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KHUPHUI (IokTOpJIHK IuccepTaLMACH AHHOTALMACH)

JAuccepranusi MaB3yCUHHHMHI J10J13ap0JIUry Ba 3apypaTu. XO03Upru KyH/a
KaXOHJIAa aXOOpOT-KOMMYHHUKAIlUSl TEXHOJOTUSIIApU COXacHzia BHAE0axO0pOT
TU3UMIIApUJIA PAKaMJIM TEJIEBU3UOH TacBUpiapra WIUIOB Oepulll >kapaéHiIapuHU
OOILIKAPUII TU3UMIIAPUHU SIPATUINTa ajJoXujia YbTHOOP KapaTUIMOKIa. 3aMOHABUI
axOOpOT-KOMMYHHUKAIIAS TH3UMUHUHT U3YMJT TAKOMUJUTAMAETTaH 1aBpuia ax0opoT
OKMMH Ba XKMUHHMHT OIMUO OOpPHUIIY TEJIIEBU3UOH TacBUpJap cudar mapakacuHH
OIIUPUII Ba OPTHKYA MablymMoTIapAaH QuibTpiam xkapaHUHU  OOIIKApPHUII
noi3apd Myammodapaan oupu xucoOmanaau. by 6opaga ax00poT KOMMYHHUKAIIMS
TEXHOJIOTHSJIAPH COXAacHJa >KaXOHHHHI €TaKyd MamJjakarijapuaa  pakamiu
TEJICBU3MOH TacBUPJIApAard HyKCOHJapHHU Oaprapad 3THIl, TACBUP TUHHKIUTHHH
OIIUPHUII Ba (UIBTpJANI YCYJUIADUHU TAKOMWUIAIITUPHINTA OYJIraH 5XTUEX Ba
Tanad optud 6opmokIa. «OMMaBui axOOpOT BOCUTANIApU/Ia paKaMJId TEJICBU3HOH
KypcaryBinapuaan kemaauran aapoman 2016 wun 7 mupa. AKII  monnmopunu
TaKWJI d3TUO cYyHrHM Oem HWWuMKAa on-lain  TenexypcaryBimap WKTUCOAMMA
camMapaopauruHu 23% OMMIINHY TAbMUHIALITA SPULIUITAH. "

V36ekncton PecryGnukacuaa pakaMmild TeIeBH3HOH TACBUPIAP THHUKIHIH



HU OIIMpUINTa OOFIIMK MacajlajJapHHU €4YuIll, TaCBUpJIapAaru HyKCOHJIApHHU, OeroHa
Oenru, udopamapHu aBTOMATHK paBUIIAA aHUKJIAII Ba Y3 BakTuaa Oaprapad
ATHIITA OWJ TAAOMPIApHU caMapald TAlIKWI KUJIHUII F03acCHIaH KeHI KaMpOBIH
yopa-Tafbupiap amaira omupuiaau. by Oopama, >xymiamaH, TacBUpPJIApHU
bunbTpiam  Ba TUHUKJIWTUHU  OIIMPHUIN  YCYJUIADUHU  SIPATUII, paKamiid
TacBUpJapra MIUIOB OepHIll XKapa€HIApUHU OOLIKAPUIIIHYA WHTEJUICKTyasulalll
TUPUII, PaKamJid TEJIEBU3MOH TacBHUpJapra MILIOB Oepuill >kapaéHuIa aaauTHB,
UMITYJbCIM Ba aJalTHB TayCcC KYPUHUIIMAATM TabCUPJIAp HaTWXKacuaa lo3ara
KeJaJuraH CWDKHII Ba CUTHaN Oy3WIMILIApHU OapTapad OSTUIN YCYIIapUHH
TaKOMWUIAIITUPUILTA MYJDKAJUIAaHTaH UXTUCOCHAITaH JacTypiap MakMyalapuHU
spaTUIlra OaruilIaHTaH KaTop WIMHI-TaIKUKOT UIILIapH OO OOpHIIraH.
Kaxonga Typau pakamiad — TEJIEBU3UMOH  TAaCBUPJIApHU  (PUIIbTpIall
Macanaigapuan Dypbe Ba BEHBIET yCy/Ulapulia €4MINl aJTOPUTMIIAPU Ba COHJIH
MOJICJUTAPUHU MIILIA0 YMKHUII, paKaMJIM TEJIEBU3MOH TACBUPJIAPHU MIAKIUTAHTUPHUII
Ba yJap acocujia TacBUpiapra UIuIoB OepHIll xKapaCHIapUHU OOIIKAPUIL TUZUMUHU
TaKOMWJUTAIITUPHUIIT MyXUM MacajanapjaaH Oowpu Oymmb, Oy Oopama Makcamim
WIMHUN-TaAKUKOTIIAP, KyMJIIaJaH, KyHugarmimapra ajoxuga  IBTUOOP
KapaTWIMOKJIa: TacBUpJiap cudaTuHu 6axoaill Ky3aTyB ME30HIapUHU TAaKOMUJIT
JAIITUPUIITAH TaHJIAII Ba TaCHUIIAIT YCYIMHU UILIA0 YUKHUII, TUKCENIAPHUHT
ypTaua MHTEHCUBIUK KUMUMATIapu OCpUIran/ia TACBUP TUHUKJIUTHHU OOIIKA PUII
YCYJIMHU SIPATUIIL, TACBUPJIApPTa UIIIOB OEPHII XKapaEHUHU MOJEIIIAII TUPHIILI
AJITOPUTMUHH SIPATHUII, TEIIEBU3UOH TaCBUPJIAp TUHUKJIIUK JIapaKaCuHU
TabMUHJIAII JKapaéHIapyuHU OOMIKApHUI YCYIUHU uiuiad unkui. FOkopuaa
KEJTUPUIITaH WIMUN-TAIKUKOTIap HyHaIUINAa OakapuiaéTrad WIMHAM U3JTaHUII
Jap Ma3Kyp IMCCepTalys MaB3yCUHUHT JTO3apOTUTHHU W30XJIal 1.

'https://www.pwe.ru/ru/entertainment-media/publications/assets/entertainment-mediaoutlook_2014.pdf
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V36exucron Pecny6nukacu Ilpesuaenturunr 2012 iimn 17 anpengaru
TTK-1741-con «V36exncton Pecry6mukacuaa paKaMiIH TeIeSMHUTTHPHINTa TEXHUK
Ba TexHojoruk yrtum JlaBnat gactypu Tyrpucuga»ru  Kapopu, Basupnap
Maxxamacunaunr 2012 iinn 1 gpeBpanunaru 24-con «Koilstapia KOMIbIOTEpIIALL
TUpPUII Ba axOOpOT KOMMYHHMKAUUsl TEXHOJOTHsUIApUHU OyHIAaH KEHUHTH
PUBOXKIIAHTUPUIITA MIAPOWTIAp SPATUIl YUYyH dYopa Taaoupiap TYFPUCHUAANTU
Kapopuzaa xamja Maskyp ¢aonusTra Terunuid 06apua  MebEPUH-XYKYyKHil
XyxoKamiapaa Oenruianra BazudanapHyd amaira olMpuilra ymoy auccepTaius
TaJKMKOTH MyalsiH Japakaia Xu3MaT KAJaau.

TanKUKOTHUHT pecny0auKa ¢gaH Ba TEXHOJIOTHSVIAPH PHBOKJIAHUIIH
HHMHT YCTYBOP HyHAIUILIAPUTa OOFITUKIUIU. Ma3Kyp TaAKUKOT peciyOnuka
(daH Ba TEXHOJIOTHUSTIAP PUBOXKIAHUIIMHUHT [V. « AxOopoTnamTupuill Ba ax00poT
KOMMYHHUKAIUSI TEXHOJOTUSJIAPUHN PUBOXIIAHTUPULD) YCTYBOP HYHAIMILIN
Joupacuaa Oaxapuiras.

Jlnccepranusi MaB3ycH OViiMua XOpM:KMIT MIMHA-TAAKHKOTIAD IAPXH~.
TeneBu3noH TacBupiapra UILIOB Oepulll xKapa€HIAPUHUHT MaTEMATUK MOeiapu



Ba MHTEJUIEKTyasl OOIIKapyB THU3MMIIAPMHU HILIA0 YMKUINra WYHAITUPUITAH
WIMUKA W3JIAHULUIAD JKAaXOHHUHI €TaK4Yd WJIMHAM MapKas3jgapyd Ba OJIMM TabJIAM
Myaccacaiapu, xymiamad, Massachusetts Institute of Technology, Columbia, Ba
California Institute of Technology, University of Texas, University of California,
Berkeley Ba Harvard University yHuBepcutemiapu, Georgia Institute of
Technology wunctutyt, Dveo, Hibox Systems, Media Excel Honeywell
xommaausuiapu  (AKIHI), Actus Digital, Adtec Digital (M3pawmn), Tsinghua
University, Beijing, Zhejiang University, Hagzhou, Shandong University (Xuroit),
University of Bath, Cambridge University (bytok bpuranus), University of Pune
(Xunaucton), Ghent University (bensrus), University of Rostock (I'epmanus),
Kyungpook National University (OKamyOuii Kopes), Poccuss Axamemusicu
TacBupnapra unuioB Oepurn Tuzumu MHCTUTYTU (Poccus), TomkeHT axGopoT
TEXHOJNOTUANAPH YHUBepcuTeTH A (Y30eKHCTOH) KEHI' KAMPOBIH HIIMHI-TaIKHKOT
UILIapu 0110 OOpPUIMOKAA.

Buneoax0opoT Tu3uMIiIapuia TEJIEBU3UOH TacBUpJapra HIUIOB OepHIll
XKapaHJIApUHUHT MaTeMaTHK MOJEIMHU SpATHIIl Ba HMHTEJUIEKTyasl OOIIKapHII
TU3UMUHU TAKOMWUIAIITUPHUINTA OWJ >KaXoHAa onubd OOpWiTaH TaJKUKOTIAp
HaTW)KAacHIa Karop, ’KymJaJaH, KyHuJaaru WIMHM HaTWKajlap OJMHTaH: caMapaiu
anIuTUB (UIBTpIAIl yCy/Ulapd Ba IOKOPH Japa)kaJard TacBUP THUHUKIUTHHH
TabMuHIam ycynu unutad unkuirad (California Institute of Technology, AKILI);
paKkaMJM TacBHpiap Y4yH TpaduK pacMIIApHUHT COsUIapura HIUIOB OepuIia
YM3UKIM  QUIBTpJIAIl  yCyIM Xamja BEWBJIET JOMEHJIap Ba BaKTUHYAJIUK
bunpTpanms Epaamuia BUIEO KETMA-KeTIMKIIApAard MOBKUHIAPHU KaMaWTHPHIII
texHonorusicu wunwiad uyukwiaran (Ghent University, benbrus); reomeTrpux
xucoOmanuiap, TacBUpJapHM Ba BHUIACO axOopoTiapura WIUIOB OepuIl
muddepeHnnan TeHraManapra €Hjomral ycymuiapu unuiad yukwiran (Tsinghua
University,

_ Juccepraius MaB3ycu OVitnya XOprKuil HIMHNA-TaIKUKOTIap mapxu http://web.mit.edu/, https://en.knu.ac.kr/,

https://www.timeshighereducation.com/, www.ugent.be, www.tsinghua.edu.cn/, https://www.cam.ac.uk/, www.uni
rostock.de/en/, www.unipune.ac.in/ Ba 0o1ka ManOagap acoCHIa MIUTA0 YMKIITaH.
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XUTOH); HSTrPWIMIMHU CaKjaraH xojjga Kyn KUMMATIM TacBUPJIAPHU TE3KOP
aHU30TPOIl TEKUCIAIl Ba CUITUKIIAIT YCyau Uiuiad ynkuiarad (OpaHuus); paKamian
BUJICO KapTa y4dyH JIOKaJl KOHTpAacT TacBHpJIApHU apxuBiad cakjiarad XoJja
JUHAMUK OpaJIMKJIapHU 3u4iamn TexHojorusacu sparuiaran (Kyungpook National
University, XKanyouit Kopes); anoxuaa TacBupiapjard HyKCOHJIApHU aBTOMATHK
O0axonam Ba Oaprapad stui ycynu unuiad unkuiarad (Cornegy University, AKII);
MakCUMaJl JHTPOMHs Ba TacoAu(uil MalaoHIApHU (UIIBTPIALIHUHT BEHBJIET Ba
MOJIeJUTAIITUPUI yeysutapu sipatuiirad (Braun University, AKIII).

Jynéna 3amoHaBUW  axOOpOT TEXHOJOTHSJIAPH  acoCula  paKamiiud
TEJIEBU3UOH TacBUpiap cudaT Aapa)kaCUHU OLIMPHUIL, (UIBTpIALI KapaCHIapUHU
MOJIEJUTAIITUPUII Ba FOKOPH caMapajiu OOLIKapHIl TU3UMJIApHH ApaTUIl Oyinda
Karop, SKymjaZaH, KyWHJard YCTyBOp WYHaJIWIUIApAa TaIKUKOTIAp Oiub
OOpUJIMOKIA: YM3UKIM Ba HOUM3MKIM JuddepeHman TeHramansap acocuaa
TacBUpJap THHUKIUTMHYU Ba SKKOJUJIMTMHU OIIMPUITHUHT BelBieT, Pypbe, Xaapa,



Yon-Anamap, Kapxynena-Jlosa yCYJUTapUHU TaKOMUJLTAIITUPHIIL;
TacBUpJIapJard aJauTHB, UMITYJIbCIIA Ba aJalTHB TayCcC THUITHJArd HYKCOHJIAPHU
QINTUB Ba ananTuB QUIBTpJAII OpKaiu Oaprapad STHIN yCYJUIAPUHU SIPATHIIL;
TAaCBUPJIAPHUHT KaJIp MYKHU Ba KaJpiapapo y3rapTUPHUIILIAp KUPUTHUII
aNTOPUTMIIAPH Ba JACTypUi BOCUTAJIAPUHU WNLIA0 YWKHIIL, MaTpuiiaau YeOuien
Karopu €paaMuia TUHUKIWIUK TU3UMUHU OOLIKAPUIIHUHT aJalTUB YCYJIUHU
UNUTa0 YUKHII;, TACBUPJIAPHU CETMEHTIIAII Ba KOHTYpiapra OYJIHWIIHUHT TPaJNCHT,
Jarac Ba CTaTUCTUK yCY/UTApUHU UILIA0 YUKW, TacBUpiap cudaTHHU Oaxoain
ME30HJIapH Ba IMIAPTIAPUHU IIAKUIAHTHPHIIT; BEUBIIET Y3rapTUPHUIILIAp acoChaa
KaJIpJIapHU SHTPOIUK KOJIAI YCYIJIAPUHU UIILIA0 YUKHUIII.

MyaMMOHHMHT YpPraHwJranjauk aapasxkacu. BugeoaxGopor Tuzumiiapuaa
pakamJIi TEJIEBU3WOH TACBUPJIAPHU YHM3WKJIM Ba HOUYM3WKIN auddepeHmman
TEHITIaMajap YCyauja CuUuIjga KyJUIaHaJWTaH MaTeMaTHK MOJSIUTAIITHPHUII
yCIIyOUsiTH, MyaisiH >Kapa€HHU aKkC ITTUPYBYM MOJIETHU KYpHUII Ba KapaEHHUHT
daonuaT gapaxkacu MapaMeTpiapuHM XHCOONall d3KCHepUMEHTIapu OuiaH
aHUKJIAN yCYJUIAapWHU TAJAKWK OJTHIN, TacBUpPJApAard aJIuTHUB, WUMITYJILCIH Ba
aJaNTUB TypJard HyKCOHJIApHHU (PUIBTPIIANI OpKajdu Oaprapad STHUI HATHXKACHAA
TaHUKJIMKHA TabMUHJIANI HA3apUSACUHM SPATHINl Ba TAKOMUJUIAIITHPHUIN Macajia
gapu Oup Katop onmumiap: Song-Hai Zhang, Shi-Min Hu, Ce ZHU, Ralph R.
Martin, Dan Su, Philip Willis, Zhou Wang, Alan C. Bovik, Brian L. Evans, Jack
Tumblin, Greg Turk, C. Tomasi, Erik Reinhard, Michael Stark, Peter Shirley,
James Fervverda, Fredo Durand, Julie Dorsey, Suyash P. Awate, Ross T. Whitaker,
David Tschumperle, Caroline Chaux, Jean-Christophe Pesquet, Aleksandra
Pizurica, Vladimir Zlokolica, Wilfried Philips, Sheikh Md. Rabiul Islam, Xu
Huang, Keng Liang Ou, Thou-Ho Chen, Yen-Hui Yin, Shi-Feng Huang, Yan-Ting
Ye,Yusuke Monobe, Haruo Yamashita, Toshihary Kurosawa, Hiroaki Kotera,
Heiko Schwarz, Detlev Marpe, Leo Grady, P.A.Bopo6enb, C.1.Karaes,
C.C.byxtosipoB, M.N.Kpusomees, H0.b.3ybapes, A.C.CenuBanoB, b.I1.Xpomos,
B.I1./IBoproBu4, B.H.be3pykoB Ba OomKkagapHUHT HIIIapHIa KYPUO YUKUIITaH.

Buneoax0opoT Tu3nMIIapuaa pakaMiIi TeJICBU3MOH TaCBUpPJIapra HIIIOB
OepulIll, KOMIBIOTEP TpaduKacy Ba aHUMAIIUSICH, AaBTOMATIAIITUPUIITAH TE€OMETPUK
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JM3aiH SpaTHIl OWIaH OOFIMK TaJIKUKOTIAp OUp Karop ojJvMMIiiap TOMOHHUJAH OJIN0
oopunran, xymnaaad, Shi-Min Hu, Ralph R. Martin, P.A.Bopo6ens, C.l11.Karaes,
M.U.Kpusomees, b.I1.Xpomos, B.Il.J[BopkoBuu, B.H.be3pykoB Ba Oomika
Myaimadaap AnIapuaa YTUPOd dSTUIUIIHTA KYpa, paKaMIH TEICBU3NOH
TacBUpJapra WIUIOB OepuIl >KapaCHIApUHU MOACIIAIITHPHUII YCYUITAPUHUHT
«MOJCIN-aTOPUTM-IACTyp» YWINTH, XUCOOJaIl JKCIEPUMEHTH Ba KOMIIBIOTED
BOCHUTACHJIa MOJCIUIAIITUPHUIL YCIYOUSITH, MOIY/UTM Ba TY3WIMaBUU NacCTypHil
TU3UMIJIApY WIDIAa0 YMKWITAH, aMajja TaJAOWK OSTHJIWIIN HaTHXKachuia MabiyM
Tapakazia KOOWH HaTHXKalapra SpUIITUITaH.
TacBupnmapmard aqauTHB, HWMITYJbCIM Ba aJalTHB TaycC THITHIArd
HYKCOHJIApHU (PWIBTpJIAII YCY/UIApUHU HIUIa0 YWKHUIIra OOFIUK TaJKUKOTIap
Jack Tumblin, Greg Turk, David Tschumperle, }0.b.3y6apeB, A.C.CenuBaHoB,



C.C.byxrosipoB, C. Tomasi, Aleksandra Pizurica, Vladimir Zlokolica, Wilfried
Philips, myHuHraek pecnyolukamMu3 OJMMIIAPM TOMOHMJAH OJUMO OOpuIiras,
xkymnanad, M.M.Mycae, X.H.3aitmnaunos, P.H.YcmonoB, M.M.Kamwumos,
T.®.bexkmyparoB, T.FOnmames, b.K.KypmanGaeB Ba Oomka TaakukKoTIapaa
TacBHUpJapra MIUIOB OEpUIll >KapaéHIapUHU MHTEIJIEKTyasl OOLIKApUII TU3UMUHU
TaKOMWUIAIITUPUIL Ba (QUIBTpIALI >KapaéHIApUHU TYpJId COHJIM MOACIIAapUHU
SpaTulll 3apypaurd Myammonapu kypuiarad. Ly Owman Oumpra BumeaxOopoT
TU3UMJIApUJIA PAKaMJIU TEJICBU3UOH TacBHUpJapra WIUIOB OepuIl >KapaéHIapuHU
MOJICJUTAIITUPHUII TEXHOJOTUSICH Ba TaCBUpJaru HyKCOHJIapHU Oaprapad sTuIil Ba
bunpTpiail, TacBUpiap TUHUKJIUTH Ba SKKOJJIMTMHUW TabMUHJIAIL YYyH Kepak
OyiraH MEXaHUK Ba FT€OMETPUK NapaMeTpIapyuHU TOMUII MaKcaan/ia KOMIbIOTEPIA
Kyl BapUaHTIMK XHMCOOJAI, pakaMjd TEJICBU3UOH TACBUPJApPHU (PuuIbTpIamra
oMl MacajlaJapHu €4HIJIa YM3UKIU Ba HOUM3UKIU TuddepeHnran TeHraManap
Ba MOJEJUIAIUTUPUIN YCYJIWHHU KYJUIall, BUAC0AXOOPOT TU3UMIIApUIa paKamiH
TEJIEBU3WOH  TacBUpjapra HWOUIOB  Oepuin  skapaCHIapuHU  OOIIKApHUII
CaMapaJIOpJIMTUHU OLIUPUIL, TEJIEBU3UOH TACBUPJIAPHU SHTPOMUSIIA KOJJIAITHUHT
MOJICTTUHU WNUIA0 YUKHUIN, TACBUPJIAPHU CETMEHTIAIA KOHTypJiapra a)XparTuil,
TaCBUp  TUHUKJIUTMHU  OIIMPHUIAA  HOUYM3UKIM  YHMH  MacajajapuHu
MIAKJJTAHTUPUII, TACBUpPJArd HYKCOHJIAPHH AaBTOMATUK aHMKJIAm Ba Oaprapad
STUIIHUHT CaMapaiy YyCYJJIapUHH spaTviira OaFulUIaHTaH WIMUN HU3JIaHHIILIIAP
XO03UPTrY KyHJa eTapiu Japaxkaja KypujiMaras.

JAuccepranusi MAaB3yCHHHMHI JMccepTalus 0aKapuiIaéTrad oJluii TabJIUM
MYyacCaCACMHMHT WJIMHH-TAAKUKOT MILJIAPU OUJIaH OOFJIMKJIMIH.
Hucceprarus TaAKUKOTA TOMIKEHT aXOOPOT TEXHOJOTHUSIIAPH YHUBEPCUTCTHHUHT
WIMHN-TAAKUKOT UILIapu pesxkacuHUHT AS5-037- « MoOun anoka TU3MMIIapu y4yH
KaJipjiapapo UIUIOB OEPUIILIIN BEUBIIET-Y3rapTUPHII ACOCHIaru ayJIuo
BHJICOKOJICKHUHT KypHWJIMa-I1acTypuid BoCcUTajJapuHu uiuiad yukumn (2012-2014);
AS5-024-«Yuyunun aBnoj ysuid TeiaedoHIapy yayH Kaapiaapapo UILIOB OepyBUH
TEJICBU3MOH BEUBIIET ayHO-BUICOKOJCKUHUHT JACTypUi TAbMUHOTIAPUHU UIILTIA0
gukuin (2015-2017) maB3ynapuaaru Jonuxanapu goupacuaa OakapuiraH.

TagKHKOTHUHT MAKCaH BIUIC0ax00POT TU3UMIIApHUIA TEIIEBU3UOH
TaCBUPIIAPHUHT cUdaT JapakaCHHU OLIUPHUII Ba (PUIIBTPIIAI )KapaCHIapUHA
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pacTpiv MOJIEJUIapH, YCYIJIapU Ba AJITOPUTMIIAPUHU XYCYCUI XOCHIIAIN
MaTeMaTHK Mojiejutap €paMuia uiiad YuKHIIIaH noopar.
TaaKMKOTHUHT Ba3udaiapu:
BUJ1€0aX00pOT TU3UMJIApH/Ia TEJIEBU3UOH TaCBUpJIapra UIUIOB OEpHIIl IAKII
Ba yCyJlJIapH, Y3HUra Xoc XyCyCHsITIapuHu HHOOATra OJraH xoJjja skapaénra tanad
STUJITAH YerapaBui mapTiaap Ba Me3onaap acocuaa Oypbe, BEUBIIET Ba TUCKPET
KOCUHYCIIU Y3rapTUpUIUIap KUPUTHII MEXaHU3MUHU UITUTA0 YUKHIIL;
NUKCEJUIApHUHT  ypTaya MHTEHCUBIMTMHUHI OepwiraH KulMamiapuia
TEJIEBU3UOH TACBUPJIAPHUHT CU(pATUHU BU3yasl Oaxosaml Ba TACBUP TUHUKIIUK
JapakKaCHHHU TAbMUHJIALI KapaEHUHU OOIIKApUII YCYJIUHU UIUIA0 YUKULI;



TEJIEBU3MOH TaCBUpJIApra UIILIOB OCPUIII KapaCHIAPHUHT UKKU MapaMeTpin
HOYM3UKJIN TU3UMHU Ba MaTEMaTHK MOJCIMHHU UIIIA0 YUKUII alTOPUTMHHA
SIpaTHUIIl; BUAC0aXO0pOT TU3UMIIAPH/IAa TACBUPIAPHU CETMEHTIIapra Ba KOHTypiapra
aXpaTHI YCyJIU Ba KETMa-KeT IMHAMUK TEJIEBU3UOH TaCBUpJIapra UIILJIOB OEpHII
KapaCHJIAPUHUHT YHTPOIUN KOJJIAIT MOACIIMHY UILIA0 YUKHIIL, BUAC0aX00pOT
TU3UMJIAPH]IA PAKaMIIA TEJICBU3WOH TAaCBHPJIAPUTA UIIUIOB OCpHIII
XKapaHJIaApUHUHT MaTeMaTHK MOAeIUIapuHu AudQepeHnran Ba TMCKpeT YHUHIap
Ha3apHsICUra acocliaHnO TacBUpJaru HyKCOHJIapHH OapTapad 3THIl
MacajaJapuHH Xycycui xocumanu nuddepeHiman TenraManap EpaaMuaa Sunin
ITOPUTMIIAPH Ba YCYIJIApU WITA0 YNKHIIL;

HOUM3UKIM  auddepeHnnan Ba  JUCKpPET  YWHMHIApD  MacalacHHU
MIAKJJIAHTUPUII Ba XyCcycwid xocwianu auddepennan TeHINIaMajgap acocuia
CTaTUK Ba JWHAMHUK TEJIICBU3UOH TAacBUpPJApPra KOMIBIOTEPIM HIILIOB OepuIia
TaCBUp THUHUKJIUTHUHU OIIMPUINHUHT YU3UKJIM Ba HOYM3UKIW (UIBTpIAII
yCYJ/UTApUHU UILTA0 YUKUII;

BUJIC0aX00pOT  TU3MMJIApUIA TAaCBHpIApAAard CWDKUIUIAD, aJJUTHB,
UMIYJIbCIN Ba aJalTHB TayCcC TUMUAATH HYKCOHJAPHU aHU3UTPON (UIBTPIAIl Ba
TaCBUPJAPHUHT OYIMMIIN-CUJUTHK Mojeiiapu €paamuaa 6aprapad dTUIN YCYIUHU
WAIUIa0 YUKUIILL.

TagkuKOTHUHT 00beKTH cudaruga BHIC0aXO0POT TU3MMIIAPHIA PaKaMIIA
TEJIEBU3MOH TACBUPJIAPHU TUHUKIUK JapaKaCHHH OIIMPHUIN Y4yH AuQdepeHnan
Mone/utap €paamMuia MOMACIUIAIITUPYBUM (UIBTpIAIl Ba TacBUpJIapra HIIJIOB
Oepul >xapaéHiapyu Kapajiras.

TagKMKOTHUHI  MpeIMeTH  BHUAC0axOOpOT  TH3UMIApUIA  paKaMIu
TEJIEBU3WOH  TacBHpJIapra WIUIOB Oepuil  KapaéHIApPUHUHT  MaTEeMaTHUK
MOJICJUTAPUHHA XyCyCH Xocwinanmu nuddepeHuan TeHmamManapra acocjaaHuo
TacBUpJard  HYKCOHJapHH  Oaprapad  oTuimm  MacajlajapuHd  €4uIaa
KYJUTAaHWIAUTaH pacTpid MOJAeUIap, yCy/uiap, XHCOOiall alropuTMiaph Ba
JlaCTypuil BOCHUTAJap.

TaaKUKOTHUHT ycyJ1apu. TaaKUKOT )kapa¢HuIa MaTeMaTHK Ba COHJIH
MOJICJUTAIIITUPHIIL, SXTUMOJIIUK Ba TudPepeHnuai, TuCKpeT YHHHIap Ha3apusCH,
XHcoOIIall MaTeMaTHUKACH, aITOPUTMIIAIITUPHUIL, MOJTYJ/UTH Ba Ty3UJIMAaJU AacTyp
JIall TEXHOJIOTUSIIAPH XaM/Ia YU3UKIIN Ba HOYM3UKIIN (PHIIBTPIIAIT Ba XHUCOOIAIT
IKCTIEPUMEHTIIAPUHY YTKA3HII yCY/UTApU KYJIJTaHUITaH.

TagKMKOTHUHT WIMUI SHTUJIMIH KyHuaaruiapaad noopar:

BHJICOAXOOPOT TH3UMJIApHAA TEJIECBU3MOH TacBUpJIapra WIILUIOB OepHII
IIaKJIM Ba yCYJUIApH, Y3UTa XOC XYCYCHUSITIApUJIaH KeIuO YMKKaH X0Jiaa skapaéHra
Tanald ATUITaH yerapaBHil mapmiap Ba me3oHiapra MyBopuk dypee, BeliBIeT Ba
JTUCKPET-KOCUHYCIIH Y3rapTUPUIILIAP KUPUTHUII MEXAHU3MHU HUIILIa0 YUKWITaH;

MUKCEJUIAPHUHT YpTaua UHTCHCUBIIUTUHUA OCpUiITaH KUMMaTiapuaa pakamiiu
TEJIEBU3UOH TacBHpjapaarn cudar KypcaTKMUMHH BU3yal Oaxojaml Ba
TaCBUPHUHI THHUKJIUK JapakKaCMHU TabMMHJIAINI >KapaéHUHU OOIIKAPHUII YCYIH



UIU1ad YUKUJITaH,

pakamiii TEJIEBUM3HOH TacBHpiapra BakTWi Ba (a3oBuil HIUIOB Oepwiil
KapaCHJIApUHUHT WKKH TIapaMeTpid HOUYM3HKIW THU3WMH, aJTOPUTMH Ba
MaTeMaTHK MOJICTTU UIIIa0 YMKUJITaH,

BH/IC0aXO00pOT THU3MMIIAPUAA TACBHPJIApPHH CETMEHT Ba KOHTypjapra
@KpaTuIl  yCyau XamjJa JUHAMUK KYPUHMIIJArd pakaMid  TEeJIeBU3HOH
TacBUpJIapra UIUIOB OCPHUIN >KapaéHIAPUHUHT SHTPOMMHN KOIJIAI MOCIH HIILIA0
YUKWITaH;

BHJIC0aX00pOT THU3MMIIApUAA paKaMid TEJICBU3MOH TacBHUpJIapra HWIILIOB
Oepumn kapaéunapuna guddepeHnnan Ba JAUCKPET YWHHIAp Hazapusicura
acocyianu0, TacBUpAAard HYKCOHJIApHU Oaprapad STUIl MacajajlapuHH XyCyCUH
xocwrnanmd auddepeHman TeHraMaaap EpaaMuaa CUHIl aJITOPpUTMIIApH Ba
yCYyJUTapH UILIA0 YMKUJITaH,

HOUYM3HKIN YWWHIAp MacallaCHHU IMAKUIAHTUPUIN Ba auddepeHiuan
TEHIJIaMajap acoCH/la CTaTUK Ba TUHAMUK TEJIEBU3MOH TaCBUpJIApra KOMITBIOTEPIIH
UIUIOB OCpHINJa TACBHP TUHUKIWTHHU OIMUPUITHUHT YHM3UKIA Ba HOYU3HKIH
buIBTpIaNI yCYUTapH UIUTA0 YHMKUJITaH,

BHIC0aXO00pOT TH3UMJIApHUJA TacBHpJiapJard CHDKHILIAP, aJIUTHUB,
UMITYJIBCII Ba aJIallTUB TraycC TUIMHJIATd HYKCOHJIAPHU aHU3UTPOMN (UIIBTpIIAll Ba
TACBUPJAPHUHT OYIUMIIM CWJUIMK Mojeuiapu €paamuaa Oaprapad STUII YCYIH
unuiad YUKUIraH.

TagKMKOTHUHT aMaJIMii HATUKACH KyWHaaruiapjaH noopar: TacBupiapra
pakaMmJId UIIUIOB OEPHIIIa TACBUP WUYUAArd MalI0OH CIEKTpiapuaaru
OpPTUKYAIMKIIApHU OapTapad STUI OPKAJIA FOKOPU Japakaard TUHUKIUKHU
TabMUHJIAII YYyH TACBUPHH KOJIAI YCYIIJIApH SIpaTHUIITaH; BUIC0ax00poT
TU3UMUA paKaMIIH TEJIEBU3UOH TaCBUpJIapra aJlaliTuB BaKTUH-(a30BHIN YN3UKIU
Ba HOYM3HKJIU, UTEPAMOH (GUIBTPIIAIT YCY/UTAPUHHA KYJUTall EpaaMuaa FOKOPH
TUHUKJIMKHU TAbMUHJIOBYM OOIIKAPYB CUTHAJUIAPUHU IIAKIUIAHTUPHUIT YCYIU
UNNIad YUKUJITaH;

KOPPEKIMSIIAHYBYM TACBUPJIAPHU THUHUKIUTHHY IIAKIIAHUII UMKOHUSTUHU
uHOOaTra OJITaH XOJJla TacBHp WYHAArd Ba TaCBUPIAPAPO CUJDKHUII Ba
HYKCOHJIapHU OapTtapad STUIN >kapaéHIapUHU MOJACIUIAIITHPHUII YUYH NaCTypHi
BOCHTAJIap MaXXMyaJlapy UIILIa0 YUKUITaH;

BUJIC0aX0OpOT  TU3MMIIApUa TEJIEBU3MOH  TacBUpiapra  (uibTpiain
YCYJUTApUHU KYJUTAlll HATWKACHUa TACBUPJIAPHUHT THHUKIUK 3(ddexTu ro3ara
KEJIUIIIN aHUKJIaHTaH;
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SIpaTUJITaH MaTEMATUK MOJICIHUHT aJICKBATJINTH Ba AacTypiap
Ma)KMYaCHHHUHT UIIIOHYJIMTY TEBEBU3MOH TACBUPJIApAaru CHUILKHUII Ba raycc
TUMHIArd HYKCOHIapHU OapTapad stumiga auddepeHiuan Ba JUCKpeT YHUHIap
Ha3apHsICUTa aCOCIIaHTaH YM3UKJIA Ba HOUYM3UKIN (QUIBTPIIAT YCYUIapH UIILTa0
YUKWITaH;

TagKNKOT HATHXKAJTAPUHUHT UIIOHYJIMJINTHA. TaJKUKOT HAaTHXKATAPUHUHT



UIIOHWIWINTY yciyOui >KMXaTlaH MacaJaHuHr JuddepeHnuan Ba JUCKpPET
VUAHUHIIAp Ha3apUsACH aCOCHUJIA MATEMAaTUK KYWWIMIIW Ba YHU €UMILI YUYH KYJUIAaHUII
rad Xycycui xocwnanu auddepeHinan TeHramManap yCyJUIapUuHUHT KaTbUNJINTH,
€UMIraH MacajaJapHUHI Ha3apuil Ba aMaJuil HaTWKajlapu, TaCBHUpJapra HIIJIOB
OepHIll Ba YM3MKJIM Ba HOUM3MKIM (PUIBTpiall >kapaéHIapuHU MOZEIIAIlTHPHILL,
TaCBUPJIAPJArd CWDKMII Ba aJJUTUB, UMIYJbCIM Ba aQJalTHUB raycCc TUIUAATH
HyKCcOHNapHu Oaptapad otum macanamapuau Dypbe, BEHUBIET, MaTpHUIAIN
UebumeB katopu, Bunep-Xom ycyauaa eduin ajaroOpuTMIIapd Ba  pacTpiiv
MOJCIJIAIITUPHUINTAa OWJ WIMHNA-TQAKUKOT HIUIApUW OWJIaH CONMIUTUPUIIUIIN,
xama XxucoOnaml HKCIEPUMEHTIApU HaTWXKAJIApUHU yMyMKaOya KWUJIMHTaH
Me30HJIap acocuaa aifHaH Oepuiaranyiap OuinaH KUECUN TaxXJIUiau OuIaH U30xX
JIAHA]IH.

TaaKMKOT HATHKAJTAPUHUHT WIMMH Ba aMaJIMid aXaMUATUH. TagkukoTaa
OJIMHTaH HaTWKaJApHUHT WIMHN axaMUATH JuddepeHnman YiuHIap Ha3apuscura
aCOCJIAHTaH YM3UKJIM Ba HOUM3UKJIA XyCUW Xocuiainu auddepeHiuan
TEHINIaMaJIap SAPaTUILI yCYIU Ba TACBUPAATA CUIDKUILIAP Ba HYKCOHJIAPHU
BaKTUM-(a30BUi X0NaTIapuH 0axosall ME30HIapu Ba CONJANAITUPUIITaH
yCYJUIapH, a1allTUB, UMITYJIbCIIN Ba aIUTUB I'dyCC TUIIMAATA TaCBUP
nedextnapuiu 6aprapad STUIIHUHT YU3HKIN Ba HOYM3UKIA (PUIIBTPIIAL YCYIIH,
¢da3oBHil TaBCUP Ba TaCBUPJIAPAPO OPTUKIATUKHHU HYKOTHII Ba KOJJIAIT yCYIIH,
pacTpiau MozeN, XucoOalll alropuTMIIapu Ba UXTHCOCTAIITaH 1acTypui
BOCHUTAJIAp MaXXMYH, TACBUP TUHUKJIUTH Ba IKKOJUIMTUHU U(POJATOBUU
napamepTiap XyCycusaTiapy Ba TMHAMUK Y3rapuill KOHyHUSTIIApU, BUIE0aX00pOoT
TU3UMJIAPU]IA PaKaMIIA TEJIEBU3UOH TaCBUPJIAPHU CHU(ATIH Ba TYIUK XaKM/Ia
y3aTHIL KOHLETUUACUHN MIAKIJITAHTUPULITHUHT ITOHA MaTeMaTHUK aCOCUHM Oepajiu.
TankuKOTAAa ONMHraH HAaTHKAJIAPHUHT aMaJIMi axaMUsITH BU1€0aX00pOoT
TU3UMIIApU/IA TACBUPJIApra UIILIOB OepHIll Kapa€HIapUHU OOLIKAPUII TU3UMH,
TaCBUPJIAPHHU YM3HUKJIA Ba HOUYM3UKIIN (QUIBTPIIALI HATHKACH 1A TACBUPIAPHUHT
TUHKJINTY Ba SKKOJUIMTMHYU BU3yaJ TACBUPJIAIl UMKOHUSATIADUHU SPATHIINILLH,
TaCBUP Ba TaCBUPJIApApO CHIDKHUIL Ba aJAUTHB, UMITYJIBCIIA BA aJIallTUB raycc
TUIWJATY BaKTUN-(Da30BUM HYKCOH Ba Je(EeKTIapHU aHUKIAll Ba OapTapad 3Tuill
NUKCEJUTAPHUHT Xa)KMHUI MUKJIOPH Ba 3UWIATUTa OOFJIMKJIMK KOHYHUSTIIAPUHA
AHUKJIAHWIIHU UXTHACOCIALITaH JAacTypiap MaKMyUHU aMaaueéTaAa KyJuianl
TEJIEBU3MOH TaCBUPJIAPHUHT cU(aT KypcaTKUWIapH apakaCUHU OLIUIINHH,
TacBUpJapra MIUIOB OepHIll KapaHIAPUHUHT MaTEMAaTHK MOJIEJUIapy
TaCBUPJIAPHU IAKJUTAHTUPHII Ba OOLIKAPHINA BaKT TEKaMKOPIUTUTa, TACBUP
CHWJDKUIIIAPH Ba HYKCOHJIApUHU T€3/1a aHUKJIAIl Ba OapTapad 3TULI jkapaéHIIapuHU
MHTEIJIEKTYyasl OOIIKApUII TU3UMUHY SIPATUILJIA KEHT KyJamaa KYJUTaHUIMIIN
MYMKHH.
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TaaKMKOT HATHKAJTAPUHUHT KOPUN KMJIUHUIIM. PakaMiin TeIeBU3NOH
TacBUpJIapra UIIJIOB OEpHUIIl )KapaéHIapUHU OOIITKAPUIII TU3UMH Ba MaTEMaTHUK
MOZEIapU aCOCUA:
YU3UKJIM Ba HOYM3UKIW (QWIBTpIANI QJITOPUTM Ba MOJCIUTAPUHHUHT



WHCTPYMEHTAJl JTaCTypHuil BOCUTalap Maxxmyayiapd AXOOpPOT TEXHOJIOTHsUIApU Ba
KOMMYHUKAIUSUIADUHU  PUBOKJIAHTUPUIL  Ba3UPIUTH KOpPXOHACHAA, >KymulaJlaH
«ToumkeHT paano TENeBU3HOH SIIUTTUPUILI MapKa3w» JlaBnar yHuTap KOpXOHAacHaa
KOpUH KWIMHTaH (AXOOpPOT TEXHOJOTHSIIAPY Ba KOMMYHHKAITUS

JapyUHU PUBOAIIAHTUPHIL BasUpiauruHuHr 2016 itmn 4 oxrabOpnaru 02-8/5459-con
MabiIyMoTHOMacu). OJWHraH TaJKUKOT HaTkKalapu acocuaa auddepennman
ViluHIap Ha3apusCUIa acOC/IaHTaH TaCBUpJIApHH aJalTHUB Ba aJAJUTHUB (DUIIBTpIIALL
yCylUlap¥, JacTypuil BOCHUTAJap Ma)XXMyaJlapd TacBUpAArd CHDKHII — Ba
HyKkconnapuu 11% nan 26% raya kamalTUPUIIT UMKOHUHU OepraH;

TEJIEBU3UOH TACBUpJIApra MIILIOB OepHUIll )KapaCHIAPHUHT UKKHU TTapameTpiiv
HOUM3UKJIM THU3UMH Ba MaTeMaTUK MOJACIMHU HWILIa0 YUKW aJrOPUTMHU
«UZDIGITAL TV» MUYXna xopuil kuinuHran (AXOOpOT TEXHOJOTUSUIApU Ba
KOMMYHHUKAITUSTIAPUHN PUBOXKIIAHTUPUIN BazupauruHuHr 2016 vwn 4 oxTsaOpaaru
02-8/5459-con  MabaymoTrHoMacH). ONHMHTaH TaIKUKOT HaTHIXKajJapu acocHaa
ApaTWIraH ajiropuT™M BHUAEC0aXOOPOT THU3UMIIApHUJIAa TACBUPJIAPHU CETMEHT Ba
KOHTypJIapra axparull Xxamja IUHAMUK KYPUHUIIJATM pPAKaMJId TeJIEBU3UOH
TacBHUpJapra HWIUIOB OEpHUIl >Kapa¢HIAPUHUHT SHTPOIMMUIM KOJIall MOJSTUHU
UIU1ad YUKW UMKOHUHU Oepras;

TEJIEBU3UOH TacBUpiap cudar KypcaTKHUWIapUHM OaxoJsail ajroputM Ba
TUHUKJIMK ~ JJapaXaCUHU  TabMUHJAII  JKapa€HUHU  OOIIKApUIl  YCYJIu
«V36exTenekoMm» AKHHHT pakamiM TeIeBH3MOH TApMOKJIAPHAA KOPUil KMIHHIaH
(«Y36exrenexkom» AKuunr 2016 itnn 4 oxta6ps 28-01/1420-coH MabIyMOT
HoMmacH). Jluccepranus TaJKUKOTUHUHT HaTM)KAJIapyd TACBUPHUHT THHUKIIUK
napaxxacuau 8,5% ra oOIMpUII XUCOOWIa pakamiid TEJIEBU3MOH TacBHUpiapra
UILIOB OepHIll KapaHIapyuHU OOUIKAPHUII TU3UMH CaMapaJAOPIUTHHH OIITHPUIITHH
TabMUHJIAIT UMKOHHHH Oepa.

TagKMKOT HATHKAJIAPUMHHMHI anpodaumsicu. /[MccepTalussHUHT Hazapuil
Ba aMalMid >KUXariapu KyHugaru Xajakapo Ba MWJUIMM KOHQEpeHIHs Ba
ceMuHapinapiaa Myxokama KwinHra: «Control problems and compression the
image» (Germany, Wiesbaden, 2012); «Control in parameters of algorithm
compression of a video information with use of its structural lines» (Poccus,
Kazan, 2012); «['eomeTpruueckne METOJbI B 3a7a4ax KOH(QIMKTHOTO YIPABICHUS C
pacnpeneneHHbiMu napamerpam» (Ykpauna, Kues, 2013); «duddepenunansubie
UTPbl TPECIENIOBAHUS MHOTUMX JHI[ C pPAacHpeleleHHbIMH MapamMeTpamMu |
reoMeTpuyeckuMu orpanndeHusmMu» (Ykpauna, Opecca, 2013); «O06 omHoi
3a7aue ynpaBieHus U cxkatusa uzobpaxkenuit» (Poccus, Cankr-IletepOypr, 2014);
«/luckpetHast urpa npecienoBaHus, ONMKCHIBAEMAasi YPABHEHUSIMH BTOPOTO MOPSIKA
¢ spkoctbio m3oOpaxeHus» (Poccus, MkeBck, 2015); «YnpaBineHus CKOPOCThIO
KOJMPOBAaHMS BUACOMH(POPMAIIUU TIPH Tepeade JaHHBIX B CUCTEMaX MOOMIHHOM
ez (V3bexucron, Tomkent, 2011); «ONTHMHU3AIMS CKATUI N300PAKEHUS KAK
3a/1aua yIPaBIICHHS C pacipeieleHHBIME apamerpamm» (Y36ekncton, TomkeHT,

12
2012); «MmuoromepHble yIpaBisieMble TPOILECCHl SPKOCTH H300paKEHUS C
r€OMETPUYECKUMHU OTPAHUYEHUSIMI (V306ekucToH, TomikeHT, 2013),



«KBazununeitHas nuddepeHuaibHas urpa ¢ NepeMeHHbBIMU K0d(PPUIIMEHTaMH U
r€OMETPUUECKUMHU OTPAHUYEHUSIMI (3736eI<HCT0H, TomikeHT, 2013),
«YnpaBieHUe CKOPOCTbIO  KOAUPOBAHHMS MO  MHHHUMAKCHOMY  KPUTEPHIO
HUCKaXXCHUSI (3736eKHCT0H, Tomkent, 2014), «O AByX 3agadax ymnpaBiIsieMOCTH
SAPKOCTH TUMPOBBIX H300pANKEHUN OMUCHIBAEMBIX JUCKPETHHIMHU YpaBHEHUSIMHU
BrOoporo mopsyka» (YV36ekucron, Tomkent, 2014), «YnpaBiseMmble IUCKPETHEIE
N300pKESHUS (V36eKHCT0H, Tomkent,  2015), «JluckpetHast ~ wurpa
TpeciIeoBaHusA, C SAPKOCThIO H300pasenus» (Y3bexucron, Tomkent, 2015),
pecnyonuKa UMUK aHKyMaHJIapuaa anpooanusan yTKa3uiaraH.

TaagKNKOT HATHKAJAPUHUHT 3BJOH KHJIMHMIIU. J[rccepraunus MaB3ycu
Oyiinya >xamu 48 Ta WIMUNA WII YON ASTWITaH, WyidapjaaH, 1| Ta MoHorpaduws,
V36ekucron Pecrybnmukacn Ommii  aTTecTarns KOMHCCHUSCHHHHI JTOKTODIIHK
JUCCepTalUsIapd acoCMid WIMHUM HATWKAJIAPUHU YOI ATUII TaBCHUS ATUITaH
wiMui Hampiaapaa 13 ta makona, 2 Tacu XOPMXKHMM Ba KOJTaHIIApU pecryOiinka
KypHaAJUIApHUJIa Hallp KWIMHraH Xamzaa 6 ta OXM yudyH sAparuiral JacTypuil
BOCHUTAJIAPHU KaiiJl KMJIMII TYBOXHOMACH OJIMHIaH.

JluccepTalUsiIHUHT Xa’KMH Ba Ty3WJIMIIM. J(pccepTanus TapKuOW KUPUII,
oemra 000, Xynoca, QoiinanaHunrad agabuérnap pyWxaru Ba WIOBajapiaH
noopar. uccepranussHuar xaxxmMu 200 OeTHH TalIKUII STraH.

JIMCCEPTAIIMSI MIIMHUHT ACOCUM MA3ZMYHHU

Kupum xucMmuga yTkazuirad TaJAKUKOTIAPHUHT J0JI3apOUTrd Ba 3apypaTu
aCOCJIaHTaH, TAJAKUKOTHHHT MakcaJau Ba Bazudanapu, oOBEKT Ba MpeaMeTIapu
TaBcuIIaHraH, pecrnyonuka (pad Ba TEXHONOTHUSIIAPU PUBOKIAHUIIMHUHT YCTYBOD
HyHanuuuiapura MOCJHUIM KYpCaTWITaH, TAAKUKOTHUHI WJIMHI SHTWIATA Ba
aManui HaTwxkanapu 0a€H KUJIMHTAH, OJMHTaH HaTWOKaJTapHUHT WJIMHUM Ba aMallui
axaMuATH 04uO OepwiiraH, TaJAKUKOT HATHXKAJapUHU amMajauérra >KOpHUil KWJIHII,
HAIlp OTWITaH WIIap Ba JUCCEPTAlMS TY3WIHIIM OVinda MabIyMOTIap
KEJITUPUJITaH.

HucceparauusauHr  «TejleBU3MOH TacBUpJapra 3aMOHABHU HIILJIOB
Oepum ycy/uiapw» 710 HOMJIaHTaH OuUpUHYM O00HMJa TEJIEBU3MOH TacBHUpJapra
UIUIOB OEpWIll yCy/Ulapu KYpuO YWKWITAH, WIUIOB OCPUIIHUHT aHbaHABUI
MIaKJUTApY Ba yCYIJIapW TaxJIMJI KWIMHTaH, TEJIEBU3WOH TacBHpiapra IacTiaOKu
UIUIOB OCpUIIHUHT y3Ura XoC XyCyCHSITJIapW AaHUKJaHraH. TeneBU3uOH
TacBUpJIapra UIUIOB Oepulll )apaéHuaaru Oypbe, BEUBIET Ba JUCKPET-KOCUHYCITH
Yy3rapTupuIn yCylulapu TaJIKWK KWIMHTaH. TeleBH3WOH TacBUpiap cudaTuHU
BuU3yan Oaxoyaml ME30HJApUHUHT TAacHU(DIAHWUIIM Ba TAHJIAHUIIK amajra
OIIUPUJITAH.

TacBupnapra unuioB Oepuil Kyn Kaaamiid s>kapaéH XUcoONIaHaaH, UTYHUHT
Y4yH TACBUPHUHI KYPHUII UIAPOK KWIHWIIHU SXIIWAJANl MakKcaauja YTKa3uiaaguraH
TacBUpJapra WIJIOB OCPUITHUHT acoCUi OOCKUWIApWHU |-pacMmaa KeITHpUiTaH
TY3WIHII CXEMAacCH KYpUHHIINAA TACBUPIIAIl MyMKHH.
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TacBupnapra HIUIOB OepuIll TAacBUp pakamMiIM IMakiaa OepuiiajuraH
XOJUlapJlaH  TallKapu, TAacBUPJAPHU IIAKJUIAHTUPHIL TU3UMIApH €paamMuaa
TacBUpPIIApHHU ONMHMIIKAA OomnuaHaau. by 6ockuuma Myxumu EpyFiuK OKUMHUIaH
TaCBUPHM MIAKJUIAHTUPHUIN THU3UMUHU TaHJAll Ba TacBUpJAard OOBEKTHUHT
KM3UKTUpaauraH OenrucuHu (EpUTHUIL, TYIKUH Y3YHJIUKIAPU OpaJMfd Ba X.K.)
Kaiil dSTHUII MapaMeTpiapyuHM  MaKCUMall aHWK TaHjall  XucoOiaHaau.
Pakamnamrupuin TaCBUPHUHT pakamiid IIAKITa Y3rapTUPUII YUyH 3apyp KOIJaIl
TaCBUPJIApHH aJI0KA KaHAJUIapu OViinya y3aTuina Tajnad KuiInHaIu.

Pakamnamtupu,
KOJIJTaIIl
TacBupHu
py#xarra oI
Hoceman

TacBupnapra unuioB 6epu
I

TacBupHuHT cudaruau ommpu™! THK HIIOB

JlacTiiaOKul WIIIOB  THUKJIAII

Oepui
= Oepuin
TacBupHU KaiiTa
BU3YyaJUIAIITHPHUIIT
CeMaHTHK HIILIOB
CerMeHTIamTHPHIII, Geprm
OenruiapHu axparwuil,
TacHU]IIAII, aHTJIAII, TATKUH
JTH Hatmxa

Busyan tankus 31y,

1-pacm. TacBupaapra uiioB GepUIIHUHT ACOCHIT 0OCUKNYJIAPH

TacBupnapra mo0ajn UIIOB Oepulll yCyIapu TYFpUIaH-TYFPU TACBUP
MaioHu OVitnya €Ky CrieKTpiap OpKajiu UIUIATHIMIIN MyMKHUH. TacBupiapra
UIUIOB OEpUILIa UKKU YIIHaMIIM [J100al OpTOroHaa y3rapTUpUILLTIaPHUHT
KyWUuJaruiaap y4yH y4uTa aCOCUM KYJUIAHUII COXaJapyu MaBXKY/I:

* TacBUp OeNruiapu XapakTepuCTUKAIAPUHU aXKpaTHILl,

e KuiMaTu OyinWya KUYUK Y3rapTupuil KodDPUImeHTIapuHy  Taniao
00opuil €KW KYMOJl KBaHTIAIl XHCOOUTa CIEKTPHUHI KEHIVIMTH KaMalraHuja
TACBUPJIAPHM KOZUIAIl;

* XMCOONMaNuIapHu OakapuiIMIIuAa YIT4aMIMIMKHUHT KUCKapuiu. byHai
y3raprupunuiapra @ypse, CHHYC, KOCUHYC y3rapTupuuuiapy, Benier
y3raptupunuiap, mynuHriaek Kapynen-Jloes, Yonm, Xaap Ba Anamap
y3raprupunuiapu kupaau. JIekun Oy y3rapTupuiuiap pakamian GuibTpianl
MaCIAIAPUHUHT KEHT TOUPACHHM €UHILJIA 3apyP YHUBEPCAIUIMKKA dra Mac.
Kymrnua amanma nactimabku TaCBUPHU YacCTOTABUM coxXara YTKa3WIll Ba YHU KaWTa
THUKJIALI YYyH TYFPU AUCKPET Y3rapTUPHUILL (TI[V) Ba Oypbe Teckapu TUCKPET
yaraprupumm (PTIY) éxn GomKa IUCKPET OPTOTOHAT Y3rapTUPHIILIAD



unuiatuiaaau. Yacroranap coxacuna ¢puisrpianl TacBUpHUHT Dypbe-00pazunu
(GUIBTPHUHT YaCTOTABUM XapaKTEPUCTUKACUTA KYTaUTUPHILIaH HOOpaT.
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TacBupmapra pacTnaOku HHOUIIOB OepHIll, HYKCOHJIAD Ba CHIDKUIUIAPHU
HYKOTHIN, ONTHMal BHUHEp GUIBTPJAII, TACBUPJIAPHU BU3yasl KaOyll KHIJIHUII
cudatuHu ommMpuIl, oOpa3jgapHu (TUMCOJUTApHM) TacHU(IAII Ba aHIJIAIMI
Makcajiapuaa  OOBEKTIIADHUHT  4YerapallapuHH  a@XpaTUIl  Ba  yJIapHHU
CEerMEHTJIAMITUPHII, TACBUPJIAP CHEKTPIAPUHHA TaXJIMJI KWW, JUCKPET YpaMaHU
xucoOmani, KOppensiuoH (yHKIHUS Ba CHEKTp yCTHAAru OOIIKa oOleparusiiap
MacaJlaJlapyHU €YHUIIl YYyH OT/Vra MyKkoomn cudarna Xaptiu, Xaap, Yoo
Anamap JUCKpET OPTOrOHAJI Y3rapTUPUIIUIAPU KEHT TOUpaaa KyJIaHWIAIH.

®ypre muckper ysraprupumm (OIY) kymiab pakamid  QHIBTpIALL
yCY/IIapHHUHT MILIATHIHIIN YayH acoc Xucoonanaau. Yeymuunr adsammru OTY
TE3KOp AJTOPUTMIIAPUHUHT KYJUTAHWIIUIIY UMKOHUSTH XHCcOOIanaau, Oy peas BakT
MacmTabuaa WNUIOB OEpUIUId  THU3MMHM MIUIATWIMIINTA HMMKOH — Oepai.
Kamunnury anajgor-pakaMiau y3rapTHpHUINAa YeKCH3 CTICKTPHU YCKIIAIl 3apypaTh
XucoOlaHaIu.

TacBupmapHuHr cuaTMHM aHUKIAWIWTAH aCOCHM MapameTpiapiaH OupH
3UNIMK XucoOnaHaau. bunoOapuH, TacBUp Mypakka® CIOXKET XapakTepura sra
OyauImM MyMKHH, Oy TAaCBUPHHUHI OJIIEMCHTIApPH aJlOXHWJa KOMOWHAIUsIapH
SUUTUKIIAPUAAH KEeJTMO YWKHIN OWJIaH YHWHT 3WUIMTHHA aHWUKJIANl 3apypaTuHU
Tyraupaan. byHpa Oapua siemMeHTNIap TEHT KMMMATIM XHMCOOJIaHaIW Ba yiap
KypTauruaan xap OUPUHUHT 3UUTUTH Kyiuaaru ¢popmyiia 6yitnda xucobaaHaau:

LLC
LL

mn
Oy epnaC,, , - UKKUTa NUKCEIIap KOMOMHALMSACUHWHT 3UAJUTUK, L, L,- m n X
.Y4aMiaru CroKeTIn TaCBUP AIEMEHTIAPUHUHT EPKUHINKIAPU. 3UTTUKIAPHU
KYIITUO YMKHUIIT KOMIACUHU KYJIIall OujlaH TaCBUP dJEMEHTIapu Xap Oup
Ky(QTUHUHT KaOysl KUJIMHUIIWMHY aHUKIaiaurad C,,, KuiimMamiap TymiamMmu
xucoOnanaau. Jlokan 3uasMKiIap MaTpULIAIADUHN  YpTadaJallTUPUIIHUA YTKAa3UIII
OunaH MUFUHAN 3WATUK onrHaau. OJUHTaH HATIKa TACBUPHUHT CH(ATUHU
BU3yas O0axouain napameTpiaapuaad Oupu cudaruga HIIaTHII MyMKHH.
JuccepranusHuar « TacBupiapra MuuioB OepuIl KAPAEHUAA YJIAPHUHT
THHUKJIUKJIAPUHA OIIUPHIN YCY/UIAPMHM HILIa0 YUK 1e0 HOMJIaHTaH
UKKMHYM 000uaa BHUAE0axOOpPOT THU3UMIIAPUIA TEIEBU3UOH TACBUPJIAPHUHT
3UUTMKJIAPUHU OLIUPHUII YCy/UIapu TaBcu(aHaau. TacBupiapra HILIOB OepuIl
XKapa€HUHUHT MaTeMaTWK MOJEIMHU KYpHUIl aJropuTMH HIUIA0 YHKUITaH.
TacBupHu  dokycramTupuil  aijgaHa Oyinya HyKTajlap KUHMaTIapuHU



Vypravanamtupuil  (Ha3zoBuil  onepanus OpKIM OPUIIWIMIIKA ~ MYMKHHIIUTH
Tabkuananrad. @okycnamtdpuiira HucOaraH Teckapu xoauca cudaruga
KECKUHJIMKHU OIIMPHUIIITA ¢azoBwii i depeHnraTIamTHPHUTIT
(mapakalalTUPUIL) OpPKaIW JSPUIIMIT MyMKUH. [IpuHIUNUAN HyKTau HazapaaH
TaCBUp HYKTAaCHJIard XOCWJIa ONEparopu TabCcUp KuMaTH Oy HYKTaJaru
TACBUPHUHT y3WJIUIIN JIapa)kacura nponopuuoHal.
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Xocunangapra acocjaHraH O3HI Ojauid omneparop Jnamiacuad (Jlarumac

ormeparopu) XucoOmaHagu, y UWKKH Yy3rapyBumwim z(X, y)PyHKOUIAp YUYyH
KyWujarnia aHuKJIaHa U

aav=+

22.(1)ZZ
nyaa

2
22

Ucranran Taptubaaru XoCcuia YU3UKJIN OMEepaTop XUCOOIaHaIn, y X0Jaa
JaruIacuaH XaM YM3UKJIH OTllepaTop XUcoOIaHau.

By TeHrnmama tacBupiapra pakamiM WIIUIOB OepHIIa KYJUTAHWIMIINA yYyH
YHU JUCKpET KypuHHMIIIa udonanam kepak. JlarmmacuaHHM KYIIHM TTHKCEIDIap
KHMaTIapyu acOCHIard JUCKPET KYPUHUIIAA OCPUIHIIMHUHAT OUp Heda yCylapu
MaBxKyd. Ky#luga kenTupwiaaurad JIHCKPET MWKKUHYM XOCWJIA DJHI  KYII
doitnananunaguramiapuaad Oupu xucobiaHagu. x OYHHYa XyCyCHM HWKKUHYH
XOCHJIa YIYH SHJIU UKKHUTA Y3rapyBUriap MaBKyIJIUTHHU YbTHOOPTa OJIUII OWITaH:

2

=+-+-

z
(x1,)2(x,y)(x 1,) 2¥zzy0
X
Ba IITyHTa YXIani, y Oyinda XyCcyCuil MKKUHYU X0CHIa
YUYH: 2

=+ -+ -

z
2(x, 1) 2 (x,y) (x, 1). 222y 0
y
TeHrama (1) Ounan 6epuiiraH UKKH YiTdaMJiId JarlaCuaHHu TUCKpeT Tapudrar Oy
MKKUTA TAITKAJ 3TYBYMWIAPHU OUPIAIITUPUIL OWIIAH OJMHA/IN:
VW=—+++-+++-zzzxyzxyzyzy4x,y)(1,)(1,)E )X 1).
[]

Jlammac omeparopu MabHOCH OVitMda MKKWHYHM XOCHWJIa XUCOOJAHUO, YHUHT

KYJUIAHWIWIIKM ~ TacBUpAAru EpKUHIMKIAp JapakaJlapuHu  Oy3WIHILUIApUHU



axpaTu0 Kypcaraau Ba EpKUHIMKIAP KyuCH3 y3rapaJural coXajJlapHU CYHIUPaIH.
by xoHTypnap ypHHMZA KyJPaHTPOK YM3UKJIAP Ba y3Ura XOCIUKIAPCU3 KOPOHFHU
¢doHra Kyiunran Oy3wiMuiapra sra OyiraH TACBUPHU OJMHUIIMIA OJIUO KEJIaJIu.
Jlekun OyHAa JamlacuaH OpPKaIM HPUIIMIAJUTAH KECKUHJIMKHHU OIIUPUIMILIU
caMapacuHU cakjam OuiaH (OHHM «KalWTa THUKJIAIl» MYMKUH. ByHUHT y4yH
JacTyiadK¥ TacBUpP Ba JIalJJaCMAHHU KYIWII etapiu Oynanu. byHna narmacuan
TaBcu(IapuaaH Kalcu OMpW MIUTATWITAHWHU €17a TyTHIN 3apyp. Arap mMan(wuii
Mapkaszuii ko3 GUIMEeHTIapHA UIUIaTaAuran TaBcudaan doitnananunran Oyica,
y XOjJa KECKMHJIMKHU OUIMPWIMII camapacu Oynaau, TacBHUp-JalUIaCUaHHU
Ky sMac, Oanku avupumn kepak Oymanu. [llynpmait kuimO, TacBUpiapHU
SAXIIWIALI YYYH Jalacuaniad (poiJanaHUIIHIHT YMYMJIAIITUPUITAH alrOPUTMHU
KyWHarura KeJITUpuiau: (x,y) (x,¥),(0,0)0, 2

[

|—V<zza2apw

8k, y) (%, y), (0,0) 0.
=Hl+V2

zZzazap w
2

oy epaaw(0,0)— narmracuan HUKOOM MapKka3uii K03()PUIIMEHTUHUHT KHHMATH.
DHIIU TacBUp EPKUHIUTUHU OOITKAPHUII MacalaCUHU KyHUaru KYpUHUIIAa Kypuo

YUKAMU3:
4,.0, zzzzzuu .
L1, 1L, ijijijijijijij - ttTt="
<pp-*t-+
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O,ml,,O,O: 09 07 O, (2)jjiiZZZZ ====
+6
i==-12,..m,j1,2,..,1,0
Oy epaa TEHITIAMAHUHT YalKh KUCMU Z Z Y = (X, )TaCBUP EPKUHINTH (PYHKIMACH 22
00
zZZ

0 o/lallllaCuaH JUCKPET aHaJIOTu

+
22

Xy

2 ij,
CPKUHJIMIH, SIbHH ;;
z=(X,Yy ) ;HyKTajaru TaCBUPHUHT
Z — - MAKCeJUIapra MOC KeJlaJurad TacBUp EPKUHINKIApU
CaTXJIAPUHUHT KUUMAaTH, ; i,
u — OOLIKApYBUHU MapamMeTp. YMyMHUMIIUKKA

uerapananmacyas, arap i = 0,8xui m= +1,8xuj = 0,éxuj =0,0¥nca, y xonma 0, ;;z



=xuco0maI KyjaH, sbHU TaCBUP EPKUHIMK CATXUHUHT HOJIb KHHMaTIapu
MUKCesuIap OujaH XomusIanrad. borkapuin Macanacy Kyuaaruda Kyuuinaaa. u ,
i==-12,..m,j1,.2,.., 1, Opyxcar stunagurad GOLIKAPHUILI

bus ;.

TACBUPHUHT EPKMHIIUTUHM o 1. 0.0,0,0,0,;,,,zzzz====

sjji

+ gXOJIATIaH

XoJarra yTkasaam, 0y epaa g o1 1,, 1j, 1 < << <-iimjBaiipum onauugan
Oepuiran ZTacCBUpP EPKUHIINTH CcaTXJIapy

B>0,e>0,B¢&>>yuyn. by ,;

KMIMAaTH OJITMHJAH OepUiITaH MUKCEUIapaa aipumM Oymakaa OViIraHIuruHu
OV IMpaIn.

by epaa WKKkM mapaMeTpiad HOYM3UKIM TU3UMJAP TAAKUK KWIMHTaH Ba
EPKUHIIMK CaTXJIapuJiaH MIUIOB Oepull )apaCHIapyuHUA OOUIKAPUII TU3UMU HIILIA0
YUKWJITaH Ba TEJIEBU3MOH CUTHAJIapra MIUIOB Oepull >KapaéHWHUHI MaT€MaTUK
MOJIEJIA KypHJITaH.

JacTnabku uMIUIOB  OEpUIIHMHTI OOopuIIMAa MareMaTUK KyTHII Ba
EPKUHJIMKJIAPHUHT YpTaua KBaAPATUK OFUILU, 3UJJIMK, EPKUHIMKIIAD Ba 3UJIMKIIAP
TUCTOrPAMMAJIAPUHUA KYPUIL, SHT TYFPU KeJaJUraH MOJEIHHU Ba pakaMiIM HIOBKUH
napameTpiapuHu TaHiall KaOu TaCBUPHUHT TYPJIM CTATUCTUK XapaKTEPUCTUKA
JApUHU aHUKJIaWIuraH TaCBUPHM TaxXJWJ KWIUII YTKaswiaau. JlacTiiaOku WIIIOB
Oepuil OOCKMUMZA TacBUpJAH paKaMiId HIOBKUHHM WYKOTWIMIIMHM aMajra
OIIUPAJUTAH MMACT YACTOTAIN (DUIBTPIIALI YTKA3UIaH.

[Tact yacToranu ¢GuUABTpIANIIAH KEHMUH TACBUPHUHT 3WJITU TAacasjav Ba
JeMaK yHH Ky3aTull Tanald KWIMHAIW. 3WUTMKHU Ty3aTHII Y9yH TACBHUPHUHT
KOHTYpJIapuHU XHcoOiam YyTkazuinaad. XUcOoONaHraH KOHTypiap EpKUHIMKIApU
TaCBUp MHKCEUIApU EPKUHIUKIAPUHU KYIIUO YHKUII HATHXKACUJA TacBUP
3UJIMTAHY TY3aTHUII amajra OIPUIIaIu.

JucceprauusHudr «TejeBU3HOH TacBUpAAru EpKUHIMK JapasKacHHU
OIIMPHIN YycyJ1apuw» Ae0 HOMJIAHTraH Y4YUHYM O00MAa HOYM3UKIW YHWHIAp
Macajnajgapu TapuduiaHrad Ba TACBUPHUHT EPKUHIUKIAPU OWJIaH yIapHU XaJl dTHII
yCYJUITApUHU TaHJall amaira omwupuirad. Tapuduanran macana Komm uHTerpan
dbopMynanapuHuHT (Gapk aHanorapu €prammjaa xan sTwirad. Mnuiad yukuiaran
ycyJuiap 3JUIANTUK TypJard TeHIaManap OuiaH TaBcU(IaHaAUraH TAabKUO KUJIHII
MacaJIAJIApUHN XaJl ATUIl YYYH KYJUIAHWIAHW. YCYJHUHI MabHOCU KyHuaaruaaH
ubopar. s s , 1 2ymuamiankin Maigonaary * RoOyuumkaa kangaiianp K skyHuit
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Manbnaymku, (3) TeHIIIaMaHWHT e4rMHU (4) mapTaa Kynaara hopmyria
OpKajy TaBcu(IaHaIH:
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Oy epnaG,— (3) TeHNIaMaHUHT KyHuJaru TEHIMK OpKajil aHUKJIaHa U aH
dbyHIaMeHTal e4uMu
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oaxapwiranuiaa (3), (4) MacasianuHr (5) KYpUHHUILIATH ATOHA YEKJIAHTaH €YUMU
MaBxXy[ Oymanu.
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Bunep-Xond TeHmamacu oOpKaJiM TacBUPJIAPHU UMBUKIW (QUIBTpIIAILI
YCY/UTAQPUHUHT  KYJUIAHWIUIIM ~ UHTEpHojsuusuiam  (KymuM4ya — KAPWUTHIL)
XaTOJIMKJIAPUHM, SbHU TaCBUPJAPHUA KaWTa THUKIIALLAA PACTPIM Ty3WIMAHUHT
CE3WIMIIIMHU, MacallaH yJIapHU OOCHIIIa KaMauTUpPHINTa UMKOH Oepanu. Mabiym
yerapajapja UM3UKIM ~ QUIbTpiam  OpKajdud  (UIYKTyalluoH  HYKCOHHHUHT
CEe3WApIIWJIUTUHY, UIYHUHIJIEK KalTa TUKJIAHAJIWraH TacBUpiapAaru OoIIKa
HYKCOHJIAPHH KamMaWThpuiira ospulmimiaad. by wMacana KyWupgaruya Tapszga
CUWINILINA MYMKHH.

[ “HYM caTp Ba j —HYM YCTYH KeCHUIIMacujaru (poijganud CUTrHajl TaCBUPHU
CPKUHJIMIM KUHAMaTH ; XOYJICHH, (QUILTP YMKUIIUIATH TaCBUP KyWHJard MOZAENb
OpKajiy TaBCU(DIAHCHUH:
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yfxn i1jJ i,
Oy epaa;;
n — (ij) KOOpAWHATAJIApJW HYKTaJard Xalakutiap kKukimaru, f(-) —
CUTHAJ Ba XAJAKUTHUHT ¥3ap0 TabCUPJIANIUIINHN TaBcuduanguran GyHkums, [
Ba.J - MOC paBHIIJIa KaJIpary caTpiiap Ba yCTyHJIap COHHU.
Uusuku Gunsrpianiga YMKUAII caMmapacy KUPUII MabJIyMOTIApUHUHT

YU3UKJIM KOMOWHAIIMACH OPKaJId aHUKJIAHA N

xijaijyiijj’
)
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by udonanaru ( ) ’
Wi XIjX )

*

= - KQJpHUHT (i,j) KOOpJIMHATATIN HYKTaCUIaru

doiinany curHamHu (GUIBTPIAHUIIN HATWXKAcH; S — aliJlaHAHW XOCHJI KWJIaJIMTaH
HYKTajap TYIiaMud (aHUKPOFH YJIapHUHT KOOpJMHATAJIapH TYTUIaMH); a(i,j) — Ba3H
kodQduLMeHTIapyu,  YJIApPHUHT  OUPIAUTHM  MKKM  YoI4amid  UMITYJIbCIH
xapakrepuctukanu (UX) 6epanu. Arap S coxa yekyiu Oyica, y Xoyaa UMITYJIbCIN
XapaKTepUCTHKA YEKJIH Y3YHJIHKKa 3ra 0ymanu Ba puistp KUX-punstp neitunanu.
AKc XonJ1a UMITYJIbCIIM XapaKTePUCTHKA YEKCU3 Y3YHJIMKKa 3ra Oynanu, (GuibTp
sca BUX-bunerp aeitunaau. (6) udonana MX yukumm camapacu aHUKJIaHAIUTaH
(i,j) HyKTaJlap KOoOpAWHaTajgapura OOFJUK OYynmaijau, KoopJuHaTajapra OOFIHK
Oynmaiimuran xoccajapra oJra Oynagurad TacBHpJapra UIUIOB  Oepuil
npoueaypaiapu Oup JKUHCIUMAC MpoLeaypaiap AeHuiaam.

NuutoB Oepuin cudaruuau Oaxonaml y4yH KYJUTaHWIAIUTaH aMajja KeHT
TapKajJraH ONTHMAJUIMK ME30HU XaTOJHKJIAp YypTrauya KBaJApaTd MHHHUMYMH
xucobnanagn. Dunprpmamra KymjgaraHga yHUHT HUQOAACHMHM — KyHHAaru
KypuHUIIIa udoaanaimus:
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oy epnaFE{ } —maremarTux Kyt cumBonu. (7) uponara MyBopHK ONTHMAI

(GuIbTpHU Kuaupu6 Tonum GpUILTp mAaKlanTupaguran x i j (. Jeurnan Ba x(i,j) €

(ijxijxij,...)()()

Oaxouair opacuiaru = -
dapkuu ndonanaiiguran

XaTOJIMKJIAp ypTavya KBaapaTu MUHUMaI Oynanurad yHUHT UXHM aHUKal1aH
noopar. Maremaruk kytuil (7) udomana 6ynran 6apya racoguduil KaTTaaukiap
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Oyiinua xpcoOmanaau, Oy ME30HHH YpTada XaTOTUKIApHU XUCOOTa OJHINTa
MYIDKaJUTAaHTaHJIUTUHU OWIITUpaIn.

OnTuMamIalITUPUII  TEHIVIAaMacMHU €KW TeHmiamanap TusuMuHu  (7)
MacajlaH! CYMJIUIINTA KEITHPUI KUHWH 3Mac. byHUHT yayH Oy ndOTaHWHT YarKku
kucmuzan ()

w1 a k | a =xosdduruent O6yiinya XoCUIaHU XUCOOIAMHU3 Ba YHU
HoJTa TeHDmamu3. JuddepeHuuanamrupui, KymuO YUKHUII Ba MaTeMaTUK
KyTUIII OMepanusjiapy YU3WKIM XUCOOJNAHWIM Ba IIYHUHT YYyH IKOWHH
Yy3rapTUpUI MyMKUHJIUTHHA XUCOOTa OJIUII OMIIaH Kyiuaaru udoaara Keaamus:

&) ijikjrijiijjingi

{1}

YHra kupaguraH MareMaTuk KyTUII, KypUIl KUWWH 3MAaCKW, KOPPEISLHUOH
GyHKIUATApHU CaHOKJApU XUcoOnaHaaM, ynap YYyH KyHujaru OenruianiiapHu
KUPUTAMU3:

BklExyBkileyyxyijikj;y”jj,-kj/(,,,-)='__='{,,11,

KCiaaau:
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Asrokoppemsimon B, ( )Ba ¥y3apo koppensumonB,, ()byHKumsapHu
Mabaym Ae6 xucobOmamr Owinan (9) wudoma anreOpauk  TEHIVIAMAHUHT
KATUPHIAETTaH YM3UKIN HUCOUH i/,



axoduimentiiapu xucodanaau. by

TEHIJIaMaJaru HOMabJIyMmJIap COHU S alijlaHa/laru ¢nHyKTaJlap COHUTra TeHr OYiaau
Ba KUX-¢punsrp 6ynranuga yexknu Ba BUX-punsrpnamnina yekcu3 xucoOnaHaau.

AnantuB  QuIBTpAAp TacBUpPJArd OOBEKTIAPHUHT  KOHTYpJIapu Ba
yerapajapyuHu  Ccakjaml  y4yH  MYyJDKaJJlaHrad,  (IyKTalmoH  HYKCOHHHU
bunpTpiamia 4YeKJId UMITYJIbCIM XapaKTepUCTHKAIW afdanTuB (QuiIbTpiaap KEHT
KYJUTAaHWJIQTU. «ATanTuB» aramMacu (PYIIBTPHUHT UMITYJIBCITH XapaKTepUCTHUKATIAPH
k03 dUIMeHTIapU HWIUIOB OepuwiaiuraH TAaCBHUPHUHT Ty3WJIMacura MYyBO(UK
Yy3rapuiuHu Ouinaupaau. YMyMHui xofja Kymiad agantuB QuibTpiap KyHuJIaru
KYPUHHUILJIATH JIOKAJ UIIIOB OCPUIIIHU UIILIATA N
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Oy epnaH — nmactinaOku TacBUpra HucOaTaH MIILJIOB OepHiraH TAaCBUPHUHT ypTaua
CPKUHINTUHY apaialiMaciIuruHU TabMUHIIAWIUTaH QUIBTPHUHT MEbEPIAILITHPHUIII
ko> duiment. @unstpuuar A non k k (| , |, , ; , )kodpduLMEHTIApH
D«cuprianyBan OWHAMarm» TAaCBUPHHUHT EPKUHJIMKIApU  (QYHKIUSIAPH
KuitmMaTiiapura Oofnuk — OYymaau. OWHaHUHT Xap OWp XoJjaTu Y4uyH (QUIBTP
HUKOOWHUHT CaHOKJApWHU KalTa caHaml €KW OWHaJa WIIOB OCpUTaH TaCBHUP
NUKCEIUIAPUHN  OJIMHUIIM, STbHH OWHN KOH(UTYPAIMACUHUHT  Y3TapuIn
Ooaxapunaau. LllyHuHr yuyyH oWHajmaru CaHOKJIApHU YM3UKJIW HIILIOB OepuIaaH
doiimananumra KapamacjaaH, aJanTUB  (QHIBTpiAm MpoIeaypack yMyMaH
HOYHM3UKJIN XHCOOIaHA/IH.
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JucceprauussHUHT «Pakamiin TacBHpJIapra HIILJIOB Oepui
JKapaéHJIApPUHU  MOAeJIAIUTHPMIN» 1e0 HOMJIAHTaH TYpTUHUYM OoOuaa
TEJIEBU3MOH TacBUpJIapra HWUUIOB Oepuil kapaéHuaa O0axciu Ba3uUATIApHU
MOJCIJIAIITUPUII ~ AITOPUTMHU  UILIA0 YUKWIraH. TeJlIeBU3HOH TacBUPJIApHU
y3aTuniaa OuTTa KaJpHUHT Yia Oup HyKTacuaard EpKMHIMKHUHT KMMMaTu ofataa
Oomka kaapnap OWiaH MOC TYIIMAaclIWIM TabKuAJaHaAu. byHnall macanaiapHu
eyunia Xap Oup HykTaga Kalj STWiIraH EpKUHJIMKHMHT Y3rapuiuiapu xucoora
onuHUIIM  Kepak. by  kxapaéHma  kapama-kapmu — MaHpaarad  TOMOH
KATHAIIAETraHJIUTUHU, SbHU Y TAacBUP EpPKUHIWTMHU OOILIKApuIlNra Xajanl
OepaéTraHINTMHU KypcaTaau.
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By MacananuHT MaTeMaTUK MOJIeIu KyWnaaru KypuHuiiaa Oepuiaiu:
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ZTaCBUPHUHT EPKUHJIMTHU  caTXJIapd KUWMaTapyu OJJUHJAH Oepuiran
nuKceiap/a TabKuOuM UCTalliuran KaHIauup opajiukaa OYIMIIuHN OMIIupaan.
TabkuOum VHWHUYM YUMHHU TE3pOK TYTAaTUIIHHM UCTaWIu, KO4a€TraH YHMHYM dca
yMyMaH ailTranjia, OyHra XxajaakuT Oepaju.

i m=1,2,...,qerapaBuii maptiaapaad goigaranum ounan (11) uponanan
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Oenrunam OminaH Kyiugarura sra Oyinamus:
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"M R C - ViiuH Tyraiiiuran TepMUHAI TYTUIaM.
Taxnud s>tunran EpkuHaukan Oorkapui anroputmu (13) dopmynanu

KYJU1am iWynu OuiiaH TacBUP HYKCOHJIAPWHU Ty3aTUI YIyH MYJDKaJIaHTaH
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By epna,
ZBAazZg-  TacCBUpAAH  TYFPUAAH-TYFPHU Oepuiaauran  Ty3aTHII

K03 GUIIMCHTIApUHA XUCOOJANl y4yH JacTIa0Ku MabiiymMoTiap carpiapu (Oy
TaJKUK KWIMHAJAATaH COXalard OMpUHYM Ba oXupru carpiap); ' Uy,

—0-1
napaxajard YeOuieB MaTpUIACH TTOJMHOMHKIAH Teckapu Marpuia; U, — 0 —
—n 1aapaxanaru Yebumes matpunacu nonuHomu; U, — k —1gapaxanaru
YeOuieB MaTpuIlacy MOJUHOMH; uBa U, — BEKTOpJIAp KypUHUIIUAATU

OOLIKapuII mapaMmeTpiaapy; # — EpKUHUKIIAP MAaTPULIACH YUYH Ty3aTHIII
KO3 PHUIMEHTIapH MaTpULacHIary catp 0 — GoIKapHI
pakamu;
BEKTOPJIAPUHUHT 0apya MaTpULQIapuHUHT (EPKUHIIMK, Ty3aTHIN) YI4aMIMINTUHU
KypcaraJnuraH rnapaMmeTp.

NmnoB Oepurmn  HaTmwkacuma Oomkapuil KoddduimenTiapu xucooura
TaCBUPHHUHI XPaTWITaH COXAacuJa NUKCEJUIApHUHI EPKUHJIMIMHMA Ty3aTHIIra
UMKOH Oepajurad Tanad KUIMHAAUTaH EPKUHINKKA SPUILINTIAIH.

ByHnnan Tamkapu, aJITOPUTMHUHT UIUIAINY HATH)KACHIa KyWH1ard UKKUTa
HaTHOKaJIap OJIMHAIN:

1) Hykcon 6ynran TaCBUPHUHT OpaJIUFy YHUHT ailllaHacura MyBOGUK
Ty3aTHIIA]IN.
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2) Tysarum amanra OWMPWIAAWraH OyTyH OpaJIMK Y4YyH OOLIKapuil
ko3 dUIMeHTIapu XUCOONMaHaau. YIapHU XyIIu IIyHAaldl HYKCOHJIA Ba YHUHT



alylaHaTapUHK KEWHHTH TaCBUpPJIapaa KyJUIall MyMKHH.
By ajnropuTma KyHugaru MKKATa acocuil ppopMysiaaap MILIATHIIa K :
UXXUXUXn,,
+4=—2
)20 0)0,
21

UXUXX
01,0204

01
oy epaa U,.,— YeOuleB MaTpuiiacuiIu MOJMHOMHU (N+2 — MOJMHOMHUHT
napaxach);X — acocujia IOJIMHOM XucobnaHaaurad kupui napamerpu. Llynaait
kun0, (13) Ba (14) ukkunuu Taptubnu YebuimieB monmHOMIIApUIaH Goii1amaHuIn
Ounan Gomkapuil Ko3pUIUESHTIAPUHN KUJAUPUIITHNA aMajra ONIUpHII OuiaH
oepuirad (, ) B € B € — +ananasonra

B -

MyBOGUK EPKUHIMKHYU Ty3aTHIII MyMKHH, Oy e€p/ia UIITYM coXa dyerapaniapua

MHUHHMMAaJ EPKUHIINK, Oy HyKTazaru EpKUHJIMK.
€ -MaKcumall Ba MUHUMAaJI EpKUHIIUKIIAP B €,yJI4alll HaTMXKacuaa Ty3aTUILIIaH
opacunaru §apx, ;,z KEHMWH UIIYH

coxazad bapua HyKTajap TYIIUIIU Kepak Oyiaran épkuuiukaunr (, )P e e — +
JIMATTIa30HUHY YPHATHIII amajira OITHPHIaIH.

JucceprauusHunr «TeJileBU3HOH TacBUPJIapHH (GUIBTPJIALN YCYIIAPUHH
TAKOMUJLJIAINTHPHIN» 1e0 HOMJIaHTaH OemmHYM 000Mma CHeKTpan coxasa
MMITYJIbCIIA XapaKTePUCTHKA OWJIaH Ypall yCylu OpKaJld pakaMild TacBUpJIAPHH
(UIBTpIIAIT Macaianapy Kypuo YMKHIaIH.

hxy (, )umnynsenu xapakrepucTuka 6unas ypam ycynu opkamu Lx y ()
TaCBUPHU (PUIIBTPIIALI Y3JIyKCU3 TACBUP X0JIaTH/Ia MaTeMaTHK Tap3/ia Kyiuarnya

TaBcudIaHAIN: =-- I J-

©o ©o Q—oo —00
LxyLhxydd..(,,,,,) (&
n¢nén)()

oy epra L xy .q( , ) — Quasrpnamgan kefiunryu TacBupaa pKUHINKHUHT
TaKCHUMJIAHUIIIH, Pakamiu ycynna oy
¢ N, —MHTErpaIaIl y3rapyBUnIapH.
(GUIBTpIAI yCy/IM HMIUIATHITAHUIA JACTIA0KH TacBHp, (WIBTPIANIIAH KCHHHTH
TAaCBUp, UIYHUHINEK HMITYJIbCIM  XapaKTEpUCTHKA COHJIAP  MAacCHUBIAPH
KYpUHHUIINAA OepHIaau, yIAPHUHT 3leMeHTIapuHu Moc pasuga LknLkn . (,
., ) a()Bahkn(,,)opkanu, carpnap Ba ycTyHIap pakaMIapuHu 3ca k
Ba nopkKanu OenrunaiitmMus. bynaa ¢punsTpaanrad TacBUp MUKCETAPUHUHT
EPKUHJIMKIIAPH KyHUIard Tap3aa Xucoomanau:

KN
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Oy epaa KBaN — xap MKKaja HyHaIUIIIapJaru UKKU YI9aMiIu UMITYJIbCITU
XapaKTePUCTUKAHUHT TaBOMUNIUTH. KBaNKuitmatiap GuibTpiIaHraH TaCBUPHH
JacTaabKu TaCBUPJaH CYPUJIUIIMHU OJIIMHU OJIMII YUYH Ky(T TaHIaHAIH.
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TacBup dunbTpnanranuga ymdammapu K NXMHUKCETHW TAIIKWI 3TaIATaH
OifHa (MMMYJIBCIIM XapaKTEPUCTHKA) OpKalu ckaHepiaHaau. OWHaHWHT Xap Oup
CaHOFM Ba3H KOI(PGUIMEHTH (MMITYJIbCIM XapaKTEPUCTUKAHUHT  KUHMAaTH)
xucobOsanaau, yHra Oy oOifHa CcaHOKJapu KOIUIAMJAWIraH TacBUP TMHUKCEIU
kynaiitupunanau. byHaa xoopaumHaramapu olHa MapKasW KOOpAWHATanapu OwiaH
MOC Tymagurad QUIbTpIAHTaH TACBUPHHUHT THKCEIM OSKaJauturu Oapda
KyTaT™ManapHu Ky YUKHII WYIu OUiaH TOMHUIIA N,

Umnynsenu xapakrepuctuka 2 k n (, )pakamiu QUTBTpHE XucoOnamiia

Kyiugara tap3ga tonwiaaud. Jlactnal® aHaior (UIBTPHUHT YacTOTAaBUM Y3aTHII

K (w w. .’ .)(1)yHKI_[I/I}ICI/I tonunagu. KeiinH yHra @ypbe UKKU yI4amMiIud HHTErpall
xy

Y3rapTUpUIIMHT  KYJUITAaHWUJIUIIM  Wynu OujaH yHra wmoc A(x,y) HWMIYJIbCIU
XapaKTepUCTHKA U3J1a0 TONUIAIN:
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bynpait Tap3na TonmwiaraH WMIYIBCIH XapaKTEPUCTUKAHHW JTUCKPET IIaKiTa
yHU (a30BUIM UCKPETIAMITUPUIIT OpPKAJIU Y3rapTUpHIN 3apyp, OyHna ¢ha3oBHii
JTUCKPETAAIITUPHIIL KaJaMu bunpTpIaHaguraH TaCBUPHHU dazoBuit
JTUCKPETIAMITHUPHUII KaJaMHUICK OYIIUIIN Kepax.

TaxxpubanapHu YTKa3WIMIIA y9yH TYpJId PaHT XapaKTepUCTUKAJIAPIIN
ctokeT Taunab onuHrad. CIOKET TYPTTalaH Kajpra dra, yinapiaH OWpPUHYHCH
TassHY KaJpu XUCOOJAaHAIM Ba CTAaTUK TacBUpAaH ubOopar Oynaau, KEMUHTH ydTa



KaJpiaap JMHAMUK  BHUJACOCIOKETIAap  XucoOmaHaau. Xap Oup  kazapra
TACBUPJIADHUHI peaJl IIMKACTJIAHUIIMHM MMHUTAalMsUIall Y4dyyH Oup KaH4a
Hykcomnap cond (1 JaH 6 raua) KMPUTHIraH. YTKA3HIraH KailTa THUKIALTHUAHT
MyBaQQaKUATIIIMTY ~ yordoBH  cudartupa  ypraua ksagparuk  ormm  (YKO)
UILJIATUITaH.
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2-pacm. «OQJIMax0OH» CHOKETH YUYH MIILIOB OepHUIITra 3apyp coxajap akpaTWIraH Ba
CO3JIaHTaH

Taxxpuba ukku 00CKUYAa YTKA3UIAAW, YHUHT HaTWXKanapu rpaduk
MabJIyMOTJIap Typu Oyiinya rypyXJjaallTHpHIa g, CTAaTUCTUK Tpaduka cudatuaa

24
Oapua y4Ta BHUICO KETMa-KeTIHMKIAp TasHY Kajpjapura HIUIOB OepuIl, KeWHWH
JUHAMUK Tpaduka KYpUHHUIIHAA Xap OUp HYKCOH YUYyH HWIIJIOB OEpPUITHUHT
XaTOJUTMHA aKc OSTTupaguran YKO rucrorpaMManapd KypHHHIIHAA BHIEO
KeTMa-KeTIMKIaru 6apya Kajapiapra uiuioB OepHIll IKyHIapy KyHuiaau.
TaxxpubanuHr OMpHHUM OOCKMYMJAa CTaTHK TacBUpJapra HILIOB Oepuiga
KeWWH WKKWHYA OOCKHUYHM YTKA3WIWIIN BaKTUIA KYJJIAHWUJIQJWTaH OOIIKApHII
kodQdULMeHTIapu  aHUKJIAHAaW, IWIyHJad Tap3ga OyHMHT y4yH Tajnab
KWIMHAJUTaH pecypciap ce3uiapian KUCKapTUPUIaIn.
by «Onmaxon» croxeTuaa KoOpJAuHaTanapu KyWHJia KeJITHUPWUITAH OJTUTA
HYKCOHJIap aHUKJaHTaH, O0apua HyKcoHJap 8 ra 8 mUKceiap yiadaMmura sra, Moc
paBuIla yinapHu TaBcuduiaiiurad coxanuur ymdamu 10 ra 10 nukcemiap 6ynaau.

1->xagBan
TastHa kagpura «OMTMaxoH» CIOKETH YIYH HYKCOHJIApIIH I0KOpHY Yan Oypuax
COXAaJAPUHUHT KOOPJIUHATIIApU

1-coxa 2-coxa 3-coxa 4-coxa 5-coxa 6-coxa

X Y X Y X Y X Y X Y X Y

Tasmu kapu | 276 | 28 | 323 | 109 | 508 | 146 | 360 | 162 | 570 | 257 | 138 | 286




a) 0)

B)
3-pacm. «OIMaX0H» CHOKETH Y4YH JacTiIa0Ku (a), HyKCOH/IM (0) Ba KaiiTa THKJIAHTaH
(B) kaapu
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2-KaaBa
«OnMaxoH» CI0KETH YUyH HYKCOHJIapJv FOKOpH Yan Oypyak coXaJlapuHUHT
KOOpAUHATIAPHU

1-coxa 2-coxa 3-coxa 4-coxa 5-coxa 6-coxa

Xl1Y | X |1 Y | XY [ XY | X]|]Y|[X]|Y

Nelkanp | 276 | 28 | 323 | 109 | 508 | 146 | 360 | 162 | 570 | 257 | 138 | 286

Ne2 kamp | 272 | 26 | 321 | 106 | 508 | 146 | 363 | 155 [ 572 | 250 | 133 | 282




No3 kanp

282 | 32

318 | 107

504

140

355|156

567 | 257

137 | 276

Nod kanp

279 | 35

318 | 102

508

140

352 | 162

572 | 252

143 | 274

OHau OupuHUM OOCKHMY TyraraHujaH KeHuH OOmIKapuil Ko3QQpUIneHTIapu
oJIMHTaH, Oy UKKMHYM (pa3ara yTuuira Ba yJaapHU AMHAMHUK MabJIyMOTapra UIIJIoB
Oepuiia MIIATUINTa UMKOH Oepaau Xap Oup CIOKeTJarn HYKCOHJIAp COHHU Ba
VJIIAPHUHT yJIdamiapu y3rapMaciaH KOJIaJH, JICKUH YJIAPHUHT BUJIEO KETMA
KeTIMKHUHT TYpJW KaJIplapuaard S>KOWJAIIWINU JacTIa0Kuh XolaTH arpoduaa
ce3wyiapcu3 TeOpaHMIIM MYMKHH, Xap OUp KaJpAard aHUK KOOpAHHATajap MOcC
«OnMaxoH» CIOKETUHUHT TaBCU(PUAA KENTUPUIIAIH.
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1)

3-xazBall
«Onmaxon» croxkern yaya YKO
1-coxa 2-coxa 3-coxa 4-coxa 5-coxa 6-coxa
Nelkaap 0 9,165151 0 16,7332 | 4,472136 | 61,28621
No2 xanp 0 5,385165 0 18,24829 | 4,582576 | 54,36911
No3 xanp 0 7,071068 0 18,81489 | 3,162278 | 60,73714
Ned xanp | 1,732051 | 3,162278 0 16,03122 | 4,582576 | 52,19195
fil
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S-CONa

4-pacm. «Oamaxon» croxkern yuyn YKO auarpammacu

TacBupnapra uinioB OepuIll HATUXKACKIA OJTMHTAH YKaIBaJlIap
MabJIyMOTIIapH, TUCTOTpaMMajap Ba BU3yasl 0axoJjall acocu/ia XyJl0ca KHIJIUII
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MYMKHUHKH, HYKCOH BYXYAra KeJraH j>KouWjgaru paHmiap Oy >KOMHUHT y3ura Ba




arpoprarn ¢onra Oornuk pasumiga 85-90% kalta TukiIaHagu, OyHaa (oH
KaHYaJIMK Oup Tekuc Oyica, KaiiTa TUKIAI IIyHYaIUK sSIXIIU OViaau.

XVJIOCA

«Bugeoax6opor  TuU3MMIIapuJa  TENEBU3MOH  TAaCBUPJIApPHUHT  cudar
JTapakKacHHY OIIUPHUII Ba (PUIBTPIIAINI >Kapa€HIAPWHUHT MaTEeMaTHK MOJEIUIap)
MaB3yCHUJIaTH JTOKTOPJIUK JWCCEpTANMICH Oyitmdya onu0 OOpWiTraH TaIKUKOTIAp
HaTMKacu1a KyWuaaru xXyjaocaaap TaKIuM dTHIIIN:

1. Buneoax0opoT TU3uMIIapuia pakaMiu TEJIEBU3WOH TacBUpJIapra UIIIOB
Oepuill >kapa€HjapuHU VHUHIApP Ha3apusICH acoCHJIa YM3UKJIM Ba HOYU3HUKIIU
mupdepennman TeHnTamanap €épaamuga udomamam Ba MaTeMaTHK MOJCIIApPHH
SpaTUIl yCyJIJIapy KOMIIBIOTEp XUCOOIaIl aJropuTMIIapy Ba JACTypiap MaXKMYHHH
KYJUIAIIHUHT TaxXJIWIW YIaQpHUHT Y3Ura XOC XYyCyCHSITIapu Ba HMCTUKOOJUIAPUHU
OENTUIAIIHUHT Ha3apuil acoCIapuHM aHUK1a0 Oepaiu.

2. Craruk Ba JMHAMUK TEJIEBU3WOH TacBUpJiapra UIUIOB Oepulln
xkapa€wnapuan — auddepeHnuan  TeHDIaMmaliapra — acocjiaHrad — (puibTpriain
YCYJUIAPUHU SIPATUIIUIIN, YIAPHUHT aJTOPUTMIIAPUHUA MATEeMaTHK KOPPEKTIUTHHU
UCOOTJIaHUIIIM, XHUCOOJaIl aNroOpuTMIIapd Ba JacTypudl Maxkmyajiap uuiad
YUKAPWINIIK, TUKCEJUIADHUHT YpTadya HMHTEHCUBIWTKM OepuiiraH KuilMaTiapjia
TacBUpJap TUHUKIUTUHA TabMHHIIAII XKapaéHUHU aBTOMATIAMITAPWITAH YCyJaaa
OOIIKAapHUIITa XU3MaT KUJIaIH.

3. TeneBusmoH TacBupiapra UIUIOB Oepuil xkapa€Hiapura KyHuiran
YeKJIaHUIUIAp, MapaMeTpiap KJIacCU(PUKALMICH Ba TaHJIAHTaH ME3OHJIAp acocuaa
@ypbe, OUCKPET-KOCUHYCIM Ba BEWBIIET Y3rapuIIApHUA amajra OLIWPUIINILN
pakamiiid TEJIEBU3HOH TacBHpiap cudarvHu Bu3yan Oaxoiall YCyJWHU SPATUILTA
XU3MaT KUJIaaH.

4. Iuddepennman yiinnaap Ha3apusCH acOCHIa TACBUPIAPTa UILIOB OEpHIIl
*KapaCHUHU MaTeMaTUK MOJCJUIAIITUPHUIN Ba XucoOnalml 3KCHEpUMEHTIIApU
YTKa3WIll HATWXKACUJa TacBUpPJApAard BaKTUH-(a30BUIl CHIDKUIILUIAD Ba a/alTUB,
UMITYJIBCITU Ba aJIMTUB TayCcC TUMHUIAard HYKCOHJIapHU OapTapad sTuin
MacaJiaJlapy €4UMHUHM TOTA/IH.

5. HkkunapameTpiu HOYMU3UKIM TU3UMIIApAa TEIECBU3UOH TacBUpJIapra
UIUIOB OepuIi >kapa€HIapUHM MaTEeMaTHK MOJCITWHU SPATHIUIIN TAaCBHPJIAPHU
OOIIKApHUIIT MacajajapHH €4Yull KapaCHUHU aBTOMATJIAIITUPAJAX Ba XUCOOMAII
AKCIIEPUMEHTIIAP HATWXKAIAPUHU TAAKUKOT KWIMIL, CUJDKUII Ba HYKCOHJAPHUHT
BaKTHiIl-pa30BUil YpHAIIraH >KOMIApMHU aHUKJIAIl Ba (PUIBTpIALI YCYJUIApUHU
caMapaJy KyJiamn opkaiau 6aprapad dTUIT UMKOHHHH Oepaim.

6. TeneBu3noH TacBUpiiapra HWOUIOB Oepuill >kapaéHuJa MYHO3apaiu
XOJaTJapHu MOJEJUIAIITUPHIN AJITOPUTMIIAPUHH Ba OOBEKTHU H(POATIOBUN TACBUP
XOJIAaTUHU WKKH VYJIYOBIM PACTPJIM MOACIMHU HIUIA0 YUKAPUIWIINA HOYUZUKIU
VHMH MacajlaJlapyuHM IAKJUIAHTUPUII Ba TAaCBUPJIAPp TUHUKJIUTMHU TabMUHJIAII
yCYJUTApUHU TaHJIAll UMKOHUHH sIpaTaiy.
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7. BakTuii-(ha30Buil CHUDKHUII Ba HYKCOHJIAp MaBXy/ OViIranjaa pakaMmin
TEJIEBU3MOH TaCBUpJIApra UIUIOB OCPUITHUHT (QUIBTPIIALI YCYIIAPUHU
TaKOMUJUTAINTYBH TACBUPJIAPHU CIIEKTPAJl MailIOHIapAa UMITYJIbCIAP XyCYCUAT
JapyuHU MHOOATTa OJITaH X0J/1a MX4amJIIall, aJalTHB aHU30TPOIT (PUITBTPIIAIT
yCyJUIapUHU KYIIal, Xamaa Oy IuMIN-CUIUTMK TaCBUp MoJeliapu EpraMuia
HycoHJiap Oaprapad >Tuiaau.

8. luHamMuK KeTMa-KeTIMKIaru TacBUpJiapra uiuioB OepHill yuyH OOIIKapyB
MEXaHW3MHUHUHT MOCIANTyBYaHIWTH, MaTpumann YeOumieB karopu Epaamuaa
TacBUpJIAp THHUKJIUTUHU OOUIKAPHII TU3MMHUHU SPATWIMIIN TacBHUpJapra UIIOB
OepHIll aHUKJIUTK Ba caMapaJOpJIMTMHU 0axojall ajJfOPUTMU  SpaTUIl UMKOHUHU
oepasu.

9. Buneoax0opoT TU3MMIIapU1a TaCBUPJIApHU CErMEHTIIAalIa KOHTypiapra
XpaTHIll yCyJH, TEJICBU3UOH TACBUPIAPHU SHTPOMIHSUIA KOJUIAI MOACIN XaM/ia
Bunep-Xon TeHrmamanapu épaaMua TaCBUPIAPHUA YU3UKIU (GUIIBTPIIAI YCYIIH
naH QoiJanaHuIl TeIEBU3HOH TaCBUpJIapari CUJDKUILIIAPHU Ba HYKCOHJIApHU
11%mnan 26% raya kaMaTUPHILL, TACBUPIAPHUHT TUHUKJIMK Japa)KaCUuHU dca
8.5%ra omuMpuIl UMKOHUHHU SpaTaaH.
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HAYUYHBIN COBET 14.07.2016.T.29.01 IPU TAHIKEHTCKOM
YHUBEPCUTETE UHO®OPMAIIMOHHBIX TEXHOJIOTUHN U
HAIIMOHAJIBHOM YHUBEPCHUTETE Y3BEKHCTAHA I1O
MPUCYXJIEHUIO YYEHOHN CTEITEHU JOKTOPA HAYK
TAIIKEHTCKHUHN YHUBEPCUTET HH®OPMAIIMOHHBIX
TEXHOJIOTUH!

TAIIIMAHOB EP)KAH BAUMATOBIUY



MATEMATHYECKHUE MOJEJIN ITPOLUECCOB ®UJIBTPAIIUHU N
MOBBIIIEHUSA YPOBHSA KAYUECTBA TEJEBU3NOHHbBIX
U30BPAKEHUI B BUJEOUH®OPMAILIMOHHBLIX CACTEMAX

05.01.07 — MaremaTtu4eckoe MojaejMpoBanne. UncjieHHbIe MeTOIbI
U KOMILJIEKCHI POrpaMMm
(TEXHHMYECKHUX HAYK)

ABTOPE®EPAT TOKTOPCKO# TUCCEPTALIMU

Tamxkent — 2016
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BBE/IEHUE (anHOTAUMSA TOKTOPCKOW AMCCEPTALINN)

AKTYaJIbHOCTh M BOCTPeOOBAaHHOCTH TeMbl auccepramum. Ha
CerolHsAUIMI JaeHb B MHpe B cdepe HHPOPMAIHMOHHO-KOMMYHUKALMOHHBIX
TEXHOJIOTUH MPUCTAIbHOE BHUMAHHE YAEISAETCS pa3pabOTKe CUCTEMBbl YIIPaBICHUS
npolieccaMu 00paboTKH IUGPOBBIX TEIEBU3MOHHBIX H300paXKEHUH B BUJICO
MH(POPMAIIMOHHBIX cHUCTeMaX. B yCIOBHMSIX HMHTEHCHBHOIO COBEPIICHCTBOBAHUE
COBPEMEHHBIX HH(OPMAITMOHHO-KOMMYHHUKAIIMOHHBIX CUCTEM YBETUUYECHUS O0Bbema
U MHPOPMAIMOHHOTO TIOTOKA OJHHUM U3 AaKTyalbHbIX MPOOIEM SIBISIOTCS
NOBBILIEHUS] YPOBHSI KauecTBa TEJIEBU3MOHHBIX H300paXEHUM M YIpaBJICHUSA
npoleccaMu QUIBTpAaUA OT W30BITOYHBIX MH(pOpMaluil. B 3ToM HampaBieHuu B
oOmacti MH(POPMALIMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJOTH B BEAYLIMX CTpaHax
MHUpPa YBEJIMYHMBAETCSI CHOPOC U NOTPEOHOCTh COBEPIICHCTBOBAHUIO METOAOB
(¢unbTpali M MOBBIMIEHUIO IPKOCTH LU(PPOBOTO TEIEBU3NOHHOIO M300paXKEHMS.



«Ha MupoBoii apere 1oxoasl oT LKU(poBON TeneBU3NOHHON nepenaun B 2016 r. B
cpeAcTBax MaccoBod uH(opManuu orneHuBancs B 7 mapa. pomwi CHIA, 3a
NOCIICAHUE TISITh JIET JOCTUTHYTO TMOBBIMICHUIO SKOHOMUYECKOH 3((eKTUBHOCTH
on-lain Tenenepenayd Ha 23%.»'

B PecnyOnuke Y30ekucTan mpoBOAATCS IIUPOKOMACIITAOHBIE MEPOIIPUSATHS
N0 PEHICHUIO0 3aJay, CBS3aHHBIX C TMOBBIIMIEHHEM SAPKOCTH IU(POBOTO
TEJIEBU3UOHHOTO M300pakeHus, 10 HS(PQPEKTUBHON OpraHu3alud Mep 10
aBTOMaTU4YECKOMY OIPEACIICHUI0 W CBOEBPEMEHHOMY YCTPAHEHHUIO IIyMa H
MHOPOJHBIX 3JIEMEHTOB B M300pakeHUsix. B 3Toll cdepe, B ToM uucie, mo
CO3JaHMM METO/OB TOBBIMICHHUS] SAPKOCTH H  (QUIbTpAlMU H300pakeHus,
WHTEJUJIEKTya Iu3aluy MPOIECCOB YMPaBJIeHUsT 00pabOTKH IU(POBOrO H300paxke
HUS, CO3JaHMHM CIHEUHUAIM3HUPOBAHHOIO MPOrPAMMHOIO, OPUEHTUPOBAHHOTO
KOMILJIEKCA COBEPIICHCTBOBAHUIO METOJOB YCTpPaHEHHs] CIBUIOB M CHUTHAJIHbBIX
UCKOKEHUU BO3HMKAIOIIMXCS B pe3yJibTaTe aJJUTUBHOIO, HMMIYJIbLCHOTO U
aJIaliITUBHO-TAyCCHOTO THUIIOB BO3ACHCTBUI B mpouecce o0paboTku LU(POBBIX
TEJIEBU3MOHHBIX U300paKEHUH, MPOBENICH PSJl HAYYHO-MCCIIEA0BATEIbCKIX PaldoT.

B wmupe ogHMM u3 BaXXHEWIIUX BOMPOCOB SBISETCS (DOPMHPOBAHUS
U(POBBIX TEJIEBU3UOHHBIX H300pa)KEHMH, Ha MX OCHOBE COBEPILEHCTBOBAaHHE
CHUCTEMBbl YIpABICHUS TMpoleccaMu oOpabOTKU H300pakeHUid, pa3zpadoTKa
YHUCIIOBBIX MOJEJCH W aJrOPUTMOB peIIeHUs 3a7ad (QUIbTpalud pa3IndHBIX
U (QPOBBIX TEIEBU3UOHHBIX N300paKEHUN C MTOMOIIBI0 MeTOI0B Dyphe U BEHBIIET.
B a10i#t 00651acTH OCYIIECTBIISIOTCS LieJICHANIPABICHHBIC HAYyYHbIE UCCIIEIOBAaHUS, B
TOM 4YHCIe, TPUCTAIbHOE BHUMAaHHUE YIEISETCA B CIEAYIONIMX HANpPaBICHUSIX:
pa3paboTKa COBEpIICHCTOBAHHOTO METO/a KiacCH(UKAIUKA U BHIOOpA KPUTEPUEB
HAOJIOZICHUST U OIEHKH KadyecTBa M300paKEeHUM, pa3paboTKa METOAOB yIPABICHHUS
YETKOCThIO M300pa)EHMM TMpH 3aJaHHbIX 3HAYEHUAX TIHMKCENeW cpeaHen
MHTEHCUBHOCTH, CO3JaHHUE aJTOPUTMOB MOACIIMPOBAHMS Mpolecca o0paboTKH
n300pakeHuii, pa3paboTKa METONOB YIpPABICHUS TMpolieccaMu 00ecredeHHs
YPOBHS YETKOCTH TEJIEBU3HOHOTO H300paxkeHus. [IpoBeieHrne HayYHbIX UCCIIeO0-

'https://www.pwc.ru/ru/entertainment-media/publications/assets/entertainment-mediaoutlook 2014.pdf
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BaHMI MO BBINICTPUBEICHHBIM HAy4YHO-UCCIIEI0BATEILCKUM HAIMPABICHUSIM
MOATBEPKAACT aKTyaJIlbHOCTh TEMbI IAHHOU THUCCEPTAIUU.

JlaHHOE McCcepTAIMOHHOE UCCTIEA0BAHUE B ONPEIEICHHON CTETIEHU CITYKUT
BBITIOJTHEHUIO 33]1a4, IpelycMOTpeHHbIX B [locTtanoBnenun [Ipe3nnenta
Pecny6nuku V36ekuctan Ne I111-1741 ot 17 anpens 2012 roga «O T'ocynap
CTBEHHOI MporpaMMe 1Mo TEXHUYECKOMY U TEXHOJIOTHYECKOMY TIEPEX0ly Ha
mudpoBoe Tenepenianue B Pecnyonuke Y30ekuctan», U B TOCTAHOBICHUH
Kabunera MunuctpoB Ne24 ot 1 deBpans 2012 roga «O mMepax 1o co3/1aHUIO
YCJIOBHM 1O AaNbHEHIIEMY Pa3BUTHIO KOMITbIOTEPU3ALUU U UH(DOPMAITMOHHO
KOMMYHUKAITMOHHBIX TEXHOJIOTHUI HAa MECTAX» a TAaK)Xe B APYTUX HOPMATHUBHO
MIPABOBBIX JOKYMEHTaX, MPUHATHIX B TAaHHOU cdepe.

CooTBeTcTBHE UCCIETOBAHUSA C IPUOPUTETHHIMU HANIPABJICHUAMH



Pa3BHUTHS HAYKW U TEXHOJIOIWi pecny0auku. JlaHHOE Hccien0BaHue
BBITIOJTHEHO B COOTBETCTBUU MPUOPUTETHOTO HATIPABICHUS PA3BUTHUS HAYKU U
TexHonoruii pecnyonuku V. «Pa3zputue nndpopmaruzanuu 1 “HPOPMALTMOHHO
KOMMYHHUKAIIUOHHBIX TEXHOJIOTHIT».

00630p 3apy6eKHBIX HAYYHBIX HCCJIEI0BAHMII 1O TeMe AMCCEPTAIMHA .
Hayunble wuccieqoBaHus, HampaBiIeHHblE Ha pa3pabOTKy MaTreMaTHYeCKUX
MOJIeJIEd M UWHTEJUIEKTYaJbHbIX CHCTEM YIPaBJICHUS MPOLECCOB 00padOTKU
TEJICBU3MOHHBIX M300paKEHUH, OCYIIECTBISAIOTCS B BEAYIIMX HAYYHBIX HEHTPAX U
BBICIIMX OOpa30BaTeNIbHBIX YUPEXKICHUSAX MHpa, B ToM uucie, B Massachusetts
Institute of Technology, Columbia, u California Institute of Technology, University
of Texas, University of California, Berkeley u Harvard University, Georgia
Institute of Technology, kommanun Dveo, Hibox Systems, Media Excel Honeywell
(CIOA), Actus Digital, Adtec Digital (M3paun), Tsinghua University, Beijing,
Zhejiang University, Hagzhou, Shandong University (Kuraii), University of Bath,
Cambridge University (Benukoopuranusi), University of Pune (Mumusi), Ghent
University (bensrust), University of Rostock (I'epmanus), Kyungpook National
University (FOxnas Kopest), Uactutyt cucrem o0pabotku m3obpaxkenuit PAH
(Poccust),  TalIKeHTCKOM  yHMBEpCUTETE  HMH(OPMALMOHHBIX  TEXHOJOTUH
(Y36ekucran).

B pesynbrare uccnenoBanuii, pOBEACHHBIX B MUPE 110 COBEPIICHCTBO BAaHUIO
MHTEIJICKTYaJIbHBIX CUCTEM YIPABICHUS U CO3JJaHUI0 MaTeMaTHUECKUX MOJENen
00pabOTKH TENIEBU3NOHHBIX N300PaKEHUI B BUACOUHPOPMAITMOHHBIX CUCTEMAX
HOJTy4YE€HBI Pl HAyYHBIX pe3yJIbTaToB, B TOM UucIie: pa3padoTaHsl 3((HEeKTUBHbIE

METOBI AAIUTUBHBIE (PUIBTPALINN U METO/ 00ECTIEUCHHSI BBICOKOTO YPOBHSI
kadectBa n3oopaxenuit (California Institute of Technology, CILIA); pa3zpaboranbl

TEXHOJIOTHsI YMEHbBIIEHUS Je()EKTOB B BUACOIOCIEIOBATETHOCTH C TTOMOILIO

BPEMEHHOMN (PUIBTPALIMU U BEUBIIET IOMEHOB a TAKXKE JJIs1 IUPPOBBIX
M300paKeHUI METO1 TMHEHHOUN (puiIbTpaluu pu o0paboTKe TeHEW rpapuiecKux
pucynkoB (Ghent University, benbrus); pazpabotansl MeToabl 00pabOTKH BUACO-

- O630p 321py66)KHLIX HAay4YHBIX I/ICCJ'IG,I[OBEIHI/Iﬁ no TeMe auccepranvu OCYLICCTBIACTCA Ha OCHOBC

http://web.mit.edu/, https://en.knu.ac.kr/, https://www.timeshighereducation.com/, www.ugent.be,
www.tsinghua.edu.cn/, https://www.cam.ac.uk/, www.uni-rostock.de/en/, www.unipune.ac.in/ # APyrux HCTOIHHKOB.
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uHpOpMaIH, U300pAKEHUIN 1 TEOMETPUUECKUX BBIYUCICHUI
onuparomuxcs qupdepenunansubiM ypasHeHusM (Tsinghua University, Kuraif);
pa3paboTaH MeTo/ OBICTPON aHM3O0TPOITHOMN CTIIIAKUBAHUSI MHOTO3HAYHBIX
U300paKeHU COXpaHEHUEM KPUBU3HY (HAIlMOHAJIbHBIA HAyYHO
uccrenoBaTebCKuii ieHTp Opaniius); pazpaboTaHbl TEXHOJIOTHH YIITIOTHEHHUS
JMHAMHYECKUX WHTEPBAJIOB C ApXUBUPOBAHHBIM COXPAHEHUEM JIOKAbHBIX
KOHTPACTHBIX M300paskeHu# ams mudposbix Buaeokapt (Kyungpook National
University, FOxxnast Kopest); pazpabotan MeTo/; aBTOMaTHYECKOM OIEHKH IITyMa U
UX yCcTpaHeHus B oTAeNbHbIX n300paxeHusx (Cornegy University, CIIIA);
CO3/IaHbI METOJIbI MOJICTTUPOBAHUS U (PUIIBTPAIIMH BEUBIIET CIydallHbIX o0nacTel u
MakcuManbHoU sHTpornuu (Braun University, CIIIA).



B mupe mo ynydiieHWi0 ypoBEeHb KadecTBa ITU(GPOBBIX TEIEBHU3MOHHBIX
U300paXeHn, pa3pabOoTKe MOJCTUPOBAHUIO MPOLECCOB  (PuiIbTpaliii |
BBICOKOA(D(PEKTUBHBIE CHUCTEM YIIPaBICHUE TIO PSAAY MPUOPHUTETHBIX HANPABICHHUMA
MPOBOASATCS HAyYHBIE HWCCICAOBaHUS, B TOM 4YHCIE: MO0 (HOPMUPOBAHUIO
MaTeMaTHYeCKUX MoJIeJiel TIPOoIecCoB (DUIBTPAIlUA COBEPIISHCTBOBAHHUIO METO0B
BeiiBner, Dypre, Xaapa, Yomm-Anamapa, KapxyHeHa-JIopBa B NOBBIIICHUU
YETKOCTU U SIPKOCTH H300paKEHUM Ha OCHOBE JMHEUHBIX W HEJIMHEHWHBIX
mudpepeHInaNTbHBIX YPaBHEHUN; CO3JaHUI0 METOMIOB YCTPAHEHUS aAUTHBHOTO,
UMITYJIbCHOTO ¥ aJallTUBHO-TAyCCHOT'O THUIIOB IITyMOB B M300Pa)KEHUSIX C IIOMOIIBIO
aJJIMTUBHON W aJanTUBHOW (DUIIBTpAIlUM; papabOTKE aJITOPUTMOB U MTPOTPAMMHBIX
CPEICTB TI0O BHECEHHWIO BHYTPUKAAPOBBIX W  MEXKKAAPOBBIX MPeoOpa3oBaHMIA
M300paKeHUI; pa3paboTka aJanTHBHOTO METO/Ia YMPABIECHUS CUCTEMOMN SIPKOCTH C
MTOMOIIIBI0 MaTPUIHOTO psia YeOrImeBa; pa3paboTKe IPaJMEHTHOTO, CTATUIHOTO U
Janjac METOJIOB IO CEerMEHTAIlMU W300paKEeHHS W pa3/IesICHHUs €ro Ha KOHTYPHI;
(GbOpPMHUPOBAHUIO KPUTEPUEB U YCIIOBHM OIICHKA KadecTBa H300paKeHU;
pa3pabOTKe METONOB SHTPOMHUIHOTO KOIUPOBAHUS KaJIpOB HAa OCHOBE BEUBIIET
npeoOpa30BaHUM.

Crenenb u3y4YeHHOCTH mpodjembl. Bompocam pa3pabotke
COBEPIIICHCTBOBAHHIO METOIHMKHU IPUMEHSIEMOTO MaTEeMaTH4eCKOro
MOJICTTUPOBAHKMS B PEIICHWM  METOMOB  JIMHCWHBIX W HEIWHCWHBIX
mudepeHnanbHBIX  ypaBHEHUN HHU(PPOBBIX TEIEBU3UOHHBIX HW300paKEHUW B
BUJICOUH(POPMAITMOHHBIX CUCTEMAaX, UCCIICIOBAHHUIO CO3aHUs aJeKBATHON MOJCIH
OTIPEICTICHHOTO TPOIECCa W HWCCIICIOBAHUS METOIOB OIPEACICHUS C IOMOIIBIO
AKCIIEPUMEHTOB TI0 BBIYUCIICHUIO TAapaMETPOB YPOBHS NEATEILHOCTH TMPOIEcca,
CO3/IJaHHE TEOPHHU U BOIIPOCOB COBEPIISHCTBOBAHUS METOJ0B 00€CIICUCHUS IPKOCTH
nyTeM (QuiIbTpaliu  yCTpaHeHUs Je(PEeKTOB aJJAUTHBHOTO, HMMIYJbCHOTO |
aJIaITHBHOTO XapakTepa IIyMa IIOCBAIICHBI pabOTHI psma ydéHHbBIX: Song-Hai
Zhang, Shi-Min Hu, Ce ZHU, Ralph R. Martin, Dan Su, Philip Willis, Zhou Wang,
Alan C. Bovik, Brian L. Evans, Jack Tumblin, Greg Turk, C. Tomasi, Erik
Reinhard, Michael Stark, Peter Shirley, James Fervverda, Fredo Durand, Julie
Dorsey, Suyash P. Awate, Ross T. Whitaker, David Tschumperle, Caroline Chaux,
Jean-Christophe Pesquet, Aleksandra Pizurica, Vladimir Zlokolica, Wilfried
Philips, Sheikh Md. Rabiul Islam, Xu Huang, Keng Liang Ou, Thou-Ho Chen,
Yen-Hui Yin, Shi-Feng Huang, Yan-Ting Ye,Yusuke Monobe, Haruo Yamashita,
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Toshihary Kurosawa, Hiroaki Kotera, Heiko Schwarz, Detlev Marpe, Leo Grady,
P.A.Bopo6ens, C.C.byxrtosipoB, C.H.KaraeB, M.U.Kpusomees, [0.b.3y6apes,
A.C.Cenuanos, b.I1.Xpomos, B.I1./[BopkoBuy, B.H.be3pykoB u npyrux aBTOpOB.
Bompocel, cBsizaHHble ¢ 00pabOTKOM TENEBU3MOHHBIX H300paKEHUM B
BUICOMH(OPMAIIMOHHBIX CHCTEMaX, CO3JaHHEM KOMITBIOTEPHOW Tpapukd W
aHMMAIlM1, aBTOMAaTU3UPOBAHHBIM I'€OMETPUUYECKUM JTU3ailHOM, pacCMaTpUBa KOTCS
B paborax Shi-Min Hu, Ralph R. Martin, P.A.Bopo6ens, C.1.Karaega,
M.U.Kpusomeesa, b.Il.Xpomosa, B.II.JIBopxoBuua, B.H.be3pykoBa u npyrux,
pa3paboTaHa TpuaJa METOJOB MOJACIUPOBAHUS TPOIECCOB 00PabOTKH MHPPOBHIX



TEJICBU3UOHHBIX  H300pPAKEHUM  «MOCNb-aJITOPUTM-TIPOTpaMMay, a  TaKxke
METOJIMKa KOMIIBIOTEPHOTO MOJICIMPOBAHUS M BBIYHCIUTEIBLHOTO JKCIICPUMEHTA,
CHUCTEMBI MOZYJIHHOTO W CHCTEMHOTO MPOTPAMMHOTO KOMILUIEKCA, IJOCTHUTHYTO
OTIPEIICTICHHBIM TOJIOKUTEIBHBIM DPE3yJabTaTaM MPU BHEIPEHUU UX B TPAKTHUKY.
Cesi3aHHbIE C pa3pabOTKONl MeTONOB (GUIBTPALMM U300PAKEHUN aJAJAUTUBHOTO,
UMITYJIbCHOTO M aJalTUBHO-TayCCOBCKOro Tuma uccienaoansl Jack Tumblin, Greg
Turk, David Tschumperle, }0.b.3y6apes, A.C.CenuBanoB, C.C.byxrtosipos, C.
Tomasi, Aleksandra Pizurica, Vladimir Zlokolica, Wilfried Philips, a Taxxe
BOIIPOCHI CO3/IaHUS PA3IMYHBIX YHCICHHBIX MOJIENIEH MPOIECCOB (PUIIbTpaluu u
00paboTKN M300pa)KEHUN TMOCBSIICHBI Pa3pabOTKU YUYEHBIX Halllel pecIyOIuKH,
Bkouas, M.M.MycaeBa, X.H.3aitnununosa, P.H.YcmonoBa, M.M.Kamunosa,
T.®.bexmyparosa, T.}OnmameBa, b.K.KypmanGaeBa u B Apyrux HCCICIOBaAHUSIX
paccMaTpHuBaIOTCS MPOOJIEMbI HEOOXOAMMOCTH CO3[aHUS PA3IUYHBIX YHUCIOBBIX
Moneael  (uIBTpallid  TPOIECCOB W COBECPIICHCTBOBAHHMS  CHUCTEMBI
MHTEIJICKTYaJIbHOTO YIIpaBJICHUs MpoliieccaMu 00paboTku n3obpaxenuit. Bmecte ¢
TEM Hay4YHBIC WCCIIEJIOBAHHUH CBSI3aHHBIC C CO3/aHueM 3(PGEKTUBHBIX aJTOPUTMOB
pelieHus 3a1a4 TEXHOJIOTUU MOJIETUPOBAHMS U GUIIBTPALIA TIPOLIECCOB 00pabOTKU
IU(QPOBBIX TEJICBU3UOHHBIX H300paKEHUH B BHUICOMH(OPMAIIMOHHBIX CHUCTEMaX,
NPUMEHEHUEM  METOIOB  MOJCIUPOBAHMS W JIMHEHHBIX W  HEJTWHEHHBIX
mudepeHInanbHBIX YPABHEHHUN TP PEIIEHUU 3a/1a4, CBA3aHHBIX C (DriIbTparmeit
U(POBBIX TEJIECBU3MOHHBIX WM300pakKeHHMI, MHOTOBAPUAHTHBIM BBIUHUCICHUEM Ha
KOMITBIOTEPE C TIICJIbI0  OMNPEACIICHUS MEXaHWYECKHMX M TEeOMETPHYCCKUX
napamMeTpoB, HEOOXOMUMBIX HJisi OOECIeUeHHs] TPEOyeMOTO YpPOBHS SPKOCTH H
KOHTPACTHOCTH  M300paKCHHS, IMO3BOJSIONIMX  TMOBBICUTH  A(PPEKTUBHOCTH
yIpaBJICHUs TIporieccaMu 00paboTKH U(PPOBBIX TETEBU3MOHHBIX N300paKEHUUN B
cCUCTEMax BHUIACOMH(POPMAIIMH, BOMPOCH Pa3paObOTKH MOJEICH SHTPONMHHHOTO
KOJUPOBAHUS TEJIEBU3MOHHBIX W300paXCHUH, pasleicHUusT Ha KOHTYpPHI TIPH
CEerMEHTAIMU M300pakeHui, (OpMUPOBAHUS HEIWHEWHBIX WTPOBBIX 3a7ad TPH
MOBBIIICHUH SIPKOCTH  H300paxkeHusi, co3fgaHusi S(OPEKTUBHBIX METOJOB IO
aBTOMATUYECKOMY OTPEACICHUI0O H YCTpaHEHUIO Je(eKTOB M300pakeHus
CO3MAIONIUX YCIOBUS JUIsi pa3BUTHA AI(PGEKTUBHBIX METOIOB BBIYHCICHUS
0CTaeroCs MpoOIeMaTUIHBIMH.

CBsi3b TeMbI JMCCEPTALMU C HAYYHO-MCCJIEA0BATEIbCKUMH padoTammu
BbICIIEr0 00pPa30BaTeIbHOI0 YYpe:kKIAeHHs, 7€ BbINOJHEHA JUCCepPTALMS.
JluccepTanimoHHOE UCCIIEIOBAHNUE BHITIOJTHEHO B paMKaX CIEIYIONINX HAyYHO-
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UCCJIeI0BATEIbCKUX TPOEKTOB TaIIKEHTCKOTO YHUBEPCUTETA MHPOPMAIITMOHHBIX
TexHojorui o remam: A5-037- «Pa3paboTka annapaTHO-MPOrPaMMHBIX CPEJICTB
ayJIMo-BUICOKO/ICKa Ha OCHOBE BEUBIIET-TIPEOOpPa30BaHMIA ¢ MEKKAIPOBOHN 00pa
00TKOM 17151 cucTeM MOOMIIbHOU cBsi3m» (2012-2014); A5-024 - «Pa3paboTka
IPOrPaMMHBIX CPEICTB TEJIEBU3MOHHOTO BEHBIIET ayAHO-BUIEOKOIEKA C
MexKaIpoBoii 00padoTkoit st 3G coToBbIX Tenedonory (2015-2017). Heasro
uccJieaoBaHus pa3paboTka METOIOB, AITOPUTMOB U PACTPOBBIX MOJEIEH
pOIECcCOB (GUIBTPAIIMH U TTOBBIIICHUS Kau€CTBA TEIIEBU3MOHHBIX H300pakKeHU! B



BUJICOMH(OPMAIIMOHHBIX CHCTEMaX Ha OCHOBE UCIOJIb30BAHUSI MaTeMaTUYeCKUX
MOJIENIeH C YaCTHBIMH MPOU3BOTHBIMH.

3agaun uccjie10BaHuA:

pazpaboTka MexaHu3ma BHeceHusi Dypbe, BeiBIeT H  AUCKPETHO
KOCHUHYCHOTO IpeoOpa3oBaHusi Ha OCHOBE KPUTEPHUEB U TPEOYyEMbIX MpEeAeNbHBIX
IPaHUYHBIX YCJIOBHSIX IIpollecCa C Y4YeTOM OCOOEHHOCTEH, (GopM U METONIOB
00paboTKH TeNeBU3MOHHBIX N300paXeHHH B BUI€OMH(POPMAIIMOHHBIX CUCTEMAX;

pa3paboTka MeTo/la YIpaBICHHUS MPOIECCOM OOecredeHust TpedyeMoro
YPOBHSI SIPKOCTH W300paKeHUSI U BHU3yaJIbHOW OIEHKH KauyeCTBa TEJICBU3MOHHBIX
M300paKEHUM MTPU 3aJJaHHBIX 3HAYEHUAX CPEIHEUHTEHCUBHOCTH MTUKCEIEH;

CO3/laHHE€  ajroputMa  pa3pabOTKM  MaTreMaTHYecKOH  MoJenu U
NByXMapaMeTPUUYECKOW  HEJIMHEWHOW  CHUCTeMbl  TPOIECCOB  00pabOTKHU
TEJIEBU3MOHHBIX U300paKEHUH;

pa3paboTKa MOACIIA SHTPOMUIHOTO KOMUPOBAHUS MTPOIIECCOB 00PaOOTKH
MOCJIeI0BATENIbHBIX JUHAMUYECKUX TEICBU3MOHHBIX H300paXEHUN U METOJIOB
BBIJICTICHUS] KOHTYPOB M CETMEHTOB N300paKCHHI B BUICOMH(POPMAITHOHHBIX
CUCTEMaX;

pa3paboTKka METOIOB M AalTOPUTMOB pEIICHUS 3a7ad [0 YCTPAaHEHUIO
ne(HEeKTOB N300PaKEHUI C MOMOIIBI0 YaCTHBIX MTPOU3BOIHBIX AU depeHITnambHbIX
ypaBHEeHUH Ha 0a3e TEOpUM JUCKPETHBIX U Ju(depeHIuanbHbIX UIp
MaTeMaTH4YeCKUX MOJeNeld NpoueccoB 00pabOTKM IU(GPOBBIX TEIEBU3UOHHBIX
U300pakKeHMi B BUJICOMH(POPMAIIMOHHBIX CUCTEMAX;

pa3paboTKa METO0B JTMHEHHON U HETMHEHHON (QUIBTPAINH [T YITyqIIeHUS
SAPKOCTEH M300pa)KeHUsT TPU KOMIBIOTEpPHON 00pabOTKEe CTaTMYEeCKUX |
JTUHAMHYECKUX TEJICBU3MOHHBIX M300pakKeHU HAa OCHOBE YAaCTHBIX MPOU3BOIHBIX
muddepeHINanbHbIX YpaBHEHHH U (OPMHUPOBAHHME AUCKPETHBIX M HEITHMHEWHBIX
mudepeHnnanIbHBIX UTPOBBIX 33134,

pazpaboTka MeToJa YyCTpaHEHHUs CIBUTOB, J€()EeKTOB aJJUTHBHOTO,
UMITYJIbCHOTO M aJalTHUB-TAyCCHOTO XapakTepa MpH MOMOIIM aHU3UTPOIHOU
bunbTpanuu U pazaeabHO-IIAJKUX MOJeTeH n300paKeHUH.

O0beKTOM McCJIeI0BAHMS SIBJISIOTCS MPOIIECChl 00paOOTKH U (DUIIBTpALIUU
M300pKEHUM, MOJCIUPYEMBIX C TMOMOIIBI0 Tud(PEepeHIINATBHBIX YPAaBHEHUU C
1EJIBbIO TOBBIIIECHUSI YPOBHS SIPKOCTH HUGPOBOTO TEIEBU3MOHHOTO U300paKEHUS B
BUJICONH(DOPMAIIMOHHBIX CHCTEMAaX.

IIpenmMeToM HcceIOBAHUSI SBISIIOTCS PACTPOBBIE MOJENN, METOABI HX
UCCIIEJIOBAHUS M PEIIEHHUs, COOTBETCTBYIOIIME BBIUMCIUTEIbHBIE AJITOPUTMBI H
IporpaMMble CpeICcTBa, IPUMEHSIEMbIE JIJIsl peLICHUS 3a7a4 YCTpaHeHUsI 1e(DEeKTOB
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W300pKCHUM, HA  OCHOBE  WCIIOJIB30BAHUS  MAaTEMAaTUYECKUX  MOJETeH,

BKUTIOUAKOIMUX JAuddepeHImaibie YpaBHEHUS U MPOIecChl 00paboTKu 1u(poBhIX
TEJIEBU3UOHHBIX N300paKeHUM I BUICOMH(DOPMAITMOHHBIX CUCTEM.

MeTtonsl uccienoBaHusi. B guccepranuyd  MCHONB30BAaHBI  METOIBI

MaTEeMaTHYeCKOTO ¥ YHCICHHOTO MOJCIMPOBAHUS, TEOPUH JTUCKPETHBIX W

mudpepeHInaNTbHBIX UTP, TEOPUU BEPOSITHOCTEH, BHIYUCIUTEIIBHOW MaTEeMaTHKH,



TEOPUM U METOJIOB AJITOPUTMU3AIUHU, TEXHOJOTUU MOIYIHHOTO M CTPYKTYPHOTO
IPOrpaMMUPOBAHUS, METOAOJOTUS BBIYMIUTENBHOTO H3KCIEPUMEHTA, a TaKXKe
METOJIbI TMHEWHON W HETMHEHHOW (PUIBTpaIny.

Hayynasi HOBU3HA HCCJIEIOBAHMS 3aKJIIOUAETCS B ClIEAyIOUIEM: pa3padoTaH
MEXaHHM3M UCIOJIb30BaHUs IpeoOpa3zoBanus Dypbe, BEUBIET U
JTUCKPETHO-KOCUHYCHOTO ITpeo0pa3oBaHus B Mpoleccax 00padOTKH TeJIeBU3UOH
HBIX N300pakKeHUI B BUACOUMH(POPMALIMOHHBIX CUCTEMAaX, HA OCHOBE y4eTa
0COOEHHOCTE! U KPUTEPUEB MPEICIbHBIX TPAHUYHBIX YCIOBHIL; pa3paboTaH METOx
YIPABJICHUS MPOIECCOM 00eCTIeueHUsI TPEOYyEMOro YPOBHS SIPKOCTH U300paKeHUS
Y BU3YaJbHOM OLIEHKU KaueCTBEHHBIX MOKa3aTeNel TeJIeBU3UOHHBIX U300paKeHU
IIPY 3a/IaHHBIX 3HAYCHUSAX CPEIHEH MHTEHCUBHOCTH THKCEIeH;

pa3paboTaHbl MaTeMaTHYECKask MOJIEIb ISl ONMCAHMS IPOLIECCOB
MIPOCTPAHCTBEHHO-BPEMEHHOM 00pa0OTKH ITU(POBBIX TEIECBU3MOHHBIX N300pa
YKEHUU U aJITOPUTM PEIICHUS] COOTBETCTBYIOIIEH ABYXIIapaMETPUUECKONU HETU
HEWHOMW CUCTEMBI;

pazpaboTaHa MoJIeIb SHTPOITUUHOTO KOJAUPOBAHUS MTPOIIECCOB OOPAOOTKHU
MOCJIEZIOBATENBHBIX TUHAMUYECKUX U(PPOBBIX TEIEBU3MOHHBIX U300paXeHHI, a
TaK>K€ METO]I BBIJICTICHUSI KOHTYPOB M CETMEHTOB U300paKeHUI B BUACOUH(OP
MaIMOHHBIX CUCTEMAX;

pa3paboTaHbl METOJbl M AJITOPUTMbl pEUIEHUs 3a7ad [0 YCTPAHEHUIO
nedekToB M300pakeHUl B mporeccax 0o0paboTKM HHU(PPOBBIX TEIEBHU3UOHHBIX
M300paKEeHUN B BUICOMH(GOPMAIIMOHHBIX CHCTEMaX C MOMOIIbI0 MAaTeMaTUYECKUX
MoJieiel C MPUMEHEHUEM TEOPUHU JTUCKPETHBIX U TudPepeHInaIbHBIX UTD;

pa3paboTaHbl METO/Abl JTUHEWHONW U HEIMHEWHOU (PUIBTPAIU TOBBIMICHUS
SAPKOCTH HW300paKEHUSI TPHU KOMIIBIOTEPHOM 00pabOTKE CTAaTUYECKHX U
TUHAMHYECKUX TEJIEBU3MOHHBIX HM300paKEHUH HA OCHOBE MOJCIHPYIOIINX
muddepeHnnanbHbIX ypaBHEHUM U (POPMUPOBAHUS HEIMHEWHBIX UTPOBBIX 3a]1a4;

pazpaboTaH METOJ YCTPaHEHHUS CIBUTOB, J€(PEKTOB  aJJUTHUBHOTIO,
UMITYJIbCHOTO M aJallTUBHO-TAyCCOBCKOTO XapakTepa MpH MOMOILIY aHU3UTPOITHON
(GuIbTpaluy U pa3aeNnbHO-IIAAKUX MOJEIEH N300paKeHUH.

IIpakTH4yeckne pe3yabTaThl HCCIAEIOBAHMS 3aKIIOUAIOTCS B CIEYIOLIEM:
pa3paboTaHbl METOJIbI KOAUPOBAHUS U300paKEHUH 1JIsi 00€CTICUeHUsSI BBICOKOTO
YPOBHSI SIPKOCTHU MTyTEM YCTPAaHEHUSI BHYTPUKAAPOBOI H30BITOUHOCTU
MPOCTPAHCTBEHHOTO CIIEKTpa B Mporieccax 00paboTKu U(PPOBBIX TEIECBU3NOHHBIX
U300paKeHUI;

paspabotan Metonm (HOPMHUPOBAHMSI CHUTHAJIOB YIPABICHUS, OOCCICUH
BaIOIIUX TpPeOyeMOro YpOBHS SIPKOCTEH, HJisi ycTpaHeHUs AeHEKTOB U BHYTPHU
KaJIPOBBIX U MEKKAPOBBIX CIIBUTOB C TIOMOIIILIO MPUMEHCHUS HTEPAITMOHHOM,
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aJIaNTUBHOM MPOCTPAHCTBEHHO-BPEMEHHOM JINHEWMHON U HETMHEHHON (uiibTpanuu
U(POBBIX TEIECBU3MOHHBIX H300paKeHU B BUJICOMH(OPMAIIMOHHBIX CHCTEMAX;
pa3paboTaH KOMIUIEKC MPOrPAMMHBIX CPEJICTB JIJISl MOJEIMPOBAHUS MPOIIECCOB
ycTpaHeHus 1e(EeKTOB U BHYTPUKAIPOBBIX M MEXKAIPOBHIX CIIBUTOB C YYETOM
BO3MOXKHOCTEH (POPMUPOBAHUS IPKOCTH KOPPEKTUPYEMBIX N300paKECHHI;



OTpe/eIeHO BO3HUKHOBEHUE 3 (PeKTa SpKoCTH U300paxKeHu B pe3ysabrare
MPUMEHEHUSI METOAOB (PUIIBTPAIIUU TEJICBU3MOHHBIX M300paKEHU B BUICOUH(OP
MAaIIMOHHBIX CHCTEMAX;

aJCeKBAaTHOCTh CO3JAaHHOM MAaTeMaTHYECKOM MOACIM H HaIEKHOCTH
KOMILJIEKCA MPOTpaMM MOJTBEPKACHA pa3paOOTKONW M3YyYEeHHS] METOJOB JTMHEHHOM
U HEJIMHEWHOW (UIbTpallMi, OCHOBAHHBIX Ha Teopuu AuQdepeHIUaIbHbIX U
JUCKPETHBIX UTP MPU YCTpaHEHUU AE(HEKTOB TayCCOBCKOTO THUIA U CIBUTOB B
TEJIEBU3MOHHOM U300PAKEHUH.

JlocToBepHOCTL pe3yjbTATOB HCCJIeA0BaAaHUA. J[OCTOBEpHOCTH pe3yibTa
TOB  HUCCJIEIOBaHUA OOOCHOBBIBACTCS C  METOAWYECKOM  TOYKH  3PEHUS
MaTEeMaTUYeCKOM MOCTAaHOBKOM 3ajladyM Ha OCHOBE Teopuu auddepeHInaIbHBIX U
JACKPETHBIX UTP U TMPU €€ PEIICHUH YETKOCTHIO METOIOB MPUMEHSIEMbBIX YaCTHBIX
MTPOU3BOJAHBIX mudepeHnanbHbIX YPaBHEHH, TEOPETUYECKUMU 151
MPAKTUUYECKUMU PE3YJIbTaTaMU PEIICHHBIX 337134, MOAECIMPOBAHUEM IPOIECCOB
JUHEHHOM UM HelMHeWHoW  QuubTpamuu U 00pabOTKM  M300pa’KeHUH,
COIIOCTABJICHUEM 33Ja4 [0 YCTPAHEHUIO AaJJUTHUBHBIX, HWMITYJIbCUBHBIX U
aIAMTUBHO-TAYCCOBBIX J€(DEKTOB U CIBUTOB B U300PAKEHUIX C HAYIHO
UCCIIEZIOBATEIbCKUMU paboTaMu B 00JacTH aJITOPUTMOB PEIICHHUS M PacTPOBOTO
MoOAEIUpoBaHUs MeTogaMu Buaep-Xon, ®ypbe, BEUBIET, MaTpUYHBIM PSAIOM
YeOnlllieBa, a Takke pe3yabTaTaMU BBIYHUCIUTEIBHBIX DKCIIEPUMEHTOB Ha OCHOBE
OOIIENPUHATHIX KPUTEPUEB U COMTOCTABUTEILHOTO aHAIN3a MTOTYYCHHBIX JaHHBIX.

HayyHasi u npakTuyeckass 3HAYMMOCTHb Pe3yJIbTATOB HCCJIeI0BAHUSA.
Hayuynas 3HaYMMOCTH pe3yTbTaTOB HCCIENOBAHUS 3aKIIOYaeTCs B pa3paboTKe
JUHEWHBIX W  HEJIWHEWHBIX YAaCTHBIX NPOM3BOAHBIX AU epeHITnaTIbHBIX
ypaBHEHUH Ha OCHOBE Teopuu Mud(PepeHIMATbHBIX UTP, METOAOB YIPIICHUS H
KPUTEPUEB OLEHKHA MPOCTPAHCTBEHHO-BPEMEHHOIO COCTOSIHUMS CIABUIOB U
ne(eKToB B H300paKEHHUSX, METOJIOB JMHEHHONW W HEJIWHEHHON (UIbTpaluu
YCTPAHEHUsI AJJIUTUBHOIO, WMIYJbCHOTO M aJalTUBHO-TAYCHOTO THUIIOB IIyMa,
METOJIOB KOJAMPOBAHUS W YCTPaHCHHs (Pa30BOTO H300pKEHUS W MEKKAIPOBOU
U30BITOYHOCTH, PACTPOBBIX MOJENEH, aJITOPUTMOB BBIYHCICHHUS M KOMILIEKCA
CIIELIMANIM3UPOBAHHBIX MMPOTPAMMHBIX CPEACTB, 3aKOHOMEPHOCTEN JUHAMHYECKOTO
npeoOpa3oBaHUs U CBOMCTB MapaMeTPOB, BHIPAYKAIOIINX SIPKOCTh U KOHTPACTHOCTH
U300pKEHUS, CIIY)KaT CO3MaHWIO KOHIICTIIIMM KAa4eCTBEHHOW W TIOTHOIICHHOM
nepenaye W o0OpaboTke UU(PPOBBIX  TEIEBU3MOHHBIX  W300paKCHWA B
BUJICOMH(OPMAIIMOHHBIX CHCTEMaX.

[IpakTuueckass 3HAYMMOCTh PE3YJIBTATOB PaOOTHI 3aKITI0YAETCS B pa3paboTke
CHUCTEMBI YIIPaBJICHUS Mpoueccamu 00paboTKH M300paKeHU B
BUJICOMH(OPMAIIMOHHBIX ~ CHUCTEMaX, CO3MaHUM BO3MOXKHOCTEH BU3yaJIbHOU
SPKOCTH ¥ KOHTPAaCTHOCTH U300paKEHUU B pe3yibrare WX JUHEHHOU U
HEJIMHEHHOW QuiIbTpaluy, IPUMEHEHUU HA IPAKTUKE KOMILIEKCA
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CIICOHUAIIM3UPOBAHHLIX IIPOrpaMM II0 OIIPCACICHHUIO 33KOHOMCpHOCTCI>i o0beMa H
IUIOTHOCTA  IIMKCEIeH YCTpAaHCHUA W OIPCACIICHHUA  BHYTPUKAAPOBLIX H
MCKKAAPOBLIX CABHUI'OB M IIPOCTPAHCTBCHHO-BPCMCHHLBIX JIG(l)CKTOB AU THUBHOIO,



UMITYJIbCHOTO M aJIaliTUBHO-TAyCHOTO XapakTepa, 00eCIeunBaIOIMINX YCIOBUS IS
MOBBIIICHUS] Ka4eCTBA TEJIEBU3MOHHBIX H300paKEHHM MOTYT HaWTH MIMPOKOE
NpUMEHEHHE Tpu (POPMHUPOBAHUHN H300paXKEHHM, MOCTPOCHHE MaTeMaTHYEeCKUX
MOJIeTIEll  TPOIECCOB  00pabOTKM  W300paKEHUM, ONTHUMHU3AIMH  BPEMCHH
YIpPaBJICHUs, UHTCHCU(PUKAIIMK TPOIECCOB OBICTPOrO OINPEICTICHUS U CO3JaHUU
CHUCTEMbI HMHTEJIEKTYaJbHOTO YIPABJIEHUSI MpOlLlECCaMU YCTpaHEHHUs AePEKTOB U
CIABHUTOB B M300paXCHHSIX, CHU3UT MaTepUaIbHBIC 3aTPaThl U KOJIMUECTBO OMIMOOK
IIPU BBIYUCIICHUMU.

BHenpenue pe3yabTaToB nccjeoBanusi. Ha ocHOBe MaTeMaTHueCKUX
MOJIeJIEN M CUCTEMBI YIIpaBJIeHUs IpolieccaMu 00paboTKH U(PPOBBIX TEIEBU3NOH
HBIX N300paKeHUIA:

UHCTPYMEHTAJIbHBIE TMPOTPAMMHBIE KOMIUIEKCHI aJIrOPUTMOB U MOJEIEH
JUHEHHON U HeTMHEHHOUN (QUIBTpallu BHEIPEHBI HA MPEANPUITHIX MUHUCTEPCTBA
M0 Pa3BUTHIO WH(MOPMAIIMOHHBIX TEXHOJOTMM U KOMMYHHUKAIUW, B TOM YHCIE, B
TOCYIapCTBEHHOE YHUTAPHOE NpeaAnpuaTue « TalllkeHTCKUW paguoTeIIEBU3UOHHBIN
nepenatonnii  mentp» (CmpaBka ot 4 okrsiOps 2016 roma  Ne(02-8/5459
MunucrepcTBa M0 pa3BUTHIO WH(OOPMAIIMOHHBIX TEXHOJIOTHH U KOMMYHHKAITUN).
Ha ocHoBe mnoOy4yeHHBIX pE3yNbTaTOB METOAbl ANANTUBHOM W aJIUTUBHOMN
bunpTpanuu n300pakeHN, OCHOBAaHHBIX Ha Teopuu auddepeH
UAJIBHBIX UTP, KOMIUIEKCHI TPOTPAMMHBIX MPOTYKTOB MO3BOJIMIINA COKPATUTD
caBuTH U neekThl B n300paxkenusx ¢ 11% mno 26%;

pa3paboTaHHasi MaTeMaTHyecKast MOJIEJb JIJIsl OTMCAHUS MPOLIECCOB
MPOCTPAHCTBEHHO-BPEMEHHOU 00pabOTKH ITU(POBBIX TEIECBU3MOHHBIX N300paxe
HUW U aJITOPUTM PELIEHUS] COOTBETCTBYIOLIEH IBYXIIApAMETPUUECKON HEIMHEN HOU
cuctemsl BHeApeHbl B OO0 «UZDIGITAL TV» (Copaska ot 4 okTs16pst 2016 rona
Ne(2-8/5459 MunuctepcTBa 10 pa3BUTHIO HHGOPMAIIMOHHBIX TEXHOJIOTUHA U
KOMMYHHUKaIui). Ha 0CHOBE MOy4eHHBIX PE3yabTaToOB pa3padOTaHHbBIN aJTOPUTM
MO3BOJISIET CO3/1aTh MOJIETU SHTPOMUUHOTO KOJUPOBAHUS MPOLIECCOB 00paOOTKU
MOCJIEI0BAaTENbHBIX JUHAMUYECKUX HU(POBBIX TEIEBU3UOHHBIX H300paXEHUH, a
TaK)Xe BBIJICTTUTH KOHTYPOB U CETMEHTOB M300pa)KEHUH B BUICOMH(DOPMAITMOHHBIX
cucremax;

METO/l YIPaBJICHUS MPOIECCOM OOECHEUEHHUs] YPOBHS SIPKOCTH U aJITOPUTM
OLICHKM T[IOKa3aTelied KadyecTBa TEJNEBU3MOHHBIX M300paXEeHUH BHEAPEHBI B
mudposbie TeneBusnoHHble ceTh AK «VY306ekrenekom» (CrmpaBka oT 4 OKTSOps
2016 roma Ne28-01/1420 AK «VY36ekrenexkom»). PesynbraTsl nuccepTaliioOHHOTO
UCCJIeI0BaHUS MO3BOJIAIOT MOBBIIEHNE d(DPEKTUBHOCTH YIIPABICHUS MPOILIECCaMU
00pa0OTKM UUQPPOBBIX TEIEBU3MOHHBIX H300pakeHuit Ha §8,5% 3a cuer
MOBBILICHUS YPOBHSI SIPKOCTH U300paKeHUSI.

AnpobGanusi pe3yJibTaTOB HCCJAeI0BAHUA. TEOpETUYECKUE U MPUKIIAIHBIE

pe3yJbTaThl JUCCEPTAIIMU alpOOUPOBAHbI Ha CIEIYIONIUX MEXKIYHAPOIHBIX U

pecnyOnukaHckux koHpepeHnusx u ceMuHapax: «Control problems and
compression the image» (Germany, Wiesbaden, 2012); «Control in parameters of
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(Poccus, Kazan, 2012); «l'eomerpuueckue MeTOAbl B 3ajadyax KOH(IUKTHOTO
yOpaBJICHHUs] C paclpeaesieHHbIMU mapamerpam» (Ykpauna, Kwues, 2013);
«/Inddepennmanpapie UTPHl MPECIEAOBAHUS MHOTHX JIMIl C PacHpeaeICHHBIMU
napaMeTpamMu U IreOMETPUYECKMMH orpaHnueHusMu» (Ykpauna, Opecca, 2013);
«O0 onHOM 3a/1aue ynpaBieHUs U cxkatus uzoopaxenuin» (Poccus, Cankt
[TerepOypr, 2014); «JluckperHas wurpa TMpecieIOBaHHS,  OIKChIBacMas
YpPaBHEHUSIMU BTOPOTO TMOpPsSKAa C SPKOCThbIO M3o0paxeHus» (Poccusi, MxkeBck,
2015); «YnpaBieHusi CKOPOCThIO KOJUPOBAHMS BUACOUH(POPMAIIUU TIPU TIepeaade
JAHHBIX B CHCTeMax MoOuiIbHOU cBs3m» (Y36ekucran, Tamkent, 2011);
«Ontumuzanmst  ckKatug ~— “300pakeHWss  Kak ~ 3ajada  yIpaBieHUsT ¢
pacnpencaeHHbIMU napaMeTpaMmm (V36ekucras, TamkeHT, 2012);
«MHOTOMEpHBIE YITPaBIsIEMbIC MPOIECCHI IPKOCTH U300PAKEHUS C TEOMETPHYIEC
KUMH  orpanuueHusamu» (Y3oekucran, Tamkent, 2013), «KBasununeiinas
muddepeHnnanbHas urpa ¢ nepeMeHHbIMU K03 GUIIMEHTaMU U TEOMETPUYECKU MU
orpannueHussMu» (Y30ekucran, Tamkent, 2013), «YnpaBieHue CKOPOCTHIO
KOJIUPOBAaHUS TI0 MUHUMAKCHOMY KPUTEPHUIO UCKakeHUs» (Y30ekucrad, TaiikeHT,
2014), «O nByx 3amadax YOPaBISIEMOCTH SIPKOCTH IU(POBBIX H300paKeHUIA
OMHCHIBAEMBIX JUCKPETHBIMU YPAaBHEHHSIMU BTOpOro mnopsiaka» (Y30ekucras,
Tamkent, 2014), «Ynpapisemble JTUCKpPETHbIE u300paxkeHus» (Y30ekucras,
Tawmkent, 2015), «/luckpeTHas urpa npeciieqoBaHusl, ¢ SPKOCTbIO H300paKEHUS»
(V36ekucran, Tamkent, 2015).

Ony0JHKOBaHHOCTH Pe3yJbTATOB UccaeaoBaHuii. [Io TeMe nuccepraiuu
onyOnukoBaHbI Bcero 48 HayuHble padoThl. M3 Hux 1 MoHorpadwus, 13
KYpPHAJIbHBIX CTAaTEl, B TOM YMCJE 2 B UHOCTPAHHBIX, 11 B pecnyOIMkaHCKuX
KypHallax, pEKOMEH/I0BaHHbIX BpICIIel arTecTallMOHHON KoMHuccuel PecryOnuku
VY306ekucTan A1 myOoJuKalMi OCHOBHBIX HAYYHBIX PE3YJIbTaTOB TOKTOPCKUX
JIUCCEPTALNH, a TAKXKE MOJYyYEHO 6 CBUAETENBCTB O PETUCTPALMU ITPOTPAMM IS
OBM.

Crpykrypa u 00beM auccepramuu. CTpyKTypa JUCCEPTALUU COCTOUT U3
BBE/ICHUS, IIATH [JIaB, 3aKIOYEHUS, CIIUCKA UCIIOIb30BAHHOM JIUTEPATYPHI,
npuioxkenuit. Oobem nuccepraiuu cocranisier 200 cTpaHuil.

OCHOBHOE COAEP/KAHME JUCCEPTALIUU

Bo BBeJeHUH MIPUBOJIUTCS 000CHOBaHHE aKTyaJIbHOCTH u
BOCTPpeOOBAaHHOCTH JUCCEPTALIMOHHOTO HCCJICIOBAHMS, OINKHCaHUE MeIH |
OCHOBHBIX 3a7a4, a TaKXe OObEKTOB U TMPEIMETOB, COOTBETCTBYIOIINE
MPUOPUTETHBIM HAMNpPABICHUSIM PAa3BUTHUS HAYKW W TeXHOJIOTuM PecrnyOomuku
VY30ekucraH, Hay4yHass HOBHM3HA M NPAKTUYECKHUE pe3yibTaThl, TEOpETHYECKas W
MPUKIIaIHAs 3HAYUMOCTh PEe3YyJIbTaToB, CBEICHUS 00 OMyOJMKOBAHHOCTH paboOT U
CTPYKTYpE IUCCEPTALNU.

B nmepBoii mmaBe guccepraiMu  «AHAaJM3 COBPEMEHHBLIX METOHO0B
00paloTKH TeJeBU3HOHHBIX H300PaKEHMI» pPACCMATPUBAIOTCS  METObI
00pabOTKH TEJIICBU3MOHHBIX U300paKEHUM, OCYIIIECTRISAETCS aHATN3
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TPAAUIMOHHBIX (OPM U METOAOB OO0paOOTKH, BBISBIEHBI cHenupUUecKue
O0COOCHHOCTH TIPEABAPUTEILHON O00pabOTKM TENEeBU3MOHHBIX H300paKCHUM.
UccnenoBansl  meroasl  Dypbe, BEUBIET U JUCKPETHO-KOCHHYCHOIO
npeoOpa3oBaHusi B Ipolecce O0O0pabOTKM  TEJIEBU3HMOHHBIX  HM300pa)kKeHUM.
[IpousBeneHa kinaccudukanus U BbIOOp KPUTEPHUEB BU3YaJbHOM OLICHKM KayecTBa
TEJIEBU3MOHHBIX U300paKCHUIA.

O6paboTka M300paKEHUI SBIISIETCSI MHOTIOIIATOBBIM IPOLIECCOM, MO3TOMY
OCHOBHBIE 3Tanbl 00pa0OTKH N300paKeHUsI, TPOBOIUMBIE C IIEJIbIO YIyULICHUS €T0
3pUTEITBLHOTO BOCHPUSATHS, MOXHO TNPEICTABUTh B BHJE CTPYKTYpPHOH CXEMBI,
IIPUBEICHHON Ha pucC. 1.

Ouudposka,
KOJIMPOBaHNE
Perucrpanus
N300pakeHHs
Heceman O0paboTKa H300paKeHH
IoBbilieHne KayecTBa H300paxeHu’! TheCKat A

[IpenBaputensHas H300paskeHUS

obpaboTka obpaborka
Boccranosnenne
MHTEpIpeTalus,
BU3YaTU3aIMs

CerMeHTanus, BelgeeHHe CemanTu yeckas

TIPU3HAKOB, o0paboTka Pesynsrar
KJIacCU(pUKaIus,
pacro3HaBaHue,

HHTCpIpCTaAlUs

BusyanbHas
Puc. 1. OcHoBHBIE 3TAaNBI 00PA0OTKH U300PAKEHUIT

O6paboTka uU300paKeHU HAYMHACTCA C TOJNy4YeHHS (peructparuu)
U300paKeHU € TOMOUIbI0  cHCTeMbl  (OPMHUpPOBaHHUA H300pakeHUH, 3a
UCKJIIOYEHHEM TeX CITydaeB, Korja m300pakeHue yke MPEeCTaBIeHO B HU(POBOH
¢opme. BaxkHBIM Ha JaHHOM »JTame SBISETCA NPABWIBHBIM BBHIOOP CHUCTEMBI
(dopmMupoBaHuss H300pakeHHUsS U3 CBETOBOIO IOTOKAa W MAaKCUMaJbHO TOYHBIN
noadop mapameTpoB (PUKCHPOBAHUS HHTEPECYIOIIEro IpH3HaKa OOBbeKTa Ha
M300pakeHUH (OCBEILEHUE, TUana3oH JUIMH Boju U T.). OuudpoBka HeoOxonuma
U1 TipeoOpazoBaHusl M300pakeHus: B HUPPOBYI0 popmy, KomUpoBaHHE - TpeOyeTCs
B Cllydae repeiaud n300paxeHui 1o KaHaiaM CBS3H.

MeTtons! m106abHON 00pab0TKH N300paKEHN MOTYT OBITh pPEaTu30BaHbI
100 HEMOCPEACTBEHHO IO MOJII0 U300paxeHus, JIMO0 OCPECTBOM CIIEKTPOB.
CymecTByeT Tpu OCHOBHBIE 001aCTH MPUMEHEHUS ITI00ATBHBIX IByMEPHBIX
OPTOTOHATBHBIX TIPEOOPa30BaHUM TTPU 00PAOOTKM U300PAKECHUM NIJISI: * BBIACICHHUS
XapaKTePUCTUK MPU3HAKOB H300PaKECHHUS;



* KOMUPOBAHUS N300PKCHUI, KOT/Ia MIUPUHA CIIEKTPA YMEHBIIIACTCS 32 CUET
0TOpachIBaHUSI WM TPyOOro KBAaHTOBAHMS MAJBIX MO BEJWYMHE KOA(P(UIIMEHTOB
npeoOpa3oBaHus;

* COKpAIIEHUS PAa3MEPHOCTH TIPH BBHIMTOTHECHUHN BBIYUCICHUN.
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K takum npeoOpa3zoBaHusaM oTHOCATCA npeodpazoBanust Oypre, CUHYCHBIE,
KOCHUHYCHBIE, BEUBJIET-TIpeoOpa3oBaHus, a Takxke nmpeodpasoBanus Kapynena
Jloea, Yomma, Xaapa u Anamapa. OnHako 3TH peoOpa3oBaHus HE 001aTar0T
HE00X0IMMON YHUBEPCATbHOCTHIO MPHU PEIICHUH IUPOKOTO Kpyra 3a/1a4
uuppoBoOil puIbTpaLIUU.

YacTo B mpakTUKe IJIsi MEpeHoca MCXOJHOTO H300pa)K€HUsI B YAaCTOTHYIO
o0mactb W €ro BOCCTAaHOBJIGHUS  HCIONB3YIOTCS  MpPSIMOE  JHUCKPETHBIC
npeodpazoBanusa (ITHAI1) u oOparHoe nuckperHoe npeodbpazoanus Pypee (OLII)
WIN Jpyrue JUCKPETHbIE OPTOrOHAJbHbIE TMpeoOpazoBanus. Duibrpanus B
YaCTOTHOM 00JacTH 3aKitoyaeTcs B yMHOxkeHUu Dypre-o0paza m3o0pakeHHsl Ha
YaCTOTHYIO XapaKTePUCTHKY (DUIBTpA.

Kak anprepuatuBa OIIl ®ypbe s peuieHus 3aaad MpeABAPUTEIbHON
00paboTKM M300paKeHWH, YCTpaHEHUs IIYMOB M TIOMEX, ONTUMaJIbHOU
BUHEPOBCKOM (PUIIbTpalliy, TOBBIIIEHUS KauyecTBa BHU3YallbHOTO BOCHPUSITHS
U300paKCHUI, BBIACICHUA TpaHUI] OOBEKTOB W MX CETMEHTAlMH B MEsIX
Kiaccu(ukanuyu M pacro3HaBaHWs 00pa3oB, aHalM3a CHEKTPOB H300paKECHUH,
BBIYKCIICHUS] JUCKPETHOM CBEPTKH, KOPPEISIMOHHON (QYHKIMM H  JIpPYyrux
omepanMsX HaJa CHEKTpaMU HauOoJblIee MNPUMEHEHHE HalUIM JUCKPETHBIE
OpTOroHaJbHbIE MTpeoOpazoBaHus Xapmin, Xaapa, Yoiua-Ajamapa.

JuckpetHoe mpeobOpazoBanue Dypbe SBISETCS OCHOBOM JIsl peaiu3aluu
MHOTUX METOA0B LU(poBOil (puibTpauuu. JoCTOMHCTBO MeToJa - BO3MOXHOCTD
npuMeHeHus: ObIcTphIX anroput™MoB [IID, 4YTo mMo3BONSET peaIu30BLIBATH
CHUCTEeMBI ¢ 00pabOTKOIl B peanbHOM MaciiTtabe BpemeHu. HemocTaTrkoM siBisieTCst
HEOOXOAMMOCTh OTPaHUYCHHS] OECKOHEYHOTO CHEKTpa MPH aHAJIOrOBO-LH(PPOBOM
npeoOpa3oBaHUM.

OpHUM U3 OCHOBHBIX IMapaMETPOB, OMPEIEISAIONINX KaYeCTBO N300paXKEeHUIH,
SABJISIETCA KOHTPACT. [10CKONIBKY M300pa)KEeHUE MOXKET UMETh CIIOKHBIN CHOKETHBIN
XapakTep, 3TO MOPOXKAAET HEOOXOJMMOCTb OIPEAEICHHUS] €ro KOHTPACTHOCTH
UCXOsl M3 KOHTpacTa OTHENbHBIX KOMOHMHAIMM 37eMeHTOB u300paxenus. [lpu
TOM BCE DJIEMEHTHI CUMTAKOTCS PABHO3HAYHBIMU, M KOHTPACT KaXKAOW WX Mapbl
BBIYHUCIISICTCS IO hopMYyIie
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CIOKETHOTO U300paKeHUs pa3MeEPOM m 1 X .

[IpumMeHsass TpaBUIO CYMMHPOBAaHUS KOHTPACTOB, BBIYUCISIOT HAOOp
BenmynH C,, ,, KOTOpBIE ONPEICIAIOT BOCHPHUATHE KaKJOW Mapbl JJIEMEHTOB
n3o0paxkenusd. [IpoBoas ycpenHeHne MaTpHIlbl JIOKAJIbHBIX KOHTPACTOB, MOIYYaroT
CyMMapHbI KOHTpacT. [lodmydyeHHbI pe3yabTaT MOXET ObITh HCIOJIB30BaH Kak
OJIMH U3 IMapaMeTPOB OIICHKU BU3YaJIbHOTO KaueCTBA N300payKEeHUSI.

Bo Bropoit mmaBe nuccepranuu «Pa3padorka MeTod0B NOBBIIIEHUSA
SIPKOCTH H300pa’keHWil B mpouecce HMX 00padOTKM» OINHMCHIBAETCS METOMbI
MOBBIIICHUS KOHTPACTHOCTH TEJIEBU3UOHHBIX M300pakeHUI B
BUJICONH(OPMALIMOHHBIX crcTeMax. Pa3paboTan aaroputM noCTpoeHUs
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MaTeMaTH4eCcKod MojeNu mpolecca o0paboTku n300paxkeHuid. OTMEUEHO, YTO
pacPoKyCUpOBKa H300paKEHUSI MOXKET OBbITh JOCTUTHYTa MPOCTPAHCTBEHHOMU
Omnepanuen yCpeIHEHUs 3HAaUCHUN TOYEK IO OKPECTHOCTH. [1oBbIIIEHNE PE3KOCTH,
KaK SIBIEHHWE, OOpaTHO IO OTHOIICHHI0 K pPacPOKyCHPOBKE, MOXET ObITh
JOCTUTHYTO MPOCTpaHCTBEHHbIM muddepenunpoBanueM. C NpUHIUIHATBHOM
TOYKH 3PCHUS, BETUYMHA OTKJIMKA OTepaTopa MPOU3BOIHON B TOUKE M300paKCHUS
MPOTIOPITMOHAIBHA CTETICHH Pa3phIBHOCTH M300paXCHUS B JAHHOW TOYKe. Takum
obpazom, auddepeHInpoBaHNEe H300PAKCHHUS TO3BOISET YCHIMTH IEepernajbl U
Jpyrue pa3pbiBbl (HAIPUMED, IIyMbl) U HE MOAYEPKUBATH OOIACTH C MEIJICHHBIMU
VU3MEHEHUSIMU YPOBHEN SIPKOCTEM.
[TpocTeimM HM30TPOITHBEIM OIEPaTOPOM, OCHOBAHHBIM Ha IPOU3BOIHBIX,
sBiseTcs yariacuan (omeparop Jlammaca), kotopeiii B ciydae (YHKIAUA ABYX
NEPEMEHHBIX z(X, Y), ONpeaeseTcs KakK
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Tak, Kak MPOU3BOAHBIC JTIOOOTO MOPSIKA SIBISIOTCS JIMHEHHBIMU
oreparopaMi, TO 3HAYUT U JarlaCuaH SBJISIETCSA JTUHEHUHBIM onieparopoM. s
MpUMEHEHNE JaHHOTO YpaBHEHUE B IUPPOBOI 00paboTKe M300pakeHH, €To
HE0OXOIMMO BBIPA3UTh B TUCKPETHOM Buje. CyliecTByeT HECKOJIBKO CIIOCOO0B
3a/1aTh JIAIUTACHAH B JUCKPETHOM BUJE HA OCHOBE 3HAUEHUN COCEIHUX MUKCENEH.
Hwxecnenyromiee onpeaeaeHne JMCKPETHOW BTOPOM MPOU3BOIHOM ABISETCS
OJTHUM W3 HanboJIee 4acTo UCTIOIb3yeMbIX. [[ppHUMas BO BHUMaHUE, YTO TEMEPh
MMEIOTCS IBE NEPEMEHHBIE, JIJI1 YACTHOM BTOPOM IPOU3BOIHOM 1O X:
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Y, aHAJIOTUYHO JIJISI YaCTHOM BTOPOM MPOU3BOJHOM T10 Y
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JluckpeTHas popMyIHpoBKa ABYMEPHOTO JlallJlacaHa, 3aJJaHHoro ypaBHeHHEM (1),
MOJIy4aeTCs 00BEINHEHNEM DTUX JBYX COCTaBJIAIOLINX: N=—+++-+++-7z7

zxyzxyzyzy4xy)(L)(L)X 1) 1).
[]

Tak, kak omneparop Jlamnmaca mo CyTu SIBISIETCS BTOPOM IPOU3BOIHOM, €TI0
MPUMEHEHNE TOMYCPKUBACT Pa3PbIBBl YPOBHEU SPKOCTEH HA HW300pKCHUH W
MOJIABIsIET O0JIaCTU CO CHA0BIMM HM3MEHEHUSMH SPKOCTEH. OTO MPUBOIUT K
MOJIYYEHHUIO M300pakeHHsI, COAEPIKAILEro CepoBaThie JIMHUM HA MECTE KOHTYpPOB U
JIPYTUX pa3pbIBOB, HAJIOXKEHHbIE Ha TeMHbIH (oH Oe3 ocobenHHocteir. Ho don
MOXXHO «BOCCTAHOBUTB», COXPAaHHB MpPHU ATOM 3S(D(PEKT MOBBIMICHHUS PE3KOCTH,
JOCTUTAaeMbId  JIarylacMaHoM. J[Jie  3TOro  JOCTAaTOYHO CIIOXKUTH HCXOJHOE
n3o0paxkeHue u JamacuadH. [lpy 3TOM HEoOXOAMMO TOMHHUTH, Kakoe U3
ompeneNeHuil  JarulacuaHa  ObLIO  MCIIONIb30BaHO. Eciv  MCIONIb30Banoch
OTIpe/IeNICHUE, HCIIONb3YIOIEe OTPHUIIATEIbHbIE IICHTpajJbHble KO3(DPHUIIMEHTHI,
Toraa noxy4yeHue 3¢ hexra moBbIIIEHUS PE3KOCTH, N300pakeHne-TIaruiacuan
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CJIeyeT BbIUNUTATh, a HE IPUOABIATh. TakuM 00pa3oM, 0000IIEHHBIN aaTOPUTM
UCIIOJIb30BaHUS JIalUTacHaHa Ui YAy4YlleHHUs] U300pakeHUN CBOIUTCS K
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Xy
Z ~SIPKOCTU U300paKEHHUs B TOUKE, (X, Yy ) ;;
APKOCTH M300pakenusizzy = (X, ), a
Z —3HAYCHHE YPOBHEH SIPKOCTU N300paKCHHSI COOTBETCTBYIOITUX IMHKCEICH
T.C. ;.
u — ympaBIsArONui mapamerp. He orpannumBas o0mHocTH, yao0HO
( s ) I ] sij,
CUHTATh , YTO ecau 1ubo i = 0,110 i m= +1,1m60 j = 0,160 j =6,10 0, ijZ = Te.
N300paKCHUE OKAWMIICHO TTUKCEISIMHU C HYJICBBIMU 3HAYCHUSMHU YPOBHS SIPKOCTH.
3amava yrpaBieHUS CTABIATCS CICTYIONTUM oOpazoM. MeI OymeM u ,i = = —
1,2,...m,j1,2,.., 1,0
TOBOPUTB, YTO JOILyCTHMOE yIPABIECHHE ;;
IIEPEBOJUT APKOCTH M300PAKEHUS U3 TOJIOKEHHS ( 1,1, 0.0, 0,0,0
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Z3HAYCHHUE YPOBHEH SAPKOCTH
N300paKCHUS B 3apaHee 3aJaHHbIX IMUKCENSIX ObLTO B HEKOTOPOM OTpe3Ke. 31eCh
K€ MCCIIEIOBaHbI IByXIapaMeTpUYECKUE HEIMHEHHbIE CUCTEMBbI U pa3paboTaHa
CUCTEMa yTPaBIICHUS MPOIeCcCaMy 00pabOTKH ¢ YPOBHEH SIPKOCTH U TIOCTPOCHA
MaTeMaTH4ecKas MOJIeJb Ipoiiecca 00pabOTKH TEIEBU3NOHHBIX H300payKEHUH.

B xone mpeaaputenbHON 00paOOTKHM MPOU3BOIUTCS aHAIN3 M300paKEHUS,
OTPENENSIONMNA  pa3IUYHbIe CTATUCTUYECKUE XaPaKTEPUCTUKUA HN300paKeHus,
TaKMe KaK MaTeMaTHYeCKOE OKHUJAHWE W CPEIHEKBAIPATHUYECKOE OTKJIOHCHHE
SPKOCTEH, KOHTPACTHOCTh, MOCTPOCHUE THUCTOTPAMMBI SPKOCTEH W KOHTPACTOB,
noxoop Hambosee MOAXOAAIICH Moaenu W mapameTpoB mudpoBoro myma. Ha
ATane MpeaBapUTEIbHOW 00paOOTKU MPOU3BOIUTCS HU3KOUACTOTHAS (DUIIBTpALIMS,
KOTOpasi MPOU3BOJIUT yalieHHe [U(POBOTo ITymMa Ha U300paKEHHUU.

Kak npaBuiio, nocie HU3Kko4acTOTHON (DUIBTPALIMM KOHTPACTHOCTh
N300paKEHUS CHIDKACTCSI M CIIEZIOBATEIILHO TpeOyeTcs €€ CKOPPEeKTHpoBaTh. J{is
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KOPPEKIIMM KOHTPACTHOCTU TMPOU3BOAUTCS BBIYUCICHUE KOHTYPOB H300paKeHMUS.

B pesynbrare CcyMMHUpOBaHHS SPKOCTEM MHUKCENIEH H300paKeHUSI C SPKOCTIMHU

BBIUHCIICHHBIX  KOHTYPOB  OCYILIECTBIISIETCSI ~ KOPPEKUHSI  KOHTPACTHOCTH
U300paKEHU.

B Tpetwent mnaBe auccepranuu «MeToabl MOBbINIEHUS KOHTPACTHOCTH U



YPOBHSI  SIDKOCTH, TeJEBH3HOHHBIX M300paskeHMW»  CHOPMYIUPOBAHBI
HEJIMHEHHbIE WIPOBBbIE 3aJaud M OCYIIECTBJIEH BBHIOOp METOJa WX PEUIECHUs C
saprocTaMu n3o0paxkeHus. CdhopMynupoBaHHas 3aqada pemiagach C TMOMOIIBIO
Pa3HOCTHBIX aHAJOTOB MHTETpaibHBIX (Gopmyn Komm. Pa3zpabGoranHbie METOIbI
MPUMEHSUINCH [IJIsl PELICHUS 3a/1a4 MPECIeI0BAHUS, OMUCHIBAEMbBIX YPAaBHEHUAMH
aunTuyeckoro tuna. CyniHOCTh METO/la 3aKJII0YaeTcsi B CIEAYIOLIEeM, MyCTh B
NpPOCTpaHCTBE * Rpa3MepHOCTH § § , | 2, BBIIENEHO HEKOTOPOE KOHEYHOE
MHOXXE€CTBO K W HEKOTOpOE€ NPOU3BOJIBHOE MHOXECTBO D, TO4YeK ¢
IEJIOYUCICHHBIMA KoopauHaramu. OO0o3HaumM depe3 D MHOXKECTBO, KOTOPOE
npoOeraer Touka n k +, ecnu n U k mpoOeraroT HE3aBUCUMO COOTBETCTBEHHO
MHOkecTBO Dy u K. Kaxxnoii Touke » » D , €, cormocTaBUM MHOXKECTBO, , , K k K , €
OTHECS K HEMY T€ TOUKH k k K , , €11 KOTOPBIX |

rk D — &. COBOKYITHOCTb TeX 7,

JUTSI KOTOPBIX MHOKECTBO K,HEIyCTOe Ha30BeM rpanuiiet I' obmactu D.
PaccMOTpUM AUCKPETHYIO UTPY, ONUCHIBAEMYIO0 OTHOCUTEIBHO ,,
ZypaBHEHUEM
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IIOCTOSTHHASA KBaJApaTHas MaTpULa; U, 0 — YIPABIAIOINAE TapAMETPHL; ¥ — IMapaMeTp
npecieaoBanus, v — napameTp yoeranus, f‘u PRQR ,,,,.€CE€CU; P,uQ,—
HelnycTbie MHOXKecTBa. [lapameTp u BeIOMpaeTcs B BUjE nocaeaoBarebHoCcTd (),
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rne G,— pyHIaMeHTallbHOE pellleHre ypaBHeHus (3), onpenensieMoe paBeHCTBOM
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= + JKOMILJIGKCHBIC TIapaMeTphI, a

'CO)¢S
“—sBisercsa ooparnoi Marpuueit C () €. Ipu Beimonnennu ycnosus det ()0 C ¢
#CyIIeCTBYET eAMHCTBEHHOE OrpaHu4YeHHoe perieHue 3anauu (3), (4) B Buzue (5).
[IpumeHeHrne MeTONOB JMHEWHOW (uibTpanuii H300pakeHHl ypaBHEHUEM
Bunepa-Xomnda mo3BosiseT yMEHbIIUTh OMIMOKH MHTEPHOJSAIUH, T. €. 3aMETHOCTh
pPacTpoBOil CTPYKTYphl MPU BOCHPOU3BEACHUH W300pa)KeHUM, Hampumep, Mpu Ux
nedaru. [locpencTtBom JMHEWHOW (UIBTpaMd B U3BECTHBIX Mpejesiax yAaeTcs
YMEHBUIUTh 3aMETHOCTh (DIYKTYallHOHHOTO IymMa, a Takke APYyrux Ae(eKToB Ha
BOCIIPOM3BOAMMBIX H300pakeHusx. JlaHHas 3amaya MOXKET OBITh pelieHa
CICAYIOIUM 00pa3oM.
ITycts ;|



X — 3HAUCHUE SIPKOCTH HU300paKEHUs - TMOJIE3HOT0 CUTHala Ha
NepPeceYeHny I —OW CTPOKU W j —TO CTOJIONA, a HaOlogaeMoe Ha BXoje (UIbTpa
N300paKeHNE OMHICHIBACTCS MOJIEINBIO:

==-=-(,,0,1,0,1.)
yixniljJ ;..
3nech ;|
n — 3HadeHME NOMexXH B Touke ¢ koopmumaramu (i j f, ,) (-
—)pyHKUMs, omMchIBaIOIIas B3aMMOJCHCTBHE CHMTHANA M HoMexH, a fu  J -

COOTBETCTBEHHO YHCJIO CTPOK U CTOJIOLIOB B KaJIpe.
[Tpu nuneitHoON GuIbTpaly BeIX0JHOHM 3P deKT onpenensiercs TMHEeHHON
KOMOMHAIME BXOAHBIX TaHHBIX:

xijaijyiijj’
vss - (0)
() ()
o)

ijS 1111

B s1oM BbIpaxkenun ( )

=pe3yJbTaT GUIbTPALUU MTOJIE3HOTO

CHrHana( ) 7
,i ;X 1 j X =B TOYKE Kajipa ¢ KOOpJHHATAMH (i jS, ;) — MHOXECTBO TOYECK

(TOuHEe MHOXECTBO MX KOOPAHMHAT), 00pasyromux okpectHocTs; aij (., ) -
BECOBbIE  KOX(P(UIHMEHTHI, COBOKYMHOCTh KOTOPBIX MPEACTaBISET COOOMU
JIBYMEpHYIO UMIYlbCcHYIO XapakTepuctuky (MX). Ecim obnacte SkoHedHa, TO
UMIYJIbCHASI XapaKTEPUCTHUKA UMEET KOHEUHYIO JUIMHY U (QUIBTP Ha3bIBaeTCS
KUX- ¢unstpoM. B npoTMBHOM ciyyae HMMIYJIbCHas XapaKTEPUCTHKA HMEET
OeckoHeuHyl0 JuHYy, a QuibTp HazBanue BUX - ¢dunbrpa. B BeIpaxenun (6)
npunato, yto WX He 3aBMCUT OT KoopiauHathl Touek (i j , ,)B KOTOpOIi

onpenensiercss BbIXoAHOM 3ddekt. [lpomenyps 00pabOTKHM U300paKEHUM,
oOnajaromue  CBOMCTBOM  HE3aBUCUMOCTM  OT  KOODAMHAT,  HAa3bIBAIOTCSA

OIHOPOIHBIMH.
Haubonee pacpocTpaHeHHBIM KPUTEPUEM ONTUMATILHOCTH, TPUMEHSIEMbIM

JJI OOCHKH KaUCCTBa O6pa6OTKI/I, ABJIACTCA KpI/ITepHﬁ MUHUMYMa CPCAHCTO
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KBazipaTa omnoOoK. [IpuMeHUTENBHO K (PUIBTPALIMU 3AMMILEM €TO BHIPAXKEHHE B

BUJIE: []”H
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OO ijs
, €
11
rne E{ } — cumBon Maremaruueckoro oxuaanus. CornacHo (7) OTbICKaHKe
ONTUMAJBHOTO (UIIBTPA 3aKII0UaeTcs B onpenenenun ero MX takum obpasom, €

(ijxijxij,...,)()()
yTOOBI CpeAHUHN KBaJpaT OIMTUOKH
= —BBIpaXaOUIEH

pasnuune Mexay curnanom x i j (. )u ouenkoit xij ( . ,)
“(hopmupyemoii GpuIETpoOM,
ObUl MHMHMMAJIBHBIM. MaremMaTuyeckoe OXHUJAHUE BBIYUCIAECTCA 110 BCEM
CIyyalHbIM BeJIMYMHAM, coaepkamuMmca B (7), 4YTO O3HA4YaeT OPHUEHTALUIO
KpUTEpUs HA yUET CPEAHHUX OIINOOK.
OntuMu3zanmoHHyro 3a1ady (7) HETPYIHO CBECTH K PELICHHUIO YpaBHEHUS
WA CUCTEMBl YpaBHEHMU. [[JI1 3TOrO BBIYMCIMM IPOU3BOAHYIO OT JIEBOM 4ACTH
3TOrO BhIpakeHus 110 Kodpduuuenty ( )
4 k | a =n mpupaBHseM ee HYIIO.
VYuureiBasg, uyto  omepauuud  AUPPepeHUUpOBaHUSA,  CYMMHUPOBAaHHUA U
MaTeMaTH4eCKOrO OXKHMJIaHUSI SIBJISIOTCS JIMHEMHBIMU M TTO3TOMY MEPECTAHOBOYHBI,
MPUXOJIUM K BBIPAKEHUIO:

c(8) ijikjrijiijjikgi

{1}

EER ]

€

Bxomsiimpe B HEro MaTeMaTWYeCKHE OXHJIAHUS SBISIOTCS, KaK HETPYIHO
BUJICTh, OTCUCTAMH KOPPEIAIIMOHHBIX (DYHKITUH, JJIT KOTOPBIX BBEIEM CIICTYFOIIHE
0003HAYEHUS:

BklExyBkileyyxy,-jikjly,-,-jj,-ka(,,,-)='__=°{,,11
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Cuwmras aBrokoppensuuonnyo B, ( )u BsaumuO koppensumonnyioB,, ()
(YHKIMM W3BECTHbIMH, 3aMeyaeM, 4to (9) mnpencraBiser coOOW JUHEHHOE
OTHOCHUTEIILHO UCKOMBIX KOA(D(PHUITUEHTOB i/,

aanreOpanueckoe ypaBHeHue. Yucio

HEU3BECTHBIX B 3TOM YPAaBHEHHH PABHSIETCS YHCIIY TOUEK /7B OKPECTHOCTH SU
aBisieTcs KoHeUHbIM B cirydae KUX-punbrpa u 6eckoneunsiv npu BUX
buasTpanuu.

AnantuBHble (QUIBTPHI IpEIHA3HAYEHBl JJISi COXPAHEHUS KOHTYpPOB M
rpanuil 0oOBEKTOB Ha HM300pakeHUW Npu QuibTpanuu (IyKTyalMOHHOTO IIyma
IIMPOKO  HCTONB3YIOT — aJanTUBHbIE (QUIBTPHI C KOHEYHOW HUMITYJIBCHOU
XapaKTepUCTUKON. TEepMHUH «aNanTUBHBIN» O3HA4aeT TO, YTO KOIPPHUIIUECHTHI
UMIYIbCHOM XapakTEepUCTUKH (UIBTpA H3MEHSAIOTCS B COOTBETCTBUU  CO
CTPYKTypor oOpabaTeiBaeMOro wuzobpaxkenus. B o0miem ciydae OOJBIIMHCTBO
aIalTUBHBIX (DUIIBTPOB PeaTu3yioT JIOKAIbHYI0 00paboTKy BHAA
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fnnhnnkkgnknk
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()()
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1212121122
He
kkD
1,2
rne H — HopMmammywomwmii kodpdumuent QuiubTpa, oOecnednBaOMINN
HECMEIICHHOCTh CPEIHEH SIPKOCTH 00pabOTaHHOTO M300paKEHHUS OTHOCHTEIHHO
ucxoanoro. Kospduuuents: gunstpa h nnkk (15, ;, )3aBUCAT OT 3HAYECHHUIL

GYHKIMU  SIPKOCTH  M300pa)XXEHUSI B «CKOJb3fAlleM OkHe»D . Jlnsg kaxmaoro
MOJIOKEHHUST OKHA BBITIOJIHSETCS JIMOO TEepecyeT OTCYETOB Macku GuibTpa, Jubdo
oTOOp 0OpabaThiBaeMbIX B OKHE IHKCEICH H300pakeHHs, TO €CThb W3MCHCHHE
KoHpuryparun okHa. [lodToMy, HECMOTps Ha WCIIOJb30BAaHUE JUHEHHOMN
00pabOTKM OTCYETOB B OKHE, MpPOLEAypa aJanTUBHOW (QUIBTpaluu B IIEJIOM
ABJIAETCS] HEJIMHEUHOU.

B uerBéproii mmaBe guccepraunu  «MoaeaupoBaHue INPOLECCOB



00paboTrkn HuGpPOBBIX H300paKeHUiD» pa3paboTaH aJITOPUTM MOEIMPOBAHUE
KOH(JIUKTHBIX CUTYyallMil B mporecce oO0pabOTKH TEIEBU3MOHHBIX HM300paKeHHM.
OTtmMmeuaercsi, 4TO IpH Mepeadye TeIEBU3MOHHBIX M300paKEHUN 3HAYEHUE SIPKOCTH
B OJHOM M B TOH XK€ TOYKE OJHOTO KajJpa OOBIYHO HE COBMANaeT C JPYTUMH
kagpamu. [Ipyn pemieHnM Takux 3a1ad B KaKJIOM TOYKE JTOJDKHBI YYUTBIBATHCS TE
U3MEHEHUS SIPKOCTH, KOTOpPbIE ObLIM 3aMeUYeHbl. JTO MOKAa3bIBAET, YTO B MPOIIECCE
Y4acTBYET CTOPOHA C MPOTHUBOIOJIIOKHBIM HHTEPECOM, T.€. OHA MEIIAET YIPABIIATh
3HAYEHHEM SIPKOCTU U300paXKeHHUsI.
Maremarndeckast MOJEINIb JaHHOW 3ajau IPECTABIISIETCS B CIEAYIOIEM

BUJIE:
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[IpecnenoBanyue CYMTACTCS 3aBEPIICHHEIM, ECIH ; ZyJIOBJIETBOPSAET YCIOBHE: (¢ |
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Xy
APKOCTH U300paKeHus Z Z y = (X, ), IMEET BUJI KaK B (2). DTa 03HAYaeT uTo ;;
z

3HaYEHUE YPOBHEU APKOCTU N300paKEHHUS B 3apaHee 3aJaHHBIX MTUKCEIIX OyJeT B
HEKOTOPOM OTPE3KE KOTOPBIN X0ueT npecienyromui. [Ipecaenyrommit urpok
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XOUeT OBICTpEe 3aBEPIIUTH UTPY, a YOeTarolIuii UTPOK, BOOOIIE rOBOps, Oy/eT
MeIIaTh 3TOMY.
Ucnionb3ys rpanuydnbie ycioBus, ripu i m =1,2,....u3 (11) nonyyum cuctemy

Lo L4, -ttt =—+zzzzzu LU
w13 12,1224 Yt =—+rzzzzzu_,U
Y iyttt =E—tzzzzzu U
mLm2mmLimLiml,m, 4, tt¥+=—+zzzzzu_____ +--U
m,l,l,m,lm,lm,m,4'jmjmjjjjj_+++ +=_+ZZZZZM—+—+U
O06o3Hayvasi,
21212 s ) (WU o0 5 (o ey ) jiimjjjmiiimiZ ZZZUUUUUTTT
===I/IM€€M11,1 1,jjjjj—+—=—SS—zszuj_+U9
zz0,0==4¢,(12)
0
i (G u .-

z R €u ;u —ynpasIsIomui napamMmeTp
Mpecie10BaTeNs;

;;u R R € € UKOMIIOHEHTEI,

yIpaBJSIONIMI TapaMeTp yoeraromiero urpoka: ,” " uss<puoopacC-

599 0jij
KBaI[paTHa;I

KOTOPBIE YAOBIETBOPSET YCIOBHIO,

SIkobueBa - TpexauaroHaabHas MaTpulia BUaa
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" M R CtepMHHAIBHOE MHOXKECTBO, KOTOPOE UTPa 3aKaHUYNBACTCSI.



[TpemnoxkeHHbIN aJTOPUTM YITPaBICHUS SPKOCTHIO IIPEIHA3HAYCH TSI KOPPEKITUU
nedexToB n3odpakeHus mytem npuMeHeHus: popmyisi (13).
(Y]
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Tae:

ZU  Zg- CTPOKM  HCXONHBIX  JAHHBIX  JUISI  BBIYMCIICHHUS
K03 HUIIMEHTOB KOPPEKIIMH, KOTOPHIE 33JIA0TCS HANPIMYIO M3 H300pakeHus (3TO
THiepBas ¥ MOCJIENHASA CTPOKH uccaenyeMoii oonactu);' Uy,

_—o0parHasi MaTpuua ot

MaTpUYHOTO NoJuHOMa YeObleBa B YeOrimesa B ctenenu k —1; ,uun
CTENEHU U, — mapaMmeTpbl yIpaBJI€HUs B BUE
0 -1; Uy _,, — Marpu4HOro BEKTOPOB;

nonrHoMa YeOblieBa B CTENEHH
0 - —n 1; U,., — Marpu4Horo nojaMHoma
1 —HOMEP CTPOKH B Marpuiie Ko3()PUIUEHTOB KOPPEKIMHU I MATPHULIBI
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SAPKOCTEH; pa3MepHOCTb BCEX MATPUIIbI (SIPKOCTH,
0 —napamerp, yka3bIBaroIuii
KOPPEKIIMH) BEKTOPOB YIPABICHUSI.
B pesynbrare 00paboTkM pocturaercs TpedyeMoe 3HaueHHe SPKOCTH,
KOTOPOE TO3BOJISIET CKOPPEKTHUPOBATH SIPKOCTh MUKCEJICH B BBIJCICHHOW 00JIacTH



M300pakeHUs 3a cueT Ko3PUIIUEHTOB YIIPABICHHUS.

Kpowme Toro B pesynbrare paboThl aaropuTMa Noay4yaroTcs ABa pe3ysbrara:
1) YuacTok n3zo0paxeHus, Ha KOTOPOM ObLT 1€PEKT, KOPPEKTUPYETCSI B
COOTBETCTBHUU C €TO OKPYKCHHUEM.

2) Brruucnsaorcs kodhPUIMEHTH yHpaBiIeHUS I BCEro ydyacTka, Ha
KOTOPOM TIPOM3BOJUTCS KOppeKuus. MX MOXHO NPUMEHSATh Ha MOCIEIYHOLINX
M300pKEHUSX C TAKUM K€ J€(DEKTOM U €ro OKPECTHOCTSIMHU.

B maHHOM airopuTme UCHONb3YIOTCS IBE€ OCHOBHbBIE ()OPMYIIBIL:

UXXUXUXn,,,
s 2
2000,
21

UXUXX
O1L,0O204)

01

rne: U,.,-MaTpuuHbiii nosinHoM YeOniiiena, (nt+2 — cTeneHs NoJIMHoMa); X —
BXOJIHOM MapameTp, Ha OCHOBE KOTOPOTO BBIYHUCIIACTCS MOTUHOM. Takum 006paszom,
IPOU3BE/Is MOUCK KOA((ULIMEHTOB YIIPABICHUS, HCIONIb3Ys NOJTMHOMBI UeObIieBa
BTOpOro poaa (13) u (14) MOXKHO CKOPPEKTUPOBATH SIPKOCTh B COOTBETCTBUU C
3aJlaHHBIM JTHATIa30HOM

(,)BePe—+, rme( B -MHHMMAJBHBIN SPKOCTH, € - Pa3HOCTH MEXKLY

MaKCHMaJIbHBI 1 MUHUMAJIbHOM SPKOCTH, ;Z -APKOCTh JaHHOW TOYKH ) B
npenenax paboueit odnactu. B B €,mpoussoauTcs
pe3ybpTaTe H3MEPEHUs
yCTaHOBKA Jnarna3oHa sipkoctu (, ) B € B € — +, B KOTOPBIi TOIDKHBI ITOMAIATh BCE
TOUYKH U3 paboueil 001acTH MOCe KOPPEKIIUHU.

B  maroit  mmaBe  guccepraiuu  «CoBeplIeHCTBOBaHHE  METOI0B
(puabTpaUMU TeJEeBU3HOHHBIX H300Pa’KeHHiD» PACCMATPUBAIOTCS BOMPOCHI
¢unbTpan  MUQPPOBBIX HM300pKEHUN METOAOM CBEPTKH C HMITYJIbCHOU
XapaKTePUCTUKON B CIIEKTPAIIbHON 00IACTH.

Ounprpamus u3oopaxkenus L x y . (, )METOmIOM CBEPTKHM ¢ MMITYJIbCHOM

XapakTepucTukoil 4 x y ( , )cilydae HeNpepbIBHOIO H300paKeHUs MaTeMaTHueCKH
ONUCHIBAETCS CIEAYIOIINM 00pa3oM:

00 00

LxyLhxydd,.(,,,,,)En&n&n)()

I

Q

—00 —00

rne Lxy .o (, ) —pacnpenenenue sipkocTu B n300paxeHun 1ocie GUILTPALUH, &
N, —mepeMeHHble UHTerpupoBanus. [Ipu peanmsanuu 3Toro MeToAa (GUIBTPALIUU
U(GPOBBIM CIIOCOOOM HCXOJIHOE M300pakeHue, n300pakeHre mocie GUIbTPaLHH,
a TaK)Ke MMITYJIbCHAs XapaKTEepPUCTHUKA MPEICTABISIIOTCS B BUIE MACCUBOB YHUCEN,

3IIEMEHTHI KOTOPIX 0603HaYnM cooTBeTcTBenHo uepes LknLkn .. (,,,) q( )u



h kn(,,a Homepa cTpok M cTONOLOB — uepe3 ku n. IIpu 5ToM, SPKOCTb
NUKceNed  MPOQUIBTPOBAHHOTO  M300pa)KEHUST  BBIYUCISCTCS  CICAYIOIINUM
obpazom:
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rie Ku N — mpoTsHKEHHOCTh JIByMEPHOW UMITYJIBLCHOM XapaKTEPUCTHUKU B 000UX
HampaBiueHusX. Bemuuumasl Ku NBBIOMPAIOTCS HEYETHBIMU [UJISI TOTO, YTOOBI
n30eXaTh  CMEIMICHHS  NPOQHUIBTPOBAHHOTO  HM300paKE€HUST  OTHOCHTEIHHO
HCXOIHOTO.

[Ipu Qunbrpanuu u300pa’keHUE CKAHUPYETCS OKHOM (MMITYJIbCHOM
XapaKTepUCTUKOM), pa3sMepbl KOTOporo, cocrabisitoT K NXmukcened. Kaxxpiii
OTCUYET OKHa MNpeAcTaBisieT co0oi BecoBoil KOA(DPUIIMEHT (3HAYEHUE UMITYILCHOM
XapaKTepUCTUKH), Ha  KOTOPBIH  YMHOXAeTcsl  MUKCETb  HM300pakeHus,
NOKPBIBAEMBI 3THM OTCYETOM OKHA. IIpy 3TOM HHTEHCHUBHOCTH IMHMKCENS
npo(UIBTPOBAHHOTO  U300pa)KEHMs, KOOPAMHATHI KOTOPOTO COBMANAIOT C
KOOpAWHAaTaMM LEHTpAa OKHA, HaxOHATCS IIyTeM CYMMHPOBAaHHMS  BCEX
IIPOU3BENCHUN.

UmnynbcHas xapakrepuctuka h k n (, )upu paspadoTke mudppoBoro GuisTpa
HAXOJIUTCS CleayrommM oOpa3oM. BHadane, HaXomuWTCA 4acTOTHAs MEpeaaTouHast

K .
(GYHKLMST aHAJIOrOBOro (PUIIBTPa (w W, ,’ )3aTeM IlyTEM NPUMEHEHMs K Heu
JBYMEPHOTO VMHTETPAIBHOTO npeoOpa3oBaHus Dypbe OTBICKMBAETCS
COOTBETCTBYIOIIAs €if UMITyNIbCHAs XapakTepuctuka 2 x y ( , :)
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NMIynbCHYIO XapakTepUCTUKY HalIEHHYI0 TakuM oOpa3oM HEOOXOAMMO
npeobpa3oBaTh B JAHUCKPETHYIO (OpMY TMOCPEACTBOM €€ HPOCTPAHCTBEHHOM
JUCKPETU3ALMH, TIPU 3TOM IlIar IPOCTPAHCTBEHHON JUCKPETU3ALMU JOKEH OBbITh
TEM JK€ CaMbIM, YTO W IIar MPOCTPAHCTBEHHOH IHCKpETH3aluu (PUIBTPyeMoro
U300paKeHHUS.

JUia mpoBeneHUsT HCHBITaHUM ObUIM  BBIOPAHBI CIOKET C Pa3HBIMHU
[[BETOBBIMU XapaKTepUCTUKaMU. Bce CIOKeTbl copepkarT IO YeThIpe Kajpa,
NEPBbI M3 KOTOPBIX SBJISETCS OMOPHBIM W MPEIACTaBIsET CO0O0Ml cTaTuyeckoe
N300paKeHHEe, a TOCIEAYIONUE TPU — TWHAMHYCCKUN BUIEOCIOXKET. Ha kakmbrit
KaJip OBLIO HAHECEHO HEKOTOPOE KOIWYECTBO nedekToB (0T 1 10 6) AJIT UMHUTAITUN
peanbHOrO TOBpEXACHUS H300pakeHHd. B  kauecTBe Mepbl yCHEIIHOCTH
IIPOBEJICHHOTO BOCCTAaHOBJICHUS MCIIOJIb30BAIOCH CPEIHEKBAPATUYHOE
otkionenue (CKO).
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Puc.2. Ilpumep oOpadoTkm 11 crokera «benkay»: Bce He00XoaMMblIe 00J1aCTH BbIAEJEHbI U
HACTPOEHBI

Jlanee mpuBeneHbl MPUMEPHI TECTOBBIX CIOKETOB B BUJIE OMOPHBIX KAJpPOB,
Opyu 3TOM CJ€Ba PACIOJIOKEHbI HUCXOJIHbIE HW300paKEeHUS, a CchOpaBa — C
HAaHECEHHBIMU JIe(PeKTaMHU.

Tak Kak SKCIEpUMEHT MPOBOAMUTCS B JiB€ (Da3bl, TO €ro pe3yiabrarbl OymayT
CTpyNIUpOBaHBl MO THIy rpadudeckoil wHpopmarmu — cHadama oOpaboTka
OTIOPHBIX KaJPOB BCEX TPEX BHUICOIMOCIEIOBATEILHOCTEN B KQUE€CTBE CTATUYECKOM
rpaguku, 3areM HUTOTHM OOpabOTKH BCEX KaJpOB B BUJEOMOCIEIOBATEIILHOCTH B
Bujie rucrorpamm CKO, oTpaxkaroimieil MmorpemHocTs oOpabOTKU ISl KaxKI0Tro



nedexTa, Kak TMHAMUYECKUX U300paxeHu .

B nepgoii ¢aze skcniepumenTta, npu 00pabOTKE CTaTUYECKUX M300PAKEHUIH,
OTIpeIETAIOTCA KOI(PPUIIMEHTH yIpaBICHUs, KOTOPbIE 3aTeéM MPUMEHSIOTCS BO
BpeMsl TPOBEACHUA BTOPOM (pa3bl, TakuM 00pa3oM, 3HAUYUTENBHO COKpalas
TpeOyeMble JIJIs1 3TOTO PECypChI.

B nannom croxere «benka» ompeneneHsl mecTh Ie(PEKTOB, KOOPAUHATHI
KOTOPBIX TPHUBEIACHBI HIKE, BCe Je(PEeKThl HMMEIOT pa3Mep 8 Ha 8§ TMHUKCeleH,
COOTBETCTBEHHO, pa3Mep o0iacTH, onuckiBaromei ux, oymer 10 Ha 10 mukcenei.

Tabmuna 1.
KoopauHatel BepXHETO JIEBOTO yIiia 00Jj1acTel ¢ JeeKTaMu JJIs CIo)KEeTa
«benkay Ui OmopHOro Kajapa

O0i. 1 O011. 2 0O0m. 3 O01. 4 001. 5 O011. 6

X Y X Y X Y X Y X Y X Y

Ornopubiit | 276 | 28 | 323 | 109 | 508 | 146 | 360 | 162 | 570 | 257 | 138 | 286
KaJIp
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a) 6)

B)
Puc 3. Ucxonusbilii (a), nedexTHbII (0) 1 BOCCTAHOBJIEHHBIH (B) ONOPHBIN KAAP IS CHOKeTa
«beakay»



Hanee, mocne 3aBepuieHHs MEpBOW (a3bl MNOTyYeHBl KOA(DPUIMEHTHI
yHOpaBICHUs, YTO MO3BOJISET MEPEUTH KO BTOPOM (paze M MCIONIB30BATh UX IPU
00paboTke JUHAMUYECKUX JaHHBIX. Yucno nedekroB m MX pasMep B KakIOM
CIOKETE OCTAETCS HEM3MEHHBIM, OJTHAKO MX PACIONIOKEHHE Ha PA3TUYHBIX KaJpax
BUJICONIOCIIEIOBATEIbBHOCTY ~ MOXKET  HE3HAYMTEIbHO  KojebaTrbcsd  OKOJIO
U3HAYaJIbHOTO TIOJIOKEHUS, TOYHBbIE KOOPAMHATHI Ha KaXIOM Kajape OyayT
NPYBEACHBI B ONIMCAHUU COOTBETCTBYIOLIETO ClokeTa «bemkay.

Tabmumna 2.
KoopauHatel BepxHero JeBoro yria odjaactei ¢ 1edekramMmu IS CIoKeTa
«benkay
0O01. 1 0011. 2 001. 3 O01. 4 001. 5 0011. 6
X Y X Y X Y X Y X Y X Y
Kanp Nel 28 323 [ 109 | 508 | 146 | 360 | 162 | 570 | 257 | 138 | 286
Kanp Ne2 26 | 321 [ 106 | 508 | 146 | 363 | 155 572 | 250 | 133 | 282
Kanap Ne3 32 [ 318 | 107 | 504 | 140 [ 355 | 156 | 567 | 257 | 137 | 276
Kamp No4 35 | 318 1102 [ 508 | 140 | 352 | 162 | 572 | 252 | 143 | 274
Tabmumna 3.
CKO mns croxera «beakay
O0i. 1 0011. 2 O011. 3 O01. 4 001. 5 O011. 6
Kanp Nel 0 9,165151 0 16,7332 | 4,472136 | 61,28621
Kamp No2 0 5,385165 0 18,24829 | 4,582576 | 54,36911
Kanmp Ne3 0 7,071068 0 18,81489 | 3,162278 | 60,73714
Kanp Ne4 | 1,732051 | 3,162278 0 16,03122 | 4,582576 | 52,19195
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Puc.4. Ilnarpamma CKO pas croxkera «besnkay

Ha ocHoBe aHamu3a JaHHBIX TaOIMI, TUCTOIPAMM M BHU3yaJIbHOW OIIEHKHU
MOJIYYCHHBIX B pe3yJbTare 00pabOTKH M300paKeHHW MOXHO CIIeJIaTh BBIBOJ O
TOM, YTO IIBETa B MECTE BO3HHUKHOBEHHUS JedekTa BoCcCTaHaBIMBAIOTCA Ha 85-90
%, B 3aBUCUMOCTH OT CaMOT0 3TOTO MECTa U OKpYXKaroIliero ¢goHa, npu 3ToM, 4eM
¢boH paBHOMEpHEE, TeM Jiydllie OyJeT BOCCTaHOBJICHUE.

JAKIIOYEHUE

[To uroram uccnegoBaHus TIOKTOPCKOM AUCCEPTALIUU HA TEMY
«MareMaTudeckre MOJEIH MPOTIECCOB (PUIBTPAIMH U TTOBBITIICHUST YPOBHS
Ka4eCTBa TEJICBU3UOHHBIX U300paKEHUI B BUACOMH(POPMAIIMOHHBIX CUCTEMAX)
ObLIIN CHIeNIaHbl CIIEIYIOIINE BBIBOJIBI:

1. TIlpomecchl 00pabOTKM HHUPPOBBIX TEICBU3UOHHBIX H300pAKECHUN B
BUJICOMH(OPMAIIMOHHBIX ~ CHUCTEMaxX C WCIIOJIb30BAaHUEM METOAOB  CO3MaHUS
MAaT€MaTUYECKUX MOJICIIEN, BBIPAXKECHUS C MOMOIIBIO JMHEWHBIX W HEJIWHEHHBIX
muddepeHnanbHbBIX YPAaBHEHU Ha OCHOBE TEOPHHM WIp, aHAIU3 MPUMEHEHUS
aJITOPUTMOB  KOMITBIOTEPHBIX  BBIYMCICHUM W  MPOTPAMMHBIX  KOMILJIEKCOB
OTIPEIEITIIA TEOPETHUCCKNE OCHOBBI MIEPCIIEKTHBBI U 0COOCHHOCTEH.

2. Co3nanue MeToJ0B (PUIIBTpAIlMU MPOLECCOB OOPA0OTKH CTaTUYECKUX U
JTUHAMUAYECKUX TEJIEBU3MOHHBIX M300pakeHHil Ha ocHOBe Iud(epeHIMATbHBIX
ypaBHEHUH, OOOCHOBAHHOCTb MaT€MAaTUYECKOM KOPPEKTHOCTU HX aJTOPUTMOB,
pa3paboTKa COOTBETCTBYIOIIUX BBIUYUCIUTEIBHBIX aJITOPUTMOB U MPOTPAMMHBIX
KOMILUIEKCOB  CTIIOCOOCTBYET aBTOMATH3MPOBAHHOMY YIPABICHUIO MPOIECCAMHU
MOBBIIICHUS YeTKOCTH N300PKEHUI Ha MUKCEIISIX CPETHEN MHTEHCUBHOCTH.

3. TlpeoOpazoBanus tuna Pypbe, TUCKPETHO-KOCHHYCHOE W BEUBIIET Ha
OCHOBE OIpaHMYCHUN TMPOIECCOB O0OpaOOTKH TEJICBU3UOHHBIX H300paKEHUH,
BBEIOPAHHBIX KPUTEPUEB M KIIACCH(PUKAINUA MApaMETPOB CIIOCOOCTBYET CO3TAHHIO
METOJIOB ~ BU3YyaJbHOW  OIGHKM  KadecTBa  ITU(POBOTO  TEICBU3UOHHOTO
U300paKeHUS.
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4. B pesyabrare TMPOBEACHHUS BBIYUCIHUTEIBHBIX HOKCIIEPUMEHTOB U
MaTeMaTUYeCKOr0 MOJICJIMPOBAHMS TPOIECCOB 00paOOTKM HW300pakeHUW Ha
OCHOBE Teopuu AU(PepeHInaIbHbIX UTP HANJACHO pEeIIeHHE MO YCTPaHEHHUIO
BPEMEHHO-(}a30BBIX CABUTOB W Je(EKTOB aJalTUBHOTO, WMIYJIHCHOTO |
aJIUTUBHO-TAYCHOTO TUIIOB B N300payKEHUSIX.

5. Co3gaHue  MareMaTH4eCcKOM  MOJENM  IPOLECcCcOB  00paboTKH
TEJICBU3NOHHBIX HM300paXCHUH B JBYNapaMETPHBIX HEIMHEHWHBIX CHCTEMax
aBTOMATHU3HUPYIOT MPOIECCHl YIPABICHUS U300paKCHUSIMH, YCTpAaHEHHE CABUTOB U
BpEeMEHHO-(a30BbIX JE(HEKTOB ¢ TOMOIBI A()(PEKTUBHOTO HCIIONB30BAHUS U
UCCJIEIOBAaHUS PE3YJIbTaTOB BBIYMCIUTEIbHBIX 3KCIEPUMEHTOB, OINPEACICHUS U
(GUIBTpaLlMK UX TUIIOB B U300PAKEHUSIX.

6. Pa3paboTka ABYXMEpHOW pacTpOBOM MOJEIM COCTOSIHUSI HU300pa>KeHUs
00BeKTa W aNTOPUTMOB MOJICJUIUPOBAHUS CIIOPHBIX COCTOSIHHM B TpoIecce
00pabOTKM  TEJEBU3MOHHBIX HM300pa)KEHUW  TMO3BOJSIET BBHIOpATh  CIOCOOBI
obecrieueHnss TpeOyeMoro pacmpeaeneHus] SPKOCTH THUKCeIeH H300pakeHud u
dbopMHUpOBaHUS 3a/1a9 HEIIMHCHHBIX UTPHI.

7. CoBeplLIEHCTBOBAaHUE CIOCOOOB (UIbTpaUd OOpabOTKM LHPPOBBIX
TEJICBU3UOHHBIX H300paXEHH € BEepMEHHO-(a30BBIMU CIABUTAMU U AcheKTamMu
MO3BOJISIET YCTPaHUTh HENOCTATKU TMpU Tepenayr H300paxeHud myTeM HX
ONTUMU3AIMA C YYETOM OCOOCHHOCTEH HWMITyJbCOB B CIHEKTPATbHBIX TOJSAX
U300paKeHU, MPUMEHEHHs] CIIOCOOOB aJalTUBHO-AHU30TPOIHON (UIBTpAIUN U
MoOJIeTIEN pa3IebHO-TIOCIEIOBATEIbH(PX U300paKSHHI.

8. Co3maHue CHUCTEMBbl YMPaBIECHUS SPKOCTHI0O M300paKEHUH C TOMOIIBIO
MaTpUYHOTO psfa YeOwlmieBa, aJaNTHBHOCTH MEXaHW3Ma YIMPaBICHUS IS
00pabOTKM H300paKEHU B JMHAMUYECKOW TMOCIEA0BATEILHOCTH MO3BOJISIET
pa3paboTarh ajropuT™M OLEHKH 3(PPEKTUBHOCTH U TOYHOCTH TNpU 0O0paboTKe
U300paKEHUH.

9. Wcnonb3oBaHWE METOIOB BBIJCICHUS KOHTYPOB IIPU CETMEHTAIlUU
WU300pKCHUH B CHCTEMaX BHJICOMAHHBIX, MOJEIU DHTPOIUUHOTO KOIUPOBAHUS
TEJICBU3MOHHBIX M300paKEHUN U METOIOB JIMHEHHOM (UIBTpAIIN N300paXKEeHHI C
MOMOIIBI0 ypaBHeHUs1 BuHep-Xoma ai0T BO3MOXHOCTh COKPATUTh NEe(PEKTHI U
CABUTHM B TEJIEBU3MOHHBIX M300paxeHusix npumepHo Ha 11-26%, a Takxke
NOBBICUTH YPOBEHB SIPKOCTH M300paxeHui Ha 8,5%.
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INTRODUCTION (Summary of the doctoral dissertation)

The relevance and demanding of the dissertation the theme. Today in the
field of information and communication technologies is paid more attention to the
development of process control system for processing digital video images in the
video-information systems. In the conditions of intensive development of modern
information and communication systems increasing amount and the flow of
information are one of the most urgent problems of improving the quality of
television images and control the filtering process by the redundant information. In
this direction of information and communication technologies the leading
countries of the world increased demand and requirements for improving methods
of filtering and increasing the brightness of digital television images. «On the
world stage revenue from digital television transmission in 2016 in the media was
estimated at 7 billion US dollars, in the past five years achieved 23% economic
efficiency of online TV».!

In the Republic of Uzbekistan held wide-ranging measures to address the
challenges associated with an increase in the brightness of a digital television
image, for the effective organization of measures for the automatic identification
and timely elimination of noise and foreign elements in the images. In this area,
including on the establishment of methods to increase brightness and filter images,
intellectualization processing management processes digital image, the creation of
specialized software-based complex improvement of methods to eliminate shifts
and signalnyh distortions arise as a result of the additive, pulsed
addaptivno-gaussnogo types influences in the processing of digital television
images, a number of research projects.

In the world of one of the most important issues is the formation of digital
TV 1mages based on them improving process control system of image processing,
the development of numerical models and algorithms for solving various problems



of filtration of digital television images using Fourier and wavelet methods. In this
area, carried out targeted research, including the attention given in the following
areas: development sovershenstovat method of classification and selection criteria,
monitoring and evaluation of image quality, the development of precision
management of images for given values of pixels of medium intensity, creating
modellirovaniya image processing algorithms , the development of process control
methods to ensure level-definition television images. Conducting research on the
above research areas confirms the relevance of the topic of this thesis.

This dissertation research to a certain extent is the implementation of the
tasks stipulated in the Decree of President of Uzbekistan Ne PP-1741 dated April
17, 2012 «On State program of technical and technological transition to digital
broadcasting in the Republic of Uzbekistan», and in the decree of the Cabinet of
Ministers Ne 24 of 1 February, 2012 «On measures to create conditions for the
further development of computerization and information and communication

"https://www.pwe.ru/ru/entertainment-media/publications/assets/entertainment-mediaoutlook _2014.pdf
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technologies in the field» as well as in other legal instruments adopted in this area.

Compliance research priority areas of science and technology of the
republic. This research was performed according to the priority directions of
development of science and technology of the republic IV. «Development of
informatization and information-communication technologiesy.

Overview of the international research on the dissertation theme’.
Research aimed at the development of mathematical models and management
systems television image processing processes are carried out in the leading
research centers and higher educational institutions of the world, including the
Massachusetts Institute of Technology, Columbia, and California Institute of
Technology, University of Texas, University of California, Berkeley, and Harvard
University, Georgia Institute of Technology, the company Dveo, Hibox Systems,
Media Excel Honeywell (USA), Actus Digital, Adtec Digital (Izrail), Tsinghua
University, Beijing, Zhejiang University, Hagzhou, Shandong University (China ),
University of Bath, Cambridge University (UK), University of Pune (India), Ghent
University (Belgium), University of Rostock (Germany), Kyungpook National
University (South Korea), image processing systems Institute, RAS (Russia),
Tashkent University of information technologies (Uzbekistan).

As a result, the world's research on the improvement of management
systems and the creation of mathematical models of television image processing
systems in the video information obtained by a number of research results,
including effective methods of addition and the method of filtering to ensure a
high level of image quality (California Institute of Technology, USA); developed
technology to reduce defects videoposledovatelnosti via temporal filtering and
wavelet domains as well as for digital image filtering method is linear in the
processing of graphic images of shadows (Ghent University, Belgium); developed
methods of processing video data, images and geometric calculations based



differential equations (Tsinghua University, China); We developed a method for
rapid multi-valued anisotropic smoothing save images curvature (National
Research Center, France); designed dynamic intervals seal technology with
archived preserving local contrast images for digital video card (Kyungpook
National University, South Korea); We developed a method for the automatic
evaluation of noise and their elimination in some images (Cornegy University,
USA); established methods for modeling and wavelet filtering of random fields
and maximum entropy (Braun University, USA).

In the world to improve the level of quality of digital television pictures,
design modeling filtration processes and high-performance systems management
in a number of priority areas of research are conducted, including the formation of
mathematical models of filtration processes improvement wavelet techniques,
fourier, Haar, Walsh-Hadamard Karhunena-Loeve in improving the clarity and

’Review of foreign scientific research on the topic of the dissertation is based on http:/web.mit.edu/,
https://en.knu.ac.kr/, https://www.timeshighereducation.com/, www.ugent.be, www.tsinghua.edu.cn/,
https://www.cam.ac.uk/, www.uni-rostock.de/en/, www.unipune.ac.in/ and other sources.
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brightness of the images based on linear and nonlinear partial differential
equations; the creation of methods to eliminate the additive, pulsed and adaptive
gaussnogo types of noise in the images using the additive and adaptive filtering;
rarabotke algorithms and software tools for making intra-and inter frame image
changes; the development of an adaptive method of brightness control system with
the help of matrix series of Chebyshev; the development of a gradient, the static
and the Laplace method for image segmentation and dividing it into contours;
formation criteria and evaluation of image quality conditions; developing methods
for entropy encoding frames based on wavelet transforms. The degree of
knowledge of the problem. The development and improvement of methods used
mathematical modeling in solving methods of linear and nonlinear differential
equations digital television images in video information systems, the study of an
adequate model of a particular process and research methods for determining by
experiments on calculating the level process activity parameters, creation of the
theory and questions of improving maintenance practices brightness by filtration to
eliminate defects additive, pulsed and adaptive nature of the noise are devoted to a
number of scientists: Song-Hai Zhang, Shi-Min Hu, Ce ZHU, Ralph R. Martin,
Dan Su, Philip Willis, Zhou Wang, Alan C. bovik, Brian L. Evans, Jack Tumblin,
Greg Turk, C. Tomasi, Erik Reinhard, Michael Stark, Peter Shirley, James
Fervverda, Fredo Durand, Julie Dorsey, Suyash P. Awate, Ross T. Whitaker, David
Tschumperle, Caroline Chaux, Jean- Christophe Pesquet, Aleksandra Pizurica,
Vladimir Zlokolica, Wilfried Philips, Sheikh Md. Rabiul Islam, Xu Huang, Keng
Liang Ou, Thou-Ho Chen, Yen-Hui Yin, Shi-Feng Huang, Yan-Ting Ye, Yusuke
Monobe, Haruo Yamashita, Toshihary Kurosawa, Hiroaki Kotera, Heiko Schwarz,
Detlev Marpe, Leo Grady, R.A.Vorobel, S.S.Buhtoyarov, S.I.Kataev,
M.I.Krivosheev, Yu.B.Zubarev, A.S.Selivanov, B.P.Hromov, V.P.Dvorkovich, The
N.Bezrukov and others.

Issues related to the processing of video images in video information



systems, creating computer graphics and animation, automated geometric design,
considering, are in the works of Shi-Min Hu, Ralph R. Martin, R.A.Vorobelya,
S.I.Kataeva, M. I.Krivosheeva, B.P.Hromova, V.P.Dvorkovicha, V.N.Bezrukova
and others developed methods of processing triad simulate digital television
images «model algorithm programy, as well as the method of computer modeling
and computational experiment, modular system and system software package,
achieved certain positive results in implementing them in practice. Related to the
development of methods for image filtering additive, pulsed and adaptive Gaussian
type studied Jack Tumblin, Greg Turk, David Tschumperle, Yu.B.Zubarev,
A.S.Selivanov, S.S.Buhtoyarov, C. Tomasi, Aleksandra Pizurica, Vladimir
Zlokolica, Wilfried Philips, as well as the issues of creating a variety of numerical
models of image filtering and processing of scientists dedicated to the
development of our country, including M.M.Musaeva, H.N.Zaynidinova,
R.N.Usmonova, M.M.Kamilova T.F.Bekmuratova, T.Yuldasheva,
B.K.Kurmanbaeva and other studies have examined the problem neohodimosti
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create different numerical models of filtration processes and improving the system
of intelligent management of imaging processes.

However, scientific research related to the establishment of efficient
algorithms for solving problems of modeling techniques and filtration processes
processing digital video images in video information systems, the use of modeling
techniques and of linear and nonlinear differential equations with reschenii
problems associated with filtration of digital television images, multiple-computer
calculation to to determine the mechanical and geometrical parameters necessary
to ensure the required level of brightness and contrast of the image that improve
process control efficiency of processing digital television images in video systems,
issues of modeling the entropy coding of television images, the division on the
contours for image segmentation, the formation of non-linear game problems at
increasing the brightness of the image, creating efficient methods for the automatic
detection and removal of image defects create the conditions for the development
of effective methods of calculation remains problematic.

Communication of the research plans of scientific research. The
dissertation research is carried out in the following research projects of the
Tashkent University of Information Technology on the topics: A5-037-
«Development of hardware and software for audio and video codec based on
wavelet transforms with inter-frame processing for mobile communication
systems» (2012-2014) ; A5-024 — «Development of software for audio-video
codec with inter-frame television wavelet processing for 3G cell phones» (2015-
2017).

The aim of the study is development of methods, algorithms and raster
models of filtration processes and improve the quality of television images in the
video information based on the use of mathematical models of systems with partial
derivatives.



Research problems:

development of a mechanism making Fourier, wavelet and discrete cosine
transform based on the criteria and the required limit of boundary conditions of the
process, taking into account the features of shapes and television imaging
techniques in video information systems;

development of process control method to ensure the required level of
brightness and visual assessment of the quality of television images for given
values of medium-intensive pixel;

creation algorithm development of the mathematical model and the two
parameter nonlinear system of television image processing processes; development
of entropy encoding processing model of successive television images and
dynamic contour extracting method and image segments in the video information
systems;

development of methods and algorithms for solving problems to eliminate
image defects with the help of partial differential equations on the basis of the
theory of differential and discrete games of mathematical models of digital video
images to video information processing systems;
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development of linear and nonlinear filtering techniques to improve the
brightness of the computer processing of static and dynamic video images based
on partial differential equations and the formation of discrete and nonlinear
differential game problems;

development of a method to eliminate shifts defects additive, and adaptive
pulse-gaussnogo character using anizitropnoy filtration and separately-smooth
image models.

The object of research is the process of processing and filtering images
modeled using differential equations in order to improve the brightness level of the
digital television images in video information systems.

The subject of the study are raster models, methods of their research and
solutions, adequate computing algorithms and software tools used solving the
problem to eliminate image defects, based on the use of mathematical models
including differential equations and processes of digital video images processing
for video information systems.

Research methods. The thesis used methods of mathematical and numerical
modeling, theory of discrete and differential games, probability theory,
computational mathematics, theory and methods algorithmization, modular and
structured programming techniques, computational experiment methodology, as
well as methods of linear and nonlinear filtering.

Scientific novelty of the research is as follows:

developed mechanism for the use of the Fourier transform, wavelet and
discrete-cosine transform in the process of processing a television-dimensional
images in video information systems on the basis of criteria taking into account the
characteristics and limits of the boundary conditions;

developed a method for process control to ensure the required level of



brightness and visual assessment of quality indicators of video images for given
values of the average intensity of the pixels;

developed a mathematical model to describe the spatial - temporal
processing digital video images and the corresponding algorithm for solving
nonlinear two-parameter system;

the model of entropy encoding processing of sequential dynamic digital
television images, as well as the method of edge enhancement and image segments
in the video information systems;

developed methods and algorithms for the solution of problems to eliminate
image defects in the processing of digital video images to video information
systems by means of mathematical models using the theory of differential and
discrete games;

developed methods for linear and nonlinear filtering increasing the
brightness of the computer processing of static and dynamic video images based
on the modeling of differential equations and the formation of non-linear game
problems;

developed a method of eliminating shifts defects additive, pulsed and
adaptive Gaussian nature using anisotropy filtration and separately-smooth image
models.
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Practical research results are as follows:

developed methods of image coding for high luminance level of redundancy
by eliminating intra-spatial spectrum in the processing of digital television images;

developed a method for generating a control signal, to provide-ing the
required level of brightness, to eliminate defects and inter-human and inter-frame
shifts by applying an iterative, adaptive spatio-temporal linear and nonlinear
filtering of digital video images in the video information systems;

We developed a set of software tools for modeling processes to eliminate
defects and intra and inter-frame shifts, taking into account possibilities of forming
the brightness of the corrected image;

determined the appearance of the brightness of the picture effect as a result
of the application of filtering techniques of television images in video information
systems,;

adequacy of the mathematical model and the reliability of complex
development programs confirmed by the study of methods of linear and nonlinear
filtering, based on the theory of differential and discrete games with the
elimination of defects of the Gaussian type and changes in the television image.

The reliability of the results. The reliability of the results of the research is
justified from a methodological point of view of the mathematical formulation of
the problem on the basis of the theory of differential and discrete games and its
decision precision methods applied partial differential equations, theoretical and
practical results of the problem, process modeling of linear and nonlinear filtering
and 1mage processing, comparing the tasks elimination of the additive, impulsive
and adaptive Gaussian defects and changes in images with research work in the



field of algorithms for solving and raster modeling methods Wiener Hop, Fourier,
wavelet, matrix near Chebyshev, as well as the results of computational
experiments on the basis of common criteria and benchmarking the data.

Theoretical and practical significance of the study results. The scientific
importance of research results are development of linear and nonlinear partial
differential equations on the basis of the theory of differential games, uprscheniya
methods and criteria for evaluation of space-time state changes and defects in the
images, methods of linear and non-linear filtering to eliminate additive, pulsed and
adaptive gausnogo types of noise , coding methods and the elimination of the
phase image and interframe redundancy, raster models, algorithms, calculations
and complex specialized software, patterns of dynamic transformation and
properties of parameters that express the brightness and contrast of the image, are
the creation of the concept of high-quality and high-grade transmission and
processing of digital video images in the video information systems.

The practical significance of the results of the work lies in the development
of image processing process control systems in video information systems,
creating opportunities visual contrast and brightness of images as a result of their
linear and nonlinear filtering, applying in practice the complex of specialized
programs to determine the scope of laws and pixel density resolve and
determination of intra and inter-frame shifts and space-time defects additive,
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pulsed and adaptive Gauss nature, providing conditions for improving the
television image quality can be widely used in the formation of images, the
construction of mathematical models of image processing, optimization of time
management, intensification of rapid determination and the establishment of the
Intellectual management system processes to eliminate defects and changes in
images, reduce material costs and the number of errors in the calculation.

Implementation of the research results. On the basis of mathematical
models and process control systems process digital television-dimensional images:

tool for software systems algorithms and models of linear and nonlinear
filtering implemented at the enterprises of the Ministry for the development of
information technologies and communications, including in the State Unitary
Enterprise «Tashkent Broadcasting Center» (Reference from October 4, 2016
Ne(2-8/5459 of the Ministry of the development of information technology and
communications). Based on the results of adaptive techniques and additive
filtering images based on the theory of differential-social games, software systems
have reduced shifts and defects in images from 11% to 26%;

developed a mathematical model to describe the space-time processing of
digital television images and the corresponding algorithm for solving nonlinear
two-parameter-term system introduced in «UZDIGITAL TV» LLC (Report dated
October 4, 2016 Ne(02-8/5459 of the Ministry for the development of information
technologies and communications). Elaborate algorithm to create a model of
entropy encoding processing of sequential dynamic digital television images, as
well as highlight the contours and segments of images in video information



systems;

method of control the brightness level of assurance process and algorithm of
television image quality assessment indicators introduced in the digital TV
network of «Uzbektelecom» (Reference from October 4, 2016 Ne28-01/1420
«Uzbektelecom»). The results of the research provide improved process control
processing efficiency digital television images at 8.5% due to higher levels of
image brightness.

Approbation of the work. Theoretical and practical results of the thesis
have been tested on the following international and national conferences and
seminars: «Control problems and compression the image» (Germany, Wiesbaden,
2012); «Control actuators in parameters of algorithm compression of a video
information with use of its structural lines» (Russia, Kazan, 2012); «Geometric
methods in problems of conflict control with distributed parameters» (Kiev, 2013);
«Differential Games of Pursuit Many people with distributed parameters and
geometric constraints» (Odessa, Ukraine, 2013); «On a control problem, and
image compression» (Russia, St. Petersburg, 2014); «Discrete Pursuit game
described by equations of the second order from the image brightness» (Russia,
Izhevsk, 2015); «Management speed video encoding when transmitting data in
mobile communication systems» (Uzbekistan, Tashkent, 2011); «Image
Compression Optimization as a task management with distributed parametersy»
(Uzbekistan, Tashkent, 2012); «Multidimensional controlled processes the image
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brightness with geometrical limitations» (Uzbekistan, Tashkent, 2013), «The
quasi-linear differential game with variable coefficients and geometrical
limitations» (Uzbekistan, Tashkent, 2013), «Managing the encoding rate of
minimax distortion criterion» (Uzbekistan, Tashkent, 2014), «On two problems
handling the brightness of digital images described discrete equations of the
second order» (Uzbekistan, Tashkent, 2014), «Managed digital image»
(Uzbekistan, Tashkent, 2015), «Discrete game of pursuit, with the image
brightness» (Uzbekistan, Tashkent, 2015).

Publication of the results. According to the thesis topic published a total of
48 scientific works. Of these, 1 monograph, 13 journal articles, including 2 foreign
and 11 in national journals recommended by the Higher Attestation Commission
of the Republic of Uzbekistan for the publication of basic scientific results of
doctoral theses and taken 6 certificates on registration of computer programs.

The structure and scope of the thesis. The thesis consists of an
introduction, five chapters, conclusion, list of references, applications. The volume
of the thesis is 200 pages.

THE MAIN CONTENTS OF THESIS

In the introduction given the relevance and demanding of the research, a
description of the purpose and main tasks, as well as object and subject
corresponding to the priority areas of Science and Technology of the Republic of



Uzbekistan, scientific novelty and practical results, theoretical and applied
significance of the results, information about the publication of the work and thesis
structure.

In the first chapter of the dissertation «Analysis of modern television image
processing techniques» considered methods of processing video images, carried
out an analysis of traditional forms and methods of treatment, revealed the specific
features of pre-processing of television images. Abstract Fourier methods, wavelet
and discrete-cosine transform in the television image processing. A classification
and selection criteria for the visual evaluation of the quality of television pictures.

Image processing is a multistep process, so the main stages of the image
processing carried out in order to improve its visual perception, can be represented
as a block diagram shown in Fig. 1.

Image Processing begins with reception (registration) images using the
imaging system, except for those cases when the image is already presented in
digital form. Important at this stage is the right choice of the imaging system of the
luminous flux and the most accurate selection of parameters characteristic of fixing
the object of interest in the image (light, long range will, etc). Digitization is
necessary to convert the image to digital form, coding - required in the case of
image transfer on communication channels.

Global image processing methods may be implemented either directly on the
image field, or by spectra.
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There are three main applications of the global two-dimensional orthogonal
transformation in image processing for:

* highlight the characteristics of the image features;

« image coding, when the width of the spectrum is reduced by dropping or
rough quantization small in magnitude of transform coefficients; ¢ reduction of
dimension in the performance calculations.

Such transformations are Fourier transform, sine, cosine, wavelet transform
and conversion Karunena-Loev, Walsh, Haar and Hadamard. However, these
changes did not have the necessary flexibility for a wide range of digital filtering
tasks.

Often in practice to transfer the source image to the frequency domain and
restore used direct digital conversion (DDC) and Inverse Discrete Fourier
Transform (IDT) or other discrete orthogonal transformation. Filtering in the
frequency domain consists in multiplying the Fourier-image on the image
frequency filter characteristic.

As alternative IDT Fourier to solve the image pre-processing tasks,
eliminating noise and interference, the optimal Wiener filter, to improve the quality
of visual perception of images, highlight the boundaries of objects and their
segmentation for classification and pattern recognition, image analysis of the
spectra, calculate the discrete convolution, correlation function and other
operations on the spectra of the greatest use is made of discrete orthogonal Hartley
transform, Haar, Walsh-Hadamard.

The discrete Fourier transform is the basis for the implementation of many
digital filtering techniques. Advantage of the method - Possibility of using fast
DFT algorithm that allows the system to implement processing in real time. The
disadvantage is the need to limit the infinite spectrum with analog-to-digital
conversion.

One of the main parameters that determine the quality of the images is
contrast. Because the image can be a complicated scene in nature, it generates the
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need to determine its contrast based on the contrast of certain combinations of
image elements. Thus all elements are considered equivalent, and the contrast of
each of the pair is calculated by the formula

LLC
LL

mn



where C,, - a combination of two pixel contrast L,,, L,- the brightness of the
image elements by plot size m n % .

Applying the rule of summation of contrasts, calculate a set of values C,,, that
define the perception of each pair of pixels. Averaging matrix of local contrasts,
receive total contrast. The result can be used as one of the parameters of the visual
image quality evaluation.

In the second chapter of the thesis «Development of methods to improve the
brightness of the image in the process of processing» describes methods for
improving the contrast of video images in video information systems. An
algorithm for constructing a mathematical model of image processing. It is noted
that the races image focus can be achieved by spatial averaging operation point
values for the neighborhood. Sharpening is a phenomenon back in relation to the
race focusing can be achieved spatial differentiation. From a fundamental point of
view, the value of the derivative operator response to an image point is
proportional to the degree of discontinuity of the image at a given point. Thus, the
image allows for enhanced differentiation swings and other discontinuities (eg,
noise) and not to emphasize the area with slow changes in brightness levels.

The simplest isotropic operator based on derivatives is Laplacian (Laplace

operator), in which case the functions of two variables z(x, y), is defined as vV
=+

22.(1)22
nyaa

2
22

Thus, the derivatives of any order are linear operators, that means and the
Laplacian is a linear operator.

For the application of this equation in the digital image processing, it must
be expressed in discrete form. There are several ways to set the discrete Laplacian
as based on the values of neighboring pixels. The following definition of a discrete
second derivative is one of the most commonly used. Taking into account that
there are now two variables, for a particular second derivative x:
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and similarly for the second private derivative
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Discrete formulation of the two-dimensional Laplacian, given by equation



(1) is obtained by combining these two components:
W=—dtt ottt ozzzxyzxyzyzy4(xy) (1) (1)

(x, 1) (x, 1) [ ]
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So, as the Laplace operator is essentially a second derivative, its use
underscores gap levels of brightness in the image and suppresses the area with
weak changes in brightness. This results in an image containing grayish contour
line in place and other discontinuities superimposed on a dark background without
features. But the background, you can «restore», while retaining the sharpening
effect achieved Laplacian. It is enough to fold the original image and the
Laplacian. It is necessary to remember some of the definitions of the Laplace was
used. If used definition uses the central negative factors, then getting the effect of
Sharpening-Laplacian image should be subtracted, not add. Thus, the generalized
use of Laplacian algorithm for image enhancement is as follows:
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Here w(0,0)— the value of the central coefficient Laplacian mask. Now
consider the control problem from the image brightness in the following form
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LLLLL L, ijijijijijijij=ttTrETSsPR
0.m1,0.0,0,0,0,(2);,;,zzzz====
+0
i==-12,..mj1,2,..1,86

where the left side of the equation the discrete analogue of the Laplacian 22
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o gfunction of brightness, andzzy = (x, ), a;;
+
22Xy z —the value of the image brightness

z —the brightness of the image levels of the respective

at the point, 1.e. ;;
piXGlS ( s ) l] sij,
u —the control parameter. Without loss of generality, it is



convenient to assume that if either i = 0,0r i m= +1,orj = 0,01 j =9,,0, ijZ=

something that bordered image pixels with zero values of the level of brightness.
Management tasks are set as follows.

ui==-12..mj12,.1,6
We shall say that an admissible control ;;
translate brightness of the position, , o 2;t0
0,0,0,0,;;;,zzzz====
+0,

01011,,1j,1<<<<-jiimjBfor PePe>>>>0,0,.This
some predetermined
zthe value of brightness levels in the image has been predetermined
means that ;;
pixels in an interval.

It also investigated two-parameter nonlinear systems and to develop a
process control system processing the brightness levels and a mathematical model
of the television image processing.

During the pre-treatment is carried out analysis of the image, which
determines various statistical characteristics of the image, such as the mean and
standard deviation of brightness, contrast, histogram of brightness and contrast,
select the most suitable model and parameters of digital noise. In step pretreatment
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performed low-pass filtering, removal of which produces digital noise in the
image.

As a rule, after low-pass filtering the image contrast is reduced and hence
the need to adjust it. The contrast correction, the computation of image contours.
As a result of the summation of the brightness of image pixels with brightness
calculated contours contrast correction is performed.

In the third chapter of the thesis «Methods of improving the contrast and
brightness levels of the television image)» formulated nonlinear gaming tasks and
performed a selection of their method of solution to the brightness of the image.
The formulated problem is solved with the help of difference analogues of
Cauchy's integral formula. Developed methods used to solve the problems of
harassment described by elliptic equations.

The essence of the method is as follows, even in * Rthe space of dimension s
s, 1 2, 1s allocated a finite set of K and some arbitrary set D, points with integer
coordinates. Let D denote the set which runs through point n £ +if n and &,
respectively, a plurality of independently run D, and K. Each point r » D , € ,
associate the set , , K k K , €, attributing to him the points k k K, , €for that » k D
— &. The collection of the r, for which the set of non-empty call boundary G

0
of domain D. Consider a discrete game described with respect to equation,,
z
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It is known that the solution of equation (3) under the condition (4) is
described by the formula:
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where G,— the fundamental solution of the equation (3), defined by the equality
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inverse matrix. When the condition det () 0 C € #has a unique bounded solution of
problem (3), (4) in the form (5).

Application of the Wiener-Hope equation of linear image filtering can
reduce the interpolation error, i.e. The visibility of raster structure of the playback
image, for example, when they are printed. Filtering by linear within certain limits
i1s possible to reduce the visibility of noise flotation, and other defects on the
images reproduced. This problem can be solved in the following manner.

Let ;.

x — the value of brightness of the image - a useful signal at the
intersection of the second i —row and the first j-column, and the observed image

input filter described by the model:

vixniljJ

ijijij,,,
n —the interference value at coordinates (i j /', ,) (- —)function
Here, ;;
describing the interaction of the signal and noise, a / and J - the number of rows
and columns in the frame.
When the linear output filtering effect is determined by a linear combination
of the input data: xijaijyiijj
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In this expression, ( ) ,



=the result of the useful signal ( ) .
i X 1] X -
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filtering in the frame at the coordinates (i j S, ;) —set of points (or rather the set of
their origin), forming a neighborhood; @ i j ( ,,, ) — weights, which is a set of two
dimensional impulse response (IR). If the region § is finite, then the impulse
response has a finite length then a filter called a EIR filter. Otherwise, the impulse
response is infinitely long, and the name of the filter IIR. In the expression (6) it is
assumed that they are not dependent on (i j , ,)the point of origin which is defined
by the output effect. image processing procedures with the property regardless of
origin, are called homogeneous.

The most common optimality criterion, used to assess the quality of
treatment is the minimum mean square error criterion. With regard to the filter
expression, we write it in the form of:
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where E{ } —the mathematical expectation. According to (7) the determination of

the optimal filter it consists in determining them so that the mean squared error
—signalx i j ( . )expressing a difference between x i ( .,)

e ijxijxife...)()()
‘the
estimate and the formed filter was minimal. The expectation is taken over all
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random variables contained in (7), which means the orientation of the criteria for
registration of average error.

The optimization problem (7) can be easily reduced to the solution of the
equation or system of equations. To do this, we calculate the derivative of the left
hand side of this expression at a rate ( )

+:a k [ a =and equate it to zero.
Considering that the operation of differentiation, summation, and the expectation is



linear, and therefore commute, we obtain the expression:
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Included in his expectations are, as can easily be seen, samples of the
correlation functions, for which we introduce the following notation: Bk/Exy B k

iljEyyxyijik_/'lyiijjikjl( yys. )T o= { R DU } () { 11} Taking them
into account (8) will take a more compact form:
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Considering the autocorrelation B, ( )and cross-correlation function is

known, we note that (9) is linear with respect to the unknown coefficients ,,i;,
aof

an algebraic equation. The number of unknowns in the equation equals the number
of pixels  nin the Sneighborhood is the end in the case of the IIR filter and IIR
infinite for filtering.

Adaptive filters are designed to save the contours and boundaries of objects
in the image when the noise filtering fluctuation widely used adaptive filters with
finite impulse response. The term «adaptive» means that the filter's impulse
response coefficients vary in accordance with the structure of the processed image.
In the most general case of adaptive filters implementing local processing type
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where normalizing filter coefficient providing unbiased average brightness of the
processed image relative to the original. The filter coefficients depend on the
values of the brightness of the image in the «sliding window». For each window
position is performed or counting counts filter mask selection or processed image



pixels in the window i.e. window configuration change. Therefore, despite the use
of linear processing of samples in the window of adaptive filtering procedure it is
generally nonlinear.

In the fourth chapter of the thesis «Modeling the process of digital image
processing» algorithm of modeling of conflict situations in the television image
processing. It is noted that the transmission of television pictures in a single
intensity value, and at the same point of one frame does not usually coincide with
the other frames. In solving these problems at every point must be taken into
account the changes of brightness that were noticed. This shows that the process
involved with the opposite side of interest, i.e., it prevents control the value of the
image brightness.
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The mathematical model of this problem is presented as follows:
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where the left side of the equation the +

discrete analogue of 22
zz Xy
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Laplacian image brightness function z z y = (X, )has the form in (2). This means
that ;;
i,

zthe value of the brightness levels of the image at predetermined pixel isin a
segment that wants haunting. Haunting the player wants to finish the game faster,
and escaping the player, generally speaking, will interfere with this.

Using the boundary conditions in i m =1,2,...,(11) we obtain the system

1,0,2,1,11,11,1,47jjjjjjj_++++=_+ZZZZZM—+U
2,1,3,2,12,12,2,4:jjjjjjj_++++=_+ZZZZZ”—+U
1,1,,1,1 4aijijijijijijij_++++=_+ZZZZZU—+—+U
ml,m2,m,m1,1m1,lml,m1,49jjjjjjj_++++=_+ZZZZZM ————— +--U
mLlmimimmd jmjmjjj -ttt +¥=—+zzzzzu_,_,U
Labeling,
TTT
1,2,,1,2,,1,2,,(:"--a)a(uaua---au)a(aa---a)jjjmjjjjmjjjjijZZZuUUUU
===wehave ,,11,;,,;,—+-=-<<-zCzzuj_,uB
zz0,0==4¢,(12)
0
where " pursuer; ;

z R €and ;u —the control parameter of the |, ;= control parameter

;;u R R € € ucomponents that satisfies condition

evader: ,”"
,s»1;1;USS<PUO 0 pand C - square Jacobian - tridiagonal matrix of the
form,
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Proposed brightness control algorithm is designed to correct the image

defects by applying formula (13).
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where in: ]

zuzg- line data for calculating the initial correction coefficients,
which are determined directly from the images (the first and last rows study area);
'U,
01

_— the inverse matrix of the matrix of the Chebyshev polynomial
of degree Chebyshev polynomial of degree

0 ~1. o --n1 ~ the matrix of the

0 — —n 1; U,_, — the matrix of the Chebyshev polynomial of degree k —1; ,uand U,
— control parameters in the form of vectors; » — line number in the matrix of
correction factors for the brightness of the® — a parameter indicating the
matrix;
dimension of the matrix (brightness adjustment) control vectors. As a result, the
processing is achieved the desired brightness value, which allows to adjust the
brightness of the pixels in a selected area of the image by controlling factors. Also
as a result of the algorithm produced two results:

1) The site of the image, which has been a defect is corrected in accordance
with its environment.

2) We calculate the control coefficients for the whole area on which the



correction i1s made. They can be used in the subsequent images with the same
defect and the surrounding area.
The algorithm uses two basic formulas:

UXXUXUXn,
s4=—2
()20 ()0,
21

UXUXX
()1, 0214

01
where: is U,.,the matrix of the Chebyshev polynomial, (n+2 - the degree of the

polynomial); X - input parameter on which the polynomial is calculated. Thus, by

searching the control coefficients using Chebyshev polynomials of the second kind
(13) and (14) can adjust the brightness according to the specified
range (,)BEPE—+, where (€ - the difference between
B - the minimal brightness

the maximum and minimum brightness, radiance of this point) within workspace.
As a result setting the brightness range
B €,, the measurement is performed

(,) B € P € — +, which should get all the points from the working area after

correction.
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In the fifth chapter of the thesis «Improving the filtration methods of
television images» deals with the filtering of digital images by a convolution with
the impulse response in the spectral region.

Filtering images L x y . ( , Jusing convolution with the impulse response 4 x

y (', )of the continuous case of achromatic images are mathematically described

as follows: =T~ .[ .[
Q

© oo —00 —o00

LxyLhxydd..(,,,,,) (g
n¢nén)()

where L x y .o (, ) —the distribution of brightness in the image after filtering, ¢ n,
—integration variables. When implementing this method digitally filtering the
original image, the image after the filter and the impulse response are represented
as arrays of numbers whose elements are denoted byL kn Lkn ..(,,,) o( )and
hkn(,,)anumber of rows and columns through k and n. At the same time, the
brightness of the pixels of the filtered image is calculated as follows:
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where K and / - a two-dimensional impulse response length in both directions. And
odd values K and N are selected in order to avoid displacement of the filtered
image with respect to the source.

When you filter scans the image window (impulse response), the size of
which constitute pixels KxN. Each sample window is a weighting factor (the value
of the impulse response), which is multiplied by a pixel of the image, covered by
this countdown window. The intensity of the filtered image pixel whose
coordinates coincide with the coordinates of the center of the window, are by
adding up all the works.

The impulse response 4 k n ( , )in the development of the digital filter is as

o : K - :
follows. First, is the frequency transfer function of (w w, )the analog filter is
then by applying it to two-dimensional Fourier transform integral is sought
corresponding impulse response 2 x y ( , :)
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The impulse response thus found to be converted to discrete form by its
spatial sampling, while the spatial sampling interval must be the same as the spatial
discretization step the filtered image.

Plot with different color characteristics were selected for testing. All subjects
contain four frames, the first of which is a reference, and represents a static image,
and the subsequent three - dynamic video reel. Each frame was coated with a

—00 —00
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certain amount of defects (1 to 6) to simulate a real image damage. The standard
deviation (SD) was used as a measure of the success of the restoration carried out.
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Figure 2. Sample processing for the scene «Squirrel» : all the required fields are
highlighted and customized

The following are examples of test subjects as a reference frame, and the
original images are located on the left and on the right - with marked defects.
Because the experiment is carried out in two phases, then the results will be
grouped by the type of graphical information - first processing the reference frames
of the three video sequences as static graphics, then processing results of all the
frames in the video sequence as histograms MSE reflective processing error for
each defect as dynamic images.

In the first phase of the experiment, the processing of still images, the
control coefficients are determined, which are then used during the second phase,
thereby significantly reducing the resources required.

This «squirrel» story identified six defects, the coordinates of which are
given below, all the defects have a size of 8 by 8 pixels, respectively, the size of
the region, describing them, will be 10 by 10 pixels.

Table 1.

The coordinates of the upper left corner of the area with defects to the story

«Squirrel» for the reference frame

Str. 1 Str. 2 Str. 3 Str. 4 Str. 5 Str. 6

X Y X Y X Y X Y X Y X Y

The 276 | 28 | 323 | 109 | 508 | 146 | 360 | 162 | 570 | 257 | 138 | 286

supporting
frame
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V)
Figure 3. The source (a), the defect (b), and recovered (v) a support frame for the
«Squirrel» plot

Further, after the completion of the first phase of the coefficients obtained
control that allows you to go to the second phase and to use them in the processing
of dynamic data. The number of defects and their size in each story remains the
same, but their location in the different frames of a video sequence may vary
slightly around the initial position, the exact coordinates of each frame will be
shown in the «Squirrel» description of the scene.

Table 2.
The coordinates of the upper left corner of the area with defects for «Squirrel» plot.
Str. 1 Str. 2 Str. 3 Str. 4 Str. 5 Str. 6

X1Y [ X] Y[ XY [X|[Y|[X]|]Y | X]Y

Frame Nel 28 13231109 | 508 | 146 | 360 | 162 | 570 | 257 | 138 | 286

Frame Ne2 26 | 3211106 | 508 | 146 | 363 | 155|572 | 250 | 133 | 282

Frame Ne3 32 | 318 | 107 | 504 | 140 | 355 | 156 | 567 | 257 | 137 | 276




Frame Ne4 35 | 318 | 102 | 508 | 140 | 352 | 162 | 572 | 252 | 143 | 274

Table 3.
RMS for «Squirrel» plot
Str. 1 Str. 2 Str. 3 Str. 4 Str. 5 Str. 6
Frame Nel 0 9,165151 16,7332 | 4,472136 | 61,28621
Frame No2 0 5,385165 18,24829 | 4,582576 | 54,36911

Frame Ne3 0 7,071068 18,81489 | 3,162278 | 60,73714

S | o | o | <&

Frame Ne4 | 1,732051 | 3,162278 16,03122 | 4,582576 | 52,19195
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Figure 4. RMS Chart for «Squirrel» plot

Based on analysis of the data tables, bar charts and visual evaluation of
images obtained by processing one can conclude that color in place of the defect
recovered by 85-90%, depending on the place of the surrounding background and,
thus, more uniformly than the background, the better the recovery.

CONCLUSION

According to the research doctoral dissertation on the theme «Mathematical
models of filtration processes and improving quality of television pictures in video
information systems» were made the following conclusions:

1. The processing of digital video images to video information systems using
the methods of creating mathematical models, expressions using linear and




nonlinear differential equations based on game theory analysis of the application of
computing algorithms and software systems have defined the theoretical basis of
the prospects and characteristics.

2. Create a filtering processing methods of static and dynamic video images
based on differential equations, the validity of the mathematical correctness of
their algorithms, develop appropriate computational algorithms and software
systems helps automate the process of managing improve the clarity of images on
the average intensity of pixels.

3. Transformations such as Fourier, discrete cosine and wavelet-based
restrictions television image processing processes, criteria and parameters selected
classification contributes to the creation of visual quality assessment methods for
digital television images.

4. As a result of computational experiments and mathematical modeling
based on differential game theory image processing solution is found to eliminate
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the time-phase shifts and adaptive defects, impulse and additive-gausnogo types of
images.

5. Establishment of a mathematical model of television image processing in
two parametrical nonlinear systems automate image management processes,
eliminating shifts and time-phase defects through effective use of research results
and computational experiments, detection and filtering of their type in the images.

6. Development of a two-dimensional raster image of the object state model
and modeling algorithms contentious states in the television image processing
allows you to choose how to ensure the desired brightness distribution of pixels
and image formation of nonlinear tasks of the game.

7. Improvement of ways to filter processing digital video images with
temporary-phase shifts and defects can eliminate deficiencies in the transmission
of images by optimization taking into account the characteristics of the pulses in
the spectral imaging fields, the use of methods of adaptive anisotropic filtering and
models of separately-consistent images.

8. Create an image brightness control system through a series of Chebyshev
matrix, adaptive control mechanism for processing images in a dynamic sequence
estimation algorithm allows to develop the efficiency and accuracy in image
processing.

9. The use of edge enhancement with image segmentation in video systems,
model entropy coding of television images and linear filtering techniques images
using Wiener Hopa equations provide an opportunity to reduce defects and
changes in television images by approximately 11-26%, as well as increase the
level of brightness images on 8.5%.
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