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BCTYII

P03BUTOK CycniJibcTBa B Cy4aCHOMY CBIT1 XapaKTE€pPU3YEThCS AY>KE CHUIBHUM
BIUIMBOM Ha HBOTO KOMITIOTepHHX Ta iH(popmaniiaux TtexHonoriid (IT), ski
yBipBaJIMCA B yci cdepu JIOACBKOI ISVIBHOCTI, YTBOPIOIOYH TI00AIBHUI
iHbopMaIIiHUN TpOCTip, MO 3abe3nedye MOUIMpPEeHHs 1H(OPMAaLIMHUX TMOTOKIB B
CYCH1JIbCTBI.

Cxmannicts 1H(opmariiiaux cuctem (IC) HEBOMHHO 3poCTae, BiIMOBIIHO
HaOyBalOTh AaKTyaJbHOCTI MHUTAHHS 00 €(PEKTUBHOIO YIMPAaBIIHHA MpOLIeCaMU
CTBOPEHHS, TECTYBaHHS Ta BIPOBA/KEHHS TaKuX cUcTeM. KOMIUIeKCHE BUpIIICHHS
miei npobiemMu — CcKiIagHa W JOBroTpuBajga poOoTa, MO0 NOTpedye BHCOKOI
KkBasTi(hikarlii 3aiIHUX y Hi IpaliBHUKIB. AJKe, HE3BaXKal0Ul Ha 3HAYHHUM MpoTrpec,
Oararo muTaHb y cdepi aBroMartuzailii npoektyBaHHs [IC He mijmaeTbcs MOBHIN
dbopmaizaii i BUKOHYEThCSA Ha IHTYITUBHOMY DPiBHI 3 BUKOPUCTaHHSM JOCBiNY Ta
MPOTHOCTUYHUX 3A10HOCTEeN  (haxiBIIB, EKCIEPTHUX OI[IHKAX, IMITAIliHHOMY
MO/IEJIFOBAaHHIO (DYHKI[IOHYBAaHHSI CUCTEMH TOLIO.

CoporonHi iH(oOpMaIliifHI pecypcu € HE MEHII CYTTEBUMHU, HIXK TPYIOBI,
MatepianbHi a00 eHepreTuyHi. Ponb iHpopMallii cTana HACTUIBKU 3HAYHOIO, 10 3apa3
MO>XKHa TOBOPUTHU TIPO 1H(OpMAIIHHY €KOHOMIKY (TOOTO Taky, IO IPYHTYETbCS Ha
iH(popmarrii), Ta iHQopMauiiHy cdepy yOpaBiiHHS (KEpIBHUKIB, BYEHHX,
CIEIIAIICTIB 1 CITY>KOOBIIIB TOIIIO).

be3 nmocToBipHOi, MOBHOI Ta CBOE€YACHO OTPUMAaHOI 1H(pOpMaIlll HEMOXKIMBO
KepyBaTu OyIb-SIKHM BHUPOOHMIITBOM, CBO€YACHO pearyBaTd Ha BUKIHUKU
30BHIIIHBOTO cepenoBuina. Came ToOMy Ha ChOTOAHI MpodiemMa 30upaHHs Ta 00pOOKHU
iHdopmallli € OIHMM 3 KIIOYOBHX 3aBJaHb YIPABIiHHSA, BUPIIIUTH SKYy MOXXHA
BUKJIFOYHO Ha 0a3l BUKOPUCTAHHS Cy4acHOi OOYMCIIIOBAJIbHOI TEXHIKM Ta HOBITHIX
iHpopMariinux TexHojorik. Ciix BII3HAYMTH, 0 caMa OOYMCIIIOBalibHA TEXHIKa
BCE€ IIMPILE BUKOPUCTOBYETHCA K B YIIPaBIiHHI BUPOOHUYMMH MPOLECAMU, TAK 1 HA
piBHI €KOHOMIYHOI cMCTeMHU B ITijioMy. OJHaK MaTepialibHI BUTPATH HA 30€piraHHs,
nepeaBaHHs Ta nepepoOieHHs 1HGopMallli Bce YacTillie MepeBUIYIOTh aHaJIOT14HI
BUTpaTH, HANpPUKIAL, HA EHepreTuky. | B 1bOMY KOHTEKCTI Ipobiema
1H(popmaTH3alii HAbUpae He TUIbKU TEXHIYHY, a i EKOHOMIYHY CKJIaJIOBY.

[TpunIIMTIOBHUM € TOM (haKT, IO KOMIT I0TEpHU3allisl CyCHIbCTBA — 1€ HE TUIbKU
TexHiKa, a ¥ moau. HoBa kxomm’ioTepHa 17€0JI0Tis MOBUHHA OOIMMATH HE TIJIbKU
TEXHIYHI THTAaHHS, BOHA MAa€ OXOIUTIOBATH y T. Y. MIATOTOBKY BIIMOBITHUX
CHemiaiicTiB 1 KepiBHUKIB. KepiBHUK, 11O HE BOJIOJIE€ KOMII IOTEPOM, HE MOXKE
CTHOJIBAaTUCS Ha TMporpec y cBOi poOoTi. TakuM YMHOM, KOMII IOTE€pHU3allis Yy



3arajJlbHOMYy pPO3yMiHHI TIOTpeOy€e€ KOMIUIEKCHOTO IMIXO0My MO0 BHPIIMICHHS
IIMPOKOTO CTIEKTPY MPOOIeM, — BiI CyTO TEXHIYHUX J0 OCBITHIX Ta COIlaTbHHX.

HeoOxigHo TakoX BII3HAYMTH, IO IOSIBAa HOBHX 1H(OPMAIIHHUX CHUCTEM 1
TEXHOJIOT1H, MOpsA 3 YK€ HasSIBHUMH, MPOCYHYTUMHU OOJIACTSAMH iX BUKOPHCTAHHS,
3naTHa (OpPMYyBaATH TaKl HAMPSIMKH, K1 OyIyTh laBaTH HaUOUIbIINNA €eKT 1 CIIPUITH
T1BUIIEHHIO TEXHOJIOTTYHOTO PIBHA HAYKOMICTKHUX BUPOOHUIITB.

VY MoHorpadii mpeacTaBiieHl pe3yJbTaTh HAYKOBUX JOCHIKEHb B Taly3l
1HGOpMAIIHHUX CUCTEM 1 TEXHOJIOTIH, 10 MpecTaBieHi Ha MiXHApOAHIM HAyKOBO-
npakTU4Hili koHepeHiii «IHdopMaliiitHi TEXHOJOTII Ta CUCTEeMH», IO BiaOyiacs
10-11 xBitHs 2019 poky Ha 06a31 XapKiBCBKOTO HAI[IOHAIFHOTO EKOHOMIYHOTO
yHIBEpCUTETY. Y Hill Bi1OOpaskeH1 HaWOUIbII 11KaBl pe3yJIbTaTy 3a HACy4acHIIIUMU
HAYKOBHMHU HAaIIPSIMKaMHU 3aCTOCYBaHHS, MPOCKTYBaHHA Ta BU3HAUCHHSA MpoOJIeM i
nepcriektuB IT B TexHIYHMX cucTeMax, 3axucTy iH(opmallli B iHQOpMalIHHUX Ta
KOMYHIKaIIHHUX CUCTEMAaX TOIIIO.

B rmmaBi 1 moHorpadii chopmMoBaHO TpUBHUMIpHUN HAOIp MOKa3HUKIB, IO
BitoOpaxkae ctaH IT-imayctpili YkpaiHu Ta BKIIIOYA€ 1HBECTHUIINHY NpUBAOJIUBICTD
perioniB, BHyTpimHii cran [T-punky Tta 3apruiary. IloOymoBaHo MartemaTHUHY
Mozenb ctany IT-inaycTpii Ykpainu, sika mpeAcTaBieHa sSIK KOMIUIEKCHUM MOKa3HUK.
[IpoBeneno kinacu@ikalliro perioHiB 3 BAKOPUCTAHHSIM KJIACTEPHOIO aHaJi3y.

TexXHOJI0T1I0 CTBOPEHHS CIIIBHOTO KOHTEHTY B BE0-0a30BaHOMY HABYAJILHOMY
KaOlHeT1 3ampONOHOBAHO B TriaBi 2 jaHoi MoHorpadii. Po3risHyTi OCHOBHI THUIH
CKJIAQJHOCTI OCHOBHUX BHUJIB TEXHOJOrIA CTBOPEHHS CHIIBHOTO KOHTEHTY.
AHaN3yIOThCS OCHOBHI KpOKHM peaiizaiii menaroriyHoi mojeni (GopMyBaHHS
CHIJIBHOTO KOHTEHTY.

B rnaBi 3 npencraBiieHi pe3yJbTaTy IHTErpyBaHHs yaT-0ota @ribs karkas bot
3 EKCIEPTHOI CUCTEMOIO [JIsi OpraHizalii KOHCYJbTYBaHHS B PEXUMI OHJIAIH.
Po3rissHyTO CTpYKTYpy B3aemoii yaTt-00Ta 1 areHTiB €KCIEPTHOI CUCTEMHU B OHJIAMH
peXUMI.

['maBa 4 MicTUTh MOJENI OLIHIOBaHHA €(EeKTy BUKOPUCTAHHS CHUCTEMU
MIATPUMKNA ~ €JIEKTPOHHOTO HAaBUYaHHSA. PoO3MISHyTa MHOXWHA KPHUTEPIiB IS
OIIIHIOBaHHS  €(eKTy  3acTOCyBaHHS  albTEPHATUBHUX  BapiaHTIB  CHUCTEM
€JICKTPOHHOTO HAaBYAHHSI.

[TepenymoBu po3poOku KpayacopcuHroBoi miatdopmu sk IT-iHCTpymeHTY
JUTs1 3a0€3MeUeHHs TeHAEPHO1 PIBHOCTI B YHIBEPCUTETI PO3IJISIHYTI B IJ1aBl 5.

B rmaBi 6 wmoHorpadii Ha OCHOBI pe3yJbTaTiB aHali3zy pPO3pOOJICHO
pEeKOMEeHIallli 11010 BUOOPY KPUTEPIiB MPOTHO3YBAHHS MPU BUPIMIEHHI TPAKTUYHUX
3ajad.



3amgava imeHTUdIKAIi HECTaIlIOHAPHOTO O0’€KTY 3 JOMOMOIOK HaHO1IbII
OpPOCTOTO B OOYHUCIIOBAJIbHOMY  BIJIHOIIEHHI  OJHOKPOKOBOTO  QITOPUTMY
MoaudikoBanoro Kaumaka posrisHyTa B TJaBi 7. BuszHaueHO yMOBHU 301KHOCTI
pEerysIpu30BaHOTO anropuTMy Kaumaka Tmpu  OIliHIOBaHHI  HeCTalllOHAPHUX
napameTpiB, sIKi onucaHo MapKiBChKOIO MOJIEIUIIO TIEPILIOTO MOPSIIKY, PU HAIBHOCTI
3aBaJl BUMipiB. OTprUMaHi HEaCIMIITOTUYHI OLIHKH € JIOCUTh 3araJlbHUMH 1 3aJ1€KaTh
SK BiJl CTYIIEHSI HECTaIllOHAPHOCTI 00'€KTY, TaK 1 BiJ] CTATUCTUYHUX XapPaKTEPUCTUK
3aBa/l.

B rtnaBi 8 mnpomonyeTbes kimacudikalisl eJeKTPOHHHX HayKOBO-TEXHIYHUX
TEKCTIB B  1HGOPMAIIMHO-TIONIYKOBUX cucTeMax. KiHIeBOIO METOI  Takoi
kiacudikaili € moIryK y KOJEeKIlli KJIaciB TOKYMEHTIB, Kl € OJU3bKUMU JI0 3aJJaHUX
eTaJIOHIB 32 3aMPOMIOHOBAHUMU KPUTEPISIMHU.

Amnaiiz Oe3rneku MPOTOKOJIIB Tepeaadi MmoBimomiieHb B messenger Telegram
po3risiHyTO B riaBl 9. [IpoaHanizoBaHo MEPBUHHY peeCTpaliio KII€HTa Ha CepBepl,
MIPOIICAYPY BCTAHOBJICHHS O€3MEYHOr0 MPO30pOoTro 3amudpoBaHe 3'€JTHAHHS 3 1HIIUM
BY3JIOM, @ TAKOX MPOIEAYPY TeHEepallil KII0UOBUX JaHUX.

B rnasi 10 chopMoBaHO METOMIOIOTIYHY OCHOBY MPOEKTYBaHHS MPOOJIEMHO-
OpIEHTOBAaHUX BeO-CEpBICIB Il pO3B’A3aHHSA HAYKOMICTKHUX MpoOJjieM, sKa
IPYHTYEThCSI Ha KOMIUIEKCHOMY BHKOPHUCTaHHI PI3HUX TEXHOJIOT1M, METOMIB Ta
MojeNled Uil  CHHTE3y, IHTEJeKTyami3alli, MiJBUIIEHHS e(EeKTUBHOCTI Ta
3aCTOCYBaHHS PO3MOJUICHUX CHEIlali30BaHUX KOMIT IOTEPHUX CHUCTEM Yy paMKax
€IMHOI TEXHOJIOTII CTBOPEHHS MPOOJIEMHO-OPIEHTOBAHUX CcUCTEM. Po3po0ieHo
Moenb 1HGOopMaIIiitHOT 6e3neKu AJI1 3aXUCTy MEANYHOI 1HPOopMallii Ta KOMIIOHEHTIB
1H(pOpMaIIITHOT CUCTEMH.

B rmaBi 11 1pomoHyeTbcsl  HEUITKO-MHOXKMHHA ~ METOAMKA  OIlIHKH
KOHKYPEHTHOCIPOMOKHOCTI MIIPUEMCTBA.

I'maBa 12 moHorpadii mpucBsuYeHa MHUTAHHSIM MOOYIOBHM Ta BUKOPUCTAHHS
MYJIbTUMEAIMHOTO 1HTEPAKTUBHOTO €JIEKTPOHHOIO HABYAJIBHOIO MOCIOHMKA B Taly3l
3HaHb «lHpopmariitHi TexHonorii». PosrnsHyTo mnepeBaru BukopucranHs pdf-
dbopmaty SIK IEPBUHHOTO JJIsl peatizailii eJIeKTPOHHOTO HaBYAJIbHOTO TTOCIOHUKA.

B rnaBi 13 posrisiHyTO BupilieHHs 3aaayl kiacudikaiii JaHUX Ha OCHOBI
IMyHHOI MOJieJll KJIOHAJILHOTO BIA0OOPY, B SIKIM B pe3yJibTaTi B3a€MOJIi aHTUTLI 3
AHTUTCHAMM 3aJTUIIAI0THCS aHTUTLIIA, SIKI XapaKTEePU3YIOThCSI BACOKUMU a(DiHHICTH 10
po3mizHaBaHUM aHTUTeHIB. [IpoBemeHo eKclepuMeHTaabHI JOCHiIKEeHHS, IO

MiATBEPKYIOTh €PEKTUBHICTH 3aIIPOINIOHOBAHUX AJITOPUTMIB.



I'JIABA 1
BUKOPUCTAHHS MOJEJIEM EKCIIEPTHOI'O AHAJII3Y JJISI

OIIIHIOBAHHSA CTAHY IT-TAJIY3I YKPATHU

Bceryn Ta mocraHoBka 3aaavi

Vkpaincbkuit [T-puHOK Mae BelWyYe3HMM MOTEHINAd 10 3pOCTaHHS, MPOTE
HECTaOUTHHICTh TMOJATKOBOTO PETYJIIOBAaHHS, HECTadya CHEIlaliCTIB 1 HH3Ka
PEryIsTOpHUX Oap’€piB € CTPUMYIOUUMU (haKTOpaMu ISl PO3BUTKY raiysi. Y 3B S3Ky
3 oOpaHHsSM YKpaiHOIO Kypcy Ha €BpOiHTerpairito, chepa po3poOKH IMpOrpamMHOTO
3a0€3MEUYCHHs] € YU HE €IMHOI0 EKCIOPTHOI Tally33l0 YKpaiHdh, IO CTablIbHO
3pocTtae. Jlume 3a 2018 p. mpupict 30imbmmBes Ha 26 %. Takox ramay3b BUCTYIIA€
MOTY>KHUM €KOHOMIYHMM MYJbTHILTIKaTOpoM: 1 poboue micue B IT ctBoproe mie 3 y
CyMDKHHX npodecisax. 3apobitHa miarta [T-cnemianicta y 5 pa3iB Bulla 3a CepeaHIO B
kpaiHi. [Ipu 11boMy BUCOKUI piBEHB OIUIATU 30€pIra€THCS HE JIMILIE B CTOJMII, ajie i B
perioHax.

Ane i y uboMy O13Heci € cBOi MpoOsieMH. 30KpeMa, CIIOCTEPITaeThCs cepilo3Ha
HecTaya MOJIOAMX CIELIATICTIB, SIKI CIIPOMOKHI BHUPIIIYBATH HOBI 3aBJAHHSA, LIO
HOCTIHHO 3'SIBISIFOTHCS Ta 3MiHIOIOThCA. L[ HecTaua moB's3aHa 3 TUM, 0 OJJHOYACHO
ICHYIOTh MpOOJIEMH SIK 3 MIJATOTOBKM KOHKYPEHTOCIPOMOXXHHUX —CHEIIaNiCTIB
npoUIbHUMU HaBYaJbHUMHU 3aKJaJaMd, TaK W «BUMHBAHHS» KBali(hiKOBaAaHUX
KaJIpiB HE TUIbKHM 3 MEHII OJIArOMOJIYy4YHUX PErioHIB B KpyIHI BITUM3HsHI [T-1eHTpH,
a ¥ 3a Mexi kpaiHu. OTXe, IPOBEJEHHS aHaJi3y TaKoi CUTyaulii 3a JOMOMOTOKO
CyYaCHHX MaTE€MaTUYHUX MiJAXOAIB Ta OI[IHKAa BIUIMBY BHUSBIEHUX (DaKTOpIB Ha
pe3yibTaT, € aKTyaTbHUMHU MTUTAHHSIMU.

[Ipouecu, mo BinOyBatoTbess Ha IT-puHKY mparil, BaXJIMBI 1 NPUBEPTAIOTH
yBary He TUIbKM BYEHMX, ajle ¥ MpeACTaBHUKIB Oi3Hecy. baraTto muTaHb 11070
MPOTHO31B PO3BUTKY, meperpiBy IT-punky, ctBopenns IT-kmacrepiB, BU3HAUYCHHS
nepeBar 1 HeMOMIKIB yKpaiHchkoi IT-ramysi, 1 6araTo i1HIIOrO MiJHIMAIOTBCA B
podotax P. A. Bunawmuyk i T.B. Cxmapuyk [1], E. Py6ina [2], B iHTepB'to 3
IpelcCTaBHUKaMHU yKpaiHChbKoro Oi3Hecy, Takumu sik Jlapuna Ctpemercbka [3] Ta
Amnna I'pa6oBcbka [4], IT-cmiBroBapuctBoMm dou 1 iHmuMHu. B cBoei po6oti H. O.
bpunza ta A. A. I'aBpusioBa [5] npoBenu pociimxkenHst ctany IT-ramy3i Ha OCHOBI
BU/JIIJICHHS MMOKA3HUKIB, ajie HE 3a BCiMa perioHaMu Ykpainu. [le craButh mij cymHIB
3po0JIeHI BUCHOBKM CTOCOBHO CTYTICHS BIUIMBY KOXKHOTO TIOKa3HWKA HA Pe3yibTaT Ta
aJICKBaTHOI OIIHKH 3aIpOIIOHOBAHO1 ITUMH aBTOPAMH MOJICITI.

Mertoro nochiiKeHHs B 1aHii poOOTI € mpoBeeHHs aHai3y ctany I T-ramysi 3a
OUTBIIIOI0 KUIBKICTIO PETiOHIB, HIXK 1€ 0ysio 3pobieHo B poboti H. O. bpunsu ta A.



A. I'aBpusioBoi. B ocHOBY AocnipkeHHsI MOKJIAcTH ¢c(POPMOBAHY MOJIENb €KCIEPTHOI
OLIHKA TOKa3HHKIB [5], sAKi XapakTepu3yloTh JaHy Traiy3b, BHSBHUTH 3HAYHICTh
BIUIUBY (DAKTOPIiB Ha pe3yJbTaT, NMEpPEeBIPUTHU aJCKBATHICTh HABEJACHOI MOJENi, a
TaKO’)X TPOBECTH YHOPSAAKYBAaHHS PETIOHIB B TMOPIBHSHO OJHOPIAHI Tpymu i3
3aCTOCYBaHHSM MAaT€MAaTHUYHUX METO/IIB.

OcHOBHA YacTUHA

[To3utuBHi 3minu B IT-ramy3i VYkpaiHu TOB's3aHI 3 TIOSBOIO SKICHUX
HaByanbHuX [T-iporpam y 3BO, mpuBabnusi ymoBu mpaui IT-komnaniit B Ykpaini
CTPIMKO 301IBIIIY€ IHTEPEC JI0 TalTy3i cepen ¢axiBiiB pizHUX cdep [5].

AHamiTHKaMH CHUIBHOTH NpOoTpamicTiB Ha caiTi dou.ua Oynam po3mimieHi
pe3yJIbTaTH OMUTYBaHHsS €KCHEepTiB (Tom-MeHemkepu BimoMux [T-kommaHii, sKi
MpaIolTh B YKpaiHi), mo mpamoTs B IT-0i3Heci, skuii OyB CHpSMOBaHWI Ha
BUSIBJICHHSI TIO3UTUBHUX Ta HeraTUBHUX (pakTopiB BeneHHs [T-0i3Hecy B perioHax
VYkpainu. Ha mijicrai pe3ynbTariB JaHUX ONUTYBaHb OyJIM BHUJLJIEHI MOKa3HUKH, 110
xapakTepu3ytoTh ctan IT-ramysi (2015-2018 pp.): IT-knactep, 3BO Ta IT, neperpis
IT-puHKy, BUMUBaHHS KapiB, aBiacrnonayyeHHs, cmiBnpaus IT-ingycTpii # MicueBoi
BJIaJM, KOBOPKIHT, piBeHb KBamiikamii [T-xagpiB, KOMPOPTHICTH MPOKUBAHHS Ta
BEJICHHA Oi13HECy, MPEBAJIIOBAHHS B HANPSAMKY JISJIBHOCTI, OJM3BKICTh 10 €BPO30HH,
PIBEHb BOJIOJIIHHS aHTJIIHCHKOIO MOBOIO, aKTYaJlbHICTh 3HaHb, Npuadoanux B 3BO 1o
IT-npodinto, koukypeHuid Ha IT-puHKy, OJU3BKICTh 10 BITYM3HSHUX [T-LeHTpawm,
HAsIBHICTh 1HBecTOpiB, monut Ha IT-kagpu, kuibkicTh npodiabHuX 3BO, KUIBKICTH
¢axiBuiB IT-chepu, piBens 3aprmnaru [5].

B pob6orti [5] anga xoxkHoro moka3Huka cta”y [T-ramysi Oynau BuzHadeHi 23
KpUTEpli OLIHIOBAHHS, Kl B CBOI 4epry OyJM pO3MNOJUIeHI Ha TpU KaTeropii:
«IHBecTHIIiiHA TIPUBAOIMBICTh perioHIB YkpaiHw», «BuyrtpimHiii cran IT-punky
VYkpainn», «3apoOiTHa miata». BXigHl JaH1 3a BciMa KPUTEPIsIMHU, BIANOBIIHO 0
KaTeropii npejacrasieHo y Tadm. 1 — 2.

bararodakTopHa OlliHKa TOKa3HUKIB, 32 IKUMH MOYKHA OLIIHUTH CTaH PO3BUTKY

IT-ramysi, OIIIHIOETbCA KOPTEKEM, IO BPAXOBY€ I1HBECTHUIIIMHY TNPUBAOIUBICTD

perioHiB Ykpainu (Fj'N ), BHyTpimHii cran IT-punky Ykpainu (FjVN) Ta 3apoOITHY
mIarty (FjZP) [5]:
__pIN pUN 2zpP
F=<F" K", F >, (1)



Taoaunsa 1
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Taoauusa 2
Jani rpyn «luBecTuliliiHa npuBadJuBicTH perioniB Ykpainu» ta «3apobiTna miara, USD» 3a PiBHencbkum, IlonTaBebkum Ta
XepCOHCHLKHUM perioHamMmu

, [HBecTuIIliHA TPUBAOIMBICTH PETIOHIB Y KpaiHU 3apo6iTHa miara, USD
Perion
. PiBEHb Om3b- | piBEHB
PIBEHb :
. TpaHc- . oe3sre- _ KICTh BOJIO- | 3apIUia- | 3apIuia- | 3apruia-
aBlacmo- | €KoJo- J03BULIISA PiBEHD ,
, MOpPTHA . KH 70 TUHHS Ta Ta Ta
JTy4YeHHS rist , (Bigmo- KUTTS . . : .
K i pO3B's3Ka TIPOXKH- €Bpo- | anrmi- | Junior | Middle | Senior
puTepiit IHHOK)
BaHHS 30HU CBKOIO
, CIPHSIT- .. | BHCO- | TOCTYII- .
PiBHe - rapHa | CepelHii . . - HU3bKUI 450 1150 2250
JMBa KAW HUH
CIIPHSIT- .. | BHCO- | MOCTYII- .
[TonTaBa - rapHa | cepelHii . g - HU3bKUI 300 1200 -
JMBa KHH HUH
CIPHSIT- .. | BHCO- | IOCTYII- -
XepcoH + noraHa | CepeHii . g - cepennii | 400 700 1900
JMBa KAW HUH
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3 ypaxyBaHHSM IIbOTO 3aBJaHHs OIlIHKA MMOKa3HUKIB MEPETBOPIOETHCS B
3ajaqy OaraToKpuTepiaibHOT onTuMizaiii Buay [5]:

O =arg G[< F(O ) >], (2)
ne G — omeparop, sKuil BU3HA4Yae CTPYKTypy Mozeni; <F(O;) > — TpuBnMipHuii

KOPTEX, KOMIOHEHTAaMHU SIKOTO € PI3HOPIJIHI MO PO3MIPHOCTI, 3a IHTEpBaJaMU
3MIHM 1 BUMIPIOBJIBHUM IIIKAJIAMH BEJIMYMHHU.

VY 3araspHOMY BHUIAAKy 3aBAaHHS OaraTOKpHUTEpialbHOI ONTHUMI3ALii €
HEKOPEKTHHUMHM 3a AJlamMapoM, TOMY III0 HE MaloTh OJIHO3HA4YHOI BIAMOBial [6] 1
BUMArarTh peryJspu3aiii [7].

3araibHUN  MIOXIA 70 peryispuzaiii  3amad  OaraTOKpUTEpiaabHO1
ontuMizaiii moisrae B ix ckajsgpusamii. B manuii yac icHye 6e3miu pi3HUX
CIOoCO0IB  peryJispu3ailii: MPUHIMI  TOJOBHOTO  KPUTEPilO,  MOCIiOBHA
ontuMmizauis, (PyHKIIOHAJbHO-BApPTICHUM aHami3 1 Take 1HIIe, aje HalOuIbII
apryMEHTOBaHUM € MiJIX1]], 3aCHOBaHUM Ha T€Opii KOPUCHOCTI [8], sIKui momsirae y
dbopMyBaHHI y3arajibHEHOI CKaJspHOI OIIHKU ((PYHKII KOPUCHOCTI) JOMYCTUMHUX
pitreHs. B naHoMy Bumnaaky GyHKIIiS KOpHCHOCTI Ma€ BUIIISL [5]:

P(0}) =Q[<}; >,<F(0))>], j=1n, (3)
fe <);> — Koprex KoediieHTiB i30Mopdizmy; < F(O;) > — KopTex pi3HOpiAHUX

OI[IHOK MOKa3HUKIB pO3BUTKY [T-ramysi.

JIJisi KOHCTPYKTUBHOTO BHUKOpPUCTaHHS Mojeni (3) HEOoOXiTHO BHUPIIIUTH
3a/1auy il CTPYKTYpHO-IIapaMEeTPUYHOI 11eHTU(DIKaIli, TOOTO BUSHAYUTH CTPYKTYpPY
(Bux omepatopa Q) i mapamerpu (3HaueHHs KoedilieHTiB i30Mopdismy A;).

PimenHs 3a3HayeHUX 3aBJaHb € €BPUCTHUYHUMHM MPOIEAypamMH, 3aCHOBAHUMHU Ha
peaizallii MeTo10JI0T1i eKCIIEPTHOTO OI[IHIOBAHHS.

B saxocti y3arambHeHOi OIIHKM €(EeKTUBHOCTI JIOKAJIBbHOI KaTeropii
NpUHAMAIOTh ATUTHBHY MOZACIH BUIY [5]:

P(O)) = S ,F;(0). @
=1

e F;(O), j=1,3 — imBecrumiiina npuBabuuBicTh perioniB Ykpaimm (j=1),

BHYTpimmHiA cTan IT-punky Ykpaiuu (J=2) i 3apobitHa iata (j=3) OIHKH,

BUMIPsIHI B HATYPAJIbHUX ITOKA3HUKAX; A; — KOC(DiLieHTH i30MOpQizmy.
Koedimientn i3omopdismy A; B Moxeni (4) BHKOHYIOTH JBI (DYHKLI:

NPU3BOJSATh PI3HOPIIHI BEJIMYMHU JO OJHIET PO3MIPHOCTI; BPAaXOBYIOTH DI3HY
BiJIHOCHY Ba)KJIUBICTb.
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Taka MOABIMHICTH YCKJIAJHIOE EKCIEPTHY IapaMeTpUyHy 1JIeHTU(IKAIII0
Mozeni (4).

JIis To0aHHs X TPYIHOIIIB MOJEIh MMEPETBOPEHO MUISIXOM PUBEICHHS
il 10 6e3po3MipHOI0 (OPMHU 1 TIPEACTABICHO Y BUTIISAI [D]:

n
P(O;)=2.3;Fi(0), (5)
j=1
ne F;(O;) — 3HaduenHs J-oi kareropii 3 BpaxyBaHHSAM | IOKa3HHKIiB; a i~

0e3po3MipHI KOe]iIIEHTH BIJIHOCHOI Ba)KJIMBOCTI, 110 BIANOBIIAIOTh HACTYITHUM
OOMEKEHHSIM:
. __ 3
0<a;<1, Vj=13; > a;. (6)
=1

Moenb OLIHIOBaHHSA Fji (O;) mae Burman [9]:

Fi(0;) = > b;0f
i=1

(7)

— 0e3po3MipHI KoeDIIIEHTH

H . . cee - . oo,
ne O — HOpMaii30BaHl Kputepii |-oi kateropii; b;

BiJIHOCHOI BayKJIMBOCTI HOPMAJli30BAHMX MPUBATHUX KpHUTEpiiB. Ix HOpMamizamis
pOBOIUTHCS 3a (hopmyJtoro [5]:

0. -0°
H Nn N
Oji (X)Z W y (8)
ji ~Vii
i (S Oji — 3HAYEHHS KPHUTEPIIO; Oﬁ, Oﬁ — BIAMOBIIHO HaMKpale 1 Hauripiie

3HAUEHHS KPUTEPIIO, IKE BIH MPHUIIMaE Ha 00JIACT1 JOMYCTUMHUX PIlICHb.
3 ypaxyBaHHSIM MPOBEJICHOTO paHIIIE MEePETBOPECHHsS (YHKIIN, MOIENb
OLIIHKH KaTeropii, IiIboBa (QyHKIIis Ma€e BUTIA [5]:
G
4 0; -Oj

3
O‘j’ =arg Ziai iji
J:

K G

TakuMm 4yMHOM, 32 JOMOMOI'OK0 BUKOPHCTAHHS MPUHLMIIIB MOOYI0OBU MOJEN1
OPUIHATTS 0araTOKPUTEPIaAIbHUX PINMIEHh B YMOBax JIETEPMIHOBAHUX BUXIJTHUX
JaHUX, PEai30BaHO €Tal CHHTE3y METOJOJIOTIl MPUUHATTSA pPIlIeHh B YMOBax
0araToKpuUTEPIAIBHOCTI 1 IHTEPBaJILHOI HEBU3HAUCHOCTI.

Ha ocnoBi mozeni (7) Oynu BUKOHAHI PO3PAXyHKHU MO BU3HAYEHHIO OLIIHKU
noka3HUKIB cTaHy IT-ramy3i Ha OCHOBI y3arajJbHEHHX JaHMX 3a OMHUTYBaHHSIM
EKCIIEePTIB.
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KoxHuii 3 KpuTepiiB Mae CBOIO InKaily omiHioBaHHsS [5]. Bsarami
BUKOPHCTOBYBAIHCS JBOXPIBHEBI T TPHOXPIBHEBI IIKAJIH.
Pesynbratn po3paxyHky 3a PiBHeHcbkuM, IlonTaBchkuM Ta XepCOHCHKUM
perioHamu 1mojaHo y tabi. 3.
Taoauusa 3
3HayeHHs noka3HuKiB cTany I'T-ramysi 3a KokHOI0 KaTeropiero 3a

PiBHeHchbkuM, ITosiTaBCbKMM Ta XepCOHCHLKHUM perioHamMu

L [aBecTHIiitHA
BuyTpimHii cran IT- ) )
. MpuBaOIUBICTh 3apobiTHa maTa
Perion PHIHEY zﬁpalHH perioniB Ykpainn ( FjZP )
(F™) (F")

Binawuis 0,371889401 0,675371224 0,465240642
MuxkoaiB 0,180832907 0,455709165 0,490813108
3anopixxxks 0,299982932 0,339477727 0,406965583
Juimpo 0,519952210 0,206093190 0,804538599
Oneca 0,413807817 0,473630312 0,941176471
Jlynpk 0,274074074 0,444444444 0,431372549
IBaHO-

®paHKIBCHK 0,550605905 0,615207373 0,587686823
Kuromup 0,344427377 0,283922171 0,506101741
XMeTbHULIBKAN 0,268817204 0,559139785 0,116550117
XapkiB 0,866666667 0,333333333 0,703962704
TepHoITIB 0,474534904 0,611879160 0,304675716
Vixropon 0,368509985 0,780849974 0,094405594
JIbBIB 0,764225977 0,878648233 0,776402029
Yepkacu 0,378067930 0,228878648 0,279720280
YepHiBIr 0,285936167 0,729646697 0,536404772
Cymu 0,443659328 0,282642089 0,290004114
UYepHiris 0,584400068 0,338197645 0,505635541
PiBHe 0,591039427 0,448028674 0,385986562
ITonTaBa 0,298446834 0,448028674 0,177156177
XepcoH 0,450298686 0,503584229 0,155354449

3a KOXHOI0 IPYIOI0 MOKAa3HUKIB MAaKCHUMaJIbHI Ta MiHIMaJIbHI 3HAYEHHSI, 1110
BIUIMBA€ Ha KOMIUICKCHUH TOKa3HWK, He 3minmiaucs [5]. Tak, 3a rpymnoro
«BuyTpimHid  cran IT-puHKYy» MiHIMaabHE 3HAYEHHS CIOCTEPITAETHCS Yy
MuxkonaiBcekomy perioni (0,180833), a wmakcumanbHe — y XapKiBCBKOMY
(0,866667). 3a rpynow «IHBecTUIliiiHA NPUBAOJMUBICTh PETIOHIB» MaKCUMyM

Hanexuth JIbBiBCchbkOMy periony (0,878648), a MinimyMm — J[HITpOmEeTpOBCHKOMY
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periony (0,206093). 3a rpymnor «3apobiTHa IaTa» MaKCUMalbHE 3HAYEHHS 3a

Opnecvkum perionom (0,9411765), a minimanbae — 3a Yxropoacbkum (0,0944056).
Bu3HadeHHs KOMIUIEKCHOTO TIOKa3HMKa craHy [T-ramys3i periony 3a

mozeto (5) mae Bursiz [5]:

EW N 2P

P(O)=1—T : 5 i-120. (10)

Pesynbrati po3paxyHKy KOMILJIEKCHOTO TOKa3HMKa cTaHy IT-ramysi 3a

KOKHHM PETrioHOM YKpaiHu NpeCcTaBiIeHi B Ta0I. 4.
Tadoaunga 4
3HaYeHHS KOMILIEKCHOI0 MoKa3Huka crany I'T-ranysi 3 BpaxyBaHHAM
PiBHeHCBHKOTO, IT0JITABCHKOT0 Ta XEePCOHCHKOI'0 PErioHiB

7
¥a) =
-é.ﬁ "Q:( ol M ; E
2| gl ol B .4 = =z Al SN
T a8 g 5= &8 E|le Bl % 5|8 3 % =|F8 2
= | m O =l Bl | T o| ©| | ©o| © H| ¥
Q . = >~
3) s| X ol B Bl & | & >~ 2| 2| & o T 5| &
mﬁxo’agqagﬂ*%ﬁﬁggx':oméé’
o — < (D)
an ™ =
3 =
S
Wgﬁ-)#OOOOOI\OOOOI\@l\OLO@@@@l\@
I a0 MM OOk d o0 o 0 0 F/ oo MW
I Ao WO ddol o ol NdNINQINl Q00
O OIS 9 £ MO S O WL O FI M 0| WO 0|0 | K~|LWw
cﬂgccomoooﬁﬁomlxwﬁool\lxwvmﬁom
mgoqo_o_m_m_m_m_q-_ﬂ-_v_v_m_m_m_m_oqoqoqoqm_
P Ho|O|o ©o|loojoo|o|o|o0o|o0o0|o0o0o0|o0lo|o

[3 BBemeHHSM B JOCIIPKEHHS JOJATKOBO TPhOX PETIOHIB TEHJICHIII1
CTOCOBHO HAaWMEHIIIOTO Ta HaWOIBIIOr0 3HAYEHHS KOMIUIEKCHOTO TOKa3HHMKA
crany IT-ranysi, He 3Minnauck: nonepeay JIeBiB (0,806425), Xapkis (0,634654)
ta Opeca (0,609538), cnabkimmit po3Butok — XwmenbHuilbkuii (0,314836),
[Tonrara (0,307877) ta Uepkacwu (0,295556) (puc. 1).

3a pesynabTaTaMu CcGOPMOBAHOI MOJIENIl Ta TPOBEACHUMU 3a HEHO
pO3paxyHKaMH, HEOOX1THO 3'sCyBaTH CHIIy 3B'SI3Ky MK OOpaHuMH (haKTOpaMH Ta
KOMILJIEKCHUM TIOKa3HHKOM, a TaKOXX 3HAYHICTh BIUIUBY (akToOpiB Ha
KOMIUIEKCHUM TMOKa3HUK. Take ocCHiIKeHHs OyJI0 MPOBEACHO 3a JIOMOMOIOK0
KOPEJISIIITHO-PErpeciiHOTO aHai3y.
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Yepxkacu
TlonraBa
XMenTbHHIIBKHIH
Cymu
3amopiAcKa
XepcoH
Muxkomnais
Kuromup

JIyupk
ViKropon,
TepHOMILTL
PiBHe
YepHirie

Binxug

Juimpo

YepHiBi
IraHO-DpaHKIBCEK

Opneca
Xapkis

JIbBIB 0,8064

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

Puc. 1. Pan:kyBaHHA perioHiB YKpaiHu 32 KOMILUIEKCHMM MOKA3HUKOM CTaHY
IT-ramysi
Po3paxyeMo moka3zHUK TICHOTH 3B'SI3Ky. TakuM MOKa3HUKOM € BHOIPKOBHIA
THIAHAN Koe]IieHT Kopemslii, SKuil po3paxoByeThes 3a popmysnoro [10]:

Xry-x+y

rxy_ S(X)*S(y) (11)

__ — - N X *V)
ne X *Y, X,Y — cepearHH1 3HaueHHS (X = an' Y= Zny, X kY = M)
S (X) , S ( y) — cepeHbOKBApaTUYHI BIIXWJIECHHSA

Koedimientn mapHoi kopensmii Mk ¢akropamu «BryTpimmnii ctan IT-

. VN .o . . . IN

PHUHKY YKpaiHm» (Fj ), «[HBecTuIliHa TPUBAOJIUBICTh PETIOHIB Y KpaTHI» (Fj ),
. 7P . .

«3apobiTHa 1uiata» (K™ ) Ta KOMIUICKCHHM IOKasHUKOM craHy IT-raiysi periony

Ta iX 1HTepIpeTallis HaBe/IeH1 B TaoI. 6.
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Tadoaunga 6

Pe3yabTaTn po3paxyHky koedinicHTIB MapHOI KOpeJIsiIii 32 ABAAUATHMA
perionHamMu YKpainu

Ha3sa noxa3zuuka 3HayeHHA O1iHKa 3Ha4YEHHSI
koedirienTa koedirieHTa Kopensii 3a
KOpeJIsIii mkanoro Yemmaoka [10]
Baytpimmiii ctan IT-punky Ykpainu 0,726 CUJIbHA Ta MpsMa
[uBecTHIIiHA npuBaOINBICTh perioHiB 0,459 MOMIpHA Ta MpsMa
Ykpainu
3apobiTHa ruata 0,769 CHJIbHA Ta TpsiMa

TicHOTY CHOUIBHOTO BIUIMBY YHWHHHMKIB Ha pE3yJIbTaT OLIHIOE 1HAECKC
MHOXHHHOi Kopensiii. Ha BimMiHy BiJ mapHOro koedillieHTa KOpEJsIii, sSKui
MOJKe IPUIMATH HETaTUBHI 3HAYCHHS, BiH npuiiMae 3HaueHHs Bijg 0 qo 1 [10]. Yum

minbHime (QaKTHYHI 3HAYCHHSA Y, PO3TALIOBYIOTHCS IIOAO JIiHII perpecii, THM
MCHIIIE 3aJIHIIKOBA JUCIEPCLs i, oTke, Olnbire BemuauHa R (Xy,-- Xy) - Takum

YUHOM, MNpu 3Ha4YeHHI R Onu3pkoMmy g0 1, piBHSHHS perpecii Kpaiie OINUCYE
dakTuuHi AaHi 1 (GaKTOpU CWIBHIINIE BIUIMBAIOTh Ha pe3yibTaT. [Ipu 3naueHHi R
onu3bkoMy 110 O pIBHSIHHS perpecii moraHo onucye (hakTH4HI JaHl 1 (akTopu
YUHATH CJIAOKHiA BIIMB Ha pe3ynbrat [10]:

R= [1- . (12)

Koedimienr mHOXMHHOI Kopensmnii R=,[1————=1, omke 3B'I30K MIiX
0,792
03HaKoK0 Y Ta (akropamu X; CHIbHHM.
PiBHsiHHS MHOKHHHOI1 perpecii HACTYIHE:

Y = 0,000021 + 0,3335X; + 0,3332X, + 0,3332X;. MoxnuBa €KOHOMIYHA
IHTepOpeTalisi MapaMeTpiB Mojenl Taka: 30unblieHHS X; Ha | oxa. BuUM.

MPU3BOUTH 10 301IbIIeHHS Y B cepenabomy Ha 0,3335 on. BuM.; 301IbIICHHS 32
X, Ta X, Ha 1 ox. BUM. IpU3BOAUTE 110 30UIbLIEHHS Y B cepenHboMy Ha 0,3332

OJl. BUM. 32 KOKHUM (DaKTOpOM.
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[lepeiimeMo 1O CTAaTHCTUYHOTO aHaNI3y OTPUMAHOTO PIBHSIHHS perpecii:
nepeBipLl 3HAYUMOCTI PIBHAHHA 1 WOro KoedimieHTiB. O0'€KTUBHOIO OIIIHKOIO €
CKOpUTOBaHUM KoediieHT aeTepminaii [10]:

§2=1—(1—R2)*”—_1 (13)
n—-m-I

Yum Omkue 1mei Koe(ilienT A0 OJUHUIl, TUM OUIbIe PIBHSIHHS perpecii
MOSICHIOE TIOBEMIHKY Y. B Hamomy Bumanky BiH JopiBHIOE 1. 3a MakCHMalbHUM
koedimieaToM P3=0,601 MoxHaA 3pOOMTH BHCHOBOK, IO HAWOUTBIIUN BIUIMB Ha
pesynbrat Y okasye aktop Xa.

Takoxx HEoOXimHO TmepeBIpUTH MMOOYAOBaHY MOJEIb Ha aJeKBaTHICTb
peaIbHOMY TIPOIIECY IUIAXOM TIOPIBHSHHS JaHUX, PO3PAaXxOBAHMX 33 MOJCIUIIIO i
BU3HAYCHUX €KCTICPUMEHTAIILHO.

JInst iepeBipKH aJeKBATHOCTI Mojiesieit oOpanuii kpurepii Pimepa [10]:

SZ
F =2ad (14)
e 2
SE
10 € BIAHOIICHHSIM JIBOX JAUCIEPCii — BIITBOPIOBAHOCTI Ta aJICKBATHOCTI.
Hucnepcis BigTBoproBaHocTi [10]:
i 2
Sni
2 _ =l
Se =——, (15)

n
2 . . ..
ne S ;— CepeHbOKBAIPATUYHE BiIXUJICHHS ITPH BUMIPIOBAaHHI i-TO pe3yJIbTaTy.

Po3citoBaHHsT ~ eKCIIEpUMEHTAIBHUX  TOYOK  MIOJO0  PO3PAaXyHKOBHUX
XapaKTepU3y€eEThCS 3ATUIIIKOBOIO IUCTIEPCier0 a00 aucnepcieto agekBaTHocT: [11]

m 2
Z(yl o ypi )
Sa == , (16)
m-1-1
e Vi Ypi— pO3paxyHKOBI Ta EKCIEPUMEHTAJIbHI 3HAYE€HHS; M — YUCIO
MOPIBHIOBAaHMX 3HAa4eHb, | — 4uciIO KoedilieHTiB, BU3HAUCHUX 3a JOCIITHUMHU

JTAaHUMU.
TeopeTnyHa 3aJIeKHICTh TOKJIAIAETHCS aJCKBATHOIO JOCHITHINA, SIKIIO

OTpHMaHEe eKCIIepUMEHTanbHEe 3HaueHHs Kputepito @imepa Fe  menme

TabMuaHOr0 Fragn, 0O6paHOrO 3a KiNBKICTIO CTYIEHIB CBOOGOAM UMCENbHHKA i

3HAMEHHHKA, a TAKOXX JIOBIPYOi KMOBIPHOCTI O

F. <Fr6n (17)
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B naHomy BumajaKy TabiM4He 3HAYCHHS NPH CTyNeHsx cBoboau k, =3 Ta
k,=n-m-1=20-3-1=16, F_ (3;16)=3,24, a exkcnepumeHTaibHe —
F =1,25.

ExcnepumentanbHe 3HaueHHs kputepito Dimepa He mNEpeBHILyE
TaOJIMYHOTO 3HAa4YeHHs. ToMy po3poOJeHy MOJIeih MOKHA BBKATH aJICKBATHOIO 1
MOKJIACTH B OCHOBY MOAABIINX AOCTIIKEHb.

Jns Toro, mo6 3’dcyBaTH SIKI 3 PETIOHIB 3a CBOIMH XapaKTepUCTHUKAMH
(paxTopamu) O6IU3BKI OJIMH O OAHOTO, a AK1 Hi, BUKOPUCTAHO KJIACTEpHUN aHAai3,
B SIKOMY BHKOPHUCTOBYETBHCS JIesika Mipa MoJ1I0HOCTI a00 BIJICTaHb MK OO'€KTaMHU.
Knactepuuii anaiiz npooawin B naketi STATISTICA [12].

TumoBuM pe3yabTaTOM TaKOi KjacTepu3allii € iepapxiune nepeBo. [Ipomec
BUOOPY KUIBKOCTI KJIACTEpiB HalOUIbll e(QEeKTUBHO BigoOpaxae Mpoleaypa
lepapxiyHoi kinacudikaiii o0'ekTiB (puc. 2).

Tree Diagram for 20 Cases
Complete Linkage
Euclidean distances
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Puc. 2. Jlenaporpama iepapxiuHoi arJioMepaTuBHOI KJIacTepu3alil perioHis 3a
KOMILJIEKCHUM NMOKa3HUKOM cTany IT-ranysi

Ha paniéi giarpami ropu3oHTajbHa OCh SIBJSIE COOOIO CIIOCTEPEKEHHS,
BEpPTUKAJIbHA OCh MIPEJICTABIISIE BiJicTaHb 00'€qHAHHS. J[71s1 KO>KHOTO By3na B rpadi
(Tam, e QopMyeThCs HOBMM KJIacTep) Mpe/CTaBjieHa BEJIMYMHA BIJICTaHI, IS
SIKOTO BiJMOBIIHI (haKTOpH 3B'SI3YIOTHCS B HOBUE enuuuit kiaactep [12]. Konu nani
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MarTh SICHY "CTPYKTypy'" B TepMiHax KJacTepiB 00'€KTIB, CXOXKHX MIXK CO0OIO,
TOJII ISl CTPYKTYpa, MIBUIIIE 32 BCE, MOBUHHA OyTH BiOOpakeHa B 1€papXiuHOMY
JIepeBl PI3HUMHM TUIKaMH. B pe3ynbTari yCHINTHOTO aHali3y METOJ0M 00'eTHaHHS
3'SBJIAE€THCS MOKJIMBICTh BUSIBUTH KJacTepH (TUIKH) 1 IHTEPIPETYBATH 1X.

MeTton nepeBOBUIHOI KiacTepu3allii OyJo BHKOPUCTaHO Tpu (hopmyBaHHI
KJIaCTepiB HecXoAcTBa a0o0 BiAcTaHi MK 00'ektamu. HailOuapmn mpsiMuil muisx
oOYHCIICHHs BIJICTAaHEW MK 00'€eKTaMu B 0araTOBUMIPHOMY IIPOCTOpI IOJSATAE B

0OYHCIICHHI €BKJIIIOBHX BiacTaHei [12]:
1

(V)
dEij: Z (Xi_Xj) : (18)
=1

[TpaBmito, 3a SKUM 00’ €THYBAIUCH KJIACTEPH — OJMHOYHHM 3B'130K (BiJICTaHb
«Hambmmwkyoro cyciga») [12]:

pmm(Ki,Kj)= min p (xi,x,-) (19)
XiGKi’inEKj

3 puc. 2 BUIHO, IO KUIBKICTh KiacTepiB npu 60% po3pi3l JOPIBHIOE TPHOM:
Mepimi  Kjaacrtep BKIOYae Taki o0’ekt, sk XapkiB, Cymmu, IlonraBa, PiBHe,
YepHiris, JIbBiB, [BaHO-DpaHKIBCHK, 3aMOpiKs; 10 APYroro KiacTepy BXOISATh
Yxropon, Tepuonins, Xepcon, Oneca, Yepkacu, BiHHUIS; 10 TpEeThOTO KIacTepy
— YepHisiil, XMenbHUIbKUN, Mukonais, JIyubk, Kuromup, JIHImpo.

JIJist yTOUHEHHS 1I0JI0 OTPUMAHOTO PO3IOALTY PETIOHIB 3a KJlacTepaMu Mpu
MIPOBEJCHHI JOCTIKSHHS TaKoXK OyJio BUKOpHCTaHO MeToj K-cepennix (k-means
clustering), sikuii BiIPI3HIETHCS BiJ] 1€pAPXIYHUX arjJOMEPATUBHUX METOJIB THM,
10 BXKE JI0 MPOBEACHHS PO3PaXyHKIB BIJIOMO KUIBKICTh KjacTepiB (3 B HamioMmy
BUIIAJIKY) Ta Il KJIACTEPH PO3TAIIOBaH1 Ha BEJIMKIHM BIJICTAaH1 OJIMH BiJ OJJHOTO (pHC.

3).

Members of Cluster Number 11 Members of Cluster Number 2 Medml:?e;s of CILflrstergumbertlS

and Distances from Respective : . and Distances from Respective

Cluster contains TvariabFI)es and DISIEHCE; fiom RESPEEWE Cluster contains 8 variables
Variable Distance Cluster contains 5 variables  variable TEEn
Janopiorst | 0 166924] Variable Distance Oninpo | 0,130856]

|BaHo-P paHKIBCEK

JlbgiB

0,185370 BiHHHUA

0.09400¢] Huromwp |

0.115235 Qpeca

Tyuek
0,135125 Mukonaie

0,039378
0,072346

Cymu 0,163105 I ———] 0.091484
Lymn | : i X i 0,096540
e 0 264853 TepHonink 0077643 qr:egihﬂm? BMi 0.00%540
Hepiris 0.1265%4 EEw 0136502 Montaea 0,146465
PigHe 0.126594 l‘lEpKECH 0144[]89 XepcoH 0125221

Puc. 3. Po3noxginenns perionis 3a rpynamu metoaom K-cepennix 3a

KOMILJIEKCHUM NMOKa3HUKOM cTaHny IT-ranysi
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3a pe3ysbTaTaMu MPOBEJECHOTO aHaJI3y JaHUM METOJOM PO3IOILI PETiOHIB
3a KJacTepaMu HACTyHHHI: nepimuii kinactep — XapkiB, Cymu, PiBue, YepHiris,
JIsBiB, IBaHO-DpaHKIBChK, 3anopixoKs; Ipyrui kiactep — Yxkropoj, TepHomiib,
Opneca, Yepkacu, Binnung; Ttperii kimactrep — UepHiBii, XMETbHUIIBKUH,
MuxkoumnaiB, JIyupk, XKutomup, uinpo, [lontaBa, XepcoH.

3 TMpeAcCTaBIEHOTO aHaji3y BUAHO, IO JO0 CKIaAy CYKYIHOCTI, IO
aHami3yBajiu, BXOAWIM 4YoTupu Benuki I[T-uentpum VYkpainum (XapkiB, JIbBiB,
Huinpo, Oneca) 3 m’stu (3a KueBom indopmaris BiacyTas). He Bci kinactepu 3a
JIBOMa METOJIaMH KJIACTEPHOI'0 aHaji3y BKJIIOYAIOTh OJHAKOBUMN CKJIAJ] PET1OHIB,
ayie po3moain ¢JarMaiB 3a KiacTepamMu 30iraeThCs y 000X BHMAAKaX, IO A€
MPUBI CTBEPKYBaTH MPO HASBHICTh TPHOX NUIIXiB po3BUTKY IT-iHmycTpii B
YkpaiHi Ta 00TpyHTOBY€ TIOIAJIbIIIE BUBUYEHHS IIHOTO MTUTAHHSI.

BucnoBok

B xomi pochimkeHHs Oyjl0 TPOBEICHO ONUTYBaHHS EKCIEPTIB 3a
JIOIATKOBUMHU TpPhOMa pEriOHaMH, OI[IHEHO 3a IMMU perioHaMu KOXXKHUN 3
NMOKa3HUKIB cTaHy [T-ramy3i Ta TpoOBEIEHO pPO3paxyHKH 3a MOJIEIUIIO0 OIIHKH
PErioHIB 3TiHO 3 KPUTEPISIMU OILIHIOBaHHS. 3a JOMOMOTOI0 KOpPENSIiHHO-
pErpeciiHOro aHamidy 3'iCOBaHO CHITy 3B'3Ky MK OOpaHMMHM (akTopamH Ta
KOMITJIEKCHUM TMOKAa3HUKOM 1 BUSIBJICHO 3HAYHICTh BIUIMBY (PaKTOpiB (MOKA3HUKIB)
Ha KOMIUIEKCHUH TOKa3HWK 3 ypaxyBaHHSIM BHECEHHUX 3MiH B Ha0Op JaHHX.
OTpumani pe3yJbTaTd JO3BOJIMIIMA CTBEPDKYBAaTH, 10 (PAKTOpH, K1 BXOIATH 0
MOJieJTl, MalOTh 3HAUYYIIMK BIUTMB HAa KOMIUIEKCHHUN MOKa3HUK Ta OJHO3HAYHO
BU3HAYAIOTh HOTO CTaH HaBITh 3 BpaxyBaHHSIM BHECEHUX 3MiH. Takox OyIio
BU3HAUEHO, M0 ¥ MpH JOJaHUX MOKAa3HUKAX JaHa MOJENb 3a kputepiem dDimepa €
ajekBaTtHO0. JIysi po3moAily PErioHIB 3a PO3paxOBaHUMHU KOMILJIEKCHUMH
nokasHukamu ctany IT-ramysi OyJl0 BUKOPUCTaHO KJIACTEPHOTO aHaNi3y y Mexax
matematnyHoro makety STATISTICA. Otpumani pe3ynbTatd MiATBEPIKYIOTH
rinotTesy Mpo HasBHICTh TPhOX LUISIXIB po3BUTKY IT-iHmycTpii B VYkpaiHi Ta
HAJAI0Th MIATPYHTS JUIsl MPOBEEHHS JOIaTKOBUX JOCIIIKEHb.
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I'/TABA 2
TEXHOJIOI'TAA CTBOPEHHSA CIIIVIBHOI'O KOHTEHTY B BEbB-
BA3OBAHOMY HABYAJIBHOMY KABIHETI

Beryn i moctanoBKka 3aaavi

3 pOCTOM TEXHOJIOTIUHUX MOXJIMBOCTEH [HTEpHETYy sK cepefoBHINA IS
KOMYHIKaIlil Ta 3[1MCHEHHS OCBITHHOTO MPOLIECY 3'SBUIMCS YMOBHU JJIS Tepenadl
pizHOro pony iHQopmarii Ha Oyab-sfKi BiJICTaHI 1 3a KOPOTKI NMPOMIKKH 4Yacy.
Uepes rinobanbHy KOMO'IOTEpHY Mepexy [HTEepHET MOXIMBUN MUTTEBUN JOCTYM
70 CBITOBHX 1HGOpPMAIIMHUX pecypciB (EIeKTpOHHUX O010moTek, 0a3 JaHuX,
cxoBuill ¢ainiB, Tom). CTBEpIKYeETbCS PO3yMiHHA, 10 I[HTepHEeT — 1€
CepeIoBHILE ISl BEACHHS KOMYHIKAIIll, 110 Mae CBOIO creuu(iky, MOB'A3aHy 3
OTpUMaHHSIM Burou [1].

Ha cboroani 6araro 3akiajiB BHINOI OCBITH YCBIOMIIIOIOTH BaXJIUBICTh 1
HEOOXIJTHICTh PpEecypciB Il CTBOPEHHS CIUIBHOTO KOHTEHTY Y 3BSI3Ky 3
1H(popmaTH3alieo ocBiTH. OCBITSHU MOYMHAIOTH PO3YMITH, IO [HTEpHET sBisE
cobor0 HOBY cdepy OCBITHROIO IIpolecy, IO JOHOCHUTH 1H(OpPMAIIIIO
KOpUCTyBauaMm 24 TroauHU Ha 100y 1 10 HEl 3aly4aroThCs BCE OLIbIIE JIHOJEH.
MakcumanbHe HaOJIMKEHHS OCBITHBOTO MPOLIECY JO CTYJIEHTIB Ta BUKJIAJladiB 3a
JIOTIOMOTOI0  peyCcypciB Mepexi [HTepHeT mgo30isi€ 3A1MCHUTH BeO-0a30BaHUM
HaBYaJIbHUM KaOlHeT A1 POopMyBaHHS CHIJILHOTO KOHTEHTY.

CporojiHi 4acto MoOKHa I100auuTH BeO-0a30BaHI HaBYaJIbHI KaOIHETH,
Kl HE BHUKOHYIOTH CBOiX (YHKIIIM, HE3pyd4HI Yy BUKOPUCTaHHI abo MaloTh
HEBIJIMOBIIHUN NW3aifH. bpak 3HaHb 1 yMiHb B 00OJIACTI CTBOPEHHS HABYAJIBHUX
Be0-0a30BaHMX KaOIHETIB MPU3BOJUTH IO BEJIUKOi KIJIBKOCTI TOMUJIOK,
MOYMHAIOYM 3 Xapakrepy 1H(opMalii, KOTIpHOro pimeHHs Ta (GipMOBOIO CTHIIIO
CalTy 1 3aKiHUYIOYH BIJICYTHICTIO 3BOPOTHOTO 3B'S3KY 3 IIJIbOBOIO ayJIUTOPIEIO
caiity [2-5]. lLle mnpu3BOAUTH, A0 BTPATH OJHOTO 3 VYHIKAJIBHUX KaHAJIB
KOMYHIKaIli#, 1110 CIpHsi€ BTPATi IHTEpECy A0 HaBUajdbHUX aucuuiuiid. [Ipobiema
HEJIOOLIHKM HaBYAJIBHOIO KaOlHETy $K KaHaly KOMYHIKalli MOXe€ BHUSBUTHCS
3ryOHOIO0 It OUIBIIOCTI HaBYAIBHUX 3aKkjafiB. TakuM 4YWHOM, y HAyKOBIA Ta
NPaKTUYHIA  MUIOMIMHI ~ BUSIBISETHCS  AKTyaJIbHOIO  TIpoOjemMa  CTBOPEHHS
e(peKTUBHOTO HAaBYAJILHOTO Be0O-0a30BaHOro KalOiHeTy Al (POPMYBaHHS CILIIBHOTO
KOHTCHTY.

MeToro nmaHOTO PO3AUTY € Po3poOKa 1 peaiizalfisi TEXHOJOTii CHUTHLHOTO
(bopMyBaHHS KOHTEHTY B B€0-0a30BaHOMY HaBYAJIbHOMY KaOlHETI.
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OcHOBHA yacTHHA

Bu3HnaueHHsT OCHOBHHMX €JIEMEHTIB Be0-0a30BaHOTO HABYAILHOTO KaOiHETY
3MIIIICHUMO Ha OCHOB1 BUKOPUCTaHHS METOJIy €KCIIEPTHUX OIIHOK.

[lepmiuM eTamoM eKCHEPTHOTO ONUTYBaHHS € pPoO3poOKa OCHOBHHUX
napameTpiB OIIHKK Be0-0a30BaHOTO HABYAJILHOTO KaOiHeTy. CrovaTrky JOLIBHO
MPOBOJIUTH TPYIOBY AHWCKYCiIO, B XOAl SKOi EKCIEpPTH BUIUISIOTh HAWOUTBIIT
1H(OpMaTHBHI XapaKTEPUCTUKU MPOTYKITIi.

[lepmnii eran. BukopuctanHs METOly €KCIIEPTHUX OLIHOK IS BU3SHAYEHHS
CJIEMEHTIB 5IKi HEO0OX1JHO BHUKOPHUCTOBYBAaTH IIPM CTBOPEHHI Be0-0a30BaHOIO
KaOlHEeTy JAJisi CTBOPEHHS CHUIBHOTO KOHTEHTY. Y SIKOCTI eKCIepTiB Oynu oOpaHi
19 crynentiB kadenpu komm’roTepHux cucrem 1 texnonorii XHEY im. C.
Ky3Hens Ta 2 He3aJIeXHUX pECHOHEHTa 31 cpepu Oi3HEC-AISITBHOCTI.

B xox1 rpynoBoi auckycii 6ysno BuaiieHo 20 HaiOub iHGOpMaTUBHUX IS
HUX  €JIEMEHTIB  Be0-0a30BaHMX  HAaBYAJIBHUX  KaOIHETIB,  3pPO3YMUIUX
JUTSl KOPUCTYBayva:

1) xabiHeT KOpUCTyBaua;

2) KajeHaap;

3) cxoBuiie Qaiiiis;

4) mocTaHOBKa IIICH;

5) HanalmTyBaHHA MapaMeTPiB;

6) iHdopMmallis Ipo KOPUCTYBaUiB;

7) pecypcu 1Jisl KOHTEHTY;,

8) KOMEHTYBaHHS MTPOEKTIB (3BITIB);

9) Gnor;

10) KopuCHI OCUJIAaHHS;

11) HOBUHU;

12) mo4TORI TTOB1IOMJICHHS,

13) ctpykTypa pecypcy (MeHI0);

14) 3BOpOTHIii 3B’SI30K;

15) meperusi 3aBiaHb,

16) peectpartis;

17) HoTatkw,

18) KoMyHIKaTUBHI pecypcH

19) 3BiTH;

20) dbopyM 3anuTaHb.

HactymHuM KpoOKOM eKCHepTH Hagaid KOXHOMY 13 20 elneMeHTiB

BIJIMOBITHAN PAHT, B 3QJICKHOCTI BIJ] CTYNEHIO HOTO BAKJIIMBOCTI. PaHXyBaHHS
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MPOBOJMIIOCS 32 HACTYITHOK CXEMOI: HaWOUIbII BaKJIMBOMY CIIEMEHTY
MIPUCBOIOETHCS 3HAUECHHS PaHTy |, HACTYNMHUIA 3a 3HAUMMICTIO — PaHr 2, 1 Tak Jaii
10 20. Sxmo mekiapka XapaKTEPUCTHK 3a IMOTJISI0M PECIIOHACHTa PiBHOIIHHI, TO
iM HaJIal0ThCS OJTHAKOBI, TaK 3BaHi MMOB’s3aH1, paHTH.

3a TaHUMU 00YMCIICHh OTPUMAHO KOS(DIIIEHT KOHKOP/IaIIii:

W =- = =

{ g (= B3
S 2 =y I8 —bS
| - mp (_nl 1) o) T, |

= 1 74

165239.46
=— : =0,864
€ FI0* 212 #(202 —1)— 21*13,5)

ITokazank W = 0,864 nabGmmxeHuid n0 1, 10 BKasye Ha Y3TrOJKEHICTh
OLIIHOK ekcrnepTiB. OTxke, 3 BpaXyBaHHIM BUCOKOTO CTYTIEHS Y3TOMKEHOCTI TyMOK
eKCIIEPTIB HAa OCHOBI CYMapHHUX OLIHOK pAaHTIB Ui KOXHOIO €JEMEHTY
€ MOXJIMBICTh BIJIOpaTH 3a HallMEHIIUMH 3HaYyeHHAMH 10 OCHOBHMX €JIEMEHTIB,
Kl TIOTPIOHO BUKOPHUCTOBYBATH IpPU CTBOPEHHI BeO-0a30BaHOTO HaBYAIBHOIO
kaOiHeTy. Pe3ynbTaT paH)KyBaHHS HaBeJIEHO B TaOI. 1.

Taoannsa 1
Pe3yabTaTu paH:KyBaHHS eJIeMEHTIB Bed-pecypcy (eKCIepTHA OLiHKA)

Enement (M)
Ne 1 2 3 4 5 6 7 8 9 10
pecnoHeHTa
1 1 7 5 9 13 18 3 15 11 1
2 2 7 3 10 14 15 3 16 6 2
3 1 6 3 8 11 14 3 13 8 2
4 1 9 2 10 11 17 2 16 6 3
5 1 10 4 9 13 16 3 16 8 2
6 2 7 5 9 12 13 4 18 6 1
7 1 3 1 7 15 17 3 16 8 2
8 1 7 4 8 14 16 2 15 10 1
9 1 8 3 7 13 15 4 14 11 2
10 1 8 5 9 13 16 3 14 9 2
11 1 8 2 7 15 14 3 17 5 2
12 2 7 3 6 14 15 5 13 8 1
13 1 3 1 7 15 17 3 16 8 2
14 1 7 5 9 13 18 3 15 11 1
15 2 7 3 10 14 15 3 16 6 2
16 1 8 3 7 13 15 4 14 11 2
17 1 8 5 9 13 16 3 14 9 2
18 1 8 2 7 15 14 3 17 5 2
19 2 7 3 6 14 15 5 13 8 1
20 1 3 1 7 15 17 3 16 8 2
21 1 7 4 8 14 16 2 15 10 1
Cyma 26 138 62 160 271 311 64 304 161 35
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3akinyeHHs tao. 1

Enement
(m)| 11 12 13 14 15 16 17 18 19 20
pecCIoHAeH

1 N4 8 2 6 12 4 14 16 17 10
2 4 5 1 8 9 6 11 12 13 17
3 4 7 4 6 10 5 9 12 15 16
4 4 8 5 7 10 6 12 13 14 15
5 5 9 7 11 12 6 15 14 18 17
6 3 8 2 10 11 4 14 17 16 15
7 5 6 4 11 9 10 14 13 12 18
8 3 6 5 12 7 9 13 11 17 18
9 5 6 3 9 12 6 17 10 16 18
10 4 7 6 10 11 7 12 15 17 18
11 4 9 3 11 10 6 13 12 16 18
12 4 9 4 10 11 6 16 12 17 18
13 5 6 4 11 9 10 14 13 12 18
14 4 8 2 6 12 4 14 16 17 10
15 4 5 1 8 9 6 11 12 13 17
16 5 6 3 9 12 6 17 10 16 18
17 4 7 6 10 11 7 12 15 17 18
18 4 9 3 11 10 6 13 12 16 18
19 4 9 4 10 11 6 16 12 17 18
20 5 6 4 11 9 10 14 13 12 18
21 3 6 5 12 7 9 13 11 17 18
Cyma 83 142 76 193 | 202 | 135 | 270 | 255 | 308 | 341

Sk cBiqUaTh pe3yabTaTU JOCTIKEHHS METOJIOM €KCIIEPTHUX OLIIHOK J0 BEO-
pecypcy JOLUIBHO BKIOYMTH eineMentH 1, 2, 3, 7,9, 10, 11, 12, 13, 16, a came:
KaOIHET KOpHCTyBaua, KajeHaap, cXoBuile (QaiiiB, OJ0T, KOPUCHI MOCHUJIAHHS,
HOBMHHU 32 JUCIUIUTIHOIO (OTOJIOIICHHS), TIOYTOBI TOBIJOMIICHHS, CTPYKTypa
pecypcy (MeHIO), pecypcd JUIs CTBOPEHHS KOHTCHTY Ta PEECTpaIiio 0
HaBYaJIBHOTO pecypcy. s BCTaHOBIEHHS MIPU Y3TOPKEHOCTI BHUKOPHCTAHO
Koe(DIIIEHT KOHKOpJalli, pO3paxoBaHO CEpPEAHE 3HAUYECHHS CYMApHUX pAaHTIB,
BIIXWJICHHS BIJI CEPEJHBOTO 3HAYECHHS CyYMapHHUX pPaHTIB, KBaJpaTUYHE
BIJIXWJICHHS BiJl CEPEIHBOT0 3HAUYECHHS CYMAapHUX PaHTIB 1 CyMapHE KBaJpaTU4yHE

BiXuJIeHHS (TabI. 2).
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Martpuus paHriB BaXJIMBOCTI eJleMeHTIB BeO-pecypcy

Taoauusa 2

Enement
(m)
Ne 1 2 3 4 5 6 7
PECTIOHICHT
1 15 9 7 11 15 20 4
2 2,5 10 4,5 13 17 18 4,5
3 1 8,5 3,5 11,5 15 18 3,5
4 1 11 2,5 12,5 14 20 2,5
5 1 11 4 9,5 14 17,5 3
6 2,5 9 7 11 14 15 55
7 15 45 15 9 17 19 45
8 15 8,5 5 10 16 18 3
9 1 10 3,5 9 15 17 5
10 1 9 5 10,5 15 18 3
11 1 10 2,5 9 17 16 45
12 2 9 3 7,5 16 17 6
13 1 11 4 9,5 14 17,5 3
14 2,5 9 7 11 14 15 55
15 15 4,5 15 9 17 19 4,5
16 15 9 7 11 15 20 4
17 2,5 10 4,5 13 17 18 4,5
18 1 9 5 10,5 15 18 3
19 1 10 2,5 9 17 16 45
20 2 9 3 7,5 16 17 6
21 1 9 5 10,5 15 18 3
Cywma panra
(a) 17,5 109,5 49 133,5 185 213,5 49
Cepenne
3HAYCHHS 126,4
Bigxumenus -108,9 |-16,9 77,4 7,1 58,6 87,1 77,4
Keanpatnune | 11859,2 | 285,61 5990 50,41 3433,96 | 7586,41 | 5990,76
BIIXWJIEHHS 1
Cymaphe
KBaJpaTUiHE 165239,46
BIIXWJIEHHS
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[Iponomxenus Tad. 2

Enement
(m)
Ne 8 9 10 11 12 13 14
PECTIOHICHT
1 17 13 15 55 10 3 8
2 19 8,5 2,5 6 7 1 11
3 17 11,5 2 55 10 55 8,5
4 19 7,5 4 5 10 6 9
5 17,5 8 2 5 9,5 7 12
6 20 8 1 4 10 2,5 12
7 18 10 3 7 8 6 13
8 17 12 1,5 4 7 6 14
9 16 13 2 6 7,5 3,5 11
10 16 10,5 2 4 7,5 6 12
11 19 7 2,5 6 11 4,5 13
12 15 10 1 4,5 11 4,5 12
13 17,5 8 2 2,5 9 7 11
14 20 8 1 15 45 15 9
15 18 10 3 15 9 7 11
16 17 13 1,5 2,5 10 45 13
17 19 8,5 2,5 4 7 6 14
18 16 10,5 2 6 7,5 3,5 11
19 19 7 2,5 4 7,5 6 12
20 15 10 1 5 9,5 7 12
21 16 10,5 2 4 10 2,5 12
Cywma panra
(a) 210,5 119 25 62,5 108,5 55 135,5
Cepenne
3HAUEHHS 126,4
Bigxunenus -84,1 —7,4 -101,4 -63,9 -17,9 —77,4 9,1
KBagparnune
BIIXWJICHHS 7072,81 54,76 10281 8083,21 720,4 4990,76 92,81
Cymaphe
KBaJpaTUiHE 165239,46
BIIXWJIEHHS
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3akiHyeHHs Tadau 2

Enement
(m)
Ne 15 16 17 18 19 20 T
PECTIOH/ICHT
1 14 55 16 18 19 12 1
2 12 8,5 14 15 16 20 1,5
3 14 7 13 16 19 20 1,5
4 12,5 7,5 15 16 17 18 1,5
5 13 6 16 15 20 19 1
6 13 55 16 19 18 17 1
7 11 12 16 15 14 20 1
8 8,5 11 15 13 19 20 1
9 14 7,5 19 12 18 20 1
10 13 7,5 14 17 18 20 1
11 12 8 15 14 18 20 1
12 13 7,5 18 14 19 20 1
13 14 15 55 20 8 1 2,5
14 17 19 4,5 18 10 3 1,5
15 15 20 4 17 13 15 1,5
16 17 18 4,5 19 8,5 2,5 2,5
17 8,5 11 15 13 19 20 1
18 14 7,5 19 12 18 20 1
19 13 7,5 14 17 18 20 1
20 13 6 16 15 20 19 1
21 13 5,5 16 19 18 17 1
Cyma panra 150 93,5 187 184 216 226 13
(a)
Cepenne
3HAYCHHS 126,4
Bigxunenus 9,1 23,6 329 60,6 57,6 89,6 99,6
Keanpariie | o) o1 | 116,96 | 1082.41 | 672,36 | 331776 | 802816 | 9920,16
BiIXUIIEHHST
Cymapae
KBaJpaTU4yHE 165239,46
BIIXUJIEHHS

JIJisi BCTaHOBJIGHHSI MIpH JIOCTOBIPHOCTI €KCHEPTHHUX OILIHOK JOULIBHO
BUKOPUCTOBYBaTH Koe(dimieHT KoHkopjaii. J[Jis 1bOro po3paxoBaHO CepeIHE
3HAYEHHS] CYMapHHUX PaHTiB, BIAXWJICHHS BiJ CEPEIHBOTO 3HAYCHHS, KBaJlpaTHUHE

BIJIXWJICHHS B1J] CEPEIHHOTO 3HAUCHHS 1 CyMapHEe BiIXHUIJICHHS.
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3riIH0 OTPUMAHMX OIIIHOK OyJ0 BHU3HAYEHO E€JIEMEHTH, IO JOIIJIBLHO
BKJIFOYATH /10 Be0-0a30BaHOTO HAaBYAIHLHOTO KabiHeTy. Jlo BeO-pecypcy MOIIBHO
BKJIFOUUTH HACTYITHI €JIEMEHTH:

1) xabiHeT KOPUCTYyBaya,;

2) KajneHaap;

3) cxoBwute ¢aiiis;

4) GJor;

5) KOpPHUCHI ITOCUITAHHS;

6) HOBHHM 3a TUCIUILTIHOIO (OTOJIOMICHHS);

7) IOYTOBI MOBiTOMJICHHS;

8) crpykrypa pecypcy (MeHI0);

9) pecypcu U CTBOPEHHS KOHTCHTY;

10) peectparrisi.

TakuM 4YMHOM, 3aMpONOHOBAHA TEXHOJOTIS PO3POOKH BeO-0a30BaHOTO
HABYAJIBHOTO KaOIHETy [103BOJIsiE OOpaTv HaWOUIBII 3HAYMMI EJIEMEHTH [0
CTPYKTYpH BeO-pecypcy.

Hactynaum eramoM po3poOKH TPOAYKTY € TEXHOJOTis (opMyBaHHS
CHIJILHOTO KOHTEHTY.

Texnonoris (opmyBaHHS KOHTEHTY B Be0-0a30BaHOMY HaBYAIbHOMY
KaOlHeTI (OpPMYyeThCS MUISAXOM CTBOPEHHS KOHTEHTY B KaOlHETI 3 paHille
0oOpaHUMU XapaKTEPUCTUKAMHU.

Tak sk ymoBH TpymnoBoro (OpMyBaHHS KOHTEHTY HE 3aJ0BOJIbHAIOTH
MoTepe/IHl TeAaroriunl  Mojelni, HEoOXIJHO 3ampoNoHYyBaTH MOAENb, sKa O
nependayana 0OMiH 3HaHHSIMHU MK BUKJIaJa4eM Ta FPyIaMu CTY/ICHTIB.

HeoOxigHno nependaynTy Te, M0 BUKIaga4 KOHTPOJIOE HE BECh HaBYAIbHUIN
MPOLIEC CTYACHTIB 332 JUCHUILIIHOLO, a JIUIIE M1JKII0YAETHCA Ha OKPEMUX 1TepaLlisxX
IIPU TIPOBEACHHI JICKIIIMHUX 3aHSTh, MIATOTOBII CAaMOCTIHHOTO MaTepiairy Ta Horo
npe3eHTallli epes ayJuTOpI€r0, TAKOXK MPH 3aKPIIJIEHH] MaTepiaiy.

['pynoBa HaB4aibHAa [IJBHICTb, HA BIIMIHY BiJl (POHTAIBHOI Ta
IHAMBIYaJIbHOI, HE 130JI0€ CTYACHTIB OJMH Bl OJHOTO, a HABIAKH, A€ 3MOTY
peanizyBaTd TMPUPOJHE TPArHEHHS [0 CIUIKYBaHHS, B3a€EMOJOIOMOTH Ta
coiBmpani. Y UbOMY BHMaJAKYy, CTyJE€HTaM Ha0arato MpOCTille 3BEpTaTHCh 3a
MOSICHEHHSIM OJIMH JI0 OJTHOTO, HIK JI0 BUKJIaJayva.

Taka HaBuajdbHA [ISUIBHICTH CIHPUSE€ AaKTUBI3alli 1 pe3yJbTaTUBHOCTI
HaBYaHHI, CAMOCTIHHOCTI, YMIHHIO TOBOJIUTH 1 BiZICTOIOBATH CBOIO IYMKY, a TAKOXK
npuciyxatucss 0  JOyMKA  TOBapuIliB, KyJbTypl  BEIAEHHS  J1aJory,
BIJIMOBIIAJILHOCTI 32 Pe3yJIbTaTH CBOET MpaIli.
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TakuM 4YMHOM MiJ] TEXHOJOTiE (HOPMYBaHHS CHUJIBHOIO KOHTEHTY B BeO-
0a30BaHOMY HaBYaJIbHOMY KaOiHEeTI OyJae pOo3yMITHCS alrOpuUTM CTBOPEHHS
KOHTEHTY (JIQHIIIOT, 3a SIKMM OYJIy€ThCS KOHTEHT B PO3POOJIFOBAHOMY PECYpCi).

Po3poOka 30BHINIHBOI CTPYKTypH BeO-0a30BaHOTO KaOiHETY TICHO MOB'sI3aHa
3 TEXHIYHUM CTBOPEHHSIM CalTy, C TEXHIYHUMHU MOXJIUBOCTSIMU CHCTEMHU,
3a JIOTIOMOTOI0 SIKO1 CTBOPIOETHCS PO3POOIIIFOBAHMI peCypC.

30BHIIIHS CTPYKTYpa CalTy Oyjie CKIaJaTUCs ¢ TaKMX eJIeMeHTIB (puc. 1):

1) Ha3Ba pecypcy;

2) MEHIO TOJIOBHOI CTOPIHKH;

3) MeHIo TonoMikKHOT iH(pOpMAIii AUCITUTUTIHY;

4) nepexia A0 NPAaKTHYHOI YACTHHH JUCIHUILIIHU (KaOiHeT);

5) KOHTEHT 3a AUCIUILTIHOIO (aHOTAIlis, IUIaH JUCIHMILIIHKA Ta 1HIII
MaTepiaim).

Mento nonomixkHO1 1H(OpMaIIl AUCIHUIIIIHA MICTUTh TEOPETUYHI ACIEKTH
3a JAUCIUIUTIHOIO, 3aBJaHHS 10 JabopaTOpHUX pOOIT Ta MEpeNtiK MpPOrpaMHHUX
pillieHb, K1 BXOASATh O HABYAJILHOTO KaOIHETY.

[Tin mepexoaoM 10 MPAKTUYHOI YACTUHU AUCIUIUTIHU PO3YMIETHCS MEepeXija
0 HaBYAJIBHOrO Kiacy (MarepiaiiB JabOpaTOpHUX Ta MPAKTUYHHX POOIT)
Ta PECypciB, 3a SKUMU MO>KHA CTBOPIOBATH KOHTEHT.

Puc. 1. 3oBHilIHSA cTPYKTYpa Bed-pecypey
CtpykTypa cailTy MOBHHHA BU3HAYATUCSA HA TMEPIIMX €Tanax CTBOPEHHS
MPOEKTY JI0 TOYaTKy PO3pOoOKH Iu3aiiHy. ['paMOTHaA CTpPyKTypa CalTy 103BOJISIE
HE TUIbKHM MIJBUILIUTH MOMYJSPHICTh PECypcy cepell KOPUCTyBauiB, ajie 1 CHIpusie

IIPOCYBAHHIO CaNTy B IOIIYKOBUX CUCTEMAX.

30



Texnosnorii ¢opmyBaHHS Be0-0a30BaHOI0 HABYAIBHOTO KaOIHETY MOXHA
MOIUIMTH HA TPH TUIIU CKIIATHOCTI.

TexHonoriss  CTBOpeHHsT ~ Be0-0a30BaHOrO  HABYAIBHOTO  KaOiHETY
3a JOTIOMOTO0 TEXHOJIOTIi TUMY | CKJIagaeThes 3 HACTYMHHUX €TAaliB:

1) momyk Ta MiATOTOBKa MarepiajiB, ski OyayTh oImyOJikoBaHI B BeO-
pecypci (poboTa 3 BUKIIagadem):

a) MArOTOBKA TEKCTY;

0) MOIIyK Ta MiArOTOBKA 300paKeHb.

2) Bubip pecypcy. Ha npomy ertame oOupaeTbcsl pecypc, Ha sikomy Oyne
po3MimeHo BeO-0a3oBaHMiI HaBUalbHUN KaOiHET (200 Kypc JAHUCITUILTIHM)
JUTSL TIOJJANTBIIOT POOOTH 3 HUM;

3) BuOip mabnoniB Ta mnapametrpiB odopmienHs. Ha wnpomy etami
BUOUPAETHCS BapiaHT O(POPMIICHHS, PO3MIP CTOPIHOK Ta MoJiB, mtudTi. MoxkHa
3a/1aTH KPUTEPIi 3aXUCTY BiJ KOMIOBAHHS;

4) iMIOPT TEKCTOBOiI Ta 1MocTpaTUBHOI 1H(OpMmalii. Ha mpoMy ertami Bes
N1AroToBJIeHa 1HpOpMAallis 00’ €IHYETHCS B OJHE LILJIE;

5) xomminroBaHHs abo 30epexeHHs pecypcy. Ha nboMy erari Becb KOHTEHT
MOETHYETHCS 3 00paHUMU HANAIITYBAHHAMH JIJIsl CTBOPEHHS €TMHOTO O()OPMIICHHS
1151 BeO-KaOiHeTy.

SIk BHCHOBOK, MOXHa CKa3aTH, IO JaHa TEXHOJOTIS CTBOPEHHSA
HABYaJBLHOTO BeO-KaOlHETy Jy»e MPOoCTa Yy BUKOPUCTAHHI Ta JIO3BOJISIE IIBUIKO
BUKOHYBATH TIOCTaBJICHI 3aBaaHHs. OTXKe, IUIsl CTBOPECHHS OJTHOTUITHUX HAaYaJIbHUX
KYpCIiB, 5Kl HE TOTPEOYIOTh EKCKIFO3UBHOTO OOPMIICHHS T4 CTBOPEHHS CIIJILHOTO
KOHTEHTY MOXHa BHKOPHCTOBYBATH JaHY TEXHOJOTI0 pPO3pOOKH 0a30BaHOrO
HAaBUYAJbHOTO KallHeTy, mMOoOyayBaBIIM MOr0O Ha BXE TOTOBUX pecypcax
HABYAJILHOTO THITY.

TexHonoris cTBopeHHs1 Be0-0a30BaHMX HaBUaJbHUX KaOIHETIB Ha OCHOBI
TeXHOJOr1i Tumy 2 OuUIbll JAeTalbHA Ta CKJIaJHINIA 3a TONEpPEeIHI0, Yepes
11 MOKJIMBO BHKOHATH HabaraTo OuIbIlIe pi3HOMAHITHUX OMepalliil Ta OTpuMaTH
Ounbll sIKICHMM pe3ynbTar. llpu BUKOpUCTaHHI I[I€] TEXHOJIOTII MOXHA
3aCTOCOBYBATH BOYJIOBaHI CKPHUIITU JUIsI aBTOMATH3aIlli Mpoliecy BepcTaHHs, abo
MalCTpU CTOPIHOK, SKIIO IX JTyke OaraTo, sK B MOEMY BHITaJIKy, THM CaMUM
MOJICTIIUTH poOOTYy HaJl BEO-pecypcom.

Jlist cTBOpeHHs Be0-0a30BaHOT0 HaBYAJIBHOIO KaOIHETY MOTPIOHO MPONTH
HACTYIIHI €Talu:

1) miaroTroBKa KOHTEHTY:

a) TEKCTOBOI 1H(pOopMaIIii,
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0) miAroToBKa 300pakeHb:

B) CTBOpEeHHS a00 pefaryBaHHS MOJYJIIB Ui 0OpOOKH Bi€O;

') CTBOPEHHS a00 pe/laryBaHHs MOIYJIIB JiJis1 00OpOOKH ay/io;

2) Bubip miarpopmu. Ha 1pomy erTami BU3HAYAETHCA SAKUM YUHOM
(3a momomororo sikoi maTGopmMu) Oyae OyayBaTHCS HaBYAIbHUN KaO1HET;

3) CTBOpEHHSI MAaKETy pecypcCy:

a) BUOIp TEMHU Ta OCHOBHOTO 0(pOopMIICHHSI KaOlHETY;

0) CTBOpEHHS CTHIIIB JIsl TEKCTY;

B) CTBOPEHHS Ta PO3MIIIICHHS €JIEMEHTIB yIIPaBJIiHHS;

4) po3MillleHHS KOHTEHTY:

a) po3TalryBaHHS TEKCTY;

0) po3TairyBaHHs 300paKEHb;

B) pO3TalllyBaHHA BiJI€O;

5) BepctanHs. Ha 1ipoMy etarii BUpIBHIOETHCS Ta KOMIIOHY€EThCSI TEKCT;

6) HalOBHEHHS:

a) CTBOPEHHS TNEPHOCHIIAHb;

0) CTBOpPEHHS BUIIAJIal0U0T0 MEHIO;

B) CTBOPEHHSI CIIMCKY aJMIHICTpaTopiB Be0-0a30BaHOr0 HABYaJIbHOTO
KaOlHeTY;

I') CTBOPEHHSI aKKayHTIB 3aKPIIUICHUX 32 pecypcoM (IMOYTOBI MOBIOMIICHHS,
penaKkTopH Bi€O, ay/iio);

7) myOmikarist pecypcy. B ocHoBHOMY pecypcu OyayrOThCs Ha OOMEXEHUX
CepBepax, a MOTIM MyOTIKYIOTHCS JI0 3aTalIbHOT MEPExi;

8) TecTyBaHHS Ta BUIIPABJICHHS TOMHUJIOK.

3a JOMOMOror0 Takoi TEXHOJOrli MOXXHa po3poOutu BeO-0a30BaHMIA
HaBYaJbHUN KaOlHET SK [JIi KOPHUCTYBaHHS Ha KOMII'IOTEpl, Tak 1 JJs
KOPUCTYBaHHS Ha MOOUTHHHUX MPUCTPOSIX 3aBISKH aanTUBHOMY au3aiiHy. OauH 13
CYTTEBUX HENOJIKIB I[I€l TEXHOJOTIi — CKJIaAHICTh Ta MacIITaOHICTh, 00 s il
BUKOPUCTAHHA TMOTPIOHO Habarato Oijbllle 3HAHb Ta HABUYOK, HDK JUJIS
NONepPeIHbO1, a/IKe € MoTpeda B pi3HUX BUAAX MPOTrPAMHOTO 3a0€3MeYEHHS TOILO.

Texnonoris cTBopeHHs1 Be0-0a30BaHMX HaBUaJbHUX KaOIHETIB Ha OCHOBI
TEXHOJIOT1i TUITY 3 CKJIAJIa€ThCsl 3 HACTYITHUX €TalliB:

1) miaroroBKa KOHTEHTY:

a) TEKCTOBOI 1H(pOpMallii;

0) miAroToBKa 300pakKeHb;

B) CTBOPEHHsI a00 pearyBaHHsl MOJYIB AJi1 0OpOOKH BiJI€O;

') CTBOPEHHS a00 pearyBaHHs MOIYJIIB JIJIsi OOpOOKH ay/Iio;
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2) Bubip MoBu. Ha 1mpomy erami HEOOXigHO 0OpaTv 3a JOMOMOTON SKO1
MOBH MPOTpaMyBaHHs OyJie CTBOPIOBATHUCS BeO-pecypc;

3) crBopeHHs KaOiHeTy. 3a JIOMOMOror OOpaHMX MOB MPOrpaMyBaHHS
CTBOPIOETHCS MakeT Bab-0a30BaHOTO HABYAIBHOTO KaOIHETY;

4) posminieHHss KOHTeHTY. Ha npomy erami miroToBieHU paHiiie KaOiHeT
PO3MINTYETHCSI HA PO3POOTIOBAHOMY KaOIHETI;

5) TecTyBaHHS Ta BUIIPABJICHHS TOMUIIOK.

KoxHa TeXHOJIOTiI BUKOPUCTOBYETHCSA 3 PI3HOIO METOI0, TOMY Ma€ MEBHI
nepeBaru Ta HeJIOJIKU, TAKUM YUHOM:

1) TexHOJOrisl MEepHIOro THUIY JUIS TOJICTIIEHOTO KOPHCTYBaHHA. 3a il
JIOTIOMOTOI0 MOKHAa 00’€lHaTH TEKCTOBY Ta TpadiuHy iHdbopmaIio s
po3MimieHHss. Ha kamb, 3a OMOMOTOIO IIi€i TEXHOJIOTII CTBOPUTH PECcypc
3 aBTOPCHKUMHU JIU3aITHOM €JIEMEHTIB YIIPaBJIIHHS — TyXKe CKIAIHO;

2) TEXHOJIOTIS JPYyroro THUNY IMOTpeOye Oulblle 3HaHb Ta YMiHb, aie
B PE3yJIbTaTi MOXHA OTPUMATH YHIKAJIbHUN PECypc, SKUM MOKHO KOPUCTYBATHUCS
Ha pi3HUX JeBaiicax. Ll TexHoJyoris 103BOJIIE BUKOPUCTOBYBATH PI3HI CHOCOOU
aBTOMaTH3allli 1  CHOPOIICHHS TMPOIECYy MPOEKTYyBaHHS BeO-0a30BaHOTO
HABYaJIbHOI'O KaOIHETY;

3) TEXHOJIOTisI TPETHOIO TUITY PO3paxoBaHa Ha JIIOACH, sIKl JoOpe TEXHIYHO
nigroroBadi. Ilpu BHKOHaHHI BeO-pecypcy 3a JONOMOIOK JaHOI TEXHOJOTI
HEOOXITHO BOJIOJITA MOBaMHU TMporpaMyBaHHA. TakoX I8  TEXHOJIOTIS
HE € JIOCKOHANlo, 00 HE MICTUTh JETAJbHUX €TalliB MiJATOTOBKA KOHTEHTY,
110 301JIBIITY€E Yac po3poOKH BUJIaHHS.

[lenaroriuna Mozaenb (GOpMyBaHHS CIUIBHOTO KOHTEHTY Ma€ CKJIAJaTUCS 3
HACTYITHUX aCIIEKTIB.

[To-nepmie, 3apeecTpyBaBIIMCh CTYJIEHT Mae 3MOry oOpatu Temy
3a JUCHMIUIIHOIO 3 TEPeJliKy TeM 3TiJHO KaJeHIAapHOro IUTaHy Ta JIOCTYH JI0
dbopymy 0OroBOpeHHsI 1Ji TOTO, 11100 TEMU HE TOBTOPIOBAJIKCH.

Hactynaum eramom € 30ip HEOOXimTHWX MarepiaiiB B Mepexi [HTepHeT
(rpadiuHl MarepiaiaM, TEKCT, ayJio- Ta BlgeoMaTepiaau) i MiATOTOBKU
Mpe3eHTAIlli Ta JOTOBI/I].

TperiMm eTanmoM € KOMIIOHOBKa Ta oOpoOka matepiany 3a JOTOMOTOIO
pecypciB kabinery. Ilim muM po3yMmieThCcs peAaryBaHHS MaTepiamiB, ki Oynu
3HANAEHO MIJIAXOM TOIIYKYy B Mepexi [HTepHeT (etan 2). Be6-0a3oBaHuii kabiHeT
HAJ[a€ 3MOTY IMIIOPTYBAaTH Ta peAaryBaTd 300pa)K€HHS I MPE3CHTAIlli 3aBIIKU
IMIIOPTOBAaHOMY ~ 30BHIIIHBOMY pecypcy. TakokX KOpHCTyBady HaTaEThCs
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MOJKJIMBICTh peJaryBaHHs BigeoMarepiaiiB 3 mpoctopy YouTube, a came oOpi3ka
BiJICO.

UetBeptuM etamoMm (opMyBaHHSI Tpe3eHTarlli 3acobamMu Be0O-0a30BaHOIO
HABYAJIBLHOTO KaOiHETy € 0OTOBOPEHHS MaTepiany 3 BiAMOBIJATBHOIO TPYIIOK0 IS
MO0 MIATOTOBKM MaTepiamy. OOGroBOpEHHS TaKOX MOKe Oy/e BKIFOYCHO
JI0 TIEPITIOTO €TaIry, BUOOpY TeMH, 3aJ1 PO3IOALTY 000B’ SI3KiB.

[Ticns oOroBopeHHss Marepialy HEOOXIJHO KOPEKTyBaTH maTepiaj
Ta MIATOTOBYBATH MaTepial JJis Mpe3eHTallii.

OTxe, KOPUCTYyBay, 3apeECTPYBABIINCH Y HaYaJIbHOMY pecypci, Mae 3MOry
MPAIffOBaTH 3 TMEPCOHATHPHUM KaOiHETOM, 10 SKOTO BXOJWTHh KaJCHIAp, MOIITOBI
MOBIJIOMJICHHS. AJle B caMmoMy Be0-0a30BaHOMY KaOiHETI KOPHUCTYBau Ma€ 3MOTY
B TPy CTBOPIOBATH KOHTEHT, 3a IOTIOMOTOIO CHElialbHUX JOJaTKIB Ta BIIXKETIB.
Takox KOpPHUCTyBauy HAJA€TbCSl MOMKJIUBICTH OOMIHIOBATUCS KOHTEHTOM
3a JIONIOMOT'OK0 XMapHUX TEXHOJIOT1H.

KoxeHn xopucTyBau mMae CBO€ YSIBJICHHS IIOJO0 CTBOPEHHS KOHTEHTY B TiH
Yy 1HOIM cutyanii. TakuM 4MHOM, PO3poOKa MPOIYKTY HAlIeHa Ha Te, 1100
KOPUCTYBadl CTBOPIOBAJIM KOHTEHT TPYNOI, BUPIIIYIOYH CIUIMBAIOYl B Mipy
HAJXO/DKCHHS TIWTaHHSA, SKI OyAyTh BHWHHKATH TIPW BHUKOHAHHS 3aBJaHb,
3a JIONOMOTO0 €JIEMEHTIB, SIKi OyAyTh BKJIIOYEHI 10 PO3POOIIOBAHOTO MPOIYKTY.

IIpu po3pobui BeO-0a30BaHOrO0 HABYAIBHOTO KalOlHETy OyJio NpPUHHATO
pillleHHs] BAKOPUCTOBYBATH CHCTEMY yrpaBiliHHs KoHTeHToM Google Sites.

Cuctema Google Sites mporoHye y cBOiif cucTeMi BIIAcHI «3aco0u st

OCBITHY, K1 Ha/iaJll BAKOPUCTOBYBAJIUCS TIPHU po3po0Ill BeO-pecypcey (puc. 2).

Puc. 2. 3aco6u Google 1151 cTBOpeHHsI CNVILHOTO KOHTEHTY
Ha puc. 3. HaBeneHo pparMeHT CTOPIHKH, KA MICTUTh IHTETPOBaHI MOy

JIJISl CTBOPEHHS CHIBHOTO KOHTEHTY 3a AUCIUILIIHOKO.
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= MynsTUMeginHe BUAABHULTBO noTIK OIHOTPYTHUKM IHOOPMALLIS eugenia kamenyuka@gmail.com ~

Fay4HO-NPOM3BOACTBEHHaR [PyNNa & DlaneTa» NP ymediaplanetu
Komnanus <MK http: v iddle ru

Noknan nonxex conepatb MHHOPMaLIMID:
a) 06 MCTOPMH 1 ACATENBHOCTH KOMNAHIMM (NEPEYHENHTE BUbI YERYT, NPEAOCTARNAEMbIX KOMAHHER);
6) 0 BbINycKaemoi NpoaYKUMK (HoTorpadii oBpasLIoE NPOAYKLMH, QMMCaH e KaTeropHii);

B) 0 CTpyKTYpR peTs & pasgene K KaHAKAATaM Ha paoTy);
) © CNOCOBaX TOPrOBNH (2CTH Nl UKTEPHET-MATa3 UK, KAKHM CTIOCOBOM OCYIUECTENAETCR ONAaTa);

) 0 cnocobax coTpyAl -TEa (Co cTop aBTOpaMu, pazp: , AMnnepamu);

€) EbIEOAb!

Noknan oopmuTs B BHAE MYNBTUMEUIAHONA Npe3eHTalMM. PernamenT foknana = 10 MUHYT.

Natopatopia pobota 1 (3)

Google MpesenTau

Natopatopia pobota 1 (2)

Google MpesenTaui

NatopaTopia poGota 1 (1)

Google MpesenTaui

@  Yevheniia Kameniuka 0658

Ha CKiNbKM CNiAAIB NOBUHHE ByTU NpesexTalia?
@) 1070 KomerHTaD 210 KYDCY

opaiiTe KOMEHTaP £0 KYPCY.
@

o ©)

Puc. 3. InTepdeiic Bed-pecypcy 3 MOAyJIeM CTBOPEHHS MPe3eHTAaIlil

3MIHIOIOYH JOCTYI, HAIPUKJIIA, O TIPE3EHTAIlli MOXHA IMiIKIIOYUTH KOJer
O TPYII JIJISl TIOJIaJIBIIOTO peJaryBaHHs Mpe3eHTallli Ta 00roBOpeHHs 17eH.

Ha puc. 4 HaBeneHO aHaji3 TECTyBaHHS MPOJAYKTUBHOCTI pecypcy,
JU1s1 ikoro 0yJio ctBopeHo 100 BipTyalnbHUX KOPUCTYBayiB, 3a JJOIIOMOTOIO PECYypCy
Apache JMeter.

Action to be taken after a Sampler error

® Continue Start Next Thread Loop Stop Thread Stop Test Stop Test Now

Threads Scheduling Parameters

This group will start 100 threads:
First, wait for [0 seconds.
Then start 10 threads every 30 seconds,
using ramp-up 5 seconds.
Then hold load for 60 seconds.
Finally, stop 5 threads every 1 seconds,

.E:-peued Active Users Count

100
90
80
70
60
S0
40
30
20
10

Number of actve threads

0
00:00:00 00:00:39 00:01:19 00:01:59 00:02:39 00:03:19 00:03:59 00:04:39 00:05:19 00:05:59 00:06:39
Elapsed time

Puc. 4. Pe3yabTaT TecTyBaHHs y cepenoBuii Apache JMeter

3 rpadiky BUIHO, 110 HE3BaXKalOUW HAa KUIbKICTh KOPUCTYBayiB, 3alUTH
70 cepBepy WIyTh CTAOLIBHO 3TiHO BCTAHOBJIEHUM NPOMDKKOM dYacy. MoskHa

3pOOWTH BHUCHOBOK, IO PO3POOJIIOBAaHUN pecypc Oyne MpalfoBaTh CTaOLIBLHO
Ta 6€3 3001B B CUCTEMI.
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Bucnosku

TakuM YMHOM, TEXHOJOTIS CHUIBHOTO ()OpMYyBaHHS KOHTEHTY B BeO-
0a30BaHOMY HaBYAJILHOMY KaO1HETI JI03BOJISIE BUPIIIIUTH HACTYITHI MPOOIEMHU:

1) noctymuicte. Pecypc 3abesmedye OUTbIIy JOCTYHHICTH 1 OUTHIIUIA
NOTEHLIa] I 3aly4eHHsl CTYAEHTIB, a TaK0XX PO3BUTOK KOHIIETIi HaBYaHHS
nuctannino. Ilogi6Hi yMOBH MOXYTh OyTH OCOOJMBO TpPHUBAOIUBUMH IS
CTYJICHTIB 3 OOMEXKEHUMHU MOXJIUBOCTSIMU Ta CTYACHTIB, SIKI HE MOXYThb
BiJIBITyBaTH 3aHATTS;

2) mWUpoKe 3amydeHHs CTyAeHTiB. OCHOBHOIO METOIO JIaHOTO pecypcy
€ 3aJy4YeHHS CTYJACHTIB, MOJIMIICHHS YCHIIIHOCTI CTYAEHTAa, PO3MIUPEHHS HOTO
OCBITHBOI IPAKTHUKHU;

3) peamizanis OpUHIOHITB Oe3mepepBHOI OCBITH. Pecypc cmpuse cucremi
«OCBITH TPOTATOM YCHOTO JKUTTS», 3MYLIYIOUM CTYJAEHTa 3aJyMaTHCs MpOo LI
1 3HAQYEHHS CBOTO BJIACHOTO HABYAHHS 1 OTPUMAaHHSA OCBITU [JIs1 MIATPUMKH
KOHKYPEHTOCTIPOMOKHOCTI II1J] 4ac MOIIYyKYy poOOTH.

Be0-6a3zoBanuii kabiHeT g (hOpMYyBaHHS CIUIBHOIO KOHTEHTY MA€ 3HAYHO
OiABUIIUTU €(EKTUBHICTh HABYAJIBHOIO IMPOLECY 3a PaxyHOK BHUKOPHUCTAHHS
Nepe0BUX BEO-TEXHOIOTIN 111 POPMYBaHHS CILJIBHOTO KOHTEHTY.
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I'JIABA 3

INTEGRATION CHAT-BOTA @RIBS_karkas_bot WITH EXPERT
SYSTEM

Introduction and formulation of the problem. In the business
environment, the TELEGRAM free manager has become the corporate
communications standard. This is due to the following reasons: a high degree of
data encryption in it, work stability, the ability to transfer large amounts of
information, open protocol, cross-platform.

On the other hand, what is very important for integrating the TELEGRAM
manager with other applications is that developers provide a library based on an
API for working with chat bots.

A bot (chat bot, interlocutor) is an application that simulates human
communication based on elements of artificial intelligence. Today, bots can
communicate with each other to achieve their goals in other words, they can be
used to as agents in multi-agent systems [1].

One of the first programs implementing the chat bot concept was the ELIZA
program, which imitated the behavior of a psychotherapist during the initial
interview of a patient [1]. The idea of implementing this program was to find key
words or combinations in the text of communication, in order to ask a question to
maintain a dialogue with the interlocutor. If the keyword is found in the database,
then the question to the interlocutor was asked in accordance with a pre-prepared
question template or the approval of the interlocutor was transformed into a
question. If the word combination was not found, the program asked the
interlocutor with general questions, for example, "Why do you think so?"

There are several strategies for implementing this dialogue:

1. The question is select from the list of questions, according to the higher
frequency of use of the question in the subject area.

2. The bot collects questions and phrases used by the interlocutors, thus
learning and increasing their content of the subject area.

3. A syntactic approach based on the grammatical analysis of an
interlocutor's phrase and provided with rules of the "if-that" kind.

Naturally, the lack of such a logical dialogue between the bot and the
interlocutor became the disadvantage of such communication. The interlocutor
appeared illusion that the bot understands it, although in fact it is not. In other
words, the chat bot lacks the implementation of interaction with the output
machine, as is widely used in expert and expert training systems [1].
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In recent decades, with the advent of the smartphone, the popularity of the
concept of artificial intelligence in relation to messaging applications has
increased. The global chat bots market is expected to grow in the coming years.

One of the main advantages of chat bots in customer service is that
interlocutors can freely ask questions that they would not ask a customer service
representative or company manager. In addition, the bot is able to instantly answer
questions.

Chat bots are usually integrated into interactive systems, for example, virtual
assistants, which enables them to naturally communicate or participate in casual
conversations that are not related to the areas of their main expert systems.

In most cases, chat bots use messaging applications to communicate with
customers. A person can type or ask a question, and the chat bot will respond with
the correct information. Depending on the situation, many chat bots can learn from
what the client says to personalize the interaction and build up the previous
interaction.

A chat bot can be viewed as a question-answer system (QA-system) with
machine learning elements, namely, natural language parsing functions, an
inference machine, and a communication module with external applications. The
actual problem for chat bots of QA-systems is the creation of an inference machine
that determines the relevance of knowledge to a given question.

The paradigm of integrating chat bots to work with expert systems is now
becoming increasingly relevant [2].

Using the Telegram API library, the @Ribs_karkas_bot bot was created for
online consultation of the user with a tool for creating knowledge bases with the
"KARKAS" system [3 — 5].

Chat bots of the TELEGRAM messenger, as interlocutors, when working
with the "KARKAS" system, provide more opportunities for mobile consultation
with the expert system via a smartphone, which, for example, is important for
making effective decisions in different subject areas such as medicine, ecology,
business. In other words, you can now send a text message to the
@Ribs_karkas_bot bot (a bot to determine the risk of coronary heart disease) and
get instantly necessary information, that is, carry out a real-time consultation. The
contents of the chatbot / help command are shown in fig. 1.
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Fig. 1. Type of command / help chatbot @Ribs_karkas_—bot
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The @Ribs_karkas_bot bot allows you to conduct an online consultation
with the following prototypes of expert systems:

—the "RIBS" expert system [3 — 5] — designed to determine the risk of coronary
heart disease (CHD) in a practically healthy person. The urgency of developing a
system is that currently in medicine there is a clearly expressed process of transition to
the concept of prevention of coronary artery disease, that is, to the concept of risk
factors associated with the lifestyle of a particular patient. The purpose of the system
IS to recognize the presence of risk factors for CHD with an emphasis on the
individual lifestyle of the patient, using the knowledge of experts. The features of the
system include the fact that with its help the patient is diagnosed: type of coronary
behavior, degree of socio-psychological support, level of physical activity, degree of
adequacy of rest;

— the "INFARKT" expert system [3 — 5] — helps doctors diagnose infarction
patients, evaluate their condition and forecast the development of the following
complications of myocardial infarction: fibrillation, acute left ventricular failure,
chronic heart failure, arrhythmia, thromboembolism, myocardial rupture, recurrent
infarction. The inference engine implements the Bayesian decision method.
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Consultation with the "INFARKT" expert system in case of 28 symptoms takes 10
minutes, and the option of express consultation (7 symptoms) takes 3 minutes;

— the "GEPATIT" expert system [3 — 5] — is designed to diagnose acute and
chronic liver diseases. The system makes it possible: to recognize the cause of liver
disease and, if possible, by eliminating it, obtain a therapeutic effect, specifically
include drugs for the treatment of liver diseases, conduct a statistical evaluation of
therapeutic interventions in patients;

— the "ADBC" expert system [3 — 5] (automatic diagnosis of breast cancer) is
intended for the early diagnosis of mammary tumors. Diagnostics relies on the
knowledge of an oncologist expert, who are grouped in the following sections:
thermography, anamnesis, physical examinations, echotomography. The system
allows to classify the following tumors: lipoma, fibroadenoma, fibrocystic mastopathy
diffuse; fibrocystic mastopathy localized, DFA (diffuse), DFA (localized), mastitis.

The "KARKAS" system is a toolkit for developing prototypes of knowledge
bases for expert and expert training systems. The knowledge representation is
based on a hierarchical functional system that is generated by the "KARKAS"
system based on production rules and frames. The output machine uses a
hierarchical functional system during user consultation. The user can select various
modes of operation of the output machine: use direct output, reverse output,
indirect output, Bayes formula, criteria tables, when the product's consequent is a
list of parameters.

The online consultation module (interlocutor) allows you to communicate
with the TELEGRAM messenger with the "KARKAS" system knowledge bases
via the Internet, in other words, to provide real-time consultation.

Main part. Messenger TELEGRAM has millions of active users and is the
fastest messaging application.It works on all devices on mobile and desktop
platforms.

The "KARKAS" system is a tool for building knowledge base models. The
structure of the subject area can be diverse, for example, the choice of solutions
among a specific set of options, the use of unreliable knowledge. The "KARKAS"
system allows both to develop models of knowledge bases and can be used for testing
and teaching students on a local network. The "KARKAS" system using chat bots:
@Ribs_karkas_bot, @test_karkas_bot, @it_karkas_bot allows online consultation
with users and testing students' knowledge in various subject areas: computer
graphics, database technology, web analytics, business intelligence systems.

The "KARKAS" system is built according to the modular principle and for
this reason it has the ability to connect other additional modules. The following
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main modules can be distinguished in the system architecture: loader; visual editor
for developing knowledge base models; offline and online consultation agent;
dialogue agent; data clustering module.

The loader performs system startup and coordinates the interaction of all
modules. The visual editor of knowledge base models allows you to create for
expert and expert-training systems: questions with answers, products, frames,
filtering the knowledge base, the hierarchy of knowledge base classes, a
hierarchical functional system. There is an opportunity to place the knowledge
base on the site https://it-karkas.com.ua.

The consultation agent contains the following components: inference engine,
an explanation block, a notice board, a fact base monitor.

The data clustering module allows for interactive and intelligent data
classification.

To test the user's knowledge, a test generator is used, and a teacher’s monitor
Is used to monitor the tests. The modules of the system are presented in the form of
software passive agents (their interaction is carried out using parameter arrays and
through the general computer memory). The environment of their interaction is the
system "KARKAS" fig. 2.

]

Visual Knowledge W (Cfc;Fsultlng Ag:?nt:
Model Editor offline and online
Chat-bots: \_[ Inference engine ]
Questions,  answers @Ribs_karkas_bot,
Imaanes @test_karkas_bot, Blackboard ]
Rule, Frames L ;
@it karkas bot A | Block explanations: How?
Testing, teacher monitor Loader and why?
Systems [ Agent dialogue
Cluster analysis module "KARKAS" e
Knowledge Base
Module  hierar¢ Filtering

Clustering algorithms } functional system

Creating classes and}

their hierarchy
7

Fig. 2. Tag cloud system "KARKAS"
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https://it-karkas.com.ua/

The system has two modes of use:

— the cognitive mode — a specialist who models the domain ontology and
constructs a knowledge base model;

— the problem specialist's mode (user qualification is not high enough, and
therefore he needs help and support from the system).

The system combines various approaches in building knowledge-based
systems (table 1).

Table 1
Components of the system "KARKAS"

Expert Systems Expert training systems Multi-agent systems
Visual Knowledge Base | Training Help agents
Editor
Hierarchical  functional | Testing, intellectual tests Chat bots:
system @RIibs_karkas_bot
Inference engine, Unit | Teacher's monitor @test_karkas_bot
explanation @it_karkas_bot

The components of the system are interconnected, exchange information
with each other and allow to adequately display the ontology of the subject area
during its operation.

The system is implemented using the Embarcadero® RAD Studio 10.2
Tokyo programming environment and contains the following files: karkasW.exe
(system loader), karkased.exe (visual editor of knowledge bases), karkascon.exe
(consultation agent), karkas.hlp (help), pattern.knb (knowledge base pattern).

For the MS Windows XP operating system, the following agents are used:
msagent.exe (MS agent server), merlin, peddy (agent characters), and the speech
recognition engine (Microsoft Speech API).

To integrate the KARKAS system with the @Ribs_karkas_bot chat bot, a
consultation agent is used (Fig. 3) and a dialogue agent (Fig. 4).
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Fig. 5. View of the form of the agent of the dialogue system "KARKAS"
The main form of the chat bot is as follows fig. 6.

G RIBS_karkas_bot

BoT @ribs_karkas_bot Ha ceasnm
: fribs

: fquit

: fexpress_infarction

: fquit

Fig. 6. The main form of the chatbot loader @Ribs_karkas_bot
Integration of the chatbot with the consultation module of the KARKAS

system consists in exchanging messages between them, that is, sending and
receiving requests for working with TELEGRAM servers fig. 7
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Fig. 7. Architecture of chatbot integration with KARKAS system

Server =
TELEGRAM

The following components are used to work with queries with TELEGRAM
Servers:

1. for parsing JSON objects the superobject library is used;

2. for implementation through the https protocol, the OpenSSL libraries
were used: libeay32.dll and ssleay32.dll;

3. Indy 10 library and the following procedure are used to send http requests
and download knowledge bases via ftp protocol from https://it-karkas.com.ua:

procedure TFrmKarkasBot.BitBtnFTPloadES_KNBClick(Sender: TObject);

begin

FtpClientl.HostName:="it-karkas.com.ua’;

FtpClientl.UserName:='it-karkas";

FtpClientl.PassWord:="*****kxkakkdakkkixt,

FtpClientl.Port:='21";

FtpClientl.LocalFileName:=DirKarkas+'\'+SNameFileSiteKnb;

FtpClientl.HostDirName:="/httpdocs/uploads/files/public-
folder/manual/knb/es_knb';

FtpClientl.HostFileName := extractfilename(ftpClientl.LocalFileName);

FtpClientl.Passive := True;

try

FtpClientl.Connect;

FtpClientl.Cwd;

FTPClientl.Binary := True;

FtpClientl.Get;

FtpClient1.Quit;

except

ShowMessage (‘Ommbka 3arpy3ku ¢aiiios');

end;
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Consider a number of functions and procedures of the agent consultation and
dialogue system "KARKAS", which allows the bot to exchange messages with the
channels available in TELEGRAM, using the TELEGRAM API and JSON via the
secure HTTPS protocol.

Since the user communicates only with the chat bot, the problem arises in
transmitting and receiving messages between the bot, consultation and dialogue
modules in an automatic mode, i.e. without his participation. To realize this
possibility, the WM_SENDBOT constant was introduced, with the help of which
messages are transmitted and received for the modules to function without user
intervention.

Agents communicate with each other to perform the following operations:

1. push buttons, check boxes, radio buttons;

2. sending and receiving messages between visual objects on the form.

Thus, the above modules perform the functions of agents and in this sense,
the implemented chat bot @Ribs_karkas bot in the "KARKAS" system can be
considered as a multiagent system.

For the interaction of the main form of the chatbot module with the
consultation and dialogue forms of the "KARKAS" system, the following
procedures are required:

1. To transmit a message from the chatbot to the agents of consultation and
dialogue, a variable was introduced FSendNumberMessage:

private
FSendNumberMessage: Cardinal;

A virtual constructor has been declared and the WndProc procedure has been
redefined, which receives a message from the agents and sends them a message:

public

constructor Create(AOwner:TComponent);ovrride;
constructor TFrmKarkasBot.Create(AOwner: TComponent);
begin
SendNumberMessage:=RegisterWindowMessage('WM_SENDBOT);
inherited;

end;

procedure TFrmKarkasBot.WndProc(var Msg: TMessage);
begin

if Msg.Msg=FSendNumberMessage then begin
BtnSendMsgClick(Self);

end else inherited;end;
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2. The user can interrupt the dialogue with the bot with the command: /quit,
which is implemented in the following code:

procedure TCaseAnswer.BitBtnQuitClick(Sender: TObject);
var
TempWnd,Wnd: THandle;
begin
if F_Consult.Visible then
begin
Wnd := FindWindow(NIL, 'Bei6epute otBet!");
if Wnd <> 0 then begin
Wnd:=FindWindowEx(Wnd, 0, "TTabbedNotebook’, nil);
Wnd:=FindWindowEx(Wnd, 0, 'TTabPage', nil);
Wnd:=FindWindowEx(Wnd, 0, "TPanel', nil);
TempWnd:=Wnd;
Wnd:=FindWindowEx(TempWnd, 0, "TBitBtn', TIpepBats auanor');
if Wnd <> 0 then begin
SendMessage(Wnd, BM_CLICK, 0, 0);
end;
end; end else Bot:=0;
end;

3. Bot launches consultation module procedure:

procedure TFrmKarkasBot.BitBtnRunESClick(Sender: TObject);
begin
BotBusy:=1,;
F_Consult.Show;
if Bot=1 then begin F_Consult.Close;
BotBusy:=0;//cusatue 610kupoBKH A7 3amycka 00Ta
end; //ecnu KOHCYNbTAIMS 3arpy’KeHa OUMCTKA yKa3aTeen
TrimWorkingSet;
Bot:=0;
end;

4. Due to the fact that the answers to the questions of the expert system can
be very long, therefore, to display them, the messenger buttons are not used, but
the text is used. Therefore, chat bot offers numbered answers to the question of the
expert system. If the question involves the choice of multiple answers, the answers
are entered in numbers separated by commas. If, as an answer, you need to dial a
number, for example, an age value, then the user in the chat dials the number that
the bot sends to the inference engine to the expert system in fig. 1.
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Bot interaction script with agent consultation.

1. You can activate the application (ribs_karkas_bot.exe) that starts the bot
on a resource that has access to the Internet (hosting, home computer). Then in the
messenger TELEGRAM start it: @Ribs_karkas_bot. Type the commands /help or
/start the bot and the bot will offer to choose the commands to run expert systems,
tests (fig. 1).

2. For example, when you select the /ribs command, the following
operations are performed:

— knowledge base ribs.knb is loaded from https://it-karkas.com.ua;

— the consultation agent is started and the expert system inference engine is
activated;

— dialogue agent is activated.

3. The result of the expert system consultation is transmitted to the bot by
the broadcast protocol by the following procedure:

procedure ResultMainBot;

var i2 : Integer;

begin

if (Variant_ES=1)OR (Variant_ES=2) then

begin
StrTemp:=";
for 12:=0 to MemoResult.Lines.Count-1 do
begin
StrTemp:=StrTemp+MemoResult.Lines.Strings[i2] +';
end;
EdtMessage. Text:=StrTemp;
case Bot of
0 : begin end;//no bot
1,2: begin // bot main
NumberAns:=999;
SendQA:=EdtMessage.Text;
Recipients:=BSM_APPLICATIONS;

BroadcastSystemMessage(BSF_POSTMESSAGE, @Recipients,FSendNum

berMessage,0,0);
end;

end;//case
end;

end;
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Message handling by the dialog agent includes the following procedures:
1. The dialog agent sends the bot a message with the following procedure:

procedure TCaseAnswer.BitBtnMainClick(Sender: TObject);
var
Recipients:DWORD;
StrTemp, usage: String;
begin
StrTemp:=";
for i := 0 to MemoQus.Lines.Count-1 do
begin
StrTemp:=StrTemp+MemoQus.Lines.Strings[i] +' ';
end;
//[EdtMessage. Text:=AnsCurrAtribut®.Name+": +StrTemp+'
'+ESquestion;
EdtMessage. Text:=AnsCurrAtribut®.Name+": '+StrTemp+ #13#10;
usage:=";
for i := 1 to NumberAns do usage:=usage+IntToStr(i)+'-'+
ESAnswer[i]+#13#10;
usage:=EdtMessage. Text+usage;
SendQA:=usage;
Recipients:=BSM_APPLICATIONS;
BroadcastSystemMessage(BSF_POSTMESSAGE, @Recipients,FSendNum
berMessage,0,0); /mocnath coobIieHne 00bEKTaM yIIpaBiICHNE
end;

2. Tn order t0 receive messages to the dialogue agent from the Dbof, It is
required to constantly send a request to the TELEGRAM server for GetUpdate
updates. This is implemented in the following procedure, in which the parameter
Timeout = 30 seconds sets how long to wait for a response from the server and the
parameter Offset sets the last processed message plus the following message:
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procedure TCaseAnswer.BitBtnParsingClick(Sender: TObject);

var

JsObjectl, JsObject2: 1ISuperObject;

JsonArray: TSuperArray; s,h: string; i: integer;

RHttp: TIAHTTP;

RSSL.: TIdSSLIOHandlerSocketOpenSSL;

Index: integer;

begin

try RHttp:=TIdHTTP.Create; except end;

try RSSL:=TIdSSLIOHandlerSocketOpenSSL.Create; except end;

RHttp.IOHandler:=RSSL,;

while True do

begin

JsObject1:=SO(RHTTP.Get(BaseUrl+S_Token_bot+'/getUpdates?offset="+
IntToStr(Offset)+'&timeout=30"));

JsObject2:= JsObject1.A['result'].N[0];

Offset:=JsObject2.i['update_id'] + 1; // In case there were no messages,
Offset will become equal to 1.

if Offset<>1 then

begin

if JsObject2.s['message.text]<>" then begin

MemoBot.lines.add(JsObject2.s['message.text]); // Message text

Index := MemoBot.Lines.Count - 1;

if Index < 0 then

raise Exception.Create('Memo myct’)

else

begin

EdtFromBot.Text := MemoBot.Lines[Index];

Try RHttp.Disconnect; except end;

RHttp.Free; RSSL.Free; Exit; end; end; end; end; RHttp.Free; RSSL.Free;

end;

Thus, the @Ribs_karkas bot chat bot algorithm consists of the following
steps:

Step 1. Run the application on the computer ribs_karkas_bot.exe (chat bot).

Step 2. Select the commands: / help or / start, then, for example, / ribs.

Step 3. The bot launches the agent of the "KARKAS" system.

Step 4. The "KARKAS" inference engine is activated.

Step 5. Forms a hierarchical functional system for dialogue with the user
"KARKAS".
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Step 6. The agent of dialogue is activated and the message with the text of a
question and answers a bot is sent. It accepts the message as a JSON object, parses
it, displays the message in the chat and waits for the user's response.

Step 7. The user in the chatbot selects or enters the answer and the bot sends
it to the output machine to the expert system.

Step8. An expert advice expert system accepts the message and sends the
inference engine. The dialogue agent performs the next step according to the
constructed hierarchical functional system for the dynamic purpose of the
consultation. The purpose of the consultation is formed during the dialogue with
the user. In other words, it dynamically depends on the user's answers to the
questions of the expert system.

Step 9. The iterative consultation process continues until the inference
engine receives the result. The user can stop the consultation at any time with the
command / quit fig. 9.

Parsing the

Get an answer The answer is
message and

from the expert accepted in the
system chat bot

Entering Send a message

messages in the to the expert

chat bot system starting the

inference engine

Fig. 9. Chat bot interaction @Ribs_karkas_bot step with expert system

Conclusions. As a result, a fully functioning chat bot @RIBS_karkas_bot
was created, which is integrated into the "KARKAS" system, which allows for
online consultation with the RIBS expert system to determine the risk factor for
coronary heart disease. After the application is deployed, it is planned to
significantly expand the functionality of the bot.

The "KARKAS" system is a toolkit for developing prototypes of knowledge
bases for expert and expert-training systems both offline and online on
smartphones. The knowledge representation is based on a hierarchical functional
system that is generated by the "KARKAS" system based on production rules and
frames. The inference engine uses a hierarchical functional system during user
consultation. The user can select various output machine modes: use direct output,
reverse output, Bayes formula, criteria tables.
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Using the "KARKAS" system, a number of expert system prototypes have
been developed in the following subject areas: medicine, economics, mobile
communications, and cluster analysis of multidimensional data.

The KARKAS system using chat bots: @Ribs_karkas_bot, @test_karkas bot,
@it_karkas_bot allows online consultation with users and testing students' knowledge
in various subject areas: computer graphics, database technology, web analytics,
business intelligence systems.
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I'/TABA 4

MOJAEJII ONIHIOBAHHSA EQEKTY BUKOPUCTAHHA CUCTEMU
HIATPUMKHU EJJEKTPOHHOI'O HABYAHHA

Beryn i moctanoBka 3anavi

OnHuM 3 OCHOBHHUX 3aCO0IB peatizallii TEXHOJIOT1M HaBYaHHS Ta KOHTPOJIIO B
npodeciitHiii OCBITI CTanM CUCTEMHU MIATPUMKH enekTpoHHoro HaBuanHs (CITEH),
AK1 3a0€31euyroTh 1H(hOopMalliiiHy, METOJIUYHY Ta TEXHOJIOT1YHY MATPUMKY OCBITH.

Cucrema orinku pesynbrariB auctanmiiaoro HaBuanHia (COEH) e
000B'sa3koBuM aTpubyTom cydacHux CITEH. Bin Toro siki kputepii 3akiajieHi Ipu
il po3podii Oarato B 4OMy 3aJIeKUTh €(EKTUBHICTH IMOJAJBIIOTO 3aCTOCYBaHHS
BCi€1 CUCTEMHU €JIEKTPOHHOTO HaBYAHHSI.

ITlin edektuBHicTio BukopuctanHs CIIEH T1a COEH po3ymierbes
BIIHOILLICHHS PE3yJbTaTy IIOJO0 OCBITHIX JOCSATHEHb CTYACHTIB JO BIAMOBITHUX
BUTPAT HEOOXIHUX [JIsl JOCSTHEHHS IbOrO pe3yJiibTaTy. ToOTO BIAHOIIECHHS
edekTy 0 BUTpaAT, J€ MiJ BUTpaTamu po3ymieThcsi BapTicth cuctem CIIEH Ta
COEH, na 6a31 gx01 311MCHIOETHCSI HAaBYaHHS.

B sxocTi eexTy Hagam po3risgaloTbCsl KOMIETEHTHOCTI (3HAHHS, YMIHHSA,
HAaBUYKH), SKI 3700yBalOTh CTYJIEHTH B TNPOMDKOK 4Yacy MIXK TOYaTKOM 1
3aKIHYEHHSM TIPOLIeCY HaBYaHHSI.

B pamkax mporo qociiKeHHsI OCHOBHA yBara HaJa€ThCs CTBOPEHHIO MOJIE
B3a€EMO3B 3Ky IOKAa3HUKIB OLIHKK edekTy BukopuctanHs cucremu COEH Ta
pPO3pOOJICHHIO BIAMOBIIHOI METOAMKUA PO3PaXyHKY KOMIUIEKCHOTO TIOKa3HHUKA
omiHku edexty 3actocyBanns cucremu CITEH B yuboBomy mporieci.

Ouinka yu60BOTO €(eKTy HE € TPUBIaIbHUM 3aBJAaHHSIM OCKUJIbKHU 3aJICXKUTh
Bl PI3HOMAHITHUMHU (haKTOpaMHu, KOXKEH 3 SIKUX BU3HAYAETHCA OE€3IYYI0
B3a€MOIIOB'SI3aHUX KPUTEPIiB. YCHIMIHICT, MOro pilmieHHs ©Oarato B YOMY
BU3HAYAETHCS IHTYIIIE€I0 1 JIOCBIIOM pPO3POOHUKA CHCTEMHU EIIEKTPOHHOTO
HaBYaHHA. K HAcHmigoK, B mpoueaypl (QOpMyBaHHA IHTErpajibHOI OLIHKH
PO3POOHUKH CHCTEMH TMOBWHHI 3HAYHY yBary MNPHUIIISATH €KCIIEPTHUM METOJIaM,
110 JJO3BOJISIIOTH KIJIbKICHO OMUCYBaTH OCHOBHI XapaKTEPUCTUKHU Y4OOBOTO e(eKTy
Ta 3HAYHO 3MEHIIUTH 1HTYITHBHY CKJIaJIOBY MPUMHSTTS TEXHOJIOTTYHHUX PIIICHb.

MeTor [IOCJTIIKEHHSI € CTBOPEHHS MOJENl B3a€EMO3B’S3KY MOKa3HUKIB

owiHku epekty Bukopuctanus cucremu COEH
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OcHOBHA yacTHHA

Jlane mocmipkeHHs 0a3yeTbcs HAa BUKOPHUCTAHHI METOJY aHami3y lepapxii
(MAI) Ta iioro moAaabIoro po3BUTKY — METOy aHaii3y cucrem [6].

[IpoBeaeHHs HOCTIKEHHS TOOYI0BaHE HA TAKUX MPUITYIECHHSX.

[Mpunymennst 1. Kpurepii, sxi Oynu MOKIaZeHI B OCHOBY IPOEKTyBaHHS
(ctBOpeHHsI) cucteM oniHku edexktuBHOCTI BukopuctanHs CIIEH Takox moBuHHI
OyTM BpaxoBaHI 1 NpPH OIIHIOBaHHI pe3yJbTaTiB 1i poOOTH, TOOTO OIIHKH
edextuBHOCTI cuctemu COEH.

[Mpunymennst 2. CydacHi CUCTEMH MiITPUMKH €JIEKTPOHHOTO HaBYAHHS B
BUIIII KOl OOOB’SI3KOBO MalOTh BOYJOBaHYy CHCTEMY OIIIHKA pPE3yJbTaTiB
HABYaHHS.

3 nmpunyueHHs 1 ciia BUCHOBOK, 1o 3acaau crBopeHHs CIIEH 1 3acaau
CTOCOBHO OIIIHKK €(EKTUBHOCTI iX BHUKOPHCTAHHSA TOBUHHI MaTH €IUHY O0azy
KpUTEPIiB.

[TpunymienHst 2 103BOJsiE CTBEPKYBATH, 1110 MoxiuBocTi cuctemu COEH
OyayTh B 3HAYHIM Mipi BU3HAYaTHCS SKICHUMH XapaKTEPUCTHUKU YCIA CUCTEMHU
NIATPUMKaM eneKTpoHHoro HaBuanHs - CIIEH.

3acanu ctBopeHHss CIIEH 1 3acanmu CTOCOBHO OIIHKH €()EKTUBHOCTI iX
BUKOPHCTAHHS TOBMHHI MaTH €IMHY 0a3zy KpUTEpiiB, a MOXJIIMBOCTI CHCTEMHU
COEH Oynytes B 3HauHIA MIpl BHU3HAYATHUCS SKICHUMU XapaKTEPUCTUKHU YCIH
CUCTEMU MIATPUMKaAM eJeKTpoHHOro HapuanHg — CITEH.

B3aemo03B’ 30K 3acaj, siKi po3risaloThCs, HaBeICHO Ha puc. 1.

Sk cnmix 3 pUCYHKa, y SKOCTI MIATPY3/s 3acaj CTBOPECHHS CUCTEMHU OIlIHKH
COEH 1 3acan ctBopennst cuctemu CIIEH o6pano mpoiiec ¢popMyBaHHS HHU3KH
BIJIIOBIJTHUX KPUTEPIiB Ta po3poOJEeHHS Ha iX OCHOBI OaraTopiBHEBOro rpada,
SKUWA B MOJAJBIIOMY OYyJIeMO Ha3WBaTH PAHTOBOIO MOACIUI0. Mojienb 103BOJIsE
BU3HAYUTH 3HAYYIIICTh (BaXXJIMBICTb, pPAHT) KOXXHOTO 3 B3a€EMOIOB'SI3aHUX
KpuTepiiB. JOMIIBHICTS 3aCTOCYBaHHS PAHTOBOI MOJIENIl BUHUKAE KOJU KUIBKICTh
KpUTEPIiB mepeBuIlye ' ITH — ceMi. [[oTpiOHICTh B LIbOMY, SIK IIPaBUJIO, CYTTEBA
Ha noyatkoBomy etani npoektyBanHsa cucteM CHEH 1 COEH, konu matote micie
pecypcHi (TumMuacoBi abo ¢GiHaHCOB1) OOMEKEHHS 1 HEOOX1THO BUIIIUTH KpUTEPIi,

K1 CJT1JT BpaXOBYBaTH B TIEPIITY YEPTY.
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Cucrema -, \

CucTteMa OLIHKKU

KoMnneKCcHi NoOKa3sHUKU

niaTPUMKU
eneKTPOHHOTO e eKTUBHOCTI OLiHKKM y4yboBOro eq)_elm_(
HaBYaHHSA BUkopuctaHHa CIMNEH anbTepHaTUBHUX BapiaHTIB
(CMIEH) (COEH) COER
! /7 X AN
[ — N ——
XonapxiyHa
3acaam 3acagu Moaenb
OLIHKN epeKTUBHOCTI CTBOpPEHHA OLIHKHU
BUKOPUCTaHA COEH anbTepHaTUBHUX
ClEH BapiaHTiB
COEH
PaHroei Mmogeni {

OCHOBHUX rpyn KputepiiB
ouiHku COEH

Kpurepii
ouiHku COEH

Puc. 1. B3aeMo3B’ 130K 3acaj OUIHKH e(eKTHBHOCTI BUKOPUCTAHHS
cucreM ejiekTpoHHOro Hapyanus (CIIEH) Ta 3acax cTBopeHHs BiANOBIIHOI

cuctemu ouinwBanusa (COEH).

VY sKoCTl mpuKiIagy Haaall pPO3MVISIHYyTa JEB’SITH €JIEMEHTHA MHOXHHA
SAKICHUX XapaKTePUCTUKH CHCTEMH I ITPUMKH €JIEKTPOHHO HaBYAHHSI.

Kpumepiu 1. Texnonorii po3poOku Kypcy.

Texnomorii po3poOku Kypcy MOXYTb OyTH pi3HOMaHITHUMH: Web-
TEXHOJIOT1i, TEJIEKOMYHIKAI[IiHI TEXHOJOT1i, XMapHi TEXHOJIOTii, TEeXHOJOTIi
MOOIJIFHOTO HaBYaHHS, TEXHOJIOT1] JUCTAHI[IMHOTO HaBYaHHS TOIIIO

Kpumepiti 2. Mopeni KypciB 1 iX ne1aroriyHui Au3anH.

Mopaenb Kypcy BU3Havae crenudiky opraHizallii Ta mojadi mMatepiany.

Kpumepiii 3. HagBHICTh HAaBYAIBHOTO IIAHY KYpCY.

HasBHiCTh HaBYalBbHOTO IUIAHY BiJOOpaka€ aBTOPCTBO, CTPYKTYPY,
TeMaTUKy PO3A1iIiB a00 MOAYJIiB, HOr0 TEXHIUYHY CKJIQJIOBY 1 peCypcHy 0asy.

Kpumepiii 4. TexHoNOT1i TOCTaBKHA KYPCY.

TexHomorii MOCTaBKM 1 JOCTymy J0 KypciB 1 CEpBICIB MPHUITYCKAIOTh
ACUHXPOHHUN a00 CUHXPOHHUM (opMaT HaBYAHHS HA OCHOBI BHKOPHCTAHHS
CJICKTPOHHUX HaBUAJbHUX OOOJIOHOK, HaBUaJbHUX MOXJauBocTte Google y
BUTJISII1 CAlTIB 1 OJIOTIB.

Kpumepiii 5. TIpoctoTa mocTymy 10 KypcCiB 1 CEpBICIB.
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Kpumepiu 6. 3py4uHicTh HaBiraiii Kypcy.

[legaroriynuii au3aiiH 1 3py4yHICTh HaBiramii MOBHHHI MiJTPUMYBaTH
HaBYAJIbHUHN TpOIIeC 1 OyTH 3pyUYHUMU ISl KOPUCTYBAYiB.

Kpumepin 7. HasBHICTD METOAMYHMX peKOMEHAaIlld 1o poboTi 3
Marepiaiamu Kypcy.

HasBHICT, MeTOAMYHHUX pEKOMEHAI MO poOOTI 3 MarepialamMu Kypcy
JI0TIOMArae sk CTyJIeHTaM, TaK 1 BUKJIaJadaM

Kpumepiu 8. HassBHICTh TEXHOJIOT1H B3aEMOIII.

TexHosorii B3aemMoiii 31 cllyxadaMyd MPUIYCKalOTh BUKOPUCTAHHS 00Ty,
qyaty, (QopyMy, CKaillly, €NeKTPOHHOI MOIITH, TeledOoHy, OYHHX 3ycTpidei ado
KOHCYJIbTAITIi.

Kpumepiti 9. AnanTuBHICTD 1 IEpCOHAII3AIIIS KYPCY.

AJanTUBHICTH 1  MepcOoHaMi3allis Kypcy  JI0O3BOJISIIOTH — BpaxyBaTH
KOHTaKTHICTh ayJuTOpIli, ii TOTOBHICTh JO CIPUHHATTA Marepiany, KOpPUIyBaTu
HAallOBHEHHA  KOHTEHTy,  OamaHcyBath  iH(QoOpMmaliiiHe  HaBaHTaXECHHS,
BUOY/IOBYBATH 1H/IMBIIyaIbH1 TPAEKTOPIi HABYAHHS.

Takum 4YMHOM € JEB’SITH €JIeMEHTHHI Oe3i114 4YacTKOBO a0 TMOBHICTIO
MOB’SI3aHUX KPUTEPIiB, SAKI PO3IVISINAIOTBCA B KOHTEKCTHOMY BIJHOIICHHI SIK
CHCTEMa, OMUC SKOI MOXKE MPUHHATH OJHY 3 JBOX PI3HUX, MPOTE IMOB’SI3aHUX
dbopm: GiHapHOI MaTpulll a00 CIpsiMOBaHOTO Trpada (Mepexi) AJii TEOMETPUYHOTO
ySIBJICHHS B1IHOCHUH.

Bunukae 3amaya mnepeTBOPUTH BUXIAHMA rpad B CUCTEMY 3 PIBHAMHU
(panroBy mMojeinb) [6].

Kpok 1. [lob6yoosa ceomempuunozo yseients 8i0HOCUH MIdHC KpUMepisimu.

[ToTouna 6e3m14 BepiminH H BU3HaUeHa HACTYITHUM YHMHOM:
H = { hy, hy, hs, hs, hs, he, h7, hg, ho },

ne hi-- hg — mepemnik KputepiiB, ki OyJIM PO3TISIHYTH B MOMEPEIHEOMY PO3JILII.

besniu H moxe OyTu ysiBiaeHa sk CyKyIHICTh BEPIIMH-KPUTEPIiB (puc. 2),
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8. AJanTHBHICTR i
nepcodHaniaadia kypcy

8. HarBHICTL
TEXHONOMA B3asMoaii

1. TexHonorl
pozpodkM Kypcy

7. HRRBHICTE METOIMYHIMX
pekomMeHgauii no poboTi 3
MaTepianamu Kypcy.

2. Mogeni kypci E
¥ neparoriyHmM
OH3aiH

. IpydHICTE
Hagirayuii kypcy

3. HaRBHICTH
HaBYankHora

nnaHy Kypcy

5. MpocToTa

JOCTyNy 00 Kypcie
i cepeicie

4. TexHonori
OOCTABKM EYPCY

Puc. 2. I'pad B3aemM03B’A3KIB KpUTEPIiB.

3B'I3kM  MDK BepIIMHAMH (KPUTEPISIMH) BHU3HAYAIOTHCS SIK PE3yJIbTaT

CYIKCHBb CKCIICPTA HA ITUTAHHA:

[Mutanns 1. Yun € B3a€EMO3B'I30K MDK MMOTOYHOIO TMApoOr0 KpUTEpiiB? SKIIo

BIAMOBIAK "Tak", TO BIAMOBIHA Mapa 3'€IHY€THCS JIHIETO.

[Mutanusa 2. Skuit 3 KpuTepiiB € OUTbII BaxIUBUM (JOMiHytounMM)? 3a3HayeHUM

KpUTEPii TO3HAYAETHCS CTPLIKOIO, SIKa HA HHOTO BKA3YE.

Kpox 2. Ilob6yoosa mampuyi cymisicnocmi.

Marpuns cymikuocti (tadn.1) B = { bj } 3anoBHseTbcs Ha mifgcTaBi

O1HApHOTO BIIHOIIECHHS «3aJIEKUTh Bi» 1 BU3BHAYAETHCS HACTYITHUM YHHOM:
b= 1, ski10 KpUTEPiii | 3aIEKUTH BT KPUTEPIS |

b =0, — B IpOTUIIC)KHOMY BHUITAJIKY.
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Taoauus 1
Matpuus cymizksocti B = { bjj }

]—

1] hy h, hs ha hs he h; hg ho

hy 1 1 1 1 1 1

h,

hs 1 1 1

ha 1 1

he 1

h

hg

he

Kpox 3. Ilobyoosa mampuyi docsaxcHocmi.

Matpunsi [OCSKHOCTI BH3HA4YaeThCcsl AK OIHApHA MaTpulsl, B SKIH
eJIEMEHTaMH € OJIMHMII, SIKIO BeplinHa rpada OyAb-sSKUM IUIIXOM JOCSKHA 3
1HIIOT BEPIMHU, B 1HIIOMY BHUIAJKy €JIeMeHTH ii — HyJi. B poboti [6] HamaHa

(dbopmaiibHa nporeaypa ii BU3BHAUYECHHS:

(I1+B)k-1<(I+B)k=(I+B)k+1, (1)

3riIHO 3 sIKO1 Ha 0a3i maTpuill B ¢popmyetncst Oinapna matpuus (I + B), ae |
— oauHuyHa matpuil. [lokazano, 1o icHye HailiMeHiie 1iae k, mpu KoMy KOKeH
enemenT matpuii (I + B)k-1 menme Binnosinnoro enementa Matipiii (I + B)k abo
JOpiBHIOE oMy, a BiamoBigHi enementu matpuils (I + B)k 1 (I + B)k+1 piBHi.
Matpuiis B mpaBiii yacThHi Bupa3zy (1) Ha3uBa€TbCS MATPULICIO TOCSAKHOCTI.

[Ipu mamii kinbkocTi KputepliB (7o 7-10) moOynoBa MaTpHIll TOCAAKHOCTI
MOKe OyTH BUKOHAHA MIJISTXOM MPSIMOTO BiJICTEKEHHS 3B'SI3KIB Y BUXITHOMY Tpadi
a00 — sIK pe3yJIbTAT aHaJi3y BIAMOBITHUX PAIKIB MATPHUIl CYMIXKHOCTI.

Tak, 3 po3risiAaHHs MEPUIOTo PSAKY MATPHUIl CYMIKHOCTI MOKHA OauuTu,
o BigHOCHO BepmmHU hl gocsoxkaumu € Bepmmau h2, h3, h5, h6, h8, h9. A 3
ypaxyBaHHsIM camoi BepiminHU hl mocsoxaumu OyayTh BepiuHH: hl, h2, h3, hS,
h6, h7, h8, h9. Tomy B BIANOBIAHMX KIITHHAX TEPIIOTO PSAIKY MATPHUIl

JIOCSIKHOCTI CJIIT 3aIIMCaTH OOWHMAII.
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binpin geTanbHO Iii MHEMOHIYHA MpoleAypa po3risiHyra B poOoTi [7].

KinueBuii pe3ynpTaT BAKOHAHHS IPYroro KPOKy HaBeJIeHO B Ta0I. 2.

Taoauus 2.
MaTpuus T0CAKHOCTI
j—
1] hy h, h3 hy hs he h; hg hg
hy 1 1 1 1 1 1 1
h 1 1 1 1
hs 1 1 1 1
hy 1 1 1 1 1 1 1 1
hs
he 1
h7 1
hg 1
hg

Kpoxk 4. Ananiz mampuyi oocsoicnocmi i n06y008a Ha 1io2o OCHOBI cucmemu
3 pisHAMU (pan2080i Mooeii).

BukopucTaHHs MaTpull JOCSHKHOCTI JO3BOJISIE PO3ALIMTH MOTOYHY O€3miy
BepiH H = { hy, hy, hs, ha, hs, hs, h7, hg, hg } Ha Ge3miy piBHIB, a TaKOX PO3TUTHTH
KOJKEH pIBEHb Ha BIAMOBIIHI M1IMHOKHUHH.

Takum ynHOM, 3 Oe3miyu BepmmH H MoXXHA BUIIIUTH JBAa BHUJIU MHOXHUH:
nocsoxai Bepima [IB (hj) — Oe3miv BepiuH, SKUX MOXKHA JOCSTTH 3 BEPIIMHH hj;

Bepiivau nonepeanuili: BIT (hi) Oe3miu BepuinHU, 3 SIKMX MOXXHA JTOCATTH
BepIIHHY h;.

besniu Tux BepruH hi, nis sikux Bukonyerbest BIT (hi) = JIB (hi) N BIT (hi),
0 HE MOXYThb OyTH AOCSDKHMM 3 Oyab-sikoi 3 pemtu BepmuH H, 3rimHo [6]
BU3HAYAIOTHCSA K PIBEHb 1€papxii.

Ha puc. 3.HagaHo KIHIIEBUM pe3yJIbTaT JaHOI MpOIEAypH TMOOYI0BU
paHTOBOi MOeNi. 3 pPUCYHKa CIIAy€E, 1[0 MOJEIh Ma€ IIICTh PiBHIB 1 HAHOUIBII
BOKJIMBIIIUM KpUTEpieM (NEpIiuid piBEHb) cepell SKICHUX IOKa3HHMKIB OIIHKU
edexty BukopuctanHsi cucremu CIIEH e xputepit Ne9 «AnmanTuBHICTH 1
TIepPCOHANI3AIIIS KypCy».

PosrasinyTa panroBa Mojienb MO3BOJISE OMIHUTH CTYIiHb BIUTMBY MOTOYHOI

MHOXHHH KPUTEPIiB HA OCTATOUHUM PE3YJIhTAT OIIHIOBAHHS.
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He menm BaxknuBum 1y1st po3poOHuka cuctemu CIIEH € momyk HanO11bII
CYTTEBUX 3B’SI3KIB MK KPUTEPIAMU OIIHKHU ii SIKOCTI Ta KUIbKICHE OLIHIOBAHHS
3HAYYIOCTI HAHOUIBII 3HAUYIINX 3 HUX.

Jlns BUpIIIEHHS I1i€i MPOOJIEMU TPOMOHYEThCS MpoIeaypa ONTHUMI3allii,
sKa 3aCHOBaHa Ha mepeOopl 1 MOoJAaIbIIOMy aHajli3y BIATYKY Ha po3puB ycix (abo
BUOIPKOBHX) 3B'SI3KIB y BHUXiAHOMY rpadi. B sKocTi iHgukaTtopa Ha CyTTEBICTh
3B'SI3KY MPOIMOHYETHCS BUKOPUCTOBYBATH 3MIHY PIBHIB KPHUTEpIiB y BiAMOBIAHOI

PAHroBOI MOJIENI.

9 ANanTHUEHICTL I

PieeHb 1 _ A
nepcoHanizauia kypcy
7. HamEHICTL meTogd. 5 HadABHICTL
PiBeHb 2 pekomMeHa no podoTi 3 TEKHD.J'I{JriIFI —
MaTepianamu Eypcy. a
3. HamsBHICTL 5. MNpocToTa
PiBeHb 3 HaedaneHoro DOoCcTyny Ao Kypcie
nnaHy Kypcy i cepeicie
PigeHL 4 2 Mongni H;Urpcis iTUx & _3p3..'t_4_Hic:Tb
nenararidHWie qusanH Hagirauii kypcy
) 1. TexHonorii
PieeHeb 5 poO3pOGKK KYpCY
PigeHb 6 4. TexHonorii

OO0CTaBEW KypCy

Puc. 3. Panrosa Mojesib IKiCHUX MOKA3HUKIB OLIHKHU e(eKTy

Bukopucranua cucremu CIIEH.

Ha puc. 4 HaBeneHO OCTAaTOUYHMI PE3yNbTAT BUKOHAHHS LI MpOLEAYpPH.
Kinvkicne  oyiniosanms  3mauywjocmi  36’43Ki6  onmumizoearozo  zcpagy
MIPOTIOHYETHCSI BUKOHYBATH HAa OCHOBI TOHSTTSI «BEKTOPY KOH(Irypaiiii paHroBoOi
MoJieNl», siIke BU3HavYaeThes y BUrisaal N-enemeHTHOro BekTopy, Ae N — KIJIbKICTh
piBHIB Mojemi. Tak, paHroBoi Mojeiqi, sika HaBeJeHa Ha pucC. 3 BIJANOBIAacE
HACTYMIHUI BEKTOP KOHPITypari:

{9; (7, 8); (3, 5), (2, 6); 1: 4},
7€ KOXXEH eJEMEHT MICTUTh MIJAMHOXKHUHY KpPHUTEpIiB BIAMOBIIHOTO PIBHA,

MOYMHAIOYM Bij] HAHCTAPIIOTO — MEPIIOTO.
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KoxxHoMy moTouyHOMYy BEKTOpPY KOH(Irypaliii CriBBiJHOCUTbCS HOTO Bara,
sKa OOYMCIIIOETHCA, K aJUTHUBHA 3rOpTKa JOOYTKIB PaHry BEKTOPY HA KIJIbKICTb
KpuTepiiB iboro panry. Tak, Bara Bektopy koHpiryparii {9; (7, 8); (3, 5), (2, 6); 1:
4} nopisHroe 30.

4. TexHonorii
OOCTABKW KYpCY

4. ADanTWBHICTR i
nepcoHanizauia kypcy

1. TexHonori
pozpobEn Kypoy

2. Mogeni kypcie i Tx
nefaroriyHni guaany

8. HaseHicTL
TexHONoriA Baacmoaji

6. 3pYUHICTE
Hagirauii kypcy

3. HamRBHICTL
HAEBYaNLHOMo
NnaHy Kypcy

7. HaRBHICTL METOQMYHMX
pekoMeHIaUid no poGoTi 3
MaTepianamu Kypcy.

5. MpocToTa
OOCTYNY 00 Kypcie
i cepeicie

Puc. 4. Pe3yabraTt onTumiszanii 38’ s13KiB IOTOYHOT0 rpada.

KinbkicHEe OIliHIOBaHHS 3HAUYIIOCTI 3B’SI3KIB ONTUMI30BaHOro rpady
(paHroBOi MOJIEN1) TPOTMIOHYETHCSI OOUUCITIOBATH SIK a0COJIFOTHY PI3HUIII0 BaroBUX
Koe(DILIEHTIB BEKTOPIB KOH(PIryparlii Mo4aTkoBOi 1 MOTOYHOI PaHTOBUX MOJIEJIEH,
Jie T TOTOYHOI0 KOH(DIrypali€ro po3yMieTbesi KOH(Irypailis, 10 OTpUMaHa Mpu
PO3pPUBY 3B'SI3KY, SIKUI TOCIIIKYETHCS.

Ha puc. 5 HaBeneHO OCTaTOYHUN pE3yJbTAaT KUIbKICHOTO OILIIHIOBAHHS
JOMIHYBaHHSI CyMIKHUX KpUTEpIiB paHroBoi Mojieni. KilbKiCHI 3Ha4€HHsI Ha Iyrax
rpada HOpMOBaHI BIIHOCHO Baru MOYaTKOBOT'O BEKTOPY KOHDIryparii i 301bIIeH1
Ha koeditieHT, skuit nopisHoe 100.

OtpuMaHi pe3ynbTaTd MOXYTh OyTH 3aCTOCOBaHI B MPOIECI pO3pOOICHHS
lepapxiyHUX ab0 XONapXIYHUX MOJENSAX OOIpYHTYBaHHS albTEPHATUBHUX

BapiaHTIB CHCTEM €JIEKTPOHHOTO HAaBYaHHSI.
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8. ANBNTHMEHICTE i

Pieenb 1 L
nepcoHanmizadia kypcy
7. HARBHICTL MeTOq. i
" ) 8. HaABHICTE
PieeHb 2 -
PEKOMEHL, No pogoTi 3 TEXHONOrK BEzaeMoaii
MaTepianamm Kypcy.
3. HAABHICTL 5. MpocToTa
Pieenb 3 HABYANEHOM OOCTYNY A0 KYpCis
NnaHy Kypcy i cepeicie
Pigens 4 2. Mnngni k:gpcia i'l:-: 6. _3pyk_4_Hic:Tb
negaroriyHuie guaanH Hagirayii kypcy
) 10.0 1. TexHonorii 6.66
PiBeHL 5 pozpodKu Kypoy
i 4. TexHonarii
PiBeHb G

OOCTaBKM EYpCY

Puc. 5. KiibkicHA OllIHKAa JOMiHYBAHHSI CYMiKHUX KPHUTEPiiB PaHT0BOiI
MojeJti oniHIBaHHSA Y400Boro egekrty cucremu CIIEH.

Po3poOJieHHst  mojaesi  B3a€MO3B’AI3KY  KpHUTepilB  OLIHIOBAHHS
aJIbTEPHATUBHUX BAPIaHTIB CUCTEM €JIEKTPOHHOI0 HABYAHHSI.

B poGotax [4; 5] po3risanaroThCsi BapiaHTH MMOKA3HUKIB OILIHKU PE3YyJIbTaTIB
HaBYaHHS. P13HOMaHITHICTh BapiaHTIB MOSICHIOETHCS MOTOYHUMU LUISIMUA HaBYaHHS
1 ToMy BHUOIp KOHKPETHOIO BapiaHTy IUIKOM 3alIeXUTh Bl Habopy
KOMIICTEHTHOCTIH, SIKUMH TOBHHHI OBOJIOJITH CTYACHTH B paMKaxX JIUCIUTLIIHU,
10 BUBYAETHCH.

Po3pi3HsA10TH a0COIIIOTHI 1 BIAHOCHI MOKAa3HUKU OI[IHKU €(EeKTy HaBUAHHS.
AOCOIIOTHI MOKAa3HUKU HE3aJeXKH1 BlJl KOHKPETHOI MPEAMETHOI 00J1acTi, B TOW yac
SIK BIJTHOCHI TICHO MPHB'S3aHI O OCOOIMBOCTEH IMMOTOYHOI TUCITUTIIIIHH.

VY naniii poOOTI B AKOCTI KpUTEpiabHOI 0a3u OIliHIOBaHHS 00paHO HaOIp

aOCOJIIOTHUX MOKA3HMKIB], K1 3rpyIIOBaH1 y BIAMNOBIAHI KJIACTEPH.
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Kosxen kmactep MiCTUTh Hallp B3aEMO3B'SI3aHUX KPUTEPIiB, 110 YTBOPIOKOTH
B 3arajJbHOMY BHWIAJKy XOJIapXideCKyr0 Mepexy. Hmkue momaHo CTHCTY
XapaKTePUCTHUKY BIAMOBIIHUX TPyH KPUTEPIIB.

Knacmep 1. Axicui xapakmepucmuxu CEH.

Kpumepiu 1.1. TexHonorii po3poOKu Kypcy.

Texnomorii po3poOKku Kypcy MOXyTb OyTH pi3HOMaHITHUMH: Web-
TEXHOJIOT1i, TENEeKOMYHIKAIIiHI TEXHOJ]Orli, XMapHI TEXHOJIOTil, TEXHOJOTIi
MOOUJIBHOIO HaBYaHHS, TEXHOJIOT1I JUCTAHI[IMHOTrO HaBYaHHS TOIIO

Kpumepiu 1.2. Moneni KypciB 1 iX TieJaroriyHui Tu3aiH.

Monens Kypcy BU3Hauae cenndiky opranizaiii Ta mojgaqi Matepiaiy.

Kpumepiii 1.3. HasBHICTh HABYAIILHOTO TUIAHY KYPCY.

HasBHiCT, HaBYaNBbHOTO TIUIaHY BIIOOpakae aBTOPCTBO, CTPYKTYPY,
TEMaTUKY PO3I1IiB a00 MOIYJIiB, HOT0 TEXHIUYHY CKJIAJIOBY 1 peCypcHY 0asy.

Kpumepiu 1.4. TexHONOT11 1OCTaBKU KYypCY.

TexHosOr1i MOCTaBKM 1 JOCTYIy 10 KypCiB 1 CEpBICIB NPHITYyCKalOTh
ACUHXPOHHUN a00 CUHXPOHHUN (QopMaT HaBYaHHS HAa OCHOBI BUKOPUCTaHHS
CJICKTPOHHUX HaBYAIBHUX OOOJIOHOK, HaBYAIbHUX MOXJuBocTed Google y
BUTJISII CAlTIB 1 OJIOTIB.

Kpumepiu 1.5. IIpoctoTa 10CTYymy 10 KypcCiB 1 CEPBICIB.

Kpumepiti 1.6. 3py4HicTb HaBiraiii Kypcy.

[lemaroriuamii au3aiiH 1 3pydYHICTH HaBiramii IOBUHHI MATPUMYBATH
HaBYaJIbHUM Npouec 1 OyTH 3pyYHUMHU JIJIs1 KOPUCTYBAayiB.

Kpumepiti 1.7. HasBHICTh METOAWYHMX pEKOMEHAAll 1o poOoTi 3
MaTtepiazamu Kypcy.

HasBHICTE METOOWYHUX pPEKOMEHMAIii 1Mo poOoTi 3 MaTepialaMu Kypcy
JOTIOMarae sk CTyJICHTaM, TaK 1 BUKJIaJaqam

Kpumepiu 1.8. HasBHICTb TEXHOJIOT1H B3a€EMO/III.

Texnosorii B3aemoii 31 ciiyxadyaMyd TPHUIYCKalOTh BUKOPUCTaHHS OJOTYy,
yaty, (GopyMy, CKaily, €JIeKTPOHHOI MOIITH, TeNePOoHy, OYHUX 3ycTpideil abdo
KOHCYJIbTAIIIH.

Kpumepiu 1.9. AjanTuBHICTSG 1 IepcoOHATI3AIISA KYpCY.

AanTUBHICT 1 MepcoHAm3aIlis Kypcy JIO3BOJISIIOTH  BpaxyBaTH
KOHTaKTHICTh ayJuTOpii, ii TOTOBHICTH JO CHPHUHHATTS MaTepialy, KOPUTYBaTH
HAallOBHEHHSA  KOHTEHTy,  OamaHcyBatd  iH(QopmaliiiHe  HaBaHTaXEHHS,

BUOY/IOBYBATH 1HJIMBIIyalbH1 TPAEKTOPIi HABYAHHS.
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Knacmep 2. I1ioxoou 00 ouinku 0C8IMHIX O0CACHEHb CIMYOeHMIS.

Kpumepiii 2.1. HasgBHICTh KpUTEp1aJIbHO-OPIEHTOBAHOTO MIIXOY , 110
JI03BOJISIE OLIIHUTH, HACKUIBKU CTYACHTH JOCATIIN 33/IaHOTO PIBHA 3HAHD 1 yMIHb
BIJIMOBITHO OCBITHBOT'O CTAH/IAPTY.

Kpumepin 2.2. HasBHICTb HOPMAaTHBHO-OPIEHTOBAHOTO MiAXOJy, B OCHOBI
SIKOTO € CTATUCTUYHI HOPMH, SIKI BU3HAYAIOTHCA JUISI TAHOT TPy CTYACHTIB.

Kpumepiiu 2.3. HasBHICTD TiAX0ay, KU OpIEHTOBaHHWI Ha 1HAMBIIyalbHI
HOPMH Ul KOXKHOTO CTYyJEHTa, TOOTO pealibHuil piBeHb WHOTO PO3BUTKY B
KOHKPETHUI MOMEHT 4acy.

Knacmep 3. Pes3ynvmamu Haguauns (KoMnemenmHocmi).

Sk pe3ynbTaTiB HaBUYAHHS TYT BKa3y€ThCS HAOIp KOMIIETEHTHOCTEH, SIKHMHU
MOBUHEH OMaHyBaTH CTYJEHT ITNCJIsl BUBYCHHS KOHKPETHOI aucuuriuniau. Ha
JAHOMY €Talll IMO3HAaYMMO IX B 3arajbHOMYy BHUIVISAlI 1 OOMEXHMOCS JIBOMA
HabopamMu KOMIETEHTHOCTEH.

Kpumepiu 3.1. JlocsirHeHHs pe3ynbTaty 1.

Kpumepiu 3.2. JlocITHEHHS pe3yibTaTy 2.

Knacmep 4. Tecmosi 3a60anHA.

Kpumepiti 4.1. HasBHicTb 3aBHaHHsS Ui BUOOpPY HaWOLIBII MPaBUIBLHOI
BIIMOBII, 3 psAay BiAMOBIAEH (MpaBWIBHUX B PI3HOI CTymeHi), abo nJii BUOOpY
KUTBKOX MPaBUJILHUX BIIMOBIACH.

3aBnaHHS 3 BHOOpPOM OfHI€i HAWOUIBIN MPaBHIIBHOI BIAMOBIAI B TECTOBii
MPAKTUIll MOUIMPEH] JOCUTh IIUPOKO, IO TOSICHIOETHCS TEXHOJOTIUHICTIO II€T
dbopmu, B epury yepry, Ajas aBTOMaTU3allli 3aB/IaHb.

Kpumepiii 4. 2. HagBHICTb 3aBHaHHS Y BIAKPUTINA QopMi, MPU BiACYTHOCTI
OyJIb - SKUX TOTOBUX BiJITOBIICH.

VY 3aBpgaHHSAX BIAKPUTOI (OpMH TOTOBI BIAMOBIAI HE MPOMOHYIOTHCS, 1
BUMPOOOBYBAHMI CcaM MOBHHEH JOMHCATH BIANOBI/b, SKUA CBIIYUTH MPO
HAsSIBHICTh YM BIJCYTHICTh HEOOXITHUX 3HaHb. 3aBlaHHA Y BIAKpUTIH dopmi
BUMAaraloTh MaKCHUMaJIbHOTO TBOPYOCTI BIJI CTYIEHTIB 1 3HAYHUX BHUTpAT
BUKJIAJAIIbKOT Tpalli Ipyu MepeBIpIIl.

Kpumepiu 4.3. HasiBHICTb 3aBJIaHHsI HA BCTAHOBJICHHS B1IMIOBIAHOCTI.

B 3aBmanHsX Ha BCTAaHOBJIICHHS BIAMOBIAHOCTI Tpeba BCTAHOBUTH
BIJIMOBITHICTH €JIEMEHTIB OJHIET TPYTH €JIEMEHTIB 1HIIOI TPYIIH.

Kpumepiu 4.4. HasaBHICTb 3aBIaHHS Ha BCTAHOBJICHHS MPaBWJIbHOI

IMOCJI1IOBHOCTI.
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3aBIaHHS Ha BCTAHOBJEHHS NPaBUIIBHOI IOCIHIZOBHOCTI JIO3BOJISIIOTH HE
TIIBKW TIEPEBIPUTH 3HAHHS, BMIHHA 1 HAaBUYKH 1O BU3HAYEHHIO IOCIHITOBHOCTI
pi3HUX [iif, omepaiiif, po3paxyHKiB, a ¥ JalOTh MOXIHUBICT €()EKTHUBHO
¢opmyBaTu iX B HABUYAIBHOMY TPOILIECI.

Knacmep 5. Buou ouinosanuA.

Kpumepiii 5.1. HasiBHICTD 1arHOCTUYHOTO OIIHIOBAHHSI.

Busnauae 31i0HOCTI 1 MIATOTOBIEHICTh J0 BHBYEHHS MPOTPaMH, a TaKOXK
MO’KJIMB1 HaBUYaJlbHI Ipo0OseMu. BOHO 4acTo mpoOBOAUTHCS MPOTITOM HaBYAJIBHOTO
OpOLECY sl KOHTPOJIO PO3YMIHHS 1 3aCBOEHHS HAaBUYAJIbHOIO Mareplaity
OKpeMuMHU cTyaeHTamMu. OCHOBHA (YHKIIiS JIarHOCTHYHOTO OIIHIOBAaHHS -
KOpUT'yBaJIbHA.

Kpumepiii 5.2. HasiBHICTb IOTOYHOTO OI[IHIOBaHHSI.

3a0e3neuye CBO€YACHUN 3BOPOTHUH 3B'S30K, CIpPHUSE MOJIMNIICHHIO
HAaBYAJIILHOTO TPOIECY, [OTOMAara€ BHSBUTH BIOXWJICHHS BiJ 3aljaHOBAHOI
porpamMu 1 MPUHHATHA ONEPATHUBHI PIIIEHHS MO0 KOPEKIIl MNpOUEeCy 3aCBOEHHS
HaBYaJIbHOTO Marepiany. Ilig 4ac mpoBeeHHs MOTOYHOIO OLIHIOBAHHSI BaXKJIUBY
poJIb BIJITpa€ BUKOPUCTAHHS €JIEMEHTIB CaMOOIIHKKA 3 OOKy CTYJIEHTIB, IO
JO3BOJISIE JIOCATATH TJIIMOMHU PO3YMIHHS 1 3aCBOEHHS HABUAJIbHOTO Marepiaiy,
(dbopMyBaTH CTIIKI HABUYKH, PO3BUBATH BMIHHS 1 B KIHIIEBOMY I1ICYMKY JIOCSITaTH
BHCOKO] SIKOCTI OCBOEHHSI OCBITHbOI IPOrpaMHu.

Kpumepiii 5.3. HasBHICTb MiJICYMKOBOTO OI[iIHIOBaHHSI.

3a0e3neuye BUMIp 1 OIIHKY JOCSTHEHHS CTYJEHTaMHU 3aIljlaHOBaHUX
pe3ynbTaTiB HABYAHHS, BUSABIISIE CUIIBHI 1 C1a0Ki CTOPOHM HABYAJIBHOTO MPOILIECY.

Knacmep 6. AﬂbmepHamueHi cucmemu__ OYIHKU 00CsI2HEeHHs eqbekmy

EIEKMPOHHO20 HABUYAHHAL.

B sKxocTi anbTepHaTHBHMX cuUcTeM Oysid 0OpaHl TPU HAWOUIBII MOMIMPEHI
CHCTEMH €JICKTPOHHOTO HaBUYaHHSI.

6.1. Cucmema mecmysanus INDIGO [8].

6.2. Cucmema enekmponnozo Hasuanusa Moodle [9].

6.3. Cucmema enekmponnozo nasuanns Web Tutor [10].

B3aeM03B's13kM KJ1acTepiB 1 KpUTEPIiB BCEPEAMHI KOXKHOTO 3 KIJIACTEpIB, SIK
MPaBUIIO, HOCSITh XOJMApX1YHUI XapakTep.

Ha puc. 6 HamaHo BapiaHT XOJapXi4eCKON MOJIENI B3aEMO3B'SI3KY KJIaCTepiB.

Mogens mnoOynoBaHa SK pe3ylbTaT €KCIEPTHOIO ONUTYBaHHA, w010 OyJio
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MPOBEJICHO Ccepell BUKIIANa4diB Kadeapu KOMITIOTEPHUX CHCTEM 1 TEXHOJIOTIH
XHEY im. C. Ky3nens.

= 6. AIbTepHATHBHI CHCTEME =lolx]

"

6.1. Cacrema TecryBaasa ]N'D]GD[

=10 %
el 4. THIH TeCTOROTo KORTPOII =lo 6.2. CECTEMA eJeKTPOHHOrD HABTAHHEA lIund]ei
~
41.3 3 poM oxEici HaEbi AEATLEOT BITHOE] [ i
_ — | l 6.3. Cacrema enexTpoEnoro HagTamas Web Tator

- - e . | 4 - =
4.2. HangmicTs JaBXaHEA Y BiKpHETIiE ¢ opai = > |11, Sxicai xapakTepEcTEKE CEH ~=loi=|
~
43.H. icTh Ha BCT JTeHHA Bi i ;}l‘ A | 1.1. Texuonorii pozpobxa zypcyl
=l 5. BHAH oNiHIOBAHHEA =lolx|
4.4. H: iCTh Ha BCT JIeHHs NP3 RHILEOT HOCHAOBHOCTI. [ ~ | 1.2. Mogemn xypcie i ix nexarorimai ;(m:n'ini
| 5.1. HaagemicTL JIArEOCTEHOTC O] ‘
— = l 1.3. HaseHiCTE HABIAILHOrG IIAHY lc_vp:yl
< > 5.2. Hasemicrs no : I )
- i i i —I | 1.4. Texmoxorii gocTagkn zyp:yl
3. B miACY . >
< > | I 1.5. IIpocroTa gocTymy Ao KYpCik i cepricie [
|a13. Peayneratn naganns =|0lx| %’/
~ 1.6. 3pyumicTs HagiTanii zyp:yl
3.1. JocaTHeNER PesyALTaTy 1[ I I| 2. Iinxon| Mo oMiEKH OCBITHAX NOCATHEHE Jo B3|
e — ~ 1.7.H HCTH METON "i
3.2. JTocarmenma pesyanTaty 2 I 2.1.F icTh KpATEpPI opicATORAMOTG m',mxu;qr [ |
1 i 1.8. HagrHICTE TEXHOIOTIH BIaEMOII I
I 3.3, Jocarmerns pesyanraTy 3 I \v 2.2. HangHicTh BOpMaT pi ni;[xo;lyl
| 1.9. ApanrEREiCTS | HEpCOHANIZANIA zyp:yi
2.3. HageHicTh MIX0XY, AKE opicHTORANAR Ha IMIABITYANMLE] HOpME B N :I
v
< >

Puc. 6. Mogesb B3a€EMO3B’I3KY KJIACTEPiB OLIHIOBAHHS

ajnbTepHaTuBHUX BapiaHTiB cuctrem COEH.

3anpornoHoBaHa MOJEIb MOXE€ OyTH pPEKOMEHJOBaHa Uil OOYMCIICHHS
IPaHUYHUX TJI00aTbHUX MPIOPUTETIB €(EeKTY BHUKOPUCTAHHS aIbTEPHATHBHUX
BapianTiB cucteM CEH, a TakoX JOKaJIbHUX MPIOPUTETIB BIAMOBIIHUX KJIACTEPIB 1
KpUTEPIiB.

Onuc mnpouenypu po3paxyHKy MHPIOPUTETIB B MOBHOMY 0OCS31 € JOCHUTh
TPYJIOMICTKHM, OCKUIbKM BUMarae (QOopMyBaHHS Ta TMOJMAJBIIOT0 3alMOBHEHHS
eKCIepTaMy 3HAYyHOI KIJBKOCTI MAaTpHIlb [APHUX TMOPIBHAHBb. Tomy IS
CIIPOIIIEHOT0 TOAAIBIIOr0 PO3TJIAIY JOIUIBHO 3aJUILIEHI TUIBKU TPU KJIACTEPU

(puc. 7), sKi BIAMOBIIAJIA TEPIIIM JTBOM HANUOUIBII BaXKJIMBUM PIBHSIM (JIUB. PUC.

6).
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2.1. 3agaanns 3 EHOOpOM OJHIET HAHOLILI NPaEHIEHOT Bi.IIIOBi,IiI

2.2. HaseHicTh 3aBJaHHEA ¥ BIIKPHTIR l:]mp:\lil

2.3. HasgpgicTh 3aBJaHHA HAa BCTAHOB.IeHHSA Bi.:umni.:l:lmc’ril

2.4. HaseHICTh 33aBJaHHEA HA BCTAHORJISHHA OPABHILHOI HOCTIZOBHOCTI.

k -

i 3. Alternatives o [ S

<

Ll

3.1. Cacrema TecTyBaHHANA ]'_\—DIGOI

3.2. CucTeMa eJeKTPOHHOTO HAEYAHHA lloodlel

1.1. Texuomorii pozpodkn Kypcy I

1.2. Mogeni kypcie i ix negaroriaami ,:m;al“ml

1.3. HaneHiCTE HAB9AILHOTO MIAHY KYPCY I
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1.6. 3pyumicTs HaBiramii Rypc}'l
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1.8. HaapHicTEs TexHO0I0TIH B3aeMmoIil I
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Puc. 7. CipomueHuii BapiaHT MoJeJIi B3a€EMO3B’SI3KY KJIacTepiB

OLIHIOBAHHA aJIbTepHATHBHUX BapiaHTiB cuctem COEH.

BucHoBKH

Po3rnsiHyta MHOXKHMHA KpUTEPIiB JUIsl OLIHIOBAHHS €(EKTYy 3aCTOCYBAaHHS

AJIbTCPHATUBHUX BapiaHTiB CUCTCM CJIICKTPOHHOI'O HABYAaHH:.

Po3pobniena panroBa Mojellb KPUTEPIiB OI[IHIOBaHHS y4OOBOTO e(eKTy

CHUCTCMH Hi)ITpI/IMKI/I CJICKTPOHHOI'O HAaBYAaHHA.

Po3pobisieHa XxonapxidyHa MOJENb B3a€EMO3B’SI3KY KPHUTEPIiB OI[IHIOBaHHS

AIbTEPHATUBHUX BapPIaHTIB CUCTEM E€JIEKTPOHHOTO HABYAHHSI.

VY aockoHalleHHST MoJieNiell MOXKe 3IIMCHIOBATUCS IIJISIXOM 3aCTOCYBaHHS

Teopii HEUITKUX MHOXUH Y Mpolieci pOpMyBaHHS MaTpUIlb MAPHUX MOPIBHSHb.
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KPAYJACOPCHUHI'OBA INVIAT®OPMA SAK IT-IHCTPYMEHT JJIAA
3ABE3INEYEHHA TEHAEPHOI PIBHOCTI B YHIBEPCUTETI

Beryn i moctanoBka 3anavi

B cuctemi BuIoi ocBiTH YKpaiHM B OCTaHHI POKH CIIOCTEPIraloThCs 3HAYHI
3MiHM Y 3aKOHOJIaBUOMY 3a0e3neueHHi. Tak, qefam OibIe yBaru B 3aKOHOIaBUYHMX
aKTax NPUAUIAETbCA TMHUTAHHSAM 3a0€3MEeUEHHS PIBHUX MOKJIMBOCTEH Ta
HEAMCKpUMIHALllI B OCBITI Ta HAYKOBI cdepi, B TOMYy 4YHCIl MNUTaHHSIM
3abe3reueHHs] TeHAepHOoi piBHOCTI. Taka cuTyallis BUMarae po3poOKH Ta
BIIPOBA/KEHHS CYJaCHUX METOJUK Ta IHCTPYMEHTIB AJIsl 300py Ta aHaJi3y JaHUX B
TeHACPHOMY PO3pi3i, JJIsl OOrOBOPEHHS MPOOJIEM I'eHIepHOT HEPIBHOCTI Ta OOMIHY
nepenoBuM a0cBiioM. CyyacHi [T-IHCTpyMEHTH 3HAYHO CHPOIIYIOTh SIK MPOLECH
300py Ta aHami3y KUIbKICHUX JAHUX B XOJ1 TEHJEPHOro ayauTy, Tak 1 MPOIECH
MOYaTKOBOIO SIKICHOTO aHajizy mpoOJieM TEeHAEPHOr0 IMMapUTeTy, 1 MpoLecH
00roBOpEHHS, pO3POOKHU Ta BIPOBAKEHHS 3MiH, 1 0OMIH JOCBIJIOM MiXXK OCBITHIMH
Ta HAYKOBUMHU yCTaHOBaMH.

CooromHi B VYKpaiHl peami3yeTbCsi JOCTAaTHA KUIbKICTh  1HIIIATUB,
CIPSIMOBAHMX Ha 3a0€3MEUEeHHS MPUHIIUIIB T'€HACPHOI PIBHOCTI B pi3HUX cdhepax
comiayibHuX BiHOCUH. OpHiero 3 Takux 1HimiatuB € TmpoekT EQUAL-IST
«IlnmanyBaHHS TEHAEPHOI PIBHOCTI B HAayKOBHX JOCHIDKEHHSX Yy Taiysi
KoM totepHux Hayk Ta IT» [2], sxkuii ¢inancyerbes €C y Mexax Mporpamu
HORIZON2020 Ta Mae Ha MeTl BIOPOBAIKEHHS CTPYKTYpPHHUX 3MIH JUJIS
MJBUIIEHHS TE€HACPHOI PIBHOCTI B yHIBEpCUTETaX, IO 3aMarOThCS OCBITOIO Ta
HAyKOBUMHU JIOCHIJDKEHHSMH B Tally3l KOMIT IOTEPHUX HayK Ta 1H(opMamiiHux
TEXHOJIOTIH. MeToro poOOTH YKpaiHCHKOT YaCTUHU TPOEKTHOI KOMAaHIU €
peanizailii MPUHLMIIB PIBHUX MOXKJIUBOCTEH, okpeciieHux ['eHpepHOrO
ctparerieto €C [1], B akagemiuHoMy cepenoBuiili ykpaincekux BUIIiB 3araiom ta
B XapKiBCbKOMY HAaI[lOHAJIbHOMY €KOHOMIYHOMY YyHiBepcuTeTi iMeHl CemeHa
Kysnens (XHEY) 3okpema. [loumnatouu 3 udepBHs 2016 poky (mara moyaTky
IIPOEKTY) KOHCOPLIYMOM THPOEKTY, SKMM Hajmiyye 9 OCBITHIX Ta HAayKOBO-
JOCITITHAIIBKUX YCTAaHOB 3 Pi3HUX KpaiH €Bpomu, OyJ0 BUKOHAHO TaKi KIIOYOBI
€Tary: MpoaHali30BaHO HaKOMUYEeH1 B €BPOIIl Kpalli MPaKTUKU 1100 PO3POOKH Ta
BIIPOBA/PKCHHS TUUIAHIB TEHJEPHOI PIBHOCTI B YHIBEPCUTETaX; pO3pOOJEHO Ta
BIIPOBAPKEHO KPayACOPCUHTOBY OHJIaH-Tu1aTopmy [3] aig 30upanHd 11ei 11010
MOJIOJNIaHHS TeHJAEPHOT HEPIBHOCTI Ta METOAMKY CHUIHHOI pOOOTH; amanTOBaHO
METOAMKY TeHaepHoro ayauty miusa IT-axkynbreriB Ta kadenp; MNpoBEAEHO
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TeHACPHUN ayJauT B cCeMM yHiBepcutetax €Bporu, B Tomy yuciai B XHEY im. C.
Ky3neusa. [locBin yHiBepcHTETIB , HAOyTHH MPOTITOM TPUPIYHOTO MPOEKTY
EQUAL-IST noBiB, mo kpayacopcuHroa Iatdpopma € edexktuBHuMm  IT-
IHCTPYMEHTOM JUIsl TPOBEIEHHS TEHACPHOTO ayauTy Ta 3a0e3leueHHs
CTPYKTYpHHUX 3MiH B yHiBepcuteTrax. CaMe TOMYy METOI0 JaHOTO JOCHIKEHHS €
y3arajlbHEHHSl JTOCBiAy pO3POOKM Ta BUKOPUCTAHHS KpayJCOPCHHIOBOI OHJIAiH-
miatgopmMu B sAkocTi IT-IHCTpyMEHTY Uil HIATPUMKH TPOIECIB TEHJIEPHOTO
ayJIuTy YHIBEPCUTETY Ta TIpoleciB po3poOku «llmaHy i momo mATPUMKH
rergaepHoi piBHocT»y (IIT'P) B XHEY im. C. Ky3nens 3araiom ta Ha Kadenpi
1HpOpMaIIIHHUX CHCTEM 30KpeMma.

OO60B’s3K0BOIO TIepeyMOBOIO po3polOseHHs sikicHoro III'P e renmpepnHwmit
aynut. [ennepamii ayaut (I’A) — 1e cydacHWd MOHITOPUHTOBUN I1HCTPYMEHT
MIPOCYBaHHSI MOJITUKU T€HJEPHOI PIBHOCTI Ta (HOpMYBaHHS T€HIACPHO-YYTINBOIO
cepe/ioBUIIa B OpraHizallli, ¢ 3Ha4yHy poJjb BIIITPAlOTh HE JIMIIE KUIBKICHI, aje i
sKicCHI ToKa3HUKU. OcobnuBicTh ['’A monsrac B TOMy, IO 3aCTOCOBYETHCS
METOJMKa CaMOOI[IHKH, JEMOKPAaTUYHOIO 3ajJydyeHHs, KOJM BCl 3alliKaBJeHI
MpaIiBHUKK MalOTh 3MOTY BHCJIOBUTHCS 3 MHUTaHb, SKI CTOCYIOTHCS T€HAEPHOT
npoOiaemMaTuku. MeToauKa reHAepPHOTO ayauTy, sska BUKOPHUCTOBYBaIacsa B paMKax
npoekty EQUAL-IST Oyna 3acHoBana Ha metonuiil MixHapoaHoi Opranizaiii
[Ipami (MOII) [4], ognak Oyna icToTHO aganToBaHa mija notpedu IT-dakynpreTin
yHiBepcuTeTiB. Cii 3a3Ha4uTH, 110 A0cBia aaanraiii Meroauku MOII no motped
YHIBEPCUTETIB HE € HOBUM JJIsI YKpaiHu, Taka podoTa OyJia mpoBeaeHa Mepexero
reaaepaux neHtpie BH3 Vkpainu [5], a mocBia amanrariii METOAMKHU i IOTpeOU
IT-pakynbTeTiB € IHHOBAIL[IHHUM HE JIHILE U1 YKpaiHu, a i Juist €BpomnH.

Otxe, B ocuoBy III'P XHEVY im. C. Ky3Heus Oyyio NOKIaIEHO daHi
BHYTpIIIHbOr0 I'A, pe3ynbTaTH AMCKYCIH 3 ujeHaMu poOodYoi rpynu, pe3yabTaTh
aHaI3y KpalluX MPaKTUK OCBITHIX Ta HAYKOBUX YCTAHOB 13 IOCSTHEHHS T€HIEPHOT
piBHocTi Ha IT-dakynprerax, a TakoxX 11€i, 310paHl Ha KpayJICOPCHHIOBIN
wiatgopmi CrowdEquality [3] - mepmiiii €Bpomnelicbkiii oHIaiH-TUIaTdOpMI, KA
30upae nmpooJIeMH 1010 TeHAEPHOI PIBHOCTI B YHIBEpCHUTETaX, 1/1€1 X MO0IaHHs
Ta CTBOPIOE YMOBH JUIsI iX OOTOBOPEHHSI.

OcHOBHA YacTUHA

Ines xpayncopcunry (anri. crowdsourcing, Bijg crowd - HATOBII 1 sourcing -
BUKOPHCTAaHHS PECYpPCIB) HE € HOBOIO 1 Ma€ HAa METI 3aIy4eHHS Ha JOOPOBUIBHHUX
3acajax IMIMPOKOTro Kojia oci0 10 BUpILIEHHS MPOOJeM 1HHOBALIMHOTO THUMY 13
3aCTOCYBaHHSAM 1H(GOpPMAIIITHO-KOMYHIKAIIAHUX TexHoJorid. Cepen pi3HOBUAIB
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KpayJACOPCUHTOBHX MPOEKTIB BUAUIAIOTHCS MIATGOPMHU JIJIsl TOJIOCYBaHHS Ta 300py
171e, 11t 00poOKHM HayKOBUX MaTepialiB, /Ui IPOBEICHHS OHJIAH-KOHKYPCIB, IJIs
opraHizaiii CriJibHOi pOOOTH 3 KOHTEHTOM 1 MATPUMKH KOJEKTHBHUX 1HHOBAIIIM
tomo. OcobmuBicts miatdopmu CrowdEquality momsrae B TOoMy, mo BOHa €
nepmuM B €BpOIi KpayACOPCUHTOBUM I1HCTPYMEHTOM [iJIsi 30upaHHs i1eid Ta
HIATPUMKH JUCKYCIi MPo 171ei Ta 1HIIaTUBHU 3 MPOCYBAHHS T'€HAEPHOI PIBHOCTI Ta
pizHoMaHITT. L1 171€i anentooTh 10 crenudpiyHuX 3aBAaHb, sKi 0yJIO BU3HAYEHO Y
7 €BpOINEUCHKUX YHIBEPCUTETAX, MO € ydacHukamu mpoekty EQUAL-IST, i sxi
Majau OyTH BHpillIeHI TPakTUYHO. OCHOBHOIO METOIO IJIATPOPMU € TIATPUMKA
ciibHOT po3podku mpodineHux IlnaniB renaepnoi piBHOCTI. [lpodinsauii [1nan
TeHJIEpPHOT PIBHOCTI, PO3POOJICHUI JUIsi KOXKHOTO YHIBEPCUTETY-apTHEpa, €
JOKyMEHTOM, 110 MICTUTh IJIaHU 3 peaii3allii MOJITHKY 1 KOHKPETHI 3axoau (ii),
0 MarTh OYyTH BHUKOHAHI Ha MpPAKTUIl 3 METOI JOCSITHEHHSI MOCTaBIIEHUX
3aB/IaHb, 0 CTOCYIOTHCS PIBHOCTI Ta PI3HOMAHITTS B YHIBepcHUTETi. KOHTEHT, 110
poswmitieHo Ha matdopmMi, gomosHIoe [1nan reaaepHoi piBHocTti. A TII'P micTturs,
B CBOIO 4epry, 11ei, reHepoBaHl KopucTyBadamu IuiaTgopmu. Kpami igei,
BU3HAYCHI 3a KUIBKICTIO BIOJAOOAaHb Ta pe3yjbTaTaMU TOJOCYBaHHS, OyIu
BKIIOYEHI 10 mnpodunsHOoro Ilmany reHaepHoi pIBHOCTI  BIANOBIJHOTO
YHIBEPCUTETY-TIapTHEPA.

OcHoBHU (pyHKIIOHAT TIATGOPMU Mependavae MOKIMBICTh 3aBaHTAXKCHHS
171Ieil BHYTpIIIHIMU KopucTyBauamu Tuiargopmu. [Ipu yomy, inmei maiore OyTu
BIJIHECEHI /IO KOHKPETHUX TEeMaTUYHUX MpoO0JIeM, BUSBICHUX Yy KOXKHOMY
yHiBepcuTeTI-apTHepl. s KOKHOTO yHIBEpCUTETY-TapTHEpa Iuiatdopma Hajae
OKpEeMHUM TPOCTip, J€ TMPEeJACTaBICHI KOHKPETHI MpoOJeMH BiAMOBIIHOTO
YHIBEPCUTETY-TIAPTHEPA, & TAKOXK 171€1 Ta KOMEHTAap1 JI0 IUX 17CH.

Buknuku (mpobsieMu), a TakoX iAei MO0 iX BUPILIEHHS, BU3HAYAIHUCS
pobounMu TpyramMu 3 po3poOku Ilmany reHaepHoOi pIBHOCTI 3a3dalieriib i Jac
aHai3y MOTOYHHUX NPOLECIB «IK €» Yy KOXHOMY YyHIBEepCUTETi-napTHepi. Tomy
KOXXEH BUKIUK (mpoOjieMa) CHIBBIIHOCUBCS 3 KOHKPETHUM YHIBEPCUTETOM-
napTHEPOM, a KOXKHa 171es — 3 OJIHi€I0 13 mpobieM. Kpim Toro, koxHa mpobiiema (Ta
BIJIMOBIIHI 11T 1mo/10 i BupimieHHs) Oyia BiiHeCeHa A0 ojHiel (a00 JEKITbKOX)
oOnacTeil 1HTEpBEHLIi: MPOLECH MEHEHKMEHTY Ta YIPABIIHHSI MEPCOHAIOM;
HaBYaJBHUHN TPOIIEC; KOMYHIKAIIi1; TPOBEICHHS HAYKOBHUX JOCIIKEHb.

B 3amexHocTi Big poyi  KOpPUCTyBaya, JJISI KOXXHOTO KOPHCTyBaua
iHpopmarris, mo 30epiraeTbest Ha MaThopmi, € ab0 MOBHICTIO MPUXOBAHOK, a00
IPUXOBAHOIO YaCTKOBO, a00 MOBHICTIO BiAKpuTOt0. KoxkHa onucana Ha miatdopmi

npoOiemMa Ta KOXXHa 17es 3a 3aMOBUYYBAHHSM TO3HAYEHI SK «IOCTYIHI JIJIst
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MyOJIIYHOTO MEPETSIsAy MiCs 3HEOCOOJIEHH», OKPIM BUMAKIB, KOJIM KOPUCTYBay
BCTAHOBIIIOE JOJAaTKOBI OOMEKEHHA. 3HEOCOOJIEHHSI 03Hauae, 1o iH(opMallis mpo
aBTopa, IO Horo iaeHTU(]iIKye, He Oyae BHUIUMOI OyIb-SIKUM I1HIIUM
KOPHCTyBavaM.

[Tepuri ixei, nmpeacrabieHi Ha maTdopMi, OyIu 3alpONOHOBAHI pOOOUYNMU
rpynamu 3 po3poOku II['P wa ocHOBI guckyciii y komanmax. Ilim wuac
3aBaHTaXCHHSA 171e1 Ha miatgopMmy, B il OmMMCl MOKHA BKaszaTH, YU Taka X abo
CXOKa i/ed Bke Oyna paHillle peani3oBaHa 1HIIMMHU YHIBEPCUTETaMHU, 1, SKIIO IIe
TaK, HaJaTh BIAMOBIAHI TMOCWJIAaHHS abo aiim (Bci ¢aiau Ta NOCHUIaHHS
y3arajibHeHl B 0a3l JaHUX, ajle TakoXK AOCTYyHHI y Biakputomy pgoctymi). Lle
JTIO3BOJISE HE JIUIIIE OTpUMATH OUIbIIe 1HPOpMAIIil Mpo CyTHICTH 17ei, ajie i HajaTu
JI0JTaTKOBE OOIPYHTYBaHHs, YoMy OyJia oOpaHa came Taka ijesl.

[InaTtdopma 3abesneuye 3BOPOTHUN 3B'A30K  (MOXKIIMBICTH 3ajUIIATH
KOMEHTapi) 0J0: KOXKHOI MpoOJIeMH; KOKHOI 171€1, 010 BUPILIEHHS MpoOIeMu;
KOKHOT'O KOMEHTapA.

Takox miargopma Hajgae MOXKIUBICTh «BIMOAOOATH» KOHKPETHY 1/1€t0 abo
koMmeHTap. Ilicns momaHHsS Ta OOTrOBOPEHHS JOCTAaTHBROI KIIBKOCTI 1€ s
BUPINIEHHS KOXHOTO 3aBJaHHA, 3apEeECTPOBaHI KOPHUCTyBayl Majud 3MOTY
MIPOTOJIOCYBATH 3a HaWKpali i7ei.

[lin yac peectpanii KOKHOMY KOPUCTYBau€Bl CHUCTEMa MPOINOHYE HAJATH
1H(}OopMaIrito Ipo Moro crarh, Bik, mpodecito (mpodecop, HAyKOBUM CIIBPOOITHHUK,
YiIeH aAMIHICTPAaTUBHOIO TEpCOHATy, CTyJEeHT a00 30BHIIIHIA YyYacHUK,
HAIPUKJIAJ, TeHIESPHUN eKCIepT / eKCHepTKa) Tomo Ta 300paxkeHHs. KoxHii
0co01, 10 MPOXOJIUTHb PEECTPaAllit0, MPOMOHYETHCS BUKOPUCTOBYBATH Horo / ii
YHIBEPCUTETCHKY aJpecy eJIeKTPOHHOI MOmTH. OCKIJIBKHA CUCTeMa 30epirae CIiucoK
yCiX J03BOJICHHX JOMEHIB €JIEKTPOHHOI MOIITU JJisi 7 YHHUBEPCUTETIB-TIAPTHEPIB,
TO Ha OCHOBI IIi€i iH(popMaIlii, BCTAHOBIIOETHCS HAJIEKHICTh OCOOM JI0 TIEBHOTO
YHIBEPCUTETY-TIAPTHEPA Ta BU3HAYAETHCS POJb KOPUCTyBaya 1 BIAMOBIAHO HOTO
mpasa.

Byno BiiokpeMIIeHO Taki poji KOPUCTYBaYiB:

1. Ynenu xoncopiiymy EQUAL-IST Ta unenu poGoumx rpymn 3 po3poOKu
[InaniB renaepHoi piBHocTi. KopucrtyBauil 1i€i KaTeropii MOXyThb HeperjisaaTv 1
pPOOUTH BHECOK Y 3MICT YCIX PO3/ILIIB MIaTHOPMH.

2. CniBpoOiTHUKM / CHIBPOOITHULII Ta CTYAEHTH / CTYJIEHTKH
YHIBEPCUTETY-TIAPTHEPA, AKI HE € WieHaMHu KoHcopiiymy npoekty EQUAL-IST.
[{ro xareropito KOpPHUCTYBayiB YTBOPIOIOTH OCOOH, 3Hailomi 3 mpobOiemMaMu, SKi
ICHYIOTb B YyHIBEPCUTETI-IApTHEPl, a TaKOX 13 TMOTOYHOIO CHTYaIll€l0 B
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YHIBEPCHUTETI (5Kl 1/1€1 MOXKIIMBO pealizyBaTH B YHIBEPCUTETI-TIapTHEPI, a SIKi - Hi).
Bonu MOXyTh neperasiHyTu Ta 3poOuTH CBiM BKiaf (11€i, mpobieMu, KOMeHTapi) y
PO3JILII CBOTO YHIBEpPCUTETA-TIApTHEPA.

3. 30BHIIIHI yYaCHUKU € 0c00aMM, sKi MarOTh JOCTaTHI 3HAHHS PO
KOHTEKCT / KOHKPETH1 MpoOJIeMH B YHIBEPCUTETI-MAPTHEPI 1 YKS TyMKa € IIHHOIO
JUIs yHIBEepcuTeTa (HAmpHKIad, eKCHepTH / eKCHepTKU 3 NUTaHb TIeHAEPHOI
PIBHOCTI).

4, He 3apeectpoBani kopuctyBaui. Ll rpyma oOXOIUIro€ BCiX 1HIIUX
JIIOJICH, SIK1 He HaJIeXKaTh Hi JI0 CHIJILHOTH YKOIHOTO 3 YHIBEPCUTETIB-TIaPTHEPIB, Hi
710 30BHIIIHIX yYaCHUKIB. 30BHIIIHI KOPUCTYBadl MOXXYTh OAYUTH 3HEOCOOJICHHMI
3MmicT miatrdopmu y 11 myOaiyHiA 30HI, 6€3 HEOOXITHOCTI peecTparlii I Horo
HEPETIISITY.

S. 30BHINIHI KOPUCTyBayi. 30BHIIIHI KOPUCTYBaudl MalOTh MOXJIUBICTh
MPOUTH peecTpaliio 1 MoTiM 3pOOUTH CBIA BHECOK. Ilicis 1IbOro BOHU MOXKYThb
BIIO100aTH 171€10 a00 KOMEHTap 4u IporojocyBaTu 3a ineto. [Ipore BoHu He
MOKYTbh OIyOJIIKyBaTh HOBUI KOMEHTap.

6. MopnepaTtop - cremiaigict, BiANOBIIadbHUN 3a €(hEeKTUBHICTH POOOTH
wiatGopmu; e poab 3 HAMBUIIMM pPiBHEM IPaB KOPHUCTyBada; MOJEPATOp MOXKE
nepersgaTH 3MICT Ta pOOUTH CBiMl BHECOK y PoOOTY BCIX PO3LIIB IUIaTGopMHu,
YOPABJISITH IPaBaMU KOPUCTYBaUiB, BIJICTEXKYBATH iX il Ta BIATYKH KOPUCTYBaUiB,
BUJTy4aTd / €KCIIOPTYBATH Ta aHAJI3yBaTH JlaHl, OTPUMaHI yepe3 miaThopmy.

Kpim Toro, moaeparop mae goctyn 10 GyHKIIN aHaIi3y JaHUX, a caMe:

MO>KJIMBICTh aHAJII3yBaTH JIaHi, MOB'A3aH1 3 PO ISIMU KOPUCTYBAaYlB;

MOXJIMBICTh  BIJJOKPEMJIGHOTO  aHali3y KOHTEeHTy / BmnojgobaHp /
rOJIOCYBaHHS, TIPEJCTABICHUX CIIBPOOITHUKAMU 1 CTYJIEHTAaMHU TII€BHOTO
yHiBepcuTeTa-napTHepa Ta / abo 30BHIIHIMH KOPUCTYyBayaMu;

MOXIJIMBICTh pO3paxyBaTH TOKAa3HUKW "TOMyJspHOCTI MmaTtdopmu" Ha
OCHOBI 1H(opMaIlii Mpo 3arajabHy KUIBKICTh BIABIAYBaHb MIATPOPMH, KIJIbKICTh
M1JITUCOK HA OHOBJICHHS, KUIbKICTh 3apEECTPOBAHUX KOPUCTYBAUiB;

MOKJIMBICTh aHANI3YBaTH JaHi, MOB'S3aHl 3 MPEICTABICHUMHU 1A€sIMU Ta
KOMEHTapsIMU (3 MOXJIMBICTIO Bi3yalli3yBaTH PE3yIbTaTH aHANI3y y TaOJIUIIX Ta
Jiarpamax), Taki, HalpuKIaJ, sSK: KUIbKICTh 3alpolOHOBaHUX 11ed (B po3pisl
YHIBEPCUTETIB, KOPUCTYBAYiB, MPOOJIEM, 3 SIKUMH CHIBBIIHECEHI 1/1€1), KUIbKICTh
KOMEHTapiB (B po3pi3l YHIBEPCUTETIB, KOPUCTYBauiB, IpoOieM, 11ei), KUIbKICTh
BI1O7100aHb (B pO3pi3i KOMEHTAPiB, KOPUCTYBAUIB, 1/1€1), KUTbKICTh BiJ[BiTyBaHb.
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Jlns  3a0X04eHHST KOpPUCTYyBadiB JO Yy4acTi B poOoTi maTtdopmu
BUKOPHCTOBYBAINCSA TaKl IHCTPYMEHTH: IHCTPYMEHTH reimigikariii, COBIIIEHHS,
HAropoJia «HaiOiIbIl aKTUBHUM KOPUCTYBAY MiCSLIS».

[Mpuknanu exkpaHHuX (HOpM KpayACOPCHHIOBOi MIaTGOPMU HABEICHO Ha
puc. 1-4.

Q HOME CHALLENGES IDEAS ABOUT FEEDBACK LOG IN/REGISTER

Challenges

A Challenge is a specific issue, problem, or obstacle related to gender equality faced by a research institution. Below you find a list of challenges
submitted by the project partner institutions. You can filter them by their category, which has been provided by the authors.

Displaying 1 - 51 of 51

Category sort by

Ay - v [Postdate v]

Challenge category: Gender-insensitive language and communication

Lack of Gender Neutral Communication

This challer
Phase: |deation

A gender neutral communication is a basic requirement for a system where there are no discriminations and inequalities among genders. The
use of gender neutral expressions and visual contents may greatly help in fighting the cultural gender stereotypes existing in our society. However,
the institutional communication of the university does not consistently use gender sensitive forms of textual and visual communication

2 ideas) has/have been submitted to this challenge. -

Puc. 1. [lepeaik npo6.JieM resiepHoi HepiBHOCTI

> Implementation

A low share of girls at computer sciences and boys at economy sciences in KhNUE
(Hu3bka yacTka AiByaTt Ha cneudianbHOCTI KOMN'IOTEPHI HaYKW, a Xnonuis Ha
EKOHOMIUHMX cnevljanbHocTax B XHEY)

Interact with this Challenge

Please ragister or log in to like, comment or 2dd an Ide2 to this Challenge

Contribution: 3 ideas
s e 7 - o5

- Lowskars sfysung R smang Imfermation Symems Bachslor suzents

- The lack of knowled

Challenge area(s)

the formation of studant groups in thesa fiaids?

em. For sxample, during Summer

Target groups al

tembars of comm:

£ with information about IT professions

Related Challenzes ‘

Puc. 2. Onuc npodJjemu

Filter by Category sort by order

[work-life balance issues v] [Comments v] [Asc +]

Idea category (inherited from the related challenge): Work-life balance issues

Implementation of the concept of "Family Friendly University"

Implementation of the concept of "Family Friendly University"

Idea
Post
End
End

“Work-life balance” problem (MpoGnema cyMilLerHs poGoTH Ta OCOBMCTOro *ITTS) @ = -_. o

Government exemptions for students and graduates

From my point of vi
establish flexible work

ts and graduates should be granted with a government exemption, which will allow students and graduates to
orkday length for 6 hours instead of 8.

rk-life balance issues

Puc. 3. Ilepeunik ixeii 1yis mogo1anHsi npod/eM reHjiepHoi HepiBHOCTI
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‘@sq T ‘

Related ideas block
elated Iden

Puc. 4. Onuc igei moao nogonaHHsA nNpoodaeM reHaepHol HepiBHOCTI

Ockunbku Taka miatrgopma (GakTUYHO € IHCTPYMEHTOM JJis 3a0e3MeueHHs
npoiieciB po3pooku [1I'P, To Ha pi3HuX eTanax pobotu miaathopmu, ii GyHKIIIOHAT
3MiHIOBaBcs (puc. 5).

(" N N [ N [
[Touarox
(3aBaHTaXKEHHS [Iponorxenns Dinan p _
rpoOIemM Ta (amam3) - (TormocyBaHH:) 03pOOKa
171ei1) - KBITEHb TpaBeHs 2017 - yepBeHb 2017 TTOMITHKH
2017

\. /L /L

\

Puc. 5. ETanu po6oTn kKpayacopcuHroBoi oHJIaiiH-miaTgopmu

Tak, sSKIMIO Ha TMOYATKOBUX eTamax poOoTh miatGopmMu MokHA OyIo
pO3MIIITyBaTH MPOOJIEMH Ta 17ei 7151 iX MOJI0JIaHHS, TO Ha eTali «roJ0CYBaHHS» I
bynkmii Oymu 3a0J0KOBaHI, HATOMICTh, KOPHUCTYBadl Majld MOKJIUBICTh
rojiocyBaTu 3a Haiikpami iaei. Ha etami po3poOKu MOJIITUKU T€HAEPHOI PIBHOCTI
MOXHa OyJI0 BUKOPHUCTOBYBAaTH HAKOMWYEHI JaHi: TpoOiemu, iaei, KUIbKICTh
roJIOCIB 32 KOXKHY 1710 TOLIO.
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3aranbHa KUIBKICTh KOpHUCTyBauiB miatdopmu ckiana 308 ocib. JletanbHi
CTaTHCTUYHI J]aHl II0JJ0 BUKOPUCTAHHS KpayJACOPCUHIOBOI OHJIANH-IIATGOpMHU B
yHIBEpCUTETaX-MapTHEPaX HaBe/IeH1 Ha puc. 6 - 8.

Ty KopHcTyBadiB
0 20 40 60 80 100 120 140 160

Ctynentun

JocaiTHUKH
Buxmagaai
Excneptu

|
AcnipasnTtH I
]
]
||
HeakazmeMmiuaHi epcoHa I

I

Trmmi

Puc. 6. Po3noais kopucryBauiB njargopmu 3a THIAMHA

Bixk xopucTvBadiB

200 59%
180
160
140
120
100
80
60
40
20

27%

13%%0

1%%0

18-34 35-47 48-66 67+

Puc. 7. Po3noain kopucryBayiB miatgopmu 3a Bikom

HanexHicTs Mo opraHiszariiii
120

100
80
60
40
20
0
OQS/

Puc. 8. Po3noain kopucryBauiB 3a opraizamisimu (yHiBepcuTeTammn), siki
BOHM NPEACTABIAIOTH:
UNIMORE - Universita Degli Studi di Modena e Reggio Emilia (Itamis)
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KhNUE - XapkiBcbkuii HalliOHAIbHUN eKOHOMIUHME yHiBepcuTeT iM. C. Ky3ners
(Vkpaina)
WWU - University of Muenster (Himeuunna)
KUT - Kaunas University of Technology (JIutsa)
UNILI - University of Liechtenstein (JIixTeHIuTeiin)
MINHO - University of Minho (IToptyramist)
UTU - University of Turku (®irnsHmis)
EXT — 30BHIiIIHI KOpUCTYyBayi
Cratuctuka B po3pi3l YHIBEPCUTETIB IOJI0 PO3MIIICHHS KOPUCTyBadamMu
npo0Jem Ta el Ha iaTdopmi HaBeaeHa B Tabm. 1 - 2.

Taoaunsa 1
CrarucTika moa0 po3MimeHHs npodaeM Ha miargopmi B po3pisi
YHIBEpCHTETIB

Micsaun KBitenn TpaBenb YepBeHb

2
TuxKIEeHD 1 2 3 4 5 6 7 8 9 10 §

o
WWU 5 2 0 4 0 0 0 0 0 0 11
UNILI 2 0 0 5 0 2 0 0 0 0 9
UuTu 2 0 0 0 4 0 0 0 0 0 6
KUT 2 0 0 0 2 2 0 2 0 0 8
UNIMORE 6 0 0 2 0 1 0 1 0 0 10
MINHO 0 0 0 0 0 0 0 0 0 0 0
KhNUE 3 0 1 2 2 2 0 0 0 0 10
3aranom 20 2 1 13 8 7 0 3 0 0 54

Taoaunsa 2
CrarucTuka moa0 po3MinieHHs izeid Ha muargopmi B po3pisi yHiBepcuTeTIB

Micsaun KBitenn TpaBennb YepBenb

:
Tuxpen» | 1| 2 [ 3 4 5 | 6 7 8 9 [ 10 | £

o
WWuU 3 3 0 2 0 0 0 0 8 0 16
UNILI 0 0 0 0 0 1 4 7 2 0 14
uTu 0 0 0 0 1 6 0 0 0 0 7
KUT 0 0 0 0 1 5 0 2 0 0 8
UNIMORE 4 4 2 0 2 2 0 0 0 0 14
MINHO 0 0 0 0 0 0 0 0 0 0 0
KhNUE 2 13 2 3 0 1 3 7 1 0 32
3araiom 9 20 4 5 4 15 7 16 11 0 91

~
»




KpiMm 3aranpHOi CTaTUCTUKKM BUKOPHUCTAaHHS IUIaT(GOPMU 30BHIIIHIMHU Ta
BHYTpPIIIHIMH KOPHUCTYBadaMH, CHCTEMa HaKomu4yBaja 1H(OpMAI0 1010
pe3ynbTaTiB TONOCYBaHHA 3a Kpamii imei. Jlma koxkHOi imei 30upanacs Taka
1HopMarris:
CK1IBKHY 3arajioM ToJIOCIB OTpuMaia ifaes?
CKUIbKM 3arajoM KOpUCTYyBayiB Opalii y4yacTh B FOJIOCYBaHH1?
CKUIBKH B TOJIOCIB 1/1€s OTpUMasIa BiJl BHYTPIIIHIX KOPUCTYBaviB?
CKUIBKM B TOJIOCIB 17Iesl OTpuMasia BiJ 30BHILIHIX KOPUCTYBayiB?
B pesynbrari reHaepHOro ayAuTy Ta BUKOPUCTAaHHS KpayACOPCHHIOBOI
OHJIaH-TIaTGopMu  OyJ0 BHUSIBJIEHO Ta MPOBEJACHO paHXYBaHHS OCHOBHUX
npobiem B obnacti renaeproro maputety sk B XHEY im. C. Ky3nenys, tak i B
IHIUX yHiBepcuTeTax koHcopiiymy npoekty EQUAL-IST. 3a pesynbratamu
NepIIoro eramy poOiT, OyJI0 BHUSBJIEHO TaKi OCHOBHI MPOOJIEMU JJIsl MOAANIBIIOTO
OTIpaIfOBaHHS:
1) nucOanmaHc MiX poOOTOO / HABUAHHSAM Ta OCOOMCTHM JKUTTSIM;
2) BepTUKaJbHA Cerperarfis;
3) Topu3OHTANIFHA Cerperaltis;
4) BIACYTHICTh  aIMIHICTPATUBHO-TIPABOBMX  MEXaHI3MIB  MIATPUMKH
T€H/IEPHOT PIBHOCTI B YHIBEPCUTETI;

5) npobnaemu TeHIEpHOT HEpIBHOCTI HE OepyThCs 1O yBaru B TpoOIleci
MPUIHATTS PillICHb;

6) BIACYTHICTh TEHAEPHOI KyJbTYypH Ta OOI3HAHOCTI IIOJ0 IHUTAHb
TeH/IEPHO1 PIBHOCTI;

7) reHaepHMii qUCOaIaHC cepel CTYACHTIB / CTYICHTOK;

8) reHaepHO-HEUYTINBI KOMYHIKAIIi1.

st BupimieHHs BusBieHux mnpoosem B I[P Oymno 3ampomnonHoBaHO
3MIUCHUTH  psAj AlM, COpsSIMOBAaHMX HAa JiBa PIBHI  IMIUIEMEHTaIlli —
3arajJbHOYHIBEPCUTETChKUH Ta Kadenpanbauii (kadeapa iHpopMaliifHUX CUCTEM).

Kpim toro, na miardgopmi CrowdEquality Oyno 3i06pano Oinbiie 30 iaei
mono moxoianHs BusiBneHux mnpobirem B XHEY im. C. Ky3nens. Kpamn ixef,
3alpONOHOBAaHI Ha TUIaTGopMi, OyJIu BUKOPHUCTaHI B YHIBEpCUTETI Ha eTari
PO3pOOKH TOITUKU TeHIEPHOI PIBHOCTI (a came, Mpy po3poOIli MIIaHiB TeHASPHOT
PIBHOCT1), IPUUOMY BCl 171€1 OyJIM pO3NO1IeH] HA YOTUPH KaTeropii BiANOBIAHO 0
PO3AUTIB TJIaHY: TPOIECH MEHEPKMEHTY Ta YIIPaBIIHHS MIEPCOHAIOM; HaBYAIbHUN

Ipoliec; KOMYHIKAIi; MPOBEACHHS HAYKOBUX JTOCIHII>KEHb.
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[Ipyyomy, B SKOCTI OCHOBHOIO JDKepena 11eW Juisl IUIaHyBaHHS did

BUCTYIMJIA CaM€ KpayACOpCUHIOBa matdopma (Tadi. 3).

Taoauusa 3

Ilinan giit aaa nocsairHenns rewaepHoro napurery B XHEY im. C. Ky3neus

3armuragoBadi aii

Jlxepeno iHbopmarii

Chepa inmepsenyii: Ilpoyecu menedxrcmenmy ma ynpasiiHHsa nepcoHAIoM

IIpo6aema 1: JlucGamanc MiX poOOTOH / HABYAHHSAM Ta OCOOMCTHM JKHTTSIM 1 BiJICYTHICTB

MO>KJIMBOCTEH IS MIATPUMKH OanaHcy

Hias 1: Jocsrtu 6amancy Mixk poOOTOrO / HABUaHHSIM Ta OCOOMCTUM JKUTTSM Cepel IepCOHAITY

Ta CTYACHTCTBA

Hdis 1. 3ampoBaguTd  TMOJOKEHHA IOA0  3a0e3MedeHHS
OPIOPUTETHUX YMOB TMPH CKIQJaHHI pPO3KIAxy 3aHiATh JUIs
BHKJIa[ayiB / BHKJIQAA4yoOK, 110 MAalOTh MAaJeHLKUX IITeH, IITel 3
0CcO0JIMBUMH TTOTpeOaMu, OaraToIiTHUX POJIMH, BariTHUX JKIHOK

Kpayncopcunrosa
wiatpopma

Hisi 2. IlpoBectw MAOCHI/KEHHS INOJO BHUSIBIEHHS MOTPEO Yy
pecypceax Ui BIIKPHUTTS AUTAYOT KIMHATH B YHIBEPCHUTETI

Kpayncopcunrosa
wiatdopma:

His 3. BropoBaguTd  MONOXKCEHHS  [0J0  3a0e3MleueHHs
JUCTAHIIIMHOT POOOTH Il BUKJIQJAa4iB/BHKIIAIA40K, IO MArOTh
MaJeHbKHUX JITEH, MITeH 3 0COOJMBUMU MOTpedamMu, 6araToMiTHUX
POJIMH, BariTHUX XKIHOK

3yctpiu Pobouoi rpynu

Mist 4. Po3BuBatu KynbTypy PIBHHUX CIMEHHHMX OOOB’SI3KIB Cepen
CTYACHTCTBA i BUKJIQIAIbKOTO CKIIATy

3yctpiu Pobouoi rpynu

Hia 5. CrBoputH i miaTpuMyBaTd  po3Ail  Ha  BeO-caifrti
yHiBepcuTeTy 3 iH(OpMalli€ro o0 MpoOJaeM JTOCATHEHHS
TeHJIepHOi pIBHOCTI, OamaHCcy poOOTH Ta OCOOHCTOTO >KUTTS,
perysoBaHHs cepu TeHIepHOT PIBHOCTI

3yctpiu Pobouoi rpynu

IIpo6aema 2: [IpobGrema «CKISTHOT CTeN» (BEpPTUKAIBHOT cerperariii)
Iine 2: 3a0x0uyBaTH JOCATHEHHS T€HJEPHOI PIBHOCTI (BEPTUKAIBLHUM MPUHLIKI) 32 JOITOMOI'0I0

1H(QOpMaLIHHO-TIPOCBITHULIBKOI TISITIbHOCTI

His 6. [IpoBoauTy ceminapu Ta Kpyrii CTOJM 3 IUTaHb reHaepHoi | Kpayacopcunrosa
PIBHOCTI JiJIsl YIIPaBJIiHCHKOTO MEPCOHATY mwiargopma
Hist 7. 3pobutu IpoLelypH Ta KpUTepii BinOopy | Kpayacopcunrosa
HepCOHAIY PO30PUMH mwiatgopma

IIpo6aema 3: KoHueHTpamiss >KIHOK B TE€BHUX <« KIHOYHMX» CEKTOpax 3alHATOCTI

(ropu3oHTaNbHA cerperaiis)

Hine 3: 3a0xouyBaTH JOCATHEHHS TI€HAEPHOI PIBHOCTI (FOPU3OHTAJIBHUM NPUHLMI) 3a

JIOTIOMOT00 1H(OPMAIIHHO-TIPOCBITHUIIBKOI JISTTHHOCTI

Hisa 8. IlpoBoautu iH(MOpMALiHO-IPOCBITHUIIBKY poOOTY 3
NUTaHb FeHAEPHOI PIBHOCTI JUIsl IEPCOHATY

Kpayncopcunrosa
miaropma

IIpodaema 4: BincyTHicTh MeXxaH13MIB MIATPUMKH F€HAEPHOI PIBHOCTI
Hine 4: 3abesnmeuntu crabimbHicTh Al B Mexax [II'P musixom CTBOpeHHsS MexaHi3MiB

JIOCSITHEHHS TeHJIEPHO1 PIBHOCTI

Hisa 9. CrtBoputn Kowmicito 3 BupilmeHHs npoOieM TeHIepHOi
HEPIBHOCTI Ta pO3pOOUTH MeXaHi13MHU ii (YHKIIIOHYBaHHS

Kpayncopcunrosa
mwiargopma

IIpo6aema 4: BifgcyTHiCTh MeXaHi3MiB MIATPUMKH Fe€HJIEPHOI PiBHOCTI
ine 5: 3a6e3neuntn crabimpHICTh Al B Mexkax [I['P mursixom BKITIOUECHHS ITIJISH Ta 3aXOMIB 3
JIOCSATHEHHS TeHIePHOI PIBHOCTI B CTPATeTi4yHi JOKYMEHTH YHIBEPCUTETY

His  10. 3abe3neuutu CHIBPOOITHUISIMU

M ITPUMKY

1 ‘ 3yctpiu Pobouoi rpynu ta
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CHIiBpOOITHUKAMHU YHIBEpCHUTETY II0JIO’KEHD

€BPONEHCHKOT XapTii JUIsl TOCTi THHUKIB

OKpEMUX

aaMiHICTparii
YHIBEPCUTETY

Hisa 11. 3ampornoHyBaTh Ta BOPOBAAUTH 3MIHM 10 4uHHOI | 3yctpiu Pobodoi rpymum i
KonexktuBHOi yromm MK afMmiHICTpalli€lo yHiBepcuTeTy Ta | ['onoBm [TepBuHHO1
npoQCIiIKOBOIO OpPraHi3alli€elo 3 METOK 3a0e3MeueHHs peanizaiii | npodcminakoBoi

I1I'P

oprasizariii yHIBEpCUTETY

IIpo6aema S: TIpoGiemu reHnepHoi piBHOCTI HEe OepyThCs 0 yBaru B MPOLECi MPUHHATTS

pileHb

Lineb 6: 3aoxoTuTH 0CI0, 0 TPUIMAIOTH PIIICHHS, 10 MIATPUMKH i/1ei Ta MPUHITUITIB TeHISPHOT

PIBHOCTI

Hia 12. 3i0patu, mpoaHai3yBaTd Ta ONPHIIOJHUTHA CTaTUCTUYHI
JIaHi 3 ypaxyBaHHSM I'€HJepHOi KOMIOHEHTH B YHIBEPCUTETI

3yctpiu Pobouoi rpynu

Chepa inmepsenyii: Hasuanvruii npoyec

IIpoGaema 6: BincyTHICTH TE€HIEPHOI KyJbTYPH Ta OOI3HAHOCTI IMIOAO MUTaHb T'EHACPHOI

piBHOCTI

Hiap 7: IligunuT 00i3HAHICTh MIOAO NMUTAaHb T€HJEPHOI PIBHOCTI,

chopMyBaTH TeHICPHY

KyJIbTYPY HAYKOBHX CHIBPOOITHHKIB/ CITIBPOOITHHUITH Ta CTYICHTOK/ CTYJCHTIB

Mis 13. I[IpoBectu iHpopMaliiHO-TIPOCBITHUIIbKI 3aX0aU 3 UTaHb | Kpayncopcunrosa
TeHJIEpHOI PIBHOCTI JUIs CTYJICHTCTBA Ta BUKJIAIAI[BKOTO CKIIaLy wiathopma

i 14. Po3poOuTH Ta pO3MOBCIOAUTH JIPYKOBaHI Ta eleKTpoHHI | 3ycTpiu PoGouoi rpynu
1H(pOopMaIiHHO-TTPOCBITHUIBLKI MaTepialid PO TeHACPHY PIBHICTH

IIpobaema 6: BincyTHICTh TeHIEPHOI KyJIbTYpH Ta OOI3HAHOCTI MO0 IMHUTaHb TEHICPHOT
PIBHOCTI
Iine 8: BukopucToByBaTH reHASPHUH MiIXi PH po3poOIli HABYAILHUX MaTepialliB

His 15. IIpoBecTH MNIOTHY aHTUAMCKpUMIHALIWHY ekcnepTusy | 3ycrpiu Pob6ouoi rpynu
HaBYAIBHUX MaTepiaiB

IIpo6aema 7: I'enpepHuil qucbaiaHC cepell CTYAEHTCTBA €KOHOMIYHMX CIeEIlalbHOCTEH Ta
(baxynpTeTy €eKOHOMIYHOI iIHPOPMATHUKH

Hine 9: [TokpamuTH MOKa3HUKU TEHAEPHOro OanaHCy cepei CTYIEHTCTBA EKOHOMIYHHMX
creriajbHOCTe! Ta cnerianbHocTi «KoMmn’roTepHi HayKu»

His 16. [IpoBecTu 3axoAu 3 METOIO MiJBUIIEHHS 0013HAHOCTI Ta
iHpopmoBaHocTi Mpo kiHOK B IT-iHaycTpli Ta MOXKIMBOCTI iX
Kap'epHOTO 3pOCTaHHS

Kpayncopcunrosa
miargopma

Kpayncopcunrosa
wiatdpopma

Hisi 17. 3acHyBatu cremiajibHI HOMIHAI I KIHOK/ >KIHOYUX
KOMaH/I B ICHYIOUMX YeMIlioHaTax Ta 3maraHssx B IT-cdepi

Kpayncopcunrosa
iatdopma

His 18. IlpoecTu NiIOTHY aHTUIUCKPUMIHAILINHY EKCIEPTHU3Y
MapKETHHTOBUX Ta PEKJIAMHHX MaTepialiB JUisl OakalaBpChKHUX Ta
Mmaricrepcbkux nporpam B IT-cdepi

Cdohepa inmepsenyii: Komynixkayii

Kpayncopcunrosa
wiatdpopma

Jis 19. 3a0e3neynTy KOMYHIKAIiiiHy Ta Bi3yaJlbHY HIATPUMKY
TeHJIEpHOi PIBHOCTI B Me/lia-KOHTEHTI YHIBEPCUTETY

[Iporsirom 2017-2019 mnaBwanmpHoro poxy B XHEY im. C. Ky3nens
BiOyBanacs peamizaiis [II'P, B paMkax sikoi peryssipHO MPOBOJIMIMCS CEMIHAPH,
BIJIKPHUTI JICKIIii, 1e0aTH, A1JIOBI irpy Ta 1HIII 3aX0JIH, CIIPSIMOBaHI Ha BUSBIICHHS Ta
MOJIOJNIaHHS CTEPEOTUIIIB, T€HAEPHOT HEPIBHOCTI Ta JUCKPUMIHAILII B chepi OCBITH
Ta Haykd, Ha nomyJspusaiito IT-kap'epu cepen niBuaT, Ha MpoNaraHiK KyJIbTypu

piBHMX O0OB'I3KIB B poauHi. Po3moyata miOTHA aHTUAMCKPUMIHALIIMHA
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eKCIepTH3a HaBYaJIbHUX MartepiamiB 1 pekinamu [T-crnemiaabHOCTEN; YHIBEPCUTETI
ctBopeHo Komicito 3 muTaHb TeHAEPHOI PIBHOCTI Ta MPOTHAIl JUCKpUMIHAII.
OxkpeMa yBara npuauisuiacs 3a0e3neueHHio 0ajgaHcy MK poOOTOI0 Ta OCOOMCTUM
KUTTSIM CIIBPOOITHHUKIB 1 CITIBPOOITHULIB.

BucHoBku

Takum yuHOM, JTOCBiJ YHIBEpCUTETIB KoHcopiiiymy mpoekty EQUAL-IST
zaranom, Ta XHEY im. C. Ky3ners 30xkpema, A0BiB, 110 KpayACOPCUHIOBA OHJIAMH-
wiatpopma crowdequality.eu BusBuiacs edpextuBHuM  [T-iHCTpyMEHTOM IS
3amydeHHS B mporec po3podku Ilmany renaepHoi piBHOCTI YHIBEPCHUTETCHKOI
CHUIBHOTU B IIMPOKOMY CEHCI — CTYJEHTIB, BHKJIAJIAlBKOTO CKJIauy,
aJIMIHICTPATHBHOTO TEPCOHATY, a TAKOXX 3aCO00M JJii BUKOHAHHS HHU3KH IHIITUAX
BOXKJIMBUX 3aBJlaHb. OIIHKA, MOHITOPUHTY, HaJaro/UKCHHS KOMYHIKAIlIH,
BIIPOBA/PKCHHSI TEHAEPHO-UYTIMBUX METOIIB POOOTH, HPOCBITHUITBA. JlOCBIiX
BUKOPHUCTAHHS KpayJICOPCUHIOBOI Iu1aTGopMu Ta 30MpaHHs W aHai3y 17eil 1010
MoJOJIaHHS TPo0JieM TEeHACPHOI HEPIBHOCTI € 1HHOBAIIMHUM HE JUIIe s
VYkpainu, a ## gans €spornu. Kpim toro, XHEY im. C. Ky3nerns craB mioHepoM
cepell YKpaiHChbKUX YHIBEPCUTETIB HE JIMIIE B MUTAHHSIX BUKOPUCTAHHS MO/110HOTO
IT-iHCTpyMeHTa, a TaKOX 1 B MUTAHHIX pOo3poOKu Ta peamizauii [Inany renaepHoi
piBHocTi. Ilmarpopmy CrowdEquality pexkoMeHgoBaHO Il MOJAJIBIIOTO
BUKOPUCTAHHS €BPONEHCHKUMHU YHIBEPCUTETaMHU JUIsl MIATPUMKH SIK TPOLIECIB
MOYAaTKOBOTO aHali3y MnpoOJieM TeHAEPHOro NapuTeTy, Tak 1 JJs MIATPUMKHU
nporieciB po3pobku Ta BrupoBamkeHHs III'P. ITlomampmra pobora mpOEKTHOI
koManau EQUAL-IST Oyne mop’si3aHa camMe 3 MOIIMPEHHSAM CEpell BUIIIB
Ha0yTOro JOCBiJy HIOAO BHUKOPHUCTAHHS JaHOi IUIaTGOpMH Ta MIOAO TMPOIECIB
po3poOku Ta peamizamii [1I'P.
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I'JIABA 6
FORECAST ERROR MEASURES: CRITICAL REVIEW AND
PRACTICAL RECOMMEND INTRODUCTION AND TASK STATEMENT

The urgency of the task of forecasting time series (CR) is particularly
increasing recently, when powerful computing tools for collecting and processing
information [1-4] became available.

To estimate the prediction quality, different criteria are used: estimates of
forecast errors, speed of calculation, interpretation, etc. In the study of CR, the
reliability of the selected forecasting model is estimated by a periodic comparison
of the actual and predicted values of a series. When solving practical problems, the
analysis of a prediction error or forecast accuracy is considered more significant.

Absolute accuracy of the forecast is not accepted, because for each particular
task, it can radically different, so estimate the forecast error, which is characterized
by some metric.

Given the difficulties of forecasting and errors in forecasts, there is a need to
develop recommendations for choosing a quality prediction estimation made on the
basis of the analyzed literature.

In this paper, the results of the analysis of existing and fairly common
estimates of forecasting errors (metrics) used in research on prediction are given.
When presenting the material, the classification of criteria (metrics) used in [5] is
used.

Criteria based on absolute mistakes

Mean Forecast Error (MFE):

1 N
MFE ==Y e.. L)
N iz

Mean Absolute Error(MAE):

1 N
MAE = NZ| e |[=mean|e, | (2)

i=1 i=1,N

determines the magnitude of the forecast error as a whole.

Like the MFE, this metric also depends on the scale of measurement and the
use of conversion data.

There are two drawbacks in the MAE metrics, which are manifested only in
the case of analyzing the predictive accuracy of the models:
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1) its meaning is difficult to interpret;

2) using this metric, you can compare only between models from a single
row of data. In practice, the task often is to understand how a model of several
lines of data is in itself compared to other models. However, the values obtained
from different rows MAE can not be combined with each other.

Mean Squared Error (MSE):

N
MSE :izef. 3
N 2
This metric takes into account the presence of rare extreme mistakes.

Sum of Squared Error (SSE):

SSE = %eﬁ. (4)

i=1

This metric has similar characteristics to MSE.

Signed Mean Squared Error (SMSE):

LS8
SMSE = E(Iei el (5)

This metric depends on the scale of the measurement and transformation of
input data and normalizes the received value of MSE.

Square Root Mean Squared Error (RMSE):

i=1

N
RMSE =+/MSE = %Zef. (6)
This metric has similar characteristics to MSE.

Fourth Root Mean Quadrupled Error(FRMOE, R4AMSA4E):

N
FRMQE = R4AMS4E =4/ze(‘ . (7)
i=1

Normalized Average Quadratic Error (NMSE):
MSE 1 N
= 2 zeiz : (8)

2
o No“ i

NMSE =

This metric normalizes the received MSE value.
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Median Absolute Error (MdAE):

MdAE = medianle; | (9)

i=1,N
Standard Deviation (SD):

ME)”
N

SD = Z (i = ME)” (10)

Absolute error measurement has the following disadvantages:

1) Dependence on scale [5] (therefore, if the forecast task includes objects
with different scales or values, an absolute error as a metric can not be applied);

2) high impact of emissions in the estimation of the forecast efficiency (so if
the data contain emissions, then the absolute values of the errors are ineffective.

RMSE, MSE have low reliability (robustness): the results may vary
depending on the different parts of the data.

Criteria based on the calculation of interest rates

Median Absolute Percentage Error (MAPE)'

MAPE = — ZI L |x100. (11)

As you can see, MAPE has no dimension, with a very simple interpretation.
It can be measured in fractions or percentages, it is easy to compose from different
rows. You can even calculate MAPE and examine its distribution using statistical
analysis tools.

As a result of a detailed comparison of MAPE with other metrics when
choosing a prediction model in a series of papers, it has been shown that MAPE is
an unreliable criterion when using this metric to choose between competing
predictive models. In particular, there is a high probability that MAPE will choose
a model that gives a rating below the average (that is, "underestimates") of the
predicted average model, MAPE systematically and consistently values models
that give too optimistic prognosis. By dividing the actual values, this metric was
sensitive to scale, and with a small value of the actual value of the MAPE can be
very large.

Average Mean Arctangent Absolute Percentage Error (MAAPE):
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N
MAAPE = %Z AAPE, (12)

j.

This metric allows you to slightly improve the properties of MAPE.

where

AAPE; = arctg U—y‘ —J
Yi

Mean Percentage Error (MPE):

1Y e
MPE =—> (—) %100 (13)
NiZ Vi

Is designed to evaluate not the accuracy of the forecast, but its displacement.

One can notice that it is similar to MAPE, has the same advantages and
disadvantages as MAPE, but differs only in the absence of modules in the
numerator. MPE shows the percentage offset of the forecast.

This metric is a fairly good indicator of a complete forecast error, but it is
not so intuitive as unlike other metrics.

Median Absolute Percentage Error, MdAPE:

MdAPE =median|g; |, (14)

i=1,N

where
& =¢1/Yy;.

Square Root Medium Square Percentage Error (RMSPE):

RMSPE =/ median(g;)2: (15)

i=L,N

For this group of criteria, the following disadvantages are typical:

1) there is a division to zero, when the actual value is zero;
2) asymmetry - the value of the errors is different, if the predicted value is greater
or less than actual [2,5];

3) emissions significantly affect the result, especially if the deviation is
much larger than the maximum value of "normal™ cases [4];
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4) the calculation of the error is biased, which may lead to an incorrect

estimation of the forecasting model.

Symmetric criteria

Cymetric MAPE (Symmetric MAPE, SMAPE):

N .
SMAPE:EZL‘?'L
N[y |+ 9|

(16)

uses the arithmetic mean of actual and projected values, applies to time

series whose actual values are significantly greater than 1.

Despite the fact that the metric should be symmetric, but it does not end

Metering Median APE (Symmetric Median APE, SMdJAPE):

SMJAPE = median|-— babl}
N (Vi t Yi)

Modified MAPE (Modified SMAPE, msMAPE):

~ i |
msMAPE = Z|y| |Y|

2

i— i-1

1 1
i:—Z|yl y||y| . Zyk

1-1ia 1-1ia

This group of criteria has the following drawbacks:
1) regardless of the name, they are asymmetrical [5];

(17)

(18)

(19)

2) if the actual value is equal to the forecast but with the opposite sign, or

both of these values are zero, then there is a division into zero;

3) the values of the criteria significantly affect the emissions in the same

way as the percentage errors;

4) There is a problem interpreting the results.
Relative criteria

Average Relative Absolute Error (MRAE):
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e

MRAE = mean———
(i = %)

, (20)

where §. - predictive value of the base (reference) model (in practice,

usually choose ¥;=vy.,).

Median Relative Absolute Error (MdRAE):

) )
MdRAE = med|an|“—‘w . (21)
i=1,N (y; = %)
Geometric Mean Relative Absolute Error (GMREE):
GMRAE = [[[I2 2| (22)

i=1 Y =Y

where Y, — )7 is the mistake of some other model.

GMRAE shows how many times the constructed model was worse (or
better) than the one chosen for comparison (model-benchmark). If GMRAE> 1,
then the chosen model was less accurate, in the opposite situation - more accurate.
However, the choice of the second model remains. GMRAE can not be used in
situations where at least one of the mistakes of one of the models has turned out to
be zero - in this case, GMRAE becomes equal or zero or infinity.

Based on the above formulas, the division into a zero error occurs if the
predictive value is obtained using the model, is equal to the actual value.

Scaled bugs

Average Absolute Scaled Error (MASE):

N
T -1 |Z::| eT+i |
MASE = (23)

N < '
2| Yi— Yl
j=2

The sum in the numerator corresponds to the test sample, and in the
denominator - the training. The second is, in fact, the average absolute error
forecast for the Naive method. It equals the average absolute deviation of the series
in the first differences. This value, in essence, shows how the training sample is
predictable and can be equal to zero only when all values in the training sample are

87



equal to each other, which corresponds to the absence of any changes in a series of
data, that is, the situation is practically impossible in practice.

It should be noted that the module in the denominator (23) is needed for
situations in which both positive and negative values of variables are present in the
prediction, the average value of which can be close to zero.

Average absolute scalable error (SMAE - scaled MAE, sometimes referred to
as MAE / mean):

SMAE = — z'e | (24)
i=1 yl

Note that the SMAE denominator can be zero in only one case - if all the
actual values in the training sample are zero. The SMAE criterion is practically the
ideal indicator. He has only one small disadvantage - he is not limited to the top.

Root Square Mean Square Scaled Error (RMSSE):

- ‘ei ‘ )2. (25)

712| Yi—VYjul
-145

i=L,N

RMSSE = [mean(

Relative criteria are symmetric and resistant to emissions, but have the
following disadvantages:

-if the real values in the forecast horizon are equal, then there is a division
into zero.

- a slight bias of estimates is possible.

Criteria based on the calculation of relative variables

Relative Mean Absolute Error, ReIMAE:

MAE

% !

RelIMAE =

(26)

where MAE and MAE * mean absolute errors for the analyzed forecasting
model and the base (reference) model, respectively, calculated by the formula (2).

Relative Square Root Mean Squared Error (RRMSE):
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RRMSE = RMSE. 27)
RMSE

Log mean square error error (LMR):

(28)

LMR = Iog( RMSE j

RMSE”

These criteria determine the number of cases where the prediction model
analyzed exceeds the base, but does not estimate the difference value.

The disadvantages of these criteria are the possibility of division into a zero
error if the base predictive error is zero.

Other criteria

Criterion of direction accuracy (direction accuracy, DA):

1N
DA=—> g, (29)
N iq

L if (Y = Vi) (Yia — ¥i) >0,

where &, = :
{ 0 otherwise.

Modified direction accuracy (MDA):

2D

MDA = '=°—_1 (30)
D, =(A -F)’
A =1, if y,,; - ¥ <O,
A=0,if y -y >0
F=0,if §,, - ¥; <0,
F=0,if §,,— ¥, >0.
Directional symmetry (DS):

ps =190%q. (31)

N i3



Lf (Y — Vi) (¥ — V1) 20,
where d, =111 (i = Vi) (% = i)
Ootherwise.

DS estimates the accuracy of the predicted direction.

Weighted directional symmetry (WDS):

N
_Zdi|Yi —)7i|

WDS == : (32)
2. d; |Yi —)7i|
i-1

o (f(y =y (Y -9 ,) =0,
Where di _ I (y| y|—1)(y| - y|—1)
Ootherwise
WDS measures the magnitude and direction of forecasting error. In this case,
the errors associated with the wrongly predicted direction are penalized and the

correct predicted direction is encouraged. The smaller the value of WDS, the better
the prediction in terms of its accuracy and direction.

Sign criterion

1 N
Sign=—>"z,, (33)
N i3

1if (. 0.
Where z, = ! (y|+1)(y._+1)>0,
Ootherwise.

Akaike Information Criteria (AIC):

AIC =logMSE +2Wq’ (34)

where q is the total number of model parameters; N- number of observations.
Features of AIC:

1) it depends on the assumption of normal data;

2) this criterion is not feasible; that is, with increasing data it is prone to the
so-called overfitting;

3) the criterion AIC in the general case is asymptotically effective.
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Bayesian Information Criteria (BIC):

BIC :IogMSE+qIO§IN. (35)

The features of this criterion are as follows:

1) this criterion introduces more stringent penalty characteristics than AIC;
that is, BIC "fines" models with a large number of parameters to a greater extent
than does AIC;

2) the BIC criterion is a strictly valid criterion: if the data is actually
generated by a model that is adequate to the real one, then the BIC will select a
true model with unit probability, taking into account the fact that the size of the
input data will tend to be infinite;

3) BIC is less effective than AIC.

Kullback Information Criterion (KIC):

KIC =N In{iief}+38 InN.
Nia (36)

This criterion is less used than others.

Hennan-Quinn criterion (HQ)

HQ:NIn{%ief}+28In(ln N). (37)
i=1

It should be noted that in the particular case of a normal distribution, the
criterion AIC is applied in the form
AIC(S) =RSS(S) +2S, (38)

the so-called Akaike-Mellous criterion.

Weighted Information Criteria (WIC)

Several papers described attempts to combine statistical and informational
criteria in one weighted criterion

WIC =0,1(AIC + BIC) +0,2(RMSE + MAPE) +0.2((1— DA) + MDA). (39)

It should be noted that the coefficients used in this criterion were asked
heuristively not clear for any reason.

Adaptive Weighted Information Criteria (AWIC)
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In the development of this idea, it was suggested instead of fixed use
coefficients, which are calculated by solving some optimization problem (with the
criteria and taken with a weight of 0.1). The corresponding criterion was called
adaptive (Adaptive WIC, AWIC)

AWIC =01(AIC +BIC) + W, RMSE + W, MAPE -+w, (1— DA) + w,MD. (40)

It should, however, be noted that at the same time

1) the criterion for weighting coefficients AIC and BIC is not defined;

2) there are no guidelines or recommendations for the use of specific
statistical criteria that take into account the time series behavior;

3) heuristic methods have not been successful in the assessment of weights
for combined methods;

4) this criterion does not take into account the characteristics of time series.

Tale's U-statistics

This important measure is calculated by the formula:

\/%(FPEi — APE,)?
= : (41)

\/APE 2

where FPE; = Yi7 Vi s the relative change in forecast data;

U=

Yi
APE; = Yin7Yi s relative change of factual data
Yi
or
N
L e
U=— ':11N . (42)

-+ G2 [ & 2
\/ N Zly \/ N Zl Yi

This indicator allows comparisons of formal methods of forecasting with the
simplest ("naive™) methods.

As can be seen from expression (42), by raising relative errors to the square,
the effect of mutual compensation of errors is eliminated and the effect is provided
when significant errors are more important than small ones.

As a basis for comparison, two simple methods are used:
a) the method of "random walk" (random walk) - is a mathematical model of

the process of random changes - steps in discrete moments of time. It is assumed
that the change at each step does not depend on previous changes and on time;

92



b) the method of seasonal consideration - this method considers the
possibility of seasonality in the time series. Since the high percentage of data
fluctuations within the time series is due to seasonality, this method may have
better results than the first, while remaining fairly simple.

Tayle's U-statistics fluctuates within the range [0; o] and is easy to interpret:

- If U =1, the basic basic methods are as precise as the formal method of
forecasting used;

- if U <1, the formal prediction method used is better than the basic methods.
The approximation of the value of U-statistics to O indicates an increase in
prediction quality compared to the basic methods;

- if U> 1, it makes no sense to use the appropriate formal forecasting
method, since the basic methods give better results.

Tayle's U-statistics can be used to estimate the quality of forecasts obtained
on the basis of different methods and models.

Can be used in assessing the quality of forecasts obtained on the basis of
different methods and models.

Disadvantages:

1) is dependent on scale and data conversion;

2) its value significantly depends on the variance of the predicted series
(when predicting processes with low dispersion under a clearly unsuccessful
prediction, U-statistics may have a small value due to a low variation of the

attribute).
Modified Tail U-statistics:
1,
U= Néei 0—3 if 62 >02
B 18, 1N20'§’ oo (43)
PR
1,

= Nié | 0'_;?; if 02 <02
2 Vi Y
N i3 N i3

aims to eliminate the lack of traditional statistics.

We reviewed some important metrics (metrics) for estimating the accuracy
of the forecast. Each of these measures has some unique properties that are
different from others. In experiments it is better to use several performance criteria,
which will help gain knowledge about the amount, size and direction of the total
predicted error. In addition, there are still plenty of metrics that are some of the
modifications discussed above, such as the Mean Relative Absolute Error
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(MRAE), Median Absolute Percentage Error, MJAPE, Median Relative Absolute
Error (Median Relative Absolute Error, MARAE), Root Mean Square Percentage
Error (RMSPE), Relative Mean Absolute Error, ReIMAE, Relative Root Mean
Square Error, ReIRMSE, Symmetric Median APE (Symmetric MeDiA Mean
Absolute Percentage Error, SMdAPE) and other]

Analysis of recommendations for choosing prediction estimates

One of the most difficult problems in forecasting is the question of choosing
the most appropriate measure (criterion) for estimating the quality of the forecast.

At this time, there are quite a few studies devoted to the analysis of the
criteria for forecasting quality and the development of recommendations for their
effective choice. Let's consider some of them.

If the forecast estimation is carried out for one-dimensional time series and
preliminary data processing (data cleansing, detection of anomalies) has been
performed, it is wise to choose MAE, MdAE, RMSE. When using different scales,
these criteria do not apply.

As for the comparisons of MSE and MAE criteria, it should be noted that
there is only one situation in which MSE-based errors can be preferred to MAE-
based errors-this is an estimate of integer demand. In this case, the number of zeros
in the sample can be so large (it can easily be transported over 50%), that all errors
based on the modules will prefer a zero forecast (for example, when selling it
means that we do not sell anything, therefore, nothing to store - depressive
prognosis). This is due to the fact that the minimum MAE corresponds to the
median value, while at least the MSE corresponds to the average.

Both of these MAE and MSE estimates are well suited, for example, to
determine the accuracy of the prediction of the same sequence for different model
parameters or when using different models, but they show lower forecast errors
than with the naive method. That is, the accuracy of the results of the forecast
exceeds the accuracy of the naive method. Conversely, if the values of relative
estimates are greater than one, then the accuracy of the results of the forecast is, on
average, worse than with the naive method of forecasting.

These estimates are equally suited to determine the accuracy of the forecast
for two or more steps forward. To do this, you only need to use the value of
forecast errors for the appropriate number of steps forward instead of a one-step
forecast error.

If the set data does not contain emissions and the time period for which the
calculations were made are not so large that they are not close to the data value, it
Is expedient to use scalable estimates.
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If the data has seasonal or cyclic patterns, it is recommended to use the
normalized errors when the normalization rates can be calculated within an interval
equal to the cycle or season.

When estimating the accuracy of several forecasts, a method of aggregation
Is required. If you accept the arithmetic mean, then you should use the average
absolute percentage error (MAPE).

For a variety of cases, you can provide the following recommendations.

Despite the fact that percentage errors are commonly used for prediction in
real problems, asymmetry does not recommend using them. If the range of values
lies in the positive half-plane, and in the data there are no emissions, it is expedient
to use the symmetrical measures of error.

If the data is "polluted", that is, it contains emissions, it is expedient to apply
large-scale measures such as MASE, inRSE. In this case, it is necessary that

1) the prediction horizon was sufficient;

2) there were no identical values predicting my rank;

3) the value of the normalized coefficient should not be equal to zero.

After calculation, the results are analyzed for the division into zero errors
and the presence of contradictions.

Due to the fact that various estimates of data yield different estimates of
prediction errors, in the absence of the results of the preliminary analysis and the
need to generalize the methods instead of one metric of forecasting, it is wise to
use a certain set of error metrics.

It should be noted that sometimes in the literature there is a comparison of
models based on RMSE. Such a comparison in the general case is incorrect and
usually leads to the selection of the wrong, that is, not the most accurate model.
This is due to the fact that the RMSE is highly exposed to emissions (through the
square in the formula). Therefore, as a result of using this criterion, preference is
given to less accurate models that indirectly predict the data, but do not allow any
major mistake. Obviously, any coefficients based on RMSE will also result in
distorted results.

Due to the fact that different estimates of prediction errors are obtained on
different sets of data, and each criterion has deficiencies that may lead to
inaccurate prediction quality prediction, one universal criterion can not be
identified. Therefore, it is wise to use a certain set of error metrics.
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I'IABA 7

ANALYSIS OF THE INFLUENCE OF INTERFERENCE ON THE
STATISTICAL PROPERTIES OF ESTIMATES OF NON-STATIONARY
PARAMETERS

Introduction The extensive use of adaptive control methods is caused by
the difficulties of obtaining an adequate mathematical description of real systems
characterized by nonlinear dependencies, dynamic properties that are difficult to
model, unsteady characteristics, the presence of uncontrollable noise and
interference and their correlation, the absence of a priori information about the
statistical properties of signals and interference, etc.

Adequate mathematical apparatus for solving the problem of synthesizing
optimal control laws under uncertainty is the theory of discrete adaptive control
systems, among which adaptive systems with an identifier in a loop (ASI) are
widely used. Such an approach ensures timely and correct development of a
decision on the change in control actions. The effective solution of the problem is
associated with the introduction of an identifier into the control loop, which
operates according to some adaptive algorithm. Built in this way, the system works
as follows. The identifier estimates model parameters at discrete points in time.
This estimate is fed to the regulator to form a control that minimizes the deviation
of the current value of the object output from the required one. Thus, the model
obtained in the identification process plays the role of a predictor, allowing to
determine the value of the output variable of the object, which will be established
at its output when certain signals are input to the input.

As already noted, the application of the adaptive approach is based on the
replacement of a complex non-linear model with a linear model with variable
parameters, which are evaluated in real time. As such a model, the pseudo-linear
regression equation is usually used. Note that various equations describing linear
and nonlinear dynamic objects can be reduced to this equation.

In this regard, certain requirements are imposed on the identifier operating in
ASI, the main of which are the following:

— identification algorithm should ensure the convergence of parameter
estimates to the true values of the parameters in the whole area of discrete changes
of input variables;

— this convergence should not disappear when the regulator is turned on;

— computational procedure that implements the algorithm should be fairly
simple;
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— identification algorithm should provide tracking of variable parameters of
the object.

Practically all currently used recurrent algorithms are obtained by
minimizing the quadratic functional and used in the construction of the assessment
direct measurements of input and output signals.

Thus, we can draw the following conclusion: for practical application of
control algorithms it is necessary that they be adaptive, stable, non-linear, and also
simple to implement and understand.

It should be noted that the quality of control systems, which largely depends
on the calculation of control algorithms, in turn, requires simplifying the models.
In some cases, it may be justified to manage a dynamic object using simple static
models.

As noted above, when implementing adaptive systems, pseudo-linear
regression models are widely used.

Yo = o' Xpa t §n+1’ (1)

Xni1= Xnia tSnn

where vy, ., is the observed output signal; X,,, = (X, .1, X2 1, Xn nst)' - VeCtor of
input signals; @ =(6,,6,,..6,)" - vector of the required parametersNx1; & -
interference at the output of the object; ¢,.; = (S1n41:62.ns1,-Gnnse) - iNterference

vector at the input of the object N x1, and reduced to minimizing some pre-selected
quality functional (identification criterion). The quadratic functional that is most
widely used in practice leads to various identification algorithms that allow one to
obtain estimates of the desired vector ¢* under normal distributions of interference,

ie. &, ~N(00?).

However, the task of identification is significantly complicated if the
parameters change (drift) in time, i.e. 8, = var.

The results of the majority of works devoted to this problem are mainly of a
recommendatory nature and are weakly related to the nature of the nonstationarity
of the object under study. So, for estimating non-stationary parameters, usually
modified LS algorithms (using a sliding window or exponential smoothing, etc.),
the Kaczmarz algorithm (and its dynamic variant), dynamic adaptation algorithms,
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etc. are used. The lack of sufficiently general recommendations for choosing non-
stationary parameters estimation algorithms apparently, the difficulties of
theoretical studies of the properties of these algorithms in non-stationary
conditions.

The effectiveness of applying one or another algorithm for estimating
drifting parameters essentially depends on the amount of a priori information about
the character of the drift. In accordance with this, adaptive identification
algorithms for non-stationary parameters can be divided into two classes:

1) algorithms for estimating parameters with a known law of their drift

2) parameters estimation algorithms with an unknown drift law.

The first direction originates from the work of Dupac. In his paper, a
generalization of the stochastic approximation method to the case when the root
drift of the regression equation is close to linear is proposed. In most of the
subsequent works, the case was considered when the drift is either on average
close to linear or attenuates. In [1], the case was considered when the drift was
parametrized, and the identification problem was reduced to estimating the

unknown parameter 6,

n

by the multidimensional method of stochastic
approximation.

The lack of information about the nature of the drift 6, requires the
development of identification algorithms that use the minimum amount of
information and preserve operability in a wide range of variation 4, .

The algorithms of the second direction in the first place should include the
recurrent least squares method with exponential weighting of information. Despite
the large number of works devoted to the study of this method, in particular, the
choice of the optimal weighing parameter, the question of choosing this parameter
has not yet been resolved. The natural price for the lack of a priori information
about the nature of the parameters drift is the delay in estimating the change in
parameters, and, consequently, less tracking accuracy, which is due to the inertia of
the algorithms.

Among the most computationally simple one-step identification algorithms,
the Kaczmarz algorithm proposed in [2] for solving systems of linear algebraic
equations, and subsequently used to solve the identification problem in
constructing a model of type (1), is the most effective.

To improve the computational stability of the algorithm Kaczmarz V.M.
Chadeev [3] proposed its modification - a regularized algorithm.

In [4], non-asymptotic and asymptotic estimates of the rate of convergence
were obtained, in particular, the Kaczmarz regularized algorithm, which showed
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that the introduction of a regularizing additive, improving the stability of the
algorithms, slows down the rate of their convergence.
However, the speed of these algorithms is often insufficient when estimating non-
stationary parameters. Knowledge (or approximation) of the law of drift makes it
possible to obtain effective algorithms for tracking non-stationary parameters. In a
number of works, an algorithm called the Kaczmarz dynamic algorithm is
considered, which uses some a priori drift model. It should be noted, however, that
errors in the specification of the law of variation of parameters can lead to the loss
of convergence properties of the algorithm.

Works of Sh.G. Lelashvili [5] gave impetus to the development of multi-step
projection algorithms. In a number of works, the recurrent form of these algorithms
was proposed, and the properties of random pseudoinverse matrices and projection
matrices were established, which allowed to determine the rate of convergence of
these algorithms and conclude that taking into account the information on L
previous algorithms in these algorithms steps in terms of speed of convergence
reduce the dimension of the original space N by L. Thus, the use of multi-step
projection algorithms can significantly accelerate the process of identification and
IS enough effect injective when estimating nonstationary parameters.

In foreign literature, the Kaczmarz algorithm, better known as the
normalized least squares algorithm (NLMS - normalized least-mean-square), has
found wide application not only in the identification systems of stationary and non-
stationary objects, but it is also widely used to solve filtering tasks. It should be
noted that in a number of works, the Markov model of the first order was used to
describe non-stationary parameters.

The goal of this paper is to study the issues of convergence of the one-step
Kaczmarz regularized algorithm in the problem of identifying non-stationary
parameters described by the Markov first-order model, and determining the
parameters of the algorithm ensuring its maximum rate of convergence.

Regularized Kaczmarz algorithm
Regularized Kaczmarz algorithm, having the form

A" _ N Cni1Xni1
n+l = “n )/ 2 y
[%0al+0 (2)
Where
~ AT
€1 = Ynia ~ Yni1 = Yo — 0n+lxn+1’ (3)
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g(k+1)- model output signal; (k)= (4,(k).6,(k)..0y (k)" - parameter estimation
vectorNx1; » - some parameter affecting the rate of convergence of the algorithm;
0 >0—regularization parameter; |o| - the Euclidean norm, is one of the most used

both in solving the problem of identification, and in signal processing tasks
(interference cancellation, echo cancellation, etc.).
It is assumed that the estimated non-stationary parameters, which are

stationary random processes, can be described by the Markov model of the first
order

9n+1 = Hn + Sn+1 (4)
Where

S111 = (Sn110:Sninge Smusn )| - Vector of random sequence N x1;5i =N 0,00)
Given the presence of interference & ., and ¢, ., the output signal of the

object can be represented as follows:

Yot = O Xns1 + SnarXnet + On Gner = Oh Gnis + S

We introduce an evaluation error

én+1 =0 n+l 9n+1 ' (5)
Taking into account (4) the expression for can be written as follows:
€= énT Xoi1 — HnTgnJrl + Srr+1xn+1 T 6na (6)
It is assumed that the interference is distributed according to the normal law
with S ~ N(O, O-g) y G~ N (0, ng)

Taking into account the accepted type of nonstationarity (4), the Kaczmarz
algorithm with respect to identification errors can be written as

g oT G T G T G
~ ~ X .. X ~ X .G, X ., X X
6 = 9 + S L —y ~n+1 n+1 9 +]/ ~n+1 n+1 —y ~n+l n+1 L= n+l é: L=
" " " ” Xn+1 ” +5 " ” Xn+1 ” +5 " “ Xn+l ” +5 " ” Xn+l ”2 +5 "
~ ~T ~ T ~
X X ~ X .G X
=1- y— n+1n+1 j(g + S l) + y ~n+l n+l 6 — y— n+1 é: ¥ (7)
( ” Xn+1 ”2 +§ " " ” Xn+1 ” +5 " ” Xn+1 ”2 +§ a

It is assumed that the components of the estimation error vector énobey the

normal distribution law with &, =M {6, , | and variance o7,
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Analysis of the effect of interference ¢, ,,on the statistical properties of
the assessment

Calculate M{4,., }

~ % .xF " c gT
Mg V=Ml 1—yTnd%e g 4 g +yMJ_=2nsonit g L
{M} { yll Kot I +5]( " ““)} 4 {nxm P +& }

X
_ M n+l
’ {n XL+ 5}

Here | is the identity matrix N x N .
Considering the statistical independence and the fact that [4]

M Xn+l)2(rT+1 }:il—M{ 52 }l,
T ) B P (P -

Y 1 _ 1 L 2007 ©)
[f+o] (N=20f+6| " (N-2)0? + )

Taking into account the statistical properties of signals and interference, we
have

_ s [(N=2)02 +6) ~6N((N-2)02 +6) +26Na? _
M=\ ((N-2)0% +5) M4+ S+
X

—NO'§+5
(ci+5) "

2

O

Wi
N

(10)
From the obtained expression (10) it follows that for the convergence of
algorithm (2) it is necessary to satisfy the inequality

o [(N=2)6% +5) =N ((N-2)02 +5) +26No?

~ — <1, (11)
((N-2)0? +5)
where it comes from
(62 -No2+5)((N-2)a2 +6)
O<y< " 3 " 5 .
((N=2)0% +8) =N ((N -2)0% +5) +2Ndo; 12)
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Thus, when executing (12), algorithm (2) converges on average, i.e.
};tO,.

~

evaluation will be offset lim M {6?

n+1
Nn—o0
In other words, the vector of estimates will be associated with the vector of
the desired parameters by the ratio
2 2 2 3
(02 —NoZ +8)((N-2)07 +5)

M{G ., \= 6,.1.
e ((N-2)02+5) ~N((N-2)0? +5) +2N5o? "

(13)

Note that this formula does not contain the characteristics of non-stationarity
and the statistical characteristics of the interference & ;. This is due to the type of

adopted model of nonstationarity and properties of & .

Using the above formulas, it is easy to obtain that for the regularized
Kaczmarz algorithm

AL cZ+ 8
n+1}_

6,

n+1?

M e S
{ 0'5+c7g2+5

and for the classic Kaczmarz algorithm with 6 =0

n+l 2 2

oy + O

If there is no interference in the input signal, the estimate will be unbiased.
To eliminate the bias caused by the presence of interference ¢, ., it is

M {0} =20,

~

necessary in some way to evaluate agz and adjust the resulting estimate &.,,. This

can be done either in real time using procedures like stochastic approximation, i.e.
correct the estimate of the desired parameter at each step of the identification

process, or obtain an estimate ng based on a certain amount of information and

~

adjust @,,, after all the calculations. At the same time, however, the issues of
ensuring the convergence and achievement of the required rate of convergence of
the corresponding estimation procedure for recurrent estimation ajand

determining the adequacy of the resulting estimate ng of the real variance remain

unsolved.
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Analysis of the effect of interference & . on the statistical properties of

the assessment
As follows from the above results, the presence of interference & ,,does not

lead to a bias in the estimate. Consider how it affects the variance of the estimate.
To study convergence in mean square multiply (7) from the left to 87

n+1

~ 2 A7 x
9n+1 n+1H - n—m[§n+1 n n+1]
[Xoa
Xn+lsn+1 2 Hxn+1H2 T 2
_27—[§n+1 n n+1:|+7 5 2 |:§n+1 _Hgn n+1:|
Xl +5 (%0l +5)
2
Calculate M { 6,., }

0! X, X! .0, S X X .S
0 - ol S
n+1

(I %y I +6)
+sz{ 5f+1||x2n+1||22}
(Il Xy I +6)
Considering (8), (9) and the fact that [4]

TGl P S PR | VY
HXn+1H +5| [N (N-2)o;+6 ((N—2)0X2+5)
M{ - P }: (N-2)02%07
(bl 07 ™) (N =202 +5)"

M{ s 2}:_&5 S PR I
(Xpaa]” +) (N=2)o +5|  ((N-2)52+5) | ((N-2)0?+5)

~82((N =202 +5)-25((N -2)o? +5) +46%?
) ((N-2)0? +5)’ |

)

after simple transformations we get
M {16, I} =
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{1—%{(2—”—2(71)(5('\] ~2)o} +6) +2075 o z]}'\/'{ﬂén P +1S, 1)+

(N-2)o?+5) (N-2)o?+5)
4 (N-2)o0;

((N —2)0'f+5)2’

whence it follows that for the convergence of the algorithm (2) in the root
mean square, it is necessary to fulfill the condition

2(y-1)(6(N-2)0? +5) +2026 250 ]

_Y(o_ <
! N{(Z 7) ((N—z)aj+5)3 ((N—2)0X2+5)2 '

(14)

The optimal value of the parameter that provides the maximum rate of
convergence of the algorithm can be obtained by solving the equation
M{16.41}
7 (15)
Omitting simple transformations, we get that

- [ A+ A2 +562 [M {116, IF +1IS,..II}
[A+20A +AIM{16, 1P +11S,.. I} + N(N —2)0’02A

/4 (16)
Where A=(N-2)c%+0.

It should be noted that the obtained relations generalize the known results. In
our case, for the classical Kaczmarz algorithm with 6 =0, (12) implies the well-
known condition for average convergence

0<7/<2N, (17)

and from (14) are the conditions for convergence in the mean square
- for non-stationary case

(N-2)° 02 (M {16, IF} +02)

((N=2)atM {16, IF}+ 62 )+ N (N -2)’ olo?

onTt

No?
(N—-2)o?M{]6, IF +o%} (18)

and " =1 (19)

105



for stationary case and no interference.
Some notes on the choice of the regularization parameter o

The purpose of using the regularization parameter is to increase the
computational stability of the estimation algorithm. However, this raises the
problem of effectively choosing this parameter. Fundamentally in the literature,
this issue has hardly been investigated. This is apparently due to the fact that its
solution requires a sufficiently large amount of information about the statistical
properties of useful signals and interference affecting the properties of the
algorithm. Some recommendations are given in a number of works. It was
proposed to determine, based on the maximization of the signal-to-noise ratio

2 T
o
ENR:—Z: 4 RZXH,
O¢ O¢

where is o; =M {y,f};-aé =M {cfnz}; R, =M {xnxl}.

The expression proposed in this paper for determining the regularization parameter is

N+ ENR)
_ 2

ENR

o

(20)

Thus, the value of the parameter 6 depends on the dimension of the model N,
the dispersion of the input signal o2 and ENR. If the value Nis known, and

o can be determined or estimated, the value ENR is often not known.

In a number of works, the possibility of determining the optimal value of a
parameter ¢ from the conditions for maximizing the rate of convergence of the
algorithm was considered. This approach allowed us to obtain the following

expression for 5%

n+1l

2
opt _ N O¢
n+l — -

M|

L

n
Expression (21) contains, in addition to an unknown quantityag, an

unknown quantity M { én

2 .
}. Therefore, these recommendations are more of

theoretical interest. Their analysis allows to conclude that the value 5°% should be

n+1

~

selected variable. At the same time, however, when ENR — 0 and M { o,

2
}—)0
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o — oo, the influence of interference & is eliminated, however, the algorithm

n

will not track the nonstationarity of parameters.
Conclusion

As the results of research have shown, the use of a regularizing additive in
identification algorithms, improving the stability of algorithms, leads to a certain
slowing down of the model building process. The conditions for convergence of
the regularized Kaczmarz algorithm are determined when estimating stationary
parameters and the presence of measurement interference. The presence of
interference in the input signal leads to a shift in the estimates obtained, which can
be eliminated by using the procedure for estimating the variance of the interference
and the corresponding correction of the estimate of the identified parameter. The
presence of interference in the output signal does not lead to additional bias,
however, it increases the variance of the identification error.

The estimates obtained are fairly general and depend both on the degree of
nonstationarity of the object, and on the statistical characteristics of interference. In
addition, expressions for the optimal values of the parameters of the algorithms are
determined, ensuring their maximum convergence rate. Since these expressions
contain a number of unknown parameters (estimation error|| 4, |*, the degree of

non-stationarity of the object?), for their practical application one should use any

recurrent procedure for estimating these parameters and use the resulting estimates
to refine the parameters included in the algorithms.
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I''/TABA 8

KIIACUPIKAIIA EJEKTPOHHUX HAYKOBO-TEXHIYHUX
TEKCTIB B IHOOPMAIIMHO-MIOITYKOBUX CUCTEMAX

Beryn Ta mocranoBka 3ajadi

B oGnacti aBTomMatnyHOi OOpPOOKM €JNIEKTPOHHHUX TEKCTIB CKJIABCSA P
BIJIHOCHO CaMOCTIMHUX HaIpPsSMKIB: BUTAT O00'€KTIB 1 O3HaK, pedepyBaHHS,
kinacudikaiis, KiacTepusallisi, 1HTeIEeKTyaJIbHUN TMOIIyK, CEMaHTHYHUN aHami3
tomo. [I, 2]. 3okpema, 3aBHaHHS opraHizamii e(QeKTHUBHOTO JOCTYIY O
HECTPYKTypoBaHOi TemarnyHoi iH(popMamii Oe3nmocepenHb0 MOB'I3aHO 13
3aBJaHHAM Kiacu@ikallii eTeKTPOHHUX TEKCTIB, sIKi HAIXOMSITh 3 PECypCiB MepexKi
InTepuer abo enexkTpoHHMX Oi10mi0oTeK. JJis BUPIIIEHHS OCTAHHBOTO PO3POOJIEHO
yuMano eQEeKTUBHUX METOMIB, JEsIKI 3 SKHUX XapaKTepU3yIThCS SKICTIO
KJacugikamli, 1o MOKHA MOPIBHATU 3 pe3yJibTaTaMH KiIacH(ikailii, BUKOHYBaHOT
KBaMi(piKOBaHUMH ekcrepramu. Jlo HalOUIbIl BUKOPUCTOBYBAaHUX METOJIB CII1T
BIJIHECTH, 30KpE€Ma, METOJ OMNOPHUX BEKTOPIB, METOJ JIOTICTUYHOI JIHIAHOT
perpecii, meton k-HalOIMKIMX CyciJiiB, HelipoMepexeBoi kiacudikaiii Tomo. ¥
TOW >K€ Yac CIiJ 3a3HAuWTH, IO JaHI METOAM XapaKTepU3YIOThCA BHCOKOIO
CKJIQJHICTIO PO3POOKU Ta BUCOKOIO OOUHCIIOBAIBHOIO CKIIQIHICTIO.

3aBaaHHs KiIacH(pikalii TEeMaTUYHUX TEKCTOBUX JOKYMEHTIB B 3arajbHOMY
BUTJISII MOKHA C(DOPMYJITIOBATH HACTYITHUM YHHOM.

Ha Bxim kmacudikaTopa HaAXOAUTh MHOXKHHA EJIEKTPOHHUX TEKCTIB Ha
MPUPOAHINA MOBI (MacMB TEMaTUYHUX TEKCTOBUX NOKyMeHTIB). IlepenbauaeTncs,
110 ICHY€ MHOXHMHA KJIaCIB (TEMATHYHUX TPyN) 3aJaHOI KUIBKOCTI, Ha SIKI MOXHa
pO30UTH NaHWii MacuB JOKyMeHTiB. Tomal 3amadya kiacudikarii TeMaTHYHHX
TEKCTOBHX JIOKYMEHTIB 3BOJUTHCA /IO TMOINIYKY MHOXXHHHM KJIAClB TaKUM YHHOM,
o0 micyMKoBe Oe3iyu OyJio ONTUMaJIbHUM BIJIMOBIIHO A0 JESKOTO KPUTEPIIO
AKOCT1 PO30OUTTS AOKYMEHTIB. CTpOro Kaxyudd, BXIJIHUMH JaHUMHU 3aj]adl
Kjacu@ikamli € He caMi TEeKCTH Ha IMPHUPOJHIN MOBI, a iX BEKTOPHI YSBIICHHS, 110
XapaKTEPU3yIOTh CMUCIOBHM 3MICT BUXIIHMX JOKYMEHTIB. O3HaKu JOKYMEHTIB
aBTOMAaTHUYHO BUTATYIOThCS 3 TEKCTIB BIAMOBIAHO J0 o0OpaHOro crnocoOy
MIPE/ICTABJICHHS TEKCTY 1 B HAUTOMUPEHIIIIOMY BUMAAKY € MOOJUHOKHUMH CJIOBaMHU
[3].

CyyacHi MeToAW BEKTOPHOTO TWPEICTaBICHHS TEKCTOBOI iH(dopmarii €
PO3BUTKOM MOJEIi, 3aCHOBAHOI Ha MOHATTI BeKTOpHOro mnpocropy VSM (Vector
Space Model). V Takiii Momemi KOMIIOHEHTH TEKCTiB, TakKi SK CJIOBa,
CIIOBOCTIOJIyYEHHsI, (parMEeHTH TEKCTIB, MUl JOKYMEHTH, MpEeJCTaBICHI
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BekTOpamu. EleMeHTH BEKTOPIB € 3HAYEHHS JesSKOi (DYHKIIT BIJl 4YaCTOTH CHIJIBHOT
3yCTPIYAIbHOCTI KOMIIOHEHTIB TEKCTIB Ta iX KOHTEKCTIB. CTymiHb MOMIOHOCTI MiX

KOMIIOHEHTaMHU TEKCTIB S; 1 Sj ,BU3HAYAETHCI BEJIMYMHOIO ITOMIOHOCTI MDK IX

BEKTOpaMH. 3a3BHYail BUKOPUCTOBYETHCS JI€IKa MOHOTOHHA (DYHKIISI KyTa MIX

BEKTOPAaMH, HATIPUKIAA KOCHHYC €08 (S;, S;), KM [ HOPMOBaHHX BEKTOPIB
30iraeThest 31 CKamsIpHUM J0OyTKOM (S, S;). ¥V Mozeini VSM BUKOPHCTOBYIOTBCS

CJIOBa, SIKI HACOpaBAl YacTO CEMaHTUYHO 3aliexHl. [[ns mojonaHHSA IOTO
HEJOJIKy OyJia 3amponoHOBaHa albTepHaTHBAa y Buniai Merony GVSM
(Generalized Vector Space Model) — y3araapHeHOT MOJIe/Ii BEKTOPHOTO MPOCTOPY

Oco0nMBO aKTyalbHOIO 3aJaya Kiacudikailii JTOKYMEHTIB MJsi CHUCTEM
iHQOpMAITIHHOTO TIOMIYKY Ta OOpOOKM HAYKOBO-TEXHIYHHUX TEMATHYHHX
JIOKYMEHTIB (CTaTei, mucepTaliiinux pooit, aBropedepaTiB TOIIIO).

Mertoro cTarTi € po3poOKa Ta mporpaMHa peaniizallis MeToja Kiacudikarii
KOJIEKII1i HAyKOBO-TEXHIYHMX JOKYMEHTIB, IO MOJSATa€ y HAsSBHOCTI (piKcoBaHOT
KUIBKOCT1 JIESKUX €TAJIOHHUX TEKCTIB Ta HEOOXI1IHOCTI ONEPAaTUBHOIO MOIIYKY B
I KOJEKII MHOXHUH JIOKYMEHTIB, Kl (DOPMYIOThCS 3TITHO 3 PO3POOICHUM
MeTonoM. KiHIIEBOIO METOK Takoi Kiacu@ikamii € MOIIYK y KOJIEKIIl KiaciB
JIOKYMEHTIB, fKI € OJM3bKUMH JIO 3aJlaHUX €TaJOHIB 3a 3ampOlOHOBAaHUMU
KpUTEPISMHU.

3araJbHa  cXeMa  NPOMOHOBAHOI0  AJrOPUTMY  ABTOMATHYHOL
KJIacu@ikauii eJJeKTPOHHUX JOKYMEHTIB

BBegemo MoHATTS Mipu OJU3BKOCTI m(Si,Sj) MIXK JBOMa €JIE€KTPOHHUMU
TEKCTOBUMH JIOKYMEHTAMH aHaJIi30BaHOTO KOPIycy S; i S; sK AesaKy QyHKIi0, 10

3aJIeKUTh BIJl PSAAY O3HAK, SIKI XapakTEepPU3ylOTh CTYMHiHb OJIM3BKOCTI LHUX
JIOKYMCHTIB

m(S;,S;) =F(S;nS), (1)
p

1ie P — KUIbKICTh O3HAK.

Y  pO3rNSHYTIA TOCTAaHOBLI €JIEKTPOHHUN JOKYMEHT BHU3HAYAETHCS
3HAYEHHSIMHU KOMIIOHEHT BEKTOpa O3HaK, MPUYOMY CTYIiHb BIUIMBY IIUX O3HAK Ha
3arajibHy OIIHKY Mipu (1) Moxke OyTu pi3HOW0. BiAmoBigHO 10 1IBOTO 3a1aMo

BiZICTaHb MK JOKyMEHTaMu S, 1 S | B TaKui criocio:
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2 2
X — X X —X:
Ky (S.S;) =, [H, ﬁ +otH, T’ , )
n

ne H, — mipa HEeBU3HAYECHOCTI, 10 XapaKTepPHU3ye BUKIIOYCHHS K-1 O3HAKH 3
MOJIETII OLIHKU JTOKYMEHTA; X;,, Xjx — 3HAYCHHS K-i o3Haku jist i-ro Ta j-ro
JOKYMEHTIB BIIIMOBIAHO; XMk — CepeaHi 3HaueHHs K-1 03HaKH IS aHAIi30BaHOTO
KOPITYCY TOKYMEHTIB.

Busnaunmo Mipy Ommsekocti M(S;,S;) Mik mokymentamu S; i S;, sK

BEJINYMHY, 3BOPOTHY BijicTaHi (2):
1

H\~i1%j

ITix miporo Omuspkocti M(S,,D) IOBUIBHOrO AOKyMEHTa 1O KIHLEBOI

MHO>KHHH IOKYMEHTIB D OyzaemMo po3ymiTH Take BiIHOIIEHHS:

m(S..D) =~ ¥ mE..S). @

ne Np — KUIBKICTb €JIEMEHTIB MHOKUHH D .
Bupinumo 3 modaTkoBOi MHOXKHMHU JOKyMeHTiB M, {S,S,,....S,} aBi
noBubHI KiHierl MHOxkuHH C Ta D 1 posrmanemo ¢yukiiro K(C,D), mo 3anae

Mipy 6mm3bkocti Mik C ta D

KE.D)= =%, T m,S), (5)

c'Vp §eCS;eD
ne N, Np — KubKicTb eneMeHTiB MHOkUH C Ta D BinnoBigHo.

BusnauuMo  nBoeTanHy — ajdrOPUTMIYHY  TOCHIJIOBHICTh  arperyBaHHS
MOYaTKOBOI MHOXKWUHU JOKYMECHTIB.

Ha nepmomy eram muoxuni My {S,,S,,...,S,} CTaBIATbCA y BIAIOBIAHICT
aBi mocaigoBrocti M {S1, Sz, ...,Sn} Ta N{K, K,, ..., K.} 3a Takum npaBuiom:

— 3 MHOXHMHM M, N0BiIbHO BuOHMpaemo Oynb-sKy cutyauito S;€ M, ska

CTaHOBUTH MEPIIMH eleMeHT Si mocihiioBHOCTI M, mo ¢opmyerbes. JlokyMeHT

S BUKJIIOYAETHCA 3 MHOKHHE My
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— cepen pemtd (N —1) TOKYMEHTIB IIyKa€MO HAHOIMKIHMN 110 S B cenci (2)

JOKYMEHT S2 1 BKIIHOYA€EMO HOTrO JPYrMM B HOCHIIOBHICTE M, 110 hopMy€eThCs.

[Tepmmm enemenTom mocioBHOCTI N Oyzae Benwmamaa m(Sy, S2) ;

— cepen pemrtd (N —2) TOKYMEHTIB LIyKaeMO JOKYMEHT S3, HailOMimkunii B
ceHci (4) 10 mepimx ABOX JOKYMEHTIB, BKIIFOYAEMO HOTO TPETIM B MOCIIIOBHICTb,
o (opMyeThCs 1 Tak aali.

[Ipy 1BOMY KOXHOMY JOKYMEHTY SieM crasumo y BIJMOBIIHICTb

~ ~

BenuunHy K. mocmimoBHocTi N, mo dopmyerscsa. OueBumano, mo K.

i i € MIporo

ONMM3BKOCTI JOKYMEHTa, M0 OOWUpAEThCS HA I-My KpOIl, A0 MHOXHHU BXKE

BiIOpaHuX 110 I-r0 KPOKY JJOKYMEHTIB {él, éz, ...,éi_l}:
K, =max(Si {51, Sz, ..., Si1}), (6)
ne Sie{S,,S,,...5, \{51, 5, ...,Si4}.

Skmo ngokymeHT S1€ A, TO cnodaTky BigOepeMo BCi JIOKYMEHTH, IO
Hajexarb MHOXHUHI A. JloriyHO MNPUMYCTUTH, IO HA MEXI MEpexoay MK

MHOXXHMHOIO A 1 4aCTHMHOK MHOXUHM M, mo 3amummuinacd, BenuunHa K Oyze

CTpUOKOIOAIOHO 3MEHIITYBATHUCS.
Ha apyromy erami BifOyBaeTbcsi po30MTTS MOYATKOBOI MOCIITOBHOCTI Ha
MHOXMHH A, A,,...,A,. Crnodarky ¢(opMyeTbcsi MHOXKHHA A, 3a TakuM

npaBuioM. BBaxaemo, mo S;e€A,. Hexail gami go A, BiJHECEHI JOKYMEHTH

S1,S2,...,Sj. [lokymeHT Sji BimHeceMo 10 A,, AKIIO BUKOHYETbCS HACTYIIHA

HEPIBHICTh:
K,—Kj <A, (7)

e A — nOpOroBUM apaMmeTp.

B iHmomy Bunanky ¢opMyBaHHS MHOXKHMHU A, 3aKiH4yeTbcs. BinzHauumo,
10 KIJTBKICTh MHOXKUH R 3aie)uTh Bij BETUYUHU MapaMeTpa A .

HeoOximno BuUOpaTH KpuUTEpiid, 1O JO3BOJIAE, BAPIIOIOYHM IIEH Mapamerp,
BUOpaTH 3 MHOKMHU MOKJIMBUX Kiacu(iKaliii OJJHy B IEBHOMY CEHCl HalKpaIiy.

OueBuaHO, MmO Ki1acudikaiis TUM Kpaile, HDK OJMKYe OJWH J0 OJHOTO OYyIyTh
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KJ1acH, 1o GopMyrOThCsl B pe3yibTaTi kiaacudikaiii. Pazom 3 Tum, kimacudikarris
TAM Kpaimie, YuM Jaidl OAWH BiJl OJHOTO B ceHci (5) OyayTh po3TamoBaHi
chopMmoBaHi Kiaacu. BuzHaunmo mipy OJM3bKOCTI IOKYMEHTIB BCEPEAUHI KJIacy, K
BJIACHUY TIOTEHITiaN KJIacy:

2 N
MAA%WQ@ETE%¥M&%% (8)

ne N, — KUIbKICTb JOKyMEHTIB B KJIacl.

I[Ipy 1nbOMYy MHOXHUK ————— BIJIIOBIIAa€ BEJIWYMHI, 3BOPOTHIN
NaA(NA 1)

KUTBKOCTI YJICHIB CYMH.
BBeneMo noHATTS cepeIHhOTO BJIACHOTO MOTEHIIANY JaHO1 Ki1acu(iKallii:

L= YKAA). (©)

e R — KUIbKICTh KJIaciB B KJacu(ikaii.
S0 mopiBHIOBATH MixK cOOO0I0 KUJIbKa pI3HUX Kiacuikalliid, TO BEeTUYHMHA
J; Oylne MakcuMallbHOIO AJIS Ti€i 3 HUX, B SIKIM JOKYMEHTHU KJacy B CEpeIHbOMY

pO3TalllOBaH1 HAHO1IBII TICHO.

Jpyroro CKJIaJ0BOIO IIYKAHOTO KPUTEPIIO0 MOBHHHA OYTH BEIWYWHA, IO
XapakTepusye OJM3bKICTh KJIACiB MK CO0010. B SIKOCT1 Takoi BETMYUHU TPUHMEMO
HACTYMHY KpUTEpiajIbHy CKIIAJIOBY:

1 R
\]2 :miyjlzij(Ai,Aj), (10)

ne K(A;,A,;) — BusHadena uiie Mipa (5) 61M3bKOCTI MK KJIacamH.
S0 mopiBHIOBAaTH MixK cOOO0I0 KUJIbKa PI3HUX Kiacuikalliid, TO BETUYHHA
J, Oyne, o4eBHIHO, MIHIMAJIBHOK Ul TI€l 3 HUX, JI€¢ KJIACH B CEPEIHBOMY

pO3TaIlloBaHi JaJli OJUH BiJl OJHOTO.
lykanuii kputepii J moBuHEH OyTH TakuM, 100 HaWKpara Kiacudikaris
BIJITIOBIJJaJIa BITHOCHO BUCOKOMY 3HAYEHHIO J; Ta B TOH K€ 4ac BIJHOCHO MajoMy

3HAYEHHIO J, . Buainmumo 1Ba Takux MOXIIMBUX KpUTEpI:
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1=J,-1,, (10)

J:M_ (11)
J+J,

Bapitoroun 3HaueHHs TOPOTOBOTO MapameTpa A, BU3HAUUMO Kiacu]ikallito,
JUTS IKO1 BeTM4rHa P € MakcumabHOTo.

CdopmyBaBmu 3a HaBEJCHUM AJITOPUTMOM KJIaCH, HEOOXITHO 1T KOKHOTO
3 HUX BU3HAYUTH €TAJOHHUHN JOKYMEHT, HallOUIbIn OJU3bKUI B ceHCl (4) 0 BCiX
JOKYyMEHTIB KJlacy. B r-My Kiaci eTalloHHUM JOKyMEHTOM S, Oyne TOH, AJs sIKOro

BUKOHY€ETHCS HACTYITHA YMOBA:
M(S,, {M, \S,}) =max(5;.,{M, \S;}), i=1 N,, (12)

ne M, — MHOXHHA TOKYMEHTIB I' -T0 Kkyacy; N, — KUIbKICTb JOKYMEHTIB I -

ro Kjiacy.
ABTOMAaTHYHA KJIacupikalisi eJIeKTPOHHUX JOKYMEHTIB 32 3pa3KOM

Posrnsaremo 3aBranHaA knacudikanii KoJaeKuli JOKyMeHTIB My, IO MOJIATae
y HasgBHOCTI I' A€SKUX €TaJOHHUX TEKCTIB Ta HEOOXITHOCTI ONEPATUBHOIO MOIIYKY
B I KOJEKIi MHOXHWH JOKYMEHTIB, SiIKi (POPMYIOTbCA 3TiTHO 3 PO3TISHYTHUM
MeTonoM. KiHIIEBOIO METOI Takoi Kiacu@ikamii € MOIIyK y KOJIEKIIl KiaciB
JIOKYMEHTIB, SIKI € OJM3bKHUMHU 0 3a/laHUX €TAJIOHIB 3a PO3TJISHYTHUMH BHIIE
KpUTEPISMHU.

Ile 3aBmanHs wMae geski ocobOnuBocTi. Ilepmmm  enmeMeHTOM Si
IMOCJI1I0BHOCTI §1, éz, ...,éj, mo (GopMyeThes Ui TOOYJOBH MEPIIOTo Kiacy A,
Mae OyTH MEpIIMiA 3 €TAJIOHHUX JOKYMEHTiB. B pa3i BukoHaHHs ymMoBH (7) J-My
Kpoll (opMyBaHHA A, 3aBEpIIYEThCS Ta aITOPUTM MOYMHAE (POPMYBATH IpYyrui
kiac A,. OctaHHIM Kj1acoM, 1o Oyae c(opMOBaHO TaKMM YMHOM, OyJne Kiac A, .

JIOKyMeHTH, 10 HE MOTpanmwiId J0 >KOJAHOTO 3 KIJIAciB MOCHiAoBHOCTI M,
BBaXKAlOThCS JAJIEKUMU Bl 3aJaHUX €TaJOHIB Ta HAJACUJIAIOThCA B claM-Kjac A, ;.

OdyeBugHO, 1O Taka IMOCTAaHOBKA MOTPeOy€e MOMEPEIHHOTO BUKOHAHHS
JESAKUX CTaHJIAPTHUX TPOIEeAyp, Hacammepesa, GopMyBaHHS MPOCTOPY O3HAK, 3a
AKUMU OyAyTh TIOPIBHIOBATHCS JOKYMEHTH, Ta BH3HAY€HHS TOPOTOBOTO
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napamerpa A.

[IpocTM TIpUKIAAOM O3HAKM JOKyMEHTa € TepM, TOOTO CIOBO B JCSKIH
MOoYaTKoBi (opmi, CEMaHTHKa SKOro JOIMOMara€ OINUCAaTHU OCHOBHUU 3MICT
JOKyMeHTa. J[Ba  JMOKyMeHTa  BBaKAIOThCS  OJM3BKUMH, SKIIO  BOHHU
BUKOPUCTOBYIOTh OJHI 1 Ti % TepMu. DopMyBaHHS MPOCTOPY O3HAK MOJSATaE B
BUJTYYCHHI 3 TEKCTOBUX JOKYMEHTIB O3HAK BIAMOBIIHO 10 OOPAaHOTO aJTOPUTMY.
Mo>kHa BUIUIMTH YOTHUPHU KJIACH aJTOPUTMIB BWJIYYEHHS O3HAK 3 TEKCTIB, IO
PO3PI3HAIOTHCS MIIX0JaMH 10 BU3HAYCHHS O3HAKH JJOKYMEHTA!

— aJTOPUTMH BUJIIJICHHS YHIKQJIBHUX OJMHOYHUX CHiB. B manoMmy Bumaaky
O3HAKOI0 € YHIKaJIbHE OJAMHOYHE CIIOBO, IO 3YCTPIYAETHCS B TEKCTI OJHOTO abo
OinbIe JOKYMEHTIB B MacuBI JOKyMeHTIB. O3HaKku IIbOTO BHJIy HA3WBAIOTHCS
IPOCTUMH O3HaKamu, abo Tepmamu. JlaHuil miaxiA 3aCHOBaHW Ha 1HTYITUBHOMY
MOHSATTI, 110 POJIMHHI JIOKYMEHTH TMOBHHHI BHKOPHUCTOBYBAaTH OJHAKOBI CJIOBA.
Opnnak Takui MiaXiJ TEOPETUYHO BBAXKAETHCS HAMOUIBIN ypa3IuBUM 3 TOUKHU 30pPY
BUPIIIEHHSI TaKUX MPOOJeM, SIK CUHOHIMISI, OMOHIMIS TOHIO. Y 3B'SI3Ky 3 IIUM
pOOIIATHCS CrIpoOU (OpMYyBaHHS CKIaJOBUX O3HAK;

— QIropuT™MH BHUAUICHHS n-rpaM. OgHUM 3 BapiaHTiB  (HOPMYBaHHS
CKJIAJIOBUX O3HAK € (POpPMYBaHHS MHOXKMH IIOB'S3aHUX TEPMiB, 3aCHOBAaHHUX Ha
MPUIYIIEHHI PO TE, 1110 CJI0BA, SIK1 3 BUCOKOIO YaCTOTOIO 3yCTPIYAIOTHCSI B MACHBI
JIOKYMEHTIB CIIUIbHO, HACMpaB/Al MOB's3aHl OAWMH 3 OJAHUM. Takuil mporec
HA3UBAIOTh CTATUCTUYHUMU JITOPUTMOM BUAUICHHS Ppa3. Taki dhpazu oTpuMyIOTh
OlBIIY Bary 3a paxyHOK OOJIIKYy 3BOPOTHOI JOKYMEHTHOI YacTOTH 1 HaMKpalmum
YUHOM «PO3PI3HAIOTHY» JOKYMEHTH OAWH Biag oxaHoro. IlocmimoBHOCTI cCiliB
(eJIeMEHTIB) JOBXMHU N HAa3UMBaIOTh N-TpaMaMH. 3ajJe€KHO BiJ JOJATKIB B SKOCTI
CJIEMEHTIB MOXYyTh BHCTymatu (oHeMHu, ckiaad, OykBH, cioBa abo
cioBocrnonydeHHs. HailiOinbin eekTuBHUM € BUKOpPUCTaHHS Oirpam abo airpam
(n-rpam po3smipHocti 2). OnHak, HE3BaKAYM HA TCOPCTUYHHU IMOTCHIIIAN
3aCTOCYBaHHs OirpaM €KCIEPUMEHTH IMOKa3yIOTh, IO MPEICTaBICHHS TEKCTOBUX
JIOKYMEHTIB B Takid (GopMi HE 3aBXKAU MIJBUILYE SKICTh POOOTH MPOTPAMHOTO
JIoAaTKy (Hampukiaa, OPOrpaMHOro KiacudikaTopa). MiJABUIIEHHS TOYHOCTI
OTPUMAaHUX B PE3yJIbTaTi poOOTH MPOrpamMu pPe3yJIbTaTiB MOXKE OYyTH JTOCSTHYTO
MIpU BUKOPHUCTaHHI OirpaM Ha J0JATOK J0 YHirpam (n-rpamu posmipHocTi 1). Ile
MOKHA JIOCSATTH TUIBKH B pasl, SKIIO NMPUILISEThCS 0COOIMBA yBara po3poOkam
MpOIEAYpP PETEIBbHOro BiAbOpYy «sKicHUX» (pa3 abo Oirpam, IO MOB'SI3aHO 3
BEITUKUMH O0YHCIIIOBATbHUMU BUTpaTaMU;

— QITOPUTMHU YTPYIIOBAHHS CJIiB 3 BUKOPUCTAaHHSM TOTOBUX CJIOBHHKIB.

[HImIIMIM BapiaHTOM MOKe OyTH OTpUMaHHS 1H(pOPMAIIii TPO B3a€MO3B'I30K TEPMIB 3
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CJICKTPOHHUX CJIOBHUKIB Ta CJIIB, HANpUKIaaA, Te3aypycCiB, sKi MOXYTh OyTH
BUKOPHUCTaHI JUIsl PO3MIMPEHHS JOKYMEHTa JOJAaBaHHSIM CIIIB-CHHOHIMIB [0
MIOYATKOBUX TEPM.

Ha puc 1. HaBegeHo eTanu mpoBeACHHS MONEPETHHOI 0OPOOKH aHAII30BaHOT
MOCJIJOBHOCTI €JIEKTPOHHUX JOKYMEHTIB

Koopaunatamu BeKTOpa TEKCTOBOTO JIOKyMEHTa B TMPOCTOPI O3HAK €
BEJIMYMHU, 10 XapaKTePU3YIOTh CTYIiHb 3HAYYIIOCTI KO)KHOTO BUMIPIOBAHHS JIJIs
BU3HAUEHHS BMICTY JTaHOTO JOKyMEHTa. [HIIMMHU ciioBamMH, KOOpAMHATHA BEKTOpa
JOKYMEHTa € BaraMu O3HaK, IO XapaKTePH3yITh 3HAYMUMICTh O3HAK B JAHOMY
JIOKYMEHTI.

OctanHiM dYacoM HaOylo TIOMIMPCHHS BUKOPHCTAHHA Bar O3HaK,
IPOMOPIIHHUX YaCTOTI iX MOSIBU B OKpEeMHUX JOKyMeHTax (term frequencies, abo
tf), Ta 3BOpoTHOI JOKyMeHTHOI yacToTH (inverse document frequency, a6o idf), a
TaK0X KOMOIHAIIIT IIMX JIBOX MiAXOIB [4].

tixidf=tf;xlog, ldEfl (13)

ne tfij — wacrora mosiBu i-ro Tepma B J-My IOKyMeHTI,|D| — mOTyXHicTh
HaBYaJIbHOT MHOXHHH, df; — KITBKICTh JOKYMEHTIB, B SIKUX 3yCTPIYa€ThCS I-ii TEpM.
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XUHALBNIHA EHHOITYUE UNLAOIIry
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ITpocri
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CKJ1a10B1 O3HAKHU

O3HaKu

Puc. 1. ETanu nonepeaHboi 00po0KH TEKCTOBUX JIOKYMEHTIB 3a
CTATUCTUYHUM MiX00M.

Januii croci6 oOYUCIIeHHs Bar MOKe OYTH 3 yCMiXOM 3aCTOCOBAHMM 1 JJis

IHIIMX TUNIB 03HaK JNoKyMmeHTiB. dynkuisa tf-idf peanizye iHTyiTHBHE YSIBIECHHS

Ipo Te, [0 YMM YacTille TEePM 3YCTPIYAETHCS B JOKYMEHTI, TUM TOYHIIIE BIH

1 KUIBKOCTI JOKYMEHTIB T€PM 3yCTpPIYAEThCH,

, 1 UMM B OLIBIII

OIMHCY€E WOTO 3MICT
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TUM MEHIIIe PO3Mi3HaBAIbHUX O3HaK BiH Mae. OtpuMmani 3a cxemoro tf-idf Baru

Wi; mopmanisyrorscs Takum grmHom, mo6 0 < W <1:

tfidf (t,d
W= = (1.9, . (14)

> (tfidf (t,.d,))

k=1

Ha puc. 2. npencraBmeHa (yHKIIOHAIbHA CXeMma Tporecy Kiacudikarrii
MAaCHBIB TEKCTOBHX JIOKYMEHTIB B 3araJIbHOMY BUTJISIII.

HanamryBanus
AITOPUTMY HOIIEPEIHBOI
00pOoOKH JOKYMEHTIB

\ 4

MacuB TekcToBUX [Tonepenus Anroputm Ouinka
JTIOKYMEHTIB - 00pobka »  kmacudikamii || 0OrpyHTOBAHOCTI
JIOKYMEHTIB pileHHs

HanamryBanus
MeToAa
knacudikamii

Puc. 2. Cxema npouecy kiacu@pikaiuii MacMBIiB TEKCTOBUX JOKYMEHTIB

OuiHKa SKOCTI PO3OMTTS JOKYMEHTIB Ha KJacu PI3HUMH alrOpUTMaMu
kiacudikaiii BUKOHYEThCS IIISIXOM OOUYMCICHHS 3HAYEHb MIpP SIKOCTI OTPUMAHOTO
pe3yabTaTy Kiacudikalii, cepes IKUX BUIUISIIOTS:

— 30BHIIIHI MIPU: MOPIBHSIHHSI OTPUMAHOTO PO3OUTTS JAHUX 3 3aTyYCHOIO
330BHI «ETAJIOHHOIO» PO30MBKOIO IHMX XK€ JaHUX. «ETamoHHE» po3OUTTS MOXKe
OyTH OTpUMAaHO, HANIPUKJIA/I, HA OCHOB1 €KCIIEPTHUX OIIHOK;

— BHYTpIIIHI MipH: aBTOMAaTUYHUN aHai3 BHYTPIIIHIX BJIACTUBOCTEH,

BJIACTUBUX KOHKPETHOMY HAa0Opy JaHHX.
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Jlns oOuurciieHHsT 30BHIMIHIX Mip SKOCTI Kjacudikallii BUKOPUCTOBYEThCS
NOHSATTA 1HTpa-mapu NOKyMEHTIB. Byjb-sika mapa JOKYMEHTIB € 1HTpa-mapolo,
SKIIO OOMIBAa MOKYMEHTH HaJIe)KaTh OJHOMY 1 TOMY X Kjacy B JaHOMY HaOopi
KJIACiB, 1HAKIIIE JIJaHa Mapa JOKYMEHTIB He € iHTpa-naporo. KiouoBuM MOHATTIM B
MOPIBHSHHI €TaJOHHOTO 1 aBTOMAaTUYHO OTPHMAHOTO pe3yJbTaTy Kiacudikalli €
aHai3 MOAIOHOCTI MPOTHO3IB EKCIEPTIB 1 MPOTHO31B CHCTEMH II0JI0 HAJIEKHOCTI
KOKHOI MMapu JOKYMEHTIB OJHOMY a0o0 pi3HUM KiacaM. [HIImMMH clioBamMu, AJis

KOKHOI Mapu JOKyMEHTIB (Sj, Si) Ha OCHOBI 3HAHHS MPO JBa PO30UTTS (OIHE

OTPUMAaHO B1J] €KCIIEPTIiB, 1HIIIE — AITOPUTMOM Ki1acubikarlii).

OO6uncieHHs 30BHIIIHIX MIp 3aCHOBaHE Ha aHalli3l pe3yJabTaTy Kiacugikarii
BIJIMOBIHO /10 KaTeropii. BimoMyuMu 30BHINIHIMU MipaMH € TTIOBHOTA 1 TOYHICTh. B
JTAHOMY BHIAJKy TIOBHOTA — 1€ BiTHOIICHHS KOPEKTHUX 1HTpa-map JOKYMCHTIB B
aBTOMAaTUYHO OTPUMAHOMY PO3OUTTI 1O 3arajibHOi KUIBKOCTI 1HTpa-map
JOKYMEHTIB B €TAJIOHHOMY po30UTTI. TOYHICTP — 1€ BIIHOUIEHHS KOPEKTHUX
IHTpa-map JTOKYMEHTIB B OTPUMaHOMY CHCTEMOIO PO3OUTTI 10 3arajibHO1 KIIBKOCTI
IHTpa-map JOKYMEHTIB B aBTOMATHYHO OTPHUMAaHOMY pO30UTTI. TakuM YUHOM,
MIOBHOTA 1 TOYHICTh OOYHCITIOIOTHCS 32 TAKUMHU (OPMYJIaMHU:

Recallzi, Precision=—>— , (15)
a+b a+c

Je Recall — e mipa nosroru; Precision — e mipa Tounocri;

KpiM NOBHOTM i TOYHOCTI TaKOK BHKOPHCTOByIOThcs: AcCCUracy —
BIJIHOIICHHS MPABUJIBHO MPUUHATUX CHUCTEMOIO PIIIEHb JI0 3arajibHOi KiJIbKOCTI
pimens, EIMOr — moxubka, TOGTO BiXHOIIEHHS HEMPAaBUILHO IPHHHATHX
CUCTEMOIO JIO 3arajbHO1 KIJTbKOCTI PIIICHb.

IIpn noOynoBi cucreMu Kiacu@ikaiii BaKJIMBO MPArHyTH 1O I1BHUILECHHS
MOKA3HUKIB SIK TTOBHOTH, TaK 1 TOYHOCTI. Y 3B'SI3KYy 3 IIUM BHUKOPUCTOBYIOTH MIpH,
0 JO03BOJISIIOTH OTPUMATH CYKYIHY OLIHKY $K TMOBHOTH, TaK 1 TOYHOCTI
pesynbTaty. [Ipuknagom Takoi Mipu € F-Mipa:

_ (B?+1)xPrecisionxRecall

B (16

B’xPrecision+Recall

ne B(O << +°0) MOXXE PpO3rJsSAaTHCs K BIJIHOCHA CTYHiHb BaXKJIMBOCTI
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TMOKA3HKUKIB TIOBHOTH i Townocti. Slkmo B=0, to 3mauenns F; cmiBmapmae 3i

snauennsaM Recall . 3assuuaii 3nauenns P npuiimacthes piBauM 1 (s piBHOI

y4acTi TOBHOTH 1 TOYHOCTI).

['omoBHMM HEMOJIKOM MiAXOAYy 3 BHUKOPHUCTAHHSAM 30BHIIIHIX MIp €
CyO'€KTUBHICTh E€TAJIOHHOTO pO30OUTTSA, OTPUMAHOTO HA OCHOBI EKCIHEPTHUX
BHCHOBKIB (DaxiBI[iB, a TAKO HEOOX1IHICTh BUTPAT HA OTPUMAHHS Ta 00POOKY ITUX

BHUCHOBKIB.

Ilporpamua peanizanmis  aaropurmy kjaacuikamii  eJeKTPOHHHMX
TEKCTOBHUX JOKYMEHTIB 32 3pa3KoM

3anponoHOBaHUM anropuT™M Kiacudikaiii TeKCTiB (YKpaiHCbKOMOBHUX,
pPOCICBKOMOBHUX Ta aHIJIOMOBHMX) 3a 3pa3koM BKIIOUYEHO O CKIady
KOMIUIEKCHOTO mporpamMHoro moxayis Booker V, mo nosBonsie 3aiiicHIOBaTH
KJacu(ikamilo BETUKHX OO0CATIB  TEKCTOBOi 1H(oOpMalli Mo KaTeropism,
BPaXOBYIOUH MOXJIMBICTh PO3MOIIIEHOTO 30epiranHs MacuBiB iHdopmartii [5].

O0osi0HKa TpOrpamMu CKIAAAETHCS 3 YOTUPHOX OCHOBHHUX CTPYKTYP OJIOKIB:

— OJIOK 3aBaHTaKEHHS KOJICKIIIi JIOKYMEHTIB;

— OJIOK CUCTEMHHUX HAJIAIITYBaHb;

— OJIOK BBEJICHHSI €TAJIOHHUX JIOKYMEHTIB Ha KJIacuikalliro;

— 0JIOK BUBEACHHS 1HpOpMAaIIii.

3aBaHTOKCHHS BXIAHUX JaHUX 3 OI0JIOTEKM IPOBOJMTHLCSA Uepe3 OIUH
IITI03, 3 MOXKJIUBICTIO IOaTKOBUX HAJIAIITYBaHb.

[Ipu mpencraBnenHi TekcTiB 3a pomomoroto ¢ainy (LIB NAME.data /
struct.cvs) HE0OX1JTHO 3pOOUTH TIOTIEPEAH] HAJIAIITYBAHHS JIJIsl aHATI3y KOJUISKIIT /
616mioTexu. [Ipuknaa Takux HalamMTyBaHb HAMAIITYBaHb HABEICHO Ha puc. 3.

JUist cnpouieHHs B3aeMOJli 3 CUCTEMOIO OYB peasli30BaHUil alIroOpuTM
BU3HAYCHHS THUMY BXIJHOI 1H(popMamii mepen ii kiacudikailiero, Mo T03BOJSE
BBOJUTH 1H(DOpMaIito s Kiacudikamli y Takuid crnociO: nmocuiaHHs Ha ¢aiau B
PO3MIMPEHHSIX .tXt 1 .CVS; CIIUCKH MOCUJIaHb, K1 CIIPUUMAIOTHCS Yepe3 MiapsITHUK;
TEKCT B OJWH PAJO0K; TEKCT OaraToCTPOKOBUI; TEKCTOBI CVS-TIOAIOHI CTPYKTYPH.
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Load

Library path

ChLibrarythd issertaticnsDat

Class collumn is

Data collumn is

4
5

Charset of library UTF-8 -

Puc. 3. HanamryBanuss moayJsi Booker V (mjist ¢vs mogiOHHX CTPYKTYP).

JUis CHpoOUIeHHS B3a€MOJIi 3 CHCTEMOK OyB peasli30BaHUN aITOPUTM
BU3HAYCHHS TUINY BXIJHOI 1HpopMamii mepen ii Kiaacu@iKali€e, Mo T03BOJSE
BBOJIUTH 1H(MOpMaILito I Kiacudikaiii y Takui crocio:

— MOCHJIaHHA Ha (ailyii B PO3IIMPEHHSIX .tXt 1 .CVS;

— CIIMCKH MOCWJIaHb CIPUMMAETHCS Yepe3 MiAPIHUK;

— TEKCT B OJIMH PS/IOK;

— TEKCT 0araToCTPOKOBHM (/151 IIOTO HEOOX1THO CTEPTH PO3AUIHHUK);

— TEKCTOB1 CVS-TIOA10H1 CTPYKTYPH.

3anyck kimacudikaropa HatucHeHHsMm kiapimm  Classify, sxa crtae
JOCTYITHOIO, SIKILIO B aKTUBHIN Mam'sTi IporpamMu € JaHi mpo 0610mioteky (puc. 4).

[Tpu gocnimkeHH1 MoxkiMBocTel kiacudikaropa BM Oynu BukopucTani 1Ba
METOAM TECTyBaHHA BHOIpOK, NpPOrpaMHO peanizoBaHi B wmoxayidi BookerV:
testModel 1 crossValidation. Jlani ¢GyHKIT BHUKIMKAIOTHCS MICHS HaBYaHHS
KjacudikaTopa Ha HaBYaJIbHIM BUOIPII MMiJ 4yac HOro MEpPEeBIPKM HAa TECTOBHX
nanux. Lle no3Bossie: CKOpPOTHTH OOYMCIIOBAJIBHUI 4Yac 3aBIASKU CKOPOUYEHHIO
YHuclia CJiB, M0 BPaxOBYIOTHCA B KOXKHOMY Kiaci; 3MEHIIMTH MOXIIUBICTh
NepeHaNallTyBaHHAaHHS, 3HU3UTH BIUIMB BUKHUIIB 1 IIyMiB Ha pe3yJbTar
KJacudikarii.

Ha pi3aux Bubipkax 6i0morek ¢dopMmyBaimcs TEpPCOHAIbHI HabOPH
JIECKPUIITOPIB TPhOX BUIIB: abpesiaTypu (Hampukian, HDL, IP, JPEG, MIMO,
BIC, BIIIC), 3B'13k0B1 JAecCKpUNTOpU (HANPUKIIAJ, «BUKOPUCTAHHS B KOHKPETHIN
(GyHKILIOHATBHOI 3ajadil J03BOJIAE PO3MMPUTH - (PYHKIII aaMIHICTPYBaHHSD,
«MOJIeTh aKTyasi3allii OnepaTuBHUX JTaHUX - JI03BOJISIE aBTOMATU3YBAaTH - (PYHKITiS
0OpOOKHM JIOKYMEHTIB ») Ta 3arajbHl KJIIOUOBI CIIOBa (HANpPUKIA, LUEHTPaJIbHUM
IIPOIIECOP, OITIHKA IIBUIKO/IIT, MporpaMHe 3a0e31eUeHHs TOIIO).
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Input Cutput
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Separator

Puc. 4. biok BBegeHHs iHpopmauii 119 kiaacudikamii.

HoBunnuii kopmyc Reuters mictuth 21578 1OKyMEHTIB, B TOMY YHCIII
MOJITEMAaTUYHHUX, K1 BiZHOCAThCS 10 135 kareropiit. [licinsa nonepenHboi 0OpoOKu
naHui Kopryc MicTuTh 18933 Tepma (03HaKH) 1 sBIIsie coboro Hadip tf-idf-BexTopis
JUI KOXKHOTO JOKyMeHTa Kkoprycy. Ha puc. 5 rpadiuno npexacrasieni tf-idf-
BEKTOPHU JOKYMEHTIB KOJIEKII1i, [0 BIIHOCATHCA JI0 IBOX KJIACIB.

[Ipu TectyBanHi KiacudikaTopa TaKoX OyJIM BUKOPHUCTaHI: YaCTHHA apXiBY
BUOIPKH EJIEKTPOHHUX JIOKYMEHTIB, HaBEJCHOTO B pecypci
http://archive.ics.uci.edu/ml/dataset/SMS+Spam+Collectio; yactuna enexTpoHHOT
oi6mioreka «ITAR» oOcarom 21 I'b 1 kosekuis aHoTamiil aBTOpedeparin
nucepTaiiitHux pooit oocsirom 2 I'b.

Ockuibku B KJjacu(ikaTopl peajli3oBaHa MOXJIMBICTH ISl KOpPHUCTyBaua
CTBOpPEHHS a00 pemaryBaHHS OCOOMCTHUX CIIMCKIB CTOI-CIIB dYepe3 MIIAX
30epiraHHs TEKCTOBUX (aiiliB 3 iX HaOopaMH, KOKE€H OKpeMui (haiiyl BBajKaBCs
OKpEMOIO TPYMOI0 1 MPOXiJ MO Tpynax A KOPUCTyBaya CTOI-CIIB BiIOyBaBCs B
NOPSJIKY iX 30epiraHHs B IUPEKTOPIi.
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Puc.5. Bexrop tf-idf nis noxymenrta u3 kopnyca Reuters-21578.

B Oo111 BUBeIeHHS BiJ100pakaroThCsl pe3yabTaTu kiacudikariiii (puc. 6).

Load Clear stop-wards
Library path Save Library to file

L P Classification result file path

Data collumn is 1

Stop-Words folder
Separator

Charset of library UTF-8 =
Input Qutput

Data collumn is 0

Separatar

Puc.6. bjiok BuBe/ieHHs pe3y/bTaTiB Kiaacudikarii.

3a pe3yabpTaTaMy TECTyBaHHS ToYHicTh Kinacudikanii ( Precision) pocsarana
JU1s1 O1IBIIIOCT] TEKCTOBUX BHOIPOK 97%.
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BucHOBKH Ta nepcrneKTHBH NOJAJBIIUX J0CTiIKEHb

3anponoHOBaHWI B CTaTTI METOJ JO3BOJISIE 3MIMCHIOBATH KJacH(DiKaIliro
KOJIEKII1i HAyKOBO-TEXHIYHUX JOKYMEHTIB JJIsl 3aBJIaHHs, 1110 MOJISTae y HasiBHOCTI
(bikcoBaHOT KIJIBKOCTI JESKUX CTATOHHUX TEKCTIB Ta HEOOXITHOCTI OMEPAaTUBHOTO
MOIIYKY B I KOJICKIlI MHOXXHMH JOKYMEHTIB, SKi (POPMYIOThCA 3TiIHO 3
po3pobaenum metoaoM. KiHiieBoio MeToro Takoi kiacudikailii € MomyK y KOJeKIii
KJIaCIB JIOKYMEHTIB, K1 € OJM3bKUMHU JI0 3aJaHUX €TaJOHIB 3a 3alpOlOHOBAaHUMU
KPUTEPISIMHU.

JUist cipomieHHs B3aeMOJli 3 CHUCTEMOIO OyB peasli30BaHUN alIrOpUTM
BU3HAUEHHS THUMY BX1AHOI iH(opmarii mepen i1 Kiacu]ikaiieo, MO I03BOJISE
BBOJUTH 1H(MOpMaIiro s Kiacudikaili y Takui croci0: mocusianHs Ha (aiim B
PO3IMIMPEHHSIX .tXt 1 .CVS; CIIMCKU MOCUJIaHb, SIKI COPUUMAIOTHCS Yepe3 MiAPSATHHK;
TEKCT B OJIMH PSAJIOK; TEKCT 0araTOCTPOKOBHUH; TEKCTOBI CVS-TOI0HI CTPYKTYpPH.
[TepcieKTUBHIM PO3BHUTKOM PO3TJISIHYTOTO TIAXOAy € PO3IIAPEHHS HOTO
(GyHKII1I0HAJIBHOCTI HA OCHOBI KOMIUJIEKCHOTO 3aCTOCYBaHHS METO/IB (hOpMyBaHHS
MPOCTOPY O3HAK (30KpeMa, BHUKOPUCTAHHS JIHTBICTUYHUX JIECKPUITOPIB Ta
CJIOBOCITOJIYYEHb, BpaXyBaHHS 300pakeHb B TEKCTaX TOIIIO).
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I''/TABA 9
AHAJIM3 BE3OITACHOCTH ITPOTOKOJIOB IEPEJAYAN
COOBIIEHU. B MESSENGER TELEGRAM

BBenenne

OmauM W3 caMbIX TIONYJSIPHBIX  CPEJCTB  IEPCOHAIBLHOTO  OOMEHa
nH(popMaIueit B COBPEMEHHOM OOIIECTBE CTAIM MECCEHKEPHI — MPOTPaMMBbI JIJIS
MTHOBEHHOTO OOMEHa COOOIIeHUusSIMA U (aillaMu ¢ MOOWJIBHBIX YCTPONCTB U
HACTOJIbHBIX ~KOMITBIOTEPOB. boJblliass  pacmpOCTPaHEHHOCTh TMEPCOHATBHBIX
CPEJICTB HHTEPAKTUBHOIO OOMEHa TEKCTOBOM wuHGopmanuer u daimamMu B
HACTOSIIIEE BPEMS COUYETACTCS C HEIOCTATOYHOM 3aIlUIIIEHHOCTHIO, UCITOJIh3YEMBIX
ATUMH MPOTPAMMHBIMU CPEJICTBAMH, COCAMHEHUN MEXJy yYacTHUKAMHU Juajiora
OTpeeIsIeT aKTyadbHOCTh HCCIeAoBaHUS 3TOM TeMbl. Co3aaTein MECCEHIKEPOB
OOpIOTCS 3a IPaBO HA3bIBATh CBOKO MPOAYKIIMIO CAMBIMH 3aIUIIICHHBIMU. BaKHbIM
aCIEKTOM 3alllUTHI TEepPEAaBAEMbIX C HMCIOJB30BAaHUEM MECCEHIKEPOB JTaHHBIX
SBJISIETCS CIIOCO0 MMGPOBAHUS M ayTCHTU(MUKAIIMN dTUX JaHHBIX.

JlyqmmuM Ha CEroAHSIIIHUM JIEHb CUMTAETCS CKBO3HOE 3alllUIICHHOE
coequHenue. OOmel YepTrol Takoro crocoba oOMeHa COOOIICHUSIMU B
MECCEHDKEpax SIBISICTCS HCIIONB30BAHUE CEpBEpa TOIBKO B POJH «IIOYTOBOTO
smuka». CepBep HE IOdydaeT JOCTylla K COACPKAHHUIO  OTIPABIISIEMBIX
cooOmenuit. [{ns O6e3omacHOl mepenayd COOOIICHUM MEXay coOeceHUKaMu B
Telegram paspaboTunkamMu OPEIYCMOTPEH CICHHMAIBHBIA THII COCIUHECHUN —
CEKpPETHBIC YaThl, KOTOPhIE OOCCHEYMBAIOT CKBO3HOE IMH(PPOBAHHE W
ayTeHTU(HKaK0 coobmmeHni. CeKkpeTHbIe YaThl MpeaHa3HaYCHbI IS OOIICHHS
TOJIBKO JIBYX COOECETHWKOB, B TPYMIOBBIX YaTax CKBO3HOE IMHU(PpOBaHUE HE
ucnonb3yercs. [IpoTokos oOMeHa COOOIICHHUSIMH B CEKpETHBIX uaTax [elegram
Ha3piBaeTca MTProto, oH oOecmeumBacTCs TaK Ha3bIBaEMOE CKBO3HOC
mmmdposanue (End-to-End Encryption).

9.1. PerucTpauus ycTpoicrBa

[Tocne mepBoOi YCTaHOBKH MPHIIOKECHUsT 0OMeHa coobiieHusMu Telegram Ha
HOBOE YCTPOWCTBO TMOJB30BATEN0 OYyJIET NPEIJIOKEHO BBECTH CBOM HOMEp
TeneoHa, KOTOPHIA MCHOJIB3YEeTCS JJisg ayTeHTHU(UKAIMUA TOJIb30BaTeNs s
Oyqymux BXOJOB B CHCTEMY BMECTO UMEHH TOJIb30BATEIIS/3JIEKTPOHHOM MOYTHI
napoJisi. [lociie BBoja HoMmepa TenedoHa Moab30BaTENb MOJIyYaeT S-Tu UG pPOoBOM
koa 1o SMS gns noarBepxknaeHuss Homepa. I[lociae BBoma 3Toro koaa B
npuioxenue Telegram 3amyckaeTcst MpOTOKOJI aBTOPU3AIMH yCTPONCTBRA.
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Jns knventa C perucTpupyrouierocs Ha cepBepe S MPOTOKON padoTaeT
CJIeTyIOITUM 00pa3oM:

1. C ormpaBiseTr 3ampoc Ha cepBep S €O CIy4alHBIM OJIHOPA30BBIM
3HaYeHHUEeM OMTOBOW CTPOKU NONCE.

2. S oOTBewaeT Jpyrod ciaydaidlHOM OWTOBOM CTpOKOWM Server_nonce,
IPEICTaBISIIONICH cOO0M COCTaBHOM HOMEP N U XEIll OTKPHITOrO KII0Ua ajiropurMa
RSA.

3. C paszOuBaeT N Ha mpocCThie Yucia P U ( Takue, 4To P <, 4To Oymer
CIIYKUTh KaK JIOKa3aTeJbCTBO CTOMKOCTH. C MMEET CHUCOK OTKPBITHIX KIIOUEH,
XPAHSIIUXCA JIOKAJIbHO, W BBIOMPAET KIOY SErVEly, KOTOPBIA COOTBETCTBYET
MOJIyYCHHOMY X€IIly.

4. C BbIOHMpaeT Apyryro ciydailHyro OUTOBYIO CTPOKY NEW_NONCEe, KoTopas
OTJIMYaeTCss OT NONCE U SErver_Nonce u He OyJeT OTHpaBJIeHA B BUIE OTKPHITOTO
tekcta. C cospmaer cooOumieHHe Mypg (HAOOp CEaHCOBBIX OOILIECHCTEMHBIX
napaMeTpoB) M3 Tpex uuced N, P U (. DTO cooOLIEHHE BMECTE C €ro XelleM,
mudpyercs ¢ ucnoiab3oBaHueM RSA Ha kiroue SErvery u oTmnpasisercs Ha S.

5. S oTBeyaer OOIIECUCTEMHBIMU MapaMeTpaMH MPOTOKOJIA pacHpelesIeHus
kmoueit  Diffie-Hellman (DH) coobmennem ©Habopom uwucen ¢, P, Ja
3amudpoBanHbiMU ¢ iomonsio AES256 B pexxume IGE, ucrnonb3ysi BpeMeHHbIH
kiod AES u Bektop mnnnmanuzanuu AES IV, nomydenHsle u3 Server_nonce u
new_nonce.

6. C BbIOuMpaeT ciaydaliHO€ CEKpeTHOE 3HA4YeHHe D W BBIYUCISACT
Ob<—g°modp wu auth key « (g,)°> mod p. ¢, oThpaBnsercs Ha cepsep,
samudpoBanHoe ¢ nomouiplo AES-256 B pexume IGE ¢ wucnonwszoBaHuem
BPEMEHHOI0 KJIF0Ya U BEKTOpPA UHMLManu3anuu [V.

Cnyudaiinple 128-OuTHble CTpOKM NONCE U SErver_NONCe TeHepUpyroTcs
CIIy4allHO COOTBETCTBEHHO JUIsl KJIMEHTa U cepBepa. Ywuciao new_nonce
MIPEACTaBIICT CO00M 256-OMTHYIO CTPOKY KOTOpas BOWpaercs kiaueHToM C
CIIy4ailHbIM 00pa3oM.

N mpeacTaBiIsieT co00il cocTaBHOE 64-0MTHOE 1I€JI0€ YHCIIO, KOTOPOE SIBISETCS
MPOU3BEACHUEM JIBYX HEUYETHBIX MPOCTBHIX YKCEN P U (, U XEUI OTKPBHITOrO KJIK0ua
RSA (64 wmmagmmx 3Hayammx OWTa Xemia OTKPBITOrO Kilo4Ya cepBepa
MIOJIyYEHHOT0 U ¢ ucrnosb3zoBanueM SHAT).

[udposanne RSA BbinosiHsieTcs ¢ ucnoiab3oBanueM Java RSA (unrtepdeiic
javax.crypto.Cipher) ¢ kpunro-npoBaiaepom mo ymordanuio. Kpunro-nposaiaep
ucnoas3zyet cranaapt PKCS#1, B koTopoM JomoiHEHHE COOOIIEHUSI TIPEICTaBIsSET
coboii TiceBIoCTyYaiHbIe qaHHbIe coracHo Internet Engineering Task Force.
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Uto0bl pacmm@poBaTh OTBET cepBepa U MONY4YUTh napamerpsl DH, kineHt
JOJDKEH MONMydnTh 256-O6utnbiii ko9 AES u Bektop mHunmanusamuu [V, kak
MoKa3zaHo Ha pucyHke 1. PacimmdpoBanHbIil OTBET coaep kUt NONCe, SErver_nonce,
napamerpel DH ¢, P, Ja ¥ BpEMEHHYI0 METKY CEpBEPA, HMCHOJIB3YEMYIO IS
CUHXpOHU3alUM, a Takke BkimodaeT 160 OutHbii xem (SHAL) comepxumoro.
OTBeT  JOMOJHEH  CIy4yailHOW  TOCIEAOBaTENbHOCTBIO  OailT,  KOoTOpas
otOpachiBaeTcsi 6€3 MPOBEPKU, KpOME JJIUHBI, KOTOpasi AoJkHa ObITh 0-15 GaiiToB.

KimeHT npoBepsieT, 4TO COAEP>KMMOE OTBETA COOTBETCTBYET XE€Ily, KOTOPBIU
ObLT OTMPABICHHBII C HUM, P JOJDKEH OBITh OOJBIIMM TPOCTHIM YHCIIOM,
ynosnerBopsromum 224" < p <2298 y g = (p - 1)/2, a g pasen 2, 3,4, 5, 6 mm 7 n
JIOJDKEH TOPOXKIAaTh IUKIMYECKYI0 HOATrpyImy mpocroro mopsaka (p — 1)/2, a
Takke 1 < (g, <p— 1. Ecnu kakasg-nu0o U3 3TUX NpOBEPOK HE MPOMAeHA, TPOTOKOII
MPEPHIBACTCA.

CekpetHoe 3HaueHHe D sBIsETCS ciy4yailHO creHepupoBaHHOU 2048-O0uTHOU
OUTOBOM CTPOKOM. 3arpoc, OTHpaBIsieMblid Ha CEpBEP, COJEPKUT JaHHbIE NONCE,
server_nonce u Qp, a taxxke 160-Outnbiii xem (SHAT) stux naHHbIX. 3ampoc
JIOTIONIHSIETCA U MU(pyeTcs ¢ UCIOTIb30BaHUuEM BpeMeHHOro kitoua AES u IV.

KinneHnT Takxke BBIUMCISIET OONIMH  JIOJATOCPOYHBIM  (MacTtep) KIIOY
auth_key < (ga)? mod p.

server_nonce new_nonce W//////

1128 bit 256 bit

20000 SaD—
. ~=(Hat N

- 512 hit - ) 160 bit R
= 7 7
X\
- 256 bit | 256 bit -
AES key AES IV

Puc. 1. ®opmupoBanue kiar4yeBbiX JaHHbIX 1 AES IGE u IV npn

perucTpanum.

[Tocne momyudeHus: gp, CEPBEP HENAET TO K€ CAMOE WU OTIPABISIET OTBET B
“OK” uwmn "FAILURE" (mpepbiBaeT mpoTOKOJI), eciii NONCE, Server_nonce wimu
mo6bie mapamerpsl DH HeBepHBI.

KnueHT um cepBep Temepb HMMEIOT OOIMMA CEKPETHBIM KIIHOY, KOTOPBIN
UCIIOJIB3YETCs TONBKO JIJISl Iepeladl COOOIIEHUI MEeXIAy KIMEHTOM U CEPBEPOM U
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oObruHbIXx (HEe end-to-end point) gartoB. KimeHTCKOE YCTPOHCTBO Temeph
3apEeruCTPUPOBAHO W aBTOpH30BaHO. [Ipmiokenue Telegram Oyner 3arpyxartb
TeneOHHBIC KOHTAKTHI KJIMEHTAa Ha CepBep, YTOOBI MPOBEPUTH, YTO OHH YiKE
3apErUCTPUPOBAHbBI, M, €CJIM, 3TO TaK, OH aBTOMATHUYECKH M00aBISET HX Kak
Telegram-KoHTaKTHI.

Eciu mosnp3oBareiab MBITAETCA BOWTH C HOBOIO, HEABTOPHU30BAHHOIO
yCTPOMCTBA, HOBBIM KOJA OyAeT OTHpaBieH cepBepoM kineHTy. CHavana yepes
npuiokeHue Telegram Ha aBTOpPU30BaHHOE yCTPOMCTBO, Wim 4epe3 SMS, ecim
IIEPBOE HE yIACTCs, TO BBIIICYKa3aHHbIM MPOTOKOJI TOBTOPSACTCS.

9.2. O0MeH KiIHOYAMH

PaccmoTpum,  Kak ~ ABa  MOJb30Baresii  WMHULUUPYIOT  CKBO3HOM
sammdpoBaHHblii  cekpeTHbIi  uaT. CorjacHo BeO-caiity Telegrams [3],
crangaptHeiii Diffie-Hellman (DH) oOmeH kitoyamMu BBITIONHSIETCA [JIsi TOTO,
4TOOBI MOJIB30BATENN CPOPMUPOBATN OOLINI CEKPETHBIM K04, KOTOPBIN MO3Ke
OyJeT UCIOJIb30BaThCs AJIA MOTYUYEHUSI CEAHCOBOTO KITI0Ya.

JIBa mosib3oBaTest A U B XOTAT HayaTh CEKPETHBIN YaT:

1. ITonb3oBaTenb A CBA3BIBAETCS C CEPBEPOM, YTOOBI MOIYUYHUTH MapaMeTphbl
DH, npocroe uncio p u rereparop . A Taxxe nomydaer "salt", yToObl MOMOYb
CBOEMY KJIMEHTY (aBTOPU30BAHHOMY YCTPOMCTBY) CO34aTh CIy4allHOE CEKpPETHOE
3HAYECHHUE d.

2. A BeaucisieT obmienoctynHoe 3Hauenne DH ga «— g* mod p, u otnpaBisieT
Ja BTOPOMY MOJI30BATENO B.

3. B momywaer 3ampoc yaTa ¥ MpUHUMAET €T0 (3ampoc) TOJBKO Ha OJHOM U3
aBTOPU30BAaHHBIX YCTpPOMCTB. OH CBS3BIBACTCSI C CEPBEPOM, UTOOBI MOIYUYHUThH
nocieanue napamerpel DH 1 reHepupyer ero cekpeTHoe 3HaueHue a.

4. B BbMHCISAET MyOINYHYIO K0 Jp <— §° Mmod p u otmpasnser ero A.

5. Temepp o00a mnonb30BaTENsl BBIYUCIAIOT OOLIMNA CEKPETHBIM KIIOY
auth_key < (ga)° mod p = (gb)? mod p 1 0OMeH KiIr04aMHM 3aBEpLICH.

KimenTel 1OJKHBI TpPOBEpUTH, 4YTO mapamerpsl DH, Bo3Bpamaembie
CEpPBEPOM, YJOBIICTBOPSIOT CISAYIOIIUM YCIOBHSIM: P JOJDKEH OBITh OOJIBITAM
IIPOCTHIM YHCIIOM, YAOBIETBOpsromuM 2204 < p < 22048y g = (p — 1)/2, a g pasen 2,
3, 4,5, 6 unu 7 W NOMKEH MNOPOXKAATh LUKIWYECKYIO0 MOJACPYIIY ITPOCTOrO
nopsinka (p—1)/2. Cnenmyer oOpatuth BHMMaHue, uro DH mnapamerpsl,
MOJIyYEHHBIE C CEpBEpa, MOT'YT OOHOBIIATHCS MEXAY BEPCUSIMU MPHUIIOKEHUS.

CekpeTHbIe 3HaYCHUS &, b reHepupyroTCs ciieayonmm 00pa3oM:

a = Ielent @ Iserver
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7€ lclient — 2048 cityyaliHBIX OMTOB, CTEHEPUPOBAHHBIX KIIMEHTOM,

Fserver — 2048 citydaifHbie OUTBI, TEHEPUPYEMBIX CEPBEPOM.

[IpyuriHa B TOM, YTOOBI MOMOYbL KIHMEHTAM CO CJIa0ObIMU TeHepaTopaMu
Ciy4daHbIX ymcen [1].

KIIMeHTBl JIOJKHBI TIPOBEPUTH, 4TO 1< (s, gp<p-—1, nm 2%48-% <,
o < p —2%2048-84  BeposTHOCTH 3TOr0 mpuMepHO 2 °, 4TO JOCTATOYHO IS
obecrnieyeHns HeoOXoauMon croiikoct. Eciu g, nnm gy anuHoi menee 2048 our,
OHM JIOTIOJTHSIOTCS HYJISIMH.

Oomen xmouamu Diffie-Hellman ocHoBan Ha mpoOiemMe JIMCKPETHOTO
jorapud™Ma, ¥ TApaHTUPYET, YTO HA OJWH TTACCUBHBIN KPUNITOAHAIUTHK HE CMOXKET
y3Hath auth_key. Omnako DH BocnpuMMYMB K AaKTHBHOM aTake «4eJOBEK
MOCEePeIMHE» TaK KaK HE peau3yeT yCIyTy IPOBEPKH MO THHHOCTH.

Jlnsg  rapaHTMM  TOJUIMHHOCTH  Telegram, mpemocTaBisier  KakaoMy
MOJB30BATENII0  BHU3yalM3allMl0, TaK  Ha3blBA€MbI  BU3yaJdbHBIA  KOJ
ayteHTH(dUKanuu auth_key miis cpaBHEHHS 1O ayIM0 KaHATY.

Xern o0IIEro CEKPEeTHOro Kiroua — 3To 128 OMT Miaammx 3Hadaiux OWTOB
SHAL (auth_key). Oto Busyanusupyetcs B npuiioxenun Telegram kak cetka 8x8,
KaKIas sS9eiika KOTOPOM WMEeT OJWH M3 YEThIPEeX IBETOB, KaK ITOKa3aHO Ha
pucyHke 2. J{is mpOTUBOJCHCTBUS aTaKh «YEJIOBEK MOCEPEUHEY MOTb30BATEISIM
HEOOXOJMMO BCTPETUTHCA JUYHO, WM TeEpeaaTh H300paKEeHHE IO APYroMy
KaHaIly CBSI3U, U CPAaBHUTH BU3yaJbHOE MPE/ICTABICHUE Xellla 00IIEro CEeKpEeTHOTO
KJItoYa, yOeAWBIIUCh, YTO HET pa3nmuuuid. [lpm ycroBum, 4YTO MOJIB30BAaTETH
UCTIOJIB3YIOT I Tepefadyd H300paKeHHs OOBIUHBIA YaT C HECEKPETHBIM
IpPOTOKOJIOM, WX ceaHc  end-to-end point yata  MOXHO  CYMTATh

ayTeHTU(PUITUPOBAHHBIM U O€30MACHBIM OT TPETHUX JIUII.

<  Encryption Key

This image is a visualization of the encryption

Puc. 2. Buzyaaun3zanus xema o011ero ceKpeTHOro KJiryva.
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9.3. llIndporanue cood1IeHUIT

B Telegram peamu3oBana coOctBeHHast cxema mudposanus, MTProto,
KOTOpasi ONTUMHU3UPOBAHA MJiI MOOWJIBHBIX YCTPOMCTB IO BBIYUCIUTEIBHBIM
3aTpatam 0e3 yiep0a MO CTOWKOCTH. AJTOpPUTMBI IHU(GPOBAHUA HCHOIB3YIOT
CTaHJAPTHHIE NPUMUTHUBBI U OOBENUHATH UX TAaKUM 00pa3oM, YTOOBI M3BECTHBIE
aTaku ObUIH TIEPEKPHITHI.

Baauane paccMoTpuM cojepxaHue cOOOIIEeHUs, KOTopoe OyneM Ha3blBaTb
MOJIE3HOM Harpy3koi (puc. 3):

32 bit 32 bit 128 bit 32 bit 32 bit 32bit 32bit 64 bit
length |header random_bits layer |seq_in|seq_out random_id
~ 6nok 1 | 6nok 2 | 6nok 3 -
32 bit ITepemennas inHa 32bit 64 bit

ttl message padding
- 6ok 4 ‘| Ce |‘ 610K n -

Puc.3. CTpykTypa noJie3Horo coodienusi 1Js ImuppoBaHus.

KinroueBsie c10Ba COAECPKUMOTO MOJE3HOM HATPY3KHU:

Length: 32-pa3psiaHoe 1enoe 4YHMCIIO, OMPEACsIoNiee JIHMHY ITOJIC3HOM
Harpy3Kku (HEe cuuTas OTCTYIIBI WUIH CaMy JJIAHY ).

Header: xaxmas TmoJie3Hass Harpy3ka COACPKHT TPH (DUKCHPOBAHHBIX
3aroJioBKa, CBSI3aHHBIX C BEPCHEH MPOTOKOJA W TOCICIHWA C YKa3aHUEM THIIa
npucoeIuHeHHOro Media, KoTopslid OyaeM cuuTaTh 3arojoBkom media_empty.

Random_bits: 120 cnyuaiiHpIX OWTOB, Cr€HEPUPOBAHHBIX OTIIPABJISIOLIIM
KJIMEHTOM U 8 OMTOB, MCIOJIb3yEMBbIX JIJIs YKa3aHus JAauHbI random_bits B Oaiitax.

Layer: 32-pa3psiiHoe 11e7I0€ YHCII0, YKa3bIBAIOIIEEe BEPCUIO MMPOTOKOIA.

seq_in: 32-OMTHBIA CUYETYMK JUISI COOOINEHHUH, OTIPABISCMBIX HHHUIHATOPY
yaTa.

seq_out: 32-OUTHBIN CUETUYUK JJII COOOIICHH, OTIIPABIEHHBIX HHUIIUATOPOM
yaTa.

Random_id: 64-0utHOE Ciy4aiiHOE YHCJIO0, KOTOPOE OTIIPABIIACTCS B BHIC
OTKPBITOTO TEKCTa, TCHEPUPYETCS OTIPABIISIONTAM KIIMESHTOM.

ttl: Bpems xu3HHM, 32-paspsaHOE II€JI0€ YUCIIO, YKa3bIBAIOIICE KOJIUYECTBO
CEKyHJ] B TEUCHHH KOTOPBIX MPUHAMAOIIEMY TIOJI30BATEIII0 Pa3peIIeHO
IPOCMATPUBATH COOOIIEHUE J0 €r0 yAaJICHHUS.

Message: cooOIieHre nepeMeHHOM IJIMHbBI, BBOJUMOE MOJb30BATEIIEM.
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Padding: He BXOOWT B TMOJIG3HYK HArpy3Ky, 3alOJHEHHE J100aBIISCTCS
HETMOCPEICTBEHHO Tiepe T MU(POBAHUEM.
Haunnass ¢ Bepcuu 2.7.0, coluepKuUMO€ COOOIEHUS, OTIpaBIsieMOe B

CeKpeTHbIE uaThl, mudpyetcs ucnonb3ys MTProto, kak moka3zaHo Ha puc. 4.
2048 bit

< >

auth_key CoobuieHune

msg_key

\
KDF Y
| padding I
AES_key
AES_key !
< wndppoBaHme
2x256 bit - AES-IGE >
64 bit ~ 64bit
h o w} \ D "
auth_key msg_key ZammgppoBaHHOE COOOIIEHHE random_id

Puc.4. Cxema mmndpposanus MTProto Bepcun 2.7.0.

auth_key: 2048-6utHbiit MacTep-cekper, cM. B pasaene XX.2. Tonbko 1024
CaMbIX 3HAYUMBIX OMTA UCITOJIB3YIOTCS JUIS ITOJTyYCHHS KITI0Ya.

Payload: crpyktypa cooOIieHus, moka3anHas Ha pucyHke XX.3.

msg_key: yceuennsie 10 128 miaammx 3Havammx 0uToB X311 SHA1 KOHTEHT
1t g poBanus. Mcromb3yeTcst sl MPOBEPKH 1ETIOCTHOCTH.

Padding: 0-96 ciy4aiiHbIX OUTOB, TEHEPHUPYEMBIX OTIIPABIISIONINM KIIUEHTOM,
n00aBISIOTCS A1 oOecrnieueHus pa3mepa 6ioka B 128 out ais mudpa AES.

AES key u IV: 256-6utHbIl K104 1 256-OMTHBIN BeKTOp MHHUIMATU3auu [V,
Tpedyembie B AES B pexum IGE. [lomydyeno ¢ ucnons3oBanueM pynkiuu KDF,
paccmaTtpuBaeMoi B pasnaene XX.4.

auth_key id: 64 mmammux o6ut xema (SHA1) mactep-cekpera auth_key. B
cirydae kosummsum auth_key id oOmuii ki1r04 BOCCTaHABIMBACTCA.

Kak moka3aHo Ha pucyHKe 4, IpoBepKa IEJIOCTHOCTH MSY_Key BhIYHCIseTCS
JUTSL BCETO COOOIICHUs Harpy3Kku, Ho Oe3 yueta padding. B 6oje mo3aHuX BepcHsix
npoTokosia Teieurpam padding BkIOYEH B CTPYKTYpy COOOIICHHS, TJe
3aIoJIHeHHe BKIIoueHo B MSQ_Key u cocrapiser 0-15 Gaiit (0-120 6ut) mocie yero
3amu(poBLIBACTCH.
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@parMeHT KoJa Ha pHUC.S B3AT M3 CEKPETHbIX 4aroB [2]. JlaHHBIA KOJ
XJMIAPYET TOJE3HYI0 HArpy3Ky M yCeKaeT €€ J0 KJIYa COOOIICHHs, a 3aTeM
nobasmsiet padding.

B nanHoil Bepcum mnpotokosia MTProto 3amosHeHHe Ha caMoM Jelie
coctaBiaeT Bcero 0-96 ourt, a He 0-120 OUT Kak 3asBJICHO.

708 byte[] messageKeyFull =
Utilities.computeSHAL (toEncrypt.buffer);
709 bytel[] messageKey = new byte [16];
710 System.arraycopy(messageKeyFull,
messageKeyFull.length-16, messageKey, O,
16);
711
712 MessageKeyData keyData =
Utilities.generateMessageKeyData(chat.auth key,

messageKey,
false) ;
713
714 len = toEncrypt.length();
715 int extralen = len % 16 '= 0 ? 16 - len % 16 : O;

716 ByteBufferDesc dataForEncryption =
BuffersStorage.getInstance ()
.getFreeBuffer (len+extralen ) ;
717 toEncrypt.position(0);
718 dataForEncryption.writeRaw (toEncrypt) ;

719 if (extralen !'= 0) {

720 byte [] b = new byte[extralen];
721 Utilities.random.nextBytes (b) ;
722 dataForEncryption.writeRaw(b) ;
723 '}

Puc.5. ®parmMeHT Ko/1a XelIHPYIOIIHii coodmenue 6e3 yuera padding.

3.1. Ilopsiokoswie Homepa coobuenull

ATaka BOCIPOU3BEIEHUS — OJTO araka, NPU KOTOPOW 3JIOYyMBINIJICHHUK
3allMChIBACT OTIIPABJICHHOE COOOINEHHE W OTHPABISET €ro MOMydaTelio eie pas,
HO TIO3XKe. DJTa aTaka BBOJHWT C YaT COOOIIeHHuE 0e3 BeaoMa OpPUTHHAIBHOTO
ornpaButelia. JlaHHAas aTaka TEPEKPBIBACTCS TYyTEM BKIIOYEHUS CUYCTYHMKA
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COOOIICHU B KaXJI0€ COOOIIEHHEe U OTCICKHUBAHUS TOPSAIKA MOIyUYEHUs
OTIIPABJICHHBIX U TOJYUYEHHBIX COOOICHHI.

AHQJIOTMYHO, aTaka 3€pKAJIbHOTO OTPAXXEHUS — 3TO KOTJAA 3JI0YMBIIUICHHUK
3alKChIBACT OTIPABICHHOE COOOIICHHE, U OTPABISIET €ro OOPaTHO OTIPABHUTEIIIO.
Ecnu HuKakue Mepbl TPeI0CTOPOKHOCTU HE MPUHSATHI, COO0IIeHNEe Oy IeT MPUHSTO
B 4aT, U I0JIb30BaTeNIb OyAET AyMaTh, YTO APYroil KIMEHT OTIPABHI COOOLIEHUE
UJECHTUYHOE TOMY, KOTOPOE OH TOJBKO YTO OTHpaBWi. B 3TomM ciydae, s
NEPEKPBITHS  aTaKW, MCIOJIb30BAHUE TOJIBKO CUETYMKA COOOILIEHHA MOXKET
OKa3aThbCsl HE J0CTAaTO4HbIM. [lonb30Barenb HE MOXKET ObITh YBEpEH, B TOM, YTO
JPYroil KJIUEHT OTIpPaBUJ UACHTUYHOE COOOIIEHHE B TOT K€ MOMEHT BPEMEHU, B
ATOM CITy4ae CYETUUKHU COOOIICHUI OYAyT OJIMHAKOBBIMH.

Jnsa nepekpeiTuss aanHod araku MTProto wucnosp3yer nBa cyeTyuka
cooOuieHuit [5], oAuH Ui BXOASIIMX U OAMH JUISI MCXOIAUIMX COOOHIeHHH (C
TOYKM 3pEHHsS WHULMATOpA 4YaTa), U OAMH OUT KaXJIOro MCHOJb3yeTcs I
yKa3aHHs KaKoW MOJb30BaTellb OTIPaBWI AaHHOE cooOuleHue. lIpennonoxum, y
HAcC €CTh JIBa noJip3oBareisi A u B. 4 sBiseTcs MHULIMATOPOM YaTa:

KaXX/IbIii CEKPETHBIM YaT COJCPKHT JBa cUeTUMKa, Seq_out u seq_in;

oHu nHunuanusupyrtes B (0,0);

o0a yBeIM4MBaIOTCs Ha | 1Mociie KakJoro OTHPaBIEHHOTO COOOIIEHNUS;

OHH TPaHC(HOPMUPYIOTCA CIEAYIOMIMM 00pa3oMm:

2 *seq_no + X,

/1€ X BBIYUCIISIETCS MO CIAEAYIOIIEMY TPaBUILY:

se seq_
q_in out
cooOllIeHHEe OTIPaBIeHHOE 4 0 1
cooOIeHne oTIpaBiieHHOe B 1 0

Ob6a kiIMeHTa TOAJAEPKUBAIOT HeoOpaboTaHHBIE (HE NPeoOpa3OBaHHBIC)
CUCTUYMKH W JIBa MPEOOPA30BAHHBIX CYETUYMKA, KOTOPHIE BKIIOUEHBI B KaXKI0€
OTIPABJIEHHOE COOOIIIECHHE.

Tenepp, eciaum  3JIOYMBIIUICHHUK  TIOMBITAETCS  peaM30BaTh  aTaKy
BOCTIPOM3BEJICHUS, MOJy4aTelb COOOMICHUS YBUAWT, YTO OH YXKE IOJIYyqHI
COOOIIICHHE C TAKUM K€ MOPSAKOBEIM HOMEPOM, i OTMEHHUT COOOITICHHE.

Ecnu  370yMBINIUIGHHUK TIPEANPUMET TIOMBITKY 3C€pKAJIbHOW aTaku Ha
nosib3oBatesst A, Hampumep, A Oyner BHACTh, 4YTO COOOIEHUE SBISETCS
UCXOSIIMM Y HE PEHA3HAYCHO JIJISl HETO, U CMOYKET OTMEHUTH COOOIIEHHE.
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3.2. Pacuudghposka coobuenus

Pactmmmdposka coobmenunit B MTProto ananoruuna mnpoueccy mudpoBaHus,
Kak [oKa3aHo Ha puc. 6.

Ha puc. 6 He moka3aHO mpoBepka mepBoro moiydennoro auth_key id na
COOTBETCTBUE C ACCOIMHPOBAHHBIM CEKPETHBHIM YaTOM Ha KiueHrte. [lamee B
anropuT™e 1 paccMOTpHUM, Kak apaMeTphl IPOBEPSIFOTCS IPU paciin(poBKe.

2048 bit ) .

auth_key msg_key 3awwundpoBaHHoe cooblueHne

! pewndposaHue
AES_key AES-IGE
AES_key

Y

- 2Xx256 bit . 3awmndposaHHoe

coobuieHune

Y

equals? msg_key @

NMPUHATb

Puc.6. Cxema gemuppoanus MTProto Bepcun 2.7.0.

[IceBgokoa B adropuT™Me Ha puc.7 NPUHUMAET B KAUECTBE BXOJHBIX JTAHHBIX
auth_key id', msg_key', encrypted_data. On ucnoms3yer metoasr SHAI(input) u
readBits (input; skip; length), rae skip — komudecTBo mpomyckaembix Out u length
— KOJIMYECTBO CYMTAHHBIX OMT M3 input, metonx KDF paccmarpuBaeTcs B pasnere
4,

B crpoke 11 mone3nas Harpy3ka yMEHbIIEHA IO JJIMHE, 3TO CHAEJIAHO IS
yIaJICHUs 3aM0JHEHHUS 10 BRIYMCICHHUS MSY_key.

Ecou B 11000l MOMEHT MpoBepKa HE MPOMWJIEHA, MOJTYUYEHHOE COOOIICHUE
0TOpachIBaeTCs MOJHOCTHIO O€3 COOOIIeHUS 00 OIMOKeE.
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Input: auth_key id'; msg_key'; encrypted_data

1: auth_key_id « computeAuthKeyID(auth_key);

2: if (auth_key_id" # auth_key id) {

3:  throw "OrknoHuts coobuienue";

4.}

5: AES_key; AES_IV «— KDF(auth_key; msg_key");

6: message < AES-IGE_Decrypt(encrypted_data; AESkey; AESiv);
7: length <« readLength(message);

8: if (length ynoBnerBopsier orpanuucuusm) {

9:  throw "OtknoHuTH COOOmEHNE";

10: }

11: message < removePadding(message);

12: msg_key < computeMsgKey(message);

13: if (msg_key' # msg_key) {

14:  throw "OtkimoHUTH cooOmenue";

15:}

16: seq_in; seq_out < readMessageCounters(message);
17: if (seq_in; seq_out # local seq_in; seq_out) {

18: throw "OtknouuTs coobmenue";

19: }

20: return message;

Puc./. IlceBnokon anropurma mudpposanus MTProto

3.3. [loonunnocms 3auudposannvix coooueHull

MTProto  obecrieunBaeT  KOHQUIACHIMAIBHOCT C  HCIIOJb30BAaHHEM
nmdpoBanuss AES ¥ 11eI0CTHOCTh OTKPBITOTO TEKCTa Ha ocHOBe MSQ_key. Kpowme
toro, pexxuM IGE obecnednBaet 11eI0CTHOCTh 3alIM(PPOBAHHOIO TEKCTa, UCKaXKas
cooOleHue, ecnu 3amu@poBaHHbIl  TekcT mnoaaenan. MTProto sBHO He
UCTIONB3YeT KOHCTPYKIMIO encrypt-then-authenticate, gaxktuuecku oH BooOIIE HE
ucnoisibzyetr MAC.

Bmecrto 3TOro nosydarenb cOOOLIEHUSI TPOBEPSET MOUIMHHOCTb, HA OCHOBE
COOTBETCTBUS MOJy4deHHOTO MSQ_Key xemry aemmdpoBaHHOTO coobmenus. Eciu
9Ta MPOBEPKA MPOXOJUT, TOT/IAa KoUK mu(poBaHus U IemudpoBaHUs JTOKHbBI
OBITH TIOJTyYEHBI U3 TOTO K€ OOIIETO CEKpeTa, U, CIe0BATENLHO, OH JOJIKEH OBbITH
3amn(poBaH U OTIPABJIECH BTOPHIM IOJIb30BATEIEM B CEKPETHOM YaTe, KOTOPbIH
ayTeHTU(HUIUPYETCS MMyTeM CpaBHEeHHUs xema auth_key.

9.4. ®yHKuMs reHepanum KJIw4a
Paccmorpum, kak MTProto BeuucaseT kioud IMHQPPOBAHUS, KOTOPHIE
ucnosb3ytorea st AES-IGE. MTProto ucnons3yer AES B pexume IGE ¢ 256-

outapiMu kmrodamu. IGE TpeOyeT BeKkTOp WHUIMANM3allid, B JiBa pasa
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MpeBbIIAIIMN pazMep ogHoro O6oka AES, 256 6ut. I1apa HOBBIN KJIFOY U BEKTOD
uHuIManu3anuu [V renepupyercs Uil KaKI0To COOOIICHMS, U OHH MOJTYYEHBI U3
obmero cexpera auth_key u cooOmenus. Takum 00pa3oM TOJBKO JAPYrou
1oJIb30BaTe b UMetonuii auth_key mosker pacmmdposath cooOmmieHue, a KITOY
Oynet pacuu@poBbIBaTH TOJBKO OJIHO COOOIICHHUE.

Kntou m Bekrop wHummanuszauuu [V momydaroTcs IyTeM HCIOJIb30BaHUS
Heckoapkux xame SHA1, tak kak, onun xam SHA1 renepupyer toiasko 160 6ut
u3 HeoOxoauMmbix 512 Outbl. C  TOYKM 3pEHHS COBPEMEHHOIO YPOBHS
Oe3onacHocTu OoJiee 1esecoo0pa3Ho UCIOIb30BaTh 00Jiee HOBYIO Xell-(DyHKIIHIO,
Takyro kak SHA-512, Ho MTProto ucnonbezyer SHAI.

Kak mokazano Ha puc. 8, reHepupyroTcd 4eTblpe Xdmi-3HaueHus SHAL,
KOKIBIA M3 KOTOPHIX MoJydaeT 256-0utHbIi kiarod auth_key m 128-OuTHBIN KO
msg_key (yceuennwii xem SHAI1 cooOmienusi). B oOmieli  clioxHOCTH
ucnoins3yercs 1024 3HaunMbix Out auth_key. Crnemyer oOpatuTe BHHMaHUE, YTO
nojoxeHne  MSQY_key Ha  BXOoAe  Xella  CMEIaeTcss  KakIpld  pas,
MPEANOJIOKUTENIBHO, YTOOBI BBECTH OOJIBIIYIO CTENEHb HEOINPEAEICHHOCTH
("cmyuaiinoctu").

256 bit | 128 bit | 128 bit |

msg_key

128 bit, 64 96

- < >

shal a [ N ‘ N
snal b 7 %
shal c y/ W ﬁ//
shal_d A AN

384 bit

AES key &\\ 7

AESIV B zw
56 bit

Puc.8. I'enepanus xem-3Havennii SHA1pas pynxkuun KDF B MTProto.

3ateM popmupyrotcs kiatou AES u BekTop ununmanuzaiuu IV nytem B3atus
MOJICTPOK Ha KaXXJIOM U3 4eThIipeX Bbix010B SHAT u oObequHeHneM ux B 18e 256-

OUTHBIE CTPOKH.
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DyHKIMS TeHepaluy KIto4a ornrcaHa 00jiee TOYHO B aliTOPUTME TICEBIOKOIA
puc.9, wucnonw3ys readBits(input, skip, length), tme skip — xommuecTBO
npornyckaeMbix 0uToB U length — koyimdyecTBO CYMTHIBAGMBIX OMTOB Ha BXOJIC.

1 shal a<- SHALl(msg_key + readBits(auth_key, 0, 256))

2 shal b <- SHA1(readBits(auth_key,256, 128) +
msg_key +
readBits(auth_key, 384, 128))

3 shal c¢ <- SHAl(readBits(auth_key, 512, 256) +

msg_key)

4 shal_d<- SHAl(msg_key + readBits(auth_key, 768, 256))

5

6 AES key <- readBits(shal _a, 0, 64) +

readBits(shal b, 64, 96) + readBits(shal c, 32, 96)
7 AES_IV <- readBits(shal_a, 64, 96) +

readBits(shal_b, 0, 64) +readBits(shal_c, 128, 32) +
readBits(shal_d, 0, 64))

Puc.9. ®yuxkuus resepanuu kiwda KDF B anropurme MTProto.

Comepmiennas mnpsimasi cekpernocth (Perfect forward secrecy, PFS) —
CBOMCTBO HEKOTOPBIX IPOTOKOJIOB COTJIACOBAHUS KIIFOYA, KOTOPOE rapaHTUPYET,
YTO CECCHOHHBIE KIIOYM, TOJyYEeHHbIE TMpU MOMOIIM Habopa KItouen
JOJITOBPEMEHHOTO  UCIOJb30BaHUS, HE OyIyT CKOMIPOMETHPOBAHbl IpHU
KOMITPOMETAIMHU OJTHOTO U3 JOJTOBPEMEHHBIX KIIIOYEH.

B MTProto [4] ato cooTBeTcTBYeT Kitodam AES, moiydenHsiM u3 auth_key,
KOTOPBI (pukcupoBaH miisi cekpeTHoro vata. Ecim auth_key ckommpomeruposan,
TO 3JIOYMBIIUIEHHUK MOJYYUT JAOCTYI K KaKJOMY OTIIPABICHHOMY COOOIIEHUIO.
s obecnieuenuss PFS B MTProto Bepcum 20 BBemeH cueTdynmk Key use_count,
OTCJICKHMBAIOIINN CKOJBKO pa3 Kiarod auth _key wucmosb3yercs s MOJyYCHHS
kimoua AES nnsa mmmdposanus/nemmdposanus. Eciu 3Tot cuetunk gocturaer 100
WIN CEKPETHBIN KIIIOU MCIIONb30BaICA Oosiee OJHOM Helenu OH OyleT 3aMEeHEH Ha
HOBBIN KJTI04 auth_Kkey, a cTapbiit yHUYTOXKEH.

HoBelil 00MeH KirO4amMHu MOBTOPHO HCHONb3yeT mapamerpsl DH, kotopsie
ObLIM TOJy4YEHBI OT CEpBEpa BO BPEMs MEPBOHAYAIBHOIO OOMEHA KIIOYaMHU, U
CIIy4ailHBI BEKTOp HE J00aBISETCS MPU TEHEPAIMA HOBBIX CEKPETHBIX 3HAYCHHM
NPUBATHBIX Kitoder a u b. OnuH monb3oBaTesb OyAeT BBIYUCIATH €0 OTKPBITHIN
KIII04 (o U OTOPABUT €ro MoJsib3oBaTel B uepes yxke ycTaHOBieHHBIM yatr. B
OTIpaBJsieT A €ro HOBBIM OTKPBITBIN KITHOY (p, U 00a MOJIB30BATENS BRIUUCISAIOT U

obHoBsItOT auth_key mns cymiecTByromiero ceanca, aHaAJIOTUYHO TOMY, KakK 3TO
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Obul0 crnemaHo B pasnene 2. Bce crapple  cooOulieHuss  OCTaHyTCS
pacn(pOBaHHBIMU M YUTAEMBIMU Ha OOOUX KIIMEHTaX.

Xemr auth_key wmcnosnb3yemsbrit s ayTeHTH()UKALMK KIMEHTOB, HE OyIeT
U3MEHEH. OJTO O3HAYaeT, 4YTO, €CJIM NPOTUBHHUK 3aBIAJCET CTapbIM KIFOUYOM
auth_key, on moxer noayunts kiaroun AES u mpouutatrs 100 3ammdpoBaHHBIX
COOOIIEHU, HO OH HE CMOXET OBITh B COCTOSIHUU TIOCTPOUTH CIECAYIOMINUN KITIOY U3
OTKPBIThIX 3HaueHur DH.

3a mocnegnee Bpemss MTProto momyuwsn HECKONIBKO OOHOBJICHUH, W B
pe3yJbTaTe HET TapaHTHH, YTO BCE KIMCHTHI Telegram ucronb3yroT MOCIeaHIO
BepcHio. YToObI KIIMEHTHI MOTJIM OOIIAThC Yepe3 pa3Hble BEPCUU, U3BECTHBIC KaK
CJIOU, OOHOBJICHHBIE CJIOU ClIeJIaHbl 0OPATHO COBMECTUMBIMH CO CTAPBIMH.

OdwurmaibHbIN KIHEHT Telegram BBITIOJHSAST COTIACOBAHUE BEPCHUU CIIOS, KaK
TOJIKO OOMEH KIIF0YaMH B CEKpETHOM 4ate 3aBepiieH. Koy auth_key xpanutcs B
oobekTe encryptedChat Bmecte ¢ Bepcueil ciios, WHUIUMAIM3UPOBAHHBIM 0.
WNuunuarop yata A oTmpaBiiieT CBOH cJioil B 3ammudppoBaHHOM coobmieHuu B, a B
OTBEYAET €ro Bepcuel ciost. Oba KIMEeHTa XpaHAT HAUMEHBIIUN U3 JIBYX YPOBHEH
B 00BbekTe encryptedChat, uroOb1 cooTBETCTBOBATH OOJice CTApOil BEPCHH.

PFS Osbima BBemena ¢ 20-ro ci0s, KpOME€ 3TOTO, HUKAKUX CEPbE3HBIX
M3MEHEHUI He mpousonwio ¢ ypoBHs 17. B cimoe 16 mo 8 BkItounTensHO (Bepcus,
KOTOpass BBEJa CEKPETHbIE YaThl), MOPSAKOBbIE HOMEpA  COOOLIEHUH
oOpabaThIBAJINCh OYEHb MO-pa3HOMY. BMecTo TOro, yToOBl OBITH BKJIIOUEHHBIM B
KOKJ0€ 3allu(ppOBAHHOE COOOIICHHE, OHM XPAHWINCh W TOJIEPKUBAINCH Ha
COOTBETCTBYIOILIEM CEpBEpE, U CTPYKTypa COOOLIEHUH BBIIISENA Kak
npencrasiena Ha puc.10.

32bit 32bit 128 bit 128 bit -

length|header] random_id random bits

~ 6ok 1 | 6ok 2 -

- [TepemenHas [TMHA _ 32bit  64bit
message padding

J 6ok 3..n-1 | 610K n _

Puc.10. Crpykrypa coodmenus a0 ciaos 17.

DTO O3HAYaeT, 4YTo 3amr(poBaHHBIE COOOIIECHHUS HE COJEpKaIM HUKAKHUX

yKa3aHU# Ha TMOPSIKOBBIA HOMEP COOOIIEHNS, U KIIMEHTHI TIOJDKHBI OBLITH T0BEPSATH
cepBepy.
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Camu coOOlIEHUSI HE COJAEPkAIM HUKAKOTO MEXaHH3Ma, YTOObI OCTAaHOBUTh
HECAHKIIMOHUPOBAHHBIN TOCTYI TPETHUX JIUIL JIJIsi MPOCITYIIUBAHUS OTIPABICHHBIX
COOOIICHH, ¥ BBITIOJIHEHHS aTaK BOCIPOU3BEACHUS WU 36pPKAIIBHOTO OTPAXKEHUS,
KaK OMUcaHo B pasneie 3.1, KoTopble CMIr4aroTcsl MOCIeIyIONMM NP POBaHUEM
COOOIICHMI Ha KJII0YE aBTOPU3ALMK KIHEHT-cepBep U3 1.

3akioueHue

[TpoBeneHo wucciemoBanue mporokonma MTProto meccenmkepa Telegram
Bepcuu 2.7.0, a MMEHHO perucTpanus ycTpoicTBa, OOMeH Kito4amu, G poBaHus
cooOtIeH s, QYHKITUU TeHEPaIlUU KITI0Ua.

AHanu3 MoKa3bpIBaeT, YTO JAHHOMY MPOTOKOIIY MPUCYI] paJl HEAOCTATKOB:

- ICTIOJIb30BAHKE YCTAPEBIIIETO AITOPUTMA XEIITHPOBAHUS,

- UICTIOJIb30BAHUE HE CUMMETPUYHBIX aJTOPUTMOB KIIIOYEH C HHU3KOU
MIPOU3BOUTEIHHOCTHIO.

JlaHHBIM MPOTOKON HE TMPUMEHHM Il OpraHU3alluMd  3allUIIEHHBIX

IPYNIOBBIX YaTOB.
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I')TABA 10

METOJOJIOTTYHA OCHOBA NPOEKTYBAHHS NTPOBJIEMHO-
OPIEHTOBAHUX BEB-CEPBICIB

Beryn Ta mocraHoBka  3aaavi.  3aranbHANA  PO3BUTOK  ICHYHOUHMX
yHiBepcanbHuX Komil totepHux cucrem (YKC) no3Bonsie po3B’sizyBaTH Oarato
3aJ]a4 HayKOBOTO, BUPOOHWYO-TEXHIYHOTO Ta IHIIOTO XapakTepy. OJHaK ICHYIOTh
HaJ3BUYAHO Ba)KJIMBI 3aj1adi, 110 IMOB’sA3aHI1 31 CHIJIKYBaHHSIM, MEPECYBaHHSIM Ta
OPUMHATTSAM PillIeHb JIOJUHOIO, B SIKUX HEOOXi/JHA OlepaTUBHA PEAKI[is B PEKUMI
peajbHOr0 4Yacy Ha BUHHUKAIOYl IMEpEeTBOPEHHsS. [l BUpIIMICHHS Takux 3ajad
MoxximBocteld cydacHnx YKC wHe Bucrawae. Bce 1e BuMarae B3aeMmopii
CUCTEMHUX, MPUKIIAHAX MPOrPAMICTIB 1 KIHIIEBUX KOPHUCTYBauiB Ta 3a0XO0UY€E JI0
NOIIYKY 1 BIPOBA/UKEHHS HOBUX pIIIEHb JJIsI CTBOPEHHS HOBUX MPOOJIEMHO-
OpPIEHTOBAHUX CHCTEM.

[TpyunHamu cTBOpeHHs crenianizoBanux komm rotepHux cucreMm (CKC) e,
Mo-TepIie, CyrepeyHoCcTI MK METOJIaMU [TOCTAHOBKU 1 BUPIIICHHSM 3aBJaHb, 110
BAXKO (POpMali3ylOThCs, 3 OJHOTO OOKy, 1 TeXHIYHUMU MoxiauBoctsamu YKC, 3
1HIoro 60ky. 3acrocyBaHHs HelipoHHUX Mepexxk (HM) mae npakTuuHe 3HaYeHHS B
OyIb-sKiil IpeIMETHIM 00JacTi Ta XapaKTepU3YEThCS HACTYIHUM PSJIOM IepeBar
nepea TpaauIiiHUMU MaTeMaTUYHUMU METOJAMH: KOJIM 3aBJaHHS HE MOXKe OyTu
dbopmanizoBaHe TpaJULIMHUMU MaTeMaTUYHUMH METOAaMHU; KOJW 3aBJaHHS
dbopmaiizoBaHe, ajge Ha TEMEPINIHIA Yac BIACYTHIN amapaT Ui WOTO PpIIllIeHHS,
KoJiu Jyisi 1o0pe dhopmai3oBaHOTO 3aBAaHHS ICHY€E BIAMOBIIHUN MaTeMaTUYHUN
amapar, ajie peamizaimis OOYHCIEHb 13 HWOro JIONMOMOTOK Ha 0a3l HasBHHX
OO0YHCITIOBAILHUX CHCTEM HE 33/I0BOJIbHSIE BUMOTaM OJIEp>KaHHs PIIlIeHb 3a 9acoM,
pPO3MIpOM, Baroro, EHeProcrnoXuBaHHAM i 1H. OIHaK, 31 301TIBIIIEHHSIM PO3MIPHOCTI
BXIJTHUX CUTHAJIIB CTPYKTypa HEMPOHHOT MEPEXK1 CTa€ OUIBII CKIATHOT, 110 Y CBOIO
Yyepry Beje J0 OUIbII TPUBAJIOTO Yacy HABYAHHS Ta JI0 BMOBIJIBHEHHS IIBUIKOCTI
30DKHOCTI. Y TOM caMe dac, HEHMpOHHA MepeXa € BHCOKOMPOAYKTHBHUM
oOuyuciIOBaYeM, TOMY QJIrOpPUTMH, Npu3HadeHl nas1 podotu 3 HM, e
napajieTbHUMHU.

Jpyrowo NpUYMHOI € 3MICTOBHA CTOpOHA 3ajadi, mepiia OCOOIMBICTh SKOi
0e3mocepeTHbO MOB’A3aHa 13 MPUUHATTIM MPOJAYMAHUX pilieHb. (s mpuiHATTS
pILIEHb ICHYE BEJMYE3HA PI3SHOMAHITHICTh YCUISKHUX METOIB 3 PI3HUM pPIBHEM
CKJIAHOCTI. 3a0e3MeunTH TOTOJKEHI pIIMIeHHS JO03BOJISIE OOYHCIIIOBaIbHA
napajgurma 3 BUKOpPUCTaHHAM MyJibTHareHTHuX cucteM (MAC). ¥V pizHux chepax

JSTEHOCTI MOTHBAIlis 3acTocyBanHs MAC pi3Ha, OJHAK MOKHA BUAUTMTH OCHOBHI
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nepeBaru 3acTOCYBaHHS MYJIbTMATEHTHUX CHUCTEM: Cy0’€KTH OepyThb J0 yBaru
OCOOMMBOCTI  J0oAaTKa ¥  HABKOJMIIHBOTO CEPEAOBUINA; €  MOXJIHUBICTD
MOJICTIOBaHHS M JOCII/KEHHsI B3a€EMOAIl MK Cy0’€KTaMU; OKpeMi KOMIIOHEHTHU
CUCTEMH MOJICNIIOIOThCSI HAa PI3HUX pIBHAX. [HIIA 0COOMMBICTH 3yMOBIIEHA
HarpoMa/pKeHHSIM W O0OpOOKOIO BEJIWYE3HOI KUIBKOCTI 1H(opMallii, mo y CBOIO
Yepry CTOCYEThCS KOHIIETIIT BeMUKUX nanuXx. [Ipo6iemu 06poOKH BETUKUX JaHUX,
OB’ s13aH1 3 iX PI3HOMAaHITTAM, 31 CKJIaHOIIaMu 300py, 30epiranHs, yIpaBIiHHS Ta
a”asizy, 00’€eMOM MaM’sITi Ta MIBUAKICTIO O0YKCIEHb. 3a JOTIOMOTOI0 Bi3yaui3alii
0araToBUMIPHUX JaHUX MOXKHA OJIEpKaTH Psii KOPUCHUX peueH, TaKUX SIK BUTAT
KOPHCHHUX IIIa0JIOHIB, BUSBJICHHS LIaxpailcTBa, KepyBaHHS (haKTOpamMH PHU3HKY,
3HM)KEHHST BHUTpPAT Ha OXOPOHY 370poB’s Ta 1H. KinbkicHa iHdopMalis, o
OTpUMaHa 3a pe3yJabTaTaMH aHaji3y 300paxeHb BEIMKHUX pPO3MIPIB, MOXKeE
BUKOPUCTOBYBATUCS JUIsl TPUUHSTTS pIllIeHb, HANPHUKJIaA, B J1arHOCTHYHUX
CHCTEMaX.

Y 3B’a3Ky 3 pO3BUTKOM IHTEpHETY 1 MOOLIBHUX MPHUCTPOIB, HaOUpae
MOMYJISIPHICT, BUKOPUCTAHHS 00’ €KTIB, 110 MIAKIIOYAIOTHCA Ta B3aEMOAIIOTh MIXK
co0010, 13 METOI HajJaHHs pi3HUX cepBiciB. CepBic-OpieHTOBaH1 BeO-MOpTAIU
BIJIPI3HSIE MOXJIMBICTH 0araTopa3oBOoro HaJaHHA CEpBICIB 3 MEBHUMU
iHTepdeiicamu. CepBicH, [0 BUKIHUKAIOTHCA PI3HUMU CHOCOOaMH, HE MAalOTh
VSIBJICHHS TIPO TOAATKH, SIK1 iX BUKJIMKAIOTh, & I0JJATKK HE MatOTh 1HGOpMAIIli Tpo
Te, SKUM YHMHOM TOCIyra, II0 BHUKIUKAE€TbCs, Oyae peamizoBaHa. Jls
KOPUCTYBaHHS BIJJAJICHUMH CEpBICAMU BEJIMKY IE€peBary Mae cioyk0a XMapHHX
obOuucnens. [Ipote, 3a BimcyTHOCTI [HTEpHET-3’€IHAHHS, TOCTYI 10 TaAKUX MOCTYT
CTa€ HEMOXJIMBUM. B sKoCTi e(peKTHBHOIro crnocoOy BHUPINIEHHS L€l MpoOiaeMu
NPOTIOHYEThCS 1€papXisi PO3MOILICHOr0 KoM toTUHTY Ty «cloud-fog-dew» st
HaJIaHHS CEPBICY MEINYHUM BEO-TIOPTAIOM.

Metoro pobGotu € moOyaoBa OaraToareHTHOI CHCTEMH OIEPaTHBHOIO
pearyBaHHs Ha OCHOBI PO3MOJIJIEHOI HEHpPOMeEpEeKeBOi OOPOOKH BETUMKHX JTAHHX,
0 JIO3BOJIAE MIISXOM JUCTAHIIIHOTO MOHITOPUHTY €KCTPEHO MpUilMaTh
pIllIEHHS, TIOB’A3aHl 3 KPUTUYHOIO 3MIHOKO CTaHy JOCHIIKyBaHOTO 00’ekTy. Jliis
JIOCSITHEHHSI TIOCTABJICHOT METH MOTPIOHO PO3POOUTH METOMOJOTIUHHMM MIAX11 JJIs
BUPIIICHHS 3aBJlaHb €KCTPEHOTO pearyBaHHs B PO3MOJIIJICHOMY CEpPEeIOBHII, K1 €
TPYJIOMICTKHMH Ta MOTaHO (HOPMaTi3yIOThHCA.
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Po3poOxa aJanTUBHOTIO CepBiC-OPiEHTOBAHOI0 PO3MOALIEHOT 0
cepel0BHIIA

Jns  opranizaiii po3MOJAUICHHX OOYHCITIOBAIBHUX CEPEIOBUILl OCOOJIUBO
3HAYYIIOI0 TPOOJIEMOI0 € PpO3MIIICHHS Y HHUX MPOOJIEMHO-OPiEHTOBAaHUX
POrpaMHUX KOMIUICKCiB, 3a0€3MEUYCHHS BiJJIAJICHOTO BHCOKOPIBHEBOTO JOCTYITY
IpEeIMETHUX KOPHUCTYBadiB /10 IIMX KOMIUIEKCIB Ta YMPaBIiHHSI HUMU B TPOIEC]
obuuncnenb. Llel npouec € nukmiyaUM. [IpUHATTS pimieHs BUMarae iHdopmariii,
sKa 3acHOBaHa Ha JaHux. Jlani 3a0e3nedyioThb 1HQOpMAIlIO, fKa MTIATPUMYE
pimenHs. Ha puc. 1 HaBeneHO 3B’S30K MOHATH «PI3HOPIHUX JTaHUX», «00OpoOKa
iHbOpMaIlii» Ta «IPUAHATTS PIICHHS», IKUA BUHUKAE B TIPOIEC] HA/IaHHS TIOCTYT.

. R
Kracugirayis
. . Knacmepusayin
Wpigomayingg - Jlagi Seycisas SaBaHH
fopucmysaa T )
. 1| h
v [epconanizayin
Anis ma ofpodig I (130 Al Admmayis HHTE.i METOIH
daux P Cunmez MAC BHPIMEHHAA
\
( | J A
: Hadeims nocrye ]
Pimenns Monimopuz Jlonatkn
Jiaznocmura
\ J

Puc. 1. 3B’9130K NOHATH 11 MOOYI0BH NMPO0OJIEMHO-OPIEHTOBAHUX
NMPOrpPaMHMX KOMILJIEKCIB

Metononoriynuit miaxig [1] Ayisi BUpIMIEHHS TPYJIOMICTKHUX Ta IOTaHO
dbopmaiizoBaHUX 3a7a4 3 €KCTPEHHUM pearyBaHHSIM Ha KPUTHYHY 3MIHY CTaHy
JOCHIKYBAaHOTO O00’€KTa 'y  PpO3MOJIJIEHOMY CEpPElOBHINI OyAyeTbCcsl Ha
BUKOPHUCTAHHI PATy TEXHOJOTIN: TEXHOJIOT1T MOOIIFHOTO 3B’SI3KY, 300Dy, mepeaadi
Ta mpenacTaBieHHs iHpopMalii; BeO-TexHosorii; Texnosorii Big Data; Texnomorii
napajiebHUX Ta PO3MOJIJICHUX OOYMCIIEHb; HEHPOMEpPEKEeBOI TEXHOJIOTII;
areHTHO-OPIEHTOBAHOI TEXHOJIOT1 Ta XMapHUX 00YHCIIeHb (puc. 2).
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Puc. 2. TexnoJiorii oprasizauii a1anTUHBHOI0 CEPBiC-OPIEHTOBAHOIO
PO3MOAICHOT0 CepeIOBHUIIA

Takuii migxig 3ane3nedye ePeKTHUBHUI JOCTYI JO CEpBiC-OPIEHTOBAHUX
OOYHUCITIOBAILHUX CEPENIOBUIN, SKI HAJalOTh CEPBICH HANUOUIBIIOMY YHCIY
KOPUCTYBaulB 3 BHKOPHUCTAHHSIM PI3HOMAHITHUX JATYUMKIB Ta MOOUIBHHUX
OPUCTPOiIB, Ta JO3BOJSE CTBOPUTH MYJIbTHATCHTHY CHCTEMY OIEPATHUBHOTO
pearyBaHHs Ha KpUTUYHY 3MIHY CTaHy JOCIIAXKYBaHOTO 00’ €KTy [2].

KopucrtyBauam 1 qomatkaM HaJae€Thesl MOBHHUM HAOIp MOCIYT 3 JOCTYIY JI0O
cepBiciB cuctemu (puc. 3). KopucryBaul BeO-pecypciB BHUCTYNAIOTh B POJI
CIIO’KMBAYiB TOBApiB 1 MOCIYT, 1H(GOpPMAIIsS MPO SKi pO3MillleHa HAa CaiTi, 1 TOMY
JUIS. TOCHIPKEHHSI [IMX KOPHUCTYBadiB BUKOPUCTOBYIOTHCSA BIJIMOBIIHI METOAU 1
mozeni. OaHak, 0coOOTUBOCTI MOBEIIHKY JIIOJIUHU B [HTEpHETI, XapakTep 310paHux
IpO HBOTO JAaHMUX 1 TMPUPOJA camMoi Mepexi 3MYIIyIOTb PO3pPOOIATH OUIbLI
edeKTUBHI IIJISTXU JOCIHIKEHHS BiJ[BilyBa4yiB BeO-CalTiB, OUIbIIT TOYHOTO aHAJI3y
1 MPOTHO3YBAHHS 1X MOBEIIHKU 3 METOI0 MIiABUILECHHS €()EKTUBHOCTI IJIaHyBaHHS
013Hecy 1 MpocyBaHHS TOBapiB 1 MochyT yepe3 [HTepHer.

Hexatii €:

— peectpainiiiHa iHMOpMaILS JOCHIKYBAaHOTO 00’€KTy, a TaKOX JaHl

JATYHKIB 1 BUMIPIOBAJILHUX TIPHJIAIIB {iRl, R, R, } ,

142



IuTepdeiica:

I'padiani:
-Bebd
- Mobiumes1
- Cemamizoeas

DyHEmiii:

s xopHcTYBa9a:
- peecTpamia
- MOHITOPHHT
- TOUIYK
- 3BEPTAHEA 22 MOCTYTAME

/

KorcoasHi:
-IIpoToxonn zabesnedeHET
DeslerH JOCTYIY J0 XMapHHX
CXOBHII JAHHX
- MPI
- 88H
-HTTP
- cokers TCP / IP

Pecypcu cepeic-

CHCTEMH

7

Excoeprmi:
-3b1p mammx
- aHamis 1 obpobka Jamex
- KOHCYIIETALILA
- IPHHHATTA PIIEHHET

OpIENTOBAHOT

AgMiHICTpaTHEHI:
- zbepiranma gamax
- CHHXpPOHI3AT JaHHX

- KOHTPOIE JOCTYILY
- IepPCOHAMZANLT

Puc. 3. Ctpykrypa intepdeiiciB Ta pyHKuiil 0aratoareHTHOI CHCTEMU
PO3MOIiJIeHOI HelpoMepekeBoi 00POOKH BeJTUKHX JaAHUX

— 300paK€HHS 3 KaMep B1JIEOCIIOCTEPEKEHHSI, B SIKOTO 3HAYCHHS SCKPABOCTI

enemMenTiB nosHavatotees hy; (hy; =0,255, k=1,m, j=1n);
— gocrynHa ingopmauis mpo U(i)-ro (i=1m) kopucrysaua cepsic-

(im’st  Opaysepy,
matgopma, BOYJIOBaHI PO3IIMPEHHS, aJpeca IONEpPEeAHbOI CTOPIHKH, YAaCOBUU

opieHTOBaHOTO BeO-mopranmy Res HOMEp Bepcii, MoBa,

MOsIC, Yac BIJABIAYBaHHS CTOPIHKH, 1HQOpMAIlid MPO MOHITOP 1 TOMY IOJI0HE)
C(i) =[C" (i),C*(i),..C*(i)].

Toni BupimieHHST TPOOJIEMH ONEPATUBHOTO pearyBaHHS Ha KPUTUYHY 3MIHY
CTaHy JOCJIPKyBaHOTO OO’ €KTYy Ha OCHOBI aHaii3y 300pa)k€Hb 1 MOKa3HUKIB
pPI3HOMaHITHUX JATYMKIB TOJIATA€ B PO3poOill METOAOJOTIYHOTO MIAXOAY, IO
BKJIFOYA€E CYKYITHICTh HACTYITHUX 3aBJaHb:

1. Pimuenns 3amaui HafpaHHs cepBicy Dy, mossirae B po3poOui:

— MOJIel TMPOIeCy HEHPOMEpPEekKEBOI MIarHOCTUKUA Ta MOHITOPUHTY Z, ii
CKJIaJIOBMX KOMIIOHEHTIB 1 iX B3a€MOJIII;

— METOJIB 00pOOKHU 300pakeHb TOCTIIKYBAaHOTO 00’ €KTY SIK Y CTaH1 CIIOKOIO,
Tak 1 B CTaHl pyxy.

2. PimenHs 3amayi po3nojuTy poOIT 1 pojed MiX areHTamMu OaratoareHTHOI
CHUCTEMU OIEPATUBHOTO PEaryBaHHs MOJSATAE B pO3POOIIi:

— OaraTtoareHTHOi OpraHi3aliifHOi CTPYKTYpH KOMIIOHEHTIB Y3arajlbHEHOI
MOJIeJII TIpoIlecy HEHpOMEepeKeBO1 MIarHOCTHUKKA 1 MOHITOPUHTY (3 OMHCOM iX
B3a€EMOIi1);
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— METOMIB IIJIJAaHYBaHHS 1 KOOPJAMHYBAaHHS TPYINOBHX [IM areHTiB,
MPOBEJICHHSI TIEPErOBOPIB 1 BUOOPY ONTHUMAILHOTO PIIMIEHHS ISl JOCSITHEHHS
IIOCTABJICHOI METHU.

3. Pimennsa 3amaui nepconanizanii D, BebG-pecypcy Res mpu oOmexeHii

KUTBKOCTI 00pa3iB BeO-iHTepdeiciB (Q mojsrae B po3poOiri:

— Mogeni nepconamzanii By, 11 cki1agoBUX KOMIIOHEHTIB 1 iX B3a€EMOAIT;

— 00’exTHOI MOzei TOKyMeHTIB [HTepHET-pecypcey y Burisai rpada Res;

— MeToAy IMepcoHai3alii BeO-mopraty, mo A03Bojsie g koxHoi R(n)-of
Kareropii KopuctyBadiB (N :1,_L) aganTtyBath iH(OpMaIliiHe HAMOBHEHHS
CTOPIHOK Xk eRes i Resc Res(k <A), ne A — kinbKicTh BepiiuH rpady Res.

4. PimieHHd 3aBJaHb HPUCKOPEHOI OOpPOOKH BENMKHX JAHUX MOJSArae B
pO3poOIIi:

— MoJeJiel mapalneabHOi HeMpoMepexeBoi 00pOOKHU JaHUX;

— METOAIB NPHUCKOPEHOTO HaBYaHHSA 1 (YHKIIOHYBaHHS OararomapoBoi
HEHPOHHOI Mepexl MPsIMOro MOIIMPEHHS B KOMII IOTEPHUX KJIacTepax 3 pi3HUMHU
TONOJIOTISIMU Mepeiadl JaHUX;

— METOAIB PIBHOMIPHOTO PO3MOJLTY HelpoMepekeBoi oOpoOKH JaHUX B
reTeporeHHOMY OOYHCIIOBAIbHOMY CEPEIOBHILI;

— cloud-fog-dew apxitekTypm Ui CepBIC-OPIEHTOBAHHUX CHCTEM, IIIO
NEPCOHANI3YIOThCS.

VY 3aragbHOMY BUIJISI[I MPOLIEC ONEPATUBHOTO pearyBaHHS Ha 3MIHU CTaHy
3apeeCTPOBAHOTO KOPUCTyBadya BeO-pecypcy, IO HaJga€e CepBICHI MOCTYTH,
OMUCYEThCS MOJELO (puc. 4), sika BKJIIOYAE HACTYIHI KOMIOHEHTU [3]: BeO-
iHTepdeiic, mporeaypHUi OJI0K, areHTChKHUM OJIOK, a TaKoXK OJIOK HAKOITMYCHHS 1
aHajizy JOCBITY.

Koonepania arenTtiB. MynbTHareHTHa CUCTEMa MPEACTABISIETHCS TPIHKOIO
MAS={A,E,R}, ne A={A. Agpert:Aga} — MHOKIHA areHTiB, sKi

(GYHKIIIOHYIOTh Y CEPEIOBHII, IO MPEACTaBisie cO00K0 MporpamMHy Imiatopmy
JUI BUKOHAHHS areHTIB 1 Hamae (YHKIIOHAJIBHICTh IS CTBOPCHHS/3HUIIICHHS
areHTIB, JIJIs1 3aCTOCYBAaHHS IHTEJICKTyaJIbHUX METOIB JIJIsl 3a0€3MeUeHHsI CEPBICIB 1
JUIS TIpUMaHHs/TiepeJaBaHHs MMOBIAOMIICHh; E — MHOXXHMHA CTaHIB CEpPEJIOBHIIA;
R — BeO-mopran, mo Hagae OI3HEC MOCIyrd, MNOOyJOBaHUM Ha OCHOBI
opraHizaiiiHoi MOJIeIi U1 B3aEMOIIT areHTiB [4].
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Ipormec modynosu BrcokoedexrTnBHOi PKCCIT

/\
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TI0BEIIHKH

I'pacdhoBa MogeTE
aalTOBaHOI'0
Bed-pecypey

Kmcrepmania__, Dy,

Puc. 4. 38’5130k KOMIIOHEHTIB MO/IeJIi CUCTEMH ONIEPATHBHOIO
pearyBaHHsl Ha 3MiHY CTaHY 3ape€CTPOBAHOI0 KOPHCTYBa4a Bed-pecypcy, 1o
HA/1a€ CepPBICHI MOCIYyrH

AcnektamMu i1 KepyBaHHS 1HIUJEHTOM OYJIyTh: MOHITOPUHT CTaHy
3I0pOB’sl, TMOCTAaHOBKAa JlarHo3y W MeauyHa jomoMora. Jljis MOHITOPUHTY
BUKOPUCTOBYETHCSI MEXAHI3M «Tpajallli» CTaHy IMAalli€HTa, 10 BU3HAYAE J1alla30HU
BHUMIPIOBAHUX 3HAuU€Hb, TAKUX SIK: KapJiorpama, KpoB sSsHUHA THUCK, PIBEHb LIYKpY,
TeMIlepaTypa Tula TOIIO, Kl PO3AUISIIOTECA Ha HACTYMHI PiBHI Barv: KPUTUUHUIM,
BHCOKHUH, CepeHIN, HU3bKUI.

3000B’s13anHs arentie Com(pr,us,an,re) o3HayarOTh, 1O NMPH BUHUKHEHHI

aHTele/IcHTa pe3yabTrar OyJae OTpUMaHHWi, KOJIM BHUPOOHHUK OOCIYKUTh
KOpPHUCTyBada (Pr — mocTradajdbHHUK MMOCTYT, US — KOPUCTyBad, an — aHTEICHCHT,

re — pe3yabTaT). B3aemosist M areHTaMu MOKe OyTH BHUTIyMaueHa 3 MOTJISAY
BIUTMBY Ha iXH1 3000B’s13aHHs. Hampukiaza, npomno3uilisi Ipo IpUHHSTTS JIKIB s

SHUKCHHA THUCKY Bi):[ InocradyaJilbHHUKa HOCJ'IyFA JJIA CIIOKHBada A

doctor MOXKC

user
oyTH BUTJIyMaye€Ha AK

Com(A A

[Hakme kaky4yu, SKIIO B TAIllEHTA IMJBUINMBCS THUCK, areHT JOKTopaA

doctor + P\user BUCOKUI TUCK,TPUAHATH JIKU JUI 3HHXKECHHS THUCKY).

doctor

IIOCUJIa€ TOBIJIOMJIEHHSI areHToBl naiieHta A, 0po NPUHHATTS JIKIB Ui
3HU)KEHHSI TUCKY.

V3romkenHs il areHTiB A; 03Hayae, 110 BCl BOHU BUKOHYIOTh 3000B’ I3aHHSA

Ha OCHOBI CBOIX crmoctepekeHb [5]. Ilinx BUKOHAHHSIM OaraToareHTHOI CHCTEMHU
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pPO3yMI€ThCS Tepexif cucTeMu 3 ogHoro craHy B iHmmi. Il{opa3y, koiau areHT
BiZlIpaBisie a00 OAEPIKYE TMOBIMOMIICHHS, CUCTEMA MEPEXOAUTh Y HOBUI CTaH.
CraHU CUCTEMU BUPAKAIOTHCS Y€pe3 CTIMKICTD 1 IUIICHICTh: cUCTeMa nepedyBae B
CTIMIKOMY CTaHi, SIKIIIO MOBITOMJICHHS HE MIOCUJIAIOTHCS 1 HE TPUUMAIOTHCS.

3aci0 cmiikyBaHHs. ATreHTH OOMIHIOIOTHCS TOBIOMJICHHAMH. Mojenb
KOMYHIKaIlii CKJIaAa€eThCsl 3 HACTYITHUX MPUITYIIICHb:

1. 3B’S30K «OIMH-I0-OLHOTO». Ai.send(Aj, m) — arent A, Bixnpaeise
[IOBITOMJIEHHS M areHToBi A j (i, j={user,doctor, nurse,data}).

2. AreHT cmocTepirae TUIbKH Ti TOBIJIOMJICHHS, SIKI BiH BifmpaBisie abo
OJICPXKYE.

3. TloBimomieHHs nmocTOBipHi. IloBiOMJIEHHS HE CTBOPIOIOTHCS W HE

PYWHYIOTBCS 1HQPACTPYKTYPOIO.

4. IloBimOMJEHHS  BIOPAJKOBaHI.  YIOPSAOKOBAaHI  CIIOCTEPEKECHHS
BIJIIIPABJISIOTHCS Y BUIIISIAL MOBIIOMIIEHb. OniepKyBad MpUiiMae MOBIAOMIIEHHS 32
HOPSIKOM IPOXOKCHHS.

CnocrepexenHsa areita A, B KOHKpeTHOMY BukoHaHHI MAS omnucyroTtbscs

IIOCJIIJOBHICTIO HOBiI[OMJIeHI:<mO,ml,...,mn>A , CIIOCTEPEKECHHSI MYJbTHAr€HTHOL
i

CHUCTEMH OIMCYIOThCS BekTopom Obs = [Obs Adoctor,ObS Ao ,Obs Anurse,Obs A } , Je
Obs, — nocnifoBHicTh criocTepexens arenra A;.

Cnocrepexxennst Obs arenti VA, A | € MAS cryIiHi B TaKUX BUIIAIKAX:

— skmo noBimomnenHs  A,;. send(A i m,)  Hanexuts Obs A Toi
HOBiIOMIICHHST A send(Aj, m, ) Haiexuts i ObS A (k= O,_n) X

— SIKIIO MOBimOMIICHHS A. send(Aj, m,) nHanexutb Obs A 1 MOBITOMJICHHS
A, send(Aj, m,) mnepeaye mnoBigomieHHIO A. send(Aj, m;) B Obs A Toai
nosinomnenns A;. send(A;, my) nepenye nosimomsennio A;. send(A;, m;) B
Obs p, TaKuM HHHOM, CIOCTEpEKEHHS Obsy as sBIE COOOI0 MHOXHHY YCiX

craniB cucreMu MAS.

CriiikicTs. Cructema nepe0yBae B CTINKOMY CTaHi, SIKIIO HisIK1 MOB1IOMJICHHS
HE TPUIUMAIOThCA 1 HE TepenatoThes. CrnocTepekeHHs MnepedyBaroTh y CTIMKOMY
crani, akmo VA;,A;€ MAS nosinomnenns A;. send(A;, m,) nanexntsObs, |

TOJi TOBiOMIICHHS A, Send(Aj, m, ) Haiexuts Obs A (k = (ﬁ) :
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HisicHicTh. Hexaii Obs, mociiaoBHICTH [MOBIIOMJIEHD BUJTY
]

<m0’m1""’m”>Ai' Tomi ana  Oynop-akoro moBiZoMieHHs M’  dopma

<m0,...,mn,m'>A € KOHKATEHAaII€I0 ObsAi 3 m' MHOXHHY MpOTO3UIIIN

i
Seq(Obs A ), SIKy MO’KHa BUBECTH 3 MHOxHHH ODS A, » SIBIIE CO0OIO CTaHu A micist

crioctepexeHHs nosizomieHb B Obs, . OOMekeHHs LiTiCHOCTI BUTTISAa€ B TaKHil
1

cooci0: | mlAnt2: Antlim'| , me Ant2 i Antl mepen- 1 mciIsyMOBH BIUIMBY Ha
A p y y

i
M, M' — edeKT BIUIMBY HA M 32 YMOBU BUKOHAHHS TIEPEI- 1 TMCITYMOB.
YiromkeHicrb. Y3rokeHICTh B OaraToareHTHIA CUCTEMI BUIUILIA€ B TaKUU

coci6:[ (MAS) |, sxmo VObs, €Obsy,s cnoctepexenns Obs, — crifiki i

IMOBHOI[IHHI II[010 OOMEXEHD IIIIICHOCTI:
VA;,A; € MAS: Com(pr,us,an,re) e Seq(Obs, ) = Com(pr,us,an,re) e Seq(Obs, )

TakuM 4MHOM, CHOCTEPEKEHHS TOrO CAMOT0 aHTEUEAEHTY MOCTa4albHUKOM
MOCJIYT 1 KOPUCTYBAa4eM MPUBOJUTH 10 3MIMCHEHHS OAHIET Jii IS TOCATHEHHS
Oa)XaHOTO pe3yybTaTy.

KoxHuii areHT ommcyerscss HacTymHuM Habopom A, ={A! E’ Feaa,A’,
Fase,Fasaa}, ne Al — MHOXXHHA Jiii areHTIB: i=user: «AT€HT KOPHCTYBa4a» Ayser
30upae i1H(opMaIil0 TPO KOpHUCTyBaua BeO-pecypcy ¥ TOBepTae pe3yJsbTar
(HampukJIa, pu 00poOIIl 300paKEHHSI HOBOYTBOPEHB IIKIPH: MOMEPEIHIN 11arHo3
— HeBYC); 1=expert: «ATeHT eKCHepTa» Aexpert 3BEPTAETHCSA 32 HAJAHHSIM IOCIYT
(aHay13 MEIUYHUX 300pa’K€Hb, BIAJATICHUNA MOHITOPUHI CTaHy 3[0pPOB'S JIIOAUHU
To10); 1=data: «AreHT oOpoOKHM NaHUX» Adaa TIEpEAE/TIPUIIMAE 1HPOPMALIIIO IS

HarpoOMa/UKeHHsT W aHamidy iHopmaiii; ES — MHOXHHA CTaHIB 30BHIIIIHBOTO
cepenosuimia;  Feaa:Al xES — AT _ GyHKIil  MOBEXIHKM  30BHIIIHBOIO
cepenmoBmia; A; — MHOXKHHA BHYTDIIIHIX CTaHIB areHTiB (mepenae, oJepxye abo
ouikye moBigomienns); Fase:AS xE’ — A’ — QyHKIIiT BiJHOBJIEHHs CTaHy areHTa;
Fasaa: A’ — E’ — dyHKIii npuilHATTS pillieHs Ui 3MiMCHEHHS i areHTOM 3a

NOTOYHHUM BHYTPILIHIM CTaHOM:
— BigoOpaxenHns II:P — A 1o3Bojisie sl KOXKHOTO KOpHUCTyBada BeO-

pecypey ognepxaru Take Aj €A (j=1,_Q), K€ € PIMICHHSAM 3aBJaHHS aJarTarii
BeO-pecypcy, (P — mHOkuHA 1HGOpMatiitHux noptpertiB [nTepHer-Kopucrysauis,
A — MHOXWHA 1HTEpPeiiciB BeO-pecypcy, 2 — KUTBKICTh KIacTepiB);
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— ¢yukiigs @ :C— S, mo BimoOpaxkae, Al KIHIIEBOT MHOXUHHU JOCTYITHUX
JDaHUX Tpo KopuctyBada opmye S, €S (n :1,_N), AK€ € PIIIEHHSIM 3aBJIaHHS

aBTOMATUYHOTO TMOPOKEHHS TINMOTE3 MPO MPUYMHU HASBHOCTI ab0 BiJCYTHOCTI
neBHUX BiactuBocTel [HTepHEeT-KopucryBada (C — MHOXKHMHA JOCTYITHUX JaHUX
PO KOPUCTyBava, S — TIMOTE3H, 10 € IPUINHOIO HASBHOCTI IJIbOBOI BIACTUBOCTI,
N- KIJIbKICTb IIJIbOBUX BJIACTHBOCTEH );

— Bigobpaxenus [':G—>R nmosBomse mia Oynb-skoro [HTEpHET-
KopucryBaua oxepxaru Take m; €R (m; — cramioHapHa WMOBIPHICTH PO3MOILTY

nporecie X={X,, t>0}, X, — cropiHka, sSKy KOPHCTyBa4 BiJBigaB IiJ dYac
t, (t>0)), sxuit € pimieHHSIM 3aBJaHHSA aHANi3y MOBEAIHKM KopucTyBada (G —

rpad BeO-cepdiHry KOpHCTyBaya) TOIIO.

a

. 73 _ ap ap
IlnanyBati nii areHt moxe y takuii cnoci6: AP ={A;,P™,[[",p 1,50}, K€

P — MHOXHHAQ CIPUAHATTS areHTOM CTaHIB 30BHIIIHBOTO cepenoBuina; ;-

MIIMHOXKHHA BHYTPIIIHIX CTaHIB areHTa, 1[0 € YaCTUHOIO MHOXKUHHU BHYTPIIIHIX

cranip arenta [=IP x1'; p,, < PP <[P xI’ x Al — BifHOIIEHHs NEPEXOJiB, 1O
BU3HAYAE 110 CIIPUMHATTIO Pi¥ IMOTOYHOTO CIPHUAHSTTS 30BHINIHBOTO CEPEIOBHINA
i TIOTOUHOMY BHYTPIIHBOMY CTaHy IimaHy "' ; 1., €l — mouatkouit cran

areHra.

TakuM YWHOM, pe3yJlbTaTOM IUIaHYBaHHS OyJe MHOXXHMHA JIQHIIOXKKIB
Mepexo/liB areHTIB 3 MOYAaTKOBOTO CTaHy B KIHIIEBUH, IO pealli3y€e MOCTaBJICHY
METYy.

Meroaun Ta 3aco0u 3a0e3meveHHsi iHQopmauniiiHol Oe3mexku. B naHiii
MEJIMYHIM cUCcTeMi 00OB’S3KOBO TMOBHHEH OYTH peai3oBaHUMN PsJ 3aXOIiB II0JI0
3a0e3nedeHHs Oe3neku sk 1Hdopmailii, Tak 1 1HGOPMAIIHHOT CUCTEMH B IIJIOMY.
bynp-skuii KOpucTyBad, 10 OAEPXKYE HOCTYH 1O CHUCTEMH, HECE IIOBHY
BIJINOBIJIAJIBHICT 3a 3a0e3neueHHs KOH(DiAeHLIHOCTI 1HpopMalii, [Ky BIiH
BHOCHUTb, BUKOPUCTOBY€E a00 Mepenae IHIIMM KOpUCTyBayaM. TakuM 4uMHOM, AJs
BUKOPUCTAHHA  CHUCTEMH  HEOOXIJHO  BHUPIIMIEHHS  HU3KM  MPOrPAMHHUX,
OpraHi3auiifHO-TEXHIYHUX MHUTaHb. BUIbII KOHKpETHO mia Oe3nekoro iHpopmailii
OyneMo po3yMiTH CTaH 3axXHUIIEHOCTI iHQopMalii, Mo 00poOIsIEThCs 3acobamu
OOYHMCTIOBANILHOT TEXHIKH, B1J BHYTPIIIHIX a00 30BHIIIHIX 3arpo3, a TAKOXK 3aXUCT
iH(dopmariii Bi BUTOKY, PO3KpaJaHHs, BTPATH, HECAHKI[IOHOBAHOTO 3HUIICHHS,
BUKPUBJICHHS, MOau(ikamii (mapoOKn), KONitoBaHHS 1 OJIOKYBaHHS.

Ha puc. 5 mpencraBieHa Mojaeib B3a€EMOJII TEXHIYHUX, OpTaHi3amiiiHUX 1

NPOrpaMHUX KOMIIOHEHT, SIKi 3a0e3neuyioTh 1HpopMalliiiHy Oe3leKy B CUCTEMI.
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PoGoTa B cuctemi BelleThCsl B pO3paxOBAaHOMY Ha 0OaraTo KOPHUCTYBAYiB PEXUMI 3
PO3MEKYBaHHSIM MpaB JOCTYIY 3a paXyHOK 11eHTU(iKallii cy0’ €KTiB.

3aranbpHa cxeMa 3axHcTy iHpopmManii

[Tpunumnu 3a6e3neuenus [b

v

Ormmc TeXHIYHAX 3aC00IB CHCTEMH, MMOTPIOHUX TIi T 9ac eKCINTyaTallii, HOpSAKY Ta

periaMeHTy il KOpHCTyBadiB CHCTEMH
[ [
IMonitnka 3axucty Bix HCJ| Pernamenr 3a6e3neuenss Ib
Cucrema 3axucr Yrpasninus .
. } SaXuCTy -« P —1 ApnwminictpyBanHs B
mHbopmarii Bim HCJI nonitTukoro 1b
Jani nonituku Ib Permamenr BegeHHs
JKypHaiB
KopucryBaui cucremu i
‘ ~ Kypnamm
N N————]  ®Daitm 3Biri
Jani moxii cuctemu v* T 3BITIB —»| Oe3meku
(log)
l—b bJ1 AmMiHICTpyBaHHS i
(Tabnuui KOpUCTYBaUiB, 30BHIIIIHI HanamTyBaHHs [13
PiBHI mocTymy, rpadik | aHTHBIpyCHi |
poboTy, ...) nporpamm

Puc. 5. Moaesab B3aemo/ii KOMIIOHEHTIB iHGopManiiHoi 0e3nmexn

[Ipu Bxoml B cucreMy 1 BUJA4y 3alHTIB Ha JOCTYH MPOBOAUTHCS
ayTeHTU(DIKaIllsl KOPUCTYBaUiB, IKa Ma€ B CBOEMY PO3MOPSIKEHHI HEOOX1aH1 JdaH1
Uit inenTrdikaiii, ayreHTudikaiiii, a TaKoX MEPEmIKOKA€ HECAHKI[IOHOBAaHOMY
noctyny g0 pecypciB. II[o6 3abesneuntu Oe3neKy aHMX, CUCTEMa 3aXHUCTY
oOMexye noctyn o iHdopmalli HaBITh BCEPEAMHI OJHIET TPYMU KOPUCTYBAUiB.
Tak, nikap Mae I0CTyH 0 CBOiX 1CTOPid XBOPOOM 1 10 apXiBHUX ICTOPii XBOpoOU
TUX TAIIIEHTIB, SKUX BiH KypUPYBaB; 3aBIayBay BIIUICHHSIM — TUIBKH JIO 1CTOPIM
XBOpPOOM TMAIlIEHTIB CBOTO BIJJIIJICHHS; JIIKAP-KOHCYJbTAHT OTPUMYE JAOCTYI IO
1ICTOpi XBOpOOM 3aJaHuX (aAMIHICTPATOPOM O€3IMeKH) BIAIIJICHb 1 TIIBKH TPHU
HAsIBHOCTI BIJIMOBIHOTO HAIPSIMY B €JIEKTPOHHIH 1CTOPii XBOPOOH.

Oco0nMBICTh apXITEKTypU CHCTEMU B TOMY, IO JaHI MEAMYHOTO 3aKJIaay
30epiraloTbcs Ha IEHTPAIBLHOMY CEpBEpi, SIKUH PO3MINIYETHCS B 3aXHIIECHOMY
npuMilieHHl. Ha koMmm’roTepax MeIUYHOIo TMEepCoHaly JaHi He 30epiraroThCsl.
CepBepHe oOnagHaHHS 1 poOOYl MICIE MEIUYHOTO TMEpPCOHAy OO0 €IHaHI B
JOKalbHy OOYMCIIOBAJIbHY MEpexy 1 3a0e3neuyroTh HalliHy poboty
iHdopmariiinoi cucremu. Bcei cnpobu Bxomy B cucteMy (DIKCYIOTBCA B
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€JIEKTPOHHUX JKypHaJIax.

3axuct 1H(popMamii Bl HECAHKI[IOHOBAHOTO JOCTYNMy 3a0e3MeueHo
Osi0KyBaHHAM jaoctyny 1o iHbopmarii: st CYBJ[ — 3 60Ky gk mepcoHany, Tak i
TUX 3aBJaHb CHCTEMH, SKUM JaHa 1H(dopMalis He TMOoTpidHA B CHIY
(GYHKITIOHATIBLHOTO MPU3HAYEHHS, Ha poO0YOMY MicCIli — 3 OOKY KOPUCTYBauiB, IO
HE BOJOJIIOTH BIANOBIIHMMU TIOBHOBRXEHHSMH Ha JOCTYN JO PI3HHUX
iH(OpMaIIITHUX pecypciB; MO KaHAJIaX 3B’SI3Ky — 3 OOKY MEpEeKEBUX KOPUCTYBaUiB
1 THUX 3aBJAaHb CHUCTeMH, SKUM JaHa iHpopMallis HE TMOTPIOHO B CHILY
(YHKIIIOHATIBLHOTO MPU3HAYCHHS.

MopenoBanns. BukoHaHo MoJenioBaHHs, 3aCHOBaHE Ha CIIOCTEPEKEHHSIX 3a
HAIiEHTOM 3a MOKa3HWKaMM JaT4uKiB [6]. Amanraliifini mpouecu MOICITIOBAIINCS
SK XapaKTepUCTUKUA HUXKUOTO PIBHS (HAIPUKIIAJ, POJIbOBI XapaKTEPUCTUKH), SKI
Oynu mepeBelieHI B MIAMHOXKMHY T 1L, HasuBaHy leads-to. Jlima 1poro
Bukopucraia MmoBa LEADSTO, a takox TTL Editor qyst nepeBipky nMpaBHIbHOCTI
MozemtoBanHs. Crpomenuii ¢opmar leads-to 7103BOJIsIE MOICTIOBATH MPSMI
TUMYACOBl 3aJIEKHOCTI MIXK JBOMAa XapaKTEpPUCTUKAMHU CTaHy B TaKHil crociO.
Hexait a 1 B — XapaKkTepUCTUKHN CTaHy «KOH IOHKIIIT JIiTepatiBy» (1e JiTepan — 1e

atom), i e,f,g,h — HeBix'emui miiicHi ywmcina. Y wmoBi LEADSTO Bupas
0L —>—> ognP O3HAYAE HACTYIHE: AKIIO XAPAKTCPUCTHKA CTAHY 0 3HAXOJUTHCS HA
NICBHOMY 1HTEpBaJIi Yacy i3 TPUBAIICTIO {, TO MiCJIs JACSIKOi 3aTpuMKH (Mik € 1 f)
XapakTepuctuka crany [ Oyne mnepeOyBaTd Ha TEBHOMY IHTEpBall dacy

JOBXHHOIO h .

PeanmizoBana oOkpema T1OCTaHOBKA 3aBAaHHS — Harjsg 3a piBHEM
apTeplaJbHOTO THUCKY MallleHTa Ta MPUUHATTA Mip Uil 30€pe’KEeHHS 310POB 5.

VY 3aBaaHHi, 0 TIOB’s3aHE 3 apTepiaJIbHUM THUCKOM, 3MiHHI TIOB’s13aH1 came 3
tuckoM: high stress lvl, normal stress 1vl, low stress lvl. Takox, 3MmiHHI aJis
MO3HAYEHHS TOTO, 110 caMe MOTPIOHO pOOUTH 3 MOKAa3HMKaMM TUCKY: home care,
call amb, do not call amb. 3agaHo yac s KiHIIEBOIO MOJICIIFOBAHHS Ta JI0JAHO
IHTEpBaJIM I KOXKHOT 31 3MIHHUX apTepiaabHOTO TUCKY (Hampukiaa 10 oaquHuIb),
a TaKOX MOYATOK CJIiAy Ta KiHelb. KiHelp iy mo3Hadae mo4aToK HACHIAKY st
naHoi 3MmiHHOi. 3MiHHa high stress lvl curnanizye, mo mnoTpiOHO BHMKJIHMKATH
MIBUIKY W HalaBaTH HErailHy JOMOMOTY Mali€HTy. YCciMa 4acOBUMHM BIIMITKaMHU
MOSICHEHE, IO SKINO BUpa3 Oy/1e HOCUTH NPABAUBUN XapakTep 3 TPUBAIICTIO g, TO
BeCh BHpa3 Oyjie MaTu 3HAYEHHs TpUBAIICTIO h 13 3aTpumkoro 0.0 (puc. 6).
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"I Leads To Editor SRICEL X
File Edit Settings File: |, I
=)~
E—ROOT i
B—Ieadsto
-A- normal_stress_vl
C: do_not_call_amb
EFGH: efgh{0.0.2,8)
E—leadsto
A low_stress_
C: home_care
EFGH: efgh{0.0.5.5)
E—leadsto
A: high_stress_M e lesTosmionton ~ — 77 7 7 Mgy ol ot
C: call_amb Eile Settings Eile: [1o/speciexamples/stress Mt
EFGH: efgh{0.0.1.7) @ o8
——end_time(10) [
F—interval
R: range(0,1) [ | ||/do_not_call_amb
F high_stress_ home_care
interval high_stress_Ivl
R: range(0,2) normal_stress_Ivi
F normal_stress_vl low stress vl
interval - -
LR rannaln 5 -| call_amb
time ° 5 ¢
‘ Quit ‘
Gut__| [ Loading and g specication  JrnowLsadsiofspeciexamplesisiress M 1 Suiston complted

Puc. 6. Yacosi inTepBasu a4 ycix Leads-to-ymoB

Jlnst mepeBipkH KOpPEKTHOI podoTu crnemnudikaiii 3anyckaetbes LEADSTO
Simulation Tool, 1 gxmo mig 4ac BBeACHHs crenudikailii He BUHHUKIO HISIKUX
MOMMJIOK, TO Oy/ie TOKa3aHo pe3yiabTaT Ha 3pa3oK puc. 7.

~

_
= SWI-Prolog (Multi-threaded, version 5.5.26) . =HAEN X

File Edit Settings Run Debug Help

LEADSTC versionm 1.27
1 ?- Loading and running specification d:/ounmowm/Leadsto/spec/examples/stress_lvl.lt...
T d:/gunnou/Leadsto/spec/examples/=stre=ss_lvl.lt compiled into =pec 0.00 =ec, 2,604 bytes
HANDLED TIME -> &
HANDLED TIME -> 9
HANDLED TIME -> 10

SAVED TRACE IN trace.tx
TIME:0.00299995 CPUTIME:0.0

Simulation completed

Puc. 7. YcninmHo BUKoOHaHA cnienu@ikanis

Po3pobriena  excrnepuMeHTanbHa cHcTeMa  Jgo0pe  Y3TOMKYEThCS 13
3aIpoIoHOBaHOI0 apXxiTekTyporo cloud-fog-dew s cepBic-Opi€EHTOBAHUX CHCTEM.
[{s cucTeMa BKJIFOYA€ YOTUPU TUIIU TPOTPAMHOTO 3a0€3MEeUEHHS.

1. I[lepconanpHe mporpamHe 3a0€3MEUYCHHsT BCTAHOBIIOETHCS HA OCOOMCTOMY
upoBOMYy TPHUCTPOi TMalieHTa. BOHO B3aeMojaie 3 MEIMYHOIO anapaTyporo
(IaTyuKH, BUMIPIOBAJIbHI MPUCTPOI TOIO), KA 30upae 1H(pOpMAaIIiio PO narieHTa
Ta Biamnpasisie onudposany iHbopmariito Master-cepsepy.

2. Ilporpamue 3abe3medeHHs OOCITYTOBYIOUOTO MEpPCOHANY 3 €IHYETHCS 3
Master-ceppepom 1 oTpuMye JaHI BIATNOBIAHO N0 BUMOr KopuctyBaya. lle
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nporpamMHe 3a0e3nedyeHHs 103BOJIsi€ B3aEMOMISITH 3 JAHUMHU IIPO CTaH Malli€eHTa He
3aJIe)KHO B1J] MICIISI pO3TAlllyBaHHS CIIOCTepiraya.

3. CepBepHe TmporpamMHe 3a0€3MEUEHHS CTBOPEHE 13 3aCTOCYBAHHSIM
00’€KTHO-OpieHTOBaHOT MoBHM mporpamyBanHs C# s mmarpopmu  NET
Framework ta BcTaHoBieHo Ha Master-cepepi. BoHo 00po0isie 1 30epirae naHi
npo namieHTiB. s 30epiranns iHpopMarliii mpo KOpUCTyBauiB oOpaHa 6a3a JaHuX
MS SQL Server. IligkmroueHHs mo 0a3u JaHUX 3MIHCHIOETBCS 3a JOIOMOTOIO
ORM (Object-Relational Mapping).

4. Pe3epBHE KOIIIOBaHHS JaHWUX 1 iX BIATBOPEHHS — II€ MEXaHi3M, IO
3a0e3rneuye O6e3neKy JaHuX MpH 3001 B poOOTI cepBeEpIB.

Beo6-iaTepdetic cucteMu peatizoBaHUN 3a JOMOMOTOI MOBH TiIEPTEKCTOBOT
po3mitku HTML, kackagnux tabmuie ctuiiB CSS 1 ckpuntoBoi MmoBH JavaScript.
Moga JavaScript no3BoNMIIa OTpUMATH MaKCUMAaJIbHO TMOBHY iH(MOpMAaIlilo Mpo
KOpPHUCTYBaua, sika 3aCTOCOBYBaacs JJisi aBTOMAaTUYHOI JIOKadi3alii CTOpPIHKH, a
TaKOX IPO PO3MIpU JUCIUIES, IO JO3BOJMIO aBTOMAaTHYHO TMepely10ByBaTu
pecypc B 3aJIEKHOCTI Bl HUX.

PeanizoBana okpema MOCTaHOBKA 3aJlayl MEPBUHHOI J1aTHOCTUKU TiMEPTOHIT
Ha MIACTaBl MOKa3aHb IU(PPOBOro BUMIpIOBaya apTepialibHOrO0 TUCKY. Y Mpolect
MOHITOPHHTY TAIlIEHT BIJJAJICHO BIJAMOBIAA€ HA MUTAHHS, HaBeJEHI B aHKeTi. Ha
M1JCTaBl BIANOBIACH (hOPMY€EThCS BEKTOP OMUTYBAHHS, SIKMI Pa3oM 3 pe3yJIbTaTOM
OoOpoOKM TOHOMETpa HAJAXOJWTh HA BXiJI HEHPOHHOI MepexXi IJsi MOCTaHOBKH
NEPBUHHOTO J1arHo3y. 3ajeXHO BiJl OTPUMAHUX pE3yJbTaTIB MOOUIBHUI areHT
Agoctor  TIOCHJIAE  pPEKOMEHAAIli Tpo  JKyBaHHS, Ja€  PO3MOPSIHKCHHS
00CIIyrOBYyIOUOMY MEPCOHATY a00 3A1MCHIOE I3BIHOK Y IMIBUAKY JOTIOMOTY.

B xox1 ekcrieprMEeHTIB JIiKapeBl CMOYaTKy MPOMOHYBAJIOCsS 3pOOUTH J11arHO3
CaMOCTIMHO, MTOTIM 3 BUKOPUCTAHHSIM po3po0IieHoi cuctemMu (Tadn. 1).

Kpurepiem e(eKTUBHOCTI PO3pO0KH € 3a/10BOJICHHS BUMOT

k:V(D; eD)[(* <t™) & (" <t™) & (' < ™) & (w>w™)] =Yy, ne D, —
1oji3a/1a4a CIiIBHOI cripaBu HajaHHs cepeicy Dy, ; 1 — 4ac apanrarii nokansHOro

caiity, 1° — yac 06pOOKM MeIUKO-IiaTHOCTHYHHUX NOKA3HUKIB, T — 4Yac peakiii
CUCTEMU; ® — CTYIIIHb PEJIEBAHTHOCTI BiJ0OpaskeHoi iH(opmarrii.
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Taoaunsga 1
Pe3ysnbTaTu TecTyBaHHSA PO3P00JI€HOI CHCTEMH BiIaJIeHOT0 MOHITOPUHTY
CTaHY 3I0POB’sl Malli€eHTA

» | Po3monin pesybTartis 1o Kiacax
g 0e3 BUKOPHCTaHHs CUCTEMHU 3 BUKOPUCTAHHSIM CHCTEMHU
g
Knac =
2 = - = -
= s o §S)
.8 s 9 - o
2 s | 58| E5z| ¢ | §8| £&83
S| & | 88| £88| & | 88| £&¢
~ T Eg= m H X = Ee= m H
HOpMa 100 90 7 3 95 3 2
JIOMAILHIN TOTJIA 100 3 91 6 2 96 2
BHUKJIMK IIBUIKO1
A 100 0 9 91 0 5 95
JIOTIOMOTH

Ha puc. 8(a) nokazaHna iMiTaIlis mpouecy peecTparlii namieHTa Ha JOKaJTbHOMY
koMIT totepl. CKpIHIIOT iHTepdelcy Malli€HTIB Il KOPUCTYBayiB 3 MOOLILHUM
INPUCTPOEM TMOKa3aHO Ha puc. §(0).

~ BM® s1sem
Name Nata
Password:l

Max: connected a new observed

Nata: Temperature 36,6 C
Pulse 120/80
Pressure 70

Personalization HOME  Templates  Chents  Partners  Contact

( Observer One | Observer Two | Observer Three

News Patient: message from patient.
Doctor: message from observer, Pressure: 160/110

Puise: 100
Price se: 1

2 Send message
Registration .

. Temperature: 366

Puc. 8. Imitauis npouecy peecrpauii namieHra

3anmpornoHoBaHa CUCTEMAa JOTIOMOXKE MaIlleHTaM, skl mepeOyBaroTh Ha 00Ky
B MEJMYHOMY 3aKjaji, CBOEYACHO OTPHUMATH MEIUYHY JOMOMOTY 3a PaxyHOK
B1/IJIAJICHOTO0 aBTOMATUYHOTO KOHTPOJIIO CTaHy 310POB’SI.

BucHoBoKk.

B poGoTi po3rnsmaeTscs METOMOJOTIYHUHN MiaxiJ 10 MOOYJOBH CepBic-
OpPIEHTOBAHOTO CEpPEJIOBUINA, SKHM MICTUTh CKJIAJOBi, M0 BPaxOBYIOTh
PI3HOPIIHICTh JTaHMX BEJIUKOrO0 00CATY, 3ac00M IMOJ0JIaHHS TpoOJeM i1HTerparii
ICHyIOYMX 1 pO3poOJEHUX TMPOTPAMHUX MOIYJIIB B €IUHUN KOMIUICKC.
3anponoHOBaH1 METOAM 1 MOJEeJl MoO0YyIOBU MPOOJIEMHO-OPIEHTOBAHUX CEPBICIB
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3a0e3MeYy0Th BHCOKOPIBHEBHH JOCTYN 3apeecTpOBaHUX KOPHUCTYBadiB JI0
CHellali30BaHUX MPOrpaMHUX KOMIUIEKCIB, IO JI03BOJISIE ONEPATUBHO pearyBaTu
Ha 3MIHHM, SKi BiAOYBalOThCS Yy pealbHOMY Yaci. 3ampolOHOBAHO MOJIETh
3a0e3neyeHHs 1H(opMariitHoi Oe3meku, o mependayae CTBOPEHHS CHCTEMHU
3aXUCTY MEAWYHOI 1HdopMallli Ta KOMIIOHEHTIB iH(opMaiiitHoi cuctemMu 3a

yTPUMAaHHS.

Jliteparypa

1. H.T. Axcak, “Konnenmiss ~ moOyAoBH  MyJbTHAar€HTHUX  CHCTEM
pO3MOIITIeHOT HelpoMepekeBoi 00poOku Benukux nanux’, Bicamk XHTY, 1.1,
Ne 3(66), c. 205-212, 2018.

2. N. Axak, D. Rosinskiy, O. Barkovska, I. Novoseltsev, “Cloud-fog-dew
architecture for personalized service-oriented systems”, in Proc. 9th IEEE Int.
Conf. on Dependable Systems, Services and Technologies, DESSERT 2018, Kyiv,
Ukraine, 2018, pp. 80-84

3. N. Axak, “Development of multi-agent system of neural network
diagnostics and remote monitoring of patient”, Eastern-European Journal of
Enterprise Technologies, vol. 4 No 9(82), pp. 4-11, 2016.

4. H.T. Akcak, H. M. KopabneB, “/I[UCTaHLIMOHHBII = MOHUTOPUHT
MalMeHTa Ha OCHOBE KOHIIEMIIMU areHT-rpynmna-pois”’, CUCTEMHI AOCTIKEHHS Ta
iHpopMmartiitHi Texnomorii, Ne 3, ¢. 7-18, 2018.

5. H.T. Akcak, H. M. Kopabnes  “Cormacopanne  MHOTOareéHTHBIX
00s13aT€NIbCTB B CHCTEME YJAJICHHOTO MOHHUTOPUHIA COCTOSIHUSI 3JI0POBBS
yesoBeka”, VIHTeNneKTyanbHble CHUCTEMbl TPUHSTHS PEIICHUNH W MPpoOIeMbl
BBIYUCIUTEILHOIO UHTEIJIEKTa: COOPHUK Hay4YHBIX TPYAOB, XepPCOH: BUIaBHUIITBO
“I1IT Bumemupcepkuii B.C.”, ¢. 139-141, 2018.

6. H.TI. Axcak, H. B. HoBocenbliies, J1. H. Pocunckuit “Cucrema
Npe0CTaBICHUS] MEIUIIMHCKUX YCIyr Ha OCHOBe apxurtektypsl cloud-fog-dew”,
Hayxka Ta BUpOOHUIITBO: MIXKBY3. Temar. 30. Hayk. mp., Bum. 19, IBH3 “IIATY”,
Mapiynons, I[IITY, c. 150-159, 2018.

154



I'JTABA 11

HEYITKO-MHO’)KMHHA METO/IUKA OLIHKHA
KOHKYPEHTHOCITPOMOXHOCTI HIAITPUEMCTBA

Beryn i mocranoBka 3agaui. [lopsag 3 TEOpeTHYHHMM JOCHITKEHHSIMU
CYTHOCTI PMHKOBHUX BIJIHOCHH, B Cy4acHiH JIiTepaTypi OOTOBOPIOETHCS TMpobiema
MPAaKTUYHOI  OIIHKM  KOHKYPEHTOCIIPOMOXXHOCTI  CYO’€KTIB ~ €KOHOMIYHOI1
JUISUTBHOCTI. Mo>xHa KOHCTaTyBaTH, 10 B MATAHHIX OL[IHKH
KOHKYPEHTOCIPOMOKHOCTI MPOAYKIli Ha ChOTOJHIIIHIN JIEHb JOCATHYTO TEBHUX
yCHiXiB, pO3po0JeHi IUJIKOM TPHUHHATHI METOAWUKH OIIIHKA TIOKa3HHKIB
KOHKYPEHI[li 1JeHTUYHUX ToBapiB 1 mociyr. CkiaAHilia crpaBa 3 OLIHKOIO
KOHKYPEHTOCIPOMOXHOCTI mianpueMcTB. He3Baxkaroun Ha Te, 0 MEBHI KPOKU B
IIbOMY HampsSMKy pOOWIHCS 1 pOOJSATHCSA, YHIBEpPCAIbHOI 1 3arajibHOBHM3HAHOI
METOJMKM KOMIUIEKCHOT OLIHKM KOHKYPEHTOCIHPOMOXHOCTI  MIJIMPUEMCTBA
C€KOHOMICTaMH B JaHUW Yac HE BUPOOJeHo. Y TOH ke 4ac, morpeda B OIIHII
NEPCHEKTUB PO3BUTKY TOTO YW 1HIIOTO MIANPHEMCTBA ICHYE, OCKIJIBKH B YMOBax
PUHKOBOi E€KOHOMIKHM OIlIHKa CBOiX KOHKYPEHTHHMX TO3UI[I € HEeB1JI'€eMHUM
€JIEMEHTOM JISIBHOCT1 Oy/Ib-KOTO TOCIOIapIoyoro cyo'exra [1].

BuBYeHHS KOHKYpPEHTIB 1 yMOB PHHOYHUX BIJHOCHH B Taiy3l MOTPiOHO
NIJIPUEMCTBY B MEPILY YEPry ISl TOTO, 00 BU3HAYUTH, B YOMY MO0 MepeBary i
HEJIONIIKM Tepesl HUMHU, 1 3pOOUTH BUCHOBKHU JUISI BUPOOJICHHS MiANPUEMCTBOM
BJIACHOI YCHIIIHOI cTparerii 1 MIATPUMKU HoOro nepeBard. BusHaueHHs
KOHKYPEHTOCTIPOMOYKHOCTI IIANMPUEMCTBA € HEBII'€EMHUM €JIEMEHTOM JisJIbHOCTI
OyJIb-SIKOTO TOCTIO/IApIOI0U0ro cy0'ekTa. 30KpeMa, OIlIHKa MOJAIbIIO0I €(eKTUBHOI
JUSTTBHOCTI TOCTIOZAPIOI0YOTo Cy0'eKTa HEOOXITHA B IIJISX: PO3POOKU 3aXOIB 1O
NIJBUIIEHHIO KOHKYPEHTOCHPOMOXKHOCTI; BHOOpPY KOHTPAreHTIB ISl CHLIBHOT
JUSTTBHOCTI; CKJIQJIaHHSI MPOTpaMu BUXOAY MIAMPUEMCTBA HA HOBI PUHKH 30yTY;
3MIMCHEHHS] 1HBECTULIWHOI AISUIBHOCTI; 3IMCHEHHS JEp>KaBHOTO PETyJIIOBaHHS
€KOHOMIKHM Ha OCHOB1 BUCHOBKY IIPO CTaH BI/IMIOBITHOTO PUHKY.

Y Oyap-KOMy BUNAAKy 3IIMCHEHHS OILIIHKA KOHKYPEHTOCIPOMOKHOCTI
MIIPUEMCTBA MAa€ Ha METI BHU3HAYUTHU TOJIOKEHHS MIANPUEMCTBA HA PUHKY.
OCHOBHMM  3aBJJaHHSIM KOXXHOTO  CIHeIliajicTa, sSKUM BHUBYAE MpodiieMy
KOHKYPEHTOCTIPOMOKHOCTI MMIAMPUEMCTB, € BU3HAUYCHHS €(EKTHBHOTO METOIY
OLIIHIOBAHHS ~Ta KpUTEPIiB, WO XapaKTEpU3yIOTh MAISUIBHICTH CyO’€KTa
rOCIIOapIOBaHHS.
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B exoHOMIYHIN iTepaTypl PO3MISIIAETHCS BEJIMKAa KUIBKICTH MIAXOMIIB 0

METO/IIB OI[IHKM KOHKYPEHTOCIIPOMOXHOCTI HIAMPUEMCTBA, 1X 3MICT HaBEACHO B

taoi.1 [1-3].
Taoaunsa 1
3MicT HAWOLIBII MOIIMPEHNX METO/XiB OLiHIOBAHHS
KOHKYpEHTOCHpOMO)KHOCTi HiI[HpPICMCTBa
Meron 3MicT METOTy
1 2
ol CyTb OLIHKM TOJATa€E B aHaANi31 MaTpull, MoOyn0oBaHOI 32 MPUHIUIIOM CHCTEMHU
;:? § Eﬁi ~ KOOpI[I/I}.IaTI H.O.v TOPHU30HTAI - TEMITH 3p(.)CTaHH$I(CKOpO‘-I€HHSI KUTBKOCTI
g S 5 E% NpoAaXiB B JIIHIKHOMY MacmTali; 1O BEepTUKaldl — BiJHOCHA YacTKa TOBapy
P :8’ %’:g | (mocayru) Ha PUHKY. Haii0inpil KOHKYPEHTHO3ZATHUMH  BBa)KAIOTHCS
L~ MiANPUEMCTBA, AKi 3aiiMal0Th 3HAYHY YaCcTKY Ha IIBHUIKO3POCTAI0UOMY PHHKY.
x> Ha Bigminy Big marpuni BKIT € OaratodakropHoro  MaTpuiero i Oiibn
g § JeTalbHUM BapiaHTOM. BOHa CKiIajgaeThcsi yKe HE 3 YOTHUPHOX, a 3 JEB’ATH
§ % KBaJPaHTIB 1 XapakTepu3ye IOBIOCTPOKOBY MPHUBAOIMBICTH Talmy3i (PHHKY) Ta
=

KOHKYPEHTHY MO3HIIIO MiAIPUEMCTBA B Hil.

Meton
«mpodisiBy

[Tonsrae B imeHTHdIKAIl Ta KUIBKICHIM OIHIII XapaKTEPUCTHUK, SKI BH3HAYAIOTh
CTYIIHb JIOSJILHOCTI CITOKMBA4iB 10 MignpueMcTBa. lIpodins sBise coboro
CYKYIHICTh crHenn(iyHUX IapaMeTpiB, SKi XapaKTepU3yIOTh OO0'€KT aHami3y i
3aBJISIKM SIKMM BiH BiZJJOMHI IIUIbOBIH TpyIi crioskuBadiB. [licist TOro naerbes XHS
rpadivyHa iHTEepIpeTamis, sKa I03BOJISIE HAOYHO IMOOAYUTH TIO3WINiI, MO SKUX
MA€ThCS BiJICTaBaHH BiJl KOHKYpPEHTa a00 BUIIEPEKEHHS MOTO pe3yIbTaTiB.

SWOT-anami3

bazyeThcst HA OLiHII CUIBHUX 1 CIAOKUX CTOPIH MiJNPHUEMCTBA 3 OJHOTO OOKY, i
MOJKJIMBOCTEH 1 3arpo3 30BHIIIHBOIO cepefoBuina. Ha ocHOBI aHamizy
bopMyIOETbCS  CTpaTerist MIANPUEMCTBA, W0 JI03BOJIIE BUKOPHCTOBYBATH
MOJKJIMBOCTI MIANPHUEMCTBA 3 YypaxXyBaHHSIM BIUIUBY (DAKTOpPIB 30BHILIHHOTIO
CepeloBHILA.

baratokyTHuK
KOHKYPEHTOCITPOMOXHOCTI

IToGynoBa 0araTOKyTHHKIB KOHKYPEHTOCIIPOMOXKHOCTI ~ 3/11HCHIOEThCS
HAaCTyIHUM YHHOM: KOJIO JUISATh pajiajJbHUMHU OLIIHOYHUMH ILIKaJaMH Ha PiBHI
CEKTOPH, KUIBKICTh SKUX JOPIBHIOE KUIBKOCTI OOpaHMX KpHUTEpiiB; IIKaIM Ha
patialbHUX OPSAMUX IPATYIOIOTh TaK, 100 BCl 3HAYEHHS KPUTEPIiB 3HAXOJUIINCS
BCEPEIMHI OI[IHOYHOTO KOJja; 3HAYeHHS KPHUTEpiiB 30UIBLIYIOTBCS MO  Mipi
BiJIJAJIEHHS BiJ [EHTpa KOJia; Ha KOXKHIM BiCl 3 BUKOPUCTAHHSIM BiAMOBIIHOTO
MaciTaly BHUMIPIOBaHHS MO3HA4alOThbCA TOYKH, IO BiJNOBIJAIOTh 3HAYEHHSIM
KpUTEpiiB; MO TOYKaX BIAMOBIAHO JUII KOXHOTO 3 MIANPHUEMCTB HEOOXiAHO
MIPOBECTH JIaMaHy JIiHiI0, fIKa 1 popMye OaraTOKyTHHK.

Merton, mo
0a3yeTbcs Ha
Teopii

piBHOBaru

hinvu

Orminka piBHS KOHKYPEHTOCIIPOMOXHOCTI 3IHCHIOETHCS IUISIXOM CITIBCTABIICHHS
HE JuIIe BUPOOHUYMX BUTpAT, a 1 00CATIB Ta HOPMU NPUOYTKY, Ta/abo oOcsTiB
NpoAaxiB, Ta/abo PUHKOBMX YacTOK. bijbIl BHUCOKMH piBeHb MOKa3HUKA MPHU
CMIBCTABJICHHI  BBAKAETbCA 3a JIOCTATHIO YMOBY /Ui TOrO, LI00  OLIHUTH
HiANPUEMCTBO SIK OLIbII KOHKYPEHTOCIPOMOYKHE.
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3akinyenHsa Tadaumi 1

2

benumapkinr

VYcmimHO — 3aCTOCOBYETBCS Yy  NPAaKTUYHIN JUSUTBHOCTI AMOHCHKUX,
aMEPUKAHChKUX, 3aXITHOEBPONECUCHKUX Ta IHIIKUX KoMmaHii. OcobauBoCTI
OCHYMAapKHUHTA: 3araJIbHOCUCTEMHUN XapakTep (00XBaT BCiX aCHEKTIB JIisUIBHOCTI
KOMITaHii, BKJIOYalOYM il  KOpPiHHI 3MIHM SIK CHCTEMH B ILUIOMY); 4YiTKa
CIPSIMOBAHICTh Ha JOCSTHEHHS Kpamloro piBHSA; MPHUKIaTHA OpIi€HTAIlsl Ha
JOCSTHEHHS KOHKYPEHTHUX TiepeBar. beHumapkuHr — 1 Oe3nepepBHHIA,
CHCTEMAaTHYHHI TOIIYK BUBYCHHS KPalIOi MPAKTHKH KOHKYPEHTIB 1 OpraHi3arfii
3 CyMDKHMX Tajy3ei, a TaKoX IMOCTIHHE TOPIBHSAHHS O0a)KaHWUX 3MiH 1 pe3ysIbTaTiB
Oi3HECy 13 CTBOPEHOIO €TAIIOHHOIO MOJICILTIO.

PEST- ananiz

OCHOBHMM 3aBIaHHAM € MiHIMIi3allil BIUIMBY HEraTWBHUX (DAKTOPIB Ha MOKIUBOCTI
MiAIpUEMCTBA. AHAJI3 3MIHCHIOETHCS 32 CXEMOIO «YUHHHK - MiAIPUEMCTBOY». Pe3dynmbrarn
aHaTi3y o(hOPMITIOIOTECS Y BUIJISAI MaTpPHIll, HA TOPU3OHTAIBHINA OCI SKOT BU3HAYAIOTHCS
YHHHUKH MaKpOCepeJOBHUINa, Ha BEPTUKAJIbHIN - CHJa IXHHOTO BIUIMBY B OallaX, paHrax

a00 HIIUX OAMHHUIIAX BUMIpY.

Merton, 110 6a3yeTbes
HAa OIiHII

KOHKYPEHTOCIIPO-

MOKHOCTI MTPOYKIIii

MAIPUEMCTBA

[lepenbadae oriHIOBaHHS PIBHSA KOHKYPEHTOCIIPOMOXKHOCTI TiAPUEMCTBA BUXOISTIH 13
CIOXKUBYOI  IIIHHOCTI  BHUPOOJICHOI  MPOAYKIILii. 3rigHo JAHOTO  METOHY,
KOHKYPEHTOCIIPOMOXKHICTh ~ BUPOOHHKA € TUM BHIIOIO, YHM BHIIOID €
KOHKYPEHTOCTIPOMOXKHICTh HOTO TPOAYKIlii. s  OWmiHKM KOHKYPEHTOCIPOMOKHOCTI
TOBapy ab0 TOCIyTH  MiJIPUEMCTBA, BUKOPHUCTOBYETHCS  CITIBBIAHOIICHHS JIBOX
XapaKTePUCTUK: SKOCTI 1 miHU. YUM BHILOIO € PI3HUI MiXK CIIOKHBYOIO BapTICTIO TOBApY
JUIs TOKYMIs 1 WiHOI, KOTPY BIH 3a HBOrO CIUIadye, TUM BHIIMM € 3amac
KOHKYPEHTOCTIPOMOXKHOCTI.

Merton, 3aCHOBaHUH

Ha Teopii

eexTuBHOT

KOHKYPEHIIii

BuKOpPHCTOBYETBCS CIIBCTaBICHHS TOKA3HUKIB CTaHy IMiIIPHEMCTBA 3 IMOKAa3HHUKAMHU
MiAMPUEMCTB - KOHKYPEHTIB Ta 3 CEepelHbOrally3eBUMH IOKa3HUKaMH. 3TiTHO Teopii
e(peKTHBHOI KOHKYpEHIIl, HAWOUTBII KOHKYPEHTOCIIPOMOKHUMH BBa)KAIOTBCSI  Ti
MiIPUEMCTBA, JIe HAKpaIiuM YUHOM OpraHi3oBaHa po0OTa BCIX MiAPO3MALTIB Ta CIIyKO 3
TOYKH 30pYy €(EeKTHBHOCTI BHKOPUCTAHHS HHMH pecypciB. B OCHOBI MeTony NeKUTBH
OLIIHKa YOTHPHOX TPYMOBUX IMOKA3HHKIB YW KPUTEPIiB KOHKYPEHTOCHPOMOXKHOCTI i3
MOJJAJILIIAM PO3PaXyHKOM IHTETPaIbHOTO MOKA3HUKA.

Meton

IHTETpaIbHOL

OLIIHKHA

[pYHTY€ThCS HA BUKOPMCTAaHHI M1/l 4aC OL[IHKM KOHKYPEHTOCIIPOMOXKHOCTI ITi/IIPUEMCTBA
IHTETPAILHOTO TIOKAa3HWKa, SKWH BKIIOYae B cebe JBa  €NeMEHTH: KPHUTEpid, o
BiJIoOpaXka€e CTYIiHb 3aJI0BOJICHHS TIOTPEO CIOKMBaYa — XapaKTepU3YE BIJHOCHY
KOHKYPEHTOCIIPOMOXKHICT  TOBapy; KpHUTEpii e(eKTHBHOCTI BUPOOHUIITBA.
BuxopuctoByeTbcsi peHTaOENBbHICT, aKTHBIB, PEHTA0ENBHICTh BIACHOTO Kammitany abo
cepeqHs HOpMa pPeHTa0eIbHOCTI 32 IIEBHUN MIEPiOI.

AHani3yloud 3a3Hau€HI  METOJM  OUIHKM  KOHKYPEHTOCHPOMOXKHOCTI

MITPUEMCTB MOKHA 3pOOUTH HACTYITHI BUCHOBKHU:

3Ha4YHa KUIBKICTH MCTOAMK HE 3aCHOBaHa Ha MCTOJax IIPOTHO3YyBaHHI,

OnTHUMIi3allii, HOpMYBaHHS;
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OUIBIIICTh HABEJEHUX METOJAMK HE € KOMIUIEKCHUMH, TOOTO BOHHU HE
OXOTUTIOIOTh TEXHIYHI, €KOHOMIYHI, COIlialbHI, YIPaBIIHCHKI Ta 1HIIN ACMEKTH
yIIpaBJIIHHS;

CKiaa OO'€KTIB OIIHKKM KOHKYPEHTOCIPOMOXKHOCTI HE BIAMNOBiIae iX
LIUTICHOCTI, cepen HUX BIJICYTHS OLIIHKA 30BHIIIHIX (dhaxTopiB
KOHKYPEHTOCTIPOMOKHOCTI: OTIOJIATKYBaHHS, TPOIIOBO-KPEAUTHOI MOITHKHU TOIIIO;

METOJMKH OpIEHTOBaHI HE B MalOyTHe, a B MHUHYJIe (CydyacHHMH CTaH
OLIIHIOETHCA 38 MUHYJIUMHU JAHUMH ), OIIIHIOETHCS (PAKTUYHA KOHKYPEHTHA MO3HUILiS,
a He MOTEHI[IMHA MOKJIMBICTD JI0 11 30LJIBIIICHHS;

nepeBakHa KITbKICTh METOIB BKIIFOYA€ €KCIEPTHI OI[IHKH, 0 BHOCHUTH JIO
OIIIHKM 3HAYHy YaCTKW Cy0’ €KTHBI3MY 1 CTAaBUTh 3aJICKHICTh aJICKBaTHOI OIlIHKH
KOHKYPEHTOCTIPOMOKHOCTI BiJl Tpo(pecionanizMy eKCIepTiB.

Hapeneni B Tabn..l MeToaud OIIHIOBaHHS KOHKYPEHTOCIIPOMOMKHOCTI
HIJIPUEMCTBA JTIOCUTh PI3HI B CHUJTy 0araroacneKkTHOCTI, CKJIaJHOCTI Ta HAyKOBOI
JUCKYCIMHOCTI TIOHSITTSI KOHKYPEHTOCIIPOMO>KHOCTI TifanpueMcTBa. s oOpaHHs
NEBHOIO  METOAY  OLIIHIOBAaHHS  KOHKYPEHTOCHPOMOKHOCTI — MIJIPUEMCTBA
JOIITBHO, TIO-TIEPIIIE, 3BEPHYTH yBary Ha MepeBaru Ta HeJI0JI1KU KOXKHOTO 3 HUX.

3ayBaXMMO, 10 KOJAEH 3 ICHYIOUMX TIAXOMAIB JO  OI[IHIOBAaHHS
KOHKYPEHTOCIIPOMO>KHOCTI MiAMPUEMCTB HE 3HAWIIOB HIUPOKOTO 3aCTOCYBaHHS B
MPaKTUIll eKOHOMIYHOTO aHamizy [1]. I{e mo3Bossie 3poOUTH BUCHOBOK IPO T€, 110
YHIBEPCAIbHOI METOJMKM KOMIUIEKCHOI OIlIHKM KOHKYPEHTOCHPOMOXKHOCTI
MIJNPUEMCTBA B JJaHUM 4yac He icHye. Ile oO0ymMOBiIeHO THM, 11O 3aIpOINOHOBaHI
MIIXO0IM MAIOTh ITy HU3KY HEJIOIKIB:

CUCTEMA YMHHHUKIB KOHKYPEHTOCIIPOMOKHOCTI MiANPUEMCTBA € BIAKPUTOIO, a
Oe3114 eJIEMEHTIB II€1 CUCTEMH — HEUITKHM;

KUIBKICTh (DAKTOPIB KOHKYPEHTOCIPOMOKHOCTI MPAKTUYHO HECKIHYEHHA, 1
KUl Ou He OyB IMOBHUM 1X TMEPETiK, BIH BCE OJIHO HE Oy/ie BUYEPITHUM, a 3HAYUTH,
1 32CHOBaHa Ha TAKOMY HEMOBHOMY MEPENIKY OLIHKa KOHKYPEHTOCIPOMOKHOCTI
HianprueMCTBa Oyjie HeaJeKBaTHOIO;

BUKOPHUCTAHHS K 3HAYHOI KIJIBKOCTI (PaKTOPIB Ja€ MPHU pO3paxyHKax 3HAYHUI
piBEHb KOPEJIAIli MOKA3HUKIB, 1[0 HIBEIIOE OLIHKY KOHKYPEHTOCITPOMOXKHOCTI.

JI71st OIIIHKY BUSIBJIEHUX JOCIITHUKAMH YUHHUKIB KOHKYPEHTOCHPOMOXKHOCTI,
a TaKOoXX BU3HAUYEHHS POy IHIIWX TIOKa3HUKIB BHKOPUCTOBYIOTHCS EKCIEPTHI
METO/M, SIKI BIAPI3HSE 1CTOTHA CYO'€KTUBHICTH 1 YMOBHICTh. Y psl BHUMAJKIB
YHUKHYTH TaKOTO MIAXOAYy HEMOXJIHMBO, OJJHAK BUKOPUCTAHHS MOAIOHHX OLIIHOK
MPU3BOAUTEL JO0 JyXe CIa0KOro MaTeMaTHYHOrO 3B'SI3KYy BUXIAHUX (PaKTOpIB 3
OIIHIOBAHMM MOKa3HUKOM KOHKYPEHTOCTIPOMOXKHOCTI.
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B koMrmuieKcHHMX OIiHKaX JAOCIIIHUKW BBOJSATH KOC(IIIEHTH, III0 BU3HAYAIOTh
BaroBe 3HAYCHHS KOXKHOTO 3 OIIHIOBAHWX YWHHHUKIB, OJHAK 3aCTOCOBYBaHI
Koe(illieHTH B OUIBIIOCTI BHUITQJKIB JOCHUTh YMOBHI, III0O TSATHE 3a COOOIO
HEaJIeKBaTHICTh ~ OIHKM  BIUIMBY THUX 4YM  IHIOUX  (akTopiB  Ha
KOHKYPEHTOCIIPOMOKHICTh MignpuemMcTtBa [2]. OkpiM IbOT0, Pi3HI €KOHOMIYHI
¢dakTopu B KOXKHIM KOHKPETHIM €KOHOMIUHIM CUTYyaIlil B Pi3HiA Mipi BIUIMBAIOTh Ha
KOHKYPEHTOCHPOMOXKHICTh PI3HUX MIJANPUEMCTB, TOMY HEaJICKBAaTHUM € SIBHE
BCTAHOBJICHHS €IUHUX BaroBUX Koe(DIimieHTIB VIS OLIIHKH
KOHKYPEHTOCTIPOMOYKHOCTI PI3HUX IOCIIOIAPIOIOYNX CyO'EKTIB.

bimbmicte MeToawk Tiepen0Oadae TMOPIBHAHHS MPAKTHYHO 1JCHTHYHHUX
MIJMPUEMCTB, 1[0 BUPOOJISIOTH CXO0XK1 TOBApPH 1 MOCIYTH B CXOXKMX €KOHOMIYHHUX
ymoBax. [Ipore Hapasi, po3BUTOK TOBapHO-TPOIIOBUX BITHOCHH TPHU3BOIUTH IO
Bce OunbIIoi nuBepcuikaliii manpueMcTB Ta OUIbINOI nudepeHiianii ToBapiB 1
MOCJYT, BCE OUIBII MOCUIIIOIOTHCS BIIMIHHOCTI B €KOHOMIYHUX YMOBaX AiSTbHOCTI
nianpueMcTB. Lle TarHe 3a co00r0 HE aganTOBaHICTh MOMIOHMX METOIUK OIIHKH
KOHKYPEHTOCIIPOMOKHOCTI MIANPHEMCTB [3].

TakuMm 4yuHOM, B JaHUW Yac HE ICHY€ YHIBEPCAIbHOI METOJMKHU OLIHKHU
KOHKYPEHTOCIPOMOKHOCTI ~ MiANpUEMCTBA. Lle TMOSCHIOETBCS  BEIMYE3HOIO
KUIBKICTIO  (paKTOpIB, IO MaloTh BIUIMB Ha KOHKYPEHTOCIPOMOXHICTh
NIJIPUEMCTBA, 4 TaKOXK CKJIAAHICTIO 300py, OOpoOKH Ta OO'€KTMBHOI OLIHKH
Oaratbox 3 HUX. KpiM TOro, juie Ba METOIM BPaxOBYIOTh BILIUB 30BHIMIHIX
(dakTopiB, B TOMYy 4YHUCJIl OMNOJATKYBaHHS, HAa KOHKYPEHTOCIPOMOKHICTb
nignpuemctBa: SWOT-anani3z ta PEST- ananis. Ase, BpaxoByrouu Te, 110 BKa3aHi
METOAM HE MepeAdayvaroTh KIIbKICHOI OLIHKH PIBHS KOHKYPEHTOCIPOMOKHOCTI
MIMNPUEMCTBA, IO0CTa€ HEOOXIJHICTH B PO3POOII METOJUYHOIO TIIXOay JI0
OLIIHIOBAHHSI PIBHSI KOHKYPEHTOCIIPOMOKHOCTI MiANPUEMCTBA.

OcCHOBHA YacTHHA.

Ha nanuii MOMEHT, TeOpis HEUITKHX MHOXXHH 3HAWIIIa JOCUTH IITUPOKE
3aCTOCYBaHHS 1 B TEXHUII, 1 B eKOHOMIIl. OJJHaK y BITUM3HSIHIN MPAKTHII aHAJI3Y
KOHKYPEHTOCIPOMOKHOCTI TIIMPUEMCTBA III METOJIM BHUKOPUCTOBYIOTHCS a0o0
BKpail piJko, abo K B3arajiai He BAKOPUCTOBYIOTHCS.

159



MeTopg,

MepeBarn metoay

- =

Hepgonikn metony

]

MaTtpuua BKT

MpocToTa, 4OCTYNHICTD,
HAOYHICTb, BUKOPUCTAHHA
06’€EKTUBHUX KpUTEPIiB
npueabameocTi Ta
KOHKYPEHTO-CMPOMOXHOCTI,
3MEHLIEHHA pPiBHA
cy6’ektuBiamy. [ae amory
AOCNIiANTN PO3BUTOK NpoLeciB
KOHKYPEHLi B gnHamiui Ta npo
obcaru peanisauii, 4o3BONAE

HaamipHa cnpoLLeHicTb,
TPYAHOLLi 3 OLLIHKOIO i
BM3HAYE€HHAM MacLlITabiB pUHKY,
PUHKOBOT YaCTKM NigNPUEMCTBA i
TEMMiB 3POCTAHHA PUHKY.
HemoXnuBicTb NpoBeaeHHA
aHanisy npuymH npobnem,
BHAC/iAOK YOrO YCKNALHIETHCA
BUPO6NeHHA piweHb. He

3abesneyye HeobXxigHoOro

MaTtpuua McKinsey

rnmnbuHa (He npu 3 BOAUTL A0
CNPOLLEHNX BUCHOBKIB),
FHYYKiCTb (3ragaHi YAHHUKK
BMOMPaAOTLCA BiAMNOBIAHO A0
KOHKPETHOI CMTyaUii, Wwo
CKN1anacsa Ha PUHKY), WNPOTa

TpyaHouwi i cy6’ektmBiam  npu

BU3HAYEHHI Barun nesHoOro

UMHHWKA, peKomeHaauii mMatoTb
3aranbHUiM XapaKTtep i
notpebyoTb yTOYHeHb. He
3abesneuyy € HeobxigHoro

CUACTeMHOro nornanv HAa

baraToKyTHUK
KOHKypeHTOoCnpo-
MOXHOCTI

MpocToTa, AOCTYNHICTb, HAOUHICTb

He pa€e 3moru BCTaHOBUTHU
y3araqbHEHOro KpuTepito
KOHKYPEHTOCMPOMOXHOCTI. He
3abe3neyy cMcTemMHOro norasay

MeTop, wo 6a3yeTbea
Ha OLiHLi KOHKYypeH-
TOCMPOMOXKHOCTI
npoayKuii
nianpuemcTsa

BpaxoBye Halbinbll BaXK1MBUIN
KpUTEPIN, LLLO BNIMBAE HA
KOHKYPEHTOCMNPOMOMKHICTb
nignpMemcrea —
KOHKYPEHTOCNPOMOMKHICTb

TNADAON\V/

[o3sonse oTpumaTtn obmerkeHe
YABNEHHA LWOAO0 nepe.ar i
Hefo-NiKiB y poborTi
nNianpPMEMCTBa,

KOHKYPEHTOCNPOMOXKHICTb  Mig-

MANIACAACTDA NTNATAWULNCTLCHA

( MeTog, o A MpocToTa, AOCTYMHICTb He nae 3moru 3pobutn uinicHi
6a3yeTbcAa Ha Teopii BUCHOBKM MPO PiBEHb

\_ PiBHoBaru diomu ) KOHKYPEHTOCMPOMOMHOCTI
MeToz, 3aCHOBaHWi Jlonomarae BMABUTU CUNbHI i JocnTb cknagHo 3ibpatn BCHO
Ha Teopil epeKTUBHOI cnabKi CTOpoHM 0gHOro HeobxigHy iHpopmauito; pna
KOHKYpeHLi NiANPUEMCTBA CTOCOBHO [OCTOBIPHOI OLiHKM HeobxigHo

\_ ) iHLIOrO, OLUiHUTK PO3Mip 34IMCHIOBATU Aye CKNagHi Ta

Puc. 1. IlepeBaru Ta Hex0/1iKH HANOLIBII MOIIMPEHUX METOAIB OLiHIOBAHHA

KOHKYPEHTOCIPOMOXKHOCTI MiINMPUEMCTBA
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MeTopg,

MepeBarn metoay

Hepgonikn metony

| ] [ | ]
\ . . .
MeTtog, iHTerpaanoT I |_|p0CTOTa, HAO4HICTb, Aa€ I Moske 6yTM 3aCTOCOBaHUM
OLLiHKM I 3MOry OoTpuUmaTu 0,C|,HO3Ha‘-IHi I nnue AanAa OLI,iHKM
I . o | .
J | OUIHKM KOHKYPEHTHUX NOo3UnLIn - | KOHKYPEHTOCNPOMOXKHOCTI

beHuMapKiHr

SWOT-aHani3

PEST- aHani3

—

MOHOMNPOAYKTOBMUX
NiANPUEMCTB, HepeanbHO
3HANTW ANA NOPIBHAHHA ABa Y
6inble nignpMemcrea -
KOHKYPEHTH, abcontoTHO

3icTaBneHHA MOKa3HUKIB
e(EeKTMBHOCTI JaE MOXKAMUBICTb
3PO3YyMITU YPas3AuBi i
paLioOHaNbHI CTOPOHU
AiANBHOCTI KOMNaHii,
NOPIBHAHO 3 KOHKYPEHTAMM i

AfeKBaTHa OLiHKa CcTaE
HEMOXNMBOO 33 BIACYTHOCTI
[0CTOBipHOI iHpopMmau,ii npo

Merton 3a6e3reuye BUCOKY
HAOYHICTh IIPH BUKOPUCTAHHI1
JOCTOBIpHOI iH(pOpMaii,
NEeTaNbHUAN aHaIi3 30BHINIHLEOTO
CepeIoBHINA

BiacyTHicTb Byab-aKMx
KiNbKicHMX abo OLiHIOIOTb
NMOKa3HWUKiIB, Cyb’ eKTUBI3M, He
[,03BONAE ONEPATUBHO

3abe3neyeHHA uinicHoi
KapTUHM 30BHILLHbOTO
OTOYEHHSA, AeTa/IbHUM aHanis3
30BHILLIHBOrO CEPE0BULLa,
CTUMY/IIOBAHHA KEPIBHUKA 40
Aii i 0611iKy 30BHiWHiX daKTOpiB

He BpaxoBy€E «BHYTPILLHI»
daKTopu, NigxoaunTb TiIbKK ANs
aHani3y AOBrOCTPOKOBMX Linen
i He 4,03BO/IAE ONEPaATUBHO
pearyBaTh Ha 3MiHMU

Puc. 1. IlepeBaru Ta He0/IiKN HANOIIBII MOIIMPEHUX METOAIB

OIIHIOBAHHSI KOHKYPEHTOCIPOMOKHOCTI MiANpPHEMCTBA (3aKiHYEHHSI)

Jnst Toro, mo0O BTUIMTH METOAM HEUITKUX MHOXHUH, HEOOXIHO MpOUTH

NeKinbka erarmis [4]:

BU3HAYCHHS HA0OpY OKpEeMHUX I[IOKAa3HUKIB, SIKI BIUIMBAIOTh HA OI[IHKY

KOHKYPEHTOCTIPOMOKHOCTI MIIMPUEMCTBA,;

BCTAaHOBJICHHA

pIBHSA  BIUIMBY  KOXHOTO

KOHKYPEHTOCTIPOMOKHOCTI MIMTPUEMCTBA,;

MOKa3HUKAa Ha  OLIHKY

noOy/i0Ba piBHIB Kiacu(ikallli 3Ha4€Hb KOKHOI'O MTOKa3HUKA;

OITIHKA TOTOYHOTO PiBHS MOKA3HHUKIB;
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BHU3HAYEHHS HEUITKOCTI MOTOYHUX 3HAYEHb KOXKHOTO MOKA3HUKA;

BCTAHOBJICHHSI  IHTErPajbHOTO  TMOKAa3HMKAa  KOHKYPEHTOCIPOMOKHOCTI
MIPUEMCTRA,

BU3HAYCHHS MTOTOYHOTO 3HAYEHHS 1HTETPATHHOTO TTOKA3HHUKA Ta JIIHTBICTUYIHE
pO3ITi3HaBaHHA PIBHS KOHKYPEHTOCTIPOMOIKHOCTI MiAMPUEMCTBA.

Bulbip moka3HHMKIB A KUIBKICHOTO aHajii3y KOHKYPEHTOCIPOMOKHOCTI
MIJMPUEMCTB BIJIMOBIAAE OMUCY Pi3HUX CTOPIH (DYHKIIOHYBAaHHS MIIMPUEMCTB Ha
PUHKY, 30KpeMa — 30BHIIIHIO 1 BHYTpIIIHIO. J[7s omHcy METOIUKU PO3TISTHEMO
TUIBKH BHYTPILIHIO CTOPOHY (YHKIIIOHYBaHHS ITiATIPUEMCTB.

[Tobynyemo Habip okpemMux MoKa3HUKIB X = {X;} 3arajibHUM uuciaoMm N, siki,
Ha JIyMKYy €KCIepTa-aHalliTUKa, 3 OJIHOro OOKy, BIUIMBAIOTh Ha OI[HKY
KOHKYPEHTOCIIPOMOXHOCTI MIAMPUEMCTBA, a 3 I1HIIOTO OOKy, OIHIOIOTH Pi3HI
MIIPUEMCTBA: X1 — 00CAT peanizallii; X, — YUCEIbHICTh MPAIIOI0UNX; X3 — BIIACHUHN
KamiTaJl MiJNPUEMCTBA; X4 — CYKYITHI 3000B’sI3aHHS; X5 — YUCTUN NPUOYTOK; X¢ —
4acTKa PUHKY; X7 — KOHKYPEHTOCIIPOMOXHICTh MPOTYKLII].

3iCTaBUMO KOKHOMY TOKa3HMKY X1 piBeHb Horo 3HauymocTti. I[lpu npomy
OyZeMO BpaxoByBaTH WIO0 BCl MOKa3HWKM MAalOTh OJHAKOBUM BIUIMB Ha
KOHKYPEHTOCHPOMOKHICTh HIANPUEMCTBA.

[To6ynyemo piBHI Kiacu@ikaimii 3Ha4eHb KOXXHOTO TIOKa3HuKa. Jlms
JOBUIBHOTO OKPEMOTO MOKAa3HUKA X; MOBHA 0€3J11Y MOro 3HaueHb pO30UBAETHCS HA
YOTUPH TT1IMHOKUHH

b; — miaMHOXMHA "BUCOKUH PiBEHb IMOKAa3HHUKA X;'";

b, — miaMHOXHMHA " ABUIIEHNN PIBCHD MMOKA3HUKA X;';

b3 — migMHOXMHA "cepeHill piBeHb MMOKA3HUKA X;

b4 — migMHOXMHA "HU3BKHUI PIBEHb MOKA3HUKA X;'.

[Tpuuomy TyT 1 gami 3a 3aMOBUYBaHHSIM TMPHUITYCKAEMO, IO 3MEHIICHHS
OKPEMOTO TOKa3HHKAa X; MOB'SI3aHO 31 3HWKEHHSIM KOHKYPEHTOCIIPOMOXKHOCTI
H1AIPUEMCTBA.

VY mocTaHOBII 3a7a4 OaratoKpuTepialbHOI ONTHUMI3AIlil IEHTpajJbHE MICIe
3aiiMarOTh TMUTAaHHSA TOPIBHAHHS NPHUBATHUX KPHUTEPIiB 1 3aBAAaHHS BUMOT [0
MO>KJIMBUM CITIBBITHOIIEHHSAM iX 3HAa4€Hb B TOYIll ONTHUMYMY, TOOTO BHUMOT [0
ONTUMAJIBHOCTI PIILIEHHS, Ha MIJACTaBl SKUX (OPMYETHCSA TI00aTbHUN KpUTEPIii
sakocti. LI mnuTaHHS po3rismaroTbes 0e3  ypaxyBaHHS BIIMIHHOCTEH MIX
NMOKa3HUKaMU Ta iX BIUIMBY Ha KpUTEpii Ta OOMEXKEHHS, SIKI OJHAKOBUM YHMHOM
O0epyTh yuacTh y OopMyBaHHI IIOOATHHOTO MOKA3HUKA SIKOCTI B pasi, SKIO BOHH
ONMUCYIOThCS  (DYHKLISIMH ~ NpUHANEXHOCTI. Jlnsg 00 ’€KTUBHOrO  aHamizy
KOHKYPEHTOCTIPOMOXKHOCTI ~ TMIAMPUEMCTB  HEOOXITHO  BpPaxXOBYBaTH  «Bary»
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KOXXHOTO 3 MMOKa3HUKIB Ta CTYIIHb IX BIUIUBY HAa TNI00aNbHUNA KpuTepit. OqHak 11e
MUTaHHS € HAMPSMOM JO0 OKPEMOTO JTOCIHIKEHHS, SIKE MOBUHHO MPOBOJWTHCS B
KOHKPDETHUX €KOHOMIYHHMX YMOBax, W0 CckJjajgucs. B gaHomy Bumaaky
OOMEXKMMOCSI ~ TIPUITYIICHHSIM, IO BCI TIOKa3HWUKWA TOBHWHHI  OyTH
CTaHJAapTU30BAHUMH.

PiBeHb KOHKYpPEHTOCHPOMOXKHOCTI MIJIPUEMCTBA 3a 1-M TOKa3HUKOM
BPaxOBYIOTh BIJTHOCHO JIESIKOTO 1€aJdbHOTO 3HAYEHHS IbOTO0 TIOKA3HHUKA IIO0
IPOMUCITOBOCTI [3]:

X =x,1C;, (1)

ne Xi — BITHOCHUM 1-i MOKa3HUK KOHKYPEHTOCIIPOMOKHOCTI IMiAMPUEMCTBA;

Ci — imeanbHU  1-i MOKA3HUK KOHKYPEHTOCITPOMOKHOCTI i ITPUEMCTBA.

Buxopasuu 3 Bu3HaueHHS X, HOTO BEIMYMHA 3aBXK/IU 3aJ0BOJIBHSIE HEPIBHOCTI
X1 <I. Ha miacTtaBl UbOro BU3HAY€HHs CPOPMYEMO YHIBEpCAIbHI HEUITKI PiBHI
Kiacudikali 3Ha4eHb KOKHOTO TIOKa3HUKa (Tabi1..2).

Tabmurg 2
HeuiTki piBHI KiIacuikanii 3Ha4eHb NOKA3ZHUKIB
PiBHi kmacudikarii HaiimeHnyBaHHS I IMHOXXHUHH
0.7<b; <1 Bucokwuii piBeHb NOKa3HHUKA
05<h,<0.75 ITiBuIeHU piBEeHb MOKA3HUKA
0.2<b3<0.6 CepeiHii piBEeHb IMOKa3HHUKA
by <0.35 Hu3bkuii piBeHb IMOKa3HHUKA

Taki HeuiTki piBHI Kjacu@ikalii 3HA4eHb MOKA3HHMKIB 3aJal0Th TUIbKU
IHTepBaIM /IS BU3HAYCHHS 1X BIAMOBIAHUX CTaHiB. DyHKINT mpuHaIeKHOCTI L;i(X)
KOXXHOMY 3 IHX CTaHIB MOXYTh MaTHU PI3SHOMAHITHUN XapakTep, HampHUKIal
TPUKYTHUMHU, TpaneueBigHuMu abo O11b ckiiaaHi. Buxoasyu 31 3HaueHb 0OpaHUX

HEYITKUX PiBHIB KiIacu]ikallii MOKa3HUKIB BU3HAYUMO SIK TpareneBiini (puc.2).

1
Hu3bKuit CepepHiii NiasuweHnii Bucokuia
piBeHb piBeHb piBeHb piseHb
0,25 0,5 0,75 1

Puc. 2. ®yHKuii NPUHAIEKHOCTI MOKA3HUKIB HEYITKUM PIBHAM Kiaacupikamii
iX cTaHiB
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Bu3HauMMO HEYITKOCTI MOTOYHHUX 3HA4Y€Hb KOXKHOTO TOKa3HuKa. s mporo
HEOOX1IHO BUKOHATH aHaJi3 KOXKHOTO 3 MOKA3HUKIB Ta CTYMIHb IX MOXKJIMBOT 3MIHU
B 3QJICKHOCTI Bif Cy0’ekTUBHHMX (pakTopiB. OjHAK 1€ MUTAHHS € HAMPSIMOM JI0
OKPEMOTO0 JIOCITIKCHHSI, SIKe TIOBUHHO MPOBOJIUTHUCS B KOHKPETHUX C€KOHOMIYHHX
YMOBaXx, III0 CKJIATUCS. B maHoMy BHUMagKy oOMEXHMOCS MPHUITYIIICHHSIM, 110 BCI
MOKa3HUKH X MAIOTh CTaHJAPTHI IHTEPBAJIH.

CraH TmMOKa3HWKAa MOXHA XapaKTepU3yBaTH HAJCKHICTIO BiJMOBITHOMY
HEYITKIM MHOXHWHI. 3TimHO [4] aHami3yroudm MOCHTIKyBaHWW TMOKA3HUK, MOKHA
3pOOUTH BHCHOBOK PO WMOBIPHICTh MOTO MPUHAICKHOCTI AKOi-HEOY b HEUITKIN
MHOXUHI. [Ipr oMy, SIKIIO TMOKa3HWUK (3MiHHA) X BHU3HAYCHHWN Ha 1HTEpBaI
[X0,Xx] 1 KOKHE 3 MOKJIMBUX UITKUX HOTO 3HaYEHb MOXKE HAJICKATH TBOM CTaHAM
M1 i M2 3 ¢yskismMu HanexHocTi Ui(X) u pz(X) BiamosigHo. B 3araibHOMY
BUITAJIKY, SKIIO JIACHWUN 3HAYCHHS TMOKAa3HWKA BU3HAYAETHCS HE IHTEPBAJIOM, a
(GyHKIIE€0 TPUHAISKHOCTI W(X), cepemHi WMOBIPHOCTI THPUHAIEKHOCTI [0

MOXJIMBUX CTaHIB NTOKa3HUKa BU3HAYAIOTHCS 3a popmyiamu [6]:

P (€ Do X, D= ] 1, (9

0~ Mk x0

Py (XE [XO’Xk]) :X;)]l( u, (x)dx.

0 = Xk xo
()

ne Py, Pyo — 4iTKl IMOBIPHOCTI MPUHATIEKHOCTI MTOKA3HUKA X = X; HEUITKUM
MHOxXHHaM M1 1 M2;

uw(x) — GyHKIIS NOPUHATIEKHOCTI MOKAa3HWKA MOXKJIMBHM  MTOTOYHUM
3HAYCHHSM,

X0 — MiHIMaJIbHE 3HAYeHHSs [TOKa3HHMKa Ha IHTEePBai [Xo,X];

Xx — MaKCHMaJIbHE 3HAYCHHS TOKAa3HUKA Ha IHTepBaMi [Xo,Xk];

OrmiHOBaTH  KOHKYPEHTOCIIPOMOKHICTh ~ MIANPUEMCTBA  BUXOASYH 3
(GbopMallbHUX HEYITKUX 3HaHb Ta IMOBIPHICHUX XapaKTEPUCTHK (2) Ha OCHOBI
JIHTBICTHYHHUX 3MIHHHX MOJKHA JBOMa criocooam# [4].

[Ipm BUKOpHCTAaHHI TMEPIIOTO CMOCO0Y CIOYaTKy BHU3HAYAETHCS Oe€3iid
aTOMapHUX BHCJIOBIIOBaHb I KOXKHOT'O 3HAYCHHS JIHTBICTHYHOI 3MIHHOI
33JIaHOTO 1-TO MOKa3HUKa 3a BEJIMYMHAMU WMOBIPHOCTI MPHUHAJIEAKHOCTI TOTO YU
1HIIoro crany. Hampukiaz, SKIo JIHrBICTUYHA 3MIHHA MA€ TPU MOXJIMBUX CTaHU
(N = 3), Ta BHU3HAYEHO WMOBIPHOCTI MPUHAJIEKHOCTI 1-TO TOKA3HHKA UM
sHaueHHsM P; = 0.1, P, = 0.45, P3 = 0.45, To cripaBeyIMBUIi BUCIIIB, IO KPUTEPIH
MMOBIPHO HE HAJIEXWUTb no mepmoro 3 Hux, a Takox MMOBIPHO
HAJIEXXUTb no nmpyroro i Tperboro ctany. [licisi BU3HA4YeHHS aTOMapHHX
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BUCJIOBIIIOBaHb (OPMYIOTHCS (OpPMalbHI 3HAaHHSA, SIKi JIO3BOJISIOTH MPHAMATH
pIIIEHHS PO 3araJbHUN CTaH CUCTEMHU.

Hpyruii croci0 OIIHKKA KOHKYPEHTOCIIPOMOKHOCTI MIMPHUEMCTBA Ha OCHOBI
IMOBIPHICHOTO  HEYITKO-MHOKMHHOTO MIAXOJy TMOJsIrae B TEpUIly uepry
dbopmyBaHHl (QopMarbHUX 3HaHb. Iliciss dYoro BH3HAYAETHCA WMOBIPHICTH
BUHUKHEHHS KOXKHOTO 3 HUX.

OOuuncieHHsT XapaKTepUCTUK aTOMapHUX 3HaHb 0a3yeThCs Ha WMOBIPHOCTI
MPUHATIC)KHOCTI KOXKHOTO TTapaMeTpa 3HaYeHHSAM BIAMOBITHOTO HEYITKOT MHOKUHU
1 BUKOHYEThCA MO (opmyni (2). BUKOpPUCTOBYHOUM aKCIOMaTHKYy HE3aJIeKHHUX
0TIl Teopii IMOBIPHOCTEH OTPUMAEMO HMOBIPHICTD 1-T'O ATOMAapHOTO 3HAHHSA [4]:

K N
i :kz [T p(l;=Q)),i=1..Z, 3)
=1 j=1

ne K — KUIbKICTh CyM B BUPaXE€HHI, IKE€ BU3HAYAETHCS JIOTIKOK (POPMYBaHHS
(dopmanbHUX 3HaHbB; lj — J-i moka3HHK (KpuTepiil); () — r-Ta HEYITKa MHOXXHHA
r=1...z.

TakuM YHHOM, AN KOXKHOTO 3 MOXIIMBHX CTaHIB KOHKYpPEHTO3AaTHOCTI
MIINPUEMCTBA, K1 XapaKTEPU3YIOThCS BIAMOBIIHUMU HEUITKUMHM ITIIMHOKHMHAMU,
BU3HAYAETHCS IMOBIPHICHMM TMOKa3HUK. Ilpu 1pboMy HEOOXITHO BHU3HAYUTH
KUIBKICTh MOXJIMBUX HEUITKMX MIJIMHOXKHMH Z 1 TMpaBuia OOYMCICHHS
AMOBIPDHOCTEM  MPUHAIEKHOCTI KOHKYPEHTO3AATHOCTI  MIANPUEMCTBA  IIUM
MiAMHOXKUHM Pi BinmoBigHO 110 Bupasy (3).

Po3zrisitHeMo npoliec BU3HaY€HHSI KOHKYPEHTOCITPOMOXKHOCTI MIAIPUEMCTB Ha
OpUKIaAl  HACcTymHUX BUPOOHUNTB: [IAT «PoMeHCbKa TapAMHHO-TIOJIEBA
dbabpuka»; BAT «TepHoninbcbka miBeiiHa ¢abpuka «lamisy; BAT
«XepCOHChKHI 0OaBOBHAHMUI KOMOIHAT. Bignocui MMOKa3HHUKHU
KOHKYPEHTOCIPOMOKHOCTI IUX MIANPUEMCTB HaBEIeHI B Ta0..3.

Jlnst BU3HAYEHHS WMOBIPHOCTEH TMPUHATICKHOCTI TIOKA3HUKIB HEYITKUM
MHO>XMHaM HEOOX1JHO BCTAHOBUTH (DYHKIIII NPUHAIECKHOCTI KOXKHOTO MOKa3HHUKA
MOJKJIMBUM TIOTOYHHMM 3HadeHHsAM W(X). PopmyBaHHS HHUX (DYHKIH MpH MOBHIM
HEBU3HAYCHOCTI CTATUCTHYHKX JIAHUX MOKJIMBO 3 JJONIOMOTor0 iHTepBatiB [5]. [Ipu
bOMY, IHTE€pPBAJIM MOXYTb OyTH SIK YiTKHM, Tak 1 HediTkKi. B nanomy npukiami
OyaeMo BBaXKaTH, 1110 MOTOYHI 3HAUYEHHS MMOKA3HUKIB ICHYIOTh B YITKMX 1HTEpBaJiaxX
[Xi—0,05; xi+0,05] Ta piBHOMIpHO po3moaiieHi Ha ux uHTepBanax (X)) = 1. Take
OPUITYIICHHS CHOpPOIIy€E pO3PAaxXyHKHM Ta HE OKa3ye CYTT€BUHA BIUIMB Ha
BUKOPHUCTAHHS METOJIMKH OI[IHIOBaHHS KOHKYPEHTOCTIPOMOXHOCTI MiIPUEMCTBA.
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Taoauus 3
BinHOCHI MOKAa3HUKH KOHKYPEHTOCIIPOMOKHOCTI MiIMPUEMCTB Y KPaiHU

B 2012-2016 pp

[TinmpuemcTBa HopwmasizoBaHi 3Ha4eHHsI MapaMeTpiB KOHKYPEHTOCITPOMOXKHOCTI

X1 X2 X3 X4 X5 X6 X7

ITAT «Pomenceka | 2012 0,55 0,40 0,80 0,02 0 0,35 0,09

rapauHHO-TIONEeBa | 2013 0,48 0,30 0,70 0,01 0 0,40 0,09

(habpuka» 2014 0,59 0,27 0,57 0,01 0,1 0 0,15

2015 0,76 0,37 0,79 0,01 0,1 0 0,23

2016 0,29 0,26 0,76 0,01 0 0 0,12

BAT 2012 0,27 0,27 0,70 0,02 0 0,27 0,08

«TepHominbchka 2013 0,24 0,21 0,60 0,02 0 0,26 0,08

wseiina Gadpuka | 2014 0,26 0,19 0,52 0,02 0,4 0 0,12

«[amisom 2015 0,36 0,26 0,66 0,01 0,2 0 0,20

2016 0,18 0,18 0,52 0,02 0,3 0 0,11

BAT 2012 0,19 0,18 0,03 0,88 0 0,16 0,06

«XepCcoHChKUH 2013 0,17 0,14 0,03 0,87 0 0,18 0,06

0OaBOBHSIHUI 2014 0,19 0,12 0,02 0,04 0,4 0,00 0,07

KOMOiHaT» 2015 0,30 0,18 0,03 0,01 0,2 0,00 0,12

2016 0,14 0,12 0,06 0,01 0,5 0,00 0,07

BianosinHo gopmymi (2) Ta Ha CHOBI JaHKUX Ta0J..3 BUBHAYMMO WMOBIPHOCTI

HpI/IHaJIe)KHOCTi ITOKa3HHKIB KOHKprHTOCHpOMO}KHOCTi HiIIHpI/IGMCTB. YOTUPBOM

MoxmBuM ctaHam (D1—Ds). Pesynbpratm oOuuciieHHs Takux HWMOBIpHOCTEH IS

I[TAT «PomeHncrka rapauHHO-TIONEBa (abpuka» B 2012-2016p. HaBeneHi B

Tabm1..4, 5.

Taoaunga 4

NMoBipHOCTI NPUHAJIEKHOCTII NOKAZHUKIB KOHKYPEHTOCIIPOMOKHOCTI
IIAT «PomeHchbka rapaumHHo-TI0JIeBa ¢adpuka» B 2012-2014 pp

ITokas- 2012 2013 2014
HUK p1 P2 p3 P4 P1 p2 P3 P4 P1 P2 p3 P4
X1 0 0,5 0,5 0 0 | 047 | 0,53 0 0 084 |06 | O
X2 0 0 1 0 0 0 0,15 | 0,85 0 0 0,13 | 0,8
X3 0,85 | 0,15 0 0 05| 05 0 0 0 0,77 10,23 | O
X4 0 0 0 1 0 0 0 1 0 0 0 1
X5 0 0 0 1 0 0 0 1 0 0 0 1
X6 0 0 0851015 | 0 0 1 0 0 0 0 1
X7 0 0 0851015 0 0 1 0 0 0 0 1
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Tadoaunga 5

HmoBipHOCTI NpuHAIe:KHOCTIi TOKA3HUKIB KOHKYPEHTOCIPOMOKHOCTI
ITAT «PomeHCbKa rapaMHHO-THJIeBa Gadpuka» B 2015-2016 pp

[Toxaz- 2015 2016
HUK P1 P2 Ps3 P4 P1 P2 Ps3 P4
X1 053047, 0 0 0 0 [047]0,53
X> 0 0O (087(013| O 0 [0,09]091
X3 083017 0O 0 [0,53/047| O 0
X4 0 0 0 1 0 0 0 1
Xs 0 0 0 1 0 0 0 1
Xe 0 0 0 1 0 0 1 0
X7 0 0 [0,09/091| O 0 0 1
BcranoBumo JIHTBUCTUYHUM IHTErpagbHUN ITOKa3HUK

(piBeHb

KOHKYPEHTOCIPOMOKHOCTI MIANPUEMCTBA), IKUA Ma€ TPU HEUITKI MiAMHOKUHU:

BHCOKa, BaI[OBiJIBHa Ta HGS&I[OBiJ'IBHa KOHKypeHTOCHpOMO}KHiCTB. PC3YHI:TaTI/I

OOYHUCIIEHHS] WMOBIPHOCTI MPUHAIEKHOCTI IHTETPAIBHOIO MOKA3HHKA HEYITKHM

M1IMHOXKHHAM BIJMOBIAHO BHUpasy (3) Juis TphOX MIANPUEMCTB HaBe/IeH1 B Ta0.6.

_ Tadanus 6
NMOBIPHOCTI NPUHAJIEKHOCTI IHTErpaJIbHOI0 MOKA3ZHUKA HEYITKUM
MiAMHOKHHAM
PiBenb ITAT «PomeHchka rapauHHO-TIOJIEBa (haOpuKay
KOHKYPEHTHOCIIPOMOXKHOCTL | 2012 2013 2014 2015 2016
Bucokwii 0 0 0 0 0
3a10BUTEHUN 0,244 0,212 0,154 0,136 0,126
He3anoBuisauit 0,756 0,788 0,846 0,864 0,874
PiBenn BAT «Tepnomninbcbka mBeitHa dadpuka «I amismy
KOHKYPEHTHOCIIPOMOXKHOCTL | 2012 2013 2014 2015 2016
Bucokwii 0 0 0 0 0
3a10BUTEHUN 0,156 0,141 0,123 0,13 0,1
HeszanoBinpHuii 0,844 0, 859 0,877 0,87 0,9
PiBenn BAT «XepcoHchKkuii 6aBOBHSIHMIT KOMOIHATY
KOHKYPEHTHOCIIPOMOXKHOCTL | 2012 2013 2014 2015 2016
Bucoxkuii 0 0 0 0 0
3a10BITBHUMT 0,114 0,102 0,084 0,103 0,082
HeszanoBinpHuii 0,886 0,898 0,916 0,897 0,918
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3a mepion, UIO0 AaHANI3YETbCS TOKA3HUKU KOHKYPEHTOCIHPOMOKHOCTI
MIJNPUEMCTB MaJIM 3HA4H1 KojiuBaHHA. [lopiBHAHO 3 mokasHukamu 2012 p.,
MOKa3HUKH KOHKYPEHTOCIIPOMOXKHOCTI BCixX miampuemctB B 2016 p. MaroTh
TEeHJIeHIII0 110 3HWkeHHA. KonkypeHtocrpomoxHicTh BAT «XepcoHChKUi
OaBOBHSHUN KOMOIHATY, TMTOPIBHSAHO 3 MOKa3HUKAMHU KOHKYPEHTIB, Ma€ TIOCTYIIOBY
TEHJEHIII0 [0 3HW)KEHHS, HO BOHO HE TaKe 3HayHe, K Yy KOHKYDEHTIB B
abcomorHoMy (Ha 0,032) Ta BimHocHOMY 3HaueHHi (0,035).

Po3paxyHOK piBHSI KOHKYPEHTHOCIIPOMOKHOCTI MIANPUEMCTB TIOKA3aB, 10 Ha
PUHKY BHUPOOHHWIITBA TKAaHWHU YKpaiHH € oauH jdiaep. Tak, mounmHatouu 3 2012
poky ITAT «PomeHchka rapauHHO-TIONIEBa haOpukay Mae CTablIbHO HaWKpaIui
MOKAa3HUK cepel IHIMUX MianpueMctB. lle miAnpueMcTBO cremiani3yeTbcs Ha
BUIYCKY HAMSAKICHIIIMX TKaHWH Ta Ma€ HaWOUIpIMil oO0csar peamizamii 1
YUCENBHICTh MNpaloYuX. SK pe3yiabTaT, BOHO YTPUMY€ HaHOUIbIIYy 4YacTKy
BITYM3HSHOTO PUHKY FapIMHHO-TIOJICHEBUX BUPOOIB.

BAT «TepHonuibcbka miBeitHa (adpuka «['amisi»» moctymaeTscs Jdiepy 3a
MOKa3HUKaMHU KOHKYPEHTOCIIPOMO>KHOCTI MPOAYKIIi Ta obcsiraMu peanizalili, ajie
NOKa3HUK NpUOYyTKY Mae BHIIE 3HAYeHHs 3a oOpanuii mepion. Ilpm anamisi
3HAYYIIOCTI XapaKTePUCTUK BUIHO, 110 3 2012 poKy ais miANpUEMCTBA B LIJIOMY
MOMITHO  3HWXKY€TbCA  BIUIMB  KOHKYPEHTOCIIPOMOXKHOCTI  MPOAYKIIi  Ha
KOHKYPEHTOCTIPOMOKHICTh MIANPUEMCTBA, ajie 3pOCTa€ BILIUB 00CATY peai3ariii.

TakuM  4YMHOM,  OLIHMUBIIM  KOHKYPEHTOCIPOMOXKHICTH  HaBEIEHUX
MIMPUEMCTB, MOXKHA JTIMTH BUCHOBKY, IO 3arajibHa TEHJICHIIIA X y4acTl Ha PUHKY
HOCHUTD CTIaIHUH XapaKTep, 10 3yMOBIIOE 3HWKCHHS YaCTKH PUHKY, Ky YTPUMYE
KOXHE T1AIPUEMCTRBO.

HaBenenwii mpukian aae AEsIKy OIIHKY Ha OCHOBI CIPOINEHUX MPHUITYIICHb
IpY BU3HAYEHHI (DYHKIIIN MPUHATIEKHOCTI MOKA3HUKIB KOHKYPEHTOCTIPOMOXKHOCTI
NIAIPUEMCTBA BIANOBIIHUM cTaHaMm. L1 GpyHKIIT MOXXyTh OyTH BU3HAYEH] NUISIXOM
CTATUCTUYHHX JOCIIKEHb, METOJIOM €KCIIEPTHUX OIIHOK a00 aJIMiHICTPAaTUBHUMU
3acobamu. [lig oTpumaHHs OuUIbII  OO’€KTUBHHUX pPE3yJbTAaTiB B  YMOBax
HEBU3HAYCHOCTI HEOOX1JTHO 3a/1aTh HEHITKUN XapakTep QPYHKIISIM MPUHAIECKHOCTI
wi(X) 3 momomororw iHTepBaNbHOrO Tiaxoay [5]. B mpomy BUmamky WMOBIpHOCTI
MPUHAJICKHOCTI  BHCOKOMY, 3aJ0BUIbBHOMY a00  HE3aJO0BIUILHOMY  PIBHIO
KOHKYPEHTOCTIPOMOXHOCTI MIJIPUEMCTBA TAKOK Oy TyTh MAaTH HEUITKUX XapakTep.
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BucHoBku

3anpomnoHoBaHa METOJMKA OI[IHKM KOHKYPEHTOCHPOMOKHOCTI MiANPHEMCTB
Ha OCHOBI HEYITKO-MHOXXMHHOTO 1HTEPBAJIbHOTO aHai3y TMOKa3HUKIB PI3HOI
OPUPOIM JIO3BOJISIE YHUKHYTH HEOJHO3HAYHOCTI i1X BIUIMBY Ha pe3yJbTar
OLIIHIOBaHHsS. MeToiMKa He BUMAara€ BHU3HAYEHHsS BaroBUX 3HAYEHb KOKHOTO 3
MOKA3HUKIB KOHKYPEHTOCIIPOMOXKHOCTI MIANPUEMCTB, MPU LBOMY TJIOOATBHUN
KpUTEPi BU3HAYAETHCS HA OCHOBI MpaBml popMyBaHHS (POpMaAIbHUX 3HAHb, 5IK1, B
CBOIO 4YEepry MOXYThb HOCHUTH HEUITKUH XapakTtep. Pe3ynpTaTH MOpIBHSIBHOI
OIIIHKM CTIHKI JI0 TaKOTO POJly HEBU3HAYEHOCTI, a HEUITKO-MHOXXHHHA MOJICIh
JI03BOJISIE BPAaxOBYBaTH BIUIMB SK BHYTPIIIHIX, TaK 1 30BHIMIHIX (DakTOpiB Ha
KOHKYPEHTOCIPOMOKHICTh MIAMPUEMCTB.

Po3pob6iiena MeToanKa OMIHKY KOHKYPEHTOCIIPOMOXHOCTI MIANPHUEMCTB A€
MO>KJIMBICTh BUKOHATH HE TUIBKU TMOPIBHAJIBHUN aHali3 €(PEeKTUBHOCTI BEACHHS
0i3Hecy, 30UIbILICHHSA/3MEHIIEHHSI BIUIMBY JAOCTII)KYBAHOIO BHpPOOHMIITBA Ha
PUHOK B cdepl CBOET TiSTILHOCTI, ajie 3pOOUTH BUCHOBOK PO CTaH BIAMOBIIHOTO
PUHKY B KpaiHI.
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I'/TABA 12

DEVELOPMENT OF A MULTIMEDIA INTERACTIVE ELECTRONIC
EDUCATIONAL EDITION USING THE MODULES OF VARIOUS
FORMAT

Introduction and problem statement

The transition to paperless technologies in various fields of science and
education has necessitated the development of appropriate tools and environments.
Modern information technologies make it possible to achieve a new quality of
education through the use of audio and video tools created in the educational
process using modern methods and technologies for processing audio and video.

Creating a logical and comprehensive system of thematic interactive
electronic learning tools using multimedia visual and audit tools (sound, multi-
image and video, etc.). Highly-qualified university teachers will promote both the
quality of students' knowledge of the students and the orientation of teachers to
modern methods and teaching methods.

Studies show that the educational material presented in the form of a
multimedia publication is learned much better than the same material taken by the
teacher. The matter is here, on the one hand, in the previous thorough preparation
of materials, and on the other - in clarity, since the use of such a form of education
allows for a more accurate, effective, to present the subject matter in a fairly short
time [3].

Electronic textbooks created by university lecturers and posted on the Simon
Kuznets Kharkiv National University of Economics personal education system
website can be used by students in the classroom for self-study and at home for
distance learning. The use of multimedia manuals is especially relevant when
explaining new material, when it is very difficult to confine to traditional means of
knowledge transfer.

Multimedia tutorials are computer training programs and video files designed
to organize the learning process on a student’s computer.

Educational and methodological developments are implemented using
multimedia and hypertext technologies with a large number of interactive
simulators, which provide the creation of tasks, step-by-step control of their
implementation, the detection of errors in solving problems and virtual laboratory
work. All multimedia manuals are delivered on a data carrier and verified in a real
learning process [2, 3].
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To date, there are a number of software packages for creating audio and video
of various types. The relevance of the use of such benefits is constantly growing,
due to the action of several reasons:

when studying a material in a video-audio format, a student can set up a video
view, study the video material from the required place, thereby dwelling on details
that are not clear to him;

the effectiveness of audio and video recordings is increasing due to the fact
that the user perceives the material provided to him by two senses — vision and
hearing;

the study of video materials will allow the user to see the theoretical and
practical part of the lesson, thereby understanding and consolidating the
demonstrated material,

training can be done at any time and place convenient for student.

The disadvantage of audio-video recording is that when studying a complex
material an audio-video course user may have additional questions to which he will
not be able to find the answer in the presented materials [1].

In IT-targeting disciplines, the most common are classes such as lectures and
laboratory work. Moreover, the second type has a more significant impact on the
formation of competences in the field of computer science. Therefore, when
developing the training material, it is necessary to ensure the various stages of
mastering the discipline: gaining knowledge, acquiring skills and controlling the
level of academic achievement. The listed stages are realized by various didactic
means. Attempts to submit them to one widely used computer application failed to
find a successful solution. The paper discusses the approach to the creation of
multimedia interactive e-learning manual is considered, which combines the
advantages of conventional computer tools in the areas of their optimal use.

Subject area

Consider the development and use of multimedia interactive electronic edition
using modules of various formats on the example of the training manual [1]. This
tutorial is intended primarily for students of the branch of knowledge 12
“Information technologies” and is focused on the study and consolidation of
theoretical material in disciplines related to data storage and processing.

This tutorial is designed to develop students' competencies that are provided
by obtaining conceptual modern knowledge and skills to solve complex unforeseen
tasks, creating students' ability to transfer their own experience to specialists, as
well as taking responsibility for making decisions in various settings.
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The tutorial is written in accordance with the program of the discipline
"Technology Database" and covers the following topics:

ADO.NET architecture. Connection to databases.

Perform operations in a connected environment.

Perform operations in a disconnected environment.

Implementing transactions using ADO.NET.

Mastering these classic topics allows students to acquire skills within the
following competencies: the ability to use connected and disconnected
environment modes to access data in business applications.

Learning outcomes:

Possess the principles of building the architecture of modern business
applications.

Apply the basic concepts of organizing connections to data stores in software
products.

Choose the most appropriate data access environment.

Use the core components of ADO.NET and JDBC in projects.

Build algorithms for creating a connection with a data source in software
projects.

Design connection management tools with data storage in software products.

Organize offline work with the database.

Create programs to perform data operations in a connected and disconnected
environment.

Bind data to user interface in software products.

Development

To analyze tools for implementing a multimedia interactive e-learning
tutorial, such programs are used to create multimedia files such as Microsoft Office
Word, Camtasia Studio and Adobe Captivate.

The simplest and most accessible instrumentation for general-purpose teacher
is Word, included in the Microsoft Office software package. MS Word is a
specialized automation tool for creating and developing lecture texts and
instructions for performing laboratory work. The program provides for the
development of electronic documents that provide the ability to include complex
multimedia content and special playback capabilities. With this program, even a
novice can easily create didactic materials at a fairly high professional level. The
interface is understandable at the level of intuition and allows you to use graphics
and use formatting functions
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At the current moment, Microsoft has prepared and released several major
versions of the program: Microsoft Word 2003, 2007, 2010, 2013, and 2016. The
differences between the versions, of course, are that they have some improvements
and additions the need for which became apparent over time and causes the need
for further elaboration.

In our case, the main advantages of Microsoft Word are:

a step-by-step method for creating educational materials;

a basic set of tools for working with graphics, color correction and formatting,
the presence of artistic effects;

the ability to apply complex photo effects without the use of specialized
software (the ability to change the color saturation, adjust the contrast and
brightness of the picture, and use artistic filters such as blur, paintbrush and
watercolor);

simplifying the addition of video materials to the text, the ability to edit them
using a wide range of high-quality special effects;

the ability to navigate content using hyperlinks and the special Navigation
panel;

the implementation of the Backstage submission mode, which replaces the
traditional menu, allowing you to save the ready-made material, publish them on
the Internet or print them, as well as provide access to the materials without
additional efforts;

the ability to save the document in pdf format.

The latter circumstance is essential for the dissemination of didactic materials
in the educational process.

Significant functionality for creating high-quality videos is the Camtasia
Studio program, created by TechSmith [4]. This software is designed to capture
video from the screen. This circumstance is extremely important in the visual
explaining the techniques of creating software applications when performing
laboratory work on discipline.

The program has a convenient control panel with which you can record.
Camtasia Record, included in Camtasia Studio, can record not only from the screen
or screen sections, but also from a webcam and audio devices (microphone).
Before recording a video, a countdown window (3 seconds) is displayed, during
which the user can tune in to video recording. During video recording, the control
panel is reduced to the tray panel. The user can control the recording using
hotkeys: Record / Pause - F9; Stop - F10; Marker - Ctrl + M; Highlight Ctrl + Shift
+ D on the screen.
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The Camtasia Studio package has a video player and its own editor with
which you can edit both the entire video and individual frames. The Camtasia
Studio editor supports the following formats:

1) audio formats: wav, mp3, wma,

2) video formats: avi, mp4, mpeg, wmv, mov, swf, camrec (Camtasia’s own
format)

3) image formats: bmp, gif, jpg, png.

After recording the video, it reappears in the Preview browser, where you can
view the video, transfer it to the editor, delete it. The Camtasia program editor
allows the user to import the above formats and merge them into one movie.

The Camtasia editor interface resembles the standard Windows interface in
Movie Maker. The editor has a huge amount of functionality: frame transition
effects, markers, panoramic scaling, creating footnotes, signatures, creating polls
and polls.

In order to create high-quality video materials, it is advisable to use the
emphasis tools that are in the Camtasia editor:

1) marker - used when it is necessary to indicate an important part in the
Marker video, such properties as appearance / fading, styles, size, appearance,
possibility to choose its type (16 types) are characteristic.

2) signature - with its help you can sign conceptual ideas that are depicted on
the video in a certain period of time, there is the possibility of text overlay on the
video.

3) panoramic scaling - used when you need to pay attention only to a specific
area in the video. This effect reduces the scope of the video, highlighting only the
area on which you want to focus.

Camtasia Studio software contains Menu Maker, which is designed to create
menus. The program creates links to the files specified by it (audio, video, images,
programs, documents). When you save the existing menu, the program creates a
folder in which the startup menu file (exe), autoload file (autorun.inf) and media
folder in which all files that are used in the menu are located.

Camtasia Studio has an intuitive interface that allows the user to easily control
the functionality of this package.

The main key features and advantages of Camtasia Studio are:

1) a clear record of what is happening on the screen, including the recording
of a webcam, sound, system sounds, etc.;

2) countdown time to record;

3) convenient recording control panel (on the display panel)
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4) a recording from a PowerPoint presentation;

5) built-in video-audio editor (supports video effects)

6) built-in focus;

7) built-in program for creating menus for video discs;

8) save the finished video in AVI, SWF, FLV, MOV, WMV, RM, GIF and
CAMYV formats.

The main disadvantages of Camtasia Studio are:

1) shareware license;

2) use of codecs when recording video;

3) significant use of processor resources.

Thus, creating a presentation in this program will allow you to convey the
essence of the subject as fully as possible, since Camasia Studio has all the
necessary tools.

Adobe Captivate (formerly known as RoboDemo) is a powerful modern tool
for creating demo video presentations. Adobe Captivate is an e-learning program
for Microsoft Windows that can be used to demonstrate video recording software,
create a simulation program, create instructional presentations, and various tests in
the .swf format [5].

The main benefit of Adobe Captivate is that users do not need programming
skills to develop learning resources. Thanks to a simple and intuitive interface,
mastering the program is quite simple.

The main advantages of the program are:

1) support for recording from multiple displays;

2) time saving function (calculation of the shortest path from event to event)

3) the presence of a powerful editor for audio / video processing;

4) the ability to create multi-level and branched e-learning courses;

5) the ability to convert slides to swf;

6) support for additional controls (buttons for text fields, lists, etc.);

7) support for Mp3, WAV, AVI, SWF, FLA and FLV formats;

8) a built-in program for creating and styling a video menu;

9) the possibility of introducing a test control. The following types of
questions are supported: multiple choice; well no; fill in the gaps in the text; short
answer; conformity; select region; sequence; ranking.

The disadvantages of Adobe Captivate are:

1) support only one SWF video format;

2) significant CPU load;

3) lack of support for recording from a webcam;
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4) paid program;

5) lack of support for the Ukrainian language;

6) work on supporting additional audio and video codecs [8].

To organize the performance of laboratory work, an important condition is the
possibility of simultaneously placing on the monitor screen instructions for
performing and the software environment in which the student works (in our case,
Visual Studio). Adobe Captivate delivers content only as fixed-size slides. This
circumstance is unacceptable for instructions for performing laboratory work, since
it significantly increases the psychological burden on the student, requiring that the
content be remembered when the monitor is switched from instruction to the
environment. And vice versa, this circumstance is an advantage for the stage of
control of the level of academic achievements.

Didactic materials, which are prepared by means of Adobe Captivate, are
presented in the form of projects. Tests can be included as an integral part of an e-
learning project, or developed as a separate project. The authors used both types of
tests. When preparing the electronic textbook on the “Classical means of data
access” module, tests were included in its component. They were placed at the end
of each section. Such a complete complex of didactic materials allowed to fully
ensure the independent study of the module. The test as a separate project was
applied to the study of the module, which allowed us to conduct classroom testing
after the completion of each laboratory work.

You can work with Captivate tests in two modes: designer and testing. A test
consisting of a number of tasks (designer mode) is added to the project. Here, in
the Adobe Captivate environment, you can check its work. Formally, you can
check the performance of such structural units of the entire project; from the
current slide to the end of the project and the next N slides. It does not matter if the
test slides or not. The project obtained in the Captivate environment can be
exported to one of the following formats: SWF (HTML + SWF), HTMLS5, PDF
(only one page with embedded flash), FLV, EXE, MP4 and APP (for MAC). So
you can build tests for various devices (computer, tablet, smartphone) and various
operating systems (Windows, Android and 10S).

In Captivate, two types of test tasks are implemented: open and closed. Open
tasks include the following:

Fill-In-The-Blank — instead of a blank, a specific word should be entered in
the text;

Short Answer — to answer you need to enter a word or phrase;
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Rating Scale (Likert) — you need to specify the degree of your agreement with
the above phrases.

Closed tasks are represented by the following types:

Multiple Choice — you need to choose one or several correct answers from the
proposed ones;

True / False — you must answer "Yes" or "No" to the test questions;

Matching — it is necessary to establish the correspondence between the
semantic units given in the question window and the answer window;

Hot Spot — should correctly identify areas on the slide by clicking them;

Sequence - the answer must determine the correct order of objects, actions,
and the like.

Thus, in Captivate you can use all possible types of test tasks, and the most
popular types of tasks with one and several correct answers are presented as
multiple choice (the difference between them is marked as an option).

For individual tasks, you can set a response time limit. This is important for
independent tests conducted in the classroom for the implementation of
intermediate and final control of students' knowledge.

Weight can be set for each task. For this, the task is labeled Graded or Survey.
In the first case, its weight (importance) can be noted, in the second - not. The test
can include tasks with or without weight. For the result, the calculation of the
correct and incorrect answers and the sum of the accumulated weights and the
possible maximum amount are performed separately. Moreover, for the wrong
answer to a specific question, you can assume a penalty that is subtracted from the
points scored. All this allows you to determine the knowledge of the student with
maximum accuracy.

For a test session, tasks are randomly selected. The selection results can be:

all tasks;

N-tasks that are randomly selected from the so-called task pool,

combination of previous options.

For tests embedded in an electronic workbook, the first option was used when
the student himself was interested in an objective test of his knowledge. For testing
in the audience is used the second option, which is deprived of the possibility of
cheating. At the same time, the power of the task pool significantly exceeded the
number of session tasks.

The test result is displayed on the screen. However, in the test settings there is
an option Enable reporting for this project, the inclusion of which allows you to
export or save the report in one of the main international standards of distance
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learning systems. This feature allows you to automate the analysis of educational
achievements as an individual student, and the entire group.

Using

The training material from the textbook should be in the following order: first
read the material presented in the section, then try to answer the questions and
complete the tasks set at the end of the section. After getting acquainted with the
section of theoretical material, you need to perform laboratory work. During work
should pay attention to the choice of tasks. They must be doable for students to
understand. To do this, each student chooses the level of complexity from the
following:

1) frontal;

2) individual;

3) competence [3].

When choosing a front-level student performs the tasks of the basic level,
which are described in detail in the instructions. After its completion, the student
receives 60 points on the one hundred rating system.

To test his strength and improve his grades, a student can independently
complete several other tasks, some of which are of a reproductive nature, and
others of a creative type. For their correct decision up to ten points is added. A
student can add 10 points to the sum of points obtained if he independently
proposes and solves the initial problem on the topic being studied. This assignment
must be from the subject area of study or the student’s future profession. The total
score for this level does not exceed 80 points.

In the case of choosing an individual level, the student gets acquainted with
the instructions for completing the basic level task and solves a similar task from
the subject area defined by the individual task. When performing such an
individual task, the student receives 70 points. He can get another 10 points if he
adapts to the problem domain from the chosen option presented in the instruction
and solves them. As at the frontal level, a student can add 12 more to the sum of
points obtained if he formulates and solves the initial problem on the topic being
studied. The total score for this level does not exceed 92 points.

At the level of competence, the student demonstrates the ability to
independently set and solve problems on the topic being studied from the subject
area of study or future profession. First, he formulates and solves a problem similar
to the base (74 points), then - similarly to additional tasks (11 more points) and at
the end of the original problem (up to 9 points). The total score at this level can
reach one hundred points.
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When performing laboratory work, you can use either a step-by-step
description of each task, or the corresponding video. The link to it is presented as

an icon @ at the beginning of the "Run" section of each task.

Each section contains tests. They can be used in two ways - for self-
monitoring and for determining educational achievements in the field of laboratory
protection.

If tests are used for self-examination, the student can pass them both before
the start of the laboratory work, in order to assess the level of his theoretical
knowledge on the topic being studied, and after they are completed, to consolidate
the skills acquired during laboratory studies. Such a double self-test is
recommended to determine the growth of professional skills and improve student
self-esteem.

After completing the laboratory work, the student has the opportunity to take
a test in the classroom, protecting the laboratory work. The results obtained by him
are summarized in determining the final grade for laboratory work - up to ten
points in the one hundred point rating system.

Such multiple testing is protected against fraud, since the test for each topic

contains about one hundred tasks, and for each test session, 10 tasks are randomly

selected from the total set. To go to the test, you need to click on the icon < :

which is located in the subsection "Test" before the conclusions for each section.
At the end of each section there 1s a “Questions and Tasks” heading. Relevant
questions are formulated that allow you to test and consolidate the knowledge
gained in the reading section. The last is an interactive exercise. It is presented in
the form of a test task with three attempts to answer. Performing such an exercise
is considered as a means of operational self-monitoring of the material under study.

To go to the interactive exercise, click the icon i\p,

The tutorial can be used in two modes - without an Internet connection
(offline) and with connection to it (online mode). Next, you should consider the
features of working with a textbook in each of these modes.

In offline mode, study materials are best viewed using the free Adobe Acrobat
Reader.

For the convenience of navigating through the material in the tutorial,
bookmarks, hyperlinks, page numerator are provided. In the Adobe Acrobat
Reader program, the Bookmarks button is located in the navigation area of the
open file window of this program (Fig. 1).
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file:///F:/!ADO/!eManual/Федько_Тарасов_Лосев_v1/Video/Lab1/Lab1_1_1.htm
file:///F:/!ADO/!eManual/Федько_Тарасов_Лосев_v1/Tests/Test_01/Test_01.htm

Fig. 1. Bookmarks button in the program navigation area
Adobe Acrobat Reader

The first click on the “Bookmarks” button in the navigation area displays the
root node of the tutorial, which can be opened to the desired depth to display the
name of the required theoretical section or element describing laboratory work

(Fig. 2).
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Fig. 2. Navigate to the desired section using the Bookmarks area

The tutorial widely uses hyperlinks to go to reference sites on the Internet or
to a specific place in the tutorial. For example, http://www.connectionstrings.com/
is used to get the format of a connection string with various databases. Local
hyperlink is used, for example, when describing a task in the text

Write the code of Example 1.5 using the using block.
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In the case of a local link, you need to worry about returning to the place
where the transition occurred. To do this, you can either remember the source page
number, and then use the Adobe Acrobat Reader window pager, or execute the
command to switch to the previous view using the Alt + Left arrow key
combination.

During the execution of the laboratory work, it is important to create a
comfortable environment so that you can simultaneously see on the monitor a step-
by-step description and Visual Studio. Usually, the step-by-step description is
placed on the right side of the monitor, taking about a third of it (65% scale),
Visual Studio is on the left of the remaining area (Fig. 3).
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Fig. 3. Placement of the step-by-step description and Visual Studio

In the instructions for the implementation of laboratory work there are texts of
program fragments. They can be copied to the clipboard and then pasted into the
program editor in Visual Studio. This technique is recommended to use when the
code is absolutely clear. If you need to understand this, it is better to enter the text
of the program yourself. When you enter, as a rule, the algorithm presented in the
code becomes clear.

To work with tests and interactive exercises you need a program for viewing
swf-files. In order not to install an additional program, you can use a web browser
that supports this feature. Please note that one of the most modern Edge browsers
does not support it. For these purposes, it is recommended to use the Google
Chrome web browser. The following describes how to configure this program in
the Windows 10 operating system.
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To set up Google Chrome to work with tests and interactive exercises do the
following:

1. Click the “Settings” button on the Start panel.

2. Click the “System” button in the “Windows Settings” window.

3. Select “Default applications” in the left list of the “Settings” window, and
on the right select standard applications for file types.

4. Find the .htm element in the left list of the "Select standard applications for
file types" window, click the item on the right and set the Google Chrome
application icon.

After completing the above setup, tests and interactive exercises will open in
the Google Chrome web browser. At the end of the answers to your questions,
close the Google Chrome program window to return to working with the tutorial in
the Adobe Acrobat Reader window.

Working with the online tutorial has the following differences.

1. It is recommended to install Google Chrome as your default web browser.

2. When viewing materials online (through a browser), the Bookmarks area is
not available. To navigate through the sections of the tutorial, use the "Content"
section. When you click on the name of the desired section, it goes to the
beginning of the selected section. To quickly navigate to the "Content™ section, use
the "To Content™ hyperlink located at the top of each page (except for the cover
page).

3. Tests and interactive exercises open in the same web browser window as
the main material. Therefore, after completing the answers to the questions asked,
press the “Back” button in the web browser to return to working with the main
material of the tutorial tutorial (Fig. 4).
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Fig. 4. “Back” button in the web browser window

The methodological techniques described above for setting up an environment
for performing laboratory work can significantly improve a student’s productivity
for acquiring computer skills.

In addition to good navigation, working with pdf files offline has another
advantage. Free Adobe Acrobat Reader DC allows you to add comments to a pdf
document. Comments are used to highlight interesting or incomprehensible text
fragments, text annotations, and an arbitrary picture. All means of creating
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comments are in the Comments toolbar (Fig. 5). It is invoked by clicking the same
button on the common toolbar.

Comment Eﬂl?iﬁa T&Ti&&' @' 4)1'

Fig. 5. Comment toolbar

If you want to draw any shape, click the “Drawing Tools” button on the
toolbar “Comment” and select the desired tool from the drop-down menu
“Drawing Tools” (Fig. 6).
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Fig. 6. Drawing Tools menu

Added to the text of the electronic tutorial can be saved and used when re-
opening the tutorial. Thus, it is possible to organize work with the electronic
textbook in the style of studying the material on the paper textbook.

Conclusions

The article discusses the possibilities of authoring tools for creating a
multimedia interactive electronic textbook in the field of informatics using
modules of various formats. Such tools as the implementation of a multimedia
interactive electronic tutorial, programs such as Microsoft Office Word, Camtasia
Studio and Adobe Captivate are analyzed, and the most rational spheres of their
use are identified. In particular, it was determined that Microsoft Office Word is
best suited for creating texts of theoretical material and instructions for performing
laboratory work, Camtasia Studio for creating video demonstrating steps for
performing laboratory tasks in Visual Studio, and Adobe Captivate for creating
tests that a didactic tool to support the stage of monitoring educational attainment.

The study leads to the following conclusions:
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1. Many programs, consisting of Microsoft Office Word, Camtasia Studio and
Adobe Captivate, are sufficient as a tool for creating a multimedia interactive
electronic tutorial in the field of computer science.

2. Significant is the fact that Microsoft Office Word allows you to create pdf-
files, which on the one hand are a link to the entire tutorial, and on the other hand,
have good navigation properties, and also regulate the size and scale of the
material.

3. Using the pdf-format as the main one allows for the phased development of
the manual - an electronic edition is first created as a pdf-file, and then a
multimedia edition with elements of interactivity is built on its basis.

4, Testing in the educational process showed that methodological
developments developed by the described technology are perceived by students as
natural and contribute to improving the quality of the educational process both in
the classroom and during independent work.
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I')TABA 13
KIIACCU®PUKALIUA JAHHBIX C UCITIOJIB30BAHUEM
UMMYHHOM MOJIEJI KJIOHAJIBHOT'O OTEOPA

BBenenune u mocraHoBka 3aaauM. llpu pemenun 3amaun kinaccuduxanyuu
OO0JIBIIOE PACTIPOCTPAHEHHUE TOJIYUYHIIA CUCTEMbI MOJICTUPOBAHUS UCKYCCTBEHHOTO
UHTEIJICKTa, (YHKIMOHHPYIOIIME Ha OCHOBE OWOJIOTMYECKUX MPHUHIIUIIOB
OopraHu3aluy BeluuciaeHui [1-3]: uCKycCTBEHHbIE HEMPOHHBIE CETH, TCHETUUECKHE
Y 3BOJIOLMOHHBIE AJITOPUTMBI, CUCTEMBI MOJIEIUPOBAHUS KOJUIEKTUBHOTO pa3zyma
u Jap. OCHOBHBIM TPEUMYIIECTBOM IEPEUUCICHHBIX CHUCTEM  SIBISIETCS
BO3MOXKHOCTh CaMOOOYYEHHsI U THOKOCTh YIPaBICHUS MPOIIECCOM TPYMIUPOBKU
O0OBEKTOB.

[Tpu perenny MpakTUYECKUX 3a7ad BO3HUKAET HEOOXOAUMOCTH Pa3pabOTKU
MOJEeIN  KiIaccu(UKAlMK, TO3BOJSIOIIEH M3MEHATh CIOCO0 TIPYNIHUPOBKU
UCXOAHBIX JAHHBIX B mporecce paboTsl. [lpu sTOM MOmens AOMKHA OBITH
aJlaliTUBHOM M COYETaTh OCOOEHHOCTU Pa3IMYHBIX COCOOOB 00yuyeHHs. AmmapaT
UCKYyCCTBEHHBIX MMMYHHBIX cucteM (MMC) mo3Bomsier mpoBOAUTH TPYHNIUPOBKY
JAHHBIX Pa3JIMYHBIMU CIIOCOOAMM, a TAK)KE U3MEHSTh HE TOJBKO CTPYKTYpY CETU
UMMYHHBIX OOBEKTOB, HO M METOJbl pEIIeHUs IOCTABJICHHOW 3amauu [4, 5].
Hcnonp3oBaHue ananTUBHOM MMMYHHOW MOJEIM TO3BOJSIET TPYyHNIUPOBAThH
JaHHbIe JMOO Ha oOcHOBe oOyuaromieir BbIOOpku (OB), mubo B mpornecce
uMMyHHOTO 00yuenust (UMO).

Knaccudukamnus gaHHBIX Ha OCHOBE HMMYHHOTO MOJAX0/Ja MOXKET OBIThH
BBIMOJIHEHA C KOHTPOJMPYEMBIM M HEKOHTPOJUPYEMBIM OOYUYEHHMEM, a TaKxkKe
yTeM aBTOMaTWyeckod kiaccupukamuu [6-8]. BxogHpiMu maHHBIMEH  JUIs

MpoOBeNCHUsT Kiaccu(pukanuu SBISIOTCS HAO0Op O0OBEKTOB KiaccuuKanuu

OBJ}obj,;...;0bj,}, n=1L N, kaxablii U3 KOTOPHIX OIMCHIBACTCS MATPHLCIt
NpU3HakoB, u Habop o0bekroB OB  SMP{smp,;...;smp .}, m=1N,

MPEACTABISIIONIMX MCXOJHBIE KJIAcChl. B CBA3M € TeMm, YTO B IMpouecce
ONpeseNieHus] Kjlacca Il MHOXKECTBA TIPYNNHUPYEMbIX OOBEKTOB MPOUCXOIUT
MO, to npumenutenbHo k teopun MMC ucxoaHbsie 0OBEKTHl NPEICTABISIOTCS
nonyssiueit antuten AB{ab,;...;ab, }, a oosexTer OB — momysisinueii aHTUTEHOB

AG{ag,;...;ag,}.

Haubonee pacnpocrpanéuabiMu moaensmu MNUC, wucnonbp3yeMbIMu 1S
KIaccu(UKanMyu  JaHHBIX, SBJSIIOTCSA  MOJENH  KJIOHAJBHOTO  OTOOpa U
HMCKYCCTBEHHOW WMMYHHOU cetu [4, 5]. Pemenuro 3amady kimaccuduxanuv u
KiaacTepusannyd AaHHbBIX Ha ocHoBe MUC mocesimensr padoter [6, 8]. B [9]
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pPacCMOTPEHO pellIeHuEe 3a]ayu KilacCU(pUKAIMK JaHHBIX HA OCHOBE MOJENd
UCKYCCTBEHHOM HWMMYHHOM CETH, TMO3BOJISIONIEN M3MEHSATh Kak CIocod
IPYNIIUPOBKU MCXOJIHBIX JIAHHBIX, TaK U CTPYKTYPY CETU MMMYHHBIX OOBEKTOB.
PaccmoTtpenst ocobeHnoctu mnpoiecca MO Ha ocHOBE MOJIEM MCKYCCTBEHHOM
UMMYHHOM ceTH, W pa3paboTaHbl aJIrOpPUTMbl KJacCU(UKAIUU JaHHBIX C
KOHTPOJIUPYEMBIM o0yueHueM, C HEKOHTPOJIUPYEMBIM oOyueHuem
(knmacTepuzalius), a TAKK€ aBTOMaTU4YECKast KilacCU(pUKALIMS TaHHbIX.

B nannHo#t pabore craBUTCS 3amada KiIacCU(UKALMK JAHHBIX HA OCHOBE
UCIIOJIb30BAaHUSI HMMMYHHOM MOJI€NM KJIOHaJIbHOTO oTOopa. C 3TOM 1embio
HEOOXOIMMO paccMOTpeTh ocobeHHocTH mporiecca MO Ha OCHOBE MMMYHHOU
MOJIeNIA KJIOHAJIBHOTO 0TOOpa, U pa3paboTaTh aJropuTMbI KiacCUpUKaIUSa JaHHBIX
C  KOHTPOJHUPYEMBIM  OOy4YeHHEM, C  HEKOHTPOJUPYEMBIM  OOydYeHUEM
(kmacrepu3anys), a TAaK)Ke aBTOMaTHUECKON KJIacCU(PUKAIIUH TaHHBIX.

Kaaccupukanusi Ha 0CHOBe MMMYHHOH MOJeJIM KJIOHAJBHOrO 0oT0Opa.
Mogenb KIOHaIBbHOrO OTOOpa ABISETCS OAHOM W3 Hauboiee MNpPOCTHIX B
pealn3ali HMMYHHBIX Mozene. [loaToMy OHa 4YacTo WCHONB3YeTCS A
pelIeHUsl pa3iMyYHbIX MpakTHUEeCKUX 3anady. Haumbosnee pacnpocTpaHEHHBIMU
METOaMH, peaTH3YIOIIMMH JaHHYI0 Mojens, sBistorcs CLONALG u BCA [4, 5].
OCHOBHOE pasznuuMe MEXAy JaHHBIMM METOJIaMU 3aKJI0YaeTcsli B CIOco0e
oOpabotku antuten B mnporecce MMO, mpoBeneHHMH NEPBUYHOrLO OTOOpa H
OCOOCHHOCTSIX KJIOHMPOBAaHMs aHTUTEN. biaromapss HEKOTOPBIM OCOOEHHOCTSIM
pabotsl Mmeron BCA Oonpliie MOAXOMUT JUIS pEUICHHs 3aJaud Kiaccudukammm,
onnako CLONALG xapakrtepusyercsi 60yee BBICOKHM ObICTpozeiicTBueM [4, 5].
[ToaTOMy 1U1s1 pelieHus 3aJaul KiacCu(UKalMy Ha OCHOBE KJIOHAJIBHOIO 0TOOpa
6a30BeIM MeTO10M ObLT BBIOpaH CLONALG.

1. Ocobennocmu  ummynnoco  oodyuenus. Ilponecc HWIMO  npu
UCIOJIb30BaHUU MOJENH  KIOHAJIBHOTO OTOOpa, MCKIIOYaeT BO3MOXHOCTh
B3aMMOJICHCTBHSI BHYTPU TOMYJSIIMM AHTUTEN, JTUOO MEXAy aHTHUTEeIaMu |
MHOKECTBOM KJIOHOB. [l03TOMYy BCe BHYTpPUIOMYJISIMOHHBIE B3aUMOJEUCTBUS
MEXIy aHTUTEJIaMU MPOU3BOJATCA OO0 nepen HadanoM dtana MMO, nubo nocne
€ro 3aBepILEHUsI.

[TocranoBka 3amaunM  KjIacCHPUKAIMM HE OKa3blBa€T BIMSAHHE Ha
opraHmzanuio  mporecca  oOydenus. [lostomy npm  kimaccuduxaum,
KJIACTEpU3allud U aBTOMAaTUYECKON Kilaccu(ukanuu oObEKTOB Ha OCHOBE MOJIETHU
KJIOHAJIbHOTO 0TOOpa, UCTIONb3YeTCA OAUH U TOT )K€ MoaxoA K mposenenuto UMO.
V3MeHeHus: TPOU3BOATCS TOJIBKO B MOMYJSAIUAX aHTUTEN U aHTUreHoB OB. Jlms

pemeHuss  mpoOsieMbl  W3OBITOYHBIX  BBIYMCICHUHM,  XapaKTepHOM s
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NOMYJIIUMOHHOM ~ 00paOOTKM  aHTUTEN, MCIHOJIb3YeTCsl  IOoclieoBaTelbHAas
oopadoTtka antuten [10]. Ilpu sToM I Kaxaoro KIOHHUPYEMOTO aHTHUTENa
dbopmupyeTCst OTACIBHOE MHOKECTBO KJIOHOB, KOTOPBIE TIOJIBEPraloTCs MyTallUU U
penaktupoBanuto. Ilpomecc MMO mpu kimaccudukanuyd Ha OCHOBE MOJCIH
KJIOHAJIbHOTO O0TOOpa Ha ypoBHE MMMYHHBIX orepatopoB (MO) mpexacrasisiercs

CJIeTyIOITUM 00pa3oM:

AB’' T

Cloning(ab!,CL,,n)—
— Mutation (CL; ) —
Learning(AB,AG,T,n)= | — Presentation(CL,,Ts,)— (1)
— Selection(CL,,cl’) —
— Ageing (ab,cl’)
rne AB — momymsmust kinaccuuuupyembix antuten; AG— nomymnsuus
antureHoB OB; T — mpenenbHOE KONMMYECTBO MOMYJISLUN, (OPMUPYEMBIX MPH

MMO; n — MHHHMAaJIbHOE KOJIMYECTBO KJIIOHOB; CIoning(ab;,CLi,n) - 1O

IPONOPLUOHATIBHOTO KJIOHUPOBAHMSI AHTUTEN C OrPAaHUYEHHEM MHUHUMAJIbHOTO
KoiuuecTBa kioHoB;  Mutation (CLi) — MO o0paTHO-pONOpUUOHATBHON

myTamun; Presentation(CL,;,Ts;) — MO mpescTaBieHus HeEBHIX 0OBEKTOB |-TO
aHTUTENa IS, MHOXECTBY MYTHPOBABUIMX KJIOHOB; Selection(CLi ,CI’) - HO
KOHKYPEHTHO L[eJIeBOro oT6opa k1oHoB; Ageing (ab!,cl’) — O crapenus aHTHTEL.

[TockoJIbKy MOJEIb KJIOHAIBHOTO OTOOpa HCKIIOYAeT BO3MOXKHOCTH
B3aUMOJECUCTBUA MEXIy aHTuTenaMu B nporecce MMO, To MHOXECTBO LIEJIEBBIX
00beKTOB TS; I KaXIOro i-ro KiIacCHPHUIUPyeMOro aHTUTena (HopMUpyeTcs

UCKIIFOUYNATENBRHO W3 rnomyisinuu  aHtureHoB  OB. Ilpu »stom B ciywae
KJIacCU(PUKAMU JOMYCKAETCSI BO3MOKHOCTh MOIMOJIHEHUS MOMYJISIIIUM aHTUTE€HOB
yTeM KOIHPOBAHMS (KJIOHUpOBaAHUSA) AHTUTE, KOTOPBIE ObLITH
KJIacCCU(UIIMPOBaHbl HA HayaJbHOM JTane. B ciayuae kinacrepusanuu, B yCIOBHIX
OTCYTCTBUS aNpUOpPHOM HH(POpMAUMU O Kjaccax, TMOMYyJSIUs aHTUI€HOB
dopMupyeTcss U3 aHTHUTEN, SBIAIOIIMXCS HAYaJIbHBIMU LIEHTPaMH (OPMHUPYEMBIX
KJIACTEPOB MMyTEM KIIOHUPOBAHMUSI.

B Beipaxkenuu (1) uicnmonb3yercs 3Haue€HHUE T, ONpPEACINSIONIee MPeaeTbHOE
KOJIMYECTBO MOMYJALMA aHTtuTen, ¢opmupyembix B mnpouecce MMO. Jlannoe
3HAYEHHUE SIBJISIETCS KPUTEPUEM OCTAaHOBA. B KayecTBe NaHHOTO KPUTEPHUS MOKET
UCITIOJIb30BATHCS JOCTHKEHUE COCTOSIHUS MOJIHOM cnenu@UIHOCTH
KIacCU(UIMPyeMbIX aHTUTEN IIeJIeBBIM OO0BEeKTaM. Takum oOpa3om, Tmpu
opranuzanud MO Ha ocHOBE MOJIENU KIOHAJIBHOIO OTOOpA, UCIOJIb3YIOTCSl BCE
nepeunciennblie Moaudukauuu MO, a Taxke MNOAXOAbI, NpPUMEHSEMble s

IMOBBIICHNA CKOPOCTHU O6y‘IeHI/I$I.
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2. Knaccugpukayusa ¢ konmponupyemvim 00yuenuem. J1ns peuieHus 3aiadu
KJIACCU(PUKALUU C KOHTPOJIUPYEMBIM 00yUYE€HHUEM HAa OCHOBE MOJIENIN KJIOHATBHOTO
orbopa chopmupoan metonq CLONALGM, xoropslil siBisieTcss Moaudukaiyen
meroga CLONALG. OcuoBubimMu ocooenHocTsiMu CLOANLGM siBistiroTes:

— moclieioBaTeNbHas o0paboTka anturen B mpouecce UMO;

— UCTIOJIh30BaHHE 1IEJIEBBIX OOBEKTOB JIJIsl TOBBIIICHUS CKOPOCTH O0yUYEHUS;

— IPOMOPIIMOHATILHOE  KJIOHUPOBAHWE C OrPAHMYEHUEM MHUHUMAIbHOTO
KOJIMYECTBA KJIOHOB;

— 00paTHO-IPONIOPIIMOHAIbHAS MyTallMsl Ha OCHOBE a(UHHOCTH NaJbHETO
npeKa KIOHUPOBAHHOTO aHTHUTENA;

— UCIO0JIb30BaHUE KOHKYPEHTHO-1IEJIEBOTO 0TOOPA KIOHOB,;

— BO3MOXKHOCTh ~KJIaCCU()MKALIUA aHTUTEN ©0€3 JOCTIKEHHS COCTOSHUS
HOJIHOM CIenU(UIHOCTH HEKOTOPOMY LIEJIEBOMY OOBEKTY.

[Tpomecc UMO B CLONALGM opranuzoBan B cooTBeTcTBUU ¢ (1). Kpome
TOTO, B HEM TOJACPKHUBACTCS BO3MOXHOCTb KJIacCU(pUKALMU aHTUTENd 0e3
JOCTHXKEHHSI TOJHOM crenupUuyHOCTH KakoMy-mnOo IneneBoMy o00bekTy. Ilpu
ATOM II€JIEBBIMU 00BEKTaAMU I KIACCU(PUIIUPYEMBIX aHTUTENI MOTYT OBITh TOJIBKO
anturedsl OB, TMOCKOJBKY MOJ€Nb KJIOHAJIBHOTO OTOOpa HE HCIOJIB3YET
BO3MOXKHOCTh CETEBOTO B3aWMOJCHCTBUS BHYTPU TMOMYJSALUU AHTUTEN WIU
KJIOHOB. [y KinaccU(pUKAMM ¢ JOCTUXKEHHUS COCTOSIHUS CIEeUU(PUUIHOCTH
LEJIEeBOMY OOBEKTYy JOCTATOYHBIM SIBISIETCS YJOBJIETBOPEHUE CIEAYIOLIErO

YCIIOBHSI:
vab, e C.:aff ., > 1 NAT 2

i €V G, = I (2)

rae ab; — i-e xnaccuduumupyemoe antureno; C; — j-i mcxonmwlif Knacc;

aff e — apunnoCTs MEKIY aHTHTENOM M Beemu anTurenamu knacca, NAT, —
]

3HA4YeHHE cpeaHed apPUHHOCTH MEKIAy aHTUTeHaMH |-ro Kijacca, A —

KO3 PUIIMEHT pocTa KI1acCoB.

[Ipu BBINIOJIHEHUU TAHHOTO YCJIOBUS AaHTUTEJIO OMNpEEsieT MPUHAIC)KHOCTh
K OJHOMY M3 MCXOJHBIX KJIaccoB, U He ydacTtByeT B mnpouecce UMO. IIposepka
BO3MOXXHOCTH KJIaCCU(PUKAITUU JJAHHOTO aHTUTENa TPOUCXOIUT MOCTIE 3aBEPIICHUS
paboTel omepaTopa crapenus. Jus pemenus nannou 3agaun B CLONALGM nHa
stane UMO ucnonb3yeTcs onepaTop KiacCU(PUKALNA HECTIELIM(PUIHOTO AaHTUTEIIA,
MPUMEHSIEMBIN TIOCNIe 3aBepIlieHus paboThl omepatropa crapeHus. Ilpu sTom
MMMYHHOMY OOBEKTY MPEJICTABISAETCS OTrPaHUYECHHOE KOJUYECTBO KJIACCOB. JTO

00OyCIIaBIMBAETCS TEM, YTO MPHU OMPEACIICHUN MPUHAJICKHOCTA HECTIEITU(PUIHOTO
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aHTUTEIa HEKOTOPOMY KJIACCY IPOUCXOIUT MPEACTABICHUE BCEX €r0 aHTUICHOB,
JaXe eclIM OHM HE SBIAIOTCA LEJIeBbIMU OOBEKTaMU KJIACCH(PHUIIMPYEMOTrO
aHTurena. [[nsd CokpalleHus KOJIMYECTBA BBIYMCIMTENIBHBIX OINEPALUMN aHTUTEILY
IIPEACTABIAIOTCA AHTUIECHBI TOJIBKO TE€X KIIACCOB, KOTOPBIM IPUHAIJIEKAT €r0
neneBble  00bEKThl. KOMMYECTBO TakMX AHTUI€HOB JOJDKHO YAOBJIETBOPSATH
CJIEIYIOLIEMY YCIIOBHUIO:

NT.. N

[N

[ % (3)

N
rae N, — KOJIMYeCcTBO IENICBBIX aHTHICHOB |-T0 aHTUTENa j-ro Kiacca; N —
1) 1

06mee KOJIMYCCTBO INCJICBLIX AHTHUI'CHOB I-TO AHTHTCJIA, Nj — KOJIMYCCTBO

AHTHUT'CHOB j-FO KJ1acca, N — O6IH€€ KOJIMYECTBO aHTUTeHOB B OB.

Hcnonb3oBanue ormnepatopa KiacCU(UKAMU HECHEHU(PUUYHBIX AHTUTEN B
npouecce MMMO 1o3BOJS€T COKPATHTh KOJMYECTBO IIOIYJISILUI  aHTUTED,
(bopMHpyEMBIX TPU O0YUYEHUU U TOBBICUTH OBICTPOAEHCTBUE aIrOpUTMA.

B cooTBeTcTBUM C MUMMYHHON MOJIENBIO KJIacCU(UKALIUU C KOHTPOJIUPYEMBIM
oOyuenuem pabota ummynHoro anroputMa CLONALGmM na ypoae HO

IPEICTABIISICTCS CACAYIOIUM 00pa3oM:
NatCalculation (AG) —
— Presentation (AB,AG) —
— ClassDetection(AB',A) —
— TrgSelection (AB") (4)
— Learning(AB,AG, T,A,n)—

ClassDetection (AB", 1) —> ]°°

— Reconstruction (AB,AB’)

PRP

CLONALGM (AB,AG, T, \,n)=

rie PRP — moaroroButenpHbd dTam; CLS — 3Tam yTOYHEHUS TpaHMII
xmaccos; NatCalculation(AG) — WO onpemenenus 3uauenmii  NAT;
Presentation(AB,AG) — MO npencraBieHuss  aHTUICHOB — aHTUTENAM;

ClassDetection(AB',A) — omepatop ot6opa u knaccudukamun 6e3 HMMO;
TrgSelecti on(AB”) — omepatop ompeneTeH s HeNeBbIX AHTHICHOB [UIs aHTHTEI,
KOTOpBIC KiaaccupuiupyroTcs B nporiecce MMO; Learning (AB,AG,T,X, n) — JTall
MO, npencrasnennsii 8 (1); ClassDetection(AB”,\) — omepatop yTouneHus

I'PaHHUIl KJIACCOB M TPYIIITUPOBKH aHTUTEN, KOTOPHIE HE ObUTH KJIacCU(PHUITMPOBAHbI
B mnpomecce MMO; Reconstruction (AB,AB') — OIEepaTop BOCCTAHOBJICHUS

UCXOJHBIX 00bekTOB AB © ompeneneHus WX MPUHANICKHOCTH K HCXOIHBIM
KJlaccaM TI0 pe3ysibTaTaM Kiaccudukanuu wusMeHsemord B mnporecce MMO

MOIMYyJIIIIUU aHTUTCII.
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Omnpenenenue 3HadeHuit mnoporoBbix adduunocteit NAT  npoucxogut
Omarogapsi B3aumozeiicTBuio Mexay antureHamu OB. Ilpu 3TOM Ha ocHOBaHUM
appuHHOCTEH MEXIy HHUMHU NpoucXomuT onpezneneHue sHaueHus NAT,, i

BCEH MMOIIYJISIIUH AHTHUT'CHOB, N  3HA4YCHMHIA NATAG- JJIA AHTHUI'CHOB,
1

OpUHAUISKANINX KaxaAoMy I-My HCXoAHOMY kiaccy. [locrme mpencraBnenus
aHTUTEN 00YYalolMM aHTUTeHAM MPOUCXOJIUT UX HavajabHas KiaccuUKaIus.

B pesynbrare knaccudukanuum yvactd aHTuTen 6e3 mnposenenus HMMO
nomyJsiiust 00pabaThIBaEMbIX OOBEKTOB COKPAIACTCS, U IS KaKJIOTO aHTUTeNa
JAHHOM MOMYJIALIUKA TPOUCXOJIUT OTPEIEICHHE MHOKECTBA 11€JIEBBIX AHTUTEHOB, C
KOTOpPBIMM OHO (M €ro KIOHbI) Oyner B3auMozeiicTBoBaTh. Ilocie 3rToro
HaunHaeTcs: npouecc MO ¢ BO3MOXHOCTBIO KJIacCUPUKAUU HECTEHU(PUIHBIX
anturten. B ciaydae 3aBepuienus UMO B pesynbraTe OpMUPOBaHUS MPEIETHLHO
JOMYCTUMOTO KOJIMYECTBA TMOMYJSAIUA HWMMYHHBIX OOBEKTOB, B MOMYJISIUU
aHTUTEI IOy CKAEeTCs CYIIECTBOBAHKUE HE KIACCU(PUIUPOBAHHBIX OOBEKTOB. Takue
aHTUTENA OMPENEISIOTCS JUIsl MPOBEACHUS NalibHENIel KiaccuduKaly Ha JTare
YTOUYHEHUSI TPAHUI] UCXOJHBIX KiaccoB. [Ipu knaccudukauu gaHHBIX OOBEKTOB
U3 BCEr0 MHOXECTBA €ro IEJEBbIX OOBEKTOB OTOMpPAETCS  aHTUIEH,
XapakTepU3yIolUiCsT MaKCUMallbHbIM 3HaueHueM ad(@UHHOCTH C JTaHHBIM
aHTUTEJIOM, KOTOPBINA OMNpeessieT Kiaccudukaiuioo aHtuTena. B cooTBeTcTBUM €
3TUM, MPUHAJICKHOCTh AHTUTENIa K OJTHOMY M3 UCXOJHBIX KJIACCOB OMPENEISIETCS
M0 MaKCUMaJIbHOMY 3Ha4eHUIO0 a(UHHOCTH MEX]y JTaHHBIM aHTUTEJIOM U OJHUM
U3 €ro 1eJIeBbIX aHTUTeHOB [6]. Tlocne knaccudukaimm Bcero MHOXKECTBa aHTUTEI
IPOUCXOAUT MPOLIECC BOCCTAHOBIIEHUSI 00BEKTOB. [Ipy 3TOM MpOUCXOAUT 3arpy3Ka
UCXOJTHOTO Habopa aAHTUTEJI, XapaKTepU3yOLIUXCS YHUKaJTbHBIMU
uaeHTUdUKaTOpamMu, OJarojapsi MUCHOJIb30BAHUIO KOTOPBIX OINpPEIEISIETCS CBA3b
MEXIy KJIacCU(UIIMPOBAHHBIM AHTUTEIIOM M HCXOAHBIM 00bEKTOM. B
COOTBETCTBHUM C 3THM, MJI1 KaXXJOTO HCXOJHOTO AaHTUTENIAa YCTaHABIIMBAECTCS
NPUHALJIEKHOCTh K OJAHOMY M3 HCXOJHBIX KJAcCOB IO  pe3yjbTaTam
KJ1acCU(DUKAIIMY TTOMYJISIIANA aHTUTEN.

Hns omenku pabotsi CLONALGM wu cpaBHEHHS €ro C JpYyTUMHU
QIrOpuTMaMM U METOJAMH, UCIHOJb3YEMbIMH  JJISl  PEIICHHS  3aJa4yu
KJaccu(pukaumm ¢ KOHTPOJIUPYEMbIM OOyYEHHEM, HCIONb30BAIUCHE HAOOPHI
JAHHBIX, TpeAcTaBieHHble B Tabm 1. Kaxaesii ©HaOOp Xapakrtepusyercs
KOJIMYECTBOM OOBEKTOB M Pa3MEPHOCThIO MaTpuI] npu3HakoB. [Ipu 3tom, ecnu
Pa3MEPHOCTh MATPUIIbI IPU3HAKOB XapaKTEPU3yETCsl 3HAUEHUEM 3X3, TO KaKIIbIi
KiaccupuuupyeMbiii 00beKT U 00beKT OB onuckIBaeTCs 1€BATHIO TPU3HAKAMM.
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Taoauna 1
XapakTepucTUKH HA00OPOB UCXOAHBIX JAHHBIX

Knaccudumpyemsie Obyuatomas Komnaectro Marpumna

Habopst
00BEKTHI BBIOOpKA KJIACCOB TIPU3HAKOB

Habop 1 500 100 3 3x3
Hatop 2 500 100 3 5x5
Habop 3 1000 200 5 5x5
Hatop 4 2000 400 5 5x5
Habop 5 5000 400 5 5x5
Habop 6 5000 400 5 10 x 10
Hatop 7 10 000 500 10 5x5
Hatop 8 15 000 500 10 5x5
Hatop 9 20 000 500 10 5x5
Ha6op 10 20 000 500 10 10 x 10

Jnst onpenenennst 3pdexruBHOocTH CLONALGM mpm  knaccudukamuum ¢
KOHTPOJUPYEMbIM O00y4YeHHEM ObUIO TIPOM3BEACHO CpPAaBHEHHE pE3yJIbTaTOB
paboThl JAaHHOTO AITOPUTMA C PSIOM HamboJee pacmpoCTPaHEHHBIX aITOPUTMOB
Kiaccudukanuy, (QyHKIIMOHUPYIOIUIUX, B TOM YHCIEe, HAa OCHOBE HMMYHHOTO
noaxona. JauueiMu metomamm sBisiorcs [1-5]: kNN, CART, SVM, BCA,
CLONALG, aiNET. Ilpu onerke 3pPeKTUBHOCTH MEPEUUCICHHBIX aJIrOPUTMOB
YYHTHIBAIINCH CJICTYIOIITHE nmapameTpBhl: TOYHOCTh KJ1accu(ukanmm,
ObICTpOJIEHCTBHE, YCTOMYMBOCTh Kiaccudukanuu. PesynbTaTsl KiaccuduKaiuu
INPUBEACHHBIX B Ta0. | HAOOPOB TaHHBIX MPEACTABICHBI B Ta0M. 2.

Ta6auma 2
Pe3yJ’lLTaTbI KJIaCCI/I(l)HKaIII/Il/I C KOHTPOJIHPYEMbBIM OﬁyquneM
Knaccudunupyembie HaOOpbI JaHHBIX
Metoabt
H1 H2 H3 H4 HS5 H6 H7 HS HO9 H 10
T 11.7 12.1 12.5 12.6 12.5 14.2 14.8 14.7 14.7 16.0
kNN (k =5) A 96.2 96.3 93.8 91.6 90.5 90.5 87.2 86.1 84.3 84.4
S 99.8 99.7 98.6 98.7 97.5 97.4 95.3 95.4 95.4 95.3
T 38.2 39.3 39.8 39.7 39.9 415 42.4 42.6 425 43.9
CART A 97.3 97.4 97.2 97.4 96.1 96.2 96.3 96.2 96.3 96.5
S 99.4 99.3 99.4 98.9 98.8 98.8 98.6 98.7 98.6 98.1
T 51.3 52.4 55.2 54.9 54.8 55.7 59.8 59.9 59.8 60.1
SVM A 99.9 99.9 99.8 99.9 99.8 99.9 99.9 99.8 99.9 99.8
S 99.9 99.9 99.8 99.8 99.9 99.8 99.9 99.9 99.8 99.9
T 100 100 100 100 100 100 100 100 100 100
BCA A 99.8 99.7 99.7 99.6 99.6 99.4 99.3 99.4 99.3 99.4
S 99.2 99.1 98.8 98.3 97.6 97.5 96.9 96.8 96.8 96.1
T 54.6 54.8 55.7 55.8 56.1 61.2 61.1 61.3 61.2 65.5
CLONALG A 65.8 65.6 65.2 63.8 62.6 62.4 61.3 60.9 60.8 60.0
S 85.6 85.5 84.3 84.2 84.1 84.0 83.7 83.7 83.6 835
T 55.1 55.2 55.9 55.9 56.0 62.0 61.9 62.1 62.2 66.8
aiNET A 65.4 64.9 64.5 61.7 60.9 60.3 59.8 59.4 59.0 59.0
S 88.3 88.3 88.0 88.0 87.9 87.9 87.3 87.2 87.2 87.0
T 39.5 39.6 39.8 39.9 39.8 41.3 415 414 415 434
CLONALGmM A 98.2 98.3 98.2 98.2 98.1 98.1 97.9 97.8 97.8 97.7
S 99.8 99.7 99.2 99.2 99.1 99.1 98.8 98.8 98.7 98.7
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B Tabn. 2. wucnonb3yercss HECKOJbKO YCIOBHBIX O00O3HAaueHWid: «T»
XapaKTepu3yeT ObICTpojaelcTBHE anropuTMa Kiaccudukammm (time);  «A»
UCIIONB3YETCS ISl  OTOOpaKeHWs TOYHOCTH TPYNIUPOBKU (accuracy); «S»
XapaKTepu3yeT yCTOWYMBOCTH  anroputMma  (Stability). Tlo  pesympraTam
KJIaccupuKaly  pa3Iu4HbIX HaOopoB  nmaHHBIX (Tabn. 1) wmeronm BCA
XapaKTEePU3yeTCs HAUXYIIIUM  OBICTPOJCUCTBHEM, TIO3TOMY BCE  OIICHKHU
OBICTPOJICHCTBUSI  MPUBOJATCS  OTHOCUTEIBHO JIaHHOTO  anroputma. Jlns
XapaKTEePUCTHK «A» W «S» Hamboiee TOYHBIM M YCTOMYHMBBIM METOJOM
KJIaccupUKaIMU ¢ KOHTPOJIUPYEMbIM 00yueHueM siBisgeTcss SVM, 1mo oTHoIeHuo
K KOTOPOMY OIIpPEAENICHbl XapaKTePUCTUKH APYTHX aaropuTMOB. Hawmmydrmmmm
obicTpoaeiicTBueM xapakTepusyercst Metox KNN, kotopslit o cpaBaenuto ¢ BCA
MO3BOJISIET KIACCU(DUITUPOBATH OOBEKTHI IPAKTUIECKU B BOCEMb pa3 ObICTpee.

N3 pe3ynbraroB KJIACCU(PUKANMUU CIEAYyEeT, YTO HWMMYHHBIE METOJbI
kinaccupukanuu 3HaunTenbHO ycrymarT Meromam SVM, CART u KNN mo
OBICTPOJICHCTBUIO, YTO SIBJISIETCS CJIEICTBUEM OOJIBIIOTO KOJIMYECTBA U30BITOYHBIX
BeiunciacHnid Ha aTane MMO. Meroasr aiNET m CLONALG ycrymaior He
MMMYHHBIM QJIFOPUTMaM IO TOYHOCTH U YCTOMUYMBOCTHU Kiaccupuxauu. OaHaKo
cpend WMMYHHBIX MeTOof0oB Bbimensercs BCA, KOTOpbIi MO TOYHOCTH U
YCTOMYMBOCTU  KJIacCU(pUKAIMK comocTaBuM ¢ MetogoMm SVM, onHako
3HAUMUTEIBHO ycTymaeT emy B OsbicTpomerictBuu. Meroq CLONALGM
npeBocxomuT Metoabl CLONALG wu aiNET mo BceM mepedHCICHHBIM
xapaktepuctukaM. I[lpm »3TtomM 1o TouHOcTH Kiaccupukarmu CLONALGM
MPEBOCXOAUT AaHHble MeTonbl Ha 30-35%, Mo yCTOMYMBOCTU TPYNIIUPOBKU U
obicTponeiictButo — Ha 10-15%, dro sBIsieTcs CIEACTBUEM COKpAIlECHUS
KOJIM4ecTBa U30bITOUHBIX Bhruncienuid. [1pu cpaBuennn metonoB CLONALGM u
BCA, on ycrymaer BCA mno Tounoctn kinaccudukanuu Ha 1-2%, COMOCTaBUM ¢
HUM TI0 YCTOWMYMBOCTH TPYNIUPOBKU, a mpu o00paboTke OodbIIMX HAOOPOB
00BEKTOB MpeBOCXOAUT ero Ha 1-1.5% u 3HAYMTENBHO NPEBOCXOAMT €ro IO
osicTponerictBuio (Ha 60%). IIpu cpaBaenun CLONALGM ¢ He MMMyHHBIMU
MeTomgamMu, oH ycrymaeT SVM mo touHoctm wm ycroiumBocTH Ha 1-2%, HO
MIPEBOCXOJIUT €ro 1o ObicTpojaeiicTBHIO Ha 12-18%, 1 comocTaBuM ¢ alropuTMOM
CART, npeBocxo/ig €ro 1o TOYHOCTH U ycToiunBocTH Ha 1-2%.

VYmpasnenue padoroit CLONALGM B cooTBeTcTBUM € (4) OCYIIECTBISICTCS
MyTeM UW3MEHCHHS JBYX BXOJHBIX I1apaMETPOB: TIPEACITHLHOTO KOJUYECTBA
nonyJssauuid antuten 1, dopmupyeMbix B mporiecce MO, u MUHMMAaIBHOTO
KOJMYeCTBa 0OBEKTOB N, CO3/1aBaCMbIX IPU KIIOHUPOBAHUH aHTUTEIN. Y BEIIMUCHUE

npcaACIbHO AOITYyCTUMOI'O KOJIMYCCTBA HOHy.]'IHI.IHfI AHTUTCII IPUBOAUT K CHUKCHHUIO

192



OBICTPOJICHCTBUSI ANTOPUTMa U TMOBBIIMIEHUI0 TOYHOCTU TpynmnupoBku. I[lpu
MOBBINICHUA MHUHUMAJIBHOTO KOJUYECTBA KIIOHOB MPOUCXOJNUT YBEINUCHUE
BpeMeHU O0OpabOTKM MHOXKECTBA KIOHUpYeMblXx aHtuten. Ho npu stom
COKpalfaercss KOJMYECTBO TMOIMYJSLIHUNA aHTUTEN, MOCKOJBKY MpPH yBEIUYCHUH
KOJIMYECTBA KIJIOHOB TPOUCXOIUT CHIDKEHHE BPEMEHH, 3aTpayuBaeMoro Ha
JOCTIDKCHHE COCTOSIHHS CICIM(PUIHOCTA MEXKIAY MYTHPOBABIIUMHU KIOHAMH U
1EeJIeBbIMU  aHTUTeHamMu. Takum oOpa3oM, MOCPEICTBOM HM3MEHEHUS JaHHBIX
napaMeTpoB MPOUCXOIUT YIPABICHUE HE TOJBKO OBICTPOACHCTBUEM alropuTMa,
HO U TOYHOCTBIO TPYNIHUPOBKH KIACCUPUIUPYEMBIX OOBEKTOB.

3. Knaccugpukayua ¢ Hekonmponupyemvim ooyyenuem. (OCHOBHOM
OCOOCHHOCTBIO 3a7aud KJACTEpH3allMU SIBISIETCS OTCYyTCTBUE 00BbeKTOB OB,
CIIEICTBUEM YEro SBISETCA HEOOXOAUMOCTh (DOPMHPOBAHHS KIACTEPOB IS
HaOopa TpynmupyeMblx OOBEKTOB. [[is pelleHus MaHHOW 3aladyd Ha OCHOBE
MOJIeJIN KJIOHaJhHOTO oTOOopa Obu1 ucmoir3oBad Metoq CLONALGMC, koTopsii
apigercs monupuxanuein CLONALGM. B [8] mpuBoAsTCS HECKOIBKO METOJIOB
knactepuzanun  gaHHBIXx  Ha ocHoBe CLONALG, Omaromapss KOTOpBIM
chopmupoBan Metos i CLONALGMC. OcoOeHHOCThIO JaHHOTO METOJIa SIBIISICTCS
dopmupoBanne OB aHTUreHOB mepen TPYyNIUPOBKOM HCXOJHOro Hadbopa
oowvektoB. [lpu opranmzammmu MUMO B CLONALGMC wucnonb3yroTcs Te Ke
MOIXO/IBI K MPOBEACHUIO KJIOHUPOBAHUS, MYTAIIMHA U PEAAKTUPOBAHUS TIOITYIISITUN
UMMYHHBIX 00beKkTOB, 4TOo U B MeTroge CLONALGM. Otinuue 3akirodaeTcsi B
HEoOXoMuMOCTH  (OPMHUPOBAHMSI  TOMYJSAIIMA  AHTUTCHOB  ITOCPEICTBOM
KJIOHUPOBAHMSI AHTUTEN, SIBJISIONIMXCS HAYaJbHBIMHU IIEHTpaMH KiacTepoB. Jlms
OTIpe/IeNICHUs] HAYaJbHBIX IIEHTPOB KJIACTEPOB HUCIOIB3YETCs 3HAYCHHE CpPETHEH
abunHOCTH Mexy KiaccuduiupyeMbivu antutenamu NAT .

Ha ypoBae MO CLONALGMC npencTaBisieTcst CIEAYONIMM 00pa3oMm:

-PRP

NatCalculation (AB) —
— AgGeneration(AB) —
CLONALGmMC (AB, T,A,n)=| — Presentation (AB,AG ) — -
— ClusterDetection(AG,AB,\) —
| — TrgSelection (AB") | (5)
— Learning(AB,AG,T,A,n)—

ClusterDetection(AB",AG) -~
— Reconstruction(AB, AB')

rie A — Kod(pGUIIMEHT pocTa KIACTEPOB; Learning(AB,AG,T,k,n) — JTal
MMO; CLS - sran 3aBepmenns kmactepusamuu; NatCalculation(AB) — 1O
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ompenenenust 3Hadenums addurnoctu NAT;  AgGeneration (AB) - MO

OTIpEJICICHNS] HAYAIBHBIX IIEHTPOB KJIACTEpPOB W (POPMUPOBAHUS TOMYJISIIHH
antureHoB AG; Presentation(AB,AG) — WO npexncraBieHus TOMYJISAIUAN

[[eJIEBBIX AHTUTECHOB I'PYNIHUPYEMbIM aHTHUTEIAM; CIusterDetection(AG,AB,x) —
MO xnacrepuszanuu anturena 6e3 UMO; TrgSelection (AB”) — NO omnpenencuus

IeJICBBIX AHTHTCHOB M1 AaHTHTEN, YydacTBylommx B mpomecce HWMO;
ClusterDetection(AB",AG,A) — MO  onpeseneHMs  KIacTepoB  JUIA

HEKJIacCU(DHUITMPOBAHHBIX AHTHUTEI; Re construction (AB, AB') — 1o

BOCCTAaHOBJICHUSI MCXOAHBIX OOBEKTOB W ONPENECICHHUS MX MPUHAMJICKHOCTEN K
BbIJIEJICHHBIM KJIaCTEpaM.

Takum oOpazom, pabora CLONALGMC HaumHaeTcss ¢ ompeneneHus
3HaueHust NAT s nomynsiuMyd  aHTUTEN, IpPU  UCIOJIB30BAHUM KOTOPOTO
IIPOUCXOJUT OIPEJECICHUE HAaYalbHBIX LIEHTPOB KiacTepoB. [1O0CKOIbKY MoOJEnb
KJIIOHAIBHOTO OTOOpa MCKJIIOYAET BO3MOYKHOCTh B3aUMOJEHCTBUSA  MEXIY
anturenamu B mnpouecce HMMO, npoucXonuT KIOHUPOBAHUE BbIACIECHHBIX
HAayaJIbHBIX [IEHTPOB KJIACTEPOB [UIsl CO3JAHMS TOMYJALUH  OOyYaroImMX
aHTUTeHOB. [locie 3TOro NPOUCXOAUT ONPEAEIIEHNE BO3MOKHOCTH KJIACTEPU3ALINH
06e3 UMO. Ilpu 53TOM [as KaXIOro aHTHUTENA MPOUCXOAUT ONpEIEICHHE
BO3MOYKHOCTH KJIaCTEPU3ALMU B COOTBETCTBHU CO CJIEAYIOIINUM BBIPA)KEHUEM:

] —

1
vab; e C, :Xaﬁ‘.. > NAT, (6)

rae ab, — i-e aHTHTeNo, Uil KOTOPOro MPOBOIUTCS MPOBEPKA BO3MOYKHOCTH

knactepuzatmu 6e3 UMO; C; — J-#f x1acTep, XapakTepu3yrOIMHACS aHTUTCHOM-
ueHTpoM; A— Kodpdumuent pocra kiaccos u kmactepos; aff; — apdunnocrs

MEKIY 1-M aHTUTEIOM W IeHTpoM |-ro kiaactepa, NAT — 3HaueHue cpemHeit

aPUHHOCTH MEXKTy aHTUTETIAMH.

[Tocne mpoBenenust kinacrepuzanuu 6e3 MMO nims MHOXKecTBa CBOOOJIHBIX
aAHTHUTEN TIPOUCXOIUT OTPEICTICHUE TIEJICBBIX 00BEKTOB aHAJIOTUYHO TOMY, KaK 3TO
onucano B Mmetoge CLONALGM. Crenyer otmeTuTsh, uto neicteuto MO Ha stamne
MO noasepraroTcsi TOJIBKO T€ aHTUTENa, KOTOPBIC HE CIEeU(DUIHBI aHTUTCHAM U
He OBUTM OTHECEHBI HM K OJHOMY KJIAcTepy Ha 3Tale MOJATOTOBHTEIHLHOM 3Tarle.
[Tocne 3aBepmenus npoimecca MO mporcxoauT yTOYHEHUE TPAHUIL BBIICICHHBIX
KJIACTEPOB, a TaKke (POPMUPOBaHHE HOBBIX KJIACTEPOB M3 MHOXKECTBA OOBCKTOB,
KOTOPbIE HE MOTYT ObITh OTHECEHBI HU K OJTHOMY M3 CYIIECTBYIOIINUX KIACTEPOB.

Hns ouenku padotsl metona CLONALGMC ucnonbs3oBaics HaOOp AaHHBIX,
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npenctaBieHHble B Tabn. 1. Ilpu kmactepuzanmm JaHHBIX HAOOpOB OOBEKTOB
KOJIMYECTBO (POPMHUPYEMBIX KJIACTEPOB HE YUYUTHIBAIOCh, U HWCIOIB30BAIIOCH
TOJILKO B Clly4ae HeoOXoauMmocTH (mis padotTel amroputmoB kK-means u MST).
Takum o06pa3om, KOIMYECTBO (POPMUPYEMBIX KIACTEPOB OIMPEACIIECTCS METOIOB
CLONALGMC B x01e pabOTHI U HE SBJISICTCS BXOAHBIM ITapaMeTPOM.

[Ipu ompenenenun 3¢dexkruBHoctn Mmetoma CLONALGMC  Obuio
MIPOM3BENICHO CpPaBHEHHUE PE3YJIbTATOB KJIACTEPU3AIMU C pe3yibTaTaMud PabOTHI
HanOoJiee PACIPOCTPAHEHHBIX METOAOB KiacTepu3anuu. J[aHHBIMH MeToJaMu
sBistores K-means, MST, BCA, CLONALG, aiNET. Pe3ynbrars! kiaccudukanmm
C TIOMOIITLIO TIEPEUYHCIICHHBIX METOIOB KJIaCTepHU3aIluH IPEICTaBIeHbI B Ta0II. 3.

Ta0muma 3
Pe3yJII>TaTLI KJacrepu3anui ¢ HECKOHTPOJUPYEMbBIM oﬁyquneM
I'pynmupyembie HAOOPHI TaHHBIX
Metoanl

H1 H2 H3 H4 HS5 Ho6 H7 HS H9 | H10

T 242 | 241 | 242 | 27.7 | 27.8 | 27.8 | 30.2 | 304 | 30.5 | 30.5

k-means Al 998 | 99.7 | 99.7 | 99.6 | 995 | 994 | 995 | 994 | 994 | 99.3
S1 999 | 998 | 99.8 | 99.7 | 99.7 | 99.7 | 99.7 | 99.7 | 99.7 | 99.8

T| 153 | 153 | 16.0 | 164 | 165 | 165 | 170 | 171 | 17.3 | 17.3

MST Al 99.7 | 99.7 | 995 | 993 | 99.0 | 99.0 | 99.2 | 99.1 | 99.0 | 99.1
S1998 | 998 ] 99.8 | 99.8 | 99.7 | 99.7 | 99.7 | 99.8 | 99.7 | 99.7

T| 100 100 100 100 100 100 100 100 100 100

BCA Al 956 | 955 | 95.0 | 949 | 949 | 93.7 | 936 | 936 | 935 | 934
S| 978 | 97.7 | 97.7 | 975 | 974 | 972 | 972 | 973 | 97.2 | 97.1

T| 379 | 379 | 381 | 382 | 38.6 | 38.7 | 40.1 | 40.2 | 40.2 | 40.3

CLONALG Al 642 | 642 | 63.8 | 63.8 | 639 | 63.1 | 63.1 | 63.0 | 63.1 | 63.0
S190.2 | 901 ] 90.0 | 89.9 | 899 | 89.7 | 89.8 | 89.7 | 89.7 | 89.6

T| 36.3 | 364 | 368 | 37.0 | 37.2 | 37.2 | 39.0 | 39.1 | 39.2 | 39.2

aiNET A| 658 | 65.7 | 654 | 653 | 653 | 65.0 | 649 | 649 | 64.8 | 64.8
S]1 896 | 89.6 | 89.6 | 895 | 89.6 | 89.3 | 89.0 | 89.0 | 88.9 | 89.0

T| 2565 | 2565 | 257 | 25.8 | 259 | 26.2 | 268 | 269 | 27.0 | 27.1

CLONALGmMc Al 948 | 948 | 946 | 94.7 | 946 | 941 | 940 | 940 | 941 | 94.0
S]1 981|980 | 979 | 979 | 978 | 976 | 975 | 975 | 975 | 974

[Io pe3ynpraram

KJIACTEepU3allud pa3uyHbIX HabopoB manHbix BCA

XapaKTepU3yeTcsl HauXyJIIIuM OBICTPOJEHCTBUEM, HO HaMOOJIbLIEH TOYHOCTHIO
cpenu APYrux UMMYHHBIX MeTooB. Meronsl k-means u MST xapakTepusyrorcst
HauMOOJIbIIEH TOYHOCTBIO M YCTOMYMBOCTBIO TPYNIHUPOBKHU, Opu 3ToM MST
npeBocxoauT K-means mo ckopoctH kinaccudukaimu Ha 9-11% u xapakrepusyeTcs
HAaWJIY4YIIUM OBICTPOAECMCTBUEM CpEeAr NMPUBEACHHBIX aNropuTMOB. Jlisi AaHHBIX
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METO/I0B 00S3aTEIbHBIM YCIOBUEM SIBISIETCS HATMYME UHPOPMALIUU O KOJIUYECTBE
BBIZICISIEMBIX ~ KJIacTepoB. HecMoTps Ha TO, YTO HWMMYHHBIE METOJBI
Kkiaaccudukanuu ycrymaor merogam MST wu k-means, onu cmocoOHBI K
ABTOMaTUYECKOMY BBIJICJICHUIO KJIACTEPOB 0€3 HCIOIb30BaHUSA KaKOH-I1M0O0
anpuopHo uHpopmau 00 uX KoiuuectBe. M3 pe3ynbTaroB KiacTepuszalluu
ciemyet, uro MoauduimpoBanHeii Mmetoq CLONALGMC mpeBocXxoauT MeToabl
CLONALG u aiNET u conoctaBuM 10 TOYHOCTH U YCTOHYHUBOCTH TPYIIIUPOBKH C
metogom BCA, mpeBocxozas ero mo Ovictpoaerictuto. [Ipu stom CLONALGmM
IPEBOCXOJIUT IO ObICTponeicTBHIO MeTon K-means Ha 4-5%, ycTymas emy 1o
YCTOWYMBOCTH U TOYHOCTH Ha 2-3%.

Vnpasnenue pabotot Meroma CLONALGMC ocymiecTBisieTcss IMmyTeM
W3MCHEHHUSI TPEX BXOJHBIX MApaMeTPOB: MPENETHHOTO KOJWYECTBA TMOIYIISITUI
aHTUTeN T, MHUHHMAQJIBHOTO KOJUYECTBA OOBEKTOB N, CO37aBaeMbIX IpHU
KJIOHUPOBAHUM AHTUTEN M KO3(Q(UIHMEHTOM pocTa KiactepoB A. OCHOBHOE
otnuune Mexxy CLONALGmM u CLONALGMC Ha ypoBHE BXOIHBIX MapaMeTpOB
3aKJTF0YACTCS B MCTOJIB30BaHUM KO3 GHUIIMEHTa POCTa KIACTEPOB. DTOT MapameTp
SABJISICTCS] BEIIECTBEHHBIM 3HAUYCHUEM M orpesensierca B auamnazone [0.01; 5.00]. B
clydae, €CId OH TPUHUMAET 3HAYCHUE MEHBINEC €IUHUIBI, TMPOUCXOIUT
COKpAIllEHHE KOJMYECTBa BBIJCISIEMBIX KJIacTepoB. B TIpoTUBHOM ciy4ae
MPOUCXOJNUT TIPOMOPIUOHATBLHOE YBEIMYEHHWE KOJMYECTBAa KiacTepoB. Ecmm
JAHHBIM  KOX(POUIIMEHT TPUHUMAET MAaKCUMAJbHOE 3HAaY€HUE — BO3MOXKHO
CHW)KCHUE TOYHOCTH TPYIIITUPOBKH OOHEKTOB.

4, Aemomamuueckan Knaccugpukayus o6vekmos. IloCKOIBbKY 3ajaua
aBTOMATHYECKON  KJIacCH(UKAIMK OOBEKTOB  IMOApPa3yMEBAaeT HE  TOJBKO
pacnpeneneHue TPYNIUPYEMbIX OOBEKTOB MEXIy MHOXKECTBOM HCXOHBIX
KJIACCOB, HO M BBIJICJICHUE KJIACTEPOB [JIsi OOBEKTOB, KOTOpPHIE HE MOTYT OBITh
kinaccudummpoBanbl, Merogsl CLONALGmM u CLONALGMC He wMoryr
WCIIOJB30BaThCA JJIsl pelieHus naHHoW 3agauu. [loaToMy Ha WX OCHOBE ObLI
chopmupoBan metof; kinaccudukanmun CLONALGMa, peanusyrommii 0CHOBHbBIE
NPUHIMIBL KIOHaIbHOTO oTOopa B mpouecce UMO. Takum oOpa3zoMm, B METOAE
CLONALGMa wucmonbs3yloTcsi OCHOBHBIE NpUHIMNBI  opraHu3amuu VMO
CLONALGM u CLONALGMC. OcHOBHOM OCOOEHHOCTBHIO JTAHHOIO METOJa
SIBJIIETCSI BO3MOKHOCTh Pa3/IeNICHUs] MCXOTHOTO MHOXKECTBA KIIACCUDHUITMPYEMBIX
OOBEKTOB Ha TOMYJSAIMA aHTHUTEN, JJI KOTOPBIX KiIacCUpUKAIMA, W
cootrBercTBeHHO MMO, mpoxoaut paznuunbiMu crnocobamu. [lpu sTom mocre
BBIJICJICHUS TOMYJIAUMNA KiaccuuuupyemMbix oO0BeKTOB, B mpouecce MMO
Y4acCTBYEeT BCE MHOXKECTBO KJIACCH(MUIIUPYEMBIX OOBEKTOB, T.e. OOydeHHE HE
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MNPpOBOAUTCA OTACIABHO JJIA IIOIYJISAIUH KJIaCCI/I(I)I/IHI/IpyeMLIX AHTHUTCII, U
MOMmyJisiiquu aHTUTCII, IJII KOTOPBIX HCO6XOI[I/IMO MMPOBCACHUC KIIACTCPU3ALINH. B
cooTBeTcTBUM C 3TuM, pabora wmetoma CLONALGma wna yposHe WO
MPECTABISIETCS CIACAYIONIMM 00pa3oM:

NatCalculation (AG,AB) — 1
— Presentation (AB,AG) —
— AgGenerati on(AB) —
CLONALGma (AB,AG,T,A,n)= _ —

— ClassDetection (AB, 1) —
— ClusterDetection(AG,AB”, 1) —

__) Trgselect iOn (AB"’ ABm)

- | TT_RN
AB" ICloning(ab,,CL,,n)—
—> Mutation (CL,)— (")
— Presentation(CL;, Trg;) -
. —

— Selection (CL,,cl’) —
— Ageing (ab;,cl’) —»
—> ClassDetection (ab,, Trg;, )

|

CLS

ClassDetection (AB”, 1) —
— | — ClusterDet ection (AB”,AG ) —
| — Reconstruct ion (AB, AB')

rne ClassDetection(AB,A) — MO otGopa u KIaccH)MKAIMH AHTHTEI;
ClusterDetection(AG,AB”,A) — MO mnpoBepkH BO3MOXKHOCTH KIIACTEpH3ALUH
antnten 6e3 MMO; TrgSelection(AB”,AB”) — MO ompeneneHus IeieBbiX
anturenos; Presentation(CL,,Trg,) — MO mpencraieHns NeTeBBIX 00BEKTOB

xnonam; Selection (CL,,cl’) — MO KOHKypEHTHO-IIENEBOr0 KIOHATEHOIO 0TO0pa;

Ageing (abi ,CI') — no CTapeHus KJIOHHPOBAHHOT'O aHTHTEIA,
ClassDetection (abi,Trgi,X), — WO omnpenencHust Kjacca Uil aHTHTENA,
ClassDetection(AB”",1), ClusterDetection(AB”,AG) - MO onpenenenus

KJIaCTepOB I HecrelupUIHBIX aHTUTEN MHOXKeCTBa; Reconstruction (AB,AB') —

oreparop BOCCTAHOBJICHHUA HCXOJHBIX 00OBEKTOB M OIIpCACIICHNC HMX HCXOAHBIM

MIPUHAJJICKHOCTH KJIaccaM M KJlacTepaM.
Takum o6pazom, meton CLONALGMa couetaeT 0coOEHHOCTH pPabOTHI

meromoB CLONALGM u CLONALGMC, wucnonb3yembix [Jsi MPOBEICHUS
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KJIACCU(UKAIIMU C Pa3IUYHBIM CcIiocoOoM oOydeHms. B cooTBeTcTBUU € 3TUM, B
ciyqae otcytctBuss OB, CLONALGmMa mpoBogutr kinaccuukammio C
HEKOHTPOJIMPYEMBIM OOy4YeHHEeM, B cllydae HCIOJIb30BaHus aHTureHoB OB,
JAHHBINA aNTOPUTM MPOBOAUT KIACCU(PUKALUIO C KOHTPOJIUPYEMBbIM OOYUEHHEM U
BO3MOXKHOCTBIO (DOPMHPOBAHUS HOBBIX KJIACTEPOB JIJISI aHTHTEJ, KOTOPHIE B CHITY
0COOCHHOCTEH MX MPU3HAKOB HE MOTYT OBITh OTHECEHBI HU K OJTHOMY HCXOJHOMY
KJ1accy.

Ympasneaune padoroit CLONALGmMa B cootBeTcTBHH ¢ (7) OCYIIECTBIISETCS
aHajornyHo ympasieHuro Merogom CLONALGMC, nmyTeM HM3MEHEHHS BXOIHBIX
apaMeTpoB, OMPEACIAIONIUX MPeNeIbHOE KOJIMYECTBO MOMYJISIUN aHTuTeNn T,
MUHUMAJIBHOE KOJUYECTBO KJIOHOB N ¥ Kod(dduimeHTta pocTa KIACCOB U
kinactepoB A. Ciemyer oTMeTUTh, uyTo poib kodhduuuenta A B CLONALGMa
Bbiie, yeM B CLONALGMC, mockonbKy OT BETWYMHBI JaHHOTO TMapaMeTpa
3aBHCUT HE TOJBKO KOJMYECTBO (POPMHUPYEMBIX KIACTEPOB, HO U TOYHOCTH
KJIaCCU(UKALIMU MPU UCTIOIB30BAaHUHU UCXOIHOTO HA0Opa KIIacCoB.

3akimouenue. lVcnonp3oBanue MMC no3BosisieT NpOBOAUTH T'PYNIIHPOBKY
JAHHBIX Pa3JIMYHBIMHU CIOCO0AMH, a TAK)KE€ U3MEHSATh HE TOJBKO CTPYKTYpPY CETH
UMMYHHBIX OOBEKTOB, HO M METOJIbl PEIlIEHUs MOCTaBICHHOM 3aaauu. [Ipu sTom
pelIeHNe 3a/1a4i KJIAaCCU(PUKALUA Ha OCHOBE UMMYHHOT'O MOAXO0Aa CBOAUTCS JMOO
K PEIICHUIO 33/1a4d Pa3/ICNICHHs JaHHBIX MEXY 3apaHEe U3BECTHBIMU IPYIIIaMHU,
1100 (HOPMUPOBAHHIO HOBBIX TPYMI U3 UCXOJHOTO MHOKECTBA JIaHHBIX.

B pabote npennaraercs peuieHue 3a1aun KiaccupuKaluy JaHHBIX HA OCHOBE
UCIIOJIb30BAaHUSI MMMYHHOM MOJENH KIOHAJIBHOTO OTOOpa, KOTOpas SBIsSETCA
OJIHOM W3 Hanbojee MPOCThIX B peain3allii UMMYHHBIX MOJIENEH U B KOTOpPOMl B
pe3ynbTaTe B3aUMOJEHCTBUS AHTUTEI C AaHTUT€HAMU OCTAIOTCSl aHTUTENA, KOTOPhIE
XapaKTEPU3yIOTCSd BBICOKUMHU a(PPUHHOCTSIMU K pacro3HABAEMbIM AHTHUTCHAM.
Paccmotpensl ocobennoctu mporiecca MO Ha oCHOBE WMMYHHOW MOJENU
KJIIOHAJIBHOTO O0TOOpa M pa3paboTaHbl AJITOPUTMBI KiIacCU(PHUKAIMA JTaHHBIX C
KOHTPOJIUPYEMbBIM oOy4eHHEeM, C HEKOHTPOJIUPYEMBIM oOy4yeHnem
(kmacTepuzalius), a TaKK€ aBTOMaTU4YecKasi KiiacCU(UKAIKs TaHHbBIX.

[IpoBenenbl CpPaBHUTEJIbHbBIE AKCIIEPUMEHTAJIbHbIE UCCJIeI0BAHUS
MPEIOKEHHBIX AJITOPUTMOB KJacCU(UKAIUS JAaHHBIX C CYIISCTBYIOIIUMHU Ha
pa3MyHBIX Ha0oOpax JJaHHBIX, KOTOpbIE MOKa3ajdu BBICOKYI 3((PEKTUBHOCTH

HCIIOJIB30BaHUA OJIA 9TUX ueneﬁ HMMYHHOﬁ MOACIIN KIIOHAJIBHOI'O 0T60pa.
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BIJIOMOCTI PO ABTOPIB TA AHOTAIIII

I'JIABA 1
BUKOPUCTAHHS MOJEJIEH EKCIIEPTHOI'O AHAJII3Y JIJISA
OIIIHIOBAHHSA CTAHY IT-TAJIY3I YKPATHU

H. O. bpuns3a, O. B. Binvxiecbka
Anortauisi. Chopmosano mpusumipuuii HAOip NOKA3HUKIB, WO BI00OpAMICAE CMAH
IT-inoycmpii’ Ykpainu ma exnouae iHeecmuyiiHy npueabiusicms pecioHis,
eHympiwniu cman IT-punxy ma 3apnaiamy. Ilobyoosano mamemamuyny mooeisb
cmany IT-inoycmpii Vkpainu, sxa npeocmasieHa K KOMNIEKCHULU NOKA3HUK.
Pospaxynxu ons eusnauenns oyinku nokasuuxie cmauy IT-inoycmpii 6uKoHyomucsi
Ha 0CHO8I N0OYO0BAHOI MOOeN. 3a 00NOMO2010 KOPENAYILIHO-pecpeciuio20 AHANi3y
BUSHAYEHO CUTLY B83AEMO38'SI3KY MIdC 0Opanumu Gakmopamu ma KOMNHIEKCHUM
NOKA3HUKOM, 4 MAKONC 3HAYUMICMb 8NIUBY PAKMOPI6 HA KOMNIEKCHUL NOKA3HUK.
3a oonomocoro Kpumepito Diwiepa Oyr0 BUAGNEHO, WO 3ANPONOHOBAHA
mamemamuyHa — Modeilb — adeKkeamHa — onucanum — npoyecam.  llposedeno
Knacughikayito pe2ionie 3 GUKOPUCMAHHAM K1ACMEPHO20 AHAI3Y.
KarouoBi caoBa: |T-indycmpia, 6bacamokpumepianvhicms,  onmumizayis,
HopManizayis,  IHeecmMuyiHa  NpusadIUBICMb,  MPUBUMIDHULL — KOPMENC,
V3a2anbHeHa CKAIAPHA OYIHKA AIKOCMI MONCIUBUX PIULeHb, KOMNIEKCHUU NOKA3HUK,
Koeghiyieum Kopenayii, Koeghiyiecum Oemepminayii, Koperayiunul i pespeciHuil
AHAI3, MHOJICUHHE pe2peciline PIBHAHH, KIACMEPHU AHATL3.

Abstract. The article formed a three-dimensional tuple of indicators that reflects
the state of the IT industry in Ukraine, and includes the investment attractiveness
of the regions, the internal state of the IT market, and salary. A mathematical
model of the state of the IT industry in Ukraine has been built, which is presented
as a complex indicator. The calculations for determination the assessment of
indicators of the state of the IT industry are performed on the basis of the
constructed model. Using correlation and regression analysis, the strength of the
relationship between the selected factors and the complex indicator were
determined, as well as the significance of the influence of factors on the complex
indicator. Using the Fisher criterion, it was found that the proposed mathematical
model is adequate to the processes that it describes. The classification of regions
with using cluster analysis.

Keywords: IT-industry, multicriteriality, optimization, normalization, investment
attractiveness, three-dimensional tuple, generalized scalar assessment of the

201



quality of feasible solutions, a complex indicator, coefficient of correlation,
coefficient of determination, correlation and regression analysis, multiple
regression equation, cluster analysis.

I'/TABA 2
TEXHOJIOI'TAA CTBOPEHHS CIIIVIBHOI'O KOHTEHTY B BEB-
BA3OBAHOMY HABYAJIBHOMY KABIHETI

O.1. Ilywkap, €. M. I paboscvkuii
Anomauia. Ha ocHosi euxopucmauns memooy eKCNnepmHo20 ONUmy8aHHs
BU3HAYEHO OCHOBHI eleMenmu 6e0-06a308aH020 HAB8UANbHO20 Kabinemy. Buznaueno
CKIA008I 308HIUNLO20 OPopMIeHHs catimy 8eb-Oazoeanoco kabinemy. Pozensanymi
OCHOBHI MUNU CKIAOHOCMI OCHOBHUX 6UOI8 MEXHONO02Il CMEOPEHHA CHLIbHO20
Koumenmy. AHanizylomvcsi OCHOBHI KpPOKU peanizayii nedazo2iyHoi Mmooeri
GhopMy8arHs CNiNbHO2O KOHMEHM) .
Knwuoei cnoea: Hasuanvnuii kabinem, CRIIbHULL KOHMEHM, eKCNepmHe
ONUMy8amHs, 8e0-06a308aHA MEXHOIOLIA.

Abstract. Based on the use of the expert survey method, the main elements of the
web-based classroom are identified. The components of the external design of a
web-based cabinet site are determined. The main types of complexity of the main
kinds of technologies of creation of the joint content are considered. The main
steps of the pedagogical model of the formation of common content are analyzed.
Keywords: Study room, shared content, expert survey, web-based technology.

I'JIABA 3
INTEGRATION CHAT-BOTA @RIBS_KARKAS BOT WITH EXPERT
SYSTEM
V. P. Burdaev
Anomauyia. B pobomi npedcmaeneni pezyivmamu IHmMezpy8aHHs uyam-60oma
@ribs_karkas_bot 3 excnepmuoro cucmemoro 0Nl OpeaHizayii KOHCYIbMYEAHHS 8
pedicumi oHaauH. /lano onuc apximekmypu i peanizayis imniemenmayii uam-ooma
mecenodcepa TELEGRAM 6 excnepmuy cucmemy ua 6asi cucmemu "KAPKAC" -
IHCmpymMeHmanvHuil 3aci6 0ns1 nobyoosu mooenei 6a3z 3Hamb. Poszensanymo
CMPYKmMypy 63aemMo0ii wam-boma i aceHmié eKCNepmHoi cucmemu 6 OHIAUH
peodicumi. Haeedeno npuxnao owunaiin Koucyiomayii ekcnepmuoi cucmemu 8
MeOUUHIl npeOMemHoi 0oaacmi.
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Knwuoei cnoea: uwam-6omu, acenmu, nosiooMieHHs, 0a3a 3HAHb, eKCNEePMHA
cucmema.

Abstract. The paper presents the results of integrating the chatbot
@ribs_karkas_bot with an expert system for organizing online consultation. A
description of the architecture and implementation of the chat bot messenger
TELEGRAM in an expert system based on the system "KARKAS" — a tool for
building models of knowledge bases. The structure of the interaction of chatbot
and agents of the expert system in the online mode is considered. An example of an
online consultation of an expert system in the medical subject area is given.
Keywords: chatbots, agents, messages, knowledge base, expert system.

I'/TABA 4
MOJEJII ONIHIOBAHHSA E®@EKTY BUKOPUCTAHHA CUCTEMHA
INIATPUMKHA EJIEKTPOHHOI'O HABYAHHA

B. B. bBpamkeeuu, B. €. Knumnwk
Anomauia. Pozensnyma mmuodxcuna Kpumepiie 0ni  OYIHIOBAHHA — ehexmy
3ACMOCY8aHHA ANbMEPHAMUBHUX BAPIAHMIE CUCEM eJleKMPOHHO20 HABYAHHSL.
Ilpononyemoca noxkpoxkosa memoouxa nobyoosu mooeii, saKa 00380151€ Hadamu
nouamkogy 0Oe3niu Kpumepiié OYiHIOBAHHA HABYAILHO20 egeKmy 3acmocCy8aHHs
cucmemu eleKmpoHHO20 HABYAHHS Y 8U2TISI0T BIONOBIOHUX 3a PIBHEM BNIIUBY DAHLIE.
Pospobnena  xonapxiuna moodenv  63a€M038’A3KYy  Kpumepiie — OYIiHIOBAHHS
AbMEPHAMUBHUX 8APIAHMIE CUCMEM eN1eKMPOHHO20 HAGUAHHS.
Knwuosi cnosa: yubosuii eghexm, Kpumepii OYiHIOBAHHA, I€PAPXIA, XONAPXiA,
PaH208a MoOeb.

Abstract. Considered a set of criteria for assessing the effect of the use of
alternative variants of e-learning systems.  The step-by-step method of
constructing a model is proposed, which allows to provide an initial set of criteria
for evaluating the educational effect of using the system of electronic education in
the form of the corresponding level of influence of the ranks. The holar model of
the interconnection of criteria of evaluation of alternative variants of e-learning
systems is developed.

Keywords: educational effect, evaluation criteria, hierarchy, holharhii, rank
model.
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I')/TABA 5
KPAYACOPCHHI'OBA IVIAT®OPMA SAK IT-IHCTPYMEHT JJIA
3ABE3NEYEHHSA T'EHJIEPHOI PIBHOCTI B YHIBEPCUTETI

I. O. Ilnexanoesa, O. b. IInoxa
Anomauia. Y3acanvneno 00c6io po3poOKU ma GUKOPUCMAHHI KPAYOCOPCUH20801
oHnatiH-naameopmu 6 axocmi IT-incmpymenmy 01 NIOMPUMKU  NPOYecie
2EHOEpHO20 ayoumy YHIGepcumenly, GUsGIeHHs ma NOOOJAHHA NpoOLeMu Wooo
2eHOepH020 napumemy 8 0C8IMHIX ycmanogax. Posensanymo nepedymosu po3pooxu
Kpayocopcun2080i oulatH-niamgopmu, Kame2opii Kopucmyeauis, Mexamiamu ma
pe3yiomamu  (QYHKYIOHYBAHHA NAAM@OOpmMu, CmMamucmuxa ii GUKOPUCAHHA,
Ooicepena ingopmayii ma mexawnizmu pozpodoxu Illnany eendeproi pienocmi Ha
npuxnadi Xapkiecbkoeo HAYIOHAIbHO20 eKOHOMIYHO20 YVHigepcumemy IiMeHi
Cemena Kysneys 3azanom ma kageopu inghopmayitinux cucmem 30Kpemd.
Kniwwuosi cnoea: kpayocopcuneosa oHnaun-niameopma, Ilian cendephoi
pieHOCHI, 2eHOepHULL ayOum YHigepcumenis.

Abstract. The experience of the development and use of the crowdsourcing online
platform as an IT tool for supporting the processes of gender audit of the
university, identifying and overcoming the problem of gender parity in educational
institutions is summarized. The paper considered the preconditions of development
of the crowdsourcing online platform, user categories, its usage statistics,
mechanisms and results of the platform's operation, information sources and
mechanisms for developing the Gender Equality Plan on the example of the Simon
Kuznets Kharkiv National University of Economics in general and the Information
Systems Department in particular.

Keywords: crowdsourcing online platform, Gender Equality Plan, gender audit of
universities.

I'JTIABA 6
FORECAST ERROR MEASURES: CRITICAL REVIEW AND
PRACTICAL RECOMMENDATIONS

O. G.Rudenko, A. A.Bezsonov
Anomauia. Auanizyromocs ichyroui i oocums nowupeni cmamucmuuni (RMSE,
MAPE, MAE ma inwi) i oesxi ingopmayiuni xpumepii (AIC, KIC, HQ
mowo)(MempuKy) nOMUIOK NPOSHO3YBAHHS, iX nepesazu ma Hedonixu. Ha ocnosi
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pe3yibmamié  aHanizy po3podleHo pekomeHOayii wodo eubopy Kpumepiie
NPOCHO3YBAHHS NPU BUPIULEHH] NPAKMUYHUX 3A0a4. Y 36 °A3KY 3 HEeMOMNCIUBICHIIO
BUOIIUMU OOUH VYHIBEPCAIbHULL KpUmepiti peKOMeHOYEMbCA BUKOPUCMOBY8aAmU
nesHUll HAOIp MempPUK NOMUIKU.

Knwuoei cnoea: npoenoszysamns, uacosuii psaod, Kpumepii  OYIHIOBAHHA,
MO()@]ZIOG?GHH}Z, NOMUJIKA NPOCHO3Y

Annotation. Existing and fairly common statistical (RMSE, MARE, MAE and
others) and some information criteria (AIC, KIC, HQ, etc.) (metrics) of forecasting
errors, their advantages and disadvantages are analyzed. Based on the results of
the analysis, recommendations on the choice of forecast criterion for solving
practical problems were developed. Due to the inability to isolate one universal
criterion, it is recommended to use a specific set of error metrics.

Keywords: forecasting, time series, estimation criterion, modeling, forecast error

I'JIABA 7
ANALYSIS OF THE INFLUENCE OF INTERFERENCE ON THE
STATISTICAL PROPERTIES OF ESTIMATES OF NON-STATIONARY
PARAMETERS

O. G. Rudenko, A. S. Romanyk
Anomauia. Pozenaoaemsca 3a0aua ioenmuixayii Hecmayionapro2o 00 ’ekmy 3
00NOMO02010 HAUOLILUL NPOCMO20 8 OOYUCTIIOBATILHOMY BIOHOULEHHI 0OHOKPOK0B020
aneopummy moougpixosanozo Kaumaosica. Mooughixayis nonsieae y suxopucmaumi
1020 pe2ynapusayii anieopummy 3 Memol0 NONINUWEHHs U020 O00YUCTIOBATbHUX
eracmugocmetl.
llokazano, wo eukopucmaHua 000amKy, AKUU  pecyIApu3ye  aneopumm
i0enmuikayii, nokpawye cmitKicmos aieopummis, aie npuzeooums 00 0esaKo20
VNOBINbHEHHsL npoyecy nobyoosu moodeni. Buznaueno ymosu 30idcHOCHI
peaynapuzosano2o anzopummy Kaumadswca npu oyinroeanni necmayionapuux
napamvempis, Axki onucano MapKiecbkow MoOen0 nepuioco NopsaoKy, npu
HaseHocmi 3a6a0 6umipie. OmpumaHi HeaciMnmMoOmMuyHi OYIHKU € OOCUMDb
3a2anbHUMU [ 3anedxdcamsv 5K 6i0 CmyneHs HecmayloHapHocmi 00'ekmy, max i 8io0
CMAMUCMUYHUX Xapakmepucmuk 3aeao. Axwo duc yi napamempu He 8i0omi, caio
ckopucmamucsi.  0y0b-sK0i  peKypeHmHOW  Npoyedyporo ix OYIHIBAHHA |
BUKOPUCMOBYBAMU 00EPHCYBAHT OYIHKU OISl YIMOYHEHHS Napamempis, wo 6xo0sms
8 aneopummu.
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Knwuoei cnoea:. necmayionapnuti 06’ekm, ioenmughixayis, ancopumm, OYiHKA,
pe2ynsapusayis, HecmayioHapHi napamempu, CMmamucCmuyti XapaKkmepucmuxu

Annotation. The problem of identifying a non-stationary object is considered with
the help of the simplest one-speed algorithm of the modified Kaczmarz in the
computational way. Modification is to use its regularization algorithm to improve
its computing properties.

It is shown that the use of the application that regularises the identification
algorithm improves the stability of the algorithms, but leads to some slowdown in
the process of constructing the model. The conditions of convergence of the
regularized Kaczmarz algorithm are determined in the estimation of nonstationary
parameters, which are described by the Markov model of the first order, in the
presence of disturbances of measurements. The resulting non-asymptotic estimates
are quite general and depend on both the degree of non-stationary object and the
statistical characteristics of the obstacles. If these parameters are not known, one
should use any recurring procedure for their evaluation and use the obtained
estimates to clarify the parameters included in the algorithms.

Keywords: non-stationary object, identification, algorithms, estimates,
regularization, nonstationary parameters, statistical characteristics

I'JIABA 8
KIACHPIKAIIA EJJEKTPOHHUX HAYKOBO-TEXHIYHHUX
TEKCTIB B IHOOPMAIIMHO-TIOITYKOBUX CUCTEMAX

C.TI. Yoogseuko, JI. E. Yana
AHnomauyia. 3anpononosano ma NpPOSPAMHO peaniz308ano Memoo Kiacugikayii
KONeKYIi HAYKOBO-MEXHIYHUX OOKYMEHMIB, WO NOJi2A€ ) HAABHOCMI (QiKco8aHOT
KLIbKOCMI 0esIKUX emanioHHUX mexcmie ma HeoOXiOHOCMI OnepamuHo20 NOULYKY 8
Yill KoJeKyii MHOJNCUH OOKYMeHmi8, AKi hopmyromvcsi 32i0HO 3 po3poOaeHUM
memooom. Kinyegoro memorw makoi xknacugikayii € nowtyk y Kojaekyii Kiacie
OOKYMeHmis, AKi € Oau3bKumMu 00 3a0aHUX emajoHi8 34 3aNnponOHOBAHUMU
Kpumepisimu.
Kniwwuosi cnosa: knacugikayis mekcmis, npocpamuuii MoOyib, MOYHICMb
Knacughikayii, hopmysarms npocmopy 03HaK, mMipa OauU3bKoCcmi
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Abstract. The method of classification of a collection of scientific and technical
documents is proposed and programmed, which consists in the availability of a
fixed number of certain reference texts and the necessity of an operational search
in this collection of sets of documents, which are formed according to the
developed method. The ultimate goal of such a classification is to search in a
collection of classes of documents that are close to the given standards according
to the proposed criteria.

Keywords: classification of texts, program module, accuracy of classification,
formation of space of signs, degree of proximity

I'/TABA 9
AHAJIN3 BE3OIMACHOCTHU NPOTOKOJIOB NEPEJAYU COOBIIIEHUI
B MESSENGER TELEGRAM

A. A. Ilonaxos, B. H. @edopuenko
Annomauua. Paccmompensl ucnonb3yemvle nPOmoKoJivl U aleopummsl nepeoaiu
coobwenuti ¢ Telegram u 6onee xomkpemno cxemol wugposanus ¢ MTProto.
IIpoananusuposano nepsuuynas pecucmpayus Kiuewma Ha cepeepe, npoyeoypa
yemanogienus. 6e30nacHo20 NPo3pavHo2o 3auu@dposanHoe coeOUHeHUs ¢ Opyeum
V3I0M, a MaKaice npoyedypa 2eHepayull Kio4eblx OaHHbIX.
Omom ananuz ocHo8an Ha OGuUYUATLHOM UCXOOHOM KoOe Kiuenma Telegram ons
eepcuu 2.7.0.
Knrwouesvie cnosa: meccenooicep, kpunmoepaguueckuti npomokon, RSA, SHAL,
Huggu-Xerman npomokon pacnpedenenus xmoueti, AES |IGE, eexmop
UHUYUANU3AYUU, — CEAHCOBbIL  KIIOY, OOWULl  CeKpemHbulll  KIY,  amakd
80CNPOU3BEOCHUS, AMAKA 3ePKATbHO20 OMPANCEHUS, CHEMYUKU COOOUEHULL.

Annotation. The used protocols and message transfer algorithms in Telegram and
more specifically the encryption scheme in MTProto are considered. The primary
registration of the client on the server, the procedure for establishing a secure,
transparent, encrypted connection with another node, and the procedure for
generating key data were analyzed.

This analysis is based on the official Telegram client source code for version 2.7.0.
Key words: messenger, cryptographic protocol, RSA, SHAL, Diffie-Hellman key
distribution protocol, AES IGE, vector initialization, session key, shared secret
key, replay attack, mirroring attack, message counters.
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I')TABA 10
METOJOJIOTTYHA OCHOBA ITPOEKTYBAHHS NTPOBJIEMHO-
OPIEHTOBAHUX BEB-CEPBICIB

H. I'. Akcak, /. M. Pocincokuil
Anomauyia.  3anponoHo8aHO  MemoOONO02IYHY  OCHOBY Ol PO38 SA3AHMHA
HAYKOMICMKUX NpooOneM, AKA IPYHMYEMbCS HA KOMNIEKCHOM)Y BUKOPUCMAHHI
PI3HUX mexHOoNo2lU, Memoodie ma Mmooenei ONsl CuHmesy, IHmeleKmyanizayii,
NiOBUWEHHS eheKMUBHOCI ma 3ACMOCY8AHHS PO3NOOINEHUX CHeYiani308aHUX
KOMN TOMEPHUX CcUucmem y pamKax €OUHOi mexHONo2li cmeopeHHs NpoOIeMHO-
opienmosanux cucmem. Pospobneno modensv inpopmayitinoi beznexu 0 3axXucmy
MeouuHoi inpopmayii ma komnonenmis iHghopmayitinoi cucmemu.
Knioueei cnoea. posznodineni obuucienus, ingopmayitina 6e3nexa, mexHono2ii
00pobku éenuxux oanux, cloud-fog-dew.

Abstract. A methodological basis for solving high technology issues, based on
integrated use of various technologies, methods and models for the synthesis,
intellectualization, increase efficiency and the use of specialized computer systems
distributed within a single technology of problem-oriented systems, is proposed.
Information safety model for the protection of medical information and
information system components is proposed.

Keywords: distributed computing, information safety, big data processing, cloud-
fog-dew.

I')TABA 11
HEYITKO-MHO’KMHHA METO/IUKA OLIHKHA
KOHKYPEHTHOCITPOMOXHOCTI HIAITPUEMCTBA

M. 1O. Jloces
Abstract. The paper discusses the methodology for assessing the competitiveness
of enterprises on the basis of a fuzzy-plural interval analysis of indicators of
various nature. The methodology allows to avoid the ambiguity of their influence
on the assessment result. The methodology does not require determining the weight
values of each of the indicators, the results of the comparative assessment are
resistant to this kind of uncertainty. The fuzzy-plural model allows to take into
account the influence of both internal and external factors affecting the
competitiveness of enterprises.
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Keywords: enterprise, competitiveness, fuzzy set, multi-criteria evaluation,
membership function, linguistic variable, uncertainty, probability of belonging.

I'JIABA 12
DEVELOPMENT OF A MULTIMEDIA INTERACTIVE ELECTRONIC
EDUCATIONAL EDITION USING THE MODULES OF VARIOUS
FORMAT

V. V. Fedko
Anomauin. Po3enanymo numants nooy0osu ma UKOPUCAHHA MYTbMUMEOIlIHO20
IHMEPAKMUBHO20 — eeKMPOHHO20 HABYANLHO20 NOCIOHUKA 8 2any3i 3HAHb
«Ingpopmayiuni mexuonociiy. Ilpoananizosano iHcmpymeHmanvHi 3acobu 0/
CMBopeHHs MyTbmumeditinux gatinie maxi npoepamu, ax Microsoft Office Word,
Camtasia Studio i Adobe Captivate, suznaueni Haubinbw payioHanvHi cepu ix
3acmocyeants. 30kpema 3a3nadeno, wjo Microsoft Office Word kpawe nioxooumuo
011 CMBOPEHHsI MEeKCMI8 BUKIAOY MeopemuyHo20 mamepiany ma IHCMPYKYil
Wo0o BuxkoHauHs aabopamopHux podim, Camtasia Studio — 0na cmeopenHs gioeo,
8 AKUX OeMOHCMPYIOMbCA KPOKU BUKOHAHHA 3A80aHb 1AO0PAMOPHUX poOim 6
cepeoosuwi Visual Studio, a Adobe Captivate — ona cmeopenns mecmis , AKi €
OUOAKMUYHUM 3aCOO0M NIOMPUMKU emany KOHMPOAIO PieHs 3HaHb. Poszenamnymo
nepesacu  GuxopucmanHs  pdf-gpopmamy Ak  nepsunmoz2o Oas  peanizayii
eIeKMPOHHO20 HABUAILHO20 NOCIOHUKA.
Knwuosi cnosa: mynemumelilinuil iHmepakmueHull eieKmpoHHULl HABYAIbHULL
NOCIOHUK, IHGhOpMayiliHi mexHoNo2ll, mexHoN02li 6a3 OaHUX.

Abstract. The issues of construction and use of multimedia interactive electronic
tutorial in the field of knowledge "Information Technologies” are considered.
Analyzed tools for creating multimedia files, such programs as Microsoft Office
Word, Camtasia Studio and Adobe Captivate, identified the most rational areas of
their use. In particular, it states that Microsoft Office Word is better suited for
creating texts of theoretical material and instructions for performing laboratory
work, Camtasia Studio for creating video demonstrating steps for performing
laboratory tasks in Visual Studio, and Adobe Captivate for creating tests, which
are didactic means of supporting the stage of knowledge control. The advantages
of using pdf-format as the main one for the implementation of an electronic
tutorial are considered.
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Keywords: multimedia interactive e-learning tutorial, information technology,
database technology.

I')IABA 13
KIIACCU®PUKALIUA JAHHBIX C UCIIOJIB30BAHUEM
WMMYHHOM MOJIEJI KJIOHAJIBHOT'O OTEOPA

H. M. Kopabnes, A. A. Domuues
Annomauusn. Paccmomperno peuwienue 3a0auu Kiaccuukayuy OAHHbIX HA OCHO8e
UMMYHHOU ~ MOOenu  KIOHAIbHO20 ombOopa, 6 KOmopou 8 pe3yivmame
83AUMOOCUCMBUsL aHMuUmMesl C AHMUSEHAMU OCMAIOMCS aHMUmend, Komopbwvie
Xapaxkmepuszyromcs 8blCOKUMU ApOUHHOCMAMU K PACNO3HABAEMbIM AHMUSEHAM.
Knaccugpurayus Oannvix ma ocHoge UMMYHHOU MOOENU KIOHAIbHO2O0 0mbopa
8bINOIHEHA C KOHMPOIUPYEMBIM U HEKOHMPOIUPYEMbIM 00VHeHueMm, a Mmaxice
nymem asmomamuyeckou Kiaccuguxayuu. Ilposedenvt dKcnepumenmanvHvie
uccne0o8amus, noomeepaicoarouue aghexmusrnocms NP eOlOAHCEHHBIX
AnCOPUMMOS.
Kntouesvie cnoea: xnaccugurayus, UMMYHHAS MOOelb KIOHAIbHO2O0 0moOOopa,
obyuarowas evl60pKa, UMMYHHOE 00yYeHUs:, aghPunHOCMb, AHMUMEINLO, AHMUSEH.

Abstract. The solution of the problem of classifying data based on the clonal
selection immune model, in which as a result of the interaction of antibodies with
antigens, antibodies remain, which are characterized by high affinities to
recognizable antigens, is considered. Classification of data based on the clonal
selection immune model is carried out with controlled and uncontrolled learning,
as well as by automatic classification. Experimental studies confirming the
effectiveness of the proposed algorithms have been out.

Keywords: classification, clonal selection immune model, training sample, immune
training, affinity, antibody, antigen.
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