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O. 1. BEJEN

I'OMOMOP®HE HIN®PYBAHHA JAHUX Y XMAPHHUX CXOBUIIAX METOJOM
MATPUYHUX ITOJIHOMIB

IMpeameTom H0CTIKEHHS € IKPPYBaHHS iHPOpMaILii B XMapHUX OOYMCIICHHAX 1 CXOBHUINAX JaHUX. XMapHi TEXHOJIOTi T03BOJIIOTh
3HAYHO CKOPOTUTH BUTpaTH Ha IT-iHppacTpyKTypy 1 THYYKO pearyBaTH Ha 3MiHH OOYHCIIIOBAILHUX MOTPeO. B Takomy Buagaky mae
OyTH 3a0€31EUYE€HO MOXKIIUBICT IPOBEAECHHS 00YMCICHD HaJl 3alM(ppOBaHUMHU JaHUMHU Oe3 iX memmdpysBanHs. Taky BIaCTHBICTh Ma€e
MoBHicTIO roMoMop¢He mmdpyBanHs. MeToI 1aHOi CTAaTTi € MiABUIICHHSI e()eKTHBHOCTI MOBHICTIO TOMOMOPGHOT0 HmH(ppyBaHHS
(IIT'T) Ha OCHOBI MATPUYHMUX ITOJIIHOMIB 3a JOIIOMOT'OI0 METOY MaKETHOTO INU(PYBaHHS B OJWH NIH(POTEKCT AEKUTBKOX BIIKPHTHX
TEKCTIiB 3 HACTYITHOIO KOMIUIEKCHOIO 00poOKkoio 3ammppoBanux naHux. [lakerHe mudpyBaHHS 3BOAUTHCS O TOTO, IO IPH OJHII
orepanii Hax JBOMa IMH(PPOTEKCTaMH BiIOYBA€ThCS OJHOYACHE BHKOHAHHS OIepalilf MTOKOOPAWHATHO HaJ yciMa JaHWUMH, II0
MICTATBCS B IIUX MIAGDPOTEKCTaX y BUTIMI BiIKpUTHX TeKCTiB (SIMD). 3aBaaHHsIMH BH3HAUYCHO MOOYIOBY aJTOPUTMIB MOBHICTIO
rOMOMOP(HOro IU(PyBaHHS MAaHUX 32 JOMOMOTOK MATPUYHHX IOJIHOMIB. Y CTaTTi BUKOPHUCTAaHO MeTOAM MH(PYBaHHS: 3
BUKOPHCTAHHSM KHTAHChKOI TEOPEMH IPO 3aJIMIIKHM; IUIIXOM 3allMCy B OAHIH MaTpHlli AEKUIBKOX Pi3HUX BIACHUX 3HA4Y€Hb NPU
PI3HHX BJIACHUX BEKTOPAX; 3a JOMOMOTO0 IHTEPIIOJIALIT MATPUYHHUX MOJIHOMIB. B pe3yabTaTi onucaHo Ta mpoaHali30BaHO MOXKITUBI
nigxoau 1o modynosu makeTHux [1I'1 Ha migcTaBi MATpUYHKUX MOJTIHOMIB, @ TAKOX MPEICTABICHO HA0Ip aJrOpUTMIB, IO peali3yloTh
kpuntocxemy III'TI 3 iHTepmoJsmiero MaTpUYHUX ITOJMiHOMIB. HaBeleHi aJropuTMH i KPHIITOCXEMH JO03BOJIIIOTH HepelaBaTH
iHpopMalilo B NMOBIZOMIEHHSAX 1 JaHI B 3aluTax SK BIAKPUTHH TEKCT, 00 Haj MHU(POBAHMMH NaHHMMH MOJXKHA 3IiHCHIOBATH
HeoOMeXeHy KUIBKICTh CKIaJHUX anreOpaiuHux omepauii. e, y cBOIO uepry, yCkiIaIHIOE€ MOXKIIUBICTD JeMn(pPyBaHHS 1 3UUTYBaHHS
JTaHUX 0e3 3HaHHS BCHOTO AITOPUTMY. ByIo mokasaHo, 1o moOy1oBaHi KPHIITOCXEMH IIEPEBEPLIYIOTh aHAIOTH MO e()eKTHBHOCTI, SIKi
po3pobuieHi gocnigaukamu 3 IBM. MoskHa 3p0OUTH HACTYITHUIT BUCHOBOK: ITAKETHE MOBHICTIO € IIM(PYBAHHS Ha OCHOBI MAaTPUIHHX
MOJIIHOMIB 3/1aTHE BUKIIOYUTH HEOOXiTHICTH X0ua O YacTKOBOTO HEMIM(pPYBaHHS NAaHWUX Uil HECAHKLIOHOBAHMX OOYMCICHb HaJ
3amn(pOBaHUMH MAaCUBAMHM JTAHUX y XMapHHUX CXOBHIIAX.

KurouoBi cjioBa: moBHicTIO ToMOMOp(HE MU(PPYBaHHS; CXOBHUIIE NAHHUX; adTOPUTM; MHUPPOTEKCT; KpUNTOTrpadidHi METOAN;
KPHUIITOCXEMH; MaTPUYHI HOJIIHOMH.

Beryn

[IpoGiemoro Oe3meku OCOONIMBO YACTO HEXTYIOTh
10710 BOYJOBaHUX cCUCTeM. SIK pe3ysbTar, BOHH MOXYTh

OyTH 3maMaHi 1 3rOJOM BHUKOPHCTaHi 3 METOIO
MIPOMHCIOBOTO  HIIMHTYHCTBA. 3JIOUHHIN  OTPUMYIOTH
MOJXUIMBICTh TMPOHUKHYTH B KOPIOPATHBHY MEPEKY

MIANPHUEMCTBA, 3IIHCHUTH HECAHKIIOHOBAHUN TOCTYI JI0
IHTEJICKTYaIbHOT BJIACHOCTI Ta 11 KOMEPIIIMHUX TAEMHHIIb,

a TaKkoX MaHINYJIIOBaTH JAaHUMH  MiJIPHEMCTBA,
3aBIAI0YU nomy LIKOJU yepes CHUCTEMY
aBTOMaru3oBaHoro  ympasniHHA. Illo  crocyerbes

KOPHCTYBaYiB OMAIIHIX iHTEIEKTyaJbHUX MPHCTPOIB, TO
gepe3 3JI0M aBTOMAaTH30BAHWX CHCTEM YIOPABIiHHSA 1
HECAaHKI[IOHOBAaHE IMPOHUKHEHHS B CHCTEMH Oe3MeKu
MOTEHI[ITHAM 3JIOBMHCHHUKAM MOXE CTaTd JOCTYITHA
iH(hOopMaIlis PO HASBHICTH JIFOACH B OyIMHKY 200, HABiTh,
BIIKPUTH JJIsI IPOHUKHCHHS B OYIMHOK JBEpi 1 BIKHA.
ABTOMOOITI, 3aBOJKM HAsABHOCTI CHCTEM AaBTOHOMHOTO

BOMIHHS 1 OE3IPOTOBOTO  OHOBJCHHS  IPOTPaMHO-
armapatHUX 3aco0iB, TEeX CXWJIbHI 1O TPaAKTHIHO
HE0OMEeXEeHOT Bpa3TUBOCTI.

Binbawuii IHTEPHET-IIPOCTIp HaATO 4acTo

BUKOPHCTOBYETHCSI 37IOBMUCHUKAMH JUI peaiizalii cBoiX
wiaHiB. ComianbHi Menia-pecypcu, ocobmuBo Facebook,
3a3HaJIM HeBJlaui B 3aXUCTI NpaB KOH(IAEHIIHHOCTI CBOIX
KOPHUCTYBaiB i HE 3MOIJIM 3aXHCTHTHU X BiJl 3JI0YMHHOTO
BILIHBY.

3apa3 3mIMCHIOETHCS BaXKIMBUHA KIIOYOBHH eTam
PO3BHUTKY COLIaNbHUX MEpeX. BUHWKae MUTaHHS TPO Te,
49U OyJie perysroBaHHs JOCTYITy, BiIIOBITHO /10 OOIIISTHOK
Facebook 1 um Oyae yCyHyTO HEIONIKH Mepexi?
Uu 103BOJUTH 1€ HOBWM, YJOCKOHAJCHHWH IHCTPYMEHT
CIIJIKyBaHHS  37ifiCHIOBATH O€3MeuHy KOMYHIKaIlifo,

30JIMDKYIOYH CBIT?

O6umBa Merond Hag3BH4YaliHO cxiagdi. IBM i
Microsoft pazom 3 AreHTCTBOM HaliOHAJIbHOI OE3MCKH,
Oararo  pOKIB  MNpaIiOOTh  HaJg  TOMOMOpP(OHHM
mmopysanusm ('), npore TexHojoris Mae 3Ha4HI
npoOyieMH 3 TPOJYKTHBHICTIO. AJie IpOrpec BCE XK €.
3okpema, IBM oTpumMana maTeHT Ha KOHKPETHUH METO]
'l — miaTBep/KEHHS TOTO, IO KOMIIaHis 3aiMaeThes
BIAMOBITHUMHU po3pobkamu. HenaBHo B Kkopmoparii
orojocwid, 1o Oibmioteka mmuppysanns [ Temep
MpaITioe B 75 pa3iB MIBHIIIIE.

Inctpymentapiit [l pgomomir ©Om  BOeperTu
inpopmamiro B Facebook Bim xakepiB i HE3aKOHHOTO
BUKOPHCTAHHSI, ajle NPH I[bOMY JI03BOJISIB O BUTATTH Ty
iH(hopMmarriro, SKY BUMararoTh PEeKIIaMOJIaBIII.
T'omomMophHe mmdpyBaHHs MEePeTBOPIOE 3ainupoBaHi
JIaHi B PSIIKK YHCEJl, BAKOHYE aHaJli3 IUX PSJIKIB, a OTIM
nemudpye oTpuMani naHi. B pesynbraTi BUXOAUTH Ta e
BIJINIOBI/Ib, SIK HIOM JaHi 1 30BCiM He Oyu 3amudpoBaHi.

Oco0m1Bo 6aratooOirsroumii MOIITOBX B
romoMophHOMY MIH(PYBaHHI CTaBCI B MUHYJIOMY DOII,
kon Google BiIKpUB HOBUH IHCTPYMEHT MapKETHHIOBUX
BUMIpIOBaHb. BiH BHKOPHCTOBYE IO TEXHOJIOTIIO, 100
peKJIaMo/IaBIli MOIJIM MMOOAaYWTH, YU TPU3BOAATH iX
OHJIAHH-OTOJIOIIEHHS A0  TOKYIIOK B  MarasuHi.
Posmmdposka miei iHpopmanii BuMarae aHaiizy MacuBiB
JaHWX, [0 HajeXaTb OKPEMHM  IiJIIPHEMCTBAM,
HE3Ba)Kal0YM Ha Te, IO I MiAIPHEMCTBA 30008’ A3YIOTHCS
3axumaTH KoH(}imeHIiiHICTE 1 ocobucTy iH(OpMaIio
BIACHMKIB gaHuX. lLlfo 3abopoHy MOXHa 0O0iiTH,
CTBOPIOIOYM  arperoBaHi, HecmemudivyHi 3BITH PO
MOPiBHSAHHS [[MX MacHBIB jaHux [6—9].

B ekcmepumenTtanmpHuX Tectax TexHousoris [T
JIOTIOMOTJIa Google YCHIITHO MIpoaHaji3yBaTu

© 0. 1. berneit, 2018
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3amupoBaHi JaHI MPO Te, XTO HATHCKAE Ha peKIamy.
Matoun mi mani, komnasis Google 3Moria HagaTH 3BITH
PEKIaMO/IaBIISIM, B SIKHX MiJICYMOBYETHCS B3a€MO3B’SI30K
MiX JBOMa 0a3aMu JaHHWX, 00 3pOOUTH BUCHOBOK, IO
5% mozned, SKi HATHCHY/IM Ha pPEKJIAMHE OTOJIOLICHHS,
KyIWINA TOBapH B MarasuHi.

3anumraeTbest croaiBaTHcs, mo kommnadis Facebook
Ta iHOI couianbHi MepeXi MOYHYTh aKTUBHO BHUBYATH Ta
BIIPOBAJKYBaTH TEXHOJIOTii TOMOMOP(hHOTO MU(PYBaHHS
sIKoMora mBuame. TakoX He MOKHA HEJOOIIHIOBATH 1HIII
MOTYXHI 3aX0JM, IO CIPSAMOBAaHI Ha 3aXHWCT TIpaB
koHGigeHmiHOCTI. [IpM 1BOMY BaXkiIMBO, MO0 BCi
MOXKJIUBOCTI Ta 1HCTPYMEHTH OyJIM BUKOPHCTaHI B CBOii
CYKYIHOCTI, a HE OKpeMO, a/kKe IIe MOXE BIUIMHYTH
KHUTTE3JATHICTh  BEJIMKUX  COL[aJbHUX  MEpPeX B
Maiibytasomy [13—16].

BukopucranHsi XMapHHX OO4YMCIEHb Ja€ 0Oararo
nepesar, aye Juisi 0OpoOKH AaHuX B IMyOsiyHUX "Xmapax"
B 3arajJjbHOMY BHIAAKy HEOOXiHO TpaloBaTH 3
BiJIKPUTHUMH TaHUMH. Ane IS poboTH 3
KOH(IICHI[ITHUMU JNaHUMH HEoOXiqHa amapaTypa abo
xo4ya O oprauizaifiiiHi 3axoau Ijsi 30epiraHHs KIIOYiB.
Jyxe  piako  mpoBaiiiepw  XMapHHUX  OOYHCIICHb
JIOTPUMYIOTBCSl TAKMX BUMOT Oe3reku aanux. lle Hece B
co0i pHU3WKH, OCKUIBKH CHCTeMa HE MOXKE BIUIMHYTH
KOJHUM YHHOM Ha Te, IO BiAOYBAETHCS 3 TPETHOI
CTOpPOHM (CTOPOHM 3JIOBMUCHOTO HECAHKI[IOHOBAHOTO
noctymy). byno 6 Habararo Oe3neyHile epenaBaTH AaHi
B 3alU(PPOBAHOMY BHUIJISAII JJIs TOTO, 100 omepariii, siKi
MPOBOJASATHCS HaJl LUMHU JaHUMH, >KOJHUM YHHOM HE
MOIIHPIOBaio iHdopmalriro mpo i aaui [17, 18].

I'omomopdHe nmbpyBanHs sk KpuntorpadidHuii
NPUMITUB CTAHOBUTH IHTEPEC SK 3 MPUKIAIHOI, Tak 1 3
YHCTO MAaTeMaTHYHOI TOYKH 30py. HesBaxkaroum Ha
OaraTopiyHi JOCHIIDKEHHS B 1Iiif 00NacTi, OCHOBHI
npoOJIEMH 3aJTHINAIOTHCS HEBUPIICHUMHU.

T'omoMophHe mUppyBaHHA K KpUOTOTpadiaHUI
NPUMITHB MOXKE 3HAWTH [IMPOKE 3aCTOCYBaHHS B
kpuntorpadii i, B OLIBII IMHPOKOMY CEHCi, B PO3poOIi
MaTeMaTUYHUX MeTOIB 3axucty iHdopmanii. TyT, nepu-
3a-BCe, CIIiJ] BUAUTUTH TakKe, [IiKaBe 3 MPHUKIJIATHOT TOYKH
30py, 3aBJIaHHs SK OOYMCICHHS Haja 3alr(ppOBAHUMHU
nanumu.  KoudizenuiiiHi  mani  30epiraioThCsi B
samudpoBaHoMy BUJIsAI. [ BUKOHAHHS OOYMCIICHB
HaJ HUMH JaHi MOXXHa po3mHu(pyBaTH, 3POOHBIIN
HEOOXigHI omeparii, 1 TMOTIM pe3yJIbTaTH 3HOBY
3ammdpyBatu. Aje IS [OBOTO IMOTPIOHI 3axuWIIeHa
amaparypa opraHizamiiHi 3axogM 1O  30epiraHHio
CeKpeTHUX KitouiB. OOunciieHHs Hajx 3amu(ppOBaHUMHU
JTAaHUMH, SIKIIO BOHM MOJKJIMBI, JOTIOMAararoTh YHUKHYTH
BCIX X TIPOOIIEM.

AHaJi3 npo6JieMH Ta iCHyl0YHX MeTOiB

Tl'oBopsumn mpo 3aBmaHHSA B obnacti iHbopMariiHoi
0e3reKH, PO3risIHEMO OJIMH 3 HEePCIEKTHBHUX HAIPSIMKIB
pPO3BUTKY iHGOpPMAmiMHUX  TEXHONOTIH —  XMapHi
obuncieHHs 1 cxoBuma JaaHuX. JlaHa TeXHOJOTIA
JIO3BOJISIE 3HAYHO 3MEHILUTH BUTpaTu Ha
IT-indpacTpykrypy 1 THyYKO pearyBaTH Ha 3MiHH
oOuncmoBanbHUX MOTped. 3 iHmoro Ooky, moaiOHe

30epiranas Ta 00poOKka KOH(DINEHIIHHUX MaHUX HE €
0e3MeHOI0 3 OTJISAY Ha MOXKIMBOCTI HEKOHTPOJIHLOBAHOTO
JOCTymy [0 UUX JaHuX [OpoBaiiaepa  XMapHOI
IHQPaCTPYKTypH, a TaKOX PU3MKY LIKIUIMBUX BTOPTHEHb
B xMmapy. [{ns opranizauii 6e3ne4ynoi nepenadi inopmarii
B xmapy JgaHi mmdpytorbes. s 30inblieHHS
MPOAYKTUBHOCTI, 3pYyYHOCTI Ta peamizamio Oe3meKu
XMapHHUX 00YUCIICHh HEOOXITHO 3a0€3MEYNTH MOXKIIUBICTh
3MIACHEHHS OBUTBHUX OOYMCIICHb HaJ 3amu(pOoBaHUMU
IaHUMHU 0e3 iX momepemHporo posmudpyBaHHs. [[aHOIO
BJIACTUBICTIO BOJIOJTIE TTOBHICTIO roMoMopdHe
nmpysanns [12, 17].

BapianT opranizanii 0e3neyHnx XMapHUX 00YNCICHb
MOJISITAa€ B HACTYMHOMY. € JIBI CTOPOHH — KIIi€HT 1 CepBep.
Kiient remepye wmouoBy mapy (Sk, pk) 3 3amanum
mapaMeTpoM  KpuITocTifikocti A. 3a  I10moMororo
CEKPETHOro Kio4ya SK, AKHH BIZOMHH TiIBKHM KII€HTY,
MPOBOAUTHCS HnbpyBaHHs aetmmbpyBanus nanHux. Koy
pK BHUKOPHCTOBYETHCS NPU GOPMYBAHHI 3aMUTY KIIEHTOM
1 Bimomuit cepBepy. KimieHT BupoOisie mmbpyBaHHS JaHUX
1 BigmpaBisie iX Ha cepBep, ¢ BOHH 3aBXKIH 30epiraloThCs
B 3amin(poBaHoMy BUTIIAl ¢ . [Ipy BUHUKHEHHI TOTpeOH

B OTPHMMAaHHI JaHHUX, [0 BiIMOBIJAIOTh NMECBHHUM YMOBAaM,
KITIEHT TOCHIAE cepBepy 3amuT 3 ¢yHkiiero f, sy

cepBep oyne 00YHNCITIOBATH JUTSE 30epiraHHs
3amudpoBaHUX Ha HboMy HaHux. CepBep, OTPHMAaBILIH
3aIUT, 34UTYE 3aIIU(poBaHi JaHi 1 NPOBOAUTH HaJ HUMH
HeoOXximHi  obumcnenus  f(p) 6Ges momepeaHbOro

memmppyBanasa. OTpuMaHMi  pe3ynpTaT @  KIIEHT

po3mudpoBye 1 OTpUMye HEOOXimHI HOMy IaHi, IO
3aJI0BOJIbHSIOTH yMOBaM (ynkmii f .

OCHOBHOIO ~ 00JIaCTIO  3aCTOCYBaHHSI  IOBHICTIO
TOMOMOP(HOI KPUNTOCHCTEMH € XMapHi OOYHCIICHHS Ta
iHppacTpykTypa ayrcopcury (puc. 1). IloBHicTio
romomopdHe mmdpyBaHHS H03BOIISIE 30epiratu ¢aiimm Ha
cepBepi B 3amm(poBaHOMY BUTIAI i OTPUMYBATH Bif
cepBepa TUTbKM (aiim, 110 3aJ0BOJBHSIOTH 3aIHTY
3amuppoBaHOMY  BUTUIAI  0e3  HeoOXigHOoCTI  1X
po3umpyBaHHsL.

IcHye OaraTo MPOTOKOJIB 3amMTIB A0 0a3 JaHUX
[11-15], mo BKIMOYAIOTH HE TUILKM KOH(DigeHIiiHEe
OTpUMaHHs 3amuciB 0a3u JaHuX, aje 1 KoHQixeHuilHe
OTPUMAaHHS IHAEKCIB MEBHHX 3amuCiB 0a3u JaHuX, SKi

BIJMIOBIZIAIOTh ~ BCTAHOBJICGHUM  yMmoBaM. Ilopsg 3
MPOTOKOJIAMH, 110 BUKOPHCTOBYIOTb MOBHICTIO
roMoMopQHe MU(ppyBaHHS ISl MOXKIMBOCTI IPOBEICHHS
Oynb-sIKNX o04ncIIeHb Haj 30epesKyBaHIMHU

3amM(pOBaHNMHU JIAaHUMH, ICHYIOTb M IHIIN BapiaHTH
BUKOPHUCTAaHHS IIOBHICTIO TOMOMOpP(HOro ImudpyBaHHs
JUT BUPINICHHS 3aBIaHb Kpunrorpadii. OMHUM i3 Takux
3aBJjaHb € MepeBipKa JIENeroBaHuX OOYHUCIICHb, & TaKOX
no0y/ioBa KOPOTKOTO HEIHTEPaKTUBHOTO JOBEJICHHS 3
HYJIFOBHAM PO3TOJIOMIEHHM [16].

B HarioHanbHIN IpakTUIl 1 TEOPETHIHUX PO3pOOKaAX
romoMophHOMY MHGPYBAHHIO NPUAIICHO Majlo YBaru.
Ile B OCHOBHOMY CTOCYEThCsi abO  4acTKOBOTO
roMmoMopdHOro mudpyBaHHS Ha OCHOBI METOAY 3aMiHH
grcia [19], abo — romomopdHOTro mudpyBaHHS HA OCHOBI
elmnTuaHuX Kpusux [20, 21].
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Puc. 1. Anroputm 6e3me4HUX XMapHHUX 00YHCIeHb HAJ 3al()POBAaHUMHI JaHUMH
T'omomophHe mmmdpyBaHHS TaKOXK  3HAXOAUTHh KokHa ~ KIITHHKA s BIJKPUTOTO  TEKCTY
3aCTOCYBaHHsS B TMOIIYKOBHX CHCTEMax, JI¢ BOHO  TPH3HAYAETHCSA i1 PealbHOro 30epiraHHs ejIeMeHTa 3
BUKOPUCTOBYETbCS.  JUlsl  3a0e3ledeHHs  "TPUBATHOTO  ggorocs kinmesoro momi K'=F (0 — kinekicts
" o n p
momyky". B jgaHOMy BHUMNAgKy TMOINYKOBHH CepBe . .
YKy Y Y Y PBEP crementiB  KoKHOTO udpoBaHOro  MOBIJOMJICHHS,
OTPUMYE BiJ] KOPHCTYBAUiB 3alIn(POBaHi 3aIHUTH, SKi BiH L . .
| — KimbKiCTh KIITHHOK KIiHIEBOTO 3aId(pOBaHOTO
He MOXe po3muppyBaTH, HE 3HAIOYM  KI0Ya . )
BIIKPUTOTO TEKCTY), 1, aOCTpakTHO, SKIIO € IBa
KOpHCTYBa4a. Pe3ympTaTH MOIIYKY TaKOXX HAJAIOTHCS . . .
. . . mH(POTEKCTY, K1 30epiraroTh 3ammdpoBaHi
KOpHCTyBaueBi B 3ammdpoBaHoMy Burisimi. Kpim Toro, | ] . . |
roMoMopdHe  mM(PYBAHHS  BHKOPUCTOBYeThcs B TOBIIOMIEHHA — My,...M € Ky 1 My..m, ek,
CHCTEMax EJIEKTPOHHOTO TOJIOCYBaHHS, 30KpeMa, IpPH  pigmosigHo B kiaitunkax 0,..., | =1 Bimkpuroro tekcry. B

3aCTOCYBaHHI ITiMUCIB HAOCJIIIL.

MeTto10 1aHoi cTATTi € MiABHIIEHHS e()EeKTHBHOCTI
noBHicTIO roMmoMopdHoro 1mudpysanns (III'I) na
OCHOBI MATpPUYHUX MOJIHOMIB 32 JIOIIOMOT'OI0 METOJY
YIaKOBKM B OIUH IIM(POTEKCT ICKUIBKOX BIAKPUTHX
TEKCTIB 3  TOHANBIIOK  'TakeTHOKW"  00poOKOIo
3anm¢poBaHux JaHuX. JlaHuii Mertox Bmepme OyB
BBeJIcHHU B poOoTax JIKEHTpi A MPUCKOPEHHS POOOTH
fioro koHCTpyKIii [3]. | He3BaXkaroun Ha Te, IO HABITH 3
BUKOPHUCTaHHSIM IIbOTO METOAY KPUITOCHCTEMH THITY
JDKeHTpi He CcTanu NPUAATHUMH U TIPakTUKH, iX
e(heKTHUBHICTh 32 PaXyHOK HBOTO CYTTEBO 3pocia. Meron
"ynakoBku MHGPOTEKCTY" € JykKe MNEepPCIeKTHBHUM.
OCKIUIbKY TaKeTHa 3BOAMTHCS O TOTO, LIO TPH OJHIN
omeparii Haa JBoMa MHM(POTEKCTaAMU BiOYBa€eThCs
OJHOYAaCHE BHMKOHAHHS Ollepalliii ITOKOOPAWHATHO Haj
yciMa JIaHUMH, SIKi MICTATbCS B LUX IIU(PPOTEKCTaX 3
BIIKPUTUMH TEKCTaMH (Oprafizamis oOOpOOKH THITY
SIMD).

BupimeHnHns 3aB1aHHst

Briepiie inmess mpoBeneHHs BEKTOPHHUX —OIepaiiit
(SIMD)  mHaxm  3amm¢poBaHMMH ~ JaHUMH  Oyna
3amponoHoBaHa B poboti  [16]. Humm  Takox
Oyno moMmideHO, IO 31 3aCTOCYBaHHSIM KHTaHCHKOL
TEOpPEMHU po 3QJIUIIKHY, TIPOCTip BIZIKPUTHX
TEKCTIiB JIeIKUX BigoMHX Ha TOH uac kpumrocxem III'TII
MOXe OyTH pO3LIMPEHO 3a paxyHOK  BBEJICHHs
BEKTOPiB, KOMIIOHEHTH SKUX €  KITHHKA  JUIA
OKpeMux BiIKpuTHX TekcTiB (plaintext slots). Ilpm
npoMy oxHe roMomopdue momaBaHHA (Add) abo
MHOXeHHs (Mult) mapu mmgpoTekcTiB HesBHO 101a€ abo
MHOXXUTHh BEKTOPH ITIOKOMIIOHEHTHO LJIKOM BIAKPHUTHX
TEKCTIB.

pesynbTari 3acTocyBaHHA |-apHOro nomaBaHHS IO IBOX
mHU@POTEKCTIB ~ BUXOOUTH B pe3yibTaTi  HOBHUH

mmpoTekct, sKuii 36epirac My +My,...,m , +m , eK!,
a npu |-apHOoMy MHOXeHHI - My X m;),..., m,_; x ml\_l IS K$ .
Cmapr i  BepkoTepeH  BHKOPHCTOBYBAIH 1€

CIIOCTepEXXEHHS U1 CTBOPEHHS makeTHoi (a6o SIMD)
cucremMu romoMopdHoro mmbpysanss [16].

m,m, m, n, wi, m,, m, m, o, m, m,

< Gy

Puc. 2. BukoHaHHS BEKTOPHHUX OTepaliil HaJ| MTaKeTHUMH
mpPOTEKCTaMH TOMOMOP(]HOTO MIN(PYBaHHS

I'oBopssun mpo mnaxerHe mm¢pysanHs i SIMD B
KPHUIITOCHCTEMaX 3pPYyYHO TOBOPHUTH MIpOo 00’ €aHAHHSA
(Agregate) BIOKpUTHX TEKCTiB 1 KI04iB B mpoctopi. Lle
MOB’SI3aHO 3 THM, IIIO HaJ yciMa BiIKPUTUMH JAHUMH, SIKi
MICTATBCA B INTU(PPOTEKCTi, BHUKOHYIOTHCA MapayelbHO
omHi W Ti x omepamnii. ToMy MOXHa pO3IISIIATH TaKi
Ha0OpH BIAKPUTHUX NaHUX SK €IWHI €JIEMEHTH TPOCTOPY
MacCHUBIB BiIKpUTUX JaHUX.

Inest makeTHoro mmgpyBaHHs OTPUMaNa PO3BHUTOK i
BUKOPUCTAaHHS B poOoTax [9-16] 3aBISKH MOXKIUBOCTI

MepEeCTaBIATH  BIAKPUTI TEKCTH BCEPEAMHI  OIHOTO
mmdporekcry 06e3 pemmdpysanns. lle BimkpuBae
BEJINKI TIEPCIIEKTUBH TOMOMOpGHOI 00pOOKH JaHMX,

30KpeMa YMOKIIUBIIIOE€ IMTPOBEJACHHS HAl SaIlII/I(l)pOBaHI/IMI/I
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JlaHUMU B OITOBOMY TIOJIaHHI CTaHAAPTHUX MAIIMHHUX
oneparniii: Add, Mult, Xor (momaBaHHS, MHOXCHHSI,
nigeHHs B 6iToBoMY moaanHi). KOHKpeTHO, mepecTaHoBKa
0iTiB  jmaHux MK  kiitTuHKamu  (slots)  omHOro
muppPOTEKCTy MOXKe OyTH peanizoBaHa I0-pPi3HOMY,
30KpeMa, JUIS 1i€i METH BUKOPUCTOBYETHCS aBTOMOPQi3M
®podeniyca [4], a B pobori [17] ommcyeThes
BHUKOPHUCTAHHS JIJIsI WX IUIel Mepek benea.

[NakeTHe roMoMopdHE MUPPYBaHHS Ma€ HACTUIBKU
Ba)KJIMBE MPAKTUYHE 3HAYCHHS, L0 MPOLEAYPU AT HOTo
peaiizamii OyJu BKIIOYCHI B HOBY IporpaMHy 0i0IioTeKy
HELib xommanii IBM [10]. PosrisHemMo HmK4Ye
CTPYKTYpPY Ii€i TOBHICTIO TOMOMOP(GHOI KPUITOCXEMH,
mo moOymoBaHa Ha BHKOPUCTaHHI OYJEBHUX MAaTPUYHUX
MOJIIHOMIB. BiIKpUTHMHU TEKCTAMH € EJIICMECHTH KUIBIISA

KJIaciB pO3paxyHKiB Zp 10 MOJTYJIFO TIPOCTOTO YHCHa P, a
CeKpeTHHIl Kmod ckianaetbes 3 Marpuni K e Zg‘ N
BEKTOpA ke Z,’)\' .

Binkputnii Teker Me Zp CIIOYATKy KOAYETHCS B
Mmarpuio M eZS‘XN ,1eM xk=mxk i M eK , & TIOTIM
B Marpuunuii mojginoMm C(X)=R(X)x(X -K)+M , ne
R(X) — BUNAIKOBHHA MaTpUuUHUi mojiHoM. [licns

MHOXCHHS JBOX TaKHX IOTUPPOTEKCTIB pe3yibTaT
HABOJUTHCS 1O MOJIYJIO MAaTPUYHOTO MOJIHOMA BUTIISAY

R(X)x(X=K),
nepemudpyBanHi. CeMaHTHYHA KPUNTOCTIMKICTE TaKOTO

mmdpy MOB’si3aHa 3 3aBJAHHAM 3HAXO/PKEHHS KOPEHIB
OyJeBUX MaTPpUYHKX MOTIHOMIB [15].

(N, d, p)

3aBJaHHs 3HAXOJ/PKEHHsI KOPEHIB OyJEBOr0 MaTpHYHOTO
MOJIHOMa, TO IO 33aJaHOMy MAaTPUYHOMY IIOJIIHOMY

SIKHI Ha3uBa€TbHCA KIIIO4YEM

SIKmo  CyKymnHiCTbh posrsIIaTH K

F(X) crymens d 3 koedilieHTaMH MaTPUYHOTO KiJbIl
NxN . . . .
Z,;" (N — po3MipHicTb MaTpuili, p — €leMEHT MaTpHIli,

MPOCTE€ YHUCIIO0) MOXKHA BIINOBICTH HAa THTaHHI YH €
KOpiHb Y MaTPUYHOTO TIOJTIHOMA 1 SIK 3HAWTH Ie KOpiHb.
[Ipu 3acTrocyBaHHI 10 MATPHYHHUX MOJIHOMIB KOHIICIIIil
SIMD, mudpyBaHHS MOXe OyTH peaTizoBaHO SIK MiHIMyM
TppOMa croco0amMH: 3 BHKOPHCTAHHSIM KHUTaiChKOT
TEOPEeMH MPO 3aJHMUIKK; IUISXOM 3aIUCy B OJHIH MaTpHIli
JIEKUIBKOX PI3HUX BJIACHMX 3HAa4€Hb NPH Pi3HUX BIIACHUX
BEKTOpax; 3a JOIMOMOIOI0 IHTepHOJALil MaTpUYHUX
MOJIIHOMIB.

BuxopucrtaHHs KUTaCbKOI TEOPEMU MPO 3AJUILIKH €
HAMOLIBII EPCIIEKTUBHUM IUIIXOM, OJJHAK, BOHA BUMArae

3aCTOCYBaHHS BeJnKoi anreOpaiunoi wmeromauku [9].
Bukopucranus JEKUTBKOX BIIACHHUX YHCIIOBUX
MaTpullb € TPOCTHM, ajJe He JykKe e(PEeKTHBHUM
nusixoM.  PosrisHemMo  fmanmi  pearizaliifo  ITaKeTHOTO

mmdpyBaHHS 3a JOTOMOTOI0 IHTEPIOJAMl MaTPHIHHUX
IOJIIHOMIB.
THTEepIIONALIST MATPUYIHUX TIOJIHOMIB 3BOJUTHCS JIO

HactynHoro. Jlust  3amaHMX M map  MaTpHIb
(X;,Y,),i—-1,...,m icHye MaTpUYHUI MOJIHOM
AX)=AX"+A X" +. . +AX+A 3 Bekropom

A(X,;),i—1..,m y Bumagky, KOm# OJOYHO-MaTpHUIHA
cucTeMa JIHIHHUX piBHSIHB

1 2 m
Xl X2 m
(AL A, A =YYz Ye) (1)
X m-1 X m-2
. e
Ma€ po3B’s30K.
B ommcamiii  mami  KpunTocxemi  CKIIaJOBHM

. . | . .

IPOCTOPOM BiIKPUTUX TeKcTiB € Z, (mpocTip |-mipux

BEKTOPIB 3 €JIEMEHTaMH P ), IPOCTOPOM IIH(PPOTEKCTY €

. . . NxN

Kinblle Marpuynux moninomis  Z; " [X], ckmanopum
. n NxN :

IPOCTOPOM  KITIOYiB € BekTop map “marpuus Z;™ i

N n
BEeKTOp Z, " pasoM 3 JNEAKOK OOEPHEHOK MATPHIEIO

ZE N Onmemo HibKYe anrOPUTMH KPUIITOCXEMH.

Amroputm 1. Jlna renepanii kmoda (KeyGen)
BUKOPHUCTOBYEMO HACTYIIHI BXiJHI JaHi: mapamerp piBHA
KPHUIITOCTIHKOCTI A, MOAYNb TPOCTOPY BIAKPUTHX
TEKCTIB P, KUIBKICTh KITHHOK |. Pesympratom Oyme

cekpeTHHi Koy Sk, kimou nepemmdpysanns rk. lopsmok
BHKOHAHHS aJlTOPUTMY | HACTYITHUIA:
1. Busnauntu N < 1,d < o(4) .

2. Bubpatn [OBINBHY TIEPETBOPIOBAaHY MAaTPHIIO
K, €GL(N,Z,).

3. Bubpatu |
K #zK>#..2K™ 1eS(K).

4. Ins xoxnoi marpuui K.

Mmarpup  K,,i=1..,1, Takmx, mo

HEeoOXiHO BUOpaTH
BHIIAJIKOBUH BIIacHHI BEeKTOp K; .

5. sk <—{(Ki,ki),i =1,...,|}, K, -

6. 3renepyBaru
MaTpUYHUI OJIHOM FAQ(X), deg(IQ(X)) <d.

7. 3reHepyBaTH TPUBEICHUA MATPHYHHNA ITOIIHOM
S(X),deg(S(X))=1+1 rakmit, mo S(K;)=0,i=1..,1
(tobto Bci K, — iforo xopeHi).

8. R(X) < R(X)—S(X).

9. rk <~ R(X —-K,).

Marpuwiii, K1

BUITIAIKOBUH MPUBEICHUMN

3aJI0BOJIbHAIOTH YMOBI
K #K?#..2£K"" motpi6ui ams ebexrusHOi remeparii
matpuii 3 Comm(K,), 60 Bizomo, mio JmiHilHI koMOiHawiT
CTYNEHIB MaTpuUIll TapaHTOBaHO 3HAXOAATbCS B i
KOMyTaHTi. B Hal0inpll BaXIMBOMY BHUNAAKY p = 2 1
yMOBa 3BOJUTBCS 10 Ki #* Kiz, a Taki Marpuli OymyTh

HEIIEMITIOTEHTHHMH.

HasiBHiCTH OJMHHWIII B MacuBi MaTpHIll pa3oM 3
MOTIEPETHHOI0 YMOBOIO € TapPaHTIEI0 MOXKINUBOCTI BUOOPY
B Comm(K;) HerpuBianepHHX MaTpuip 3 IOBUIBHHMH
BJIACHUMH YHCIIAMH.

3ammc @(A) o3Hauae nesKy QyHKILO, JiHIAHY BiX

A (10610 @(A)=0(1)), a ii KOHKpeTU3aIlist iCTOTHA JJIsI
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aHami3y KPUNTOCTIHKOCTI, ajie HeCcyTTeBa s aHali3y
ACUMIITOTUYIHOT CKJIaTHOCTI PO3paxyHKiB Hax
I pPOTEKCTaMU.

Anroput™ 2. Jlns mudpysanns nanux (Encrypt)
BUKOPHCTOBYIOTBCS HACTyNHI BXiJHI JaHi: BEKTOp-
MOBIZIOMJICHHSI ~ BIIKPUTHX  TEKCTiB m,i=1..1,

cekpeTHHi Kmo4 SK. PesynbraroM Oyle MaTpHYHHIMA
moJiHOM UG POTeKCTy. [IopAI0K BUKOHAHHS aITOPUTMY
BU3HAYEHO HACTYIHMMN:

1. It KOXXHOTO

BUIIAJKOBY MaTpumto M;, ne m, Oyze i BTaCHUM 4UCIIOM

pH BIacHOMY BekTopi K; .

m,,i=1..,1 Bubpatm TaKy

2.3  [OIOMOTOI0 AITOPUTMY  IHTEpIIOJIALil

MaTpHYHUX GaraTowieHiB pospaxysatn Takumii C(X), B
sxomy deg(C(X)) <N +w(4),C(K,)=M,.

3. Pospaxysarn C(X) = C'(X—Ko) .

4. TToBepuyTu sk pe3yiprat C(X) .

Amroputm 3. Jlna  nmemmudpysarHs  (Decrypt)
BHKOPHUCTOBYEMO HACTYIHI BXiIHI JaHi: MaTPUIHUH
noniHom mupporekety C(X), cexperHuil kmou sk. B

pe3yabTaTi OTPUMAEMO MOBIJOMJICHHS BiIKPHUTOTO TEKCTY
meZ,. [Tlopsmok  BHKOHaHHS  3aPOTIOHOBAHOTO
aNropuT™My Oy/e HACTYITHUIL:
A =)
1. PospaxoByemo C(X)=C(X-K;").
2. s i=1..1

M, « C(K,).

KOXXHOI'O BUKOHYEMO

3. st HeHyJIBOBOI KOODPWHATH (kj’l)i BEKTOpa ki
3HaXoaUMo M = (kj’l)i (Mi X kT) .

4. TloBepraemo pe3ynbTar sk (M,...,M,).

3anpornoHoBaHa  KPUNTOCXEMa  MIATPUMYE  SIK
aJNTUBHUMA, TaK 1 MYyJbTHILUIIKATHBHUNA TOMOMOpPQi3M.
Ilicns MHOXEHHS IBOX MIM(DPOTEKCTIB IS 3HUKCHHS
CTYNEHSl pe3yJbTaT MOTPIOHO NPHBOAUTH MO MOIYIIIO
KJIF04a nepemnpyBaHHs — MATPUIHOTO MMOJIIHOMA.

IMpu ymoBI S — KOpiHb MaTPUYHOIO TMOJIHOMA

M ( A ) KOPEKTHICTh JemU(ppyBaHHs 0a3yeThCS Ha:

M(2) =Q(A)x(1(4)-S) (2)
m-1,

ne Q) -

I (1) — npuBeneHnit MaTpuIHUi TIOIHOM, A — mMapamerp

MaTpUYHUH IIOJIHOM CTENCHi

PiBHS KPUOTOCTIMKOCTI.

TeepmkenHs (2) cnpaBeuBe SIK TSI MaTPUIHHX
[OJIHOMIB HaJ KOMIUIEKCHHMMM 4YHCIaMHU, TaK 1 s
MaTPUYHUX IOJIIHOMIB HaJ KiHIEBUMH IOJISIMU (BHMOTa
anreOpaiyHOi 3aMKHEHOCTI IOJI1 HE BUKOPHUCTOBYETHCS).

JeumdpyBaHHs BHUINE OMUCAHOI KPHUITOCXEMHU €
KOPEKTHHM 1 TOMOMOP(IUYHUM AJIsI BCiX apUPMETHIHHX

C1+C2:Zl+p0u+zz+pqz:Zl+zz+p(q1+Qz):

3actocyBaHHs omnepauii aemmdpyBaHHS 10 i€l
CYMH Jla€ B pe3yJbTaTi cyMy BUXiJHUX OiT m;, m, :

CXeM, M0 CKJIAJalThcs 3 OmNepamiii JoJaBaHHS Ta
MHOXKEHHS TI0 MOAymO pP. Y HallOMy BHIAJKy

MiJICTAHOBKA TOJIIHOMa BKA3aHOTO BHIY € 130MOpdi3MoM
Kilelb.

Bume onmcana kpunrocxema € KOMIIAaKTHOIO, 00 B
npoLeci MPOBENEHHsT PO3PaXyHKIB Haj IIH(pOTeKCTaMu
CTEIiHb MaTPUYHUX MOJIHOMIB pe3yJIbTaTy HE MEepPEeBUILyE
3aJaHUMN.

Haii6inpm 3HAYYIIOIO XapaKTePUCTHUKOIO
edexkruBHOCcTi TII'II € aHamiz CKJIATHOCTI AJITOPUTMY
MHOXCHHS  [BOX  MH(POTEKCTiB.  ACHMITOTHYHA
~0O(1%").
BaxuBe muTaHHS KPHUITOCTIHKOCTI OyJe po3risaaTHCs
Jani, TmpoTe, MOTPiOHO cKa3aTW, IO NPU BUKOHAHHI
KPHIITOAHANI3y BUAHO, SK BHILE ONUCAaHA KPHUIITOCXeMa
MOX€ MaTH JOCUTh BUCOKY KPUITOCTIHKICTb.

3anpornonoBana  JIKEHTpi ~ cxeMa  MOBHICTIO
roMoMopHOTO MHPYBaHHI MOXe OyTH IeTaIbHO
pO3IIIsIHYTa TPH pO3paxyHKax B Z,, LI0 € aHaJOrom

CKIagHICTG Iii€i omepamii CTaHOBHTH

29
pobotu 3 OiTamu.

Jns moyatky BUOHMpAeThCs OyIb-HEMapHE YHCIIO
p= 2k+1, ske e cekpeTHUM mnapamerpoM. Hexait m

NpUiiMae 3HAYCHHSA {0,1}. IToOynyemo uucino z€Z, 3a

mpaBujioM Z=2r+m, ge I
o3Havae, mo Z =m(mod2).

— poBimbHEe uymcio. lLle

Y  posrmisgyBaHOMY — BHNAIKy  IIHU(PYBaHHA
3BOJMTBCSA JO TOTO, IO OYAB-IKOMY M CTaBUTBCS Y
BIAMOBITHICTh YUCIO C=Z+ P, A€ ( — JOBLIbHE YKCJIO.

3BiACM BHIUIMBAE, IO C= 2r+m+(2k +l)*q , a

cmod2=(m+q)mod2, BianosinHo. 3n0uMHIEM MOXKe

OyTM BH3HAa4YeHA JIMIICHb [ApHA YacTHHA BUXO.IY
mmdpyBaHHS.
AnroputMm JemuppyBaHHS 3BOJIUTHCS 10

HACcTymHOTO. [IpUnycTUMO € BifoMme 3amudpoBaHe YHUCIIO
C 1 Bimomuit cekper P . Toxi npouec aemudpyBaHHs
nepeabavae HACTYITHI il

1. Besmocepenne pemmdpyBaHHS 3 IOIOMOTONO

CEKPETHOTO napamerpa P:
r =cmodp = (z+ pq)modp = zmodp +( pg)modp , e
I =cmodp Ha3HMBAa€ETHCS LIYMOM 1 Z € (_2'2) .

2. OrtpumaHHs BUXIZHOrO 3ammdpoBaHoro Oita:
m=rmod2.

[lepeBipuMo, 49m  miicHO JaHa
romomopHo0. Bissmemo 1Ba ©Oirta

omepaiiiss €
m.,m,eZ, i
MOCTaBMMO iM Y BiINOBiAHICTh mapy uucen z, =2r +m, i
z, =2r,+m,. Bepemo cexpernuit mapamerp p=2K+1 i
BUPOOIAEMO MU(PYBaHHA: C =2, +PQ, 1 C, =2, +pg,.
Cyma 1ux 9ricel JOpiBHIOE:

2n+m +2r,+m, +(2k +1)(0, + a,) ?3)

((c, +c,)mod p)mod 2 = (2(r, +1,) +m +m,)mod 2 =m, +m,.
IIpote, He 3HatOYM P, po3MU(PyBATH TaHI HEMOXKIUBO:
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((c,+c,)mod pymod2=m, +m, +¢, +0, .

GG, = (Zl + pq1)(zz + pqz) =707+ p(zlql + quz) + p2q1q2 = (2I’1 + ml)(zrz + mz) + (2k +l)((2r1 + m1)qz +

AHaynoriuni mii MOXHa TIPOBECTH 3 OIEpalliero
MHOXKEHHSI:

(4)

+(2r, +m,)q,) = 4nr, +(rm, + r,m) + mm, + 2k(2r,q, + ma, + 2r,q, + m,q,) + 21,0, + Mg, + 2r,0, + m,q;.

3aCTOCOBYIOUM /10  OTPHMAHOTO
npoLeaAypy po3iudpyBaHHs OTPUMAEMO:

pe3ynpTaty

((c,c,)mod p)ymod 2 = (4r,r, +2(r,m, +r,m) +
+mm,)mod2 =mm,.

OTxe, pO3TIITHYTa BUIIE CXeMa JIHCHO € TIOBHICTIO
romoMopHUM THdpyBaHHAM. OIHAK, HE3BKAIOYH HA
OTpUMaHi  pe3ysNbTaTH, JaHa CXeMa Ma€ CYTTEBI
0OMEXeHHS B MPAKTHYHOMY 3aCTOCYBaHHI, TOMY IO B
pe3ynbTaTi  TMOAIOHUX  OOYMCIEHb  JyK€  IIBHAKO
HAKOMUAYYEThCs MOMIIKA I. TTicis Toro, sk 3HA4YEeHHS M€l
MOMUJIKH  TCPEBUIUTh  3HAYCHHS P, MPaBHIHHO
po3mudpyBaTH MOBIIOMICHHS He BHacTbes. Jis
noJioNaHHs 1iei npodnemu J[xeHTpi OyB 3aIPONOHOBAHHUN
MeXaHi3M caMokopekiii mupporekcry. OmHak Takui
crmoci®d MPU3BOAUTH JIO CTPIMKOTO 3pOCTaHHS 00cATYy
muppPOTEKCTY 1 TAKOXK € HEeNpakTUYHUM. EAuHUM
BHpIIICHHAM IIi€el mpoOJeMu € OOMEXKEHHS KiJTbKOCTI
omepamid Haj JaHUMH abo pPo3poOKa OLTBII CKIATHHUX
NTOPUTMIB OOYHCIICHHS.

PosrisiHeMo iHIIY TOMOMOpPGHY KPUIITOCXEMY, SIKa
no0ysoBaHa Ha OCHOBI MaTpUYHUX TOJIIHOMIB 1 Mae Maii
o0YnCITIOBaNIbHI  BUTPAaTH Ta MiATPHUMYE MOXJIUBICT
po3mapainiesicHHs. B gaHOMY BUMagKy MIH(QPOTEKCTH €
MOJiIHOMaMH, Koe(illieHTaMu SKUX € MaTpuli (Tak 3BaHi
MaTpU4HI  MOJNiHOMHM). Imes  mOOymOBM  TOBHICTIO
roMoMOp(hHOI KPUITOCUCTEMH TOJISATA€ B HACTYITHOMY.

CexpeTHHUM KIIIOYEM € MaTpu4yHuil nojiHom K (X) i

—

Bektop K. Hexait m im, — Bigkpuri Tekctn, a
BIINOBITHAMH UIsI HUX IOTUPPOTEKCTaMH  OYIyTh
Marpuani  momiHomn  C (X)=R(X)K(X)+M, i

C,(X)=R,(X)K(X)+M,, ie Mk=mk i M,k=m,k.
o6 po3mmdpyBaTH TMOBIAOMIICHHS, HEOOXITHO B3ATH
3aMMmIoOK  Bim mimenHs mmgporekety Ha K(X) i
OTpUMAaTH 3 OTPUMAHOI MATPHI[ BiIKPUTHH TEKCT 3a
zornomorox K, .

NxN
Z, -

KIJIBIIA

Hexaii kimbe NxN  wmarpuip 3

CIICMCHTaAMH LliJ'II/IX YHUCECJIT Z

o
NxN :

F :{/-\), Aqu'---}'/'\ IS pr — MHOXKHHA IIOCIiJOBHUX
NxN . . . .

Matpuib 3 Z 7, mpuuoMy BCi, KpiM KiHleBoro ix uucna,

piBHI HynbOBiH Marpumi. [lo3HaYMMO MHOXWHY BCiX

TakhX IOCIIZOBHOCTEMH Z:j N[X]. Y pasi, sxmio
F,GEZ;‘XN[X], G={BO,Bl,BZ,...},BieZ£'XN,
BHKOHYIOTLCSl HACTYITHI OTeparii:
F+G={A+B,,A+B,A +B,,..},

FG ={AB, AB +AB;,AB,+AB +AB,,..} ={C.} (5)
Co=>.. .. AB k=012

I[Ipy Takmx BBemEHHX OMepalisx JoJaBaHHS i
MHO)KEHHSI MHOJKHHA ZEXN € KiJIbLIEM, eJIEMEHTaMH SIKOTO
€ MarpuyHi mosiHOMH. OmHC aJITOPUTMIB TeHepallii
kimouiB KeyGen, mmdpysanus Enc 1 posmmdpyBaHHs
Dec, a Takox peanizauiss romomopdHoCcTi 00GYHCIEHB
HaBeleHO HWKYe. Tyr @,0,¢ — 3a3maneriis
BU3HAYAIOTHCS SIK KOHCTAHTH.

Tenepamis xmoua muppyBarHs SK 3MiHCHIOETHCS
HACTYITHUM YHHOM:

1. T'enepyemo

K(X)ez*™[X],
Ki,i=0,...,d(-:'g(K(X))_1 BUOMpaEMo 3 Z:)\'XN 3TiTHO

PIBHOMIPHOTO PO3MO/LTY.

MIPUBEICHUN TIOJIIHOM

TOOTO fforo KoediLieHTH

2. T'eHepyeMO BEKTOP E € Zg' (me k; Bubmpaemo 3

Z,, 3riiHO PIBHOMIPHOTO 3aKOHY) Takui, mO0 X04 oaHa

KOOp/IMHATA NIEPETBOPIOBANACA B Z .

3. Ha Buxoni ajiroputMy OTPUMYEMO CEKPETHHUH
kimou SK «— {K(X), E} .

Ilpu reHepamii cekperHoro mnepemmudparopa pk
MOPSIIOK J1ii Oy/ie HACTYIMHUM:

1. Tenepyemo matpuunmii mominom R'(X) EZEXN[X],
deg(R (X)) <S4, R,i=0,...,deg(R (X))™
BHOHMPAEMO 3TiTHO PIBHOMIPHOTO PO3MOILITY.

2. Toni BigkpuTuii kiod  pkK «— {R\(X), K(X)} .

B posrisiagyBaHOMY BHIIAJIKY aITOPUTM MINAGPYBaHHS
MOXHa OyJile BUKOHATH HACTYITHUM YHHOM:

TOOTO

1.V BIIMOBITHOCTI A0 BIZKPUTOTO TEKCTy M€ Zp
CTaBUTLCS BHIIaAKoBa MaTpuus M e Z;‘ N (Mk =mk) i

MK (X ) =K (X )M , TOOTO BOHA Ma€ BIACHUM BEKTOP k
IpH BJIACHOMY 3HAa4eHHI M 1 KOMYTYE 3 MaTPHYHUM
nomiHomom K(X).

2. Tenepyemo R(X) e ZEXN [X], deg(R(X)) <A i
BHOHMpPAEMO

deg(R(X)) <deg(R (X)—deg(K(X))),R ,i=0,...,deg(R(X))

3 Z;‘ “N 3rigHO piBHOMIpHOrO pO3MOiNTY.

3. lIudpoTekcT pO3paxoBYEMO  BIAMOBIAHO IO

dopmymu C(X) =R(X)K(X)+M .

B pO3rIsAgyBaHOMY
nemudpyBaHHS MIOBiIOMJIEHB
HACTYITHUM YHHOM:

1. PospaxoByemo M =C(X)mod K(X).

2. lnsi 3BOPOTHHX KOOpAMHAT K, po3paxoByeMo

m=k(MK).

BUIIAJIKY
Oyne

aJITOPUTM
BUTJIAATH
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l'omomophHI  po3paxyHKH TNpH  MHPpyBaHHI
MaTpUYHAM  TIOJIHOM  HaBeAeHO  Hmxk4ue.  J{is
CITIBCTABJICHHS [oJIiiHOMa fH (X0 X)) B

mupporekcrax C,,...,C, 3 mominomoM f(x,...,X) Hag
m,,....M €Z, Heob6XixHO 3amiHuTH omepawii 3 Zp Ha

. . NxN
ormeparii JoAaBaHHS Ta MHOXCHHS TIOJTIHOMIB B Zp .

Jns mudporekcriB € «— R(X)K(X)+M oneparuis

nemmppysanns mae M=k ((C(x) mod K(X)E) . Tomni,
¢ +¢, =(R(X)+R,(X)K(X)+M,+M,, sxi e BipHum

¢.C, = R (X)K(X)R, (X)K(X) + R (X)K(X)M, + R, (X)K(X)M, + MM, =

=R (X)KX)R,(X)+R (X)M, + R, (X)M)K(X) + MM,

mo € pesynbratoM jemudpysanss (mm,)mod2, TobTo

(Mle)k = Ml(Mzk) = M1(m2k) = mZ(Mlk) = mlmzk :
OnucaHa BHIE KPUNTOCXEMa € KOPEKTHOMW i

KOMIIaKTHOIO, a 3HAYUTh Peai3ye MOBHICTIO TOMOMOp(HE

umdpysanus. Oyukuis mudpysanas E(k,m), re m —

BIIKpUTHH TekcT, K — Kimod mudpyBaHHI, €
roMoMopdHOI0  MmOAO0  omeparii MHOXEHHS  Haj
BIIKDUTUMH  TEKCTaMH, SKIIO ICHYe e(eKTHBHHI

anmroput™ M | sxumii oTpuMmaBmM Ha BXin Gyab-sKy mapy
KPHIITOrpam BUAY E(k,m),E(k,m,), BUJIAE
kpunrorpamy C Taky, mo npu aemudpysanns C Oyxae
OTpPUMAaHO BIAKPUTHH TekcT M, xm,. Ha BiamiHy Bix
YaCcTKOBO TOMOMOp(HOro mmdpyBaHHs, sSKe HT03BOJISIE

MU(pPOTEKCTOM ULt (m,+m,)mod2, TOOTO
(Ml + Mz)k = (m1 + mz)k .
VY BUIAKy MHOXXECHHS OTPHMYEMO:
(6)

romomopdHe mmdpyBaHHS 3abe3nmedye roMoMopdizm
000x omepartiii (K gomaBaHHS, TaK 1 MHOKEHHS):

Dec(Enc(m,)® Enc(m,))=m, xm,

: )
Dec(Enc(m, )@ Enc(m,))=m, +m,

Buie 3anponoHoOBaHi airopuTMH Ta KPUITOCXEMHU
peamizoBaHi Ta mnporectoBaHi Ha MoBi C#. 3milicHeHO
MOPIBHSHHS MIBUAKOCTI MIU(PPYBaHHSA JaHUX 1 MIBUIKOCTI
omepallii B paMKax BJIACTUBOCTeH roMomopdHocTi. s
KOXKHOI KPHIITOCUCTEMH OYyJIM peani3oBaHi BHIICHI
OKpeMi Kiacd, SKi MICTHIM Taki (yHKIi: reHeparis
kmouiB  (KeyGeneration); mm¢pysanas  (Encrypt);
neummppysanns (Decrypt).

B xoxi ekcrepumeHTy Oylud OTpUMaHi HacTyITHI

SHII/I.CHIOBaTI/I FO.MOMOpd.)Hl 06III/ICJ16HH$[ TUIbKHU ) Hazq pe3yNbTaTH:
OIHIEXO Orepani1€ro BLAKPUTOI'O TCKCTY, IIOBHICTHO
- ~ s
Source text Value P Doing tests
The curve integral has a sohtion D/VgiUV1 AqefpQjNK20XKTOXXNQE77bCnhhRER3PYiPg == Test #100
RSA Algorithm
Key geisratu)n time elapsed: 0:0:324
Encrypted walue Vahe Q Encryprion time elapsed: 0:0:4.

R/+2gA/rOHYKWU 3xau/QyS
~dOBBIBCRERT7VQryj7TAGEDWAPqiI6tLk75Img6l0exzgmifqiSiXMgracCXLIRFIALwd=

Decrypted text
The curve mtegral has a solution

Resulting

m8VunKIIAK2GKVEBEEHbIFIw1/p55nRaWapDwBAilFZw==

Decryption time elapsed:00:4;
Al time elapsed: 0:0:388

El-Gamal Algorithm
Key generation time elapsed: 0:0:49;
Encryprion time elapsed: 0:0:1
Decryption time elapsed:0:0:0;

100% | Al time elapsed: 0:0:63

Test #99
RSA Algorithm

ol | A st
el il t bt
o [ T . 1 o
- A N N P Y | PO ¢ =

B RV S At 8 1 Y A _

ol = SETUYE A& 1 AT I LI A e o 3 o it

1 AV
200 : q -l;r ! 1 f I 1Il gﬁirwmlﬂ timz EIBE’P;;;@O:?:

EBegin

Puc. 3. TecryBaHHs NIpoIeciB TeHepallii KIIoviB, MHU(pyBaHHS Ta JeNH(PyBaHHSI TEKCTy 3 BUKOPHCTAaHHSAM KpunTocucteM RSA Ta

Enp-I'amans

3 HaBeJeHHX
MMeBHI  JaHl IO

pe3ynpTaTiB  MOXKHA ~ BUBECTH
MPOAYKTUBHOCTI  3aCTOCYBaHHS
kpuntocucteM RSA Ta Enp-T'amans Ha  oCHOBI
OTIHCaHUX BHIIIE AITOPUTMIB ITOBHOTO
romomMopdHoro  mmpyBaHHI 3  BUKOPHUCTAHHIM
MaTPUYHUX HOJTIHOMIB!

Ta6muus 1. IIpooykmusnicme kpunmocucmem RSA ma
Env-T'amans na ocnogi aneopummis nogHo2o 2oMomop@nozo
wugpysanns

Kpunro- Tenepauis udpy- Hemmdpy-
cucrema KIIFoua BaHHS BaHHS
RSA 0:0:212 mc 0:0:5 mc 0:0:4 mc
Enp lamans 0:0:143 mc 0:0:2 mc 0:0:1 mc
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[IpoBeneHe TecTyBaHHA KpuNTOcHCTeM (puc. 4) HUMH. BTiMm, i BOHO He OyJe 3/aTHE BUTICHUTH OyIb-sKi
MIATBEPANIO  ©PEKTUBHICT,  BUKOPHCTAaHHS  JTAHOTO  1HINI BHOW  KPUOTOrpadigHOTO  3aXHCTY, OCKUIBKH
MiAXOMy Ui MpOBeneHHs Oe3nedHux oOumcieHs. Bubip  Oyap-ske momiOHe mmdpyBaHHS MPUHIMIIOBO Bpa3inBe

TIOCHUTh BEJIMKOI, MOPIBHIHO 31 3HAYCHHSAMH 10 aTaKH 3 MiAi0paHuM TEKCTOM.

BUKOPUCTOBYBAaHHMX  OIEPaHIIB, MOAYJIA  JO3BOJISE

KOPEKTHO  BHpINIyBaTH  MPOOJIeMy  OJHO3HAYHOCTI BucHOBKH

oOuncnenni. Omnepamnii BigHIMaHHSA 1 AUICHHA Ha IIiJie

YUCIIO, HASABHICTh SKHX HeEOOXimHA s 3iHCHEHHS B  jochmimkeHHi OMMCaHO Ta MNPOAHATi30BaHO

HOBHOLIHHUX OOYHCIEHb, MOXYThb OyTH peali3oBaHi  MOXJIMBI MIAXOAH JIO nobynoBu maketHoro I Ha
depe3 omepaiii A0JaBaHHA 1 MHOXCHHSA HA 3BOPOTHE  OCHOBi MATPMYHMX TIOJiHOMiB, a TAKOXK IIPEICTABICHO
4HCIO (B LBOMY BHIQJKY MOJYJb IPYNM MOBHHEH OYTH  paGip anropuTis, sKkuii pealisye OOMH 3  IHX
TPOCTHM YHCIIOM). miaxomie — kpunrtocxemy [IT'II 3  iHTepmossIiieo
MaTPUYHUX TMOJIHOMIB. bBymo mokazaHo, 1o 10
ehekTHBHOCTI TOOyIOBaHA KPHUITOCXEMa IEPEBEPIIYE
aHaJIOTH, po3pobIeHi OCHITHUKaAMH 3 IBM.
Omuc  mporpamMHOi  peamizamii  KpPHITOCXEMH 3

[&~ ~%sNjF#|)

X:|142 OOTpYHTYBaHHIM KPHIITOCTIHKOCTI BiIIOBiTHIX
A Y anropuTMiB  Oyae  pO3MISSHYTO B MOJANBIINX
: JIOCITI IOKEHHSX.

X,p8>#" *)

Posrssnyto  romomopdHe — ImudpyBaHHSA, K
HaWOUIbII MEPCIEKTUBHUN HANpPSIMOK B 00JACTi 3aXHUCTY
iHpopManii TpU BHUKOPUCTAHHI XMapHUX OOYHCIICHb.
3niificHeHe TeCTyBaHHS IPOJYKTUBHOCTI KPHIITOCHCTEM
RSA, Tletie Ta Enp-T'amans, koxXHa 3 SKHX BOJOLIIE
MEBHOIO  rOMOMOp(HOI  BiIacTWBicTIO. B Xxomi
eKCIIEPUMEHTIB 3’ACyBaiocsi, IO Ha JaHWH MOMEHT
KPHIITOCHCTEMA I'entpi HE 3aBXKIU MOXe
3aCTOCOBYBAaTHCS JULSt ¢ pyBaHHI nepenayi

I'omomop¢He mmbpyBaHHS € MOTY)KHUM anapaToM  MOBiIOMJCHb Ta  3amuTiB A0  CXOBHII  JaHUX.
JUISl 3aXMCTY 30€peKYyBaHUX Y XMapHHUX CXOBHUILAX AaHUX. Y ToOH ke wyac, Kpumrocucremu RSA 1 Ileite
I nume mnoHicTI0O romMoMopdHe IH(PYBaHHA 34aTHE  MOXKYTh BHKOPHCTOBYBATHUCS B OKPEMHX BHITAAKaxX Jis
BUKJIIOYMTH  HEOOXimHicTh  xouya O  YacTKOBOro  mudpyBaHHS JaHHX y CXOBHIN MS Azure un Amazon.
nemndpyBaHHs TAHUX JJIsL 31MCHEHHS OOYMCIICHb HaJ

(| @Kz& ™ %:-) + 1

Puc. 4. IToBHicTio ToMoMop(dHE muppyBaHHSI B XMapHUX 0a3ax
JaHUX 0e3 3HaHHA BMICTUMOTO 3alUTY ITOBiIOMIICHHS
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I'OMOMOP®HOE HIN®POBAHUE JAHHBIX B OBJIAYHOM XPAHUJIMIIE
METOAOM MATPUYHBIX ITIOJIMHOMOB

IIpenvMeTom uccienoBaHus siBisieTcsl muppoBaHne MHGOPMANUK B OOJIAYHBIX BBIYHCICHUSIX W XpaHWIWIIAX AaHHBIX. OOiIadHbIe
TEXHOJIOTHH II03BOJISIIOT 3HAYHUTEIBHO COKpaTUTh pacxonsl Ha WT-uHdpacTpykTypy M THOKO pearnpoBaTh Ha H3MEHEHHS
BBIYUCIUTENBHBIX MOTPeOHOCTEH. B Takom ciydae MOMKHO OBITH O0ECHEYEHO BO3MOXKHOCTH MPOBEICHHS BBIYHCICHUHA HAJ
3amnGpOBaHHBIMU TaHHBIMU 0€3 uX aemu(poBKu. TakuM CBOWCTBOM 00J1alaeT MOJHOCThIO roMoMopdHoro mudposanus. Leabio
JIaHHOW CTaThM SIBISETCS TMOBBIMICHHE (P(HEKTUBHOCTH MOJHOCThIO romMomMopdHoro mudposanus (I1'1) Ha ocHOBE MaTpUYHBIX
MIOJIMHOMOB € TOMOIIBI0 METOAa MAaKETHOTO MH(POBaHHUSA B OIUH MH(PPOTEKCT HECKOJIBKHX OTKPBITHIX TEKCTOB C MOCIEAYIOIICH
KOMIUIEKCHOH 00paboTKoW 3amm(ppoBaHHBIX AaHHBIX. [lakeTHoe mm(ppoBaHHE CBOAWTCS K TOMY, YTO IIPU OAHOI orepanuy Haj
IBYMsI IIA(BPOTEKCTa IPOUCXOAUT OJJHOBPEMEHHOE BHIIIOJIHEHUE Ollepalliii IOKOOPIUHATHO HaJl BCEMH JaHHBIMH, COAEPKAIIMMUCS B
9TUX IH(POTEKCTA B BUJIE OTKPHITHIX TeKcToB (SIMD). 3agauamu ompesielieHo HOCTPOCHNE aJrOPUTMOB ITOJHOCTBIO TOMOMOP(HOT0
mU(pPOBaHUS JAaHHBIX C IOMOLIbI0O MAaTPUYHBIX MOJIMHOMOB. B craThe MCIIONB30BaHBI METOIB! IIH(POBAHUS: C HCIOIb30BAHHEM
KHTaNCKOH TeOpeMBI 00 OCTAaTKaX; IMyTEM 3aIliCH B OJHON MaTPHIIBI HECKOJIBKHX Pa3INYHBIX COOCTBEHHBIX 3HAYCHHUH ITPH Pa3ITHIHBIX
COOCTBEHHBIX BEKTOPAx; C IOMOIIBI0 HWHTEPIOJIHA MATPUYHBIX MOJMHOMOB. B pe3yjibTaTe ONMHMCAHO WM TNPOAHATM3UPOBAHBI
BO3MOXHBIE TMOAXOABI K mocTpoeHnto makeTHbIX [II'1Il Ha OCHOBaHMHM MAaTPHYHBIX MOJMHOMOB, a TaKXe MPEACTABICHB HAOOD
anropuTMOB, peanusyromux kpunrocxemy [II'I ¢ wuHTepmonsiuel MaTpUYHBIX MOJMUHOMOB. [IpuBeneHHBIE aNITOPUTMBI U
KPHUIITOCXEMBI IO3BOJIIOT TIepeaaBaTh HHYOPMALIUIO B COOOIICHUAX U JaHHBIC B 3alIPOCAX B BUIE OTKPBITOIO TEKCTA, MOCKOJIBKY Hal
MH(pPOBAaHHBIMH JTAaHHBIMHA MOXXHO COBEPIIATh HEOTPAHUUCHHOE KOJMYECTBO CIIOXKHBIX alreOpandecKHX ONepanuii, 4To 3aTpyIHseT
BO3MOJKHOCTb PacII(POBKH U CUMTHIBAHHS JaHHBIX 0€3 3HAHWUS BCEro aJITOPUTMA. BBIIO MOKa3aHo, YTO MOCTPOCHHBIE KPUITOCXEMBI
MIPEBOCXOAAT aHAJIOTH 1Mo 3 QEKTHBHOCTH, pa3paboTaHHbIe MccienoBaremsiMu U3 IBM. MoxHO caenath cleayromiuii BBIBO:
MaKEeTHOE MOJHOCTBI0 TOMOMOP(HOT0 MIN(POBAHUS Ha OCHOBE MATPHYHBIX ITOJMHOMOB CIIOCOOHO MCKIIOYUTH HEOOXOIUMOCTH XOTS
OBl YacTHYHON pacmM(poBKH TaHHBIX JUIS HECAHKIMOHHWPOBAHHBIX BBIYHMCICHWH Hal 3amm(pOBaHHBIMH MAacCHBAaMH JaHHBIX B
00TaYHBIX XpaHUJIHIIAX.

KnioueBble cia0Ba: TONHOCTBIO TOMOMOpPGHOTO MMM(GPOBAHUS; XpAHWIWIIE [NAHHBIX; aITOPHTM; MIH(POTEKCT;
KpHUNTOrpadUuecKre METOIbl; KPUITOCXEMbI; MATPHYHBIEC TTOJTHOMBL.

HOMOMORPHIC ENCRYPTION OF CLOUD DATA BY THE MATRIX
POLYNOMIAL METHOD

The subject matter of the study is the encryption of information in cloud data computation and storage. Cloud technologies enable
reducing the cost of IT infrastructure significantly and responding to changes in computing needs flexibly. In this case, the
possibilities to perform calculations on the encrypted data without decrypting should be provided. Fully homomorphic encryption has
this feature. The goal of this article is to increase the efficiency of fully homomorphic encryption (FHE) on the basis of matrix
polynomials using the method of batch encryption to one ciphertext of several plaintexts with the subsequent complex processing of
encrypted data. Batch encryption comes down to the fact that while conducting the operation on two ciphertexts, operations are
simultaneously conducted coordinatewise on all the data contained in these ciphertexts in the form of plaintexts (SIMD). The task is
the construction of algorithms of fully homomorphic data encryption using matrix polynomials. The following encryption methods are
used in the article: the use of the Chinese remainder theorem; recording several different eigenvalues with different eigenvectors to
the same matrix; the interpolation of matrix polynomials. The following results were obtained: possible approaches to constructing a
batch EHE on the basis of matrix polynomials were described and analyzed, a set of algorithms that implement the FHE crypto
scheme with interpolation of matrix polynomials was presented. The above algorithms and crypto schemes enable transmitting
information in messages and data in queries as a plain text because an unlimited number of complex algebraic operations can be
performed on the encrypted data, which makes it difficult to decrypt and read data without the knowledge of the entire algorithm. The
constructed crypto schemes were shown as more efficient than analogues developed by IBM researchers. The following conclusion
can be made: a batch fully homomorphic encryption using matrix polynomials can eliminate the need for at least partial decryption of
data to carry out unauthorized computation on encrypted cloud data arrays.

Keywords: fully homomorphic encryption; databank; algorithm; ciphertext; cryptographic methods; crypto scheme; matrix
polynomials.
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METO]I MOJAEJIIOBAHHS TIAPAMETPIB MEPEXI ITEPEJIAUI JAHUX JIJIA 1i
MOJIEPHI3AIIIT

IIpeaMeToM DOCIIKEHHS B CTATTi € MPOILIEC Mepeadi JaHUX B TPAHCIIOPTHUX Mepekax 3B’s3Ky. MeTa podoTH — po3poOka MeToay
MOJICITIOBAHHS IapaMeTpiB MEPeK Iepenadl JaHuX, SKHH gae 3Mory (opMmalli30BaHO IIPEICTABUTH IapaMmeTpu (yHKIIOHYBaHHS
MEpekKi JUIs MOJACTIOBAHHS 1i TMOBEIIHKM 3 ypaxXyBaHHAM JWHaMiKK Tpagiky. B crTaTTi BUpILIYIOTBCS HACTYIHI 3aBJIaHHS:
OoOTpyHTYBaHHA BaXJIMBOCTI MOJEpHI3allii Mepex Iepenadi AaHUX HA MPHKIANl 3pOCTAaHHA IX BHKOPUCTAHHS, BU3HAUYCHHSA
HEOOXITHOCTI CTBOPEHHSI CaMe aBTOMAaTH30BAaHOTO 3aco0y U1 MOJICIIOBAHHS, HAa BIJIMIHY BiJl 3aJy4CHHS TCXHIYHUX CIICIiaJiCTiB;
BHOIp piBHIB aOCTpakiiii Mepexi mepenavi JaHUX I 11 MOJEITIOBaHHS, BH3HAYEHHS MaTEMaTHYHOTO amapaTy Ui OOYHMCICHHS
mapamMeTpiB MOJIEJi; Po3poOKa METONy MOJCIIOBAHHS MEpeki Mepenadi JaHuX. BHKOPUCTOBYIOTBCS TaKi METOAH: OCHOBH
CHCTEMHOTO aHaji3y, MeTox iMiTamiifiHoro MopemoBaHHA. OTpuMaHo HacTynHI pe3yabTaTh: Hamano mporroszoBanuii rpadik
3pocTaHHsA 00cATiB Tpadiky 3a KaTeropisMu Ta y3arajibHeHa aiarpama. 3po0JIeHO BHCHOBOK, III0 3pOCTaHHs Tpadiky BiaOyBaeThCs y
reoMeTpUYHIi mporpecii. Byma omiHeHa MozepHi3allis Mepexi 3 ypaxXyBaHHSAM pPi3HHX BHIIB BUTpaT. 3pOOJEHO BHCHOBOK PO
noTpedy PUHKY B aBTOMAaTU30BaHOMY IHCTPYMEHTI MPOSKTYBAaHHS Ta MOJEPHi3allii Mepexi. PO3rstHyTI pi3HI CIOCOOM MOJICITIOBAHHS
MUHAMIYHUX CHCTEM; BU3HAUYEHUH cOCiO CTBOPEHHS MO/eNi TPAaHCIIOPTHOI Mepexi 3B’s13Ky. Po3risiHyTa cemupiBaeBa moaens OSI ta
HaBEe/ICHO BJIACHY IHTepHpeTanito ocobiuBoctei ii piBHIB. Bynu o6paHi 4oTHpH HIKHI PiBHI Li€l MoJeni, y SKOCTI piBHIB abcTpakiii
MO/ICITIOBAHHS, BUJIIICHI OCHOBHI XapaKTEPHUCTUKH TPAHCIIOPTHOI MEPEXKi 3B’ 13Ky, IKUMH Oy/1e onepyBaTtu Mojeib. OyHKIIIOHYBaHHS
HIDKHIX PIBHIB TPAaHCIIOPTHOI Mepexi 3B’sI3Ky (opMaii3oBaHO y BUIIAI OKPEMHX MaTeMaTHYHHX Mopenei Ta (opmys, Ha OCHOBI
SIKMX OIHCaHUH METOJ] MOAENIOBaHHS (DyHKIIIH TpaHCIIOPTHOT Mepeski 3B s13Ky. By BU3HaueHi criocoOH 3aCTOCYBaHHS I[LOTO METOIY
JUISI MOJIEpHi3allil TOMOJIOTil TPaHCHOPTHOI Mepexi 3B’s3Ky. BucHoBKkM: TakuM 4MHOM, CTBOPEHO HOBHUH METOJ MOCIIOBAHHS
TPAHCHOPTHOI MEPEXi 3B’ 3Ky, SAKAH yIOCKOHAIIOE, Ta CIIPOIIYE MPOLIEC CTBOPEHHS, a00 MOAEpHi3aLii Mepexi, 0 Ja€ MOKIUBICTh
3HAYHO 3MEHIINTH KOIITH Ha MPOEKTYBAHHS TOIIOJIOTIT MEPEsKi, Ta MIABUIIMTH YTHIII3aLIo 1 pecypcis.

KarouoBi ciioBa: mMepexa mepeaadi JaHHX; iMiTaliiiHe MOJETIOBAHHS; CHCTeMHa quHaMika, monxenb OSI; ¢isudnuii piBeHb;
KaHaJbHUH pIBeHb; MEPEKEBUI PiBEHb; TPAHCIIOPTHHH piBeHb; Tpadik.

Beryn (nmomie-opieHTOBaHA ~ MOJens), abo  Bio  OIHOTO

JMUCKPETHOTO TMPOMIKKY dYacy Jo iHmoro (mporec-

ChOTONIGHHS  XapaKTepH3yeThcs ~ MacmTabHumm — Opi€HTOBaHa — Mmozenb). Lled  tunm  imitauiiiHoro
3MiHAMH Y IOJCHHIH TIOACHKiH MisSIBHOCTI, HacaMmmepen  MOJEIIOBAHHS 3aCTOCOBYETbCS Yy Ppasi, AKIIO CTaH

CHCTEMHU 3MIHIOETBCS MHTTEBO Y BIINOBIJHI HPOMDKKA
yacy. Taka Mojenp Moxxe OyTH 300pakeHa y BHIIISI
rpady momiit [4].

MopentoBaHHS ~ JUHAMIYHUX  CHUCTEM  JIO3BOJISIE

Ma€eTbCsl HAa YyBa3i 3POCTAHHSA JIIOACHKOI AaKTHBHOCTI Y
Mepexi Internet, abo BHUKOpPHCTaHHS  JIOKAJIbHHX,
KOpIOpaTHBHUX Mepex. Lle cTBoproe BenudesHy notpely
B OHOBJICHI ICHYIOUHMX MEPEX SIK Ha IIPOrpaMHOMY TaK 1 Ha

¢izuuHOMy piBHAX. Byap sika MojepHizaiisi Mepexi €
CKJIaJIHUM Ta KOIITOBHUM IPOLIECOM, TOMY BUPIIICHHS
3a7a4i 3MEHLICHHS BapTOCTI MoOJepHi3auii Mepexi €
KUTTEBO HEOOXiTHUM JUis Oynah sKOro Oi3Hecy, SKUi
Oaxae onrTuMmi3yBatd cBoi BuTparu. Ll mpans
NPUCBSAYCHA OJHOMY 3 BapiaHTIB BHPIIICHHS BKa3aHOI
3a1a4i.

AHaJii3 nmy0Jiikaniii Ta mocTaHOBKA 3aBJaHHS

JIns  MOIeNMoBaHHS  MEpPEX  3aCTOCOBYIOTBHCS
IMITAIiiHI MOJENI, AKI MOAUISIOTHECS HA YOTHPH OCHOBHHX
TUNW: JUCKPETHO-TIOMIMHI MOJETi, MOJAENi CHCTEMHOI
JIIMHAMIKHA, MOJIEIIOBAHHS JUHAMIYHHUX CHCTEM Ta areHTe
MozemoBanus [1, 2].

CucteMHa TUHAMIKA € TTIOTYKHUM iHCTPYMEHTOM JIs
JOCIIDKCHHS JIWHAMIYHUX TIPOIECiB, SKHHA JTO3BOJISIE
MOJICITIOBATH CKJIAJIHI CHCTEMH 31 3BOPOTHIM 3B’SI3KOM (Ha
BHPOOHHUITBI, B comiymi, Tomo). [Ipomecu B Takomy
BHIIAJIKy 300pakeHi y BHIUIALI JiarpaM, CKIaIeHUX 3i
MO3UTUBHUX Ta HETAaTHBHUX 3BOPOTHIX  3B’s3KiB.
Oco0nmBa yBara MpHIUISETHCS CaMe MOJACTIOBAHHIO IHX
3B’s13kiB [3].

I[Ipy  OUCKpeTHO-MOAIMHOMY MOJETIOBaHHI, Ha
BiIMIHY BiJi MOJENIOBaHHS CHUCTEMHOI JMHAMIKH, BCS
yBara npuUIUISETbes abo TmepexonaM Bia mofii g0 moil

ONKCATH TIPOLIECH y BUTJIAAI anreOpaidyHUX piBHSHB,
ANTOPUTMIB, OJOK-cXeM Ta Au(EpeHIIHHNX piBHIHB
[5-7].

ATreHTe MOJIEIOBaHHA OIlepye MOHATTSM "areHtr” —
0 € JesKOI CYTHICTIO, $Ka MOXE IPOSIBISTH
aKTHBHICTb, Ma€ CBOIO IIOBEIIHKY, MOXE NpHUHMaTH
pilleHHS Ha OCHOBI INOTOYHOTO CTaHy CHCTeMH. Take
MOJICTIIOBAHHSI ~ BUKOPHUCTOBYIOTH  UISI  300pakKeHHS
JICHECHTPATI30BaHNX, IHTCNCKTYaJbHAX  CHCTEM  JUIA
OTpUMaHHS inpopmarrii {010 B3aeMOil it
ckanoBux [8].

Jdus cumynauii  pobGoTH  Mepexi — mepenaui
JlaHUX  Haluactime 1 3  HAUOUIBIIMM  yCHiXOM
BUKOPUCTOBYIOTBCS MOJEJI MEPIIOro Ta TPETHOTO THIIIB -
JMUCKPETHO-TIOMIMHI Ta MOZCNi JWHAMIYHUX CHCTEM.
v Hamii npari MU 3aCTOCYEMO MOJIeNb
JUHAMIYHUX ~ CHCTEeM  OCKUIBKM 1€ JIO3BOJIUTH
Jerme mepeHecTd Mojeni y iHdopMmauliiiHy cuctemy
JUISt MO/ICITIOBaHHS Ha o0unCIoBaIBHINA
TexHimi [9].

Tomy wMeToro crarTi € po3pobka  MeTomy
MOJIC/TIOBAHHS TMapaMeTpiB Mepex Iepefadi JaHuX,
AKAH ~ Jae  3Mory  (OpMali3oBaHO  MPEICTaBUTH
napameTpu HIDKHIX piBHIB (G yHKIIOHYBaHHS
Mepexi Ui CTBOpPEHHS  imiTamiiiHoi  Momemi  ii
MOBETIHKY 3 ypaxyBaHHSAM AWHAMIKH Tpagiky.

© 0. K. IaBunoscokuii, O. A. PeBa, O. B. Majeesa, 2018
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B crarTi BUpImIyIOTHCS TaKi 3aBIaHHS:
1. OOrpyHTYBaHHS BaXXJIMBOCTI MOJEPHi3allii MEepex

mepeadi  JaHWX ~ HA  TPHUKIAAI  3pOCTaHHA  iX
BUKOPHUCTAHHS;
2. BuzHaueHHS HEOOXIHOCTI CTBOPCHHS came

aBTOMATH30BaHOTO 3aco0y ISl MO/ICIOBAHHS, HA BIIMIHY
BiJl 3aJTyYCHHS TEXHIYHUX CIICIIaTICTIB;

3. Bubip piBHiB aOcTpakuii Mepexi nepenadi TaHux
JUIS 11 MOJICTIFOBAHHS,

4. BusHaueHHsT ~ MaTeMaTHYHOTO
00YHMCIICHHS TTapaMeTpiB MOJIE;

5. Po3poOka MeToxy MoAeIroBaHHS MEpexi mepenadi
JTaHUX.

amapaty s

OOrpyHTYBaHHSI Ba:KJIMBOCTI 3pOCTAHHS 00CATY
Tpadiky

3pocTaHHs JIIOACHKOI aKTUBHOCTI y Mepexi Internet
MOYKHa HasIBHO IIPOJIEMOHCTPYBATH, OIMPAIOYHCh HA JaHi
3 pi3HHX JpKepen, Takux sk: Ericsson, Cisco Ta iHmi.
3BITH [IUX KOMIIaHIH JEMOHCTPYIOTh TEIEpilIHE Ta
MPOTHO30BaHE HaBaHTAXXEHHs Ha MEpexi nepenadi JaHUX
Y PI3HHX MEPCIEeKTUBAX, B TOMY YHUCII, 13 KJIACTEPH3AIIi€I0
3a TUNAMH HaJaHMX IOCIYyr Ta cepBiciB. Hampukian
HaCTyIHAa TicTorpama, y3sta 3 gomnoBimi Ericsson,
JIEMOHCTPYE, IO 3pOCTaHHA TpadiKy € HEPIBHOMIPHHUM Ta
B mepiox 3 2016 mo 2022 pik IUIAHYETHCS 3POCTAHHS
HacaMmIiepen Bifeo-, aymioTpadiky, a TakoX Tpadiky
comianbHUX Mepex (puc. 1) [10].

Mobile traffic by application category

CAGR 2016-2022 (percent)
50%

39%

33%

23%
19%

File Web
sharing browsing

D) B ®

Audio Social

networking

Software

download Vigeo

Puc. 1. [Iporno3oBanuii rpadik 3pocTanHs 00csTiB Tpadiky 3a
KaTeropisiMu

Ta nnst GibIIOT TOBHOTH PO3YMiHHS L€l mpoOieMu
Ericsson HaBOAWUTh HE TIABKU BiAHOCHI, ale¢ W KOHKpPETHI
U(PpPU  MPOTHO30BAHOTO  3POCTAHHS  HABAHTAKCHHS
(puc. 2) [10], a came:

Mobile traffic by application category per month (ExaBytes)

. Video @ Software download
Audio @ Other
@ Web browsing @ File sharing
@ Social networking
2016 ' 0, s x 2022
B 50% In 2022, video will

8.5 ExaBytes ‘video

Consumerlab, TV and Media (2016)

Puc. 2. [Iporuo3oBanwuii rpagik 3poctanHs oocariB Tpadiky

MoskHa 3poOUTH BHCHOBOK, IIIO 3pocTaHHs Tpadiky
BinOyBaeTbCsl y reoMeTpuuHiid mporpecii. OxHak € mie
OJHa XapaKTEpPHUCTHKa, SKa € KIIOYOBOIO — IIe
KJactepu3anis Tpadiky He 3a TUIOM MepelaHuX TaHHX, a
32 pO3MOIIIIOM TIepenadi JaHuX Ha A00y, TOOTO Tak
sanwmii "Busy-hour Internet traffic” [11].

Kommanis CiscO MpOrHo3ye 3pOCTaHHS IHOTO
Tpadiky Ha TpETHHY OibIle HIK yBeCh iHIIHiA Tpadik. Ie
3pOCTaHHS TPUCYTHE HE TUIBKH Yy MHOBCSIKACHHUX
aKTHBHOCTSX y Mepexi Internet, ane i y cdepax Oi3Hecy,
TOOTO KOPHOPaTUBHUX Mepexax. 3rigHO 31

69 ExaBytes

account for around
75% of mobile
data traffic

likely to form a major part of file sharing traffic in addition to the identified application type 'video'

CTaTUCTHYHUMH TIporHo3aMu kommawii Cisco y mepion 3
2017 mo 2021 poxu, BUKOPUCTAHHS BiJ€OKOH(EPEHIIH
3YMOBHUTb IOTpiiiHE 3pocTaHHs TpadiKy y KOPIOPATHBHUX
Mmepexax [12].

UYepes e mocrae 3aKOHOMIpHE IMUTaHHS 301JIbIICHHS
MOTYKHOCTEH KOMIT FOTEpPHUX Mepex. Alle, SKI0 TPEH]
CHOTOJHI 331af0Th Taki MepekeBi TexHojorii sk GRID
obuuciieHHs1, a00 XMapHi CXOBHUIIA JTaHUX, TaKi OYEBUIHI
MUTaHHSA sK (Pi3WYHA MOJIEPHI3AIlSA KaHATIB 3B SI3KY,
mo0y/10Ba MEpEK Ta 1HIIE, BUPIMIYETHCS JTOCHTH JIOPOTO
Ta y Oarare0oX BHIAAKaxX HaLIMMKoOBO. Llg curyaris
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MPU3BOANTH JIO 30IJBIICHHS BapTOCTI BHUKOPUCTAHHS
KOMIT FoTepHUX Mepex [13].

HaBenemo mmdpw, sKi XapakTepu3ylOTh BTpPaTH
KOMIIaHid TpH HEONTHMaJbHOMY BHKOPHCTaHHI pecypcy
KOMIT'FOTEpHUX Mepexk. [IpuOnusHi BHTpaTH Ta J0XiA
OyJl0 OLIHEHO Ha OCHOBI aHaNi3y pEaJbHO ICHYIOUYHMX
¢ipm. Hanpuxnan, y kommnawnii npartorors 100 mroneid, siki
BUKOPHUCTOBYIOTh 80 cTalioHapHHX Ta 15 HOpTaTMBHHX
pobounx Mmicup. Takox BUKOPUCTOBYETHCS 3 cepBepH, sKi
o0cnmyroBytoTh mpocTy Ethernet mepexy 3 aexinbkoma
KOHIICHTPAaTOpaMu Ta MOCTaMHu. SKIIO NPUHUHATH, IO
IIOJICHHUH JTOXi Ha OHOTO CHiBpoOiTHUKA AopiBHIOE 300
nmomapam  CIIIA, Ta BTpatH dYepe3 TmpocToi Ta
MepeBaHTAKEHHS Mepexi TIOPIBHIOIOTh 2%,
PO3paxoByl04YH poOoUiil mepion y poui piBHUHA 220 qHAM,
MOYKHa OTpUMaTH NpUOIK3HI (iHaHCOBI BTpaT — 132 THC.
noiapie CIHIA. Jlns 30inbiieHHst e(eKTUBHOCTI pOOOTH
MEpEexi, BJIACHUKM  KOMIIAHI  3BEpHYJIHCA IO
KOHCQJITUHTOBOi (ipMM 3 TakMX MUTaHb, Ta OyIO
BupimeHo nepeiitn Ha 100 Mb/s komytoBany Ethernet
Mepexy. MogepHizamiss Mepexi Oyma oOliHeHa 3
ypaxyBaHHSIM HACTYIHHX BUTpAT:

1) 2 HoBux cepsepa (40 Tuc. gomapis);

2) 2 minensii #a I13 (4 Tuc. monapis);

3)2 JoKepena 6e3mepepBHOTO
(3 trc. monapis);

4) 100  HOBHX
(5 Tuc. monapia);

5) 1 cranmis kepyBaHHs (7 THC. TONAPIB);

6) 6 komyraropiB 10/100  Gigabit
Ha 24 nopta (18 THC. H07apiB);

7) 1 voBuii RAS (1 tuc. gonapig);

8) 2 croiiku qiis komytaropis/RAS (5 tuc. nonapis);

Ycroro MozepHizamis Oyae KomTyBaTH 83 THC.
monmapiB CIIA, ame He Oynmm BpaxoBaHI BHTpAaTH Ha
KOHCAJITHHI Ta HaBYaHHS [IEPCOHANY, a Ii BHUTPATH
MOXYTh CSTaTH TPETHHH YCIX BHUTpPaT, y CEPEAHbOMY
TaKkuii NpOeKT kowrtyBaB Ou Bix 40 Tuc. monapiB 3a
MpoeKTyBaHHs, Ta Bim 20 THC. monapiB 3a HABYAHHS
nepcoHanqy. TakuM YMHOM TOBEPHEHHS IHBECTHIIIN
(Return  on  Investment, ROI) ©6e3 3amyueHHA
KOHCAJITUHTOBOI KOMIaHIT MOXHa OYiKyBaTH MPHOIU3HO
4yepes:

ROI =83/132 = 0.63 poky, T06TO 6—8 MicsIIiB.

Aure, SIKIIO 3aJTydaTH KOHCAJITHHTOBY (ipMy, MOXXHA
BTpatuth me 60 Tuc. momapis, Ta otpumatu ROI piBHUM
1.1 poky, To6T0 12—14 MicsuiB.

TakuM 4MHOM MOXXHa HarjiasgHO I00AYNTH MOTpeOdy
PHHKY B aBTOMaTH30BaHOMY IHCTPYMEHTI NPOEKTYBaHHS
Ta MOJEpHi3alii Mepexi, sKui Oum OyB HpocTUM Yy
BHUKOPHUCTaHHI, Oe3KomTOBHUM, abo Hemoporum. Bike
CBOTO/IHI € JIEKIbKa IPOTPaMHMX IIaKETiB, HAIPHUKIIAX
Cisco Packet Tracer, GNS3, Unetlab, Ta iHmm, ski
JO3BOJISIIOTH ~ CIIPOCTUTH  poOOTYy  aaMiHiCcTpaTopam
Mepexi, He 3aJTy4aroun KOHCAJITHHTOBUX (ipM abo iHIMMX
CHETiaJIiCTiB y Wil Tamys3i.

i mporpaMHi TpPOAYKTH CHPSIMOBaHI Ha aHai3
MapHIpyTH3amii, po3MOAULy MiZMEepeX, BOHH MAloOTh
JIOCUTh PO3rOpHYTYy 0Oa3y oOJajHaHHA, Ta JIO3BOJISIOTH
Bi3yaJli3yBaTH PO3MOJiI poOOYMX CTaHIiH, KOMyTaTOpiB
MapHIpyTH3aTopiB y Kommadii. AJsie Bci  icHyrodi

JKHUBJICHHA

MepexxeBux  kaptr  10/100

Ethernet

MIPOrpaMHi MaKeTH He JO3BOJISIOTH y MOBHOMY 00Cs31, Ta 3
MOJXKITUBICTIO MacIITa0yBaHHS, IMPOBECTH HaBaHTAKCHE
MOJICTIIOBAHHS MEPEkKi, 0COOJIMBO B YMOBaX THHAMIYHOTO
3pocTarodoro 4u cnajgarodoro tpadiky. Lls wacruna
PHHKY MEpEKEBOIO MOJICIIOBAHHS II€ € BiAKPUTOI Ta
IIyKae CHUCTEeMHM, SKi O JO3BOJNMIM CHEWiallicTy 3
MIHIMAJIFHOIO MiJTOTOBKOK CIPOEKTYBaTH 3 HyIs, a0o
MOJICPHI3YBaTH iICHYIOUY MEPEKY.

Metoa Moe/TI0BaHHS XapaKTepUCTHK Tpagiky B
Mepe:xi mepenavi JaHux

BpaxoByroun cnenngiky 00’€kTa HOCHIIKEHHS, a
caMe — TPaHCIIOPTHOI MEpexi 3B 3Ky, OYyJl0 MpHitHATE
PIIICHHS. CKOPHUCTYBATHUCS iMITAIlifHUM MOJICITIOBAaHHSM,
OCKIJIbKM Taka MOJAENb y TONAIBIIOMY MOXe OyTH
OMMCaHa Yy BHUIJSAI AITOPUTMIB Ta BHKOPUCTAHA [UIs
EKCIIEPUMCHTIB Ha OOYUCITIOBAHIN TEXHIITi.

Jlnst moOynoBW MOJEN Mepeki IMOTpiOHO Math
dhopMmaizoBaHuii onKuc caMoi MEpexi, Ta 11 MOBEIIHKH, 3
I[IEF0 METOI0 HamMHu Oyina oOpaHa CeMHpIBHEBa MOJECIb
OSI, sika MOCTaTHBO NCTAIbHO Ta NUGEPCHIOBAHO Iae
OMHUC YChOMY CHEKTPY (YHKIIH Mepexi mepenadi TaHUX,

TaKUX SK: MapupyTu3aulis, KepyBaHHS Tpadikom,
VIpaBITiHHS TONOJOTiSIMHA, Ta 1HIII.
Jnst  cropomieHHs MoOIETi, Ta MOXIHBOCTI Y

MOIAJIBIIOMY 30UTBIMUTH cdepy ii BUKOPUCTAHHS OYII0
NOPUIHATE PIIICHHS BHUKOPUCTOBYBATH JIMILE YOTHPU
HokHI piBHI Moxaeni OSI. Ile n03BOMUTH BiTOKPEMHTH
Oe3mocepeIHbO POOOTY MepeXki BiJl 0OCOOTUBOCTEH TaHHX,
SIKi Heto mepearoThes [14].

Huxue ™Mu  HaBenemo
0COOJIMBOCTEH 1IUX PiBHIB:

- (hi3uvHMIA piBeHb Ta KaHAJbHUI — BiAMOBIJAIOTH 3a
IHCTpYMEHTaJbHI 3ac00M, SKi BHKOPHUCTOBYIOTHCS B
Mepexi: CIThOBI aJanTepH, KOMYTaTOpH, peIiTepH,
ONTOBOJIOKHO, KOaKcCiajbHI Kabel TOINo, a TaKoX 3a iX
pO3TalllyBaHHS Y CTPYKTYpi MEpEXi — TOIOJIOTiI0;

- CIThOBUH piBEHb — BUKOHYE MOOYJIOBY MapIIpyTiB
nepeayl JaHuX BiJ] BiJNpPaBHUKA 10 OTPUMYBaya, MOIIYK
HAMIIIIINX MapIIpyTiB, IEPEBAaHTAXKCHD Y MEPEXi,

- TPQHCNIOPTHUH PpIBE€Hb — BIANOBIZAE 3a PO3MOMALT
o0csTiB Tpadiky, skuid Oyne TepemaHwWii 3a PI3HUMH
MapmipyTaMH, BIHpPAOYNCh Ha Ty iH(GOpMAI, SKY
MOYKHA OTPHUMATH 3 CITHOBOTO PiBHSI.

BapTo ocobmmBo 3a3HauMTH CIIOCIO TIpeNCTaBICHHS
BXiJTHUX IaHUX JUIS MOJENi, a came, OyJi0 BUKOPHUCTAHO
ricrorpamy BXigHOTO Tpadiky Ha MPOTSA3i IESKOro Yacy
(rommuw/nmHi/TrkHi).  Ilpukmag — Takoi — TicTorpamu
npuBeieHni Ha puc. 3.

BJIACHY IHTEPIIPETAIliI0

120

100

8 9 0 1 12 13 1 15 16 17 18 18 20 21 n 1B XU

Puc. 3. I'ictorpama po3noainy tpadiky Ha MpOTs3i 100K
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3a3HadyeHWd BWINE PO3MOALUT (QyHKIIH Moxedi,
JIO3BOJIUTH CHPOCTUTH YSIBICHHS IIPO PeajbHYy MEpexy Ta
MIPOBECTH CUMYJIIALIIO i poboTH. Temep cripoOyemMo OibIr
JNETAIPHO  PO3IJISIHYTH  KOXEH 13 IMX  pIBHIB
(YHKIIOHYBaHHS MOJIEJII.

®i3nyHUil Ta KaHAIBHWH pPIiBHI TPEINCTaBICHI Yy
BUTIsAI  OiHapHOTO (HEOPi€EHTOBAaHOTrO) Tpady, SAKUit
300pakeHuit Ha puc. 4.

Puc. 4. HeopienroBanuii rpad, SKuit 300paxka€ TPaHCIOPTHY MEPEKY

VY sKocTi BepIIMH y3sTi (Qi3UyHi NpUCTPOI Mepexi,
Taki  sSK:  KOMYTaTOpH,  MaplipyTH3aTtopd,  abo
KoM toTepu. A pebpa rpady € KaHaTaMu 3B’ SI3Ky MEPExKi,
Bara peOpa mo3Hayae WOro MPOIMyCKHY 3[aTHICTh. PiBeHb
abcrpakmii Moke Oytu Oyap SKAM, [IOYHHAIOYH 3
KOPIIOPATHBHOT MEpeKi KOMIIaHil, ¢ y SKOCTi BY3JiB
OynyTh KOMIIT FOTEPH, 3aKIHIYIOUH BEJIMKUMH
pETiOHaIbBHUMH MEpeXaMH JIe BY3JIOM € pEeTiOHaJbHUM
a00 pallOHHUI KOMYTaTOP.

Jus  cumynsnii i3 3aCTOCYBaHHSAM — 3aco0iB
IIporpaMmyBaHHs Takui rpad Moxe OyTH 300pakeHHH Y
BUTJISIII MaTpHL MPOIYCKHUX 34aTHOCTEH, Jie CTOBIILI Ta
CTPOKH € BY3JIaMH, a Ha IEPETHHI 300payKEHO MPOIYCKHY
3[ATHICTh KaHaTy 3B’SI3Ky MK IMMHU By3iamu. Mojenb
JIO3BOJISIE  CUMYJIIOBATH  SIK  JAYIUIGKCHY — Tak 1
HaIIBAYIUICKCHY TIepeady.

Tabmumst 1 300pakae  MaTpHIIO  TPOITYCKHHUX
3MaTHOCTEH [T Mepexi i3 N By3iis [15].

Tabauns 1. Mampuys nponycxkuux s0oamuocmeti

1 2 3 4 5 n

1 * 100 | 1000 | 100 - -

2 100 * 100 - 2400 -

3 1000 | 100 * - 100 -

4 100 - - * - -

5 - 2400 | 100 - * -

* -

n . . i} i} R R *

Jns cumyssnii poOOTH CciTBOBOTO piBHS, TOOTO
3HAXOJKEHHS HAMIIBUIIMX Ta HalMEHII 3aBaHTAKCHUX
MapIIpyTiB BHKOPUCTOBYETBCS peajizallis MOKPaleHOTo
anroputmy Jleukctpu.

3anmpornoHOBaHa BEpCis  aNrOPUTMY  KOHBEPTYE
MAaTpHIIO MPOITYCKHUX 3AaTHOCTEH y MaTpHUII0 3aTPUMOK
Ha KaHaJaX Mepexi y 3BOPOTHIiH IporopIiii 3a popmyIoro:

1
¢ ¢ —df

M

ne d, —3aTpuMKa Ha KaHali ¢; C, — NPOIYCKHA 3aTHICTh
kaHany ¢; Of, — noTik JaHUX Ha KaHaJi c.

TakyuM 4YMHOM, TNPUHHSABIIN 3aTPUMKy HA KaHaJI
3B’5I3Ky 3a Bary pedpa rpady, M1 3aCTOCOBYEMO AITOPUTM
JlefikcTpy  JUIA  3HAXOJDKCHHS  HaWKoOpoTmioro (3
MIHIMQJIBHOIO 3aTPUMKOI) MapUIpyTy Ui Iepejaadi
nmanux. OHAK OMHIEI0 3 HAHBAXIMBINIUX (YHKIIH I[HOTO
PIBHSI € HE TUIBKM MOOYIOBa MaplIpyTy nepenadi AaHHX,
aye i posaisieHHs iHGopmallii Ha JeKiIbKa MOTOKIB TaHHX,
AKi OyZyTh He3aJeKHO NepefaHi Pi3sHUMHU MapIIPyTaMH.

TobTo mesika KibKiCTh iH(QOpMaIii Oyne momieHa
Mk K MapmpyraMu y mOpomnopuil BiANOBimHIA 110
B)XJIMBOCTI MapuIpyTy, SKa B CBOIO Yepry 3alekXHTh BiJ
KIJTBKOCTI 3HaXO/PKEHb IbOTO MapHIpyTy Mia dYac ix

Uk

momyky. Tomi  MOXHA  OOYHUCIUTH  KOCQIIi€HT
BUKOPHCTAHHS MapuipyTy K

n

|

ge N, — KUIBKICTh 3HAXODKeHb Mapuipyty K mim dac
MOIIYKY MapIIPYTiB; | — KiJIBKICTh MPOBEACHUX iTepalii
CUMYJISIL.
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Buxomsun 3 1OTO MOJAENTH CITHOBOTO DPiBHS
pPO3MOIISIE KIMBKICTh iHpOpMaIii MK 3HAHICHUMH
MapUIpyTaMH 3a HACTYITHOIO (HOPMYIIOLO:

df,, =Ky R, 3)

ne df ,«— KiNBKICTB JIaHWX, Aka Mae OyTH mepenaHa mo
Mapuipyty K y Mekax j BUMOTM Ha Mepefady JaHuX;
R;— Bumora Ha mepenavy naHuX; KUk — Koe(iIieHT

BUKOPHCTAHHS MapiipyTy K.

Cumynsiist poOOTH TPaHCIIOPTHOTO PIiBHS JJO3BOJISIE
nepeaBaTH 4acTHHY MOTOKY JaHHMX Y 3aJIe)KHOCTI BiX
HaBaHTAXKCHHS Mepexi B IioMy. ToOTO, SKIIO Mepexa
nepeBaHTaKeHa, JeAKa KUIbKICTh JaHUX OyZe BiaKIaacHa
Ha HACTYIHY ITEpaIil0 CUMYJIAIIi, TOMOKA Mepeka He
nepeiine B cTabimpHUE craH. Came iHTepIpeTamis
GyHKIOIH ~ TPaHCHOPTHOTO PpiBHA 1 €  HOBU3HOKO
3aMpPOMOHOBAHOTO METO/Y.

OYHKIIIOHYBaHHSI MEPEXKi, a camMe PO3IMOAUTY JTaHUX
y Hil, MoOxe OyTH T@pEACTaBICHO 3a JOINOMOTOI0
PI3HHLICBUX PIBHSHb:

df

jisl :dfj,i+1+dfi*i+l' @

ne Of; ., — e norik manux, sixuii He GyB mepenanuii 3a

noTpedu j, 3a i iTepaiio CHUMYJISIIIi; dfj'i+1 — IIe TIOTIK

JMaHux, sAKuid He OyB mepemanuii 3a morpebu j, 3a i
iTepanito cUMYyJIsLii, Ta OyB NEepeHECEHHH Ha HACTYIHY
iTepartiro.

OOcsar maHuX, sKi MalTh OyTH TEPEHECCHI Ha
HACTYIIHY iTepamilo po3paxoBYETHCS HA OCHOBI 3aTPUMKH
Ha KaHaJi 3B’ 13Ky i3 Gopmymu (1).

ToOTo y pa3i mepeBaHTa)XCHHS Ha KaHANl 3B’SI3KY
BHPAaxXOBYEThCSA  KOE(IiEHT  TepeBaHTaXCHHsS, el
KOE(QIIIEHT TO3BOJSIE OLIHUTH CTYIIHBb ITePEBAHTAKCHHS
KaHaly 3B’ SI3KY.

TP
Ko =1-K —=, (®)

df,
e KOC — IlepeBaHTa)kKeHHA Ha KaHam C; TP, -
MakCHMajibHa  TMPOMYyCKHAa  3JaTHICTh  KaHAly  C;

K, — koedilieHT MaKCHUMaJIbHOTO HABAHTAXXEHHS, KUl
3a7a€TbCSl TIEpe] TMOYAaTKOM CHMYJAIIl, BiH BH3HAuae
MakCHMallbHO JOIyCTUMY 3aBaHTaKCHICTh  KaHAIIB
Mepexi; df, — e noTik JaHuX, SKui Mae OyTH nepefaHui
II0 KaHaly C.

OckinbKy cecii nepeiadi JaHUX HOAUISIOTH pECypCcH
Mepexi MK o000 HEPIBHOMIPHO — HACTYITHUM €TaIlOM €
oTpuMaHHs KoedilieHTy yTHii3amii pecypciB KaHaly
KOHKPETHOIO BUMOTOI0 Ha Tiepejauy JaHHX.

df.

Koy =g (6)

e Kuj — BiZIHOCHA BEJIMYMHA BUKOPUCTAHHS KAHAIY LISt
BUMOTH |; dfj — TOTIK JaHHMX sIKi [epemae cecis j;

df, — yBech moTik HaHMX Ha KaHai C.

Jlnst BU3HAYEHHSA BaligHOTO OOCATY HaHMX, SIKi

MOKYTh OyTH TIepellaHi BHMOTOK | Ha | irepartii,
BHKOPHUCTOBYIOTHCS HACTYITHI OOUHCIICHHS:

df; =df, — K, df;,, @)
ne df j' — I CKOPEKTOBaHWH MOTIK JaHWX Ui BUMOTH ],

OJIMH C MapLIPYTiB SKOI NepeBaHTa)KyBaB OJUH 3 KaHAIIIB
38’3y Mepexi; df,— morik namux, sxuii mae OyTu

nepenanuit 3a norpedoto j; df;, — 3a dopmymnoro (3), ue

NOTIK JaHUX [0 Mapmpyty K BuUMOrW |, sKuit

MEepeBaHTAXKY€ KaHal 3B 43Ky C; KOQ — 3a ¢popmynoro (5),

11e KOeQiIlieHT MmepeBaHTAKEHHS KaHAITY 3B’ 3KY C.

OcraHHIM eTanoM (QYHKITIOHYBaHHS TPAHCIIOPTHOTO
PiBHSA € pO3paxyHOK KiIbKOCTi iHpopMarii, sika Mae OyTn
BiJIKJIaJIcHa Ha HACTYITHY iTeparliro:

df; =df, —df;, (8)

ne df i~ KIJIBKICTh JaHUX, SIKi HE 3MOTJIH MEPEAATUCS IO
Mapuipyry K BUMOru j 4epe3 MEpeBAHTAXKCHHS KaHAIY
3B’S3KYy  C; dfj — CKOPEKTOBaHHH IOTIK JaHHUX [0

MapmpyTy K BHUMOTH j, SIKMH IlepeBaHTa)XyBaB OAUH 3
xaHanis 38’a3Ky ¢; Of, — 3a dopmynoro (3), me motik
JaHUX [0 MapipyTy K BHMOTH |, SIKMH HepeBaHTaxye
OJIVH 3 KaHaiB 3B’SI3KY C.

OTmxe yBech IPOLEC MOAECIIOBAHHA MOXKHA OIMCAaTH
HACTYITHUM YHMHOM: eKCIepT Hajzae iHdopmauii momuo
MPOTHO30BaHOT'O HABAHTAXXCHHSI HA IIPOEKTOBAHY MEPEKY
BIPOJIOBXK JIESIKOTO 4Yacy, KOPUCTYBauy CUCTEMH MOJICIIOE
JIesIKy TOIIOJIOTiI0 MEepeXi 3a JIONMOMOTOI0 Bi3yallbHOTO
IHCTpyMEHTY Ta TIIOYMHAa€E MpOLeC CUMYJILil 3a
JIOTIOMOTOI0  BHIIIE3a3HAYEHOI0 MeToxy. MaremaTtudHa
MOJleNb, SKa MOXe OyTH peallizoBaHa y BHIBIIL
aBTOMATH30BaHOI IH(pOPMAMIHHOI CHCTEMH, MOETAITHO
NPOBOANTHE  OOYMCIEHHS Ta  HAJga€e  KOPUCTyBady
iHpoOpMallil0 PO CTaH Mepexi Ha KOXHIM ireparii, a
came, KUIbKICTh MepelaHuX JaHUX, 3aTPUMKU Ha KaHallax
3B’5I3Ky, HaBaHTaXXEHHS Ha Mepexy, tomo. [licis
3aKiHYE€HHs POOOTH CHUMYJIALIl, KOPUCTYyBa4 MOXKE
NPUIHATH PIMIEHHS TIPO  3aTBEPIUKEHHS IOTOYHOTO
MPOEKTY Mepexi abo Mpo MepenpoeKTYBaHHS TOIMOJIOTII.
[TepenpoexTyBaHHs MOXe OyTH BHKJIMKAaHE THM IO
MOTOYHUM MNPOEKT TOIOJOrii TPAHCHOPTHOI Mepexi
3B’SI3Ky HE 37[aTeH OOpOOWTH HaJaHy KUIBKICTH 3allMTIB,
a00 HaBIAKM HE ONTHMAJIBHO BHKOPHCTOBYE pPECypCH
Mepexi, [0 TPHU3BOAWTH JIO HAUIMIIKOBOCTI, Ta
30MTKOBOCTI TAKOTO IPOEKTY.

BucHoBku

Y cBoiii mpami MU 3alpONOHYBAIH  METOJ
IMITaI[ifHOTO MOJIEIIOBAHHS MEpEeXi Tepeaadi JaHuX,
SKWi, Ha 0a3l CIOCTepekeHb, Ta AITOPUTMIB POOOTH
HIDKHIX piBHIB Mozemi OSI, no3Bomise natu BiAmOBiAl Ha
HACTYIHI THUTaHHA: d9H Oyge CTPYKTypa Mepexi
CTabIIPHOIO Ta yBECh CHEKTp oOnagHaHHA Oyne
BUKOPUCTOBYBATUCSI 3 MaKCHUMAJIbHUM HaBaHTaXECHHSM,
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Ta 3aMOBHUK HE BTPAaTHTh NMPHOYTOK. MeTon N03BOJIsIE
(opManbHO TPEACTABUTH XAPAKTEPUCTUKU (PI3UIHOTO,
KaHaJIbHOTO, MEPEXKEBOr0 Ta YaCTKOBO TPAHCIIOPTHOTO
piBaiB momeni OSI, me y S£KOCTI BXIJHHX JaHHUX
BUKOPUCTOBYETHCS JMHAMIKA HABAHTAXXCHHS HA MEPEKY
YIIPOJIOBK Yacy.

I3 3acToCcyBaHHSAM 3alPOIIOHOBAHOTO METOJy MOXKHA
CTBOPUTH 1H(POPMAIIIHO-MOJIETIOI0YY CUCTEMY, sKa O
JO3BOJIMJIA TIPOBECTH CHUMYJIALIIO Tepeiadi JaHux Y
Mepeki Ha  TPOTA3i  TEBHOIO  BIgpi3Ky  dacy.
I3 dopmanizoBanux BumIe (YHKIIA BHIHO, IO Mepexa
OTIFICaHa JIWIIE ACKiTbKOMAa XapaKTePUCTUKAMH Ta iITHOPYE
Taki (akTopW, SK IMOMHJIKH Ha piBHI JOJaTkiB, abo

dbopmar camux maHWX, sIKi MalOTh OyTH TMepemaHi TOIIO,
IIE B CBOI0 UEProl € BOAHOYAC SK IPOOIEMOIO
naHoi Moneni Tak 1 ii mepeBaror, OCKIIBKH J03BOJISE
OibII  THYYKO MacimTa0yBaTH Mepexy Ta HaBiTh
BUKODHCTOBYBAaTH  III0  MOJENIb  JUIA  CHUMYJISLii
IHIIMX  TPaHCIOPTHUX 3ajgad. HacrymHuMm  eTamom
pO3poOKM  mi€l TEXHONOTIl CTaHe  IMiATBEPIKECHHS
aJICKBaTHOCTI MOJIeJIi  peasibHIM  MOBEMIiHII  Mepexi
nepenayi JaHMX.

3anponoOHOBaHUI METOJ, a TaKOXX HOTo ToaIbIia
peaizariis y BUIJISIi MPOTPaMHOTO KOMIUIEKCY J03BOJIUTH
CYTTE€BO 3MEHIIWTH BapTICTh Ta CHPOCTHTH HPOILEC
MOJIEpHI3aIlii KOMIT FOTEPHOT MEpPEXKi.
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METOX MOAEJTUPOBAHUA IIAPAMETPOB CETU IIEPEIAYA JAHHBIX JIUIA
EE MOJAEPHU3ALINUU

IIpeqMeTOM HCCIEIOBaHUS B CTaThe SBIAETCS IpoLecC NMEpeAadyd IaHHBIX B TPAHCHOPTHBIX ceTsx cBsa3u. Lleab padorbr —
pa3paboTka MeToJa MOJCNMPOBAHUS IAapaMeTPOB CeTell Mepenaydl MaHHBIX, KOTOPBIA JaeT BO3MOXHOCTH (HOPMaIM30BaHO
IPEICTaBUTh MapaMeTpbl (HYHKIMOHUPOBAHUS CETH Ul MOJCIMPOBAaHHs e€ IMOBEICHHS C y4eTOM THHAMHUKH Tpaduka. B crartee
pemraloTcs ClIeAylomue 3aa4yM: OOOCHOBaHME BAXKHOCTH MOJCPHU3AIMM CeTeH Iepefadyn NaHHBIX Ha IIPEMEpe pocTa HX
HCTIONB30BAHMS; ONpeJelieHIe He0OXOANMOCTH CO3/[aHHS MMEHHO aBTOMATH3HPOBAHHOTO CPEJCTBA A MOJCIHPOBAHUS B OTIIHIHE
OT TPHUBJIECYCHUS TEXHUYECKUX CIICIMAINCTOB; BBIOOp YPOBHEH aOCTpaKIUM CETH Iepefaddl JaHHBIX 1 e€ MOJEIHpOBaHMUS;
OIIpeIeNIeHne MaTeMaTHIeCKOro ammapaTra Uil BBIYMCIEHHS HapaMeTpOB MOJENH; pa3pabOTKa MeTofa MOJEIHPOBAHUS CETH
neperadyn JaHHBIX. VICHONB3yIOTCA Takde MeTOAbI: OCHOBBI CHCTEMHOIO aHajlHM3a, METOJ HMMUTAlMOHHOTO MOJEIUPOBAHUS.
[Monmy4eHs! crnenyromye pe3yabTaThl: [IpemocTaBieHO MPOTHO3MPOBAaHHBIM rpaduk pocta 00beMOB TpaduKa MO KaTeropusM M
o6obmieHHass nuarpamma. CrenaH BBIBOJ, YTO pOCT TpaduKa HPOUCXOAWUT B TEOMETPUYHOM mporpeccud. beima oreHeHa
MOJIEpHU3ALMSL CETH C YUETOM Pa3HBIX BUIOB 3aTpaT. CenaH BBIBOJ PO MOTPEOHOCTh PhIHKA B aBTOMATH3MPOBAHHOM MHCTPYMEHTE
NPOEKTUPOBAHUSA U MOJAEPHHU3ALMU CeTH. PacCMOTpeHbI pa3iMyHble CIOCOObI MOJEIMPOBAHUS AMHAMUYECKUX CHUCTEM; ONpEAeiIeH
croco0 Cco3maHWs MOMENM TPAHCIIOPTHOH ceTH cBsA3u. PaccMmoTpena cemmypoBHeBas mozens OS| m mpuBeneHa coOcTBeHHas
HHTepHpeTanus ocobeHHocTel e€ ypoBHeH. Brumi BEIOpaHb! YeThIpe HIDKHUX YPOBHS 3TOH MOJIENH, B KaUeCTBE yPOBHEH aOCTpakuun
MOJENNUPOBAHMS, BBIIETECHB OCHOBHBIE XapaKTEPUCTHUKH TPAHCIIOPTHOW CETH CBA3M, KOTOPHIMU Oy#eT OIepHpoBaTh MOJENb.
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OyHKIIMOHNPOBAHUE HIDKHUX YPOBHEH TPaHCIOPTHOI CeTH CBA3M (POPMann30BaHO B BHJE OTAENHHBIX MaTeMAaTHIECKUX MOJEICH 1
(GopMyI, Ha OCHOBE KOTOPBIX OITMCAaH METOJ MOIENMPOBAaHMS (YHKIHMH TPaHCIIOPTHOH ceTh cBsA3U. bynam ompeneneHsl criocoOb
MIPUMEHEHHs] 3TOT0 METOJa ISl MOJECPHU3AINK TOIIOJOTHH TPAHCIIOPTHON ceTH CBsi3H. BeiBoabl: Takum o0pa3oM, co3maH HOBBIH
METO]] MOAEIUPOBAHUS TPAHCIIOPTHON CETU CBSI3H, KOTOPBIH YCOBEPIIEHCTBYET U YHPOIIAET MPOLECC CO3JaHUs MM MOJACPHHU3AINI
CETH, YTO JaeT BO3MOXKHOCTh 3HAYMTEIBHO CHU3UTH 3aTPAThl HA MPOEKTHPOBAHUE TONOJIOTUH CETH, a TAK)Ke MOBBICUTh YTHIN3AIUIO
€€ pecypcoB.

KiioueBbie ci10Ba: ceTh Iepeayt JaHHbIX; MMUTALMOHHOE MOJICIUPOBAHMS; CHCTEMHas MHaMKKa; Moaesb OSI; pusnueckuit
YPOBEHb; KaHAJILHBIH YPOBEHB; CETEBOH YPOBEHb; TPAHCIOPTHBIH yPOBEHB; TPA(HK.

METHOD OF MODELLING THE PARAMETERS OF DATA COMMUNICATION
NETWORK FOR ITS UPGRADING

The subject matter of the article is data communication in a transport network. The goal is to develop the method of modelling the
parameters of a data communication network, which enables formalizing network parameters to simulate its behaviour taking into
consideration dynamically changing traffic. The following tasks were solved in the article: the significance of upgrading data
communication nets was substantiated using their increasing growth as an example; the need to create an automated tool for
modelling, in contrast to the involvement of technical specialists, was determined; the abstraction levels of the data communication
net were selected for its modelling; a mathematical apparatus was determined for calculating model parameters; a method for
modelling data communication net was developed. The following methods were used — the basics of system analysis, the simulation
method. The following results were obtained: The predicted graph of the traffic growth by categories as well as the generalized chart
was presented. The conclusion was made that traffic grows exponentially. The upgrade of the network was assessed taking into
account various types of costs. The conclusion was made that the market demands an automated tool for net designing and upgrading.
Various methods for modelling dynamic systems were considered; a method for creating a model of transport network was selected.
The seven-level OSI model was considered and the authors' interpretation of the features of its levels was given. Four lower levels of
this model were chosen as the abstraction levels of modelling, the main characteristics of the transport network for using by the model
were singled out. The operation of the lower levels of the transport network was formalized in the form of separate mathematical
models and formulas, which formed the basis for describing the method of modelling the transport network functions. The ways of
applying this method to upgrade the topology of the transport network were specified. Conclusions. Thus, the new method of
transport network modelling was developed; this method improves and simplifies the net development or upgrade, which, in turn,
enables reducing the costs for designing the net topology and improving the recycling of network resources.

Keywords: data communication net; simulation modelling; system dynamics; OSI model; physical layer; channel layer;
network layer; transport layer; traffic.
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C. 10. JAHILIMHA

OLIHIOBAHHS SIKOCTI TEXHIYHHUX 3ACOBIB KOMYHIKAII[IA TPOEKTIB
PO3BUTKY

IMpeaMeToM HOCTIIKEHHS B CTaTTI € (DaKTOPH, IO CHOPHUSIIOTH MiJABHMINECHHIO PE3YJIbTATHBHOCTI BHYTPIIIHIX KOMYHIKAI[H MIIIXOM
00paHHs SIKICHHX TEXHIYHHX 3ac00iB. Mera — moOyaoBa MoJejl OLIHIOBAHHS SIKOCTI TEXHIYHHUX 3acO0IB JJIsA iX 3aCTOCYBaHHS B
mporiecax KOMYHIKAIliif MPOEKTY PO3BUTKY. 3aBAaHHS: DPO3IISHYTH KOMYHIKALiMHHN MpOIEC UIA BHUSBICHHSA (aKTOPIiB, IO
CHPUSIOTh HOTO Pe3yNbTaTUBHOCTI; MPOAHAII3YBAaTH MiAXOOH A0 OLIHIOBAaHHSA SKOCTI TEXHIYHMX 3ac00iB 3 METOIO iX BHOOpPY Ui
3aCTOCYBaHHS y KOMYHIKAIliIX NPOEKTY PO3BHUTKY,; BH3HAYMTH HAWBa)XJIMBIIII XapaKTEPHCTHKH SKOCTI TEXHIYHHX 3aco0iB, IO
3a0e3NedyIoTh Ipolec KOMYHIKAIii NPoeKTy; chOpMyBaTH YacTHHHI Ta y3arajdbHEHY (YHKIIIO OLIHIOBAaHHS SKOCTI TEXHIYHUX
3aco0iB sSK €NEMEHTIB 3a0e3MeUeHHs MPOIECY BHYTPIIIHIX KOMYHIKAIiil TPOCKTY PO3BUTKY. BUKOPHCTOBYIOThCS 3aralbHOHAYKOB1
METOAM CHCTEMHOTO aHaJli3y, Teopil NPUHHATTS pilleHHs, Teopii kopucHoCcTi. OTpUMaHO Taki pe3yJabTATH: 3alPOIIOHOBAHO IIi/IXif,
CIIPSIMOBAaHUIM Ha MIIBHUIICHHSA pE3yJbTaTHBHOCTI KOMYHIKAIlii MPOEKTYy PO3BUTKY 3a PAaxXyHOK OOpaHHsS SKICHUX TEXHIYHHX
3aco0iB MpH IUIaHYBaHHI KOMYHIKaIliif; chOpMOBaHO aHAMITHYHY 3aJICKHICTh OIIHIOBAHHSA (YHKIIOHAIBLHOI IMOBHOTH TEXHIYHHX
3ac00iB KOMYHIKalliid, 110 O3BOJISIE MPOTHO3YBaTH OYiKyBaHI (hyHKIIIi 3aJ€KHO BiJ BapTOCTI TEXHIUYHUX 3ac00iB; 3aIIPOIIOHOBAHO
y3arajibHeHy MOJICNIb OI[IHIOBAHHS SIKOCTI TEXHIYHHX 3aco0iB, sika JO3BOJISIE OTPUMYBATH OI[IHKH SIKOCTI 3aJIeKHO BiJ BapTOCTI
Ta yacy ekcrutyatarii. BucnoBku. IIpoananizoBaHO KOMYHIKAI[IfHUI IIpoLec, IO JO3BOJIHMIO BH3HAUUTH (AKTOPH, SIKi CIPHSIIOTH
MBUIICHHIO PE3yJIbTaTHBHOCTI BHYTPIIIHIX KOMYHIKAI[iif INPOEKTIB pO3BUTKY. Sk Taki (akTOpH pPO3MISTHYTO KOMIT IOTEpHIi
CHCTEMH. 3alpoIlOHOBAaHO IIiJXiT, SKMH JO3BOJSE IiJBUIIUTH PE3yIbTaTHBHICTh KOMYHIKAalii 3a paXyHOK OOpaHHS SIKICHHX
TeXHIYHHX 3aco0iB. Po3poliieHo y3aranbHeHy MOJENb OLIHIOBAHHS SKOCTI, IO 00’€IHYE BapTICHI Ta YacoBi MapaMeTpy TEXHIYHHX
3ac00iB KOMYHIKallii Ta JO3BOJISIE OTPUMYBATH OLIIHKH JJIs1 OOIPYHTYBaHHS PillleHb MPH IUIaHYBaHHI KOMYHIKAIIi MMPOEKTY PO3BUTKY
Ta BUOOpi TeXHIUYHUX 3ac00iB. OTpUMaHI pe3ysIbTaTH MOXHA BUKOPUCTOBYBATH IPU PO3pOOJICHHI IIaHy YIPaBIiHHSA KOMYHIKALisIMU
HPOEKTY PO3BUTKY.

KurouoBi c10Ba: MPOSKTHUI MEHEIKMEHT; BHYTPIIIHI KOMYHIKalii; SKICTh KOMIT IOTEPHHX CHCTeM; (DYHKIIOHAIBHICTH i
HaJIIHHICTh 3aC00iB KOMYHIKaIliil; QyHKIIis KOPUCHOCTI.

ITocTanoBKa MpoOIeMHu AHMIIHACBKUX 1 75% SAMOHCHKUX KEPIBHUKIB BBAKAIOTh

HOTaHi KOMYHIKaLil TOJIOBHOIO MEPELIKOIOK0 JOCSATHEHHS
epexTuBHOCTI opranizauii [4, 5]. Omxke, KOMyHikawisi €
JKUTTEBO BAXJIMBUM €IIEMEHTOM J00pe KEepOBaHOTO

MIHIMBICTP BHUMOI  PHHKOBOI  CGKOHOMIKH ¥
MOCHJICHHS CBITOBOI KOHKYPEHIIIi BUMAraloTh NPUAHATTS

ONICPAaTUBHUX PIllleHb 1 BIPOBA/PKCHHS HOBUX MiagxoniB, HPOEKTY, MpU LbOMYy TCOPETHKUM Ta  IPAKTHKH
CIpSIMOBAHUX HA PO3BUTOK KOMIIAHIM, iKWl 3a0e3medye ix ~ NMPOEKTHOrO  MEHEDKMEHTY BHM3HAYalOTh, IO YCHIX
(yHKIiOHyBaHHA. Bce OiNbIIa KiNmbKiCTH IIpomeciB Ta  NPOEKTY Oe3MOCepenHe  3aleXUTh  Bill  YCHIIIHOCTI

IHIIIATHB 3 I[LOTO PO3BHUTKY OPTraHI3yEThCS 1 peanizyeThes
4yepe3 MPOEeKTH, N0 AKHX 3aTy4aloTh BEIMKY KUIBKICTh
¢axiBuiB, BijaiaiB i napTHepis [1].

Cy4acHuil TIPOEKT pPO3BUTKY — L€ MPOEKT,
COpsSAMOBaHWH  Ha  ONTHUMI3alif0  (BIOCKOHAJCHH!)
icHyrounx abo Ha BBEICHHS HOBHX MPOIECIB Y isSUTbHICTH
KOMIaHId [ JOCATHEHHS IX CTpaTeriyHuX IUIeH.
BinMiHHEME prucaMu TaKUX TIPOEKTiB € [1, 2]:

- BOHH pealli3yloThCs BCEpEOUHI KOMIMaHii, aie

OpraHi3allifHO  pO3MEXOBaHI 3 IHIIAMH  BUAaMHU
TSTTBHOCTI;

- XapaKTepU3ylOThCS  PI3HOMAHITTSAM  BHYTPIMIHIX
3B'A3KIB 1 CKJIajHiCTIO (OpraHi3aiiifHOi, TEeXHIYHOI,

pecypcHoi Ta iH.) peaizariii,

- Pe3yJbTaTOM MPOEKTY PO3BUTKY HE 3aBXKIH €
puOyTOK.

TpaguiiHo B~ NPOEKTHOMY  MEHEIKMEHTI
NPOLIECH YNPABIiHHS TOJUIIOTH Ha JIEB'SITh Taily3el
3HaHb (ynpasiiHHA 3MICTOM, TepMiHaMHU,
BapTICTIO, KOMYHIKallisiMH, pu3uKkamMu Tomo) [3].
I[lpu upomy OuTbImicTh  (axiBIiB BH3HAYA€E, IO
KOMyHiKallii HaOyBaroTh HaWBaXIUBIIIOTO 3HAYEHHSI B
o05acTi ympaBiiHHSA TIPOEKTaMH, a, 3 ONIALy Ha
0COONMBOCTI MPOEKTY PO3BUTKY, CTalOTh IIEHTPOM
yCiX TpOIECiB YMpaBIiHHA. AJDKE 32 CTaTUCTHUKOIO Bill
50% no 90% wdyacy B TIPOEKTI BUTPAYAETHCS Ha
chinkyBaHHS, npu 1poMmy 73% amepukaHCBKHX, 63%

KOMYHIKaI[IfHUX TMPOIIECiB Ta IX BiJIOBIJHOCTI BUMOTraM
110 3B’s13KY [4, 6].

Unmano  BYEHHMX  3aliMalOTbCS  CTBOPEHHSAM
HaileeKTUBHIMNX METOMIB YIPABIiHHS KOMYHIKAIliIMHU
MIPOEKTY, IPU FOMY BEJIUKY KiJIBKICTh pPOOIT MPUCBIICHO
JOCTIDKCHHIO  €JIEMEHTIB KOMYHIKAaIiHHOTO —MpOoIeCy
[4,6, 7]. Tomy mpoBezeMo aHaji3 HAyKOBHX CTaTred 3
MUTaHb YIPaBIiHHSI KOMYHIKALliIMH IPOEKTY.

AHaJIi3 0CTaHHIX J0CTiTKeHb i myOJikauin

Project management institute BusHawae ympaBiiHHS
KOMYHIKaI[iSIMA TIPOEKTY SIK Tajly3b 3HaHb, 110 BKJIIOYAE
mpolecu, sKi 3a0e3MeuyloTh CBOE€YAaCHE CTBOPEHHS,
30upaHHs, PO3MOBCIOKEHHS, 30epiranHsi, OTPUMaHHI Ta
BuKopucTaHHs  iHpopmanii [3]. OcobamBoi yBaru
HaOyBarOTh KOMYHIKaIlifHi npoLecu i Jac
YIpaBIiHHA MDK(QIPMOBHMHU TIPOEKTaMH pPO3BUTKY B
IMIMPOKOMY CIIEKTpi akaJeMiYHuX ramysed (iHpopmariiHi
Ta MEpEXeBi INMPOEKTH, OpraHi3alis JOCHIiIPKEHb TOIIO)
[7, 8]. Le MiATBEPIKYE aHawi3 myOTiKarii
International ~ Journal ~ of  Project  Management
(https://www.sciencedirect.com), sikiii  cBimYHTH TIPO
MOCTIMHMK iHTEpeC HAyKOBIIB 10 1IIi€i mpobiemu
(tabn. 1): mopiyHO BUXOIWUTH Big 3 1m0 8 cTare, mae
pO3TISANAIOTECS  MPOOJEMHI  THUTaHHA  KOMYHIKAIlii
npoexTis (puc. 1).

© C. 1O. danmmuna, 2018
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Tabauus 1. [lepenix cmameti, npucésuenHux npoodemi ynpasisiHHa KOMYHIKAYIAMU NPOEKMis
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e 1SO 26364-2015 e ISO 26364-2015
DOI: 10.1016/j.ijproman.2013.08.006;
DOI: 10.1016/j.ijproman.2008.07.005; DO 10.1016/j.ijproman. 2013.08.008;
: L ! DOI: 10.1016/j.ijproman.2013.02.004;
2009 | DOI: 10.1016/j.ijproman.2008.01.009; 2014 : 1 ’
DOI: 10.1016/j.ijproman.2008.02.007 DOI: 10.10186/j.1jproman.2013.07.004;
T ' ' R DOI: 10.1016/j.ijproman.2013.03.002;
DOI: 10.1016/j.ijproman.2012.12.003.
DOI: 10.1016/}.1jproman.2010.01.011; DOI: 10.1016/j.ijproman.2015.03.006;
DOI: 10.1016/j.ijproman.2009.11.010; DOI- 101016/ iibroman.2014.12.001-
2010 | DOI: 10.1016/j.ijproman.2009.10.004; 2015 -0 L0 ID 2024200
: L ' DOI: 10.1016/j.ijproman.2015.03.009;
DOI: 10.1016/j.ijproman.2009.08.001; DOI- 101016/ iibroman.2015.06.011-
DOI: 10.1016/j.ijproman.2009.08.002. - H0-20200).1p 01000
DOI: 10.1016/j.ijproman.2016.08.010;
DOI: 10.1016/j.ijproman.2010.03.001; DOI: 10.1016/j.ijproman.2016.05.011;
2011 DOI: 10.1016/j.ijproman.2010.05.002; 2016 DOI: 10.1016/j.ijproman.2016.05.007;
DOI: 10.1016/j.ijproman.2011.04.005; DOI: 10.1016/j.ijproman.2016.09.012;
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: L ! DOI: 10.1016/j.ijproman.2017.08.006;
DOI: 10.1016/j.ijproman.2011.10.004; : L !
2012 : i ’ 2017 | DOI: 10.1016/j.ijproman.2017.01.006;
DOI: 10.1016/j.ijproman.2011.06.002; : 1 '
: 2 ! DOI: 10.1016/j.ijproman.2017.04.016;
DOI: 10.1016/j.ijproman.2012.04.001; DOI- 101016/ iibroman.2017.05.001
DOI: 10.1016/j.ijproman.2012.01.003; - +0-2000)-yproman. 202 £.05.50.L.
DOI: 10.1016/j.ijproman.2011.04.002.
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0 B3aeMO3B'30K MDK KOMYHIKAIISIMH Ta YCITIXOM IPOEKTY

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Pik

Puc. 1. Po3nozin my0:ikariid, mpucBIYEHUX MpooIeMi
YIPaBJIiHHSA KOMYHIKalLisIMU B IPOEKTaX, O POKaxX

[Tpn upomy Ginburicts nocmigaukiB (39%) noB’s3ye
YCHiX TMPOEKTy 3 S(PEKTHBHOI CHCTEMOIO KOMYHIKAIil;
nesiki HaykoBmi (8%) CTBEpIUKYIOTh, IO IUIAHYBaHHS
OyIb-sIKMX 3MiH y KOMIIaHii MOBHHHO MOYMHATHCS 3
IJIaHYBaHHS KOMYHIKaIlii (puc. 2).

VY 3arampHOMY BHNAIKy KOMYHIKamii IOAUISIOTH
[9, 10] Ha 30BHimIHI, 1110 BAKOPUCTOBYIOTH IS IOHECCHHSI
HeoOxigHo1 iHdopmarii 10 30BHIMIHBOI IIJHOBOI TPYIH,
Ta Ha BHYTPIIIHI, 3a JOTOMOTOI0 SKHX 3AiHCHIOETHCS
B33a€EMO/Iisl KOMaH/IU MPOEKTy (Hajgaii OyaeMo po3risiaTu
TIJBKY [IeH BUJT KOMYHIKAIIii).

O JlocaimKeHHs polli ydaCHHKIB KOMyHIKAI[ii{HOTrO npolecy

B JIOCITiIKCHHS eIEMEHTIB KOMyHIKAI[iiHOTO IpoLecy

Puc. 2. Posmoin my0mikaniif OCTAHHBOTO IECATUPIYYS 3a
NpoOIIEMHUMH MUTAHHAMU YIIPaBIiHHSA KOMYHIKaLisiMN
IPOEKTiB

OTxe IuUlaHyBaHHS  BHYTpINIHIX  KOMYHIKaIlii
HnoJjsArae B BU3HAYCHHI IMOTPEOM YYaCHHWKIB NPOEKTY
PO3BHUTKY B KOMYHiKaIisx Ta iHpopmauii,
a IUIaH YNpaBJiHHA KOMYHIKaIlisIMA ITIOBHHEH MICTUTH
[3, 4, 6]

- BUMOTH bi (o) 3B’SI3KY, 1o 3abe3meuye

PO3MOBCIOKEHHST HE0oOXiHO1 iHOopMaIlii BiAMOBIIHO 0O
BHUMOT YY9aCHHKIB IIPOEKTY;

- iHpopMamito TPo HEOOXimHI TOBiZOMIIEHHS 3
3a3HaYeHHAM iX  ¢opmary, Tepioxy  OHOBJICHHS
TOLIO;




Cyuachuti cmamn Hayko8ux 00CALONCeHb ma mexnoao2it 6 npomuciosocmi. 2018. Ne 4 (6)

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

- 3acO0M KOMYHIKarliil (Iomku 00’ B, GaKCUMiTbHHMA
3B'130K, TesekoHdepeHtii, e-mail, 3BiTu, 3aransui 360pH,
ceMiHapH Ta iH.);

- pO3KJIaJ, SIKUH BH3HAYae
MIPOXOXKCHHS TICBHHUX BHIIB 3B’5I3KY;

- METOJY OTpUMaHHs iH(opMalii Tomo.

TakuM YMHOM BH3HAYAIOTH KpAIli METOAM OOMiHY
iH(OpMAIIi€I0 B CEPEIOBHIII IIPOCKTY.

Posrnmsmatoun CTPYKTYpY NOBIIOMIICHB Yy MPOCKTI
(puc. 3), Big3HaUMMO, IO TUTBKH 7% 3aliMae BepOasibHA
CKJIaJIOBa, ajie 3HaYHa N0 mybmikaii (puc. 2) — 29% —
akKICHTYE yBary caMe Ha [bOMY, aHaIi3yo4d
TICUXOJIOTIYHI, colianbHi, MI>KOCOOMCTI Ta
MDKHAITIOHAJIbHI acTIeKTH TMporiecy oOMiHy iH(opmMariiero.
Ane Oinblla YacTHHA TIOBIJOMJICHHS € HEBEpOAJBHOI,
caMe BOHA BIUIMBA€ Ha CIPHUAHATIMBICTH MOBIJOMJICHb Y
XOJIi BAKOHAHHS TPOCKTY.

KJIIOYOBI MOMEHTHU

%

55% 38%

O BepGanbHa cKanoBa
O sikicHa CK1a/I0Ba (TOHANBHICTB, TY4HICTD, IIBH/KICTH MOBJICHHS Ta iH.)

B neBepbanbHa CKIaI0Ba ((KECTH, BUPa3 OOIHYHsA Ta iH.)

Puc. 3. CtpykTypa MoBiIOMJICHHS B MPOEKTax (3a Marepiatamu

[4, 10])

Haxxanp mumre 24% HayKOBUX TOCHTIIDKEHB, IO OYII0
MpoaHaii3oBaHo, (puc.2) po3rIAfaroTh NPOOJIeMH, sKi
CHPUYMHEHO TMOCWICHHSM 3aJIeKHOCTI POOOTH KOMaHAH
MPOEKTY BiJl TEXHOJOTIH 3B’I3Ky (HampHkiaa, y podorax
[8, 11]), ski aHami3yrOTh PH3WKH BiJ HEIOCTATHHOI Ta
HecBoeyacHOi  mepenaul  iHdopmamii 1o mpoekty
(pobotu [8, 11, 12]), siki aKIIEHTYIOTh yBary Ha TeXHIYHUX

IHcbopmauis, gocsig, gki HakonneHi nig Yac
BUKOHAHHS MPOEKTY PO3BUTKY

3aco0ax KOMYHIKAI[ifHOTO Tporiecy (Hampukiam, poOooTH
[12-14]). Tomy mnpomaHyemMo pO3IISIHYTH [HUTaHHS
3a0e3meueHHs KOMYHIKaIlifHOTO porecy
TeXHIYHHUMH 3aco0aMH, IO CHPHAIOTh CBOEYACHOMY
CTBOPCHHIO, 300py, pO3MOBCIO/PKCHHIO, 30CpiraHHIio,
OTPUMaHHIO, BUKOPUCTaHHIO iH}opMamii Mo mnpoekry
PO3BHUTKY.

DopMyTIOBAHHA METH Po0OTH

Mera — mnoOynoBa MOJENi OI[IHIOBAHHS SKOCTI
TEXHIYHUX 3ac00iB JUIs iX 3aCTOCYBaHHS B TMpoIeci
KOMYHIKaI[iil MPOCKTY PO3BUTKY.

3aBaa”Hsa JOCTIHKEHHS:

- pPO3TIAHYTH  KOMYHIKaIlilHUK — mporec It
BUSBICHHSA (aKTOpiB, IO BIUIMBAIOTH Ha  HOTO
e(eKTHBHICTE;

- MPOAHaJI3yBaTH MiAXOMH JO OIIIHIOBAaHHS SIKOCTI
TEXHIYHHUX 3ac00iB 3 METOI0 1X BHOOPY IS 3aCTOCYBAaHHS
Yy KOMYHIKaLisIX TPOEKTY PO3BUTKY;

- BU3HAYWTH HAWBAXKJIMBINI  MMOKA3HUKHU
TEXHIYHMX  3ac00iB, 110  3a0e3MeuyroTh
KOMYHIKaI[iil IPOEKTY;

- chopMyBaTH YACTHHHI Ta y3arajJbHEHY (YHKIIIO
OILIIHIOBAHHS SKOCTI TEXHIYHMX 3aco0iB SK €JIEMEHTIB
3a0e3MeUeHHS MPOIIeCy BHYTPIIIHIX KOMYHIKAIif IPOCKTY
PO3BHUTKY.

SIKOCTI
poIiec

BukJjiax 0CHOBHOI0 MaTepiaJy

Bce wacrime ympaBiaiHHA PO3BUTKOM CyYacHHX
KOMIAHI  3MIACHIOETHCA 3a  JOIOMOIOI0  METOIIB
YOpaBIIiHHSA TpoekTamu [2, 15], ane BogHOYac mepemada
JaHux Ta iH(opMaIlii, 110 Mae HalBaKJIMBIIIC 3HAYCHHS

Juisi  00poi NPaKkTUKU  YNpaBliHHSA, € OJHUM  3i
3HEXTYBaHMX acrekTiB [16].
KomyHikaniiiHuii mnpouec — we mpouec oOMiHy

iH(OpMAIIi€I0 MK yYaCHUKAMU TPOEKTY (puc. 4).

BIAMPABHUNK NnoBIOOMJTIEHHA KAHAIJ 3B'A3KY
Kopye Ob6upae
P iHcpop- cnoci6
OCS(?:,;::?Hr;ZeTAy: |i/:10e:1(a)60 vauiio | BepbanbHe i/abo | nepepayi | 3acib nepepaui
an))oeKTy pg:;BMuTKy HeBepbanbHe | nosigoMneHHs
g
[
3
B MEPELLKOON 2
iAnpaBHUK aekoaye 3
peakLijio / \ g
MNoBIAOMITEHHA OLEPXYBAY :);’
cC
Kooye .
KAHAT Peakuis Ha agpecy | ﬂeﬁC;AB?/GHLa 22“&:60 <
3B'A3KY BiANpaBHMKa [ PHO po3y
NOBIAOMIEHHSA

3BOPOTHIV 3B'A30K

Puc. 4. bazosa mMoens nporecy KomyHikaii [5]
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Horo ocHOBHMMH elleMEHTaMU SBISAIOTHCS [3, 5, 16]:
BiMpaBHUK, ojaepXyBad (oamH  abo  JCKijibKa),
TOBIOMJICHHS B JiesskoMy (opmarti, 3acodm 3B’S3Ky, IO

dbopmyroTh  cepemoBmile mepemadi  iHdopmarii, Ta
3BOPOTHIH 3B’30K, SKiif BKasye Ha CHPUHHATTA
MIOBiZIOMJICHHSI.

Sk npuknaau 3aco0iB 3B’S3Ky B Cy4aCHHX MPOEKTax
MOYKHa PO3IJIsIaTH KOPIIOPAaTHBHI Ta MOOUIBHI TenedoHu,
cucreMy oOMiny iHdopmaumiero Lync ab6o Skype,
CJICKTPOHHY  IIOIITY, CHCTEMH  BiJCOKOH(pEPEHIIIH,
MoGineHi momatku tumy WhatsApp a6o Viber Tta im.
Came TOMy TeXHIYHUMH 3ac00aMU, SKH BUKOPHUCTOBYIOTH
y  KOMYHIKallitHOMy  Tporeci, HapJacrtime €
TeneOHH Ta MOOILTBHUHA 3B’SI30K, KOMIT FOTEpHI CHCTEMHU
Ta MepexHi Texnoiorii [5, 10]. IIpu npomy edexTHBHUM
BBA)XAIOTh TakWi mpouec 0oOMiHY iH(pOpMAaIi€lo, SIKHHA
MPUBOAMTH 0 OYIKYBaHUX 3MiH y 0a)kaHOMY HalpsIMKy B
3HAHHAX OJiep)KyBaya Ta B HOro IOBOKEHHI, KOJIH
iHhOpMaIliiiHI TMEPeNIKOIH MIHIMAJIbHO MEPEKPYUIYIOTh
iHdopmallifo, BOHa € MaKCHMalbHO BIPHO NPHUHAHATOIO,
nepepoOICHOI 1 BHKOPUCTOBYETHCS B IUISIX MPOCKTY
po3BUTKy [9, 17].

TpagnmiiHo e(eKTUBHICTP KOMYHIKamii MOXKHA
omiautH [10, 17]:

-3a mokasHukoM edektuBHOcTi (efficiency) sk
BiIHOIIICHHS Pe3yJbTaTy KOMYHIKAIlil 10 BUTPAT;

- 3a moKasHUKOM pesyabTaTuBHOCTI (effectiveness)
SK BIIIOBIJHICTE pE3yJibTaTy KOMYHiKaliii o0paHoi
LTI

Haxanp, OyBae BaXXKO  KIJBKICHO  OIIIHUTH
pe3ynbTaTH i BUTpaTH KoMyHikarii [10], ToMy, 0ocobauBo
B YIpPAaBJiHHI NMPOEKTaMH, KOPHUCHHM € IPYTHi TiIXiI.
IMpu upoMy, SIKIIO ILiJb HE JOCATHYTO ab0 IOCATHYTO
YacTKOBO, TO CJiJ BIUIMBaTH Ha (aKTOpH, M0
MiABHUINYIOTh €(DEeKTUBHICTh BHYTPIMIHIX KOMYHiKamiid. Sk
Taki (aKTOpH BCE YacTillle PO3TJANAIOTh KOMII IOTEpHI
CHCTEeMH Ta MOOUTbHHH 3B’s30K [6, 7, 16]. Ile motpedye
aJICKBaTHOTO OLIIHIOBAaHHS TXHBOT SIKOCTI NPH IUIaHYBaHHI
KOMYHIKaIliii Ta BHOOpI TEXHIYHMX 3ac00iB B IMpOEKTax
PO3BHUTKY.

Bignosigao mo ISO/IEC 25010:2011 mix sxicTio
PO3yMIIOTh CTEIiHb 3a/I0BOJICHHS CHUCTEMOIO TMOTped
pI3HMX 3alliKaBJIEHUX CTOPIH Ta MOTpPeDd, HI0O MArOThC
HUMH Ha yBa3i, Ka JJO3BOJISIE OIL[IHUTH IEPEBArd CUCTEMH
[18, c. 2].

3rigHO MDKHAPOJHOTO CTaHIAPTy MOJICNb SKOCTI
KOMIT FOTEPHOI CUCTeMH 00’ €/IHY€ BICIM XapaKTEPUCTHK, a

came: ¢byukuionaneHy — mpuaathicts  (functional
suitability), pisenr mpomyktuBHOCTI  (performance
efficiency), cymicuicts  (compatibility), 3pyunicts
kopuctyBanuss  (usability), wamiiimicte  (reliability),

3axuiieHicTs (Security), cymposiguicts (maintainability),
MmoGineHicTs (portability). B cBoro wepry, koxkHa 3 mux
XapaKTePUCTUK CKIAJA€ThCA 3 JCKIJIbKOX BiAMOBITHUX
migxapakrepuctuk [18]. Takum YMHOM, OLIHKY SKOCTI
KOMIT'FOTEPHUX  CHUCTEM  SK  TEXHIYHUX  3aco0iB
KOMYHIKaI[iil MOXXHa MOJATH Yy TEOPETHKO-MHOXHHHOMY
BUTJIAI

U () =104, %, %), U, (6, X3, %), o
Uy (X1 X6 )i U O, X5, X5),

1)

1 1 1 .
me U (X,X,X;) — mepma XapaKTepHCTHKa SKOCTI —
(byHKIIOHANTBHA TPHIATHICTD, KA CKIAJA€THCS 3 TPHOX
TiIXapakTepUCTHK X, — QYHKIIOHATLHOI OBHOTH; X,

HKIHOHAJBHOI KOPEKTHOCTI, X. — HKL1OHAJIBHOT
> 3
JIOLIIBHOCTI;
u,(x’,x2,X}) — npyra XapakTepucTHKa SKOCTI —

piBeHb HpOHyKTI/IBHOCTi, 3HAa4YCHHA SAKOI'O BU3HAYAETHCA
2

X

— YaCOBUMHU XapaKTCPpUCTHUKaAMMU, X22 — pecypcamu,

MO  BHKOPUCTOBYIOThCS, X,  —  TOTEHIiHHHME
MOYKITMBOCTSMH;
3 3 .
U;(X,,X,) — Tpers XapakTepUCTHKA SIKOCTI —

CYMICHICTB, 110 BU3HAYAKOT /IBi MiIXapaKTEPUCTHKU X, —
criiBicHyBaHHs (CO-existence) it X, — dyHKIioHanbHA
cymicHicTp (interoperability);

U, (X, X5, X5, X;, %o, X;) — deTBepTa XapaKTepUCTUKA

SIKOCTI — 3py‘IHiCTb KOpHUCTYBaHHSA, Ky BH3HA4YalOTh

4 . . . 4

X, — JOCTOBIPHICTb MPHAATHOCTI, X, — HaBYaJbHa
. 4 . 4 . .

3[IaTHICTh, X; — KEPOBaHICTh, X, — 3aXHUIICHICTH B1]

. 4 . . )
TMIOMHUJIOK KOPHUCTYBA4lB, X; — €CTETUYHICTH 1HTep(1)eI/Icy;
4 . .
X; — JOCTYIIHICTB;
u ( 5 X5 5 XS) _ ) o
L (X X5, X5, X, II'sTa XapakKTECPUCTHKA SIKOCT1

o . 5 .
HaJA1MHICTh, fAKa CKJIaJa€ThCa 3 )(1 — 3aBCPHICHOCTI;

5

5 . . . . .
X2 — IMOBIPHOCT1 6€3B1,Z[MOBHOI pO6OTI/I, X3 —

. co . 5 . .

B1IIMOBOCTIHMKOCT1, X4 — BITHOBJIFOBAHOCTI,
6 6 6 6 6

UG(Xl,XZ,XS,X4,X5) -

SKOCTI —  3aXHIIEHICTD,

mocta  XapaKTCpUCTHUKa

SKy  BH3HAYalOTh  TaKi

MiAXapaKTePUCTHKH, K Xf — KOH(DIACHIIHHICTD, Xs -

.. . 6 . . 6 .

IiTCHICTB, X, — HEMJPOONeHiCTh; X, — CTeIiHb
. . . . o 6

BiAcTexkeHHs a0o0 mim3BiTHICTH (accountability); X, —

aBTEHTHYHICTE;

7 7 7 7 7 .

U, (X', X, X5, X, » X, ) — CbOMa XapaKTepHCTHKA SIKOCTI

. . 7 .

— CYyTPOBIJHICTB, fKa CKJIANAETHCS 3 X, — MOMYIBHOCTI,

7 : 7
X2 — MOXJIHUBOCTI1 6araT0pa30B0ro BUKOPUCTAHHA, X3 —

MPOCTOTH OIHIOBAHHS; X, — TPOCTOTH 3MiHM; X, —
TECTOBAHOCTI;

ua(xf,xﬁ ,Xg) — BOCbMa XapaKTEPUCTHKA SKOCTI —
MOOUITBHICTB, IO CKIATAETHCS 3 TAKUX MiTXapaKTEPUCTHK,
SIK Xf — aJIalTOBaHICTh; Xg — IPOCTOTa BCTAHOBJICHHS,
Xs — B3a€EMO3aMIHHICTb.

Tpanuiiiiinoro, HaHOIMBII MOMIMPEHOK METPUKOIO

SKOCTI KOMIT'IOTEPHHX CHCTEM € XapaKTepUCTHKA

2 2 2 ome . .
U,(X,%;,X;), a came i uacoBi Ta pecypcHi
MiIXapaKTEPUCTUKM, 10  BHM3HAYAKOTh  MPOIYCKHY

3MATHICTP 1 3aTPUMKy. 3a HHUMH 3HaXOJSITh pPiBEHb
MIPOIYKTUBHOCTI SIK 0a30BUH iHAEKC, 10 Bimobpaxkye [19]:
- MiHIMaJBHY MIPOAYKTHUBHICTD CUCTEMH 3
ypaxyBaHHSIM  MOJIMBOCTEH  OMEpaTHUBHOI  IaM Ti,
LHEHTPAILHOT'O MIPOLIECOPa, JKOPCTKOTO TUCKA;
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- IPOAYKTHBHICTb  rpadiynoi  migcucremu 3 ppuparhicts U, piBeHb  mpogykruHocti (U, ),

ypaxyBaHHAIM MOTped pobOodoro croia # TPUBHMIPHOI wamiiimicrs (U,) [18], ToGTo mpH oOaHAKOBOMY piBHi

rpagiku. o
SIKIO OTPUMAHE 3HAYCHHS {HIEKCY € HETOCTATHIM MIPOAYKTHUBHOCTI AKICTh cCHCTeMH BH3HAYHMO [20]
JIsS IEsKOI IporpaM, TO OKpeMi OLIHKH KOMIIOHEHTIB _ 111 5 U5 o5 o5
s 1 porpamy, P it U(X) =u, (%, %5, X)), U (X, X3, X5, X7 ), (2

KOMI'IOTEPHOI ~ CHCT€MHM, IO  BU3HA4alOTh  U,,
MOXKYTb JONOMOITH 3pO3yMiTH, sKi 3 HuX cmig AV 3HAXODKCHHS BHIISIY SKOi CIIJ 3HATH YaCTKOBI
onoBuTH [19]. byHKii sKoCTi U, ¥ Ug.

OmHak cydJacHi  KOMIT'IOTEpHI  CHCTEMH  BCe Burnsn  @yHkmii, 1mo omiHoe (YHKIIOHAIBHY
aKTUBHILIE B33a€EMOJIIOTh 3 JIIOJABMH, HaBKOJMIIHIM  IIpUJATHICTh, 3HANAEMO, aKIEHTYIOUYM yBary Ha
CEPEJIOBUIIIEM, OIMH 3 OAHMM. SIKICTh MOMIOHMX CHCTEM  (yHKIiOHANbHii MOBHOTI, TOOTO CTEMEHi MOKPHUTTS
cTae (yHKIi€I0 HE TiNbKU KOHKPETHHX NOJATKiB, ale  cykymHicTio (yHKIiH  BCiX 3aBgaHp Ta  IijleH
BPAaXOBYe CIIOXKHUBYI BJIACTUBOCTI I 3pocTarodi 3amuTH  kopucTysaua [18].
kopuctyBadie [18,19]. Came TOoMy, 3aJleXKHO Bif Posrnsaemo TaKii €JIEMEHT KOMYHIKaIin
KOPHCTYBadiB KOMII FOTE€PHOL CUCTEMH nepelik gk cMapTOH — MPUCTPiH, IO 00’€IHye BIACTUBOCTI
XapakTEPHCTHK y MHOXHHHOMY TojanHi (1) Moxe  rtenedomy Ta KOMIT FOTEPHOT CUCTEMU [21].
3MIHIOBAaTHCS,  BU3HA4YalOUM  AKICTb  NPOAYKTY B [lopiBHANBHMI aHami3 (YHKI[H Cyd4acHHX cMapTQOHiB
KOHKPETHHX YMOBaX BHKODHCTaHHS. Tak, HaNpWKIal, HaBeICHO y Tabi. 2 (3a JaHUMH
HalBILIMBOBIIIMMH XapaKTePUCTUKAMU AKocTi  caiity https://www.kp.ru/putevoditel/tekhnologii/luchshie-
JJIs  OCHOBHUX  KOpUCTyBadiB €  (yHKUioHanbHa  smartfony/).

Tabauns 2. Ananiz xapakxmepucmux Cy4acHux cmapmaeouie

[TepeBuieHHs
XapaxkTepucTHKH 0a30BOT0 BapiaHTy cMapTdoHy HasBa cmaptdony (BiIHOCHO 0a30BOTO BapiaHTy), pa3iB
dhyHKLIIH BapTOCTI

Xiaomi Redmi 5 Plus: Nokia 6 1,28 1,43
- omepariiina cuctema: Android 7.1; HTC U11 EYEs 1,57 2,27
- po3mip expany: 5,99 Hroiimis; Honor View 10 1,86 2,6
- po3inbHa 31aTHicTh: 2160 x 1080; Sony Xperia XZ2 Compact 2.14 3,6
- TIpoIIeCOop: Qualcomm Snapdragon 625 Huawei P20 214 20
MSM8953; ' !

- 06’em O3IT: 3 TB: Samsung Gglaxy S9 2,43 4.3
- akymyJsTop: 4000 MAw; Sony Xperia XZ2 2,43 4,5
- XapaKTepHUCTHKH Bineokamepu: 12MI1/ SMIT; Samsung Galaxy S9 Plus 2,57 4,8
- BapTicTh: 10990 rpoIIoBUX OJTUHUIL Huawei P20 Pro 2,57 49

Hpumimka. SIx momaTkoBi (QYHKIT PO3TIISIAFOTHCS: OOpoOneHHss maHWX TaOn. 2 3IIHCHIOBAaOCH B

HOBa BepCisl OMepaliifiHol CHCTeMH, IapaMeTpu ekpaHy, cepefosuii Scilab, mictinr daiiny-cuenapiro 00poOku
BJIACTMBOCTI aKyMyJISITOpY, HapaMeTpu maM’sTi Ta  JaHWX HaBeJECHO Ha pHuC. 5.
MpOIIeCcOpY, AOAATKOBI MOKIMBOCTI ToOIIO [21].

x=[01.432.272.63.64.04.34.54.84.9];// marpuns suxigaux nannx "[lepepmmenns BapTocTi"”
y=[01.28 1.57 1.86 2.14 2.14 2.43 2.43 2.57 2.57]; // maTpuna Buximaux ganux "llepeBumenna hymkmii"
for i=1:length(x);
rx(i)~((x(i)-mean(x))¥(y(i)-mean(y)));
1y 1()=(x(1)-mean(x))."2;
ry2(i)=(y(i)-mean(y))."2;
end
r=sum(rx,1)/sqrt(sum(ry1,1)*sum(ry2,1)) // po3paxyHoK Koe(illi€HTY KOpeIAITii
d=[0 5]
=[0 3]
figure(1)
plot2d(x,y,-8); plot2d(d,f) // mobymoBa miarpaMm po3xkumy
function [zr]=Gl(c, z)
zr=z(2)-c(1)-¢(2)*z(1)-¢(3)*z(1)"2 // inTeprIOTATIITHNI TOTIHOM
endfunction
7z=[x;y]; / /MaTpuII, pAIKN AKOI CKIANAI0Th BEKTOPA BUXITHAX 3MIHHHX
¢=[0;0;0]; // BeKTOp-CTORTIEND, AKII 3a/1a€ TIOUATKOBI 3HAYEHHS TTApaMeTPIB MOIENi
[a,err]=datafit (G1,z,c)
dd2=a(3)*x."2+a(2y*x+a(1) // Burmam Gyl AKOCTL
figure(2)
plot2d(x,y.-4); plot2d(x,dd2) // mobymoBa iHTepHmONAMIHHOT KPHBOL

Puc. 5. Jlicrinr ¢aiiny-cueHapio 06poOKH eMImipuYHUX JaHUX Taou. 2
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AHami3yroun OTpuUMaHi JaHi, MOXHa 3pOoOUTH
BHCHOBOK IIPO HASBHICTh B3a€MO3B’SI3KY MIX KUTbKICTIO
GyHKIIH TpUCTporo Ta Horo BapricTio. Lle miaTBepmKye
qmiarpamMa poO3KHIy, HaBEJACHA Ha pHC. 6; NpPU LHOMY
3Ha4YeHHs KoeoimieHnta kopemsamii r=0.9716 cBiguuth
PO CHJIBHAN B3a€MO3B 30K MK I[IMH TTapaMETPaMHU.

NepeaulerHs yHKYIT sidHocHo Gaiosnzo sapiaHmy

0 T T T T T T T T T 1
0 05 1 15 2 25 3 35 4 45 5

IepesulleHHs 8apMocmi 8IOHOCHO 02308020 sapiaHmy

Puc. 6. Jliarpama po3kuy, OTpUMaHa 3a MiICYMKaMH aHaJi3y
XapaKTepUCTUK cMapT(HOHIB

Hns OTpPHUMaHHSA AQHATHYHOI  3aJICKHOCTI

aIPOKCHIMYEMO ollepXKaHi JaHi TIOJIIHOMOM
2

Ipyroro cremeHs tumy Y =ax" +bXx+C, napamerpu
SKOTO  3HaliieMo 3  BUKOPUCTaHHSIM  BOymOBaHOT
byHKii datafit () y Scilab; MOMHMJIKA
anpokcumarlii npu  1poMmy ckiamae  2,3%. Takum
YHHOM, byHKIIiFO SKOCTI 3a napaMeTpoM

(GYHKIIOHATBHOT MPUAATHOCTI TPEACTABUMO B BHUIJIAI
(puc. 7, a):

U (s) =-0,0708s” +0,8476s+0,0646 w1 s=0,...,5, (3)

Je S — TepeBHILEHHS BapTOCTI KOMYHIKaliiHOTO
MIPHUCTPOIO BiTHOCHO 0a30BOTO BapiaHTy, pas3iB.

Bmsnaunmo, mo ¢yHKmis (3) He CymepeyuTh
Bitomomy  3akoHy  ['poma  (Herbert  Grosch),
SIKHH TIPUITYCKaB, o (YHKIIOHATTBHICT
KOMII'10Tepa 301IbIIYEThCS K KBaJpaT

BaprtocTi [19].

Jlpyry XapakTepucTUKy SIKOCTI y Bupasi (2) —
HaJiHICTD KIJIbKICHO BU3HAYAE HMOBIpHICTH
0e3B1IMOBHOT pobotH, SIKY 3HaiiIeMo 3a
dopmyroro [22]

U@)=Pt)=e""?, npu t=0,...,17532, 4)

ne t — rapanTiiiHil TepMmiH ekcruryartarii (t=17532 rog.

BiAIIOBiZa€ JBOM pokaM rapadrii); T, cepenHii
gyac ~ MDK ~ BiJMOBaMH, 3HAa4e€HHS  SKOTO  JUIA
rapaHTIHHOTO TepMiHY eKCILTyartalii npuiHsaTo sk 900000
rox [23].

3anexHicTh iMOBipHOCTI 0e3BiMOBHOI  poOOTH
KOMIT FOTEPHOI CHCTEMH BiJI Yacy eKcIulyaralii HaBeaIeHO
Ha puc. 7, 0.

Orxe, ¢yHkuii (3) i (4) BU3HAYAIOTh YacTKOBI
GbyHkuii gxocti U, H U, Ta J103BOJAIOTH OLIHHUTH
TEXHIYHI 3acobu OJIHIEIO

XapaKTECpHUCTUKOLO.

KOMYHIKaIii 3a

MepesuULIEHHA ghyHKUI BIBHOCHO Ga308020 8apiaHmy

a T T

T T T
0 05 1 1.5 2 25 3 35 4 45 5
MepesuULeHHT 8apMOCMI BIOHOCHO Ga308020 8apiaHmy

a)

0938
0.996
0.994
0.992

0.98
0.988

0.986

HimosipHicme GessidimosHol pobomu

0.984 4

0.982

098

T T T T T T T T 1
0 2000 4000 6000 8000 10000 12000 14000 16000 18000
FapaHmidinud Yac exchmyamaul, 200.

6)

Puc. 7. Burmsan GyHKmii sskocTi: a — 11 GpyHKIiOHATbHOT
MPUAATHOCTI; 6 — U1 IMOBiIpHOCTI Ge3BiAMOBHOT poboTH

Jast  owmiHIOBaHHS ~ SKOCTI  3a  JEKiIbKOMa
XapaKTepUCTUKAMHU chopmyemo y3arajibHeHy
¢dyHKitO, BUKOPHCTOBYIOUH nixoau Teopii

kopucHocTi [24]. Tlomamo ¢yHKui0 (2) y HOMiTiHIAHINA
hopmi:

U (S,t) = kzuz (Svto) + ktUt (So’t) + kstUs (S’tO)Ut (so’t)
mpu VseS, VteT, 5)

ae U (s,t,) — ¢ynkmis (3), mo ommcye QyHKIiOHAIBHY
npupathicts mpu t=t; U (S,,t) — dyuxuia (4), mo
omucye HMOBIpHICTh 0€3BIIMOBHOI poOOTH IpU S =S, ;
ko, Kk
[24].
V Bupasi (5) ¢ynxuii U(s,t), U.(s,t;), U, (s,.t)
MOBMHHI ~MaTd  OJHAKOBHM
MOTO/UKCHI  IMKATH 33 PaxyHOK
maciiTabyBanbHuX KoHcTantT K >0,

. K, =1-k —k — macmrabyBaibHi KOHCTaHTH

MOYaToK  BIUIIKYy Ta
oOpaHHS 3HAYCHb
k>0 ta k,.
Tob6ro, nns 3abe3nedeHHs BHYTPIIIHBOI y3TOJPKEHOCTI
¢byuxnii U(s,t) dynxaii U (s,t;)) 1 U,(s,,t) marots

OyTHM IIKaIbOBAHMMH TaK, 100 BOHM 3MiHIOBAJUCS B

miamazoni  Bim 0 ;o 1; iXx  moyaTKOBHUMH
3HaueHHsMH MaioTb Oyru Toukm U (S,,t,)=0 i
U, (s,,t,) =0.
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3aznaunmo take [24]:
- U(s,t) — ¢dynkuis, ska HOpMani3oBaHa yMOBaMH

U(s, t,) =U(0,0)=0 i

3Ha4eHb S, 1 t;;

U(s,t)=1 nmna poBimeHHX

- U,(s,t,) — oynkuis (3) — momatHa 3pocTaroda
(puc. 7, a), sika HOpMaTi30BaHa PiBHOCTSIMH:

U, (5,1) =U,(0,00=0 i U,(s,,t,) =U,(5,0) =1, (6)
NIPUIOMY
kU, (s,t,) =U(s,0); @)

- U, (s,,t) — dynkuis (4) — nonatna cnagna (puc. 7,
0), sika HOpMaJTli30BaHa PiBHOCTSIMHU:

U,(5,,t,) =U,(0,0) =0 i U,(s,.t,) =U,(0,17532) =1, (8)

MPUYOMY
—k U, (s,,t) =U(0,1). 9)

Omxe, s y3rO/DKCHHS KAl  BHUMIPIOBaHHS
¢yrkniit U (s,t,) 1 U, (S,,t) mpumyctumo:

-pimenns (0, 17532) e  ekBiBaneHTHUM (3
TOYKM 30py KopucHocti) pimenHio (3,0), Tt0o0TO
(0, 17532) ~ (3, 0);

- pimmenns  [(5, 17532); (0, 0)] € exBiBaJeHTHHM
TCITSTIT (1.5, 8766), TOOTO

[(5, 17532); (0, 0)] ~ (1.5, 8766).
3a yMmoBH HopMmamizamii OaraToBEMipHOI (QYHKIIT
OJECPIKIMO

U(0,0)=0 i U(5,17532) =1. (10)
Ockinmekm  Bimomo, mo (0,17532) ~ (3,0),
BUKOpUCTOBYfoun Bupasu (7) 1 (9), 3anmmemo

k.U, (3,0) =—kU,(0,17532) .

3 ypaxyBaHHsM BHpa3y (3) 1 yMoBu HOpMyBaHHs (8)
orpumaemo K, (-0, 0708s? +0,847s +0, 0646) = —k, .

[Micnsa mincTanoBku S =3 B OCTaHHIN BHpa3 MaeMo
k. =-1.97k .

Takum uymHOM, Tinctasistoun ¢yHKmii (3) Ta (4) y

Bupa3 (5), 3 ypaxyBaHHAM OTPHMaHOi PIBHOCTI
3aIMIIeMo

U(s,t) =kU (s,t,) + kU, (s, 1) + kU, (s, 1)U, (s, 1) =
t
=k, (-0,0708s’ +0,8476s +0,0646) —1.97k %% + (11)

t

(1+k, —1.97k,)(~0,0708s? +0,84765 + 0, 0646)e 200,

Jis 3HAXOMKEHHS Yy3aranbHEHOi (GyHKHii SKOCTI
BUKOPHUCTAEMO BHXI1JTHY €KBiBaJICHTHICTb
[(5,17532); (0, 0)] ~ (1.5,8766). Tomi 3 ypaxyBaHHAM
ymoBH (10) cipaBemuBHM € Take:

U (1.5,8766) +U(0,0)
2

U (1.5,8766) = =05. (12
I3 Bupasy (11) BuzHaumMo (yHKITIIO SIKOCTI B TOYII
(1.5, 8766) i, mpupiBHsBIIHK i 10 3HaueHHS BUpasy (12),

sHaiimemo Kk, =0,35. IlincraBnstoun 3HaueHHA K, B

¢dopmyny (11), orpumaemo
(dyHKIIiFO SKOCTI (pHC. 8):

HIyKaHy Yy3arajJbHEHY

U (s,t) = 0.35(~0,0708s +0,8476s +
t
+0,0646) — 0.6895°% 1 0.6605(-0,0708s% + (13)

t

+0,8476s + 0,0646)e00°,

V3aranpHeHa byHKIIIS
OTPUMYBATH  OIIIHKH  SKOCTI  TEXHIYHMX  3aco0iB
KOMYHiKaIii 3 ypaxyBaHHIM BapTICHUX (3a
mapamMmeTpoM TIEPEBUILICHHS BapTOCTI BiIHOCHO
0a30BOro BapiaHTy, pa3) Ta YacCOBHX XapaKTEPHCTHK.
[pyHTyrOUHCE Ha UX OLIiHKaX BiJITIOBiTHO
Jq0 OoKeTy Ta pO3KIany MpOEKTy MOXHa oOupaTH
TEeXHIUHI 3aco0H, a, OTXKe, 3 ’ABISETHCS MOKIUBICTH
MIBUILEHHS PE3yJbTaTHBHOCTI BHYTPIIIHIX KOMYHIKaIin
MPOEKTY PO3BHUTKY.

(13) JIO3BOJISIE

Akicmb cucmenu

15000

10000
Yac excnnyamaui

Puc. 8. Burmsin y3aransHeHo1 QpyHKIIN SIKOCTI TEXHIYHUX
3ac00iB KOMYHIKaIii

BucnoBkn
IIpoaHani3oBaHO KOMYHIKAIIMHUN  TpoIEC, IO
JIO3BOJIMJIO  BUSIBUTH  (AKTOpW,  CIOPSIMOBaHI  Ha

MIBUILIEHHS PE3yJbTaTHBHOCTI BHYTPIIIHIX KOMYHIKalin
MPOEKTY PpO3BUTKY. Sk Taki (akTOpu pPO3MIISHYTO
KOMIT FOTE€PHI CHCTEMH.

3anponoHOBaHO MiAXiA, IO IO3BOJISAE ITiBUIIUTH

pe3yIbTaTUBHICTD KOMYHIKamin MIPOEKTY 3a
paxyHOK OOpaHHA Ha eTami IUIaHyBaHHS TEXHIYHHX
3aco0iB, 110 MaroTh MTOKpAIIeHi SIKICHI
napaMeTpy y 3aJaHuX Mekax 3MIHM BapTOCTi Ta 4Yacy
eKCILTyaTartii.

Ha  migcraBi  aHamisy  eMHIpHYHHX  JaHWUX

c(hOpMOBAaHO AaHANITHYHY (YHKIIIO OI[IHIOBAaHHS SKOCTI
TeXHIYHUX 3ac00iB KOMYHIKAIlii 3a MmapameTpoMm
(hyHKIIOHATBFHOI MOBHOTH, IO JO3BOJISE IMPOTHO3YBAaTH
O4iKyBaHiI (YHKII TEXHIYHHUX 3acO0iB 3aleXHO Big iX

BapTOCTI.
3anpornoHOBaHO y3arajJbHEHY MOJENb OLIHIOBAHHS
SAKOCTI ~ TEXHIYHMX 3ac00iB  KOMYHIKamid  IpPOEKTy

PO3BHUTKY, sIKa JJO3BOJISIE OTPUMYBATH OLIIHKH 3aJIeKHO Bij
X BapTOCTI Ta Yacy eKCILTyaTarlii.
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OtpuMaHi pe3yibTaTH MOXYTh OYTH BHKOPHUCTAaHI  TPH IUIAHYBaHHI KOMYHIKAIii MPOEKTY PO3BHUTKY.
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OIIEHKA KAYECTBA TEXHUYECKHNX CPEJCTB KOMMYHUKAIIUN MPOEKTA
PA3BUTUA

I[peameToM wmccienoOBaHHS B CTaTbe SIBIAIOTCS (DAKTOPBI, CHOCOOCTBYIOUIHME IOBBIMICHHIO PE3YIbTATUBHOCTH BHYTPEHHHUX
KOMMYHHUKAIMI 32 CUET BHIOOpA KAUECTBEHHBIX TEXHHYECKUX cpeacTB. Llesb cTaThy — MOCTPOCHHUE MOJENH JJIs OIICHKH KauecTBa
TEXHUYECKUX CPEICTB MPU HMX HCIOIB30BAaHHH B KOMMYHHKAIIMOHHBIX TpOIECCAX MPOEKTa pa3BUTHA. 3aadyd HMCCJIeTOBAHHUS.
PaccMoTpeTh KOMMYHHKAIIMOHHBIN TMPOIECC Ui BEISIBICHUS (DAKTOPOB, HANPABICHHBIX Ha TOBBIIICHHE €T0 pPE3yJbTaTHBHOCTH.
[TpoaHamu3upoBaTh CYIIECTBYIONIUE MOAXObI K OIICHKE KAaYeCTBa TEXHUYECKUX CPENICTB C IIEJIbI0 MX BBIOOpA Ui MCIIOJIb30BaHUS B
KOMMYHUKAIUSIX MpoeKTa pa3Butus. OnpeaenuTs BaXKHEHIINE XapaKTePUCTUKN KauecTBa TEXHUUYECKUX CPEICTB, 00ECIed MBAIOLINX
KOMMYHUKAI[MOHHBIN MPOLIECC MPOeKTa; C(hOPMUPOBATH YaCTHBIE U 000OIIEHHYIO (PYHKIIMU OLIEHKH KA4eCTBA TEXHUYECKHX CPEJICTB,
KaK 2JIEMEHTOB O0ECIICYCHHs MPOLECCOB BHYTPEHHUX KOMMYHHUKALUH MPOEKTOB pa3BUTHA. VICHONb3yIOTCSl 00IIEHAayIHbIE METOABI
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CUCTEMHOTO aHallu3a, IMPHUHATHUS PEUICHUH, TeopuH Moie3HOCTH. [lomydeHbl cieaylomue pe3yabTaThl: IPEJIOKEH MOIXOJ,
HAIpaBJICHHBI Ha TIOBBIIICHUE PE3yIbTATHBHOCTH KOMMYHUKAIIMH MPOCKTA Pa3BHUTHS ITyTEM BBIOOPAa KAYECTBCHHBIX TEXHUYECKUX
CPE/ICTB IPH IUIAHUPOBAHWN KOMMYHHUKAIIMN; MPEIJIOKCHA aHATUTHYECKAs 3aBUCHUMOCTh JUIS OICHKH (DYHKIMOHAIGHOW MOJTHOTEHI,
MO3BOJISIIONIAsT MTPOTHO3UPOBATh OXKHIaeMble (DYHKIMH B 3aBHCHMOCTH OT CTOMMOCTH TEXHHYECKHX CPEICTB KOMMYHHKAIHI;
MpeIyioKeHa OOOOIIeHHasT MOJENb OLEHKH KayecTBa TEXHUYECKUX CPEICTB, IO3BOJIOMIAS OLECHUTh YPOBEHb KauecTBa B
3aBUCHMOCTH OT CTOMMOCTH U BPEMEHH SKCIuTyaTanud. BeiBoabl: [IpoBeneH aHamu3 mporecca KOMMYHUKAIUWH MPOEKTa Pa3BUTHSL.
DTO0 MO3BOJIMWIO ONPEAETUTH (PAKTOPHI, HAIIPABICHHbBIE HA TOBBIICHUE PE3YJIbTATUBHOCTH BHYTPEHHUX KOMMYHHKaLui npoekTa. Kak
Takue (akTophl B JAIBHEHWIIIEM pacCMaTpPHBAIOTCS KOMIBIOTEPHBIC CHUCTEMBI. [IpeluioskeH IMOAXOM, KOTOPBIA 3a c4eT BhIOOpa
TEXHUYCCKUX CPEICTB TO3BOJIIET MOBBICUTH PE3YJIBTATUBHOCTh KOMMYHHKanui. Pa3zpaGorana o00OIIeHHAas MOJETb OUCHKH
Ka4yecTBa, OOBEIUHSIONIAs CTOUMOCTHBIC W BPEMCHHBIC XapaKTCPUCTUKU TEXHUYCCKHX cpencTB. OHA TO3BOJISET MOJy4aTh OICHKU
JUIsT 000CHOBaHUS PEHICHUS TPH TUIAHUPOBAaHUHA KOMMYHHUKAIMHA MPOCKTa Pa3BUTHS U BHIOOPE TEXHUYECKUX cpencT. [lomydeHHBIC
Ppe3yIbTaThl MOKHO HCIIOIB30BaTh MIPU pa3pabOTKe IUIaHa YIIPaBICHUS KOMMYHHKALUSIMH IPOEKTA Pa3BUTH.

KnioueBble cj0Ba: TPOEKTHBII MEHEIKMEHT, BHYTPEHHHE KOMMYHHUKAIMM, KayeCTBO KOMIIBIOTEPHBIX CHCTEM,
(YHKIHMOHATIBHOCTD M HA/IE)KHOCTh CPEJICTB KOMMYHUKAIMN; (DYHKIUS MTOJIE3HOCTH.

ASSESSING THE QUALITY OF THE COMMUNICATIONS HARDWARE OF A
DEVELOPMENT PROJECT

The subject matter of the article is the factors that increase the efficiency of internal communications by selecting high-quality
hardware. The goal of the article is to build a model for assessing the quality of hardware to be used in the communication processes
of a development project. The objectives of the study are to consider the communication process to identify factors that improve its
efficiency; to analyze the existing approaches to assessing the hardware quality to select equipment to be used in the communications
of a development project; to identify the most important quality characteristics of communications hardware that support the
communication process of a project; to build partial and generalized functions for assessing the quality of hardware as the elements of
supporting the processes of internal communications of development projects. The following general scientific methods are used —
the systems analysis, decision theory, the theory of utility. The following results are obtained: the approach is proposed that enhances
the communications efficiency of a development project by selecting high-quality hardware when planning communications; the
analytical dependence is suggested for assessing the functional completeness, which enables predicting the expected functions
depending on the cost of communications hardware; the generalized model is proposed for assessing the hardware quality that enables
estimating the level of quality depending on the cost and time of operation. Conclusions. The analysis of the communication process
of a development project was carried out. This enabled identifying the factors that increase the efficiency of the project internal
communications, computer systems being considered as such factors. The approach that enhances the efficiency of communications
by selecting hardware is proposed. The generalized model of quality assessment was developed; this model combines the cost and
time characteristics of hardware and enables obtaining estimates to substantiate a decision when planning communications of a
development project and selecting hardware. The obtained results can be used when creating a plan for managing the communications
of a development project.

Keywords: project management; internal communications of development projects; hardware quality; functional suitability and
reliability of communications hardware; the function of utility.
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A. A. JIOPOXIHA, A. FO. CTAPOCTIHA, P. B. APTIOX

MOJIEJIb BUSHAUEHHSI IIOCJIIOBHOCTI POBIT TA OIIEPAIIIH JJIsI
YHPABJITHHA PO3KJIAJIOM BYAIBEJIBHOTI'O ITPOEKTY

IIpeqMeToM MOCTIIDKEHHS € NMHUTAHHS YHPaBIIHHSA 3MICTOM Ta PO3KIanoM OyIiBelnbHHX HpoekTiB. Mera po6otm — moOymosa
CTPYKTYPHUX MoOjejeH, sSKi BU3HAYarOTh ITOCIIJOBHICT, Ta B3a€MO3B’SI30K poOIT (Ta omeparliii) OymiBedbHHUX MHpPOeKTiB. B crarti
BUPILIYIOThCA HACTYIHI 3aBAaHHSA: MOOYI0BAa MOJCTI MPOLECIB YIPABIIHHSA PO3KIAIOM IMPOEKTY, (HOPMyBaHHS i€papxidyHOi
CTPYKTYpHU OYHIBEIBHOTO MPOEKTY 3 ypaxyBaHHSIM pIBHS OIepallii, moOymoBa miarpaM mepeayBaHHs I PiBHSA poOiIT 1 omeparfiii.
BUKOpUCTOBYIOTbCS Taki METOAM: TPOCKTHHUH TiJAXiA, NpOIECHE MOJACIIOBaHHSI 3a jgomomoroto mgiarpam IDEF0, wmertomu
JIEKOMITO3HUIIi{, MeTox miarpaM nepenyBaHHS. OTpHMaHO HAaCTYIHI pe3yabTaTH. B cTaTTi mpoBeneHO aHANi3 NMPOLECIB yNpaBIiHHS
pO3KIamoM NpoekTy 3rimHo crapmapty PMBOK. Po3risHyTo iX 0COOIHMBOCTI CTOCOBHO OyIiBENBHHX NpOEKTiB. B pesymprari
oOyJ0BaHO MOJENb IPOIECIB YHPABIIHHS PO3KIAI0oM OymiBeNFHHX IPOEKTIB, Ky mHpencrasieHo B Hotarii IDEF0. PosrasayTto
MIOCIIITIOBHICTh Ta B3a€EMO3B’SI30K OIlepalliil B iepapXiuHiil cTpyKTypi OymiBensHOro mpoekTy. BkazaHo ¢axropu mimnmpuemcTBa, sKi
BIUIMBAIOTh Ha TMEPETiK omepariii OymiBensHHX MpoekTiB. [mst (opMyBaHHS CKIaay oOIepaliii BHKOPHCTOBYETHCS METOJ
nexommnosuiii. WBS-cTpykrypa OyaiBeIbHOTO MPOEKTY, IO BKJIIOYAE TPU PIBHI iepapxii, Oyna IOMOBHEHA YETBEPTUM pPIBHEM -
onepaiisMa. HaBeieHO MPUKIAIU €JIEMEHTIB JCSIKHX 13 3a3HAYCHHX MHOXKHMH OIepaiii OymiBelbHOTO MpoekTy. s BU3HAUCHHS
MOCJTIIOBHOCTI omepauiii 00paHo MeTon xiarpamM mepenayBaHHsA. [1o0ynoBaHO miarpaMmy mepenyBaHHS Ui piBHS POOIT CTPYKTYpH, i3
3a3HA4YCHHSIM BXOJIB 1 BUXOMiB. Takoxk moOyJd0BaHO Aiarpamy MepeayBaHHS JJis PIiBHS OIEpalliii CTPYKTYpH MPOSKTY Ha MPUKIAII
3aBJJaHHS PO3POOKH MPOCKTHOI OKyMeHTalii. BucHoBku: ITicisi BCTAaHOBICHHS MOCIIIOBHOCTI 1 JIOTIYHOTO B3a€MO3B’SI3KYy Ha PiBHI
orepaniii 3 ypaxXyBaHHSIM JiarpaMH IepeyBaHHs Ha PiBHI poOiT MOKHA IMOOYZyBaTH MOJIENb ITOCIIJOBHOCTI IPYIH OIepariid, rpymn
poOiT, a MOTIM i BChOIO MPOCKTY. 3 ypaxXyBaHHIM JAHHX PO TPHBAIOCTI OMepaliii JaHa MOJCTb JO03BOJHUTH OIIHUTH TPHBATICTh
BChOrO TpoekTy. Lle macTh 3Mory OoTpMMaTH JOCTOBIpHI OIIHKHA PECYpCiB Ta TPHBAJIOCTI omepamniid. PesympTarom Oyae poskian
MIPOEKTY 3 JETATI30BaHUM 3MiCTOM IPOEKTY.

KurouoBi cioBa: mocrmizoBHICT poOIT; i€papxidHa CTPYKTypa, piBEHb OIEpalliif; yNpaBIiHHA 3MICTOM Ta PO3KIAIOM;
OymiBeIbHUI MTPOEKT.

Beryn YIpPaBIiHHSA WOr0 TEepMiHAMHU NPUCBSYCHUH LUTHH psa
HAYKOBUX  pOOIT. JIOCATHEHHS  KOMIIPOMICY  MiX
B ocrtanHi poKH B pralﬁl aKTHBiSyBaﬂaCﬂ OIITUMAJIbHUM PO3II0J1JIOM PECYpPCIB 110 p060Tax MPOCKTY

i BUTpaTaMd dYacy € OJHMMH 3 HaHOUIBII CKJIAIHHUX
3aBJaHb  ONTHMIi3alii B  yNpaBIiHHI  HPOEKTaMHU.
Ili nBi mpobOiemu 3a3BUYal PO3IJISIAIOTHCS OKPEMO,
OCKITBKHA KOXKHa IpoOJieMa ONTHMI3y€e pi3HI 00’ €KTHUBHI

OymiBenbHA Taly3b. AKTyaabHOTO 3HAuYCHHS HaOyBae
yIOpaBJIiHHS TPOIECAMH B IIBHIKO MIHJIHBHX YMOBaXx,
BMIHHS ~ CBO€YACHO  QJanTyBaTUCS 10  JIHCHOCTI,
BIJINIOBIJJATH CyYaCHHM BHMOTaM SIKiCHOI'O MPOIYKTy. B

YMOBaX PUHKOBMX BiJIHOCHH aKTyalbHOIO CTae mpobrmema  (QyHKIIL

CHCTEMHOTO  yNpaBliHHA npoektamu. Lle  o3Hauae s BupimieHHss — 3aja4i  GaraToKpuTepianbHOL

KOMIUIEKCHE BHpillleHHs mpoOneM (OpMyBaHHS 3MicTy — ONTHMI3alii 3MiCTy NMPOEKTYy MOKe OyTH BUKOPHMCTaHMii

IIPOEKTY 3 OJJHOYACHHM aHAIi30M MOCIiZOBHOCTI pobir 3 ~ nporpamuuii  mpoaykr  PTCQR — Project  Scope

METOI0 MOANBIIOTO YIPaBJiHHSA TEPMiHAMU HPOEKTY. Optimization. B naHOMy HpOIYKTi peai3oBaHHH METON
CydyacHa TIpaKTHKa 3MifCHEHHS  OyIiBeIbHHX OaraToKpuTEpiagbHOI  ONTHUMI3allii, 3aCHOBaHWU Ha

HpOéKTiB BHUMAarae an;[iJ'mTH Hi,I[BI/IH.IeHy yBary SaCTOCyBaHHi y3araJJbHCHOI'O KpI/ITepiIO. HHH BI/IpiHIeHHSI

CBOEYACHOCTI 3aBEpIICHHS POOIT 1 3madi 00’€KTiB B
eKcIutyartaifito. Y OyiBeNbHIN Taay3i OCTaHHIM YacoM
CIOCTEpIraeTbCsi TEHNEHIIs [0 30UIbLICHHS TEPMiHIB
peanizauii npoektiB. OpHaK cepiio3HEe MEePEBHUIICHHS
TEpMiHIB, SIK TPaBWIIO, Bele [0 TIOSIBH DSy IHIIHX
mpobieM, TakuxX SK 30iTIbIICHHS BUTPAT 3a IPOCKTOM,
NOsIBA PH3HKIB KOMYHIKallil, 3HW)KEHHS SKOCTI poOiT
gyepe3 CIpoOH 3MCHIINTH BincTaBaHHs 1 iH. [IpaBuibHe
YIpaBIiHHA TEPMIHAMH JO3BOJISIE OLIHMTH MOKJIMBOCTI
JIOCTPOKOBOT'O 3aBEPILCHHS IPOEKTY, MIBUJIKO 1 SIKICHO
NpUIMaTH YNPABIIHCHKI DILIEHHs, 3HMXXYBaTH, TaKUM

YMHOM, PH3UKH, IIJIBUIIYBaTH  KOHTPOJIGOBAHICTH
mpoekty. Came TOMy, BIpPOBQKCHHS  SIKICHOTO
VOpPaBIiHHA € aKTyaJbHUM 3aBJaHHAM Oy/AiBeIbHOT
rairysi.

AHaJti3 ocTaHHIX J0CaiIKeHb i myOJikanii

MeTtonmaM  CKJaJaHHS ~ PO3KJIAAy  MPOEKTy i

3aBJJaHHs eKCIIEPTH IOBHHHI 331aTH Bar Ui KOXKHOTO i3
3aCTOCOBYBaHHMX KPHUTEPIiB, 10 € JOCUTh CKIaAHUM [1].

[HmIMM  MeTomoM, 3a JOMOMOTOI SKOTO MOXKHA
pO3B’s3yBaTU 3aBAaHHA, € Meroj noctynok [2]. Ilpu
3aCTOCYBaHHI METOJy IIOCTYNIOK EKCIIEpPTH HOBHHHI
3aJaTd TMPIOPUTETH I KPHUTEPIiB i JOMYCTHMHN piBEHBb
MOCTYIKH JJIsl HUX.

VY crarti [3] 3anponoHOBaHa iHTETpOBaHA MOJEINb,
sKa BpaxoBye OOM[BI NMpoOIeMH, KOJIM BUKOHAHHS PsLy
poOIT PO3AUIEHO HA TPYNU AJIs KPalioro BHUKOPUCTAHHS
pecypciB. CdhopMynboBaHO MOJENb  IIIOYHCETHLHOTO
miniftHoro mporpamyBanHs (MILP), sxa posrmsmae
KOMIIPOMIC MiX IIOB’S3aHUMH 3 PH3UKOM BHTPATaMU;
BPaxoBY€E MPsAMi 1 HENpsIMi BUTPATH 1 BUTPATH PECypCiB.
Mojenb  BUKOPHUCTOBYETBCS  SIK  IHCTPYMEHT IS
NPUHHATTS pilleHHsS npo MoximBi 300i. IIpoBoanThes
OJTHOCTOPOHHIH aHai3 YyTJIMBOCTI JUIs OLIHKU 3arajibHOT
€KOHOMIi BHTpAT, JOCATHYTHUX 3a PaxyHOK KOMIPOMICY
BUTpAT 4Yacy i 30epekeHHs pecypciB.

Amnapar Mepex Ilerpi 3HaWIIOB 3acTOCYBaHHS B
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o0yacTi IMITaIlifHOTO MOJENIOBAaHHA TNPOEKTiB. Tak B
pobotax [4] TPOMOHYIOTBCS MOACT I TUIAHYBaHHS,
aHami3y pecypciB, OIIHIOBaHHS TPUBAJIOCTI TPOEKTIB i
BUTparT No HuUM. /Iy 3a1ad IUlaHyBaHHS pOOIT MPOEKTY
BUKOPUCTOBYIOTBCS ~ TaKOXK  0OararoarcHTHI — MOJEIi,
30KpeMa, JBOCTAalHUI MEeTOJ| PpO3MOJUTy OOMEKEHUX
yacoBux pecypciB (DRCMPSP). 3azHauenuit MmeTon Moxe
OyTn 3acTOCOBaHMH [0 MYJBTIIPOEKTIB IpPHU PI3HUX
CTymeHsIX KOHMIIKTIB pecypceis. [5].

MepexeBi Mozeln (Tpadiku) HE TiINBKH MOKa3yIOTh
3B'I3KM MK PI3HUMH POOOTaMH B TPOEKTI, ajie TaKOX
CIy’)kKaTh TIPOCTHM IHCTPYMEHTOM [UIA  PO3PaxyHKY
Ba)XJIMBUX MapaMeTpPiB — TaK 3BAHOTO KPUTUYHOTO LUIAXY
(s OWIHKW TPUBAJIOCTI MPOEKTY), BaApTOCTI Ta PU3HKIB
npoekty. OnHak, y 6aratbox MHpOEKTaxX iCHYe mpobiema
BHOOpY Yacy MOYaTKy HEKPUTHYHUX poOiT. [cHye mimxinm,
B SKOMYy mpoOiemMa IUIaHyBaHHS HEKPUTHYHHX pOOiIT
BUPINIYEThCA 3 BUKOPHCTaHHSAM posuiupeHoro Cox-Ross-
Rubinstein  (CRR) OGiHOMianbHOrO JepeBa HUIIXOM
BUpIIIEHHS JABOKpUTEpiaipHOro 3aBaaHHs [6]. Ilpu
IUIAHYBaHHI ~BUKOHAHHS TIPOEKTY 3  ypaxyBaHHIM
HEBU3HAUCHOCTI TPHUBAJIOCTI POOIT  3ampONOHOBAHUIN
MIX1 JEKOMIIO3MIIIT CKIaAHUX (KOMIUIEKCHHX) poOIiT Ha
poboTH MammX 1 cepemHiX MacmTadiB, TPHUBAIICTh SKHUX
Mae TIOMipHHUH piBeHb MIHIMBOCTI [7].

s YIPaBITiHHS TepMiHAMHU MIPOEKTY
BHKOPUCTOBYIOTBCS ~ METONW  CTPYKTYPHOTO  aHAII3Y
HEBIJIIOBIAHOCTEH, X HACHIAKIB Ta NMPUYMH BUHUKHEHHS
FMEA (Failure Mode and Effects Analysis). [las
Bizyanizauii NPUYNHHO-HACIIKOBHX 3B’S3KIB (AaKTOpIB,
IO BIUIMBAIOTh Ha TPHUBAICTh BUKOHAHHS poOOIT
BUKOPHCTOBYEThCsL jiarpama IcikaBu [8]. 3 meroro
BpaxyBaHHS 1HTEpeCiB CTEHKXOJIEPIB y BUKOHAHHI pOOIT
MPOEKTY PO3pOOIICHUI METO MOHITOPHHTY BHUMOT, SKUH
JTO3BOJISIE BiJICTE)KYBATH BUKOHAHHS BHUMOT 3aIliKaBICHIX
CTOpiH TpoeKTy B 4aci. [ligxin 3acHOBaHHUN Ha iHTErparii
iepapxiqHOi CTPYKTYpH BHMOT 1 i€papXiqHOI CTPYKTYpH
poOiT mpoekTy [9].

BunisieHHs1 HeBUpillIeHUX paHillle YaCTHH 3arajabHol
npodaemu. Mera podotu

- moOy0Ba MOIEJTi TIPOIIECIB YIPABIiHHS PO3KIAIOM
MPOCKTY,

- (hopMyBaHHS i€papXidHOI CTPYKTYpHU OYIiBEIHHOTO
MPOEKTY 3 YpaxyBaHHIM PiBHS oneparii,

- noOy1oBa jAiarpaM MOCIIIOBHOCTI JUIS PiBHS poOiT
1 oneparii.

Mopean nmpoueciB ynpaBJ/iiHHS PO3KJIaI0M MPOEKTY

OCHOBOIO JIJIsl CTPYKTYPHOTO TPEACTABICHHS 3MiCTy
MPOEKTY 1 MOOYIOBHM pO3KIaaAy poOIT € Mepexesi i
iepapxiyHi Mojeni. AJjie 3alIHIIAE€ThCS HEBUPINICHUM
MUTaHHS IHTerpauii HuX MoJenel, Tak sk OaraTopiBHeBa
MOJIENIb 3MICTY MHPOEKTY € 1€papXidHOI0, B TOH Yac SIK
MOJIENIb HIXKHBOTO PiBHS poOiT (200 orepariii) IpoeKTy €
MepexxeBolo.  KpiM  TOro, OCHOBHHUM  HEIOJIIKOM
3a3HAUCHHX MOJIENIell € HEMOJMJIMBICTh PO3MEKYBaHHS
CyBOpOi TIOCIIIOBHOCTI pobiT (omepariii mpoekTy) i
MOXIIMBOCTI ~ iX  IApaJieIbHOrO  BHKOHaHHA.  Jlid
MOJANTBIIOT OLIHKH TPHUBAJOCTI POOIT 3a JOIMOMOTOIO
iHcTpymentiB ~ MSProject  tpeba  mpoaHamizyBaTH
MOCTITOBHICTh Ta B3a€EMO3B 30K OKPEMHX OTepaiiii Ha
HIDKHBOMY PiBHI i€papxii.

Tomy MeTor0 JaHOT CTaTTi € MOOyAOBa CTPYKTYPHHUX
MOJEIICH, SIK1 BHU3HAYAIOTh IOCJII IOBHICTh Ta
B3a€MO3B’SI30K  pobiT (abo omepariif) OymiBeTBHUX
MIPOEKTIB. Y cTaTTi BUPINIYIOTHCS HACTYIIHI 3aB/IaHHS:

VYupapiiHHS TEepMiHAMHU TPOEKTY BKIIOYaE B cebe
npoLecH, 10 3a0e3NedyyloTh CBOEYACHE 3aBEPIICHHS
MPOeKTy. 3aBMaHHA YIPABIIHHSI TEPMIHAMH TPOEKTY
TICHO TIOB’s3aHE 31 3MICTOM MPOEKTY, a TaKOX 3 HOTO
po3kiagoM. Y BIiAMOBIZHOCTI 3 CHCTEMHHM IIiJIXOJIOM
3MICT TIPOCKTY MOXHA pO3MVIANATH Ha TaKUX PIiBHAX
JIEKOMTIO3MIIIT: miJieH, GyHKI[IOHAFHUX 3aBIaHb, POOIT Ta
omepartiii. J[nsg OiNBIIOCTI TPOEKTIB IEKOMIIO3UINSA J0
piBHS pOOIT € HOCTaTHBOI. AJie came JUis OYIiBEIbHHX
MPOEKTIB IOCHTIJOBHICTh Ta B3a€MO3B’SI30K OKPEMHUX
orepariiii Mae BaXIJIUBY POJIb.

Kepisaunreo PMBOK [10] omucye wmicTh npouecis
B paMKax YIpaBJiHHS TePMiHAMU MPOEKTY:

1) Bu3HaYeHHs omepamiil — AKi BU3HAYAIOTh HIKHIN
PIBCHB i€PAPXIYHOT CTPYKTYPH POOIT Y 3MICTI IIPOCKTY;

2) BU3HAUYCHHS MOCIIIOBHOCTI OMepalrliii;

3) olLliHKa TPUBAIIOCTI OIIEpaLiii;

4) po3poOKa po3KiIaay MpPOEKTY;

5) KOHTPOJIb PO3KIIAAY;

6) ympaBiIiHHS 3MiHAMH.

[TepBicHuit mepeik omepariiii Aj11 BUKOHAHHSA POOIT
OyniBeNbHOTO MPOEKTY € Yy3arajlbHeHHM, TOMY JUIs
KO>KHOTO OKPEMOI'0 MPOCKTY CIIiJ{ BU3HAYMTH HAWOLIBIIT
BaXiMBi. Bu3HauewHs Bar omepamiii (BigHOCHOT i
abCONTIOTHOI BaXKITMBOCTI) POOHTBCS 3 ypaxyBaHHIM iX
XapaKkTepUCTUK 1 MapameTpiB 3 METOI OLHKH BHECKY
KOKHOT KOHKpETHOT omepauii NpOeKTy B 3aralbHHUA
pe3yabTaT MPOEKTY a00 B IIPOTPEC TAHOI TPYITH POOIT.

Ha eram xoHTpomo po3KIagy CIiJ OLIHIOBATH
MUHAMIKY BHKOHAHHS poOiT (omepamiil) mpoekTy. Takum
IHCTpYMEHTOM MOXe OyTH moOymoBa KpUBHX IIPOTPECY.
I[lo wMipi BHKOHaHHA TPOEKTYy (AKTHYHHHA TPOTpec
MOPIBHIOETECSA 3 0a30BHM IUTAHOM, B Pe3yJbTATi 4YOTO
BU3HAYAETHCS MOTOYHA TEHJEHIs, 0 € KOPUCHHUM JIJIs
CKJaJlaHHs. TPOTHO3Y BHKOHAHHS TEPMIHIB IPOEKTY.
AHani3 BUKOHaHHS POOIT 3AIMCHIOETHCS 3a JOMOMOTO0
MOHITOPUHTY 3a3HaY€HUX KPUBHUX MPOTPECY.

PesynpraTromM ckiagaHHs po3kiany OyIiBENBHOTO
NPOEKTY € IUIaH, SIKUH MICTHTBh BIIOMOCTI IpO Te, SIK 1
Kouin Oye 3xiiicHIoBaTUCS OyaiBHUITBO. Lleit man Takox
CIly’)KMTh 1HCTPYMEHTOM JUIl KOMYHiKamii 1 ynpaBiiHHA
OUiKYBaHHSIMH 3aI[iKaBJICHUX CTOPIH.

VY OyzniBedbHUX NPOEKTax INPOLETypH BU3HAYCHHS
oreparii, iX MOCIiOBHOCTI, OLIHKA TPUBAJOCTI Omepariit
i po3poOka Mozeni po3kiaay TiCHO TOB’s3aHi. Tomy ix
PO3IIISIAIOTD SIK €JMHUI NPOLIEC YIPABIIHHS PO3KIIAIOM.
OpnHak, IHCTPYMEHTH 1 METOAM BUKOHAHHS KOXHOTO
mporecy pi3Hi. Po3kimam mpoekTy Mae 3aluiiaTHcs
THYYKUM HANpoTsi3l HOTO BUKOHAHHS JUIS KOPUTYBaHHS 3
ypaxyBaHHSIM HaOyTHX 3HaHb, OUIBII  TJIMOOKOTO
PO3YMIHHSI PU3HKIB.
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VY3aranpHIOIOYHM BHUIIECKa3aHe, MOOYAYEMO MO/ICIb
TIPOIIECiB YIPABIIHHS PO3KIAJAOM OYIiBEIbHUX MPOCKTIB,
sy mpeactaBumo B Hotanii IDEFO (puc.1). Ls momens
HA/Ia€ TOJANBIIOTO PO3BUTKY MPOLECHOMY MiAXOay B

YIpaBIiHHI MPOEKTaMU LUISIXOM 3aCTOCYBaHHS HOTO 1O

JIBH A.2.2-3-2014;
JIBH A.3.1-5:2016

EEE

BusnauenHs
onepauii

Crncox onepaniii;
IMapamerpi onepaniii;
CIIHCOK KOHTPOIBHUX MOz

P ——
DaKTOPH CEPEIOBHIIA
niznpHemcTRa;
Onuc 3MicTy IPOeKTy;
Iepapxitna cTpyKTypa pobiT

JIBH A.2.2-3-2014;
JIBH 1.1-1-2000

N li
BusnaucHHs

TOCIiTOBHOCTI
oneparii

Meroa nexommosuii

Cricok onepattiif;

Merton miarpamu .
Tapametpu onepariii
nepeyBanHs v

OyniBenbHUX TPOEKTIB Ta HaJae 3MOTY BU3HAYMTH, SIKi
METOIM 1 IHCTPYMEHTH Tpeba BHUKOPHCTOBYBATH IS
CKJIaIaHHsI PO3KIAaNy Ha MEBHUX €Tamax, a TaKoX BXOJH
Ta BUXOJIH MPOIECIB YIPABIIHHS PO3KIaIOM MPOCKTY.

JCTY b A.3.1-22:2013

TPHBANOCTI
omepaiit

Busnauenus

JICTY b A.3.1-22:2013;

Merox excniepthoi ouinku;
MeToj1 OuiHKH 110 aHaoram

Ouinka TpuBaNOCTi ONepaiii;
TMapameph onepaniii (noroBCHAA)

JICTY b A.2.4-4:2009

A
L Kourpons

posKiIaTy

TInan ynpapiHHA POEKTOM; A
Jlati Ipo BUKOHAHHS POGIT

Amai3 BiIXHICHHS

JIBH A.2.2-3-2004

A

MosiTopuHr

B E— .
pobiT

Pesynbrati pobir;
Monitopusr poskrany

JIBH A.2.2-3-2004

A 4 4

Amai3 1o KpuBiii niporpecy|
A4

3micT Ta poskan
TpOeKTy

Kpurepii BumiproBanms nporpecy anaBJ‘liHHﬂ

. 3MiHAMH
Iuctpyments i MmeToau

PO3pOOKH KPHBHX TIporpecy Y Y

Buriepe/pkenns i aTpumMkn

CrHcHeHHS PO3KIaLy

Puc. 1. Mozenb npoleciB ynpasiIiHHS PO3KIJIa0M OyIiBEIBHOTO IPOCKTY

Ha mepmiomy eram BHW3HA4YeHHS omeparii Tpeba
BpaxoBYBaTH (aKTOPH MigIpueMcTBA (a s OyAiBeThHUX
MPOEKTIB — (DaKTOpU HHU3KHU MiIMPUEMCTB, SKi 3aisHI B
BuKOHaHHI mnpoekry) [11]. Cepen dakropiB, sxi
BIUTMBAIOTh HA MEpeIiK onepaniii MOKHa BKa3aTH TaKi:

- oprasizaiiiiHa KyJbTypa i CTpPyKTypa BUKOHABIIIB;

- HASIBHICTb ~ pecypciB B KOMaHJI  YIpaBJiHHS
MIPOEKTOM;
- MOXJIMBOCTI  TIPOrPaMHOTO  3a0€3Me4eHHs s

CKJIaJIaHHsI PO3KIIay;

- KepiBHI BKa3iBKH 1 KpHTepii U amanTamnii Habopy
CTaHJApTHUX IPOIIECIB i Mporeayp OyAiBHHIITBA,

- BJIACHI Ta KOMEPIiiiHI 0a3u TaHUX.

BusnaueHHs omepariiii — 1e nporec BU3HAUYCHHS Ta
JIOKYMEHTYBaHHSI KOHKPETHHX [iH, sKi HEoOXiZHO
BUKOHATH JJIsl CTBOPEHHS pe3yJbTaTiB MpoekTy. Kiodosa
BHTOJIa JJAHOTO TPOIIECY TOJATAaE B IeTanu3allii pooiT Ha
BHKOHYBaHi 3a PO3KJIQJIOM OIlleparlii, 0 MpeaCTaBISIIOTh
co00I0 OCHOBY ISl OIlIHKHM, CKJQJaHHS PO3KIaLy,
BHKOHAHHS, MOHITOPUHTY Ta KOHTPOJIIO POOIT IIPOEKTY.

ChopmoBano  ckmanm  omepariiii  OyaiBeIbHOTO
MPOEKTY NUIAXOM JEKOMIIO3HMIli NPOEeKTHHX poOiT Ha
OuUThbIl ApIOHI 1 OUMBII KEpOBaHI CIIEMEHTH. 3aBJISKH
IOMY MH OTPUMYEMO TOYHHUI ONHUC 3MICTY poOiT, TOUHE
BU3HAa4YeHHs o00cAry poOit, BHUMIpHHI pe3ynbTar
BUKOHaHHSA poOiT. BusHaueHo crnenundiky omeparmii

OymiBempHUX TMPOCKTIB, sSKa TMOJSITa€ B HASIBHOCTI
JIOTOBIpHUX KOHTPOJBbHHUX mofiil. Came mi MOl MOXYTh
BUKJIMKATH 3HAYHI 3aTPUMKH B BHKOHAHHS IIPOCKTY B
iToMYy.

He cnmix UpOBOAMTH JACKOMIIO3MLIID 10 IyXke
JpIOHMX eJIeMEHTIB (TeXHOJIOTIYHMX omepanii), oo
YHUKHYTH CTBOPEHHSI CKJIaJHOTO HEKEPOBAHOTO pIBHSA
peramizamii. OXHAaK TakoX BaXJIMBO, 100 PO3OHUTTS

MPOBOJIMIIOCH IO TaKOrO pIBHA KOMIIOHEHTIB, SIKHIA
HeoOXimHuK st 3a0e3ledyeHHs  Pe3yJIbTATUBHOTO
yOpaBiiHHA poOoTamu. PiBeHp Jeramizamii MOBHHEH

BIAMOBiaTH MOTpebaM KOHKPETHOIO Mpoekty. B maHomy
BUTIAJIKY JICKOMITO3UIIIF0 BUPOOIISIEMO IO PiBHS OIEpaIliii,
SIKi 3aKIHYYIOTHCSI KOHKPETHUM Pe3yJIbTaTOM, HATIPUKIIA,
CKJIaJJaHHSIM [IEBHOT'O JIOKYMEHTA (TexHigHOTO,
EKCILTyaTaIiitHoro, TOIIO).

Iepapxiuna cTpykTypa OyaiBeIbHOTO NPOEKTY

Takum  umHOM,  WBS-cTpykTtypa  moptdemns
OymiBembHMX MPOEKTIB, M0 BKIOYa€ TPH piBHI
iepapxii  (BiIMOBITHO  piBEHb  MPOEKTy,  TPYIH
pobit, pobotn) [12], Oyna OMOBHEHA Y€TBEPTHUM PiBHEM -
omeparisma.  Omepamii  BU3HAYAaIOTh  TOCIiOBHICTD

Nid, HEOOXiMHWUX JUISI BUKOHAHHA KOHKPETHUX POOIT
npoekTy (puc. 2).
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Po3pobneno WBS-cTpykTypy OyIiBemTbHOTO  PUCYHKY TIpPEACTaBIeHO (H)parMeHT IOBHOI CTPYKTYpH
MPOEKTY, IO TpEeACTaBICHAa Ha pHC. 2. 3a3HAYMMO, IO  MPOEKTy, TOOTO  TUTBKM  TPH  TIpymH  pooir
PO3TISTHYTHH TPOEKT € OAHUM i3 THX, IO BXOISATH [0 (WSG'T“",WGG’TE‘SK,W7GrTaSk ).
ckmany moptdens OyamiBenpHux mpoektie [13]. Ha

Bynisenbunii
TIPOEKT
Proj
w,™
IIpoexrHo- Opraui3zauis Beejenns B
BUIIYKYBaJIbHi OyniBesbHOrO eKCILTyaTalio
pobotu BHUPOOHUIITBA
GrTask k GrTask
W5 rTas) WsGrTas W7 rTas)
TlepennpoexTHi InoxeHepHi Po3pobka Kommiexcha 3arajibHa MiAroToBKa ITixroroska 10 ByniBuuuTBO IpuiimanHs ITpuiimanHs
pobotu BHIIIYKYBaHHS TIPOEKTHOT EKCMepTH3a GyniBenbHOro OyniBHHUITBA 00’exTa pobouoio JIEPAKABHOIO

Task Task JIOKyMeHTaii HPOEKTY BUPOOHMITBA 00’exra Task KoMiciero KoMiciero

W1aas WMas 115'a5k Wl'éask W];ask ngas Z'I(']ask W;;ask
Al...Ag Bl...B4 C1...C13 Dl...D4 F1...F7 Gl...G7 Hl...H3 Hl...H3

Puc. 2. WBS-crpykrypa GyaiBensnoro npoekty: e W Pl _ enementi PIBHS IIPOEKTY; WeTs Ipynu podit; W OKpeMi

PpOOOTH MPOEKTY.

Cdopmoano HaOopHu MHOHH orepartii
OyIiBEJILHOTO TPOEKTY Ha YETBEPTOMY DiBHI iepapxii
{A}, {B}, {C}, {D}, {F}, {G}, {H}, {J}.

HaBememo mpHKiIan — €IEMCHTIB
3a3HaueHnX MHOXUH ({A}, {B}, {C}):

A, — dopMyBaHHS JIHCTa 3aMOBHHUKA (3allOBHEHHS

IEeAKAX 13

PEKBI3HTIB);
A, — pillleHHS PO MOYaTOK IPOCKTyBaHHS;

A, — po3pobka apXITeKTYPHO-IUIaHYBaIHHOIO
3aBmanHs (AII3);

A, — Y3TOIKEHHS €CKi3HOTO MPOEKTY 3 TOJIOBHHM
apXxiTeKTOPOM MicCTa;

A, — oIliC B 3arajJbHUX pUCaX OCHOBHUX €IEMEHTIB
€CKI3HOTO MIPOEKTY;

A, — CKIaJaHHS TEXHIYHUX YMOB;

A, — cKJajaHHS BUCHOBKY €KOJIOITYHOI €KCIEPTU3H
CEC;

A, —BHCHOBKM IIp0  MaTepianu  IH)XCHEpHO-
T'€0JIOTiYHI BUIIYKYBaHHS;

A, — HanMCcaHHA TEXHIKO-€KOHOMIYHOTO
0OIpyHTYBaHHS;

B, — Bubip MaiinaHuuKa Jyui1 OyAiBHUITBA;

B, — BUKOHaHHS JOCHIIXKEHb [UIi OTPUMAaHHA

Tonorpado-reoAe3NIHNX TaHUX;

B, — BUKOHAHHS DOCITIKEHb IJIs BUSHAYCHHS YMOB
JISTHKY 17151 Oy IIBHUIITBA (T'€0JIOTis);

B, — JocnipkeHHs eKoJIOriyHOi cuTyauil AiISHKH
mij 3a0yI0BY;

C, — BUKOHAaHHS YacTHHH
(I'TI);

TEHEPAILHOTO  IUIAHY

C, — BUKOHAaHHS YaCTUHU AapXITEKTYpHI pIilIeHHA
(AP);

C, — BUKOHAHHS YaCTUHU KOHCTPYKTHBHI pilll€HHS
(KP);

C, — BUKOHAHHS YaCTUHU BHYTPIIIHI BOAOMPOBIT i
kaHamizauis (BK);

C, — BUKOHAHHS YaCTWHU ONAJIeHHs, BEHTHIIALIA i
KoHnuIlifoBaHHs moBiTps (OB);

C, — BUKOHAHHS YaCTUHU TEXHOJOIis BUPOOHUITBA
(TX);

C, — BUKOHaHHA
(€0);

C, — BUKOHaHHS 9aCTHHH cucTeMH 3B 513Ky (C3);

YaCTUHHU CJICKTPOIIOCTAYaHHA

C, — BUKOHAaHHA YaCTHHU Ia30IPOBiJHI
(I'M);
C,, — BUKOHaHHS 4aCTHHM 30BHimHI Mepexi (3M);

Mepexi

C,, — BuKoHaHH: KomTopucHOI foxymenTanii (K/1);

C,, — HamucaHHS 3arajbHOL MOSICHIOBAJIbHOT
zanmcku (3113);

C,; — HamycaHHS IPOEKTY opraHizauii OyaiBHHITBA
(ITOB).

BinmiTeMo, o y mepmmii Tpymi omepariii  Bxke
NpUCYTHI  omeparii, o0 MalTh OpraHi3amiifHO-
y3rofXKyBaJdbHUN XapakTep 1 He € cyTo TexHIuHUMH (A,

— pilleHHS MpPO TOYAaTOK MPOEKTyBaHHI, A, —
Y3rOKEHHS ~ €CKi3HOTO  MPOeKTYy 3  TOJIOBHUM
apxiTeKTOpOM MicTa), TOOTO MOXYTh BHUKJIHKATH
3aTPUMKH  BHKOHAaHHS  omepauii  cy0’€KTUBHOTO
Xapakrepy.

[IpoBenena neramizamisi poOIT MPOEKTy 1O PIBHSA
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ornepariif J03BOJUTh BU3HAYUTH:

- CKiag pobiT y BHTIIAAI KOHKPETHHX IUIAHOBHX
omepamiid, sKi HEOOXiTHO BUKOHATH [UII OTPUMAaHHSI
3aIUIaHOBAHUX PE3yJIbTATIB POOIT MPOEKTY;

- B3a€EMO3B’SI30K  Omepaliii Juii  BHSBIEHHA 1
JMOKYMCHTYBaHHS  3aJI©KHOCTEH MK  IUIAHOBHMH
OTIepallisiMu;

-BHIU 1 KIUIBKICTh PECYpCiB, HEOOXITHHX IS

BHUKOHAHHS KOKHOI TUIAHOBOT OIeparii;

- TPUBAJICTH OMeparliil y BUIIISAAI KiTBKOCTI pobodnx
TepioiB, HEOOXIAHUX JUIT BUKOHAHHS OKPEMUX OTIepaIiii;

- PO3KJIaJ TPOEKTY 3 ypaxyBaHHAM IOCIiZOBHOCTEH
omepamniid, IX TPUBAIOCTi, BUMOT JI0 PECYpPCiB i 4acOBHX
0OMEIKEHB.

Cknan omepaniéi copMOBaHO y BiAMOBIIHOCTI IO
LJIell KOHKPETHUX POOIT 1 BCHOTO IPOEKTY.

[MTapameTpu omeparii po3MUPIOIOTH ii OMKUC IIIIXOM
BU3HAYCHHS Psly KOMIIOHEHTIB Ul KOXKHOI omepari.
KomrmioneHTH omnepanii MOXYTh 3MIHIOBATHCS 3 IJIMHOM
yacy. Ha moyaTkoBHX CTajisiXx MpPOEKTy aTpuOyTH
omepamnid mictaTh ii imeHTHdiKaTOp (B WBS-CcTpyKTYDI),
MepeiKk  omepamii, IO TMepenyloTs, Ta HACTYIHI
omeparii, JIOTi4HI 3B’S3KH, MOXKIIMBI BHICPEIKEHHS 1
3aTPUMKH, NOTpeOM B pecypcax, JaTh BUKOHAHHS,
00OMe)KeHHS 1 IOMyIIeHH. 3 ypaXyBaHHAM OCOOIHUBOCTEH
IPOEKTYy 3a JONOMOTOI EKCIIEPTIiB MOXYyThb OyTH
BU3HA4YCHI BaroBi KOe(II[i€HTH BIJHOCHOT BaXJIMBOCTI
omepariii Il JIOCATHEHHS  pe3yjabTaTy  poOOTH.
[Mapamerpu omnepamii MO)XHa BHKOPHCTOBYBaTH JUIS
3a3HaueHHsl Micls, Je poOOTy HEOOXiJHO IPOBECTH, Ta
BU3HAYEHHS TPYAOBUTpAaT 3 1i BUKOHaHHA. Ilapamerpu
orepariiii BUKOPHCTOBYIOTBCS UII PO3POOKH PO3KIIaILy
MIPOEKTY.

[Ticns popmyBaHHS CKIamy omnepariii Ta BU3SHAYCHHS
iX mapaMeTpiB CIiJ pO3pOOUTH MOJENb ITOCIHiJOBHOCTI
orepariiif, sKa J03BOJINTh BU3HAYUTH Ta JOKYMEHTYBaTH
3B’S3KM MDK omepamissMu npoekty. [lpm 1mpomy ciin
BiZIOOpa3UTH JIOTIYHY IOCJIIOBHICTh BUKOHAHHS POOIT
MPOEKTY 3 METOK HAaHOIIbII ePEKTHBHOTO IOCATHEHHS
el TPOeKTy 3 ypaxyBaHHAM oOMexeHb. Jlms
BHU3HAUEHHS TIOCJTi TOBHOCTI omeparii 4acTo
3aCTOCOBYIOTH TaKi METOIH:

- METO/I iarpam nepeayBaHHs;

- BU3HAUCHHS 3aJISKHOCTEH;

- 3aCTOCYBaHHS BUIIEPEDKEHHS Ta 3aTPHUMOK;

- Ia0JIOHT MEpPexi.

Jiarpamu nepenyBaHHs AJs piBHIiB po0iT i onepauiii

B pmamii  crarTi  3ampONOHOBAaHO  MOJENb
MOCJIIZIOBHOCTI ~ omepawiii  OyIiBeNbHOTO TPOSKTY Ha
OCHOBI TOOYJIOBU JliarpamM repenyBaHHsA. Meron miarpam
nepeyBaHHs 3aCTOCOBYETHCSI B METOJIOJIOTIT KPUTHYHOTO
HUIAXY JUISL o0y 10BH MEpEXEBOL IiarpaMun
MIPOEKTY, B SKi omeparii 300paxXyloTbcs y BHIVIAMI
KBagpaTiB ab0 NPSIMOKYTHHKIB (3BaHMX BYy3JIaMH), a
JIOTIYHI B3a€EMO3B’SI3KM, IO ICHYIOTh MK HUMH —
CTpiIKAMHM 13  3a3HA4CHHSAM  THUIy  3aJI€KHOCTI.
Jlanuii MeToNl TakoX HA3WBAETHCS OMeEpallisiMUA B By3Jax,

BiH BHUKOPHCTOBYETHCS B OUIBIIOCTI IMAKETiB MpOrpam
YIpaBITiHHS IPOCKTaMHU.

[IporpaMm MOXHa pO3AUIMTA HA JBI TpyIH
MPOAYKTIB: TAaKeTH U1 CKJIaJaHHS PO3KJIATIB 1
KOMIUICKCHI cucTeMu. [lakeTn Ui CKIaIaHHS PO3KIIATIB
(Project Schedulers) opienTOBaHI Ha pa3oBe (BUIIAIKOBE)
IUTaHYBaHHS. BOHU JI03BOJISIOTH 3a/laBaTH B3a€MO3B’SI30K
MK pobOoramu, OynyBaru aiarpamu ['aHTra 1 MepexHi
JiarpaMu, po3paxoOBYBaTH KPUTHYHHN IIUISIX, CHPOIICHO
OITIHIOBATH 3aBaHTAXCHHS PECypCiB, BapTICTh MPOCKTY Ta
iH. KoMmruiekcHi CHUCTeMHM TpU3HAYCHI ISl CTBOPCHHS
CepeloBUINa YIPaBIiHHSA CKIQJHUMHU TpoekTtamMu (rnulti-
project environment). BoHM MicTATh mpodeciitai
IHCTPYMEHTH IS TUIaHYBAaHHS, aHATi3y Ta KOHTPOIIO 3a
BUKOHAHHSAM TMPOCKTIB, a TAKOXK 3aco0M Jis OpraHizarii
KOMYHIKaI[iil MK y4aCHHUKaMH [IPOSKTHIX KOMaHI.

Posknanm mpoekTy — BH3HAYae — B3aEMOIIOB’s3aHi
omepaiii 3 3alUIJAHOBAaHMMHU JaTaMd IX BHKOHAHHS,
KOHTPOJBHUMHU TIOJiSIMH Ta OCHOBHHMH peCypcaMu.
Po3knan Bkasye maty cTapTy i ¢iHiIly KOXHOI omepariii
MPOEKTy, TOOTO, pO3MOMiNsAe Barm omeparii B daci. Ha
cramii (GopMyBaHHS 3MICTy MPOEKTYy HOro pO3KIam €
MoTIepeAHIM 710 JIETAJIBHOTO PpO3MONIIY pecypciB Ta
3aTBEP/UKEHHS PO3PaXyHKOBUX OAT cTapTy Ta (iHimy,
TOOTO 10 MiATBEpKEHHS 3MiCTy. Po3Kiian mpoekTy Moxe
OyTH MPEICTaBICHO B YKPYITHCHOMY BUTJILAIIL.

Merton miarpaM nepeayBaHHs BKIIOUAE YOTHPH THUITH
3aJI€KHOCTEM, 00 JIOTTYHMX B3a€EMO3B’ SI3KIB:

1. ®inimr - crapr (FS). Ininianis HacTynHoi oneparii
3aJIeKHTH BiJl 3aBEPLICHHSI [IONIEpEeIHBOT Omeparii.

2. ®inimn - ¢imim (FF). 3aBepiueHHs HACTYMHOL
omepamii 3aJeXHUTh BiJ 3aBEpIICHHS MOIMEPEIHBOT
oreparii.

3. Crapr - crapr (SS). IHimiarmis HACTYIHOI omepariii
3aJISKUTP BiJl HINIAIIT TONEpEAHBOT OTIepallii.

4. Crapt - ¢inim (SF). 3aBeprieHHs HacTymHOI
orepamnii 3aJeKUTh BiJ iHIMialii MOMEepeaHbOI omepartil
[14].

KoskeH eneMeHT iarpamu, 3a BUHSATKOM MEPIIOro Ta
OCTaHHBOTO, Ma€ OyTH TOB’SI3aHUN  BIAMOBIIHUM
JIOTIYHAM 3B’A3KOM, Xoua O OJHHUM 3 TMONEpeHIX Ta
HACTYITHUX CJICMEHTIB.

[ToObynoBano piarpamy THepeayBaHHS MJsl piBHS
pOOIT CTPYKTYpH, i3 3a3HAYEHHSAM BXOMIB 1 BHXOIIB
(puc. 3).

3anporoHoBaHa CTPYKTypa BigoOpaxkae IIOTiKy
3B’sI3KIB caMe st OyZiBempHOTO TpoekTy. Hespaxkaroun
Ha Te, 0 CTAMIHICTh MPOCKTHUX POOIT B KOJIUIIHEOMY
PO3YMiHHI [FOTO CJOBa B OCTaHHIX CTaHAAapTax Oyia
HepersiHyTa, i poboya  TOKyMEHTAIlis iHOT
pO3pOOISIEThCS.  OJJHOYACHO 3 MPOEKTHOI,  MOXKHA
BUIUTATH YMOBHUH €Tall, IKA [IOBUHEH MEPEyBaTH BCIM

MM poGOTaM — eTarn MepeAnpoeKTHUX pobit — W™ . Ha

BOMY €Tami pO3pOOIIETHCA KOHIEMINsT MalOyTHBOTO
00’€KTy, BH3HAYAIOTBCSA OCHOBHI TEXHIKO-CKOHOMIYHI
XapaKTePUCTHKH. ECKi3HHH MPOEKT Na€ PO3yMiHHS TOTO,
K 00’exT Oynme ''mocajpkeHHi” Ha MICIEBOCTI, K Oyne
BUTJISIIATH HOTO KOHCTPYKTHBHA CXeMa 1 SKHM CIIOCOOOM
31iHCHEHO 00’ €MHO-TIPOCTOPOBE PIllICHHS.
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Puc. 3. [liarpama nepexyBaHHs JUIsl piBHS pOOIT CTPYKTYpH

: Task
Taxum YUHOM, NEpeAINPOCKTHI pO60TI/I - W13

PO3TIIIAIOTHCS CHUIBHO 3 IHXKEHEPHO-AOCIITHUIBKAME —
Task : Task =+ Task >

W, *. Came Tomy mix W, ™ 1 W, * 3B 30K cTapT —

ctapt (SS). Tun 38’s13ky ¢inim — crapr (FS), Haliuacrinre

BUKOPHCTOBYBaHA 3B’S30K IIE€peAyBaHHS B OyIiBENbHHX

npoektax. [loyaTok po3poOKM NMPOEKTHOI AOKyMEHTamii

W™ MOXIMBO JHMINE MiCAA OTPUMAHHSA OCTATOYHUX
pe3yIbTaTiB NePeIpPOEKTHUX i IHXEHEPHO-
: Task =+ Task

BHIIYKYBaJIBHUX pooiT W, 1 W, ™.
3’130k mepenyBaHHA ¢iHim - ¢inim (FF) B
OyaiBeIbHOMY TIPOEKTI Gaunmo Ha miarpami misk W,,™ i

ngTaS". e mosICHIOETBCS THM, IO 3TiOHO 3 iICHYIOUHMH

OymiBeIbHUMH HOpPMaMH 1 TIpaBUJIAaMH, 3aKiHUYCHHS
OymiBHMIITBA O00’€KTa  3alCKUTh BNl  3aKiHYCHHS
PO3pOOKH KOMILIEKCY CHIIBHHUX 3aXO/IiB 100 MiATOTOBKU
OyaiBEIBHOTO BUPOOHUIITBA, Jii(e} CIIPUSIOTH
IUTAHOMIPHOMY pO3TOPTaHHIO 1 Xoxy OyZIiBHHITBA B
3aJlaHi TepMiHH.

Po3pobieHo miarpaMu niepeayBaHHs PiBHS oIepariii
OyniBenbHOrO Mpoekty. Ha pucyHky 4 mpejicraBieHa Taka
jgiarpama Ui 3aBJaHHS ~ PO3POOKH  MPOSKTHOI
JIOKYMEHTAITI1.

Cy

e L
- 7Ly

Cs

FF
C;
S Cp Cis

Cs

Puc. 4. [liarpama nepeayBaHHs AJIs1 PiBHs omeparliii CTPYKTypH HPOeKTy (Ha MPUKIaAi 3aBJaHHs PO3POOKH MPOEKTHOT TOKyMEHTALIiT)

OmmmemMo  JOTIKy ~ 3B’S3KIB  3alpOINIOHOBAHOI
giarpamu. Tun 3B’s3ky crapr - crapt (SS) mix C, i C,
BH3HAUEHO 3 TaKMX MIpKyBaHb: MOYAaTOK POOOTH Haj
PO3IiTOM KOHCTPYKTHUBHHX pimeHb — C, 3aleXuTh Bif
H04aTKy poOOTH IO PO3Mildy apXiTeKTypHi pimenns — C, ,
B SIKOMY BHUKJIAJCHO aBTOPChKE OaueHHS apXiTEKTypHOTO
06’exta. IlapanensHa po6ota Hax omepamismu C, i C,
ajla MOXKJIHBICTE 00’emHatu ix B oxuH Oiok. IloniOna
curyanis BigOyeaetscs Mmix C,, C, 1 C,, C,.
B3aemo3B’s130k MK UM OnokamMu  (OomepamisiMu)

3a0e3neuyroThCsl 3B SI3KOM IepelyBaHHs (IiHIII - cTapT
(FS). Ha Buxoai piBua onepauiii C,,, sfika Mae JOriyHuif
38’30k Qinim - ¢imim (FF) 3 C,. 3aBepuenns
HalucaHHs po3Jily "NpoekT opraHizamii OyaiBHUITBA"
(ITOB) 3anexxuTh Bix 3aBepIICHHS HAIMCAHHS 3arajibHOT
HOSICHIOBAJILHOT 3aIIMCKY 32 IpoekToM — C,, .

[licns BcTaHOBJIEHHS TOCHIJOBHOCTI 1 JIOTIYHOTO
B3a€MO3B’S3Ky Ha pIBHI omepamii 3 ypaxyBaHHSIM
JiarpaMM TOCHIZOBHOCTEH Ha piBHI pOOIT OTPUMAaHO
MOJIETIb MOCITIJIOBHOCTI IPYIM Omepaliil Ta rpymn pooir, a
MOTIM 1 BCHOTO TPOEKTY. 3 ypaxyBaHHSAM JaHUX IIPO
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TPUBAJIOCTI OMEpaIiii JaHa MOJENb IO3BOJUTH OIIHUTH
TPHUBAJICT BCHOTO MpOoekTy. KpiM Toro, 3 ypaxyBaHHAM
AaHOI MOJEeNi MOXHAa CKIACTH pO3KIa] OyAiBEIFHOTO
MIPOCKTY.

B po3pobnenux pmiarpamax ImepenyBaHHS MOXHA
3a3HAYUTH MOXJIMBI BHUICPE/PKCHHS a00 3aTPUMKHU s
TOYHOI'O BU3HAYEHHS JIOTIYHOTO 3B’S3Ky. BHUKOpUCTaHHS
3aTPUMOK 1 BUIIEPE/PKEHb HE TOBUHHO 3aMiHIOBATH JIOT1KU
pO3KIIamy.

3 pi3HUX TPHYUH B XOAi OYIiBHUIITBA BHHHUKAIOTH
He3aIJITaHOBaHI CHUTYyallii, SKi BIUIMBAIOTh Ha PO3KJIA.
Uepes e MOXe BUHUKHYTH HEOOXiTHICTH MPOBEICHHS iX
OITIHKH, a II¢ MOKE 3aKaJaTH 3MiH MPOEKTY a00 MPHUBECTH

0  TpeTeH3i  3allikaBIeHWX  CTOpPIH  IPOEKTY.
3anpornoHOBaHa ~ MOJETb  JIO3BOJIAE  3aCTOCOBYBAaTH
WIHHICHAH MiOXi [UBIXOM — ypaXyBaHHS — oOmepamnii

y3TrO/DKEHHST IHTEPECiB 3alliKaBJICHUX CTOPIH B CTPYKTYpi
KOHKPETHHUX POOIT IPOEKTY.

BucHoBkm

B crarTi mpoBeieHO aHaii3 MPOLECIB yNpaBIiHHI
pPO3KJIAZOM MPOEKTy 3rimHo  cranmapty PMBOK.
PosrmsHyTO X OCOONMBOCTI CTOCOBHO OYHiBEIBHHX
mpoekTiB. B pesynpraTi moOyZOBaHO MOJENb IPOIECIB
VOpaBIiHHA PO3KIAJAOM OYAiBeIbHHX TIPOCKTIB, SIKY
npencrasiero B Hotamii IDEF0. Takum unHOM, OTprMaB
MOJATBIIANA PO3BUTOK TPOIECHUN MiAXiX B yIpaBIiHHI

BXiJIHi, IPOMDKHI Ta BUXIiJHI JaHi MOCHiJOBHUX €TAalliB,
BAMOTH (CTaHIAPTH) Ta METOAH iX peai3aii.

3anmponoHOBaHO PO3TJLINATH piBEeHb Omepamiii B
iepapxiyHii CTPYKTYpi OyniBEIBHOTO MIPOEKTY.
BuznaueHo ¢akTopu miANpHEMCTBa, SIKI BIUIMBAIOTH Ha
nepenik onepauiid. s ¢dopMmyBaHHS cKiagy omneparii
BUKOPHCTOBYETBCSI METOJ| JIeKOMIO3uMii. TakuM 4nHOM,
WBS-cTpykTypa OyniBeJIbHUX MPOEKTIB, 10 BKJIIOYAE TPH
piBHI iepapxii, Oyia JONOBHEHAa YETBEPTHM pIBHEM -
omepanisMu. HaBemeHO TpUKIagM €IEMEHTIB ICSIKHX 13
3a3HAYCHUX MHOKUH OTepariii OyAiBeIbHOTO IPOCKTY.

Po3pobnero miarpamy mepemyBaHHS IS piBHS poOiT
CTPYKTYpH TIpOeKTy. Takok po3poOiieHo miarpamy
TepeAyBaHHs U PiBHSA OIepamiid Ha MPHUKIAA] 3aBIAHHI
PO3pPOOKH IPOEKTHOT JOKyMEHTAIli1.

3anpornoHoBaHl MoJieNli JI03BOJIIIOTH  BiZ0Opa3uTH
MOCIHIZIOBHICT, Ta JIOTIYHMH B3a€MO3B’SI30K  OIEparii
OynmiBeNbHOrO MPOEKTy 3  ypaxyBaHHSAM Jiarpamu
MOCIiIOBHOCTEl Ha piBHI poOiT. BoHM € OcHOBOIWO st
dbopMyBaHHS ~ MOJETl  MOCTIIOBHOCTI TIpym  poOiT
(3aBIaHb), a TaKOX 1 BChOTO TPOCKTY. 3 ypaxyBaHHIM
JaHUX TPO TPHUBAIOCTI oOTmepalid Mojaedi I03BOJATH
OLIHUTH TPHBAIICTh BCHOTO MPOEKTY. Pe3ynpraTtom Oyme
PO3KJIAX TPOEKTY 3 OETATi30BAHMM 3MICTOM MPOCKTY.
TakuM  YMHOM,  YHOCKOHAQJICHO  MOZAENb  3MICTy
OyImiBETBbHOTO TPOCKTY IIISXOM PO3POOKH iarpam
MOCJIIZIOBHOCTI POOIT Ta oOIepaliif, 3aCTOCYBaHHS SKUX
HAJaCTh 3MOTY IIJBHIIMTH JOCTOBIPHICTH  OIIIHKHU

MPOSKTAMH [UIIXOM PO3POOKH MOJENi ympaBiiHHA  PECYPCIB Ta TPUBAIOCTI MPOEKTY.
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MO/IEJIb ONPEJEJIEHUS IIOCJAEAOBATEJIbHOCTH PABOT U OIIEPALIAM
JJIsA YIIPABJIEHUSA PACIIMCAHUEM CTPOUTEJIBHOT'O ITPOEKTA

IIpeameToM mccienoBaHUS ABIAIOTCS BOIIPOCH YIPABICHUS COJAEPKaHHEM U PAaCIIMCAHUEM CTPOUTEIBHBIX MPOEKTOB. Llesib padoThl
— TIOCTPOCHHE CTPYKTYPHBIX MOJEJICH, KOTOpPBhIC ONPEICIIOT MOCIEAOBATEIFHOCTh W B3aUMOCBS3b paboT (M omeparuii)
CTPOUTENIFHBIX NPOEKTOB. B craThe pemraroTcs cieqyroliue 3aJadM: MMOCTPOCHHE MOJENU MPOLECCOB YIPABICHUS PACIHCAHUEM
MpoeKTa, GOPMHUPOBAHIE HEPAPXUIECKOH CTPYKTYPHI CTPOUTEIHHOTO MPOEKTa C YYETOM YPOBHS OIMEpalrii, HOCTPOCHHE AUarpaMm
MPEIEeCTBOBAHUS Ul ypPOBHSA DPAa0OT u omepauuid. Vcmonp3yroTcs cienylomye MeTOodbl: MPOEKTHBIH MOAXOMA, MPOLECCHOE
MojeIupoBaHue ¢ momolnblo auarpamm IDEF(0, MeTomsl NEKOMIO3MIIMH, METOJ JuarpaMM IpealiecTBoBaHus. IlomydeHbl
cienyrolue pe3yJbTaThl: B CTaThe MPOBEJCH aHAJU3 MPOIECCOB YIPaBICHUs paclucaHueM IPOeKT corjacHo cranaapty PMBOK.
PaccMOTpeHBI HX 0COOCHHOCTH OTHOCHTENBHO CTPOMTENBHBIX MPOCKTOB. B pe3ynbrare mMOCTpoeHa MOJENh MPOIIECCOB YIPABICHHS
pacnucaHueM CTPOMTENBHBIX NPOEKTOB, npencrasineHHas B Hotauuu IDEF0. PaccMoTpeHbl mocienoBaTenbHOCTh U B3aUMOCBS3b
oTepanuii B HEpapXUICCKON CTPYKTYpE CTPOUTEIHHOTO MPOCKTa. YKa3aHbl (JaKTOPHI MPEIIPHUITHS, KOTOPHIC BIHSAIOT Ha MEpeYCHb
onepanuii. s ¢GopMuUpoBaHUS cocTaBa OIEpalUil HCIOJb3YeTCS METON JeKoMIo3uiuu. Takum o6pasoM, WBS-ctpykrypa
mopTdemst CTPOUTEIBHBIX MPOCKTOB, BKIIOYAIOIIAs TPU YPOBHSA HEPAPXUH, ObLIa JOIOJHEHA YETBEPTHIM YPOBHEM - OIEPALIUSIMU.
[IpuBeneHBl MPHMEPHI 3JIEMEHTOB HEKOTOPHIX M3 YKAa3aHHBIX MHOKECTB OINEpallii CTPOUTENBHOrO mpoekrta. s ompeneneHus
MOCJIEZI0BATEIHHOCTH ONepanrii BRIOpaH METO AUArpaMM IpeanecTBoBanus. [locTpoeHa quarpaMma IpeaniecTBOBAHMS IS YPOBHS
paboT CTPYKTYpHI, C YKa3aHHEM BXOJIOB U BBIXOJOB. Takke MOCTPOCHA JuMarpaMma MpelicCTBOBAHUS Ui YPOBHS OTepanuit
CTPYKTYphl TpPOEKTa Ha TMpHUMepe 3a7ayd pa3pabOTKH TPOCKTHOW JOKyMeHTaluu. BpiBoawl: I[locie ycTaHOBIEHHS
MOCJIC/I0BATEIPHOCTH U JIOTHYECKOW B3aMMOCBS3U HA YPOBHE OIEpAIlHii, C YUCTOM JUArpaMMbl MPEANICCTBOBAHHS HA YPOBHE padoT,
MOKHO TIOCTPOUTH MOJIEINh TOCIEIOBATEIFHOCTH TPYIIIBI ONepaluid, TPy padoT, a 3aTeM U Bcero npoekra. C yueToM JaHHBIX O
MIPOJOJDKUTENFHOCTH OTIEPAli JaHHAST MOJENb MO3BOJUT OLEHHTH MPOJOJDKUTEIBHOCTE BCETO MPOEKTA. JTO MO3BOJUT HOIYYHUTh
JIOCTOBEPHBIC OIICHKU PECYPCOB U MPOAOJDKUTENFHOCTU onepanuii. Pesynprarom OyneT pacnucanne mMpoeKTa ¢ AeTalTu3UpOBaHHBIM
coJiepKaHHEM MPOEKTa

KuiroueBble c10Ba: mocieq0BaTeIbHOCTs PA0OT; HepapXudeckasl CTPYKTYPa; YPOBEHb OIEpAaLlUii; YIpaBIeHHE COACpKaHUEM U
pacrnucaHueM; CTPOUTENBHBIN MPOCKT.

THE MODEL FOR DETERMINING THE SEQUENCE OF WORKS AND
OPERATIONS TO MANAGE THE TIMETABLE OF A CONSTRUCTION PROJECT

The subject matter is the issue of managing the content and schedule of a construction project. The goal of the article is to build
structural models that determine the sequence and interrelation of works (and operations) of construction projects. The following
tasks were solved: a model of the processes of project schedule management was built, a hierarchical structure of a construction
project was developed taking into account the operation level, a precedence diagram was constructed for the level of works and
operations. The following methods were used: the project approach, process modelling using IDEFO diagrams, decomposition
methods, the method of a precedence diagram. The following results were obtained: the processes for managing the schedule of a
project according to the PMBoK standard were analyzed, their features with were considered with reference to construction projects,
as a result, a model of processes for managing construction project schedules presented in IDEFO notation was built; the level of
operations of the hierarchical structure of a construction project was considered; the factors of an enterprise that affect the list of
operations were indicated; to compose operations, the decomposition method was used; the WBS-structure of the portfolio of
construction projects, including three levels of hierarchy, was supplemented with the fourth level — operations; the examples of some
elements of the specified sets of construction project operations were given; the method of precedence diagrams was chosen for
determining the sequence of operations; a precedence diagram which indicates inputs and outputs was constructed for the level of the
structure operations; a precedence diagram for the level of operations of the project structure was also built in the context of the task
of the project documentation development. Conclusions. After establishing the sequence and logical relationship at the level of
operations, taking into account the precedence diagram at the level of work, a model of the sequence of a group of operations, groups
of work and then the entire project can be built. Taking into consideration the data on the duration of operations, this model will
enable assessing the duration of the entire project. This will provide a reliable assessment of resources and the duration of operations.
The result will be a project schedule with detailed project content.
Keywords: work sequence; hierarchical structure; level of operations; content and schedule management; construction project.
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AAEPHA HEUYITKA KIIACTEPU3ALIA IIOTOKIB JAHUX HA OCHOBI
AHCAMBJIIO HEUPOHHUX MEPEXK

IIpeqMeToM NOCIIDKEHHS B CTAaTTi € KJIACTEPYBaHHSA IaHUX Ha OCHOBI aHCaMOIIO HEHpOHHHX Mepek. MeTa poOOTH — CTBOpPEHHS
HOBOI'O IIOXOAYy B 3aJayaxX KJIacTepyBaHHS MOTOKIB MaHUX, KOJM iH(OpMaIlis HaAXOAWTh B online pexXuMi CIOCTEPSKEHHS 3a
CIIOCTEPSIKCHHAM. Y CTaTTi BHPINIYIOTBCS HACTYIHI 3aBAaHHA: (OPMYyBaHHS MOMAETI aHCaMONiB HEHPOHHHX MEPEX s
KJIACTePYBaHHS JaHHX, pO3pOOKa METO/IB KJIACTEPYBaHHSA JaHUX MPU POOOTI 3 JAaHMMH BEIMKHX PO3MIpHOCTEH, po3poOka METOIIB
OHJIAMH KJIacTepyBaHHS JaHUX 3 BUKOPUCTAHHSAM aHCaMOJIIB HEHPOHHUX MEPEX, SAKi MPAILoI0Th y MapalelbHOMY pexkuMi. OTpuMaHi
HACTYIHI Pe3yJbTATH: CPOPMYITHOBAHO MPHUHIUIK poOOTH aHcaMOiiB HelipoHHUX Mepexxk T. KoxoHeHa, 1 BH3HAYeHI MpakTHYHI
BUMOTH JUIi POOOTH 3 JAaHMMH BeNUKOi po3MipHocTi. [lokaszaHi MOXIMBI HiIXOOH U BHUPIMICHHS II€pPEepaxOBaHUX 3aBIaHb.
JlocmipkeHO MPUHIMIT POOOTH aHCAMOITIO MapalieIbHO HANANITOBAHUX KiacTepyBadbHUX Mepex T. Koxonena. Jnst HaBYaHHS MIapiB
aHcaMmOJIf0 HEHPOHHUX MEpeX BHKOPHCTOBYBAJHCS IPOIENYpH, sKi mpamoroTs 3a npuamunoM WTA i WTM. Bynu Bukopucrani
pamiansHO-0a3uCcHI QYHKINT IS TABUIIEHHS PO3MIPHOCTEH BXIAHOTO MPOCTOpy. Po3p0obiaeHo MaTeMaTHYHy MOJICIb JJISI BUPIIIICHHS
3aJa4i KjacTepyBaHHsA OaHUX B online pekumi. Po3po0iaeHO MaTeMaTWuHy MOZEHIb I BH3HAYCHHS SIKOCTI KIacTepyBaHHS 3
BHKOPHCTaHHSM iHJekcy [leBica-Bynnena, akuit OyB nepedopmynboBanuii st online pexumy. BucnoBku: B po0OoTi 3anmpornoHoBaHO
HOBHH MiAXiA [0 3aBHaHHS KJIacTepyBaHHS IOTOKIB JaHHUX, KOJMH iHQOpMAIlis HaIXxoAuTh B online peXnMi CHOCTEpPEkKEHHS 3a
CIIOCTEPESIKCHHAM 3a YMOB, IO KUTBKICTh 1 opMa KiacTepiB 3a3zaneriap HeBimoMa. OCHOBHA ijies Miaxony 0a3yeThcsl Ha aHcaMOui
HEWPOHHHUX Mepexk, KU CKIIaaeThesl 3 camoopraHizoBanux man Koxonena. Bcei winenn ancam0iro oOpoOisiroTs iH(poOpManito, ska
TIOCJIIIOBHO TOJAETHCS B CHCTEMY B IapajelIbHOMY pexkuMmi. EkcrieprMeHTa bHI pe3ynbTaTd MiATBEpAWIN TOH (aKT, IO CHCTeMa
MoOsxe OyTH BUKOPUCTaHa JUlsl BUPILICHHS LIMPOKOTo Koua 3aBaaHp Data Stream Mining.

KnarwuoBi cioBa: kiactepyBaHHs; METOA X-Cepe/HIX; camoopraHizoBaHa Mama KoxoHeHa, aHcamOJib HEHPOHHHUX MEPEK;
CaMOHABYAHHS.

Beryn qacy, a oocsr naHux N mpakTHYHO HE OOMEKCHUH.
Y momiOHUX cuTyamwisx Oyxe e(QeKTUBHUMHU
[Ipobnema  KkmacTepmsalii MacuBiB JaHuMX € TOKasanu cebe KIacTepyBalbHi CaMOHABYaHHI IITYYHi
CKIIaIOBOI0  4YacTMHOK  KOMIUIEKCY 3aBJaHb, 10  HEHpOHHI Mepexi [6—9] i, mepmr 3a Bce, caMOOPraHi30BHi
BUPIIYIOTECA B paMKax Data Mining, a ang ii Bupimenns  Mamu  T. Koxonena (SOM) [10], mo 06po6astoTs
Ha CHOTOIHI po3po0ieHo 6e3iu MaXomiB, METOAIB Ta JaHi B IOCHJOBHOMY pexumi. PesyneTaT poboTn

aJITOPUTMIB [1-3], mo  Bigpi3Hmiotecs  omum  SOM  30Giraetbes 3 pesynbraramu  K-cepenHixX, MpH
Bil OOHOrO SK BHXIIHUMH MPUIYIIEHHAMH, TaK  LUbOMY YUCJIO KJIACTEPIB M TAKOXK 334a€THCA allPIOPHO.
i BHKOPHCTOBYBaHHUM MaTeMaTHIHUM arnapaToM. 30epertn  MoxnmBicTh  online  00pobOku 32

OnHUM 3 HaHGLIBII TIONMYISPHUX METOMIB KiacTepyBaHHs  A0moMorow SOM i BCTaHOBJIEHHs 4MCIa KIacTepis M 3a
€ Meton K-cepenHiX, 3aBIAKH HAOYHOCTI OTpHMaHMX  MAONOMOIOK) X-CepelHIX MOXKHA, CKOPUCTABLIMCH INEEH0
Ppe3yIIBTaTiB, TPOCTOTI BMKOPUCTOBYBAHOTO  KJlacTepyBalbHMX aHcamOniB [11-14], npu npomy B
MaTeMaTHYHOIO amapaTy 1 YHMCeNbHOi peamizamii. AKOCTI  €IEMEHTIB  aHCaMOmO  BHKOPHCTOBYBAaTU
B pamkax 1poro migxomy —mnependavacThCs, IO kiacTepyBaibHI HeiiponHi mamu Koxomema SOM™ [15],
BUXiIHHH MacuB JaHMx X :{X(l),...,X(k),...,X(N)} ,  KOXHa 3 SIKUX PO3paxOBaHa Ha PI3HE YUCIO MOMKIUBHX

x(k) =(X1(k),---,Xi (), X. (k))T cR". kK=12.N KiaciB m=2,3,...,M . B pamMkax Takoro miaxoy nepuun

MOBUHEH OyTH po30WTHI Ha M HENEPEeTHMHHUX OIYKIIHX
JIHIHHO PO3/ALIBHUX KJACIB, IPU IIbOMY YHUCJIO IIUX KJIACIB
M 3aJa€ThCS anpiOPHO, BHUXOMAYM 3 THUX UM IHIIHX, SK
MPaBUJIO, EMIIPUYHHX [TPUIYIICHb.

AJBTEpHATHBOIO EMITIPUYHOMY HiJIXOMy € JOCHTbH
¢dopmamizoBanuii Metoy X-cepemHix [4, 5], BembMu B mpomeci po6otm ancamOmo Bci  SOM™
IpOMI3OKMH 3  OOUMCIIOBAIIBHOI TOYKM 30pYy 1  (yHKIIOHYIOTH MapaieilbHo, a B SKOCTi  (iHAmBHOro
HOB’A3aHUIl 3  JOCUTh  CYBOPHMH  aIpIOPHUMH  pe3yJbTaTy  OOMPAcThCs — KIACTEPYBAalbHA  MEpEkKa-
CTATUCTHYHHMMH MPUMYIIEHHAMHU TIPO XapakTep PO3NOATY  mepeMoKellb, sAKa I[0Ka3aja HaWKpallui pesyibTar y
BUXIHMX JaHuX. KpiM Toro, oOGujpa 1i METOJM  CEHCi 3aCTOCOBYBAHOIO KPHTEPIIO SKOCTI KilacTepu3aiil
BUMAaraloTe  OaraTopasoBoro nepebopy JaHux y [2, 16].

BHUXiTHOMY MacuBi X, mo OOMEXye iX MOXKIHUBOCTI B Bigznauumo, 110 mogioHO 10 TOTO, K B KOXKHIH 3
3ajayax 00OpoOku BemukuxX MacuBis indopmaiii (Big  SOM™ ma koxmomy kpoui 06po6kn indopmauii K
Data) i moTokiB JaHWX, KoM iHpOpMAIlisS TMOAAETHCS Ha
BXiJl KJIaCTepyBaJIbHOT CHCTEMH MOCITIZIOBHO
CIIOCTEPEKEHHS 32 CIIOCTEPEKEHHSM B online pexuMi
(Data Stream Mining). VY miii curyanii HOMep
crioctepexeHHs K HabyBae CEHCY MOTOYHOTO AUCKPETHOTO

2 . .
e ancam6o SOM “ B mapi KoxoneHa MicTUTB BChOTO

v 2 2
JABa HCUPOHHU 3 BCKTOPAMHU CHUHANTHUYHHUX Bar W1 ,W2 , a

.o m o . .
ocranniit SOM"™ — M HelpoHiB 3 BaraMu-IEeHTPOIAAMH

M M M
W WY Wy

obupaeTbes CBili HEHPOH-TIEPEMOXKellb, TaK 1 B aHCcaMOTi
Ha KOXXHOMY KpOIli OOHMpaeTbcsi HEHpOHHA Mepeka-
nepeMo’kenpb, ska 3ale3nedye HaWKpamui pe3ynbTar
KJacTepu3arii.

© 1. €. XKepuosa, €. B. Boasacekuit, 2018
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CyTTeBUM OOMEXEHHSIM, IO 3HIKYE MOXKIUBOCTI
MOAIOHOTO TIIXOMy, € BHMOTA JIHIHHOI PO3AUTBHOCTI i
OMYKJIOCTI (POPMOBAHMX KJIACTEPiB, B TOH Yac K peaybHi
JaHl ~ MOXYTh  YTBOPIOBAaTH  KJIacH  aOCOJIIOTHO
MOBUTbHOI  opMu. YV  moOmiOHMX CHTyamisx ayxke
KOPDUCHHUM MOXXE BHSBHUTHUCS BHUKOPUCTAHHSI TEOPEMU
Kosepa (T. Cover) mnpo miHIfiHy pO3AUIBHICTE B
MPOCTOpax O3HaK MiABUINEHOI po3mipHocTi [17] 1 siap
Mepcepa (J. Mercer) [18], mo 3a0e3meuyioTh IIe
migBuIneHHs. Ha  ocHOBI  Takoro migxoxay —Oynwm
poO3po0JIeHi, Tak 3BaHi, SACPHI CAaMOOPTaHi30BaHI Mamu
(KSOM) [19,20], ski mokasamd TapHi pe3yibTaTH B
yMOBax KIJIACiB JOCHTH NOBUIBHOI ()OPMH IpH BimoMmii ix

QL NL

KUIbKOCTI M 1 B yMmoBax
006pobmoBanoi BuOipku N.

V 3B’s13Ky 3 IUM € JIOIUTBHOIO PO3po0Ka aHcaMOIIro
SICPHUX  KIACTCPYBAIBHUX  HCHPOHHHX  MEPEK,
MpU3HAYeHOro 1t online 0OpOOKM TOTOKIB JaHUX B
YMOBax HeBiIoM0oi 200 3MiHHOT KIJIbKOCTI KJIaciB.

(ikcoBaHoro o0csTYy

ApxiTexkTypa aHcaMO0.110 AIEPHUX KJIACTepPyBaJIbHUX
Hel{POHHMX Mepex

Ha puc. 1 HaBegeHa apXiTekTypa aHCaMOIro
SOCPHUX KJIACTEPYBAJbHUX HEHPOHHHX MEpeK, sKa
MICTHTB II’Th mapiB 00poOKH iH(popMaIIii.

SL VL

x1(k) ( )
@ 1(x)

x2(K) ( 7
=0 @ 2(x)

V'

xn(i)
@ h(x) @ h(x)

Vi

Puc. 1. ApxiTekTypa aHCamOIIIO SACPHUX KIACTEPYBATLHIX HEHPOHHUX MEPEx

Buxinna inpopmaris, sika niuiarae KjaacTepyBaHHIO,
MOJIAEThCS HA HYJIbOBUM (BXiIHMH) IIap CHCTEMH Y
Buniai - mocmigoBrHocTi  X(2), X(2), ..., X(K),..., X(N),...,
3BIIKM HAJXOJWTh Ha mepuinii npuxoBanui nrap (RL)
pamianbHO-0a3MCHUX (QYHKINH, yTBOpeHul R-HelpoHaMu.
Came B 1poMy IIapi BinOyBaeTbCs — IiJIBUILEHHS
PO3MIPHOCTI BXIJHOTO MPOCTOPY 3a JAOMOMOTOK CHCTEMHU
anepaux OyHkuii @) (X), @5 (X), ... (X),.... o (X) , h>n,
B SKOCTI SIKHX BHKOPHCTOBYIOThCS a00 TpaaWIiiHi
rayccianu, abo iHIIi J3BOHYBATI (QYHKIIIi, HATIPUKIIA,

-1
—cl} _ %

7o 7¢+"X_C|"2 |

o (X)) =1+

ne ¢ —(nx1) — Bekrop, mo 3amae “ueHTp" pamianbHO-
6asucHoi dyukuii ¢ (X), y, — cKanApHuil napameTp, o

BU3Ha4ya€ 00JaCTh PEIENTOPHOrO Mojis — "mupuHy" miel
G yHKIIIT.
TakuM 4YMHOM, NpW HAJIXOJUKEHHI Ha BXiJ CHCTEMH

Bekroproro  curhany  X(K) = (% (K), ..., X, (k))T eR",
Ha BUXOZI HEPIIOro NPHXOBAHOTO nrapy
RL (dopmyeTbes BEKTOPHUH CUTHAI

P(X(K) = (@, (X(K)), .., 3 (X(K)), .., 3, (X(K)))" €R", h> .
Hpyruit  mpuxoBanmii map NL  peamizye
€JIEMEHTAPHY OIePaIlil0 HOpMai3allil CUrHATY (p(x(k))

~ k
sy 9000) = 20

poboTn Tpersoro mnpuxoBaHoro mapy SL, yTBopeHoTro

HEOOXimHy U1 e(eKTUBHOI

(M-1) camoopranisoBanumu manamu Koxonena SOM™

KOXKHa 3 SKHX Ipalfoe B MNPUIYLICHHi, 0I0 B

00po0IIoBaHii BHOOPII JAHUX MICTHTHCS M KIIACIB.
SkicTp Kinactepuzallii, o 3a0e3neuyeTbesi KOXKHOIO

m . .
SOM", owiHOETBCA 3a OONOMOIOK TOTO YW IHIIOTO
iHzexcy Bamijanii [2] B ueTBepTOMY NPUXOBAHOMY IMIapi

VL, e OOYHCITIOIOTBCS BiMOBIIHI IHIEKCH
VI2,Vl3,...,VIm,...,VI'vI U KOXKHOIO 3 MOMKJIHMBHUX
m=23..,. M.

I, HapemTi, y BUXiZHOMY mapi, MO MICTUTh €TUHUI
BY30JI - JIETEKTOP ONTUMYMY, BHU3HAYA€THCS KOHKPETHA

*
soM™,  mo
KJIacTepu3alii,

3abe3nedye
Opyd  LBOMY

Halikpanly  sIKiCTh
BB)XKAEThCS, 10 B

*
AHaJII30BaAaHOMY MAaCHB1 JaHUX MICTHUTLCA m KJIaCcTCp1B.

CamoHaBYaHHS siAePHOI KJIACTEPyBAaJIbHOI CHCTEMH Ha
OCHOBI aHCaM0JII0 HEliPOHHUX MepeiK

IIporiec camoHaBUaHHS AaHOI CHCTEMH Peali3yeThCs
Ha piBHI nepmoro mapy RL, e HagamToByOTECS HEHTPU
aq. 1=12,..,h smepuux ¢yukmiit ¢(X), i Tpersoro
npuxoBaHoro mapy SL, 1€ yTOYHIOIOTBCS CHHANTHYHI
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Baru W;-n , m=23..M, j=12..,m  KoxHOI
neiiponnoi Mepexi SOM™ amcam6itio.
PosrnssHemMo  crodatky — mporiec
IEHTPIB  SAACpHUX  QYHKIIH, 110
TTOCITITOBHOCTI HACTYITHUX KpOKiB [21]:
Kpok 0: 3agaTi moporose 3Ha4EHHS A, [II0 BU3HAYAE
piBEHb HEPO3PIZHEHOCTI ABOX CYCITHIX SACPHUX QYHKIIIH,
MaKCUMallbHO MOXJIHMBY KilbKicTh IHx GyHKIIA h i

apaMeTp PeLenTOPHOTo Moust ¥, .

HaJIAIITYBaHHS
CKJIAacThCd 3

Kpox 1: mpm momaBaHHI Ha BXiJ CHCTEMH IIEPIIOTO
BekTopa — croctepexxennss X(1) ¢opmyersest nepuuii

LEHTp C; imepiua paaiaabHO-0a3uCcHA QYHKIIiA

7o

(pl(x) = 7 2
7, *lx=ci

ae ¢ =x(1).
Kpox 2: npu monaBaHHI Ha BXiJ] CHCTEMH APYTOTo
cnocrepexents X(2) nepeBipsieTbcs HEPiBHICTD

[x@-cf<a

i KO0 BOHA BHKOHYETHCS, TO X(2) He dopmye HOBHit
LEHTD, SKIIO K BUKOHYETHCS] yMOBa

A<|x@2)-cf <24, 1

TO o] BiAIIOBIIHO 11O

camonaBuaHHs T. Koxonena "Ilepemoskers orpumye Bee"
[10]:

KOPUT'YETBCS npaBuiIa

¢.(2)=c@)+n()(x(2)-c, @), )

e ¢,()=x@), 0<n(2) <1 — napamerp KpoKy HaBUAHHSI.
SIKIIO 5K BUKOHYETBCS yMOBA

2A <|x(2)-cy],

TO (popMyeThCS HOBa sepHA QYHKITiS

Y, Y,
P, (x) = = . :
T kel g Hx-x@f

Le#t mpomec peamizyeTbcss TpH  HAIXOMKEHHI

KOXHOTO HOBOTO crioctepexxeHHs X (K). SAxmio »x Ha kpori
N 6yne chopmoBano h pamianpHo-6a3ucHux (yHKILH, TO
B MOJAIBIIOMY IX KIJBKICTh He 30IIBLIYETHCS, a
yTouHeHHs Bxe chopmoBanux uentpis ¢, 1=12,...,h
MOXK€ MPOBOJUTHCSA TUNBKH 3TigHO 3 yMmoBoo (1) i
[IpaBWJIOM CaMOHABYaHHS (2).

[lpouec HamamITyBaHHS TPETHOTO IPUXOBAHOTO
mapy TaKoX CKiajgaeTbes 3 Tphox eramiB  [10]:
KOHKYpPCHIIii, Koomepalmii i CHHAOTHYHOI a;anTamii i

. ; m
peanizyersest it koskaoi SOM ™ ancamOitro, mpu 1bOMY

m

BEKTOPH CHHANTHYHHX Bar Wj OMKMCYIOTh h-BumipHi

HEeHTPOoinu (POPMOBAHUX KIIACTEPIB.

Ha eranmi koHKypeHuii curHan C  BUXOAY

npyroro npuxosanoro mapy NL ¢(x(k) € R" naaxoauts

. m .
Ha Bxomu Bcix SOM', ne MOpIBHIOETHCS 3 KOXHUM 3

. m .. .
BEKTOPiB CHHANITHYHKX Bar W (k-1) B cenci Bigcrani

D(p(x(k), W) (k—1) = |p(x() -] (k-2)] . (3)

j=12,.m; m=2,3,..M . OckiibKku “go(x(k))“zl, TO

3aMicTh eBKIiOBOI MeTpuku (3) Habarato mpocTime
BUKOPUCTOBYBATH KOCHHYCHY Mipy HOAI0HOCTI

sim(@(x(K)), w] (k=D) = ¢ (x(k)w]'(k-1),

. . m
3a J0mMoMoror skoi mig xkoxHoi SOM'™ BusHavaeThcs
CBili HEHPOH-TIEPEMOKEIh, IS IKOTO

@' (x(k)W]" (k-1) = max @' (x(k)W]' (k-1).

Ha erani koomepauii Bce M-1  HelipoHiB-
TIEPEMOXKIIIB aHcaMOITo (bhopmyroTH obmacri
TOMNOJIOTIYHOIO CYCINCTBA, B SKHX HAJAIITOBYIOTHCS
HE TUTBKA IIi TEpeMOXIN, a W iXxHi HaHOMMmKYi
cycimm. Ilg  oOmacte  ommcyerbcs — (PYHKIISIMHU
cycinctea  @(],1), B skocTi SAKHX MOXyTh OyTH
BHUKOPHUCTaHI SIepHI ¢GyHKIiIi aHaJIOTIvHI

panmianbHO-0a3UCHUM (PYHKIISIM TIEPIIOTO MPUXOBAHOTO
mapy:

: Y
o(ih)=—— —
i (=D - (k-]
Ha erami cwHantudHOi amanramii BigOyBaeThCs

YTOYHCHHA CHHaIITUYHUX

kokuoi 3 SOM™  3a  gomomoroo  mpasuia
camonaBuaHHs T. Koxonena "Ilepemoskernp oTpumye
Oinbe™:
w" (k) = w" (k =1) +77(K)e(j, D)(e(x(K)) —
-w"(k-1).

Bar-1meHTPOINiB

(4)

*
HecxmagHo 6aunTH, mo A8 TEPEMOXKIIA ern (4)

30iraeTscs 3 MIPaBHUIIOM HaBYAHHS 2).
Heo0xigHo 3ayBa)KUTH, IO B MPaBWIIi CaMOHAaBYaHHS (4)
mapamerpu  kpoky 7(K) 1y  obumparoThcs, SK
NpaBWJIO, BUXOJIIYM 3 CEMIIPUYHUX MIpKyBaHb 1
MOBUHHI ~ MOHOTOHHO  3MEHIIyBaTucsi B  mpoleci
HaJIAlITYBaHHSI.

Ile#i mpollec 3pydHO OpTaHi3yBaTH 3a JOTIOMOTOIO
CHCTEMH CIIBBIIHOIIEHD.

(k) =1 (k); rk) =ark-1) +|e(xK))| = ar(k-1)+1,
y(k)=n(k)y(k-1), 0<a <l

AKi Opd =1 aBTOMATHYHO MEPETBOPIOIOTHECS B  IPOLELYPY CTOXaCTHYHOI alpOKCHMALl.




ISSN 2522-9818 (print)

CyuacHuii cman Hayko8ux 00ciiodcenb ma mexnonoeitl 6 npomuciosocmi. 2018. Ne 4 (6) ISSN 2524-2296 (online)

HecknagHo MOMITHTH, IO TMEPIIMA i TPEeTi Imapu  IeH iHJeKC po3paxoBYEThCsS s KoxKHOI 3 Man KoxoHeHa
cucteMd (DAaKTHYHO HABYAKOTHCS 3TIHO OJHOTHITHHM

SOM™, m=23,.M.B i i
npouenypaM TI/IHy WTA 1 WTM [10] SAKOCT1 TaKOro IHI[eKC}/ 3py‘{H0

BUKOPHUCTOBYBATH KpHuTepiit JHesica-bynnena
(Davies DL, Bouldin DW) [22], 3a mgomomorowo

HanamTyBaHHS 4eTBepTOro NPUX0BAHOIO LIApPY . :
SKOTO  MOJKHa  OLIHIOBAaTH  SKICTh  KJacTepu3alii

v ) HaBiTh y  pasi  Hechepumynumx  kmaciB. s
UCTBCPTOMY  HPUXOBAHOMY Hlapl cueremMu BUIAJKY M KJIACTEPIB IeH IHACKC MOXKe OyTH 3armucaHuil
MIPOBOJIUTHCS OIlIHKA SIKOCTI KJacTepu3allii 3a JOMOMOT O v BHCTIAI

Toro um inmoro inxekcy Bamigamii VI™ [1], mpu mpoMy

o, s(wi (k). u; (k). @(x(K)) —s(wg' (k). ug (K), @(x(K)))

DB(m) = » max — p ,
g D(W] (K), W (k)
ne  D(W]'(k),wj'(k)) - sincrams wmix uemtpoimamm: (W (k),u; (k),@(x(k))) - XapaKTePUCTHKH
D(W;“ k), W:“ (k) = "W;” (k) - W;“ (k)" , BHYTPILIHBOKJIACTEPHOTO PO3CIFOBAHHS [UIA j-TO KiIacTepy:

0, () [pox) -wr [ |
S (), (), Gx(KY) = | F———
> 0,0

u; (k) — uiTka QyHKUis HANEKHOCTI BEKTOpA P(X(K)) mo  AKuii PO3paXOBY€THCA y BHXiﬂHQMY mapi.
. IMIpu  00poOLI  HECTANIOHAPHUX  JAHHUX,  MIO
J-TO KIlacTepy BUIJISLY: . S

HanxonsaTh B online pexumi, immekc DB (m)

© {1, ko @(X(K)) BiHeceH 10 j-ro kiacrepy, JOLTBHO MoaubikyBaTH I pPOOOTH B pexuMi
u.(k) =
J

"KOB3HOTO BikHa" PpO3MipHOCTI 1<s<N.
ITpu bOMY Moaudikarii MiITAar0TECS
TITBKA ~ XapaKTepHUCTHKAa  MIDKKJIACTEPHOI  BiJCTaHi,
SIKi PO3PaxOBYIOThCS Ha "KOB3HOMY BiKHI'" 3a JIOTIOMOTOIO
BUpa3y

0 B iHIIIOMY BHTIAJIKY.

. 3 . . . *
B sxocti ontumanbHOI KUIBKOCTI KiacTepiB M
oOupaeThcsa 3HaYCHHS, MO 3abe3neuye MiHiMym DB (m),

o610 DB(M") = min {DB(2), DB(3),..., DB(M)},

Y u @)oo -wrwl |
S0 (0,0, (k) px(0),5) = | =5 ;

2 u;(@)

r=k—s+1

Ipu [BOMY TiependayaeTscs, mo obcar Bubipkm N Meromy Oyia mopiBHsHA 3 BimoMuM anroputMoM K-means
HeoOMeXeHMH, a  3pocTae 3  IUIMHOM  4Yacy Ta HaBeleHa y TaOmumi 1.

k=12,...,N,N+1..

15

Pe3y.m>TaTn MOJCJTIOBAHHA o}

Mu BumpoOyBasv 3allpOIIOHOBAHUN METOJI i3 JIBOMa st PR
pi3HUMH HaBYUIBHUMH HabOopamu nmaHux. [leprmid AR )
Ha0lp JaHWX IITYYHO CTBOPEHO TakK, MO0 BiH of
mictute 3 kinactepw, 300 cHocTepexeHb, KOXKHE o
cnocrepexxeHHs Mae 3 ¢ynkuii. pyruit HaOlp naHuMx 5| i - R .
"Ipuc" B3sto 3 UCI-penosuropito [24]. Lleit Habip manux o Pkt X
ckimanaeTbest 3 150 crocrepexeHs, sIKi MOAUIIOThCS HA 3 1ot Pt L e
KJIacH, J¢ KOJXKHE CIIOCTEpEXKEHHS Ma€ 3 BHIIaJIKOBI R
¢yskmii. Knacrepum 9iTKO BHAHO B IITyYHOMY "
CTBOpPEHOMY Ha0Opi TaHUX 1 MOKa3aHi Ha PUCYHKY 2. )

OO6unciroBaIbHA TOYHICTh 3anponoHoBaHoro  Puc. 2. llItyyHo 3renepoBanuii Habip JaHUX
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Tabauns 1. Pezyrsmamu knacmepyéants 0711 pi3Hol KITbKOCmI Kniacmepie

TOYHICTh KJIacTepizauii At 4-X KiIacTepiB

| SOM™ k-means
IlITy4Ho 3reHepoBaHuii HA0ip aHNX

TOYHICTb KJIacTepi3awii A1s 2-X KiacTepiB 0,71 0,70
TOYHICTb KJIacTepizawii 1t 3-X KacTepis 0,89 0,76
TOYHICTB KJIacTepizamil it 4-X KactepisB 0,68 0,67
"Ipucn ®imepa"
TOYHICTB KJIacTepizamil i 2-X KiacTepisB 0,84 0,83
TOYHICTP KJIacTepi3awii a1 3-X KiacTepiB 0,91 0,87

0,72 0,73

Jnst Bizyamizauii B3aTi HaOOpH NaHMX NpOeKTyBanu  Pe3ynbratn poOoTH aHcaMmOJIIO0 HEUiTKOI KiIacTepyBaHHs

3a jgomomoroto Merogy PCA (aHami3 OCHOBHHMX — IIOTOKIB JaHWX HAaBEAEHO HA PUCYHKY 3.
KOMITOHEHT) Ha  TpH OCHOBHI KOMITOHEHTH.
’l .,
’ é .
e A
. ‘s *% Ky .
. TN . -"‘_.
I, ° N
ST i 2"
PRI e
g
o 9T
. TRy A
% : et B
3 2% 5
. oy .

a) llIty4Ho 3reHepoBaHuil Habip JaHUX

LS
o
-. ‘.f B
‘. S
'.. -‘ .-
.\ & e .D‘a X

6) "Ipucu dimepa"

Puc. 3. PesynbraTn Bizyanizarii 3arponoHoBaHOro aHCaMOJTIO
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BucnoBku aHCaMOJII0O HEWPOHHHX MEpPEeX, eJIEMEHTaMH SKOTO €

camoopranizoBai Marmu T. KoxoHeHa. 3amporoHoBaHa

V cTarTi NpONMOHYEThCA HEHPOMEPEKEBUH TAXiM 10 ~ CHCTEMa  XapakTePH3YEThCsl  MPOCTOTOK  YHMCENIBHOI

3ajadi KJacTepu3allii TOTOKIB JaHHX, sKi B online  peamisallii, BUCOKOW IBUIKOMiEH 1 Moxe Oyru

pemei HaAXOOATh Ha 06p06[{y’ B HpI/IHyH.IeHHi, 110 BUKOpUCTAaHa IJIA BI/IpiHIeHHH IIUPOKOIo KiIacy 3ajaaq

3a37alIerifh HeBiIOMi KiNbKicTh KIacTepiB Ta ix dopma. OOpOOKM — IOTOKIB ~ JaHMX B yMOBax  amnpiopHoi
B OCHOBi MiJIXO/y JIEXKUTh ijiest AAepHOT KacTepusallii Ta ~ HEBHU3HAYEHOCTI PO iX BIACTHBOCTI.
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SITEPHASI HEUETKAS KJIACTEPU3AIIUS IOTOKOB JIAHHBIX HA OCHOBE
AHCAMBJISI HEUPOHHBIX CETEMN

IIpeqmeToM wmccienoBaHUS B CTaThe SABIAETCS KJIACTEpH3alMsl JaHHBIX HAa OCHOBE aHCaMOns HEHPOHHBIX CeTew.
Hens paboTsl — co3gaHNe HOBOTO MOAXOJA B 3a/adax KIAaCTEpH3alUM MTOTOKOB JIAHHBIX, KOTJa MH(OpMaIus moctynaer B online
pexuMe HaONMIOAeHWs 3a HaOmoneHHWeM. B crathe pemaloTcs cieaymoomue 3agadd:  (GopmupoBaHMe Mopenu aHcamOuei
HEHpOHHBIX ceTel JuId KJIacTepu3allud MJaHHBIX, pa3pabOoTKa METOAOB KJIAacTepU3allMd [JaHHBIX Ipd paboTe C JaHHBIMU
OOJIBIIMX pa3MepHOCTEN, pa3padOTKa METOJO0B OHJIAH KIIACTEPU3allMH JAHHBIX C HCIOJb30BAHHEM aHcaMOJel HEHpOHHBIX
cereif, paloTamUX B TMapalielbHOM pexume. [lodydeHbl CleAyloline pe3yJbTaThl: CHOPMYIHPOBAHBI  HPHHIMIIBI
paboTel aHcamOnell HelipoHHBIX cerelt T. KoxoHeHa, m ompeneneHBl IpakTHYeckwe TpeOOBaHMS Il paboTBl C JAaHHBIMH
OospIIoi  pasmMepHOCTH. [lokazaHBI BO3MOXKHBIE MOAXOABI JUIST pEIICHUs TEPeUNCIeHHBIX 3afad. lVccrnemoBaH NpHHINI
paboTel aHcaMmONs TapajuleIbHO HACTPOEHHBIX Kiacrtepusytomux ceredl T. Koxomema. [lnms oOydeHus cioeB aHcamOus
HEHpPOHHBIX CETe WCIONB30BAIHUCH MPOUEAyphl, paboTatomme 1o mnpuHimunmy WTA uw WTM. bBeumn  ucmons3oBaHBI
panuanbHO-0a3ucHble (YHKIMH JUIsl TOBBIMICHHS Pa3MEpHOCTEH BXOAHOrO MpOCTpaHCTBA. Pa3paboTaHa MaTeMaTHuecKas
MOJIeNIb JUIA peIICHHs 3aJaudl KJIAcTepH3alMu JaHHeIX B online pexume. Pa3zpaborana MareMarndeckas MOJCTb Ui
ONpE/ENCHNsT KauecTBa KJIACTEPU3aLMHM C HCIOJb30BaHHeM uHAekca JlaBuca-bynnena, koropblii Obul mepedopMyIHpoBaH
i online pexxuMa. BwiBogbl: B pabore mpemiokeH HOBBIM MOAXOA K 3aJade KJIACTEPH3aLMM IOTOKOB [aHHBIX, KOTIa
nHdopmarmss  moctymaer B online pexxuMme HaOmIoJeHHMEe 3a HAOMIOJEHHWEM TIPH  YCIOBHM, 4YTO KOJIMYECTBO U
dopmMa KkmacTepoB 3apaHee Hem3BecTHH. OCHOBHas WHjes JTOrO0 TOAXoga Oasupyercss Ha aHcambie HEHpPOHHBIX
ceTei, KOTOPBI COCTOMT W3 camoopraHmsyrommxcsi kapT Koxonena. Bce dmens! ancam6is oOpabaTeiBaoT HHGOpMANUIo,
KOTOpas  IIOCNIEIOBAaTeIbHO  TIONAeTCI B  CHUCTEMy B  IapaIEIbHOM  peXHMe. OKCIHepHUMEHTANbHBIE  Pe3yJIbTaTh
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NOATBEPAUIIA TOT Q)aKT, YTO paccMaTpuBacMasi CUCTEMA MOXKET OBITH MCIIOJIL30BaHA JUIL pCIICHUS HIMPOKOI0 Kpyra 3aJaq Data
Stream Mining.

KiaoueBrnlie ciioBa: KHaCTepI/ISaHI/IS{; MCTOJ X-Cpe,JIHI/IX; CaMOOPIraHU3YIOLIAasACs KapTa KOXOHeHa; aHcaMOJIb HeﬁpOHHLIX ceTeﬁ;
camMoo0y4eHHe.

KERNEL FUZZY CLUSTERING OF DATA streams BASED ON THE ENSEMBLE OF
NEURAL NETWORKS

The subject matter of the study is data clustering based on the ensemble of neural networks. The goal of the work is to create a new
approach to solving the tasks of clustering in data streams when information is fed observation-by-observation in online mode. The
following tasks were solved in the article: the model of neural network ensembles for data clustering was created, the methods of data
clustering to process mass data were developed, the methods of online data clustering of data using neural network ensembles
working in the parallel mode were developed. The following results were obtained: the operation principles of the ensembles of the
Kohonen neural network were formulated and practical requirements for dealing with mass data were specified. The probable
approaches to solving these problems were indicated. The operation principle of the ensemble of parallel tuned Kohonen clustering
networks was studied. The procedures based on the WTA and WTM principles were used to train layers of the neural network
ensemble. Radial basis functions were used to increase the dimension of the input space. The mathematical model was developed for
solving the problem of data clustering in online mode. The mathematical model was developed to determine the quality of clustering
using the Davies-Bouldin index, which was rewritten for online mode. Conclusions. The paper proposes a new approach to solving
the problem of clustering data streams when information is fed observation-by-observation in online mode, provided that the number
and shape of clusters are unknown in advance. The main idea of this approach is based on the ensemble of neural networks, which
consists of Kohonen self-organizing maps. All members of the ensemble process information that is sequentially fed into the system
in parallel mode. Experimental results confirmed the fact that the considered system can be used to solve a wide range of Data Stream
Mining tasks.
Keywords: clustering; X-means method; Kohonen self-organizing map; neural network ensemble; self-learning.
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AHAJII3 ICHYIOYMX NIJIXOJIB 00 PO3PAXYHKY KPUTEPIIB BE3NIEKA
PYXY HA 3AIIBHUYHOMY TPAHCIIOPTI

IpeameTroM AOCHiIKeHHS JaHOI pPOOOTH € METOAM BHM3HAYCHHS IapaMeTpiB Oe3leKd BiJ CXOOy Kojeca 3 PEHKH.
O0’€KTOM JTOCITIDKEHHS € B3a€EMOJIisl KOJIiT Ta pyXoMoro ckianay. MeTol naHoi poOOTH € TOCIiIKEHHS MiAXO0IB, SKi 3aCTOCOBYIOTh
BITYM3HSHI Ta 3aKOpJOHHI BYCHi, NPHU OILIHLI Oe3meKu Bif cxoay Kojieca 3 peliku. [IpoaHami3yBaTh aHAJIITHYHI YMOBH
BKOYYBaHHsI TpeOeHs Kojieca Ha TOJOBKY PEHKH, SIKIi € KpHUTepissMH Oe3leKH BiJ CXOIy Kojieca 3 pEeHKd TNpH BUKOHAHHI
3aJTI3HUYHO-TPAHCIIOPTHUX eKCIepTn3. MeToaaMu JOCITIDKEHHS, sKi BHUKOPHCTOBYIOTHCS y JaHiil poOOTi, €. CHUCTEMHHHU,
JIOTIYHUIA Ta ICTOPUYHUHA MiJXOMW; aHANI3y 1 CHHTe3y, IHAYKIII Ta JeayKiii; MOJCNOBaHHA. 3ajadi CTaTTi TMOJATalTh
Y TakoMy: 3[IHCHATH aHaJli3 METO/IiB BU3HAYEHHS KpPUTEPiiB OE3IeKH BiJ CXOay Kojleca 3 PeiiKH; OLIHUTH BaXKJIMBICTh BCIX METO/IB Ta
MiXOMiB, BHUSBHUTH 1X HEIOJNIKM 1 TIiepeBard, 3pOOMTH pPeKOMEHMAlii II0J0 YAOCKOHAJEHHS METOAYy OILIHKH CTIifKOCTI
pEHKOBUX eKiMaxiB Ha 3ami3HUISIX YKpainu. Pesyabrarn. [IpoananmizoBaHi mpami BITYM3HSHMX Ta 3aKOPAOHHHX
BUCHMX, SIKI TIPUCBAYCHI NMUTAHHIO OI[IHKK OE3MEKH BiJ CXOIy KoJjeca 3 peiku. BcTaHOBIIGHO, IO A HAONMKCHHS Pe3yJIbTaTiB
MaTeMaTHYHOTO MOICIIOBAHHS PYXOMOTO CKIaay [0 peadbHHX YMOB eKCIUTyartamii 3amady CXoAy KONICHOI mapu 3
peiikoBoi  Komii  CHix ~ BUKOHYBaTH 3  BUKOPHCTaHHSAM  JUHAMIYHHUX  pIBHIHb  IPOCTOPOBHX  KOJNMBaHb.  byio
3aIpONIOHOBAHO IPH BH3HAYCHHI OI[IHKM Oe3leKkH BiA CXoxy Koieca 3 peHKH BpaxOBYBaTH AaHAITHYHI yMOBH
BKOUYBaHHS TpeOeHs Kojeca Ha TOJIOBKY peHku, ski Oymu 3ampomonoBaHi a. T. H. Cokomom E.M. mpu mnposeneHHi

CYHDOBHX 3ali3HHYHO-TPAHCIOPTHUX €KCHEepPTU3. BHCHOBKH. BimbhiicTh poO3MISIHYTHMX METOJIMK OLIHIOIOTH  IMOBIPHICTB
CXOQy 1O OfHIH KONICHIM Tmapi, He BPaxoBYIOYM BIUIMBY IHIIMX KOJICHMX TIap, IO MOXE HPHU3BECTH
0  XMOHMX  pe3yibTaTiB.  BcraHOBIEHO, 10  JUId  HAOMWKEHHS  pe3yibTaTiB  TEOPETUYHHUX  PO3PAXYHKIB  JO

CKCHePUMEHTAIBHUX JaHUX, 33/1a4y CXOIy Kojeca 3 PeHKH Clii po3B’sA3yBaTH 3 BUKOPHUCTaHHSAM PIBHSHB NPOCTOPOBHX KOJMBAaHb
BaroHa.
KurouoBi ciioBa: cxin kxoneca; KoJlicHa mapa; TpeOeHb Kojleca; 3alli3HIYHO-TPAaHCIIOPTHA eKCIepTH3a; Oe3meka pyxy.
Beryn 3a3HaueHa BHUIIE YMOBAa BHPAXAEThCS HACTYIHOKO
HEpIBHICTIO:

Qsin 8 >Y cos B+ u(Qcos B+Y sin B), @)

31aTHICTh 3a1i3HUYHOTO TPAHCIOPTY 3a0e31edyBaTH
3aXUCT KHUTTS TACAKUPIB, 30Epe)KCHHS BaHTAXKIB 1
JIOBKIJUISL B Tpoleci HOro ekcruryatanii B LIJIOMY
BU3HAYa€  WOrO0  PO3BUTOK 1  JIOCATHEHHS  HHUM
MPOBITHUX HO3ULIH Ha PHHKY MepeBe3eHb.
HaiiBaxiuBimolo  mnpoOiieMor0  Ha  3aJi3HUYHOMY
TPaHCIIOPTI € 3a0e3neveHHs Oe3rnexu PYXy
pEHKOBHX eKiMaxiB, SK Ha eTali [pOCKTYBaHHS,
Tak 1 B mpomeci iXx ekcruryartamii. Ilpm mpomy
3aro0iraHas aBapisaM i cxomam SIBIISIETHCS
HePLIOYePrOBUM 3aBJaHHSM. Cnin 3a3HAYMTH,
mo  piBeHb  0€3MeYHOi  eKCIUTyaTalii  pyXxoMoro
CKJIaNy Ha 3aJi3HUISAX BH3HAYA€THCSH, B TOJIOBHIM
Mipi, HasBHICTIO  3amacy  CTiHKOCTI  peHKOBOro
ekinaxxy. ToMy BHUBUEHHIO HHTaHHS MPO CXiJ PEeHKOBUX
eKiNaxXiB 13 3aJi3HWYHOI KONii HANAETBCS BEIUKE
3HAUEHHs B 0araTh0X €KCIEPUMEHTAJIbHUX 1 TEOPETHYHUX

ne u — xoedimient tepts; N — BepTHKaIbHA cuiia Bim 1ii
KoJieca Ha TOJIOBKY peiiku; S — KyT Haxuiy TBipHOI
rpeOeHs 10 TOPU3OHTATI.

Puc. 1. Cuim, o Iif0Th B TOYII KOHTAKTY MPU KOB3aHHI
rpeOeHs BHU3 BiIHOCHO TOJIOBKU PEHKH

JOCTIKCHHSX.
I3 popmynu (1) BurmmBae, mo:
BukJjaa ocHOBHOro martepiana
A p y i < tgﬂ —H . (2)
B Tteopii Hamams BuUXigHHUM TMONOXEHHSIM KoJjieca Q l+ut9p
BBAXAETbCS ~ Take, MPH SKOMY HOro  MOBEPXHS HepiBhicts (2) Bu3Hayae 00JacTh  3HAYCHD
KOYEHHS  MiTHAIACh  HAJ  TOJNIOBKOKW  pedkm, i pigHomenns Y /Q, npu sKMX He BiOyBaeTbes

KOHTAaKTYy€ 3 peﬁKOIO TIILKH B TO‘lHi, sKa po3TallOoBaHa o
BKOYYBAaHHA rpeGeHﬂ KoOJieca Ha I'0JIOBKY pCHKH.

Ha KOHIYHIA YaCTHUH1 rpe6eH$1. HpI/II/IHSITO, o .
. o . v 3aJgayl Haﬂaﬂﬂ PO3rIAAa€TbCd  OKPEMO B3ATC
CX11q KoJieca 3 PECUKHU HC BlH6yﬂeTbCH, . .
.. KOJIECO 1 HEC 6€pCTLC$I A0 yBaru, mo B mIpoHect cxoay
SKITO CITIBBIJHOIIICHHA MPUKITAJCHUX 0 KoJieca

KOJIiCHA rnapa KOTUTBCA IIO peﬁKaX, a HE IpoCTO

CHJI — TOPU3OHTANBHOT morepedyroi Y i BepTukanbHOT Q . .
BUJIABIIOETHCS 13 Kouii. Takox mependadaeTses, MO Bei

(pu aii MakcuManbHO1 cuin cyxoro TepTst 1 = yN ) Oyme
TaKuM, [0 rpebiHb BIAHOCHO peiiku Oyle KOB3aTH BHH3
(puc. 1).

JIiF04i Ha KOJIECO CHJIM MPOXOAThH Yepe3 OJHY TOUKY, X04a
B IIACHOCTI 11 He Tak. ToMy BpaxyBaHHS CHJ B3a€MOJIl
npyroro (HeHabirarouoro) kKosjeca 3 pedKo0 MPU3BOIUTH

© A. 4. Ky3ummn, A. B. batir, 2018
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o Moaudikallii yMOBH CXOy Kojeca 3 peiKHu.

[Ipu nmomaTtHOMY KyTi HaOiraHHs « HEOOXiTHO
BBECTH TONPABKy, NPUAHSBIIM 10 YBaru KOCQIIi€HT
TepTs KOB3aHHS U1 HEHAa0Irarto4oro xojeca i peiku.

[Ipu oMy ¢opmyna (2) mnpuiiMe HacTymHUI
BUIJIA

1< tgﬂ_/'l _g‘#r (3)
Q l+putgp Q
ne Q' — HaBaHTaXEHHS Ha pEHKy Bil HeHABGIrar4yoro
Koneca; y' — BiANOBIMHUI KOCOIUIEHT TEPTS KOB3AHHSL.

Bumanku cxomy mpH Big’€MHOMY KyTi HaOiraHHs
BiJIOYBaIOThCS YACTIIIE 3 KOJIECAMH JIPYroi KONiCHOI mapu
Bi3Ka, OCOOJIMBO MiJl Yac pyXy y KPMBHX JUISHKax KOJIi.
YMOBY cxolly Kojieca 3 PeHKH B I[bOMY BHUIIaJKy MOXHa
OTpUMATH, OMIHABIIH y Bupa3i (3) 3Haku 4 i u'.

Crinx 3a3Ha4MTH, MO KOJIM KyT HAOIraHHA TOPIBHIOE
HYJIIO, TO HEPiBHICTH (3) mpuUitMae BUTIIAA:

é<tgﬂ- 4)

OnHak naHa Qopmyna BHBeIEHa 0e3 ypaxyBaHH:I
obepTaHHs KoJieca 1 TepTst pedopau 00 TONIOBKY peikH, a
TOMYy CHJIa TepTA IMOBHICTIO BHUKOPHUCTaHA  Ha
MepeMIIIeHHs Kojleca MO0 JIiHiT KOB3aHHS.

IMomanmpiumii PO3BUTOK Teopil Oe3MEeKH Bif CXOIy
Kojeca 3 peiiku OyB HaBeAeHwi y poOoTti [1]. V mamii
poboTi OyB 3ampONOHOBAHWM METOA OIlIHKH CTiHKOCTI
pyXy TMpOTH CXOAy Kojeca 3 peloK 3a YTOYHECHOIO
dbopMmynoo, sKa  BU3HAYAE€  KPUTHYHY  BEJIUYUHY
BIJIHOIICHHS ~ TOPM30HTANBHOI  pamMHOl  cwid 1
BEPTUKAIBHOT CHIIM TIPH TAHOMY PO3IO/ILII BEPTHKATBHUX
HABaHTAXXCHb HA OCI OJHIET 1 Ti€i * KOJICHOI mapwu.
HaBenena B 1mux poOoTax yTOYHEHAa yYMOBa 3HaMIIa
[IMPOKE 3aCTOCYBAHHS B €KCIIEPUMEHTAIBHUX POOOTAaX 10
BU3HAYCHHIO TPAHUYHO JOMYCTHMHUX MIBHUAKOCTEH PyXy
HOBHX 1 MOJICPHI30BaHHUX OJMHHUIb PYXOMOTO CKJIaIy.

<

P K
L <2k -k, +k;-—, (5)
P PR P
1 1 1
ne Y, — pamua cuna; B, P, — cunm, mo 1itoTh Ha KoMicHi
mapy BiJl HaIpecopHOi OymoBH ekimaxy; K — momoBmHa
Baru KkomicHoi mapwu; |, |, — Bepruxanemi cumm inepuii
koJricHoi mapu (puc. 3).

l=n
-

Puc. 3. Cxema cui1 npuKIIaIeHUX /10 KOJICHOT mapu

Crin 3ayBakHTH, IO II€ BiTHOIIEHHS 3aJICKUTh HE
TUTBKK Bif 4 1 [ ane # mie Bii BEIMYMHH BiIHOIICHD

i, I—z, I—l 1 5 HaiiGinpm HeOe3meuyHuM, SIK
Pl Il Pl 1
BIAMIYAIOTh ~ aBTOPU  SIBISIETBCS ~ BUMAZOK  KOJH
BiJHOIIEHHS. —2 € MAKCHMAIIbHHM.
1
B poGori [2] dQopmynoeTbcs  eHepreTuuHe

TPaKTyBaHHS BKOYYBAHHS KOJIeCA Ha TOJIOBKY PEHKH.
Ha ngymxy aBTOpiB, 1€ MOXJIMBO TOMi, KOJIH
KiHEeTHYHA SHEPTisd pyXy, sKa MpHUMaaac Ha KONICHY Mapy,
mnepeBepuIye Ty poOOTYy CHIl, [0 BHHHUKAOTh B
KOHTaKTi  TOBEpXOHbL TrpebeHs 1  Koieca,  SIKYy
BOHH 3JIMCHIOIOTh TIPU TiJHOMI Ha BHCOTY TpeOCHS.
Ha nmymky aBTOpiB, 3ampoIlOHOBaHA CXeMa OIliHKH

3amacy  CTIMKOCTI ~ BpaxoBye  BIUIMB  OCHOBHHX
(axTopiB, L0 CHPUYMHSIOTH BHHUKHEHHS aBapiiHOTO
CTaHy.

B po6ori [3] aBTOpU pO3poOHIM YyTOYHEHUH METON,
Je Ha KOXXHOMY KpOLi IHTerpyBaHHs B Hpoleci
KOMIT FOTEPHOTO MOJICIIOBaHHS PYXYy PYXOMOIO CKIany
BiIOYBA€THCS TPOIEIypa MOPIBHAIBHOI OIIHKA 3HAYCHb

TPHOX KOoeQiIieHTiB 3amacy CTiHiKOCTI, o
po3paxoByioThes 32 hopmynoro Map’e K., .. , IO THCKY B
mwiiMi  koHTtakty K., 1 1O  eHepreTMYHOMY
cumiBigHomennto K. . Ilicas 1poro BHOHpaeThes

MiHIMaJbHE 3HaYCHHS Koe(dilieHTa CTIHKOCTI, PikCcyeThes
Horo 3Ha4YCHHS 1 BHBOIUTHCI Ha Tpadik B SKOCTI

MiJICYMKOBOTO 3HAYCHHA Yy BHIIIAAI KOMOIHOBaHOTO
KoedirieHTa.

B poboti [4] mpoOmOHYeTBCS METOA  OIIHKHU
JIOCTaTHROT yYMOBH CTIMKOCTI Kojeca Ha pelri 3

ypaxyBaHHSIM HMOBIPHOI'O XapakTepy CWJI, L0 IiI0Th B
TOYI[l KOHTaKTi, a TaKOX KyTa HaOiraHHs Kojeca Ha
peliky.

[pexncraBnena y naniidi poOOTI OIIHKA € JIOCTaTHBOIO,
asie He HEOoOXIiJTHOI0 YMOBOIO CTIMKOCTI KoJjieca Ha pewl,
NpH BUKOHAHHI K01 MMOBIpHICTH CTIHKOCTI Oynme
3a3[aIerip 3a0e3neTyBaTHCS.

ABTop pobotm [5] 3a3Hauae, MO iCHYe AEKiTbKa
KPHUTEPiiB OIIHKH CTIHKOCTI PYXOMOTO CKJIAAy IPOTH
CXOJly KoJieca 3 peHoK: IO 3PYLICHHIO pPEeHKO-IIIaabHOT
PELITKH, MO BKOYYBaHHIO I'peOeHs Kojieca Ha TOJIOBKY
peliku, 10 ONPOKUIYBaHHIO eKiNmaxy, Mo pPyHHYBaHHIO
peHKO-IIMaNbHOI PEemIiTKH Ta 10 PYyHHYBaHHIO peiiKoBOi
KoJTii.

IIpakTuka nokasye, 00 3pyLIEHHS PEUKO-LINAIBHOT
pemIiTKA He BiAOyBa€ThCS, SKIIO BiAHOWMIEHHS PaMHOI
CWIHM, TIO Ji€ Ha KOJICHY Tapy eKimaxy, o
BEPTUKAILHOIO HaBaHTaXXeHHs Ha koseco meHe 0,4 [6].
Ilpn 1pOMy aBTOp NPONOHYE JUIA IPAKTHYHHUX MiJel
CTBOPUTH Yy3arajJlbHEHUH KpHUTEpill CTIHKOCTI PyXOMOTo
CKJIJy TIPOTH CXOAy KoJjieca 3 peiok, Mo BigoOpaxae
JIONIYCTUMUH piBeHb JTUHAMIYHOT B3a€EMO/IIT MiX KOJIECOM 1
perkoro.

B poGoti [7] aBTOpamMu OOTOBOPIOIOTHCS JEsKi
JOTIYHI  CyHepedHOCTi, SKi CTOCYIOTBCS ~KpHUTEpiiB
BKOUYYBaHHS KOJIECA Ha TOJIOBKY PEHKH.
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BoHn BBaxaroTh, MO0 TPHU JIOTIYHOMY ITiIXOI1
3HayeHHd Y /Q MaroTeh BH3HAa4aTHCA 3 (aKTUYHHX

TeOMETPUYHUX  YMOB  CXOJy Kojieca 3  peHKkw,
BCTAaHOBJICHUX B PE3yJbTaTi BUPILMICHHS TPbOXBUMIPHOT
HeNiHIIHHOT 3a1a4i KOYeHHs KoJeca 1o peitmi. Hampukian,
MOXHa BBa)XaTH, MO0 TPAaHUYHHAM SBIIETHCS CTaH
CHCTEMH, KOJIM KOHTAaKT MDK TpebeHeM 1 perKoro
BiOyBaeThCsA B KpaWHIN TOUIi MPSAMOINIHINHOI MIJITHKU
npogimo rpedeHs Kojeca.

IIpu 1poMy 3amaroun TMEeBHHH Koe(dilieHT 3amacy,
MEPeHTH 0 BU3HAYCHHS BiJIOBITHOTO CIIBBITHOIICHHS
Y/Q.

UucneHHl JOCTIDKEHHS IMOAO0 TpodiieM Oe3neKn
pyxy Oymm TpoBelcHI HAayKOBO-TOCTIAHWM iHCTHTYTOM
3QTI3HAYHOTO TPAHCIOPTY SMOHCHKUX  HAIlIOHATBHUX
3QJTI3HMIG TIPH CTBOPEHHI PYXOMOTO CKJIAMy Ui HOBOL
ninii Tokaiino. Cepen YMCICHHUX BUIIPOOYBaHb 0COOJIHBA
yBara npuaLIIIacs MMTaHHIM CXOJy BaroHa 3 petok.

B pobori [8] MOPIBHIOIOTHCS
MiBHIYHOAMEPUKAHCHKUI, OPUTAaHCHKUI 1 €BPOINEHCHKUIA
X0/ IIO/I0 OILIHKK O€3MeKu PyXy. ABTOPH MPUXOIATH
0 BHUCHOBKY, IO OPUTAHCHKI Ta €BPOIECHCHKI KpUTEpil
MICTSTh TPaHWYHI 3HAYCHHS CHWII, SIKi TEepemaroThCs Bif
eKimaxxy Ha Koutito. ITiBHIYHOAMEpUKAHCHKHHA MiAXin HE
00MeXye MaKCHMalbHI CHIIM, IO Mdif0Th Ha KOJilo, a
00Me)Xy€e CTaTUYHI HaBaHTaKCHHS.

Y bBpuraHChKOMY TiAX0omi € OOMEKeHHS 1 Ha
BepTHUKaIbHI, 1 HAa TOPWU30HTAIBHI CHJIHM, a B
€BPOIEIICHKOMY — TiJIbKW Ha TOPU30HTANIBHI MTOTIEPEYHi.

JIyis TMHAMIYHOTO MOJICITIOBAHHS MOXIHUBOCTI CXOIY
KoyicHoi mapu 3 peiiku B poboti [9] mpomoHyeThCs
BUKOPHCTOBYBaTH CydacHi mHporpamui naket. Lle nae
MOXITMBICTh MOJIEJTIOBATH PyX LIJIOTO eKiNaxy, a He JIMIIIe
OKpPEMO B3STOI KOJICHOI MapH.

VY po6ori [10] mopiBHIOIOTECS Ba KpUTEpPil Oe3meKu
Bil cXomy Koieca 3 peiikm. [lepmuii — 3acHOBaHWI Ha
¢dopmymnax Hapmans, npyrmii — eHepretmyauil. byio
BiIMIYE€HO, II0 CHEPTeTUYHUI KPUTEPIl € 3PYIHIIIUM IS
MOHITOPHHTY CTaHy 3aJli3HUYHOTO TPAHCIIOPTY, OCKIIBKU
He NoTpedye BUMIPIOBAHHS KOHTAKTHUX CHJL.

VY poboti [11] mocmimKyBagucs Ta MOPIBHIOBAIUCS
KiHEeMaTHYHUH Ta TeOMETPUYHHUI KpuTepii Oe3rneku Bin
CXO0Jly KoJjleca 3 peiKH.

VY pobotax [12, 13] Oynu mpoBeAeHI AOCIIHKEHHS
CTOCOBHO MOJU(iKalil KpUTEPIiB CXOMY, K BPaXOBYIOTh
KyT HaOiraHHs Kojeca Ha TOJIOBKY pEHKH 1 BCTaHOBICHO,
0 BpaxyBaHHSA KyTa HaOiraHHd TIpM BHU3HAYCHHI
MOXIJIMBOCTI CXOAY KOJICHOI MapW 3 peWKH MiJBHILYE
TOYHICTb PO3PAXYHKIB.

B uunHIA HOpMaTHBHINA JiTepartypi [14-17] mpm
OWIHIII  CXOQy Kojeca 3 pEHKH IPONOHYETHCS
BHKOPUCTOBYBATH 'KOe(DIlIEHT 3amacy CTIHKOCTI MPOTH
BKOUYBAaHHsS Kojieca Ha TOJIOBKY peiiku". Ilpu mpomy
BB)XKAEThCS, 110 Y BHIAAKy, KOJH 3HAYCHHS IHOTO
KoedilieHTa MEeHIe OJUHMII, KOJIICHA Tapa MOXe 3iHTH 3
peiiok. OpHak TpH BHBEIEHHI IHOTO KPHUTEPII0 HE
BpaxoByBanucs 6arato (GaxkTopiB, B TOMY YHCHi 1 Taki SK
KyT HabiraHHs KOJIICHOI apy 1 TPUBAJICTh il CHIL

Y pobGorax [18, 19] Ha OCHOBI JeTaibHOI
MaTEeMaTUYHOI MOJENi B3a€MOJIi KOJICHOT Tapu 3

pPENKOBOIO KOJi€ro OyJM HamaHi YTOYHEHI YSBJICHHS TPO
MpoIlec CXOAy KOJICHOI Mapw, aje 3 BHKOPHCTaHHIM il
CHPOIEHOT MOJETT.

Crig BimMiTHTH, 0 B po0OoTi [20] A BU3HAUCHHS
YMOBH O€3IEKH BiJl CXOAy KOJICHOI MapH 3 peiKu aBTOp
MPOTIOHYE PO3IJSIATH HE CXiJ OJHOIO OKPEMO B3SITOTO
KoJieca, a KOJICHOI Mapy B [UIOMY, IPUYOMY NpHHMaTy ii
sk TBepae Tino. I[lpw 1bOMYy HEOOXINMHO PO3MIISHYTH
MOXJIMBUH pyX KOJICHOI TapuW TpPU KOB3aHHI B
BEPTUKAIBHINA TIONEpevHill TUTONINHI TpebeHs Kojeca, sKe
Habirae Ha TOJIOBKY peiiku (puc. 4).
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Puc. 4. Cxema KoicHOT apH i MPUKIIaIeH] HABAHTAXKEHHS

ne P,P, — nuHamiuHi BepTHKaNbHI HAaBaHTa)XEHHS, 110 IFOTh Ha
IIUHKK Oci KonicHOi napu; P, — Bara He 0OpecopeHol YacTHHU
KojticHOi napw; Y, — rOPU30HTANbHA MONIEPEYHa — PAMHA CHIIa,
sIKa Jli€ Ha KOJiCHy mapy 3i croponu pamu Bizka; N;,N, i T, T,
— BIATIOBITHO peakiii peoK i CHIIH TepTsl, SKi IMepeaaroThCs Bif
peliok Ha Koseca KomicHoOl mapu; g — koedimient Teprs; h —
BHCOTA BiJl piBHS FOJIOBKY pEWKH, Ha SIKii NMPHUKIageHa paMHa
cwia; B — KyT HaXxwily TBipHOI KOHyca rpebeHs 6aHnaxa 10
TOPHU30HTAI.

IIpu BHOOpPI pO3paxyHKOBOI CXeMH OYyJIO BBEICHO
YTOUHEHHS, SK€ TIOB’A3aHE 3 THM, IO pPEeaKIis
HeHa0iraro4oro kojeca He € BEPTHKAIbHOIO Yepe3 Haxmi
MOBEPXHI KOYEHHsI KoJieca.

TakuM 4MHOM yMOBa O€3IEKH BiJl CXOXy KOJICHOT
napy puiiMae HaCTYIIHUN BUTJISAL

Y .
Y i oy IR ©
F F F

1

B naniii poboti Oynma oTpuMaHa OIliHKa BIUIUBY
HaxXWJIy TIOBEpXHI KOYEHHSA Koyeca, ske He Habirae Ha
TOJOBKY peliku. Ilpm 1bOMYy TOYHICTE pe3ynbTary
NoKasaJsa, 1o HaiOuIbma nmoxubka ckiana 6,2%. Tomy y
PO3paxyHKax MOXKHA IPUHHATH, 0 A =0.

Ha ocHOBi 11p0T0 IpHUIyIIEHHS yMOBa O€3MeKH Bif
CXOly KOJICHOI Tapu 3 peWkW mpuiiMe HACTyIHUI
BUIJISA:

Y
Dk, 2 %
Fl Fl
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Takox B nmaHiii po6oTi OyB yTOUHEHHMH KOe(illieHT
3amacy CTIHKOCTI MPOTH BKOYYBaHHS Kojeca Ha TOJOBKY
peiiku. ABTopoM Oyli0 TpPHHHATO, MO I1HTEHCHBHICTDH
KOB3aHHSl Kojieca BHH3, MHEpIl 3a BCe, 3aICKUTh Bij
CHIBBITHOIIICHHSI CHJI, SIKI JiIOTh Y HANpsIMKY KOB3aHH:,
TOOTO MO HANpPSIMKY JOTHYHOI ab0 TPOCTO B3JIOBXK IO
HATIPABJISAIOYiN KOHIYHIH YaCTUHI MPOQLITIO.

IMpn mpomy koedilieHT 3amacy CTIHKOCTI HPOTH
BKOUYBaHHS KoOJIeca Ha TOJIOBKY PEWKHM Mae€ HacTyIHHH
BUTJIS;

9p
1+,u-tgﬂ+$-,u

Q

Q. Q
5

v (8)

K, = ,123.

Takox cmig BigMiTuTh migxonu a.17.H. Cokona E.M.,
SKi BHKOPHUCTOBYIOTBCS TIpH TIPOBEACHHI CYIOBHX
3aNi3HUYHO-TPAHCIIOPTHHX ekcrepTus [21].

Cnip 3a3Ha4yuTH, L0 KOJECO, SKE PYXAEThCS IO
30BHILIHINA peWlli, B3a€MOJII€ 3 PEUKOI0 JBOMa TOYKAMHU.
[Mepiua — e Toyka B3aeMOii MOBEPXOHb KOUSHHS PEHKH i
OaHzaxa; Ipyra — TO4Ka B3a€MOJIl IMOBEPXHI rpedeHs i
00KOBOI POOOUOT rpaHi peHKH.

OTxe, MOMEHT 4Yacy, B SKHH pEaKIlis pelkh B
MepIIid TOYI[l B3a€EMOJIi CTa€ pIiBHOIO HYJIO, MOXHA
PO3TIIIATH SIK ITOYAaTOK BKOWYBaHHSA TpeOeHs Kojeca Ha
TOJIOBKY peliku (puc. 5).

Pyx KOJTiCHOL napu PO3TIIANAETHCS K
CKIIATHUH, TaKOX SIK CYKYIHICTh ITOCTYNAaJIbHOTO pPYXY
pa3oM 3 IEHTPOM Mac i c(epHYHOro pyxy HABKOJO
ueHTpy Mac. JlocmimkeHHsT pyxy KOJICHOI — mapu
NPOBOAUTBCS 3  BUKOPUCTAaHHAM CHCTEM
KOOpPAWHATHUX OCEH.

YOTUPBOX

pe z

Puc. 5. Pyx koJicHOT mapu Ipy BKOYYBaHHS KoJieca Ha TOJIOBKY
peviku

ne P,P, — nmHamiuHi HaBaHTa)XeHHS Ha KOJIeca KOJIICHOT mapu;
Y, — pamHa cuia, sKa Jli€ Ha BiCh KOJICHOI napu; G — BIacHa

Bara konicHoi mapu; N, N,,F,, F, —peaxuii peiikopux

MIOBEPXOHb.

Pyx kousicHOi mapw mijJ Ai€l0 MPHUKIAJACHUX 1O Hel
CHJI ONHCYEThCS CHCTEMOIO JU(EPEHIiaTbHUX DPIBHSHb,
BUPIMICHHS SKHUX JI03BOJISIE aHATITUYHO BU3HAYUTH YMOBH
CXOIy 3 PpEHOK pyXOMOro CKJIaay TIIpH BKOYYBaHHI
rpe0OeHs KoJieca Ha TOJIOBKY PeHKH.

ABTOp naHOi poOOTH 3a3Havae, IO JUIsl BKOYYBaHHS
rpebeHst Koieca Ha TOJIOBKY peHKH MOTpiOHE BUKOHAHHS
SK MIHIMYM JIBOX YMOB: HE0OXi/THOI Ta TOCTaTHBOI.

AHaTITHIHAN BUpa3 HEOOXiMTHOT YMOBH BKOUYBaHHS
rpe0eHst KoJieca Ha TOJIOBKY PEUKH Mae BUTIISI:

P <FE, 9)

ne P, — ¢daxTnune HaBaHTaXEHHS HA KOJECO; P

HaBaHTAXXCHHS HA KOJIECO IIpU SKOMY IIOUYHMHAETHCS
MpOLeC BKOUYBAHHS.

. Cb,+Y r-aGl
P = P
' b, +b,

CTaTUYHE HABAaHTAa)KEHHS Ha BICh

: (10)

ne C=(P,+h)
KONIICHOI mapu; I — paziyc kKoieca; G — Bara KOJICHOI
napy; Y, — pamHa cuia.

BukonaHHs HEOOXiTHOT yMOBH IIle HE O3HA4Yae (PaxT
CXOy PYXOMOTO CKJamy, TakK SK KOJICHa Tapa,
3MIMCHIOIYN pyX B MOKazaHoMy Ha (puc. 5) HampsMmky
BiJUTIKY KyTa @, HE BKOTHBIIHCH Ha MOBEPXHIO KOYCHHS
TOJIOBKH pEHKH, MOXE T0YaTH pPYyX y 3BOPOTHOMY
HanpsMKy. ToMy TOTpiOHO Ie TEpeBIpATH BUKOHAHHS
JIOCTaTHBO1 YMOBH BKOUYBAaHHS KOJIeca KOJNICHOI mapw Ha
TOJIOBKY PEUKH.

BBaxkaeTscs, MmO CXig 3 pedoK pyXxoMOro CKIany €
3nificHeHUM (pakToM, SIKIIO KOJIICHA Tapa 30PIEHTYEThCS
TaKAM YHHOM, 10 TpebiHb Kojeca BXKE 3HAXOMUTHCS Ha
MOBEPXHI KOUCHHS T'OJIOBKU PEHKH.

TakuM 4MHOM JOCTaTHS yMOBa BKOYYBaHHS Kojeca
Ha TOJIOBKY PEHKU NPUIME HACTYIIHUM BUIJIAA:

2l-sing,_ =f, (11)

ne 0,,, — 3HaYeHHs KyTa, IPH AKOMY TPebiHb KoJleca Bike
3HaXOJIUTHCS HA TIOBEPXHI KOUEHHs TOJOBKH pEHKH;
f — Bucora, Ha sKy Mae migHATHCA KoJeco, mo6 Horo

rpeGiHb ONMHKBCS HA MIOBEPXHI KOYSHHS OJIOBKU PEHKH.
Bukonannii anamiz myOmikamii Ta HOPMATHBHHX

JMOKYMEHTIB TIOKa3aB, M0 OUIBIIICTE  PO3TITHYTHX
METOAMK OI[IHIOIOTh IMOBIPHICTE CXOAYy TIO OXHIH
KONICHIli Tmapi, HE BpPaXOBYIOUH BIUIMBY IHIINX

KOJIICHUX Tap, IO MOXE TMPHU3BECTH 1O XHOHOTO
BCTAHOBJICHHsI TPUYMH CXOJYy KOJICHOI Iapu 3 peuok.
KpiMm Toro He BpaxoBYIOTbCS TOPH30HTAJIBHI Ta
BEPTHKaJIbHI HEPIBHOCTI KOJii, X0ua, SK MOKa3ye JOCBiJ,
OCHOBHMMH NPUYMHAMH aBapiil i CXOIIB Ha 3aJli3HHUIX
VYkpaiuu €, nepeayciMm, BIIXWJICHHS B CTaHI peiKoBOT
Koutii 1 XOZOBHX YacTHH PYXOMOTO CKJIaAy BiJl HOpPM ix
YTPUMaHHSI.

Tomy anst HaOMVKEHHS Pe3yJIbTAaTIB MaTeMaTHIHOTO
MOJICTIFOBAHHSI JI0 PEaJIbHUX YMOB €KCIUTyaTalii aBTopu
CTaTTi NPOIOHYIOTh BUPIIIYBAaTH 331a4y CXOXy KOJICHOI
napy LUISIXOM BKOYYBAHHS KoJieca Ha TOJIOBKY pEHKH 3
BUKOPDHUCTAHHSIM JMHAMIYHHUX PIBHSHb [POCTOPOBUX
KOJMBaHb  BaroHy, sKi  BUHUKAIOTh  BHACHIJIOK
TE€OMETPHUYHIX HEPIBHOCTEH KOJIii B TOPU3OHTAIIEHOMY Ta
BEPTHKAJIbHOMY HAIpsIMKax.

OTxe, TMiJICYMOBYIOUM BHINECKa3aHe, MUTAHHS
CTOCOBHO BH3HAYEHHS OI[IHKM O€3IEKH BiJl CXOIy Kojeca
3 peiKHM € aKTyaJlbHUM 1 Ma€ BaXXJIMBE 3HAYEHHS JUIs
3abe3neueHHs 0e3MeKH pyXy PyXOMOro CKiany.
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BucHoBKH

1. [TutanHIO OMIHKM OE3MEKH Bill CXOAy KoJjieca 3
pefiku TpHCBSYEHA 3HAaYHA KUIBKICTH Tpallb, KOXKHA 3
SKHX Ma€ CBOI IMNAXOAM OO BCTAaHOBJIEHHS CTIHKOCTI
PEHKOBOTO eKilmaxy.

MPU3BECTH 0 XWUOHOTO BCTAHOBJICHHS NPHYMH CXOIY
KOJIICHOT Tap 3 peiok.

3. BcranoBneno, mo Uil HAOMVMOKCHHS Pe3yiIbTaTiB
TCOPSTHYHHUX  PO3PAXYHKIB [0 CKCIICPUMEHTAIBHHUX
JIaHUX, 3a/1a9y CXOMy KoJyieca 3 peKH CIlijJl po3B’sI3yBaTH 3
BUKOPHUCTAHHAM PIBHSAHB MPOCTOPOBUX KOJIMBAaHb BarOHA.

4.Tlpy noCHipPKeHHI CTIHKOCTI PyXOMOTO CKIJIaay

2. BUIbIIICTE  PO3IIISIHYTHX ~METOAMK  OLIHIOIOTH
IMOBIpHICTb CXOAy TI0 OJHIH KOJICHIH mapi, He
BpPaxOBYIOUM BIUIMBY IHIIMX KOJNICHHX Map, II0 MOXe

CIiJT BpaxOBYBAaTH BIIXWICHHS B CTaHI PEHKOBOI KOl i
XOJOBUX YaCTHH pPYXOMOro CKJIaay BiI HOpPM ix
YTPUMaHHSI.
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AHAJIN3 CYHIECTBYIOIIUX IMTOAXOA0B K PACYHETY KPUTEPUEB
BE3OITACHOCTU ABUXKXEHUSA HA KEJE3HOJAOPOKXHOM TPAHCIIOPTE

IIpeaMeToM HcCiIeIOBaHUS TaHHOW paOOThI SBISIOTCS METO/BI OTPE/IEICHUs IMapaMeTpOB OE30MMacCHOCTH OT CXO0Ja KoJieca ¢ pelibca.
O0BEKTOM UCCIICIOBAHUS ABISACTCS B3aUMOICHCTBHE TIYTH U TIOABHXKHOTO cocTaBa. LlesibIo JaHHO# pabOThI SABJISETCS HCCICTOBAHUE
MOJIXO/JI0B, KOTOPhIC MPUMEHSIIOT OTEUECTBCHHBIC M 3apyOeKHBIC YUCHBIC, MPH OICHKE OE30MacHOCTH OT CXOJa Kojeca C pelbcea.
[TpoaHamu3upoOBaTh aHAJMTHYECKHE YCIOBHMS BKaThIBAaHHsS TI'peOHs KOJe€ca Ha TOJOBKY PENbCa, KOTOPBIE SIBISIOTCS KpPHUTEPHUIMH
6e30MacHOCTH OT CXO0J1a KOJIeCa ¢ pelibca MPH MCIOTHEHUN KEJIC3HOAOPOKHO-TPAHCIIOPTHBIX 3KCIepTH3. MeToxaMu HCCIIeI0OBaHuUs,
KOTOpBIE€ UCIIOJB3YIOTCS B JAHHOM paboTe, €CTh: CUCTEMHBIH, IOTHYECKUN U HCTOPHUUECKUH MOIXO/bI; aHAIN3a U CUHTE3a, HHIYKIIHH
W JIeNyKIWU; MOJCITHUPOBAaHUs. 3aJauMl CTAThH 3aKJIIOYAIOTCS B CIICAYIONIEM: IPOBECTH aHAIN3 METOJOB OIpPEACICHUS KPHTEPUEB
0e30IMacHOCTH OT CX0Ja KoJIeca C PeNbca; OEHUTh BAXKHOCTD BCEX METOZOB U MOAXOJOB, BBIIBUTH HX HEAOCTATKH M NMPEUMYIIECTBA,




ISSN 2522-9818 (print)
ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2018. No. 4 (6)

clenaTh PEKOMEHIAIMKM M0 COBEPIICHCTBOBAHUIO METOJA OIEHKH YCTOHYHMBOCTH PEIILCOBBIX AKUIAKEH Ha JKEJIEe3HBIX JI0porax
VYxpaunsl. PesyabtaThl. [IpoaHamu3upoBaHBl TPyIbl OTCYECTBEHHBIX W 3apyOCIKHBIX YUCHBIX, IOCBSIICHHBIC BOIPOCY OIICHKH
0e30MMacHOCTH OT CXOJia KoJieca C peibca. YCTAaHOBJICHO, YTO JUIS MPUOIMKCHUS PE3yJIbTATOB MATEMAaTUYECKOTO MOJICITHPOBAHHUS
MMOJIBM;KHOTO COCTaBa K PEeabHBIM YCIOBHUSIM SKCIUTyaTalllH 3a1auy CX0/a KOJIECHOH maphl C PeIbCOBOTO MyTH CICIYET BBIIOIHATE C
HCIIOJIb30BAHUEM JHHAMHUYECKUX YPABHCHHH MPOCTPAHCTBEHHBIX KOJIeOaHWi. BBUTO TPEmIoKEHO MPH ONPEACICHHH OLEHKH
6e30MacHOCTH OT CXOfa Kojeca C pelibCa YYHTHIBATh AHAJMTHUYECKUE YCIOBHUS BKATBIBAHHs T'PEOHs KoJieca Ha TOJIOBKY pejbca,
KOTOpble ObUTH TpemtokeHsl 1. T. H. Cokonom E. M. mpu mpoBeIeHHH CYIEOHBIX >KEIE€3HOIOPOKHO-TPAHCIIOPTHBIX 3KCIIEPTH3.
BuiBoabl. BONBIMIMHCTBO pacCMOTPEHHBIX METOJMK OIICHHBAIOT BEPOSITHOCTH CXOJa IO OJHOW KOJICCHOW mape, 0e3 ydera BIUSHUS
JIPYTUX KOJIECHBIX Map, YTO MOXET MPHUBECTH K OMIMOOYHBIM pe3yibTaraM. YCTaHOBJICHO, YTO JJIsl MPUOJIDKCHUS PE3YJIbTaToOB
TEOPETUYECKUX PACUYETOB K IKCIICPUMCHTAIBHBEIM JIAHHBIM, 33J1a4y CXOJa KoJieca C pelibca CIENyeT pellaTh C HCIONb30BaHUEM
YpaBHEHHUH MPOCTPAHCTBEHHBIX KOJICOAHMIA BaroHa.

KinroueBble ciioBa: cxoi Kojeca; KOJlecHas mapa; rpebeHb Koyeca; IKeJIe3HOAOPOKHO-TPAHCIIOPTHAsS JKCIEePTHU3a;
0€30I1aCHOCTh JIBMKCHHS.

THE ANALYSIS OF EXISTING APPROACHES TO CALCULATING TRAFFIC
SAFETY CRITERIA IN THE RAILWAY SECTOR

The subject matter of the article is the methods for determining the safety parameters to prevent wheel derailment. The object of the
study is the interaction of a rail track and rolling stock. The goal of the paper is to study of approaches that are used by domestic and
foreign scientists to assess the protection against wheel derailment and to study the analytical conditions for the wheel flange rolling
onto the rail top, which are the criteria of protection against derailment which are considered while expertizing the railway transport.
The methods used in this work are the system, logical and historical approaches; analysis and synthesis, induction and deduction;
modelling. The tasks of the article are as follows: to analyze the methods for determining the safety criteria from wheel derailment; to
evaluate the importance of all methods and approaches, to identify their disadvantages and advantages, to make recommendations for
improving the method of assessing the stability of rail vehicles on the railways of Ukraine. Results. The works of domestic and
foreign scientists, which are devoted to the issue of assessing the protection against the wheel derailment were analyzed. It has been
established that in order to approximate the results of mathematical modelling of rolling stock to the actual operating conditions, the
task of the wheelset derailing from the track should be performed using dynamic equations of spatial oscillations. It was proposed to
take into account the analytical conditions for wheel flange rolling onto the rail top, which were proposed by E. Sokol, the Doctor of
Technical Sciences, when expertizing the railway transport. Conclusions. Most of the considered methods estimate the probability of
a wheelset derailment without taking into account the influence of other wheelsets, which can lead to erroneous results. It has been
established that in order to approximate the results of theoretical calculations to the experimental data, the problem of the wheel
derailment should be solved using the equations of spatial oscillations of a rail car.
Keywords: wheel derailment; wheelset; wheel flange; railway transport expertise; traffic safety.
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METHODS OF FAILURE DIAGNOSTICS OF TANTALUM OXIDE-
SEMICONDUCTOR CAPACITORS WITH SOLID DIELECTRIC

The subject of the study is oxide-semiconductor capacitors, which are widely used in the manufacture of electronic equipment. The
goal of the study is to determine the main causes of failures of oxide-semiconductor capacitors at the production and operation
stages. For this purpose, analogs of flat film capacitors have been built, which represented various production and operational
situations (including dielectric breakdown); the structures of individual layers of capacitors, their chemical and phase formulas and
electrical properties were found. Since capacitor anodes have a porous structure and are not subjected to the usual methods of
studying flat objects, we used the simulation method. The simulated data were compared with the corresponding values measured on
capacitors that did not work during operation or testing. In the process of research, the following tasks were solved: physical
phenomena occurring in capacitors under the influence of various factors appearing in the production process were considered. It is
shown that redox processes lead to deterioration of the capacitors. It is established that the main causes of the degradation of
capacitors are thermodynamic in nature and they reduce the lifetime of the capacitors. Technological operations have been developed
that significantly reduce or eliminate the types of failures considered. These include the basic operations of the process. Doping of the
anodes of the capacitors with nitrogen. This operation is performed simultaneously with the sintering of porous anodes and
contributes to the increase of the lifetime, operating temperatures and reverse voltage of the capacitors. Growing a multilayer
dielectric by cyclically changing the formula of the electrolyte, where anodizing occurs. Formation of a dense cathode by applying an
alternative electric field when impregnating porous anodes. Organic silicon impregnation of capacitors’ sections. This creates a dense
waterproof film that blocks areas of free dielectric contact with manganese dioxide and provides good adhesion of the protective
organic film to the section. The following methods were used in the work: electron beam probing, Auger spectroscopy and

microprobe measurements.

Keywords: oxide-semiconductor capacitor; simulation method; failure analysis.

Introduction

Oxide-semiconductor ~ capacitors  find  broad
application in the radio-electronic equipment thanks to an
optimum combination of their electric parameters to
overall dimensions and also thanks to acceptable price
policy [1-4].

Analysis of problems and statement of tasks

failed while operating or being tested. As our industry
produces, together with tantalum capacitors, niobium ones
that fail more often, the total number of capacitors
investigated within 10 years amounts to several hundred.

The diagnostics techniques proposed comprise the
following.

Presenting main material

In the course of production and operation
parametrical failures of capacitors often take place that
does relevant development of a technique of the analysis
of failures of capacitors at a production stage. Such
technique will allow producers to increase quality of the
products and will reduce number of claims from the
enterprises which use oxide-semiconductor capacitors.
The purpose of the real work is development of a
technique of identification of potentially unreliable
capacitors, on the basis of studying of features of the
processes resembling in them

As capacitor anodes are of porous structure and not
subject to conventional methods of investigation of planar
objects we have employed the simulation technique.

Flat film capacitor analogs were constructed that
represented various production and operation situations
(including dielectric breakdown); then by means of
electronic beam, Auger-spectroscopy and microprobe
measurements we found out the structures of separate
capacitor layers, their chemical and phase formulae and
electric properties.

Results of the specified researches are published in
[5-11].

The simulated data were compared to the
corresponding values measured on the capacitors that

1. Analyzing failure causes.

The analysis (which is of non-destructive nature) is
made on the grounds of the results of studying the
influence of external direct voltage value and polarity,
alternate voltage component frequency, temperature and
environmental conditions on main electric properties of
the capacitors. The analysis makes it possible to locate the
defect that caused the failure and to detect the production
procedure responsible for this defect. To revise the results
of the analysis they sometimes practice layer etching and
visual examination of capacitors’ components.

The figure 1 shows the characteristic dependencies
of leakage current (1) on voltage (U), temperature (T) and
duration (t) of vacuum drying of unsealed capacitors that
correspond to various failure causes.

A. Normal capacitor

(a) dependency 1(U) is an asymmetric one (1) with
U>0I~exp U, U<O I~U,where2<n<3;

(b) dependency I(T) is an activation one (1) with
activation energy E > 0.5 eV;

(c) I(t) = const, i.e. drying does not influence the
current.

B. Metal shunt
Appears because of solder streaking during capacitor

© 1. Nevludov, V. Gurin, D. Gurin, 2018
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sealing or because of forming metal threads while welding
tantalum and nickel leads.

(a) dependency 1(U) is a symmetric and linear one
(2):1=<S U;

(b) dependency I(T) is a non-activation one (2): the
current decreases reversibly with T growth;

(c) I (t) = const (2).

They are the procedures of nickel lead welding and
casing insulator soldering that are responsible for the
failure dependency I(T) is a non-activation one (3): the
current decreases irreversibly with T growth.

o 2’3'456 J % J
£ I 6
U Pyt 1,245
1
16 L /
4 235 T 3

Fig. 1. The characteristic dependencies of leakage current (1) on voltage (U), temperature (T) and duration (t) of vacuum drying of

unsealed capacitors that correspond to various failure causes

C. Non- metal shunt

It appears because of penetration of the moisture to
the internal insulator or capacitors anode lead surface.

(a) dependency 1(U) is a symmetric ad linear one (3):
-G U;

(b) dependency I(T) is a non-activation one (3): the
current decreases irreversibly with T growth;

(c) while drying the current decreases irreversibly.

They are section drying procedure preceding to
sealing and insulator cracks that are responsible for the
failure.

D. Dielectric breakdown with limitation of input
power

It occurs in presence of latent flaws in the dielectric
and close dielectric-semiconductor cathode contact in the
flawed spot. Power limitation is related to the local
reduction of the cathode to the lower manganese oxides
with high resistance.

(a) dependency I(U) is a symmetric one (4) with
I ~Un, where 1.5<n<25

(b) dependency I(T) is an activation one (4) with
activation energy E ~ 0.1 eV;

(c) I (t) = const (4).

It is anode sintering as well as powder quality that
are responsible for the failure.

E. Catastrophic breakdown

It occurs in presence of latent flaws on the internal
surface of the dielectric and in absence of close dielectric-
cathode contact in the flawed spot and also on penetration
of carbon layer through manganese dioxide to the
dielectric surface.

(@) dependency 1(U) is a symmetric and linear one
(5) with 1 =G7 U;

(b) dependency I(U) is not monotonous (5)
for the thermal coefficient of resistance changes its
sign;

(c) I (t) = const (5).

They are anode sintering and pyrolytic manganese
dioxide deposition procedures that are responsible for the
failure.

F. Parametric failure

It occurs in presence of flaws due to reduction of the
dielectric by the anode and in absence of dielectric-
cathode close contact in the flawed spots.

(a) dependency 1(U) is an asymmetric one (6) with
U<O0 I ~ Un, where 2<n<3;

(b) dependency I(T) is an activation one (6) with
activation energy E = 0.5 eV;

(c) while drying the current increases reversibly (6)
and on moistening it decreases.

It is manganese dioxide pyrolytic deposition
procedure that is responsible for the failure.

2. Main production procedures control.

Some failure analysis techniques can also be made
use of as simple, express and information-yielding
techniques of controlling the following procedures:
sintering of anodes, growing oxide dielectric and
semiconductor cathode deposition. Conventional control
techniques for these procedures based upon measuring
capacitors’ performance characteristics are rough and
don’t give evidence of latent flaws that can cause spoilage
on the final production stage or an operation failure. The
control techniques proposed allow to detect such flaws in
the early production stages and to correspondingly modify
the production procedures or materials used.

3. Shot-time lifetime estimation.

As a result of the investigation made it was found out
that the main causes of degradation of capacitors are of
thermodynamic nature, they reduce capacitors’ lifetime
and are as follows: a) local dielectric film reduction by the
b) field crystallization and splitting of anode amorphous
dielectric (fig. 2).

[a,(
a,\U.
nucleation centres

areas become

oxygen-deficient

Fig. 2. Illustration of the main causes of capacitor degradation




Cyuachuti cmamn Hayko8ux 00CALONCeHb ma mexnoao2it 6 npomuciosocmi. 2018. Ne 4 (6)

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

The same redox processes as those causing

deterioration of capacitors cause them functioning in

\Wn\o
\

current-generator mode (fig. 3).

Ta,(;

s Ta //

a0
\_%

Fig. 3. Capacitor operation in current generator mode

The temperature being high, the disconnected
electrodes of a capacitor generate an EMF; on connection
of the electrodes the galvanometer register a short-circuit
current Is.

A short-time investigation of temperature and
temporal relations between the EMF and Is allows to
determine all necessary values and to estimate the
capacitor’s lifetime according to the formula

E-aU
T=1, KT/

There exists a strict correspondence between E
values taken from test results and those derived from the
Is(T) dependence that proves the validity of the technique
proposed. The said technigque allows to promptly estimate
the lifetime of serial capacitors and the ones produced
under new techniques or of new materials.

A good correspondence was obtained for serial
capacitors between the real pre-failure operating time and
the lifetime estimated with the help of the technique
proposed.

4. Method of sorting unreliable capacitors out.

These methods can be wused either by the
manufacturer or by the customer while checking
manufactured or purchased capacitors.

The mentioned methods are based on the two
physical phenomena:

- pulse electric strength of a dielectric is correlated to
its lifetime under the normal conditions;

- dielectric conductivity asymmetry is sensitive to
the primary stages of flaw generation in the dielectric.

On these grounds simple, reliable and express
methods of sorting out unreliable capacitors were
developed comprising breakdown simulator and current
comparator under different external voltage polarity signs;
they allow rejecting - on the voltage pulse at the check-out
element - latently flawed capacitors without damaging the
rest of them.

Joint 1000-hour tests with a set of rejected capacitors
and a random sample of capacitors that successfully
passed through the sorting (initially all the capacitors had
the same current leakage level) resulted as follows: failure
was registered with 70 per cent of the rejected capacitors
the rest of them having elevated current leakage values

while the comparison sample did not give neither failures
nor changes in current leakage.

Technological  operations  provide  significant
reduction or eliminate the considered types of failures.

1. This procedure is executed simultaneously with
the sintering of porous anodes and allows to:

a) create in the anode a diffusion barrier for oxygen
at the oxide dielectric interface raise electrons’ energy
barrier and electron gap concentration in the dielectric;

b) owing to that dielectric reduction and anode-
dielectric electron injection are suppressed which process
contributes to raising the lifetime, operating temperatures
and reverse voltage of capacitors.

2. Growing a multi-layer dielectric.

To grow a multi-layer dielectric, one should change
in a cyclic manner the formula of the electrolyte where
anodization is taking place.

Thus, treated the dielectric forms layers with the
dimensions considerably less than those of the amorphous
dielectric critical nucleation center (Rcr = 100nm).

Owing to that dielectric crystallization is suppressed
that contributes to raising the lifetime and operation
temperature of capacitors.

3. Dense cathode deposition.

Owing to the alternate electric field application while
impregnating porous anodes with manganese nitrate
flawed spots within the dielectric become manganese
dioxide deposition centers.

This technique provides for blocking the flaws and
for a close contact between the cathode and the dielectric
for manganese dioxide islets on the surface of the
dielectric become the centers of the ensuing deposition of
pyrolytic manganese dioxide.

Another way to improve the quality of the cathode
layer can be doping manganese nitrate with a doping
solution containing indium [12-15].

It was found that when a semiconductor MnO, layer
forms on the Nb,O, substrate in the presence of indium,

indium is implanted into the Nb,O, surface layer of the
dielectric, which leads to a change in the electrical
characteristics of the MnO, —Nb,O, system, in
particular, to a decrease in leakage current. During
pyrolysis, thermal diffusion of niobium into the MnO,

layer occurs, as well as a transition zone containing mixed
oxides of manganese and niobium. A thin semiconductor

layer adjacent to the MnO, /Nb,O; interface is enriched

with niobium. At the same time, the stoichiometric
composition of the dielectric surface associated with the
niobium deficiency changes.

The introduction of indium containing additives
into a solution of manganese nitrate causes a decrease in
the pyrolysis temperature, which prevents the appearance
of defects in the dielectric film by the action of
temperature.
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4. Organic silicon impregnation of capacitors’ Conclusions

sections.
As a result of organic silicon impregnation of Simple, reliable, and rapid methods for sorting

capacitors”  sections and  ensuing  impregnate  unreliable capacitors have been developed, including a
polymerization a dense water-proof film is generated that  preakdown simulator and a current comparator with
blocks the areas of loose manganese dioxide-dielectric  different external signs of voltage polarity; they allow
contact and provides for a good adhesion of the protective  deflecting - on the voltage pulse on the switching off

organic film to the section. element - latently defective capacitors without damaging
This technique prevents moisture from affecting the  the rest.

free surface of the dielectric film. Owing to that the All the diagnostics and inspection methods proposed

lifetime and reliability of capacitors increase. had been developed under serial production conditions
Thus, increase the lifetime and reliability of and turned out to be efficient enough. Technological

capacitor. operations are developed that significantly reduce or

eliminate the considered types of failures.
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METOIHN JIAT'HOCTHUKHU BIJIMOB TAHTAJIOBUX OKCHJAHO-
HAINIBITPOBIITHUKOBUX KOHAEHCATOPIB 3 TBEPAUM AIEJIEKTPUKOM

IIpeamMeToM NOCHI/DKEHHS € OKCHIHO-HAIIBIPOBITHUKOBI KOHJCHCATOPH, SKi IITUPOKO 3aCTOCOBYIOTBCS Y BHPOOHHUIITBI
pamioenekTpoHHOI amapatypu. MeTol IOCII/UKEHHS € 3°sCyBaHHS OCHOBHHX IPHYMH BiIMOB OKCHJIHO-HAINiBIPOBITHHUKOBHX
KOHJICHCATOPIB Ha CTaJlii BAPOOHMIITBA 1 B eKCILTyaTallii. 3 i€l METOX MOOYI0BaHI aHAJIOTH IIOCKUX TUTIBKOBHX KOHICHCATOPIB, SKi
NIPECTABIUIM Pi3HI BUPOOHWYI 1 eKcIuTyaTamiiHi cuTyamii (BKJIIOYAIOYM MieNeKTPUYHHN MpoOiif); Oynn BUSBICHI CTPYKTYpH
OKpPEMHX IIapiB KOHACHCATOPIB, X XiMiuHI Ta (a30oBi (HOPMYJIH i €JIEKTPUYHI BIACTHBOCTI. OCKUIbKA KOHACHCATOPHI aHOIU MaroTh
MOPUCTY CTPYKTYPY 1 HE MiJJAlOTBCA 3BUYAWHUM METOJaM JOCHIDKEHHS IUIOCKHX O00’€KTiB, MM BHUKOPHUCTOBYBAIH METOJ
MOJCIIIOBaHHsA. MOJCIIOIOTECA [aHl ITOPIBHIOBAIMCS 3 BIAMOBIAHMMM 3HAYCHHSMH, BUMIPSIHAMU Ha KOHACHCATOpaxX, SKI He
CHpaIboBYBaIN MpH poOOTi abo TecTyBaHHI. Y MpoIeci JOCTIIKEHHS BHUPIMICHO Taki 3aBAAHHSA: PO3MVITHYTI (Qi3W4HI SBUIIA, IO
BiIOYyBalOThCS B KOHJIEHCATOpax NpH BIUIMBI DI3HUX (AaKTOpiB, IO 3’SBIAIOTECSA B Ipoleci BUpoOHHMITBa. [lokazaHo, o
OKHCITIOBAJIbHO-BITHOBHI IIPOLIECH MPU3BOAATH JO TIOTIPIICHHS CTaHy KOHJEHCATOpiB. BCTaHOBIEHO, IIO OCHOBHI HPUYUHHU
Jerpajnanii KOHJICHCATOPiB MaloTh TEPMOJWHAMIUYHHMN XapakTep i BOHHM 3MEHINYIOTH dac JKUTTSA KOHJeHcaTopiB. Po3pobieHo
TEXHOJIOT1YHI oneparii, siki 3Ha4HO 3MEHIIYIOTh a00 BUKIIIOYAIOTH PO3IJIIHYTI BUAM BiIMOB. Jl0 HUX BiHOCSTHCS OCHOBHI OIepariii
TEXHOJIOTIYHOTO TIpoliecy. JleryBaHHs aHOIB KOHACHCATOPIB a30ToM. L5 omeparisi BUKOHYETHCSI OJTHOYACHO 31 CIIKAaHHSIM MTOPHCTHX
aHOMIB 1 CHpHUSE MiABMIIECHHIO 4Yacy OJKUTTS, POOOYMX TEMIlepaTyp 1 3BOPOTHOI Hampyrd KOHICHCATOpiB. BupomryBaHHS
0araTomapoBOro JieIEKTPHKA HUIAXOM IMKJIIYHOI 3MiHHM (OPMYJIHM EJIEeKTPOJITY, ¢ BiAOyBaeThcs aHOAyBaHHSI. DopMyBaHHs
LITBHOTO KaTO/Ia IULIXOM 3aCTOCYBAHHS aJbTEePHATUBHOTO SIEKTPUYHOTO MOJIS IIPH IMPOCOYYBaHHI MOPUCTHUX aHOIB. [IpocouyBaHHs;
OpPTaHiYHUM KpEeMHieM ceKuili KoHpaeHcaropiB. [IpyM HbOMY CTBOPIOETHCS IIiIbHA BOJOHENPOHHMKHA IUTIBKA, sIKA OJOKYE MIJISTHKA
BUTBHOTO JII€IEKTPUYHOTO KOHTAKTy 3 JIOKCHIOM MapraHmio i 3a0e3nedye XOpolle 3YEIUICHHS 3aXHUCHOI OpraHiyHOI IUTIBKH 3
cekui€ero. Y poOOTi BUKOPUCTaHI MeTOIN: 30HIyBaHH EIEKTPOHHUM ITYYKOM, 0XKe-CIIeKTPOCKOIs 1 MIKPO30HJOBOTO BUMIPIOBAHHSI.
KurouoBi ciioBa: OKCHIHO-HAMIBIIPOBITHUKOBUI KOHACHCATOP; METOJ] MOJICITIOBAHHSI; aHai3 BiZIMOB.

METOAbI JMATHOCTHUKHU OTKA30B TAHTAJIOBBIX OKCHU/HO-
MMOJYINPOBOJHUKOBBIX KOHAEHCATOPOB C TBEPABIM JUIJIEKTPUKOM

IIpeqMeToM wHccrnenOBaHUS SIBISIOTCS  OKCHIIHO-TIOJYNPOBOJHHKOBBIE KOHJICHCATOPBI, KOTOpBIE IIMPOKO TPUMEHSIOTCS B
MPOU3BOJICTBE PaIMOAIEKTPOHHOM anmapartypsl. Llesiblo UcclieIoBaHUS SBISICTCS BBIICHEHHE OCHOBHBIX NPHUYMH OTKAa30B OKCHJIHO-
MOJIYIIPOBOTHUKOBBIX KOHJEHCATOPOB Ha CTA/IMU IPOHM3BOJCTBA M B IKCILTyaTalmi. C 3TOM IIENbIO MOCTPOCHBI aHAIOTH IUIOCKHUX
IUICHOYHBIX KOH/EHCATOPOB, KOTOPBIC NPEACTaBIsUIN Pa3iWyHbIe MPOM3BOJCTBEHHBIC M IKCIUTyaTallMOHHBIE CHUTYAIlMH (BKIFOYAs
UBJIEKTPUYECKU TPOOOH), OBLTH 0OHAPYKEHBI CTPYKTYPHI OTACIBHBIX CIIOEB KOHIEHCATOPOB, HX XHMUYECKHE U (ha30BbIe (hOPMYIIBI
U DJIEKTpUYECKHe CBOHCTBA. [10CKOJIBKY KOH/IEHCATOPHBIE aHOIBI UMEIOT MOPUCTYIO CTPYKTYPY M HE IOJIAI0TCS OOBIYHBIM METOAaM
HCCIIEI0BaHMs JUISl IUIOCKMX OOBEKTOB, MBI HCHONB30BAIM METOJ MOJEIHPOBaHUs. MojenmupyeMble JaHHBIE CPAaBHHBAIUCH C
COOTBETCTBYIOLIMMH 3HAYEHHUSMH, H3MEPEHHBIMU Ha KOHJIEHCATOpax, KOTOpble He cpadaThBaIM NMpH paboTe WM TECTUPOBaHUH. B
IpOLecce UCCIEOBAaHUS PEIICHBI CISAYIOINE 3a1a4M: PACCMOTPEHbI (PU3UUECKHE SBJICHUS, IPOUCXO/AIINE B KOHICHCATOpaX IpH
BO3/ICHCTBUM Pa3INYHBIX (aKTOPOB, MOSBIAIOLIMXCS B IPOIEcce MPOU3BOACTBA. II0Ka3aHO, YTO OKHCIHTENBHO-BOCCTAHOBUTEIIBHBIC
MPOLIECCHI TPUBOJIAT K YXYALICHUIO COCTOSHHUS KOHACHCATOPOB. Y CTAHOBJIEHO, YTO OCHOBHBIC MMPUYHMHBI JerPafallii KOHICHCATOPOB
HUMEIOT TePMOJMHAMUYECKIH XapaKTep 1 OHM YMEHBIIAIOT BPEMsl J)KH3HH KOHJICHCATOPOB. Pa3paboTaHbl TEXHOIOTHYECKHE ONePALIHH,
KOTOpbIE 3HAYHUTENBHO YMEHBIIAIOT WM HCKIIOYAIOT PACCMOTPEHHbIC BHIBI OTKa30B. K HHM OTHOCSTCS OCHOBHBIC OIEpaliu
TEXHOJIOTMYECKOr0 Tpolecca. JlernpoBaHue aHONOB KOHJCHCATOPOB a30TOM. ODTa OIEpauus BBINONHIETCS OAHOBPEMEHHO CO
CIIEKaHWEeM IOPHCTHIX AHOJOB M CIIOCOOCTBYET MOBBIINICHHUIO BPEMEHH JKH3HH, pabOvnX TeMmeparyp M OoOpaTHOrO HampsOKEHHS
KOHJICHCATOPOB. BpraLLII/IBaHI/Ie MHOTOCJIOMHOTO JUBJICKTPUKA IYTEM HUKIUYECKOTO HW3MEHCHUA q)OpMyJ'[])I QJICKTPOJIMTa, TAC
MPOUCXOAUT aHOAWPOBAHME. CDOpMI/IpOBaHI/Ie IJIOTHOI'O KaTroJa NyTeM IPUMEHCHHUSA aJIbTEPHATUBHOI'O JJICKTPUYECKOI'O IO IIPU
NPONHTKE IOPHUCTBIX AHOAOB. IIpONMHMTKA OpraHWYECKUM KpEeMHHEM CeKIMi KOHJIeHcaTopoB. IIpu 3TOM co3[aeTcs IUIOTHAs
BOJIOHETIPOHHIAEMAasl IUICHKA, KOTOpasi GJIOKMPYET y4aCTKH CBOOOJHOTO JHUAJIEKTPUYECKOr0 KOHTAKTa C JAMOKCHUIOM MapraHia |
obecrieynBaeT Xopoliee CHEIIeHHE 3alUTHOI OpPraHUYeCcKoil MICHKH ¢ ceKuueil. B paboTe HCIoabp30BaHbl METOABI: 30HIUPOBAHUE
ANIEKTPOHHBIM ITy4KOM, OXKe-CIIEKTPOCKOIIHS 1 MUKPO30HI0OBOT'O U3MEPEHHSI.
Kitro4eBble ¢J10Ba: OKCHIHO-TIOJIYTIPOBOJHUKOBBIN KOHACHCATOP; METO/l MOJIEIIMPOBAHMS; AaHAIIU3 OTKA30B.
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VJIK 621.914
A. O. CKOPKIH, O. JI. KOHIPATIOK, O. II. CTAPYEHKO

TEOPETUYHI OCHOBH ONTUMI3ZALIL XOJOCTUX NEPEMIIIEHD
IHCTPYMEHTA ITPU ®PE3EPYBAHHI CKJIAJHUX ITOBEPXOHb

IMpeaMeToM IOCHTIIKEHHS B CTATTI € BILIMB IIOCIIIIOBHOCTI BUKOHAHHS ITEPEXOIiB Ha JOIMOMIKHHUI Yac, 1[0 BUTPAYAETHCSA Ha XOJIOCTE
MEepEeMIllICHHS BepcTaTa MpH 3MiHI 00pOOJIIOBAHOT MUISIHKH 1 MPHU 3MiHI iHCTpyMeHTy. MeTa JOCHIKCHHS MOJArae B IiBHIICHHI
MPOYKTHBHOCTI MPOLIECY YMCTOBOrO (hpe3epyBaHHs Mpu 00poOLi AeTajei ckiaaaHol (POpMH IIJISAXOM MiHIMI3aLii JOIMOMIKHOTO Yacy,
IO [J03BOJISIE BU3HAYUTH ONTHUMAJbHY HOCHIIOBHICTh BHKOHAHHS IepexoAiB. B cTaTTi BUpIIIyIOTBCS HACTYNHI 3aBJAHHSA:
BU3HAYEHHS OCHOBHHUX IIAXOAIB y (OpMyBaHHI 3arajbHUX CTparerii oOpoOKM pmeTaneil 3i CKIaJHUMH ITOBEPXHSMH, aHawi3
ITOPUTMIYHHX PIMIEHb I METOJIB BH3HAYCHHsS HAIIIINIIOr0 MapIIpyTy IMepeMillleHb IHCTPYMEHTIB BiJ IUIBHUII O AUTBHHIN 1
HaWBUTIHINIO! MOCIIMOBHOCTI OOpOOKM AITSHOK CKIAAHOI MOBEPXHI 3 ypaxyBaHHSIM OOMEXEHb IO MEpPEeMIIEHHSIM i CTIHKOCTI
IHCTPYMEHTY, p0o3p0o0Ka MaTeMaTHIHOI MOJIEIi MiHIMI3aIlil XOJOCTHX MepeMIillleHb MPH 3MiHI 00pOOTIOBaHKX JIJSTHOK 1 IHCTPYMEHTIB
Ha OCHOBI TOYKOBOTO OIKCY reomerpii aerani. BUKOpPHCTOBYIOTBCS Taki METOAM: TECOPETHYHI Ta EKCIICPUMEHTAaJIbHI METOIH
JIOCTI/DKEHHS, L0 BKJIIOYAIOTh METOOM CHCTEMHO CTPYKTYPHOTO aHajli3y; METOAM MAaTeMaTHYHO! CTaTUCTUKH; YHCENbHI METOIH
BHIIOI MaTeMaTukd, Teopis rpadiB. OTpuMaHO HACTYNHI pe3yJbTaTH: B pe3ynbraTi KOMIUICKCHHX TEOPETHYHHX 1
EKCIEPHUMEHTAIBHUX JOCTI[PKEHb BHUABICHO METOAM ONTHMi3alii MPHUBAaTHUX 1 3aralbHUX CTpaTerii mpu oOpoOmi nerameit 3i
CKJIQJIHIMH TIOBEpXHsAMH. P03p0o0JeHO MeToJ] BH3HAYEHHS ONTHMAIBHOIO MapupyTy (pe3 OJHOTrO THIIOPO3MIpYy HpH pyci MiX
TPYIOK0 JIISHOK, MO MiUIAraroTh 00poOii. Ha OCHOBI TOYKOBOIO OMHCY TeOMETpii AeTalli po3poOiicHa MareMaTHYHa MOJEINb
MiHiMi3anii XOJIOCTHX IMepeMillleHb NMpU 3MiHi 0OpoOIIIOBaHUX AUISHOK. Bu3HaueHO mapamerpy, 0 3a0e3NedyroTh MiHIMi3allio
XOJIOCTUX MEPEMIIICHb TP 3MiHI 00POOIIOBAHUX MUISHOK 1 peasi3allifo alfOPUTMIB PO3PaxXyHKY JOBXHHH 1 MOJIOKCHb JIOKATbHUX
0N Oe3MeKH JJIs MOCTiA0BHO 0OpOOJIIOBaHUX NIISTHOK BHCHOBKM: 3acTocyBaHHS MiAXOMIB y (POpPMYyBaHHI 3arajbHHX CTPATErii
00poOKM JeTayiell 31 CKIaJHUMHU TMOBEPXHIMH CIPHUSE MiABHIIECHHIO MPOAYKTUBHOCTI 1 €()EeKTHBHOCTI BUKOPHUCTAHHS JOPOTHX
0araToluIbOBUX BEPCTATIB. 3aCTOCYBAHHS JTAHOTO METOAY BU3HAYCHHS HAMIIIIIIOro MapupyTy MepeMillleHb IHCTPYMEHTIB J1I03BOJISIE
BHM3HAYUTH BapiaHT MapUIpyTy 3 MIHIMAJILHUM 3HAYCHHSIM JIOTIOMDKHOTO 4acy, 0 BUTPAYAETHCS HAa XOJIOCTI PYXH IHCTPYMEHTIB.
Kumrouosi ciioBa: UIIK; incTpyMeHT; ppe3epyBaHHs; IPOSKTYBaHHS; CKJIQIHONPO(LIILHA TOBEPXHS; YHUCTOBAa 0OpOOKa.

Beryn 3a [ONOMOroK Cy4acHMX rpadidHHX CHCTEM
ABTOMAaTU30BaHOTO  IPOCKTYBaHHS ¥  BUPOOHULTBA
BupoOiB (CAD/CAM) cyTTe€BO chHpolIeHa IiJrOTOBKa
KepYIOUHX mporpam s ¢ppesepHux Beperaris 31 UK.
ABTOMAaTH30BaHE TPOTPAMyBAaHHA TPH PO3B’A3KY
CKJIAJHUX TEXHOJIOTIYHMX 3aBIaHb [103BOJAC HaAWOLIbIIE
e(peKTUBHO BHMKOPHCTOBYBAaTH JOpPOTe BCTAaTKyBaHH:,
3aCTOCYBaHHSl SIKOTO JIO3BOJISIE CTBOPIOBATH BHUPOOY 3
MOBEPXHAMH OY/b-SKOi CKJIQJHOCTI, IIO 33J0BOJILHSAIOTH

VY chepi BUpOOHHMIITBA TOBApiB OJHUM 3 OCHOBHHX
3aBJIaHb, € 3HIKCHHS BUTPAT, MiJBUIICHHS e()EeKTHBHOCTI,
CKOpPOYEHHS [HUKJIy BHIYCKYy © CTPOKIB 3amyCKy
BUpoOiB. OCOOIMBO 1€ aKTyalbHO I MAIIMHOOYIIBHUX
rajgy3eil MPOMHCIOBOCTI, MOB’S3aHUX 3 BHUPOOHHUIITBOM
BUpoOiB, 1m0 MatoTh ckinanHi  Qopmu.  Tinpku
caMe  peTelbHE  TEXHOJOTIYHE  MPOpOoOJeHHS i

CTBOPCHHS PI3HOMAHITHOTO BEPCTATHOTO OCHAIICHHS
JIO3BOJISIIOTh ~ OCSITTH ~ HEOOXIJHOTO — pe3ynbrary M
oJIep>KaTH TPOAYKIII0 BHUCOKOI sikocti. Lle, sk mpaBmio,
MPUBOAUTH JO 30UIBIICHHS CTPOKY IiATOTOBYOTO
nepiony.

Oco06mBoI0 TPYAOMICTKICTIO BiJIPiI3HAETHCS
BHTOTOBJICHHS JeTaleH 31 CKIIaIHUMHU ITOBEPXHIMH TaKHX,
SIK JIeTaJIi JIITATbHKUX anapaTiB 1 aBTOMOOLTIB, CKYJIBNTYPHI
00’exTH, TIpec-hopMHu ISl OJIEpIKaHHS JeTallell TUCKOM,
OCHAIIIEHHS JJI JIMBapHOTO BHPOOHHUITBA, 00’€KTH
XY/IO’)KHBOTO 3MICTy (HAmpHKaj, iKOHOCTacu W BUPOOY
IOBETIPHOT MPOAYKIIiT).

s BUrOTOBJIEHHS TakMX Jerajedl y Ied dvac B
yMOBax cepiitHoro BUPOOHMIITBA LIMPOKO
3aCTOCOBYIOTBCS  (ppe3epHi BepcTaTd i3  YHCIOBHM
nporpamManM  kepyBaHHAM (UIIK) npm omHOouacHOMy
BUKOPHCTaHHI CHCTEM aBTOMAaTH30BAHOTO MPOEKTYBaHHS
TEXHOJIOTIYHUX MPOIIECIB.

Hdo mepeBar (¢pesepHUX
CTaBUTHCS:

- CKOPOUYEHHS I[UKJYy BUTOTOBJICHHS JETaJCH;

- 3HIKCHHS BUMOT 710 KBaridikarii poOiTHHKIB;

- TapaHTig MTOBTOPIOBAHOCTI TEXHOJIOT{9HOTO
IIpoI1Iecy;

- 3MEHIIIEHHsT 00CSATIB CIIFOCAPHO-TOBOIOYHUX POOIT.

BepcrariB 31 YIIK

3aJaHNM BUMOTaM IO SIKOCTi ITPY MiHIMaJIbHUX BUTpaTax
yacy Ha IXHIO 00pOOKy.

CyTb pyxXy pi3aHHS MOJISTAE B KPAKOBOMY TOPKaHHI
IHCTpyMeHTa ¥ Jjerami B mpomeci o00poOku. Yac,
3aTpadyBaHe Ha 1€l pyX IHCTPYMEHTa, 3aiiMae 3HauHY
YaCcTHHY B OINEpaTHBHOMY 4aci 0OpoOKM neTanei i ioro
NPUIHATO BBa)KATH OCHOBHUM.

XonocTuit pyx BepcraTa SBISE COOOK CyMy
XOJIOCTHX TepeMillleHb BepcraTa IMpu 3MiHI ¢pe3 i mpu
3MiHI 00poOioBaHuX oOmacteit. Yac, 3aTpadyBaHe Ha
XOJIOCTUH pyX IHCTpyMEeHTa, € JONOMDKHHM. Ilpm
YHUCTOBIH 00poOLi neTanel, Mo MalTh ckiagHy Gopmy i
Ipy 3HAYHOMY 4YHCIi OOpOOIIOBaHMX 30H, Ha SIKi, 5K
MPaBUIIO, PpO30MBaIOTH CKIIQIHy MIOBEPXHIO,
BUKOPHCTOBYETHCS BEJIMKA KiJbKicTh ¢pe3. Lle mpuBoauTh
JI0 30UIBIICHHST JONOMIKHOTO dYacy, 3aTpadyBaHOTO Ha
XOJIOCTI nepeMilIeHHs BepcTarta. CxopodeHHs
JIOTIOMDKHOTO 4acy TMpu oOpoOIii jgeraneil 3HA4YHO
HiABHIIY€e e(pEeKTUBHICTh BHKOPHCTAHHA TEXHOJIOTIYHOTO
BCTAaTKyBaHHS, OCOOJMBO JOPOTHMX 0araTOIUJILOBUX
BEpCTAaTIB.

Crnix 3a3HauMTH, 00 W HAWMONIMPEHIm CcydacHi
CAM cucremMH HE MalOTh MOJYJIB, IO J03BOJISIOTH
ONTHMI3yBaTH IIOCHTIJOBHICTh BHKOHAHHS MEPEXOJiB,
o0yMOBJIeHY pi3HUMH (OpMaMH OKpeMHX obiacTel

© A. O. Ckopkin, O. JI. Kouapartiok, O. I1. Ctapuenko, 2018
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MOBEPXHi, 1 BUKOPHUCTOBYBAHHWHA I iXHBOI 0OpOOKH
iHcTpyMeHT. ITlopsgok oOpoOKHM OKpeMHUX JUISTHOK
MOBepXHI jAeranmi 3 pisHUMH (Gopmamm  0oOJacTei,
MOCIIZIOBHICTh 3MIHH IHCTPYMEHTA, K IOKa3ye IPaKTHKa,
JOTENCp BU3HAYAE TEXHOJOT HA OCHOBI OCOOHCTOrO
JOCBiy 03  3aCTOCYBaHHS  CydYyaCHHX  METOIiB
MOJEIIOBaHHA ¥ onTumizamii. OpjHak, HaidacTie
KIIBKICTB BapiaHTIB  MOCTIMOBHOCTE  BHUKOHAHHS
mepexodiB  3Ha4HO. be3 3acrocyBaHHS —cCHeliadbHHUX
aJNTOPUTMIB 1 MPOrpaMHUX 3aco0iB Tmepedip BemMKOl
KUTBKOCTI BapiaHTIB 3 IIOBHUM aHAJIi30M HACIIIKiB BHOOPY
3MIHCHATH HE MOKIIMBO.

AHaJi3 npodJieMH i iCHyI0UMX MeTOAIB

CxiagHa TIOBEpXHS MOXKe OyTH BWTIyMadeHa SIK
"HOBepXHs, Y TUGEPCHIIATBHIA OKOJUI KOKHOT KpaIKH
SIKOT TOJIOBHI KPHMBH3HM Bin ojHiei 11 kpamku 10 iHIIOL
HECKIHYEHHO OJIM3bKOi KpamKd 3MIHIOIOTBCS abo 110
BEJINYMHI, 200 10 OpieHTAalli] TOJOBHUX CIYHMX ILIOIL, ab0
MO0 BENWYMHI I OpieHTaUii TOJOBHUX CIYHUX ILIOLI
oxnouacHo" [1] (puc. 1).

VY TexHiuHIN JNiTepaTypi NPUNAHIATO AUIUTH ACTami 3i
CKJIaJIHUMH MOBEPXHSAMHU IO TXHIM 3aCTOCYBAaHHIO B HAYII,
TEeXHIKY 1 TeXHOJIOTIi Ha TpH KJIacH: IHCTPYMEHTH, JeTaji
BHpOOIB, HamiBpaOpUKaTH ¥ 3aroTOBKM JeTale. Y
pobotax [4], [5] 3anpornoHoBaHa Kiacupikallis CKIaTHUX
MTOBEPXOHb, y SKIM KOKHHUH i3 KIIACIB IITHTHCS, ¥ CBOIO
4Yepry, Ha ITiJKJIACH.

Kinac iHCTpyMEHTIB IUIMTBCS Ha TPH MIAKIACH:
MOJIeII, IITaMIH i npec-hopMHu.

Knac demaneti moscna nioposoinumu na:

- getajgi  MexaHi3MiB 1 MamuH  (aBiamiiiHa i
aBTOMOOIJIbHA TEXHiKa, MOPCHKI i PIUKOBI CyHa, IPOTE3U
OpTaHiB JIOIUHH H 1H.);

- JeTaji IpUIadiB i TOBapiB HAPOIHOTO CIIOKUBAHHS
(xopmycu amapaTypu i OOYTOBOT TEXHIKH, ITiTONMIBH LIS
B3yTTs, J€Tall IrpaimioK, YMaKyBaHHS ISl XapuyOBHX
MPOAYKTIB, HAQTOTPOAYKTIB, KOCMETHKH, IIOOYTOBOT XiMil
W iH.);

- ZieTat, 110 MalOTh CAMOCTIIHY XYAOXKHIO LIHHICTH
(CKyJIBITYpH, CyBEHIpH, IOBEJPHI NPUKPACH, MOHETH W
MeJiai, iIKOHOCTACH, EKCKIIFO3UBHI MeOTi Ta iHIIe).

Puc. 1. [Ipuknan ckiaaaHonpodiabHOT TOBEPXHI

Knac HamiBdaOpukaTiB 1 3aroToBOK CTaHOBUTH
MPOJYKIis, KA € pe3yIbTaTOM BUKOHAHHS IOIIEpEeIHIX
onepanid (HopMOYTBOpEHHs (BHPOOY, OTpUMAaHi JUCTOBE
IITaMITyBaHHSIM B  aBTOOyJAyBaHHI W  mitako- i
cyaHOOy/yBaHHI; KyBaHHS, IO WAYTb Ha BUTOTOBJICHHS
BEJIMKUX IITAMIIB 1 Ipec-popm).

OpnepxaHHs JeTaleil 31 CKJIaJHHMHU MOBEPXHAMH i
BUCOKOTOYHUM BUKOHAHHSIM ix po3MipiB y

MaIIMHOOYIyBaHHI 3iHCHIOETHCS Ha CydaCHUX BepcTaTax
3i UIIK, 3maTHUX BHUKOHYBaTH CKIagHI PyXd poOOUHX
OprafHiB i3 3aCTOCYBaHHAM BIANOBINHUX pi3ajbHUX
IHCTPYMEHT i TIEBHUX METO/IB 0OPOOKH.

Mero10 [gaHOI CTATTi € JOCHIIKEHHS 1 B
MOJANIBIIIOMY  MIJBHIICHHS MNPOAYKTHBHOCTI MPOIECY
YHCTOBOTO (hpe3epyBaHHs mpu 00poOIIi TeTanei cKIaaHol
dbopMmu 1IIAXOM MiHIMI3aIi JOMOMDKHOTO dacy, IO
JIO3BOJIIE  BU3HAYMTH  ONTHUMAJBbHY  ITOCIIiTOBHICTH
BUKOHAHHS TEpexofiB. B craTTi BUPINIYIOTHCS HACTYITHI
3amaui:

- BU3HAUYCHHS OCHOBHHX IIXOMiB y (opMyBaHHI
3aralbHUX CTpaTerii oOpoOKW meTaneil 31 CKIagHIMHA

MOBEPXHSIMH,
- aHaJi3  AITOPUTMIYHUX  pilleHb 1  METOIB
BU3HAYCHHS  HAWIINIIOr0  MapupyTy IepeMillleHb

IHCTPYMEHTIB BiJ JUTBHUIN 10 MUTBHHUIN 1 HAWBUTIIHIIIOT
MOCJIZIOBHOCTI OOpOOKM [IUISHOK CKJIaJHOI TOBEpXHI 3
ypaxyBaHHsIM OOMEKEHb IO MEPEMIIICHHSIM 1 CTIHKOCTI
IHCTPYMEHTY,

- po3pobKa MaTeMaTHYHOI  MoOAeNi  MiHiMi3amii
XOJIOCTHX TIEpEeMillleHb TIPH 3MiHi 00pOOIIOBaHUX TIITHOK
i IHCTpYMEHTIB Ha OCHOBI TOYKOBOTO OIUCY T€OMETpil
neran

Pimenns 3apaui

YV cydacaux CAM cHcTteMax KpOK PO3MOILTY
MOBEpXHi, BUOIp ¢opMu W pO3MIpIB IHCTPYMEHTa,
YBEICHHS MapaMeTpiB cTpaTerii oOpoOKU 3AiHCHIOETHCS
HE aBTOMAaTH30BaHe, a BpyuHy. OCOOJIMBO HE MPOCTIiil st
TEXHOJIOTIB BUSBIISIETHCS 3aBJIaHHS BHU3HAUYCHHS TPaHUII
MDK 30HAMH TOBEpPXHI, II0 HE MAa€ SIBHO BHPAKEHOTO
KoHTYpy. CaMe 1ei (akT BHKIMKAE 3pOCTAIOYHIA IHTEpeC
JMOCTITHUKIB J0 TIOMIYKY ONTUMAIGHOTO PO3MOILTY
MOBEPXHI, BU3HA4YCHHS (OPM 1 PO3MIpiB IHCTPYMEHTa,
BHOOPY MapaMeTpiB CcTpaTerii 00poOKH.

[lin noxampHEM (DOPMOYTBOPEHHSAM PO3YMIi€THCS
MPOLIEC pi3aHHS MOBEPXHI JeTall B OKOJIMII MOTOYHOI 1l
Kkparku. IcHye nBa dakTopu 3aBoaHHs, 110 BILUIMBAIOTH Ha
pPO3B’SI30K, CHHTE3Y JIOKAJIBHOTO  (HOpMOYTBOpEHHS:
napameTpu MOBEPXHI Jetaii i BHXiTHOT
IHCTPYMEHTAaJIbHOI OBEpXHI B AU(epeHIIaIbHIH OKOJIHIII
KparKH iX TOPKaHH, 1 BiTHOCHA JIOKaJIbHA OPIEHTAIIS [[HX
MOBEPXOHb.

JloxaneHe (OpPMOYTBOpEHHS — 1€, N0 CyTi,
CKaJISIPHUH T0OOYTOK 3Ha4eHb MOJa4 iHCTPYMEHTa Y3I0BX
i monepek psaKa GopMOyTBOPEHHS, pO3paxoBaHe B MeXax
Kpallki  TOPKaHHS IIOBEpPXHI JeTasi W  BHUXiZHOI
IHCTpyMeHTaJbHOi ~ ToBepxHi.  HaiiBurignimi  Horo
napameTpu MOBUHHI 3a0e3neunTH JOCSITHEHHS
MaKCUMyMy JIOKAJILHOT MPOJYKTUBHOCTI
(hopMOYTBOpEHHSI.

ITpn perioHaIbHOMY (hopMoOyTBOpEHHI
PO3IIIIAETECS  TPOLIEC YTBOPY TOBEPXHI JeTam B
MeXax  OJHOMY  psSAKa  Ha  HIid. CyTHicTIO
PO3B’SI3Ky 3aBJIaHHS CHHTE3Y perioHalbHOTO
(hopmMOyTBOpEHHS € PO3paxyHKH napameTpiB
caMoi BHT1JTHOT TPA€KTOPIi, IPH PyCi IHCTPYMEHTA Y3/10BXK
SKOT MOTOYHE 3HAYEHHS MINPUHA psnka
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(hopMOYTBOPEHHS MaKCHMAaIbHO, a ()OPMOYTBOPEHHS TIPH
OPOMY IUIOIIA PSAAKA HA TOBEPXHI JAeTali TPH iHIIHX
OJIHAKOBHX YMOBax HalOibpIIa.

I'moGanbHe QopMOYTBOpEHHSI TPHITyCKaE OOJIK
Y4acTKOBOL inTepdepeHii cycimHix pAIKiB
(opMoyTBOpeHHs i "KpaiioBuii eekT" — 00K BIUIMBY Ha
napameTpu  npouecy QopmoyTBopeHHs  dopmu i
napaMeTpiB  TpaHUIb  KOHTYpY, 1LI0  OOMEXye
00pO0OITIOBaHY TOBEPXHIO JICTAIII.

3aBmaHHIM CHHTE3y III00aIbHOTO (OPMOYTBOPEHHS

- BigOip Takux i3 CiMeWCTBa JiHIA, OTPUMAHUX Yy

pe3yNbTaTi pO3B’s3Ky 3aBJaHHS CHHTE3y PETiOHAILHOTO
hopmoyTBOpECHHS, SIK1 B STKOCTI TpaexTopii
(hopMOYTBOpEHHS 320€3MeUyIOTh JOCSITHEHHS MAKCHMYyMY
r106anbHOT e(heKTUBHOCTI;

- YCTAaHOBJICHHA 00JacTi,
BIUIMB  "KpaioBoro  edexty"
BU3HAYHUTHU HaNBHI IHIII
IHCTpyMEHTa B 3aroTOBKy I BHBOLYy Horo 3
KOHTaKTy 3  o0poOneHoro  gerammo  ("TpaekTopii
Bpi3aHb-BUBOIB").

- BU3HAYCHHSI KOODPJHHAT
moyatky o0poOku meraini (puc. 2).

y AKifi OpOsSBIAETHCS
Ias  Toro, 100
TpaexTopii Bpi3aHH

HaWBUT1IHIIIOT

Kparnku

ﬂ

Puc. 2. BuzHaueHHs MOJI0)KEHHS KPaIky MO4aTKy 00poOKH CKJIaIHOT MOBEpXHi Jeraii Ha 6araTokoopauHaTHoMy Bepetati 3 UITK

VY po6orax [3], [8], [12 — 13] Ta [15] npexacraBieni
pe3ysbTaTé AOCIIKeHb 1 IPaKTHYHOTO 3acTOCYBaHHS

po3pobieHoi Teopil onTuMizarii cTpaterii
(OPMOYTBOPEHHsI CKJIAHUX IIOBEPXOHb (ONTHMaJbHI
TpaekTopii pyxy ¢pe3n) Ha TPHOXKOOPIMHATHHUX
¢pesepanx Bepcrarax 31 UIIK. OOpani kpurepil

ONTHMI3allii CTpaTeriif, po3poOJeHU MeToa BHOOPY
cTpaTeriii 1 ix mapaMmerpiB, BKJIFOYAE JBa OCHOBHI €TaIlH.
[Mepnii — BU3HAYEHHS ONTHMAIBHHUX IMapaMeTpiB JUIs
KOXHOT 31 cTpareriii (po3risiHyTo 5 cTpareriii: OKpyKHa,
pamianbHa, CHipajbHa, pPacTpOBa, CTPIYKOBA CIIIPAb).
Jpyruit — nopiBHAHHSA MaKCUMAaJbHUX 3HAUYEHb CEPeaHiX
KPUTEpPiiB ONTUMAIBHOCTI, OTPUMAaHUX IS KOXHOI 3i
cTpareriil. 3a pe3ysibTaTaMH aHailizy st 00poOKu jeraii
PEKOMEHIY€EThCSI Ta CTpaTeris, y sKoi Led Kpurepii
MaKCUMallbHUHA. 3a pO3pOOJICHOK METOIHMKOK IS
00poOKku pmerani BUOMpPAETBCS cTpareris i i mapamerpu
TaKUM YHHOM, IIOO HAmpsMOK, IO 3aJa€ThbCs, PYyXy
IHCTpYMEHTa SIKHalMeHIIe BiAXHIISUIOCS BiJl TEOPETUYHO

ONTUMAJILHOTO HANpPsIMKY, YCTAHOBJICHOTO 3 YMOBH
JIOCATHEHHS MAaKCHUMyMY JIOKQJIbHOI IPOTYKTHBHOCTI
¢dopmoyTBopeHHs. Ilpn 1HOMYy OIWHWYHHMHA BEKTOp,

HampsIMOK SIKOTO B 3aJaHUX KOOpIMHATax 30iraeThcs 3
ONTUMAJIbHUM HAIPSIMKOM (OPMOYTBOPEHHS, BH3HAYAE
TEOPETHYHO ONTHMAJIbHHUN HAMPSIMOK PYXy IHCTPYMEHTA B
JIesIKIA Kparli Jaerati.

Ilo 3ampomoHOBaHOMY aJITOPUTMY PO3POOIIECHUM
MO/IyJIb ONITUMI3aLil cTparerii 00poOKu i BUOOPY THITY
H mapaMeTpiB crparterii 4uCTOBOI (pe3epHOi 0OpoOKH,
SKAH JIO3BOJIIE B OCTaTOYHOMY IJICYMKY pO3paxyBaTH
HACTYITHI TapaMeTpu:

- MaKCHMaJIbHO JJOCSDKHE 3HaU€HHS KPUTEPilo;

- ONITUMAJIBHUN KYT pacTpa;

- cepelHiii KpuTepiil aus pacTpoBoi crparerii npu
ONTHMAJILHOMY KYTI pacTpa;

- ONTUMAJIBHI  KOOPJHHATH
cTparerii;

- cepelHiii KpuTepiil i cripanbHOi cTparerii npu
ONTHUMAJLHUX KOOPJIUHATAX LIEHTPY;

- cepenHiii KpuTepili Ui cTparterii 0OpoOKH 10
piBHSIX oci Z.

CytHicTh crocoOy po3Nojily TOBEpXHi, SIKUH
3aIpOIIOHOBAHO, TIOJIITAa€ B TepeBipui Toro abo iHIIOro
IHCTpyMEHTa Ha 3JaTHICTh Biadpe3epyBaTH 3aaaHy
CKYJBIITYPHY  TOBEPXHIO, Ha  MiACTaBi  4YOro
MIPOPaxXOBYIOTHCS 00JIACTI TEXHOJOTTYHUX MEPEXOJIB IS
00paHOTO TUIIOPO3Mipy IHCTPYMEHTA.

V mporieci po3B’ 3Ky MPEACTABISETHCSI MOXKITHUBHM:

- BU3HAUUTH pO3MipH ¥ KomOiHaIii KiHIEeBHX 1
chepoumminapuaaux Gpe3 IS OO0pOoOKHM KOHKPETHOL
JIeTajdi Ha OCHOBI ONIHKM JIOKAJBHOI Ta TJI00aIBHOI
(hpesepyemocri;

LEeHTa  CHipaJbHOT
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- IEPEBIPUTH TApaMETPUYHUM METOJOM MOJIeNi Ha
¢dpesepyemicTh 3a JIUCKPETHUMH JTAHUMH,
MPEeACTaBICHIMH PIBHOMIPHAM MacHBOM Kpamok abo
JIBOMIpPHMM HIBTOHOBHM PacTpPOBHM 300paKEHHSIM;

-3HAlTH JUI IHCTPYMEHTIB 3ajgaHoi ¢opmu W
PO3MIpIiB KJIaCTEPHUM METOJOM ONTHMAaJIbHI TPaHULI
obmacteii 0OpoOKM, ONHMCYBaHI KOHTYPHHMH KpPHUBHMH,

ToueyHa CAD-Momens .
Knacrep Biburka

(pesu

40 e e

Koutpomoema Touka
CAD-mozeni

a)

Mo JUCKPETHO 3ajaHiii mopjem xgerami (puc. 3).
Krnactepanii meton moOymoBaHWH Ha METOAMIN aHATI3y
TPUBHMIPHOI ~ KpamkoBOi Mozeni abo  JIBOMipHOTO
MIBTOHOBOT'O PacTpOBOTO 300pakKEeHH.

- noOyyBaTH KyOiuHI CIUIAifHM IpW ampokcuMarii
OyIb-SKO1 KUTBKOCTI KparoK 3aMKHEHOT KpHBOi (puc. 4).

ToueyHa CAD-Momens ;
Kunacrep Bizburka

chepuunoi ppesu

6)

Puc. 3. OntumMaibHi rpaHui obractei 00poOKu: a) reHepallis kiactepa BinouTka ¢ppesu; 0) nepeBipka KpUBOTIHIHHUX TUITHOK

kpamnkoBoi CAD-mozeni

A

i—1

Puc. 4. 3amkHeHa KpUBA, IO TPOXOANTD Yepe3 3aJaHi Kparku

[Ipu gucroBiit 06podLi Ha (pe3epHUX BepcraTax 3i
UIIK moBkuMHAa XOJOCTOTO IIEPEMINCHHS MpPU TEepPexXoni
IHCTpyMEHTa B MeXax JBOX OOpOOIIOBaHUX MINITHOK
3aJ€KHUTh BIJl JIOKAIbHOI Oe€3medHoi BHUCOTH, HA SKY
IHCTpYMEHT TIOBHHEH TimHATHCA (Oe3leyHa BHUCOTA
3abe3neuye 3IiHCHEHHS IepexoJly IHCTPYMEHTa Bij
IUISHKA 10 JUITHKA 0e3 3ITKHEeHHS IHCTpyMEHTa i3
3aroTOBKOIO 200 0OPOOIICHOO MTOBEPXHEIO IETAII).

MiHiMalibHe 3Ha4YeHHS JIOKAIbHOT 0e3euHOi BUCOTH
h Moxe OyTu TpUiiHATE TaKUM, TP SKOMY BiIOymeThCS
TOpPKaHHS TOBEPXHI, KIHIIEBOI YaCTUHHM IHCTPYMEHTA
fc (x, Y, z) 3 moBepxueto nerani F(X, Y, z).

YMoBa TOpKaHHSI IBOX IIOBEPXOHb OIHCYE PIBHIHHS:

F(xm, ym,zm) = fc(xm, ym,zm),

Jie Xm, ym, Zm — KOOpJAMHATH KPAKUA TOPKaHHS.
MiHiMalIbHE 3HAYEHHS JTOKAJIbHOI O€3IIeUHOI BUCOTH
hmin
hmin=zm+Ilpr+hz.
OnmHak, sSK TIOKa3ye WpPaKTHUKa, U1 JeTalei 3i
CKIIATHUMH TIOBEPXHSMH, IO MAIOTh BEIHKY KIJIBKIiCTh

EKCTPEMYMiB, BUSIBIISETHCS BaXKKUM CTBOPHTH
MareMaTu4He piBHsHHA F(X, Y, ).

Y  TakuMx ~ BUIAIKaX  MOXHa  CKOPHUCTATHUCS
YHIBEpPCAIBHUM 1 CTIHKHM METOJOM, 3aCHOBaHMM Ha
KIACTEPHOMY  aHai3i MoJIeli, SKAA ~ 3JaTHHI
JIOCTIKYBATH TIOBEPXHIO JIeTalli OyAb-IKOT TeOMETPHIHOT
dbopmu. OcoONMBICTIO JaHOTO METOAY € pO30MBKa
CJICKTPOHHOI MOJENi JeTali, IO MICTUTh CKJIaJIHi
MOBEPXHI, HA KJ1acTepu (MACHBH KPAIIOK).

Knacrepunit Meron mo3BONsiE BH3HAYHTH ZM IO
HACTYIHINA pOopMyIi:

2, =max(z),
ge | — i-a Kkpamka, M0 HaJNEKHTh KOHTPOJILOBaHI
reomerpii P; z — KoopauHaTa LEHTPY IHCTPYMEHTA,

1
NIeBHA 32 YMOBH 3iTKHEHHs KJlacTepa IHCTpyMEHTa 3 i-0r0
Kparnkoto (puc. 5).

Puc. 5. Cxema KOHTaKTy iHCTPYMEHTA i3 KpaIkolo Ha
KOHTPOJIbOBaHii MOBEPXH

OTxe, caMuil KOPOTKHUI MapuIpyT Biji HONEPETHHOTO
IUISHKHA J0 HACTYITHOTO IPH YHCTOBiM 0OpoOI merami 3i
CKJIQJIHOI0 TIOBEPXHEI0 MOXKEe OyTH po3paxoBaHuil i3
3aCTOCYBAaHHSM KJIaCTEPHOTO METOAY.

3anponoHoBaHa MaTeMaTH4YHa MOJENb, 03BOJISE
BU3HAYWTH TIOCHIJIOBHICTh BHUKOHAHHS TEPEXOdiB 3a
YMOBH MiHIMi3amii JOBXHHHM TPAEKTOPil XOJOCTHX
MepeMilleHb IHCTPYMEeHTa IPH PyCi MiXK JABOMa 3aJaHUMHU
KpamkaMH W HasSBHOCTI pI3HOTO pOXy OOMEXeHb
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(reomeTpis 00poOIIOBAHOI 3aTOTOBKM ¥ TPHUCTOCYBAaHHS,
0oOMeXeHb, IOB’S3aHUX 3 po3MipamMu poOoYoi 30HHU
BepcTara # idH.). Ilpm 1[bOMy Ha TMepIIOMY eTari
PO3paxoBYIOThCS BCI MOXJIMBI BapiaHTH (IPUITYyCTUMHUX 1
HEMpUITYCTUMHUX) MOCHIZOBHOCTEH MO BinoMiit dopmyi
€BPUCTUYHOTO aJITOPUTMY:
MO :{al,az,...,a ,

TR

Je a, — TEeXHOJOTIYHMH mepexin; N — HeoOXigHe YHCIIOo

TIEPEXoiB U1 00POOKH 3aTOTOBKH.

3aranpHa TEOPETUYHA KUIBKICTh YCITSIKHX BapiaHTIB
MOCTITOBHOCTEH 00poOKM ofHiei mertami (puc. 6) MoOxKe
OyT npe/CTaBICHO y BUIIIAI rpada.

Ha ppyromy erami BHKIIOYANOTHCS HEMPUITYCTHMI
MOCTITOBHOCTI MEePEXO/IiB TEXHOJIOTIYHOTO

MO = {{a®,82,.} a0 8080

(i)
MEePEeXOMiB  TEXHOJOTIYHOrO TMpormecy; S —
HEMPUITYCTUMUX JIAHIFOXKKIB MIEPEXOJIiB.

Ha TperpoMy erami mOpiBHIOIOTH

('i),...aﬁi')} — i-a HempumycTHMa MOCTiJOBHICTh

Oe3mia

TIPUITYCTHMI

(8) H(s)

s 0 g 1t

Puc. 6. I'pad MOXKIMBUX TEXHOJIOTIYHHX TIEPEXO/IB IPH
00pooi gerami

npouecy, K TpencTaBieHi |y  BHIVILAL  Oesuidi:

aﬁ?}},i =1..8,j=1S,a=1..r,

MOCITIIOBHOCTI MiX CcO0OI0 Ha MpeaMeT MaKCHMajbHO
e(eKTHBHOTO MapIIpyTy 3 MiHIMAJIFHAM YaCOM XOJOCTHX
nepeMilleHb IHCTPYMEHTA.

Ha 1poMy eTami BH3HA4YaeThCS 3arajbHUN Yac
TPAEKTOPIH MepeMillieHb IHCTPYMEHTa!

F = N (Xi+l_x)2+(yi+1_yi)2+(zi+1_zi)2 :i

(Xi+1 - X) + (S _é:)z n Wi _‘//)2 _

P VX Vy Vz P VX Vy Vz
2 2 2
(AX) +(§1_y0)2 + ('//1_20)2 + (AX)Z +(yn+1_§n)2 +(Zn+l_'//n) +n§i (AX)2 + (§i+1_é:i)2 +(V/i+l_‘//i) )
VX Vy Vz VX Vy Vz T | VX Vy Vz
X=X, ] CTHKA€ETHCS 13 KpalKaMH, 110 Hanexats Oe3mivi U, Ha j-iit
AX= il Xa =X +AXi=1..ny—>S5z7-op. BMCOTI TpH ii pyci M0 HampsAMKOBi tt'.

VY pesyiprari MpakTHYHOI pealizalii airoputMmy
KepyBaHHS MPOILECOM MOOYIOBU TPAEKTOPIH XOJOCTHX

MepeMilieHb  IHCTPyMEHTa Ha  OaraTroorepariiHux
TOKapHUX  BepcraTax mnpu  oOpoOui  jeramedt 3
BIJIHOLICHHSIM  JIOBKHHM 70 jJiamerpa wmeHm 0,5

JOCSATAETHCSI CKOPOUEHHS JonoMikHoro yacy Ha 20—-30%
abo mryynoro uacy Ha 5-10%. Ilpu upomy sKicTb
00pOOKH BiIMIOBIIAE 3aJAHOMY.

Jiis mojanmeIioro BU3HAYCHHS ONTHMAJIBHUAX IIPU
XOJIOCTOMY TIepeMilieHHi (pe3 IMEeBHOTO THUIOPO3MIpY,
HEeOOXIIHO MaTH BMXIJIHI JaHi, SKi IOBMHHI BKJIIOYATH
iHpopMamnito Tpo GopMy # po3MipH  pi3aIbHOTO
IHCTpYMEHTY, i TPO MacuB KpamoK 3 KOOpJUHATAMHU
(X, ¥, Z), OTpEMaHUX IUIAXOM PO3OUBKH reoMeTpil Momeli
IJI0MI, HOPMAJIbHO PO3TAIlllOBAHUMHU CTOCOBHO OCi Z, i3
3amaHor0 guckpertrictio h (puc. 7). Y pesymbrari
pO3OMBKM TPHUBHMIPHOI €JIEKTPOHHOI MOJEINi OJepKain
TaOJHII0 KOOPAWHAT TPOEKIlii Kpamok Ha IIi TUIOMWHHU
(puc. 8).

Knactepunii aHamizs mnpu  po3B’S3KYy  3aBIaHHS
BU3HAUCHHS ZK IPOBOAUTHCS OETAMHO, IPH LIBOMY:

Etan 1. BuzHaueHHs Kpamok, IO HaJeXaTb
KOHTPOJILOBAHOT T€OMeTpii, 110 ¥ MpencTaBisIoTh Oe3iid
U;

Eran 2. BusHaueHHs koopauHaty ZK | JIOKabHY
IUIOIIMHY, [IO0 ONHCye, Oe3mekw, Ha fAKiH ¢dpesa

Eran 3. Bu3HaueHHS MaKCHUMAaJILHOTO 3HAYEHHS 3

Oesiiui, 1m0 € 3HauyeHHAM Bucotd zK, Ha sKid
(dpesa CTOCYETHCS KOHTPOJIbOBAHOT reomeTpii
CIeKTPOHHOI MOJeNi TpH OmHCi pyxXy ¢pe3n 1o

HaTPSIMKOBI 71,

a) 6)

Puc. 7. Po36uBKa Mojierni Ha TUTAHKA: a) TPHBUMIpHA
CJICKTPOHHA MOJIEITh; 0) TPUBUMIpPHA EIEKTPOHHA MOJIEINb 13
BI/IlIiHeHl/IMPI MaCUBaMH Kparok

X Y z
2.35468 5.53462 7.23455
235466 5.53462 7.23457
235465 553462 7.23459
235464 5.53462 7.23461
235463 5.53462 7.23463
235462 5.53462 7.23465
23546 5.53462 7.23467
235459 5.53462 7.23469
235458 553462 7.23471
235457 553462 7.23473

Puc. 8. Tabnuis KOOpANHAT KPANOK, OTPUMAHHX y PE3yIIbTaTi
po36usku 3-11 Mmomeni
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Ha mepmiomy erami s BigGopy kpamok {Xi, yi, zi}
TPUBUMIPHOI MoOJem JeTani, sKi Hajuexkarb Oe3miui U,
BUKOHYIOTHCS HACTYITHI KPOKH.

ITo-nepue, Ha 6e3miu Kparmok Mojeni
"Haknanaerees” npsAMoKyTHUK ABCD 3 mapamerpamuy,
[0 BPaxOBYIOTh IOJIOKCHHS KIiHIIEBOI / 1 IMOYaTKOBOT
kpamok /(puc. 9). MeTow BHIUICHHS MPSIMOKYTHUKA
ABCD € "paiioHnyBaHHA" KpaIloK, sIKi MOKYTh HaJeXaTH
KOHTPOJILOBaHii reoMeTpii.

Puc. 9. PajionyBanns kpamok npsimokytaiukom ABCD

[lo-apyre, 3mIACHIOETHCS TEpeXifl Bil CHCTEMH
koopauHat OXyz no cucremu koopauHat OX' Y'z', y skiit
Bick OX' mapanenbHa HanpsMKy tt' (puc. 10).

y
I\
y
b
\
y'n+r\-\-' P
yiLyi2 ¥ s 7
yir (| j ——-*/SQ
\ — %
gt il e
=
0 X
Puc. 10. [TepeTBOpeHHs CUCTEMHU KOOPAUHAT
Ha npyromy erami aHami3yeTbCsl  ITOJIOXKECHHS
iHCTpyMeHTa TIpH pyci 1o HampsmkoBi ' Ha

BUCOTI ZK j, mpu TOpKaHHI OOPOOIIOBAHOI MOBEPXHI B
kpammi C (xc, yc, z¢ ) (C xU ). Kpamka [, mus

KiHIIEBOT'O IHCTpYMEHTa PO3TaIIOBYETHCS B
miaMeTpanbHI  IUTOMWHI, TPH  IOMY  HEPETHH
¢bpesu TaKO¥0 TUTOIIHHOO Mae HaHOIIBITY
wromy (puc. 11).
it it tt ' it
\ /
i =
-
- L~ /
z S~
G C c d
a) 6) B)

Puc. 11. Cxema TopkanHs (pe3n 3 KOHTPOIEOBAHOIO
TEOMETPI€I0: a) KiHIEeBOI MMIIHAPHIHOT; 0) chepOonrITiHAPHIHOT;
B) KOHIYHUMH (pe3aMu

Hanani 3HaueHHst zK | MOBMHHI BHM3HA4YaTHCS JUIs
TPHOX BHIA/IKiB CTOCOBHO:

- 10 KiHIIeBO1 NUIiHAPUIHOI Gpe3u (puc. 11 a);

- 10 chepoumminapuaHOi Gpesu (puc 11 6);

- 10 KOHIYHOi ¢pe3u (puc. 11 B);

Koopauuaru (Xi, yi ), 110 HajexaTh MPAMOKYTHHKY
ABCD, BHU3HAYAIOTHCS o HACTYTIHIN

hopmymi:
min (X, X,,)—

min(Yul yiz)_R Y s max

<% <max(x,, X, )+R

(Vs i)+

ne R — paxiyc ¢pesn.

3 puc. 10 BummBae, mwo Bucota zK j kpamku I,
CTOCOBHO 0 KIHIIEBOI IMUIIHAPUYHOI (pe3n IOpIBHIOE

BHCOTI BepIIuHU D.

(@)

Puc. 12. Cxema BU3HA4YEHHS PO3PAXyHKOBOI BUCOTH BEPIIHHU

IMlpn  nomryky  HalBUTiAHINIOl — IOCIIJOBHOCTI
00poOKM BCIX [IUISHOK CKJIAIHOT IOBEpXHi (pe3amu
OJIHOTO TUIOPO3MIPY 3 OOJIKOM iX CTIHKOCTI MOXE OyTH
BUKODHCTaHUI  aJroput™M  MiHiMi3amii  X0JOCTHX
nepeMillleHb BiJi OJHOrO OOpOOJIIOBAHOTO [UISHKH JI0
inmoro. Take 3aBmaHHS Moke OyTH omucana rpadom
G=(V, E) 3 6e3miuamu BepmmH V = {v0,vl,...,vn} i pedep
E = {e} (puc. 13).

[Ipu mpoMy VO MoOKe acoOIIOBATHCS 3 TIO3UIIEIO
3mian ¢pes; V1,...,vn —oOpoOroBaHi MIJISHKH, JTOBXKHHA
pebpa e =E, mo 3'enHye nBi BepmuHaM rpada 3 JOBKIHOIO
xonocroro nepemimennss Ce mpu 3MmiHi 06po0IIIOBaHOTO
ninstakd. [Ipuw moOymoBi Mopjem dac, 3a skmid (pesa

MOBMHHA 3aBepIINTH OOpOOKy mimstHKA — Ti o
rapaHToBaHui nepiof crifikocti ¢ppesu — Q .

HeoOxigHo 3HadiTh M  wmapmpytiB  ¢pe3 i3
MIHIMQJIBHOIO CYMapHOIO JIOBXXHHOIO iX  XOJOCTHX

nepeMinieHb. Lli MapmipyTw TOBHHHI TMOYMHATHCS W
3aKiHUyBaTHCs B Mo3ulii 3MiHK ¢pe3 VO, ¢ppe3a moBHHHA
NPOXOJUTH Yepe3 KOXKHY IUITHKY Vi TiTbKH OJUH pas.
ITpn npomy, KOXKHa JUITHKA HOBHHEH OYTH IIOBHICTIO
00po0OeHo oxaniei ¢pe3or. Kpim Toro, poboumnit vac y
KO)KHO{ (h)pe3n He MOBHMHHE MEPEeBHUILYBATH II 3aJaHOTO
nepiofy criiikocti Q.
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¢ : 1 e ; e

MarazuH
iHCTpyMeHTiB
dpesn

LI N

Mo3uyis 3miHu

g g =

Puc. 13. Cxema 10 po3B’s3Ky 3aBJaHHS MapIIpyTH3aLil iHCTPyMEHTIB

S Bim3HAYMWIOCS paHIIIe, 3aBIAHHSI TAaKOTO POIY
MOXe OyTH BHpIIIEHO JBOMa croco0aMH: TOYHUM i
MIPUOIN3HAM.

Touynuii MeTox pO3B’SI3KY MNPUIATHUN Y BHUIAJKY
HEBEJNUKOI KITBKOCTI OOpOONIIOBaHMX IUISHOK 1 Ja€
ONTUMAJILHUI BapiaHT.

[Mpubanzumii
PO3MOBCIO/KEHUN Y
00pOOITIOBAaHUX  JTIJISTHOK.
OJepKyBaHUM PpO3B’s30K
ONTUMAJILHOTO.

METOJ
BUIAJKY
IIpu

pO3B’s3KYy IIHUPOKO
3HAYHOI  KIJIBKOCTI
Horo 3acTocyBaHHI

HaOIMKAECTHCS 1o

BucnHoBxku

B pesynprari  KOMIUIGKCHHX — TEOPETHYHHX 1
CKCIIePUMEHTANBHUX  JOCTI/DKCHb BHUSBICHO METOIH
onTUMI3alil TPUBATHUX 1 3arajlbHUX CTpaTeriii mpu
0o0poOmi  geranme 31 CKIAIHUMH  I[TOBEPXHSAMHU.

3acTocyBaHHS iX B KOMILUICKCI CHpPHSE MiJBUIICHHIO
MPOIYKTUBHOCTI 1 €()eKTHUBHOCTI BHKOPUCTAHHS TOPOTHX
OaraTomiibOBUX BepcTariB. Ha OCHOBI aHamizy pasirie
MPOBEJICHUX JOCHI/DKEHb 3MIMCHEHO BHOIp MPHUBATHUX
cTpareriii 00poOKH AeTaii: po3Moaia MOBEPXHI Ha OKpeMi
KOHCTPYKTHBHO-TEXHOJIOT1YHI o0acri, BHOIp
IHCTpYMEHTIB 1 JIOKaJbHOI cTparerii oOpoOku uist
KO’KHOTO BUJUIEHOTO IiNsHKH. OTpUMaHO MaTeMaTH4Hi
3aJIeKHOCTI IapaMeTpiB MapHIpyTH3alii iHCTPYMEHTIB,
pO3po0JIeHI  aNrOpUTMH  BHU3HAYEHHS  HAWTIMIINX
MapuIpyTiB IHCTPYMEHTIB IIpU 3MiHI JUISHOK OOpOOKH i
3MiHH (pe3 3 ypaxyBaHHAM IX cTikocTi. Ha ocHOBI
ANITOPUTMY 1 MaTeMaTHYHOrO amapaTry, OTPHUMAaHO
MOCTITOBHOCTI BUKOHAHHS TEXHOJIOTIYHUX TIEPEXOiB, SKi
MIHIMI3yIOTh XOJOCTi TEpPEeMIlICHHS IHCTPYMEHTIB IIpU
00polmi  ¢pe3epyBaHHAM CKIaJHUX TOBEPXOHb Ha
Bepctarax 3 UIIK.
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TEOPETUYECKHE OCHOBBI ONITUMU3AIIAUN XOJOCThIX IEPEMEIIIEHUIA
WHCTPYMEHTA IIPU ®PE3EPOBAHMS CJIOKHBIX IOBEPXHOCTEN

IIpeqvMeToM HccreOBaHUS B CTAaThe SBISICTCS BIMSHUE ITOCIEAOBATEIHHOCTH BEIIOIHEHNUS IIEPEXO0JIOB Ha BCIIOMOTaTeIbHOE BpeMs,
3aTpadrBaeMoe Ha XOJIOCTOE IepeMelleHne CTaHKa IPH M3MEHEHHH o0padaThIiBaeMOro yJ4acTKa M NpH cMeHe MHCTpyMmeHTa. Ilean
HCCIIEI0BAaHMs 3aKIIIOYaeTCs B TOBBILICHUHM IPOM3BOAMTENHHOCTH Ipoliecca YHUCTOBOTO (pesepoBanms mpu obpaboTke neraineit
CIIOXKHOH  (popMBI  HyTeM MHHUMH3AIMM  BCIHOMOTATENBHOTO BPEMEHH, 4YTO IIO3BOJSCT  ONPENCIHTb  ONTHMAIBHYIO
MOCJIEIOBATEIFHOCTh BBITIOIHEHHS NEpeXofoB. B craThbe pemaroTcst ciemyrolive 3aJa4yd: ONpeJelieHHe OCHOBHBIX IMOIXOAOB B
(hopMUpOBaHUKM OOIIMX CTpAaTEeruii OOpaOOTKM AETalel CO CIOKHBIMH MOBEPXHOCTSIMH, aHAJIM3 aITOPUTMUYECKUX PEHICHUH W
METOJIOB OTIPEAENICHHUS TyUIlero MappyTa MepeMeNeHuil HHCTPYMEHTOB OT y4acTKa K y4acTKy M BBITOJHOH IOCIEN0BATEIbHOCTH
00pabOTKH yJaCTKOB CIIOKHOHW IOBEPXHOCTH C yYETOM OTPaHMYEHHH IO IepPEeMEeIleHHI0 M CTOHKOCTH MHCTPYMEHTa, pa3paboTka
MaTeMaTHIeCKOI MO MHHIMU3ALIH XOJIOCTHIX IepeMelIeHui TPy N3MEeHEHHH 00pabaThIBaeMbIX YIaCTKOB M HHCTPYMEHTOB Ha
OCHOBE TOYEYHOTO OMNHCAHUS T€OMETPUH JAeTalu. VICIONB3YyIoTCs Clefylolne MeTOABI: TEOPETHYECKHE M HKCIICpHMEHTAIbHBIC
METO/IbI HCCIIEOBAHYS, BKJIIOYAIONIHE METOIbI CHCTEMHO CTPYKTYPHOTO aHAIN3a; METOJ(bl MaTeMaTHUECKOH CTAaTUCTHKH; YHCIICHHBIE
METO/IbI BBICIICH MaTeMaTUKH, Teopust rpadoB. [losyueHsl ciaeayomye pe3yJbTaThl: B pe3ynpraTe KOMIUIEKCHBIX TEOPETHYECKUX U
9KCIIEPHUMEHTAIIBHBIX HCCIIE0BAaHUI BBISBICHBI METOABl ONTUMHU3AIMH YAaCTHBIX M OOIIMX CTpaTeruil mpu oOpaboTke aeraneit co
CJIOXHBIMH TTOBEPXHOCTSIMU. Pa3paboTan MeTon ompeeneHus ONTUMAaIbHOTO MapIIpyTa (Gpe3 ogHOro THIIOpa3Mepa MpU JBHKEHUU
MeXIy TpYyNIOH ydJacTKOB, Hoaiexamux obpabotke. Ha ocHOBE TOYEYHOro OMHCaHUS TEOMETPHM JeTanu pas3paboTaHa
MaTeMaTH4ecKas MOJellb MHHHMH3AIUH XOJOCTHIX IIepeMeIleHHH NpU W3MEHEHHH 00pabaThiBaeMbIX y4dacTKoB. OrmpeneneHbl
rapaMeTpbl, 00eceYrBaroNIe MHHIMH3ALNIO XOJIOCTHIX NepeMenIeHHH IpH H3MEHEHH! 00pabaThIBaeMbIX YYaCTKOB M pealn3anuio
JITOPUTMOB pacyeTa JUIMH U MOJO0KSHUH JIOKaIbHBIX INIOCKOCTEH 0E30MacHOCTH IJIs ITOCIIEI0BaTEeIbHO 00pabaThIBAeMBIX YUaCTKOB.
BroiBoasr: IIpuMeHeHne moaxoxoB B (OPMUPOBAHMM OOIIMX CTpaTerdii 0OpabOTKM JeTalied CO CIIOKHBIMH IOBEPXHOCTSIMU
CIOCOOCTBYET MOBBIIICHUIO ITPOU3BOJUTEIBHOCTH B 3(p(HEKTUBHOCTH UCTIOI30BAHMS JOPOTUX MHOTOIIETEBBIX CTaHKOB. IIprMeneHne
JTAHHOTO METOoJia OMpEeIeTeHHs JIydIIero MaplIpyTa HepeMelleHHH HHCTPYMEHTOB IIO3BOJISIET ONPEAENUTh BapHaHT MapIpyTa C
MHHUMAJIbHBIM 3Ha4€HHEM BCIIOMOTaTeIbHOTO BPEMEHH, 3aTPAINBAEMOT0 Ha XOJIOCTBIE JBHKEHHSI HHCTPYMEHTOB.

KuroueBbie cioBa: UIIY; umHCTpyMEHT; (pe3epoBaHUs; MPOCKTUPOBAHUE, CIOKHOMPO(MIbHBIE MOBEPXHOCTH;, YHCTOBAs
obOpaboTka.

THEORETICAL BASES OF OPTIMIZING A TOOL IDLE MOTION WHILE
MILLING COMPLEX SURFACES

The subject matter of the article is the impact of the sequence of changes for auxiliary time spent on idle motions of a machine unit
when changing a machinable area or when changing tools. The goal of the study is to improve the finishing milling capacity when
machining geometrically complicated parts by minimizing auxiliary time, which enables determining the optimal sequence of
changes. The following tasks were solved in the article: the main approaches to developing general strategies for machining
geometrically complicated parts were determined; algorithmic solutions and methods for determining the best route for moving tools
from site to site were analyzed as well as the advantageous sequence of machining geometrically complicated parts, taking into
account motion limitations and constraints for tool life; a mathematical model of minimizing idle motions when changing machinable
areas and tools on the basis of the point description of the part geometry. The following methods were used: theoretical and
experimental research methods including the system and structural analysis; the methods of mathematical statistics; numerical
methods of advanced mathematics, the graph theory. The following results were obtained. As a result of complex theoretical and
experimental studies, methods for optimizing particular and general strategies when machining geometrically complicated parts were
identified; a method for determining the optimal route of cutters of the same size when moving within a group of machinable areas
was developed; based on the point description of the part geometry, a mathematical model for minimizing idle motions when
changing machinable areas was developed; the parameters that minimize the idle motions when changing machinable areas and
provide the implementation of algorithms for calculating the lengths and positions of local clearance plane for sequentially machined
sections are determined. Conclusions. The use of approaches to develop common strategies for machining geometrically complicated
parts contributes to an increase in the capacity and efficiency of using expensive multi-purpose machines. The use of this method for
determining the best route for moving the tools enables determining the route variant with the minimum value of the auxiliary time
spent on idle tool motions.
Keywords: CNC; tool; milling; designing; geometrically complicated parts; finishing treatment.
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MULTIAGENT APPROACH FOR MANAGING THE INFORMATION SPACE OF
CORPORATE SYSTEMS

The subject matter of the study is the integration and management of information resources of distributed computing corporate
systems within the common information space. The goal of the study is to develop scientifically based models for supporting
intelligent technologies for the integration and management of information resources of distributed computing systems. In accordance
with the goal of the study, the article deals with the following tasks: to develop a formal-logical model of the information space, to
study and formalize agent-oriented tasks, to select the model of a software agent, to substantiate the information technology aimed at
effective information management in corporate systems. The following results were obtained: a formal model of the information
space of a corporate information system was developed; the role and place of a user of the information system resources were
determined; the concept of the task and the flow of user tasks in the information space were considered and formalized; the definition
of a software agent, multi-agent space and a multi-agent space management system were suggested; the model of the frame structure
of knowledge representation modified by the authors is proposed as a logical model of a software agent. Conclusions. The analysis of
domestic and foreign sources showed that the study in the field of integration of information resources of distributed systems and
building a unified information space does not fully meet the modern requirements of users and developers of application software.
Existing solutions based on integration technologies do not allow heterogeneous information structures to be actually integrated.
Basing on the study of the main business processes in information systems "user - information environment", a model of information
multi-agent space of a computer system was developed and investigated. The main components of a multi-agent system were
identified and basic entities were formally defined as a software agent and a multi-agent space. The agent-oriented approach to
solving managerial problems and integrating information resources of distributed computing systems was formulated and

substantiated.

Keywords: information system; database; data integration; intelligent systems; heterogeneous information structures; frame;

software agent; multi-agent system; task flow.

Introduction

The modern level of social development has
determined the information technology industry as a
strategic direction where huge intellectual and financial
resources are concentrated. Information and information
management tools — software products of various
functional purposes — acquired the status of information
resources [1]. Information management, like other areas of
computer science, is undergoing radical changes in a
number of its aspects: in storage and access models, in the
scale of designed systems, as well as in basic information
technologies. A number of studies deal with the study of
issues related to the modern presentation of information,
information resources and information technologies [2—6].
And nowadays the concept of information management is
more and more extending to such an area as the
information space [7].

The information space includes everything that is
connected with the storage and purposeful processing of
information. Information resources and means of their
processing (databases, files, protocols, classifiers,
document standards, computers, network equipment,
telecommunication facilities, etc.) lie on the basis of the
information space. The information space is structured
through information systems — interrelated sets of methods
and means of collecting, accumulating and storing,
searching and analyzing, distributing and presenting
information [8]. Information resources are concentrated
within information systems (1S).

Combining resources on the basis of the information
and communication interaction of information systems
brings them to the level of corporate information
resources that are called Common Information Space

(CIS). The CIS of a region, corporation, enterprise can be
implemented by creating and maintaining the standard for
the interaction between both information systems and
individual applications.

The problem analysis and the review of the existing
methods of solving the set task

At the present stage of development of computer-
oriented methods and information management tools, the
issues of building the common information space are of
primary importance. Over the past ten years,
computer technologies have gone far beyond local
application and the worldwide computer network Internet
has opened up new functionalities for users. At the same
time, the integration level of information systems, namely
the study and development of methods for constructing
the information space, does not fully meet the
requirements of users at the present stage. The amount of
stored and processed information continues increasing,
which emphasizes the necessity to move some processing
functions of heterogeneous information to intelligent
systems. Such systems should independently obtain
information, process it autonomously, make decisions
about its further promotion within the information
space [9]. Initially, decision-making systems dealt with
similar issues. These systems were developed in two
directions.

The first one involves developing intelligent systems
for analyzing the flow of information, identifying
dependencies in this stream, compiling data. Such a
system provides a user with information that has been
analyzed and processed. The received information is
usually accumulated in databases, databanks and, if
necessary, one can get access to its resources for more

© V. Filatov, V. Semenets, 2018
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thorough studying.

The second direction involves applying artificial
intelligence methods. Such a system analyzes the situation
and then gives its recommendations on it. If necessary, a
user can learn the results and make own
decision. However, the user of an information or
information management system needs the system to be
able to affect the processes of processing and
managing information within the information space
autonomously.

The study is aimed at creating intelligent systems for
integrating and managing information resources of
distributed computing systems. Integration is considered
as the management of heterogeneous information based on
an intelligent intermediary system, which enables access
to multi-format information contained in the developed
structures - data files and databases. An intelligent system
based on software agent technology can be used as an
intermediary system. Studies in the field of agent-oriented
technologies as an integral part of the tasks of distributed
artificial intelligence, modern advances in the field of
computer systems made it possible to identify this area as
an independent rapidly developing field of research and
applications [10].

The problems of intelligent agents and multi-agent
systems have been formulated on the basis of studies in
the sphere of the distributed artificial intelligence. Agent
technologies can be applied to workflow management
[11], network management, information retrieval, e-
commerce, education [12], digital libraries and to a variety
of other applications [13].

The development of a formal-logical model of the
information space

The computing environment of a modern
corporation, institution, office, as a rule, is a server,
network equipment, local computers, office equipment for
various purposes, applied, system and special software.
All computing system resources — from user files,
database structures, application programs to system
components — are stored in files and files are stored in
named directories. Such a technology of a computing
system organization is conceptual and depend neither on
the class of tasks solved by a user nor on the type of
interaction between a server and a local computer. Thus,
the computing environment is an invariant component of
any information system and creates the information space
[14].

The information space can be represented as an
abstract algebraic system:

E=<0,5,Q>, 1)

where O is the objects of the information space; S is the
interrelations among O objects; < is object manipulation
operations in E environment.

The components of a modern computing system can
be the model objects (1), these are files of all types,
directories, logical and physical disks, personal computers

o] :{on n :L_Nl} . The relation S = {sn |n :1_N2} among

the objects of the information space determines specific
computer environment configuration E , oriented to a

specific user or users, G = {gn |n =1 N3} is a set of users.
Depending on the goals set for a user and the
computer environment, all actions are conducted on the

basis of operations Q:{qn|n =L_N4} An example of a

set of elementary operations Q={q,,q,,...q,} can be such

file manipulation operations in the information space as
{<run><copy__from__to>,.....,<delete>}. All operations
on objects at arbitrary times t;t,,...f,, tnq>t, are

initiated by the user g, of the information space on the

basis of the formalized plan of actions
2, (t),2,(t,),..Z,, (t,) orunitary action z, (t) .
Thus, the formalized task

7, =<to copy file from___to >, can be solved by the
following operations g, =<copy__from__to>.

Yalt)
4’ g”

e | ="l E0,5.0)

Fig. 1. The pattern of the user interaction with the information
space

The pattern of the interaction user — information
space is presented in fig.1.

The model of the user interaction with the
information space can be presented as follows
Vo) =€,(z,(®), I=1LN;, )

where z,(t) is the input impact on the information space
made by the user g, €G; y,(t) is the response of the
system E , that is configured for the user g, and looks
like e, .

In the general case, z,(t)is an elementary task that
the user g, eGsolves using the information system
E(O,S,0).

Elementary tasks can be can be combined into

functional tasks by combining elementary operations
;. 0,,...d, into a sequence of interrelated operations of

the algorithm a, ={0,0,,...0,}, & €A, where A isa

set of algorithms for solving functional problems.
Depending on the structure and interrelation of tasks
solved by the user, they can be combined into sequences
or task flows. The task flow of the user g, €G is called

such a sequence, P(Y,)={Yu YooY} Which meets

the following conditions:
ynj(t):enj(znj(t)): n:lT\|31 J:]-:_K 3)
znj(t)= ynj+1(t)’ 4

where j is the ordinal number of the task of the n-th user.
Let us detail the meaning of constraints (3—4). The

effect of restriction (3) is as follows. While working with

the information system, a user has a plan of sequential or
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parallel operations (actions), for example, to copy
unnecessary files to the "recycle bin", then start the anti-
virus program, then open the database file and execute a
SQL query. The meaning of constraint (4) is the following
— the result of the previous task is an indispensable
condition for starting the next task or tasks. A feature of
the task flow technology lies in the fact that tasks can
form both a sequential and an arbitrary sequential-parallel
process for solving them. The main condition for grouping
tasks into a stream is to coordinate adjacent tasks on
input/output, while at intermediate stages, a task (in the
general case) can be understood as a user action that does
not require tools to support the computer system [15].

Let us consider a special case of the task flow, when
to solve each task z,,, there is an instrumental software

package or software module m_e M , where M is a set of

software modules that implement a set of tasks z . In
addition, the conditions for the coordination of tasks in a
flow should be met. The first condition is the logical
completion of the previous task and the beginning of the
next one.

The second condition is the condition for data
coordination at the intermediate stages of the solution:

Y, () =27,.,(t), where the output data of the previous task

are the input data for the following task. Then, the general
solution of the task flow can be represented as a sequence

of solving the task zj,(t), z,, (t),...z; (t), i=LN,, j=1K.

The development and study of a software agent model
on the frame basis

For the considered class of tasks, where the user is
an "active element" to initialize their implementation and
the data formats at the intermediate stages of the
coordination coincide or the sequence of their solutions is
strictly defined, the task of autonomous task (task flow)
management can be formulated and solved basing on the
technology of software agents.

Let us introduce the basic definitions.

Definition 1.

A software agent is an application that operates in
the computer environment on the basis of the condition-
action model and is used to perform the tasks of a user
information support autonomously.

Definition 2.

A multi-agent space is an information space of a
computer system where software agents, which are either
autonomous or coordinated by a multi-agent space control
system (MASCS), operates for the purposes of a user.

Definition 3.

A multi-agent space control system is a manager that
designs, develops, implements, monitors and analyzes the
operation of a system based on the technology of software
agents.

Definition 4.

The technology of software agents is the principle of
managing information resources of a distributed
computing environment based on autonomous software
applications (software agents).

For the formal definition of the concept of a multi-
agent space, let us consider the model of the information
space (1) and the model of the multi-agent space can be
represented as:

E, =<0,,S,.Q, >. ©)

In this case, a set of objects of the information space
can be represented as O, =O U A, where A is a set of

software agents.
A set of relations S, =SUS,, where §,is a set of

relations among the agents A, and the objects of the O,
and a set of relations QQ, =Q LQ, , where Q, is a set of
operations among the agents A, and the objects of the

information space O, .

Let us consider a software agent as an abstract
algebraic system. In this case, the concept of a software
agent should involve a universal language for describing
data and means of manipulating the entire range of types
of information system data, from text files to database
files. Such a hierarchical approach to building a software
agent model is not rational for the following reasons. The
basic file types and their structure (*.txt, *.xIs and so on)
have been developed, as a rule, for specialized software
systems, thus *.doc files — for the text editor WORD,
*.dbf files — for database control systems. In very
rare exceptions these applications are closed algebraic
systems.

Recently, the attention of researchers has been
focused on the development of the concept of data type,
taking into account the principle of hierarchical
construction, without relating to initial or terminal
algebras. The hierarchical data type is constructed on the
basis of one or several primitive types (which, in turn, can
be hierarchical) that are included in the original data type
system. Each primitive type can be analyzed and
implemented separately; the information about the types
that can be constructed with it will not be used. On the
other hand, the newly created type can be considered as a
"black box", whose behaviour is evaluated in terms of
primitive types.

Basing on the above, the concept of a software agent
model as an algebraic system consisting of disjoint closed
subsystems should be considered.

Statement. In the algebraic system U, =<AQ>,

where Q=0Q,0Q , Q, ={F,..F}, Q, ={7,..7,},
A={A,A,...A} the non-empty subset A A is
called closed if YA3<F,xz >, that is, A is closed
regarding each major operation F, of this system. This

means that the result of any major operation, performed
on arbitrary elements of the set A, belongs to A again.

Let F, and x, designate operations and predicates,
determined on A, whose values on A correspond to the
values of operations F, € Q) and predicates 7, € Q. As
a result, there is the algebraic system U, =<A,Q >,
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which is a subsystem or a sub-model of the system U, .
The subsystem U, is uniquely determined by the set A

and, hence, instead of U_ =< A,Q >U_ =<A,Q> can
be used.

The above statement enables representing the model
of the software agent as an abstract data type in terms of
non-overlapping subtypes. One of the well-known
structures of data representation and knowledge that
satisfies the conceptual model of multi-agent space (5) is a
frame. To implement the technology of interaction
between a software agent and objects of the computer
environment, the frame structure can be used as a model
of a software agent. A software agent model can be
represented by a frame. In the general case, such a model
can be written as:

FR ={< R,C;.Cpy .Gy > < szszsz’--}, ©)
.C,, ><C, >

where FR is the frame name; pair <Ri,Ci> is the i-th frame
slot; Ri, is the slot name, Ci is the slot value.

Based on the frame (6), the model of the software
agent can be implemented in terms of <objects>,
<conditions>, <actions>, <priority>. The frame acts
as a universal framework or a standard shell,
into which functional modules-slots can be added to solve
specific problems of information resources
administration. Each slot can be formed from four
attributes of basic types and perform the required
operations with data. The slot in the model (6) is a logical
structure for implementing specific tasks for a frame — a
software agent.

Slots from the frame can be removed, add, change
the functionality of the slot-task. However, the classic
representation of a slot as a structure <name>, <meaning>
cannot fully represent the requirements of the conceptual
model of a software agent. Let us modify the slot structure
and transform it as:

Slot =(U, D,dom, 1;,6,9), ()

where U is a set of attribute names, D is a set of domains,
dom is the display U =D, ¢ is a set that determines
initial conditions and signs of actions in the task structure,

Q is a set of operations, and Q={(,Q,,Q,}, where O

is operations on slots-tuples, €, is operations on slot

states, Q, is operations on the values of typical attributes.
And Q, ={Q,,Q,,}, where Q, is operations on the

data of the same type, Q,,is inter-type operations, r. is
the model-tuple of the i-th task of the agent,

r={{R}, .M}, (8)

where {R}, is a set of the states of the tuple r;, Vs a set
of integrity constraints, €, <€, is a set of operations
over {R}, .

In accordance with the basic requirements for the
properties of software agents - the autonomy of operation
and the ability to perform meaningful actions, let us
consider an approach to building the model of the
software agent behaviour basing on the concept "frame-
slot” [16].

A slot in the mathematical model (7) can be
represented as a logical model when the values of the
attributes of the set  mpu 3HaueHusx arTpubyTOB
MHOKECTBA u are equal to

{<OBG >,< ACT >,<CON >,<STA>}. Taking into

consideration (8), the slot logical model can be considered
as a 2D object, whose structure is shown in fig. 2.

I {R },f — a set of tuple states |

tuple ¥ < |
OBG CON ACT PRO STA r
Fig. 2. 2D slot model
Example

The behaviour of a reflective software agent refers to
the primitive type of behaviour of the "condition-action”
type. When the condition specified by the [CON] attribute
format is met, the action determined by the [ACT]
specification is performed. The result of the task is
reflected in the only tuple state, the sign of the execution
is 1 if the action is completed successfully and O if the
action is not completed successfully, and is stored in the
value of the [STA] attribute. If a condition is specified for
repeated actions, the result of the last execution will be
displayed in the slot tuple state. The task for a reflective
software agent is to copy an Itog.txt file, which is in C\PR
directory, to C\ARXIV directory at 18.00 every day.

OBG: CON: ACT: STA:
C\PR\Itog.txt | Time=18-00 | Copy from C\PR to C\ARXIV
Ttog.txt 18-00 | Copy from C\PR to C\ARXIV 1

Fig. 3. The example of a reflexive software agent

When analyzing the actions of a reflective software
agent, one can only judge whether the last operation to
copy the file was correctly performed at 18.00.

Conclusions

The analysis of domestic and foreign sources showed
that the study in the field of integration of information
resources of distributed systems and the construction of
the common information space do not fully meet the
modern requirements of users and developers of
application software. Existing solutions based on
integration technologies do not allow heterogeneous
information structures to be actually integrated.
Basing on the study of main business processes in
information systems "user - information environment",
the model of the information multi-agent space of a
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computer system was developed and investigated. oriented approach for solving management problems
The main components of a multi-agent system were and integrating information resources of distributed
identified and basic entities were formally defined as a  computing systems and databases was formulated and
program agent and a multi-agent space. The agent-  substantiated.
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MYJbTUATEHTHUM MIJIXIJI B 3ATJAYAX YIIPABJITHHS IHOOPMAIIMTHAX
IMPOCTOPOM KOPIIOPATUBHUX CUCTEM

IIpeaMeToM IOCHi/KEHHS € IHTErpallis i ynpaBiHHs iHOpMALITHUMU pecypcaMy PO3MOIIICHUX O0UYHCITIOBATBHIX KOPHOPAaTHBHHX
CHCTEM B paMKax €JMHOro iH(opmamiiiHoro mpocropy. MeTow NPOBEACHHX MOCIIUKEHb € PO3poOKa HayKOBO-OOIPYHTOBAHHX
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MoOZeNedl MiATPUMKM IHTENEeKTyalbHUX TEXHOJOTIH iHTerpamii i ympaBmiHHSA iHGOPMAamifHUMH pecypcaMy PpO3MOIITIEHHX
O00YHCITIOBAIBHUX CHCTEM. BiIIOBITHO 1O IMOCTaBICHOI METH JOCHIKCHb Y MPEICTaBJICHIH CTAaTTI PO3TISAAAIOThCS HACTYIIHI
3aBAaHHA: po3poOka GopMaTbHO-JIOTiYHOT MO iIHPOPMAIIHHOTO IPOCTOPY, JOCIILKEHHS 1 (hopMalIi3allis areHTHO-OPi€HTOBAaHNX
3a1a4, BHOIp MOZEIi IPOrpaMHOrO areHTra, oOIpyHTYBaHHS iH(OPMAI[HOI TEXHOJOrII, COpIMOBAHOI HA €(EKTHUBHE YIIPABIIIHHS
iH(popMaIliel0 B KOPIOPAaTHBHHX CHCTEMax. Y CTaTTi OTPHMMaHi HACTYNHI pe3yJbTaTH: po3pobiieHa (opmaibHa MOICTH
iH(pOPMAIIITHOTO TPOCTOPY KOPIOPATHBHOI iH(POPMAIHHOI CHCTEMH; BH3HAYCHI POJb 1 Miclie KOpuCTyBada iH(GOpMaIiiHUMU
pecypcamu iHGOpMaLiitHOT CHCTEMH; PO3IIAHYTO 1 (OPMali30BaHO MNOHATTA 3aBJAHHS Ta IOTOKY 3aBJaHb KOpHCTyBaua B
iHpOpMaIiifHOMy TPOCTOPi; JaHO BH3HAYCHHS MPOTPAMHOTO AarcHTa, MYJIBTHATEHTHOTO TMPOCTOPY 1 CHUCTEMH YIPaBIiHHS
MYJbTHATCHTHUM IMPOCTOPOM; B SKOCTI JIOTIYHOI MOJIENi MPOTPAMHOTO arcHTa 3alpoIlOHOBaHa MOJu(iKOBaHAa aBTOpPaMH MOJEINb
(bpeitMOBOi CTPYKTYpH TPENCTaBICHHS 3HAHb;, BUCHOBOK: aHAJI3 BITYM3HSHUX 1 3apyOiKHHUX JKEpen TMOKa3aB, MO JOCHIKCHHS B
oGuacri iHTerpamii iHGopMaIifHUX pecypciB pPO3MOIUICHUX CHCTEM i MoOyIOBa €IMHOTO iH(GOpPMamifHOTO HMPOCTOPY, HE B IOBHII
Mipi BiAMOBIJAIOTh Cy9aCHUM BUMOTaM KOPHCTYBaUiB i pO3pOOHHUKIB MPUKIIATHOTO MTPOrpaMHOTro 3a0e3nedeHHs. [CHyroui pillleHHsT Ha
OCHOBI IHTETpaIlifHUX TEXHOJOTIH HE MO3BOJSIOTH 3IIHCHUTH peajbHY IHTErpallil0 reTeporeHHuX iHdopMaliiHux cTpykTyp. Ha
miZcTaBi MOCHIDKCHHS OCHOBHHMX Oi3Hec mporeciB B iH(opMaIiifHuX cucTeMax “KOpHCTyBad - iH(opmaliiine cepemosuiie”,
po3pobiieHa i JociimkeHa MoAenb iHGOPMAIIHHOrO MyJIbTHATCHTHOTO MPOCTOPY OOYHCIIOBAIBHOI CHCTeMH. BHIiNeHO OCHOBHI
KOMITOHCHTH MYJIbTHAT€HTHOI CHCTEMH 1 IaHO (hOpMaibHi BU3HAYCHHS 0a30BHX CYTHOCTEU: IPOTPaMHOMY arcHTY, MyJIbTHATCHTHOMY
mpoctopy. CHopMyapoBaHO Ta OOIPYHTOBAHO areHTHO-OPICHTOBAHHHWU MiJXiJ 10 BHPINICHHS 3aBlIaHb YMPaBIiHHS 1 iHTErpamii
THpOPMAIIITHIX PecypciB PO3MOMITICHUX O0YUCITIOBATBHUX CUCTEM.

Karwuogi ciioBa: inhopmariiiiHa ciucrtema; 6a3a JaHUX; IHTETpallis JaHWUX; IHTCICKTYalbHI CHCTEMH; TeTEPOTeHHI iH(pOpMAITiifHI
CTPYKTYpH; (peiiM; mporpaMHuii areHT; MyJIbTHATCHTHA CUCTEMA; TTOTIK 3aBIaHb.

MYJIbTUATEHTHBIA HOAXO/1 B 3ATAYAX YIIPABJEHUSA
NHOOPMALIMNOHHBIM TPOCTPAHCTBOM KOPIIOPATUBHBIX CUCTEM

IIpeameroM HccjeI0OBaHMsl SBISETCS HHTErpalds W yOpaBieHHE HMH()OPMALMOHHBIMH peCcypcaMH  paclpe/ieNIeHHBIX
BBIYMCIUTEIBHBIX KOPIIOPATHBHBIX CHCTEM B paMKax €AHHOr0 HH(MOPMAIMOHHOTO mpocTpaHcTBa. Ileibi0 MPOBOMMBIX
UCCIIeIOBaHUIT ABIseTCS pa3paboTKa HaydHO-OOOCHOBAHHBIX MOJENEil MOJIEPKKH MHTEIUICKTYAIbHBIX TEXHOJIOTHH HHTErpPaluH U
yrpasieHus: HHOOPMAIIMOHHBIMH PECYPCAMH PACIIPEACICHHBIX BBIYMCIUTEIBHBIX CHCTEM. B COOTBETCTBHY C MOCTABICHHOH LIEJIBIO
UCCIICJOBaHUII B IPEACTABICHHON CTaThe PACCMATPHBAIOTCS CIIEIYIOLIME 3afa4uM: pa3paboTka (OpMallbHO-JIOTHUECKOH MOIENH
WH(OPMAIIMOHHOTO TPOCTPAaHCTBA, HCCIEAOBaHHE W (opMann3anMs areHTHO-OPMEHTHPOBAHHBIX 3a1ad, BBIOOp MOZeENn
IIPOrPaMMHOTO areHra, 000CHOBaHHE HH(DOPMAIIMOHHOM TEXHOJIOTHH, HAIIPaBIeHHON Ha 3¢ deKkTHBHOe ynpasieHne nHdopmarmeil B
KOPIIOPAaTUBHBIX CHCTeMaX. B paccMarpuBaeMoil cTaThe IONIY4eHbI CIENYIONIME Pe3y/bTaTbl: paspaboTaHa (opMaibHas MOJEIb
UHGOPMAIIMOHHOTO POCTPAHCTBA KOPIOPATUBHON HH(MOPMAILMOHHON CHCTEMBI; ONPEACNICHBI POJIb U MECTO IOJIB30BATEN
UHGOPMAIMOHHBIMU pecypcaMy MH(GOPMALIMOHHON CHCTEMBI; PACCMOTPEHO M (HOPMAIM30BAHO INOHATHE 3aJa4d M IIOTOKAa 3a1ay
HOJIb30BaTENs B HHOOPMALMOHHOM MPOCTPAHCTBE; JAHO ONpE/eTICHHE NMPOTrPAaMMHOTO areéHTa, MyJIbTHAr€HTHOIO HMPOCTPAHCTBA M
CHCTEMBI YNpPABICHHS MYJIbTHACHTHBIM MPOCTPAHCTBOM; B KAa4eCTBE JIOTMYECKON MOJEIM MPOTPAMMHOTO areHTa HpeasiojKeHa
MOZMGHUIMPOBAHHAS aBTOpAaMH MOJAENb (PEHMOBON CTPYKTYpHl NPEICTaBICHUS 3HAHWH; BBIBOJA: aHAJIM3 OTEYECTBEHHBIX W
3apyOeXHBIX HCTOYHUKOB ITOKa3aJl, YTO UCCIIEOBAHMs B 00JIACTH MHTETPAMi HHOOPMAIIMOHHBIX PECYPCOB PACIIPE/ICICHHBIX CHCTEM
U TIOCTPOSHHE €AWHOr0 WH(GOPMAIMOHHOTO IPOCTPAHCTBA, HE B IOJHOW Mepe COOTBETCTBYIOT COBPEMEHHBIM TPEOOBAHUSIM
noyib30BaTeNnel M pa3pabOTYMKOB INPUKIAIHOTO HporpaMMHOro obecreueHus. CyllecTBYIOIIME pELIEHHS Ha OCHOBE
MHTETPALMOHHBIX TEXHOJIOTHH He MO3BOJISIIOT OCYIIECCTBUTH PeabHYI0 HHTEIPALIMIO TeTePOreHHbIX HH()OPMAIHOHHBIX CTPYKTYyp. Ha
OCHOBAaHHUH HCCIICIOBaHUS OCHOBHBIX OM3HEC MPOIECCOB B MH(POPMAIIMOHHBIX CHCTEMaX ''TOJIh30BaTeNh — HH)OPMAMOHHAs cpena”,
pa3paboTaHa M HCCIeOBaHa MOJedb WHGOPMAIMOHHOTO MYJIBTHATEHTHOTO MPOCTPAHCTBA BBIYMCIHUTEILHOW CHCTEMBI. BbIIeIeHb!
OCHOBHbBIC KOMIIOHEHTBI MYJIBTHAr€HTHOW CHCTEMBbl U JaHbl (hOpMalbHBIC ONpe/eieHHs O0a30BbIM CYIIHOCTSM: MPOrPaMMHOMY
areHTy, MyJbTHareHTHOMY mpocTpancTBy. ChopMynnpoBaH M 0OOCHOBAaH areHTHO-OPHEHTPOBAHHBIH IOJAXOJ K PEIISHUIO 3a1ad
YIpaBJICHUs] ¥ HHTETPALH HHPOPMALIOHHBIX PECYPCOB PACIIPEACIICHHBIX BHIUUCIUTEIBHBIX CHCTEM.

KmroueBbie cioBa: uHpoOpMalMoHHas cucTema; 0a3a JaHHBIX; HMHTErpaulys MaHHBIX; WHTCIUICKTYaJbHBIE CHCTEMBI;
reTeporeHHble HHGOPMAIMOHHBIE CTPYKTYPBI; (peiiM; MporpaMMHBIH areHT; MyJIbTHareHTHasi CUCTEMa,; IMTOTOK 33/1ad.
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THE MODEL OF ASSESSING THE GENERAL INTENSITY OF RESISTANCE TO
CHANGES IN AN ORGANIZATION

When analyzing the causes for the failure of previous programmes, the following issues are usually focused on: whether the results of
the programmes were timely, whether the budget was not exceeded, and whether the results met certain quality parameters. In some
cases, the analysis can testify that the programme was completed successfully, the team acted successfully, settlements with suppliers
were completed, and stakeholders and users were satisfied. But much rarely the question arises, whether the organization is really
ready for the changes that the programme implements. The subject matter of the study in this article is the process of introducing
changes to the activities of an organization. The goal is to develop a tool for analyzing the possibility of introducing changes to the
work of an organization. The objectives are to consider specific aspects affecting the results and the possibility of introducing
changes to an organization; to consider and justify the main problems and sources of resistance to changes; to develop a model for
assessing the intensity of resistance to changes. The following methods were used while studying the set problem - logical
generalization, analysis and synthesis, structural analysis. The following results were obtained: the model was developed for
calculating the total resistance to the programme of changes or transformations, taking into account the intensity of programme
implementation and its successful completion. The possibility to assess the level of resistance to changes is suggested, this level can
be both high and low since the personnel of an organization and especially its management body can be satisfied with the stability of
the company. The features of change programmes were analyzed and the main problems related to the personnel were specified. The
problems were divided into two components: a component which relates to the organization management body and a component that
is directly linked to the team working on the programme. Conclusions. The start-up tool for analyzing the implementation of the
change programme in an organization was developed, that is, if the resistance to changes is higher than the organizational potential of
a company, there cannot be any benefits from implementing the programme of changes. Therefore, the general resistance to changes
in the organization should be reduced and only after that any change programmes and projects can be considered.

Keywords: changes; resistance to changes; programme management; change management; programme board; programme
team.

Problem statement

The analysis of recent studies and publications

Outdated forecasting models under the changing
economic situation and ambiguous steps of global
regulators cannot give the precise picture of the world to
economists, analysts and experts. Efficient social and
economic policies cannot be built without this. Moreover,
forecasts which are not backed up by a practical part are
not needed today, so the forecasting segment itself has
changed a lot over recent years, although traditional
methods have remained the basis. The basic economic
models appeared as obviously out-of-date after the 2008
crisis when it became clear that companies and
governments were not ready for such challenges and
problems because they had not been predicted by anyone
or simply had not been taken seriously. The mutual
integration of the branches of science, economics,
industry, and the huge number of "dead zones" which all
experts have not even tried to consider previously cause
the need for a new approach.

This can be seen using the example of such a modern
industry as project and programme management. When
analyzing the causes of the failures of previous
programmes, whether the results of the programmes were
timely, whether the budget was not exceeded, and
whether the results met certain quality parameters.
In some cases, the analysis may indicate that
the programme was successfully completed, the team
acted smoothly, settlements with suppliers were complete,
and the stakeholders and users are very satisfied.
But much rarely the question arises, whether
all the benefits that had been stated and forecast
at the moment of obtaining the investment were
achieved due to the programme.

Among the main scientific approaches in the field of
project and programme management, the following ones
should be singled out: systemic and programme-oriented
(V. Glushkov, B. Miller, R. Pospelov, A. lirikov,
D. Cleland and others), the theory of complex system
management (Ye. Druzhinin, M. Mesarovich, |. Takahara,
N.  Moiseev, Yu. Germire, V. Volkovich,
V. Mikhalovich), classical theory of project management
on the basis of PMBOK standard (V. Voropaev,
S. Bushuev, N. Bushueva, I. Belokon, V. Rach, R. Tian,
V. Shapiro, I. Mazur, B. Demidov and others), the system
of knowledge on managing the innovative projects and
programmes of enterprises — P2M (S. Bushueyv,
N. Bushueva, Hiroshi Tanaka, Shigenobu Ohara).

The main principle of the programme-oriented
approach is planning from goals to means [1, 2]. The
approach involves a comprehensive system solving tasks
taking into consideration all significant factors,
connections and constraints, and also implies the
responsibility of all performers for achieving the goal.

The complexity and diversity of problems and
systemic situations that arise in the organizational system
requires the development of formal procedures of
organization and management. To do this, at the initial
stage, in accordance with the programme-oriented
approach, a project goal (goals) should be set. The
achievement of the desired result is based on the hierarchy
of goals, the main techniques of their building are
described in papers [3,4,5].

The theory of managing innovative projects and
programmes of enterprises was founded in 2009 [6].
S. Bushuev, N. Bushueva, Hiroshi Tanaka have
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systematized the methods and models of managing
innovative projects and programmes of an enterprise.
They created a new "quality vision" that was adapted to
the conditions of the development of Ukrainian
technological clusters. Also, the positive component of
this scientific approach undoubtedly lies in the fact that it
is based on the mechanisms that help enterprises develop
and widely use innovations in production activities.

The goal of the article

Traditional approaches to managing programmes and
projects are still used by many organizations to manage
and implement changes. But such methods are likely to
lose their efficiency as the nature of changes and the
problems that arise in connection with them are becoming
more and more serious. There are three trends that
determine the need to implement new approaches to
introducing changes to an organization. First, changes in
the organization are becoming more complex and
interconnected. Second, the realization of real business
benefits involves inter-functional and interdisciplinary
coordination of changes. As a rule, this is the
transformation of processes, systems, structures, and often
co-operation with third parties who act as suppliers and
partners. And third, the available organizational structures,
processes and systems do not support this kind of activity.
Therefore, there appears a need to develop new tools for
managing programme changes in an organization that
would cover all three trends. So, this article deals with the
development of such a tool.

Basic material

It is becoming increasingly apparent that traditional
methods of responding to changes and managing changes
do not produce the expected results any longer and in
some cases, unintentionally cause new problems.
The authors believe that this happens due to two
problems:

The first one is the distinction of independent
changes from the dependent ones. In the past, the
requirements for changes (as well as their impact) were
often limited to solving the problems of a particular
functional unit or business area. Today, the stable system
relationships between the most important initiatives aimed
at making changes in a specific organization are
becoming more evident. There is not a single problem in
isolation and "point solutions" are most often associated
with possible costs and side effects that arise outside the
direct impact of any particular problem. Increasingly, the
changes do not only determine the boundaries
between people, processes, technologies, departments
and  geographically distant branches of one
organization but go beyond the boundaries, affect
suppliers, customers, strategic partners and other third
parties.

The other problem includes the basic the main
concerns of the organization against initiatives aimed at
implementing changes. In the past, the attention of
managing teams was focused primarily on running an

enterprise. Any projects or initiatives were often
considered secondary and, as a conclusion, the enterprise
administration only paid attention to managing them only
when there was time. In markets which are stable,
managers direct their efforts mainly to meet the needs of
production. But in today's dynamic markets and
intensively competitive environment, the size, scale and
characteristics of changes are becoming weightier. This
means that the amount of efforts spent on the
implementation of these initiatives is substantially
increasing. Unfortunately, the existing organizational
structures, for the most part, are aimed at "ordinary
business management" rather than at the implementation
of unique initiatives related to the transformation.
Strategic initiatives aimed at making changes cannot be
managed any longer by expanding available project
management activities. This requires a new approach.

One of the versions of the new approach can be the
model below, at least it can help handle the second
problem.

To study the programme of changes and
transformations in an organization, the model was
modified; its basis is described in [7,8], which is as
follows:

I=U/R; (1)
R=f(R,.V,F,E), (2)

where 1 is the intensity (integrated flow of resources) of
programme implementation; U is the organizational
potential (which can be considered as driving forces) of an
enterprise; R is the general level of resistance to changes
which the programme implements (similar to electric
resistance); R, is the basic resistance to changes in an

organization (it can correspond to the level of the
enterprise technological maturity); v is general features of
the desired future; F is the uncertainty of the programme
implementation at the start; E is the general resistance to
changes which are implemented by the programme from
the stakeholders [9,10].

E=<Eb,E°>, (3)

where E® is the general resistance to the changes of
stakeholders that are inside the organization; E° is the
general resistance to changes of external stakeholders.

And driving forces are calculated according to the
formula:

(4)

where a; is the weight coefficients of driving forces; u; is

the rates of driving forces — (0, 1).
The general resistance is calculated as follows:

L K
zb|r| zbkrk
_1= =
L K
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where b, is the weight coefficients of the internal
resistance; r, is the rates of internal resistance — (0,1); b, is
the weight coefficients of external resistance; r, is the

rates of external resistance — (0,1).
The dependence of the vision of the desired future
characteristics is formed as follows:

V =g,/log(tg,) , (6)

where g, is the weight coefficient of the uncertainty of the
desired future vision; g, is the coefficient of the rate of

updating the characteristics of the desired future vision;
t is the time for programme implementation.

The dependence of the uncertainty of the programme
implementation at the start is as follows:

F=n/log(tn,), @)

where n,is the weight coefficient of the general
uncertainty of the programme start; n, is the rate of

updating the characteristics of the programme start; t is the
time for programme implementation.

Basing on the given model of the calculation of the
total resistance of the programme of changes or
transformations and taking into account the intensity of
the programme implementation and its successful
completion, the general level of resistance to changes can
be determined as high or low. In this case, it is necessary
to accept the limit value of the high level of resistance.
Thus, it can be concluded whether the staff of an
organization and especially its management body, are
satisfied with the stability of the organization.

Thus, a start-up tool for analyzing the
implementation of the programme of changes or
transformations in an organization is obtained, that is, if
the resistance to changes is higher than the organizational
potential of the company, there cannot exist any benefits
from implementing the programme changes. Therefore,
the general resistance to changes in the organization
should be reduced at first and only after that any
programmes and projects can be considered.

Let us detail the factors that can contribute to
increasing the internal resistance in the organization, in
terms of the features of the change programmes.

But before describing the main features of the
preparedness of the administration and the team for
implementing the programme of changes, the main
features of the programme of changes should be
determined:

- the program can be permanent and do not end until
the decision to complete it is made or when it loses its
relevance;

- the programme spreads when new information is
received. One should be prepared to the fact that the basic
results will be determined and the plans will be improved
regularly.

- programmes are always more complex than
projects and can have several different results, each one
having its own value. But the total value of the results of
the change programme is always significantly higher than

the sum of the values of programme results taken
separately.

Now, after the peculiarities of the programme of
changes have been detailed, the main problems associated
with the personnel of the organization can be
considered. The problems we will divide into two
components: the component that belongs to the
management body of an organization and the component
that relates to the team which directly works on the
programme.

The problems of the management body are as
follows:

1. Senior management in organizations is usually
formed on the basis of functional roles and types of
responsibilities aimed at managing current operations but
not at implementing integrated unique initiatives.

2. The style and skills of management and
administration that are relevant to managing current
operations often do not seem to be suitable for managing
complex initiatives related to changes;

3. Middle-rank managers (but not high-level ones)
are usually responsible for the success or fiasco of
initiatives in the organization. This results in a
discrepancy between the reporting procedures and the
powers that are required to accomplish the tasks.

4. Lack of reporting and accountability can result in
dysfunction of initiatives where high-level stakeholders do
not come to an agreement and try to affect the programme
they are not responsible for.

The problems of the team that works on the
programme are as follows:

Potential team members do not always want to leave
the usual career structure and refuse the set growth
opportunities within linear functions in order to try
themselves as a project/program participant related to,
according to popular belief, a more serious personal risk
and limited career opportunities.

If team members are engaged in fulfilling their
functional responsibilities within the current activities of
an organization, the loyalty of individuals will primarily
be directed to the usual work organization. Function
leaders also reluctantly agree to release their most
valuable resources for working on projects or
programmes.

Team members with experience in performing
operational functions often find that the terms of work on
a programme or project are inconvenient and problematic
for them and they are not constantly satisfied with them
like they are satisfied with their usual daily activities. And
in the end, even the most talented employees can get rid of
the motivation.

The success of projects and programmes often
depends on specific deficient skills. Failure to recognize
this at the stage of planning and developing a schedule for
implementing initiatives leads to the creation of projects
and programmes whose resource requirements cannot be
met.

To solve the above problems, the following tools and
techniques are suggested for using (Table 1 "Programme
management and control”, Table 2 "Team building and
developing").
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Table 1. Programme management and control

Methods and tools

Explanations/advantages

Assessment of management organization

The structure of the organization management body is
studied; the assessment is made to understand if this structure is
suitable for managing successful programmes as well as for
monitoring current activities.

It is better to use the methods that are built on the basis of
the model of the enterprise technological maturity that are
described in [2, 11]

It determines the balance between the work on the
programme and current activities as compared to the balance
between primary responsibility and the concentration of the
attention of the management body. It can lead to restructuring
the executive management to ensure strong leadership and
purposeful management of important programmes.

The matrix of management responsibility distribution

It identifies specific types of role responsibilities and
accountability in the sphere of programme management
activities.

A clear definition of roles and areas of responsibility will
allow the programme team to identify and require managerial
support to accelerate decision-making or problem-solving.

Master-class with management body and programme
support group

Objectives, tasks and expectations form the programme
implementation are developed and formulated.

The master-class technique is described in [12]

A clear definition of the requirements of the stakeholders
allows the team members to understand what is necessary to be
done for success and what it should be like.

Training and developing management body

If relevant, in order to support the programme
implementation, managers can be appropriately trained, which
will allow them to understand better the nature of the future
programme, the risks associated with it, and to understand the
problems and requirements that may arise in the programme
team.

It helps to achieve some level of common ground with
management regarding the nature of uncertainty and
manageable risks as well as the peculiarities of information and
problems that will likely result from the implementation of the
programme. It can also contribute to a deeper understanding of
those areas of activity in which managerial methods that are
different from the typical day-to-day management would be
more effective.

Summing up the data in the table, the following
conclusions can be made:

- The roles of senior executors involved in managing
and supporting decision making need to be clearly
determined.

- The appropriate authorities should be created: the
organizing committee, the project commission, the board
for monitoring the changes in the programmes.
These structures may differ from existing organizational
structures and their relationship should be clearly
defined.

Let us detail these organizational structures.

The organizing committee

This is a committee that usually includes a person
who supports the project or programme, as well as other
executives who are interested in the success of the
programme or project. The role of the organizing
committee is to monitor the implementation of initiatives.
If problems arise, it acts as the decision maker. The
organizing committee strategically evaluates the
management of risks associated with the programme and
approves the risk response strategy. The organizing
committee is also responsible for making changes to the
budget of the programme or project and for using funds
which are allocated for an emergency.

A successful organizing committee has the following
features:

- it comprises people who are officially interested in
the programme implementation and are authorized to
made decisions and complete tasks;

- it is able to consider a programme in the context of
more general strategic problems;

- it is responsible for decisions it makes.

The project commission

Within the programmes that are characterized by
constant attention to the technical aspects of products, the
project commission can as a body responsible for the
consistency and the possibility of applying product design.
This group is responsible for ensuring that the draft
decision fully meets the needs and objectives of the
organization and serves as the main functional unit
providing quality and control.

The board for monitoring changes in programmes

If a project is complex in nature, joint requests for
changes can be insufficiently evident in terms of the
programme management group. The board for monitoring
changes in programmes comprises those who are good at
technical issues of products that are realized by an
organization, at technological processes and methods as
well as at available risks. This board is responsible for
assessing the impact of changes in terms of costs,
schedule and, what is most important, of risks. To work
efficiently, this board needs powers that allow it to say
"yes" or "no" to specific changes.

Traditionally, the project commission and the
programme for monitoring changes in programmes along
with the programme manager are accountable to the
organizing committee.

Based on the data presented in the table, it can be
concluded that the building of highly efficient teams for
working on programmes and projects requires support that
is expressed in the relevant HR management policy:
personnel selecting, training, managing the results of
operation, schemes of paying rewards and bonuses and
career growth for those who work on projects and
programmes.
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Table 2. Building and developing the team that implements the programme

Methods and tools

Explanations/advantages

Opening meeting

Master classes are designed to mobilize the team and to
familiarize them with the task quickly. Key points include
working models, goals and objectives, context and experience.
The tools are described in [2, 13]

It introduces the programme to team members,
contributes to the general understanding of the context,
methodology, vision and objectives of the programme.

The Statute (Charter) of the team

The document is created by the team working on the
programme and defines the models of work, the principles of
collective interaction as well as the policy of work with
personnel and procedures.

It is often created in the format of the master class during
the opening meeting or the period that continues alongside it. It
is an introductory package of documents for the team. More
details are given in [12]

The development of the statute allows the team to
elaborate a set of constructive principles and behavioural
patterns that together are a centrepiece of the collective culture
that promotes mutual respect, support, teamwork and the
achievement of results.

The matrix of team skills
It visualizes the team that work on the programme and the
skills that this team should have [14]

It allows the program management body to match the
requirements for roles with the skills that are available in the
team and to identify the need for training or alternative
resource supply.

Team summary meetings

Permanent actions conducted in accordance with the
schedule, where the team evaluates their activities, analyzes the
experience gained and provides the latest information on the
implementation of the programme [15].

It promotes the team's common understanding of the
programme and the roles of team members in the wider context
of the programme implementation. In addition, it strengthens
the combat spirit, moral condition and team culture.

Assessment of team activity results

This is an officially recognized process within which the
team sets goals. The results of the programme implementation
are assessed according to these set goals.

It ensures the stable management of the career growth for
team members who work on the programme. It also provides a
mechanism for fair distribution of recognition and monetary
awards.

Another characteristic that can lead to an increase in
resistance to change is the change itself.

Sometimes, the following formula for assessing
driving forces can be used instead of (4) for the sake of
simplicity

U= C—h — max, (8)
M
where Ch is the organization preparedness to changes;
M is the scope of changes.

That is, the greater the preparedness of an
organization to changes, the greater the driving
forces and, accordingly, the greater the scale of the
changes, the more efforts are needed to implement the
program.

Let us detail the concept of the scale of changes and
the preparedness of an organization to changes.

The scales of planned changes are characterized by
the following indicators:

-a number of stakeholders
implementation of changes;

- the influence on the main areas of competence;

- time limits for implementing changes;

- the number of people who are affected by changes;

- the stage of necessary behavioural transformations;

-a number of simultaneous transformations in
processes, technologies and skills.

To assess the preparedness of an organization to
changes, the following aspects should be analyzed:

- support from decision makers;

-the degree of agreement among management
(managerial consensus);

involved in the

- the awareness of the need for changes by those who
are under their influence;

- history  (successful/unsuccessful)
changes;

- the need to transform the culture of the company;

- resources allocated for the implementation of
changes.

of previous

Conclusions

The article presents the model for assessing the
overall intensity of resistance to changes in an
organization. Basing on the given model for calculating
the total resistance to the programme of changes or
transformations and taking into account the intensity of
the programme implementation and its successful
completion, the total level of resistance to changes can be
determined; this level can be both high and low since the
personnel of an organization and especially its
management body can be satisfied with the stability of the
company.

One of the main causes for the high resistance to
changes due to the lack of effective leadership and
teamwork were also considered because quite often these
areas of activity in organizations are not sufficiently
developed and very little time and efforts are given to the
effective program support. To solve these problems, the
list of tools and measures was proposed (Table 1,
Table 2).

Thus, a start-up tool for analyzing the
implementation of the programme of changes or
transformations in an organization is obtained, that is, if
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the resistance to changes is higher than the organizational the general resistance to changes in the organization
potential of the company, there cannot exist any benefits  should be reduced at first and only after that any
from implementing the programme changes. Therefore,  programmes and projects can be considered.
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MOJIEJIb OI[IHKH 3ATAJIbHOI IHTEHCUBHOCTI OIIOPY 3MIHAM B
OPT' AHI3AIIIT

ITpu npoBeseHH] aHaNi3y IPHYMHE HEBAA4i MUHYJIHX HIPOrpaM, MU 3a 3BHYail KOHIEHTPYEMO YBary Ha HAaCTYIHHUX MHTaHHIX: Oyiu
pe3ysIbTaTH MPOTPaMU CBOEYACHUMH, BUTPHIMAHO MeKi OI0/DKETY, YH BiINOBIIAIOTH BU3HAYCHUM IapaMeTpaM SKOCTI pe3ylbTaTd. B
IHIUX BUMAJKaX aHaji3 MOXKe MOKa3aTH, M0 MporpaMa BUKOHAHA YCIIIIHO, MisUThHICTh KOMaH/I! YCIIITHO 3aBEPIICHA, PO3PAXyHKH 3
MMOCTaYaIbHUKAMHU 3aKiHYCeHO, a 3allikaBJicHI 0coOM Ta KOPHCTyBadi BEJIbMH 3aJ0BoJicHI. Habarato piamie 3BYYHTh HHTaHHS,
HaHOLIBII JOIMIIbHE HIXK yCi iHII, a caMe YM JIHCHO opraHisaiis Oyja TOToBa JO 3MiH, 0 BIpoBapkye nporpama? Ipeamerom
JIOCII/DKEHHST B JIaHIA CTAaTTi € TPOIeC BIPOBA/KCHHS 3MiH Y JisUTbHICTH opraHizamii. MeTra — po3poOKa iHCTPYMEHTY aHAi3y
MOJKJTMBOCTI BIIPOBAKCHHS 3MiH Y pOOOTYy opraizaiii. 3aBAaHHA: PO3IIIIHYTH KOHKPETHI aClEeKTH, 10 BILUTUBAIOTH HA PE3yJIbTaTH
Ta MOXKJIMBICTh BIPOBAKCHHS 3MiH B OpraHizallii; po3rJIsSHYTH Ta OOIPYHTYBaTH OCHOBHI IIPOOJEMH Ta pKepeia OImopy 3MiHaM;
pPO3pOOHMTH MOJETh OIIHKM IHTEHCHBHOCTI OIMOPY 3MiHaM. MeToaM JOCJiIKeHHsI: JIOTiYHE y3arajibHCHHS, aHajli3 Ta CHHTE3,
CTpyKTypHHH aHami3. Pe3yabraTm: Po3po0ieHO Mozenb po3paxyHKy 3arajJbHOTO OMOpY Hporpami 3MmiH a0o mHepeTBOpeHb 3
ypaxyBaHHSIM IHTCHCHBHOCTI peali3allii mporpaMu Ta ii yCHIOTHOTO 3aBeplicHHS. HamaHo 3MOTy BH3HAYWTH OI[HKY PIBHS OMOPY
3MiHaM, SKa MO)Ke OYTH SK BHCOKOI TaK i Majolo, OCKUIBKH TMEPCOHaN Oprasizamii, a 0COOJHBO HOT0 KEPIiBHHUIITBO MOXKE
BJIAIITOBYBaTH CTAOLIBHICTH IOJIOXKEHHS KommaHii. [IpoaHanizoBaHO OCOOIMBOCTI MporpaMm 3MiH Ta BHALIEHO OCHOBHI IpoOiemH,
OB’ sI3aHi 3 IEpCOHaIOM opranizaiii. [TpobieMy MOiIeHO Ha JBi CKIIAZ0BI: CKJIAJA0Ba, 10 BiIHOCHTHCS 10 KEPIBHUIITBA OpraHi3ariii,
Ta CKiIagoBa Oe3MocepefHbO KOMAaHIW, IO MPAIO€ Hal MPOrpaMoio. BHCHOBKM: OTPUMAaHO CTapTOBHH IHCTPYMEHT aHAIi3y
BIIPOBA/DKCHHS MIPOrpaMH 3MiH a00 MEepeTBOPEHb Y OpraHisaiii, TOOTO SKIO OMip 3MiHAM BHINMH 3a OpraHi3alliiHUA MOTEHIIiaT
KOMIIaHii, TO He Mo SKi IepeBary BiA peanizalii mporpamMu 3MiH MOBH WTH He Oyae. Tomy moTpiOHO cnoYaTKy 3HW)KYBATH 3aralbHUHA
omip 3MiHAM y OpraHi3aiii, a JIMIIe Hicis TOro MOKHA TOBOPUTH IPO OyIb-5Ki MPOrpaMu Ta IPOEKTH.

KmrouoBi cioBa: 3MiHHM; omip 3MiHaM; yIpaBliHHSA HporpaMaMy; YIPaBIiHHS 3MiHAMHU; KEPIBHUITBO IMPOTpaMu; KOMaHMAA
MPOTPaMHU.

MOJIEJIb OIIEHKH OBIIEN MHTEHCUBHOCTHA COITPOTUBJIEHUS
N3MEHEHUAM B OPTTAHU3ALIUN

Ilpn mpoBeneHWM aHanu3a NPHYMHBI HEYAA4W IPOIDIBIX IPOrPaMM, MBI OOBIYHO KOHLEHTPUPYEM BHUMAHHE Ha CIIETYIOIINX
BOIIpOCax: OBLIM JIM Pe3yibTaThl NPOrPaMMbl CBOEBPEMEHHBIMY, BBIAEPKAHBI I PaMKU OIOKETa, COOTBETCTBYIOT JIM PE3YJIbTaThI
ONIPENENeHHBIM MapaMeTpaM KadecTBa. B Ipyrmx ciydasx aHaaM3 MOXKET II0Ka3aTh, YTO IPOrpaMMa BBIOMHEHa YCIEIIHO,
JIeATeTbHOCTh KOMAH/IBI YCIIEIIHO 3aBEPIICHA, PAcueThl C ITOCTABIIMKAMK 3aKOHYEHBI, a 3aMHTEPECOBAHHBIC JINIA U TIOIH30BATENN
BeCbMa JIOBOJBHBL. ['0pa3no pexke 3BYIHT BOIPOC, Hamboee IenecooOpas3HbIil 4eM BCe OCTAIbHbBIE, a IMEHHO JEHCTBUTENHHO JIN
opraHm3anyus ObUIa TOTOBA K M3MEHEHMSIM, KOTOphIe BHeApseT mporpamma? IIpeamerom mccrieqoBaHus B JaHHOW CTaThe SBISETCS
IpoLiecC BHEAPEHHSI U3MEHEHHH B ASSTENbHOCTh opraHu3anuu. Lleab — pa3paboTka HHCTpYMEHTa aHann3a BO3MOXKHOCTH BHEIPEHHUS
W3MEHEeHUH B paboTy OpraHm3anuy. 3aJa4yd: PacCMOTPETh KOHKPETHBIE ACHEKTHI, BIMSIONINE HA PE3yNbTaThl M BO3MOXKHOCTH
BHEJPCHUs] M3MEHEHHII B OpraHM3alluy; PacCMOTPETb M OOOCHOBAaTH OCHOBHBIE MPOOJIEMBI W HMCTOYHHKH COIPOTHBICHHUS
W3MEHEHUsIM; pa3paboTaTh MOJENb OIEHKH MHTEHCHBHOCTH CONPOTHBIECHHS HW3MEHEHUsM. MeTOABI VMCCIIEOBAHUS: JIOTHYECKOE
o0o0uieHne, aHaIW3 M CHUHTE3, CTPYKTYpHbIH aHamu3. Pe3yapTarhl: PaspaGorana mopens pacyera oOIIEro CONPOTHBICHHUS
nporpaMmMe M3MEHEHHH WM NpeoOpa3oBaHMil ¢ yUEeTOM HHTEHCHBHOCTH pEalM3aliM IPOTPaMMbl U €€ YCIEIIHOTO 3aBepLICHHS.
IMpenocTaBneHa BO3MOKHOCTh OMPENEIUTh OIEHKY YPOBHS CONPOTUBIICHUS H3MEHEHHSM, KOTOPast MOKET OBITh KaK BBICOKOH, TaK U
MaJioif, MOCKOIBKY IIePCOHAl OPTaHU3AIMH, 8 OCOOEHHO €Tr0 PYKOBOACTBO MOXKET YCTPamBaTh CTAOMIBHOCTD ITOJIOKEHNST KOMIIAHHH.
IMpoanamm3upoBaHEl 0COOCHHOCTH MPOTpaMM M3MEHEHHH W BBIJIETICHB OCHOBHBIE MPOOJIEMBI, CBSI3aHHBIE ¢ epcoHanoM. [Ipobmemsr
pa3lieneHsl Ha JBe COCTABIIIONINE: COCTAaBIIONIAsl, KOTOpAas OTHOCUTCS K PYKOBOJCTBY OPTaHM3AIlMH, W COCTaBIIIOMIAS
HETIOCPE/ICTBEHHO KOMaH[pI, paboTaromied Haja mporpaMmoil. BBIBOABI: IMONy4YeH CTapTOBBIH WHCTPYMEHT aHalInW3a BHEIPEHHS
MIPOrpaMMbl H3MEHEHHUH WM NpeoOpa3oBaHuil B OpraHU3alvy, TO €CTh €CIH COMPOTHUBICHHE H3MEHEHHUSIM BBIIIE OPTraHU3alIOHHOTO
MOTEHIMalIa KOMIIAHUH, TO HA O KaKHUX IPEUMYIIECTBA OT peaM3aliy IPOrpaMMbl U3MEHEHHH peur unTH He Oynet. [loaToMy HyXHO
CHaJana CHWKaTh OOIlee CONPOTHBICHHE M3MEHEHMSM B OpPraHM3allMH, a TOJBKO IOCIE ITOTO0 MOXKHO TOBOPUTH O KaKUX-JIHOO
MporpaMMax U MPOEKTax.

KnioueBble cJI0Ba: HM3MEHEHHs; CONPOTHBICHHE W3MEHEHMSM; YIPABICHHE IPOTPaMMaMHM; YIPABICHHE W3MEHEHUSIMHU;
PYKOBOJCTBO IPOTPAMMEL; KOMaH/a IPOTPAMMBI.
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M. B. IIATIOBAJIOB, B. /1. KOBAJILOB, {. B. BACWJILYEHKO

BIIJIMB PE3YJIBTATIB BUPOBHUYUX BUITPOBYBAHBb TBEPJOCIIJIABHUX
PIBAJIBHUX IHCTPYMEHTIB, 3SMIIIHEHUX OIMII HA NIIBUILIEHH A
EOEKTUBHOCTI TEXHOJIOI'TYHOI'O ITPOLHECY PI3BAHHSA

IIpeqMeToM 1oCHi/DKEHHS B CTAaTTi € Mpollec 3MIIHEHHS pi3albHOTO IHCTPYMEHTY Ul BaKKMX BepcrariB. Mera pobotu —
MiJBHIICHHS EKCIUTyaTalliiiHOTO Pecypcy, HaJiiHOCTi, MIIHOCTI 1 3HOCOCTIHKOCTI TBEPJOCIUIABHHUX DPI3aIbHUX IHCTPYMCHTIB 3a
paxyHOK 3MiI[HEHHsI 0OpOOKOIO IMITYJIbCHIM MAarHiTHUM IOJeM. B cTaTTi BHPINIyIOTBCS HACTYIHI 3aBAAHHN: BCTAHOBUTH OCHOBHI
(axTopw, IO BIUIMBAIOTH Ha 3MiHY 3HOCOCTIMKOCTI TBEpAOTO CIUIABY, KUl 3MillHEHHIT 0OpOOKOIO IMITYyIECHUM MarHiTHHM IIOJIEM;
JIOCITIZIUTH BIUIMB PE3YJIbTATIB BUIPOOYBaHb TBEPIOCILIABHUX Pi3allbHUX 1HCTPYMEHTIB, siKi 3minHeHi OIMII Ha npoayKTHBHICTH B
BUPOOHMYMX YMOBaX; BCTAaHOBHTH BIUIMB 3MilHeHHS OIMII Ha MOKa3HUKH EKCIUTyaTaliiHOI CTIMKOCTI 1HCTPYMEHTY; AOCIIIUTH
B3aeM03B's130K rmapamerpis OIMII, mapameTpiB TEXHOJIOTIYHOIO MPOLECY Pi3aHHs 1 e(heKTUBHOCTI BUpOOHUITBA. OTPHMAHO HACTYITHI
pe3yJbTaTH: HAa MiJICTaBl BUPOOHMYMX BUNPOOYBaHb TBEPIOCIUIABHHUX Pi3aJbHUX IHCTPYMEHTIB BCTAHOBICHO, IO 3aCTOCYBAaHHSI
00pOOKH IMITyJIbCHIM MAarHiTHUM II0JIEM CIIPUS€E MiJBHIIEHHIO 3HOCOCTIHKOCTI pi3aJbHHUX IHCTPYMEHTIB, 3MEHIIEHHIO KoedilieHTa
Bapianii CTIHKOCTI, MTiABUIIEHHIO raMMa-BiJICOTKOBOI CTIHKOCTi, 3SMEHIIEHHIO KUTBKOCTI BUKPHUIITYBaHHS, TOJJOMOK B 30HI IPHPOOITKY
iHcTpyMmenTy. 3actocyBanus OIMII no3Bosise ONTUMI3yBaTH PEXKUMH Pi3aHHS 33 NPOIYKTUBHICTIO 00pOOKH, coOiBapTOCTI omeparii i
IHCTpYMEHTAIBHUM BUTpaTaM. BCTaHOBIICHO, 110 MTPH BaXKKUX YMOBAX Pi3aHHS JOLIIBHO ONTHMI3YBaTH PEKHUM Pi3aHHS 110 BEINYUHI
mojavi 3 ypaxyBaHHSAM PO3CIIOBaHHs CTIMKOCTI IHCTPYMEHTIiB. BUCHOBKM: 3aCTOCYBaHHS OOpOOKH IMITYJIbCHUM MarHiTHHUM TOJEM
CIIpHs€ MiIBHUIIEHHIO CTiHKOCTI iHCTpyMeHTIB B 1,2 — 2,0 pa3u Ta 3HWKeHHIO KoediuieHTy Bapiamii criiikocti B 1,3 — 3,1 pasm.
INamMa-BicOTKOBA CTIMKICTh IHCTpYMEHTIB mifBUIIyeThCsA B 1,7 — 2,8 pa3u. OntumansHa CTiliKicTs migBuInyeTsest B 1,4 — 2 pasy,
onTuMaibHa noxada — B 1,15-1,3 pasu. BusnaueHo 3anexHICTh IPOXYKTUBHOCTI 00poOku piswsamu micias OIMIIL, Bix HanpyxeHOCTI
MarsiTHOro moust H, Mesxi MilHOCTI TBEpHOTO CILUIaBy O, , BMICTY KoOanbTy B TBepAoMy ciuiasi C;, yacTotu imMiyibeis f.

KurouoBi cioBa: o0poOka iMIyIBCHMM MAarHiTHHM II0OJIEM; TBEpAOCIUIABHUI 1HCTPYMEHT; BHPOOHMYI BHUIPOOYBaHHS;
CTIHKICTB; Koe(illieHT Bapiawil CTIHKOCTI.

Beryn BJIACTUBOCTEH y MeETalopi3albHOTO IHCTPYMEHTY IicCisA

OIMII, mocsiraeThcs 3a paXyHOK CIIPSMOBAHOI Opi€HTAIlii

ITimBumerHs  eEeKTHBHOCTI  METAloOpi3adpbHOTO  BUIBHMX — €JNEKTPOHIB PEYOBMHH 3OBHIIHIM  IOJEM,
00JIaITHAaHHS BUMarae ocoOJMBOi yBardu 0 CTaOUILHOCTI BHACITJJOK 4oro 30iMbIIY€EThCS TCILIO- i

CJIeKTPONPOBIIHICTh MaTepiany. OCHOBHHMH TepeBaraMu
OIMII €: 3Mil[HEHHsI METaJOpPi3aJbHOTO IHCTPYMEHTY
Oyab-KOi ~ KOHCTPYKINi, MPOCTOTa  TEXHOJOTIYHOT
OCHACTKM 1  BIJCYTHICTh  BUTpPAaTHHX  MaTepiajis,

00poOKHM jgeraneil, CKOPOYCHHIO IIPOCTOIB BEpCTATIB, Y
TOMY YHCII 3 BHHH BiJIMOB pI3aJIbHUX I1HCTPYMEHTIB.
Oco0aMBO 1 BaJIMBO Uil Bakkux BepcrariB 3 UIIK,
BapTICTh NPOCTOIB SAKHUX OyKe Benuka. Tomy mpoOiema

MIABUINCHHS HAMIAHOCTI Pi3aJbHOTO I1HCTPYMEHTY IS
BaXKHUX BepcTaTiB HalOyna OCOOJNMBOI aKTyaJbHOCTI.
JocnimkeHHs: MeToy OOpOOKH IMIYJIbCHHUM MAarHiTHUM
mojieM  IHCTPYMEHTIB  MOKa3ajid  BHCOKY  HOrO
e(exTnBHicTh. Moro mepesara € B HEBHCOKHX NOTpeOax
JI0  CHEPrOBUTPAT,  BUTpaT  HAa  BUTOTOBJICHHS
yCTaTKyBaHHSI.

AHaJti3 npo6semu i icHyl0UHX MeTOoiB

Burparu npu ekcruryararii BUpoOiB B 3HA4HIA Mipi
3ayexarb  Bin  (i3WKO-MEXaHIYHUX  BJIACTHBOCTEH
MaTepialiB, IS MiABUIICHHS SKUX 3aCTOCOBYIOTBCS Pi3Hi
MeToau 3MinHeHHS. llpu 1poMy Oinpml e(heKTUBHUMH €
METOJH, AKi JO3BOJIAIOTH MOJINIIYyBaTH (Hi3MKO-MeXaHIuH]
BIIACTUBOCTI MartepiamiB 3a 00'eMoM. J[0 Takux METOIiB
BITHOCUTBECA MeETOJ OOpOOKM IMIyIbCHHUM MAarHiTHUM
mosem (OIMII) [1, 2, 3]. Cyraicte OIMII mossirae B
TOMY, III0 METAJOpi3albHUH IHCTPYMEHT 1epes 00poOKoro
NOMIIAIOTE B IIOPOXKHHMHY MarHity, 3'€JHaHOTO 3i
30yaHUKOM imIyibeiB. [Ipy MarHiTHOMY BIUIMBI MeTal
3MiHIOE CBOi (Di3M4HI 1 MEeXaHIuHI BIAaCTUBOCTI. MarHiTHo-
IMITyJIbCHA nojue B3a€EMOJIi€ 3 Marepiaiom
METaJIOPI3AIBEHOTO 1HCTPYMEHTY, 3MIHIOE HOT'O TEIUIOBI Ta
€JIEeKTPOMArHiTHI BIACTUBOCTI, IMOKpAIIye CTPYKTypy I
eKCIUTyaTaliigi XapaKTEPUCTUKHU. IomninmmenHs

EKOJIOT1YHICTh, HU3bKa cobiBapricTs [5, 16, 17, 18].

Hns peamnizanii nporecy OIMII BHKOpHCTOBY€ETBCS
NPUCTPIA YNPABIIHHA, SKHA JO3BOJSE BCTaHOBIIOBATH
pexuMu  00poOkH BHpOOy, TOOTO 3amaBaTH IIEBHI
mapaMeTpy MarHITHOI €Heprii i TpuBaicTh ii BrumBy. Le
JTO3BOJISIE JOOMPATH PEKUMH OOPOOKH METANI0Pi3allbHOTO
IHCTPYMEHTY 1 BHUKOPHUCTOBYBATH JAaHWW TPUCTPIH Is
HAYKOBUX JIOCITIJUKEeHb. Alle mNUTaHHI e(QEeKTUBHOCTI
METOJy Ta BHOOPY palliOHAIBHUX PEKUMIB 3MIITHCHHS
BUBUEHI HEIOCTaTHhO. TOMy HayKoBe OOIPYHTYBaHHS
TEXHOJIOTIT Ta PeKUMIB OOPOOKH IMITyJIbCHUM MarHiTHUM
HOJIEM € aKTyaJIbHOIO 3a/1auelo.

Merta naHnoi crarri

[MinBumenss eKCIUTyaTaliifHoro pecypey,
HAIIHHOCTI, MIIIHOCTI 1 3HOCOCTIMKOCTI TBEPAOCILIABHUX
pi3aibHMX  IHCTPYMEHTIB 32  paxyHOK 3MII[HEHHS
00pOOKOIO IMITYJIb,CHUM MarHiTHUM TOJIEM.

VY cTarTi BUPINIYIOTECS! HACTYIIHI 3aBJIaHHS:

- BCTAHOBUTH OCHOBHI (haKTOpH, IO BIUIMBAIOTH Ha
3MiHY 3HOCOCTIMKOCTI TBEPJIOTO CIUIaBY, KM 3MIiITHCHUN
00pOOKOIO IMIYTBCHUM MarHiTHUM II0JIEM;

- IOCHITUTH BIUIUB  pe3yNbTaTiB  BUNPOOyBaHB
TBEPJIOCIUIABHUX PI3aJIbHUX IHCTPYMEHTIB, SIKi 3MiITHEHi
OIMII Ha IPOAYKTHBHICTH B BUPOOHIMYUX yMOBAX;

© M. B. lllanosanos, B. /. Kosansos, 5. B. Bacunbsuenko, 2018
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- BcTaHOBUTH BB  3MmimHeHHs OIMII  Ha
MTOKa3HHUKH eKCIUTyaTalliifHOT CTIHKOCTI IHCTPYMEHTY;

- TOCIITUTH B3a€MO3B’s130k  mapametrpis  OIMII,
napaMeTpiB  TEXHOJIOTIYHOTO  MpOIecy  pi3aHHs 1
e(eKTUBHOCTI BUPOOHHIITBA.

Pimenns 3agauqi

[MpoBeneni BUNpoOyBaHHs pi3ajibHUX IHCTPYMEHTIB
3 TBEpAOTO CIUIABY IIiCNIsi OOpOOKH  IMITYyJIbCHHM
MAar"iTHAM MOJIEM. OuniHka mparie3aaTHOCTI
3aificHIOBaNacs 3a TaKUMH IIOKa3HUKAMH: CEpeIHs
cTifikicte  iHcTpymeHTiB 7, KoedimieHT — Bapiamii
3HOCOCTIMKOCTI KT, raMMa TpOLEHTHA CTiHKICTPh Ty,
mineHICTh posmominy crifikocti f (T), iHTeHCHBHICTH
Bimmos A(T), HMoBipHICTE O6e3BinMoBHOI pobotu P(7).

Pesynbrati  BUIpOOyBaHb TMOKAa3aid, IO  JUJIS
TBEPAOCIUIABHUX IHCTPYMEHTIB, siki 3MinHeHi OIMII,
cepenHs 3HOCOCTIMKICTh IHCTPYMEHTIB MiABUINMIACS B
1,2 — 2,0 pasm, a xoedimieHT Bapiamii 3HOCOCTIHKOCTI
3HM3UBCA B 1,3 — 3,1 pasu, IO MIOTBEPIKYE paHiIie
OTpUMaHI CKCIePUMEHTaNlbHI pe3yabTatd  [6,7,9,10].
bigpm  cyTTeBO  miABHMIIMIACS ~TramMMa  IPOLEHTHA
crifikicte. Tak mpu ¥#MoBipHocTi 0,9 1e MiABUIICHHS
BiOyBaeThcss B 1,7 2,8 pasu, 1O TOBOPHUTH TMPO
JIOLIbHICTh BUKOPUCTAHHS [UX IHCTPYMEHTIB Ha Ba)KKHX

BepcTarax, KOJM € BUMOTH [0 BEIUKOrO Mepioay
CTIMiKOCTI IHCTPYMEHTY, IO TIOB’SI3aHO 3 BEIIUKOIO
JTIOBXXHHOIO JICTAJICH. .

AHaii3  IHTEHCHUBHOCTI  BiIMOB  iHCTPYMCHTIB

MOKa3aB, MO JUIS 1HCTPYMEHTiB, ki 3MimHeHi OIMII,
BIZICYTHS 30Ha MpPHUPOOITKH, IO BijoOpaswiocs Ha
3MEHIICHHI YKcia BiIMOB IHCTPYMEHTY, SIKI HE YCYHEHI
(BUKpHIIIYBaHHS, TIOJIOMKH) B 2,7 pa3u.

Ouinka edekTUBHOCTI O0OpOOKHM METaliB pi3aHHIM
npoBojMNacs 32 LUIbOBUMH  (QyHKUisAMH,  sIKi
XapaKTepU3ylTh MHPOAYKTHBHICTH Q, cobiBapricts C i
IHCTpYMEHTAaJbHI BUTPATH S B 3aJIE)KHOCTI BiJ CTIHKOCTI
IHCTpYMEHTIB 1 pEeKUMIB pi3aHHA. Y [UX QYHKIIAX
BpPAaxOBYBAJIOCS TaKOX BIUIMB PO3CIIOBAaHHSA CTIMKOCTI

IHCTPYMEHTIB.

Hns  omiHku edeKTUBHOCTI OOpPOOKM  MeTaiB
pi3aHHSAM BHKOPHCTOBYBAIHCS IIUTbOBI  (QYHKIII B
PO3rOpHYTIit hopmi:

- IPOJIyKTUBHICTh MEXaHOOOPOOKH:

FQ
Q= T : (1)
AT T-A
— S(I+—)+T,
T, -T)”
- co0iBapTICTH omneparii:
1 1,

T -4 T
COZAO—E.E.(1+_)+ST.A0. l' (2)
T, -T)" T, -T)"

A+C

mam *

- IHCTpYMEHTAJIbHI BUTPATH:

1y

T
S=S A2, ©
_ H
T,-T)
e Fg — piuHuMid girounid GoHA PoOOTH 00IaTHAHHS,
A — KoedimieHT 4dacy pi3aHHS, BH3HAYEHUH 5K
BITHOMIEHHS dYacy pi3aHHA [0 MAIIWHHOTO dYacy

A=—L<1; T, — nomoMbkHMH uac; A, — IOCTiiiHa, gKa
M

3aNICKATh Bl ~ MapaMeTpiB  Tpolecy  pi3aHHS;

4 — TIOKa3HHUK BiJHOCHOI 3HOCOCTIMKOCTI IHCTpYMEHTY B

¢dopmyni Teitnopa:

C

v
= )
ne E — co0iBapTiCTh BepCTaTOXBUIIMH POOOTH BepCTary;
S, — BuTpath BimHOCHO iHCTpyMeHTY 3a mepioa iforo
crifikocti; T

np

— I'PAHUYHE 3HAYCHHS CTiﬁKOCTi, o 3a

PaxyHOK 3MiHH TIJIbKH IIBHUAKOCTI Pi3aHHS MEPEBEPITUTH
He BHAEThCs. J{Js TBEpIOCIUIABHUX 1HCTPYMEHTIB TIiJ| Yac

00poOku crami T, =600 xB.

3 ypaxyBaHHS TpaHH4YHOI CTilikocTi (opmyna
Tetinopa Oyna nmepeTBOpeHa 10 BUAY:
C
T = —TC , (5)
v+ T
T

np

Je T — 4Yac NpocTol oOJaJHaHHA I Yac 3aMiHH
3aTYIUIEHOTO iHCTPYMEHTY TOCTPHM.

Skmo mix yac poGoTu oONagHAHHA Mae Micle
PO3CIIOBaHHSI 3HOCOCTIHKOCTI IHCTPYMEHTIB, a TaKOX
HMOBIpHICT, BHUXOJY IHCTPYMEHTY 3 JaJy BHACIiJOK
BUKPOIIYBaHHb a00 MOJOMOK, TO B Gopmynax (1-3) gac
Ha 3aMiHy IHCTpYMEHTY, SIKUi 3aTyNHBCs, rocTpoTta Oyne
3aJieKaTH BiJ HMOBIPHOCTI 0€3BiIMOBHOI pOOOTH i, TOMY,
BOHO CKJIAQJa€Tbcsi 3 Yacy Ha IUIAHOBY 3aMiHY
IHCTpYMEHTIB 7, 1 4acy, 110 BUTpadaeThCsi Ha aBapiiiny

fioro 3aminy 7,:

r=17,-P(T)+7,[1-P(T)]. (6)

Y To#l Xe uac MOKa3HUK CTYNEHIO 4 Yy Gopmydi
Teimopa 3aJeXWTh BiJ PO3CIIOBaHHA CTiHKOCTI, IO
BHPAXKAETHCS (OPMYJIOIO:

:Cu.(E2.K2_E1.Kl)
b-Inv

U]

Ae C, — koedili€eHT, AKMI 3a1eKUTh BiJl MaTepiaiy, sSKui

00pOOIIOETECS, PO3CIIOBAaHHS CTIMKOCTI Ta THHOPO3MIpY
iHcTpymenty; K, K, — xoediuienTu, sKi 3ajexkaTh Bif
00’emy  BUOIpKH Ta  PO3CIFOBaHHS CTIHKOCTI;
b — xoedimient popmu posmoxinenns BeiOymia, mo €
VHIBEpPCAIIbHUM 3aKOHOM, SIKUIl OIKCYE PO3CIFOBaHHS

E=In(-InP);  E=I(-IR,),

CTIMKOCTI,;
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YMOBH HaWMEHINIOTO Ta  HaWOLIBIIOro
3HOCOCTIHKOCTI IHCTPYMEHTIB B yCiii BUOIpIIi.

3 ypaxyBaHHSIM HaBEJCHUX BHIIE 3aJIeKHOCTEH
Oymu  po3paxoBaHi  NPOXYKTUBHICTh,  COOIBapTICTh
omeparii Ta IHCTpyMEHTaJbHI BUTpaTu s oOmepauii
napTii 1HCTpyMeHTIB, rpadiky SKUX HaBeleHI Ha
pucynkax 1-3.

— BiporigHicTs 0e3BiIMOBHOI poboTH 32
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Puc. 1. Bruus OIMII Ha nmpoxyKTHBHICTH oneparii
(1 — incTpymeHTH 63 3MilIHEHHS; 2 — 3Mil[HEHI IHCTPYMEHTH)
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Puc. 2. Brutus OIMII Ha cobGiBapTicTs onepariii
(1 — incTpymenTH 6e3 3MiIHEHHST; 2 — 3Mil[HEH] IHCTPYMEHTH)
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Puc. 3. Brus OIMII Ha iHCTpyMEHTaNbHI BUTPATH
(1 — incTpymeHTH 6€3 3MilIHEHHS; 2 — 3Mil[HEH]I IHCTPYMEHTH)

Ouinka edexkTUBHOCTI OOpOOKHM MeETaliB pi3aHHIM
JIO3BOJIMJIa ~ BCTAHOBMTH  HiJBHUIICHHS  ONTHMAalbHOI

CTIHKOCTI pi3allbHUX IHCTPYMEHTIB, siki 3MmirtHeHi OIMII B
1,4 — 2,5 pa3mu, a TakoX JaTH NPaKTHYHI pPEeKOMEHIAIii
I10/10 BU3HAYCHHS ONTUMAJIBHOT OAAYi.

BukopucroByoun pe3yibTaTu BUPOOHHYHUX
BUIPOOYBaHb, HA OCHOBI MPUHIIMIIB CUCTEMHOTO ITiJXO1y
OyB  mpeAcTaBleHMH  B3a€MO3B'I30K  IapaMeTpiB
MexaHi9YHOI O0O0pOOKM 1 e(EeKTHBHOCTI BHPOOHUYOTO

npouecy npu Bukopuctanui OIMII.

3 HaBeneHHX BWIIEC TpadikiB TakoX BHUIHO, IO
3aCTOCYBaHHS OIMII cripusie M BUIIEHHIO
MIPOIYKTUBHOCTI ofepariii, 3HWKEHHIO ii cobiBapTocCTi i
IHCTPYMEHTABHIX BHTPAaT 3a YMOBH ONTHMaJbHOI
CTIHKOCTI iHCTpyMeHTIB. lle TOBOPUTH PO MiABUIICHHS
e(eKTHBHOCTI  TEXHOJOTIYHOTO TMpollecy Tia  dac
3aCTOCYBaHHI 3MilTHEHH pi3aibHUX iHcTpyMeHTiB OIMIL.

[lpn BigoMOMY 3HaAueHHI ONTHUMAaJbHOI CTIHKOCTI
iHcTpymeHTy T

onm

ONTHUMANBHUKA PO3MIp IIBUAKOCTI

pi3aHHA (32 YMOBU MNPHUHHATOrO KPHTEPis ONMTHMI3arllii)
MOXe OyTH po3paxoBaHuil 3a HOPMYIIO0:

C\/ (Tn _Tonm).Tc i
[ = ]F.KI/]H.Kq.KM.Kcom.

= KX .
X Tunm : (Tnp _Tc) (8)

'R‘CH 'K?I("
ge X — XapakTepuCTHKa pi3aHHs, sKa BHBEICHA
TS TOTrO, o0 BiJoOpa3uTu Oe3mepepBHUI
XapakTep 3MIiHH MIBUIKOCTI pizaHHS. Jois
omepariii TOYIHHS [ XapaKTEPHCTHKA BU3HAYAETHCS 3
Bupasy: X =a-S-Sing, T, — HOpPMaTUBHA CTilKiCTb;

KMH'Rq’KM'Kcam'Kcn'KW -
BPaxOBYIOTh BIUIMB Ha IIBHIKICTh Pi3aHHA, BIAIOBIIHO,
IHCTPYMEHTAJIBHOTO Marepiainy, MacTHJILHO-
OXOJIOJDKYIOUHX 3ac00iB, CTaH MTOBEPXHI
3arOTOBKH OOpPOOIIOBaHOI [eTaji, YKOPCTKICTh CHUCTEMHU
BIIL.

3a yMOBM BaXXKMX YMOB pi3aHHs (00poOka o
JUBapHOi KIpKM, pi3aHHS 3 yAapamH, HEPiBHOMIPHICTb
NPUITYCKY) OYyAyThb MepeBakaTh TEHMAITHI pyHHYBaHHS,
IHCTpYMEHTY. Y LbOMY BHUIAJKy Ba)KJIMBHUM KpHUTEpieM
CTIMKOCTI THCTPYMEHTY € MOro MIIHICTh. XapakTepusye
IO MIIHICTh IHCTPYMEHTY IpaHM4Ha Mojaya, Mpu sKid
BiOyBa€eThCsS pyHHYBaHHS IHCTPYMEHTY

S,. IlpomykrueHicte 0OpoOKM 32 Takux  yMOB,

PEKOMEHIOBAHO PO3PAaXOBYBATH 3a (HOPMYJIOIO:

KoedimieHTn,  sKi

Q=10°-t-S-V-T. (9)

OCKUTBKM B BHPOOHMYMX yMOBaxX Mae€ MicIe
PO3CifOBaHHS CTiMKOCTI IHCTPYMEHTIB, TO IPHU3HAYCHHS
PEXUMIB pi3aHHS MOBHHHO 3IIMCHIOBATHUCS, BUXOIIYH i3
3a0e3MeueHHs] 3HOCOCTIMKOCTI 13 3a/laHOI0 BIpOTiIHICTIO
P. OcranHs BU3HAYaeThCS B 3aJEKHOCTI BiJ XapakTepy

PO3MOAUICHHS  CTIMKOCTI MO aHamorii 3 ramma-
BiJICOTKOBHM  pecypcoM BupoOy. Taka  cTiliKicTh
HA3MBAETHCS ramMMa-BiJICOTKOBOT CTIHKICTIO Ta

BHU3HAYAETBCS 3a JOMOMOTOI0 TrpadikiB ©6e3BiIMOBHOT
poOOTH IHCTPYMEHTIB, CKJIaJIeHUX 3a pe3yabTaTaMHu
CIOCTEpPEXXEHB 32 POOOTOI0 IHCTPYMEHTIB.

3a ymMOBH 4YOpPHOBOi OOpPOOKM TBEpPAOCIUIABHUMH
IHCTpYMEHTaMH Ha PO3Mip pO3CilOBaHHSA CTiHKOCTi YnMHE
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BILTUB nojayi S. 3aJIexKHICTh Koe(imieHTy
Bapiamii CTIMKOCTI Bif Mmomadi BHPa)KAE€THCS PIBHIHHIM
[14, 15]:

K, =M, +0,75-S, (10)

ge M, — xoediieHT, AKkuil 3aJ1eKUTh BiZl yMOB pi3aHHI.

OcranHill BUpa3 BUKOPUCTAHO IIiJi 4ac PO3POOKH
HOPMaTHBIB pi3aHHS /I BaXKHX BEPCTaTiB TOKAPHO-
KapycenbsHoi rpynu [8,12].

VY cBOIO Yepry BCTaHOBJEHO (QYHKIIIHHUEI 3B’S30K
noMibk  koedimieHTaMum  Bapiamii  cTiMKocTi  Ta
napaMeTpamH po3noiieHHs BeiOya:

r1+2)
K, = b

|0 9|,
1
[F-(1+B)]

(11)

ne I' — raMma-(yHKITiS.

OTmKe, raMma-BiJICOTKOBA CTIHKICTbP Ma€ TICHHH
3B’5130K 3 Koe(illieHTOM Bapialii CTIHKOCTI.

BpaxoByloun BH3HaueHHH BIUIMB I0Ja4l Ha pO3Mip
po3citoBaHHS CTIHKOCTI (9), a TakoX CKJIaJAHUI XapakTep
3aJI€KHOCTI ramMMma-BiZCOTKOBOI criiikocTi Bif
KoedirienTy Bapiarii cridikocti (10), a, BiAMIOBIAHO, 1 Bif
Mmojadvi, BaXJIWBO 3HATH CTYIiHb BIUIMBY TIOJa4i Ta

raMmMa-BiJCOTKOBOI CTIAKOCTIL Ha BHPOOHHIITBO
00po0OKH (8).

Ha pucynky 4  BigmoOpakeHa  3aJIC)KHICTh
MPOAYKTUBHOCTI BiA po3Mipy TMomadi [Uisi BHUIAAKY

MTOB3JIOBKHBOTO TOYiHHA cTaji TBepaicTio HB 201-226 Ha
Bepcrarti Mogneni 1A665 pisusmu 31 crulaBy TS5K10

(p=60°,t=4mm, S = 1,6 MM/06, V = 36 M/xB).

Q'105, mm3 90 —0
,—
w e
2 /
y A 1

30

20

/o

0 02 04 06 08 1 12
S, mm/06

Puc. 4. BiiuB nmojavi Ha NPOAYyKTUBHICT 00poOKU 6e3
ypaxyBaHHs po3citoBaHHsI cTilikocTi (1 — iHCTpyMeHTH 6e3
3MIITHEHHS; 2 — 3MIIIHEH] iHCTPYMEHTH)

3 pHUCYHKa 4 (moBipumit iHTEpBA:
AQ =+0,986-10° mm®) BHIHO, WO TPH TOCTiHHOMY
3HAQUEHHI  CEpeAHbOi  CTIMKOCTI  IHCTPYMEHTIB  3i
30UTBIIICHHSM IOJIa4i  CIIOCTEPIraeThcsi  Oe3mepepBHE
3pOCTaHHA MPOXYKTUBHOCTI. [lpudomy aisi 3MiIHEHHX
IHCTPYMEHTIB KpHBa 2 3HAXOJUTHCS BHIIIE,
0 TOBOPUTH MNPO  3pPOCTaHHS  MPOJAYKTUBHOCTI
i 9ac poboTH iIHCTpyMeHTaMH, ski 3MmirHeHi OIMIT.
SKmmo X Ans po3paxyHKy MPOAYKTHBHOCTI 3aMiCTh
CepeqHbOl CTIHKOCTI BUKOPUCTOBYBATH F'AMMa-BiJCOTKOBY

CTiHKiCTh, TO, SIK BHIHO 3 PUCYHKa 5, iCHy€ 3HAYCHHS
mo/1ayi, BiAMMOBiTHE MaKCUMAaNBbHIH MPOAYKTUBHOCTI. [Tpu
bOMY TIpH 30UIbIIEHHI WMOBIPHOCTI 0€3BiIMOBHOL
po6otn P (T) MakCUMyM HpPOJYKTUBHOCTI 3MILIYETHCS B
OIK 3MEHIIIEHH [TOAaYi.

50
Q10°, mm®

=
/

20 J'/-\

10 ‘

Vel

0 02 04 06 08

12
S, Mm/06

Puc. 5. BruiB noziadi Ha MpogyKTHBHICTH 00POOKH 3
ypaxyBaHHIM po3citoBaHHA CcTiiikocTi (1 — iHCTpyMeHTH 0e3
3MII[HEHHS; 2 — 3MII[HeHI IHCTPYMEHTH)

OnTuManbHUN PO3MIp TOAa4i Mg Yac pPoOOOTH
iHCTpyMeHTaMHu, ki 3mimHeHi OIMII, 306imbmryetscs y
1,2-1,3 pa3u mig dYac 3pOCTaHHS NPOJYKTUBHOCTI
06pobku B 1,1 — 1,2 pasu.

AHaJOriYHi  3aKOHOMIPHOCTI  BIJICJIITKOBYIOTBCS
TaKOX iz qac JOCTIi [PKSHHS BIUTUBY
mojgadi Ha coOiBapTicTh (pucyHKH 6 ® 7, nOBipumit
intepBax: AC =20,0342 rpH.) Ta IHCTpYMEHTalbHI
BuTpat (pucynku 8 Ta 9,
AS =+0,148 tpH.).

JOBIpYMH  IHTEPBAT:

1,2
G y.o.

A
SENEE
AN

!

04
0,2

7

‘J""‘-I-u-._._.‘_._‘1
0
0 0,15 03 0,45 06 0,75 09
S, mm/06

Puc. 6. B nonadi Ha co6iBapricth 00po0ku 6€3 ypaxyBaHHS
po3ciroBaHHS cTiiikocTi (1 — iHCTpyMeHTH 0€3 3MIllHEeHHS;, 2 —
3MIIHEHI IHCTPYMEHTH)

Tak onruManpHa — 1ojada, sSKa  BIANOBIiZae
MiHIMaJbHIN coOiBapTocTi omepamii, mx Yac podoTH
iHCTpyMeHTaMH, 3MirmHeHuMH OIMII, 36impmyeTscs B
1,15-1,25 pa3u 3a yMOBH 3HWXKEHHA COOIBapTOCTI
omepanii B 1,1 — 1,2 pasu. OnrtuManbHa mojgaya, sKa
BIJIMOBia€ MiHIMAIBLHUM 1HCTPYMEHTAILHUM BHTpaTaM
30imbmryerses B 1,1 — 1,2 pasm.
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Puc. 7. Bruis nozxadi Ha co0iBapTicTs 00pOOKH 3 ypaxyBaHHAM
po3citoBaHHs criiikocTi (1 — iHCTpyMeHTH 6€3 3MillHeHHS;
2 — 3MiIHEH] IHCTPYMEHTH)
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Puc. 8. Bruis nozjadi Ha iHCTpyMeHTalIbHI BUTpaTH 6e3
ypaxyBaHHs po3citoBaHHs cTiikocTi (1 — iHCTpyMeHTH 6e3
3MIlIHEHHS; 2 — 3MIIHEeHI iIHCTPYMEHTH)
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Puc. 9. Brums moiadi Ha iHCTpYMEHTAJIbHI BUTPATH 3
ypaxyBaHHSM po3citoBaHHs cTiiikocTi (1 — iHcTpymMeHTH Oe3
3MIlIHEHHSI; 2 — 3MIlIHEeH]I iIHCTPYMEHTH)

TakuM YMHOM, 32 YMOBHM YOpHOBOi OOPOOKH, KOJIH
nepeBaxae KpHUXKE py¥WHYBaHHS IHCTpYMEHTY,
NpU3HAaYaTH PEKUMH pi3aHHS HEOOXiIHO, BUXOASYH 3
ONTHMAIBGHOTO 3HAYeHHS Iojadi 3  ypaxyBaHHIM
PO3CifOBaHHS CTIMKOCTi IHCTPYMEHTIB.

IIpoec  00poOkM  MeTadiB  pi3aHHAM  SBISIE
co000 cHcTeMy, IO CKIQJa€ThCAd 3  E€JIEMEHTIB,
ski € oxkpemumm mnpomecamm [8, 11, 13]. Cran

CHCTEMHU XapaKTepU3YEThCS MIIOOpOM 3HAYEHb Py
3MiHHMX  ({akTOpiB, TNOKa3HMKIB), a  IOBEIiHKa
CHUCTEeMH — TIOCIIZOBHICTIO CTaHiB y 4aci. Cuctema mae
BJIACTUBICTh BIJIHOCHOI CTIHKOCTiI B TOMY CEHCI, 1[0 BOHA
30epiraeThCsl JIMIIC B MEBHUX MEXax 3MIiHHU 11 3MiHHHX.
Jlmst Hamioro BWNAAKYy — 4YOpHOBAa OOpoOKa MeTaliB

TBEPIOCIUIABHUMHU  PI3aJIbHUMH  IHCTPYMEHTaM,  sKi
sminHenHi OIMII.
BuBueHHS  cuUCTEMHM  3OIWCHIOETBCA  IIUIIXOM

3MiHEHHS MapaMeTpiB ii QyHKIIOHyBaHHS:

1. Marepiain, mo 0oOpoOIIOETHCS — HOTO BIACTHUBOCTI:
TBEPIICTh, MEKa MIITHOCTI.

2. Omepamis 00poOKM — 3HATHH TPHUITYCK, CTaH
BHXIHOT TOBEPXHi, pSKHUMH Pi3aHHS.

3. PizanmpHuit  iHCTpyMeHT —
MaTepian  (CKian,  BJIACTHBOCTI),
KOHCTPYKTHBHI [TapaMeTpH.

4. XopcTkicTh cUcTeMH, 11 AMHAMIYHI BIACTUBOCTI.

5. IMapamerpu OIMII — Hampy»KeHICTb MarHiTHOTO
TOJIsI, YaCTOTa IMITYJIBCIB.

Bymo posrmsiHyTO Taki pe3ynsTatd (yHKIIOHYBaHHS
CHUCTEMHU:

1. CrifikicTp  pi3ajgbHOTO
BIZICOTKOBA CTIHKICTb.

2. Bapiartis cTiiikocTi.

3. [IpoxyKTUBHICTH OOPOOKH.

4. Co0iBapTicTh omepartii.

5. [HcTpyMeHTaIbHI BUTPATH.

Ha xosxeH 3 mapameTpiB (yHKI[IOHYBaHHSI CHCTEMH B
OB YK MEHIIIH Mipi BIUIMBAaKOTh BCi 3MiHHI (hakTOpH
il cTaHy, a TaKOX X B3a€MOBIUIUB. Y LIJIOMY PO3TIISIHYTa
CHUCTEMa  XapaKTEePH3YETbCS  BEJIMKOK  KUIBKICTIO
MOJKJIMBUX CTaHIB i BEJHMKOI KUTBKICTIO 3B’S3KIB MiX 11
eJIeMEHTaMH, TOOTO € CKIIAJHOK CHCTEMOI0. 3B'SI30K MiXK
mapameTpamMu OyJe BH3HAYCHO Y BUIJISIII CTATUCTHIHHX

IHCTpYMEHTAaJIbHUI
reOMETpUYHI  Ta

IHCTpyMEHTY, TamMMa-

MoJeliel, IO XapakTepu3ylOTh B3a€MO3B'A30K MiX
OCHOBHMMH  3MIiHHUMH  ()aKTOpaMH  CUCTEMH i
napaMeTpamu, SIKi  XapakTepu3ymTh  e(eKTHBHICTh
BUPOOHHIITBA.

B  skocti Momemi s OMHCY — 3QJIEXKHOCTI
NPOJIYKTUBHOCTI OOpOOKM BiJ 3MIHM HAaNpyKeHOCTI

MmarHiTHOro monst X, (H), wacrotu immymneciB X, (f),
BMICTy Ko0ampTy B TBepmoMy cmmaBi X,(C,), Mexi

minHocTi TBepioro cmiaBy X, (o,) Oyno 3actocoBaHO
PIBHSIHHSI HEPILIOTO CTYIICHIO 13 B3aEMOIISIMH:
y= bo +b1X1 +b2Xz + b3X3 +b4X4 + b12X1X2 +b13X1X3 +
+b14X1X4 + b23X2X3 + b24XZX4 + b34X3X4 + b123X1X2X3 +
+b234X2X3X4 + b134X1X3X4 + b124 + X1X2X4 + b1234)(1X2X3X4 :
3a3Ha4yeHe PiBHSAHHSA OTPUMAHO HUISXOM BapilOBaHHS
KOKHOTO 3 (hakTOpiB X, HAa BEPXHbOMY X Ta HHXHbBOMY
X, DIBHAX, sKi BIJPi3HAIOTBCA BiAl 0a30BOro piBHA X,
PO3MIpOM KpOKY BapiroBaHHS tAX; .
3a OCHOBY IUIaHy EKCIIEPUMEHTY OyB NpPHUHHATHH
noBHui (akTopHUil excriepuMenT Buny 2°, me 2 — uncno
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piBHel (BepXHIM Ta HiKHIN) HE3aJIEKHUX 3MIiHHUX; 4 —
qUCII0O  He3amexHuX  3aminHuxX  [4]. e 1oiaH
JIO3BOJISIE  pealli3yBaTH BCi  MOXMJIMBI  HETIOBTOPIOBaHI
KOMOIHAIil pIiBHIB  HE3aJCKHUX 3MIHHUX, KOXHA
3 SKHX MPHUMYCOBO BapilO€ThCS HA JBOX piBHAX. s
CIIPOIICHHS 00YHCIICHB 3aCTOCOBAHO bopmyny
MIEPETBOPCHHS:

(12)

Po3Mip HWKHBROTO Ta BEpPXHBOIO pIBHs, Ta,
BIJINIOBIJTHO, PO3MIp KPOKY BapilOBaHHS IS KOXHOT
3MIHHOI MaB TaKi 3HaAYE€HH:

- H:x, =0,8-10° A/m,
Ax, =0,25;

- f:x,, =5Tn, X, =10 I'y, AX, =2,5;

-C ix,, =6%, X, =10%; AX, =2;

- 0,:X%,, =51:10° Tla, X,, =6,3:10° Ila,
Ax, =0,6.

KoediuienTn anpokcuMyro4oi GpyHKii BU3HAYAIUCS
3a (hopMyJIOIO:

X, =13-10° A/m,

N
Xin ¥,
_ ~m=1 imJm
b, = =rtmn, (13)
N
MateMaTHYHy MOJE/b 3aJeKHOCTI MPOJAYKTHBHOCTI
0OpOOKM  BiI  TOKAa3HHWKIB  3MiHH  HAIPY>KEHOCTI

MarHiTHoro momst X, (H), dacrotn immymeciB X, (f),
BMiCTy KoOanpTy B TBepioMmy cmiasi X, (C,), Mexi
MiIHOCTI TBepmoro cmmaBy X, (o,) 3a pesylabTaTamu
MIPOBEICHOTO BUNPOOYBaHHA MOK€ OyTH 3alHCaHO Yy
BULJISI:

y=2,795+0,828z +0,025z, +0, 358z, + 0,369z, —
-0,006z, + 0,115z, + 0,126z, + 0,016z, + 0,027z, —
-0,148z,,-0,117z,, +0,145z,, - 0,102z, - 0,019z, —

—0,049z,,.

(14)

[epeBipka Ha CTaTHYHY 3HAYHICTH PO3PaXOBaHHUX
KOe(QiIlieHTIB MPOBOAMIACS 32 JOBIPYMM 3HAYCHHSIM
koedilieHTIB:

Ab =4t S, , (15)
ge S, JWCHepCisd, sKa XapaKTepusye HOMUIKY
BHITPOOYBaHHS y BH3HAYEHH] KoediIieHTiB
perpecii:

SZ
Sy = Wy (16)

e S; — wcrepcis onuTy.

Cnucok Jirepatypu

Ha mincraBi pe3ynbTaTiB eKCIEpUMEHTIB  OyIiio

po3paxoBaHO JOBipYe 3HAUEHHA [UIA KOCQiIlieHTIB
perpecii: Ab =+0,037.
ToMmy, BIAKHHYBIIM He3HAYHI UJICHH B3a€MOJIII,

MEPBHHHY MAaTEMAaTHYHY MOJENb MOXKHA MPEICTABUTU Y
BUTIISA:
y=2,795+0,8282+0,35z, + 0,369z, + 0,115z, +
+0,126z, - 0,148z,, - 0,117z, + 0,145z, -
—-0,102z,, - 0,049z,.
[epexoasiun Bijg KOJOBAaHUX 3HAYCHb 3MIHHUX [0
HATypaJbHUX, OTPUMYEMO  PIBHAHHS  3aJCKHOCTI

MPOJIYKTUBHOCTI OOPOOKH BiJl HANpPY>KEHOCTI MarHiTHOTO
nonss /, Mexi MIIHOCTI TBEPJOro CINaBy O,, BMICTY

K00anbTy B TBepioMy cIutaBi C, , yacToTw iMmynbcis f:

Q=(-22,728+0,094H +2,869C, +4,77170, +3,43 f +
+0,0031HC, —0,0144H o, —0,7787 fo, — 0,5983C o, —
—0892Hf —0,4846 fC, +0,0112HfC, +0,0973 fC o, +
+0,0026 HfC, ) -10°,
BukoprcToByroun I pIiBHSHHA Ta 3aCTOCOBYIOUH
METOZ KPYTOTO CXOMKEHHSA, 3HAWICHO HAWOLIbII

JOLUTBHI PO3MIPH BiIXWIEHB HAIPY>KEHOCTI MarHiTHOTO
nonst H, Mexi MIIHOCTI TBEPHOro CIUIABY O,, BMICTY

K00anbTy B TBepaoMy ciiaBi C,, actoTn iMmynscis f Bix

HOMIHAJbHUX 3HAYEHbD.
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BJMAHUE PE3YJILTATOB IIPOU3BOJACTBEHHBIX UCIIBITAHUI
TBEPJOCIIJIABHBIX PEXYIHIUX THCTPYMEHTOB, YITPOUHEHHbBIX OUMII
HA IMOBBIINEHUE 3@P®EKTUBHOCTHU TEXHOJIOI'MYECKOI'O ITPOIECCA
PE3AHUA

IIpeameTom uccieqOBaHUS B CTAThE SBILETCS MPOILECC YIPOUYHEHUS PEXKYIET0 HHCTPYMEHTA IS TSDKENBIX cTaHkoB. Lleab paboTet
— TIOBBINICHUE OJKCIUIyaTallHOHHOTO pecypca, HAJAESKHOCTH, MPOYHOCTH W H3HOCOCTOMKOCTH TBEPOCIUIABHBIX PEXKYIIHX
WHCTPYMEHTOB 3a CUeT 00pabOTKH HMMIYJIbCHBIM MarHWTHBIM MoJieM. B cTaThe pemaroTcs cieayromue 3aAadyd: YCTaHOBUTH
OCHOBHBIC (PaKTOPBI, BIHUSAIONINE HA U3MEHEHNE U3HOCOCTONKOCTH TBEPAOTO CIIIaBa, KOTOPhIA 00paboTaH MMITYJIbCHBIM MarHUTHBIM
M0JIEM; MICCIIEIOBATh BIMSHUE PE3YJIbTaTOB UCIIBITAHUN TBEPIOCILIABHBIX PEXKYIIMX HHCTPYMEHTOB, KOTOpbie ynpouneHsl OUMII Ha
MPOU3BOJAMTENBHOCTD B TPOU3BOJICTBEHHBIX YCIOBUAX; YCTaHOBUTH BimsiHue OVIMII Ha mokaszarenu SKCIuTyaTallMOHHON CTOMKOCTH
UHCTPYMEHTA; UCCIIEN0BaTh B3aUMOCBs3b apameTpoB OVIMII, mapaMeTpoB TEXHOJOTHYECKOTO Ipoliecca pe3anus U 3((HEKTUBHOCTH
npousBozacTBa. [lomyuens! cienyronive pe3yJbTaThl: HA OCHOBAHUM IPOM3BOJCTBEHHBIX HMCIBITAHUN TBEPAOCIUIABHBIX PEXYIIUX
WHCTPYMEHTOB YCTaHOBJICHO, YTO MpPHMEHEHHEe OOpa0OTKHM WMITYJIbCHBIM MArHUTHBIM TIOJIEM CIIOCOOCTBYET ITOBBIIICHHIO
W3HOCOCTOMKOCTH PEXYINIHMX WHCTPYMEHTOB, YMEHBIICHHIO KOX(QQHIMEHTa BapHAllMd YCTOHYMBOCTH, TOBBIIIEHHUIO TaMMa-
MPOICHTHON YCTOWYMBOCTH, YMEHBIICHHIO KOJIMYECTBAa BBIKPAIIMBAHWE, IOJIOMOK B 30HE NPUPAOOTKH WHCTPYMEHTA.
[Ipumenenrne OUMII no3BoIIET ONITUMH3HPOBATH PEKUMBI PE3aHUS 110 TIPOU3BOIUTEIBHOCTH 00pabOTKH, CE0ECTOMMOCTH OTIEpaIHN
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U UHCTPYMEHTAIBHBIM pacXojaM. YCTaHOBJIEHO, YTO IPU TSDKENBIX YCIOBHSAX pe3aHHs LeJieco0Opa3HO ONTHMH3HPOBATH
PeXUM pe3aHus IO BEIWYMHE MOJAaYM C YYeTOM paccesHHs CTOMKOCTH HHCTPYMEHTOB. BBIBOABI: mpuMeHeHHEe 00pabOTKH
HMITYJIbCHBIM MAarHHTHBIM IIOJIEM CIIOCOOCTBYET MOBBIIICHUIO YCTOMYMBOCTH HHCTPYMEHTOB B 1,2 — 2,0 pa3a U CHM)KECHHIO
ko3¢ dureHta Bapuanun croiikoct B 1,3 — 3,1 paza. ['aMMa-niponieHTHasT YCTOHYUBOCTh MHCTPYMEHTOB MoBbImaercs B 1,7 — 2,8
pasa. OnTuMansHas CTOWKOCTh MOBBIIaeTcs B 1,4 — 2 pasa, ontuManpHas mojada - B 1,15 — 1,3 pasa. OmpezneneHna 3aBUCHMOCTD
MIPONU3BOUTENBHOCTH 00paboTku pesnamu mocite OVIMII oT HanpspkeHHOCTH MAarHUTHOTO IO H, mpenena MpOYHOCTH TBEPAOTO
CIulaBa O, , cofepxKaHust KobanbTa B TBepaoM ciuiase C;, 4acToThl HMITYIIbCOB f.

KinroueBble cioBa: 00paboTka HMIYNbCHBIM MAarHUTHBIM II0JE€M; TBEPAOCIUIABHBI HHCTPYMEHT; IPOU3BOACTBEHHBIE
HCTIBITAHUS; CTOMKOCTD; KO3 (UIMEHT BapHaIliii CTOHKOCTH.

THE IMPACT OF THE RESULTS OF PRODUCTION TESTS OF CARBIDE
CUTTING TOOLS HARDENED BY A MAGNETIC-PULSE TREATMENT ON
INCREASING THE EFFICIENCY OF THE TECHNOLOGICAL CUTTING PROCESS

The subject matter of the article is the process of hardening cutting tools for heavy machines. The goal of the work is to increase the
operating life, reliability, durability and wear resistance of carbide cutting tools due to magnetic-pulse treatment. The tasks were
solved: the main factors affecting the change in wear resistance of a carbide treated with a pulsed magnetic field; the impact of the test
results of carbide cutting tools hardened by a magnetic-pulse treatment (MPT) on the productive capacity was studied; the MPT
impact on the tool durability indices; the interrelation of the MPT parameters, cutting parameters and production efficiency were
studied. The following results were obtained: the production tests of carbide cutting tools showed that magnetic-pulse treatment
contributes to improving the wear resistance of cutting tools, reducing the coefficient of durability variations, increasing gamma-
percentile stability, reducing the amount of chipping and breakage in the area of tool breaking-in. The MPT application enables
optimizing cutting conditions in performance rate, cost of operation and tool expenses. It was found out that under difficult cutting
conditions, the cutting mode should be optimized in the depth of cut, taking into account the spread of tool durability. Conclusions. A
magnetic-pulse treatment contributed to increasing the stability of tools by 1.2-2.0 times and decreasing the coefficient of durability
variations by 1.3-3.1 times. The gamma- percentile stability of tools increased by 1.7 - 2.8 times; the optimum durability went up by
1.4-2 times, the optimal feed — by 1.15-1.3 times. The dependence of the performance of machining with a cutter after MPT on the

magnetic intensity H, on the carbide resistance to rupture o,, on the amount of cobalt in a carbide C, and on the pulse frequency f

was determined.
Keywords: magnetic-pulse treatment; carbide tools; production tests; durability; the coefficient of durability variations.
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0. M. IIMEJIEOB, C. 1. BJIAJIOB, O. ®. KpulllAH, C. /1. I'BO3JIK, JI. I. UMKOBA

PO3POBKA METOJY KJIACU®IKAIIILI PE’)KMMIB POBOTH ABIAHIﬁHQFO
JABUI'YHA TB3-117 HA OCHOBI HEMUPOMEPEKEBUX TEXHOJIOI'TU

IIpeaMeToM TOCTiKEHHS B CTATTI € p&KUMHU poOOTH aBiauiiiHoro apuryHa TB3-117 Ta meroam ix po3mizHaBaHHs. MeTa poOoTH —
po3poOka MeTomiB Kiacudikallii pe:kuMiB poOOTH aBiamiiHoro apuryHa TB3-117 Ha 0OCHOBI HEHpOMEPEIKEBHX TEXHOJIOTIH y PEeKUMI
peanbHOTO Yacy. B craTTi BHUpPILIYIOTHCS HACTYIHI 3aBAaHHsi: (OpMyBaHHS NPUHIUIIB Kiacudikallii Ta po3mi3HaBaHHS CTaHIB
aBiauiitnoro aeuryna TB3-117, Bu3HaueHHsS OCHOBHHX KPOKIB PO3B’s3Ky 3aaui knacudikamii Ta po3mi3HaBaHHs CTaHIB aBialiifHOro
neuryna TB3-117 B HelipomepexeBomy 0a3uci, po3podka MeToy Kiacudikariii Ta po3mi3HaBaHHs CTaHIB aBiamiiiHoro aBuryHa TB3-
117 3 BHKOpPHCTaHHSM HEHPOHHHX Mepek. BHKOPHCTOBYIOTBCS Taki MeTOOM: METOAW Teopil HMOBipHOCTEH 1 MaTeMaTH4HOI
CTaTUCTUKU, METOIN HEUpOoiHGOpMATHKH, METOmU Teopii iHhopMamiiiHuX cucTeM Ta oO0poOku gaHuX. OTPUMaHO HACTYIHI
pesyabtatn: CdopMynsoBaHi MpUHOMIHN Kiacudikamii Ta po3mi3HaBaHHS CTaHIB aBiariiiHoro nsuryHa TB3-117 Ta Bu3HaueHO
OCHOBHI KPOKH PO3B’S3Ky JaHoi 3amadi. OGIpyHTOBAHO, IO PO3B’ 30K 3amadi Kiacu(ikarlii pekuMiB poOOTH aBialliiHOTO JBUTYHA
TB3-117 y HelipomepexkeBoMy 6a3uci 103BOJSAE OLIBIN e)EKTHBHO i SKICHO BHPIIIMTH IO 3a1ady, 3 MECHIIUMH BUTpATaMH 4acy i
00YMCIIIOBAIBHUX PECYPCIB y IMOPIBHAHHI 3 BHUKOPHUCTAaHHSAM KIACHYHMX METOMIB (Hampukian, MmeTomy baiieca). JlocmimkeHa
OararopiBHeBa iH(pOpMaLiiiHa CTpyKTypa. BucHOBKH: 3acTOCyBaHHA HEHpPOMEpPEKEBUX TEXHOJOTIH mnsd kimacudikamii Ta
po3mi3HaBaHH CTaHIB apiariiiHoro apuryHa TB3-117 no3Boinste 3MeHIIMTH 4Yac OOpOOKM NaHUX, IPHYOMY OCHOBHHII dYac, IO
BUTPAYAETHCSI HA PO3B’SI30K JIAHOT 3a/1a4i, BAKOPHCTOBYETHCS Ha MPOLleC HaBYaHHs HeWpoHHOI Mepexi. [lepcrekTHBaMy MOAANBIIOrO
JIOCITIKEHHS € Po3po0Ka eKCIIEPTHOI CHCTEMH, OXHHUM i3 MOYIIB SIKOi € MOAYJb Kiacudikalii Ta po3mi3HaBaHHs CTaHIB aBialliifHOrO
neuryna TB3-117, ska BHKOPHCTOBYEThCS B OOPTOBIH CHCTEMi Ui KOHTPOJIO i IIarHOCTHKM TEXHIYHOTO CTaHy IBUTYHAa Ta
B3a€MOJIi€ 3 CHCTEMaMH YIPABIiHHS JBUTYHOM, IO J03BOJISIE OCTAHHBOMY IIIABHO Ta CBO€YACHO AiTH HA BUKOHABUMX MEXaHi3MaXx, 3
omHOTO OOKY, 3 METOI0 MOJINMIIEHHS SKICTh YHPAaBIiHHS OBUTYHOM Ta HOTO MiACHCTEMaMH, a 3 IHIIOTO — IiJBHINEHHS HOTO
HaIHHOCTI Y IIPOIIeCi HOTro eKCILTyaTarlii.
KurouoBi ciioBa: aBianiiiHuii 1BUTYH; HEHPOHHA MEpEXkKa; MEPCENTPOH; PEKUMHU pOOOTH; KIacu(iKalis.

Beryn IHTEJIEKTYaIbHOT'O aHamizy  JaHuX, K1 3aTHI

3a0e3MeUnTH MiJBHUIIEHHS SIKOCTI PO3IMi3HABaHHS HOTO

ABiamiianii geuryH TB3-117 gk BiZHOBIIOBaHUI TEXHIYHOTO CTany npu aii 3a3HAYCHUX

00’€eKT MPOTATOM TepMiHy CJ'IY)K6I/I BUMAarae BHUIIIE HEBU3HAUCHUX (I)aKTOpiB, a TakKoX iHTeraHiIO

Ge3MepepBHOr0 KOHTPOJIIO i AiarHOCTHKY i0ro motoyHoro  iHGopmaniiHux HpoIeciB (po3nomineHux

CTaHY y PeXHMi PEalbHOr0 4acy, TPyJAOMICTKiCTh sikoro JIOKaJbHMX 0a3 NaHuX i 3HaHb B IJ00aTbHY 6a3y JaHuX i
3Q7I€XKUTH Bifl PiBHSA aBTOMATH3AIli MPOLECIB OTPUMAHHsA,  3HAHD).

00po0OKku, 30epiranHs, TOKyMEHTYBaHHs iH(opMmaii 1m1o/10
HOro TOTOYHOrO CTaHy, MOCHIAOBHICT 1 METOIU
BHKOHAHHS SKUX BU3HAYAIOTh iH()OPMAIIHHY TEXHOJIOTIIO

MerTo/1 iHTENEKTYyadbHOTO aHAJ3y JaHUX € HOBUM
HAMpsIMKOM, IO JIOTMIOBHIOE 1 PO3BUBA€  KIIACHUYHI
CTaTUCTHYHI METOMU MOCIIHKEHHS, sKi BimoMi sk Data

MOHITOPHHTY. Mining — "3m00u4" JpmaHWMX 1 BUSBICHHS 3HAHb.

HesBaxaroun Ha 3HA4YHHMIA 06cAT HocHimkens y naniin  Data  Mining BHKOPUCTOBYE CydacHi iHTEJEKTyasbHi
obmacti, iHdopmamiiini  TexHomorii KOHTpo;r0 i  TEXHONOTil, IO BKIKOYAKTL B cebe  HEHpoHHi
JIaTHOCTMKM TEXHIYHOTO CTaHy aBialliifHOrO jBHTyHa  MEPEKi  HEWITKYy  JIOTiKy, EKCIIEPTHI ~ CHCTEMH.

TB3-117 He € [OCKOHAaIMMH 3a HHU3KOKW TIPUYMH,
OCHOBHHMMH 3 SIKUX €, 3 OJHOTO OOKY, p0o3’€IHAHICTh 0a3

I{i TexHONOrii BUKOPHUCTOBYIOThCS y HaHiii poOOTI st
BUDIIICHHS IIUPOKOr0 CIEKTPa 3aJa4 KOHTPONIIO i

JaHUX ~BUNPOOYBAaHb, BiICYTHICTh iHTENEKTyalbHHX  /arHOCTHKH TEXHIYHOTO CTaHy aBiauiiinoro
KOMIIOHEHT, IO JO3BONAIOTH SKiCHO i edextmBHo JABuryHa TB3-117 gk cKmagHoro  JMHAMIYHOTO
3MifCHIOBATH MiATPUMKY NpPUHHATTS pimenb i, sk 00 €KTy.

HaCHiI[OK, S3MCHIIYBAaTH 3arajibHUi qac, 10 BUTPAYAETHCA

AHaimi3 po0iT B 00JIaCTi KOHTPOJIO 1 JIarHOCTHKHU

Ha  Horo  oOCIyroByBaHHs; 3  iHImOro OOKy, CTaHy aBialifiHMX JBUIYHIB Ha OCHOBi HEHPOHHHMX
HECTalioHapHicTh  (i3muHMX mpomecis y asurynmi, Mepex [1-5] nokasye, mo B nanmii yac Taki poGotu
CKIAMHICTh iX MAaTEeMaTHYHOTO OIUCY, 3alle)KHICTh  BEAYThCH, OJTHAK, B Cuity HHU3KHA NpuirH
TEXHIYHUX XapaKTEpPUCTHK IBHTYHA BiJ 30BHIMHIX ymoB  (TAEMHICTh, By3bKa CIELialli3allis BUPILIYBaHUX 33/a4) B
poboTy, oOMexXeHul CKIIaz BHMipIOBaHHX OLJIBIIIOCTI myOmiKarin BiJICYTHI IHKEHEepHi
TEPMOTa30/MHAMIYHMX  T[apamMeTpiB  JABMTyHa,  ix  METOIMKHM, a TakoX TEOPCTMYHI Ta  MPAaKTHYHI
TEXHOJOTIYHMHA PO3KMA Towlo. 3asHaueHi ¢akTopu  PEKOMEHJALii M0N0 BHPINICHHS MOMIOHMX 3amad. B
IPU3BOMATE 10 HEOOXiNHOCTi NpPHHHATTA pimmeHb mogo  POOOTi JOCITJKYFOTBCS HOCTaHOBKA 3aj1adi
TEXHIYHOTO CTaHy JBMTyHa B yMOBax CyTITeBoi M MOKIIUBI aJIrOpUTMH BUOOpY ~ apXiTekrypu
HEBU3HAYEHOCTI. HEWPOHHUX  MEpeX,  AIrOpPUTMIB  IX  HAaBYAHHS,

OCHOBHMMM  HampsSMKaMH, IO  BH3HAYal0Th  OUIHKM e(QEKTHBHOCTI iX poOOTH TOWIO, a TaKOK
MiABUIIEHHS  SKOCTI  iHQOPMANiHHMX  TexHomorik  PO3POOISETHCs MeTOJ PO3B’sI3KY 3anaqi
KOHTPOJIIO i JIiarHOCTHKM TEXHIUYHOTO CTaHy aBiamiiiHoro  Kinacudikauii pexumi poOOTH aBialliiHOTO JBUTYHA
neurysa TB3-117, cnin BBaxkaTu iHTenekTyamisaumito  1B3-117 3 BUKOPHUCTaHHAM HelfpoMepexeBHX
npoieciB 06pobky iHpopMalii 3 3aTydeHHSAM METOAiB  TEXHOJOTIH.

© 10. M. IllmensoB, C. 1. Bnamos, O. ®. Kpuman, C. JI. I'Bo3xik, JI. I. Umkosa 2018
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AHaJi3 icHylounx MeToaiB Kiaacudpikamii Ta
po3nizHaBaHHs CTaHiB aBiamiiiHUX IBUTYHIB

Knacugikamiss Ta po3mi3HaBaHHSA KIaciB CTaHIB
aBialliifHOTO JIBUTYHA K JUHAMIYHOTO 00’€KTa HEOOXiTHi
IUTA Y3TO/DKEHHS CTpaTerii ONTHMAalbHOTO YIIPaBIiHHS
Horo cranoM. bBysemo BBaaTu, 1[I0 MOBEIiHKA
aBlaliiiHOro JIBUTYHA TB3-117 SIK CKJIQJTHOT'O
JUHAMIYHOTO 00’€KTa MOXKe OYyTH Tpe/CTaBieHa Yy
BUTJISA/ PIBHSHB B IPOCTOPI CTaHIB:

X(O)=F(X@OUOVO.A0); @
Y (1)=G(X(t),U(t).V (1)), )

ne X(t) — Bekrop 3MiHHUX cTaHy aBuryHa; U(t) — Bektop
Kepyrounx BIUMBIB; V(t) — BeKTOp 30BHIIIHIX BILTHBIB, 10
00yprotoTh; Y(t) — BeKTOp crocTepekyBaHUX (BUXITHHUX)
koopauHat; F, G — HeminiitHi Bekrop-dynkunii. Toxi
OCHOBHUMH TOPHYMHAMH 3MiHH CTaHIB JBUI'YHA MOXKHA
BBakatn 3MmiHy Bekropie U(t) i V(), mapamerpis
apiamiiiHoro asuryHa A(t), a Takox 3MiHa onepatopis F i
G mpw fioro ¢HyHKIIOHYBaHHI.

Ha puc. 1 HaBeneHO opieHTOBaHU# Tpad, IO OMKUCYE
mporec 3MiHHM PEeXHUMIB  poOoTH  (KiIaciB  CTaHIB)
apianiitnoro asuryma TB3-117, me H;, — xmac cramux
pexumis, ms skux U(t) = const, A(t) = const, F(t) =
const; H, — xmac pexuMiB, IO CYHPOBOIKYIOTHCS
niHIHUM TpeHJoM mapameTpiB, aust sikoro U(t) = const,
A(t) = var, F(t) = var; H, — xiac nepexigHux pexuMiB
pobotu (craniB), misa skux U(t) = var, A(t) = const, F(t) =
const; H, — Kiac HEBCTAHOBJIEHHMX PEXUMIB pPOOOTH

(posrin, apocenroBanns), as sikux U(t) = var, A(t) = var,
F(t) = var.

Puc. 1. Mozens npouiecy 3MiHH KJIaciB CTaHIB aBialiiiHOro
neuryna TB3-117

Kpim HnepepaxoBaHUX (cripaBHUX) CTaHIiB
PO3pI3HSIOTH KJIAC HECTpaBHUX (BIIMOBHHX) CTaHiB, IO
XapaKTepU3yeThCs 3MiHOIO Kiacy omeparopiB Fi G B (1) i
(2), mpm wnpomy Kimacudikamis CTaHIB aBiaIiifHOTO
neuryHa TB3-117 TeopeTmdHo MOXJIHBa Yy MpPOCTOpi

CTaHiB, SKIIO BUKOPHUCTOBYBATH 3MiHHI CTaHy SK
mapameTpu  kimacuikamii. OpHax, JOCTYIHHUMH IS
CIOCTEPEKEHHS € KOMIOHEHTH Bektopy Y(t), 1o

BKITIOYAIOTh AIWTHBHI BHIIQJAKOBI IIYMH BHUMIpIOBaHb.
Omxe, icHye mpoOiieMa BH3HAYEHHS POOOYOro HabOpy
03HaK 151 T00Y10BU BUPIIIAIBHUX MPAaBWII, IHBapiaHTHUX
JI0  BHUNAJKOBUX  IIyMIB  CIOCTEpEXEeHb.  IHIIOO
npoOJIeMOI0  MIJBUIIEHHS  SIKOCTI  pO3II3HABaHHS €

MiJBUIICHHS TOYHOCTI BHU3HAUEHHS MEX KJaciB CTaHiB
aBianiifHoro aBuryHa. L{s mpoGiiemMa 00yMoBIIeHa THM, IO
BOHM ICTOTHO 3aJie)kaTh Bi CIIIBBIZHOIIEHH MIX
JMUHAMIYHAMHU TapamMeTpaMu JIBUryHa (i CIEKTpaJbHUMU
XapaKkTepUCTUKaMU BCiX BUJIB BIUIMBY 1 30ypeHb, IO
MAaIOTh BHIIAJIKOBUH XapakKTep, i, 0TXKE, € YMOBHUMH).
OCHOBHHM METOJOM, Ha 0a3i SIKOro 3IiHCHIOETHLCS
npouec kinacudikamii pexuMiB  poOOTH  aBialiifHOro
IBUTYHa € OadieciBebkuid migxin [6]. I[lpu npomy
OIIiHIOETHCSI YMOBHA WMOBIPHICTH 32 (hOPMYIIOIO:

P(I’j/k)z nP(I’j)P(k/I’j) 3)

;P(G)P(k/ﬁ)

e P(rj /k) — WMOBIpHICTH J-TO miarHody, TO6TO
PO3TIISTHYTHH TUHAMIYHUA PEXHUM HAICKUTh [0 Tif-
MHOKHMH M, . TyT Benuuuna P(rj/k) € amocTepiopHOi

HMOBIpHICTIO, TOOTO BH3HAYAETHCS TICIA OTPUMAHHS
iHpopMamii MO0 KOMIUIEKCY O3HAK k:(kl,kz,...,kn).

P ( K/, ) HMOBIpHICTB

peasi3oBaHOr0 KOMIUIEKCY O3HAK Y MiIMHOXKHHIL M,; .

Enement BHU3HaA4Ya€ IIOsABH

Jlo HeoJiKiB TAaHOTO METOAY CJIiJT BiTHECTH:

- HCOOXITHICThP ~ BpaxyBaHHS  BEJIUKHX  OOCSTIB
arnpiopHoi 1 armoctepiopHoi iHpOpMAIlii MPO MOTYKHICTh i
CHEKTpaNbHy IUIBHICTh BIUIMBIB, HOTPIIIHOCTI BHUMIpPiB
Ha BCiX peKMMax poOOTH JIBUTYHA,

- kacuikamis 3IIMCHIOETBCS TITBKH Ha CTallUX
pexxumax poOOTH ABUT'YHA,

- HU3bKa SIKICTh KJacudikamii yepe3 NOXuOKH OLIHOK
Macutaby po3nojiy, 00yMOBJIEHHX SIK HEJOCTOBIPHOIO
anpiopHOIO iH(opMaIri€ro npo HMOBIpHICHI
XapaKTePUCTUKK KJIACiB, TaK 1 MOXHOKaMH OOYHCIICHB, i
OJM3BKICTIO IICHTPIB PO3Ii3HABAHHS KJIACIB.

VY [3] migBumeHHA SKOCTI Kiacudikamii pexuMiB
poOOTH aBialliHOTO ABHWTYHA 3IIMCHIOETHCS 332 PaxXyHOK
30UTBIICHHS ~KOMITAKTHOCTI  aHANI30BaHUX  CHTHAJIB
KOKHOTO KJIacy IOJIO LEHTPIB TPYIyBaHHA LUIIXOM
BUOOpY BHUJy HENHIHHOIO TEPETBOPEHHS IPOCTOPY
ki1acudikoBaHux mapamerpiB. [Ipu oMy BinOyBaeTbCs
3MiHa BIJICTaHI MDK KJlacaMH, Taka NpH SKiii Mipu
OIM3BKOCTI KJ1aciB B 00paHiit MeTpHIl 301IbLIYIOTHCS.

VY nanwmii yac nporec kinacudikauii pexxumiB poOOTH
aBialifHUX IBUTYHIB, SIK MPABUIIO, 3[IIICHIOETHCS BPYYHY,
3a yJacTIO BHCOKOKBai(hikoBaHOTO (axiBIsg, TpuBama i
MOHOTOHHa po0oOTa SIKOro, 3 OJXHOTO OOKy, MOXe
MPU3BECTH JI0 MOMWJIOK Kiacudikamii, a 3 iHIIOro 60Ky —
JI0 3HAYHHUX YaCOBUX BUTpAaTax.

Jlns mikBimanii mepepaxoBaHHMX BHINEC HEHONIKIB Y
poOOTI  TPOMOHYETHCS ~ METOJ  PO3B’SI3KY  3aaaui
kinacudikamii pexxumiB  poboTH aBialiifHOrO JABHTYHa
TB3-117 Ha OCHOBI HEHPOHHHUX MEPEK.

ITocTanoBka 3agaui

€ dacoBoi psja, YTBOpeHWH HabopamMu JaHHX 3a
pe3yiapTaTaMH  BHMIPIOBAaHHS  TEPMOTa30JAWHAMIUYHUX

napamMeTpiB  JIBHI'YHa yl(t), yz(t), A (t) Ha
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JIeIKOMY IHTepBajli CHOCTEpEKEeHHA Bin t mo t,.

[ToTpiOHO BHIIMUTH XapaKTepHI IUISHKH YacOBOTO PsAY,
IO BiANOBIJAIOTe MEBHUM Kimacam S, S,, .., S, cTaHiB

k
aBiariitnoro nuryna TB3-117 USa =S§,, ae S, — Knac
a=1
MOXKITUBUX PEXKHUMIB (CITPaBHUX CTaHIB) IBUTYHA.
[ponienypa po3B’s3Ky HaHOI 3aaadi 3a TOMOMOTOI0
HEWPOHHOT Mepexi mokazana Ha puc. 2, ne F(t) — Bexrop

OaaHWX BHUXIJHMX peEaKIiii HEWPOHHOI  Mepexi:
Ft)={R(t),F(t)..F, (1)}, &, -, & — BuxOmHM
HEWPOHHOT Mepexi; & (t), e Em (t) — 3HAuYeHHS
BEKTOPY MOMUIIKM HA BUXO/I1 HEUPOHHOI MEPEXKi.
Fi()
i) — R - (t)
ya(t) > Heiiponna i
Mepexa
) — = et

Puc. 2. Cxema HeiipomepexeBoro kinacudikatopa cTaHiB
aBiamiiiHoro ABuryHa TB3-117

HaBuanHs HeHpOHHOI Mepexi 3BOIAWTBCA MO
HactynHoro. Ha BXoau HEHpOHHOI Mepexi HOAaloThCs

"Bimpi3ku" wacoBoro psaay Y, (t), v YN (t) Ha JeSKOMY

iHTEepBaji crIocTepexeHHs Bin f, 1o t IO HaJIeXKaTh

i+1°
3aBiIOMO  BiZIOMHM  KjacaM (pexxumaM  poOoTH)
meuryHa S_, (a = 1, 2, ..., k). baxxaaumu peaxuissmMu
HEHpPOHHOT Mepeki B  KOXKHOMY BHUIAAKy Oyxe
NBIMKOBE TMOJAHHS HOMEpa pO3MI3HAHOIO KIacy a.

fD)

17.0

Hampukman, kmacy cTaquxX peXUMiB aBialiifHOro JIBHTyHA
TB3-117 BigmoBimae xox (0, 0) Ha BuxXoAi HEHPOHHOI
Mepexi, KiIacy nepexigaux pexkumiB — kox (0, 1), kracy
HEBCTaHOBIICHUX pexxuMiB — kox (1, 0) tomo. [Tomuika
HaBYaHHS HEHPOHHOT MepeXi BH3HAYAETHCS HACTYITHUM
YHHOM:

m
E=> & (t)> min. %)

i1
Minimymy mnomuiaku (4) BiANOBiZae HaBYeHa
Mepexa, sKa  pO3B’s3ye  3ajady  pO3IMi3HABaHHS

(xmacudikarii) pexxuMiB poOOTH aBiaIliifHOTO JBHTYHA
TB3-117.

PosrnsHeMo  anropuTM  pO3B’S3KY  IIOCTaBJICHOT
3a7a4i Ha TPUKIAl JaHWUX, 3alHCaHUX Ha OopTy st
aBiarinHOrO JIBUTYHA TB3-117. OmudpoBanuit
(hparMeHT 3anucy (OCHMIOTPaMK) TEPMOTa30IUHAMITHHUX
npoueciB apiauiiinoro nsuryna TB3-117 HaBeneHo Ha
puc. 3, e BHOUIGHO O-XBWIMHHHMHA  IHTEpBal
MIOJIBOTY BEPTOIBOTY Mu-8-MTB 3 JIBOMa
neuryHamu. [lepen0ayaerhes, Mo B AKOCTI PO3Mi3HABAHHS
pSOKUMIB  poOOTH  ABWUTYHA  TYT  BHCTYMAIOTh:
| — cram pexumu; I — pexxum posrony; III — pexum
JIPOCEITIOBAHHS. Po3B’s30k 3amaqi Kiacugikamii
pexuMiB  poOOTH  aBiamiiHoro aBuryHa TB3-117
MPOBOOUTHMEMO Ha  OCHOBI  HACTYIHHUX  KPOKIB
MIPOTIOHOBAHOTO METOY:

1. AHami3 gaHux.

2. [Tonepeanst 06poOKa HaHUX.

3. Bubip apxiTekTypu HEHPOHHOT MEpexi.

4. BuOip CTpyKTypu HEHpPOHHOT MEpexi.

5. BuOip ajiroputMy HaBYaHHS HEHPOHHOT MEPEXi.

6. OuiHroBaHHs €(EKTUBHOCTI.

] 3.344

6.687

10,03 13374

Puc. 3. Onndpoana ocuuiorpama TepMora3ofHHAMITHUX MTPOIIECiB B aBianiitHoMmy asuryni TB3-117

Ha puc. 3 nnudpamu mo3HaveHi HACTYITHI TEPMOTa30IHHAMIUHI
napamerpu: | —gactora obepTaHHs poTopa TypOOKOMIIpecopa
HepIuoi CHIIOBOT YCTaHOBKH; 2 — 4aCTOTa 00epTaHHs pOTOpa
TypGOKOMIIpEcopa MepIIOT CHIIOBOI YCTAHOBKH;

3 — Temmeparypa rasiB 3a TypOiHOIO BUCOKOTO THCKY IPYroi

CHJIOBOI YCTaHOBKH; 4 — IIBUAKICTh NOJNBOTY; 5 — TeMIeparypa
rasis 3a TypOiHOIO KOMIIpecopa MepIioi CUIOBOI YCTaHOBKHU; 6 —
BHCOTA IOJILOTY; / — Py4Ka YIPaBIIiHHA JABUI'YHIB IpYroi
CHJIOBOI YCTaHOBKH; 8 — pydKa YIpaBIiHHS IBUT'YHOM IEpIIO]
CHJIOBOI YCTaHOBKH.
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AHaJti3 1aHnX

OCHOBHOIO O3HAKOIO, 3a SKOIO 3IIHCHIOETHCS
BHIUICHHS "eTaJOHHMX" JiISHOK YacOBOTO PSIy IIPH
moOyaoBI HaBYAIBHOI BHOIpKM HEHPOHHOI Mepexi, €
MOJIOKEHHS pYYKH yrpasiinas asurynoM (RUD). Hamami
i3 3arajpHOi TPYNH TEPMOTa30JMHAMIYHUX MapaMeTpiB,
HaBeJCHWX Ha ouudpoBaHiii ocuuiaorpami, OyaeMo
pO3TJSIIATH Ti 3 HHX, SKi BIIHOCATBCS JO TEPIIOTO

meuryna (N = 2): N, — uacrora obepraHHS poTopa
Typ6okommpecopa (kpusa 1), %; T, , — rasy 3a Typ6iHOIO

komrpecopa (kpusa 5), %; RUD, — monoxeHHs pydyku
VIIpaBJIiHHSA IBUTYHOM (KpuBa 8), %.

i mani y CyKymHOCTI 3 9acoBOI KOOPIMHATOHO t
(XB) YTBOPIOIOTb BXiJHHII BEKTOD y(t):{ N, (), T, (t)}
e te[7,268;13,374]. v

ocriorpaMor  (puc.

npoueci  pobotu 3

3) OyB BuaUICHHH iHTEpBal

HABYAHHSA |,

Hag4

€ [9, 35xs;15,35 XB] , BiamoBimHMil IBOM

XBHJIMHAM, B MEKaX SIKOTO ICHYIOTh TaKi PeXHMHU:
- pe>xuM posrony: t, =7,268xs; t, =7,318xs;

-crammii (0,8 HoMinamy) pexum: t, =7,318xs;
t, =8,268xs;

- pexuM JPOCENIOBAaHHS: t, =8,268xB;
t, =8,308xs.

Jani 3HIMamUCS KOXKHY CEKyHIy, TOMY HaBuaJbHa
BubOipka Mmictuina 120 yacoBux Bimmiki. IIpu mpomy Ha
PEKHMH PO3TOHY 1 JPOCETIOBaHHs IMPUNAAJO JIUIIE I10
IT’SITH BiAJTIKIB. 3arainbHAN iHTEPBaJ CHOCTEPEKECHb CKIIAB
micte  xBwmH (360 wacoBmx  BimmikiB). Ilpm
pPO3B’A3Ky 3amadi  Kiacudikamii pexumiB  pobotu
aBiariitHoro neuryHa TB3-117 3a momomMorow HeHpOHHIX
Mepek, mpolec  kiacudikaiii  3MIHCHIOETBCS Y
yacoBoMmy BikHi. [lns sikicHol kiacubikanii, mupuHa
YacOBOTO BiKHA MOBHHHA OYTH HE MEHIIE II’SITU BIIJIIKIB,
mo0 po3mi3HAaTH KJAacH CTaHiB aBiallifHOrO JBHMIYHA
TB3-117.

IHonepennst 00podka 1aHuX

3MIMCHIOCTBCS LIISIXOM 00YHCIIEHHS CepeHbLOTO
3Ha4YeHHS (3MIHHOTO CEpeIHBOTO), B MEXaxX YacOBOTO
BiKHa, Ha BChOMyY iHTepBani 1€ [tl, tz] , ockimskn Ay, (t)

Ha CTajJOMy PEXHMi pPOOOTH TOTOXHO JIOPIBHIOE HYIIIO,
a Ha IHIIHX peXuMax poOOTH ABHTYHA BIAMIHHO Bif
HYJIS:

Ay, (t) =Yi- iZOL ' (6)

ne L — mmpuna "BikHa".

OnTuMaNbHAA PO3Mip YaCOBOTO BiKHA 3HAXOIUTHCS
y mporeci eKCIepUMEHTaIbHUX JOCHikKeHb. Ha mpomy
eTami YTOYHSIOTBCS TIOKa3HWUKH PENpe3eHTATUBHOCTI
BUXiTHOI BHOIPKH, a TaKOX OJHOPITHOCTI HaBYANBHOI U
TecToBoi BuOipkwm [11].

Bubdip apxirekTypu HeiipoHHOI Mepe:ki

IMonepenust 00poOKka BXIZHUX JAHUX BKIJIIOYAE

HOpMai3alifo KOXXHOTO 3  [epepaxOoBaHUX  BHIIE
rapameTpiB IBUTYHa Y, (t) BIiZINOBITHO J10 BUpa3y:
Yi = Yimi
yI — 1 Imin , (5)
Yimax = Yimin

— 6e3p03MipHa BCJIMYMHA, fAKa 3HaXOAUTbCA B
yi min yimax
MaKCHMaJIbHE 3HAYCHHS yi .

ne Yy
miamasoni [0; 1]; MiHIMaJIbHE 1

Jnis po3mizHaBaHHA PeXUMIB poOOTH (KJIAciB CTaHiB)
apiamiifHoro ABUryHa TB3-117 HEHpPOHHOIO MeEpexKero
HEOOXiTHO 3 3HA4eHb YAaCOBOTO PSAy CIOCTEPEKEHb

BUJIIMTH BiATIKH, AKi B MEKaxX 4acoBOTO BikHa AY, (t)

BiJINIOBIJJAIOTh CTAJlMM PEXHUMOM poOotu nBuryHa. Lle

[MoOynyemo  HelpoMmepexeBUl  Kiacudikarop,
MpeJCTaBiICHU Ha puc. 4, A1¢ A — dYacoBa 3aTPUMKA,
At = 1 c. 3rizHo 3 puc. 4 HEWpoHHa MepeKka
nmoBuHHa Matu 2XL BxomiB mo L s KOXHOTO 3

napametpis: N i T, . 3asHaueni L mapamerpis € naHHi
BUMIpIOBaHb, a TAKOXX 3aTpPUMaHi 3HAYCHHS, aHAJOTI4HI
mo N, i T, . Y SAKOCTi BUXOAIB HEHPOHHOI Mepexki GynemMo
BBaXaTH cUrHanmu & i &,. Jlns HaBueHO1 Mepexi BUXOH

HOBHHHI IpuiiMaty 3HauenHs F 1 F, (tabn. 1). 3 orwany

Ha Te, LIO BXIJHUA BEKTOP y(t)=y1(t),...,yN (t), JUTSE
HEHPOHHOT MEpeXi MPH PO3B’SI3KY 3a7adi PO3Mi3HABAHHS
pexumiB  apiamidHoro auryna TB3-117 Bigmosigae
Habopy O3HaK, a BUXiIHUIA BekTOp & = [cfl; cfz] , 3aJIaHui

Oinapuo (Tabm. 1), Kmacy CTaHiB, MaTeMaTU4HY MOJEIb
MEPCENTPOHY MOKHA TPEJCTABUTH Y BHUIJISIAI CHUCTEMH
pieusas (7), (8).

(@ >
n(t— At) & ,
| ny(t— LAt + At)
Heiiponna
T; (t). > Mepexa
&
T, (t-At)
1T, (t- LAt +At)

Puc. 4. Apxitektypa HelipomepexeBoro kiacudikaropa

ITo3HaumMo uepes A ={a1',a2',...,ar'ni} MHOKHUHY

l-ro mapy; a uyepes
w' = "WU' || MATPHUIF0 BATOBUX CHHANTUYHHX 3B’A3KiB, IO

BUXITHUX CHTHAJiB HEHPOHIB

3’€HYI0Th HeWpoHu |-ro mapy 3 Heiiponamu (I + 1)-ro
mapy.
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Tadmuus 1. basicani snauenns 6uxo0is netipomepedlceeoeo
Kaacugikamopa

Curaanu Ha BUXOJi HEHPOHHOT
PosmizHaHi pexxnMu Mepexi
R F
Cranuii 0 0
Po3srin 1 0
JpocentoBaHHs 0 1
Toni  ¢yHKIIOHYBaHHS  IEPCENTPOHY  MOXHA

OIMCATH HACTYIHOK CUCTEMOIO PiBHSHB:
- nast BxigHoTO mapy (I = 1): A = y(t), ne y(t) —

BXI1/IHUI BEKTOD;
- ns mpuxoBanoro mapy (I = 2):

m
al="f| > Wa+n, |, @
i=1

aej=1,2,..., my;
- st Buxigsoro tapy (I = 3):

Z, =f[>wa’+yg | )
i=1

nej=1,2,...,m,.

Y (7)1(8) m; — uucno ueiipowis |-ro mapy; 7; i x;
—  BEJIWYMHU  3MINICHHS  HEWPOHIB,  BiJIOBiIHO,
MPUXOBAHOTO 1 BHXimHOro miapis; f(e) — axTuBaiiiiHa
GbyHk1isg HelfpoHa. ¥V naHOoMy Bumanky m, =2L, m, =2.

Awnai3 pi3HHX apXiTeKTyp HeWpOHHUX Mepex [7—11]
MOKa3aB, MO0 B SKOCTI HEHPOHHOI Mepexi JOUUIBHO
HNPUUHATH TPUILIAPOBUN NEPCENTPOH.

Buoip cTpykTypu HeiipoHHOI Mepe:ki

0.14 E

0.13

0.12

0.11

0.1
7 11 15 19 23 27 31 35 39

PosMmip 4acoBOTo BiKHA (MHCIO NeMeHTIE 3ATPHMENH)

a)

O4eBuAHO, MO MaJUi po3Mip HIMpUHHU ''BikHA" HE
JIO3BOJIUTh TIPABWJIBLHO PO3MI3HATH PEKUMU POOOTH
aBlaniiitnoro gsuryHa TB3-117, a Benukuii posmip
mumpuHu  "BikHa" L 3axomuTh CycimHi Kiacw, 1o
3MEHIINTh  WMOBIPHICTH  PO3MI3HABAHHA  PEXUMIB.
3aJeXHICTh NMOMWIKM HAaBYaHHS HEHPOHHOI Mepexi Ha
BUXOJl NEpPCEeNTPOHY BiJ pPO3MIpYy YacoBOro BiKHA
MoKa3aHa Ha puc. 5. Y JaHOMY BHINAAKY B SKOCTI QYHKIIIT
aKTHBaIii 3acTOCOBYBajlacsi CHTMOigHa (YHKIS BUAY
[12]:

1-e”
1+e™’

f(x)

a YHACIO HEHWPOHIB TPUXOBAHOTO INApy TPHHAMANIOCT
piBHIM 35.

AHanoriyHi JOCHIKEHHS! TPOBOIWINCHE 3 METOI0
BUOOPY  ONTHUMAJIBHOI KiJTBKOCTI HEHpOHIB B
npuxoBaHoMy mapi. IIpu 1pOoMy BpaxoByBajoCs, IO
Mane iX KiIBKICTh  NPH3BOAWTH 10  HESIKICHOTO
HaBYaHHS HEMPOHHOI Mepexi, a BemuKa — J0 e]eKTy
nmepeHaBuaHHs HeiiponHoi mepexi [13]. Ha puc. 5, 6
MOKa3aHa 3aJICKHICTh TOMWJIKH HaBYAaHHS MEPCENTPOHY
(E) Bim KiTbKOCTI  HEUWPOHIB B  HPUXOBAHOMY
mapi (m, ).

©)

[Tpn HaB4YaHHI NMepceNnTPOHY NMPUHMAIIOCS 3HAYCHHS
mmpuHy "BikHa" L = 10, mo Bianosigae 2xL = 20 Bxoxis
HeWpoHHO! Mepexi. AHali3 puc. 5 moKaszye, L0 IpH
PO3B’s3KY 3ajaui Kiacudikariii (po3mi3HaBaHHS) PEKUMIB
pobotH aBianiiHoro asuryHa TB3-117 mocuth npuiMaTh
IIMPIHY 9acOBOTO BiKHA piBHIH §...12, a yucmo HeHpoHIB
mpuxoBaHoro mapy 35...45.

0.025
0.0225
0,02
00175
0.015
0.0125
0.01

20 40 60 80 100 120 140 160
KinpxicTs Befiponis v cepeaspoMy mapi

6)

Puc. 5. 3anexxHicTh NOMHJIKM HAaBYAHHS HEHPOHHOI MEpeXi: g — BiJ| MIMPHHN YacOBOTO BiKHA; 6 — Bijl CKIIATHOCTI HEHPOHHOT Mepesxi

Buoip asropurmy HaBYaHHA

OOrpyHTyBaHHS BHOOpY aiNrOpPUTMY HaBYaHHSA
JetanbHo onucano y [14]. BusHayeHo, 110 3aCTOCYBaHHS
aJIalTUBHOTO &ITOPUTMY € THYYKHUM DIlICHHAM [pH
HaBYaHHI HEHPOHHUX MEpEXk, SIKI 3aCTOCOBYIOTHCS IS
3amad  KOHTPOJIO 1 MIarHOCTHKH TEXHIYHOTO CTaHy

apiamiifHoro  gBuryHa TB3-117, 3okpema, 1 s
knacudikanii Horo pexxumiB pobotu. [laHumii anroputm
6a3yeThCst HA TpagieHTHOMY Merofi [15], B skoMy 3MiHa
Bar OMHCYETHCS 3AJICKHICTIO:

_— —

W =W +77 By (10)
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Ie 17, — po3Mip Kpoky Ha K- itepauil, a BekTop P, 3amae
HaIpsIMOK PYyXY 1 OOUUCIIOETHCS 32 OPMYIIOI0:

min(k-1,m)

P=0+ X A%

i=1

(11)

Nle BEKTOp (; 3a/a€ HaNpsAMOK aHTirpajieHTta Ha j-i
itepauii; f — koediuieHT, SKHil BH3HA4Yae Bary i-ro
rpajieHTa; M BH3HAYAa€ KUIBKICTh 3amaM’ sSTOBYBaHHX
rpajieHTiB; K — mopsakoBuii HOMep MOTOYHOT iTeparlii.

Januii MeTox HaBYaHHS 3BOJUTH JO0 MIHIMyMy
BTPY4YaHHS JIIOAWHU Y TNpOLEC HABYAaHHA HEHPOHHUX
MepeK, M0 pOOUTh HOro MpPHUBAOIMBHM, OCKIIBKH HE
KOXKEH KOPUCTYBad HEHPOMEPEIKEBUX TEXHOJIOTIH BOJIOIE
3HaHHAMH B 00)acTi MeToniB omTuMizamii. KpiM 1poro
METOJ] € THyYKUM 1 HaJaIITOBaHNM Ha HaBYAIIbHY BHOIpKY
METO/IOM HaBYaHHS.

Takox BapTo BiZI3HAYHTH, 1o CHHTE3
HEHpOMepeKeBOI CUCTEMH JAOLIJIBHO MNPOBOAWTH 32
JIOTIOMOTOI0  MaKeTa TNpHKJIanHUX nporpam  Neural
Network Toolbox cucremu MATLAB, B sxiit
peasi3oBaHO TpHU HEWpPOpEryJsiTopa: PeryisaTop MPOrHO3Y
NN Predictive Controller; peryastop Ha OCHOBI Mojei
aBToperpecii 3  KkoB3HHM  cepeaHiMm  NARMA-L2
Controller; perynsaTop Ha ocHOBI eTaoHHOT Moem Model
Reference Controller [16]. BusHaueHo, 1110 1Is po3B’ 3Ky
3a1a4i KOHTPOJIO 1 JIarHOCTHKH TEXHIYHOTO CTaHy
aBiamiiiHoro nBuryna TB3-117, 3o0kpema, i kiacudikamii
WOro pexuMmiB poOOTH, HaWOLIBII edekTnBHO NN
Predictive Controller [15]. Perymstop BHKOPHUCTOBYE
MO/JIeTIb KEPOBAHOTO 00 €KTa y BUIIIS HEHPOHHOT Mepexi
IS Toro, o0 COpOTHO3YBaTH HOTO MaiOyTHIO
noBeiHKy. KpiM Toro, peryistop OOYHCIIOE CHIHAI
YIpaBIiHHS, SKUH ONTHUMI3ye NOBENiHKY 00’€kTa Ha
3a[aHOMY IHTepBaJli Yacy.

Ha puwc. 6 HaBejeHa  CTPYKTypHa  cxema
MPOMOHOBAHOI HEHPOMEPEKEBOI CHCTEMH, PO3podieHa B
Simulink. Ils crtpykrypa BKJIIOYa€e OJOK KEPOBAHOTO
00’ekta (Subsystem) i 6mok perymitopa NN Predictive
Controller, a Takox OJOKH TeHepalili eTaJOHHOTO
CTYIEHEBOI CUTHAY 3 BHIIAJKOBOIO aMILIiTy 1010 Random
Reference, 010k mo0yn0BU rpadikis.

NN Predictive Controller

Uniform Random
Mumber

Puc. 6. Cxema HeifpomepexeBoi cucremu Ha 6asi
ueiipoperymsitopa NN Predictive Controller

OcoOuBICTh JTAHOI CHUCTEMH IOJIATAE B TOMY, IO
nepen TUM AK BCTAHOBJIFOBATH pOS]liJ'H)Hy
HeHpoperyJsaropa, BUKOHYETHCS imeHTHdiKamis
KepoBaHOTO 00’€KTa, a came — aBialliiiHoro apuryHa TB3-
117, TOOTO BiIOyBa€eThCA no0yaoBa fforo

HelipoMepexxkeBoi  Mogem. Ilpoueaypa imeHTHdiKamii
03BOJIIE TIOOYMyBaTH HEWPOHHY MeEpexy, ska Oyrne
MOJICTIIOBATH TUHAMIKY pobotH JIBUTYHA i
BUKODHCTOBYETBCSl  S-QYHKIi€0  aiIst  0O4MCIICHHS
ONTHMAJILHOTO CHTHAITy KepyBaHHs Ha ABUTYH. [Iporpama
reHeparii HaB4aJbHOI IOCIIIOBHOCTI T'eHEpye HaBUallbHI
JaHi IUISIXOM BIUTMBY HU3KH BHUITAJKOBHX CXiJU4acTHX
curHaiiB Ha wMojens Simulink kepoBaHoro o006’ekTa
(mBuryHa). Ilicis cTBOpeHHs! MEpeXi MOYMHAETHCS TPOLIEC
il HaBUaHHA. BekTOpH BXOAY MPEICTABISIETHCS K YHCIOBI
MacHBH BHOIpOK, IO BigNOBiga€ TPYMOBOMY IOIAHHSIM
JTAHWX.

OOTpyHTOBAHO, 110 HEHPOPETYIATOP HABUAETHCS Ha
OCHOBI HEHUpPOMOIYIATOpA, KW HABYAETHCS 32 METOJOM
3BOPOTHOTO IOWIMpeHHsS mNoMuiku (puc. 7). Omuc
PO3B’SI3Ky 3a/adi HaBUYAHHS HEHPOPETYIATOpa Ha OCHOBI
HelipomoaysTopa HaBeaeHo y [17].

+ —
- I—l‘eﬁpoemynﬂ’rop
3arpumka __, |
CUTHAIIB | y
—
A _
e
HetipoperynsaTop +
r—L1 OO0’ €KT KOHTPOJTIO
3aTpuMKa — »| u (aBiauiiiamit y
CHIHAJIB —» nsuryn TB3-117)

-

Puc. 7. Cxema HelipoMepeKeBOT0 KOHTPOITIO 3 EMYJIATOPOM 1
KOHTPOJIEPOM

J1si HaB4aHHS HEHPOPEryJsiTOpa BU3HAYAETHCS
OaraTomiapoBa Mepeka IMpPSMOrO pPO3MOBCIO/DKCHHS 3
BUIIAIKOBO BUOPAHUMH BaraMu Ta HaBYaJIbHUN HAOIp, 1110
CKIIaJa€TBhCs 3 TIap MEpPEKEBOrO BXOAY — OakaHOTO
Buxoxay (X, D), a Takox BUXIZHOTO 3HA4YeHHS Mepexi Y.
3amada HaBUaHHS HEHpOpEryisTopa Ioiisrae B Mimbopi
BaroBUX KOE(IIi€HTIB s MiHIMI3alii AEsKOl IUTBOBOT
GyHKIII — CyMH KBaIpaTiB MOMWJIOK MepexXi Ha
MPUKIIAIaX 3 HABYaJIbHOT MHOKUHH, TOOTO

E(W) = Z(y(jwp) _dj,p)z'

ip

(12)

(N) . . . .
Ae Y, — peanbHuil Buxix N-ro BUXIZHOIO IIapy Mepexi
UL P-TO HefpoHa Ha j-My HaBYaIbHOMY IPUKIANI,

d j.p — OaKanuit BUXin.

OuinoBaHHs e)eKTHBHOCTI

SIk ByKe 3a3HAYaNIOCs BHIILIE, MICJIS MIPOLIECY HABYAHHS
HelpoHHO! Mepexi Ha iHTepBami HaBuaHHA (33 %
BHOIpKN), HEOOXiTHO MEePeBipUTH ePEeKTUBHICTH ii POOOTH
Ha TECTOBil BHOIpPII, MO CTaHOBUTH 67 % o00csry Bciel
BuOipku. ETanonHi 3HaUueHHS BUXOAIB HEHPOHHOI Mepexi
npuitMaroTh 3HaueHHsA 0 abo 1, a dakTHyHI cHTHaIM Ha
BHUXO/JIi HEUPOHHOT Mepexi (B CUITy 1HEPIIMHOCTI MpoIecy
nepeMinieHHs 4acoBoro ('BikHa'') MOXyTh mNpuiiMaTH
OesmepepBHi 3HaueHHs B iHTepBam [0; 1]. Tomy
JOBOAUTBHCS OKPYIIATH oOuucieHi 3HadeHHa & 1 &, 710

HaAHOJIMKYOTO IIJIOr0 YHCIIa:
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— [0, sakmpo & <£0,5; T
i = VYsdy
L= (13) K, =|1-—=*|-100%, (15)
1, sxmo & > 0,5. To
IIpu npomy MOXyTh MaTH Micue nomuaku [ 1 II pe T, CyMapHMii Yac AUISHOK, BiATOBIZHAX
0 TOOTO BimHECeHHsA cTaHy S mo kmacy S,. s . S .
poxy. A . . y oo A . y i A MOMIIIKOBOI  Kiacuikariii; T, —  TpHUBAJICTh
BU3HAYCHHS  JOCTOBIPHOCTI  KiacHikamii — MOXHA o ;oo o BUGIpKH (y naHoMy BUTAIKY
CKOpUCTAaTHCs HAacTynmHuMH popmynamu, ne K, ., K - 1 _ 4xB)
. L A o~ '
KOe(iIi€EHTH TOMHUIKOBOIO 1 SIKICHOT KiTacuikarii: Y tabr 2 i 3 mHaBeeHi  pe3ymbTaTH
T MOPIBHSUILHOTO ~ aHANI3y TOMWIOK Kiacudikamii Ta
— _nom | 0/n" . . .
K., = T 100%; (14)  sxocri Knaf:wbmauu  pexumia pobotu
0 JIBUTYHa JUI PpI3HUX KJIACciB apXiTEeKTyp HEHpPOHHUX

MEpeK.

Tabmmus 2. Ilomunku knacugixayii pesicumis 0 pisnux apximekmyp HeupoHHux mepedic, %

ITommnka knacudikamii Ha Buxoai | [Tommika knacugikarii Ha BUXOA1

ApxiTeKTypa HelfpOHHOT Mepexi

1(g) 2(&,)

Ilepcentpon 0,3491 0,1042

Enmana 0,3611 0,1681

Xemminra 0,4133 0,2988

Mepesxa panianbHo-6a3ucHux ¢yHkuiit (PED) 0,4772 0,7891
Xomndinga 0,4258 0,2654
CamoopranizoBana kapta KoxoHena 0,4683 0,2913
Mepexa aganTHBHOTO PE30HAHCY 0,5117 0,8409
Mepexi BEKTOPHOTO KBAaHTYBaHHS CUTHAIIIB 0,5532 0,9176

Taomauus 3. Koeghiyicum saxocmi kaacugixayii pesicumie o pisHux apximexmyp Heuponnux mepesic, %

ApXiTeKkTypa HEHPOHHOT Mepexi

Buxin 1 ( 51)

Buxin 2 (ég2 )

Tlepcentpon 99,96 99,99

Enmana 99,96 99,98

XeMminra 99,95 99,97

Mepeska panianpHO-0asucHux ¢yHkiiit (PbD) 99,95 99,92
Xomdinma 99,95 99,94
CamoopranizoBaHa kapTa KoxoHnena 99,96 99,92
Meperka aanTHBHOTO PE30HAHCY 99,94 99,87
Mepeski BEKTOPHOTO KBaHTYBaHHsI CUTHAIIIB 99,95 99,96

Amnani3 (tabn. 2, 3) moka3ye, Mo 3aCTOCYBaHHS M
MpoIlecy pO3Mi3HABaHHSA PEXUMIB aBiallifHOTO JBHTYHA
TB3-117 iHmUX apXiTeKTyp HEHPOHHUX MeEpexk, Hae
MPHUOJIM3HO Ti K PE3yNbTaTH, IO i MEPCEITPOH.

BucnoBku

TakuM 4MHOM, Ha IIJCTaBi OTPUMAHUX PE3yJbTATIB
JIOCITIPKEHb MOJKHA 3pOOUTH HACTYITHI BUCHOBKH:

Po3p’s30k 3amaui kimacudikamii pexuMiB  poOOTH
aBiamiitnoro neuryna TB3-117 y HelipomepexeBoMy
6a3wuci 103BoIIsA€ OB €PEKTHBHO 1 SIKICHO BHPIIINTH IO
3a/ady, 3 MEHIIUMHU BUTPATaMH 4acy i OOYHMCIIOBAIbHUX

pecypcis.
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Ta 3aTpUMaHi apaMeTpH, IPUIOMY ONTUMATBHUA PO3MIp
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y npuxoBaHOMYy mapi 35...45.
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1. Pashayev A. M., Askerov D. D., Ardil C., Sadiqov R. A., Abdullayev P. S. Complex Condition Monitoring System of Aircraft
Gas Turbine Engine. International Journal of Aerospace and Mechanical Engineering. 2007. Vol. 1. No. 11. P. 689-695.

2. XKepnakos C. B., Bacunses B. 1., Myciyxos U. 1. BoproBsie anroputmsl KOHTpois mapameTpoB ['T/] Ha 0CHOBE TeXHOJIOTHH
HelpoHHbIX ceTell. BectHuxk YI'ATY. 2009. T. 12. Ne 1 (30). C. 61-74.




100

ISSN 2522-9818 (print)
ISSN 2524-2296 (online) Innovative technologies and scientific solutions for industries. 2018. No. 4 (6)

3. Stamatis A. G. Evaluation of gas path analysis methods for gas turbine diagnostics. Journal of Mechanical Science and
Technology. 2011. Vol. 25. Issue 2. P. 469-477.

4. Ntantis E. L. Diagnostic Methods for an Aircraft Engine Performance. Journal of Engineering Science and Technology. 2015.
Review 8 (4). P. 64-72.

5. Kiakojoori S., Khorasani K. Dynamic neural networks for gas turbine engine degradation prediction, health monitoring and
prognosis. Neural Computing & Applications. 2016. Vol. 27. No. 8. P. 2151-2192.

6. O’Hagan A. The Bayesian Approach to Statistics. Handbook of Probability: Theory and Applications. 2008. P. 85-100.

7. Bomsucekmii €. B., Tecnenxo H. O., [leiineko A. O. EpomrorniiiHa HelipoHHa Mepeka 3 SACPHUMH (QYHKIISIMH aKTUBamil i
aJanTUBHUH anroputM ii HaBuaHHs. Haykosi npani. KoM’ totepni texHouorii. 2011. Bumyck 148. Tom 160. C. 53-58.

8. Mansour W., Ayoubi R., Ziade H., Velazco R., EL Falou W. An optimal implementation on FPGA of a hopfield neural network.
Advances in Artificial Neural Systems. 2011. VVol. 2011. P. 7:1-7:9.

9. Kohonen T. Essentials of the self-organizing map. Neural Networks. 2013. Vol. 37. P. 52-65.

10. bomsucekuit €. B., BunokypoBa O. A. PoOacTHuii anropuT™ HaB4YaHHs pajiabHO-0a3ucHOI amanTHBHOI (ha33i-BeiiBier-
HEHPOHHOI Mepexi. AJaNnTHBHI CUCTEMHU aBTOMaTHYHOTro yrpasminnasa. 2007. Ne 11. C. 3-15.

11. boxsacrkuit €. B., [eitnexko A. O., [einexo XK. B., IllanamoB M. O. ApnanTuBHe HaBYaHHA HEHPOHHOI Mepexki OMOPHHUX
BEKTOPIiB HaliMEHIINX KBajpartiB. [HpopmaniliHO-KepyIodi CHCTeMH Ha 3alli3HHIHOMY TpaHcmopti. 2015. Ne 2. C. 71-74.

12. Elfwing S., Uchibe E., Doya K. Sigmoid-weighted linear units for neural network function approximation in reinforcement
learning. Neural Networks. 2018. Vol. 107. P. 3-11.

13. Yamanashi Y., Umeda K., Yoshikawa N. Pseudo Sigmoid Function Generator for a Superconductive Neural Network. IEEE
Transactions on Applied Superconductivity. 2013. Vol. 23. Issue 3. P. 1701004.

14. Bnanos C. W. Kinumosa fI. P. [IpumeHeHHe amanTHBHOIO MeETOJa OOYYEHHS HEHPOHHOW CETH JJIS JUArHOCTUKU JBUTATEIIS
Beprojieta Mu-8MTB. THdopmaiiini TexHOMOri: HayKa, TEXHIKa, TEXHOJIOTis, ocBiTa, 310poB’st (MicroCAD-2018), 16-18 TpasHs,
2018 p., Xapkie. 2018. 4.1. C. 14.

15. IlImemnes 0. H., Baagos C. U., Boiiko C. H., Knmumosa . P., Bumaesckuit C. S. JlnarHocTHKa COCTOSHUS IBUTATENsl BEPTOJIETa
Mu-8MTB ¢ npumeHeHneM HEHPOHHBIX ceTeil. BicHHK XMeTbHUIPKOTO HAllIOHAILHOTO YHiBepcuTeTy. 2018. Ne 3. C. 165-170.

16. Bacuens T. 10., Bapdomomier O. O., Tiotron P. B., Andropos 0. O., Biaco A. O. Cunres nelipoperynstopa NN Predictive
Controller 1y ynpaBiiHHS TPHOXMACOBOKO €IEKTPOMEXaHIYHO cucteMoro. Cructemu 06poOku iHpopmarii. 2017. Bumnyck 3 (149).
C. 88-95.

17. Shmelov Y., Vladov S., Klimova Y., Kirukhina M. Expert system for identification of the technical state of the aircraft engine
TV3-117 in flight modes. System Analysis & Intelligent Computing: IEEE First International Conference on System Analysis &
Intelligent Computing (SAIC). 2018, 08-12 October, Kiev. P. 77-82.

References

1. Pashayev, A. M., Askerov, D. D., Ardil, C., Sadiqov, R. A., Abdullayev, P. S. (2007), "Complex Condition Monitoring System of
Aircraft Gas Turbine Engine", International Journal of Aerospace and Mechanical Engineering, Vol. 1, No. 11, P. 689-695.

2. Zhernakov, S. V., Vasilev, V. I., Musluhov, 1. I. (2009), "Onboard algorithms for monitoring parameters of gas turbine engines
based on neural network technology" ["Bortovyie algoritmyi kontrolya parametrov GTD na osnove tehnologii neyronnyih setey"],
Bulletin of USATU, Vol. 12, No. 1 (30), P. 61-74.

3. Stamatis, A. G. (2011), "Evaluation of gas path analysis methods for gas turbine diagnostics”, Journal of Mechanical Science and
Technology, Vol. 25, Issue 2, P. 469-477.

4. Ntantis, E. L. (2015), "Diagnostic Methods for an Aircraft Engine Performance™, Journal of Engineering Science and Technology,
Review 8 (4), P. 64-72.

5. Kiakojoori, S., Khorasani, K. (2016), "Dynamic neural networks for gas turbine engine degradation prediction, health monitoring
and prognosis"”, Neural Computing & Applications, Vol. 27, No. 8, P. 2151-2192.

6. O’Hagan, A. (2008), "The Bayesian Approach to Statistics", Handbook of Probability: Theory and Applications, P. 85-100.

7. Bodyanskiy, E. V., Teslenko, N. O., Deyneko, A. O. (2011), "An evolutionary neural network with nuclear activation functions
and an adaptive algorithm for its training” ["Evolyutslyna neyronna merezha z yadernimi funktslyami aktivatsiyi y adaptivniy
algoritm yiyi navchannya™], Scientific works. Computer Technology, Issue 148, Vol. 160, P. 53-58.

8. Mansour, W., Ayoubi, R., Ziade, H., Velazco, R., EL Falou, W. (2011), "An optimal implementation on FPGA of a hopfield
neural network", Advances in Artificial Neural Systems, VVol. 2011, P. 7:1-7:9.

9. Kohonen, T. (2013), "Essentials of the self-organizing map", Neural Networks, Vol. 37, P. 52—65.

10. Bodyanskiy, E. V., Vinokurova, O. A. (2007), "Robust learning algorithm for radial-basic adaptive phase-wavelet neural network™
["Robastniy algoritm navchannya radialno-bazisnoyi adaptivnoyi fazzi-veyvlet-neyronnoyi merezhi"], Adaptive automatic control
systems, No. 11, P. 3-15.

11. Bodyanskiy, E. V., Deyneko, A. O., Deyneko, Zh. V., Shalamov, M. O. (2015), "Adaptive training of the neural network of
reference vectors of least squares” ["Adaptivne navchannya neyronnoyi merezhi opornih vektorlv naymenshih kvadrativ'],
Information and control systems on the railway transport, No. 2, P. 71-74.

12. Elfwing, S., Uchibe, E., Doya, K. (2018), "Sigmoid-weighted linear units for neural network function approximation in
reinforcement learning”, Neural Networks, Vol. 107, P. 3-11.

13. Yamanashi, Y., Umeda, K., Yoshikawa, N. (2013), "Pseudo Sigmoid Function Generator for a Superconductive Neural Network",
IEEE Transactions on Applied Superconductivity, Vol. 23, Issue 3, P. 1701004.

14. Vladov, S. I. Klimova, Ya. R. (2018), "Application of the adaptive training method of the neural network for diagnostics of the
Mi-8MTV helicopter engine” ["Primenenie adaptivnogo metoda obucheniya neyronnoy seti dlya diagnostiki dvigatelya vertoleta Mi-
8MTV"], Information Technologies: Science, Technology, Technology, Education, Health (MicroCAD-2018), May 16-18, 2018,
Kharkiv, Part 1, P. 14.

15. Shmelev, Yu. N., Vladov, S. I., Boyko, S. N., Klimova, Ya. R., Vishnevskiy, S. Ya. (2018), "Diagnostics of the state of the Mi-
8MTV helicopter engine using neural networks" ["Diagnostika sostoyaniya dvigatelya vertoleta Mi-8MTV s primeneniem neyronnyih
setey"], Bulletin of the Khmelnytsky National University, No. 3.2018, P. 165-170.




ISSN 2522-9818 (print)
CyuacHuii cman Hayko8ux 00ciiodcenb ma mexnonoeitl 6 npomuciosocmi. 2018. Ne 4 (6) ISSN 2524-2296 (online)

16. Vasilets, T. Yu., Varfolomiev, O. O., Tyutyun, R. V., Alforov, Yu. O., Vlasov, A. O. (2017), "Synthesis of the NN Predictive
Controller for controlling a three-mass electromechanical system" ["Sintez neyroregulyatora NN Predictive Controller dlya
upravlinnya trohmasovoyu elektromehanichnoyu sistemoyu], Information processing systems, Issue 3 (149), P. 88—95.

17. Shmelov, Y., Vladov, S., Klimova, Y., Kirukhina, M. (2018), "Expert system for identification of the technical state of the aircraft
engine TV3-117 in flight modes", System Analysis & Intelligent Computing: IEEE First International Conference on System Analysis
& Intelligent Computing (SAIC), 08-12 October, Kiev, P. 77-82.

Haoitiuna (Received) 31.10.2018

Bidomocmi npo asmopis / Ceedenust 06 asmopax / About the Authors

HImeasoB IOpiii MwukonaiioBu4 — KaHAMJAT TEXHIYHUX Hayk, KpeMeHYylbKuUi NbOTHHH KoJiek HarioHansHOTrO
aBiallifHOTO YHIBEpCHTETY, 3aCTYNHHMK HayaJbHHKa KOJEIXY 3 HaBYaIbHOI poOOTH, BHKIamau Kadeapu eHeprozades3lnedeHHs 1
cucrem ynpasiinas, Kpemenuyk, Ykpaina; e-mail: ref.nv.klknau@gmail.com; ORCID ID: https://orcid.org/0000-0002-7344-3924.

HImesnes HOpuii HukosaeBMY — KaHAMJAT TEXHUYCCKUX HAyK, KpeMEeHUYYrckwil JeTHBIH KoJuie[k HannoHambHOTO
aBHAI[MOHHOTO YHHUBEPCHUTETa, 3aMECTHTENIb HadalbHHKAa KOJUleMka 1o YydeOHOH pabore, mpemonaBarens Kadeapsl
9HEpProobecneyeHus 1 cucTeM ynpasieHus, Kpemenuyr, Ykpauna.

Shmelov Yurii — PhD (Engineering Sciences), Kremenchuk Flight College of National Aviation University, Deputy College
chief for curriculum, Teacher at the Department of Energy Supply and Control Systems, Kremenchuk, Ukraine.

BuaanoB Cepriii IropoBuy — kaHmunmar TexHiYHMX HayK, KpeMmeHUYyunbkuil JbOTHMII Konemk HarioHamsHOro aBiamiifHOro
VHIBEpCHTETy, 3aBimyBau Jabopartopii opraHizamii HayKoBOI IisJIBHOCTI, JILCH3YBaHHS Ta aKpeAWTalii, BHKIamad Kadenpu

eHepro3abesneyeH s i CHCTEM YIIPABIiHHS, Kpemenuyk, Vkpaina; e-mail: nml.nv.klknau@gmail.com;
ORCID ID: https://orcid.org/0000-0001-8009-5254.
BaanoB Cepreii HropeBuu — KaHIuAaT TEXHUYECKUX Hayk, KpeMmeHuyrckuii JserHeld Kojule/pk HanuoHansHOTO

aBHAIIMOHHOTO YHUBEPCHUTETA, 3aBeIYIOIIH JJabopaTopuel opraHu3aluy HayqHO IesTeIbHOCTH, JIUIEH3UPOBAHUS U aKKPEIUTALIH,
IperoaBaTesb Kadeapsl SHeproodeceueHus ¥ cucTeM ynpasieHus, Kpemenuyr, Ykpausa.

Vladov Serhii — PhD (Engineering Sciences), Kremenchuk Flight College of National Aviation University, Head of
Organization of Scientific Activities, Licensing and Accreditation Laboratory, Teacher at the Department of Energy Supply and
Control Systems, Kremenchuk, Ukraine.

Kpuman Ouexciii ®enopoBuy — KaHAWAAT CKOHOMIYHUX HaykK, KpeMmeHuynpkuil IpOTHHH Konemk HarionamsHOTO
aBialliifHOrO yHiBepcuTeTy, JeKaH (akKynbTeTy aBialliifHOrO TPaHCIOPTY, €IEKTPOSHEPreTHKH 1 YIpaBIiHHS, BUKIANAd Kadeapu
yhpaBiiHHs 1 anmiHicTpyBanHs, Kpemenuyk, Vkpaina; e-mail: avia.nv.klknau@gmail.com; ORCID ID: https://orcid.org/0000-0002-
2967-0126.

Kpbimnan Ajiexceii deqopoBu4 — KaHAMIAT 3KOHOMHUYECKMX Hayk, KpemeHuyrckuil jeTHblli kosemxk HamnuonansHOTO
AaBUAILlMOHHOI'O0 YHUBEPCUTETA, NCKaH (baKyJ'IbTeTa ABUAILIMOHHOI'0 TpaHCIIOPTa, SJCKTPOOHEPTETUKU U YyHNpPaBJICHHUS, MPENOoJaBaTeiib
Kadeapsl YIpaBiIeHHus ¥ aJMUHUCTpHpoBanus, Kpemenuyr, YkpanHa.

Kryshan Olexii — PhD (Economics Sciences), Kremenchuk Flight College of National Aviation University, Dean of Faculty of
Aviation Transport, Electricity and Management, Teacher at the Department of Management and Administration, Kremenchuk,
Ukraine.

I'bo3aix CraniciaB JenncoBud — KpemeHUynbkuil Th0THHI KoJlek HarioHampHOTO aBialliifHOTO YHiBEpPCUTETY, BUKIaIad
kadenpu asiariiinoro tpancropty, Kpemenuyk, Vkpaina; e-mail: keps.nv.klknau@gmail.com; ORCID ID: https://orcid.org/0000-
0003-4867-0209.

I'Bo3qux CranuciaaB JlenucoBud — KpeMeHUyrckuid JIETHBIH KoJulelk HalmoHanbHOTO aBHAIMOHHOTO YHUBEPCHUTETA,
Ipero/1aBaTeb Ka(eapsl aBHAIMOHHOTO TpaHcHopTa, Kpemernuyr, YkpanHa.

Gvozdik Stanislav — Kremenchuk Flight College of National Aviation University, Dean of Faculty of Aviation Transport,
Teacher at the Department of Aviation Transport, Kremenchuk, Ukraine.

Ymkosa Jlwoamuiaa IBawiBHa — Kpemenuynbkuii JpOTHHH Kosiemk HalioHaNbHOTO aBialliiHOTO YHIBEPCHUTETY, TroOJOBa

UUKIOBOI  KoMicii  ykpaiHchkoi Ta  iHo3emHOi MoB, Kpemenuyk, VYkpaina; e-mail:  uim.nv.klknau@gmail.com;
ORCID ID: https://orcid.org/0000-0002-4105-1520.
UumxkoBa Jlioamuna HBanoBHa — Kpemenuyrckuil neTHelil koiuteqpk HannoHanmbHOro aBHAllMOHHOTO YHUBEPCUTETA,

npeacenaTenb HUKIOBONH KOMHCCUH YKPAaHHCKOTO U MHOCTPAHHOTO A3bIKOB, KpemeHuyr, YkpanHa.

Chyzhova Liudmyla — Kremenchuk Flight College of National Aviation University, Teacher at the Department of Ukrainian
and Foreign Languages, Kremenchuk, Ukraine.

PA3BPABOTKA METOJA KTACCUPUKALINU PEXKUMOB PABOTbBI
ABHAIIMOHHOTI' O JIBUT'ATEJIA TB3-117 HA OCHOBE HEHPOCETEBBIX

IIpeameToM HcCIleIOBaHUS B CTaThe SBISICTCS PEXUMBI Pa0OTHI aBHAIIMOHHOTO ABurarens TB3-117 U MeTombl X paclo3HaBaHMUS.
Heab paboTel — pa3paboTka METOJOB KJIACCH(PHUKAIMK PEKUMOB pPAa0OTHI aBHalMOHHOro apuratenss TB3-117 Ha ocHOBe

HEWPOCETEBBIX TEXHOJOTUI B PEKUME PeabHOTO BpeMeHH. B cTaThe pemraroTcs cieayromue 3agaun: GOpMHPOBAHHE MPUHIIUIIOB
KJTacCH(UKAIIMKM M PaciO3HABaHHUs COCTOSHHUN aBHalMOHHOTO JBurarens TB3-117, onpeneneHre OCHOBHBIX IIar0B PEIICHUH 3a1a4u
KIacCH(pUKAIMK M PaAclo3HaBaHHUs COCTOSHHUN aBHAalMOHHOTo asurarens TB3-117 B HelipoceteBoM 0Oasmce, pa3paboTka MeToaa
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KIIAaCCU(UKAMK ¥ PACIO3HABAHUS COCTOSHHN aBHAMOHHOrO JBurarens TB3-117 ¢ wucnonb3oBaHWEM HEWPOHHBIX CETeH.
Hcnone3yroTes Cieayromue MeToAbl: METOIBI TCOPUU BEPOSITHOCTEH W MATEMaTHICCKOW CTATHCTHKH, METOIBI HEHPOMH(DOPMATHKH,
METOJABI TEOPUH HH(POPMAMUOHHEIX CHCTEM M 00pabOTKH NaHHBIX. [lodydeHbl cienyroniue pe3yabTaTbl: ChopMyIUpOBaHE
MPUHLHANBL KIaCCU(PUKAIMK U paclo3HaBaHHWsl COCTOSHHU aBHanuoHHOro nasuratesst TB3-117 u ompeneneHsl OCHOBHBIC IIAaTd
pelieHus qaHHoH 3agaun. OOOCHOBAHO, UYTO PEIICHUE 33aui KiIaCCU(PHUKAILIMKA PESKUMOB pabOThl aBUaIllMOHHOTO nBurarens TB3-117
B HelipoceTeBoM Oa3uce 1mo3BossieT Oojee 3pHEeKTHBHO U KAaueCTBEHHO PEIINTh ATy 3a/ady, ¢ MEHBIIUMHU 3aTpaTaMd BPEMEHH U
BBIYUCIIUTEIBHBIX PECYPCOB IO CPABHEHHIO C MCIOJIB30BaHHEM KIACCHYECKUX METOJOB (Hampumep, mMerona baiieca). BuiBoasbi:
[MpnmeHeHne HeHpPOCETEBBIX TEXHOJOTHH IS KiIacCH(MKAlMM W PAcllO3HaBaHWs COCTOSHHH aBHAlMOHHOrO nsuratens TB3-117
MO3BOJISICT YMCHBIIUTh BpeMsi OOpPaOOTKU JAHHBIX, MPUYEM OCHOBHOE BpEMs, 3aTpauydBacMoO€ Ha pCIICHUE JAHHOW 3ajadyH,
WCTIONIL3YETCSl Ha Tpolecc oOydeHHs HeHpoHHOW ceTh. [lepcriekTMBaMU IalbHEHIIErO WCCICIOBAHUS SBISICTCS pa3paboTKa
9KCIEPTHOW CHCTEMBI, OJJHUM U3 MOJYJICH KOTOPOH SIBIIETCS MOIYJIbh KIACCU(PHUKAIMKM U PACIIO3HABAHHS COCTOSHHN aBHAIIMOHHOTO
neuratenst TB3-117, kotopast ucrnoss3yercst B 00pTOBO cUCTeME I KOHTPOJIA U AUAarHOCTHKU TEXHUYECKOTO COCTOSIHUS TBUTAT el
U B3aMMOJCHCTBYET C CHCTEMaMH YINPAaBICHUS IBHUraTejeM, MO3BOJET MOCICTHEMY IUIABHO M CBOEBPEMEHHO ACHCTBOBATH Ha
HCTIOJIHUTENbHBIX MEXaHU3MaXx, C OJHOH CTOPOHBI, C IIENbI0 YAYUIICHNUS KaueCTBa YIPABICHUS ABUTATEIeM U €ro IMOACUCTEMaMy, a C
JIPYroi — OBBILICHUE €r0 HAAEKHOCTH B MPOILIECCE €ro HKCILTyaTallUH.
KniwoueBble cji0Ba: aBHAIMOHHEII IBUTATENb; HEUPOHHAS CETh; MIEPCENTPOH; PEKUMBI Pa0OTHI; KJIacCH(UKAIIHS.

RESEARCH OF CLASSIFICATION METHOD OF TV3-117 ENGINE RATINGS
OPERATIONS BASED ON NEURAL NETWORK TECHNOLOGIES

The subject matter of the article is TV3-117 engine ratings and recognition methods. The goal of the work is to create methods for
classification TV3-117 engine ratings based on neural network technologies in real time. The following tasks were solved in the
article: the principles formation on classification and recognition of TV3-117 engine’s conditions, determination of main steps for
solving problem of classification and recognition TV3-117 engine conditions in the neural network basis, development of a method
for the classification and recognition TV3-117 engine conditions using neural networks. The following methods used are — methods
of probability theory and mathematical statistics, methods of neuroinformatics, methods of the information systems theory and data
processing. The following results were obtained — the principles of classification and recognition TV3-117 engine conditions are
formulated and the main steps for solving this problem are defined. It is substantiated that solving the problem of classifying the TV3-
117 engine ratings in the neural network basis allows solve this problem more efficiently with less time and computational resources
than using classical methods (for example, the Bayes method). Conclusions: using the neural network technologies for the
classification and recognition the TV3-117 engine conditions allows to reduce the processing time, and most of the time spent on
solving this problem is used to train the neural network. Prospects for further research are the development of an expert system, one of
the modules is the module of classification and recognition TV3-117 engine conditions which is used in the board system to monitor
and diagnose the engine technical condition and interact with the engine control systems, allows is to effect to the executive
mechanism fluently and in time, from the one hand, to improve the quality control engine and its subsystems from the other hand in
order to increase its reliability during its operation.
Keywords: engine; neural network; perceptron; engine ratings; classification.
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B. B. Kupriit, I. O. UEYEHELG, P. B. [IETPOBA, H. B. JIOBroros

MEXAHI3M YIIPABJITHHA JEBITOPCBKOIO 3ABOPT'TOBAHICTIO
I'A3OTPAHCIIOPTHOT O IIAITPUEMCTBA

IIpeameTom mociipKeHHS 1aHOi poOOTH € Po30ya0Ba MEXaHi3My PUHKOBOI B3aeMOJIii MK Cy0’€KTaMU TOCIOApIOBAHHS HA PHHKY
razy. AKTyaJdbHICTh JOCTI[UKCHHS OOYMOBJICHAa THM, IO  ICHYIOYI MEXaHI3MH YIpaBIiHHA JeOITOPCHKOI0 3a00ProBaHiCTIO
MAIPUEMCTB HE MArOTh JOCTaTHHOIO BIUIMBY Ha CIIOKMBAYiB, XO04ua B 0araThb0X KOMIIAHISAX ICHYE BIANOBIAHA KpEOWUTHA IOJIITHKA..
MeTor0 JOCTiDKEHHS € POo3po0Ka MeXaHI3My YIpaBIiHHS JeOITOPCHKOI0 3a00ProBaHICTIO Ta30TPAHCIOPTHUX IIANPHEMCTB 3
ypaxyBaHHSIM €(EKTHBHOCTI 3aXOJiB MIOJ0 CTSATHCHHS OOpry. 3aBAaHHAM pOOOTH € BH3HAYCHHS KPHUTEPiaTbHUX XapaKTCPHUCTHK
JIe0ITOPCEKOT  3a00pPTOBAHOCTI Ta30TPAHCIIOPTHHX MIJANPHEMCTB Ta OI[IHKA MOXIHBOCTEH IIOMO CTsATHeHHs Oopry. Ilim dgac
MIPOBENICHHS JTOCHTI/DKCHHS B POOOTI BUKOPHCTaHI METOAM Ta OCHOBHI ITOJIOKCHHS (PIHAHCOBOTO MEHEKMEHTY JUIS OIIHKH CTaHy
3a00pProBaHOCTi, HEYITKOT'O JIOTiYHOTO BHBOJY JUIS BU3HAUCHHS JMOUUILHOCTI BUKOPHCTAHHS METOJIB BILUTHBY Ha JebiTopa Mmoo
CTSTHEHHS OOPry Ha KOPHCTh ra30TPaHCIIOPTHOrO mianpueMcTa. PesyabTaTu: IIpoananizoBano Ta Ki1acu(iKoOBaHO MOKa3HHUKH, SKi
BH3HA4aIOTh 0a3y CroXkuBaviB razorpancnoptHoro mianpuemctsa [TAT "XapkiBra3" Ta BCix HOTO CTPYKTYpHHUX Miapo3aitiB. [leperik
BEepOAIbHUX KPHUTEPIiB aHaJi3y CIOXHBAUiB BKIIOYAE: YACTOTA 3aKYIOK; 3araJibHUH 00’€M 3aKyIOK; 3aJIMIIOK OOpry; MaTeMaTU4HE
OUiKyBaHHS MOTAlICHHS OOpry; mepiof CympoBoay Oopry; peHTaOeNlpHICTH CTATHEHHSA OOpry y cymoBoMy mopsaky. Ha ocHOBi
ONUTYBaHHS EKCIIEPTiB OYJI0O BUKOPHCTAHO MBI JIIHTBICTUYHI 3MiHHI, II0 XapaKTepH3yIOTh e€)eKTHBHICTh POOOTH 3i CIIOKHBAaYaMH-
OOpKHUKAaMHU 3a JIBOMa HanpsiMkamu — "[I7aHOBI BUTpaTH Ha CyNmpoBOUKEHHS Oopry" Ta "OdikyBaHi HaJXOPKEHHS BiJl OOpiKHUKA'.
Ha ocHOBI IIUX TaHUX Ta ONMUTYBaHHS eKCIepTiB Oyna copmoBaHa 6a3a mpaBwi, Ae OyJIM po3paxoBaHi YiTKi MOKa3HUKHU SKi MOXYTh
OyTH BHKOpHCTaHI JI1 MaOyTHBOI B3aeMoOpii 3i crokuBadeM, abo Ul YIPaBIiHHS IIOJIITHKOIO0 3a00pPrOBAaHOCTI Ha MiJIIPHEMCTBI.
3MiHHI, XapaKTepU3yIOTh BCiX CIOKUBaviB-OOpKHHKIB, HE TOB’sA3aHi MK co0010 HampsiMy. ToMy BBeleHa T0JaTKOBAa 3MiHHA, Yepes
SIKY MOJKJIMBO IIPOBECTH KOMIIO3UI[IIO IMX IMOKAa3HUKIB — €(EKTUBHICTh CTATHEHHS OOPIYy B 3aJ€KHOCTI Bl 3aCTOCOBAHOIO0 METOIY
BILUIMBY Ha OOp)KHUKAa. BHCHOBKH B poOOTI 3aIpONOHOBAHO AJITOPUTM BHU3HAYCHHS JOIUIBHOCTI 3aCTOCYBaHHS Pi3HHX METOIIB
BIUTUBY Ha OOp)KHHKA, 1[0 MPUBOIMUTH A0 MAKCHMAIbHOTO 30UIBIICHHS TPOLIOBOrO MOTOKY ra30TPAaHCIOPTHOrO MiAMPUEMCTBA. B
MOJATBIIOMY MOXIIMBE BIOCKOHAJICHHS OOYHCIICHb, IIUIIXOM JOCIIJDKEHHS Ta OLIHKH BIUIMBY HNPUHHSATHX PIICHb HA JOCSTHEHHS
3aIIAHOBAHUX TTIOKAa3HUKIB.

KmrouoBi cioBa: nebGiTopchka 3a00proBaHICTh; yYNpaBIiHHA (piHAHCAMHM; HEYITKWIl JIOTIYHMH BHBIA; TA30TPAHCHOPTHI
MiAPUEMCTBA.

IHocranoBka npodaemu eKCIIePTHI OLIHKM He 3aBXKIU J03BOJSIOTH OTPHMATH

KUTbKICHHH pe3ynbTar. Takok moOpe Bimoma MpaKkTHKa
00pOOKHM eKCIIepTHUX OILIHOK Ha 0a3i Teopii HediTKOI
JIOTIKH, 32 JJOIOMOT'OIO SIKMX MU MOKEMO OTPHUMATH SIKICHI
pe3ysbTaTH, 5K, HANPHKIA, YIPaBIIHCHKI pillleHHS, 3
MOBHUM yPaxyBaHHSIM HEBH3HAYEHOCTI EKCIIEPTIB.

B  pmanmii  yac  OUIBLIICTE  Tra30TPAHCHOPTHHX
MAMPUEMCTB NPAKTUYHO HE BHUKOPHCTOBYIOTH CYYacHi
HAyYKOBO OOTPYHTOBaHI METOAW YIPaBIiHHS MiSUTBHICTIO.
[lepcrieKTHBHI ~ HaOpsIMKA ~ PO3BHUTKY  OLIHIOKOTBCA
MepeBa)XHO Ha OCHOBI METOJIB aHAJOTii, JOCBiLy Ta
IHTYIIIT TOM-MEHEIKMEHTY 1 KEpiBHHUKIB E€KOHOMIYHHX
ciayx06. ['oloBHUMHM TpUIMHAMH CHOPMOBAHOI CHTYaIlil

AHaJIi3 0CTaHHIX J0CHiTKeHb i myOJikauin

MOCIY)KUJIa BiICYTHICTh KOHKYPEHTHOT'O CepeoBHIINA Ha
PUHKY dYepe3 IOro MOHOIOJI3AII Ta, SK HACHIJIOK,
BIZICYTHICTh MOTHUBaLii Ui yIOCKOHAJEHHS [isSUIbHOCTI
iIIPUEMCTB.

IcHYIOTh 3HAYHI TPYAHOIL TPOBEACHHS IOCIIHKEHb,
SIKI MAIOTh KJIFOYOBE 3HAYECHHS JUII PO3POOKH aleKBaTHUX
Ta TEPCIEeKTUBHUX IUIAHIB MOJANBIIO]  TiSUTBHOCTI
opraHizamii. BifgpmIicTh 3 IUX MPOOIEM MONATAIOTH Y
HEJIOCTaTHOCTI 1  HM3bKIH  SKOCTI  CTaTUCTUYHOI
iHpopMarlii, BiICYTHOCTI y perioHi IOCHiJKEHb PHHKY
30yTy rasy, craHy po3paxyHKiB, HECBO€YACHOCTI TEPMiHIB
oTpuManHs iH(opMalii It po3poOKKH HE BUCTAYaE JUIs
OOTPYHTOBaHUX PIllICHb.

Takuit craH Bu3Ha4ae (EeHOMEH HEBU3HAUYEHOCTI.
Skmo HeMae MOCTAaTHHOI KITBKOCTI CHOCTEpEkKeHb, MO0
IIIKOM ~ JOCTOBIPHO MIATBEPIMTH TOW UM  IHIIWH
CTAaTHCTHYHUMA 3aKOH PO3MOAITY, a00 CIIOCTEPIirarThCs
00'ekTH, $5IKi, CTPOrO KaXKy4dd, HE MOXKHAa Ha3BaTH
OJHODITHUMH, TOJI KJIACMYHOI CTaTHCTHYHOI BUOIpPKH
HEMaE.

3Buuaiina
3aCTOCYBaHHS

MpaKTHKa B TAaKUX BHIAJKAX —
METOAy eKCIepTHUX oOmiHOK. OmHak

Oryspg cuTyalii Ha ra30BOMY PHHKY, NPOBEJCHUH Y
nmyOJiKamisx MpoOBIIHUX HAYKOBIIB, [TOKA3ye, 110 HE ICHYE
SKAXCh YHIBEpCAJIbHHUX pillieHs 3 ympasminas [1, 2].
JloinbHICTh 3aCTOCYBaHHs TOrO 200 IHIIOTO METOMY IHX
MoJieTield  3aJIeKUTh BiJ 1ocraBieHol 3agaui. Tomy
HEeoOXiTHUI HIMPOKUI HaOlp MoJelnei, ki O BUpilIyBanu
3aBaHHA YIPABIIHHA HE3aJICKHO ONWH BiJ OFHOTO i
MOTPAIUBUTA B Pi3HI KaTeropii METOIB IS MOJABIIOTO
MOPIBHSUIBHOTO 1X aHasi3y 1 IPUHHSTTS pimeHHs [7].

BupisienHs HeBHpilIeHUX paHile YaCTHH 3arajbHOI
npoodaemMu

VYupapniaas (iHaHCOBUMH 3000B’SI3aHHSIMH ~ Ha
MiANPUEMCTBAX ~ JaBHO €  3a7adero  JOCIiJDKEHHS
BITYM3HAHMX HAYKOBIIB [8]. OcobamBOi BaXXIMBOCTI Take
3aBIaHHs HaOyBae JJIs MIANPHEMCTB, IO MAlOTh O3HAKU
MPUPOJHUX MOHOTIONIH, abo Takumu € [9]. Uepe3 HHU3KY
comianbHUX (PAaKTOPiB HAKOMUYEHUNH OOpr CIIOKHBaUiB
TOBApiB Ta MOCIYT MOPIBHSUIBHUM 3 3HAUYEHHSIMH DPIidHOI
BUpY4YKH [3—5]. YrpaBmiHHS Takol0 3a00PTrOBaHICTIO Mae
TaKOXX 3HA4YHi OIOPKETHI Ta MPaBOBi OOMEKEHHS.

© B. B. Kupiii, /1. O. Yeuenens, P. B. [letposa, H. B. Jlosromou, 2018
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@DopmyTIOBaAHHA Lijel cTATTi (IOCTAHOBKA 3aBJAaHHSI)

PesysibTaTH goc/aigKkeHb Ta iX 00roBOpeHH

MeToro  JOCHIDKEHHS € po3poOka MexaHi3My
YIPaBIIiHHS NeOITOPCHKOIO 3a00proBaHiCTIO
ra3oTpaHCIOPTHUX  MIANPUEMCTB 3  ypaxXyBaHHIM

e(eKTUBHOCTI 3aX0/iB OO0 CTATHEHHS OOpTy.

JTiHTBiCTITIHI
IMOBIpHOCTI

Kracrauuit
HMOBipHiCHHIT
omic

SKmo  CHiBBIIHOCWTH  IMOBIPHICHI,  HEYITKO-
MHOXXHHHI Ta €KCIIEPTHI OMHCH CTOCOBHO €(EKTUBHOCTI
BHUpilICHHA  (iHAHCOBMX  3aBIaHb, TO  MOXHA

BUKOPHCTOBYBATH CXeMY Ha puc. 1.

Cy0’eKTHBHI
IMOBIPHOCTI

Pozmomin 3
HEeYiTKIIMH
mapameTpaMi

Heuitkuit omxe

ExcneprHi

OyHKI{
TIPHHAICIKHOCTI

OITIHKT

Puc. 1. CriiBBiAHOMIECHHS KJIACHYHUX, CKCIIEPTHUX Ta HEYITKUX IMOBIPHICHHUX OIIHCIB

Sk BHAHO, TO MIpi TMOCHJICHHS HEBU3HAYCHOCTI
KJIAaCHYHI IMOBIPHICHI ONMHCH MOCTYMAIOTHCSA MICIEM, 3
OJTHOTO OOKY, CYO’€KTHBHMM IMOBIPHOCTSIM, 3aCHOBaHUM
Ha EKCIEPTHUX OI[iHKAaxX, a, 3 IHIIOro - WMOBIPHOCTSIM,
BH3HAUYECHUM HE KIJIbKICHO, a sKicHO (mpuOym3Ho). ITpu
IbOMY JIUCKPETHI OIIIHKKA HMOBIPHICHUX PO3IOIiIIB
3aMIITyIOThCS IHTEPBAJbHUMH (U1 €KCHICPTHUX METOIIB)
1 HEWITKUMU (IJI1 METOJIB Teopil HEHiTKOI JOTiKM). SIKIIo
MOTIK  BUXIAHMX  JAHUX  MaTeMaTH4yHOI  MOJeni
CIIOCTEPIraeThCsl IK CTATUCTHKA, HEMAE HIYOTO Kpalle, sK
JIOCIHIZPKYBAaTH II0 CTATUCTUKY HA OCHOBI MMOBIPHICHHX
Mozenm. AJie SKIIO CTAaTHCTHKHA HEMA€, €KCIEPT MOCTaE
nepezn Bubopom:

a) 30BCIM
HMOBIpHOCTEH;

0) BBOIUTH B MOJETh CyO'€KTHBHI HMOBIpPHOCTI Ta
HMOBIpHICHI PO3ITOLIH;

B) BPaXOBYBAaTH HEBU3HAYEHICTh i3 3aCTOCYBAHHSIM
HEJiTKAX (PopMai3MiB TppOMa MUITXAMU:

- IEPEeXOIUTH  Bi  KIACHYHUX  IMOBIpHICHHUX
PO3MOAUTIB 7O IMOBIPHICHMX PO3MOMITIB 3 HEYITKHIMHU

BIMOBIIATHUCS Bix 3aCTOCYBaHHS

napaMeTpamu;
- 3aMillaTd  KigbKICHI ~ WMOBIPHOCTI  SKICHUMH
(FIiHTBiCTHYHUMH B CeHCi 3afe);
- po3mi3HaBaTH CTaHM (iHAHCOBHX CHCTEM 3

BHKOPHCTAHHAM HEUITKHUX KiIacu(ikaTopiB.
Ockinbku Oynb-Ki JTOCHTIPKEHHS HE 3MOXYTh JaTH

JIOCTOBIpHOi  iHpopMamii Mmpo CTaH  OTOYYIHOYOTO
cepeloBHIa, Mae CeHC 30uparu, oOpoOisTH Ta
BUKOPHCTOBYBaTH  iH(OpMaIil0 PO  HABKOJIMIIHE

CepeIOBHUIIIE 3 METOIO IMOJICTTICHHS TOTOYHOT AisUTBHOCTI
cy0’eKkTa TOCHOJAPIOBAaHHA. 3 €0 METO Oy
MPOBEJCHE JOCHI/KCHHSI 33 HACTYIHOI0 CXEMOK —
JIESTKOMY €KCIIEpTHOMY CIIBTOBapHCTBY, B sIk€ BXOIUTH N
eKcrepTiB, OyJio 3ampolOHOBAHO OINIHUTH KiJbKiCHI
3HAa4YEeHHS KOHTPOJIOBAHOTO Mapamerpa X i Horo sKicHUH

ONUC y BHIVISZI: HediTKa MiIMHOXMHA "BuUCOKMiA piBeHb
X" minrBictryHOi 3MiHHOT "PiBeHp (akropy X", mis skoi
mapameTp X € HociemM. Bcporo mepembayaethes
knacudikamis Hocis X 3a m'atema piBHAMHU: {[[yxke
Hu3bkuii, Hwsbkwmii, Cepenniii, Bwucoxuii, Jlyxe
BHCOKHi }. OIiHKa cTaHy 1e0iTOPChKOT 3a00proBaHOCTI Ta
HMOBIpHICTP ii TTOBEPHEHHS HPOIOHYETHCS MPOBECTH Ha
OCHOBI BUKOPHCTaHHS HEUiTKOI 0a3u 3HaHb.

YrupaBiiHHA J1e0ITOPCHKOI0  3a00pProBaHIiCTIO, Ha
nyMky Simuenko I.€., moBMHHO 0a3zyBaTHCsS Ha CHCTEMI
iHpopMauiliHoro-aHainiTnuHoro 3abesnedenus [11]. Jlns
dbopmyBaHHs 0a3u mpaBui OyJa0 MPOAHATI30BAHO BCIiX
CHOXXKMBAuiB 32  IIICTbMa  KPUTEPIsIMH:  4YacToTa
3aKyIOK, MIC.; 3arajbHUii 00’€M 3aKyIOK, THC. TpH.;
3aJMIIOK 0Opry, THC. TPH., MareMaTH4YHE OYiKyBaHHS
MoTameHHs 0opry, THC. TpH., IEPioa CympoBoxy Oopry,
ITHIB, PEHTAaOCNBHICTh CTSATHEHHS OOpPTy y CYIOBOMY
nopsaKy, %. Y poii eKcrepTiB BHCTYNHIHM NPAlliBHUKA
(hiHAaHCOBUX BIIUIUTIB BCIX BiIOKpEMIICHUX MiAPO3IiTiB
ITAT "Xapkisra3". Ha ocHOBI ONHUTYBaHHA EKCIEPTIB
OTpUMaHe KUTbKICHE BiToOpakeHHs CTaHy
3a00proBaHoCTi, aje Il TOKa3HUKU HE MOXYTh OYyTH
BUKOPUCTaHI uId miyiedt ympasninesa. [lo-mepme, i
MMOKA3HUKH HIiSK HE CIIBBIIHOCSATHCS OIWH 3 IHIIMM, a
OT)Ke TIOPIBHIOBATH iX HeMoxnmBo. [lo-mpyre, cami 1o
co0i BOHM He iH(GOPMATHBHI, JHIIE AEAKa CYKYIHICTh
(axTiB po Cy0’exT JOCIT JPKSHHS MOXKeE
cnpuiimarucs, sk Horo onuc abo o6pas. [To-Tpere, Benmka
KUTBKICTh ~TIOKAa3HHKIB HE TMOJCTIIYE IOCIHIIKCHHS
cy0’ekra, a Jyumie 30LIBIIye CKIAIHICTH TOCHIJKCHHS,
OCKIJIBKH CHIBBIIHOCHTH KOKHHUH MOKa3HUK
3 PENITOIO IHIIMX MOXKE HE JIMIe OyTH 3aiiBUM, SIK HOCIH
onHiel 1 Tiel x indopmamii, ane ¥ OyTH CKIaZHUM IS
CIIPUMHSATTSL.

Y  KOHTEKCTI JaHOrO MHTaHHS IPONOHYETHCS
PO3TISTHYTH JIOITBHICTE poOOTH 3 1ebiTopoM  Jist
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HiIIPUEMCTBA 3 OMNIAAY HA T€, CKUIBKHM KOLITYBaTHME
Woro Oopr amd MANPUEMCTBA TIPU  IMOBIPHOCTI
MTOBEPHEHHS JISAKOT MPOTHO30BaHo1 cymu 6opry[ 10].

Hdnst  Toro mo0  BHKOPUCTOBYBATH  HasiBHY
CTaTUCTUKY (TepMiH cmocrepiraHHs — 3 poKH 3
LIOMICSYHUM 3HA4Y€HHSIM CyMH Oopry), sK HEYiTKi
JIHTBICTUYHI ~ 3MiHHI, OTpUMaHi JaHHI  MHOTPiIOHO
¢asudikysaru (BBecTH HewiTKicTh). st peanizauii eramy
¢dasudikanii OyJ0 BUKOPHUCTAHO ONUTYBAHHS TIPYNH

eKCIIepTiB, K YK€ 3a3Havasocs panime. KoxHoMy 3
eKCIIepTiB OyJi0 3ampoIOHOBAaHO Yy MeEkax 3aJaHoro
OPOMIXKKY ~ 3HaueHb  BH3HAYUTH  SIKUM  YHHOM
POBIOJIUISAIOTECS 3HAYCHHS NapaMmeTpa, SKMd Ha #oro
JIYMKY HaAWOiJbII BIiNMOBINAE Tiil JIHIBICTHYHIA 3MIHHIMH,
AKy BiH omnucye. B pesynbrari y3araJgbHEHHS wi€l
iHpopmanii Oynu moOyxoBaHi TpamnerieBuaHi QyHKmii
MPUHAJIEKHOCTI, (parMeHT BHU3HAYEHHS BEPLIMH SKHX
BKa3aHi B Ta0I. 1.

Tabauns 1. @pacmenm mabauyi UHAUEHUX eKCNEPMAMU GEPUUUH 2PADIKI6 PYHKYIL NPUHATEHCHOCTE 05l KOHCHOI TIHSGICMUYHOL

3minHOi 3a écima nioposzoinamu IIAT "Xapxieza3"

Hassa
BepOa- Hassa mgﬁgﬁzﬁ;_ JleprauiBcbke 3MiiBcbKe Kpachorpag- Kym’siHcbKe MepedsHCh- Uyryiscbke
JIBHOT KpHTEpilo 50 YEIT YEIT ceke YEIT VEIT ke YEIT YEIT
3MiHHOT
OnunuuHa 0-0-1-2 0-0-1-2 0-0-1-2 0-0-1-2 0-0-1-2 0-0-1-2 0-0-1-2
Yacrora | Pimkicna 2-3-5-10 2-3-5-10 2-3-5-10 2-3-5-10 2-3-5-10 2-3-5-10 2-3-5-10
3akynok, | CepemHs 6-11-14-17 6-11-14-17 6-11-14-17 6-11-14-17 6-11-14-17 6-11-14-17 6-11-14-17
micanis | Yacra 15-18-26-30 | 15-18-26-30 | 15-18-26-30 | 15-18-26-30 | 15-18-26-30 | 15-18-26-30 | 15-18-26-30
Myxe vacra | 27-31-37-37 | 27-31-37-37 | 27-31-37-37 | 27-31-37-37 | 27-31-37-37 | 27-31-37-37 | 27-31-37-37
CHcTeMH HEUiTKOTO BHUBOJY IMOBHHHI MICTHTH 0a3y  3a00proBaHOCTI CIIO’KMBAdiB, IMOOYIYBaBIIH SKi ITO

MpaBWJI Ta pealli3oByBaTH HEYITKUH BUBIA Ha OCHOBI
MOCHJIOK a00 yMOB, MpEJCTaBICHUX y (OPMi HEUITKUX
JIHTBICTUYHUX BUCJIOBIIIOBaHb. J[JIs1 3aCTOCYBaHHS TaHOTO
anroputMy OyJO BHKOpPHCTaHO TrpadivyHUi penaKTop
Fuzzy Logic Toolbox 3 makery HanOynoB makeTy Matlab
2015. [na po3paxyHKiB OyJI0O 3aCTOCOBAHO aJTOPUTM
MawmpaHi, K Takdi, 1[0 HaW4yacTillle BUKOPUCTOBYETHCS
JUTSl BUPILICHHS aHAIOTTYHUX 33/a4.

VY pesynprari 0OpOOKHM EKCHEPTHUX JaHWX OyIIo
chopmMoBaHO TO T’ATH (YHKIIH TPHHAICKHOCTI IS
KO)KHOTO 3 IIeCTH KPHUTEpiiB OIIHKH ae0iTopchKol

3alaHUM TIapaMeTpaM OTpHUMaHO Tpadikd y BHIISII
Tpaneuiii. BepxHs ocHoBa Tparnelii Bka3yBaia Ha TOW BUJ
CHOXHBAYIB, SKUX BCI EKCIIEPTH BIAHECIH 0 JaHOT
kateropii. HmwkHs ocHOBa Tparenii Bkasye Ha rpaHH4HI
3HAYEHHS, B ME)Kax SKOi, Ha TYMKY €KCIIEPTiB, CIIOKHBaYi
MAalOTh SKECh BIIHOIICHHS 10 MaHOi kareropii. [Ipukman
Takux TpadikiB 300paxkeHo Ha puc. 2 (me mo oci X
300paXkeHa KiJTbKICTh MICSIIIB B3a€MOJIii 3 KOHTPareHTOM
3a JIOCHIPKyBaHWH Tiepiog, a mo Y — BiJICOTOK
MIPUHAJICKHOCTI 0 TeBHOT Kareropii Bixg 0 mo 1).

Membership function plats

niinnan Pepxan Cpeguan

Yacran Owwlucm

g

Inpul vadable "Hactor a]a\ymf

Puc. 2. I'padikn dyHKIii nprHaneKHOCTI KpUTEPIlB OLHIOBaHHS BXiqHOTrO napameTpy "Hacrorta 3akymnok" mst ['ooBHOTO

nignpuemctea [TAT "Xapkipraz"

3a gomomororw ImMX 6  BXiZHHX ~ 3MIHHHX
nepen0avyacTbesl BU3HAYMTH 2  BHXITHHX IapaMeTpH:
OuiKyBaHI HaJXOJUKEHHS BiJl OOp>KHMKa (y BiICOTKax IO
BiJTHOIICHHIO JI0 HAsSBHOTO OOpPTY), IUIAHOBaHI BUTPATH Ha
CYNPOBOJIKEHHSI 6opry MEBHOTO CHOXKHBaya.
I'padik BuXITHHX JaHWX 300paK€HO HA PHCYHKAX
3Ta4.

Jlyst KOXKHOTO 3 BHXIJHHUX IapaMeTpiB OILiHIOBaHHS
po3risimanucs 3 BXimHUX mapamerpu. [IpaBuia BHBOIY
JUIS OIIIHIOBAHHS TapaMmeTpy OyIyBaluCs TAaKUM YHAHOM,
1o JUIS BU3HAYEHHS rnapaMeTpy "OuikyBaHi
HaJXO/DKEHHST Bify OOp)KHWKA" TpuUAManHMcs 10 YBaru
BuXinmHi 3MiHHI: "YacTtoTa 3akymok", "3ammmox Gopry",
"MareMaTU4HE OYiKyBaHHs TOTallleHHs Oopry"; a mms
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BuXigHOro  mapamerpy "l[limaHoBaHi  BUTpaTH  Ha
CYTIPOBOIKECHHS oopry" BH3HAYaJIbHIUMH Oy
napametrpu: "3arampHUE 00’eMm 3akymok”, "Ilepiox

cynpoBoay Oopry", "PeHTaGenbHICTh CTATHEHHSI 0Opry y
CyZIOBOMY MOPAIKY".

BpaxoByroun, 1mo MoxiuBi Oyb SKi KOMOIHAITT X
KpHUTEpiiB, MOXKHAa CTBEpIKYyBAaTH, IO SKIIO IIpaBmiIa
TOBUHHI BpaxoOBYBaTH oO1pa3y 3 BXIJHUX MapaMeTpH,
KIJIBKICTh TpaBWJI JJIS OJHOTO BHUXIAHOTO TapaMeTpy
nocsiratume 125.

Membership function plots

JHaumTenbHER Buiim Y
¥

Ypepaiine [loson

Buwumi‘muq

output varable “Buppia®

Puc. 3. I'padiku GyHKUIH MPUHATEKHOCTI BUXigHOTO MapameTpy "OuikyBaHi HaAXOKEHHs BiJ 60p)HUKA"

Bea 6a3a mpaBun ckmagatume 250 mpaBui, IO
3HAYHO YCKIIaAHIOE eKcrepTam pobory no
BIOPSIAKYBaHHIO 1i€i 6azu. [yt cripoleHHsl mpouenypu
noOynoBu Ga3u TpaBui Ta 1Mo30aBlieHHs ii BiJ HPOTHPIY
Oynmo 3acrocoBano Meron 3AIIPOC  (3amkHyTi
[ponenypu y Onopuux Curyartiit). CyTb sSIKOTO MOJISATAE B

HactynHoMy. [lpu Oyzap-sikii CyKYyIHOCTI KpHTepiiB
MOXKHA MNPUIYCTUTH, LIO ICHYE ilealibHa ajbTepHATHBA,
sKa Ma€ Kpaili OIIIHKH 3a BCiMa KpuUTepisMu. bymemo
PO3IIISIATH 11ealibHy aJbTEPHATUBY SIK OIIOPHY CHUTYAIlito,
OpIEHTYIOUNCHh Ha Ky, MOXHa IOPIBHATH MDK c00OM0
3HIDKEHHS SIKOCTI Y3IOBXK IIIKaJl JBOX KPUTEPIlB.

Membership function plots

QueHi anie Manie

Cpapsie

BicoKie Ouets i

oulput variable *3arpany a onporoxpe”

Puc. 4. I'padikn yHkuii npuHanexHocTi BuxigiHoro napamerpy "IlnaHoBaHi BUTpaTH Ha CYyIpOBOKeHHs 6opry"

IlepeBaru 3AIIPOC

HaCTYITHOMY:

METOY

- BCl IHUTaHHS TPOCTI 1 3pO3yMiNI UIA EKCHepTa,
OIIIHOK

BOHHU chopmynboBaHi Ha MOBI

KpUTEPiiB;

OJIATarTh B

- BIATIOBIJAfOYM Ha MTUTAHHS, EKCIIEPT ITOBUHEH OYTH
JIOTTYHMM 1 MOCHITOBHUM, TOJI 3aBJISIKH LLOMY aJITOPUTMY
30epiraeThCs HECYNEPEWINBICTh BUXITHOT iH(OopMAalIlii,

- OyIb-Ki TMOPIBHSHHS SIKOCTI aJbTEPHATHB MOXYTh
OyTH MOSICHEH] Li€I0 )X MOBOIO.




107

ISSN 2522-9818 (print)

CyuacHuii cman Hayko8ux 00ciiodcenb ma mexnonoeitl 6 npomuciosocmi. 2018. Ne 4 (6) ISSN 2524-2296 (online)

3a  pe3yapbTaToOM  EKCIEepPTHOiI  OIiHKKM  Oyna  3aJaHuMH napameTpamu BXiJTHUX KpHUTEPIiB,
chopmoBaHa 06a3za TmpaBWJI IS JAHOTO alNTOPUTMY, QIO TIEBHOI TpPymu BHXITHOro Kputepito. [lpukmaz
sIKa BIIOPSIIKOBYE Ta 1o30aBJisie OpOTUPIY  CKIANEHUX  TaKUM  YMHOM  MpPaBHJI  300pakeHO

Bi)IHeCCHHH KOHTparcHra, SIKHH XapaKTCpU3yeEThCA Ha puc. 5.

If (HacToT: 2 LHACTES oy NHE A Uil ]

If (HacToTa_sakynok is O4eHb_HacTaa) and (OCcTaTok_ponra is OdeHs_kpynHaa) and (MaT .oxuaaHie is Beicokoe) then (Beipyqka is Beicokkid_soxon) (1)
If (HacToTa_sakynok is O4deHb_YacTaa) and (OcTaTok_ponra is OdedHb_kpynHaa) and (MaT oxuaaHde is CpegHes) then (Beipyqka is Qoxop) (1)

If (HacToTa_sakynok is O4deHb_HacTaa) and (OcTaTok_ponra is OdeHs_kpynHaa) and (MaT oxugadie is Manaa) then (Boipydka is Brvsko_k_0) (1)

If (HacToTa_sakynok is O4deHb_HacTaa) and (OcTaTok_ponra is OdeHs_kpynHaa) and (MaT oxuaaHue is Odedb_manoe) then (Boipydka is ¥Boimkm) (1)

If (HacToTa_sakynok iz O4YeHe_YacTaa) and (OocTaTok_ponra is KpynHaa) and (MaT omuaaHHe is OdeHb_BbIcokoe) then (Beipydka is Bolcokmia_goxon) (1)
If (HacToTa_sakynok iz OuYeHe_YacTad) and (OocTaTok_gonra is KpynHaa) and (MaT.omugaHme iz Boicokos) then (Beipydka is Boicokmi_goxon) 1)

If (HacToTa_sakynok iz O4YeHe_YacTad) and (OcTaTok_gonra is KpynHaa) and (MaT.oxmugaHme is CpegHes) then (Beipydka is Boicokmi_goxon) (1)

If (MacToTa_saKkynok is OuYeHe_YacTaa) and (DCcTaTok_ponrs is KpynHaa) snd (MaT.oxkaaHKe is Manaa) then (Beipydka is Qoxog) (1)

10, If (MacToTa_sakynok is OueHe_4acTaa) and (OCTaTok_jonrs is KpynHaa) and (MaT.okuMpaHie is OueHe_manoe) then (Bepydka is ¥GeITEW)I (1)

1. If (HacToTa_sakynok iz OueHe_dacTad) and (OoTaTok_fonra is CpepHaal and (MaT oxuaaHue is OueHe_Ebicokoe) then (Belpyuka is Beicokmi_goxon) (1)
12, If (HacToTa_sakynok is CueHe_yacTan) and (OocTaTok_gonma is CpegHaa) and (MaT.oxmganue iz Beicokoe) then (Boipyqka is Beicokmii_goxog) (1)

13, If (HacToTa_sakynok is CueHe_uacTas) and (OcTaTok_gonra is CpegHaa) and (MaT.oxmganke is Cpegree) then (Boipyqka is Bricokmii_goxog) (1)

14, If (MacToTa_sakynok is OueHe_dacTan) and (OcTaTok_jonra is CpegHaa) and (MaT.oxmpanme is Manaa) then (Beipyqka is Joxog) (1)

15, If (MacToTa_sakynok is OueHe_dacTad) and (OcTaTok_jonra is CpegHaa) and (MaT.oxmganme is OuyeHe_manoe) then (Bepyudka is Brmsko_k_00 (1)

16, If (MacToTa_sakynok iz OueHe_yacTas) and (OcTatok_gonra is Manein) and (Mat .oxugaHme is OueHe_Eeicokoe) then (Beipyaka is Beicokmin_goxog) (1)

|

LRI ]~

A7, If (HacToTa_sakynok is OueHe_dacTag) and (OcTaTok_gonra is Maneid) and (Mat.oxuganme is Boicokoe) then (Beipydka is Beicokmi_goog) 1) b
It and and and and an
YacToTa_sakynok is OcTaTok_jonra is MaT osuaaHreE is CONPOEoHEHWE is SaKkyNNeHO_ToEaps is
EppHitaHaa ~ OueHE_niankii ~ OHEHE_manoe ~ OHEHE_ankii ~ OHEHE_tana ~ O
Cpearaa B B B Mankii B Mana B Mz
CpegHAA CpeaHue Cp
Peakaa i MHO ™D Bk
YacTaa CHEHE_MHO M o
none
b bt 4 b b
D not D not D not D not D not D
Connection Weight:
Cor
@ e 1 Delete rule Addd rule Change rule == =s

Puc. 5. [Ipuknag 6a3u npaBui g GOPMYBaHHS HEYITKOTO JIOTIYHOTO BUBOIY

[Micns peanizawii aaroputMmy, Oyino OTpUMaHO 2  BUXIIHUX 3MIHHUX B 3aJ©KHOCTI BiJ  3HAYCHHs
JIHTBICTUYHI ~ 3MiHHI, SIKI  XapakTepu3ylOTh  BCIX  IapaMeTpiB BXIIHHUX 3MiHHHX.
CHOXKMBauiB 3a ABOMa HampsiMkamu — "[1naHoBI BUTpaTH Po3risiHeMO MOXJIMBICTh Ta HalpsiM BUKOPHCTAHHS
Ha CymnpoBOpKeHHs1 0opry" Ta "OuikyBaHi HaIXO/DKEHHS  LMX JaHMX A iieit ynpasiinas. Cinif 3a3HavuTH, II0
BiZ OopkHuka". Taki 3MiHHI He JMIIe OiNbII NPOCTI Ul JaHi 3MiHHI He MOB’s3aHi MK cO0OK HampsMy, ane
MPOBEICHHS aHali3y, aje W OommcaHi y BUTIAAI OUTBII  OMOCEPEIKOBAHWH 3B’S30K MiIX HUMH icHYe. ToMy MOkHa
3pO3yMINIOMy [JIsl JIIOAWHM, fSKa LUMH JaHUMH OyJe  BBECTH JOAATKOBY 3MiHHY, 4yepe3 sIKY MOMKIIHBO IPOBECTH
KOPHUCTYBaTHCs (€KcIepTa, TOI-MEHe/DKepa, BIACHHKA i KOMIO3MLIK IMX 3MiHHHMX. Takow 3MiHHOW Moxe OyTH
1.1.). Ha pucynky 6 ta 7 300paxeHi rpadiku BiJKIHKy  HaIpHUKIAA ¢PEKTHBHICTH CTATHEHHS OOPTy B 3aJIC)KHOCTI

BiJI 3aCTOCOBaHOT'0 METOAY BIUTMBY Ha OOp)KHHKA.
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Puc. 6. I'padik Biakmnky BuxigHOI 3MiHHOI "[11aHOBaHI BUTpATH Ha CYIPOBOIKEHHS OOpTY" B 3aIeXKHOCTI BiJI 3HAUEHD BXiTHHX
3MIHHUX
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Bripydka
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10 5 0 MaT.cmgaHie

YacTota_akynok

Puc. 7. [Tpuxnazg rpadiky BiAKIMKY BuXigHOI 3MiHHOT "OUikyBaHi HaXOHKEHHS BiJl OOp)KHHKA" B 3aJI€KHOCTI BiJl 3HAUCHD BXiJHUX

3MIHHHX

Cepen MOXKIIMBHX METO/IIB BIIUBY Ha OOP>KHHKA JIJIst

ra30TPaHCIOPTHUX MATIPUEMCTB icHy€
00OMeKeHU neperiK JTI03BOJICHUX METO/IIB,
cepen SKHX:

- CTUMYJIIOBaHHS JO TIOTAlIeHHS OOpry, IIIIXOM
MOBIIOMJICHHA TIpO CTaH OoOpry Ta MoOMepeKeHHI

OOp)KHHKa TPO  MOXJIMBI  HACHIAKM  3aTATYBaHHS
BMILIAT;

- HApaxyBaHHsI IIeHi 3a MIPOCTPOUECHY
3a00pPrOBaHICTh;

- PO3ipBaHHS BIAHOCHH 3 OOPIKHHUKOM, 3 ITOIAJTBIIHM
BiJIKJTFOUEHHSIM BiJl MEPEXKi IIOCTAYaHHS;

- CTSITHEHHSI OOPTy y CyIOBOMY MOPSIIKY;

- CIiMcaHHs 0opry, sIKk Oe3HaAIHOTrO.

Crix BUPINIMTH SKMM YHHOM B33aEMOJIIOTH JaHi
3MiHHI B KOHTEKCTI NMHUTaHb CTUMYJIOBAHHS CTATHEHHS
nebiTopchKoi 3a00pPTOBAHOCTI, Ta Ky METy IEpeciiIye
KepIBHUITBO — 30UIBIICHHS HAIXOUKCHHS TPOIIOBHUX
KOIITiB, a00 3MCHIICHHS BWUTPAaT Ha CYIPOBOKCHHS
6opry. Sk Bkazyioth ['ym3p O.I. Ta MyciiioBcska O.B.,

NUISXH ~ YOPaBIiHHA  JeOITOPCHKOIO  3a00prOBaHICTIO
MOBMHHI ~ BpaxyBaTH  €Tall  JKUTTEBOrO  IHKIY
mianpuemctBa  [12].  Illmsxom  onwTyBaHHA  TOII-
MEHE/DKMEHTY OyJl0  BHPINIEHO BU3HAYUTH, SKUM

YUHOM 3aCTOCOBaHI METOAU MOXKYTh TMIPU3BECTU OO

301IBIIEHHS TPOLIOBOTO MOTOKY. [Ijist 11bOT0 OYyiM Takox
3aMisHI eKCIepTH, JJI1 BHU3HAYCHHS BIAHOCHH MIiXK
OTPUMAHUMH JIHTBICTHYHUMM 3MIHHUMH Ta METOJaMHU
BIUIMBY Ha CTSArHeHHs Oopry. [To-meprie Oyna Bu3HAYCHA
Ba)XKITUBICTh CIIOKMBa4a 3 OIVIALY HA PIBCHH IIAHOBAHHUX
BUTpAT Ha CYHPOBiA OOPry Ta OYiKyBaHHX HAIXOIKEHBb
(Tabm. 2).

TakuMm caMHM YHHOM eKcnepTamu OyB BH3HAYCHUIA
piBeHb e(DEKTHMBHOCTI METOMY CTSATHEHHS OOpry 3 OrIsIay
Ha pIBeHb IUIAHOBUX BUTpPAT Ha CYMPOBOJKECHHS OOpry
(Tabm. 3).

BpaxoByloun Taki BIIHOIIEHHS TOOYIyeEMO
KOMIIO3HIIi0 3a popmyitoro 1.

ix

H, (M, H) = max[ 1, (M, B), 14,, (B, H)] @

ae HeH(M,H) — DpiBeHb  e(eKTHBHOCTI
CTSATHEHHS OOpry 3 ONIAy Ha piBeHb OYIKYBaHHUX

u,(w8) -~

METOAY

HaJIXOJKEHD, piBeHb  eEKTHBHOCTI

piBeHb
Gopry,

METORY
TTAaHOBUX

HBH (B’ H) -
Ha piBEHb BUTpAaT HAa CYNpOBix OOpry Ta OdiKyBaHUX
HaJ[XOJKEHb.

CTSATHEHHS
BUTpAT

bopry 3 ormiay Ha
HA  CYNPOBOJKCHHS

BRXJIHMBICTh  CHOXHBA4YiB 3  OTJBILY

Tadmauus 2. Basciugicms cnosicuauis 3 02110y Ha pigeHb UmMpam Ha Cynposio 60pey ma o4iky8anux Ha0X00diCeHb

Jyxe BenuKi Bemmki Cepenni Mai Jyxe mami
HaJIXOKCHHS HAZXO/KEHHSI | HAJXOJDKEHHS | HAJXODKEHHS | HAJXODKCHHS
Jye BHCOKI BUTpaTH 67.00% 18.00% 9.00% 5.00% 1.00%
Bucoki BuTpaTH 21.00% 37.00% 22.00% 15.00% 5.00%
CepenHi BUTpaTH 7.20% 26.85% 39.55% 16.40% 10.00%
Huseki BuTpartu 3.40% 16.00% 23.00% 29.60% 28.00%
Jlyxe HU3bKI BUTpaTH 1.40% 2.15% 6.45% 34.00% 56.00%
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Tadmauus 3. Pigenv egpekmugnocmi memoody cmschenus 60pay 3 02110y Ha pieeHb BUMPAMm HA CYRPOBOOICEHHS 6Op2y

Jyxe BUCOKI Bucoxi Cepenni Hmsbki Jy>xe HU3bKi
BUTpaTH BUTpPATH BUTpATH BUTpAaTH BUTpPATH
TonepemxenHs 6GopKHUKA 3.00% 7.00% 25.00% 43.00% 77.00%
HapaxyBanHs neHi 26.50% 29.00% 22.50% 13.00% 0.50%
BiakimoueHHs 7.50% 20.00% 31.00% 32.00% 12.40%
CrsirHeHHs 6opry y cyai 60.00% 35.00% 9.00% 1.00% 0.10%
Crmcanns 6opry 3.00% 9.00% 12.50% 11.00% 10.00%
Pesynbrar koMIo3uLil TaHUX BUKIJIA/AEH] y Tabnumi 4.
Tabauns 4. Pieenv eghexmugnocmi memoody cmseuents 6opeay 3 02150y Ha Pi6eHb OUIKY8AHUX HAOX0OICEHD
Hyxe Benuki Benuki Cepenni Maui Hyxe mami
HAJXO[DKCHHS | HAJXOIKCHHS | HAOXO/MKCHHS | HAAXOMKCHHS | HaIXOMKCHHSI
TTonepemkenns OOpKHUKA 2.01% 2.59% 9.89% 14.62% 2.01%
HapaxyBauus neHi 17.76% 10.73% 8.90% 4.42% 17.76%
BigkmoyeHHs 5.03% 7.40% 12.26% 10.88% 5.03%
CrsaraeHHs 60pry y cymi 40.20% 12.95% 3.56% 0.34% 40.20%
Crcansst 6opry 2.01% 3.33% 4.94% 3.74% 2.01%

BHCHOBKH Ta nepcneKTHBH MOAATBIION0 PO3BUTKY Xoya MaremMaTHyHI MOJENi, IO CIUPAIOTHCA Ha

HEYITKY JIOTIKy 1 HE MalOTh HACTUIBKH BaroMy J10Ka3oBY

[ligBoAsluM  MiACYMOK MPOBEACHUX JOCIIIKEHb 0a3y, K d4iTKi MoJedi, BOHH MaloTh psJi HepeBar y
3ayBaXMMO, 10 HMOBIPHICHO-CTATHCTHUYHI  METOIU 3aCTOCYBaHHi: poCTOTa onucy, JIETKICTh
MaTeMaTHYHOrO0 ONMCY B yMOBAX HEBM3HAUGHOCTI  B32€MOPO3YMIHHS MDK OOYMCIIOBAIBHOK TEXHIKOKO Ta
BiJIPI3HSIOTHCS 3a o0csiroMm iHbopmarii, ska  JIIOJMHOIO, sAKa KOPHUCTYBAaTUMETBCS JlaHUMH,
MOTpiOHa UIA 30UTBIIEHHS JOCTOBIPHOCTI BHCHOBKIB, i OOIpyHTOBaHE 3MEHLIEHHs HasgBHOI 1  JOCTOBipHOI

iHpopmamii. B poboTi mpencraBieHi peKOMeHAAIl L

CKJIJHICTIO ~ MAaTeMaTHYHOrO  amapary,  [pUYOMY
30uTbImIeHHS iH(OpMAIli TATHE 3a co0OK 30iMBIICHHS
CKJIATHOCTI. IMOBipHICHO-CTaTHCTUIHUH OITUC
JIOIIIHO 3aCTOCOBYBATH JIHMIIE Yy Pasi, SIKIIO TOYHO
BiJoMi IMOBIpHiCHI XapaKTePUCTUKU 00'ekTa
MO/ICTIFOBAHHS. v BUITaIKax i3 BUCOKUM
piBHEM HEBH3HAYEHOCTI JTAaHUX JIOLIBHIIIE

BUKOPHCTOBYBaTH MaTeMaTHYHUI OMKC i3 3aCTOCYBaHHIM
HEYiTKOI JIOTiKH, 110 OCHOBaHa Ha 0OpOOIl eKCHepTHUX
OIIiHOK.

VY nmaniit poOOTi IpOBeIeHa OIiHKA Ta KJIACH(IiKaIisL
MMOKAa3HMKIB, SKi XapaKTepu3yIOTh 0a3y CIIOXHBaYiB
razorpancnoptHoro mignmpuemcta I[IAT "Xapkiraz"
Ta BCiX HOro CTpYKTypHUX Mixpo3aimis. L inhopmartis ta

ONHUTYBAaHHSA  €KCHEPTiB  J03BOMMIH  c(HOPMOBATH
0a3y TmpaBWi, Ha OCHOBI fKOi Oyimu po3paxoBaHi
YiTKi TOKa3HWKHM, M0 MOXYThb OYTH BHKOPHCTaHi

JUISl YIIPaBJTiHHA 3a00pTOBaHICTIO HA MiIPUEMCTBI.

Cnucok Jirepatypu

3aCTOCYBaHHSA y cdepi ONTHMi3allii METOJUK CTATHECHHS
Je0ITOPChKOi 3a00pProBaHOCTI. AJITOPUTM Ma€ JIOCHTh
BUCOKHMI pIBEHb aJCKBaTHOCTI, OCKUIBKM BCI JaHi
0a3yroTbCsi Ha CTATHCTHYHIA iHopMalii, ska Oyia
00pobsieHa  ekcmepTamMd 3 0araTOpPiYHUM  CTakeM
npodineHoi  misutbHOcTi. Ilpm  3acTocyBaHHI  YiTKMX
anroputMiB miei iHpopMmarii Oymo © HEJOCTaTHBO A
OTpUMAaHHS OLIBII-MEHIIl 3/ICKBATHOTO PE3YJIbTATY.

CyTHICTh HEUITKOI JIOTIKA IOJSTAE y TOMY, IO IS
Hel HeMae HeoOXITHOCTI y CTOBIICOTKOBIH TOCTOBIPHOCTI
iHpopMarii, mpore TpH ii 3acTOCYyBaHHI 3aBXIU Oyne
OTPUMAHWil pe3yNnbTaT, BHKOPUCTAHHS SIKOTO Oyje
o0rpyHTOBaHMM. B mopaipmioMy MOXIIMBE TOCIIKEHHS
BIUIMBY HPUHHATHX PillIeHb Ha JOCSTHEHHS 3alUIaHOBaHUX
MOKa3HUKIB. 3 OMIAy Ha Ie JaHWUH alropuTM MOXKe
CIyryBaTH 0a3mMCOM Ui 3aCTOCYBaHHS Pi3HOMAaHITHHX
KOPHUTYBaJbHUX METO/IIB.
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MEXAHW3M YIIPABJEHUSA JEBUTOPCKOM 3AJIOJIDKEHHOCTBIO
I'A3OTPAHCIIOPTHOI'O ITPEANIPUATUSA

IIpeameToM ¥cCIeOBaHUS TaHHON pabOTHI SBISETCS pPa3BUTHE MEXaHH3Ma PHIHOYHOTO B3aUMOACHCTBHS MEXAY CyObeKTamu
XO3HCTBOBAaHMS Ha PBHIHKE ra3a. AKTYyaJIbHOCTh MCCIICIOBaHHS OOYCIIOBJICHA TEM, YTO CYIIECTBYIOLIHE MEXAHU3MBI YIPABICHHS
NeOUTOPCKON 3a/I0JDKEHHOCTBIO MPENNPUATHI HE MMEIOT JIOCTaTOYHOTO BIMSHUS Ha MOTpeOUTeneil, XOTsS BO MHOTHX KOMITQHHSX
CYLIECTBYET COOTBETCTBYIOIIAs KpexuTHas mnonutuka. ILleJbro uccnenoBaHus SBIAETCS pa3pabOTKa MeXaHW3Ma YIPaBICHUS
NeOUTOPCKOH 330JDKEHHOCTBIO I'a30TPAaHCHOPTHBIX MPEINPUATHH ¢ yueToM 3(G(EKTHBHOCTH Mep IO B3BICKaHHWIO Jojira. 3amadei
paboTHI SBJIAETCS ONpeeeHHe KPUTEPUATIBHBIX XapaKTePUCTUK 1eOMTOPCKOH 3a/I0JDKEHHOCTH T'a30TPAHCIIOPTHBIX MPEANPUSITHI 1
OIIEHKa BO3MOJYKHOCTEH IO B3BICKAHHWIO jgoira. [Ipu mpoBemeHHH HcciefoBaHHMs B pabOTe HCIOIb30BAaHBI METOABI U OCHOBHBIC
MOJIOKEHHUST (PHAHCOBOTO MEHE/DKMEHTA JUIsl OLICHKH COCTOSHUS 32/I0JDKEHHOCTH, HEYETKOTO JIOTHYECKOTO BBIBOJA JUIS OTIPEACICHHS
11e71eCO00Pa3HOCTH HMCIIOIb30BaHUS. METOJIOB BO3/CHCTBHS Ha JAeOMTOpa MO B3BICKAHHIO JOJITa B MOJNB3Y Ta30TPAHCIOPTHOTO
npeanpusTHsi. Pe3yabTaThl: NpOoaHAIN3HPOBAaHbl U KIACCH(HUIMPOBAHBI MOKAa3aTENH, KOTOPBIE ONpPEASsIoT 0asy moTpebuTenei
razotpadcroptHoro npennpustus [IAT "XappkoBras" u Bcex ero CTpyKTypHBIX moapasaeneHuil. [lepedeHs BepOabHBIX KPUTEPUEB
aHaymM3a ToTpeOuTenell BKIIOYAEeT: 4YacToTa 3aKyMoK; OO 00bEeM 3aKyNOK; OCTATOK JMO0Jra; MaTeMaTH4ecKoe OXHIaHHe
HOTAIlIeHUs JI0Jra; MepHOJ CONPOBOXKAEHUS N0Jra; peHTabenbHOCTh B3bICKaHHA Joiira B cyneOHoM mopsake. Ha ocHoBe ompoca
9KCTIEPTOB OBUIN MCIIOJIB30BAHbI BE JIMHTBUCTHYECKUE EPEMEHHbBIE, XapakTepu3yommue 3 GeKTHBHOCTE pabOTHI C MOTPEOUTENIMHU-
OJDKHUKAMHK IO JBYM HampaBleHusM — "[lmaHoBBIe pacxonel Ha compoBokaeHHe ponra" u "OKumaemble TOCTYIUICHHS OT
nowkHuKa". Ha ocHOBe 3THMX JaHHBIX M OHpOca JKCIepToB Oblia chopMupoBaHa 0a3a MpaBui, Iie ObUIM PAacCUMTAHBI YETKHE
MOKa3aTel, BO3MOXKHbIE K HCHOJIB30BAHUIO I OyayIIero B3auMoAeicTBuUs ¢ noTpedureneM. [lepeMeHHbIe, XapaKTepU3YIOIIHe BcexX
OTpeOUTeNeH-10/DKHUKOB, He CBSI3aHHBIE MEKIy co00i Hampsmyo. [To3ToMy BBeeHA AOMONHHUTEIbHAS NEPEMEHHasl, 10 KOTOPOi
MO>XHO ITPOBECTHU KOMIIO3UIHUIO 3TUX rokazareyiei — S(bd)eKTI/IBHOCTb B3bICKaHUs J0JiIra B 3aBUCUMOCTU OT NPUMCHAECMOTI0 METOJa
BO3/ICCTBUS Ha JOJDKHUKA. BBIBOABI B paboTe NpEIOkKEH aJrOpUTM OIPEACNCHHs LEIeCO00pasHOCTH MPUMEHEHHUS Pa3IMYHBIX
METO/IOB BO3JCHCTBHS Ha JOJDKHHKA, MPHUBOMSIIMHA K MaKCHMAaIbHOMY YBEIHYCHHIO IEHEKHOTO II0TOKA Ta30TPaHCIOPTHOTO
OpenpusTHsi. B nanpHeHIeM BO3MOXKHO COBEPLICHCTBOBAHHS BBIYHCIICHHUH, MyTeM HCCIENOBAHHS U OLEHKU BIUSHHUS HOPHHITBIX
pelieHuii Ha JOCTH)KEHUE 3allJIaHMPOBAHHBIX MMOKa3aTeei.

KiioueBble ci10Ba: 1e6UTOpCKast 330JDKEHHOCTD; yIIpaBieHHe (HHAHCAMH; HEUSTKUil JJOTUUECKUil BBIBOJI; Ta30TPAHCIIOPTHBIS
MIPEANPUATHSA.

MECHANISM OF DEBT SECURITY MANAGEMENT OF THE GAS TRANSPORT
ENTERPRISE
The subject of the given work is the development of mechanism of market interaction between the business activity subjects at the

gas market. The study is relevant due to the fact that although many companies have a corresponding credit policy, the existing
mechanisms of managing the enterprises’ receivables do not have sufficient impact on consumers. The aim of the study is to develop
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a mechanism for managing receivables of gas transport companies, taking into account the effectiveness of debt recovery measures.
The task of the work is to determine the criterial characteristics of receivables of gas transport companies and to assess the
possibilities for debt collection. During the study, in the work have been used methods and basic provisions of financial management
to assess the state of debt, fuzzy inference to determine the feasibility of using methods of influencing the debtor to recover the debt in
favor of the gas transmission enterprise. The outcomes: were analyzed and classified the indexes, which define the base of consumers
of the gas transport enterprise PJS "Kharkiv gas" and all of its structure departments. The list of verbal criteria of the consumers
analysis includes: the frequency of purchases; total size of purchases; the balance of the debt; the expected maturity of the debt;
maintenance of a debt; the profitability of debt collection in court. Based on the survey of experts, two linguistic variables were used
to characterize the effectiveness of work with consumers-debtors in two directions — "Planned costs of debt support” and "Expected
revenues from the debtor"”. A base of rules was formed at the basis of the data and the expert survey, in which were calculated distinct
indicators that can be used for future interaction with the consumer. The variables, which characterize all of the consumers-debtors,
do not have a direct connection. Therefore, an additional variable was introduced to compose the aforementioned indexes — the
effectiveness of debt collection depending on the used method of influence on the debtor. The conclusion: In the given work is
proposed an algorithm for determining the way the applied methods of influence on the debtor can lead to an increase in the cash flow
of the gas transportation enterprise. In the future, it is possible to improve the calculations by studying and assessing the impact of
decisions on the achievement of planned indexes.
Keywords: receivables; finances management; fuzzy logic interference; gas transportation enterprises.
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V. KOSENKO

DECISION SUPPORT SYSTEM IN PLANNING INVESTMENT PROJECTS

The subject matter of the study is the processes of planning investment projects for the development of organizations. The goal of
this article is to develop an algorithm and software product of the decision support system to select the method of attracting
investment project funds. The following tasks were solved in the article: the model of complex planning was studied and the
investment project was implemented, the method of selecting an optimal variant of investment project implementation was developed,
the elements of the decision support system to select the investment method were specified. The following methods were used: the
system analysis, the project approach, plural theoretical models, the heuristic methods of selection, production rules. The following
results were obtained: it is shown that the efficiency of the investment process is related to the assessment and selection of the most
attractive investment projects from a number of alternatives, which will provide the maximum profit in the future; the strategic tasks
of investing in the development of organizations and enterprises are singled out; the main finances that can be involved in carrying out
an investment project are considered; the concepts of an investment project, a subject and an object of the investment activity were
defined; the above concepts were formalized using the theory of sets and the system approach; the basic conditions under which the
project should be implemented are formulated; the generalized diagram of the investment project implementation is developed. While
developing the method of selecting the optimal variant of the investment project, the types of source information about the project and
the organization which will use the finances are involved are determined. The rules for selecting the preferred variants for attracting
investment depending on project factors are presented as a table. The generalized iterative algorithm for selecting the method of
investing is built. The main dialogue forms of the user interface of the decision support system are considered. Conclusions. The
application of the proposed method and decision support system at the planning stage of the investment project will enable making
sound decisions regarding the selection of an investment method depending on the main factors of the project and the object of

investment.

Keywords: investment project; decision making; ways of financing; variant selection; user interface.

Introduction

Modern issues of the investment management are
related to the need to implement unified principles of
management at different levels of manufacturing and
sales of products and services. Financial management in
project management requires long-term decisions
that are part of a development strategy and are based
on the predictive assessment of project costs and
revenues [1, 2].

Under modern economic conditions, an enterprise
acting through its owners and senior management should
take care of its future by solving all its strategic and
tactical issues independently. Such activities in the field of
investment planning should be specially organized and
primarily depends on the policy of financial activity in the
enterprise.

The issues of system optimization of investment
projects

While calculating the investment efficiency it is
recommended taking into account the uncertainty
associated with the probability of unfavourable situations
and consequences in the course of project implementation
[7]. The assessments of the investment project efficiency
are based on the understanding risk as a probability of
negative deviations and involve the use of non-average
but moderately pessimistic estimates of indicators while
creating the baseline scenario of project implementation.

To optimize decisions on an investment project, a
financial-economic mechanism is used that includes the
procedure for selecting indirect incentive methods and
instruments (state-regulator) or direct financial support for
investment activity of enterprises (state-investor) [8].

Problem statement

To determine the optimal directions of capital
investments and to identify the most efficient ways of
using it for a sufficiently long period of time, the
investment strategy should be developed and successfully
implemented.  Decisions are identified and justified,
alternatives to determine and assess the strategy are
selected on the basis of the strategic analysis of the
investment activity [3 — 5].

To manage investment projects, the situational
approach is used. It involves making a decision on the
basis of the situational analysis, which includes the
preparation of a number of analytical methods, techniques
and management mechanisms in case of the change of
conditions in the future or under new situations that are
different from the basic forecast ones [6].

The efficiency of the investment process is related to
the assessment and selection of the most attractive
investment projects from a number of alternatives that will
provide the future maximum profit.

Under actual management conditions, an investor
has to consider a lot of investment issues related, for
example, to the distribution of limited investment
resources, to the assessment of investment projects both
with the same and different terms of implementation. But
a firm itself selects acceptable conditions for the
implementation of investment projects, basing on its own
financial management, perspective financial planning and
overall financial policy, including the development of the
entire organization.

But today there is no method that would enable
assessing the efficiency of the investment project, taking
into account different variants for attracting funds under
different financing patterns and different scales of project
objectives.

© V. Kosenko, 2018
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The goal of the article is to develop an algorithm and
software product of the decision support system to select
the way of attracting the investment project funds. The
following tasks are solved in the article:

1. The model of complex planning is studied and the
investment project is implemented.

2. The method of selecting an optimal variant of
investment project implementation is developed.

3. The elements of the decision support system to
select the investment method are specified.

Models of complex planning on investments projects

Let us list the strategic investment objectives [9]:

- substantiating the investment project practicability;

- selecting the optimal project from possible
alternatives;

- assessing the efficiency and ensuring the
profitability of a project over a certain period,;

- finding ways, means and reserves to maximize the
investment efficiency.

To get a complex updated project plan, the budget of
the project implementation should be calculated first, then
the sources of investment financing should be selected and
analyzed, the amount and patterns of financing should be
determined, the project implementation should be
simulated taking into consideration the probability of risky
situations [10].

Consider the main types of funds that can be
involved in implementing an investment project of an
organization (enterprise):

1) internal funds — finances of an organization and its
intercompany reserves;

2) loaned funds — finances attracted by selling shares
or obtained as share contributions and other contributions
of members of labour collectives, citizens, legal persons;

3) external funds:

- funds that are in the centralized possession of
business associations;

- funds of extra-budgetary funds;

- funds of the State Budget;

- funds of foreign investors [11].

Let us note that own financial resources of an
organization are used most often to finance small
innovative development projects (to introduce the system
of quality standards, to upgrade certain types of
equipment, to modify products, etc.). Loaned funds
involve payment for using with interest or without
payment [12].

Making decisions to invest also depends on the size
and sectoral affiliation of a company. Thus, portfolio
investors are focused on obtaining a trading profit,
therefore, they mainly invest in the shares of large
enterprises [13].

Leasing is a type of financing fixed assets. In case of
the operational lease, any property that can be attributed to
fixed assets is leased. In case of financial lease, fixed
assets are also leased but they are leased through special
financial companies that act as a mediator between an
owner and a renter paying the amount for the leased
property to the owner immediately, while the renter pays

lease payments to the financial company during the entire
term of leasing [14].

To determine the sources and methods of financing
investments, the following concepts should be singled out
— an investment project, a subject and an object of the
investment activity. Let us formalize the above concepts
using the set theory and the system approach.

An investment project (IP) is understood as an
investment activity that involves a number of measures
(works) on an object that is in the state SO. A set of works

on the project is designated as U ={U,}. This refers to

the use of a certain amount of financial resources from
various sources. A set of financial sources is designated

as R = {R}. To obtain the planned result — to change

S, state for S, state for achieving a certain goal Q, a time

period is given, that is the project term T.

Therefore, in the context of the general theory of
systems, the investment project can be represented as the
following model:

IP = {Q, U, S, SR T}. 1)

The goal of the investment project Q is to obtain the
main financial result — profit P and a tangible result will
be new or renovated key assets, that is the object state S, .

Investments can be expressed both in the monetary
equivalent If an as fixed, tangible, intangible and other
types of assets Im.

The objects of the investment project are newly
created and upgraded funds and current assets in all
branches and spheres of economic activity, paper
holdings, scientific and scientific and technical products
and so on.

The subjects of the investment project, a set of which

is designated as V = {V } , m = 1..M, are investors, €

customers, work performers, project team, users of
investment objects, as well as suppliers and legal persons.

Let us consider the investor V1 as the main subject
of the investment project who invests own, borrowed and
attracted funds and ensures their intended use by Q.
Customers V2 can be investors or other persons
authorized to implement the investment project. The user
of investment activities objects V3 can be an investor,
organization, enterprise or other persons for whom an
investment activity object is created.

The project must be implemented under the
following conditions:

1) investment dynamics | (t) should provide the
implementation of the project according to the
term of the project T and financial constraints — profit
P (1):

I(t): S, =S| T, P(t); 2

2) the goal of the investment project Q is to obtain
the main financial result — profit and the tangible result S,

will be new or renovated key assets;

3) the maximization of profit P — max and risk
reduction Ri — min of the project should be ensured by
the appropriate structure and funding sources VI = {Vi}
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and certain organizational measures throughout the project
U (©).

Taking into consideration the above, the generalized
diagram of the investment project implementation can be
presented as follows (fig. 1):

Constraints
T,P,Ri

Subjects

VI
1(t)={If,Im}

Fig. 1. The generalized diagram of the investment project
implementation

The method of selecting the best variant for
implementing the investment project

To determine the wvariant of investment
attracting, information about a type of the
organization  resource  shortage (that will be
compensated financially), the necessary rate of
financing and the levels of planning will be
used [15]:

1) R=Y - technological shortage;, R=Z -
facilities shortage (equipment); R=E — personnel
shortage (labour resources); R=M - the shortage of

organizational resources (for management);

2)D = 1 - an advance plus payment at the end
of the investment period; D = 2 — the receipt of funds
at the beginning of the period; D = 3 — the receipt of
funds at the end of the period; D = 4 — progress
payment;

3) T = d — a long-term project, T = s — a medium-
term project, T = k — a short-term project, TV = g — single
investment.

The considered investment variants are presented in
Table 1. The table shows the best investment
variants depending on the values of the three project
factors above. "1" means that the investment method can
be used for a given factor value, "0" means that the
method cannot be used. Based on the table, the production
rules for making decisions on attracting funds are
worked out.

The generalized algorithm for
investment method is presented in fig. 2.

selecting the

Start

\ 4
Determining the
type of the
resource shortage

v

Determining the

project terms and
financial
dynamics

Selecting the
preferred method
of investment

|

Calculating the
project NPV

) 4
Assessing the Is the project
roject —> ro)
pr(?fit;bi lity unprofitable?

Fig. 2. The algorithm for selecting the investment method

Table 1. The preferred options for attracting investment depending on the factors of the project

Resource type, Planning level, Financial dynamics,
Investment attraction method R T D

Y Z| E| M d s | k g 1 2 3 4

1. Long-term loan 1 1 1 1 0] 0 0 1 0 1 1
2. Instalment buying 0 1 0 0 1 1|1 1 1 0 1 1
3. Long-term lease 0 1 0 0 1 ) 0 1 1 1 1
4. Medium-term loan 1 1 1 0 0 110 0 1 0 1 1
5. Medium lease 1 0 0 0 1] 0 0 1 1 1 1
6. Short-term loan 0 0 1 1 0 0] 1 1 1 1 1 1
7. Overdraft 0 0 0 0 0 0|0 0 0 1 0 1
8. Long-term shares 1 110 0 1 0|0 0 110 1 0
9. Long-term bonds 1 110 0 0 110 0 110 1 0
10. Short-term shares 0 1 0 0 0 0] 1 0 1 0 1 0
11. Long-term bonds 1 1 0 0 1 0] 0 0 1 0 1 0
12. Medium-term bonds 0 1 1 0 0 110 0 1 0 1 0
13. Short-term bonds, summer bonds 0 1 1 1 0 0|1 1 1 1 1 1
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The user interface of decision support system (DSS)

The basic components of the suggested system are
the interface "user-system", database and the base of
models (rules).

The interface  "user-system"  provides the
connection of a user with each base and includes the

software to manage the database, the base of
models as well as to manage and generate the
dialogue.

The wuser indicates the shortage value
(in  relative terms, for example, percentage),
selects the level of planning and the dynamics of financing

(fig. 3).

File:

TN apareTpbl MCTOUHMKOE $HHAHCHPOBAHMA | B apuaHThl Bbifopa | PenakTUpOBAHUE dOphbl CAOCOMS0S MHBECTUROBaHUR ]

Deguaur
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3

JuHaruEa PHHIHCHPOESHHA

1 v 3
v 2 4

Fig. 3. Entering data on the organization and project parameters

Fig. 4 shows the dialogue interaction that includes
the system of rules for certain investment methods. The

system administrator can add or delete particular methods
or correct the system of rules.
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Fig. 4. Editing the investment forms and methods

Depending on the selection of parameters (chosen in
fig.3), probable (recommended) financial methods are
given in fig.5. The project performance indicator is
approximately calculated at the final step of the suggested

method (in the form of NPV — the values of discounted
cash flow taking into consideration a certain capital
structure). For this, the volume of the investment flow, the
payment date and the discount rate must be set.
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Fig. 5. Selecting the investment methods

Conclusions diagram of the investment project implementation is

developed.
The article deals with the issues and existing While developing the method of selecting the
methods of the system optimization of investment optimal variant of the investment project, the

projects. It is shown that the efficiency of the investment  types of source information about the project and the

process is related to the assessment and selection of the
most attractive investment projects from a number of
alternative projects that would provide the maximum
profit in the future.

The strategic tasks of investing in the development
of organizations and enterprises are singled out. The main
finances that can be involved in carrying out an
investment project are considered. The concepts of an
investment project, a subject and an object of the
investment activity are defined. The above concepts are

organization which will use the finances are involved are
determined. The rules for selecting the preferred
variants for attracting investment depending on project
factors are presented as a table. The generalized
iterative algorithm for selecting the method of investing is
built.

The main dialogue forms of the user interface of the
decision support system are considered.

Applying the proposed method and decision support
system at the planning stage of an investment project will

enable making sound decisions relating the selection of an
investment method depending on the main factors of the
project and the investment object.

formalized using the theory of sets and the system
approach. The basic conditions under which the project
should be implemented are formulated. The generalized
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CUCTEMA NIJATPUMKHU IIPUAHATTS PIIIEHD B INTAHYBAHHI
IHBECTUIIMHUX MPOEKTIB

IIpeqvMeToM OCITiKEHHS € MPOLIECH TJIaHYBaHHS iHBECTULIHHNX MPOEKTIB PO3BUTKY opraHizaiiid. MeTolo 1aHoi cTaTTi € po3pobKka
QJIrOPUTMY Ta MPOrPaMHOrO TMPOAYKTY CHUCTEMH IATPUMKH TPUHHATTS pIlIeHb MO BHOOPY CHOCOOy 3alydeHHS KOIITIB
IHBECTUIIIHHOTO TPOEKTy. B CTarTi BHPIMIYIOThCS HACTYMHI 3aBAAHHA: JOCTIKCHHS MOJEN KOMIUICKCHOTO TUIAHYBaHHS Ta
peaizamii iHBECTHIIIHHOTO TMPOEKTy, po3poOka MeTOoAy BHOOpPY ONTHMAJbHOTO BapiaHTa peaizaiii IHBECTHIIHHOTO IPOEKTY,
po3po0Ka eIeMEeHTIB CHCTeMH MiATPUMKH PIillleHb 10 BHOOpPY CHOCOOY iHBeCTyBaHHS. MeToaW, IO 3aCTOCOBYIOTBHCS: CHCTEMHHI
aHayi3, MPOSKTHUH MiAXil, TEOPETUKO-MHOXHMHHI MOJEINI, €BPUCTHYHI METOAM BHOOPY, MPOAYKIiHI mpaBmia. OTpHUMaHO Taki
pe3yabtaTn. Iloka3aHo, m0 e()eKTUBHICTb IHBECTHLIIHOIO MpOLECy IMOB'A3aHa 3 OI[IHKOI 1 BHOOPOM HaWOiibII NMPHUBabIMBUX
IHBECTHI[IHHUX IMPOEKTIB 3 PsAy albTePHATHBHHX, sIKi 3abe3nedyBanu 6 y MallOyTHpOMY MakcuManbHHH mpuOyTok. IlepeniueHo
CTpaTeriuHi 3aBIaHHs IHBECTYBaHHsS PO3BHTKY OpraHizamiii Ta mignpueMcTB. PO3MIITHYTO OCHOBHI BHJM KOIUTIB, II0O MOXYTh OyTH
3aJydeHi Uil BHKOHAHHS 1HBECTHLIHHOTO MPOEKTy. BU3HAYEHO MOHATTA: iHBECTHLIHHHWNA MPOEKT, Cy0'eKT 1 00'€KT iHBECTHIIHHOL
nisutbHOCTI. [IpoBeeHo (opmarmizaliro BKa3aHUX IMOHATH 3 BUKOPUCTaHHIM TEOPil MHOKHH 1 cucTeMHOTO miaxony. ChopMysoBaHO
OCHOBHI YMOBH, 3a SIKHX Ma€ OyTH peali3oBaHUil MPoeKT. Po3pobieHo y3aranpHeHy cXeMy peatizalii iHBECTUIIHHOTO MpoekTy. [Ipu
po3po01i MeToay BHOOPY ONTHMANBFHOTO BapiaHTa peamizallii iHBEeCTHLIHHOTO MPOEKTy BU3HAUCHO BUIM BHUXIIHOI iH(popMarii mpo
MIPOEKT Ta OpTraHi3allifo, Ui sKOI 3aTy4aloThesi KOmTH. [IpaBuiia BUOOPY mepeBaXKHUX BapiaHTIB CIIOCOOY 3aydeHHs iHBECTHLIH B
3aJIeKHOCTI BiJ] ()aKTOPIiB MPOEKTY MoAaHo y BUrisiAi Tabiuii. ChopMoBaHO y3aralbHEHHH iTepaliiiHui anropuT™M METoay BHOOpPY
cnoco0y iHBecTyBaHHS. PO3MIISTHYTO OCHOBHI AianoroBi dbopmu iHTepdeicy KOpUCTYBaya CHCTEMH MiATPHUMKH MPUNAHSITTS PIllICHb.
BHCHOBKM: 3acTOCYBaHHsS 3alpOINIOHOBAaHOTO METOAY Ta CHUCTEMH MIATPHUMKH MPUHHATTS pillleHb Ha eTami IUIaHyBaHHS
IHBECTHIIHHOTO MPOEKTY JTO3BOJHTH NMPUIIMATH OOTPYHTOBAHI PillleHHS MO0 BHOOpPY crmocoOy iHBECTYBaHHS B 3aJ€KHOCTI Bif
OCHOBHHUX (DaKTOPiB MPOEKTY Ta 00’ €KTY IHBECTYBAHHS.

KnwouoBi cjoBa: iHBeCTHIIfHHH TpPOEKT; NPHUHATTSA pilieHb, crnocoOM (iHAHCYBaHHS, BHOIp BapiaHTy, iHTepdeiic
KOPHCTYBayYa.

CHUCTEMA NOJJAEPKKH! ITPUHATHUA PEIIEHAN B INTAHUPOBAHUU
NHBECTUIIMOHHBIX TPOEKTOB

IIpeameTom wHccienoBaHMs SIBISIOTCS IMPOLECCH IJIAHUPOBAHUS WHBECTUIMOHHBIX IMPOEKTOB pa3BuUTUs opranuzanui. Lleabro
JTAHHOM CTAThH SBJISICTCS pa3paboTKa alrOpUTMa M MPOTPAMMHOIO MPOAYKTa CHCTEMbI MOICPKKH MPUHATHS PEUICHUH MO BBIOOPY
criocoba MPUBICYCHHs CPEICTB HHBECTHLHOHHOTO NMpOEKTa. B craThe pemiaroTcs cleayioliue 3aJadd: HCCIISIOBAaHHWE MOIEIH
KOMIUIEKCHOTO TUIAHMPOBAHHMS M pPEaU3allii WHBECTHIIMOHHOTO IMPOCKTa, pa3paboTka MeToaa BhIOOpa ONMTHMAIBLHOTO BapHaHTa
peanu3aluy MHBECTHUIMOHHOTO IPOEKTa, pa3paboTKa »JJIEMEHTOB CHCTEMBbI IMOJJICP)KKH peIIeHHH 1o BbIOOpy crocoba
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HWHBECTHPOBaHUS. MeTOabl, KOTOPBIC MPUMEHSIOTCS: CUCTEMHBIN aHAJIN3, IPOEKTHBIM MOIXO0/, TEOPETUKO-MHOXKECTBEHHBIE MOJIEIIH,
IBPUCTHICCKUE METOJBI BBIOOPA, MPOIYKIIMOHHEIC MpaBmia. [loydeHsl cienyromue pe3yasTaThl. [loka3ano, 4to 3¢ (eKTHBHOCTH
WHBECTHIIMOHHOTO IpOIecca CBS3aHA C OLEHKOH M BBIOOPOM HamOoJice MPHBICKATEIHHBIX HHBECTUIIMOHHBIX IPOCKTOB H3 psla
abTEPHATUBHBIX, KOTOpBIE oObOecrmeynBaan Obl B OyayIleM MaKCHMadbHYIO NPHOBUTH. IlepeduCIeHBl CTpaTerMYeCKUE 3aaauu
MHBCCTHPOBAHUS PA3BUTUSA OPTaHM3AlMA W TNPEIUpUATHHA. PaccMOTpEHBI OCHOBHBIC BHIBI CPEACTB, KOTOPhIE MOTYT OBITH
MIPUBJICYCHBI ISl BHIMOJHCHUS MHBECTUIIMOHHOTO MpoekTa. OmpemeieHsl MOHITUA: WHBECTUIIMOHHBIA MPOEKT, CYOBEKT M 0OBEKT
WHBECTUIIMOHHONW JesTeabHOCTH. [IpoBereHO (opManM3alui0 yKa3aHHBIX MOHITHH C HCIOJIb30BAHHEM TEOPUH MHOXKECTB H
cucreMHOro moaxoaa. ChopMynupoBaHE OCHOBHEIC YCIIOBHS, NPU KOTOPBIX JIOJDKEH OBITh pean3oBaH MpoekT. Paszpaborana
0000IIeHHAsT cXeMa pear3aliuil HHBECTUIIMOHHOTO mpoekTa. [Ipu paspaboTke MeToia BHIOOpa ONTHMAIEHOTO BapUaHTa PeaTU3alliu
MHBECTHIIMOHHOTO TPOEKTa OMpPEACICHBI BUIBI UCXOTHONH HH(MOPMAIMH O MPOCKTe W OPraHU3allid, JUIS KOTOPOW MPUBICKAIOTCS
cpencrea. [IpaBmia BbIOOpa MPEAIOYTHUTEIBHBIX BApHUAHTOB CHOCO0A TMPHBICYCHUS WHBECTHIUN B 3aBHCHMOCTH OT (DakTOpOB
MIPOCKTa MpeACTaBleHbl B Buae Tabmuipl. ChopMupoBaH 0O0OONIEHHBIN HTEPaAI[HOHHBIA aJrOpUTM MeToda BbIOOpa crmocoba
HMHBECTHPOBaHUsI. PacCMOTPEHBI OCHOBHBIC THAIOTOBBIE (OPMBI MHTEpdEiica CHCTEMBI MOIACPKKN IPHUHATHS PEIICHHA. BbIBOABI:
MPUMEHEHHE MNPEII0KEHHOI0 METOAa M CHCTEMBI MOMICPKKHA IPHHATHS PCHICHHN Ha dTare IJIaHHPOBAHUS HMHBECTHIIMOHHOIO
MPOEKTa MO3BOJHT MPHHHMATh OOOCHOBaHHBIE PEILICHHS IO BbIOOPY crmocoba WHBECTHPOBAHHS B 3aBHCHMOCTH OT OCHOBHBIX
(aKTOPOB MPOCKTA M 0OBEKTa HHBECTUPOBAHUS.

KnwoueBbie cji0Ba: MHBECTHIIMOHHBII MTPOCKT; MPUHATHE PEIICHHH; crTocoObl (PMHAHCUPOBAHUS; BRIOODP BapUaHTa; HHTEPQEIC.
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JOCAIJKEHHSA MPUHIUAIIB TA METOAIB ONTUMI3AILIL ONTOJJATKYBAHHSA
KOMEPIHIMHUX BAHKIB Y CYYACHUX YMOBAX

IMpeamMeToM NOCTIKECHHS B CTaTTI € ONTHMI3allisl ONMOJATKYBaHHS KOMEpPIIMHMX OaHkiB. Mera poOOTH MoJiAra€ y BHUSBIICHI
HampsMKIB Ta po3poOKa METOOy ONTHMi3allii OMOJAaTKyBaHHS KOMEpPIHHMX OaHKIB Ha OCHOBI TeOopeTH4HOi Oa3u. B crarrti
BHUPILIYIOTHCSI HACTYIMHI 3aBAaHHSA: (OPMYBaHHS CHCTEMHU NPUHIMITIB Ta KPUTEPIiB ONTHMI3allii OMOJATKyBaHHS KOMEpPLIHHUX
0aHKIB, po3po0Ka CHUCTEMH MOKA3HUKIB, III0 BUKOPHUCTOBYIOTHCS JJISI BUSIBJICHHS PIBHS ONTHMI3allii OMOJATKYBaHHS, BU3HAUYCHHS
€TamiB, METOMIB Ta BH/IB ONTHMi3amii ONOAATKYBaHHS KOMEPIIHHUX OaHKIB. BUKOPHCTOBYIOTBCS Taki METOAM: 3arajbHI HayKOBI,
aHayi3, CTPYKTYpyBaHHS Ta Kiacu(ikallisi OCHOBHHX CKIAQIOBHX CHCTEMH ONTHMIi3allii omojatkyBaHHs. OTpUMaHO HACTYIHI
pe3yJabTaTH: PO3pOOJICHO METOJ ONTHMi3amii OIOJaTKyBaHHS KOMEpIIHHMX OaHKIB B CyJacHHX YMOBax, a came: c(hopMoBaHa
cUCTeMa TPHHINIIB, KPUTEPiiB, MOKA3HUKIB, €TaIiB, METOJIB Ta BUIIB ONTHMI3allil OMOJAaTKyBaHHS. 3alpOIIOHOBAHO aBTOPCHKE
TPaKTyBaHHS TOHATTS "ONTHUMI3allis OMOJATKyBaHHA", chOpPMyJIbOBaHE 3a MIJCYMKAMH KOMIUICKCHOTO aHai3y HasBHUX Ha
CHOTOJIHIIIHIA JeHb MOTJISAIB Ta MIAXOMIB A0 PO3YyMiHHS HOrOo CYTHOCTI Ta HEOOXIOTHMX YTOYHEHb, OOYMOBJICHHUX CKJIAJaHHSIM
MPAKTUKH TOJATKOBUX IPABOBIAHOCHH. B 3ampomoHOBaHUX (OpMYJIOBaHHSAX BIepiie 00’€IHAHI Ta KOHKPETH30BaHI eTalu
MOJIaTKOBOTO TPOLIECY, aJbTEPHATHBHI BaplaHTH Cy0’€KTa CKJIaQy, a TaKOX BIJOOPaXKCHO B3a€MO3B’SI30K MDK IOJATKOM Ta
ONTHUMI3AIl€I0 ONOJATKYBaHHS 3 PI3HUMH CTaIiIMH MOJATKOBHX MPAaBOBIMHOCHH. BHCHOBKM: PO3KPHUTTS MUTAHHS METOJOJIOTIT
ONTHMi3alii OMOJaTKyBaHHSI KOMEPUiHHNX OaHKIB CTaHE TEOPETHYHHM IIIIPYHTSM A peanizalii eKOHOMIUYHHX LilTell y4acCHUKIB
MOJIATKOBUX BiJTHOCHH: JICpKaBU y 3a0e3MeucHHI 30UIbIICHHS JOXiTHOI YaCTHHU OIOJXKETY 3a PAaXyHOK MOJATKIB Ta CKOHOMIYHHUX
Cy0’eKTiB y BHITIIII IUIATHHUKIB NMOJATKIB — KOMepUifHMMH OaHKaMH y 3a0e3nedeHH] MiHiMi3amil ButpaT. HasBHICTB BiacHOTrO
BIJIOKPEMJICHOTO 3MICTY, IPUHIIMIIIB pealtizallii, eIEMEeHTIB, METO/IIB MTPOBEACHHS, OaraTroKpuTepiaabHOi Kiacu(ikamii pi3HOBUIIB Ta
IHIIMX XapaKTePUCTUK B ONTHMI3allii OMOAATKYBaHHs JO3BOJISIE BUIUIMTH OCTaHHIA y CAMOCTIHHY Taly3b HAyKOBOTO 3HAaHHS, 0, B
CBOIO 4epry, 3a0e3MeunTh MEBHUI 1HTEpeC Y yYaCHUKIB MOZATKOBHX BiIHOCHH OO JAHOTO HANPSMKY 3 METOIO IPOBEICHHS Pi3HUX
JIOCTIKEHb.
Karwouogi ciioBa: onogaTkyBaHHs; ONTUMI3AIlis OTOJATKYBaHHS; METOJIOJIOTIS; €Tl ONTUMI3allii; KpUTepil onTUMi3airii.

OIOJaTKyBaHHsA KoMepIiiiaux OankiB" [1-6] moriasHO
moOyayBaTH HaWOUTBII HAOYHY CHCTEMY OITHMI3arlii
OTIOJIATKyBaHHS.

3Ba)kal04YM Ha BIJICYTHICTH OJJHAKOBOTO MiIXOXIy /IO
BU3HAYCHHS CYTHOCTI ONTHMI3auii ONOAaTKyBaHHS, a

Beryn

3 MOMEHTy IepeXxoAy /OO0 PHHKOBOI EKOHOMIKH
moyana (GopMyBaTHCS HaliOHaJlbHAa ITOJATKOBA CHCTEMa
Vkpainu. 3 TUX mip NPOHNUIO JOCTATHBO dYacy IS

no6ynoBH 0a3uCy BiNHOCHMH Yy naHiii oGnacti: Oynmu  TakOX B CHIy  CKIQIHOCTI  KOHCTPYKUii 00’€kTa
3aKJajieHi OCHOBHI MOHATTS, IO 3aCTOCOBYIOThCS B JMOCHIDKCHHS, HAa SKMH BIUIMBac i YHiBEPCAIbHICTH
KOHTEKCTi TO0JaTKOBOi cdepu; cdopMoBaHE ysABIEHHs  ONTUMI3allii, 1 HAsBHICTh PI3HOCTIPAMOBAHMX JyMOK
YYAaCHHUKIB MOJATKOBUX NPABOBIIHOCHH NpO iXHi mpaBa Ta  (axiBIiB, CTBOPEHHs TEOPETUYHOI 0Oasu onruMisanii
000B’3KH,  HANATO/PKEHI  opradisauiiiui  mporecu  ONOJATKYBaHHs — KOMEPUIHHMX — OaHKiB  IpE]CTaBise

HAlOBHEHHS OO/DKETY IMOJATKOBUMHU JIOXOAaMH TOLIO.
3BICHO X IIUIKOM 3aKOHOMIpHHM OakaHHS YYaCHHKIB
Oynp-sikoro mporecy (i OmogaTKyBaHHS B TOMY YHCIII)
micis "HaaromkeHHsa" MeXaHi3My B3aeMOIiT
ontuMizyBatu #oro. ToMy B SIKOCTI Iepmioi HpUYIUHU
BHCOKOTO CTYIIEHS aKTyaJbHOCTI NHTaHb ONTHUMIi3aIil
OTIOAaTKYBAHHS CIiJI Ha3BaTH 3aKOHOMIPHICTH PO3BHUTKY
HAI[IOHAJILHOT [TOJJATKOBOT CUCTEMHU YKpaiHH.

[Ipu BBeNEHHI 0 MPAKTUYHOTO 000POTY OYyIb-IKOTO
IHCTUTYTY a0 Kareropii HEOOXiJHO, MO0 MOPsA 3 YiTKO
chopmynpoBaHUM BU3HAYEHHSIM Oyna JIOT19HO
BHOyAyBaHa CHCTEMa JIOTIOMDKHHX €JIEMEHTIB, IO
JIO3BOJIUTD JI03BOJISITH BIZIOKPEMHTH TOH UM IHIINI TEpMiH
Bil IOBHOIIIHHOI 00nacti HaykoBoro 3HaHHA. /[lo
CKJIQJIOBMX TaKOro pOAY CIiJ BiJHECTH TPHHIIMIIH,

CYKYITHICTB micTaB IS Kkinacuikamii BUIiB
JIOCTIKYBaHOTO TIpolecy abo mpeamera, HOro CKIAIOBI
eneMeHTH, Kpurepii Ta  (ab0)  XapaKTepHCTHKH,

MIPUTaMaHHI IPEAMETY PO3TIIALY TOIIO.

AHaJOTIYHANA MiIXiA MOXHA 3acTOCYBaTH 1 IO
BIIHOIIIEHHIO J0 ONTHMIi3amii onojgaTkyBaHHSI. CTOCOBHO
mqo Hei B IiyioMy 1 ONTHMi3amii  OMOJATKyBAaHHS
KOMepIiiiHux OaHKIB 30KpeMa, B SKOCTI HaHOiIbII
KOPEKTHOTO  TpPaKTyBaHHS  MOHATTS  "ONTHUMI3amis

CaMOCTIHHHN HAIIPSIM IJISL TOCIPKESHHS.

Ipunuunu Ta KpuTepii onTuMizauii onoIATKYBaAHHA
KOMepUiiiHUX 0aHKiB

OcHOBHUM (haKTOPOM, IO TIOPOKY€E HEOITHO3HAYHE
PO3YMIHHS ONTHMI3allii OMOJaTKyBaHHsS, OE3YMOBHO €
BIZICYTHICTh y3TOJDKEHOCTI Y PO3YMiHHI CyTi IIbOTO
mporiecy i OQiliifHO 3aKPIIICHOT0 BU3HAYCHHS. Y NaHUN
4ac BXKe MPUHAMAIOThCS CHPOOM BHBECTH 1 BIIPOBAJUTH B
MPAKTUYHUH O00OPOT YHIBEpCATBLHUHU MiAXil 0 JTaHOTO
MOHATTS, B TOMY YHCII 1 3 ypaxyBaHHAM Taly3eBOi
cnenudiku. OgHAK, HE MCHII BaXXJIUBUM € JOCIIHKCHHS
NPUHIMUIIB Ta METO/IiB ONTHMI3alii, 110 BKJII0Yao O:

- IPHUHIUIH, Ha SKUX 0a3yeThCs TE YU iHIIE SBHIIE,
OCKIJIbKM CaMe BOHM 3yMOBIIIOIOTH IIPUPONY 1 XapakTep
"nmoBeAiHKK" Tpoliecy NpX HOTO NPaKTHYHIN peaizaii;

- KpUTepil, SIKUM IIOBUHEH BiJIIOBIATH caM TPOIIEC 1
pe3yNbTaT, Ha SIKMI BiH CIIPSIMOBAHMIA;

- eTamy, IO BigOOpaXalTh Ty UM IHIOIY YaCTHHY
3arajbHOT0 3MICTY TPOIIECY;

- eIEMEHTH TpoIecy 1 HOro Micie B 3araibHii
CHUCTEMI TOTJIANIB Yy JaHii o0jacTi rocrmoxapchbKoi
IISITBHOCTI.

© 0. ®. Kpuman, O. M. Bouaaperp, /1. O. Jlebenera, JI. 1. Umkosa, 2018
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T'oBoOpsYM TIPO CKJIAJ MIPUHIIMITIB, HA SIKUX 0a3y€ThCS
ONTHMI3allisl OTIOAATKYBAaHHS, HEOOXITHO BiI3HAYUTH, IO
BiH Oyme OOYMOBJICHHMH CYKYITHICTIO  TPHHIIUIIIB
OTMOJATKYBaHHS, NPUHIMIIB ONTUMI3aIlil, a TaKOXK
MPUHIUIB, SKi MOXXHA 3aCTOCYBaTH BHUKIIOYHO TIPU
onTHMi3alii  OMOJATKyBaHHS, OCKUIBKM  HPUHIUIH
OTMOJATKyBaHHA 1 ONTUMI3aIlii HE Yy BCIX BHIIAJKax
MOXYTh OYTH 3aCTOCOBHI IO BiIHOIICHHIO OJWH JO
OJIHOTO B MOBHOMY 00Cs3i, BHACITIJIOK YOr0 BUHHKAE
HEOOXiAHICTD (OPMYITIOBAaHHS OKPEMOTO TIEPETiKY.

IcHye mo3wuilis, 3riHO 3 KOO "Ha Cy4acHOMY eTarli
MIPUHIIMITA OTOJAaTKYBaHHA — IIe, IO CYyTi, OCHOBHI 1
KepiBHI i1ei, TPOBIAHI IOJOXKECHHS, IO BH3HAYAIOTH
MOYATOK 3A1MCHEHHSI MOJaTKOBHUX BIJHOCHH, IO SBJISIOTH
co0oto, 3 ogHOro OOKY, CUCTEMY KOOpPAMHAT, B paMKax
SIKOi PO3BHBAETHCS YKpaiHChKa TOJAaTKOBA CHUCTEMa, a 3
iHIIOrO OOKY, BEKTOp, L0 BU3HAYa€e HANPSIMOK PO3BHUTKY
omoaatkyBanus" [7].

3 orsiy Ha YHIBEPCAJIbHICTh MPUPOIU OMTHUMI3AILL,
MPUHIIMIIA, HA OCHOBI SIKHX BOHA peaji3ye€TbCs, TaKOX
OynyTh  HOCHTH  JOCHTh  3aralbHH  Xapakrep.
CucTeMaTHYHHIA ~ aHaJi3 HaBEJISCHUX B  JIiTeparypi
BHU3HAYCHb OITHMIi3alii, JO03BOJISIE€ BUIUIMTH HACTYITHI

Tabauns 1. Cucmema npunyunie onmumizayii 0no0amKky8aHHs.

MIPUHIIAITA, SIKi HEOOXITHO BPaxoBYBaTH NpHU  PO3POOII
MIPUHINITB ONTUMI3aIlil ONOJaTKyBaHHS, a caMe:

000B’SI3KOBa HASABHICTP OMHOrO ab0 IEKUIBKOX
00'eKTiB, SIKI ONITHUMIZYIOTBCSI Ta MAIOTh Pi3HI MapaMeTpH i
XapaKTEepUCTUKH B KiIbKICHOMY 1 IKICHOMY BHPayKeHHI;

000B’s3K0Ba 3MiHa abo mapamerpa 00’€kTa, abo
HOro caMoro B XOJi peaii3ailii ONTHMI3alliifHAX 3aXOJIiB
3aJyIsl OCSITHCHHS IUICH, sIKi € HaWOUIbII CIPUATIMBUMU
JUISL OHOTO a00 JAEKITBKOX Cy0’€KTIB ONMTUMI3aLIiT.

OCKiTbKM Ha TMOTOYHWM MOMEHT B JHiTepaTypi
MOHATTA ''ONTHUMI3allis OINMOAATKYBaHHA', 'ONTHMI3allist
MMOJATKOBMX ImiatexiB” 1 "momarkoBoi omrumizamii”
OTOTOXKHIOIOTBCS ~OKpeMumu  aBropamu  [1-10], mus
MOBHOTH TOOYMOBH CHUCTEMH MPHUHIIMITIB ONTUMIi3aIlii
OMOJATKyBaHHS TaKOX OyJ0  MPOBEACHO  aHaNi3
MOXIIMBOCTI ypaxyBaHHS IPHHIMIIIB, SIKi BHAUISIIOTH
JiesiKi aBTOpH IOJ0 3a3HaueHHx npoteciB. [loeanyroun
JIBa OJIOKM NPUHLUMIB (TIPUHLMIIB ONOJATKYBAaHHS 1
NPUHLMUIIB ONTHMI3allil), a TaKOX Pe3yJIbTaTH PO3TIIILY
MPUHIMITIB 1HIIUX MPOLECIB JaHOI 00JaCTi TOCIIIKEHHS,
OTPUMYEMO MPUHIHUIH, HAa SKUX, OYAYETbCS TMPOLEC
ontuMi3aii onogaTkyBanHs (tabu. 1).

[punmnm onogaTkyBaHHS

[punmnm ontumizamii

TpuHIMM MOIATKOBOT ONTUMI3aIliT,
MiHiMi3alii MOJaTKOBUX ILIATEXIB,
ONTUMI3aLii ONOJaTKyBaHHS

1. TlpuHIUIT 3aKOHHOCTI OMOJATKYBaHHS

2. [IpuHIHMN 3araibHOCTI Ta PIBHOCTI

3. [IpuHIHMN cripaBeAIMBOCTI

4. [TpuHIMIT EKOHOMIYHOTO OOTPYHTYBAaHHS
MOJATKiB 1 300piB

5. [IpuHOMN MPe3yMIILiT TIyMadeHHsT Ha KOPUCTh
TUIATHUKA TTO/IaTKIB (TUIaTHHUKA 300piB) BCiX
HerepeOOPHUX CYMHIBIB, IPOTHUPIY 1 HEICHOCTEH
aKTiB 3aKOHOJ[ABCTBA PO MOJATKH 1 300pH

6. [IpuHIMT BU3HAYEHOCTI MOJJATKOBOTO
000B’s13Ky

7. [IpuHOMT €IHOCTI EKOHOMIYHOTO TIPOCTOPY
YkpaiHu Ta €JHOCTI TOAATKOBOT MOJIITHKU

00’€eKTa;

1. O60B’s13K0Ba HAsIBHICTH OJHOIO
a00 JeKiIbKOX 00’ €KTIB
ONTHMI3allii, IKUM BJIaCTHBHUI
SIKAWACH TIapaMeTp;

2. O60B’s13K0Ba 3MiHa 200
napamerpa 00’€xTa, abo caMoro

3. 3MiHa, 110 MPOBOJUTHLCS B
paMKax onTHMi3aii, CIpsiMOBaHe
Ha JOCSTHEHHS IEBHMX I[IJIEH, SIKi €
HAWOITBII CIPUATIUBUMH JJIS
OJTHOTO 200 JEKITBKOX Cy0’ €KTIB
onTUMI3ariii.

1. IlpuHIUT aAeKBaTHOCTI BUTPAT
2. [TpuHIHMT FOPUAXIHOT
BiZMIOBIIHOCTI

3. IIpUHIHMIT T AKOHTPOIBHOCTI

4. ITpyHIMT PO3YMHOCTI Ta
€KOHOMIYHOT OOTPYHTOBAaHOCTI

5. OO0IIiK MOTITHYHHUX aCIIEKTIB

6. [TpuHIMT ONTUMATTBHOT KITBKOCTI
YYaCHHKIB

7. JlokymeHTaIbHe 0opMIICHHS

1. [IpuHIUT 3aKOHHOCTI
2. [lpyHIMT 3aradbHOCTI Ta PIBHOCTI
3. [IpuHIMN cripaBeIUBOCTI
4. [TpyUHIHMI T IKOHTPOIBHOCTI
5. lokymeHTansHe 0hOpMIIEHHS
6. [TpuHIMT PO3YMHOCTI Ta eKOHOMIYHOT OOTPYHTOBAHOCTI
7. YpaxyBaHHS MOJITUYHUX aCTICKTIB
8. IIpunnumn 6aratocy0’eKTHOCTI
9. [IpuHNMN 3MiHU Mapamerpa 00’ekta abo caMoro 00’ €KTa

IIpn  QopmymoBaHHi  CyTHOCTI  omTHMI3aLil,
HE3aJIeXKHO BiA chepu Ta Tpolecy, IO Iiarae i
npoueaypi, HHU3Ka JIOCTIIHHKIB BHU3HA4YAa€ HACTYITHE
MOJIOXKEHHA: B pe3ynbTari ii mpoBeneHHS mpouec (y
JTAHOMY BHIIQJIKy OIIOJIATKYBAaHHS KOMEPUIHHUX OaHKIB),
WOT0 TOKa3HWKH (piBEHb IMOJATKOBOTO HABAHTAXECHHS,
30upanHHs, 00CAT TOJATKOBUX JOXOJIB OIOKETIB TOIIO
[8]) aGo ix  cHiBBigHOIIEHHS  TOBMHHI  CTaTu
ONTHMaJIbHUMHU.

Hanpuknan, "onTumizalis CTPYKTypH Kamitaly —
NPOLIEC BHM3HAYCHHS CIIBBIJHOIICHHS BHKOPUCTaHHS

BJIaCHOTO 1 TMO3MKOBOTO  KamiTally, HpH  SIKOMY
3a0e3NeuyloThCsl ONTHUMAabHI MPONOpLii MK piBHEM
PEHTA0ETHHOCTI BIACHOTO KaITiTaITy Ta piBHEM (piHAHCOBOT
CTifiKOCTi, TOOTO MAaKCHMI3Y€TbCS PHUHKOBA BapTICTh
mignpuemctBa [9]". Tlpm 1mpOoMy UITKHX TpaHei
ONTUMAJIFHOCTI B HAYKOBiH JiTepaTypi Ha TOTOYHUI
MOMEHT HE BUIIJIEHO.

CrocoBHO 710  omTuMi3amii  ONOJATKyBaHHS
KOMepIifHNX 0aHKiB, HEOOXiTHO, B TMeEpHIy Yepry
BKa3aTH, M0 KpHUTepil NOBUHHI OyayBaTuCs Ha CTYHEHI
peamizamii  mted, sAKi  mepechuigyioTh  cy0’eKTH
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ontuMizarii. [Ipu onTuMizarii ormogaTkyBaHHs "3 OJHOTO
O0OKy, JIepkaBa TMparfe 30UIBIIUTH JOXITHY YacTHHY
OIO/KETY JUISl BUKOHAHHS CBOIX COLiadbHUX (DYHKITIH, 3
IHIIOTO — EKOHOMIiYHI CYO’€KTH, IO 3HaXOIATHCS B
YMOBaX OPCTKOT KOHKYPEHIIi1 i 00pOTHOM 32 BUKHBAHHS,
3aIliKaBJICHI B MAKCUMAJIbHOMY CKOPOYEHHI CBOiX BHUTpAT
[10]".

To0T0, y cy0’€KTiB ONTHMI3allii OTOAATKYBaHHS i
OyIyTh MEPEBaXHO PI3HOCIPIMOBaHUMH. X04Ya, B YaCTHHI
MparHeHHsl JepXKaBd 30UTBIIUTH TOJATKOBI JTOXOOH
Oro/KeTy, HEOOXigHO OO0YMOBHUTH (akT BiJICYTHOCTI
BCEOIYHOTO TIparHeHHS IO MaKCHMi3aIlil MO0JaTKOBUX
JIOXOJIiB Yepe3 HACTYITHE:

Buryantn 1o OMOJKETIiB OFOHDKETHOI CHCTEMH Y
¢dopMi mMOIATKIB BCE pecypcH KOMEpIHHHX OaHKiB
HEJIOIILHO, OCKUIBKM JICpKaBi HEOOXiJHA Jiroua
OaHKIBCbKa cHCTeMa, y SAKIH y HasBHOCTI MicCis
OTMOJATKyBaHHS IMOBHMHHI 3QJMIIATUCS PECypCH s
(YHKIIOHYBaHHS B IEPCIIECKTHBI;

Skmo  3By3uTH  chepy  ONOJATKyBaHHI  Ta
pO3MIIsIaTH  TIPOLEC CIUIATA MOJNATKIB BHUKIIOYHO Y
BHIJISIZII TPOIIIOBOTO IOTOKY, TO B 000pOTi (hiHAHCOBOTO
CeKTOpa MOBMHHA 3AJIUINATUCS MEBHA IPOILIOBA Maca, K
PETYIATOP EKOHOMIYHUX MPOIIECIB.

TakuM 9MHOM, TiJi BUKOHAHHSIM OCHOBHOT'O
KpUTEPII0 ONTUMI3amii OMOJATKyBaHHSI KOMEPIIHHUX
0aHKIB CJIiJ] PO3yMITH CHUTYAIll0, PH SKiii BCTAHOBJIECHO
OajaHC MDK IOKa3HUKAMM BEJIMYMH IOJATKOBHMX ITOXOIIB

(3000B’s3aHb), IO JO3BOJSAIOTH 3 OJHOTO  OOKY
3aJJ0BOJIBHUTH  IHTEpPEeCH  [JepKaBU B  pecypcax,
HeoOXimHMX I peamizamii  QyHKmIA 1 3aBHaHb,
MOKIAJCHUX HA HBOTO, a 3 IHIIOrO — OyIyTh
MIiHIMAJIPHUMH 3aKOHHO OOYHCIICHUMH 1 CIUIAYCHUMU
IUTATHUKAMH  TOJATKIB-KOMEpIiHHUME Oankamu. [lpu
IOMY TIiJ] TOJATKOBHUMH JOXOAaMH (3000B’sI3aHHIMM)
OynyTh MaTucs Ha yBa3i ()iHAHCOBI NOTOKH BiJI IUIATHUKIB
MOJATKiB 0 OIO/KETIB OIO/KETHOT CUCTEMH, SKi
BiJ1i0 FOTh BUKOHAHHS HUMH TIOJJATKOBOTO 000B’SI3KY (ISt
IUIATHUKIB MOAATKIB Ili CyMH OyayTh 3000B’sSI3aHHIMH, a
JUTSL IEPKaBU — MOJJATKOBHUMU JIOXOAaMH).

Ha okpemy yBary 3acinyroBye BKa3iBKa Ha
3aKOHHICTh ONTHMI3alli omomaTkyBaHHsA. [lepemymoBu
onTHMizalii oOmMojJaTKyBaHHS ''CllOYaTKy 3aKiajeHl B
MOJTATKOBOMY 3aKOHOJIABCTBI, o nepeadavae
MOXIIMBICTh 3aCTOCYBaHHSI Pi3HUX CXEM OINOAATKyBaHHS
JUISL OTHHUX 1 THX k€ 00’€KTIiB, @ TAKOX PI3HUX PEKUMIB
OMOJATKYBaHHs JUISI OMHOTO i Toro x cy6’ekra [10]".
KpiM 11010 JICTITUMHY MPHUPOAY ONTHUMI3aIlli MiATPUMYE
Hu3Kka aBTopis [11-13].

OnHak, BHKODPHCTAaHHS OJHOTr'O KpHUTEPiIO
ONITUMAIBHOCTI € HemocTaTHIM. OCKIIBKH 3B SI30K
OTOJATKyBaHHSI Ta (ickambHOI (QyHKIIT IMOJATKIB €

OYCBUIHHUM, OpI€HTYBaHHSI Ha ONTHUMANbHI 3HAYCHHS
MOKA3HUKIB, IO BimoOpakaroTh peamizamito ¢ickaabHOT
(yHKIIT TOAaTKOBOI CUCTEMH, € JOIMYCTUMHM KpPHUTEpPiEM
OINITUMAJIFHOCTI OTIOaTKyBaHHs (Tabi1. 2).

Tadmauus 2. Cucmema nokasHuKia, wo 6UKOPUCIOBYIOMbCS O GUABIEHHS PIBHA ONMUMANLHOCHT ONOOAMKYBAHHS KOMEPYIIHUX
OanKi6 3 no3uyii NIAMHUKIE NOOAMKIE WLIAXOM AHANI3Y IX enacmuuHOCmi

Ne HaiiMeHyBaHHS BHUXiTHHX MOKa3HHUKIB, IO . .
Hanpsimok aHanizy onTHManbHOCTI OTIOIaTKYBaHHS
3/ | 3aCTOCOBYIOTHCS JJISI PO3PAXYHKY
1 ITomaTkoBe  HaBaHTAXKEHHS, BEJWYMHA | B3aeMO3alie)KHICTh MK IIMMH JBOMa IOKa3HHKAMH JOTIOMOYXE BHSIBHTH
BUPYYKH MallOyTHBOTO TIEPioay "cumy" TOJATKOBOTO PETYIIOBaHHSA MIOAO pe3yNbTaTiB  OaHKiBCHKOL
ISAIIBHOCTI
2 [lomatkoBe  HaBaHTa)XKEHHsS, BeNWYMHA | AHANI3 XapaKTepy 3aJeXHOCTI MK IBOMa JAaHHMH JO3BOJUTH 00'€KTHBHO
JIOBTOCTPOKOBHX BKJIa/IEHb OIIIHUTH Peai3allilo peryarordoi GyHKIII 1010 OaHKIBCHKOTO CEKTOpa
3 IMomaTkoBe  HaBaHTaXEHHsS, MPUOYTOK | PO3MIAA MOAATKOBOrO HABAHTAXKCHHS 1 TOKA3HUKIB MaiOyTHIX MepioiB
MaiibyTHHOTO Mepioy TMISUTbHOCTI  KOMEpPUIHHMX ~ OaHKIiB  JO3BOJNIUTH  BUSIBUTH  TCHICHINT
4 IMonaTKoBe HaBaHTAXKEHHA, 0OCAT BUAAHUX | BCTAHOBJIEHHS ONTHMAaJbHOCTI ONOAATKYBaHHS Ha HaHONKYy HEPCIEKTUBY
KPEIUTIB y Maii0yTHhOMY TIepioai

Ilpu 1upoMy oONTUMAJIBHUMH OyAyTh 3HAYECHHS 1
CHIBBIJTHOIIEHHS, 3a()iKCOBaHI Yy MOMEHT BCTaHOBJICHHS
0a30BOro KpUTEpito — OaJaHCy MIXK IHTepecaMu JepiKaBH i
0aHKiB — IUIATHUKIB MTOJATKIB.

ETtanm, egemenTH i MeToan onTHMi3amii
ONoAATKYBAaHHS KoMepuiliHuX 0aHKiB

OnruMizanio onoaaTKyBaHHS KOMEpLiHNX OaHKIB,
AK 1 Oynp-KMH TIpollec, MOXKHa MPEACTaBUTH SIK
MOCIIIZIOBHY peai3alilo MiANpOIeciB, M0 Peasli3yloThCs
mo 4yep3i W  Ha3MBAaKOTBCA  eramamu.  SIKIIo
YSIBUTH  ONTHMI3alil0  OMOJATKYBaHHS y  BHIVIAII
MOCTAHOBKHM  3aJa4i, TO  'TpoIec  3HAXOKCHHS
ONTHMAJIBHOTO pIlIEHHS, SK MPaBHIO, CKJIAaJa€ThCs
3 YOTHPHOX €TariB: (GopMyTIOBaHHS MPOOIEMH, TOOYIOBH
MOJIe, 3HAXO/PKEHHS  ONTHMAJIbHOTO  MOJEIBHOTO
pimienns, mepeBipku  amekBatHocTi momem  [14]".
Haknamaroun Ha JaHWid po3monain 3MicT ‘onTuMizaris

ONOJIATKyBaHHS'", sIKe B3STO 32 OCHOBY Yy JaHid poOOTi,
eTany OyayTh BUKJIaJIEH] Y HACTYITHOMY BHIJISAI:

- BU3Ha4YCHHs (haKTOpiB, 10 MOPYLIYIOTh PIBHOBAry
OCHOBHOT'O KPUTEPIIO ONTUMAITBHOCTI OIIOJaTKyBaHHS;

-TOmyK 1 po3poOKa 3axOfiB, peamizamis SKUX
BIZTHOBHTH PIBHOBAr'Y;

-noOyzoBa Ta TIepeBipka CHCTEMH  MOJeEIei
MOBE/IIHKY YYaCHHUKIB ONTHMI3alii ONOoAaTKyBaHHS;

- HIBEJIFOBaHHS BHSBIICHHX Ha TEOPETHYHOMY PiBHI

MEepeBipKM  HENOJIKIB Ta TporamruH chopMoBaHOTO
Mepeniky  3axoJiB 1O  BIJIHOBJICHHIO  ONTHUMIi3allii
OTIO/IaTKyBaHHS;

- peastizarlis ONTUMI3aliHHUX 3aXO0/iB;
-30ip HaHWX Ta aHaNi3 pe3yabTaTiB 3iHCHEHUX
3aXO0[iB, 1 iX IMOJambIIa KOPEKTyBaHHSA (IIPH HAsSBHOCTI

HeoOximHocTi) Juid  Oimbmr  edeKTUBHOI  peajizanmii
MOCTABJIEHOT 3a/1a4i.

Ha mincraBi KOMIUIEKCHOTO —aHali3y CyTHOCTI
onTHMizalii ONOJATKyBaHHS, NPUHLOMIIB, Ha SKUX
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0a3yeThCsl JaHWW TpoIec, MOXKHA BHIIJIUTH HACTYITHI
CHIBBIAHOIIEHHS 1 CKJIaaW €JIEMEHTIB  ONTHMI3alil
OTIOAaTKyBAHHS:

- OJIUH ONTHMI3YETHCS 1 OJIMH ONTUMI3Yy€ CIIEMCHT;

- OIMH ONTHUMI3YETbCA 1 KiIbKa ONTHUMI3YIOTh
CJIEMEHT;

- KiJIbKa ONTHMI3YIOTBCS 1 OZIMH ONTUMI3YE EIEMEHT;

- KiJJbKa ONTUMI3YIOThCS 1 KUIbKa ONTHUMI3YIOTh
€JIEMEHT.

HasBHicTh Ti€el YW IHmOI 3 TPEACTABICHUX
KoMOiHaIiii Oyme 3amekatd Bix oOcary 1 ckiamy
rapaMeTpiB ONTHMAIBHOCTI Ta iX KpHUTEpiiB, sAKi OymyTh
po3rmAgaTucs B KOXKHOMY KOHKPETHOMY — BHIAJKY
BHXOJSTIH 3 TIOCTABJIICHAX 3a/1a4.

[opsin 3 enemMeHTaMH B CHCTEMY ONTHMi3alil
OTMOJATKyBaHHA  BXOIATh 1  METOOM  ONTUMI3aIil
OIOJIATKYBaHHS y TAHOMY aclieKTi OCOOJIMBO BaXKIMBUM €
TOW (haKT, 0 METOAM ONTHUMI3alli OroJaTKyBaHHs Oarato
B YOMY CXOXI 3 METOJIaMH ONTHMIi3alii iHIINX MPOLECIB.
Tomy mpu (opMyBaHHI TEOPETUYHOI 0a3u B Il YaCTHHI
OUTBIITy YaCTHHY METOJIB MOXHA 3alO3WYUTH 3 IHIITHX
obnmacteit. Hanmpwkman, mnpu  onTHMI3amii  3arajabHOL
moTpeOH B KaImiTali 3aCTOCOBYIOTBCS OaaHCOBHI METOJ 1
METOJ aHaJorii [9].

[Mepmmii 31 3ragaHux Moxe OyTH 3aCTOCOBAaHUU JIO
ONOJAaTKyBaHHS  Ha  yBa3i  0a30BOro  KpHUTEPItO
ONTUMAJILHOCTI, IO CKJIAIAa€ThCS B OajlaHCi iHTEpeciB, a
METOJl aHAJIOTiH 3 NEeBHHMH MONpaBKaMH, MOXe OyTH
3aCTOCOBAHMI Ha aHaji31 ONMOJATKYyBaHHS K HIIUX chep
rOCIOJIAPChKOI AISJIBHOCTI, TaK 1 NpU PO3DISAAl Tiel X
KaTeropii IUIATHUKIB IOJATKIB, ajie Ha TEpUTOPIi iHIIOT
JIepKABH.

[upokoro MOIIMPEHHS TaKOXK OTpUMAITH
MaTeMaTHYHI METOAM 1 MOJENIOBaHHSI: METOAM Teopil
rpadis, TiHiHE MpoTpaMyBaHHS, HeliHilHe
MporpaMyBaHHs, JIWHAMIYHE MPOTpaMyBaHHS, METOIU
Teopii 1irop, MeETOAM TeOopii CTATUCTHYHUX PpillleHb,
MepexeBe IUIaHYBaHHS 1 YNpPaBliHHs, CUCTEMH MacOBOTO
oOcnyroByBanHs Ta iHmi [15]. Binbm Toro, Bcepenui
KOYKHOTO METOJy MOXIIMBO BEJIMKE KUIBKOCTI Bapialliii B
3aJICKHOCTI BiJi KOHKPETHOTO croco0y onrumisariii [6], a
Ui lmoctpamii 1 MIATBEPIDKEHHS — IPHIATHOCTI
MOJICTIFOBAHHSI TP ONTUMI3alil NPOLEeCy ONOAaTKYBaHHS
MOYHA MPUBECTU MO/JIEJb, 3alIPONOHOBaHY y [16].

Take pi3HOMaHITTS IHCTPYMCHTapifo, a TaKOXK
HasBHICTh BJIACHUX TPHWHIHUMIB i KPUTEPiiB omTuUMizaril
OTOJAaTKyYBaHHSA, [JIO3BOJISIE  BHIIIUTH  ONTHUMI3AIlIO
OIOJIATKYBaHHS KOMEpLIHHMX OaHKIB y CaMOCTiiHUHA
€JIEMEHT 3araJbHOEKOHOMIYHOT CUCTEMH ONTHUMI3allii.

OnTumizallis Mae 6araToOCTOPOHHIN XapakTep i TOMy
MOKe OyTH TpOBEJEeHA IO BiAHOMICHHIO O TPOIECIB Y
PI3HUX Taly3iX €KOHOMIKHM Ta iHmmx chepax. Kpim Toro,
OTIOJITATKyBaHHS nependadae CKIIQ/THY
06araTOKOMITOHEHTHY KJacHu]ikamiro BHAIB, 3BaXal0YN Ha
PIZHOMAHITTS MiIXOMIIB A0 CHCTeMaTu3alii monarkis. [Ipu
B3aeMoJlii MK c00O O0HMIBa IIi TE3W MPHU3BOIATH JO
YTBOPEHHS BEJIUKOT KUTBKOCT1 KPUTEPIiB, 32 IKUMH MOXKHA
kiacu(ikyBaTH ONTHUMI3AIl0 ONOAaTKyBaHHA. HaBenemo
ZiesiKi 3 HUX:

-3a  cy0O’ekTOM onmtuMizariii  (TIPOBOIUTHCS
IVIATHUKAMKM ~ TOJATKiB,  JEP)KaBOK,  MOAATKOBHMH
OpraHammu);

-3a cheporo MIPOBEJICHHS (onTrMizaris
OmoJaTKyBaHHS  OaHKIB,  CTpaxoBUX  OpraHizaui,
MIPOMHUCIIOBUX MiAMPHEMCTB TOLIO);

-3a KIUJIBKICTIO KpUTEpiiB onThMizarii

(omHOKpUTepianbHa i baratrokputepianbHa [15]);

- 32 YacOBUM IHTEpBalOM (CTaTHM4YHA 1 JUHaAMiuHA
orrruMizartis [17]);

-3a TOCTAaHOBKOIO 3ajadi (ymMoBHa i Oe3yMOBHa
orrruMizartis [18]);

-3a eralamMH OIOJATKyBaHHSA, SKi
oIrTuMi3altii, Ta X KiJIbKOCTI;

- 3a TPUBAJIICTIO IPOBEJICHHS,

-3a OXOIUICHHSM TIOJATKIiB, IO
KOMEPIITHUMU OaHKaMH;

- 32 3MiCTOM (KiITBKIiCHY Ta SKICHY);

-3a KareropisiMmu OaHkiB (dopma  BIIACHOCTI,
oprasizauiiiHo-npaBoBa (opmMa, MPIOPUTETHUH HAIPSIMOK
KPEAUTYBaHHS TOLIO).

SIKIIO PO3rIIsNATH ONTHUMI3ALI0 ONONATKyBaHHS SK
NOCTAaHOBKY ~ 3ajadi, TO  IPOLEC  3HAXOKCHHS
ONTUMAJBHOTO DIIICHHS, SK MPABHJIO, CKIATAETHCS 3
YOTHPHOX €TamiB: (OPMYIIOBAHHS MPOOJIEMH, MOOYIOBH

MiJIATaI0Th

CINTIAYYHOTbhCA

MOJENi, 3HAXOKCHHS ONTHMAaJbHOTO  MOJCIBHOIO
pillIeHHS], EPEeBIPKU aeKBaTHOCTI MOJEI.
[lpn mnoeqHaHHI JAHOTO MiAXOAY, BIACTHBOTO

onTuMizalii, 3 BMICTOM ONTHMIi3alii ONOJATKyBaHHS,
eTany OyAyTh IEPETBOPEHI B TAKUH BUIIIAL:

1. BuznaueHHs (akropis, JIeCTadlTi3yI0unuX
pIBHOBary  OCHOBHOTO KpHUTEpito OIITHUMAaJIbLHOCTI
OIOIATKYBAHHSI;

2. ®opMyBaHHS TEPEIiKy 3aX0/iB MPOBEACHHS SKUX
CHPUATHME BiJHOBJICHHIO pIBHOBArH,

3. [lobynoBa Ta mepeBipka CHCTEMH MOICICH
MOBEIIHKH YYaCHHKIB IiJ 4ac MPOBEICHHsS ONTHUMI3arlil
OIOIaTKyBaHHS,

4. YcyHeHHs BHSIBICHHX Ha TEOPETUYHOMY piBHI
MEPEBIPKU HEJOJIKIB ¢(hOPMOBAHOTO MEPEITIKY 3aXO0IIB 10
BiJTHOBJICHHIO ONTUMIi3alliil OTI0JaTKyBaHHS;

5. I[IpoBeneHHs] KOMIUIEKCY 3aXOJiB IO ONTHUMI3allii
OIOIaTKyBaHHS,

6. AHami3 pe3ynbTaTiB MPOBEICHUX 3aXOMdiB Ta IX
MOJTaNbIIa KOPEKTYBaHHA (MIPH HEOOXiTHOCTI) I OLIBIT
BIPHOIO peaizallii HOCTaBICHOTO 3aBJaHH;I.

Bapto Big3HaumTH, @O BIICYTHICTD  €IUHUAX
MOTJIAIIB HA €Tamd ONTHUMI3allii ONOJATKYBaHHS €
HACNAKOM  HEOJHO3HAYHMX  MOTJLIAIB  HAa  3MICT
OMOMAaTKyBaHHS B YaCTHHI BKIIOYEHHS JO HBOTO
KpiM CIUTaTH TIpoIeCy OOYMCIIEHHS IMOAATKIB Ta IHIIHMX
i IpOTIEeCiB. Onnax, 1010 MepIInx eTanis,
3 BIIMOBIAHMMH TIOTIpaBKAMH HAa yTPUMaHHS, a
TaKOXX B CIJTy YHIBEpPCAJBHOCTI ONTHMIi3amii B JiTeparypi
MOXHa 3ycTpith cxoxi aymku: "llepm HiDX BHUpilryBaTH
3aj1auy onTuMi3aii, HEOOXiTHO BU3HAUYUTHU
BUH pHU3UKiB B KOXXHOMY KOHKPETHOMY
BUIIAJIKY, BUJIUINTH Cepell HUX OCHOBHI i (hopMasti3yBaTH
ix" [19].
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BucHoBKH

Pesfomyroun  Bce  BHINECKa3aHe, a  TaKOX
MiJCYMOBYIOYM CHCTEMHHH aHai3 CyTHOCTI ONTHMIi3arii
OTNOJAaTKyBaHHSA Ta MOro TeopeTHdHOoi 0a3u, MOXHA
BHU3HAYMTH HACTYITHI ITOJIOKEHHS:

Y onaHuwii yac HIi B HAyKOBHX KOJIaX, Hi Ha
3aKOHOJJABUOMY PIiBHI HE BUPOOJCHO OJHAKOBHIMA ITiJIXi]|
JIO PO3YMIHHS CYTHOCTI ONTHMIi3aIlii OMOIaTKyBaHHs, sKa
YacTO OTOTOXXHIOETHCS 3 IMOJATKOBOI ONTHMI3AIIEI0 Ta
MiHIMi3aIli€l0 MOJAaTKOBUX IuTaTexiB. L{e 00OyMOBIEeHO sK
00’€KTUBHUMH, TaK i Cy0’eKTHBHUMH (pakTOpamu,

Pi3HOMaHITTSA IHCTpYMEHTapilo, a TaKoX HasBHICTh
BIIACHUX  TPUHIUIIB 1  KpUTEpiiB  omTuUMi3amii
OTIOJIATKyBaHHS,  JIO3BOJISIE  BHJUIUTH  ONTHMI3aIlifo
OTIOJITATKyBaHHS KOMEPIIHHUX OaHKIB B CaMOCTIHHMIA
€JIEMEHT 3arajibHOEKOHOMIYHOI CHCTEMH OITHMI3allii.

ITin OCHOBHHM KpHUTEpieEM onruMizanii
OIOJIATKYBaHHS KOMEPLIHHUX OaHKIB JOLIJIBHO PO3YMITH
BCTaHOBJICHHS OajaHCy MK MOKa3HHUKAMH BEJIMYHMH
MOJTATKOBUX JIOXOMIB (3000B’sI3aHb), SKi 3 OJHOTO OOKY
JO3BOJISIIOTh ~ 3aJI0BOJIBHUTH  MOTpPeOy  JEpKaBd B
pecypcax, HEOOXimHUX Js  peamizaiii  (yHKIIIH,
MTOKJIaICHUX Ha HHOTO, a 3 1HIIOTO OYAyTh MiHIMAJILHUMH,
3aKOHHO OOYHCICHHMH 1 CIDIAYCHHUMH KOMEPIiHIMHU
OaHKaMHU.

Ckiaql TPUHIUINB ONTHUMI3amii  OMOJaTKyBaHHS
KOMEpIiHNX OaHKiB Oyae BHU3HAYCHO SK CYKYITHICTDH
TIPUHIIMITIB  OMOJIATKYBaHHS, TPUHIUIIB ONTHMI3allii, a
TAKOXX MPUHIHIIB, SKi MOXXHA BHUSIBHUTH TUIBKH OO
ONTUMI3aIil OMOJATKYBaHHS, OCKUIBKHM MPHHIIUIHA JBOX
CKJIaJIOBHX HE y BCIX BHMAJKaX MOXYTh OYTH 3aCTOCOBHI
OIMH JI0 OJHOTO B IOBHOMY OOCs3i, BHACIIJOK 4YOTO
BHUHUKA€E HEOoOXIiHICTh (bopMyroBaHHS HOBHX
NPUHLHIIIB.

3aKoHOaBY€e 3aKPIIUICHHS IIXOJIB 10 BU3HAYCHHS
ONTHMI3allil OMOJaTKyBaHHS HAWOIIBII TPHHIIUIIOBO IS
3aXHUCTy TIOJATKOBHX I1HTEPECIB CTOPIH IOJATKOBUX
MPABOBITHOCHH, B TOMY YHCII B pa3i BiJCTOIOBaHHS
MMOJaTKOBUX  IHTEpECiB B CYJAOBOMY  TIOPSJKY.
HesBakatoun Ha TOsBY mpomo3uuiii  odiuiitnoro
3aKpiIUIEHHS ONTHMi3alii OMOJATKyBaHHS KiNbKa POKiB
TOMY, aKTYaJIbHICTh JI@aHOTO HAIpsSMKy HE BTPAueHo 1 Ha
CBHOTOJHIIIHIHA IEHb.

TakuM YHHOM, MOXHA CKa3aTd, M0 HAasSBHICTh
BJIACHOTO BIZIOKPEMJICHOTO 3MICTY, MPHHIIUIIB peai3aiiii,
€JIEMEHTIB, METOJIB TPOBEACHHS, OaraTOKpUTEPiaIbHOT
Kkimacudikamii pi3HOBHUIIB Ta IHIIMX XapaKTEPHCTHK B
ONTHMI3allil OITOAaTKYBAaHHS JTO3BOJISIE BUIITUTH OCTAHHIH
y CaMOCTiliHYy Tajy3b HayKOBOI'O 3HAHHS, 10, B CBOIO
yepry, 3a0e3leunTh TIEBHUM IHTEpPEC Y YYaCHHUKIB
MOJIATKOBUX BIIHOCHH JIO JaHOTO HAMpPSIMKY 3 METOI0
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NCCIEJOBAHME ITPUHIUIIOB U METOA0B OIITUMM3ALIMN
HAJIOT'OOBJIOKEHUA KOMMEPYECKHUX BAHKOB B COBPEMEHHBIX
YCJIOBUAX

IIpeameToM wcciieIOBaHUS B CTAThE SIBISICTCS ONTHMU3AIHS HATOT000I0XKEHHSI KoMMepUueckux 0aHkoB. Llesab paGoTh! 3aKimodaercst
B BBIIBJICHUM HamNpaBIeHUH M pa3paboTka MeToAa ONTHMHU3AIMU HAJOTOOOJIOKEHUS KOMMEPUECKHMX OaHKOB Ha OCHOBE
TeopeTnieckoi 6a3pl. B cratbe permmaroTcs cieyromue 3agaun: GOpMUPOBaHHE CHCTEMBI NIPHHIUIIOB M KPUTEPHEB ONTUMU3AIIIH
HAJIOT000JI0KEHI KOMMEPUYECKUX 0aHKOB, pa3paboTKa CHCTEMBI ITOKa3aTeNei, NCTIOB3yEMBIX [UIS BBIIBICHUS YPOBHS ONTUMHU3AIHH
HAJIOTOOOJIOKEHHS, ONpPENEeNICHUs JSTaloB, METOAOB W BHAOB ONTHMHU3AIMHA HAJIOTOOOIOKEHHS KOMMEPYECKHX OaHKOB.
Hcnone3yroTest claeayromuye MeToAbl: O0IUe HaydHbIC, aHaIH3, CTPYKTYPUPOBAHUE U KIACCU(BHUKAIUSA OCHOBHBIX COCTAaBJIIOIIAX
CHUCTEMBl  ONTHUMH3AIMH  HAIOTO0ONOXKeHUs. [loNydeHsl CICOyrolue Pe3yabTaThl: pa3padoTaH METOA  ONTHMH3AIUH
HAJIOT000JI0KECHIS KOMMEPUYECKUX OAHKOB B COBPEMCHHBIX YCIOBHSAX, @ HIMCHHO: c()OPMHPOBaHA CHUCTEMa MPUHIIMIIOB, KPUTCPHUCB,
MOKa3aTelieif, 3TaroB, METOJOB W BHIOB ONTHMH3AIUU HAJIOT000N0KeHHS. [Ipe/UioKeHO aBTOPCKOE OIpEACICHUE TMOHATHS
"ONTUMH3AIUS HATOT000J0XKEeHUs ", cHOPMYITUPOBAHHOE MO HUTOraM KOMIUIEKCHOTO aHAIW3a MMCIOIIMXCS HAa CETOJHSAIIHUNA JICHBb
B3IVI0B M MOAXOAO0B K MOHUMAHHUIO €r0 CYIIHOCTH M HEOOXOOUMBIX YTOYHEHHUH, 00YCIOBICHHBIX COOPKOW MPAKTHKH HAJIOTOBBIX
MIPaBOOTHOIICHUH. B mpemmoxkeHHbIX GOpMyIHpPOBKax BIEPBBIE OOBEAMHEHBI M KOHKPETU3WPOBAHBI 3Talbl HAJIOTOBOTO Ipolecca,
albTepHATUBHBIC BAPHAHTHI CyObEKTa COCTABA, & TAKKE OTPAKEHO B3aMMOCBS3b MEXKAY HAIOTOM M ONTHMH3ALUEH HAIOTO00I0KEHHS
C pa3NUYHBIMH CTaIUsIMA HAJOTOBBIX TNPABOOTHOUICHWH. BBIBOABI: pPAaCKpBITHE BOMPOCH METONOJOTHH  ONTHMH3ALUHI
HAJIOT000JI0KECHIS KOMMEPUCCKHX OaHKOB CTAHET TCOPETHUECKHM OCHOBAHUEM JUIS PCATU3AI[UA SKOHOMHYCCKUX IIENIeH yYaCTHUKOB
HAJIOTOBBIX OTHOIICHHIA: FOCYAapCTBa B OOCCIICUCHUH YBEIHUUCHHS TOXOIHOW YacTH OFOJDKETa 332 CYET HAJIOTOB U SKOHOMHYECCKUX
CyOBEKTOB B BHJIC HAJIOTOILIATEIBIINKOB - KOMMEPUYECKHMHU OaHKaMH B 00CCIICYCHUH MUHUMU3AINK 3aTpat. Hanndare co6cTBEHHOTO
000C00JICHHOTO COJIEPKAHUS, TIPUHIIUIIOB pEalT3aliy, dJIEMEHTOB, METOJOB MPOBEACHUS, MHOTOKPUTECPHATLHON KJIACCH(UKAIIMN
Pa3HOBUAHOCTEH U APYTUX XapaKTEPHCTHK B ONTHMH3ALUN HATOTOOOI0XKEHHUS TO3BOJIET BEIICIUTE TIOCIEIHUI B CAMOCTOSTEIBHYIO
oTpacib HAyYHOTO 3HAHUS, YTO, B CBOIO OdYepelb, OOSCIIEUHT OIpEeAeTICHHBI HHTEpEC Y YYaCTHHKOB HaJIOTOBBIX OTHOIICHHH K
JTAHHOMY HAIPaBIICHHIO C LIEJBI0 TIPOBEICHUS PA3IMIHBIX UCCIIETOBAHUMA.

KnioueBble ciioBa: HalorooOIOXKEHHE, ONTHUMH3ANUS HAJOTOOOJIOKEHHUS; METONOJOTHS; 3TAlbl ONTHMHU3AINN; KPUTEPUU
ONTHMHU3ALINY.

RESEARCH OF PRINCIPLES AND METHODS OF COMMERCIAL BANKS TAX
MITIGATION IN THE UP-TO-DATE CONDITIONS

The subject matter of the article is commercial banks tax mitigation. The goal of the work is identifying areas and developing a
method for commercial banks tax mitigation based on theoretical basis. The following tasks were solved in the article: systematism
of principles and criteria for commercial banks tax mitigation, developing a system of indicators used to identifying the level of tax
mitigation, determining the stages, methods, and types of commercial banks tax mitigation. The following methods used are — general
scientific, analysis, structuring and classification of the main components of the tax mitigation system. The following results were
obtained — a method for commercial banks tax mitigation in updated conditions was developed, as follows: a system of principles,
criteria, indicators, stages, methods and types of tax mitigation was developed. The author's definition if the concept "tax mitigation”
is formulated after a comprehensive analysis of the views and approaches currently available to understanding its essence and the
necessary clarifications arising from the compilation of the practice of tax legal relations. The suggested formulations for the first time
are combined and specified the stages of the tax process, alternative options for the subject of the structure, and also reflected the
interconnection between tax and tax mitigation with different stages of tax legal relations. Conclusions: disclosure of the
methodology for commercial banks tax mitigation will be the theoretical basis for realization the economic goals for the participants
in tax relations: the state in ensuring an increase in the budget revenues through taxes and economic agents in the form of taxpayers —
commercial banks in ensuring cost minimization. The presence of its own separate content, principles of implementation, elements,
methods of carrying out, multicriteria classification of varieties and other characteristics in tax mitigation makes it possible to isolate
it as an independent branch of scientific knowledge, which in one’s turn will ensure a certain interest among participants in tax
relations to this area in order to preform various research.
Keywords: tax; tax mitigation; methodology; stages of tax mitigation; criteria.
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OILIIHKA PU3UKIB IHBECTYBAHHS HA PUHKY APT-IHIYCTPII:
CUCTEMATU3ALIA TEOPETUKO-METOANYHUX HIAXOAIB

IIpeaMeToM AOCTIIKEHHS B CTaTTI € CYKYIHICTh TCOPETUYHHX, METOAUYHHMX 1 MPAKTUYHUX ACICEKTIB IIOAO OLIHKH PHU3HKIB
IHBECTYBaHHSI Ha PUHKY apT-iHaycTpii. MeTa poOOTH — € cHUcTeMaTH3allisi TCOPETUKO-METOJAUYHUX IMiIXOIIB J0 OLIHKH PHU3UKIB
IHBECTYBaHHSI Ha PUHKY apT-IHIYCTpPil Ta OOTPYHTYBaHHS MPAKTUYHUX PEKOMEHJIAIlIH I0A0 OLIHKHM 1HBECTUIIHHOI MPUBAOIMBOCTI
00’€KTIB apT-IHBECTYBaHHS /Il BU3HAUCHHS ONTHUMAJIbHOI CTpaTerii IHBECTYBaHHS HAa PUHKY apT-iHAYCTpii. B craTTi BUpimyroThCs
HACTYIHI 3aBAAHHS. BHIUICHO YOTHPH OCHOBHI (0a30Bi) cTparerii IiHBeCTyBaHHS Ha pPHHKY apT-iHAYyCTpii; 3IificHEeHO
CHUCTEMATHU3AIlI0 apT-iHICKCIB, IO BiMOOPaKalOTh IHUHAMIKY JOXOMHOCTI apT-pUHKY, 3MIHCHEHO OIIHKY I[IHOBHX TPCHIIB 3a
00paHUMH apT-iHIEKCaMH JOXOTHOCTI apT-pUHKY, BAOKPEMJICHO JIBA THITH MPUOYTKY, IO TEHEPY€E BIACHICTh HA 00’ €KTH MHCTEITBA:
(iHaHCOBI Ta ippallioHaJbHI (EMOIIiifHI); PO3TITHYTO METOIU EKCIIEPTHOTO OIIHIOBAaHHS apT-00’€KTiB, OOTPYHTOBAHO MPAKTHYHI
PEKOMEHIAII 11100 OIIHKK I1HBECTHUIIHHOI NPUBAOJUBOCTI OO0 ’€KTIB apT-iHBECTYBaHHSA. BHKOPHCTOBYIOTHCS TaKi METOAM:
a0CTPAaKTHO-JIOTIYHUN aHali3, TEOPETUYHOro Yy3araJbHEHHS, CHCTEMHOTO Ta CTaTUCTHYHOro aHaimizy. OTpUMaHO HACTYIIHI
pe3yJbTaTH: CUCTEMATH30BaHO I[IHOBI 1 HEI[IHOBI apT-iHACKCH, IO BiAOOpa)XaroTh AMHAMIKY apT-pUHKY Ta JTO3BOJISIOTH OILIHUTH
PU3UKH I1HBECTHLIHHHMX CTpaTeTii Ha PHUHKY apT-iHAYCTpii; MpoaHaNi30BaHO AWHAMIKY TPEHIIB apT-iHIEKCiB; OOIPYHTOBaHO
JIOLIBHICTE  (hOpMYBaHHS  iH(POPMALIHHO-aHATITUYHOIO 3a0e3MeUYeHHsT OI[IHKH I1HBECTHIIMHOT MPHUBAOIMBOCTI apT-00’€KTIB.
BuCHOBKH: [OBEIEHO, IO €KCIEePTHE OLIHIOBAHHS apT 00’€KTa € BaXIIMBOIO CKJIAJIOBOIO IPOLECY LIHOYTBOPEHHS Ta MiHiMi3aril
PHU3UKY IHBECTYBaHHS Ha PUHKY apT-iHAYCTpil. Y3araJbHEHO TCOPETHYHI TOJOKCHHS Ta METOJIUYHI IMiIXOMU JO OILIHIOBAHHS apT-
iHJIEKCIB, IO BiTOOpaKarOTh JUHAMIKY JOXOJHOCTI apT-pUHKY. JloBeleHO, 110 3aCTOCYBaHHS apT-iHICKCIB JO3BOJIIE ONTHUMI3yBaTH
IHBECTHUIIMHUN aHali3, BUKOHATH KOPEKTHY OLIHKY MPEIMETIB MHCTEITBA, 3pOOMTH IMEPCIECKTUBHY OIIIHKY IIIHOBUX TPEHIIB. 3a
pe3yibTaTaMH aHali3y TPEHIIB apT-iHACKCIB BCTAHOBJICHO, IO KOPENALis apT-pUHKY 3 (IHAHCOBUMH Ta TOBAapHUMH PHUHKAMH €
ciabkoro. [l apT-pHHKY XapaKTepHUMH € Taki criennidHi 0COOIMBOCTI, a caMe HU3bKa MPO30pPICTh 1 JIIKBIIHICTh PUHKY; IPOOIEMH
OIIIHKU JIOCTOBIPHOCTI; CKJIAAHICTh AHANITHYHOI OIIHKM IHBECTHLIHHHUX TEPCHEKTHB; OTPHUMAHHA NPUOYTKIB MOJIJIMBO JHIIE Yy
JIOBI'OCTPOKOBIH mepcrekTuBi MiHiMyM uepe3 8—10 pokiB. 3a3HA4eHO, IO BIACHICTh Ha 00’€KTH MHUCTELTBAa I'€HEPY€E JIBa THUITH
npuOyTKy: (iHaHCOBI Ta ippamioHaNbHI (EMOIiiHI). 3ampoNOHOBAHO 3aCTOCYBaHHSA CHCTEMH iH(OpMAaLiiHO-aHATITHYHOTO
3a0e3MEeUYCHHS OI[IHKM 1HBECTUIITHOT TPHBAOIUBOCTI apT-00’€KTIiB, IO CHPUATHME BH3HAYCHHIO ONTHMAIBHOI 1HBECTHIIIMHOL
CTpaTeril Ha pUHKY-apT iHIyCTpii 3a KpUTEPIEM MiHIMi3allii pU3HKIB IHBECTYBaHHS.

KunrouoBi ciioBa: puHOK apT-iHIYCTpii; pU3NKH IHBECTYBaHHS, apT-IHAEKCH JOXOAHOCTI apT-PHUHKY; OLIHKAa BapTOCTi IPEIMETIB
MHCTELTBA IHBECTHLIIHOI SIKOCTi; CTpaTeril iHBECTyBaHHS Ha PUHKY apT-iHIYCTpii; METOIN EKCIIEPTHOTO OLIHIOBAHHS apT-00’€KTiB;
iHBeCTHUIIfHA TpPUBAOIMBICTH OO0’€KTIB apT-iHBECTYBaHHS; iH(OpPMAaLiHO-aHANITHYHE 3a0e3MEeYCHHS OLIHKK IHBECTHHIHHOL
MpHUBaOIMBOCTI apT-00’ EKTIB.

I[MocTaHoBKa MPOOIEeMH Y 3aTaJILHOMY BHIJISIAI NPaKTHYHO HEMOXJIMBHUM, OCKUIBKM LIHHICTH TBOPY
MUCTEITBA 3aJIeKHUTh HEePEBAKHO He Bij

ApT-pHHOK € OJHHM i3 HaiOIIbID eMHMX i 00'eKTUBHHX BJIACTUBOCTEH CaMOTO TBOPY, a CKOpIIIIe Bif
JMHAMIYHMX  CBITOBUX  DHHKiB  albTEPHATHBHOTO  HPOLECY  MDKCYO’€KTUBHOTO — BU3HAHHS  XY/I0XKHBOI
iHBECTYBAaHHS, IO XapaKTepu3yeThcs crenupiunmmu  WiHHOCTI  [6].  Hespaxaroum, Ha 1€ apT-puHOK €

pucamMy, sIKi BIUIMBAIOTh Ha Tporec GOpMyBaHHS I[iHM Ha  CTIOHTaHHO BHCOKOJIOX1THHM, 1o 00yMoBIIHOE
apT-00’eKTH. APT-PUHOK, 5K MONy(GYyHKIIOHANbHE siBUIle, AOLUIBHICTE IOCIIDKCHHA IUHAMIKK JOXOJHOCTI apT-
BHUCTYIIA€ peryisaropoM B3a€MOBITHOCUH Mix PHHKY Ta  po3poOku  iH(OpMAaliiHO-aHAILITHIHOTO

XYIOKHUKAMHU 1 ITyONKOK Ta CHHXPOHHO BUKOHYE D[ 3a0e3MeUeHHS OLIHKA 1HBECTHUIIITHOT MPUBaOIMBOCTI apT-
COIaJIbHAX (1)yHKI_[iI71: iH(bopMauiﬁHy, MTOCEPETHHUIEKY, 00'ekTiB I MiHIMIzamil PHU3UKIB apT-1HBECTYBaHHS.

LiHOYTBOPIOKOYY, ~ CTHMYIIOOYY,  perymolody  Ta  SAIHCHEHHS €KOHOMIYHO 00IPYHTOBAHOTO apT-

couiokynsTypHy [1]. IHBECTYyBaHHS MOXe 3a0e3NeUUTH OTPHMAaHHS BHCOKOTO
[Ipo6neMa  HEBM3HAYEHOCTI  apT-iHBecTyBaHHs ~ AOXOJY Ta CTBOPHTH YMOBH JUIsl yCHILIHOTO PO3MIILEHHS

XapaKTEPU3YETHCA HEIOCTATHICTIO 3abe3neyenHs  KamiTaiy.

MPOLECY MPUNHATTA 0OTPYHTOBAHOTO pillieHHS TakuM YMHOM, BPaxOBYIOUYM, IIO apT-PUHOK €

inpopmariero moxo  3iHCHEHHS inBecTyBaHHs ~ TIPMKJIAJOM PHHKY "yHikanbHUX ToBapis" (singular goods)
HA PHMHKY apT-iHAycTpii: yYacHMKM apT-puHKy He 3 BHUCOKHM DiBHEM HEBHM3HAYEHOCTI MIOJO SKOCTI i UiHH
BIICBHEHI, qu aificHO apT-00'eKTH MaoTh ~ apT-00’ekTiB  [7], gowineHMM €  cUCTeMaTH3alif
Oyab-IKy XyJOXKHIO I[iHHICTh, HE KAKydd BKe Npo  TEOPETUKO-METOIMYHHUX ITi/IXOJIB 110 OLiHKH PU3UKIB apT-
JIOBFOCTPOKOBY ~ €KOHOMiuHY  e()eKTHBHiCTh  apT-  IHBECTyBaHHA  Juis  (GopmyBaHHs  iHpopmaiiiHo-
imBecTyBanus [2; 3; 4]. Acumerpuunmii posmomin  AHANITUYHOrO 3a0€3NEYEHHs 3IHCHEHHS IHBECTHUIHHMX
iHpopMmariii moa0 skocti apr-06’ekriB [5] abo acmexTis, CTpaTeriii Ha pUHKY apT-1HAYCTpii.

HEBIJIOMUX JKOIHIM 13 CTOpPIH HAa MOMEHT CKIIQJaHHS AXTyanbHICTP TEMH JIOCHIIPKCHHS BH3HAYA€THCS
JIOTOBOPY  KYIIBJIi-IIPOJaXKy, 3HAYHO  YCKIANHIOe  HEOOXIJHICTIO MONEPENKEHHS Ta HeHTpamizamii 3arpos
NPUHHATTS OOIPYHTOBAHMX iHBECTHIIHHHMI pimenr Ha  (PIHAHCOBO-€KOHOMIUHOI  O€3MEKH  apT-iHBECTYBaHHS
PUHKY  apT-immyctpii. Ilpm  IhOMy  3MeHINEHHs IIUIIXOM  3aCTOCYBaHHS ~Cy4acHOTO  iHCTPYyMEHTapiro
HEBU3HAYEHOCTI npu  npuabaHHi  apT-06'ekTiB €  OUIHKM PHU3UKIB IHBECTYBAaHHA JUIs OOIPYHTYBaHHS
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IHBECTUIIIMHUX CcTpaTerii Ha pUHKY apT-iHaycTpil 3
BpaxyBaHHSAM PU3UKOBAHOCTI 30BHIITHBOTO i
BHYTPIIIHBOTO CEPEAOBHUINA.

AHaJi3 ocTaHHIX J0oCHiTKeHb i myOrikanii

®opMyTIOBAHHA Lijed cTaTTi (IOCTAHOBKA 3aBIAaHHSI)

JocnijpkeHHIO  IHBECTYBaHHS Ha pPUHKY  apT-
iHyCcTpii cBOT pOOOTH MPHUCBATHIIM TaKi 3apyOiXKHI BUCHI:
B. Baymon [8], B. @peii i B. [Tommepexue [9], b. Opeit i
P. Kioni [10], B. T'orumann [11; 12], B. T'otimans i
M. lmiren [13], L. Meit i M. Moiicec [14; 15],
P. Kemmi6emn [16; 17], P. Kpaycuns i L1. JIi [18] Ta iHmmi.

Tak, B.baymon [8] crBepmxkye, Imo I[iHM Ha
MHCTENITBO € HemnpupoAHuMH (unnatural) ToOTO He
MiaNagaoTh TMiJ KIaCHYHE BHU3HAYCHHS PiBHOBAYXKHOL
IiHU, [0 00YMOBJICHO HEOJAHOPIMHICTIO 1 crienu(ivHICTIO
apT 00’€KTiB Ha BiMIHY BiJl IHITUX TOBapiB Ta IIHHUX
narnepiB (oOmiramiii Ta akuii), sKi € OAHOPIAHUMU Ta JUIs
SIKUX PHHKH BIJKPHBAIOTHCA MIOAHSI. BiH poOHUTH
BUCHOBOK, 10, SIK 1 Y BUNAJAKy 3 (hpIHAHCOBUMHU PUHKAMHU,
pyX LiH Ha apT-pUHKY € HemependayyBaHUM, 1 IO
HEMOJJIMBO "BUOpaTH 3 OYyIb-SKUM CTyIEHEM HaJiHHOCTI
MOEJHAHHSA JaTH MOKYIKHA 1 00’€KTa MHUCTENTBA, SKi
JIO3BOJIITH OTPUMATH HOPMY HPUOYTKY, IO TEPEBHUILYE
aJbTCpHATUBHY BapTICTh apT-iHBeCTHUIi". Jost
MiATBEpDKSHHS i€l mpomnosumii, B. baymon o6uwnciroe
CTaBKM TPHUOYTKY Ha KapTHHH, SKi Oynmd mponaHi
npuHaiMHI aBidi B mepiox 1650—1960 pp., 3a yMOBH, 110
PO 3MIHCHIOBAIUCH OLTBIN HixK yepe3 20 pokiB (1106
YHHKHYTH CIEKYJISTHBHHUX OIepaliif). 3a pe3ynbraramu
PO3paxyHKIB BiH JOBOJAUThH, IO CEPEIHS pealbHa CTaBKa
npuOyTKOBOCTI apT-iHBecTyBaHHs craHoBwia 0,55 % Ha
pik, 1o Ha 2 % HWXXYe, HDXK PiBeHb JIOXOHOCTI O0JIiralii.
Ls pisauns, Ha 1yMKy B. Baymoss, Moxke OyTH moB's3aHa
3 TOBEPHEHHSM, HAJaHUM €CTETHKOIO 3aJI0BOJICHHSI.
[Mpore, Takuii pe3ysbTaT Pi3KO KOHTPACTYE 3 THM, IIO
MOXHa OyJI0 CTIoCTepiraTH NpOTArOM OCTaHHBOTO MEPIOy
qacy. Tak, Hampuknaxg, Bxe y 1987 p. "Ipucu" Ban 'ora
mpomano 3a 53,9 MuH. JonapiB, TpU  [BOMY
KOJIWIIHIA BJIACHUK OTPUMAaB pPIiYHYy HOPMY MPHOYTKY
npubmmzao 12,5 % wmix 1948 ta 1987 pokamm. Lle
3a3Ha4alOTh y CBoeMy pocmimkeHHi H. Bynenc i
B. T'iu36ypr [19].

b. @peii i B. Tlommepexne [9] npucBaTHIN CBOT
JIOCTIIKSHHS BU3HAYEHHIO (hyHIaMEeHTaIbHUX
JIETEPMIHAHT MOMUTY Ta MPONO3MLII HAa apT-pUHKY Ta
BCTaHOBWJIM X OCOOJIMBUI BIUIMB Ha IiHYy apT 00’ €KTIB.
Bonn nosenu, mo xapTHHU (DpaHIy3bKHX IMIIPECiOHICTIB
i crapux MaicTpiB B mepiox 3 1635 mo 1987 pp.,
XapaKTepU3yIOThCS BHCOKOIO BiJJlauelo Ha BKJIaJCHI
inBectunii. b. ®peii i C. Kioni [10] 3BepHyIH yBary Ha
TOH (paKT, MO IHBECTHUIIT B MUCTEITBO 3a0€3MCUyIOTh HE
TibKHM (DiHAHCOBeE, a i "myxoBHe" moBepHeHHs. L. Meii i
M. Moiicec [14; 15] B cBOiX cTarTsXx OOIPYHTOBYIOTH
JOUUIBHICTh BKJIQJICHHS B MHCTEUTBO. BOHHM JOBOASATH,
110 iHBECTYBaHHS B MHUCTENTBO HabaraTo BWTiTHINIE, Hixk
iHBeCTyBaHHsI B IiHHI mamepu. 3riqHo P. Skyricom [20],
BilIady BiJl iHBECTHIIINl B MUCTEITBI BaXXKO Tepea0adnTH,
OCKUJIbKM CYTTEBUM € BIUIUB MOJHHMX TEHIESHIIH, aie
CTAaTUCTHYHO IIi 1HBECTHUIi OKYHAamThCSI B JEB'ATH
BUIIAJIKaxX 3 JECATH.

Metoro poOOTH € CHUCTeMaTH3aIis TEeOPETHKO-
METOJIWYHUX MiAXOMIB IO OIIHKH PU3UKIB iHBECTYyBaHHSI
Ha PUHKY apT-iHAYCTpii Ta OOTPYHTYBaHHS MPAKTHIHUX
peKOMeH /TaIlii 11010 OLIHKH IHBECTHIIIMHOT
NpUBaOINBOCTI 00’€KTIB apT-iHBECTYBaHHS JUIs peastizalii

cTparerii 1HBECTYBaHHS Ha pUHKY apT-iHIYyCTpil.
Bupineno  wotmpu  ocHoBHI  (0a3oBi)  cTparerii
IHBECTYBaHHS Ha pPHHKY apT-iHIycTpii; 3AiliCHEHO

CHUCTEMATH3aIli0 1HIIEKCIB, M0 BiJOOpaKaloTh JUHAMIKY
JIOXOJHOCTI ~ apT-pUHKY, 3pOOJICHO OIlIHKY ITIHOBHX
TPEHIB 32 OOpaHWMH 1HIEKCAMH JOXOJIHOCTI apT-pHHKY,
BHOKPEMIJICHO J[Ba TUIH MPUOYTKY, 110 TEHEPY€E BIACHICTh
Ha 00’€kTH MHCTenTBa: (iHAHCOBI Ta IppalioHAIbHI;
PO3IMIISTHYTO METOAM EKCIIEPTHOTO OI[IHIOBAaHHS apT-
00’€KTIB.

Marepiaau Ta meToau

TeopeTHKO-METOANYHOI  OCHOBOKO  TOCITIIKECHHS

CTaM HAyKOBI mpali NPOBIJHUX BITYM3HSHHX 1
3apyOiKHUX YYCHHUX-CKOHOMICTIB, iH(popMaIiiHO-
aHAJITUYHI ~Marepiany, IHTEpHET-pecypcu. Y  Xoxi

JIOCIHIIJDKEHHSI BUKOPHUCTAHO Taki METOJu: a0CTpaKTHO-
JIOTIYHUHM aHami3 — s TEOPETHYHOrO y3araJbHCHHS WU
OOTpYHTYBaHHS HaIpsIMIB Ta pPe3yJbTATiB IOCIIIKCHHS;
TEOPETHYHOTO  y3arajbHEHHS — Ui  BUSABJICHHSA
3aKOHOMIPHOCTEH y TIyMadeHHI OCHOBHHX MOHSTH
MPH CHCTEMAaTH3allil TEOPETHKO-METONUIHUX IiAXOIIB
0  OIIHKK  pPHU3UKIB  IHBECTyBaHHI HA  PHUHKY
apT-iHAYCTpii, CHCTEMHOI'0 Ta CTaTHCTHYHOIO aHaJi3y —
JUIA aHaji3y Ta OLIHIOBAaHHS JMHAMIKH PO3BHUTKY apT-
PHUHKY.

Buxisiag 0CHOBHOT0O MaTepiany J0C/izKeHHs

JlouinbHO BHIIMUTH 4YOTUPU OCHOBHI (0a30Bi)
cTparerii IHBeCTYBaHHS Ha pUHKY apT-1HIyCTpil:

- apT-iHBEeCTHUIT AK 3BUYAHI IHBECTHUI[Il: OCHOBHUM

KpUTEpiEM TPUHHATTA  IHBECTHUIIIHHUX  pIMICHb €
BIICBHCHICT IHBECTOpa B OTpUMaHi NPHOYTKYy Ha
BKJIQJICHUH KariTal;

- KOJICKI[IOHYBaHHSA:  IHBECTYBaHHS  IEPEBaXKHO

3MIACHIOETHCS HE 3 METOK0 MaKCUMi3allil mpuOyTKy, a st
OTpPHUMaHHS 3a/J0BOJICHHS;

- noprdelbHe 1HBECTYBaHHS: CTBOPEHHS MOPTdEIto
TBOpiB MHCTenTBa Ta / abo moprdemo KoMmaHid apt-
PUHKY (BKJIFOYar0OuX (OHAM CHUIBHOTO iHBECTYBaHHSA);

- iHBeCTHIIIi B TBOPWM MHCTENTBA, iX TBOPIB abo

opraHizaiii apT-puHKy 3 METOI iX TOJAJIBIIOTO
KOMEpLIHHOTO BUKOPUCTAHHSL.
Yei  BuamM  cTpaTerii  apT-iHBECTYBaHHSI €

NEepPCIEeKTUBHUMHM Ta TOTEHIIHHO BHUCOKOJOXIJHUMH.
Ilpore, Bci BOHM € pPHU3MKOBHUMH, IO IIOB’S3aHO 3
HEBHM3HAUCHICTIO apT-iHBECTYBAHHS Ta CYTTEBUM BIUITMBOM
ippamionaneHuX  (akropiB.  yis  oOIpyHTYBaHHS
JIOLIBHOCTI 3MIHCHEHHS apT-iHBECTYBaHHS BAXKIMBHM €
JMOCTI/DKCHHS ~ JUHAMIKM  PO3BHTKY apT-PHHKY 3a
arperoBaHNMU apT-iHAEKCAMU.
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B nanwmii wac pospobieHo Oe3nmid  IIHOBUX i
HEI[IHOBUX apT-iHAEKCiB, IO BiMOOpakaroTh IUHAMIKY
SK apT-puHKy B IIJIOMY, Tak 1 OKpeMHxX HOro

OILIIHUTHU
PHHKY

CETrMEHTIB, 1110 II03BOJISIIOTH
IHBECTHLIHHUX CTpaTerii Ha
(Tabm. 1.).

PH3UKH
apT-iHaycTpii

Ta6auus 1. Ocnosni apm-indexcu, wo 6i0oopaxcaoms OUHAMIKY 00X0OHOCMI APM-PUHKY

Innexcu

Ormmc

[Haekc MOBTOPHUX MpoaxiB Mesi-
Moseca (The Mei-Moses World All Art
Index (WAAI))

10 BCHOMY CBITY.

Basyetncs Ha 6a3i nanux Mesi-Mo3eca, 110 IOCTIHHO OHOBJTIOETHCS Ta HAPAXOBYE
45000 nmap MOBTOPHUX ayKLIOHHUX MPOJaXiB Y BOCBMHU KaTeropisix 30MpaHHs, sKa
PO3IMUPIOETHCS MOPOKY MpubIn3HO Ha 4000 map, 110 30MparoThCS 1 aHATI3YIOThCS

[Hmexe mpogaxiB MpeAMETiB MUCTEIITBA
(BASI — Blouin Art Sales Index)

TOPTiB.

POKY.

Innexc nponaxis BASI - 1ie Bu3HaHMIT B ramy3i iIHCTPYMEHT HOCIIPKSHHS OHJIAIH-
apT-pPHHKY, KU JO3BOJISE KOJCKI[IOHEpaM, IHBECTOPaM, TOCIiTHUKAM, aHAJITHKAM
Ta HAYKOBISIM OTPUMYBATH JIOCTYII IO TOBHOI 0331 JaHUX ayKI[IOHHUX LIiH,
MOCTI{HO OHOBIIOIOYHCH 32 OCTAHHIMH Ta BiINOBIIHUMH Pe3yIbTaTaMH ayKIIOHHUX

Basyerscs Ha 6a3i nanux 3 425 000 BukoHaBLiB Ta 3 000 ayKIioHHUX OYAWHKIB, Mae
JOCTYT 70 9,7 MUTBHOHIB 3amuciB.

Jlo3BOJISIE MOCTIIUTH HAWOIIBITY 6a3y JaHUX ayKI[IOHIB I 00pa30TBOPUOro
MHCTEITBA, TU3aifHy, TEKOPATHBHUX MPEIMETIB, BUHA TOIIO, TOUYMHa04H 3 1920

IHnexce cydacHOTO MUCTEITBA
(C50 — Contemporary Art Index C50),
po3poObnennii kommnaniero Artnet

XYI0KHUKIB.

AMepHKaHChka KoMIaHist Artnet MpOBOAMTH aHaJI3 HE TUIbKU ayKLIOHHMX IIiH, ale i
raJIepeHuX MPOJaxiB (110 a€e OLTBII PO3rOPHYTY KapTHUHY MOMHMTY 1 MPOMO3HIIii, B
MOpiBHAHHI 3 "ayKIiOHHIM" aHai30M iHAekcy Mes — Mo3seca). Y cBoiit 6a3i Artnet
Mae Ourbie 11 MitH. 3anKCiB ayKI[IOHHUX yroJ, mounHatouu 3 1985 poky. baza
JTAHUX OXOIUTIOE OLIhII 1.7 THC. ayKI[IOHHUX OYAMHKIB i 6;n3bko 330 THC.

IHaeKc pUHKOBOT BU3HAYEHOCTI (TIEBHOCTI)
(AMC — Art Market Confidence),
Ppo3pobieHuit Kommaniero Artprice
POKIB TOMY.

®paniy3bka KoMIaHis Artprice 30upae naHi 6.3 THC. ayKI[IOHIB i B CTATUCTUKY
660 THC. XyI0XKHHUKIB 3 yChOI'O CBiTY, mourHaouu 3 1962 poky. Ha caiiti Artprice
MOJKHA TaKOX MeperissHyTH noBigHuK IiH 3a XV III-XIX cronitts, Buganuii 100

Tugexc ST 5 000 (Skate's Top 5 000)

[Toka3ye nopir BXOJUKEHHS B PEHTHHT I'ATH THCSY HAalIOPOXKIMX B CBIiTi pobiT

Artistic Power Value Ingexc

Pozpo6uenuit Charlin ta Cifuentes (2013 p.), 6a3yeTbcsi Ha BU3HAUYCHHI LiHU 38
OJIMHHMIIIO TUIONII TBOpY MucTenTBa (nonapu CIIIA Ha KBaJpaTHHI CAHTUMETD),
3aCTOCOBYETHCS J0 JABOBUMIPHHMX TBOPIB MUCTEITBAa. Ha OCHOBI iHACKCY
3MIIHCHIOIOTHCS TOPIBHSHHS POOIT BiiOpaHUX XyA0KHHUKIB BiIIOBITHO 110
300pakeHHs 1 TEMH TBOPY MUCTEITBA.

ARTIMX, po3pobneHuii KoMIaHiero
ARTinvestment.RU

Li imnexcu po3aisieHi Ha TPH TPYIIN:

ARTIMX — iHTerpanbHuUi HOKa3HHUK, 10 XapaKTepU3ye IMHAMIKY BiZTHOCHOT
BEJINYMHY L[IHK YMOBHO yCEPETHEHOTO TBOPY MHCTELTBA Ha NIEBHUI MOMEHT 4acy.
Po3paxyHOK iH/IeKCY 3IHCHIOETHCS 3a TaHUMU NP0 Pe3yJIbTaTH MPOJIaXiB TBOPIB
MHCTELTBAa Ha OCHOBHHX CBITOBHX ayKIliOHaX;

ARTIMXp — iunexc mpubytkoBocri (profit, p) TBopiB MucTenTBa — aHAIOT iHAEKCIB
ARTIMX, ckopuroBanuii 3 ypaxyBaHHAM iHQJIALIT I[iH HA TOTOYHUH MOMEHT 4acy,
BiTHOCHO 110 6a30BOrO piBH: 3a cTaHOM Ha 1 cigHs 2001 poky;

ARTIMXba — ingexc kymiBensHOi akTuBHOCTI (buying activity, ba), € ycepenuneroro
BEJIMYMHOIO MOTOYHOTO CIIBBIIHONICHHS KUTBKOCTI MPOJAHKX 1 KUTBKOCTI
BHCTaBJICHUX Ha IIPOJIAX JOTIB Ha OCHOBHHX CBITOBHX ayKIliOHAX, BUPAKEHY Yy

BiJICOTKaX.
MeToaukn  pO3paxyHKiB KOXXHOTO IHIEKCY €  3po3yMino, IO AayKIiOHHI OYIOWHKW,  BOJIOMIFOYH
VHIKQIEHUMH, TIpOT€ YacTo 0a3yioTbcs ab0 Ha  JIOBTOJNITHBOIO iICTOPIEIO MPOJAXKIB IMPEIMETIB MUCTEITBA,

CTaTUCTUYHIM 00poOLi MOBTOPHMX NpojaxiB, abo Ha
3MiHI KamiTamizalii ayKmioOHHOTO apT-puUHKY, abo Ha iX
KOMOiHaIii.

[Hnexc moBTOpHHX TMponaxiB Mes-Mozeca (WAAI)
€ HaWOUTBII BIZOMHM IHIMKATOpPOM apT-puHKY. Jlns
OIiHKM (IHAHCOBHX TMOKAa3HWKIB PHHKY MHCTELTBA
[3sHBpIiH Meem 1 Maiiknom Mo3secom Oyna 3i0pana 6aza
JIAHUX TOBTOPHUX TNPOJAXKIB OJHUX W THX JKe apT-
00'ektiB. [IOBTOpHI mpomaxi PO3TIAMAIOTHCS K €TUHUI
6a3uc Ay NOPIBHSHHS CIIIBCTaBHUX BEJINYUH JOXOJHOCTI
y gaci. ¥ 2016 poni Bci npaBa Ha ingekc Mesi-Mo3zeca
BUKYIIUB ayKuioHHWH OynuHOk Sotheby's, skuii Temep
MOBHONIPABHO KOPUCTYETbCA JaHUMH Ta Tpadikamu
JIOXOMHOCTI ~ NpH  HpOJaxy  O0O'€KTIB ~ MHCTENTBa.

MaroTh 1 0a3um nmaHMx, i mpodeciiiHe 4yTTsd, 1 BMIiHHA
BraJlyBaTu HAcTpii MyOJiKH, 1 31aTHICTh MaHIMYJTIOBaHHS
[[{HAMU.

[Ipore, mpu 3actocyBanHi iHAeKCY Mei Moses ciif
BPaxOBYBAaTH TakKi OOMEXEHHS 11010 HOTO BUKOPUCTAHHS:

- IH/IEKC HE BPaxOBYy€ TPAHCAKIIHHIX BUTPAT;

- ICHOpY€E OAMHUYHI MPOJAXKI;

- apT-iHmekc ~ 0a3yeTbesl  TUTBKM — HAa  JIAHUX
ayKI[IOHHOTO PHHKY.

Inpexken  rpymn Mei  Moses  po3paxoBYIOTH
JOXIJHICTh 3a AayKIIOHHUMM IiHAMH Ha MpeIMeTH

MHUCTEUTB SK JUIA CBITOBHX, TaK 1 JUIS PETriOHANBHHUX
puHKIB. 3rigHo mpoBinHOMY iHIekcy Mei Moses All Art,
SIKHH CKJIAJTA€THCS. B OCHOBHOMY 3 YpaxyBaHHIM IPOAAXKIB
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B Jlongoni i Heo-Mopky, 2011 pik mpuic inBecTopam B
mucTenTBo noxia B 11 %.

3a ocraHHI JecATh POKIB KIIOYOBHH iHAeKC Mei
Moses 1wiicTh pasiB mnepeBuinyBaB iHmekc S&P  500.
Cepennsi piuHa nNpUOYTKOBICTH apT-iHBecTOpa 3a LEH
nepiog ckmana 7,8 % mnporum ckpomHHX 2,7 % s
iHBECTOpa B LiHHI MalepH.

Chin  KOHCTaHTYBaTH, 0  HAWBUIIAHINIUMUA
IHBECTHIISIMU 3aJIMIIAIOTECS POOOTH IMIIPECIOHICTIB 1
MOJICPHICTIB (mpuOyTKOBICTH JTOCSITAE 14 %).
[TicnsBoeHHE 1 CydacHe MUCTEITBO TapaHTYE IMOBEPHECHHS
BKJIaZIeHb 10 6,4 %, Tomi sk poOOTH cTapux MaHCTpiB i
mpeaqMeTd MucTenTBa XIX  CTOMTTA 3a0e3medyroTh
3pocTaHHsa 1oOpoOyTy Ha 4,8 %.

dakTiyHO, I poOIT, IO CTBOPEHI Cy4aCHUMH
XyZO)KHHKaMH Ta mpojaHi mpotsrom 2016/2017 poxkis,
MIPUPICT CepeHbOPIYHOT JJOXOIHOCTI IHBECTHLIN CKIaB +
7,6 % mnporarom §-piyHOTO Tmepiofy TpPUMaHHSA apT-
00’exty (puc. 1).
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Puc. 1. [lunamika iHgeKcy 3pOCTaHHs I[iH 32 CEKTOPaMH apT-
puHrKy (baza 100 % — ciuens 1998 poxy)

CeiTOBHMIA IiHIEKC IIiIH Ha MHCTENTBO Artprice,
pO3paxoBaHWi Ha OCHOBI pe3yibTaTiB BCIX ayKIiOHIB B

yChOMY CBITi, OyB HecTabiTbHAM 3 OCTAaHHBOTO KBapTaIy
2015 poky (puc. 2).
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Puc. 2. lunamika Artprice Global Price Index

2012 pik 1me pa3 [OOBiB, IO 1HBECTHIi B
MpeIMeTH MHCTEUTBA € TiJHOI  allbTEPHATHUBOIO
(abo, mpaBHITLHIIIIE CKa3aTH, AOMOBHEHHIM) TPaJIHIIHHAM
BUIAM IHBECTHIIIHHUX aKTHBIB (puc. 3, 4).
OpHi€r0 3 TOJOBHHX IIepeBar apT-pHHKY € Horo
ClIa0KUi 3B'I30K 3 TMOJITHYHHMHA Ta €KOHOMIYHHUMHM
dakropamu. Iamexkc Mei Moses All  Art, 1o
BIJICTIIKOBYE I[IHM Ha JKUBOMHC, IO IPOAAETHCS
Ha aykiioHax B Heio-HMopky i Jlonnomi, aBa poku
NOCMUIb JIOMIHYE Yy TIOpIBHAHHI 3 aMEpHUKaHCHKHM

(OHZOBMM pUHKOM Ta IHBECTHLISIMU B  30J0TO.
AHanoriyHM#  pe3ynbTaT  CHOCTEpiraeTbcs 1 3a
iHIEKCOM apT-pUHKY Pocii ARTIMX-RUS
(puc. 5).

Taonuus 2. Puzuk i kopensayis ineecmuyili 6 MUCMEYMBO HA PIZHUX YACOBUX IHMePBaANaX

Yacosuii iHTEpBaI 8 PE/IMETIB MHCTeNTBa, 0 akuiii, S&P 500, % Kopemsmis WAAI u S&P 500
WAAL, %
2002-2012 12,5 19,7 -0,07
1992-2012 10,6 18,6 +0,02
1972-2012 - - -0,03
1952-2012 18,5 17,6 -0,08
24%
209
) 6%
S&P 500
Q N " .l 12%
h i ’l "'\\
" - 8%
J N\
LAY\ \ 496

Mei Moses World All Art \/

1974 11978 | 1982] 1986 1990 | 1994

-2%
1998 [2002 | 2006 | 2010 |2014

Puc. 3. Jlunamika noxoauocti ingekcis Mei Moses World All Art i S&P 500 3a 60 pokis
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Puc. 4. Jlunamika 11iH Ha 30JI0TO

Junamika ingekcy ARTIMXba mnokasye, mo 3a
gacoBuM intepBamom 2001 p. — Bepecenr 2017 p.
MaKCHMaJIbHUH BiJICOTOK TPOJAHHMX JIOTIB Ha CBITOBUX
ayKIlioHaX He TmepeBuinyBaB 73 %,  JTOCATHYBIIH
MaKCHMaJIbHOTO 3Ha4YeHHS B 72,7 % y xoBTHI 2007 p.,
Minimansae 3HadeHHS y 59,03 % y uwepsri 2002 poky.
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Puc. 5. [Tunamika ingexcy ARTIMXba

Ilpore cmigm mam'staTv, 100  aJbTCPHATHBHI
IHBECTHIIi TPaIULiiHO CYNPOBO/UKYIOTh BEJIHMKI PU3HKH,
NoB'si3aHl 3 iX CHEeKyJISTUBHMM XapakrtepoM. Hwusbka
po30picTh 1 JIKBIIHICTD PHUHKY; INPOOJEMH OIHKU
JTIOCTOBIPHOCTI; CKJIAIHICTH aHAJIITHIHOT OLIIHKH
IHBECTHIIHHUX TEPCIEKTHB TOWO0 — Bce Ime (akropu
PU3UKY 1 BOHU € XapaKTepHUMH i apT-puHKY. [IpoTe, 3

KO)KHAM pPOKOM 3aJIMIIAE€THCS BCE MEHIIE 1 MCHIIE
CKENTHKIB B TMUTAaHHI JONUIBHOCTI IHBECTYBaHHS B
MpeAMeTH  MHCTENTBA. BiAMOBIZHO O  CydacHUX

TEHJICHI[II PUHKY, MPOBIAHI IHBECTOAHKH 3aMpPOIIOHYBAIH
MOCAyrd 3 apT-0aHKIHry Ui HAHOIIBII 3aMOYKHHX
KJIEHTIB, 1 apT-()OHIU TSI MEHIII KPYIHUX 1HBECTOPIB.

3acTocyBaHHS ~apT-iHAEKCIB, 110 BiZOOpaKarTh
JIUHAMIKY JIOXOJ/IHOCTI apT-pUHKY JI03BOJISIIOTh
ONTHMI3YyBaTH IHBECTULIIHUI aHAaJIi3, BUKOHATH KOPEKTHY
OIIHKY MPEJMETIB MHCTENTBA, 3POOUTH MEPCIEKTUBHY
OIIIHKY I[IHOBHUX TPCHIIB i IMMONEPEAUTH PO BUHUKHEHHS
LiHOBOI CrHipami, mO Bene IO YTBOPEHHS MIUTBHHX
OynpbOamIok" Ha apT-pHHKY.

F P 0

- ARTIMX Xusonuc

—+500%

5/31/2011 3/31/2015

Cranom Ha kineup 2017 p. 3Ha4YeHHsI iHAEKCY CTAHOBHUJIO
46. Sk BUAHO, OijbIlIC TPETHHHU JIOTIB HA ayKIIOHAX HE
3HAXOMATh MOKYIIM, IO Ma€ BimoOpaxkaTucs IpH
PO3paxyHKy iHBECTHIIHHOI IPUBAOINBOCTI, PiBHI PU3UKY
Ta TIPH OIiHIII IPEAMETIB MUCTEIITBA.
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- ARTIMX lpadika

Y J0BrocTpoKOBiil HEpCIEKTHBI pe3yJIbTaTUBHICTh
Artprice100 3nauno nepepuiye nokasuuk Global Trend B
Artprice Ta amMepUKaHCbKMH (OHJOBHH PHHOK, SIKHIA
npencrasieHuit S&P 500.
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Puc. 6. [lunamika ingexcis Artprice100, S&P 500 (6aza 100
caHoM Ha 1 cigast 2000 poky)
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OTtpuMaHi pe3yJbTaTH CBiAUaTh 110, KOPEJSIIis apT-
pUHKY 3 (iHAHCOBUMH Ta TOBAPHUMH PHHKAMHU €
cnabkotro. [Ipote, 0OYEBHIHOIO € 3aJEKHICTh BiJl BITLHOL
rpouIoBoi Macu B 00iry. L[iHOBHii MOTIK MOCTiHO 3pocTae
— 3 10 wminbiioniB noxapiB B 1980-x pokax mo 100
MibioHIB monapiB B 2000-x, 1o 300 MijbiiOHIB T0JIApiB Y
2010-x, mo 450 minbioHiB monapiB B 2017 p. Pict win y
BUIIIOMY CETMCHTI CTHUMYJIIOE HE TUIBKH HEYXUIBHO
3pocratoui (Ha 7-8 % y pik) kamitanu HNWI (3amoxHIX
moned, Bix anri. High-net-worth imguBinyymm), ane #
cBiTOBa My3eitHa iHmycTpis — 3 2000 mo 2017 pik B cBiTi
Bimkpwim Oinmblre My3eiB, Hixk 3a momepenHi 200 pokis.
22 % Bcix 3apeecTpoBaHHX B 0a3i ArtPrice TpaH3akmiii —
e TpoJaXi My3esM, SKi € TOKYNIIMH 3Had4uMOTO
MHUCTEITBA, [0 3MEHINYE IMPOMO3HUIII0 apT-00’€KTiB Ha

apT-pHHKY.

JlilicHo, pilleHHS TIpO IHBECTYyBaHHS Yy TBIp
MHUcTenTBa 0a3yeTbcss HA  3aCTOCYBaHHI  ITOHATTS
aNbTepHATHBHOI BAapTOCTi, M0 € OCHOBHUM JUIs

MPUNAHATTS C€KOHOMIYHO OOIPYHTOBaHUX pimieHb. ToOTO
BpPaxOBYEThCS, IO TPOIIOBI KOINTH, SAKi IHBECTOBaHI y
KOHKPETHHA TpeIMeT MHCTeNTBa, MOTIH O OyTu
BUKOPUCTAaHI UIA  albTCPHATHBHOTO  IHBECTYBAaHHS.
ATNBTEpHATUBOIO MOXeE OyTH iHIIWI IMpeaMeT MHCTEUTBA
IHBECTHUIIITHOT SKOCTi, HOBUH OyJIMHOK abo aBTOMOOIJb,
a0o iHBecTyBaHHS B IiHHI Ianepd Ha PHUHKY IIHHUX
marnepis.

3aranom, MOXKHa CTBEpJPKYBaTH, LIO BJACHICTh Ha
00'eKTH MHCTELTBAa TEHEPYE JBa TUMNHU TNPHUOYTKY:
(iHaHCOBI Ta ipparioHaJbHi.

Po3paxyHok  mpuOYTKOBOCTI  apT-iHBECTYBaHH:;
HanOULTbIIe MIPUBEPTAE yBary MMOCTa4aJIbHUAKIB
MOCePEHUIIBKUX ~ TMOCIAYr Ha PHHKY apT-iHAyCTpil
(excrepTiB  apT-pHHKY,  apT-KOHCYNIBTAaHTIB,  apT-

OaHkiHTy). Lle ckmagHe 3aBHAaHHS HE TUIBKA TOMY, IO
apT-pHHOK  XapaKTepU3YeTbCsS HU3BKOIO JIKBIJIHICTIO,
MIPUHAMMHI, TTOPIBHAHO 3 PUHKAMH IIIHHUX TamepiB, aje
TaKOX W 3a HOro pI3HOMAHITHICTh — KOXKEH BHUTBIp
MUCTEITBA € YHIKaJIbHUM 00'€KTOM.

I. Pennebyr i C. Cnaenitepc [21], I'. Xirrc i
A. Bopciarron [22], P. Arnmemno i P. Iliepce [23],
Artnet  Analytics [24] mnpomoHYIOTH  37iICHIOBATH
pPO3paxyHKH 13 3aCTOCYBaHHSIM MOJENI TEIOHIYHOT
perpecii, 3a SKOI I[iHA 3HIKYETHCS, KOJNHM TBOPH
MHCTENTBA MaroTh TIeBHI XapaKTEePUCTUKH.
[MobymoBa  cuctemMu  OIliHIOBaHHA  0a3yeThcs  Ha
imeHTHdiKamii  MaTepialbHHX 1  HeMarepiadbHHUX
XapaKTepUCTUK, SKI BH3HAYaIOTh BAapTICTh 00 €KTa
MHCTEITBA 1HBECTHMIIMHOT SKOCTI, HANpPHKIAL, iM's
XyHOXKHHMKA, HOro pemyramiro, MaTepiand, mepiox
CTBOPEHHSI, SIKICTh TOIIIO.

OctanHIM yacoM Ha0yJiIM MOIIMPEHHS HE3aIeXKHi,
pamioHanmpHi 1 myOmiYHO  BIAKpUTI  MWAXOOUW IO
OIliIHKM  MeeBpiB, MO 0Oa3yoTbes Ha  00poOIi
CTaTUCTUYHOI iH(pOpMAaILii Npo ayKmioOHHI MHpoJaxi 3a
0a3zaMyM JaHWX TaKUX TMPOBITHUX KOMIIAHIA  fK:
¢panmy3pki  kommanii Artprice 1 Akoun, a Takox
HiMenpKa — Artnet.

Jnst 6inpmoioi mpo3opocTi i KOMITaHil MepHIuMu
3aCTOCYBaJM JI0 OIIHKM KapTHH MHiJXiJ YyCepeIHEHHS,
BHKOPHCTOBYIOUH ITOKa3HUKHU CEPEAHBOI IIiHM 1 CepeaHbOol

BapTOCTI KBAJPATHOTO CAaHTHMETpa KapTHH JJII THX abo
IHMUX XymOKHHUKIB. [IpoTe aHami3 OIIHKH KapTHH
HaWBITOMIIINX XYI0KHHUKIB, BAPTICTh SKUX BUMIPIOETHCS
Mmitsitonamu gonapis CIIIA, mokasye, mo omiHKa 3a
KBaJ[paTHUI CAHTUMETP IMOJOTHA BHUSBIAETHCS MPOCTO
HEJIOIUIPHOK, — KapTUHHU OJHOTO YYacCHHKA, HAIKCaHI B
OJIVIH 1 TOM K€ Tepioj, MOXYTh BIJIPI3HATHCS 3a BapTICTIO
B KUIbKAa pa3iB uepe3 BIUIMB TaKUX YHHHUKIB, 5K
MpOBeHaHC (BIZOMOCTI MPO Te, XTO paHille BOJIOJIIB
KapTHHOIO 1 HACKIIbKH I iHQOpMaIlis ITOCTOBipHA),
CIOKET 1 TIOB'A3aHa 3 HHUM ICTOpis, HAABHICTh KOMIiH i
BiIOWTKIB B JiTepaTypi, Gi3WIHAHN CTaH, 1 HECATKA IHIINX
TIPUYHH.

CHuCcTeMHHH MiIXiJ O OIIHKKA PHUHKOBOI BapTOCTI
meneBpiB po3poobneno Kunst Asset Management GmbH i
BUKJIAJICHO B (pOpMATi MOJENI OI[IHKU XYAOXKHIX aKTHBIB
(MOXA, Art Asset Pricing Model).

3a UM MiIX0IOM BapTiCTh KapTHHH BH3HAYAETHCS
K CyMa DI3HMX YWHHHUKIB (DOpMyBaHHS IiHH (3 SIKHX
(hakTOop aBTOpa € ONHIEID 3 BAKIMBUX, ajle JAJCKO HE
€JIMHOIO JCTEPMIHAHTOIO IIHH), 3BAXCHUX Ha KOCPIIiEHTH
3HAYYMIOCTI IIMX YHHHHKIB. Y CBOIO Yepry IIi Barosi
Koe(illiEHTH PO3PaXxOBYIOTHCSA Ha OCHOBI PETPeCHBHOIO
CTATUCTHYHOTO aHali3y ICTOPHYHOI IIHOBOI iH(popMaIii
[0 KapTUHaM, BKIIOYEeHUM a0 cnucky KunstAM Top 500
nouynHatouu 3 1985 p.

Emouiiinuii edext (psychic returns) Bkirouae, aje He
O0OMEKYIOUNCh HHUMH, CCTETHYHE 3aJ[0BOJICHHS Ta IHIII
e(heKTH MPECTHKY Ta B3aEMOOMOBHIOBAHOCTI.

OI[IHATH BAXKJIUBICTh ©CTCTUYHOTO 3aJ[0BOJICHHS
JIOCUTh CKIIAJHO, aJKe Kpaca i ii posib B KHUTTI KOXKHOT
JMIOAWHU € iHauWBigyanpHOIO. [IpoTe, B mepury depry,
BapTO 3pO3YMITH, II0 TaKe €CTETHKAa B PO3YMiHHI, SKE
BiTHOCUTBCS caMe€ O YYyTT€BOro crpuidHATT. Lle
MOHATTS, IO BHUBYA€ BUpPa3HI (QOpMH, sIKi BIiAMOBITAIOTH
VSABJICHHIO JIIOAMHU TPO TpEeKpacHe 1 TOTBOpPHE,
MiJHEeCeHe 1 HU3bKe. XYIOXKHSA TBOPUICTh CIIPHUMAETHCS
i TPU3MOK0 ECTeTHUKH, sSK OoaHa 3 (opm imeosorii.
EctetnuHe 3a0BOJICHHS JIFOJJUHA MOXE OTPUMYBATH MPHU
0e3MmocepeIHbOMY YYTTEBOMY KOHTAKTI 3 MPEIMETOM
MHCTEIITBA 32 JIOTIOMOI'00 OpraHiB No4yTTiB. EcTeTnuHuii
HacTpiil € 0COOJIMBUM EMOIIMHIM CTaHOM, IIPUTAMaHHUM
gmroauHi. BiH BHpakaeThCsi B FOTOBHOCTI 3a70BOJLHHUTH
€CTETHUYHI IOTPEOH.

®inancoBuil e(eKT 3aJCKUTh BiJ 3MIHH BapTOCTI
MmpeaMeTiB  MHCTeNTBa. L[iHM Ha TBOpPH MHCTEUTBA
(hopMyIOTECSL 3 BpaxyBaHHSAM (PaKTHYHUX PHHKOBUX IiH
Ta SKCIIEPTHOTO OI[IHFOBaHHS. B3araii, Jieriie BUSHAYUTH
(hiHaHCOBY TPHUOYTKOBICTH, HIK EMOIIMHHUN edeKT Bif
BOJIOZ[IHHSI MPEAMETaMU MUCTEITBA 1HBECTHIIIMHOT SIKOCTI.

v JiTeparypi 3 €KOHOMIKH MHCTEITBA
PO3TISAAIOTECS  Pi3HI  MIXOMW TMIOAO BUMIPIOBaHHSI
E€MOIIIHOTO e(eKTy.

Ta6auus 3. [7ioxoou wo0o eumiprosanHs emoyitinozo eghexmy

TTiaxin ABTOpH
Crein (Stein, 1977);

I'paecep (Graeser, 1993);

JIyis anpokcUMAItil BeTMYHMHA
EMOIIIITHOTO e(EeKTY BiJ

IHBECTYBaHHS B apT-00’ €KTH Opeii i Eiuenbeprep
BHKOPUCTOBYETHCS IiHA (Frey and Eichenberger,
OpEH/IU KapTUH 1995)
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PospaxyHok mpemii 3a ippamioHaNIBHICTH (ILiHY
cripuitHATTA, IP) — 1e pamioHaNnbHUA adrOpUTM OIHKH
EMOIIIMHNX O0COOMMBOCTEH I[IHOYTBOPEHHS Ha PHHKY

NpeAMETIB  MHCTELTBAa, HE TMOB'I3aHUX 3 BJIacCHE
IHBECTHLIHHUMU SKOCTSIMH apT-aKTUBY.
Kommonenra IP, mio 30inbmiye —crpaBeauBy

BapTICTh NpEeIMETa MUCTELTBA, JO3BOJISIE BU3HAUUTH SIKY
JIOJTATKOBY CYMYy TOKYICIb TOTOBHIl 3aIUIATUTH IIOHAJ
CHpaBeUIMBOI IIiHU 33 JaHUW NPeIMET MUCTELTBA.

Hamararounce yYHUKHYTH MOXIIMBHX IOMHJIOK,
eKCIIePTH BHUKOHYIOTH INMHPOKE KOJIO  JTOCHIIKEHB,
PYXarouuch y paMKaX TaKHX METOJIB OIIHKH:

"1) HOpPIBHAIBHUI METOJ JOCIIIKEHHS — OJUH i3
TOJIOBHUX, SKHH Tmependadae BHBYCHHS MIMPOKOTO
CHeKTpa ikoHorpadiyHoOro Marepiainy;

2) XymOXHift € TPOJOBKCHHSIM MOPiBHAIBHOIO;
MepeyCiM BUABJSIFOTBCS Bi3yalbHI OYCBHIHI CTHUIIICTHYHI
O03HAaKH TBOPY, MaWCTEpHICTh XYJOKHHKA, BKa3yHOThCS
OCOOJMBOCTI KOJIOPUCTHYHOT TaMH Ta IHINI CKJIaJO0BI
MUCTEITBO3HABYOTO JOCIIKESHHS;

3) icropiorpadiunmii nependavae
JIITOIHCIB, OIIOBI/IaHb, [IOJEHHHKIB,
OibmiorpadiyHoro Marepiany;

4) yrunitapHui (cTpyKTYpHO-()YHKITIOHATHHHIA)
IO3BOJSIE  BHU3HAYMTH  YTWIITApHE  NPU3HAYCHHS
MIOPTPETIB, iIXHIO (QYHKIIIIO B CYCHIIBCTBI T4 BUSBUTH THIT
HOPTPETa: KTUTOPCHKUM, POJUHHUN, HATPYHHUI];

BUBYEHHS
JIACTIB,

5) BizyansHO-mipoconiorpadiunmit BKJIFOYA€E
npoconorpadiude  "3uuryBaHHA"  iHGoOpMamii,  sKa
"HagxomuTh" 13 TepOiB, OAATY  MOPTPETOBAHOIO,

HABKOJIMIIHBOTO aHTYPaXKy Ta HAMKCIB HAa MOPTPETI;

6) TeXHIKO-TEXHOJIOTTYHE (dizuko-ximivHe,
MIKpPOCKOTIIYHE Ta iH.) JOCIIIKEHHS JO3BOJISE TOJATKOBO
PO3KPHUTH IIHPOKAH CHEKTp TIHTaHb: BCTAHOBHUTHU
MHUCTEIPKY  IIKONYy,  JOaTyBaHHS,  IiATBEPHKCHHS
OpHriHaibpHOCTI mojoTHa Ta iH." [25].

UuMm BHINE PU3HK, MOB'I3aHUN 3 iHBECTYBaHHSM B
TBOPH MHUCTEITBA, TUM BHIIE NPEMIIO 32 PU3UK 1HBECTOP
3MOK€ OTPHMAaTH B MOMEHT IMpoAaxy. Tomy OIliHKa
PHU3UKY CYTTEBO BIUIMBAE Ha OIIHKY TBOPIB MUCTEITBA Ha
PHMHKY apT-iHIyCTpii.

BHCHOBKH 3 IILOI'0 JOCTIIKEHHS

ApT-iHBECTYyBaHHS €  albTEpPHATUBHUM  BHIOM
IHBECTHIIIAHOT TiAABHOCTI, IO 3MIHCHIOETHCS 3 METOI0
OTPHMaHHS TPOIIOBOTO Ta HETPOIIOBOTO MPHOYTKY y pasi
HasiBHOCTI y TIOTEHIIfHOTO iHBECTOpa BUILHOTO KaIliTaiy.
IIpn YoMy, po3paxoByBaTH Ha OTpPHMaHHS HPHUOYTKIB
MOXJIMBO JIMIIE Y JIOBFOCTPOKOBIH MEPCIIEKTHBI MiHIMyM
gepe3 8—10 poxis.

[IpoananizoBaHO OUHAMIKY IOXOJHOCTI apT-pUHKY
3a inmekcamu Mei Moses All Art, Artprice, ARTIMXba.
3a ocTaHHI JecATh POKiB KJIOYOBHMH iHIekc Mei Moses
mricTh pasiB mepesuimryBaB iHaekc S&P 500. Cepenns
piuHa TPUOYTKOBICTH apT-iHBECTOPIB 3a IIeW mepiof
cknana 7,8 % mpotu ckpoMmHux 2,7 % 11l BKIAJHUKA B
IiHHI ~ mamepu. 3acTOCYBaHHSA  apT-iHOEGKCIB, IO
BiTOOpaXalOTh  AWHAMIKY  JOXOJHOCTI  apT-PHHKY
JIO3BOJISIIOTH  ONTHMI3YBaTH 1HBECTHIIMHWHM aHaji3 NpH
OLIIHIOBaHHI PU3HKIB IHBECTYBaHHS B apT-00’ €KTH.

OTpuMaHi pe3yJIbTaTH CBiAYATh 110, KOPETAIis apT-
pUHKY 3 (IHAHCOBMMH Ta TOBapHUMH pPHHKaAMHU €
ciabkoro. [Ipore, 0OYEBHIHOIO € 3AJCKHICTH BiJ BITHHOL
rpouoBoi Macu B 00iry. I{iHoBuil MOTiK NOCTiIHHO 3pocTae
— 3 10 wminbitoniB nmomapie B 1980-x pokax no 100
MinbioHiB monapiB B 2000-x, 10 300 MijbiOHIB T0JIapiB Yy
2010-x, no 450 minkiioHiB gonapis B 2017 p.

3a3HaueHo, IO BJIACHICTL Ha O0'€KTH MHCTEITBA
reHepye ABa TUIHU NpUOyTKY: (GiHAHCOBI Ta ippalioHaIbHI
(emorriiiHi).

Mogens MOXA (Art Asset Pricing Model)
0a3yeTbcs Ha CUCTEMHOMY IJIXOJi JIO OIHKK PUHKOBOI
BapTOCTi apT-00’€KTy Ta JO3BOJSE BU3HAYUTH BapTiCTh
apT-00’€KTY SIK CyMY Pi3HUX YHHHUKIB (OPMYBaHHS IIiHH,
3BaKEHMX Ha KOE(IUi€HTH 3HAYYHNIOCTI LUX YHHHHKIB.
BaroBi koedilieHTH  pO3paxOBYIOTECS Ha  OCHOBI
pPErpecuBHOTO  CTaTUCTUYHOIO  aHaji3y  1CTOPHYHOI
1iHOBOI iH(opMaLlii Mo 00’ekTaM iHBECTYBaHHSI.

JloBenieHo, 1110 eKCIIEPTHE OLIHIOBaHHS apT 00’ €KTa €

BOXJIMBOIO CKJIQJIOBOIO IPOLECY I[IHOYTBOPEHHS Ta
MiHIMI3aIii pHU3WKY iHBECTYBaHHI Ha pHHKY apT-
iHAyCTpil.

TakuM YHHOM, JUIS KOMILJIGKCHOTO BpaxyBaHHS
(akTopiB, MO BIUIMBAIOTh HA TPHHHATTS 1HBECTUIIIHHUX

pillicHb HAa PHHKY apT-iHAYCTpil  JOIIBHEM €
dbopmyBaHHS IHTErpoBaHOi CHCTEMH IH(OpPMAIIHHO-
AHAIITHYHOIO 3a0e3leyeHHs OLHKM 1HBECTULIWHOI

npuBabnuBOCTI apT-00’ekTiB. Ilpu 1BOMY, IS OIHKH
IHBECTHLIHHOT TPUBAOIUBOCTI apT-00’€KTa HA PUHKY apT-
IHAYyCTpii JOLIJIBHO BPaxOBYBAaTH TakKi IPYNH KPHUTEPIiB:
PO3MIp CErMEHTY apT-PUHKY TBOPY MHCTEITBA Ta TEMITU
HOro pocTy, OCOOJMBOCTI KOHKYPEHINi B CErMEHTI apT-
PUHKY TBOPY MHUCTEUTBA; MPHOYTKOBICTH CErMEHTa apT-
PUHKY TBOPY MFHCTEITBa; MPUBAOIHBICTE KOMEPIIHHOTO
BUKOPUCTAHHS TBOPY MHCTEUTBA MJaHOTO aBTopa abo
HampsIMKy,; MOJy Ha TBip MHCTEUNTBa IaHOTO
HaNpsMKY; PiBeHb PHHKOBHUX PU3UKIB TBOPY MHCTEHTBA
JTAHOTO aBTOpa ab0 HAmpsIMKYy, BPAXOBYIOUH PH3UK
3HEIIHCHHSL.

OIiHKYy KOHKYPEHTHOI'O CTaTyCy TBOPY MHCTEITBA
JIOLJILHO 3A1MCHIOBATH 3 BpaxXyBaHHSIM TaKHX KPUTEpIiiB:
BiJTHOCHA JI0JIsl PUHKY MIPOJABI TBOPY MHCTEIITBA; PIBCHb
iH(opMaIiHOTO 3a0e3NeueHHsI MOTSHI[IHHUX CII0KUBAYiB
TBOPY MHUCTCITBA, PIBEHh PO3BUTKY MAapKETHHTOBUX
KOMYHIKaIliii 1 3HaHHS MPOJABIEM HOTCHIIWHOI MUTFOBOT
ayaUTopii TOMIO.

Po3pobka iHTerpampHHX cHCTeM iHQOpMAIiHHO-
AHAINTHYHOIO 3a0e3leyeHHs OLIHKM I1HBECTHIIWHOI
MPUBaOIIMBOCTI apT-00’€KTIB 0a3yeThCcs HA BUKOPUCTAHHI
eKkcrepTHux npomenyp. Ilpuw mpomy, Moxke OyTu
3aCTOCOBAHA MPsIMa MPOLEAYPa EKCIIEPTHOTO OIIHIOBAHHS
32 PO3pOOJICHOID CHUCTEMOIO KpHUTepiiB abo cremiaabHa
eKCIIepTHO-iepapXiyHa  Tpomenypa, M0  CIPHUITHME
30UTBIICHHIO JIOCTOBIPHOCTI EKCIEPTHOTO OIliHIOBaHHS.
HaitOinpm  mowimbHEMM  Ha  AYMKY  (axiBIiB €
BUKOPHUCTAHHS METOJIUKH aHAJI3y i€papXii, IO JT03BOJIE
OTPUMATH HE TIIBKK IHTETpPalibHI KOMIIOHCHTH CUCTEMHU
OIIIHIOBAHHS, aJIe ¥ JO3BOJISE MPOBECTH MEPEBIPKY SIKOCTI
EKCIICPTHOI MPOLEAYPU i SKCIEPTHHUX OIIHOK 332 KOKHUM
KPUTEPIEM OI[IHIOBAHHS 1HBECTHIIHHOI TPUBAOIMBOCTI
apT-00’€KTa.
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Taxum YHUHOM, 3aCTOCYBAHHS CHUCTEeMH  BHW3HAYCHHIO ONTHMAJbHOI I1HBECTHIIHHOI CTparerii Ha
iHpOopManifHO-aHATITHYHOTO  3a0e3MeUeHHS  OIHKM  PHHKY-apT IHAYCTpii 3a KpHUTEpieM MiHiMi3amii pH3HKIB
IHBeCTHIIITHOT MPHUBAOIMBOCTI apT-00'€KTIB CIPHUATHME  IHBECTYBaHHS.
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OLEHKA PUCKOB UHBECTUPOBAHUSA HA PBIHKE APT-UHAYCTPUN:
CUCTEMATM3ALNUA TEOPETUKO-METOAUYECKHUX ITIOAXOA0B

IIpeameToM uccie0BaHMs B CTaThe SBISIETCS COBOKYITHOCTh TEOPETUYECKUX, METOANYECKUX U NMPAKTUYECKUX ACHEKTOB IO OLIEHKE
PHUCKOB HHBECTHPOBAHMS Ha phIHKE apT-UHAYCTpHHU. Lleab paboThl — ABiIAETCA CHCTEMATH3alUs TEOPETHKO-METOJMYECKUX MOIX010B
K OILIGHKE pHCKOB HHBECTHPOBAaHHMA HA pbIHKE apT-UHAYCTPUM U OOOCHOBaHME IIPAKTMYECKUX PEKOMEHIAlMH IO OLECHKE
WHBECTUIIMOHHON TIPHUBIIEKATEIIFHOCTH OOBEKTOB apT-MHBECTUPOBAHUS JJISI ONPEIeNCHIsS ONTUMAIBHON CTpaTerny HHBECTUPOBAHMUS
Ha pBIHKE apT-UHAYCTpUH. B craTbe pemarorcss criemyiomue 3adadyd. BBEIIETEHBl TPH OCHOBHBIX (0a30BBIX) CTpaTerHu
HMHBECTHUPOBAHUs HA PBIHKE apT-UHAYCTPHUU; OCYLIECTBIICHA CUCTEMATU3alMs UHIEKCOB, OTPaXKAIOIIUX AMHAMUKY JOXOJHOCTU apT-
PBIHKA, IPOM3BEEHA OIEHKA [IEHOBBIX TPEH/IOB MO BRIOPAHHBIM MHIEKCAMH JOXOJHOCTH apT-pBIHKA, BBIICICHEI JBa TUIA IPHOBLIH,
reHepupyoline COOCTBEHHOCTh Ha OOBEKTHI HMCKYCCTBa: (PMHAHCOBBIE M HPPALMOHATBHBIC, PACCMOTPEHBI METOIBI IKCIIEPTHOTO
OLICHUBAHUs apT-00BEKTOB, 000CHOBAHBI MPAKTHUECKNE PEKOMEHIAIMHU MO OIIEHKEe HHBECTHILMOHHON MPHUBJICKATEIFHOCTH 0OBEKTOB
apT-uHBECTUPOBaHMA. MCHoNb3yloTcs CIeAyrone MeTOABbI: abCTPaKTHO-JOTMYECKUil aHalu3, TEOPETUUECKOro 00O0OLIeHHs,
CHUCTEMHOTO M CTaTUCTHYeCKOro aHanu3a. IlomydeHs! cienyrone pe3ybTaThl: CUCTEMATU3UPOBAHBI LIECHOBBIE U HELIEHOBBIE apT-
MHJEKCHI, OTPaKalollie AWHAMUKY apT-pbIHKA M IO3BOJIIOLIME OLIEHHTh PHCKH WHBECTHLIMOHHBIX CTPAaTeTMH Ha DPHIHKE apT-
WHIYCTPHUH, NPOAHAIM3NPOBaHA [UHAMHKA TPEHAOB AapT-WHIEKCOB; O00OCHOBaHA  IernecooOpa3HOCTh  (hopMUpPOBaHMSL
HMH()OPMAIIMOHHO-aHATUTHIECKOTO oOecredeH s OLCHKH MHBECTHI[OHHON NPUBIICKATEILHOCTH apT-00beKTOB. BBIBOABI JOKa3aHO,
9TO OSKCIIEPTHAs OLEHKAa apT OoOBeKTa SBIAETCS BAKHOM COCTABIAIOMIEH Ipomecca IEHOOOpa30BaHUS M MHHUMHU3AIUHM PHCKA
WHBECTUPOBAHMS Ha PBIHKE apT-HHAYCTpHH. OOOOIIEHBI TEOpPEeTHYECKHE IMOJOKCHUS M METOANYECKHE IOAXOBl K OIEHKE apT-
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WHJIEKCOB, OTPAXAIONINX TUHAMUKY JJOXOJHOCTH apT-phIHKA. J0Ka3aHO, YTO MPHUMEHEHUE apT-UHICKCOB MO3BOJISICT ONTHMHU3UPOBATh
VHBECTHIIMOHHBIA aHAJN3, BBINOJHUTE KOPPEKTHYIO OICHKY MPEIMETOB HCKYCCTBA, CAEIATh MEPCIEKTHBHYIO OIICHKY I[CHOBBIX
TpeHoB. [1o pe3yabpTaTaM aHa H3a TPEHIOB apT-UHICKCOB YCTAHOBIICHO, YTO KOPPEIAIUS apT-PhIHKA ¢ (HHAHCOBBIMH U TOBAPHBIMHU
PBIHKaMH siBIsieTcs: caaboit. [l apT-phlHKa XapakTepHbI Takue creluduueckne 0COOCHHOCTH, a UMEHHO HU3Kasi MPO3PAavyHOCTh H
JUKBUAHOCTh PBIHKA; MPOOJIEMBbI OLCHKH JOCTOBEPHOCTH; CJIOKHOCTh AHAIUTUYECKOW OIICHKH HHBECTHIHOHHBIX IEPCIEKTHB;
MOJyYeHNE MPUOBLIH BO3MOXKHO JIMIb B TOJATOCPOYHOU MEpCHeKTHBE MUHUMYM depe3 8—10 set. OTMeueHo, 4T0 COOCTBEHHOCTh Ha
00BEKTHI HCKYCCTBA CHEPUPYET B THIIA TPUOBLIN: (MHAHCOBBIC M MPPALMOHAIBHBIC (AMOLIMOHANBHBIE). [IpemnokeHo npuMeHeHne
CHCTeMBl HH(GOPMAIMOHHO-aHAIUTUIECKOTO 00eCHedeH sl OLCHKA MHBECTHI[HOHHON MPUBIIEKATEILHOCTH apT-00bEKTOB, YTO Oynmer
CIOCOOCTBOBATh OIPE/ICIICHUIO ONTUMAIBHON WHBECTUIIMOHHOM CTpaTerdy Ha PhIHKE-apT HHAYCTPUH MO KPUTEPUI0 MUHUMH3ALHN
PHUCKOB HHBECTUPOBAHUSI.

KnwoueBbie cji0Ba: phIHOK apT-WHIYCTPUH; PUCKHA HHBECTUPOBAHHUS; apT-HHACKCHI JOXOTHOCTH apT-PhIHKA; OICHKa CTOUMOCTH
MPEMETOB MCKYCCTBAa WHBECTHIIMOHHOTO KAdecTBA; CTPATETHMH WHBECTUPOBAHUS HA PBIHKE apT-UHIYCTPUH, METOIBI SKCIIEPTHOTO
OIICHUBAHUS apT-00BEKTOB; HHBECTHIIMOHHAS MIPUBJICKATEIFHOCTh OOBEKTOB apT-HHBECTUPOBAHUS; MH)OPMAIIMOHHO-aHATTUTHYECKOE
obecrniedeHre OleHKH HHBECTUIIMOHHOM MPUBIIEKATEIbHOCTH apT-00bEKTOB.

RISK ASSESSMENT OF INVESTMENTS IN THE ART-INDUSTRY MARKET:
SYSTEMATIZATION OF THEORETICAL AND METHODOLOGICAL
APPROACHES

The subject matter of the article is the set of theoretical, methodological and practical aspects in assessing investment risks in the art
industry market. The goal of the research is the systematization of theoretical and methodological approaches to the assessment of
investment risks in the art industry market and the practical recommendations development for the investment attractiveness of art
investment objects assessing in order to determine the optimal investment strategy in the art industry market. The following tasks
were solved in the article: four basic strategies of investing in the art industry are allocated; the systematization of the art-indexes
reflecting the dynamics of the profitability of the art market is done, the estimation of price trends on the selected art-indexes of the
profitability of the art market is analyzed, and the two types of profit, generating ownership of objects of art: financial and irrational
(emotional) are defined; the methods of expert evaluation of art objects are considered, practical recommendations on investment
attractiveness of art investment objects are developed. The following methods are used: abstract-logical analysis, theoretical
generalization, system and statistical analysis. The following results were obtained: the price and non-priced art-indexes that reflect
the dynamics of the art market and allow assessing the risks of investment strategies in the art industry are systematized; the dynamics
of trend of art-indexes is analyzed; the expediency of formation of informational and analytical support for estimating the investment
attractiveness of art objects is substantiated. Conclusions: the expert assessment of the art object is an important part of the process of
pricing and minimizing the risk of investing in the art industry market is proved. The theoretical positions and methodical approaches
to the estimation of the art-indexes reflecting the dynamics of the profitability of the art market are generalized. It is proved that
application of art-indexes allows to optimize investment analysis, to carry out a correct assessment of art objects, to make a
perspective assessment of price trends. According to the results of the analysis of the art-indexes trends, it was found out that the
correlation of the art market with the financial and commodity markets is weak. The art market is characterized by such specific
features as: the low transparency and market liquidity; the problems of authenticity assessment; the complexity of analytical
estimation of investment perspectives; it is possible to receive profits only in the long run, at least after 8-10 years. It is noted that
ownership of objects of art generates two types of profit: financial and irrational (emotional). The application of the system of
informational and analytical support for assessing the investment attractiveness of art objects is proposed, which will help to
determine the optimal investment strategy in the market of art industry on the criterion of minimizing investment risks.

Keywords: art industry market; investment risks; art-indexes of the profitability of the art market; assessment of the value of art
objects of investment quality; investment strategy in the art industry; methods of expert evaluation of art objects; investment
attractiveness of objects of art investment; informational and analytical support for assessing the investment attractiveness of art
objects.




137

ISSN 2522-9818 (print)

CyuacHuii cman Hayko8ux 00ciiodcenb ma mexnonoeitl 6 npomuciosocmi. 2018. Ne 4 (6) ISSN 2524-2296 (online)

DOI: https://doi.org/10.30837/2522-9818.2018.6.137

UDC 330
T. MomoT, D. TUMIETTO, R. TESLENKO

BLOCKCHAIN TECHNOLOGY AS AN INNOVATIVE INSTRUMENT OF DIGITAL
ECONOMY: TECHNOLOGY ESSENCE, WORLD EXPERIENCE AND
IMPLEMENTATION PROBLEMS

The subject matter of the article is the substantiation of the problems and perspectives of the introduction of Distributed Ledger
Technologies (DLT) / Blockchain in the public and private sectors as a modern digital economy instrument. The goal of the work is
to substantiate the scientific and methodical principles of implementing the technologies of distributed DLT / Blockchain registers.
The following tasks were solved in the article: the notion of Distributed Ledger Technologies (DLT) and Blockchain is defined; types
of Distributed DLT Registries are presented in the form of a classification with a distinction of features and possibilities of application
of each type; the general scheme of work is described and the specific features of the Blockchain technology are systematized; the
features and directions of the use of intelligent contracts (smart contracts) based on the technology of blockchain are singled out; the
international experience of government initiatives and pilot projects of the blockade technology application has been analyzed; the
analysis of the domestic experience of practical application of Blockchain technologies in the public and private sectors and the
perspective areas for the future application of technologies of the distributed DLT registries are identified; according to the
international analytical agencies research results, the obstacles of the Blockchain technologies implementation in the public and
private sectors are systematized. The following methods are used: abstract-logical analysis, theoretical generalization, system and
statistical analysis. The following results were obtained. The concept of technologies of distributed DLT / Blockchain registries is
disclosed. The availability of the system is based on open, private and federal DLTs. The specific features of DLT / Blockchain
distributed registry technologies include centralization, involvement of a large number of participants to achieve consensus, use of
cryptography and digital signatures, almost impossible to change chronological records, the convenience of tracking and verifying
information, and the ability to program. The international experience of using Blockchain technology in countries such as the Great
Britain, Georgia, Estonia, the USA, the United Arab Emirates, Italy has been researched. Examples of practical implementation of
DLT / Blockchain registry technology in Ukraine are considered. The main obstacles to implementing distributed DLT / Blockchain
registries in the public sector are regulatory restrictions and technology immaturity. The obstacles to the introduction of block
technologies in the private sector are identified. Conclusions: It is proved that the distributed DLT registry technology has a
significant potential for development for the future digital economy. Nevertheless, there are a number of barriers to their full use in
the public and private sector, which requires further study by experts.

Keywords: Distributed Ledger Technologies (DLT); Types of Distributed Ledger Technologies Blockchain; Intelligent
Contract; specific features of Distributed Ledger Technologies (DLT).

Introduction

Comprehensive corruption is at the same time the
cause, effect and factor, accompanies an opaque society
relations system with inefficient state market mechanisms
and distorted conditions for doing business [1]. Moreover,
any abuse of entrusted power for the sake of obtaining
one’s own benefit may occur not only as a result of
actions of state employees, politicians and bureaucrats, but
also representatives of the business environment. So, on
the one hand, a company can promote its own business
interests, interacting illegally with government officials,
and on the other, employees of the company, as well as
government officials, may be corrupt and misuse their
official capacity [2]. This all leads to the formation of
various unprofitable for society shadow phenomena in the
economy. Effective in combating such negative
manifestations are modern digital tools, one of which is
new, but promising blockchain technology. Decentralized,
secure, well-designed blockchain-based system can reduce
costs and increase the speed of information transfer,
eliminate intermediaries, ensure transparency and enable
detailed tracking of business processes in the public and
private sectors.

Gartner analysts [3] predict that blockchain will add
more than 3 billion dollars to the business value annually.
By 2030, 10 % to 20 % of global economic infrastructures
will work with systems that will use blockade as a
fundamental technology for business. It is expected that

by 2025, the cost of a business that will operate at the
expense of blockchain will increase by more than 176
billion dollars, and by 2030 this amount will exceed 3.1
trillion dollars

According to experts from the World Economic
Forum, by 2027, 10 % of world GDP will be allocated to
the blockchain technology [4].

All this testifies to the urgency and the necessity of
studying the essence, experience of use and problems on
the way of introduction of blockchain technologies as a
modern tool of the economy.

The analysis of recent literary sources

The basic concept of the blockchain technology
came in 2008 and was first applied in practice in 2009 by
launching bitcoin cryptographic. Since then, many studies
have been devoted to this technology, including the works
of A.Genkin and O. Mikheev [5], D. Tapscott and
A. Tapscott [6], S. Melani [7], N. Popper [8] and others.
Also worth of separate consideration are examples of the
practical application of blockchain by private companies
and government structures, sociological and other studies
of world expert analytical organizations.

The goal and objectives

The purpose of the research is to substantiate the
scientific and methodological principles of the

© T. Momot, D. Tumietto, R. Teslenko, 2018
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implementation of Distributed Ledger Technologies
(DLT) / blockchain technology, which, according to
international experience, enables transactions to be carried
out in complete safety with the involvement of a large
number of objects and without the need for intermediaries,
using the mathematical apparatus and technologies to
ensure mutual trust. Achievement of the set purpose has
led to the solution of such problems as: the concept of
technology of the distributed register DLT within the
blockchain limits is considered; types of distributed DLT
registries are presented in the form of a classification with
a distinction of features and possibilities when applying
each type; the general scheme of work is described and
the specific features of the blockade technology are
systematized; the features and scope of the use of
intelligent contracts (smart contracts) based on the
blockchain technology are singled out; the international
experience of government initiatives and pilot projects
using the blockchain technology are analyzed; the analysis
of the domestic experience of practical application of
blockchain technologies in the public and private sectors
and the perspective areas for the future application of
technologies of the distributed DLT registry are identified;
according to research results of international analytical
agencies, obstacles to the implementation of blockchain
technologies in the public and private sectors are
systematized.

Materials and methods

experience in the practical implementation of blockchain
technologies in the public and private sectors.

The results of the study

The theoretical and methodological basis for the
study was scientific works and informational and
analytical materials of leading domestic scientists and
foreign economic scientists in the implementation
of DLT / blockchain distributed registries in the public
and private sectors as a modern digital economy tool. In
the course of the study, the following methods were used:
abstract-logical analysis — for theoretical generalization
and justification of the directions and results of the study;
theoretical generalization — to identify and systematize the
specific features of technologies of distributed
DLT / blockchain registries, highlighting the scope of
application of reasonable contracts; system and statistical
analysis — for the analysis of international and domestic

Table 1. Types of distributed registries DLT

The blockchain technology became widely known
not immediately, but only after the popularization of
bitcoin, which in turn was a response to the global
financial crisis of 2008-2009. The concept of bitcoin was
published by the author or, more precisely, by a group of
authors under the pseudonym Satoshi Nakamoto [9] in
2008, and was first put into practice in 2009 with the first
block created by launching a Bitcoin cryptocurrency.

Distributed ledger technology (DLT) is an
information storage technology whose key features are
sharing and synchronization of digital data in accordance
with a consensus algorithm, the geographical distribution
of equivalent copies at various points around the world,
and the absence of a central administrator. Blockchain is a
kind of distributed ledger, but not every DLT is a
blockchain.

Blockchain is a distributed database technology that
allows to create a digital transaction register and share
them within a distributed network of devices. Through the
use of cryptography, each network participant manages
the registry without centralized administration. They use
independent computers (nodes) to record, share, and
synchronize transactions in their respective electronic
ledger (registries). The blockchain organizes data into
blocks that are linked to each other in add-only mode. A
node in the context of a cryptocurrency and DLT as a
whole are devices with software installed on them that are
combined into a common network in order to jointly
ensure the operation of a distributed database. The whole
system is described as a "system without trust™, so that all
nodes must come to a consensus to confirm the correct
information. Transactions in the blockchain network occur
24/7. The system allows the exchange of digital assets in
real time between two unrelated participants without a
central counterparty and ensures their transparency and
minimizes risks. Such operations are registered in a
decentralized public distributed database, allowing
network users to control their transactions and data.

By accessibility system is divided into open, private,
and federated DLT (Table 1).

DLT type Features

Opportunities after applying

Open (public) DLT —
modern public records,
based on the algorithms of
consensus with open source

node;

blockade, if they are valid;

browser;

are faster and more confidential;

- anyone can join the system, for example, run a full

- anyone in the world can send transactions through
the network and wait for their inclusion in the

- anyone can read the transaction in the block

- transactions are transparent but anonymous;
- do not allow anyone with Internet access to
participate - in the process of verifying transactions;

- mainly used in the banking sector (consensus is
controlled by pre-selected nodes: for example, a
consortium of 15 financial institutions, each of which
holds a node, and 10 of them must sign each block)

- potentially can destroy existing business
models by refusing to mediate;

- lack of infrastructure costs: there is no
need to maintain servers or system
administrators, which drastically reduces the
cost of creating and running decentralized
applications (dApps)
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The end of the Table 1

Federated distributed
registries, or blockchain-
consortia — the systems that
operate under the leadership
of the group

- are faster and more confidential;

- do not allow anyone with Internet access to
participate in the process of verifying transactions;

- mainly used in the banking sector (consensus is
controlled by pre-selected nodes: for example, a
consortium of 15 financial institutions, each of which
holds a node, and 10 of them must sign each block)

- reduces transaction costs and data
abundance;

- replaces obsolete systems, simplifies
workflow and reduces manual labor;

- complements the ecosystem, but does not
destroy it

Private blockchains are not
DLTs, since permissions
are stored centrally for one
organization.

- reading permissions may be public or restricted

In today’s conditions and at the current speed of
digital technologies development, blockchain as an
independent unit of scientific and technical progress is
gradually going beyond the financial market framework
and the cryptocurrency sphere.

information about all transactions of participants in the
system in the form of a chain of blocks. Every blockchain
user has an access to the registry. They all act as a
collective notary who confirms the information in the
database. The general scheme of this technology is shown
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Blockchain is a distributed database that stores in fig. 1.
L . N
Initiate the transaction
¢ Multiple parties transact
 All transactions are recorded, including the transaction’s date, time, parties, and
amount wants to do a transaction
1 Y
. N
Post and record the transaction to the network
* The transaction is added in order into a network’s ‘block’ and presented
e Entries can be added but not deleted
2 ¢ Each node in the network owns a full copy of the ledger )
Broadcast R
* The ‘block’ is broadcast to every party and their nodes in the network
® The network of computer nodes verify and, validate by running a software that
continuously replicates the ledger
3 Y
Validate via consensus and confirm )
* The network verifies, validates, and approves; the confirmation is broadcast to the
other nodes
¢ Consensus (agreed mathematical mechanism) is recorded and provides the basis for
4 the trust mechanism )
Immutable, encrypted block )
¢ The confirmed block is added in a linear and chronological order to the chain
* This provides a transparent record of transactions, audit trail, and traceable digital
fingerprint
5 ¢ Data is pervasive and persistent and creates a reliable transaction record )
~
Transaction completed
* Nodes have access to a shared single source of truth
6 ¢ A completed block gives way to the next block in the blockchain
_J

Fig. 1. The general scheme of blockchain technology work (KPMG) [10]

Thus, blockchain is characterized by the following
specific features:

- the blockchain is digitally distributed among
multiple computers in almost real-time mode: it is
decentralized, and a copy of all records is available to all
users and participants of the peer-to-peer network, which
eliminates the need to have centralized authorized bodies,
such as banks, as well as trust intermediaries, such as
brokerage firms;

- to achieve consensus, the blockchain attracts many
network participants whose computers are used to
authenticate and test each new block (for example, to
ensure that a single transaction does not take place several
times), and new blocks are accepted by the network if
most of them agree with their admissibility its members;

- the blockchain uses cryptography and digital
signatures to verify identity: transactions can be traced to
cryptographic identification data obtained theoretically
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anonymously, but can also be attached to real
identification data after a certain engineering analysis;

-the blockchain has mechanisms that make it
difficult (but not impossible) to change historical records:
even though the blockchain allows you to read all the data
and add new ones, those records that already exist cannot
theoretically be corrected, unless the embedded protocol
rules allow changes (for example, if more than 50 % of
network members agree on this);

-a time stamp is added to blockchain-based
transactions, which makes it easy to track and verify
information;

- the blockchain is programmed: the instructions
embedded in the blocks allow performing transactions or
other actions only under certain conditions and can be
accompanied by additional digital data [11].

Smart contracts is one of the blockchain applications,
which is the most attractive in the fight against corruption.
A smart contract is a computer program with a
predetermined and irreversible action that is automatically
executed under certain conditions. This is an agreement
between two parties, which is stored on the blockchain.
Smart contracts allow you to automate payments and
transfers of currency or other assets under the agreed
terms. As soon as a condition is set in a reasonable
contract, it is executed automatically and the assets (for
example, cash, digital currency, ownership, data) are
exchanged between the parties to the contract, after which
the transaction is replicated and checked on a block chain.
Smart contracts allow you to swap an asset if third parties
are not aware of the transfer. This makes it possible to
disintegrate the entire legal system and create a new form
of virtual transactions. In fact, being code fragments that
automatically perform actions under given conditions,
smart contracts cannot yet be considered as regular
contracts from a legal point of view. However, they can be
used as evidence of a solution to a particular problem and
numerous industries are exploring the potential
application of such contracts. However, experts see
widespread use of reasonable contracts only in the long
term, because, despite certain attempts to implement them,
this technology is experimental and not yet ripe for the
emergence of the first market products [12; 13].

However, the blockchain has already gained
popularity for working with smart contracts — Ethereum.
Its a platform for creating decentralized online
applications based on blockchain technology. The
Ethereum distributed network based on the blockchain has
all the key advantages of this technology, such as security,
irremovability, protection against corruption, hacker
attacks and other unauthorized actions. Therefore,
besides the fact that Ethereum gives users the opportunity
to conduct any financial transactions with any assets,
without resorting to the services of intermediaries, it also
provides complete reliability of the transaction and
protection against fraud. The main value of the Ethereum
network is that it allows you to create multiple
applications on a single platform, and is able to
decentralize any centralized system. Decentralized
applications can really make a real revolution in almost
every sector of the economy.

It is assumed that many new functions based on
blockchain will arise in the sphere of legal services,
which will have to be supported by modern laws and
institutions. For example, intellectual property rights
that can be publicly accessible through a
distributed register, land cadastre and document
management, public records for voter registration and
census data.

Below are examples of some government initiatives
and pilot projects using blockchain technology in a
number of countries.

Blockchain as a service has become available
through the digital market of the UK government. With
this service, government agencies can experiment, build
and deploy digital services based on distributed registry
technologies. In 2016, the report of the Great Britain
Government Office for Science [14] noted the
benefits of using distributed registry technology in the
public and private sectors. It is believed that the
blockchain can help in areas such as reducing fraud and
corruption,  protecting  critical infrastructure and
registering assets.

Georgia began using the blockchain technology in
the land registry to verify land ownership and verify real
estate transactions. This has created a safe and defenseless
system, increases transparency, reduces costs and prevents
corruption.

Estonia is considered the leading country in adopting
blockchain technology in key areas such as health, voting
and identity management. She has been testing this
technology since 2008 and since 2012 has been actively
using it in various registries. Already, citizens and
residents of Estonia are issued cryptographically protected
digital ID cards, reinforced by the blockchain
infrastructure, which allows access to various state
services. On the blockchain platform, citizens can check
the integrity of records stored in state databases and
control access to them.

Blockchain and smart contracts are closely
monitored by the US regulatory government. In 2016,
Delaware became the first state to implement blockchain
technology. The technology is used to store contracts and
other corporate data in a distributed registry, allowing
companies and agencies to store their documents in
several places. This will ensure their security and will
automate access for voters, shareholders and employees.
The public archives of the state of Delaware will be
among the first to use the blockchain to archive and
encrypt government documents.

The Dubai Economic Development Department
(United Arab Emirates) will fully transfer registration and
licensing of enterprises to the blockchain. Interest in
technology also shows the largest bank in Dubai. Together
with IBM, it is planned to transfer trade and logistics
operations to the blockchain, as well as replace paper
contracts with smart contracts. This will minimize the
participation of officials in government, make its economy
and management more transparent, and therefore create
conditions under which corruption cannot develop, and
citizens can be served as quickly and efficiently as
possible [15].
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The Blockchain government service concept of Italy
is to improve efficiency, security, transparency, and
participation, while giving every government agency the
ability to manage its processes using its own technological
"registry", regardless of the processes and technologies of
any other state entity.

Singapore, Finland, Switzerland and the list of such
countries will only increase in the future.

Ukraine belongs to one of the first countries in the
implementation of the distributed DLT registry
technology. Back in 2015, the decentralized electronic
system of state property auctions E-Auction 3.0 was
launched here. The system is the world's first example of
how a state uses a decentralized system for the
privatization and leasing of state property and licensing.
The memorandum on the implementation of the system
was signed by the governors of several regions with the
Innovation and Development Fund (IDF Reforms Lab).
The founder of the foundation is ex-deputy justice
minister of Georgia Giorgi Vashadze. Today, in E-
Auction 3.0 they plan to join the Deposit Guarantee Fund
for individuals, regional administrations and the State
Committee for Land Relations.

In October 2017, the State Service of Ukraine for
Geodesy, Cartography and Cadastre joined the
development of technology. The blockchain was
introduced for the transactions "Registration of the land
plot" and "Provision of information from the land
cadastre”. The blockchain should exclude the possibility
of substitution of data in the registry and all operations in
the inventory can be tracked online. Transparency
International, a public international organization for the
fight against corruption, and anyone interested will follow
the order of using the technology. All land title documents
will receive their QR code, which will encrypt information
about the owner of the site, the size and location of the
land plot. Technical implementation will provide one of
the world leaders in the field of Blockchain — the BitFury
company.

Moved to blockchain and OpenMarket — a state-
owned enterprise created by the Ministry of Justice for the
sale of seized property. In 2016, the State Property Fund
began selling state-owned property through the electronic
trading system OpenMarket. After the transition to the
blockchain technology, anyone can check the chronology
of actions performed during the auction. The activity of
the auction system OpenMarket also provides BitFury
infrastructure.

The Ministry of Infrastructure of Ukraine is also
planning to introduce blockchain. Infrastructure Minister
Volodymyr Yemelyan announced the launch of a large-
scale Blockchain4Ukraine initiative. On the basis of the
technology, it is planned to create a register of investment
objects in the field of infrastructure, transfer the register of
bus routes to technology and launch a national travel
reservation system on its basis. In the future — add air and
rail traffic.

Among the first industries to be transferred to the
blockchain in Ukraine are state registries, housing and
public utilities, social insurance, health care, and
energy [16].

A study by IBM [17] showed a wave of interest
among government organizations around the world with
DLT distributed registry technology. It is noted that the
blockchain can positively affect their activities in many
areas in the near future. However, by interviewing 200
officials from 16 countries, a report from IBM highlighted
a number of barriers to the full implementation of the
blockchain (fig. 2).

Regulatory constraints [N 50%
I 55%
P 50%
Insufficient skills [N 49%
I 48%
Insufficient business case _ 38%

Fig. 2. Obstacles to blockchain implementation for government
organizations (IBM) [17]

Immature technology

Lack of executive buy-in

Lack of cdear ROI

With a special distrust, the blockchain is perceived
by the business. After all, it's business and the private
sector of the economy as a whole that can often be the
basic driving force for everyday use of the
advantages of the DLT distributed database system in
other areas. Although the blockchain by its
definition should inspire confidence, but in reality,
companies raise the issue of trust at every step. This
problem is evidenced by a recent study from PwC [18],
which reflects the results of a survey of 600 leaders from
15 countries (fig. 3).

Regulatory uncertainty [N 48%
Lack of trustamong users [N 45%
Ability to bring network together NN 44%

Separate blockchains not
: A 41%
working together

Intellectual property concerns [N 0%
Inability to scale NG 29%

Audit’compliance concems NN >0%

Fig. 3. Obstacles to blockchain implementation for business
(PwC) [18]

As with any new technology, problems and doubts
exist around the possibility of blockchain to ensure
reliability, speed, security and scalability.
Also, business is worried about the lack of standards and
the potential incompatibility of various
blockchains.

In a company that creates a blockchain for itself,
there will undoubtedly be difficulties with internal use
with the process of restructuring data in the new system
and scaling. And yet, the company can independently set
the rules and monitor their compliance with the
blockchain, as it does in ERP (Enterprise Resource
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Planning) systems today. However, as noted by PwC
experts, building a blockchain only for their own needs, an
enterprise cannot fully realize all the benefits that can be
obtained by investing in a blockchain. After all, this
technology is really revealed only when various market
participants use it to create a single platform. If a third
party is involved in the blockchain alone, it will be
impossible to establish the rules.

Conclusions

According to the results of the study, the
technologies of the distributed DLT registry have a
significant development potential for the future of the
digital economy.

Relatively new distributed registry / blockchain
technology — the data structure, allows to create a digital
transactions register and share them within a distributed
network of devices. Through the use of cryptography,
each member of the network manages the register without
centralized administration, provides an unprecedented
level of integrity, security and reliability of information,
reducing the risks associated with the existence of a single

point of failure. This eliminates the need for
intermediaries, reduces bureaucracy, reduces the level of
corruption and ensures transparency in the provision of
public services in the private sector. It also allows tracking
transactions. Blockchain can be applied in practice in the
following areas: state registers, financial and legal
operations, logistics, voting, copyright, medicine, etc.

Despite the potential of technology, there is a certain
number of barriers for its full implementation in the public
and private sector, requiring further consideration by
experts. At the level of governmental organizations, this is
regulatory restrictions, immaturity of technology, lack of
support from performers, insufficient level of technology
skills, lack of understanding of the process of investment
return, and a small number of successfully implemented
projects. For representatives of the business environment,
the obstacles to the use of technology are regulatory
uncertainty, lack of trust, openness of personal
data due to the possibility of network unification,
technical impossibility for different chain of blocks to
work  together, intellectual  property  problems,
impossibility of scaling, and problems with auditing /
compliance.
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TEXHOJIOI'Ti BJIOKYEWH SIK IHHOBAIIMHUI ICHTPYMEHT LIU®POBOI
EKOHOMIKH: CYTHICTH TEXHOJIOI'Ti, CBITOBUM JOCBIJ TA TIPOBJIEMHA
BITPOBAI’KEHHSA

IIpeqMeToM IOCTI/DKEHHS B CTAaTTi € OOIPYHTYBaHHS IPOOJEM Ta MEPCHEeKTHB BIPOBA/UKEHHS TEXHOJIOTIH PO3MOAITIEHHX PEECTpiB
DLT / GnokdyeitH B AepKaBHOMY Ta NPUBATHOMY CEKTOpI K Cyd4acHOTO IHCTpYMEHTy HU(pPOBOI exoHOMikd. Mera poboTH —
OOIPYHTYBaHHS HAyKOBO-METOAWYHHMX 3acal BIIPOBALKCHHS TEXHOJOTIH po3moaireHux peectpiB DLT / Omokueiin. B crarti
BHPILIYIOTHCSI HACTYITHI 3aBJAHHS: PO3MIIIHYTO HMOHATTS TEXHOJIOTII po3noxineHoro peectpy DLT 3a pamkamu GiiokdeiHa; moaHO
BuIU posnoaiieHux peectpiB DLT y Burisiai kinacugikamii 3 BHOKPEMIICHHSIM OCOOJUBOCTEH Ta MOXKJIMBOCTEH NpPH 3aCTOCYBaHHI
KO>KHOTO BHJTy; OTIMCAHO 3arajibHy CXeMy POOOTH Ta CHCTEMAaTH30BaHO crenr(idHi 0COOIUBOCTI TEXHOJOT] OIIOKUYCITH; BUOKPEMIICHO
ocoOuMBOCTI Ta cdepH 3acTOCYBaHHS pPO3YMHUX KOHTPAkKTiB (CMapT-KOHTPAaKTiB), 3aCHOBAaHMX HA TEXHOJIOTil OJOKYEHH;
MIPOAHATI30BaHO MIXKHAPOJHUH JOCBIA YPAAOBHX IHILIATHB Ta IUJIOTHUX IPOEKTIB 13 BUKOPUCTaHHSIM TEXHOJIOTII OJIOKYEHH;
IIPOBEICHO aHaJi3 BITYM3HSHOTO JOCBITY MPAaKTHYHOTO BIIPOBAPKEHHS TEXHOJIOTIH OJIOKYEHH B Iep)KaBHOMY Ta IPUBATHOMY CEKTOP1
Ta BUJUICHI MEPCHEKTUBHI chepu s MalOyTHBOTO 3aCTOCYBaHHS TEXHOJIOTIH posmozineHoro peectpy DLT; 3a pesymbraramu
JOCTIIKEHbh MDKHAPOIHUX aHAIITHYHUX areHIlii CHCTEMAaTH30BaHO MIEPEIIKOIN BIIPOBAIKEHHS TEXHOJIOT1H OJOKYEHH B IePKaBHOMY
Ta IPUBATHOMY CEKTOPi. BUKOPHUCTOBYIOTHCS TaKi METOAM: aOCTPAKTHO-JIOTIYHUI aHaji3, TEOPESTUUHOIO y3arajJbHEHHS, CHCTEMHOIO
Ta CTATUCTUYHOTO aHamizy. OTpHMMaHO HACTYNHI Pe3yJbTATH: PO3KPUTO IMOHATTSA TEXHOJIOTIH po3mnoaiuteHux peectpie DLT /
OJIOKUEHH. 3a JOCTYIHICTIO CUCTEMH BUIUIEHO BigKpHTi, mpuBaTHi 1 ¢peneparuBHi DLT. [lo cneun¢ivHnX 0coOIMBOCTEH TEXHOIOTIH
posmnoxineHux peectpiB DLT / 610Kk4eiiH BiTHECEHO IEHTPAIi30BaHICTh, 3aJyUeHHS BEINUKOi KiTBKOCTI YYaCHHKIB IJISI JOCSTHEHHS
KOHCEHCYCY, BUKOPUCTaHHs Kpunrorpadii Ta nudpoBUX MiANKHCIB, Maike HEMOXJIMBA 3MiHA XPOHOJOTIYHUX 3aIHCIB, 3PYUHICTH
BIZICTeXKEHHSI Ta MepeBipKy iHpopMarii, MOKIUBICTh IPOrpaMmyBaHHs. J{oCiiPKeHO MDKHAPOAHUI TOCBiZ BUKOPHCTAHHS TEXHOJIOTIN
OnokyeilH B Takux KpaiHax sk BemukoOpuranis, I'pysis, Ectonis, CIIA, O6’exnani Apabcbki Emipatn, Itamis. Posriasayro
MIPUKIIaJN MMPAKTUIHOTO BIPOBAKEHHs TexHoJOrii peecTpiB DLT / Gnokueitn B Ykpaini. [0 OCHOBHHX INEPEIIKOA BIIPOBAKEHHS
posnoinenux peectpiB DLT / OnmokdediH B myOiYHOMY CEKTOpI BiJHECEHO PEryJISATOPHI OOMEKEHHS Ta HE3PLIICTh TEXHOJIOTII.
Bu3HaueHO mepemKkony BOPOBADKEHHA OJIOKYEHH TEXHOJOTIH y NPUBATHOMY ceKTopi. BHCHOBKM: JOBEOEHO, IO TEXHOJOTIl
posnoxineHoro peectpy DLT MaroTh 3HaYHMI HOTEHIam PO3BUTKY A MailOyTHROTO IHdpoBoi ekoHOMikH. He 3Baxkarouum Ha 1€,
iCHy€ TIeBHA KiJIbKICTh Oap’epiB Ui TMOBHOI[IHHOTO X 3aCTOCYBaHHS B JEP)KaBHOMY Ta IMPHUBATHOMY CEKTOpi, IIO MOTpedye
MOJAIBIIOr0 BUBUYEHHS €KCIIePTaMHU.

KunrouoBi ciioBa: TexHOJOTIT PO3MOJIICHUX pPeecTpiB; BHAM po3noxaineHnx peectpiB DLT; Gnok4eiiH; po3yMHI KOHTPAKTH
(cMapT-KOHTpAaKTH); crielididHi 0COOIMBOCTI TEXHOJOTIH po3noaiaeHux peectpis DLT.

TEXHOJIOI'Mn BJIOKYENH KAK MHHOBAIIMOHHbIN WHCTPYMEHT
OUPOPOBOU SKOHOMUKHU: CYIIHOCTb TEXHOJIOI'MW, MUPOBOMU OIIBIT "
ITPOBJIEMbBI BHEJIPEHUA

IIpenMeToM ¥cclieOBaHHS B CTaThe SIBISIETCS OOOCHOBaHME NMPOOJIEM M MEPCICKTUB BHEAPCHUsS TEXHOJOTMH PacIpeieeHHBIX
peectpoB DLT / 6rokueiiH B rocyJapcTBEHHOM M 4aCTHOM CEKTOPE KaK COBPEMEHHOI'0 MHCTpyMeHTa 1udpoBoii sxoHoMukHU. Llean
paboThl — 00OCHOBAHHE HAYYHO-METOAMYCCKUX OCHOB BHEAPEHHUS TEXHOJIOTHH pacmpeneincHHbIXx peectpoB DLT / Grnokueitn. B
CTaThe PEIIaoTCs CIEAYIOLIE 3aa4l: PACCMOTPEHBI NOHATHSA TEXHOJIOTHH pacipeaeneHHoro peectpa DLT 3a pamkamu 010K4eiiHa;
MIpeJICTaBIICHBI BUIBI pacipeaeiaeHHbIX peectpoB DLT B BuIe KilaccupUKanuy ¢ BBIAEICHHEM 0COOCHHOCTEH M BO3MOXKHOCTEH mpH
MPUMEHEHHH KaXXIOTO BHJA; OMKCaHa o0Imas cxemMa paboThl M CHCTEMATH3UPOBAHBI CHENU(UIECKHE OCOOCHHOCTH TEXHOJOTHU
OJIOKUEHH; BBIACTICHBI OCOOCHHOCTH M 00JIACTH MPUMEHEHUs] YMHBIX KOHTPAKTOB (CMapT-KOHTPAKTOB), OCHOBAHHBIX Ha TEXHOJIOTHH
OJIOKUEHH; MPOaHATH3UPOBAH MEKIYHAPOIHBIA OMBIT MPABUTEIbCTBEHHBIX WHUIUATHB W MWJIOTHBIX MPOEKTOB C WCIIOJIE30BAHUEM
TEXHOJIOTHH OJIOKYelH; TNPOBEJCH aHalN3 OTCYSCTBEHHOTO OIBITA MPAKTHYECKOr0 BHEAPEHHs TEXHOJOTHH OJIOKYeHH B
TOCYIapCTBCHHOM M YAaCTHOM CEKTOpPE U BBIACIACHBI TMEPCIEKTHBHBIC chepbl I OyaylIero MNPUMEHEHHsS TEXHOJOTHi
pacnpeneneaHoro peectpa DLT; mo pe3ynbprataMm HCCACAOBAaHMA MEXIYHAPOJHBIX aHATUTHUYECKHUX arcHTCTB CHCTEMATH3UPOBAHBI
OPEISTCTBUS BHEAPEHUS TEXHOJIOTHH ONOKYeHH B rocyJapCTBEHHOM M YaCTHOM cekTope. Vcmonmb3yroTcsl cienyrolie MeTOABI:
a0CTPaKTHO-JIOTUUECKUI aHAIU3, TEOPETUUECKOTO OOOOIIEHHUs, CHCTEMHOTO M CTaTHCTHYECKOro aHaim3a. [lomydeHsl ciemyomine
Pe3yabTaThl: PACKPHITO TOHITHE TEXHOJOTHUH pacrpeneleHHBIX peecTpoB DLT / OmokueifH. B 3aBHCHMOCTH OT ITOCTYIMHOCTH
CHCTEMBI BBIJEIICHO OTKpHITHIE, YacTHbIe U (emeparuBHble DLT. K cnenmupudeckum 0COOEHHOCTSIM TEXHOJOTHH pacHpeIeeHHbIX
peectpoB DLT / Onok4eiiH OTHECEHBI IEHTPAITN30BAHHOCTH, MPUBJIEYEHHE OOJBIIOTO KOJWYECTBA YYACTHHKOB JUIS JOCTHKECHUS
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KOHCEHCYCa, HCIIO0JIb30BaHUE KPUNTOTrpaduu U MU(POBHIX MOJNUCEH, TOUYTH HEBO3MOXKHOE N3MEHEHHE XPOHOJIOTHIECKHUX 3aIHCeH,
yIOOCTBO OTCIEXUBAHHS M IPOBEPKH HH(OpPMAINH, BO3MOXKHOCTh HPOrPAMMHpPOBAaHHA. lIcciaemoBaH MEKTyHAapOIHBIH OMBIT
HCTIOB30BAaHMS TEXHOJIOTHIT OJIOKYEeHH B TaKUX cTpaHax kak BemmkoOpuranus, ['pysus, Ocronus, CLIA, O6bennHeHHbIe Apabckue
Owmupatel, Utanusa. PaccMOTpeHBl MPUMEPHI MPAKTHUECKOTO BHEAPCHUS TexXHOOTHH peectpoB DLT / Gmokueiin B Ykpawmue. K
OCHOBHBIM MPEIATCTBUAM Ul BHEIOPEHHs pacnpeneneHHbix peectpoB DLT / Onok4eilH B myONMYHOM CEKTOpPE OTHECCHBI
PETYIATOPHBIE OTPAaHUYEHUS U HE3PEeNoCTh TeXHoMoruu. OmnpeneneHsl NPensTCTBUS BHEAPEHUs OTOKUEHH TEXHONOTHH B YaCTHOM
cexkTope. BbIBOABI 10Ka3aHO, YTO TEXHOJOTUM pacnpeaeneHHoro peectpa DLT umeroT 3HauMTENbHBIM NOTEHUMAN PAa3BUTHA Ul
Oymymero nudpoBoi 3KOHOMUKH. HecMOTpsi Ha 3TO, CyIIECTBYeT OIpeleleHHOE KOJIMYEeCTBO OaphepoB AN IOJTHOLEHHOTO HX
IIPUMEHEHHs B TOCYIapCTBEHHOM M YaCTHOM CEKTOpE, UTO TpeOyeT JaJbHEeHIIero N3yIeHNs SKCIIePTaMHL.

KnioueBble cji0Ba: TEXHOJIOTHH paclpelelIeHHBIX pPeecTpOB; BHIBI pachpeneneHHbIX peectpoB DLT; GnokdeifH; ymHBIE
KOHTPAKTBI; Crienn(puIecKre 0COOCHHOCTH TEXHOIOTHI pacnpeeneHHbIx peecTpoB DLT.
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WH®OJIOT MYECKOE OBECIIEYEHUE NTH®OPMAIIMOHHOM TEXHOJIOTI' MU
YHPABJIEHUA JTUCTAHIIMOHHBIM OBPA3OBAHUEM

IIpeaMeToM HcCClIeIOBaHUS B CTAaThe SBISICTCS PAa3BUTHE MOJEIeH OpraHu3alldd M YOPaBICHUS CJIOKHOM OpraHHU3aIllMOHHOMN
CHUCTEMOH Ha MpHUMEpEe OpraHu3ali M YIPaBJICHUS MPOIECCOM AUCTAHIMOHHOTO oOpa3oBanus. Llesb padoTbl — co3maHue
Habopa Mojenel, KOTOpbhIC IO3BOJISAT OTOOPa3uTh B3aMMOJCHCTBHE MEXKOYy CyObeKTaMH O00pa30BaTeIbHOIO IIpoliecca B
JUCTAaHIMOHHOM OOYYEHHH, a TakKe MEeXAY cyObeKTaMH U 00BEKTaMU 3TOro IMpolecca. B cTaThe pemiarorcs cieayromye 3agayum:
pa3paboTka KOHICTIMA WHOOPMAIIMOHHOW TEXHOJIOTUH OpPTaHW3allid W YIpPaBJICHHS TUCTAHIIMOHHBIM OOYYCHHEM, CO3JaHue
MH(OJIOTUIECKOTO obecredeHUs (MOJIENb COIMATBHOTO 3aKa3a K JUCTAaHIMOHHOMY OOYYEHUIO, MYJbTHATCHTHYIO MOJICIb, MOJIEIb
JKH3HEHHOTO IMKJIAa CHCTEMbI 3HAaHHHA 00y4aeMOro, MOJENb HAaXOXJICHHS ONTHMAILHOW TEPHOJUYHOCTH Ipolecca OOydeHHUs ¢

BBIHY)KICHHBIMH  IIepephIBaMH);  pa3pa0dOoTKa  KOHIENTyalbHOH  Monenn jmaHHBIX  (cxema BJI) 1 moanepikku
MHOOPMAIIIOHHO-PECYPCHOM ~ MOJIENH; BRIpAaOOTKa  MPAKTUYECKUX  PEKOMEHAALUWH 10  YIydIIeHHI0  HH()OPMalUOHHBIX
CHCTeM OpraHM3alMd W  YOPaBICHUS  AWCTAaHUHOHHOW  (OpMOH  oOydeHHs B CHCTEMe BBICIIEr0  OOpa30BaHUsL.

IMonyyensl cheayioupe pe3yiabTAThl: MMPOAHATU3UPOBAHA AKTYyalbHOCTh HAayYHOW 3amadyH, CYIIHOCTh KOTOPOW 3aKio4YaeTcs B
MOBBIICHHH 3()(GEKTUBHOCTH (PYHKIHOHUPOBAHHS CIIOXKHBIX OPraHU3a[HOHHBIX CHCTEM HCIOJIB3YIOUIUX CTPYKTYPHUPOBAaHHBIE
HH(QOpPMAIMOHHBIE  PECypChl, peaju30BaHHbIE B BUAe IUIaTGOpM  JUCTAaHIMOHHOTO OOy4YeHHs; IIOCTpOEHa MOJEINb
COIMAIFHOTO 3aKa3a K JAWUCTAHIMOHHOMY OOYYEHHIO; IIOCTPOEHA MYJIbTHATeHTHAsh MOJEINb; IOCTPOEHa MOJENb KU3HEHHOTO LUKJIA
CHCTEMBl 3HaHHH 00yJaeMoro; IOCTpOEHa MOJETb HaXOXKACHUS ONTHMAJIbHOH IEpHOAMYHOCTH THporecca OOydeHus C
BBIHY)KICHHBIMH IIepEePhIBAMH; ITIOCTPOEHA KOHIENTYAJIbHAsT MOJEIN JaHHBIX JUIS MOJJIEPIKKH MHHDOPMAIIMOHHO-PECYPCHOH MOJIEIH.
BoiBoabl:  IlocTpoeHHass ~ MyJbTHAareHTHas ~ MOJENb  IWCTaHUHOHHOW  (GopMbel  oOpa3oBaHus  mo3BoisieT — Oonee
MOJIHO OTOOPa3UTh B3aUMOJCHCTBHE MEXIy areHTamH (CyObeKkTamMu) 00pa3oBaTENbHOIO IMpolecca, W OBbITh HCIOJIb30BAaHO
B KauecTBe HH(POJIOTHIECKOT0o obecredeHus nHGOPMAIIMOHHON TeXHOJIOTHH. Pa3spaboTaHHas cxeMa 0a3bl TaHHBIX IMO3BOJIIET XPAaHHUTh
BCIO HEOOXOomuMyl0 HWHGOPMAIMIO [UIs YIOPaBIEHHsS IMPOILECCOM AWCTAHIHOHHOTO OOy4YeHUss W MAaHHUITYIHPOBaTh ITOM
nHpopmarmei.

KnroueBbie ciioBa: nH(opMaIMoHHas TEXHOJIOTHS; MYJIBTHATEHTHAs MOJENb; WH(OpPMAaIMOHHbIE CHCTEMBl; 0a3a NaHHBIX;
JMCTaHIIMOHHAs (popMa 00yUeHMs; )KU3HEHHOTO IIMKJIA CHCTEMBI 3HaHHI 00yJ4aemMoro.

Brenenne AHAaIu3 NpodJeMbl U CYIeCTBYIOLIHMX METO10B

Opranuzauuss M YHOpaBl€HUS JIUCTAHLMOHHBIM B pabore [2,3] ObUIM WCCIEIOBAHBI CHUCTEMBI
oOpazoBaHMeM — 3TO  TIPOLECC, CBA3AaHHBIA C  JUCTAaHIMOHHOTO OOydeHMs: obecredeHue 3(QHEKTHBHOTO
NPUHATHEM  CJIIOKHBIX  YIPaBIEHUYECKHX  PEIICHHH.  HCHOJIB30BaHUS MH(OPMAIMOHHOTO pecypca CBS3aHO CO
JucraniionHoe  o0Opa3oBaHHe  SIBISETCS  CIOKHOH ~ MHOTMMH IPOTHBOPEYMBBIMH TPEOOBAHUSIMH, KOTOpBIE
OpPTraHM3aIIOHHOW CHCTeMOH, (QYHKIMOHHMPYIOIIEH B  JIe)KaT B OCHOBE HAYYHOW 3ajaud, CYIIHOCTb KOTOPOH
OKpYXEHHH  JpPYyrUX  OPraHM3alMOHHBIX  CHUCTEM.  3aKJIlodaeTcsi pa3paboTke MH(OPMANMOHHOW TEXHOJIOTHH
OTtob6paxeHus B3aMMOJIEHCTBUS ITHX CHUCTEM  CTPYKTYPUpPOBaHHUS HH(GOPMAIMOHHOTO pecypca Ipu
HE00X0IUMO JUIs HOHUMAaHHUSA CIOXMBIIEHCA  CO3MaHMM MEPCHEKTHBHBIX W  yCOBEPIICHCTBOBAHHU
CHUTyalluM  JIMIaMH,  NPUHUMAIOIMIMMH  PELICHHA.  CYIIECTBYIOIIMX CHCTEM JHCTAaHIMOHHOTO OOYy4YEeHHsS
OT NpaBWIBHOCTH U ONEPATHBHOCTH IPUHATHIX PEIICHHH  pa3HOOOpas3sHBIX y4eOHbBIX 3aBefeHHH. Takum oOpas3om, B
3aBHCUT 3¢ dEKTHBHOCTD (YHKIMOHMPOBAHUSI  HACTOSILEE BPEMsi CYIIECTBYET HEOOXOIUMOCTh PEIleHHUs
paccmaTpuBaeMoin OpraHu3alMOHHON CUCTEMBl.  aKTyaJIbHOM Hay4yHOH 3ajauyd, CyLIHOCTb KOTOpOM
ABTOpBI B KauecTBE TaKOW OpraHU3allMOHHON CHCTEMbl  3aKiiodaeTcs B pa3paboTke  MH(OPMALMOHHOTO
BBIOpaJIM  JIeKaHaT  JUCTAaHOIMOHHOTO  0Opa3oBaHMsA  IOBBIMICHUS 3¢ PeKTUBHOCTH (YHKIIMOHMPOBAHHMS
BY3a. CUCTEMBI, OCHOBaHHOMU Ha CTPYKTYPHPOBAaHUU

CoBpemeHHBIE HCCIIEAOBaHUS B chepax  mH(POPMALMOHHOTO pecypcea.
OpraHu3alix u yIpaBJIeHUs JUCTaHIIIOHHBIM B pabore [4] npemioskeHa ycoBepLICHCTBOBaHHAs
00pa3oBaHHMEM  BBIBIIIOT  CJIOXHOCTH, CBSI3aHHBIE  MaTeMaTH4eckas MOJETb NMPEeICTAaBICHUS 3HAHUU B BUIE

KaKk C OTCYTCTBHEM JXHBOI'O KOHTaKTa C O6y‘{aeMBIMI/I,

HEYETKOW CEMAaHTHUYECKOH CEeTH, KOTOopas OTIMYAETCS OT

TaKk M OTCYTCTBUE KOHTaKTa C IPENOJaBaTeIsIMHM  M3BECTHBIX  TEM, YTO  COYETAaeT  IPEUMYIIECTBA
u MEHEIPKEPCKUM COCTaBOM (paboTHHKaMH  CEMaHTHYECKMX  CeTe M BEKTOPHO-MaTPHUYHOTO
JIEKaHATOB). Haxe OHJIAlH obmieHne HE  IPEJCTaBJICHUSI HEYETKOW JIOTHKHU, YTO IO3BOJISIET BBECTH

BCErIa B COCTOSIHUM TIOJTHOIEHHO 3aMEHUTHh IKUBOM
KOHTaKT MEXKAy I[pernojaBaTelieM W 00ydacMbIM.
B  Hacrosimiee  BpemMsi  WIET  aKTUBHBIM ~ IOHCK
pemreHuss gaHHOW mpoOiemsl [1]. JlamHas mpoGiema
MPUBOJUT K HEOJHO3HAYHOCTH (JJa’Ke IPOTUBOPEIUBOCTH)
B BBIPa0OTKE  KPUTCPUCB  OICHUBAHHWSA  3HAHWUH,
a TakkKe K 3aTpyAHEHUSIM B NpOLECCe YIpaBICHUS
o0y4eHHEM.

JIOTUYECKHUE onepanuu 0e3 MIPOU3BOJILHBIX
npenanoyioxkeHu. Jloruueckue onepauuy Haj HEUETKUMHU
[IEPEMEHHBIMU OIMCBHIBAIOTCS TEMU KE TEH30paMU, 4TO U
B OOBIYHOW JIOTHKe. Bomnbimoe yao0CTBO BEKTOPHOTO
MPEACTAaBICHUS COCTOMT B TOM, YTO OIEpallMd Hal
JIOTHYECKUMH TIEPEMEHHBIMU MOTYT OBITH IPEICTABICHBI
B MarpuuyHoM  Buzae.  [IpeasiokeHHBIM  MOAXO0.]
mpeoOpa3oBaHUsl HEYETKOWM CEMAHTUYECKOW CeTH Ha

© M. A. Omapos, B. X. Mypanosa, 2018
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OCHOBE HCIOJIB30BAHUS 3JIEMECHTAPHBIX CEMaHTHYECKHUX
ceTeld TMO3BOJIMI 3aBEpPIIUTh 3a7ady MaTeMaTH4eCKOU
¢dopmamm3arn  N-apHOW  HEOTHOPOAHON  HEYETKOI
CEeMaHTHUYECKOU cetH [4].

B pabore [5,6] chopmynupoBaHa M BBINOJHEHA

Hay4YHO-TIpaKTHUYECKas 3aja4ya pa3paboTku
nHpopManoOHHOH TEXHOJIOTUH MOHUTOPHHIA
JUCTAHIIMOHHOTO O0O0yd4eHUs MO JaHHBIM CETEBOTO

Tpaduka. Ilomyuymna panpHEWIee pa3BUTHE CHUCTEMaA
KPUTEPHEB OIIEHKH KauecTBa MpoIlecca MUCTAHIIMOHHOTO
00ydYeHHs 3a CUET PACHIMPEHHUS MHOMKECTBA IOKa3aTeeit
MTUHAMAYECKHUMH  XapaKTepPHUCTUKAMH. Paspaborana
CHCTeMa MOHHTOPWHTA IWUCTAHIMOHHOTO OOY4YeHHS B

peKHME OHJAH 10 JaHHBIM CETeBOro Tpaduka,
HCIIOJIb30BaHUE KOTOpOit M03BOJISIET ToJy4aTh
3HAUEHUS KPUTEPUEB M  XapPaKTEPUCTHK JUHAMHUKH

O6y‘leHI/IH Ha pas3HbIX C€ro JTallaXx W Ha HX OCHOBE
BHOCHTh KOPPEKTUPOBKM B IUlaH OOydeHHs Juis
yiny4ylieHuss  pesyibTatoB. g pemieHus  3ajauu
M3MEPEHUST XapaKTEPUCTHK AUCTAHIIMOHHOIO OOyYeHHS
MPeUIO’KEHO ~ MPUMEHEHWEe  MEeTOoJa  MOHHTOpPHWHTA
ceTeBOro Tpaduka, KOTOPHIH pealn30BaH C MOMOIIBIO
TEXHOJIOTUHU " AKTUBHBIX cereit", KoTOpas
mpeaycMaTpuBaeT 00pabOTKYy TaHHBIX HETOCPEICTBECHHO
B y3JIaX CETH.

Hensio naHHO#i cTaThbU sBIACTCA pa3paboOTKa
KOHICIIIUU I/IH(bOpM&L[HOHHOﬁ TEXHOJIOTUN OpraHu3anuvun
)44 YIipaBJICHUA JUCTAHIIMOHHBIM 06yqu1/IeM,
co3manue uHposornyeckoro obecreueHuss  (MOAENb
COLMAJIBHOTO 3aKasa K JUCTAHITHOHHOMY
00yUeHHto, HH(OPMALMOHHO-PECYPCHYIO MOJEITb,
MYJBTHATCHTHYIO MOJETh); pa3paboTka KOHIENTYalbHOH

Mojenu  JaHHBIX (cxemy BJI) s momnepikkn
nH(pOpMaMOHHO-PECYPCHOM MOJIETIH; BBIpa0OTKa
MPaKTHYECKUX peKOMeHIAINH o YIY4IICHUIO

HH()OPMAIMOHHBIX CHCTEM OpPraHU3aldd U YIpPaBICHHS
JIUCTAHIIUOHHOW (OpMOI OOyUYSHHSI B CUCTEME BBICILIETO
obOpazoBaHusl.

Pemienue 3agaun

IToctpouM Mozenb, B KOTOPOH IPOMOAECIHPYEM
B3aUMO/ICHCTBUE YETHIPEX BHJOB aKTUBHBIX arcHTOB -
npernojaBaTeib, THIOTOP, OOy4aeMblid, aJMHHUCTpPALHs
[7].

3ajaguM  CTPYKTYpbl ~ areHTOB  CIIEAYIOLIMMH
KapTexamu:  npenogasarens (1),  mpencraBHTeNb
agMuHKCTpanni (2), crynenr (3), TeioTop (4).

AgTeacher = {l,i, Vyme Time [K], Control}; (1)
AgAdministration = {Time [k], Control, J (i), Ball [i]}; (2)
AgStudents = {Time [k], Control, J (i), Ball [i]}; (3)
AgTutor = {lyi, Vyme Time [K], Control}. 4)

CTpyKTYpHI 3THX areHTOB OYAYT MCIIOJIb30BaHEI IIPH
pa3paboTKke MOAENH MAHHBIX WHPOPMALMOHHBIX CHUCTEM
YIpaBJICHUS TUCTAHIIHOHHBIM O0yYICHHEM.

Hdns  xpanenuss wu  o0Opabotku  uHDOpMAIUH
HE00X0IUMOH TS HHGOPMATMOHHON CHCTEMBI
OpraHu3aIux u yIpaBJIeHUs JUCTaHIIIOHHBIM

oOpa3oBaHmeM Ha  YpoOBHE  JEKaHaTa, KOTOpas
OCHOBBIBaeTCS Ha TMpemaraeMord  HH()OpPMAIMOHHON
TEXHOJIOTHH, BOCIIOJIB3YEMCSI TEXHOJOTHEH PEeISIIMOHHBIX
0a3 TaHHBIX.

Teachers Administrations
> Ipi —»| Time (K] |t
™ VWmk | Control ]
*| Time [k [ > J()
Control e Ball [i
Tubors Students
= l\gyimk L Time [K] i
Ll Time[ e ] 3"(3"0' <
Cntrol < Ball i

Puc. 1. Mynsruareataas mozaens 10O

rae |y noTox mHpopManuy oT npenonaBatens; Vym, — yueOHble
IUIaHBI ¥ TpaMKH JICKIHOHHBIX, IPAKTHYCCKHUX U
71abopaTOpHBIX 3aHsATHIA Ha cemectp; Time [K]- Bpems Hawano k-
o MUK ayauTOpHBIX 3austuit, k=1...3; Control — undopmarus
0 BpeMEeHHM IIpoBeeHus U Buje KouTpois; J (i) — Madopmanms o
HAKOIUICHHBIX 3HAHUSX i-ro arenta; Ball [i] — onenka i-ro
00y4aeMoro.

Paccmotpum mporiecc GopMupoBaHHs (pparMeHTa
CTPYKTYpbl ~ 0a3bpl  JaHHBIX,  HEOOXOOUMOW  JyIs
IIPOrpaMMHON  pealu3aliy MYJIBTHAar€HTHOM MOJENH
ADO. Kaxnomy areHty mopnenu (puc.l) mocraBum B
COOTBETCTBHE Tabnuily Oa3bl MAaHHBIX (OTHOIICHHE).
OnycTuM MpollecC HOPMAIM3ALUN OTHOIIEHUH U Oynem
paccmarpuBarh (parMeHT CTPYKTYphl 0a3bl JaHHBIX yXKe
MpUBEJICHHOU K 3-eil HopMaibHOU Gopme [8-10].

Arenty AgTeacher moctaBuM B COOTBETCTBHE

tabmuiy — Teachers, koTopas HWMeeT CICAYHOLIYIO
CTPYKTYpY:
-ID_Teacher — wuAeHTH)UKAIMOHHBIA  HOMEP

TPETo/IaBaTelis, IePBUYHBIH KITFOY;

- Surname — Qamunust npenoiaBaTens;

- Name — ums nipenoaBartess;

- Patronymic — ot4ecTBo miperoaBarens;

- E-mail — agpecc snekTpoHHO# MOUTHI;

- Skype — Skype-anpec npenoaBareis;

- Phone — nomep Tenedona.

Arenty AgTUtor moctaBUM B COOTBETCTBHE TAOIHUILY
Tutors, kKoTopasi HIMeeT CIEIYIOIIYI0 CTPYKTYPY:

- ID_Tutor — nreHTnUKaIMOHHBIA HOMEp THIOTODA,
NEePBUYHbIHA KITHOY;

- momst Surname, Name, Patronymic, E-mail, Skype,
Phone — HecyT Ty ke CeMaHTHKY, YTO M OIHOWMEHHBIC
o B Tabimne Teachers;

-Admin_ID -
COTpY/IHMKa [eKaHaTa,
TBIOTOPA, BHELTHUM KIIFOU.

Arenty AgAdministration mocraBuM B COOTBETCTBHE
tabmuiy Administrations, koTopas HMeeT CIEIYHOLIYIO
CTPYKTYpY:

-ID_Admin -  uneHTH)HUKAIMOHHBIN
COTpYAHHKA JIeKaHaTa, IIEPBUYHBIN KITFOY;

WIeHTU(UKALMOHHBI  HOMeEp
KOTOPBIM KypUpYET JaHHOI'O

HOMeEp
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- mosis Surname, Name, Patronymic, E-mail, Skype,
Phone — HecyT Ty ke CEMaHTHKY, YTO M OJXHONMEHHBIC
o B Tabsmmmax Teachers u Tutors;

- Position - momkHOCTH COTpYMHMKA JIEKaHATA.

Arenty AgStudents moctaBUM B COOTBETCTBHUE

tabmuiry  Students, koTtopas MMeeT  CIEIYIOIIYIO
CTPYKTYPY:

- ID_Student —  uaCHTUQUKAIMOHHBIA  HOMEp
oOyuaeMbIiia, IEPBUYHBIN KITHOY;

-mois  Surname, Name, Patronymic, E-mail,
Skype, Phone — Hecyr Ty e CeMaHTHKy, 4TO H

OOHOMMEHHBIE moJiI B Tabmumax Teachers, Tutors u
Administrations;

- Number_of groups — crymenueckas rpymma, K
KOTOPOH MPUHAJICKHUT 00yIaCMBIiA;

- Specialty — cnenuansHOCTS OOyUEHHS.

B COOTBETCTBHHU c OU3HEC-PaBHIOM
JMUCTAHIIMOHHOTO O0pa3oBaHHWss OO0y4YaeMBId H3ydaeT
OJTHOBPEMEHHO HECKOJIbKO JUCIUILINH (OIHY WK Ooee).
Jns  xpaneHus u  o0OpaboTkum  uwHpOpMamuu O
MUCIUIUIMHAX mocTpouM Tabmuiy Discipline, ¢ Takoi

CTPYKTYpOil:

- ID_Discipline — wuIeHTHOUKAIIMOHHBIM HOMEP
JICIUILIMHBL, TEPBUYHBIN KITFOY;
-ID_Teacher — wWIEHTH()UKAIMOHHBIA  HOMEp

MpErnoiaBaTesis, aBTopa AUCIMIUINHBI, BHEITHAN KITIOY;

- Title Discipline — Ha3BaHUE TUCIUIITHHEL.

Hwke mnpuBeneH mpuMep HAMOIHEHUS TaGIHIIBI
Discipline (puc. 2).

| T Teachers | = Relationships | ] Discipline | ] Tutors | T Administrati.. | ] Students

ID_Disciplin ~ 1D_Teacher ~
[+
+!
[+
+

o s ow N ER

3
PO ras '

Puc. 2. [Ipumep nanonxenus tTadnuipl Discipline

Jns peanuzanuu 6usHec-MpaBuia, B COOTBETCTBUU C
KOTOPBIM 00y4YaeMbIi M3y4aeT OJHOBPEMEHHO HECKOJBKO
JNUCIUIUIMH, HEOOXOJUMO TaKkKe YKazaTh JJIs KaKI0ro
00ygaeMoro TBIOTOpA, KOTOPBHIH BeNeT Y MaHHOTO
o0y4aemoro 3ty auciuIiniuHy [8]. ThIoTOp MOXKET BECTH
JUTS JAHHOTO 00y9YaeMOro HECKOJBKO JHUCIUILTUH (HOJBb,
onHy mu 6oxee). [ns storo co3gamum Tabmmiry TDS, co
CIenyIOLIe CTPYKTYpOu:

- ID_TDS — unentudukalMoOHHBI HOMEpP 3alllCH B
tabmune TDS, nepBUYHBIN KITIOY;

| s | 5 Queryt

Title Discipline -

2 Computer Based Office Work

5 History of Economics and Economics Thought

3 Labour Economics & Social Employment Relatio
1 Mathematics for Economical Specialist

4 Regional Economics

6 Foreign Language

- ID_Tutor — nueHTHHUKAIMOHHBIH HOMED THIOTODA,
BHEITHUM KJTIOY,

-ID_Student —  WICHTU(QUKAIMOHHBI  HOMEP
00y4aeMoro, BHELIHU KITIOY;
- ID_Discipline — wuneHTH)UKAIMOHHBIA HOMEp

JVICIUIIIMHBI, BHEITHUN KITIOY.

Hwxe npuBeneH npumep HanoxHeHUS Tadmuisl TDS
(puc. 3).

B Oomee ymoOHOM BHAe naHHas WH(DOpMAIHSL
oTobpakeHa Ha puc. 3.

ID_TDS - Tutors.Sur ~ Students.Su - Title Discipline -
Eqorova Linnik Computer Based Office Work
2 Derkach Moiseyenko History of Economics and Economics Thought
3 Sidorova Nikolayev Labour Economics & Social Employment Relatio
4 Kibalchich  Aliyev Mathematics for Economical Specialist
5 Yavtushenko Ivanko Foreign Language
6 Eqorova Axundov Regional Economics
7 Derkach Aliyev History of Economics and Economics Thought
8 Sidorova Moiseyenko Labour Economics & Social Employment Relatio
9 Kibalchich  Linnik History of Economics and Economics Thought
10 Yavtushenko Axundov Mathematics for Economical Specialist
11 Eqorova Aliyev Labour Economics & Social Employment Relatio
192 Norkach Linnile Lahanur Cranamice 2. Carial Crmmnlrumnant Dalatin
| Record: 1 0f 36

Puc. 3. BeiBox qansbeix u3 tTadaunsl TDS

Wndopmanns, oroOpakeHHas Ha pHUC. 3 SBIAETCS
pE3yNbTaTOM 3alpoca Ha COEIMHEHHE MEXIy TaOnuiaMu

> Mo & No Filte Search

TDS, Tutors, Students u Discipline:

Select ID_TDS, Tutors.Surname, Students.Sername, Discipline.TitleDiscipline
From TDS left join Tutors on TDS.ID_Tutor= Tutors.ID_Tuto
rleft join on TDS.ID_Student=Students.ID_Student
left join Discipline on TDS.ID_ Discipline= Discipline.ID_ Discipline




Cyuachuti cmam Hayko8ux 00CALONCeHb ma mexnoao2it 6 npomuciosocmi. 2018. Ne 4 (6)

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

IIpuBenem ¢parmeHT ©6a3pl  maHHBIX (pUC. 4),
KOTOPBIH TI03BOJISIET MOAIEPKATh yKa3aHHOE
OW3HEC-TIPaBUJIO U ITO3BOJISICT XPaHUTh M 00pabaThIBAThH
JIaHHBIE, COOTBETCTBYIOLIME areHTaM, IPUBEACHHBIM
B MYJIbTUAr€HTHOI MoAeIu AP0 (puc. 1).
Kpome »st1oro, B mpuBeneHHOM (¢parmMente 0a3bl
naHHbIX (puc. 4) mpUCYTCTBYIOT Tabmuupl Subsystems u
Permition.

Tutors

' 1D_Tuter
Surname
Name
Patranymic
E-mail
Skype
Phone
Admin_ID

Teachers

7 1D_Teacher
Surname
Mame
Patronymic
E-mail
Skype
Phone

»

4

Discipline
ID_Discipline
ID Teacher
Title Discipline

TDS
¥ ID_TDS
ID Tutor
ID Student
ID Discipline

Students
# 1D_Student

Surname
Name
Patronymic
Momber of grov
Spedialty
E-mail

3

Administrations
# 10_Admin
Surname
Name
Patronymic
Position
E-mail
Skype

Permition
W ID_Permition
ID_Admin
ID_Subsystem
Status

»

Subsystems
ID Subsystem
Title subsytem

Puc. 4. ®parment cxemsl b/]

Tabmuier Subsystems m Permition mpemHazHaYCHBI
JUIL XpaHEHUsI MpaB JIOCTYyIa COTPYOHMKOB JAEKaHAaTa K
MOZICUCTEMaM CHCTEMBl OpPTraHM3alK | YIPaBICHUA
JUCTAHIIHOHHBIM 00pa30BaHUEM.

@parment cxemsl BJ[  (puc. 4) mo3Bomser
MOJIJIEpKaTh peaqn30BaTh OCHOBHbIE ()YHKIHMOHAJbHbIC
BO3MOKHOCTH HH(GOPMAIIMOHHON CHUCTEMBI IOCTPOECHHON
Ha OCHOBE MOJEIM YCTOMYMBOM JETEPMUHUPOBAHHOMU
CHUCTEMBI JHUCTAHIMOHHOTO oOpa3oBaHus (puc. 5). s
BKJIIOUYCHHS! B WH(OPMAIMOHHYIO CHCTEMY YHPaBJICHHS
JIMCTAaHIIMOHHBIM o0y4eHuem (YHKIIMOHAIBHOCTH,
KOTOpast BO3HUKAET IPH UCTIOJIb30BAHUH MOJEIH CHCTEMBI
JIMCTAaHIIMOHHOTO 00pa30BaHUs C YYETOM CIy4aiHOTO
N3MEHEHHs MOTHBALMKM YYaCTHHUKOB y4eOHOro mpoliecca,
HEOOXOIUMO

BKIIIOYEHHE B 6azy JIaHHBIX
COOTBETCTBYIONIUX OTHOIICHUH (Tabmum) [11].
YPOBEHb 3HAHMI
0 —b t > 2t Bpema

Puc. 5. Mojenb »KU3HEHHOTO IIMKJIa CHCTEMA 3HAHUI
00yJaeMbIX

PaccMoTpuM MoJienb KU3HEHHOTO LIMKJIA CUCTEMBbI
3HaHUil oOydaemoro (puc. 5). OO0y4aeMblii HaKaIrIHMBaeT

a+l
3HaHUs 110 3aKOHY y =t , B MOMCHT t=0 OpoOUCXoauT

KOHTpOJIb. PaccMOTpuM 1Ba BapuaHTa: MEpBbI BapUaHT —
o0y4aeMblii TNpeKkpaliaeT W3y4yarh AUCHHIUIMHY, T.e. Y
Hero HaYMHAETCs YKcTas yTparta 3HaHuH. Bropoit BapuanT
00y4JaeMbIil TMPOJODKACT HAKAIUIMBATh 3HAHUA. OTOT
MPOIIECC CTAHOBUTCS MEHEE WHTCHCUBHBIM, MOTOMY YTO,
HE BCC 3HAHWA, KOTOpbIe  OBLIM,  HAKOIUICHBI
ucnonb3ytotes. [loaTomy B elicTBUe BCTylaeT MEXaHU3M
YTpaThl 3HaHUH, KOTOPBI TOPMO3UT MPOLECC YBEIUUECHUS
o01ero oobeMa 3HaHUI.

N3  mpakTWK¥ ~ W3BECTHO, YTO  OOyJYaeMbId
perynspHo paboTaoUii B TEUCHHE ceMecTpa HaOmpaer
y — ta>l )
OOydJaeMBbIii C aQHAJOTUYHBIMU CIHOCOOHOCTSIMH, HO
MEHBIIIE TOCEMIAI0INIT 3aHATH MOXXET HaOpaTh TOT e
o0beM 3HaHWI K MOMEHTY KOHTpois (K ceccuu). 3a
MEHbIIIee BpeMsi npu Oouee

3HaHWA 10 3aKOHy CTCNEHHOM (yHKIHMH

MHTEHCUBHOM
1
y=t“", Te.

MOMEHTY KOHTPOJII OHH HaOpaiy OJWHAKOBEIH 00BEM
3HAHUH.

CaMOCTOATENbHOM paboTe, HampuMep:

Puc. 6. Mozenp HaX0XXIEHNS ONTHMAIBEHOMN MMEPUOTUIHOCTH
nporecca 00y4eHHUS ¢ BEIHYXK/ICHHBIMHU ITepephIBAMU

HesaBucumo oT pesyibTaTta cecCMM Uil OOOMX
0o0yyaeMbIX MX OCTAaTOYHBIC 3HaHUS OyIoyT yOBIBaTh IO
9KCIIOHEHIIMATLHON 3aBUCUMOCTH (5)

U, =U, - )

n0020MosKa Kk ceccuu OnUmMenbHOCb ceccuu

f(a)-(=1)

noo2omoeka K ceccuu

UC :UOC 1 (6)

rIe Uc — 3TO0 00O0OIIEHHBII IOKa3aTelb HAKOIJIEHHBIX

snanni, U, — MakcuMaibHOE HaKOIUIEHHbIE 3HAaHUSA, t -
F@) -
cnenuduKy oOyueHus (IucTaHIMOHHAs hopma oOydeHus,
3a04yHas, TEXHWYECKHE, TyMaHWTapHbE M  T.JL.).
Takum 00pa3oM TpeUIOKEHHAss MOJENb JKM3HEHHOTO
IUKJa CcUcTeMa 3HaHWH oOydaeMblli M MOJENb
HaXOXJICHUS! ONTHUMAJIBbHOW IEPUOJUYHOCTH IIpolecca
o0ydeHust c BBIHYK/ICHHBIMHU nepepbIBaMu
MO3BOJISIET OpraHW30BaTh Oojiee A(PQPEKTHBHBIA Tpaduk
oOydeHus. UTO MO3BOJISIET CIPOrHO3MPOBATH YPOBEHb

BpeMms, KO3QQUIMEHT XapaKTePH3yIOUTIH

3HaHUH O0O0y4aeMbIX TMEPEeXOIUX K CIEAYIOUIeMYy
JTaIy.

151 mporHO3upOBaHUsA OCTATOYHBIX 3HAHUI uepe3
KaKoH-To HEPUO, BpEMEHU HE00X0JUMO
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XpaHUTh WHGOPMALMIO O I[POLECCEe HAKOIUICHHS W
3aKperuieHus 3HAHUU. Bynem paccMaTrpuBaTh
IUCUUILUTHHY KaK IOCIIEIOBATEILHOCTh AKTUBHBIX JTAIIOB
(¢a3) oOyueHus, Hampumep, JIEKIHs, HPAKTHIECKOE
3aHaTHe.  Kaxmplii M3~ aKTHBHBIX ~ JTaloB ¢
OJICP)KHUT MOPLHIO HOBBIX 3HAHUIT U BO30OHOBIISIET MOPLIHH

3HaHUIl  ycBOeHHble paHee. Hampumep, mnopuus
3HaHUH ""construction of interrogative and
negative sentences in the past tense" unpusemer

K BO300HOBJEHHIO MOpHMU 3HaHuii ''construction of
interrogative and negative sentences in the present tense".
TakuM 00pa3oM, KaXIbIH AaKTHUBHBIA O3Tall JOJDKCH
BKITIOYATh HAa3BaHWS HOBBIX IMOPIMI 3HAHWHA M Ha3BaHUS
BO30OHOBIISIEMBIX TOpPIUH 3HaHWH. [l peanm3anuu
9TOH (PYHKIIMOHATBFHOCTH J00aBMM B 0a3y JaHHBIX
TaOIUIIBL:

- Portions — crincok mopuuu 3HaHHA;

- NewPortions — anasi AUCUMIUIMHBI YKa3bIBAIOTCS
HOMEepa MOpLUMM 3HAaHWM, U3y4aeMbIX Ha JIaHHOM
stame (B Tekymed Qaze), I KaKIOH MOpUUU
3HAHUM  CcO3JaeTcs  OTAeNbHas CTpoKa B 3TOU
Tabnuiie);

- UpdPortions — s IUCHUIIMHBEL  YKa3bIBAIOTCS
HOMEpa TMOPIH 3HAHUA BO30OHOBISEMBIX Ha AHHOM
JTare, Uil KaKIOH MOPINH 3HAHUK CO3AAeTCs OTICeIIbHA
CTpOKa B 3TOH TaOIuIIE;

- StudPortions — miga  kaxmoro
¢ukcupyercss  JaTa  H3YYCHHUS  HIIH
COOTBETCTBYIOIIEH MOPIIUU 3HAHUM.

Ha puc. 7 npuBenen eme ofuH (parMeHT 0a3bl
JIaHHBIX, KOTOPBIN BKJIIOYAET YK€ MOKa3aHHbIE Ha puc. 4.
tabmuner  Students u Discipline, a Takke omucaHHBIC
Boiie Tabswmipr Portions, NewPortions, UpdPortions u
StudPortions.

o0yJaeMoro
OOHOBJICHHS

e — F AT
Students StudPortions
1
D Student + [~ ———__ oo [ID
Surname  ~ oo| |ID_Student
ID_Portion
LastDate
£ —
Portions 2 e
|lD_Porﬁon UpdPortions
Portion_Name ool |ID
ID_Discipline
oo| |Stage
ID_Portion
Discipline .
ID_Discpline N
ID_Teacher NewPortions
Title_Discipline —
ID_Discipline
oo| |Stage
ID_Portion

Puc. 7. ®parment cxemsl BJ] (mopaepxka 3tanoB o0yueHust)

Korma oOyuaemsrit
JIICLUIIIMHBI, TO B

MPHUCTYIIACT K
TaOIUILy

I/I3y‘leHI/IIO
StudPortions

3aHOCSATCS BCE MTOPIMH 3HAHUI H3ydacMbIe
B [AaHHOW JWCLUIUIMHE w3 Taomumel NewPortions.
Hampumep, ecnmu oOydaemblii ¢ HISHTHPUKATOPOM

ID_Student=201 mpucTymaeT K H3YYCHHIO AWUCUUIIIAHBL
¢ umenrudukaropom ID_Discipline=56, To 9ta
orepanys MOXET OBbITh peajlM30BaHa C MOMOIIBIO
SQL-3ampoca:

INSERT INTO StudPortions (ID_Student, ID_Portion)
SELECT 201, ID_Portion FROM NewPortions WHERE

ID_Discipline=56.
IMocne  yCHEmIHOro MPOXOKIACHHS 00ydaeMbIM
OuYepeaHOro  Jrama  OOy4eHHs 10  JUCHUIUINHE
B mone LastDate 3aHocHTCs ~ COOTBETCTBYIOIIAS

Jarta g BCEX TIOPUUN 3HAHUWA YMOMSHYTBIX IS
JagHoro oJtama B Tabimmax,  NewPortions wu
UpdPortions.

YacTto JMCTaHIIMOHHOE OOYYEHHE CIOHCHUPYETCS
paboTomaTesieM MM IPUBSA3BIBACTCA O0y4aeMbIM K
cnenuduke MIaHKPyeMoro MecTta pabotsl [12-14]. B atom
ciydae npoiiecc 00yueHHs nepecTaet OBITh
PETYISPHON LENOYKOW CEeMECTPOB M KAaHUKYN, KaK 3TO
MPaKTUKyeTCs TPH OYHOM W 33a09HOM OOYYCHUH.
Bo3Hukaer (¢parMeHTHpOBaHHAS —IMOCICIOBATEIHHOCTD
MepHoOA0B 00ydeHHs (aKTHBHBIX (a3) M TEepephIBOB B
obyuennn (a3 otmpixa). s OYHOrO W 3a09YHOTO
oOyueHns pabodue IUIAHBI COCTABICHBI TAKHM 00pa3oM,
YTO TOCJIE€ YCBOCHHMSI 3HAHWI B OJHOM IUCUUILIMHE 3TU
3HAHUS WCIOJB3YIOTCA MPH HW3YYCHHH MOCICIYFOIIHX

JUCHUIIIINH. Tem CaMbIM, YCBOCHHBIC 3HAHUA
TNECPUOANYICCKU, B TOM 500040 HHOM O6"beMe,
BO30OOHOBISIOTCI Wy oOy4aeMoro  (hopMHpyeTCs

yCTOIUMBas CUCTEMA 3HAHUH, HABBIKOB M YMEHHUIL.

[Ipu ¢parmenramum  mporecca oOyueHuss [15]
BO3HMKAeT INpobiemMa yTpaThl 3HAHWH H3-3a OTCYTCTBHSA
CBOEBPEMEHHOT'0 BO30OHOBIICHHUS 3HaHMH. B aTOM cirydae
(mpu  ¢parmeHTanu 0OydYeHHs) HEOOXOAWMO SIBHO
3aKJIaJpIBaTh  OLEHKY OCTATOYHBIX 3HAHUH  Iepen
o0yyeHMeM Ha  HOBOM  (parmenre, H, IpHu
HEOOXO/IMMOCTH, BOCCTAHABIHMBATh YTPAueHHbIC 3HAHMS
JI0 YPOBHSA MO3BOJISIONIETO TNPOJODKUTH KadyeCTBEHHOE
oOyueHre Ha HOBOM aKTHBHOM (ase.

BriBoabI
[TocTpoena MyJbTHAT€HTHAS MOJEIb
IUCTaHIMOHHOMN (dhopMbI obpazoBaHus, KoTopas

M03BOJISIET 0TOOPA3UTh B3aUMO/ICHCTBIE MEXY areHTaMu
(cyObekTamu) 00pa30oBaTENBHOTO MpoIecca.

Pa3paboTana cxema 6a3bl JaHHBIX, TPEAHA3HAYCHHAS
JUIsl XpaHeHHus ¥ o0paboTku mHpopManuy HeoOXOIUMOM

Uit MHQOPMAIlMOHHOMW  CHUCTEMBl  OpraHM3aliHu |
YIIPaBJICHUsS] JIUCTAHIMOHHBIM 00pa3oBaHHEM HA ypPOBHE
JIeKaHaTa, OCHOBAaHHOI Ha npeagaraeMon

MHPOPMAIMOHHON TEXHOJIOTHH.

IToctpoena Mopmenp JKM3HEHHOTO ITMKJIA CHCTEMBI
3HaHMUI 00ydaeMoro; IOCTpOE€HAa MOJENb HaXOXKACHUS
ONTUMAJIFHON TIEPHOAWYHOCTH TIpoliecca OOY4YeHHsS C
BBIHY>KJICHHBIMH nepepsIBaMi; HOCTPOEHA
KOHLIENTyanbHasi MOJENb JaHHBIX AN MOAJEPKKHU
nH(pOpMaLMOHHO-PECYPCHOM MOJEIH.
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TH®OJIOT'TYHE 3ABE3INEYEHHS IHd)pPMAHIfIHOi TEXHOJIOI'Ti
YIOPABJITHHS JTUCTAHIINHOIO OCBITOIO

IIpeameToM MOCTiPKEHHS B CTAaTTi € pO3BUTOK MOJIENICH OpraHi3allii i KepyBaHHS CKJIaJHOIO OpPTaHi3alifHOI CHCTEMOIO Ha MPHUKIIA/Ii
opraHizamii Ta YIpaBIiHHSA TPOLECOM TUCTAaHMIHHOI ocBiTH. MeTa poGOTH — CTBOpEHHS HaOOpy MoJenei, sKi O3BOJIATH
BiJOOPA3UTH B3aEMOJIIF0 MiXK Cy0'€KTaMH OCBITHBOTO MPOIECY B JUCTAHIIIHHOMY HaBYaHHI, a TAKOXK MiX Cy0'ekTamu i 00'ekTamu
LBOTO Mpolecy. Y CTaTTi BUPIMIYIOTHCS HACTYIHI 3aBJaHHS: Po3poOka KoHuenuii iHdopMariiHOi TexHoiorii opraHizamii Ta
KepyBaHHs UCTaHI[IHHMM HaBYaHHSIM, CTBOPEHHS iHQOJIOriYHOro 3abe3rnedeHHs (MOIENb COLIAJBHOTO 3aMOBJIEHHS 10
JUCTAaHIIIHHOTO HAaBYaHHS, MYJIbTHar€HTHY MOJENIb, MOJENb JKUTTEBOTO IMKIY CHCTEMH 3HaHb Y4YHS, MOJENb 3HAXOJPKCHHS
ONTUMAaJIBHOI TIEPIOAMYHOCTI MPOIeCy HABYAHHS 3 BUMYIICHUMH TIepepBaMu); pPO3poOKa KOHIIETITyalbHOI Moieli fanuX (cxema bJ1)
UL MATPUMKH 1H(OpPMAIiHO-peCypCHOI MOJIeNi; BHPOOJIEHHS NPAaKTUIHMX PEKOMEHJAIM 100 MOJIMIICHHS 1H(hOpMAaIiHHUX
CHCTEM OpraHizalmii i KepyBaHHS NUCTAHIIHHOIO (OPMOIO HABYAHHS B CHCTeMi BHUINOi OcBiTH. OTPUMaHO HACTYIHI pe3yJbTaTH:
MpOaHaTi30BaHa aKTYyallbHICTh HAYKOBOI 3alladi, CYTHICTH SKOI IMOJISTa€E B MiABHIICHHI e()eKTHBHOCTI (YHKIIOHYBAaHHS CKIAIHUAX
OpraHi3aliifHMX CHCTEM, L0 BHKOPHCTOBYIOTH CTPYKTypoBaHi iHdopMmaliiiHi pecypcu, siki peamizoBaHi y BUIJIAAl Iathopm
JUCTAHIIHOTO HAaBYaHHS; MOOyI0BaHa MOJIENb COLIAIbHOTO 3aMOBJICHHS /IO AUCTAHI[IHOTO HaBUaHHs; MOOY/I0BaHa MyJIbTHATCHTHA
MOJ/ieNib;, TOOyIOBaHAa MOJENb JKUTTEBOTO IHUKIY CHCTEMHM 3HaHb Yy4Hs; NOOyJOBaHa MOJENb 3HAXO/KEHHS ONTHMAJIBbHOL
HEepioMYHOCTI TMpoLleCy HAaBYaHHS 3 BHUMYIICHUMH IepepBaMH; MOOyIOBaHA KOHLENTyalbHAa MOJETb AAHUX JUIA MiATPUMKH
iHpopMmariitHo-pecypcHoi Mozeni. BucnoBku: [ToGynoBaHa MysibTHareHTHa MOAENb AUCTAHLIHHOI ()OPMHU OCBITH JO3BOJISIE OLIBII
MMOBHO BIOOpa3HUTH B3a€EMOJiI0 MK areHTamu (Cy0'€KTaMH) OCBITHBOTO TpoIecy i OyTH BHUKOpHCTaHA B SIKOCTi iH(oJOTi4HOTO
3abe3nedyeHHs iHQopMmamniitHOT TexHoorii. Po3pobieHa cxema 6a3u JaHHX JO3BOJISIE 30epiraTd BCKO HEOOXiAHY iH(pOpMAIio Ui
YIPaBIIiHHS MPOIECOM JIUCTAHIIHOTO HABYAHHS 1 MAHIITyTFOBATH IIi€l0 iH(pOpMAIIi€ro.

Knawuosi cioBa: iHpopMariifHa TEXHOJIOTis; MyJIbTHar€HTHAa MOJENb; iH(opMaliiiHi cuctemu; 0a3a NaHWX; AWCTAHIIITHA
(bopMa HaBYAHHS; )KUTTEBUH LUK CUCTEMH 3HAHb yUHSI.
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INFOLOGICAL SUPPORT OF THE INFORMATION TECHNOLOGY FOR
MANAGEMENT OF DISTANCE EDUCATION

The subject matter of the article is the development of models for organizing and managing a complex organizational system
considering the organization and management of distance learning as an example. The goal of the article is to create a set of models
that will enable highlighting the interaction among the subjects of the educational process in the context of distance learning as well as
between the subjects and objects of this process. The following tasks were solved in the article: the concept of information technology
of the organization and management of distance learning was developed, information support was created (a model of the social
mandate for distance learning, a multi-agent model, a model of the life cycle of a student knowledge system, a model for finding
optimal cycles of the learning process with forced interruptions); a conceptual data model (database schema) was developed to
support the information resource model; practical recommendations for improving information systems for organizing and managing
distance learning in the context of higher education were developed. The following results were obtained: the topicality of the
scientific task was analyzed, whose key point is to improve the efficiency of the operation of complex organizational systems using
structured information resources that are implemented as distance learning platforms; built a social order model for distance learning;
a multi-agent model for the social mandate for distance learning was built; a model of the life cycle of a student knowledge system
was built; a model for finding optimal cycles of the learning process with forced interruptions was built; a conceptual data model to
support the information resource model was built. Conclusions. The constructed multi-agent model of distance learning enables
highlighting the interaction among agents (subjects) of the educational process and can be used as an infological support for the
information technology. The developed database scheme enables storing all the necessary information to manage the process of
distance learning and handle this information.

Keywords: information technology; multi-agent model; information systems; database; distance learning; life cycle of a student
knowledge system.
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O. C. IIoHOMAPLOB, M. A. I'PUHUEHKO, O. B. JIOBAY

HAJIAHICTD SIK XAPAKTEPUCTHUKA ITPOEKTHOI KOMAH/IH

IpeameT cTatTTi NONATaE y BU3HAYCHI MMOHATTS HATIHHOCTI KOKHOTO BHKOHABIIS ITPOCKTY, & TAKOK MPOCKTHOT KOMAH/IH Y ILIIOMY 5K
OJIHi€T 3 IHTETPATLHUX XapaKTEPHUCTHK YCIIXy MPOEKTY. MeTa cTaTTi — pO3KPUTH 3HAYCHHS Ta Miclle HQJIIHHOCTI KOMaHI! IPOCKTY Ta
i yJacHUKIB B 3arajJbHOi CHCTEMi ITOBEAIHKOBMX KOMIICTEHIH (axiBIs 3 YHpaBIiHHSA HPOEKTaMH. 3aBAAHHS JTOCITIIKCHHS
nepen0davarTh, MO TeEpIle, MOKA3aTH, MO HAJIMHICTh MPOCKTHOI KOMAaHIU € OJHIE€I 3 BAXIMBUX XapaKTEPHCTHK (axiBIsl 3
VIpaBIiHHA MPOEKTaMU MpH (HOpMyBaHHI Ta PO3BUTKY €(EKTHMBHOT KOMaHAU MPOCKTy. Ilo-apyre po3risaaTd MOHATTS HaXiHHOCTI
BHKOHABIIIB ITPOEKTY Ta KOMaHAM MPOCKTY B IBOX acnekTax. [lepuii 3 HUX BIIHOCUTHCS IO MCUXOJIOTTYHUX Ta MCUX0(i310I0TTYHUX
YUHHHUKIB, a JPYTHH CTOCYETHCS MOPAJIBHO-TICUXOJIOTIYHMX YHHHHUKIB TaKHMX SK OOOB’A3KOBICTb, JUCIMILIIHOBAHICTb,
JIOOPO3HWIMBICTD, PO3CYIMBICTD TOIIO. [10-TpeTe, pO3IISHYTH ABA MiIXOAX BU3HAUYCHHS MOHATTS HAAIMHOCTI KOMAaHIM MPOCKTY.
MeTtonu JOCTIKCHHS BKJIIOYAIOTh, MO-TIEpIIe, aHai3 POJi HAIIHHOCTI B CHCTEMi IOBEIIHKOBHUX KOMIICTEHIIH B MpoIeci
(dopmyBaHHS eheKTHBHOI MPOEKTHOI KOoMaHu. [lo-mpyre, BU3HAYCHHS KUTHKICHUX TMOKA3HHUKIB HAJIHHOCTI KOKHOTO KOHKPETHOTO
MpaIliBHAUKA, a BiJMOBITHO W KOMaHIU B [IJIOMY, 3 BUKOPUCTaHHSIM EKCIIEPTHUX OLIHOK. [To-TpeTe, BU3HAYCHHS PHC 1 SIKOCTEH, SKi
BU3HAYAIOTh HaAiWHICTh (axiBis. Pesyabrarm. HaniifHiCTP TPOEKTHOI KOMaHAM BHUCTYIIA€ BU3HAYAIBHUM MOKA3HUKOM il
MOJKJTMBOCTEH HAJC)KHUM YMHOM BUKOHYBATH 3aBJaHHS IPOCKTY 3TiJIHO BUMOT 3aMOBHHMKA. HaailHICTh MOTPIOHO pO3IIsAAaTH SIK
IHTErpallbHy XapaKTePUCTUKY SKOCTI IPOEKTHOI KOMAaHIM [P YIIPaBIIiHHI IPOEKTaMH Ta i 3JaTHOCTI YCIIIIIHO BUKOHYBATH 3aBIaHHs
npoekTiB. BucHoBku. Ilo-niepiie, HamiiHICTh MPOSKTHOT KOMAHIAX BH3HA4Ya€ ii 3MaTHICTh HE TUIBKM HAJICKHHUM YHHOM BHKOHYBAaTH
cBoi craHaapTHi (yHKII i 3aBIAaHHA B HOPMAaJIbHUX YMOBaX, ajie i 30epiraTé ycTaJeHIiCTh i BHCOKY MPaLe3AaTHICTh Yy CKIAIHUX
MPOOJEMHHUX CUTYAIliIX Ta YCHIIIHO X OJAaTH, BUKOHYHOYH OOYMOBJIICHI MPOCKTOM POOOTH CBOEYACHO, 3 HAJICKHOK SKICTIO 1 B
Mexax Orwojpkery. [lo-apyre, HaaildHICTP BUKOHABIIB 1 MPOCKTHOI KOMAaHIM B IIJIOMY BH3HAYa€e CTAaBICHHSA N0 pOOOTH 1 CBOIX
000B’sI3KiB, CIPUNHSATTS CBOEI TPUHAICKHOCTI 0 KOMAaHIH, BiIIOBIAAJIbHICTh, KOPEKTHY TIOBEIIHKY, JHUCIHMIUTIHOBAHICTD,
BIJIMIOBIIaJIbHICTh, 1 TOTOBHICTh MPHUITH Ha JOIMOMOTY 1HIIIOMY Y4JICHOBI KOMaH/IH.

KurouoBi ciioBa: ynpaBniHHS MIPOEKTaMH; MPOEKTHA KOMAH/a, MOBEIIHKOBI KOMITCTEHIIi{; HaIIHHICTh; XapaKTepPHCTHKA SKOCTI;
MIPOEKTHE 3aBIaHH.

VIOpaBIiHHSA  COLIJbHAMHM  CHCTEMaMM  B3arajmi i

YIIPaBJIHHS IPOEKTaMH 30KpeMa.

3arajibHa MOCTAHOBKA NMP00JIeMHU

Opranizamis Ta yCHillHA peai3amis CHUTbHOT
JUSTBHOCTI  pi3HUX (axiBIiB B CHUCTEMI 3aCTOCYBaHHS
TEXHOJIOTIT YNpaBIiHHSA MPOEKTaMH ICTOTHOIO MipOIO
BU3HAYAIOTBCSI CKIQJIOM 1 CTPYKTYpOIO  IMPOEKTHOI
KOMaH/IM Ta XapaKTepoM THUX B3a€EMOBITHOCHH, SIKi

AHaui3 nocaigxensb i nydaikaunii

AmHani3z [OoCHiIKEHDb
JTO3BOJISIE  CTBEP/UKYBATH,

1 myOnikauid 3 npoOiemu
mo, 3 OmHOro OOoKy, imel

CKIIaNarThcss  MDK  if  yyacHmkamMu. Ha  1mi  KOMaHIHOI HisJIBHOCTI € BKpail HepPCHEKTHBHUMU 1 MalOTh
B3a€MOBITHOCHHH BIUTMBAIOTh MeTa 1 3MICT MISUTBHOCTI, ICTOTHY TEOPETHYHY 1 O€3MOoCepeflHh0 TMPHUKIATHY
CTaBIICHHS JIOJCH 1O Hel Ta piBeHb 3TYpPTOBAaHOCTI M 3HauymiicTh. AJle Ha peali3alifo OHUX iged B

PO3BUTKY  KOPHOPAaTUBHOI  KYJIBTYpH B  KOMAaHII.
VYV BITYM3HSHIA Ta 1HO3EMHIM IICHXOJIOTii, COLIOJIOTIT,
Teopii 1 MPaKTUIl YHPaBIiHHSA NPUIHATO PO3IIISLAATH
B33a€EMOJIii 1 B3aEMOBIJJHOCHHH B COLIQJIBHHMX TpyIHax 3
no3uuii  npunmuny  gismbHOcTi (K. O. AGynbxaHoBa-
CnaBchkKa, JI. C. Burorchekuid, O. M. JleoHTbEB,
C. JI. PyGinmreiin Ta iHmi).

BBaxkaeThbcsi, BIAMOBIHO JI0 LHOTO MPHUHIMITY, 1O B
mporeci  3MIHCHEHHS JIIOABMH  COIIabHO — 3HAYYIIOT
CHUTEHOI IisUTBHOCTI Ta Ha 1i OCHOBI ()OPMYETHCS Take
cnenudivyHe SBHIIE, K COIIANBHO-TICHXOJIOTIYHA €HICTh
il BukoHaBuiB. Jlist Hel XapakTepHOIO € TpaHchopMarlis
HOMIHAJBHOI TPyNU y JiHOBY COLIaJbHO-TICUXOJIOTIYHY
CHUTBHICTh. B ympaBiiHHI TPOEKTaMU Taka CIUIBHICTh
OoTprMaja Ha3By MPOEKTHOI KOMaHIH. AHali3 MpPaKTUKH
KOMaHJHOI JiSUThHOCTI TEPEKOHJIMBO CBIMYUTH, IO il
e(heKTUBHICTD 1CTOTHO 3aJIEKUTH BIJ HU3KHA
XapaKTePUCTUK KOMAaHAM 1 PO3BUHEHOCTI KIIFOUOBUX
MTOBEIiHKOBUX KOMIIETEHIIiH {1 y9acHUKIB.

OpHi€l0 3 TaKMX BU3HAYAIBHUX JUIS YCIIIXY HPOEKTY
XapaKTepUCTUK TI0CTa€ HaiiHICTh KOKHOTO BUKOHABII 1
IIPOEKTHOT KOMaH1 y 1itoMy. @opMyBaHHS X 1 pO3BUTOK
iXHBOI HaJMIHHOCTI sIBNIsiE COOOIO LiKaBY 1 BKpail BaXKIHMBY
mpobieMy sK 3 TO3UIM NCHXOJOrii, Tak 1 3 TO3UIii

YIPaBITiHCHKIA MPAKTUII ICTOTHO BIUTMBAIOTH MIOBEAiHKOBI
KOMIIETEHIIIT YICHIB TPOEKTHOI KOMaHIW. AHami3y
npobjeM poOOTH 3 KOMAHAOK MPHUCBSIYCHO YHCIICHHI
KHUTH 1 CTAaTTi B HAYKOBUX BUJIAHHAX. B HUX 4iibHe Miclie
NPUALISETHCS 1 POITI TOBEIIHKOBUX KOMIIETEHIIIH.

CucreMHO MHOXXHHY X KOMITETEHIII}
posrsnarots C. /I, Bymyes ta H. C. Bymyesa [2]. [leBHy
yBary ix poii mpuminsioTe takoxk P. M. [Dxummen Tta
B.JI.Tpatt [3]. A.H.Opp uitko BKazye, mo "
BUKOHAHHS IIPOEKTYy BaM HEOOXiHA CWJIbHA TPOEKTHA
KOMaH/1a, 3/1aTHa YCIIIIIHO BUKOHATH HEOOXiaHY poboTy".
[Tpn oMy BiH IiJKpPECIIIOE, 110 "Ballle 3aBIaHHs MOJITae
y ToMy, 100 3rypTyBaTH IIf0 KOMaHAy 1 JOCSITH
BUKOHAHHS  3aBIaHb, IIOCTaBJICHHUX  OpraHisalier"”
[8, c. 87]. Ommak, posrisgaro4d MHTaHHS (HOPMYBAHHS
MIPOEKTHOT KOMaHAM, aBTOP 30CEPEKY€ETHCS Ha MOTHBAIII]
il wieHiB, (akTHYHO ITHOPYIOYM  pOJb  IHIIUX
MMOBEMIHKOBUX KoMmIeTeHIin. [lomiOHa K  mO3uIis
xXapakTepHa Takox g pobotu A. B. IlBetkoBa, skuit
OCHOBHY yBary INpHIUI€ TpoOJieMaM CTHMYJIIOBAHHS B
ynpasiiHHi poexTamu [11].

Kazyo Inamopi BneaHeHWi y TOMy, IO Ul TOTO,
"mo06 miyrerai MmmUIM 32 CBOIM  KEPIBHUKOM, BOHHU
MOBUHHI HE TUIBKM HOMY IOBIpSTH, ane H nosadscamu
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woro. I mocsarrm Takol €gHOCTI MOKHA TUIBKH TICHUM
OJIEHHUM cHTiBpoOiTHUIITBOM" [4, ¢. 195]. Tyt Takox He
WAeTbCs TPO HAAIMHICTD KOMAaHIW [WX IIIETIINX.
K. C. Macnennikoa Ta K. B. KonecHikoBa IeTanbHO
aHAN3YIOTh  CKJIAJHUKH  TOBEIIHKOBOI  KOMIICTCHIIIT
YYaCHHKA KOMaH! MIPOEKTY Ha 3acagax
KOMIIETCHTHICHOTO MiAXO0y, HE BHIUISIOYH OKPEMO HOro
HaJiAHICTH [6].

Himenpki gocmigHuimi ocoOauBocTeli podOTH B
koManzi I'itre T'eprep Tta Kpuctuna OTTiI, aHami3yroun
nmoTpedy KOMaHAW B JJepi Ta CEHC HWOro MisNIbHOCTI,
MUY T, 0 OE3yMOBHO, Jifep KOMaHIN IMOBHHEH MAaTH
npodeciitny kBamidikariro. OgHaK 11e He 03HaYa€, 10 BiH
3000B’s3aHUI BCce 3HATH W yMITH Kpalie Bcix. B mepmnry
4Yepry BiH NOBHHEH N0Ope pO3yMITH CBOi YNpaBiiHCBHKI
3aBIIaHHS, OYTH CHUJIBHUM CTPAaTEroM, pOOUTH BHUCHOBKH i
npuiiMaTH  pillleHHs, KepyBaTH CIHiBPOOITHUKaMH 1
MIZBHUIYBATH IXHIO KBai(iKaIlil0, a TAKOXK CTABUTH LI
i mocsratu ix [12, 13]. Ame BiH B JKOIHOMY pasi He
MMOBMHEH CaM BTUTIOBAaTH BCE II€ Y JKUTTA. ABTOpHU
T IKPECITIOI0Th, IO Y pa3i, KOJH OAMH 3 MPAIiBHUKIB 3HAE
YU BMi€ IOCH Kpallle, JTijep MOBUHEH BU3HATH IIeH (akT i
aKTUBHO BHUKOPHCTOBYBATH HOTO KBadiiKaIlifo y cBOii
pobori [14].

[Ipobiemu hopmyBaHHS, yNpaBIiHHSA Ta PO3BUTKY
MPOEKTHOI KOMaHAW, B TOMY YHCII 3 TIO3HIH
MOBEIIHKOBUX KOMIIETEHINIH po3risinaioTs B. B. Moposos
Ta ¥oro cmiBaBTOpHW [7]. 3aranbHi NMMTaHHS YNPaBIiHHSI
NPOEKTaMM, B TOMY YHCJi W CTOCOBHO POJIi MPOEKTHOI
koMmaH i HaBoauTh JI. C. Kobusipkuii [S].

Bkpaii mikaBuii hakT HABOASTH BiJOMI aMEPHUKAHCHKI
JIociigHUKA mpoosieM ynpaiinasa JIxk. I'. boder i JIx. T.
Boiier, = meMOHCTpYHOUM  BaXJIMBICTH  OpTaHi3amil
KOMaHIHOI [iSUTBHOCTI, K4 OPIEHTYETHCS Ha KiHIIEBUH
pe3ynbTar. BoHH HOBOISTH AOMIIBHICTH CTBOPEHHS Tak
3BaHMX '"'KOMaH] BHCOKOi edekTuBHOCTI". Ha omHOoMy 3
3aBoJIiB komnaHii Kojak koMaHI BHCOKOT €()eKTUBHOCTI
MIABHUIIINA MPOAYKTHUBHICT Mpalli HACTUIBKH, M0 00CsT
poboTH, KM paHillle BUKOHYBaJIM 3a TPHU 3MIiHH, CTaH
BUKOHYBaTH 3a oOnHy 3MmiHy [l,c.147]. Pa3zom 3 Ttum
BIIEBHEHO  CTBEPIKYIOTh aBTOPH,  3aCTOCYBaHHS
BUCOKOC(DEKTHBHUX OpraHizamii He MOLUIMPIETbCS 31
MIBUIKICTIO JIICHOT TMOXEXI TOMY, IO Mepexia Bif
TPamUIiifHOT KOMIaHii 0 BHCOKOS(EKTHUBHOI € BKpai
Baxkow cmpaBoto [1, c. 149]. Ha mname rmuboke
MEPEeKOHAHHS, I BAXKICTh 3YMOBICHA SK CKIIQJHICTIO
(dopMyBaHHS TPOEKTHOI KOMAHIH, TAaK 1 MPHUIICTUICHHS
KO)KHOMY 3 i YyYaCHHKIB CHCTEMH I[OBEIIHKOBHX
KOMIICTEHIIIH, HacaMIiepel PO3BUTKY BUCOKOI HATIHHOCTI.

TakuM  YHMHOM,  HEIOCTATHHO  BHBYEHUMH
aCIeKTaMU TOPYIICHOI HaMH MPOOJEMH JIMIIAIOTHCS
opraHizaliiHi Ta COIIaJbHO-TICUXOJOTIYHI MPUHITUTH
(dbopMyBaHHS 1 PO3BUTKY TMOBEMIHKOBHX KOMITETEHITIN
YIEHIB TPOEKTHOI KOMAaHAM B3araji Ta PO3BUTKY iXHBOT
HaaiiHOCTI ¥ HamifHOCTI KoMaHmu 30kpema. Llinkom
OYEBUIHO TPHU I[HOMY, IO MIJICHA €IHICTh CHCTEMH IHX
KOMIICTEHI[IH 3yMOBITIO€ MHOXKHHY TICHHX B3a€MO3B’S3KiB
i B3aeMo3alie)kHOCTeH Mik HUMH. OCh YOMY PO3BHTOK
Oynb-sfKO1 3 HHX HEOJAMIHHO IIO3HAYaTHMEThCcS U Ha
iHmmx. Tomy aHami3 mporeciB GOpPMYBaHHS i PO3BHUTKY
HAIIMHOCTI caMe K MOBEIIHKOBOI KOMIIETEHINT JOIIILHO

3MIMCHIOBATH JIMIIE 3 MipKYBaHb 3pYYHOCTI. B peampHOMY
K KHUTTI BOHA PO3BUBAETHCS 1 PYHKIIOHYE ¥ CHCTEMHOMY
3B’S3KY 3 IHIIUMH KOMIICTCHI[ISIMH.

Mera crarTi # nmomsrae y cmpobi  aHamizy
HAaOiiHOCTI HE TIIBKK $K OJHI€EI 3 IOBEIIHKOBUX
KOMIIETEHIIH, ajle W SK IHTerpajbHOI XapaKTEPUCTHKU
MPOCKTHOT KOMaH !, sIka BU3HAYAE ii 31aTHICTh HE TIJIBKU
HAJIG)KHUM  YUHOM  BHKOHYBaTH CBOi  (YHKIIi B
HOpPMaJbHUX YMOBaX, ajie W 30epiraTd yCTaJEHICTh 1
Mparne3aaTHICTh Y CKIAIHUX MPOOJeMHIX cuTyamisx. [1pu
IbOMY rependadaeThCs 31CTaBUTH CEHC
3araJbHOHAYKOBOTO  TIOHATTSA  HAAiMHOCTI 1  HoOro
0COONIMBOCTI  CTOCOBHO  HAMIMHOCTI  JIOAWHA  4YH
OpraHi3oBaHOI TpymH JOAeH, 30KpeMa MPOCKTHOI
KOMaH/TH.

Buxuag oCHOBHOI0O Marepiany

Crnig miAKpeCIuTH, MO0 MOHATTS HaIIHHOCTI sK
cnenudiyHOl  3arajJbHOHAYKOBOi  Kareropii  BHHHKIIO
BITHOCHO HeIaBHO. BOHO CrmoYaTky 3acTOCOBYBajoOCs B
TEXHIIli, JI¢ CIYTyBajJ0 OJHUAM 3 HaI3BHYAMHO BaXKITHBHX
MOHATh, $KE XapaKTepU3yBajo Mipy Iparne3maTHOCTI
PI3HHX TEXHIYHUX 00’€kTiB. Ilig MOHATTAM HaTIHHOCTI
OyJI0 NPHIHATO BBaXKaTH IIEBHY CHUCTEMHY BJIACTHUBICTH
00’eKxTa 30epiraTu 3 4acoM y 3a3falieTilb BCTAaHOBICHUX
MeKax 3Ha4eHHs BCi€l CyKyIHOCTI THX HOro Iapamerpis,

SKi ~ XapakTepH3ylOTh  3JIaTHICTH  IBOrOo  00’€KTa
BHKOHYBaTH  HEOOXiIHI GbyHKIIIT. s  Bumora
MOIIMPIOBANACA SIK Ha  33aJaHi pPEeXHUMH #H yMOBH

BUKOPHCTaHHs 00’ €KTa 3a NMPHU3HAYEHHSM, TaK 1 Ha HOro
TEeXHIUHE 00CITyroByBaHHs, 30epiraHHs i
TPAHCIIOPTYBAHHSL.

SIk cucTeMHa BIACTUBICTH 00’€KTa, 3aJIE)KHO Bij
Horo mpu3HAUeHHS i YMOB 3aCTOCYBaHHS, HAMIiiHICTh
MOXKE  BKJIIOYATH  O€3BIJIMOBHICTh, JIOBIOBIYHICTb,
PEeMOHTONPUAATHICTE 1 30epekHICTh abo TeBHY ix
KoMmOiHamifo. Teopis HamIfHOCTI HampaIlroBanga CBOIO
MOHATIHO-KaTeropianpHy 0a3y i MaTeMaTHYHWH amapat
Ha OCHOBI Teopii WMOBIpHOCTEH 1 MaTeMaTHYHOI
CTaTUCTHIII.

Cripobu mepeHecTH MOHATTS HAMIWHOCTI Ha OLIHKY
JIIOJMHU TPHUBAIUN Yac BUXOMWIM 3 TEXHOKPATHYHOIO
miaxoay. 3riAHO 3 HUM JIFOAUHY PO3MIIAIANU SIK OJHH 3
CIIEMEHTIB y CTPYKTYpl CKJIQJHOTO TEXHOJIOTIYHOTO
KOMIUIEKCY, Jie 1 BIJIBOIWIIM POJIb BUKOHABIS HEBHUX
(yHKIIA, SKi TEXHIYHO CKIAJHO YH EKOHOMIYHO
HEJIOIUTFHO NIepeIaBaTH TEXHIYHUM TPUCTPOSIM.

[ocTymoBo 3po3yMiin OOMEXEHICTh 1 XHUOHICTB
nporo migxomy. Ilpomecn yCKIATHEHHS TEXHIYHHX
00’€KTiB 1 BKIIFOYCHHS JIIOJAMHU SK BaXXIIUBOTO CIIEMEHTA
JIO 3arajibHOi CTPYKTYpPH CKIAQIHUX JIFOJMHO-MAIIAHHIX
KOMIUIEKCIB BHUMAarajio 49iTKoi OIIHKHM ii CHpaBXHBOI
HaJiHOCTI. AJie HaBiThb TPOCTO CHOPMYITIOBATH CEHC
HAAIWHOCTI JIOAWHM JIOCHTHb CKJIagHO. A 1Ie OUIbII
CKJIAJHO JaTH ii afJeKBaTHWII MaTEMaTHYHUHN OIKC. AJKe
CTOMJIEHICTh JIFOJIMHU Ta ii Mparme3aaTHICTh 3alieXaTh Bij
BEJIMYC3HOI MHOKHHU YHHHUKIB Pi3HOT pUpoan, 6arato 3
SIKHX JTAJIEKO HE 3aBX/IW MiIIar0ThCs (popMaizaliii.

[euxiyni X pHCH 1 SIKOCTI JFOAWHH HACTUIBKH
IHAMBiyajbHi, IO BCEPHO3 TOBOPUTH MPO HAMIHHICTH
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KOHKPETHOTO TpaIiBHUKAa MOJXKHA JIMIIE Ha PiBHI OIMUCY.
Jlo Toro >k, MOHATTS Teopil HAIAIHOCTI, 3aCTOCOBYBaHI B
TEXHIIli, JOCHTh CKJAaJHO BHKOPHUCTOBYBAaTH IS
XapakTepUCTHKH toauHu. Ha 3aBani — ii cTOMITIOBaHICTS,
HacCTpid, CTaBJECHHS N0 CBOiX (YHKIIH i 00OB’SI3KIB, 1O
KepiBHMKAa TOMmO. A I[i YHHHUKH 3aJIeXaTh e W Bif
MOPAJIBHO-TICUXOJIOTIYHOIO ~ KIIMaTy B KOJICKTHBI,
XapakTepy B3a€MOBITHOCHH Ta iHIIMX 00CTaBUH.

Ha marre mepexoHaHHs, HAIiHHICTh JTIOJUHU MOYKHA
PO3TISAATH y TBOX a0COTIOTHO Pi3HUX acriektax. [leprmid
3 WX acleKTiB, SK IMUCaB OJWH 3 aBTOPIB IIi€i CTaTTi,
" miticHO OB’ sI3aHU I 3 XapaKTePUCTHKAMHU
Mpane3gaTHOCTI JIFOAMHA 1 Ma€ BUKIIOYHO BajKJIMBE
3HA4YeHHS B 11 OLiHI JJI1 0COOJIMBO BiNMOBIAAILHUX BUIIB
JIOJICKKOT JiANBHOCTI. IX MpHKIagaMu CIYTyIOTh MilOTH,
OmepaTopd  aTOMHHX  CJEKTPOCTAHIINA 1  XIMIYHHX
BUPOOHMITB, BOJII aBTOOYCIB, KaliTaHU MOPCHKHUX CYJICH
tomo" [10, c. 101].

BopHouvac ciin migKkpeciuTH, o IPaKTHIHO B Oy/Ib-
sIKi#t cdepi JTF0CHKOT AiSUTBHOCTI 3a0€3MeUeHHs] BUCOKOTO
PIBHS TIpale3aTHOCTI JIOACH SABISAE COOOI0 BaXKJIMBE I
BiAMOBiAaIbHE 3aBIaHHA. ToMy Ul Teopil 1 MpaKTHKH
CYCIUJILHOTO BUPOOHWIITBA, B TOMY YHCII W JUIA
YIPAaBJIiHHS MPOSKTaMH, TIOMTYK 1 HaJIE)KHE 3aCTOCYBaHHS
ehekTHBHMX  CIMOCOOIB 1 3aco0iB  30epekeHHS
TIparne3aaTHOCTI Ta ii BiJHOBJICHHS ITiCIs BTOMH BHCTYIIA€
HaI3BHYAMiHO BaXJIMBUM  3aBJaHHAM  IICHXOJIOTIT 1
nicuxo¢izioorii npari.

Jpyruii acnekt mnpoOJieMH BU3HAYCHHS CEHCY
HAJIHHOCTI JFOJUHH JOIIIBHO OB’ A3yBaTH "'MEPEBAKHO 3
il OCOOMCTICHUMH pPHCAMH 1 SIKOCTSAMH, I MOpaJbHO-
BOJIBOBHMH XapaKTCPUCTUKAMH K BiAMmoBigaybHicTIO". YV
FOMY CEHCI HaJIHHICTH TpaIliBHUKA Maibke HE 3aJIe)KUTh
Bi ioro cromiroBaHocTi. lleil acmekt ckopime
XapaKTepu3ye He Tpare3aaTHICTh JFOAWHY, a ii CTaBICHHS
o TUX (PyHKIH 1 3aBHaHB, SKi ilf HEOOXiTHO BUKOHYBATH,
it 000B’SI3KOBICTb, JMCUMIUIIHOBAHICTH Ta
BIJINOBIJANIbHICT. TaKUM YHMHOM, IIEH aCHEKT PO3yMIiHHSI
HaIiHOCTI JIIOJAWHM CBIMYMTH CKOpillle PO Te, YU
3aCIyroBy€ IIi KOHKpPETHA JIIOAWHA JOBIPH, Yd € BOHA
BIJINIOBIJAJIbHOIO, YA MOYKHA 3 HEI MaTH CIpaBy B3aralli,
HACKiNbKH CepHO3HO BOHA CIpUitMae W BUKOHYE CBOI
000B’SI3KH Ta OOIITHKY.

TakuM YHHOM, SIKIIO TIEPIINA aCHEKT CTOCYETHCS

CKOpillle ~ NCHXOJOTIYHUX Ta  TCHXO(Di310IOTIYHIX
MOMEHTIB, TO JPYTH# acCHeKT 3MYIIyE PpO3TIISAATH
HaJIHHICTH JIFOIHU B MOpANBbHO-ETHYHIH i
3arallbHOKYJNBTYpHIM  TuiomuHi. OJHAK  CKIAJHICTh

MPOILIECiB, IO BiJOYBAIOTHCS Y IiH IUIOIIMHI, BHUCYBa€
HU3KYy BHMOT JI0 KEpiBHWKa 1 JO WOro MeTOIiB
B3a€MOBIIHOCHH 3 KOMAHIOKI Ta YMPaBIiHHSA HEw. Sk
3a3Ha4eHO B POOOTI 3 €TUKHU yNpaBIiHHSA, "KOKHA CydacHa
oprasizamisi K comiaJbHa CHCT€Ma TIparHe Jo
3a0e3meueHHs] BUCOKOT €(eKTUBHOCTI CBO€i MisUTLHOCTI,
TOOTO HaJNeXKHOTO (YHKIIOHYBAaHHS BIAMOBIIHO 10 11
NMpHU3HAYCHHS 1 3a37alierigh BH3HAYCHHX IIUJICH Ta
PO3BUTKY BIJNOBiIHO J0 o0OpaHoi crpaterii. A 1e
nependayae HEOOXIAHICTH CTBOPEHHS KOMQOpPTHOI, B
TOMYy 4YHCII W Yy €TUYHOMY Ta ICHXOJOTIYHOMY
BiTHONICHHI, aTtMocepr y  CEpelOBHINI  CBOIX
mpamiBHUKIB" [9, c¢. 56]. Aje i me mie HE TrapaHTye

JIOSTIPHOTO CTaBJICHHS KOXKHOTO IIPAIliBHUKA IO KOMaHIN
Ta CBOET JISUTBHOCTI y 11 CKiani, He TapaHTye MIHHICHOTO
CHPUHHSTTS HIM MOJIINBOCTI HaJIe)KaTH JI0 Hei.

Bzaraxi B mpakTuii  ynpaBiiHHS  COLIAJIBHO-
€KOHOMIYHUMH TpOIecaMi, B TOMY YHUCIi i B yIpaBJiHHI
MPOCKTaMU, HAJIHHICTh SK 1HIWBIAA, TaK i Ti€l rpymnu, 10
SKOi BIiH HAJIC)KHTh, a TaKOX Oprafizamii y I[JioMy
JIOLIBHO pO3MJIsiaTd Yy Oigbll BY3bKOMY CEHCI Ta
CKOpIlIE Y CYTO MpUKIamgHOMYy 3HaueHHi. Came TyT, B
KOOpAWHATAX MOPAJIBHO-CTUYHOI 1 3arajJbHOKYIBTYPHOT
TUIONTUHY JOMUTLHUM Oyi0 O BBaXkaTH, IO HaTiHHICTH
JMIOJUHU  CKOpille  XapakTepusye,  mo-miepmie, il
BIIMTOBiAANBHICT, a TO-Apyre — 1i  MOpaJbHO-
TICUXOJIOTIYHI BiacTUBOCTI. Cepesl HUX Hacammepen Ciia
BUOKPEMHUTH ii BIPHICTH CBOEMY CJIOBY 4YM OOIISMHII, ii
000B’SI3KOBICTh, JUCLMILIIHOBAHICTh, TOYHICTL TOIIO.
CaMe mpo Taky JIIOAMHY 4YacTo OOpa3HO TOBOPATH,
XapaKkTepu3yloul BUCOKWIl piBeHb ii HaiitHOCTI, WO 3
HEI0 MOXKHA WTH y PO3BIAKY.

CTOCOBHO K  PO3YMIHHA  HAmiHHOCTI  SK
XapaKTePUCTUKHI MIPOEKTHOI KOMaH[IH, MOJKHA
3aMpoNOHYBAaTH TaKi JBa IMAXOMW. 3TiTHO 3 MEPIIHM
HaJIMHICTP KOMAaHIW MOXHA XapaKTepU3yBaTH depe3
MMOKA3HUKH HaTIHHOCTI ii yJacHHKIB. TyT MOXIIHBI KiJIbKa
PI3HHX BapiaHTIB, KOXKHOMY 3 SIKHX NPUTaMaHHI SK IEBHI
mepeBaru, Tak 1 HeHodiku. Ilo-mepure, MOKa3HUKOM
HAMIWHOCTI ~ KOMaHAM  MOXKHA  BBaXATH  MPOCTY
apu(pMeTHYHy CyMy BIAIOBITHMX MOKa3HUKIB YYaCHHUKIB
umiei komangu. [lo-gpyre, TakuMM KpUTEpiEM MoOXKe
CIIyTYBaTH yCEPEIHCHUN MOKA3HHWK HAIIHHOCTI, TOOTO IIs
CyMa, BigHECeHa [0 KUIBKOCTI yuyacHHKIB. OcTaHHI
BHITQJOK OUIBII 3pYYHHH Ui TIOPIBHSAHHA 3 I1HIIMMH
KOMaHJaMH, SKIIO Y IIbOMY BUHHKAaTAME IOTpeda.

[Mo-Tpete, HamifiHiCTh KOMaHIM 00’€KTHBHO MO>KHA
OI[IHATH 3a HaWHIKYMM [OKAa3HUKOM HajmiiHoCcTi 11
ydacHuKIB. [lificHO, caMme I, HeHAIiifHA JIFOJIHA CBOEIO
HeaOamicTI0O Ta O€3BiAMOBIMANBHICTIO IIJIKOM 3JaTHa
3BECTH HaHIBEIlb 3yCHIIJIsI BCiET KOMaH/IM i 3ipBaTH TEpMiH
BUKOHAHHS MPOCKTY YM HE 3a0C3MEYUTH HAJICKHY SKICTh
BUKOHYBaHHX pPOOIT a00 NPU3BECTH 10 HEBHUIIPABIAHUX
BUTpaT OromkeTy. Taka OI[iHKA 3MYCHTh KOMaHIY
BIJIMIOBITHMM YMHOM BILUIMBATH HA IO JIOAMHY, a SKIIO Ta

HE BUIPABIAETHCS, BHOCUTH NPOMO3UILI0 Mpo il
BUKIJIIOYEHHS 3 KOMaH/IH.

[To-ueTBepTe, BpPaxoOBYIOUM pi3HY BaXKIHMBICTbH
UL TPOEKTY IisUIBHOCTI Ta  (YHKIA TOro 4

IHIIOTO TpAaliBHUKA, U OLIHKA HATIHHOCTI KOMaHIU

MO>KHA BUKOPUCTOBYBATH BiAIIOBiAHI Barosi
Koe(illi€eHTH, 3aCTOCOBYIOYM IX B MpPOIECi OOYUCIICHHS
MOKAa3HWKAa HAAIWHOCTI 32 TEpIWIUM YU  JPYTUM
BapiaHTaMH.

[Ipobnemoro y BCiX IMX HaBEACHWX BHITAJIKaxX
BHCTYIIA€ BU3HAYECHHS KITBKICHUX OLIIHOK
HaJIMHOCTI KOXHOTO KOHKPETHOTO TMpaiiBHUKA, a

BiJIMIOBITHO W KOMaHAM Y 1misomy. JIns po3B’si3aHHS wi€l
npoOyieMH MOXXKHa BHKOPHCTaTH EKCIEPTHY OILIHKY B
0aax, HaNpHKJIAJ, 3a JOMOMOTOI0 JeCATHOAIBHOT IIKAIH.
Cy0’€eKTHBHICTD €KCIEepPTHOI OLIIHKH 3IIaJpKy€
3aly4eHHsl KUIBKOX EKCIEpTiB, B TOMY YHCII M WICHIB
caMoi TPOEKTHOI KOMaHIM, fAKi OILIHIOTh CBOIX
mapTHepiB, ajie He OepyTh yJacTi B OIIHII caMuX cebe.
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IlikaBuM € ¥ THTaHHS CTOCOBHO TOTO, 3a SKHMH
MMOKa3HUKaMH MisUTbHOCTI W ITOBEMIHKW TMpalmiBHUKA 1

KOMaHI¥W OIIIHIOBaTH iXHIO HajiiHicTh. Hampukiman,
Anan JI. Opp  WINKOM  COpPaBEMJIMBO  ITiJIKPECIIIOE,
mo "t 3a0e3MeUeHHsT CBOEYACHOTO BUKOHAHHS TPOCKTY
Balii KOMaH/1i MOBUHHI Oyt NpUTaMaHH1

HeoOXinHI HaBMYKM. TUM He MeHIIe 4YacTo I HeBaadi
MOSICHIOIOTHCS HE BiJICYTHICTIO HABUYOK, a HEJOCTAaTHBOIO
MOTHBaIli€r0 11X BHKopucTaHHs . Ha iioro rimboke
MePeKOHAHHSA, 'K MPaBWJIO, TMpaIliBHUKAM, SKHM
MPUTaMaHHI HAaBWUYKH CEPEAHBOTO PIiBHA, ajle BHCOKA
MOTHBAIiS, CJiI BiJJaBaTH TIepeBary TOPIBHAHO 3
MpaliBHUKAMH, SKHAM TIPUTaMaHHI HAaBHYKA BHCOKOTO
piBHsA, aye sAKi Oalayke CTaBIATBCA O CBOET podoTu”
[8, c. 90]. ABTop 3BOAMTH BCE A0 MOTHBAIllii, X04a MU
BIICBHCHI, 1[0 BOHA € TIJIbKU OJHUM 3 MEBHOI CYKYITHOCTI
CKJIaJHUKIB, sIKI y CBOIf CHCTEeMHIH WiJiCHOCTI W
YTBOPIOIOTH Ty SIKICTh JIFOJMHHM, sIKa 1 BHCTYIAE
BUPAXXEHHSIM 11 Ha(iifHOCTI.

B Teopii 1 mpakTHili yOpaBIiHHSI MPOEKTAMHU
HagIWHICTE B 3arajibHii  CHUCTEMI  IOBENIHKOBHX
KOMITETEHITIH  (axiBOsg MNPUHAHATO pPO3YMITH y I
OUTBIII BY3bKOMY CEHCi. 3BHYAHHO MJIs XapaKTEPUCTUKU
HaIIHHOCT1 MAa€eThbCA Ha yBasi "cBo€yacHe
MocTayaHHs OOINSHOTO TPOAYKTY YU TIOCIYTH, SKi
BIMOBIAAIOTh SAKOCTI, BKa3aHI y TEXHIYHHX YMOBax
mpoekty" [2]. Ilpu 1bOMY BBaKa€ThCs, MO K IS
KepiBHMKA MPOCKTY, TaK 1 [ WOro KOMaHIU
MOCTIMHI mposiBM X BUCOKOi HafdiiiHOCTI came B
HaBEJCHOMY CEHCI CIPHSIOTh 3POCTaHHIO aBTOPHUTETY i
BIICBHCHOCT] 3aMOBHHKIB MIPOCKTIB Ta IHIIUX iX MapTHEPIB
B TOMY, IO caMe Il KOMaHaa 000B’I3KOBO BUKOHAE YBECh
CHEeKTp OOIIIHHX poOdiT B OOYMOBJIEHI TEpMiHH, 3
IOTPUMaHHIM OFOJDKETY Ta 3 Y3TOJDKCHUMH apaMeTpaMu
SIKOCTI.

Ile ctae 0coOIMBO HEOOXIIHUM, OCKIIBKH CHOT'OJIHI
MOMITHO 3pOCTae piBeHb KOHKYpPEHIi Ha PHHKY
MPOSKTHHUX TOCIYT. 332 MUX YMOB [esKi KOMaHIU Ta TXHi
KEpIBHUKH 1HKOJIM HaBMHCHO OsedyroTh, 00iustoun
HaJlle)kKHe BHKOHAHHS pOOIT, CTOCOBHO SIKHX BOHHM HE
MaroTh JKOJHOT0 A0cBiny. OTxe ouikyBaHa iX HaXilHICTH
LIJIKOM MOXE He CITIBIaJaTH 3 PeallbHO0. 3 ypaxyBaHHIM
TaKUX MOXIIMBOCTEH KEPIBHUKOBI IPOEKTYy HEOOXiIHO
pPETEeThbHO MIIXOAUTH 10 (QopMyBaHHSI KOMaHIN U
3a0e3neueHHS MTOCTIHOTO npogeciiHoro Ta
OCOOWCTICHOTO PO3BUTKY KOXHOTO 3 1i YYacHHKIB.
Oco0nuBy yBary BiH Ma€ NMPUIUIATH HATIHHOCTI KOXHOTO
3 HUX 1 HamiWHOCTI BCi€l CBO€T NMPOEKTHOI KOMaHAM Y
nitomy. Ilepm 3a Bce s I[bOTO TOTPIOEH BHCOKHIMA
mpodeciifHnii Ta OCOOHCTICHHII aBTOPUTET KEpPiBHHUKA,
HOro cHpaBXHIA JNiAEPCHKUI CTAaTyC 1 BH3HAHHS IIHOTO
CTaTycy sIK 3 0OKy peaJIbHUX 1 MOTEHI[IHHINX 3aMOBHUKIB,
TaK i 3 00Ky KOHKYPEHTIB.

Kpim mporo, caM ceHc MOHSATTS HaIiHHOCTI JIIOINHH,
Oynb TO KEpiBHHK YH MPOCTO PSJIOBHH BUKOHABEIIb,
nepen6ayae 000B’I3KOBY HAsBHICTh Yy HBOTO TaKHX pHC i
skocreil. lle, mo-mepmie, BHCOKO pO3BHHEHE IOYYTTS
CBOEI  OCOOMCTICHOI  BIANOBINANBLHOCTI  3a  SIKICTB
BHKOHAHHS HUM CBOiX CJIY’)KOOBHX O0OB’SI3KiB 1 3aBJJaHb B
Mexax npoekty. [lo-apyre, e mouyTTs BiJIOBiTAIEHOCTI
3a KOMaHay, 3a xapaktep 1i JisTTBHOCTI 1 SKICTB

pesynbratiB. lle TOYYTTS BKJIIOYAaE€ TOTOBHICTH B
iHTepecax KOMaHIU MPUUTH Ha JOMOMOTY TOMY, XTO
nporo motpedye. Ilo-Tpere, e KOpEeKTHA TOBEMiHKA,
JMOOPO3UWINBICTE Ta pO3CYyAIuBicTh. Ilo-ueTBeprte, IIe
MOMIPKOBaHICTh, 370poBHMH Tiy3x 1 JoBipa. Jis
KepiBHHMKA X HEOOXIHO JOJATH ¢ H CTBOPECHHS yYMOB
JUISl HAJIE)KHOTO PO3BHTKY LUX Ta iHIIMX mHpodeciiiHo i
COLaJIbHO 3HAUYYIIMX pHUC 1 SKOCTEW WIEHIB CBOET
KOMaH/TH.

Sk crnpaBXHBOMY JiJCpOBi, HOMY HEOOXITHO IS
Toro, mo0 cdopMmyBaTH y cebe 1 UICHIB CBOET
KOMaHIN HEOOXiTHY HaAIHHICTB, HAIOJIETIIUBO
MparHyTH BHXOBYBAaTH W PO3BUBATH B COOI 1 B JIOZSMX
BIIKPUTICTh 1 TIOCHIOBHICTb, YECHICTh 1 TpParHeHHS
3BECTH JI0 HYJII MOXIIUBI MOMHJIKH. Y TOMY XK pasi, KOJIH
BOHH BCE€ )X BUHHMKAIOTh, HAAIWHUH MMPaI[iBHUK BU3HAE IX 1
MIBUJIKO 3HAXOAWUTh ©(QEKTHUBHI JIAXH 1 cmocodu ix
BUMPABJICHHS YM YCYHCHHS MOJMJIMBUX HETATHBHHX
HACJIiIKIB.

B yMoOBax CBOTOJCHHS TEXHOJIOTiS YIPaBIiHHI
mpoekTaMd  HaOyBae  Bce  OUIBINIOIO  MOIIMPCHHS.
[le moOB’s3aHO 3 PO3BUTKOM MPOCKTHO-OPIEHTOBAHUX
chep cycmiibHOTO BHpPOOHHIITBA. TOMYy KepiBHUKOBI
BKpali HEOOXiHO TMOEIHYBaTH TakKi JBI Ha MEPIIHMA
TTOTJISLT TPOTHIIC)KHI TEHACHIII, SIK CITeIiai3allis KoOMaHIu
Ha TEBHUX BHIAX MPOCKTIB Ta MOCTIHHE PO3IIUPEHHS
chep cBoei mispHoOcTi. [lpm npoMy 3aBxkaum ciin

maMm’aTaTv, [0 HagidHICTE € OJHICI0 3 THX
XapaKTePUCTUK, SIKI 3BHYAHHO BHCOKO  I[IHYIOTBHCS
3alliKaBJICHUMH CTOpDOHAMH Yy CBOIX TapTHepax i

CTBOPIOIOTh HEOOXIZHUH IMI/K 1 aBTOPUTET NPOEKTHIN
KOMaH/Ii Ta 1i KepiBHUKOBI.

OTxe, KOMaHIa, SKi TNPUTaAMaHHUA BHCOKUH
piBeHb HANIWHICTH, IIJIKOM 3lIaTHa PO3PaXxOBYBATH
Ha Te, M0 0 Hei 3aBkau OyIyTh 3BEpTATHCS 3aMOBHUKH,
cepell SIKUX BOHA 3MOXe IIe ¥ BHOUpaTH THX,
sIKi T ySIBISIOTHCSA HAaWOUTBII MIKAaBUMH Y 3MICTOBHOMY

H  BUTAHMMH B  EKOHOMIYHOMY IutaHi. Takum
YUHOM,  HAIAHICTH  JIACHO  CTa€  E€KOHOMIYHOIO
KaTeropiero.

Buctynaroun ofHi€ro 3 BaXJIMBHX, Xoua 1

cnenu(iYHUX TOBEAIHKOBUX KOMIICTEHI[IH, HAMIHHICTh
MPOEKTHOT KOMaHAM ICTOTHO MiJBHILye Ii LIAHCH Ha
VCIIIITHE JOCSTHEHHS ITOCTAaBICHHUX 3aBIaHb. PazoM 3 Tum
BOHA CTHUMYJIIO€ STK OKPEMUX BUKOHABIIIB, TAK 1 KOMaHMY B
[UIOMY 1 HaBiTh IHIIMX 3aliKaBICHUX CTOPIH, SKi OepyTh
y4acTh y BHKOHAHHI NPOEKTy. Bimemm Toro, HamiiHICTS,
sKa MPHUTAMaHHA YJICHAM IPOCKTHOI KOMAaHIH, 3a0X0Uy€
iX 10 TOCTIHHOTO 3JIHCHEHHS CaMOKOHTPOIIO i
OJTHOYACHO 3MIIHIOE IXHIO BIIEBHEHICTh Yy c00i, y CBOiX
CHJIaX 1 MOXKITMBOCTSIX 1 CIIPHS€E MOCTIHHOMY ITiJBUIICHHIO
HUMU CBOTO MpodecioHamizmy.

TakuM YHMHOM, HAAIMHICTHP MPOEKTHOI KOMAaHIU
HEOOXiTHO PO3TIAAATH SIK OJIUH 3 BAXJIMBHUX BAXKEIB, IO
3a0e3neyye MOMKJIMBICT YXWICHHS BiJl NEpeIkoa i
HEeBJaY, sSKi HEMHHYYE BHHUKAIOTH B IPOILEC peaiizaril
MPOCKTY. Y TOMY X pa3si, KOJH HE BAAEThCA IX YHHUKHYTH,
caMe 3a JIOOMOTOI BHCOKOI HAMIMHOCTI BJAETHCA
HalOUIbII e(eKTHBHO IX J0JIaTH, HE3MIHHO JIOCATAI0YH
yenixy. Cnmin BiJ3HAYUTH, IO 3aBASKH CBOiM BJACHii
HaAiHOCTI W HaAIMHOCTI CBO€I MPOEKTHOI KOMaHIH
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KEpiBHHK TPOCKTY 1 KOMaHJa OTPUMYIOTh peallbHy
MOXKJIUBICTh HE TIJBKH OTPUMYBATH TiTHY BUHArOpPOIy 3a
CBOIO POOOTY, alle W MOCTIHHO YIOCKOHATIOBATH SK CBOT
MOBE/IIHKOBI, TaK 1 KOHTEKCTyaJbHI Ta TEXHI4HI
KOMIETCHIIII.

BucnoBku

HageneHuit aHani3 CyTHOCTI HaIiHOCTI SIK OJHI€T 3
BaXJIMBUX TOBCAIHKOBUX KOMIICTEHIINH axiBus 3
YIpaBJIiHHSA MPOCKTAMU Ja€ HaM Baromi MiJCTaBU IS
TaKUX BHMCHOBKIB. Ilo-mepine, poib 1 peanbHe 3HAUYCHHS
HaJIHHOCTI TaJeKo He OOMEKYIOThCS nuiIe 11 QyHKIieto
MTOBEAIHKOBOI KOMIeTeHIii. Bora Moxe ciyryBatu i
JHACHO CIIyTye ICTOTHOIO IHTETpaTbHOIO
XapaKTePUCTUKOIO SKOCTI TMPOEKTHOI KOMaHmW Ta il

poOOTH CBOE€YACHO, 3 HAJNEKHOI SKICTIO 1 B MeXax
O10KETY.

[To-TpeTe, Ha BiIMIHY BiJ] CEHCY MOHATTS HaTIHHOCTI
B TEXHilli, HaJIMHICTD JIOJUHU 1 MPOEKTHOI KOMaHIU Y
[UIOMY BH3HA4Ya€ HE TUIBKA 1 HE CTUIBKHA IXHIO
Mpane3aaTHICTh, 3yMOBIICHY (Di3MYHOI0 BTOMOIO, CKIJTBKU
CTaBJEHHS N0 poOOTH 1 CBOiX OOOB’SI3KIB, LIHHICHE
COPUUHSATTA CBOEl TNPUHANCKHOCTI 1O  KOMAaHJH,
JUCIATUTIHOBAHICTb, BiJINIOBIJAJTBHICTB, KOPEKTHY
MOBEIiHKY 1 TOTOBHICTH MPHUUTH HAa JOIIOMOTY iHIIOMY
YJICHOBI KOMaHH, SIKHIA IIOTO TIOTPEOYE.

TakuM 4YHMHOM, HAAIMHICTP MPOEKTHOI KOMAaHIU
BHCTYIIa€ BH3HAYaJIbHUM ITOKa3HUKOM 1 MOXKJIMBOCTEH
HAJIGKHUM YHHOM BUKOHYBAaTH 3aBJAHHS, Y3rOJKEHI 3
3aMOBHHMKOM, BIJIOBIJHO [0 BHU3HAYCHUX YMOB iXHBOT

SAKOCTI 1 TepMiHy BHMKOHaHHS 1 y il SKOCTI CIyrye
IHAMKATOPOM aBTOPUTETY KOMAHIH i KEPiBHUKA.

IlepciekTHBH MOAAJBITUX PO3BITOK MOJSATalOTh B
po3po0Ili eheKTUBHIX METOIUK 1 COCO0IB 3a0e3meueHHs
BUCOKOI HAJIWHOCTI YYaCHHKIB TNMPOCKTHOI KOMaHIU I
KOMaH/IM y MIJIOMY Ta y X BOPOBAKCHHI B MPAKTUKY
IISUTBHOCTI KepiBHUKA TPOEKTy 1 MeHemkepiB Ta ix
BUXOBHOI pOOOTH 3 KOMaH/I0H0.

3[aTHOCTI YCHIIIHO BUKOHYBAaTH 3aBJaHHS HaBiTh JOCHTH
CKJIQJHUX TPOEKTIB.

[Mo-npyre, HaAiIiHICT NPOEKTHOT KOMaHIY BU3HAYAE
1l 34aTHICTh HE TIIBKH HAJIC)KHUM YHHOM BUKOHYBATH
cBOi craHmapTHi GYHKOIT 1 3aBJaHHA B HOPMaJIbHUX
yMOBax, ane ¥ 30epiraTd yCTaJeHICTb 1 BHCOKY
Npane3JaTHICTh y CKJIAJAHUX MPOOIEMHHUX CHUTYallisx Ta
YCHIIIHO IX J0JIaTH, BUKOHYIOUM OOYMOBIICHI MPOECKTOM
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HAJIEJKHOCTH KAK XAPAKTEPUCTHUKA MTPOEKTHOM KOMAH/IBI

IlpeameT cTaThu COCTOMUT B ONPEACICHUH MOHATHS HAJEKHOCTH KKIOTO HCIOJHHUTENS MPOCKTA, a TAaKkKe MPOSKTHONW KOMaHIbl B
LIEJIOM KaK OJHOM M3 MHTETpajibHBIX XapaKTEepUCTHK ycmexa mpoekta. Llesb cTaTbu — pacKkpbITh 3HAaYEHHE M MECTO HaJ€KHOCTH
KOMaH/Ibl TIPOCKTA M €ro yYaCTHUKOB B OOIIEH CHUCTeMe MOBEACHYECKHX KOMIETCHUMH CHEIHATUCTA 10 YIPABICHUIO TPOCKTAMH.
3agaua uccienoBaHUs 3aKJIIOYASTCsl, BO-TIEPBBIX, MOKa3aTh, YTO HAAECKHOCTh MPOEKTHOW KOMAaHMABI SBJSIETCS OAHON M3 Ba)KHBIX
XapaKTEPUCTHK CIIEIHAINCTA TI0 YIPABICHUIO MPOCKTaMH MPH (HOPMHUPOBAHUK W PA3BUTHH dPPEKTHBHON KOMaHIbI mMpoekTa. Bo-
BTOPBIX, pacCMaTpUBaTh HMOHATHE HAJEKHOCTH HCIIOJHHUTENEH NPOEeKTa M KOMaHJIbl MPOeKTa B IBYyX acmekrax. IlepBelif u3 HHUX
OTHOCHUTCS K TICHXOJOTUYECKUM U TICHXO(PH3HOIOTHIECKIM (haKTOpaM, a BTOPOH KacaeTcsi MOPaIbHO-TICUXOJIOTHIECKUX (HaKTOPOB,
TaKMX KaK 0053aTeIbHOCTh, JUCHUIUTMHAPOBAHHOCTD, JI00OpPOXKEIaTeNbHOCTh, OJjlaropasymme W TOMY IMOa00HOe. B-TpeThux,
paccMOTpeTh J1Ba MOJX0Aa OIpeeeHus MOHITHS HaJIe)KHOCTH KOMaH/IbI poekTa. MeToAbl Hccael0BaHUA BKIIIOYAIOT, BO-NIEPBBIX,
aHaJIM3 POJIM HAIE)KHOCTH B CHCTEME MOBEJICHUYECKUX KOMITETCHIA B mporiecce GopmupoBanust 3H(HEKTHBHOW MPOSKTHOW KOMAaH/IBL.
Bo-BTOpPBIX, OMpeae/icHne KOMMYESCTBCHHBIX IMOKA3aTeNiell HaIE)KHOCTH KaXIOTO KOHKPETHOrO pabOTHHKA, a COOTBETCTBEHHO H
KOMaH/Ipl B II€JIOM, C MCIIOJIb30BAHUEM SKCIEPTHBIX OLIEHOK. B-TpeTbux, ompeaeneHue 4epT M KauecTB, KOTOPHIE XapaKTEPU3YIOT
HAJIOKHOCTh crenuanucra. Pe3yabrarbl. HanekHOCTh NPOEKTHONH KOMAHIbI BBICTYMAET OINPEACISIONIUM [OKa3aTesieM ero
BO3MOXKHOCTEH HA/UIeKAI[MM 00pa3oM BBIIOJHATH 3a4add IPOEKTa COrJIAaCHO TpeOOBaHWSIM 3aKa3uMka. HalekHOCTh HYKHO
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paccMaTpuBaTh KaK WHTETPABHYIO XapaKTEPHCTHKY KadecTBa MPOCKTHONH KOMAaHIBI IIPU YIIPABICHUU POCKTAMH H €€ CITOCOOHOCTH
YCIINIHO pemaTh 3aJaddl IMPOeKTOoB. BbIBoaBI. Bo-TepBBIX, HAaIEKHOCTh NPOEKTHON KOMAaHABI ONpENesieT ee CIOCOOHOCTh He
TOJIBKO JTOJDKHBIM 00pa3oM BBIMOIHATH CBOM OOBIUHBIC (DYHKIIMH U 3aJa4d B HOPMAIBHBIX YCIOBHSAX, HO M COXPAHATh YCTOHYMBOCTH
U BBICOKYIO PabOTOCHOCOOHOCTH B CIOXHBIX NMPOOJEMHBIX CHUTYallUsAX M YCIEIIHO WX MPEOJ0JIeBaTh, BBHINOIHASL OOYCIOBICHHBIC
MIPOEKTOM pabOThl CBOEBPEMEHHO, ¢ HaUICKAIIMM KaueCTBOM U B Ipezenax Oro/keTa. Bo-BTOPHIX, HAlEKHOCTh UCIIONHHUTENCH U
MIPOEKTHOW KOMAaHJBI B LIEJOM OIpEAEsIeT OTHOLICHHE K padoTe U CBOMM OOS3aHHOCTSAM, BOCHPHATHE CBOESH MPUHAIICKHOCTH K
KOMaH/ie, OTBETCTBEHHOCTb, KOPPEKTHOE MOBEACHUE, TUCIUILTMHUPOBAHHOCTD, OTBETCTBEHHOCTh M TOTOBHOCTH MPUNTH Ha MOMOUIbL
JIPYroMy WieHY KOMaHJIbI.

KiloueBble cioBa: yrpaBieHHE [MPOEKTaMH;, IPOEKTHas KOMAaHJA, IIOBEJACHYECKHE KOMIICTCHLUH, HaJAeKHOCTD;
XapaKTEepUCTUKA KaueCTBa, IPOEKTHOE 3aaHue.

RELIABILITY AS A CHARACTERISTIC OF THE PROJECT TEAM

The subject of the article is the definition of the concept of reliability of each project performer, as well as the project team, is one of
the integral characteristics of the project's success. The goal of the article is to reveal the importance and place of the project team and
the participants on the behavioral competencies of the project management specialist. The objectives of the study are, first, to show
that the reliability of the project team is one of the important characteristics of a project management specialist in the formation and
development of an effective project team. Second, the concept of the reliability of the project executors and the project team will be
intended in two ways. First of them concerns psychological and psychophysiological factors, while the other concerns moral and
psychological factors such as compulsory, discipline, benevolence, prudence, etc. Third, it is necessary to show two approaches to
determining the concept of the reliability of the project team. The methods of the study are to involve the analysis of the role of
reliability in the system of the behavioral competencies in the process of forming an effective project team. Second, the definition of
quantitative indicators of reliability of each particular employee, accordingly, the team as a whole, using expert assessments. Third,
the reliability of a person, whether it is a manager or just an ordinary performer, involves the mandatory presence of his certain
features and qualities. Results. The reliability of the project team is a key indicator of its ability to execute project tasks properly in
accordance with the customer's requirements. The reliability should be considered as an integral characteristic of the project team
quality in project management and its ability to successfully execute project tasks. Conclusions. First, the reliability of the project
team determines its ability not only to perform its standard functions and tasks properly under normal conditions, but also to maintain
firmness and high efficiency in complex problem situations and successfully overcome them, fulfilling the timely, with due quality
and within the budget. Second, the reliability of the performers and the project team as a whole determines the attitude to work and
responsibilities, the perception of belonging to the team, responsibility, correct behavior, discipline, responsibility and the willingness
to help another member of the team.
Keywords: project management; project team; behavioral competencies; reliability; quality characteristics; project task.
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