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Woluwinw wpnhwlwunipniup:  Pwpdpwgnyt Yppnipjut dwdwtwlwlyhg
hwdwlwpgp pUwyntuby £ funpp Yunmgywdpwiht  thnfuwytpunuiubph thny, - hugp
wwjdwuwynpyws £ inbluuninghwubph wpwgplpwg qupgugdwdp, wotuwnwsyntjwih
wwhwugubiph  nhuwdhy  thnihnfuniggnitupngd bW unp whwyh  dwutwgbinubph
wwinpwuwndwt wuhpwdbounnyewdp:

Wu wwpdwuubpnd nwndtwlwi wwup nwnwpnd £ hub] unwwmply Juipswlwu
thwunwpnine U Yybpwdynd £ nhuwdhly gnpdhph, npu wpnwgnnd £ gnpdwwnniubiph,
nwwunnubiph, opswtuwywpunubph L wypndbunpwnwuwfunuwlwu Yuqdh wpnh
wwhwusubipp:

Uwlwju nwunwtwlwt wwutubph dbwynpdwt punniudwsd ypwlnpluw htugnad £
thnpdwghwnwlwu nuwnnnygynitubph b dbwynpdwd wjwunnypubph Jpw' ny b
Pnpdwugywsd dbpnnubiph nu wignphpedutiph: Wu dninbgnuwip hwugbgunud £ dh wpp
thnfuljwuwyulgdws hwdwlungwiht fuunhputiph:

Swhwagpghn Ynndbph  Jwpdhpubpp hwodh U wnuynud  uniplljnpy b ng
hwidwlwpgywd Yepwny, wnwug Ybpsuwnpryniupubph tpwtwlwihnieginiup quwhwwnnn
pwlwlwlwu dbpnnwpwunygwu, husp hwugbgund § ypguwpryniuptbiph ng owunhdw)
punpnyyu b dwdlnypeh:

Twupupwgubph Ywqdh W nwnuuwlwu  wwutbph donnyught Yunnigywdéph
npnodwt  hwdwp  pwgwlwinwd Gu dwebdwnhynptu hpduwynpywsd  swihwupoubn.
nwupupwgubph dbwynpnudu ni dhonuuptpwguwiht Yuwwbph npnonudp hhduwé Gu
pwgwnwuwbtiu thnpdwghwnwlwu dninbgdwu ynpw:

Pwgh wn, nwupupwgubph woluwwnmwwnwpnEwu  hwpduwpyp b pun
wwpwuwdntupubph mbuwlubiph pwotunuu hpwwtwgynud 5o Shpudwd unpdwinhywjhu
hwdwdwuunieyniuubpny, wnwug hwoyh wnubiine Yytpsuwnpryniupubinh pnywunwlywihu
Yohnp: twupupwgubph Yhuwdjuywiht pwpfunwiu bu hhduwwunw hpwywuwgynud §
wnwlg nwupupwgubph  dholt  wnlw  wjwwwpdwuwht - Yuiujwdngniubph
hwdwlywpgqywd nhunwpydwl, husp hwugbgunwd £ nuunwdtwlwt dwupwpbnuywdnigjwu
wuhwdwswih pwofudwt b nwupupwgwiht  hwenpnwwunipjwu  npwdwpwuwywu
hhduwynpywdnipjwt fuwfundwu:

Uhoswqquiht hbunnwgnunnigniubpp hwuwnwnnud Gu wju futnhpubph upnugyniup:
Lwdwdwju ACM-h U IEEE-h Ynnihg dowlywd CS2023 (Computer Science Curricula 2023)
unwunwpuh' welw § gquih wuhwdwwwunwufuwunyeniu wwnbdhwlwu Spwapbph b
wotuwwnwontuih wpnh ywhwugubiph dholi: (Sniuhugwihtu twluwghdp (Tuning project)
dowlyty £ pwhwgpghn  Unndtph htin funphpnwbgnusgniuuiph - dhongny
ybpguwpryniupubph Unyuwwuwgdwu dbpnnwpwunyiniu, uwlwjt nwupupwgubiph
owwhdw| dbwynpdwu b wuwmwnwpnipjwt pwoudwt hwpgbipp nbnbu dund Gu
sindywd: <wnly £ uohp twl, np dwpbdwunhluwlywu  owywnhdwjwgdwu  dbpnnubph
Yppwnnwp wudhpwwbu nwnuwlut wwuh Yunngwdph twuwgddwu  hwdwp'
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hwaouh wnubiny ytpguwnryniupwihu b dnnniywiht ulgpniupubipp, swhwgpghn Ynndbph

wwhwuoubpp b Unpdwwhdwjht vwhdwuwthwyndubpp,  pwdwpwp  swthny

hbwnwgnunywés sk:

Wuwhuny, dnnonuqught b JGpouwpryntupuht  ulygpniupubph hhdwt  Jpw
nunwuwywu  wwuh Suwynpdwt  $npdwwgyws  gnpdpupwgh  wynndwnwgdwu
futnppt wpnhwywt £ pE ghunwywt hwnwppppnignit Ubinhujwgnn - fuunhputinh
(nSdwt, U el Yhpwrwlwi tywuwlnyeniu niabignn wyundwwnwgyws hwdwlwpgbph
twfuwgdiwtu wbuwulyniuhg:

Woluwwnwiph twywwnwly £ dowlyb) nunwiuwlwy wwuubph duwynpdwu $npdwjugdud

dopnnubp L gnpdplpwgh  wydwndwunwgdwsd  hwdwlwpg'  dopnyuihu b

ybpoUwpryniupwiht uljgpniupubph hhdwt Ypw:

Lojwd tywwmwyht hwutbnt hwdwp woluwnwupnd wnwewnpyt] b méyt| bu
htinlywi fuunhptbinp’

o dowlb nwnuiuwnnpyuu Ybpouwpryniupubph gwuyp dbwynpdwt b npwug
Upwuwywipnypjwyu quwhwwdwu Jdbenn swhwgpghn  Ynndeph  hwpgdw
wnyjwiubph pwuwlwlywu Ybpndniejwu hhdwu Ypw,

e dowlbl| nwuptpwgutph b nwndbwlwt wwoh doannyuiht junniguwdph
Suwynpdwt dbpnn’ hhdudwé dhonwuptpwgwiht uwwbph Jpw,

e Uowlhi nuwupupwgubph  woluwwnwwwpnpgwu  hwyywpydw, putn
wwpwuwdniupubph mbuwlubph npw pwotudwu b Gjhuwdjwlubiph pupwgpnid
nwuptpwgubph nwnwWitwuhpdwt  owwhdw] hwenprwlwunygjwu  npnpdwu
dbpnn:

Lhnwgnuniejui opjwp: Unnniywiht b Jbpouwpryniupwhbu dninbgnudubph hhdwt

Yypw nwnwtwlwi wwiubph dLwynpdwt wdnndwinwgndp puwpdpwgnytu Ypenipgiwu

hwdwlwnpgnud:

Lhwnwgnunpjw wnwplwb: Swhwgpghn Ynndbph  wwhwustph  hwodwndwdp'

dnnnywiht U Jepguwpryniupwhbu dninbignuwdubiph hhdw ypw nwinwdbwlw wjjwtubph

duwynpdwt wyunndwwnwgdwu dbpnnubpp b dwpbdwunhlwlwu dnnbjubpp:

Lhnwgnunipjut  dbpnpubpp:  UWuwwwiupnd  Yphpwndb] Gu dwpbdwunpyulwu

Jpdwlwgpnpwu L Ynpbywghnt  Jbppndngywt,  Juunbpwiht - Jbpindnegyw,

pwquwswhwuhpwht  owwhdwjwgdwtu U fuwnp  wdpnnowphy  Spwgnwynpdwl,

nhuwdhy Spwgpwynpdwu, gpwdubph wbunyeuu b hobpwghnt owywnhdwjwgdwu
dbpnnubpp:

SGhunwlwt tnpnyp: Unbuwunuwlwt wluwwnwuph ghnwlwu unpnyep Yujwunu &

hwnlywnd'

o dowlyt| E nunuiuwlwu wwup yGpouwpryniupubiph gwuyh dbwynpdwt b npwg
Uowtwwhniypjwi quwhwwndwt dbpnn, npp, h wwppbpngni gnynyenia niubkignn
dnuinbignudubph, wwwhnynud £ phdwwhynptu hnfuyunywygywd yepsuwnnyniupubph
fudptph  hpduwynpdwsd slwydnpndp’ hpdudws swhwgpghn Ynndbph  hwpgdw
wnyjw(ubph pwuwlulywu dbpndnigjwi pw,
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e Uowlyty £ nwuptupwgubph U nwnWuwlwu wwuh dnnnywht unnigdwdph
Suwynpdwlu dbpnn, npp, h wwppbpnyeiniu gnjnyenitt niilignn dninbignudubiph,
wwwhndnd £ nunudtwlw wwup EpYydwyupnuy Yunnigywdph' dwpbdwnhlnpbu
hhduwynpywd duwynpnud dhonwuptupwgwiht Yuwwbph hhdwu Jpw,

e Uowldty Lt nwupupwgubph  wpluwwmwwnwpnyewt  hwodwpydwl,  puwn
wwpwuwdntupubiph wbuwlubph npw pw2fudwu L nwunpupwgubinh
nwnuwiuwuhpnuejut  owwhdw)  hwenpnwwunipywt npnodwt  dbenn’  hhdujwd
nunwuwnnywy  Ybpsuwpmyniupubiph  Ypnwihu  gnpdwlhgutiph Jpw, npp, h
wmwppbipnigniu gnynintu niubignn dninbigdwt, wwwhnynud £ woluwwmwnwpnieywi
dwpebdwwnhynptu hhduwdnpduwd pwtunud b nwupupwgubph hwonpnwwunypjwu
owwhdwjwgnd' hwaodh  wnubiny twjuwwwpdwutbph ne woluwwnwnwpnijwu
uwhdwuwthwynwubpp:

Wwwmwuph gnpdtwhwt wywuwynmipniop: Vowlyjwsd dbennubpp Yhpwnbh Gu

pwpdpwgnyl  nwnutwlwt  hwunwnngeiniuuph - nwndowlwu wwtubph

twfuwgdiwt, wpnhwlywiwgdwu W npwyh Ybpwhuydwu gnpdpupwgubipnd: <UML-h

«Opwgnpwiht  dwpuwpuwghwnnggniu» b «Sbnblunjuwywt wuywnwugnipniu»

dwutiwghwnigniuutiph pwlwwyph nt dwghuwinpnup npujwynpdw snpu nunwdtwlw

wwuubph Ypw hwdwlhwngh thnpdwpynudp gnyg £ uyb) hunbigpwg npubh gnigwhzh
pwnbijwynw 26-32%-ny:

NMuwnywunipywi ubplwjwgyn nypubipp:

e (wnwuwlwtu wjwuh Jbpouwpryniupubph  gwuyh Suwynpdwu U npwtg
Uowtwwihniypwi guwhwwdwu dbenn,

¢  twuptpwgubph U nwnwWtwlwu wwuh dnnnywiht Ywenigywéph duwynpdwy
dbpann,

¢ "hwuplpwgutph  wouwnmwnwpniejwlt  hwdwpydwu, pun  wywpwwdniupubiph
wbuwlubph  npw  pwpjudwu U nuwupupwgutnh  Yhuwdjwlwhu  owunhdwy
inbnwpwofudwu dbpnn:

Upmyniipbph  tbpnpnudp:  Uwnbuwlununipjuwt wipryniopubipp,  dwutwynpuwbu'

nuntwnnipywt  YGpguwpryniuputph gwulh  duwydnpdwl, nwupbpwgubph  nu

nunwuwywu  wwuh  donpnyuht - Junngywéph  duwdnpdwt,  puswbu - uwl
wotuwwnwwnwpnipjwt hwpdwpldwt b pun jhuwdjwlubph nuuptpwgutph pwfudwu

Bwyjwd dbpnnubpp, ubpnpytp GU <wjwunwth wqquiht - wnihnbuuhulwi

hwidwuwpwuph  «SknGlwwduwlwu  wuynwugnieniu U Spwgpwiht - wwwhnynu»

wdphnup nwntwlwu wwuubph dowldwu b wpnhwlwiwgdwu gnpdpupwgubpnud:

UWjuwwmwuph wpmyniupubph thnpdwpynip: <UNC nwpbluwt  ghnwdnnnyubipnid

(2014, 2015, 2016), “Computer Science and Information Technologies” International

Conference (2016, 2021, 2023, 2025), 28th International Conference on Interactive

Collaborative Learning, Budapest University of Technology and Economics, Budapest,

Hungary, 2025:



Cpwwywpwlnufubip: Unbuwiununiygywu hhduwlwu wpryniuptubnp hpwwwpwyjws Gu 8
ghnwlywt  woluwwnwuptbpnd, npnughg dbyp  hunbpuwdnpusé £ «SCOPUS»
ghirnwwbnbyuunywlwu onbdwpwunud: <nnjuwdubph gwulp pbGpdwdé £ ubindwgpp
ybiponud:

Woluwwnwuph Junmgdwépp U Swywp:  UwbUwfununygniup pwnugws |
ubpwoénueniuhg, hhug  qfuhg, bgpwlwgnieniuhg U gpwlwuniyejuu  gwulyhg:
UWptuwwnwuph punhwung dwywip Yugdnd 113 k' ubipwnyw) 14 uljup, 11 wynwwl b 1
hwybwés:

uchuusuuLk ANYULTUUNRIBNRLE

Lbpwénpyniu: Lhpwdnygjwu dbe hhduwynpywsd | pbdwih wpnhwywunygniup,
duwybpuyywsd Bu wpluwwmwuph twwwmwlubipp, ghunwlwu unpnyputinp L hhduwywu
npnyRubpp, npnup ubpluwjwgynid Gu wWwonwwuniyewu:

Qynifu 1-nud nhunwpyyb 5 npwlywynpnwdubph opewuwlyubpp' GYpnwwywu (EQF) L
Lwjwunwup <wupwwbnnpjuu  wggqwiht opswuwlubpp, npwbu  nwnwtwnnyejwu
ybipouwpryniuptubph  junnigwsdpwynpdwt  gnpdhpubip, huswbu twl  2whwqgpghn
Ynndbph nbpp nwnuitwlwu wwuubph dbwynpdwu gnpdpupwgnud:

Nwnwiuwuppyt £ ypsuwpryniupwiht dnintignidp (outcome-based approach) L. KSA
(Knowledge, Skills, Abilities) dnnbkip, npp  JyGpouwpryniupubpp  pwdwunwd £ Gpbp
thnfuuuulgyws pwnwnnphsh' ghubihp, hdnngeniu b jupnnnignia: Luuwplyb) b uwb
dnnnywiht dnintignwdp bW npw huwnbgpnuip  Ybpsuwpryniupwihu ulgpniupubiph hbw,
huswbu twl dhonwuptpwgwht Yuwbph $npdwjwgdws ubpyuwjwgndip ninnnpnyjwd
gnwdh inbiupny:

dbpindyb B dwpbdwnpyulwu depnnubpp' Yhpwndwsd nunduwlwu wwuubph
Uwhwgddwtu  juunhpubpnyd,  dwuuwdnpuwbu'  Ynpbywghnu  Jbpndngeyndup’
nwnwtwnniypyut  Ybpouwpryniupubph  nuuwlupqdwt  hwdwp,  Yuunbpuwynpdwi
wignpppdubpp  (Minpnp Jdaenn b K-dhohtubph  dbenn)’  Yndwbwbughwubph
fudpwynpiwt  hwdwp, fuwnp  wdpnnowphy  Spwopwynpdwu  dapnnp  (MIPY
nwupbpwgutiph Juadh owwhdwjwgdwu hwdwp, b nhtwdhy spwgpwynpdwt dbpnnp'
puwn Yhuwdjwlubph nuuptpwgubph pwatudwu hwdwn:

Ywuwwpybp b nwndtwlwt - wwuubph  wjluwgddwu  gnpnuejniu nubkignn
wynndwunwgywd  hwdwupgbph  (Kuali, Courseleaf, Creatrix, EQF/ESCO L
htnwgnunwywt twfuwwnhwbp) hwdbdwwnwwu Jepindnyeinu, npp gnyg £ wdb, np
nnwughg ny dklyp sh hpwlwuwgunuw nuunwiuww wjwuh wyunndwnwgyws dluwynpdwt
wdpnnowywu ghyn' swhwagpghn Ynndbph wwhwugubph pwuwlwlwu gbpindnieiniuhg
dhusle wpuwwnwwwpniputu  Jwpbdwnhynptt  hhduwynpdws  hwpduplu ne pun
Yhuwdjwyubph nwuptpwgutiph owywhdw) pwiunwp: Uw wwjdwuwynpbi § hunbgpdwd
dopnnwpwunyput b hwdwwwunwufuwt  wywnndwnwgywsd hwdwlwngh  dowydwu
wuhpwdbtionnipiniup:



Ginifu 2-nud ubplwywgywd b nwnitwlwu wwup Jbpstwpryniupubph Yuqdh
opjtiyunpy npnadwt b npwiug hhdwt Ypw nwunwuwlwi wwuh nuupupwgutbph guulh
duwynpdwu dbpnnh dowynwdp:

Unwownydnn dbpnnp hhdugws E snpu thnfujuwwlgws thnybiph ypw’ owhwgnghn
Ynnutiph Yupdhpubiph hwjwpwgpnid b Ybpinidnientt, tpwuwYuwih Jepsuwnryniupubph
yphwudwu hwdwp wnywiubnph Ynpbywghnu gbpindnyeniu, phidwwnhynpbt uwdwd
fudptpp  dbwydnpdwt  hwdwp  JGpouwpryntupubph  hppphnuwiht Yuunbpwgnd b
unwgywsd Yjwuwmbinubiphg nwupupwgubph duwynpdwu pwquwswithwuhy
owunhdwjwgnud:

Unyu hitmwgnnnijut dby wnweowplynud £ owhwapghn Ynndbph Yugind ubipwntg
snpu funwip’ gnpdwwnniubn, opowlwdwpunubn, nwuwiunuubp W nwwunnubp

Gwhwgnpghn Ynndtiph hwpgdwt hwdwp twiuwwnbujws hwpgwebpep duwynpynuw
E JGpouwpryniupubph twjutwywu guwulh hhdwt Jpw:

Snipwpwtgnip hwpgdwt dwutwyght wnwowpyynd £ Luygybipinh 10-pwjwing
uwunnwyny (0-hg 10) quwhwwnby jnipwpwusnip YGpstwnryniuph Ywpunpnyeniup
opswtwyuwpunh dwutwghnwlwt gnpdniubinyejwu hwdwn:

Swhwagpghn Ynndbph  wwppbp  judpbph  quwhwwnwlwutbph - wgpbgugdwu
(dhwynpdwu)  hwdwp  wnwewpyynd £ Yonwd  Ynuubuunwwihu  dnnbp G
ybpouwpryniuph Yonjws wnweuwhbippeniejuu gnpdwlyhgp hwoywplyynwd £ hunlyw;
pwlwalny.

Py =X7 w1y, "

npunbin wit j-pn fudph gwhwgnghn Ynndbiph Yonwiht gnpdwlhgt £, ri-t* j-pn fudph
Ynndhg i-pn Jtipguwpryniup npdwd dhohti quwhwwnwlwtp, huy n-p* awhwgnghn
Unndbph  fudpbph  pwuwyp: “Ynwihu  gnpdwyhgubpu  Bu' gnpdwwniubp - 0,3,
opswluwywnunubp - 0,25, nwuwfunuubp - 0,25, nwuwunnubp - 0,2:

Unnbh Juyniungyniup hwuwnwnyby | qquynitunigyw yepndnypjudp (uwhdwudwd
dhowlwptipnd  Yohnubiph  thnthnfunieniup  hwugbgunwd £ nuuwlwpgdwu  dbg
wnwybjwugnyup +£2 nhpph 2tindw):

bwpdhpubph  hwdwdwjubgwdnipjwt  tjuqugnyu  pnywwpbh  dwlwpnuyp
npn2dwl hwdwp ubpdndyt| £ Ynuubuunwup putwuywu swidhwuhy.

avg(|ri;—7i|) )

Cons=1-— 3
maxfrange

npwnbin 7' i-pn Jopouwpryniuph dhoht quwhwwnwlwut £ swhwapghn Ynndbph pninp
fudptph hwdwp.

=Ty, (3)
huly max_range-p’ Yhpwnynn guwhwndwt uwunnulh dhowlwypu &, npp uwhdwuynud
E npuybu uwunnuyh wnwybjugnyu b uwqugnyt wpdbpubiph tnwppbpnyeniu:
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Cons < 0,6 nbwpnul Jbpguwpmyniupp hnfuwtugynd b dinpdwghunwlwt fudpht'
Ybpwalwybpwdwu hwdwp:

Unwewnpyynn dbennh sppwtwlubipnud Ynpbywghnt ybpindniegniup Yhpwnynud
Gpynt dwywpnwyny. wnwehup' swhwgnpghn Ynndbiph hwpgdwt wnjwjubph dowldwu
hwdwnp'  Jbpguwpryniuptbp punn Yuplinpnigjwt wuwnpbwuh  puuwlupgbn
uwwwnwlyny, L  Gpypnpnp' ybpsuwpnyniuputiph dholt  wpwdwpwuwywu
Ywluwdnygyniuubph pwgwhwyndwlu hwdwp, nph wpryniupp Ynpbigwghnt dwnphgu £
Ylwuwmbpwgdwu  thnynud - Yppwnynn  pwqdwpwnwnphs  dninhynipjut dwwnphgh
wwnptinhg dkyp:

Gpynt YbGpouwpryniipubiph  quwhwwwywuubph Jdholt gdwjht  Ywjudwdnipiwu
nidgunypyniup swihbnt hwdwp Yhpwnynwd £ Mhpunuh Ynpbgwghwih gnpdwyhgp.

_ T o= (2~ %)
;= , )
JZII‘(l:l(xki—fi)z'Z¥=1(xkj—fj)2

npwnbn M-p hwpgynnubiph punhwunp pwtwlu k, =— hwpgynnh hwdwpp, xx - kpn
hwngynnh Ynndhg i-pn Yapguwpryniuph quwhwwnwywp, xi; - k-pn hwipgynnp Ynndhg f-
nn yopouwpryniuph quwhwwnwlwup, %; - -pn Jipguwpryniuph dhoht guwhwwnwwiup'
puwn pnpnp hwpgynnubiph, %; - j-pn Jipguwpmynitiph dheht quuwhwwinwlwup' puwn pnjnp
hwpgynnubiph: Snpdwyhgu punniunwd £ wpdtipubp [-1,1] dhowljwjpnud:

Uwhdwuyb Gu fuhuwn ypédwlugpulwu sbdbp. |r| = 0.5 (nidbin Ywy' dlwynpnid |
Ylwuwmbpwgdwu hhdpp), || < 0.3 (pny] Yuw):

Cwpgdwt nyjwutph Ynpbgwghn ybpndnigjwt wignphpedp Ubpwnnd £ hhug
hwonpnwlwl puwy: Unwoht pwynud hpwlwuwgynd b nfywiubph twiutwlwt dowynud
pwg pnnujwd wpdbpubph (pugnd hwdwwwwwufuwy fudph dheuwpdtipubipny (Median)
L wjjwubph Unpdwynpnud [0, 1] dhwutwlwl dhowlwiph: Spypnpn  puynid
hwoqupyynid £ Ynpbgwghnu dwwnphgp. ybpouwpmyniupubiph - jnipwpwignip gnygh (G,
C)) hwdwp hwyywpyynwi & ry gnpdwlhgp' pninp swhwagpghn Ynndbph unpdwynpdwd
quwhwuwwlwuubph hhdwt Jpw: Gppnpn pwyind’ 2whwgpghn Ynndbph pninp fjudpbiph
dhoht Yonjwd qUwhwwnwlwutbph hhdwu Ypw, hwoduplyynd Gu yepouwpryniupubiph
unpdwynpqwd Yonwihu gnpdwlhgubipp.

Xj

W= s ©)

L4

npwnbin Xj -U j-pn yapguwpryniuph Guplnpniejwt dhoht Yongwd quwhwunwlwit B pun
awhwanghn Ynndbph pninp fudptiph’ hwadh wnubing fudpbiph Yznwiht gnpdwyhgutinp:
Unpdwynpdwt wuwydwuy £ X7, Wy = 1: 2nppnpn. puyinid hpwwuwgynid £ upwuwlwih
YbtipgUuwipryniupubinh pnpnigniup. wit Yeipguwpryniuptitinp, npnug Yanwihu gnpdwlhgp
gwdn b ujwqugnyt  obdwht Wmin  wpdbtphg, nnipu U pnnudnd hGnwaguw
nhunwnpynwihg: <hugbipnpn pwynd® pun R Ynpbywghnt dwnphgh, pwgwhugngnid 5u
ubipinnpbt Yuwywsd Ytpouwpryniupubiph fudptpp (r = 0,5), husp dwnwynud £ npwbu
twpuuwywu  wbnblwwnyneimt hwenpnnn  YJwuwnbpwgdwy  hwdwp:  Nwnigdwt
wpryniupubiph dhole dninhynugjwiu huinbgpuiwght swihwuhop hwodwpyynud | pwtwslng'
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proxg; =a S+ ki +v-py, (6)
npnbn a =0,5p hdwunwpwuwlwu Jdnnpynginiuu £ (TF-IDF), g =0,1p' KSA-
Ywnnigwdpubiph tdwunigniap, ¥ = 0,4-p" bwiunpndwl hwpwpbpnyeyniutibpp, « + 8 +
y =1

Unwowpyynn wignphpdh thnpdwplynuit hpwlhwuwgdlp b <UNL «Opwgpwjhu
Swpunwpwghnnygny Jwutiwghunejwu hwdwp' 290 swhwgpghn Ynndbph hwpgdw
nyjwubph hpdwu ypw: Fuwhwndwu hunbpuubph hwdwlwpgny (Upniinp gnpdwlyhg’
0.71 £+ 0.08, Davies-Bouldin' 0.62, Calinski-Harabasz' 124.3) wwwgnigyty t hhpphnwjhtu
wignphpdh wnwybiniegniup jhwlwwwp (Complete) W dhoht (Average) Yuuwh dbennutiph
uywuwndwdp: «Opwgpwiht Gwpunwpwghwnngenius dwutwghunnygywu hwdwp unwgyb) b
5 oywhdw| pdwwnhy Yuuwmbn (K; - Spwgpwynpdwu hhdniupubp b wignphpdubp, K, -
Syjwutiph pwquubp, K; - Npwih wwywhnynd, K, - Gupwlwnngywdp U DevOps, K -
Frontend L uwfuwgstiph Jwnwywpnw), npnup hwunhuwund GU nunwuwlwu wjwuhp
nwupupwgutiph W dnnnyutiph dLwynpdwt opjtlywhy hhdpp:

Qqnifu 3-nid dowlyty £ nwuptpwgubph dbwynpdwu b nwnudtwwt  wywuh
dnnnywiht Junnigywdph Gpydwlwpnwy dbenn, npp npwbu dnunpwht wdjwiutp
punniunut | Jbpguwpmyniupubph phdwinhly Ywumbpubpp' unwgywd 2-pn gfunad
wnwowpyywd  dbipnnh  Yhpwndwt  wpryniupnid: Unwoht dwwpruynid
Jbpouwpryniupubiph Yuwuwnbpubphg duwynpdnd | nuupupwgubph owywhdw; gwuyp'
pwqdwswhwupowiht owwnhdwugdwu (MIP) depnnny, huly Gpypnpn dwwpnuynd’
dhonwuptpwgwiht Yuwtnh gpwdph hpdwi Jpw, duwdnpynd b nwuniduwlw wwuh
dnnnqwiht unnigdwdpp, wit B puuptpwgubph pbdwnpynpbt njuljuwwlgdwsd
fudpbpp'  nwnWuwuppdwt  npnawyh wpwdwpwuwlwt  hwenpnulwunyeywdp: b
tnwppbpnyenu wjwunwlwu ginpdwghunwlwt dninbgdwt’ Bpyne dwlwpnwlubpu g
wwwhnynd tu Junnigwéph dwpbdwwunhynpbu hhdbwynpywd dlwynpnidp:

dbpouwpryniuptubph phdwwhy  fudpbpp  thnfjuwlbpyymd Bu Ynuypbin
nwupupwgubnp' puwtn hbwnlyw) ulygpniupubnh.

1. fEdwwnhly widpnnowljwuntpyniu. jntpwipwitisjnip Yjwuwnbip
hwiwwwwwutuwunw £ dbYy nwupupwgh: UyGgniywiht ytpsuwnnniupubph
nbwpnd Yjuuwnbpp pwdwuynid k:

2. Lhwpdbp Swéynyp. pninp  Jbpouwpryniupubpp wbwp b pungpyytu
nwupupwgubpnid:

3. Pnjwunwluyght Juwwlgwdnipyniu. nwupupwgntd ubpwnywd
ybipouwpryniupubiph qnuygbiph dholt dhohtu dnuinhynipinitp dwinphgnid wbwnp £
(huh wnwybjwagnyup:

4. Unwetwhbpenieynuubph hwilwwywwnwuluwunipyniLu. nwupupwgh
woluwwnwwnwnninup  hwdwdwutwywu £ ybpguwpryniuptutiph gnudwpw)ht
Yonhu:

Kl Ywuwnbiph gnidwpwihtu Yonwiht gnpdwlhgp (W) U nwupupwgh twfubwlwu
w2tuwwinwinwpnieniup (D) hwaduipyynd Gu hbnbyw) Yepw.
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W = Ziex, W; )
npwnbin Wi-U i-pn Jupnnniiwnygjut unpdwynpwd Yonwiht gnpdwlihgu £ Twupupwgh
Uwfuuwywu wotuwwmwwnwpniegniup hwoywpyynid £ hbnlyw) putwalng.

4]
K; = * Koum, (8)

TEhw
npwntin Wj-U nuupupwgh yapouwnpnniupbnh gnuwpuht Yonwihu gnpdwyhgu £, Ksum-
p' nwntwlwu wwuh punhwuny woluwnwwnwpnyniup, huy n-p' nwupupwgubph
pwlwyp: Unwgywsé wpdtpubpp dogpindnid Gu pwqdwswithwthowiht owyunhdwjwgdwu
thnynud:

dbpouwpryniuptbph  Ywuwnbpwgdwu hhdwu Jpw  unwgywd nwupupwgubiph
Uwlutwlwt gwuyh hunwlbgdwt tywwnwynd dowldl] £ pwqdwswhwuhwihu
owwnhdwugdwu dnnbp, npp $npdwjugyti| § npybu fuwnp wdpnnowehy dpwapwynpdwt
fuunhp (MIP): Unnbp Jhwdwdwuwy hwodh £ wnund Gpbp dpgulgnn swihwuhy'
nwuptpwgubph pwuwlyh nt pndwunwlniyeguu Yplunyejwt tjwgbignd, b phdwnhly
Guwwwlgwdnipgiwt  wnwdbjugnyt  wwwhnymd' husp ey £ wwhu duwdnply
nwupupwgutiph owywhdw) gwulp: Lywwnwlwiht $niuyghwt nwh htnlyw] wbupp.

ijn_:(wl Xy + W X 0 — w3 X56;) €)

*ijpYj
npunbin w;, ,, @3 -U Yonwiht qnpdwlhgubint Bu (w; +w;+ws = 1), yrU' j-pn nuupupwgh
duwynpdwt Gpynwuwu (phuwn) thnthnfuwyuwt t, npp hwjwuwp £ 1-h, Geb j-nn
nwupupwgp bpwnywsd § nwnwiuwlwu wwund, b 0-h* hwlwnwy nbwpn, ot j-pn
L k-pn nwupbpwgtbiph dhol Ynluynn Ybpgwnpmyniupiinh pwwlp, huly ¢t j-pn
nwupupwgh dhohtu pHdwwnhly Yuwwlygywdnipniup:

Snpdwlyhgubiph wpdtipubpp uwhdwuyt) 5U nwnwWitwlwy wwuubph twuwgddwu
wnweuwhbppnipniuubph  Jopnwdngywt hhdwu  Jpw' @, = 0,3, w, =04, w; = 0,3:
2quijniunipjwu Ybpnidnginiup gnyg £ wndbp nddw Juyniunyeynitup, pwth np npwlh
huwnbigpwiwihtu gnigwuhzp nwwnwuynu £ 0,77-0,82 dhowljwpnud:

Uwhdwuwthwynuiubph  hwdwlwpgt - wwywhnynd £ nwnduwlwu wyuwup
hwlwwwunwufuwunienp Yppwhut  wwhwuoubiphtu: dbpguwpnyniupubph  |hwndbp
Swoynyph ywydwup ubplwjwgynid £ hnlyw) Yepw.

Yixy =1, Vi, (10)
Twupupwgh wnwybjwgnyu Swywih vwhdwuwdwyndp npynud E.
Yix;; SMAXcomp Yy Vi, (1)
hulj nwupupwgh tjwquagnyu Swjwh vwhdwuwhwynuip'
Yix;; = MINcowp - v, V), (12)

npuntin MAXcomp-n nwupupwgnud  Jbppuwpryniupbph - wnwybjugnyu  pwuwlu k
(unynpwpwp' 6-8), huly MINcowe-p YbpoUwpryniupubiph Ujwqugnyt  pwuwlu L
(unynpwpwp' 3-4):
Twupupwgh pHdwwnhly Yuwwlgywdnygjwu wwhwuep ubpluwjwgynid £ hGnlyw
aluny.
¢ =205y, Vj (13)

10



npinbn  pbdwwhy  Yuwwlgywdniyeniup  hwpgwplynd £t npwybu  nuupupwgh
ybipouwpryniupubiph gnygtiph dhoht dnuinhYnipiniu.

¢ = ﬁ{:.iq, proxy,, n; =2 (14)
l,kEDj
Pnihnfuwlwuttiph wpwdwpwuwwu Yuwp vwhdwuynwd £ hbnbyw Yepw.

Fuwnp wdpnnewehy Spwapwynpdwt fuunhpp [ndyYnwd £ §nintiph b uwhdwuubph
dopnnnd’  Ywuwbpwgdwy  wpryniupubph Jpw hpdudwd  EYppunhly  bwubwlwu
wpdbpwynpdwdp, htusp wwwhnynd £ pwpdpnpuly uygptwluw mdnud b Ypdwnnud |
owwnhdwjwgdwu dwdwuwlyp 60-75%-ny:

uwynpqwd nwnuitwlwu wwuh npwyh hwdwihp guwhwndwt hwdwp dowydb k
hhug hwugnigwihu gnigwthoubiphg puwnyugws hwdwlwpg: JUbpouwpryniupubiph
Swoynyph gnpdwlhgp hwadwpyynid b hnlyw) pwuwauny.

Coverage = %’~ 100% (16)
UyGinpnnygjuu hunbpup npnaynud k.

Redundancy = % (17}

npunbin di-U i-pn JEpgUuwipryniupt pngnlnn nuuptpwgubph pwuwlu £, huy [Cl-U°
ybpouwpnyniupubinh punhwunip pwtwyp:
([FEdwunhl Yuwwlygywdnipyjwl gnigwuhop npgnd £ hbnlyw| Yepw.

Coherence = /%/-chj, (18)

Upfuwwnwwnwnnipjut hwjwuwpwlonnigiw gnpdwlyhgp hwodwplynud .

Balance=1— % (19)
npunbn o -U quupipwgibhph WwmWnwWpnLE Wi utwinwpn 2ennidd b huly g -t dheht
wndbpn:

Cwhwagpghn Ynndbiph wnwotuwhbppnyeniuubpht hwdwwwwwuluwuniyejwu gnpdwlhgp
npnaynul k htwnbyw Ybpw.

Alignment = % (20)
npubkn P-U Yhppluwpnyniupubph wnwetwhbppnigniutbph yeljwnpt b, huy H-p* dwdkph
pwphutiwia yaljunnnpp:

Npwlh huwnbigpuiwihu gnigwuhop hwodwplynd £ hbnlyw| pwtwaung'

Quality = w, - Coverage +w, - (1 — Redundancy) + w - Coherence + w,, - Balance + ws -
Alignment, (2n
npintin wi = 0,3; w2 = 0,15; ws = 0,25; wa = 0,15; ws = 0,15; Zwi = 1.

Ujwunwlwu wnmwppbpwyh gnigwuhpubph hwojwpydwu hwdwp oquwgnpdyby
<UM<L-h ghpdnn nwnwitwlywu wjwuubipp, npnug nwupupwgubph
hwidwwwuwwufuwunienup  dbpguwpryniupph gwulhu npnegb) | nwupbpwgutph
Spwapbph  pnuunwynpywt Jepndnygywt hhdwu Jpw' Yhpwnbind npwiyh tnyu
gnigwuhubipp, hus owwnhdwjwgywd nmwppbipwyh hwdwp:
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<UML «Opwgpwiht dwpwnwpwghungyntu»  Jwutwghwnigut hwdwp dnnbh
Yhpwnnuit wwwhnyb £ hwdwihp npwyh huntpuh (Quality) 31% wé (0.61-hg dhusk 0.80)
L wybinpnnigjwu (Redundancy) 57% ujwgbignud:

Utpnnh  Gpypnpn dwlwpnuynd  nwnwbwnnipywt Jbpouwprynitupubiph
Ynpbywghnu dwinphgh hhdwu ypw wywunndwn Ypwny Ywnnigynw £ dhownwnplyuwjwywu
Ywwbph G(D, E) nipnnpnywsd gnpwdp, npunbn ququpubpp hwdwwwwnwuluwund Gu
nwupupwgubpht, hul (di, dj) wnbnp towuwynd k, np di-tu hwunhuwunw £ bwjunpnnn
nwuptpwg di-h hwdwp: Wu dnnbgndt wwwhnynd £ Ywwbph  duwynpdwt
opltlinhynygyniup' wnwtug  hnpdwghnwlwt  gnyg  wn gnyg  quwhwwndwu
wuhpwdbionnipjwu:

UowyJwd wignpphpdp pwgwhwmnud b JGpwgund £ ghytpp, htuswbu twle ng
fwlwu Yuwwbpp (ophuwly' 1-2 - 3nnnt welunipjuwu  nbwpnid 1 -3 YJuwp
dwuwgynd £ wybiinpn W hbnwgynud): Spwdbh owyyunhdwjwgnuihg hbinn nwupupwgubpp
pwobudnd BU pun Jwlwpnwlubph (wnwsht Jwlwpnwl' wnwug Uwlunpnnnubph
nwupupwgubn, hwenprubpp' bwfunpndwt wwjdwuubph pwywpwpdwlp gnigpupwg),
huy unyu dwlwpnuyh phidwunhlynpbt Ywwywygwd nwuptpwgutpp duwynpnd G
nunitwyut ujwuh dnnnyubipp:

Gnifu 4-mud dowlyby £ nwupupwgutiph woluwwnmwwnwnnyzwt hweduwnlydwu, puwn
wwpwwdntupubph wbuwlubph npw pwotudwu b pun Yhuwdjwlubph nwupupwgubnh
nwnwtwuphpdwu owwnhdw| hwonprwwuntpjwt npnpdw dbenn:

Twupupwgubph  wo2luwwmwwmwpnipwu hwodwpyp hhduywsd b nwnwuwnniewu
ytipguwnryniupltinh Yznwjhtu gnpdwlhgutinh dpw: Wgnphedu hpwlwtwgynud £ hbunbyw
thnytpny. twfu nwuptupwgubph pnjwunwnigniup pwdwuynd £ nwppuljwi Yppwlwu
pwnwnphsubph,  www  Yuwgdynd £ nwnduwnnipyut bpouwpryniupubph b
pwnwnnhsubiph hwdwwwwnwufuwunyegjuu Gpynuwlwt dwnphg.

WG = 26=1Wo, (22)
npinbn Wo-U' Oo  nwnuluwnnpywt Jbpguwpryniuph Yonwihtu gnpdwlhgt £, npp
uwhdwuJwd £ owhwgpghn Ynndbph hwpgdwtu  ndjuiubph hpdwu Jpw, np' G
pwnwnnhsh Ynndhg duwynpynn nwunwtwnnipjut yEpsuwpryniupubiph pwuwlyn:

Cwonpn thnynwd pwnuwnphsubph dholt Ywwbph hhdwt Jpw ppwlwiwgynud k
nwuptpwgutph  duwynpnwd, U  hwoduplynd £ jnipwpwtgnip Ki - nwupupwgh
w2tuwwnwwnwnnLjnLun:

wi
npintin Wi U i-tipnpn nuupUpwgh pwnwnphsutinh punhwungp Yonwiht wpdtipt k, Ksum
p' nunWuwlwu wwup punhwunp woluwnwnwpnggniup ECTS Ypbnhwubpng, n p'
nwupupwgubnh pwuwyn: Ujuwhuny, jnipupwts)np nwuptpwgh woluwnwwnwpnig)nip
npnaynw £ Upw  hwpwpbpwywu Yupunpnigwdp nunutwlwt wwuh punhwunip
Yunnigjwdpnid:

Snipwpwusinn Yhuwdjwlh wouwwnwwnwnpnyeniup hwodwphynd £ pnyumpbh
otinnuip hwyh wnubny:

K; = * Ksum, (23)
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Ko ==+ Ak, (24)
npuntin Ak p pnywwnbih 2tinnwit & Geb Yhuwdjwlyh thwunwgh wyfuwnwnwnnieniup
K/ =YK, juwfunnd £ ndjw vwhdwuwdhwynudp, ppwlwiwgynd b nwuptpwgubph
wouwwnwwnwpnyeiuu Ybpwhwoupy' hwadh wnubiny npwug Yonwihu gnpdwlhgubnp:
Nunwtwywtu  wwpdw b wdpnne  nwnWtwlwt  wwuh  woluwwmwnwpniewu
uwhdwiwthwynwubpp sbwybpuynad Gu hbnlyw) Yepw.
Ky =222, Kom=35_,K'y, (25)

npwtin v p nunwuwlw tnwphubph pwuwlu k:

b wnwppbpngniu unynpwpwp Yhpwnygnn Unpdwnpdwiht dninbigdwt’ npunbin
nwuwfununyejniutibnh, gnpduwljwu L [WpNpwwnn wwpwuwdntupubiph
hwpwpbpwygnyeniup - dppujwsd £, wnwownplynn  wignpppdp  wwywhnynd |
dwpebdwwhynpbu hhduwdnpwd pwsfund’ hwdwwwinwufuwubgywd K (Knowledge —
ghwbihp), S (Skills — hdwniegniu) bW A (Abilities — Ywpnnnipjnit) pwnwnphsubiph

dwulwpwdhutbphu:
Unwuduwgynud U wwpwwdniupubph  snpu wbuwlubp. 21 —
nwuwfununuygniuubp, 72 — gnpSuwlwt  wwpwwdnipubp, Z3 — jwpnpwwnnp

wwpwwdniupubp, 74 — wthwwnwlwl wiiuwnwiup: Snipwpwlgnip  nwupupwgh
hwdwp hwadqupyynw Gu KSA pwnwnphsutiph gnwdwpwiht Yohnubipp.

K=3S_,Wa S=XLiWa A=IZWa (26)
npintin WKi, WSi, WAiI - nwnuuwnnigjut JbGpouwpryniupubiph Yohnubptu Gu, npnup
Uywpwgpnd B0 hwdwwywunwufjuwuwpwp  ghwbihpubpp,  hdwnngeniubbpp b
Ywpnnnygyniutpp, huy j, n, m-p* npwug pwuwyp, W hwedwupyby npwtg winynuwht
hwpwpbpwlygnieniup:

Twupupwgh  wpluwwnwnwpnejwl  pwotunwdt punn wwpwwdnlpubph
inbuwlubph hwoupyynud £.
12, =Py ki +Ps-s;+Py-a;, i=1234, (27)
npwnbin /7" wwpwwdnipubiph wbuwlubphg jpnipwpwugniph wouwwnwwnwpnignat k:
Wunthtuinl huwdwpyynid GU pwpwpwlwt dwdwpwuwlubpp.
0, =% (28)

tong

npnbn  np  owpwplbph pwuwlu bt Ypuwduyn, huly Bi-U' wwpwwdniph
hwidwwwuwnwufuwu nbuwlyh gnpdwyhgp:
<wipdh b wnuynd uwhdwuwthwynidp' swpwpwlwu punhwunip Swupwpbnudwdnigyndup
sqbpwquwugh nwwunnh swpwprwlwt wnwybkwgnyl wotuwnwnwpni)nwup:

Twuwlununigniiuph - Gogpunywd  pwdhtup  uwhdwlwdwlyynd £ 20-50%
dhowuwpnid’ wwywhnybny wbunejui b wypwlwhlwih hwwuwpwlypnniygniup:

Twupupwgutph  pun Yhuwdjwlubph  owwhdwy  puwptudwu  fuunhpp

duwlybpwynd £ npwbu nhuypbn owywnphdwjwgdwu fuunhp b ndynd £ nhuwdhy
Spwgpwynpdwu  dbpnnny: - Spjwd  BU nwupUpwgubph P pwgdniginiup b
Yhuwdjwyubph S pwgdnyeniup: Mwhwugynd £ pwolub] nwupupwgubnt wjuwbu, np
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ujwquwgnyuh  hwugdh  wbnwpwsfudwu  gndwpwihu wpdbpp'  wwhwwubing
Uwluwuwwydwuubph hwpwpbpnieniutbipp L w2luwwnwinwpnijwl
uwhdwuwthwynwiubpp:
Luywwnwlwihu dniulyghwu.

TFmin = Xiep Zjes C (L)) - Xy (29)

Xij
npwnbin C(i, j)-u i-pn nwuptpwgp j-pn Yhuwdulynd nbnwpwsofubine wpdbpu £, Xij-u'
phuwp (Bpynuulwt) dindinfuwlw (1, el -pn nuuptpwgp whnwpwofujwd £ j-pn
Yhuwdjwynw, 0" hwlwnwl nbwpnid):

Uwhdwuwthwynidubpp.

YjesXij=1, VieP, Xiephi X <Hpar VjES, (30)
huswbu twl bwjuwwwydwuubph hwpwpbpnieniuiubpp’ twuwwwdwu hwunhuwgnn
nwuplpwgn wbwp £ wbnwpwifudh wdbh Jwn Yhuwdwynd, pwt  hhduwlwl
nwupupwgn: fluunhpp (NéYnw k nGYnipbun wnugniejwu dhengny.

F(i.j) = min{F(i = 1,k) + C(i.))} (31

Pwqwiht wwydwuubpu Gu' F(0,/)) =0 pninp j-tph hwdwp: Updbpubiph C(, j)
dwuiphgp Yunnigynud b nuwuptpwgubph dholt Ynpbgwghnt Juiudwdnipniiubph b
Uwluwwwinynipjwt hwpwpbpnigniiubph hhdwt ypw. 1 wpdtipp hwdwwywwnwutuwonid
E owunhdw| wnbnwpwotudwup, huly 9 wpdbipp' juhun wugwuywihpu:

Ugnphpdt wwwhnynwd £ owywmhdwnyguu  Gpbp  wwjdwutbph  Juwwpnup.
pwqwjht nwupupwgubpp wbnupwoiuynd Gu dwutwghnwlwltubphg wnwye, ubpunn
Ynpbywgywd nwupupwgubpp' hwplwu Yhuwdpuwyubpn, hul wofuwwnwwnwpnigniap
pwofudnud £ hwjwuwpwswih pupnnigjwt wunphwlwlwu wény:

Yhuwdhly  Spwgpwynpdwl wignphpdp  thnpéwplytp B <UNL «Opwgpwihu
Swpuwpuwghwunygniu» dwutwghwnyeuu hwdwp (20 nwuptpwg, 8 Yhuwdjwy), nph
wpryniupnud - unwgdl] £ onwndtwlwu wjwup  twfuwnhw,  npnbn puquiht
nwuptpwgubpp  wbnupwoluJwsd  Gu Jwn, huy  Jwutwghnwlwuubpp'
Yhuwdjwyubpnd, wwhwwidwd U bwhwwwpdwuubph pninp hwpwpbpniggniutbpp b
woluwwnwwnwpnipjwu hwywuwpwswih pwofunwdip:

Ubpnnh  wnwybnyeniutph  gnigunpdwt tywwwynd  ppwlwiwgyt k
hwidbidwwnipniu «wgwh» wignphpdh htwn, npp jnpupwugnip puynud nwupuewgp
nbnwnpnd £ pupwghy ujuqugnyt wpdbpu niubgnn Jhuwdjulnd® wnwug hwoygh
wnubnt wyn npnadwtu wgnbgnipntup  hbnwgw  nmbnwpwofunwdubph Ypw:  «Ugquih»
wignphpedp fuwfunt) | twuwwwjdwuubph hwpwpbpnigniubpp Gpbip nwupupwgutiph
ntwpnuw b wwywhnyb| b gnuwwpwihtu wpdtp, npp 23%-nyY pwpén £ owywnhdwihg, dhusntin
nhuwdhy Spwgpwynpndp bpwofuwynpb) b gnpw) owwhdw) ndnd’ wnwug nplk
fuwfuwndwt:

Uwghunpwwnipuwinud  nwnwtwlwtu - wwu  duwynpbjhu  gbonp npJws |
hbwmwgnunwywu pwnunpphsh Yypw, b dwdwuwyh pwotunwdp dnnnyubph dhole bwwtu
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twppbpdnd £ pwywiwdph nwnwuwlwu wwuhg' wwhwugbing - 40-45%
wotuwwnwwnwpniin ghnwhbunwgnunwlwu gnpdniubinuygjwp:
dbpguwpnyndupttinh Wi Yanwijhtu gnpdwlhgubipp npngynid B awhwgnghn Ynndtph
wrnwwwnwgywd hwpgdwt  wpryniupubph Ynpbywghnt  Jbpndngywt hpdwt Jpw!'
unpdwjwgdwu dhengny:
Luwwwnwlwihu dniulyghwu.
F=¥aW -G - rr}{a}x (32)

dwpuhdwjwgunuw £ ybpsuwpryniupubiph duwynpdwdnipjwu dwwprnwlutph Yongwd
gnuwpp' puin npwig Lwuwlnyeu:
Owunhdwjwgnuit hpwlwuwgynud k£ hbinbyjw uwhdwbwhwyndubph nbwpnid.
w) dwdwuwyh unpdwjwgnud.
moH =1 (33)
Cunhwunip dwdwuwyp pwatuynid £ pnpnp nuwupupwgubph dhole:
p) nwupupwgh dwywhu ubpywywgynn tjwquagnyu wywhwusubnp.
H > Hyyp,, Vi=1,..,m (34)
Snipwpwsinip nuuptpwg ntuh tjuwquagnyt wwhwugynn dwlwi:
g) wnwybjwgnyu uwhdwuwwynwdubnpp.
H; < Hpay, Vi=1,..,m, (35)
husp Ywufunw £ dwdwuwyh swihhg wybih Yauwnpnuwgnuip:
n} nuwnWuwlw wwuht ubplujwgynn wwhwugubinp.

Yies, H; = Hreg ., (36)
pninp k=1..p wpdbpubph hwdwp' nuwupupwgubph  dnnnyubpht ubpluywgynn
unpdwunhy wwhwugtbph wwwhnynw, npunbin S,-U k-pnp dnnnuyh  nwupupwgubnph
pwquntpnluu k:

b))  wpwdwpwiwlywtu  Yuwjujwdnyegniuubp'  nwupbpwgubph  nwnwduwnnyqwt
hwonpnuwywuniyeniu
Hprereq < Hmainv (37)
Owwnhdwjwgdwt  fuunhpp  ndynd £ wypniyundws  gpunhbumwhu Jepbph
hunbpwghnt dbennny.

Hi' = HE +a- 2o (38)

npwnbn t-u hubpwghwh hwdwpu £, e-0' nwungdwt pwyp, 9F/3H;-U" twwwnwluwihtu
$niuyghwih gpwnhbunt puwm i-pn nuupuewgh dwdwuwyh pwduh.

aF
o j=a Wi Kij - T, (39)

Snipwpwginip hnbpwghwihg htinn H;-h wpdbipubpp wpnjblunynd Gu pnyjwwmpbip
pwqdniywt  Jpw' unpdwijwgdwu b uwhdwuwwynwubph  Yhpwndwt  dhongny:
Snpopupwgp wpniuwlynwd £ dhush juyntbwgdwt wywjdwuh wwywhnynidp.

[Ft+l — Ff| <¢, (40)
npwnbin e-p uwhdwuywd donnpnluy k:

15



« »

(120 4 ) ' 105

0,422- 0,782 (+85,3%):
( :
+26-32% ,
2-4-
Django 4.2 ( ' Python)'
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duwynpnud | dwutiwghwnipjuu nunwuwywt wwup, b swhwgnpghn Ynnd, npu niup
hwuwUbhnyeniu dhwjiu ubhwlywu hwpgwpbpphypt’ JGlwiquijw oguwgnpddwu
hndwu dhongny:

Cwdwlwpgp  ubpwnnd £ hbnlywp  dnnnyubpp. KSA - Junnigwdpubpny
nunwiuwnnywy Ybpguwpryniuputinh gwulyh dbwynpnud, hwpgupebppbph dwwynpnud
wwnwufuwuwwnt  wudh Ywd wphbunwlwt  pwiwywunyeuu  hunbigpdwdp L
owhwgpghn  Ynndbph  hwpgdwt  wuglwgnud,  Ynpbyughnt  Jbpinidnyejut,
Ywuwnbpwgdwu b MIP-owwnhdwjwgdwu wignphpdubph Yhpwnnd' nwnwdtwlut wjwuh
Yuwnnigwsph  thnihnfudwt  wnwewnlutiph  duwynpdwt  hwdwn,  unpdwwnhywiht
uwhdwuwthwynwubph yepwhuynd (29-31 Yptinhwn Yjhuwdjwynid, 60 Ynbinhun nwpnd),
huswbu twl hwdbdwwndwu (pbusdwpyhugh) dnnng' UR-h Yhpwndwdp duwynpdwd
nuntwyuu wwut wyfuwphh wnwswnwn hwdwjuwpwuubph nunuiuwwu wwuubph
htivn wdunndwun hwdbdwinbine b pwpbuyGint hwdwp:

Cwdwlwpgh  thnpdwpynuip <UML-h «Opwgpwiht Gwpunwpwghwnnginius - b
«SbnGlwndulwu  wudunwugnygniu»  dwutwghwnigniutbph pwlwiwdph b
dwghunpwwnnipwih snpu nwinwitiwlwu wwuubph ypw hwunwnb) 5 pnpnp dnnnyubph
gnpdniuwlnuygniup’  hunbgpw) npwyh  gmgwuhoh  Yunit pwpbjuydwdp  26-32%
dhowlwpnul: <wdbdwwnwlwu Ybpinwnigniup pwgwhwynb) £ nwnwdtwlwt wwup
hwiwwwwwutuwunuyeyniup dhowgguiht unwunwpuutphtu (240 ECTS) U duwynpb| &
Ynuypbiin wnwowpynyeyniuubp’ Jhowaguht unpdbiphg hwjntwpbpdws Ybg sbnnuiubpp
pwnbjwytnt hwdwn:

uchuusuuv£h <putuuuu ursnruevere

o Uowlyb] b nwnwitwlwu wwup dbpguwpmyniupubph gwuyh dhwdnpdwu b
npwiug Uwiwlwhnpwu quwhwwndwt dbenn, npp, b wwppbpnyeniu
gnnipinly - niubgnn thnpdwghwnwwtu  dninbgnudubph,  wwwhnynd |
phdwwhynpbu thnfujuwwlygywsd Ytipsuwpryniupubph fudpbph hhduwynpywsd
Suwynpnudp' hhdudwd swhwgnpghn Ynndbph hwpgdwu wndjwubph pwuwlwyuw
ybpnwdnipjut ypw:[4,5,6,8]

o Upwyyb) b nwuptpwgutph b nunuftwlwu wyjwuh dnnnyuwiht junnigwdph
Guwynpdwu dbpnn, npp, h wwppbpnent wjwiunwywu thnpdwghnwlwu
dninbtigdwt, wwwhnynud £ nunufuwlwt wwuh Junnigudph Gpldwlwpnuy
dwpbtdwinhynpbu hhduwynpwsd duwynpnud: [1,5,8]

o Uswlyty Lt nuwuptpwgubph  wpfuwwnwmwpngjwu  hwodwpldwl, puin
wwpwwdniupbiph  wbuwlubph  pwoudwt U Yhuwdjwuht  ownhdw
hwonpnuwlwunipjwu npnadwu dopnn  hpdudwd  nwnwuwnnyeui
ytipsuwnryniupubiph Yonwihtu gnpdwyhgutiph nu KSA-Junnigywdpubtiph ypw: b
wmwppbipnentt. wjwunwlwu unpdwnhywjhtu dninbgdwu, wjiu wwwhnynwd £
wluwnwwnwpnipjwt  dwpbdwwhynptt hpduwynpdwd pwptund L
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nwupupwgubph  hwonpnwlwunyewtu  owwhdwjwgnud'  hwoyh  wnubing
Uwuwwwydwuubph nt wpluwwwnwpniiwu uwhdwuwhwynwubpp:[2,3,4,7]

<rusuruy4yuo ucheusnrfeannruuere

MNubwywu U. Uhownwpyuwjwywu Ywwbph hhdwt Jpw nwunwiuwlwu wjwuh
Uwluwgddwl dbpnn // Lpwpbp: Shunwlwt hnnpudubph dnnnjuént. - Gplw:
<MA<. - Uwu 1. - 2014. - £9 93-98.

MNubwywu U. Yppwlwu wnwplwibph  wouwnwnmwpnyguwu  hwadwnlyp
wnpjwd uwhdwuwthwynudutph hhdwu ypw // Lpwpbp: Shuonwlwu hnnpdwdubph
dnnnjwdne.- Gplwu: <NBEL.- Uwu 1. - 2015, - £9 96-100.

Ycenan M. Anroputm pacnpegeneHus TpyAOEMKOCTH AUCLMITIMH MO BUAAM 3aHATUIA
ANA (hOPMUPOBaHWA NpeaBapuTENbHOrO BapuaHTa yyebHoro nnaa // Lpwpbip:
Shunwlwu hnnywsdubiph dnnnjwidnt. - Gplwt: LNBL. - Uwu 1. - 2016. - Lo 145-
148.

Margarov G., Usepyan M. Development of Curricula Based on the Combination of
Modular and Competence Approaches // International Conference on Computer
Science and Information Technologies (CSIT). - Yerevan, Armenia. - 2021. - P. 282-
285.

Margarov G., Hambardzumyan K., Usepyan M. Correlation Analysis of Data in the
Education Management System // International Conference on Computer Science
and Information Technologies (CSIT). - Yerevan, Armenia. - 2023. - P. 302-305.
Usepyan M. Development of a Mathematical Model for Master's Program Curricula
Based on Labor Market Needs Analysis // International Conference on Computer
Science and Information Technologies (CSIT). - Yerevan, Armenia. - 2025.- P. 348-
351.

Margarov G., Usepyan M., Hambardzumyan K., Hovhannisyan E. Adaptive
System for Developing Educational Programs Through Multilevel Educational Data
Analysis // Innovation via Collaborative Learning in Engineering Education. -
Conference paper. - 2026, P. 607-615.

Margarov G., Manukyan S., Usepyan M. A Hybrid Competency Clustering
Methodology for Curriculum Structure Formation // Pwupbp: <UMNE,
Stntywwndwlywu nbhuuninghwubp, EEGupnuplw, nwnhnnGuuhlw.- 2026.-
N1.- k9 22-31.

18



USEPYAN MARINE GURGEN

AUTOMATION OF THE CURRICULUM DESIGN PROCESS BASED ON THE
DEVELOPMENT OF MODULAR AND LEARNING OUTCOME-BASED PRINCIPLES

RESUME

The modern system of higher education has entered a phase of profound structural
transformation, driven by the rapid advancement of technologies, dynamic changes in labor
market requirements, and the need to train specialists of a new type. Under these conditions,
the curriculum ceases to be a static administrative document and becomes a dynamic tool
reflecting the current demands of employers, students, graduates, and faculty.

However, the established practice of curriculum design relies on expert judgment and
established traditions rather than on formalized methods and algorithms. This approach leads
to a number of interrelated systemic problems.

Stakeholder opinions are taken into account in a subjective and unsystematic manner,
without a quantitative methodology for assessing the significance of learning outcomes, which
leads to a suboptimal selection and coverage of learning outcomes.

For determining the composition of courses and the modular structure of curricula,
mathematically justified criteria are lacking: the formation of courses and the determination
of inter-course relationships rely exclusively on an expert-based approach.

In addition, the calculation of course workloads and their distribution across instruction
types are carried out using fixed normative proportions, without taking into account the
content-related weight of learning outcomes. The semester-based placement of courses is
likewise generally carried out without systematic consideration of existing prerequisite
dependencies between courses, which leads to an uneven distribution of academic workload
and a violation of the logical soundness of course sequencing.

International research confirms the severity of these problems. According to the CS2023
(Computer Science Curricula 2023) standard developed by ACM and IEEE, there is a
significant mismatch between academic programs and current labor market requirements.
The Tuning Project has developed a methodology for identifying learning outcomes through
consultations with stakeholders; however, the issues of optimal course formation and workload
distribution remain unresolved. It should also be noted that applying mathematical
optimization methods directly to the design of curriculum structure — taking into account
outcome-based and modular principles, stakeholder requirements, and regulatory constraints
— has not been sufficiently investigated.

Thus, the problem of automating the formalized process of curriculum design based on
modular and outcome-based principles is relevant both from the standpoint of addressing
problems of scientific interest and from the standpoint of designing automated systems of
practical significance.
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Aim of the Work. The work aims to develop formalized methods for curriculum design and
an automated system of this process, based on modular and outcome-based principles. To
achieve this aim, the following research objectives were formulated and addressed:

e To develop a method for forming a list of learning outcomes and assessing their
significance based on quantitative analysis of stakeholder survey data.

e To develop a method for course formation and curriculum modular structure design,
based on inter-course relationships.

¢ To develop a method for calculating course workloads, distributing them by instruction
types, and determining the optimal sequence of course study during semesters.

Practical Significance of the Work. The developed methods applicable to the processes of

designing, modernizing, and quality control of educational programs in higher education

institutions. System testing on four bachelor’'s and master's degree curricula for the "Software

Engineering” and "Information Security” specialties at NPUA demonstrated a 26-32%

improvement in the curriculum quality index.

Implementation of Results. The results of the dissertation, specifically the developed

methods for forming learning outcomes, disciplines, and modular curriculum structure, as

well as workload calculation and semester distribution, have been implemented in the
curriculum development and updating process of the Department of «Information Security
and Software» at the National Polytechnic University of Armenia.

The main results:

e A method for forming a list of learning outcomes and assessing their significance has
been developed, which, unlike existing expert approaches, ensures the substantiated
formation of thematically related groups of outcomes based on quantitative analysis of
stakeholder survey data. [4,5,6,8]

e A method for course formation and curriculum modular structure design has been
developed, which, unlike existing approaches, provides a mathematically substantiated,
two-level design of the curriculum structure based on inter-course relationships. [1,5,8]

¢ A method for calculating course workloads, distributing them by instruction types, and
determining the optimal sequence of course study has been developed based on the
weight coefficients of learning outcomes, which, unlike the existing approach, ensures
the mathematically substantiated allocation of workload and optimization of course
sequencing, taking into account prerequisite and workload constraints
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YCEMAH MAPUHE I'YPTEHOBHA

ABTOMATU3ALNA MPOLECCA ¢OPMUPOBAHUA YHEBHBIX MNNAHOB HA OCHOBE
PA3PABOTKN MO AYNbHLIX U PE3YNIbTATOOPUEHTUPOBAHHbLIX MPUHUUWIMOB

PE3IOME

CoBpemeHHas cricTema BbiCLLEro obpasoBaHuA BCTynuna B pasy rnybokux CTPyKTypHbIX
npeobpa3osaHnii, 0OyCNoOBNEHHbIX CTPEMWTENbHBIM Pa3BUTUEM TEXHOOMMI, JAWHAMUYHBIMA
M3MeHeHUAMM TpeboBaHMil pblHKA Tpyfa WM HeobXoAMMOCTLIO MOLTOTOBKW CMELManmcToB
HoBoro Tuna. B 3Tux ycnosuAx y4ebHblii nnaH nepectaét  ObiTb  CTATU4HbIM
aJMUHUCTPATUBHbBIM JOKYMEHTOM W NPEBPALLAETCA B AMHAMUYHbIA MHCTPYMEHT, OTpaMmaroLLuii
aKkTyanbHble 3anpocbl paboTogateneil, CTyAEHTOB, BbIMYCKHUKOB U MpOgheccopcKo-
npenojasaTenbcKoro cocTasa.

OpHako cnomuslUAACA MpakTUka POpPMUMpPOBAHUA Yy4ebHbIX NNaHOB OMUpPaEeTCA Ha
3KCMEPTHbIE CYKAEHUA U YCTOABLUMECA TPafWLMM, a He Ha hopManu3oBaHHbIe METOAbI U
anroputmbl. Takoll NOAX0A NPUBOAMUT K PALY B3aMMOCBA3AHHbLIX CUCTEMHbIX Npobnem.

Mnenua 3aMHTEPECOBaHHbIX  CTOPOH YUUTbIBAOTCA CyObeKTUBHbIM u
HecucTemaTU3MpoBaHHbIM 06pasoM, 6e3 KOMMYECTBEHHON METOLONOMMU OLEHKN 3HaYMMOCTH
pesynbTaTtoB 0by4eHus, YTO MPUBOAMT K HeonTUMaibHOMY OTOOpY M oxsaTy pesynbTartos
obyueHua.

[na onpepeneHns cocTaBa AWCLUMIIMH U MOLYNbHOW CTPYKTYpbl y4ebHbIX nnaHos
OTCYTCTBYIOT MaTemaTU4ecKM OOOCHOBaHHblE KPUTEpPUW: (POPMUPOBaHUE OUCLMMAUH U
onpepeneHne MeMINCLUNIMHAPHBIX CBA3ell OCHOBLIBAETCA UCKIIOUUTENBHO HAa 3KCMEPTHOM
noaxoge. Kpome Toro, pacyér TpyJoEMKOCTM AMCLMMAMH U €€ pacripefenceHue no sUAam
3aHATUIA OCYLLLECTBAIOTCA € (PUKCUPOBAHHLIMM HOPMaTMBHBIMU Mpornopuuamu, Hes yuéta
copepmaTtenbHoro seca pesynbtatos obyuenua. CemecTposoe pacnpepeneHve [UCLUIIIMH
TaKMe B OCHOBHOM OCYLLLeCTBNAETCA 6e3 CUCTEMATUHECKOTO PacCMOTPEHWA UMEIOLLIMXCA MEMY
AMCUMMAMHAMW  OTHOLUEHWI NpeplecTBoBaHUA, 4TO MNPWBOOMT K  HepaBHOMEPHOMY
pacripefeneHuto  yyebHOW Harpy3skm UM HapylLUeHWO  NOruYeckoil  oBOCHOBaHHOCTU
nocnefoBaTeNbHOCTY AUCLUMNH.

MexayHapogHble uccnefosaHuAa NOATBEPMAAIOT OCTPOTYy 3Thx npobnem. CornacHo
cranpapty CS2023 (Computer Science Curricula 2023), paspabotannomy ACM u IEEE,
HabNOJAeTCA 3HAUMTENbHOE HECOOTBETCTBUE MEMAY aKaJeMUYECKUMU MpOorpaMmaMu W
aKTyanbHbIMM TpeboBaHWAMM pbiHKa Tpyaa. [poekT «TtoHuHr» (Tuning Project) paspabotan
METOLONOrMI0  UAeHTUUKALMK  pe3ynbTaTtos OOy4eHWA MOCPEACTBOM KOHCYNbTauuii ¢
3aMHTEPECOBaHHbIMM  CTOPOHaMW, OHAKO  BOMPOCbl  ONTUMaIbHOrO  hOPMUPOBAHUA
IMCUMMAMH M pacnpefeneHua TPYLOEMKOCTM ocTatoTcA Hepell&HHbimu. CrnepyeT Takske
OTMETWTb, YTO NPUMEHEHWE MeTO[0B MATEMATUYECKOW ONTUMMU3ALMU HEermOCPeNCTBEHHO K
MPOEKTUPOBAHUIO CTPYKTYPbI y4EOHOro ninaHa — ¢ y4€ToM pe3ynbTaTHO-OPUEHTUPOBAHHbBIX 1
MOAYNbHbIX  NPUHLMMOB, TpeboBaHU 3aMHTEPecOBaHHbIX CTOPOH W HOPMATWBHbIX
OrpaHU4EHNIn — HELOCTATOYHO UCCIIE0BAHO.

Takum obpasom, 3aa4a asTomMaTU3aLLNKU (hOPMANTM30BAHHOIO Npoliecca HopMUpPoOBaHUA
y4ebHOro nnaHa Ha OCHOBE MOAYIbHbIX W Pe3ynbTaTHO-OPUEHTUPOBAHHbLIX MPUHLMMNOB
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ABNAETCA aKTya/lbHOM KakK C TOYKW 3pPEeHUst pelleHus 3ajad, NpeAcTaBsioWMX HayUHbIRA
WHTEpec, Tak W C NO3MUMM NPOEKTUPOBAHWA aBTOMATU3NPOBAHHBLIX CUCTEM, WMEHOLLMX
NpUKNagHoe 3HayeHue.

Henb pab6oTbl. Lenbto nccnefoBaHuna aBnseTcsa pas3paboTka (hopmMann3oBaHHbIX METOA0B

thopmMunpoBaHUsa y4ebHbIX M1aHOB 1 aBTOMaTU3MPOBaHHOW CUCTEMbI 3TOTO NpoLecca Ha OCHOBe

MOZY/bHbIX U Pe3ybTaTHO-OPUEHTUPOBAaHHbLIX MPUHLMNOB. [NS LOCTUXXKEHWUA MOCTaB/eHHOMN

uenn chopMynmMpoBaHbl Y peLleHbl cregytolne 3agadm nccnegoBaHus:

e PaspaboTtatb MeTOo4 (HOPMMPOBAHUA MNeEpPeYHs pe3ynbTaToB O6YyYEHUS U OLEHKU KX
3HAUMMOCTM Ha OCHOBE KOMIMYECTBEHHOrO aHaM3a AaHHbIX 0Mnpoca 3auHTepecoBaHHbIX
CTOPOH.

e PaspaboTtatb MeTO4 (HOPMUPOBAHUA AUCLUUMAUH W MOAYNbHOW CTPYKTYypbl y4ebHOro
nnaHa, OCHOBaHHbIA Ha MEXAWUCLMNAMHAPHbIX CBA3SX.

e PaspaboTatb MeTOf pacuéta TPYyLOEMKOCTM AUCUMNANH, €& pacrnpefeneHns no Buaam
3aHATUIA 1 onpefeneHns ONTUMaNibHON NOCNefoBaTeNlbHOCTU U3YYeHUs AUCLMMNANH B
TeyeHue ceMecTpoB.

MpakTnyeckas 3Ha4YMMOCTb paboTbl. Pa3paboTaHHble MeToAbl MPUMMEHWMMbl B Mpoueccax

NPOEKTUPOBAaHUS, MOAEPHMU3ALUN U KOHTPONS KayecTBa oObpasoBaTeflbHbIX MNporpaMm B

BbICLUMX Y4ebBHbIX 3aBefeHusAX. Anpobaums CcuCTeMbl Ha 4eTblpex Y4ebHbIX naaHax

6akanaBpmata W Maructpatypbl no crneuuanbHocTaM  «[lporpaMMHas  MHXEHepus» U

«MHopmaunoHHaa 6e3onacHocTb» B HIYA nokasana ynydlleHne MoKasaTens kadectBa

yuyebHOro nnaHa Ha 26-32%.

BHegpeHne pesynbtatoB. PesynbtaTbl  AWCCEPTAUMOHHOM  paboTbl, B YacTHOCTM

paspaboTaHHble MeToAbl (POPMUPOBaAHUA Pe3ynbTaToB 00YYeHUs, AUCLUNANH U MOAY/bHOW

CTPYKTYpPbI y4ebHbIX NNaHOB, a Takke pacyeta TPYAOEMKOCTU U pacrnpefeneHns no cemectpam,

OblMN  BHEAPEHbl B MNPOLECCHI pa3paboTKM U OBHOBMEHMS Y4YebHbIX MNMaHOB Kadeapbl

«H(popmaLmoHHas  6e3omacHOCTb M nporpaMMHoe  obecneyeHue»  HaunoHanbHOro

NOSIMTEXHNYECKOTO YHMBEpcuTeTa APMEHUN.

OCHOBHble pe3y/bTarhbl:

e PaspaboTtaH MeTo4 (DOPMUPOBaHMA MEPEYHA pe3ynbTatoB OOyYeHUs W OLEHKU KX
3HAYMMOCTM, KOTOPbIA, B OTAMYME OT CYLLECTBYIOLIMX 3IKCNEPTHbIX NOAXOAOB,
obecneumBaeTr 060CHOBaHHOE (JOPMMPOBaHME TemMaTM4Yecku  CBSI3aHHbIX  rpynn
pesynbTaToB Ha OCHOBE KO/IMYECTBEHHOrO aHanm3a [aHHbIX Ornpoca CTenKXo/n4epos.
[4,5,6,8]

e PaspabotaH MeTO4 (OPMUPOBAHUS  AWCUMNAMH U MPOEKTUPOBaHWUA  MOAYNbHOM
CTPYKTYpPbl Y4Ye6HOro nnaHa, KOTOPbIA, B OTIMYME OT CYLLECTBYHOLWMUX NOAXOAOB,
obecneymBaeT mMaremaTMyecku OOGOCHOBaHHOe [BYXypPOBHEBOE MOCTPOEHME CTPYKTYPbl
y4ye6HOro njaHa Ha OCHOBE MeXAUCUMMANHApHbIX cBszen. [1,5,8]

e  paspaboTaH MeToj pacyérta TPYJOEMKOCTM AMCUMNANH, €€ pacrnpefeneHns no Buaam
3aHATUIA 1 onpefeneHns ONTUMabHOM NOCNefoBaTeNbHOCTU  U3YUeHUs AWUCLMUMINH,
OCHOBaHHbIN Ha BECOBbIX KO3P(ULMEHTaX pe3ynbTaToB 06yYeHUs, KOTOPbIA, B OTIMune
OT  CyllecTBylOWero nogxofa, obecneuvBaeT  MaTteMaTtnyeckm  06GOCHOBaHHOe
pacnpegeneHve TPyAOEMKOCTM M ONTUMU3AUMIO MOCNef0BaTeNbHOCTU AUCLUMAAUH C
YUYETOM OrpaHMYeHnin No NpeawecTBOBaHNIO N TPyaoEMKocTW. [2,3,4,7

22



