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H. B. BIBIK, I'. M. IITATIOBAJI

AHAJII3 MIZDKHAPOJHOI'O JOCBLAY PO3BUTKY TEPUTOPIAJIBHUX 'POMA/J]
TA BUSHAUYEHHS HAITIPSIMKIB IOT'O BITIPOBAI’KEHHSA B YKPATHI

IIpeaMeToM mOCTIIKEHHS € MPOLEC PO3BUTKY TEPHTOPiadbHUX TIpoMmaj] €BpONeiChKUX KpaiH Ta MEPCHEKTUBH BIPOBAKEHHS
KpaIoro Mi>XHapoOAHOTO JOCBiAYy Ha TEpUTOpii YKpaiHu. MeTol0 CTaTTi € BUBUCHHS Ta y3aralbHCHHS JOCBITY €BPONEHCHKUX KpaiH
1010 PO3BUTKY TEPUTOPiadbHUX IPOMAJ] Ta BIPOBAIPKEHHs IEIEHTPAIi30BaHOI CHCTEMH YIIPaBIiHHA Ta BU3HAUEHHS HANPSIMKIB HOro
BIIPOBa/UKEHHS B YKpaiHi. OCHOBHMMHU 3aBAAHHSIMM [OCIIDKCHHA €: BHBYCHHS JOCBILYy PO3BHHEHHX CBpONEHCHKHX KpaiH B
PO3BUTKY 00’€IHAHMX TEPUTOPIATEHUX TPOMam Ta pO3poOKa pEKOMEHJANid MO0 OCHOBHHMX HANPSIMKIB BIPOBAJDKEHHS
MDKHapOIHOTO JOCBITYy PO3BHTKY TepPHUTOpiaIbHUX rpoMan B Ykpaini. Meroam. Ilig gac HanmmcaHHS poOOTH 3aCTOCOBYBAIIMCH TaKi
3aralbHOHAyKOBI METOIM: TEOPETHYHOTO y3arajJbHEHHs, MOPIBHAIBHOTO aHAN3y, rpadiuyHMi, aHATITHYHMH, aHANi3y Ta CHHTE3Y.
Pe3yabTaTn. BuBueHO 10CBix €BpONEHCHKUX KpaiH CTOCOBHO PO3BHTKY 00’ €IHAHHMX TEPHUTOPIAIBHUX IPOMaJl, BU3HAYEHO OCHOBHI
HamnpsIMKH BJIOCKOHAJICHHS JAHOTO Mpolecy B YKpaiHi 3 ypaXyBaHHSAM MIDKHApOAHOTO AocBiny. BucHoBkM. Takum dYnmHOM, Ha
CBOTOIHI TpoOiieMa peamizamii cTpaTerivHOro BHOOPY YKpalHM 3alWIIA€ThCS NOCHUTH CKIAQAHUM 3aBOAHHSAM He nume Ha (oHi
30BHIIIHBONOMITHYHOTO CTAHOBHUINA AEpKaBH, a il depe3 MpoOJeMH MiA Yac BIPOBAHKEHHSI pePOpM BHYTPIIIHBOIOIITHYHOTO
cnpsMyBaHHA. He3Bakaroun Ha BpaxXyBaHHS IOCBINy IHIIMX KpaiH INOMO ACHEHTpami3alii, [e HOHATTA i JOCI 3aIWIIAETHCS
HE3pO3yMIIAM ISl OITBIIOCTI YKpATHIIB, aJKe BIPOBAKCHHS TaKOi CHCTEMH 3a KOPJAOHOM OOYMOBJICHE ICTOPUYHUM JIOCBIJIOM 3
ypaxyBaHHSM CIENU(IKA CTAHOBJIEHHS Ta PO3BUTKY KOHKPETHOI IepkaBH, TOMY 3allO3MYEHHs IIEBHOI MOZENI HE TapaHTye
JOCSTHEHHS YCIiXy MiJ 4Jac ii BIpoBamkeHHS B Ykpaini. TpyzmHomii 3iicHeHHsT pedopMH JeleHTpaii3anii MoB’s3aHi He JuIe i3
notpedo0 TpaHchopMamii CHCTEMH 3arajoM, a i i3 HasBHICTIO MOXJIMBUX DPH3UKIB JIOKaJBHOTO Ta 3arajbHOJEP)KaBHOTO
COpsSIMYBaHHA, IpUIOMY (hopMasibHE 3aKPIIUICHHS OCHOB JAELEeHTpati3alii HoTpedye po3poOKH HiTKOTO MeXaHi3My ii BUKOPHCTaHHS
Ha TPaKTHUIli, BpaXOBYIOUH Pi3Hi PiBHI Ta BUAU I[LOTO HOHATTS (TOPH30HTAIBHY Ta BEPTHKAJIBbHY, MOJITHYHY, COLIATbHO-EKOHOMIYHY,
€KOJIOTIUHY ICUEHTPANi3alilo TOIo). BHBYEHHS MIKHApOJHOTO [IOCBiLy HeleHTpaii3amii mokasano, Mo YKpaiHi HEoOXiZHO
PO3pOOHUTH KOHIEMIIII0 BIPOBAKCHHS JIEIIEHTpalli3allii Jep>kaBHOI BIad, sIKa CTaHE MIAIPYHTSAM Ul BIPOBAKEHHS 1 MIATOTOBKH
BIANOBITHUX 3aKOHIB. OCHOBHMM HAIpsIMKOM BIIPOBA/KEHHSI MIKHAPOIHOTO JOCBIAY B YKpaiHi € moJaiblie YKPYITHEHHs TepUTOPIi
i3 30UTBIIEHHSM piBHA iX (piHAHCOBOI CHPOMOXKHOCTI, IO TOTpeOye BIOCKOHAICHHS OpraHi3alifHO-IIPaBOBOrO Ta (iHAHCOBOTO
MeXaHIi3MIB peaii3anii JaHOTO Ipolecy. BUBYEHHs Kpalqux MDKHApOAHHMX HMPAKTHK BKa3ye Ha Te, M0 pedopMma AereHTpaiizarii
MOBUHHA 0a3yBaTUCh Ha NOOPOBUILHOMY YKPYITHEHHI TEpUTOpiil B 00’€IHAaHI TPOMaay MPU HASBHOCTI KOHTPOIIO 3 OOKY JepiKaBH B
paMKax BUKOHAHHS MMOKJIAJICHUX HA HEl QYHKITIHA.

KnawuoBi ciaoBa: nemeHtpanmizamis; o0’€qHaHI TEpHUTOPialbHI TPOMagy; YKPYIMHEHHS aIMiHICTPaTHBHO-TEPUTOPiaIbHUX
OJIMHMIIB; peanbHa cripoMoxHicTh OTT; MiciieBe caMOBpsTyBaHHS.

Beryn MDKHApOJHOTO  CIpSIMyBaHHs NOTpeOye BpaxyBaHHs

creudiku po3BUTKY camoi JiepxkaBu. OCKUIBKY iCHYO4a

TpaschopMallis TepUTOPiaNbHOT CTPYKTYpH BIagu —  CHCTEMa  (YHKIIOHYBaHHS TEPUTOPialbHUX TIpoMaj B

ii  jmeuenTpamizais, 30KpeMa  3ampoBa[pkeHHs ~ YKPAiHi HE € JIOCKOHQIOK Ta 3HAXOAMTHCS —Ha
TEPUTOPIATLHOTO CaMOBpsITyBaHHs, BBakayjacs ~ NOYaTKOBOMY €Talll CBOIO  PO3BUTKY, TO BHUBYCHHA
BXJIMBUM  3aBJaHHSIM Yy  [Opoleci  BiAHOBJIEHHS  AOCBIIY 3apyODKHMX KpaiH [O3BOJUTH 3POOUTH JesKi

BUCHOBKM IOJI0 TEPCIEKTHB IOJAJIBLIIOTO PO3BHTKY
TEPUTOPIAILHUX TPOMaj B YKpaiHi Ta BU3HAYUTH OCHOBHI
HaNpsIMKH ~ BIIPOBA/DKCHHS  KPaIlOro  MDKHAPOIHOrO
JIOCBIly 3  ypaxyBaHHS  peayliii  pO3BHTKY Ta
(YHKIIOHYBaHHS TEPUTOPIaIbHUX rpoMa B YKpaiHi.

MOJITUYHKX Ta aAMIHICTpaTUBHUX cucTeM y LleHTpanbHii
ta CxigHiit €Bponi micns 1989 poky. Cnpasnui, pedopmu
TEPUTOPIANIFHOTO  ypsAy BimOyBaJHMCh TiCHsA  Kpaxy
KOMYHICTHYHHX PEKUMIB i IIEPeTBOPEHh KOHCTUTYIIIHHUX
OpraHiB Ta IEHTPAIFHUX OpTaHiB Biagu y 1990 pori.
Xo4a aKTUBHHUII Mpolec ACLEeHTpatizallii moyascs B

Vkpaini me y 2014 pomi, Hama jgep)kaBa Bce IIIe
3HAaXOAWTHCS Ha IOYATKOBOMY HOTO eTami, 10 POOWUTH
0COOJIMBO BaXKJIMBUM Ta aKTyaJbHUM BHBYEHHS JOCBiIy
IHIINX KpaiH.

Pomp nepxasu ta dopma ii 3milficHEHHS € OJHI€O 3
HaiiOiIpII OOTOBOPIOBAaHMX TEM Cepell EKOHOMICTIB,
BUYCHHX, MOJITHKIB Ta (axiBLiB 3 po3BUTKY. Llg mauckycis
CTae Jaejaii CKJIAIHINIO uepe3 TIiobamizalilo Ta HOBI
TIOTJISIIM HA JIEMOKpaTH4YHE ynpasiiHHs. HesBaxaroun Ha
CyIepeyKH, 00 i MO3UTUBHUX CTOPIH, JIEIEHTPai3aris
3aJIMIIAETBCS  OIHIEI0 3 OCHOBHUX  PEKOMEHJALH
MDKHapOJIHUX IHCTUTYLIH o0 JIOCATHEHHS
JIEMOKPATUYHOTO Ta €()eKTHBHOTO YIPaBIIiHHS.

[IpoGnema meneHTpaizamii 3aIUIIaEThCS KIIFOUOBUM
MUTAaHHAM Ul TIOAANBIIOro ()OPMyBaHHS CTPATETidHOTO
pPO3BUTKY YKpaiHM, OJHAK, 3all0O3MYE€HHS MOJeiei

AHaJi3 JiTepaTypHux JkepeJ i BUSHAYECHHS
Npo0dJIeMHUX NIUTAHb

Tema nenentpamizanii myOJigyHOI BIagUd BIPOIOBXK
TPHUBAJIOTO YaCcy PO3IIBIIAETHCA K 3apyOLKHHUMH, TaK i
BITYM3HAHUMH BYCHHMH, Cepej SIKUX JOUITHHO 3rajaTH
M. Kerunra, JIx. Ckora, II. JI>koHa, a TaKox
O. bopucnasceky, I. 3aBepyxy, M. Dxy, B. KyOGiiiny.
HesBakatoun Ha HasBHICTb HOpMaTuBHOI 0a3u Ta
(axoBuUX po3poOOK YKpaiHCHKMX Ta IHO3EMHHMX BUCHHX,

mpoliecl  JeleHTpamizamii Ta  IX  oprasizamiiHe
3abe3neueHHs 3aJIMIIAIOTHCS HEJI0CTaTHBO
jpociipkeHnMH.  OcoOinMBO — BUBUYEHHS — IOTpeOye
€BPOIIECHCHKUN JIOCBiJ [IPOBEJICHHS pedopmu

JeleHTpati3alii A Horo moaaibIloro BUKOPUCTAHHS B
YKpaTHCHKUX peaisiX.

© H. B. Bi6ik, I'. M. Illanosaxn, 2019
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3 MOYaTKOM BIIPOBAKCHHS pedopmu
nIerieHTpaiizamii B YKpaiHi  MOCTIHHO  BHUAAOTHCS
aHATITHYHI OTJSAAM SKOHOMICTIB MO0 €(PEKTUBHOCTI Ta
OCHOBHHMX  pE3yJbTaTiB  JaHOTO  MpOIIECy, ae
BHU3HAYAKOTHCS TAKOX 1 OCHOBHI MPOOJEMHU Ta BUKIIHKH,
MEPCIICKTUBY (hiHAHCYBAHHS Ta PO3BUTKY HOBOCTBOPCHHX
00’€MHAHUX  TEPUTOPIANILHUX  TPOMAJ,  HAJAIOTHCS
PO3TOPHYTI aHai3W KpalluX NPaKkTHK (QyHKLIIOHYBaHHS
OTI' wa Teputopii VYkpaiHu, TMpOTE OOIIBHHM €
MOETHAHHS TaKOTO aHaTi3y 13 MOPIBHAHHAM 3 KpaIliMH
MDKHapOJHUMHA MIPAKTHKAMH, 1o CIpUSTIME
MiIBUIICHAIO €()EeKTHBHOCTI TpOIeCy ACIeHTpalizamii B
VYkpaiHi Ta 3poCcTaHHIO HOro e(EeKTHBHOCTI 32 PaxyHOK
BpaxyBaHHS SIK IIEpPeBar, Tak i HEJONIKiB MIXHAPOTHOTO
JIOCBiy y JaHil 00JIacTi.

Merta Ta 3aa4i A0CTiKEHHS

Meroto  craTTi €  y3arajbHEHHsS  JIOCBiay
€BpONEIChKNX KpaiH ILI0A0 PO3BUTKY TEPUTOPIiabHUX
rpoMajl Ta BIPOBA/KEHHS JCLEHTPAi30BaHOI CHUCTEMHU
yOpaBIiHHS  Ta  BU3HAYCHHS  HANpsAMKIB  HOrO
BIIPOBA/KEHHS B Y KpaiHi.

OCHOBHUMH 3aBIAHHAMH BHCTYIAIOTh: BHBYCHHS
IIOCBiy PO3BHHEHUX EBPOIEHCHKNX KpaiH B PO3BHUTKY
00’€IHAHUX TEPHUTOPIATLHUX TpoMag Ta po3poOKa
peKOMeHAaIii Mmoo Horo BIPOBAIKCHHS B Y KpaiHi.

Marepianu i MeToau A0CTITAKEHHS

Ilin yac HamucaHHS POOOTH 3aCTOCOBYBAIHCH TaKi
3araJbHOHAYKOBI METOJM: TEOPETUYHOI'O Yy3aralbHEHH:,
MOPIBHSUIBHOTO  aHali3dy, rpadivyHuil, aHATITHYHHH,
aHaJli3y Ta CHHTE3Y.

PesyabTaTi gocaimxkeHHs

@ickanpHui (denepaniaM 1 AelEHTpalizalis craiu
aKTyaJIbHOIO TEMOIO cepell ekoHoMIcTiB y 1980-x 1 1990-x
pOKax, 10 MOB'SI3aHO 3 HEOOXIJHICTIO KPAIOTO PO3MOILTY

JepKaBHUX BHUTpPAT 1 TIABHIIEHHS e(QEeKTHBHOCTI
JIepIKaBHIX CTPYKTYP. JeuenTpaizamis Oymna
00yMOBJICHA PI3HUMH TNPUYUHAMH, B YHCTOI MOTPEOH
30UTPIICHHS  S(EKTHBHOCTI  JCp)KaBHUX BUTpaT Ta

BUPIIIEHHS MAaKpOEKOHOMIYHHMX mpoOieM (ApreHTHHa,
Bpaswuuis, Tumis, Hirepis) bi(s) 3aCTOCYBaHHS
JlelieHTpai3alii Sk iHCTpyMeHTY 3abe3meueHHst Oimbmol
HE3aJIeKHOCTI NMEBHUX PETIOHIB 3 PI3HUMH KYJIBTYpHHUMH,
eTHIYHMMH Ta ToniTuuHuMu nmTtaHHsMu  (KaHaza,
lIseiimapis, benwrist, Kutaii, Pocis, Ediomis). 3aramom,
iCHye TpM OCHOBHI BHAM JeUEHTpami3amii: MOJiTHYHA,
¢ickanbHa Ta aaMiHicTpaTHBHA [1].

[onitnuHa peueHTpamizawis nepexdavae nepenavy
MOJIITHYHOI BJIAaJI¥ HA HIDKYHN, MICHIEBUI PIBCHb BIAJH,
(ickanbHa JEIEHTPANi3alis CTOCYEThCS JCICHTpai3alii
300py NOAATKiB, a aJMiHICTpaTHBHA JEIeHTpalli3aris
cIpsiMOBaHa  Ha  JELEHTpPaNi3allilo  [TOBHOBAXXEHb,
BiNOBIiTANFHOCTI Ta (PIHAHCOBHX pecypciB y HaJaHHI
JIepKABHUX TTOCITYT.

Sk mepeBaru 3MiMCHEHHS JCICHTpaTi3allii A0MiIbHO
BUIIJIUTH T€, II0:

- IETICHTpaIi30BaHa BiajJa CIPHUA€E yIacTi TPOMAISIH
B yIIpaBITiHHI;

- IeTleHTpalli30BaHa Biaaa OiIbII YyTIMBO pearye Ha
MpoOJIeMy IPOMAJIsTH 1 OLIBII 3/]aTHA 3HAXOAUTH PIlICHHS,
NPUIHATHI 17151 000X CTOPIH;

- HaJIa€ MOXKJIMBOCTI JUIsl PO3BUTKY HOBOT €JIITH;

- € IPOTUBArol0 aBTOPUTAPHOMY YCTPOIO JIepKaBH;

- 1a€ MOXJIMBICTh EKCHEPUMEHTYBaTH 3 HOBUMH
CTPYKTYpaMH Ta MOJITHKOIO;

- € OumpIn epeKTUBHOIO 1 i€BOIO Y HAJaHHI MOCIYT
IUTSI 33/I0BOJICHHST MICIIEBUX TTOTPEO;

- CTBOPIOE MTOYYTTS MicCIIA Ta CIUIBHOTH;

- € €JEMEHTOM '"TPOMAITHCHKOTO CycIiJbcTBa" abo
MOCTOM, IIO TOB'A3y€ TPOMAASHCHKE CYCIIIBCTBO 3
LEHTPAIBHOIO JIePKaBoIo;

- CTUMYJIIOE KOHKYDPEHIII0 MDK perioHamu Ta
rpOMaJIaMH.

Came TOMY e(heKTHUBHICTB, JI€BICTH 1 JETITHMHICTb
BJIaJIM CTOITh 32 TEPUTOPIAILHOIO IEKOHIIEHTPALIIETO.

OpHak mommmpeHi 1 Jeski HebakaHi pe3ysbTaTH
JEIeHTpai3allii: HOBI 300pM — KBa3iMOJATKH, IO
CTATYIOTBCS MICIICBUMHU OpraHaMH Biagd, (parMeHTaIlis
BHYTPIITHIX PHHKIB, MMOCWJICHHS KOPYIIIi, MepexpecHe
cyOcHIyBaHHS, PO3MOIiT GOPMYJI, TOCHICHHS CKJIaTHOCTI
MOJATKOBUX pedopM Ta KOHQIIIKT 3 MaKpOCKOHOMIYHOIO
MOJIITHKOIO.

JocmimkeHHs e(eKTiB  JemeHTpalizamii  HOCATh
3MilIaHUH XapakTep, aje B NPUHLUII IiJTBEPIUKYIOTh
OibIy MO3UTUBHICTH i PE3yNbTATIB Ui JEpKaBH Ta
CYCHIJIbCTBA. Otpumani JaHi HiATBEPIKYIOTh
NMO3WTHBHUM  BIUIMB  JeleHTpaji3amii Ha:  OCBITY,
IIUIBHICTE HACEJCHHS, IOMITHYHY KOHICHTPAII0 Ta
YacTKy TMOCIYr, NpHAOaHUX y NPUBATHOMY CEKTOPI.
CraTHCTHYHI J1aHI TOKa3ylTh, IO Oarati KpaiHu
CBITYy € OumpII AeneHTpamizoBanuMu (puc. 1). Heratusni
HACNMAKM OyiaM BH3HAYEHI cepel pIBHIB MICICBHUX

MOJATKOBHX  CTaBOK, piBHA  JOXOAiB  (i3WUHHX
ocib, TpaHC(hepTiB 3 ILEHTPaIBHOTO YpsOy, BiACTaHI
0  KalliTaly, perioHaJpHOTO IIGHTPY Ta  pIBHIB

6e3pooiTTs [2].

BiTun3HsHI HayKOBIIB CTBEPDKYIOTh, 1110 YKpaiHi i
JIOCI HE BIAJIIOCS CTBOPUTH C(PEKTUBHO IIF0YYy CHUCTEMY
MICIICBOTO CaMOBPSAYBaHHs, a XpOHIYHHMHA aedinut
(GiHaHCOBMX pECypCiB  TEpUTOpialibHUX TIpoMaja Ta
Ha/IMipHa ix noJPiOHEHICTh HE JTIO3BOJIHIIN
JEICHTpaTi3yBaTh  OIOJDKETHY  CHCTeMy Y KpalHH.
[TpoGnema po3moniny MOBHOBa)XEHb MK "IEHTpoM" Ta
MICIICBIMHA ~ TPOMAaJaMH  3arOCTPIOETHCS  OakKaHHSIM
TEPUTOPIAIFHUX OpraHiB MaTH JOJATKOBI OFOJKETHI
pecypcH 3 OJJHOYACHOIO BiJICYTHICTIO OCBiTy BUKOHAHHS
JOJaTKOBUX (hyHKIIH [3].

IMompu mepemaHi 4YacTHHH 3aralbHOICPKABHUX
MO/IaTKiB 1 300piB 10 OIO/KETIB TPOMaJ, HE3BAKAIOYU HA
mpsami  MDKOIOJDKeTHI  BimHOCMHM 3 JlepikaBHHM
6romxerom Ykpaian (3 01.01.2016 poky), 6imsmicTs 3 159
HOBOCTBOPEHHUX 00’ €THAHUX TEPUTOPIaIbHUX TPOMAJ, TaK
i sanmummiack goramiiiamMu (125 TpoMam OTPUMYIOTH
0a30By JOTAaIlif0), a OTXKE BOHH I Hamaii € (piHAHCOBO
HECIIPOMOKHUMU [4].

[ponec meneHtpanizamii npolec CKIAJIHUN i HEMA€e
enunoi opmynu Horo peamizanii. Y Ilonbimi neit npouec
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3affHAB MaiKe NeCATh POKiB;, YTOPIIMHI — BHCTAdWiIo  YexocioBaudmHi —  JACCATH  JHIB  "OKCaMHTOBOI
necatu Micsamie, CxigHiii HiMeudnHi — mecsTw THXKHIB, a  PEBOJIOIII".
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BBII Ha nymry HaceneHHs

Puc. 1. CriiBBiiHOIEHHS YacTKU cyOHamiOHANBHUX AepkaBHUX BuTpaT y BBII Ta BBII Ha nynry HaceneHHs KpaiH cBiTy [5]

v KOXHIH KpaiHi croci6 oprasizarii
JIEIICHTPATi30BaHOi BJaad TOB'SI3aHUN 3 11 icTOpi€ro,
MOJITUYHOIO 1 YIPaBIiHCHKOIO KYJIBTYPOIO, €KOHOMIKOIO,
coujalbHUM ~ JAOCBigOM.  BimnomimHi  BigMiHHOCTI
YHEMOXKJIMBJIIOIOTH PO3POOKY Ta BIIPOBAJKEHHSI 3araibHOi
(yniBepcanpHoi) wmozeni €C. OpHak icHye jeska
noiOHICTh y MiAXOAaX 10 BHUPILIEHHS HU3KUA MpPOOIEeM.
Ilepmm 32 Bce 1€  CTOCYEThCS  IIJBHIICHOL
aJIMIHICTPATHBHOI ~ POJNi  pEerioHamBbHOrO  piBHA. Y
(denepambHIX a00 BHCOKO pPETiIOHANI30BaHUX KpaiHax
TepuTOpiaNbHI Cy0'eKTH (emepamii (perioHiB, 3eMeb)
TPUBAIMII Yac BHpINIyBaJM THUTaHHS BHYTPIIIHHOTO
yCTpOIo.

Uepes 1ie HaBiTh yHITapHI JIepKaBH  Terep
BKJIFOYAIOTh PETiOHHM 31 CIeI[iaJIbHUM CTAaTyCcOM. Y JeSKuX
Bumaakax 1i¢ octpoBu (Asopchbki octpoBH, Kopcuka,
Mapneiipa), iHIII — PEriOHM B YChOMY YPSAi TEPHUTOPIH
(Iootnanpis, Ipnanpgis, Yensc y BenukoOpuranii, perion
Inb-ne-®panc B IliBHiuHO-LleHTpanpHili  yacTuHi
Opanmy3pkoto  Pecnybmikoro). Pyx gm0 mopambmioi
JuBepcudikanii CHCTEM Ta IHCTUTYLIH TaKOoX BIIMBAE Ha
CHCTEMY MICIIEBOTO CaMOBpSIyBaHHA y (elepalbHUX 1
YHITApHHX Jep)kaBax. 30KpeMa, JiepKaBH 3MYIICHI
pedopMyBaTH aaMiHICTPATHBHO-TEPUTOPIATIbHY CHCTEMY
T ATTOPSIIKOBYE€THCS HasIBHOCTI c11a00pO3BHHEHNX
CUTBCBKHX  TEPHTOPIH, HEOOXiTHOCTI CTBOPEHHS
KOHTJIOMEpATiB MICT 1 PO3BHUTKOM MIKMYHIITUIAIHHOTO
CHiBpOOITHUITBA.

OpHi€ero 3 mepmux KpaiH, ska B TOBOEHHUH Tepiof
MpoBeJia aIMiHICTPaTHUBHO-TEPUTOpialbHy pedopmy Ha
HU30BOMYy piBHI ctama ®PH. YV Himewuwnni, sk i B
VkpaiHi, TepuTopiambHa TpoMaza €  [EePBUHHHUM
cy0’€KTOM MICIIEBOTO CAMOBPSITyBaHHSI.

Bapro 3a3HaunTH, IO U1 WICHIB TEPUTOPIAIbHUX
rpomas HiMeuyunHM XapakTepHUM € BUCOKHH CTYIiHB

neMokpatndHocTi  (opm  BoneBmsaBieHHS. Ilpo e
cBimJyaTh Taki (akTH, [K: UIA MIATPUMAHHS MiCIeBOT
iniiatuBn B Himeuuwni poctatibo 1 % rpomansH
rpomany, a B YkpaiHi — He MeHme 10 THC. wieHIB
rpoMajiv; CKJIMKaHHS 300piB IpoMajau BigOyBaeThCs Ha
BUMoOry 2,5 % rpomMajsiH rpomaiad, a B YKpaiHi — He
menure 10 % memxkaHuiB rpomaan. OnHIEO 3 TOJOBHUX
OCOONMBOCTEH TpoMaad € Te, U0 BOHH IOBHHHI OYyTH
nmoOpe 3acereHi i OyTH He HAATO Malli B TEPUTOPIATEHOMY
IUTaHi. ABTOHOMISI HIMEIBKHX TpoOMaJx IPYHTYEThCS Ha
MOJIMBOCTiI  3[IIHCHIOBAaTH BJagy HAa  BHU3HAYCHIH
TepuTopii, 3aiMaTHCS OpraHi3aIiero rpoMam,
YXBAJIIOBaTH HOPMH MICIIEBOTO IIpaBa, 30KpeMa CTaTyTH
rpoMaj, yXBaJiOBaTH MICICBI OMOKETH Ta JIOKAJIbHI
MOJIaTKY, IIJIAHYBAaTU BJIACHUHI TOCIOJNAPCHKUI PO3BUTOK
Tomio [6].

JlocBin yKpYIMHEHHS MYHIIMNAIBHUX OJWHHIBL MAa€e
SIK MO3WTHBHI, TaK 1 HeraTHBHI Hachiaku. [lo-nepiie, He
MOXHA JIO BCHOTO MAacCHBY IIOCEIEHb 3aCTOCOBYBaTH

€IMHUN KUIBKICHMH KpuTepid (Hanpukiaa, Harepen
BU3HAYCHY KiJbKiCTh HaceneHHs). [lo-apyre, sKmio
iHiIiaTHBa 3IUTTA MYHIIMIATITETIB y  HOBY
aJMIHICTPATHBHY  OJUHHINIO  3IiHCHIOBaJacsi  3TOpH,

KOMaH/THO-aIMiHICTPaTUBHUM LIIIXOM (K y ®Ppanuii), To
pedopma, K MPaBHUIIO, BUSBISLIACS HEBIAJIOK 1 HE JaBajia
OYiKyBaHOTO pe3yJbTaTy. YCIIiX JOCSITaBCi 33 YMOBH
JIOOPOBUILHOTO 00’€IHAHHA CyO0’€KTiB MICIIEBOI BIIaIH
(HaBiTh SIKIIO iHIIIATHBA BCE K TaKW HaJlexayia JaepikaBi),
BUKOPUCTAHHS JIOCBiILy MYHIIHUIAJIBHOI  Koomepariii,
MOHITOPHHTY CYCIHIJBHOI AYMKH, 3 METOI BHSIBJICHHS
YHOA00aHb Ta ICTOPUYHUX, KYIbTYPHUX, TOCIIONAPCHKHX
3B’SI3KIB HACEJICHHS.

OpaHIlisi TpPaJUIifHO € YHITAPHOK JIepiKaBoIo,
3aJKHO  BiA ~ po3Mipy  130JbOBaHOi  TpPOMajH,
MYHIOUOAJITETIB, arjJioMepalii CIUTbHOTH, MIiCBKHX




ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2019. No. 2 (8)

rpoMaz, 1 HaWONMKYAM dYacoM Meramoiicy. Taxka
CKIQJHICTh O3HA4Ya€ €IuHy crnpoly  rapMoHi3amii
(YHKITIOHYBaHHS 30BCIM pI3HHUX TEPUTOpIH B Mexkax
€IMHOI  JepXKaBW, IO  BH3HAYAE  MOMYJSAPHICTh
JIEIICHTpaIi3allii, 3/aTHOI BpPaxOBYBaTH PI3HOMAaHITHICTh
aJIMiHICTPATUBHO-TEPUTOPiaTbHUAX OJUHUIIb KPATHH.

Vpsin Opanuii Hamarascst po3NOYaTH MPHUMYCOBY
TepuTopialibHy pedopMy, CIIpPSIMOBaHY Ha 3JIUTTS KOMYH
(MyHIIMIIATITETIB), CTBOPCHHUX III¢ COTHI POKIB ToMy. [nes
MIPUMYCOBOTO 3IUTTA, M0 Oyila BiIKWHYTa HACEJICHHSM,
TpaHchopMyBaiacs y CHIBpOOITHHITBO TEPUTOPIaIbHUX
rpomaf.

BinbmiicTs KpaiH JiKBimOBYe ApiOHI 1 HE 3aBXKIU
JIi€BI TEPHUTOpialibHI yTBOpPeHHs. DpaHIlis B MHOMY
MUTAHHI 3QJMNIAE€ThCS JOCUTh KOHCEepBaTHBHOIO. Ha
cporozHi y ®@panuii icHye 36 565 xomyH. OnHak OJIU3BKO
80% 3 Hux MaioTh HaceneHHs MeHme 1000 HaceneHHs.
OdYeBHIHO, IO HEBEJIUKI PO3MIPH TEPHUTOPIi Ta Maiia
YHCEIBbHICTh HE JAal0Th MOXKIHBOCTI BHUKOHYBaTH BCi
[MOBHOBA)KEHHS, TIOKIIAJCHI Ha HUX [7].

s TTOJTOJTAHHS poOIeMHu (hinaHCOBOTO
3a0e3meueHHss 1 3milicHeHHS — QYHKIIH ~ OpraHiB
CaMOBDSYBaHHS ~ 3aCTOCOBYETHCSI  JBa  ITiXOJIH:

1) CcHmiBpOOITHHUIITBO KOMYH [UIsl BHUPINICHHS TEBHUX
CIIIBHUX MPOOeM; 2) 3JIUTTS KiTBKOX OPiOHUX KOMYH B
ONHY OUIBII TOTY)XHY 1 ()iIHAHCOBO CIPOMOXKHY JUIS
BUDIIICHHS THTaHb (YHKIIOHYBaHHS BCIX CIIykO
MICIICBOTO CAMOBPSTyBaHHS.

Jlnst BU3HA4YCHHS HOBUX KOPJOHIB MYHIIMIIAIBHHX
HOBOYTBOPEHb Opasticsi pi3Hi KpHUTepil, ajne BCi BOHU MajH
KOMIUIEKCHHH, KUIbKICHO-SIKiCHUI xapakrep. Tak, y
[IBerii MyHIITUITATITETH, IO CIIBIPAIIOBATH MiX CO00I0,
00’eTHYBaNHCS HABKOJIO MICT, OEpydn IO yBard CTYIiHBb
OCBOEHHS TEPUTOPIH MiXK HACEIICHUMH ITyHKTaMu. Y JlaHil
JUIS  BU3HAUCHHS MYHIUIAIBHUX KOPIOHIB  OyIo

Tabauns 1. Kintoxicme micyesux opeanie énaou [7]

MIPOBEJICHO CIIelliajbHe AOCITIDKEHHS, 110 BUSBIJIO 30HH,
SIKI TIPUPOJHO CKJIIUIACSA B Pi3HUX cdepax MisITbHOCTI Ta
crminkyBaHHsI. Takum d9uHOM, Oyno BHsABICHO 44
TOProBeNbHI 30HW, 123 HEHTpH TSOKIHHA B Koomeparii
pecypciB  mparmi  TOIIO.  YpaxoByBajocs  OaraTo
MOKA3HMKIB, HABITh TaKWH, K MPOJaXKi JOCTaBKa MOIITH 1
nepiogvku noaoMy. Y pesynbrari Oyjo MiArOTOBIEHO
KapTy B3a€MO3B’SI3KIB 1 B3a€MO3aJIEKHOCTEH OKpEMHUX
Teputopiit. Takox Oyn0 TpPOBEJACHO NETaNbHHHA aHali3
"epexTy MacmTaby" 3 METOI ONTUMI3amii HaJaHHS
HAaCEJICHHIO PI3HHUX THIIB COIMialbHUX Mmociyr. Ha ocHOBI
o0pobnerns  3i0paHoi  iH(opmarii Oyao  3MiHEHO
3aKOHOJIAaBCTBO, BHECEHO MPOIMO3UIIii 100 CTBOPEHHS
OKpyriB, mo Oyli0 OOTOBOPEHO B MYHIIIUIANITETaX 1
3aTBEP/UKEHO ICHTPAJIBHOIO  BJIQJOI0  TUIBKK  MICIHS
Y3rOJDKEHHS  pIlIeHh 3 TUMH, KOMY  HalexXajo
00’eHATHCS.

Hapasi B Ykpaini Mo)kHa criocTepiratu 3BOPOTHii
mporiec. 3 480 icHyruHMX paioHIB mependavaeThes
samumute - 120.  OOrpyHTyBaHHsS 1€l  KIJBKOCTI HE
OTIPUITIOJTHEHE, PO3PAXYHOK BiJIOYBABCS JIMIIE BUXOIMUHU 3
[Monbcpkoro moceimy. Ta mompu MO3UTHBHI PE3yabTATH
nmeneHTpanizamii B ITosbnyi ogHMM 3 IMYHKTIB KPUTHKH
CTAJI0 HEBpaxyBaHHSA PI3HHII MK CUIbCBKHMH Ta
MIiCBKHMHM TTOBITaMH, 30KpeMa, Pi3HOT KIIBKOCTI pecypciB,
SIKUMHU MOXKYTh PO3HOPSKATUCS 11i CAMOBPSIHI OJUHHII.
Jnst Oinpurocti cnabko po3BHHYTHX perioHiB [losbmii
JIelleHTpai3alis O3Hayana 3picT PO3PUBY BiJHOCHO
HaWOUIbII YCHINIHUX IOJILCHKUX PETiOHIB Ta KpaiHU B
1itoMy. Perionu, siki OMMHUIKCS 03 JOMOMOTH JICPIKaBH,
micasl TPOBEACHHS aJMIiHICTpaTUBHOI pedopMH MOYan
PO3BUBATHUCS TipIIIe.

TeputopianbHe TUTaHYBaHHS TOTPeOye 00’€THAHHS
TEPUTOPiil 1 MOWIyKy BapiaHTIB IX PiBHOMIPHOTO MOILTY
(tabm. 1).

Haspa kpainn Micuesi IpomixHi PerionanbHhi
Opanis 36 786 101 13
Himeuunna 11 252 295 16
Cnony4ene KopouniBcTBo 433 4
[Monpma 2497 380 16
VYkpaina 10885 488 25
VY ®innsanaii 20 pokis Tomy Oyiio 31ificHeHO cripoOy Y JlatBii moeramHO 3acTOCOBYBAJIMCS 0OHIBa
3HQYHO  3MEHIIMTH  YHCEJIBHICTh ~ MYHILMIANITETIB ~ METOAM  YKPYIIHCHHS—CTHMYJIIOBaHHS  JOOPOBLIBHOTO
pimeHHsM "3ropu". 3pemroro, y pe3yiabTaTi HONITHYHUX  O0’€[HaHHS  MYHIIMNAIITETIB Ta  aJMiHICTpaTHUBHE

nebatiB mepeMir NPUHIMI A00pOBIILHOCTI. PasoM 3 Tum
JiepkaBa 3a0X04ye 00’ €IHAHHS MYHIIHUITATITETIB MUISIXOM
HaJaHH TOJaTKOBUX CYOCHIIH.

AMiHICTpaTUBHO-TEPUTOPiaIbHA pedopma y
OinnsHaii BiAOyBaeThcst HE aAMIHICTPATUBHO-KOMAaHTHUM
IUIAXOM, @ 3aBISIKH EKOHOMIYHOMY CTHMYITFOBaHHIO
JIOOPOBUTLHUX pimeHn cy0’€KTIB MiCIIEBOTO
CaMOBPSTYBaHHS IIOJI0 JOLIIBHOCTI TAKOTO 00’ € THAHHS.

B Iranii nepenbaueHo ¢iHaHCOBI CTUMYIH ISt
00’eTHAHHS ¥ MOJANBIIOTO 3JIATTS KOMYH 13 HaCEICHHSIM
YUCEJIbHICTIO MEHIIE 5 THCAY >KUTeniB, abo misd IX
NpUEAHAHHS OO0 OuThinuX KOMyH. [lomiOHMI mOCBiX
3acTocoByBaBc i B ECTOHI.

YKpYIHEHHs. 3 TMoyaTKy peamizamii pedopMu dYoTupU
POKH Ha/IaBalloCsl HA YTBOPEHHS TOOPOBUILHUX 00’ €THAHB
MYHIOUTATITETIB 3 (iIHAHCOBUM iX 320XOUEHHSIM IIITXOM
HaJlaHHS pa30BOi JOTalii 3 AEpKaBHOTO OIOKETy ¥y
posmipi 1 — 5 % Bim 3arampHOI CyMH OIOIXKeTy
MYHIOUTATITETY, MICIA 9Or0 MPOTATOM HACTYITHOTO POKY
MiCAs 3aBepUIeHHS MHOTO Tepiogy Oylio moBenaeHe
aJIMiHICTpAaTHBHE YKPYITHEHHS PEIITH MYHILUIIATITETiB.
Hacrynmna mnpoGiema, 1o BHHHKaE B Mpoleci
JlelleHTpaiizanii, moysrae y BUOOpI MiXk PiBHOIPABHICTIO
Ta iepapxi€lo y BiAHOCHHAX MK PI3HUMH PeTiOHaIbHUMHU
Ta  MICHeBHMHU  IHCTHTYHisMU. Y  (paHiy3skii
KOHCTHUTYIIii, HANpHUKIaa, 3aKpilUIeHO MPHHINI, IO
JKOJTHA MICIIeBa BJIaJla HE MOJKE 3IIMCHIOBATH Biamy abo
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3MIMCHIOBATH HATJIAJ 3a iHIIMMUA OpTaHaMH BIIAJH, aje
Hacmpapai Iie Oumbine (GOpMambHICTh, HIK TpaKTHKA.
Haromicts y npaBoBomy mosri HiMeudwHH MpiopuTETHHM
€ iepapxis BITHOCHMH MIDXK pI3HAMH pIBHSAMHU BIaJu:
3aKOHOJABYl AaKTH, NPUHHATI 3eMEIbHHMHU OpraHaMH,
00OB'SI3KOBI /11 OpraHiB MICLIEBOTO CaMOBPSyBaHH:,
pO3TallIOBaHUX Ha IXHIX TEPUTOPISX, 1 OLIBII BUCOKHUI
piBEHb pETiOHAJILHUX OpraHiB BJiaiM: (MICIeBi) OpraHu
BJIAIX MAIOTh MPaBO 3IHCHIOBATH HATJISA 32 NiSJIbHICTIO
HIOKYHX. | Tepmuid, i Apyruid miaxoad MaroTh HEIOJIKH.
Y (dpanmy3pkiii cucteMi (GopMaNbHOT PIBHOCTI 1€ HE
BIIOBIIAE peaNbHii TIPaKTHUIT BITHOCWH
MIINOPAAKYBAaHHS MiX pPI3HUMHU pPIBHAMH BIaaW, HE
CIIpWisiE  PO3BUTKY  CHIBIpami MK  perioHamH,
JenapTaMeHTaMu a00 MYHIIMIATITETAMHA 1 HE BUKIIOYAE
MOXITMBOCTI KOHKYPEHLIT MK HUMH, 11O MPHU3BOAUTH 1O
PO3MHUBAHHS BiIMOBIIATEHOCTI.

OOpana HimeuunHoOIO iepapXisi Cpus€e HOBTOPHii
KOHLEHTpalil BIaAM Ha pIiBHI 3eMJli 1 CylepeuuThb
(dopManbHUM iMIIEpaTHBaM JAeneHTpaimizamii. OgHak,
HE3BaKAIOUX Ha PI3HOMaHITHICTh HAIIOHAIBHOTO JAOCBITY,
imest 3a0e3mneueHHs PETi0HATBHOTO PiBHSA
BIAMOBIAAILHOCTI JJIA MIATPUMAHHSA €IHOCTI CHUCTEMH
MICIICBOTO CAMOBPSAYBaHHA 3HAXOMUTH BCE OibIne
TIPUXITEHUKIB.

Uitke po3MeKyBaHHS TOBHOBKCHb MK IEp)KaBOIO
Ta pPI3HUMH MICHEBUMH Ta pEriOHAIBHUMH OpraHaMu
BIald € OCHOBHOI BHMOIOW s  e(EKTUBHOIO
JICPKABHOTO YIPaBIiHHs. €BpPOMEHChKa XapTisi MICIIEBOTO
CaMOBpsIyBaHHA B CTAarTi 4 3a3Hayae, M0 "OCHOBHI
MOBHOBaXEHHA Ta  (QYHKUII  OpraHiB  MiCIIEBOrO
CaMOBpSIyBaHHA BH3Ha4aloThcs KoHcTHTymiero  abo
3akoHOM. OJHAaK IIe IMOJIOKCHHS HE BHKIIOYA€ HaJaHHS
OpraHaM MiCIIEBOTO CAMOBPSIYBaHHS IOBHOBa)KEHb Ta
000B'SI3KIB JIIsI KOHKPETHHX IIIeH BiMTOBITHO O 3aKOHY.
MicreBa Bazia B Mekax 3aKOHY Ma€ TIOBHE MPaBO BUIBHO
BHpIITyBaTH Oynb-sSKe THTAaHHS, SKE HE BIITYYae€ThCS 3
iXHbOI KOMIICTEHIII 1 SIK€ HE IPHU3HAYAETHCS KOIHIN
iHi#  yctaHoBi. XapTisi TakoXK  CTBEPAXKYE, IO
[MOBHOB&)KCHHS, HAJaHi MICIIEBUM OpraHaMm BJaay, SIK
MPaBUJIO, TIOBUHHI OyTH MOBHOIIIHHUMHY i BHKIIIOYHUMHU.
BoH# He MOXKYTh OyTH MPHUNUHEHI 200 00MEKEHI IHIITUMHU
LIEHTPAIIbHUMKH a00 perioHaJbHUMH OpTraHaMH BIIAJIH,
SIKIIIO I He BUMAraeThCsl 3aKOHOM .

MexaHi3M BHKIIOYHOT KOMIETEHIIT 3aCTOCOBYETHCS
B benprii, Jgme KOXeH  aBTOpUTET  HAAUICHUN
[MOBHOB)XCHHSIMHM,  MPHCBIYCHUMH  TUIBKH  HOMY:
NIUTAHHS, TIOB'SI3aHI 3 CyBEPEHITETOM, € OO0OB'SI3KOM
(denepalbHUX yCTAaHOB; KYJIBTYPHI MHUTaHHS, OXOPOHA
3M0pOB's Ta colliadbHa JOMOMOra HajJeXaTh [0
KOMIIETEHIII1 TPOMaJI, a MUTAHHS JKATIOBO-KOMYHAIBLHOTO
roCrogapcTBa YacTKOBO BXOAATh O  KOMIIETEHIIT
perioHiB. BukirouHnii aBTOpUTET O3HAYa€, IO HE MOXKE
OyTtu BTpy4aHHS 3 060Ky denepansHoro ypsny. [IpuaImmn

CHUIbHOI ~ BJagu  NPAKTHKYeETbcd y  QenepaTuBHINA
Himewyumni. 3rigno 3 Koncrturyniero, Ilapmament
Oenepanii Mae BHUKIIOYHI I[MOBHOBRXEHHS B  YiTKO

BU3Ha4YeHUX cdepax; i 3emili 1o30aBiieHi IpaBa NPUHHATH
3aKOHOJIaBCTBO B KiJIbKOX chepax [8].

Inmumit  tunm pedopm, ski  BigOyBammcs B
€BPOIIEHCHKUX KpaiHaX MPOTATOM OCTAHHBOTO MBI

XX-ro CTOJITTS, YacTO BH3HAYAIOTh SK OpTaHi3alliifHi
pedopmu. BoHU 31iHCHIOBAINCH TTEPEBAXKHO ITiJT 3HAYHUM
BIUTMBOM IICHTPAIBHOI BIAAM Ta TepeAdadanu 3MiHy
BHYTPIIIHBOI CTPYKTYpH TEPUTOPIAIBHUX OAMHHUID 1
BKJIIOYAQJIM TaKi EJIEMEHTH: IOCWICHHS pOJli MepiB Ta
BUOOpPHMX paj; HaJaHHS IPOLECOBI NMPUUHATTS pillleHb
OimbII  BIAKPUTOro, IyOJIYHOTO W JIEMOKPATUYHOTO

XapakTepy; pO3LIMPCHHS y4YacTi TPOMAJCBKOCTI B
NPUAHATTI  pillleHb;  3alpOBa/PKEHHS  O00OOB’SI3KOBUX
"parioHaTpHUX" METOMIB IJIaHYBAaHHS, 3MIiHM B CKJIaJi
MICIIEBOTO  TEPCOHANTY, 3MIHA  MICIIEBHX  IPaBUI

oprasizalii JisSUTBHOCTI OpraHiB BJagu TOmO. barato B
YoMy IIi 3aXOJ¥ MaJIH CIPHUATH OUTBIT aKTHBHIM ydacTi
OpraHiB MICIICBOTO CaMOBpPSAYBaHHA B CYCHUIBHO-
MOJITUYHOMY KHTTI BIIMOBIAHUX KpaiH i MEpeTBOPEHHIO
X Ha HaAIWHUX MPOBIAHUKIB MepxkaBHOl momituky (Itamis,
Benuka bpuranis tomo) [9]. ToOTo, B €BpOmeHChKUX
KpalHax 3/iiICHIOBaIACh 1 BCE IIE MPOBOAUTHCSI POOOTA IO
iHPOpPMYBaHHIO TpOMaJsiH B LJIOMY MpO THpOLEecC
JEIIeHTpai3allii, #0ro MO3UTUBHI CTOPOHU Ta PE3yJIbTATH
BrpoBakeHHsA. Hanpuknan, y ®pannii gie Hamionanpaa
KoMicigs 3 myOmuyHuX pe0ariB, sSKa BIAMOBimae 3a
iHbopMyBaHHS TpOMaasH 1  BpaxyBaHHS  IHIIHUX
KOMEHTAapiB Yy MpOIeCi MPUHHATTS PillICHb.

B Vkpaini Takox 3MIHCHIOETbCS P 1HIIIATHB 010
MiIBUIICHHS O00I3HAHOCTI TPOMAICHKOCTI TPO pedopMy
JEleHTpatizallii, omHaK I1X e(EKTHUBHICTh BHUKJIHMKAE
CYMHIBH. 3arajipHO HalliOHAJIbHE ONUTYBAHHSA
IPOMAJChKOI  JYMKH HAaceleHHs 1mom0  pedopMu
JeueHTpaiizanii  craHom Ha 28 cepmHs 2018 poky
MOKa3ano, IO 3a piK piBeHb O0I3HAHOCTI YKpaiHIIB
i3 pedopMmoro aeneHTpamizamii gemo 3Hm3uBcA. [loOpe
3HAIOTh, Yy YoMy mnossirae ns pedopma 16% (y depBHi
2017 p. takux Oyno 20%), mocs aymu — 60% (y 2017 p. —
62%). BinmoBimHO, YacTKa THUX, XTO HIYOTO HE 3HAE TPO
JeTieHTpaiizamiro 3pocia 3 18% mo 23%. Haiibinsure mpo
pedopmy 3HarTh y Lentpi (3aranom 83%), Haiimerme —
Ha Cxomi (53%). Ilpo Te, 1m0 BOHHM HOOpE 3HAIOTH PO
3MICT IIOBHOBaXXEHbL MICIIEBOT BiIaaM, 3asBHIn juiie 19%
OIUTAaHUX, TOAI AK 51% 3HalioMi 3 UM IHTAHHSIM
YaCTKOBO; HATOMICTh 32% — MPaKTUYHO HIYOT0 MpO Lie He
3HaThH [10].

Jst BUPILICHHS mpobiaemMu HEJ0CTaTHbOL
iH(OPMOBAHOCTI YKpaiHCHKOI TPOMAJICHKOCTI B MATaHHAX
JleleHTpaiizanii  JIOUIBHO TPOBOJUTH  IHTEPAKTUBHI

3aXO0JIM 32 y4acTi HIMPOKOi TPOMaIChKOCTI, TPEACTaBHUKIB
TEpUTOpIAILHUX TpOMaJl, BOJIOHTEPIB Ta >KypHAaJICTiB.
Mertot0 TakuX KOMIaHiii IOBUHHI Oy TH:

- CIPUSIHHSL  KpamioMy PpO3YMIHHIO TPOMaJsIHAMH
CYTHOCTI pehopMHu JeTieHTpaTi3arlii;

- M IBUIIIEHHS PiBHS 00i3HAHOCTI IPOMAJICHKOCTI PO
MO3UTHBHI 3MiHH, IO BiIOyNHCS y HACETICHUX ITyHKTaX;

- TIOIUPEHHS [TO3UTHBHUX MPAKTUK TEPUTOPIAIbHUX
rpoma;

- (hopMyBaHHS ITO3UTHBHOTO CTaBJIECHHS J0 NPOLECY
YTBOPEHHS IPOMajl Ta ACLEHTpaNi3alil B [IIIIOMY;

- CHPUSIHHS 3aJIy4eHHIO TPOMaJl 0 aKTUBHOI y4acTi
y couiaJbHOMY, KYJIBTYPHOMY Ta TIOJITHYHOMY >XHTTI
rpoma.

OCHOBHUMH HanpsIMKaMd B TPOBEAEHHI pedopMu
nereHTpaiizamii B YKpaiHi Ha ChOTOMHINTHBOMY eTari
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TTOBUHHI CTaTH YKPYITHSHHS aMIiHICTPaTUBHO-
TEPUTOPIAUIBHUX  OJWHHIB,  YiTKE  PO3MEKYBaHHSI
MTOBHOB)KEHb MiXK JIEPKaBOIO Ta PI3HUMHU MICIICBHMH Ta
perioHalbHUMHM ~ OpraHaMM Biagu Ta iH(GOPMYyBaHHSI
IPOMAJICBKOCTI MPO MpOIeC JACHCHTpai3amii i Bif Tak
CHPUSIHHS OUIbII aKTHBHIN y4yacTi TpOMajsiH y IPUHHATTI
pilleHb.

3MIHIOIOUYM MOJENb YIpaBliHHA B YKpaiHa 3
aKI[CHTaM Ha [OCHJICHHS MICIIEBOIO CaMOBPSAYBaHHS,
BKJIMBO PO3B'S3aTH MPOOJIEMH Y TBOX B3aEMOIIOB’ I3aHUX
chepax: TepuTopiambHI — BH3HAYEHHS 0a30BOTO DPIiBHSI
YIPaBIIiHHSA, Ha TKOMY MOXKe 3a0e3meuyBaTrcs epeKTHBHE
YOpaBJIiHHA, 1 (iHAHCOBIH — 3a0e3MeYeHICTh piBHIB
ynpaBninHsa. [Ipy  1bOMYy  KIIOYOBUMHU  IOCTAIOThH
npoOyiemMH, TOB'S3aHI 3 ONTHMIi3alli€l0  opraHizamii
TEPUTOPIAILHUX  TIPOMaJ Ta  MICHEBHUX  BHIATKIB
BIZIMOBITHO /IO Tally3eBUX HOPM HaBaHTa)XCHHS Ha
OI0/DKETHI YCTaHOBM Ta OIOJKETHOI CHPOMOKHOCTI
(hiHaHCYBaHHS LIUX YCTAHOB.

3aKOpIOHHUH TOCBIl YKPYIHEHHS aJMiHICTPATUBHO-
TePUTOPIAUTEHUX OJHWHHIG CBIAYWATHL MPO Te, IO BCi
kpainu-pedopmaropu 3aifiCHIOBAIM #Or0 MPUMYCOBO.
[Ipore BHOIp TPIOPUTETHUX HAMPSAMIB Y TPOBEACHHS
aaMIHICTpaTUBHOTO  pe(OpMyBaHHS  3alleXKHUTh  Bijg
€KOHOMIYHHX, TeorpadiuyHuX, ICTOPHYHUX, CTHIYHUX
0COOMBOCTEH 1 TpaaMIIii KOXKHOI Iep>KaBH, PO3BUHEHOCTI
CHCTEMU MICIEBOTO YIPABIIHHS, >KOPCTKOCTI 3B’SI3KiB
MDK DIBHSIMHM YIpaBiiHHSA. MOXXHa BHOKPEMHTH KiJIbKa
3araJbHUX HaNpsIMIB: TEPeryisil KUIbKOCTI Ta PO3MIpiB
aJIMiHICTPaTHBHO-TEPUTOPIaJIbHUX OJIMHHIIB,
nepepo3noain  QYHKIH 1 MOBHOBaXEHb MK PIBHAMHU
VOpaBIiHHSA, MpodecioHamizamis CcIy)k0  MiCIeBOro
ynpasiiaas [11].

Ha panmii wac npomec QopMyBaHHS TrpoMaa B

VkpaiHi NpoXoAWTh  3AeOUMBIIOrO  CTHUXiHHO, 0e3
3aJydeHHsT pe3yJbTATiB HAYKOBHX JIOCTIKEHb Ta
ypaxyBaHHS ~ BHUCHOBKIB  eKCHepTiB. Y  pe3yibTaTi

HOBOCTBOPEHI TEPUTOPiaabHI IPOMAaU ICTOTHO PI3HATHCS
MDK CO0O0I0 3a T'OJIOBHUMH TOIOJIOTIYHUMH NapaMeTpamu
— po3MipaMu TEPUTOPIT Ta KIIBKICTIO HACEJCHHS, a TAKOK

XapaKTePU3YIOThCS 3HAYHUMU perioHaTbHIUMU
BIAMIHHOCTAMHM BJIACHUX JOXONIB 1 JoTaniiHOCTI
OIOJIKETIB.

Y pa3i yKpymHEHHS TEPUTOPIaJbHUX OJUHHUIb

MPUMYCOBUM METOJIOM JOLITBHO 3aCTOCOBYBATH 3aXO0IHU
010 TMOM’SIKIIeHHs peanizauii pedopmu. B ix sxocti
MOXKYTh TIepe0ayaTHCs:

1. YacoBa apantanis. [leperBopeHHs 3aiiMaroTh
JIOCUTh TPHUBAJIHMK MPOMiXKOK dacy. Tak, pedhopmyBaHHS y
IMompmii mepBicHO po3paxoByBasiocs Ha 20 — 30 pokiB, B
JIutei, JlaTsii, ®iHngHaii BOHO (QakTUdHE 3aifHsmo 15 —
16 poxkis.

2. TToctynoBicte. Bumarae peTenbHOI MMiATOTOBKH,
BHUBYCHHS CTaHy aJMiHICTPaTUBHHUX TEPUTOPIH.

3. lupoke  BpaxyBaHHS  JIyMKH  HAacCeJCHHS.
Y CTaHOBIIOEThC HEOOXITHICTh MPOBEACHHS MICIICBHX
pedepeHayMiB, COIOIOTIYHIX ONMUTYBAaHb HE JIMIIC IIiJ
4yac IMepeTBOpEHb, ajie W IMpH OIpAIfOBaHHI KOHIICIIIiT
pedopmu, 3amydeHHS TPOMAJCHKOCTI, NPEACTAaBHUKIB
OpraHiB  MICIICBOTO  CAMOBPSIYBaHHA JO  CKIIAAy

CHemiaJbHUX OpraHiB 3 OIpamioBaHHA Ta peaji3armil
pedopm.

4, YcTaHOBIIEHHST KPUTEPIiiB IUISI CTBOPEHHS HOBHUX
aJIMiHICTPAaTUBHO-TEPUTOPIaIbLHUX OJIMHUIIb 6e3
3a3HAYCHHS KIUIBKICHUX Ta SKICHAX XapaKTEePHCTHK,
MOJKJIMBICTh 3aCTOCYBaHHS 1HAUBIAYAIBHOTO MIAXOAY IO
KO>KHOTO PETiOHY.

5. MoxnuBicTh 00paHHS CHOCOOY YKpYIHEHHS:
00’€IHaHHA  MYHIIUIAMTETIB  a00  BCTAHOBJICHHS
MDKMYHIIAITAIBLHOTO CIiBpoOiTHUIITBA [12].

Ili wMexaHi3MH, 3 OIHOTO OOKYy, TIIOM SKIIYIOThH
mporec pedopM, 3 IHIIOro — TyKe 4acTo MPHU3BOMIATH 10

HOTO YNOBIIBHEHHS 1, SK HACHiJOK, HEOOXiIHOCTI
3aCTOCYBaHHS OUTBII  XOPCTKHX, aAMiHICTPATUBHHUX
3aX0/iB.

Mertol0 anMiHICTPaTUBHO-TEPUTOpIANBEHUX pedopm
MOBUHHO OYyTH MiABHIICHHS €(QEeKTUBHOCTI HaJaHHSI
MOCITYT HACEJICHHIO Ta HAaOIMKEHHS BIIaIH JI0 JIIOJIEH.

PedopMu MaroTh 3IiHiCHIOBAaTHCS KOMILIEKCHO Ha
OCHOBI HayKOBO OOIPYHTOBaHHX, JOCTOBIPHHUX MPOrpam 3
ypaxyBaHHSIM 3apyOi’KHOTO IOCBIIY, BJIIACHHUX ITOMIJIOK
MUHYJIHX POKiB, OCOOJIMBOCTEH Ta MOTEHIIATy PETiOHIB.

Bimbrn e(heKTUBHUMH aIMIHICTpaTUBHO-
TePUTOPIAUTEHUMU pedOopMaMH € Ti, SKi 1HIIIFOBAIHCS
Oe3mocepeIHbO TPOMaJIaMH, a He HaB s3yBaiucs "3ropu'.
Ta HaBiTH SKIIO Mae Miclle JAepkaBHa IiHIIIaTHBA,
MepETBOPEHHSIM MaroTh nepenyBaTH HINPOKE
00roBOpEHHS Ta BpaXyBaHHs CYCIUIbHOT JYMKH.

Binpimn  mominbHEM € IOOpOBUTBHE 00’ €THAHHS
TepUTOpiaNIbHUX I'poMajl. [leprkaBa npu bOMY MOXe Horo
CTHMYJIFOBATH, HAIA0UYH [IEBHI IpeQepeHIrii.

[Ipobnemu BUKIHKOM Uit pehopMaTOpiB € Te, MO Y
paiionax, me OTI yrBOpeHO B Mexax yciel TepHUTOpii,
BifOyBaeThCs  OyONIOBaHHSI  IIOBHOBAXXCHb  OpPraHiB
MicreBoro camoBpsanyBanas OTT, paitoraux pan ta PJIA.
Tam omHOYacHO (YHKIIIOHYIOTH paiiep:kaaMiHICTpaIlis
Ta paiipaga 13 BIANOBIIHUMH BHIAaTKaMH Ha ix
yTpUMaHHs, a Takox BukoHaBui oprann OT[ i3
BU3HAYCHUMH 3aKOHOJABCTBOM IIOBHOB@KECHHSIMH Ta
¢binancyBaHHsAM. BinnoBigHi padipaaM, SK IpaBUiIo,
NPUIMalOTh PIllIEHHs LIO0 TPOIIOBOI OLIHKHM 3eMJi Ta
Mepeposnoaily  TpaHchepTiB i3 JepKOIOMKETY.
PaiinepsxaaMiHicTpallii TakoX T1030aBJIeHI MepEeBaKHOT
OLTBIIOCTI TTOBHOBaXXCHB, SIKi 332 3aKOHOM BHKOHYIOTBCS
BUKOHaBuuMHM opranamu pagu OTT.

Opnietlo 3 mpobieM, [0 BHHUKAIOTH  IIPH
peopraHizamii TepuUTOpiaNbHUX TpoMax € mpobiema
3a0e3NeueH sl peajbHOI CIPOMOXKHOCTI HOBOCTBOPEHHX
00’€MHAHWX TpoOMal  BIAMOBIAHOI  aJMIHICTPATUBHO-
TEPUTOPIAUTLHOT OJTUHUIII.

KiI'040BUM MOMEHTOM TYT BHSBJISETHCS HAsIBHICTDH

BiJIMTOBITHUX KaJpOBUX pecypcis, (dinaHCOBOTO
3a0e3medeHHs Ta PO3BUTKY iHDPACTPYKTYpH.
®dakTHuHO, y TpoIreci CTBOpEHHS 00’ €THAHUX

TEPUTOPIAILHUX T'POMajJ MOKHA BHAUIUTH TPH BHIH
(iHaHCOBOI CIIPOMOXKHOCTI.

- o-Tiepure, Iie TMOTEHHialbHa YU PO3pPaxyHKOBa
CIIDOMOXHICTh, SIKOI0 MAlOTh  BOJIOJITH T'POMAaJH,
BU3HAYECHI TAaKUMM BIINOBIAHO /O MEPCIEKTHBHOIO
IaHy;
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- Mo-Ipyre, 1€ CHOPOMOXHICTh, $Ka IOPHUIIMIHO
Bm3HaeThesa KabineTom MiHicTpiB YKpaiHu BiAIIOBITHO 70
crarti 9 3akony Ykpainu "IIpo moOpoBinsHE 00’ €qHAHHS
TepUTOpiaNILHUX rpoMan’;

- IO-TpeTe, 1€ peajbHAa CHPOMOXKHICTb, SIKa
BU3HAYa€ThCd  BXKE MCJHs  TOro, SIK 00 ’e€qHaHa
TepUTOpiaJibHa TpoMajga chOpMOBaHa 1 TOKa3ye IEBHI
Pe3yIbTATH MiSTTBHOCTI.

[MpakTHka mMokasye, IO MOTEHLiaNbHA, IOPUIMYHO
BH3HaHa Ta peallbHA CIPOMOXHICTh 30IiraroThCs, 5K
mpaBwio, Tiabkn g OTI, yTBOpEeHHX  HAaBKOJIO
HAaCEJICHUX ITyHKTIB, 5IKi € pAHOHHUMH IICHTPAMH.

HaromicTh CTBOpPEHHS  CUIBCBKHX 00’ €IHAHHX
TEPUTOPIAUTEHUX TPOMaJ HAaBKOJIO HACEICHUX MTYHKTIB, K1
HE MajH CTaTrycy aJMIHICTpAaTMBHHX IEHTPIB, oJpa3y
BUKJIUKA€E MPOOJIEeMY SKICHOTO KaIpoBOTO 3a0e3MeUYCHHS
OpraHiB  MICLEBOrO caMOBpsiAyBaHHs. [lpu  1bomy
BUHHMKaE motpeda y TakMx Kaapax, siki 0 Oynm 3paTHi
NpalfoBaTH B  yMOBax pO3LIMPEHHS TOBHOBAKEHb
MICIICBOTO CAMOBPSIYBAHHS 1 BHPIIIYBATH 3aBIaHHsI, SKi
panime HE Oymnu TpUTaMaHHi MiCIICBOMY
CaMOBPSIYBaHHIO.

Sxmo obcsar (hiHAHCOBUX pecypciB UM CTaH 00’€KTIB
iHGPaACTPYKTYpH MOXKe OyTH 3a37alIeTiab MPOpaxOBaHUMH,
To (OpMyBaHHS KaIpOBHX YIPaBIIHCBKUX PECypCiB y
CITBCBKIH MICIIEBOCTI € (DaKTHYHO HemepeadadyBaHuM
mporiecoM. HaTtoMicTh cuiibHa ympaBiaiHChKa KOMaHIa €
3HAYHOIO MIpPOIO 3aMOPYyKOI0 ycmixy rpoManu [13].

[leBni ycmimHi KpoKM Ha HULIXY pedOpMyBaHHSI
myOmiyHOi BlaxWd CBiguaTh, MO0 YKpaiHa oOpaina
MIPAaBUIBHUN HANpPsIMOK, SIKUM TOTPIOHO NPOJOBKYBAaTH
pyxaruck. OpHak 0e3 BHECCHHS BIAMOBIIHUX 3MiH 0
KonctuTynii Ykpaiau mozo JemneHTpatizamii 3aBepIuTu
pedopMy Ta HOCATTH €BPONEHCHKOTO PO3BHUTKY HAIIOT
KpaiHm Oyne HEMOXJUIMBO. 30KpeMa, NOTpiOHO Ha
KOHCTUTYLIHHOMY pIiBHI 3aKpillUTH cTaTyc 00’eqHaHOl
teputopiasibhoi  rpomamu  (OTI), mpuBectm vy
BIJIMIOBIHICTh CHCTEMY OPraHiB JCPKaBHOT BHKOHABYOT
BJIaJM Ta OPTraHiB MICLIEBOTO CaMOBPSyBaHHS, Y3rOJUTH
ixHi  ¢GyHKOil Ta MOBHOBaXEHHS, JOTPUMYIOYHUCH
NPUHLIUIY CyOCHIapHOCTI Ta YHUKHYBILY JyOJFOBaHHS.

[ToBHOLIIHHE BNPOBa/KEHHS peGOpMHU  OpraHiB
MICIIEBOTO ~ CaMOBpSIYBaHHS  Ta  TEPUTOPiaJbHOL
opraHizamii Biagu B YKpaiHi MOXIJIHBE TiIbKH y pasi
BHECCHHsI BIMNOBimHUX 3MiH 70 KoHctutymii YkpaiHwm,
sKe IUIaHyBaJloCh 3AiHCHUTH mie a0 kiHusg 2014 poky.
BHeceHHst 3MiH [103BOJIUTE 3a(iKCyBaTH I1'SITh KIIOYOBUX
TIOJIOXKEHb:

- aJIMiHICTPaTUBHO-TEPUTOPIaTbHUI yCTpiit
MOIUISETHCS HA TPU JIAHKU: TpoMaja, paioH, perioH. Lle
3a0€3MeunTh OCHOBY JUISI OpraHi3allii BIaan.

- IpaBO palOHHUX Ta OOJIACHUX pajl CTBOPIOBATH
BJIACHI BUKOHAaBYi opranu. Lle 3abe3meunts iHCTUTYLIIHY

CIIPOMOXHICTh  CYOpEriOHaTbHOTO Ta PETiOHAIHHOTO
piBHSL.

-3MiHy cTarycy MicueBux aaMiHicrpamii. Lle
3a0e3rneunTh 30aJ1aHCOBaHUH Iepepo3oIi
TTOBHOBA)XEHb.

- 3aKpiIUIeHHsT MaTepiaibHOI 1 (iHAHCOBOI OCHOBH
JUSUTEHOCTI MICIIEBOTO caMoBpsinyBaHHs. Lle 3a0e3nednth
rapaHTiio Ha PeCcypcH.

- BBEJICHHS 1HCTUTYTY mpedekra. Ile 3a0e3mequTh
KOHTPOJIb 32 JisUTBHICTIO pasn 3 00Ky AepiKaBu.

BuBdeHHs A0CBimy 3apyOiKHHUX KpaiH J03BOJISE
BUOKPEMUTH  HACTYIHI  HAOpsSIMKA  BJIOCKOHAJIICHHS
npolecy JeneHTpaiisauii B YkpaiHi:

1) po3MexxyBaHHsI MOBHOBAXKCHb, IIPaB Ta 000B’SI3KiB
pI3HUX  pIBHIB BIQJAM  BIAMOBIIHO JO  CYTHOCTI
JNIEMOKPATUYHOT Jep)KaBH, IO JAalOTh 3MOTY JOCATTU
OaJlaHCy IHTEPECIB Y CUCTEMI MyOIIYHUX BiJHOCHH;

2) po3po0OKa Ta peaiizallis perioHajabHOI HOJITHKH
CIpsSIMOBAHOI Ha 3a0€3MeYeHHS PIBHOMIPHOTO MiCIIEBOTO i
PETiOHATIBHOTO PO3BUTKY;

3) 3abe3neyeHHs peaizamii TIPUHITAITY
cyOcHmiapHOCTI  SIK  CIOcOo0y TOMOJIAaHHS KOHQIIIKTY
IHTEpeCiB MiX MICIIEBUMH OpraHaMH BUKOHABUOI BJIaJH Ta
OpraHaMH MICIICBOTO CAMOBPSITyBaHHS,

4) 3abe3neyeHHs PO3IIUPCHHS MPaB TEPUTOPIATBHUX
rpomaj 1010 BUPIIICHHS npooseM ix
JKUTTE320€3MICUCHHS;

5) npoBenenHs O10KeTHOT pehOPMHE 3 ypaxyBaHHIM
JIep KaBHUX Ta MicueBux iHrepecis [14].

Ha ocHOBi BIpOBa/KEHHSI TEPLIMX KPOKIB MPOLECy
JeIeHTpaTi3arii B VYkpaiHi, 3 ypaxyBaHHIM
MDKHapOJHOTO JOCBIy Ta BITYM3HSAHUX peasid s
BHUpIIICHHS TMTAaHHA IoA0 3a0e3medueHHs (iHAHCOBOT
CIPOMOYXHOCTI TEPUTOPIAIbHUX TPOMaJ MPOMOHYETHCS
PO3BHUTOK CEJIMII MICBKOTO THUITY Ta CiJT HABKOJIO BEJIMKHX
MICT NUIIXOM 3a0e3IeUcHHs pOOOYMX MICIb IS MOJIOII,

PO3BUTKY  1HOPACTPYKTYpH, CHpPHUSHHS  3aJIy4EHHIO
IHBECTHIIIN ISl peati3allii MepCcrneKTUBHUX 1HHOBAI[IHHUX
MPOEKTIB, 10 JI03BOJIUTH T ABUIIUTA ix

KOHKYPEHTOCIIPOMOJXKHICT, a THM caMHM 1 (piHaHCOBY
CIPOMOXHICTS [15].

BucHoBku

TakuMm YHHOM, Ha CBHOTOJHI MpoOiieMa peaiizamii
CTpaTerivHOr0 BUOOpPY YKpaiHW 3alMIIA€THCS TOCHUTH
CKJIaTHUM 3aBMaHHAM  He  Jume  Ha  (oHI
30BHIIIHBOTIONITAYHOTO CTAHOBHINA JEPXKaBH, a W depe3
npobiaeMu iz qac BIIPOBAKECHHS pedopm
BHYTPIIIHBONONITHYHOTO CHpsiMyBaHHs. He3Bakarouu Ha
BpaxyBaHHs JOCBIY IHIIMX KpalH II0I0 ACHEHTpai3allii,
e MNOHATTS W JOCI 3aMIIAEThCS HE3PO3YMIIMM  JUIs
OLIBIIOCTI YKPATHITIB, aJKE BIPOBAPKCHHS TaKO1 CUCTEMH
32 KOpPJOHOM OOYMOBJICHE ICTOPUYHHM JOCBIIOM 3
ypaxyBaHHSIM cCIleIU(QIKA CTAHOBJIECHHS Ta pO3BHUTKY
KOHKPETHOI JIep)KaBH, TOMY 3allO3MYEHHS] IEBHOI MoJei
He rapaHTye JIOCSATHEHHS YCHiXy MiJl Jac i BIIpOBaPKEHHS
B YKpaiHi.

Buecenns 3miH g0 KoHcTHTymii  chOTOmHI €
TOJIOBHOIO YMOBOIO iMIIIeMeHTalii HOpM €BpONEHCHKOT
XxapTii  MicueBoro  camoBpsayBaHHA.  IloBHOIiHHE
CaMOBpsITyBaHHS TIOBHHHO OyTH 3a0e3redyeHe Ha BCiX
piBHsix. bes mporo He  MOXIMBO  e(EeKTHBHO
MPOJOBXKYBAaTH  MpOLIEC  JCUEHTpallizamii, BiIKPUTH
Ipyruii  eram  pedopm, 3a0e3MEUUTH  CTBOPEHHS
BUKOHaBUYMX  KOMITETiB,  YHHKHYTH  JyOIIOBaHHA
MOBHOBa)XEHb BJAaIW B pErioHax, BBECTH IHCTUTYT
KOHTPOJIIO 32 3aKOHHICTIO NIPUHHATTS pillleHb, KU 3apa3
Ha3MBaIOTh NpeeKTypamu.
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TpynHomti 3midicHEHHS pedopMHU JCTCHTpaTi3arlil
OB’ SI3aH1 HE JIMIIE 13 TOTpeOot0 TpaHchopMallii CHCTEMH
3arajoM, a ¥ 13 HasgBHICTIO MOXMJIMBHX pPH3HKIB
JIOKQJIFHOTO Ta 3araJbHOAEP)KaBHOTO  CIPSIMYBaHHS,
npuaoMy (GopmalibHe 3aKpIiIUICHHS! OCHOB JIelleHTpaTi3anii

BuBYeHHs Mi>KHApOJIHOTO JOCBIIY ACIEHTpaTi3arlil
MoKa3ajo, mo YKpaiHi HeoOXiTHO pO3pOOUTH KOHIIEIITIIO
BIIPOBADKEHHS JICIIEHTpali3amii JAepyKaBHOT BIIAJH, sKa
CTaHE MIATPYHTSAM JMJIs BIPOBA/DKCHHS 1 MIiATOTOBKU
BIAIIOBIIHUX 3aKOHIB.

notTpebye PO3pOOKH UYITKOTO MEXaHi3My Ii BUKOPUCTAHHS
Ha TPAaKTHUIl, BPaxOBYIOUM pi3HI PiBHI Ta BHIM LHOTO
MOHATTS (TOPU30HTAIBHY Ta BEPTHUKAIBHY, MOJITHYHY,
COIIaTbHO-CKOHOMIYHY, EKOJIOTIYHY JICICHTPAJIi3allio
Tomo). Jleski  opraHizamiiHO-TIpaBOBI  MEXaHI3MH,
Hampukian, (ickalbHI TpaBHia, MOXYTh, B TNPHUHIIMIII,
JIOTIOMOTTH  TIOJOJaTH MPOOJIeMH KOOpAWHAII MiX
pPIBHAMH BIaAW, MIIBAIMATH (DiCKaNTbHY JUCIHILTIHY
HLUTSIXOM BUIIPaBIICHHS CTUMYIIIB, M1 IBUIICHHS
BIJIIOBI1IAILHOCTI Ta 3aKPITUICHHS OUiKyBaHb
C€KOHOMIYHHUX arcHTIB.

OCHOBHUM HATIPSIMKOM BIIPOBA/XKCHHS
MDKHapoOJIHOTO JOCBiLy B YKpaiHi € mopjanblie
YKpYIHEHHSI TEpUTOpid 13 30UIBIIEHHSAM pIBHA iX
(hiHAHCOBOI CITPOMOXKHOCTI, IO MOTPeOy€e BIOCKOHAJICHHS
oprasizaiiiHo-IpaBoBoro Ta (iHAHCOBOTO MEXaHi3MiB
peamizamii  JgaHOTO  Tpollecy. BUBYEHHA  Kpamux
MDKHapOJIHHMX TIPaKTHK BKasye Ha Te, 1o pedopma
JelieHTpai3allii moBuHHA 0a3yBaTHUCh Ha JOOPOBITBHOMY
VKPYITHEHHI TEPHUTOpPiH B 00’€AHAHI TpoMaiaW IpH
HAsSBHOCTI KOHTPOJIO 3 OOKy JepKaBH B paMKax
BUKOHAHHS TIOKJIaICHUX Ha Hel PYHKITIH.
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AHAJIN3 MEXKIYHAPOJTHOI'O ONIBITA PA3BBUTHS TEPPUTOPUAJIBHBIX
OBIIHWH U OITPEAEJIEHUE HAIIPABJIEHUU ET'O BHEJAPEHUSA B YKPAUHE

IIpeavMeToM mcce[0BaHUS SBISETCS MPOIECC PA3BUTHS TEPPUTOPUATBGHBIX OOIIMH €BPOIEHCKIX CTPaH M MEpPCIIeKTUBBI BHEPCHUS
JIY4IIIEero MEXIyHapOIHOTO OIBITAa Ha TeppUTOpHH YKpauHbl. Lleablio ctaTteu sBiIseTCS M3ydeHHE U 0000IIEeHNe OMBITA €BPOIEHCKIX
CTpaH MO pAa3BUTHUIO TEPPUTOPHAIBHBIX OOIIMH M BHEAPEHHE MACLECHTPAIU30BAHHOW CHCTEMbI YIIPaBJIECHUsS, M OIpeleleHue
HarpaBJieHui ero BHeApeHUs B YkpauHe. OCHOBHBIMHU 32a4aMHU HCCIIEIOBAaHUS ABJIAIOTCS: U3YUCHHE OIBITa PA3BUTHIX €BPOIEHCKIX
CTpaH B Pa3BUTHH 00BbETUHEHHBIX TEPPUTOPHUAIBHBIX OOLIMH U pa3pab0TKa PEKOMEHAALUH 110 OCHOBHBIM HAIIPaBICHUSAM BHEIPEHUS
MEXAYHApOAHOTO OIbITA Pa3BUTHSA TEPPUTOPHANBHBIX OOIMH B YKpauHe. Mertoanl. [Ipu Hanucanum pa®oThl MPUMEHSINCH TaKKe
oO0IeHayIHBIE METO/BI: TEOPETUIECKOT0 0000IIeH s, CPABHUTEIFHOTO aHANIN3a, TpaguIecKuil, aHaTUTHIECKHH, aHAIIN3a U CHHTE3a.
Pe3yabTatsl. M3yden onsit EBporneiickux cTpaH Mo pa3sBUTHIO OOBEIMHEHHBIX TEPPHUTOPHAIBHEIX OOIIMH, OIpeeIeHbl OCHOBHBIE
HAaITpaBJICHNS] COBEPIIEHCTBOBAHMUS JAaHHOTO IIpoIlecca B YKpauHe C yUeTOM MeX/TyHapoaHOro omnbita. BeiBoasl. Takum o6pazom, Ha
CETOMHAIIHNI JIeHb Mpo0JieMa pean3aiy CTPATernIeCKOTo BEIOOpa YKpamHBI OCTAeTCS HOCTATOYHO CIIOXKHOHM 3amadeil He TOJIBKO
Ha (oHE BHEUIHENOIMTHYECKOTO IOJOXKEHUSI CTPaHbl, HO M M3-3a MpoOIeM NpH BHEAPEHHH pedOpM BHYTPHIIOIUTHIECKOTO
HanpasieHusa. HecMOTps Ha ydeT ombITa JPYrux CTPaH MO AELEHTPATU3ALMH, 3TO MOHATHE IO CUX MOP OCTAETCS HEMOHATHBIM JUIs
OOJIBIIMHCTBA YKPAHMHCKH, Be/lb BHEPEHUE TAKOH CHCTEMBI 3a pyOekoM 00YCIIOBICHO HCTOPUYECKUM OIBITOM C YUETOM CHelu(prKH
CTAHOBJICHUS M Pa3BUTHUS KOHKPETHOTO TOCYAapcTBa, TaK 3aMMCTBOBAHMS ONPEAETICHHON MOJENN He TapaHTUPYeT IOCTIKEHMS
ycrexa BO BpeMsl e¢ BHEIpEHHs B YKpamHe. TpyAHOCTH OCYIISCTBICHUS pedOpMBI ACLEHTPAIH3AIUHM CBSI3aHBl HE TOJIBKO C
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WCTIONB30BaHMS Ha IIPAKTHKE, YYHUTHIBAas PA3IMYHBIC YPOBHH M BHIBI JTOTO IIOHATHSA (TOPU3OHTAIBGHYI0 M BEPTHKAIBHYIO,
MIOJIUTHYECKYIO, COIMAIBHO-IKOHOMHYECKYIO, SKOJOTHYECKYIO JACHEHTpalIu3anyio W T.A.). M3yueHwe MeXIyHapOJHOTO OIBITa
JIEIEeHTPAITM3AIH TI0Ka3ajo0, 4YT0 YKpanHe HeoOXOJUMO pa3pabdoTaTh KOHIENINIO BHEAPEHHs ACIEHTPAIN3alu rOCyIapCTBEHHON
BJIACTH, KOTOpasi CTAHET OCHOBOM ISl BHEAPEHHS U MOATOTOBKH COOTBETCTBYIOIIHUX 3aKOHOB. OCHOBHBIM HAIIPaBJICHUEM BHEIPEHUS
MEXIYHapOJHOTO OIbITa B YKpauHe sBISeTCS AaJbHEHIee yKPYIHEHHE TEPPUTOPUH € yBEIMYEHHMEM YPOBHA uX (DMHAHCOBOU
COCTOSITENIBHOCTH, UTO TpeOyeT COBEpPIIEHCTBOBAHNUS OPTaHW3allMOHHO-MIPABOBOTO U (PMHAHCOBOTO MEXAHH3MOB PEaTH3al[1 JaHHOTO
nporiecca. M3y4eHune JyqIinx MexKIyHapOJHBIX MPAKTUK yKa3bIBAaeT Ha TO, 4TO peopMa JeHEeHTPAIH3alMK J0DKHA 0a3MpOBAThCS HA
JIOOPOBOJIEHOM YKPYNHEHUH TEPPUTOPHH B OOBEIMHEHHbIE OOIIMHEI NPH HAJIMYHU KOHTPOJS CO CTOPOHBI TOCYAApCTBa B paMKax
BBITIOJTHEHUSI BO3JIO)KEHHBIX Ha Hee (DYHKIHUH.

KmioueBble ciioBa: JeneHTpanu3anys; OObeAWHEHHBIE TEPPUTOPHAIBHBIE OOLIMHBI, YKPYIHEHHE aJMHHHCTPAaTHBHO-
TEPPUTOPHATEHBIX eANHHMIL, peasbHas ciocooHocts OTT'; MecTHOE camoympaBieHHe.

AN ANALYSIS OF INTERNATIONAL EXPERIENCE OF THE DEVELOPMENT OF
TERRITORIAL COMMUNITIES AND THE DETERMINATION OF THE
DIRECTIONS OF ITS IMPLEMENTATION IN UKRAINE

The subject of the study is the process of development of the territorial communities of European countries and the prospects of
introducing a better international experience on the territory of Ukraine. The purpose of the article is to study and generalize the
experience of European countries regarding the development of territorial communities and the introduction of a decentralized
management system and determine the directions of its implementation in Ukraine. The main objectives of the study are: studying the
experience of developed European countries in the development of united territorial communities and developing recommendations
on the main directions of implementation of international experience of the development of territorial communities in Ukraine.
Methods. During the writing of the work, the following general scientific methods were used: theoretical generalization, comparative
analysis, graphical, analytical, analysis and synthesis. Results. The experience of European countries regarding the development of
the united territorial communities has been studied, the main directions of improvement of this process in Ukraine are determined
taking into account international experience. Conclusions. Thus, today the problem of implementing a strategic choice of Ukraine
remains a rather difficult task not only against the background of the foreign policy situation of the state but also because of problems
during the implementation of reforms of the domestic policy direction. Notwithstanding the experience of other countries in terms of
decentralization, this concept remains unclear for most Ukrainians, since the introduction of such a system abroad is due to historical
experience, taking into account the specifics of the formation and development of a particular state, therefore the borrowing of a
particular model does not guarantee success in its implementation in Ukraine. The difficulties of implementing the decentralization
reform are not only related to the need to transform the system as a whole but also to the availability of possible risks for local and
national government, and the formal consolidation of the foundations of decentralization requires the development of a clear
mechanism for its use in practice, taking into account different levels and types of this concept (horizontal and vertical, political,
socio-economic, ecological decentralization, etc.). The study of international experience of decentralization has shown that Ukraine
needs to develop a concept for the introduction of decentralization of state power, which will become the basis for the implementation
and preparation of relevant laws. The main direction of implementation of international experience in Ukraine is the further
consolidation of territories with the increase of their financial capacity, which requires improvement of organizational and legal and
financial mechanisms for the implementation of this process. The study of the best international practices indicates that
decentralization reform should be based on the voluntary consolidation of territories in the united community in the presence of state
control in the framework of the fulfillment of its functions.

Keywords: decentralization; united territorial communities; consolidation of administrative-territorial units; real capacity of
UTC, local self-government.
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DEVELOPMENT PROJECT MANAGEMENT CAPABILITY OF THE
INFRASTRUCTURE PROGRAM. CHERNOBYL CASE

The Project Management methodology became one of the bases for the development of the ChNPP. The subject of research is the
process of development the project management capability for infrastructure program based on the Chernobyl case. Objective: to
develop and apply a tool for development key competence as the organization capability for managing infrastructure program using
Chernobyl NPP experience. Tasks: to analyze the historical facts, factors influencing the organizational competence and the
possibility of introducing key competence in the organization‘s activities, to obtain a general algorithm for the development project
management capability. Research methods: historical analysis, logical generalization, analysis and synthesis, structural analysis.
Results: The article considers the key competence of the organization as the main component of the management capability of the
complex program the company implements. The facts given above say that the activity which is carried out on a platform of the
Chernobyl NPP, in many aspects is innovative and at creation on the Chernobyl NPP of an effective Knowledge Management System
of project implementation experience, this knowledge can be applied as the professional development of acting project managers of
the ChNPP (for example, to development of target courses), and to transfer of the accumulated experience (through realization of the
benchmarking mechanism) to external costumers. The weighed system approach to Knowledge management according to the
Methodology of project management can not only render invaluable service to system of preparation of the personnel of the NPP, but
also to promote definition of possible ways of collecting, storage and commercial realization of intangible assets of the Conclusions:
The state-owned enterprise ChNPP stands at the border of a radical reorganization, when project-oriented business management is
implemented alongside the existing standard organizational structure of business management. The activities at the Chernobyl NPP
site are in many respects innovative and must be taken into account when organizing work. In order to create an effective project
management system, the professional knowledge of the existing Chernobyl NPP project managers must be applied, and the
accumulated experience (through the implementation of the benchmarking mechanism) to external customers must be transferred. A
weighted systemic approach to knowledge management in accordance with the project management methodology can not only
provide an invaluable service to the NPP personnel training system, but also help to identify possible ways of collecting, storing and
selling intangible assets.

Keywords: diversification; unique experience; management of knowledge; innovations; project-oriented business management;
project management methodology; benchmarking.

Introduction

In a competitive world the organisation need to meet
the  high  expectations of their  stakeholders
regarding the management of projects, programmes and
project portfolios (PP&PM). Therefore, it is crucial
for organisations to know their actual competence and
capability status with the areas for improvement.
Based on these findings an organisation can
continuously improve and develop its competence for
managing of projects, programmes and project
portfolios.

The International Project Management Association
(IPMA®), a leader in project management competence
certification, offers a wide range of beneficial services for
individuals, projects, and organisations.
IPMA offers the Certification in the domains project,
programme and portfolio management, as well as the
IPMA Project Excellence Award® which annually
honours project teams that achieve top performance
worldwide [1].

On June 12-14, 2013 on construction site of object
"Shelter" of the ChNPP the next (second) lifting
of east section of the New Safe Confinement (further
NSC), Arch is executed, then its general height
reached 85 meters. It is one of six planned
operations of lifting of large metalwork of NSC
(3 lifting on each of Arch sections: east and western).
On April, 26, 2012 building of a new shelter began above
the 4™ blasted power unit of the NPP. New protective
building is the arched construction with a 257,4 meter

flight, 108,4 meter high and 150 meter long. An object is
counted on 100 years of operation and will give the
chance to carry out extraction of fuel-bearing
materials and their conditioning for the subsequent
safe storage. Conditioning — process at which the steady

firm form of the waste suitable for temporary
storage and burial is created. It was starting
point of development project management
capability and competence for this infrastructure
program.

Less than 2 years ago on an assembly site
of the Arch wasn't delivered any metal
construction. For comparison, we will look at
the photo of this site in November, 2011. Financing of
works on the international project (the plan of
implementation of measures on "Shelter" object)
is carried out at the expense of the donor
countries of the international Chernobyl fund "Shelter"”
(ChFS).

For ensuring the completion of works on NSC
creation in April, 2011 the European bank of
reconstruction and development (ERDB) provided
the help to the government of Ukraine in the
organization of the international conference on fund
raising for a covering of missing financing of
projects of Chernobyl fund "Shelter" and "Account of
nuclear safety”. As a whole, construction of an arch of a
new sarcophagus on the ChNPP will cost about
1 billion euro. New Safe Confinement is shown
on fig. 1.

© S. Bushuyev, D. Bushuiev, B. Kozyr, 2019
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Fig. 1. Final view of NSC

A historical analysis of the program

In 80th years of the XX century — Chernobyl NPP is
the most powerful nuclear power plant in the USSR [1].
According to the strategic development plans of power
industry of the Soviet Union, the ChNPP had to become
the largest nuclear power plant in the world and consist of
six power units with an electric power of 1000 MWt
everyone (on 3200 MWt of thermal power
correspondingly). During accident of 1986, construction
of 2 new power units was stopped.

Reactor explosion on the 4th power unit of the
Chernobyl NPP on April 26, 1986 made the correction in
strategic plans of the Soviet energetics. As a result of
accident there was an emission of a huge amount of
radioactive materials in environment. About 600 thousand
people participated in elimination of consequences of the
largest accident in the history of nuclear power, 200
thousand people were evacuated and moved, health of 1,7
million people is undermined. The quantity of the death
connected with Chernobyl accident, including died from
cancer years later, in official sources of information is
estimated at 125 thousand people.

In 1986 in only six months, in difficult radiation
conditions, scientists and experts of the former Soviet
Union designed and constructed a protective cover for the
breakdown reactor, called later officially "Shelter" object
and received the historical name — "Sarcophagus".

Implementation of design decisions during
construction of "Shelter” object in a difficult radiation
situation demanded performance of a complex of
organizational and technical actions for ensuring radiation
protection of the personnel. Practical realization of the
fundamental principles of radiation safety when carrying
out dangerous works was reliably supported with the most
strict discipline and quickly developed and put into
operation instructions and regulations of performance of
all radiation-hazardous works. In 1994 the world
community in the person of leaders of “the big seven" and
the European Union addressed to Ukraine with the offer to
stop an operating Chernobyl NPP. In 1995 the
Memorandum of understanding in which Ukraine
undertook to stop power units of the Chernobyl NPP in
2000 was signed.

On December 15, 2000 Ukraine fulfilled the
obligations for the termination of operation of
"Chernobyl" power units and finally stopped the last
working 3rd power unit of the ChNPP. For this moment
were absent — the project of removal from operation of

ChNPP which according to norms had to be approved in 5
years before to station stop, and also Fund of removal
from operation. The initial view of construction site is
shown of the fig. 2.

Fig. 2. Platform for Arch assembly, November 2011

On June 15, 2001 - the State specialized enterprise
"Chernobyl NPP" (SSE ChNPP) - the enterprise for
removal from operation of power units of nuclear stations
and to transformation of "Shelter" object into ecologically
safe system was registered [2].

Main tasks of SSE ChNPP were defined as:

- the safe operation of nuclear facilities, facilities for
radioactive waste operation and other equipment of
nuclear power plants;

- safe removal from operation of the first, second and
third power units of the Chernobyl NPP and nuclear
power plants of Ukraine;

- transformation of "Shelter" object to ecologically
safe system;

- safety assurance due to the radioactive waste
operation, which has been accumulated at an industrial
site of this NPP and zone of alienation of the Chernobyl
NPP, and also which are formed at removal from
operation and during transformation of "Shelter" object to
ecologically safe system;

- ensure the safe handling of spent nuclear fuel of the
Chernobyl nuclear power plant;

- construction and operation of objects of the
infrastructure necessary for removal of the Chernobyl
NPP from operation and transformation of "Shelter"
object into ecologically safe system;

- preparation and professional
personnel;

- environmental monitoring of surrounding habitat in
a zone of an arrangement of the Chernobyl NPP;

- development of technologies, accumulation and use
of scientific and technical experience concerning removal
of nuclear installations from operation, overcoming of
consequences of beyond design basis accident, and also
construction and use of storages for temporary and long-
term storage of radioactive waste;

- organization, coordination and performance of
scientific applied researches, introduction of scientific and
technical and other development, establishment of
communications with scientific institutions, including
foreign;

- participation in coordinating of works and
implementation of the international projects connected

development of
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with removal from operation of the Chernobyl NPP and
transformation of "Shelter" object into ecologically safe
system.

In 2001-2003 transition from functions and structure
of the Chernobyl nuclear power plant to the specialized
enterprise for removal of power units of nuclear stations
from operation and to transformation of "Shelter" object
into ecologically safe system was carried out. It allowed to
solve problems of increase of safety of the Chernobyl NPP
more effectively.

On March 22, 2002 the State committee of nuclear
regulation of Ukraine gave to SSE ChNPP the license for
removal from operation of the Chernobyl NPP. Earlier,
the license for "Shelter" object operation and its
transformation to ecologically safe system on December
30, 2001 was obtained.

In parallel with problems of removal from operation
of power units of the ChNPP works on increase of safety
of "Shelter" object were performed.

Within the TACIS project "Chernobyl power unit 4.
Short-term and long-term actions — Actions 2 + 4" in 1996
was developed "The recommended course of actions” in
which offered to develop potential short-term and long-
term actions and a complex of prime measures for
transformation of "Shelter" object into ecologically safe
system. According to this document approved by the
decision of the Interdepartmental commission on the
complex solution of problems of the Chernobyl NPP from
March 12, 2001, transformation of "Shelter" object into
ecologically safe system is reached by realization of three
main stages:

Stage 1: stabilization of a condition of existing
object, increase of operational reliability and durability of
structures and systems which provide stabilization and
control of indicators of safety of "Shelter”. The stage — is
executed.

Stage 2: creation of the additional protective barriers,
first of all a new safe confinement that will provide
necessary conditions for technical activity at a stage 3 and
safety of the personnel, the population and environment,
the preparatory technical work directed on development of
technologies of extraction from SO of fuel-bearing
materials (FBM) at a stage 3, infrastructure creation for
the operation with RAW "Shelter" object. It is planned to
finish a stage in 2015 (except readiness of infrastructure of
the address with RAW of "Shelter" object).

Stage 3: extraction from OU of fuel-bearing
materials and long existing RAW, their conditioning with
the subsequent storage and burial in RAW storages
according to existing standards, removal from operation of
"Shelter" object.

Dismantling of unstable structures of the "Shelter"
(almost all the major steel structures, except in places
where localized fuel containing material (FCM) is planned
to carry out till 2023.

However, work activities for transformation of
"Shelter" object don’t come to the end with it, there is still
a problem of extraction of FCM. It is a problem of higher
level both of complexity, and of expenses as by estimates
of experts in "Shelter" object is concentrated over 150
tons of fuel of the destroyed reactor, about 5,5 tons of

fresh and 15 tons of spent fuel. A significant amount yet
not revealed fuel can be in blockages of the central hall of
the destroyed power unit. All of this makes process of
extraction of fuel-bearing masses by the most dose costly
type of works and demands joint efforts of experts in the
field of nuclear safety and radiation protection of all
developed countries for the solution of this problem. In
1997, with the assistance of the European Commission,
the United States, Ukraine, and a group of international
experts at the meeting of the countries of the Big seven the
Plan of implementation of actions for transformation of
"Shelter" object into ecologically safe system (further
SIP).

On September 17, 2007 the contract between SSE
CHNPP and consortium NOVARKA formed by the
leading French companies (VINCI Construction Grands
Projets — 50% / Bouygues Travaux Publics — 50%) as "the
turnkey project" which includes "Design, construction and
NSC commissioning" is signed.

Formulation of the problems

The purpose of this article is to develop and apply
organization development tools and key competencies for
managing an infrastructure program based on the
experience of the Chernobyl NPP.

To achieve this goal, the article must solve the
following tasks:

- analyze the historical facts of the Chernobyl NPP
design solutions;

-to analyze the factors affecting organizational
competence and the possibility of introducing key
competences in the organization’s activities;

- construction of a generalized algorithm for
developing project management potential.  Research
methods: historical analysis, logical generalization,
analysis and synthesis, structural analysis.

Presentation of the main material

For development project management capability
Ukrainian Project Management Association prepares and
implemented training and couching program for the
ChNPP Project Management Unit. As the reference model
in this case was proposed to apply IPMA Delta for
assessment of organisational competence (capability) in
Project Management [2, 3].

One of the important problem which the Chernobyl
NPP management has faced, there was an absence of
personnel experience of removal from operation
including, design activity management which affected on
success of projects implementation on the Chernobyl NPP
platform. This argument sounded more than once in the
analysis of temporary failures during construction of
objects of infrastructure of removal from operation.

Results of implementation of projects on a platform
of the Chernobyl NPP more and more define success of
performance of a complex of works on removal of power
units of the ChNPP from operation and to transformation
of "Shelter" object into ecologically safe system.
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Introduction and development according to the
international standards of Project and Program
Management Methodology on the Chernobyl NPP, and
specifically in Project Management Unit (further SIP-
PMU), allows to operate projects realized on a platform of
the Chernobyl NPP more effectively, including the project
on creation of the New safe confinement [4,5].

In recent years the management of the State
specialized enterprise "Chernobyl NPP" with support of
the Ukrainian association of management (further UPMA)
made big efforts for the professional development of the
personnel of the ChNPP which taking direct part in
implementation of projects on a site.

Below is a far from complete list of training and
master classes on which were trained, both the personnel
of SIP-PMU, and the personnel of the Customer (SSE
CHNPP) is provided [6,7]:

- Seminar on the organization of documentation
management in the NSC project.

- Project management master class of the professor,
Dr.Sc. Bushuyev S. D.

- Seminar on Construction project management.

- Certification passing on competence of area of
management of projects according to the international
requirements of IPMA.

- Development and implementation of process
approach in project quality management.

- Master class: «Organizational development of
Engineering and Innovation projects and Programs based
on Japanese companies experience», by professors
Bushuyev S. D. and H. Tanaka (Japan) and others.

Training of specialists of the ChNPP in a Master
program in the Kiev National University of Construction
and Architecture on Project Management chair is
organized. Only since 2009 more than 100 specialists of
the ChNPP received second higher education — the master
in the field of project and program management [8, 9].

During this time more than 30 experts of the
Chernobyl NPP were certified by system of the
International Project Management Association IPMA, two
experts are certified by Japanese Project Management
Association PMAJ.

Table 1. Definition of Competence (capability) classes

Now for the Chernobyl Nuclear Power Station
works:

3 certified consultants in the field of project
management (IPMA® PMC);

5 certified top project managers (IPMA® Level B).

A noticeable step forward in increase of level of
professional project management on site of the Chernobyl
NPP was carrying out of certification procedures by the
UPMA, Kiev with delivery on December 16, 2008 to the
Chernobyl NPP of the certificate No. K.01.0018.2008
about assignment to SSE CHNPP of 1 level of a
technological maturity in the field of professional project
management. It is necessary to specify also that the
contract organizations participating in implementation of
projects on "Shelter" object, also developing in areas of
professional project management (so JSC
Yuzhteploenergomontazh (YuTEM) in 2008 was certified
on the 3rd level of a technological maturity in the field of
project management).

As a result of further development of methodology
and procedure of national approach to certification of the
companies in the field of project management, in 2008-
2009, this approach was adapted by UPMA (in close
cooperation with IPMA) under the international
requirements and now is realized as the IPMA 4 LC
standard within International Project Management
Association (IPMA) which, certainly, raised level and
practical value of participation in this procedure of the
enterprises and the organizations practicing application of
project and program management methodology in the
activity [10 —121].

An organisation capability is assessed against the
criteria for the five IPMA Delta® Competence Classes
(Initial, Defined, Standardised, Managed and Optimising).
The size and complexity of the certified
organisation is identified. It is not intended that all
organisations aim for IPMA Delta Competence Class 5.
The management of the organisation decides which of the
five IPMA Delta Competence Classes they want to
achieve (table 1).

IPMA Delta® Competence Classes

Class 2:
Defined

There are partially
defined PP&PM
standards, structures
and processes in place
which are partially
applied in the
organisation.

Class 3:
Standardised

There are fully defined
PP&PM standards,
structures and
processes in place
which are mostly
applied throughout the
organisation.

Class1:
Initial

The achievements of
Project Management
are at a personal
level. There are
individuals who
perform well, but
performance is
coincidental. The
organisation has no
formal PM standards,
structures and
processes in place.

Certification ~ of  organisations  competence
(capability) in project management is one means of
providing assurance that the certified organisation meets
the requirements of the IPMA Delta Certification Scheme.
Confidence in the respective certification scheme for the

Class 4: Class 5:

Managed Optimising
There are fully defined  There are fully defined
PP&PM standards, PP&PM standards,
structures and structures and
processes in place processes in place
which are fully which are fully applied
applied throughout the  throughout the
organisation, which the = organisation, which the
Management actively = Management actively
controls. controls and

project, programme and portfolio management

competence of organisations is achieved by means of a
globally accepted process of assessment and periodic re-
assessments of the competence of organisations that are
certified [13, 16, 17].
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Third Party Assessment

Module O (,,Organisation”)

PM competence of the organization's
management using a multi-dimensional
questionnaire

Using the IPMA OCB®

Module | (, Individuals”)

Module P (,Project”)

e and results in

PM competence of selected project =
managers, team members and
| stakeholders using ICB 3.0

Using the IPMA ICB”

Fig. 3. IPMA Delta® Modules I, P and O

Module I shall be used as self-assessment for
selected project managers, team members and other
stakeholders.

With Module P, selected projects and programmes
shall be evaluated in a self-assessment with regard to the
application of project management and project results —
through the eyes of the project manager and individual
project team members.

Module O shall be for third party assessment only
and is comprehensive. It serves the assessors as check list
and documentation baseline for the on-site visit.

L PM ¢

qd

Proj or prog|
using Project Excellence Model

Self Assessment‘ Using the IPMA Project Excellence Baseline” l

During the on-site visit the results of the self-
assessments of module | and P shall be double-checked.

In each module the links to the other modules shall
be cross-checked through defined questions, for example,
one question in Module I shall be whether the organisation
informs the individuals about its mission, vision and goals
regarding PM [18].

Example of self-assessment according module
Individual is presented on the table 2.

Example of self-assessment according module
Projects is presented on the table 3.

Table 2. Fragment of self-assessment module Individual according competence classes

3 Perspective

3.1 Strategy

Purpose To understa_nd thfz strategy and strategic processes, thus enabling a certain management domain (project, programme or portfolio) to
manage their project, program or portfolio within the contextual aspects.

Score 1 2 3 4 5

3.2 Governance, structures and processes

Purpose . ;
P and processes on projects, programmes or portfolios.

To enable the individual to effectively participate in and manage the impact of governance, structures

Score 1

33 Compliance, standards and regulations
To enable the individual to influence and manage the alignment of the relevant standards and
Purpose regulations within the permanent organisatior]; the re[evant sources of legislation a_nd the standards
and norms of both the organisation and the wider society and to improve the organisation’s approach
to these areas.
Score 1 2 3 4 5

Table 3. Fragment of self-assessment module Projects according competence classes

A People & Purpose
Al Leadership & Values
Ala Role model for excellence
Do the Leaders communicate and live up
Question to their values, follow ethical standards

and act as role models?

In practice, leaders of excellent projects:
and live up to these values;
* Promote the organisation’s values in the project;

beyond;

keeping in mind the objectives of the project;

* Are role models for integrity, social responsibility, ethical behaviour and the project excellence
philosophy, both within the project and its environment and ensure the project team members adopt

* Understand the concept of continuous improvement and champion its application in the project and

* Actively seek feedback from different stakeholders to improve their leadership approach;

* Regularly take time to reflect on their own role, behaviour and impact;

* Review and improve the effectiveness of leadership behaviour including their own,

* Strive for personal excellence by reviewing and improving their own competences;

« Inspire project team members to strive for excellence in their behaviour and working methods,

* Systematically integrate project team members into the continuous improvement process;
» Foster innovation in the project and encourage project team members to do the same.
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Example of assessment Checklist according module Organisation is presented on the table 4.

Table 4. Fragment of assessment according module Projects according competence classes

Competence element

ID
etc.

Question

Area to check

PP&P Mission, vision & strategy

PP&P Mission,

Does the organisation have a

Check website, brochures, mission statements, PM
Regulations and Guidelines, Handbook, long-term and

vision & strategy S PP&P mission, vision and medium-term development of the organization and its
strategy? PP&Ps
Are the PP&P mission, vision Check relevance of PP&Ps for the organisation, kind and
PP&P Mission, s and strategy aligned with the number of projects, directions of the top management.
vision & strategy organisation’s overall mission, Compare PP&P mission, vision and strategy with overall
vision and strategy? mission, vision and strategy
Does top management
PP&P Mission effective!y f:omm_u_nicate the Check website, br.ochures, mission_ sta}tements concerning
vision & strateéy T PP&P mission, vision and products and services of the organisation and the
strategy to all stakeholders and corresponding PP&Ps
provide the necessary resources?
5.0
ﬁ — e
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Fig. 4. Scoring of Competence (capability) assessment
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Fig. 5. Visualisation of Competence (capability) assessment

Basis of certified processes according to the IPMA
Delta standard is "benchmarking" procedure (transfer of
the best experience). In separate coordination with IPMA
in December, 2009 on the Chernobyl NPP the Europe's
first pilot certification of the enterprise according to IPMA
requirements is carried out. At declared by SSE CHNPP

2nd class, by results of the carried-out certification the
decision by assessors on delivery to SIP-PMU,
of SSE CHNPP of the certificate of 3 class of a
technological maturity in the field of professional project
management in accordance to criteria of IPMA was made
[15, 16].
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Fig.6. IPMA certificate of organization competence

Results of this certification will be considered as
"standard" for carrying out procedures of similar
certifications at other enterprises of Ukraine and Europe.

Modern reality

Now at an industrial site of the Chernobyl NPP
active work of creation of infrastructure of removal from
operation and transformation of "Shelter" object is carried
out, which in many aspects has innovative character.

For a past after final stops of power units of the
ChNPP time are carried out basic changes of functions
and personnel structure, a financial and economic and
production activity, fixed assets of the enterprise.

It is necessary to consider also that after accident of
1986 the collective of the Chernobyl NPP was
considerably updated. More and more skilled experts
leave from the Chernobyl NPP on age or on a state of
health. Less workers, direct participants of creation of the
Sarcophagus ("Shelter" object) work at the Chernobyl
NPP. The extensive experience for which it is paid by
health and lives of liquidators of accident is lost.

At the time of a final stop of power units at the
Chernobyl NPP worked 9051 persons (in 1996 — 1997
number was about 12000 people). In April, 2013 the
number of employees of the ChNPP is 2764 persons.

Typical for the majority of construction projects the
tendency on "extension" of the schedule of the project,
wasn't an exception and for the objects erected on a
platform of the Chernobyl NPP. So, at construction of
"dry" Storage of the Fulfilled Nuclear Fuel (HOYaT-2)
which is one of important objects of infrastructure of
removal from operation of ChNPP, postponement is:

- 2003 - 2005 - 2013 — 2016.

Similar picture and with New Safe Confinement
(NSC) commissioning:

- 1998 — 2005 - 2010 — 2012 — 2015.

.........

However now there is a confidence that the situation
with the NSC project is absolutely changed, the project
passed to a "visible" final stage [11, 14].

This also was noted during visit of the Chernobyl
NPP on June 4, 2013 by representatives of the investor
countries of the Account of nuclear safety and Chernobyl
fund "Shelter”, and also technical advisers of Board of
directors and representatives of Department of nuclear
safety of the European bank of reconstruction and
development. Guests visited directly a site of assembly of
the Arch.

Uniqueness of work performance

Let's consider the main problems which are solved
now by the personnel of the Chernobyl NPP.

In the Statute of the Chernobyl NPP one of the
purposes of creation of the State specialized enterprise is
defined as task realization of a problem of removal from
operation of the Chernobyl NPP and other nuclear stations
of Ukraine. The ChNPP — the first nuclear station which is
laid off in Ukraine, and considering the volume (at the
same time removal from operation is carried out on three
RBMK-1000 power units) and work conditions (existence
on a platform of 1986 of the fourth power unit destroyed
by beyond design basis failure), experiment on the
organization of carrying out these works is demanded for
power industry of Ukraine and other countries where
RBMK reactors (Russia, Lithuania) are operated or laid
off.

Since 1986, activity on a site of the Chernobyl NPP
is under close attention of world science and the public.
Numerous international scientific and public forums and
conferences are held. On "Chernobyl subjects" a large
number of theses is protected and many scientific works
are written. It is removed a lot of art, documentary and
educational films. Numerous excursions in the Chernobyl
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zone of alienation and on the Chernobyl NPP are annually
organized.

In 2000 Ukraine declared an innovative way of
development. There were developed national programs
and infrastructure which had to support innovations. It is
obvious that realization of strategy of innovative
development demands transfer of the best experience of
the leading countries in this field. Regarding to this
experience of Japanese companies is seems to be
interesting. So, in accordance to developed by Japanese
project management association (PMAJ) system of
knowledge of P2M for management of innovative projects
and programs, two of five components of strategy of new
economic recovery of the organizations, enterprises and
the country as a whole are defined as "intellectual
potential (technologies and intellectual property)" and
"knowledge (ability of management creatively to use
various resources)".

Let's define assets which the personnel of the
Chernobyl NPP, the people of Ukraine, the world
community by results of activity on a platform of the
Chernobyl NPP have:

1. Brand known for the whole world — "Chernobyl
NPP". It isn't required to spend considerable money for its
advertising. It is necessary to give to it new sounding, not
"a source of the largest in the world of a technogenic
catastrophe”, but "a source of advanced technologies, the
rich saved up experience and skilled competent staff".

2.0n a site of the ChNPP unique for the whole
world works on implementation of the Plan of
implementation of actions on "Shelter" object are
performed.

3. On a site of the Chernobyl Nuclear Power Station
are carried out unique for power industry of Ukraine
(Russia, Lithuania) works on simultaneous removal from
operation of three channel reactors of big power.
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PO3BUTOK NOTEHIIAJTY YIIPABJIHHS TIPOEKTAMHU IHOPACTPYKTYPHUX
MPOI'PAM. YOPHOBWJIBCHKUMN KENC

Mertooiorist ypaBaiHHS MPOEKTAMU CTana OJHI€0 3 OCHOB moTeHiiany po3sutky UAEC. IlpenmMeToM MOCTiIKECHHS € TpoIiec
PO3pOOKH MOTEHIIAy YIPaBIiHHS MPOSKTaMH iH(pacTpyKTypHOi porpamMu Ha ocHOBI YopHOOHMIIBCHKOTO Keiicy. MeTa: po3poOuTu
Ta 3acTOCYBaTH IHCTPYMEHT pO3BUTKY TIOTCHI[ialy Ha OCHOBI KIIOYOBMX KOMIIETEHII oOpraHizamii ais yHpaBIliHHS
THPPACTPYKTYPHOIO MPOTPAMOI0 3 BUKOPHCTaHHSAM CBITOBOTO JOCBITY Ta nocBiny YoproOmiscekoi AEC. 3aBnaHHs: mpoaHai3yBaTH
icTopuuHi (akTH, (HaKkTOpH, IO BIUIMBAIOTH HA OPraHi3alliifHy KOMIIETEHTHICTh 1 MOXIIUBICTH BBECTH KIIOYOBY KOMIICTEHIIIO B
JISTIBHOCTI OpraHi3anii, OTpUMAaTH 3arajbHUN AJTOPUTM PO3BHTKY MOTEHI[ay YNpPaBIiHHSA NMpoeKTaMd. MeTOmH JOCITiIKEeHHS:
ICTOPUYHMI aHami3, JIOTiYHE Yy3arajbHEeHHs, aHali3 1 CHHTE3, CTPYKTYpHHMH aHaimi3. Pe3yabTaTH: pO3MIIAacThCS KIIOYOBA
KOMIIETEHIisl OpraHi3alii K OCHOBHHI KOMIIOHEHT YIPaBIIHCHKOi CIIPOMOYKHOCTI KOMIUIEKCHOI IPOrpaMu, SIKy peajizye KOMIaHis.
HaBeneHi ¢aktu roBOpsATh MO Te, LIO MisUTBHICTH, L0 3AIHCHIOEThCS Ha MaiimaHunky YopHoOwnbcbkoi AEC, Garato B uoMmy €
iHHOBaIi#HO!O i pu cTBoperH] Ha YopHoOmibchkiit AEC edexkTHBHOT crcTeMH ynpaBiliHH 3HAHHSIMH JIOCBiy peaizallii mpoekTy,
i 3HAHHS MOXYTh OYyTH 3aCTOCOBaHi SIK JI0 MpodeciiHmi po3BUTOK miounx KepiBHUKIB mpoekTiB YAEC (manpuxmnan, po3poOkxa
[UTBOBHX KYPCIB), a TaKOX Teperada HAKOIMMYEHOTO JOCBiMYy (depe3 peanizallilo MeXaHi3My OCHUMAapKiHT'Y) 30BHIIIHIM KIIIEHTaM.
3BayKCHUH CHCTEeMHUH MIAXIM A0 YIpaBIiHHSA 3HAHHAMH BiATOBIIHO 0 MeTo0I0Tii yIpaBTiHHS MPOEKTAMU MOX€E HE TUTbKU HaJIaTH
HEOIIIHeHHY ITOCITyTy CHCTeMi miaroToBku nepcoHary AEC, ane it cnpusTé BU3HaYeHHIO MOXKJIMBUX IUIAXIiB 300py, 30epiraHHs Ta
KOMepIiiHOT peamizarii HeMarepianbHUX akTHBIB. BucHoBkmM: [lepxaBHe mianpueMctBo YAEC cToiTh Ha KOpIOHI paguKanbHOT
peoprasizaiiii, KoJu Mopyd i3 iCHyIOYOI0 CTaHAapTHOI OpraHi3aliifHOI0 CTPYKTYpOIO YIpaBIiHHs 0i3HECOM peai3yeThesl MPOSKTHO-
opieHTOBaHe ympaiiHHs 6i3HecoM. JisutbHicTh Ha MalinaHunky YopHoOmnbcbkoi AEC y GaraTthoX BiIHOIICHHSX € iIHHOBALIHHOIO i il
HEeoOXiIHO BpaxoBYBaTH NpH opraxizauii poOit. {i1s cTBopeHHs eeKTHBHOI CHCTEMH YIPaBJiHHS peaji3alli€l0 NPOeKTy HMOBHHHI
OyTn 3actocoBaHi mpodeciiiHi 3HaHHA Aifounx kepiBHUKIB mpoekTiB YAEC, a takox 3xilicHeHa mepemada HaKONMYEHOTO JOCBITY
(uepe3 peamizariro MexaHi3My OEHUMapKiHTy) 3OBHINIHIM KIIi€HTaM. 3BaXCHHH CHCTEMHHMI MiAXiJ MO YHPABIIHHS 3HAHHIMHI
BIJITIOBITHO IO METOJOJIOTI] YIIPaBIiHHS MPOEKTAMH MOXE HE TiIbKH HAJIaTH HEOI[IHEHHY ITOCIYT'y CHCTEeMi MiATOTOBKH MEPCOHATY
AEC, arne i cripusiTiMe BU3HaYSHHIO MOXKJIMBUX NIIAXiB 300Dy, 30epiranHs Ta KOMepIiiHHOI peari3allil HeMaTepiallbHUX aKTHBIB.

KirouoBi cioBa: nusepcudikaiis; yHIKaIbHUI JOCBIA; YNPaBIiHHS 3HAHHSIMH, HOBOBBEJICHHSIMH; MPOEKTHO-OPi€HTOBAHOTO
yIpaBiHHs 0i3HECOM; METO/IONIOTIsI YIPaBIiHHS IPOSKTaMH; OEHUMAPKIHT.
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PA3BUTHUE TIOTEHLHUAJIA YIIPABJIEHUSA ITPOEKTAMHA
UH®PACTPYKTYPHBIX ITIPOI'PAMM. YEPHOBBLIbCKHM KENC

Mertononorus ymnpasieHUs POEKTaMU cTana OJHOHM u3 ocHoB moreHuuana passutus YADC. IlpeaMerom ucciaeoBaHUS SBISIETCS
mpornecc pa3paboTKU IOTEHIHAIa YIPaBJICHUS IPOSKTaMH HMH(PACTPYKTYpHOH NporpaMMbl Ha OcHOBe UepHOOBUILCKOTO Kelica.
ens: pa3paboTaTh W NPUMEHUTh MHCTPYMEHT pa3BHTHA MOTCHIHMAJa Ha OCHOBE KIIIOUEBBIX KOMIICTCHIWH OpPTaHM3aluU JUISL
ynpaBieHus HHQPacTpyKTypHOH NporpaMMe ¢ HCIOJIb30BAaHHMEM MHUPOBOTO paccBeTa M omblta YepHoObUIbCKOM ADC. 3anaua:
[POAHAIM3UPOBATh HUCTOpHYeckue (akKThl, (AKTOPBHI, BIHUAIONIME Ha OPraHM3aLMOHHYIO KOMIICTCHTHOCTh M BO3MOXKHOCTH BBECTH
KITIOYEBYI0 KOMIIETEHIMIO B JESATENbHOCTH OPraHU3allUM, IOIY4UTh OOLIMH adropuTM pa3BUTHS MOTEHIMANa YIpaBICHUS
mpoekTaMu. MeToAbl HCCIIENIOBAaHMSA: MCTOPUYECKHN aHANU3, JIOTHYECKOe 00OOIIeHME, aHAaIW3 U CHHTE3, CTPYKTYpPHBIH aHaIM3.
Pe3yabTaThl: paccMaTpuBaeTCs KIIOYeBas KOMIIETCHIIMS OPraHHW3allMM KaK OCHOBHON KOMIIOHEHT YIpaBICHYECKOH CIOCOOHOCTH
KOMIUICKCHOH TIPOrpaMMBI, KOTOPYIO peann3yeT KommaHus. IlpuBeneHHble (akThl TOBOPAT O TOM, 4YTO JIESITEIBHOCTD,
ocymiecTBisieMasl Ha Iuiomanke YepHoObutbeckoi ADC, BO MHOIOM HWHHOBAIlMOHHOI M mpH co3faHun Ha YepHOOBUIBCKOH ADC
9 }eKTHBHOI CHCTEMBI YNpaBIeHHWsS 3HAHMSAMH OIBITA pEAIN3aldH IIPOEKTa, STH 3HAHMS MOTYT OBITh NPHMEHEHHI KaK K
npodeccHoHaIbHOE pa3BUTUE JEHCTBYOMUX pykoBoauteneil npoekToB YADC (Hampumep, pa3paboTKa LENEBBIX KYPCOB), a TaKKe
nepefada HaKOIUIEHHOTO OIBITA (Yepe3 pealH3alio MeXaHu3Ma OCHUMAapKHHTa) BHEIIHUM KIHEHTaM. B3BelIeHHbIH CHCTEMHBIN
MOAXOA K YIIPABICHHUIO 3HAHUSIMHU B COOTBETCTBHU C METOJIOOTHH YIIPABICHUS IIPOSKTAMU MOXKET HE TOJIBKO OKa3aTh HEOLEHUMYIO
ycayry cucreMe noarotoBku mepcoHana ADC, HO W cHOCOOCTBOBATH ONPEICICHUIO BO3MOXHBIX IMyTeH cOopa, XpaHEHHS H
KOMMEPUYECKOH pealu3alid HeMaTepHabHBIX akTUBOB. BeiBoabl: 'ocymapcrBennoe mnpennpustie YADC crouT Ha rpaHUIe
paguKanbHOM peopraHu3aniy, KOTAa PsIOM C CYHIECTBYIOIIEH CTaHIapTHOW OpraHM3allMOHHON CTPYKTYpO# ympaBlieHUs OH3HECOM
peanu3yercs MPOCKTHO-OPUCHTUPOBAHHOE YIpaBlicHUe Ou3HecoM. JlesaTenbHOCTh Ha Iuiomanke YepHoObuibckoit ADC BO MHOTHX
OTHOIICHUSX SIBISIETCS MHHOBAILOHHONW M €€ HeOOXOAMMO YYHTHIBATH NPU OpraHu3anmuu pabot. s co3manus s¢dexTuBHOI
CHCTEMBI YIIPABICHUS peaau3alyeil mpoeKTa J0DKHBI OBITh IPUMEHEHB! MPOo(ecCHOHAIbHBIC 3HAHUS JIEHCTBYIOIINX PYKOBOJUTEIECH
mpoekToB YADC, a Taxke OCyIIeCTBICHA Nepeiadya HAKOIUIEHHOTO OMBITA (4epe3 pealn3aliio MeXaHn3Ma OCHIMAapKHHTa) BHELITHUM
KIIMeHTaM. B3BenIeHHbIH CHCTEMHBIH MOAXOA K YIPABICHUIO 3HAHUSIMHU B COOTBETCTBHU C METOMOJIOTHEH yHMpaBICHUS IMPOSKTAMU
MOXKET HE TOJBKO OKa3aTh HEOUEHHMYIO YCIYry CHCTeMe HOATrOoTOBKH mepcoHana ADC, HO W CIOcOOCTBOBATH OINPEACICHUIO
BO3MOJKHBIX IyTel cOopa, XpaHEeHHsI 1 KOMMEPUYECKOH pealn3anii HeMaTepHaIbHBIX AKTHBOB.

KnioueBble cioBa: pauBepcH(UKAIMS; YHUKAUIBHBIH OIBIT; YIpaBIEHHE 3HAHUSIMH; HOBOBBEACHMSMH; IPOCKTHO-
OPHEHTHUPOBAHHOTO YIIPaBJICHNS] OM3HECOM; METOIOJIOTHS YIPABICHNUS IPOCKTaMI; OCHUYMapKUHT.
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C. C. BEimukoaauii, XK. B. BYPJIAUEHKO, C. C. 3ANLEEBA-BEJIMKOIHA

PO3POBKA APXITEKTYPHU ITPOI'PAMHOTI'O 3ACOBY IJIAA YIIPABJIIHHSA
MEPEXXEBUM IVIAHYBAHHSAM PEIHXKUHIPUHI'Y ITIPOI'PAMHOTI'O ITPOEKTY

IIpenMeT DOCTiHKEHHS — MpOrpaMHuid 3aci6 moOyaoBH rpadiuHOT MepexkeBoi MOAEIN PEeiHKHHIPUHTY IPOrpaMHOro npoekty. Mera
JOCIIKEHHST — po3po0Ka CHCTEMHOI apXiTEeKTypH IPOrPaMHOTO 3aco0y Uil aBTOMAaTH30BaHOTO MPOCSKTYBAHHS MepekeBUX rpadikiB
oprasizarii BUpOOHHUIITBA 3 PEIHKUHIPUHTY IPOTPAMHUX CHCTEM Y paMKax yHpaBiiHHS npoekTamu. [lopsz 3 miHidHIMU TpadikaMu i
TaOMMYHUMH PO3pPaXyHKaMU MEPEXEBl METO/U TUIaHYBAHHS 3HAXOAATH IIMPOKE 3aCTOCYBAHHS IPHU PO3pOOLi MEPCIEKTUBHUX IJIaHIB
1 Mojeneil CTBOPEHHsS CKIAIHHX BHPOOHHYMX CHCTEM Ta IHIINX OO0'€KTIB JOBrOCTPOKOBOI'O BHKOPHCTAHHS. 3aBJAHHSAM IIeper
CTBOPEHHSIM IIPOTPAMHOTO 3ac00y € 3/aTHICTh HpamioBaTH 3 yciMa THIIAMH MepexeBUX IpadikiB i3 MOXKIMBOCTAMH IX BceOGIUHOT
TpaHchopmanii. MeToau. B ocHOBY cTatTi 3aKiageHo METOAM MepekeBoro miaHyBaHHs 3a Meronoiorito PERT (Program (Project)
Evaluation and Review Technique), BUKopucTaHHS eleMeHTIB Teopii rpadiB Ta Mmeromy niarpam ['aHta, sk 06JNIKOBOro Iyt
3[IHCHEHHS YNpPaBIiHHA NMPOEKTaMu. MOZIENIOBAaHHS CHCTEMHOI apXiTEeKTypu HMPOrPaMHOro 3a0e3NeYeHHs BUKOHYETBCA Y paMKax
metoponorii UML (Unified Modeling Language) 2.5 i3 Bukopucranasim CASE-iHcTpymenrapito Enterprise Architect 14.
PesyabTaTn. Y crarti po3pobiaeHO mporpaMHHUA 3aci0 UId yNpaBiiHHSA MEPEKEBHM IUIAHYBAaHHSAM PEiHKHHIPHHTY MPOTPAMHOTO
mpoekTy. BHCHOBKH. ApXiTeKkTypa po3po0iieHa y BUIVIAAI OEKUIBKOX CTPYKTYPHHX Ta MOBENIHKOBHX JiarpamM, a came: jaiarpama
BapiaHTIB BHKOPHCTAHHS, W0 HAJa€ aHANITHUKY JAETalIbHOI YSBH IPO Taly3b 3acTOCYBaHHS IPOrpaMHOro 3aco0y; niarpama
TIOCJIIIOBHOCTI, sIKa TpH3HAueHa Uil (GOpMyBaHHs YsABH IporpaMicra Ipo MOPSIOK BHKOHAHHS i mpu poOoTi 3 MailbyTHIM
MpOrpaMHUM 3aco00OM; Jiarpama CTaHiB, IO HEOOXiMHA A HAOYHOTO TOJaHHS THX CTaHIB, Y SKHX HPOTpaMHHN 3acid Moxe
3HAXOAWTHCS Yy pi3HI MOMEHTH 4Yacy; JiarpamMa KJaciB, sKka BHKOPHCTOBYIOTBCS JUII HPOEKTYBaHHS OCHOBHOTO (hOPMOBOTO
HAIOBHEHHS Mail0yTHROTO MPOrpaMHOro 3acoly; IiarpamMa KOMIIOHEHTIB, IO MpPU3HAYCHA sl BUBYEHHA CKIATy KOMIIOHEHTIB
Maii0yTHHOTO IPOTPAMHOTO 3ac00y Ta BKa3iBKM MOCIHIiZOBHOCTI KOMIIIALIT Ta 30ipKku OKpeMHX MOAYJiB. UncenpHa Ta yacoBa OI[iHKa
mapaMeTpiB IUIAaHYBaHHA OyIy€eThCs 3a JaHHMH, 0 OTPUMaHi i3 MPOeKTHUX Aiarpam ['aHTa.

KurouoBi ciioBa: ynpasimiHHS npoekToM; rpad; MepexeBuid rpadik; nmporpamuauii 3aci6; peimxunipunr; CASE-3aci6; UML-
Jiarpama.

Beryn 3MIACHEHHS OKPEeMHX TIpOIeCiB UM ETamiB, a TaKOXK

noTpely HEOOXiTHUX eKOHOMIYHHX PECYPCIB.

3aBJaHHsIM, 110 CTaBUTHCS TE€pe] CTBOPEHHSIM
MIPOTPaAMHOTO 3aco0y yIpaBIiHHS MEpPEeKEBUM
IUTAHYBAHHSAM € 3JaTHICTh MPAIIOBATH 3 yCiMa THIIAMH
MepexeBux rpadikiB i3 MOXIHBOCTAMH iX BCEeOIYHOT
Tpanchopmarrii.

[Ipouec cTBOpeHHS MPOEKTY, MPOTOTHITY, TPOOOPazy
MaliOyTHROTO 00'ekTa, CTaHy Ta CIOCOOIB  #oro
BUTOTOBJICHHSI HA3MBA€THCS INTPOCKTYBAHHAM. Y TEXHilli
I TPOEKTYBAaHHSM PO3YMIIOTh PO3POOKY MPOEKTHOI,
KOHCTPYKTOPCHKOI Ta IHIIOT TEXHIYHOI JOKYMEHTAIIl,
MPU3HAYCHOT I 3a0€3MECUYCHHSI CTBOPEHHS HOBHX BHIIB

Ta 3pas3KiB. Y MPOEKTYyBaHHI 3aCTOCOBYIOTh CHCTEMHHI
MIIX1], SIKKH [0JIATae y BCTAHOBJIEHI CTPYKTYPH CHCTEMH,
TUIy 3B’S3KiB, BH3HaueHi aTpuOyTiB, aHali3yBaHHI
BIUIMBIB  30BHINIHROTO  cepefoBUIma. B mpormeci
MPOEKTYBaHHSI BUKOHYIOTHCSI TEXHIYHI Ta CEKOHOMIiUHI
PO3paxyHKH, CXeMH, Trpadikd, MOSCHIOBaJIbHI 3aIHCKH,
KOIITOPUCH, KaJIbKYJIALIT Ta OIHCH.

OpHi€I0 3 TOJOBHUX CKJIaJOBHUX HPOEKTYBaHHSA — €
IUTAaHYBaHHS, 10 BU3HAYAETHCS SIK 3a3/aJIeTilb HaMideHUH
MOpSAOK i abo ONTHUMAaIbHUK PO3MOIINT PECcypcis,
HEOOXIIHUX I JOCATHEHHS ITOCTABJIEHOT METH.

MepexxeBe IUIaHYyBaHHS — Le onHa 3  (opm
rpagigHOro BimoOpakeHHS 3MicTy poOIT W TpHUBAJIOCTI
BUKOHAHHSA CTPATeTiYHMX IUIAHIB 1 JOBTOCTPOKOBHX
KOMIUIEKCIB TPOEKTHUX, IUIAHOBHX, OpraHi3allifHUX Ta
IHIIUX BUAIB JiSUTBHOCTI ITiAIPHEMCTBA.

Iopsin 3 niniiHEMU TpadikamMu # TaOIMYHUMHU
pO3paxyHKaMH MEpeXeBi METOJM IUIaHyBaHHS 3HAXOMAThH
IIMPOKE 3aCTOCYBAaHHA NPU PO3poOLi MNEepCIEeKTHBHUX
IJIaHIB 1 MOJeNeld CTBOPEHHS CKJIAJHUX BUPOOHHUYUX
cucTeM  Ta  IHIIUX  O0'€KTiB  JOBFOCTPOKOBOTO
BHUKOPUCTaHHA. MepexeBi IUIaHn poOiT MiAIPHUEMCTB TI0
CTBOPEHHIO HOBOI KOHKYPEHTO3aTHOI MPOAYKIIiT MICTATh
HE TITBKH 3arajbHy TPHUBAIICTh BCHOTO KOMILIEKCY
MIPOEKTHO-BUPOOHUIOT Ta (hiHaHCOBO-€KOHOMIYHOT
TMiSTBHOCTI, alle W TPHWBAIICTh Ta  IOCIIJOBHICTH

AHaJi3 focaizkeHsb i myoaixauni

[Monsitrst "mepexeBuit rpadik”, 3rimHo 3 [1] — me
OUHAMIYHA  MOJIeNlb ~ BHPOOHHYOTO  TIpoIeCy,  sKa
BiJOOpakae TEXHOJIOTIYHY 3aJIC)KHICTh Ta IOCIHIiTOBHICTH
BUKOHAHHSA KOMIUICKCY poOiT, M0 TMOro[Kye ix
3aBepIICHHS y Yaci 3 ypaxyBaHHSM BHTpaT pecypciB i
BapTOCTi pPOOIT 3 BHUAUICHHAM TIPH I[HOMY BY3BKHX
(xpuTHuHuX) Micib. OJHOYACHO, MEpexeBUil Tpadik —
rpad, BepIIMHU SIKOTO BiMOOpPa)XarOTh CTAHWU JAESIKOTO
o0'ekta (Hampukiaa, OyIiBHUITBA), a TyTd — POOOTH, IO
BeAyThCS Ha IboMy 00'exTi. YacTo mepexeBuii rpadix
Oynyerbcss Tak, MO PO3TAlIyBaHHS BEPIIMH 10
TOPM30HTAJ BIiANOBiZAa€ dacy JOCSATHEHHS CTaHy,
BIAMOBITHOTO 3a7aHOi BEPINMHM (MOMYJISIPHA CKJIaJ0Ba
merononorii PERT — Program (Project) Evaluation and
Review Technique).

MepexeBuil rpadix 3acHOBaHMH Ha BHUKOPHCTaHHI
MaTeMaTH4HOi Mozeni — rpada. Byas-ska mOCTiOBHICTh
polbiT y MepeskeBoMy rpadiky, B SIKOMY KiHIEBa OIS
KokKHOI poOoTH i€l mMOCHimOBHOCTI, 30iraerbcs 3
MOYAaTKOBOIO TMOMJI€I0 HACTYMHOI 3a HEK poboToro,
Ha3WBaeThCs  muisixoM.  Jlms  pisHux — obnacrei
BUKOPUCTaHHSA BUAW TpadiB MOXYTb Bigpi3HATHUCS
OpPIEHTOBAHICTIO, OOMEXEHHSIMH Ha KUIBKICTh 3B'S3KIB 1
JIOaTKOBUMH JTAHUMU TIPO BepIIuHM abo pedpa. Bemmka
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KUIBKICTh CTPYKTYp, SKi MAarOTh NMPAKTUIHY IIHHICTH B
MaTeMaTHIli Ta iHQopMaTHIli, MOXYTh OYTH TPEICTABIICHI
rpadpamu [2, 3]. Hampuknax, OymoBy Bikimemii mMoxnHa
3MOJICNIIOBATH 32 JIONOMOTOI0 Opi€HTOBaHOro rpady, B
SIKOMY BEPIUIMHU — II€ CTATTi, a Iyru (OpieHTOBaHi pedpa)
— TMOCHJIAHHS Ha iHIII CTATTI.

Hdns ommcy rpadiB B LUIIX, NPUAATHUX IS
MAaIIMHHOI O00pOOKHM 1, OJHOYACHO, 3PYYHOMY JIJIs
JIIOJICBKOTO CIPUIHATTA — BHUKOPHCTOBYETHCS KIIbKa
crapmapTuzoBanux MoB [4], cepen skux: DOT (MoBa),
Graph ML, Trivial Graph Format, GML, GXL, XGMML,
DGML, Java [5].BigzHaunMo cremniaigizoBaHi mporpamu
s mooynoBu TpadiB  [6]. Jlo HaAWOIMBII Braimx
BimHOCATBhCs KoMmepiitHi ILOG, GoView, Lassalle Add
Flow, LEDA. 3 0e3KOmTOBHUX MOHa Bim3HaunTu Boost
Graph Library. [lna Bi3yamizamii rpadiB MokHa
BukopuctoByBaTH Graphviz (Ha JAyMKy €KCIIEpTiB, BOHa
nmobpe mpairoe st oprpador) abo LION GraphVisualizer
[7]. OcobnuBo Bim3Hauumo mporpamy I 'padoananmizatop —
Lle POCICHKOMOBHA MpOrpama, 3 BEIbMH HPOCTHM JUIs
KopHcTyBada inTepdeiicom [8].

Hiarpamu  T'anta (anrn.Gantt chart, cTpiukoBa
niarpama, rpagik [aHTa) — 11 TOMYJIAPHUHN THI Jiarpam,
SIKHH BUKOPUCTOBYETHCS ISl LTFOCTpalii Tuiany, rpadika
poOit 3a Oyap-skuM mpoekTtoM. Lli miarpamMu € ogHWM 3
METOJiB TUTAHYBaHHS Ta YOpPaBIiHHA MpoekTamu [9].
Jiarpama I'anTa mpencrasisie coboro Biapi3ku (rpadivni
IUIAIIKK), PO3MILICHI Ha TOPU3OHTAJBHIN MLIKaJli dacy.
KokeH BiApI30K BIAMOBIAaE OKPEeMOMY 3aBIaHHIO abo
mi3amavi. 3aBmaHHS 1 miA3amadi, CKIamoBI IUIAHY,
pPO3MIIIYIOTBCS MO0  BepTHKami. [loyaTok, KiHelb 1
JTIOB’KMHA BiApi3Ka Ha IIKaJTi 4acy BiAIOBIAAIOTH IMOYATKY,
KiHIFO 1 TpuBanocti 3aBmaHHA. Ha pmeskmx miarpamax
l'aHTa TakoX MOKa3yeThCsS 3AICKHICTH MK 3aBIaHHIMHU.
Jiarpama Mo’ke BUKOPHUCTOBYBATHUCS IJISl MIPEICTABICHHS
MMOTOYHOTO  CTaHy  BHKOHAaHHS  poOIT:  YacTHWHA
MPSIMOKYTHUKA, (] BiJIIIOBia€ 3aBJIaHHIO,
3alITPUXOBYETHCS, BiJ3HAYAIOYM BiJCOTOK BUKOHAHHS
3aBIaHHs; [OKa3yeTbCs  BEpTHKAJIbHA  JIiHIL, 10
BianoBigae MomeHty "choroaui". Haituacrimie miarpama
'aHTa BHKOPUCTOBYETHCS CHUIBHO 3 TaOnuuer 3i
CIHMCKOM POOIT, PSIKK SKOT BiJIOBIIAIOTH OKPEMO B3SITil
3aja4i, 300pakeHii Ha Jiarpami, a CTOBNI[ — MICTATbH
IoIaTKoBY iH(opMartiro mpo 3amgaqy [10].

PERT (anri.) — TexHika OL[HKK Ta aHaNi3y Iporpam
(IpoeKTiB), sIKa BHUKOPUCTOBYETHCS IIPH  YIpPaBJiHHI
npoektamu [11]. PERT — me cmoci® aHamizy 3aBiaHs,
HEOOXITHHUX ISl BHKOHAHHS MPOCKTY, OCOOJIMBO, aHAII3Y
yacy, SKHA TMOTPIOCH JJisi BUKOHAHHS KOXXKHOI OKpeMol
3aJa4l, a TAKOXX BHM3HAYEHHS MIHIMAJILHOIO HEOOXIJTHOIO
Yacy JUIs BUKOHAHHS BChOTO Tpoekty (puc. 1) [12].

Haiimonynspuimoro wactuaoto PERT — e wmeron
KPUTHYHOTO IULISIXY, IO CIHPAETHCA Ha MOOYIOBY
MepexeBoro rpadiky (mepexeBoi miarpamu PERT).
MeToa KpUTHYHOTO NUIAXYy — €()EKTUBHHHA IHCTPYMEHT
IUTAHYBaHHSA PO3KJaAy Ta VYIPAaBIIHHA TEepPMiHAMU
POeKTy. B OCHOBI MeTOY JIC)KUTh BU3HAYCHHS HAMOLIBIIT
TPHUBAJIOL MOCIITOBHOCTI 3aB/IaHb BiJI MOYATKY MPOCKTY JO
Horo 3akiHUEHHS 3 YpaxyBaHHSIM IX B3a€MO3B'SI3KY.
3aBnaHHsI, 110 JICKATh HA KPUTHYHOMY HUIAXY (KPUTHYHI
3aBJIaHHSA) MAIOTh HYJIHOBHH pe3epB Yacy BUKOHAHHA Ta Y

pa3i 3MiHH iX TPHUBAJOCTiI 3MIHIOIOTBCS TEPMIHH BCHOTO
HPOCKTY.

Puc. 1. Ilpuknax mepexenoi aiarpamu PERT mns npoekty
TPUBAJICTIO y CIM MICSIIB i3 II'ITbMa IPOMIKHAMH TOYKaMH (Bix
10 1o 50) i mricteMa mismeHOCTSIMHE (Big A 1o F)

V 3B'SI3Ky 3 UM NPH BUKOHAHHI MPOEKTY KPUTHYHI
3aBJAHHS BHMAaralTh OUIBII PETEIBHOTO KOHTPOJIIO,
30KpeMa, CBOEYACHOTO BHSBICHHS MPOOJIeM Ta PU3HKIB,
[0 BIUIMBAIOTH Ha TEPMiHM iX BHKOHAHHS i, OTXKe, Ha
CTPOKM BUKOHAHHS NpoekTy B miyomy [13]. V mporueci
BUKOHAHHSI TNPOEKTY KPUTHYHUH LUIAX MPOEKTYy MOXKe
3MIHIOBATHUCS TOMY, IO TIPH 3MiHI TPUBAJIOCTI 3a/1a4 ACsKi
3 HHX MOXYThb OINWHHUTUCS Ha KPUTUYHOMY ILUIAXY.
Haiiginomima wactuna PERT — me  miarpamu
B3aeMO3B'sI3kiB  pobiT 1 momii. PERT mpomonye
BHKOPHCTOBYBaTH Jiarpamu-rpadgm 3 poOoTaMu Ha
By31ax, 3 poboTaMH Ha CTpiKax (MepexeBi rpadikn), a
Takox niarpamu ['aHTa.

BupinenHst HeBUpilleHUX paHille YACTUH 3arajJbHOL
npoodaemMu

Ha BITYM3HAHMX TiIOPUEMCTBAX, IHKIOBI abo
JiHIAHI rpadiky, 3BUYAHHO, 3aCTOCOBYIOTHCS Yy TpoIeci
KOPOTKOCTPOKOBOTO ~ YHM  OINEPATHBHOTO  IUIaHYBaHHS
BUPOOHMYOT MisbHOCTI. OCHOBHUM HEMOJIIKOM TaKHUX
wiaHiB-TpadikiB — € BIACYTHICTP MOXJIHBOCTI TICHOT
B32€EMO3B'SI3KM  OKPEMHUX pOOIT B €AMHY BHPOOHHYY
cucreMy  abo  3arajpHUi  TIpoUEeC  JIOCATHEHHS
3aIUTAHOBAHWX KIHIEBUX MHiIeH mignpuemctBa (dipmu).
MepexeBi Tpadiku CIy)XaTh HE TUIBKH [UIA TUIAHYBaHHS
PI3HOMAaHITHHX JIOBFOCTPOKOBHX pOOIT, ame 1 s ix
KOOpAMHAI{ MiXK KepiBHUKaMU Ta BUKOHABIISIMU MIPOCKTIB
[14], Takox MepexeBi rTpadiknm HeoOXimHI I
BU3HAYCHHS HEOOXiTHUX BUPOOHMYMX pecypciB Ta iX
palioHaILHOIO BUKOPHCTAHHSI.

ABTOMAaTH30BaHi CHUCTEMHU IIIAHYBaHHA pECYpCiB
BupobHuiTBa (ERP), 3a3BH4aii BKIIIOYAaOTH KOMI'TOTEPHI
nporpamu [15], sxi y Tii, 4n iHOIH Mipi aBTOMaTH3YIOTh
JIesKi  eTanu CKJaJaHHs Ta KOPHUI'YBaHHS MEPEkKEBUX
rpagiki, IpoTe MoAiOHI MPOrpaMH MalOTh TOCUTh BUCOKY
JmiueH3ifiHy 1I[iHy Ta HENmiA'€MHI Uil BITYH3HSHOTO
BUPOOHHMKA.

TakuMm YHHOM, METOI0 AOCTIMKEHHHA € — PO3poOKa
CHCTEMHOI apXiTekTypu nporpamuoro 3aco0y (I13) s
ABTOMATH30BAaHOTO NPOEKTYBAHHS MeEpexXeBuX rpadikiB
oprasizanii BUpOOHHMITBA 3 PEiHKHHIPUHTY HPOTPaMHHUX
CHCTEM y paMKax YIpaBJiHHS IPOEKTaMH.

OG6’ekTOM  pOOOTH €  Mepexene
BHPOOHUYOTO MPOIIECY.

IJIaHYBaHHA
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[Ipenmerom pociimkerHs € [13 modynoBu rpadigHoi  peimKUHIPHHTY TporpaMmHoro mpoektry (mam — II3)
MEpeXeBOi ~ MOAeNl  PEImKHHIPHHTY  INPOTPAaMHOTO  PO3IMOYHEMO i3 TMPOEKTYBaHHS JiarpaMH BapiaHTIiB
MPOCKTY. BUKOPHCTaHHs. BOHM BHUKOPHCTOBYIOTHCS Ul HaJaHHS
AQHAJITUKY JEeTaIbHOI YSBM NPO Tally3b 3acTOCYBaHHS

Marepianu i MmeToau NpOrpaMHOro  3a0e3NeueHHs, M0 po3podiyseTses. 3

JiarpaMH BapiaHTIB BHKOPHCTaHHSI CTa€ 3pO3yMIJIO s

B OCHOBY CTaTTi 3aKJaJeHO: MEpEKeBe IUIaHyBaHHs  4OTO NPU3HAYECHUH TPOIYKT, SKi MiJICHCTEMH Ta MOJYI

3a MeTozosorito PERT, BUKOpHMCTaHHS eleMEHTIiB Teopii ~ BIH Mae, SKMMH 3B’3KaMH IOEJHAHI €IEMEHTH Ta
rpadis Ta Merody jiarpam [aHTa, sk oGMikoBOro jjs ~ CYTHOCTI y  HboMy.  lleHTpanbHUM  eIeMEHTOM
3lifiCHEHHs  ymNpaBliHHS TMpoeKkTaMH. MojenmopanHs — CIPOCKTOBAHOI JiarpaMu BapiaHTIB BHKOPHCTAHHS — €
CHCTEMHOi apXiTeKTypu mHporpamHoro 3abesmeuenns MepexeBuil rpadik (MI'), sxuit 300pakeno y Burmsi
BUKOHyeThCA y pamkax Mmertogosorii UML (Unified —akrtopy 3i crepeorunom "business actor" (pue. 2). Bin
Modeling Language) 2.5 i3 BuxopucrtamHaM CASE-  akropy "MI™ Bigxomsare pisHOMaHiTHI 3B’13KH, OUTBIIICTE

incrpymenrapiro Enterprise Architect 14. 3 AKUX acoliarii 31 crepeoTunoM "uses" (BUKOPHUCTaHHS),
MPOTE TaKOXK MPHUCYTHI 3aJIC)KHOCTI. 3 JiarpaMu BapiaHTIB
PesyabTaTn gociaigkeHb BUKOPHCTaHHS BUJHO, 0 MI' BUKOPUCTOBYIOTECS y BCIiX

rajgy3siX 3aCcTOCYBaHHs, [IOB’S3aHUX 13 HABEIACHUM

Po3poOKy CHCTEMHOI apXiTeKTypu mporpamuoro EPEIIKOM.
3ac00y IUI1 YOPABIIHHA MEPEKEBHM IUIAHYyBAHHAM

uc Use Case Model /
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+ baan aaHux <Entity>
+ Briok-cxemun <Entity>
+ Komn'toTepHi mepexi <Worker>
+ Komninsitopu <Worker>
+ Mignporpamu
+ MepexeBi rpadikn
+ lMpoTokonu <Intemal worker>
+ Mopyni <Case worker>
+ MoTokun ganux <Entity>
+ Cantu <Case worker>
+ Tpancnstopu <Worker>
D + 36ipka
(@ + Opranizauia
@ + MNobynosa
O + OnTuwmisauis
) + ®opmyBaHHs

Puc. 2. [liarpama BapiaHTiB BUKOPHCTAHHS
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[TepeitnemMo 10 pPO3TISIMY CYTHOCTI, IO 00’ €qHAHA 3

MI' Ttunom 3B’s3Ky 3anmexHicTh "dependency". Ha
qmiarpaMi  BapiaHTIB  BUKOPHCTAaHHA — 1€ TaKeT
"Po3pobka mporpamMHOro 3abe3rnedyeHHs", BUKOHAHHS

SIKOTO JIificHO 0a3yerhes (3anexuth) Big MI'. [lo ckmamy

ImkeHepiss  mpOrpaMHOTO 3a0e3meyeHHs  Ta
KOMIT'IOTEPHI HayKH B3arajii € OJHI€I0 3 THUX Tally3el, Je
MI 3acTOCOBYIOTHCS HalJacTillle, TOMY TOJJAHUH MaKeT i
BUHECEHO Yy BUIVIAAI OKpEMOi 3aJeXHOI CTPYKTYpH
(puc. 3). CkimagHiCTh Ta BeJIMKAa KiJIBKICTh MOJIYNIB 1

MaKeTy BXOAATh 0Oarato  CyTHOCTEH, 0O0’€HAHMX  INPOTOKOJIB Y Cy4acHHX NPOTPaMHUX MPOJIYKTaX CHIIBHO
3B’SI3KAMM,  CYKYITHICT  SIKMX  SBJSIE  BKJIAJCHY  YCKJIQJHIOE PO3yMiHHS IX pOOOTH, KepyBaHHs HeElO Ta il
COPOCKTOBaHy  MiJjiarpaMy  JiarpaMH  BapiaHTiB  onTuMizamito. ToMmy Jqyke YacTo ckiamawTees MI
BukopuctaHHs (puc. 3), mo Mae rpadomomiOHy mporpaM, —TpUYOMY  HaWvacTime e poOHUTHCS
TOTOJIOTIO. aBTOMATHYHO  TPAHCIATOPAMH, KOMIUISATOpAMH YU
napcepamu.
uc P nporp: /

«entity»

Ba3u paHux <Entity>
Brnok-cxem <Entity>

«entity»
MoTtoku Aanmx <Entity>

«worker»
TpaHcnaTopu <Worker>

«internal worker»
Mpotokonu <Internal
worker>

«business actor» ~~
MepexeBi rpadiku
'

OpraHisauia

T
Mo6ynoea
«agent»

Mignporpamm «worker»

Komn'toTepHi mepexi
<Worker>
«case worker»

Caitm <Case worker>

Komninatopu <Worker>
|
|

«case worker
Mopyni <Case worker>

Puc. 3. liarpama-maket "Po3poOka mporpaMHoro 3abe3nedeHHs

Hiarpamu TIOCITi TOBHOCTI MpU3HAYCHI s
(opMyBaHHS YSIBH IIpOrpamicTa Mpo MOPSIOK BUKOHAHHS
nit mpm poboti 3 wmaitOytHim II3, sxi cdopmoBani
CHUCTEeMHUM apXiTekTopoM. CTaHAApTHO iCHYE aiarpamu
MOCJIIZIOBHOCTI JIBOX OCHOBHUX THIIIB: JUISl BiIOOpasKeHHS
It mporpamicra npu pospo6ui I13 Ta anst BimoOpaxeHHs
Jiif KoprcTyBaya pH NoAabLIH poboTi 3 MaitOyTHIM [13.
JiarpaMu ~ MOCHIIOBHOCTI  camMe  JPYroro  THITY
BUKOPHUCTOBYIOTBCS JUTSL CTBOPEHHS IHCTPYKIiH
KOpHUCTYyBaua, sIKi € CKJIaJOBOI0 YAaCTHHOKO MPOTPaMHO-
MeronnyHux KomiuiekciB (IIMK).

Came Takuii THO  JiarpaM  IIOCTIJOBHOCTI
CIPOEKTOBAHO y TMOJaHii craTTi (puc. 4), OCKITBKU I
BUKOHAHHSA PEIHKUHIPUHTY TPOTPAMHOTO  IPOEKTY,

HEOoOXiTHO po3yMiTH npuHIMIH podotu [13.
JHiarpaMa cTaHiB HEOOXiZHA JJIi HAOYHOTO IOJAHHS
TuX cra”iB [I3, y SKMX BIH MOXE 3HaXOIUTHUCS B Pi3HI

MOMEHTH 4Yacy. [HIIMMHU CIIOBaMH, MOXXHa CKa3aTH, IO
CTaHU OINMCYIOTh MOBeIHKY [13, sika, B CBOIO 4epry, Moxe
3aMeXaTH K BiJ BKa3iBOK KOPUCTyBada, Tak 1 BifJ
o0uncoBaIbHUX Npoueayp camoro [13.

SIk BUIHO 3 caMOi Ha3BH AiarpamMu — KIIOYOBUMH
MOMEHTaMH y Hii — € cTaHM (state), sSKi MPeACTaBISIOTH
co0010, y CBOEMY pOJi, TOYKH 3ymuHKH podoTu I13 abo
300py  CTaTUCTUYHOI Ta  TeXHIYHOiI  iH(opmarii
(npotokontoBanHs). KoxeH CTaH Mae TOYKH BXOAY Ta
BUXOJly Yy Lieil CTaH, IPHYOMY, TAKHX TOYOK MOXKe OyTH
JIeKiTbKa (K JUIT BXOAIB TakK 1 JJis1 BUXOMIB) — came ISt
¢bikcyBaHHS IUX IO3UIIH y MEXaxX CTaHy — ICHY€E Take
MOHATTS, K «iCTOpisl CTaHy», SKa OIIIHHO BMHUKA€ETHCS Y
cnenugikamnii KO)KHOTO CTaHy Ta Ma€ MO3HAYEHHS: JIiTepa
"H" (history), 10 mosaeTsCs y KoJIi.

Kpim Toro, BaXXJIMBUMH Ha Jiarpamax CTaHiB, TAKOK,
€ 1 mepexoau (transfer), Mo SBISIOTH COOOO 3B’SI3KU MiXk
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cranamu. KoxeH mepexii Mae CHHTaKCHC, SIKUH
PO3KpHBa€E MaTeMaTHYHUI a0o (i3uuHMH mpolec, IIo
BUKJIMKaB Iei nepexia. CHHTaKCHC, Y CBOIO 4epry, KpiM

Ha3BH IEPEXOJy, MOXE MICTUTH OOMEXYIouy YMOBY
(momaeTbcst y TNPAMOKYTHMX JAyXkax [ ]) — mpu
HEBHKOHAHHI SIKOT — Mepexii HEMOKIIUBHH.

sdan /
% :Popma npoekTa «enumeration» «metaclass» «table»
:PospaxyHok :Bug :Tabnuus napameTpis
KopucTtysayu
| T :PoBoTa T T Mogpis T
| 1 | | | | |
loop Po3mileHHs pobiT / : | | : |
! | | |
! I ! I I ! I
~A—1.0 Hoea: | | | | |
(sapava) | | | | |
«create» 1.1 Pe,qary.BaHHﬂ | | | | |
(napameTpiBy——pp» [ [ [ 1
«create» [ [ [ 1
I I ! I
< 1.2 Mosea | | | |
(po60oTH) 1 1 | 1
| | | | |
i + | | | |
loop 3'c.qHaHHs|/ : : : : : :
|_1.3 CTBoBeHHSA | | | | |
| (a8'A3Ky) @} I I | I
I ! I I ! I
: 1.4 Bu6ip >LIJ : : : :
. (po6oTn) 1 | | | |
| | | | | |
| 1.5 HatuckaHHs() | o | | | |
1 T L @] 1 [ 1
1 | 1 1 | 1
| 1.6 BigoGpaxeHHs ! | | : :
T P t T
| (nogin) | | | |
| | | | |
<—1.7 KonsepTauia(pobiT y nogii)———— | |
| «destroy» | | |
1 1 | 1
+—1.8 BinobpaxeHHs()— + L |
! I I v I
I ! I I ! I
—:—1 .9 PoamiweHHsA(noaiiY : : L:J : :
T | «become» | | | | |
! d]<—1 .10 3akpinnioloTbea____| I ! |
: | (a‘?TOMaTV“"HD) «become»: : LIJ :
! | | 1.11 Poamiwenns___| | > |
[ (BPYuHY) ! ! 0 !
I ! I I ! I
| 1.12 Buknuk | | | : :
T i T T
| (Tabnuui) | | | |
: I : I 1.13 ! I
| | +
| | | | ®opmysaHHA() | «become»
| | 1.14 BinoGpaxeHHs(naHnx) !
T T T t
I I | | «create» | U :
! | | |
break [lii kopuctyBaua '
/! 1.15 PeparyBaHHs(6yab-ske) ' ' : :
t t
1 | 1 | 1
1 : 1 : 1
: | : 1.16 MepepaxyHok | :
| i | (anury) | < | |
| g 1.17 BigobpaxeHHs ! ! |
R t [ |
LIJ (penarysaHHsy) X | |
! I ! I I ! I

Puc. 4. [liarpama nocmigoBHocTi po6otn i3 I13

CropoexToBaHy niarpamy ctadiB [13 mpuBemeHo Ha
puc. 5. [liarpama cTaHiB, SK BUJIHO 3 PHUCYHKY, SIBIISIE
co00I0 KacKaJHy MOJeib 3aayMmy cTBopeHHs 113, ne y
SIKOCTI ITOCTYNOBOTO KacKay peasi3amii cTaHiB, BUCTYTIA€E
roJIoBHA niaroHanib Jiarpamu 3 OaraTbma
posranmyXeHHAMH (y 3aJeXHOCTI Bl TOUYOK BHXOHY 3
KOHKPETHHX CTaHiB) y pi3Hi OOKH.

Hiarpamn  KjaciB BHUKOPHCTOBYIOTBCSL IS
MPOEKTYBaHHS  OCHOBHOTO  (h)OPMOBOTO  HAIOBHEHHS
manioytaroro [13. CrocoBHo nmo Hotamii UML, xmacu
MICTSTh aTpuOyTH (BIACHO iHKANCYThOBaHI JaHI Pi3HOTO
MTOXO/DKEHHs) Ta omeparii (mii Ha muMH abo iHIIMMH
JTAHUMH).

KoxHi KOHKpeTHI aTpuOyTH Ta omepariii Kiacis, 0
crpoektoBaHi y monmanomy [13 monmani Ha puc. 6. Kpim
KJIaciB Ha Jiarpami TakoX BaXIMBUMH JJII aHANIZY €
3B’s13kM 200 BiHOWICHHS (Il¢ OUTBII TOYHE BU3HAYCHHS
crocoBro a0 JK). Bzaram, cyrHOcTeii ab0 BiJHOIICHB,
100 MeToJoNoril Jiarpami KimaciB — icHye ©Oarate
pO3MaiTTs, MpOTe 3YNWHUMOCS JIMIIE HAa THX, MIO0
MPUCYTHI Y CIIPOEKTOBaHii miarpami kiacis I13 (puc. 6) ta
MOTPeOYIOTh TOAaTKOBUX PO3’SICHEHb.

IleHTpanbHUM KJIaCOM Ha Jiarpami — € Kiac-
intepdeiic ("interface"), mo sBmse cobor0 TpadidHMIA
inTepdeiic kopuctyBada I13. Ileit kmac mepmmmM mocTae
mepes; KOPHCTYyBadeM Yy BHIVIAAI 3aBAHTAXYyBaJIbHOTO
MpUMITHBHOTO Kiacy (primitive) "dopma mpoekty", 1o
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Mae 3 kiacom "[HTepdeiic" koMo3uLiiiHy 3aNeXHICTh Ta
BU3HAaYa€ TEPBHHHI T'€OMETPUYHI pO3MIpH  BiKHa

MaHeIb MEHI0, CJIEMEHTH $KOi — € arpudyTaMu Kiacy
"Tarepdeiic”.

intepdeiicy. Takoxk mepes KOPHCTyBaueM 3’ SBHTHCS

stm AC /

Initial Buknuk [Mpasuii Wyrnuk ]

HoBa 3apava

History

Mosiea [3anoBHEHHS

PeparyBaHHs [[lepBuMHHE 3anOBHEHHS]

3mHa napameTpiB

History

Buknuk

nga HOBOT 3agaui]

[034:1)

CTBOPEHHS 3B'A3KY

BiawmoBa y 3B'A3Ky a6o

peHHs [BkasiBka norgepwbo'l’ po6oTu]

KonsepTauis [[pucyTHicTb 38'A3Ky]

KOHBTTauiﬂ

3B'A30K

®

History

PospaxyHok [BipHicTb_nobyaosu]
N\

BipoGpaxeHHs

Kpummunuii wnax

®

History

dopmMyBaHHSA

Tabnuua

BinoGpaxeHHs

npsmMa nidia @ BigoGpaxeHHs °
History Final
Puc. 5. Jliarpama cranis qs [13
class OK /
TR «enumeration» <mataclas TaGnuus =
®aiin PospaxyHok Bua napameTpis
+ Hoswii: String + Po6otu: String «column»
+ BigkpuTu: String + Togii: String Koa
+ 86eperTu: String A Tabnuus: String K>— Yac
- Stri TpH
: gzzrsst?:r? + Macuwra6(): Word Tpo
A 9 + 3cysaeto(): Char Tru
+ 3cys Bpy4Hy(): Word Tno
+ PoamicTutn nopii(): Byte Rn
Rc
«interface»
Interface YMI
+ Qain: String 3cyB Bpy4HY
+ Bup: String -
+ PospaxyHok: String + Jlisopyy
+ [paBopy4
+ Bropy
+ [oHunsy
Bua po6om
«primitive» Macwra6
+ 3suyanHa: Single ®opma npoekTa ® -
+ T[ouaTok: Single + Benukuii 5
+__3akiHueHHst: Single = HO_PMafleVWI
«bindy' L+ _Lpibuuin
é v
Hoea 3apaua PoGom
o «dataType»
N Haaaa.. Doublg <z ¢ Poso)-,:a + CrBopuTu 38'30K(): Integer
+ |-|p.I/IM.ITKM. Stqng (:)— + Bupanutu 38'A30K(): Boolean
+ 3BiTHICTb: String + 3miHuTu 3avauy(): Integer
+ Bwa pobotu: Char +
+

TpueanicTb poboTu: Integer

BupanuTn 3apavy(): Boolean

Puc. 6. liarpama xacis I13
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Knac migpaxynkiB (enumeration) "PospaxyHok",
MOB'I3aHAH  KOMIIO3UIIIHHOIO 3aJISKHICTIO 13  KJIACOM
"TaTepdeiic", BUKOHYe pearni3allito YuceIbHUX (TaOJIMIHI
napaMeTpu TpeJCTaBIeHHA) Ta rpadiuHux (KPpUTHYHHUHA
nULsIx) napameTpis MI.

Krnac "HoBa 3amaua, mo npuB’s3aHoO (BiZHOLIEHHS
"Bind") nmo "dopmu mnpoekTy", TNpHU3HAYEHO IS
CTBOPEHHS HOBOTO Ta HACTYHNHOTO  pelaryBaHHS
icayrouoro Tuny nanux (Data Type) "Pobota", mo sBise
coboro rpadiune 300paskeHHs cyTHOCTI "PoboTa".

Bxmamenu#t (nesting) xmac "Bumm poGotu" -
BKimageHo no kimacy "Homa 3amaga". Bin dopmye Bumn

po0iT, O BiAPI3HAIOTHCA HASBHICTIO a00 BiJCYTHICTIO
BXIIHUX Ta BUXIJTHUX 3B’ SI3KIB.

JliarpaMa KOMITOHEHTIB MpHU3HAYCHA IJISI BHUBUCHHS
CKJIaay KOMIIOHEHTIB MaitoytHporo II3 Ta BKaziBku
MOCJIITOBHOCTI KOMITUIAIIT Ta 301pKH OKPEMHX MOJIYJIB.
lonoBHOIO BHMOrOI A0 JiarpaMd  KOMIIOHEHTIB —
CTaH/JapPTHO BHCYHYTO — BIJCYTHICTh LMKIIB, TOOTO
MOCTITOBHICTh KOMIIOHCHTIB MOBHHHA OYTH YiTKOIO Ta
mpo3oporo. IIporpamict mparfoe i3 KOMIOHEHTaMH, SKi
MOXYTB OyTH HOMY JOCSDKHI — Y 3BOPOTHOMY TTOPSAKY.

CrnpoekToBaHa  JiarpamMa  KOMITOHEHTIB 113
mpuBeieHa Ha puc. 7. Po3risiHemMo aeranpHime 11 cKia.

cmp AKM

«interface»
Interface UMP

Help index .
A

gid

Driver Port

iHTepgeiicy
|
|

«executable» 3:]
UMP.exe

SApnuk ans D
UMP (Ink) B

ZANA
/ |
/ |
/ |
«abstraction» «abstraction»

/ |
/ |

Options.ini D Graf.htm D

A

VvV

D ®dopma @

mogyns .dfm

ApanBep
npucipoto .ddp

CkomninsoBaHuin
moaynb Delphi .dcu

Dbase resource . 8:]
res

MpoekT 3a
3amoBYeHHAM . dpr

Graf.bmp
Puc. 7. liarpamMa KOMIOHEHTIB
[lepmiuM KOMIIOHEHTOM, 13 SIKHM CHIBIIPALIIOE Takox Bix "/lpaiiBep npuctporo . ddp" 3anexatsb

nporpamict € 3aci6 imentudikauii (artifact) ab6o sipnuk
BUKIUKY "Apmuk ms UMP . Ink", mo mpukpimieHo mo
BHKOHaBUoro ¢ainy (executable) "UMP exe", 1o
3alycKa€ HOBHHM MPOEKT, depe3 BIAKPUTHA KOMIIOHEHT
iHTepdeiicy (exposed interface) "Buanmicts inTepdeiicy".

Lle#i KOMHOHEHT CIIy’KUTh BXOJOM JO CaMOro
inTepdeiicy "Interface UMP", mo MicTUTh TOPTH
nonomoru (Porthelp) Ta npaiieepy (Port Driver). o
mopty nmomomoru (Port help) migkiroueHO KOHTEKCTHY
normomory (document artifact) "Helpindex . gid", sxa
Moke OyTH ONIIfHO BHKIMKaHa KOPUCTYBAa4eM IIpH
BUHHUKAHHI CKJagHOI cHTyarii i3 mpoekroMm. Yepe3 mopt
npaiisepa (Port Driver) — migkmogeno o6’ext (artifact),
mo Micrute cremianehi gani — Device Driver Profile
"IpaitBep mpuctporo . ddp". Bim mporo napaiiBepy i
3J€KHTh BHUIVISA Ta IMIATPUMKA  PO3PIlIyBaJbHOL
3IATHOCTI ychoro inTepdeiicy I13.

kommoneHT (component) dopmu Delphi-moxymns "dopma
Moxmyns . dfm" Ta makerHmit KommoHeHT (packaging
component) CKOMITIJTEOBAHOTO MOYJIS Delphi
"CxomminiboBaHu# Moayib . dcu", IO TaKoX 3aJeKUTh
Big "®opma monmyns . dfm". Takum dYMHOM, TaKETHUI
komrioHeHT "CkomminboBaHuit Moxynb . dcu" Mae
MOJIBIHHY BIOPSAKOBaHICTH (puc. 7).

[MakeTHuii koMrmoHEeHT "CKOMITITBOBAaHHA MOIYIb .
dcu" BHCTYnae ToOBHMM ISl LIIOT HU3KKM KOMIIOHEHTIB,
a caMe JIs:

- BUKOHaBUoro ¢aitmy (executable) "UMP . exe",
SIKMI OIMCAHO BHIIIC;
- cmyOoBoro  mpotokony — (document  artifact)

"Indopmanis craHy", o0 MICTHTh TEXHIYHY iH(OpMAIio
I110/10 HOTOYHOI'O Ta OCTAHHBOT'O CTaHY MPOEKTY;

- 00’exty (object) "IIpoekT 3a 3amoBueHHsM . dpr",
SIKAH 3aBaHTa)XKYETHCS y BUIIISAL IIA0JIOHY ITPH CTBOPEHHI




ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2019. No. 2 (8)

HOBOTO TIPOEKTY Ta AKHH (TIPH HEOOXiTHOCTI) MOXe OyTH
3MIHEHO Ta JOMMOBHEHO.

KoMmrmoneHT (component) HaKONMYyBaJIbHOI 0a3u
manux "Dbase resource . res" Mae TOABiiHY
BIIOPSIIKOBAHICTh Ta KOMITUIIOETHCS KOXKHOTO paszy IpH
nonaBaHHI abo 3MiHI iHpopmamii y cioykO00BOMY
nporokoni (document artifact) "ladopmanis crany" Ta
00’exTy (object) "IIpoekT 3a 3amoBueHHsM . dpr".

n

BukonaBunit Qaiin (executable) "UMP . exe" €
TOJIOBHUM IS
-3aco0y imenTtudikamii (artifact) abo spimka

BHKJIHKY " SIpmuk i spu . Ink", mo onmcaHo BUIIE;

- ciy)0oBoro mportokoiry (document artifact) ommii
Ta mapametpiB [I3 "Options . ini", o0 MICTHTh TEXHIYHY
iH(pOpMAIIi}0 100 OCTAHHHOTO T'€OMETPHUYHOTO PO3MIpY
(hopMH MPOEKTY, BCTAHOBIICHOT KOPUCTYBAUEM;

OpaysepHa ctopinka (Web-document artifact) "Graf . htm"
dbopmye (peamizye) camo rpadiune 300paxkeHHS (Object)
"Graf . bmp" y BuUrIsami camocTiHHOTO (aBTOHOMHOTO)
bmp-paiiny, o Moxe 6yTu sik 36epexeHo (HaAPYKOBAHO,
BIZNPABJIEHO TOIO), TaK 1 BiApe1aroBaHo.

[Mpuaomy, ciyx60Buii nporokon (document artifact)
"Options . ini" Ta Gpay3epHa cropinka (Web-document
artifact) "Graf htm" BnopsinkoBaHi aOCTpakTHUMHU
(abstraction) 3anesxHocTsamu (dependency), 1110 03HAYAIOThH
CTBOPCHHS HUX CaMUX, SIK CYTHOCTEH, TIJIBKH 3a TOTpeOH
KOpHCTyBada Ta i3 HEOAMIHHOIO HOro y4acTio (BHECCHHS
3MiH pO3Mipy, KOMaHIu OpyKy 9u Web-KoHBepTallii.

ExpanHi 3HIMKH  CIIPOCKTOBAHHUX  MEPEKEBHX
rpadikiB TUITAHYBaHHS PEIHKHUHIPUHTY TPOTPaMHOTO
3a0e3MeUeHHs 13 PO3paxyHKAMH KPUTHYHOIO MUIAXY 3a
JIOTIOMOT'0K0  PO3pOOJICHOT0  MPOrpaMHOro  3aco0y

- 6paysepnoi cropinku (Web-document artifact) waBeneni Ha puc. 8 (s Bunanky "BepiinHH-pO6OTH") T
"Graf . htm", sika BimoOpaxye ocraTouHy cdopmoBaHy Ha puc. 9 (A BUNAIKy "BepUIMHH-NOAIT").
TOIOJIOTiI0  po3MillleHHs 3amad  Ha MI';  npudomy

¥ Pennmunupunr M0.csv - Velykodniy g@JEl

Tarin Bua Pacuer

12 |30
4-9
v 18
13 [ 13
57
[ ElE! 34 34 \‘“\~\3§ ERES EE 4[4 4[4 a6 [4n
78 — 89 — 910 1011 [ 112 1213 ¥ 1314
[z 35 o 2 Jo 35 o 4 Jo 2 [ 1 Jo 0 Jo

12 [32
410
E

B

3-12
0 [18

Puc. 8. Mepexesuii rpadik y BUrIsiAi "BepIIMHH-POOOTH" i3 pO3paxOBaHUM KPUTHYHHUM LIIIXOM

# Pennmmuupunr N0.csv - Velykodniy

Dakin Bra  PacusT

Puc. 9. Mepexesnii rpadik y BUMIAA1 "BepIIMHA-TIONIT" 13 pO3pax0oBaHUM KPHUTHYHHUM IIIIXOM

OOroBopeHHs

ITpn anamni3i Ta 0OroBOpPeHHI pe3yNbTaTiB MPOEKTY,
CHUCTEMHUMH apXiTeKTopaMH OyJI0 BHCIOBJIEHO 0araro
IyMOK mmomo 3aco0iB  peamizamii I13. Ili  mymxum
CTOCYBAJIMICSI TEXHOJIOTiIH Ta MOBH peaii3alii, KiJIbKOCTi
3aiTHIX KOAYBAJIBHHUKIB Ta TECTYBAIBHHUKIB TOIIO, IPOTE
Bce IIe CKIAJ0BiI BXe HOBoOro eramy peanizarii [13. Ha
TEMepilIHbOMY eTalli, He3alle)KHO BiJ 0OpaHuX 3aco0iB,
MOB Ta TeXHOJOTiH kKoxyBaHHs 13, fioro apxiTekTypa Bxke

€ PO3po0NIeHOI0 Ta TOTOBOK. [Ipum o0OpaHHI MOBH
MpoTpaMyBaHHA, 3HaT0ONTHCS TUTBKH mepepodka JJKM.

BucHOBKM Ta nepcrneKTHBH NOJAJIBIIOr0 PO3BUTKY

Crnix 3a3HaYMTH, IO XO4Ya Yy CYYacCHHUX IUIATHUX
CHemiai30BaHUX  MMaKeTaXx KOMI'IOTEPHHX  TPOorpam
IUTaHYBaHHS Ta ONIEPATHBHOTO YIPABIiHHSA, B OCHOBHOMY,
BHKOPHUCTOBYEThCST THUI TpadikiB "BepmuHU-poOOTH" —
crBopernii [13 3maTeH mpamoBatH 3 yciMa THIIAMHU
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MepexeBuX TpadikiB i3 MOXIHBOCTAMH iX BceOIYHOT
Tpanchopmarii.

PesynbTaTroM CcTaTTi € TPOCKTI pillleHHS, IO
3alpOINOHOBAaHI aBTOPAMHU. 3MICT MPOCKTHOI YaCTHHU
BHU3HAYAETHCS, IMO-TMEepIie, CHenu(iKow IUIaHyBaHHS
PEIHKHMHIPUHTY ~ NPOTPaMHHMX  IIPOEKTIB,  MO-APYTe,
OCOOJMBOCTSIMH KOHKPETHHX TEXHIYHHX MPOIMO3UINH 10
MIPOEKTY, IO MiATAETHCS YIPABIIHHIO.

YV mopaHiii cTaTTi CIOpPOEKTOBaHA apXiTeKTypa
(mpoexTHW#  "kapkac") mporpamMHOTO  3aco0y A
VIpPaBIiHHA MEPEKECBUM IUIAHYBaHHSAM PEIHKHHIPHHTY
MPOTPAMHOTO TIPOCKTY. ApXiTekTypa po3pobieHa y
BHIJISITI JACKIIBKOX JiarpaM pi3HOT MPUPOIH, BUKOHAHUX
i3 porpumaHHsaM Hotarii UML 2.5 i3 BHKOpPHCTaHHSIM
CASE-inctpymenrapito  Enterprise  Architect 14. B
OCHOBY pO3pOOKM 3aKJaficHi METOIU MEPEKEBOIo
ranyBanHsi 3a merojonorito PERT Ta BukopucraHHs

nmapaMeTpiB IJIaHYBaHHA OyAyeTbCcsl 3a JaHWUMH, IO
OTpYMaHi 3a METOJIOM fmiarpaM ['aHTa, K 0OJIIKOBOTO IS
3MIHCHEHHS YIIPaBIiHHS MPOTPAMHUMH MTPOSKTAMH.

[MepciextiBu cTBOpeHHs nporo II3 momsrarore y
KOJYBaHHI MPOAYKTY JUI1 KIHIEBOTO  Tajy3eBOro
KopuctyBaua ((axiBusg 3 YHOpaBJIiHHA NPOTPaMHHUM
MPOCKTOM), SIKOMY Ba)XKJIUBO 3HATH JIMIIE TOCIIiTOBHICTh
pobiT 3 pEImKUHIPUHTY TIPOTPaMHOi CHCTEMH Ta
TPHUBATICTh KOXHOI 13 CTafiif, i HE Ma€e OCOOIUBOrO
3HAYEHHS, SKUM crocoboM chopmoBanuii rpadik, ToOTO
SIKOTO BiH THITY, OCKUTBKH CaM THII MEPEKEBOTO rpadiky
MOXe OyTH B3a€EMHO MEPEKOHBEPTOBAHHH.

Jlst po6otu 3i ctBopenum I13 6yne ctBopeno IIMK,
y CKJIaJIi sIKOTO Oyzae po3po0JIeHO THCTPYKIIi KOpUCTyBada
i3 3aCTOCYBaHHS HEOOXiTHOTO MIPOrPaMHOTO
3a0e3neyueH s, 110 JONOBHEHI KOMEHTapsIMH, BiIHOCHO
pobotu cripoekroBanoro [13.
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PABPABOTKA APXUTEKTYPBI IPOIT'PAMMHOI'O CPEACTBA VIS
YHPABJIEHUSA CETEBBIM IVTAHUPOBAHUWEM PEMH KUHUPUHI' A
ITPOI'PAMMHOTI'O ITPOEKTA

IIpeameT uccienoBaHus — MPOrPaMMHOE CPEICTBO MOCTPOSHHUS rpaUvecKoil ceTeBOil MOJETM PEMHKWHHPHHrA MPOTrPaMMHOTO
npoekta. Lleab wuccienoBanus — pa3pabOTKa CHCTEMHOW apXUTEKTYphl NPOrPaMMHOIO CPEACTBAa MAJs aBTOMAaTH3UPOBAHHOIO
MPOSKTHPOBAHMS CETEBBIX TPaQUKOB OpraHU3alMy IPOU3BOACTBA 110 PEUHKUHUPHHTY HPOrPAMMHBIX CHCTEM B PaMKax YIpaBICHHS
npoektamu. Hapsigy ¢ nuHeHHbIMH rpadUKaMd ¥ TaONHYHBIMHM pacyeTaMH CETEBbIC METO[bl IUIAHMPOBAHHS HAXOJAT IIMPOKOE
NpUMEHEHHE MPU pa3pabOTKe IEPCIeKTHBHBIX IUIAHOB M MOJEJCil CO3MaHUs CIOXKHBIX MPOM3BOJCTBEHHBIX CHCTEM U JIPYTHX
00BEKTOB JIOITOCPOYHOTO UCIIONB30BaHMS. 3a/1aueii epes Co31aHueM MPOrpaMMHOTO CPEZICTBA SIBISETCS CIOCOOHOCTh paboTaTh CO
BCEMH THIIAMH CETEeBBIX I'paUKOB ¢ BO3MOXKHOCTSMH HX BCECTOpOHHEH TpaHchopmaunuu. MeToabl. B ocHOBY cTaThu 3ajoeHa
MeTozbl cereBoro ranupoBanus o merogonorud PERT (Program (Project) Evaluation and Review Technique), ucrons3oBanne
3JIEMEHTOB TeopHH Ipad)oB U MeToa quarpamMm ['aHTa, KaK yU4eTHOTO JUTsl OCYILECTBIICHUSI YIIpaBJIeHHs poekTaMu. MozennpoBaHue
CHCTeMHOH apXHUTEKTYpbl MPOrpaMMHOT0 obecriedeHus BhIMojHsAeTcs B pamkax merogosnornd UML (Unified Modeling Language)
2.5 ¢ wucnoms3oBanueM CASE-unctpymenrapus Enterprise Architect 14. PesyabTtaThl. B crathe pazpaboTaHo mporpamMMHOE
CPENCTBO MJIsS YNPABICHHS CETEBBIM IUIAHUPOBAHMEM PEHHXMHUPHHTA HPOrPaMMHOIO MPOEKTa. BBIBOABL. ApPXHUTEKTypa
pa3paboTaHa B BH/E HECKOJBKHX CTPYKTYPHBIX M IOBEICHYECKHX AMAarpaMM, a UMEHHO: JuarpaMMma BapHaHTOB HCIIOJNB30BaHMS,
WUTIOCTPUPYIOIas aHAMTHKY JeTajlbHOE MpEJCTaBIeHUs 00 00JacTH NPUMEHEHHs MHPOrpaMMHOTO CPEACTBA; JHarpaMma
HOCJICZIOBATENILHOCTH, NpeIHa3HauCHHAs JUTsl (JOPMHUPOBAHUS TIPECTAaBICHHS MPOTPAMMUCTA O HOPSAKE BBIOIHEHUS ISHCTBUI TIpH
pabote ¢ OyayumM NpPOrpaMMHBIM CPEACTBOM; OHarpaMma COCTOSIHHM, HEOOXOoAuMas Ul HAarjsiIHOTO MPEICTABICHUS TeX
COCTOSIHUH, B KOTOPBIX HPOTPaMMHOE CpPEICTBO MOXKET HAXOAWUTbCA B pPa3Hble MOMEHTHl BPEMEHHM; [MarpaMma KIaccos,
UCHOJIB3YIOIIAsICS Ul HPOSKTHPOBAHUS OCHOBHOIO (hOPMOBOIO HAINOJHEHUS OyAyIIero HpOrpaMMHOIO CPEACTBA; Juarpamma
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KOMIIOHEHTOB, NpeIHa3Ha4deHHas JUIl M3YYCHHS COCTaBa KOMIIOHEHTOB OyAyHIero IIPOrpaMMHOTO CpEICTBA W yKa3aHUS
TIOCJIEIOBATEIFHOCTH KOMIMIIIIMA U COOPKM OTAGNBHBIX Moxayiel. UncieHHas ¥ BpeMeHHas OLEHKa MapaMeTpOB IUIAHWPOBAHMS
CTPOUTCS 10 TAaHHBIM, ITOJyYeHHBIE N3 IIPOSKTHBIX quarpamm ['anra.

KnioueBble ciioBa: ynpasieHue NPOEKTOM; rpad; ceTeBoil rpaduk; mporpaMMHoOe cpeacTBo; penHxuHupuHr; CASE-cpenctso;
UML-guarpamma.

ARCHITECTURE DEVELOPMENT OF SOFTWARE FOR MANAGING NETWORK
PLANNING OF SOFTWARE PROJECT REENGINEERING

Subject of the research is a software tool for construction of graphic network model of reengineering the software project. Purpose of
the research is the development of technical architecture of software tool for automated design of network schedules for organization
of production the software systems reengineering within the framework of project management. Along with the linear charts and table
calculations, network planning methods are extensively used in the development of long-term plans and models for the creation of
complex production systems and other objects of the long-term use. The task before creating a software tool is the ability to work
with all types of network charts with the possibilities of their comprehensive transformation. Methods. The article is based on the
methods of network planning for the PERT (Program Evaluation and Review Technique) methodology, the use of elements of graph
theory and the Gantt chart method as an accounting method for project management. Simulation of the system software architecture is
carried out within the UML (Unified Modeling Language) 2.5 methodology using the CASE toolkit Enterprise Architect 14. Results.
The software architecture for managing network planning of software project reengineering is designed in the article. Conclusions.
The architecture is developed in the form of several structural and behavioral diagrams, namely: use case diagram, which provides an
analyst with a detailed idea of the software field of application; sequence diagram that is designed to create a programmer's
imagination on how to perform actions when working with a future program tool; state chart diagram that is required for a visual
representation of those states in which the software can be at different times; class diagrams that are used to design the main form
filling of the future software; component diagram that is designed to examine the composition of the components of the future
software and indicate the sequence of compilation and assembly of individual modules. The numerical and temporal estimation of the
planning parameters is based on the data obtained from the Gantt design charts.
Keywords: project management; graph; network schedule; software; reengineering; CASE-tool; UML-diagram.

bionioepaghiuni onucu / Bibliographic descriptions

Bemukonumit C. C., Bypnauenko XK. B., 3aiineBa-Benmkogna C. C. Po3poOka apXiTeKTypd NpOTrpaMHOrO 3acoly st
YIpPaBIiHHA MEpPEe)KEBUM IUIAHYBAaHHSAM DEIHKHHIPUHTY HporpaMHOro mnpoekty. Cyuwachuil cmaHn HayKogux Oocniodcenb ma
mexnonoziti 6 npomucnosocmi. 2019. Ne 2 (8). C. 25-35. DOI: https://doi.org/10.30837/2522-9818.2019.8.025.

Velykodniy, S., Burlachenko, Zh., Zaitseva-Velykodna, S. (2019), "Architecture development of software for managing

network planning of software project reengineering”, Innovative Technologies and Scientific Solutions for Industries, No. 2 (8), P. 25~
35. DOI: https://doi.org/10.30837/2522-9818.2019.8.025.




ISSN 2522-9818 (print)

ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2019. No. 2 (8)

YJIK 004.7 DOI: https://doi.org/10.30837/2522-9818.2019.8.036

C. 10. 'ABPWIEHKO

CUHTE3 IJTEHTU®IKALIHHUX BUMIPIB B KOMIT'FOTEPHII CUCTEMI
KPUTUYHOI'O IIPU3HAYEHHA

IIpeqMeToM IOCHIIKEHHS € METOIU Ta 3aco0u imeHTHdIKalil CTaHy KOMII'IOTEPHOI CHCTEMH KPUTHYHOTO Mpu3HaueHHsI. MeTolo
JTaHOT CTaTTi € MPOBEACHHs aHaji3y Ta po3pOOKM 3arajbHOI CXEMH CHHTE3y iIeHTH(]IKaLifHUX BUMIpIB B cHUcTeMi igeHTH]ikamii
CTaHy KOMIT'IOTEpHOI CHCTEeMU KPUTUYHOTO NPU3HAYCHHA. Y CTAaTTi BUpillIeHI HACTYMNHI 3aBAaHHs. [IpoaHanizoBaHo MeToau Binbopy
iHpOPMATHUBHUX TMOKA3HHKIB iAeHTU(]IKAIil CTaHy Ta METOOM CHHTE3y iAeHTHU(IKAaLifiHUX BHUMIpPIB B KOMII'IOTEpHii cucTeMi
KPUTHYHOTO IIPH3HAUCHHS. Y Ppe3yJbTaTi IPOBEICHOrO aHalidy C(QOpMYI-OBAaHO OCHOBHI ONTHMI3alilHI 3amadi Ta HaBeAEHO
MIPUKJIAJ] MOXIIMBOTO BHUKOPHCTAHHS BiJOMOTO MaTeMaTHYHOTO arapary IpH iX BupimieHHi. [Ipy po3B’s3aHHI OCTAaBICHNX 3aBIaHb
OyIl BUKOPHCTaHI MeTOAM O0araTOKpPHTEpiaJbHOTO OLIHIOBAHHS, IVCKPUMIHAHTHOTO Ta KIACTEpHOTO AaHaNi3y, MaTeMaTHYHOI
CTaTHCTHKM Ta KOMIIapaTopHui minxix. OtpumaHi pe3yabTaTu. I[IpoBeneHi IOCHi/UKEHHS IOKa3aid, IO 3arajbHa CcXema
ineHTHdiKail CTaHy KOMIT'IOTEPHOI CHCTEeMH KPUTHYHOTO MPH3HAYCHHs MOBHHHA BKIIOYATH METOAM ineHTHGikauii aHOMamiid Ta
METOAHU ieHThdiKamii 370BXKUBaHb, a 3aBIaHHS iJeHTU(IKaNii aHOMAaTii B Hill MOBHHHO OyTH BHPIMICHO B yMOBaX AY)K€ CKIaTHUX
0oOMeKeHb Ha JIOCTOBIPHICTH pe3yNbTaTiB ieHTH(IKALil, IPUIOMY ONEPATHBHICTh BUPILNICHHS LBOTO 3aBJAaHHA HE MOBHHHO OyTH
ripie BCTAHOBJICHHUX KEPIBHUMH [OKYMEHTaMH BUMOT. B pe3ynbTaTi CHHTE30BaHO 3arajibHy cxeMmy imeHTH(ikamii cTaHy
KOMIT'FOTEPHOI CHCTEMH KPUTHYHOTO 3aCTOCYBAaHHS, IO BIIPI3HAETHCS BiJ BIIOMUX KOMIUIEKCHUM BHKOPHUCTaHHSM BJIOCKOHAJEHHX
MeToJiB imeHTHdIKaIil, Ta IX aJanTamiclo 10 MOXKJIMBUX 3MiH BXIIHHX JAaHHX; €KCIIEPUMEHTAIBHUM IULIXOM BU3HAYEHO MHOXKUHY
MOXKJIMBUX BXIJHHX ITOKa3HHKIB JUIs iNeHTH(DIKaLii CTaHy; MPOBEJCHO MOPIBHUIBHUH aHai3 METO/IB ineHTH(IKaLil cTaHy; OTpUMaHi
rpadikn yacy imeHtHdikamii 37J0BKHBaHb y KOMIT'IOTEPHIH CHCTEMI KPUTHYHOTO HpPHU3HAYEHHS B 3aJIEXKHOCTI Bl KUTBKOCTI
peecTpoBaHUX JaHUX. BHCHOBOK: KOMIUIEKCHE BUKOPUCTAHHSA METOIB ieHTH(IKaIil aHOMATiH 103BOMMWIO 10 1,9 pa3iB migBHIUTH
JIOCTOBIPHICTh iJeHTU(]iKaLii, a KOMIUIEKCHE BHKOPHUCTAaHHSI METOMIB imeHTH(IKalii 3I0BXHBaHb B KOMII IOTEPHUX CHCTEMax
KPUTUYHOTO 3aCTOCYBAHHS TO3BOJIMIIO MiABHIIUTH ONIEPATUBHICTE ieHTH(IKAIIIT 10 2 pasiB.

KuarouoBi ciaoBa: ineHTudikamis cTaHy; KOMITIOTEPHA CHCTEMa KPUTHYHOTO 3aCTOCYBAaHHS; iACHTHU(IKamiiHI BHUMIpH;
ineHTU ]Ikl 37I0B)KUBaHb.

AnaniTHaHui METOJT nepeadayvae OTpUMaHHS
MaTeMaTHYHOTO ONHUCY O0O0'€ekTa HAa OCHOBI 3aKOHIB
¢bi3uku, Mexanikd, Ximil Tomo. Takuil migxing gae
MO3UTHUBHUI pPE3yJbTaT, SKIO JaHUH OO0'€KT JOCUTH
NPOCTHI 3a CTPYKTYpOlo 1 n00pe BuBUeHHH. SIkiio x
00'€KT BHUBYEHHH HEJNOCTATHLO ab0 K HACTIIBKH
CKJAJHUM, [0 aHAJITHYHHN OIIMC MOro MaTeMaTUYHOIO

Beryn

B xoni imenTH(iKamii cTaHy KOMIT IOTEPHUX CHCTEM
kpurngHoro npusHadeHHs (KCKII) ogauM i3 akTyambHHUX
3aBJIaHb 3aJIUIIAETHCS CHHTE3 pe3yJbTaTiB
inenTudikamiiinux Bumipis. [Ipu BupileHHi Ta peanizauii
LUBOr0  3aBAaHHS  JOCHITHMKMA  3YyCTpidaroThecs  3i

CKJIQJIHOCTSIMM OKPEMHMX 4YaCTKOBUX 3ajlau, HarpHKIa,
BU3HAYCHHS HaWOUIbII 1HQOPMATHBHUX METPUK Ta iX
paHXXyBaHHS, BH3HAUYEHHS KpUTEpiiB  ineHTUdiKaIil,
onTuMizalii 3a MHOXHHAMHU (DYHKIIOHAJIBHUX 1 BAPTICHUX
MMOKAa3HWKIB TOIIO. PimreHHs mMX 3amad mnepexbadae
Oe3mocepeHiA PO3TIAA 3MICTY PO3POOJICHOT CHCTEMH
ineatudikamii crany KCKII. [Jlns mporo HeoOXimHO
BUKOPHCTOBYBAaTH CYKYIHICTb MOJENed, MEeTOdiB Ta
3aco0iB imeHtudikauii, sxi omucani y [1-3]. Cuin
BiJI3HAYUTH, 1o METOIH peauizarii GyHKIIH
imeHTHdiKkalii cTaHy, IO HaBeAeHI B IHMX po0OoTax, a
TaKOX BXiJHI JaHi Ta OOMEXEHHS, CYTTEBO 3BYXKYIOTh
mepesik  TeXHOJOTiH imeHTugikarii, mo J03BOJAIOTH
eekTHBHO BHpIllyBaTH IMOCTaBlIeHI 3aBaaHHA. OTxe,
Npe/IMETOM  JIOCHTI/DKEHHS € METOAM Ta  3acodu
imeHTHdiKarii cTaHy KOMIT FOTEPHOI CHCTEMH KPUTHIHOTO
MPU3HAYCHHSI.

AHaJni3 ocTaHHiX JocaiTKeHb i mydJaikaniii

IIpoBenenuii anami3 miteparypu [1-15] mokasas, 1o
Ha JaHWH 9ac iCHye 0arato miJxoiB MIOAO iNeHTU(IKAIT
TEXHIYHHX cHCTeM. Tak, Hampukian, B poborax [l, 7]
HaBEJICHO psif MoJele ineHTudikamii TEXHIYHIX CUCTEM,
OCHOBaHHMX Ha AHAJNITHYHOMY, CKCIICPUMEHTAILHOMY Ta
aHAII THYHO-CKCIICPUMCHTAIEHOMY METO/1aX.

MOJICJUTIO TMPAaKTUYHO HEMOJXJIMBHUM, TO BIAIOTHCS [0
eKCIIEPUMEHTAIbHUX METOJIB, CYTh SIKMX 3BOAUTHCS [0
CTaTUCTHYHOI 00poOIi TEeXHOJOTiYHMX MJaHuX. llpu
eKCIIepUMEHTAIbHO-aHAIITUYHOMY ~ METOJi  ampiopHa
MO/IeTIb, OTPHMAaHA AHATITHYHAM IIIIXOM, YTOUHSIETHCS Yy
BiJINIOBITHUX €KCIIEPHUMEHTAX.

Cnig 3ayBaXUTH IO Yy OUIBIIOCTI HaBEJACHHUX
pobiT 32 OCHOBY  MareMaTtudHoi  Qopmaizarii
NPOTIOHYEThCsl OOpaHHs cUcTeM TU(epeHIiHHIX PiBHIHbD

pi3HOro piBHS ckinagHocTi. Haxanb, 1 3aranbHa
kmacudikaimisi Ta MOJEN He JaloTh MOXIIHMBOCTI
BpaxyBaHHS Oaratbox  (akTOpiB, SIK  HEIITaTHUX

curyauiii ¢ynkuionyBanuss KCKII Ttak 1 30BHimHIX
BIUIMBIB. Aje BHOIp CTPYKTypH MOJENi IOBHHEH
JUKTYBaTUCS SK YMOBaMM peaiizallii, Tak i BHMOTOIO
aJIEKBaTHOCTI.

B pobGorax [8, 9] 3pobnena cmpoba ycyHEHHS
BKa3aHMX HeAOJNiKiB. B mmx poborax BkazaHO, @m0 B
YMOBax anpiopHOi HEBM3HAYEHOCTI IHTYIWIS € OMAHIEIO 3
CKJIQIOBHX TIPOLECY MPHUHHSTTS PIllIEHHS PO CTPYKTYPY
Mozemi. Ilpu 1poMy Ha Tepmuii IUIaH BUXOIWTH aHANI3
JIAHUX 3 METOH OTPUMAaHHS JOJATKOBHX CTPYKTYPHHX
BIIACTUBOCTEH JaHMUX, IO BiMOOpaKarOTh Ti YW iHIII
XapakTepHi pucH cUcTeMH. B 1ux poGoTax MpoOMOHY€ETHCS
HarpsM, 110 JJO3BOJISIE OTPUMATH J0ATKOBY iH(opManito
po CTPYKTYpy o0'exta (iH(popMaLiiiHWi NOpTpeT), M0
3aJjaHa B IpocTopi "BXia-BuXifn'".

© C. 0. I'aBpunenko, 2019
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JlyKe CX0XKHH K BUIIIEBKA3aHOMY ITiJIXiJ ONTUCaHUH B
poborax [4, 7]. B HHX MareMaTH4Hy IHTEPIpPETAIiIO
Tporecy (YHKITIOHYBaHHS TEXHIYHOT CHCTEMU
OB ’S3YIOTh 3 TMOHATTSAM (YHKIIOHATBHOTO CTaHy. Y
MareMaTuuHii ¢opMi I1g IHTEpHpeTalis Moxe OyTH
3amucaHa B Takomy Burisini: R Q, ne Q — BigHOIIEHHS

€KBIBaJECHTHOCTI, BU3HAYE€HE HA MHOJKMHI CTaHIB MOJEI
TakKMM YHHOM, 00 MHOXXHMHA MWOro KJIaciB Ha Iii
MHOXHMHI B3a€MHO-OJHO3HAYHO BIAIOBINAIO MHOXHHI
iMeH mijmed B ympaBimiHHI 00'ekTom. Bcei Mopemi, mio
3aJI0BOJILHSIOTH JIaHi yMOBi, MOXYTh OYTH BHKOPHCTaHI
JUIS  BHPINICHHS 3aBAaHb CHTYAIIHHOTO  YIPaBIiHHI
MOBEAIHKOI0 O0'eKTIB B TPOCTOpi iXHIX CTaTKiB.
B mux pobotax BU3HAETHCS, MO (QYHKIIOHAIBHUNA CTaH —
me arpudyT JETCPMIHOBAHOI  MOJENI  KEPOBaHHX
3MiH B mpouecax (YHKI[IOHYBaHHs TEXHIYHOTro 00'eKTa,
KOTpUM:

a) XapaKTepU3y€e B MOJIENI CTIHKY 1 pIBHOBaXKHY (ha3y
WX TIPOIECIB IIOAO 3aJaHOi IiAMHOXWHH BILIUBIB
30BHIIIHBOTO CEpPEeNOBHINA I OOpaHOTO iHTEpBaIy dYacy
icHyBaHHS 00'eKTa;

0) Mae yHIKaJbHE iM'sI, CCMAaHTHIHY 1HTEPIPETAIIIO i

ineHTH(]IKyeTbCS Yy  3HAYCHHAX  IMapaMeTpiB  IUX
MPOIIECiB, 3HAHHSA SKUX 1 HANalOThCA HA OO0'€KT, SKUM
YIPaBJISAIOTh.

Haxanb, Bka3zaHMH mnepesik HAYKOBHX JOCIIIKEHb
TaKOXX Ma€ MeBHI 00MEKECHHS BUKOPUCTAHHS, 110 CYTTEBO
yexiagHioe ix 3actocyBaHHs B KCKII. Hampuxnan, npu
moOyaoBi  iHGOPMAI[ifHKX MOPTPETIB HEMAae YiTKUX
MpaBUJI OOpaHHS iHPOPMALIHHIX IMOKA3HUKIB, iX Tpamarii
Ta PEeKOMEHJAIIN MPHU BHUKOPHCTaHHI Pi3HUMHU METOIAMHU
ineHTudikarmii cranis. [Ipu popmyBaHHI QyHKIIOHATEHUX
CTaHiB Ta BIJNOBIAHOMY MaTEMaTHYHOMY OIHCY IIOTO
MAXO0My  HE  BPaxOBYIOTbCS  3QJIEKHOCTI  3MiH
(YHKIIOHATBPHUX  CTaHIB  BiJ BIONOBITHHX MPaBUI
NPUIHATTS PillIeHb Ta iH.

AHaji3 JliTepaTypu Ta TPOBEICHI JTOCIIIHKECHHS
[oKa3alid, 10 OJHUM 3 HAWOUIbIN e(pEKTHBHUX MIiIAXOIB
cuHTedy MeroniB inentudikanii crany KCK3 wmoxe
Oyt  KoMmmaparopHuil — migxig. JlaHa ~— TEXHOJIOTis
pEeTEenbHO JOCHiPKeHa Ta ommcaHa B poborax [1, 7].
Tak B pobGori [7] BH3HAYeHO, TMIO OJHIEIO 3
MEpIIOYepPTOBUX 3a/ad BBAXKAEThCS 3a7ada CHHTE3Y
Mozenel I CKasIpHOTO  0araTOKPHUTEPiabHOTO
ouiHIOBaHHS BapiaHTiB. [Ipy 1BOMY NpONOHY€ETHCS
aBTOMAaTH4YHE OI[IHIOBaHHA Ta BHOIp pillleHb 3a
MHOXKHHOIO YaCTKOBHMX KPHUTEpIiB 3 BUKOPHUCTAHHIM
MeTooJorii KomMmapaTopHoi imeHTHikamii mepesar
eKcriepTaMu. AJjie TpW BUPINIEHHI OCHOBHOTO 3aBJaHHS
HAWBaXXJIMBILIOIO 3a[a4Yel0 CTa€ BH3HAYCHHS METPHKH

UIs  iX  pamXKyBaHHsS. METOJOIOTIYHOK  OCHOBOO
JUIT TIOOYIOBH METPHKH IPONOHYETHCS BUKOPUCTAHHS
Teopii kopucHOCcTi [9], BiAmoBimHO g0 AKOT A
KO)KHOTO 3 DpIMICHh 3 JONYCTHMOI MHOXHHH X
MOXXe OYTH BU3HAUCHO 3HAYCHHA WOTO 3arajbHOl
KOPHUCHOCTI  (I[IHHOCTI) P(q,X), e (— BEKTOp

napameTpiB (yHKII.
BusHaueHHs MeTpUKH P(q,x) JUIL  paH)KyBaHHS

pIllIeHb 3 MHOKHHA X € X JIONMYCTHMHUX PIllICHb ITOJIATAE
B po3B’si3aHHI 3anaui igeHTHdikanii mnepesar ocodwu,

o TpuiiMae pilmeHHs, 1 mepemdadae po3B’s3aHHA
mig3amad CTPYKTYpHOTO Ta TApPaMETPUYHOTO CHHTE3Y
¢byHKIIT 3araibHOT KOPUCHOCTI P(q,x). VY 3arampHOMY
BHITQJKy Il Trepeadadyae BUOIp KpUTEpiro MOmiOHOCTI,
Habopy iHGOPMATHBHHMX BXIJHHMX JaHUX, CTPYKTYpPH Ta
napameTpiB QYHKIII1, OIIHKY ii TOYHOCTI (aA€KBATHOCTI 70
mepeBar ocoOm, IO NpuiiMae pimeHHs). 3a yMOBH
BU3HAYCHOI CTPYKTYypH Mozeni P (q, X) 3a7a4a 3BOJIUTHCS
0 BHU3HAYCHHA HAWKpamMxX 3HA4YCHb ii IapaMmeTrpiB 3
MHOXHHE gomycTmux (€ Q [1].

Cruin  BiA3HAYMTH, [0 B SKOCTI  KPUTEPIIO
ineHTH(IKaIl, Y 3aJeKHOCTI Bl YMOB (YHKIIOHYBaHHS
KCK3 mnpu pimeHHi 3a7ad MOXXHa BHUKOPHCTOBYBATH

MiHIMyM CYMapHOI, CyMapHO1 KBaJIpaTU4HOI,
MaKCHUMAajabHOI, aOCOJIOTHOI UM BIJHOCHOI THOXUOKH
OLIHKM 3arajJibHOi KOPUCHOCTI, MakCcUMyM (yHKuii

TOYHOCTI BUOOPY ToOIIIO [1].

Sk 3a3HaueHo y [1, 7] Momem GaraToKkpuTepiaTbHOTO
OIlIHIOBaHHSA Ta BHOOPY CHHTE3YIOThCS Ha OCHOBI
aIUTHBHUX, MYJbTHILUTIKATHBHUX a00 3MiMaHUX (QYHKIIH
3arajbHOi ~KOPHUCHOCTI 3 BHKOPHCTAHHSIM  BaroBHX

Gi(x)

YaCTKOBUX KPHTEPIiB ki(X), i=1m [1]. Hpu ubomy

koe(dilieHTiB A, Ta (QYHKUIA KOPUCHOCTI

HaWOUIBII MOUIMPEHO0 (QYHKIIEI0 KOPUCHOCTI YaCTKOBUX
KPHUTEPIiB € QYHKIIISL:

aj

R NV I 7 (1)

Je o, — napaMeTp, 1110 BU3HAaYa€ BUJ 3a1exHoCTi (1).

Sk BkazaHo B [1], HemonikoM (YHKIT KOPUCHOCTI
yacTKOBUX KputepiiB (1) BBaxaerbcs I HE3IATHICTH
peaiizoByBaTH S- Ta Z-TOIOHI 3aJI€XKHOCTI, IO OUIBII
aJIeKBaTHO OIUCYIOTh curyanii BUOOpY
OaraTokpuTepiaJbHUX PIilICHh 3 BUKOPUCTAHHSIM HEUITKOI
MareMmaTuku [9].

3 MeToI BpaxyBaHHS TPYIOBOTO apryMEeHTy Ta
CTPYKTYPHO-TIapaMETPUIHOTO CHHTE3Y Mojenen
0araTOKpUTEPiaJbHOTO OIHIOBaHHA B IHX poOoTax
MPOTIOHYETHCSI BUKOPUCTAHHSA MOZENI Ha OCHOBI ITOJIIHOMY
Koamoropoa-T'abopa [1]:

m

P(a.x)=> %G, (x)+iikijg (X)&; (X)+--,

i=1 i=1l j=1

Jie M — KUTBKICTh YaCTKOBHX KPUTEPIiB;
A;, A;— BaroBi KOeQIiLIEHTH YaCTKOBHX KPHUTEPIiB

I
k; (X) Ta ix 106yTKiB, A; >0, A; >0

¢ (X) — (byHKITiS KOPHUCHOCTI YaCTKOBUX KPUTEPIiB;

Q — BEKTOp MapaMeTpiB MOJEII.

He3Baxkaroun Ha iCHYIOYH IepeBard IbOT0 IMiIXOIy
iTeHTUGIKaii Ta IIUPOKY YBary IO HBOTO cepen
JOCHIIHMKIB, I[I METOAM TaKO)X MAalTh HEIOJIKHU.
IcHye mexinbka IpUYWH, MO YCKIATHIOIOTH BUKOPUCTAHHS
IIFOTO  MATEMaTHYHOTO  amapary TpH  BHpIIEHHI

3aBaanHg  ineHTHdikamii crany KCKII. Hanpuxian,
OJIHI€I0 13 TaKWX MPUYMH € (PIKCOBAHICTh CTPYKTYpH
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ONOPHUX TIOJIHOMIB, sSIKa OOYMOBIIIOE HACTYIHHUIH
(dakT: B mporeci camoopraHizamii OMUCy NPUHITUTIOBO
BIICYTHSI MOJKJIUBICTh CHHTE3Yy JOBIJHHOTO TOJIiIHOMA
Komnmoroposa-I'abopa B mpolieci €BOJIOIIIHOTO BiIOOPY,
MOPOIKYIOTBCSL 1 OepyTh y4acTb B KOHKYpPEHLIi TiJIbKH
JIesIKi 3 YCIX MOKJIMBHX TOJIIHOMIB.

®opMy.TI0BaHHS METH CTATTI

OCTaHHIX JOCTIUKeHb 1
nyOmikamid y ~ HampsMi,  SKAH  PO3TJIINAETHCA,
MoKa3zaB, M0 AaKTyaJbHUM € 3aBJaHHSI PO3pPOOKH
METOJIiB Bimbopy HaWOLIBIIT iHQOpMaTHUBHHUX
MTOKa3HUKIB Ta CHHTE3Y Pe3yNbTaTiB ifeHTH(DIKaIiHOTO
BHOOPY a TaKOX ajanTaris bi (o) YMOB
(YHKIIOHYBaHHS 3arallbHOI cxeMH imeHTH(ikamii cTaHy
KCKII.

OTxe METOI JaHOI CTaTTi € MPOBEJCHHS aHaJi3y
Ta PO3po0OKH 3arajbpHOT CXeMH CUHTE3Y
iTCHTUGIKAIITHUX BUMIPIB B CHCTeMi ifeHTU}IKaI]
CTaHy  KOMIT'IOTCPU30BAHOI ~ CHUCTEMH  KPUTHIHOI'O
MIPU3HAYCHHS.

[MpoBenenuit  aHami3

Pe3yabTaTi gociaiikenn

Buxonasuu 3 naHux, oTpuMaHuX y podorax [4—15] ta
y3arajJbHIOIOUN Pe3yIbTaTH MOCIIIHKEHb MOYKHA MPHATH
JI0 BHCHOBKY, IO 3arajbHa cxeMma iJeHTugikarmii
crany KCKII mnoBuHHa BKJIIOYAaTH A0 cebe METOIHu
imeHTHdiKamii aHOMamiii Ta Meroaum imeHTH]IKaIii
3JI0BXKUBaHb.

[IpoBexeHi MOCTIMKEHHS IMOKAa3ald MO 3aBJAHHSI
inentudikanii anmomami B KCKII moBuHHO OyTH
BUPINICHO B yMOBaX JyXK€ CKIAQIHUX OOMEKEHb Ha
JIOCTOBIPHICTh ~ pe3ynbTaTiB  ifeHTUdiKauii, npuIomMy
OTEPATUBHICTh BHUPIIICHHS bOTO 3aBJAHHS HE MOBHHHO
OyTH TipUIMM BCTAQHOBJICHHX KEPIBHUMH JOKYMEHTaMH
BHMOT.

MarematnuHa  (opmaiizailisi  [bOTO  3aBJAHHS
MOJISITa€ y BHUPIMICHHI ONTHMI3aliiHOI 3a1aqi MiHIMI3aIil
n“MoBipHOCTI ToMmiku ineHTudikamnii crany KCKII Ta
BUIJISIAE€ TAKUM YHHOM.

Pm).w - min’ tit) < tdon '

ne P,
KCKIT;
t, —4ac, HeoOXxinHuM Uit ineHTU]IKALi] aHOMAamiH

KCKIT;

— IMOBIpHICTh TOMWJIKHK imeHTH(]iKamii cTaHy

t,,, — JOIMYCTUMHI gac, HEOOXIIHHANI s
imenTudikarmii anomamniit KCKII.

Jexinbka 1HIIIOO BUTJISIIA€ MOCTaHOBKA
ONTHMI3aI[ifHOTO 3aBJJaHHA npu CHHTE31
iTeHTUIKAIIHHIX 3JI0BJKUBaHb. vy 3B’SI3KY 3

JIOCTATHBOIO JTOCTOBIPHICTIO 1HTENEKTYyaJlbHIUX METOIIB
ineHTH(ikaii craHy iCHye HEOOXiAHICTH MiHIMI3amil
Yacy, MPpH BCTAHOBJIICHUX MEXaX WMOBIPHOCTI ITOMHIIKH.

MaremMaTnyHO 1[I0 337ady MOXHa (opmarizyBaTi
HACTYITHAM YHHOM.

ti() - mln’ Pnaw < Pnauaon ’
Ie Provgo, —HOUYCTHMA  HMOBIDHICTH — TOMHIIKH

inenTudikanii crany KCKII.
B minomy 3aranpHy cuctemy imeHTHdikamii cTaHy
KCKII Mo>kHa MPEeICTaBUTH Y BHTJISINI CXEMH, HaBEIEHOT

Ha puc. 1. Ha mifi cxemi HaBeAeHO TaKh MOXKIIHBI
BXifHI JaHi, IO BH3HAYCHI EKCHEPUMECHTAIbHUM
LITIAXOM:

X, — TOKa3HHWK 3aBaHTAXCHHS IECHTPAIBHOTO
poIIecopy;

X, — TOKa3sHMK 3aBaHTA)XCHHSI ONEPATUBHOI
mam’siTi;

X, — IIOKa3HUK KUIBKOCTI OIepaliif 3alucy Ha JUCK;

X, — NOKa3HHK 00’eMy HepemaHuX/OTPUMaHUX
JIAHUX;

X, — KiIBbKICTh OTepaliiif 3YUTyBaHHs 3 JUCKY;

X, — TIOKa3HWK 3aBaHTaXCHHSI IECHTPAIBHOTO
IpoLecopy;

X, — Temneparypa (yHKLIIOHYBaHHS LIEHTPAIbHOTO
IpoLecopy;

V, — MIBUJKICTh ONepamniil 3YUTYBaHHS 3 TUCKY;

V, — MIBUIKICTh I€pefaBaHH/OTPUMAaHHs JaHUX;

V3 ) V4
MIPOrPaMHOTO 3a0€3MeUeHHS;

V, — CUTHaTypH pi3HHX BUJIiB BTOPIHEHb.

CUTHATYpU PI3HUX KJIACIB HIKiJUIMBOTO

Crix 3ayBaXkuTH, IO OCHOBHI HAYKOBI Ta MPAaKTHIHI
pe3ysibTaTH, OTpUMaHi 3a  JIONIOMOTOI0  METOZIB
inenTudikamii crany Ha ocHoBi BDS-tectryBanHS,
MOKa3HHMKa Xepcra, KOHTPOJIbHUX Kapr,
JUCKPUMIHAHTHOTO  Ta  KJIAaCTEPHOro  aHamizy, 3
BUKODHUCTaHHSIM  HelipoHHOi Mepexi, Fuzzi Logic
TEXHOJIOTiT Ta WMOBIPHICHMX aBTOMATIB HaBEIEHO Yy
pobotax [2—10].

KpiMm Toro, y 3B’s13Ky 3 pI3HOI0 XapaKTEPUCTHUKOIO
BUXIZIHUX TapaMeTpiB NpH CHHTe3l ieHTHdIKaIiHHUX
BUMIpiB aHOMalii Ta 3JOBXUBaHb, OO0 €IHAHHA IHX
GyHKIIH B OAHY €IMHY CXeMy Ha MIaHUH dYac He
NPE/CTABISIETBC  MOXJIMBUM. AJle 1 JaHi OKpeMHuXx
inenTudikamniiinux BumipiB crany KCKII, mo orpumani B
cxemax ifeHTH(IKaIii aHOMaJiil Ta 370BXHBaHb, MalOTh
MPaKTUYHY MIHHICTh TPH BH3HAYCHI CTaHy TEXHIYHOI
CHCTEMHU.

BukoprcToByroun maHi Ta pe3yibTaTH IOCIiIKEHb
[2-7] npoBenmeHo mMOPIBHAIBHUE aHAN3 PO3POOIEHUX
MeTONiB ijeHTH(IKaIil aHOMaNii B CXeMi CHHTE3y
inentudikaniitanx BuMmipis KCK3. ITokaznukamu aHamizy
B IbOMY NPHKJIAAlI CTaTH HMOBIPHOCTI XHOHOHETaTHBHOI
ineHTudikanii Ta  WMOBIpHOCTI  XHMOHOIO3UTHBHOI
ineHTHdikamii. Pe3ynbratm TOpIBHSUIBHOTO — aHAJi3y
HaBeJIeHO Ha puc. 2.
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Inentudixauis crany KCK3

X1i o [nentudikamis anomaniii B KCK3
[nentudikaris Ha
—> ocuosi BDS-
TETYBaHH
X2i .
[nentudikanis Ha
——»  OCHOBI [IOKa3HHKA [—
Xepcra
X3i y
—’. [nenTndikamis Ha [ Binb6ip moxa3HukiB > Cunres
&) OCHOBI KOHTPOJIbHIX P (imeHtndikamiitanx ——» ifeHTHQIKAUiHHUX ——P .
—> KapT - BHMIpIB) : BUMIpIB
X5i >
X6 [nenTudikaris Ha X7
. — 1 — > Inentudikanis Ha .
OCHOBI )
. OCHOBI KJTACTEPHOTO
JUCKPUMIHAHTHOTO .
. . ) aHaizy .
—> aHaIzy —>
V1i V2i
V3i [nentudikanis Ha
—»  OCHOBI HEHPOHHOI
Mepexi
Y
Vi [nenTudikaris Ha Binbip moxa3HukiB > Cunres
—»  ocHoBi Fuzzi logic P (imeHtndikamiitanx ——» ifeHTHQIKALiHHUX ———P
TEXHOJIOTI1 BHMIpIiB) : BHUMIpIB
>
V5i Inentudixariis Ha
— 0CHOBI IIMOBIpPHICHOTO —
aBTOMAT .
Y [nentudikanis 3moBxuBanb B KCK3

Puc. 1. 3aranpHa cuctema inentudikanii crany KCKIT
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Puc. 2. Pe3ynpTaTs TOPIBHAIBHOTO aHATI3y METOIB iXeHTH]IKAIII] cTaHy

Ha mpomy pucyHky rpadiku 2,a BiAMOBiZaIOTH
pe3yabratam imeHTHdikamii aHOMamii 3 BUKOPUCTAHHIM
po3pobienoi cxemu, a rpadika 2, 6, B, I, O, € —
pe3yabTataM BUKOHaHHS (yHKII igeHTHdiKamii 3a
nonioMoroto  BDS-tectyBaHHs, TOKa3HHMKa  Xepcra,
KOHTPOJIHUX KapT, AUCKPHMIHAHTHOTO Ta KJIACTEPHOTO
aHaJi3y BIAMOBIIHO, JUIS PEECTPOBAHMX JAHUX PO3MIpOM
3000, 1111, 260.

Sk 0aunMo, KOMIUIEKCHE BHUKOPHCTAHHS METO[IB
inentudikanii anmomaniii KCKII (puc. 1) mo3Bonuth

MIABMIUTA  JOCTOBIPHICTh  igeHTHGIKAIII  (3HU3UTH
fimoBipHicTs P, =~ mommnku) fo 1,9 pasis B mopiBHSAHHI 3

3BICHUMH METO/IaMH,
METOJIIB, aJie OKPEMO.

abo BUKOPUCTAHHSAM THUX IKE
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[IpoBeneHo mNOpIBHAIBHME —aHaii3 po3polieHHx y BUNIAAL TpadikiB yacy igeHTH(IKaii B 3aleXKHOCTI
METOJIB imeHTU(IKAIIi 37TOBXHBaHbR B CXEMi CHHTE3y  BIl  KUIBKOCTI ~ PEECTPOBAHUX  JAHUX  HABEICHO
inentudikamniiinux BumipiB KCK3. Pesynbratm anamizy  Ha puc. 3.
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Puc. 3. I'padiku yacy inenrudikarii 3noxuanb KCK3 B 3a51e:KHOCTI Bijl KUTBKOCTI PEECTPOBAHUX TaHUX

Sk BumHO 3 1muX rpadikiB  KoMmIuiekcHe ~ MeToniB imeHTHdikanii crany KCKII cdopmymbsoBaHO

BHKOPHUCTaHHSI METOMIB imeHTH(IKAIil 3J0BXHBaHb B
KCKII JI03BOJINTH MM ABUIIIATH OTIePATUBHICTH
inenTndikanii (3HMHUTH 9ac t,) 10 2 pa3iB B HOPiBHIHHI
3 3BICHUMHU MeToAaMH (y TOMY YHCJIi 3 BUKOPHCTaHHSIM
HEHPOHHOT MEPEKi).

BucnoBku

OCHOBHI ONTHMIi3aIliliHi 3amadi Ta HaBEICHO MPHUKIA
MOJKJIMBOTO BHUKOPHUCTAHHS 3BICHOIO MaTEeMaTHYHOTO
amapaTy npH ix BupimeHHi. 1le J03BONMIO CHHTE3yBaTH
3araibHy cxemy inentudikanii cramy KCKII, 1o
BiJIPiI3HSETHCS Bif BiIOMHUX KOMILIEKCHUM
BUKOPUCTAHHSAM BJOCKOHAJICHUX METOJIB IACHTU(IKAIT
Ta IX aJanTalico 40 MOXIMBUX 3MIH BXIJHUX JaHHUX.

KomruiekcHe BUKOPHCTaHHS METOAIB ineHTHdiKamil

. . . aHoMamid  go3Bomwio g0 1,9  pasiB  MiABHIIUTH
TakuM 4MHOM, y CTaTTi MPOBENEHO aHali3 METOMIIB . . N
. . .. JIOCTOBIpHICTB imeHTHdiKamii, a KOMIIJIEKCHE
CHHTE3Y imeHTUIKAITHIX BHMIpiB B . C
5 . . BUKOPUCTaHHS METOMIB iICHTU(IKAII] 3JI0BXHBaHb B
KOMII'FOTEPU30BaHIi CHCTEMI KPUTUYHOTO 3aCTOCYBAaHHS. . .
KCKII JI03BOJIUIIO H1IBUIATHA OIEPaTUBHICTh

BusHaueHo OCHOBHI HGpCHGKTI/IBHi HalpsIMKU NOAAJIBIINX

. . . ... 1me”Tudikamii 10 2 pasis.
JOCIiDKeHb. Y pe3yibTari Bu3HAa4YeHO! kiacudikarii A dixawii 10 2 p
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CUHTE3 WJIEHTU®UKAIIMOHHBIX U3MEPEHUI B KOMIIBIOTEPHOI
CUCTEME KPUTHNYECKOI'O HASHAYEHU A

IIpeameTom HcclieOBaHUS SBISIOTCS METOABI M CPEACTBA MICHTU(UKALMH COCTOSHHS KOMIIBIOTEPHOH CHCTEMBI KPHUTHYECKOTO
HasHavyeHus. Lleabl0 MaHHOM cTaThM SABISETCS NMPOBEJCHHME aHAIM3a M Pa3pabOTKH OOIIeH CXeMbl CHHTE3a MACHTH(HKALHMOHHBIX
U3MEPEHHH B CHUCTEME MACHTH(UKAINHM COCTOSHHSA KOMIIBIOTEPHOW CHCTEMbl KPMTHYECKOIO Ha3HAa4eHUs. B craTbe pelieHb
crenytomue 3aga4u. [IpoaHann3npoBaHbl MeTOIBI 0TOOpa MH(OPMATHBHBIX IOKa3aTeNled MICHTH(HKAIUN COCTOSHUS M METOJbI
CHHTE3a HACHTU()UKAIMOHHBIX M3MEPeHMII B KOMIBIOTEPHOW CHCTeMEe KPUTHYECKOTO HaszHa4deHWs. B pesynbrare mpoBeAeHHOTO
aHanm3a c(hOpPMYIHPOBAHBI OCHOBHBIE ONTHMH3AIMOHHBIC 3aJa4yll U IPHBEICH IPUMEP BO3MOXHOTO HCIOJIB30BAHUS M3BECTHOTO
MaTeMaTH4ecKOro armapara IpH WX pelleHnH. [IpM pemeHuH IIOCTAaBIEHHBIX 3aqad OBUIM  HCIIOJIB30BaHBl  METOHBI
MHOTOKPHTEPUATIBHOTO OLICHUBAHUS, JUCKPUMHHAHTHOTO U KJIACTEPHOTO aHaIn3a, MaTeMAaTHYECKOH CTATHCTUKU U KOMIIAPaTOPHBIA
nozaxo/. IlomydeHHble pe3yJbTaThl. IIpOBelCHHBIC HCCIENOBaHHS IOKA3ald, 4TO OOLIas cXeMa HICHTHU(UKALMU COCTOSHUS
KOMITBIOTCPHOH CHCTEMBl KPHTHYECKOTO Ha3HA4YeHMs [OJDKHA BKIIOYATh METOABl HACHTHGHMKALUHM aHOMAJIMHA W  METOABI
UCHTU(UKALMN 310yNOTpeOIeHH i, a 3a1a4a HACHTU(UKALK aHOMaJMil B Heil TOJDKHA OBITh pelleHa B YCIOBHAX OYCHb CIOMKHBIX
OTpaHMYEHHI Ha JOCTOBEPHOCTh PE3yJbTATOB MIACHTH(HKAIMN, IPUYEM OIEPaTUBHOCTH PEIICHUs ITOW 3aJaya He JOJDKHA OBITh
XYK€ YCTaHOBJICHHBIX PYKOBOJISIIMMH JOKyMEHTaMH TpeOoBaHMH. B pesynprare cuHTe3uMpoBaHa 0O0LIas cxeMa HACHTU(QHKAIMU
COCTOSIHMSI KOMIBIOTEPHOM CHCTEMBI KPUTHYECKOTO IPUMEHEHHs, KOTopas OTJIMYaeTcs OT H3BECTHBIX KOMIUIEKCHBIM
HCIIOJIb30BaHIEM YCOBEPUICHCTBOBAHHBIX METOIOB UICHTH()UKAINK U UX aJanTalyeil K BO3MOXKHEIM H3MEHEHHSIM BXOJHBIX JaHHBIX;
9KCHEPUMEHTAIBHBIM ITYyTEM OIIPEEICHO MHOXKECTBO BO3MOXKHBIX BXOJHBIX MOKa3aTeNeH Ul MACHTH(UKALIUE COCTOSHUS; TIPOBE/ICH
CpaBHUTENBHBIN aHAJIU3 METOJO0B MACHTH(GHUKALUKM COCTOSHUS; HOIYYeHbI rpaUKu BPEMEHH MICHTH(GUKALUK 3JI0yNOTpeOICHUH B
KOMITBIOTCPHOH CHCTEME KPUTHYECKOTO HA3HAYCHHs B 3aBUCUMOCTH OT KOJMYECTBA DPErMCTPHPYEMBIX JaHHBIX. BBIBOA:
KOMIIIGKCHOE ~HCIOJIb30BAHME METOJOB HJICHTU(UKAIMK aHOManMii mno3Bomwio B 1,9 pasa MOBBICHTH JOCTOBEPHOCTD
HAeHTU(UKANNY, a KOMIUICKCHOE HCIIOJb30BaHHE METOJOB HACHTH(UKAIMKM 3JI0yNOTpeOIeHHH B KOMIBIOTEPHBIX CHCTEMax
KPUTHYECKOTO MPUMEHEHHS TI03BOJIMIIO TIOBBICUTH ONEPATHBHOCTD HACHTH(HKAIMH JI0 ABYX pa3.

KunioueBbie ci1oBa: MISHTH(OUKAIUS COCTOSHHUS; KOMITBIOTEpHAsl CHCTeMa KPUTHYECKOTO NMPUMEHEHUS; HACHTU()HUKAINOHHEIE
H3MEpeHHsT; HACHTH(HKAIHS 3JI0yTIOTPeOIeHHUI.

SYNTHESIS OF IDENTIFICATION MEASUREMENTS IN THE COMPUTER
SYSTEM OF CRITICAL PURPOSE

The subject of the study is the methods and means for identifying the state of a computer system of critical purpose. The aim of this
article is to conduct an analysis and development of a general scheme for the synthesis of identification measurements in the system
of identification of the state of a computer system of critical purpose. The article solves the following tasks. The methods of selection
of informative indicators of state identification and methods for the synthesis of identification measurements in a computer system of
critical purpose are analyzed. As a result of the analysis, the main optimization problems are formulated and an example of the
possible use of the known mathematical device in their solution is given. When solving the tasks, methods of multi-criteria
evaluation, discriminant and cluster analysis, mathematical statistics and comparative approach were used. Results obtained. Studies
have shown that the general scheme for identifying the state of a computer system of critical purpose should include methods for
identifying abnormalities and methods for identifying abuses. The task of identifying anomalies should be solved under very difficult
constraints on the authenticity of the results of identification, and the efficiency of the solution to this problem should be worse than
the requirements set forth in the guideline documents. As a result, a general scheme for identifying the state of a computer system of
critical purpose that differs by the complex use of advanced identification methods and their adaptation to possible changes in input
data is synthesized. The set of possible input indicators for state identification was experimentally determined. A comparative analysis
of state identification methods was conducted. The timetables for identifying abuses in a computer system of critical purpose,
depending on the number of recorded data were received. Conclusion: the complex use of the methods of identification of anomalies
allowed to increase the authenticity of identification to 1,9 times, and the complex use of methods for identifying abuses in computer
systems of the critical purpose allowed to increase the efficiency of identification up to 2 times.
Keywords: state identification; computer system of critical purpose; identification dimensions; identification of abuses.
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A. B. UIIEHKO

PA3ZPABOTKA MOAYJISI HHTEJJIEKTYAJIBHOM CUCTEMBI OGPABOTKH
OTCKAHUPOBAHHBIX TOKYMEHTOB HA BA3E KOMBUHUPOBAHHOI'O
METOJA CETMEHTALIUU U30BPAKEHUU

IIpeqvMeToM HccIeOBaHUS B CTaThe SIBISAETCS MOAYJIb CErMEHTAINH, CO3/IaHHBII Ha 6a3e KOMOMHHPOBAHHOTO METOJa CETMEHTAINI
N300paKeHNH, W BHEAPECHHBIH B HHTEIUIEKTYaJbHYIO CHCTEMY OOpaOOTKH OTCKaHMPOBAHHBIX JJOKYMEHTOB, HCIIOIB3YEMYIO B
Opecckoit monmurpaduueckoii komnanun "Crymust "Ilewats". Ileaplo paGoTel siBisieTcss pa3pabOTKa MOAYIS CETrMEHTAIMU
N300paKeHUH JUI TOBBIICHUS OICPAaTUBHOCTH WHTEJUICKTYaJbHOH CHCTEMBI O0OpabOTKM OTCKaHMPOBAHHBIX JOKYMEHTOB
nonurpadpuueckort kommnanuu "Cryaus "Tledats". J[is 3TOro MCmoiab3yercss KOMOMHUPOBAHHBIH METO]] CerMEHTAIUU H300paXKeHH
OTCKaHHPOBAHHBIX JOKYMEHTOB, KOTOPBII MO3BOISAET COKPATUTh BpeMsi 00paboTku n3o0pakeHus. B craThe pemraroTes ciepyromue
3aJa4yd: aHAIM3 CYIIECTBYIOIIUX METOAOB CETMEHTAlUH H300paKeHUH, KOTOpBIE UCIOIB3YIOTCS B MHTEIUIEKTYaldbHBIX CHCTEMAax
00pabOTKH OTCKaHUPOBAHHBIX JOKYMEHTOB; Pa3paboTKa MPOIEAyp A MOLYIsS CETMEHTAIlM! HA OCHOBE KOMOMHHPOBAaHHOTO METOa
CerMEHTAINU N300paXKeHUH [UIST HHTEIUICKTYaJIbHOH CHCTEMBI 00pabOTKH OTCKaHMPOBAHHBIX JOKYMEHTOB. B paboTe Hcmomb3yroTcst
METOABI: METOABI II(POBOIT 06pabOTKN U300paKEeHUH, METOIB! (GHIBTPALNH U MOP(OIOrHIECKOro aHanu3a H300pakeHNi, MeTO bl
MaTeMaTH4eCKOro aHalM3a, HEHpOHHble ceTd. [lodydeHbl ciemyroliue Ppe3y/abTaTbl: Pe3ylbTaThl 00pabOTKHM H300paskeHHi C
TIOMOIIBIO MHTEIUIEKTYaIbHOI CHCTEMBI 00pabOTKH OTCKAaHMPOBAHHBIX JOKYMEHTOB Ha 0a3e NMPEeaoKeHHOTO MO CeTMEHTAINN
MOATBEPKAAIOT PabOTOCIIOCOOHOCTh MPOLENyp MOIYJS CcerMeHTauun uzobpaxeHuil. CpemHee BpeMsi o0paboTku M300pakeHHH
OTCKaHUPOBAHHBIX JOKYMEHTOB COCTaBMJIO 5,3 € IO CPaBHEHUIO C paHee MONydeHHBIM — 42 C, 9TO MO3BOJSIET CAETATh BHIBOA 00
YBEIMYEHUH OIEPAaTUBHOCTH HCCIECAYEMOH WHTEIUIEKTYaJbHOH CHCTEMBI OOpabOTKH OTCKAHHPOBAHHBIX JTOKyMEHTOB. BBIBOJBI:
Buenpenue pa3pabOTaHHOTO MO CErMEHTAI[MM H300paKeHHH B HHTEJIEKTYAIBHYIO CHCTEMY OOpabOTKH OTCKAaHHPOBAHHBIX
JOKyMeHTOB nosurpadudeckoii kommannu "Crymus "[lewaTs" TO3BOJIMIIO COKpaTHTh BpeMs 0OpabOTKM W300paXkeHMH
OTCKaHUPOBAHHBIX JJOKYMEHTOB B § pa3 NpU COXPAaHEHWH IOCTAaTOYHOTO KadecTBa, OJlaromaps 4eMy YBEIMYWIIAach ONEPaTHBHOCTH
JTaHHOM UHTEJJIEKTyaIbHOU CHCTEMBI.

KunioueBbie cioBa: cermMeHTalMs N300payKeHUH; OTCKaHUPOBAaHHbIE JTOKYMEHTHI; 00pad0oTKa JOKYMEHTOB; MHTEIUICKTyanbHast
cHCTEMA.

BBeaenue

CoBpeMeHHbIE IPEIIPUSATHS BCE Yallle IepexoaT Ha
HCTIONB30BaHUE AIEKTPOHHBIX aPXHUBOB JOKYMEHTOB, T. K.
paboTa ¢ HHMMH HMeeT MpeuMyllecTBa: obJyerdaercs
MONCK ¥ XpaHeHHe WHPopManuu B Oompmmx 0azax
JAHHBIX, oOOJjerdaercss Iepepada JIOKYMEHTOB IO
(pPOBEIM KaHAJTaM CBs3HM, KadeCTBO JOKYMEHTOB CO
BPEMEHEM HE YXYJIIAeTCsl, B CBS3U C YEM YBEIMUHBACTCS
HaJIS)KHOCTh WX XpaHeHus. B 3aBucuMocTH OT 3a1ad u
nenei mpeanpuATHid  00pabOTKa TakUX JTOKYMEHTOB
BBITOJIHACTCA c TIOMOIIBIO Pa3IMIHBIX
HMHTEJUIEKTyaJIbHBIX CHCTEM 00paboTku
OTCcKaHUPOBaHHBIX JoKyMeHTOB (MICOO/).

B cBsi3u ¢ HaAyYHO-TEXHUUYECKHM IPOTrPeccoM 00beM
JIOKYMEHTallMM Ha TNPEINPHUATHIX HMEEeT TeHICHIHIO K
MIOCTOSTHHOMY pocTy. YacTo NpUXOIWUTCS CKaHWPOBATh
neyaTHele  JOKYMEHTBl C  [EJNbI0  IOCIEAYIOIeH
MEPEChUIKM 110 JJIEKTPOHHOH IOYTE€ WJIM apXUBHOTO
XpaHEHMs, [I03TOMY BO3HHKAaeT 3ajada 00paboTKH
0O0JIBILIOTO KOJIMYECTBA OTCKAHUPOBAHHBIX JTOKYMEHTOB. B
CBSI3U C 3THM BO3pacTaroT TpeOOBaHUS K ONEPAaTHBHOCTH
00pabOTKM IMEYaTHBIX JTOKYMEHTOB, CJIEZIOBAaTENBHO, U K
OTIEPaTUBHOCTH HMHTEIUIEKTyaJIbHBIX CHCTEM.
Henocrarounast oneparusaocts NCOO/] npuBoaut x: 1)
JUINTEIFHOMY BpPeMEHH O0O0paboTKM HTOKYMEHTOB; 2)
HEBO3MOXXHOCTH  TPEAOCTAaBICHUS  JOKYMEHTOB B
YCTaHOBIICHHBIE CPOKW; 3) YBEIMYCHHIO BPEMEHH Ha
MIOUCK JOKYMEHTOB B Oosbiiux B/l M X MOATrOTOBKH mpH
ayJUTOPCKHUX MPOBEPKAX.

Takum oOpazom, aKTyaJbHBIM SIBIISICTCS
ycoBepiieHcTBoBanue — cymectBytomux MCOOM s

TMOBBIIICHUA UX OIEPATUBHOCTHU.

AHaau3 npodJieMbl U CYLIECTBYIOIUX METOI0B

CymectByer ©Oonbinoe pasHooOpasume MCOO/,
HCTIONB3YEMBIX Ha Pa3IMYHBIX MPEINPUATHIX, HAIPUMED,
Haubonee pacnpoctpaneHHeie — FineReader, ABBYY
FormReader, OCR CuneiForm, Readiris Pro7, OmniPage
11 u ap. OHE OTIIMYAIOTCS OTIEPATUBHOCTHIO U KAYECTBOM
00pabOoTKU JOKYMEHTOB.

[penmnonaraercs, 9TO HeIOCTaTOYHas
onepatuBHOCTh cymiecTByomux HMCOOJ] Bo MHOrom
MOXET OINpPENeISITECS HEIOCTATOYHOH ONepaTHBHOCTHIO
0J0Ka CEerMEHTALUH, KOTOPBIl MCIOJIB3YyeTCsl B TaKUX
CHUCTEMaAX. CeFMeHTaHHH ABJSICTCS BaXHBIM JTallOM B
pabote HWHTEJUIEKTYalbHbIX CHUCTEM 0b6paboTku
JOKYMEHTOB. HpI/I KAa4€CTBCHHOM CKaHNUPOBaHWUU
N300paKeHNsT JOKYMEHTOB YacTO HMEIOT JO0CTAaTOYHO
Goutpoi pasmep, HCIIOJIb30BaHKE KOTOPBIX
He3((EKTUBHO B 3JIEKTPOHHBIX apxuBax. CerMeHramms
npeiHa3HaYeHa JUIsI  yYMEHbIIEHHs oOpabarbiBacMon
nHdopmManmy, ¥ YeM MEHbIIE BpPEMEHH YXOIWT Ha
00paboTKky u300pakeHHs, TEM BBIINIE OIEPATUBHOCTD
MHTEJUIEKTyaldbHOH cucTeMbl. KadectBo  00paboTku
JIOKYMEHTOB MHTEIJIEKTYaJIbHON CUCTEMOI OIIpenemsieTcs
Ka4eCTBOM CErMEHTALMH U300pakeHHs, KOTOPOE JIOJKHO
OBITH JOCTATOYHBIM JJIsI KOHCYHOTI'O ITIOJIb30BaTECIIA.

OmnpenenuM KadyeCTBO CErMEHTAI[MH KaK IPOIEHT
MMKCcenei n300pakeHus, KOTOpBIE MIPaBUIILHO
CerMEHTHPOBAHbI KaK OINpeeIeHHbII Kiacc: TeKCT, GoTo,
rpaduka u GoH. bynem cuuraTh €ro JOCTaTOYHBIM, €CIU
BEPOSITHOCTH CXOJICTBA N300paKeHNs,

© A. B. Umenko, 2019
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CEerMEHTHPOBAHHOTO  JKCIIEPTOM, H  H300pa)keHU,
CEerMEHTHPOBAHHOTO OTIpe/IeIIeHHBIM METOZIOM,
cocraBisieT He MeHee 85%. Takoe 4HCIOBOE 3HAUCHHE
BBIOPaHO HCXOJ W3 TMPEIBAPUTCIHHBIX HCCICIOBAHUMN
OIICHKU Ka4yecTBa CETMEHTAIUU nU300paKeHHS
HCCIICIOBATCIISIMH.

CerMeHTanus — BXXHBIH 3Tar 00pabOTKU TOKYMEHTA
B HCOOQO/, uenpto KOTOPOro SBIAETCS pa3leiieHHe
H300pasKeHUs Ha OJTHOPOJTHBIC o0yactu o
OTpENeIeHHOMY TpHU3HAaKy. Takue o00JmacTh MOryT
collepKarTb, HAIPAMEP, TOIBKO TEKCT, WIIA TaOJUITBI, FITH
rpaduky, wim ¢otonzodpaxkenus u ap. CerMeHTamus
n300pakeHN OTCKAaHMPOBAHHBIX IOKYMEHTOB IIMPOKO
HCTIONB3YeTCSI B CHCTEMax ONTHYECKOTO PACIO3HABAHHUS
cumBoiioB (OCR) [1]. B GonbmIHCTBE cliy4aeB KauyecTBO
pacnio3HaBaHusl cuMBoJioB B cuctemMax OCR 3aBucut ot
pe3ynbTarta CerMeHTaluu. B cucremax, HCIONb3yOIUX
Mozens  pactpoBoro  koHteHra (MRC) [2, 3],
n300pakeHNe TMPEJICTABIISACTCS B BUIIE CJOEB, KAKIBIA U3
KOTOPBIX COJEPKUT OOBEKTHI OMPEACTIEHHOTO THUMA H
HE3aBUCHIMO  C)XXHMaeTcsi  BBIOpAaHHBIMH  KOJEPaMHU.
UcnonszoBanne MRC-mozmenu uisi  mpeacTaBICHUS
n300pakeHM MpeTHa3HAYCHO U ONPEICICHHBIX THIIOB
JOKYMCHTOB W WHOT/Ia MPHUBOAUT K 3HAYUTEIEHOMY
HCKOKEHUIO  HM300paKeHUs  JOKYMCHTA. B [4]
CerMeHTalusl MPUMEHSCTCA [UIA M3BJICYCHUS TpaduKu U
TeKCTa U3 N300paKeHUH, COJIEPKAIINX YePTEXH, B paboTe
TaKKe pemaercs ImpobieMa TepecedcHuss obyacTei
rpaduku U Tekcta. B [5] — cerMeHTaIus HCMIOIB3yeTCs
JUTS U3BJICUCHHS TEKCTa, (POTO U JIMHHUHA pa3ieiuTeNici u3
cTaTeil, peKJIaMHBIX OYKJIETOB, BU3UTOK. CerMeHTaIus ¢
IMOMOIIBI0  KJIIACCH()HUKAIMK  CBSA3HBIX  KOMIIOHECHT
n300pakeHMiI Ha TEKCTOBBIE OONACTH W HETEKCTOBBIE
ucnosb3yercs B [6].

Jns pemeHns 3aJadd CeTMEHTAIMH H300pakeHUit
OTCKaHHUPOBAaHHBIX IOKYMEHTOB C MEJNBI0 ITOBBIIICHUS
onepartuBHocTH MCOO/] HE0OXOUMBI METOJIBI, KOTOPHIE
YIOBJICTBOPSIFOT OBICTPOI 00paboTke m300paskeHus. s
s¢dextuBHOCTH padoTsl MCOO/] KauyecTBO CerMeHTANN
TaKHUX JTOKYMEHTOB JIOJDKHO OBITh JOCTATOYHBIM IS SN
00pabOTKK KayecTBa.

Lenblo naHHOW CTaTbM SABISETCA TOBBIIICHUE
onepatuBHocty MCOO/l, xotopass HCHONb3yeTCs B
nonurpaduueckoi kommanun "Crymus  "Ilewats" (T
Opmecca) TmyTeM COKpalleHHsS BpEeMEHH 00pabOTKH
n3obpaxenus. J{nsg cokpameHust BpeMeHH 00pabOTKH
n300pakeHus OTCKaHUPOBAHHOI'O JIOKyMEHTa
paspabaTbIBaeTCs MOJYJb, KOTOPBIH Ul CerMEHTAalUH
n300pakeHs HCIONB3yeT KOMOWHHPOBAaHHBIA METOJ
CerMeHTaluu n300pakeHns OTCKaHUPOBAHHOTO
nokyMmeHra [7].

ITocTanoBKa 3aga4d HCCJIE€A0BAHMSI

OpxHuM U3 HampaBiieHHH paboThl moNUTrpadUIecKon

KOMIAaHWU  monurpadudecko  kommanuu  "Crymus
"Ieuyars" (r. Omecca) siBisieTcst 00paboOTKa N300pasKeHNIH
OTCKaHMPOBAHHBIX JIOKYMEHTOB c LEJIbIO

YIOPSIOYMBAHUS U XpaHEHUs nH(opManum.

Kak yxe ObLIO 3aMedeHO, XpaHEHHE JHOKYMEHTOB B
AJIEKTPOHHOM BHJE YIAOOHO s OBICTPOrO TIOHWCKA
HeoOxomuMmol — wHpOpMaMHM, mepeaadyd WX 10
9JIEKTPOHHOU moure W MHOro apyroro. Ilosromy UII
"Crynus "Ilewats" mpenocTaBisieT CEpBUC IO MEPEBOLY
JIOKyMEHTOB B LHU(poByro QopMy a8 co3gaHus |

HAMOJHEHHUsI  DJIEKTPOHHBIX ~apXWMBOB W KaTajoroB
OPEANpUATHH, &  TaKKe  HANOJHEHHH  CHCTEM
JMOKYyMEHTOO000OpOoTa  OHMOMHMOTEK, KOMMEPUYECKHX U

HEKOMMeEpUYeCcKnx KommaHuii ¢ mnomormpio MCOO/]
Cognitive PDF/A (puc. 1) [1].

JIoKyMeHT, TIOCTYNHMBIIMN Ha CKaHUPOBAaHHUE B
kommanuto "Crymus "IlewaTp", TPOXOIUT HECKOIBKO
9TaroB 0O0pabOTKH: ompeaenseTcs o0beM JTOKyMEHTa —
KOJIMYECTBO CTpaHHMII, bopmar, mapamMeTpsl
CKaHUPOBAHWsS; OTall CKAHUPOBAHUS, HM300paKCHUS
OTCKaHUPOBAHHBIX JOKYMCHTOB BBOJATCA B KOMIIBIOTED,
u, corigacHo cxeme (puc. 1), oOpabarhiBalOTCS IS
pacrno3HaBaHud W APXUBUPYIOTCA  JIA I[aJ'H:HeﬁIHeFO
XPaHCHUS; 00paboTaHHbIC HU300pasKeHUs
OTCKaHHPOBAHHBIX JOKYMEHTOB KOITUPYIOTCS HA yIOOHBIH
JUTS KITMEHTa HOCHUTEb.

HcxoaHoe H300p aKReHHE

.

CermMeHTanusi

Y A4
TexcTOBBIH c/10H I I'paduyueckuii c1oi

OCR

v

Pacno3HaHHBIA TeKCT

'

C:ratue

A4
A

‘d)aii:l B opmare PDF/AI

Puc. 1. O6mas cxema NICOO/] Cognitive PDF/A [1]

CkaHMpOBaHME JOKYMEHTOB Ha IpEINpPHUITHH
HPOUCXOIUT C IMOMOIIBIO MOTOYHBIX ckaHepoB Fujitsu-fi-
5950, xkoTopele IpeAHa3HA4YeHBl JUIA CKaHHUPOBAHMS
60JbIINX 00BEMOB TOKYMEHTOB. CKOPOCTh CKaHUPOBaHHUS
Ha TakoM OOOpYAOBaHHM COCTaBisieT 125 crp./muH.
Taxxe maHHBIH BHUX CKaHepa IIO3BOJISICT BBINOIHATH
JIBYyCTOPOHHE CKaHHPOBaHHME, YTO BIHUSET HAa CKOPOCTH
CKaHUPOBaHMA. DTO oOecTednBaeT OBICTPYIO MOATOTOBKY
MakeTa JOKyMEHTOB, HampuMmep, A ayaura. Taroke Ha
npeqnpusitun - "Crynus  "lledats" mpenmocraBisieTcs
ycioyra 1O CKaHHPOBAaHHWIO 4YepTeKeH, IUIaHOB, CXEM
Ooonpmmx pasmepoB (mo 1000 wmwm). dus  3TOTO
ucnone3ytotes ckadepsl Colortrac (Smart LF Ci 40).

Iepen xommanmeit "Cryaus "Ilewars" KIMEHTEI
CTaBAT CJICAYIONIME 3aJayd: CKOpOCTh 00paboTKH
OOJIBIIOrO KOJMYECTBAa JIOKYMEHTOB B IEPHOJBI ayauTa
IIPU JIOCTaTOYHOM KadeCTBE CErMEHTAaluH H300pakKeHHH
OTCKaHHPOBAHHBIX JOKYMEHTOB Ha TEKCT, (OTO U

rpaduKy.
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OpmHako cucTeMa, TpeICTaBICHHAs Ha puc. 1, He

obecrieynBayia  JOCTATOYHO  OBICTpYyIO  0OpaboOTKy
n300pakeHu OTCKaHUPOBAHHBIX JIOKYMEHTOB.
[IpeanonoXuTeIbHO, 3TO CBA3aHO C TEM, 4YTO MOJIYJb
CerMEHTAIUU HU300paKeHUIA HE YIIOBICTBOPSLIT

TpeOOBaHUSIM OJHOBPEMEHHO K OBICTpOW 00paboTke u
JOCTaTOYHOMY KAueCTBY CErMCHTALMH H300paKeHuUi
OTCKaHMPOBAHHBIX JJOKYMEHTOB.

Pa3padoTka MoayJIsi cerMeHTAlMU U300paKeHUid 1J1s1
HNCOO/, ncnosniyemoii B komnanuu " Cryaus
"TleuyaTs"

YYuteIBas MEePEUNCICHHBIC 33a9d B TPEIBITYIIEM
mojpasaeie, KOTOpbIe CTaBATCS Tiepel KOMIIaHHWEH
"Crynus "llewaTs", mpeanaraercs MUCIOJB30BATH MOIYIb
CEerMCHTAIlMM Ha OCHOBE KOMOWHHPOBAHHOTO METOAA

Cognitive PDF/A, xotopasi ncmonb3yercssi B KOMIIAHUHU
"Crynus "[ledats".

B cucreme omugppoBkn gokymeHToB Cognitive
PDF/A xomnanuu "Cryaus "lleyats" peann3oBaH MOy
CerMEHTAlMM Ul  Pa3IM4YHbIX THUIIOB JJOKyMEHTOB,
Harmpumep, (UHAHCOBBIX JOKYMEHTOB, JKYPHAJBHBIX
cTaTed M APYrux JOKYMEHTOB, KOTOPBIE COAEpIKAT TEKCT,
rpaduxky, GoTo.

Ha puc. 2 npusenena cxema HMCOOJ] Cognitive
PDF/A ¢ BHeapeHHBIM pa3pabOTaHHBIM  MOJYJIEM
cerMeHTanMu (BbAeNieHO cepbiM). CorjacHO JaHHOM
cXeMe B NEepBOM MOJIYJe MPOUCXOTUT COOp NaHHBIX, B
KOTOpPOM TII€4aTHBIE JOKYMEHTHl M3 BHEIIHEH Cpembl
MOCTYMAlOT Ha  CcKaHep. Bo  BTopoMm  Momyne
OTCKaHMPOBAaHHBIE JOKYMEHTBI COXpaHSIOTCA B 0Oase
JTAaHHBIX HCHOJb3yEeMBIX H300paKeHUH ITOKYMEHTOB. B
TPETheM MOJIyJe H300paKEHHE OTCKaHUPOBAHHOTO

Iony4enue ciost n300paxeHns,
€OJIePIKAIMEro TeKCT

IMonyuenue cios u3odpaxeHns,
COMePKANEr0 HITIOCTPALHH

v

v

Ionyuenne cnos
H300paxeHns, co-
aepaxaiero ¢poro

Honyuenue ciost
H300paxkeHus, co-

JepIKaniero rpaguky

Oo6paboTka cucTeMoii
ONTHYECKOr0 Pacio-
3HABAHHUSA CHMBOJIOB

IlpuBenenne k pa3-
pewmennio 100 dpi

¥

Pacno3HaHHbIH
TEeKCT

Cocamue

I
I

|| Cxarue Ge3 notepn
i|  CCITJ Group 4
I

I

CixaTHe ¢ NOMOIIbIO
xonepa JPEG

BEKTOPHBIH dopmart

IIpeoGpa3oBanue B

Ouenka KayecTBa BOCCTA-
HOBJIEHHOT'0 JOKYMEHTA

v

Ionyuenne aiina B
¢opmare PDF/A

CerMEHTaIuu HU300paKeHUS OTCKaHMPOBaHHOro  MOKYMCHTa MPOXOAUT MNPCABAPUTCIIBHYIO 00paboTKy, u
JIOKyMeHTa BMecTo Moayis cermeHTauuu MCOQOJ,  3aTE€M CETMEHTHPYCTCS.
Jr T T - SR i
| Naunpie 3 | | Cbop dannsix :
5 I
| BHEIMHEH L CxaHHpOBaHHe :
| CpeabI: Il_", I
| Gymazubie | : |
| moxymenTb | | v :
e 1o 3anecenune B B/ uccae- | |
|| myembix n0KymenToB i
I
I
e i
" mcoon T o——o— '
Cosiil 'ZI IlpenBapuTennbHas o6pa-
;lg)';;:e 6oTKa H300paxKeHnii OTCKAHAPO-
BAHHBIX IOKYMEHTOB
T — Fo -
Cezmenmayus
CermenTanus H3o0paxe-
HHSI OTCKAHHPOBAHHOI'O A0KY-
| MEHTa

Puc. 2. Cxema ycosepuencrsoBannoit UCOO/] Cognitive PDF/A
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B pe3yipTaTe  CEeTMEHTAllMH  H300pa’keHue
OTCKaHHPOBAaHHOTO JOKYMEHTa MPEACTaBISIETCS B BHIE
TpeX M300paKeHUH, WK cloeB. [IepBbIi ClIOi COMEpKUT
00JaCTH HMCXOIHOTO H300paKECHUs] OTCKAHUPOBAHHOTO
JIOKYMCHTa, COOTBETCTBYIOIIEEC TEKCTOBOM HH(MOpMAIIHH,
BTOpPOE M300paKCHHE CJIOS COICPIKUT TpaduKy, TPEThe —
¢oro. Takoe mperncraBieHne H300paXKEHUS! TO3BOJISIET
pacmo3HaTh TEKCTOBBIC OOJACTH C TIOMOIIBIO MOJIYJIS
ONTHYECKOTO PACIIO3HABAHUSI CUMBOJIOB.

B kadectBe MOIyns pacmO3HABaHHMS CHMBOJIOB B

cucteme  Cognitive PDF/A  wmcmome3yercss OCR
CuneiForm c OTKPBITBIM HCXOTHBIM KOIIOM.
3aKIIIOYUTEILHEIM MOJIyJIEM CHCTEMBI SIBIISIETCS

apXWBHUPOBAaHUE TIONYYECHHBIX M300paXCHUH CII0OEB W
pacrio3HanHoro Ttekcta B (Qopmare PDF/A. [lanHblii
¢dopmar Gasupyercs Ha onucanuu ctangapta PDF Bepcuu
1.4 ot Adobe Systems Inc. u npesHa3Ha4yeH crenHaIbHO
ISt JIOJITOBPEMEHHOTO ApXHMBHOTO XpaHCHHUS
AJIEKTPOHHBIX TOKYMEHTOB.

CymectByromas B kommnanuu "Cryaus "Ileuats"
HNCOO/] He oTBedaeT TpeOOBAHUSAM ONEPATHBHOCTH, T. K.
AMEeT MOIYNb CETMEHTAIluH, HE VIOBIETBOPSIOIINI
TpeOOBAHUAM K TOCTaTOYHOMY KAueCTBY CETMEHTAlUU U
BpeMEHH 00pabOTKH W300pakeHUH OTCKAHMPOBAHHBIX
JIOKyMeHTOB. [103TOMY AJIs TIOBBIMICHHS OIIEPATHBHOCTH
HNCOQO/] BMecTO CyIIECTBYIOIIETO MOJYJISA CETMEHTAINH

Npeyiaraercd  HMCHOJIb30BaTh  MOJAYJb,  MPOLEAYpPHI
KOTOpPOT'o pean3yoT pa3paboTaHHBIN B [71
KOM6HHHp0BaHHbIﬁ METOQ CEerMEcHTalluu u

UACHTU(DHUKAIIMA OJHOPOMHBIX O0JacTel H300paKeHUH
OTCKaHHPOBAHHBIX OKYMCHTOB Ha 0a3e pa3paboTaHHOMN
Mozend [ 8] mpencTaBiIeHUs 3TUX H300paKeHHH.

Jranbl KOMOMHHPOBAHHOTO METO/Ia CErMEHTAIINH.

1. CerMeHtanusi W300pakeHUS OTCKaHUPOBAHHOTO
JOKYMEHTa Ha 00JacTH, CoJepXalie WITFOCTPAlud
(poro wm rpaduky), u TekcroBele oOmactH, U (oH,
HCTIONB3YST METOJ ¢ ycpenHstomed ¢uibTpanuei [9].
JlaHHBIi MeToJ OCHOBaH Ha METOJIe CETMEHTalUuU

brniymbepra ¢ 3amonnenmem otBepctuii [10]. Metox
BBIZICNIEHUsT obOnmactedl wiutroctpanuii  boymbepra ¢
3allOJIHEHWEM  OTBEPCTHH  HCIOJB3YeT  OINepaluio
YMEHBILICHUSI M300paKeHUs, KOTOpasi MCIIOJIb3yeTCs JUIs
COKpAIIIEHHUS obpabaTbIBaeMOit nHpopManuu.
PaccmoTpuM  omepamuio  MOPOTOBOTO  YMEHBIICHUS

n3obpaxenus 4x1 6osee moapoOHO.

[TycTp nMeetcst GMHApHOE M300paXKeHUE, B KOTOPOM
3HAa4YCHUs (POHOBBIX ITHKCeNlel paBHBI 1, a 3HAYEHUS
ocTalibHBIX ~ mHKcenedt  paBHel 0. M3o00paxenue
pa3buBaeTcs Ha OJIOKU pasMepHOCTH 2x2. Kaxmeid 0ok
MTUKCeNIel M300pakeHUsT pa3MEPHOCTHIO 2X2 3aMEHSETCS
OHUM TIMKceJeM. 3HadeHHWe NHKCeNs, Ha KOTopoe
3amensieTcss 0ok 2x2 paBHOo aubo 0, mu6o 1 B
3aBHCHMOCTH OT BBIOPaHHOTO IOpOTa, KOTOPHI MOXKET
MPUHUMATH 3Ha4eHus OT 1 1mo 4. 3HaueHue MHKCels, Ha
KOTOpoe 3aMeHseTcs Onok mukceneil 2X2 pasHo 1, ecnn
CyMMa 3HAYCHHI YEeTHIpeX MHKCeJel 0J0ka OobIie Tud0
paBHa BBIOpDAaHHOMY IOpOTY, B TIPOTUBHOM CiIy4ae
3HaueHue nukcenss paBHo 0. Tlocne oxgHOKpaTHOM
onepaluuMyd yMeHbLIeHHs 4X1 KOJIWYecTBO NHUKcenel
u300pakeHus ymeHpmaercs ¢ 2" go 2"%, rme N —
pasmepHocTh Ostoka (puc. 3).

B ormmume ot wMetoma bmymbepra BmecTo
Omepandyd  YMEHBIICHHS  HM300pakeHWs,  KoTopas
yXynOmmaeT  KadecTBO  CEerMEHTAllHH,  HCIIONB3YeTcs
yCpeaHsoas dbunpTpanus c [IOPOTOBBIM
npeoOpa3oBaHHUEM. Jt1o0 TO3BOJISIET COXpPaHUTh
JIOCTATOYHOE KAueCTBO CErMCHTALMU HW300paKCHUS Ha
TEKCTOBBbIE ~ 0o0OjacTM W o0JlacTH,  CoJepiKallue

WTIOCTpalu.

V

Vv

n-2 v
2" nukceJiei

. =
2" nukceeit

Puc. 3. Onepanys moporoBoro yMeHbIICHHS H300pakeHust 4 1

2. Unentnduxanms obmacteir (Hoto u rpaduku.
[dnst  3TOro  WCHONIB3YeTCsl METOA  HMACHTU(UKAIUH
obnacter rTpadmkm u oro [7] ¢ BHIUUCICHHEM
CTaTHCTHYECKO-TEOMETPUYECKUX NPU3HAKOB, a HMMEHHO:
OLIEHKH MaTeMaTH4eCKOI'0 OKHJIAHWSI BBICOTHI Iepernajia
MHTEHCUBHOCTH Ha TpaHHUNIax obiacteil OJHOPOIHOI

WHTEHCUBHOCTH — TPHU3HAK fl(i, j) U COOTHOIIEHHUS
pasmepos o0bexkToB — mpusnak T, (i, j). IIpu srom

HCHOJIB3YCTCA OnouHas 06pa60TI<a Il COKpalleHUs

BpeMeHH  00paboTku  m3o00paxkeHus.  [lomydeHHBIE

3Ha4YeHWs  TNPHU3HAKOB Uil  Kaxjgoro  Omoka |
HOPMHPOBAJINCH 1O hopmye:
. i, j

Zk(l,j)Z—pk( ) k=12, ()

k max

rae z,(i, J) — HOpMHPOBaHHOE 3HAa4YeHHE IpHU3HAKa K-To
npu3Haka B Omoke ¢ uHaekcamu i, j, P, (i, j) — ucxoxHoe

HEHOPMHMpPOBAaHHOE 3HaueHHe K-ro mnpu3Haka Onoka ¢
HHJAEGKCAMH |, J; P, .., — MaKCHMalbHOE 3HaueHHe K-ro

NpU3Haka MO BceM OJokaM oOiacTed, cojepiKalux
rpaduky/poTo I BceX n300paKeH .

Ha puc. 4 wuso0pakeHbl npUMEpbl 0OydJaromei
BBIOOPKM B TPOCTPAHCTBE JABYX JIaHHBIX IPU3HAKOB
z, u z, amt 5 wuzobOpaxenuit. Mapkepsr "x", "O"
0TOOpaXKalOT MpUMEPHl 00ydYalomUX BBEIOOPOK, KOTOPHIE

UMEIOT 3Ha4YeHWs BBIXOHOB 'rpajmka' wu "doro"
COOTBETCTBEHHO.
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Puc. 4. ITpumeps! 06y4aromieil BEIGOPKH B IPOCTPAHCTBE ABYX IPU3HAKOB
3. Kmaccuduxanms obmacteit rpadukd u ¢GOTO  HOPMHPOBAHHBIE BEKTOpa MPU3HAKOB

MTOJTMTHOMHAIIFHON MAIlIHHOW OIIOPHBIX BEKTOPOB. BrIOOP
KiIaccu(PUKAIMN  aHATM3UPYEMBIX 00JacTeil MamuHON

ONOPHBIX  BEKTOPOB  OOOCHOBAaH TeM, 4YTO [
Kiaccu(PUKAIUH METOIOM OMOPHBIX BEKTOPOB, B OTIHYUE
OT OONBIIMHCTBA  JPYTHMX  METOJOB, JOCTAaTOYHO

HeboJpIIoro Habopa AAaHHBIX, YTO JeJaeT ero Hamboiee
OBICTPBIM JUIS HaxOXKIECHUS pelialomux npasui. Pabora

JAHHOTO ~ METOJa CBOJWUTCS K PEIICHUIO  3a]a4u
KBaJIpaTUYHOrO TMPOrPAaMMHUPOBAHKsS, KOTOpas BCerja
HAMEET €IMHCTBEHHOE pelieHue, u HaXOJIUT
PAa3IeNAIOINIYI0 THIIEPIUIOCKOCTh MAKCUMATIbHOW HIMPUHBI,
YTO  MO3BOJIIET  OCYHIECTBIISATH HAubOJee TOYHYIO
KJIACCU(UKALIHIO.

Mamuna OTIOPHBIX BEKTOPOB B pabote

IpeqHa3HayeHa [ Kiaccu(uKalmu OOBEKTOB Ha 2
Kinacca. Ha BXxoJ KaXI0ll MalllMHBI ONOPHBIX BEKTOPOB
noJiaeTcst 00BEKT, KOTOPBIN panee HE
kiaccudumpoBacs. Jlanee paccUuTHIBACTCS PaCCTOSHHIE
OT HEHM3BECTHOrO OOBEKTa [0 TPAaHHUIBl KAKAOTO U3
KJIaccoB. 3aTeM HEU3BECTHBIH OOBEKT OTHOCHUTCA
K TOMYy KJaccy, paccTOSHHE JI0 TpPaHHIBl KOTOPOTO
HavMeHbLIEE.

B pabote ¢ moMomp0 MalMHbl OMIOPHBIX BEKTOPOB
[12]  xkmaccubummpyrorcss  o0macTd,  CoAepiKaliue
¢dorom3obpaxxkenus, m obmactu rpadpukn. Ha stame |
KOMGI/IHI/IpOBaHHOFO MEeTOoada CEerMCEcHTAallnnu Ha
KaXJ10M U300paKeHUU BBIJICIISIIOTCS obnactu,
comepxkamue rpaguky W ¢Goto. 3aTeM OTH 00JaCTH
paszouBatorcss Ha Onoku pasmepHoctw N x N, m s
Kaxxaoro OJIOKa BBIYUCIIACTCA BEKTOD IMPHU3HAKOB

P (i, )= (pl(i, i) p, (i, J)), KOTOpPBI HOpMHpyeTCs
mo dopmyne (1). OOyyaromryro BBIOOPKY COCTABIISIOT

2" (i, j)= (,(i.j), z,(i, j)) mma xaxmoro Groka
n300pakeHns. B Hee Takke BXOMAT IieNIeBbIE 3HAYECHHS
y(i, j) s xaxgoro Ojoka. B kauecTBe 1eneBbIX

3HAQUEHMH TNPHHUMAaeTCs MOJa, T.e. Hauboiee Yacrto
BCTpeUarolieecsi 3HAYeHWE BCEX METOK IMKCeNed Juis
JAaHHOTO OJOKa, T. K. OHa T[OKa3bIBaeT Hamboiee
BEPOSITHYIO PHHAJUIEKHOCTh K ONPEICTICHHOMY KJlaccy.

4. BrwigeneHue TEKCTOBBIX (PparMeHTOB U3 (OHa,
UCTIONB3Ysl 00pabOTKy B OKPECTHOCTH Ka)KIAOTO IHKCEIIs,
a WMEHHO: CHadaja MCHOJIb3YeTCsl HU3KOYacTOTHAs
¢bubTpanus, KOTOpast CTIaXHBACT 3HAYCHMS
WHTEHCUBHOCTH  HM300paKeHHS BHYTPH  OJHODPOIHBIX
obunacreit Tekcra u (hoHA, 3aTEM NPUMEHSETCS TIOPOTOBOE
npeoOpa3oBaHHeE.

Jna skcmepuMeHTa OBITM OTOOpaHBI JTOKYMEHTHI
TpexX pa3IMIHBIX KoMmaHui-kimeHToB "Crynus "Iledats'":
ayJMTOPCKOM KOMITAaHMH, MEIUIMHCKOTO LEeHTpa H
yaeOHOTO 3aBEACHMUS. Pa3smepsl n300pakeHuH
OTCKaHMPOBAHHBIX JOKYMEHTOB cocTaBismn 2550%3506
co cpemHuM pasmepoM (aiina 2,44 M6. CxaHupoBaHUE
3TUX JOKYMEHTOB IIPOM3BOJIMIIOCH C pa3pelieHHEM B
300 Touek/nonMm.

Pesynbrarel 00paboTkm u300pakeHmit (puc. 5) c
nomoupio  ycoepuieHcTBoBaHHOM ~HMCOOJ| myrem
NPETI0KEHHOTO MOJYJsl CEerMEHTAlMM MOATBEPXKIAr0T
ero pabortocnocoOHOCTE. CpenHee Bpems 00pabOTKH
N300pakeHUH OTCKAHUPOBAHHBIX JIOKYMEHTOB COCTaBHJIO
5,8 ¢ MO CpaBHEHUIO C HCIOJb30BAHHEM HACTOSIIETO
MOAYJS CErMEHTaluu 42 c. Cokpamenue BpeMs
00paboOTKH JTOKYMEHTOB IMO3BOJIIET CJAeNaTh BBIBOA 00
YBEIMYCHUN  ONCPATHBHOCTH  YCOBEPIIEHCTBOBAHHOM
HNCOOUN.
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Puc. 5. Pe3ynbratsl 00paboTKH H300paKeHHI OTCKaHUPOBAHHBIX JIOKYMEHTOB pa3pab0TaHHbIM MOJYJIEM CErMEHTAIIHH:
a — UCXOJIHBIE U300paXKeHUsT; 6 — Pe3yJIbTAT IKCIEPTHON Pa3sMETKHU; 6 — PE3YJIbTAT CErMEHTAIIUH.
(cBeTno-cepbiM 0003HaUEHA rpaduKa, CEPbIM — TEKCT, TEMHO-CEPhIM — (HOTO)

MeToasbl c:kaTHS, HCNIOJAb3yeMble B
HHTeJUIeKTyaabHo# cucteme Cognitive PDF/A

Juist  yBenuueHuss Kod(hQHUIUEHTa CKaTHA CIIOH
n300paxkeHus, cojepkamuii rpaguky u GoTo, U CIOoM,
COJepKAIMi TEKCT, COKUMAIOTCSI Pa3HBIMH CIOCOOAMHU.
OTOT MOAyNnh B cHUCTeMe OO0pabOTKHM IOKyMEHTOB HE
MeHsIcs. Paccmotpum ero 6osee moxpoOHo.

Crot, coJiepKauil (oronzobpaxenue,
npeobOpasyercst k paspemeHnro 100 dpi, a 3arem

NcxogHoe
na3obpaxkeHne

kogupyetrcss metogom cxarus JPEG. Merton cxkartus
JPEG  ocHOBaH Ha  JUCKPETHOM  KOCHHYCHOM
npeobpasoBannn  (AKII), B pesymbrate KOTOPOTO
MPOUCXOJUT ToTepsi MH(pOpManuu, HO obecneynBaeTCs
BBICOKHH KOI(QHUIHMEHT CXKaTUsl TpH MHHUMAIBHOU
MoTepe JaHHBIX JUIA rpadukd u (HOTOM300paxKeHHi, B
KOTOPBIX pa3iiMuhe MEXIY COCEJHUMH IHKCENSIMU
HesHaunTenbHoe. OcHOBHBIE dTarbl MeToAa cxarusa JPEG
MpecTaBIeHbI Ha puc. 6.

Konep JPEG

MpenBapuTensHas
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Puc. 6. Drambt padots! koaepa JPEG
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n3obpaxxeHune
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1. TIpemBaputenbHas  obOpaborka. FcxomHoe
n300pakeHne MePeBOAUTCS W3 IIBETOBOTO MPOCTPAHCTBA
RGB, ¢ koMmoHeHTaMH, OTBEYAIONIUMH 3a KpacHYIO
(Red), 3enenyto (Green) u cuntoro (Blue) cocrasistroniue
1BeTa TmHKceNned, B I1BeroBoe mpoctpanctBo YCrCb
(YUV), tae Y — sipkoctHas cocrapisttorasi, a Cr u Ch —
KOMITOHEHTBI, OTBEYAIOIINE 32 XPOMATUYECKHH KPACHBIN
U XpOMAaTHYECKUI CHHHMH LIBET COOTBETCTBEHHO. 3aTeM
YCTPAHSIIOTCSL TPYINIBI MHUKCEIEeH 3a CYeT YMEHBIICHHMS
KOJIMYECTBA MUKCENEH A1 KaHajIoB LBETHOCTH. [Ipu sTOM
YMCHBIIACTCS pa3pelieHne B IIBETOPA3HOCTHBIX KaHajlaX
1 COXPAHAIOTCS pa3pemieHus B KaHalle IPKOCTH.

2. SIpkocTHass KOMITOHEHTa Y U OTBEYAOIINE 32 IBET
kommoneHTel Cb m Cr pasbuBarorcs Ha Oioku 8x8
MHUKCEeNeH, colepikaliue HHPOPMAIMIO O MUKCENIX, U K
kaxnaomy u3 Hux npumensercs [IKII. B pesynbrare
MoJiydyaeTcsi Marpuia 8X8 aMIUIUTYIHBIX 3HAYEHUH,
KOTOpBIE OTpPaKalOT CKOPOCTH M3MEHEHWs IIBETa B
n300paKeHUH.

3. KBaHtoBanue — oTam, Ha KOTOPOM IPOUCXOJUT
OoKpyTieHne BbeICOKOYAcTOTHHIX JIKII-koaddunneHToB
U1 GUIBTPAllUN aMILUTATYZ, KOTOpBIE HE3HAYUTEIHHO
BIIMSIFOT Ha OOIIWi BUI M300paxkeHUs. BricokoyacToTHAs
nHpOPMANUs HE BOCHPUHIMACTCS YeIIOBEUCCKUM TIa30M,
MOSTOMY KO3(hGUIMEHTHI, OTBEYAIOMINE 3a BBICOKHE
9acTOTHI, MOKHO XpaHUTh C MEHbIIEH TOYHOCTHIO. Ha
9TOM 3Tare NPOUCXOJUT OCHOBHAS OTEPs MH(popManny.

4 KonupoBaHue MOJTyYEHHBIX JAHHBIX
CTaHAapTHBIMH MeTolamH (KOAMpOBaHWE Cepuil
KozxupoBaHue o Xappmany).

YenoBeueckuil TJ1a3 BOCHPUMMYHMB K HW3MEHEHHUIO
SIPKOCTH, a He3HAYUTEIbHBIC W3MCHEHUS I[BETa OH
3aMeyaeT  xyxe, nosromy npu cxatuu JPEG
3armoMuHaeTcs OoipIie WHOOPMAIMH O pa3HHUIE MEXIY
SIPKOCTSIMHU ITUKCENEeH W MEHBIIE — O Pa3HUIC MEXIY HX
[BeTaMH. Pa3nnuus B I[BETE€ COCENHUX MUKCENeH Mana, U
YeIIOBEYCCKHM TJIA30M MMPAKTUICCKH HE 3aMETHA, I03TOMY
n300pakeHHe MOCJIe BOCCTAHOBJICHUS BBITJSIIUT IOYTH
Her3MeHHbIM. [103TOMy MOXXHO apXMBHPOBaTh MacCCHBBI
misi Cr u Cb KOMIOHEHT ¢ OGONBIIMMH TOTEPSMH H,
COOTBETCTBEHHO, C OOJIBIIUMH KOA(DPHUIIUEHTAMHU CKATHSL.

Crnoii, comepxammii rpaduky, JIsI  yaoOCTBa
NPE/CTAaBISIETCS B BEKTOPHOM BHJE. OTO MO3BOJISET
3HAYUTEIIEHO COKPATUTh JUCKOBOE IIPOCTPAHCTBO IS
XpaHEHHs TOKYMEHTOB.

Croii, comepkanuii TEKCTOBBIC 00JIACTH, 3aKITFOYACT
B ce0e OCHOBHYIO MH(OPMAIHIO JOKYMEHTa, II03TOMY OH
COXpaHseTCS B HCXOJHOM pa3pelleHHH, a Ui ero
KOJIMPOBaHMs HCIIOJB3YeTCs METOJ CKaTHsi 0e3 IoTepb
CCITT (International Telegraph and Telephone
Committie) Group 4. Merog CCITT Group 4
npeHa3Ha4YeH Ui CKaTHsS MOHOXPOMHBIX M300paXKeHUi
C BBICOKOH CTENEHbIO CKATHS M UCTIONB3YEeTCs Il CKATHS
4epHO-0eTbIX HM300pakeHUH, B KOTOPBIX INPeodiIamaroT
GoJbIlIie OHOLIBETHBIE OoOsacTu. B ocHOBe aTOro Merona
CKaTHs JIOKUT TOUCK M WCKIIOYCHHE W3 HCXOIHOTO
N300paXEHHsT TIOCIIEIOBATEILHOCTEH JaHHBIX, KOTOpPBIE
nyonmupyrorcs.  Ilpu  00paOOTKe OTHETBHBIX — PAIOB
IIUKCENeH BBIMIOJHACTCS 3aMEHa I10CIIEA0BaTEIbHOCTH
HOJAPST MAYIIMX YEepHBIX U OeNbIX INHUKCENeH YHuciIoM,
PaBHBIM HX KOJUYECTBY. 3aTE€M 3TOT P KOAUPYETCS II0

Xapdmany. [HocromnctBom wmetoma cxarua CCITT
Group 4 sBiseTcs ero OBICTPOACUCTBHE W IIPOCTOTA
peau3aLiH.

OIIeHKa Ka4yeCTBa BOCCTAHOBJICHHBIX nzoﬁpamennﬁ
OTCKAHUPOBAHHBIX JOKYMEHTOB

Hdns  cozmanus Bl 1OKyMEHTOB IPEIIPUATHH,
N300paKeHNs] OTCKAaHUPOBAaHHBIX JOKYMEHTOB IIOCIIE
cerMeHTauuu cxumarorcs. Kiaccugukanust obnacrtei
wunocTpaiiui Ha  poro M rpadEKy  paciupsier
Bo3MoxkHocTH OazoBoit MCOO/]] Cognitive PDF/A: croii
M300paXKeHMsI, CoMepKanuii HoTo, CKUMAETCS OTACIHHO
¢ momomiplo  koxepa JPEG, a cnoii rpadukm
mpeacTaBisieTcss B BEeKTopHOM (Gopmate. Ilostomy B
pabote pa3paboTaH MOAyNbh M OLCHKH KadecTBa
BOCCTAaHOBJICHHOTO JJOKYMEHTA ITOCIIE CYKATHSI.

Jlyume Bcero KauecTBO U300paXeHHA MOXKET
OLICHUTbH YE€JIOBEYECKUH IJIa3, a)Ke HECMOTpPsl Ha TO, YTO
Takasg  OLEHKAa  SBIETCA CyOBEKTHBHOM. IIpu
UCCIIEIOBAaHUN Ka4yecTBa BOCCTaHOBJIEHHOTO
U300paXKeHUs OTCKaHUPOBAHHOTO JIOKyMEHTa
UCIIONB30BaNack  Ipoledypa  IOMCKa  MEJUAaHHBIX

KOHCEHCYCHBIX paHxupoBaHuii no Kemenu-Chemny wu
Kyky-Cetidopay, ommcannas B [11]. CoriacHo gaHHOMY
METOZY B DKCIEpTH3E NMPHHUMANA ydacTtue Trpymmna u3 10
9KCIEPTOB, 3ajadeii KOTOPHIX OBLIO OICHHUTH KadeCTBO
BOCCTAHOBJICHHBIX ~ IOCJE€  CXKaTUSI  W300pakeHUH
OTCKaHHUPOBAHHBIX JOKYMEHTOB ITyTEM TOJIOCOBaHUs. B
KaueCTBE OJKCIEPTOB OBbUIM IPUHATHI  KIMEHTHl U
corpyaaukn kommanuu "Cryamsa "Ilewats". DkcmepTsl
JIOJDKHBI OBUIM  BH3YalbHO OIEHUTh, HACKOJIBKO WM
MOJXOAMT KauecTBO BOCCTAHOBJICHHOTO H300pakeHHs
OTCKaHUPOBAHHOTO JIOKyMEHTa COOTBETCTBYET
HCXOIHOMY H300pakeHHIO B wmWHTepBaje or 1 mo 10
OamutoB. T. e. 9KCHepTHI CpaBHUBAIK HM300pakeHUSI
OTCKaHHUPOBAHHBIX JOKYMEHTOB JIO OOpabOTKH ero B
HNCOO/ u mocne. Ha ocHOBaHWM OIICHOK H300pakKeHUI
(hopMHUpOBaIIICh HHANBUAYAIbHBIC paHXKUpoBaHus. [lanee
(dopMmHupoBanach  NpEACTABUTECIbHAS  CTaTUCTHUCCKAS
BbIOOpKA IICEBAOCTy4YailHBIX HAO0OPOB WHAWBUIYaIBHBIX
PaHXXUPOBAaHUM, 11 KOTOPOM PacCUMTHIBAINCH MEIUAHBI
Kemenn-Cuemna n Kyka-Cetidopna. 3areM BBIYHCISAIACH
CTeTeHb COTJIACOBAHHOCTH WHIUBUAYQIBHBIX U
SKCHEPTHBIX PAHKUPOBAHWH, KOTOpas OIEHUBAJIACH C
moMOIBI0  KodddunueHTa KoHKopaanuu Kouzpemra.
OneHka KayecTBa BOCCTAHOBJICHHOTO  W300pakeHMs
OTCKaHUPOBAHHOTO JOKYMEHTa, BBIYMCIECHHAs MO 3TOMY
METO.ly, MOJIyYHIach OJIM3KON K OIIEHKE SKCIEPTOB.

CylecTByeT MHOMXKECTBO METOJIOB KOAMPOBaHUS
N300paKeHUH, KOTOpBIE NpeIHa3HA4YeHbl Ui COKaTHs
n3o0pakenuit moboro Ttuma. Ho B pabore ObLI
MpeUIo’keH KOMOMHHMPOBAHHBI METOA CerMeHTAIlWH,
MIpeIHa3HAYeHHBIH A7 paboThl ¢ ONpPEICTCHHBIM THIIOM
n300pakeHuH OTCKaHHUPOBaHHBIX JOKYMEHTOB,
peaTM30BaHHBIA C TOMOIIBIO NPOUEAYp MJII MOIYIS
cermentanmu UCOO/], uro yBenmumBaeT KOI(GOHUIMEHT
CKaTHs M300paKeHHH OTCKaHMPOBaHHBIX JIOKYMEHTOB
IIPU COXPAHEHUH BBICOKOTO MX KaueCTBAa BOCCTAHOBIICHUS
0 CpPaBHEHUIO, HAONpuUMep, ¢ TakKUM  METOJOM
kogupoBaHus kak JPEG.
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BoiBoabI

B momurpaduueckoit kommanuu "Cryaus "Ileyats"
¢ wucnomszyemoir MCOO]] cymecTByOMMA MOIYIb
CerMeHTAIMH ObUT 3aMEHEeH Pa3pabOTaHHBIM MOJYJIEM JUTs
CerMEeHTAlNU n300paxkeHui OTCKaHUPOBAHHBIX
JOKyMeHTOB. JlaHHas cuCTeMa UCHONb3yeTcs  JUIs
aBTOMATH3allMK IIepeBoJa JIOKYMEHTOB B IH(POBYIO
(bopMy I CO3aHHUS IIEKTPOHHBIX apXHBOB M KaTaloros
JOKYMEHTOB MPEANIPUSTHH.

Beul  mpoBeleH BBIUMCIUTEIBHBIA IKCICPUMEHT,
KOTOpBIH MOKa3al, 4YTO CTENEeHb CXKAThUS H300pakeHHs
mocyie 06paboTk ux B ycoBepiieHcTBoBaHHON MCOO/]
yBemmumiaack Ha 42% Tpu KadecTBE BOCCTAHOBIICHHS IO

npoLeaype  MOUCKA  MEAMWAHHBIX  KOHCEHCYCHBIX
pamxupoBannii 8 w3 10 6amios mo cpaBHenuto ¢ MCCO/I,
nucnons3yemorn  kommanuedt "Cryaums "Ilewats", dTO
YIOBJICTBOPSICT 3a/1a4e XPAHCHUS] apXUBHBIX JTOKYMCHTOB.
[onmy4eHHBIH pe3yTbTaT MOKET TOBOPUTH O TIOCTATOYHOM
Ka4eCcTBE CErMEHTAIIMU M300paKeHUI Ha TEKCT, TpaduKy,
dboro wu (GOH, KaxIbli U3 KOTOPBIX CHXKHMAcTCs
OTIPEICIICHHBIM KOJICPOM.

Pa3paboTanHbIil MOIyJIb CErMEHTAIIUU, BHEAPCHHBIH
B MCOOJ] xommanmm "Crymms "Iledats", mo3BossieT

COKpaTHTh BpeMs 00paboTku H300paKeHUI
OTCKaHWPOBAHHBIX JIOKYMEHTOB B § pa3 MpH JOCTATOYHOM
Ka4ecTBe CErMCHTALIUH, KOTOpOE OTIPEACIHIN

TIOJIF30BATENH CHCTEMON 00pabOTKN H300pakeHH.
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PO3POBKA MOJYJIA IHTEJEKTYAJIbHOI CHCTEMHU OBPOBKH
BIAICKAHOBAHUX JOKYMEHTIB HA BA3I KOMBIHOBAHOT'O METO4Y
CErMEHTAIIII 30BPAKEHD

ITpeaMeToM [OCTI/PKEHHSI B CTATTi € MOIYNb CerMEHTallii, CTBOpeHHH Ha 6a3i KOMOIHOBaHOTO METO/AY CEerMEHTalil 300paxeHb, i
BIIPOBA/DKEHHUII B IHTEJICKTYalIbHY CHCTEMY 0OpPOOKHM BiICKAHOBAaHMX JJOKYMEHTIB, sIka BUKOPUCTOBYEThCs B OJiechbKiil momirpadivniit
komranii "Crynis "Hpyk". Merow poOot € po3poOka MOIynsi cerMeHTauii 300pakeHb Uil MiJBHIICHHS ONEPaTHBHOCTI
iHTENeKTyaJbHOI CHUCTeMH OOpOOKHM BiICKaHOBaHMX JOKyMeHTIB mnoumirpadiuHoi kommanii "Crymis "Hpyk". [ms nworo
BUKOPUCTOBYETHCSI KOMOIHOBAaHMH METOH cerMeHTalii 300pakeHb BiJICKAHOBAHMX JOKYMEHTIB, SIKHH IO3BOJISE CKOPOTHTH Yac
00poOKH 300pakeHHS. Y CTaTTi BUPINIYIOTHCS HACTYIHI 3aBJAHHS: aHAJi3 ICHYIOUMX METOMIB CerMEHTaril 300pa’keHsb, SKi
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BHUKOPHCTOBYIOTBCS B IHTEJIEKTYaJlbHUX CHCTEMaX OOpOOKM BiJIICKAHOBAaHMX JOKYMEHTIB; po3poOKa Ipoumexyp I MOIYJSL
cerMeHTalii Ha OCHOBI KOMOIHOBaHOI'O METOAY CeTMEHTAIli 300pakeHb AN IHTENEKTYyaJIbHOI CHCTeMH OOpOOKH BiICKaHOBAaHHMX
JOKYMEHTIB. B po00Ti BHUKOPHCTOBYIOTECS MeTOAM: METOIH INU(PPOBOI 00poOKH 300paskeHb, MeToau (GiIbTparii i Mop¢o-1origHOTO
aHayi3y 300paKeHb, METOAM MAaTEeMaTHYHOTO aHai3y, HeHpoHHI Mepexi. OTpuMaHi HacTynHi pe3yJbTaTH: Pesymbratn oOpoOKH
300pakeHb 3a JONOMOIOI0 IHTENEKTYyaJbHOI CHCTEMH OOpOOKHM BiJCKAaHOBAaHMX JOKYMEHTIB Ha 0a3i 3alpONOHOBAHOTO MOIYJIS
CerMeHTalii MiATBEpIKYIOTh Mpale3laTHICTh MPOLEAYp MOAYNA cerMeHTauii 3o00paxkeHb. CepenHiii dac o0poOku 300pakeHb
BIJICKAHOBAaHUX NOKYMEHTIB CTaHOBUB 5,3 ¢ B NOPIBHSAHHI 3 paHille OTpUMaHuM - 42 C, IO JO3BOJISIE 3POOUTH BHCHOBOK IIPO
30UTBIIEHHST OIEPAaTHBHOCTI IHTENEKTYaJbHOI CHCTEMH OOpPOOKHM BiJICKAaHOBAHHX MOKYMEHTIB, sKa IOCIIJDKYETHCS. BHCHOBKH:
BripoBamxeHHsT po3po06IeHOro MOAyJIs cerMeHTamii 300paXkeHb B IHTEJEKTyaJbHY CHCTeMY OOpOOKM BiICKaHOBaHMX JOKYMEHTIB
nonirpadigaoi kommanii "Cryzist "/Ipyk" 103BOIHIO CKOPOTUTH Yac 0OpOOKH 300pa’keHb BiICKAHOBAHMX JTOKYMEHTIB B 8 pa3iB IpH
30epexeHHI JOCTaTHBOI SIKOCTI CErMEeHTaIlil, 3aBISKH YOMY 301IbIIHIACS ONIEPaTHUBHICTh JaHOI IHTENIEKTyaIbHOI CHCTEMH.
KunrouoBi ciioBa: cermenTaiis 300pakeHb; BiICKaHOBaH1 TOKYMEHTH; 00poOKa JOKYMEHTIB; iHTEIEeKTyalbHa CUCTEMA.

DEVELOPMENT OF AN INTELLIGENT PROCESSING SYSTEM MODULE FOR
SCANNED DOCUMENTS BASED ON THE COMBINED IMAGE SEGMENTATION
METHOD

The subject of research in the article is a segmentation module, created on the basis of a combined method of image segmentation,
and embedded in an intelligent processing system for scanned documents used in the Odessa printing company “Studio “Print”. The
aim of the work is to develop a module of image segmentation to improve the efficiency of the intellectual system of processing
scanned documents at the printing company "Studio "Print". The combined method of image segmentation of scanned documents,
which reduces the processing time of the image is used with this purpose. The article solves the following problems: analysis of
existing methods of image segmentation, which are used in intelligent systems for processing scanned documents; development of
procedures for the segmentation module based on the combined image segmentation method for an intelligent system for processing
scanned documents. The work uses the following methods: methods of digital image processing, methods of filtering and
morphological image analysis, methods of mathematical analysis, neural networks. The following results were obtained: The results
of image processing using an intelligent system for processing scanned documents based on the proposed segmentation module
confirm the operability of the procedures of the image segmentation module. The average processing time for images of scanned
documents was 5.3 seconds compared to the previously obtained - 42 seconds, which allows to conclude that the efficiency of the
investigated intellectual system for processing scanned documents is increased. Conclusions: The introduction of the developed
image segmentation module into the intellectual processing system of scanned documents of the printing company “Print Studio”
reduced the processing time of images of scanned documents by 8 times while maintaining sufficient quality, which increased the
efficiency of this intelligent system.
Keywords: image segmentation; scanned documents; document processing; intelligent system.
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T. LEBEDENKO

METHOD OF SCHEDULING AND ACTIVE QUEUES MANAGEMENT ON
ROUTERS INTERFACES OF TELECOMMUNICATION NETWORKS

The subject matter of the article is the method of scheduling and active queues management on routers interfaces of
telecommunication networks. The goal of the work is to develop and improve the method related to the optimization of queues
management processes on routers interfaces of telecommunication networks and aimed at improving the indicators of the quality of
service. The article solves optimization problems of Congestion Management, Resource Allocation and Congestion Avoidance on
routers interfaces of telecommunication networks in the framework of the two-stage calculation method. Research methods are based
on the results of analytical calculations obtained in the course of using the Optimization Toolbox package of the Mat lab environment.
Wherein in the course of improving the queue management method on routers interfaces of telecommunication networks, a
mathematical programming apparatus was used, containing linear programming functions. The following results were obtained — the
improved method of scheduling and active queues management on routers interfaces of telecommunication networks with the
coordinated, sequential and two-stage solution of such interface problems as Congestion Management, Resource Allocation, and
Congestion Avoidance. Conclusions: using the proposed method of scheduling and active queue management had made to achieve an
agreed solution to Congestion Management, Resource Allocation, and Congestion Avoidance problems. In the course of solving the
optimization problem of Congestion Management, which was conditionally related to the first stage of calculations, it was possible to
achieve optimal aggregation and allocation of packet flows over queues formed on the router interface based on the commensurability
of their classes. In the course of solving the optimization problems of resource allocation, and congestion avoidance, which were
conditionally related to the second stage of calculations, it was possible to achieve an optimal bandwidth allocation of the router

interface between the queues formed on it, and minimize possible denials of service.
Keywords: active queues management; congestion management; resource allocation; congestion avoidance; bandwidth; router

interface; telecommunication network; quality of service.

Introduction

Providing users with the high quality of service
(QoS) is one of the most important requirements for the
advanced telecommunication networks (TCN) [1-5]. In
this case, improving the numerical values of QoS
indicators such as average delay, jitter, and probability of
packet loss are largely dependent on the effectiveness of
planning methods and active queue management. The
queuing scheduling methods mean the solution of such
interface tasks as:

- the task of congestion management (Congestion
Management), which involves the distribution and
aggregation of packet flows between queues formed on
the router interface;

-the task of distributing the bandwidth of the
interface between the formed queues (Resource
Allocation).

The solution to the problem of preventing overload
(Congestion Avoidance), which aims to provide a
preventive (advance) limitation of the intensity of packet
flows arriving at the interface TCN router [6-10], is
understood as the methods of active queue management
(AQM).

An overview of existing mathematical models and
queuing techniques on TCN routers interfaces has
identified a list of requirements for their effective
implementation, among which:

- provision of differentiation in maintenance of flows
of packages of different classes;

- fairness in service (that is, the ability of models and
methods to provide service flow packets in accordance
with their QoS requirements);

- adaptability and scalability (that is, the ability of
models and methods to automatically change their

characteristics depending on the change in the intensity of
traffic, the number of packets received on the interface of
the router, etc.);

- reliability (i.e. the ability of models and methods to
continue to function in case of possible overload or even
partial failure of equipment);

- support of a dynamic queuing strategy (i.e., the
ability of models and methods to find the correct solution
for managing queues in real-time);

- simplicity of algorithmic-software and hardware
implementation, low computational complexity.

However, the analysis of the known queue
management solutions on TCN routers interfaces showed
that the satisfaction of the listed requirements within one
method and / or model has not yet been implemented in
practice. Thus, in [11, 12, 17, 18], mathematical models
of queue management on interfaces of TCN routers are
presented on the basis of optimal aggregation and
distribution of flows by queues. The advantage of these
models is to take into account the dynamics of changing
the state of the interface of the router in the distribution of
the network resource due to the additionally introduced
dynamically controlled threshold load [11, 12, 17] and the
application of the approximation of PSFFA [18]. The
general disadvantage of these models is the lack of
conditions associated with minimizing the bandwidth
usage of the interface and fixing its shares in separate
queues. In [14], an approach to the optimal solution of the
Resource Allocation problem was proposed using the
Mean Opinion Score (MOS), their application to the Nash
Bargaining Solution, and the subsequent reduction of the
obtained conditions to the minimal problem resource
allocation. The disadvantage of this work is the lack of
differentiation and fairness in serving traffic flows with
different QoS requirements. [15, 16, 20-22] presents
mathematical models and queuing control methods that

© T. Lebedenko, 2019
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combine both queuing planning methods and active
queuing methods. The main disadvantage of these models
and methods is the high dimension of optimization tasks,
which leads to an increase in the computational
complexity of obtaining the desired solutions and
complication of their subsequent algorithmic-software
implementation. In this regard, the scientific and applied
task of developing mathematical models and methods
related to the optimization of the queue management
process on the interfaces of TCN routers seems to be
relevant due to providing a comprehensive solution to
queue planning problems - Congestion Management,
Resource Allocation, and active queue management -
Congestion Avoidance.

Queuing Planning Model on Interfaces of
Telecommunication Routers and Overload
Management Task solving

Based on the results obtained in [11, 12, 15, 20-22],
a method for planning and active queue management on
the interfaces of telecommunication network routers with
the successive solution of overload control optimization
tasks, the allocation of bandwidth of the interface and
prevention of overload [12] is proposed. The analysis of
known solutions for the joint solution of the Congestion
Management, Resource Allocation and Congestion
Avoidance problems presented in [21, 22] demonstrated
that the results of the solution to the overload management
problem are not related to the results of the solution of the
problem of the allocation of bandwidth of the interface
and prevention tasks overload. Consequently, a shared or
distributed solution to these tasks will result in the same
result. Thus, in order to reduce the dimension of
optimization tasks, a two-step method of calculation is
proposed, where the first stage will correspond to the
solution of the Congestion Management (queuing model),
while the second one is for Resource Allocation and
Congestion Avoidance (active queuing model).

Then, let us at the first stage of the calculations, to
the input of the interface of the router there are N flows of
packets with the following known characteristics:

a, (i=1,N) — the average intensity of the i -th flow
of packets, which is measured in packets per second (1/c);

k' (i=1, N) — the value of the class of the i -th flow
of packets. The higher is the valuek;", so with the higher
QoS it should be served on the router interface;

K — the maximum value of the packet flows class.

Let us agree that within the scope of this work, the
value of the class of the flowsk,' will be quantified by a

real number, which varies from 1 to K, that is, the
condition 1<k’ <K will take place. Differentiation of

flows of packages of different classes is possible in
accordance with the following features [4, 5]:

- content of the IP packet fields: IP-precedence or
DSCP;

- Value of the QoS-group;

- Address of the source of the IP packet;

- Address of the recipient of the IP-packet;

- MAC addresses of the source and (or) recipient of
the packets;

- Standard or extended list of access to sources /
recipients;

- TCP / UDP port of the source and / or packet
recipient;

Package length code.

In the general case, by analogy with [11, 12], the
classes of packet flows k' can be represented as some

nonlinear function of the form:

kif(pi’li):i_’ (i:l'_N)’ (1)

vl

where p;, — priority of the i-th packet-flow; I, — average
packet length of the i-th flow; v — the normalization
coefficient, which allows to smooth the difference in the
order of the values of priority (0 + 7) and the packet length
in bytes.

In addition, according to works [17-19], it is
possible to determine the flow classes using the analog of

the IGPP (Internal Gateway Routing Protocol) routing
metric:

K3

ki =v[KQ’+ KZQiT]Qir TK, '

()

where v — the normalization coefficient introduced to
ensure the condition 1<k'<10; K, K, K, K, -
coefficients that determine the influence of a QoS indicator
on the flow class and are set administratively; Q°,Q",Q" —
values that characterize the QoS-specific indicators,
including: Q" - the value that is inverse to the

requirements for the bandwidth of the i-th flow; Q — a
value that characterizes the requirements for the average
delay of packets of the i-th flow; Q' — the value that

determines the required level of reliability of packets
delivery of the i-th flow.

The use (2) in solving problems of distribution of
packet flows on the lines formed on the interface of the
router allows for explicit consideration of requirements for
the quality of service and the implementation of
aggregation of flows according to the received classes.

Packets N flows that are received for maintenance on
the interface of the router TCN must be distributed among
the M-queues created on it during the solution of the task
of overload management (Congestion Management task)
by calculating the set of variables of the first type X,

(i =1N, j=l,_M ), each of which characterizes the part

of the i -th packet flow, aimed for servicing at the j-th
turn [20-22]. Under the value M we will keep in mind the
maximum number of queues that can be arranged on the
router interface according to the existing congestion
management mechanisms such as FIFO, PQ, CQ, FQ /
WFQ, CBWFQ, LLQ [1-3].

We will assume that by analogy with the
classification of packet flows k', the classification of the
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queues itself k' (] =1,M)is also established, where the
value of the class of j-th queue corresponds to the
condition 1<k <K. The criterion for directing a

differentiated stream of packets in one way or another will
be the maximum coincidence of the values of classes k'

and ki . Aggregation of packet flows in the corresponding

queues will only be relevant if the condition N > M is
fulfilled, that is, when the number of queue-supported
router interfaces supported is less than the number of
packet flows arriving at its input

In order to ensure the fulfillment of the conditions
for the differentiation of service flow packets with
different QoS requirements, it is proposed to process
packet flows with close values of classes k' within the

framework of one of the queues formed on the router's
interface, and determine the control variables of the first
type x; ; as boolean:

% ; =10,1}. (3)

The calculation of control variables of the first type
.; Is advisable in the solution of the optimization
problem Congestion Management, which involves the
aggregation and distribution of packet flows based on
queues formed on the router interface [10, 11, 22]:

X

minF,
X

where F — target function, represented by the form of the
type:

N M

F=2 2%, (4)
_

i =1

hifj — conditional cost (metric) of package service of the

i-th flow-at the j-th-turn:

hix,j :(kif —k?)2 +1, (i :L_N' j=1LM). ®)

Metric hifj is a positive value, the value of which (5)

depends directly on the square of the distance between the
classes of individual streams and queues [17-22]. The
closer are the values k' and ki, the smaller is the service

metric b, . If the class values (k' =k?) are the same, the
service metric will be minimal and will be equal to one
(0, =1) . Thus, the maximum proximity of the values k'

and kj will guarantee the direction of the packet-flow for

service to the i-th turn. Consequently, the use of the target
function (4) taking into account the metric (5) and the
presence of the restriction (3) determines the optimization
task of the first level of calculations as an optimization
problem of Boolean programming, the solution of which
is to determine the optimal order of distribution and
aggregation of packet flows between the formed queues
based on commensurability of their classes, which fully

meets the technological requirements of the Congestion
Management task.

Model of active queue management on interfaces of
telecommunication network routers and solution of
bandwidth allocation and overload prevention tasks

The second stage of the calculations is a coherent
solution to the tasks of allocating the bandwidth of the
interface between the formed queues and preventing
overload [12-14, 22]. The transition to the second stage
occurs after solving the optimization problem for
aggregation and distribution of packet flows based on
queues formed on the router interface, when the result of
the calculation of the set of control variables x ; is

already known. Then, to solve the Resource Allocation
problem, we introduce a set of control variables of the

second type b, (] :1,_M), each of which defines the

fraction of the bandwidth of the interface allocated for
service of j-th queue. To ensure the correctness of the
distribution of the overall bandwidth of the interface — b
between the specific queues, the variables b, must be

imposed the conditions:

b, <b, (j=1M). (6)

.Mg

I
[N

b, >0,

For the possibility of implementing a preventive
(advance) limitation of the intensity of the flows received
on the input of the interface of the router of the
telecommunication network, it is also necessary to
introduce a set of variables of the third type y, (i=1,N),

which in their physical content characterize the part of a
i-th flow of packets that was refused service on the
interface of the router during the solution of the problem
of Congestion Avoidance [20, 21]. Numerically, the
variables y, will determine the probability of dropping

the packets of the i-th flow from the j-th queue formed at
the router's interface and will be subject to the condition
of the form:

0<y, <1 (i=LN). (7)

In order to ensure controllability of the process of
preventing overloading the TCN router interface, it is
necessary to satisfy a non-linear constraint that ensures
that the total intensity of — i-th flows directed to service in
j-th queue will in no case exceed the bandwidth of the
interface allocated in this queue:

Sax,0-y) <b, (j=1M) ©®)

Condition (8) reflects the functional interaction
between control variables of all three types, linking the
optimization tasks of the first and second stages of the
calculations. Satisfaction (8) guarantees that the aggregate
intensity of the already known aggregated according to
metric (5), packet streams will not cause overloading of
the routine formed on the interface of the TCN queues due
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to the implementation of the functions of Congestion
Avoidance and Resource Allocation.

Based on the formulated conditions and constraints
(6) — (8), the calculation of the required variables b, and
y, conditionally related to the second stage of
calculations, it is expedient to implement in the course of
solving the next optimization problem:

min P,
b,y

M N
P=>Y"Ib+> h'ay, 9)

j=1 i=1
where h;’ — the nominal value (metric), which is
responsible for allocating the bandwidth unit of the router
interface to packets from the j-th queue; h’ — Conditional

cost (metric), which is responsible for refusals to service
packets of the i-th flow.

The result of solving an optimization task with the
target function (9) will be related to minimizing the use of
bandwidth of the interface of the router due to its optimal
distribution, and minimizing possible service failures
caused by preventive (advance) flow limitation.

Similar to metric (5), metrics hf and h/ depend on
values of classes of streams k' and queuesk; . Moreover,

the higher is the class kj‘ , the greater is the value h;’ and

the greater the bandwidth of the interface will be allocated
to the j-th queue. Increasing the class k' also leads to an

increase in the value of the metric 1/, and the larger the

values of this metric; the fewer packets will receive denial
of service. Consequently, the higher the values of the
classes of flows and queues, the more expensive are
refusals to service the packets of the i-th flow that came to
the j-th queue.

The fulfillment of the conditions (6) — (8) during the
solution of the optimization problem (9) allows the
optimal allocation of the bandwidth of the TCN router
interface between the generated queues and provides a
preventive limitation of the packet stream intensity by
analogy with overload prevention mechanisms (RED,
WRED) due to the possibility flexible regulation of the
direction of one or another stream to those or other
gueues.

Thus, the basis of the method of planning and active
queue management on the interfaces of
telecommunication network routers is a consistent and
two-stage solution to the following interface tasks:

- an optimization task for overload management with
a target function (4) and a limitation (3) whose purpose is
to optimally allocate and aggregate packet streams
between queues formed on the router interface based on
the summation of values of the classes of flows and
queues represented by the metric (5);

- problems of the optimal allocation of bandwidth of
the interface between the formed queues and the task of
preventing the overload of the interface presented by the
optimization form with the target function (9) and
restrictions (6), (7).

The general structure of the method of planning and
active queue management on the interfaces of
telecommunication network routers is shown in fig. 1.

The first stage of the calculations

Main tasks:

Technology — distribution and aggregation
streams of packets by the router interface
formed queunes based on sumimosti values of
the classes of flows and queues 3;'- and k}'? ;

Target function

Metric of the i-th stream service
by the packets of j-th quene

Optimization task of
the first stage of the calculations

N M

F=3%% Jr;";jx‘.’j.

Tl e

min F,
x

hE = —KIF +1.

-
Mathematical — calculation of governing
variables of the first type % i Limitations Y= {0, 1} .
The second stage of calculations
Optimization task of T
the second stage of the calculations
Main tasks:
; min P
Technological - allocation of bandwidth Target function B,y !
between quenes formed on the router
.

interface and preventive (advance) limitation
of the intensity of packet flows arriving at the
interface  of  the  router of the
telecommunication network:;

control

Mathematical - calculation of

variables p. and gy :

Limitations

N _
Yax, (1-y)<b,(i=1M).
2%,/ G-y =0,

Fig. 1. Structure of the method of planning and active queue management on interfaces of telecommunication network routers
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Investigation of the method of planning and active
queue management on interfaces of telecommunication
network routers

The study of the proposed planning method and
active queue management on the interfaces of
telecommunication network routers was based on the
analytical calculations obtained during the use of Mat
lab’s Optimization Toolbox package when solving the
optimization problems of Congestion Management,
Resource Allocation and Congestion Avoidance [23, 24].

Fig. 2 shows the initial data and calculation results
for the first example. Let, in this example, the traffic that

Flow Ng‘;‘ff:r Intensity of the
class flow 1is
flow
55838 Flow 1 m
6121 Flow 2 m
532 Flow 3 m
4155 Flow 4 m
X

4,891 Flow § m “
3042 Flow 6
62128 Flow 7 m
2,37 Flow 8 3.0803
5874 Flow 9 m
2.2846 Flow10 8.4703
354 Flow 11 m
5373 Flow 12 m

A )
VZ

came to the interface of the router consisted of twelve
streams. The value of the classes and the intensities of the
flows k' were given randomly. The streaming

differentiation was carried out, for example, based on the
content of the IP packet fields: IP Precedence, with the
maximum value of stream classes. Serving flows was
carried out in four queues (M =4). Let us suppose also

that the interface of the router was overloaded, that is,
condition (8) was not executed. Moreover, the total
intensity of streams in queues was 113.9935 1 / s, while
the bandwidth of the interface - 1/s.

The total intensity Number
of flows in the of the Queue class
quene /s queue
¥g = 100%; Vo= 100% I
s |
b1=0
¥ =6,13%

bz =1332080

= ?920. 7

b3 = 66,7920

Total Bandwidth of the Router Interface (b =100 1/8)

M
‘ - [§ : 712

bs=0

Fig. 2. Output and calculation results for the first example using the target function of the linear form (9) and in the conditions of the

overload of the interface of the router

According to the analytical calculations presented in
fig. 2 it was able to confirm the correctness of the solution
of the optimization problem of the first stage of
calculations (4) regarding the aggregation of packet flows
and their subsequent distribution in corresponding queues
based on the proximity of the values of classes k' and

kJ‘.‘ . In addition, the correctness of the decision of the tasks

of the second stage of calculations (9) in the conditions of
the overload of the interface of the router was analyzed. In
fig. 2, it can be seen that using the linear target function
(9), the threads with the lowest values of classes
(ky =2,3227) and (k. =2,2846) those that were

directed to the low-order queue (k! =1,875), received

restrictions on maintenance until the complete refusal in it.
The probability of dropping packets from the eighth and
tenth streams was equal to one. At the same time, flows
with high values of classes were not limited to serving as
long as it was possible to deny flows with low values.

In the second example, during the study of the
proposed method case was considered for similar output
data, but in the absence of overload interface router — fig.
3. That is, in conditions where the total intensity of
streams in queues is equal to 77.1122 1/s, and the
bandwidth of the interface is 1/s.
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Flow Number Intensity of Flow
class of Flow /s
5588 Flow 1 m
6,121 Flow 2 m
532 Flow 3 m
4,156 Flow 4 m
4,891 Flow 5 m
3042 Flow 6
6218 Flow 7 m
2,307 Flow 8 ﬂ ’
5874 Flow 9 m '
22846 Flow 10 m
3,504 Flow 11 m
5398 Flow 12 m

7=>

The total intensity Number
of flows in the of the Elass oljthe
. quene
quene 1/s queue
i
(e ‘ e
b1=225380

| = . e
L — |

b2 =13.1950

| L . 7

ba=413792

Total Bandw idth of the Router Interface (b = 100 1/s)

ba=0

Fig. 3. Output and calculation results for the second example using the target function of the linear form (9) provided there is no

overload of the interface of the router

In the second example, shown in fig. 3 also
succeeded in confirming the correctness of the
aggregation and distribution of packet flows in the
generated queues based on the summation of the values of
their classes. The results of the study showed that, in the
absence of overloading the interface of the router, none of
the packet flows received a denial of service and the use
of the linear target function (9) was sufficient to achieve
the optimal allocation of bandwidth of the router interface
between the formed queues and minimize possible service
failures (fig. 3). Another advantage of the presentation of
the optimization problem by the objective function of the
linear form (9) was a small computational complexity,
which made it possible to simplify its technological
implementation.

Conclusions

The paper proposes a method of planning and active
queue management on interfaces of telecommunication
network routers. The novelty of this method was the
approach to successive two-stage solution of such
interface tasks as:

- the task of controlling overloads, the purpose of
which was optimal aggregation and distribution of packet
flows based on queues formed on the interface of the

router in accordance with the equivalence of values of
classes of flows and queues;

- the problem of optimal allocation of the bandwidth
of the interface between the queues formed on it;

- the task of preventing overload, the purpose of
which was to provide a preventive (timely) limitation of
the intensity of packet flows arriving at the interface of the
router of the telecommunication network.

The analysis of known solutions [4, 5, 10-22] has
shown that the results of the solution of the Congestion
Management problem are not related to the results of the
Resource Allocation and Congestion Avoidance tasks.
That is why, in order to reduce the computational
complexity of the calculations of the optimization
problems, their distributed solution was proposed within
the framework of the two-step method (fig. 1).

Investigating overload management processes,
distributing  bandwidth and preventing overloads
confirmed the effectiveness of the proposed planning
method and active queue management. However, it should
be noted that the correctness and adequacy of the solutions
it receives using the target function of the linear form (9)
is achieved only if there is no overload of the interface of
the router. Therefore, further development of this method
is seen in the use of quadratic and linear quadratic target
functions to provide a more equitable solution to the
Resource Allocation and Congestion Avoidance.
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METO/ IIVTAHYBAHHSA TA AKTUBHOI'O YIIPABJIIHHSA YEPT'AMUA HA
THTEP®ENCAX MAPIIPYTHU3ATOPIB TEJIEKOMYHIKAIIIMHAX MEPEX

IIpenvMeTom rocimikeHHs B poOOTI € METOJ IUIaHyBaHHS Ta aKTUBHOTO YIPABIIHHS 4YepraMu Ha iHTepdeiicax MapLIpyTH3aTopiB
TeNEeKOMYHIKaliHUX Mepex. MeTor poboTu € po3poOKa Ta BIOCKOHAJICHHS METOIY, SIKHH MOB’S3aHUN 3 ONTHUMI3alLi€l0 MpoLeciB
YIpaBJIiHHA YepraMu Ha iHTepdelicax MapIIpyTH3aTOPiB TEICKOMYHIKAIIIMHUX MEPEX Ta OPI€HTOBAaHMI Ha MiABHUIICHHS MOKA3HUKIB
PpiBHS siKOCTI 00CIyroByBaHHS. B poOOTI BUPIIIYIOTECS ONTUMI3aLiiHI 3a4a4i YIpaBIiHHS NepEeBaHTAKEHHAMH, PO3MOALLY pecypciB
Ta 3aro0iraHHs IepeBaHTAKEHHIAMH Ha iHTepdeiicax MapuIpyTH3aTOpiB TeIEKOMYHIKAIIITHUX MepeX B paMKax JBOETAITHOTO METOIY
po3paxyHKiB. MeToaM NOCIi/UKEHHS IPYHTYIOTCSI Ha pe3yNIbTaTax aHATITHYHAX PO3paxyHKiB, [0 OTPUMaHI B XOJi BUKOPHUCTAHHS
makety Optimization Toolbox cepenosuma Matlab. [Ipu oMy B X0/1i BAOCKOHAIICHHSI METOJy YIIPABIiHHS YepramMu Ha iHTepdeiicax
MapIIpyTH3aTOPiB TEIEKOMYHIKamifHNX Mepek BUKOPHCTOBYBABCS amapaT MaTeMaTHYHOTO MpOrpaMyBaHHS, IIO MICTHUB (yHKIT
JiHIAHOTO mporpamMyBaHHs. Pe3y/bTaTH: OTPUMaHO BIOCKOHAJICHMH METOJ IUIaHYyBaHHS Ta AKTUBHOTO YIPABIiHHSA 4epraMu Ha
iHTepdeiicax MapIIpyTU3aTOPiB TEIEKOMYHIKAIIMHUX MEPEeX 3 Y3TOKCHHM, TOCIIZOBHHM Ta JBOCTAIIHUM BHPIMICHHSAM TaKUX
iHTepdeiicHIX 3a7ad sK ynpaBiiHHA nepeBaHTakeHHAMH (Congestion Management), po3moisl MPOIMYCKHOI 31aTHOCTI iHTepdeicy
mapmpytuzaropa (Resource Allocation) ta 3amoGiranas mepeBaHTaxkeHHs (Congestion Avoidance). BHCHOBKM: 3acTocyBaHHS
3aIpONOHOBAHOTO METOAY IUIaHYyBaHHS Ta AaKTHBHOTO YIPABIiHHSA 4YepraMy JO3BOJWIO JOCSTTH Y3TOJDKEHOTO BHUPIIICHHS 3a1ad
Congestion Management, Resource Allocation Ta Congestion Avoidance. B xoni BupimeHHs ontumizaniiiHoi 3amadi Congestion
Management, 10 YMOBHO BiZHOCHJIACSI JI0 IEPIIOTO €Taly PO3paxyHKIB, BAAIOCS NOCSTTH ONTHMAJBbHOI arperamii Ta po3moairy
MIOTOKIB TTaKeTiB 1o chopMoBaHUX Ha iHTepdeiici MapuIpyTH3aTOpa Yyeprax Ha OCHOBI OJIM3BKOCTI 3HaUeHb iX KiaciB. [1pu BupimeHHi
ontuMizamidHux 3amaud Resource Allocation ta Congestion Avoidance, o BiIHOCHIIUCA IO IPYroro eTramy po3paxyHKiB, BIajoCs
JOCSTTH ONTUMAJIBHOTO PO3IOALTY MPOIYCKHOI 3JaTHOCTI iHTepdelicy MapImpyTu3aTopa Mik COPMOBAHUMH Ha HHOMY YEpPraMH Ta
MiHIMi3yBaTH MOXJIMBI BIIMOBH B 0OCITyrOBYBaHHI.

KuarouoBi cjioBa: axkTHBHE YNpPaBIiHHA YepramMu; YIOPaBIiHHSI IEPEBaHTAKCHHSIM; PpO3IOALT pecypciB; 3amoOiraHHs
NepeBaHTaKEHHSI; IPOITYCKHA 3/1aTHICTB; iHTepdeiic MapImpyTH3aTopa; TeleKOMyHiKaIliiiHa Mepexa; sIKiCTb 00CITyrOByBaHHSI.

METO/ IIVTAHUPOBAHUA U AKTUBHOI'O YIIPABJIEHUSA OYEPESIMUA HA
UHTEP®EMCAX MAPIHIPYTU3ATOPOB TEJEKOMMYHUKAIIMOHHBIX CETEN

IIpenMeToM uccnenoBanuss B paboTe SBISETCS METOJ IUIAHMPOBAHWS M aKTUBHOTO YIpAaBICHUS ouepensiMu Ha HHTepdeiicax
MapIIpyTH3aTOPOB TEIEKOMMYHHKAIIMOHHBIX ceTedl. lleablo paboThl sBisercss pa3paboTka W COBEPIICHCTBOBAHHE METOJA,
CBSI3aHHOTO C ONTHMH3ALMed IPOIECCOB YIpaBICHHs ouepelsIMH Ha MHTepdelcax MapIIpyTH3aTOPOB TEIEKOMMYHUKAIMOHHBIX
ceTeil 1 OPUEeHTHPOBAHHOTO Ha IOBBIILICHUE [TOKa3aTeNeil ypOBHs KadecTBa o0CIyXKUBaHus. B paboTe pemaioTcs onTHMU3alOHHbIE
3aJa4M YIPAaBICHHUS MEperpy3KaMu, pacipeeeHusl peCypcoB U NPeIOTBpPAIeHNs] Neperpy3ok Ha HHTepdelicax MapuIpyTH3aTOpOB
TENeKOMMYHHKAIMOHHBIX CeTell B paMKax [BYXJTAallHOTO MeTojaa pacuéra. MeToabl HCCIEIOBAaHUS OCHOBAHBI Ha pe3yJbTaTax
aHATUTHYECKUX PACUETOB, TOJyUYSHHBIE B XOJl¢ MCIONB30BaHMs makera Optimization Toolbox cpexpr Matlab. IIpu sTom B x0me
COBEPLICHCTBOBAHMS METO/Aa YNpPABICHHSA OdYepe/siMH Ha HHTepdeiicax MapIIpyTH3aTOPOB TEICKOMMYHHUKAI[MOHHBIX —ceTel
HCTIOJIB30BAJICS  anmapar MaTeMaTHYecKOro IPOrPaMMHpPOBAHMsS, COJEpXKalMi (QYHKIUHM JIMHEHHOTrO HpPOrpaMMHPOBAHHUSL.
Pe3yabTaThl: moNydeH YCOBEPIICHCTBOBAHHBI METOJ IUIAHMPOBAaHMS M AaKTUBHOTO YNPABICHUS OdYepelsiMH Ha HHTepdeiicax
MapIIPyTH3aTOPOB TEIEKOMMYHUKALMOHHBIX CETeH C COIJaCOBaHHBIM, IOCIIENOBATENbHBIM M JBYXITAllHBIM DEIICHUEM TaKHX
nHTepQeNCHBIX 3a1ad Kak ympasineHue mneperpy3kamu (Congestion Management), pacrmpeneneHHe NPOITYyCKHOH CHOCOOHOCTH
uHTepdeiica mapmpyruzatopa (Resource Allocation) u mpemorBpamenus meperpy3ku (Congestion Avoidance). BbIBoabI:
NPUMEHEHHE MPEJIOKEHHOTO METO/a IUIAHMPOBAHUS M aKTHBHOTO YIIPABJICHHS OYEPEAsSMH MO3BOJIMJIO JOCTHYb COTJIACOBAHHOTO
pemenns 3agad Congestion Management, Resource Allocation n Congestion Avoidance. B xoze pemeHns onTUMHA3AIMOHHON 381291
Congestion Management, KoTopasi YCJIOBHO OTHOCHJIACh K MIEPBOMY 3Tally PacyeToB, YAAJIOCh JTOCTHYh ONTHMAJIBHOH arperamuu u
pacnpereneHus MOTOKOB MAaKeTOB MO chOpMHUPOBaHHBIM Ha HHTepQelice MapIIpyTH3aTOpa oYepe/siM Ha OCHOBAHUH CON3MEPUMOCTH
3HaueHMUH nx KiaccoB. [Ipy pelreHnH oNTUMHU3AMOHHBIX 33134 Resource Allocation u Congestion Avoidance, KOTOpble OTHOCHITHCH
KO BTOPOMY OTally pacyeToB, YIAJOCh JOCTUYb ONTHUMAIBHOTO paclpeneiieHHs MNpPOIMYCKHOW crmocoGHOCTH uHTepdeiica
MapmpyTusaTtopa Mexay C(bOpMI/IpOBaHHblMI/I Ha HEM O4YE€PEAAMU U MUHUMU3UPOBATHL BO3MOXKHBIC OTKa3bl B O6C.]'ly)KI/IBaHl/IPI.
KiroueBbie ci10Ba: aKTHBHOE YIIPAaBICHHE OUEPE/IsIMH; YIIPABICHHE MTEPErpy3KOil; pacipeaelieHie pecypcoB; MpeJ0TBpalieHIe
Heperpy3Kku; MPOIyCKHas CIIOCOOHOCTh; HHTepGeiic MapIIPYTH3aTOPa; TEICKOMMYHUKAI[MOHHAS CETh; KA4eCTBO OOCITYKUBAHHS.
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CREATION OF COLLABORATIVE DEVELOPMENT ENVIRONMENT IN THE
SYSTEM OF DISTANCE LEARNING

The subject of the study in the article is methods and tools for the creation and implementation of distance learning systems (DLS).
The interactive capabilities used in the distance education system, programs and information delivery systems allow for feedback,
dialogue and ongoing support that are not possible in most traditional learning systems. The purpose of the article is to create a
collaborative environment for developing software products in the system of distance learning by forming an interactive platform with
the help of Sphere Engine, which provides the ability to debug the code in many programming languages. At the same time, the
following tasks are solved: a review and comparison of existing systems of distance learning; analysis of the functional and features
of the Sphere Engine platform; development of the integration algorithm of the service with the system Moodle. Methods: methods of
information processing, methods and information technologies for the creation of electronic distance learning courses. Results. As a
result of the review and comparison of existing distance learning systems and software verification tools, the tools that best meet the
needs for collaborative development environments, namely the Moodle DLS and the Sphere Engine service, are selected. The analysis
of the functional and features of the Sphere Engine platform is carried out: a diagram of the work of the api compilers of the service is
shown, which illustrates the process of execution of the program from the moment of its sending to the results of execution; The
concept of a pool script in graphical form is provided. A prototype collaborative development environment created in the form of a
web application is created, the prototype architecture is described. An algorithm for integration of the Sphere Engine service with the
Moodle system is developed. In detail, the stages of the integration algorithm are considered on the example of testing the work
environment of the development of the course "Web-technologies and web-design". Conclusions. An interactive module is created
with the help of Sphere Engine, which allows you to perform laboratory work on programming disciplines and to carry out full
control over their execution. Thus, the degree of automation of the educational process in institutions of higher education increases.

Keywords: distance learning; collaborative environment; integration algorithm; web service.

Introduction

With the development of information technology, the
society faced an important problem, which is to create a
new promising system of education, which should prepare
society for life in the new conditions of civilization. This
explains the emergence of a new form of education —
distance, along with the forms already known and
traditional — stationary, correspondence, external studies,
etc [1].

To ensure the successful design, development and
implementation of a distance learning system, it is
necessary to create the infrastructure of the relevant
educational institutions, train teachers, develop curricula,
etc. An important part of distance learning is its
implementation using information technology, namely
Learning Management Systems, which are designed to
develop, manage and distribute online teaching materials
to ensure the sharing of many users. [2, 3].

Modern computer telecommunications can provide
the transfer of knowledge and access to a variety of
educational information on an equal, and sometimes more
efficient, level than traditional learning tools. Experiments
have confirmed that the quality and structure of training
courses, as well as the quality of teaching in distance
learning, is often much better than with traditional forms
of learning [4, 5].

New e-technologies such as interactive disks,
electronic  bulletin  boards, multimedia hypertext,
accessible through the global Internet network, provide
active involvement of students in the learning process. In
addition, these technologies allow you to manage the
learning process unlike most traditional learning
environments. Integration of sound, movement, images
and text creates a rich learning environment, with the

development of which will increase the degree of
involvement of students in the learning process.

The interactive capabilities used in the distance
education system (DLS), programs and information
delivery systems allow you to set up and even stimulate
feedback, provide a dialogue and ongoing support that is
not possible in most traditional training systems [6, 7].

Analysis of publications and distance learning
systems

Many publications are devoted to the development of
technologies and systems of distance learning. Among
them are the works of C. Wademeyer, R. Harrison, D.
Kigan, M. Moore, D. Schell, which testify that such
systems operate in universities of many countries. DLSs
are actively implemented abroad, in particular in the US
by leading universities in Stanford, Harvard, Princeton,
Massachusetts Institute of Technology (MIT) [8, 9].
R. Kulatta and M. Beynton note that users are offered a
choice of free on-line courses on various technical
disciplines.

In accordance with the concept of the development
of distance education in Ukraine [10], there is now an
increase in the number of higher education institutions
that use the distance education. According to the results of
the analysis of the development of DLS in institutions of
higher education in Ukraine, conducted by Kravtsov G.M.
[11], it can be argued that most higher education
institutions develop their own distance learning systems
(DLSs) that solve internal learning tasks, have specific
document processing protocols, which implement
individualized distance learning technologies.

In the dissertation, Pikulyak M.V. considers methods
and instrumental means of constructing an adaptive
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system of distance education [12]. Dissertation work of
Kuta V.. is devoted to the development and formation of
a complex of information technologies of distance
learning systems for people with special needs [13].

Among the technologies used in the process of
distance learning, the most widely used:

- case technology - a form of distance learning, based
on the provision of educational information educational
resources in the form of specialized sets of educational
and methodological complexes using different types of
information carriers (cases);

- Internet technology is a way of remotely
transmitting information based on the use of global and
local computer networks to provide students with access
to information educational resources and to formulate a
set of methodological, organizational, technical and
software tools for implementation and management of the
learning process, regardless of location its subjects;

- telecommunication technology — a technology
based on the use of satellite and data transmission and
broadcasts as well as global and local networks to provide
interaction between students and teachers and the access
of students to information educational resources presented
in the form of digital libraries, video collections and other
learning tools.

The main criterion for evaluating and implementing
one or another educational technology (form,
methodology) of education in the education system is its
effectiveness.

We will conduct a comparative assessment of the
existing systems of distance learning. Among them, the
main criterion for evaluation is compliance with the

Table 1. Comparative characteristics of the DLS

standard (SCORM) (Sharable Content Object Reference
Model). This is a set of specifications and standards
developed specifically for the DLS at the international
level. It contains requirements for the design of teaching
materials, the formation of the learning process and other
criteria that ensure the universality and scalability of the
system. The relevance of the course to the format of
SCORM provides the integration of the course into other
systems and its multiple uses: all methodological materials
are represented by blocks that can be used to create
different courses, regardless of the environment in which
they were created.

For the most part, the use of DLS is permissible only
as part of the educational process, which involves the
regular personal contact of students and teachers.
Remoteness is used only as a tool for facilitating access to
methodological materials and providing conditions for
independent forms of educational work, which is
especially relevant in connection with an increase in the
number of hours allocated to this format in curriculum.
This technology of interaction in the international space is
called "Blended Learning” — a mixed learning. Within the
framework of the given conception it is envisaged to
obtain knowledge independently, for example, online, and
internally - with a teacher. This approach allows you to
control the time, place, pace and way of studying the
material. Mixed education allows you to combine
traditional techniques and topical technologies.

Comparison of the DLS, the appropriate condition
for supporting the SCORM format, is presented in table 1,
which clearly demonstrates the basic capabilities of the
described systems.

Interface
- . . (10 Types L Online
DLS License type | Architecture | Testing of Management| Communications Conference Development Extras
Questions)
Message, chat Document
Infotechno | Commercial Closed + + Group P ge, ’ + Web GUI flow,
orum
blackboard
. Calendar + APM,
Docent Commercial Closed - + Group Chat, forum + Web GUI emulation
Web Tutor | Commercial Closed - + Calendar Message, chat, - GUI Virtual
forum classroom
Prometheus | Commercial Closed a + + Calendar Message, chat, - Web GUI Team work, 3
forum test modes
Competent Message, chat, Integration
Shared Commercial Closed + + Group forum + Web GUI with MS
Knowledge SharePoint
elLearning Commercial Open ) + Calendar + Message, chat, + Web GUI Elgctromc
Server Group forum library
Emulation,
virtual
Redclass | Commercial Closed - - Group Chat, forum - GUI laboratory,
electronic
textbook
A large number
of additional
modules and
Moodle GNU GPL Open + + Calendar + Message, chat, + Web GUI the possibility
Group forum, blogs .
of self-creation
depending on
the needs
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There are a number of similar software products,
such as Echo-360, e-Manual, IBM Simulation Producer,
Itrain, UPK, Courselab and others. During the study, only
those systems that are most widely represented in the
market of educational services were considered, and all of
the above systems are in demand, mainly in corporate
education.

According to the available functionality, all systems
are similar, except for individual modules. Each of them is
intended for full-fledged provision of electronic resources
for training; systems represent a complete set of functions
necessary for managing the learning process. Each
solution provides modules for creating training courses.
There is an opportunity of individual communication with
students. At different levels of implementation,
administrative control systems have been introduced.
Functional representation of the systems fully meets the
requirements for organizing e-learning and provides a
high level of educational process.

Some systems have unique components, such as the
DLS Docent has an APM and Infotechno contains a
virtual classroom board that may be important for the
certain educational projects, but no significant differences
have been identified.

The most popular among the existing distance
learning systems is the Moodle system, which has a
number of obvious advantages [14-19]:

- convenient intuitive interface;

- the possibility of organizing a large number of
educational work;

- accessibility for users and developers;

- "flexible" course setup to suit the needs.

In the electronic system, Moodle may create a
training framework for disciplines that do not require the
use of third-party software. Moodle also has its own set of
APIs for interfacing with external services.

It should be noted the importance of creating
collaborative learning environments. This is emphasized
by the widespread dissemination of e-learning facilities at
a high school, which opens up broad prospects for
achieving a qualitatively new level of cooperation among
the participants in the educational process. Using a
collaborative development environment, you can achieve
a new level of teaching and learning programming. For
example, remote programming workshops using a
collaborative development environment can provide better
perceptions than using utilities to stream current screen
content. The created collaborative development
environment will be a major addition to the existing tools
for e-learning programming.

For full migration from classical integrated
development environments to collaborative environments,
it is necessary to transfer the entire functionality available
in desktop systems. This process is complicated by the
fact that collaborative development environments change
the social aspects of software development organization.
Thus, the development of the created prototype and its
implementation will be an important step in the education
of professional ethics of future software developers in
terms of successful collective creativity. The results of the
annual student survey confirm the feasibility and

relevance of group learning projects. Therefore, the
introduction of the facilities created in the learning
process will enable an analysis of the effectiveness of the
use of collaborative environments for e-learning systems
for group programming, in particular, for example, the
design of web applications.

Most DLSs have a disadvantage: it is difficult to
verify the code of the training software product. But for
IT disciplines (such as "web-technologies and web-
design"), it is possible to create an interactive platform
with the help of Sphere Engine, which provides the ability
to debug the code in many programming languages
(including php, JavaScript, CSS, HTML) and provides a
wide range of APIs for interfacing with external services.

Therefore, the purpose of the article is to create a
collaborative software development environment in the
system of distance learning by forming an interactive
platform with the help of Sphere Engine, which provides
the ability to debug the code in many programming
languages. This solves the following tasks:

- analysis of the functional and features of the Sphere
Engine platform;

- development of the integration of the Sphere
Engine service with the Moodle system.

Materials of research

For a well-functioning collaborative development
environment requires the use of a third-party external
service, which will be an online compiler with a large set
of programming languages. In addition, such a service
must work with the Moodle system by integrating it.
Today many services allow the use of compilers directly
in the browser. Only one service provides a wide list of
api-functions for working with it from external
applications - this is Sphere Engine (https://sphere-
engine.com). With the use of this service, developers of
the collaborative environment eliminate the need to
deploy it on servers to support compilation, configuration
and API creation. This service also has widgets for
integration into electronic learning systems [20-22].

Sphere Engine is a platform that supports training
and testing of IT skills. This technology allows you to
check automatically the programming skills in real time.
In addition, the service allows you to execute remotely the
computer programs in a safe environment.

Sphere Engine can be used in many areas, including:

- IT education (programming for learning);

- courses of e-learning disciplines, which are
accompanied by interactive examples and exercises);

- when testing the programming skills as a platform
for conducting interviews while recruiting staff with the
ability to run code written by candidates;

- hakatons and programming competitions as a
system for sharing the executable source code;

- in the cloud environment of the IDE, etc.

The Sphere Engine service allows:

- download the code;

- launch a program with incoming data on the server
with support for most popular programming languages;

- receive the result of execution.
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APl Sphere Compiler Engine offers the ability to
execute programs in dozens of programming languages,
such as: C ++, C #, Go, Haskell, Java, Kotlin, Node.js,
PHP, Python, Ruby, Scala or Swift and hypertext markup
languages html.

The system consists of two modules:

1. Compilers — allows you to remotely execute
computer programs and download the results of their
execution, control the implementation of the source code
of the program, add the value of input data.

2. Problems — Carries out an automatic check of
correctness of computer programs in the context of
programming problems.

Integration of both modules is possible with any of
the following methods:

1) widget integration - a quick and easy way to
integrate, recommended for expansion of existing
projects;

2) RESTful API - a way to integrate with a wide
selection of options recommended for creating specialized
applications "from scratch".

Data transfer through API is performed using HTTP
parameters. Therefore, any client library that supports
HTTP can be used to integrate with the Sphere Engine
service.

The integration of the Problems Sphere Engine
module into the learning management system (in our case,
Moodle) allows you to embed interactive programming
tasks in them.

Fig. 1 shows the scheme of the Api Compilers
service, which illustrates the process of execution of the
program from the moment of its sending, and the results
of execution.

SUBMISSION RESULT

SOURCE CODE RUNTIME DATA

INPUT DATA

LANGUAGE OUTPUT DATA

COMPILE
»

>

EXECUTABLE

Fig. 1. Scheme of work of Api Compilers service

Data available after execution of the program
include: execution time, memory consumption, output
signal and data streams (source data generated, execution
errors, warnings and compilation errors).

All URLs that are related to the Sphere Engine
Compilers APl have a common base in the form http: //
<endpoint> / api / v4 /, which is called the endpoint. The
Sphere Engine service allows you to use an access token
for each use of the API method.

For example, the test method available at the relative
address / test must be executed using the next address
along with the access token: http: // <endpoint> / api / v4 /
test? Access_token = <access_token>.

The API Sphere Engine Compiles is compatible with
the REST architecture. This is due to the following
characteristics:

- each API uses an HTTP request;

- the HTTP request method defines the type of API
method (GET - receiving data, POST — creating a new
resource, PUT — updating the resource data, DELETE —
deleting the resource).

The answer is always returned in JSON format. In
the case of an error when executing the APl method (that
is, the response code, starting with the number 4), the
structure of the response has the following form:

{

""error_code™: Xxx
"message": " message that describes the error

}

The error_code field contains an integer that
identifies the error and allows you to easily interpret the
error.

The program that is sent for execution in the Sphere
Engine system is called a submission. The training
consists of the source code of the program, the
programming language and (optionally) the input data that
is processed by the program. The response of the API
method to obtain submission data (ie GET / submissions /:
id) contains two fields that determine the current state of
the submission.

The Binary Run field helps you quickly check
whether the system processes the submission. Can take the
following values:

1) true — representation in the process of processing
the system, and the data created by the program are not
yet available.

2) false - submission already left part of Sphere
Engine system responsible for executing programs, and all
information is finally installed and available.

After creating a new request, the system needs some
time to execute it. The following scenario is
recommended: create a request using the POST /
Submissions method; waiting 2 seconds; Receive sending
data using GET / submitings /: id; representation of the
current state of presentation to the user (optional). If
executing = true, you need to go back to the previous step.
Fig. 2 presents the concept of this scenario in graphical
form.

The disadvantages of the APl Sphere Engine include
the fact that it works only with single-file downloads, that
is, it is not possible to download a large structured project.
In addition, it is not possible to set breakpoints for its
debugging.

In the case of an intense load on the server (that is, if
there is no time interval between requests), in anticipation
of processing, this can be recognized as a DoS / DdoS
attack and can lead to a reaction of the API's Sphere
Engine's security system. In this case, the Sphere Engine
servers may refuse further access to the service.

Integration of the Sphere Engine service into Moodle
system

The use of a third-party external service, which is an
online compiler with a large set of programming
languages, is illustrated by the example of monitoring the
implementation of laboratory work on discipline "Web-
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technology and web-design™.

The specified service

interacts with the Moodle system by integrating it. An
important point is also the availability of API functions to
access certain elements of the service for proper setup.

—1
—1
—1
—1
1

REQUEST

RESPONSE
REQUEST
RESPONSE

RESPONSE
REQUEST

RESPONSE
REQUEST
RESPONSE

Y

TIME

submission waits to be
pulled from the queue
(~ 0.5 seconds)

submission is
being executed
(~ 4 seconds)

time during which API client waits for final result

Fig. 2. lllustration of Pool Submission Script
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Fig. 3. A generalized algorithm for integrating the Sphere Engine

Fig. 3 presents a generalized algorithm for
integrating the Sphere Engine service into the Moodle
system.
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API request duration time (~ 100ms)
@==@ creating submission (POST /api/v3/submissions)
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Let us consider the main stages of the developed
algorithm.

To access the API functions that will be used to
access the functionality of the service from Moodle, you
must create a corresponding request.

When integrating the Sphere Engine, a configuration
set for the LMS system is created that integrates with the
Sphere Engine for education in a manner that is consistent

LMS #X301Wx

Education LMS #X301Wx

General settings XML config

Name " @

X301Wx

Shared Secret

0QJUWz4ZNm9306hBxOYvrSUAhSDhTzPTqyOn7SnV

with LTI (fig. 4): consumer key (1), general key (2), tool
URL (HTTP (3) or HTTPS (4)).

Fig. 5 shows the XML (5) data needed for an
automated configuration that can be used in two ways:
through a special URL (6) by copying it directly from the
text field (7).

A separate configuration has been used for each
LMS (fig. 6).

Caonsumer Key

X301Wx

2 regenerate

Tool URL
http://test.dev-sepw.sphere-engine.com/Iti

Tool URL with SSL support

hitps://test.dev-sepw.sphere-engine.com/Iti

Safe mode

v|if you encountered issues regarding integration of your LMS with the Sphere Engine, uncheck this option (go to our integration

guide to find out more)

delete this LMS

Fig. 4. Configuration data
LMS #X301Wx

Education LMS #X301Wx

General settings XML config

Save changes

XML configuration URL

hitps://test.dev-sepw.sphere-engine.com/Iti/configxml/X301Wx

Plain XML configuration

<?xml version="1.0" encoding="UTF-8"?>

xmins:blti = "http:/iwww.imsglobal.org/xsd/imshasiclti_v1p0"
xmins:lticm ="http:/ivavw.imsglobal.org/xsd/imslticm_v1p0"
xmins:lticp ="http:/Avaw.imsglabal.org/xsd/imslticp_v1p0"
xmins:xsi = "http:/fww.w3.0rg/2001/XMLSchema-instance”

<cartridge_basiclti_link xmIns="http:/Aww.imsglobal.org/xsd/imslticc_v1p0"

xsi:schemal ocation = "http://iwww.imsglabal.org/xsd/imslticc_v1p0 http:/Amww.imsglobal.org/xsdiltifitivip0/imsiticc_v1p0.xsd
http:/Awvww.imsglobal.org/xsd/imsbasiclti_v1p0 http:/Awvww.imsglobal.org/xsd/Iti/ltiv1p0/imsbasiclti_v1p0.xsd
http:/Avww.imsglobal.org/xsd/imsliticm_v1p0 http:/Aww.imsglobal .org/xsd/iti/itivi pOfimsiticm_v1p0.xsd
http:/Awvww.imsglobal.org/xsd/imslticp_v1p0 http:/Avww.imsglobal.org/xsd/ltifltivipO/imsiticp_v1p0.xsd"> s

P

delete this LMS

Fig. 5. XML data for automated configuration

Save changes
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LMS #X301Wx

Education LMS #X301Wx

General settings XML config

Name " @

X301Wx

Shared Secret

0QIUWz4ZNm9306hBxOYvrSUAhSDhTzPTqyOn7SnV

Tool URL

hitp:/itest.dev-sepw.sphere-engine.com/lti

Tool URL with SSL support

https://test.dev-sepw.sphere-engine.com/Iti

Consumer Key

X301Wx

i< regeneraie

Safe mode

guide to find out more)

v | if you encountered issues regarding integration of your LMS with the Sphere Engine, uncheck this option (go to our integration

Fig. 6. Additional settings

The Moodle system offers the ability to configure an
external tool (for example, Sphere Engine for Education)
in such a way that the program becomes public in the
resource list. The settings required for this process require
administrator privileges and are available in Site
Administration> Plugins> Activity modules> External

Moodle sandbox demo

Manage tools

tools> Manage tools. If admin use is not possible, an
alternative configuration method allows you to use Sphere
Engine for Education with the course configuration.

Moodle provides an automatic configuration process.
The configuration window is shown in fig. 7.

ADMIN BOOKMARKS

Fig. 7. Adding of the LTI configuration to Moodle system

In Moodle, the URL of the tool (1) contains the URL
that is available in the appropriate field of the "XML
Configuration” tab (Sphere Engine), and the Add button
(2) (Moodle) is clicked. For security reasons,
you must enter a consumer key (3) and a general
key (4). Configure the configuration (6) for which Sphere
Engine for Education will be present when adding
resources.

When adding and adjusting the resource for the
course (fig. 8), the required parameters are specified
(resource name (3) and privacy settings (4)).

After adding the instrument to the discipline topic, it
is available for use. Then using the Sphere Engine API:

- to transfer the text of the task of the lab work,
which will be stored in the element of the course
"Database™;

- setting the time for the task.
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demo

Adding a new External tool to Topic 1

Adding a new External tool to Topic 1 e

General

Activity name o

Activity description

I i B I EE % % @ w3

Display description on course page ! @

@ Display activity name when launched | @

ity description when launched | @

Preconfigured tool ] phere Engine for Education ¢
Tool URL (]

uuuuuuuuu | URL ]

Launch container (-] fault

Consumer key )

Shared secret Y s ®
Custom parameters L]

icon URL (2]

Secure icon URL (-]

Show les:

Privacy

¥l Share launcher's name with the tool @

¥ share launcher's emall with the tool @

¥ Accept grades from the tool @

Grade

Common module settings
Restrict access

Tags

Competencies

There are required fields in this form marked @

Fig. 8. Configuration of the resource

Conclusions

Because of the review and comparison of existing
distance learning systems and software verification tools,
the tools that best meet the needs for a collaborative
development environment, namely the Moodle DLS
and the Sphere Engine service, are selected. The analysis
of the functional and features of the Sphere Engine
platform allowed to implement the integration of the

Sphere Engine service with the Moodle distance learning
system.

For the course "Web-technologies and web-design™ a
separate interactive module has been created with the help
of Sphere Engine, which allows to perform laboratory
work in this discipline. With the help of the integrated
service, you can carry out full control over the progress of
laboratory work. Thus, the degree of automation of the
educational process in institutions of higher education

increases.
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CTBOPEHHSI KOJTABOPATUBHOI'O CEPEJOBHIIA PO3POBKH B CUCTEMI
JUCTAHIOIMHOI'O HABYHAHHA

IIpeqMeToM NOCTIDKEHHS B CTaTTi € METOAW W IHCTPYMEHTANBHI 3acO0M CTBOPEHHS Ta BIPOBAKEHHS CHCTEM AWCTAHLIITHOTO
HaBuaHHA (CJIH). IHTepakTHBHI MOXXJIMBOCTI, SIKi BUKOPHUCTOBYIOTHCS B CHUCTE€Mi IUCTAHIIIMHOTO HABYAHHS, MPOTPaMH 1 CHCTEMHU
JOCTaBKM iH(pOpMaLii, JO3BOJSIOTH HAATOJUTH 3BOPOTHHUH 3B'SI30K, 3a0€3MEUUTH Aialor 1 MOCTiMHY MIATPUMKY, SIKI HEMOXJIUBI B
OUIBIIOCTI TpPagWUIHHUX CHCTEM HaB4YaHHS. MeTOI0 CTaTTi € CTBOPEHHA KOJaOOpPAaTUBHOIO CEpPEeNOBHINA PO3POOKH MPOTPAMHUX
MPOAYKTIB B CHCTEMi MUCTAHIIKHHOTO HABYAHHS HUIIXOM (OPMyBaHHsS IHTEPAKTUBHOI IIaThopMH 3a IOMOMOTror cepricy Sphere
Engine, skuil Hajae MOXIIMBOCTI HaJlaro/KyBaTH KOJ Ha 0OaraThOX MOBax IporpamyBaHHs. [Ipy HbOMY BHPIIIYIOTBCS HACTYIHI
3aBAAHHSA: OIJIA]] Ta MOPIiBHSIHHS iCHYIOUMX CHCTEM JWCTAHI[IHOTO HaBYaHHS; aHali3 QyHKI[IOHAITY Ta 0COOIMBOCTEH 3aCTOCYBaHHS
mwiatpopmu Sphere Engine; po3poOka anroputMy iHTerpaiii ceppicy 3 cuctemoro Moodle. Meroau: Metonu oOpoOKu iH(popMmaIlii,
Metoqu W iH(OpMAaIiiHI TEXHONIOTIl CTBOPEHHS EJIEKTPOHHUX KYypCiB AWCTaHLiiHOrO HaBuaHHs. Pe3yabTaTm. 3a pesynbratamu
OTJIIy Ta MOPIBHAHHS ICHYIOUHMX CHCTEM UCTAHIIHHOTO HaBYaHHS Ta 3aco0iB A IMEPEeBIpKH MIPOTPaMHOrO KOAy OOpaHOo
IHCTPYMEHTH, SKi HalOIbIIe BiIMOBIAAI0TH NOTpeOaM CTBOPEHHS KOIA0OpaTHBHOTO cepenoBHIIa po3pooku, a came CIIH Moodle Ta
cepsic Sphere Engine. I[IpoBeneno anami3z ¢yHKIioHamy Ta ocoOiamBOCTell 3acTocyBaHHs IumaTtdopmu Sphere Engine: mpuBemeHO
cxeMy poboTm api compilers ceppicy, fika UIIOCTpye HpOLEC BHKOHAHHS HPOTpaMH 3 MOMEHTY Il BiANpaBKHA A0 pe3yJbTaTiB
BUKOHAHHS;, HaJ]aHO KOHIICTIIIIIO CIICHApito myny y rpadiuniii Gpopmi. CTBOpEHO MPOTOTHIT KOJIAOOPATUBHOTO CEPEIOBHIIA PO3POOKH,
SIKMH JTOCTYIHUH y BHUITISAI Be0-3aCTOCYHKY, ONUCAHO apXiTeKTypy mpoToTuny. Po3pobneHo anroputMm iHterpamii cepsicy Sphere
Engine 3 cuctemoro Moodle. JleTanbHO pO3MIISIHYTO €Tald alrOPUTMY IHTErpailii Ha MPHUKIAIi TECTYBaHHS POOOTH CEpelIOBHIIA
po3podku kypcy "Web-texHomnorii Ta web-an3aiin". BucHoBku. CTBOpeHO iHTEpaKTHBHHH MOJIYNb 32 JIONOMOIoo cepBicy Sphere
Engine, sikuii 103BOIIsIE BUKOHYBATH JIAOOPATOPHi poOOTH 3 JUCHUILIIH IPOTrpaMyBaHHS 1 3A1HCHIOBATH MIOBHUH KOHTPOJIb 33 XOJIOM iX
BUKOHAHHA. TakUM YMHOM IiIBULIY€ETHCS CTYIIHb aBTOMATH3aLlil HABYAIBHOTO HPOIIECY B 3aKiIa/laX BUIIOI OCBITH.
KurouoBi ciioBa: qucranmiiine HaB4aHHS; KOTaOOpaTHBHE CEPEOBHUIIE; alTOPUTM iHTEerpalii; BeO-cepBic.

CO3JIAHUE KOJJABOPATUBHOM CPEJIbl PA3PABOTKH B CUCTEME
JUCTAHIUOHHOTI'O OBYYEHUA

IIpeqveToM wmccleoOBaHMS B CTaTbe SBISIOTCS METOABI M HWHCTPYMEHTANBHBIE CPEACTBA CO3JAHUS W BHEJPEHUS CHCTEM
mucrannuonHoro ooydenus (CAO). IHTepakTHBHBIE BO3MOKHOCTH, KOTOPBIE UCTIONB3YIOTCS B CHCTEME AUCTAHIIMOHHOTO O0YUeHHS,
MpOrpaMMBbl M CHCTEMBI JOCTaBKH HH(OpPMAIMH, MO3BOJLSIIOT HANAAUTh OOpaTHYIO CBSI3b, OOECIEYUTH IHMAJIOT M HOCTOSHHYIO
TOJJIEPXKKY, KOTOpPBIE HEBO3MOXKHBI B OOJBIIMHCTBE TPAJUIMOHHBIX cHCTeM oOydeHus. Lleablo craTbu sIBIsIeTCS CO3IaHHe
KOJIabOpaTHBHOM cpeibl pa3pabdOoTKM MPOrpaMMHBIX HPOJYKTOB B CHUCTEME JWCTAHI[MOHHOTO OOy4YeHHs IyTeM (OPMHPOBAHUS
HMHTEpaKTUBHOM IaTdopMel ¢ moMolsio cepsrca Sphere Engine, KoTopslit npenocrasisieT BO3MOXKHOCTH OTIIAJAKU KOJa HA MHOTHX
SI3BIKaX mporpamMMupoBaHus. [Ipm 3TOM pemraoTcs crnemyiomue 3ajadM: o030p M CpaBHEHHE CYIIECTBYIOIIMX CHCTEM
IVICTAaHIIMOHHOTO 00yUeHHsT; aHann3 (QyHKIHOHANA K 0OcoOeHHOCTeH mpuMeHeHns iatdopmer Sphere Engine; pazpaboTka axropurma
WHTETpaInu cepBuca ¢ cucteMoii Moodle. MeToasl: MeToasl 00PaOOTKH HHPOPMAILIUH, METOIBI U HH(MOPMAIIMOHHBIE TEXHOJIOTHH
CO3JaHUs HNEKTPOHHBIX KypCOB NUCTaHIMOHHOTO oOydeHus. Pe3yabTarhl. [1o pesympraram 0030pa M cpaBHEHHS CYIIECTBYIOIINX
CHCTEM JUCTAHIMOHHOTO OOYYCHWs M CpPEACTB IIPOBEPKM KoJa H30paHi WHCTPYMEHTHI, KOTOpble HamOojiee COOTBETCTBYIOT
MOTPEOHOCTSIM cO3/1aHMs KoJlabopaTHBHOI cpenpl pa3paboTku, a uMenHo CJIO Moodle u cepsuc Sphere Engine. IIposenen ananus
¢yHkumoHama M ocobeHHocTeil npuMenenus riardopmel Sphere Engine: mpuBenena cxema paboTel api compilers cepsuca,
WUTIOCTPUPYIOIIAs TPOLIECC BBIMOIHEHHMS TPOrPaMMbl C MOMEHTA €€ OTJIa KK 10 Pe3yJIbTaTa BHIOJIHEHHUS; IPUICTABICHA KOHIICIIIIHS
creHapus Imyia B rpadmdeckoit popme. CozmaH MpOTOTHI KOTA0OPAaTUBHOM cpensl pa3paboTKH, KOTOPHIH TOCTYIEH B BHAE BeO-
TIPWIIOXKEHHS, OINHICaHa apXHUTEKTypy mportoTtumna. Paspaboran amroputm mHTerpamuu cepsuca Sphere Engine ¢ cucremoit Moodle.
IMoapo6HO paccMOTPEHBI ATANBl AITOPUTMAa MHTETPAIN Ha MpUMEpe TeCTUPOBaHMS PaboTHI cpexsl pa3paboTku st Kypca "Web-
TexHosuorun U web-mu3aitn". BeiBoabl. Co31aH MHTEpaKTUBHBINA MOJYIL ¢ ToMombio cepBrca Sphere Engine, koTopbIii mo3BosisieT
BBINIOJIHATE J1a00OpaTOpHbIE PabOThl MO TUCHMIUIMHAM MPOrPaMMHPOBAHMS M OCYIIECTBISITH IIOJHBIA KOHTPOJb 338 XOAOM HX
BBINIOJTHEHHS. TakuM 00pa3oM, MOBBIIIACTCS CTENEHb aBTOMATHU3aIMK Y4eOHOT0 Ipolecca B YUpeXkJCHHUIX BBICIIET0 00pa30BaHMsI.
Kitro4eBble ¢j10Ba: IUCTAHIMOHHOE 00y4YeHHe; KonabopaTUBHAs CPe/ia; allrOPUTM HHTErpalluK; BeO-CepBHC.
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L. MALYARETS, O. IASTREMSKA

SCIENTIFIC AND PRACTICAL PROPOSALS ON THE CHOICE AND
APPLICATION OF STRATEGIC CONTROLLING INSTRUMENTS AT THE
ENTERPRISE IN THE MODERN CONDITIONS

The object of the research is the processes of selection and application of strategic control instruments in the enterprise in modern
conditions. The subject of the study is the scientific and practical principles that consist of a theoretical approach to the definition of
the content of strategic control in the system of strategic management of the activity of the industrial enterprise, the informational and
analytical provision of the method of strategic deviations as an adequate and effective modern instrument of strategic controlling. The
aim is to formulate recommendations on the choice and application of strategic controlling instruments at the enterprise in modern
conditions. Tasks: systematization of strategic controlling instruments at the enterprise in the modern conditions, taking into account
the relevant requirements; development of the technology of the choice of instruments of strategic controlling of the activity of the
industrial enterprise; formation of a system of controlled indicators for strategic controlling in industrial enterprises; development of
analytical instruments for implementing strategic controlling. Methods. The theoretical analysis of the work of specialists on
controlling allowed to form the advantages and disadvantages of each of the strategic control instruments. The analysis and synthesis
of the content of strategic controlling allowed to develop a technology of choice of instruments for carrying out strategic controlling
activity at an industrial enterprise. To implement the method of strategic deviations it is recommended to solve an optimization
problem. The following results were obtained: the proposed system of controllable indicators of the industrial enterprise activity in
four types of activities: financial, production, marketing, personnel. In order to determine the optimal values of indicators that can be
achieved, taking into account the real possibilities of an enterprise, it is recommended to solve an optimization problem, the solution
of which provides optimal values of the indicators. As a target function in the optimization problem, the dependence of the integral
indicator (1) of the enterprise's activity development on its most influential controlled indicators, determined on the basis of ranking
by means of multivariate statistical factor analysis and multiple regression analysis, should be considered. The system of constraints
in the optimization task should be made taking into account real intervals of changes in the values of the indicators of activity of each
individual enterprise, in particular taking into account the minimum and maximum values of the indicators that the enterprise had
during a certain period. Conclusions: The improvement of the modern effective instrument of strategic controlling is a procedure for
determining the desired values of controlled indicators of the enterprise, which forms the information basis for the process of forming
a functional strategy and ensures the reality of their implementation.

Keywords: strategic controlling instruments; technology selection instruments; a system of controlled indicators; method of
strategic deviations; the procedure for determining the desired values of the indicators of the strategies.

Introduction

One of the directions of improvement of the system
of strategic management of the industrial enterprises
activity is the strategic controlling. Timely response to
changes in market conditions and the necessity of
substantiation and adaptation of priority directions of the
strategy of development of industrial enterprises requires
the development of scientific and practical bases of the
strategic controlling over the corresponding system of
controlled indicators. The activation of strategic
controlling in the system of strategic management requires
the setting up of a special analytical support.

Formulation of the problem

The controlling system operates a large number of
different instruments. If we consider the practice of
controlling implementation at industrial enterprises, then
one can find a common trend depending on the
implementation period. |Initially, in the process of
implementation at domestic enterprises are used mainly
simple controlling instruments. Further, according to the
expansion of controlling functions in the enterprise
management system, more sophisticated instruments are
used.

Today, the question of the choice and use of
controlling instruments is relevant, which is confirmed by

the lack of a clear view on this issue. The effectiveness of
the enterprise depends on the correctness of the
established set of instruments, adapted to the conditions of
domestic industrial enterprises. At the same time, the
choice of optimal instruments should ensure control,
coordination, regulation and adoption of timely and sound
management decisions. A key issue during the choice of
instruments  should be the understanding of
its specific features at the enterprise, which will
enable the full advantage of the existing advantages, as
different  controlling instruments can be used
at different enterprises. That is why it is advisable to carry
out a comparative analysis of current controlling
instruments for the purpose of choosing the most
appropriate in the specific conditions of a particular
enterprise.

Implementation of the management system requires
the use of controlling methods and instruments, which
ensure the achievement of the goals of controlling the
activities of the enterprise. Therefore, a set of instruments
should be easy to understand and apply, which
will allow managers to reduce the time spent on its
development. Indeed, despite the considerable theoretical
experience in the development and implementation of
controlling instruments at the enterprise, in practice,
there are problems with ensuring its efficiency and
compliance with the types of enterprise activities that
require control.
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Analysis of recent research and publications

The various aspects of the formation of theoretical
and practical approaches to the introduction of controlling
in the management system of the enterprise are devoted to
the work of such economists as: Ye. A. Anan’kin [1],
N. G. Danilchkina  [2], O.M. Karminsky [3],
Y. M. Petrovich [4], O.V. Prokopenko [5],
I. V. Pshinokova [6], M. S. Pushkar [7], N. M. Selivanova
[8], E. V. Sidorenko [9], N. Kupper [10], H. Folmut [11],
R. Horvat [12], D. Khan [13], and others. It is worth
noting the unanimity of the views of both scientists and
practitioners on the importance of the value of the system
of controlled indicators. Also, the vast majority of
specialists in controlling problems believes that the
composition of the system of controlled indicators
depends on the peculiarities of activity, determined by the
purpose of controlling and depends on the strategy and
priorities of enterprise development.

In the works of specialists in controlling problems, it
is also noted that the choice of tools is influenced
by both wvariables and permanent criteria, in
particular: the reliability of the controlling instrument, the
complexity of implementation in the enterprise, the
complexity of analytical support during the use of the
instrument, the availability of interchangeable
instruments, the ability to combine with other instruments,
functionality of a separate instrument, the need for
software for the implementation of the instrument,
training of managers, corporate culture of the enterprise,
practical experience in the using separate instrument in the
enterprise.

Formation of the purpose of the article

The purpose of the article is to develop scientific and
practical recommendations on the choice and application
of strategic control instruments at the enterprise in modern
conditions.

Obijectives of the study:

1. To systematize strategic controlling instruments in
the enterprise in the modern conditions, taking into
account the requirements: 1) strategic controlling
instruments should be used to identify and improve the
potential of the enterprise, prevent potential risks, expand
and maintain the potential for success; 2) taking into
account the strategic objectives of the enterprise,
namely: developing a new investment; creation of new
and expansion of available capacities; introduction
of new technologies; staff training; attraction
of additional resources; development of new markets;
improvement of the organizational structure of the
enterprise; increase in market share; opening new sales
channels. Accordingly, the speed and quality of achieving
the strategic goals of the company depends on the use of
strategic controlling instruments; 3) the complexity of
implementing strategic controlling instruments requires
special training of managers and clarification of key
aspects in order to avoid unwanted situations
in the future.

2.To develop the technology of the choice of
instruments of strategic controlling of the activity of an
industrial enterprise in modern conditions. When
developing this technology, it is first and foremost to
determine the object and subject of controlling at the
enterprise. Controlling the activity of an enterprise should
be aimed at achieving the set goals through the
implementation of its respective functions within the
framework of the strategy chosen by the enterprise. The
objectives of the activity are as follows: achieve strategic
targets set by the enterprise within the chosen strategy,
timely detection of problem areas and their subsequent
rapid elimination, ensuring the adaptability of production
and economic processes to changes in the internal and
external environment, achieve the desired level of
efficiency of the enterprise, detection undiscovered
potential for the development of subcontracting (financial,
intellectual, investment), ensuring an adequate level of
governance awareness as to production and economic
processes at the enterprise.

Achievement of the set goals of the activity takes
place within the limits of controlling and is provided at the
expense of the specified functions of controlling, in
particular: control from positions of future periods,
formation of information and analytical support:
instruments  of  enterprise  activity = management,
diagnostics of controlled indicators, planning and
forecasting of controlled indicators, coordination and
integration of enterprise activity components, analysis and
evaluation of enterprise activity.

3.To form a system of controlled indicators for
strategic controlling at the industrial enterprises. The
system of indicators should be formed in accordance with
clearly established principles: complexity, systemicity,
representativeness, reliability, comparability, informality,
optimality, manageability, adaptability, timeliness, clear
orientation, positive effect. Since production and
economic activity is a complex economic system, it is
expedient to consider it under subsystems, in particular:
production, financial, marketing, personnel. The content
and specifics of each of them are reflected at the expense
of a specific set of controlled indicators.

4.To improve the analytical tools of strategic
controlling implementation at the modern industrial
enterprises.

Materials and methods

The choice of strategic controlling at the enterprise
in the present conditions should be carried out in terms of
the possibility of realizing its functions and the essence of
the coordination and control and analytical-information
subsystem of the strategic management of the activity of
the enterprise, the possibility of integrating the classical
control functions and special controlling functions to
substantiate the management decision regarding the
formation, implementation and review of the company's
business strategies. The theoretical analysis of the work of
specialists in controlling allowed to form the advantages
and disadvantages of each of the strategic controlling
instruments [14-23] (table 1).
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Table 1. Advantages and disadvantages of strategic controlling instruments used in the modern conditions

Instrument Advantages Disadvantages
. allows to identify the weaknesses of the enterprise and the need for a thorough definition of the scope of
5 §‘ develop strategic directions for overcoming them; the SWOT analysis; the need for a clear
% § enables to identify competitive advantages of the understanding of the differences between its
enterprise elements
allows using financial and non-financial indicators; gives | lack of a clear sequence of key indicators and their
the opportunity to change the strategy to the level of details; the lack of indicators that could signal the
- © . . . . . . . .
S g operational plans and implement it, coordinating with the | need for adjusting the goals; shortage of workers
8 g company's management, planning and motivation with the sufficient knowledge to assess the
a3 systems; allows you to translate the strategy into an prospects of the enterprise; complexity and
operational level and deliver specific tasks to employees, | complexity of implementation
which ensures the achievement of strategic goals.
N give an understanding of the logic of doing business in high cost of project implementation and use of the
;3’ g the long run, which is necessary to succeed on the market | model; the complexity of using the model;
% £ significant duration of the implementation project
- provides the ability to accurately determine the cost of requires large expenditures of time, effort,
2% 5 unused capacity for their periodic write-off to expenses associated with training personnel, collecting data
é 5 E 3 of the period; a considerable saving in the cost of staff in the process of implementing the system and
_g 2e° wages during its use
>3 - allows to find and eliminate causes of mistakes or defects | a number of differences for industrial enterprises
=3 % g by focusing on specific parameters that are critical for the | and service enterprises, which determines the
& § a2 enterprise complexity of using this technology
5 0 allows to set the degree of achievement of the strategic the need to process a large array of data and to find
285 goals of the enterprise; can determine the effectiveness of | relevant information;
_5 % § strategic management; is the basis for developing a new low detail of the results obtained; the need for
58 enterprise strategy to achieve the long-term goals of the considerable time expenditures
enterprise
o 0 allows to improve the level of strategic planning at the the instrument is more appropriate to use for the
5 g enterprise; enables to analyze long-term strategies; analysis of financial investments and securities,
E § increases the efficiency of decision-making by decision indicating its low functionality
makers
o allows to carry out continuous improvement of all the need for strong theoretical training; the need to
Z processes of a life cycle of products; defines the areas in create their own information exchange strategy at
g which the improvement of quality will give the most the enterprise
S significant results
@
- Allows you to determine the level of performance of excessive detail of the process of describing
3 various processes at the enterprise; can justify the choice | functions and, at the same time, the complexity of
c_é § of technology for implementing the business plan the accounting model, indicating the problem of
SE adaptation to real conditions
o
L% [+

Analysis of the advantages and disadvantages of the
main strategic controlling instruments has led to the
conclusion that benchmarking, potential analysis, SWOT
analysis, moderation method, portfolio analysis, strategic
deviation analysis, functional-cost analysis, system of
balanced indicators, strategic maps, indirect costs
distribution system, quality standard six-sigma, open-
source reporting policy, theory of constraints, script
development, accounting and cost analysis are tools that
are most adapted to domestic use enterprises in the
modern conditions.

Research results

Taking into account the advantages and
disadvantages of the strategic controlling instruments of

the enterprise, special attention is paid to the analysis of
strategic deviations as a strategic control tool, since it
allows for long-term planning at the enterprise through the
establishment of deviations of actual indicators from the
planned ones. This instrument is the basis for the
formation of the corporate strategy of the enterprise and
allows to eliminate the strategic deviations in the long run
due to the calculation of the forecast values of the
indicators and the formation of the desired values of
indicators.

Accordingly, the given technology of the choice of
tools is the basis for controlling the activities of the
enterprise and recommended for use by industrial
enterprises in their activities. The content of the
technology of choosing instruments controlling the
activities of the enterprise is shown in fig. 1.
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An important tool for the implementation of strategic
controlling of the enterprise is a system of indicators,
which should be structured by main activities, namely:
financial, production, marketing, personnel. Analysis of
the work of leading experts on the problems of economic

turnover ratio (x,), accounts payable turnover ratio ( x, ),
net sales return (x;), return on equity (x,), return on
current assets (x, ), return on investment (x,), autonomy
ratio (X,), own working capital ratio (x,), equity

analysis, management of the enterprise showed the
feasibility of inclusion in the system of such private
indicators: financial performance (asset turnover ratio
(%), inventory turnover ratio (X, ), accounts receivable

maneuverability ratio (x,,), absolute liquidity ratio (X, ),
term liquidity ratio (x), total liquidity ratio (coverage)
(%,)) [4,5 11].

Determination of a strategic
controlling object

Definition of a strategic controlling subject

—p»| Achievement of strategic guidelines established by the Control from the positions of
enterprise within the framework of the chosen strategy — future periods
Timely detection of problem areas and their subsequent
rapid elimination é) Formation of information and
B analytical support: tools for |
Ensuring the adaptability of production and economic 5 B managing the production and
processes to changes in the internal and external “ economic activity of the enterprise
Q environment <
2 1 ; ;
g éo Diagnostics of controlled
% Achievement of the desired level of efficiency of > Lp] indicators T
o g production and economic activity of the enterprise =
k= s
5 — = >
&~ =]
i Detection of undiscovered potential for the = Planning and forecasting of
5 M v £ i L5 = e —
= evelopment of enterprise (financial, intellectual, = e controlled indicators
= investment) 3
o0 [
:E ©
o . @
2 Provision of the appropriate level of managers’ 4
":Es | awareness of production and economic processes at the E Coordination and integration of
w2 .
= enterprise E P the components of production
= and economic activity of the
S :
Continuous monitoring of the operational and strategic é enterprise
—> goals of the company, corresponding to the chosen é - - .
strategy 7 Analysis and estimation of
“»  production and economic [
N The flexibility of the strategies that will allow them to activity of the enterprise
adjust in accordance with changes in the environment
v
Formation of system of controllable indicators for strategic enterprise controlling
The analysis of the permissible instruments of strategic controlling at a specific company, and highlighting their positive and negative sides
v

Formation of a rational set of controlling instruments based on the criteria: reliability, complexity of implementation, the possibility of
combining with other tools, functionality, knowledge of managers

L 2
Adaptation of the rational toolset to the specific conditions of the enterprise

v

The implementation of strategic controlling activities of the studied enterprises

Fig. 1. Technology selection tools for the implementation of strategic controlling activities at the industrial enterprise

The production activity should include the following
partial indicators: production activity (the coefficient of

depreciation of fixed assets (y,), the ratio of renewal
(introduction) of fixed assets (y,), the ratio of retirement
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of fixed assets (y,), the coefficient of growth of fixed
assets (y,), return on assets (y,), capital stock (y;),
profitability of fixed assets (y,), profitability of
production ( y, ), share of material costs in total production
costs (Y, )); marketing activity (gross profit margin ( z,),
market share (z,), sales turnover ratio (z,), product
turnover ratio ( z,), share of sales expenses in volume of
sales (z,), share of new products ( z,), cost of production
(z,));  personnel  activity  (labor  productivity
(v,), average wage (Vv,), rate of growth of the number of
employees (v,), coefficient of turnover turnover (v,),
staff turnover rate (v,), employee recovery rate (v,),
coefficient staff turnover (v,), hours worked per
employee (v,)) [13, 17, 21, 22].

Analytical support for the process of formation,
diagnosis and monitoring of the implementation and
adjustment of corporate and functional strategies at the
enterprise is based on the procedure for determining the
optimal and desired values of performance indicators,
which improves the analysis of strategic deviations. In
order to determine the optimal values of the indicators that
can be achieved, taking into account the real possibilities
of the enterprise, it is recommended to solve an
optimization problem, the solution of which provides the
optimal values of the indicators. An optimization task can
be set both for many criteria and for one. Setting up the
task of optimizing the development of various types of
activities of an industrial enterprise:

to find the maximum level of development of the
enterprise:

F=(f . fy. o) > max,

where f_, f, , f,,,f, — partial criteria for the development

of financial, production, marketing, personnel activities of
the enterprise respectively (the first level):

financial activity (F): f. = f(x,,... %, )—>max,
production activity (Pr): f,, = f(y, ...y, )—>max,
marketing activity (M): f,, = f(z,..,z, )— max,
personnel activity (P): f, = f(v;,...v, )—>max.

In the one-purpose task of optimizing the
development of an enterprise's activity as a target
function, it is recommended to consider the dependence of
the integral indicator of the development of the enterprise
(1) on its most influential indicators, determined on the
basis of the rating, using factor and regression analysis. At
the same time, the constraints system in the optimization
task should be made taking into account real intervals of
change in the values of the indicators of activity of each
individual enterprise, in particular taking into account the
minimum and maximum values of the indicators that the
enterprise had during a certain period [21 — 23]. Thus, for
the enterprise PJSC "Turboatom" the dependence of the
integral indicator of activity development on its most
influential controlled indicators has the form:

| =0,18555+ 2,3535x,, — 0,404x,, +0,1293x,,
—0,08y, +0,00023v, —0,1225v, —0,1v, — max,

system of limitations of changes of values of indicators:
0,374<x, <0,432; 1,309< x, <1,408; 1,01<x, <151;
0,2752<y,<0,3034; 94,12<v, <96,67; 0,20<v, <0,211;
0,0756 <V, <1,1299.

If an enterprise achieves optimal values for the most
influential controlled activity indicators, its level of
development will be 0.837. Taking into account the
positive tendencies to change the values of the most
influential indicators and real possibilities of the
enterprise, based on the optimal values of the most
influential indicators of activity and adjusting them to
such average deviation:

o,, =0,3713; 0,5 =0,406; o,, =0,9972;
o, = 0,152; o,=12,34; o, =0,1997; o, =0,4147,
we obtain the following desirable values of these
controlled indicators:

x, =0,8033; x, =1,715; x, =2,5072; y, =0,123;
v, =84,33; v, =0,4007 ; v, =0,067 ;

To determine the desired values of the remaining
controllable performance indicators in the process of
forming functional strategies of enterprises, we use the
correlation links of these indicators with the most
influential indicators, namely, the value of the correlation
coefficients. We propose to calculate the percentage

change in the indicators by the formula: & =&, T,

al iav?
where s;v — the average percentage change in the value of
the most influential indicators; r,,, — the average value of

the Pearson correlation coefficient. So, for the company
PJSC “Turboatom”, the relative changes in the most
influential  indicators are: ¢,, =0,8595 (85,95%),

¢4, =0,3102 (31,02%) ; £,, =0,6604 (66,04%);
£, =0,4473 (44,73%); £, =01277 (12,77%) ;
&, =0,9935 (99,35%); ¢, =0,8816 (88,16%).

The desirable values of the controlled indicators of
the enterprise, on the basis of which the functional
strategies should be developed, have the following form:

x, =0,8466; X, =2,2713; x, =4,2205; x, =1,7434 ;

% =05102; x =0,4252; x,=0,2804; x,=0,4207;
X, =0,9848; x,=0,6238; x,=0,8628; Xx,=0,8033;
X, =1715; x,=25072; y,=0,123; vy,=0,0864;
y,=0,1354; y,=0,3132; y, =7,2843; vy, =810113;
y,=01861; y,=0622; y,=10465; z =0,2599;
2,=07592; z,=17193; z,=15887; 1z, =1507;
7, =22,9324; 7,=0,0885; v, =309,694 ; v, =42,268;
v,=84,33; v, =0,4007; v, =0,0482; v, =0,7541;

v, =0,067 ; v, = 2292,5607 .

The desired values of controlled activity indicators
will ensure its high level of development, namely 0.82.
The economic analysis of the achieved values of
indicators at the enterprise and the interrelations between
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them revealed the negative tendencies of the development
of its economic processes.

Conclusions

Therefore, the procedure for determining the
desirable values of the enterprise performance indicators
in the process of forming the appropriate functional or
corporate strategy should include the following steps: 1)
the justification of the system of partially controlled
indicators of the enterprise; 2) identification of the most
influential controllable indicators of the enterprise through
regression and factor analysis; 3) determination of optimal
values of the most influential controlled activity indicators
on the basis of solving the optimization problem of

maximizing the level of enterprise activity; 4) the
justification of the relative deviations of the most
influential controlled indicators and the definition of their
average level; 5) correlation analysis of all controlled
indicators of activity; 6) determination of the percentage
of the desired change in the control of indicators of
activity; 7) definition of values of controlled indicators of
enterprise activity in strategies. This procedure improves
the analytical and instrumental support of the formation
and adjustment of the strategies of production and
economic activity of the enterprise.

Thus, the results of strategic controlling should be
the adjustment of existing corporate and functional
business strategies based on concrete reality of the
conditions of their implementation.
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HAYKOBO-IIPAKTUYHI ITPOIIO3HUIIIi BABOPY TA 3ACTOCYBAHHS
IHCTPYMEHTIB CTPATEI'THHOI'O KOHTPOJIIHI'Y HA IIIAITPUEMCTBI B
CYYACHHUX YMOBAX

O0’€KTOM JOCTIIKECHHS € TpoLeCH BUOOPY Ta 3aCTOCYBAHHS IHCTPYMEHTIB CTPATETiYHOTO KOHTPOJIHTY Ha HiAMPUEMCTBI B CyJacHUX
ymoBax. IIpeamMeToM IOCITIIKEHHS € HayKOBO-TIPAKTH4YHI 3acaly, sKi CKIAJAlOThCS 3 TEOPETHYHOTO MiJXOAYy LIONO BH3HAYCHHS
3MICTOBHOI CyTi CTpAaTEriyHOrO KOHTPOIIHTY B CHCTEMi CTPATEriYHOTO YIPaBIiHHS MiSJIBHICTIO IMPOMHUCIOBOTO IiIIPHEMCTBA,
iH(pOopMaLliHO-aHATITHYHE 3a0e3MeUeHH METOy CTPATETIYHUX BiIXWIEHb 5K aJeKBAaTHOTO Ta €()eKTHBHOTO CY4aCHOTO IHCTPYMEHTY
CTpaTeriyHoOro KOHTpONiHry. MeTa — (GopMyBaHHS pPEKOMEHMAIli# 11010 BHOOPY Ta 3aCTOCYBaHHS IHCTPYMEHTIB CTPATETiYHOTO
KOHTPOJIIHT'Y Ha MiANPUEMCTBI B CyYaCHHX YMOBax. 3aBJaHHS: CHCTEMATH3allisl IHCTPYMEHTIB CTPATEeriyHOTO0 KOHTPOJIHTY Ha
MiANPUEMCTBI B Cy4aCHMX YMOBaxX 3 YpaxyBaHHSM BIiIMOBIZHUX BHMOT; pO3pPOOJICHHS TEXHOJIOTil BHOOpPY IHCTPYMEHTIB
CTPATEerivyHOr0 KOHTPOJIHTY JisSUTBHOCTI HMPOMHCIOBOTO MiJNPHUEMCTBA; (HOPMYBaHHS CHUCTEMH IiAKOHTPOJBHUX MOKA3HHKIB JUIS
3MICHEHHS CTPATETIYHOTO KOHTPOJIHTY HA MPOMHUCIOBHX MiANPUEMCTBAX; PO3POOJICHHS aHANITHYHHX IHCTPYMEHTIB 3MiHCHEHHS
cTpaTeriuHoro kKoHTposiHry. Meroau. Teopernynuii aHamiz poOiT (axiBuiB 3 KOHTPOJIHTY HO3BOJIMB cHOpMYBaTH IEpEeBarud Ta
HEJIONIKH KOXKHOTO 3 IHCTPYMEHTIB CTPATEriyHOr0 KOHTPOJIHTY. AHaNi3 Ta CHHTE3 3MIiCTy CTPATETiYHOTO KOHTPOIIHTY J103BOJIIIIH
PO3pOOHUTH TEXHOJNOTII0 BHOOPY IHCTPYMEHTIB MUl 3MIMCHEHHS CTPATETIYHOTO0 KOHTPOINIHTY [isSUTFHOCTI HA TIPOMHCIOBOMY
nignpuemctBi. st peanizaiii MEeToy CTpaTeriyHUX BIAXMIEHb PEKOMEHIYETHCS PO3B’s3aTH ONTHMI3aliiiHy 3a1ady. OTpUMaHO Taki
pe3yJbTaTH: 3alpPONOHOBAHA CHUCTEMA MiAKOHTPOJIBHUX MOKAa3HHUKIB AisUTBHOCTI IPOMHMCIIOBOTO IiJNPUEMCTBA 32 YOTUPMa BHIAMHU
IisUTbHOCTI: (DiHAHCOBOIO, BUPOOHMYOIO, MapKETHHIOBOIO, KaapoBOIO. [Iyisi BU3HAYEHHS ONTHMAJbHHX 3HAUeHb ITOKAa3HUKIB, SKUX
MOXKHa JIOCSITHYTH, BPaxOBYIOUM pealbHI MOJMJIMBOCTI IiJIIIPHEMCTBA, PEKOMEHIOBAHO pO3B’SA3yBaTH ONTUMI3ALliiHYy 3axady,
PO3B’SA30K sKOi 1 Hasae ONTHUMAaJbHI 3HAYEHHS MOKAa3HMKIB. Y SIKOCTI HiIbOBOI (DYHKIIT B ONTHMIi3aliifHIA 3aa4i CIIiI pO3TIIiAaTH
3aJIeKHICTh IHTETPAJIBHOTO MMOKA3HNKA PO3BHUTKY isUTEHOCTI MiANPUEMCTBA BiJ ii HAHOUTBII BILTMBOBUX MiIKOHTPOJIBEHIX MTOKA3HHKIB,
BH3HAUEHUX Ha OCHOBI DPEHTHHTY 3a [OMOMOTOI0 O0araTOBHMIPHOTO CTaTUCTUYHOTO (DaKTOPHOTO AaHai3y Ta MHOXHHHOTO
perpeciitHoro ananizy. Cuctema oOMexeHb B ONITHMI3aliiiHill 3aqa4i Mae OyTH CKIIafieHa 3 ypaxyBaHHAM peaJbHUX IHTEPBAJIB 3MiHH
3HAa4YeHb MOKA3HUKIB AiSNIBHOCTI KOXHOTO OKPEMOTO MiJITIPUEMCTBA, a CaMe 3 ypaXyBaHHAM MiHIMaJIbHUX | MAKCUMaJIbHUX 3HA4Y€Hb
MOKa3HUKIB, SKi MaJI0 MiJIPUEMCTBO MPOTSArOM BH3HAYCHOTO Mepiofy. BHCHOBKH. YIOCKOHAJCHHSM Cy4acHOTO €(eKTHBHOTO
IHCTPYMEHTY CTPaTeriyHOro KOHTPOJIIHTY € po3poOiieHa mpolenypa BH3HAYCHHsS Oa)KaHMX 3HAUCHb ITIJKOHTPOJIBHUX MOKa3HHUKIB
ISUTBHOCTI MiAMPUEMCTBA, sIKa CKiajae iH(popMaliiiHy OcHOBY mpouecy (opMyBaHHS (QyHKIIOHANIBbHOI cTparterii Ta 3abe3mneuye
peanbHICTh X 3MIHCHEHHS.

KnawouoBi cioBa: iHCTpyMEHTH CTPaTETiYHOTO KOHTPOJIHTY; TEXHOJIOTis BHOOpPY IHCTPYMEHTIB; CHCTEMa ITiJKOHTPOIBHHUX
MOKa3HHKIB; METOJI CTPATET YHUX BiIXWICHb; MPOLIeypa BU3HAYCHHS Oa)KaHUX 3HAYEHb MOKA3HUKIB CTpaTeTiM.

HAYYHO-ITIPAKTUYECKHUE ITPEJJIOKEHUSA BBIBOPA U TIPUMEHEHUA
HHCTPYMEHTOB CTPATETHYECKOI'O KOHTPOJIMHI'A HA ITPEAITPUATUAX
B COBPEMEHHBIX YCJIOBUAX

O0beKTOM HCCIENOBaHMS SBISIOTCA IPOLECCHl BBIOOpPa M NPUMEHEHTS HHCTPYMEHTOB CTPAaTernyecKoro KOHTPOJIMHIa Ha
NPENNpUATUAX B COBpeMEHHBbIX ycioBusX. IIpeamerom wuccienoBaHus sBISIOTCS HAayYHO-NPAKTHUUYECKUE OCHOBBI, COCTOSILHUE U3
TEOPETUYECKOr0 MOAX0a K OIPEAEICHUIO COACPKATEIbHOM CYIIHOCTU CTPATErHYECKOr0 KOHTPOJIMHIA B CHCTEME CTPATErn4ecKOro
YIpaBIE€HHs  AEATENHHOCTBIO  NPOMBINUIEHHOTO — HPENIPHATHS, HH(MOPMANMOHHO-aHANUTHYECKOe olecredeHne Meroja
CTpaTerNYeCKUX OTKJIOHEHUH KaK aJaKBaTHOTO M 3()(HheKTHBHOTO COBPEMEHHOTO MHCTPYMEHTA CTpaTerndeckoro koHrponunra. leas
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— (opMHpOBaHHE PEKOMEHAAIMH 1O BHIOOPY M IPUMEHEHHIO MHCTPYMEHTOB CTPATErHUecKOro KOHTPOJIMHIAa Ha HpPENNpHITHH B
COBPEMEHHBIX YCJIOBHMAX. 3aJa4yW: CHUCTEMaTH3alUs HHCTPYMEHTOB CTPATErH4eCKOro KOHTPOJUIMHTA Ha IPENpHITUH B
COBPEMEHHBIX YCIOBHSAX C YYeTOM COOTBETCTBYIOIIMX TpeOOBaHMiL; pa3paboTKa TEXHOJOTHMH BBIOOpa WHCTPYMEHTOB
CTPATETHYECKOTO KOHTPOJUIMHTa AEATENbHOCTH IPOMBIIUICHHOTO NPEANpUATHS; (OPMHUPOBAHUE CUCTEMBI MOAKOHTPOIBHBIX
ToKa3aTesiel JUIs OCYIIECTBIEHHS CTPAaTernuecKoro KOHTPOJUIMHTAa Ha MPOMBIIUICHHBIX NMPEANPUSITUIX; Pa3padoTKa aHATUTHIECKUX
HHCTPYMEHTOB OCYIIECTBICHHS CTPAaTETHYECKOro KOHTpojuthHra. Mertoasl: TeopeTnuecknii aHanu3 pabOT CHEHHATUCTOB IO
KOHTPOJUTMHTY TT03BOJMIN ¢(HOPMUPOBATH MPEUMYIIECTBA U HEAOCTATKH KAXKIAOTO U3 HHCTPYMEHTOB CTPATErHYECKOTO0 KOHTPOJIMHTA.
AHanmm3 W CHHTE3 COJEpKaHWs CTPATETHYECKOro KOHTPOJMHra MO3BOJMIN pa3paboTaTh TEXHOJOTHIO BBIOOpAa MHCTPYMEHTOB IS
OCYILECTBJICHUS CTPATErMYECKOr0 KOHTPOJIMHIA [JESITENbHOCTH Ha IPOMBIIUICHHOM HpeAnpuatud. g peamusanuud MeToaa
CTPAaTErMUYECKUX  OTKJIOHEHHMH pPEKOMEHAYeTCsl pelINTh ONTHMU3ALMOHHYIO 3ajady. IlomydeHel Takue pe3y/ibTaThl:
CUCTEMAaTU3UPOBAHA CUCTEMA IOJKOHTPOJIbHBIX IIOKa3aTelell AeATEIbHOCTU MNPEANpHITUS 110 YEThIpEM BHUIAM JEATEIbHOCTH:
(bUHAHCOBOM, MPOU3BOJCTBEHHOH, MapKETHHIOBOW KaJpoBOW. [ ompenencHUs ONTHMAIBHBIX 3HAYEHHH MOKa3aTelei, KOTOphIe
MOXHO JIOCTHYb, YIUTHIBAsl PealbHbIE BO3MOXKHOCTU MPEANPUATHS, PEKOMEHJ0OBAHO PEIIUTh ONTUMM3AILMOHHYIO 33ady, pPeIieHne
KOTOpO#l M JaeT ONTHMAallbHbIC 3HAUCHHUs MOKa3arenell. B kadecTBe LeneBoi (QyHKIMH B ONTUMHU3AIMOHHON 3amade HEOOXOAUMO
paccMaTpHBaTh 3aBUCHMOCTh HHTETPABHOTO MOKA3aTelNs pa3sBUTHA JeaTenbHOCTH mpeanpuatus (I) ot ee Haubosee BIMATENBHBIX
TIoKa3aTeliel JIesITeNIbHOCTH, ONPEIeIeHHBIX Ha OCHOBE PEUTHHTA IPU MOMOIIH (haKTOPHOTO M PETrPECCHOHHOrO aHanm3oB. Cucrema
OTpaHMYEHHMI B ONTHMH3AI[MOHHON 3ajade JOJDKHA OBITh COCTaBIE€HAa C YUETOM pEaJbHBIX MHTEPBAJIOB HM3MCHEHHI 3HAUCHWit
MoKa3aTresiell JedaTeIbHOCTH KaXKJOr0 OTAEJIBHOIO MPEANpHITUS, @ HMEHHO C YY€TOM MUHMMAIBHBIX U MaKCHUMAaJbHBIX 3Ha4ECHUI
MoKa3arelieil, KoTopble UMEJIO MPEANPUATHE B TEUCHUE ONPEIENICHHOro Nepuoaa. BeIBOABI: YCOBEpPIIEHCTBOBAHUEM COBPEMEHHOIO
3¢ peKTHBHOr0 HHCTPyMEHTa CTPATETMYECKOr0 KOHTPOJUIMHTA SBJIAETCS pPa3paboTaHHAs IPONEAypa ONpPEIETeHHs MKETaeMbIX
3HAUCHUH MOJKOHTPONIBHBIX MOKa3aTelled NeATeIbHOCTH NPEANpPUSATHS, KOTOpas COCTaBIsieT MH(GOPMAIIMOHHYIO OCHOBY IIpoLecca
(dopmupoBaHus HYHKINOHATBHON CTPAaTEruy U 00eceYnBaeT PeaIbHOCTh €€ OCYIIECTBICHHS.

KniodyeBble cJ0Ba: WHCTPYMEHTHl CTPAaTETMYECKOTO0 KOHTPOJUIMHTA; TEXHOJOTHS BBIOOpa HMHCTPYMEHTOB; CHCTEMa
MOJKOHTPOJIBHBIX MTOKA3aTeNeH; METOJ CTPATETHYECKUX OTKJIOHEHUH; MpOoLeaypa ONpENeIeHNs KeNaeMbIX 3HAUCHUI IoKa3zaTeeit
CTpaTerui.
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YE. MELESHKO

COMPUTER MODEL OF VIRTUAL SOCIAL NETWORK WITH
RECOMMENDATION SYSTEM

The subject matter of the article is the process of modeling social networks. The goal is to develop a computer model of a social
network with a recommendation system. The tasks to be solved are to research the methods of generating social networks, to realize
the computer model of a social network with a recommender system. The methods used are graph theory, theory of algorithms,
statistics theory, probability theory, object-oriented programming. The following results: the research of existing methods for
modeling social networks was conducted, in particular, such social network models as the Barabasi-Albert model, the Erdés-Renyi
model and the Bollobas-Riordan model were considered. The concept of complex networks was considered. The research of the basic
properties of graphs of social networks was considered. The social network computer model with a recommender system based on the
modified Barabasi-Albert model with using graph database Neo4j and programming language Python was developed. The developed
model allows to model a network with users and text posts and may contain following connections "friends", "follower", "published",
"viewed", "like", "similar", "recommended", and also allows testing of algorithms of recommender systems and conduct research to
changes in a social network after creating and proposing recommendations. The testing of the developed computer model of virtual
social network with a recommender system was conducted. Conclusions. The research of various methods of modeling social
networks was conducted. The concept of complex networks was investigated. The main properties of social network graphs are
considered. The computer model of a social network with a recommendation system that contains various types of nodes and
connections that allow testing a recommender system algorithm has been developed. The developed model of a social network with a
recommender system was tested to check its similarity with real social networks. The developed computer model of a social network
has the values of network graph parameters corresponding to the values characteristic of real social networks, which allows using the
developed model to research the processes that can occur in real social networks.
Keywords: social network; recommendation system; computer modeling; stochastic graph.

Introduction

In modern virtual social networks, recommendation
systems are used to create a user's news feed. Since social
networks have long been one of the important sources of
information for Internet users, its awareness and
perspectives on current events depend on what is
displayed in the news feed.

Recommendation systems today have become part of
virtually all popular websites and social networks [1, 2].
The quality of the recommendation systems depends not
only on the accuracy of predicting user preferences and
the usefulness of the recommendations, but also on
providing information security to users of the social
network. So important parameters of the recommendation
system are the value of such properties as privacy of user
preferences (Privacy), the risk to the user when using the
recommendations (Risk), robustness of the system to
attacks (Robustness), in particular, attacks aimed at
increasing the rating of certain objects of the
system [1, 3].

In this paper, the software model of the virtual social
network with a recommendation system for modeling the
influence of recommendations on processes in the social
network and testing methods for  generating
recommendations was created.

Analysis of recent research and publications

Simulation of social networks is an important
scientific task and is used for the study of social processes,
for example, the process of disseminating information to
the social network, the process of forming the reputation
of the participants in the social network, the process of
information management and confrontation, etc.

Simulation of social networks is primarily used for
implementation [4]:

- analysis of the structure of the network (for
example, search for opinion leaders, the search for hidden
communities and hidden links, etc.);

- the study of social processes (for example, the
spread of rumors, etc.).

-research on the process of formation and
development of the social network (for example, the study
of the influence of the reputation of social network
participants on the dynamics of change in its structure in
time).

Most often, graph models are used to model social
networks [4, 5].

The social network can be represented as a graph:

G=(V,E) , (1)

where V — the vertices of the graph represented by the
participants and objects of the social network; E — the
edges of the graph, represented by connections of different
types between the participants and the objects of the
network.

Under the social network objects, we will
understand, for example, post, comment, group, page, etc.
The links between the vertices of the graph can be
oriented (for example, "subscriber”, 'nickname",
"published"”, etc.) and non-oriented links (for example,
"friends" links).

Allocate the following graph models of the social
network [5, 6]:

1. Conventional graph models. They are defined by
the matrix of adjacency G, with dimension nxn, where
n — the number of participants in the network

2. Stochastic block models. They are set by a matrix
of adjacency G, with dimension nxn, where n — the

© Ye. Meleshko, 2019
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number of blocks of participants in the network. An
element g, <[0;1] shows the density of relationships

between the members of the network belonging to block i
and those belonging to the j block. In this case, the graph
does not contain edges and vertices that show the
connections of participants in the network within one
block.

3. Probabilistic graph models. They are defined by
the matrix of adjacency G, with dimension nxn, where
n — the number of participants in the network. The
element g, <[0;1] shows the probability of interaction

between the participants j and i over a period.

To study social processes, it is necessary to model a
dynamic social network. Dynamic network model can be a
dynamic graph [7].

The dynamic graph D, is a sequence of classical
graphs G, , the transition between them is described by
different graph operations ¢(G,) =G, , .

Graph operations can be divided into basic and
complex [7]. The basic operations include operations:

- adding / removing ribs;

- adding / removing the vertex.

Any complex graph operation can be described by a
sequence of basic graph operations.

Operation that makes a transaction from the graph
G, tothe graph G, , may be as basic so complex.

To construct a dynamic graph, you can use a set of
graph operations @ ={g'}.

Sequence of graphs G,,G,,G;,..G,, is called the
trajectory of a dynamic graph [7].

To analyze dynamic graphs, methods of association
rules extraction and methods of frequency models analysis
are used, hierarchical, probabilistic and relational models
can be used to predict changes in a dynamic graph, models
based on the properties of social networks and models
based on the properties of network participants [5, 7].

In addition to graph models, cellular automata,
Markov chains, Ising models, models of impregnation and
infection, models of independent cascades, models with
thresholds, models based on game theory [8], agent
models [9], etc. can be used for modeling of social
networks. These models allow us to investigate the
dissemination of information and psychological influences
in social networks and to investigate the influence of
network participants.

For qualitative modeling of social networks, you
need to know the properties that real social networks have.

Social networks are a partial case of complex
networks. Complex networks are stochastic networks with
nontrivial topology, in particular, they differ from
classical stochastic networks by the presence of a small
number of nodes with a large number of links (such
vertices are called hubs) [10]. Most real networks are
complex. Difficult networks can be divided into technical
networks (e.g. computer networks, transport networks),
biological networks (e.g., metabolic networks, ecological
networks), social networks (such as friends’ networks,

citation networks, telephone networks); etc. The best-
studied complex networks as a model of social networks.

In complex networks that reflect social connections,
there are the following main properties [6, 10, 11]:

1. Scale-free. Distribution of degrees of nodes
(vertex degree, number of links in nodes) by degree
distribution.

2."Small world"
network diameter.

3. High clustering coefficient and high transitivity
coefficient. If in the social network there are members A,
B and C, and there are social ties between A and B, and
also between A and C, then it is quite high probability that
B and C also have social ties.

4. Giant binding component. That is, more than 80%
of nodes are interconnected.

5. Hierarchical links are presented.

6. There are complex cluster formations (clicks,
clans, etc.).

7. Assortiativity. In the broad sense assortiativity is
the emergence of links between vertices, which are
somewhat similar to each other. In the narrow sense
assortiativity is the emergence of links between vertices
with a large number of links.

Let us consider the main well-known models of
generation of stochastic and complex networks.

A well-known model for generating complex
networks is the Barabasi-Albert model [12-14]. The
authors of this model have shown that the emergence of
large-scale networks requires the presence of two
conditions:

1. Growth. Starting with a small number n, of
nodes, at each new time iteration one new node with n
bonds (where n<n,) is added that connect a new node

with n different already existing nodes.

2. Preferencial attachment. The probability P with
which a new node forms a connection to some already
existing node i, is the higher if more connections has the
i-th host, and is determined by the formula

(small-world network). Small

R= @

K
)

where k, — the degree of i-th node, and the denominator

counts the sum of all degrees of existing network nodes.

This principle can explain the reasons for the
emergence of a degree law in social networks.

The advantages of this model are that the network it
generates possesses properties of rarity, “close world",
scalability. The disadvantages of the model are that the
resulting graph strongly depends on the initial parameter,
and there is the difficulty with the desired joining in the
random selection of vertices.

Erdds-Renyi model [12, 14]. Let there be a set of

vertices V, :{vl,vz,...,vn} , and in the graph there will be
no loops, multiple edges and orientation, so the number of
potential edges will be C?. The vertices are joined in

pairs with probability pe[O;l], regardless of other
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vertices. This model does not have the desired affiliation.
This model will allow for the creation of a stochastic
graph, but it will not have the important properties of
complex networks, namely the power law of the
distribution of degrees of vertices and the high clustering
coefficient.

Bollobas-Riordan model [12, 14]. First, a set of

n

random graphs {G1 } is constructed, where the graph with
the number n has a number of vertices and edges n. Then
this set is converted into a set {G/'}, in which the graph

with the number n has a number of vertices n, and the
number of edges is kn,keN. This model generates
complex networks and coincides well with empirical data.

To model the social network with the reference
system, it was decided to use the Barabasi-Albert model,
since it is easy to implement and allows you to create a
stochastic graph with the properties of complex networks.

To model a social network with a recommendation
system, you need to add objects and recommendations to
the network model. A social network graph should be

recommended

similarity
published

similarity

dynamic to simulate the creation and provision of
recommendations, as well as to track changes in the
network after providing guidance to network members.

Materials of research

recommended

<7pu blished— >
recommended ‘\ viewed
similarity @ similarity

In this paper a model of the social network
with a recommendation system was created using the
Neodj graph database and the Python programming
language.

The social network was represented in the form of a
stochastic graph, which as vertices were:

- social network users;

- posts of users in the social network.

As the ribs were related: "friends"; "subscribers";
"posting a post™; "post revised"; "Like fasting"; "an affair
between users”; "fit between posts” and “post
recommended".

The appearance of a section of a graph of a
developed social network model with a recommendation
system is presented in fig. 1.

friends
published

similarity

viewed

published

similarity similarity
recommended

follower

Fig. 1. An example of a cut of a graph of a developed social network model with a recommendation system

Generation of the social network was carried out
based on Barabasi-Albert model. To generate the network,
the count was divided into the following pgs: Users-
Friends, Users-Followers,  Users-Similarity, Posts-
Published, Posts-Viewed, Posts-Liked, Posts-Similarity
and Posts-Recommended.

Subgraphs Users-Friends, Users-Followers, Posts-
Published, Posts-Viewed and Posts-Liked are created by
the social network graph generator.

Subgraphs Users-Similarity,
Posts-Recommendations  are
recommendation system.

Stages of a developing method for generating a
social network with a recommendation system:

1* stage. Generated non-oriented subgraph of Users-
Friends based on the Barabasi-Albert model.

2" stage. Generated user-follower oriented subgraph
based on the Barabasi-Albert model.

Posts-Similarity and
created by  the

3" stage. The subgraphs of Users-Friends and
Users-Followers are merged into a common graph.

4" stage. The oriented Posts-Publish subgraph is
generated based on the modified Barabasi-Albert model.
On the first iteration randomly are selected n, users who

“create” m, posts. Then, on each new iteration, a new

post is added, the probability of its publication by some
user depends on the number of friends and followers of
this user and the number of posts already published, and is
determined by the formula:

k1i +k2i +k3i
Z(kn +k2j +k3j) ’
i

R= ©)

where k, — the number of friends at i-th node, k, —
number of subscribers in the i-th node, k,; — the number of
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posts in the i-th node, and the denominator counts the sum
of all these values for all existing network nodes.

For each post a set of keywords is generated that are
selected from the given set, for further possibility to
model the work of the recommendation system.

5™ stage. Posts-Publish subgraph joins a common
graph.

6" stage. Generated oriented subgraph Posts-Viewed
based on the modified Barabasi-Albert model. In the first
iteration, randomly selected users who “browse™ m,

randomly selected posts. Then, on each new iteration, a
new random post is added; the probability that some post
will be reviewed depends on the number of friends and
followers on the post author and the number of posts he
has already posted, as well as on the number of previous
views of the given post, and is determined by the formula:

Pi - qli +q2i +q3i , (4)
2 (Chy + 05 +0y)
i
where g the number of friends at i-th post,

g,; —humber of signers of the author at i-th post, g, — the

number of views at the i-th post, and the denominator
counts the sum of all these values for all existing network
nodes.

7" stage. Posts-Viewed subgraph joins a common
graph.

8" stage. Posts-Liked subgraph is generated based
on the modified Barabasi-Albert model. On the first
iteration, n, users are randomly selected who "put" m,

random posts. Then, on each new iteration, a new like is
added to the random post; the likelihood that a post will
receive a like depends on the number of friends and
followers of the post author and the number of posts he

[\; neodj@bolt://localhost:11004 - Neodj Browser

has already published, as well as on the number of views
of this post and the number of previous list of this post,
and is determined by the formula:

qli + q2i + q3i + q4i (5)

R= ,
D (G + 0y +0y; + ;)
j

where @, — the number of friends of the author of the i-th
post, g, — number of signers of the author at i-th post,
0, — humber of views in the i-th post, q,, — the number of

likes at the i-th post, and in the denominator, the sum of all
these values is calculated for all existing network nodes.

9" stage. Posts-Liked subgraph joins a common
graph.

10™ stage. The subgraphs Users-Similarity, Posts-
Similarity and Posts-Recommend are generated by the
algorithms of the selected recommendation system and
join the common graph.

In this paper, the Users-Similarity subgraph was
generated by the collaborative filtering method. Posts-
Similarity subgraph was generated by the method of
content filtering using clustering algorithms, and the
recommendations were formed on the basis of a hybrid
method with a hybridization parallel strategy based on the
mixed hybrid (Mixed hybrid) approach.

Research results

The developed social network model with the
recommendation system has been tested to test its
similarity to real social networks.

An example of a part of the social network obtained
through simulation is depicted in fig. 2.

File Edit View Window Help Developer
$ MATCH p= ()-L[J-() RETURN
@ Post(29)
Graph
—
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Text \J/

¢ 1@ O 3

Fig. 2. Example of a part of the social networkkobt»‘a;lined becauéé (;f si
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In order to test the system being developed, the
generated social network graph was exported to .csv file
from the Neo4j database, and its parameters are
investigated in GeForce software.

Gephi is an open source interactive platform for
analyzing and rendering graphical data, which allows you
to explore all types of networks, complex systems, static
and dynamic graph [15].

For the study, users and the «friendship» and
«follower» ribs presented the vertices.

The following parameters of the generated social
networks were investigated and the following average
values were obtained:

- Average degree of nodes 5.7.

- Diameter of network 4.0.

- The density of the graph is 0.22.

- The average coefficient of clustering is 0.61.

- The average length of the path is 1.98.

Thus, when generating social networks, the
developed method received graphs of networks that were
highly sparse (had a low density), the network average
was 4 on average (corresponding to modern virtual social
networks, for example, on the Facebook network this
figure is 4.74), the clustering factor was quite high;
visually different cluster formations (clicks and clans)
were observed on the graph; the average length of the path
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IMPOI'PAMHA MOJEJIb BIPTYj&JII)HOi COLIAJIBHOI MEPEXI 3
PEKOMEHJAIIMHOIO CUCTEMOIO

IIpeqMeToM BUBUCHHS y CTATTi € IPOIEC MOJETIOBAHHS COLIAIBHUX MepeX. MeTol0 € CTBOPEHHS IIPOrpaMHOI MOJIEN COIiaTbHOT
Mepexi 3 PeKOMEHJAIIHHOI0 CHCTEMOI0. 3aBHaHHA: JOCTIIWTH METOIM TeHepalii COLiaIbHUX Mepex, peanizyBaTH IpOrpaMHy
MOJIENIb COLIAIFHOT MEpexXi 3 PeKOMEHIALidHOI cucTeMol. MeToau IOCTiDKEHHsS: Teopis rpadis, Teopis alropuTMiB, TEOpPis
CTaTUCTUKH, TeOpis HMOBIpHOCTEH, 00’€KTHO-Opi€HTOBaHE MporpaMyBaHHA. OTpUMaHi Taki pe3yJbTaTH. IPOBEICHO IOCITIHKEHHS
ICHYIOUHX METOJiB MOJIETIOBAHHS COLIaJbHUX MEPEX, 30KpeMa, PO3IJITHYTI Taki MOJENi COIiaIbHUX MEpex K Monens bapabamu-
Anpbept, Mmomens Epnema-Pan’i Ta mogens bonoGama-Piopaana; po3ryitHYyTO MOHATTS CKIaTHUX MEPEX; MPOBEACHO NOCHTIIKECHHS
OCHOBHHX BJIACTHBOCTEH rpadiB COmIAIIBHUX MepeX; pPo3poOJICHO MPOrpaMHy MOZENb COLIiaJbHOI Mepexi 3 PeKOMEeHAAIIHHOI0
CHCTEMOIO Ha OCHOBI MoxamdikoBaHoi Mmozeni bapabamm-Ansbepr 3 3acTocyBaHHAM rpadoBoi 6asm mgaHux Neod4j Ta MOBH
nporpamyBaHHs Python; po3poGiieHa Mozenb JO3BOJISIE€ MOJCIIOBATH MEpPEXKy 3 KOPHCTYBa4aMH Ta TEKCTOBHMH IIOCTAMH Ta MOXeE
MicTUTH 3B’s13KkH THIy "nmpys3i", "miamucHuUK", "omyOiikoBanuit", "nepermsaHyTunit", "maik", "cxoxuit", "pekoMeHIOBaHUIA", a TAaKOXK
JO3BOJISIE TECTYBAaTH AJITOPUTMH PEKOMEHOANIHHUX CHCTEM Ta IOCHIIKYBaTH 3MiHH Yy COIIaJbHIH MEpeXi Micias CTBOPEHHS Ta
MIPOTNIOHYBaHHS PEKOMEHJIAIIH; MPOBEACHO TECTYBaHHS pO3pOOIEHOI MPOrpaMHOi MOZENTI COLialbHOI MEpeXi 3 peKOMEHIAIIHHO0
cucTeMo0. BucHoBku. Byrno mpoBemeHO HOCTiIKEHHS Pi3HUX METOIIB MOJENIOBAaHHS COLIANBHUX Mepex. JlOCHiIKEeHO MOHATTA
CKJIaJHUX MepeX. PO3IIITHYTO OCHOBHI BIaCTHBOCTI rpadiB colialbHUX MepekK. Po3po0ieHo mporpaMHy MOJENb COLIaNbHOI MEpexi
3 PEeKOMEHAIIHHOIO CUCTEMOIO, 1[0 MICTUTh Pi3HI THIU BY3JIB Ta 3B’SI3KIB, SIKi JO3BOJIIFOTH TECTYBATH alTOPUTMH PEKOMEHAAIIHHIX
cucreM. IIpoBeneHO TecTyBaHHS pO3pOOJIEHOI MOJENi COLiaNbHOI Mepexi 3 peKOMEHIALIHOI0 CHCTEMOIO MUl HepeBipku ii
MOJIIOHOCTI JI0 peallbHUX COIliaIbHUX Mepek. Po3pobieHa mporpaMHa MoJIeb COLIAIBHOT MEpeXki Mae 3HAUCHHS MapaMeTpiB rpady
Mepexi, 0 BiIIOBIIAIOTh 3HAUCHHSIM XapaKTEePHHUM JUIS CHPaBXKHIX COI[IaIbHIX MEPEeXK, IO J03BOJISIE BUKOPHUCTOBYBATH PO3POOIICHY
MOJIEINb JUIS TOCIiIKEHHS TIPOIIECIB, sIKi MOXYTh BiJOyBaTHCS y peajbHUX COLialIbHUX MEpeKax.
KurouoBi ciioBa: conianisHa Mepeka; peKOMEHIaliiHa CHCTeMa; KOMIT I0TepHE MOACTIOBAHHS; CTOXaCTHYHHH Trpad.

IMPOI'PAMMHASI MOJEJIb BUPTYAJIBHOM COLIMAJIBHOM CETH C
PEKOMEHJIATEJIBHOU CUCTEMON

IIpeameToM M3y4deHHsS B CTaThe SIBJISETCS IPOLIECC MOJENMPOBAaHUS couualbHBIX ceTeil. Lleablo ecTh cozgaHue MporpamMMHOMN
MOJIENN COIMAIIBHOW CeTM C PEKOMEHAATeNbHOH cHUCTeMOH. 3ajava: wWcclIeoBaTh METOAbl TeHEpallH COLHUATBHBIX CETeH,
peann30BaTh MPOTPAMMHYIO MOJENb COIMAIBHOW CETH C PEKOMEHAATEIbHOW cHCTeMoi. MeToabl HCCIeoBaHus: Teopus rpados,
TEOpHsl AJTOPUTMOB, TEOPHS CTATHCTHKH, TEOPUSl BEPOSTHOCTEH, OOBEKTHO-OPHEHTHPOBAHHOE NporpamMMupoBaHue. [lomydeHs
cleAylolue pe3yJbTaThl: NIPOBEICHO UCCIEJOBAaHUE CYLIECTBYIOIIMX METOJIOB MOJEIUPOBAHUS COLUAIBHBIX CETeH, B YaCTHOCTH,
PaccMOTpPEHBI TaKHE MOJIENM COLMAIBHBIX ceTell Kak Monens bapabamu-Ans0epT, Momens Dpnema-Pansu u Mozaens bomnobara-
Propnana; paccMOTpPEHO TOHSTHE CIIOXKHBIX CETeH; IMPOBEIEHO HCCIIENOBAaHWE OCHOBHBIX CBOWCTB Tpa)OB COLMAIBHBIX CETeH;
pa3paboTaHa mporpaMMHAasi MOJENb COLMAIBHON CETH ¢ PEKOMEHIATENIFHOW CHCTEMOH Ha OCHOBE MOTU(DHIUPOBAHHONH MOIEIH
Bapabam-Anp0epT ¢ mpuMeHeHHEeM rpadoBoil 06a3bl maHHBIX Neo4j W s3bIka mporpammupoBaHus Python; paspaboranHas mopenb
MO3BOJISIET MOJEIUPOBATH CETh C MOJIB30BATEIIIMHA W TEKCTOBBIMH IIOCTaMH M MOKET COJIEPKATh CBSA3U THIA "Mpy3bs”, "moanucauk",
"omyOnmkoBaH", 'mpocmorpeH", '"maWk", "moxoxwuii", '"pekomMeHZOBaH", a TaKkKe MO3BOJNSET TECTHPOBATH AaJITOPUTMBI
PEKOMEHIATENIBHBIX CHCTEM M HCCIIeOBaTh M3MEHEHHsS B COLMAJIBbHOM CETH IOCNIE CO3JaHUs W TNPEATIOKSHUS PEKOMEHIAIHid;
MPOBEICHO TECTHPOBaHKE pa3pabOTaHHOW MPOTPAMMHOM MOJICIH CONUATBLHOMN CETH ¢ peKOMEHIATeIbHOI cucTeMoi. BoiBoabl. Bruto
MIPOBEACHO HCCIIEOBAHHE PA3NUYHBIX METOJOB MOJEIMPOBAHUS COLMANBHBIX ceTed. lccienoBaHO MOHATHE CIOXKHBIX CETeH.
PaccMOTpeHBI OCHOBHBIE CBOMCTBa rpadoB COIMAIBHBIX ceTed. Pa3paboTaHa mnporpamMMHas MOZENb COLMANBHOH CeTH C
PEKOMEH/IaTeIbHOW CHCTEMOI, COomepiKamas pa3iudHble THIIEI y3J0B M CBA3€H, KOTOpHIE MO3BOJSIOT TECTHPOBATH ANTOPUTMBI
PEeKOMEHIaTeNIBHBIX cUCTeM. [IpoBeeHo TecTHpoBaHHe pa3pabOTaHHOH MOJETH COIMAIBHOM CETH ¢ PEKOMEHAATENbHOH cHcTeMOon
JUISL TIPOBEPKH €€ CXOJCTBA C PEalbHBIMU COIMAIBHBEIMU CeTsIMU. Pa3pabGoTaHHas mporpaMMHAsi MOJENb COIMAIBHOM CETH MMEeT
3HAUCHUS TapaMeTPoB Ipada CeTH, COOTBETCTBYIONIHNE 3HAYEHHUSAM XapaKTEePHBIM ISl HACTOSIINX COIMAIBHBIX CETe, ITO MO3BOJISIET
HCIIOJIB30BaTh Pa3pab0OTaHHYIO MOJEIb IS HCCIIEIOBAHMUS [IPOLIECCOB, KOTOPBIE MOTYT MPOUCXONTH B PEabHBIX COLUATBHBIX CETSX.
KitioueBble cJIOBa: COLMANIbHAS CETh; PEKOMEH/IaTelIbHas CUCTEMa; KOMITBIOTEPHOE MOJIEINPOBaHHE; CTOXaCTHYECKHIA rpad.
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PORTFOLIO METHOD OF SCIENTIFIC ACTIVITY MANAGEMENT OF HIGHER
EDUCATION INSTITUTIONS

The subject matter of the article is models and methods of portfolio management of research projects of higher education institutions.
The goal of the work is to create methods of portfolio management of scientific activities of institutions of higher education on the
example of the Odessa National Maritime University. The following tasks were solved in the article: analysis of the innovation model
of state development, the formation of a model for managing the scientific activities of higher education institutions, the development
of a method for forming a portfolio of research projects of a higher education institution using the example of Odessa National
Maritime University. The following methods used are — project and program management methods, systems theory and systems
analysis, mathematical modeling methods. The following results were obtained — developed mechanisms for scientific projects
management of higher educational institutions, developed a method for forming a portfolio of scientific projects of a higher education
institution that takes into account the strategic goals of the university and available resources. Conclusions: using the portfolio
management method of research projects of a higher education institution allowed the university to increase the effectiveness of
scientific activities, form an effective portfolio of research projects, based on determining the organization’s planned trajectory length
when implementing strategic research goals, allowed the university to achieve its strategic goal as part of an innovative program
mission. Based on the proposals received for each research project, the specific length of the trajectory was determined as the ratio of
the length of the trajectory to be held by the institution of higher education (Odessa National Maritime University) in case of
successful implementation of a certain scientific project to the planned trajectory length. On the basis of the proposed system of
management of scientific activities of higher education institutions, which has a four-level structure, temporary standards for the
implementation of research projects in the portfolio of higher education institutions are distributed. Comparative assessments of
research projects of Odessa National Maritime University have been obtained, allowing to include in the portfolio scientific projects
"SP3", "SP2", "SP1", which contribute to the achievement of the strategic goal of the university as part of the mission of the

innovation program.

Keywords: project management; portfolio management; research project; higher education institution.

Introduction

The following types of innovative models of
economic development are determined in Ukraine [1]:

1) resource model without high-tech production
(natural resources - production - money);

2) innovative model (transformation of money to the
research into knowledge - transformation of knowledge
into the skills of workers and innovation — the
transformation of innovation into goods - money);

3) intellectual-donor model (abridged version of the
innovation model, from which the stage of production is
withdrawn).

According to the practical experience of world
countries with different levels and efficiency of economic
development, the second model of economic reproduction
is the most effective [1]. However, in Ukraine today, the
first and third models dominate: resource without high-
tech production and intellectual-donor [1].

The mentioned models in the strategic perspective
have a relatively low level of efficiency, as they lead to
the depletion of the country's resources, the leak of factors
of production of the national economy abroad and make it
impossible to ensure high indicators of the welfare of the
population.

A national strategy focused on the formation of an
innovative development model should combine:

- direct actions of the national and regional levels,
implemented for direct budgetary financing, which will
contribute to the improvement of the qualitative
characteristics of the domestic scientific and technological
potential, the intensification of the mastery of scientific
knowledge and new technologies, the comprehensive
development of human capital and science in higher

education institutions;

- implementation by national economy subjects of
innovative activity and innovation investment in a
competitive environment, increasing the supply of
innovative products, technologies and knowledge;

- growth of demand of the subjects of the national
economy and citizens for innovative products,
technologies, knowledge, creation of favorable conditions
for introduction of innovations into production activity
and population of the population.

Analysis of recent research and publications

In order to increase the efficiency of innovation
activities, Ukraine should use the experience of
modernizing the scientific and technical sphere in the
leading countries of Europe and the United States, which
achieved the significant results of the implementation of
an innovative model of country's development.

The program to approve the plan for reforming the
system of financing and management of scientific and
technical activities [2] does not take into account the
actual situation in Ukrainian science and the role of higher
education institutions, that takes the main position among
scientific organizations and determine the ways of
development of fundamental and applied science, and
carry out the basic amount of basic research in Ukraine. In
spite of this, the program does not foresee the
development of the university sector of science.

Stimulating the development of innovation activities
cannot be limited to the single stimulation of only one
type of research or development at the expense of budget
financing (direct financing or taxation).

Attempts to implement sectoral "technological leaps"

© V. Piterska, O. Lohinov, L. Lohinova, 2019
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in the face of maintaining the general unfavorable
business and investment climate in the country, excessive
fiscal pressure and the ineffectiveness of the institutional
structure of the economy turn into losses from other
sectors of the economy [3]. High-tech industries do not
find sales in other industries due to the high technological
gap and the lack of motivation for use, which significantly
reduces the synergistic effect of innovation, so the
effectiveness of such "growth points" is offset on a public
scale [3].

State stimulation of innovation through, for example,
preferential taxation of scientific activity and innovation,
which is torn away from the introduction of effective
incentives for investment activity, leads to the
squandering of public funds and the gap between science
and domestic production.

Therefore, the main task of innovation policy should
be the balanced provision of interaction of the scientific,
business and public spheres, as well as the development
and implementation of a mechanism for activating
innovation activities of higher education institutions, state
and business entities with a view to disseminating
innovations in all spheres of the national economy.

The  methodological principles of  project
management of the activities of organizations, in
particular, management of scientific activities are
presented in the works of famous scientists. Studies
conducted in [4-6] by Prof. Bushuyev S.D., refer to the
development of methods and models of project
management in the creation of high-tech enterprises that
take an active part in the innovative development of the
state.

Methods and models of proactive management of
organizational development projects in conditions of
uncertainty were developed by Prof. Bushuyeva N.C. in
works [7].

In the work of Prof. Chernov S.K. [8] the
methodological principles of the formation of
organizational  structures of  knowledge-intensive
enterprises as one of the participants of the innovation
program are presented.

In the works of prof. Chumachenko I.V. the process
of formation of the holistic value of innovative projects
and programs is described [9] and the adaptive team of the
project is formed [10].

The models, methods and mechanisms for the
creation and operation of a project-managed organization
are developed in the works [11-14]. New methodology of
innovative development of design-managed organizations
is developed in [15-17]. The concept of project, portfolio,
and program management as the basis for the effective
development of the information society is given in [18].
The results of the study, conducted in [19], became a
compositional-modular approach to the formation of
models of project portfolio management while performing
investment and innovation activities. With regard to the
problem of the external environment of the innovation
system and the regulation of intellectual property issues,
[20] proposed mechanisms for managing the external
environment of the project, which allows monitoring of
the activities of stakeholders in obtaining an innovative

product. Mechanisms for the formation of value in the
activities of project-managed organizations are presented
in [21]. The methodological bases of application of
information technologies in project management are
presented in works [22—23]. Conceptual bases of quality
management in project management and management of
innovative projects and programs are presented
in [24-27].

The purpose of this article is to create a method of
portfolio management of the scientific activity of higher
education institutions on the example of Odessa National
Maritime University

Presentation of the main material

The strategy for creating an economic model of
innovation development in Ukraine includes a set of
measures in the tax, budget, monetary, institutional and
foreign economic sectors.

It is important to pay special attention to institutions
of higher education, in which the largest number of
scientists are engaged in innovation activity.

The analysis of the amount of financing of scientific
activities in the academic sector, the sector of higher
education, the indusrial sector, and the factory sector
shows that in 2018 the largest amount of funds - 2352.98
million UAH. 71.9% of the total financing of scientific
activity, 79.1% - 2017) is directed to the academic sector
of science [28].

If we consider the quantitative indicators of the
results of scientific activity, then the greatest number of
innovative products in 2017 was created by higher
education institutions [28].

However, if we analyze the dynamics of changes in
the cost of conducting research by the Ministry of
Education and Science of Ukraine and the National
Academy of Sciences of Ukraine, one can safely assert
that ineffective distribution of financial resources between
institutions engaged in scientific activity [28].

The largest number of scientists (approximately 150
thousand scientific and pedagogical workers) in Ukraine
work in institutions of higher education. Each year they
realize more than 20,000 scientific projects [28].

Most of the results of scientific research are not
introduced into production but remain in the form of final
reports on the shelves of libraries. First and foremost, this
is due to the lack of financial resources both in higher
education institutions and in the state. As analytical
studies show, the publication activity of scientists, which
increases every year, does not affect the level of
implementation of the results of scientific activity
conducted in institutions of higher education.

Scientists spend a lot of time and money on the
preparation of monographs, the publication of articles in
collections that are included in international science and
technology databases, but there are no real results of the
use of newest products and technologies developed in
production.

Patent activity of scientists also does not have a
significant impact on the level of implementation of the
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results of scientific activity. The realities of the present
show that obtaining a patent by a scientist does not
guarantee its real use in the production of innovative
products through the purchase of a security document by
business entities. The main reason for this situation is that
most experts consider the lack of an effective,
scientifically sound management system for innovation
activity.

Having analyzed the directions of state policy in the
field of scientific activity, one can confidently state that
financing is carried out in a not entirely understandable
scheme. That is, the Ukraine does not finance the process
of scientific activity but sends money to support the state
of the scientific institutes, transferring funds for heating,
other utilities, housing maintenance, etc.,, which
negatively affects the scientific process. The funds are not
for researchers but spent on financing various types of
structures. The low level of wages in the scientific sphere
leads to the outflow of qualified specialists from Ukraine.

Over the past decade, Ukrainian science has
undergone significant changes. Once one of the leading
countries in the world with numerous schools, traditions,
material and technical bases, Ukraine has become a state
in which all attempts to increase the efficiency of
innovation activity are in decline.

However, a simple increase in funding will not bring
tangible results. Historically, the system of financing
science in Ukraine is constructed so that the state finances
utility research institutes and pays meagre wages to
employees.

As noted above, the Cambridge Technopark and the
Silicon Valley Technopolis are examples of business
incubators that have proven themselves to be effective
innovation  organizations.  Foreign  countries  are
dynamically developing innovation activities based on the
triple  helix model. Unfortunately, in Ukraine,
unfortunately, in addition to the slogans that it is
necessary to create and implement innovations in all
spheres of society, in practice attempts to transition to an
innovative way of development end with failure. All
known world-wide approaches to innovation management
in Ukraine are not implemented.

Modern international tendencies testify the
importance of developing a new methodology for
sustainable project-oriented management of organizations
based on the "Magic Triangle", which is harmonized with
social, economic, and environmental aspects as factors of
the project environment.

The urgency of the study is due to the current
unfavorable innovation climate in the state, which was
formed in the context of the lack of effective state
regulation of the innovation sphere, the rapid decline of
Ukrainian  science, its actual separation from
entrepreneurship.

In such a situation, there is an urgent need to develop
new theoretical and methodological approaches and
mechanisms based on the best practices of developed
countries that would allow to increase the effectiveness of
the interaction of participants in innovation activities,
namely institutions of higher education, which occupy the
largest share in the field of scientific activity in the state.

It is necessary to change the concept of management of
the organizational and financial component of innovation
activity, namely to move to the application of modern
methodologies for managing the scientific activity of
higher education institutions in Ukraine, taking into
account the leading international experience.

The system of criteria for assessing the effectiveness
of scientific activity will be considered as a multi-purpose
system based on the union of three subsystems, each of
which is aimed at solving a specific task of assessing the
quality of the results of scientific projects of higher
education institutions. Each subsystem serves as a
generalized factor of the University's academic
performance in relation to the main areas of activity of
higher education institutions: educational and pedagogical
subsystem (assessment of the impact of the results of
completed scientific projects on education, the degree of
implementation of scientific results in the educational
process of institutions of higher education, the quality of
training of scientific and pedagogical staff); scientific and
business subsystem (assessment of scientific results and
the degree of their introduction into production, the level
of commercialization of the results of scientific projects)
and the qualification subsystem (assessment of the level of
professional development of academic institutions of
higher education in the implementation of scientific
projects).

If the main characteristic of fundamental research is
their relevance, theoretical novelty, conceptuality,
evidence, promising and the possibility of implementation
of the results in practice, then when considering applied
research their practical relevance and significance, the
possibility of implementation in practice, the effectiveness
of the results should be the first and foremost.

Economic efficiency is characterized by cost-
effective indicators of economy derived from the use of
the results of scientific projects of institutions of higher
education and their comparison with the costs of
implementation of projects.

The scientific and technical efficiency of scientific
projects of institutions of higher education characterizes
the growth of new scientific knowledge intended for the
further development of science and technology.

Social efficiency manifests itself in raising the
quality of living standards of people.

The abovenamed types of efficiency of scientific
projects of institutions of higher education are interrelated,
and also fully correspond to the united mission of
innovative programs.

In assessing the effectiveness of scientific projects
carried out in higher education institutions, all the
complex of works related to scientific activity is taken into
account: conducting researches, preparing doctors and
candidates of sciences, inventive and patent-licensing
work, research work of students, level commercialization
of the results of scientific activity.

The scientific potential of institutions of higher
education plays an essential role both in the direct
execution of scientific projects and in the achievement of
the final results. The level of the scientific potential of
institutions of higher education largely depends not only
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on the existing structure of scientific and pedagogical
staff, scientific information and material and technical
provision but also on the effective management of
scientific activity.

The problem of evaluating the effectiveness of
scientific activity has two aspects since the institution of
higher education can be regarded as a training center.
Hence, two types of scientific work efficiency: economic -
from the implementation of the results of completed
studies; cognitive — from writing monographs and
scientific articles, reading new courses of lectures, based
on scientific achievements in scientific work, holding
conferences, seminars, wide involvement of students in
scientific research.

The specificity of carrying out scientific research in
higher education institutions is manifested not only in the
fact that it requires specially trained personnel, special for
one or another branch of science equipment, a special item
of expenses, but also how the results will be used and
what effect will yield the final results. developed
scientific projects.

Determination of the economic efficiency of the
executed scientific projects in the conditions of innovative

Table 1. Priority directions of scientific activity

activity of business structures involves the study of the
effectiveness of the introduction of innovative products
through the acquisition of patents for higher technology
patents for new technological processes, improvement of
the management system, etc.

Consequently, the economic effectiveness of
scientific projects of institutions of higher education,
depending on the industry and the problem under
consideration, is primarily determined at the stage of the
feasibility study of the topic, is determined by the final
result of the work performed and compared with the
results of the practical implementation. Thus, in a
scientific project, along with the choice and justification
of the research topic, the implementation of the project as
an important stage is the commercialization of scientific
results and their introduction into the practice of one or
another system.

Eight expert working groups were created to analyze
the results of scientific research in the ONMU in seven
priority areas for the development of science, technology
and technology (table 1) and from fundamental research.
Each group consisted of five to six people. For all groups,
the same procedure for an expert survey was defined.

No. Title of the direction
1 System analysis and decision making theory
2 Actual problems of economy and management
3 Information systems and technologies
4 Management of projects and programs of innovative development
5 Management of the operation and development of production transport and logistics systems
6 Designing a seaport safety management system
7 Theoretical basis of risk assessment during the construction and operation of hydraulic structures

Each expert, based on personal data, received a
qualifying category h and four categories were defined:
he{l;1lI;11;1V}. The personal data of each expert is
(g9,b,v) eGxBxV , where G, B,V - set of alternative
statements, with: G ={g,;0,;9,} defines higher and post-
University education of the expert; B ={b,;b,;b,} defines
the scientific training of the expert; V ={v;v,;v,}

determines the experience of the expert in this priority
direction.

The meaning of the variables included in the set
G, B,V , is defined as follows.

Higher and post-University education: g, -
coincides with the profile of the priority direction; g, —
basic education in a related speciality; g, — basic
education in another speciality.

Scientific  training: b, —  Academician,
Corresponding Member of the National Academy of
Sciences of Ukraine, Transport Academy of Sciences of
Ukraine; b, — Professor, Doctor of Sciences; b, — Ph.D.,
Associate Professor.

Work experience by profile: v, — not less than ten
years; v, — not less than five years; v, — not less than one
year.

Decision rule h:GxBxV —{l;1I;1lI;1V}, which

defines the qualification category of the expert, is given
by the function:

I, if viggh vv,0g, vvb,g,,
he I, if vbg, vv,bg vvbg, vv,bg, vvb,g, vvpg,, 1)
m, if VGEIgl VV,0,0, vvibg, vv,b,g, vVbg, vvb,g,,

IV’ If V3algl v V361g3 v v3b1g3 v VZngS'

At the same time, the experts, classified in the
category 1V, do not take part in the expert examination.

The examination procedure is based on the Delphi
method, which provides for a number of activities that
ensure the productive work of the expert commission and
the consistency of expert evaluation. The survey
procedure is conducted anonymously in several stages.
The expert appoints assessments based on his own
experience gained during the work on this topic and on the
basis of objective data on the state of scientific activity of
institutions of higher education in the priority direction. In
addition, the expert in the process of work adjusts his
estimates, in agreement with the opinion and arguments of
other experts.

The examination is conducted in three stages. At the
first stage, experts are informed of the purpose of the
examination, distributed questionnaires, provided basic
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and auxiliary information. The purpose of the examination
is to place the quality assessments submitted for
consideration of the scientific project and to assess the
contribution of the scientific project to the innovation
program.

The information received from the expert comes to
the disposal of the analytical group that organizes the
survey and also handles the interim and final results of the
examination. The analytical group, based on the data
obtained, determines the highest and lowest ratings, the
average opinion of the experts - the median, the spread of
expert assessments and fixes arguments and special
opinions. The analysts receive from the experts the
following assessments: an assessment of the quality of
each scientific project and the assessment of the
contribution of the scientific project to the innovation
program.

At the second and third stage, the experts return the
average expert opinion and arguments of the experts who
gave the highest and lowest marks. Rationale and
estimates are made anonymously. When conducting an
examination by the university's research team, which
plans to implement a scientific project, provides experts
with information indicating the expected results of
research in the framework of the implementation of the
scientific project.

Also, the research team of the university provides
experts with a description of the authors' list for each of
the scientific projects, indicating quantitative indicators.

In addition, the scientific level of research results
should be documented: publications in domestic and
foreign publications, information on patents, grants.
Information about the possibility of introducing research
results should be documented with the design of a letter
supporting the scientific project from the side of business
structures.

On the basis of the higher education information
provided by the research teams, independent qualified
experts from the members of the Scientific and Technical
Council submit expert assessments.

The following expert examination mechanism is
proposed to assess the quality of the submitted scientific
project.

Each scientific project is described
ge(x;y;z;d;c;a), where X ={x;X,;X} — a set of
alternative assessments of the scientific level of the
expected results of a scientific project; Y ={y,;V,; Y.} —a
set of alternative estimates of the expected depth of
scientific development; Z ={z;z,;z,}- a set of
alternative estimates of the probability of success of a
scientific project; D ={d,;d,;d,} - a set of
alternative assessments of the prospect of using the results
of a scientific project; C ={c;;c,;c,} — a set of alternative

assessments of the magnitude of research; A={a;a,;a,}

— a set of alternative assessments of the completion of the
expected results of a scientific project.

The substantive entity of the tuple (x;y;z;d;c;a)
consists of the following statements.

The novelty of the results of the scientific project: x,
— fundamentally new results, a new theory, the discovery
of a new regularity; x, — some general laws, methods,
methods, allowing to create fundamentally new products;
X, — a positive solution based on simple generalizations,
analysis of the relationships of factors, the dissemination
of known principles to new objects.

The depth of scientific development: y, — the
implementation of complex theoretical calculations,
verification of a large amount of experimental data; y, —
low complexity of calculations, verification on a small
amount of experimental data; y, — theoretical calculations
are simple, the experiment is not planned to be carried out.

Degree of probability of success of a scientific
project: z, —high; z, —middle; z, — low.

Perspectives of using the results of a scientific
project: d, — results can be applied in many scientific
areas; d, — the results will be used in the development of
new technical solutions; d, — the results will be used in
further scientific projects.

Scale of realization of results of a scientific project:
¢, — national economy; ¢, — a separate branch; c, —
separate business structures.

Completion of the results of the scientific project: a,
— technical task for research and development; a, —
recommendations, detailed analysis, suggestions; a, —
review, information.

Decision rule a, reflecting the set
X xY xZxDxCxA indicators describing the expected
effectiveness of the scientific project, on the set of integral
indicators U , is constructed as follows. Every tuple
(x;y;z;d;c;a) unequivocally corresponds to the element
u of the set U =4, ..., 216}. Scales x;y;z;d;c;a such as

alternatives — objects that have received expert estimates
are well-ordered:
(%3 Y25 d505a) > (%5 Y15205015658,) >
e (5 Y21 253045 G55 86) = (%5 Y3 243055 C638) == (2)
= (X3 Ve Zg: D5 s 85)-

Then the monotonous decisive rule
ge(X;y;z;d;c;a) >u  sets the element(x;y;z;d;c;a)
of the ordered set X xY xZ xDxC x Ato each element U
of the ordered set U .

Research results

The higher management of the institution of higher
education on the example of the Odessa National
Maritime University has identified the following strategic
objectives in the field of scientific research (table 2).
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Table 2. Strategic goals of Odessa National Maritime University in carrying out scientific activity

Expected results wW KB
Publication of the article in the journals included in the Web of Science; Scopus 5 0,15
Publication of an article in professional editions of Ukraine, in foreign journals, the publication of English language abstracts at
. . . . . 6 0,1
international conferences included in the Web of Science; Scopus
Publication of the monograph and (or) sections of the monograph 4 0,1
Publication of a monograph and (or) sections of a monograph in foreign publications in the official languages of the European 3 015
Union '
Implementation of scientific results through the conclusion of economic contracts, sale of licenses, grant agreements outside the 2 02
organization-executor '
The defence of the dissertation of the doctor of philosophy 1 01
The defence of the dissertation of the doctor of sciences 1 02

The planned
organization is:

length of the trajectory of the

Six scientific projects have been received by the
Scientific and Technical Council of the Odessa National
Maritime University.

L= ZYZ(W' Kl)=17. 3) Scientific project managers pointed out the
ot R information given in the table 3 and table 4.
Table 3. Indicators of the expected results of the implementation of the scientific project
Expected results SP1 SP2 SP3 SP4 SP5 SP6

Publication of the article in the journals included in the Web of

. 1 3 5 4 2 6
Science; Scopus, W
Publication of an article in professional editions of Ukraine, in
foreign journals, a publication of English language abstracts at 6 3 5 2 4 1
international conferences included in the Web of Science; Scopus
Wp
Publication of the monograph and (or) sections of the monograph, ’ 1 4 1 3 1
p.p, Ws
Publication of a monograph and (or) sections of a monograph in
foreign publications in the official languages of the European 1 2 3 1 1 0
Union, p.p, Wy
Introduction of scientific results through the conclusion of
economic contracts, sale of licenses, grant agreements outside the 0 1 2 0 0 0
organization, ws
The defence of the dissertation of the doctor of philosophy, wg 1 1 1 0 0 0
The defence of the dissertation of the doctor of sciences, w; 0 0 1 0 1 0

Table 4. Proceedings of the authors of scientific projects
Proceedings of the authors of scientific projects SP1 SP2 SP3 SP4 SP5 SP6
Articles in magazines included in the Web of Science; Scopus, wg 4 2 7 4 2 3
Articles in Ukrainian professional journals, in foreign journals,
English language theses of reports at international conferences, 6 5 15 9 12 7
included in the Web of Science; Scopus, wg
Monograph and (or) sections of the monograph, p.p., Wio 2 3 4 1 2 5
Monograph and (or) sections of the monograph in foreign
publications in the official languages of the European Union, p.p., 3 4 2 1 4 2
W11
The received patents, certificates of copyright, wy, 3 4 4 1 2
Protected theses of the doctor of philosophy by performers, wy; 4 4 0 1
Protected dissertations by the doctor of sciences performers, wi, 1 1 2 1 3 1
Individual grants (scholarships), scholarly internships in Ukraine
and abroad funded by the State Budget of Ukraine and/or foreign ) 3 6 ) 6 0
organizations (total number of months for the head and 5 project
implementers), months, w;s
Performers worked on grants funded by foreign organizations
1 0 2 1 1 0

(number of grants), wig
h-index of the project manager at Sorsus, wy; 0 0 2 0 0 1
Total h-index in Scopus of 5 project executors (except project 1 0 3 ) 0 1
manager), Wig
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For the formation of a portfolio, scientific projects
"1" — "6" were sent for examination. The number of
experts from among the members of the Scientific and
Technical Council of the Odessa National Maritime

Table 5. The qualification category of experts

University made m=12. The qualification category of
experts is shown in the table 5.

Expert Education, G Scientific training, B Work e)irl)erlence, Qualification
category
Basic education by another speciality Academician of the
El Transport Academy of 25 I
Sciences of Ukraine
Basic education coincides with the profile Academician of the
E2 of the priority direction Transport Academy of 8 I
Sciences of Ukraine
Basic education in a related speciality Academician of the
E3 Transport Academy of 6 1]
Sciences of Ukraine
E4 Coincides with the profile of the priority Doctor of Technical 1 |
direction Sciences, Professor
Es Basic education in a related speciality Doctor of Technical ; "
Sciences, Professor
Basic education by another speciality Academician of the
E6 Transport Academy of 17 ]
Sciences of Ukraine
7 Coincides with the profile of the priority Doctor of Technical 15 |
direction Sciences, Professor
Basic education by another speciality Corresponding Member of
E8 the Transport Academy of 12 ]
Sciences of Ukraine
Basic education coincides with the profile Candidate of Technical
E9 of the priority direction Sciences, Associate 15 ]
Professor
Basic education by another speciality Candidate of Technical
E10 Sciences, Associate 18 i
Professor
- Coincides with the profile of the priority Doctor of Technical " |
direction Sciences, Professor
Basic education coincides with the profile Candidate of Technical
E12 of the priority direction Sciences, Associate 11 ]
Professor

Each expert evaluated the submitted scientific
projects in accordance with the established criteria.

Table 6. Evaluation of scientific projects

The results of the evaluation of scientific projects are
given in table 6.

Wi Wa W3 Wy Ws Wg W7 Wg Wy Wio W11 W12 Wi3 Wig Wis Wig Wi7 W1 Z
spr| 1| 2| 1| 2]0| 2|0 8| 4] 1 6 5 6 | 13| 4 4 o | 1 |60
sp2| 3| 1| 1| a4 2] 2]0] 4] 2 1 8 5 6 | 13| 4 0 o | 1|97
sP3| 5 | 1| 2| 4] 2| 2] 3|10 6] 3 4 5 6 | 13| 6 6 2 | 1|81
spa| 3| 1| 1| 2]0|o0o]| o] 8| 66| 1 2 2 6 | 13| 4 4 o | 1|54
sp5| 1| 1| 1| 2] 0| o] 3] 46| 1 8 2 0| 13| 6 4 o | 1|53
s6| 5| 1| 1|o]lo|o|o|e66]| 4| 3| 4| 0o 6|13 0| o0of2]|1]4

Taking into account the determination of the
weighting coefficient of the i-th indicator of the expected
results and developments of the authors of scientific
projects, based on the processing of the information

presented in fig. 1, the length of the trajectory of the
organization Lis determined with the successful
implementation of scientific projects.
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8
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10 Kz [0,05]0,03[0,01]0,03]0.03]0.10[ 0.20] 0.05[ 0.03] 0.03] 0.05] 0.10] 0.04] 0.07[ 0.04] 0.04] 0,05[ 0,05] Total L
11| sP1 | 0.05]0.18]0.02]0.03]0.00]0.10[0.00]0.20]0.18]0,06]0.15]0.30] 0,12 0.07[ 0.08 0.04] 0.00[0.05] 1,63 1,28
12 sP2 |0.15]0.09]0.01]0.06]0.03]0.10[0.00]0.10]0.15]0,09]0.20] 0.40]0.20] 0.07] 0.12] 0.00] 0.000.00] 1,77 1,33
13 [ 5P3 | 0.25]0.15]0.04[0.09]0.06] 0.10]0.20[0.35]0.45] 0.12] 0.10[ 0.40] 0.16 [ 0.14[ 0.24] 0.08 0. 10] 0.15] 3,18 1,78|
14 5P4 [0.20]0.060.01[0.03]0.00] 0.00] 0.00f0.20]0.27] 0.03] 0.05[ 0.10]0.16] 0.07[ 0.08[ 0.04] 0.00[ 0.10] 1,40 1,18|
15 | sP5 [0.10]0.12]0.03[0.03]0.00] 0.00] 0.20f0.10]0.36] 0.06] 0.20{ 0.20] 0.00] 0.21[ 0.24] 0.04] 0.00[ 0.00] 1,89 1,37]
16 | sP6 [0.30]0.03]0.01[0.00]0.00] 0.00]0.00f0.15]0.21]0.15]0.10{ 0.00] 0.04] 0.07] 0.00[ 0.00] 0.05[ 0.05] 1,16 1,08]

Fig.1. Trajectory length with successful implementation of scientific projects

On the basis of the received information on scientific — 118 - 1,37
projects for each of them the specific length of the L, =F=0.69,- L = 17 ~—=08. L= 7 19 o3
trajectory is calculated: ' '
128 133 178 For each scientific project, experts determine the
L=""=075.L="-=0,78,. [3 =2 =105; value of the priority factor of the j-th project K,, and the
L7 L7 L7 ratio of achievable goals of the j-th project K,
(table 7).
Table 7. Priority and achievability ratio of the objectives of the scientific project
Kpr Ko
SP1 09 0,7
SP2 0,8 0,9
SP3 09 0,9
SP4 0,3 0,4
SP5 02 04
SP6 0,4 0,3

At the next stage, the final rating of each of the
scientific projects is determined:

Raiting SP6=0,63-0,4-0,3=0,08.

As the calculations show, the portfolio of scientific

Raiting SP1=0,75-0,9-0,7 =0,47,

projects includes projects SP3, SP2, SP1.

The head of the scientific project submits to the

Raiting SP2=0,78-0,8-0,9 = 0,56;
Raiting SP3=1,05-0,9-0,9=0,85;
Raiting SP4=0,69-0,3-0,4 =0, 08,

Raiting SP5=0,8-0,2-0,4 =0,06; -
year), is che

Table 8. Load of executors of scientific projects, hours/academic year

cked.

scientific and technical council the scientific load of the
executives of the scientific project (table 8). At the same
time, the condition for not exceeding the load of scientific
and pedagogical workers, who plan to execute the relevant
scientific project, approved by the leadership of the
ONMU value (no more than 500 hours per academic

Scientific supervisor of SP3 project 150 | Scientific supervisor of SP2 project 200 Scientific spur;())?g\clisor of SP1 250
Executor of SP3 350 | Executor of SP2 480 Executor of SP1 270
Executor of SP3 270 | Executor of SP2 350 Executor of SP1 320
Executor of SP3 450 | Executor of SP2 240 Executor of SP1 220
Executor of SP3 460 | Executor of SP2 420 Executor of SP1 150
Executor of SP3 420

As the table 8 shows the scientific load of the At the same time, the total time load corresponds to

executors of scientific projects meets the established the time standard allocated by the management of the

requirements.
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ONMU for the implementation of a portfolio of scientific
projects (5000 hours per academic year).
Conclusions

In carrying out experimental calculations, objective
and reliable information about the submitted scientific
projects, scientific publications of the executors of
scientific projects, as well as expert assessments,
presented by groups of experts who are members of the
Scientific and Technical Council of the institution of
higher education.

Based on the received proposals, for each scientific
project, the specific length of the trajectory was calculated
as the ratio of the length of the trajectory to be held by the
institution of higher education (Odesa National Maritime
University) in the case of successful implementation of

projects "SP3", "SP2", "SP1" allowing to achieve the
strategic goal of the university within the framework of
the mission of the innovation program.

The proposed conceptual model of management of
scientific activity of institutions of higher education
allows to determine the planned length of the trajectory of
the organization when implementing strategic goals in the
field of scientific research. On the basis of the proposed
system for managing the scientific activity of higher
education institutions, which has a four-tier structure, the
distribution of time standards for the implementation of
scientific projects in the portfolio of higher education
institutions is carried out.

The proposed models and methods of management
of innovative activity of higher education institutions were
used in the management of the scientific work of the

Odessa National Maritime University. Implementation of
the portfolio method of management of scientific activity
allow to achieve the strategic goal of the University within
the framework of the implementation of the mission of the
innovation program.

the defined scientific project to the planned trajectory
length.

The comparative estimations of scientific projects of
the Odessa National Marine University have been
obtained, which allow to include in the portfolio scientific
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MOPT@®EJBHUN METO/I YIIPABJIIHHSI HAYKOBOIO JISIJTBHICTIO 3AKJIAIIB
BUIIIOI OCBITH

IIpeqvMeToM 1oCTiIKEHHS B CTATTi € MOZEINI i METON YIPaBIiHHS MOPTQEIIMU HAyKOBHX IPOEKTIB 3aKiIaziB BHIIOI ocBiTn. MeTa
pOOOTH — CTBOPEHHSI METO/IiB MOPTQETHHOTO YIPABTIHHSI HAYKOBOIO isUTBHICTIO 3aKJajiB BHUINOI OCBITH Ha mpukiaai Omecbkoro
HaLliOHAJILBHOTO MOPCHKOTO YHiBepcHTEeTy. B CTaTTi BHPIlIyIOTbCS HACTyIHI 3aBHAHHSI: aHaNi3 IHHOBAIIHHOT MOJENi PO3BHUTKY
nepkaBd, (OpPMyBaHHS MOJENI YIPABIiHHA HAYKOBOI IiSUTBHICTIO 3aKJaiB BHUINOI OCBITH, po3poOka Mmerony (opMyBaHHS
nopT¢eno HAayKOBHX IIPOEKTIB 3aKiamy BHUIOI OCBiTH Ha mpukaaai OAecbKOro HaIiOHAIFHOTO MOPCHKOTO YHIBEPCHTETY.
BHUKOPHCTOBYIOTBCS TaKi MeTOAM: METOM YIPABIiHHS MPOEKTAaMH i MpOrpamMaMH, TEOpis CHCTEM i CHCTEMHOTO aHalli3y, METOIH
MaTeMaTHIHOTO MojemoBaHHA. OTpUMaHO HACTYNHI Pe3yJbTATH: PO3POOIEHO MEXaHI3MH YIPAaBIiHHSI HayKOBUMHU IIPOEKTaMH
3aKiIa/IiB BHILOI OCBITH, PO3poOsieHO MeTox (OpMyBaHHS HMOPT(ETI0 HayKOBHX MPOEKTIB 3aKiIaay BHILNOI OCBITH, SIKHH BPaxoBYe€
CTpaTeriuHi IiJi YHIBEPCUTETY Ta pecypcH, 10 BiH Ma€ B HassBHOCTi. BUCHOBKH: 3acTocyBaHHs MOPT(HEIHHOrO METOIY yHpaBIiHHS
HayKOBHMH ITPOCKTAMH 3aKJIay BHIIOI OCBITH JIO3BOJIMIIO MiIBUIIUTH €(EKTHBHICTh HAYKOBOT IisSUIBHOCTI YHIBEPCHUTETY, IAJI0 3MOT'Y
chopmyBatu eheKTHBHHUIT MOPTdesIb HAYKOBHUX MPOEKTIB, HA OCHOBI BU3HAYCHHsI 3aIUIAHOBAHOI JTOBXKHHHU TPAEKTOPIT opraHizawii npu
peamizamii cTpareriyHuX Ifijied B 007acTi HAYKOBHUX JOCIIIKEHB, JO3BOJMIO JOCATTH CTPATETIYHOI METH YHIBEPCHUTETY B paMKax
peamizamii micii iHHOBamiitHOT mporpaMu. Ha mifgcraBi oTpUMaHUX MPOTO3UINH AT KOKHOTO HAyKOBOTO TPOEKTy OyB oOumcieHa
MUTOMa JOBXKHHA TPAEKTOPIi, SIK BiJHOIICHHS JOBXKWUHH TPAEKTOpii, IO Tpoiae 3aknan BUIOi ocBiTH (Onecbkuil HaIliOHAIBEHHN
MOPCBKHI YHIBEPCUTET) y BUIAJKY YCHIIIHOI peasi3alii BU3HAYEHOr0 HayKOBOTO MIPOEKTY JI0 3aIIaHOBAHOI TOBXKHHH TpaekTopii. Ha
OCHOBI 3aIPOMOHOBAHOI CHCTEMH YIPaBIiHHSI HAyKOBOIO isUIbHICTIO 3aKJa/IiB BUILOI OCBITH, SKa Ma€ YOTHPHOXPIBHEBY CTPYKTYPY,
3IIACHIOETHCST PO3MOAIT YacOBUX HOPMATHBIB Ha pealti3alil0 HayKOBHX IPOEKTIB B MopT(esni MpOeKTiB 3akiaiB BHIIOI OCBITH.
OTprMaHO TOpPIBHSIBHI OI[HKM HAayKOBHX MNpPOEKTiB ONechbKOro HaliOHAJBHOIO MOPCHKOTO YHIBEPCHTETY, IO JI03BOJISIIOTH
BKJIIOYUTH B moprdens HaykoBi mpoektn "HII3", "HII2", "HII1", siki naroTh 3MOTY NOCSITH CTPATEridHOI METH YHIBEpPCHTETY B
pamMkax peaizarii Micii iHHOBaLiiHOT IpOrpaMu.
KunrouoBi ci1oBa: yrpaBiiHHs IpoekTaMu; MOpT¢enbHe YIPaBIiHAS; HAYKOBHI MPOEKT; 3aKJIaJ{ BUIIOI OCBITH.
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MOPT®EJBbHBIA METO/] YIIPABJIEHUA HAYYHOM JEATEJbHOCTBIO
3ABEJEHHWU BBICIHET'O OBPA30OBAHUA

IIpeqvMeToM mcclie[OBaHUS B CTaThe SIBISIOTCS MOJENN M METOZBI YIPaBJICHHUS MOPT(EIIMH HayIHBIX MPOSKTOB BBICHIMX YIEOHBIX
3aBenieHni. llens paGoThl — co3laHWE METOJOB IOPT(ENHFHOTO YIPABICHUS HAayYHOH MAESATENFHOCTHIO YUPEKIEHHH BBICIIErO
obpa3oBanus Ha npuMepe OeccKoro HAIMOHAIBLHOTO MOPCKOTO YHHUBEPCHTETa. B craThe pemaroTcs cleaylome 3aJadM: aHain3
WHHOBAIlMOHHOM MOJIENM pa3sBUTHA TOCYAapcTBa, (OPMHPOBAHUE MOJEIM YIPABIECHHS HAy4YHON JEATEIbHOCTBIO YUpEeKACHUI
BBICLIET0 00pa3oBaHMs, pa3paboTka MeToaa GOpMUPOBAHMS MOPTRENT HAYYHBIX MPOEKTOB YUPEKACHUS BBICLIErO0 00pa3oBaHHs HA
npumepe OREccKOro HaIMOHAIBHOTO MOPCKOTO YHHMBEpCHTETa. VICTIONB3YIOTCS ClIEAYyIOIIME METOABI: METOIBI YNPaBICHUS
MPOEKTaMH M MPOrpaMMaMH, TEOpHUs CHCTEM M CHCTEMHOTO aHalHM3a, METOAbl MaTeMaTH4ecKoro mojenupoBanus. IlomydeHsr
ClleyIoIue pe3yabTaThl: pa3paboTaHbl MEXaHU3MBI YIPaBICHN HayYHBIMH ITPOEKTaMH BBICIIMX YUeOHBIX 3aBelIeHUH, pa3paboTaH
Meto]] GopmupoBaHHs TMOPTdENsT HAyIHBIX NPOEKTOB YUIPEKICHUS BEICIIETO O00pa30BaHUS, KOTOPHIN YUHTHIBAE€T CTpaTErHuecKue
LeNM yHUBEPCUTETa M PECypChl, KOTOpHIE OH MMeeT B Hamnmuud. BeiBoabl: [IpuMeneHne mopT¢denbHOro MeToia YIpaBIeHHS
HayYHBIMH TIPOEKTAaMH YUYPEXKIEHHs BBICHIEr0 0Opa30BaHMS IIO3BOJIMJIO IIOBBICHUTE 3()(EKTUBHOCTh HAYYHOH AEATENbHOCTH
yHuUBepcuTeTa, copmMupoBaTh 3QPEKTUBHBI MOPTQETs HAyYHBIX NPOEKTOB, HA OCHOBE OIPEAECNICHUS 3aIUIaHUPOBAHHOW ATHMHBI
TPaeKTOPHM OpTaHM3alMH IPH peaau3allud CTPATETMYEecKHX IeJell B 0ONacTH HAayYHBIX HCCIEAOBAHHH, MO3BOJMIO JOCTHYb
CTpaTeTHYEeCKON IETH YHHBEPCHUTETa B paMKax pealH3allid MHCCHU HMHHOBAIMOHHOW mmporpaMmbl. Ha OCHOBaHMHM MOITy4eHHBIX
MIPEUTOKEHUH AT KQKIOT0 HAyIHOTo MpOoeKTa Oblia onpeeneHa yaeabHasl JIIHHA TPACKTOPHH, KaK OTHOIIECHHUE JATNHBI TPAEKTOPHUH,
KOTOpYIO NpOHIET ydupexkaeHue Boicumiero obpazoBanus (Omecckuil HalMOHAJIBHBI MOPCKOHW YHWBEPCHTET) B Ciydae yCIEIIHOH
peanu3anuy ONMpPEe/IEICHHOr0 HAayyHOro MNpOeKTa K 3alUIaHUPOBAHHOW JIMHE TpaeKTopuH. Ha ocHOBe MpennoKeHHOH cHCTEMBI
YIpaBIeHHUsT HAyYHOW AEATENBHOCTBIO YYPEXKICHUH BBICIIETO OOpa3oBaHUs, KOTOpas HMEET YETHIPEXYPOBHEBYIO CTPYKTYDY,
OCYIIECTBIISICTCSl PacIpelielieHHe BPEMEHHBIX HOPMAaTHMBOB Ha peajM3allMi0 HayYHBIX INIPOEKTOB B IOpT(dese MPOEKTOB BBICIIMX
yueOHbIX 3aBefieHnil. [1omydeHsl cpaBHUTENBHbIE OIEHKH HAyYHBIX MPOeKToB OmeccKOro HaIMOHAIBHOTO MOPCKOTO YHHBEPCHUTETA,
MO3BOJIAIONINE BKIIOYUTH B MOpTdensp Haywynele mpoekTsl "HII3", "HII2", "HII1", koTopble CHOCOOCTBYIOT IOCTHIXKEHHUIO
CTpaTeTrHYeCKON eI YHUBEPCUTETA B PAMKAX PEeaN3allii MUCCHU HHHOBAIIMOHHOH IPOTPAMMEL.

KniodeBble cjI0OBa: yIpaBlIeHHE IPOSKTaMH; MOPT(ENbHOE YIPABIEHMS; HAYIHBIH IPOEKT; YUPEKICHHE BBICIIETO
oOpa3oBaHHs.
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THE STATE AND PROSPECTS OF MARKETING STRATEGIES FOR SMALL AND
MEDIUM BUSINESS ENTERPRISES IN UKRAINE

The subject of research is the transform processes taking place at Ukrainian small and medium enterprises and development of theirs
marketing strategies. The purpose of the work is to study the role of marketing strategies for small and medium enterprises in
Ukraine. The article solves the following tasks: analysis of small and medium enterprises functioning in Ukraine; determining the
functioning differences between their marketing management and the marketing management of large industrial enterprises; a
description of the marketing strategies developed by the small and medium enterprises. Methods of mathematical statistics,
theoretical generalization, marketing researches have been used. The following results were obtained: The general situation at the
small businesses in Ukraine was analyzed. The state of small and medium business enterprises in the conditions of creation of united
communities and their possible entry into territorial clusters as a tool for increasing the competitiveness of some economic entities of
the region was considered. The organization differences between marketing management at large industrial enterprises and small
businesses were given. Since international partners have repeatedly pointed out the lack of modern economic education at the small
and medium enterprises management, the directions for its possible receipt were presented. It was shown that since the concept of
marketing in a market economy is the basis of successful entrepreneurial activity, it became required to develop a theoretical and
methodological base at the state level in order to take into account the features of small and medium businesses and coordinating the
related actions. The ways of developing small and medium enterprises marketing strategies are given. Conclusions. The necessity to
increase the innovative potential of small and medium enterprises in Ukraine in the conditions of administrative reform; development
of entrepreneurial skills in the persons engaged in this process and development of marketing strategies of the corresponding

enterprises has been confirmed.

Keywords: small and medium enterprises; marketing strategies; territorial cluster; marketer; economical regional policy; local

economic development.

Introduction

The current economic development trends in the G-7
countries show that the rapid development of small and
medium businesses is the main driver of economic
growth, employment and the welfare of the country as a
whole. The development of relevant small and medium
enterprises is the driving force behind the launch of a
complex of active and passive processes, thus ensuring the
country's social progress, which in turn leads to changes in
the economic situation of the country, the emergence,
exploitation, distribution and export of innovative
technologies that improve the material condition of each
Ukrainian and ultimately lead to strengthening the
country's economic position on the international scene.

Analysis of problems and existing methods

L. Voronin [1], N.Kubai [2], S. Likholat [3],
V. Ozarinskaya [4], N.Pryamukhina [5], I. Paderin [6],
T. Tkachenko [7], O. Yakusheva [8] and other domestic
scholars studied the problems of analysis the place, role
and development of small and medium enterprises in
Ukraine. Thus, according to 1. Paderin, the source of small
business development is the result of its activity (profit),
and timely evaluation of the results of activity at the
enterprises of the region avoids financial problems, adapts
to economic changes and efficiently distributes profits or
prevents damage. The main indicator of the economic
efficiency of an enterprise is the profitability that
generates profit. Profit has a special significance in a
market economy, characterizes the results of the
functioning of small business and serves as an intensifier
of its activities [6]. S. Likholat notes that not only
economic indicators affect the level of indicators of

development of small and medium enterprises, but also
the level of competitiveness of the state, innovativeness of
management decisions, availability of support programs
and development of small enterprises [3].

In the Strategy for the Development of Small and
Medium Enterprises in Ukraine up to 2020 [9], the
Ministry of Economic Development declares that 99.98%
of the total number of enterprises in our state are micro,
small and medium enterprises. It also states that small and
medium enterprises account for 79.1% of the Ukraine's
total employed population and 63.0% of total incomes.
The criteria for determining the affiliation of enterprises to
the micro, small, medium and large businesses are set out
in Article 55 (3) of the Commercial Code of Ukraine [10],
amendments to which were introduced with the adoption
in 2012 of the Law of Ukraine "On Development and
State Support of the Small and Medium Enterprises in
Ukraine” [11]. In addition, on October 5, 2017,
amendments to the Article 2 of the Law of Ukraine "On
Accounting and Financial Reporting in Ukraine" [12]
were introduced to some extent, as indicated in [10] and
[11] criteria.

It should be noted that the criteria for determining
the enterprises to belong to micro, small, medium and
large businesses, although oriented to and in line with EU
legislation, do not take into account the realities of the
transformational economy of Ukraine. This leads to a
paradoxical situation, when small and medium enterprises,
which meet the established criteria of the legislation, make
2.41% and 0.79% of the total number of enterprises in
Ukraine, respectively. Although Article 1 [11] and
"Strategies for the development of small and medium
enterprises in  Ukraine until 2020" [9] include
microenterprises for small businesses, but the percentage
of enterprises that do not meet the requirements set out in
[10], [11], [12], the criteria for belonging to a small
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enterprise, amount to 96.78% of the total number of all
enterprises in Ukraine and are considered to be micro
enterprises.

The purpose of this article is to study the state of
small and medium business in Ukraine, the prospects for
its development in the context of the country's
administrative reform and the role of marketing strategies
for small and medium enterprises.

Solving the problem

In Ukraine, according to documents [10-12], an
enterprise moves from the micro category to the category
of small business if such events occur:

1. The annual income from any activity is in the
range of 2 to 10 million Euros (determined by the average
annual rate of the NBU [10, 11]). In 2018, the range of
annual incomes of small enterprises ranged from 65 to 325
million UAH.

2. The average number of employees in the calendar
year is in the range of 11 to 50 people [10-12].

3. The net income from sales of goods (goods,
works, services) ranges from 700,000 to 8 million Euros
[12], which, as of March 2018, corresponds to a range of
net annual income of small enterprises from 22.75 to 260
million UAH.

4. The book value of assets is in the range of 350
thousand to 4 million Euros [12]. As of March 2018, the
range of book value of assets for small enterprises ranges
from 11.38 to 130 million UAH.

For example, the market value of the administrative-
warehouse base in the city of Kiev is 5 thousand square
meters along with the land and costs about 40 million
UAH. Approximately 70 million UAH is the market value
of a mill elevator in the city of Shostka, Sumy region,
along with all equipment and fleet. Based on the proposed
criteria, the enterprise can afford approximately three
administrative warehouses directly in the city of Kiev or
almost two mill elevators in the city of Shostka, while
remaining the subject of a small business.

From January 1, 1999, the Presidential Decree [13]
introduced a simplified taxation system in Ukraine as an
instrument for stimulating the development of small and
medium enterprises. In accordance with the provisions of
the current Tax Code of Ukraine [14], which currently
regulates all issues related to the use of the simplified
taxation system by business entities, all enterprises
entitled to use the simplified system are divided into four
groups. According to Clause 4 of Article 291 [4], the first
group includes persons - entrepreneurs who do not use the
labor of hired persons. They carry out exclusively retail
sales of goods from trading places in the markets and / or
conduct economic activities for the provision of household
services to the population and their volume of income
during the calendar year does not exceed 300 thousand
UAH. The second group includes the entrepreneurs who
carry out economic activities for the provision of services,
including households, to single tax payers and / or the
population, the production and / or sale of goods, activities
in the restaurant industry. It is agreed that within a
calendar year the totality of this group: do not use the

labor of hired persons or the number of persons who are in
labor relations with them, does not exceed 10 persons
simultaneously; the annual income does not exceed 1.5
million UAH. The third group consists of individuals —
entrepreneurs who do not use the work of hired persons or
the number of persons who are with them in labor
relations, is not limited, and legal entities are economic
entities of any organizational and legal form in which
during the calendar year the amount of income does not
exceed 5 million UAH. The fourth group includes a
certain list of agricultural producers.

For entrepreneurs of the first and second groups, the
single tax rate is determined as a percentage of the
minimum wage, approved as of January 1 of each current
year and in accordance with pp. 2.3 Article 293 [14]. The
rate has the following limits, respectively: the first group
of single tax - up to 10% of the subsistence minimum per
able-bodied person, which as of January 1, 2020 will
amount to 192,10 hryvna; the second group - up to 20% of
the minimum wage, which as of January 1, 2020 will
amount to 834.60 hryvna. For the third group of single
tax payers, the rate is set in percentages of income: 3% -
for VAT payers; and 5% - for non-payers of VAT. The
rates of the fourth group (producers-agrarians) are
established depending on types of land plots.

Perhaps the criteria for dividing a business into
micro, small and medium indicated in [10-12] are
consistent with the realities of a developed market
economy, prices for commercial real estate, a stable Euro
exchange rate and business conditions in the EU, but in
fact they are not relevant to the real conditions of the
transformational economy of Ukraine. Moreover, the
above criteria for determining the affiliation of enterprises
to micro, small and medium enterprises do not meet the
criteria of division into groups for use by enterprises of
the simplified taxation system, which is more in line with
the real state of entrepreneurship in Ukraine [13, 14].
Based on the above, the real small and medium enterprises
in Ukraine are business entities that meet the
criteria of the second and third groups of the
simplified taxation system.  Although according
to [10-12], all these enterprises come under the definition
of micro enterprises.

For all years of independence, the Ukrainian
economy has traditionally been characterized by a
relatively unfavorable climate for small and medium-sized
businesses, which created some obstacles to its
development. According to research results, including
international ratings such as Doing Business [15], Global
Competitiveness Index [16] and the Economic Policy
Index for Eastern Partnership countries [17], the business
climate in Ukraine lags behind the similar climate of its
closest neighbors and similar economies. Fig. 1 shows the
position taken by Ukraine relatively to the economies of
the neighboring states of the region in accordance with the
Doing Business rating. Here, the mathematical processing
of statistical information has determined the average
estimates for which Poland (24th) ranked the leading
position among some Eastern European and Central Asian
neighbors.  However, unfortunately, this rating
outperforms Ukraine and all other countries from the
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given set. The assessment is based on the criterion of the
number of points to the first position in the ranking, that

is, to the ranking leader country.

Poland (24th place)
Kasakhstan (35th place)
Byelorussia (37th place)

Russian Federation (40th place)
Moldova (44th place)

Regional average (Europe and
Central Asia)

71.05

Kyrgyzstan (75th place) 65.17
Ukraine (80th place) |EG_— TN

0

100

points to the first positions in the ranking

Fig. 1. "Doing Business" rating of the economic status of the North-Eastern Euro-Asian part of the world

When analyzing the adverse factors that hinder the
development of a business climate in Ukraine, the most
difficult issues in the development of entrepreneurial
activity are the loss of citizens' solvency (150th place in
the world) and the complexity of access to financial
instruments for small and medium enterprises. As a
whole, it is obvious that the business climate needs to be
reformed in all directions so that business, and especially
small and medium enterprises, develops, as the
development of small and medium enterprises is the
driving force behind the country's economic growth. In
addition, the main direction of such reform is the creation
of united territorial communities (UTC) [18]. Because in
the community we have a wide field of implementation of
primary technical innovations (creation, modernization or
modification of a product) [19], decentralization should
focus on reducing the tax burden and reducing the
pressure on small and medium businesses. It is desirable
to prevent the so-called internal competition between
objects of economic activity within the community. In
addition, it is necessary to determine the economic and

social activities of each object in the community. Joint
strategies of advanced innovative development of
enterprises in the territories of united communities should
create the necessary number of workplaces; improve
conditions for better the small and medium businesses,
given the opportunity to work normally for teachers,
doctors and other, the so-called "state employees", and to
improve the living conditions of unprotected layers of the
population [20]. Based on the study of such a positive
experience in some regions and its expansion to the whole
country, sustainable socio-economic development of
Ukraine as a whole can be ensured, which will help to
minimize the losses of industrial and transport potential of
Ukraine. That is if the technical innovations are
irretrievably introduced in the enterprises of small and
medium businesses, then the secondary innovations
(organizational, economic, social, legal) that are inherent
to the enterprises-producers and remained since the
scheduled economy (table 1), may not be very much
effective.

Table 1. Classification of enterprises operating from the time of planned economy

Type of manufacturer

Characteristic

Production volumes — Q, min. USD.

Number of employees — N, people.

Large Q>$100 N > 10 000
Middle $1<Q<$100* 10 000 > N > 1000
Small Q<$%1 N < 1000

* Because the ranges are fuzzy, the > = and < = signs are not used

Unlike large enterprises that have access to resources
that somehow compensate a disadvantaged business
environment, small and medium enterprises are interested
in improving the regulatory framework and investment
climate, since in the long run these factors play a

significant role in their establishment, growth and
stabilization. Small and medium businesses exist under
the limited resources, lack of skilled staff and lack of
effective state support.
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Since the beginning of the 90th of the last century,
the marketing services of industrial enterprises have been
transformed into one of three types of structures:
commodity — mainly for production and technical
production and single production; market — for raw
materials, as well as a large number of complex consumer
goods, and regional ones - for those commodities of wide
use, the purpose and functioning of which is
understandable to any buyer, and the marketer must
navigate well in places of consumption of a product [21].
At the enterprises indicated in table 1 there are units of
marketing research, planning and forecasting of
marketing, printed and decorated advertising, etc. In the
marketing process marketers from commodity, market and
regional structures work with the indicated departments,
receiving from them one or another policy, normative,
research or communicative information.

Together with the improvement of marketing
structures at industrial enterprises, the professional staffs
of marketers, managers, advertisers, logists, specialists in
public relations, and others have already shaped marketing
orientations. Initially, these were the practices experienced
in the adjustment, tuning, configuration of finished
products and services, in the planning and supply
departments and packaging of products, groups of
technical information, artists-designers, etc. With the
gradual acquisition of their experience, they headed also
the relevant profile marketing services, and since the late
90-ies of the last century, the leading universities of the
country began to train professional marketers. Today the
powerful scientific marketing schools have been
established and successfully functioning not only in Kyiv,
Kharkiv, Dnipro, Odessa, Lviv but also in Sumy, Poltava,
Khmelnytsky, Rivne and some other Ukrainian cities.

Somewhat different is the acquisition of marketing
experience in small and medium businesses. There is a
marketer by position, mostly one, or the owner or manager
of this enterprise performs even its functions. It is often a
practitioner with a vocational education that is not
theoretically backed up by economics education in
marketing, business administration, finance and logistics,
etc. In addition, it should be borne in mind that among
small and medium-sized business entrepreneurs there are
those who want to engage in business only in a certain
profile, and others whose particular direction (object,
subject, sphere) of business is not particularly interesting.
The latter are easily transferred from the development of
some types of manufactured products, from the trade or
provision of services in one sphere to others, which seem
to him the most promising for a certain period of time.
Moreover, one and the other it is desirable to reinforce
theoretically his practical experience with marketing and
business administration expertise in order to understand
the patterns of market activity better, to have the
appropriate terminology for business communication at
any level, to be the authority for executives’ subordinates.
Recently, more and more professional marketers are
emerging in the small and medium business, which
gradually take over marketing functions on their own. As
a rule, these are young and ambitious people with

university education. They do not cease to study and
gradually master the related specialties of a sociologist,
psychologist, advertiser, specialist in public relations, etc.,
which improve the ability to manage personnel, learn to
communicate (to deal) with the managers of different
levels, and with the public and to help in understanding
and evaluating a particular business environment.

The contribution to creating a supportive business
environment and the more effective formulation of
marketing policies in the business sector should be
considerably greater for small and medium-sized
enterprises. One of the promising directions for the
development of small and medium-sized businesses is the
creation of so-called territorial clusters, which, in
conditions of administrative reform, should ensure the
sustainable  development of territories [18, 22].
Sustainable development of the territory (SDT, region,
area, and country) is the constant maintenance of its
economic competitiveness and improvement of the quality
of life of people living within it. The tool for such
development is the development of a set of enterprises of
small and medium businesses of the type of employment
typical for a given locality. Thus, the territorial cluster is
an association of subjects of management of the territory
with the purpose of joint sustainable economic
development and ensuring high quality of life of the
population. In the partial case, it is the SDT, the main
subject of management (management) of which, as the
owner and sources of power, is the business and
management of the community employed by it for the
implementation of the strategy of sustainable
development. This management should observe the
balance of interests of all business entities. For example, if
the general purpose of a particularly small or medium
enterprise in a particular SDT is to generate profits, this
should not only not interfere with others, but rather invest
in other multifunctional entities, micro-territorial clusters,
and so . It is clear that each territorial cluster must have a
center that will provide industrial or agricultural potential
and social infrastructure. It can be either a separate district
or regional center, or the most socially and/or
economically developed regional one. Consequently, there
is a need for the most trained and self-sufficient territorial
entities for the implementation of the strategy of
sustainable development.

Using correlation-regression analysis, one can
determine the quantitative estimation of the density of the
connection between the features of the objects at the
investigated enterprises and organize the latter into
relatively homogeneous groups. That is, each of the
economic clusters given in the table 2 should be defined
as a set of economic objects, combining material, financial
and information flows. Based on interaction and solving
their own interests in the framework of cooperation and
specialization of productions, the benefits of each cluster
participants are the ability to distribute their limited
resources to some extent in the best way.
The main historical and geographical factors of cluster
associations of regions of Ukraine can be traced also in
the table 2.
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Table 2. Priorities of cluster associations in the regions of Ukraine

The direction of the territorial
cluster activity

Priority areas

Most promising
areas for development

Donbas, Dnipropetrovsk Region,
Podolia, Slobozhanshchina

Engineering

Vinnytsa Region, Dnipropetrovsk Region, Donetsk Region, Zaporozhye
Region, City of Kyiv, Kyiv Region, Kirovograd Region, Lugansk Region,
Poltava Region, Sumy Region, Kharkiv Region, Khmelnytsk Region,
Cherkassy Region

The Carpathian Region (Galician,
Transcarpathian, Bukovina), Polesie
(Volyn inclusive), Slobozhanshchina

Woodworkings

VVolyn Region, Zhytomyr Region, Transcarpathian Region, Ivano-Frankivsk

Region, Kiev Region, Lviv Region, Poltava Region, Sumy Region,
Chernihiv Region

Folk craft Carpathian Region,

Slobozhanshchina

Transcarpathian Region, lvano-Frankivsk Region, Lviv Region, Poltava
Region, Chernivtsy Region

Health and tourism Carpathian Region, Black Sea Coast

Transcarpathian Region, Ivano-Frankivsk Region, Lviv Region, Mykolaiyv

Region, Odessa Region, Poltava Region, Chernivtsy Region

Fisheries Dnipropetrovsk Region, The Black

Sea Region,

Zaporozhye Region, Mykolaiyv Region, Odessa Region, Kherson Region

Construction, light industry, agro- All territories

industrial, food, etc.

Almost all regions

The generalizations listed in table 2 show only the
potential possibilities and do not deny the creation of
clusters of a certain type in non-specific regions. Since
today there is no typical method of creating cluster
structures in Ukraine and they are created either in
accordance with the unions of the times of the planned
economy or in the manner of the foreigners without proper
economic, mathematical and organizational justification
or even spontaneously, that is, without it, we will use the
considerations discussed in [22] approach. At the first
stage, the main activities of the cluster, agreed with the
central executive authorities, for example, for the
industrial cluster, are formed: a) the territory of the
development of knowledge-intensive industries s
determined; b) the mission is formed — the purpose and
tasks of the cluster's development; in this case, possible
threats and methods are chosen to increase the
competitiveness of the cluster.

At the second stage, with the consent of local
governments, the purpose is to decompose the main
development goals of a given type of industry in the given
territory, approve the necessary documents for planning
and support of the corresponding cluster model.

The third stage is the application of a marketing
concept that should determine the level of priority of the
region for such changes, its compliance with its national
development strategy, the harmonization of the vision of
the created cluster among all the participants in the
synthesis of industrial clusters.

The fourth stage is the practical support of the cluster
concept of the region's development, for example,
preferential taxation, infrastructure support, research
development, etc. Here, the regional economic policy
should focus on the development, further expansion of the
cluster and its possible access to the world market: the
communication policy of the information services of the
region that provide participation in exhibitions, fair
conferences, will promote the release of a joint corporate
magazine on the basis of holding both relevant state and
consulting firms marketing research in the industry (the
state's role in the cluster should dominate, since it can, on

the one hand, support the economic interests of each
participant in the cluster on the other hand, to act as a
coordinating factor for commitments and competitive
interactions). Such an approach from the state reproduces
the conditions of the former regional specialization of
Ukraine in accordance with the natural resource,
scientific-technical and economic potential of a specific
territory and should contain the main directions,
mechanisms and stages of implementation of innovation
policy at the state level.

Among the factors that create problems for the
development of a favorable business environment in
Ukraine, one can distinguish the following: our country,
despite the educated labor force, has the lowest labor
productivity in Europe and Central Asia; low position in
terms of quality of institutions — insufficient level of
protection of property rights and rights of shareholders;
insufficient independence of the judiciary and inefficient
spending of public funds.

The concentration of economic activity in the sphere
of influence of the limited circles of businessmen and
large industrial conglomerates requires an active approach
by the state to the competition policy and prevents the
creation of monopolies and initiatives for the development
of small and medium-sized enterprises in order to achieve
a balance and maintain conditions for fair competition in
the market. The World Bank's research for 2014 confirms
the low barriers to entry and exit of enterprises into the
Ukrainian economy, low levels of foreign direct
investment and a limited amount of investment in export-
oriented enterprises [15]. Ukraine still has a significant
share of the so-called informal sector of the economy,
which, according to the estimates of the European
Investment Bank, employs about 20% of the employed
population.

The budget constraints that arose because of the
economic recession of 20142015 led to the fact that state
support for small and medium-sized businesses was
extremely limited. Among a number of conclusions
regarding the sphere of small and medium-sized
enterprises in Ukraine, given in the Economic Policy
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Index for Eastern Partnership countries [17],
recommendations for the Government of Ukraine on
introduction of measures to support the development of
entrepreneurial skills in persons engaged in small and
medium business, increase its innovative potential and
internationalization. That is, our international partners
directly point to the lack of modern economic education in
the management of small and medium-sized businesses. In
addition, since the concept of marketing is the basis for
the successful conduct of business in a market economy,
there is an urgent need for the State level to develop the
theoretical and methodological basis for developing

marketing strategies for small and medium enterprises,
which, in turn, determines certain features of their
formation in real terms. The challenge is how to reflect the
evolution of products in marketing strategies [21]: short-
term (to improve individual product quality indicators),
medium-term (before the transition to a more rational
technical solution), long-term (to change the physical
principle of the product). Of course, small and medium-
sized businesses, apart from individual cases, cannot fully
follow the constructive evolution of products, because
they occupy those economic niches, to which the big
business "does not reach"”, table 3.

Table 3. Approximate classification of marketing strategies for small and medium enterprises

Classification features

Varieties of marketing strategies

According to the level of strategic planning at the
enterprise, firm, institution

General marketing functional strategy

According to the source of competitive advantage

Concentration strategy

Depending on the type of differentiation

The strategy of service differentiation

By the variety of offensive competitive actions

Strategy of a bypass offensive, strategy of a flank offensive,

the strategy of guerrilla warfare

According to the degree of sales market segmentation of|
the enterprise, firm. institutions

Market niche strategy (concentrated marketing)

By the method of selecting the target segment within the
overall sales market

Strategy of commodity specialization, strategy of segmental specialization, strategy of
selective specialization, strategy of one-segment concentration

By the elements of 4P (marketing complex)

Marketing commaodity, pricing strategy, promotion and distribution strategy

Conclusions

The analysis carried out in the article confirmed the
significant problems in the functioning of small and
medium business in Ukraine. The use of marketing
concept in the activity of small and medium enterprises is
shown. The necessity of improving the innovative
potential of small and medium enterprises in Ukraine in
the conditions of administrative reform, development of
entrepreneurial skills in persons engaged in both special

types of business and those that do not depend
on commodity or market specialization has been
confirmed. The list of regions for entry of small and
medium enterprises to the corresponding territorial
clusters is given. The classification of the main marketing
strategies of small and medium-sized enterprises is
proposed, concerning the concentration of attention
on specific market segments, service differentiation, the
introduction of certain types of offensive competitive
actions.
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CTAH TA IIEPCIIEKTUBHU PO3BUTKY MAPKETUHIOBUX CTPATEITI
HIAIPUEMCTB MAJIOIO TA CEPEJHBOT'O BI3BHECY B YKPAIHI

IIpeameToM mocCHi/UKeHHs € mpolecH TpaHcdopmManil yKpaiHChKHX IIINPUEMCTBAX Maloro i cepemHboro Gi3Hecy Ta PO3BHTKY iX
MapKeTHHTOBHX CTpateriii. MeTa po60oTH — BUBUCHHSI POJIi MapKETHHIOBUX CTPATErill MiANPHUEMCTB MaJOro Ta CepeaHbOro Oi3Hecy B
VYkpaini. ¥ crarTi BUpINIYIOTBCS Taki 3aBJaHHSA: aHATi3 (QyHKIIOHYBaHHS IiJIPHEMCTB MaJlOTO Ta CepeHbOro Oi3Hecy B YKpaiHi;
BU3HAUEHHS BiIMIHHOCTEH y (YHKIIOHYBaHHI HOro MapKETHHTOBHX CIIY>KO BiJI MapKETHHTOBHX CIIy’KO KPYITHHUX MPOMHCIOBUX
MINPUEMCTB, OMUCY PO3pOOIIFOBAHUX HAa MAJIHX Ta CEPEIHIX MiINPUEMCTB MapKETHHIOBUX CTparerii. BHKOPHCTOBYIOTbCS MeTOAM
MaTeMaTH4HOI CTAaTHCTHKH, TEOPETUYHOIO Yy3arajJbHEHHs, MapKeTHMHTOBUX JOCHijpkeHb. OpepxkaHi Taki pe3yJbTaTH.
[TpoananizoBaHuil 3aralbHU CTaH MiIAPUEMCTB Mayoro GizHecy B YkpaiHi. PO3rIsiHyTO cTaH MiJNIPHEMCTB Majoro Ta CepeaHbOTO
Oi3Hecy B yMOBaxX CTBOpPEHHs 00'€HAHMX IPOMaja H MOMIMBOTO iX BXOIDKEHHS 10 TEPUTOpPIalbHUX KIIACTEPiB, K IHCTPyMEHTa
HiJIBUIIECHHST KOHKYPEHTOCIPOMOXKHOCTI OKPEMHX CYO'€KTiB €KOHOMIYHOI TisUTbHOCTI perioHy. HaBeneHo BigMiHHOCTI B oprasizariii
MapKEeTHHTOBHX CIyKO KPYIHUX HPOMHCIOBUX MiJNPHEMCTB H MiANPHEMCTB Manoro Oi3Hecy. OCKIIBKHM MDKHApOIHI MapTHEPH
HEOJJHOPA30BO BKa3yBaJId HA BIJICYTHICTh B MEHEDKMEHTY I IIPUEMCTB MaJIoOTO 1 CepeJHbOro Oi3HECY Cy4acHOi €eKOHOMIYHOI OCBITH,
TIOJIaH] HAaIPsIMKK MOXKJIMBOTO ioro ozxep:kaHHs. [Toka3aHo, 0 OCKUIBKM KOHIIEMIIS MAPKETHHTY B PUHKOBIH €KOHOMII € OCHOBOIO
YCIIIITHOT MiIPHEMHHUIBKOI TiSIIBHOCTI, BHHUKIIA HEOOXITHICTh PO3BUTKY TEOPETHIHOI Ta METOANYHOI a3y Ha Jep>KaBHOMY DiBHI 3
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METOIO BpaxXyBaHHS OCOOJHMBOCTEH Mayloro i ceperHbOro Oi3Hecy W KoopAMHAIIl BigmoBigHuX Aid. HaBexeHo HampsiMkn po3poOkn
MapKeTHHTOBHX CTpAaTerii Ha MiANPHUEMCTBAX MaJoro i cepenHboro GisHecy. BucHoBkm. IlinTBEepIKEHO HEOOXITHICTD ITiBHIICHHS
IHHOBAIIHOTO MOTEHLIATy MiAIIPUEMCTB MAJIOTO i CepefHbOro Oi3Hecy B YKpaiHi B yMOBax aJMiHICTpaTHBHOI pe)OpMH, PO3BUTKY
MiATPUEMHUIIBKIX HABUYOK B 0Ci0, 10 UM 3aiMarOTHCS Ta pO3POOKH MapKETHHIOBUX CTpATeTiil BIINOBIAHUX HiAMPUEMCTB.

KnrouoBi cioBa: miampueMcTBa Maloro i cepeiHbOro Oi3HeCy; MapKeTHHIOBI CTparterii; TepuTOpiajJbHUH KiacTep;
MapKeTOJIOT; EKOHOMIYHA perioHanbHa MOJITHKA.

COCTOSTHUE M IEPCNEKTUBBI PA3BUTHUS MAPKETHUHI OBbIX CTPATEI M
NOPEANPUATUIA MAJIOTO U CPEJTHET'O BU3HECA B YKPAUHE

IIpeameTom HccieOBaHUS SBISIOTCS MPOLECCH TPaHC(HOPMALIMHE YKPAUHCKUX IPEANPHATHAX MAJIOTO U CPEAHEro OM3Heca, a TaKkkKe
pa3BUTHSA MX MapKeTHHIOBBIX cTpareruil. Lleab paboTbl — M3ydeHHE POTM MApKETHHTOBBIX CTpaTeTHi MPEeANpHUATHH Maloro H
cpenHero OusHeca B YKpauHe B cTaThbe pemrarorcst Takue 3afadM: aHaau3 (GYHKIMOHMPOBAHUS MPEANPHUATHH Manoro M CpemHero
Ou3Heca B YKpauHe; olpe/ereHie OTINYUHA B ()YHKIMOHUPOBAHUH €r0 MapKETHHTOBBIX CIY)KO OT MapKETHHTOBBIX CIIY)X0 KPYITHBIX
MIPOMBIIUICHHBIX TIPEANIPUATH, OMHCaHHe pa3padaThIBAEMBIX Ha MajbIX M CPEIHHUX IPEIIPHATHIX MApKETHHIOBBIX CTpPATErwuil.
HVcrionp3yroTcst MeTOABI MaTeMaTHIeCKOH CTATHCTUKH, TEOPETHYECKOro 00OOIIeHNMs, MapKETHHTOBBIX HCCeqoBaHUH. [lomydeHst
crenylomuye pe3yJabTarbl. [IpoaHann3upoBaHo oOliee COCTOSHHME NPENNpUATHH Manoro OusHeca B YKpamHe. PaccMorpeHo
COCTOSIHME TPEANPUSTHA MaJloro M CpeJHero OW3Heca B YCIOBHSX CO3JAHMS OOBEAMHEHHBIX COOOIIECTB M BO3MOXKHOTO HX
BXOXKICHHS B TEPPUTOPHAIBHBIE KIAaCTephl, KaK HHCTPYMEHTA MOBBIMICHUS KOHKYPEHTOCIOCOOHOCTH OTACNBHBIX CyOBEKTOB
9KOHOMHYECKOH AesTeNbHOCTH pernoHa. IIpuBeneHs! OTIMYUS B OpPraHU3ald MapKETHHIOBBIX CIIYyKO KPYIHBIX IPOMBIIIICHHBIX
MPeANpUATHH 1 NpennpuaATHi Maroro 6m3Heca. [TockoabKy MeXIyHapoIHbIe TapTHEPH HEOJHOKPATHO yKa3bIBAIM HAa OTCYTCTBHE Y
MEHEJDKMEHTa NPENIPUATHH MajJoro W CpeJHero OW3Heca COBPEMEHHOTO SKOHOMHYECKOTO OOpa3oBaHUs, NPEICTaBICHBI
HaInpaBJIeHUs BO3MOXHOIO ero nonydeHus. [loka3aHo, YTO IOCKOJBbKY KOHLEMIMS MapKeTHHIA B PHIHOYHON AKOHOMUKE SIBISETCS
OCHOBOH  YCIENIHOW TIPENPUHUMATENILCKOH  JEATENPHOCTH, BO3HHUKIA HEOOXOJMMOCTH  Pa3BUTHS  TEOPETHYECKOH U
METOJJOJIOTHYECKON 0a3bl Ha FOCYAapCTBEHHOM YPOBHE C IIENbI0 yu€Ta 0COOCHHOCTEH Maloro M cpelHero OusHeca M KOOpAWHAIINI
COOTBETCTBYIOMIMX HeHCTBUHA. IIpuBeneHBI HamMpaBlIeHHs pPa3pabOTKM MApKETHHTOBBIX CTPAaTerWil HAa MPEINPHATHAX MAaJIOro U
cpenHero OusHeca. BeiBoabl. IloaTBepikaeHa HEOOXOAMMOCTD MOBBIMICHHS! HHHOBAMOHHOTO MOTEHIHATA MPEANPUATHIH Majgoro u
cpenHero Om3Heca B YKpaWHe B YCIOBHUSIX aAMHHUCTPATUBHON peOPMBI, Pa3BUTHS IIPEAIPHHAMATEIECKIX HABBIKOB 3aHIMAOIINXCS
9TUM JIUII ¥ Pa3pabOTKH MapKETUHTOBBIX CTPATETHH COOTBETCTBYIONIUX HMPEINPHATHH.

KnioueBble ci10Ba: NpeanpusaThs MajJoro W CpelaHero On3Heca, MapKETHHTOBBIE CTPAaTETMH; TEPPUTOPHAIBHBIA KiacTep;
MapKeTOJIOT; 3KOHOMUYECKasl PerMOHaNbHAasl IOJUTHKA.
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O. TsymBAL, A. BRONNIKOV

DECISION-MAKING INFORMATION TECHNOLOGY FOR FLEXIBLE
INTEGRATED MANUFACTURING

The subject of the study in the article is flexible integrated robotic systems. The aim of the work is to integrate models and decision-
making methods in order to create information technology for flexible production. The following tasks are solved in the article:
analysis of current trends in the development of production systems, consideration of intellectual decision-making systems as one of
the key elements of automated control systems, consideration of the creation of information technology, based on a set of methods
and decision models, including adaptive decision making for non-deterministic tasks. Research methods are the theory of sets and the
theory of predicates. The following results were obtained: the main problems of the development of flexible integrated systems of
modern production were analyzed and formulated. As a new element in the technological systems, it is proposed to introduce the
intelligent production agents implemented as mobile robotic platforms capable of performing transport and assembling functions,
executing the monitoring tasks, and establishing the basic requirements for them. From the formal point of view, the decision-making
process in flexible robotic systems is considered, based on the interaction of the properties of the robotic system, the properties of the
working space and the set of possible solutions. The fulfillment of each individual technological task involves the development and
implementation of a plan of work of robotic equipment, the set of variants of which is a strategy of functioning of the intellectual
robotic system, described in the form of predicate logic. To solve the required technological tasks, the use of the automatic procedures
of the generator of solutions, which operates based on the frame-like structures is proposed. The decision-making process consistently
supports the consistent decision-making information technology in a robotized production system based on the models of different
types. Conclusions: application of the concept of the intellectual agent in the production environment requires the integrated

application of models and methods of decision making, which can be a separate information technology of robotic production.
Keywords: information technology; decision-making; mobile robot; flexible integrated system.

Introduction

The research, development and application of
flexible integrated systems (FIS) are the features of human
entrance to the post-industrial stage of development.
Application of FIS must provide the quick and low-cost
transition to the new production types output, especially
for conditions of low-series production. The efficiency of
FIS is determined by optimal organization of
technological equipment usage, supplied by robotized and
transport systems, delivering bars, details and instruments,
making the required service and check of technological
processes [1].

The automation of modern manufacturing is based
on widespread application of Flexible integrated systems
(FIS) of different types. Their features are: the ability for
quick adaptation to production technology changes at
levels of technical refitting of particular units, parts and
accessories, ability to reconstruct software according to
new technological tasks. In addition, the key feature of
FIS is its close connection and structural integration to
existing production systems, which gives possibility to
systematic modernization of them by modular method,
simplifies the exploitation of technological systems and
their technical supplement. This way of design,
development and implementation of technical systems
describes the modern automobile-, airplane- and
shipbuilding, mechanical engineering, electronic (and
other) devices production, that can be observed at
assembling of European Airbus project A-380 [2] or of
British aircraft carrier Queen Elizabeth [3].

The creation of automatic plants is currently
impossible with traditional methods of manufacturing
development. There are need the shifts in instrumental
technology and in manufacturing organization, based of
computer-integrated system base.

To create the machine-building plants of future there
are need the following transformations:

- refusal of the differential details processing and
assembling in several operations, transition to centralized
processing and assembling in one operation, at one
machine, one processing and assembling system;

- transition to application of machine’s systems,
executing the whole range of works and supplying the
continuity of manufacturing processes;

- integration  of  different  processes  for
manufacturing and control to the single computerized
production system;

- transition to imitation simulation during sample’s
and manufacturing processes examination;

- intensification of technological detail-node
specialization for production, shortage of seriality, the
individual customer requirements execution;

- profession combining, workers qualification
increase under whole shortage of them;

- electronization of manufacturing, development of
communication and in-formatization tools;

- improvement of production organization under
rule "everything only if need".

Therefore, the development of automated control
systems for FMS has the certain level of structural
organization and automation. The next steps for Flexible
Automated Sectors (FAS) development can be in the
introduction of intellectual technologies, which supplies
more manufacturing flexibility, especially for low-serial
production, with next phased transition to automated
factory concept [4].

The perspective direction of FIS development is
automatic solving of all the tasks by application of
intellectual control system as a part of future automatic
plants. Among their characteristics are [2, 5, 6-7]:

- high labor productivity level, high flexibility degree
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to new production transmission;

-the shortest manufacturing
production;

- the supplement for high quality production output,
low energy consumption, high coefficient of machines and
raw exploitation;

- non-waste technology, complete utilization of
waste by transformation to raw materials, fabrication of
secondary rows for collateral production;

- the high equipment reliability and of the whole
plant by self-diagnosis methods, that controls the
equipment malfunctions or supplies the short-term
restoration;

- labor humanization, the creation of conditions for
human health safety, for physical labor decrease, for full
computerization of intellectual activity;

- ecological safety, save of environment;

- mobility for new science and technics
achievements, for new technologies and equipment.

loop for details

1. Decision-making systems background

The consideration of robotized technology design
process shows the importance of every planning strategies
act at every stage of technological operation execution.
The similar case is for movement planning of mobile
platforms: the transition result is the sequence of
operations to move to some direction, to stop, to change
direction, to move manipulator’s joints (if platform has it).
But, if movement needs additional actions like to prevent
collisions with random obstacle, the planning task is
accented not on whole multi-stage structure, but on
planning of every partial decision for action of robot.

The most of particular tasks of strategies planning
have to be of adaptive manner because of execution for
conditions of predictable or unpredictable workspace.
While the adaptive systems still have no first positions in
technical planning systems, they have publications on
psychology and human decision-making [3, 8, 9].

The human (or other organism, or technical system)
ability to adapt to slow, moderate or quick change of
external impacts and the ability to execute the given tasks,
really, is adaptation. Certainly, adaptation is possible only
for conditions is organism (technical system) is able to
respond to external world effects, having the sensors to
observe the effects of workspace of object’s states,
according to which the selected task is decided (or
selected solution is executed). Other required thing is
mechanism of organism to respond to external effects,
including the changes of internal states and external
response by particular action of human or robot to avoid
the external impacts (f.e. to avoid stones on robot’s way or
to clean them) or to adapt to them (to select the reliable
and correspondent to conditions chassis of robot).

Such intensions, however give no answer how the
robotic system (also mobile system), equipped by tools of
external workspace monitoring (Sensor system); the
intellectual component to generate the plans of movement;
the execution mechanisms (manipulators), can respond to
external world changes and to re-build its activity, taking
in account the complexity of tasks and need to support the
functional ability.

The adaptive control methods still take insufficient
place in researches on automatic control theory. Among
the sources adaptive control system is formulated as
system, which automatically selects the required control
law on base of object’s behavior analyzes. From this
position adaptive systems are divided into two classes:
systems able for self-organization and systems able for
self-settings.

For systems, able for self-organization, functioning
process includes the formation of control algorithm, which
allows to optimize system from control’s goal view point.
Such tasks arise for conditions of structure and parameters
changes of controlled object and are dependent of
functioning mode, especially if there is no priory
information for current control mode setting. There is said
about free regulator structure [8] and connected complex
tasks.

The synthesis problem for continuous dynamic
objects is described in [8]. Let the object of control is
affected by the measured perturbations (initial impacts),
non-measured impacts and the impacts of control. The
output variables of object are observed. The behavior of
object depends on number of unknown parameters — & set.
There is given the set E of possible values & which
defines the class of possible objects and impacts. There is
set the target of control, which defines the behavior of
controlled object. The result must be the synthesized
control algorithm, which uses the measured or calculated
values, that not dependent of and supplies the given
control target achievement for every.

For case of FIMS adaptivity is a possibility to keep
manufacturing system workability for case of functioning
condition changes, caused by external (other FIMS,
transport system, energy supplement, ventilation system
etc.) and internal (work of processing units, NPC-units,
transport system, personal activity etc.) sources [9-10].

For such conditions FIMS must adapt to the current
conditions and change the schedule (plan) for whole
system functioning or fro some parts, providing the
adaptation of functioning strategy.

The technological process of mechanical processing
and assembling must be provided in one or several
workshops with processing centers, NPC-machines,
industrial and transport robots, storages and the transport
system, connecting the technological equipment and the
automated storehouse.

The lacks of production process organization for the
mentioned mechanical and assembling workshops
are [11, 12]:

- the fixed mode of transport system work and
insufficient level of automation with limited application of
industrial robots;

- the manual loading for NPC-machines;

- the absence of automatized tools to avoid the
emergency or non-standard production situations.

To overcome the mentioned lacks there are
proposed:

- to introduce the mobile assembling-transport
robot to the equipment of flexible integrated systems and
workshops (fig. 1);
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- to develop the mathematical and algorithmic

supplement, the software for the mentioned robot.
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Fig. 1. Structure of Flexible Automated Line (1, 2 — input and output storages, 3 — industrial robot, 4 — NPC tool, 5 — transport system,

6 — transport robot, 7 — intellectual transport-assembling robot)

The mobile assembling-transport
correspond to the following requirements:

- free movement in range of workshops out of
technological equipment units workspace;

- robot supplies the devivery of billets and other
materials to the workspace of processing centers and
NPC-machines;

- robot supplies the devivery of needed instruments
or equipment on regular or irregular calls;

- robot supplies the execution
assembling operations;

- robot supplies the monitoring for technological
and other equipment of workshop;

- robot checks the functionality of technological
equipment.

To supply its functionality the assembling-transport
robot must correspond to the following construction
demands:

- the presence of mobile platform chassis;

-the presence of manipulator (or
manipulators);

- the presence of cargo block to transport billets,
details, instruments and equipment;

- the presence of communication system;

- the presence of control system with computer on-
board;

- the presence of sensor system for chassis and
manipulator.

The assembling-transport robot must be selected on
base of existing models of transport robots and
manipulators.

The particular element of control system for mobile
assembling-transport robot is decision-making support
system (DMSS). As to dynamics of robot’s workspace
DMSS must supply the problem-solving for transition
tasks of assembling-transport robot to particular
workspaces, to schedule the loading-uploading operation
for technological equipment, instruments and supplement,
to plan some assembling operations. The dynamic nature
of assembling-transport robot workspace, determined by
particular production system, defined the demands of
functioning strategies adaptivity, which must supply the

robot must

of selected

of several

increase  stability and of  flexible
manufacturing systems.

In particular, RTS (set X) from ACS problem-
solving point of view is proposed to describe consisting
with the next elements:

- manipulator (with description of movements for
particular joints of manipulator, movements execution);

- control system (with signal set, sent/received by
manipulator or chassis);

-sensor system (with sensors to supply the
transmission of signals on WS states to the control system
of robot);

- technical ~ (computer) vision system  (with
monitoring of WS and transmission of signals to robot’s
ACS);

- communication system (to transmit/send the signals
from robot’s control system, from other robots);

-robot’s chassis (to transmit/send information
to/from, movements execution).

The description of decision set D is proposed as
containing:

- decision on manipulator (manipulators) movement
for particular operations level (take object, move, put,
replace objects), including the achievement of goal point;

- decision to direct the mobile robot’s chassis
movement (rightward, leftward, direct, back etc.), to
change speed and acceleration;

- requests to sensors and technical vision system;

- expected result (accepted decision);

- pre-conditions of decision-making.

The description of external workspace objects set S:

- objects of WS (object’s coordinated, direction and
velocity, class of object, technical state, ability to use for
decision execution);

- state of WS (topographis, availiable paths and their
conditions, obstacles and their changes, fallouts, lighting
etc.).

The description of goals set Y of robot’s ACS:

- to position robot to WS point (or near the needed
object of WS);

- to make operation (manipulation) at WS point (or
near the needed object of WS);

- to get date on WS (with sensor system or CVS).

productivity
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The examples of robot’s goals (task) setting are:
being_at_point(x, vy, 2);
make_operation(take_object(class(nut))).

The goal of decision-making system (DMS) is to
transfer to goal state y, reaches by application of Cartesian
products X * D* S of FIS’s states, its decisions and of WS
by order at every step of system functioning.

To reach the goal, initially at moment t0 DMS
generates the initial plan:

D°={dg.d;,...d7,},
which proposes the sequential transitions for states:
Xg =X > > X2, =Y,
and can be implemented by Cartesian products:
X, xDJ xS, = X, xD) xS, —...—> X, ,xD?, xS, ,,

and may lead system to the goal state Y.
Transitions must follow the restrictions:

|X, =Dy x X, xSy <&, [X,-D,x X, xS/ <¢,,
HY _anlxxnflxs

MHS&‘H.
It means, that every new achieved by Decision-
making acts step, which is a result of decision D, to the

current state X, and for conditions of workspace S,
mustn’t be different from planned X;,, for more then &,,, .

The selection of decision for every stage and its
dependence will be defined by goal (or subgoal) of robot’s
automatic control system (ACS).

For example:

D{move,take,look}x

X{manipulator,controller,sensor,CVS,CS,chassis}

=Y{robot_at_point(x ,y;,z, )} = D{{move, manipulator},{move,controller},
{move,sensor} {move,CVS},{move,CS},{move,chassis},{take, manipulator},
{take,controller},{take,sensor},{take,CVS} {take,CS} {take,chassis},
{take,manipulator},{look,controller}{look,sensor},

{look,CVS},{look,CS} {look,chassis}} =

D{{move,chassis},{take, manipulator},{look,CVS}}.

The last line takes in account the compatibility of
Cartesian product pairs, with compatible chassis and move
operation, operation take for manipulator, computer vision
system (CVS) and looking operation, while incompatible
are taking operation for controller or movement for
sensor.

Action «move» has the expected result -—
robot_at_point (x, y, z), so form set D operation {tranfer,
chassis} is selected:

D{transfer,chassis} =Y{robot_at_point(x;,yj,zj)}-
Also the decision has pre-conditions
D{transfer (expected_ result(robot_at_point(x;, y;,z;)),
pre_condition(robot_at_point(X,,, Y.,z N}-

The presence of pre-condition needs the recursive
solving of new subgoal:

D{..}x X {..}=Y{robot_at_point(x.,,y.,.Z, )}

For case of static workspace (WS) the planning
process looks rather simple. But interesting moment
appears when the found decision meets the impossibility
of implementation and need to adapt already formalized
(at previous state) decision for current conditions of
robot’s WS.

We can notice, that adaptive strategies planning has
next natural properties:

1) generation  of
execution;

2) execution of accepted plan;

3) looking for situations for which the accepted plan
becomes impossible to execute;

4) for case of previous plan failure — new plan
generation with decision adaptation to the changed
circumstances.

initial plan before decision

2. Description of Decision-making IT

In practical terms, the implementation of intelligent
robot control systems in many aspects comes from the
project STRIPS (Stanford Research Institute Problem
Solver [8-9]) — strategies planning system for the closed
world of a robot that interacts with the executive system
PlanEx (plan execution).

To solve the practical problems of a robots strategies
planning you must automatically create abstract spaces of
different levels from the basic objects space and events in
which the system operates.

In STRIPS-similar systems [8] abstract space is
defined by the level of conditions detail of operators
using. This approach allows: to fix the same model of the
world — no need to delete the insignificant (for a given
level of abstraction) parts from it and no need to take them
into account; to make unchanged the operator schemes.

Model of the world must be in a properly constructed
set of first-order predicate logic formulas (PCF), which
reflect the facts (for example, ATR (a) — the robot is in
point a) and laws, such as

(Vy)(VZ){[ATR(y)/\(y #2)| > ATR@)( )} ,

that robot can not be simultaneously in points y and z.

Operator scheme is determined by name, a list of
parameters and records as PCF language logic of predicate
of first order conditions of the action and the result of the
action. The last one, in its turn contains a remote list and
add list. Operators produce different models of the world
by generating new facts. The purpose of the system is also
supplied as a PCF of the same logic, that it is desirable
PPF of a system.

STRIPS begins search with a attempt to get the goal
formula G, from the original model of the world M, . For

this the theorems prove program searches a contradiction
in the set of disjunction {(M0 UGO)}. If contradiction is
found (empty disjunction is displayed), the original
problem is solved at this step in a trivial way, that original
model M, satisfies objectives G,. If the specified
contradiction is disagreed, the so-called unfinished output
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D, forms. This output is supplied by a set disjunction
corresponding to negation of objective formulas (in this
case (§0 ), plus all their derivatives, if any exists, minus
disjunction which are eliminated by the use of the
limitating strategies (for example replacement strategies
and assessment of predicates).

Unfinished D, output is taken as the difference
between M, and G,, that connected to one node
(M,,G,). Next step is to search operators that are
appropriate for reducing the resulting difference. These
are the operators whose impact on the environment model
allows you to continue the proof. If you search operator
that is suitable, the values of its parameters are subjected
to partial or complete enumeration.

Search of operator consists of two steps. The first
step is to make an ordered list of candidate operators.
Selection of candidate operators based on a simple
comparison predicates from the difference D, with the
predicates from the operator addition list. The second step
is to use the program proofs to determine whether there is
disjunction in a specified list of additions that would
extend the output after you apply this operator. If this step
was a success, the operator candidate with the appropriate
values of parameters considered as suitable for reducing
the difference D, .

When operator candidate is found, the conditions of
its application accepted as new subgoals of system. Let
robot's task is to move to point b. Then G, =ATR(b)
attempt to find proof required will be in vain as long as
the robot does not find itself in a point b. Obviously, a
particular case goto(m, b) of operator goto(m, n) — move
from point m to point n — suitable to reduce difference
D,=G,, because the result — ATR(b) allows you to

continue output of G, (in this case - finish it). The role of
new subgoal G, will be played by correspondent RCF —

condition of ATR(m) application.
System STRIPS deals with subgoal G, in the same

way as with the goal. It again uses the theorem proof for
derivation of G, from M, . Here two cases have matter. If

system doesn’t find proof, it in a similar way forms
difference D, between M, and G, also sets subgoals,

corresponding to formulas for conditions on application of
correspondent operators-candidates. If theorem derives G,

from M,, correspondent particular operator is used to
0 For the
mentioned above case subgoal is G, =ATR(m). If
ATR(a) € M, , the particular case of G,, namely ATR(a),
can be derived from M,. For this case goto (a, b) is
applied to model M, and forms M,, that includes
ATR(b). After that STRIPS continues to derive G, form
M,. For our example, G, obviously comes from M,.

transform model M, to new model M

1+

However, if derivation of G, isn’t successful, there must
be set the correspondent subgoals and procedure starts [3].

The described way implements the logical model of
knowledge representation.

The hierarchy of goals, subgoals and models,
originated during search process, can be presented as a
tree search. Every vertex of such tree has view
(workspace_model, (subgoals_list)) and corresponds to
tasks to reach (according to order) subgoals of goal’s list
for the given model os workspace.

For the example of tree the top vertex (M, (G,)) is

a initial tasks: to reach G, from M,. For the given case
there are set two alrenative subgoals G, and G, . They are

added to next son’s vertexes at the start of goal’s list.
Selection of left brunch accepts, that at point
(M,, (G, ,G,)) goal G, is reached at M, and then the

corresponding operator, f.e. fa is applied at M, to get
model M, and the next task will be to reach G, at model
M, and such tasl is presented by vertex (M,, (G,)).
Using other way we can get vertex (M,, (G,)). Let,
goal formula G, is reached at M,, so the vertex (M,,

(G,)) isend. Then the queue f , f,, f, issolution.

The sources of initial information for STRIPS were
of robot’s workspace, defining the world model,
operator’s schemes and system’s goal (goals). For case of
mobile robot’s rask in determinated workspace, the world
of robot must correspond to the scheme of objects location
in this workspace [12, 13].

Unlike the described scheme of problem-solver for
intellectual robot, its adaptive variant must take in account
the changes in workspace (WS) and correspond to the next
additional requirements:

1) ability to change the structure and contents of
subgoals, which are set to get the goal of problem-solver;

2) ability to change the order problem-solving;

3) ability to reject the execution of particular
subgoals of generated by problem-solver plan;

4) ability to return to previous system’s states,
taking in account the consequencies of already accepted
solutions;

5) ability to over-formulate the general goal of
problem-solver or of particular subgoals.

The adaptivity of problem-solver may describe the
ability of strategies planning system to function in
conditions, where the robot’s WS has changes during the
decision execution [14]. Such conditions will require the
constant check of WS, that have to provide every time on
problem-solver call. Because of recursive functioning of
problem-solver, the actual check will be provided at every
cycle of strategies planning system. The consideration of
robot’s activity shows the fuzziness of the next type:
fuzziness of execution test (action isn’t finished),
fuzziness of validation test (object doesn’t correspond to
given requirements). Depending of case, there can be
selected different lists of pre-conditions, removals and
addons. Therefore, the description of every robot’s action
is divided into the serie of alternatives, every with own
true coefficient, giving the fuzziness for action description
predicate. While, the fuzzi coefficient in such case is
evaluation tool for alternative action’s variant and (if
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previous information is absent) may be defined during the
execution of decision processes.

For the simplest case the predicate’s adaptivity can
be implemented by addition of special predicates call to

make_plan(Task):- observe_space,
/I WS information refresh
action(N,Objects, Task,achieves),
action(N,Objects, Task,requires),
action(N,Objects, Task,removes),
action(N,Objects, Task,adds,1).

While decision-maker works in a recursive way (at
condition’s list execution), information on objects location
will be included. Therefore, the adaptivity of decision-
maker will be provided at level of pre-condition list
execution [10].

The informational technology of functional strategies
planning is process of information transformation during
the intellectual robot’s functional strategies planning and
is based on proposed method and models of strategies
planning.

The information sources of developed informational
technology are in data on RTS states (set X) and on
workspace (WS) states (set S). The goal states of RTS are
formulated as certain states of RTS or of WS. They must
be produced by application of decisions (set D), forming
the strategy, which is a serial transformation of RTS and
WS states. Decision-making IT, using sensor system, gets
information from WS of FIS and according to production
goals makes the analysis of manufacturing situation, then
divides global goal into sub-goals. To reach goals and

refresh WS information, where robot makes actions, f.e.
[15]:

// search of operator’s scheme N
// execution of precondition’s list
/I execution of removal list

/I execution of addon list

subgoals, decision-making IT proposes to use a number of
models: set-based (for WS detalization), dynamic (to keep
limitations), logic-based (to build strategies), fuzzy and
probabilistic (to estimate the proposed strategies). The
result of models application is in the proposed decision-
making strategy, which can be executed by technological
equipment.

The essential effect on strategies formation will be
provided by changes in states of RTS and of WS, because
the reach of goal state will be planned as discrete serial
process of RTS and WS state’s transformations,
correspondent to decision’s set D. If the developed initial
plan (strategy), because of RTS of WS changes can’t be
executed, there will arise the request on plan’s adaptation
— by reformulation of plan under incalculation of
dynamics of RTS and WS. The scheme of proposed
technology of functional strategies planning is shown in
fig. 2. The proposed decision-making IT can be
implemented for solving of transport problems of FIS,
also for manipulation tasks on assembling operations.

Production workspace

¥ Sensors system

e
Database

Production
analyzes

v

Production goal

-

e
Knowledge
base

Subgoals

Logics

Models of strategies

Sets (detailing)
Dynamics (limitations)

Fuzzy/Probability

Over-formulation

A

Functional
strategy

A

Execution

Fig. 2. Decision-making IT for flexible manufacturing

> Adaptation
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Conclusion

The current problem of modern flexible integrated
production systems is to supply the implementation of
production functions aimed at increasing the efficiency of
production through the continuity of the operation of the
entire system. A control system that takes into account the
changes in the working environment and the state of the
flexible manufacturing integrated system should oversee
the terms of the task and, if necessary, adapt the process of
performing the production functions of the robotic system.
As such, the intelligent control system based on the Io0RT
principles can act [14]. The introduction of such a system
should significantly improve the characteristics of control
systems for robotic systems that are part of the flexible
manufacturing systems.

The given article proposes the new information
technology to organize the process of decision-making for
robotized means of flexible integrated manufacturing,
which includes the monitoring of states for technological
equipment and for workspace; the setting of goals and
formation of decision-making strategy with taking in

by set theory method, of logical dependence between
serial steps of technological tasks achievement,
fuzzy/probabilistic estimations for proposed plans of work
for technological equipment of robotized system; if it’s
need — the adaptation of system for new conditions of
workspace to reach new technological tasks.

The advances of described flexible manifactiring
Decision-Making IT can be reached by extension of
problem workspace. It will lead to growth of operator’s
schemes and more their complexity. If one goal can be
reached by several ways, every of possible operator’s
schemes must be evaluated. For every scheme of conflict
set, providing the same goals, there will be a special
coefficient and the whole set will present a fuzzy set. The
FIS and robot’s functioning in real time mode will need
the improvement of procedures for adequate operator’s
schemes search, including the backward procedures with
restorations of previous states of workspace. The
expansion of problem field will expand also the number of
operations, executed by FIS’s elements, and the order of
operations execution (technological process) will define
the strategy of following activity.

account of limitations and process dynamics, introduced
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THO®OPMAIIMHA TEXHOJIOT IS IPUAHATTS PIIIEHG I THYYKOI'O
IHTEI'POBAHOI'O BUPOBHUIITBA

IIpeqvMeToM mOCTIIKEHHS B CTATTi € THYYKi IHTETpOBaHi poOOTH30BaHi cucTeMH. MeTa poOOTH — IHTErpallist Mozelel Ta MEeTOAIB
MPUNAHATTSA PILIEHb 3 METOIO CTBOPEHHS 1H(OPMAIifHOI TeXHOJOTIi Il THYYKOro BUPOOHHUITBA. B cTaTTi BHUPILIYIOThCA HACTYIHI
3aBJAaHHA: IPOBEICHHS aHATI3y Cy4aCHUX TCHICHLIN y po3poO0Ii BUpOOHHUUUX CHCTEM, PO3TIIL IHTEICKTYaIbHIX CUCTEM NPHUHHATTA
pillieHb SIK OJIMH 3 KJIIOYOBHX SJIEMEHTIB aBTOMAaTH30BaHHX CHCTEM KEePYBaHHs, PO3TIISLI CTBOPSHHS iH(POPMALHHOI TeXHOIOTII, 10
IPYHTY€EThCA Ha HA0OPi METO/IB Ta MOJIENCH MPUHHATTSA PillIeHb, BKIIOYAIOYH JalITHBHE PUHHATTS PIICHb 11 HE AETEPMIHOBaHUX
3aBiaHb. MeTogaMu JOCITI/DKEHHS € Teopis MHOXHH Ta Teopis mpeaukariB. OTpEMaHO HACTYNHI pe3yJbTAaTH: POAHATi30BaHO Ta
c(OpMyIIEOBAHO OCHOBHI IPOOJIEMH PO3POOKM 'HYYKHX IHTETPOBAaHHMX CHCTEM CYYaCHOTO BHPOOHMIITBA; B SIKOCTI HOBOTO €JIeMEHTa
JI0 CKJIQly TEXHOJOTIYHUX CHCTEM IIPOIIOHYETHCS BIIPOBA/DKCHHS IHTENCKTyaIbHUX BUPOOHWYMX areHTIB, peasli30BaHHUX Y BHIJISII
MOOIIBHIX pOOOTH30BaHUX IIAT(OPM, 31aTHIUX BUKOHYBATH TPAHCIIOPTHI Ta TONMOMIDKHI CKJIaJlaibHi (YHKI{, BAKOHYBAaTH 3aBIaHHS
MOHITOPHHIY Ta BCTaHOBJIIOIOTHCS OCHOBHI BUMOTH 0 HHX; 3 (JOpMajbHO! TOYKU 30py PO3IIIHYTO MPOLEC MPUITHATTS pillleHb B
THYYKHX POOOTH30BaHUX CHUCTEMaXx, SIKU MOOyI0BaHO Ha B3a€MOZII BIACTUBOCTEH pOOOTH30BAHOI CHCTEMH, BIACTUBOCTEH poOOTOro
HPOCTOPY T4 MHOXXHHH MOXIMBHX pillleHb. BHKOHaHHS KOXKHOTO OKPEMOT'O TEXHOJIOTIYHOTrO 3aBJaHHS Hependadae po3poOKy Ta
peamizamiro TwaHy poOOTH POOOTH30BAHOTO OOJNAIHAHHS, CYKYIHICTh BapiaHTIB SKUX CKIQJa€ CTpaTerito (yHKIiIOHYBaHHSI
IHTeNeKTyanbHOI pPOOOTH30BaHOI CHCTEMHM, IO ONHUCYETHCS Yy BUIVBIAI JIOTIKM TNpeaukaTiB. s po3B’s3aHHA HEOOXiTHHX
TEXHOJIOT1YHHX 3aBIaHb IIPOIIOHYETHCS BHKOPUCTAaTH aBTOMAaTHYHI MPOIEAYypH TeHepaTropa pillleHb, IO (YHKIIOHYIOTh Ha 6asi
¢peiiMononiOHnx cTpykTyp. IlocmizoBHa WiATpUMKa NPOIECYy NPHHHATTSA pilleHb y poOOTH30BaHil cHCTEMI BHPOOHHYOTO
MIPU3HAYEHHs Ha OCHOBI MOZEIIEH PI3HOTO THILY CKIIaJae 3alpONOHOBaHy iH(OpMaIliiiHy TEXHOJIOTI0 NPUHHATTS pilleHb. BucHOBKH:
3aCTOCYBaHHS KOHIEMIIT iHTEIEKTYaIbHOTO areHTa Y BAPOOHUYNX YMOBaX BUMArae€ KOMILJIEKCHOTO 3aCTOCYBaHHS MOJENICH 1 METOIiB
MIPUAHSTTS PillieHb, SIKi MOXKYTh CKJIaIaTH OKpeMy iH(QOpMaLiitHy TEXHOIOT1I0 POOOTH30BAHOTO BUPOOHHIITBA.
Kurouosi ciioBa: iHpopmaliiiHa TEXHONOT1S; MPUHHATTS pillleHb; MOOUTFHHUI poOOT; THYYKa iHTErpOBaHa CHCTEMA.

UH®OPMAILIMOHHASA TEXHOJIOT Ul IPUHATHSA PEHIEHUA 1151 THBKOI'O
HUHTEI'PUPOBAHHOI'O ITPOU3BOJACTBA

IIpeameToM HcclieOBaHHMS B CTaThe SBISIOTCS THOKHE HHTErPUPOBaHHBIC pPOOOTH3MpOBaHHBIE cucTeMbl. Iledab paGoTel —
MHTErpaIys MOJENel 1 METOJIOB MPUHATHS PEIICHHH ¢ LEJIbI0 CO3IaHMs HHPOPMAIMOHHOH TEXHOIOTUH /Ul THOKOTO TIPOM3BOJICTBA.
B crartbe pemaroTcs cieayromme 3aa4d: MPpoBeICHHE aHaIu3a COBPEMEHHbBIX TeHIEHIMH B pa3padoTKe MPOU3BOJICTBEHHBIX CUCTEM,
paccMOTpeHHe UHTEIUIEKTYaIbHBIX CHCTEM NPUHSATHS PEIICHHI KaK OJJHOTO M3 KIIIOYEBBIX JIEMEHTOB aBTOMATH3MPOBAHHBIX CHCTEM
yIIpaBJICHUs, PACCMOTPEHNE U co3JaHue MH(GOPMAIMOHHOHW TEXHOJIOTHH, OCHOBAaHHOI Ha HabOpe METOJOB M MOJeNiel NPHHATHS
peluieHuii, BKIIOYAIONINX aJalTUBHOE IPHHATHE PEIISHUI A1 HeJIeTepPMUHOBAHHBIX 3anad. MeTogaMM MCCIIeOBaHMS SIBISIOTCS
TEOPHsT MHOXECTB M TEOpHsl NpeAnKaToB. [ToJIydeHbl Cleyrolmue pe3yabTaThl: POAHAIM30BaHbl U CHOPMYIHPOBAHEI OCHOBHBIC
npobiaeMsl pa3paboTKu THOKMX WHTETPHPOBAHHBIX CHCTEM COBPEMEHHOTO MPOW3BOJCTBA; B KAUECTBE HOBOI'O 3JIEMEHTAa B COCTaBe
TEXHOJOTHMYECKUX CHCTEM IPEIaraeTcsi BHEAPEHHE HMHTEIUICKTYaJIbHBIX MPOM3BOJCTBEHHBIX areHTOB, PCANH30BAHHHBIX B BHJE
MOOMIIBHBIX POOOTH3MPOBAHHBIX IIAT(HOPM, CIOCOOHBIX BBHITOIHATH TPAHCIIOPTHBIE W BCIOMOTATENBbHBIE COOPOYHBIE (DYHKIIUH,
BBINOJHATE 33J[aHUsl MOHUTOPHMHIA, YCTAQHABIMBAIOTCS OCHOBHBIE TpeOOBaHMS K HUM; C (pOpManbHOI TOUKH 3pEHHs pacCMOTPEHO
MpoLecc MPUHATHS PpEeIIeHNH B THOKMX POOOTHU3MPOBAHHBIX CHCTEMaX, KOTOPBIH IOCTPOSHO Ha B3aWMOJCHCTBHM CBOMCTB
pOGOTHU3MPOBAHHOIM CHCTEMBI, CBOICTB paboyero NpOCTPAaHCTBA M MHOXKECTBa BO3MOXKHBIX PELICHHWH. BBINONHEHHE KaXIoro
OT/IENIBHOTO TEXHOJIOTHYECKOTO 33/IaHus HpeIyCMaTpHBaeT pa3pabOoTKy M pealM3alliio IUIaHOB PabOThl POOOTH3MPOBAHHOTO
000py/OBaHus, COBOKYIMHOCTh BApHaHTOB KOTOPBIX  COCTAaBsieT  CTPATerHi0  (YHKIMOHMPOBAaHUS  HHTEIUICKTYaJlbHOU
POOOTH3UPOBAHHON CHUCTEMBI, KOTOPAsi ONMUCBHIBACTCS B BUJIE JIOTHKU MPEAUKATOB. I pelieHHs HeOOXOJUMBIX TEXHOJIOTHYECKHX
3alaHUil  TpeajiaracTcs HCHOJIb30BaTh aBTOMAaTHYECKHME MPOLEAYpbl TeHepaTopa pelleHud, (yHKuHoHupyromme Ha 06ase
bpeiiMoronoOHbIX CTpyKTYp. IlocnenoBaresnbHas MOJJICP)KKA IpoLiecca NPHHATHS PELICHHH B POOOTH3UPOBAHHON CHCTEME
NPOU3BOJICTBEHHOTO Ha3HAYEHHs Ha OCHOBE MOJENEH Pa3sHOro THIA COCTABISAET MPEUIOKCHHYI0 MH()OPMALMOHHYIO TEXHOJIOTHIO
TMPUHATUA pe]_UeHI/lI\/'l. BBIBOI[BII NPUMEHEHUE KOHLECIIINNW HHTCIJUICKTYaJIbHOI'O areéHra B INPOU3BOJACTBEHHBIX YCJIOBUAX Tpe6yeT
KOMILJICKCHOTO NPUMEHEHHs MoJejeil 1 MeTOJJOB IPHHATHS PEIIeHHUH, KOTOPbIe MOTYT COCTaBISTh OTACIBHYIO HH()OPMAIOHHYIO
TEXHOJIOTHIO POOOTH30BAHHOTO POM3BO/ICTBA.

KioueBble cioBa: HHGOPMALMOHHAS TEXHOJOTHS; NPHUHATHE DPEIICHHH; MOOHJIBHBIH poOOT; THOKas HHTErpUPOBaHHAS
cHcTeMa.
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THE MAIN RISKS OF ECONOMIC SECURITY OF THE CONSTRUCTION
INDUSTRY ENTERPRISES, THEIR IDENTIFICATION AND MANAGEMENT

In the conditions of an unstable economic environment, the main task of the management of enterprises in the construction industry is
to adapt the changing of the external conditions and the reducing of negative factors influence on the activity and its financial results.
The uncertainty of the influence of environmental factors and the lack of opportunity to make a reliable forecast of economic
processes in the industry give rise to risk. The uncertainty factor has a significant impact on the activity of construction companies,
which determines the urgency of the task of increasing the effectiveness of risk management at all stages of the life cycle of
construction products. The subject of the study in this paper is the peculiarities of the activities of construction enterprises and their
economic security. The construction industry is the core of the entire national industry, in comparison with other types of economic
activity; it has a number of advantages, namely: consolidation, real estate, capital intensity, material content, duration of creation and
operation, etc. Compared to many other industries, construction is a specific type of design industry with certain characteristics that
affect the characteristics of the built-in products, the modes of production and industry. The objective of the article is to identify the
main risks of the economic security system of the construction company and analyze the ways of their identification and evaluation.
The purpose of article is to identify the main risks of the economic security system of the construction company and analyze the ways
of their identification and management. The goal of this research is to develop an author's approach to classifying the risks of
economic safety of construction industry enterprises and to develop recommendations on identifying and managing risks. Using the
general logical-analytical methods, this article explores the nature of the characteristics of the enterprises of construction and industry
of various types of risks associated with it. As a result, the authors proposed to distinguish legal, financial, architectural and
construction (production), natural (ecological) and risks on the real estate market as the main risks of economic safety of the
enterprises of the construction industry. Conclusions regarding the main features of the activity of construction enterprises and nature

of risks in their functioning are made.

Keywords: economic security; construction; risks; financial risks; construction companies; fraud.

Introduction

The construction industry is one of the sectors of the
economy that is the most sensitive to the dynamic
changes, and, at the same time, it has a significant impact
on the development of the entire Ukrainian economy. The
construction sector, in addition to financial services and
export-oriented manufacturing, was hit hardest by the
economic crisis of 2008-2009. The construction industry
of Ukraine begun to recover the pre-crisis capacities only
since the end of 2016. Volume of sales of construction
works and products, the number of employed workers at
the enterprises of the branch, profitability and the volume
of own capital increased compared to the previous year.

There are also positive trends in the development of
the construction sector in Europe. The European
Construction Industry Federation (FIEC) in its annual
report noted that the construction activity across the EU
increased by 2.2% in 2016 (reaching 1278 billion Euros)
compared to 2015. In 2018, even more growth was
projected - by 3% compared to the previous year (forecast
at 1.343 billion euros).

Nevertheless, in spite of positive forecasts and
trends, in their activity, construction companies are forced
to withstand a number of risks that can negatively affect
their level of economic security and, consequently, the
results of their operation.

Analysis of literary sources and problem statement

Lagutina Z.V. etc. Despite the research carried out, the
issues of classification of the main risks of economic
safety of construction enterprises remain insufficiently
high; taking into account the European integration course
of Ukraine and the key role of the construction sector in
the national economy becomes especially relevant.

Aims and objectives of the study

The purpose of the article is to determine the main
risks of the economic security system of a construction
company and to develop a comprehensive risk
classification that would take into account both the
features of the construction industry and the European
integration expectations of Ukraine.

Materials and methods of research

To achieve this goal, the results of international
surveys and studies are used, the relevant researches of the
well-known scientists are analyzed, and the logical-
analytical and visual general methods are applied.

Research results and discussions

Problems of economic safety of construction
organizations in their work considered Andrienko V.M.,
Vasiliev V.M., Panibratov Yu.P., Molodid 0.0,
Vakhovich LV., Karpova K.V., Kushniruk A.O.,

Euro integration remains the main foreign policy
priority of Ukraine, which is connected with the
advantages of recognizing the status of the state as a
European one. These include the provision of small and
medium-sized businesses, the introduction of EU
standards, macroeconomic stability, additional investment
in the country's economy, the use of new technologies,
etc.

For construction companies, this means the potential
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development of the industry and the corresponding
increase in the efficiency of their activities. However, in
order to take the full advantage of the opportunities
opened up by the European integration, construction
companies need to understand the risks that may arise in
the course of their activities, as well as at the global
markets.

The economic security of the construction industry
enterprises is of particular importance for the state, society
and citizens taking into account the peculiarities of the
construction industry, its importance for the national
economy and the general instability of the national
economy. The economic security of the building industry
companies is understood as a system of guarantees and
measures to ensure the protection of corporate resources,
strategic goals and interests of the enterprise, as well as
timely and adequate response to the signals and threats to
its external and internal environment. Accordingly, the
risk of economic security of the construction industry is
considered a possible event, the onset of which may lead
to unwanted consequences for the company itself and
other contract participants

The project production predominates in construction,
and manufacturing organizations are formed with the
relatively independent participants, that are the part of the
ever-changing one-off coalitions of enterprises. This
affects the structure and methods of the industry, which
leads to a strong fragmentation of the sector with the
different types of firms. As a result, the level of
complexity of production in construction is relatively
high, and the level of efficiency is relatively low.

Vasiliev V.M. and Panibratov Yu.P., considering the
management of investment construction projects,
distinguish risks depending on the affiliation with the
enterprise. Accordingly, their classification includes
investor risks, banking, leasing, issuer risks, and vendor
risks [1].

Karpova K. V., considering threats to economic
security of construction companies as a set of certain
negative factors, groups them in the following areas:

- threats to material resources;

- threats to financial resources;

- threats to the safety of production technologies;

- threats to commercial activities;

- management threats [2].

Kushniruk A. A. also considers various risks in the
activities of construction enterprises, but does not provide
any criteria or signs by which they could be grouped and
generally analyzes the risks that are characteristic of any
enterprise [3].

Andrienko V.M. identifies specific types of threats
in the construction industry, such as:

- aggravation of competition on a limited market of
orders;

- aggravation of competition in a limited geographic
area;

- unfair competition in all its manifestations;

- monopolization of the market by large construction
companies;

- corruption relations in the distribution of state and
municipal orders;

-the phenomenon of commercial bribery in
obtaining orders and distribution of subcontractors, so-
called "rollback" and "back rollback";

- internal fraud.

- damage to the object of construction, engineering,
damage to inventory;

- damage to personnel (occupational injuries);

- the threat of the appearance of a defect, including
hidden, in work performed by the forces of
subcontractors, as well as due to a low quality of used
building materials;

- the threat of the appearance of a marriage,
including a hidden one, in works performed by one's own
forces;

- the threat of a shortage due to poor quality of
project organizations, as well as general contractors [4].

Although the author emphasizes the specifics of the
enterprises of the construction industry, in our opinion, the
current list is incomplete and does not take into account
the features of the financial component of the economic
security of the construction company.

Construction is a risky business. Each construction
project is unique and involves a set of problems and
opportunities. Detection and risk management can be
complex, but not impossible, with careful planning and
execution. When the risk turns into reality, it can disrupt
the project. In order to avoid disaster, you should be able
to properly assess, control and manage the risks after their
detection.

Risks are not always negative. The ability to
effectively identify and manage risks can increase profits,
build good customer relationships, which will increase the
number of projects and expand the business to new
markets and sectors.

Among the reasons hindering the development of
construction activities in Ukraine, the following are often
referred:

1) insecurity with financial resources; 2) lack of
working capital; 3) lack of orders for construction work;
4) reducing the solvency of consumers; 5) non-
transparency of legislation and high level of
bureaucratization; 6) high tax pressure and so on.

Serdyuk T.V. and Sologor V.M. emphasize that the
scope of real estate transactions, in general, is subject to
risks, which is exacerbated by the special vulnerability of
objects of unfinished construction. At the same time,
among the reasons for the existence of high risk in the
construction sector, the following should be mentioned:
the location of the real estate market, its direct dependence
on the regional and global economic situation, low
liquidity of the new buildings in the absence of a real
mechanism of mortgage lending, a large amount of funds
involved in the construction process, duration of
investment and dependence of the final result upon the
economic and political situation in the country [5].

In addition, in comparison with the many other
industries, construction is a specific type of project
industry with certain characteristics that affect the
characteristics of built products, methods of production
and industry. Let us consider the main features of the
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activities of construction companies that can affect the
level of their economic security.

First of all, the activity of construction industry
enterprises is largely regulated by the state. They operate
based on a license, the start of construction requires
obtaining a design permit, the construction process itself
requires coordination with a number of services, and
verification of compliance with standards and
specifications, and the state has an impact on the pricing
structure of the construction industry. With the entry of
Ukraine into the European space, domestic construction
companies are waiting for changes in legislation and the
transition to a new level of technical regulation in
construction. Ukraine is constantly reviewing and
implementing new state building codes (DBN). In 2019, it
is planned to revise 30 DBNs, which will enable the
introduction of effective innovations, while on the other
hand will force construction companies to make changes
to their activities [6].

Minister of Regional Development, Construction and
Housing and Communal Services of Ukraine G. Zubko
notes that the main risk to the development of the
construction industry is corruption that occurs at different
stages of the procedure: from obtaining a license to
commissioning a construction site [2]. The indicated
problem occurs both at the stage of commissioning of the
object and during the procedures for approval of the
design documentation and the allocation of land for
construction. The presence of additional unofficial costs
forces the owners of construction companies to go on
illegal actions to fulfill the obligations that were taken to
the customers in the stipulated terms [7].

In addition, construction as a licensed activity is
associated with the threats of administrative pressure on
the management of the company, both by officials and
competitors.

Another risk in the activities of the construction
industry is the risk of non-compliance with the terms of
the contract. Because construction companies operate in
conditions of constant uncertainty and environment
variability, the probability of breach of contractual terms
both from third parties and from the enterprise, itself is
very high. For example, a supplier may delay the delivery
of materials, or deliver materials of poor quality, or the
contractor may not perform scheduled construction and
installation work in time, thereby delaying the
construction of the property. Accordingly, the delaying of
the construction, as well as other violations of contractual
conditions, causes the financial losses of the construction
company.

Consequently, it is advisable to take into account the
following legal risks: administrative barriers, high level of
corruption, dynamic changes in the legislation, violation
of licensing conditions, non-compliance with European
standards, pressure from the controlling authorities,
breach of contract conditions, unfair counteraction
behavior, pressure from creditors, lack or non-compliance
of the technical documentation.

The construction industry, possibly more than any
other, is associated with the emergence of financial risks
[8]. The directions of their occurrence may be both from

investors, developers, and from the side of specialized
contractors.

The configuration of financial risks is caused by
many factors: the duration of the construction cycle; high
capital intensity of products; involving third parties
(usually financial intermediaries) to execute an investment
project; limited resources; limited number of projects
carried out simultaneously, investment dependence,
availability of external conditions including the
inflationary processes, permanent change in the taxation
regime.

Construction is an industry that requires significant
financial resources. That is why we need to use the
constant sources that would allow us to attract the
additional funds. As a rule, owners do not have the desire
to risk their own capital in building real estate, translating
financial risks to investors, which makes the construction
industry dependent on investments and sources of
additional capital (for example, bank loans).

The next problem related to the lack of information
is the inability to obtain a complete package of
information from the developer the quality of materials,
reliability and durability of structures, future dates and
cost of repairs. This leads to the fact that investors cannot
fully appreciate the investment attractiveness of the
object.

The pricing problem is that buyers cannot get proven
information about upcoming operating costs in advance.
This is partly because ministries do not have directories of
current market prices. Instead, they use outdated resource
costs. This makes it possible to enter any amount in the
estimates, creating a "backlash™ for corruption. In
addition, Ukraine is offered to determine the cost of
design as a percentage of the cost of construction.
However, it is determined by the project itself. This
encourages an increase in the value of an object rather
than being oriented towards its effectiveness.

In addition, among the characteristics of the activity
of construction enterprises the following can be
distinguished: the high level of competition in the
industry, considerable unprofitableness of construction
enterprises and, in general, the industry sensitivity to
economic changes and its dependence on demand [9].

As construction work is a long process that takes
very often not more than one calendar year, it is not
always possible to determine the demand for construction
products and predict changes in market conditions at the
time of commissioning of the facility. This threat entails
the risk not only of obtaining less profit from the
enterprise, compared with the planned but possibly full
loss of investment in the project.

In addition, the involvement of a large number of
participants in the implementation of the construction
project and a large amount of capital spent on its
implementation, the construction industry is considered an
area for which fraudulent schemes are typical. According
to the ACFE, the share of financial losses in the budget of
a construction project caused by inefficient spending,
misappropriation of assets, and fraud could reach 45%
[10].




ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2019. No. 2 (8)

Typical fraudulent schemes are:

- excessive prices in orders for change of volumes of
works;

- manipulation of completion reports;

- an increase in the volume of construction and costs,
including - due to the introduction of fictitious papers into
the acts of inspection of hidden works (for example, on
the foundation);

- manipulation of write-off rates and reports on the
use of materials;

- services of fictitious vehicles and equipment;

- excess of the required volume of purchases and
fictitious purchases from affiliated companies;

- sale of fixed assets and materials at a price below
market, including on credit;

- issuance of outstanding advances and financial
assistance;

- financial leasing at owvercharged rates through
intermediary companies;

- excessive labour costs of the project and "dead
souls";

- unpaid bills of subcontractors [11].

Thus, it is expedient to include the following
financial risks: changes in exchange rates, inflation rate
rise, interest rate changes, lack or incorrect design
estimates, growth of accounts receivable and payables,
fraud.

Concerning the features of production, it is expedient
to allocate the uniformity of construction production, the
volume and duration of production, labour intensity,
significant social responsibility for the product created, a
conservatism of the industry, the cyclicality of production,
and dependence on suppliers of raw materials.

Performance of construction work is always
accompanied by the drawing up of appropriate
plans for the fulfillment of obligations in accordance with
the construction contract. Deviations in work plans,
changes in technology or errors in the technical
documentation may lead to over-expenditures or contract
breach.

The greatest risks that may arise in this area are
design flaws and changes that need to be made after the
start of construction. The design may be incomplete,
inadequate or incorrect, and therefore the project cannot
be constructed. In addition, there may be an additional risk
of delay in the delivery of construction plans [12].

In connection with the use of services of contractors
and subcontractors in construction, it should be noted that
while using the outsourcing construction company can
generate profits, this practice can be at the same time
risky. Low project performance may be achieved, which
will delay the implementation of the whole project or lead
to a breach of contract because of disputes between
subcontractors and contractors that impede the
implementation of the project.

The presence of strictly regulated conditions of
construction, a set of software products, which are
used to calculate complex formulas for determining
various kinds of loads necessitate the presence of highly
qualified personnel with practical and theoretical

experience in the implementation of projects that the
company performs.

As a work activity, construction is characterized by
an increased risk of work performed. This is due to the
many reasons, such as:

- work at height;

- outdoor work (in particular,
weather conditions);

-work with harmful and dangerous substances
(including flammable and explosive materials);

- physically tense work connected with the rise of
cargoes and a large number of displacements, etc. [13]

Here you can also add the need to use of a large
number of different equipment, pneumatic and power
tools, specialized vehicles and other units that require
additional training of personnel who use them, and
increased attention when working in the construction.

Thus, it is advisable to highlight the architectural and
construction or production risks, which are manifested in
the failure of the construction process, equipment failure,
violation of the technology of construction works,
involving construction workers and contractors with the
low qualification, errors in design solutions and technical
expertise, design changes, the wuse of outdated
technologies and construction materials of poor quality,
emergencies, violation of safety rules.

The next type of risk is natural (environmental) risks.
Production in construction is always locally related and
depends on physical factors such as soil and weather
conditions. The natural risk in construction includes the
natural disasters, accidents (including construction work),
environmental pollution.

A specific type of risk for the construction industry
is the risks connected with the real estate market. Features
of the real estate market are its location, dependence on
the state of the regional economy, low liquidity of the
goods on the market, high capital market capitalization, as
well as imperfection of the domestic legal framework for
real estate transactions and the underdeveloped system of
registration of rights to real estate and their transition, a
significant gap between housing prices and incomes of the
overwhelming majority of the population. In connection
with them, construction companies often become objects
of exposure to risks in the real estate market. These risks
include changes in market conditions and prices, the
emergence of alternative market proposals, increased
competition, local changes in legislation and the economy.

However, the risks of economic safety of
construction enterprises should be grouped into five main
groups according to their nature and origin (Fig. 1). Such
a classification helps to understand better the nature of
these risks because it is based on their origin.

The presence of such a number of risks and their
diversification requires the use of a set of management
measures for these risks, they should include:

- identification of risks that are possible during a
particular transaction or real estate transaction;

- qualitative and quantitative risk analysis (definition
of the causes of risks and factors of increasing their
probability of occurrence, stages of processes at which
there may be a risk;

in unfavourable
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- definition of possible sizes of losses caused by this
or that risk);

- determination of the possibilities of reducing the
risk and expenses necessary for its prevention;

- development and implementation of measures to
prevent risks, reduce the probability of their occurrence or
possible losses;

- control over the implementation of necessary
measures; making meaningful changes in the mechanism
of their implementation.

legal risks:

7 N\ administrative barriers, high level of corruption, dynamic changes in the legislation, violation of
(o —> licensing conditions, non-compliance with European standards, pressure from the controlling
9 bodies, breach of contract conditions, unfair counterparty behaviour, pressure from the creditors,
5 lack or non-compliance of technical documentation
£ \. A
5 d - “
Q financial risks:
= the interest rate on the use of a loan, the absence or incorrectness of the design estimates, the
£ = growth of accounts receivable and payables, fraud
@)
B \. J/
5 S, architectural, construction or production risks:
8 g construction failure, equipment failure, violation of the technology of construction work,
2 ) —> involvement in construction and installation work of workers and contractors with low
2 © qualification, errors in constructive decisions and technical expertise, design changes, use of
E outdated technologies and construction materials of poor quality, emergency situations,
'®) violation of safety rules
z \ 7
Q 4 )
(2 —p natural (environmental) risks:
&) natural disasters, catastrophes (including caused by carrying out of construction works),
o pollution of the environment
v \, J
-5 3 A
ad = risks in the real estate market

N~— changes in market conditions and prices, the emergence of alternative market proposals,

increased competition, local changes in legislation and economy
\. J

Fig. 1. Classification of risks of economic safety of a construction company by their origin

Circumstances that complicate the timely detection
and prevention of risks in the construction industry can be
considered the following:

- the environment of permissiveness and mutual
guarantee;

- lack of proper accounting and control;

- the practice of decision-making without proper
informational and analytical support of this process;

- limited access to the documents of the security
company's employees;

- the lack of proper control and monitoring of the
activity of the construction company as a whole, and the
factors of threats, in particular.

Despite these circumstances, the identification of
risks is a key step in managing and minimizing risks [14].
The main measures aimed at timely identification and
response to the risks of economic security in the
construction industry should be:

- analysis of the local real estate market and the
situation in the industry;

- carrying out a competitive selection of project
participants;

- the involvement of competent lawyers and builders
for the preparation and conclusion of contracts with
contractors and other market players;

- order in the law firm to conduct an examination of
the rights of the contracting parties and contracts;

- introduction of a risk management system and its
minimization;

- customer satisfaction analysis, work with regular,
verified suppliers and contractors;

- strengthened control over the timing of the work,
the creation of a reserve of capacities;

- elimination of the probable reasons for the breach
of contracts;

- systematic training of employees and managers.

As to the steps to be taken to identify the risks and
threats, it is important to point out that complete
elimination or elimination of risks in the construction
sector is practically impossible. Therefore, the main task
of risk management should be to transfer them from one
side to another through contractual provisions. Therefore,
it is very important to identify them primarily to reduce
the risks. Once this is done, it is possible to take measures
aimed at preserving control and preventing possible
negative consequences.

The response strategy and the choice of approach
depend on the type of risk. Among the responses, it is
advisable to distinguish:
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- Avoidance of risk - the risk can be rejected by
eliminating the risk, project execution in another direction,
while at the same time continuing to achieve the set goals
of the project. Changing the project management plan to
eliminate the threat, isolating project objectives from the
risk, or weaken project objectives that could lead to losses,
such as increasing schedule times or reducing sales
volumes [15].

- Risk transfer - Risk transfer involves searching for
the other party that is ready to assume responsibility for
the management and is responsible for the risk in case of
its occurrence. The transmission of the threat does not
eliminate it; this threat still exists, but it belongs and is
managed by the other party. Risk transfer can be an
effective way to deal with financial risk. The purpose is to
ensure that the risk belongs and is managed by the party
that is able to cope with it most effectively.

- Risk mitigation/reduce - Mitigation reduces the
likelihood and/or the impact of an adverse risk event to an
acceptable level. The use of early measures to reduce the
likelihood and/or exposure of the risk is often more
effective than attempting to repair damage after the risk
has occurred.

- Risk management - this strategy aims at eliminating
the uncertainty associated with a certain positive risk,
creating conditions for its implementation, eliminating the
uncertainty associated with a certain positive risk. The
opportunity is defined as a risk event, which, if it occurs,
will have a positive effect on the achievement of the
project objectives.

- Distribution of risk - the ability to share its own
risk with the other party, which is best able to increase its
probability of occurrence and potential benefits if it is
realized. The transfer of threats and the distribution of
opportunities is similar to the use of the third party to
whom the threats are transmitted and which assumes the
responsibility with which the opportunities and potential
benefits are shared.

- Adoption of risk - Ultimately, it is impossible to
eliminate all threats or take full advantage of
opportunities. It is possible to document them and at least
ensure that they are identified and identified. This strategy
is adopted when it is not possible to react to the risk by
other strategies, or the reaction is not justified by the great
danger. When the manager and project team decide to take
the risk, they agree to address the risk when it comes.

- Emergency plan - this involves using a backup plan
if there is a risk. Emergencies can also be in the form of
reserves for addressing unknown risks or in the form of
costs for addressing unknown risks.
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- Risk monitoring is the last stage of risk
management.  Once  appropriate  measures  are
implemented, it is advisable to track and record their
effectiveness and any changes to the project risk profile.
Whether the response measures have a positive or
negative impact on the achievement of the project goals?
Response and its consequences should be also
documented for future reference and design plans.

Taking into account the specifics of construction
work, insurance is another measure to prevent risks.
Insurance of construction and installation risks allows a
construction organization to remove the burden of
possible additional costs that not only can significantly
affect the profitability of the project but also to break all
construction dates. Insurance coverage may include
protection not only from classical hazards such as fire,
natural disasters, and civil liability to third parties, etc. but
also from the purely specific risks such as designer error,
use of defective materials, personnel negligence, electric
shock, etc.

Conclusions

In the conditions of an unstable economic
environment, the main task of management of enterprises
in the construction industry is to adapt to changing
external conditions and reduce the manifestation of
negative factors on the activity and its financial results.
Uncertainty about the impact of environmental factors and
the lack of opportunity to make a reliable forecast of
economic processes in the industry give rise to the risk.

To identify and manage risks, it is necessary to know
the types of risks inherent in the activities of construction
companies. They can be legal, financial, architectural,
construction, natural, risks in the real estate market, and
can be caused by both internal and external sources. This
classification reflects the nature of the risks to the
economic safety of the construction enterprises and gives
an understanding of their origin. The next step after a
preliminary analysis of potential risks should be
identifying and identifying these risks and their
manifestations as a whole in the activities of the
construction company, as well as within individual
construction projects. Construction professionals’ use the
methods described in the management article but do not
realize it. Working with risks in this field, construction
should be complex and systemic in nature, which will
minimize the impact of negative factors, and enhance the
impact of positive.

1. Vasiliev, V. M., Panibratova, Yu. P. (1997), Management of construction investment projects : study guide [Upravlenie
stroitelnymi investitsionnymi proektamy : uchebnoe posobie], Publishing of the DIA, Moscow, 307 p.

2. Karpova, K. V. (2015), “Analysis of threats to the economic safety of construction enterprises” [Analiz zagroz ekonomichnij
bezpetsi budivelnyh pidpryjemstv”], Building manufacture, Vol. 58, P. 18-20.

3. Kushniruk, A. O. (2015), “Identification of internal and external threats to the system of economic safety of construction
enterprises” [“Identyficatsia vnutrishnih ta zovnishnih zagroz systemi ekonomichnoi ,ezpeky budivelnych pidpryjemstv”], Ways of
increasing the efficiency of construction in the conditions of formation of market relations, Vol. 33, P. 174-184.

4. Andrienko, V. (2012), “Specific types of threats and characteristics of economic security building enterprises” [“Spetsyfichni
vydy zagroz ta osoblyvosti organizatsia zabezpechenia ekonomichnoi bezpeky budivelnych pidpryjemstv”], Effective Economics, No.

12.




ISSN 2522-9818 (print)
CyuacHuii cman HayKko8ux 00CaiodNcenb ma mexHonoeitl 6 npomuciosocmi. 2019. Ne 2 (8) ISSN 2524-2296 (online)

5. Serdyuk, T. V., Solohor, V. M. (2017), “Risk Insurance in Construction” [*“Strahuvania ryzykiv v bunivnytstvi’], Materials of
XLVI Scientific and Technical Conference of VNTU Departments, Vinnytsya, March 22-24.

6. “The Ministry of Regional Development has approved new DBNs for the development of territories” [“Minregion zatverdyv novi
DBN shcodo zabudovy terytorii”], available at : https://www.kmu.gov.ua/en/news/minregion-zatverdiv-novi-dbn-shodo-zabudovi-
teritorij

7. “The main risk for the construction industry is corrupt, - Zubko” [“Golovnyj ryzyk budivelnoi galuzi — koruptsijnyj, - Zubko™],
available at : https://www.mk-oblrada.gov.ua/news.php?news=591&group=23

8. Baloi, D. (2012), “Risk Analysis Techniques in Construction Engineering Projects”, Journal of Risk analysis and crisis response,
Vol. 2, Issue 2, P. 1-9.

9. Chekh, N. O., Vinnik, I. V. (2017), “Regulatory environment of business activities in Ukraine”, Innovative Technologies and
Scientific Solutions for Industries, Vol. 1 (1), P. 124-129, DOI: https://doi.org/10.30837/2522-9818.2017.1.124

10. Nasir, D., McCabe, B., Hartono, L. (2003), “Evaluating Risk in Construction-Construction Schedule Risk Model”, ASCE Journal
of Construction Engineering and Management, Vol. 129, Issue 5, P. 518-527. DOI: https://doi.org/10.1061/(ASCE)0733-
9364(2003)129:5(518)

11. “Construction Fraud: Ukrainian Realities” [“Shahraistvo v  butivnytstvi:  Ukrainski realii”], available at:
https://www2.deloitte.com/ua/uk/pages/press-room/press-release/2018/fraud-on-construction.html

12. Lyons, T., Skitmore, M. (2004), “Project risk management in the Queensland engineering construction industry: a survey”,
International Journal of Project Management, Vol. 22, P. 51-61. DOI: https://doi.org/10.1016/S0263-7863(03)00005-X.

13. Smith, N. J., Merna, T., Jobling, P. (2006), Managing Risk in Construction Projects, 2nd Edition, Oxford : Blackwell Publishing,
P. 1-56.

14. Ward, S. C. (2003), Project Risk Management: Process, Techniques and Insights, 2nd Edition, Chichester: John Wiley and Sons
publication, 344 p., ISBN-13: 978-0470853559.

15. Chapman, C. B. (2013), “Risk management perspective on the project life cycle”, International journal of Project Management,
Vol. 13, Issue 3, P. 145-149. DOI: http://dx.doi.org/10.1016/0263-7863(95)00008-E.

Received 30.03.2019

Bidomocmi npo asmopis / Ceedenus 06 asmopax / About the Authors

Yex Haranis OuekcanapiBHa — KaHIUIAT CKOHOMIYHHMX HayK, XapKiBChbKHH HAIlllOHAJBHUN YHIBEPCUTET MICHKOTO
rocriogapctBa iMeHi O. M. BekeroBa, crapmmii Buxianad xadenpu ¢iHaHCOBO-eKOHOMIYHOI Oe3rnekH, oOmiky i aymury, Xapkis,
Vkpaina; e-mail: natariathebest@gmail.com; ORCID: https://orcid.org/0000-0001-5728-804X.

Yex Haranps AjleKcaHAPOBHA — KaHAWUJAT SKOHOMUYECKUX HayK, XapbKOBCKUI HAallMOHAIBHBIA YHUBEPCUTET FOPOJCKOIO
xo3siictBa mmenun A. H. BekeroBa, crapmmii npenongasatens kadenpbl GHHAHCOBO-3KOHOMHUUYECKOW O€30I1aCHOCTH, ydeTa U ayauTa,
XapbKoB, YKpauHa.

Chekh Nataliia — PhD (Economics Sciences), O. M. Beketov National University of Urban Economy in Kharkiv, Senior
Lecturer of the Department of Financial and Economic Security, Accounting and Auditing, Kharkiv, Ukraine.

Bepmunina JJapuna MukosaiBHa — XapKiBCbKHH HalliOHANEHUH YHIBEPCHUTET MichbKoro rocmoaapctsa iM. O.M. Bekerosa,
acmipadT Kadeapu (iHaHCOBO-eKOHOMIYHOI Oe3meku, 00Ky 1 ayauTy, Xapkis, Ykpaina; e-mail: darynal992v@gmail.com; ORCID:
https://orcid.org/0000-0003-2336-7916.

Bepmiununa lapuna HukonaeBna — XapbKOBCKUN HallMOHAJIBHBIM YHUBEPCUTET rOpoIcKOTo Xo3saicTBa M. A. H. bekerosa,
acTiMpaHT Kadeaps! GUHAHCOBO-KOHOMHYECKOH O€30IIaCHOCTH, yueTa 1 ayJuTa XapbhKoB, YKpanHa.

Vershynina Darina — O. M. Beketov National University of Urban Economy in Kharkiv, Graduate Student of the Department
of Financial and Economic Security, Accounting and Audit, Kharkiv, Ukraine.

Jly6 Anppiii IBanoBu4 — XapkiBChKHi HallloHAIBHHMH yHiBepcuTeT Micbkoro rocmonapctsa iM. O. M. BekeroBa, acmipaHT
kapenpu  (QiHAHCOBO-eKOHOMiuHOi  Oe3meku, oOmiKy 1 aymury, XapkiB, Vkpaina, e-mail: alub6907@gmail.com;
ORCID: https://orcid.org/0000-0001-9649-3476.

Jly6 Aunapeii IBanoBu4Y — XapbKOBCKUI HAllMOHABHBIN YHUBEPCHUTET TOpoacKoro xo3siictBa M. A. H. bekeroBa, acimpant
kadeaps! GUHAHCOBO-IKOHOMUYECKOH 0€30MacHOCTH, y4eTa 1 ayAnTa XapbKoB, Y KpauHa.

Lub Andrey — O. M. Beketov National University of Urban Economy in Kharkiv, Graduate Student of the Department of
Financial and Economic Security, Accounting and Audit, Kharkiv, Ukraine.

OCHOBHI PU3UKHU EKOHOMIYHOI BE3NEKHU NIJIIMPUEMCTB BY IIBEJIbHOI
TAJY3L IX IIEHTU®IKALIA TA YIPABJIHHA HUMHU

B yMoBax HecTabibHOrO €KOHOMIYHOI'O CEpEOBHIIA TOJIOBHUM 3aBAaHHSIM MEHEIDKMEHTY MiANPHUEMCTB OYAiBeNIbHOI ranmy3i cTae
NPUCTOCYBAaHHA [0 MIiHJIMBHUX 30BHILIHIX YMOB Ta 3MEHIICHHS MNPOSBY HEraTHBHUX (AaKTOPIB Ha IisUTBHICT Ta ii (hiHAaHCOBI
pe3yibpraTH. HeBu3HaueHiCTh BIUIMBY (DaKTOPIiB 30BHIIIHEOTO CEPEIOBHUINA Ta BiICYTHICTH MOJKIHMBOCTI 3[iHCHEHHS TOCTOBIPHOTO
MIPOTHO3Y €KOHOMIYHUX TPOIECIB B Taly3l MOPOIKYIOTh prU3nK. PakTOp HEBH3HAYECHOCTI BIAIrpae CyTTEBHH BILIMB Ha IisSUTBHICTBH
OymiBETbHUX IiIIPUEMCTB, IO OOYMOBIIOE aKTyalbHICTh 3aBJaHHS MiIBUINCHHS ¢()EKTHBHOCTI YIpABIIHHS PHU3WKAaMH Ha BCiX
CTaisX JKUTTEBOTO NUKITY OyaAiBenbHOI mponykiii. [IpeqMeTom IociiKeHHS y il poOOTi € 0COOIMBOCTI MisUTBHOCTI OyHiBETBHUX
HiINpHEMCTB Ta 1X eKOHOMiuHa Oe3reka. ByniBenpHa rany3b € CEpLEBHHOIO BCi€l HaliOHAIBHOI MPOMHUCIOBOCTI, Y MOPIBHSHI 3
iHIIMMH BHJaMH CKOHOMIYHOi IisJIbHOCTI BOHAa Ma€ psij IepeBar, a came: 3aKpilUIeHiCTb, HEPYXOMICTb, KalliTaJTOEMHICTb,
MaTepialoEMHICTh, TPUBAJIICTh CTBOPEHHs W eKcIulyaTaiil Ta iH. Y HOpiBHSHHI 3 0araTbMa IHIIMMH Tany3sMH, OYHiBHHLTBO €
crienudidYHUM BHAOM IPOEKTHOI iHAYCTPIl 3 IEBHUMH OCOOIMBOCTSMHY, 10 BIUIMBAIOTh HA XapaKTEPUCTUKH MOOYT0BaHOT MPOAYKLIT,
CcrocoOM BHPOOHWITBA Ta MPOMUCIOBOCTI. MeTO0I0 CTAaTTi € BH3HAYCHHS OCHOBHUX PH3UKIB CHCTEMH CEKOHOMIYHOI Oe3mexu
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OyniBebHOTO IMIANPHEMCTBA TA aHANI3 IUIAXIB iX iMeHTH(IKaNil Ta yIpaBIiHHS HUMHU. 3aBAAHHAM IIHOTO JOCII/DKEHHS € PO3poOKa
aBTOPCHKOTO IAXOMy INOAO0 KiacHgikamii pU3UKIB EKOHOMIYHOI Oe3NeKH WiInmpHeMCTB OymIiBeNbHOI Tamy3i Ta po3poOka
pexoMeHaniil moxo ineHTHdiKanii Ta ynpaBiiHHSI pH3HKaMH. BHKOpHCTOBYIOUM 3araibHi JIOTIYHO-aHATITHYHI METOAM, IS CTAaTTS
JIOCTIDKY€E TPHPOLY OCOOIMBOCTEH MisUTBHOCTI MiANPUEMCTB OyNiBENbHOI Ta ramy3i pi3HHX BHIIB PU3HKIB, IOB’S3aHUX 3 HEHO. Y
pe3yJbTaTi aBTOpaMH 3alpONOHOBAHO BHIUATU FOPUIMYHO-NIPABOBI, (hiHAHCOBI, apXiTEKTYpHO-OyAiBeNbHI (BUPOOHHYI), TPUPOIHI
(eKOJOTiYHI) Ta PU3HKH HAa PUHKY HEPYXOMOCTiI SIK OCHOBHI PU3UKM EKOHOMIYHOi O€3MeKH MiANPHEMCTB OyAiBENIbHOI ramysi.
3po0ieH0 BHCHOBKH WIOAO OCHOBHHX OCOOIMBOCTEH IisUIBHOCTI OyAiBeIbHUX MIANPUEMCTB Ta MHPUPOAUM PHU3UKIB Yy iX
(byHKIIOHYBaHHI.

KumiouoBi c1oBa: exoHoMiuHa Oe3neka; OyAiBHUITBO; PH3HKH; (piHAHCOBI pU3HMKH; OyiBENbHI MiANPHEMCTBA; iMeHTH(IKaMis
PH3HKIB.

OCHOBHBIE PUCKH 3KOHOMHWYECKOHN BE3OIMACHOCTH IMPEJINPAATHIA
CTPOUTEJIBHOU OTPACJIN, UX NTAEHTUPUKALUA U YIIPABJIEHUE UMU

B ycroBusX HeCTaOMIBHON SKOHOMHYECKOW Cpelbl TJABHOM 3aJadcii MEHEPKMEHTa MPEIANPUSITANR CTPOUTENHLHONH OTpaciH
CTaHOBHUTCSI TPHCIIOCOONICHHE K HM3MEHSIOIIMMCS BHEIIHMM YCIOBHSIM W YMCHBILICHUs TNPOSIBICHHS HETaTUBHBIX (DaKTOpOB Ha
NIeSITENBHOCT U €¢ (PMHAHCOBBIE pe3yNbTaThl. HeonpeneneHHOCTh BIUAHUS (PaKTOPOB BHEIIHEH CpeAbl U OTCYTCTBHE BO3MOKHOCTH
OCYIIECTBICHHUS JAOCTOBEPHOTO MPOTHO3a SKOHOMUYECKHX IPOIECCOB B OOJIACTH IMOPOXKAAIOT pUCK. DakTop HeompeaeneHHOCTH
WTpacT CYIIECTBEHHOE BIUSHHE HA NESATENbHOCTh CTPOUTENBHBIX MPEANPHATHI, 00yCIOBIUBACT aKTYaJbHOCTh 3aJa4yll MOBBIIICHHS
3¢ GEKTUBHOCTH YIPABJICHUS PUCKAMH Ha BCEX CTAJMAX KU3HCHHOTO IMKJA CTPOUTEIBbHON mpoayKimy. [IpeqMeTrom nccienoBaHus
B JIAHHOW paboTe SBIAIOTCS OCOOCHHOCTH JCATENLHOCTH CTPOUTEIBHBIX MPEANPUATHA U HX 3KOHOMHYECKas O€30MacHOCTb.
CrpourtesbHas OTpaciib SIBJSIETCS CEpIUEBUHON BCEH HAMOHAJIBLHOW MPOMBIIUIEHHOCTH, 10 CPaBHEHHIO C JPYIMMU BHUIAMH
9KOHOMUYECKON JAEATENbHOCTH OHa HMMEET pSJl MPEUMYIIECTB, a MUMEHHO: 3aKpeIUICHHOCTh, HEIBMKUMOCTh, KAIMTaJ0E€MKOCTb,
MaTepPHAIOEMKOCTb, MPOIODKUTEIFHOCTh CO3JAHUS M OKCIUTyaTauuu W 1p. Ilo cpaBHEHHIO CO MHOTMMH JIPYTUMH OTPACisMHU,
CTPOUTENIECTBO SBISETCSA CHEUUPHUSCKUM BUIOM MPOECKTHOW WHIYCTPUU C ONMPENCICHHBIMA OCOOCHHOCTSIMH, KOTOpPBIE BIMSIOT Ha
XapaKTEPUCTHKH TOCTPOCHHOHN MPOTYKLUH, CIIOCOOBI MPOM3BOACTBA M MPOMBINUICHHOCTH. LlesIbI0 CTaThH SBIAETCS OINpeeicHHue
OCHOBHBIX PHCKOB CHCTEMBI 3KOHOMHYECKOH 0E30MaCHOCTH CTPOUTENBHOTO MPEATIPHUATHS W aHATU3 MyTell WX MICHTU(HUKALUU U
yHOpaBieHHs HMH. 3ajadeil JaHHOTO HCCIICIOBAHUS SIBIAETCS pPa3paboTka aBTOPCKOTO MOAXOAa K KIACCH(PHKALUN PHUCKOB
9KOHOMHUYECKOW O0€30MacCHOCTH MPEANPHUIATHII CTPOUTEIFHOM OTpacid W pa3paboTka pPEKOMEHAAIMd MO0 WICHTU(GUKAIUA |
yIpaBlicHUS pUCKaMu. Vcmonb3ys OOIIUE JIOTUKO-aHAJMTHYCCKUE METOHbI, 3Ta CTaThs HCCIENYeT MPUPOAY OCOOCHHOCTEH
JIESITEIIBHOCTH TIPSANPUATHI CTPOUTEILHON W OOJIACTH Pa3NIMYHBIX BHIIOB PUCKOB, CBSI3aHHBIX C Heil. B pesyabTaTe aBTOpaMu
MPEJVIOKCHO BBIIENATh FOPHIUUCCKU-TIPABOBBIC, (DHHAHCOBBIC, APXHTCKTYPHO-CTPOUTENbHBIC (IPOM3BOACTBCHHBIC), MPUPOIHBIC
(3KOJIOTHYECKHE) ¥ PUCKU Ha PHIHKE HEABIDKUMOCTH OCHOBHBIC PHCKHA YKOHOMHYECKON 0€30MacHOCTH MPEeINpHUSITHH CTPOUTEIbHON
otpaciu. CuenaHbl BEIBOJBI OTHOCUTEIHFHO OCHOBHBIX 0COOCHHOCTEH NEeSITENbHOCTH CTPOUTENBHBIX MPEATIPUATHI U TPUPOJIBI PUCKOB
B UX (YHKIIHOHHPOBAHHH.

KnioueBble ci10Ba: S5koHOMHYECKask 0€30MIaCHOCTh; CTPOUTENBCTBO; PUCKH; (PMHAHCOBBIC PHUCKHU; CTPOUTEIBHBIEC MPEATPHUITHS;
MOILIEHHHYECTBO.
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A. SHAPOVAL

THE CURRENT STATE OF THE TRANSNATIONALIZATION OF THE ECONOMY
AND ASPECTS OF THE TRANSNATIONAL CORPORATION’S GROWTH

The subject matter of the article is the theoretical and practical aspects of growth, expansion, and functioning of the transnational
corporations against the backdrop of the modern transnationalization of the economy. The aim of the work is to research the
transnationalization of the economy and to identify the main factors of growth and development of modern transnational corporations.
The following tasks were solved in the article: analysis of the level of transnationalization of the economy; definition of modern
geographical diversification of TNCs; research the theoretical foundations of corporate growth; creation of practical evidence of a
theoretical basis on modern databases; analysis of the influence of the elements of the expansion of TNCs on their profitability. The
following methods are used: the graphic method, the statistical method, the comparative method, the index method. The following
results were obtained: the level of transnationalization of the world economy in dynamics over the past years has been revealed,
which is characterized by a stagnant situation from 2014. The study of the transnationalization of individual economies shows a
certain approach of the leaders to the more similar indicators. This trend demonstrates the importance of geographical diversification
for TNCs. The relationship between the profit and the using of various specific expenses was discovered. It has been revealed that R
& D, as a component cannot independently provide the sufficient competitive advantages to the ever-growing technological solution
of global competitors. The need for the existence of specific capabilities of the company due to the proper management in the
geographical structure is confirmed. It is noted about the change in the local position of both the parent companies and affiliates of
TNCs, which leads to transnational competition between countries. The need of simultaneous use of multiple methods of growth is
noted. Conclusions: the studied at the work theoretical and practical aspects demonstrate the importance of each element of the
TNCs. The expenses of corporations are necessary for the development and expansion of activities. Marketing costs, migration force,
R & D costs, geographic diversification management make it possible to use the potential of companies more widely while
simultaneously using different methods. Practical consideration has allowed to determine that the maximum result is achieved by a

combination of several elements of growth, thereby creating so-called "profitable giants."
Keywords: transnational corporations; marketing expenses; R&D; geographical diversification.

Introduction

The development of the economic sphere is
characterized by the continuous growth of the role of
transnational corporations. The theoretical understanding
and the practical study of the existence of transnational
corporations on the basis of their constant growth can
predict possible benefits not only at the level of the parent
company but also at the state level. Over the past decades,
the basic legal forms of ownership have been created and
improved. This allows continuing to offer organizational
decisions that enable TNCs to keep their current leading
positions in comparison with national companies.

Analysis of recent research and publications

and integrate into core activities. This schematic image
was considered by Heinz Thiilelmannakim, Edvard
Gilmor [2] and others [3].

Thus, modern researchers of the theoretical
approaches to the expansion of TNCs on the basis of
transfer pricing, avoidance of double taxation and the use
of FDI for R & D, marketing components are Solomon
Picciotto, Stephen R. Buzdugan, Heinz Tyselemann,
Edvard Gilmor, UIf Andersson and Nusan Memar and
others.

Identification of previously unsettled parts of the
general problem

The subject of the article was considered by various
representatives, both from a theoretical and a practical
point of view. New insights on the development of TNCs
and the expansion of influence were studied by Solomon
Picciotto [1]. The researcher examined the opportunities
for TNCs to grow through the creation of specific
opportunities in the form of allocation of resources for
international tax planning in order to avoid double
taxation and create conditions for the introduction of
transfer prices. The development of specific opportunities
in recent years is also based on research on the benefits of
migratory force.

An important approach to the development of TNCs
for today's researchers on this topic was the allocation of
strategically properly managed management. This is
represented as the creation of a TNC differential network
to provide specific functions of individual affiliated
subsidiaries performing independent work to complement

Despite a large number of explored approaches and
methods for analyzing the expansion and functioning of
TNCs, there is a constant need to focus on the new
research and the basic theory transferred to the practical
basis.

The purpose of the work is to study the
transnationalization of the economy and the disclosure of
methods for the expansion and growth of TNCs,
modelling the relationship of the theoretical basis with the
practical results.

Presentation of the main research material

In the studies of the theoretical basis for the
transnationalization of the economy, the most commonly
used method is the transnationalization index for a
particular country. This index in this study is used to trace
the dynamics of the ratio of FDI to GDP at the global
level. The index of transnationalization of the world
economy takes on the following form:

© A. Shapoval, 2019
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/ GDP,

world ?

Index of transnationalization = FDI

world

where Index of transnationalization —
transnationalization of the world economy; FDI

world

1)

index of

GDP

world

foreign direct investment in the global economy;
—world gross domestic product.

The dynamics of the index of transnationalization
from 2000 to 2018 inclusive is shown at fig. 1, with an
interval of four and two years.

GDP =@ ]Index of Tran

0,40
0,23 0,21 0,21
0.16 A~ Py o 0,17 0,17
a W 7 N o
.4
3357115 4378 774 6 343 346 6 595 667 7 496 562 7913 144 8 483 546
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Fig.1. The dynamics of the global index of transnationalization,% and billion dollars USA

The source is calculated and compiled by the author
on the basis of statistical indicators [4].

According to the data shown in the figure, it is
possible to note that there is no stabilization trend of the
transnationalization index at the global level, resulting in
constant volatility trends. An interesting period in this
study is the actual value for 2000 when there is a
significant increase and peak in the period under review. It
is possible to characterize this as a certain boom in the
transfer of production and the geographical diversification
of corporations for the sake of profit. It is also
characterized by the expansion of entrepreneurial activity
and the creation of financial agglomerates to expand the
monopoly power of banking institutions. This provoked a

further decline in the index value in a few years due to the
closure of non-profit affiliates.

In 2018 there has been some modest growth rate that
can not be described as an unusual situation. During 10
years the period of the global crisis is a small oscillating
trend toward growth or decline.

The United States, China, along with Hong Kong
and Japan, are countries that are represented as a base of
the transnational movement. The theoretically-formed part
allows us to investigate this tendency on practical
indicators, confirming or refuting the initial statement of
their leading position.

The results of calculating the transnationalization
index for the respective countries in the dynamics are
shown in table 1.

Table 1. The dynamics of the transnationalization index of the USA, China, Japan, and the EU

Country/Year 2000 2006 2012 2018
USA 8,6 51 39 44
China 13,9 12,8 10,7 8,1
Japan 0,3 -0,2 0,1 0,2
EU 30,1 18,3 14 6,9

The source is calculated and compiled by the author on the basis of statistical indicators [4]

According to the dynamics of the indicator in the
above countries, the table shows a similar situation to the
global scale. The highest value in the four regions was
achieved in 2000, which subsequently led to a sharp,
further more gentle decline. The leader in the calculated
indicator of the transnationalization of the economy is the
EU as a region. However, when considering the countries
of the Union separately, the study will acquire a different
characteristic. Among the single countries in 2018, it is
inappropriate to single out only one leader. The indicator

2500000
2000000
1500000
1000000
500000
0

is similar in all cases except Japan. This situation is
confirmed by the location of TNCs in the countries
provided, significantly changing the diversification from
2000 to 2018.

The review of General information on
transnationalization, its indicators, the study of the
structure and rating lists of TNCs make it possible to
move on to more General information on foreign direct
investment (FDI) flows demonstrated by the fig. 2.

1991 1993 1995 1997 1999 2001

Fig.2. Dynamics of FDI flow, million dollars USA

Source: compiled based on statistical data [5]
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From the research data of the period from 1991 to
2017, with an interval period of 2 years, there is an
upward trend until 1999. After 1999, the fluctuating trend
is noted without constant constant growth or decrease.
The maximum value of FDI flows was noted in the pre-
crisis year, in 2007. After that, there was a sharp decline
in this indicator.

According to the announcements of the UN
Conference on Trade and Development for 2018, again
the decline in the flow of FDI. Thus, world foreign direct
investment fell by 19% in 2018 to an estimated 1,2 trillion
USD, from 1,47 trillion USD in 2017 The decrease was
due to elemental changes in developed countries, where
the inflow of FDI dropped by 40% to 451 billion USD,
mainly due to the large repatriation of accrued income by
international US companies after tax reforms. This led to a
decrease in flows to European countries [6].

After examining the general situation regarding the
transnationalization of the economy, it is possible to move
directly to the next element of the study - the theoretical
and practical aspects of the growth of transnational
corporations. Most of the theoretical research by different
authors develop the bases, completing them with new
observations. In general, according to the combined data
of materials, three scientific directions of growth of FDI
and TNCs are allocated :

- specific advantages;

- the dynamism of opportunities;

Initial R &
D expenses

Fixed profit of
TNCs

Establishment of
fixed-cost
research
laboratories

Increase in
profit per unit
of R&D
expenses

Fig. 3. Impact of R & D expenditures on corporate profits
Source: compiled by the author based on data [7-11]

There are two directions of development of the
company with the use of the costs of specific benefits,
which is contained in R & D. In the first direction, there is
an increase and profit recording relative to the cost of
technological equipment, while the other shows the
growth and dependence of TNCs on these investments..

In addition, researchers note the stimulation of R &
D diversification within the corporation, as technological
attachment leads to the spread of knowledge from one
product to another. The flow of technological innovation,
especially in rapidly changing industries, ultimately
determines the growth rate at the firm level [7, 9-11]. The
lack of constant and systematic replenishment of
technological knowledge, based on investment in R & D,
will significantly limit the growth of the corporation, even
in spite of the existence of other specific competitive

- knowledge pooling [7-9].

The first element of strategic expansion is the
direction concerning the company's special advantages.
Mainly, this aspect is based on technological advances.
Technological equipment allows to accelerate the FDI
turnover at constant restoration and slow down at a certain
stagnation [5-6], being a necessity for geographical
diversification in foreign markets.

An interesting addition to this expansion theory by
improving the technological basis is the results of Buckley
and Cason's research based on the work of Edith Penrose.
The importance of entrepreneurial opportunities for the
disclosure and use of investment opportunities in the
environment is important [1-3]. Diversification takes place
when taking into account two main components: research
and development (R & D) and results from product
innovation (focusing on the development within
marketing and through marketing).

Buckley and Cason [7-8] noted insufficient Penrose's
consideration of R & D. In their work Buckley and Cason
argue that R & D helps the company to grow, while the
researcher claims about the equality of the simultaneous
growth of R & D expenditure and growth of TNCs [4-8].
As a result of these studies, a schematic illustration
of the transformation of TNCs into R & D costs was
created (fig. 3).

Technological
innovation
embodied in
products

Growth of R &
D expenses

Growth of TNC's
Fixed proﬁt proﬁts

of TNCs

opportunities. The company's growth rate is determined
by a trade-off between improving the quality of products
and increasing the cost of R & D.

The work of Buckley, Cason and Penrose is that the
growth of TNCs must take into account both geographic
diversification into new markets and product innovation.
Approval of Penrose was based on the fact that
geographical diversification into new markets is a set of
"assistive  empirical assumptions”.  Today, such
assumptions may include trade and investment barriers,
national regimes of property rights and the political
situation, dependence on the commodity market, etc. [5-
7]. Organizational management decision considers these
aspects as possible factors of influence, and not as the
basis on which the development model is being built in
order to use the opportunities of the external market.
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The experience of Penrose allows us to conclude on
the construction of a TNC system based on marketing
strategic decisions [5-6]. Marketing, as a component,
cannot independently provide sufficient competitive

advantages to the ever-increasing technological solutions
of global competitors. Investments in R & D is an integral
part of the growth of any corporation. The rating of
corporations for R & D expenditures is shown in table 2.

Table 2. Rating of corporations for R & D expenses, billion dollars USA

. . Period
No. Corporation Field 2012 2015 2018
1 Amazon.com, Inc. Retailer 2,9 9,3 22,6
2 Alphabet Inc. Software and services 52 9,8 16,2
3 Volkswagen Cars and components 8,7 13,9 15,8
4 Samsung Technology and equipment 9,3 13,9 15,3
5 Intel Corporation Semiconductors and semiconductor equipment 8,4 11,5 13,1
6 Microsoft Corporation Software and services 9,8 12 12,3
7 Apple Inc. Technology and equipment 2,4 6 11,6
8 Roche Holding AG Pharmaceuticals, biotechnology and natural Sciences 8,5 10,2 10,8
9 Johnson & Johnson Pharmaceuticals, biotechnology and natural Sciences 75 8,5 10,6
10 Merck&Co., Inc. Pharmaceuticals, biotechnology and natural Sciences 8,5 72 10,2
11 Toyota Cars and components 73 9,5 10
12 Novartis AG Pharmaceuticals, biotechnology and natural Sciences 10,2 9,7 8,5
13 Ford Motor Company Cars and components 53 6,7 8
14 Facebook, Inc. Software and services 0,4 2,7 78
15 Pfizer Inc. Pharmaceuticals, biotechnology and natural Sciences 9,1 8,4 7,7

Source: [11]

There is an increase in spending over the period
2017-2018 for the research and development of almost all
representatives of the first 15th rating. Most of the
corporations with significant R & D investments are
represented by US representatives. The sphere of
corporations dominates the pharmaceutical sphere. It has a

fairly standard explanation: the pharmaceutical sector
requires continuous improvement of the means of
treatment, the development of biotechnology and genetic
engineering. The research of corporations' expenditures
for R & D and income in 2018 is shown in table 3.

Table 3. R & D expenses and corporation revenues in 2018, billion dollars USA

No. Corporation Field R&D Profit
1 Amazon.com, Inc. Retailer 22,6 232,8
2 Alphabet Inc. Software and services 16,2 136,8
3 Volkswagen Cars and components 15,8 230,7
4 Samsung Technology and equipment 15,3 218,17
5 Intel Corporation Semiconductors and semiconductor equipment 13,1 70,8
6 Microsoft Corporation Software and services 12,3 110,36
7 Apple Inc. Technology and equipment 11,6 265,5
8 Roche Holding AG Pharmaceuticals, biotechnology and natural Sciences 10,8 56,8
9 Johnson & Johnson Pharmaceuticals, biotechnology and natural Sciences 10,6 81,5
10 Merck&Co., Inc. Pharmaceuticals, biotechnology and natural Sciences 10,2 42,2
11 Toyota Cars and components 10 264,4
12 Novartis AG Pharmaceuticals, biotechnology and natural Sciences 8,5 53,1
13 Ford Motor Company Cars and components 8 160,3
14 Facebook, Inc. Software and services 78 55,8
15 Pfizer Inc. Pharmaceuticals, biotechnology and natural Sciences 7,7 53,6

Source: [6, 11-12]

An interesting trend is that corporations with lower
annual income are more likely to be allocated to research
and development, which is more than 14% of average
revenue. While the "giants of profit" invest in R & D only
more than 5% of annual income. However, in actual
terms, "profitable giants" are not inferior, being at about
the same level.

The representatives of the pharmaceutical and
biotechnology spheres mostly spend more than 14% of
annual income. This situation is justified by the logic of
the existence of such corporations: the constant
improvement of pharmaceuticals, the development of

genetic engineering, the discovery of new substances, etc.
Competition in this area requires constant development
and significant technological improvement.

Thus, there is a certain tendency to R & d
expenditures by corporations in the amount of about 12%
of annual income.

However, in spite of the fact that in relative terms the
"profitable giants" invest almost 10% less in R & D, this
does not overlook the level of actual indicators. The
constant growth of annual income allows us to conclude
that the confirmation of the theoretical growth of TNCs is
not only based on the assumptions of Kylie and Bailey (R
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& D), but also on the assumptions of Penrose. Determines
the importance of the internal development of TNCs
through marketing. Corporations, for example, Apple,
Toyota, Samsung, Volkswagen spend a lot of money on
the marketing component. According to the 2017 rating,

Table 4. The expenses of corporations for marketing steps in 2017

published at the end of 2018, Samsung is among the top
five corporations that spend significant advertising
spending, heading this list. The expenses of corporations
for marketing steps in 2017, is shown in the table 4.

No. Corporation Field billion dollars USA %
1 Samsung Technology and equipment 11,2 4,3
2 Alphabet Software and services 51 46
3 Pfizer Pharmaceuticals, biotechnology, natural Sciences 2 3,8
4 Amazon Retailer 33 1,8
5 Johnson & Johnson Pharmaceuticals, biotechnology, natural Sciences 19 24

Source: compiled by the author on the basis of data [12]

The "financial giants" invest a significant part of the
annual revenue in the marketing steps to promote their
product. However, it is also possible to see that in the total
size of the annual income of the investigated corporations
does not vary significantly in the relative value of the
corporation to the corporation. This confirms the necessity
of the existence of specific features of the company not
only in one of the elements but in the combination of R &
D and marketing as a common element of the internal
development of the corporation.

The second direction of TNC growth is the
dynamism of opportunities. Different scientists studied
and regulated different approaches. The Penrose model
has been certified for intentional knowledge upgrades [5].

Steen and Leashe argue that MNCs are developing
the higher-order capability for managing resources under
their control [7-8]. In general, all models of authors are
largely based on the assessment, addition, and expansion
of the well-known Dawning's paradigm. This concept is
based on three main elements of transnationalization:
ownership, internalization and location advantages.

The dynamism of opportunities is reflected by the
new factors in the form of tax avoidance and transfer
pricing. By Solomon Picciotto, tax avoidance gives
transnational corporations the ability to allocate resources
to international tax planning [1]. Strategies acquire the
two generalized ways. First, the main methods of tax
evasion are the creation of "core companies" in
jurisdictions with low tax. Secondly, the activity of TNCs
is differentiated by function. Branches whose profits are
subject to high tax rates are treated as those that carry out
"low risk™ production, distribution, or research functions
and are attributed to "standard" profit rates, typically using
a one-way transfer pricing method [1].

The expansion of TNCs activity through the
dynamism of opportunities under the old theoretical basis
is the subject to internationalization, and, according to the
new analytical research, the tax avoidance and the transfer
pricing is added.

The development of the differentiation of the TNC
network leads to the modernization and deepening of FDI.
This statement is proved and analyzed in the work of
Stephen R. Buzdugan and Heinz Tyselemann. TNCs
increase their specialization in the TNC network and
create a differentiated network of subsidiaries in order to
maximize competitive advantages by developing their
contributions to meet the strategic objectives of the parent

company [2]. As a result of this development, the authors
summarize the information on the need for the existence
of the mandate and strategic autonomy of branches for
deep implementation, the development of the main areas
of activity, the implementation of specialized functions.

Edward Gilmor, UIf Andersson and Nusan Memar
have similar views. An additional element to similar
theories is the uniqueness and independence of the branch
due to FDI invested in R & D. The parent company
provides investment and responsibility to one of the
subsidiaries for certain research activities. This
responsibility requires the subsidiary not only to use its
own capabilities but also to integrate the research and
development mandate into its existing portfolio and
resources that are in the internal and external environment
of the subsidiary to promote the overall growth of the
TNCs [3].

The third element in the growth of FDI and TNCs is
a knowledge pool of placement, international transfer,
especially  through international human resource
management as a prerequisite for growth. Human
resources play an important role, which in a sense is an
entrepreneurial potential that is critical to diversification
and growth, as well as the size of a management team that
sets the limits of the firm's growth rate.

As a result of these assumptions, researchers, for
example, Tang and Mahoni, and Beamish and Gorzen
noted the importance of migrant force. Researchers
believed that migrants represent links between important
knowledge between geographically dispersed centers of
economic activity within the TNCs. Expatriates facilitate
the exchange of knowledge transmitted internationally
from a parent company with knowledge of location
located in the host country's management, and this merger
has a positive effect on the sustainable growth potential of
MNCs, at least at the initial stage of the conquest of the
new market [3, 13].

Migration is not only a process of transferring
productive factors between countries, but also affects
aggregate productivity through interaction with TNCs,
resulting in an intraindustry redistribution of market share
to more productive firms. Moreover, migration reduces
the variable costs of offshore TNCs and leads to more
types of available for consumers.  Both channels
contribute to an increase in global production efficiency
[7, 3, 13]. Thus, in addition to welfare growth through
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openness to TNCs, further
achievements.

At the same time as the existence of the theoretical
bases for the expansion and functioning of transnational
corporations, the question arises of the geographical basis.
Localization is considered by researchers as a certain
aspect of management and strategic planning for
efficiency improvement.  Suitable research of the
theoretical basis for the expansion and functioning of
transnational corporations is geographic diversification,
which is often overshadowed by researchers in the
writings. Thus, according to Forbes magazine [14], which

migration  encourages

lists the largest 2,000 TNCs, 61 countries are represented
among the functioning. According to the rating in the
United States, there is the largest number of companies
based there, reaching a total of 575 pieces. The second
position belongs to China and Hong Kong with 309
companies, followed by Japan with 223 corporations.
Even with this source of rating lists, it is possible to
observe a significant approximation to more similar rates
by location, which is significantly different from
the first publication in 2003. The statistical changes
in the number of corporations by countries are shown in
fig. 4.

( Country ) > ( 2003 —( 2018 )
( USA ) |:> ( 776 companies )::> ( 575 companies )
( China ) |:> ( 43 companies )::> ( 309 companies )

Fig. 4. Leading countries for the formation of TNCs
Source: compiled based on data [14]

According to the data of 2018, the trend is to place
the parent companies not only in the United States but
also in China and Japan. This situation shows the growing
role of the two last countries on the international scene
with the following factors:

a) technology development;

b) state support for both the formation of TNCs and
the partial ownership of the shares of large corporations;

c) reformed tax system.

At the same time, the tendency for localization
changes focuses on the transnational competitive concept.
American brand space is characterized by quality and
redundancy of offerings on the example of Apple, Google,
Coca-Cola, Microsoft, etc. Nevertheless, in 2018, the
dominance of American brands in the world market is
decreasing. From Samsung to Toyota to Mercedes Benz,
companies in Europe and Asia are destroying the cost
reduction system by offering goods at a stable price [15].

The biggest competitive pressure of US
multinational  corporations in 2018 is felt by

Table 5. Top 10 TNCs ranked for yield in 2018

the Asia-Pacific region, which is now constantly opening
new markets in developing countries. Here, the main
representatives are two Chinese companies, Haier and
Kelon, which are becoming the leading competitors for
the well-known American brands Whirlpool and Maytag.
At the same time, the South Korean brands, Samsung, LG
and Hyundai, began to appear in the arena in new
categories for themselves, such as smartphones, home
appliances and cars [15].

The leaders in the ratings of TNCs have a direct
influence to the processes of transnationalization.
They form a foundation and set the level of development
in their spheres as leaders and innovators. Various
ratings review the list for a variety of key indicators, so
Global 500 Fortune considers profitability as the
"Global 2000: The World's Biggest Public Companies"
rating is published in terms of profitability.

Table 5 shows the first 10 companies for profitability
by the end of 2018.

No. Corporation Field Billion dollars USA
1 ICBC Finance 45,2
2 JPMorgan Chace Finance 32,7
3 China Construction Bank Finance 38,8
4 Agricultural Bank of Chins Finance 30,9
5 Bank of America Finance 28,5
6 Apple Technologies 59,4
7 Ping An insurance Group Insurance 16,3
8 Bank of China Finance 27,5
9 Royal Dutch Shell Oil production 233
10 Wells Fargo Finance 23,1

Source: compiled based on data [15]

According to the ranking, presented by "Global
2000: The World's Biggest Public Companies" [15],
leading profits are led by the financial corporations. The
Industrial and Commercial Bank of China (11SC) is ranked
first in the ranking for seven consecutive years. The
remaining four largest Chinese banks represented the top

ten, while JPMorgan Chase climbed to second place due
to higher profits and significant tax cuts.

Position leader has an interesting feature of this
position. Thus, ICBC has a significantly higher interest
margin than international companies [4, 17]. Focusing on
business through the use of individuals as important
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customers allowed the bank to create a solid client base
inside the bank. The state guarantee provided credibility to
the banking system. This has led to the expansion of its
own base on the international arena. The outbreak began
by investing in significant projects and enterprises
supported by government agencies of other countries to
stabilize and reduce the risks of the investment portfolio
[17]. Thus, this type of expansion of TNC activities may
characterize the transition of the national company to the
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Fig. 5. The number of American affiliates in the EU-28 in 2018
Source: compiled by the author based on data [4]

The given at the Figure data allows you to analyze
the location of TNC affiliates from US parent corporations
in Europe. The largest branches in 2018 from US
transnational corporations are located in the UK, Germany
and France. This trend is bilateral, but to confirm the
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international level, and with the year to the transnational
through the development of the marketing base as a client-
oriented different types.

In the above local competition between the United
States and other areas for the location of subsidiaries of
TNCs, it is also worth considering the placement of
affiliated companies as interconnections between different
"platforms". The location of foreign (American) affiliates
in the European territory is reflected in fig. 5.
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impact on the region’s profits in each country, one should
consider separately the result of the absolute indicator -
the profits from American branches of TNCs in the
territory of Great Britain, Germany and France, as shown
in table 6.
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Table 6. Statistics for TNC affiliates in France, Germany and the UK in 2018

Country Profit in million Euros Working places Quantity
France 247 957 660 099 4353
Germany 512 720 773942 4583
Great Britain 200 226 488 846 4 468

Source: compiled according to the data [4]

The data in the table allows us to conclude that the
study of the three countries has a significant profit form
the activities of their American transnational corporations.
At the same time, it allows for an increase in the number
of jobs, which allows to some extent maintain
unemployment within the permissible values for Germany
and Great Britain.

From the data above, it is noticeable that, despite a
large number of affiliated branches in Britain, there is a
significantly higher income in Germany. This situation
requires more attention. Firstly, in Germany, there are
clearly defined rules in the legislation regarding branches
and subsidiaries of foreign missions. Secondly, the
continuous improvement of the technological sphere
makes it more expedient to use existing German
equipment and equipment. Germany remains an attractive
investment for American companies. In fiscal 2018, 77%
of US corporations recorded sales growth, 82% believed
that a positive trend in 2019 would continue, 61% planned
to expand their business in Germany over the next three to
four years. American companies in Germany appreciate
the qualifications of workers, the potential of the sales
market and infrastructure. They critically assess corporate
taxation and labor costs [4, 16].

In considering the situation regarding TNCs, it is
necessary to consider not only the placement of affiliates
from US multinational corporations but also in the
opposite direction. A positive picture is observed for
German companies in the USA. Positive results of the
year are accompanied by optimistic forecasts for the next
year. Thus, 80% expect an increase in employment and
55% expect an increase in investment. At the same time,
70% want to strengthen their relationship with the US
over the next three to four years. German companies in the
US are positively evaluating the high potential of the
market, taxation and favourable conditions for start-ups,
entrepreneurship [4, 16].

In general, such a study leads to the conclusion that
the mutual location between countries with respect to
TNCs allows to get benefits for each party, despite the
general opinion of the existence and benefits of only
American and Chinese TNCs.

Conclusions

The transnationalization of the economy will be
quite significant in 2018. The countries of the
transnational index are the United States, China, and the
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European region as the only research element. The
development of TNCs on a theoretical basis takes place as
a process characterized by the transition of a national
company due to the specific advantages and dynamic
capabilities of the TNCs. The basis of a transnational
corporation is the constant expansion of FDI. The
direction of investing in the field of development and
research leads to the creation of constantly new potential.
Addition to the cost of research and development is the
cost of marketing, which allows to increase the profit of
corporations. Recent research suggests that TNCs are an

process of creating transfer pricing. At the same time, the
important point is the use of migrant force as an element
of the growth of TNCs in the use of knowledge.
Consideration of the geographical location of TNCs
allowed investigating the movement of a central location
from the United States to China and European countries,
replacing the American brand monopoly in the markets.
Practical consideration has allowed determining that the
maximum result is achieved by a combination of several
elements of growth while creating so-called "profitable
giants".

element of growth - avoiding taxation, which affects the
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BU3HAYEHHsI cydacHol reorpadignoi ausepcudikanii THK; mocmimkeHHS TEOPETHYHHX OCHOB 3pPOCTaHHS KOPIOPALii; CTBOPEHHS
MIPAaKTHYHUX HiJTBEPIKEHb TEOPETHYHOI OCHOBH HA OCHOBI aHAII3y Cy4acHHX 0a3 AaHMX; pO3IJI BIUIMBY €JIEMEHTIB PO3MIUPEHHS
THK Ha ix noXigHicTh. BUKOPHUCTOBYIOTHCS Taki MeTOIU: TpadiuyHmil METOl, CTATUCTHYHHUN METO/I, ITOPIBHUILHUIA METO, IHICKCHUIN
MeToa. OTpUMaHO HACTYIHI pe3yJIbTAaTH: BUSBICHO PiBEHb TPaHCHALIOHANI3AIil CBITOBOTO rOCHOJAPCTBA B JUHAMIII Ha HPOTA3i
OCTaHHIX POKIB, IO XapaKTepU3yeThCs CTarHaliiHoro curyauiero Bin 2014 poxy. JocmimkeHHs TpaHCHaLiOHAMi3alLlii OKpeMHUX
€KOHOMIK CBITYHTH PO MeBHE HAOIIKEHHS KpaiH JiepiB 10 OUIBII CXOKUX MOKa3HUKIB. Taka TeHOESHLIs CBIAYUTEH MPO BaXKIUBICTH
reorpadiunoi ausepcudikauii pmst THK. Byno BusiBieHo B3aeM03B’s130K J0XigHOCTI (ipMu IpH BUKOPUCTAaHHI pi3HUX BUTpart. [Ipn
PO3IIISIIi MOKa3HUKIB JOXIAHOCTI KOHCTATYEThCS 3pocTaHHs po3Mmipy Bix Burpat Ha HJIJIKP Ta mapkerunr. Bussneno, mo HIAJIKP,
SIK CKJIaZIoBa, HE MOYKE CaMOCTIIfHO 3a0e3IeunTH JOCTaTHI KOHKYPEHTHI IepeBark MOoCTiHHO 3pOCTAI0YNM TEXHOJOTIYHNM PilIeHHIM
rI00anbHUX KOHKYypeHTiB. [linTBep/ukeHO HEOoOXiqHICTH ICHYBaHHS CHENU(IYHMX MOXIMBOCTEH KOMIIaHii IpH BUKOPHCTaHHI
MIPAaBWJIGHOTO MEHEKMEHTY B reorpadidHiii cTpyKTypi. 3a3Ha4aeThCsl NMPO 3MiHY JIOKAJIBHOTO PO3TANIyBAaHHS SK MaTCPHHCHKHX
kommaHiit Tak i ¢inmiii THK, mo mpu3BoauTh 10 TpaHCHALIOHAJIbHOI KOHKYPEHTHOI OOpOTHOM Mi KpaiHamu. 3a3HAYCHO IPO
BOXXJIMBICTh OJHOYACHOTO BHKOPHUCTAHHS MAEKITBKOX METOMIB 3pOCTaHHSA Kopropauiii. BHCHOBKM: IOCTIKEHHI TEOPETHYHI Ta
MPAaKTUYHI OCHOBU B pOOOTI CBiAYaTh MPO BaXKJIHMBICTH KOKHOTO eneMeHty ynpasiniHHs THK. Burpatu xopmopariii HeoOXinHa
CKJIaJ0Ba PO3BUTKY Ta PO3LIMPEHHS AiSIIbHOCTI. MapKeTHHIOBI BUTpaTu, MirpamiifiHa cuia, BuTpatu Ha HJIJIKP, reorpadiunmii
JIuBepcH(piKanifHAil MEHEIKMEHT IO3BOJIIIOTh BHKOPHCTOBYBATH IIOTEHIIA] KOMIIAHI OUIBII IMIMPOKO IIPH OJHOYACHOMY
BUKOPHUCTAHHIO Pi3HUX METOAIB. [IpakTHYHMIT pO3IIIsi JO3BOJIMB BU3HAYHUTH, IO MAaKCUMAIGHUN PE3yJIbTaT JOCATAETHCS 3aMOPYKOI0
TIO€THAHHS IEKITBKOX €JIEMEHTIB 3pOCTAHHS CTBOPIOIOYH IPH [TbOMY TaK 3BaHUX "JTOXITHHX TiraHTiB".
Kurouogi ciioBa: TpancHarioHansHi kopropanii; Mapketunrosi Butpary; HJIJIKP; reorpadiuna muepcudikartis.

COBPEMEHHOE COCTOAHHE TPAHCHAIIMOHAJIU3AIIMA SGKOHOMHUKHA H
GOAKTOPBI POCTA TPAHCHALIMOHAJIBHBIX KOPIIOPALIUHU

IIpeavMeToM nccienoBaHHS B CTAThe SBISIIOTCS TEOPETUIECKHE U MIPAKTUIECKHE aCHEKTHl POCTA, paCHIMPeHHs U QyHKIMOHHPOBAHUS
TpaHCHAMOHAIBHBIX KOpropanui Ha ()OHE COBPEMEHHOH TpaHCHaMOHanmu3anuu dSKoHOMHKH. Ileab pabGoTsl — aHamms
0COOCHHOCTEH TPaHCHAIMOHAIM3AIMA MHPOBOTO XO3SHCTBA M BBIIBICHHE OCHOBHBIX ()aKTOPOB POCTAa M PA3BUTHUS COBPEMEHHBIX
TpaHCHAMOHAIBHBIX KOpHopanuid. B craTee pemraroTcs cremyromue 3aAaqyi: aHAIN3 ypOBHS TPAaHCHAIMOHANU3ALUH SKOHOMHKH;
ompeneNieHne CoBpeMeHHOH reorpaduueckort muBepcudukanmu THK; nccrnemoBaHue TEOpEeTHYECKUX OCHOB pPOCTa KOPHOPALHIA;
CO3JaHUE NMPAKTHIECKHX MOATBEP)KICHUN TEOPETUYECKOH OCHOBHI Ha OCHOBE aHAIM3a COBPEMEHHBIX 0a3 JaHHBIX; PAaCCMOTPEHHE
BIMsiHUS dneMeHToB pacmmpenus THK Ha wux noxomgHocts. Vcmonb3yroTcst cieayromue MeToAbl: Tpaduuecknil MeTon,
CTaTUCTUYECKUIl METOJ, CpaBHMUTENBHBI MeTon, WMHIEKCHbIM Merof. IlomyueHsl ciieayroliye pe3yJbTAThI: BBIIBIECH ypPOBEHb
TpaHCHALMOHAIN3allUd MHPOBOTO XO3flCTBa B JAMHAMUKE HA MPOTSDKCHUU MOCIEOHUX JIET, KOTOPBI XapakTepusyercs
cTarHanuoHHas curyauueid ot 2014 roma. MccnenoBanue TpaHCHAIMOHANHM3AIMU OTAENBHBIX SKOHOMHK CBHJIETENBCTBYET 00
OTIPEIEICHHOM TNPUOIMKEHHN CTPaH JUASPOB K Oojee MOXOXKHM ITOKa3aTelnsM. Takas TEeHICHIWS CBHICTEIbCTBYET O BaXKHOCTH
reorpaduueckoii quBepcudukanuu At THK. Bruto o0Hapy:keHO B3aUMOCBSI3b TOXOJHOCTH (UPMBI IPH MCIIOIB30BAHUN PA3ITHYHBIX
cneriepUUECKUX pacxoaoB. [Ipu paccMOTpeHNH MOKa3zaTeNel TOXOJHOCTH KOHCTATHPYeTcss pocT pazMepa ot BioxkeHuss B HUOKP u
MapkeTuHr. BruiBneno, uto HUOKP, xak cocTaBisromas, He MOXXET CaMOCTOSATENBHO OOECHEeUNTh IOCTaTOYHbIE KOHKYPEHTHEIC
MIPEUMYIIECTBA ITOCTOSHHO PACTYLIMM TEXHOJOTHUECKUM pelleHHeM TIo0albHBIX KOHKYpeHTOB. [lonTBepieHa HE0O0XOANMOCTh
CYIIECTBOBAHUS CIENU(PHYECKUX BO3MOXKHOCTEH KOMIIAHMH 3a CYET NPAaBUIIBHOTO MEHEKMEHTa B reorpa)Mueckoil CTpPYKType.
OtMeuaercss 00 M3MEHEHHMH JIOKAIBHOTO PACIOJIOKEHHsS KaK MAaTepHMHCKMX KommaHuil, Tak u ¢ummanoB THK, uro mpuBoaut k
TpPaHCHALIMOHAIBHON KOHKYpeHTHOH OOopbObl Mexay crpaHamu. OTMedeHa 3HAYMMOCTh OJHOBPEMEHHOIO HCIIOJIb30BAHHS
HECKOJIBKHX METOZOB pOCTa KOpHopanui. BBIBOABI: HCCIEOBaHHBIE TEOPETHUECKHE M IPAKTHYECKHe acleKThl B paborte
CBUJIETENBCTBYIOT O BAYKHOCTH Kaxkaoro sjeMmenta ympasienuss THK. Pacxonsl kopnopaumii HeoTbeMiieMasi COCTABISIONIAs 4acTh
Pa3BUTHS W PACIIUPEHHS IESATEIBHOCTH. MapKEeTHHIOBBIE pacXo[bl, MUTpalMoHHas cuia, pacxonsl Ha HMOKP, reorpadudeckuit
MEHEDKMEHT MO3BOJISIIOT HCIIONB30BAaTh MOTEHNWAl KOMIAaHWH Oojee MHUPOKO IPH OJHOBPEMEHHOM HX HCIIOIb30BAHHE.
[MpakTrdeckoe paccMOTpeHHE MO3BOJIMIO OMPENENHTh, YTO HAaMOOIBIINIT pe3yNbTaT JOCTHTACTCS 3al0TOM COUETAaHHE HECKOIBKUX
3JIEMEHTOB POCTA, CO3/1aBasi, IPU ATOM TaK Ha3bIBAEMbIX "JIOXOJHBIX TUTAHTOB".

KnioueBble c0Ba:  TpaHCHAllMOHANbHBIE  KOPHOpanuu; MapkeTnHroBele pacxonsl; HHMOKP;  reorpaduueckas
JUBepCH(UKALIHSL.
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INFORMATION TECHNOLOGY FOR RECOGNITION OF ROAD SIGNS USING A
NEURAL NETWORK

The subject of the study is the methods and tools for automation of recognition of road signs at the level of software implementation.
Detection of road signs is associated with the processing of a significant amount of video data in real time, which requires significant
computing power. Therefore, the purpose of the work is to automate the process of recognition of road signs for filling the databases
of navigators, which will allow operatively provide drivers with up-to-date information on established road signs. The following tasks
are solved: analysis of methods and software for image recognition; development of the search algorithm for characters in the video
frame; implementation of the definition of the contour of the sign; realization of a convolutional neural network for recognition of a
sign; testing of applied information technology work. Methods are used: convolutional neural networks; Viola-Jones's method for
recognizing objects in an image, the Bousting method as a way to accelerate the recognition process with a large amount of
information. Results: Different approaches to the identification of symbols on images, various software tools for object recognition,
image transformation for optimal fragment are considered. An algorithm for detecting and recognizing the sign is developed. Using
the Viola-Jones method, a fast way to calculate the values of attributes using the integral representation of an image is implemented.
The recognition process takes place by constructing a convolutional neural network. Features of the layers of the roller network are
considered. Schematically illustrated script recognition. The process of interaction of the system with different data sources is
represented by a diagram of precedents. The main result is the creation of information technology for the automated recognition of
road signs. The algorithm of its work is presented in the form of a sequence diagram. Conclusions. Using the applied application
information technology, recognition of road signs is made with an average probability of 88%, which allows automating the process

of filling the database of navigators to a large extent, to increase the reliability and productivity of the given process.
Keywords: image recognition; neural network; computer vision; information technology.

Introduction

In our time, a simple and commonly used tool for
drivers to make it easier to control a car is navigators.
They plan a route, report traffic congestion, inform about
any changes in the road situation. It provides both driver
comfort and road safety for all road users. One of the most
important parts of many programs, including navigators, is
a constant update to meet the expectations of users.
Thanks for upgrading the recommendations for drivers are
really relevant and reflect the real situation. At present, the
updating of the database, for the most part, is still
provided by people who see the road signs, markup,
analyze the situation on their own. But with the
development of technologies and software, there is an
opportunity to automate some of these processes, and
especially — the stage of recognition of road signs.
Transferring the process to a software basis will enable
data updates to be faster, cheaper, and better than large
staffs do. Thus, the need for human presence to verify the
work of the program will remain, as it is necessary to
achieve a high level of quality that will provide complete
safety, but the volume of work will be reduced several
times.

Analysis of publications and problem statement

The task of recognizing road signs is quite known.
This is due to the fact that, firstly, road signs play a crucial
role in regulating traffic, ensuring the safety of drivers and
pedestrians, as well as in navigation and route search
tasks; and secondly, road signs are designed in such a
way as to facilitate their identification.

Signs recognition is usually performed in two stages:
the detection of a sign and its own recognition. Road signs
have specific colors and shapes, and are usually visible

from afar on the road. As a rule, known algorithms and
software detecting signs take these features into account.
The input (most often video from the camera installed on
it) passes a series of transformations in order to select
areas that are in the correct shape and contain character-
specific colors. [1].

Detection of road signs is associated with the
processing of a significant amount of video data in real
time, which requires significant computing power. Pre-
processing an image can greatly ease the task. One way to
preprocess the video is to analyze the colors used to
transfer to the HSV (Hue, Saturation and Value) space.
The preliminary color analysis allows to increase the
reliability and the speed of software [2].

In addition, for the classification of road signs,
methods are used based on the analysis of signs [3, 4].
For example, for constructing and analyzing a system of
attributes, the method of reference vectors and histogram
oriented gradients can be used [5].

A promising area of research is the use of neural
networks for problems of pattern recognition, in
particular, road signs [6, 7]. When learning a neural
network or other classifiers it should be borne in mind that
the image of characters on video is not always perfect.
The quality of the image depends on lighting, weather
conditions, the angle of view, the presence of
contamination or damage and other noise factors. In order
to take into account these features, it is necessary to have
a significant amount of video captured in different
conditions. An alternative can be the use of synthetic data
obtained by generating different noise and transformations

(8].

The purpose of the work is to automate the process
of recognizing the road signs. To achieve the goal, the
following tasks should be solved:

-analysis of image recognition methods and
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software;

- development of the search algorithm for characters
in the video frame;

- realization of the definition of the contour of the
sign;

- realization of a convolutional neural network for
recognition of a sign;

- testing of applied information technology.

Materials and methods of research

1. Description of the existing process of
recognizing the road signs

Safety on the road is provided primarily by traffic
rules. They have their foundation - road signs and markup.
Signs are divided into:

- prohibitive;

- giving orders;

- warning;

- priority signs;

- information;

- service signs.

Categories of signs are different, but within the
category the signs are very similar. Signs, preferably, have
the same colors and shape, so that drivers can understand
from the distance what they mean. Similarity of forms and
shades on signs (shades according to standards should be
used the same on all signs) helps not only the drivers but
also those who replenish the base of signs for navigators.

The complexity of recognizing signs will be that they
can be accompanied by signs bearing different
characteristics (the time of the sign, the length of the sign,
etc.). When recognizing characters, it is difficult to take
into account such plates, because they are usually smaller
than the sign and have a small font. However, their
presence allows us to understand that the insertion of signs
in the database can not be unambiguous and has certain
rules. Without taking into account additional information,
some signs can still be entered into the database.
However, you need to lay down a number of rules that
must be respected when entering the recognized sign.

First of all, when implementing the recognition of
road signs, you need to pay attention to the signs
"pedestrian crossing”, "speed limit", "ban on turning",
"ban on overtaking" "curvature of the road", "caution,
children” and "steep ascent/descent”. Recognition of these
signs is of primary importance. If these signs are clearly
recognized, further addition of signs to the database will
not require the significant effort.

Currently, the process of filling the database of
navigators is due to the staff of the workers. From drivers
of special cars there are video data on which the real road
situation is shot - markup, signs, traffic lights, entrances,
intersections - everything that the average driver sees.
With this information, it is possible to estimate many
different factors, for example: what path is indicated by
the sign, to what extent it acts, as well as whether it is
duplicated and whether it should be introduced into the
database. With the help of human skills, these factors
manage to take into account and realize the maximum
similarity of the map with the road. Mostly, thanks to this

quality, human labor remains indispensable in a field that
does not tolerate mistakes.

But software tools are fast developing and at least
signs can be automated, supplemented by defining the
position in shape and size on the images and integrated
into the process of filling the database with a number of
advantages. Since the input, we have video data that can
be decomposed into frames and each scrupulously
checked (automated), then the work is reduced to
determining the presence of a character in the frame and
determining its content..

To determine the presence, you can use such a
feature as the monotony of shades. Each sign uses the
standard colors - white and blue; red and white; red, white
and black. Signs stand out against the background of the
environment. Even if they are not so clearly visible by the
human eye, you can automatically recognize red with
white between green and blue on a grey background. Of
course, these colors are widespread. But looking for
specific shades, combinations of colors and their
accumulation can at least cut off frames that do not
contain them and, accordingly, do not contain signs. It
should be noted that most frames can only contain gray
road, white marking and sky. These frames are intended to
be cut off. Next, you need to find out where there is a
sign, and where is the blue car. For example, through the
shade of windshield inside or in the form. This will reduce
the number of frames and facilitate the work of the neural
network, which would require a lot more time.

From the description of the existing recognition
process and its shortcomings, we can distinguish the key
fragments that should improve the applied information
technology (AIT), its main functional tasks and
advantages.

The main task of the AIT is to identify places where
there is a road sign and recognize which sign is present at
least of those that should be manifested in the first place —
"pedestrian crossing”, "speed limit", "ban on turning",
"ban on overtaking" "curvature of the road", "caution,
children" and "steep ascent/descent”. Thus, a number of
images will be created from the files — frames that the
program will process. Since it has no information how
large the series will be, it is necessary to provide for the
acceleration of work with a large amount of data. As a
solution to the problem, you can split the video file into
smaller fragments during operation.

The AIT should use free software, open source
resources and ready-made libraries, modules, or functions
since the development of object recognition in images is
already well-developed.

When recognizing a road sign, it should be entered
into the base of the navigator, although it is desirable to
also this stage to automate. But for this, it is necessary to
find the distance to the sign, its relation to a certain road,
and to a certain part of it, which will greatly increase the
complexity of the project. Therefore, there is a need for an
intermediate stage of data storage - the result of the
process of recognition process should be inserted into a
separate database, which will store the data on the sign,
the frame on which it is located and additional data. If
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necessary, it will be possible to integrate the data thus
prepared with the results into the navigator base.

2. Research methods

The Viola-Jones method is used to detect objects in
images [9]. Although the method can recognize different
classes of images, the main task when creating it was the
facial recognition. the algorithm of this method is able to
detect objects very reliably and quickly enough to work in
a real time.

The Viola-Jones detector is a cascade of classifiers.
It combines the following concepts:

- features of Haar are used;

- images are presented in an integral form;

- boosting is used.

The feature of Haar is a rectangular primitive. From
the beginning, the authors proposed the main four
primitives (fig. 1a), but the OpenCV library uses
additional primitives (fig. 1b) that enhance the recognition
quality by additional tests from non-standard points of
view.

The value of the attribute is calculated by the
formula:

F=X-Y,

where X — the sum of the pixels values filled with a light
part of the sign, Y — the sum of the pixels values filled with
the dark part of the sign.

=12y el
e N K

Fig. 1. Haar's primatives are: a) standard, b) additional

Each feature works in pairs with the threshold, and
the decision of the sign is determined by comparing its
value with the threshold. The Viola-Jones method
implements a fast way to calculate the values of the
attributes, which uses the integral representation of the
image. The integral representation of an image is a matrix
that has dimensions as in the original image, the value of
the elements which is defined as the sum of intensity
peaks of the ridge, which are left and above. In such a
matrix, the sum of the pixels values in an arbitrary
rectangle is calculated at a constant time.

Consider a set of methods that help increase the
accuracy of analytical models. "Weak" models do not
allow to classify objects, make a large number of errors.
Therefore, Boosting  (enhancement, amplification,
improvement) is intended to amplify weak models by
sequentially constructing their compositions so that each
subsequent model corrects the errors of the previous one..

AdaBoost (adaptive boosting) is a machine learning
algorithm proposed by Yoav Freund and Robert Schapire
that combines a number of weak classifiers into the strong
one. This is done on the Haar features — signs of digital
images used in pattern recognition. They owe their name

to the intuitive similarity with Haar wavelets. Haar
features were used in the first real-time face detector.

AdaBoost assigns a weight to attributes based on
their quality, and as a result, a strong classifier is a linear
combination of weak classifiers with corresponding
weights. The Viola-Jones method combines several strong
classifiers built by the AdaBoost method in a cascade. To
train the cascade, a positive and false sample is built. The
classifier in the first stage is selected in such a way that
with a small number of primitives to cast a large number
of erroneous objects while preserving almost all positive
objects of the training sample.

For each next step, the number of primitives
increases, false-positive actions of the previous stage are
denoted as negative elements of the sample and the
training continues. Consequently, the following stages are
trained to correct the errors of the previous, while
maintaining high accuracy on the true sample items. Thus,
using a cascade allows you to quickly reject most of the
false objects in the early stages, which greatly reduces the
number of computations. Among the benefits of boosting:
good generalizing ability; the simplicity of
implementation; own overhead boosting costs are small;
the ability to identify objects that are noise emissions.

The detection process is performed by sliding the
detection window throughout the image. For each
window, the cascade solution is calculated. In the case of
a positive answer, it is assumed that the desired object is
inside the window. After completing one pass of the
image, the window size is increased. The window size is
increased until a predetermined size is reached. A smaller
percentage of increase improves the detection rate but
increases the total processing time.

The recognition process takes place by constructing
a convolutional neural network [10, 11].

Rolling Neural Networks include the three main
paradigms:

1. Local perception. At the entrance of each neuron,
not all images (or outputs of the previous layer) are fed,
but only some of its area and each individual neuron is
separate. This significantly reduces the amount of
computing and at the same time allows you to save the
topology of the image from the layer to the layer. With
this approach, each neuron of the next layer receives
information not from the entire previous layer, but only
from the part that it describes. The selected part may be
described by a matrix (usually it is chosen in the size of
5 x 5). "Scanning" by a neuron only a part of the image
allows you to capture its features, which greatly increases
the accuracy of recognition.

2. Joint scales. This concept allows for a large
number of bonds to use a relatively small number of
parameters to be studied, by selecting weight coefficients.
This is achieved due to the fact that all neurons of the
same card have the same weight coefficients (matrix of
weights). Therefore, when learning the network for an
entire map, only the weight matrix is adjusted. As a result,
the training of the network runs much faster than the usual
perceptron, which, during training, is configured to each
link between the neurons of neighboring layers. For
example, consider the number of parameters that can be
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configured between two 14 x 14 and 10 x 10 cards with a
5 x 5 weight matrix. In the conglomerate it will be the
number of elements of the matrix of weights, that is, 25
parameters, in the perceptron, this will be the number of
all the links between the cards, that is, 19600 parameters.
At the same time, from this assumption, the accuracy of
recognition does not decrease.

3. Sub-sampling. The essence of this idea is to
reduce the spatial dimension of the image. There are
layers of the same name that do not analyze the image but
only reduce its size, without losing the already highlighted
features. This approach allows achieving partial
invariance to scale.

The structure of convolutional neural networks
involves the alternation of convolutional and sub-
sampling (sub-level) layers initially and the presence of
several fully-connected layers at the output.

Consider the features of the layers of the
convolutional network.

1) Convolutional layer.

The essence of this layer is as follows: a limited
matrix of weights moves along the treated layer, is
multiplied by element in a fragment of the layer,
the result is summed up and applied to the input
of the activation function of the corresponding neuron of
the convergent layer. The matrix of weights, it is
a set of weights or a kernel of convolution, as if
"graphically encodes" any sign, for example, the presence
of a corner or a line. By the principle of shared
weights, each core of the convolution forms
a separate instance of the map of the signs, and

since usually several nuclei are used, the neural
network is multidimensional (on one layer, many
independent maps). When processing the matrix

of the weight of the layer, it is displaced every
time not in full step (the size of the matrix), but
on the small one. For example, with the dimension of a
5 x 5 weighing matrix to not "skip" the sought-after
attribute, it tends to move one or two neurons instead of
five.

The convolutional layer performs the convolution
operation of input signals X (outputs of the previous
layer) with the kernel W :

(X*W)(t) = T X (U)W (t —u)du . @)

In the case of discrete values, the formula for the
convolution of the i-th value takes the form:

(X W), =T xm @

If the input layer of the convolution is an image
formed by the outputs of the previous layer X, the
convolution with the kernel, which encodes a sign, taking
into account the bias B, forms a map of signs:

XU =B+ X"RW 3)

The value of the output of a separate (i, j) — neuron is
calculated by the formula:

X = f(bL

where L — network layer number, b" — offset for layer L;
K — the size of the receptive field of the neuron; x'; e X*

— the element of the matrix signal of the layer L;
w, eW" —an element of the matrix weights of the layer

K K
+ZZWSL,tX| —1)+s,( ]+t)j (4)

s=1 t=1

L; f(x) — activation function.

The sigmoidal function is traditionally used as a
function of activation:

1
1+e™

fsigm (X) = (5)

Recently, however, the most commonly used is the
function ReLU (rectified linear unit), which eliminates the
negative values, leaving positive unchanged:

freu (X) = max(O, X)' (6)

Using the ReLU function speeds up network
performance. Additionally, it does not have a saturation
region that slows down the learning by gradient descent
methods.

Also, the function Softmax is often used:

]

e

fSoﬂmax (Xi) = )

The Softmax function outputs the neurons to a range
of [0,1], and the sum of all values is equal to 1. This
allows you to interpret the value of the function as the
probability of belonging to an object in a certain class.
Due to this, Softmax is often used as a function of the
activation of the source layer of the network.

2) Subsampling layer.

The subsampling operation performs the function of
reducing the dimension of the formed charts. The Max
Pooling conversion is most often used:

Xi%j = max (X|+s j+t (8)

se|LN
tE[l,NJ

where N — window size for subsampling.

From the small square area of the neuron map of the
features, the maximum is selected and taken for one
neuron map of this layer features. It stores information
about the features found during the performance of the
convolution. Rarely use the operation of finding the
Average Pooling

L 1 ShN L
i,j :WZZXHS j+tt (9)

s=1 t=1

This layer not only accelerates the further
calculations but also allows you to design a network that
is more invariant to the scale of the input image.

3) Full connection layer.

This layer is a regular perceptron that has proven
itself well in recognizing simple objects. After multiple
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image convolution passages and pushing densities, the
system is rebuilt from a specific high-resolution pixel
network to more abstract feature cards. As a rule, each
subsequent layer increases the number of channels and
decreases the dimension of the image in each channel. At
the end, there is a large set of channels that store a small
amount of data (even one parameter), which are
interpreted as the most abstract concepts found from the
original image.

These data are merged and transmitted to an ordinary
full-connection neural network, which can also consist of
several layers. At the same time, full-connection layers
already lose the spatial structure of the pixels and have a
relatively small dimension (in relation to the number of
pixels of the original image).

Research results

3. Designing an algorithm for recognizing signs

In developing the main function of information
technology, it was decided to realize the recognition of
characters using the neural network, as a sufficiently
accurate and reliable method, and to compensate for the
time of its work and the complexity of filtration of the
personnel that will come to it. Even a small video segment
contains a large number of frames. Therefore, before
giving frames for inspection, they will pass through a
simpler method of recognition, which will only check the
frame for the presence of characteristic features of the
characters - the color and form.

First of all, the search for shades will allow you to
remove more frames. All frames containing only road,
markup, cars and homes will be shed as they do not
contain the necessary shades and, what is also important,
in the right amount. In order for the frame to go further, it
must have clearly defined colors in distinct groups..

Before you give a frame for recognition, you need to
check which characters are there. To do this, you need to
check it for the presence of red and white (in the first
place), as well as with black. Such signs should be a
certain amount. In addition, so that a red car and white
marking are not identified as a sign, they must be searched
together. In addition, inside you can find a black color (a

Input frame sequence

specific black hue, so that the windshield is not
identified), but maybe the situation that it will not be.
After making such settings, the extra frames are filtered
out very quickly, and you will need to go further.

However, only a hue will not be enough, since there
may still be errors and the frames will be able to go
further. That’s why it was decided to take another check
by the selected frames - on the shape of the sign.

Another method that removes the rest of the extra
frames will be able to determine the shape of the sign. The
signs have a clear shape — a triangle, a circle, or a
rectangle. By standard, all signs should have a similar
shape, so it is a fairly clear indicator for identification.
Only one sign has the form of a diamond - a sign of a
priority road. This small exception will not be taken into
account so far, although in the future it can also be easily
recognized by a square pattern rotated 45 degrees.

Unfortunately not all signs are standing strictly front
surface to the driver and have a flat shape. Some can be
slightly deployed to the side, tilted, or even almost
deployed. Therefore, just three form templates will not be
enough and you will need to perform certain
transformations to recognize the form. The easiest and
most obvious way is to find at least one smooth side and
turn the template base on this side. If such a face is found
(the circle is identified in the process), returning the
pattern so that the face converges will reveal a triangle or
square. Creating additional templates will only complicate
the algorithm, since there are too many options for
distorting the shape.

So, with the help of another check, this time a
smaller sample of characters, it will be enough to
precisely determine exactly which frames are characters.
Recognizing a sign by these means will be difficult since
it will then be necessary to identify the numbers inside,
the drawing arrows, or even the text, so the next turn goes
to the convolutional neural network. In addition, the
neural network is able to study and improve the data over
time, replenishing its own knowledge, which is very
useful in this field..

Therefore, you can illustrate the recognition scenario
in fig. 2 schematically.
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Fig. 2. Scenario of the work of information technology
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We illustrate the process of interaction of the system
with different data sources using the precedent diagram in
fig. 3. The diagram shows:

request new
frame to check,
data
collection
potential
sign search
database
entry
Neural network 7

M recognition

System

video files

{

database
entry rules

preparing for
recognition

restricted
sample

result database

Fig. 3. Diagram of precedents

1. In addition to a sample of characters and video
files from which information is to be recognized, there are
still different rules for inserting characters into the
database, since the characters are different in principle,
and may also have different coding options, for example,
in different countries. This fact should also be taken into

open video
video conversion into
a series of images

end of video

search for colors there is an unverified image

account when recognizing signs. Recognition and entry
rules must be specified by the user, or entered in
accordance with the technical data from the video. This
will allow you to adjust the program in case the rules
change.

2. The neural network occupies the key place of
recognition of the sign and conducts voluminous work on
recognition. Nevertheless, in the scale of AIT in general,
much of the technical work in the preparation and
collection of data is carried out beyond its borders. Thanks
to this, the processing time for image searches should be
significantly reduced.

At the output of the program, a database will be
formed in which the results of the recognition are stored.
These will be the XML files that collect the following
data:

- a frame on which the sign is recognized,;

- category of the sign;

- sign meaning (speed limit, angle of inclination);

-form of the sign (stored separately for visual
display to the user); which should be entered into the
navigator in accordance with the rules;

-a note that the sign is not recognized for user
verification.

The algorithm of work can also be illustrated using
the UML activity diagram in fig. 4, which clearly shows
what actions and in which the sequence is executed.

Each main point of the AIT is indicated as a cycle
marked on the diagram with an orange diamond. At these
stages, the program checks data and decides how to
proceed.

recognized

return information
about the found sign

mark as
potential sign

not recognized

specificto signs  /

not found red

blue getinformation about
7) the type of sign
in addition to its presence

yellow

\{ data collection for

neural network
training

check the frame on

the shape of the sign

transfer data to
convolutional network

triangle

N

. . . restrict the sample
circle get information about
the type of sign based on the
‘ P 8 information received

square

not found

Fig. 4. Diagram of the activity of the technology of recognition of road signs

As you can see in the diagram - the technology
implements three major significant actions and one
additional — the conversion of video into a series of
images. Since the incoming data will come from the
customer, then their format may differ from the usual
video, so you need to set up the input data to a single type
— a group of individual frames in a single format. After
that, we have three stages: recognizing the shade in the

frame, detecting its shape, and further recognizing it in the
neural network.

In addition, for every significant action, we receive
additional information:

- when the shades are detected, you can identify the
type of sign (prohibitive, warning, or prescriptive) and
thereby reduce the subsequent sampling for recognition in
the neural network;
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- when the shape is recognized, the set of possible
variants of the character types will also be reduced;

- after checking the neural network, regardless of
whether the mark is recognized or not, the data is
collected for the user to be output (or immediately entered
into the database) in the first place, as well as for further
training of the network in the second place.

Even if the program could not recognize the sign -
the data can be passed to the user who either will be able
to recognize the sign or will simply be informed about his
ability to exist here. In addition, it will allow you to
further check the work of the AIT itself and to provide it
with data that is not enough.

System

4. Neural Network Recognition

Using the previous two steps, the neural network
work is greatly simplified because:

- A limited number of frames were found from all
videos where signs are very likely;

- Reduced sample of characters that can be depicted
in a frame using the detected color and form;

- The location of the sign is found in the contour
search, so you will not need to check the entire image -
only a small part.

From this follows that the work of the neural
network itself will take place only with the necessary
material and will not use too much time.

The work of AIT is illustrated by a sequence
diagramin fig. 5.

Program Neural network

| | T
I

getimages and parameters

r-

i ial si I

no sign potential sign detected, ‘
get restricted sample

request for full sample
get sign patterns

Video files Sign base
T T

Navigator database

|
equest for data and new frame :
|

1

—m ;

= 4= =-sign accurately recognized ==~ —'
ign inserted to database

return information
about recognized and

|

|

|

|

|

|

|

| I
| I
| found | I
| I
|

|

|

|

|

|

|

|

| unrecognized signs

Fig. 5. A sequence diagram

This diagram shows the sequence and the elements
the system interacts with different variants of action, as in
the cycles at the activity diagram.

The diagram does not specify a set of rules that are
mentioned in the precedent diagram since it is assumed
that this is not a separate database, but the configuration
within the system and it is arranged in the "Program". The
rules are simply taken into account and applied where
necessary. In the precedent diagram, they are referred to
for completeness of understanding the data that the
program works with.

In order to realize the recognition, the library of
computer vision OpenCV (open source computer vision
library) was thrown [12, 13]. It has an open source code
and is available for several programming languages, such
as Java. Includes a variety of computer vision algorithms,
image recognition and many others working in real time.
The library is widely used in research, including the
design of machine vision systems for unmanned
vehicles [14].

When looking for a color in the frame to restrict the
frames to be checked, it was decided to look for a certain

request for new sign—lﬁ— !

1
I
|
_______________ [~ noframes left
I
I
I
I
I
I
I
I

el - —————-

color on the signs - one of the standard shades for the
signs. It is blue (ordering), red (warning and prohibitive)
and white (general). To search, the HSV color model
(Hue, Saturation, Value) was used - a color model in
which the color coordinates are:

1. Hue - color tone (for example, red, green or blue-
blue). It varies in the range of 0-360°, but sometimes it is
reduced to a range of 0-100 or 0-1.

2. Saturation. Varying within 0-100 or 0-1. The
larger this parameter, the "cleaner"” color, so this option is
sometimes called purity of color. And the closer this
parameter to zero, the closer the color to the neutral gray.

3. Value (color value) or Brightness (Brightness).
Also set within 0-100 and 0-1.

An illustration of the work of this function is
depicted in fig. 6. Fig. 6. a) depicts an output frame with
characters. It has a red sign indicating a low priority at the
crossroads, as well as a blue one-way sign. As can be seen
in fig. 6. b) and fig. 6. ¢), the transformation for a given
(red or blue) color of a bright white highlights places
where there is this shade.
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a) input image

b) search for red color

c) search for blue color

Fig. 6. Convert an image to search for colors that are specific to road signs

Then, without interference, you can detect a
sufficiently white fragment on the converted image by
searching through OpenCV and proceed to the form
detection. Although at this stage there is some information
about the presence of a character in the frame.

To determine the shape of a character on the selected
frames using the color of the painted sign, you can
understand its boundaries. This will simplify the search by
reducing the sample among the options. It will also allow
you to remove shots that do not have characters, but there
are the necessary shades (billboards, fragments of cars,
etc.).

Regarding the work of the network, at the stage
where the form was discovered, a number of
convolutional and subsampling layers have formed that
pass through the entire found area and, in the process of
forming the full-connection layers, find the necessary
forms by which one can identify the sign. Using the
information about the signs that were sent out to check in
the previous stages, the forms will continue to appear.
First of all, this is a quantitative data - indicators of
maximum speed, length of the sign, time of action, and so
on. In the next turn (if necessary) - arrows, forms of cars,
black fragments of road geometry, geometric shapes, etc.
Some of these tags are very similar, and they may have a
single template to validate, others will have to be checked
separately. The identification of such corporate marks
identifies a sign. This will mean that it can be entered into
the database, and the network will remember the right
decisions. In a situation in which there will be no
similarity to any of the fragments, the network will inform
that there is a possible sign here. This will give an impetus
to the addition of the base, change the principle of work as

needed, or provide additional information for verification,
even if it is not needed.

Designing a convolutional neural network involves
the formation of its architecture [16]. This is done using
the freely available Caffee library (Convolutional
architecture for fast feature embedding) [17]. Caffee
supports CUDA technology, which allows you to perform
fast computing on multi-core graphics processors. A
network built in Caffee using the JSON format can be
imported into the DNN (deep neural network) of the
OpenCV library. This allows you to build a single
software environment for image preparation and further
recognition.

The following classes of the Caffee library were used
to build the network:

- Input — the input layer receives a fragment of the
image that potentially contains the sign and transmits it to
the network;

- Convolution (Conv) — the convolutional layer
performs the operations of convolution with kernels of
size 5x5;

- ReLU - the activation layer that calculates the
activation function of the convolutional neurons by the
formula (6);

- Pooling (Pool) — a subsampling layer that performs
the max pooling operation using the formula (8) with the
cards 2x2.

- InnerProduct (FC, full connection) — a full-
connection layer that forms the output of the network;

- Softmax - the activation layer of the output
neurons, which calculates the Softmax function by the
formula (7).

The network architecture reflects the sequence of the
libraries used:

Input — Conv — ReLU — Pool — Conv — RelLU — Pool — FC — Softmax

At the learning stage, additional layers were used,
such as:

- Dropout — a regularization layer that prevents
network redesign, that is, memorization of the training
sample instead of its generalization.

- Accuracy — calculates the accuracy of the
classification as the ratio of the number of objects that are
classified correctly to the total number of objects in the
training voter.

Thus, the software architecture of the neural network
is constructed and implemented.

5. Experiments on work with AIT

In the first stage of user work with AIT it is
necessary to determine the path to the video file. If the
data format is correct - the image from the first frame will
appear in the right window. If not, a new window opens
with a message that the format is not supported.

When opening the video will be divided into
fragments of 1000 frames, for the convenience of viewing
very large files. After that, the frame view of all fragments
will be realized according to the previously described
algorithm and the entry of the data in the new database.
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In case the data needs to be checked, this can be
done after the recognition. The program will download
information about the frame and position of the mark from
the newly created database only in those frames that are

#8 Road sign recognition

Road sign recognition

Paht to video
W:\Project NCA\DriveFiles\Files_12

Ukraine v

Open
Recognize

Results

Fig. 7. An example of speed limit sign recognition

After developing algorithms for recognition and
creating a form for input values, the system was tested on
test video data. Two video files were taken, with a number
of frames over 1000, and provided to the program to
recognize the specified types of characters. Some signs
have varieties: distortion of the road, the prohibition of
turning (right and left), and speed limitations. The test
sample contained different characters and the program
recognized them separately.

identified as potentially having a sign. Fig. 7 shows an
example where the program recognized the speed limit
sign and highlighted it in color.

The volume of 1000 frames includes almost 10
kilometers of road outside the city and twice less in the
city, but in the city a large number of signs. In total, 1000
frames have 30 to 60 characters, this is enough to
determine the quality of recognition. After recognizing the
program, the signs were verified manually and data was
collected on how many times the program found the mark
correctly, and how many times it was mistaken.

Fig. 8 shows a histogram in which the percentage of
recognition of a particular sign is given.
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100 92 92 92 96 96
_ 88 L, 88 .
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80 80 76
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60
40
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B pedestrian crossing m speed limit no turn
H no passing B curve steep ascent / descent
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Fig. 8. Histogram of recognition quality
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From fig. 8, we can draw some conclusions about the
work of the AIT — it recognizes all the prescribed
categories of signs and is sufficiently accurate. In both
cases, all categories of recognition were successful at 80%
or more except for the speed limit in the second sample.
The program correctly recognizes the category of the sign,
but allows errors in recognizing the speed value.

Best of all, the program coped with the recognition
of the sign of a steep climb and descent, in which part of
the sign is filled with black, and the sign of the pedestrian
crossing. In other cases, recognition took place at 88%.
This does not allow you to fully automate the recognition
of signs, but allows you to reduce human participation to
review the results of the program and correct individual
errors. In addition, the filling of the base of navigators
substantially accelerates and the complexity of this
process decreases.

Conclusions

Within the framework of this work various
approaches to the detection of characters in images,
various software tools for object recognition, image
transformation for optimal fragment were considered. The
principles of operation of the convolutional neural
network, which can recognize a sign from an image, are
broken down into fragments. Also, the principle of the
Viola-Jones method is considered, as one of the most
common for recognizing objects in the image. Separately,
we present a way of Boosting to accelerate the recognition
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IHOOPMAIIMHA TEXHOJIOT IS PO3HNI3BHAHHSA JOPOKHIX 3HAKIB 3
BUKOPUCTAHHSIM HEMPOHHOI MEPEXKI

ITpeaMeToM JOCHTiIKSHHS € METOM Ta IHCTPYMEHTaJIbHI 3aCO0M aBTOMaTH3alii PO3Mi3HaHHS JTOPOXKHIX 3HAKIB Ha PiBHI MPOrpamMHOL
peanizanii. JleTekTyBaHHSI TOPOXKHIX 3HaKiB MOB’s3aHe 3 0OPOOKOI0 3HAYHOrO OOCATY BiZICOJAHUX B PeaJbHOMY Haci, 1o morpedye
3HAYHUX OOYMCIIOBAJBLHUX IOTYKHOCTEl. TOMy MeTOH poOOTH € aBTOMAaTH3allis MpoLecy PO3Mi3HAHHS JOPOXKHIX 3HAKiB I
HaloOBHEHHs 0a3 JaHMX HaBIraTopiB, IIO J03BOJUTH ONEPATHBHO HAJaBaTH BOIISM aKTyalbHy iH(OPMAIIIO0 LIOJO BCTAHOBJICHHUX
JIOPOXKHIX 3HAKIB. BUPINIyIOThCs HACTYITHI 3aBAAHHS: aHAN3 METO/IB Ta MPOTPAMHHUX 3acO0iB pO3Mi3HAHHS 300pakeHb; po3podKka
aNTOPUTMY TIOIIYKY 3HAKIB Ha Kajpi Bileo; peamizallis BU3HAYCHHS KOHTYpPY 3HAaKy; peaji3aiis 3rOPTKOBOi HEMPOHHOT Mepexi Ui
pO3Mi3HAHHS 3HAKYy; TECTYBaHHS pOOOTH MPHKIAAHOI iH(OpMaIiiiHOT TexHomoril. 3aCTOCOBYIOThCS METOAM: 3rOPTKOBI HEHPOHHI
Mepexi; meron Biosnm-/[xoHca s po3mizHaHHS 00’€KTiB Ha 300pa)keHHi, METOX ByCTiHry sIK cHoci0 MPHUCKOpPEHHs IMpolecy
pO3Mi3HaHHS MpU BenukoMy 00’emi iHdopmarlii. Pe3yabraTh: po3risHyTi pi3Hi MiAXOIM 70 BHUSBICHHS 3HAKiB Ha 300pa)KCHHSX,
pi3HOMaHITHI IporpaMHi 3acoOu po3mi3HaHHS 00 €KTIB, MEPETBOPEHHS 300paKeHb A OTPUMAHHS ONTHUMAIBHOTO (parMeHry.
P03po06iieHO anropuT™ BHSBIICHHS Ta PO3IMI3HAHHS 3HaKy. I3 3acTocyBaHHsAM Mertony Biona-J[)koHca peati3oBaHO HIBHUIKHI CIOCiO
o04YHNCIIeHHsT 3HAUeHb O3HAK, SIKMH BUKOPHUCTOBYE IHTETpaibHe NPEACTAaBICHHS 300paxxeHHs. IIporec po3mizHaBaHHS BinOyBaeThCs
IOUIIXOM TOOYIOBM 3TOPTKOBOI HeHpoHHI Mepexi. PosrmsgHyro ocoOmmBocTi ImapiB 3ropTkoBoi Mepexi. CxeMaTHYHO
MIPOLITIOCTPOBAHO CIeHapii po3mizHaHHA. [Ipomec B3aeMonii cucTeMu 3 Pi3HUMH JDKEpellaMH JaHUX MPEACTAaBICHHH 32 JOIOMOTOI0
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niarpamu nperenieHTiB. OCHOBHHM pe3yibTaToOM € CTBOPEHHS iH(OpMaIifHOT TEXHOJIOTI] aBTOMAaTH30BaHOTO PO3Ii3HAHHS JJOPOXKHIX

3HaKIB. AJTOpUTM i poOOTH NpeCTaBICHO Y BUTIL JiarpaMy MOCIiTOBHOCTI. BHCHOBKH. I3 3acTOCYBaHHSIM CTBOPEHOI IPHUKIIAIHOT

iH(opMaIiifHOT TEXHOJIOTIT PO3Mi3HAHHS TOPOKHIX 3HAKIB POOUTECS 3 CEPEIHBOIO BipOTiaHICTIO 88%, IO TO3BOJISE 3HAYHOIO MipOIO

aBTOMATH3YBATH MPOLEC HATOBHEHHs 0a3u JaHUX HABIraTOPiB, MiABUIIUTH HaIHHICTh Ta MPOAYKTHBHICTh BKa3aHOTO IPOLECY.
KniouoBi cioBa: po3misHaHHS 300pakeHb; HEHPOHHA Mepexa; KOMIT I0TepHuUi 3ip; iHpopManiiHa TeXHOIOTis.

UHO®OPMAILIMOHHAS TEXHOJIOI' S PACIIO3BHABAHMS JTOPOKHBIX
3HAKOB C HCIIOJIb30BAHUEM HEMPOHHOM CETHU

IIpeavmeTom uccienoBaHus SBISIOTCS METOABI M MHCTPYMEHTANbHBIE CPEICTBA ABTOMATH3AILMU PACIIO3HABAHHS HOPOKHBIX 3HAKOB
Ha ypOBHE MPOTpaMMHOH peanu3anui. J[eTeKTupoBaHus JOPOXKHBIX 3HAKOB CBSI3aHO C 00paboTKOH 00IBLIIOro 00beMa BUICOAaHHBIX
B peaJbHOM BPEMEHH, UTO TPeOyeT 3HAUNTENBHBIX BEMYUCIUTENBFHBIX MOIIHOCTEH. [103TOMY 1eJIbIo paboTHI SIBISIETCS] aBTOMATH3aIHS
Iporecca paclo3HaBaHMs JOPOXKHBIX 3HAKOB JJIsl HAIIOJHEHHS 0a3 JaHHBIX HAaBHTAaTOPOB, YTO MO3BOJIMT OINEPATHUBHO NPEAOCTABIAThH
BOJHUTEISIM aKTyalbHYI0 HH(OOpPMAaIHIO 00 YCTAaHOBJIEHHBIX TOPOXKHBIX 3HaKaX. PemraroTcst ciemyromye 3agadu: aHalW3 METOJOB H
MIPOTPaMMHEIX CPEACTB paclo3HaBaHMS H300pakeHHH; pa3paboTka aaropuTMa IIOMCKa 3HAKOB B KaJpe BHIEO; pealn3amus
OIIpeIeNeHNs] KOHTypa 3HaKa; peanu3alusl CrpylNIHpPOBaHHON HEHpOHHOW ceTH Ui paclo3HaBaHUs 3HAKA; TECTUPOBAHHE PaOOTHI
MIPUKIaJHON WHPOPMAIIHOHHON TeXHONIOTUH. [[pUMEHSIOTCS MeTObI: CrpYyIIHPOBaHHbIE HEHPOHHBIE ceTH; MeToa Buoisr-J[xoHca
IUIS pacro3HaBaHUS OOBEKTOB Ha M300paXkeHWH, MeTo bycTHHra Kak crmoco® ycKOpeHHs MpoIecca paclo3HaBaHUS IPH OOJIBIIOM
o6bemMe mHpopManuu. Pe3yabTaThl: pacCMOTPEHBI Pa3NUUYHBIC IOAXOJBI K BBIBICHHIO 3HAKOB HAa H300paKEHMAX, PAa3IHIHBIC
IIpOrpaMMHEIE CPEICTBA PAcIIO3HABaHUS OOBEKTOB, IpeoOpa3oBaHMs M300pKEHUH IJIs MONY4YEeHHsS ONTHMAaJbHOTrO (parMeHTa.
Pa3pabotan anroputM oOHapyXeHHs M pacno3HaBaHus 3Haka. C mpuMeHeHHMeM Merona Buomna-J[xoHca peann3oBaHO OBICTPBIH
Croco0 BBIYMCIICHHS 3HAYEHWH IPU3HAKOB, KOTOPBIM MCHONB3yeT HWHTETpAIIbHOE IIpefcTaBleHue w300paxeHus. IIpomecc
pacno3HaBaHHSl INPOMCXOTHUT IIyT€M IOCTPOCHUS CrPYIIIMPOBAaHHONH HEHpOHHOW ceTH. PaccMOTpeHBl 0COOEHHOCTH ClIOEB
CTPYNIHUPOBAaHHOW ceTH. CXeMaTHYHO MPOMLIIOCTPUPOBAHO CIIEHApHH pacmo3HaBaHus. Ilpomecc B3aMMOAEHCTBHS CHCTEMBI C
Pa3sTHYHBIMH HCTOYHHKAMH JAHHBIX TPEACTAaBIEH C IMOMOINBIO AWArpaMMBbl IpeneAeHTOB. OCHOBHBIM pe3yJIbTaTOM SIBISETCS
co3JaHHe HMH(POPMALMOHHOW TEXHOJNOTHH aBTOMATH3MPOBAHHOTO pPACHO3HABAHUS JOPOXKHBIX 3HAKOB. ANTOPDUTM €€ paboThI
MIPECTaBICH B BHJE JUArpaMMBbl MOCIEJOBaTENLHOCTH. BbIBOABI. C IMpHUMEHEHHEM CO3JaHHOW IMPUKIAJHOM HH(POPMAIHOHHOH
TEXHOJIOTHH PACIO3HABAHUS JOPOXKHBIX 3HAKOB MPOU3BOIUTCA CO CPeAHEH BEpPOSTHOCTBIO 88%, YTO MO3BOJSET B 3HAYMTEIBHON
CTENeHN aBTOMATH3UPOBATh IPOIECC HANONHEHWs 0a3bl NaHHBIX HABUTATOPOB, IOBBICUTH HAAEKHOCTh M HPOU3BOAUTEIEHOCTH
yKa3aHHOTO TIpoIiecca.
KunroueBsbie ci10Ba: pacrno3HaBaHne N300paKeHU; HEHPOHHAsI CETh; KOMIBIOTEPHOE 3peHHe; HH)OPMaMOHHAS TEXHOJIOTHSI.
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