTEpNoAfLUMOH KynXaau, HEIOTOH HHTEPHONALMOH
Kynxanm, cruiafiH-GyHKUMANAPHH SKHHMAIITHPHIN Macanaiapy TaXAHi KHIMHAH
Ba crialiH-pyHKUMAHMHT Gomka Kymxamnapra HMcBaTaH yCTyHIMKIapu
anuknanau (OKagsaira KapaHr).

JlncceprauusHUHr «CHIHANIAPra paKaMIH HOUIOB GepyBuM  Maxcyc
npoueccopaap apXHTEKTypacH» 1e6 HOMTaHraH HKKHHYK 6061na, CUrHATapHY
paKaM/IH HIUTAIIHUHT acOCHi TyLIyHYaNnapy, paKaM/Ii CMTHaN MPOLECCOPapHUHT
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aHbaHaBHi Ba KYNANPOIH apXHTEKTYpalapH, CHFHAIMIAPHH PaKaMITM MULTALIHUHT
KYNANPONM apXHTeKTypara MY/DKaUTaHraH Napaulel  aaropHTMIapy Kypub
YHMKWIrad. X03upryu BakT/a CHTHaIapHH paKaM/I{ MULIAIAa KyanaHuIaéTraun
MaBXyJ KYNrHHa MeToaNap, alfOPHTMAAap XaMJa apXMTEeKTypanap Tax/uiH,
“Xam/a ad3aNHKIapUHE YPraHu6 YMKHLI AON3ap6IUrHYa KOIMOKAA.

Pakamnn curman npoueccopmap (PCIT) (uuramsua DSP - Digital Signal
Processor) yHusepcan muxponpoueccopnapaad (MIT) anua xeiiun naiino 6ynrau.
ViapHUHr ApaTWIMINM CHrHajUlapra pakamMiM  HIIOB 6epnin  (CPUB)
IrOpHTMIAPHHUHT crieuudukacy 6unan Gormuxaup. CPUB anroputmnapuna sHr
Kyn y4pafinurad onepauus 6y acocaH kynaiTvanap MMFHHIMCHHHM XHcoGnau
6Ynmu6, CPHUBHUHT TagHy (6azoBan) onepaumacu aeb aranamy.

Bupunun 6y:mm6, PCIT nyné Gozopuna 80-#unnapuuur Gouwapuaa maiimo
6ynran. Kefinurn fiwnnapna 3ca Texas Instruments (TI), Freescale (Motorola),
Analog Devices (ADI) kabu ¢upmanap Typnu coxanap ywyr PCIlnap uuwna6
“HKapHIIHH Y3TYKCH3 PHBOXJIAHTUpHG Gopamnap. Byrynru kyHra kenu6 PCIlnap
HIINA6 YUKapUII TEXHONOTHANAPH WHANAT G1UIaH PUBOXIIAHMOK/A.

PCIlnapuna xepakin TeanMKKa SpUIUMIN YYYH KyiMAaaru apXHTEKTYpaBHii
eYMMIap aMaira OLIMPHIIraH:

e"apBapa apxuTeKkTypacH. Ym6y apXMTEeKTypaja XOTHpa MKKM coxara
aXpaTHAraH: Aactyp xorupacH ([IX) Ba mawmmymornap xotupacu (MX). Byupa
XOTHpanaH 6Mp BaKTHH §311a XaM KOMaHAa XaM MabJIyMOT YKUIaau;

sMomudukauusnanrad Iapsapa apxutektypacH. Yiby apxutektypama JX
6unan MX opacuaa TYFpUAaH-TYFPH MabkiyMOT anMaluuin uMkonu Gop. By aca
KOMaHAallapHU caMapaii KoHBelep IaKiHAa TAWKWI KWIKILIra MMKoH Gepasy;

eKomannanapuu 6up BakTaa uuutaérraH ¢(yHKUMOHAN Moayaap 6¥iiuua
napajieJuIaliTHpHLI;

eBup komanma uukiIMaa OakapunaguraH CPUBHuHr TasHu (6azoBasd)
onepauHAIapHHH Ky puiMara HYHaITHpHIraH TanouKu.

Analog Device dupmacu 2005 iinnga ADSP BF 561 pycymnu HKKH aaponu
PCIIun vmuna6 unkapa Gowmnamy.

MuKponpoueccop TeXHHKaCHHM pPHBOXJIAHHIIM KYN SAPONH Ba Kym
MPOUECCOPIIH apXHTEKTYpalaH Ky saponura yTuiura HMKoH Gepau, 6y epma xap
6up Anpo MycTakun MULTOBUM mpoueccopsiap (GYHKUHMATApUHH Gaxapamu. By
ANrOpUTMNIAPDHH Taliépail Ba E3MII AACTYpAapHHM HUUIA6 YMKHIU Kapa&HHHY
OCOHALITUPMAaAH, GHPOK Yy Xa aTHIMarad BasHGalIapHUHE XaKMHHH OLUMPHILHU
aMac, 6anku napauten Xucobnam coXacMHH KeHraiiTHpHIra MMKOH 6epau.

Kybux 6asuciu cnnaiimnap &ppamuaa ¢yHKkuMs Ba TaxpubaaH OJHHraH
MaBIyMOTJIapHH THKIam xapatnunun OpenMP €paamupa okumnapra axpartub,

napamie/yIalUTHPHII ANrOpUTMHHH  KYpub6 uMKamu3s. [{uccepraums HIIWHHHT
6upunun Gobuna xentupunrad (2) dgopmynann Ky6uk 6asucnu QyHKUMS yUyH
&iicak, Kyitnparu gopmyita xocun KuMHagu:

S (x)=8;(x) =b_B_ (%) + byB,y(x) + b B,(x) + b, B,(x)
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PakaMnu CHrHaln TNpOLECCOPJIAPHHHT aHbaHAaBHH Ba  KynaapoiM
apXHMTEKTypaJlapH TaXJIHIH HATHKAaCHAA, CHIHAUTapHH PaKaMiM HILTAIHHHT
KYIAApONIM apXUTEKTYpara My/DKaJUlaHraH MapauieNl anropHTMIapH APaTHIAM.
Keituury Husnapoa MHKPOINpPOLIECCOPNAPHHHT  PHBOAUIAHHUIMAA (yHOaMeHTan
cHibKHID py# Gepau. Yuby cwmkuin GMp ARpONHM apXHTEKTYpanaH Kyn Anposu
apXuTeKkTypara ¥tum GunaH xapakrepnaHamd. XycycaH Maxcyc MHpoweccop
apxutextypanapu I'apsapa, doH Heiiman apxurextypanapuaan xamaa Bnexgus,
ADSP-xoMnaHHANapH apXHTEKTYpalap KeHI TapKairaH.

Arap xap TYpTTa KymafiTHpHll ONepauHsnapHHH 6akapHIIHH napamien
OKMMJTapra aXpaTiica napauiell anrOPHTMHH KyHuaarHya TacBHpiall MyMKHH
6¥nanu. Y6y anropuTMHE TYPT SAPOJNH apXHTEKTypa EpAaMuia aMaira owHpca
6ynanu. Oxumiap y3aTUnaérraHZa aBBal KeTMa-KeT CYHIpa mapainel YHAaH
KeliuH 3ca AHa KeTMa-KeT aman Gaxapwnanu. By aca xucoGnamnapra xeragura
BaKTHH Texalll AMKOHHHH Oepaan (3-pacM).

) 3-pacm. TypT AApOAN APXUTEKTYPAAA OKHMIAPHH TAMKHI KH/THII
AJTOPHTMH

K¥n saponu apxuTeKTypara JTHII jkapagHy Gup AAPONH NPOLECCOPAAPHUHT
6ab3K TEXHONOTHK HOpMalapHH rnacafiTpub, (akar TaKT 4acTOTacCHHH OLIHPHII
XHcobura YHYMIOPMHTHHH OIIMPHII HMKOHHATH (H3UK XUXaTAAH Tyraratiury
HaTwkacuna maitgo 6ymmm. K¥n soponu npoieccopiapHH KyJUlall HaTkacuia
onepauuanapuy Gaxapuul xapaéHIapHHH NapaUiealITHPHII MyMKHH, 6y aca
CHrHAJapra pakam/iu HuUioB Oepuiira KeTaluraH BaKTHH KMCKApTHpHINTra Ba
YMYMHH YHYMZAOPTHKHH OLUIMPHLIra SpHILIHIANH.

Tucceprauusauunr «Ky6uk Ba GHiy6Hic CIUIaiiHIap aCOCHAA CHIrHANAApPra
paKamiu MmIoB GePHITHHHI NApajiell aJropHTMAAp» ne6 HoMIaHraH
yunHyn 6o6uaa kybuk cruiafihnap acocuia aHbaHaBHHf Ba KYN AOpONH Maxcyc
mpotleccopiap apXUTEKTYpacH, HMKKH ¥IHOBIH ¢yHKUMOHAN OGOFNAaHHILTAPHH

15



- THKIaWAa 6ukyOuk crnaiiHnapra acociaHraH KYNAAponu apxMTeKTypanap
TaBcudu Gepunran.

AHanuTHK Ba XaaBal KYpHHHIIAA Gepuira 3KCTNIEPHMEHTAaJl MabJIyMOT/Iap
acocHpa crulaliHnap Kypuw MacanacH b kodhdHuUMEHTIapHHH Xuco6matm
MacanacHiaaH u6opar 6¥maam. YMymuit xonnapma sca A - croraiin TYpHHHU
aHUKIawaaH ubopar 6Ynamy.

Jlokan ¢opmynanap SKMHAAWMIIHMHT CHUTMK/TAHULW XYCYCHATIapUHU
caknab konaam. IMapametp xuitMaTnapu sca i MHAexcH 6unau KOpUii HyKTamaH
€Tapnud Napakaja y3oKjialllaH HyKTanapaard Xucobra Gormuxk smac. Ynap
cummerpuk 6¥nanu. Jlekun akaTruHa COXaHHHT MYKH HYKTanapH yuyH UULIaiau.

Arapjia sKCmepHMeHTan HaTwKanap XaTonukiuap 6unan maniaym 6ynca, y
XO/fa MHTEPMONAUHOH crhnailin KypumHuHr dofimacu iykx. Bynaait xomnapna
XaTOMMKHH KaMaHTHPHII MaKCagua CHUTHKJIOBYH CIUIaiHIapHH  Kynnaw
3apypaTH 103ara KeJiajau.

CunuknoByn crnaiin Gy, HHTEpTIONALMANIaHTaHAAH Kypa «CHIUTHKPOK»
6Ynran Ba 3KcriepUMeHTAN KUAMaTnapra aKuH skofiaaH ¥TyBuH cruiaiiHAup.

DYyHKUMOHANHH MHHHMANNAWTHPAMH3:

J=[Is N e+ X 1/R (-8, @

By epna Ri>0 Gepunran karranuk. Ri HHHr k03())HLUMEHTH KAHYAIHK KMYHK
6¥nca, cninalin-gyukums Gepunran kuiiMar f; ra Huc6aran LIYHYaTHK AKHH Taau.

DyHkupoHan (3)HM MHHMMAUIAUITHPHIL YYyH Gell AMaroHan MaTpuuanu
UM3MKIM TEHrJIaMaHH euHl 3apyp. Kypwiran cnnalin 6¥iimua opTukua
KynaiityBunnap xaiita xuco6nanagu Ba auru R; acocupa SHrH cruiaiin KypHuianu.
Hrepauma xapauu cnmalHHMHT KuiiMaTH GepunraH «kopupop»ra TYFpH
Ke/NryHHYa 1aBOM 3THLIH Kepak.

Iy 6unan 6upra Kyiunaru GyHKUHOHANHH MUHUMAIAIITHPHII KEpakK:

)= 3 (-5,

By epna S; — crunaiin-¢yHkuna /i - Gepunran gpyHkuMonan Gornanuin.

Ilynpaii xunu6 cnnafiwiap 6unaH  axunnawnm  Ko3gduuMeHTNapUHK
Xycobnaur MeToONAapMHM TAXAWN KWIMID INYHM KYPCATAMKM, Chnaiin-
yHxumanapuunr Taxpuba HaTWXKAnapM acocaa KypMIl MyaMMOCH b —
xo3bdunumuentnapuu xucobnaw Macanacura onu6 kenagu. BakTHMHr pean
MHKECHa MULIOBYH cHcTeManap y4yH Ko3(GHUMEHTIapHH «HYKTanu» xucobnam
dopmynanapu Taknud stumanu.

Ulynpa#t xumm6, crpyxTypaHusr acocuft adzamnurn 6¥nuG, xagsain-
AIrOPUTMHMK METOMIap YYYH amanja IOKOPH Te3KOpAMK XucobiaHamu.
Kynnpotieccopnu .tu3umnap . mailno G6Yynumm 6unan Gasuc crutaliHnapHUHr
MaTeMaTHK annapaTtd Ba jKaJBal-airopuTM YCyJnapHHHM Kynnab Tez xucoGnaiu
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HMKOHHATH lo3ara kenad. Heraku, B-crutaitninapumn xucobnawmpnary iurunay 6up
ynuamnu coxagaru cymma m+ 1 ra Tenr.

Mapanien wicobaaw smesn

1-aapo ]—1
Kemva-ker =

> Kermasxer =D>
xucobnamn 2-anpo | l xscoGraw

) 4-pacm. Ky6ux 6a3uc cnaiinny pyHkuusnapaa 2 saposix napasiiest
' Xuco6aai cTpyKTypacH

Thaparact Giofitzm xxes

l-agpo ]—’
2-aap0 ]—D
==p] Kerma-xer =Il>
Xucobnawm
3-aapo ]—D
4-aapo ]_.

5- pacM. Ky6ux 6asuc enuaiinam dynxkunsnapaa 4 aaponn napanien
xucobnam cTpyKkTypacu

Kerma-ker
=|'> -~
xycoGnain

I I &

.

6-pacm.Ky6uk 6a3uc cnaaitunu dynkuusnapaa 1,2,4 saponn napanien
XHCO6Jall CTPYKTYPAIapHAA XHCo6IamNapHHHT COMMIITHPMA rpadury
TpoueccopnapHUHr “eKIaHraH MHKaopuman ubopar, TeXamIn Xucobnam
TApKMGHHH KypHIl YUYH 3apyPAMCHHM GukyGuK cnnaifHnap MHMCONIMAA KypHiU
MyMKuH. Bup ym0BH CUTaliH — dyHKuUMANAp TH3HMM KMPHTHNATH:

c,(»)= ’flbu

J==1

Y o ———
WA A - u Tt - Y d Vil




CYHTpa MKKH YITHOBNHM CrinaiiH Xucobnaxnamm:

LM |
AP
1
§ repe - }----
| KCK |
B®CK 1 1-6Y® I 2-5Y0 I I 3-6Y0 | r 4-5Y0 |
.-t 0 e __ |
I BBl by ba b.y
— Vv
1-aapo 2-aap0 3-8AP0 4-appo Pcn
Ty oz o
v Sa(x)

7- pacM.Ky6ux 6a3uc cnaiinam gyHKIHANapaa annpoKCHMALMAIAIIHH
amMaJIra OIHPHIN Y4yH 4 aapoan xucebaam cTpyKTypacH

S,(x. )= 3 €, (»)B, (). )

tma=]

SBHH CIUIalH-QyHKUMANApHH XHcobnmam 6yHivuya onepauuanap KeTMa-
kernury Gaxapwinagu. (4) Ba (5) TMnAaru ysrapumnappad xap Gupu m+1
npoLeccop-KynaATHpyBUH 6ynranna napaiies Tap3ga 6a>xapunnmu MYMKHH.

T 7 T T ™
Kemmea-wcer @2 Aaponu Ketma-ker
napRen =2 Raponw napannen
ﬁtﬂﬂm.. 2 raponu Ketma-xet
:::m 24 azponu Ketma-ker
Kemvawer,, @4 agponu napannen

@4 agpoenn Ketma-xker
L 0 1000 2000 3000 4000 5S000 6000 7000 J

8- pacm. Ky6ux 6asuc cnnaituan pynxuusnap 2 Ba 4 aapoau xucoGaaliHuHr
conmTHpMma rpaduru

Aemomobun mpaexmopusCURU CUNTUKNAUHUNZ CRAAIH YCYNU.

ABTOMOGM/IHM CHHAll >kapadHMAa Maxcyc ¥nuoBuM Kypuama &paaMuaa
MabilyM OUp #iyna xapakaTiaHa&TraH aBTOMOGHIHUHT XONAaTHHH XapaKTepJIOBYH
S Hykranap Tymwiamm ynua6 onuurad. Yidosnap TeHr OpanMKIapAa ONMHIaH
63nu6, YMIOBHUHI YpTaya KBaApPaTHK YETJAHHIIM © TaxMuHaH 0,5-1 cM ra Tewr.
T¥nnamparu Hyxranap conn n= 260, HykTanap opacugarn Macoda 6up xun Ba
An= 0,5 M, 6ocu6 yTwiran iiyn ysynnuru 129,5 M. ABTOMOGHN XapakaTjaHraH
TPAEKTOPUAHUHT MakcuMan srpunury 0,11 m™ naH owmarax (9-pacu).

T(S)un  fiyn ysywnuru ¢yHxkuMacu cudatuaa TacBHpiaHraH —rpaduru
KEJTHpWIraH, MyYroH uMsuk 3ca T(S) TpaeKTOpHS SrPHIMIMHHM TacBHpNaiau.
T(S) Tpaekropus sHrH S HykTanap Tymiamu GYitmua xypuaras sa T(S)
TpaeKTOpHAra xyAa AKHH Ba L1y OunaH Gupra CHUIHMK ¥3rapyBuM 3TpWIHKKa 3Ta,
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Xamjia’ SrpUIMK XOCHNACHHUHI MakcuMan Kuiimatd 35 Mapra wuumkmup. T(S)

rpadMIrHHH aNNpOKCHMALHANALL XATONMHTMHHHT MAKCHMAN KHitMATH Om== 4,4 MM
HM TaLUKHA 3TAH.

osed..

apsf - 1

- o
ol
EEAIPYY) | SR SO

—~o i g
Y LAV AP
]

9-pacm. T(S) 'rpaelcropun
Irpuanry #ya ysynaurun GyHKuusacH

10-pacm. MHrnyka yusuk 6unan
TPaeKTOPHS STPHINIH

Hucceprauusanunr “Basic cnialiHaapra acocJaHraH ycyinap Ba Maxcyc

MPOUECCOPJapHH  MOACVIAIITHPHIIHHHT

JacTypuit TabMHHOTH”

neb

HOMJIAHTaH TYpTHHuM Gobupa, kyOMK cnnafiHnap acocHAa JKaABan-aNrOpPHTMHK
MAaxcyc MpOLECCOPHUHT MOZIeIIAPH KeNTHPHITaH,

JACTYPHH TABMHHOT TY3HIMACH

L2
Y v [ 2 %
Bitp Ynuonnm Buxy6ux cnnaftunap Xaroauknaphu TMapannen
crnaitinap napaMeTpapieH Gaxonam aacTypu anropTMnapHE K§N
napaMeTpnapuuu xuconawm sactypu T Azpony
Xicofnam nacTvpH T npoueccopaapaa
S | Bup §miomm 0
—— Buxy6ux crunaftn- cnaftsnap Guran TEXHOJIOrHACK 2cOCHAA
[ nep xuiimamiin XTONHXTAPHH aMaIra OWHDHIL
}__ nap xulmatuiu xstcobna Bax T
xstcobnam AectypH 012l RACTYPH I
nactypu apannen
bige KOMpHI- BukyOux CTpyKTypasapHi
b-xoadmun- Henrnapiu xucobnam cnnafunap Gunan mm;;n:wp“l i
| | CHTARpHH RacTyph _ XATOIHIIAPHI
XucoGnaw AacTvpi
Aactypu Cunsitinonus
. Si(xy) un
Cunnixaostn xucobnat
= S3(x) umn
xucobnaut XucoGnaumnapii
|| “ Bigyan-
Xucobnawm- nAUTHPHI
napHH BU3Yyan-
naurTHpian

11-pacm. Tacrypuii TABMHHOT TY3HIMACH

Kyn sanponu mnatdopmara masxkyn 6ynran "6burra sgponu” mactypwii
TAbLMHHOTHHM KYuMpHll EKH AHMM “napannen” AaCTypuil MaxcynoTiapHH Huuiab
YuKHW yYyH Kyna# euummapupan Gupun Open Multi-Processing (OpenMP)
AacTypui nakeTH xuco6iananu. OpenMP - craHmapT AacTypnail THIapHaa KeHr
Tapkanran C Tunupa sapatwirad. By OpenMP nacTypuii nakeTHHHHT acoCHii
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ad3aIMrH AHCM Mapa/ien JacTypiall THIUIAPMHH KAl KHIHW HMKOHHHHM
Gepagu.

Kyn anponn npoueccopnap 603opaa y3ok sakraaH Gepu ummamoxa, 6upok
Kyl A0pONM NPOLECCOPIIAPHUHT TYNHK KyBBaTHAAH dofinananuiunapn MyMxHH
6ynran xyna kam JacTyp Maexya. OpenMP TexHONMOrHACH Kyn saponu
NpOLECCOpP/IapHUHI TYNMK KaliTa Mual KyBBaTHra 3ra Gynran napawien
DacTyprnapHH MULTab YHKMINra MMKOH Gepanu.

XVJOCA

«Criaii-pyHKumanap  acocuga  CHTHa/IapHu  pakamaM  MuLiaul
IrOPUTMIIADHH CaMapafOpJIMIHHU OLIMPHILY MaB3yCHAArH OUCCEPTALMS HIIM
6y#inua onub Gopunran TANKMKOTAAp HATWXACHAA KyMMparu Xynocanap Takaum
ITUIIAM:

1.Crinais-ycynnapHu TaiKMK 3THLI HaTWKacuaa aManaa QoiiianaHuwiaauran
NEMEHTAp (YHKUMANADHMHT KaTTa KucMM 6asuc crnaiimnap &ppamMunma
MyBagdaKkHATAH paBHIIAA AKMHIAWTHPHII YCynu spatwnpd. By ycyn 6asucnm
ClafiH  MateMaTMK annapaT  QyHKuMoHan  GOFNAaHMWNADUHH  JOHMHI
ko3 puumenTaap Ba 6asuc GyHKuMIap KYnmafiTManapi KUAMaTIapH RUFMHAKCH
KypuHUIIMAA udonanall HMKOHUHH Gepan.

2Basvcnu crnalinnap HasapuACH Ba IKAABAI-AIFOPHTMUK YCYNTAPHUHT
MMKOHHATIapH OMpHKMacH HaTWXacHa IOKOPM CaMapafopnukka 3ra Gynra
MaxCyCc MpOLIECCOPNapHUHT Mapajule/UlalliraH apXUTeKTypanapu spatuia. By
xucobnalnapHu ce3wapin pasHIIAA NapaLieTalTHPULL UMKOHHHU Gepa.

3. Kyn sgponu  apxurekTypara ¥THMII kapadHM 6up  smponu
MPOLECCOPMApHHHT 6ab3H TEXHOJOrMK HOpManapHM macafiTmpu6 dakar TakT
HaCTOTaCHHH OLIMPHIN XHUCOGMra YHYMAOPIHIHHM OLIMPHIN UMKOHMATH (H3HK
XHUXATAaH TyraraHaMrH HaTwxacuaa nafino 6¥nau. Kyn aaponn npoueccopnapiu
KyJUlaul HaTWiacuia OmepauMAnapHK Gakapiu jxapadHMapHHM Napasniesurail-
THPHII MYMKHMH, OYHMHr HaTHWXacuaa CHrHAIApra pakamiM MIWIOB Gepuuira
kerajuraH BaKTHM KMCKapTHpWIIra Ba YMYMHH YHYMAOPJIMKHM OLUMPHIL
HMKOHUHH 6epraH.

4. Kybuk 6uxybux Gasucim CrUtafiHiap acocuia aHbaHaBuii Kymnxamiap
acocHaaru Maxcyc npoueccopnapiai Te3pok Ba aHMKJIMIH I0OKOpH 6§iran mMaxcyc
Tnpolleccop apXHTEKTYpacH Xamaa Ky6ux 6asucnu cnnaifuiap acocuaa Kynsaponu
Maxcyc npoueccop apXuTeKTypack Huuiab umkunan. Kymaaponu apxurextypa
XucobnauunapHy mnapajiell  OKMMJ2pra axpaTMit  #ynu  GwiaH  ymymuit
caMapaiop/IMKHH OLIMPHIN HMKOHUHH Gepau.

5. ABTOMOGHIE KMCMITADHHH CHHAITHUHI CIUTAH YCYIH SpaTunau Ba ywby
YCYJIHH amManra OlUpyBYM JaCTyPHil TabMHHOT MiNa6 ynkunau. Sparwirad ycyn
CHFHAJUIapHH TaX/IWl KWIHIL, paKaM/ii HIUIAll Ba THKNALI MacananapyHHU eyuu,
$yHKuMANapHY annpokcHMMaUMANAll MaBxyn Xucobnaml  CTpYKTYpanapHHU
TaKOMWUIAIITHPHII Ba SHFH CaMapajiop CTPYKTypamapHM ApaTHIU Ba YJapHH
TEXHHK XapaKTEPUCTHKANApHHH AXIIKIIALI, MablIyMOTJIaDHH paKam/I¥ MLUTAII Ba
THKNIAW HaTWXKaNapuHU CHAT IKMXaThAaH  AXUIWNA MMKOHMHM Gepau.
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HAYYHBIH COBET DSc.27.06.2017.T.07.01 IO IPUCYXKAEHHIO
YYEHBIX CTENEHE MPU TAIIKEHTCKOM YHUBEPCHTETE
HHOOPMAIHNOHHLIX TEXHOJIOTHI

TAIIKEHTCKMI YHUBEPCHUTET HHOOPMALIMOHHBIX
TEXHOJIOT M1

MHUP3AEB ABA3 OTAMBEPHEBHY

MOBBIIIEHUE 3®®EKTHBHOCTH AJITOPUTMOB LIUPPOBOIA
OBPABOTKHU CUTHAJIOB HA OCHOBE CILIAMH-®YHKIUH

05.01.04-MatemaTisieckoe H nporpaMMHOe ofecneueHHe BEIMHCITHTEILHBIX MAlTHH,
KOMILIEKCOB H KOMMBIOTEPHBIX ceTeit

ABTOPE®EPAT JUCCEPTALIMH
JOKTOPA ®NJIOCO®HUH (PhD) TO TEXHHYECKUM HAYKAM
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Tema aaccepranun aoxropa grnocodun (PhD) n1o TexunveckuM HayKaM 3aperacrpaposana
B Botemeii arvecranmonuoii xomucenn npu Kabanere Mnnucrpos Pecniy6anxu Yi6ekscran 3a
B2019.1PhD/T970.

Hucceprauus soinonkena B TAIKEHTCKOM YHHBEPCHTETE HHGOPMAUHOHHBIX TEXHONOTHH,

Astopedepar sMccepTauMM Ha Tpex sIbikax (ysGexckwil, pycckuii, anrubickui (pesiome))
pa3Mellied Ha BeG-cTpaHHie HayyHOro cosera (www.tuituz) u na MudopMaunonno-o6pasosarensHom
nopraine «ZiyoNet» (www.ziyonet.uz).

Hayanmii pyxosoanrens: 3aiinnannos Xaxkumxon Hacpuannosna
JROKTOP TEXHHYECKHX HayK

OduunanLuLie oNNOHEHTE: Myxameanesa Juanos Tyaxynobna
JOKTOP TEXHHYECKHX HayK, npodeccop

Kaxxopos Ansoxon AGpoposna
KAHAMAAT TEXHHYECKHX HayK, AOLEHT

Beaymas opraumaums: TamxeHTcKHil HHCTHTYT HILKEHEPOB XeC3HOROPOXHOIO
TpancnopTa
P
3augra AMccepTaunk cocroutes « P8 @ 2019 1. 8_% vacos na sacenanun

Hay4Horo coseta DS¢.27.06.2017.T.07.01 npu TauikentcxoM yHHBepcHTeTe HHGOPMALHOHHBIX
TexHonoruii. (Anpec: 100202, r. Tawkent, ya. AMupa Temypa, 108. Ten.: (99871) 238-64-43; diaxc:
(99871) 238-65-52; e-mail: tuit@tuit.uz).

C aucceprauueit MoxHO 03HakoMKTECR B MndopmanoHHO-pecypcHoM tentpe TawxenTckoro
YHHBEpCHTeTa HHGOPMAUHOHHBIX TEXHONOIHit (perucTpauHoHHbIfl Homep Ne Qﬂmxpec: 100202, r.
TamxenT, yn. Amupa Temypa, 108, Ten.: (99871) 238-65-44).

AsTopeepaT auccepTauNK pasocsian « 2O »lp%l 2019 ropa.

(npotoxon paccauiku Ne £ ot «iﬁwow r.).

P.X.Xampamon
~/" Tlpencenatens Hayuioro cosera
fCy KAeHIMIO yUeHLIX cTenened, A.T.H., npodeccop.
®.M.Hypannes

VYuenbift cexpetaps Hay4HOro cosera no
TPHCYKACHHIO YHEeHBIX cTeneHeil, 4.T.H., 0LeHT

M.C.Aky6os
Hpesncenatens Hay4HOrO CeMHHAPA MPH HAyYHOM

J coBeTe 10 NPUCYXAEHHIO YUEHBIX CTeneHel,
. Yy A.T.1., npodeccop



BBEJEHUE (anHoTauus aucceprauun aoxktopa ¢purocodn (PhD))

AKTYaBHOCTb H BOCTPe6OBAHHOCTH TeMbl AHCCEPTALHH. B mupe
pasBUTHE COBPEMEHHBIX HMH(OPMAUMOHHO-KOMMYHHKALHOKHBIX TEXHOMOTHA H
BHEIpEHHE HX B PaTHYHbIE OTPAC/H NPOH3BOACTBAARJAIOTCA BAKHBIMH, HMEIOT
BaXKHOE 3HAYEHME A CO3AAHHSA TMapajUIebHbIX ANMOPHTMOB NPH PEIICHHH 3aaaY
BOCCTaHOBJICHHA H LupoBoli 06pabOTKH CHrHANOB, OCYIIECTBICHHA MPOLECCOB
06paGoTkHHa OCHOBE MHOTOANCPHOH ApXWTEKTYPHIM TOHCKa ONTHMANBHBIX
peieHnii.CoBpeMeHHble 3Tambl Pa3BUTHA CTPYKTYPHl MallMH, KOMIUIEKCOB M
CHCTeM, YCTAHOBJICHHBIX Ha OGBEKTaX, KOTOPEIE BXOAAT B CTPYKTYpY YCTPOHCTS,
CreLMaNnH3HPOBAHHBIX /A BEAEHUs HayUHBIX HCCNIEIOBAHHA HIK PacTIONOXEeHHbIE
Ha MOMBMXXHBIX COCTABaX XapaKTepH3YIOTCS OfepaTHBHBIM aHAH3OM CIIOXKHBIX
NpoLECCOB M Nofefl M MOBBILEHHBIMH TPeOOBaHHAMH K CKOPOCTH obpaboTku
GonblIMX 06BEMOB JAHHBIX B PE&XHME PEAIBHOrO BpeMeHH, B yacTHoctH, B CLLA,
Poccuiickoit ®enepaunn, Ungun n Pecry6nuxe Kopes, ocoboe BHMUMaHHE
yaenserca paspaGoTke MeTOROB peiuenus npobiem 06paboTku H306paxeHult
CHTHAIOB IMyTeM HCHO/Nb30BAHMA COBPEMEHHBIX METOA0B, &NrOpUTMOB H
CTPYKTYPHBIX CPEAICTB, apXHTEKTY bl BEIYHCIHTENILHBIX H POrpaMMHBIX CPEACTB.

B Mupe BemyTCA Hay4HBIO-HCCIIEIOBATENbCKHE PaGOTEI, HanpaBJeHHEIE Ha
CO3/laHKe MapaniebHEIX AIrOPHTMOB M OCYLUECTBICHHIO MpoLECCoB o6paboTku
Ha OCHOBE MHOrosfepHofi apXMTEKTyphrl B peLICHMH 3ajaq Io undposoit
06paboTke CHIHANOB. B YaCTHOCTH, B 3TOM IU1aHe NPH BOCCTAHOBJICHHH M aHanu3e
CHIHANOB IIMPOKO NMPHMEHAIOTCA METOABI napaane/bHoii 06paboTkn H METOAb!
crnafi-QyHKumd, cnnafiHel Kak K1aCC  KYCOMHBIX  (yHKUMH  LIMPOKO
MCTIONB3YIOTCA B CO3JAHMM MPOTPAMMHBIX M aMNMapaTHEIX CPeACTB Gnaroxaps
Manomy o6beMy BIMMCIIEHut, THOKOCTH anropuTMoB 06paGoTKH, ONTHMANLHEIM
AupdepeHUHaANbHEIM W 3KCTPEMANbHBIM CBOHCTBAM, NPOCTOTE BHMHCIEHHH
napameTpoB, cnaboe BAMAHME HA LENBHOCTH OWMGOK, KTYalbHbIMK OCTAIOTCA
onepatHBHad 06GpaGoTka HaHHBIX, MOBBIEHHE 3¢(EKTHBHOCTH ANrOPHTMOB
undpoBoii 06paGoTKH CHrHANOB, pa3pabOTKX METOA0B, AIFOPHTMOB, anNapaTHLIX
M MpOrpaMMHBIX CpEACTB, MNpeAHA3HAYECHHBIX, [UI- OMpPEAC/ICHUA JIOKANBHBIX
ocobenHoCTelt cUTHANOB. o TR

B Pecny6nuke . BHEAPAIOTCA; -~ HH(OPMALHMOHIO-KOMMYHHKALMOHHbIE
TEXHONOTHH 1A Pa3BUTHA ABTOMOGH/IBHOI NPOMBILLLIEHHOCTH, PEH3YIOTCA Meph!
N0 NPUMEHEHMIO NApALIENBHBIX AITOPHTMOB MPH NOCTPOEHUH  BHIMHCTHTILHEIX
CHCTEM ANA NoBEIIeHHA 3¢deKTUBHOCTH. Ipon3soacTea. B-Crparernn aefcanit
no nansHeMmemy passurhio PecryGmitku Vsbekueran, ';2017-2021 rr., B
YaCTHOCTH OMpeJeNeHsl 3aJayd MO «PAIBHTHIO H . MOASPHH3AUMH AOPOXKHO-
TPAHCIIOPTHOMH, unmeuepno-xommynnkaliﬁﬁﬂﬂoyfg ‘counansHol MH}PACTPYKTYp,
... BHEJIpEHHA umpopmmmouno-xommynux‘annoﬁnbn( Texnonoruii» ' . Tlpu
OCYLIECTBIIEHHH JAHHBIX 3ajad, OAHHM M3 BRKHBIX BOMPOCOB ABJAETCA
pa3pa6oTKa napaNENBHBIX ANFOPHTMOB [  MHOTOANEPHBIX NPOLECCOPOB,

- PSR

'Yxa3 Mpesunenta Pecy6auky Vaexuctan ot 7 despans 2017 r. Ne YI1-4947 «O Crpaternn acfictauft
o nansuefiemy pasautuio Pecry6anxs YabexucraH»
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MOZleNieli  CTPYKTYp cCrhenManbHBIX HPOLECCOPOB HA . OCHOBE KyOuueckux H
Buxy6uaeckux cnnaiinos.

HanHoe uccnenopanue B OnpeneneHHOM Mepe CIYKHMT OCYLIECTBIICHHIO
3ajad, onpepenenHeix Vxasamu INpesunenta Pecny6muxu V36ekucran 3a NeVII-
4947 or 7 ‘dbespans 2017 roma «O Crparternu felicTeufi no AanbHefilueMmy
pasBuTHIO Pecry6nuxu Ya6ekuctan»u ot 12 nekabpa 2017 roma Ne YII-5278 «O
Mepax no KopeHHomy pedopMuposanuo HauuoHanbHOH cHCTEMbl OKa3aHHA
FOCYHapCTBEHHBIX Ycmyr HacesieHmio», IlocTaHoBnenneM Kabunera MuHHCTpOR
Pecrrybnuxu  Va6exucran or 15 cewtsbpa 2017 roma Ne728 «O Mepax mno
COBEpIUCHCTBOBAHHIO NOPAAKA OKA3aHMA 3JEKTPOHHBIX IOCYAApPCTBEHHBIX YCIyr
uepe3 EuHBIi mopran MHTEpPaKTMBHBIX rOCYNapCTBEHHBIX yciyr Pecmy6muku
VY3bexucran», a Takke ApYTMX HOPMATHBHO-TIPABOBBIX aKTOB, KacalOIIMXCA
JaHHo# ciepsl. :

CooTBercTBHe McCeHOBaHMA ¢ TNPHOPHTETHBIMH HANPABIEHHAMH
Pa3BHTHS Hayku M TexHojormii pecny6amku. [laHHoe wuccrnenoBaHHe
BBIMOJIHEHO B COOTBETCTBHH C NMPUOPHUTETHBIMHM HAMpPABAEHUAMH PasBHUTHUA HAYKH
u TexHonorun IV. «HMupopmaTuzauma M pasBUTHE HMHGOKOMMYHHUKAUHOHHBIX
TEXHONOrHit»,

Crenenp m3yuennoctn npoGaemsl. JIo HACTOAIIETO MOMEHTa MOMYHEHBI
HaY4HbIE H NPAKTHYECKHE Pe3yNLTATEI O Pa3paboTKe METO/0B ¥ AITOPHTMOB 110
pabote ¢ msobpaxenuamu, wuupposoii o6pabotku reodusnueckux M
CeICMHYECKHX CHMIHaloB. B  YacTHOCTH, BOMPOCH =~ MAaTEMETHYECKOro
MOJIENMpOBaHNA paccmatpuBanuck B paborax I'M.Mapuyka, 10.H.Cy660Tuna,
B.A.Bacunenko, petienuto TeopuH CIu1aiiHoB, nocsswenst paborst C.3aBbaoBa,
C.0.CHHbUHA, C.B.CreukuHa, B.JI1.MHpOILIHHAYEHKO, M.Hcpourosa,
X Mloaumeroa, Bompocsl pa3paboTKH MOJENe M NPOEKTOB apXHTEKTYP
CNCUMANLHBIX MPOLECCOPOB paccMaTpuBanuch B Tpyaax A.M.I'peGenHukosa,
B.M.Kpacosa, O.3enxesuua, [x.®Pukca, K.nebopa, .CtpeHra, a Taike B
HaY4HBIX paGorax M.M.Kamunosa, T.®.Bexmypanosa, M. Mycaesa A.Vimamosa, ,
X .H.3aifuuamuHOBa U Apyrux yYeHsIX.

Hepocratouno wusyuenni npo6neMel MeTomoB  co3jaHua — TabnnuHo-
ANrOPUTMHYECKHX CTPYKTYP CNELHMATLHBIX MPOLECCOB, COBMECTHOTO NPHUMEHEHHS
OCHOB TEOPMH CILTAitHOB, CO3JaHMA BBICOKO3((EKTHBHEIX M TOYHBIX METOAOB,
pa3paboTku nporpaMMHBIX M annapaTHbIX CPEACTB Mapa/UleNbHOrO BHIMHCIEHHA
Ay BOCCTAHOBNEHHUA 1 L poBolt 06paGoTku cHrHANOB.

Csa3pb AHCCEPTALIROHHOI0 HCCJIeN0BAHMA ¢ IJIaHAMH HAY4HO-
HCC/IeA0BATENLCKHX PAGOT Bobicniero oGpa3oBATe/IbHOrO y4pexiaeHus, rie
BbINOJIHEHA auccepTauMs. JlMccepTaUMOHHOE HCCMEOBAHHE BHIMOJIHEHO B
paMKax TIpOEKTOB IUlaHa Hay4yHO-MCCNenOBaTensckux pabor TauikeHTCKOrO
YHHBEpPCHTETa HHOPMALMOHHBIX TEXHONOTHH 110 TeMe: NeEd4-001- «Teoperuxo-
METO/IHYECKHE OCHOBBI CO3JaHMA aNMNapaTHO-NporpaMMHLIX cHcTeM o6paGoTky
CHrHAIOB Ha COHoBe cmnaiiHoB»  (2014), Nod4-021-«Teoperudeckue
METOJOJIOTHYECKHE  OCHOBbi  CO3MAHHA  HHTEJUIEKTYanbHO-NPOrpaMMHBIX
TEeXHHYECKMX CHCTEM BOCCTaHOBNEHHs M o6palorku 3Byka B KyCOYHO-

.
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MONMHOMHMANBHEIX  Gasmcaxy . (2012-2016) u  NeBA-AS5-021-«Cospnanue
cnenuanu3upoBaHHONH CHCTEMBI 06pa6cmm celicCMHUECKHX CHTHANOB M BelBNeT-
ananu3a» (2016-2018).

Ilenblo MCCIexoBaHMsA ABIAETCA pa3paboTka METONOB H MPOrPaMMHOrO
obecrieueHus MOBBIIEHUA 3(hpeKTHBHOCTH AIrOPHTMOB uu¢posoit o6paboTku
GYHKUMOHANBHEIX  3aBMcMMOCTe#i € MCMO/IB30BAHHUEM Ky6uueckux H
6uKy6uueckux cnnaiHos.

3agaun HecleJOBaAHMSA:

HCC/IelOBAHHE METONoB M CrocoB60B MPHOMIKEHHA  (yHKUHOHANBHBIX
3aBMUCHMOCTEI, TIONyYeHHbIX, B pe3y/bTaTe 3KCNEPHMEHTA H dyHKuMH, a TaloKe
onpeneNeHHE ONTHMaNLHOrO MeTOAA 1A BBIGpaHHOTO Kilacca CUrHasoB;

co3/laHHe MapajieSIbHBIX aJlfOpHTMOB uudpoBo# 06paboTkH CHrHAIOB ANA
MHOroAAE€PHBIX NPOLIECCOPOB;

paspaboTka Mogeseii CTPYKTYyp CNEUMATH3MPOBAHHLIX NPOLECCOPOB HA
OCHOBe Ky6Hu€ecKHX M GuKy6HuecKHuX CILIaHHOB;

pa3paboTKa CTPyKTyphl NMpOrpaMMHOro obecredeHus Ii MOACNHPOBAHUA
npoueccoB uudpoBoit 06paGoTkM OAHO H  NBYMEPHBIX (byHKUHOHANBHBIX
3aBMCHMOCTEI C HCMONB30BaHKHeM CIUIaRHOB.

O6beKTOM HCCJIeJOBAHHA ABJIOTCA CTEHAbl TNMPOBEPKH W CTPYKTYPEHI
CrNelMaTH3UPOBaHHBIX MPOLECCOPOB, HCII0JIL3Y EMBIX IIPH o06paboTke CHrHaNoOB.

IlpeaMeT MCC/IeX0BAHUA — METOABI M AIrOPHTMBEL uudposoit 06paboTku
CUrHANOB Ha OCHOBE KyGHueckux U GUKyOU4eCKuX CIUIaiHOB.

MeToab! HCCICAOBAHHA. TeOpeTHUYECKHMH OCHOBaMH TNPOBEACHHBIX
uccnejoBanuii aBnsioTcs Teopus (YHKUMOHANLHOTO aHANH3a, TEOPHA cnnaiH-
GYHKUMA M MORENMPOBAHMA, TEOPUA PANOB W MaTpHLl, a Takke TEOPHA
napajuieNnbHbIX BEIYUCIICHHI.

Hayunasi HOBH3HA HCC/IeA0BAHNS 3aK/II0HACTCA B CIEAYIOUIEM:

B pe3ynbTaTe MCCIEAOBAHMA METONOB npubmokenns  QyHKuMA M
(YHKUMOHANBHEIX 3aBMCHMOCTell, MONMYYEHHBIX B XONE OKCNEPHMEHTOB, A
BLIGPAHHOrO KJ1acca CHUrHalIOB YCOBEPIUEHCTBOBAH METOA cnnaiid-pyHKUMiA Ha
OCHOBE aHATMTHYECKOro aHaNu3a; :

pa3paboTaHbl napajuiesibHble aNnropHTMBI uudpoBoit 00paboTk CHrHAIOB,
NONYYEHHbIX B pe3ybTaTe HCMbITAHKMA aBTOMOOHMIIBHBIX YacTeil;

paspabotansl 3¢QpexTHBHBIE ANTOPHTMBl LA uudposoit  06paboTKH
BHOPOCHTHAIOB B MHOrosAlepHBIX Ipolleccopax Ha OCHOBE KyOuueckux H
6uky6uueckux 6asucHbIX cruialtHOB;

paspaGoTaHa CTpyKTypa NpOrpaMMHOro oGecrneueHus i MOACIMPOBaHHA
npoueccoB uHppoBoii 0GpaboTky OAHOMEPHLIX H JIByMEPHBIX (YHKUHOHANBHBIX
3aBUCHMOCTE} C UCNONb30BAHUEM CIUIANHOB;

IpaKTHuYecKHe Pe3y/IbTaThl HCCIEA0BAHNA 3AKTIOHAIOTCA B CIICYIOLUEM:

co37aHa anroOpUTM M MporpaMMa MOACAMPOBAHMA CTPYKTYP BEI'MHCIIEHUA Ha
ocHOBE 6a3uCHBIX CILI1aHiHOB;

paspaboTaHbl anroput™M M MPOrpaMMa [Uis MOAENHPOBAHMA  ABYMEPHBIX
CHTHAJIOB C MOMOILBI0 GHKYGHueCKHX 6a3UCHBIX CILTARHOB;
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paspaGoTans! anTOPHTM M MporpamMMma M KycouHo-Gasucholt obpabortku
CHIHANOB.

HocToBepHOCTLPE3yALTATOB HecaeA0BaHKiE 06OCHOBEIBAETCA TEM, YTO B
. pesynbTaTe HcciefopaHMi M aHanu3a mnpobneMEl BhiCOkue TpeboBaHMA K
NpPOM3BOAMTENIBHOCTH BBMHCIHTENLHBIX CHCTEM, WHCIONB3YeMbIX B obnactn
uudposoil 06paGoTKH CHrHaNOB COIMIACYIOTCA C TpeGOBaHMAMH MO CO3RAHHIO
HOBBIX METONOB M QINOPMTMOB, OCHOBAHHBIX Ha CHnafiH~-QYHKUMAX, WM
napannensHo-KOHBeiepHBIX MHOTOTIPOLIECCOPHBIX H MHOTOAEPHEIX CHCTEM.

Hayunas # mnpakTH4eckas 3HAYHMOCTL Pe3yAbLTATOB HCC/IeL0BaHMA
060CHOBBIBAETCA TEOpPEeTHYECKMMH H METOAMYECKHMMH OCHOBaMHM pa3paboTku
nporpaMMHoro ofecniedenns mpu  undpoBoit  ob6paboTkM  curHanoB M
dopManuzanMH AaHHBIX, TEXHHYECKHMH cHcTteMamH uudposoli obpaborku, a
TakKe METOAMKON MpPHHATHA peweHnit B  TpyAHO dopManH3yeMbIX
HHPOpMALMOHHBIX CHCTEMAX.

IMpakTHueckad LEHHOCTh BHIMOJHEHHBIX HCCIENAOBAHMA 3aKilioyaeTca B
NOBBIUEHMH KAayecTBa Mpollecca HCABITAHMA  aBTOMOOHABHBIX  uacTeit
pa3paboTaHHBIM H YCOBEpLIEHCTBOBAaHHBIM NPOrpaMMHBIM KOMIUIEKCOM Ha OCHOBE
anroput™MoB L poBoit 06paboTki BHEpocHrHanos

Bueapenue pe3syabTaToB HcchaenoBaHua. Ha ocHoBe  pesynbTaros,
NOMyueHHEIX B XOAe pa3paboTkH nporpaMMHOro obecneyeHWs H anropuTMOB
niosbleHns 3¢ pexTuBHOCTH npoueccos uudposoit 06paboTkn (hyHKUMOHANBHBIX
3aBHCHMOCTeIl C MOMOIBI0 KyGH4YeckHX U OHKyOuueckux 6a3icHBIX CaiiHOB:

anroput™ iMppoBofi 06paGoTKH M CrAMKHBAHWUA JAaHHBIX, LHUPPOBOH
06paboTkH CHrHajIOB Ha OCHOBE CIUIAHH-METONOB BHEAPEH B AKLMOHEPHYIO
kommanuio  «GM-Uzbekistan» (cnpaBka MuHHCTEpcTBA NO  Pa3BHTHIO
HH(OPMALHOHHBIX TeXHOMOrHA N KoMMyHHKauuit Pecrry6nuxu Y36exkucraH ot 6
nexabpa 2018 r. Ne33-8/9165). B pesynstare pa3spaboTaHHblii airoput™ M
CHCTEMA [103BOJIWI COKPaTHTb BpeMA N4 BhiuucaeHuit Ha 12%, Bpems
JOKYMEHTHpPOBaHHA Pe3yNLTaToB Ha 26% M NOrpeltHOCTH CoOKpaTHANCh Ha 7-15%,
HO3BOJIWJI MOBLICHTH 3¢ PEeKTHBHOCTb NPOM3BOACTBA Ha 40-45%;

paspaGoTanHeiif anropuT™, npeaHasHaueHHbI AnA aHanM3a M UMPOBOI
o6paboTkn celicMHYECKMX CHTHaNOB CIUIAfH-MEFOMOM, -a~TalKe IS KOHTpONA
ceficMuueckux. konebanuft B mnpomecce pa6oTH 'YCTpolCTB, BHempeH B
akuuoHepHyto komnanmio «GM-Uzbekistan» (cmpaBka MuHucrepcrea no
pa3BUTHIO HHQOPMAUMOHHBIX TexHomoru#t M KoMMyHukauu#t Pecry6Gnuku
VY3bexucran or 6 pmexabps 2018 r. Ne33-8/9165). B pesynstare nosgonmn
COKDaTHTh BpeMA BbIYMC/IEHHA Ha 14%, BpeMs JOKYMEHTHPOBAHMA pe3y/BTATOB
Ha 25%;

aNropuT™, NpegHasHaveHHsI ana umdposoit o6paborku BUGpocHrHanoB,
KOTOpEIE MOYYEHEl B MpOLECCE MCMBITAHUA aBTOMOOHNBHBIX Aeraneli, MeTOAOM
ky6uyecknx u GukyGuueckux crnaiiHoB BHeapeH B 000 «UMID UCHKUNI
AUTO»(cnipaBka MuHHCTEpCTBA NO Pa3sBUTHIO HHGOPMALUMOHHBIX TeXHONOrHi H
KoMMyHHKalmMi Pecry6nuku Y3Gekucran ot 6 gekabpa 2018 r. Ne33-8/9165).B
pesy/ibTaTe MO3BOJIMN MOBLICHTH TOYHOCTh OOHapy;eHHA HeucnpaBHocTeil B
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aBTOMOGHIIBHBIX fieTaaX Ha 15%, yMEHbLINTE BpeMA BEIMHCIICHHA POrpaMMHOro
obecneuenns 4-5 pas;

anropuT™, NpeaHa3HaueHHbIH WA uMdpoBoik obpaGoTku BHUGpOCHrHANOB,
KOTOphIE MOMy4eHbl B MPOLECCe HCMBITAHHA aBTOMOGHIEHEIX HeTanel, METONOM
Ky6uueckux ¥ 6uky6uueckux crutaiiHoB BHenpen B 000 «TOP TRANSPORT
TASHKENT»(cnpaBka MHuHHCTEpCTBA 10  pasBUTHIO  MHGOPMAUMOHHBIX
TexXHOJIOrHi M KOMMyHuKauuii Pecry6nuku Y36exucran ot 6 aexabpa 2018 r.
Ne33-8/9165). B pe3ynbTate MO3BOJMN TOBBICHTh TOUHOCTb OGHapy)KeHHA
HeucrnpaBHOCTeH B aBTOMOGH/IbHBIX AeTanax Ha 18%; TOYHOCTH pe3yNbTaTOB HA
15%; cOKpaTHTh Bpemd, 3aTpauHBacMO€ Ha BBIYMCIHMTE/BHBIE MPOLECCHI
nporpaMMHbIM obecnieucHueM B 2-4 pasa.

Anpo6auus  pe3yiLTATOB HccleN0BaHMs. PesysibTaThl  HAcTOAMIETO
McclenoBaHus ampobupoBaHbl M OBCyMAeHs! Ha 12 MeXIyHapoAHBIX M 9
Pecny6nnkaHCKuX Hay4HO-IPAKTHYECKHX KOH(epeHUUsX.

Ony6aHKOBAHHOCTL Pe3y/bTATOB HccaenoBaHus. [To TeMe HccnenoBaHUs
ony6nuKoBaHO Bcero 29 HayuHbix paGoT, B 4acTHOCTH 6 craTell B Hay4HBIX
M3NaHMAX, pPEKOMEHAOBaHHbLIX Bbicweii arrecTaunoHHON KOMHcCHeH K
My6NUKALMKM OCHOBHBIX HayYHBIX Pe3yJbTATOB JOKTOPCKHX AMCCepTaumi, B 2
3apy6GexHoM xypHane u 4 Pecrmy6nukaHCKHX KypHanaX, a TaKXKe IOJYHECHBI
CBHICTENBCTRA HA 5 NporpaMMHbIX paspabotok ana OBM.

Crpyxtypa H ofbem auccepraums. JluccepTauuu COCTOMT U3 H€ThIpeX
rN1aB, 3aK/I04EHN, CIIMCKA HCTIONL30OBAHHOM MUTEpaTyphl M npuiokennii. O6veM
Jaucceprauny coctabaser 109 cTpaHuLbL.

OCHOBHOE COJAEPXXAHHE AHCCEPTALIUH

Bo BBeAGHHH 060CHOBaHBI aKTYallbHOCTE H BOC‘I’peGOBaHHOCTB TEMBI
AuccepTaluH, onpeacyieHbl USJlb U 3ada4M, obbekT u npeamer HCCIeq0BaHuA,
NMPUBOANTCA  COOTBETCTBHE HCClIeA0BaHNA  MPHOPHTETHBIM Harpasjl€eHHAM
Pa3BUTHA HayKH M TexHomoru#t Pecmy6nuku Y36eKMCTaH, H3MOXKEHBI HayuHad
HOBH3HA, NPaKTHYE€CKHE pe3ynbTaThl HccnegopaHus, obocHOBaHa JOCTOBCPHOCTD
MOJYYCHHBIX pe3yJIbTaTOB, pacKkpbIBacTCA TCOPECTHHECKAA H MpaKTHYeCKas
3HAYUMOCTh Ppe3yJIbTaTOB HCCIIEROBAHHA, TIPUBEACHBI BHCAPECHUE pe3ybTaToB
HCClenoBaHus, CBEAEHHs 00 Ony6iHKOBaHHOCTH pe3ynbTaToB W CTPYKTYpe

JUCCepTaUMH.
B nepeodi rnaBe MAMCCEPTALUHH «AHAJIH3 COBpeMEHHBIX MCTOAOB

npubnmwkeHust GyHKUHID) NPEACTAB/CH aHAMM3 METOAOB MPUMEHACMBIX [IPpH
npubmokeHuy gyHkumit, meron npubnixeHus GyHKUMOHATLHBIX 3aBUcUMOCTe C
MOMOIIBIO ONHOMEPHEIX CIU1aiiHOB, METOAE! NpUONKeHH (YHKUHOHANBHBIX
3aBMCHMOCTell Ha OCHOBE MHOTOMEPHBIX CILTaiiHOB.

CospemenHsle MeToas! LHdpoBoii 06paboTky CHrHanoOB BO MHOTOM 3aBHCAT
OT aNropuTMa M CTPYKTYPHBIX CPEACTB, PasBMTHA MNpPOTpaMMHBIX CPEACTB H
apXUTEKTYPb! BHIMUCIHTENBHAIX CPEACTB.
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Haubonee npoctoift H mMpoko ucnonb3yeMol uacThio  3amauu
BOCCTAHOBJIEHHA aHAIHTHYECKOro BHAA GYHKUMI Ha OCHOBE TABMHYHBIX JAHHBIX
dyHKuUHi ABAETCA BONPOC 06 HHTEPNOMALKH AAHHBIX dyHKLMiA.

B knacchueckolt HHTEPMONALMH MHOTOWIEHE! CTPOATCA B CaMOM MHTepBane
[a,b]. Uem Gonbllle MBI YBeSHYHBAEM Y3IOBEIE TOYKH, TEM JTydle NpHGIIKEHHE.

OnHako CTENEHb CO3NABAEMOrO MHOIOWSIEHA 3aBUCHT OT KOMHMYECTBA Y3NOBbIX
TOYEK, YBEJHYCHHE 4UC/IA Y3INIOB BEAeT K YBEJIMYEHUIO KoddduuueHTa
MHOrOWIeHa, YTO 3aTPy[HsAeT 3ajauy pelleHHA CHCTEMBbI anrebpanueckux
ypaBHeHHii BLICOKOTO Nopsaka. Bo3MOKHOCTH KNacCHYECKHX MHTEPONALHOHHBIX
MHOTOWIEHOB YaCTHYHO OrpaHHYeHsl. ITOCKONbKY YHC/IO CHCTeMB! COCTAaBJICHHBIX
anrefpauyeckHX YpaBHEHHH 3aBHCHMAT OT KOJMYECTBA Y3NOBBIX TOHeEK,
TIOBBILIACTCA H MOPANOK CHCTeM anreGpanueckHx ypaBHeHHi. B pesynbTate npu
NOCTPOEHHH KIACCHYECKHX MOJIMHOMOB BO3HHKAET PAA HEAOCTATKOB:

NOCKObKY HHTEPMONALMOHHEIX MHOrOYMIEH MMEET BHICOKYIO CTEMeHb, TO
¢dopMyna nosmyuaetcs HeyAoOHO;

B Mpolecce PpelleHHA CHCTeMBbl aire6paMyeckuX YpaBHEHMH BHICIIKMX
cTeneHe BO3HHKAIOT ONpefieNIcHHble METOAUYECKHE OLUKOKH;

YCNOXHAETCA NpPOLECC BLIMHMCACHHA, B pe3ysbTaTe MOABNAETCH OmMnbKa
BBIYHCJICHHA. :

Co3naBaeMeli  MHOTOWNEH  MOXET  IJIOXO  NpubaMxaThes K
BOCCTaHaBJIHBaeMOMY MHorowieHy. ITosroMy B wuenax H30aBNeHHA OT 3THX
HEROCTAaTKOB, MCMOJB30BaHHE B 3ajayaX HHTEPHOJALMM MIA NpUONIKEHMA ¢
noMollLI0 CrakH-(pyHKIMI BMECTO KIACCHMYECKHMX MOMMHOMOB MMeer Gonbiume
BO3MOXKHOCTH H YK€ HAIWIO OTPaXEHHE B HayKe.

JlokaneHele HHTEPMOMAUMOHHBIE CIUIafiHBI XOpOIUO MpPHOMMKAIOTCA K
HHTepnoiHpyemMoMy o6beKxTy H HMeIoT npocToil BUA. CTeneHs cruaitia, KOTOpbIit
CTPOMTCA, HE 3aBHCMT OT YIoBbIX Touek. CosnaBaeMas cnnaliH-yHKUMA
CTpOMTCS HE Ha umepna.ne[a,b], a B HHTepBape [x,,xM][= (o,,,_..l)ﬂ ZlaHHas

crnaftH-pyHKUMA Ha KaXAOM HHTepBase OyNeT COCTOATH M3 MHOIOYIEHOB
OAMHAKOBOH CTPYKTYpBI.
B knaccuueckoii MHTEpnonALMM Ha BCEM HHTepBasle [a,b] CTpPOMJAach OfHA

tynxums. ITo3TOMy HHTEpIONALMA C MOMOLLBIO CrUTafiH-GYHKUKIATIO CpaBHEHHIO C
Knaccuyeckoll HMHTepnonauuefinmeer BBLICOKYIO CTemeHb TOYHOCTH K Gonee
npocTyi0  KOHCTpyKuwmio.  KycouHo-rnmagxme  MHOrOwIeHHbie  (yHKLMH,
NOCTPOCHHBIC HA MHTepBanax [x,,x,,] (,-:o,_n'.._l) Ha3bIBAIOTCA  cnaaiin-

dynxyuamu.

Hurepnonauua  ¢yHKum#t nokassiBaeT, HTO HHTEPNONALUMA CIUialiH-
¢bynkunamu Gonee 3¢pexTnBHa, YeM MHTEPNONALMA NMOCPEACTBOM K/ACCHUECKHX
NONHHOMOB.

Co6cTBeHHO NONHHOMHaNbHAA HHTEPNOALMOHHAA CIIaliH-QyHKUMS:

1) obecneunBaer xopouee npubamxeHne K 06beKTy;

2) MMeeT NPOCTYI0 KOHCTPYKUHIO U OTIHYAETCA NPOCTOTON NpH COCTABIEHNH
KOMIIBIOTEPHOFO AJIFOPHTMA.
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Ha npakTuke MBI IUIHPOKO MCTIONb3yeM (YHKIUHH TpeTbe CTeneHH, TO ecTh
Ky6uueckue crnaittbl. B gopmysie onncanua crulaiina 3uavenue xoadduumenta
cIUIaifHa BHIpaXKaeTcs MoCcpeACTBOM Y3OB (bYyHKUMH H PAaCCTOAHHA MEXY y3/aMu
(1). Ana crnaiiHoB ¢ d = 2 nedeKTOM anroOpUTMBbl CYMTAIOTCA abCONMOTHO
yc'roﬁimnbmn. OnHako npH d = 1 CraaKHBalOWHE PEKKYPEHTHBIC CIUIalHbI
oTHIONb He Ycroiiuusbl. KyGuueckue B-crunaitHbi BbIpamaloTCA CHIEYHOIMM
obpasoM.

0, X2,
(2 x)’/6, 1€x<2, 1)
Bi(x) = 1/6(1 + 3(1 -x) + 3(1 -x)* - 3(1 -x)*), 0<x<l,
Bsi(-x), x<0.

Ha puc. 1 npusenen oauH 6asucHbiif crutaitn. Ha puc. 2 ke nmpuBeneH
KOMILTEKC KyOHuyecknX 6a3HCHBIX CrnaiiHOB, CABHHYTHIX Ha HEM3MeHAeMBlii mar
h=1.

Jna cnnaiinos 3. cTeneHM NoKaNbHEIE GOpMyJIBEI IMEIOT CERYIOnH BUA:

- 3-ToueuHas opMyna:

= (1/6)(is + 8fi—fiv1):

- 5-ToueuHan dopmyna:

bi = (1/36)(fi.2 — 10fi.t + 54fi — 10fi+s + fir3);

- 7-toyeuHas popmyna

. b;—(1/216)( f 3+12f z—75f 1+344f:—75f +1+ 12f+2_f+3)

Puc l KyGH'lecmm 6a3ncm,m Puc. 2. Komniaeke kKy6uuecKkux
cnuaitk 6a3McHBIX cruIaiiHOB
Sm(x) cnnaiin cteneHy m ¢ nedextom 1, KOTOPHI HHTEPHONHPYET
OYHKUHIO f(X) MOXHO NPEACTaBMTH TOJNBKO C IOMOIILIO CyMMb1 B-criiaiiHoB:

()28, = 268, asxsb, @

[EZ |
rae b — koaduLUHEHTHL.
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Takum. ofpasoM, HccrenoBaHHe MeETOHOB npubnuxeHna ¢GyHkuuit u
CBENICHUH, MONYYEHHBIX B XOJE 3KCMEPUMEHTa (B BHE Tabnuu) ¢ nomolpio
KyGHUECKHX CILTafiHOB, [10Ka3aN0 ClemyoLLee:

1. Hcnons3oBanne Ky6uueckux 6asMCHBIX CILTaitHOB 1A peuieHHa psapa
3afa4, 0cobeHHO npu npubMIKeHMHM GYHKUMH, HMEIOMHX pe3oHaHCHEIE
BLICOKOTPAAHEHTHBIE" TOYKM, AaeT JIydliue pe3yibTaTh! MO0 TOYHOCTH
OTHOCHTENIBHO JPYrHX MHOIOYJICHOB.

2. Ilpu npubnuxenun Qymxumit u ceenenmui, TOSTy4eHHBIX B XoJe
aKcnepuMeHTa (B Buie Tabnuu), ¢ nomomero QopMyEl (2) nposBnserca
JIOKANBHOE CBOMCTBO B-CrunaiiHOB. DTO yKa3lBaeT Ha TO, YTO 3HAYeHHE 3TOM
dbyHKIMH B NPOH3BONEHON TOYKE MOXKHO MPENCTABUTD TONBKO B Buge m+1 (3gech
m - CTeneHsb Crutalina), T.e. ko3 PUUHEHTEI MOXHO ONpeaenuTs MyTeM NUHelHOi
(opmbl B BHAE CyMMbI Npou3BeeHHil GasucHbIX 3eMeHTOB. [TpHBeAeHHbII Bbile
MHorouneH (2) #ABNAETCA OCHOBOM AIA pacnapajulenuBaHuA BBIMMCIEHHI M
CO3JaHNA NapAILTENLHBIX APXHTEKTY P CICHHATM3IUPOBAHHBIX [POLIECCOPOB.

B nocneanee Bpems momyumna passutde Teopus MHOrOMEpPHBIX CIUTIaliHOB
GyHxunit npubarkenus co MHOrMMH nepeMeHHBMH. ECiM MMeTh B BHAY TONBbKO
0611aCTh  HHTEDMONALMOHHBIX TONMHOMUANBHBIX CIUIAMHOB, TO ONpEAc/cHHe
OIHOMEpHEIX CIUIAfHOB PacCWUMPHUTCA KO COCTOAHHA MHOTMX aprymeHToB. [lpu
3TOM QYHKUMA Sm(x,y) GyneT NByMepHbIM CIIAHHOM CTENEeHH m OTHOCHTENbHO
cetku {x;, yi}. Ecnn on coBmazer ¢ noiMHOMOM cTemenu m , TO MO X H y Ans
kaxxaoro npsmoro yrna D 6yaer cnpaseiuso nofo6Hoe.

[lo kakpoMy apryMeHTy MHOroMepHble MONHHOMMANBHBIE B-CrUTaiiHBI

paBHO#t cTemeHu m OyAyT onpemenaThCA Kak TEH3OpPHOE MNpOM3BeAEHHE
OfHOMEPHEIX B-crnalios:

B,(x,ys....u)= B, (x)® B, (¥)®...® B, (u)

B uactHoctH, mna aBymepHoro cmaliHa Swm(X,y) cTemenu m Gymer
npuMeHHMa opmyna;

Sp(x%,¥)= Z zbme,l (x)Bm, J ),

B naHHOH cymMMe BTOPHUHBIX KPaTKMX NpOM3BeleHMP KoadduLHEHTH M
OnHOMEpHbie B-crutafiHel GymyT 3HaMeHaTesneM, BBIpKEHHE [xi,Xir; yjyy+1] AN
ONpeNeNCHUA HEHYNIEBbIX 3HaYeHHH AByMepHoro 6asHcHoro cnnatina

B(x,y)=B(x)® B(y) .
OyAeT npeacTaBNATL COGOH MPAMOYrONBHMK, KOTOpBIA MOMyyaeTca
NOCPEICTBOM pa3MesibyeHUA CeTKH:
A x0<xl <x2<..<xpg1<Xni;

Ay: y0 <yl <y2< ... <yn21<Yn2
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Takum 06pa3oM, JIoKanbHEIe CBOACTBA OJHOMEPHBIX CILTAfiHOB MONHOCTBIO
pacnpocTpaHeHsl IS MHOrOMepHBIX CrulaiHoB. Ha omHOM M ToM e mare
annpoKCHMaLMH [BYMEPHBIH CIUIaiiH MOXHO BBIPa3UTh MNOCPEACTBOM ABYX
OIHOMEPHBIX CrnnaitHoB.

Tabauua
CpaBHenne d)ymcuuﬁ npuﬁnmlcenna MHoro'meuaMH
T T itk g D
[ lapgpigroa epubsein |- Miorosies latpiors) s
Ownbka BEIYHCTEHHR
2
fy={%*< 2 1,08°10% 1,88°10° 0,20°10°*
In(x), x22
Metomireckue ommbin | &< (3/128)maxlf (0} | s <G/128)max|f* ()i | &< (4/384) max|s* (x)}h*
Konmwecrso
BBMHCICHHA
(RA8 apXITEXTYPHL € 7372 9420 4096
| sapom N=1024 4)
Pemaerca cicTema
ypabHeaHil, HO MaTpHILA
Petnaercs cicrema Pemacren cicrema ypasHenHit He nosxan, 3-5-
Hrepnonaua ypaBrieHuit ypasHenuit axaroHansHas. Cywecrsyer
adpexTneHNA MeTOR HX
‘ PEIICHHA — METON NPOrOHKH.
C pocTOM XOMHYECTBA C pocToM KoH7ecTBa Moxro HCnoL308aTH
. YN10BHIX TOUEK YAN0BLIX TOYEK “rouetnnie” GopMynL.
BO3PACTACT H CTENCHb BO3PACTaET H CTeNeHs Crenens MHOrownena He
AnnpoxcHMaims MHoOrowieHa, B MHOIOWIeHa, B BO3PACTET C YBETHYCHHEM
pesynLTare yero pesyabTare yero 4HCNA Y3NOBLIX TOMEK.
OBLINEETCA 3HANCHAC MOBKIULACTCA 3HAUCHHE
ourbxH. omKbKH.

B pesynsTaTe aHanmu3a CYLIECTBYIOIHX METOROB NMpHOmDKeHHs GyHKImii
($13)F:1 paccMOTpeHa 3ajpayvya HHTEPHOJLUHH, TIPH 3TOM €CJIH B Haudale noxa
HHTeproNALuelt MOHHMANCs Npolecc NOHcKa 3HaveHUi GyHKuui AN 3HaueHuiH
apryMeHTa, He TNpeACTaBICHHBIX B Tabnule, TO Teneps MOHATHE HHTEPNONALNU
noxuumaerca wmupe. Kpome Toro, B jaHHOM pasfesie 6bUTH pacCMOTPEHEI BOMPOCH!
npu6nm|<enm HHTEpHONALHOHHBIM MHOTOUIEHOM Jlarparpka,

HHTEpTONALMOKHEIM  MHOTOWIeHOM HibloToHa, cnnaiiH-QyHKUMAMM, ObUTH
BBISBNICHB! MpenMyliecTBa chnaiiH-GyHkumii Mo cpaBHeHHIO € ApYTHMH
MHorouneHamu (CM. TabnuIry).

Bo BTrOopoil rmase AHCCEPTALMH «APXHMTEKTYpPa CHEUMAJH3IHPOBAHHBLIX
npoueccopoB s nuppoBoil  o6paGoTKH CMrHaNOB» paccMaTPHBAIOTCA
OCHOBHBIE MNOHATHA LuppoBolt 06paGOTKH CHIHANOB, TPAAMUHOHHAA H
MHOTOfiepHas APXHTEKTYPa LU(POBLIX CHTHANBLHEIX NIPOLIECCOPOB, MapajUIeLHbIE
ANTOPUTMBI, TpeAHA3HAYEHHBIE ANlA MHOTOKAaHANbHON apXHTEKTyph! LH(poBOH
o6pa6oTki CcHrHanoB. B HacToslliee BpeMs AKTyalbHHIMM OCTAalOTCA BOMPOCHI
aHanM3a MHOTHX CYIIECTBYIOIIMX METOJOB, &IFOPUTMOB M  @pXHTEKTYp,
npuMenseMbix B lMppoBot o6paGoTke CHrHalOB, a Takke M3YHEHHA MX
NpEeUMYILIECTB.

Ludpossie curHansueie npoueccopst (LICIT) (anrn. DSP - Digital Signal
Processor) NOABWIMCH HAMHOTO TOIKE YHHBEPCANLHBIX Mukponpoueccos (MIT).

31



Hx BosHuKHOBeHHE CBA3aHO cO cneundukoit anroput™MoB uMppoBoit obpaboTiu
curdanos (L10C). B anroputmax LIOC nau6onee pacnpocTpaHHeHoill onepauueii
AB/IACTCA  BBIYHCICHUE CyMMBl NpOM3BENEHHH, KOTOpasi NOMydYMNIa Ha3BaHue
6asoBo#i onepaumu LOC.,

Brepseie LICIT nosBumuce Ha MHpoOBOM peiHKe B Hauame 80 rr. B
nocnepyromue roast Takue ¢upMmbt kak Texas Instruments (TI), Freescale
(Motorola), Analog Devices (ADI) HenpepsiBHO passuBany npouseoacteo L(CIT
AnA  pasMMYHBIX oTpacneii. Ha ceromms TexHonornu npomssoxctea LICII
OHHAMMYHO pa3sBHUBAIOTCA.

Jna  poctikeHus Heob6xommumodi ckopocth B MLCI1 ocywecTBieHb!
CIIeAYIOLIHe apXHTEKTYPHBIC PellieHHS:

e ["apBapnckas apxuTekTypa. B maHHoit apPXMTEKType MamaTh pa3fieJieHa Ha
ase obnactu: nporpamMmHas namats (T11) ¥ NaMATH AAHHBIX (I1g). I'lpu sTom u3
NaMATH CYMTHIBAIOTCA ¥ KOMaHAa ¥ MH(DOpMauus,

* Monuduunposannas apsapackas apxuTekTypa. B namHoit apxutektype
HMeeTCs BO3MOXKHOCTh HenocpeacTseHHoro obMeHa JaunbiMu mexay TTIT u T,
970 nozBonser chopMUPOBATH KOMaHMIb! B BHAE 3PdeKTHBHOrO KoHBeiiepa.

e PacnapannenuBanne  kOMaHA N0  OJHOBPEMEHHO  paGoOTAIOLIMM
(byHKUMOHANBHBIM MOIYJIAM.

* Buenpenue L[OC, BbimonHseMoro 3a OAMH LMK, M OpHEHTHpOBaHHE
6a3oBEIX onepanuii Ha ycTpoticTao.

®upma Analog Device B 2005 rofy 3amycTina npou3BOACTRO ABYXAAEPHBIX
LICIT mapku ADSP BF 561.

PazsuTHe  MHMKponpoueccOpHOit TEXHHKH  [O3BOMMIIO nepefiTH ot
MHOrosiepHOit ¥ MHOTOMPOLECCOPHOH apXUTEKTYPbl K MHOroAZepHOH’, B KOTOPOi
KaKI0€e AApO BBINONHAET QYHKUMH CaMOCTOATENBHO PaGOTAIOWMX MPOLIECCOPOB.
310 He ynpolmaeT npouecc MPOM3BOACTBA MNPOTPaMM MOATOTOBKH M 3amucH
ITOPUTMOB, HO JaeT BO3MOXHOCTh HE YBEIMYMTh 06BEM HEpelIeHHBIX 3a4ad, a
PaCIUHPHTE 06/1aCTh NapaneNbHEIX BEMHCEHHI,

PaccmoTpum anropurm napannenusauu, npoLecc BOCCTAHOBIEHHA JAaHHBIX,
TIOTYICHHBIX B XOJle 3KCMEPUMEHTA M C MOMOILBLI0 KyGHueckuX 6asMCHBIX
CMaiHOB, pasfieNleHHA Ha MOTOKH MOCPEACTBOM OpenMP. Ecin dopmyny (2),
NpUBEACHHYI0 B TMepBOi IjlaBe AaHCCEpTalHOHHOR paboTHl, NMpHMEHHM K
Ky6uueckoht 6asucHoit dynxumy, To nomyunM cneayroutyro GyHKUHIO:

S(x) = 8,(x) = b_,B_,(x) + b,By(x) + b,B,(x) + b,B,(x)

B pesymsTate amanusa TpamMUMOHHON W MHOrosmepHoi apXHTEKTYpbI
IHPOBBIX CHIHAIBHBIX MPOLIECCOPOB pa3paboTaHbl napajulelbHble ANrOpPHTMEI,
NpeAHasHAYCHHBIC [UIA MHOrOAJEpHOH apXHTEeKTYypel unppopoit o6paboTku
CUrHanoB. B nocneanue rojibl NPoH3oWH (GyHAAMEHTANBHEIE CABUTH B PA3BUTHH
MUKponpoueccopoB. JlaHHbIe COBHIM  XapakTepH3YIOTCA MEPEXOROM  OT
ONHOANEPHOH apXMTEKTYphl K MHoroagepHoli apxuTekType. B uacTHocTH,
IIMPOKOE pacnpocTpaHeHHEe MOMYYUIH apXHTEKTYPhl CnenHanbHbIX NPOLECCOpOB,
lapeapackas, gon Helimana, a Taioke komnauuit Bnexdun u ADSP.
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Puc. 3. Anroput™ dopmMupoBaHus OTOKOB B YeTbIpexsaepHoil
APXUTEKTYpe

Ecnn  Kkaxaoe M3 4UeThipex Onepauuii YMHOKEHHH pasfeluTb Ha
napaieNbHble NMOTOKH, TO NapauleNbHbIA AIFOPHTM  MOXHO MpPEACTABUTH
cnemylomuM ofpasoM. JIaHHBI aIrOpHTM MOXHO OCYIIECTBHTE C NOMOLIbIO
yeThlpexaaepHoil apxuTekTypsl. [IpH nepenave MOTOKOB B MEpBYI0 Odepens
BBIMONHAIOTCA  NOC/NeoBaTeNbHO, 3aTeM  NapaulenbHo, [OTOM  ONATH
NOC/IeJOBaTENEHO. DTO MO3BOMAET 3HAUMTEBHO COKPATHTH BPEMA BBIYHCHECHU
(puc. 3).

IMpouecc nepexofa K MHOrOAZEPHOH ApXUTEKTYpe CTal BO3MOXNHLIM B
pesynsTaTe 3a CUET MOHIKEHHA HEKOTOPBIX TEXHOJOFHUECKHMX HOPM, TONMBLKO
NOBLULEHUA TAKTHUECKOR HaCTOTHl OJHOAAEPHON apXHTEKTYphl, koTopas cebsa
du3nveckyu ucuepnata. B pesynsTate MpUMEHEHMS MHOTOAACPHEIX NPOLECCOPOB
BO3MOXKHA MapasvieNt3auus MpoLeccoB BHIMOIHEHHA omepaiuuif, 9T0 MO3BONAET
COKpATHTb BpeMs LuQpoBoit CHTHANIOB M NOBBICHTE 0611y10 NPOH3BOAUTENLHOCTE.

B Tperse rnase aucceprauuu «IlapannenbHble aJropHTMbI undposoit
o0pa6oTKH CHIHAJIOB HA OCHOBE Kybuuecknx H GuxyGHuecKHX cruiaiiHoB»
ONMMCHIBAETCA APXMTEKTYpa TPAOMUMOHHBIX M MHOTOAACPHBIX CrEUHANBHBIX
NpOLIECCOPOB Ha OCHOBE KyOHYeCKHX CIU1aitHOB, MHOroAlepHbIE apXUTEKTYPBI Ha
OcHOBE GHKyGHUECKHMX CILIafHOB, HCMIONb3YEMBIX B BOCCTAHOBICHHH ABYMEPHBIX
¢YHKUMOHANBHBIX CBA3EH.

3ajaya [OCTPOEHMA CIUIAMHOB HAa OCHOBE JKCMEPUMEHTANBHBIX NAHHEIX,
MpeACTaBJEHHBIX B AHAIMTHTHYECKOM K TaOnUYHOM BHAE, CBOJAMTCA K
BHIUMC/IEHHIO KO3(duuHeHTOB by B 06IIHX CyuasX CleQyeT ONpenenuTb CeTKy

A-cIutaiiHa.
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JlokansHele OpMYNbI COXPaHAIOT CBOHCTBA CrNAKEHHOCTH npubIHKeHHs.
3HaueHHA XKe MapaMeTpoB He 3aBHCAT OT MHJEKCA i M yuera TOYeK, 3HaUHTENLHO
YHaNeHHBIX OT TeKyuuelH Touku. OH 6b1BaloT cUMMMeTpHuHBIMU. OfHaKo NpHMEHB!
TOJBKO IUTA ABYX BHYTPEHHHX TOYEK 06JIACTH.

Ilpn  obHapykeHnH OWHGOK B  3KCIEPHMEHTANBHBIX pesynbTarax,
TIOCTpOCHHE MHTEPNOAUMOHHOrO crutafiHa TepsieT cMbIcH. B Takux ciyyasix B
UeMAX YMEHBIICHHA OWHGOK BO3HMKAET HEOGXOAMMOCT B NpPHMEHEHUH
CrlaXkMBaloOmMX CIUIaifHOB.

K crnaxusaromeMy cnnafinomy orHocHTCA CIuUtaiiH, KOTOpEIH ABNAeTCH
«bonee rnamKuMy», YeM MHTEpMONHDYIOWMH CIUIAlH, 1 NPOXOOMT BOMH3U TOYKH
IKCIIEPUMEHTAIIbHBIX 3HaTEHHMIt.

MunuMusupyem gyHxuyonan:

J(r)= flS"(x)Izdx + Zinl/R,(f— Y, 0

rae Ri>0 — 3ananHaq BenuynHa. UeM Menbiue xo3¢pduument R, TeM Gonee
6miKe MPOXOAMT CILIliH-QyHKUMA OTHOCHTE/ILHO 3aJaHHOTO 3HAYEHHS Ji

Jna MuHUMH3aUMK QyHKUHOHANA (3) cledyeT PelHTs MaTpPUUHOE JHHERHOe
YPaBHEHUE C NMATHIO AHAroHaNAMH. Ha ocHOBe mocTpoeHHOro crutaiiHa W3NHIuHYe
MHOXHTEIH 3aHOBO BBIYMCIAIOTCA H CTPOHMTCA HOBBIM CrnaiiH Ha OCHOBE HOBOroO
Ri. Tlpouecc uTepaumu HOMmKeH MNPOAOMKATECA [AO COOTBETCTBHS 3HAYCHMA
crulafiHa 3aJlaHHOMY «KOPHAOpPY». HemocTaTKOM HaHHOrO MeToAa sBMAeTCH
HCKITIOYE€HHE CXKATHA Pe3yJILTATOB 3KCIIEPHMEHTA,

Tlpn Hcrons30BaHMHM METONa HAMMEHBLIMX KBANPAaTOB A TPHGIHKEHHS
y3en dyHkumit pasmemaerca Gonblue, 4eM y3e CriiaiiHoB.

BMecre ¢ TeM, cenyeT MHHUMH3UPOBaTh CeYIONIHit hyHKIMOHAN:

(r)=3 (-5,

rae S; — cinafH-QyHKuu, fi - 3aiaHHas QyHKUHOHANBHAA 3aBHCHMOCTD.

Takum  obpasoM, aHanM3 MeTOAOB  BbIUMCIEHMA  KO3((HUMEHTOB
NpUG/IIKEHHA HA OCHOBE CILTAMHOB MOKA3a1, 4TO npo6eMa MOCTPOSHUA CILIAiiH-
¢yuxunii Ha OCHOBe SKCIEPMMEHTANLHLIX Pe3yNbTATOB CBOAMTCS K npobneme
BBIYHCNEHHs ko3dduunentos b. Jina cucrem, paboTaommx B pexxume peanbHOro
BpeMeHH, npepiaralorca GopMysbl «TOHEHHOr0» BBIYMCIEHHA KO3(QPHLHMEHTOB,
Beipaenne ¢yHkumii B BHAEe 6a3suCHBIX CrUIafHOB ABNAeTcH yHOGHBIM [is
OCYIUECTBJICHHA B aNmaparax, CTPYKTypa BbIMHCIEHHS KOTOPHIX MpeAmnonaraer
NIpUMEHEHHE TabINIHO-AITOPUTMHYECKOTO METOAA.

Takum ofpasoM, OCHOBHBIM NPEMMYIIECTBOM CTPYKTYphl ABJIAETCA
BEICOKOEGBICTpOAelicTRIE 114 TaGNHUHO-aNrOpUTMUYecKHX MeTomioB. [Tockonexy
CyMMa BerMHCAeHUl B-crutalfiioB paBHa cymMMe B ofHOMepHo# obnacty m +1 .
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Puc. 4. CTpyKTYpa ABYXSIREPHOr0 NAapaieJbHOr0 BLIYHC/ICHUS B
Ky6uyecknx 6azucHbIX crnaiin-GyHKIHAX

YacTe RapanIeaniay auiNicael
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MapannessHoe 2-e-afpo Tapaaseasnoe
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Puc. 5. CTpyKTypa YeTbIpexsiiepHoro napaiieibHoro BoIMMC/AeHHS B
Ky6udecknx 6asscHbIX crunaiin-GyHKuusax
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Puc. 6. CpaBHUTeIbHBI rpad K BLIYHCACHHIT B BBIMHCIHTENLHBIX
CTPYKTYpaXx 1-,2-,4 iPHBIX NAPALICILHBIX BLIYHCIEHHI B KYOH1eCKHX
6a3ncHBIX cnaafil-QyHKUHAX,

KonnuecTso MpOLECCOPOB  OFPaHMMEHHO, HEOGXOAMMOCTh MOCTPOSHHS
COCTaBa IKOHOMHOTO BBIMMJEHMS MOXHO BHIETb Ha npumepe 6uxybuueckux
criaiiHoB. BBBOAUTCA CHCTEMA OJHOMEPHBIX CIUTARH-(YHKUMI:
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ny+l

Ci(y») =Y b,B,(y),thei=—1,0,1,..,n+]1, 4
g )

Ju=l
3arem BBIYKMCAACTCA ABYMEpHBIH CIUTaiiH:
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Salx)
Puc. 7. CTpyKTypa 4-A1¢pHOT0 BLIINC/ICHHA [IAA OCYLIECTBIACHHA
ANNpoKCHMALMH B KyOHyecKkHX 6a3HCHbIX craiin-gyHKUuaxX

ny+1

Si(x,9)=3 C,(NB,(»), 6

ta=|
Kaxnmoe u3 usmeHeHuit THna (4) 1 (5) MOXHO OCYIIECTBUTh NapajiesbHO
npu HauuuK m + 1 npoueccopa-MHOXHTENA.

0 1000 2000 3000 4000 5000 6000 7000

Puc. 8. CpaBHuTenbHBI rpaduk 2- u 4-91epHLIMH NpolieccopaMu

Cnaaiin-memood C2Raicueania mpaeKmopuu agMmomMoouna.

B npouecce HcnbITaHMA aBTOMOGHAA C TMOMOIWbIO CHELHUaNnbHOTO
H3MEPHTEJIBHOIO YCTPOICTBa NPOM3BEACHO H3MEPECHHE MHOXECTBA Touek S,
XapaKkTepu3yIOLIUX  COCTOAHME  aBTOMOOM/A, KOTOpBIf  ABuMraerca o
onpeaenexHoli gopore. KonuuecrBo Touek Bo MHOXkecTBe cocrasBaser n= 260,
PaccToAHHe MeXOy TOYKaMH OAAHHaKoBoe M paBHO An= 0,5 M, AnuHa npoiineHHoro
mytd 129,5 M. MakcumaneHas KPUBH3HA TPAaeKTOPHH ABHXKYLLErocs asToMoGuna
He npesbicuna 0,11 m™ (puc. 9).

TpneeneH rpaduk, oTpaxatoimuit T(S) B xauecTBe GyHKUMH NPOTAKEHHOCTH
AOpOrH, TMONY>KMpHas JIMHHA ONpeAenseT KpUBM3HY Tpaektopun T(S).
Tpaexkropus T(S") nocrpoeHus Ha 6asze MHOXECTBE HOBBIX TOUYEK S u oueHs
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6mu3xa x Tpaexropun T(S) H BMecTe ¢ TEM UMEET rIaAKO MEHAIOLLYIOCA KPHBH3HY,
a TaKke MaKCHMANbHOE 3HAUEHHe MPOH3BOAHOMN KDHBOH, KOTOpas MeHbiue B 35
pa3. MakcHMaspHOE 3HaueHHe MOTPELIHOCTH annpoKCHMalHMH rpaguka T(S)

cocTapser dner = 4, 4 mm.(puc 10)

e} i I

- I T

O Bg=——r = = = o T Teo

“

Puc. 9. KpususHa TpaeKTopux Puc 10. KpuBH3HA TPaeKTOPHH
T(S) kaK GpyHKUUA JTHHBI TYTH TOHKO{f IHHHHN U TPAeKTOPHH

B uerseproii rnase jaucceprauuu «IlporpammHoe ofGecnmeuenne
MOJeJIHPOBaHMSI CMELUHAIBLHBIX NPOLECCOPOB H METO10B HAa 0CHOBE Ga3NCHbBIX
cnIaiiHOB» NpPHMBOJATCA MOAENb TaGAMYHO-AITOPHTMHYECKHX CELHATBHBIX
NPOLECCOPOB Ha OCHOBE KyOUuecKHX CIUIaiHOB.

OpguuM u3  ynoOHBIX peuwreHHit 1A MEpeHOCAa  «OAHOAAEPHOro»
nporpaMMHoro ofecrieyedus Ha MHOrOsAEpHyI0 IiardopMy WM NpPOH3BOACTBA
HOBBLIX «Mapa/yuTe/ibHBIXY» MPOrPAMMHEIX TNPOAYKTOB ABJIAETCA IPOrpaMMHBIH
naker Open Multi-Processing (OpenMP). OpenMP - 310 KOMOMJIATOP, KOTOPBIi
CO34aH Ha IUHPOKO PACNpOCTpaHEHHOM CTAHAAPTHOM A3BIKE MPOrPaMMHPOBaHHS
Aselke C, M SABNAETCA MPOrPaMMHEIM  MPOAYKTOM,  OCYIIECTBIAIOLINM
napajutesibHble BEIMHCIIEHHS JUIA NEPEMEHHBIX OKpYKaloLieH cpezsl..

CTPYKTYPA NMPO'PAMMHOI'O OBECITEYEHHA

2
y ¥ ¥ +
Tlporpamma suiiBcneHAA Mporpamma Borucnenms ITporpamma onenxs Ocymectanexite
i PHbL PAMETROD omnGok NApANNERBRbIX
cnnaititon y hi . QAropHTMOB B
—— 1] MHOMCAREPHBIX
I MD 1 M8 Tporpasmyta ouenxn MPOLCCCOPAX Ka OCHOBE
1 nmucnl:mx nauenmit mp;mm oumxbox ¢ Texuanori OpenMP
6asuchmx cnnalinos u suauenuit | | P p—
GitxyGrueckux cnnaftnas Tporpasa
Mporpamma crnailios MORENHPOBAIHMR
I BaIMHCREHItR b- HLX CTPYKTYD
xoadduusexron | | Tporpamsa Mporpama
. bigj- ontitbox ¢
- xoaddituenron 1 Guxy6n:|ccmun
crnaxusatoiero S3(x)
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Puc. 11. CTpyxTypa nporpammHoro obecneuenusi
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MHoroaniepHEle NPOLIECCOPB YKE MHOMO JieT NpeacTaBNeHbl Ha pEHIHKe,
OIHAKO CYIIECTBYET OUEHb MalIO MPOrpaMM, KOTOpLIE B MOMHOM Mepe HCTIONL3YI0T
BO3MOXHOCTH MHOTOANEPHLIX mnpoueccopoB. TexHonorus OpenMP nossonser
pa3pabeiBaTh  napaleNbHBE  NIPOrpPaMMBI, KoTopele  OymyT MOJIHOCThIO
3KCILTYyaTHPOBATh MOIUHOCTH MHOTOAAEPHBIX MPOrpaMM.

3AKJIIOYEHHUE

B pesynbrate npoBeneHHBIX HMCCIENOBaHMH MO TeMe JHCCEPTaLOHHOIM
pabotsl «IloBbimenue dpdexTuBHOCTH HHDPOBOlE 06pa6oTKH CMrHANOB Ha
OcHOBe crIaliH-PYHKUMID) MONYYeHB! ClIenyloOWHe pe3yNbTaTHl M OCHOBHbIE
BBIBOJBL:

1. B pesynsTare MCCNENOBAaHHA CIUIAHH-METONOB CO3AAH  METON
npubmkenus GOMbILEro YMCIA HCMONB3YEMbIX HA NPAKTHKE S/EMEHTAPHBIX
byHkuumii ¢ nomompto GasucHsIx crumaiinor. JlaHHbIH MeToa Mo3BonseT BBLIPA3UTh
(yHKUMOHANbHEIE 3aBHCHMOCTH MaTeMaTHYECKOrO anmnapata GasuCHBIX CrUTaiHOB
B BHAC CyMMBbI 3HAQUEHMIl MNpPOHM3BENEHHE  NOCTOAHHBIX KO3()GHLUMEHTOB H
6a3ucHbIX QyHKUHIA.

2. B pesyneTate COYETaHMsS BO3MOXHOCTeH TeOpHM GasMCHBIX CILIaiiHOB W
TabNMYHO-aITOPUTMHYECKMX METOJOB CO3AaHbl MNapa/IeNHbIE AapXHUTEKTYPHI
CHELHATH3HPOBAHHABIX TPOLIECCOPOB, 06analolUX BBICOKOH 3¢(EeKTMBHOCTHIO.
3710 no3ponser B 3HaYHTENbHOMN Mépe pacnapajuie/inBaTbh BbIYHCIEHNA.

3. INpouecc nepexona Kk MHOFOANEPHON apXUTEKTYpe MOSBUIICA B pe3yJibTaTe
u3ndeckoro ncuepnaHua BOIMOXHOCTE! ¥ NOBLIUICHHS NIPOH3BOJIMTENLHOCTH 3a
CYET CHIXEHMA TaKTOBOH 4YacTOTHI M HEKOTOPBIX TEXHONOTHYECKHX HOPM
ONHOANEPHBIX  mpoueccopoB. [IpuMeHeHHe  MHOroAZEpHHLIX  MPOLECCOPOB
NO3BOJINJIO  pacllapajUIeNiuTh BBIMOJMHEHUE Onepauuif, B pe3ynabTaTte 4Yero
TOABJIACTCA BO3MOXKHOCTE COKpaTHTh BpeMs LHppoBoil 06paGoTkyu CHUrHAIOB M
NOBBICHTE OOLLYI0 POH3BOAUTENBHOCTS.

4. PaspabotaHbl apXHTEKTypa MHOrOAAEPHOrO MpPOLEccOpa Ha OCHOBe
KyOu4eckHX 6asMCHEIX CIUIAlHOB M apXMTEKTYpa YCHELIHOro MNpoleccopa Ha
OCHOBe KyOuueckux M OMKyOMueckMX CIUTalfHOB, KOTOpHIE GbICTpee M TouHee
npoueccopoB Ha 6ase TpaOMIMOHHEIX MHOTOWJIEHOB. MHoOrosepHas apxuTekTypa
TIO3BOJIAET MOBLICHTD 00LIYIO 3()(heKTHBHOCT 32 CUET pa3le/ieHUs BHIMUCIEHH! Ha
napajuieNnbHble OTOKH.

5. Co3paH cniaiiH-MeTO/I HKCNBITAaHMA AaBTOMOOMABHBIX JeTaneit M
paspaboTao mporpammuoe ofecmedeHHe, peanusyloliee JaHHEH  MeTOA.
CosnanHbiii MeTOZl MO3BONAET NMPOBOAMTL AHAIH3 CHIHAJOB, PellaTh BOMPOCKHE
BOCCTaHOBJIEHMA M LuppoBoit o6paGOTKH, COBepIIEHCTBOBATh CYLIECTBYIOLIME
BBLIYMCIHTENBHBIE CTPYKTYpPBl, CO3flaHHA HOBBIX 3((eKTHBHBIX CTYpKTYp,
YAyLIeHUs HX TEXHMYECKHMX XapaKTEepUCTHK U KaueCTBEHHOMY YJYYHIEHHIO
Pe3yNbTaTOB BOCCTaHOB/EHMA.

38



SCIENTIFIC COUNCIL AWARDING SCIENTIFIC DEGREES
DSc.27.06.2017.T.07.01AT TASHKENT UNIVERSITY OF
INFORMATION TECHNOLOGIES

TASHKENT UNIVERSITY OF INFORMATION TECHNOLOGIES

MIRZAEV AVAZ EGAMBERDIEVICH

IMPROVING THE EFFICIENCY OF DIGITAL PROCESSING
ALGORITHMS BASED ON SPLINE-FUNCTIONS

05.01.04 — Mathematical and software support of computers,
complexes and computer networks

DISSERTATION ABSTRACT OF THE DOCTOR OF PHILOSOPHY (PhD)
ON TECHNICAL SCIENCES

Tashkent-2019



The theme of doctor of philosophy (PhD) was registered at the Supreme Attestation
Commission at the Cabinet of Ministers of the Republic of Uzbekistan under number Ne
B2019.1PhD/T970

The dissertation has been prepared at the Tashkent University of Information Techologies.

The abstract of the dissertation is posted in three languages (Uzbek, Russian, English (resume))
on the website (www.tuituz) andon the website of «ZiyoNet» Information and educational portal
(www.ziyonet.uz).

Scientific adviser: Zaynidinov Khakimjon Nasiritdinovich
doctor of technical sciences, professor

Official opponents: Mukhmedieva Dilnoz Tulkunovna
doctor of technical sciences, professor

Kaxxorov Alokhon Abrorovich
candidate of technical sciences, docent

Leading organization: Tashkent Railway Engineering

oo

The defense will take place “ &5 mamé 2019 at /_? the meeting of Scientific

council No. DSc.27.06.2017.T.07.01 at Tashkent University of Information Technologies

(Address: 100202, Tashkent city, Amir Temur street, 108. Tel.: (+99871) 238-64-43, fax:
(+99871) 238-65-52, e-mail: tuit@tuit.uz).

The dissertation can be reviewed at the Information Resourse Centre of the Tashkent
University of Information Technologies (is registered under NoZ82?2 (Address: 100202,
Tashkent city, Amir Temur street, 108. Tel.: (+99871) 238-64-43, fax: (+99871) 238-65-52),

Abstract of dissertation sent out on “ 20 ”M_ 2019y.
(mailing report No. £ on“ 45" ?Z'«'frua‘r;/ 2019 y.).

R.Kh.Khamdamov
Chairman of the scientific council

awarding scientific degrees,
doctor of technical sciences, professor

F.M. Nuraliev

Scientific secretary of scientific council
awarding scientific degrees,

doctor of technical sciences, docent

M.C. Yakuboy
Chairman of the academic seminar under the

5 " scientific council awarding scientific degrees,
\/ép. rey doctor of technical sciences, professor



INTRODUCTION (abstract of PhD dissertation)

The aim of the research work is thedevelopment of methods and software
to increase algorithms’efficiency of digital processing of functional dependencies
using a cubic and bicubic splines.

The object of the research work is the stands of control and special designs
of the processor used when processing signals as objects of researches.

The scientific novelty of the research workconsists in the follows:

it was offered to use optimum a method a spline functions for the chosen
class of signals as a result of studying of functions and methods of transformation

of functional communications from an experiment;

the parallel algorithms of digital signals processing are developed for
experimental signals;

the parallel algorithms of digital signal processing on the basis of cubic and

bicubic splines are developed;
the parallel algorithms for visualization of digital execution and modeling of

digital signal processing using one and twodimensional functional communications

with splines are developed;
Implementation of research results.On the basis of the results of

development of algorithms and the software were developed efficiency algorithms
toincrease of digital signal processing of functional connections using of cubic and

bicubic splines:
an algorithms of digital data processing and burnish process were
trol of seismic vibration at operation of the

implemented in practice to con
equipment in Joint-stock company GM-Uzbekistan (certificate of the Ministry for

Development of Information Technologies and Communications of the Republic of
Uzbekistanfrom December 6, 2018 Ne33-8/9165). As a result of introduction of the
automated system of data processing and digital data processing the following
results were achieved: time spent for calculations was reduced by 12%, time of
documenting of results was reduced by 26%, the production efficiency increased
by-40-45%, losses decreased by 7-15%; accuracy of the received results increased;

an algorithms of seismic signals processing and. digital processing using
spline methods, an algorithms- to control seismic* vibration signals were
implemented in Joint-stock company GM-Uzbekistan- (certificate of the Ministry
for Development of Information Technologies and Communications of the
Republic of Uzbekistanfrom December 6, 2018 N233-8/9165). Atthe result
calculations time spent was reduced by 14%, time of dééumenting of results was
reduced by 25%; I Tt

an algorithms to digital process of vibro signals from the automobile spare
parts testing process using cubic and bicubic basis splines were implemented in
LLC UMID UCHKUNI AVTO (certificate of the Ministry for Development of
Information Technologies and Communications of the Republic of Uzbekistan
from December 6, 2018 Ne33-8/9165). At the result detection of malfunctions in
automobile details increased by 15%, and computation process of the software was

reduced by 4-5 times;
a1



an efficient algorithm to process vibro signals using cubic and bicubic basis
splines in the multiprocessors were implemented in LLC TOP TRANSPORT
TASHKENT (certificate of the Ministry for Development of Information
Technologies and Communications of the Republic of Uzbekistan from December
6, 2018 Ne33-8/9165). Implementation of results of a research led to increase in
accuracy of detection of malfunctions in automobile details for 18%; accuracy of
results was reduced by 15%; accuracy of the received results increased; Time spent
for program calculations was reduced by 2-4 times.

Structure and volume of the dissertation. Dissertation consists of four
chapters, the list of the used literature and application. The volume of the thesis is
109 pages.
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