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AHHOTanUsA

B cTaTbe oTpaxkeHa MoJiesIb 06J1a4uHOi 06pa30BaTe/IbHOM Cpe/ibl, CTPYKTypa KOTOPO# Mpe/cTaB/IeHa
OHJIAMH-KypcaMy ¥ THOPUAHON UHTEJUIEKTYaJIbHOM CUCTeMOM, No3BoIstioleil GOpMHUPOBATh U B pe-
»KMMe peaJbHOr0 BpeMeHH KOPPEKTHPOBATh UHUBH/YalbHble TPAEKTOPHUH OCBOEHHS AAHHBIX Kyp-
COB. YCTaHOBJIEHO, YTO, He CMOTPS Ha ee CJA0XKHOCTb, IMHAMUYHOCTb, @ IOPOM U Heolpe/ieJIeHHOCTb,
OHa /I0/DKHA 06ecreyrBaTh CBOEBPEMEHHbBINM U HENPEPbIBHBIN JOCTYI KaX/JOMY CJAyLIaTe/I0 K CTap-
TYIOLIMM OHJIAWH-KypcaM, K UX MYJbTHUMeJUAHOMY KOHTEHTY U QYHKIMOHUPOBAThH CTAGUIBHO IPU
JI06bIX Harpyskax. [lokazaHo, 4To KoJis1abopaTHBHAsA paboTa 06YYAIOIMUXCS TaKXKe NpeJnosaraeT
COBMECTHOE HCIO0JIb30BaHHE PA3/IMYHbIX yueOHbIX 00BEKTOB OHJIAHH-Kypca (HanpuMep, BeGUHAPOB,
BU/IE0JIEKIIMH, BUPTYaAJIbHbIX MOJZieJel), KaXK/Ibli U3 KOTOPBIX TPeOyeT onpesieIeHHOr0 KayecTBa 06-
cnyxuBaHus (QoS), NPOU3BOAUTENBHOCTH, BO3SMOXKHOCTH IJIAHUPOBAHUSA NPOLlecca, yIpaBIeHus pe-
CypcaMHu. OnucbiBaeTCs BO3MOXXHOCTb MCI0JIb30BaHMSI anmnaparta TeEOpHuU MacCoBOro 06CJ'Iy}KI/IBaHI/IH
JLJIS1 CO3/IaHUSI MOJle/IM UHTeJJIEKTYyalIbHOHM 06/1a4HOM 06pa3oBaTebHOM cpesibl. [IpUBOAATCS pe3yiib-
TaTbl 3KCIIEPUMEHTA/JIbHOI'O0 HUCC/eJOBAHUA HOCTpOeHHOﬁ PIMPITEIL[I/IOHHOI‘/’I MO/JEeJHn. Cgenaﬂ BbIBO/,
4YTO MCKOMad MO/JeJib ABJISAETCA aAeKBaTHOﬁ U crnoco6Ha CHPaBJIATbCA C 60JIBIIUM ITOTOKOM 3asiBOK
oby4aromuxcs. [IpesyioxeHHast MOZeb IBJIAETCA YHUBEPCATbHON U MOXKET GbITh UCI0/Ib30BaHa IIPU
paspaboTKe 06/1a4HOMN 1aTGOPMBI OHJIAHH-06y4eHHUs], TPOrPaMMHO-TeXHOI0rnYeckast HHPPACTPYyK-
Typa KOTOPOH JI0/DKHA OTBeYaTh 3alpocaM ObICTPO PACTyIel MacChl cayLiaTe el KypCcoB.

KiroueBsble €/10Ba: o6sauHas o6pasoBaTesibHas cpeja, OHJIAWH-KypC, TUGpUHAsS UHTEJJIEKTY-
aJlbHasl CUCTEMa, UIMUTALMOHHAs MO/ie/Ib, CHCTEMAa MaCcCOBOT0 O6GC/IyKHMBaHMUsl, 06JJa4Hble BbIYHCIIE-
HUS.
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Abstract

The article reflects a model of the cloud educational environment, the structure of which is represented
by online courses and a hybrid intelligent system that allows you to create and adjust real-time individ-
ual trajectories of studying these courses. It was established that, despite its complexity, dynamism, and
sometimes uncertainty, it should provide timely and continuous access for each student to starting
online courses, their multimedia content and function stably under any load. It is shown that the collab-
orative work of students also involves the sharing of various educational objects of an online course
(for example, webinars, video lectures, and virtual models), each of which requires a certain quality of
service (QoS), productivity, the possibility of process planning, resource management. The possibility
of using the queuing theory apparatus to create a model of the intelligent cloud educational environ-
ment is described. The results of an experimental study of the constructed simulation model are pre-
sented. It is concluded that the desired model is adequate and is able to cope with a large flow of stu-
dents’ requests. The proposed model is universal and can be used to develop a cloud-based online
learning platform, the software and technology infrastructure of which must meet the needs of a rapid-
ly growing mass of students of online courses.
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OTKpbITast peructTpanus U cBo60AHas 3aNUCh Ha AOCTYIHbIE OH-
JIalH-KypChbl NpHBJIeKaeT 60JIbII0e KOJIUYeCTBO 06yUaloLIUXCsl CO
Bcero Mupa. O6/1a4Hble 06pa3oBaTe/IbHbIE CPeJibl - ITO HOBas Ma-
pajurma, KoTopas IpeJsiaraet psj IPeruMyIecTB ¢ TOYKH 3peHHUsI
MacIITabupyeMOCTH, BBICOKOH JIOCTYNHOCTH, YA0OCTBA 00CIYKHU-
BaHUs U 3dpPeKTUBHOCTH 06pabOTKHU AaHHBIX [5, 16]. O61auHble
TEXHOJIOTHH I03BOJISIIOT MEepeHOCHTh OHJIAMH-KypChbl B 06J1aKO,
NpeA0CTaBJIsisl aBTOPU30BAHHBIN JOCTYI OTPOMHOMY KOJIMYECTBY
noJib3oBaresielt [8, 15]. Y cayumaTesnel oHIalH-KypCOB NOSABJsIET-
cs1 BO3MOXHOCTb MOJIy4aTb YCIyTH B JI060e BpeMs, € JH06GOro
YCTPOMCTBA C MaKCUMa/IbHOW HAJIeXKHOCTbIO U CTAOM/IbHOW BbI-
YUCJIUTEIbHONH MOILIHOCTBIO [JI OAHOBPEMEHHOTO BBINOJHEHUS
napaJiie/bHbIX paboyux Harpy3ok [1-3].

ILenb uccae0BaHUS

[IpM NpoeKTUPOBAHMM BBICOKOHArPYXKEHHOW HHQPACTPYKTYPHI,
COCTaBJISIOLIYI0 MHTE/JIEKTYaJbHyl0 06JIadHyl0 06pa3oBaTesib-
HYI0 CpeJly, BaXKHO 3apaHee YOeJUThCsl, YTO CHCTEMA CMOXKET TpeJ-
JIOXKHUTD KeJlaeMbli YPOBEHb KayecTBa 06C/IyKHBaHUS, POU3BO-
AUTEJIbHOCTH, BO3MO>XHOCTH IJIaHUPOBAHUA npounecca,
ynpaBjieHusl pecypcaMu U T.aL. [17-21]. OfHUM U3 MeTO/O0B, NpU-
3BaHHBIX PEUIUTb NAHHYIO np06nemy, ABJIAETCA MMUTALIMOHHOE
MoJiesiupoBaHue [6, 9, 23-25]. B cBSI3U ¢ 3TUM LjeJ1b UCCIeJ0BAHUS
3aKJ/II04aeTCsl B pa3paboTKe U HCCIeA0BaHUHM UMUTALMOHHOM MO-
JleJI1 AJ1s1 OLleHKH 3¢$PeKTUBHOCTH PAabGOThI CIPOEKTHPOBAHHOM
HMHTeJJIEKTYaJIbHON 06/1a4HOM 06pa30BaTeIbHOM Cpe/ibl.
d®opmMasibHOE ONMCAaHHE MOJENIH HHTEJNJIEKTYaJbHbIA 06JIa4HON
06pa3oBaTeIbHOMN CpeJibl

O6JsiauHasi 06pa3oBaTe/bHasA Cpesia Npe/cTaBIeHa OHJIaHH-Kypca-
MH U THOPUJHOH HHTEJIEKTYaJbHOH CUCTEMOMH, MO3BOJIAOIIEeH
$OpMHUPOBATh U B peXKUMe peaslbHOro BpeMeHH KOpPEeKTUPOBaTh
WH/JMBU/ya/lbHble TPAeKTOPUH OCBOEHUSA JAHHBIX KypCOB. ApXH-
TEKTypa UHTEJJIEKTYaJbHOH 06J1a4HON 00pa30BaTebHON Cpefibl
npezcTaB/eHa Ha pUCyHKe 1.
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P u c. 1. ApxuTeKTypa HHTe/JIEKTYaJbHOH 06/1a4HOM 06pa3oBaTe/IbHON cpe/ibl

Fig. 1. Intelligent cloud education architecture

OJiMH U3 N0JIX0/I0B CO3/JaHUs], yCTOHYMBOr0 GYHKIIMOHUPOBAHUS U
pa3BUTHUs COBpeMeHHOI 06s1auHON 06pa3oBaTe/IbHOM cpejibl, 3a-
KJIIOYaeTCsl B lepeMelljeHH CHCTeMBbI YIIPaB/JIeHUs] 06ydeHueM
(Learning Management Systems - LMS) B «o6./1ako». CepBHCHI 06-
JIAYHBIX BBIYMCIEHUH NPEACTABIISIOT yYaCTHUKAM 06pa3oBaTeb-
HOT'O Mpolecca NporpaMMHOe U annapaTHoe oGecreyeHue, KOTo-
pblee o6ecneyMBalOT 00paGOTKYy M  UCIOJHEHUE 3asBOK
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Student Data Cloud Store npejcraBiisieT coO60i HaGOPbI JaHHBIX
06 00y4arOLIUXCs.

Course Data Cloud Store - Ha6ophb! JaHHBIX 0 Kypcax (06 y4e6-
HBIX 00'beKTaX U UX MeTaJJaHHBIX).

Data Cloud Store Learning Process - HaGopb! JJaHHBIX, OIMCbIBa-
IOIMX NpoLecc 00y4eHHUs1 Ha OHJIAHH-KypcaX, B TOM 4ucje yyeo-
Hble JOCTIKEHUST 00YIarOLUXCS.

MOOC Intelligent System - ru6pujHas UHTe/JIeKTyaJbHasA CHU-
cteMa 06JIa4HON MmaaT(oOpMbl, OTBeyawlas 3a aJanTalyio OH-
JIaUH-KyPCOB K MOTPEOHOCTSIM, HPEANOUYTEHUSIM U BO3MOXKHOCTSM
KOHKpeTHOro ob6yyaruerocs. PyHKIHMOHUPOBAaHUE HUHTEJIEKTY-
aJIbHOW 06J1a4HOM 06pa30BaTeIbHON Cpe/ibl OCYIIEeCTBIISETCS Ha
OCHOBe 06paboOTKM M aHa/IM3a GoJbIIKX AaHHBIX (Big Data) ¢ uc-
N0JIb30BaHKEM MeTO/I0B aHa/IM3a JaHHbIX (Data Analysis), o6paso-
BaTesibHOUM aHanuTHKK (Learning Analytics), o6pa3oBaTesbHOrO
WHTeJlJIeKTyaJlbHOro aHaiu3a gaHHbIX (Educational Data Mining -
EDM). TubpuHaa vHTesJIeKTya/lbHasi CUCTEMa, MCI0JIb3ys apce-
HaJl METOZI0B MO/IeJIMPOBAHUS UHTE/JIEKTYaIbHOH JiesITeJIbHOCTH
yesioBeKa (KJIAacTepHBbI aHaJU3, HCKYCCTBEHHble HEHWpOHHBbIE
CeTH, a TaKke HaGop GMOMHCIMPHUPOBAHHBIX AJIFOPUTMOB, BKJIIO-
yasi reHeTHYECKUH aJITOPUTM), TO3BOJISIET pelaTh 3a4a4y GopMu-
pPOBaHUS MUHAMBU/AYAJIbHBIX 06pa30BaTeJbHBIX TPAEKTOPHH CJIy-
maTesiell OHJIAaWH-KYpPCOB B 06/1a4HON 06pa3oBaTebHOM Cpefie.
Kaxk npaBusio, B COCTaB AaHHOH Cpesibl BXOAAT HECKOJIBKO Pa3HO-
POAHBIX KOMIIOHEHTOB, OTBEYAIOLINX 32 B3aUMOJIeHCTBHE C 00yya-
IOIMMUCS — CJIylIaTeJssMU OHJIAWH-KypcoB. Kakapld U3 KoMIo-
HEHTOB UCKOMOH CpeJibl MOXKeT GBbITh PeaJi30BaH B BU/le YIeGHBIX
06'bEKTOB JIBYX TUIIOB. B IepBoM ci1yyae - B BUJie IPOCTOT0 0GbeK-
Ta, KOTOPBIH SABJIETCA CAMOCTOATENbHON aBTOHOMHOM eJIUHULIEH,
CyLIeCTBYIOLIEN B paMKax 06J1a4HOM 06pa3oBaTebHOM cpebl. Bo
BTOPOM CJIy4yae 00beKT HpPEeJCTaBIseT CO60H MHOrOYpPOBHEBYIO
CHCTEMY, BKJIIOYAKOLIYI0 B ce651 B3aMMOCBSI3aHHbIE NIPOCThIE Y4e6-
Hble 00'beKThl. TaKOU CI0XKHBIN y4eOHBIA O0O'BEKT NMpPeACTaBJISIET
€060l COBOKYITHOCTb 3JIEMEHTOB 3JIEKTPOHHOI'0 06pa30BaTebHO-
ro KOHTeHTa 06J1a4HON 06pa3oBaTe/NbHOU Ccpefbl (BUAEO, TEKCTA,
TECTOB, 33/IaHUI ), KOTOPbIE 06'beJUHEHBI OJJHOH L1eJIbI0 00yYeHUsl.
Ha npakTHKe KOMIIOHEHTbI BTOPOT'0 THIIA UCIIO/Ib3YIOT KOMIIOHEH-
ThI IEPBOTO TUIA JJIs1 OPraHU3aL U 6a30BON CTPYKTYPBL.
[locTpoeHre WHIUBU/YaJIbHONH 06pa30BaTeNbHON TpPaeKTOPUU
o6GecrneYnBaeTcsi MOAYJIBbHOHM CTPYKTYPOU Kypca U MpesCTaBJIseT
c0601 NOC/IeJ0BATeNbHOCTD YepeJOBAHUS U Ipe bsBIeHHS yie6-
HbIX 06'bEKTOB 006y4aIoLIEMYCS.

PaccMOTpUM peasivM3anyio B3aUMOCBSI3aHHBIX OGBEKTOB Kypca,
pa3MelleHHOr0 B MHTeJJIEKTyaJbHOH 06JIayHON 06pasoBaTesib-
HOU cpefie. CTPYKTYPHO-COZepKaTeJbHYI0 MOZesb OHJIalH-Kypca
MOXKHO NPe/ICTaBUTh B BUJle OPHEHTHPOBaHHOro rpada M:

M = (Theme, SeqT),

rae Themes - HaGop TeM Kypca, SeqT - Ty, KOTOpbIE PeACTaBIsl-
I0T CO60M 3aBUCHMOCTH MEX/y TeMaMHU U OINpeJesIsiioT MOPsiI0K
UX U3yYEHHUSI.

Jl1s1 Toro 4To66! GopMaIM30BaTh CTPYKTYPY OHJIaMH-KypCa, JeTa-
nU3MpyeM MOHATHe TeMbl Kypca Themes=(Theme). Onunuiem
Theme, B BU/le OPMEHTUPOBAHHOTO rpada:

Theme, = (ThemeObj, Seq0, C),

rae ThemeLO - BepUIUHbI, MPe/CTaBIeHHbIE YEThIPbMSI Pa3HbIMU
obwbekramu Kypca ThemeLO =(Video, Text, Test, Practice); nyru SeqO
dopMaIU3yIOT 3aBUCUMOCTH MEXY 06 bEKTaMU Kypca B pe/iesiax
TeMbl; Ayru C — HENOCPEACTBEHHOE C/ieZloBaHHE 06bEKTOB Kypca
JIpyT 3a pyroM B polecce u3y4yeHus (Hanpumep, GparMeHT yueo6-
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HOT'0 BU/IEO — TEKCTOBOE MOsCHEHUe K HeMy WJIM MaTepUasibl JJs
IPOYTEHHUs — TeCT AJIs1 CAMOKOHTPOJISI — 3alaHue).

Kaxx/ib1i yueGHbIN 06'bEKT Kypca ThemeLOl. XapaKTepusyeTcs ps-
JIOM NapaMeTpOB:

ThemeLO = (K, R),

rge K - cJ0XKHOCTb (TPYyZ0EMKOCTb U3y4YeHHs); R — 3HAUUMOCTb
(cTeneHb BAUSAHUA HA pe3yJIbTAT 00y4YeHUs).

[IpesioxeHHBIN NOAXOJ peanusyeT MPUHLHUI MePCOHAIU3ALUU
nporuecca o6y4eHusi, 06ecrneyruBasi BO3MOXXHOCTbIO IPOX0XK/IEHUs
00y4aloIUMHUCS TOJBKO TeX yueGHbIX 00bEKTOB KypPCOB, KOTOpPbIE
MM peKOMeH/lyeMbl C y4eTOM UX 06pa30BaTe/bHbIX NOTPeOGHOCTEH
U BO3MOXKHOCTeH. C/JIO)KHOCTb M 3HAYHMMOCTb KaXKJO0ro o0bekTa
MOXKeT 6BITh 3a/laHa aBTOPOM Kypca BPyUYHYIO HJIM pacCYIMTaHA aB-
TOMaTHYeCKH (MepBOHAYaJbHasA OLEHKA IPU CO3JaHHUM Kypca C
HOC/ey0IUM YTOYHEHHEeM Ha OCHOBE CTAaTUCTUKH PaboThI 06Y-
YaIOLIUXCS C AAHHBIM OHJIAWH-KypcoM). Takke B JI060H MOMEHT
BpeMeHH aBTOP Kypca MOXXeT KOPPEeKTHPOBATb aBTOMAaTHYeCKU
paccyuTaHHble 3HAYeHUs JJaHHBIX TapaMeTpoB. B pamkax HacTos-
Iero HCCAef0BaHUA IpejJaraeTcs HCIO0Jb30BaTh IapaMeTpbl
CJIOXKHOCTH ¥ 3HAYMMOCTH y4eOHBbIX 06'BEKTOB Kypca C IIeJIbl0 UX
paHXXUPOBAHUSA B Npefesax KXol TeMbl. JlaHHOe pacnpejeJie-
HUe JleJlaeT BO3MOXHBIM OIpeJie/leHre Haulydlled mocsesfoBa-
TEeJbHOCTH TpeAbsIBJE€HUs 3JIEKTPOHHOI'O 00pa30BaTeJbHOrO
KOHTEHTa KOHKPEeTHOMY 00yJalolleMycsl B paMKax OTZe/IbHO B35-
Toro Kypca. COOTBETCTBEHHO, OCTPOEHHAsl MOJZeJb MO3BOJISET
cpopMUPOBATH HECKOJIBKO a/IbTEPHATUBHBIX BAPHAHTOB HH/AVBH-
JlyaJIbHBIX 06pa30BaTeJIbHbIX TPAEKTOPHUH.

[IpuBesieHHasH CTPYKTypU3aLys 06'beKTOB Kypca 06/IETYUT IIPOBe-
JleHUe Tocaeayoued o6paboTKU MOMYIEHHbIX JAaHHBIX THOPUJ-
HOWM WHTEJJIEKTYaJIbHOM CHCTEMOH, YTO 3HAYUTEJbHO COKPATHUT
BpeMs 06paGOTKH 3alIPOCOB M0JIb30BaTeIel U CHUSUT 06'beM Tpe-
6yeMbIX BBIYMCIUTENbHBIX MOIHOCTEH U pecypCoB.

HUMuTanoHHaa Moje/lb
UHTEeJ/IJ/IEKTYya/IbHOM 06/Ia4HOM
06pa30BaTeJIbHOM Cpeabl

JlJ1 ONTUMU3aLUY CTPYKTYPBI Kypca, TeHepUpyeMoi KaxA0My 06-
yJamwluieMycsl B OT[eJIbHOCTH, He06X0AUMO NPOBECTU OLeHKY pe-
CyPCOEMKOCTHU KaXKJ,0ro U3 y4eGHbIX 00bEKTOB Kypca € y4eTOM ero
JMHAMHUUYeCKUX XapaKTepUCTUK. [lid IpoBeJeHUs HCCle[0BaHUs
TaKUX CUCTeM 3¢ PeKTHBHee BCero NPUMeHATb MeTOAbI UMUTALU-
OHHOro MojesupoBaHus [4, 7, 14, 22]. Kak oTMeydasoch paHee,
KK/ bIH U3 y4eOHBIX 00bEKTOB Kypca XapaKTepU3yeTCsl MHOXe-
CTBOM I1apaMeTpPOB, HEO6XOAUMBIX /151 BHIIOJHEHHS MOCTaBJIEH-
HBIX 33/1a4 00y4eHHUs.

[IpeicTaBUM UMUTALMOHHYIO MOZe/Ib HHTEJUIEKTYalIbHON 061a4-
HOW 06pa3oBaTe/IbHOMU Cpe/ibl KAK MHOTOKaHA/IbHYIO CUCTEMY Mac-
coBoro o6cayxuBanus (CMO) [10, 11].

B coctaB CMO BXoJAT cie/iytoliye 3J1eMeHThI:

1) MCTOYHHUK BXOJHOTO MOTOKA 3as1BOK 00y4dawouuxcs (S), xesaro-
IMX U3yYUTb KOHKPETHBIN OHJIalH-KYPC;

2) ouepe/b K MJIAHUPOBILHUKY (Q), B KOTOPOH HAKaNJIMBAIOTCA 3a-
SIBKH OT 00Y4aroLINXCS;

3) nuianupoBLIMK (P), ynpaBsiloliui nporeccaMyu GopMUpPOBAHUS
CTPYKTYPBI Kypca AJs1 KaXK/A0Tr0 06y4arollero 1, COOTBETCTBEHHO,
yNpaBJIAOIHUNA HHAMBUAYAIbHBIMY 06pa30BaTeNbHBIMY TPAEKTO-
pusaMy;

4) kaHaJbl 06CIYKMBAHUA U Ny TeM Kypca (Themes), a1eMeHTOB
KOHTeHTa KOHKpeTHO! TeMbl (ThemeL0), yue6HbIX 06beKTOB (LO);
5) BBIXOJALIMHI TOTOK 06C/Ty>KEHHbIX 3asIBOK 00y4arOLUXCS.
Cxema CMO B MHTeJ/JIEKTya/JIbHOW 006J1a4HON 06pa3oBaTesbHON
cpejie IpeJiCTaB/IeHa HA PUCYHKE 2.

cheme

TloTok 3asB0K

(nponecc
TOCTY L1 eHH 1) Q

Ha BXoj1e Y

P

HeTounuk 3
Ouepenn IInanupoBIMK
3a59BOK
(mcuuruinHa
00y4arommXxcst
OXKUTAHHS)

Ouepens k Teme

gillll S

~ e

Habop tem

QLo
m®

IIIII @ Boixomsmuii
TOTOK

IIIII @ 00 CITyKEeHHBIX
3asBOK

igm®

[
)

lign®

chemeLO

Ouepens Kk
snemMeHTaM Tembl

Ouepenb YueOHpit
HaGop a1emenTos KouTeHTa k Teme X yueOHbIM 06”“““
(cnoxHbIe yueOHble 00 BEKTbL) obBeKTam (pocroif)

P u c. 2. CxeMa cucTeMbl MaccOBOI'0 0OCIYKMBaHUsI B UHTEJIJIEKTYaIbHOU 06J1a4HOM 06pa3oBaTesibHON cpejie

Fig. 2. Mass service scheme in intelligent cloud education environment
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E-LEARNING, NTHOOPMALIMOHHbBIE TEXHONOTM A B OBPA3OBAHIUN

B.B. 3anopoxko, [. N. MapheHos,
. C. 3abpoavHa, B. M. Wappakos

WmMuTtanuonHas Moziesib CMO B UHTeJIEKTYaIbHOM 06J1a4HOH 06-
pa3oBaTeJIbHOU cpejie Mpe/CcTaBsieT CO60M aJIrOPUTM, COCTOSI-
IHMH U3 yIops04eHHbIX 0OpallleHUH K MO/ie/IsIM 3JIeMEHTOB.
[IpyHUMNUaNbHAs cXeMa UMUTALUU CUCTEMBI MacCoOBOTO 06Cy-
YKUBAHMS B UHTEJJIEKTYaJbHOU 06/1a4HOM 06pa3oBaTeJIbHOH cpe-
Jle IpeJicTaBJjieHa Ha pucyHke 3 [12, 13].

Tlopoxaenne 3asBoK
c

NOMOLIBIO FeHepaTopa
CaydaiiHpIX YHCen

Amnams
Oy YEHHBIX
Pe3y/IbTaTOoB,

oueHKa

JI0CTOBEPHOCTH H
AIeKBaTHOCTH

Hakonsenne
pesybTaToB
CTaTHCTHKH

Cramcriyeckas
>

Mozens CMO B~
oGpaGorka

Y

COIIACHO 3a/IaHHOMY
ToJIb30BATENEM
CTATHCTHYECKOMY 3aKOHY

P u c. 3. CxeMa UIMUTALUH CUCTEMbI MACCOBOIO OGC/IYXKMBAHHS B
HMHTeJJIEKTYaJIbHOH 06J1a4HOM 06pa3oBaTesibHON cpefie
Fig. 3. The scheme to simulate a service system in an intelligent cloud-based

educational environment

Mopenb CMO c oxxuianueM (oyepesibio) B MHTeJIEKTYaJlbHOH 06-
JIaYHOM 06pa3oBaTesbHOM cpefie HOCUT CTOXaCTHYECKUH Xapak-
Tep. [loBeieHHe cTOXaTHYeCKOrO (CJIy4alHOT0) polecca He sBJIsA-
eTcsl eTepMUHUPOBAHHBIM, NI03TOMY IMOC/eAylollee COCTOSIHUE
uccaenyemoit CMO onucbiBaeTcsl Kak BeJIMYMHAMH, KOTOpble MO-
I'yT ObITh IIPe/ICKa3aHbl, TaK U C1y4yalHbIMU. [l ee paboThl HEOO-
XOJAUMO CO3/JjaTh MOTOK 3allPOCOB 06YYAIOMIUXCS K KOHTEHTY Kyp-
ca, IPU 3TOM Y4YUTBbIBasi HHTEHCUBHOCTb MOCTYILJIEHUS 3asBOK K
KaXI0My KJ1accy 06'beKTOB Kypca.

3afABKU 06Y4YaAIOIUXCA, KeJAMUX H3YyYUTb KOHKPETHBbIH OH-
JIalH-KypC, 06pasyoT c/leJyoliye IOTOKU: IOTOK 3asiBOK Ha BXO/le
CUCTEeMbl U BBIXOJAIIMN MOTOK 0GC/IyXKeHHBIX 3asABOK. [loTok xa-
paKTepu3yeTcsl KOJIM4eCTBOM 3asBOK CJIyllaTesel Kypca, HabJto-
JlaeMbIM B HekoTopoM MecTe CMO 3a efuHuUIly BpeMeHH (4ac, CyT-
KM, Mecdll), TO ecTb IOTOK eCTb BeJMYMHA CTaTHCTUYeCcKas.
[MopoxxjatoTcs 3as8BKY 06YUYaOLIUXCS € IOMOILbBIO FeHepaTopa CJIy-
YalHbIX YMCeJI COIVIACHO 3aJJaHHOMY I0J/Ib30BaTesleM CTaTHCTUYe-
ckoMy 3aKoHy. Ciiy4aliHble Yic/la UMUTUPYIOT CJlydalHble MOMeH-
Tbl MOSIBJIEHUSA 3asBOK M BpeMs HX 00C/Iy>KMBaHHUsS B KaHaslax. B
CMO c oxujjaHueM 3asBKa, IpUlle/lias B MOMEHT, KOTJja Bce KaHa-
JIbl 3aHSATBDI, HE YXOAUT, a CTAHOBUTCA B 04epe/ib Ha 06C/IyKUBaHMUe.
Ouepe/id XapaKTepU3yIOTCs IPAaBU/IaMU CTOSHUA B ouepeau (AUCLU-
IJIMHOM OXKUJaHUS UM 06CIy>XUBaHUA), KOJIU4eCTBOM MECT B oue-
peay (CKOJIBKO 06ydaromuxcss MaKCUMYM MOXKET HaXOJUTbCS B oue-
penu), CTPYKTypoi odepesiu (CBA3b Mex/y MecTaMU B ouepesin).

B mpornecce UMUTALlMOHHOTO MOZeJIMPOBAHUSA IPOUCXOAUT U3Me-
HeHUe JUCKPeTHOro BpeMeHU. Ha ocHOBe NoJIy4eHHBbIX JaHHbBIX
MOXKHO OIpe/leJIUTh BOCTPe60BAHHOCTb KaXAOTO U3 00bEKTOB
Kypca Ha BpeMeHHoM uHTepBase T = [t,, t,], ¥ NOCTPOUTB NPOTrHO3-
HYI0 MOJleJIb CJIeJlyIollero 3Tana ¢GopMUpOBaHUs UHAUBUJYa/b-
HBIX 00pa30BaTe/bHbIX TPAeKTOPUH.

Ha ocHoOBe xapakTepUCTHK MUHAMBH/YaAIbHBIX 06pa3oBaTe/bHBIX
TpaeKTOpPUH o6ydarouuxcs GopMUpyeTcs r06aJbHOE pacnuca-
HUe I'MOpPU/IHON UHTEJJIEKTYAJbHOU CUCTEMOH, IPU 3TOM YUYUTHI-
BaIOTCA C/leJyIole IoKa3aTeu:

e BbIYMC/IEHHBIE 3aTPAThl BpeMeHHU 06Y4aI0IIUXCA Ha OCBOEHUE
OT/ie/IbHBIX TEM U BBINOJIHEHUE 3alaHUH;

e  BpeMeHHble OTpaHUYEHHs Ha BbINOJIHEHHE KaX/J0r0 U3 3a/a-
HHH B paMKaX KOHKPETHOH TeMbl KypChbl;

e Ha/M4ue TPYII 06y4aroIKMXCa Ha KaX/I0M Kypce JIJIs obecrieye-
HUS KOJUIAOOpaTUBHOM paboThl, a TaKXKe [IPOBeJIeHUsI COBMECT-
HBIX JIEKLIMH U NPAaKTUYECKUX 3aHATHH C IperojaBaTesieM;

CoBpemeHHble
MHGopMaLUMOHHbIE
TexHonornu

n UT-o6pa3soBaHue

¢  Heob6XOAMMOCTb Pa3BepThIBAaHHU:A cepBUCOB SaaS (Software as
a Service - mporpaMMHoe o6eclieyeHHe B KayecTBe CepBHCa)
uiu DaaS (Desktop as a Service — pabouuii cToJ1 B Ka4yecTBe
cepBHCca) /iJisl OpraHU3al iy AUCTAaHTHOTO BbIIIOJHEHUS IPAK-
TUYEeCKUX 3alaHUi (HalpuMep, C UCIOJIb30BAaHUEM OIpeie-
JIEHHOT0 KJIacca MPOrpaMMHOr0 o6ecriedeHUst UM BUPTyaslb-
HBIX MoJieslel), KoJIabOpaTUBHOM paGoOThl ciyliaTesel
(HanmpuMep, BBIIIOJHEHHUS COBMECTHBIX IPOEKTOB), IPOBe/ie-
HUs BeOUHAPOB, OHJIaNH-JIeKIIUH, OHJIalH-KOHCYIbTAl[M, BU-
JleoKOHpEepeHIUH U T.II.

B noctpoeHHON MMHUTALlMOHHON MOJe/NM UHTe/JIeKTyalbHON 06-
JIaYHOW 06pa3oBaTeJIbHON Cpe/ibl MPeyCMOTPEHBI CpesicTBa c6bo-
pa ¥ cpejcTBa HoOCJeyHOIlel CTaTUCTUYEeCKON 0O6pabOTKU JaH-
HbIX, TIIOJIY4Y€HHbIX B XOJ€ MOJeJIMPOBAaHUA IMPOXOXKAEHUA
OTZAEJBHBIX TEM CJylaTeJsMU OHJIAaWH-Kypca. CiiefloBaTesbHO,
MOZieJIb TI03BOJISIET CAe/IaTh OLEHKY Ka4ecTBa OCBOEHUS CoJieprKa-
HUs Kypca, CTeHUPUPOBAHOI0 B paMKaxX MH/IMBU/yalbHOU 06paso-
BaTeJIbHOM TpaeKTopuH, 6oJsiee MPO3pavyHON, a TaKXKe coOpaTh
JlaHHBIe JJIs COCTaBJIeHUs] peKOMeHJallui aBTopaM Kypca 1o Kop-
PEKTUPOBKE MaTEPHAJIOB C YI€TOM BbISIBJIEHHBIX IPOGIEM:

e  HeOOXOAMMOCTH M3MEHEHHUs OLeHOK CJIOKHOCTH ¥ 3HAaYMMO-
CTH y4eOHBIX 06 BEKTOB Kypca B 6OJIbLIYIO UM MEHBIIYIO CTO-
poHY;

e  HOBBIX 3aBUCHMOCTEH MeXAy y4yeOHBIMH 06beKTaMH Kypca,
onpezeIOMNN NOPSL0K UX CIeJ0BaHUS;

e OWMGOK NPH PYYHOM OLIEHUBAHUH CJI0KHOCTH 06BEKTOB KypCa;

e HeOGXOAMMOCTHU J06aBJIEHHS AOMOTHUTENbHBIX U aJIbTEP-
HATHBHBIX 10 YPOBHIO CJIOXKHOCTH 0G'bEKTOB Kypca.

Pe3y/ibTaThl 3KCIEPUMEHTAIbHOTO
HCC/IeJ0BaHUA

[pennoxennas CMO o6saziaeT onpe/iesieHHON 3G GEeKTUBHOCTbIO
YHKIMOHUpPOBaHUSl (MPOMYCKHOH CIOCOGHOCTBIO), MO3BOJISAIO-
1[eH YCIeIIHO CIPaBIATHCA ¢ IOTOKOM 3asBOK obyvaromuxcs. s
npoBesieHUs1 OlleHKU 3pPpeKTUBHOCTH GyHKIMOHUpoBaHus CMO
HCC/IeJOBAaHO HM3MEHeHHe C/Ie[yIIUX NapaMeTpoB, ONMChIBAIO-
1[Me XapaKTep N0TOKa 3asiBOK, YHCJI0 KaHA/IOB 0GC/Iy>KHBaHHUS U UX
NPOX3BOAUTEIBHOCTD, TPAaBUJIa OpraHu3anuu pa6otsl CMO:

1. Koaddunuenrt sarpysku CMO (Server Utilization) p = A/p.

2. CpezHee BpeMs OXXHJAHHs 3asiBKM 0OYYAIOIMUXCS B oUepeu
(Time spentin queue) =p / (K- A).

3. CpenHee BpeMs, NOTpayeHHOE 00y4YaOIUMUCS HA OJIyYeHUe
YCJAYTH (BpeMsl OKUJIaHUS B OYepe iy + BpeMs, IOTpayeHHOe
Ha noJsiyyeHue ycayru ¢ cepepa) (Time spent in system) =1 /
(-2

4. Cpepnss giauHa oyepenu (Length of queue) =p*p /(1 - p).

5. CpezHee 4McCJIO 3asIBOK OOydaroluxcs, Haxogsauuxcs B CMO
(o6cmy>KMBaeMbIX WM OXHUAAOIKX B odepean) (Customers

in system) =p / (1 - p).

O6'beKTHO-OPUEHTUPOBAHHBIN MOAXO0J, peallu30BaHHbIN B cpejie
MMHTALMOHHOTO MojiesinpoBanus M/M/1 Queuing Simulator, no-
3BOJISIET NPEJCTAaBUTDb CTPYKTYPY CJIOXKHOH CHCTEMBI MacCOBOTO
006C/Iy’KMBaHUsI B MHTEJJIEKTYaJbHON 06/1a4HON 06pasoBaTesib-
HOM cpejie (PUCYHOK 4).
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Fig. 4. The structure of the model of the service system in an intelligent cloud

educational environment

[locTpoeHHas MoJe/ib oTpaxaeT GYHKLUOHUPOBaHHe UHTeJIIeK-
TyaJIbHOHM 06J1a4HOM 06pa3oBaTeIbHOM cpefibl, B KOTOPOH 06yya-
Ioll[Mecs] OCBaUBalOT pa3Hble TeMbl OJHOr0 OHJAHH-Kypca. [lpu
HUCCleJOBAaHUM MMHUTALMOHHOM MOJeJH ObLIO BbIIOJHEHO He-
CKOJIBKO CepUH 3KCIepUMEHTOB, PasHHUIA B KOTOPBIX 3aKJ/IO4a-
Jlacb B KOJIMYECTBe 3asBOK cJuyuiaTesed Kypco (100, 1000,
10 000). UcxoAHBIMU JAHHBIMU SIBJSIJIUCH HHTEHCUBHOCTb BXOJ-
HOTO NOTOKa, T.e. noctymienuss B CMO 3aaBoK (A) ¥ MHTEHCHB-
HOCTb 06C/Ty?>KMBaHUs 3a51BOK ().

AHanus MOJIYY€HHbIX JaHHBIX MTO3BOJIAET CAeJlaThb BbIBO/, YTO NIPU
yBeJIMYEHUH YKCJIa 3a5BOK MOXKHO 60Jiee TOYHO OLEHUTb PaboTy
crnpoekTUpoBaHHOH CMO (pHCYHOK 5).

Bo/bIIMHCTBO 3aBOK, IPU UX KosinyecTBe paBHbIM 10 000, mocTy-
NalT Ha 06C/Iy>KUBaHUe 6€3 I0NOJHUTEbLHOTO0 BpEMEHH, YTO 00Y-
CJIOBJIEHO HEBBICOKMM 3HaYeHHeM yjebHo# 3arpy3ku CMO. I1pu-
BeleHHbIe JAaHHbIE IMO3BOJIAKOT OLIEHUTDb ONepaTUBHOCTDb
IpOILeCcCOB 06CIyKUBaHUA 3asBOK CMO B HHTeJIEKTYaJbHON 06-
JIAYHOM 06pa3oBaTesbHOH cpefie 1 060CHOBATb XapaKTEePUCTUKU
ee IPOU3BOAUTENIBHOCTH.

3ak/iloueHue

Ananus pe3ysbTaTOB UCC/IeAOBAaHUA UMUTALOHHOM MOJAeIU UH-
TeJUIEKTya/IbHOM 06J1auHOM 06pa30BaTe/IbHON cpe/ibl KaK CUCTEMBI
MaccoBOT0 06C/Iy>KMBAaHHUSA O3BOJIUJ CAeaThb BbIBOJ, YTO UCKOMas
Mo/ieJb SIBJISIeTCs afleKBaTHOM U ClIoCOGHA CNPaBIATbCA € 60/IbIIMM
IOTOKOM 3asiBOK OOyYalOIUXCS. BbIYMCIUTENBHBIA 3KCIIEPUMEHT
M0Ka3aJl, YTO 3aTPaThl KOMIbIOTEPHOTO BPEMEHH He fBJIAITCA KpU-
TUYHBIMU [PU peasibHbIX apaMeTpax NOCTPOEHHON CUCTeMBbl Mac-
coBoro o6cyxuBaHus. [losyyeHHble pe3y/bTaThl NOATBEPKIAIOT
a/leKBaTHOCTb MeTO/I0B KOMIIbIOTEPHOI'0 UMHUTALlUOHHOT'O MOJieJIu-
poBaHUs AJ1s OLeHKH 3P PeKTUBHOCTH GYHKIUOHUPOBAHUS UHTeI-
JIEKTYaJIbHOM 06J1a4HOH 06pa3oBaTesibHOM cpefbl. BbicokoHarpy-
*KeHHast HHTeJlJIeKTya/IbHas HpOrpaMMHO-TeXHOJIOTHYecKas
CHUCTeMa, IOCTPOeHHas Ha 6a3e KOHLeNLUH 06JIa4HbIX BIYUCIEHUH,
3¢ PeKTUBHO HUCIO/b3yeT BBIYUCAUTE/NbHbIE PeCypCchl U OTBevaeT
3anpocaM 6bICTPO pacTyLiei Macchl CayliaTe el OHIaH-KypCoB.

B panbHelem 6yAyT uccaef0BaHbl Apyrue mapaMeTpbl OLEHKU
3¢ deKTUBHOCTH QYHKIMOHUPOBAHUS CIIPOEKTUPOBAHHON UMUTa-
LIUOHHOM MoJiesid. Pe3y/ibTaTbl HACTOAILEr0 UCC/IeJOBAHUS IJIaHU-
pyeTcsl UCI0JIb30BaTh AJIsl pacliMpeHUs U YTOYHEeHUs MOJiesIU UH-
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queue_1
Metric Mean Std Dev

Arivals 4

Dropped 0

Server Utilization |1.4% -
Time spent in queue (0000 0.000
Time spent in system|1.040 0.894
Length of queve 0000 0.000
Customers in system 0.014 0.117

queue_4

Metric Mean Std Dev
Auivals 14
Dropped 0

Server Utilization 0.4% -

Time spent in queue 0,000 0.000
Time spent in system|1.029 0.743
Length of queve  0.000 0.000
Customers in system 0.004 0.064

queue_8

Metric Mean Std Dev
Auivals 8
Dropped o F
Server Utilization (02% -

Time spent in queue 0.000 0.000
Time spent in system 0.767 0.737
Length of queve 0,000 0.000
Customers in system 0.002 0.042

queue_1

Metric Mean Std Dev.
Arivals 498
Dropped. 0

Server Utilization ~ 13.6% -

Time spent in queue 0.169 0526
‘Time spent in system 1.146 1.039
Length of queue  0.024 0.174
Customers in system 0.160 0.434

queue 4

Metric Mean Std Dev
Arrivals 8
Dropped 0

Server Utilization 3.0% -

Time spent in queue 0033 0.280
Time spent in system|1.243 |1.221
Length of queve 0,001 0.028
Customers in system 0.030 0.177

queue_8
Metric Mean Std Dev.

Arivals 67

Dropped b

Server Utilization  2.0% -

Time spent in queve 0.077 0.480
Time spent in system 1.121 1.190
Length of quee  0.001 0.038
Customers in system 0.021 0.155

< queue_1
Metric Mean Std Dev
Arrivals 5070 -
Dropped 0

68.5%-

‘Time spent in queue 0.889 1174
Time spent in system 1.375 1.269
Length of queve 1,252 1.903
Customers in system 1.936 2.151

Server Utilization

queue_4
Metric Mean Std Dev

Arrivals

Dropped 0

Server Utilization  25.1% -

Time spent in queve 0317 0.806
Time spent in system 1.274 1.219
Length of queue  0.083 0.349
Customers in system 0.335 0.659

queue_ 8
Metric Mean Std Dev

Arivals 677

Dropped 0

19.2%-

Time spent in queue 0.264 0.838
‘Time spent in system 1.282 1378
Length of queve  0.050 0.289
(Customers in system 0.242 0.565

Server Utilization

sink_1 queue 2 queue_3
Metric | Mean Std Dey Metric Mean Std Dey Metric Mean Std Dey

Departures |43 Arivals 52 Arivals

Population 0.056 0.230 Dropped 0 Dropped 0

Stay duration 4.618 3.386 Server Utilization 1.5% - Server Utilization  0.3% -

Time spent in queue0.003 0.023
Time spent in system 1,052 1.303
Length of queue
(Customers in system 0.016 0.124

queue_S

Metric Mean Std Dev
Auivals 8
Dropped o F
Server Utilization (03% -

Time spent in queue (0.000 0.000
Time spent in system|1 428 |1.451
Length of queve (0.000 0.000
Customers in system 0.004 0.064

queue_ 9

Metric Mean Std Dev
Auivals 19
Dropped o
Server Utilization (0.4% -

Time spent in queue (0000 0.000
Time spent in system0.699 0.595
Length of queve 0.000 0.000
Customers in system 0.004 0.060

a)

0.000 0.007

queue_6

Metric Mean Std Dev
Amivals 16
Dropped o
Server Utilization 0.5% -

Time spent in queue 0.000 0.000
Time spent in system 1,034 0.643
Length of queve 0.000 0.000
Customers in system 0.005 0.069

queue_10
Metric Mean Std Dev
Aivals 1
Dropped o
Server Utilization  04% -

Time spent in queue 0.000 0.000
Time spent in system|1.258 1.372
Length of queve 0.000 0.000
Customers in system 0.005 0.070

‘Time spent in queue 0.000 0.000
Time spent in system 0.744 0.662
Length of queve
Customers in system 0.003 0.055

0.000 0.000

queue_7

Metric Mean Std Dev
Amivals 10
Dropped 0

Server Utilization 03% -

Time spent in queue (0,000 0.000
Time spent in system|1.036 0.880
Length of queve 0.000 0.000
Customers in system 0.003 0.055

sink_1 queue_2 queue_3

Metric  Mean Std Dev Metric Mean Std Dev Metric Mean Std Dev
Departures 455 - Aivals 502 Arivals 134 |-
Population  0.616 0.486 Dropped. o F Dropped. o -
Stay duration 4.826 4359 Server Utilization |12.8% - Server Utilization 3.6% -

Time spent in queve 0.127 0477
Time spent in system 1.028 |1.000
Length of queue
Customers in system 0.146 0.408.

queue_5

Metric Mean Std Dey
Aurivals s
Dropped 0

Server Utilization  2.7% -

Time spent in queue 0.051 0.320
Time spent in system 1.247 |1.087
Lengthof quene 0001 0.035
Customers in system 0.030 0.177

queue 9
Metric Mean Std Dev
Arrivals 229 |-
Dropped o I
Server Utilization ~ 6.5% -

Time spent in queue 0.133 0.568
Time spent in system 1.152 |1.124
Length of quene 0.009 0.102
Customers in system 0.074 0.297

0018 0.151

queue_6

Metric Mean Std Dev
Arivals 204 -
Dropped 0

Server Utilization  5.6% -

Time spent in quene 0,043 0.243
‘Time spent in system 1.019 0.951
Length of queue 0,003 0.050
Customers in system 0.059 0.246

queue_10

Metric Mean Std Dev
Arrivals 114 |-
Dropped 0

Server Utilization ~ 3.3% -

‘Time spent in queue 0,043 0.280
Time spent in system 1.032 1.060
Length of quee 0,001 0.038
‘Customers in system 0.034 0.190

Time spent in queue 0.031 0.166
Time spent in system 1.002 0.965
Length of queue
Customers in system 0.038 0.197

0.001 0.034

queue_7

Metric Mean Std Dev
Arivals 8
Dropped 0

Server Utilization |2.4% -

Time spent in queue 0.036 0.262
Time spent in system 1.077 1064
Length of queve 0.001 0.029
Customers in system 0.026 0.163

sink_1 queue_2 queue_3

Metric  Mean Std Dev Metric Mean Std Dev. Metric Mean Std Dev.
Departures 5030 - Arrivals 4930 - Arrivals 1202 |-
Population9.069 NaN Dropped Dropped 0

Stay duration 6.490 5.675

Time spent in queue 1,069 1.350
Time spent in system 1.576 1.437
Length of queue
Customers in system 2.163 2.409

queue_5
Metric Mean Std Dev

Atrrivals 722 |-

Dropped 0

Server Utilization  20.3% -

Time spent in queue 0.255 0.825
Time spent in system 1.269 1.307
Lengthof queue 0,051 0.289
Customers in system 0.255 0.572

queue 9
Metric Mean Std Dey

Arivals 2154 -

Dropped 0

Server Utilization _ 58.6% -

Time spent in queue 1.465 2.539
‘Time spent in system 2.444 2.754
Lengthof quene  0.880 1764
Customers in system 1.466 2.021

Server Utilization

b
69.5% -

1468 2.167

queue_6
Metric Mean Std Dev

Arrivals 2060 -

Dropped 0

Server Utilization  57.6% -

Time spent in queue 1299 1.925
Time spent in system 2.301 2,145
Lengthof queve 0743 1.379
Customers in system 1.324 1.667

queue_10

Metric Mean Std Dev
Arivals 1308 -
Dropped 0

36.3%-

Time spent in queve 0458 1041
Time spent in system 1.488 1.424
Length of queve  0.177 0542
Customers in system 0.541 0.867

Server Utilization

B)

Server Utilization

32.6% -

Time spent in quee 0.393 0.869
Time spent in system 1.370 1.301
Length of queue
Customers in system 0.457 0.774

0131 0.450

queue_7
Metric Mean Std Dev
Amivals 926
Dropped 0
Server Utilization 26.2% -

Time spent in queve 0.420 0.950
Time spent in system 1.434 1381
Length of queue 0.109 0.419
Customers in system 0.370 0.727

Puc5. PesynbTaThl cepuu sKCIIepUMeHTOB, padHHULLA B KOTOPBIX 3aKJII04alach

B KOJIMYeCTBe NOTYNAIINUX 3a9BOK cnyma'reneﬁ KypCOB:
a) 100; 6) 1000; 5)10 000

Fig. 5. Results of a series of experiments, the difference being the number of

dumb applications from course participants:
a) 100; b) 1000; ¢) 10,000
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TeJlJIEKTYaJIbHOM 06/1a4HOM 06pa3oBaTeIbHOH cpe/ibl. BuacTHOCTH,
JIOJDKHBI GbITh BHECEHbl U3MEHEeHUs B CTpaTeruio GopMUpPOBAHUSA
WHAMBU/YaIbHON 06pa3oBaTe/IbHON TPAaeKTOPUH 3a CYeT:

D Jl06aBJIEHUS] JIOTIOJIHUTEJNbHBIX T€M WJIHM WHJUBUAYaJIbHBIX
3a/laHUH NPH BbISIBJIEHUH 3HAYUTEJbHBIX TPO6GEJIOB B 3HAHU-
AX, YMEHUSIX U OINbITe JesiTeJbHOCTHU obydarouierocs (mpu-
CYTCTBYIOT HU3KHe 3HAaueHHs NOKa3aTeJed COOTBETCTBYIO-
LIMX UHUKATOPOB OCBOEHHbBIX KOMIIETEHIUH);

D COKpallleHHsI KOJIMYeCcTBa NPOCThIX 33JlaHUH U J106aBJIeHUs
3a/laHUH 60JIee CI0KHOTO YPOBHSA MPH BbISIBJIEHUH Y C/IyllIa-
TeJid BBICOKUX 3HaueHUN IoKa3aTesell COOTBETCTBYIOLUX
WH/IMKAaTOPOB KOMIIEeTEHL1H;

. WCKJIIOYEHUS JI0TIOJIHUTEJIbHBIX KYPCOB U3 [JI06a/bHOr0 paciu-
CaHUsl MPU OTCTAaBaHUU OT rpadrka o0ydeHHs] U HEXBATKU pe-
3epBHOr'0 BpeMeHH Ha OCBOEHHe 06pa30BaTeIbHOM TPOrpaMMBbl;

D BO3MOXXHOCTH BHECEHUS] U3MEHEHUH B IV106aJbHOe pacnuca-
HUe C LleJIbI0 NPUOCTAHOBJIEHUS 00Yy4YeHUs] MO0 HEKOTOPBIM
KypcaM /iJisl YCIelHOro 3aBeplleHns HayaThIX (IpU KaTero-
pUYHON HexBaTKe BpPeMEHM Ha OCBOEHHEe BCeX KYpCOB oye-
peaHoro ceMectpa 06pa3oBaTebHON NPOrpaMMbl);

D BBINOJIHEHUS] PETYJISIPHBIX KOPPEKTUPOBOK B IJI06AJBLHOM U
WH/IMBU/IyaJIbHOM PACIMUCaHUM 00y4alollerocs B CBSI3U C 10-
JIyY€HHEM JIOCTAaTOYHO TMOJIHBIX U TOYHBIX OLlEHOK CKOPOCTU
MPOXOXeHUsI TeM Kypca.
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