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KHPHII (pancadpa goxtopu (PhD) micceprannsicit aHHOTAUMSCH)

Jlncceprauust MaB3YCHHHHI J0J3apOJurn  Ba  3apypaTH. JKaxomna
WKTHMOHFA-TAIIKNANI skapaénmapuuur aonnaTHHI Gaxosall MacanacH 1o3ara
Ke/uG, yapiu HaMuil acocaa caMapani euHMHHH TOTHILA axb0poT OKHMHIHAHT
KOHYHHATNAPHHH aHHKIALL, MabIyMOoTJap Ba GHINMIApHH y3aTHll, yhapiu
camapai KaiTa Hiail, Iy HHHIeK HIIOHYWIHIHTHHH a/anTHB faxolall Ba Kapop
KaByJ1 KHIMILIra KyMaKIalii TH3HMIAPHHHHT MaTeMaTHK MO/ICJUIapHHH TY3HII Ba
[acTypHil TABMHHOTHHH HILIad YHKHIINA amoxu/ia aBTHOOp KapaTwimokaa. by
Oopana, KaXOHHHHT €TaK4H XOpHAHIT JaBiaTiapuia, xymiaiaH AKILI, fAnonus,
Kany6uit Kopes, lepmanus, Bytok Bpuranns, XHHIHCTOH, Poccua denepauusacu,
Benopyccusa xamaa V36ekHcToNIA CATIMOKITH HIap 0110 OOpHIIMOK/A.

Waxon amanuéruaa  ynaamenTan  ycyinap-TacHuiaphu  anukian
HA3aPUACH, MABAYMOT/AAPHH MHTEMICKTYQ! TaX/IHWl KHIHLL Ba ONTHMALIAL
yeyulapH acocHa Mypakkad axGopoT TH3HMIIAPH, Y MITAlal TabIHM THIHMIAArH
XonatiapHu  KiaccH(ukaumanaw  Ba  aaanTHB faxonail  TH3MMHHHHI
apXHTEKTYpacH, (ao/HAT KOHYHNapH, KY/UlaHHLL clieHapHiiNapHiH Ba JIaCTypHil
TABMUHOTAAPHHYM HILIAG HMKHIUTA JIOMP KYmiad HAMHI H3NaHHILIap onub
Gopunmokna. By Gopama, skymiajian TabjiHM TH3HMHAA XOJIATIApHH allallTHRE
faxosall, xycycad cycT (opMaUlaluTHPHIIAAHIaH Mypakkab ax0opoT TH3HMIIAP
rypyxura Terduunu Oymran OHIHMIApHH alaiTHB HA30PaT KHIMLIL THIHMHArH
ax00pOT OKHMJIADHHHHT KOHYHHATIAPHHH aHHKIAlIa yJIapHHHE MATCMATHK
Mojlesiapd  Ba MOC JAacTypHil TabMHHOTJIApHHN HIIad  YHMKMUL  MYXHM
HIMHii-amanuii Macana xucodnatauu,

Pecnybnukamusna axbopoTt
PHROKITAHTHPHII MaKcaula 1acTypuii MaXcyJoTapHH Hiad YHKHI, yIapHuHr
XaB()CH3/NMIHHH TabMHHJIALL, MabyMOT/apra HLIJIO0B Gepuiu Ba HIWOHYWIMIHIHIN
faxonaw, Xxamaa ynapus amanuérra  TaabHK  dTHWrAa  Al0XHAQ 2BbTHOOP
Kapatunmoraa. 2017-2021 iunnapia Vagexkucron PecnyOnnkacHHn  sAxaja
PHBOKNAHTHPHIL OYiiMua Xapakartnap CTpaTerdiciia, ymianan «TabJIMM  Ba
yruTuww cudarnin GaxonalHUHr XalKkapo craHAapTiapiii JKOPHI 9THLL acocu/ia
onuii TaLnHM Myaccacanap (aonHATHHHHT cu(aTH Xam7aa camapalopituriiii
OWIMPHL, ... WKTHCOAMET, HKTHMOHII cOXa Ba OOUIKApyB TH3HMHIa axboport-
KOMMYHHKAUUA TeXHONOrHANApHHH  KOPHIl sTHw»'  Basudanapu  Genrnnab
Gepunran. Maskyp BazudianapHi aMaira omHMpHIJ, XyCycan TabjlIuM TH3NMI/A
XOJaTIapHH afanTHB OaxoMallHMHT MOJE/IapH, anropHTMiIapH Ba JacTypuit
TAbMUHOTHHN MwaG uMkHm OyryHrd KyHAa MYXHM Macajianapiat oupH
xucobnaHaau.

Va6ekucron PecnyGnnkacn Tpeaugentununr 2017 i 7 (heBpannaru
[M-4947-con «Vadekucron PecnyfaHkacHiM ANAAa PHBOMKIAHTHPHIL oyiinua
XapakaTnap crpateruacu Tyrpucnganrti, 2017 fiun 30 monnarn [1d-5099-con
«Pecnybankana ax§opoT TeXHOIOrHANAPH COXACHHH PHBOAJIAHTHPHLL YY1l WapT-

KOMMYHHKaIHA TCXHOIIOrHAIapHIH

' ViGexkucron  PecnyGamkacn  [pesmwaenmmr 2017 i 7 despautarn 11d-4947-con “Vitexucron

PecnyBauxacinn siajia prsoacnanTupiu Gitnea Napakarnap cTpaternaci Tyrpueita’rit Papmonit.
Ai



HrapouTiapan Tyb6paH sxmunam vopa-tanOupnapu Tyrpucumanth, 2018 iun
19 deppannary TTd-5349-coH «AXGOPOT TeXHONOrHANAPH BAa KOMMY HHKALMANAPH
COXacCHHH  fHAJa  TaKOMWJUTAIUTHPMLI  4opa-TaabMpnapH  TYFpPUCHIA»TH
Mapmonnapu Ba 2018 iiun 5 mongarn  T1K-3775-coH  «Onuit  Tabaum
Myaccacanapuia TabnuM cH(aTHHH OIIMPHII Ba YJIapHHHT MamJlakaT[a amanra
OLUMPHIAETraH KEeHI KaMpOBIH HcaoXxoTnapia ¢aon HINTHPOKHMHH TabMHHMALI
Oyiivua KymMMua wvopa-Tanbupnap TYFPHCHIA»MM  KApopH Xamaa MasKyp
daonuarra Ternunn Gowka MebEPHI-XYKYKMIl XyxokaTiapaa Genrunasran
Basuanapuu amanra olHpHILIA YIudy AHCCEPTALMA TAAKHKOTH MyaiiaH Japaskaaa
XH3MaT KHJ1aaH.

TagknkoTnunar pecnyGanka ¢aH Ba TeXHOJOTHSIADHHH PHBOMIAHH-
UIHHHHT YCTYBOD HYHATHIIIAPHTa MocaHTH. Maskyp TankHKoT Pecriybnuka dan
Ba TeXHo/orusanap pusoxdiannwmnudr V. «AxGopornawTHpuil Ba axOopor-
KOMMYHHKAUMA TEXHONOTHAJAPHHH PHBOMJIAHTHPHUIL»  YCTYBOp  HYHAIHILH
JloupacH/ia baxapHiras.

MyaMMOHHHT YPraHWIralInK aapaxacu. X03Upru KyHra Kanap TabinM
sKapaéHu Ba TecT-Ha30paT TH3MMHHH MOJE/UIalUTHPHLL, AlrOPUTMIIALL Ba NACTypHi
TabMHHOTHHH HULIA0 YHKHII Ba TaabMK STHLI MacanajapH, KyMJlajaH BHpTyan
TECT-HA30paT THU3MMHHMHI APXMTEKTYpacH Ba YHH JKOPHMIl 3THLI HAyHanuwuaa
UXTHCOCHAIUraH WIMHII Myaccacanapjga Kymnab oaumaap HIMHA-amanuit
TagkukoTnap onu6 Gopuwrad. Kymsanmad, A.Rios, W.J.Linden, H.Wainer,
F.M.Lord, C.Romero, P.O.Parcnane, b.®.Cxunuep, JI.A.Pactpurus, E.M.Mawbuu,
10.M.2Kypasnés, A.I1.CBupunos, JI1.B.3aiiuesa, A.B.Conoros, B.C.Apanccos,
A.H.Bammakor, H.O.Ilpokodibepa Hinapuaad MabiyMOT/IAPHHHT HHTEIUIEKTYa
TAXJMI KU, THMCOMMApPHH TaHHG oNull, oGBeKTNapHH CHH(MAITHpUIL Ba
TabJAMM JKapaéHilapuaard XoJaT/lapHH MOJe/UIAlITHPHIL Macananapd yprannd
HHKHJIJH.

Pecnybnukamuzga aca 6y fiywanuuna  akazemuxnap  M.M.Kamunos,
T.®.Bekmyparos, npogeccopnap LU.X.dasbinos, H.A.Mrnarses, H.C.Mawmarog,
B.lI.Pamkabos, A.X.Huwanos, OJK.Bobomypanop Ba OoWKaTapHWUHT HIMHH
HILIAPH MabIlyM.

XOE}HPI‘H KyHaa MoOcC/alyBiaH BHpTYan TeCT-HA30paT TH3HMHHHUHI
apXHMTEeKTypacH, YHHHT AacTypHit TAbMHHOTHHH TECT-HA30PaT TONUHMPHKIAPDHHHUHT
MypakkaONMK JapaskacHMHHM aHMKJaiaurad MOJEJ Ba ajlfOpPUTMIIAP acocHaa Typix
nnatopmanapia reHepauMAIaHyB4YM, AAcTypjall MYXHTJIapHHUHT  CYHIH
BepcHAnapuia MLUIA0 YHKHIL, KOMIMIATOPAAp €KH ONepalHoH TH3WM Japaxacuia
JKOPHH 3THII TEXHOMOTMAJNAPMHH  ApaTHIl Macajajapd eTapiM  Jaapakaaa
yprauuimaras.

Juceeprauus TAAKHKOTHHHHT JHCCEPTALMSA OaKapHATaH 0NN TALIHM
MyaccacacHHMHI MIMHI-TAAKHKOT MmuIapu pexainapn Omian Gornuknury.
,[luccep'r‘auuﬂ TaaAKHKOTH TowKeHT axﬁopo"r TeXE{OHOTHﬂJlapH yHHBepCHTETH
WIMHIT-TaIKMKOT Minapu pexkacuiuur NeATI-17-014 «Onuit TabiuM Tu3uMuaa
YKYB skapaémiapuHM BHPTYAUIAWITHPUIIHHHT JAaCTypHil MaKMYacHHH Hiiad
yukuwy» (2009-2011), NeMTHO-17.5®-D1-007 «DopManalITHPHIAMIUN  KHHHH
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Oysiran MH(OpPMALMOH CTpYKTypanapia Kapop Kadynl KWIHINHH KYanad Typwin
YUYH MabIyMOTAApHH TACBHPJIOBYM Ba KaiiTa HILIOBYM MHTCIUICKTYAll JIacTy pHil
TEXHHK TH3UMIIAPHHH KYpPHLUHMHI Hazapuii-MeToJMK acociapu» (2008-2010) Ba
«IT-Nation» (2018-2021) mas3ynapuaary joiixanapn Jloupachjia daxxapHirat.

TANKHKOTHHHE MAKCAHM MYPaKkad ax00poT TH3HMJIAP TYPKYMHIa KHPYBUH
TALIUM  axOopoT-0olIKapyB TH3MMH YKYB sKapaHula XoJar/iapHu ajalTis
faxonalHUHr  MOJIE/IapH  BA  AIFOPHTMHK-AACTYPHIT  TabMHHOTHHH  HUUIA0
YHKHILAAH HOopart.

TaakuKoTHHHI BazHdaaapu:

Mypakka® TH3UMNIApAa XOJaTIapHH  a]anTHB  OaxoALHHHE  MaBXKYy/l
yCyJUlapH, anropHTMIIapH, AacTypHit TabMHHOTIAPHHN TaxJIHMI KWl Ba YKYB
JkapaéiapH KOMIIOHEHTaapH (aoHATHHH (hopMalalTHPHLL;

Mypakkab TH3MMIapAa XoJaTJapHH azanTue Oaxonaul Ba Tacuuduan
MacananapHHi MLl YyH caMapaii ycyJl HILJIA0 YHKHL;

TABIUM TH3MMH VKYB jKapaguujlard XoNaTiiapHi aJallTHB GaxonatHuir
MO/e/1 Ba aNrOPHTMIAPHHI HULIAG UHKHLLL

ananTHB HA30pPAT TH3UMH MaLJyMoTnap 0a3acH Ba YKYB TallaHMazapiu
’1]7[‘[)!{ HIAKJUTAHTHPHIL YUYH DKCNEPT Xynoca Cll(l)aTHHH 633\'.01121!11 MCXaHH3MH Ba
nac1yp}1ﬁ MOIYJIHHH uinad UHKHLL

ajlanTHB  Hasopat TH3HMHHHHT (l)yIIKIlHOHZU! TY3HJIMACH, Mabjly MoTiiap
TY3WIMACH Ba KOPINOPATHB TAPMOK MYXHTHIZ Huulaura MyJKauIanrat Moc
ICOPUTMHUK JACTYPHil TABMUHOTHHI HILA0 UWKHLL

TaakukoTHHHHT o6bekTH cudaTiaa Mypakka® —axOoporT — TH3NMH
KOMMOHEHTACH XHCOBNaHraH ajalTiB TecT-Ha30par Kapatun oJHHIail.

TaaKnKoTHHHT npeaMeTi YKyB xapacHH KOHYHHATIApHIIN
GopMaNIAITHPYBYH  MaTeMaTHK ~ Mojell  Ba  &IrOpHTMIIAPH, obbekTra
fiyHaTHpUAraH  JacTypnaul  TeXHONOIMANApH Ba  TAPMOK  TCXHOIOTHAIaph
XucodnaHanu.

TaaKMKOTHMHT  ycyanaps. Jlucceprauds  HIIMA  TH3HMIH - TaxuulL,
Mypakka® ax00poT TH3MMIApHHH MaTeMaTHK MOJC/IATHPHIL, THMCO/LIApHH
AHMKIALL, KCHEPT TH3UMIApH, AIrOPHTMIALI acociapu, axbopoT THIMMIAPHIH
dopMannalTHpHIL, oObLEKTra iiyHANTHPHIraH AAcTypiail TEXHONOrHANApH Ba
TapMOK TEXHONOTHAIAPH yCyIUlapHiL KY/aHHIraH.

TaAKHKOTHHHT HAMHIT SIHCHINCK Kyfinarunapaan noopar:

MabJly MOT/IAPHH HHTEJUIEKTY A/ TaXJIH/l KWIHLIAA TacHuia macanajgapHin
cuMil  yuyH ~CHpNaHyBuM  oiiHanap — acocuia  annpoKCHMAalMsIalHHIr
TAKOMUWITALUTHPHIATAH YCYIIH Huu1ad UHKHITaH;

CHpNAHyBYM OfiHa ycyiu acocHaa Mypakka® TH3HmIapaa o0beKTIap
XONIaTHHM aJanTHB Gaxosall MoaeIapH HiLad HHKHIraH;

GﬂXOHE\pHH XHcobOnauu aJll'OpHTM}]Elpll acocuna aaarTHB 621?(01]21[11 TH3HMMH1A
skcneprap cudatiiy Gaxonau aropHTMIAPH HULTA0 YHKHITAH;

KOPIIOPATHBE TapMOKAa MLUJAIIra MYKa/UIaHraH TakCHMianral BHpTyall
HA30PAT TH3HMH KOMIIOHEHT/IAPHHHUHI ¥3ap0 TABCHP POTOKOJIH AIITOPHTMH uiad
YHKHIITAH.



TanKNKOTHHHT aMaanil HATHARANAPH Ky Anaarunapaan ubopar:

mypakkad HH(oOpMaLHMOH TH3UMIAP TYPKYMHra KHPYBUH  TabiHM
TH3MMHHUHT ©apua Gockuunapuaard YKyB sapaCHnapHd TH3UMIH TaXJIMIH,
yllapuu  TamKH 3TYBUMAApH opacHiard MH(opmanuoH GOFNaHMIIIAPHUHT
KOHYHHATIApHra acoc/iaHraH MarTeMaTHK MOJeNl Ba alropHTMIapH Huinad
YHKHJITaH;

Mypakka® axGopoT TH3MMapu YuyH Kapop Kalys KunMiira KyMakilallHil
MOJY/IIapHHH  HIUNad uuKMmga oObekTiap XOMaTHHM ananTHB  Oaxonalu
MacanacHHH euiil yCyaH Ba AacTypHil MOIyJIM H1LIA0 YHKHIITaH,

YKyB Kapa@HHHHHI acocHii KoMmoHeHTanapuaad OMpH OynraH ananTHs
TECT-HA30PAT THIMMWHMHT  BUPTYyaNNalUTHPHIUra KapaTHjiraH MoJen Ba
aNropuTMIAp UIINA0 YNKHIIraH;

IDEF Metomonorusnaps acocuja Mypakkab TH3MMAapAa XonaTiapHH
azanTus 6axosnam TH3MMHHUHE (yHKUHOHA Ba HH(OMOTHK Ty3HIMAlNapH Ba YHHHT
MOC JIACTYpHIl TABMHHOTH MIITA0 YHKHIITaH.

TagKHKOT —HATIGRAJNADHHMHT  MUIOHWIHJIMIH - ycnyOuil  skuxatian
MacalaHHI MATCMATHK KYIHIMLIK Ba YHH e1HLI/A KYJIaHHIrad TaHub oM ycyn
Ba AIFOPUTMJIAPHHHHT KaThHIIMIH, eMHnral MacalajlapHHHT Hasapuit Ba amManui
HaTHKanapra MyBO(HMKIHIH, TecT (QYHKUHACH HATH/KAJIApH XaMaa peall amaliui
coxanapra TagOMKM HATM:KQIapMHM  COJMIUTHPHIUAArH  MOCIHIH  OpKaJH
acocnanand. Mumab uvkwiral AacTypuil MOIYJIApHHHT TapMOK MYXHTHAA
MHMUHATH3ALUNA KWINHIAHINIK Ba YJIapHUHT ONMH TabJIMMHUHT peasl CeKTopHaari
VKyB :xapa€unapura tTaaduiapu 6unad acocaHaau.

TaaKHKOT HATHKAJNAPHHMHI WIMHIT Ba aManuii axamuaTH, TagKuKOT
HATH/KANAPHHHHT HIMHIT axaMHaTH Mypakkad ax0opoT TH3NMIapuaa XonaTnapHin
ajanTus Oaxosall TH3MMHHH KypHII YuyH MIIad YMKWIraH ycyn, moien sa
anropuT™iap dunan U3oxXIaHaau.

TanKHKOT HATHKANAPHHHHE aManuil axaMHATH HWjad uYHKWIraH ycysn,
MO/IC/1 Ba alFOPUTMIIAP aCOCHAA Ky pHIIraH afanTue faxonai TH3UMH, Xamaa yHHHT
CaMapaopJMIMHA OUIMPHIL MEXaHU3MIAPH TAlIKMN ITHAKO, ynapun amanuéraa
Ky/nanwiimy o6LeKTAap XoNaTHHH alMKNalaa Kapop KaOyn Kuiuul jkapatuu
camapajiopJMruHy olupUiuy Ounad H30XJ1aHaaH.

TaaKHKOT HATHKAJIAPHHHHT KOPHIT KHIMHMILH. Tauud onuu ycynnapu
épaampia Mypakkad TM3MMAapaa XONaTiIapHH aganTHe Gaxonauwl macananapuHi
CUHLI Makcajnaa Mmnab YMKWIraH MoOJeN, airopHTM Ba JNAacTypHH TabMHHOT
acocupa:

MOJYJ WAKIMAAH MCCHKIMK ANMAalUTHPYBYH PaauaTop MaxcyloTiJapHHH
MUad YMKMIIAA ynapHUHT XonaTHHH Oaxonall XamJa TeXHHK, MKTHCOAMii Ba
WKTHMOHH XOJNAT/IapHHH TaXIH KHIMW amanuéruaa GolwKapys KapopiapHHu
Kabyn xunuwra kymawnawysuu Adaptive Assessment JacTypuit BOCHTaCH
«ABTOTpaKTOppaanaTop» Y36ekucToH-PoccHs KYylUIMA KOpXOHAchia JKOpHi
atunran (AXOopoT TexHonorusnapy Ba KOMMYHHKALUHANAPHHH PHBOAUIAHTHPHIL
pazupauruuuur 2019 jiun 18 oxra6pmaru 33-8/7392-con MaBJIYMOTHOMACH).
TanKMKOT HaTH/KAcHAa KopxoHajaa wduwnad uMKapWiIran MOAYJ LIaKJIWAart
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MCCHKIIHK ~AanMalUTHPYBYH pafHaTop MaXCYJOTJApWHHHT HII KapaéHulars
XONaTHHH aHHKNalIa Kapop kabyn kuiui camapanopiury 10 gousra owran Ba oy
yMyMuit i GaonusTHHHHT doiinanuank ko GHUHeHTHHH Huaura 4-5 ¢onsra
YeHil HMKOHUHH Bepran;

CHpMaHyBHH OfiHa YCYNH acocHAa Muuiab YHKHraH Mypakkad TH3HMIapaa
XONaT/apHH ajanThs Gaxonain Mofennapu Ba aactypuii moayinapu Kaiukamapé
BHJIOATH XOKHMJIHTH Xy3ypHuaars «AX60poT-KOMMYHHKaUHA TEXHONOrHANapHHH
PHBOXKTAHTHPHII Mapka3u» JaBlaT YHHTap KOpXoHAcHIa ax00poT/iapHH KaiTa
MLIAIl Ba XM3MAT KYpcaTHIN ofbexTiapH daonuaTHHu Gaxonamr Ba TacHHu AL
MacananapMHi Xan JTHIIA kopuil KunuHran (AxGO0pOT TeXHONOrHanapH Ba
KOMMYHHKAUHATAPHHH PHBOKIAHTHPHII BasHPAMIHHKHT 2019 Finn 18 okTabpaaru
33-8/7392-coH MabiaymoTHoMacH). AXOOpOTIAapHH KafiTa HILJaul Ba ananTHB
faxonalwl THIMMHMAA XM3MAT KypcaTulul 00beKTAapH (aoanATH MOHHTOPHHIHHH
20-30 ¢ousra Teskop YTKasHl OPKAIH YMyMHil Hul (aoNHATHHHHT
Koa(uumenTHHH fiunura 4-6 dousra Yo HMKOHHHH Gepran;

Mypakka0 TH3MMnapaa XonamiapHn 0axosmaul Ba YHHHI HaTHKacHiaa
TErHiuIn TaXJaM1 Xxamaa GowKapHil MacanalapHHHHT eyuMHra Kaparunrad Moaen,
QNropuT™M  Ba  JacTypHii  MojynnapaaH ¢oiiganaunb,  TAWKHIOTIapia
MyTaxaccucnap OHAMM Ba KyHMKManapHHH aJanTHB 0axoNnoB4H JAacTypHil
BocHTaap Hwnab uukuiuaa «BePro aacTypumiap Mapkasi» Ba «DeveloperGroup»
MU>Knapaa #opuii 3THarad (Ax60poT TeXHONOMHANAPH BA KOMMYHHKAUHANAPHHH
PHBOAUIAHTHPUIL  BasupiuruHuur 2019 fiun 18 oktabpmarn 33-8/7392-con
MabayMOTHOMAcH). Maskyp TaAKHKOT HaTH/KacHAd Hu1ad YHKWHAradH Mojaes Ba
anroput™Mnapaan  doiijanannb, AacTypHil BOCHTANap ApaTHU  HATHKacHaa
JacTypuHIap Mapkasu fiMnnuk napoMaannu 25 ¢ou3ra OLIHIIHIa SPHLIHIITAH;

YKyB JxapaéHuaard XojarTiapHH ajanTHB faxonail, OHJIHM OJYBYHIAPHH
o6bekTHB Gaxonaw pa KOGMMMATHra Kypa TacHH{uIAll XamAa aKkaaeMHK KpeauT
TH3UMHIA TanabanapHuur keiinury GOCKHYHH TaHNnalLIapuaa TYFpH Kapop Kabyn
KHAHWAA KYMAKNAIWHID MOTY/NApHra 3ra AacTy pHH TabMHHOT TowkeHT ax6opoT
TEXHOJIOTHAJIADH YHHBEPCHTETH Ba UupyuK J[aBnar neaarorika HHCTHTYTH/AA
sopHil  3TWiran  (AxGopoT TexHonorusnapH Ba  KOMMYHHKaUHMATapHHH
PHBOMUIAHTHPHII  BasupAuruHuar 2019 fun 18 oxrabpmarn 33-8/7392-con
MabLIyMOTHOMAcH). YTKasuiIraH TAAKHKOT HaTHKalapH Oyiinya Htad YHKHITaH
ycyn, MOZEN Ba aNrOpHTMIap acoCHAa KypHIIraH ajanTHB faxonall TH3HMHHHHT
YKyB kapaéunapura KyanaHWIHIIH anpaHaBuii ycynra Hucbaran 8—12 ¢ouzra
KYNPOK CaMapaiiy HATHKAra 3pHIIHLI MYMKHHIHIH acoc/aHraH.

TaAKHKOT HATHAKANAPHHUHT anpoGaumsicH. JluccepTauusHHHT HazapHii
BA aMmanuil ;xuxatnapu 7 Ta Xankapo Ba 5 Ta pecnyOnHka MHKHECHAArH WIMHH-
amManuii alKyMaHnapuaa MyXokamajaH ¥ TKasuarat.

TﬂﬂKHI{DT IISITII}RRJIEI[)II]!IIHF IbJIOH Kllﬂ‘!lllfﬂllﬂllrll. TEU.IKHKOT MaB3yCH
6¥itnua 26 Ta wiMuil MW yon FTHArAH, WwynapaaH Y36exucTon Pecnybnukac Onuit
aTTecTalHs KOMHMCCHACHHMHI JOKTOPJHK JHCCEpTauMAiapy AacocHi WIMHH
HATHKANAPHHH YOM 3THII TABCHS 3TraH HIMHIH Hawpnapaa 9 Ta unmuit Mmaxkona, 7



TacH pecrydiuKa Ba 2 TACH XOpH:KHIl Ky pHanap/ia 4on aTuiran, Xamaa 3 1a XM
YUyH ApaTHirat J1acTypHil BOCHTANapHH Kaii[l KWIHLI Iy BOXHOMAllapH ONIMHTaH.

JuccepTauMsHUNE TY3HIHIIH BA Xakmu. JlMcceprauus Kupuul, TYpTTa
606, xysoca, Qoiimananuiran apaGuéTnap pyfxaTH Ba HioBanapiaH Hbopar.
JucceprauuaHur Xaxkmu 120 6eTHH TalLIKHI 3TajlH.

JIMCCEPTAIMSIHUHI ACOCHH MA3MYHH

l'cllpll[u KHCMHJ1a AHCCepTaliusA HIITHHHHT nomapfinnru Ba 3apypHATH
acoc/anrai, TaJKHKOT Makcaau Ba paszudanapn xampaa oObekT Ba npeMeTyiapH
taBcudnanran, Yadekucron Pecny6nukacy dhai Ba TEXHONOTHACH TAPAKKUETHHUHT
YCTYBOp iiyHanuuLIapura MOCIUrH KYpcaTHiraH, TaJKHKOT HJIMHIT AHTHIHIH Ba
aManuii HaTHKaIapy 6aéH KMITMHTaH, OJIHHraH HaTHKaNapHHHT Ha3apuil Ba aMalii
axamuATH ound Oepunran, TaAKMKOT HATHKANapHHH XKOPHIA KHIHLI pYiixaTH, Hawp
OTHJIraH HILIAP Ba JIHCCepTallHA TY3WIHIIN OYHHuUa MaLIyMOTNAp KeATHPHITaH.

Hucceprauna muunuir «Mypakkad ax60poT TH3MMIApHAA XOJaTaapHu
AJANTHB Gaxosamwl Macasajapm» aed HomuaHrad GupuHun Gobuaa mypakkad
ax00poT *kapatHnapaary XonaTAapHHHT THZMMIIH TaXJIMIIH Ba yJIapHUHT JacTypHit
KOHLICMIHACH, Mypakka® ax0opoT TH3HMH MHCONHAA YKYB xapaHHHHHI MOJAETH
B2 YHM BHPTYAIAWITHPHMII MAacalacd, Xamana VKyB KapaHUHMHI acocuii
KOMMOHEHTH Oyaran OunuMIapHH Ha3opaT KHIHIW Ba aganTHe  Haxonain
TH3MMIAPHHKHT TAXINIK BA yiapHy vuuiad YiMKMW acocnapu 6ag aTraH.

Mypakkad undopmaiion TH3MMIApAA 103 Gepajinran MyamMMoni XoJatiap
kiaccuUKauMAcH 6aXOHUHT OOBEKTUBIHCHMHM TABMHMHIALL Y4YH HH(OPMALHOH
OKHMJTApJIark MabJIyMOTAZpHH afanTHB yCyJUlap Ba aIropHTMIapHH Ba TETHILIH
IaCTy pHil TABMMHOTHH APATHIL 3apypaTHHY Tanab Kunaau. JKymnaaan, Mypakkad
ax0opoT TH3UMIIApH TypKYMHra KMpYBYH YKYB jKapa&€HHHHMHI TH3HMIIM TaxJIHIH
MYCTAKHII y}(yB (!!&OIIHRTHHH MOHWUTOPHHIH Bad y"l{yB camapa,uopmtrmm dAHHKIIAall
acocuia uuad YHKHLUTAa acocjianManap KeNTHpHIITaH.

Anabuérnapaa 6epunrad UAMHIi-aMani MabIy MOTIAPHHHT TAXJIHIH LY HH
KYPCAT/MKM, aKaAeMMK KpeAMT TH3UMIADHAA YKyB xapaéHuHunr OasaBuii
KOMMOHeHTanapuaan 6upu Gyaran TecT-Ha30paT TH3HMHHH MHTE/UIEKTYa/ulaluTh-
PHMLI MYXMM aXaMMATra 3ra. BHIMM OJyBYHIADHMHE OWIHM Ba KYHHKManapuHu
0OBEKTHE Ba ajleKBaT Oaxojauija BUpPTyal Ha3opaT TH3MMHra ajanTHBIHK
XYCYCHATHHH KMPHTHII MMKOHHAT/IApHHM OepyBUM ycyjuiap, ajropurmiap Ba
TEMHUUTH JACTYpHil TALMHHOT SPATHIL, yIapHH KOPHil 3THIL 3amMoHaBnil axGopot-
KOMMYHHKALIMA TeXHOJIOMHAIAPHHMHT 10/13ap0 MyaMMOCH 3KAHJIHIH aCOC/IaH/H Ba
ywby X0/aT HccepTalyA HLIIHHMHT aCOCHIT MaKcaaH cHaTnia WaKILTaHTHPHIIIH.

ﬂ,HCCCpTaI[HﬂIIHHT‘ «Tasbaum THINMHIA XO0JATJAPHH aJanTHB Daxosau
MoJeaaapu» neb HomnaHraH HKkMHYH 6o0uaa YKyB sKapa@HWHMHT MaTeMaTHK
MOJIC/IapH acocHaa OMIMM OJIBUM XOJATHHH alanTHB Oaxonawl MeXaHH3MH,
OMIMMIIApHU ajanTHE 6GaxonallHUHT (yHKUHMOHAT napameTpiapH, 4YHW3HKIHU-
Oynakiu annpokcuMalMa ycyiu acocuia OHIMMAApHH aaanTus 6axonaiu MoJeH,
Mypakkad THauMmiapaa oObekTnap XOJaTHHH ajanTHe Oaxonawaa CHpnaHyB4H
oifHa yCyJiM, aJanTHE Ha30paT TH3UMM/IA JKcrepTiap cudatuiu 6axonaw anropu-
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TMIIApH, Xama Mypakkad Ty3unMani YKyB-ax60poT TH3UMH TECT TOMUIHPHKIAPH-
HHHT HIIOHYTHINTH Ba XoNaTnapHu 6axonail Me3oHAapH HInjad YHKHIraH.
TabauM TH3UMH, XycycaH yHHHT GazaBuii Kucmu 6yiraH YKyB xapaEHnapiuHi
BHPTYAIIAWITHPHILAA YHHHT MATEMAaTHK MOJC/IMHM HMIINA0 UHKHIL  MyXHM
axamusTra ora. TabauM kapaéHHHHHT acocHii KucmHM  OesocHTa  GHIIHM
ONyBUMIAPHH YKMTHLI XHcoGNaHraH XOJja, YHHHI MATeMaTHK MOJe/IH VKyB
apatHu MOIENMHUHT acockit Tapkubuit knemu xucobnanaan. lynra acocnanran
xXonaa YKyB skapa8HMHHHT acoCHil MOFoHANapH Ba YHH OOIIKapPHILHHHT MaTeMaTHK
Mozenn Takmnd stHaan. YKys kapaénu GaoiHATHIA TabCHP KHIYB4H SUp KaTop
(axtopnap Maexkya Oynub, Oympaii  Xojariaapaa  APaTHIraH  MOJC/HH
MocnalTHpuu Tanab sTaand. MoJenHH MOCTAITHPHIL K¥N Xojiapia YHHHT
napaMeTpnapi napaxacuia Oaxapunn®, y KyHuaard macanaHd eqHil OpKasH

amanra owmpunaan:  ||f,(X,U,C) —f(X',U')”—W—Hnm =

6y epma, C* — mocmawran mozen napamerpiap, C=(c,,¢;.....c;) — mojen
napamerpnapu, [ — mapameTpiapHuHr y3rapuul coxac, X =(X.X;,..X,)

GUIIHM ONYBUMHMHT (EkM GHIMM OJyBUMIAp AaMOACHHMHI) OOLLIAHFHY XOIATH,
U =(ut,,ty,...,14,) — YKYB *kapa€Hura TabcHp dTYBUH XONamiap, bHH OepHIHIIM

rr

pexanalmTHpHiaral GunuM Ba axfopoTnap MaxkmyacH, X' — OWIHM OJIyBUHHMHT
TecT-Hazopar casoyutapura OGepraH TYFpH JkaBoOnapH MHKIOPH, U'— 6unum
0Ty BUHHHHI MaBJTyMOT/IapHH y3namTHpHLI HaTHXKacHAa oJirat OunuM papaxacu.
VKyB Kapa8HHHMHT MaTeMaTHK MOZCJHHHM XOCHI KWIHII YKYB JKapaéHHHH
hopmamTaTHpHIL MMKOHHATHHN Gepran_Xonia, YHH Kyfuiran makcan capu
owkapn6 Gopuin MMKOHMHH Oepaad. YKyB JKapa@HMHMHT acocHil Makcaau
YKUTHII camMapaJopiHrHuH owHpHwaan ubopar. TabnuM TH3MMIapHaa GHIHM
onyBuuaap OWIMMHMHM Ha30paT KWIMW YKYB KapaHHHHHT caMapanopiHrHHH
AHMKNAII BAa TAXJIHJI KWIHLWIHHHT MyXHM OMHIH Xucobnanamu. Buptyan ykys
Japaénnapuaa OMIHMHH Ha3opaT KHIHLI aBTOMATNALUTHPHIraH TeCT-HAa30paT
TH3MMH aCOCH/IA aMasra olMpHIagu. BHanMHK HazopaTaal YTKasHILHHHE YMYMHii
cXemacHHH Kypub umkamuz. YMymuii Xonma Hazopar, Xap 6up Ounum omymun
MOJIENH acocHiia Kypuiaaurai, 6up Heua C; ceaHcnapia amaira ommpwiaan. V3
YpHUIA ceaHcnap HaTHXKacH Mojie/IapHu y3rapuiumra oud kenaau (1-pacwm).
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/ i
/ i I I
e .\ v v

f bunum onysun monenu I

1-pacm. BHaIHMHH HA30PAT KHJIHI Ba OILIHM 0JIYBYH MOJe/IapH
ceaHcJApHHHHT §3ap0 TabCHPH

BsIAMHH  Ha3opaT KWIHII CeaHCHHM VTKasHIIHHHT yMYMHIl cxemacu
2-pacMa KelTHpPHITaH.



Kypcarknunnn
Y3rapTHpHILL,
Po(Ai)

A4 Y

Cypos f—>

Bumia OJIYBYH MOJICITHHH |
Y3rapTHpHLL,
Mo(A:)

— ! Taunosnu kypmul,
Ou (M, P1)

2-pacM. BHIUMHH HA30PAT KHIHMUI CeAHCHHH YTKAZHIIHMHT YMYMHIi cXxemacH

Q caBojulap TYrulaMMAard Ha3opaT TOMWHPHFMHH LIAKIUIAHTUPHULIL YUYH
Ounum onysumra GepunagHrad TYMIAMOCTH CaBoJUIapH Tamnanaan. Bynu axtyan
tynnam Oa, 04 € O nebd araiimus. ABBajad MabiyMKH, Oy TYriaM OHUIHM ONYBYH
mojienu M Ba casonnap napamertpiaph £ ra 6ornuk. Cypos xapa€unia Oy tyniam
yarapuwmnapra yupawi MymkuH. Hasdarpars cagonra Ounum onmyeud Oeprau
’KapoOura acocad, aKTyal TYIUIAMHHUHT ¥3rapuiud, OWJIMM OJYBUM MOME/H
monudukaumscH €kH caBosnapHMHr Goluka napamerpiapH OepHIMIIM OpKanH
amasira OLIMLIKM MYMKHH. AKTyal Tymiuam Ba OWIHM OfyBuM aBobOura Teckapu
I0Ka MaBXKYUIMIH HA30paT yTKa3uil BakTuaa Ounum onysuura (4 apanTalisiiu
TabMUHNaiian. TankHKOT MINMIA afanTHB Ha3opaT TH3HMHHH IIAK/UTAHTHPHLIIA
TacHH(nam ycynu OMNaH TecT TOMWHPHKIAPHHHHE MYPAKKaOJAHIHHH aHHKIAL
MEXaHH3MH Hwnad yukuarad. TecT TONWHPHKIADHHH MYypakkaOJIMK dapaskacura
Kypa TacHuau xxapaéuu cxemacu 3-pacMaa kenrupuirad 6ynub, 6ynna Q — dan
coxacH, S, — # Ta (paHaaH Ha30paT TOMUHPHKIAPH GOHAH, Gun— 1 uu Ganpau m Ta
HA30paT TOMWHPHKIAPH, To,— n UM GaHaan YTkasunrad GOLITAHFHY HA30PAT, @y,
— nuu daunad K, - cundra Teruuin 6yIran m Ta Ha30paT TONIUHPHKNApH, Th—n
ug  Qaupgad  YrTkasunras  Hasopar. Ywly cXemaja  ajanTHB - Ha3opar
T‘OIII[]HPHK}IBPHHHHT Mypakxaﬁmiruuu aHHUKIalga HasopaT TONMUWHPHKIApHHHHT
mypakkaGnurura kapab Tacuuduiain skapaéHu Kentupuiran 6¥nu6, tacuudnaw
OolTAHFUY TECTNALITHPHLI HATHKAIAPH ACOCHIA aMaJira OLIMpPHIAIH.

UYauknu-0y1akin  annpokcHMauMsIam ycyJiulaH YKHTHIL €KH Hasopar
Kuiumaa Gaxonam Ba kynGockuuwiau YKATHLI JAcTypHAAH Hdoaanawr ycynuHu
Taual (GHIMM OTyBUMIapHH paKUpoBKamai) Aa Goinaianunm, Ywdy ycyniu
amMaira  OWMPHII  ANTOPHTMM, acocaH MYyXHMJIMIH  (2), kuitunnurn  (d),
cneundukauns (s) gan ubopar OynraH AMAAKTHK XapakTeprnapura kKypa YKATHLI
[AcTypHAarn TOMIKWPHKIAPHH KnaccH(UKauuanaura acocnanran. MyxXumIHK Ba
KHIIMHIIMK XapaKTepHCTHRaNapH yuTa KHiiMaTaan (MHHHMAT, ¥pTaua Ba MakCHMal)
BupuHn Kadyn Kuiaad, crieunmdukaims sca TYpTTa KWHMaTaaH (“anukiaw’,
“kypuin”, “mucon”, “xompga’ TypHmarn TomuHpHKnap) OHpHHH Kabyn kunamd.
Ulynra kypa, Xxap GHpH yauuuur pazunuauk kooQpGHIUIHTHTA KYpa, MOc paBHILAA
TONWUPHKIAPHAHT m Ta cundra axpartunan.  Wi=f(zi d si), i=1.2,...m.
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Bunum  GepyBUMHHHI XapakTepHCTHK (YHKUMACH Kyduzaarn ¢opmyna
acoculla aHHK/IaHaau

n
y=2Wx,
1=l

Bynna, y wapTian 6axo — GHIHM OJTyBUHHHHT /2 TONMIHPHKHH GaKapraHiury yuyH
Tymaran Ganmap COHM; X; — i-4H TOMMHNPHKHM Oaskapraupa onraH Gaxo; n —
TOMIUHPHKNap  coun; Wi={W W ..., Wn} — TOMUHPHKHHHI  Ba3HIHIHK
ko3 uunenTnapu BekTopH.

Kyiinga 6uaMM oOnyBUMHMHIT h Ta TONUMPHKHH 6askapraHjiurd yuyH
Tynnaran /4 — ¥praua 6ann KyHuaaruua aHHKIaHaIu:

s
C

u

Oy epaa, C, — n Tonwmpukny daxapuiura ypunuwnap couu, Cu2n.
Anurnanran A'- ypraua 6ann Kyinaaru gopmynara kypa xucodnanaau:

C —n C C
A=A+ar+a,——+a,—+a,—, (n

n n
Byupga, r — 6unuM onyBuu paurru (1, 2 ékm 3 ra Teur); Cy — n TONIIMPHKHH
Oamapuwira ypunuuuiap cond; Cm — MabiiymMoT OepyBuH MaTepHannapra

Myposkaatnap couu; C, — Genrumnanrad akraaH YTHO OaxcapHiran TOMmIMpPHKIAp
couH (Cv= n); oy, 02, 03, 04 — pyHKUMA KO3 PHIHEHTNApH.
P - 6axo TYpTOannuk HazopaTAa Kyiinaars (popMmynara Kypa aHuK/IaHaaH.
)
Lo =g ro=1, azap A' <c,

3, aeap ¢, < A'<¢, .
= ; r=qr,, azap c, <A <¢g

4, aeap ¢, < A'<¢c; ’
ry+1, aeap A" > ¢
5, azap A'<c,
Byuna, ¢={cic2c30405) — uerapasuil KHiiMaTnap BEKTOPH. ¢4 6a ¢s derapaBui
KMAMaTIap 6HIMM ofyBUM paHrruHM aHuknawja ¢oiinananunagu. r — Oy, n Ta
TOMIUMPHKHK GaskapraHfaH KeHWHrH OWIMM OJIYBYM pPaHrTH, ro — Oy, n Ta
TOMIUHPHKHH OarkapHiuad o HHIY OHIHM Oy BYH PaHITH.

Basumunuk  koa(pdpuumentnapn  kuiimard Wi (i=1,2,...,m), derapapuii
xuitmMatnap ¢ (j=1,2,3) Ba ax (k=1,2,3,4) GpyHKuus ko3(hHUHEHTIAapHUra TErHILIH
Gynran HazopaT napameTpiapH YKWTHII GOCKHUHMIArd Ha30paT JKCrepHMEHTH
HaTHKanapura Kypa anMkiianaam.

UM3HKNH-DYNaknn ycyn acocuza OHIMM OJlyBUHJIADHH alanTHe Gaxosarl
skapaénm 4-pacMia KeJITHPHIIraH.

Uuznknu-6ynakin annpokcuMaudsialiaa CHPIaHyBUYH OiiHa yCYJHHH
KyJanaw opkanu TtacHuduiam skapaéHuaa YKUTHIL AHHKIHTH OLUMPUIIAIH.
Cupnanyeui oiiHa ycy/iM KaTOPHHHI ajloxuja O¥nakjiapy YUyH KypHJIrai Karop
Xa/UIapHHH MOJMHOMIIAp OMJIaH KeTMa-KeT CHIUTHKIALL FOACHTa acocianrad 6¥u6,
Kyiiaaruya Tallkul 3THNaad. ABBal0 KATOPHHHI OMpHHYHM N Xaanapu yuyH p
napakanu K¥nxan Kypunanu, 6ynga p < N— 1 6§nub, N uxTHEPHHA GYuLIM MyMKHH
Ba MOJIMHOM KHUAMATH, YHUHI @HUKIAHHII COXACH KypwiraH QiyHKuns (MH3NKIH
G¥naknu annpoKcHMallks acocuaa) Kuiimariapura Kypa aHukiaadanu. Cyurpa oup
14



KajaM YHrra CHJDKHTHIU opKanu N Karop KMHAMAT/IapH OJIMHAIH, AHCH NOJHHOM
KYpPMIanH Ba YHMHr KMiiMaTiapu acocHaa sHMH (QYHKUHSA KypHIaad Ba X.K.
(5-pacm).

- I o I
VKyB I VKUTHIL ! Tauubd onuw
TaHnaHma : :
| | 7" Zi0 Oy S
| At =
| o l n
Hazopar ! Wi, cj, ak ! Ty
SKCNMEPHMEHTH +—| [apaMeTpilapu- 1
p H p piaap \
HaTHXKallapH : HH aHHKal I'
| |
1
1
1
i
]
]

P — baxonaiu

4-pacm. Ymnkan-6yaakan annpokeHmMaunst YCY/IH ac0CHIA GHInmMaapiu
ananTHs 6axojam MOAECTH

Illyura kypa, kefiuuru Oockuyra yTuml >kapaéHHOa KaTOpHUHD Gapua
KuiiMaTaapu 6yiinat N kenriukaarn ryéku «ofiHaniap CHIDKHILK coanp oynanu. N
HHHT TOK KMiIMATIapHHM TaHnamw Kynaiipok, 4yHku Oy Xonza cupnanmuw
OPATMFHHHMHT YPTa HYKTAacH (IOJMHOM KMiiMATHHH XHCODIAll HYKTacH) Kerma-
KETMHK KHiiMaTH YayaHaaurad Keilnru MoMeHT OH/IaH JIOMMO MOC Kenaau. Bup
KaTOp CHpNaHyBYH OfHANAPHUHT cerMeHTnapH 0Yiin4a Ty3uiIrat MoanHOMIIApHHHT
xucobnaHray KuiMaTiapH KaTopH Taxiijl KHIHHAAHIAH KAaTop KHAMaTaapuiuHr
CHINMKIAHraH 0aX0ocHHH (aHUK KuiiMaTiapuuy) Gepaan.

A ] Lo ! Cu
D

11-ofvenr | U, Blml U 12951802 [ DIS/295328| U 38Sb153NY| LE]

|12.08verr | 0.922101420| 0,521929793] 0,171676911| 0576923077 0.5 J H-| Z-ninmna Y7 ymeTmm sypRITR
13covexr | 0923313043 0,523973327| 0,1738508761| 0576923077 o3

\lla&.—r 0.333333333] 0.158367273] 0.038503431]| 0.133848133 1

il L Iu'Y-&_ll“lS 0, 134015175] 0.0SATI2638] 0O J'II‘I_NJTI 0 —  J-oumaza Y3 Q)HOSURS KYPMRIAIN
1Gabvesy Q.34057971| 0,192782307| 0.,054354015| 0,115384615 0.25

170w | @ G08¢33652]  0,31C89111]  0,165318287) 0.423070523 Q

1Rt | 619965 /1/] 0 4guneniNa]  IbaNRY/ 27| 1L INERTNANY 0y

(19 o8ucer | 0.623185406] 0.355203401| 0.171436804| 0123076923 0,75

20wOewss | 0,G21I7G612| 0 I4TCI4ICT| 0,1G388113G| Q,284613283 023 - 4olomaaa Ye $yroamms rpuiaza
21oover | 0,019383217) ©,343083783]  0,18343547| 0,423078323 0.3

Alobvemy | 0,608665652| 0.339210442| 0,177535536| 0,230769231 0,25

I3c0vemr | 0608535652] 0.3341394338] 0172203148| 0 386615385 025 wes

2ofuser | 0.619565217| 0.347023374] 0.181137149| 0.3£61538465) .28

|25 ofivencr] 0,619565217] 0.31983366] 0.157510565) 0653846151 .25

[Z6ofucar| 0.610565217|  0.34832604| 0168617747 0.576923077 .25

|Z7obwes] 0.6193G5217] 0,333634414] 0175710718 0384613385 0,25

S-pacm. CHpnaHyBYH 0iiHA yCyJIH



Oiina kaTopra Teruuuis 6yarad Tok KuiiMatnapid N=2m-+ ! §3 uuura onaau.
Kynainuk yuyH pa yMyMHIUTHKHH YeknamaraH Xonaa, 6u3 ynapHu OyTyH coHnap
©unan benrunab onamus S = -m, -(m-1),...,-1, 0, 1,..., m-1, m. Bynpa oftnanuur ypra
Hyktach S=() ra Tenr. [TonuHom koadduunsHTIApHHN GaXonamiza 3HT KMYHK
KBajpatnap ycynauaa Qoiinananub, kyiinaaru ugoaa XocHN KHIHHIIHK:

Qo = Cot+ C1Y-in + C2Y-(m-1) + et Comp1Ym (2)

P o 57 KypUHHIIAAry AuruHam akat m ra 6ornuk 6ynrannuru cabadnu,
(2) renrnamana Gapua c;, j=1,2,..,2m+[ xo3puuusHTIapy dakat m Ba p ra
Sornuk 6ynu6, ys KysaTysnapra 6ofnMK dMmac. S=(0 HyKTaga KaTOPHHHT
CHJUIHK/IaHraH KuiimMatnapn ¥y = f(0) = ap ra Tenr. Llynra kypa S=0 HyKraaa
KaTOPHUHI CHJUIMKIaHraH KWiAMaTH, 2m + [ HyKTanap/ia YHHHT Ky3aTHJiaaurat
KHiiMaTnapuHuHr yprada Basuura (c; Basumu) Tedraup. CupnaHyBuH oiHa
ycynuaas Qoiinananubd Tpeuanu 6axonawaa, ¢akar m Ba p HU TaHnamra 60rauK
6ynran poumuit ¢; koaduuMIHTAAPHH AHMKNAW 3apyp, cyHrpa ao Hu (1)
topmynara Kypa xucobnanaam.

CupnaHyBuH oiiHa ycynuaa KaTopJiapHH CHIJIHK/IALL OPKANH AHaAa aHHKPOK
HaTHKA OJIMII MYMKHHJIMIH TECT TOMMWHPHKIAPHHUHI MYpaKKaONHIHHH aHHKnal
MHCONMAA KYpuiu MyMKHH. CHpnianyBud OfiHa YCYJIMHHHIE 9HI OJUIMI BApHAHTHHH
Kynnarauga, Oepunara KaTOpHM IOKOPM Japaxand  MojuHomnap Ounan
CHJUIMK/AraHra Kaparaiia aH4a X1 HaTHxKa OepHIuH Ky3aTHIau.

CupnaHysud ofHA yCynMHH Kyjalja, O#HHA KeHMJIMCMHM  aHHKNAW
macanach kennd unkanu. lllynra kypa, 1-napasany nonuHom OunaH cupnaHysuu
YM3MKJIH-0YNakau annpokcuManuanaul épaaMuaa CHIUTHKIAHT aMaira OLMpHLI
Ba Wy acocuaa bepuiran MabilyMOTIADHHHT XY CYCHATHrA kapab cupnaHyBuH oiina
KCHIJIMPHHY MOCTIAIITHPHLL YCYH KYPHO UMKHILIH.

CupnanyBuu oiiHa KCHIVIMTMHH  TaHjlall  lUIapmiapH  Ky#iuoaruua
nbonanananu:

[6a;| = kyi. (3)
Oy epna, k— ctanaapt oruwHMHr 1 nad 3 raya Oy/rad MLIOHY OPANHFH KEHIJIMIHHH
Oenrunaw KosMUMIHTH, @ — KMUMK KBajpamiap ycynu Oyiiuua mozen
koo dHIMIHTHHM Gaxonam, Y, — MOAENHHHT [-KO3()OUUHIHTHHUHT CTaHAApT

OFHILH.

(3) Haruzka Mogen ko3 GUUHIHTAAPH AHCIEPCHACHHHHT MabITyM KHiimarura
Kypa GepwiraH MabIyMOTIIApUHMHI XapakTepHra kapad, CHphaHyB4H OHHaHMHI
KEHIJINTHHM TAHJIAL Y4YH aIanTHB TH3MMHH APAaTHLIrA HMKOH Oepaiu.

Huccepraums mwmHudar «TabJauM TH3UMHAA XONATJAPHH AJANTHB
6axonam AAropMTMIAPH BAa AACTYPHA TABMHHOTH» 10 HOMIAHraH y4HMHYH
Gobuna cupnaHyB4u oitHa ycynu acocHia TabIMM TH3HMH OOBEKTIap XONaTHHH
ajanTHe Gaxomawr Ba GaxonapHu XxucobJaul alropuTMAapH acocuaa OuinuM
O/lyBUWJIAPHH  KOOWIMATHra Kypa TacHH(Iall  MAacajanapHHHHI  eUHMH
KeNTHpUIraH, Xamjaa OuwnumiapHd aJanTHB  Ha30paT KUIMIO  TH3HMMHHHHT
HHOOPMALMOH MOZEIIapH, ’ aNropuTMiapy’ Ba JAcTypHH TabMHHOTH Huutad
YMKWIrAH, WYHUHIIEK TAKCHMMIIAHTaH a1anTHE HA3OPAT TH3HMHHH TAUIKHI STHL
skapaéuu 0atH STHIIraH.
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Gaxonai TH3MMH acocH/la aHbaHaBHil Ba BHPTYall YKYB apaéHIapMHHHT KHECHI
TaXJIHJIH, XaM/la akaJCMHK KPEJIUT TH3UMHK/1a ﬁnnw.\mapun aJanTHB Ha30paT KUJIHII
TH3HMHHH KOPHI OTHIL Macananapi KeITHpHIraH.

Kcn'rupi-mrau ME3oHJapra acocyianu6b TECTNAIUTHPHIL  HaTHXKalapHIaH
OJIMHran MabiyMOT/apra Kypa 4HM3HKIH-OYNaknu annpokcumalldd ycynuna,
Gaxonapuu xucobnaw anropHTMIapHAa Ba CHpMaHyBYHM OfiHAa YCYJHJA OJMHraH
MabJlyMOTHAp HUWIA0 YHKHIIraH JAcTy pHii BOcHTaAA YKUTHIKG, TOMUMPHKIAPHHHT
Mypakkabnurura kypa cundnapra axpaTHNAM Ba KyHHIard HaTHxKamapra asra
O6ynuuau. Bapua ycynnapnaH ONMHTaH HaTHxajapra Kypa YKHTHUI aHHKIMIH
Kyfinjary sa/isajljla KeJTHPHIIraH.

Tanus oJIHIW yCyJJIAPH ACOCHAA OJHHIAH HATHRAIAD

YKHUTHII

Ne Tauub onmm ycyan anmicnry (%)
| | CupnanyBuH oiiHa ycynu 98,8

2 | baxonapun xucobnal anropuTMiapu 96,2

3 [ Uu3uknu-6¥iakid anipoKcHMalHa yCyiH 89,7

4 | ITonunomuan perpeccus yeynu (111 napaxkanu) 86,3

5 | Xynoca anapaxti yeyau (Decision tree) 85,5

6 | Un3auknu perpeccus ycyiu 69,3

Y TKa3unran TaAKMKOTIAP ACOCHIA OJIMHIaH HATHKANAp LIyHH KypcaTaauKkH,
XonaTnapHH alanTyHe 0axoflall MacallacHHH eudllla CHprNaHyBuUH oiiHa YCYJIHHH
Kynnarania, TaHu® onuIIHMHT OOLIKA ycynnapura kKaparanja I0KOpH aHMKJIMKKa
IPUILMIIH.

Bunumnapuu ananTus 6axonall TH3UMHHHHT JACTY PHH TABMHHOTHHH MLUNA0
UMKHII KapaéHuia Ha30paT TOMIUMPHKIAPUHUHT MYPakKKabNMruHH aHMKIala,
ABLHM  TECT-TOMIUMPUKIAPHHHM  3KCMEPTIIApDHHMHI  HIUTHPOKWCH3, aABTOMATHK
pamKHpoBKa KHJIH1aa ‘lH3HK.I]H-6S"HaKHld arnmnpoKcHMalumanaiu acocyHaa
cHpnaHyBYM ofiHa ycynuaaH Qoiinananunau, OUIHM OJYBUHIAPHH KOOHIIHATHIA
Kypa Tacuuduiawia aca 6axonapHu Xucobnai anropHTMIIApH KYIIaH WM.

Minad uukunran BupTyan yKys kapaéuu a OMIHMIapHH afantie 6axonauw
TH3UMHHUHT  JacTypuif TabMHHOTH acocHja BHPTYAIAWITHPHAraH ¥KyB
KApAEHHHUHT  KaHY&IMK  CamMapajopiid  3KAHJIMCHHW - AQHHKIaW  Makcaamaa
Taxkpuba-cCMHOB MIUNMApH aManra owHpunan. BupTyan Ba aHbaHaBHi YKyB
skapaéunapy acocuaa GuIMM oJ1yBuMiIap OMIMMHHK Baxonall Makcaanaa BUPTyan
TecT-nazopaT TH3MMHAaH QoiiaanaHunau. Vrrasunran Taxpubanapra kypa
HA30paT rypyxura Hucoaran Taxkpubda rypyxuua onud 6opuIIral TaaKMKOT HULIApH
8 douznan 12 donzraua camapagopauK KYpcaTKM4M IOKOPH 3KAHJIHMIH CTATHCTHK
ycynnap épnamuna ucGotnanam.



XVJIOCA

«TabnHM TH3MMIApHAA XONATAApPHH afanTHB OaxOoNalWHHHT MOAE/IApH,
IrOpHTMIApH Ba AACTypHH TabMHHOTHY» MaB3yCHIAarH IHCCEpTalHs Oyiinya onud
6opunTraH TAIKHKOT/IAp HATHXKACHA Ky HHAArH Xysocanap TakIHM 3THIaaH:

1. Mypakka6 axGopoT TH3UMJIap TypyXHra KHPYBYH Tab/HM TH3UMHIArH
YKYB jKapaéHHMHMHT TH3MMIH TaXJAHIH acocHaa yHaard ax60poT OKMMIApHHHHD
KOHYHHMATNAPH ¥prauud HHKUAmH, YKYB >KapaéHHHM BHPTYaTalITHPHLIHHHL
acocii KOMMOHeHTanapH INAKINAHTHPHIAH Ba ylNap acocHaa ApaTHIHIIM
PeKANATHPUIFAH AACTypHil TABMHHOTHHHT Ga3aBHil MOTYJIIapH AHHKIIAHIH.

2. Bupryan ykyB xapaéHuuuHr 6a3aBuii KOMNOHeHTANapuaaH Gnpu oynrad
TEeCT-Ha30paT TH3HMHHHHI XYCYCHAT/NApPHHH TaXNMHN KHIHW HATHXacHaa, yHH
MHTEMNIEKTYANIAIITHPHIL  Ba  ANANTHBNAWTHPHIL  3apPYPHATH  MABXKYIIHIH
AHUKIAHAH, XaMJa YHHHT QICOPMTMMK Ba NAcTypHil TabMHHOTHHH ApaTHLU
TaMOHHINApH WaKINaHTHPUIAH.

3. Buptyan ykys skapaHHHHHT KYN GOCKH'WIH MAaTEMaTHK MOACIH nuuab
YHKHIIH BA YHHHE ACOCHAA BUPTYan YKy B KapaéHHHHUHT apHXHTEKTY pacH Ty3Hnuo,
yHparn acocuii axGopoT okumaap, y3apo GornamyBuaH TyryHnap, axGopot
OKMMNAPHHH KaiiTa HIUIOBYM ANFOPHTMHK TabBMHHOT sApaTHNad. By YKy
KapaBHUHN Kyiiunran maxkcan capi 6oukapud Gopuin nMkoHuHA Gepaan.

4. XonaTnapuu apanTuB Gaxonall MacananapMHH ONTHMAl eYHMHHH
TOMHIUAA CHPMAaHyBYM OjiHanap acockia anfpOKCHMALMANAHHHE TAKOMH/IaLI-
THPHAraH ycynu Miunab YMKHIAW Ba TAHHO ONHIUHMHL TYP/IH yCynnapH acocHza
GUAMMIApPHH ANaNTHB HA30pAT KWIHMIUHHHT TacHudnaw HaTwkamapu Ounaun
Takkocna, cupranysuy ofiHa ycyan acockaa SyHnai MacananapHH e4HuIaa I0KOpH
HaTHKara SpHIIHLI MYMKHHIIHTH acoc/IaH/IH.

5. Baxouu azmekpaT XucoOnaul anropuTMiaapH cuuduga OenrunapHuur
MYXHM/IHK /lapakacHHH aHMKJIOBUM CHPMaHyBuH OfHA YCYJIH TAAKHK 3THIAH Ba
YHHHT acochia axOopoT Ba3HNapHHH ONHMLI Ba YMAPHHHT MypaKkaGnHruHH
faxonawHHHT XucoGnaw anropuTMnapi Huab uukuMnad. Hatwkama asantue
faxonaw THIMMHUHKM Huulab yukMaa oObEeKTIapHH XonaTHra Kypa tacHudmnau,
AKyMIaaH TeCT TOMHPHKIAPHHH MypaKkkadnurura kypa TacHu(nawaa YKUTuw
AHHKJIMIH I0KOPH OYMMILAra IpHILHIAH.

6. CupnadypuM ofiHa ycy/JH acocHAa MINabd YMKWIraH ajanTHB MOJEN Ba
aIropuT™MIapaaH Qoiiganannd Mypakkad TH3MMIapaard o0BEeKT/Iap XOnaTHHH
faxonaiu, Xxamaa TEXHHK, HKTHCOAMH Ba WKTHMOHI XONAT/NapHHH TaXJIHI KHITHII
amanuéruaa GolKapyB KapopiapiHH Kalyn KuMwra KymakiaulyBud AAcTypuit
MOMYN ApaTunau. SpaTmnrad AacTypuil MoAynaaH TacHHbnau macananapuHu
eunwaa goiinananub, xymnaaad KopxoHaaa Hinad YMKHIraH MOIYJ WAKIHAArK
HCCHKJIMK  @lMAlUTHPYBYH PpaHaTOP MAXCYNOTAAPHHHHT HII KapagéHMaaru
XonaTHHH Oaxonawaa kapop Kabyn KHJIHLI CAaMapafOp/HrHHH OLIMPHIMILKrA
IPHLLIHIIM.

7. BaxonapHu xucobnawl anropuTMIapH acocHiaa skcmeptinap cudaTHHu
faxonauwl anropuTMH Ba YHHHI AACTYpHH MOAYNH Mwnad uukunau. Bynudr
HaTHKACH/A TacHH(IAL MACATIANIAPHHH CUHILAA YKYB TAHIAHMA JKAABATHHH TYFPH
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IWaKJUTAHTHPHIL,  alaliTHB  Ha3opaT  TH3UMH  MabiyMomiap  0a3zacMHH
AKANAHTHPHILAA axO0pOTIapHHHI HMILOHYIHIIMIH Ba aHMKJIHTHHH OUIMPHILIa
SPHLLIMIIH,

8. IDEF wMmerononorusnapu acocuaa ummat YHMKMNAéTraH  acTypHi
TabMHHOTra KHPYBYH Mab/lyMOTIIap, YHTa TabCHpP KHJTYBUH OMHIIAp Ba yJapHHHT
TabCHp Me30HJapH, [AacTypHil TabMHHOTAAH HaTHXa cudaTHaa YHKYBYH
MabJyMOT/IapHH AHHKJIALUTHPY BYH afanTHB 6axonall TH3HMHHHUHT ¢y HKUIHOHAN Ba
MabJIyMOT/Iap TY3HIMacH Huutad yukunau. By HUHr HaTKacHaa HITad YHKHITHIITH
peKanallTHPHNTaH OacTypHiH TabMHHOTHHHI MOJYMJIapH, YHHHT TapKHOHH
KHCMJIapH, MabJlymMoTnap 0a3acMHMHI Ty3UJIMIUM BA YHAA aManra OlHpHIaguray
XHcobal aManIapHHH aHHKab oI MMKOHHMATH Naiino 6ynau.

9. TakcumnaHrad BupTyan VKyB »kapaHM KOMNOHEHTANApHHMHI ¥3apo
TabCHP MPOTOKONH HuUL1ad uukuiau. By pacrypuil TabMHHOTOAH KOPIIOPATHB
TAPMOK MyXWTHIa dofinananrania TapMoKa MablyMOT/IapHH Y3aTHII Ba KaiiTa
MLl skapaéuuaa Kenud uMKHILH MYMKWH OYiraH XarolMK Ba MyamMMOnapHH
OapTtapad aTui HMKOHHHHU Gepau.

10. Munad uukunrad ycys, ajropudTM Ba JAcTypHil MOAy/nap acocuaa
KOpNopaTHB TApMOK MYXHTHAA HIUTamira mymxannanrad Adaptive assessment —
ajanTHs Gaxonaul TH3MMH AACTYpHIl TABMHUHOTH ApaTHAAM. SlpaTunrad aactypHil
TaAbMHHOT Tab/IUM TH3UMHAA YKYB ’KapaéHuaard XonatTjapHH agantus Oaxonau,
OuuM onyBuMnapHu o6bekTHB 6axosall Ba KOGUIUATHra Kypa tacHudnai, xamaa
aKaJeMHK KpeauT TH3MMuAa TanabanapHu KeHHHrH OOCKMYHM TaHjnalnapuaa
TYFpH Kapop KaOyJ1 KUHIL/A camMapalii HaTH:Kalapra 3pHLIMIIH,

11. Tabnum TH3MMHOA apanTH Gaxonam TH3HMHHM HKOPHIT 3THLL JOoMpacKHaa
aHbaHaBHH Ba BUPTyasn YKUTHIN Xapa&HIapHHHHT KHECHH TaXJIMJIH KEeNTHPHIIIH.
Taxnun narTHxacHaa Huad YHKWIraH ycyJs, MOAEN Ba alropHTMiap acocujaa
KypWiraH ajanTue ©axonaml TH3MMHHUHI VKYB jKapaéunapura KyIaHWIHLIK
aHbpaHaBHil ycyara uucbaran 8-12 dousra kynpoxk camapald HaTH;Kara 3pHLUHLI
MYMKHHIIMIH acociaH/1H.
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BBEJJEHHUE (anuotauus anccepTanuu gokropa ¢gunocodgun (PhD))

AKTyallbHOCTb H BOCTPeGOBAHHOCTH TeMbl AHccepTauun. B mupe
CYLIECTBYET BOMPOC OLEHKH JEATENBHOCTH —COLHAIbHO-OPraHH3aUHOHHEIX
npoueccos, yaenderca ocoboe BHHMaHHE OMpENENEHHI0 3aKOHOMEPHOCTEH
HHPOPMALMOHHOrO MOTOKA NMpH HX 3(PPEeKTHBHOM pELIEHHH Ha HAY4HOH OCHOBE,
nepejaue JaHHLIX H 3HaHH, ux addexTHBHOH obpaboTke, a Takke paspaboTke
MaTeMaTHUeCKHX Mojeneil H NporpaMMHOro oO0€cneveHHs CHCTEM aJanTHBHOM
OLEHKH HX JOCTOBEPHOCTH H MOJAJIE:KKe NPHHATHA pelenuit. Orpomuas pabora B
3TOM HAMpaBJeHHH MPOBOANTCA B Y30EKHCTaHE H B TAKHX BEAYIMX 3apyOeiHbIX
cTpanax Mupa, kak CLUIA, SInonus, [Oxnas Kopes, epmanus, BenukoOpuTanus,
Munaua, Poccuiickas denepauus, benopyccus.

B MHpOBOil MpaKkTHKe BEAETCA MHOXKECTBO HAayUHBIX H3BICKAHHHA M0
KNacCHOMKALUMH  CNOXKHBIX ~ MH)OPMAUMOHHBIX ~ CHCTEM, B TOM  uMcne
KnaccH(MKALMK BOHHKILIMX MPOGIEMHBIX CHTYaLii B 00pa30BaTelibHOI cHCTeMe,
Ha OCHOBE TEOPHH onpeaesieHuA (yHAaMEHTAIBHBIX METO0B-0NHCAHHH, METO0B
MHTEIEKTYAIbHOM0 AHANN3a M ONTHMH3aUMH JAHHBIX, @ TaKxke no paspaboTke
ApXMTEKTYpbl M MporpaMMHoro ofecreueHHs CHCTEMbl AlNANTHBHOH OLEHKH,
3AKOHOMEPHOCTEH €e [eATebHOCTH, CLUEHapHeB npuMmeHenus. B aToi ceasm, B
YACTHOCTH, BAKHOH HayuHO-NPHKNAAHON mnpobnemoi sBnserca paspaboTka
MaTeMaTHUeCKHX Mozeneil H COOTBECTBYIOLIEro NporpaMMHoro obecrneveHus npu
ananTHBHOH oueHke npoOnemMHbIX CcHTyauuii B o0pasoBaTenbHOH cHCTeMe,
BbIABJEHHH 3aKOHOMepHOCTell HH{OPMALHOHHBIX MOTOKOB B CHCTEME a1alITHBHOTO
KOHTPONA 3HaHMil, oTHOcAweiicA K rpynne cnabo  Gopmanu3oBaHHbIX
HH()OPMALHOHHBIX CHCTEM.

B Pecnybnuke ynenserca ocoboe BHHMaHHe BOmpocaMm pa3paloTkn
nporpamMMHBIX NpoayYKTOB B uendx  pasBHTHA HH}popmauuonHo-
KOMMYHHKALMOHHBIX TexHonmoruii, ofecneuenns ux GesonacHoctd, obpaGoTku
JAHHbIX H OLIEHKH MX HAAEKHOCTH, a TAaK)KE BHEAPCHHA B IIPAKTHKY .

B crparerun peiicTBuil Mo aanbHeHWeMy pasBuTHIO Pecnybnuku
Yabexuctad B 2017-2021 rogax oTMe4eH pAd 3aiay, B YAaCTHOCTH «MOBBILIEHHE
kauectBa H  3(Q(EKTHBHOCTH [EATENBHOCTH  BBICIUMX  06pazoBaTenbHbIX
yupexIeHHil Ha OCHOBE BHeApeHHA MEAUIYHAPOIAHBIX CTaHAApPTOB 00yveHHA H
OUEHKH  KayecTBa  MpernojaBaHud, ...  BHEApeHHe  uHdopMauHOHHO-
KOMMYHHMKALMOHHBIX TEXHONOrHH B 3KOHOMMKY, COLManbHylo cdepy u cucremy
ynpasnerusn'. [IpH ocyLiecTReNHHH H3JI0KEHHBIX BBILUE 337184 OZAHHM M3 BaXKHBIX
BONpPOCOB CEroAHALIHEro AHA ABNAETCA pa3paboTka MojeneH, alnropuTMoB M
NporpaMMHOro obecneueHHs aganTHBHOIN OLEHKH CHTyauuii B oOpasoBaTenbHBIX
CHCTeMax.

ﬂﬂHHOC AHCCEPTALMOHHOE HCcClIe0BAHHE B OHpBﬂEﬂCHHOﬁ CTCICHH CNYIKHT
BLINOJIHEHHUIO 3a1a4, npeaycMOTpeHHbIX Ykasamu [lpesunenta Pecnybnukn
Vi6ekucran ot 7 despans 2017 rona Ne VI1-4947 «O crparternu aeiictsuii no

! Vkas INpesnaenta PecnyGauxy Ya6exncran ot 7 despans 2017 rona Ne ¥I1-4947 «O Crpaternu no aanseiimenty
pasguTiio PecnyGnukn Y3ibekueran».
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JNalpHeitemy passutHio Pecny6nuku VYibekucran», ot 30 miona 2017 rona
Ne VT1-5099 «O mepax mo KOpeHHOMY YJTyHIIEHHIO YCIORHIT UTA Pa3BHTHS OTpacii
HHdOpMAaLMOHHBIX TexHonoruii B Pecnydnuke VY3bekucraw», ot 19 ¢espans
2018 rona Ne YI1-5349 «O mepax o gansHedlleMy COBEpLICHCTBOBAHHIO chephl
HHQOPMaIHOHHBIX TEXHOOrHil 1 KoMMyHHKaUHit», [ToctanoBieHnem [pesuaenTa
Pecnybnuku Y3bexkucran ot 5 uions 2018 roga Ne YI1-3775 «O pnononHuTenbHLIX
ME€paxX 1O TIOBBINIEHHIO Ka'iecCTBa 06[.)33033.1“!5{ B BBICHIHUX 06paaosa'renbt-{btx
YUpPEKIEHHAX H 0DecriedeHHI0 X AKTHBHOIO Y4acTHA B OCYILIECTBIAEMBIX B CTpaHe
IIHpoKoMacuTadHbIX pedopmaxy, a Takke JAPYTHMH HOPMATHBHO-IIPABOBBIMH
JIOKyMEeHTaMM, IPHHATEIMHU B 1aHHOi1 cdepe.

CooTBeTCcTBHE HcCIe0BAHUS NMPHOPHTETHLIM HANPABJCHUAM Pa3BHTHSI
HAYKH M TexHosornii pecny6anky. JlaHHOe HCClelOBaHHE BBIMOMHECHO B
COOTBETCTBHH C NNPHOPHUTCTHBIMH HAnpasleHHUAMH Pa3sBHTHA HAYKH M TEXHOJIOMHH
IV. «MugopmaTnzauma u paspuTHe HHPOKOMMYHHKALIHOHHBIX TEXHOJIOHID»,

Crenenn m3y4ennocru npo6aemel. Jlo HACTOALIEr0 MOMEHTa MHOTHMH
YYCHLIMH  [POBOJMIANHCE HAYYHO-NIPHKIIAAHBIC HCC/ICAOBaHHA 10 BOIMpoOcaM
MOJIC/IMpOBAHMA, pa3paldoTku W BHeJApeHHA [porpaMmHoro obecrneueHHs H
anropUTMH3aLKK 00pa30BaTENLHOrO Mpolecca H KOHTPOILHO-TECTOROH CHCTEMEI B
Hay4HBIX YUPCKICHUAX, CHEUHATH3UPYIOLWHMXCA Ha apXHTEKType BHPTYaJlbHOI
KOHTPOJIbHO-TECTOBOI CHCTEMBI M ee Bue/ipeHHAX. B yacTHocTH, B paboTax A.Rios,
W.J.Linden, H.Wainer, F.M.Lord, C.Romero, P.O.Parcnane, B.D.CkuHHepa,
E.M.Mamb6uia, [0.1.Kypagnéra, JILA.Pactpuruna, A.T1.CBupunosa,
J1.B 3aliuesoit, A.B.Conosoega, B.C.ABanecoBa, A.M.bauimMakopa H
H.O.Ilpokodrepoii u3yuanuck BONpocsl MHTEIEKTYANbHOIO aHaiu3a JaHHbIX,
pacriosnapanua ob6pa3os, kinaccH(puKalii 0OBEKTOB H MOJIEJIHPOBAHHA CHTYaLHIl B
oBpa3zoBaTe/bHLIX Npoleccax.

B naweii Pecny6auke B 3ToM HanpasieHHH M3BECTHLI paboThbl aKkaJeMHKOB
M.M.Kamuioea, T.d.Gexkmyparosa, npodeccopos 111.X.a3bu10Ba,
H.A Mrharbesa, H.C.Mamaroga, B.lLI.Papkabosa, 0.K.Bobomypanosa,
A X.Huwanoga u fp.

B nactosuiee Bpema Bonpockl apXMTEKTYPbl ananTHpyeMmoii BHPTyanbHOIt
KOHTPOJIBHO-TECTOBOH cHcTeMbl, pa3paboTKH NocnelHHX BEpCHi NporpamMMHBIX
Cpell, reHepHpyeMbIX B pa3NiiHbIX naardopmax Ha OCHOBE MOJIeNel H aJlIrOPHTMOB,
KOTOPBLIE ONpE/IeNAIOT YpOBEHL CI0KHOCTH KOHTPOJIBHO-TECTOBBIX 3alaHuil ee
NporpamMMHoro obecrneueHus, HeIOCTATOUHO H3YYEHBI.

CBsi3b  AuCCepTALIMOHHOrO HCCJICAOBAHHSL ¢  IUIAHAMM  HAYUHO-
HCCIe/I0BATENLCKHX pafoT Bbicwero o0pa3oBaTeNbLHOIO y4peKACHHS, Iie
BBIIOJIHEHA AHCCEPTALHA. HHCCGPT&L[HOHHOE HCCIIENOBAHHE BLIINIOJIHEHO B
COOTBETCTBMHM C IUlaHamMM HayyHo-HcclieopaTelbCkuX pabor TawkeHTCKOro
yHHBepcuTeTa HHOPMaLMOHHBIX TeXHOJIOTHI B pamKkax npoekros: ATH-17-014
«PaspaboTka nporpamMmHore Kommniaekca BHPTYanM3aUuMH y4eOHbIX MPOLECCOB B
cucreme Bbicuiero obpazoranus» (2009-2011), UTO-17.5®-P1-007 «TeopeTHko-
METOJIMYECKHE  OCHOBBI  MOCTPOEHHA  HHTEJUIKTYalbHBIX  MPOrpaMMHBIX
TEXHUYECKHX CHCTeM oToOpaxeHus u 0oOpabOTKH JAaHHBIX /I [OJICPKKH
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NPHHATHA pellicHHA B cnado (opMaiH30BaHHBIX HHPOPMALMOHHBIX CTPYKTYpax»
(2008-2010), a Takke mnpuknaaHoro npoekta «IT-Nation» (2018-2021),
ocyuectsasemoro LlenTpoM pa3BHTHA  HH(OPMAUHOHHO-KOMMYHHKALMOHHBIX
TexHosoruit B cepe HapoaHoro obpazoBaHus.

Ienbto Hecl1e10BAHHS ABJAeTCA pazpadoTka nporpaMMmHo-
anropuTMuyeckoro ofecrneveHns M Mojesneil aaaNTHBHOH OLEHKH CHTyauuil B
yueGHOM mnpouecce HH(OpPMaALIIOHHO-YTIPABIEHYECKON CHCTEMbI oOpazoBanus,
BXOJA1IEH B FPyNITy CMOKHEIX HH(OPMALIHOHHBIX CHCTEM.

3agaun Hece 0BAHHA:

aHamH3  CYIIECTBYIOUIEro MPOrpaMMHOro odecrneyeHHs, METOUOB H
ANTOPHTMOR aNanTHBHOH OLEHKH CHTYaLHH B CIIOXKHBIX CHCTeMax H opMann3almns
NIeATENLHOCTH KOMIIOHEHTOB yUeOHBIX MPOIeccoB;

paspaborka 3¢()eKTHBHOrO METOAA ANA ANANTHBHON OLCHKH CHTYalMii W
pelleHHe BONPOCOB KIACCH(HKALHH B CIIOKHBIX CHCTEMAX,

pa3paboTka a/IrOPHTMOB M MOJIENTH aaNTHBHOI OLICHKH CHTY UM B y1e6HbIX
npoteccax odpasopaTebHOH CHCTEMEL

pa3paboTKa [MpOrpaMMHOrO MOMYJIA M MEXaHH3Ma OLEHKH KauccTea
3KCMEPTHOro 3aK/IIoueHHs 1l afiekBaTHoro GopMHpoBanns yuebHoi BeIGOpKH 1
0a3bl JaHHbIX CHCTEMbI AIaNTHBHOTO KOHTPOJ1A,

paspafoTka  (DYHKUHOHAIbLHON  CTPYKTYPbl, CTPYKTYPbl — JaHHBIX M
COOTBETCTBYIOMIErO [IPOrPAMMHO-AIFOPHTMHUECKOr0 odecneuenns, npeaHazHa-
yeHHOro 1A paboTel B cpejie KOPHOPaTHBHON CETH CHCTEMbl aJanTHBHOTO
KOHTPOJIA 3HAHHIA.

O0beKTOM  HMCCJACA0BAHHS  ABIACTCA  BHPTY&IbHbIH  alanTHBHbIH
KOHTPOJILHO-TECTOBBIH  Mpollecc,  ABJAIOMIHICA ~ KOMIIOHEHTOM  CIOKHOI
HHPOpMALHOHHOIT CHCTEMEI.

INpeamer WccaeJ0BAHHA — MATEMATHYECKHE MOJENH W AlrOPHTMBbI,
TEXHOMNOMMH OOBLEKTHO-OPMEHTHPOBAHHOIO  MPOrPaMMHMPOBAHHA W CETEBblC
TexHonoru, GopmManH3HpyIoLIHe 3aKOHOMEPHOCTH yuebHoro npotiecca.

MeToasl HcedeqoBaHus. B auccepTauHoHHON pabGoTe npumeHsioTcs
METO/bl CHCTEMHOr0 aHajiu3a, pacllo3HaBaHHs 00pa30B, IKCHEPTHLIX CHCTEM,
OCHOBBI AIFOPHTMH3ALMH, METOMBI (OPMATH3AUMH HH(YOPMALMOHHLIX CHCTeM,
TeXHOJIOrHH 00BEeKTHO-0PHEHTHPOBAHHOIO NPOrPAMMHPOBAHHA H METO/1b! CETCBLIX
TEXHOJIOIHH.

Hayunas HoBH3HA HCCJIEJ0BAHMS 3aK/TI0UAETCSA B CIEAYIOLIEM:

A pellenus 3ajaun K1accHQUKAUMH TPH MHTC/UICKTYaNnbHOM aHaln3e
AaHHBIX paspaoTad yCOBEpPLUICHCTBOBAHHBIH METO/ ANMpPOKCHMAUMH HA OCHOBE
CKOJNB3ALIHX OKOH;

paspaboTanbl MOJIE/NIH aJaNTHBHOI OUEHKH CHTYauuii 00bEKTOR B CIIOKHBIX
CHCTEMAax Ha OCHOBE METOA CKOJIb3ALLero OKHa;

Ha OCHOBE AJIFOPHTMOB BbIMHCICHHA OLUCHOK pa3pafoTaHbl anropuTMbl
OLIEHKH Ka4yecTBa IKCIEePTOR CHCTEMbI a1aNTHBHOH OLEHKH,
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paspabotan  anropurm NpoTOKONa  B3aUMOAEHCTBHA  KOMITOHEHTOR
PaEﬂPeﬂeneHH()ro BHpTyansHoro yueGHoro mnpolecca, npeaHasHa4yeHHOro s
Pa0O0ThI B KOPNOPATHBHOIT ceTH.

IpakTHyeckne Pe3yJBTATHI HeCeQOBAHIS 3aK/II0YAIOTCA B ClleAYIOLIEM:

paspaboTanbl MaTemaTHueckHe MoIENH H anropHTMBI Ha 0CHOBE CHCTEMHOTO
aHAH3a yueOHBIX MpoueccoB Ha BCeX ITanmax o6pa3oBaTesIbHON CHCTEMBI,
OTHOCALUCHCA K KATEOPHH CIOMKHbIX HH(OPMaLHOHHBIX CHCTEM, 3aKOHOMEPHOCTEH
HH(OPMALIMOHHEIX CBAzel] MEXIy ee COCTaBIAIOLUHMH;

PaspaboTaHkl nporpamMmHeIit MOIYJE M METOJl PellleHHs 3agay alanTHBHOM
OLCHKH COCTOAHHA OOBLEKTOR npud paspaboTke MoOAynei, cnocobeTBylOLINX
MPHHATHIO PEIICHUR ANA CHOKHBIX HH(]OPMALMOHHBIX CHCTEM;

paspaboTanel Momenu u AICOPHTMBI, HaNpaBI€HHbIE Ha BHPTyalH3aLMiO
AJANTHBHON  KOHTPONBHO-TECTOBOii  CHCTEMBI,  ABNAIOIEHCA  OCHOBHBIM
KOMMOHEHTOM yyeGHoro npouecca;

pazpaboTaHel CHeuHanpHble MporpaMMHBIC  MOAYNH OLEHKH YPOBHA
CJIOKHOCTH M HAlleKHOCTH TecTOBBIX 3afaHHii H COOTBETCTBHA NpeaMETOB
AJaNTHBHOH KOHTPONMbHO-TecTOBOM cHcTeMbl 0CYAapCTBeHHBIM 06pazoBaTeb-
HBIM CTaHAapTam B pa3pese npenogaBaeMbIX AHCLIHIUIHH,

paspaSoTtanml HHdonoruueckas M (GYHKUHOHANBHAA CTPYKTYPhl CIOXKHOI
CHCTCMBI  ananTWBHOro ouexdpaHds Ha ocHoBe Mertoponoruit IDEF
COOTBETCTBYIOLIEE nporpaMMHo-airopuTMHueckoe obecneyenue.

HocToepuocers pPe3yJbTATOB HCCAeA0BAHHA ofocHoBaHa
MaTEMaTU4ECKOH nocTaHOBKOH 3agaud B METOAMYECKOM AacnekTe, 4eTKOCThIO
&ICOPHTMOB M METOJ0B pacno3HaBaHHA, MPHMEHAEMBIX NpPH €€ pelleHHH,
COOTBCTCTBHEM  pelleHHMil TeopeTHYeCKHM M MpPAKTHYECKHM  pesyJibTaTam,
COOTBETCTBHCM pe3y/IbTATOR TECTOBOIl (YHKUMH M BHEOPEHHA B pPEATbHYIO
IPAKTHYECKYI0 00/1acTb, a Takke HHHLMANH3aLUHelH pa3paboTaHHbIX MPOrpaMMHbIX
MOZyJIeH B CeTeBOi cpeae BHelpeHHeM MX B yueOHBIX mpoueccax B pealbHOM
CCKTOpe BbIClIEro obpazopanms.

Hayunas m npaxTuueckas 3HAMHMOCTH Pe3yJLTATOB HCCAeI0BAHHSL.
Hayunas 3xaummocts pe3y/bTaToB MCCne4oBaHHs 0D0CHOBaHA pa3p360TaHHh|Mt[
METOLAMH, MONENAMH M anropMTMaMM Ayl TOCTPOEHHA CHCTEMbl ANANTHBHOI
OLCHKH CHTYALMHA B CIOKHBIX MH(OPMALIMOHHBIX CHCTEMAX.

l'lpamw:ecxan 3HAYHMOCTL pe3yJIbTATOB  HCCJICIOBAHHA o6ocHoBaHa
CHCTEMOH AJanTHBHON ouenku Ha OCHOBE Pa3pabOTAHHBLIX METOO0B, Mojenei H
AIrOPHTMOB,  OpraHuzauMeii MexaHM3MOB [MOBbILIEHHA ee 3¢deKTHBHOCTH,
NOBBIUICHHEM 3(dekTHBHOCTH NpH MX MCMOMB30BAHHH B NPAKTHKE NPHHATHSA
peLLCHHI B ONpesenenun cocTosnms 0GLEKTOB.

Bueapenne pe3ynbTaTtoB mccaeaoBaHuss. Ha ocHoBe npoexkTHpoBaHHA
NnporpaMMHBIX cpencrs, AICOPUTMOB M MOJENeil pelleHHs 3aiaul aaanTHBHOH
OLCHKH CHTYaLH# B ciokubIx cHcTeMax Ha 6ase METO/IOB PACMO3HABAHHA:

nporpaMmhoe cpencreo Adaptive Assessment, nojaepHBatollee anHHT“MC
YNpaBJCHYECKHX PELICHUH B oleHKe Ter/1I00OMEHHHKOB H paAHaTOPHLIX H3AE/HIl B
dopme mMoayna MpH ux pa3pabotke, a TaK:Ke B NPAKTHKE aHANH3a TEXHHYECKHX,
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3KOHOMHYECKHX M COLMANbHBIX COCTOAHMIL, BHeApeHo B Y3bBekcko-PoccuiickoM
COBMECTHOM MpeAnpHATHH «ABTOTpakToppaauatopy (Cnpaska MHHHCTEPCTEA MO
pasBuTHIO MH(DOPMALMOHHLIX TEXHOIOrHIl H KOMMYHHMKAaUMi OT 18 oxTabpa
2019 roma Ne 33-8/7392). BueapeHue pe3yibTaTOB JaHHOrO HCCIE[OBaHHA
NO3BOJIMNO TOBBICHTE 3((EKTHBHOCTE NMPHHATHA peEIUICHHH TpH ONpENCICHHH
COCTOAHHA MpoLecca paGoTsl Tenn006MEHHHKOB H paaHaTopoB B (opMe MOAYIs,
NpoM3BefeHHBIX HA MpeanpHaATHH, Ha 10%, a Taike KOI(@HUHEHT None3Horo
neiicTBUA 06L1eii MPOH3BOAHTENLHOCTH MPeanpHATHA Ha 4-5% B roll;

MOJIENTH H MPOTPaMMHble MOIYJIH alaNTHBHOI OLEHKH COCTOAHHIT B CIIOMHBIX
cucTeMax, pa3pafoTaHHble HA OCHOBE METOA CKONB3ALIHX OKOH, BHCADCHbLI B
rocymapcTBeHHoe  yHHTapHoe  npeanpuatHe  «llenTp  no  pa3BHTHIO
MH(OPMALMOHHBIX M  KOMMYHHKALMOHHBIX TEXHONOrHI» MNpH  XaKHMHATE
Kawkanapeunckoii obnactd s pelleHHA 3amavd KnaccH(uKauMd H OLEHKH
JeATENbHOCTH 0OBEKTOB OKA3aHHA YCIyr B cHcTeme 00paboTku HH(OpMALHH H
npuxsTHa pewennit (CnpaBka MuHHCTEpCTBa NO Pa3sBHTHIO HHOPMALIHOHHBIX
TEXHONOrHit 1 KoMMyHuKaLuit ot 18 okTa6pa 2019 rona Ne 33-8/7392). O6paboTka
uHdopMaUnH K ornepaTHBHOE MPOBEACHHE YCKOPEHHOr0 MOHHTOPHHIA, & TAKAKE
ananTHBHAA OlleHKA NesTeNLHOCTH 06BEKTOB OKa3aHHs yclyT B cucteMe o6paboTku
undopmaunu Ha 20-30% MO3BOMMWIM  MOBBICHTL  Kod(duumeHT — obuweii
NpPOH3BOAHTENBHOCTH pabGoTel HA 4-6% B IoJ;

MOAOEIH, r'.U]l"OpHTMI:l H [‘lpOI‘paMMHblE MOAYJH, NpeaHa3Ha4CHHBIC ANA
OLEHKH CHTyauuii B CNOMKHBIX CHCTEMAX, H pelIeHHs COOTBETCTBYOWIHX
AHAMTMTHYECKHX M yNpapjieHyeckux Bonpocos sHeapensl B OO0 «BePro uentp
nporpamMmuctos» 1 000 «Developer Group» npH pa3paboTke MpOrpaMMHOro
ofecrieueHus ananTHBHOM OLlEHKH 3HAHHI H YMEHHIi CelHANHCTOR MpeaAnpHATHI
(CnpaBka MuuucTepcTBa N0 PasBHTHIO HHQOPMAUMOHHBIX TEXHOMOTHI K
KOMMyHHKaLuii oT 18 oxTadps 2019 roma Ne 33-8/7392). B pesynbrare cosnanus
NPOrpaMMHBLIX ~ CPeACTB C  HMCIONb30BAHHEM — MOJeNedl H  alropHTMOB,
paapaSOTaHthx B 3TOM HCCNEA0BaHHH, FOJIOBOFI AoxXon LUEHTpa NnporpaMMHCTOB

yBenuuuiaca Ha 25%;
nporpaMMHoe ofecneueHHe ¢ MOAYJIAMH aJaNTHBHOH OLCHKH CHTyaluil B

yueGHOM mpoluecce, 0GBEKTHEHAS OLEHKA 00y 4aolMXCA H HX KNacCH(HKALHA 1o
cnocoBHOCTAM, nojaep/Ka NPHHATHA ANeKBAaTHBIX pelleHHii npu  BbiGope
CTYAEHTAMH CJIeJylOLIero 3Tana B CHCTEME aKaJeMHYECKOro KpeuTa BHeApeHA B
TalKeHTCKOM yHuBepcuTeTe HH(POPMALMOHHBIX TEXHOMOTHH W YHPUHKCKOM
FocynapcTeedHoM meaarornyeckoM HHcTuTyTe (Cnpaska MunucTepeTBa 1o
PA3BHTHIO HH(OPMALHOHHBIX TEXHOJNIOTHI H KOMMYHHKauui oT 18 okTAGps
2019 ropa Ne 33-8/7392). [IpumeHeHHE CHCTEMbI aJanTHBHON OUEHKH YueOHBIX
MpPOLECCOB HAa OCHOBE pa3paboOTaHHLIX B XOAE HCCEe0BaHUs METO0B, MOJeneil 1
aIrOPMTMOB TMO3BOJIMIO MOBBICHTE 3((EKTHBHOCTb pe3ynbTaToB Ha 8-12% no
CpaBHEHHIO C TPaAULHOHHEIMH METOJAMH.

Anpo6Gauus  pe3yJbTATOB HCC/JI€10BAHHSA. PesynbTaTel Hacrosiuiero
MCCNeNoBaHMA anpoGupoBaHbl M OOCYKIAEHbl Ha 7 MeXIyHapoaHBIX M
5 Pecry6HKaHCKHX HAayHMHO-TIPAKTHYECKUX KoHdepeHuunsx.
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Ony61HKOBAHHOCTE Pe3yALTATOB HeciegoBanust. [To TeMe AHCCEpTALHH
ony6aukosano 26 Hay4HbIX paboT, B ToMm uucne 12 cTaTeii B HayUHBIX H3NAHHAX,
peKkoMeHI0BaHHBIX  Brbiclueli  arrecTauMoHHOi  KOMHccHell K ny6aHKaLHH
OCHOBHBIX HAYYHBIX PpE3yNbTATOB MOKTOPCKMX [AHMCCEpTalMil, M3 HHX 2 B
3apyOekHBIX JKypHanax M 7 B pecnyONMKaHCKHX JKypHalaX, Mojy4eHbl
CBH/IETE/ILCTBA Ha 3 nporpaMMHble paspadoTku ani OBM.

Crpyktypa 1 00bém anccepraunn. JluccepTauua COACPHKHT 120 cTpaHHL H
COCTOMT M3 BBEJCHHA, HYETHIpEX INaB, 3aKJIIOYEHHA, CMHCKa HCIONb30BAHHOM
JIUTEPaTypel H NPHI0KEHH.

OCHOBHOE COJEPXAHUE JUCCEPTALMH

Bo BBeacHHH O0BOCHOBaHBl aKTyalbHOCTH M BOCTPeOOBAHHOCTb TEMbI
JHCCEepTaUMH, Orpe/iefieHbl Lenh M 3ajaud, o0BEeKT H NPEeIMET HCCAEAoBaHHA,
NPHBOAMTCA COOTBETCTBHE HCCIIEJOBAHNA MPHOPHTETHBIM HANPABJICHHAM pa3sBHTHA
HaykH W TexHomoruii Pecnybnukm Y3bekucraH, M3JI0KEHbl Hay4Has HOBH3Ha,
NPaKTHYCCKUE  pe3yJibTaThl  HccnefopaHud,  obocHoBaHa — JOCTOBEPHOCTH
NOJIyYeHHbIX Pe3yNbTATOB, PpACKPLIBACTCA TEOPETHUECKasd H MpaKTHYeCKaA
3HAYUMOCTh pPe3yJIbTATOB HCCIeJOBAHHA, NpHBENEHEI CBEJEHHA O BHEApPEHHH
pe3ynbTaTOB HCCllefloBaHHA, 00 oryONHKOBAHHOCTH pe3ysIbTaTOB H CTPYKTYype
JMCCepTaLHH,

B neppoii rnase aucceprauud «Bonpockl a1aNTHBHOIT OLIEHKH CHTYAUHIH
B CI0/HBIX HHPOPMALUHOHHBLIX CHCTEM) ONMHCAHbl CHCTEMHBIH aHANHU3 CHTYaUHH
B CNOKHBIX HHOPMALIMOHHBLIX MpoLeccax ¥ X NMporpaMmHas KOHUENUHA, MOAENbL
y4eGHOro npouecca Ha NpUMepe CIoKHOI HH(OPMAUHOHHOI CHCTEMBI H BONPOCH!
ee BHPTYallU3allH, a TAK:Ke OCHOBBI aHANM3a M pa3paboTKH CHCTEM aanTHBHOMH
OLEHKH M KOHTPONA 3HAaHHil, ABNAIOUIHECS OCHOBHBIM KOMIMOHEHTOM yueGHOro
npotuecca.

Ilns oBecreueHus OOBEKTHMBHOCTH OLEHKH KiIacCH(HKaluM MpobreMHbIx
CHTYalLUii, BOIHUKAIOWHX B CIOKHBIX HHOPMALHOHHBIX CHCTEMaX, HEOOXOIHMO
CO3[aHHe alanTHBHEIX METO/IOB, A/ITOPHTMOB H COOTBETCTBYIOLUETrO MPOrpaMMHOro
obecrieveHns JaHHbBIX B HHGOPMALMOHHBIX MOTOKaxX. B 4acTHOCTH, NPHUBOAHTCA
obocHoBanME JUIA  pa3paboOTKH CHCTEMHOro aHamuza yuefHoro mnpolecca,
OTHOCALIErocs K KaTEeropuMM CJIOKHBIX HH(OPMALHOHHBIX CHCTCM, HAa OCHOBE
MOHHTOPHMHIA CAMOCTOATENBHOI yueGHOl AeATeNLHOCTH U onpeneneHus y4ebHoil
3¢ dexTHBHOCTH.

CornacHo aHanmH3y Hay4YHO-NPAaKTHYECKHX CBeIeHHH, MpeAcTaBJIEeHHBIX B
JUTepaType, BaXKHOE 3HAYeHHe HMeeT MHTE/UIEKTYalH3alHsi CHCTEMBI TECTOBOro
KOHTpPOJIA, ABMNAOUIEICS OHHM M3 6a30BLIX KOMIOHEHTOR yueGHOro npouecca B
aKaJleMHUYeCKHX KpeAMTHbIX cHcTemax. OOocHOBaHAa aKTyalnbHOCTh pa3zpaboTkH
METO/IOB, AlrOPUTMOR M COOTBETCTBYIOLIEro Mporpammuoro obecrneuenus,
MO3BONAIONIMX BKIIOYATh aJaNTHBHBIE CROMCTBA B CHCTEMBI BHPTYanbHOro
KOHTpOSii NpH OOBEKTMBHOH M a/AeKBaTHOH OLEHKE 3HAaHMH M HABBIKOB
00yualoUIMXca, COBpEMEHHbIX HH(OPMALHOHHO-KOMMYHHKALIHOHHBIX TEXHOJIOTHI
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NpH HX BHEOPCHHH, YyTO HAalUIo OTpaKe€HHC B d)OpMHpOBaHHI[ OCHOBHOI IICITH

AUccepTauHOHHOI padoThl.

Bo sropoii rnase auccepraunn «Moaean A1ANTHBHOIT OLIEHKH CHTYALMII B
00pazoBaTebHOMl cHCTeMe» pa3padoTaHbl MEXaHH3M aJanTHBHOM OLEHKH
COCTOSIHMA yHallleroc Ha OCHOBE MAaTEMaTHUCCKHX mojeneii yuebHoro npouecca,
(yHKIHOHANLHBIE MaPAMETPbl A1ANTHBHOH OLCHKH 3HaHHii, MoJlenb ananTHBHOM
OLIeHKH 3HaHHil HA OCHOBE METO/la KyCOUHO-THHEHHOH annpoKCHMAlHH, MCTOIL
CKONMb3AIIEr0 OKHA MPH aJanTHBHOI OLEHKE COCTOAHHA 0DBEKTOB B CIIOXKHBIX
CHCTEMax, anropHTMbl OLEHKH KauecTsa IKCMEPTOB B CHCTCME ANaNTHBHOTO
KOHTpOJIA, @ TAKKE KPHTEPHH OLEHKH HANEKHOCTH TECTOBBIX 3a1aHHil U CHTYyaLHi
yue6HOo-UH(POPMALIHOHHO CHCTEMBL CO CIOMHOI CTPYKTYPOIl.

Bakiioe  3HauenHe MMeer pa3paboTKa  MaTeMaTHHECKOH — Mojeiu
BHpTyanu3auun 06pa3oBaTe/bHOM CHCTEMbL, B HaCTHOCTH yueQHbIX MpPOLECCOB,
ABNAIOIMXCA ee 0a30Boii wacteio. C yderom TOro, HTO OCHOBHOH 4acTblO
o6pasoBaTenbHOro npotiecca ApjiAeTcs 00yueHHE yHaUHXCA, ero MaremaTHuecKas
Mozens SBMseTcs OCHOBHON cocTaBnslollell MONCNH yuebnoro npouecca. Ha
OCHOBE 3TOr0 MpEUIOJKEHA MaTeMaTHHuecKas MOAETb yNpaBICHIA OCHOBHBIMH
ypoBHamu yuebHoro npouecca. CyluecTByeT PAa (akTOpOB, BIHAIOIIHX Ha
nesTenbHOCTL yue§HOro mpomuecca, [MpH  KOTOPBIX TpedyeTca  ajanTauMs
pazpafoTanuoii ModenH. AfanTauus MOIenH 4acTo BbIMOQJIHAETCA HA YPOBHE c¢
napaMeTpoB MyTeM pellieHHs CleIy olled 3anatm:

A(X,U,0) = (XU —egrmin=C,
rae C* — napameTpsl alanTHPOBaHHOH MOACITH, C =(c,+Cyse-s €, ) — TAPAMETPEI
momenu; D — obnacth HM3MeHEHHA NapaMETpPOB; X'=lxsxdox) =
yuarouuxcs (WiH KOMICKTHEA oOyualommxcs);
po3zelicTByfolIMe Ha yqeOHBIH npouecc, T.c.

wit; X' — obmem

neperoHauakHoe cocTosHHe 06
U=(n,,u2,...,nq)z — CHTYalHH,
KOMILIEKC 3arIaHHPORAHHBIX MOIYHAEMBIX AAHHBIX M 3HAH
MpaBH/IbHBIX OTBETOB HA BOMPOChI KOHTPOJIBHBIX BonpocoB 00y4aroLIHXCA; U —
YpOBeHb 3HAHMi, [10JIyYEHHBIX B pe3yJibTare YCBOGHHA oOyuarolMuMHCs.
Pazpabotka MmaTemarHueckoi  MOJEH y4ebHoro mpolecca  MO3BONACT
(opmanuanporaTs yuebublit npouecc, YNpaBnATh UM a1 JOCTHXKEHHA
MOCTaBIEHHOI LIeNH.

Co3ganue mMaremaTHuecKoif MOJIENH y‘{eﬁlloro npouecca MO3BOJACT
chopmynnpoBaTh yueOHBIH mpoliecc M HanNpaBHTH ero K HaMeueHHOH 11eNH.
OctoBnoit Heneio yyebHoro fpouecca ABAACTCA nossiieHHe 3¢ EeKTHRHOCTH
o0yuenus. B cucremax ofpasoBaHHA KOHTPOJIB 3HaHHil o0yuaeMbIX ABIACTCA
BaKHbIM  (pakTOpoM, ompeneNAlOHM  H aHATH3HPYIOLIHMM 3 eKTHBHOCTE
npouecca obyuenns. Koutpons 3uanuii B npouecce BHPTYaIBHOIO obyueHHs
OCHOBAaH Ha aBTOMaTH3HMpoBaHHOil cHcTeME TecTOBOTO-KOHTposia. PaccMoTpum
0BIIYI0 CXEMY MpOBEIeHHS KOHTPOJIA 3HAHHIL. OB6uHii KOHTPOIb OCYIUECTBIIACTCS
3a HECKONBKO ceancor (j, KAKMBIH M3 KOTOPBIX CTPOMTCA Ha OCHOBE MOZACTH
ofyuaemoro. B crow ouepeib B pe3y/bTaTeé CEAHCOB MPOMCXOMAT HM3MEHCHHA

mopeneii o0yuaemsix (puc. 1).
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Puc. 1. B3aumMoBJIHsIHHE CCAHCOB KOHTPOJIAA 3HAHHIA 1 MoaeH oﬁyqaemore

O6was cxema MpoBEACHHA CeaHCa KOHTPOIA 3HAHHH NMPpHBOAHTCA HA PHC. 2.

Hamenenue
napamerpos, Po(Ay)

A Y

[Toctpouts BEIGOPKY, S SN
Ou (M, P,) Onpoc

Hamenenne monenu
obyuaemoro, Mp(A:)

Puc. 2. O6man cxema npoBeJeHHs ceaHca KOHTPOJS 3HAHMIT

Hns (opMHpOBaHHS KOHTPOJBHOrO 3afaHHd BO MHOKECTBE BOMPOCOB ()
BEIOHPAIOTCA MOAMHOKECTBEHHBIE BOMPOCH! A 00y4arIuxca. DT0 MHOKECTBO
OyleM Ha3blBaTE aKTyalbHBIM MHOXecTBOM (4, 04 € O. Kak M3BECTHO, HaHHOE
MHOJECTBO CBA3aHO C MojieNkI0 obyyatoueroca M u napameTpamu BONpocos Po. B
XKo/le ompoca AaHHOE MHOXECTBO MOXeT MOABEPrHyThca H3MeHeHuAM. Ha
OCHOBaHHH OTBeTa 0O0y4Yalolleroca Ha O4epeAHOH BOMpOC OCYLIECTBIAETCSA
M3MEHEHHE aKTyanhbHOr0 MHOMKECTBA MOCPEACTBOM MOAM(HKALHH  MOMIENH
obyuatouleroca M npeacTaBneHHeM APYrHX napaMeTpoB Bonpocos. Hamuuune
aKTyanbHOro MHOMecTBa M ofpaTHoH cBA3M C OTBeToM OO0y4arollerocs
obecneunsaeT aganrauuio Q4 obyuaiolerocs B X0J€ NMpoBeleHHA KOHTpons. B
ucce/10BaHuH pa3paboTal MeXaHH3M OMpeje/eHHs YPOBHA COKHOCTH TECTOBBIX
3a/laHuid METOAOM KnaccH(MKauuu npd (GopMHPOBAHMH CHCTEMBbI aJanTHBHOIO
KOHTpOJIA.

Cxema npouecca knaccuUKauMH TECTOBBLIX 3aaHMil MO YPOBHIO HX
CNOKHOCTH [PHUBOAMTCA Ha puc. 3, rae @ — obnacte npeamera; Sn — ¢oHA
1n-KOHTPONBHBIX 3a0aHuii MO MpenMeTY; ¢mm — KOHTPONBLHEIE 3alaHHd m 10 n-
npeamety; To,— NepBoHaYanbHbIi KOHTPOME MO N-TIPEAMETY; (i, — KOHTPOJIBHbIE
3agaHusg m No n-npeaMmery, oTtHocauMecs kK Ki-wiacey; 7n  — KOHTPOJb,
NpoBeAeHHbIH MO n-npeamety. B nanHo# cxeMe MokasaH NpoOLECC OMpefesieHHs
KTacCH(MKAUMH aanTHEHLIX KOHTPOJLHEIX 3aJaHHiH MO YPOBHIO MX CIIOXKHOCTH.
Knaccudukauus ocyumiecTpisercs Ha OCHOBE pPe3y/LTaTOB MEPEOHAUANbHOrQ
TECTHPOBAHH.

MeToA KyCOHHO-IMHEHHOM annpoKkcHMauuH H NporpaMMy MHOTO3TanHoro
ofyuenus npy ebl6ope METO1a BbipaXkeHHs (PAHXKHPOBAHHA 00Y4aIOUIHMXCA) MOKHO
HCIOMB30BaTh MPH 00YUEHHH WM OLEHKe B XOJIe MPOBEICHHA KOHTPOIA.
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AJITOPHTM OCYIIECTBIICHHA JaHHOTO METO/A OCHOBAH Ha KJIAaCCH(HKAlLMK 3a1aHuil
B nporpamMme oO0yueHHAs B 3aBHCHMOCTH OT [HIAKTHYECKHX XapaKTepHCTHK,
BKJIIOYAIOLHX 3HAYHMOCTS (Z), cnoxHOCTh (d) M cneuudukaumio (s). [puHumaercs
OJIHO H3 TpeX 3HAaY€HHIT XapaKTepHCTHK 3HAYHMOCTH H CIOKHOCTH (MHHHMAaNbBHOE,
CpelHee H MaKCHMANIBHOE), a TAK)Ke OJHO M3 YeThIpeX 3HaueHHiH creuHdHKaLHH
(«onpeneneHHen, «MOCTPOEHHEY, KIPHMEPY, «NPaBHI0»). [103TOMY B 3aBHCHMOCTH
OT BECOBOIo KO3 ()HIIHEHTA KAKI0r0 U3 HHX COOTBETCTBEHHO BhIJIENAETCS N1-KJ1ace
3a/1aHHil: Wi=f(i d, si), i=1,2,...,m.

DyHKUHMA XapakTepHCTHKH o0ydatollerocs OMfpeJefieHa Ha OCHOBE
cnemyloueit hopmynsr:

y=i"’.xu
i=|

FIe YC/IOBHAA OLEHKa ¥ — KOJNHUYecTBO HaOpaHHBIX 0annoB Mo BhIMOJHEHHIO
ofyuarommuMes n-3aaHns; X; — OLeHKa, MOMyYeHHas MPH BHIMNOJHEHHH j-3aIaHHs;
n— KONUYECTBO 3aianuit; Wi={ W, W5, ...,Wm} — BexTop K03 hHLHEHTOB BeCOMOCTH
3ananHud. Cpeaunii 6ann 4, HabpaHHblii B XO[e BBIMOMHEHHS OOYHAIOLINMCS
h-3ajlaHuA, ONPENEeNAaeTCa CleayoumumM oﬁpa:mM:

v

A=—=—;

a

3aeck Cy — KOJIMYECTBO MOMNBITOK BLINOAHEHHA n-3anaHud, Cu>n.
Onpenenénuplit cpeanmit 6ann 4’ BeIYHMCIAETCH ClEAYIOUIUM 00pa3oM:

Cooty g Cn v, (1)

n n n
NpH 3TOM r — paHr obyuarowerocs (paseH 1, 2 unu 3); Cy — KOMHYECTBO MOMBITOK
BBINOJIHEHHA n-3af1aHus; Cy — KOJTMUECTBO oOpalleHHi K CIpaBoYHbIM MaTepHanam;
Cv— KONHYECTBO 3aaHuil, BBINONHEHHBIX B ONpeJeneHH bl oTpe3ok BpeMenn (Ch <
n); o, ¢z, 03, 0 — koappuumentsr. Ouenka P B ueThIpexOaubHOI CHCTEME KOHTPOIS
ornpeesseTcs B COOTBETCTBHM crneAylouni GopMyoii.

2, ectu A'<¢;

A=d+ar+a,

3 p =1 ecru A' <cy;
secnue, < A <¢,;
P'= : il r=4r, ecu c, <A <c;
’

4, ecnu ¢, < A' < ¢y '

. r+1, ecau A" >cy,
5, ecnu A' < ¢y;
rje ¢ = {c1,c2,¢3,¢4¢5} — BEKTOp NpeAc/bHbIX 3HAYECHHH; NpeaebHble 3HaUYeHH ¢sH
€5 HCMONB3YIOTCA MPH OMnpe/ienieHHH 00y4arolUXcd. » — paHr obyyatoluxca nocine
BBINOJIHEHHUS n-3a]1aHHA, Fo — paHr o0yu4atolllerocs N0 BbINOJIHEHHA n-3afaHus (B
Hauane npouecca paboThl ABTOMATH3MPOBAHHOI CHCTeMBl 00y HeHHS, KaK NPaBUIIO,
panr obyuatolllerocs papeH rp = 2). KOHTponbHEIE MapaMeTpbl, OTHOCALIHECT K
koa(HuuneHTaM BecomocTu W (i=1,2,...,m), a Takike MNpele/ibHble 3HAYEHHA ¢
(=1.23) u ox (k=1,2,3,4) onpepenstorci N0 Ppe3yjbTaTaM KOHTPOJILHOIO
3KCMEpPUMEHTA Ha 2Tane obyueHus.
[Tpouecc KOHTPOMS 3HAHHA HA OCHOBE KyCOUHO-JIHHEHHOro MeTo/Ia Moka3aH

Ha puc. 4.
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Puc. 4. Moaeas ajanTHBHOI oleHKH 3HAHHIT HA OCHOBE MeTOxA
KYyCcOo4HO-1HHeiiHoii AnMnpoKCHMAITHH

TpuMenenue MeTOAa CKONMb3AWEro OKHA  TNPH  KYCOYHO-NHHCHHOI
annpoKCHMAalHKH  [MO3BOJIAET JOCTHYb TOYHOCTH obydyenns B mpouecce
knaccudukaunu. MeToJ, CKOJb3411Eero OKHa OCHOBAH Ha HAEE MOCIeI0BaTE/ILHOIO
CIJIKMBAHUA TOJIMHOMAMH PAZA 4iIEHOB, MOCTPOCHHBIX ANA OTAE/IbHBIX HacTeil
psifa, H coCTaBiafeTca Cleaylolum obpasoM. B nepeylo ouepeib 1nid nepsbix N
4JIeHOB PAAA CTPOMTCA MHOTOUIIEH p-YPOBHA, PH 3TOM p SN — 1, a N moxkeT ObITh
NPOH3BOJILHLIM, 00/1aCTh ONPE/ENEHHA BBIABIACTCA B COOTBETCTBHH CO 3HAYEHHAMH
NOCTPOEHHOH (YHKLUMH (Ha OCHOBE KYCOMHO-THHEHHOI annpokcuMauuu). 3atem
nyTeM ABHXKEHHS Ha Liar BIIPaBO MojydyaeM 3HaueHHd N pAda, CTPOMTCS HOBBI
TMOJIMHOM M Ha OCHOBAHHHM €ro 3HaueHMnii ctponTcA HoBad GyHKUMA U T.11. (puc. 5).

Pipuvax

Ofuciy N A Cu Cn r

1oovesr | 0,331521739] 0,18731132] 0,070207453] 0,523076523 0

2-obn 0, 2] 0,120570036| 0,060583173 1 0,5,

SwOsemi | 0,33876011G| 0,167124897| 0,072128313) 0,7052307G3 0,25] =h mar coarmennn
4obwcar | 0,335144923) 0,165512319| 0.059210526) 0884615385 1

AT n.336956522] N177437797] N.0A25I5NRA| N RRAR1SIRS 0,75 i

-ofnext 0.018115542] 024521824 0.000144065] 0,B84615385 0

soowest | 0,231884038]" 0,125565485| 0,175405688] 0,538461553 03] HH ¥ - yoxumss lavusna
BuGewn | 0,291884058] 0125014024] 0,165862351] 0576923077] 025

Dobueer 231824058] 0,131833374) 19861608| 0, 6023 0,5]

10-o6vext | 0.231884058| 0130521334| 0.184306569] 0.461538352 0.25

11o6vexr | L231¥sUsH] UI29S180G2] 0,1 F7295428] U SBAL1SSEY us

12-00vext | 0,922101349] 0,521929795| 0,171676911| 0,576923077 0.5] H-| ¥2-gyuxnun 2-ro oxua
13-00eens | 0,922512043] 0,525975927] 0,175606761) 0570923077 0.5

18 obwenr | 0,333333333] 0,156567273| 0,056808451] 0,153846154 1

ASobvest | 0.338768116] 0.194015175] 0.050712633] 0.230769231 0 >  ¥Y3- @ymcuns 3-ro oxma
1606vemr | 034057971] 0192762397| 0,082854015] 0,115384615 025

1/-0bvert 0.60558;622 053689111 D.LL“IBI&? 0,423076523 0

(18covext | 0,619565217| 0,333856084| 0,164569727| 0,384615585 0,75

19cbvenr | 0,623188406] 0,355203401| 0,171426804] 0423076023 0,75 L Yi dywama 1 ro asma
Inhvewr | NAI1ATARII| N 34TAI4IRA] 0 1ASARD11A] 0 3R4A1G3RS 0,25

21-cbvext Ub1ue521/] U 349UEE /DS U, 1083554 /] U 8213070923 0>

22.06vexr | 0.608695652] 0,338210442| 0,177535536] 0230769231 0.25 ] ATy

I Anfinsat NANRARSSASY] N 3A138433R] N 17720S148] N IRARIGIAS n2s

28cbvenr | 0,619565217] 0.347023374] 0,181137148| 0345153846 0.25

25-uGoexi | 0,619565217] 0,54582366| 0,157510565| 0,653846154 0,25

126-o8uewr| 0,610565217)  0,24822604|  0,164617749] 0576923077 0,25

27-nfneur] 0A16%565217] N34%Acaa1a] n17s7I0718] 0382515385 0,25

Piuic. 5. MeTo CKOIBL3AMIEr0 OKHA
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Hcxons u3 aToro, B npouecce nepexosia Ha cieyoniuii ypoBeHs MPOHCXOAUT
TaK Ha3bIBaCMOE CKONIbXEHHE «OKOH» B MPOCTpaHCTRE N MO BCEM 3HAUCHHAM pAla.
Heobxoanmo ontimansio BriGpats HeuerHbie 3HaueHns N, MOCKOMbKY B 3TOM
Clrytiae noc/ieioBaTe/IbHOE 3HAYEHHE Cpe/IHel TOUKH B OTPe3Ke CKOJIbKEHHA (TOUKH
BLITHCIICHHA  3HAY€HWS TMONMHOMA) BCEraa COOTBETCTBYET — H3MEpAEMOMY
CleaylouemMy MOMeHTY. Paa BbIUHC/IEHHBIX 3HAYEHMH COCTaBJIEHHBIX MOTHHOMOB
10 CcerMeHTaM psana CKOML3ALIMX OKOH JaeT CIIAKEHHYI0 OLEHKY psijga
aHATH3UPYCMBIX 3HAUEHH I (KOHKPeTHEIE 3HAUEHHS ).

Takum ofpasom, okHo BKkmouaeT B ceGA HEUETHEIE 3HAYEHHA N=2m-+
KOTOpBIE OTHOCATCA K pAdy. [na ynobeTra u u3beranus orpaHHdeHHa oBHocTH
MBI HX OTMCTHM LIe/IbIMH YHcnaMu (¢ uuaekcaMu) S =-m,-(m-1),...,-1,0,1,....m-1,m.
IIpu sTom cpenrsis Touka oxma paena S=0. Mcrnomb3ys MeTO HAMMEHbLIMX
KBAJpaTOB MNpH oOuUEHKE KOo3()(HUUMEHTOB [0JMHOMA, MOJy4uaeM creylollee
BbIpAKEHHE:

@ =Co+C1Yom + C2Y—_pn—1) T -+ Cams1Ym- (2)

IMockonbky cymma B Bune Y75, S/ cBazana Tonbko ¢ m, Bee K03 pHUHEHTDI
¢ij =12 ... 2m + | B ypaBHeuuu (2) cBA3aHbI C 71 U p, IPH ITOM Vs HE 3aBUCHT OT
Habmioennii. CriaskeHuble 3nauenus paga B Touke S=0 pasnbl yo = f(0) = a.
B cOOTBETCTEMU € 3THM crnaskeHHble 3HAYCHHS pana B Touke S=() paBHbI cpeaHeMy
Becy (cj) 3Hauennii, HabmoaaeMbIX B Toukax 2m + /.

Takum o6pazom, npu ucnonb30BaHUKH METOA CKOMIB3AIIET0 OKHA MPH OLEHKe
TPeH/la HeoOXOANMO 0603HAUHTE NOCTOAHHbIE ¢j, 3ABHCHMBIE OT BbIOOpPA TOMLKO i
H p, & 3aTeM BBIMHCAMTE ap 110 opmyie (1).

BoamosxHoCTs nonyuenus 6onee TOYHBIX pe3ynbTaTOB MYTEM Crila)KHBaHHA
PANOB METOJLOM CKONB3lUEro OKHA MOKHO BHMAECTH HA MpHMEpe OnpeeieHUs
C/IOKHOCTH TECTOBBIX 3ajaHuil. [IpH MpHMEHEHWH CamMOro MpPOCTOro BapHaHTa
METOAA CKOJIB3AIIEro OKHA HaBMIOAAlOTCs IOJIOKHTENIbHEIE PE3YNbTaThl MO
CPABHEHHIO C CrNAKHBAHHEM 3aJaHHBIX PAOB ITOJIHHOMAMM BBICOKOTO MOPAIKA.

Ilpn  npumenenuu Meroma CcKONB3AIIErO OKHA BO3HMKAET  BOMPOC
ONpClENeHHs WHPHHLI OKHA. B CBA3H € 3THM PACCMOTpEHBI CLIAKHMBAHMI C
NIOMOLUBIO  CKONB3ALIEH KyCOYHO-JIMHEHHOM annpoKCHMaluud nonuHoMoM Iro
NopAllka Ha OCHOBE CHCTEMBI HEYETKHX JIOTHUECKHX BLIBOJOB H METO aJanTalHu
IIMPHHBI CKOMB3AIETO OKHA HA OCHOBE 3a/1aHHbIX AaHHBIX.

Ycnoeust BbIGOpAa WIMPHHBI CKOMB3AIMIErO OKHA BBIPAKAIOTCS CIEAYIOLINM
odpazom:

|6a;| < ky;. (3)
3nece k — koadduument onpeneneHus WHPHHBI OTPe3Ka HAJNEKHOCTH CO
CTaHJAPTHOI MOrpewHocThO OT 1 A0 3, ai — oueHka Koa(uuuenTa MoaenH Mo
METO/ly HAMMEHBIIMX KBAJPATOB, Y; — CTAHAAPTHAA MOrpeLHOCTh i-ko3ddHLMenTa
moaenu. PesyneTar (3) nossonser co3naTh ajanTHBHYIO CHCTeMY /1A BeiGopa
LIMPHHBL CKOJIB3ALUEr0 OKHA B 3aBHCUMOCTH OT XapakTepa [MpeicTaBlIeHHbIX
AAHHBIX HA OCHOBE ONpEENeHHOro 3HA4eHHA ANCIIEPCHH KO DHLIMEHTOB MOJIH.

B Tperbeit rnase gucceprauun  «Ilporpammuoe obecmeveHuH M
ANrOPHTMBl AJATITHBHOH OUWEHKH cHTyauHii B o0pa3oBaTeJbHOIl cHcTeMe»
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paccMaTpHBalOTCs  BOMPOCH alanTHRHON  OIIEHKH  COCTOAHHA  OOBEKTOB
06pa3oBaTeNbHON  CHCTeMbl Ha OCHOBE METOJA  CKOJIB3ALICTO  OKHA - H
knaccHukauui o0yvaloluxea no Hx crnocofHOCTAM HA OCHOBE AINrOPHTMOB
BBIUMC/IEHHS OlICHOK, pa3paboTaHel MH(BOPMALMOHHBIC MOJENH, ANTOPHTMBL H
nporpaMmMHoc obecreyeHHe CHCTEMBI anarnTHBHOrO KOHTPOIA BIIHHHFI, a TaKiKe
OMHCAH MPOLIECC OPraHH3aLMH PACTIPE/Ie/IeHHOM CHCTEMBI AANTHBHOIO KOHTPOJLAL.

Mcxons #3 paspaboTaHHBIX METOMOB CIOXKHOCTH TECTOBOIO  3allaHHs

onpepensercs no gopmyne:

d'=d, +[!]tmx +04,C + 3D + B.D, + D,

rie d, — olenka, JaHHas 3KCHepTamH, TeCTOBOMY 3aJaHiio (OUeHb JIErKo, JIErko,
CpefHAs CNOXHOCTb, OUEHb CIIOXKHO); fmy — CpEAHEE BpEMi, MOTpateHHOE HaA
BBIMONHenHe TecToBoro 3amaHus, C; — YpoBeHb KOMICTCHTHOCTH TECTOBOrO
sagannd, D; — KOJH4YecTBO BbIOpaHHBIX TECTOBBIX zaganii ¢ 100%-HbIMH
MpaBHILHBIMH BapHaHTaMH OTBETOB; D2 — KOJIHHYECTBO BbIOpaHHbBIX TECTOBBIX
3agaunit ¢ 75%-HbIMH NpaBWILHBIMH BapHaHTaMH OTBETOB; D3 — Konnuectro
BLIGPAHHBIX TECTOBBIX 3a/aHHii ¢ 50%-HbIMH NPaBHIIBHEIMA BapHaHTaMH OTBETOB;
P12 B3 B4 P s— ko3 dHIHEHTE HCKOMOI (YHKLHH.

Jlns onucaHuA paGoTbl CHCTeMbl aJANTHBHOMO KOHTPOJA HCMOJB3YIOTCA
mertononordid IDEF. KourtekcTHad adarpamMma «Moaynb KOHTPOA 3HAHHH M
aHaIM3a MOJTyHEHHBIX Pe3yIbTaToB) pa3paborana Ha OCHOEC MCTONOJIOrHH IDEFO.

KourekctHas JHarpamMma CHCTEMBI aJarnTHBHOIO KOHTpOIA 3HAHHUIH
NPHBOAMTCSA HA pHC. 6 H BKTIOUAET B ce6s Cie/lyIolHe BXOALIHE OTOKH: CBEneHHA
10 perucTpaliy MoIb30BaTe]A, IaHHbIE, MOy eHHbIC H3 cbOpHHKa TeCTOR, aHHbIE
0 BbIOpaHHBIX TecTax. Mcxonsiume naHHble, ABIAACH Pe3yNbTATAMH BBIPAKEHHA,
COCTOAT U3 OTUCTOR 110 PE3yJILTATaM KOHTPOMA H TECTOBBIX 3a7aHuil ONB30BATENA:

- coobmenne o6 owHOKe B XoJe TECTHPOBaHHA: obydatonHecs Moryr
notpeGosath y npenoaasareneii BHECTH H3MEHEHHA B TECTHI;

- oTuer of ycrnesaeMocTH OOy4arOIMXCA: TIO3BOJIACT obyuarommmes
NpoBecTH aHajii3 coGCTBEHHOM AeATEIbHOCTH 110 onpeaesieHHOH JUCIMIUIMHE |
oMnpeenuTh ypoBEHb YCBOCHHA MaTepHana.

PaspabaTbipacMas  BHpyTalbHad KOHTpONbHAd  CHCTEMAa  HCIOJBb3yeT
BCIOMOTATENbHbIE MPOrpaMMHBIE CpEACTBa B NPOrpaMMHOM  KOMILIEKCe, 4TO
M03BOJISET PACIIHPHTE (YHKIHOHATEHEIC BO3MOKHOCTH 3TOi CHCTEMBI, HO OLICHKa
00YUAIOWHUXCA C MOMOLIBIO AOMOJHHTENBHBIX MPOrPAMMHBIX CPE/ICTE Henz0exHo
MPHBOMMT K YBEIHUEHHIO BpeMeHH 0OpaTHOH CBA3M C cucteMoii. Ha ocHoge
NpeanoKeHHbIX Mozeneit paspaboTano crelHanpHOE MPOrpaMMHOE obecneuenne —
Adaptive Assessment (ananTHBHOH OlIEHKH) JUIA OCYLIECTBICHHA aJAlTHBHOIO
KOHT[JOJ'[SI 3HaHUH CTYJIEHTOB B }’CHOBHSIX erﬂHTHD-MOH\yﬂI:HOE CHCTEMBI. an
paspaGoTke mporpaMMHoro ofecrieueHus HCHONB30BANCA KOMILIEKC Nporpamm,
OCHOBaHHBIii Ha paspaboTke peG-npuioxkennii (PHP, Java Script, JQuery, MySQL).
[MporpaMMa OpHeHTHpoBaHa Ha paboTy HA Pas/HMHBIX nnaropmax (Windows,
Android, i0S, Tizen, Linux, NetWare u T.J1.) M 001anaeT BO3MOKHOCTAMH
MHOTO(YHKLIHOHA/Tb-HOH aaNTHBHOI OLEHKH H BBICOKOH 3alIHLIEHHOCTRIO.



B uermeproii  rmase amuccepraumu  «IIpakTHueckoe — BHeaApCHIie
nporpaMmMuoro ofecrieyeHHsA CHCTeMBbI AAANTHBHONH OUEHKH COCTOSIHHMS
00LEeKTOB B CJIOKHBIX CHCTEMAX» OMMCBHIBAIOTCA NPOrpaMMHbIE M AnapaTHble
CpelCTBA OpraHH3alUMH CHCTEMbI alanTHBHON OLIEHKH COCTOAHHMA OOBEKTOB,
unTepdeics Moaynell nporpaMMHOro ofecnedet s, pe3ysibTaThl Knaccudukarmum
cocToanuii 06beKTOB yueSHoro npoiecca Ha OCHOBE METOOB PAaclO3HABAHMS,
CPaBHUTE/bHBIN aHAIN3 TPAAMLUHOHHbLIX W BUPTYAIbHBIX yueOHBIX MMPOLECCOB HA
OCHOBE CHCTCMbI /IaNTHBHON OLCHKH 3HAHHil, a Takke BONPOCHI BHEJIPEeHNA
CHCTEMBI AJaNTHBHOIO KOHTPOJIA 3HAHHII B YCIOBHAX aKaJeMHUCCKOH CHCTEMEI
Kpe/IMTa.

Ha ocHoBanuu pesysibTaToR, MOMyHeHHBIX 110 HTOraM TECTHPOBAaHHA Ha Gase
NPHBE/ICHHBIX KPUTCPHER W CBENIEHHIT, MOIyYEHHBIX METOIOM KYCOYHO-THHEHHOI
annpoKCHMAalHH, IFOPHTMOB BbIYHC/ICHHA OLEHOK METOJOM CKOJBL3ALIEro OKHa,
NPOBEACHO pacrno3HaBaHWe C MOMOLWIBIO  pa3paboTaHHOrO  NPOrpaMMHOro
obecrnietenns. 3a1aHuA BbIICICHBI B KIACChI 110 CIOAKIHOCTH, MOMYUCHBI PE3YJIbTaTh]
[ocJie NpMMEHEHHA BceX METO/IOB M Onpejie/ieHa TOUHOCTh 00yueHHs (Tabnnua).

PeSyﬂbTﬂTbl, NnoJay4ycHHbIe HA OCHOBE MCTOJOB PACIIO3HABAHISA

he Metozn pacno3HaBaHuA jlodHoCT
n/n obyuenus, %

| | MeToa ckosb3AlIEero OKHA 98,8

2 | AIropHTMBbI BEIYHCIIEHHA OLIEHOK 92,6

3 | MeToa Kycouno-HHEHHOH anmpoKCcHMallHH 89,7

4 | MeTon nonuinomuansHoit perpeccuu (111 nopanka) 86,3

5 | Metoa aepesa BbiBoj108 (Decision tree) 85,5

6 | Mertoa nuHeiiHoii perpeccHu 69,3

Pesynbrarel, MojyueHHble Ha OCHOBE NpPOBEIEHHLIX HCCIIE0BaHHIl,
nokasanu, YTo NpH MpUMEHEHWH METOJa CKOJIb3fAlUero OKHa B pelleHHH 3a/aa4
aJJaNnTUBHOMH OLEHKH CHTYallMil C MOMOLILIO METO/IOB PAcro3HaBaHWUA JOCTHIHYTA
BbICOKaA TOMHOCTB 110 CPABHEHHIO C APYTHMH METOAaMH.

Ilpu  omnpejeneHuu CNOKHOCTH KOHTPOJIBHBIX 3ajaHuil B npolecce
paspaboTku nporpamMMHOro ofecrnedeHus afanTHBHOH OUEHKM 3HAHMH, T.e. Npu
ABTOMATHYECKOM PaHKHPOBAHHHU TECTOBbIX 3a/1aHHi Be3 yuacTus aKCrnepTos, O6bin
MCMO/IL30BAH  METO/I CKONIb3ALIEr0 OKHA Ha OCHOBE KYCOYHO-JIHHCHHOM
annpokcMMaumH, a npu kiaccupurauny odyqaloWHXCA 10 HX CMNOCOOHOCTAM
HCIOJIb30BANNCH AIFOPHTMBI BBIYHC/IEHHSA OLCHOK.

Ha ocuose paspaborandoro BupTyaneHOro yuebGHOro mnpouecca #
nporpaMMHoro obecneyeH s CHCTEMbI alalTHBHOIO TECTOBOIO KOHTPOJIA 3HAHHH B
uensx onpenenenus 3G EeKTHBHOCTH BHPTYANIN3HPOBAHHOrO yueGHOro npouecca
ObUIH NPOBE/ICHBI ONBITHO-3KCTIEpUMEHTANbIbIE paBoThl. J11sl 06bEKTHBHOIT OLIEHKH
3HaHMH, KOTOPBIMH OBJlajle/li OO0yyaloulHecs Ha OCHOBE BHPTYallbHbIX H
TPAJAMUMOHHBEIX yueOHbIX MPOLECCOB, NPHMEHANACh BHPTYalbHas CHCTEMa
TECTOBOIO KOHTPOJIA.
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PC3}’HbTaTbI pOBEJIEHHBIX ONBITOB C HCMOJIE30BAHHEM CTAaTHCTHYCCKHX
METOJ0B [0Ka3ay BBICOKHE [MOKa3aTCITH 3(1)(?1)0]('1‘HBHOCTH HCCIIENOBATCIIECKHX
paboT B IKCNEpPHUMEHTABHOI [PYMIe OTHOCHTE/ILHO KOHTPOIILHOI 0T 8 %0 710 12 %.

3AKJIIOYEHHE

Ha ocHoBe npoBeeHHLIX HCCIIEIOBAHMIL 110 AUCCEPTALMOHHO padore Ha
Temy «Mojienu, anropuTMBl M NporpaMmHoe ofecneyenye ananTHBHOH OLCHKH
CllTyﬂul{ﬁ B 06p33OBaTeﬂb]lth cHCTEMax» MOJIYyUCHBI CHIeAYIONIHE HAYUHBIC H
NpaKTHUYECKHE Pe3yJIbTaThl:

1. Mayuensl 3akoMepHOCTH HH(OPMALHOHHBIX [OTOKOB B yuebnom
npolecce Ha 0CHOBE CHCTEMHOTO aHaIN3a yueGHBIX MPO1eccoB B 00pa3oBaTe/LIoi
cHCTeMe, OTHOcAuieiics K TIpynne  CIAOKHBIX  MH(QOPMALMOHHBIX — CHCTEM,
cdopmupoBaHbl OCHOBHBIE KOMIIOHEHTbI BHPTYaJIH3aLHH yueDHOro npotecca M
onpejiencHbl 6a30Bble MOAYJIH NPOrpaMMHOro obecretueHus, pazpaboTka KOTOPOro
3araHHpoBaHa Ha HX OCHOBE.

2. B pesynbrare ocobeHHOCTEH CHCTEMbl TECTOBOIO KOHTPO/14, ABAsAIOLEHCA
ONHMM M3 Ga30BLIX KOMIIOHEHTOB BHPTYalbHOTO y4eOHOro Mporecca, BhIAB/ICHA
HeoOXOAUMOCTh B HeM, a Takike cHOpMHpPOBaHBI TNPHHUHNBL CO3/JaHHA €ro
AIrOPUTMHUYECKOr0 U NPOrpamMMHOro obecneueHus.

3. PajpaboTana MHOro3TaNHas MAaTeMaTHUECKad MOIC/b BHPTYanLHOTo
yyebHOro mpouecca, Ha €e OCHOBE MOCTpOeHA ApXHTEKTypa BHPTYANLHOro
yueGHOro mpolecca, paspaboTalo aIrOPHTMHYECKOE 00eCneUeHHe Mo oOpaboTke
€e  OCHOBHBIX HH()OPMALMOHHLIX [OTOKOB, B3aHMOCBA3AHHBIX y3IIOB M
WH(OPMALIHOHHBIX MOTOKOB. JTO 1103BOJIACT YNPABIATh yueOHBIM MPOLECcCcoM s
JOCTHKEHHSA [MOCTAB/ICHHOMH LIeJIH.

4. Pa3spaboraH ycoBepiHIeHCTBOBAHHbBIH METOJ annpoKCHMALMK Ha OcHOBe
CKONB3AWMX OKOH B [IOMCKE ONTHMALHOTO PELICHHA 331241 aanTHEHOI OleHKN
cutyaumnii. Pe3syneTaTsl, mnosyueHHble C HCIO/B30BAHHEM OTOrO  METOAA,
COMOCTABIIEHBI C pe3y/IbTaTaMi KiaccH(HUKalii aAanTHBHOTO KOHTPOJLA 3HAHui Ha
OCHOBE pAa3fMMHBIX METOIOB pacno3HaBaHHdA, H 000CHOBAHA BO3MOXKHOCTh
JOCTHKEHHS BLICOKHX Pe3yJIbTATOB HCIOJIb30BAHHA METO/1A CKOME3ALIETO OKHA NPH
peLIeHHH TAKHX 3a/1a4.

5. MccnenoBaH MeTO CKOJB3ALICIO OKHA, OMPEACIAOMMH  ypoBeHb
3HAYMMOCTH MPH3HAKOB B K/1acce a/IrOPHTMOB a/ICKBATHOIO BBIMHCICHHA OLEHOK 1
pazpaboTaHbl  BbIMHCAMTE/lbHbIE @ITOPHTMbI  [ONMYHCHHA - HA  HX  OCHOBC
HH(OPMALHOHHOIO Beca M OLEHKH CJIOHHOCTH. B pesynbTaTe KiaccupuKauus 1o
COCTOSHMIO 0GBEKTOB MPH pazpaboTKe CHCTEMb! a1ANTHBHOMH OUEHKH, B HaCTHOCTH,
KacCH(HKALHA 1O CIOMHOCTH TCCTOBBIX 3a1atiH, 103BOIHIIA NOBBICHTE TOUHOCTE
oby4eHHs.

6. Pazpaboran mnporpaMmubiii  MOIYJlb, NOAMEPKHBAIOIIMA  [IPHHATHE
YMpaBieH4YeCKUX pelueHuil B INIPAKTHKE OLCHKH M aHalH3a TEXHHYCCKOro,
JKOHOMHYECKOr0 M COLMAIBHOrO COCTOAHMS 00BEKTOB B CIIOXKHBIX CHCTEMax ¢
HCIOJb30BAHHEM a/aNTHBHBIX MOJCIEl H AIrOpPHTMOB, pa3padoTalHbIX HA OCHOBE
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MCTO/1a CKOJIb3fllero okHa. PazpaboTaHHblil NporpaMMHLIil MOIYJIb HCMOMB30BaH
NpH pelleHnH 3a1a4 klacCH(HKaLHMH, B YACTHOCTH MPH OLIEHKE COCTOSAHHUA B paboTe
PaaHATOPHBIX U3/EIUH H TENN000OMEHHHKOB, MPOU3BOACHHBIX HAa NPEANPHATHH B
BHJIE MOJ1yJift, HTO MO3BOJIMIIO MOBEICHTE 3()()eKTHRHOCTE MPHHATHSA pelleHHil.

7. PaspaboTaHBl aNropuTM OLEHKH KayecTBa OKCIIEPTOB HA OCHOBE
&IFOPHTMOB BbIYHC/IEHHA OLIEHOK H €0 NPorpaMMHbLi MOy k. B pesynsTate 310r0
NOBBICHJIACE  HAACKHOCTE M TOYHOCTh HMH(OPMALMKH NpH  aJeKBAaTHOM
(hopmuporanuy TabauLb yuebHoil BHIGOPKH B pelIeHHH 3aiay KiaccH(HKALHK 1
(l)opmupoaamm 0asbl AaHHBIX CHCTEMBI aJaNnTHBHOTO KOHTPOJIA.

8. PazpaboTanbl )y HKLUHOHAILHAS CTPYKTYPa H CTPYKTYpa JaHHBIX CHCTEMBI
a7anTHBHOH OLIEHKH, onpefenslouleit AaHHbIE, KOTOpble BXOJAT B NpOrpamMmMHoe
obecrieueHue, paspabaThiBaeMoe Ha ocHoBe MeTomdonordu IDEF,  daktops
BO3/E/iCTBHA HA HErO H KPHTEPHH BIMAHUS HA HCXOASLIME AaHHbIE KAK pe3yJIbTaT
nporpaMmHoro obecnedenus. B pesynbrare 3TOro MOABMIACE BO3MOKHOCTE
OMpeJie/INTE  MOJIYJIK  nporpaMMHoro ofecneveHns, pazpadoTka KOTOPOro
3alUIAHHPOBAHA, €ro COCTaBHble 4acTH, CTPYKTYpy 0a3bl [JaHHBIX H
BbIMHCIIHTE/IbHBIX OHCPEHHFI, OCYyUIECTBJIACMBIX B HCM.

9. PazpaboraH NpoTOKOJ B3aMMOJEHCTBHA KOMIIOHCHTOR pacnpeesieHHOro
yuebuoro npouecca. DTO M03BOJIMIO YCTPAHHTh HELOYETHl M NPOGIeMsl,
BO3HMKAIOLME B mpouecce mepedadyd M 00paboTKM AaHHBIX MPH NMPUMEHEHHH
NpOrpaMMHOro CpejicTBa B KOPIIOPATHBHOI ceTeroii cpene.

10. Ha ocHoBe paspaGoTaHHEIX MCTOJOB, ANrOPHTMOB M IpPOrPAMMHEIX
Mojtynieil paspaboTaHo nporpamMmHoe odecneyeHHe CHCTEMbl ajJanTHBHOI OLEHKH
Adaptive assessment, koTopas npepnasHaueHa s paboTbl B KOPHOPATHBHO#
ceTeBOH cpenie. PaspaGoranHoe nporpamMmHoe odecneyeHHe MO3BOJIAET JOCTHYE
3 GeKTHBHBIX pe3ynbTaTOB NPUHATHA ANEKBATHLIX PEIICHHIl NPH aJanTHBHOI
OLCHKE COCTOAHMI B yueDHbIX npoueccax, 00beKTHBHOMH OLEHKE H KiacCH(HKaLMu
obyHalomuxes 1Mo crnocoGHOCTAM, a Takxke BHIOOpE CTYAEHTaMH cllefyloLIero
YPOBHA B aKaJleMM4eCKO# CHCTEME Kpe/IUuTa.

1. IlpuBomMTCs CpaRHMTENbHBI aHANN3 MPOLECCOB TPAJAHLMOHHOIO H
BHPYTIbHOr0 00yuyeHMs B pamkax BHeApPEHHSA CHCTEMBI alanTHBHOH OLEHKH B
oGpazosaresnbHoii cucteme. CornacHo aHanu3y, pUMeHeHHe B yueGHOM npouecce
A71aITHBHOMH CHCTEMBI OLIEHKH, MOCTPOEHHOI HA OCHOBE pa3paboTaHHBIX METO/OR,
MOJIeJIeH M aNropMTMOB, MO3BOJNMIO MNOBBLICUTH I((EKTHBHOCTL Mpolecca Ha
8-12 % 1o cpaBHEHHIO ¢ TPAAMIIMOHHBIM MCTOJIOM.
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INTRODUCTION (abstract of PhD dissertation)

The aim of the research work is to develop software and algorithmic support
for adaptive assessment models of situations in the educational process of the
information management system of education, which is part of complex information
systems.

The object of the research work is a virtual adaptive test process, which is
a component of a complex information system.

The scientific novelty of the research work is as follows:

an improved approximation method based on sliding windows has been
developed to solve the classification tasks during data mining;

moadels of adaptive assessment of situations based on the sliding window
method have been developed;

on the basis of evaluation calculation algorithms have been developed quality
assessment algorithms for experts of the adaptive assessment system;

an algorithm has been developed for the interaction protocol of the
components of a distributed virtual educational process designed to work in a
corporate network.

Implementation of research results. Based on the design of software,
algorithms and models for solving the problems of adaptive assessment of situations
in complex systems based on recognition methods:

Adaptive Assessment software that supports management decisions for
evaluating heat exchangers and radiator products in the form of modules for their
development, as well as for studying technical and social conditions in the Uzbek-
Russian joint venture “Avtotraktorradiator”. (certificate of the Ministry for the
Development of Information Technologies and Communications of October 18,
2019, No.33-8/7392). The research results will increase the efficiency of decision-
making when using the operating conditions of heat exchangers and radiators in the
form of a module produced at the enterprise, by 10%, as well as on the useful effects
of the total productivity of the enterprise by 4-5% per year;

models and software modules Adaptive assessment - all this happens with the
help of various systems that use sliding windows that are implemented in the State
Unitary Enterprise “Center for the Development of Information and Communication
Technologies”. and decision-making (certificate ‘of the Ministry for the
Development of Information Technologies and Communications of October 18,
2019, No.33-8/7392). Information processing and rapid accelerated monitoring, as
well as an adaptive assessment of the facilities based on the services provided by the
information processing system, allow increasing the coefficient of total labor
productivity by 4-6% per year by 20-30%; :

models, algorithms and software modules designed to assess situations in
which systems are used, and solutions that should be implemented by BePro
Programmer Center LLC and Developers Group LLC when developing software for
the adaptive assessment of knowledge and skills of enterprise specialists (certificate
of the Ministry for the Development of Information Technologies and
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Communications of October 18, 2019, No.33-8/7392). The annual income of central
programmers increased by 25%;

software with modules for adaptive assessment of the situation in the
cducational process, objective assessment of students and their classification by
methods, support for making adequate decisions when choosing students in the
framework of academic loans at the Tashkent University of Information
Technologies and Chirchik State Pedagogical Institute (certificate of the Ministry
for the Development of Information Technologies and Communications of October
18, 2019, No0.33-8/7392). The use of adaptive assessment methods for educational
processes based on the methods, models and algorithms developed during research
allows us to increase efficiency by 8-12% compared to traditional methods.

Structure and volume of the dissertation. The dissertation consists of an
introduction, four chapters, conclusion, references and appendices. The volume of
the dissertation is 120 pages.
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