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Kupuu ({oKkTOpJIMK auccepTAalUsCH aHHOTAIUSACH)

Juccepranus MaB3yCHHMHI [10J13ap0Juru Ba 3apypatu. byTyH xaxoH
MyJIbTUMeANa BocuTanmapuHUHT 1994 #unnaru simu oboporu 16 mapa. AKII
JOJUTapUHM Talkui Kurad O0ynca, 2014 iiumm sca 100 mupa. AKLI momnmapunu
TAlIKWI ~ KWIAM. MynapTemMenna TEXHOJNOTHSUIADHM — KaJajdl — PUBOXKIAHUIIN
HATWXKacuaa, Typiau KYPUHHUILIATH JUCKPET-Y3JIyKCU3 aXOOpOTHU Cakjalll, UIILIOB
Oepuin, Mypokaar Ba TakauM JTuin 2012 Hwunra kenud 83 % TamKuia STOU.
Jluckper- y3iyKcu3 TU3UM TabuaTaH Typiu Kyriad sjeMeHTiapiaH (MaTH, OBO3,
ayio, BUJEOJIaBXa Ba XakKa3o), XyCyCaH, XOJIaTU Y3JyKCHU3 >KapaéHiap OuiiaH
ndoaaaHyBYd, YEKJIIAHTaH MYIJATIM Ba 3JIEMEHTIM TU3UMHU TaxXJIUIU Y4YyH
XOJMCa TabCUP BAaKTUHUHI MyXUM OYyJIMaraH XoJIaTJIapUHHM JUCKpET >KapaéHiap
OmaH UQoaTOBYH Mapajie] Ba TAPMOKJIAHTaH JUHAMHUK TH3UM XUCOOIaHA/IH.

AXOOpOT-KOMMYHUKAILIMA  TEXHOJOTHSUIADUHUHT W34 cypbaTiapia
PUBOXKIIAHUO OOpHUIIM axOOPOT XAKMUHHM KECKUH OLIUIIUTa OJIM0 Kelau, axOopoT
OKUMH TE3JIUTH OUIIW, IIYHUHTJEK ax00poT pecypiapura OyiraH 3XTHEKH OMIMO
6opau. bynmait Xonatnapaa Typiy KYpUHHUIIIATH Ba XaXMAArd JUCKPET-Y3ITyKCH3
ax0opoT pecypciapuHu TH3UMIIAIITUPHUIL, CaKJIall, y3aTHIll, Ka0ys KUITUIII, UIIUIOB
Oepurl, TakIMM OSTHUII OCOH Ba KyJlail MypokaaT wuHTep(eicMHHM, BaKT Ba
3aMOHJAaru OKMMUHU MYBO(DHUKIMIMHU TabMHUHJIOBYM MATEMAaTUK MOJEI, yCyJd Ba
AITOPUTMIIAPHU SIPATHIL OPKAIH (oilaJaHyBUUra TyIIyHAPJIU, UIIOHYWIH, TYIHK,
aHrjam Ba V3MAIITUPHUII YYyH KyJad Xojjaa axOopoT TakAMM 3TUII MYyXHM
axaMusT KacO dTagu.

MynpTUMeaMa TU3UMJIAPUHU JIOMUXAjall Macajajlapd, Ha3apusIch Ba
MyaMMOJIapUHU ~ XOJIaTUHU  Taxawik [ IAV-myneTuMenua TU3UMIIAPUHUHT
ax0opoT, ¢aonuAT, IUHAMHUK MOJCIJIApWHHU, caMapald alTopuTMIapu Ba
JaCTypHii Ma)XMyacWHU TaJAOWK OSTUIIHUHT TAIIKWIUN TY3UJIMAcHUHH sIpaTHIIIA
MabiIyM KHUUMHUYMIMKIAD MaBXKYJUIMTMHU  Kypcatad. | lIAV-mynerumenna
TU3UMJIApUa axOopoT pecypcliapura HWIUIOB OCPUIIHMHT JUCKPET — Y3IIYKCH3
Kapa&HIapuHU OOIIKApHII THU3UMUHHU JIOWXalall Y4yH MyaMMOHH €UHIIra
WYHANTUPWITAaH JAcTypHuil MaxkMyajlap acoOCHJa caMapajd aJrOpuTmiap,
MaTeMaTUK Ba axO0oOpOT MOZEIUJIApUHM spaTUIl A0N3ap0d MacajanapiaH Oupu
XucoOJIaHaIn.

MynpTuMeara TU3UMIIApUAA WHHOBAIMOH YCIYOUSITIApHU KYJUTAHUJIUIIU
JUCKPET-Y3JIyKCH3 ax00pOT pecypciiapura UIuIoB OepHIll skapaéHIapuHUHT Oapya
O0ockuwiapuaa ax00poT pecypclapuHu KaOyin KWJUIN, Cakjall, TaKIdM STHII,
TU3UMIIAIITAPUIL, KyJalh MypokaaT WHTEepGEUCHHM KYJJIAITHU KaJaalijali-
TUPWIIUIIN HaTHXXKacuaa QoigananyBuld TOMOHUIAH axO00pOT pecypiaapuHu TYIUK
Y3JIAIITUPUIIN TABMUHIIAUIN.

V36exucron Pecny6nmkacu Ilpesumentunn 2012 #iunm 21  wmapraarn
[1K-1730-con “3amoHaBuii axOOpOT-KOMMYHUKAIUS TEXHOJOTUSIIADUHU HKOPUN
ATHUII Ba SHaJla PUBOKJIAHTUPUII yopa-Taadupiapu tyrpucuaa’tu, 2011 iun 24
despanmarn 11K-1488-con “Y36exucron Mumumii TelepagHOKOMIAHUSICHHUHT
MeauamMapkas  (GaoSMATHUHM TallKWi JTUIN  TyFpucuna’tu  Kapopnapuaa



Kypcatuiaran Bazudanap WXKPOCHHM TabMHUHIALIAA MyJIbTUMEANA TU3UM Ba
TEXHOJIOTUSJIAPUHU UIILIA0 YUKUII 3apyPAUP.

MynbTuMenua THU3UMHIa XapakaTilaHyBUM Oapua >kapa€Hiap IHCKpPeT-
y3JIyKCU3 XapakTepra sra, HaTWxkaja OyH/ail aBTOMATIAIITUPWITaH MyJIbTUME A
tizumiaapu TIAV oOwektinap cuHdumaan Qoinananumra acocinanran  TIAV
KOHTEHHEPJIApUHU JIOMMXAJAIIHUHT OHJIAMH KOHCTPYKTOPJIApUHU VY3 HYuTa
OJIyBUM MOJIEJUIApU, CaMapaid aJrOpUTM Ba NACTypHM MakMyaJapyHHU HIILIA0
YUKUII 3apypaTd TYFUIAIN.

TaakMKOTHUHT pecny0juKa (paH Ba TEXHOJOTHSJIAPH PUBOKIAHUIIN-
HUHI  YCTYBOp HyHaJuUuIapura OorJukiaMru. Maskyp amccepranus
pecnyOnuka dan Ba TexHonorustiapu puBoxtaHumHUHT UTJ-5 - «Kamustan
axOopOTIAIITHPUII JTAPAXKACUHU OLIUPUIITra WYHANTHPUITAH WIMUANA XaXMIOP
axOopOT TEXHOJOTHUSIIAPHU, TEIEKOMMYHHUKAIIMOH TapMOKJApHH, ammapar-
JACTypud BOCHUTAJIAPHU HWHTEJUICKTyall OOIIKApHIll, YKUTHUII YCYJUIApUHU Ba
TU3UMIIAPUHU UIUTA0 YMKHUID) YCTYBOp HYHAIMIIIMTA MOC paBHUIla Oa>kapuiraH.

JluccepTanMsIHUHT MaB3ycH OyidM4a XOPW:KUH WIMHMA-TAAKHKOTJIAP
mapxu. MarH, oBO3, ayJIMo, BHJICOJIaBXa Ba OOIIKa KYpUHUIIAArd axO0opoT
pecypciapura — WIUIOB  OCPUIHUHT  JIUCKPET-Y3IyKCU3  >Kapa€HJIapuHU
MOJICJUIAIITUPUII YCYJIJIApH, YJIAPHUHT Y3Ura XOoC OWUp TypJaH HMKKUHYU Typra
YTUII XYCyCUSITIapUHU WHOOATra OJraH XOJja pakaMm KypuHHUIIHIa udomanarl
épaamuga MyJIbTHMEIWA THU3UMIIAPUHUA HWIUIA0 YHKYBYM >KaXOHHUHT €TaK4d
MaMJIaKaTJIApUHUHT WJIMHI Mapkasjapyd Ba OJWH TabJIMM Myaccacalapua
TaIKUKOTIapu oymb OopwmiMokna, kymnanan IBM, APPLE, MOTOROLLA,
INTEL xommanusutapu (AKIL), LLP xopnopaunuscu (bywok bpuranus),
Mynstumenna Texnonorun kommanusicu (Poccus), Kaleidescape kopmopanuscu
(Cepmanus), JAGUAR LAND ROVER xopriopanusinapu (Asctpust), AVerMedia,
Dynavin xopnopanusiapu (Xwuroii), Jetbalance xopmopanmscu (XuHIUCTOH),
PHONAK kommnanusicu (®pannus), SGS kommanumsicu (Typkus), QNX
kommanusicd  (Mcpoun), ASCREEN kommanusicu (Kanama), HYUNDAI,
SAMSUNG kommanusutapu (JKanyouit Kopes), SONY kommnanusicu (SInonus),
PHILIPS xommanusicu (Hupepnanmamap), TATY xysypumaru J[lactypuit
MaxcyJoTiaap Ba ammapaT-IacTypuil Makmyaiap spaTuin mapkasu (Y30eKncToH)
Ba OoIIKaap.

MynpTuMena TU3UMIIAPU ApXUTEKTYPACUAATH KUIAAUN Y3rapuliap, OKOpU
Japaxkafiard TUOPUJUTAIIMIIHA Ba WHTETpaus >kapaéHiapu (MHTepasialiras,
rulOpua, BeO-wIoBaNapra WYHAITUPUITAH MYyJIbTUMEANA TU3UMIIAPUHHUHT f03ara
KeJUIM) MyJIbTUMEINa THU3UMJIAPUHUHT  SPATWIMII  TEXHOJOTHsIapyu Ba
ycIyOJapyuHU JKOPUN ATUII XMCOOWTa MaTH, OBO3, ayJau0, BHACOIaBXa Ba OOIIKa
KYpPUHHUIIIATH axO00pOT pecypciapura UIUIoB OepHIlga UITOHWINIINK, Te3KOPIHK,
SKKOJUIUK, TYIuKIuTu omrannuru anukianrad (IBM, APPLE, MOTOROLLA,
INTEL, JAGUAR LAND ROVER, PHONAK, HYUNDAI, SAMSUNG); TIAV
KOHTCWHEPIAPHUHT HWHTETpAIAliTaH CHUHPU YIyH JacTypuid THU3UMHHHT
apXUTEKTypacMHM HIUIad YMKWIIra KapaTWwiraH JacTypjall —[apajgurMacu
spatiirad  (MynsTuMmenna Texnomormum kommanmsicu, Poccus, AVerMedia,
Dynavin  kopmnopanustiapu, Xutoi); TIAV — nuckper-y3imykcu3  axOopoT
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pecypcnapura 6ynaran Tanabiapura MOC KEIyBYM TEXHOJOTHS Ba MEXaHH3MJIapu
spatmirad (Jetbalance, Xunaucron, PHONAK, ®panmus, SGS, Typkus, QNX,
Ucpounn, ASCREEN, Kanana, HYUNDAI, SAMSUNG, Xany6uit Kopes, SONY,
Anonus, PHILIPS, Hunepnangus).

XO03Upru BakTAa MyJbTUMEIWAa TU3UMJIAPUHU HILIA0 YUKAPUIIHUHT TYIUK
(daonuaT AaBpUHU KyBBATJIOBUM YCKYHABUHN BOCHUTAJNIAp, Maxcyc THILIAp €paamuaa
MyJbTUMEINA TU3UMIIAPU aMallui JacTypuid TabMUHOTHUHHU KYJUIAHYBYH TYpPIH
TH3UMIIap OWjlaH WHTETpalysUiaml Ba MYJIbTUMEANA THU3UMJIAPUHHA OOIIKA
miaTdopmanapra Kydupuil, oOBEKTra MYJDKaJUIAaHTaH MapagurMaiap TaxJIHiIu
acocHIa MacTypHil TabMHUHOT SIPATHIN TEXHOJIOTHSICH Ba YCIyOHMHHHT axO0opoT
TH3UMJIAPUA COXacuja JIOWMXa, WIIaHMa Ba KYMKOMIIOHEHTJIM TapMOKJIaHTaH
unoBanap axoopor pecypciapura TIAV-mynbTuMenna TU3UMIIApULIA JTUCKPET-
Y3IyKCHU3 WIUIOB Oepuil kapaCHIApUHU MOJCIUIAINTUPHUIT Ba  OOIIKAPHIII
MyaMMOJIApUHU €UHIITra KapaTUiIraH YCTyBOp WUYHANMIIIIAPAA UMUK TaJKUKOTIIAP
oyid GOpHIIMOKA.

MyaMMOHHMHI VPraHWwJranjiuk jaapaxkacu. Maxcyc onub Oopuiran
TaxJIMJuIap, JIOTUK-IMHTBUCTHK Y3apo MyHocalariap, MMUTAIUOH, MaTeMaTHK,
ax0opoT, KOHIIENTyaja MOJeJUIap Ba OoIIKalap acocuja axOopoT pecypciapura
camMapalii MIIJIOB OEpHulll XyCycusiTura »ra OyiraH sroHa JacTypudl TH3HUM
TY3WJIMAacH JOMPACUIAa MYXUM axaMUSTIN aMaluil MacajalapHUu caMapaji €UMIII
yCYJUTApWHY W3JIAIll 3apypaTH TYFHJITAHINTA aHUKTaHTaH.

MynbTuMenua THU3UMIAPUHM JIOMMXajlaml macanajapu OwiaH OOFJIuK
TaJAKUKOTIIAp KyHUaard ojaumiiap ToMoHuaaH onmO Oopwiran: DIYyM.I., Alla H.,
Fisher M.L., Toddle L., Hill P., JohnsJ., Hochbaum D.S., RoyseY., Meyer G.,
Bracer T., Boyed B., Foam H., Fouler M., Ko3mos B.H., I'ymmnaa A.H.,
Xopommnoa A.B., CenerxkoBa C.H., BepeBuenko A.Il., EmenssnoBa H.3.,
NeannukoBa B.I1., OpnoBa C.A., bek K., Jlunmaesa B.B., EpmioBa A.Il., HeroBemn
A. K., Packun I.JI., Kupac [.C., Aunepcon .M., AzumoBa M.M., I'acmapckoro
B.C., T'uneuunckoro B.M., Hurpuxa S.T., Posuna B.M., Ansrmrymiepa I'.C.,
byma I'.4., Ourensmeiiepa I1.K., Axosnesoit H.O., ®azunos II1.X., Paxmarynnaes
M.A., Mycaes M.M. Ba Gomikanap.

IOxopuna kenrupuiraH MacalaJlapHA €UYMI Oopacuia dYeT dJjgaru KaOu
OM3HMHI MamJjlakaTaa XaM alloXuaa TaAKUKOT HMIIapd oJubd OOpHIMOKIA.
AKcapusIT TaIKUKOT Ba MIITaHMajIap Gakat yJapHUHT OUp KHCMHUHHA Kampab oyraH
oymu6, TIAV-mynpTuMenua Ttuumiapu axOopoT pecypciapura  MIIJIoB
OCpUITHUHT  JTUCKPET-y3IYKCU3  JKapaHJIapUHU  OOIIKApWII  TU3WMHHHHT
MOJIeJUIapy, caMapalld YCYJUIAPUHU SIPATUIIHUHT aHUK yCIyOusiTh cudaruia
XU3MaT KWjia OJIManIu.

JAuccepranmsi MAaB3yCHHMHI JUCCEPTANUSA 0aKAPUIAETIaH OJIMI TaAbJIUM
MyacCcacaCMHMHI MIMHUIA-TAAKUKOT MIIIAPH OWJIaH 00FIMKJINTH. J{uccepranus
TaAKUKOTH TOMKEHT axOOpOT TEXHOJIOTHSUIAPW YHUBEPCUTETH WIMHA-TAIKUKOT
unuiapy OunaH OOFMUKIUTUM KyWHIaru loiunxaiapia akc strupuiran: AS5-026
connmu «Mediaedu.uz mMenuaTabIuM TU3UMHUHUHT MOJEJUIApH, aJTOPUTMIIApH Ba
aacTypwii  KOMIniekcuHu — spatumy - (2015-2017  #id.); AS5-025  comm
«VIKTHCOMMETHN MOJEpPHHU3AMA KWIHIIAA WHTEPHET MAPKETUHT TaJAKUKOTH
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JIOTUCTHK OOIIKAPYB TH3UMHUHUHT Tamowkw» (2015-2017 iit.); AS5-065 «Omwmii
VKyB  IOpTiapy  MHTErpajulalliraH  WIMHA ~ UMKOHHUATIApPH  Japa)kacu
KYpCaTKUWIApUHUA  CaMapaJopJMIMHA  aHUKJIAIl Ba  TU3UMIIAIITHPHUIIHUHT
JACTypHii TabMHHOT MOAYIWHU wunuiad umkuiny (2015-2017 iid); AS5-066
«buTupyB ManakaBuil Ba MaruCTpJMK HILJIApU HATHXKaJIapu Ba IOTYKJIapu OuiaH
aJIMaIIUuIl UMKOHMATHHU OepyBYM BHUPTyasl Oupka IIaTGOpMacUHM MIILIa0
yukum (2015-2017 iiit.) MaB3ymapaaru amanuii Joinxamap; Ne M-2012-26:
«/laBnart Ba THXKOpPAT TAIIKWIOTIapAa OyXraiTepiiiK Ba MOJIUS XHUCOOOTIapu yUyH
TU3UMJIAIITAPUITaH 3aMOHABUH AacCTypuil TabMUHOT sipatuin» (2012-2014 rr.); Ne
N-2014-4-7: «TexHonorusi Ba MILIAaHMAJIAPHUHT BHUpPTyasl HabMyHanapuau 3D
dopMaTHaary HaMOMHII 3THUII MalaoHM Tuiatdopmacunu sipatuny (2014-2016
iii.) wmaB3ynmapgaru WHHOBanWoH Joimxamap; Ned-554-15 «TIAV tuszumaa
IUCKPET-y3IyKCHU3 MabIyMOTJIap OKUMUHH OOIIKAPUIITHUHT yCYJI Ba MOZACIIIApUHU
uiab yukui (03.2015-31.2015 #.) MmaB3ycuaaru Xy »KaauK IapTHOMACH.

TagkukoTHUHr Mmakcaam [lIAV-MynpTUMenna TH3UMIIApUIA axO0opoT
pecypcliapura UIuIoB OCpULTHUHT JUCKPET-Y3IyKCH3 KapaéHIapuHU MOJEIUIapH,
yCyJUIapy Ba alTOPUTMIIAPUHU UIIUTA0 YUKUIIAH HOOpaT.

TaagkuKOTHUHT Basudasapu:

MyJIbTUMEINA THU3UMJIApHUAa axO0opoT pecypciapura HUIIOB OEpUIIHUHT
JUCKPET-Y3JIyKCHU3 XKapaCHJIapHU KYJUIAIHU TaxJ I ATHUI, YIApPHUHT Y3Ura Xoc
XYCyCHUSITIIApUHU aHUKJIAII Ba PUBOXKIAHTUPHII UCTUKOOJUTAPUHH OeNTHITAILL;

MEepapXWK TaKCHMJIAII HA3apHsICH JoMpacuaa MyIbTUMEAna THU3UMIIapuia
ax0opoT  pecypciapuHM  TH3UMIIAIITHPUIN ~ TaMOWMWIIApu  Ba  yIapHH
KJaccuuKanusam napaMeTpiIapuHi aHUKJIaI,

MyJIbTUMEANa THU3UMIapuaa (akTtopiapra OYIraH YeKJIOBIApHM HMHOOATTa
OJITaH XOJ/a KyTiad KOHCTPYKIIMOH-TY3WJIMAaBUi BapuaHTIApHU MIAKIUTAHTHPHILL,
amMaiaa OSKOPUH OTUII KYpPCATKUWIAPWHU Taxjmi dtuil  acocupa [IAV-
MYJbTUMEINA TU3UMIIAPUHUHT KOHIENTYall MOICIIJIAPUHY UIITa0 YUKHIIL;

MyJIbTUMEINA >KapaéHIapHu cudaTiu KeUUIMHA UhOoaanoBYu (QyHKIIMOHAT
Owran Tacoguduii KUPYBUYM TabCcUpiap KYpCaTKUWIApW Opacuaard y3apo
OOFJIMKJIMKHA YpHATyBYM yMyMJallraH omepaTopHHd Tomuml yuyH TIAV-
MYJIbTEMEINA TH3UMJIAPUHUHT MAaTEMAaTHUK MOJICJUIAPUHU UITUTA0 YUKHUIIT;

Taknmud oSTUaTaH MatemMaTuKk Mojewiap acocumga I IAV-myneruMenua
TU3UMJIAPUHUHT JACTYPUH TabMUHOTHHU HIIA0 YMKHUII Ba O€BOCHTAa UMUTAIIMOH
MOJIEN SIPaTHUIII, XUCOOIaIl TaXXpUOATapHNA YTKA3HII MIAKINIA KOPPEKTHUIMK Ba
AQHUKJTMIIMK TAIKAKOTHHH YTKA3HIIL;

TIAV-mynbTuMenua TU3UMIIAPUHU  aJalTUB  OOILIKApUINTa  TU3UMIIH
EHIAIUIITHA acOCJIall Ba TakIM( dTUITaH MaTeMaTHUK MOJEIUIap MapaMeTpiIapuHu
Oaxoan yayH Xucobman ycyJulapiHu TaHJIallHA aMalira OIIHPHIII,

MyJIbTUMENNA OOBEKTIapU ONTUMal MUKIOpWHHM TaHjamga [lAV-
KOHTEWHEepIapu YIyH Me30HIap KoOuru Oyinda [lapeTo-onTuMaiura X0ccacuHu
KOHUKTUPYBUM TIAV-MmynpTUMeEna TU3UMIIAPU AITOPUTMHUHH UITA0 YUKHILL

TIAV-mynpTrMenna TU3UMIIAPU KYpCaTKUYIApPUHHM aHUKJIAII Y4yH amalja
unuiad 4uKapuml TaXKpUOACHHU YTKA3WII Ba OJIMHTAH HATWXKAJTApHU MAaBXKY[
amasnaaruiaap OuiaH COJUIITHPHULL.
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TaakukoTHUHT o00bekTH cudatuaa TIAV-mynsTUMenUa TH3UMIIAPHUIA
axOb0poT pecypciaapura HIUIOB OCPUITHUHT JUCKPET-Y3JIYKCH3 JKapaHiiapu
XUCOOJIaHa M.

TagkukoTHUHT npeaMeTd - TIAV-mynpTuMenna TU3MMIIapHUIa ax00poT
pecypciiapura UIuioB OSPUITHUHT JTUCKPET-Y3IyKCH3 KapaéHJIApUHUHT YCYJUIapH,
MOJIEJIIapH, aJIrOPUTMIIAPY Ba JACTyPUN MaKMyasapH.

TagKMKOTHUHI ycyJuiapu. TaIKUKOT *kapa€HuJa THU3UMIIM TaxJWJjIall Ba
CHHTE3JIalll, MO/IEJUTAIITUPHIIL, ONTUMAJUIAIITUPULL, JTACKPET-Y3IIYKCU3
MabllyMOTJIapra HWIILIOB O€pulll, HepapXuK aJanTuB OOMIKApyB, 3XTUMOJI
Xuco0J1aill, Kapop KaOys KWW, YU3UKIU JaCTypiiall yCyJiapy KyUTaHUITaH.

TagKUKOTHUHT MJIMHUI SHTUJIMIY KyHugaruiapiad noopar:

MyJIbTUMEINA JKapa€HJapu Ba yMYMTH3UM Tanabiapura MyBO(UK
KapopiapHu KaOyJl KWIyBUM, axOOpOT pecypciapHU KUPUTHII Ba YUKYBUH
XOJIATJIApUHU ~ JIoMUXajamiga KyJUlaHuiaagurad — (akropiiapura  4erapaBHUM
maptiapu Oynran TIAV-mynepTuMenua TU3MMHUAA TaKIWM STHUII MOJEIH HILTA0
YUKWJITaH;

CTOXaCTUK MYJIbTUMEMA KapaCHJIAPUHUHT JAUHAMMUK XO0JIaTH, KUPYBUH
dakTopnap Ba YM3MKIM AuddepeHIman TEeHIJaMalap acocuja MaKcaiH
KYpCAaTKUWIApDHU  OallopaTjallHUHT JUHAMHUK  JKapa€HJapuHU  PETrPecCHOH
TeHriaamMajgapaan doigananrad xoiaga udomanam opkam TIAV-mynbTuMenna
TU3UMUHHU  JIUCKPET-Y3JIYKCU3 Kapa€Hiapja axOopoT/iapHU KaiTa MIUIAIl
MEXaHW3MU UIII1a0 YUKWITAH,

axO0poT pecypciapra MIUIOB Oepuilila TU3UMIIM EHIOUIUIITa acOCJIaHTaH
MYJbTUMEINA MYXHUTH JIOUPACUIA MATH, TaCBUpP, ayJHO, BUACO KYPUHHUILIHUIATH
MabJIyMOTJIAPHU KalTa UIUIANl TU3UMHUHU KaJa/UIalITUPUII TEXHOJIOTUACH UILTa0
YUKWJITaH;

MyJIbTUMEINA  JKapa€HJlapu TEXHUK JapaxacuHu owupum, TIAV
KOHTCHHEpPJIApHU SpaTUI >KapaéHWHW sSXIIWjami, QoigalaHyBud TOMOHHUIAH
KyJdal V3MalITUPHIIHK TabMHHIAII y4yH axOopoT pecypcllapuHH HepapXHK
TakcumiIail Hazapusicu aoupacuaa TIAV (text, image, audio, video) mynbTumMennua
00OBEKTIIApUHU aBTOMATHK PABUII MIAKUIAHTUPUI YCYJIJIapH UIIa0 YNKHUIITaH,;

Taknmud oSTUaTaH MatemMaTuKk Mozemwap acocuga TIAV-mynerumenua
TU3UMIIApU  axOopoT  pecypciapu OujaH  wnuiamra Ta€p — Oynmarax
dolinananyBumiIap y4yH IYCTOHA HWHTEpPHEUCHU TabMUHJIOBYH, MYJbTUMEOIUA
*apaCHJIapUHU TalIKu 3TyBuM, OeBocuta TIAV KoHTeilHEpIapuHu sSpaTyBUM Ba
Hamoium  3tyBun  TIAV-mynpTuMenauna Tuzumiapu oHjdaiiH Tuzum  TIAV
KOHTEWHEpJIap KOHCTPYKTOPUHUHT JACTypPU TAbMUHOTHU UILIA0 YMKUJITaH.

TagKUKOTHUHT aMaJIMii HATHXKACU KyWUaaruiapjan noopar:

SroHa pakamjiap KYpUHMIIMAA MaTH, OBO3, rpaduk, pacMm, BUJEOJIaBXaHU
OMpIAIMTHPYBYM 3aMOHABUM TEXHUK Ba JACTypHil BOCHTalapAaH QoiinanaHraHd
xonga TIAV-myneTuMenua TuU3UMIIapu — axOoOpOT  pecypciiapura  HIILIOB
OCpUITHUHT MyaMMOTa MYJDKaJUIaHTaH JacTypHil MakMmyasap, alropuTmiiap Ba
MoeIIap UIad YUKUITHUHT HAa3apui Ba aMajiuil yCyJUlapy UIUIA0 YHKUJITaH;

MYJbTUMEINA THU3ZUMIIAPUHUHT JACTypUM MaXMyallapyu, ajlrOpUTMIApPH,
XyCyCaH, SiITOHa KOHTeWHEpP OOBEKTHIa MyXXacaMJaHTaH — MaTH, O0BO3, Tpauk Ba
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BUJIONIaBXa axOopoT pecypiapura UIUIOB Oepull y4uyH onjaiiH tuzumu TIAV
KOHTEHHEpJIapy KOHCTPYKTOPH UIIIA0 YMKUIITaH;

y3ura xXoc IIaKj, Japaka Ba TalWHJIAHUINTAa 3ra OynraH kymiad axOoopoT
MyXUTIapy  KaHajulapu: OuHap, OOFMaHUILIM  (TakTWJ, TEH30METPUK,
ANEKTPOOOFIAHUIIUIN, XaKMJITU, CEHCOPJIM KYpUHUIINAA UdOJalaHyBUYM), MAaTHIIU
(MaTHIM MaBJIyMOTIAp KYpuHUIIHWAA HoaanaHyBuHu), Tpaduk (daiin, uuszMma,
cypbaT KypuHHUIIMIa UdoanaHyBuu), ayTuOOKUM (0BO3JM (aili, pakamiialira
OBO3 KATOpH, AayJUOMAabIyMOTIap KYpHUHHIIKAA HUGOAATaHYBUM TYIUIaM),
BUJICOOKUM (BuAeohai KypuHUIINIa HPoJaTaHyBIN) aHUKIIAHTaH;

MyJIbTUMEANA TEXHOJIOTUACH IaH doiinanaHyBUYNITAPHUHT V3N
¢oiinananumra xanbd stum, TIAV KoHTeHHEpIapuHU CATOXUATHHU OIIUPHUIIT
MakcaauAa yJIapHU TU3UMIK Jouuxanmam  opkai  TIAV-mynerumenuna
TU3UMUHUHT JACTYPUH-AITOPUTMHUK KOMIUIEKCHHM (hoManaHnyBumiIap/ia CHHAIL
HaTIWKacuga axOopoT pecypcilapuHU aHrjam japaxacu 98%ra  spuiumiy,
OMpIMK MyJbTUMEINA MabJIyMOTJIapHU Kaita wunuram Bakta 0,05 man 0,033
MUHYTTa4a KUCKap.IH.

TagkMKOT HATHXKAJAPUHUHT WINOHWIMJIMIM Takiaud STHITaH MoOJjeIIap-
HUHI MaTEMAaTUK TAJKUKOTJIAPHUHT HIIOHWIWINTH MOJAEJUIADHUHT MaTEMATHK
TaAKUKOTUHM YTKA3UII, YMyMHUH KaOyJl KUJIMHTaH Ba TaBCHUS 3TUJITaH ME30HJIAp
acocuia Taxxpuba Ba XaKMKUNA MalyMOTJIApUHHU OJMHTaH (opMyJia Ba HaTHKaap
OWIaH TaKKOCUMM TaxJimiM OwiaH acociaHagu. TaJKUKOT HaTWXalapuHU 3U]
AMACIUTMHM 0Oaxonall MakcaauJa pakaMmM KypuUHUIIAAa MaTH, OBO3, TIpaduk,
BU/IC0JIaBXa MAabJIyMOTJIapUra UIIOB OEpUILIHUHT 3aMOHABUM TEXHUK Ba 1ACTypH
BOCUTAJApM acoCHJa JAacTypuil TabMUHOTHUHI  CaMapaJopiiurd  TECTIaH
yTkaswirad. TIAV-mynbTuMenna THU3UMUHUHT CaMapaJopiiurd MYypakKaOJIuK,
MYpPOXAaTHUHT MAaBXYJUIMTH, >KOPUU OSTHUII HapXu Kabu Me3oHnap Oyiinua
TAaKKOCUN TaxJIMJIM amMajira OUIMPWITraH Ba MyJbTUMEAMAa THU3UMIApU axOoopoT
PECYPCIIapUHUHT HMIIOHWIMTMHU Ha30paT KWIMII aJrOPUTMUHUHI KEHI CHUH(U
yUyH axO0pOTIapHU Y3rapHill SXTUMOJIIUKIApU YpraHUiraH.

TaagKUKOT HATHXKAJIAPVMHUHT WIMHMI Ba aMaJIMid aXaMUATH.

TagkukoTAa OJIMHTaH HaTWKAJIAPUHUHT WJIMHA  aXxaMUATH IIyHJIaH
ubopatku, TIAV-mynpTuMeara TU3UMIIAPUHUHT KOPUM YCKYHAaBUN Maxkmyajaapu
TypJapyu TEXHOJIOTUSIApY, TAaMOMWUIAPUHU KYJUIall yCIyOWsSITIapu acocuja
UIUIa0 YUKWITaH yCyJ, MOJEN, aJlfOPUTM Ba JACTypui Makmyaiap TaxpuOagaH
YTKa3WIau, peasl MapouTiIapja XKOopuil STUIuO puBOXKIaHTUpWIAW. Hazapuii
xonatinap TIAV-mynbruMmenua THU3UMIapu axO0oOpoOT pecypciiapura AUCKpET-
y3JyKCHU3 MIIJIOB OepHIll >Kapa&HIApUHUHT MOJEIUIApH, YCYJUIapH, yCIyOusTiiapu
TEXHUK OOBEKTIAPHH, TU3UMJIAPHU JUATHOCTUKACH, MYpPaKKad TalIKWIOTIApHHU,
UIUIa0 YMKApUIl KOMIUIEKCIapH Ba Kapa€HJIapHU, MAapKETUHI MOHMTOPUHIH Ba
OomKanapHu OOLIKAapHIl Kabu MyXUM Ba KN pecypciu Macanainap yuyH T1AV-
MYJIbTUMEANA TU3UMIIAPUHU JIOMMXajJall Ba JKOPUM 3TUII MYAJAaTUHU CEe3UJIapiu
Japakajaa KUCKapTHUPIU.

OnuHran HaTHXaJapHUHT aMaluii axaMusITH CTaTUK Ba AuHaMuk [lIAV-
MyJIbTUMEANA TU3UMJIAPUHU HIUIA0 YMKHINAA >KamJIaHTaH TaxpubOa Hadakar
KaXOHJAard Ba MamJjlakaT MHUKECHAArd YXIIalml Ha3apuid MyXuUM Ba MYypakkad
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MacalajapHd eddll Oopacuaard MaBxyd (GapKHU Ce3WIapiid Japaxajna
KACKAPTHPUOTMHA  KONMai, OalKl  Y30EKHCTOHHMHT  eTaKud  TEXHHK
YHUBEpCUTETIIapua I0KOPU Majlakally Kajpiap Tai€piail yayH yciIyOud acocHU
tabMuHiaiiau. TIAV-MynbTrMeara TH3UMIIAPUHHI amMalijia dKOPUN STUITUIIN UHCOH
TOMOHMJIaH MabJIyMOTJIAPHU V3IAIITUPUIIHU OCOHJIAIITUPUIIIHA TabMHUHIIANIH,
YYHKHU TYpau axOOpOoTIapHU MHCOH TOMOHMJIAH Y3NAIITHUPUIUIIN KOMIBIOTEpIaH
dapknanaau. TapMOK TEXHOIOTUSICUTA ACOCIIAHTaH MYJIbTUMEANA TU3UMIIAPUHUHT
JacTypuil Makmyacu sipatwirad O0ynu0, TIAV-myneruMenna TH3UMIIAPHHUHT
Oapua Xaét maBpu OOCKUWIApHIA TYpJIH KYpUHUIIIArH axOopoTiapra AUCKPET-
y3IyKCH3 HILIOB OepHil KapaéHIApUHU aBTOMATJIAIITUPHIL BOCHTAJApU
Ma)XMYaCHHUHT ¥3apo OOFIMKJIMTUHU Y3 MUYWTa OJraH 3aMOHAaBUN yCKyHaJapHU
ndoranoBun yciyOuii UillJlaHMaHu KyBBaTIaiIu.

TagKMKOT HATHKAJAPUHUHT JKOPUMHA KWJIMHUIIK. WnIMul-TaaKukoT
HaTwkanapu acocuaa [IAV-mynbTuMenua THU3UMU MabIyMOTJIapra HIILIOB
Oepui, axOOpOTIAIITUPUIIT BOCHUTAa Ba YyCy/Ulapu Xamja OoIlKa WJIMHMA
WIIIAHMATapHH  Y36eKncToH Pecry6mukacH axGopoT TEXHONOTHANApH — Ba
KOMMYHUKAIIMSUIADUHUA ~ PUBOMJIAHTUPUIN ~ Ba3UPIUTH  TU3UMHIa  KUPYBYHU
kopxoHanapaa MUK «kELECTRORENTGENy (Nel7-8, 17.11.2014 i1.); «Creative
people» (Ne51, 03.08.2014 ii.); «Inform Pochta» (Nel2, 04.03.2014 ii.); «BTL»
(Ne6(83), 23.02.2014 ii.); «Yuksak Parvoz Qurilish» (Ne63-8, 10.11.2014 ii.);
«Energo systems plus» (Ne3(42), 06.09.2014 ii.) >xopuwil STHIHMIIN Kapa&éHHU
TAlKWJI ATUINTa KeTraH capd-xapaxatinapunu 11%ra, ax6opoT pecypciiapHu
TYynuK y3namrupuwinimmuau 98%ra, MynbTUMeana MabIyMOTIApHU KaiiTa WIILIall
BakTWHU 1,2 mMapTara KUcCKapuiud xucooura 152.7 MiaH. cyM MMIUIMK UKTUCOIUN
caMapaJiopJIMKKa  JPUILIUITaH (V36exncron PecnyGnukacu axoopoT
TEXHOJOTHSIJIADH Ba KOMMYHUKAIVSUIADUHA PUBOKIAHTUPHIN Ba3UPIUTHHUHT
2015 #wun 16 nostopnaru 02-8/6525-con MabiIymMmoTHOMACH).

TagKuKOT HATHKAJTAPUHUHT anpodaumsicu. TaakuKkoT HaTwKaimapu 36 Ta
WIMHI — amanuii KoHdepeHusIapaa anpoodanusiiad yTrad, ryjap KyMmaacuiaa
25 XalKapo CHUMIIO3UYyM, KOHIPECC Ba CEMUHapjapia, XycycaH, XajKapo
«McLuhan, International conference for the hundred the anniversary of marshal
McLuhan’s birthy (Budapest, 2011); «Data-Driven Process Discovery and
Analysis SIMPDA 2011» (Italy, 2011); «New information technologies in
education for all: Learning environment» (Kiev, 2011-2013); «The Queen
Elisabeth Il Conference Centre, Going Global International education conference»
(London, 2012); «Proceedings in Advanced Research in Scientific Areas» (Slovak
Republic, 2012); «Virtual Conference Human and Social science at the Common
Conference» (Slovak Republic, 2013); «International conference Application of
information and communication technologies» (Baku, Azerbaijan, 2011-2014).

TaagkMKOT HATHXKAJAPUHHUHI JbJOH KWIMHMIIM. J[pccepranus MaB3ycu
Oyiinya 82 Ta MIMUIN UIII YOI ATHIITaH, Iy )XyMialaH 9 XOprKuil )XypHaapaa.

JluccepTalusIHMHT Xa:KMHU Ba Ty3uaMiu uccepranus kupui, 6emira 600,
xynoca, (oigananwirad agabuérnap pyixatu, 197 caxudanan nbopar mars, 34
Ta pacM, 19 ta xazaBain Ba 4 Ta wioBagaH ubopar.
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JACCEPTAIUSIHUHI ACOCUM MASMYHHA

Kupum kucmuga auccepranus MaB3yCHHHUHI J0JI3apOJjMIH Ba 3apyparH
acocnaHraH, TaJKUKOT Makcaau Ba Basudanapu, xamua OOBEKT Ba IMpeaMeTIapH
[IAKJUTAHTUPUIITaH, peciyosinka (aH Ba TEXHOJOTHICH TaPAKKUETHUHUHT YCTYBOP
WYHAJIUIUIAPUIra MOCIHMIHM KypCaTWiraH, TaAKMKOT WMWK SHTUJIMTH Ba aMallid
HaTWXKanapu Oa€H KWIMHTaH, OJIMHTaH HaTWKAJApHUHT Ha3apuil Ba aManui
axamMusATH 04ubO Oepuirad, TaAKUKOT HATIKAJTAPUHU KOPUNM KUJUII pYHXaTw,
Hallp OTWITaH UNUIAp Ba JAWCCepTalus Ty3Wnumu Oyindya MablyMOTIap
KEJTUPUIITaH.

HucceprauustHuHr  OupuHyn  «MyJbTHMeAHa TH3UMJIApUIA axX00poT
pecypciapra MiIoB Oepuil :KapaéHMHUHT X03MPIH X0J1aTH TaXJIMIm» 606uaa
MyJIbTUMEANA TU3UMJIapHia ax0opoTra UILIOB Oepull >KapaéHIapUHUHT XO03UPIU
XOJIaTU TaxXJIWJI KWIMHTAaH, JUCKPET-Y3IYKCH3 axOopoT TY3WIMILIMHUHT Y3UTa
XOCIIMKJIapU aHUKJIAHTaH, JUCKPET-Y3JIyKCH3 axO00poT MAKIIJIaHUIIK Ba TacHU(Hra
Tabpu( OepuiraH, MyJbTHMEAHA THU3UMIAPJA MYJbTHUMEIHA MablyMOTIapUra
uuuioB Oepuil ycyiapura Ttabpud OepwiraH, MyJbTHUMEIHAa THU3UMIIApUIA
axO0poT pecypciapra UILIOB Oepulll YCYJIIAPUHUHT PUBOXKIAHUII TEHECHIUSIaApU
KYpUO YMKHUIITaH.

3aMOHAaBUM MYJIbTUMEINA KOMIUIEKCIAPUHUHT Y3Wra XOC XYCYCHSTIIapU
yJIApHUHT (AOJUATH JTUCKPET-Y3IyKCU3 XapaKTepra sra 3KaHJIUTH aHUKJIAHTaH.
ABBano, Oy XoJjaT MaJaHUT, TabJIMM Ba OOIIKa coxajlapjaa ajioxuaa TH3UM
OCTHJIapUJa TAIIKWI OYJTyBYM MYBO(DHUK WIUIA0 YMKAPHUII TU3UMIIApUIA HAMOEH
Oynanu. YnapHUHT XoOJlaTjdapyd MabiyM OHp BakTiapla Y3JIyKCU3 €KH JUCKPET
y3rapud Typajau.

Huckper-y3nykcu3 udopanam HIyHra oJiu0 KeJNagukd, Y3JIyKCU3 JKapaéH
TU3UMHUI  MablyM BakKT OpaJIUFUJa aHAJIOTIM TaHJaHMajap TYIUlaMHra
y3rapTupuiag Ba IaKiaHaau. JIMCKpeT-KBaHT HQoJalaHUIIM JIUCKPET-
y3IyKCU3IaH 11y OwiaH ¢apkiaHaAuK{, YHIAa TaHJIAHMa pakaM IIaKiIuaa
mak/ulaHaau. YMyMIIalliraH JOUCKpeT udojanaHumga xadap KoopAuHaTantapu
Ooupon Oup kKarop kodddunmeHTIapuaaH ubopat OYauO, Oy KOOpIAUHATAIAP
MUKJIOPUHH, SbHU TAHJIAHMAJIAp XaKMUHU Kamaiumura oaub kemanu. Oynkius
koopauHatanapu cudaruga Yeosimes, Jlexxannp, Yomm Ba OomIKagapHUHT
MOJITMHOMJIapHIaH (HOHJaTaHUIIl MyMKHH.

JIMCKpeT-y3/IyKCcu3  yCcyjja  MyJbTUMEAua  TU3UMiapuga  axOopor
pecypciiapura MyHTa3aM TaHJIaHMa EpJaMuja WIUIOB OepuIlla WHTePIONIALUs
KMYMK XaTOJMKKA 3PUIIUIIN YYyH CYPOBHUHI KaTTa 4aCTOTACMHU TaHJAIl JIO3UM
Oynanu. ByHnma KymiHW TaHjIamaiap opacuaa KydiId KOPPEeIsSIUOH OOFITaHMII
fo3ara kKemaad, Oy Y3 HaBOaTuaa axOopoT y3aTHUIl KaHAIWAA YTKa3WIl
UMKOHUATUHHA KaMauTUPa/IH.

OpTUKYAIMKHU KaMAaUTUPUIL YUYH UKKU WYHATUIIIaH (HoNJanaHuIaiu:

1. MynTazam TaHjaHMmanap KoopauHatacu cudartuaa oipalaHUIlIraH BO3
keuunl. byHAa CcypoBiap CHUrHajulapd 4YacTOTACHMHHUHI Y3rapTHpUIl OuiaH
udoaanam camapaopiivri Omaiu;
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2. Kij=0 udomanam opanurujga anoxuyga CUTHauIap XUCOOMHM OOILLIaNI
OpaNHMFUAa KOPPEISIIUOH OOFJaHWIIAp IIAPOUTHAA KOOpAWHATAIap COHHHU
KACKAPTUPUINI HMMKOHMHH OepyBUM yMyMIIalllTaH JUCKpeT udoaaiapiaan
doiinamaHuI MyMKHH. _

Vmymiaamran  guckper udonpananmmpa U(t)  ¢ymkuaus  xomatmam T
opamuruaa WGOMATAHWUIIMHM TaXJIMJIM HaTWKacuiga axO0opoT KyWmmarmda

makmrapaq: VY = Ui‘r], Ug"], - U,E ) 6y epma T’ opamurmna U(t) curHammu
noJaTaHUIIN HATHKACK 1A IIAK/UTAHUIIT KOOpAMHATanapu. byHuHr yayn 6apua T,
Kysarum wmHTepBand T', T? Ba X.30 wndomamamr opanuKIapura OyIMHAIM
T, = ;?:1 TY U () dynxkmacuan T' opanuFuma TaxJIMI STUIN HATHXKacuaa Oy

OpaIMKHMHI Tyramu Ownan j+1 opamurupa wudopmananysun VP  ax6opor
makanaan. Oxataa udogananuin opanuFd KyHuaarura TeHr 3THO TaHJIaHaIu:
T=(5+6)tkormax, Oy €pHa Tpyp max —KOPPEIALUSHUHT Hu(rm max) ~0.05+0.2
Jlary SHT I0KOPH OPaJIUFH.

V) xoopaunaranapu U(t) curaannapu takcumai kodduipent kaou Yy(t)
O0azuc  QyHkuusutap  Oyiinua  (QyHKIMOHA/UIAp  KAaTOpU  XHMCOOJaHaJu:
U(t) = Xy U, y,(0).

Kabyn xkwnmum tamonuza U, y3aTwiran KoopauHatiap OVitmua Oupiamuu
curnan Kaitra thiasagn U® = Zuﬁuyu(t],uv(j) KOOpJWHATATIApU y3aTyBUU
TOMOHJIa  (QYHKIMOHAN  KaTtop  Kod(pduiuueHTaapu  Kabu  aHUKJIAHATU
UE = f:r'i Ha,(OU(t)dt, 6y epna a,(t)- masaym wmuxgopna Y, (t) Ouman
OofnaHran (QyHKIIHS TabCUPH.

bynnan kemu0® uwkaauku U, MyHocabaTiap KoopauHATacw (QUIBTPHUHT
UMIYJIbCIH Xapakrepuctukaigapu U(L) (uiapTp curHamiapu HaTHKagapu KaOu
u(OANaHUII  MYyMKHH: g4, (t) = @, (T — t). YMymnamran uQonataHunIHuHL

SHT SIXIIMCUHU TaHJIAIl MKKU MacalaHu euuiura oiaud kemanu: 1. Ontuman 6asuc
V,(t) Hu Tammam; 2. OyHKUUATApHM KalWTa TUKIAII OEPWIraH aHMKJIUTHHH
TasMuHIOBYH, U, KoopauHaTamap COHWHH aHWKJIAILIL.

TUKkIaHUIIHUHT O€pWiIraH aHMKIMKIA KOOpJAMHATAjIap COHMHU SHI KaM
KWJTYBYM SHT MakOys Oa3uciap OupiaMyu CUTHAIHUHT OYJIMIIM MyMKHUH OYJjraH
XapakTepucThKacu Owinan 0ornuk. bazuciaapau optoronan GyHkuusuiap cuHduga
TaHTaiauIap: f? v (Dy;(H)dt = {é:i ;j} MynpTMeIMa TU3UMHUHUHT OKUM
KapaéHiap TU3UMH CcaMapaJopiuruHu Oaxojaml (akaT OKUM xkapaéHiap y3apo
TABCUPHUHU €Tapiiv Jlapaxkaaa TYIUK KypcaTMaauran cHH(pUN KypcaTKuuaap/iaH
doiimananran Xo/1a aManra OnMpuiIaIn.

NkknHYM «AXOOpOT pecypciapra HMILIOB OepUIIHM JMCKPeET-y3JIYyKCH3
JKapaéHJIapHUHT Tamoiimyiapmw» 6o6uma ax0opoT pecypciapra  HIIIJIOB
OEpUIIHA TUCKPET-Y3IyKCHU3 JKapaCHJIApHUHT aCOCHI TaMONMWIIapu aHUKJIAHTaH,
MyJbTUMEINAa TU3UMUHHUHT axO0opoT pecypciiapy OKUMHIa HIIJIOB OepHiil
TeXHoJorusgcu €Eputud Oepwirad, MyJIbTUMEIUA TU3UMIIAPUHUHT axOopoT
pecypciapura HILIOB Oepuinl Tanadjapu Ba ME30HJIAPUMHU  I[IAKIIAHTUPUIL

13



xapaéuu  Eputuld OepunraH, TIAV-mynapTMenua THU3MMHHHUHT — aCOCHUM
napameTpiapy KiaccuuKaius KUJIUHTaH.

AHUKJIaHTaHKH, MYJbTUMEIUa THU3UMJIApHaa axO0opoT OKUMIIAPUHUHT
KyHugaru TypJIapuHU — QXpaTUIl MYMKHH: THU3UMJIAPHUHT OKUM  OwuJiaH
OOFJIaHTaHJUK TYypHJaH KelduO YMKKAH XOJja TOPU30HTAl Ba BEPTUKAN, YTHII
XKOMHMIaH KenuOd YMKKAH XOJ/1a: TAllKU, MYKH; MYJIbTUMEINa TU3UMUra HucOaTan
HyHanmumgan kenuO YMKKaH XOJia: KUPHUII Ba YUKHMIL; axOOpOT TallyBUMHHUHT
TypUlaH KeJlIn0 YMKKAH XOJIJa: KOFO3JIM, JJIEKTPOH, apajlamra axXpaTWialu;
3UWIMTUAAH KeTrO YMKKAH XO0JIa: TOPU30HTAN, BEPTUKAI;, JaBpUUIUTUIAH KeIro
YUKKaH XOJa: JOWMHH, Te3Kop, Tacoauduii. AXOOpOT OKUMHU KyHuaarua
KypcaTkuuiap OwiaH TabpudiaHaau: Mmaigo OYnwm MaHOau, OKUM XapakaTu
WyHaNMMIIM; YTKa3ull Ba KaOyJl KWIMII TE3JUIW; OKUMHHUHI JKaJaJUIMId Ba
Oomkanap. AXOOpOT OKMMIIAPUHUHT Y¥3ap0 TabCUPU Y4 BapUaHTIra a)KpaTHIIA]IH,
OyHga axO0opoT oKuMH VYTUO OynrangaH cYHr yHAAH oyauHiIad Oopaswy,
Ouprainvkia paad Ba TYIIYHTUpaAu. AXOOpPOT peCcypCiiapurd HIJIOB OEpHIll
TUCKpeT-y3inykeu3 xkapacunapaan TIAV-mynprumenna tuzumiapuyia 00ObeKTIap
TIAV cundra 6ynunaau, OyHaa: THI JIEKCEMJIApUHU OUIIUPHUIITa MYIDKaJIaHTaH
pam3nap cudaTuga y3aTWiaguraH MaTH OKHUMH; MaTeMaTUK aMaJlJIapHU
ndoanaiiguran pakam Ba Oenruiap cudaruaaru
COH OKUMH; TrpaduK, MpeaMeT, Xoaucaiap,

TaakukoT 00bEKTH

V<
AXGOpOTHH KHpHTHII TacBupiap cudartugaru rpa@uk OKUMH; ayaHO
Ba YHH WIAKUIAHTHPHII Wynu OwiaH y3aTWUiIaguraH OFf3aku Eku €3Ma
v paBuIllla, TWI JIEKCEMUHHM y3aTWIHUIOA  —
Muku Tamkun KHWJIUIIT Ma’LJ'IyMOTJ'Iap
o TOBYIIIH, BUJICO OKMMIIAP. }

@aiinnap Ty3unn VYTKazuiran TaxJWJI 1IIyHU KypCaTAUuKH,
®aiinnapra Xxu3mMar KypcaTuil o .
MabiryMoTIapHU Y3rapTUpHIIT aX60pOT OKI/IMI/IHI/IHF KaI/ITa MHIalt )KapaeHI/IHH

MasbayMoTIapra MIIIoB OepHIr WINIaIT TaIIKWUII KUJIUHHIIIN, My JIbTUMEINA
JKapa€HJIAQpUHA  KEPAKIIA TEXHUK BOCHUTAJap
Unkum axGopoTn OwJiaH TabMUHJIAIIHY, aXOOPOTHH Maio 6ynaran
v JKolumaH QoigalaHyBuUdra Kajaap Tanépramn Ba
Xa y3atuin Oyinya MacallaJapHu ajloXula MXpo
Kapop xabyn

—s| aryBUMnap, MOJIyJu1ap, TU3UMOCTH
TAKCUMJIQHUIIWHU  Ky31auau. MynpTumenua
TU3UMU  Ty3WIMacu TaMoOWMWIM pacM lnda

KWJIAIIT

Euum

KypCaTUJraH.
1-pacy. TIAV — mymbTHMeH TIAV-mynpTMenua  TH3UMH  TJ100ai
TH3UMHHUHT Ty3WTHII TAMOHIIIH TapMOK MaWJIOHU ax0opoT Tu3MMH cudaruaa
KapaJIMIIn MYMKHH. TIAV-mynsTuMena

TU3WMUHUHT KOHIICTITYyaJl MOJICIMHHA WUIUTA0 YMKHUINAA YOy TU3UMHUHT KEPAKIN
Oapua >KuUxaTJapuHU HWHOOaTra ojuin Jio3uM. Mmuma® yukapwin, JoWuXaranr
Kapa€Hu, SHI MYyXUM axO0pOoT OKMMJIAPHU AaHMKJIAII, THU3UMJAaH KHUPHUII Ba
YUKUIIHA ~ MHUIMATU3AUMACH  Y3rapTUPHUIN  aJITOPUTMIIAPH,  MabIyMOTIap
Oab3acuja cakjail Ba MIUIOB Oepuil OYFUHIApU XaKuAa SHT IOKOPU Japa)kajaru
ax0opoT TuznMiapuaa QonganiaHyBUMHUHT MHULIMAIU3AIUS KWIMIIUHU Xap Oup
O0ockMuM y4yH axO0poT TakauM OTUIl  ycyiutapu, | IAV-mynsTumenua
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TU3UMJIapuUaa axO0opoT pecypceiapura JHUCKPET-Y3JIyKCHU3  HILIOB — OepHil
KapaéHjaapd MOJEIMHM Kysutaml acocuaa amanra omupwiaan  (TIAV-
MyJbTUMEANA TU3UMHU (oilamaHyBUMIapu KyHuaarwiapra KiacCHU(pHUKaIus
KWJIMHAIW: MabMYypUSAT, JKCHEPT, ONEepaTop-onepaTop, oiaui (oiiganaHyBuu -
TUHIJIOBYM) KHUPHUII MAabIyMOTJIApHM KalTa HIUIAIl [PUHLMINNAT MOJENHU
KYJUTAHWINAIIY aCOCU/IA aMajra Ol pUIIaIn.

AXpaTwiraH KOMIIOHEHTJIap TYIUlaM KYpUHUIIMJIA KEHI TapKajira
KUCMOHUH IIaxclap yuyH Kyminad xusmatiap Qaonustuau tabmunnaian. TIAV-
MyJIbTUMEANAa TU3UMHUHHUHT Xap Oup Oockuuuga QoigananyBuu AacTypuid
Ta@bMUHOTHU HWILIA0 YuKUINTa OYnaraH y3ura xoc Tanabiap Ba MIDKO3ra XHU3Mar
Kypcatuin cudaru, MyIbTUME30HIN KypcaTKU4uiap MOJEINHU SPATHII UMKOHUHU
OepyBumn, Hatmxkaaa [lIAV-mynpTuMenua TU3uMIapuaa axO0opoT pecypiapura
UIUIOB  OCPHUINHUHT  JUCKPET-Y3IYKCH3 J>KapaCHIApUHUHT HWIUIAl  MOJENU
apatunagd, pacm 2, 6y epma @ = (@,qs, ..., %, )-MabIyM OMpP ME30HHHHT
Oomkacura HuUcOaTAaH YCTYBOp BEKTOpH; Xap OHp KaTop 3JIeMEHTIApUHU
WUFUHIMCUHU TOMHUII Ba Oapya dJeMEHTIap WHFHUHAWCUTA Xap Oup WUFUHANHUA
oYM OpKaidu MeEpJallTUPUIL;, SPUILIITAaH HaTHXKajlap WUFUHIUCU Oupra TEHT
Oynanu. HaTmkamoBun BEKTOPHUHI OUPUHYM 3JIEMEHTH OUPUHYM OOBEKTHHHT
YCTYBOpH, HUKKHHUYUCHU-UKKMHUYM OOBEKTHMHI Ba XOKa30 XucoOJIaHaIu;

R(g3,93, -, 92)-R;- OOBEKTIAPHUHT KT Me3OHIN MAacalalapHHHT caMapaid
eurMH, Xap OuUp Me30H Oyiinua KyhHujaru yerapasiap gi = F; KOHUKTHpUIaIu, Oy
epna i=1,2, ..., I, F;- tanmmanran cudar Me30HJIAPUHUHT MYMKHH OYira
doiiIaHmII KUAMAaTIIapHu; af = (a1,a;,...,a,)- sipaTHIITaH TIAV
KOHTEUHEPHUHT sroHa cudar KypcaTkuuu. byHmail moauduxanus MyHo3apaid
Enmammi xucoOanaay, KaTTa OyIMarad BakTiap capduia Kepakin aHUKJIUKIarH
HATW>)KaHU OJIMIIHU TaMuHIainm; 6 = 6,,0,, ...,6,,06, - xap 0up Me30H Oyiinua
Kapamaétran cudar Me30HIapu OpacHIaH OpaluK KuHMaTiap TaHJIaHaH,
HaTwkaga wsnaHaérran ontuMyMHu (O) udomanoBum BeKTOp IIaKIaHAIH, Oy
MaKCHMaJl KuiiMaTra spummnagy; 8™ = @7 e .. gme* gre*- xap oup
ME30H Oyiinua Kypwiaétran cudar Me30HJapu OpacujaH MaKCUMaJl KuhMartra
dTacd TaHJaHAAW, HATWXKaJla W3TaHAéTraH ONTUMYMHH H(OAATIOBUM BEKTOP
(@™) maktaHaan.

AXBOPOT PECYPCJIAPHH JHCKPET-Y3IVKCH3

]

~ KAMTA HULTAL BOUIKAPYS TH3HMH L
2
) { : = £y
= s & i :
= o e & H
£ g ¥ ! S
= . 1 = £
= 3 = I
3 §
U}
>~

MVYJIBTHME THA KAPAEHH

=Y

2-pacm. TIAV - mynbTrMenna Tu3uMuaa ax00poT pecypciiapra UIjioB
OEpUILIHUHT TUCKPET-Y3IyKCU3 KapaEHIapUHUHT MOJIEIIH.

0= 07,07~ |..or~. 05~
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MynbT™Menua TU3UMHHHHT yMyMHd Mozenu cudaruga abCTpakT AUCKPET

MOJICJIMHU KyHHJaruya aHuKJIAITUPUIIT TAKIUQ dTUTAIH:
x(k+1) = f(kx(k),u(k)), keK={kyky+1,.. ki},ueUkx)

Oy epna k- kagam, BakT OYJIUIIM MIApT SMac X,U- UXTHEPUN MYXUT Y3rapyBuniIapu
(matH, TacBup, ayauo, suaeo) typau K yayn, U(k, x)- xap 6up Kk ga Ba X Tymiamzaa
Oepunran y3rapyBuuiap. bupon oup TYIUIAMOCTHUA
K'CK, ky ke €K' u= (u®, m®),u®- JICKPET GOIIKAPYB,
m® = (T,x°(t),u°(t))- Oupon OHMp y3IyKCH3 OONIKAPHMIYBYM >Kapac¢H. YmoOy
xapaéuuu nuddepenuan TeHrIamManap TU3UMH KYypUHHUIIKIA HPogaTaiMus:

. dx®

X' =—=f(zt,xu),t €T(2),x° € X°(z, t)CR™™),uc €
Uc(z,t,x°)CRP*) 7z = (k,x,u?)

Omnepatop f (k, x(k],u(k]) Ky#ugarn  KypuHUINra dra  Oymaau:
flk,x,u) = 0(z,v°(2)),y° = (t,xf, tr,x§) € M(2).

MysipTMeaa  TH3UMH  y4yH  KyHHJard  ONTHMajl  €4uMH  11e0
m= (x(k],u(k]) € D TymwiaMuu xucobnaiiMuz, Oy epaa: k € K’ oynranma

u(k) = (ud (k),m° [k]) ,m°(k) € D¢ (t, x (i), u (k ]), JIUCKPET-Y3TyKCH3

*apa€H XucoOyiaHaIu.

OnTuMaNIMKHUHT  YMYMHR — eTapid  mapmiapura yxmam — KporoB
ONTMMAJUIMTH Ba YJIAPHU aHWKJANITaH belnMaH Makiam OJWHAH, Yiap
TAaKOMWIIAIITAPHII QJITOPUTMIIAPDUHY WIUIA0 YUKUIIIAa XaM (oWIaTaHuIIa IH.
Oyukmmonan @(k,x) Ba QyHKIMsIAp OWIACKH TApaMeTpiapH KHPUTHIIAIH
@°(2): R 1) - R z = (t,x(t),u®(1)).

YMymiamras jgarpaHxuan
L= G(x(kr)) + Zxnerner (100) — R(k,x (), u(K)) ) + B (ulk) — G°(2(K) ) +
[y (0 (20K)) = RE (2R), 1, x4 (0),uf () d),
Ba KpoTOB ONTHMAJUIMTH €TapJiv IIApTH acocuaa OUp KaTop KOHCTPYKIIHSLIIAP
Kypunaau. G(x) = F(x) + qp(.’{, x(f{]) — qp(kf, x(kfj) — 2k u(o),
R(k,x,u) = tp(k +1,f(k,x,u, ]) —@(k,x), G°(z,y°) = —go(k +1,68(z, }r”]) +
q:r(k,x(k]) + @°(z,ts x5) — @F (z, t;,x° (tf]) — fT{z‘l u(z, t)de,
Re(z,t,x%,u) = ¢St f°(z,t,x°,u’) + @ (z,t,x°),
sup{R (k, x,u): xeX(k),ueU(k,x)}, ke K\K'
ulk) = {—inf{zﬂ(z):xe)f(k),udebrd (k, %)}, keK\K',
1e(z,t) = sup{R°(z,t,x°,u°): x°eX°(z,t),u’elc(z,t, x%)},
1°(z) = inf{G°(z,y°):(y*)eM(2),x€X° (2, tr)}
Munumammk mM.€D ubopacuma ONTHMAUTMKHUHT €Tapiid IIapTH EKH
MUHAMaIamTupum ketMa-kerauru {m.}CD nuckper L 6ornamaapcus MUHUMYM
mapmiy Ba @, P° QyHKIMAIAPUHUHT MaxCcyc OepuIMIIK ycynuaa auddeperua

OornanunuiapHu  udopamaian. YuuHuun «TIAV-MyabTHMenHa THU3HMJIAPH
ax0opoT pecypciaapura HILUIOB Oepulll >KAPACHJAPUHM MOACIAIITHPHUIL
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yeyuiapu» 6o6una TIAV-mynbTuMenua TU3UMUHUHT 3HT MabKyJl Ty3WJIMAaCHHU
TaHJall  aJropuT™MH  Kentupuwiarad,  [lIAV-mynpTuMenua  THU3UMIIAPUHU
MOJISJUIAIITUPUIIT TAMONMIIApY Ba MacajaHu [AKJUIAaHUIIM aHUKJIAHTaH, MoJieIuiap
KypHIII Ba TapaMeTpIapHU 0aXOJIalIHUHT MyKaMMaJll alropuTMiiapu ndoananrax,
MyJbTUMEINA TU3UMIAPUHU MOJCIUIAIITUPUIL YYYH CTaTUCTHUK TaJKUKOT
yCyJUlapu TaAKUK OSTUiraH. TaxpuOaHMHr OWpUHYM OOCKHYMIA MYJIbTHUMEIHA
00BbeKT (kapacH)IapuHU KOHIENTyal MOJCIMHM IIAKIUIAHTUPUIL Ba KYpHII,
VHUHT TY3WIHMIIM YU3MacMHU KypuUIl Ba MOAETUMHU wudoaanam aManra
OLIMPUIIAAN, STbHU OOBEKTHM TapKuOuil udomanalmvHUa YHUHT MaTEeMaTHK
MoJienuHu Kypuiira yrtunanu. [IAV- mynbTuMenua TU3UMIIAPUHUHT MaTeMaTHK
MojesuiapH (aosMAT IOPUTHII KOHYHUSITUTA acocad U, V, J, X, Y, W y3rapyBuniap
TYTJIaMU OpPKaJM aHUKJIaHTaH

x(t) = F,(u®,v® g, t), y(t) = F,(u®,v®, g, r),w(t) = F,(u®,v® g, t),rET,
Oy epia ( — TH3UMHHM TalIKHI 3TyBYHM mapamerpiap, T — MoxemIalITHpPUIIHA
Tyranm BakTH, | — BaKTHHHT xopuil Kuiimatu, U'“- [0,t] opamuruna xapaéHHU
amajira ONIMPWIMIIMHU udOoAAIalIM, UIYHUHTJCK YHUKUII KypcaTKhuilapu Y,
TU3UM XOJaTH KYpcaTKU4WwIapyd X Ba TallKU Tabcupiap V, W—TH3UMHU (HaoJIUAT
opuTUIl Kypcarkuwiapu udonananrad.  llynu anoxuma TabKuaigam JO3UMKH,
BaKT tHM Y3JIyKCHU3 Y3rapyBuM cudaTuja Kapail MyMKHH, BAKTHUHT OOIJIaHFUY
xonmaruna t =t, = 0,0ynma t, €T, t € (t,,T) Ba ty <t €T, mogemIamTupuILI
BAKTUHU OOIUTaHFUY nanTuaa Y3IIYKCU3 y3rapyBuaH Ba
t=iD,i=0,1,..,M,M = [T/D], 6ynna D nuckperusauusnam xagamu, JUCKpeT
cudaruaa KypuIming MyMKHYH.

TIAV-myneTuMenua TU3UMUHA ad3an TY3WIMACHHUHT TaHJAIl aJITOPUTMU
pacM 3aa TakauMm Otuiarad. TIAV-mynbTuMenua TH3UMUHHHT TEXHOJIOTHK
*apa€Hapu XxaM Ma3MYHH Ba MyJIbTUMEIUA OTepalusjaap KeTMa-KeTJIuru oyinda
KYIl BapuaHTIUru OunaH axpanud typaau. TIAV-mynbrumenua THU3UMUHU
JoWMXananaa MylbTUMEINa KapaSHUHUHT TY3WJIMACHHHU aHUKJIAII MYXHUM, S’bHU
@; = qp},qp}?, . qu.‘ MyJIbTUMEINA YTUIIUIAPHUHT TapTUOJIAHTaH TYTUIaMH, OyHa
{aj} TYymuamMura yHUHT TabCHPH A MyJbTUMEAMA KOHTCHHEPIAPHHHT XOCHII
Oymuumra omub xemann: @;:{a;} — A, V@;e®@ TexHUK Ba TEXHUK-UKTHCOMMH

tanabnapura puos kuirasga (@ - TIAV oObeKkTIapHUHT KalTa HILIIAl Kepakiu
IapTJIAPUHA Ba MYJIbTUMEAHA KOHTEHTJIADHUHI YWKUIIMHU KOHUKTHPAIUTaH
MyJbTUMeIUa ynu3manap tymamuaup). Ogataa TIAV-mynbTumMenua TU3UMAHUHT
ad3asl  MIUIA0-YUKAPUIL-TEXHOJOTUK  Ty3WJIMacud  TaHJIOBU  MYJIbTUMEIUA
KApaéHUHMHI IIYHJAW 4YM3MajapyuHU AHUKJIAII Ba YJAPHUHI aMalra OLIMPHUILIN
YUYYH TEXHOJIOTHSJIAPD KOMIUIEKTMHM V3 Wyura onaav. 3, €ku O, MaKcau
(GYHKUMSACUHM AKCTPEMYMIa SPUINTHPAANIaH, XamJla KaiWTa HIIam XapaHUHU
JABOMUWINTUHA amaija axO0opoT pecypclapHUHT KalTa wuiuiamra Oyiaran
Xapakariap MUHHUMYMHJIa UCTaIraH Tabcup, (3,- ax0opoT pecypciapura kam capd
Xapaxatiap/a HIUIoB Oepullia Ky3idaHral camapa; D, — Oepuiral pecypciapaan
¢oliganaHrania SpUIIHIAINTaH IOKOPH camapa).

Arap MynbTUMenHa >KapaéHUHUHI camapajopiurd Ooml KypcaTkuuu cudaruia
TIAV o0bexkTiapHu KalTa HIUIAl Kapa8HUHUHT JTaBOMUIINTH TaHJIAHCA,

17



ONTHMAJUIAIITHPUIII  Macajilacu Kyiumgaruda  UQONATAHHWIIA  MYMKHH:
F(p;) =212, f(@9}) > min, Ppn<P<P,-umuab 4ukapui, —Spin<S<Spx

TexHoJoruss Hapx®, Hpin<<H<H,.x -XOCTHHTHUHT »srajmad TypraH XaKMH,
Qmin<Q<Qpax, - HII UIIOHWIMIKTH OViiMua dekmaHuiaa, Oynma F (qu-) - TIAV

o0BEKTIAp KaiiTa WAl BaKTHHH aHMKIaiauran (yHKous, | (qﬂ'j) - xap oup

MyJbTUMEANA ONEpPAlUSUIADHUHT BaKTMHU aHUKJIaiauran ¢QyHKousd, 1 -
MYJbTUMEANA YTUIIAP COHH, ] — MyJIbTUMENA YU3Manap pakamu. MynabTumenua
TU3UMUHUHT  MYBOQUKIAIIMIIM  XYCycHsITH  YHUHI  jactiadku  TIAV
OOBEKTIApHUHT cH(aTH Ba XapaKTEpHUHU HHOOATra OJITaH XOJjga OUpPOH Oup
CUH(pAAH SHIM TONIIMPUKHU Oakapullra y3MHM Ty3WIMAaCHHHU Te3 KailTa KypHIl
MMKOHUATUHM aHrjatagu. |lAV-mynbTuMmenua THU3UMHM caMmapaiyd OakapaauraH
mynabTEMeUa Tonmmpuk cuapuan K={z;,i=1,1} opkamu cenrunaitmuk. K cuadmm
ajoxuna MynbTuMmeaua TonmupHuk z; TIAV kontelinepinap conn Ba cudaru Onnas,
nactinadbku TIAV o0wvexTiiap Xycycuatd Mj 5XTHMOJUIM MyJIbTHMENNA YU3Majap
tymiamu  TIAV oObekTnap KalTa unuiamm Kypeatuiarad Xxycycusit TIAV
obbexTinap Njj KaiTa niIaHaéTran (XaXKMJIM) COHU OMJIaH XapakTepiaaHnaau, OyHa

zZ; = {(T-, {M}E, le1, LN, j) ;7 =1,],}. Mabiym Gup pexanamTipuiras 1aBp Humga
KaiiTa uummam Ttanad kKuiuHaau. Ymoy TIAV-mynbTumenana TU3MMHUHHHT Z;
MYJIbTUMEINA TOMIIUPUFUHU 6a>1<ap1/mmnn CaMapajlopJII/IFI/IHI/I OaxoJslalml y4yH

KOA((ULUEHT KUPUTAMU3 1] = Y 6sz[a T, = mmz 7 lTW i, (1)

L= mmZZE T

Yoy (1) dpopmynaga MUHUMHU3AIIHS Zx=1 i1 = Ny, maprura puos Kuirad
xonna N;; HUH Typiu BapuaHtiap Oyinya MyIabTUMEaWa Yu3Manapra OYIMHHUIIN
OwilaH amManra OWMpWIagu, MUHUMHU3auus (2) sca Z; Ttommupukga T
XYCYCHUSTIApPHHU TapTUOra COJIMII TYpJIM BapUaHTIap Oyilmda amaira OlMpHUIaJIu.
By epna 7,5 - T1 xycycustian TIAV obbexTnap OMpUHYN MyJIbTUMENNA YH3MACH
Oyiinya KailTa WIUTALl BaKTU: T,y - T1 xycycustan TIAV oObextiapHu Kaiita
unuiam  Oyinya. 1-TeXHOJOTMK uYM3Ma OyiiMua acocuil TEeXHOJOTHUSIIapHUHT
TaKWIMi Tyxranuapu. A;1;5 OpKaNM zj; TONMIKUPUKIAH Zjp TOMIIMPUKKA YTHIIIA
aCOCHI TEXHOJIOTHSUIAPHUHT TAIIKWIMA TYXTall JTaBOMUMIMTUHU OeNruiaiMus.

bynna (zj1, zjp) TapTHOra COJMHIraH TONMIIUPHUKIAP KYDTIUTMHUHT CaMapagopiuK
Ti1 4Tz

ko3 puLeHTH n=
Tiy 4Tz +0jy +hip +43 57

H = |[m152 1.
ra TeHr oynagu. K cunguunr TIAV-mynbTuMeana TU3UMUHUHT CaMapaJopiiuru
JMoraHan >1eMeHTapyu 1; ounan moc tymagurad H = |11 |l;5; MaTpuna 6unan
udoaanaHay.
Mypakkab TIAV- MynpTUMEIMa TU3UMIIADUHUHT MAaTE€MaTHUK MOJEIJIApUHU
Ba YJApHUHT TU3UMOCTWJIAPWHH TY3HWIAAa JACTIA0KH Ba DHT KYI MAaChYJIHUSTIN
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| Bouutanuim I

v

MacanaHuHT KyWHIIUIIU

v

SApartum MakcauIapuHu
aHUKJIaIl

Baxxapunaérran
(HYHKIUATIAP TaX TN

\Z

TIAV-mynbTHMEIHA
TU3UMHHUHT (YHKITUOHAI
MMKOHUSUTAPY TaXJIUIH

\’

Cudar gapaxanapuau
AHUKJIAIII

!

Kypcarknunap maccuBuHu
HIAKJUTAHTUPHII

¥

TIAV-MynbTHMEMA TH3SUMAHIHT
TY3WJIMaCHHH CHHTE3JIaIIl

v

TIAV-mynbTHMe 11
THU3HMHHHHT ONITHMAT (HhaoTHAT
0510 GOPHUIIY YUyH SIKMHJIAIITaH
UKTHCOUH-MaTeMaTHK
MO/ICIUTAPHUHH SIPATHIL

J

TIAV-MynbpTrMearia TH3UMUHUHT
00BEKTIIAPUHY TaHJIALI

v

TIAV-mynbTUMeIMa TH3SUMHHUHT
HapaMeTpIIapHHH TarJall

\

TIAV-myneTumenua
THU3UMHUHUHT 00BEKT Ba

HapMaMeTpiapura yerapajiap

YpHaTHII

bouumanruy MabirymoTiaap
MAaCCHBH IIAKJUIAHTaH

AJIrOpuTMHA

v

Ty3I/IJ'IMa TaHJIaHIU

Xa

TIAV-myneTUMeHA
TU3UMHUHUHT JIOHHXAJalI
BapHaHTIAPHHH TAHJIALI

\

TaHnanran kypcaTkuwiap
oyitrua TIAV-mynbTumenua
TH3UMHHMHT BapUaHIIApUHU
6enrunant

v

OnTuman BapuaHTHH
TaHJIAII

TIAV-mynsTrMeTna
TU3VUMHWHHHT ONITUMAN (DAOTHAT
o0 GOpHUIIH yIyH aHHK,
HKTHUCONI-MaTEMATUK
MOJICIIAPUHH SIPATHUIII

| SAxyHnanumm

3-PacMm. TIAV-MynpTUMeaMa TUBMMUHUHT ad3a1 TY3UIMACUHM TaHJIAI

O0ockuu OYnuO, TaxJauin KUIMHAETTaH OOBEKTHUHI MOACIUIAIITHUPHILI KapaCHU
YTKa3uIaAurad MailIoH Ty3WIMAaCHHU TaHJIAII XHUCOOIaHaIu.
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byHmaii MyaMMOHM €4uII y4YyH KyHHJard QIrOpuTM TaKAUM OSTHIAIU.
HNkkuta Tyminamoctuaan wubopaT TYIIaM mapaMmeTpiiapud  MaBxXyl OVYIJICHH:

W@
S, xy

G=0G{x;,%5,..., X} oynna G =G, {xl , },GIEG KUMMaTl OCOH

_ @ (2 (zj}
aHuKIaHagurad, Ba (o, = G, {xl Xy ey X 1, GaEG KHAMATH  KHiuH

aHMK/IaHa urad. bynna G, NG, =0,6=06,UGnk+s=n yugy mynocaar

YpuHIH.  Arap G, KYIWIMKHUHT — [AapaMeTpiapd KUAMATHHA — aHHKJIall

yaaanaHaétran Oyica, yHJa YHUHT €pJaMu OujiaH KUMMaTH KaTTa xapaxaTiap Ba
KCUMKUIIUTAp OWIaH aHUKIAHAJWraH T[apaMeTpiiapra TEeTULIUIM MOJAeIap
TU3UMHUHM TY3UIl MYMKHH. Omnepatopiavk Makjijga MOJAEUIap TU3UMUHU

G, = AGy KypuHUIIIa udoaanam MyMKUH, OyHIa A-aHUK Macajiajap eduniia
MyTaxaccuciap TajJaOlapuHU  KOHAMpaguraH yciayOiap Ba — MaTeMaTHK
TEHIJIaMallap apceHaluAa TaHJaHTaH (yHKIMOHaAN onepaTop. Monemiap TH3UMU
IIaXCUI KOMIIBIOTEPHUHI XOTHUpacura COJMHAIM Ba OOIIKApUIIHUHT Xap Oup
TaKTUJa Mypakkad aHUKJIaHaJWraH MapaMeTpiapyd KUMMaThHU OalopaTiiall Ba
0axoJiall y4yH HILIaTHIAIH.

Takaum 3THIIraH adrOpUTMHUHT O6aTtadcui TaxJIWiIN yuyH [to,t;] BakT nunna
eurnagurad [nxl] ymuamnukimm xo TaxpruOaBuil MabIyMOTIAp MaTPULACH MAaBXKY]l
ne6 Qapas kumaitmuk, OyHnma Xij, 1= 1?1; jzm, KUPHUIIl SJIEMEHTIIapU, WYuja
OOLUKApUIAAUraH Ba YUKUII Y3rapyBuwiap Oynanu. bynaa j y3rapyBuu pakaMuHU
aHraTaav, a; — ya4oB pakaMu. by y3rapyBuwiap ypracuaa y3apo KyWHIaru
myHocabar Gaxapunaau ¥ = F(X,U), (3) 6ynna X-MyxuT Xonatu y3rapyBuniap

kuiiMatn; U — Oomikapaauran y3rapyBuwiap xoJiatd, Y — XOJaTJIAPHUHT
y3rapyBud UWKWII KuiiMmarTiapu; F* - y3raprupum onepatopu. | — T
y3rapyBUMHUHT VI4aHTaH KUHMaTJIapH WUFUHINCUHU aHMUKJIaNIUraH

N = {x X X } BEKTOPUHU KUPUTAMU3. b X° " 1m
i = X1y Xajy s Xnj p p . By xonna X;” matpunanu X;, 1,
yCTyHIAp HUFUHANCH CH(aThaa TAKIUM dTHII MYMKHH.

X}D TaXpUOaBU MabIyMOTIAp TYIUIAHTaH CTaTUCTHKa Oyinua R

KOPPENAIMOH ajoKa KYyYMHHHT Taxymid unuiad gukuiagu. (0= R, i = 0.3 nma
y3rapyBumiap ypracuga  OOFJIMKIIHUK Vij=1m,i#j] yuyH 3aud,
0.3=R;; =0.7 na ypra Ba 0.7 = R;; = 1.0 1a xywin), OyHUHT HaTIKaIapy
Oyiinua MyJIbTUMEIUa >KapaCHHUHT udoAaIall YiIdaMu XE:“ radya Iacasau.

Mynmait kuwmb, KypcatuiraH >kapa€H HATIKACHUIa THU3UMOCTHU Ij’-lﬂ"HI/I R;j=0,7

axpatamus, X' marpuna X)) kypummmmra [nxl] (1< n) ymuam Ba (3) xabwm
kypunumra sra 6ynamu: ¥ = F; (X, U).
TaxpubaBuii MabIyMOTIap CTATHCTUKACHHU TH3MMIIAIITHPHIN — OWIaH

Oupranukaa OOMIKAPUIT JaBPUHUHT TaKTUAA TE3JIMK OWsiaH OOMIKApUI cru(paTHHU

OIIMPHUIIl MaKCaJuaa KOJIraH xj’-'“‘ Ba X?’Tj’rmapma - KaM uHepuusu (ojataa, Te3

M o
aHI/IKJIaHaI[I/IFaH) Z'Cj Ba KYWINM WMHCPUUAIN y3rapyBdujapra axparujiaiau, W10

YUKApUII >Kapa€HHUHT XOJaTHMHU udopanam Macajach YI4aMUHU KeWHHYAIUK
KaMaWTHPHUII y4yH Ky4JId Ba KaM HMHEPUMSAIM y3rapyBUWIAp Opacuaaru ys3apo
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6 A _ AN N ey T 6
OFNIMKIMK (aHUKJIAHamM) X = @;_|(X; ,X%; ,...,X; ),j =5+ 11 VYwoby
XOJaTaa TU3UMIIAIITUPUII KyHHIard anroput™M Oyiinya aMmaira OIIMpUIaIu. Xé:”

MaTpHIJa BEKTOpIap X' IIyHAail TypyXTalICHHKH, OyHAa OOII KHCMHIA

|
- -_— ~
OupUHYN xj’fﬂ“, J=1,5 xam uHepUUsIIA Y3rapyBuUMiiapra MOC KeJlaJuraH BEKTOpJap

KOMJIAIICUH, KEHWHWH 3ca xj’.'ﬂ‘”, j =s+ 1,1 xopuii BakTOa KyWwId HWHEPIHSIA

y3rapyBumiapra Moc KejaauraH BekTopyap. Harmxkana X,g':“ MabIyMOTiIap
MaTpHIlacl MKKH MaTpHIaocThmapura - X''(kamunepmusmn) Ba X" (kydmn
MHEPLUAIN) cubaTtuaa TakIuM OTHIaad. ;g j=s+1,, Ty3unmacunu
aHUKJIAII YCITYOUSTUHU TaHJIAIIa MOJIC/UIAIITUPYBYM (DYHKIIMS yCIIyOura acocuit
BTUOOP KapaTHIaIHu.

bomkapuimMaiiiuran y3rapyBuwinap pakamiapugaH TapkuO TonraH Ji={j}
TYIIaMHH, OOIIKAPHIAJUTaH Y3rapyBUmiIap pakaMmiaapuaan Tapkuo torrad J,={j}
TYIJIAMHM KUpHUTaMu3. Rjj koppensanusanm MaTpuna KuiMMaTiapugan Qoinananuo
IOKOpuJa 0aéH ATwiraH skapaéHra acocan J1 TymiaM sneMeHTIapuHM TapTUOra
comum amanra ommpmiaau. Iy makcamma (ap, ag) WHTEpBAIT MYJIbTHMEIHA
HYKTau HazapJaH €KM Takcumiiaml Oapya Hopmas, OeTa-Takcumilall Ba X.30
KOHYHH acocuia d MHTepBajgocTWIapura [ag,d), [@y,asz), ..., [@z_1,az) Ta
oynmuuaau. TymiamocTuian OMPUHYKCH, MacaiaH, TapTuO pakamiu-1 Oynran €xku

YHUHT 3XTHUMOJIJIM KUMMaTH OwiaH [ap, ag] MHTEepBaiga OJMHAIU. AHUKJIAHTaH
Mo

TYyIamMoctd Jiga Xj,  TapTMOra CcoJuml  Kapa€HW — MHTEPBAJIOCTUIIAPHUHT
rypyX/JaHHLIMAAH HGOpaT Ba Xj HU MOC MHTEPBAIOCTHIA TETHIUIWIMTH OUIaH

AHMKIAHAId. X, TyIIaMH  Xap OWpH 5ca  IOKOPHAA  KypCaTHITaH

MHTEPBAJIOCTWIAPHUHT MOC paBuiga Ig,lo,....Iy TYymmamoctunap Xocusi Kuiaaw.

Tanmanran tymnam Iy, lo,....Iy ra MmyBoduk XE:” MaTpula/la Katopiap ajiMalryBu

nIyHai TapTuda amanra ONnMpuiIaIuku, OyHaa Ij:”E [a0, al) uHTEepBamOCTUAATH

xj’fﬂ“ Oapya BEKTOp KUUMATIApU MATPUIIAHUHT OOIIHIa (FOKOPH KUCMUA) TypUIITH

KEpakK, CyHrpa xﬁr [al, a2) Ba xokazo. Illynmait kw6 J; TymiamocTtu

AJIEMEHTJIApU MAbIyM OMPUHHUHI KUHMaTu Oyitnua xﬁ’ JACTIA0KU MabJIyMOTIIap
MaTpuiiacu OynraH OWp HeuYTa KMYMK YiIdaMJla MaTpullaocThiap cudaTuaa akc

R
sraau. Illynman cyHr Gapua Katopiap taptub pakamu yuyH G6yaran iel, &« = 1,d
YKapaéHHUHI aBBaJJIaH TaHnaHr\f}H YUKUII KypcaTkuuura HucOatan (3) moc

) ) M
paBuIla MOJEN Ty3unaad. Macanan, TapTu® pakamu ( Oyiran ysrapyBud X

YuKUII Kypcatkuuu O0yicuH. bynna (3) Moaen Kyiugaru KypuHUIIra sra oynamu.

N AN A A N A AT A
Xg, =[x )Xy s X sy X, Xy gy 0 X 5 XGyqy s X7 )
M
arapma X, €[ag a,)
Mo AN N A N AT Arv
Xg, = H Xy ,Xy e, X e, X1, Xy s s Xs 5 X5yqy s X70)
il
arapna X;, €[a,,a,)
Mo AN A A N A AT A
Xgo = fa(X3 ,X5 o, X ey Xg_ 1, X gy 1s s X5 4 Xy gy s X0 )
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arapjaa xﬁIE[ad_l, az]. Mynbrumenua XoJjaTjJapuHHM HMHOOATra OJIraH XOJia
XKapaCHHUHT DHI MabKyJl MOJIETMHU TaHJall aIrOPUTMUHU TakJIu(d ITHII
Ky#lujaruiapaan noopar. Arap OObEKTHHHT | pakaMId y3rapyBUWIapyd KAHMAaTH
OomkapyBHUHT P-un Gockuumma aHukjaHran Oyica, ynapHu (5) udoaara KyWuii
HaTWXKacuaa Xap Oup MoJieN YUKyBUYM KYpPCATKUUU TYPJIM aHUKIUKIA aHUKTaHAIH.
Ymby xonatna Yy3rapyBuwiap KudMarinapuau (1) KYpuHUIAard Mojenra
KYUMIUIM  yIApHUHT [@,_q, 4, ] OpajduFura TErMIUIMINTUHA WHOOATra OJraH
XOJJa amajra OLIMpajy. YJIYaHTaH Ba MOJEN OyiHMua XHCOONAHIaH YHKYBYH
KypcaTkuusap KI/II/IMaTJ'IapI/I opacHuaard XaToJuK KyHujaarnda aHuKJIaHaIH:

_.'“'.'r _.'ﬂ'.'r _.'“'.'r _.'ﬂ'.'r _.'ﬂ'.” _.'ﬂ'.'r'r

ﬁm
8, = |x, —}j,(x ,...,xk ,..,xq l,qu, ey X :JcSJrl,...,Jr:E ]

Oy epna xi ela,_;,a,.],0ynpa 1 =r=d. Ilyngaii xomarmap 103 OepuIIH
MYMKWHKH, TaHJaHTaH MOJIe]l aMajjard >kapaéHiap XojaThjia CTaTHCTUK
OOFJIMKJIMKHU Tajdal dTUITaH aHUKJIMK/A alPpOKCUMAITIS KAJIManIu.

Typrunun «TIAV-myabTHMenaua TuzumJjapaa ax00opoT pecypcjiapura
HILI0OB OCPUMINHUHI TAIIKWINKA-QYHKOMOHAN Yycyuaapuw» Oobuga TIAV-
MYJIBTEMEINA TH3UMIIapia ax00poT pecypciiapura MILIOB OCPUITHUHT TAIIKHIAN
GyHKIIMOHAN yCyJIapW KypuO YHMKWITAH, MOJEIIap spaTUIl Ba YCTYBOP
napameTpyiapHu 0axoJlaul anroputviapu Takiaug stunrad, TIAV-mynsrumenna
TU3UMIJIAPK MATEMATUK MOJEJUIAPUHU MOCHAIITUPUIL (aJanTaius) aHWKJIaHTaH,
KYIIME30HJIM  ONTUMAJUTAIITUPUII  MacajajlapuHd  IIAKJIaHTUPUIL  amajra
omupwirad, [lIAV-MynpTuMenna TU3UMIAPUHUHT ax00poT, (QyHKIHMOHAT
MOJICJUIAPUHM SIpaTUIll ycyiutapu €putub® Oepunrad. Mypakka® aganTHB TH3UM
UKKU TU3UMOCTH TYIUIAaMH KYpUHUIIUAA H(POMATAHUIIN MYMKHUH: Y3apOOOFIIMK
TAITKAJIUH-TEXHUK TaMOWMII Ba (HaoiHAT IOPUTHINTA acoclaHTaH OOIIKapHIyBYU
(6omkapyB 00BbeKTH) Ba OomIKapyBuH (OOIIKApyB TU3UMU), pacMm 4.

TIAV o0bekTiapu OolIKapyB TU3UMHU KyWHJard xoccajapra sra Oyiauiiu
JI03UM:

- W xkapa€Huja anpuop Ba amyaHaETraH CTATUCTUK MabiaymoTiap YIaH
¢doitmananum acocuaa xocwsn OymanuraH Oup Katop maptiap Y=(X, Z)HUHT
kupyBur (doimasim X Ba XalakuUT OepyBuM Z) mapaMeTpiap TabCUPUHU
ueHTUPUKausIani,

- TH3UMHHHT QYHKIUOHAT Ty3uiaMa (OOFIMKIUKIIAP ) HU TYIUKmru <S,F> ga
dyakiuonan cudar OHU MUKIOpHA OaxoJaliHU aMalira ONIMPUIITHUA HMHOOATra
oJIraH XoJa 6omkapuiyBur H 0OBEKTHUHT XOJIaTHHU WACHTH(PUKAIIUSLIIALT;

- TU3UMJIM MaKcaJira MyHanTupwirad GaoausiTHHU MIaK/UTAHUII KOOI TUHU
TabMUHJIOBUM WYKkU Makcan (@ mesonra) sra Oymamu. lllympait kwm6 TIAV
0OBEKTIapUHU OOIIKAPYB THU3UMHU KHPYBYM TabcupiiapHu X, Z xojatuHu H,
Tysunmacu S Ba cudarman @ HazopaT KWIyBYM Ba WKKH TYy3WIMaBUW Ba
apaMeTPUK aIaNTaius aIrTOPUTMIIAPH, BOCUTAJIApHTa 3ra OVIIMIIN JT03UM.

AgnantuB OOIIKApyBU CUHTE3Wra OYiraH TU3UMIIM EHAAIIYB aBBajoM OOp
Oup rypyX YHHUHI XOccajapu Ba KOHYHUMJIMK XoJarTjiapuHu udomanoBuu Oup
KaTop Oepwirad maptiap TU3UMHH HOJaTaHUIIMHU Tajnad stanu. Mypakkab
TU3UMHU MaTeMaTuK udoaanaHuid Mop(doIoruk, axoopor Ba (GyHKIHMOHAJTA
OynuHaIu.
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x(t),z(t) H(t) @ (1)

Bomkapumn o0bekTH > Cudar

W bYHKIIOHATIH

Xozar T4 KuiIapn N XoJaT T4AKUKIapH XonaT TAIKUKJIapu
ot v (H)

v§(x,2) s(t) u(t) Vs

4 4

AL AL i
R,Bomkapum —— = TIAV-TU3UMUHUHAT

Rg GoIIKapHII
Kypuwimacu 1D 6OIHKapI/IHJ TU3UMU

o (@)

N @h xkypuma 1D

2(u)
4-pacM. TIAV-mynpTUMeIMa TABUMUHUHT YMYMJIAIITUPUITAH Ty3WIMABUM-
(yHKIHMOHA YA3MAaCH.

TuU3UuMHM MaTeMaTUK MOJEIIMHUA KypHIIHUHT MapKa3ui xonatu oepunranu V
oomkapysnapna P(t) =W(X,Z,U,t)na xupysum Tascupmap X Ba Z
kypcatkuuwiapuga @© ¢pyHKuHoOHaAN OMIaH y3apo OOFIMKIUTMHU YPHATYBUYH TH3UM
(aoNMATHHMHT yMyMIIAIITaH OMNEPATOPUHU TomMuugaH ubopar. Kupysum
TabcUpiapHUHT X Ba Z Tacoauduil Xxycycusitra sra OYJIraHiura ycyH OOIIKapyB
00BEKTH CTOXACTHK, (1) onepaTop 3ca SXTUMOILIU OYIaau.

Ty3unmaBuii Mypakkad cTOXaCTUK TU3UM YUyH TU3UMHUHT TEXHUK KUXATIaH
TAaKOMUJUTAIIMATAHJIMTH, CYMIAIUTaH MacajJaHuHT Mypakkaomuru, Y=(X, Z)HuHr
(aoauAT IOPUTUIIMHUHT OUp KaTOp MIAPTIAPUHU TaCOAU(PUI XyCyCHUSITra Srajluru
MyHOca0atu Tydaiau (paoausT OPUTHIL HATIKATApU OWp KUWMATIU OYIManu.
ByHuHr HaTmKacuga TU3UMHUHT (AOJHUAT IOPUTHUIN KapaéHIapu TU3UMHHUHT
Typau H Xxonatmapu keTma-keTiMrujgaH uoopaT Oynmd, yHUHT Xap Oupuia
TU3UMHHUHI KOpUM Xonarura Oornuk xonga TuzuM @D cudar papaxacunu
TabMUHJIOBUM OCJITMJIAHTaH amaiuiapHu Oakapaau. Tusum um (paoausiTd XoJiaTu
Ba TY3WIMa TYpPJU 3JEMEHTIAPHUHI YTKA3UII KOOWJIMSATH, YJIAPHUHT FOKJIAHUII
napaxkacu Ba xako3osiap HHUHT XonaTu 1e0 TynIyHWIaau.

Cudar «kypcarkuuu OHUHT H xomarra Oofnukiuru Kylujaruua
ndonananamu: P (t) = ¥, (H(t), U(t)), 6epunran onepaTopu udomalaHraH TU3HM
daomusTuHUHT cudaTUHA MaTeMaTuK Mojenu. Bakr OVitmua H(t) BekTopHU
y3rapuil KOHYHUATH THU3UM (AONUATH KApaCHUHUHT MaTeMaTUK MOJENH
xucobnanaay. Tusum HHUHr MymkuH Oynaran Oapua XoJjaTjapu TYIUIaMU
Q(H)uunr da3zoBuii MaliJOHUHU TAIIKWIT STAH.

Kynm wme3onnm  macamanmapna Kapop  KaOyad — KWJIUIIHUHT — aCOCHM
MyaMMoJapugaH Oupu u3naHaétraH edyuMHUHT [lapeto — onmTuman OVIUIIMHU
TA@bMUHJIOBUM MYHO3apajii ME30HJIApPHU IIAKJUIAHTUpUII XucoOnaHaau. Kyn
ME30HJIN Xpx ONTUMAJUIALITUPHUIN MacajacUHUHT X' €P, eunmu Ilapeto Oyiinua

ONTHMAaJj XMCOOJIaHa[M, arapaa Wl(xl) = H*}(xﬂ],'v'j eN,j = myqyﬂ OupoHTa
Oup Oomka ednuM MaBXyJ Oyiamaca Ba Kamuaa OMpOH OUMp ME30H yUyH KaThHil
TEHICU3IMK Oaxapuica. Me3onnap TymiamMuad | € N BEKTOP-(QyHKIHS
kypuanmmaa udonananumm MymkuH V(x) = {Ir’lfr (x),j = il,_f"j}, Oy epma N-
Kymiab Me3oHsap uHAEKCH; Py — Oenrmianran XyAZyAHUHT aHUKJIOBUM KYTIad
HyKTajiap.
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Kymm mMe30HIM onTUMaIaITUPHIIT KOHIENTYall XyCycusiTra 3ra O6yiran oup
KaTop KUMMHYMIMKIAp OuiaH OOFJMK, YyJjapllaH AacOCHMCH-ONTUMAIIINK
TaMOMWJIMHY TaHJIAI.

YMyMu# xoJjaraa KyInME3OHJIM ONTUMAJUIAIITHPUII MacallaCu KyHuaaruya
nudoAATaHUIIN MYMKHH: SKCTPEMyMTa SPUIITUPUININNA JO3UM OYJIraH Me30oHJap
Tymiamu Oepwirad. Oparna Oy TymiaMm (QyHKIMOHAIap BEKTOpU (ayoxuaa
TAIIKWI ATYBYWIApU (PYHKIUSIIAPH OYIMIM MYMKHH) XUCOOJaHHO, KyHumara
npoaanaHUII MYyMKUH: W;(x) - extr,j =1,..., N xeP.€eR", oy epma Wi(x) -
caMapaJOpJIUKHH XyCyCHil Me30HU; X = (X1,X3, ..., X, )EP, € R™, R™-n — ynuoBu
€BKJIN]T MalJJOHMU.

HlyHuHTACK, TH3UM TMapaMeTpiapyd Ba Y3rapyBUWJIApUHU  OOFIIOBYH
(yHKUIMOHAN Yerapanap TyrjaaMu Oepuirad. Yoy yerapaBuil BEKTOp Kyiluaarnya
udogaTaHUII MYMKHH

S
g(x)=0,k=1,1,
—_—*
L(X)=0k=1+1m
S
P={X/x <x;<x/,x;=20,i=1,n,
Oy epna g, (x),k = 1,m byuknus Pyoa aHUKIaHraH Ba XaKMKHM KAiMaTaapra sra
OYymamu; X, ,X; -TU3MMHUHT [-44 IapaMETPUHU Y3TaPUIIMHUHT MOC PaBHILIA KyHu
Ba OKopu uerapacu. |lAV-mynbTuMeana TU3UMIIApUAa axOOpOT pecypciiapuHu
ONTUMAaJI TAKCUMJIAHUII MOJIETU 1Ty MaKcaiJa uiiad YuKUIaIuKy, y3aTUIaIural
T xabapHUHT TYTWIHII BAaKTMHH MUHUMYM OVJIMIIIMHYA TabMHHJIANIAAH HUOOparT.
bynna xyimparunapHu Qapa3 KWIUII Jo3uM: Oapua anoka wysmiapu Oaradceun
UIIOHWINTH; Oapya ajoka WYJapu TallkKd TabCcuUpiapra TYpFyH; KOMMYTaIlus
OYFUHJIApU 4YEKCH3 XOTUpara sra;, KOMMYyTalus OYVFUHIAapuia KaidTa HWIUIal
BaKTJapu MaBXyj 3Mac; Oapua xabap y3aTHIl y3YHJIUTH y3apo OOFJIMK >Mac Ba

X

1 .
TIAV-mynbTUMenna TH3UMHATA KeTUO TyIIyBYM Xabapiap tpaduru — — 6aT ypra
i

KuiiMatn Ounan y; ;- xabap/c 6yin4a myacCoH OKMMHMHH TALIKKII OTaj, | 6YruHa
103ara kKeayBud Ba TIAV-MynbTUMenna TH3UMJIApH | OYFUHHUra MYJDKaJlJIaHTaH
tpaduK Ky#nmarn nQoxa OpKanmu aHMKIAHamM: ¥ = Xy 20-1Vi; Oy epaa ¥,
TYJa Tallku TpaguK.

Xap Oup anoka iynu dy OalT/c, YTKA3UIII UMKOHHSITH STOHA JTYIUIEKC aI0Ka
nymu, k Ba |1 Oyrunmapu opacumaru anoka uynu; arap k Ba | anoka #ymiapu
OVFUHIIApH YpTacUIaru ajoka MaBxy Oynmaca, y xonaa dy=0 6ynamm.

Cyurpa x;i:{f_] opkamu (k1) #ymman YTyBUM ¥;; OKAM MHKIOPUHH

oenrunaiimuns: 0 = XEI‘P b <1,
Ymby yerapanapia KydugarujiapHu OCOH aHUKJIAI MyMKHH:
Aer =V ZiLa Zi=a Ta',j:x;tlﬂ’
Oy epma Ay; - (k) #ynmarm A, ; moructukara acocmanran ax0opoT pecypciapu
OKMMHUHUHT MUKJO0pHU Xabap/c.
bemnnun «Knuuk OusHec Ba Xycycui TaA0UPKOPJIUKHH
puBoxkjganTupumaa TIAV-myabTuMenua TH3HMIIAPHM  MOJAE/LUIapM  Ba
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yCYJUIApUHH KYJLJ1a1n 606m1a TIAV-myneTuMena TU3UMIIAPU
KOHTEHHEPJIIAPUHUHT TalIKUIUH-QYHKIMOHAT Ty3WIMalapy, KUYUK OU3HEC Ba
TaJOUPKOPIMKHA pUBOXIIaHTHpHIIA TIAV-MynbTUMEnHa TU3UMIIADUHUA SKOPUN
STUII yCyJUlaph, TYpUCTUK OW3HEC Ba CEPBUCHU PHUBOKIAHTUPHII BOCUTACHU
cupatuna TIAV-  wMmynpTUMeauMa TH3UMIIADUHM — KYJUTlalll  TEXHOJIOTHSICH,
Mediacourse Builder koHCTpyKTOpH-OHIAMH TH3UMH aJITOPUTMUHHU UIIIA0 YHMKHIIL,
TECTJall Ba MYJbTHUMEAMA MYXUTHIA JacCTypjap KOMIUIEKCUHU WKTUCOJIUN
camapagopiuruau  xucobmnam. TIAV-mynbTuMenua TH3UMIIapuaa axoopoT
pecypciiapura MIUIOB OEpHUIIHUHT JUCKPET-Y3IyKCU3 KapaHaapuHu cudaTiu
keunm (K*) mapaxacuam Oaxomam ydyH KyHugarun OSBPUCTUK wuQoaagaH
¢oiimanaHuI MyMKHH:

. bM;+b,M; + b M, +b,M;

an,im
:}: , by K~ ’
oy epama K* - K ¢akrop udomacuHu COHIM KUHMATUHU HOTAIalan; |-uu
¢akropuuHr bj -KO3pPunment kuitmaru. llynnait kunmu6, TIAV konTeliHepHU
cubaTUHN TabMUHJANl JapaKaCUHU COHJIM KypuHHUIIHAA HWdOAaIanl JIO3UM.
Kylingarn moc kemyBun ko3PduuueHtiap €paamuaa (akropiaap KUilMaTIapuHU
MUKJ0pHUI 0aX0JI0BYM yciayOnapaaH OUpUHU KYJUIaliMu3.
Kypcatknu K*muar TIAV 0OBEKTIapUHUHT MaBXKYyIJIUTHAAH OOFIMKIUIU
Kyhnaaruia udoiananaam:
K* =b;M;{ + b, M + b;M_ ,, + by M

an.im-*

FOxopuaa kentupuirad GakTOPHUHT MyMKHUH OYJIraH KHYUK KUHMaTIapuHu
Oenrusianl Ba yJapHU aMmaijard KuiMaTiapu OujiaH TakKocJall IIyHJaH AajojiaT
Oepanuku, Mme€puian macT Kuiimarra sra 6ynran TIAV konteinepnapu cudatuau
TabMUHJIAHUIINA 3au( SKOWIApUHU aHWKIOBUM (haKTopiap Ba ro3ara KelraH
XOJJaTUHU ~ Oaprapad STUII 103acCHJAaH TE3KOp Yopa Taadupiap KypHIL
JO3UMIIMTHIAH AanonaT Oepanu. byHnma dakropnap KuiMaTiapu ro3ara KelraH
xonatiapaa TIAV koHTeilHepu cu(}ATUHU OMIMPUIITA SHI MabKyJl WYHAIMIIHU
oenruioBun (axropsap cudaTtuaa Kapaaaau, pacM O.

%5 30

HxTHCOOMI caManamoniIuK

0

Cudan
KYpCaTKHUIM

Munrsyncs | 3ddenrusno
Ha<ano MM | Meauarencr Ayano Bugto ArAMIUNA Kavecrso 3aTpare | BocnpwaTiee
KO3 MOALND crs MN
= BotnpuaTHe

=8 3arpaTm

0 39 42 46 456 49
0 2 32 38 35 S
= KauecTeo 0 36 39 a1 42 45
Hsmenesne 33 epema tn 0 45 a3 46 46 S 5 S 5 8
=8 Hamenenne 33 toema t2 0 39 41 43 44 43 46 36 37 39
s Hsmenenne 33epema tl 0 35 42 44 46 43 24 - 42
0

e AbSexTHENCCTD MIN 38 81 46 46 48
L) L -

5-pacm TIAV- mynbTrMeaMa TUBUMUHUHT UKTUCOAUIN caMapaiopiiuru
rpadury.
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MynpTuMenna xapaénapuau OOIIKapHUIl cu(aTUHU TaXJIWIA KeITUPUIITaH,
Oy ¥3 HaBOatuaa Oapya euusaauraH Mmacanajap KYNME3OHJUTHHU KypcaTajw,
AbHU Oapya MaBXyJ YXIIANUIApHUA YiI4all OpKaJId SHT MabKYJIMHH TaHJIAll, SIrOHA
cuat ME30HU Y4yH acOC/Id TaKKOCJAIlTra 3pUIINIIIA yIapHU TaKKOCIAIl eTapiu
oynmaiinu. bynna, adcycku, yXmaniapHu Ky ME30HIM TaKKOCaIl MyaMMOJIapy
Y4YyH camapajy TaHjJall yCyJUIAph MaBXyJ 3Mac.

TIAV xonTeliHepnap cudar KypcaTKHMWlapd HIIA0 YMKHUII Ba acocCiall
amanira omupuirad. Acocuit 3pTH000p TIAV KOHTelHepHu cudar TU3UMIIapura Ba
amanuil gactypui TabMUHOTUTa Kapatwirad. Cudar Me3oHIapuHH UILIa0
YUKUIIAA MYJIbTUMEIUa OSKapaHJIapuHU axXOOpOTIAIITUPHUIN Ba JACTypui
TabMHUHOT CcU(ATHHU OOIIKAPHUIL COXACHAArv Xajlkapo CTaHIapTiaap HHoOaTra
OJIMHTaH. AXOOpOT THU3MMIIAPMHU aMaluil TaAOMFUHU TaxXJWi KWITaH XO0JiJIa
IIyHaan XyJjiocara KEJIAMU3KH, KY YUK xoJapaa TaIlK1
doiiananyBYMIADHUHT MYpPOKaaTh MaBXKyJl PEKUMJIa WILIAINIA, Xamaa YXIianmi
TU3UMIIApAA yJap TOMOHMJAH (oiflaJaHyBUM pecypciiap  ETULIMACIUTU
Ky3aTwiaau. byHaa uXTuépuil yxXmaiml TU3UM YUyH XU3MaT KypcaTuilura paj ;kaBo0
Oepulll peCypCIIapHUHT MYTaIuil XapakaTIaHUIIM Y4yH aXpaTWITaH Xa)KMHUTra
6eBocuTa OOFJIUK OViau.

Huccepranmst XyJiocacuja TaJKUKOT HATWKallapd, acoCHUil XyJocasap
HIaKJUTAHTHUPUJITAH Ba aMalIuid TakIu@iap KeATUPUIITaH.

XyJoca

Juccepranmsiia TU3MMIIA TaxJWil Ba CUHTE3, ONTHUMM3aLUsA, JAUCKPET-
Y3JIyKCH3 Ba YHM3UKIU JacTypjiall yCyJulapd, yMyMUH OOLIKapyB Ha3apHsCH,
AXTUMOJUIMK Ha3apusCH, KAapop KaOyd KWJIMII Ha3apHsCUHHU KYyJJlall acocuia
TIAV-MynpTUMeIMa TU3UMIIAPHUHT JUCKPET-Y3JIYKCU3 >Kapa¢HJIapUHU Kapop
KaOyJ1 KWIKII adropuTMiIapy, MOJIeJIapy Ba YCYJIMHU UIJIA0 YMKHUILIA KyHuaaru
HaTWXanap OJIMH]U:

1. MynpTuMenua TU3UMIIapUa axOOpOT pecypciiapura MIUIOB OCpUITHUHT
JUCKPET-Y3JIyKCU3 >KapaHJIapUHM KYJUIAIIHUHT TaXJWIM YJIAPHUHT Y3Hra Xoc
XYCYCUSITIApUHU TaHJIANUIM Ba PUBOKIIAHUII UCTUKOOJUTAPUHU aHUKJIANTH.

2. AXOopoT pecypcliapHU HEpapXuK TapKaJIWIIM Ha3apusICcH JOUpacuaa
TIAV (text, image, audio, video) mynabTHMeaHa OOBEKTIApH CHH(DH aXpaTHO
OJIMHTaH, MYyJbTUMEIWa XKapaCHJIapu TEXHHUK JapaxkacuHud omwmpui, TIAV
KOHTEHHEpJIapu sipaTull KapaCHJIapUHU sXIuuiail, QoijaJaHyBud TOMOHMJIAH
KyJail V3JalITUPHUIIHMA TabMMHJIAIL, [TYHWHIZIEK, ME30HJApHHM TaHJIall amaira
OLIMPUIITAaH, axO0opoT pecypciapura MIUIOB OEpHIlra HOKIATHIAAUTaH acOoCHid
Tanadnap maKUlaHTUpUirad, Oy ¥3 Hasbatuna TIAV-mynpTUMenna TH3UMIAPUHA
y3ura Xoc XyCyCHSTJIapH, 4erapaBuil Ba (PAoNMAT IOPUTHUII HMKOHUSATIApU
¢oiianaHuin camapagOpJIMTMHY aHUKJIAl KIMKOHUHU Oepajy.
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3. Mynbrumenua Tu3uMiIapuaa ¢akTtopiapra KYHWIraH 4YeKJIaHMmamap
acocupa taknud stwirad TIAV-mynpTUMeNa TU3UMIIAPU KOHIIENTYal MOJICJIUHH,
TYy3WJIMaBHi- KOHCTPYKTUB BapUaHTIAp TYIUIAMUHU MIAKIAHWILIW, aMaJa XKOpUH
ATUII KYpCATKUYJIAPUHU TaXJIWIM, SHTU Yciay0jaa MyJIbTHUMEAHa >KapacHIapuHU
JOMMXaNaliHU TalIKWJ HJTHUII axOoOpoT pecypcilapd KUPUTHUIL MYAJAaTUHUA
KUCKapTUPaad, YMYMTU3UM TajlaOJapuHUA AHUKJIAWIM Ba  MYJbTUMEIUa
KapaCHJIapu YYyH ONTUMaJl €4UMHH Oepaj.

4. TIAV-MynapTUMEIMa TU3UMIIAPH MaTeMaTHK MOJEIUHM HWIUIA0 YMKHIIL,
MyJIbTUMEINAa TU3UMIApU  (paonusTuHU UGOAATAHUIIMHU  IIAKIJIAaHTUPA]IH,
napameTpiap y3apo OOFJIMKIWTH, THU3UM XOJATHMHM Oalopatiiami, ONTUMAl
IAPOUTHU U3Jall, JACTypUldl TAbMUHOTHHM MILIA0 YMKHMIL, KyHuJaru tajgadiapra
*aBoO Oepaju, afeKBaTIUK, OCpUIraH aHUKJIWKAA TaAKUK ATUIAETraH JIoMxaiall
Ba OomKapuill ydyH 3apyp OViaran noimxanapu OOBEKTHHH HH(GOPMATHUBIIUTH,
MOJIeJT TTapaMeTpiiapu OujiaH amaijgard OOMIKApYBYM TabCUPJIAPHUHT OOFIIMKJIUTU
KOMITBIOTEP TE3KOpP XOTHUPACHUHHMHI 3HI KaM Xa)XMHUJA Ba HHT KaM BaKT/Aa >KOpUU
STUIINIINHA TAbMUHIIANHH.

5. Omu6 Oopunran TtagkukoTiaap [lAV-mynbTumMenua TU3UMIAPUHUHT
nactypuit TabMUHOTH TlAV KOHTelHep TOMOHUJAH MabiyM (olganaHyBuura A
(MHCOH/MUH) M3YWJIIMTHIA aMajira ONIMPHIIYBUM Xap OMp XHU3MaT KYpPCATHIIHUHT
Vpraua Baktu 0,05 (MuH)Ia QoiinanaHyBUMJIap OKMMHIa XU3MaT KYpCaTHUILHU
TabMuHIaAu. TuzuM (HaBOaT ro3ara keiaraH BakTAa) 14 doiinananyBuuaaH Kym
OynmMaraH Xu3MaTHU KypcaTaJiu.

6. TIAV-mynbTuMenua THU3UMIIAPUHU aJanTUB OOIIKApyBU CHUHTE3UTA
TU3UMJIM  €HJIONIYBUHU Aacoclialll Ba Takiaud HTWITaH MaTeMaTUK MOl
napameTpyiapuHu 0axoJialll yuyH XucoOJall yCyJIMHHM TaHJIAIlHU aMalira OUIUPHIL
MyJIbTUMEINA Kapa€HJIapuHU OOIIKapHUIll OYirYa TE3KOp onTHUMal Kapop Kady
KWINITHU TAbMUHJIANHTH.

7. Mesonmap koburu OVitmya KpoToB xoccacura xaBoO OepyBuH
MyJIbTUMEINa OOBEKTJIApU ONTUMajdl MHUKIOPMHM TaHiuam yuyH [IAV-
MyJbTUMEINA TU3UMIIAPU  AJNTOPUTMH U0 YUKWiIraH. MynpTuMenua
TU3UMIIApuAa xap Oup QoiinananyBunra 5-7ta TIAV koHTeiiHepnapuaan
doiimananumn BakTHAa MyJbTUMEIWa TU3UMUAA GONAAIaHyBYMHUHT YpTada
UINTUPOK ITUII BAKTUHUHT OCpUJITaH ONTHUMAaJl BaKTUIAH OIIMACIUTH YYYH, SIHHU
Erusum = Lgepuaras WAPTHUHT Oaxkapuiuid, Xamiaa TIAV  KoHTeHHepIapHHHT

Oepunrad onTUMal MUKAOpUAa (olganaHyBuUMIapra Xu3MaT KypCATUIIHUHT
AXTUMOJIM KYPCATKU4M, SbHU paja 3Tyl 3xtumonu 0.03 c.ra; HucOuii Ba abcomtoT
yTkazum uMkoHussTHHM 4 TIAV konTeliHep/mMuH.Ta; QoiigamaHyBYMIIAPHUHT
yprayua HaBOaTga Typull coHd 2-3 KumM; ypraya Oang Oymran TIAV
KOHTEHepiap COoHM S-6rada etanu; (oiganaHyBUMIAPHUHT MYJIbTUMEaNa
Tr3uMuia Yprada OYViaui BakTy 30-105 MUHYTHH TallIKWJ Taau.
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8. TIAV-mynpTuMenna TU3UMIIAPH CaHOAT TaXpuOacHja *KOpPUH ATHIUIIH
HATIDKacWJa  OPUINWITAH  HaTWKalap  aMajjard  yxmanoiapu — OwiaH
comumtupmwiagy, TIAV-MynbTuMenua TU3UMIIAPH YYyH Takiaug OSTUIraH
JacCTypUi-aIrOpUTMUK KOMILIEKCIAPHU aMalJlard TaJ0MKU acocujia MyJIbTUMeIna
axOopoTIapyHM WUFMIL, >KamJjall Ba yJapra HIUIOB Oepull MyJIbTHMEIna
MabIyMOTJIApPUHA KaOyJl KWJIUII Japa)KaCUHU OIIMPAI, aMaJlJard yxiiammiapra
HUCOATAaH ax0opOT pecypciapuHu TYIWK Y3namrupum 89%man 98% omany,
MYJbTUMEANA MabIyMOTJIapura uuuioB Oepum BakT Mukaopu 0.05 mMunyTnan
0.033 munyTra, spHHM 1.2 MapoTaba KUCKapaIu.
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HAYYHBINA COBET 16.07.2013.T/FM.29.01 npu TAIIKEHTCKOM

YHUBEPCUTETE UH®OPMAIIMOHHBIX TEXHOJOI'UH u
HAIIMOHAJIBHOM YHUBEPCUTETE Y3BEKHUCTAHA 110
MPUCYXKJIEHUIO YYEHOM CTEINEHU JOKTOPA HAYK

TAINIKEHTCKUH YHUBEPCUTET HH®OPMAIIMOHHBIX
TEXHOJIOI'UI

BEKHA3APOBA CAUJA CA®PUBYJIJTAEBHA

METO/AbI MOAEJNPOBAHUA IMCKPETHO-HEIIPEPBIBHbIX
NPOLNECCOB OBPABOTKH HHOOPMAIIMOHHBIX PECYPCOB
B TIAV- MYJIBTUME/IMUHBIX CUCTEMAX

05.01.04 — MaTemaTH4YecKoe H MPOrPaMMHOe o0ecnedeHHe BbIYMCINUTEIbHBIX
MAaIlIMH, KOMILIEKCOB M KOMIILIOTEPHBIX CeTel
(TeXHMYeCKHe HAYKH)

ABTOPE®EPAT JJOKTOPCKOM TUCCEPTAIIUA

Tamkenr — 2015
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Tema nokTopckoii muccepTanun 3aperncrpuponana 3a Ne 30.09.2014/B2014.5.T7299 B
Bbicmieii arrecranmonHoid komuccuu npu  KaOunere MunucTtpoB PecnyOuamnku
¥Y30ekucras.

JlokTopckast nauccepTanus BBIIONIHEHA B TalIKeHTCKOM yHHBEpPCHUTETE WH(POPMAIMOHHBIX
TEXHOJIOTH.

ABTropedepar mucceprali Ha TpeX sA3bIKax (y30CKCKHU, PYCCKWH, aHTJIMICKHUN) pa3MelleH Ha
BeO-cTpanuiie Hayunoro cosera (WWW.tUit.uz) u odpasoBarensHoit nHpopmannonHoii cetu “ZIYONET”
(www.ziyonet.uz).

Hay4HbIii KOHCYJIbTAHT: Ab6nmypaxmanos Kaxxap [latraxoBud
JOKTOp (pU3MKa-MaTeMaTHYECKUX HayK, podeccop

OdunnajbHbIe ONMOHEHTHI: 3aiinuanHoB XakuMxoH HacpennHoBuy
JOKTOP TEXHUYECKHUX HayK, podeccop

UrnarseB Hukanaii AnexcanapoBud
JIOKTOp (pr3rKa-MaTeMaTHYECKUX HAyK

I'ynomos lyxpar ManHanoBuy
JOKTOP TEXHUYECKHUX HayK, podeccop

Beaymas opranusanus: HoBocuOupckuii rocyaapcTBEHHBIN TEXHUUECKUN
YHUBEPCUTET

3amuTa AuccepTranuud coctouTcs «29»aexabps 2015 1. B 14%° yacos Ha 3acelaHuH
HayyHoro coBeta 16.07.2013.T/FM.29.01 npu TamkeHTCKOM yHMBEpCUTETE MH(POPMAIIMOHHBIX
texHosoruit nu HauumonanbHoM yHuBepcuteTe Y30ekucrana. (Axapec: 100202, TamkeHT, yi.
Awmmupa Temypa, 108. Ten.: (99871) 238-64-43; dakc: (99871) 238-65-52; e-mail: tuit@tuit.uz).

C nokrtopckod nuccepTanMeil MOXXKHO O3HaKOMUThCs B HMHQpopmanmoHHO-pecypcHOM
neHTpe TamKkeHTCKOro yHHUBEpcUTeTa HH()OPMAIMOHHBIX TEXHOJOTHHA (pEruCTparimOHHBIN
HoMep _ ). Anpec: 100202, Tamxkenrt, yia. Amupa Temypa, 108. Tesn.: (99871) 238-64-43.

ABTtopedepat nuccepranuu pazocaad « » 2015 roxa.
(mporoxon paccbuiku Ne 1 oT «  » 2015 .).

X.K. Apunos

[Mpencenatens HAYYHOTO COBETA MO MPUCYKICHUIO
yu€HOU cTeneHu TOKTopa HayK 1.¢.-M.H., mpodeccop

M.C. sIlky6oB

VYueHslil cekpeTapb HAy4YHOT'O COBETA 110
MIPUCYKJICHUIO YYEHOM CTEIIEHU JOKTOpa HayK
1.T.H., Ipodeccop

ML.A. PaxmarysiiaeB

[Ipeacenarens Hay4HOrOo CEMHUHapa Mpu
HayuyHoM coBeTe o npuCyKJIEHUIO0 YUYEHOH
CTETIEHH JIOKTOpa HayK J.T.H., Ipodeccop
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BBenenue (AHHOTALUA JOKTOPCKOM IMCCEPTALIMHN)

AKTYaJIbHOCTh M BOCTPe0OOBAHHOCTHL TeMbl auccepramuu. OOmuii
MHUPOBOI BaJIOBBIA 000OPOT MO pa3padOTKe U PACIPOCTPAHEHUIO MYIbTUMEIUNHBIX
cpeactB Ha 1994 rox coctaBinsn 16 mupa. momtapo CHIA, k 2014 rogy naHHBIN
nokazarenb Bo3poc n0 100 mupa. momnapoB CIIIA. B pesynbrare BHEApEHUS
MYyJIbTUMEIUMHBIX ~ TEXHOJOTMH  XpaHeHHe, 00paboTka, oOpamieHue WU
Ipe/ICTaBlIeHuEe JUMCKPEeTHO-HenpepbiBHOM uMHpopMarmu Kk 2012 roay coctaBuiio
83 %. OcoO6eHHOCTHIO COBPEMEHHBIX MYJIbTUMEAMUHBIX KOMILUIEKCOB SIBIISETCS
JTUCKPETHO-HETIPEPHIBHBIN XapakTep UX (PYHKIIMOHHUPOBAHUS, MPEXKAE BCEro, 3TO
3aKJII0YAETCS B TOM, YTO MYJbTUMEAUIHBIE CUCTEMBI, KOTOPbIE MPUMEHSIOTCS B
paznuyHbIX cdepax, COCTOAT U3 OTAEIbHbIX TmojacucteM. WX cocrosHus
U3MEHSIOTCS KaK HEMIPEPBIBHO, TaK U JUCKPETHO B ONPEECICHHBIE MOMEHTHI.

Pa3Butre MHPOPMALMOHHO-KOMMYHUKALMOHHBIX TEXHOJIOTHH, YBEJIHYEHUE
MH(POPMAILIMOHHBIX PECYpCOB OOILECTBA, U TEMIIBI UX Pa3BUTHUS OINPENECISIOTCS B
3HAYUTENIbHOM CTENEeHH TEMIIOM HaKOIUIeHUsl, 00pabOTKH HHPOPMAIIMOHHBIX
pecypcoB. [laHHbII TpoIiecc MOPOANI OCTPYIO HEOOXOAUMOCTh K CO3aHUIO HOBBIX
CPEICTB, TEXHOJOTMM, OCHOBAaHHBIX Ha CIELUUAJIBHBIX METOJIAX, MOJACIIX,
QIrOpUTMax M MPOTrPpaMMHBIX KOMIUIEKCAaX, ITO3BOJISIOIINX CUCTEMATU3UPOBATh,
nepenaBaTh, MPUHUMATh, 00padaThiBaTh HMH(POPMALMOHHBIE MOTOKH, CO3/AaBas
yoOHbIN uHTEpdeiic ans obOpamieHus K UHYOPMALMOHHBIM pecypcaM, U TeM
caMbIM, 0O€ecreurBasi MoJIb30BaTENEH MOJHBIMHU, TOCTOBEPHBIMU U YIOOHBIMH IS
BOCIPUATUS HMH(POPMALIMOHHBIMU pecypcamu. Takum 00pa3oM, MOCTPOEHHE
MaTeMaTUYECKUX M HWH(OPMAIMOHHBIX MOJENEH, aJlropuTMOB M Ha HX 0asze
pa3paboTka MpPOOJIEMHO-OPUEHTUPOBAHHBIX MPOTPAMMHBIX KOMILUIEKCOB ISt
MIPOEKTUPOBAHMS CUCTEMBI YIIPABIEHUS JUCKPETHO-HEMPEPHIBHBIMU MPOLIECCAMU
00paboTKN HHPOPMALHUOHHBIX pecypcoB B TIAV- MynbTUMEIUUHBIX cHCTEMAax
SIBJISIETCSL AKTYyaJIbHOU 3a1a4eH.

MynbTUMEIUIHBIE CHUCTEMBI SIBJISIOTCS HEOOXOAMMOHN  COCTaBIISIFOIICH
npolecca UCHOIb30BaHUS MH(POPMALMOHHBIX PECYpCOB OOIIECTBA, M TEMIIbl HUX
pPa3BUTHS ONPENEISAIOTCS B 3HAYUTENBHOW CTENEHW TEMIIOM HAaKOIUICHUS
npodeccHoHaNbHBIX ~ 3HAaHWW.  bonblioe  KOJMYECTBO  ayJuO-BH3yaJbHOU
uH(pOpMAIUU CTAJIO JOCTYIHO B U(PpoBOi GopMme, B BUE UPPOBHIX apXUBOB, B
cetu HMHTepHeT, B BHUJIE UIMPOKOBEIIATEIbHBIX IMOTOKOB, a TaKXe B Qopme
YacTHBIX WM NMPOGEeCcCHOHANbHBIX 0a3 JaHHBIX. 3HaYeHUuE MHGOPMAIMH YacTo
3aBUCUT OTTOrO, HACKOJBKO €€ JIerKO HalTH, W3BI€Yb, OTPUILTPOBATH U
yHOPABISTh.

MynbTumenuitHas “H(GOpMaIUs UTpaeT BAXKHYIO pOJb B oOIIecTBe, Oyayyu
3anycaHa Ha HOCUTENM, WK MOCTYIas B peajibHOM MacuTabe BpEMEHH OT ayJInio
WM BU3YaJIbHBIX JaTUYMKOB B aHAIOroBoi miu nudposoit popme. B To Bpems kak
ayIuoBHU3yalibHAsl MHPOpMAIMs MEePBOHAYANBHO MpEeAHAa3HAYadach Ui JIIOJCH, B
HACTOSIIIEE BpPEMsl BCE Yallle TAaKWE JAaHHbIE TEHEPUPYIOTCSI WU MEpEeAaroTcs M
BOCIIPUHUMAIOTCSI KOMIIBIOTEPHBIMU CHCTEMaMHU.

B Tlocranosnenun Ilpesunenta PecnyOnuku VY36ekucran «O Mepax 1o
JalbHEUIIIeMy BHEIPEHHUIO M Pa3BUTHUIO COBPEMEHHBIX HH(POPMAIMOHHO-
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KOMMYHHKAIIMOHHBIX TeXHOMOrHi» ot 21 mapta 2012 r., Ne I[1I1-1730 onpenenens
nepBOOYEPEIHbIE 3a7aul B cepe pa3BUTUS U BHEAPEHUS COBPEMEHHBIX CHCTEM
KOMITbIOTEpU3auu ¥ WHGOPMAIIMOHHO-KOMMYHUKAIIMOHHBIX TEeXHOJOrui. B
[ToctanoBnennn Ilpesupenta PecnyOnuku VY30ekuctan «OO0 opraHuzanuu
nesTenbHOCTH MeauaneHTpa HanuroHansHOM TenepaiuokoMiiaHuud Y30eKucTaHay
or 24.02.2011 r. Ne III1-1488 u B Iloctanomienun Ilpesunenta PecnyOnumku
V30ekuctan «O0 opranuzanuu MHGOPMAIMOHHO-OMOIMOTEUHOTO OOecIeyeHus
HaceneHuss pecnyomukm» ot 20.06.2006 r. mpucTtambHOe BHUMaHHE YICNISETCS
Pa3BUTHIO MYJIbTUMEIUIHBIX TEXHOJIOTUI U CUCTEM.

AHanu3 COCTOSIHUS TEOpUM, MPOOJIEMBI M 3aJaddl  MPOSKTUPOBAHUS
MyJbTUMEIUMHON CHCTEMbI MIOKa3bIBa€T HAIU4Ue TPYAHOCTH IO CO3JaHHUIO
WH(POPMALIMOHHBIX, (YHKIIMOHATBHBIX, TUHAMHUYECKHX MOJENEH, alrOPUTMOB U
OPTraHU3allMOHHOW CTPYKTYPhl pean3aluy MporpaMMHOro komruiekca TIAV-
MYJIBTUMEIUUHON CUCTEMBI.

CooTBeTCcTBHE HCCJIEI0BAHUS MPUOPUTETHBIM HANPABJIEHUSIM Pa3BUTHS
HAYKHM M TEeXHOJIOTHii pecnmyOJmnku. J{uccepraius BBIIIOJHEHA B COOTBETCTBUU C
IPUOPUTETHBIMU HAMpPABICHUAMHU pa3BUTHS Hayku W TexHosoruu [IIIU-5 —
«Pa3paboTka WHGOPMAIIMOHHBIX TEXHOJIOTHH, TEJIEKOMMYHHMKAIIMOHHBIX CETEH,
anmapaTHO-MIPOTPAMMHBIX CPEJICTB, METOJIOB M CHUCTEM HHTEIUIEKTYaJIbHOTO
yhOpaBjieHUss W OOydYeHHUs, HaANpaBJICHHBIX Ha  TOBBIIICHUE  YPOBHS
MH(pOpMaTU3aLMK 00IIECTBAY.

O030p 3apy0esKHBIX HAYYHBIX HCCJIEJ0BAHMH MO TeMe MUCCEPTALUM.
MynbTUMEIUIHBIE TEXHOJIOTUU SIBISIOTCS OYpHO pa3BUBAIOLIEHCS 00JIaCThIO
MH(}OpMaAIMOHHBIX TeXHOJIOTHI. HayuHble nccienoBanus no pazpadoTKe METO/I0B
MO/IETTUPOBAHUS JIMCKPETHO-HEMPEPHIBHBIX MIPOIIECCOB 00paboTKH
WH(POPMALIMOHHBIX PECYPCOB MYJIBTUMEIUWHBIX CUCTEM WHTCHCHBHO BEIYTCS BO
MHOTHX CTpaHaX, B 3TOH 00JacTh HaJ| COBEPUICHCTBOBAHMEM STUX TEXHOJOTUH
aKTUBHO pa0OTaCT 3HAUYUTEITHLHOE YMCIIO KPYIHBIX U CPEAHUX GUPM, TEXHUUIECKUX
YHUBEPCUTETOB M MYJIbTUMEIUNHBIX CTyIWWA, B YacTHOCTH KommaHuu |BM,
APPLE, MOTOROLLA, INTEL (CIIA), xopniopamus LLP (Benmukoopuranus),
kommanus MynbTuMenna Texunomorun (Poccus), kopmopanus Kaleidescape
(l'epmanus), xopmopaiiuu JAGUAR LAND ROVER (ABcrpust), KopHopamuu
AVerMedia, Dynavin (Kwuraii), xoprnopamus Jetbalance (Mumus), kommaHus
PHONAK (®pannus), komnanus SGS (Typuwms), xommanus QNX (M3pawnns),
xommanuss ASCREEN (Kanana), kommanun HYUNDAI, SAMSUNG (IOxHas
Kopes), komnanust PHILIPS (Hugepmauapr), komnanus SONY (Snonus), LlenTtp
pa3paboTKK MPOrPaMMHBIX MPOIYKTOB M alMapaTHO-TPOTPAMMHBIX KOMILIEKCOB
npu TYUT (Y306ekucran) u apyrue.

CymiecTBeHHOE  HM3MEHEHHE  apXUTEKTyp  MYJIbTUMEIUHHBIX  CHCTEM,
JOMUHHUPYIOIIUX MPOIECCOB MHTETPALUN U THOPUIU3ALMHU CBSI3aHO C MOSBIICHUE
WHTETPUPOBAHHBIX, THUOPHUIHBIX, BEO-OPUEHTUPOBAHHBIX  MYJIbTUMEIUHHBIX
cuctem (IBM, APPLE, MOTOROLLA, INTEL, JAGUAR LAND ROVER,
PHONAK, HYUNDAI, SAMSUNG); 3to nopa3uiio npo0ieMbl B METOI0JIOTHH H
TEXHOJIOTUA CO3/JaHHMS HOBBIX APXUTEKTYp MYJbTUMEIUMHBIX CUCTEM -
MHTErpUpOBaHHbIX KiaccoB TIAV koHTeitHepoB (kommaHus MylbTUMenna
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Texnosorun, Poccus, AVerMedia, Dynavin, Kwuraii); Obutm pa3zpaboTaHbl
TEXHOJITUM U MEXaHU3MBbI, cOOTBeTCTByIomME TIAV IHUCKpEeTHO-HENPEPHIBHOMY
nporeccy 00paboTku  HMH(pOpMaMOHHBIX pecpypcoB  (Jetbalance  (Mumwus),
komnanusi PHONAK, ®panmusa, komnanusa SGS, Typuws, xommanus QNX,
Mzpauns, xommanus ASCREEN, Kanana, xommanun HYUNDAI, SAMSUNG,
IOxnas Kopes, komnanust SONY, Anonwus, komnanus PHILIPS, Hunepnaspbl.

K yucny npuHIUMNUAIBHBIX MPOOJIEM, HAKOMUBIIMXCS JIJII MYJIbTHUMEINIHHBIX
CHCTEM B I1ICJIOM, CJIelyeT OTHECTH: OTCTaBaHHE METOJOJIOTHUM M TEXHOJIOTHHU
pa3pabOTKM  IPOTPAaMMHOIO  OOECIIEUeHHST OT COBPEMEHHOM  OOBEKTHO-
OPUEHTUPOBAHHOW TMapaJUIMbl aHajW3a, MPOCKTUPOBAHUSA U  pa3pabOTKH
MPUJIOKEHU B 00JIaCTH MYJIbTUMEAUHHBIX CHCTEM, TEXHOJIOTHU CO3JaHUs
pacnpeaeaeHHBIX MHOTOKOMITOHCHTHBIX TIPUIIOKEHHUM; OTCYTCTBHE
MHCTPYMEHTAJIBHBIX CPEACTB, MOIACPKUBAIOMINX TOJHBIA KU3HEHHBIA UK
pa3paboOTK  MYJIbTUMEIUMHBIX  CHCTeM.  Peammzanus  CyIIECTBYIOIIETO
IPOrPaMMHOT0 00ECIICUCeHUsI MPUKIAHBIX MYJIbTUMEIUNHBIX CUCTEM C TTOMOIIBIO
crienu(pUYECKUX S3BIKOB (B TIEPBYIO oOuYepellb, OOBEKTHO-OPHUEHTUPOBAHHBIX ),
UCIIOJIB3YIOIMXCS TOJBKO B OO0JIACTH MYJBTHUMEIUNWHBIX CHCTEM, 3aTPyAHSIIO
NepEeHOC MYJIBTUMEIUMHBIX CHCTEM Ha Jpyrue ImiaTdhopMbl U HHTETPALMIO C
Pa3IMYHBIMHA CHCTEMaMH.

CreneHb H3Y4YeHHOCTH TNPoOJeMbl. B COOTBETCTBUM C MPOBEICHHBIM
aHaJIM30M, BBISIBICHA HEOOXOAMMOCTH IMOMCKAa METOJIOB PELICHUS] MPaKTUUYECKU
3HAYMMBIX 3a7a4 B paMKax €JIUHOM apXUTEKTypbl MIPOTPAaMMHOM CHUCTEMBI,
oOnagaromiell  OYEBUAHBIMM  NPEUMYIIECTBAMH  (KOMIUIEKCHBIA  XapakTep
(GYHKIMOHUPOBAHUS MYJIbTUMEIUINHBIX 00BEKTOB) o 00paboTKe
MH(QOPMAITMOHHBIX PECYpPCOB C TOMOIIBIO pa3padOTaHHBIX MAaTeMaTUYECKOM,
MH()OPMAIMOHHOW MOJENe M peaJu30BaHHOIO HAa MX OCHOBE MMUTAIMOHHOM,
KOHIIETITYaJIbHOM MOJIeJIei, KOTOPhI€ yAOBJIETBOPSIOT YCTAHOBJICHHBIM ITpaBUIaM
KOMITBIOTEPHOT'O <OKelIe3a» M CHCTEMHO-TIporpamMMHoOro obecmnedeHus. OmgHako,
HECMOTpPS Ha OTJACNIbHBIC YCIIEXH MpoliieMa pa3paboTKu U 000CHOBAaHUS MOJIEIIEH,
METO/IOB, TEXHOJIOTUM 1151 HOBOTO Ki1acca TIAV-MyIbTUMEIUUHBIX CUCTEM JI0 CUX
MOp OCTAaeTCAd MAaJIOM3YYeHHOW (HEOOXOIMMOCTh TIOBBIIMICHUS  CKOPOCTH,
COKpaIlleHHEe BPEMEHH, CHUCTEeMaTu3alus, oOecredeHus AocTtyna oOpaboTKH
WH()OPMAITMOHHBIX PECYpCOB), KaK IO TIOCTAaHOBKE, TaK W IO HAy4YHO
000CHOBaHHBIM METOJIaM PEIICHHUS.

HccnenoBanuto BOITPOCOB, CBSI3aHHBIX c MPOCKTUPOBAHUEM
MYJIbTUMEIUMHBIX CUCTEM OBUIM PAacCMOTPEHbI B pabOTax TaKUX YUYCHBIX, KaK
DIyM.1., Alla H., Fisher M.L., Toddle L., Hill P., JohnsJ., Hochbaum D.S.,
RoyseY., Meyer G., Bracer T., Boyed B., Foam H., Fouler M., I'ymmuna A.H.,
XopomunoBa A.B., CenerkoBa C.H., Bepepuenko A.Il., EmenpanoBa H.3.,
[Tarpeika T.H., [Tonos U.P., Kpyrnosa B.B., Anesnax W.H., EmenssanoBa B.B.,
Jlebenea B.M., Jlo6poBonbsckuit C.M., HukomaeBa A.b., I'mymkxoBa B.M.,
NpannukoBa B.II., OpnoBa C.A., bex K., Jlunaesa B.B., Epmoa A.IL,
EmenesanoB C.B., 3unuenko B.I1., Ko3nos B.H., Mensenes B.I., Jleonosa A.b.,
Kapn C.K., Hetoenn A. XK., Packun [I.JI., Kupac JI.C u ap.
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OTtaenbHbIE TOMNBITKM PELIEHUS BBILICIIEPEYUCICHHBIX 33Ja4 IPOBOJIUIINCH
KaK B Halle cTpaHe, Tak U 3a pyoexkoM. OqHAKO OOJBIIMHCTBO MCCIEIOBAHUN U
pa3pabOTOK OXBAThIBAECT TOJBKO YaCTh U3 HUX, U OHU HE MOTYT MPETEH0BATh Ha
pOJIb KOHKPETHOM METOJ0JIOTMH MOCTpOoeHUs 3((PEKTUBHBIX METOAOB, MOJeNen
CUCTEM YINpaBIIEHUA JTUCKPETHO-HENPEPBIBHBIMU  MpoleccaMud  00pabOTKU
uH(popMaImoHHbIX pecypcoB TIAV -MynbTUMEeTUIHON CUCTEMBI.

CBsi3b IMCCEPTAIMOHHOIO HCCJIEJI0BAHHMA ¢ IUIAHAMH  HAYYHO-
HCCJIeI0BATEIbCKUX PadoT BbICHIEr0 Yy4eOHOro 3aBelleHUsl, I/le BbINOJHEHA
AUCCEPTALMs, OTPAKECHA B CIEAYIOIIMX MPOEKTAX: NMPUKIAAHOTO npoekTa Ne AS-
025:  «lIlpumeHeHHe  JIOTUCTHYECKOM  CHCTEMBI  YNPABICHUS  WUHTEPHET
MapKETHUHIOBOT'0 UCCIIEI0BAHUS PU MOJAEPHU3AUMU SKOHOMUKW» (2012-2014 rr.);
NpuKIagHbix 1poeKToB NeAS5-026 «Pa3zpaboTka Mojened, alroputMoB U
MPOTPaMMHOTO KOMIUIEKCa MeauaoOpa3oBaresibHOM cucteMbl mediaedu.uzy
(2015-2017 rr.); A5-065 «Pa3paboTka MojayJieli MPOrpaMMHOTO OOECIICUCHHUS
CUCTEMAaTHU3allM1 U ONpeaeneHus 3PPEeKTUBHOCTH UHTETPUPOBAHHBIX CTENEHHBIX
noKasaresiel HaydyHbIX BO3MOXKHOCTEH BBICHIUX y4eOHbIX 3aBefeHui» (2015-2017
IT.); WMHHOBAIIMOHHBIX TpoekToB Ne WM-2012-26: «Co3nanue COBPEMEHHOIO
CUCTEMATHU3UPOBAHHOIO IMPOrPAaMMHOTO  oOecreueHus: A OyXraiarepckoro u
(uHaHCOBOTrO y4é€ra KOMMEpPYECKMX M TOCYJapCTBEHHBIX Npeanpuaruit» (2012-
2014 rr.); Ne N-2014-4-7: «Co3znanue miaaTdhopMbl JEMOHCTPAIIMOHHOMN TUIOIAAKN
BUPTYaJIbHBIX 00pa3IOB TEXHOJOTUU U pa3padboTok B 3 D dopmaren (2014-2016
IT.); X03sMcTBEHHOTrO JoroBopa Ne ®d-554-15 «Pa3zpaboTka METOIOB U MOAEINEH
CUCTEMBI YIPABICHUS MOTOKOB AaHHbIX TIAV - nucCkpeTHO-HeNnpephIBHBIMU
npoiieccamu Bocnpuatus nHpopmanum» (2015-2016 rr.).

Hear wucciaenoBanusi pa3paboTKa METOJOB, MOJAEIEH M aJIrOPUTMOB
JUCKPETHO-HEMPEPBIBHBIX MPOLIECCOB 00paOOTKM MH(OPMAIMOHHBIX PECYPCOB B
TIAV-MyIbTUMETUIHBIX CHCTEMAX.

3aga4u MCCICAOBAHMS:

OPOBECTH AHAINW3 NPHUMEHEHHUS JUCKPETHO-HENPEPBIBHBIX MPOLECCOB
00paboTKN MH(POPMAILIMOHHBIX PECYPCOB B MYJbTUMEAUMHBIX CUCTEMAX, BBISIBUTH
ux crenupuyeckue 0CoOEHHOCTHU U OINPENETUTh TEHACHIINH Pa3BUTHUS;

B paMKaxX TEOPHH HEPAPXMYECKOr0 PACIPEAEIICHHS ONPEACIUTh MPUHIIMIIBI
CTPYKTYpHU3allud HH()OPMAILIMOHHBIX PECYPCOB B MYJIbTUMEAMMHBIX CHCTEM U
napameTpbl UX KilacCU(PUKaLUU;

pa3paboTarh KOHIENTYyalbHYI0 MOACHb TIAV-MylabTUMEIUITHON CHUCTEMBI, C
y4€TOM OrpaHUYEHUH Ha (PAKTOphl B MYIBTUMEIUUHBIX CUCTEMaX, (opMUpOBaHUE
MHOXKECTBa CTPYKTYPHO-KOHCTPYKTHUBHBIX BapHUaHTOB, aHaan3a
AKCILTYyaTallMOHHBIX XapaKTEPUCTHK;

pa3paboTath MaTeMaTH4ecKylo Mojaeib TIAV-MyabTUMEIUITHON CHCTEMBI
JUISI  HaxOXJeHuUs  000OmeHHOro  omeparopa €€  (YHKIIMOHUPOBAHUS,
YCTaHaBJIMBAIOILETO B3aUMOCBS3b MEXIY (YHKIIOHATIOM KayecTBa
MYJIbTUMEAMMHOTO TpoLecca M CIyYalHbIMU XapaKTEPUCTHUKAMU BXOJHBIX
BO3JICHCTBUIA;

HAa OCHOBE TMpPEJIOKEHHOM MaTeMaTH4ecKod Mojenu  pa3paboTaTh
nporpamMmHoe oOecrieuenne TIAV-MynpTUMEAMIHON CHUCTEMBI M TMOCPEACTBOM
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MOCTPOEHUS WMUTAIMOHHON MOJeNTu B (OpMEe BBIYMCIUTEIHLHOTO AKCIIEPUMEHTA
IIPOBECTHU HUCCIIEIOBAHKUE HA MPEIMET KOPPEKTHOCTU U TOYHOCTH;

IPOBECTH BHIOOP BBIYUCIUTEIBHOIO METOAA JUIS OICHKHM TMapaMeTpoB
PEANIOKEHHOW MaTEMaTUYECKON MOJIeH, 00OCHOBBIBAIOIIUN CUCTEMHBIN MOIX0/]T
K CUHTE3y aJanTUBHOro ynpasieHus: TIAV-MyIbTUMEIUITHON CUCTEMBI;

pazpaborars aiaroput™ TIAV-MyapTHUMEIMITHON CHCTEMBI JJi1 BBIOOpA
ONTUMAJIBHOTO KOJIMYECTBA MYJbTUMEIUNHBIX OOBEKTOB, IO CBEPTKE KPUTEPHUEB,
oTtBevarommx covictBaM [lapero-ontumansrocty 1id TIAV KoHTEHHEPOB;

MPOBECTU  ONBITHO-TIPOMBINIJICHHYIO ~ JKCIUTyaTallMK0  JJIs  BBISBICHUS
xapakTepucTuk TIAV-mMynbTUMEIUHHOW CHUCTEMBI M CPAaBHUTH II0JyYECHHBIE
PE3yJbTaThI C CYIIECTBYIOIUMH aHAJIOTAMH.

O0beKkTOM HCCIeI0BAHUS SIBISIETCS JTHUCKPETHO-HEMPEPBIBHBIN TPOLIECC
00pabOoTKN HHPOPMALIMOHHBIX pecypcoB B TIAV-MynbTUMEIUITHBIX CUCTEMAX.

IIpeamer ucciaeqoBaHMs - METOJbI, MOJEIH, AJITOPUTMbI U MPOTrPaMMHBIN
koMIuieke TIAV-MyapTUMEIHITHON CUCTEMBI.

MeTtoabl ucciaenoBanuii. B npouecce ucciaenoBaHus NMPUMEHEHBI METOJbI
CHCTEMHOI0 aHajv3a MW CHHTE3a CIOXHBIX CHCTEM, MOJEIUPOBAHUS,
ONTUMHU3ALMH,  JUCKPETHO-HENPEPBIBHBIA  METOJ, TEOPUHM  YIPaBJICHUA,
BEPOSTHOCTHU, IPUHATHUS PELLICHUS.

HayuyHast HOBU3HA UCCJIEIOBAHMS 3aKJIIOYACTCS B CICAYIOLIEM:

MPEIIOAKEHA KOHILENTyanbHas Moaenb TIAV-MyJIbTUMEININHON CUCTEMBI, C
MHOXECTBOM  OMPENENIEMbIX OrpaHUYEHUM Ha ee dJIeMEHThl ((PaKTophl),
uchnojib3yemas Uit OPOEKTHUPOBAHUS  BBIXOJHBIX  JKCIUTyaTallHOHHBIX
XapaKTEPUCTHUK MYJIBTUMEIUMHOIO MpoLecca, KOTOPasi MO3BOJIUT COKPAIATh CPOKU
BBOJIa MH(OPMAIIMOHHBIX PECYpPCOB, MPUHUMAThL OOOCHOBAaHHBIC OMNTHUMAJIbLHBIC
pemieHuss g MyJbTUMEAMMHOrO TMpoliecca M OINpeAesaTh OO0IIEeCUCTEMHbIE
TpebOBaHuUS,

pa3paboraHa matematuyeckass Moaenb TIAV-MylIbTUMEIUWHOW CHCTEMBI, C
UCIIOJIb30BAHUEM  PErPECCHOHHBIX YPABHEHUM, ONMCHIBAIOIINE JWHAMUYECKUE
IIPOLECCHl MPOTHO3UPOBAHUS LIECJIEBBIX I[IOKA3aTelIEd Ha OCHOBE BXOJHBIX
dakTopoB u JuHEHHBIX AUPPEPEHIIMATBHBIX ypaBHEHUH, OMPENeISIOMUX
JWHAMUKY CTOXaCTAYECKOr0 MYJIbTUMEIUMHOTO ITPOLECCa;

JUI. MATEMATHYECKON MOJIENIA CO3HAHbl BBIYUCIUTEIBHBIE MOJEIH, JTOKa3aH
BBIOOp OTPaHUYCHUH, TTO3BOJISIOIINE TTOJTYYUTh YCTOMYUBBIC PEIICHUS;

pa3paboTaHa JIUCKPETHO-HEMpPEphIBHAS MOJEINb, 00Jiajaronias CBOWCTBAMMU
LEJICHAIIPABICHHOCTH, KOHEYHOCTH, YIPOILEHHOCTH, aJICKBAaTHOCTH,
MH(POPMATUBHOCTH, YCTOMUUBOCTH, IIEJIOCTHOCTH, aJJaITUBHOCTH YIPABISIEMOCTH,
onpenensieMas Mo CBEpTKE KPUTEPUEB ONTHMAIIbHOCTH, MPEJCTABIAIONMIAs coO0n
yI0OHOE CPEACTBO /JIsi ONMMCAHUSl U UCCIEIOBAHUS PA3JIMYHBIX CIOKHBIX CUCTEM,
MIPOIIECCOB, OCHOBAaHHAsI HA KOMILJIEKCHOM IOJIX0/Ie 00pab0TKH MH(POPMAITMOHHBIX
pECYpPCOB, MO3BOJISIONIAS ONUCAHWE ayAWO-BU3YAJIbHBIX JIAHHBIX B pPaMKax
MYJbTUMEIUNHON CPEBI.

CO3[1aHa MOJIEJIb JOKA3bIBAIOIIAsl CBOE MPEUMYILECTBO B PAMKAX YIIPABIICHMUS,
cUCTEeMaTU3auy HWH(POPMAIMOHHBIX PECypCOB W TMPUMEHEHUS] TPUOPUTETHOU
00pabOTKK MOTOKA MOCTYMAIOIIKX 3aIIPOCOB MOJIb30BATENEH;
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B paMKax TEOpPHUH HEPapXHUECKOro pacmpeneiaeHus HH)OPMAIMOHHBIX
pPecypcoB BBIJICJIEH KiIacC MYJIbTUMeAUNHBIX 00beKkTOB TIAV(text, image, audio,
Video) B IIEJIbIO MOBBIIMICHUS TEXHUYECKOTO YPOBHS MYJIBTUMEIMUHOTO MpoIiecca,
yiydiieHusi mponecca co3ganHusi TIAV koHTeitHepoB, obecniedeHHUs yT0OHOTO
BOCIIPUATHSL TOJB30BATENIIMH, K TOMY K€, OCYIIECTBJIEH BBIOOp KpUTEPHUEB,
chOpMHpPOBaHBI ~ OCHOBHbIE  TpeOOBaHMs, TMpeaAbABIsieMble K  00paboTke
UH(OPMAITMOHHBIX PECYPCOB, KOTOPBIE MO3BOJAT ONpeneauTh 3hHEKTUBHOCTh
MCIIOJIb30BaHUs, Crielu(puIecKiue 0COOCHHOCTH, OTPAaHUYCHUS U (PYHKIIMOHATHHbBIE
BO3MOKHOCTH TIAV-MynbTUMEANITHON CUCTEMBI;

Ha OCHOBE TMPEJIOKEHHOM MaTeMaTHYeCKO Mojeln pa3paboTaHo
nporpammHoe obOecreuenre TIAV-MynbTUMEIUUHONW CHUCTEMBI, BKIIOYAIOUIEE B
ce0s1 oHNalH cucteMbl - KOHCTpyKTOp TIAV KOHTEiHEpOB, MO3BOJISIOIIEE
OpraHM3alMI0  MYJbTUMEAUMHOTO TpOLEcca, ITOCPEACTBOM  CO3JaHUA U
tpanciasiuun TIAV koHTeliHepoB, o0eclieunBaroiiee ApyKeCKuid uHTepderc s
HE MOATOTOBJICHHBIX IMOJIb30BaTeNe ¢ uHpopmanmoHHbIMH pecypcamu TIAV-
MYJIBTUMEIUUHON CUCTEMBI.

IIpakTnyeckue pe3yabTaTbl HCCAECA0BAHUS 3AKIIOYAOTCA B CIEAYIOLIEM:

pa3paboTaHbl TEOpUST W TPUKIAJHBIE METOMbI, MOJEIN, AaJTOPUTMBI,
IpOOIEMHO-OPUEHTHUPOBAHHBIIN [IPOrPaMMHBII KOMILIEKC 00paboTKH
uH(pOpMaITMOHHBIX pecypcoB TIAV-mynbTUMETUWHON CHCTEMBI, B YaCTHOCTHU
OHJIaliH cucTeMa - KOHCTPYKTOp TIAV KoHTeliHepoB, 00bEeIMHSAIOMIAS TEKCT, 3BYK,
rpaduky, (oTo, BU1€0 B OJHOM IIU(PPOBOM MPEICTABICHUY;

nocpeactBoM TIAV-MynbTUMEIUIHONW CHUCTEMBI OpPraHMW30BaH JOCTYyN K
u3BieueHue uHpopmanuu (ObICTPbIA U A(PPEKTUBHBIA MOUCK IS Pa3TUUHBIX
TAMOB  MYJbTUMEIUNHBIX JOKYMEHTOB, NPEACTABISIONIMX HHTEPEC A
MOJIb30BaTENs) M (PUIABTpAIMs MOTOKOB OMUCAHUM ayJAHMOBH3YyaJIbHOIO MaTepuaa
(4TOOBI TOJNIYYUTH TOJBKO TE€ OJIEMEHThl MYJbTHUMENHA JaHHBIX, KOTOPHIC
YIOBJIETBOPSIOT  MPEANOYTEHHUAM  IOJIb30BaTeNs),  MPOAEMOHCTPUPOBAHO
MHO>KECTBO MH(OPMALMOHHBIX CPEJl - KAaHAJIOB, UMEIOIIUX CBOIO CIIEHU(PUUECKYIO
dbopMy, ypOBeHb U Ha3HAUYCHHE: OWHApHBIC, KOHTAKTHBIC, TEKCTOBHIE,
rpaduueckue (¢ainasl yeprexei, hortorpaduii), ayTMoNOTOKA (3BYKOBBIEC (hailiibl,
PAIBI OIU(POBAHHOTO 3BYKA, HAOOPHI HOTHBIX aYNO/IaHHBIX ), BUJIEOTIOTOKH;

peanuzoBaHa TIAV-mynbTuMenuiiHass cUCTEMa, C 1EJIbIO MOBBIIICHUS
noteHuuana TIAV KOHTEHHEPOB WX H3Y4YEHHUs, IOCPEACTBOM IPUBJICYECHUS
MI0JIB30BATEJIEN K AKTUBHOMY MCIIOJIb30BAHUIO MYJIbTUMEIUUHON TEXHOJIOTHUH.

B pe3yJbTare ITPOMBIIIEHHOU DKCIUTyaTaluu MIPOTPaMMHO-
ANTOPUTMHUYECKOTO KOMIUIEKCA NpeaiokeHHON TIAV - MynpTUMEAMIHON CUCTEMBI
aBToOMaTU3alMK cOOpa, 00padOTKU U HAKOIUICHUS] MYJIbTUMEIUHHON HH(pOpMaLUH,
YAAJI0Ch TOBBICUTH YPOBEHb BOCIPHUATHS MYJIbTUMEIUNHBIX JAaHHBIX, TMOJHOE
BOCTIpHATHE WH(GOPMAIIMOHHBIX pecypcoB mocturio 98% , Bpems oOpabOTKH
€IMHULIBI MYJTbTUMEAUNHBIX JaHHBIX cokpaTuioch ¢ 0,05 no 0,033 muH, uam B 1,2
pas.

JlocToBepHOCTH pe3yabTaTroB HCCIe10BAHUSA 00OCHOBBIBAETCS
KOPPEKTHOCTBIO IIPEIJIOKEHHBIX MOJIENIEH, CPABHUTEIBHOTO aHAJIN3A TOJIYYEHHBIX
(dbopMyn U BBIKIIAJIOK C PEATHHBIMHA W IKCIIEPUMEHTATHHBIMUA JAaHHBIMH Ha OCHOBE
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OOILIETIPUHATHIX U MOPEAJIOKEHHbIX KputepueB. C IEIbI0 OLEHKU pe3yJIbTaTOB
UCCJIEIOBAHUM HAa MX HEMPOTHUBOPEUYUBOCTH IMpoTecTUpoBaHa A(H(HEKTUBHOCTH
IPOrpaMMHOTO OOECTIEUYEHHsI C UCIOJIb30BAHUEM COBPEMEHHBIX TEXHUYECKUX H
POrPAMMHBIX CPEACTB OOpaOOTKM TEKCTOBBIX, 3BYKOBBIX, rpa)MUECKUX, BHUJICO
uHdopMaIii U ux npeacraBieHud B 1udpoBoM Buje. [IpoBeseH cpaBHUTENBHBIM
anamu3 dpdexktuBHOCTH TIAV-MyNIbTUMEIUUHBIX CHUCTEM IO KPUTEPHUSIM
TPYIOEMKOCTH, TOCTYITHOCTH, CTOUMOCTH PEAU3ALUHA U BEPOSTHOCTU UCKAKEHUS
uHOpMAIMK 71T IIAPOKOTO KJIacca aJITrOPUTMOB KOHTPOJS JTOCTOBEPHOCTH
MH(DOPMAITMOHHBIX PECYPCOB MYJITUMETUNHBIX CHCTEM.

Hayuynast 4 npakTudeckasi 3HAYUMOCTb Pe3yJbTATOB HCCJICI0BAHMS.
Haydynast 3HaUMMOCTh TOJMYYEHHBIX PE3YyJIbTATOB HMCCIIEIOBAHUS 3aKJIIOYACTCSA B
TOM, YTO METOJbl, MOJEIH, AaJIrOPUTMbl W NPOTPAMMHBIA  KOMIUIEKC,
pa3pabOTaHHBIA HA OCHOBE TMPUHIIMIIOB  HCIOJB30BAHUS  METOJOJOTHM,
TEXHOJIOTMHA  TEKYIIedW BEpPCHUM HMHCTPYMEHTaJdbHOro Komiuiekca TIAV-
MYJIbTUMEIUMHON CHUCTEMBI SKCIEPUMEHTAIIBHO MPOBEPSIINCH, PA3BUBAIUCh U
BHEPSJIUCH B PEAJIbHBIX YCIOBUAX. TeOpeTUUECKUE MOJIOKEHUS, MOJIEIIN, METOBI,
METOJI0JIOTHUSl JUCKPETHO-HENPEPHIBHOTO Iporiecca 00padboTku MHDOPMAITMOHHBIX
pecypcoB TIAV-MyIbTUMEIUNUHBIX CUCTEM IO3BOJISIIOT CHU3UTH TPYJIOEMKOCTh U
3HAQYUTEIBHO COKpPAaTUTh CPOKM TMPOEKTHUpOBaHUs © peanusaunn TIAV-
MYJIbTUMEIUUHBIX CHUCTEM, IJII TAaKMX BaXHBIX U PECYPCOEMKHUX 3aJad, Kak
JIMarHOCTUKA TEXHUYECKUX OOBEKTOB, CHUCTEM, YIPABICHHE  CJIOKHBIMU
OpTraHU3allMOHHBIMHU, TMPOU3BOJCTBEHHBIMU KOMIUIEKCAMM UM  MPOLECCAMH,
MapKETUHTOBBIN MOHUTOPHHT U JIp.

[IpakTrueckass 3HAUMMOCTh MOJYYEHHBIX PE3YJITATOB U HAKOTUIEHHBIA OITBIT
pa3pabOTKU CTaTHYECKUX M JuHaMu4ecKux TIAV- MylnbTUMETUUHBIX CUCTEM HE
TOJIBKO CYIIECTBEHHBIM OOpa30M COKpAIAIOT HWMEBIIUMHCA 10 HACTOSIIETO
BPEMEHM Pa3pbIB MEXK1Y MUPOBBIM M OTEUECTBEHHBIM YPOBHSMH B PEILICHUH 3a]1a4
MOJI0OHONM TEOPETUYECKOW BAXKHOCTH M CIOKHOCTH, HO U OOECIEeYHBAIOT
METOJIOJIOTHYECKYI0 OCHOBY I TOATOTOBKM KBaTM(UIIMPOBAHHBIX KaJpOB B
BEIYIIUX TEXHUYECKUX YHUBepcuTeTax Y30ekucrtana. Mcmonb3oBanue TIAV-
MYJIBTUMEUHHBIX CHCTEM OOECTIeUYMBAECT JIETKOCTh BOCTIPUATUS WH(OpMaIuu
YEJIOBEKOM, TaK KaK BOCTIPUATHE YETOBEKOM Pa3IUNIHON HH(POPMAIHH OTIUYHO OT
komnbroTepa. Co37aH MPOTPaMMHBIN  KOMILJIEKC MYJbTUMEIUNHON CHUCTEMBI,
OCHOBAaHHBIH Ha CETEBBIX TEXHOJOTUSIX, TMOJJEPKUBACT Ppa3pabOTaHHYIO
METOJIOJIOTHIO, TMPEACTABISAIOMUMNA  CcOOOW  COBPEMEHHBI WHCTPYMEHTApUH,
BKJIIOYAIOIIMM  B3aMMOCBA3aHHYKD COBOKYIIHOCTh CPEACTB  aBTOMAaTH3alluU
JIMCKPETHO-HEMPEPHIBHOTO TIpoIiecca 00pabOTKH pa3IMYHOro TUIa HH(OOpMAILIUK B
TIAV- MyIbTUMEIMIHBIX CHUCTEMAaX, Ha BCEX CTAIUSAX )KU3HEHHOTO IHKIIA.

BHenpenue pe3yabTaTroB  HcciaenoBaHusi. OCHOBHBIE Hay4dHblE U
MPAaKTUYECKUE Pe3yJbTaTbl BHEAPEHbl B MPEANnpuaATus MwuHUcCTEpCcTBa MO
pa3BUTHIO WH(POPMAIMOHHBIX TEXHOJOTUA ¥ KOMMYHHKanuid PecmyOmmku
V36ekucran, takue kak OOO «kELECTRORENTGENy» (Ne 17-8, ot 17.11.2014
r.); «Creative people» (Ne 51, ot 03.08.2014r.); «Inform Pochta» (Ne 12, ot
04.03.2014 r.); «BTL» (Ne 6(83), ot 23.02.2014 r.); «Yuksak Parvoz Qurilish»
(Ne63-8, ot 10.11.2014 1.); «Energo systems plus» (Ne3(42), ot 06.09.2014 r.) B
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pe3yibTare MPOMBIIUIEHHON 3KCIUTyaTallud MPOrpaMMHO-JITOPUTMUYECKOTO
KoMIUIeKca npeasioxkeHHo TIAV — mMylnbTUMEAUWHOW CUCTEMBbI aBTOMAaTH3allUuU
coopa, 00paOOTKM U HAKOIUICHUS MYJbTUMEIUUHOW WHQPOpMAIMHU, YIaJoCh
MOBBICUTh YPOBEHb BOCIPHUSATHUS MYJIbTUMEIUMHBIX JTAHHBIX; MOJHOE BOCIPUSATHE
UH(OPMAIIMOHHBIX pecypcoB AoCTUINIO 98%, Bpemsi 00pabOTKM €IUHUIIBI
MYJIBTUMEIUUHBIX JaHHBIX cokpaTtuiock ¢ 0,05 mo 0,033 muu, wim B 1,2 pasa,
rojioBasi sKoHoMH4Yeckass 3PGHEeKTUBHOCTh cocTaBuiia 152.7 MIIH. CyM., KOTopas
JOCTUTHYTa 3a CUYET ONTUMHU3AIMU TIPOIECCOB OOpabOTKH M JUCKPETHO-
HETIPEPHIBHBIX MH(POPMAIMOHHBIX PECYPCOB M MPEACTaBICHUE WX B IU(PPOBOM
Bune. (CrpaBka Ne02-8/6225 ot 16 HosOps 2015 roma, MHHHCTEPCTBO IO
pa3BUTHIO HWH(POPMAIMOHHBIX TEXHOJOTUH W KOMMYHHKanui PecmyOmmku
VY306ekucrtan).

AnpobGanusi pe3yJbTAaTOB HCCJIeA0BaHMsA. Pe3ynpTarsl HCCIEAOBAHUS
anpoOupoBaHbl Ha 36 HAYYHO-TIPAKTUYECKUX KOH(MEPEHIUAX, B TOM YHCIe Ha 25
MEXIYHApPOJHbIX CHUMIIO3UyMax, KOHIpeccaXx M CEeMHUHapax, B YaCTHOCTH,
MexayHaponaubeie: «McLuhan, International conference for the hundred the
anniversary of marshal McLuhan’s birth» (Budapest, 2011); «Data- Driven Process
Discovery and Analysis SIMPDA 2011» (Italy, 2011); «New information
technologies in education for all: Learning environment» (Kiev, 2011-2013); «The
Queen Elisabeth Il Conference Centre, Going Global International education
conference» (London, 2012); «Proceedings in Advanced Research in Scientific
Areas» (Slovak Republic, 2012); «Virtual Conference Human and Social science at
the Common Conference» (Slovak Republic, 2013); «International conference
Application of information and communication technologies» (Baku, Azerbaijan,
2011); «®dyngameHTanbHble M NPHUKIAJAHBIE HCCIEAOBaHUS, pa3paboTKa U
MPUMEHEHUE BBICOKMX TEXHOJIOTUH B TMPOMBIIUICHHOCTH U JKOHOMHKEY,
«Bpicokue TexHoJoruM, o0pa3zoBaHuE, MpoMbINUIEHHOCTE» (Poccusa, Cankt-
[TetepOypr, 2011-2013).

Ony0/MKOBAaHHOCTH pe3yJabTaTOB HMccienoBanus. [lo teme nuccepranuu
omy0IMKOBaHO 82 HAYYHBIX PaboT, B TOM YuCie 9 B MEKIYHAPOIHBIX JKypHAIaX.

Crpykrypa u o0beM auccepramum. Jluccepraiusi COCTOMT W3 BBEIICHUS,
MATH TJIaB, 3aKJIIOYEHUSI, CIIUCKA JUTEpaTyphl, 4 MpUIOKEHU U couaepxut 197
CTpaHMII TEKCTa, BKIt0YaeT 34 prUCyHKOB u 19 Tabmuir.

OCHOBHOE COAEP XAHHUE JUCCEPTALIMHU

Bo BBegeHMu 00OCHOBaHa akTyaJlbHOCTb W BOCTPEOOBAHHOCTH TEMBbI
JUccepTalyu, cOpMyIMPOBAHbI LIETb U 337a4M, BBISIBJICHBI OOBEKT U MPEIMET
VCCIICIOBAHNUsI, OIPENEIEHO COOTBETCTBUE MCCIEAOBAHUS  IPUOPUTETHHIM
HampaBJCHUSIM pPa3BUTHS HayKh M TexHonorud PecnyOnuku VY30ekucraH,
U3JIOKEHbl Hay4yHas HOBHU3HA U MPAKTUYECKUE PE3YJbTaTbl MCCIEI0BaHUs,
000CHOBaHa JIOCTOBEPHOCThH MOJYYEHHBIX PE3YJIBTATOB, PACKPBITHI TEOPETUUECKAS
U I[paKTUYecKas 3HAYMMOCTb IIOJIYyYEHHBIX pPE3YyJbTaTOB, I[PUBEIECH CIIMCOK
BHEAPDEHUM B  NPAKTUKY  pPE3yJbTAaTOB  WCCIENOBAHUA, CBEACHUSA IO
OIyOJIMKOBaHHBIM paboTaM U CTPYKTYpE JUCCEPTAIIH.
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B nmnepBoil rnaBe «AHaJH3 COBPEMEHHOI0 COCTOSIHMS IIPOLIECCOB
0o0pabdoTkn mHPpoOpMAUMU B MYJbTHUMEANMHHBIX CHCTEMAax» IPOBEJCH aHAIH3
COBPEMEHHOTO  COCTOSIHUS  TpPOIEccOB  00paboTKM  uMHPOpMalMd B
MYJbTUMEIUMHBIX CUCTEMAaX, BBISIBJICHHAS OCOOCHHOCTh MOCTPOEHUSI AUCKPETHO -
HEMPEpPbIBHBIX ~ MYJbTUMEAUMHBIX  CHCTEM, ONUCaHa KilacCU(pUKAIUS |
dbopMHpOBaHUE JTUCKPETHO-HEMPEPHIBHON HHGPOPMAIIMKM, OMUCAHBI METO/IbI
00paboTKM HMHQPOPMAIMOHHBIX PECYpPCOB B  MYJIBTUMEIUMHBIX CHCTEMAX,
paccCMOTpeHa TEHACHLMS pPAa3BUTHUS METOAOB 0OOpabOTKHM HHQPOPMAIIMOHHBIX
pPECYpPCOB B MYJIbTUMEAUINHBIX CUCTEMAX.

BrisiBneHO, 4TO0 0COOEHHOCTBHIO COBPEMEHHBIX MYJIbTUMEAUMHBIX KOMILJICKCOB
ABIIIETCS JUCKPETHO-HETIPEPhIBHBIA XapakTep HUX (QyHKIHOHUpoBaHus. llpexne
BCEro, 3TO 3aKJIOYaeTcs B TOM, YTO THOKHE NPOU3BOJCTBEHHBIE CHCTEMBI,
KOTOpbIE MPUMEHAIOTCS, KaK U B KYJbType, 00pa30BaHUM, TaK U B APYTHX cPepax,
COCTOAT U3 OTJEIBHBIX NOJACHUCTEM. VX COCTOSIHUS U3MEHSIOTCS KaK HEIPEPHIBHO,
TaK U JUCKPETHO B OINPECICHHBIE MOMEHTBI.

OnpeneneHo, 4TO JAMCKPETHO-HENPEPBIBHOE MPEICTABICHUE CBOIUTCA K
TOMY, YTO HENpepBIBHBINA mpomecc X (£) 3aMeHseTcss COBOKYITHOCTBIO aHAIOTOBBIX
BbIOOPOK, KOTOpble (OPMHUPYIOTCS UYEpE3 OMNpPE/EICHHbIE HWHTEPBAJbl BPEMEHHU.
JIUCKpETHO-KBAaHTOBAHHOE  IIPEJACTABJICHHE  OTIMYAETCS  OT  JAMCKPETHO-
HENPEPBIBHOTO TEM, YTO BBIOOPKHU (OpMUPYIOTCS B IU(GPOBOM PopMe.

[Ipn 0000IIEHHOM JTUCKPETHOM HPEACTaBICHUU KOOPAMHATHI COOOLICHMS
MPENCTaBIAIOT CO00I KOA(P(UIIUEHTH HEKOTOPOTO Psiia, TO MO3BOJIIET COKPATUTH
KOJIMYECTBO KOOpPJMHAT, T.€. 00beM BBIOOpKH. B KauecTBe KOOpAMHAT (DYHKIIHIA
MOT'YT UCTOJIb30BaThCs MOJIMHOMBI UeOniiieBa, Jlexxanapa, Youia u zp.

Jlist cokparteHust n30bITOYHOCTH UCTIOJIb3YETCA JIBA My TH:

1. Otka3atbcsi OT HCIOJIB30BAaHUS B KAyeCTBE KOOPAMHAT PErYISPHBIX
BbIOOpOK. Ilpum »TOM yBenmuuuBaerca 3(PQPEKTUBHOCTh MNPEACTABICHUS IyTEM
M3MEHEHUS 4acTOThI OMTPOCA CUTHAIA.

2. Vcnonb3oBaTh 0000IIEHHBIE TUCKPETHBIE TIPEICTABICHNUS, TO3BOJISIOIINE
COKpaTUTh KOJIMYECTBO KOOPJIMHAT IIPU YCJIOBUM, YTO KOPPEJSLIMOHHBIE CBS3H
MEXy OTAEIbHBIMA OTCYETAMH CHTHAIIA Ha HHTepBalle npezcrasinenus K;; = 0.

IIpu 0GOOILEHHBIX IUCKPETHBIX IIPEACTABICHUAX B pe3yjbTaTe aHalIu3a
nosenernst Qyukumn UM wa unrepsane npencrasnenms T popmupyercs
coobmenne: V9 = UEIJJU;}],---,UE], rae U; - xoopmuuatel, GopmMupyeMble B
pesynbTate aHanm3a curHana U(t) wa waTepBane npencrasnerns 7. s 3Toro
BEChb WHTEpBal HaOmofeHWs I, pa3OuBaeTcs Ha MHTEPBAIbI NPEICTABICHUS
TY,T?,..uT.n 1

Ty =2, TY.
B pesymbrate aHammsa ¢yskiun U(t) Ha maTepBane T/ mocie okoHuaHMs

o T -
sToro mmTepBanma (opmupyercs coobmenue VYU, xoropoe mepenaercs B j + 1
UHTEepBaJie TnpezcTaBieHus. OObBIMHO HMHTEpBall TNPEACTABICHUS BbIOMpaeTcs
paBHBEIM: T = (5 + 6)Tiopmaxr TH€ Thopmax -~ MAKCUMATBHBIA  HMHTEpBal

xoppenauuu, 1pu K, (Trop max) = 0.05 + 0.2.
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Koopmuaate: UY) momyuarorcs kak ko>((HIUEHTH pa3sIoKeHHs CHTHAIA
U(t) B GyHKUMOHAIBHBIHA P 10 0a3MCHBIM QyHKIUAM Y, (£)
U(t) = ZV Uu.}ru(t)-
Ha npuemHoO#i cTOpoHe 1o TiepeaanHbiM Koopaunatam U, BoccTaHaBimBaeTcst
IIEPBUYHBIA CUTHAJI

U =3, U,y,(0).
a KOOPJIMHATHI U:?“ ) 1a MIEPEIAONIe CTOPOHE OMPENEISIOT KaK KOd(DPHUIIUEHTHI
(YHKIIMOHATIBLHOTO Psijia:

U = [, 2,0V,
rae @, (t) - BecoBas pyHKIMSA, ONpeAeICHHBIM 00pa3oM cBs3aHHas ¢V, ().

Kak crmemyer u3 3Toro cooTHouleHust koopawnHara U, wmoxer OBITH
npeacTaBleHa Kak pe3ynabrar gpuisTpanuu curaana U(t) ¢punstpa ¢ ummynscHOM
XapaKTEPUCTUKOM:

gl:l:uv(tj = av(T o t)'

Br16op nyurrero o000IIEHHOTO MPEICTAaBICHUS CBOAMTCS K PEIICHUIO JIBYX
3a/1a4: BBIOOp ONTUMAalbHOTO Oasuca Y, (t);onpenenenue uucna xoopaunar U,
00eCITeYnBaOIIMX 33IAaHHYIO TOYHOCTh BOCCTAHOBJICHUS (DYHKIIHH.

OnTuManbHble 0a3MChl, MUHUMHU3HPYIOIIUX YUCIIO KOOPJIUHAT MPH 3aJIaHHOMN

TOYHOCTH  BOCCTAHOBJICHHS,  CBS3aHBI C

OOBEKT UCCIIEN0BAHNS BCPOATHOCTHBIMU XapaKTCPHUCTUKAMU
V< ICPBUYHOI0 CHIHaJIA. bazucer BBI6I/IpaIOT B
Buiok dpopmamsaii i KJIaCCE OPTOTOHAJIbHBIX (DYHKITUH:
BBOJIa HHOPMALIUH 1’ [ = _.’
\l/ Jr-r Vi (t].}ﬁ(t]dt = 0,i=jJ
BiyTpentiss opramusamys Ornenka 3(pEeKTUBHOCTH CHUCTEMBI TTOTOKOBBIX
XpaHeHHH JaHHBIX o e
Cotmantonns dafinos IpPOLECCOB  MYNbTUMEAUNHOM  CHCTEMBI
Houck OCYIICCTBIIACTCA C HCIOJb30BaAaHUEM TOJBKO
O6cmyxuBanue (aitnon o
TTpeobpazoBaHye JaHHBIX KIIaCCUUYECKUX [IO0Ka3aTcJICH, KOTOPEBIC
O0paboTka 6a30BBIX JAHHBIX
HEOOCTAaTOYHO IIOJIHO OTpaXxkaroT

BSaHMOﬂeﬁCTBHe ITIOTOKOBBIX IIPOLCCCOB.

Wrdopmars Bo Bropoii rnaBe  «IIpuHIUNBI
BBIBOJA AUCKPETHO-HENPEPBIBHLIX nmpomeccon
v 00padoTKH HMH(POPMAUMOHHBIX PECypPCOB)
OTnpeeeHbI OCHOBHBbIE TIPUHIIATIBI

o JTUCKPETHO-HETPEPHIBHBIX MIPOIIECCOB

00paboTKM  MH(OPMALMOHHBIX  PECYpPCOB,
OMKCaHa TEXHOJIOTHS O0pabOTKH TOTOKOB
Pemene UH()OPMAITMOHHBIX pecypcoB

MYJIbTUMEIUMHBIX CHCTEM, OIMCAH IPOLECC
dbopMUpOBaHUA KPUTEPUEB U TpeOOBaHUM
00paboTKu  MH(OPMALIMOHHBIX  PECYpPCOB
MYJIbTUMEIUUHBIX CUCTEM,
KJ1accu(UIMPOBaHbl OCHOBHBIE TlapaMeTpbl TIAV- MynbTUMEIUITHON CUCTEMBI.

Puc.1. [Ipuniun noctpoeHus
TIAV- mynbTuMe TUitHON
CHCTEMEI.
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OnpeneneHo, 4To B MYJbTUMEIUWHBIX CHCTEMAX BBIICIEHBI CIEAYIOLINE
BUAbl MH(POPMALMOHHBIX IIOTOKOB: B 3aBUCHUMOCTHM OT BHUJA CBS3bIBAEMBIX
IIOTOKOM CHCTEM: FOPU30HTAJIbHBII M BEPTUKAJIBHBIN; B 3aBUCHUMOCTH OT MeECTa
IOPOXOXK/ICHUS: BHEUIHUE, BHYTPEHHHUE; B 3aBUCUMOCTH OT HaIIpaBJICHUS IIO
OTHOILIEHHUIO K MYJbTUMEIUWHON CUCTEME: BXOJHOM U BBIXOJIHOM; B 3aBUCUMOCTH
OT BHJAa HOCUTENIsd MHQOpPMALMM BBIICISIIOT OyMaXkHble, JJIEKTPOHHBIE,
CMEIIaHHbIE; B 3aBUCHUMOCTH OT IUIOTHOCTH: FOPU30HTAJIbHBIE, BEPTUKAJIbHBIC; B
3aBUCUMOCTH OT NEPHOJUYHOCTU: PETYJIIPHBbIE, OINEpPaTUBHBIE, Cly4yalHble. B
JIUCKPETHO-HETIPEPHIBHBIX Mporieccax 00paboTku MHGOPMAIMOHHBIX PECYpCOB
TIAV- MynpTUMEAUMHBIX cucTeMax OOBEKTHI moapasnenstorces Ha TIAV kiacc,
r7ie: TEKCTOBBIM IMOTOK - NEPENaBacMblii B BUAE CHUMBOJIOB, NMpEAHA3HAYEHHBIX
0003HaYaTh JIEKCEMBbl SI3bIKA; YWCIOBOM TMOTOK - B BHUAE LUPP U 3HAKOB,
0003HAYaAKOIIUX MaTeMaTU4YEeCKue JEeUCTBUs; TIpadUyecKuil MOTOK - B BHJE
M300pakeHUil, COOBITUN, TPEAMETOB, IPa(PUKOB; 3BYKOBAasl, BUAECO IIOTOKHU - yCTHAs
WIM B BUJIE 3aIIMCH, NIEpeIada JIEKCEM S3bIKa, ayIUaJIbHbIM IyTEM. [IpoBencHHbIN
aHaJIM3 TOKa3bIBAET, UTO OpraHu3alus Ipoiecca oO0paboTKu MHPOPMAIMOHHOTO
OTOKA IPEAIOIaraer: obecrnieueHue MYJIbTUMETUHBIX IPOLIECCOB
HEOOXOAUMBIMU  TEXHHYECKUMH  CpPEICTBAMHU;  PACIPENEICHHE  MEXIy
[OJICHCTEMAMM, MOAYJISIMA U OTJEJIBbHBIMU MCIOJHUTEISAMU 3a7a4 110 MOATOTOBKE
U niepeade nHopMaluy OT MECTa €€ BOSHUKHOBEHHUS J10 nojb3oBaTensd. Ha puc.1
MOKa3aH NPUHLIUI TOCTPOECHUS MYJIbTUMEAUINHON CHUCTEMBI.

TIAV-mynbTUMEIUAHYI0O CHCTEMY MOXHO paccMaTpuBaTh B KayecTBE
MH(OPMAIITMOHHOW CHCTEMBI MPOCTPaHCTBA riolanbHOM ceTu. Ilpu pazpaboTke
KoHLentyanbHoi mojenu TIAV-MynbTUMEANITHON CcHUCTEMBI HEOOXOIUMO yY€eCTh
BCE AaCMEKThl HEOOXOAMMOCTH JaHHOW cuctembl. Pa3paboTka, mpoiiecc
MIPOEKTUPOBAHHUS, OTIPEICTIEHUE OCHOBOMOIAraloUIMX WH()OPMAIMOHHBIX ITOTOKOB,
MHUIMAIN3aLKs BX0/1a U BBIX0JIa U3 CUCTEMBI, aITOPUTMBI ITPEOOpa30BaHUM, y3IIbI
00paboOTKM ® XpaHEeHHS Oa3bl JaHHBIX, a TaKXe CIIOCOOBI TMPEICTaBICHUS
uHpOpMalMu JJI1 KaXKIOTOo 3Tana WHUIMAIW3ALKUK [0JIb30BATEsl CUCTEMBbI
OCYIIECTBIISIETCSI Ha OCHOBE MPUMEHEHHS MoJeAu padoTbl  JUCKPETHO-
HETIPEPHIBHOTO TIporiecca o0paboTku WHGOPMAIMOHHBIX pecypcoB B TIAV-
MYJIBTUMEIUMHON CUCTEME.

BblenieHHbIe  KOMIIOHEHTBHI MPEICTABISIOTCS B BUJE KOMILUIEKCA, KOTOPBIN
oOecneyuT (PyHKIIMOHATIBHOCTh MHOKECTBEHHOTO Habopa yciayr mjis (pU3HYECKH
pacnpeneneHHbIX nojib3oBareneil. Kaxple ypoBHH, KOTOpbIE HCHOJIB3YIOTCS B
TIAV-MynbTUMEIUITHON CHUCTEME YHUKaJIbHBIE TPeOOBaHUS K pa3pabOTaHHOMY
OpPOrpaMMHOMY  OOECIIEYEHUI0O W KAa4ecTBY  OOCIY)XMBaHUSA  KIHMEHTOB,
NO3BOJISIIOILIEE  CO3[aTh MOJENb MYJIbTUKPUTEPUATBHBIX nokaszaTeseil, B
pe3ynbTaTe 4ero co3AaeTcsi MOJAENb padOThl JUCKPETHO-HEMPEPHIBHOIO IMpoliecca
00paboTku nHOPMAITMOHHBIX pecypcoB B TIAV-mynbTUMenuitHON cuCcTEME, pUC.
2, tne a=(a;,a,,...,®,)- BEKTOP NPHOPUTETOB OJHHMX KPUTEPHUEB HaJl
JAPYTHUMU: CyMMMPOBATh 3JEMEHTHI KaXJO0H CTPOKU U HOPMAJIM30BATH JEJICHUEM
KOKJI0M CyMMBbl Ha CyMMYy BCEX 3JEMEHTOB; CyMMa IOJyYEHHBIX PE3YyJbTaTOB
Oyaer paBHa enunHuie. llepBblii 37I€MEHT pPE3yJIbTHPYIOIIETO BEKTOpa OyneT
NPUOPUTETOM TMEPBOTO OOBEKTa, BTOPOW — BTOPOro OOBEKTa U T.O.;
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Rj( gi, g;,_r, ...,g;;)— 3¢ ¢dexruBHbIe peieHust R; — 00beKThl MHOTOKPHTEPHATIBHOM
3aaud, I8 KOTOPBIX MO KaXIOMY KPUTEPHUIO YAOBIICTBOPSETCS OTPAHMYCHUE
TUTIA gi =F, rne i=1,2, ..., I, F; - npenensHO IOMyCTHMBIE TOTPEOUTEILCKHE
3Ha4YeHWs  BBIOPAHHBIX  KpPUTEpHUEB  KadecTBa; &) = (af,ds, ..., @, )-€AUHBIH
MoKasarelib — KauecTBO pazpadoranHoro TIAV konrelinepa.

HNannas ~ momudukarus OyAeT SBISTHCS KOMIPOMHUCCHBIM ITOAXOAO0M,
MTO3BOJISIONIAM TOTYYUTh MPUEMIIEMBIN TT0 TOYHOCTH PE3yJIbTAT MPU HEOOIBIINX
3aTpaTax BpeMeHU; 6 = 6,,0,, ...,6,,0,- 10 KaKIoMy KPHUTEpUIO BBIOMPAETCS
MIPOMEKYTOUHBIE 3HAYCHHS CpPEAM pPaccMaTPpUBAEMBIX KPUTEPHUEB KadecTBa, B
pe3ynbrare 4ero (pOpMHUpPYETCs: BEKTOP, 0003HaYaroIuii KCKOMBIH onTuMyM (8),
KOTOPBIN JIOBOJTATCS hi () MaKCHUMaJTbHOTO 3HAYCHHUS,;
M = o', 0", L., 0", '~ 1o KakIOMy  KPUTEpHUIO BbIOMpaeTcs
MaKCHUMalbHOE 3HAYECHHE CpPEIU paccMaTpMBaEMbIX KPHUTEPUEB KadecTBa, B
pe3ynbTate 4ero (OpMHUPYETCS BEKTOp, OO0O03HAYAIOMIMK HMCKOMBIM ONTHUMYM
(8']‘?’1&.’1:)

JHCKPETHO - HEIIPEPbIBHBIR

— TPOLIE CC OEPAEOTKH

~ HHEOPMAITHOHHBIX PECYPCOB —
]

2 ~ ~ .
= o S —_ L)
= : i = LY
=] ol ™ H ;
> 3 2 - &
= 3 L.} - e
S I n = o

= 8 3 £ 1]

2 L)

Y

- M¥.IbTHMEIHIHBIA IPOIECC

X

Puc. 2. Mogenb paGoThl AUCKPETHO-HEMIPEPHIBHOTO TIpoiiecca 00padoTKu
uH(popMamoHHbIX pecypcoB B TIAV- MynbTUMeANITHOM cucTeMe

B xauectBe oOmieil Monaend MyJIbTUMEAUNHON CHUCTEMBI MpeJjiaracTcs
cieayroas KOHKpeTUu3alus abCTpakKTHOW TUCKPETHON MOICIH
x(k+1) = f(k,x(k)u(k)), k€K ={kyky+1,...ke}ueUlkx)
rae k- Homep 1mara, He 00s3aTeNbHO (U3UUECKOE BpeMs, X,U- TepeMEHHBIC
MIPOU3BOJILHOW TPUPOBI (TEKCT, H300paKEHHE, ayaro, BHICO) IS Pa3IHUHBIX K,
U(k, x)- 3agannoe mpu Ka)aoM K 1 X MHOXeCTBO.

[Tycth npu HEKOTOPOM IOJIMHO>KECTBE
K'CK,ky,ky €K', u=(u?,m),u- JIICKPETHOE yIIpaBJIeHHUE,
m® = (T,x°(t),u°(t))-HeKOTOpbIli  HENPEPBIBHLIA  yHpaBIsSeMbId  MPOILECC.
OnumeM JaHHbI  mpolecc cucTeMod  aud@epeHlralIbHbIX  ypaBHEHUI:
x'¢ = ,;;_1:? = f(z,t,x%u),t €T(2),x° € X°(z, t)CR™®) e e
Uc(z,t,x°)CRP™) z = (k,x,u)

Omnepatop paBoii 4acTu f (k, x(k],u(k]), UMEET BUIL:
f(k,x,u) = 6(z,y(2)),y° = (t,xf, ts,xf) € M(2).
OnTuMaabHBIM PEIICHUEM I MYJIbTUMEIUHHON CUCTEMBI OyJIeM CUWTATh

Habop m = (x(k],u(k]) €D, rnenpuk € K':

6= 07>, 07> |., 67> Gm=
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u(k) = (wd(k),me (k) ), m (k) € D° (&, x (k) ué (k)),
KOTOPBIN Ha3bIBAETCS JUCKPETHO- HEMIPEPHIBHBIM IpotieccoM. [lomyueHbl aHagoru
o0IIUX MOCTATOYHBIX YCIOBUM ONTUMAaIbHOCTH KpoTOBa M MX KOHKpeTH3alus B
dbopme bemimana, KoTopasi HCIOIB3YETCS U TIPU BBIBOJIE AJITOPUTMOB YITYUIICHUSI.
BBoastcs dynkuuonan @ (k, X) u napameTpuyeckoe ceMeicTBO QyHKIu
@°(2): R 1) - R z = (t,x(t),u®(1)).

Crtpoutcst 00001IEHHBIH JIarpaHKuaH
L= G(x(kr)) + Zxnerrer (100) — R(k,x (), u(K)) ) + B (ulk) — G°(2(K) ) +
[ e (2(R)) — R (200), £, x5 (0),u (1)))d),

U Psii KOHCTPYKIIUN € JOCTATOYHBIMU YCIOBUSIMHU ONTUMaNIbHOCTH KpoToBa:
G(x) =F(x)+ @(K,x(K)) — @(k;, x(k)) — TE* (o),
R(k,x,u) = qp(k +1,f(k, x,u, ]) — @(k,x),
G(z,¥%) = —@(k+ 1,8(z,v9)) + ¢k, x(k)) + ¢°(z,tp, x5) — (2, t;,x°(t,)) —
fr - ut(z, t)dt,
Re(z,t,x,u’) = @Stf°(z, t,x°,u’) + @f(z,t,x°),
. {sup{R (k,x,u): xeX(k),uelU(k,x)}, ke K\K'
OO = U in (1 (2): xeX (), ule U (k, 1)), keK\K',
1e(z, t) = sup{R°(z,t,x°,u°): x°eX°(z,t),u’elc(z,t, x%)},
1°(2) = inf{G(z,y°): (¥ )eM(2),x°€X®(z, 1)}

JlocTaTouHBIE YCIIOBUS ONTUMAIBHOCTH B TEPMUHAX MUHUMAIA M. €D wmu
MHUHEMH3UpYIomel nocnenosarensnoctu (M, }CD npencrapnsior coboii yciaosus
MuHUMyMa L 0e3 IHCKpeTHhIX Lenodek U auddepeHuuanbHbIX CBS3ed NpU
HEKOTOPOM  CIIEUAIBHOM crocobe 3amanus (GyHKoud @, @°. OmHuMm w3
BO3MOXKHBIX fIBIIsIeTCS cxema benmnmana.

B Tperbei rnaBe «MeToabl MOJACJIHPOBAHHUSA INPOLECCOB 00padOTKHU
uHpopmMaunoHHbIX pecypcoB TIAV-myabTUMeauiiHON CHCTEMBD> OINUCAH
QIrOpUTM BbIOOpA NPEANOYTUTENBHON CTPYKTYypbl TIAV-mynbTuMenuitHoN
CHUCTEMBI, oOmpeneieHa Qopmanu3anus 3aJadydl W MPUHIUIBI MOJETHPOBAHHS
TIAV-MynbTUMEIUAHON CUCTEMBI, OINKUCAH AJTOPUTM MPUOPUTETHON OLIEHKU
MapaMeTpoB U TMOCTPOCHHS] MOJEJeH,  HCClIeloBaH METOJl CTaTUCTHYECKHUX
WCHBITAaHUN K MOJICIIMPOBAHUIO MYJIBTUMEIUNHON CUCTEMBI.

Ha nepBoMm sTane s3xcnepuMeHTa UaeT MOCTPOCHUE KOHIIETITYaIbHOM MOIeH
MYJIBTUMEIUHHOTO 00BeKTa (mporiecca) u ero popmanuzanuu — GOpMyIUpyeTCs
MOJIETIb U CTpOHUTCS ee (popmasibHas cXema, T.€. OCYILECTBISETCS Mepexoj] OT
COJIEPKaTEIBHOTO ONMKCAaHUs O0BEKTA K €ro MaTeMaTUYECKON MOAEIH.

Marematuyeckas Moaenb TIAV- MylnbTUMEIUUHON CUCTEMBI OMPEACIICTCS
MHO>KECTBO TIEPEMEHHBIX U, V, (, X, Y, W BMECTE C 3aKOHOM (PyHKIIHOHUPOBAHUS B
sune:x(t) = F(u®,v®,6,t),y(t) = £ (u®,v9,8,t),w(t) = B(u™®,v?,8,t),teT
I7ie q- COOCTBCHHBIC MapamMeTphl CUCTeMl, T — Bpemst OKOHYaHHS MOJICIMPOBAHNS,
t — TeKymee 3HaueHMe BpeMeHH, U — 0603HaYaeT peanmm3aIuio nporecca u(t) Ha
orpeske [0,t], anHamormyHo 0O0O3HAUEHBI BBIXOAHAS XapaKTEPUCTUKA Y,
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XapaKTEPUCTHKA COCTOSIHUSA CHUCTEMBbl X W BHEIIHEE BO3JEHCTBHE V, W —
XapaKTepUCTUKa (PYHKIIMOHUPOBAHUSI CUCTEMBI.

Heobxoaumo oTMeTUTh, 4YTO BpeMs t MOXHO paccMaTpuBaTh Kak
HEMPEPBIBHYIO TEPEMEHHYIO, KOTOpas B HAYaJlbHBII MOMEHT BpPEMEHHU
moznenupoBanus t =1t; =0,rne to €T, torma t € (t,,T)u t, <t €T, m kak
nuckpetnyro t=1iD,i=0,1,...,M,M =[T/D], rne D wmar aucKpeTH3aLUH.
Anroput™M BbIOOpa MPEANOYTHUTEIBLHON CTPYKTYphl TIAV-MynbTUMEIUITHON
cUcTeMbl mpeacraBieH Ha puc.3. Texnonormueckue mporeccel TIAV cucremsl
OTJINYAIOTCS MHOTOBapPUAHTHOCTHIO KaK IO COJEPKAHUIO U MOCIEA0BATEILHOCTH
MyJIbTUMEIUMHBIX ONEpalMid, TaK M IO COCTaBYy TEXHUYECKUX CPEACTB,
OCYILIECTRIISAIOMNX 00pabOTKY.

[Tpu npoextupoBannu TIAV-mMyIbTUMEIUIHON CUCTEMBI BaKHO OIPEIEIUTh
CTPYKTYPY MYJIbTUMEAUNHOrO Mpouecca, T.€. YHOPAIOYEHHOE MHOXKECTBO
MYJIBTUMEIIMAHBIX TICPEXO/IOB @; = qul,qu':, ...,qu.‘, BO3J/ICIICTBUE KOTOPBIX Ha
MHOXXECTBO {aj} MPUBOAHUT K OOPA30BaHUIO MYJIbTUMEIUWHBIX KOHTEHHEPOB A:
@;:{a;} = A, VD, npn coONIOICHNN TEXHUIECKUX U TEXHUKO-IKOHOMHYECKHX

TpeboBaHuil (D-MHOXKECTBO  MYJIbTUMEIUNWHBIX CXEM, YJIOBJIETBOPSIOLINX
HeoOXxomuMoMy  ycioBuro — obpabotku  TIAV  00BekTOB ®W  BBIMyCKa
MYJbTUMEAUMHBIX ~ KOHTEHTOB). OOblYHO  BBIOOp  NIPEANOYTUTEIBLHOM
ITPOU3BOICTBEHHO-TEXHOJIOTHYECKON CTPYKTYpPBI TIAV-MmynpTrME TMITHON
CUCTEMBbI BKIJIIOYAET OMNPEACICHHE TaKUX CXEM MYJIbTUMEAUIHOro Ipolecca U
KOMILJIEKTa TEXHOJIOTUH JUIsl MX peanu3anuu. Peanuzanuu, KoTopele oOpamiaiu Obl
B 3KCTPEMYM LIEJIEBYI0 (PYHKIHUIO 3, WIM Dy, a TaKXKe MJIUTEIbHOCTH Mpolecca
o0paboTku (3, - »kemaeMbld >(PQEeKT Mpu MHUHUMYME 3aTpaT Ha 00paboTKy
MH()OPMAIIMOHHBIX PECYPCOB; Dy - MAKCUMAJIbHBIN 3(PQEKT Npu KCIONb30BAHUN
3aJIaHHBIX PECYPCOB).

Eciu B xauecTBe rnaBHOro mnokaszatens 3(p()EeKTUBHOCTH MYJIbTUMEIUHHOTO
nmpoliecca BbIOpaTh IIUTENBHOCTH Tporecca oOpabotku TIAV 00BEKTOB, TO
3aj1a4a ONTUMM3AIMN MOXKET ObITh C(HOPMYJIMPOBAHA CIEAYIOIIMM 00pa3oM:

F(¢)) = I, f(¢) = min,
IPU OTPAHUYEHHUSIX 110 TPOU3BOAUTENBHOCTH Pyin<P<P..«, cTOUMOCTH TEXHONOTUU
Snin<S<Siax, 3aHUMaeMoMy o00beMy XocTuHra Hpmin<<H<H,.., HazexxHoctu
pa6oThl Qnin<Q<Qpay, Tae F (qu) - (QyHKIUSA, ompenenstonas BpeMs 00pabOTKu
TIAV  o6bekroB; f (tp})— byHKUMS, ompeAensionias  BpeMs  KaxAou
MYJIbTUMEIMIHHON ONepalyy; i- YUCI0 MYJbTHMEIUHHBIX MEPEXO/0B; | - HOMEp
MYJIbTUMEIUMHBIX CXEM.

CBOICTBO THOKOCTH MYJIbTUMEIMMHON CHCTEMBbl O3HAYAET €€ CIIOCOOHOCTh
JIOCTAaTOYHO OBICTPO TEpecTpamBaTh CBOIO CTPYKTYpPY Ha BBINOJIHEHHUE HOBOTO
3a1aHUsI U3 HEKOTOPOIO KJlacca ¢ YYETOM XapakTepa U KauecTBa ucxognoro TIAV
o0bekToB. O603HaunM uepe3 K={z;,i=1,1} kmacc MyJIbTUMEIUIHBIX 3aJaHHUH,
KOTOpble MOXeT 3(PGEKTUBHO BBIMOJHATE TIAV-MynpTHUMenuitHas cHUCTEMA.
OtnenbHOE MyIbTUMEIUIHOE 3afaHue zj Knacca K xapakTepusyercss KaueCTBOM U
KoinuuecTBOM TIAV KoHTelHepoB, cBoiicTBOM HCXOAHBEIX TIAV 06bekToB T},
MHOKECTBOM BO3MOKHBIX MYJIbTUMEAUKHBIX cxeM Mj 06paboTtku TIAV 00bekTOB
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CBOMCTBAa KOIMYECTBOM (00BeMOM) oOpabatbiBaeMbix TIAV  00bexkTOoB Njj
yKa3aHHOTO CBOWMCTBa, KOTOpoe TpeOyeTcs oOpabaThiBaTh 3a OIpEACTICHHBIN

TJIAHOBBINA MEPUO: Z; = {(T-, {f‘r‘{r-b lel, L}Nl-j);j =1,],}
st onieHkH 3((GEKTHBHOCTH BBITIOJIHCHUS MYJIBTUMEIUMHOTO 3aTaHus Z;
naaHo TIAV MynbTUMEIMITHONM CHCTEMBI BBEIeM KOA(DPHUITUEHT:
L .
7

T; R
= rf:ﬂ.z- yrae T = mlnzjzzlzg=1ijxNij1, (1)

Ti L
L; = minZZI Tnji-(2)
=1
=1

Munummzaiuss B ¢dopmyne (1) ocymecTBisieTcss MO BCEBO3MOXKHBIM

BapHaHTaM pasoneHus N;; Ha MyJIbTUMEANNHHBIC CXEMBI C COOJIFOICHUEM YCIIOBHS:
L -
i

N; gl = N;
=1
a MUHUMU3AIKS (2)—I10 BCEBO3MOKHBIM BapyUaHTaM YTMOPSI0YCHUSI CBOMCTB T;B

3aJlaHuu Zj. 37ech T BpeMmst 06paboTkn TIAV 00bekTOB cBolicTBa I; 1m0 1-if

j-'

wil

MyanHM@HHﬁHOﬁ CXeMe;, T, i OpraHnu3allMOHHBIC  IIPOCTOM  OCHOBHBIX

TexHosoruii npu oopadorke TIAV 06bekToB cBoiictBa I; 1o |-i1 TexHOMOrMUECKOI
cxeme. O0o3HaumM yepe3 A;y;; AIMTENBHOCTH OPraHU3AMUOHHBIX IPOCTOEB
OCHOBHBIX TEXHOJIOTHM IpU IEpPEeXoAe C 3aJaHus Zj; Ha 3aJaHue zp. lorma
kodhpunreHT >(PGHEeKTUBHOCTH YMOPSAOUYEHHON Taphl 3afaHuil (zj, Zjp) Oyner

paBeH :
Ti1+Tz

n= H = 712 .
Tiy +Tiz +0jy +hip +8i1 52
D¢ DHeKTUBHOCTH TIAV CHUCTEMBI KJiacca K OIHCHIBACTCS
marpuneit H = ||0;1:2|l;x; n1uaronansnsie snemenTs! KOTOPOIA COBNAAAIOT C Ti.

I[Ipy  mocTpoeHMMm  MaremaTMueckux  mojeneil  cioxubix  TIAV-
MYJIbTUMEAUNHBIX CUCTEM M €€ T[OJCUCTEM HadyaJlbHBIM W  HaumOoJee
OTBETCTBEHHBIM ATAarllOM SBJSIETCS BBIOOP CTPYKTYpPbl IMPOCTPAHCTBA, B KOTOPOM
JOJKHA ITPOBOAMUTHCA MTPOLEypa MOJAEIINPOBAHNS aHATIU3UPYEMOTO 0OBEKTA.

Jnist pemienust Tako mpoOJemMbl MpeasaraeTcsl cieayromuil anroput™. Ilycts
uMeeTcss MHOXkecTBO mnapamerpos: G = G{X4,X,,...,X,} cocTosmmx wu3 aByX
O D

1
MOJAMHOXKECTB: (; = Gl{ - xf: j},GIEG 3HAQYEHUsT  KOTOPBIX  JIETKO

1) (2 2
onpenensembel, u G, = G, {xi ],xg ], e 5"5'5: ]}, G,eG, TOe 3HAYCHHS CIIOXKHO

OIPENETUMEL. [pu TOM CIIpaBE JIUBEI COOT-
Homenua G, NG, = 0,6 =G, UG, Uk +s=n. Ecm ynaercd ONpeaeiuTh
3HAUEHHUsI MApaMETPOB MHOXecTBa (5, TO C €ro MOMOIILID MOXHO MOCTPOUTH
CHCTEMY MOJENENH OTHOCUTENLHO TEX IIAPAMETPOB, 3HAYEHMS KOTOPKIX
ONPENIENAIOTCS ¢ OONBIIMMU 3alla3pIBAHUEM U 3aTpaTtaMu. B oneparopHoii hopme
CHCTEMY MOJENel MOXHO npeacraButb B Buge G, = AGy, r1oe A-
(YHKIMOHANBHEIM OIEpPaTop, BHIOMpAEMBI U3 apceHajga MaTeMaTHYECKHX
ypaBHEHMH M METOMIOB, YIOBJIETBOPSIOMINX TPEOOBAHHUSIM CIIELHAINCTOB IPH
pEeLIEHNH KOHKPETHBIX 3a/1a4.
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| Hauamno I

v

[TocTanoBka 3amaun

v

OrnpeneneHue 1enen
pa3paboTKn

AHau3 BBITOHIEMBIX
(byHKIUH

v

Ananmn3 QyHKINOHATEHBIX
Bo3MokHOCTEH TIAV-
MYJIbTUMEAUMHON CUCTEMBI

Her

v

ITocTpoeHue npubIMKEHHBIX
3KOHOMHKO-MAaTEMaTHYCCKUX
MOZeJIEH ONTUMAJIEHOTO
¢byukuuonupoBanus TIAV-

MYJIETUMEAUMHON CUCTEMBI

J

Bri6op o6nexToB TIAV-
MYJIbTUMEIUMHON CHCTEMBI

v

Br16op mapamerpos TIAV-
MYJIbTUMEAUMHON CUCTEMBI

v

YcraHoBieHue
OTpaHUYCHUI Ha OOBEKTHI U
napametpsl TIAV-
MYJIbTUMEIUINHON CUCTEMBI

MaccuB UCXOTHBIX
JTaHHBIX CPOPMYITHPOBAH

\’

dopmupoBaHue BEIOOpA
KauecTBa

)

dopMUpOBaHHE MACCUBA
KpUTEpPUEB

v

Cuntes cTpyKTypsl TIAV-
MYJIbTUMEIUNHON CUCTEMBI

v

Crtpykrypa BbIOpaHa

Ha

Pa3pabotka BapraHTOB
noctpoerus TIAV-
MYJBTUMEIUITHON CUCTEMBI

\

OreHka BapUaHTOB
TIAV- mynbTHMeTUAHON
CHCTEMBI 110 BHIOPAHHBIM

KPUTEPHUAM

v

Br16op onTuMansHOro
BapraHTa

|

ITocTpoeHne yTOUYHEHHBIX
9KOHOMHUYECKO-
MaTeMaTHYECKUX MOJIEIEH
ONTHMAJIBHOTO
¢dyHkionuposanus TIAV-
MYJbTUMEAUNHON CUCTEMBI

Komnernn

Puc.3. Anroput™m BeIOOpa MPEeANOYTUTENBHON CTPYKTYphl TIAV-
MYJIbTUMEIUNHONU CUCTEMBI

Cucrema MO,Z[GJICﬁ 3aKJIaAbIBACTCA B IIaMATH IICPCOHAJIBHOI'O KOMIIBIOTEpA W Ha
KaXXJIOM TaKTC YIIPABJICHHA HCIIOJB3YCTCA OJI1 OLHCHKHM KW IIPOrHo3a 3HAYCHUH
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TPYAHO OmNpeneisieMbix mapamerpoB. Jlns Oomee moapoOHOro  aHanmsa
IOPEIIOKEHHOTO  ajrOpuT™Ma  MIPEANOJIOKHM,  9TO  HMMEETCS  MaTpHIia
OKCIEPUMEHTAIBHBIX JaHHBIX Xy pa3MepHOCTHIO [nxl], CHATHIX 3a MPOMEKYTOK
BPEMEHH [to,t;], amemMenTamMn KOTOpo# Xjj, 1= 171; j=m, ABJISIIOTCS. BXOJHBIE, B
TOM YKCJI€ YIPABJISIOIINE, ¥ BEIXOJHEIE TepeMeHHbIe. IIpy 3TOM j 03HAYaeT HOMED
IIEPEMEHHOM, aj - HOMEP U3MEpPeHHs. MeXAy dTUMU NEPEMEHHBIMHU BBITOIHSACTCS
cootromrenne Y = F(X,U),(3), rne X - 3HaYeHUs INEPEMEHHBIX COCTOSHUS
cpeapl; U - cOCTOSIHHME YOPAaBISIOIIMX MEPEMEHHBIX; Y - BBIXOIHBIC 3HAYCHUS
nepeMeHHbIX cocTossHui; F*- omeparop mnpeoOpa3oBanus. Beemem BekTop
xj‘-ﬂ" = {xl 71 X2 ...,x,ﬂj}, KOTOPBII  ONpenesieT  COBOKYITHOCTh  HM3MEPEHHBIX
3HAYEHUH j-r0 MepeMeHHOro. B 3ToM ciaydae MaTpuiry Xj“ MOYKHO TIPEJACTABUTH B

N —
BHUJI€ COBOKYITHOCTH CTOJIONOB X;', 1,m,

[lo HaOpaHHON CTaTUCTHKE HKCIEPUMEHTAIbHBIX JIaHHBIX JE}D CTPOUTCS
KOppeNsIIMOHHas MaTpulla R ¥ mpou3BoAMTCS aHANU3 CUJIbl KOPPEISLMOHHOM
CBSI3M (CBsI3b MEXKIy MepeMeHHbIMH Tpu 0= R;; = 0.3 st Vi, j = m,i * ],
cnabast, mpu 0.3 =< R;; = 0.7- cpennsist u npu 0.7 = R;; = 1.0- cunbHast), 1m0
pe3ysibTaTaM KOTOpPOTO, CHMYKAETCSl PAa3MEPHOCTh OMMCAHUS MYJBTUMEIUIHOrO
nporecca 10 X2

Takum oOpa3zom, B pe3yiapTaTe YKa3aHHOW MpOLETYypbl BBIIEISAETCS
IIOJAMHOKECTBO xjf“‘c R;=0,7, maTpuna XE:‘ IIPUHUMAET BUJ XE:“ C pa3MEPHOCTHIO
[nxI] (1= 1) u no ananoruu ¢ (3), Y = F; (X, U).

OfHOBpEMEHHO C CHUCTeMaTH3alle CTaTHUCTUKH JKCIEPUMEHTATbHBIX
JaHHBIX C IEJIbI0 TIOBBIIICHHUS] KaueCcTBa OTMEPATUBHOTO YIPABICHUS HAa KaXIOM
TaKTE LUKJIa YIPABJIEHUS OCTABILIASICS COBOKYITHOCTD :lcj’.'"" B X?’Knaccn(bnunpyemﬂ

Ha  MaJIOMHEPLHUOHHbIE  (KaKk  MpaBWiO, OBICTPO  OMpEeIesieMbIe) x}ﬂ”n

CUJIbHOMHCPUOMOHHLBIC X}-Iﬂl'” IMCPEMCHHBIC, JJIA I[&HBHGIZI.HGFO CHMKCHUA

pPa3MEpHOCTH 3aJayd OINHUCAHMUSI COCTOSTHUSL MPOU3BOACTBEHHOrO Ipolecca
yCTaHaBIMBaeTCsl  (OMpeAeNsieTCs)  3aBUCMMOCTh ~ MEXKIY  CWIBHO- U
MaJIOMHEPIIUOHHBIMH MIEPEMEHHBIMU

Arr AN A . —
xj =(pj—s(x1 s Ko e, Xg ), _I=S+1,E.

CI/ICTeMaTI/BaI_II/I?I B JaHHOM CJIydac TIIPpOU3BOJUTCA 110 CJIICAYIOIMICMY

r
anroput™My. [lycts B MaTpune X{';" BEKTOPBI x}’.'“‘; CTpYHIUPOBAHBI TAKUM 00pa3oM,

.
YTO B Haydalie, PacroyIOKEHbI MEPBbIE S BEKTOPOB xjf“”, J=1,s cooTBeTcTBYyIOMINE

MAJIOMHEPIMOHHBIM  [IEPEMEHHLIM, @ 3aT€M - BEKTODEI xj’.'ﬂ‘”, j=s + 1,1,

COOTBETCTBYIOIINE CHILHO MHEPIHUOHHBIM IEPEMEHHBIM B pealbHOM BpeMeHH. B
pe3yIbTaTe MaTpHIa NAHHEIX X4 IPEJICTaBIAeTCA B BHAE ABYX MOAMATPHI—
X2 (manonnepmonnas) u X' (cunpHonHepumonHas). BeeeM MHOXKeCTBO J; =
{j}, cocrosiee 3 HOMEPOB HEYIPABIIEMbIX IIEPEMEHHBIX, U MHOXeCTBO J, = {j},
COCTOsIIIIEE K3 HOMEPOB YIPABIAEMBIX IEPEMEHHBIX. B  COOTBETCTBUH C
M3JI0’KEHHOM BBIIIIE MPOLEAYPOH C MCIONIb30BAaHUEM 3HAUCHHS KOPPEISAIIUOHHOMN

47



MaTpulsl Rj; mpousBoauTca ynopsgodeHHe 3jeMeHTOB MHOxecTBa J1. C sroi
1EeIbI0 UHTEpBA (3g, 4g) HA OCHOBE MYJIbTUMEIUUHBIX COOOpaKEHUN WM 3aKOHA
pacripenenenus (HOpMaJIbHOTO, OeTa-pacipeesicHus: U Jp.) pa3ouBaercs Ha d moa
HHTEPBAIIOB [Ag,d4), [@41,A5), ..., [@z_1,a4). VI3 momMHOKECTBA OepeTCs MEPBHIiA
U3 HUX, HallpUMEp C TMOPSAIKOBHIM HOMEPOM | M BO3MOXKHBIM €0 3HAYCHUEM,
OTIpEJICIICHHBIM) Ha HHTEPBAJIC [, ag].

r
[Ipouenypa ynopsaodyeHus xf B TNOAMHOXECTBE J; 3akirodaerca B

r
IPYNIIUPOBAHUN IO HHTEPBAJIOB M  OINPEHAEHACTCS INPHUHAMICKHOCTHIO x}':“ K

I
COOTBETCTBYIOIIEMY MOAUHTEpBaNy. Bcs e COBOKYMHOCTh x;':" B KaXJIOM U3
YKa3aHHBIX BBINIE TIOJT WHTEPBAJIOB 0OOpa3yeT COOTBETCTBEHHO ITOJMHOYKECTBA
I4,l5,....]14. B cooTrBeTcTBMM ¢ BBIJICICHHBIMH  MHOXKecTBamMu  Iy,l,... 14

OCYHCCTBIIACTCA IICPCCTAHOBKA CTPOK B MAaTpHUIIC XE:I'IB TAaKOM IIOPAAKCE, YTOOKI BCE

r V)
3HA4YE€HUs BEKTOPA x}ﬁ” B IO/l UHTEPBAJeE xj:“ €[a0, al) ctosuiu B Havasie (B BEpXHEH

r
4acTH) MaTpHIIbl, 3aTEM xi:‘ [al, a2) u 1. 1. Takum 0Opa3om, UCXOJIHASI MATPHUIIA
JTAHHBIX xﬁ’ M0 3HAYEHUSIM OJIHOTO U3 DJIEMEHTOB TOJAMHOXECTBa J;
NPEACTABISACTCS. B BHUJE HECKOJBKHMX MOJAMATPHI] CYLIECTBEHHO MEHBIIEH

Pa3MEpPHOCTH.

Jlamee s BCeX CTPOK C TIOPSAKOBBIM HOMepoMm iel, a = Zl,_cf CTPOUTCS
COOTBETCTBYIOIIAsE MOJENb (3) OTHOCUTENBHO HEKOTOPOTO 3apaHee BBIOPaHHOTO
BBIXO/IHOTO TOKa3aTels npouecca. Hanmpumep, mycTh nepeMeHHast ¢ MopsIKOBbIM
HOMEpPOM ( SIBJISIETCS BBIXOAHBIM IIOKa3aTeIeM x;';’. Torna monens (3) mpumer

_,l“ll.l' . _.lﬂl,'r _.l“l,'r _.l“l,'r _.lﬂl,'r _.l“l,'r _.l"l,'r JI.\II."J' _.l“l,-"-r
BU/I Xq, = filxy x5, ..., X s Xgo 1 X g qs s Xs 3 Xgypqs s X )
Mo
s x;, €[ag, ay)
Mo AN N A N A LAY Aar
Xg, = H Xy ,Xy e, X e, X1, Xy s s Xs 5 X5yqy s X70)
i
s x;, €lay,a,)
Mo AN A A N A AT Mar
Xgo = fa(X3 ,X5 o, X ey Xg_ 1, X gy 1s s X5 4 Xy gy s X0 )

s xp €lag_q, ag).

BaxxHpIM  NpeMMyIIECTBOM  HM3JIaraéMoro IMojAxoJa K  OpraHu3aluu
TEXHOJIOTUHA 00pabOTKM MH(POpPMALMU SBISETCA TO, YTO MOJETu BUAA (5) MOTYT
OBITh HCIOJIB30BAHBl KaK ISl TIPOTHO3UPOBAHMS XAPAKTEPUCTUKH BBIXOJHOTO
nokasareyii 00beKTa, TaK W JJIs YOPABICHHUS MMH B OyAylleM, B pEalbHBIX
OPOU3BOACTBEHHBIX ycinoBusX. CyThb TmpeasiaraeMoro ajaropurma BblOOpa
MPEANOYTUTENBHON MOJIEIM TMPOLECCAa C YUYETOM MYJIbTUMEIUWHBIX CHUTYallUi
3aKJIIOYaeTcsl B cienyromeM. Eciau 3HaueHus: nepeMeHHbIX 00BEKTOB ¢ HOMEPOM

—

J, ] = 1,s onpenenensl Ha P-M TakTe ynpaBieHus, TO NpU UX MOACTaHOBKE B (5)
Ka)KJ1as MOJIEJIb C PA3JIMYHOM TOYHOCTBHIO OMPENENSECT BBIXOAHOW IMOKa3areiab. B
JAHHOM CJly4yae MOJCTAaHOBKA 3HAYEHUN 3TUX MEPEMEHHBIX B mojaenu tumna (1)
OCYIIECTBIAETCS C YY4EeTOM MX IPHUHAIEKHOCTH K IOJ MHTepBany [a,_i,a.].
[TorpemHOCT MEXKIYy M3MEPEHHBIM W PACCUUTAHHBIM 1O MOJENIH 3HAYCHUSIMU
BBIXOJTHOTO TIOKA3aTeNsl OMPEIETSETCS CISIYIONUM 00pa3oM:
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4)

N'p _;'”'.-p _;“'..p _;“'..p _;"'..p _;“'..p _;'..p _;“'."p
=Xy, T H( T X T X X v Xo X g e X )

kooreatga1rtger
rie LH: Yela,_y,a,],tnel =r =d.

OpHako  BO3MOXHBI ~ CiIy4aW, KOIJla  BbIOpaHHas  MoOJelnb  C
YAOBJIETBOPUTENBHONM  TOYHOCTBEO HE  aNNpPOKCUMHUPYET  CTATUCTHYECKYIO
3aBUCHMOCTB B YCJIIOBHUSIX PEAIIBHOTO IPOILIECca.

B d4erBeproii 1inaBe «OpraHm3zanMoHHO-QYHKIIMOHAJIbHBIE METOAbI
o0padoTrku mHPopManuoHHBIX pecypcoB B TIAV cucremax» paccMOTpPEHbI
OpraHu3alMOHHO- (YHKIHMOHAJIBHBIE METOJIbI 00pabOTKH HH(OPMaIMOHHBIX
pecypcoB B TIAV- MynbTUMEAUNHBIX CHUCTEMAx, NPEMJIOKEH aJTOPUTM
IIPUOPUTETHON OLIEHKM MapaMeTpOoB M TIOCTPOEHUS MOJENIEH, OmnpeneeHa
ajanranysa MareMarudeckux mognenern  TIAV-mynbTUMEnMiHBIX — cUCTEMaXx,
ocyllecTBiIeHa (opManu3alus 3a7ady MHOTOKPUTEPUAIBbHOM  ONTHMM3ALUH,
PACKpBITBl METOABI MOCTPOEHUS HHPOPMALMOHHOW, (PYHKIMOHAIBHONW MOAENen
TIAV-mynsTuMmenuitnoit cuctembl. CriokHasi aJanTUBHAs CUCTEMa MOXET OBbITh
MPEACTABICHA COBOKYNHOCTBIO JBYX IIOACHCTEM: YIpaBisieMod (0OBEKT
yIOpaBJICHUs]) W YOpaBisiomed (cucreMa YNpaBlieHHs), B3aUMOCBSI3AHHBIX U
0a3upyOIMXCS Ha €IUHBIX OPraHU3allMOHHO- TEXHUYECKUX NPUHIMMNAX U
GyHKIIMOHUPOBaHUS, puc. 4.

Cucrema ymipaBnenusi TIAV 00bekTOB H0KHA OBITH HAJIEeHA CIIETYIOITUMU
CBOMCTBAMU:

UACHTU(UIIMPOBATh TApaMEeTPbl BXOAHBIX BO3JEUCTBHM (moje3Horo X u
Mmemaronero 7Z), o0pa3yronmx KOMIUIeKC ycloBui Y=(X, Z), Ha OCHOBE
WCIIONIb30BAaHUSI ~ alpUOpPHOM M HaKalJlMBaeMoOM B  mpouecce  paboThbl
CTaTUCTHYECKON MHpopManuu Y

UJICHTUPUIMPOBATh COCTOSIHMS  ympaBisieMoro oObekta H, Bkirodas
[ETOCTHOCTh  (DYHKIMOHAIBHOW CTPYKTYphl (cBsizeit) <S,F> cucremsl, u
MIPOU3BOJIUTH KOJIMYECTBEHHYIO OLICHKY (DyHKI[MOHAsa KauecTBa D;

oOnagath BHyTpeHHed wmenbto (kputepuem D), obecneunBaromen
CIIOCOOHOCTH CHCTEMBI K (JOPMUPOBAHUIO 1I€TICHATIPABICHHOM e TEIbHOCTH.

Takum oOpazoMm, cucrema ympaBinenus TIAV —oObekTamu  J0JDKHA
pacrionaraTb  CpEICTBAaMH,  IO3BOJIIIOUIMMH  KOHTPOJUPOBATh  BXOJHbBIC
Bo3aeiictBust X, Z, cocrossuue H, ctpykrypy S u kauectBo @, W JAByMs
AJTOPUTMAaMM CTPYKTYPHOU M ApaMETPUUECKON aJarTaluu.

CucteMHBI TOIXOJl K CHHTE3y aJalNTHBHOTO YIIpaBJICHUSI TpeOyeT, MPexkIe
BCEro, OMMCAHUS CUCTEMBI, OTOOPAKAIOIIETO OMPECICHHYIO TPYIIY €€ CBOMCTB U
3aKOHOMEPHOCTh TOBEACHUS NpHU 33JaHHOM KOMIUIEKce YycnoBui. OnucaHue
CIIOXKHOM CHUCTEMbl JenuTcsi Ha Mopdonoruyeckoe, HWHGOPMAIMOHHOE W
dbyHkioHanpHOe. IleHTpaJbHBIM MOMEHTOM TIOCTPOCHHS MaTeMaTUYECKOM
MOJIEIM  CHUCTEMBbI SIBJIIETCS  HaXOXAeHHWE OO0O0OIIEHHOrO oreparopa ee
(GYHKIMOHUPOBAHUS , YCTAHABIMBAIOIIETO B3AUMOCBS3b MEXY (PyHKIIMOHAIOM D
U XapaKTePUCTUKAMH BXOJHBIX BO3AeUCTBUN X U Z Mpu BRIOPAHHOM YIpaBJICHUU
U, te. @(t)=(X,Z,U,t).ITockonbKy BXOjHBIe BO3jeicTBUS X U Z HOCAT
CIIy4ailHbIM XapakTep, OOBEKT YIpaBICHUS SBJISIETCS CTOXaCTUYECKUM, a ONIEPATOP
12(1t)-BEPOSITHBIM.
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x(), z(t) H(t) @ (1)
OOBbeKT ynpaieHus DyHKIMOHAT
kauecTra ©
Hatunku Jlamauku
va(x,z) s(t) , u(t) o (H) Januuku
- N ALl Cucrema yIIpaBIeHuUs B
1 yIpasiroliee TIAV-cHCTEMBI Zynpasinsoniee 1.':['115]
vernatietro 11D H,'-, ':I:“ vernotictro OD S0

2(w)
Puc.4. O6061meHHas CTpyKTypHO-QyHKIIMOHANbHAsA cxema TIAV-
MYJbTUMEIUIMHON CUCTEMBI

JUist  CTpYKTYpPHO-CJIOKHBIX  CTOXaCTHYECKMX  CHCTEM  XapaKTepHa
HEOJHO3HAYHOCTh PE3YNbTATOB (PYHKIMOHUPOBAHUS B CHUIIY OIPEAEIECHHOTO
TEXHUYECKOT0 HECOBEPIIEHCTBA CaMOM CHCTEMBI, CI0KHOCTH PEIIAEMbIX 3a/ad,
CIIy4ailHOTO XapakTepa KOMIUIEKCa ycCJIOBHM (yHKIMOHUpoBaHus Y=(X, Z).
Benencteue aTtoro mporecc  (pyHKIIMOHUPOBAHUSI CHUCTEMBI  MPEACTABIISIIOT
MOCJIEA0BATEIbHOCTHIO PA3JIMYHBIX COCTOSIHUN cUCTEMBI H, B Ka)A0M U3 KOTOPBIX
CUCTEMa BBITIOJHAET 3a/laHHble (YHKIUU C OMPEIETICHHBIM YpOBHEM KauecTBa O,
3aBUCALIMM OT TEKYyIIEero cocTtosHus cucrtemel. Ilox cocrosamem H Moryr
INOHUMATbCA COCTOSIHUE pabOTOCIOCOOHOCTM W HIPOMYCKHOW CHOCOOHOCTH
pPa3JIMUHBIX DJIEMEHTOB CTPYKTYpbl CHUCTEMBbI, CTEMEHb HX 3arpy3ku W T. II
3aBucumocth @ ot cocrosiHust H mpencrasisier coboi: MaTeMaTUUECKyI0 MOJIETh
KadyecTBa (PYHKIIMOHMPOBAHUS CHUCTEMBI, 3aJaBaeMylo omneparopom 1, T. e.
@(t) = ,(H(t),U(t)). 3akoH u3MeHeHHs BO BpeMeHM Bekropa H(t) sBisiercs
MaTeMaTUYeCKOM MOJENbIO Mpolecca GyHKIUOHUPOBAHUS CUCTEMbI. MHOXKECTBO
BCEBO3MOXHBIX COCTOSIHUM cuctemMbl H o00pasyer (a3zoBoe mTpOCTpaHCTBO
coctosiHui 2(H). dyHKIIMOHATBEHOE ONMKMCAaHNE MOXKET CTPOUTHCS HAa OCHOBE JIMOO
AKCIIEPUMEHTAIBHOTO UCCIIEIOBAHHUS (OLIEHKH) orneparopa CHUCTEMBI
(mpentudukanuss o00BEKTa B Tporecce ero  GyHKIMOHUPOBaHUs), JHOO
MPEABAPUTEIILHOIO MATEMaTUYECKOTO MOJETUPOBAHMUS pPadOThl CHCTEMBI C
UCIIOJIb30BaHUEM €€ MOP(DOIOTUUECKOTO 00pa3a U HHPOPMAITMOHHOTO OMTMCAHUS.

OnHo U3 OCHOBHBIX MPOOJIEM MPUHSTHUS PEUICHUH B MHOTOKPUTEPHAIBHON
3ajade sABIsETCS (OPMUPOBAHME KOMIIPOMHUCCHBIX KPHUTEPHUEB, C KOTOPHIMU
HCKOMBIE penieHus JTOJDKHBI OBITH [TapeTo-onTUManbHBIMH. B
MHOTOKpUTEpPUAIbHON 3aJjau€ ONTHUMM3ALMU peUIeHUuEe XEP, onTHUMallbHO 10
[Tapero, ecnu OHO AOMYCTHMO M HE CYLIECTBYET NIPYTOro peumeHus x' €Py, mid
KOTOPOTO Ie'lr’:-(x") = W, (x),V;eN,j = 1T,N, i xoTs GBI [N OHOTO KPUTEPHSI
BBITNIOJIHAETCS CTPOrO HEPABEHCTBO. 371eCh N - MHOXECTBO WHIEKCOB KPUTEPHEB;
P, — MHOXECTBO TOYEK, OIPEACIAIONIMX JIOMYCTUMYIO O0OJIacTh BEKTOpa
nepeMeHHbIX. MHOXECTBO KpuTepreB j € N MOXKHO MPEJCTABUTh B BUJIE BEKTOP —
Gyrxmun V(x) = {Hr} (x),] = ﬁ}

MHoOrokputepuaabHas ONTUMHU3ALMUSA  CBSI3aHHBIX C PSAOOM TPYIHOCTEH,

IIPUYCM KOHLOCHITYAJIbHOI'O XapaKTCpa, IJIaBHad H3 HHUX - BBI60p IMIpUHIOUIIA
OIITUMAJIBHOCTH.
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B ob6mem ciyuyae 3amada MHOTOKPUTEPUATLHON ONTUMHU3AIMN MOXKET OBITh
chopMylIMpoBaHa CIEIYIOIIMM O00pa3oM: JaHO MHOXECTBO KPUTECPHEB,
MOJJISKAIINX dKCTpeMu3ali. Kak mpaBuiio, 3T0 MHOKECTBO MPEACTABIIACT COO0i
BEKTOp (PYHKIIMOHAIOB (OTAEIbHBIE COCTABJISIOIINE MOTYT ObITh (DYHKIIUSIMHU) U
MOKET ObITH mpexactaBneHo B Bume: W;(x) — extr,j=1,..,N xeP.eR", rne
W;(x) - gacthble kpuTepun >pPekTHBHOCTH; X = (X1,X;, ..., X, )P, € R, R™-n-
MEPHOE EBKIUJOBO MPOCTPAaHCTBO. JlaHO Takke MHOXKECTBO (DYHKIIMOHAIBHBIX
OTpaHWYEHUH, CBSA3BIBAIONINX TIEPEMEHHBIC W TApaMeTPhl CUCTEMBI. DTOT BEKTOP
OTpaHUYCHHUIN MOXKET OBIThH 3aMrcad B OOIIEM BHUJIC:

D = gk(x:]i:ﬂr k:]-_rfr
* L(X)=0, k=1+1m

S
=X/x =x, =x7,x, =0, i=1n,
rae GyHkuun g, (x),k = m omnpeneseHsl Ha PX 1 IpUHUMAIOT AEHCTBUTEIIbHBIC
3HAuEHUs; X; ,X; - COOTBETCTBEHHO HIKHSSA U BEPXHSS IPAHHUIIBI U3MEHEHHS i-TO
napameTpa cucTteMbl. Mosiellb ONTUMAJIBHOTO paclpeeieHus] HPOPMalMOHHBIX
pecypcoB B TIAV-MyIbTUMEIUITHBIX CUCTEMAX CTPOUTCS C TAKOM I1IEJIbIO, UTOOBI
o0ecreuynTh MUHUMAaJIbHOE BpeMsl 3aiepxkku T mepenaBaembix cooOuenuid. [Tpu
ATOM CJENyeT MPEeANnoararh CieIyouee: BCe JMHUU CBSI3U a0COIIOTHO HA/AEKHBI;
BCE JIMHUM CBS3M NOMEXOYCTOWYUBBI; y3JIbl KOMMYTAlMM HUMEIOT OECKOHEUHYIO
namsTh; BpeMsi 00pabOTKM B y31aX KOMMYTAllMM OTCYTCTBYET; JUIMHBI BCEX
COOOILIEHUI HE3aBUCHUMBI M paclpeiesieHbl IO IOKa3aTeJIbHOMY 3aKOHY CO

1 . . »
CpEeIHUM 3HayeHueM — , 0aiT; Tpaduk, nocrynawomuii B TIAV-MynbTumenuiibie
I

CUCTEMBI, COCTOMT M3 COOOIIEHWN, WMEIOIUX OJMHAKOBBIM TPUOPUTET, W
o0pa3yeT IMyacCOHOBCKUM MOTOK CO CPEIHUM 3HAUYCHHEM Yij, COOOIIEeHHIT/C, s
COOOIICHM, BOBHUKAIOIIUX B y3Ji€ 1 U MPEIHA3HAUYECHHBIX Y31y ] Tpaq)I/IK TIAV-
MYTBTUMEIUHHBIX CHCTEMAX OMpPEeNseTcs 1O BHIPAKEHHIO: ¥ = X ieq 2om =17Yij

TAe V;;- TONHBIA BHeWHWH Tpapuk. Kaxmas JMHHS CBSA3H COCTOMT U3

€IMHCTBEHHOTO AYTIJIEKCHOTO KaHaJla CBSI3U C MIPOITYCKHON CITOCOOHOCTHIO, PABHOM

dw , OaiT/c, -TMHUS CBSI3U MEXIY y3aaMu kK U 1; €Cliu JTMHUSA CBS3M MEKIY y31aMu

k u 1l orcyrctByer, To dg=0. [Janee 0003HauuM yepes X{ -J) JIOJIO TIOTOKA ¥ 5,

npoxosaimyo mo jguaud (k,1): 0 = {lf Y1, [Tpr 3THX OrpaHUYEHHUSAX JICTKO

MOXKHO OIPEICIHTh A = ¥ 2iiey 2o =1 Vi Xy, f j, rae Ay, - BeIMUMHA MOTOKA

uHpopMannoHHeix pecypcoB B JmHHEH (K1), cooOmeHwmii/c, 00yciIOBICHHAS
JIOTUCTHKOH ¥ ;.

B nsaroii r1naBe «Peamm3amusa metonoB u  moxaeaeir  TIAV
MYJbTUMEAUIHON CHCTEeMbl B PAa3BUTHH MAJIOr0 OW3Heca W 4YaCTHOIO
NpeANPUHUAMATEIBCTBA» OMHUCAHBI OpraHU3aIMOHHO-(YHKIIMOHATbHAS
CTpykTypa KoHteitHepa TIAV-mynbTUMEIUHHON CUCTEMBI, METOJIbl peau3aluu
TIAV-MynbTUMEIUIHON  CHUCTEMBI B  pa3BUTUM  Majioro OuW3Heca U
MPEANPUHUMATENILCTBA, TEXHOJOTUS MCNOJab30BaHusl TIAV-mynbTUMeIUAHON
CUCTEMBbI B KAYECTBE MHCTPYMEHTA Pa3BUTHS CEPBUCA U TYpPUCTUUYECKOTrO OHU3HECA,
pa3paboTka anropuT™Ma OHJAWH CHCTEeMbl — KOHCTpykTopa Mediacourse Builder,
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Meroabl peanmzauuu  TIAV- MyJIbTUMEOUIAHON CHCTEMBI, TECTUPOBAHHE U
SKOHOMHUYECKUH  pacueT HPGEKTUBHOCTH MPOTPAMMHOTO  KOMIUIEKCAa B
MyJIbTUMEIUMHON cdepe. s oueHKH ypoBHs oOecrieueHus kadectBa (K*)
JMCKPETHO-HETPEPBIBHBIX MPOLIECCOB 00pa0OTKH HMH(POPMAIMOHHBIX PECYPCOB B
TIAV- MynbTUMEIUUHBIX CHCTEMaX MOXKHO BOCIOJB30BAThCS —CIEAYIOUM
ABPUCTUYECKUM BBIPAKEHUEM:
K — by Mi + b, M + by Mg, + by My, i
* . b K" ’
j=1%j
rae K* - obo3nHauaer konudecTBeHHOE BbIpaxkeHue (akropa K; bj-koaddunment
3HaYUMOCTU j-TO (akTopa nns obecrneueHus: kadectBa TIAV koHTeitHepa,
ONpENENsIeMbIi 3KCHEPTHBIM NyTeM. Takum o00pa3oM, ISl OLEHKH YPOBHS
oOecnieueHHOCTH KauecTBa TIAV koHTeiHepa Bce BXOAAIINME B MOJENb (PaKTOpPbI
HEOOXOAMMO TMPEACTABUTh KOJHMYECTBEHHBIM 0OpazoM. IIpumenum onaHy u3
METOAMK, MO3BOJISIIOIIYIO KOJIMYECTBEHHO OLIEHUTh JAaHHBbIE (PAKTOPhI C TOMOUIBIO
CJIEIYIOIIUX COOTBETCTBYIOIIUX MM KO3(DPUIMEHTOB. 3aBUCUMOCTH INOKa3aTess
K* ot nanuuust TIAV-00beKTOB MpeACTABISIETCS B CIEIYIONIEM BUJIE:
K* =b,M; + b, M + b; M, + b, M

an.im:*

VY cTaHOBIEHNE MUHUMAIIBHO JIOMYCTUMBIX 3HAYEHUW NMEPEYUCICHHBIX BBIIIE
(bakTOpoB M UX CcpaBHEHUE ¢ (AKTUUYECKUMHU 3HAYCHUSMU IO3BOJISIET TOBOPUTH O
dakTOpax, MMEIOMIUX 3HAYCHUSI HUKE JOMYCTUMBIX HOPM, Kak O (QakTopax,
ompeneNsonmMx Hauboee y3Kue Mecta B oOecriedeHHOCTH KadectBa TIAV
KOHTEIHEpa U TPeOYIOIUX HE3aMEJIUTEIHLHOTO MPUHSITUS MEp MO YCTPaHECHUIO
BO3HUKIIEH curyauuu. I[lpu sTOM paHHbIE (QaKTOpPhl pacCMaTpPUBAIOTCS Kak
dbakTophl, ompeAestoNnie Hanboyiee MPUOPUTETHBIC HAIMPABIICHUS TOBBIIICHUS
kauectBa TIAV koHTeliHepa B CIOKUBIIEHCS CUTYAIlUH, PUC. O.

E

IKoHOMMYECKAR IDEKTUBHOCTE

Kauecrso

Puc. 5. I'paduk sxonomuueckoit a3pdexkrruBHoctr TIAV- MynbTrMennitHON
CUCTEMBI

[IpoBeneH aHanW3 ympaBlieHWs Ka4eCTBOM MYJIBTHMEIUWHOTO Tpoliecca,
KOTOPBI TOKa3bIBa€T, YTO BCE pEIIaeMble MPH ATOM MPAKTUYCCKUE 3aJadd
ABIIIIOTCSI MHOTOKPUTEPUAIBHBIMY, T.€. JUII BHIOOpA ONTHUMAJIBHOM albTepHATHBBI
MyTeM B3BEIIMBAHUA BCEX JOMYCTHUMBIX albTEPHATHB, OJHOTO KPUTEPHS KauecTBa
JUIA TIONyYeHUs! aJleKBaTHOM OLEHKM MX CpaBHEHHUs HexoctatodHo. [Ipu stom, k
COKaJICHUIO, ISl TPOOJIEeMbl MHOTOKPUTEPUATIHLHOTO CpPaBHEHUS albTEPHATHB
(paKkTU4YECKH OTCYTCTBYIOT 3(PEKTUBHBIE METOBI BBIOOpA.

Brimonnena paspaboTka ¥ 00OCHOBaHHME CUCTEMbI IOKa3aTeNeill KauecTBa
TIAV konteitHepoB. OCHOBHOE BHUMaHUE yHIeJNeHO cucremam kadectBa TIAV
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KOHTEITHEpOB W MPHUKJIAJHOTO MporpamMmHoro obOecneuenus. [lpu pazpaboTke
KPUTEPHEB KauyecTBa MPUHUMAINCh BO BHHMAHHUE MOJOKEHHS MEXIyHAPOIHbIX
CTaHJApPTOB B MYJbTUMEAUWHOM TMIPOIECCE U  YNPaBIEHUH KadeCTBOM
nporpaMMHOro  oOecrieueHHsl.  AHaTU3UpPys  MPAKTHUECKOE  IPUMEHEHHE
MH(QOPMALIMOHHBIX CHUCTEM, HMPUXOAMM K TAaKOMY BBIBOAY, YTO B OOJBIIMHCTBE
cllyyaeB, B cHUCTeMaX, (YHKIMOHUPYIOIIUX B pEeXHUME JIOCTyNa BHEIIHUX
MOJIb30BATENICH, a TakkKe B AaHAJOTHYHBIX CHUCTEMax HAOMIOAeTCsl HeXBaTKa
noTpednsieMbIx UMH pecypcax. Ilpu 3ToM oTka3z B OOCIyXKMBaHMM I JHOOOH
aHAJIOTUYHOW CHCTEMBbI HETIOCPEJICTBEHHO 3aBUCHUT OT 00BbeMa BBIJICJICHHBIX JIJIS €€
KOPPEKTHOTO (YHKIIMOHUPOBAHUS PECYPCOB.

B 3akmrodueHuu — guccepTalM  MOABEACHBI  UTOTU  UCCIEIOBaHMS,
chOpMyIMpPOBaHBl ~ OCHOBHBIE  BBIBOJABI U TPEUIOKEHBI  MPAKTUYECKHUE
PEKOMEHAALINY.

3akJIroueHue

B auccepranuu npu npuMEHEHHH METOJOB CUCTEMHOTO aHajiu3a U CHUHTE3a,
ONTUMHU3ALMHA,  JUCKPETHO-HEMPEPBIBHOTO U MeToAa  JMHEWHOIO
IPOrpaMMHUPOBaHMsI, OOIIEH TEOPUU YIPABJICHUS, TEOPUU BEPOSTHOCTH, TEOPUU
NPUHATUS pelieHus ObUIM TOJIyYEeHBI CIEIYIONIUE pe3ybTaThl MPHU pa3padoTKe
METOJa, MOJIETIEH U aIrOPUTMOB MIPUHATHS PEUICHUNA B JUCKPETHO-HENPEPHIBHBIX
npoueccax TIAV-MynbTUMEIUIHBIX CUCTEMAX:

1. OcymiecTBICHHBIM  aHAIU3  MOPUMEHEHUS]  JTUCKPETHO-HEMPEPHIBHBIX
MpoleccoB  00pabOTKM HMHPOPMALMOHHBIX PECYpCOB B  MYJIbTUMEIUNHBIX
CUCTEMax IMO3BOJSET BBIIBUTH CHEU(UYECKHE OCOOEHHOCTH M ONpPENETUTh
TEHJICHIINU UX Pa3BUTHSI.

2. B pamkax Teopur HEpapXxHUECKOro pacmpeaeneHus WHGHOPMaIMOHHBIX
PECYPCOB BBIICICH KJIacC MYyJIbTUMEIUIHBIX 00bekToB TIAV(text, image, audio,
video) s TOBBIIEHUS TEXHUYECKOTO YPOBHS MYJIbTUMEIUWHOTO TMpOIecca,
ylydiieHusi mporiecca co3mganus TIAV koHTeiHepoB, obecrieueHus ya00HOTO
BOCIIPHUATHSL TIOJB30BATENIIMH, K TOMY K€, OCYIIECTBJICH BBIOOp KpUTEPHEB,
chOpMHUpPOBAaHBI  OCHOBHBIE  TpeOOBaHMS, TMPEAbSBIsIEMbIE K  00paboTKe
WH()OPMAITMOHHBIX PECYPCOB, KOTOPBIE IO3BOJAT OMpPeneiuTh 3(h(HEKTUBHOCTH
WCIIOJIh30BaHUs, CTICIM(PUIECKHE OCOOCHHOCTH, OTPAaHUYCHUS U (DYHKITMOHAIIbHBIE
BO3MOXHOCTH TIAV-MyJnbTHUMEIUIHON CUCTEMBI.

3. IlpemnoxkeHnHas  KoHUeNTyalbHas  Moaenb  [IAV-mynbTuMequitHOM
CHUCTEMBI, C Y4ETOM OTrpaHW4YeHUN Ha (HaKTOpbl B MYJIBTUMEIUUHBIX CHUCTEMAX,
dbopMUpOBaHHE MHOXKECTBA CTPYKTYPHO-KOHCTPYKTHBHBIX BapHaHTOB, aHAJIN3a
AKCIUTyaTaIllAOHHBIX XapaKTEPUCTHK, oOecrieunBaronias OpraHu3aIHIo
MYJIBTUMEIUUHOTO  IIpolecca Ha  HOBOM  METONOJOIMYECKOM  OCHOBE
OPOEKTUPOBAHUSI MO3BOJISIET COKpAIllaTh CPOKM BBOJA HMH(OPMAIMOHHBIX
pecypcoB, MOIy4YaTh ONTHUMAIbHBIE PEHICHUS JJIS MYJIbTUMEIUUHOIO Ipoliecca U
OTIpEIETIATH OOIIeCUCTEMHBIE TPEOOBAHUS.

4. PazpaboranHas MaTeMaThnyecKast MOJIEIb TIAV-mynbTuMe AUIHON
CUCTEMBI, TO3BOJMIMIA CHOPMYIUPOBATh TMpeACTaBiICHUE (YHKIIMOHUPOBAHUS
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MYJIbTUMEIUMHON CHUCTEMBI, B3aUMOCBA3M IApaMETPOB, IPOTHO3UPOBAHUS
NOBEJACHUS  CHUCTEMbI, OTBICKAHUS  ONTUMAJBHBIX  YCIOBUM, pa3pabOTKy
IPOrpaMMHOTO OOECIeYeHHs, KOTOpasi OTBEYAeT CICAYIOIHUM TPEOOBaHUSM,
aJIeKBaTHOCTh, MH(GOPMATUBHOCTh HCCIEAYEMOr0 OOBEKTa MPOEKTHUPOBAHUS C
3alaHHOM TOYHOCTBIO, HEOOXOJMMOW [l TMPOEKTUPOBAHUS U  YIpPaBICHUS,
OTPaXEHUSI CBSI3U pEAIbHbIX (U3NYECKUX YIPABISIONIMX BO3JACUCTBUI C
napaMeTpaMl MOZENW: MHUHUMAIBHOE BpEMs ISl pPealu3allii U HAauMEHbIINN
00bEM ONEPATUBHON MaMSITH KOMIIBIOTEPA.

5. IlpoBenenHoe uccienoBaHUE, BBIIBUIIO, YTO MPOTPAaMMHOTO OOecreueHue
TIAV-MynbTUMETUITHONW CHUCTEMBI MO3BOJSET OOCIYKUTh MOTOK MOJB30BaTENCH,
MPUXOAIIUX C UHTEHCUBHOCTBIO A (Yel/MUH) 3a cpefHee Bpemsi 00CIy>KMBaHUS
0oJIHOTO ToJib30Batelsa KaxasiM TIAV konteitnepom 0,05 (mun). Cuctema MOXeT
00cykuTh (BO BpeMsi oOpa3oBaHus odepeeil) He 0osee 14 nmonp3oBaTenei.

6. IlpoBeneHHbII BHIOOP BBIYUCIUTEIBHOIO METOJA JJISl OLEHKU IapaMeTpoB
OpeI0KEHHON MaTeMaTHYeCKOW MOJENHN Jisi 0OOCHOBAHUSI CUCTEMHOTO MOJIX0/1a
K CHHTE3y aJanTUBHOro ympabiieHHs TIAV-MylnbTUMEIUWHONW CHUCTEMBI,
CHOCOOCTBYIOUIMII  ONEPAaTUBHOMY MPUHATUIO ONTUMAIbHBIX PELIEHUH 10
YIPABJICHUIO MYJIbTUMEIUNHBIM IIPOLECCOM.

7. Paspabotannpiii anroput™ TIAV-MynbTUMEIUIHONW CHUCTEMBI [O3BOJIUII
CIIPOCKTUPOBATH CUCTEMY, COZEPIKALLYIO ONTUMAJIBHOE KOJINYECTBO
MYJIbTUMEAUNHBIX OOBEKTOB, MO CBEPTKE KPUTEPHUEB, OTBEYAIOIIMX CBOMCTBAM
Kporosa. OntumansHoe konumdyectBO TIAV KOHTEMHEPOB B MYJIBTUMENUWHON
CUCTEME COCTaBJISIET 5-7 Ha OJHOTO IMOJIb30BATENsl, IJsi TOTO, YTOOBI CpeaHee
BpeMsi MpeObIBaHUS MOJIb30BATENEH B MYJIBTUMEIUMHON CHCTEME HE MPEBBILIAIO
3aIJaHHOTO ONTHMAJIbHOTO BpPEMEHM Ha »Kcruryataunu TIAV KOHTEMHEpOB, T.e.
9TOOBl  BBINOJHSIOCH  YCIOBHE  Loper = l;a1, @ TaKKE€  BEPOSATHOCTHBIC

XapaKTEPUCTUKU  OOCITYy)KMBaHUS  TOJb30BaTeNe  TPH  ONPEIACICHHOM
ontuManbHOM KosinuectBe TIAV KOHTEWHEPOB, T.€. BEPOSTHOCTh OTKa3a
npubnuxaercs g0 0,03 c.; oTHocuTenbHas U aOCOJIIOTHAsI TMPOIMYCKHBIE
cnocooHoct A0 4 TIAV KoHTEiiHEpOB/MHUH; CpeAHEe YHCIIO MOJb30BaTENeH
CTOSIIMX B ouepenu 2-3 4denmoBeka; cpenHee yucio 3aHAThiIX TIAV koHTelHEpoB
JIOCTUTAET 5-6; cpenHee BpeMs MpeObIBaHMS IMO0JIb30BaTENe B MYJIbTUMEIUMHON
cucreme cocrasiser oT 30-105 muH.

8. IlpoBenennas ONBITHO-IIPOMBIIIIJIEHHAS JKCILTyaTalus TIAV-
MYJIbTUMEIUMHON CHCTEMBI, TO3BOJIMJIA TOJIYYUTh YJYUIICHHBIE PE3yJIbTaThl,
KOTOpbIE OBUTM CpaBHEHBI C CYIIECTBYIONIMMHU aHAJOTaMH; B PE3yJIbTaTe
MPOMBINUICHHOW 3KCIUTyaTalldd TMPOrPAMMHO-aITOPUTMUYECKOTO  KOMIUIEKCa
npemioxkenHon TIAV — MynbTUMEIMIHON CHUCTEMBI 32 CUET aBTOMATH3alUH
coopa, 0OpabOTKM ¥ HAKOIUICHUS MYJbTUMEIUWHONW WHGPOPMAINH, YIaJIO0Ch
MOBBICUTH YPOBEHBb BOCHPUATHS MYJbTUMEIUNHBIX TAHHBIX; MMOJTHOE BOCIPUSTHE
MH(GOPMALIMOHHBIX pecypcoB Bo3pociao oT 89% no 98% mno oTHOWEHHIO ¢
CYIIECTBYIOIMMH aHAJOTaMU, BpeMsi OOpabOTKH EIUHUIIEI MYIbTUMEIUIHBIX
naHHbIX cokpaTuiock ¢ 0,05 1o 0,033 muH, unu B 1,2 pasa.
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Introduction (summary of the doctoral dissertation)

The topicality and significance of the subject of dissertation. The world's
turnover for the development and dissemination of multimedia tools for the year
1994 amounted to 16 billion. USA dollars, by 2014 this figure had risen to 100
billion. USA dollars. As a result of multemedinyh storage technologies,
processing, treatment and representation of discrete-continuous data in 2012 were
83%. A feature of modern multimedia systems are discrete-continuous nature of
their operation, above all, it is that the multimedia systems, which are used in
various fields, made up of the individual subsystems. Their status change both
continuously and discretely at certain points.

Acceleration of the dynamics of processes in all spheres of human activity,
the increasing complexity of industrial production, social, economic and political
life naturally led, on the one hand, a rapid increase in demand for information
knowledge. However, this process has created the urgent need to create new tools,
technologies based on special methods, models, algorithms and software package
that allows to organize, send, receive, process, information flows, creating a user-
friendly interface to access to information resources, and thereby providing users
with a complete, accurate and easy to read information resources. Thus, the
construction of mathematical and information models, efficient algorithms based
on them developed problem-oriented software systems for the design of control
systems for discrete-continuous processes in processing of information resources
TIAV- multimedia systems is the actuality of the task.

Multimedia systems are a necessary component of the process of using
information resources of society, and the pace of their development is largely
determined by the rate of accumulation of professional knowledge. A large number
of audio-visual information has become available in digital form, in the form of
digital files, on the Internet, a broadcast stream, as well as in the form of private or
professional databases. The value of information is often dependent because, as it
Is easy to find, extract, filter, and manage.

Multimedia information plays an important role in society, being recorded on
the medium, or acting in real time from the audio or visual sensors in analog or
digital form. While audiovisual information originally intended for people who are
now increasingly such data are generated and transmitted and perceived computer
systems. The development of information and communication technologies,
increasing the information resources of society, and the pace of their development
Is largely determined by the rate of accumulation, processing of information
resources.

The Decree of the President of the Republic of Uzbekistan "On measures to
further the implementation and development of modern information and
communication technologies" on March 21, 2012, Ne PR-1730 identified the
priorities in the development and implementation of modern systems of
computerization and information-communication technologies. The Decree of the
President of the Republic of Uzbekistan "On the organization of the media center
of the National Television and Radio Company of Uzbekistan™ from 24.02.2011,
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Ne PR-1488 and in the Resolution of the President of the Republic of Uzbekistan
"On the organization of information and library provision of population of the
Republic” from 20.06.2006, the attention is paid to the development of multimedia
technologies and systems.

All processes in multimedia systems are discrete-continuous; as a result, there
Is a need to develop models of efficient algorithms, software system and such
automated multimedia systems, which would include online design engineers
TIAV containers, based on the usage class objects of TIAV. Analysis of problems
and challenges of designing multimedia system shows the presence of difficulties
in the development of information, functional, dynamic models, efficient
algorithms and implementation of the organizational structure of software TIAV-
entertainment system.

Research conformity to the directions of sciences development and
technologies of the Republic. Thesis is made in accordance with the priority
directions of science and technology ASP-5 - "The development of information
technologies, telecommunication networks, hardware and software, methods, and
intelligent control systems and training aimed to increase the level of
informatization of society".

Review of international scientific researches related to the subject of
dissertation. Multimedia technologies are rapidly developing area of information
technology. Research to develop methods for modeling discrete-continuous
processing of information resources multimedia systems are intensively conducted
In many countries in this region to improve these technologies actively working a
significant number of large and medium-sized companies, technical universities
and multimedia studios, notably IBM, APPLE, MOTOROLLA, INTEL companies
(USA), LLP corp. (UK), Multimedia Technologies company (Russia),
Kaleidescape corp. (Germany), JAGUAR LAND ROVER corp. (Austria),
AVerMedia, Dynavin corp. (China), Jetbalance corp.(India), PHONAK company
(France), SGS company (Turkey), QNX company (Israel), ASCREEN company
(Canada), HYUNDAI, SAMSUNG companies (South Korea), PHILIPS company
(Netherlands), SONY company (Japan), the Centre for the development of
software products and hardware-software complexes at TUIT (Uzbekistan) and
others.

Significant changes to the architecture of multimedia systems, the dominant
processes of integration and hybridization due to the emergence of an integrated,
hybrid, web-based multimedia systems (IBM, APPLE, MOTOROLLA, INTEL,
JAGUAR LAND ROVER, PHONAK, HYUNDAI, SAMSUNG). It struck
problems in the methodology and technology to create new architectures of
multimedia systems - integrated classes TIAV containers Multimedia Technologies
company, Russia, AVerMedia, Dynavin corp., China; developed technologies and
mechanisms, appropriate TIAV discrete-continuous process of information
processing resrursov (Jetbalance (India).

Among the fundamental problems that have accumulated for multimedia
systems as a whole, include: the gap methodology and software development
technology of modern object-oriented paradigm of analysis, design and application
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development in the field of multimedia systems, technology of distributed multi-
application; lack of tools that support the full life cycle development of multimedia
systems. Implementation of existing software applications multimedia systems
with specific languages (primarily object-oriented), is used only in the area of
multimedia systems, multimedia systems made it difficult to transfer to other
platforms and integrate with various systems.

Level of the study the problem. In accordance with the analysis, identified
the need to find effective methods for solving practically important tasks in single
software system architecture, has obvious advantages in the processing of
information resources on the basis of logical-linguistic interaction, simulation,
mathematical, information, conceptual and other models. However, despite for
some successes, problem of research and development of models, methods,
technologies for a new class TIAV- multimedia systems is still poorly understood,
and unresolved, both in the formulation and on scientifically based methods of
solution.

The study issues related to the design of multimedia systems were considered
in such scholars’ works as DIy M.I., Alla H., Fisher M.L., Toddle L., Hill P., Johns
J., Hochbaum D.S., Royse Y., Meyer G., Bracer T., Boyed B., Foam H., Fouler
M., Gushina A.N., Horoshilova A.V., Seletkova S.N., Verevchenko A.P.,
Emelyanov H.Z., Patryka T.N., Popov LR., Kruglov V.V., Alyanov I.N.,
Emelyanov V.V., Lebedev V.M., Dobrovolsky S.M., Nikolayev A.B., Glushkov
V.M., lIvannikova V.P., Orlov S.A., Beck K., Lipaeva V.V., Ershov A.P.,
Emelyanov S.V., Zinchenko V.P., Medvedev V.l., Leonova A.B., Card SK,
Newell A., Raskin D.L., Breastplate D.S., Anderson D.M., Asimov M.M.,
Gasparskiy V.S., Ginetsinskii V.I., Dietrich Ya.T., Rozin V.M., Altshuller G.S.,
Bush G.Y., Engelmeyera P.K., Yakovleva N.O., Fazilov Sh.Kh., Rakhmatullaev
M.A., Musaev M.M. and etc.

Separate attempts to solve the above mentioned problems were held both in
our country and abroad. However, most research and development covers only part
of them, and they can’t claim to be a particular methodology of effective methods,
models of control systems for discrete-continuous processes in processing of
information resources TIAV- multimedia system.

Connection of dissertational research with the plans of scientific-research
works of universities is reflected in the following projects: the project application
number A5-025: "Application of the logistics management system online
marketing research in the modernization of the economy" (2012-2014.); NeA5-026
applied projects "Development of models, algorithms and software package of
media education system mediaedu.uz» (2015-2017 yy.); A5-065 "Development of
software modules ordering and determine the effectiveness of the integrated power
indicators of scientific capacity of higher education institutions” (2015-2017 yy.);
And the number of innovative projects, Ne-1-2012-26: "The creation of modern
systematic software for accounting and financial accounting of commercial and
state-owned enterprises” (2012-2014 yy.); Ne 1-2014-4-7: "Creating a platform of
virtual demonstration site designs and technology developments in the 3 D format"
(2014-2016 yy.); business agreement number F-554-15 "Development of methods
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and models of management of data flows TIAV - discrete-continuous processes of
perception™ (2015-2016 yy.).

Purpose of research development of methods, models and algorithms for
discrete-continuous processing of information resources in TIAV-multimedia
systems.

Tasks of research is:

to analyze the use of discrete-continuous processing of information resources
in multimedia systems, identify their specific characteristics and determine the
trends of development;

in the framework of a hierarchical distribution to determine the principles of
structuring information resources in multimedia systems and parameters of their
classification;

to develop a conceptual model TIAV-multimedia system, taking into account
the restrictions on the factors in multimedia systems, forming a plurality of
structural and design options, analyze performance;

develop a mathematical model TIAV-multimedia system for finding the
generalized operator of its operation, establishing a functional relationship between
the quality of the multimedia features of the process and random input actions;

based on the proposed mathematical model to develop software TIAV-
multimedia system, and by building a simulation model in the form of a
computational experiment to conduct a study for the correctness and accuracy;

conduct selection of a calculation method to estimate the parameters of the
proposed mathematical model to support a systematic approach to the synthesis of
adaptive control TIAV-entertainment system;

develop an algorithm TIAV-entertainment system to select the optimal
number of multimedia objects, convolution of criteria corresponding properties of
Pareto optimality for TIAV containers;

conduct trial operation to identify the characteristics TIAV-multimedia
system and compare the results with existing analogues.

Objectives of the research is a discrete-continuous processing of information
resources TIAV-multimedia systems.

Subject of the research- methods, models, algorithms and software systems
discrete-continuous process of information processing in TIAV-multimedia
systems.

Methods of the research. In the process of study the following methods are
used system analysis and synthesis, simulation, optimization, discrete-continuous
method, the general theory of management, probability theory, decision theory,
linear programming techniques.

Scientific novelty of dissertational research consists in the following:

conceptual model TIAV-multimedia system, with multiple defined constraints
on its elements (factors) used for the design of the output performance of the media
process, which will reduce the time input of information resources, make informed
optimal solutions for multimedia process and identify system-wide requirements;

developed a mathematical model TIAV-multimedia system, using regression
equations describing the dynamic processes of forecasting targets based on input
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factors and linear differential equations determining the dynamics of the stochastic
process of multimedia;

a mathematical model developed computational models, proven range of
restrictions, allowing to obtain sustainable solutions;

developed a discrete-continuous model with the properties of focus, of course,
simplicity, adequacy, informativeness, stability, integrity, adaptability,
manageability, which is determined by the convolution of optimality criteria,
which is a convenient way to describe and study a variety of complex systems,
processes, based on an integrated approach processing information resources,
allowing the description of audio-visual data within the multimedia environment.

The model proves its superiority in the management, systematization of
information resources and the application of preferential treatment the flow of
Incoming user requests;

in the framework of a hierarchical distribution of information resources, the
class of multimedia objects TIAV (text, image, audio, video) in order to improve
the technical level of the media process, improve the process of creating TIAV
containers provide a convenient user experience, moreover, carried out selection
criteria formed the main requirements for the handling of information resources
that will determine the effectiveness of the use of specific features, limitations and
capabilities TIAV-entertainment system;

based on the proposed mathematical model developed software TIAV-
multimedia system, including the online system - Designer TIAV containers,
allowing the organization of multimedia process by creating and broadcasting
TIAV containers, providing a friendly interface for non-trained users with
information resources TIAV-entertainment system.

Practical results of the research are consist in the following:

developed the theory and applied methods, models, algorithms, problem-
oriented program complex processing of information resources TIAV-multimedia
system, in particular the online system - Designer TIAV containers, combining
text, sound, graphics, pictures, video in a digital representation;

through TIAV-multimedia system to provide access to information retrieval
(fast and efficient search for different types of multimedia documents of interest to
the user) and filtering streams descriptions of audiovisual material (to get only
those elements of the media data to satisfy user preferences), demonstrated a lot of
information media - channels with a specific form, level and purpose: binary,
contacts, text, graphics (drawing files, photos) audio streams (audio files, rows of
digital sound, musical sets of audio data), video streams;

realized TIAV-multimedia system, in order to increase the capacity of the
containers TIAV their study, by attracting users to the active use of multimedia
technology.

as a result of industrial exploitation of software and algorithmic complex
proposed TIAV- multimedia system automate the collection, processing and
storage of multimedia information, it was possible to raise the level of perception
of multimedia data, the total perception of information resources has reached 98%,
the processing unit of media decreased from 0.05 to 0.033 m or 1.2 times.
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Reliability of obtained results based on the fact that the mathematical study
of the proposed models, the comparative analysis of the formulas and calculations
with real experimental data, based on generally accepted and proposed criteria. In
order to assess the results of studies on the effectiveness of their consistency tested
the software using the latest hardware and software for processing text, sound,
Images, videos, information and representation in digital form. A comparative
analysis of the effectiveness TIAV- multimedia systems for the complexity of the
criteria, availability, cost of sales and the likelihood of distortion of information for
a wide class of algorithms, control of reliability of information resources of
multimedia systems.

Science and practical value of results of the research. The theoretical
significance of the results of the study is that the methods, models, algorithms and
software developed on the basis of the use of methodologies, technologies, current
version of software tools TIAV-multimedia system experimentally tested,
developed and implemented in the real world. The theoretical propositions,
models, methods, methodology of discrete-continuous processing of information
resources TIAV-multimedia systems can reduce the complexity and significantly
reduce the time of design and implementation TIAV-multimedia systems, for such
an important and demanding tasks as diagnosis of technical objects, systems,
management of complex organizational, manufacturing facilities and processes,
monitoring and other marketing.

Practical value result work and the accumulated experience in the
development of static and dynamic TIAV-multimedia systems not only
significantly reduce the available gap between global and domestic levels in
solving the problems of a theoretical importance and complexity, but also provide
a methodological framework for the training of qualified personnel in leading
technical universities of Uzbekistan. Use TIAV-multimedia systems provides ease
of perception person as the human perception of different information than a
computer. The program complex multimedia system based on networking,
supports developed methodology, which is a modern tool that includes a set of
interconnected means of automation of discrete-continuous processing of different
types of information in TIAV- multimedia systems, at all stages of the life cycle.

Realization of the research results. The main scientific and practical results
implemented in enterprises of the Ministry of Development of Information
Technologies and Communications of the Republic of Uzbekistan, such as Ltd
«ELECTRORENTGEN» (Ne 17-8, on 11.17.2014 y.); «Creative people» (Ne 51
from 03.08.2014 y.); «Inform Pochtay» (Ne 12 from 03.04.2014 y.); «BTL» (Ne 6
(83), from 02.23.2014 y.); «Yuksak Parvoz Qurilish» (Ne63-8, on 10.11.2014 y.);
«Energo systems plus» (Ne3 (42), on 06.09.2014 y.) as a result of industrial
exploitation of software and algorithmic complex proposed TIAV - multimedia
system automate the collection, processing and storage of multimedia information,
it was possible to raise the level of perception of multimedia data; full perception
of information resources has reached 98%, the processing unit of media decreased
from 0.05 to 0.033 m, or 1.2 times the annual economic efficiency was 152.7 min.
UZS., which is achieved by optimizing the processing and discrete-continuous
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information resources and presenting them in digital form. (FAQ Ne02-8/6225 of
16 November 2015 y., the Ministry of Development of Information Technologies
and Communications of the Republic of Uzbekistan).

Approbation of the work. The study tested in 36 scientific conferences,
including 25 international symposia, congresses and seminars, in particular,
international: «McLuhan, International conference for the hundred the anniversary
of marshal McLuhan's birth» (Budapest, 2011); «Data- Driven Process Discovery
and Analysis SIMPDA 2011» (Italy, 2011); «New information technologies in
education for all: Learning environment» (Kiev, 2011-2013); «The Queen
Elisabeth II Conference Centre, Going Global International education conference»
(London, 2012); «Proceedings in Advanced Research in Scientific Areas» (Slovak
Republic, 2012); «Virtual Conference Human and Social science at the Common
Conference» (Slovak Republic, 2013); "New Information Technologies in
Education for All: continuing education” (Kiev, 2011-2013); «Informative and
communicative space and person» (Prague, 2014); "International scientific-
practical conference” Innovations in information technology and education
"(Moscow, 2012-2013); "The problems of natural sciences and mathematics
education in vocational studies, personality-oriented” (Russia, Solikamsk, 2011-
2014); «International conference Application of information and communication
technologies» (Baku, Azerbaijan, 2011-2014).

Publication of the results. On the subject of the dissertation 82 scientific
works were published, including 9 in international journals.

Structure and volume of dissertation. The thesis consists of an introduction,
five chapters, conclusion, bibliography, 4 applications and contains 197 text pages,
includes 34 figures and 19 tables.

MAIN CONTENTS OF DISSERTATION

In introduction the urgency and relevance of the dissertation topic,
formulated the goal and objectives, identified the object and subject of study, to
determine the appropriate research priority areas of Science and Technology of the
Republic of Uzbekistan, presented scientific novelty and the practical results of
the study proved the reliability of the results obtained, revealed theoretical and
practical importance the results obtained, the list of implementing the findings of
the study, information on published works and structure of the thesis.

In the first chapter «The analysis of the current state of information
processing in multimedia systems» of the thesis analyzes the current state of
information processing in multimedia systems, revealing the features of the
construction of discrete - continuous multimedia systems, classification, described
the formation of discrete-continuous data, the methods of processing of
information resources in multimedia systems, consider the trend of development of
processing methods of information resources multimedia systems.

It was revealed that feature advanced multimedia systems are discrete-
continuous nature of their operation. First of all, it is that the flexible
manufacturing system, which are used as culture, education and other areas consist
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of separate subsystems. Their status change both continuously and discretely at
certain points.

It determined that discrete continuous representation is reduced to a
continuous process that x (t) is replaced by a collection of analog samples, which
are formed at regular intervals. Discretely quantized representation differs from the
discrete-continuous in that the sample formed digitally.

When generalized discrete representation of coordinates messages are a
number of factors, it reduces the number of coordinates, i.e., the sample size. As
the origin of the function can be used Chebyshev polynomials, Legendre, Walsh
and etc.

When discrete-continuous method of processing information resources in
multimedia systems using regular samples for small interpolation error is necessary
to choose a greater frequency of the survey. Thus between adjacent samples appear
strong correlation that reduces the bandwidth of the transmission channel
information.

To reduce redundancy two ways are used:

Abandon use as coordinate regular samples. This increases efficiency by
changing the representation of the signal sample rate.

Use generalized discrete representations that reduce the number of origin,
provided that the correlation between the individual signal samples in the interval
representationk;; = 0. When generalized discrete representations in the analysis of

the behavior of Y® the interval representation T/ message s
generated: V0 = U, U, U where U, - coordinates generated by
analyzing the signal U(t) in the interval representation 77. To do this, the entire

range of observation is divided into intervals T, representation T, T?,..etc.
Ty = ;’;’;lT{ﬂ.As a result of analysis of the function U(t) over the interval T7..

after this interval a message is formed VU, which is transmitted in the j+1
interval representation. Normally, the presentation interval is selected to
be:T = (5 + 6)Trop maxr WNEIE Trppmay - the maximum amount of correlation
with the K, (Trop max) = 0.05 0.2,

Coordinates [ UY) obtained as the coefficients of the expansion of the signal
U(t)in a functional series of basis functions v, (t).U(t) = X, U,y,(t). On the
receiving side of the transmitted coordinates U, restored primary signal

U® =¥ _U,y,(t), and coordinates UE:' on the transmission side is defined as

the coefficients of a function series:UEf:' = fT,:J}au(t]U(tjdt, where a,(t) - the

weight function in a certain way connected with v, (t).

It follows from this relation U, coordinate can be represented as a filtered
signal U(t) with the impulse response of the filter: g4, (t) = a, (T — t).

Choosing the best representation of the generalized reduced to the solution of
two problems: selection of the optimal basis v, (t); determination of the number
coordinates U, providing a given accuracy of function restoration.
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Optimal bases, minimizing the number of

Surrounding ) v
components for a given precision recovery,

,:;Jt related to the probabilistic characteristics of the
Information primary signal. Bases are selected in the class

of orthogonal functions:

Jy:(©)y;(D)dt = {é:i :j} Evaluation of the

Internal organization storage effectiveness of the process stream multimedia

Drafting files se¢ "

file maintenanc NO system is carried out using only the classic

data conversion indicators are not fully reflect the interaction of
Processing of basic data flow processes.

In the second chapter «The principles of

Output discrete-continuous processing (_)f

Information information resources» of the thesis the basic

principles of discrete-continuous processing of

N4

information resources, describes the technology
of processing streams of information resources
of multimedia systems, describes the process of
formation of the criteria and requirements of
information processing resources, multimedia
Resolution systems, the basic parameters are classified
TIAV- multimedia system. It was determined
that in multimedia systems the following types
of information flows: depending on the type of
linking flow systems: the horizontal and
vertical; depending on the place of passage: external, internal; depending o n the
direction in relation to the multimedia system: input and output; depending on the
type of information carrier recovered paper, electronic, mixed; depending on the
density: horizontal, vertical; depending on the frequency: regular, random, random.
The information flow is as follows: the source of; the direction of flow; speed
transmission and reception; flow rate, and others.

The analysis shows that the organization of the processing of the information
flow involves: providing multimedia processes necessary technical means;
distribution between the subsystems, modules and individual performers of tasks
for the preparation and transmission of information on the place of its origin to the
user. The principle of the multimedia system shows in fig. 1.

TIAV- multimedia system can be seen as a global information system area
network. In developing the conceptual model TIAV-multimedia system must take
into account all aspects of the system need. The development, design process, the
definition of basic information flows, initialize the input and output of the system,
the algorithms change, the processing units, and database storage, as well as ways
of presenting information for each stage of the initialization by the system is based
on the application of the model work discretely-continuous processing of
information resources TIAV- multimedia system.

Yes

Decision-
Making

Fig.1. The principle of constructing
TIAV- multimedia system.
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Selected components are presented in the form of a complex that will provide
the functionality of multiple set of services for the physically distributed users.

Each level, which are used in TIAV-entertainment system to the unique
requirements of design software and the quality of customer service that allows
you to create a model of multi criteria indicators, resulting in a model of discrete-
continuous processing of information resources in TIAV-multimedia system, fig.
2, where @ = (aq,a,, ..., @, )- vector one priority over the other criteria: to
summarize the elements of each row and each normalized by dividing the sum of
the sum of all components; the sum of the results obtained will be equal to one.
The first element of the resulting vector will be a priority of the first object, the

second - the second object, etc.; Rj(gi, g;j, e g;;) effective solutions R;- objects

multiobjective tasks for which each criterion is satisfied limitation gf = F, tne

i=1,2, ..., I, F; - the maximum permissible values of selected consumer quality
criteria; a; = (ai,a;3,...,a;)-United indicator - developed quality multimedia
course. This modification will be a compromise approach that allows to obtain
acceptable results for accuracy at a low cost of time; 6 = 6,,6,, ...,6,,8, - for
each criterion selected intermediate values among the examined quality criteria,
resulting in a vector indicating the desired optimum (&), which is brought to a
maximum value 8™ = "%, @, .., 8%, @4 - for each criterion selected
maximum value among the quality criteria discussed, resulting in a vector
representing the desired optimum (8™%%).

— 5 Discretesystemthe controls are continuoos
processes processing of information rescurcss 4

¥n)

~ —

W

)
ﬂl'

(exy, ey, ...,
(e}, @, np
R (g} 9%
8,

@
@

"

¥ = (¥4, ¥y X0 (YL ¥j), ...

MULTIMEDIA PROCESS

&

Fig.2. The model works discretely-continuous processing of information
resources in TIAV- multimedia system

As a general model multimedia system proposes the following specification
of abstract discrete model
x(k+1) = f(k,x(k),u(k)), k€K ={kyky+1,.. .k} ueUk,x)
where k- step number, not necessarily the physical time, x,u- the variables of an
arbitrary nature (text, image, audio, video) for different k, U(k, x)- specified for
each k and x subset.

Suppose that for some subset K'C K, ky,kz € K',u = (u%, m®),u®- discrete

control, m® = (T, x°(t),u°(t))- some continuous controlled process. We describe

o= op= o7~ . ar=bre
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the process of the system of differential equations:
= ':;—f = f(z,t,x%u),t €T(z),x° € X°(z, t)CR™™®) y© e
Uc(z,t,x)CRP™) z = (k,x,u?)
The operator right side of f(k, x(k),u(k)), has the form:
flk,x,u) = 0(z,y°(2)),y° = (t,xf, tr,X§) € M(2).
The optimal solution for the multimedia system will be defined as a
m= (x(k],u[k]) €D, whereinwhenk € K':

u(k):(ud(k),mﬂ(k)),mﬂ(kjEaﬂ(t,x(k),ud(kj), it called discrete-

continuous process. Analogues general sufficient optimality conditions Krotov and
their concretization in the form of Bellman, which is used in the derivation of
algorithms improve. introduced functionality @(k,x) and parametric family of
functions

x'c

@°(2): R"**D — R,z = (t,x(1),u’ (D).
We construct a generalized Lagrangian

L= G(x(kr)) + Zxnerner (100) — R(k,x (), u(K)) ) + B (ulk) — G°(2(K) ) +
[y (e (200)) — Re (2(K), , x5 (D), ue (1)) do),
and a number of structures with sufficient conditions of optimality of Krotov:
G(x) =F(x)+ o(K,x(K)) — o(k;, x(k)) — ZE* (o),

R(k,x,u) = qp(k +1,f(k, x,u, ]) — @(k,x),
G(z,7°) = —o(k+ 1,8(z,v%)) + ¢k, x(k)) + ¢ (2, tz, x5) — (2. t;, x°(t,)) —
Jry ¥ @Dt
Re(z,t,x°,u") = @Stfe(z, t,x%,u") + @i (z,t,x°),

. {sup{R (k, x,u): xeX(k),uel(k,x)}, keK\K'

KU =1 _in r1° (2): xeX (), ud el (i, )}, keK\K',
1e(z,t) = sup{R°(z,t,x°,u°): x°eX(z,t),u°el(z,t, x°)},

1°(z) = inf{G°(z,y°):(y*)eM(z), x“€X" (2, tr)}

Sufficient optimality conditions in terms minimals m.eD or minimizing
sequence {m,}CD represent the minimum condition L without discrete chains and
differential constraints for some special way of specifying functions ¢, ¢°.

In the third chapter «Methods for the simulation of information resources
TIAV multimedia system» of the thesis the algorithm for choosing the preferred
structure TIAV-multimedia system is described, formalization of objectives and
principles of modeling TIAV- multimedia system is identified, an algorithm for
estimating the parameters of a priority and modeling, statistical tests investigated a
method to modeling the multimedia system. In the first phase of the experiment the
construction of a conceptual model of a multimedia object (process) its
formalization - formulated model built its formal scheme, i.e., the transition from
meaningful description of the object to its mathematical model, in other words, the
process of formalization.

Mathematical model TIAV- multimedia system is the set of variables u, v, g,
X, Y, w with the functioning of the law in the form of:
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x(t) = F,(u®,v® g, t), y(t) = F,(u'?,v®, g, t),w(r] = F, (u®, v, g, t),EET,

where g- own system parameters, T - time of the simulation, t - current time, u'*—
- represents the realization of the process u(t) on the interval [0, t], similar to the
designated output characteristic y, characteristic of a condition System x and
external influence v, w - characteristics of the system (object).

It should be noted that the time t can be considered as a continuous variable,
which is the initial time simulation t =t, = 0,where t, € T, and t € (t,,T) and
t,<t€T and as a discrete t =iD,i =0,1,...,M,M = [T/D], where D is the
discretization step. At the same time, we have a discrete-continuous mathematical
model. If a mathematical model contains random moments, we have determined
model, otherwise stochastic. In the same way, there are four classes of
mathematical models: continuous-deterministic models, discrete-deterministic
models, discrete-stochastic (probabilistic) model of continuous-stochastic model.
The first phase of the computer (machine) simulation - this is the stage of
construction of the conceptual model, which involves the formalization of the
model, i.e., transition from meaningful description of the object of study to its
mathematical model.

In the figure 3 there is a flowchart for selection of preferred structure TIAV
multimedia system. Processes TIAV multivariant systems differ in content and
sequence of multimedia operations, and composition of technical means to carry
out processing. When designing TIAV multimedia system it is important to
determine the structure of the media process, ordered set of multimedia transitions
@; = qp},qpf,...,qpf, whose impact on the set {ai} leads to the formation of

multimedia container A: ¢;: {a;} — A4, Vp,e®, subject to technical and economic
requirements (F-variety of multimedia schemes, satisfy the necessary conditions
TIAV processing facilities and production of multimedia content). Typically, the
preferred choice of production and technological structure TIAV-multimedia
system includes the definition of such schemes and a set of multimedia
technologies for implementing them. Implementations that would be paid in the
objective extremum of function Ep Sn, as well as the duration of treatment (Zp- the
desired effect at the lowest cost to the processing of information resources; Ep-
maximum effect by using the given resources).

If the main indicator of the effectiveness of the process is the selection the
length of the multimedia processing TIAV facilities, the optimization problem can
be formulated as follows: F(g;) = 'f:lf(qp}] — min, with restrictions on
performance Ppin <P <Pmax, COst technologies Smin <S <Smax occupied by volume
hosting Hmin << H <Hmah, reliability of Qmin <Q <Qmax where F(g;)- the
function assigning the processing TIAV facilities; f(¢}) - function determines the

time of each media operations; i- number of media transitions; j - number of
multimedia schemes.

Property flexibility multimedia system is its ability to quickly enough to
rebuild their structure to perform a new task in a certain class, taking into account
the nature and quality of the original TIAV objects.
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We denote by K={z,i=1,1} class multimedia tasks that can effectively
perform TIAV-entertainment system. The multimedia task zj class K is
characterized by the quality and quantity TIAV container property starting TIAV
objects T _i, many possible schemes Mjl multimedia processing properties of
objects TIAV amount (volume) of processed objects TIAV Nij specified property,
which is required for processing a specific planning period:

= {(z, (M 1IN, ) = T}
To estimate the performance of multlmedla tasks zi given TIAV multimedia

system, we introduce the factor n = - ﬂ rwﬂwiﬂ , (1)

L= mmZZI . Toji- (2)

Minimization in the formula 1 |s carrled out by all sorts of options for
multimedia partition N;; schemes in compliance with the conditions
Lj
Na_.r[ Ni_,r]
=1

and the minimization of (2) -on all sorts of options to streamline the task properties
T; and z;.. There 1,,; - the processing properties of the objects TIAV T;of I-th

multi-media network; z,,;- Organizational downtime of key technologies in the

processing of objects TIAV T;properties of I-th technological scheme. We denote
by A;1;-» duration organizational downtime of key technologies in the transition
from a mission assignment (zj;, z;). Then the coefficient of efficiency of an
ordered pair of tasks (zil, zi2) will be equal to

Tiy+Tiz

= H = - - .
n Tis +Tiz +0i1 +‘i2'2+":"1"1!'2’ ”?}'1112 "D{f

To solve this problem, we propose the following algorithm. Let there be a set of
parameters: G = G{xq,%,, ..., X, } CONsisting of two subsets:

G, =G, { @ & {1:1} G,eG values are easily definable, and

1’2JI

G, = G, {xm X2 .. {23} G,€eG where the values are determined by difficult.

1 72 e 5‘

This relations is true G, N G, = 0,G = G, U G, n k + s = n. If you can determine
the value of the set G, then you can use it to build a system model with respect to
those parameters whose values are determined with great delay and cost. The
operator form a system model can be represented as G, = AG,, where A is a
functional operator selected from the arsenal of mathematical equations and
methods that meet the requirements of specialists for specific tasks. The system
model is laid in memory of the personal computer and at each cycle control is used
to assess and difficult to forecast values determined parameters.

For a more detailed analysis of the proposed algorithm, we assume that there
Is a matrix of experimental data X, dimension [nxl] taken during the time interval
[to,t1], elements of which x;, i= :l,_ﬁ,; j:m, are input, including control and output
variables. This is the number of variable j, ai- number of measurement.

69



70

| Beginning |
v

Formulation of the problem
Vv

Defining the goals of
development

Analysis of the functions

v

No

\’

Formation quality
selection

!

Forming the array of
criteria

v

Synthesis structure TIAV-
multimedia system

Analysis functionality
TIAV-multimedia system

v

Building a close economic
and mathematical models of
optimal functioning TIAV-

multimedia sistem

J

Selecting objects TIAV-
multimedia svstem

v

Selection of parameters
TIAV-multimedia system

Limitations on objects and
parameters TIAV-
multimedia system

Yes
An array of input data is
formulated

v

The structure chosen

Development of options
for building TIAV-
multimedia svstem

\

Evaluation of options
TIAV- multimedia system
for the selected criteria

v

Choosing the best option

|

Construction of
mathematical models of
refined eco- optimal
functioning TIAV-
multimedia system

End

Fig. 3. The selection algorithm preferred structure TIAV-multimedia system




Between these variable the relation Y = F(X, U), (3), where X - the state of
the environment variables; U - state control variables; Y - output value of state
variables; F * - conversion operator. Introduce the vector xjt'"" = {xlj, X3, ...,xnj},
which defines a set of measured values of the j-th variable. In this case, the matrix
Xj-“ can be represented as a set of columns x""‘m According to the collected
statistics of experimental data Xj“correlation matrix is constructed and analyzed the

forces correlation (relationship between the variables at 0<R;; < 0.3 for

Vij=1m,i+j, weak, with 0.3 <R,; =0.7- average and 0.7 < R;; = 1.0-
strong), which resulted in reduced dimension to the description of the multimedia

process X,g‘,""’. Thus, as a result of this procedure produces a subset xjt'""c R;j=0,7

matrix XJ' becomes X/ with the dimension [nxl] (1<n) and by analogy with (3).
Y = Fl(:Xﬂ UJ
Along with the systematization of the statistics of experimental data to

improve the quality of operational management at every step of the control cycle

the remaining set of x}t'“‘ in XVis classified into low-inertia (usually quickly

determined xj‘."" and much inertia X; " variables; to further reduce the dimension

of the problem of describing the state of the production process (information) the

relationship between heavy and low inertia variable
Jlnll."." Jlnll." _.l“l.'r Jlﬂll.l' . —_—
X =@ (xl J X5 e, X ),;=s—|—1,1.

Systematics in this case on the following algorithm. Let the matrix Xg:" vectors

xj*f"" with grouped in such a way that at the beginning, are the first s vectors x}"",

j=f§ appropriate low-inertia variable, and then - the vectors xj‘."‘”, j=s+1,1

much inertia corresponding variables in real time. As a result, data matrix Xg"“ IS
presented in the form of two submatrices- X2'* (low-inertia) and X" (much
inertia). When selecting the methodology for determining the structure

@;_s,J = s+ 1,1, focuses on the method of modeling function.

We introduce the set J; = {j}, consisting of uncontrollable variables rooms,
and a variety of J, = {j}, consisting of rooms controlled variables. In accordance
with the above procedure using the value of the correlation matrix R; made
ordering elements of J1. For this purpose the spacing (ao, ag) based multimedia
considerations or law distribution (normal distribution beta al.) Is divided into at
intervals d [ag,a4), [a,a,), ..., [@z_1,a4). From the first subset is taken from
them, for example with the serial number 1 and the possibility of the value
determined) on the interval [ag, aq].

The procedure for ordering x4 in a subset of J; is a grouping intervals and

membership is determined by xj'to the corresponding subinterval. The whole

aggregate x’ in each of the above forms, respectively at intervals subsets

I1,1,,...,I4. In accordance with the selected sets Iy,l,,...,I done a permutation of

rows in the matrix X/ in such a manner that all the values of the vector x}t'"" ina

range of x;:"’e[ao, al) were at the beginning (top) of the matrix, then xﬁ’ [al, a2),
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and t. d. Thus, the original data matrix x7' from the values of a subset of the
elements represented in the form J; submatrices significantly several smaller
dimension.

- - - _:‘

Next to all the rows with a serial number iel, @ =1,d constructed
corresponding model (3) with respect to a preselected output indicator process. For
example, suppose a variable sequence number q is the output indicator xQ’. Then
the model (3) takes the form

N N NN AN A
X = fi(x} AN A wer Xg 1) Xgy 1) s X8, Xy g, e, X1 )
for xflf[aﬂ,alj
Jl.nll.l' ,."".'r ..l"l,'r Jl.nll.l' ..l"l,'r _.""'.'r ,."".” _.l"'l,
X = fo(X) X5 e, Xpe ey Xg_q, Xy gy s X, XSy, e X1 )
for x)' e[a,, a,)

_,l“ll.l' . ." ." _.'ﬂ'.'r _.l“l,'r _.l“l,'r Jlﬂll.l' _.l“l,” _.l“l,-r-r
X d—fd(xl ,xz RS YA SAIPTS GNP R SAR SN o )

for x3 elay s, az).

An important advantage of an approach to the organization of information
processing technology is that the model of the form (5) may be used to predict the
characteristics of the output characteristics of the object, and to control them in the
future, in actual production conditions.

The essence of the proposed algorithm for selection of the preferred model of
the process with the media situation is as follows. If the values of the variables of

objects with a number j,j=ﬁidentified on P-th control cycle, then when
substituted into (5), each with a different model accuracy determines the output
rate. In this case, the substitution of the values of these variables in the model type
(1) shall be based on their belonging to a interval [a,_4,a,.].. The error between
the measured and calculated values for the model output indicator is defined as
follows:

dr_ _ x:‘"‘--’iﬂ _ﬁ_(xﬂlrp, A B J""'."p f".’*p ;"-.’*p f".”'p f".” )

Xy e X X e Xy Xy e X

there x;:"’pE[aT_l,aT], mel=r=d.

However, there may be cases when the selected model with satisfactory
accuracy does not approximate statistical dependence in the real process.

In the fourth chapter «Organizational and functional methods of
processing information resources TIAV systems» of the thesis examined the
functional organizational methods of processing information resources TIAV-
multimedia systems, an algorithm for estimating the parameters of a priority and
building models, defined adaptation of mathematical models TIAV-multimedia
systems, the formalization of the tasks carried out multi-criteria optimization,
methods of construction of the information disclosed, functional models TIAV -
multimedia system.

A complex adaptive system can be represented by a set of two subsystems: a
managed (facility management) and control (control system), interconnected and
based on common principles and organizational and technical operation, fig. 4.

The control system TIAV objects must be given the following properties:
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identify the parameters of input actions (useful and interfering X Z), forming
a set of conditions Y = (X, Z), through the use of a priori and accumulated in the
process of statistical data Y;

to identify the state of the managed object H, including the integrity of the
functional structure (links) <S, F> system and perform a quantitative assessment of
the quality functional F;

has an internal target (criterion F), the system provides the ability to
formation of purposeful activity.

Thus, the control system TIAV objects should have the means to monitor the
impact of the input X, Z, state H, the structure and quality of S F, and two
algorithms of parametric and structural adaptation.

A systematic approach to the synthesis of adaptive management requires,
above all, the description of the system, displaying a certain group of its properties
and behavior pattern for a given set of conditions. Description of a complex system
is divided into morphological, and functional information.

=), z(t) H(E) @(1)

,| Object Management J  The functional
y guality
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Fig.4. A generalized structural and functional scheme TIAV- multimedia
system

The central point of a mathematical model of the system is to find a
generalized statement of its functioning establishing a functional relationship
between the F and the characteristics of the input actions X and Z with the selected
control U, that is @(t) = W(X,Z,U,t).Because the impact of input X and Z are
random in nature, the object of control is stochastic, and the operator- probability

For structurally complex stochastic systems are characterized by ambiguity of
the results of functioning due to some technical imperfections of the system, the
complexity of tasks, random nature of the complex modalities of Y = (X, Z). As a
result, the process of the system are a sequence of different states of H, each of
which performs a given system function with a certain level of quality F,
independent on the current state of the system. Under the condition of H can be
understood health state and capacity of the various elements of the structure, their
degree of loading and t. N. F dependence on the state H is: a mathematical model
of the quality of the system given by the operator 1, t.e. ®(t) =¥, (H(t),U(t)).
The time variation of the vector H (t) is a mathematical model of the system. The
set of all possible states of the system H forms the phase space of states Q (H).

Functional description may be based on a pilot study (evaluation) system
operator (identification of the object during its operation), or pre-mathematical
modeling of the system using its morphological image and information disclosure.
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One of the main problems of decision-making in multicriteria problem is the
formation of a compromise of criteria with which the desired solutions should be
Pareto-optimal. In multiobjective optimization problem solution x&P, Pareto
optimal if it is permissible and there is no other solution x' €P,, for which

Mﬂ(x*’) = W, (x,),V;eN,j = TNI and at least one criterion for the strict inequality.
Where N - the index set of criteria; P, — set of points that define the allowable
range of the vector variables. The set of criteria j € N can be represented as a vector
— functions: V(x) = {W;(x),j = ﬁ’} Multi-criteria optimization associated with
a number of difficulties with the conceptual nature, chief among them - the choice
of the principle of optimality.

In general, a multi-criteria optimization problem can be formulated as
follows: given a set of criteria to be extremalization. Usually this set is a functional
vector (the individual components may be functions), and can be represented as
W;(x) = extr,j =1, ..., N xeP.eR",where W,(x) - a private performance criteria;
X = (Xq,%5, ..., X, )eP, € R, R™-n -dimensional Euclidean space.

Given a host of functional limitations that bind variables and parameters of
the system. This constraint vector can be written in the general form

D, = {g 9x () =0,k =11 ., P, ={i_=-'_: X, =x,x;,=20,i= :l,_ﬁ,, where
(X)=0k=1+1m xj

function g, (x),k = 1,m defined on and take real values; x;,x; respectively the

lower and upper limits of change of i-th parameter of the system.

Model optimal distribution of informational resources in TIAV-multimedia
systems built with the aim to provide a minimum time delay of T transmitted
messages. This should involve the following: All the communication line is
absolutely reliable; all links are prone to interference; switching nodes have infinite
memory; processing time in switching nodes is absent; the length of messages are
independent and exponentially distributed with mean 1 / u, bytes; traffic coming in
TIAV-multimedia system consists of messages having the same priority, and forms
a Poisson process with mean vyij, messages / s for the messages appearing at node i
and node j traffic destined TIAV-media systems is determined by the
expressiony = XL, XL, ¥:,;, where y, ;a full external traffic.

Each link consists of a single full-duplex communication channel with a
bandwidth equal dy, , bytes / s -line communication between nodes k and I; If the
communication link between nodes k and | is missing, dg = 0. Further denoted
xf:fj fraction flow y,;passing through (k, 1): 0 < xf:fj = 1. Under these
restrictions can easily determine 4, =y2?;12?;1yiaj,ngj where 1, is the
magnitude of the flow of information resources in the line (k, 1), messages / s, due
to logistics y; ;

In the fifth chapter «The implementation of methods and models TIAV
multimedia system in the development of small business and private
entrepreneurship» of the thesis describes the organizational and functional
structure of the container TIAV-multimedia system, methods of implementation
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TIAV-entertainment system in the development of small business and
entrepreneurship, technology use TIAV - multimedia system as a tool for
development of service and tourism business, development of the algorithm online
system - designer Media course Builder, methods of implementation TIAV-
multimedia system, testing and calculation of economic efficiency of software in
the multimedia field.

To assess the level of quality assurance (K *) discrete-continuous processing
of information resources in TIAV- multimedia systems can use the following
heuristic expression:

K

an,im
}Zij K* ’

where K * - denotes quantified factor K; bj-rate importance of j-th factor to ensure
quality TIAV container defined by experts.

Thus, to assess the level of quality assurance TIAV container all the factors
included in the model must be present in a quantitative manner. Use one of the
techniques that allow quantifying these factors through the following
corresponding coefficients. The dependence of K * the availability of TIAV-
objects is as follows: K* =b; M; + b, M + b, M, + byM_ . .

Establishing minimum allowable values of the above factors and compared
with the actual values suggests a relevant factor below acceptable standards as the
factors determining the bottlenecks in the provision of quality container TIAV and
requiring immediate action to address the situation. At the same time, these factors
are considered as the factors determining the most priority areas for improving the

quality of TIAV container in the current situation, fig. 5.

 byM; + b,M; + b;M;,,, + b, M;
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Fig. 5. Schedule of economic effiéienéy' TIAV- multimedia silstem

The analysis of the quality management process media, which shows that
everything is solved with the practical problems are multi criteria, i.e. to select the
best alternative by weighing all valid alternatives, one quality criterion for an
adequate assessment of their comparison is not enough. At the same time,
unfortunately, for the problem of multi-criteria comparison of alternatives are
virtually no effective methods of choice. Completed development and
substantiation of quality indicators TIAV containers. The focus is on quality
systems TIAV containers and application software. In the development of quality
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criteria are taken into account the provisions of international standards in the field
of informatization of educational process and quality management software.
Analyzing the practical application of information systems, we come to the
conclusion that in most cases, in systems that operate in the mode of external users,
as well as similar systems there is a shortage of resources consumed. This denial of
service for any similar system directly depends on the amount allocated to the
correct functioning of its resources. In conclusion, the thesis summed up the study,
formulated the main conclusions and practical recommendations.

Conclusion

The dissertation is the application of systems analysis and synthesis,
optimization, discrete and continuous linear programming method, the general
theory of management, probability theory, decision theory, the following results
were obtained in the development of methods, models and algorithms for decision-
making in discrete-continuous processes TIAV- multimedia systems:

1. Implemented analysis of the use of discrete-continuous processing of
information resources for multimedia systems, allowing them to identify the
specific characteristics and determine the trends of development.

2. In the framework of a hierarchical distribution of information resources, the
class of multimedia objects TIAV (text, image, audio, video) to improve the
technical level of the media process, improve the process of creating TIAV
containers provide a convenient user experience, moreover, carried out selection
criteria formed the basic requirements applicable to the processing of information
resources that will determine the effectiveness of the use of specific features,
limitations and capabilities TIAV-entertainment system.

3. The proposed conceptual model TIAV-multimedia system, taking into
account the restrictions on the factors in multimedia systems, forming a plurality of
structural and design options, analyze performance, providing the organization of
multimedia process on a new methodology based on design allows to reduce terms
of input information resources to get the best solutions for the multimedia process
and define a system-wide requirements.

4. The developed mathematical model TIAV-multimedia system, allowed to
formulate the idea of functioning of the multimedia system, the relationship of
parameters, predicting the behavior of the system, finding the optimal conditions,
the development of software that meets the following requirements, the adequacy
of the information content of the object of design with a given accuracy required
for the design and management , reflect the actual physical connection of control
actions with the parameters of the model: the minimum time for the
implementation and the smallest amount of computer memory.

5. The study found that software TIAV-multimedia system allows the flow to
service users coming with intensity A (person / min) for the average service time
per user each container TIAV 0.05 (min). The system can service (during
formation of queues) not more than 14 members.
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6. Holding elections computational method to estimate the parameters of the
proposed mathematical model to support a systematic approach to the synthesis of
adaptive control TIAV-multimedia system, contributing to the rapid adoption of
the best solutions for managing multimedia process.

7. The developed algorithm TIAV-entertainment system to select the optimal
number of multimedia objects, convolution of criteria corresponding properties
Krotov. The optimum amount TIAV containers in a multimedia system is 5-7 per
user, so that the average residence time of users in the multimedia system does not
exceed the predetermined optimum operating time TIAV containers, i.e. tss<t;aq
that the condition, as well as the probability characteristics of service users in
determining the optimal amount TIAV containers, ie the probability of failure is
close to 0.03 sec .; relative and absolute capacity of up to 4 TIAV containers / min;
the average number of users queued 2-3 people; the average number of employed
TIAV container reaches 5-6; the average residence time users in a multimedia
system is from 30-105 minutes.

8. Conduct pilot operation TIAV-multimedia system, while the results were
compared with existing analogs, as a result of industrial exploitation of software
and algorithmic complex proposed TIAV - multimedia system automate the
collection, processing and storage of multimedia information, managed to raise the
level of perception of the media, complete perception of the information resources
has increased from 89% to 98% relative to the existing analogues, the processing
unit of the multimedia data dropped from 0.05 to 0.033 m, or 1.2 times.
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Astopedepat « TATY xabapnapu» TaxpupHsaTHIA TaXpUPIaH YTKA3HUIIU
(25.11.2015)

Bocumra pyxcar sruaam: 26.11.2015
Buunmu 60x84 1/8. «Times Uz» rapuurypacu.
Odcer ycyauaa 6ocuiau. Hlapriau 6ocma Tadoru 4,5.
Hamp 6ocma tadoru 4,5. Tupasxu 100. Byroprma: Ne66

«Top Image Media» 6ocmaxoHacuaa 4o dTHIIH.
Tomkent maxpu, A.Fynomos kyuacu, 74-yi
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