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AJITOPUTM PO3PAXYHKY ®OKAJIbBHUX TAPAMETPIB
MPOPIJIBHUX EJIEKTPOHHUX ITYYKIB, AKI ®OPMYIOTHCA
I'A30PO3PAJHUMU TAPMATAMMU

I.B. MEJIBHUK, A.B. IOYUHOK

AHoTamnisi. Po3mIsiHyTO aJIrOpUTM pO3paxyHKy (DOKYCHOI BiJCTaHi IMOPOXHHCTOTO
KOHYCHOTO €JIEKTPOHHOTO ITy4Ka, SIKUH GOpPMy€eThCsl eIeKTPOHHIMH TapMaTaMy BH-
COKOBOJIBTHOT'O TJIIFOYOTO PO3PsLY, @ TAKOXK PO3PaxXyHKY JiaMerpa Ta TOBLIMHH (o-
KaJILHOTO KIJIBLI TAKOTO My4Ka. 3alpONOHOBaHUN QJITOPUTM OCHOBAaHUH Ha MOJEINi
BIUJIBHOTO Jpeiipy eIeKTPOHIB B aHOAHIN T1a3Mi Ta cpopMOBaHMIA Ha OCHOBI 3aKOHIB
CJICKTPOHHOI ONTHKU 3 BUKOPHCTAHHSAM METOJIB IMCKPETHOI MAaTEMaTHKH Ta MiHi-
MakCHOro aHajiizy. OTpuMaHi pe3yibTaTH MOJCIIOBAHHS J03BOJIMJINA BCTAHOBHTH
B)KJINBI 3aKOHOMIPHOCTI, 1[0 XapaKTepHU3yIOTh 3aJICKHICTh (POKATEHUX ITapaMeTpiB
MOPO’KHUCTOTO KOHYCHOT'O €JIEKTPOHHOTO ITy4Ka, SIKUH (OPMYEThCS €INEeKTPOHHUMHU
rapMaTaMy BHCOKOBOJIBTHOTO TJIIIOYOr0 PO3pPSIy, Bil KOHCTPYKTHBHHX IapaMeTpiB
€JIEKTPOIHOI CUCTEMM €JIEKTPOHHOI rapMaTH.

KuirouoBi cioBa: MiHiMakcHHI aHaii3, MOZAENb BiTbHOTO apeiidy enekTpoHiB, ¢o-
KaJIbHi TapaMeTpH eJIEKTPOHHOTO My4YKa, BHCOKOBOIBTHUI TIHIOYHIA PO3PSIL.

BCTYII

EnexTpoHHI rapMaTé BUCOKOBOJIETHOTO TIit040T0 po3psay (BTP) 3naxonsate mm-
POKE BIIPOBADKEHHS B PI3HUX Taly3siX NPOMHCIOBOCTI, 30KpeMa B €JEKTPOHHIN
MIPOMHUCIIOBOCTI, MPHIIaT00yAyBaHHI, MaTHHOOYAyBaHHI, METaIyprii, aBTOMOOi-
TbHIN Ta aBialiifHii mpomucioBocTi. Lle Hacammepea 3yMOBICHO TUM, IO rapMa-
™1 BTP MaroTh HH3KY TiepeBar MOpIBHIHO i3 TPAAWIIIHHAMHU €IEKTPOHHUMH Tap-
MaTaMd 3 PO3KaplOBaHMMHU KaTOJaMU 32 YMOBU POOOTH B HHU3BKOMY BakyyMi
B CEPEIOBUINI Pi3HUX TEXHOJIOTIYHHMX ra3iB, 30KpeMa iHEPTHHUX Ta aKTHBHHUX
[1-6]. Cepen nux mepeBar BapTo Bia3HAUWTH Taki [1, 2, 7]:

— BUCOKY CTaOUIBHICTh poOoTH enekTpoHHHX rapmat BTP ta noBroiuHicTh
OXOJIOAKYBaHUX KaTOAIB y niama3oHi podouoro tucky 0,1-10 Ia;

— BITHOCHY IIPOCTOTY KOHCTPYKIIiH €JEKTPOHHUX TapMaT Ta MOMUIMBICTH 1X
OHOBIICHHS 1 PEMOHTY i3 3aMiHOIO TOJIOBHHX (DYHKIIIOHAJbHUX BY3IiB, 30KpeMa
XOJIOAHUX KaTOZiB;

— IPOCTOTY KEPYBaHHS MOTY>KHICTIO €JIEKTPOHHOTO Iy4YKa 3MIHOO THCKY I'a-
3y a0 eJIEKTPUYHUM CIIOCOOOM.

IcroTHUM HenoikoM enekTpoHHUX rapMaT BTP BBaskaeThcs BiTHOCHO Male
3HAa4YEeHHS TYCTHHHU CTPYMY 3 MOBEpPXHI Karona, sike 3a (i3MYHUX YMOB TOPIHHSA

© IB. Menvnux, A.B. ITouunox, 2019
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I.B. Menvnux, A.B. Ilouunox

PO3pAiB HU3BKOIO THCKY CTaHOBUTH He bimbime sk 0,01 A/em?, mo notpelye s
JIOCSTHEHHS BITHOCHO BHCOKOI TTOTYKHOCTI TEXHOJIOTIYHUX CIEKTPOHHUX ITYYKiB
BUKOPHUCTAHHSI KaTOJliB 3 PO3BHHEHOIO eMICiifHO0 moBepxHelo [1, 2]. Onnak came
3 1€l IPUYMHNA BHHUKAE MOXKIIHMBICTH (pOpMyBaTH 3 BUKOpUCTaHHSAM rapmat BTP
npoQiabHI eNeKTPOHHI MyYKH 31 CKJIAJHOI IMPOCTOPOBOI0 TEOMETPIEr0, 30KpeMa
JIMCKOBI Ta TpyOUacTi enekTponHi mydku [1, 8]. CrpoiieHy KOHCTPYKTUBHY CXe-
My €JIeKTPOJHOI cucTeMH enekTpoHHoi rapmatu BTP, sika hopmye noposkaucTHit
KOHYCHHH €JIEKTPOHHHUH MyYOK 3 KUTbLIEBUM (OKYCOM, 300pakeHo Ha pHc. 1.

f

O CoNY U AN W

Puc. 1. KoHCTpyKTHBHa CcXeMa akciaJbHO-CUMETpHYHOI enekTpoanoi cucremu BTP,
MpHU3HAYCHOT UIsi (POpMyBaHHS MOPOKHUCTOrO KOHYCHOTO €JICKTPOHHOrO mmyuka: I —
KaTof;, 2 — BUCOKOBOJBTHUM 130JIATOP; 3 — EJIEKTPOHHUH ITy4OK; 4 — aHOI; 5 — IUIa3-
MOBa MeXa; 6 — CIIEKTPOHHHH ITy4OK; 7/ — aHOJHA TIa3Ma; 8 — JOMOMIKHHN IHTiHI-
pudHUi enekrpon; 9 — BuPIO, KUt 00pOOIAETHCS

['omoBHa mepeBara eeKTpoaHOI cucTeMH (puc. 1): KyT HAXWITy o aKCiaabHO-
CUMETPUYHOTO EJIEKTPOHHOTO ITyYKa 3aJa€ThCS JO OCi CUMETPii eNeKTpOIHOI cu-
CTEMH, IO JT03BOJISIE OTPUMYBATH HEOOXIMHUN PO3IMOALT SHEPTii IMydKa y TUIOIIIH-
Hi po3TaulyBaHHs BHPOOY 1 B TaKUil CIIOCiO ONTHMIi3yBaTH TEXHOJIOTII0 TEPMiuHO-
ro 00poOeHHs BUPOOIB Ta MiJBUIIUTH iX AKICTH [9].

[IpoGnema monArae y ToMy, IO HaTemep HE iCHy€ TOYHHX, aJeKBaTHHUX Ta
IPOCTUX MAaTEeMaTUYHUX MOJEINEH, SKi 03BOJSUIM O Ha OYAaTKOBOMY €TaIll IPOeK-
TYBaHHSI PO3paxOBYyBaTH BUXiJHI MapaMeTpH eNeKTpoHHuX rapmar BTP, ski cyT-
TEBO BIUIMBAIOTh Ha XiJ MPOBEAEHHs TEXHOJOTiYHOTrO mporecy. Hacammepen ue
CTOCYETBCSI €IEKTPOJAHUX CHUCTEM 31 CKIIQJHOIO TPOCTOPOBOIO TEOMETPIEI0, SIKi
(hopMyt0Th IPODIIBHI €ICKTPOHHI Myuku. Hanpukian, MaTeMaTHuHi MOAEII, SKi
po3TIIAIaNKCs v mpartli [8], € JOCUTh CKIaIHUMH 1 He YHIBEPCATHbHUMHY, OCKITBLKH
BOHM OPIEHTOBaHI HA aHaNi3 EIEKTPOIHUX CHUCTEeM, sKi (OpMYIOTh TpyOUacTi Ta
JTUCKOBI €TIEKTPOHHI ITy4KH.

Meta po60oTH — pO3pO0JICHHS yHIBEPCAIBHOTO aJTOPUTMY Ul BH3HAUCH-
H (pOKaNIBHUX MapaMeTpiB KOHYCHOTO MOPOXHUCTOTO EJIEKTPOHHOTO ITydKa,
kit GopMyeTbes B enektponHiit cuctemi BTP (puc. 1).

ITOCTAHOBKA 3ATAUI

VY3arajabpHEeHy METOJIMKY PO3B’sS3yBaHHS €JICKTPOHHO-ONTHYHOI 3aa4i ISl eJIeKT-
ponuux cuctem BTP copmynboBano y mparsx [10, 11]. Llg meTonuka rpyHTy-
€TBCSl HA TIMOTE31 MPO Te, IO MEXa aHOIHOI IJIa3MH B E€IEKTPOJHHUX CHCTEMax
BTP po3rismaeThes K HKEPETo 10HIB Ta K PYXOMHH TPO30PHH I €ICKTPOHIB
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€JIEKTPOJI 3 OTeHIianoM, OJIM3bKUM JI0 aHOAHOTO. Y mpani [2] Takoxk oOrpyHTO-
BaHO, 10 JUIsI MaKCUMaJIbHUX CprMlB po3psizy Mexa aHogHoi ninazmu BTP € na-
paJIeNbHOO 10 TIOBEPXHi KaTo/a i He 3MiHIOE MOJIOKEHHS 31 3MiHOIO CTPYMY pO3-
psny. Kpim Toro, BucyHyTO Ta OOIpYHTOBaHO NPUIYILICHHS MpPO Te, MO 00’€M,
AKHUH 3aiiMae aHOAHA MJa3Ma, BU3HAYAETHCS JIHUIIE MPUCKOPIOBAIBHOIO HAMIPYTOIO
1 THCKOM po00YO0ro ra3zy B po3psiAHill KaMepi rapMaTH i He 3aJIeKHUTh BiJl TeOMeT-
pii enekrpoai. 3a Takoi ymoBH y npaiix [10, 11] 3anpomoHoBaHo cnocid po3pa-
XYHKY TIOJIOXKEHHS TUIa3MOBOI MeXI JJI MaKkCUMalbHUX 3HadeHb cTtpymy BTP,
OCHOBAaHHK Ha TOMY, IIIO CTIIOYATKy BH3HAYAETHCS i1 IMONOXKEHHS B €KBIBAJICHTHIM
OJTHOBHMIpHIH CHCTEMI 13 TUNIOCKUMHU €IEKTPOJaMH, a MOTIM OTpUMaHe 3HAYCHHS
HepepaxoBYEThCS Ul PEabHOI TeOMeTpii eNEeKTPOAiB 3 YpaxyBaHHIM TOTO, II0
B Hill I1a3Ma 3aliMae Takuid caMuil 00’eM, a i Meka mapanenbHa OBEPXHi KaTo-
Ja. 32 YMOBH MaJlUX CTPYMIB PO3pPsILy T€OMETPis IIa3MOBOT MEXi BU3HAYAETHCS
aepes KOMH’IOTepHI/Iﬁ aHaii3 QoTorpadiii po3psAAHOTO MPOMIKKY SK MicIe Mexi
CBITJIOl T TEMHOI IIISAHOK pospsny. 3a TakuxX yMOB JJIS1 MATEMaTUYHOTO OIHMCAH-
HSI TTOJIOKEHHS IJIa3MOBOi MEXKi BiZIHOCHO TOBEPXHI KaToZa 3alpOIIOHOBAHO Bil-
TIOBi/THI alPOKCUMAIIiiHI CITiBBiqHOIIEHHS [12].

BA30OBA CUCTEMA PIBHSIHb JJ151 MOJEJII CAMOY3I'OJ’)KEHOI
EJEKTPOHHO-IOHHOI OIITUKH EJJEKTPOJJHUX CUCTEM
BUCOKOBOJIBTHOI'O TJIIIOYOI'O PO3PALY

3a yMOBH BiOMOi TeOMeTpii IJIa3MOBOI MEXI PO3IOAUT EIEKTPUYHOTO ITOJIS
B €NEKTPONHIM cucteMi (puc. 1) Moxe OYTH 3HalJIcHHH uepe3 YHCIOBE
po3B’si3aHHs piBHAHHSA [lyaccoHa, MOJaHOTO y MMITIHIPUYHUX KOOPAMHATAX, Me-
TOJIOM CKIHYEHHHUX Pi3HUIb. BiAMOBIAHI CKIHUEHHO-PI3HHUIICB] CITIBBIAHOIICHHS
3aMMUCYIOTHCS TAKUM YrHOM [13]:

UG,k =0 Cout i+ 1L,k + Cpun ~ Lk + )+ C UM (- 1,k) +

n-—1,.
v qun k-1 + 2R gyyn =13k, (1)
)
e
1 1+ 21k 1- 21k
Co=Ce=—; Ch=—"5"3 Ca=—5—, (2)
“ap? ; h?
JIUIST TOYOK, SIK1 HeE JIEKaTh Ha 0Ci z, Ta
4h2 h
C ;C.=0;C=Cy = 3

«= 7% b=Ca="" 3)
IUIST TOYOK, SIK1 JIeXKaTh Ha OC1 z; # — HOMeEp IMOTOYHOI iTepallii 3a MoTeHIiaIoM;
i Ta k — HOMEpH MOTOYHMX BY3JIIB, SIKI PO3IJIAAAFOTHCS, BIAMOBITHO 32 IMO3/10-

BXXHBOIO Ta PaJliaIbHOI0 KOOPAMHATAMH; (® — YHCIOBHUI mMapaMeTp, sSKuil 3aie-
JKUTBH BiJl TEOMETpii €IEKTPOMHOI CUCTEMH 1 BIUIMBAE Ha IIBUAKICTH 301KHOCTI
iTepaliifHOrO Mpolecy 3a MOTEHLIAIOM; /1, — KPOK AWCKpeTH3alii 1o oci » ; A,
— KpOK IHCKpeTH3arii mo oci z; p”_l(i, k) — TIpocTOpOBHIA 3apsn y BY3Ji 3
HOMepoM (7, k) Ha IomepeIHii iTepalii.
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Jns migBuineHHS e(eKTHUBHOCTI peamizaulii y cUcTeMi HayKOBO-TE€XHIYHUX
po3paxyHkiB MatLab Ta mis BUKOpHUCTAaHHS MOMUIMBOCTEH IMapaielbHUX 00UwC-
JIHb Ha Cy4YacHHMX OaraTosIepHHX Mpolecopax i B KOMIT IOTEPHHX Mepeskax
criBBigHomenHs (1)—(3), BiANOBIAHO 10 KOHLENMLIi MATPUYHOTO MIPOTPaMyBaHHS,
Oymu mepernuvcaHi sSK 0uH apuPMETHKO-JIOTiuHIIi Bupa3 [14—16]:

m=0>0)I-1)+(=0)1, C, =14—— D =1-—1.

2m 2m’
Ukt +Ukirg DUk + Colgin
h? h?
U =| (1>0)- - I +
s
Uy +Ukig 4Us

2 52

+([=0)- ’2 ) = (Up <Up; <Upp)+ 4)
non?

khr (Unp B Un)

_]/-a

+U=U)U, +(U<UH)( np>

j+ U2U,,)U

ae U, — npuckopioBaibHa Hanpyra; U, — HOTEHIia] aHOJHO] MIa3Mu; 7, —

paniyc, SIKMM BH3Ha4ae IOJIOXKEHHS IJIa3MOBOI MEXI; 7, — pajiyC BHUXIIHOTIO

aHOJHOTO OTBODY.
Jlyis po3paxyHKy TPAaeKTOPii €JICKTPOHIB Ta 10HIB B 00JIACTI KaTOIHOIO Ma-
JIHHS MOTEHIIAly BHUKOPUCTOBYBAIOCH BIJJOME €ICKTPOHHO-ONTUYHE PIBHSHHS

[17, 18]:
[8U(r,z) _aU(r,2) drj . (dr}z
d’r

or 0z dz dz
= , Q)

[”’; +2U(r,z) - U, )j

dz?

Je m, — Maca pyXxoMoi 4aCTMHKH; v, — ii IBUIKICTh; U, — HOTEHLiaN eMiTe-
pa 4aCTHHOK.

Jnst po3paxyHKy HpPOCTOPOBOTO 3apsily BUKOPUCTaHO METOJ TpyOOK CTpy-
My, TOJIOBHi iTepaliifHi CMiBBiTHOIIEHHS SKOTr0 MoAM(]iKoBaHi A BpaxyBaHHS
eJIEMEHTapHHUX MpoLeciB B3aeMoaii 3apsmkeHnx yactTuHok BTP, 30xpema npoue-
Cy mepe3aps/PKeHHS 10HIB Ha aToMax 3aJMIIKOBOIO Ta3y Ta B3a€MOJii 10HHOTO
MIOTOKY 3 IIOBEPXHEIO KaTo/a, Ta HaBeAeHi y nparpix [10, 11]:

Arli,h. py Ui *Usy v Ui U0
AN[ = 27t]VA (l_g)Uceinn Lz; cep — : ; 4 ; ; )
AZpaTMer
j+1 Piz j+1 j Pi
P =— ) Pl =Ty —— ) > ©
p.. —ZnANl-rsz Arlh, p.. —2TCAN1-I"T2P Arlh,
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ne AN; — 3MiHa KOHLEHTpauii 10HIB y MeXax CKIHYEHHO-PI3HHUIIEBOI KOMIPKH

B pe3yJIbTaTi NPOLECy PEe30HAHCHOTO Mepe3apsyDKeHHs; N 4 — mocTiiiHa ABoraj-
po; & — koediulieHT MUTOMOI iOHi3aWii aToMiB rasy; p,,, — aTrMochepHuii
TUCK; (J;, — YyCepelHEeHNH IIEpeTHH Iepe3apsIPKeHHS 10HIB Ha aTOMaX 3aJIMIIKO-

Boro rasy; U, — ycepesHeHe 3HaYCHHsI IOTCHLIIATY B MEXKaxX KOMipKH.

3a yMOBH BiJIOMHX TPAEKTOPil €NEKTPOHIB My4yKa B JUISHII KaTOIHOTO Ta-
JiHHA MOTEeHIIaa 3 ypaxyBaHHIM [IPOCTOPOBOTO 3apsy €IEKTPOHIB Ta 10HIB, SIKi
ITYKAIOTHCS 1TEpallifHO 3 BUKOPUCTAHHAM cHiBBigHOMEHb (1)—(6), TOM0KEHHS
(oKyca eJeKTPOHHOTO ITydKa Ta Horo (oKaJbHUH iaMeTp MOXKHA 3HAWTH, BUKO-
PHUCTOBYIOUH MOJENb BUIBHOTO Jpeidy eNeKTPOHIB B aHOAHIN IIa3Mi 3 ypaxy-
BaHHAM IX PO3CIIOBaHHS Ha aTOMax 3aJIMIIKOBOTO r'a3y Ta MPOCTOPOBOTO 3apsny,
KOMIICHCOBAaHOTO 10HaMH rasy. BiamoBimHa Mopens 0a3yeTbcs Ha alropuTMax
PO3B’A3yBaHHS €KCTpeMaJbHUX 331a4, BiIOMHX 3 METOAIB YHCIOBOTO aHaNi3y Ta
OCHOB AHMCKpeTHOI MateMmatruku [19, 20]. ba3oBi ciBBiTHOIIEHHS MOJIENI BIJILHO-
ro aperidy eNeKTpOHHUX ITyYKiB B 10HI30BAaHOMY Ta3i PO3MIIAJAINCS y Tparsax
[17, 18]. ¥V mpamgax [10, 11] Oynu oTpumaHi Ta mpoaHali3oBaHi BiAMOBiAHI iTepa-
IiAHI CIIBBIAHOMIECHHS MOJIENi npeiidy eIeKTPOHIB B aHOMHIN TUTa3Mi I akcia-
JAbHO-cuMeTpudyHuX cucteM BTP, siki GOpMyIOTh €NEKTPOHHI ITyYKH i3 TOYKOBHM
¢doxycom. Ilpore ans enexrponHoi cuctemu (puc. 1), nmpuzHaueHoi Wit Gopmy-
BaHHS MOPOKHUCTOT'O KOHYCHOTO €JIEKTPOHHOTO IydYKa i3 KiJIBIEBUM (HOKYCOM,
QJITOPUTM TIOLIYKY HOJIOKEHHS MPOCTOPOBOTO (POKyca eNeKTPOHHOrO IydYKa Ta
BU3HAYEHHS HOro (OKaJIbHUX MapameTpiB Mae OyTH Jemio 3MiHEHUM Ta YTOYHe-
HHM.

AJIT'OPUTM OBYHUCJIEHHSA ®OKAJIbHUX ITAPAMETPIB
MNOPOKHUCTOI'O KOHYCHOI'O EJIEKTPOHHOT'O ITYYKA

Mopens BitbHOTO Apelidy eNeKTPOHIB ITydKa B i0HI30BAaHOMY Tra3i OCHOBaHa Ha
TOMY, IO 32 BiICYTHOCTI €JIEKTPUYHOTO TOJISI €JIEKTPOHHU PyXaIOThCs MiXK 10HAMH
y 3alaHOMY HamnpsIMKY 1 CTHKAlOThCSl 3 HUMH, a IPOCTOPOBHHN 3aps]] €IEKTPOHIB
My4Ka Ta 10HIB 3aJIMILKOBOIO ra3y Oe3rmocepelHbO BIUIMBAE HA LieH pyX. 3a TaKuX
(HI3UIHNX YMOB TOJOBHHMH TIPOIIECaMH, SKI MOXXYTh 3MIHUTH HAIpPSIMOK pPYXY
€JICKTPOHIB, € PO3CiOBaHHS €JIEKTPOHIB Ha aTOMax 3aJHIIKOBOTO Ta3y Ta BILIWB
IPOCTOPOBOTO 3apsLy.

VY maremaTnuHiii GopMi MOJIENb PYXY 3apsIKCHUX YaCTUHOK 3aIHCY€EThCS
yepe3 3MiHy KyTa HaXWIy TPaeKTopil esekTpoHiB @. Toxi 3a JOMOMOrow aHamizy
TPAEKTOPIiil 3 BUKOPUCTAHHSAM (PYHKIIIH AUCKPETHOI MaTeMaTHKH [19] Ta MeToiB
pO3B’s3yBaHHS €KCTpeMalbHUX 3anad [20] o0UuCIoThCs (DOKaIbHI MapaMeTpH
€JIEKTPOHHOIO ITyuKa. J[JIs1 bOr0 MOCIIIA0BHO PO3PaXxOBYIOTHCS TPAEKTOPII enek-
TPOHIB Yepe3 3MiHy KOOPAWHATIB TPYOKH CTPYyMY 7 32 YMOBH 33IaHOTO KPOKY /i,
3a KOOPAMHATOIO Z, 1 B TAaKUH cHOCiO BU3HAYAETHCS MOJOKEHHS TPyOKH 3 MaKcH-
MaJbHUM cTpyMoM. Toxi monoxeHHs (oKyca Imyuka F,, BiINOBia€ KOOPAWUHATI
z, JUISL SIKOT 3HAYEHHSI 7 U1l TPYOKH 3 MaKCUMaJIbHUM CTPYMOM € MiHIMaJIbHUM.

AHAJIOTIYHO 00YHCITIOIOTHCS (OKAJIBbHI MMapaMeTPH KOHYCHOTO TIOPOXKHHUCTO-
O eJICKTPOHHOTO Iy4Ka, SIKHMH € paiiyc (pOKaIbHOTO Kilbls Ry Ta HOro TOB-
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muHa Ty . Paxiyc ¢okasbHOrO KiTbLis BIAIOBIZAE MOJNOKEHHIO TPYOKH 3 MakcH-

MaJIBHAM CTPYMOM 32 KOOPJIWHATOK » Yy (DOKAIBHIW TUIOIIMHI, 2 HOTO TOBIIKHA
PO3PaxOBYETHCS SK PI3HUI TOJOKEHHS JBOX BiIIageHNX TPyOOK 3 MiHIMAILHU-
MU cTpyMaMu. LTIOCTpaTHBHO JaHWH MiHIMAaKCHHH aJTOPUTM MOLIYKY MOJIOXEH-
Hs (DOKyca €JEKTPOHHOIO IyYKa Ta BH3HAUCHHS HOro (POKAIBHUX IapaMeTpiB
Moka3aHo Ha puc. 2 i 3. MaTemMaTnyHi CIiBBiAHOIICHHS, SKi BiJ{IIOBINAIOTH OIH-
CaHOMY aJITOPUTMY, 3aITUCYIOTHCS y BUTIISI

Q. ={kk=1,...K keN}; M=[D/h], Q,={ili=1,...L, ieN}; (7)
(k) = r(ik —1) + htg (¢(i,k));

Ju (k) = mgX[Jn(l JOL (k) =arg (g ) s Fy =dgq +h. argmln[ (o)l

M (k) = arg (01] )

_ max 5
z=Fy 1y <ty

r5I0 (k) = arg (0, 1]

_ max >
z=Fy, g >y

Ry =n™ (k)| o—p, s Ty = (3" () =it (k) |,

ne ), — obyacTb 3Ha4yeHb 3MiHHOI k; (), — 00nacTh 3HAYCHb 3MIHHOI I ;
r(i,k) — moTouHa TMomepedHa KOOpAHWHATA 7, SIKA XapaKTEPU3YeE IOJIOKEHHS
TpyOKH CTpyMy 3 HOMEpPOM i; D — MOBXKHHA OOYHCIIOBAIBHOI TUISHKA, h —
KPOK JUCKpeTH3alil OUIsHKY; 7, (k) — paniyc my4ka A MOTOYHOI KOOpAMHATU
Z, 34J1aHOI BiJUTIKOBOIO TOUKOIO & ; j o (k) — MaKCHMasbHE 3HAYCHHS CTPyMy B
TOTIEPEYHOMY NIEPETHHI EJEKTPOHHOTO Ty4Ka; Ry — paiiyc (pOKaIbHOTO KilbLs

CJICKTPOHHOI'O ITYYKa, FH — #oro ¢hoKycHa BiHCTaHB‘ T, — TOBIIMHA (DOKAJIBbHO-
) > L

IO KIJIBIA.
IInasmoBa
r . TpaekTopii
A _--7  Mexa P p.
.- €JIEKTPOHIB
my4dKa
(i, k)
(i, k+1) ] E : ; —
. i
' 1
! 1
: 1
! [] .
0 1 Z‘| —
Zk k+1 F, z

Puc. 2. Imoctpanis croco0y oO4YMCICHHS NOJOXKeHHs (QoKyca elIeKTPOHHOro IydKa
3 BUKOPHCTaHHSIM MOJIEJI1 BUIBHOTO JIpel(y eIeKTPOHIB B aHO/HI Tu1a3mi
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J(r) A
jmax """""""
0’ ljmaX_ __________________________
0 rrirlnn Ry rélzqm r

Puc. 3. Inroctpauist ciocoOy o0uncieHHS (OKaTbHUX MapaMeTpiB eJIEKTPOHHOTO
my4Ka

ITepauiiini po3paxyHKH 3 BUKOPUCTAHHSAM CIIBBiIHOMIEHD (7) BUKOHYIOThCS
JIOTH, IOKU He OyJle BAKOHAHO CITiBBiIHOIICHHS

R (k) > ™ (k- 1). ®)

Sxmo yMoBy (8) BHKOHAHO, MOKHA BB)KATH, IO €IWHUNA MIHIMYM, SKHHA
max

mae ¢ynkuis 7" (k) , smaitnenoi F, = d, , + h,(k—-1).

i
Jliis BpaxyBaHHSI BIUIMBY Ha ()OPMYyBaHHS €JIEKTPOHHOI'O IyYKa MPOIECY
PO3CitOBaHHS €JIEKTPOHIB Ha i0HaX Ta HEUTPAIILHUX aTOMax 3ajHUINKOBOTO ra3y
HE0OX1THO 00YMCITIOBATH KYTH iX poscitoBaHHs. [ ymoB ropiaas BTP tounotro
Ta aJeKBaTHOK € MOJIENb 0araTOKpaTHOIo MPYXKHOro po3citoBaHHs Pesepdopaa.
BinmorigHa cuctema piBHSIHb Moga€eThes Tak [17, 18]:

—4 ,4/3 2
tg(oasemin) :10—22, tg(o’semax) :Z+’ Ve = 2eU >
2y, myv2r (i) m,
4Z(Z + D2y .
dL =h_1+tg*(o) ; d@z(z—)ezy‘vnodLln gm—m ; 9
(yp _1) max

(p(lak) = ([)(l,k - 1) +do ’
Ie m, — Maca eJIeKTpoHa; Z — 3apsf sAApa aToMiB poO0YOoro rasy; », — paiiyc
CJIKTPOHA BIATOBIIHO 10 Mozeli bopa; ¢ — KyT BIBOTY €JIEKTPOHIB; Y, —

pensTuBicTChKUM (akTop, Ae 0., — MiHIManbHUN KyT po3citoBaaHHs; 0, —

MaKCHMAaJIbHUN KyT PO3CIFOBaHHS; B =V, /¢ — BiHOILIEHHS LIBUIKOCT] €IEKTPO-
HiB Iy4Ka A0 MBHUIKOCTI CBITNA; 7, — paliyc eJEKTPOHHOrO My4Ka Ha iTeparii;

1 — KOHIIEHTpAIlis aTOMIB ra3y; 0 — cepeHiil KyT po3citoBaHHSI.
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[HmM BakimBuM (Pi3MuHEM eeKTOM, SIKMi BHU3HA4Ya€ CTYMiHb KOMMpeECil
EJIEKTPOHHOTO ITy4Ka Ta Horo (okaabHUH aiamMeTp, € ioHHe (hokycyBaHHs. Brums
10HHOTO (POKYCYBaHHsSI Ha TPAEKTOPIT €JICKTPOHIB ITy4Ka 3aJIeKHUTh 0e3M0CepeIHbO
BiJI THCKY Ta3y B NMOPOKHHHI KOHYCHOTO aHOJA i BU3HAYA€THCS KOHICHTPAIIi€I0
10HIB, fiKa IJIsl 33JaHOTO 3HAYEHHS THCKY Ta NMPHCKOPIOBAIBLHOI HANPYTH PO3pa-
XOBY€EThCA Uepe3 criBBimHomeHHs [17, 18]:

2 m-gon Unp
nj =~Nmry Bpn, |———=exp| ———— |, (10)

meUHP €oMeln
Ie n;, — KOHIIEHTpalis i0HiB; B; — CTYyMiHb 10Hi3awil razy; p — TUCK rasy;
n, — KOHLIEHTpalis eJEeKTPOHIB; m; — MOJIEKYyJsIpHA Maca 10HIB razy; €, —

JienekTpuuHa ctana. Toai JUis eleMEeHTapHOI TPYOKH CTPYyMy MOXHA 3amucaTu
cucteMy anredpo-mudepeHIianpbHuX piBHAHb [17, 18]:

I.,(-f-B* d°r do
f= n, : C = Tp( f B ); ;P :£+_P’ (11)
nig — N, dme, EU%/QQ dz Fp Az

ne f — piBeHb KOMIIEHCAIlil IPOCTOPOBOTO 3apsAay €IeKTPOHHOTO IMyYKa i0HaMu
3aJIAITKOBOTO Ta3y. Judepenmianpae piBHsHHES cuctemu (11) Ha KOXHIN iTeparii
PO3B’S3yBAJIOCHh YHCENLHO 3 BUKOPUCTaHHsIM MeTony PyHre—Kyrra werBeproro
nopsaaky [14, 15, 21].

Bnok-cxemy anroputmy oGuuciieHHS (OKILHUX HapaMmeTpiB MOPOKHUCTO-
ro KOHYCHOTO €JIeKTPOHHOTO ITydKa, 3a/aHoro cmiBBigHOmeHHs MU (7)—(11), 30-
OpakeHO Ha puc. 4.

PE3YJIbTATA MOJIEJTIOBAHHS TA IX AHAJII3

I3 Bukopucranusam criBBinHomeHb (4)—(7) ta ypaxyBanHsMm (8)—(11) otpumano
3aJIeKHOCT] PO3MOJILTY CTPYMY €IEKTPOHHOTO ITy4Ka Y QOKaIbHIH TUIOIKHI 1 3Ti-
JTHO 3 aJlTOPUTMOM, OJIOK-CXEMY SIKOTO 300pakeHO Ha puC. 4, 3HAMACHO pajiyc i
TOBIIMHY (HOKATBHOTO Kinblist. OTpUMaHi pe3ysbTaTd Uil PO3IOALTY TYCTHHU
CTPYMY €JIEKTPOHHOT'O My4Ka B3JAOBXK MOMEPEYHOT KOOPAUHATH ITOAAHO y BUIIIAL
puc. 4. Po3paxyHKH BHKOHYBAJIMCh JUIsl IPHCKOPIOBaNbHOI Hanpyru Uy, =15kB;

poOounii Ta3 — a30T, TUCK ra3y y po3psmHiii kamepi p =4,5I1a. Pagiyc chepu
katona R, cranoBuB 70 MM, a KyT HaXWIly TBIpHOI KOHYCHOI MOBEPXHIi aHOAA 710
oci cumeTpii enextpoauoi cucteMu o =15°. 3a Takux yMOB (hOKaIbHA TLIOMIMHA
CJICKTPOHHOI'O IyYKa pO3MilllyBaiach Ha BiACTaHi [}, = 64,85 MM BiJ IOBEpXHI

KaToJia B3JIOBXK OCi CUMETpIi CUCTEMH, a BIJICTaHb BiJ MOBEPXHI KaToJa 10 MEXIi
aHOJTHOI IJ1a3MU, OOYKCIICHA Ha OCHOBI TIIOTE3HU PO Te, 10 MEXKa aHOJHOT I1a3-
MH HapajebHa IOBEpXHi Karoja [2], ckianana d,;, = 38,42 mm.

Sk BUAHO 13 TpadivyHOT 3a]IeKHOCTI, ITOKa3aHoi Ha puc. 4, 3a TAKHMX YMOB pa-
Jiyc GOKAITHHOTO KiTBITSI R¢> =8,7 MM, a OTO TOBII[MHA T<b =12-7,6 =5,4 mm.

OTtpuMaHi pe3ynbTaTH MOJCIIOBAHHS J03BOJIMIIN 3pOOUTH TaKi BACHOBKH.
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i, A2, x-10°

m

Puc. 4. Po3nonin rycTHHN CTpyMy €JIEKTPOHHOTO Iydka y ioro (okajbHIH IUIOIIMHI,
OTPUMAaHUH B pe3yIbTaTi MOAETIOBAHHS €1eKTpoaHOI cuctemu BTP

1. IlmomuHa, y SKiif MiCTUTBCS (OKAITbHE KiJIbIle eEKTPOHHOTO ITy4YKa, PO3-
TalLllOBY€ETHCS Ha PiBHI, 6im3bkoMy 10 R.cos(B), ne R, — panaiyc chepu karona;

B — KyT HaxwiIy IUIONIMHU CUMETPii KaToJa A0 OCi CUMETpii eIeKTPOIHOI CHUC-

TeMM. 3a3Buyail 3HAa4yeHHs [ € Jelmo MEHIIUM 3a BU3HAUEHY BEIUYUHY

R cos(B), 1m0 3yMOBIE€HO (OKYCYBAILHUMH BIACTHBOCTSMH aHOJHOI IJIa3MH Ta

IPOCTOPOBUM 3apsaoM ioHiB. ToOTo

F, <= R.ccos(B).

BignoBigHi KOHCTPYKTHBHI MapaMeTPH €JIEKTPOAHOI CUCTEMH Ta iX 3B’S130K
i3 (oKaNPHUMU HapaMeTpaMu IMOPOKHHUCTOTO KOHYCHOTO EJIEKTPOHHOIO ITy4Ka

MMOKa3aHo Ha puc. 6.

2. Pagiyc (hokanpHOTO KiNbIls Rcb ONMM3BKUM 10 BenMuuHU 7, — R sin (B),

Je 7, — HOJIOKEHHS LEHTPAIbHOI
niHii chepuuHOi MOBEpXHI KaTona
BITHOCHO OCi CHMETpIi eJeKTpo-
nmHO1 cucteMu (puc. 5). Sk moka-
3aMM  pe3yNibTaTH MOJIENIOBAaHHS,
paniyc (hOKaIbHOTO KiJbIIS €NEKT-
POHHOTO ITyYKa TaK0>K MEHIIHMH 3a
BU3HAUEHY TpaHUYHY BEIHYHHY,
10 3yMOBJIEHO iOHHUM (QOKyCY-
BaHHSM €JIEKTPOHIB Iy4Ka y IUIa3-
mi. ToGTO

Ry <=r —Rsin(B) .

3. Pe3ynpTaT MOJEIIOBaHHA
MOKa3ald, mo I QI3UIHUX YMOB
ropianss BTP, 3rigHo i3 Monemiro
BUTBHOTO JApeidy, BIUIMB 10HHOTO
(hokycyBaHHS OUTBIININ, HiXK BIUTHB

I"q)K

)
>

I
s |
.

<<
-

A
\

Ry |

Puc. 5. 3anexHicTh (POKaTBHHX MMapaMeTpiB
MOPOKHUCTOTO KOHYCHOTO E€JIEKTPOJHOTO Iy4Y-
Ka BiI KOHCTPYKTHBHHX ITapaMeTpPiB EJIEeKT-
POJHOI CHCTEMH BiJIIIOBITHO JIO0 3aKOHIB reoMe-
TPUYHOT ONITUKHU
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PO3CitOBaHHS €NEKTPOHIB MyUYKa Ha aTOMax 3aJIMIIKOBOTO ra3y Ta BIACHOTO MPOC-
TOPOBOTO 3aps/y €IEKTPOHIB ITydKa.

4. TormmHA (HOKATHLHOTO KUIBIS MOPOKHUCTOTO KOHYCHOTO €JIEKTPOHHOTO
My4Ka 3aJIe)KUTh BiJl HOro cTpyMy, BU3HAYAETHCS TOJIOBHUM YHHOM BIIACHUM IIPO-
CTOPOBHM 3apsiIOM €IIEKTPOHIB i CTAHOBUTH OJIM3HKO KIIBKOX MIJIIMETPIB.

BUCHOBKH

Y poGoTi mpoBeAeHO KOMILIEKCHE MOAETIOBaHHS eNeKTpoaHux cucteM BTP, siki
(hopMyt0Th TIPOGiTBHI €NEKTPOHHI ITyYKH 3 KUTbIIEBUM (DOKYCOM, i Ha OCHOBI MO-
Jleri BUTBHOTO JApeii(y eNeKTpOHIB B aHOAHIHM M1a3Mi BH3HAYCHO (OKaIbHI Mmapa-
METPH €JIEKTPOHHOTO MyYKa. 3amporaHoBaHa MOJEIb BUIBHOTO Ipeidy eIeKTpo-
HIB TPYHTY€THCSI Ha alNTOPUTMIi MOINYKY EKCTpEMaJbHHX BEJIWYHMH Yy 3adaHii
BHOIPII MaHWX. 3 BUKOPUCTAHHIM METOMIB KOMII FOTEPHOTO MOJICTIOBAHHS 3HAM-
JICHO BKJIMBI 3aKOHOMIPHOCTI, SIKI ONMCYIOTh 3aJIeKHICTh (DOKATBHUX TapaMeT-
PiB €JIEKTPOHHOTO ITy4Ka 3 KiTbLEBUM (POKYCOM BiJl TeOMETPii eNeKTPOaiB Ta Bix
KOHCTPYKTHBHUX MapaMeTPiB eNeKTpoaHoi cuctemMu. OTprMaHi 3aJIeXKHOCTI, OC-
HOBaHI Ha 3aKOHAX TeOMETPUIHOI Ta (Hi3MIHOI ONTHKH, MAIOTh BAXKIIUBE MPaAK-
TUYHE 3HAYCHHSI JJIs CICLIaNICTIB, SKi 3aiMarOThCs MMPOSKTYBAHHSIM TEXHOJIOTI4-
HOT'O CJIEKTPOHHO-TIPOMEHEBOT0 00JIaIHAHHS.
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EMPIRICAL INVESTIGATION ON INFLUENCE
OF MOON’S GRAVITATIONAL-FIELD TO EARTH’S
GLOBAL TEMPERATURE

YOSHIO MATSUKI, PETRO I. BIDYUK

Abstract. This research examined a possibility of the Moon’s gravitational-wave
that may influence Earth’s global temperature, with a mathematical method of em-
pirical analysis with the data of the global temperature, global carbon dioxide, and
the distance between Moon and Earth. We made the regression analysis of the global
temperature over the factors of Moon’s gravitational field taken from the General
Theory of Relativity and from the Newton’s gravity theory, with the data of the car-
bon-dioxide. The result shows that Newton’s gravitational field is related to Earth’s
global temperature, while the influence of Moon’s gravitational wave is negligible.
However, we also found a possibility that the gravitational wave could contribute to
Moon’s gravitational-field upon the analysis of multicollinearity of two factors taken
from Newton’s theory and the General Theory of Relativity.

Keywords: global temperature, Moon’s gravitational field, gravitational wave, mul-
ticollinearity.

INTRODUCTION

Our previous research [1, 2] investigated the influence of Moon’s gravitational-
wave to the process of Earth’s global warming with the methodology of empirical
analysis with the database of Earth’s global temperature and global carbon diox-
ide as well as the distance between Moon and Earth. Then, the result of the analy-
sis suggested that there was a possibility, such that Moon’s gravitational-wave
influenced Earth’s atmospheric temperature than global carbon dioxide could do.
However, the presence of the gravitational-wave is not yet proven. In this re-
search, we investigated the Moon’s gravitational-field, in relation to the theory of
4-dimensional space that could include the gravitational-wave.

THEORY

The General Theory of Relativity [3] describes the actions of materials and en-
ergy flows in the gravitational field; while the gravitational wave is one of those
flows of energy. At first, the actions of materials in the empty space, where only
gravitational field exists, are described by the time-integral of the Lagrangian,

I, = I L. —gd *x, where L,/- g is the action density for the gravitational field.
According to Einstein’s law, 8/, = —l6nI (R“V —(1/2)g"™"R N gSglwd4x =0,
where g, is a covariant fundamental tensor that describes the 4-dimensional

curved space (of coordinatesx,, where n=0,1,2,3), gis the determinant of

H_ b
8uv» R,y 18 a Ricci Tensor that describes the curvature of the 4-dimensional
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curved space, R, =R, prﬁ = ng’p —FVBM + FV“;FEP —FV‘TJFEG , Ik =
A 1 aguv
= gu F?ws > ruvc = E(gpv,(s +8uoy ~ gvc,p) > 8uve = ox

(e}

and R=R) =

= g“vRMV. And, then, when an additional energy flow, such as gravitational

wave is included one more extra Lagrangian, /. = cI —gd4x is added to /,, .

Here, 3, = c.[%g“vﬁgwwl— gd’x, and 3(I, +1,)=0. Hence,

161{R“V —%g“VRj +%cg“V =0, and then, R=4A. Hence, R" —%gwR =

= —Xguv. Here, A is a constant, and it must have the dimensions of (distance)'z,
because R, contains the second derivatives of g, in the 4-dimensional curved

space. However, in the General Theory of Relativity, energy of the gravitational
field can be integrated only in a large 3-dimensional volume at a certain time,
which tends to be infinity, so that the energy densities can be integrated in the
4-dimensinal curved coordinate system.

On the other hand, Newton’s theory of gravity assumes weak and static grav-
itational field, and therefore the space is nearly flat, not with curvature; therefore,
the energy of the gravitational field has the dimensions of (distance)’. And,
Newton’s gravitational field is independent from other energy fields. For
example, the gravitational wave cannot be integrated within Newton’s gravita-
tional field.

In this research, we tried to find how Moon’s gravitational wave can be re-
lated to the gravitational field, by using the mathematical method for empirical
analysis with the database. For this purpose, we analyzed the relation between
(distance)™ and (distance)”, where (distance) is the distance between Moon and
Earth, within the system of Earth’s global temperature. The research question is,
“Are (distance)” and (distance) ™ related?” If there is a relation, we have a possi-
bility to assume the 4-dimensional curved space which allows the curvature and
the second derivatives of the energy.

METHOD

In order to examine the above research question, we made the regression analysis
of (distance)” and (distance)” over the global temperature of Earth. And, then, we
analyzed the multicollinearity of (distance)” and (distance)’. We followed the
steps bellow:

. 1 1 .
1. We assumed the regression model: ¢ =¢; +¢; -CO; +¢3—+c¢4— in ad-
r r
dition to the model which we used in our previous research [1, 2]

1 . .
t = ¢ +¢,CO;, +¢3—, and then, we examined the coefficients and other charac-
r

ters of the models, which indicate the adequacy of the models. Here, ¢: Earth’s
global temperature, CO, : Earth’s carbon dioxide, 7 : distance between Moon and

Earth, and ¢, ¢,, ¢3, and ¢, : constant coefficients.
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2. We investigated the multicollinearity of 1/(r2) and 1/r, by the following
steps:
a) regress 1/(r2) on 1/, and obtain the residuals, 1/(r2) *;

b) regress ¢ (temperature) on 1/r and 1/(r2) * to estimate the parameters of
the global temperature function;

¢) Denote the results of the second step by ¢ =c¢;(1/7)+ ¢, * 1/(1”2 )*;

d) Investigate the change of the value from ¢, to ¢, *.

3. Database. The descriptive statistics of the data, from 1987 till 2009, of the
global temperature (increased degree Celsius since 1978) [4], the global carbon
dioxide (million tons) [5], the distance between Moon and Earth (7, km) [6], cal-

culated l/(r2 ) ((km'fz), and calculated 1/7 (km) are shown in Table 1, and the
distance between Moon and Earth is shown in Figure.

Table 1. Descriptive statistics

Global CcoO, Distance 1 , 1
Variable | Tempera- (million tons)| between Moon | —- (km?) | = (km™)
ture (°C)* *x and Earth (r, km)| 7 r
Mean 0,29130 | 1,25165-10° | 3,62618-10° |7,60509-107'%|2,75773-10°
Standard 2 2 14 9
doviation 0,12125 | 2,14245-10 5,98411-10> |2,51097-10"*|4,55200-10
Minimum 0,10000 | 8,92000-10> | 3,61583-10° |7,56999-10%|2,75116-10°
Maximum 0,43000 | 1,62600-10° | 3,63483-10° |7,64865-107"%|2,76562-10°
Skewness | —0,21063 |  0,14292 -0,15249 0,15787 0,15604
Kurtosis 1,29401 1,82491 1,67498 1,67879 1,67771
Valid number | 54 23 23 23 23
of observations

* Increased degree Celsius since 1978.
** To convert these estimates to units of carbon dioxide (CO,), simply multiply these es-
timates by 3,667 [3].

3.636ES

3634E5
363ZES
3.63ES

-

(5]
Y s.e28ES

3.628E5

3624E5

Distan

362ZES

362E5

3618E3

3.616ES

3614E5

1287 1550 1553 15956 1995 2002 2005 2008 2011 2014

Distance between Moon and Earth [1].
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RESULTS

Regression Analysis (by Least Squares Estimations of Linear Classical
Regression Model)

The global temperature Y ={y,,...,»,}, the constant value 1, x;, the measured
global carbon-dioxide, x,, the inverse of the distance between Moon and Earth,
x5, and the inverse of the squared distance between Moon and Earth, x,, are
transformed into the forms of nx1 vectors,y, x;, x,, x3, x4, where n is the
number of observation, 23. Then, nxkmatrix X ={x,x,,x3,x4} is defined,

where k =rank (X). Then, we calculated the following matrices to get the coeffi-

cients b and their standard error (the diagonal elements of \/V (b) ).
Q0= X'X,where X' is a transposed matrix of the matrix X ;
b= Q_IX 'Y , where Q_1 is an inversed matrix of the matrix Q ;
Y=Xb: expected global temperature Y ;
ee
n—kQ '

And, the values of the square-root of the diagonal elements of V' (b)are the

standard errors of elements of the estimated coefficient-vector b. The results of
the regression analysis are shown in Table 2.

e=Y-Y; V(b)=

Table 2. Result of Regression Analysis and Model Characterization (adequacy)

Parameter Y =¢; +¢,CO, + 31 /(rH) Y = ¢ +6,C0, +¢5(1/7) + 41 /(%)
€ ~1,17863 -3,52065-10°
Coefficient of 4 4
. Co, 5,33150-10 5,31189-10
2 [ Standard error of s 5
co 4,27704-10~ 42996410~
2
Coefficient of 1/ 7 - 2,55211-10°
€3] Standard error of 0
1/r === 2,78543-10
Coefficient of . »
1/(r2) 1,05537-10 —4,62552-10
“4 Standard error of . 14
1/(1”2) 3,64932-10 5,04955-10
2 .
R" (coefficient 0.88602 0.89084
of determination)
Durbin-Watson 022092 0,40021
Statistic
Sum of Squared o )
Residuals 3,68696- 10 3,53096-10
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Multicollinearity

. 1 1 . . 1
At first, we made the regression of — on —, and obtain the residuals —2* , by
r r r

calculating the following matrices:

X = {l,i} , a matrix made of two vectors 1 and 1 ;

rop? r o)

0= XX, where, X'is a transposed matrix of X ;
1 1. ) )
A=0 12t , where O ! is an inversed matrix of 0;
r

N=X4,;

M =1-N,where, [ is kxk matrix, in which all diagonal element is 1, and
non-diagonal elements are ;

And, then, we made a regression analysis with the following steps:

11
XHt=g— —*;
bl

1.74017-107" 5.18316-1032]‘

Q*=X*' X*=
5.18316-107*  3.46866-107%

A*=Q*_1X*';
b*=A*Y;
N*=X* 4%;
M*=1-N*;
e*=M*Y,

o

*
V(b*) = % 0 *1

And, the values of the square-root of the diagonal elements of V' (b*) are the

standard errors of elements of the estimated coefficient-vector b *. The calculated
coefficients and their standard errors are shown in the second column of Table 3

(Y = l+ ¢y Lz*) . The third column of Table 3 [Y =¢ L +c, sz was calcu-
r V4 r 7

. 1 . . 1
lated after the regression of — on — ., to obtain the residuals —*; and, the first
r 4 r

column of Table 3 (Y =¢ 1 +c, Lz] was calculated by making the regression of
r r

Yonlandiz.
r r
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Table 3. Comparison of Calculated Coefficients and Standard Errors

Parameter Y=01%+czri2 Y=CI%+02FL2* Y=01%*+Czri2
i Coefficient 7,68915-10° 1,05630-10° 7,68916-10°
Standard error | 5,81004-10° 9,38188-10° 5,81005-10°
. Coefficient | _240517-10" ~2,40519-10'" 3,83024-10'°
Standard error | 2,10681-10"2 2,10681-10" 3,40201-10°

ANALYSIS OF THE RESULTS

1 . . .
1. We added — to the Classical Regression Model of our previous analy-
r

sis [1]. The result shows more adequacy of the model in comparison with the pre-
vious model [1] in the coefficient of determination, Durbin-Watson Statistic and

Sum of Squared Residuals; however, the sign of the coefficient of iz changed
r

from positive sign (plus) to negative sign (minus), in Table 2. It means that — is
r

an influential variable to Earth’s global temperature; while, — s not influential
r
in this system of Moon’s gravitational field and Earth’s global temperature.

s 1 1

T 1 .
2. We tested the multicollinearity of — and 5> by changing — to —=*
r r

r r
by auxiliary residual regression, and then made the regression of Earth’s tempera-

ture (Y ) over 1 and iz * . As the result, multicollinearity was found. In Table 3,
r r

the coefficient of l changed from 7,68915-105 to 1,05630-105 . It means that
r

iz lowered the influence of 1 . On the other hand, we also changed 1 to L by
r r r r

auxiliary residual regression, and then made the regression of Earth’s temperature

(Y) over L and iz . The result shows that the coefficient of iz changed from
r 7 r

-2,40517 - 10" to 3,83024-1010. This result means that l increased the influence
r

1 .
of —- in the system.
r

. 1 1 .
After these calculations, we conclude that — and — are related in the sys-
r r

tem of Moon’s gravitational-field and Earth’s temperature. This finding also im-
plies that Moon’s gravitational-field may be mainly described in the flat space,
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although non-linear space (4-dimentional curved space in theory) could also
influence the gravitational field of this system where the gravitational wave
could interact.

CONCLUSION AND RECOMMENDATION

In the system of Earth’s global temperature with Moon’s gravitational field, the

effect of iz is negligible in the presence of l However, there is the multicol-
r r

linearity between % and iz , which suggests the existence of the gravitational
r
wave’s interaction to the gravitational field; therefore there is a possibility for as-
suming the 4-dimensional curved space, instead of flat space. Further simulation
is needed to model the system of flat space and curved space, which may explain
how the gravitational wave and the gravitational field are interrelated.
So far, our calculation has shown that the influence of Moon’s gravitational

field to Earth’s global temperature is significant than the influences of COs.
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Abstract. In this paper, the problem of choosing the right feature for diagnosing
Dementia is discussed. Several features that could affect dementia were reviewed
and their importance was evaluated. Random forest algorithm and SVM for the de-
mentia diagnosis have been developed and investigated. Experiments were con-
ducted on the open-source database and compared with the related works’ results.
The purpose of the paper is to improve the accuracy of diagnosis of dementia using
the reduction of features' dimension. This article is devoted to analysis of the main
distinguishing features of Alzheimer's dementia, applicable methods and treatment
of Alzheimer's dementia on early stage that could help to avoid negative conse-
quences connected with progress of the disease. The purpose of the paper is to im-
prove the accuracy of diagnosis of dementia.

Keywords: diagnosis Alzheimer’s disease, ensemble learning methods, classifica-
tion, Convolutional Neural Network.

INTRODUCTION

This article is devoted to analysis of the main distinguishing features of Alz-
heimer’s dementia and applicable methods, main elements of successful diagnos-
tics and treatment of Alzheimer’s dementia on early stage, and review of the Alz-
heimer’s association experience, that could help to avoid negative consequences
connected with progress of the disease. In addition, it’s necessary to find impor-
tant features which play the big role in Alzheimer’s disease diagnostics using by
Random Forest Algorithms and Support Vector Machine (SVM) Algorithm. Dis-
tinguishing features of Alzheimer’s dementia could be found using physical &
neurological exam, mental status tests, computerized tests, screening, genetic tests
and etc. For this research, Kaggle’s data about patients Nondemented and De-
mented was used.

General features of Alzheimer’s disease were described by foreign scientists
S. Sarraf, G. Tofighi and J. Anderson in publication devoted to classification of
the considered features using convolutional neural networks, that contain results
necessary for distinguishing classification criteria and significant features taken
into consideration for the patients with the mentioned disease. Authors stated, that
“early detection and classification of Alzheimer’s disease are critical for proper
treatment and preventing brain tissue damage. Alzheimer’s disease has a certain
progressive pattern of brain tissue damage. It shrinks the hippocampus and cere-
bral cortex of the brain and enlarges the ventricles [6]. The considered general
characteristics could be considered as common for many other mental diseases,
but the underlined damage to the brain tissue and peculiarities of negative impact
on the ventricles provide the grounds for differentiation at site.
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Approaches as to the stages of Alzheimer’s disease. Modern Ukrainian and
foreign scholars have different views as to the issue of the main stages of Alz-
heimer’s dementia, for example, in Ukrainian practice we found the approach
providing differentiation into four main stages: prior dementia, early dementia,
moderated dementia and final dementia, according to the classification provided
by Ukrainian Clinics of modern neurology “Aximed”.

RELATED WORK

Special attention should be paid to modern steps in differentiation of special types
of Alzheimer’s dementia revealed by L.V. Zhdaneeva in PhD thesis devoted to
the issues of “Movement disorders of Alzheimer’s disease” [1]. Author substanti-
ated important statistical data, regarding internal differentiation of special fea-
tures, common to patients with Alzheimer’s dementia: “87,7 % of patients with
Alzheimer’s disease had movement disorders, including: 18,9 % — a kinetic-rigid
syndrome; 27,8 % — hyperkinesias syndrome without rigidity; 8,8 % — tremor;
12,2 % — walking and postural stability disorder syndrome; 76,6 — pseudo bul-
bar syndrome; 45,6 % — stereotypes; 12,2 % — pyramidal syndrome; 6,7 % —
epileptic seizures” [1, p. 23]. These data show strong correlation between general
and special features, disorders common not only to patients with Alzheimer’s de-
mentia, that could be used for further scientific research and practical clinical ac-
tivities, as the obtained data represent a wide range of patients with Alzheimer’s
disease and provide solutions for facilitation of differentiation of patient’s status.

Modern research results in the field show, that the leading Harvard team was
“the first to try to combine fMRI scans and deep learning into a program that
could predict an MCI patient’s chance of developing Alzheimer’s disease. The
fMRI scans used in their analysis were taken when patients were at rest. As with
any fMRI scans, they reveal where electrical signals are flashing in the brain and
how these areas relate to one another”. But one of the latest publication in IEEE
underlined, that there is no such a method found yet to provide 90 and more per-
cent in recognition of Alzheimer’s dementia. Such a conclusion was made by
Dinggang Shen, famous scientist from University of North Carolina: “Nobody in
the field can get from 80 to 90 percent,” he says. “That's impossible, just based on
this method” [5].

Negative impact on patient’s memory can also be considered as a general
feature for differentiation of the status of Alzheimer’s patients. Progress of the
disease makes it impossible to realize mental function as previously, during active
adult or youth periods, even daily activities cannot be fulfilled without toil, pa-
tients thus need special assistance and support, understanding of their needs and
problems. Scientists consider Alzheimer’s disease as a severe disorder, that has
neurological nature and affects human brains in a special way described above.

The mentioned approach differs from the one provided by J. Islam and Y.
Zhang in the above-mentioned publication, providing classification into three
main stages of Alzheimer’s disease: very mild, mild and moderate [4]. The dis-
tinction between the considered approaches lies in the attitude to the prior stage of
the disease that often shows very close features to other common mental, psycho-
logical, general diseases, in this respect it is important to discover modern meth-
ods of early diagnostics and treatment of Alzheimer’s dementia, as it could pro-
vide the best results for evaluation of patient’s health.
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COMPARATIVE ANALYSIS

In [2] was carried out comparative analysis about methods which are using in
medical diagnosis. It was emphasized that Convolutional Neural Network’s diag-
nosis ability is greater than endoscopists in general. In [3], authors have compared
CNN and endoscopists. The results obtained show that the sensitivity, specificity,
accuracy, and diagnostic time were 88,9%, 87,4%, 87,7%, and 194 s, respec-
tively, for Convolutional Neural Network. The same indicators obtained for the
23 endoscopists were 79,0%, 83,2% and 82,4% respectively.

Among foreign scholars and researchers we should address to modern scien-
tific articles of Jyoti Islam, Yanqing Zhang “An Ensemble of Deep Convolutional
Neural Networks for Alzheimer's Disease Detection and Classification” authors
substantiated “a novel Alzheimer's Disease detection and classification model
using brain MRI data analysis, developed an ensemble of deep convolutional neu-
ral networks and demonstrated superior performance on the Open Access Series
of Imaging Studies dataset” [4]. This aspect has special importance for domestic
research and clinical practice as provides new knowledge and methods for devel-
opment of early diagnostics of Alzheimer’s dementia.

Modern computerized systems provide experts with detailed information on
the nature of dementia, it’s stage, or precisely define, a contrario, Nondemented
status. For the past ten years significant development was achieved in using MRI,
but modern foreign researchers insist on automated brain MRI results, providing
at site segmentation and classification, comparison with other groups of patients,
i.e. control groups collected in computerized memory. This could be an example
of conclusions and recommendations of the 31-st Conference held in 2017 on
Neural Information Processing Systems in USA, where it was proposed to use
“handcrafted feature generation and extraction from the MRI data, improvement
of machine learning models such as Support Vector Machine, Logistic regression
model etc” [4, p. 2].

RESULTS

In related works, authors hadn’t mentioned which attributes are more informative
for classification. In this paper, three more important features for dementia classi-
fication are detected.

Table 1 illustrates some of the data which were used in this paper [7]. The
origin of the data set consists several visits of each patients. We consider only
those patients who visited for the first time, since during second and third visit,
patients could use medicine to prevent degradation of the dementia.

Table 1. Attributes with their definition

Altjttg'st" Subject ID| MRIID | Group | Visit |MRDelay M/F | Hand
. Subject MRI Visit MR Dominant
Definition identification/identification Class followup| contrast Gender hand
Attributes| EDUC SES MMSE | CDR eTIV nWBV ASF
. SES MMSE | CDR | Estimated |Standardized| Atlas
... | Education o o S . :
Definition cognition [cognition| cogni- [intracranial|  brain factor
level ) .
test test |tion test| volume volume scaling
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Table 2. Data of some patients during medical examination

Group Visit Dl\élllzy M/F | Hand | Age EDUC| SES MMSE|CDR |eTIV | nWBV | ASF
Nondemented | 1 0 M R [87] 14 | 2 27 0 |1987| 0,696 |0,883
Demented | 1 0 M| R |75] 12 23 | 0,5 |1678] 0,736 | 1,046
Nondemented | 1 0 F R |88 ] 18 | 3 28 0 [1215] 0,71 |1,444
Nondemented | 1 0 M| R |80 12 | 4 | 28 0 [1689| 0,712 | 1,039
Demented | 1 0 M| R |71] 16 28 | 0,5 |1357] 0,748 | 1,293
Nondemented | 1 0 F R 93 | 14 2 30 0 |1272] 0,698 |1,380
Demented | 1 0 M| R |68] 12 | 2 | 27 | 0,5 |1457| 0,806 |1,205
Demented | 1 0 F R 66| 12 | 3 30 | 0,5 [1447| 0,769 | 1,213
Nondemented | 1 0 F R 78 | 16 2 29 0 |1333] 0,748 [1,316
Nondemented | 1 0 F R [81 ] 12 | 4 30 0 |1230| 0,715 | 1,427
Demented | 1 0 M| R |76]| 16 | 3 21 | 0,5 |1602| 0,697 | 1,096
Demented | 1 0 M| R |88 8 4 | 25 |05 1651] 0,66 |1,063
Nondemented | 1 0 M| R |80 ] 12 | 3 29 0 [1783]| 0,752 | 0,985
Converted | 1 0 F R |87 | 14 | 1 30 0 [1406| 0,715 | 1,248
Converted | 1 0 M| R |80 20 | 1 29 0 [1587| 0,693 | 1,106

Alzheimer’s disease is diagnosed based on the value of some key indicators.
Data analysis in table 3 illustrates some features with the average of each patients
(Demented and Non-Demented).

Table 3. Average of each features that could cause the Alzheimer’s disease

AVE Age | EDUC | SES | MMSE | CDR | eTIV | nWBV | ASF
Female ¢ 07141280286 3 2546429 0,625 |1373.929 0.728786|1,281036
Demented

Female 7568 | 1522 | 238 | 2934 0 1402,56 | 0,75072 | 1,26152
Non-Demented

Male 1 33333 14.30556 |2.5625| 25.22222 0,583333 | 1555278 |0,720972| 1,135361
Demented

Male

74,86364|15,04545| 2,5 |28,86364 0 1656,364|0,735682(1,070909

Non-Demented

Based on the table 3, it could be concluded that the average of education lev-
el for Demented people is less than Non-Demented. While average of the age for
Demented patients is higher than Non-Demented (for both female and male).

All features were compared separately during training Random Forest Algo-
rithm. After some experiments, Gender, Age and Education level were computed
that are the most valuable attributes for classification. The coefficient of impor-
tance each features for forest was multiplied by 100 which is illustrated in fig. 1.

There were used 70% of data for training and 30% of them for test. Accu-
racy of the classification using by Random Forest Algorithms was 89,5%.
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Whereas, accuracy of the classification with Support Vector Machine was 88%.
The table 4 compares two algorithms result for classification.

Feature importances of the forest
35
30
25

20
15
10
5
. ll H HBE

ASF  CDR Educ eTIV M/F MMSE nWBV SES
Importance of each features

Table 4. Average accuracy of each algorithms

Classifier Average Recall, % |Average Precision, %| Average F-Score, %
SVM 89 88 88
Random Forest 89 89 89
CONCLUSION

This article presents the results of known works analysis on diagnosis of Alz-
heimer’s disease. The following conclusions should be made after analysis of
considered works.

By using Random Forest Algorithms (RFA), we determine the most infor-
mative features like gender, age and education level which could mostly affect
Alzheimer’s disease.

In addition, Support vector machine and RF algorithms were compared with
accuracy 88% and 89% respectively.

In the future research, it’s planned to improve Convolutional Neural Net-
work to reach the higher accuracy. Based on previous works, CNN provides high
results in classification and has various benefits: like it’s very good feature extrac-
tors. In addition, the results of CNN classification will be compared with the algo-
rithms which were consider in the current paper.
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OINIHIOBAHHSA KPEAUTOCITPOMOXHOCTI
MMO3NYAJIBHUKIB KPEJAUTIB METOJAMU
IHTEJEKTYAJIBHOI'O AHAJII3Y JAHUX

B.I'. 'YCBKOBA, IL.1. BITIOK

AHoTauisi. Po3risiHyTO akTyasibHE 3aBJaHHS OLIHIOBAHHS KPEIHTOCIIPOMOXKHOCTI
Ha OCHOBI €KCIIEPTHOTO Ta CKOPHHIOBO MiAXO/iB. BukoHaHO aHaIi3 npeaMeTHol ra-
ny3i Ta [POaHaji30BaHO OCHOBHI METOIM MaTEMaTHYHOTO MOJENIIOBAHHSI i OLiHIO-
BaHHS KPSJUTHUX PU3HKIB, 3alIPOIIOHOBAHO MAaTeMaTHUYHI MOJEINI Ul aHaJi3y Kpe-
JMUTHUX PHU3MKIB I1HIWBIIyaJbHUX MO3MYAIbHHUKIB Ha OCHOBI aJlbTEPHATUBHHUX
METO/IiB, PO3pOOJICHO MaTeMaTH4HI MOJEII JUIsl aHaJli3y KPEAUTHUX PU3HKIB iHIUBI-
IyaJIbHUX MO3MYaIBHHMKIB Ha OCHOBI JEpeB pillleHb, JIOTICTHYHOI perpecii, Mepex
Baiieca Ta HEYiTKOI JIOTiKH. YCTaHOBJIEHO, IO MOJE/Ib Ha OCHOBI HEYITKOI JIOIiKH
JUISL pO3B’sI3aHHS 3a/layi BU3HAYEHHS HIMOBIPHOCTI Ae(ONTy Ul KPEIUTHOTO IMO3H-
YajgbHUAKA € OLTBII TOYHOK, Ha 0 BKA3ylOTh MOpPaxoBaHi TOYHOCTI moxeineu. Lle
3YMOBJICHO MOJXKJIMBICTIO 3 BUKOPHCTAHHS METOAY HEYIiTKOi JIOTIKM 3 HEUiTKHM
BHCHOBKOM MawmiaHi TOYHIIIE BCTAHOBIIOBATH MPUYHHHO-HACIIIKOBI 3B’ SI3KH MiX
XapaKTepHCTHKaMH-(paKTOpaMH 3aadi Ta iX BIUIMB HA BUXIIHY 3MiHHY.

KiouoBi cioBa: nepeBa pimneHs, JIOTiCTHYHA perpecid, mepexa baiieca, HediTka
JIorika, iMOBipHIcTb e onTy, BHCHOBOK MamMmaHi.

BCTYII

OmuiHIOBaHHS KPEIUTOCTIPOMOKHOCTI — BaXKJIMBE 3aBJIaHHS 3arallbHOI MPoOieMu
MEHEDKMEHTY pPH3UKIB (DiHAHCOBMX oOpraHizamii, ki 3a0e3MedyroTh KITIEHTIB
kpenuramu. KopekTHe BUpIIIEHHS [[bOTO 3aBJIAHHS 3a0e3Meuye MOBHE Ta CBOEYac-
HE MOBEPHEHHS KPEAUTIB, 3MCHILICHHS] MOJIMBUX yTpaT. € IBa OCHOBHI MiJIX0U
IO OTO PO3B’A3aHHS: CKCIICPTHHUIA Ta CKOPHUHT OBUH.

Excrieptauii miaxin nmepeadadae, mo (axiBii 3 KpeAUTYBaHHS iHIABIIyaTh-
HUX IMO3UYANBHUKIB BH3HAYAIOTh ICTOTHI XapaKTEpUCTUKU KIi€HTa OaHKy, SIKi
MOXYTh BIUIMBATH Ha MTOBEPHEHHS KPEIUTY, CTABIATH y BiNMOBITHICTH IIUM Xapak-
TepucTHKaM TIeBHI Baru [1-3]. /Iy KO’)KHOTO KITi€HTa 32 BCiMa XapaKTePUCTHKAMHU
MPOCTABJIAIOTHCS Oalli BIAMOBIMHO IO BaroBUX KOEQIIiEHTIB, YCTaHOBICHUMU
eKcIIepTaMu, Ta MiAPaxoBY€EThCA cyMa Beix OaniB. J[is 6aHKy 3aBYacHO BCTaHOB-
JIFOETHCS TIEBHE ITOPOTOBE 3HAYCHHS, SIKE BU3HAUAE MPABHIIO: SKIIO cyMa BCix Oa-
JIiB MEHIIA 3a IIe 3HaYSHHsI, TO KIII€HTY He CIIiI BUaBaTH KPEIWT, a SIKIIO0 OUTbIIA,
TO KJITIEHT MOK€ OTPUMATH KpeauT. baHK MOke BCTAHOBHTH M€ OJHE OOMEKEHHS
(BepXHIO MEXY), iK€ BU3HAUAE TAKe MPABUIIO: SIKILO cyma OaliB Oinblla Big ycTa-
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HOBJICHOTO 3HAYEHHS, TO KIIIEHTY MOXKHA BUJABAaTH KPEIUT Oe3 HaaMIpHOI 00e-
peXHOCTI. SIKIIO 1 BepXHA, i HIKHSI MeXi BHAa4l KPEAUTY 3aJaHi, TO 3HAYCHHS
MiK HAMH € KOMIICTCHIIIEI0 MEHE/DKepa OaHKy, SIKMi Ha BJIACHUM PO3CY[ BU3HA-
Yae, Y BUAABATH KPEAUT KIIEHTY, YH Hi. 3po3ymisna cy®’€KTHBHICTh IBOTO MiJ-
X0y JIUIS BCTAHOBJICHHS SIK OaJTiB, TaK 1 IOPOTOBOTO Ta BEPXHHOTO 3HAYCHbD.

CKOpUHrOBHI MiAXiA IPYHTYETHCS Ha MOOYIOBI MaTeMaTUYHOI MOJAENI IS
OIIHIOBaHHS KPEIUTOCIPOMOXKHOCTI MO3UYAThHHUKIB HA OCHOBI KPEIUTHHUX iCTO-
pifi GaHKy Ta OIIHIOBaHHI HMOBIPHOCTI Me(ONTy MOTCHIIIHHOTO TMO3WMYaTbLHUKA
3 ypaxyBaHHSM HOTr0 COILiaabHO-AeMOTpadiuHuX XapaKTepUCTUK. Marouu cTaTh-
CTHYHI JaHi «TapHHUX» 1 «IIOTaHUX» KPEeOUTIB 3a MEBHUI mepion, 6aHK MOXKe BU-
3HAYUTH Oe3mocepeHho (HaKTOpH, SKi CTBOPIOIOTH MEPEIYMOBH IS ITOBEPHEH-
HSI/HETIOBEPHEHHS KPEAUTY, 1 JJIS KOXXHOIO HOBOI'O KITIEHTA Ha OCHOBI IHUX
XapaKTePUCTUK BU3HAYUTH HOTO MOMIIMBICTh TIOBEpHYTH Kpenut [4, 5]. Ha mouar-
KOBOMY €Talli CKOPMHTOBHH ITiXiJ] TPYHTY€EThCS Ha €KCIIEPTHOMY TIXOi, OCKLIb-
KM HEOOXiTHO MepeayciM BU3HAYNTH, SKi caMe XapaKTePUCTHKH IIOJ0 KITi€HTa
noTpiOHO 30MpaTH Ta K MEePEeBIPUTH HAAaHi KIIEHTOM JIaHi, 1 B pOLECi 3aCTOCY-
BaHHS CKOPHHTOBOI MOJIelli 3MiHIOBaTH 00po0IeHi OaHKOM JlaHi MMpo KiieHTa [6].
Ou4eBUIHO, MO CKOPHHTOBY MOJENh HEOOXITHO KOPHUTYBATH y TPOIECi poOOTH
(KOXHi ITBa-TpH POKH), OCKUIBKHM CHUTYyallisi B KpaiHi JAWHAMIYHO 3MiHIOEThHCH,
3’SBJISIFOTHCS TIEBHI 3IOBMUCHHKH, SIKi IPOPAXOBYIOTh (BiKTHBHI JaHi Uil CKOPUH-
TOBOi MOJIENI 3 HAJaHHA KpeAuTy i T. iH. CijbHe BHKOPUCTAaHHS 000X MiAXOiB
JTO3BOJIIIO O MOJICTIIUTH MPOLEC MPUHHATTS PIICHHS 100 BUAAYl KPSAUTY KITi-
eHty 6aHkoM [7].

Binbin afgexkBaTHUM € MiAXiJ HA OCHOBI CTATHCTUKH ACQOJITIB 3a MOMEPEIHI
nepionn, To0TO MoOymoBa CKOpUHTOBOi Mojaeni. CTaTUCTHYHI METOIU Tependa-
YalOTh BU3HAYCHHS MMOBIPHOCTI pealtizailii IeBHOI MOAIl Ha MiJCTaBi IEBHUX BH-
MOT;

® 00’€KTH, Ul aHaNi3y SKHX MPOIOHYETHCS BHKOPUCTATH CTATUCTHYHI
JlaHi, i 00’ €KTH, HA SIKUX 30UPAFOTHCS CTATHCTUYHI JIaHi, € CKBIBAJICHTHUMU;

® YMOBH, Y SKHX MPOMOHYETHCS BUKOPUCTOBYBATH CTATUCTUYHI JIaHi i yMO-
BU 1X 30MpaHHS € €KBiBAJICHTHUMY,

e 00csry BUOIPOK CTATHCTUYHHX JNAaHUX € JAOCTaTHIMH, METOAH 0OpOoOiIeH-
HST — KOPEKTHUMH, a JDKEPeIIo iHhopMaIrii HaXiiHUM.

Takwif miaxig cTaBUTh BUCOKI BUMOTH JIO CTATUCTUKH JIe(hOIITIB:

1. OgHopigHa BUOipKa (MO3HYATBHUKH TOBUHHI OYTH IOCUTH CXO0XKUMH).

2. Bubipka mMae ckiagaTHcs 3 MEBHOT KUIBKOCTI BUMAAKIB — YUM OljbIle Jie-
¢donTiB, TUM Kpamie. 3a eKCIIEpTHUMHU OLIIHKaMH AJIsl aIeKBaTHOCTI MoAeNi o0csr
BUOIpKY MMOBUHEH CKJIajaTy He MeHtre Hixk 2000 BUMaaKis.

3. Bubipka mis moOyaoBu MoOjeli OBHHHA HAarpoOMapKyBaTHCS 3a JOBOJIi
obMmexxeHuid TepMiH. L[ BUMora BuKiIHKaHa (akTOM 3MiHH MaKpOEKOHOMIYHOTO
cepenoBuiia. [lo3uyaibHUK 3 IEBHUMH NapaMeTPaMu B OJTHOMY MaKPOCKOHOMIY-
HOMY CepeIOBHIII 0e3 po0IeM BUILTAYyBAaTUME KPEANT; a B IHIIIOMY CEPEIOBHIIII
BUSBUTHCSA aedonroM. BBakaeTbes, 1110 B yMOBax KpaiH, sIKi pO3BHBAIOThCS, MO-
JIeNb JIJIsL OI[IHIOBAaHHS HMOBIpHOCTI Je)osTy HEeoOXiTHO 3MIHIOBATH KOXHI JIBa-
TPH POKH.

4. HeoOximHO HArpOMa/KyBaTH HE JIUIIEC KPSAUTHY iCTOPIIO MTO3UIATEHUKIB
(medonr / ve nedoir), ane i mapameTpH IUX MO3MYAIBHUKIB — BiK, CTaTh, Micle
pobotu, mocana, cim’s Tomo. [IpobieMa B TOMy, 110 CHIOYATKY HEBIJIOMO, sIKi ca-
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OyYiHI08aHHA KPeOUMOCHPOMOICHOCTT NO3UYATLHUKIE KDEOUMi8 Memooamu ...

Me MapaMeTpH BUSBIATHCS 3HAYYIIMMHU y Mozeni. Tomy Ha etami moOynoBH MoO-
Jlei HeoOXiTHO HarpoMaKyBaTH MaKCHMalIbHY KUIBKICTH TapaMeTpiB 3a KOX-
HUM MO3HYAITEHAKOM.

5. Bubipka mae BKIIOYATH iHPOPMALIIO PO KPEAUTH, IHMKI KPEAUTYBaHHS
AKUX yKe 3akiHduBcs. Ll BuMora HeoOXiqHa, OCKUIEKH 000B’SI3KOBOIO € iH(Op-
MaIlis PO MMOBEPHEHHS / HETIOBEPHEHHS KPEITUTY.

6. IcTopito mMOTPiOHO HArpoMaKyBaTH B MeKaX KPEIUTHUX HPOAYKTIB
(CTIOKUBYMH KpEeIUT, KPEAUT HA aBTOMOOUILHUI TPAHCIIOPT, IMOTEYHUH KPEIHT).
CKOpUHTOBY MOZEJb HEOOX1HO Oy IyBaTH I KOKHOT'O KPEAUTHOTO MPOIYKTY.

Jani po mporec KpenuTyBaHHA (i3MYHUX OCI0 3aI0BOJBHAIOTH Maike BCi
i BuMoTH. J{is iznarux 0cib mapamMeTpaMu CKOPHHTOBOI MOJIEIi MOXYTh OyTH
BiK, CIMEHHUI cTaH, KUIBKICTh JITEH, OCBITA, MiCIle MPOKUBAHHS, po0OOTa, IOCa/a,
BJIACHICTh, KPETUTHA iCTOPIis 1 T. iH.

INOCTAHOBKA 3AJIAYI

Juist mOCSTHEHHsSI TIOCTAaBJICHOT METH y poOOTi MOCTAaBIeHI 1 BUPILIYIOTBCS TakKi
3aBIaHHA: BUKOHATH aHATI3 MPEIMETHOI Tary3i i BHOpaTH METOIN MaTeMaTHIHO-
IO MOJICJIFOBaHHS Ta OLIIHIOBAHHS KPEIUTHUX PHU3HUKIB; 3allPONOHYBAaTH MaTeMa-
THYHI MOJICNI JIJIs aHai3y KPEAUTHUX PU3HKIB IHIUBIAYaIbHUX MO3UYATHHHUKIB
Ha OCHOBI aJbTEPHATHBHUX METOIIB; PO3POOUTH MaTeMaTHIHI MOJIEHI IS aHaTi-
3y KpeIUTHUX PU3UKIB IHAMBIAYyalbHUX MO3MYAILHUKIB HA OCHOBI JIepeB PillleHb,
JoricTUYHOI perpecii, Mepex baiteca (MbB) Ta HEUITKOI JOTiKH; CTBOPUTH MPOEKT
Ta TPOTpaMHy peaiizarito iHGopMariitHoi cuCTeMH MiATPUMAHHSI TPUAHATTS Pi-
mens (CIIIP) myist oniHIOBaHHA KPEeIUTOCIIPOMOKHOCTI MO3MYANILHUKIB 1 TOPiB-
HATH MMOKa3HUKH SIKOCTI Mojeeit 3a monomoror ROC-anarisy.

METOJIN MOJEJIIOBAHHS I TIPOTHO3YBAHHS BAHKIBCBKUX
KPEJUTHUX PU3UKIB

PosrasiHeMo ocobnuBocTi HOOYA0BU Mozeneii y ¢popmi Jorictuanoi perpecii, Mb
Ta HEYITKOT JIOTIKH.

JlorictnuHa perpecis — 1€ pi3HOBUA MHOXXHHHOI perpecii, 3aranpHe MpH-
3HAa4YeHHs KOl IOJIATaE B aHami3l 3B 43Ky MiX JEKiIbKOMa He3aJeKHUMH 3MiH-
HUMH (perpecopamu abo MPeIUKTOpaMH) 1 3aliekHOI 3MiHHOKW. biHapHa noric-
THYHA perpecisi, sSIK BHIUIMBA€ 3 Ha3BH, 3aCTOCOBYETHCS B pasi, KON 3aJIe’KHA
3MiHHA € OiHapHOO (TOOTO MOXe HaOyBaTH TIJIbKU JBOX 3HAYEHB). [HaKIIIE Kaxy-
YM, 32 JOMOMOTOIO JIOTICTHYHOI perpecii MO>KHa OIIHIOBaTH HMOBIPHICTH TOTO,
0 TIOMisI HAacTaHe I KOHKPETHOI BHIPOOOBYBAaHOI 0coOWM (XBOPHI/3MOPOBHIA,
noBepHeHHs KpenuTy/ aedont i 1. iH.). Lle gocsAraeThcs 3acTOCYBaHHSAM TaKOTO
perpeciiiHoro piBHSHHS (JIoTiT-nIepeTBOpeHHs ) [8, 9]:

1
P=—",
l1+e™”
ne P — IMOBIpHICTB TOTO, IO BiIOyAEThCS TOIis, AKa IIKABUTh, ¢ — OCHOBA
HaTypalbHUX JorapudmiB 2,71; y — 3MiHHA, [0 BU3HAYAETHCS PIBHIHHAM Ji-
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HilfHOT perpecii. 3anexHicTh, O 3B’sI3ye HMOBIPHICTH MOAII 1 BETMYUHY V, TIOKa-
3aHO Ha puc. 1.
1

0.73

P 0.5

0.25

0
-4 -3 -2 -1 0 1 2 3 4

Puc. 1. Jlorictnuna QyHKIs po3Moiy

BAMECIBCHKMM NIJIXI] HA OCHOBI MEPEX JIOBIPU

3a nomomororo MB sk iHCTpyMeHTYy aHaii3y JaHWX BUPINIYIOTH JBI MaTeMaTHYHI
3agadi: 1) moOynoBy crpyktypu MBb i 2) ¢opmyBaHHSI iIMOBIpHICHOTO BHCHOBKY.
3amava moOynoBu Mb 3a 3aannMu HaBYanbHUMU JaHUMH € NP-ckitagHoro, T00-
TO 3aBIaHHSAM HEJHIHHOT OJIHOMianbHOI CKIIaMHOCTI. KiTbKiCTh YCIX MOMKITHBUX
HEIUKIIYHUX MOJeNel, siKi MoTpiOHO MpoaHami3yBaTH, OOUYHCIIOETHCS 3a pe-
KypeHTHOI opmynoro PoGincoHa, 3anpononoBanoro y 1976 p. [10]:

Fn)=3 ()20 fn iy,

i=1
ne n — KkinpkicTs BepmnH; f(0) =1. OaHak Ha NpakTULl BUKOHATU MOBHUH Tie-

pebip Mozeneli MOXKHA TUIBKK AUl MEpEeX He OUTBII HiX 13 ciMOMa BepIIMHAMU
(By3;aMm), iHaKIIIe HE BUCTAUYUTH OOUUCITIOBAILHUX PECYPCIB.

3aBmaHHg (GOpMyBaHHS IMOBIpPHICHOTO BHCHOBKY B Mb € BayKIIMBUM i CKIIaf-
HUM 1 HaJISKHUTh JI0 KJIACy 3a7a4 MPUHHATTS pimers. OQHAK I peanizallii mboro
METO/Iy HEOOXiHO 3BecTH CTPYKTypy MDbB mo Burmsmy o0’eqHaHoro nepeBa
(junction tree), 1 TINBKH TOJI MOKHA BUKOPUCTOBYBATH aJITOPHTM iIMOBIPHICHOTO
BHUCHOBKY B 00’ €ZJHAHOMY JI€PEBi, SIKHI TPYHTY€EThCA Ha MPOXO/DKEHHI A 1 T TO-
BioMJIeHb 10 fepeBy. OueBHIHO, 110 icHY04i MeToau nodynosu Mb i ¢popmy-
BaHHS BUCHOBKY IOTPEOYIOTH TPYAOMICTKHX O0YHCIICHb. TOMy pO3poOJICHHS Me-
TOJIIB, IO JO3BOJIIIOTH 3MEHIIUTH OOYMCIIIOBANBHY CKIAIHICTh, € aKTyalbHUM
IUIs MOZIETIIOBaHHs TpoleciB pizHoi npupoaun MB [10, 11].

[TocranoBka 3anaui noOyaoBu Mb ckinagaeThbest 3 TaKUX KPOKiB:

1) po3pobieHHs eBpUCTHYHOTO MEeTOAY o0y moBu Mb, mo MicTuTh 1Ba eTa-
. Ha mepmromy erari 00YHCITIOETRCS 3HAYEHHS iH(MOpMAIii MK yciMa BepIIH-
HAMH, Ha IPyroMy — IUIECTIPSIMOBAaHHN TIOIIYK, SKHH BUKOPHCTOBYE SIK OLIHHY
(YyHKLiI0 OLIHKK MiHIMaJIbHOI JOBXHMHH, 3aCHOBaHY Ha MPHUHLUIN OIMUCY, KUK
3aCTOCOBYETHCS Ha KOXKHIN iTeparlii airopuT™My HaBIaHHS.

2) po3po0JIeHHS METOIy WMOBIpPHICHOTO BHCHOBKY B Mb 3 BHKOpHCTaHHSIM
JBOX KpOKiB. Ha mepmomy Kpolli o0YHCIIOETHCS MaTPUI eMITIpUYHAX 3HAYCHb
CHTBHOTO PO3MOiTY WMOBIPHOCTEH BCi€i Mepexi, a Ha APYyromy Kpolli — 3Ha-
YeHHS HMOBIPHOCTEH BCiX MOKIIMBUX CTaHIB HEIHCTaHITiHoBaHMX BepiuH [12].
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BaitecoBa mepexa sBmuse coboro mapy (G,B), mepma kommoHeHTa G

SKOI — II¢ HaImpsSMJIICHWH HEIUKIIYHUN Tpad, SKUH BIANOBiTaE BUITATKOBHM
3MIHHHM 1 3aIUCYETHCS SIK HAOIp YMOB HE3aJeKHOCTI: KOJKHA 3MiHHA He3aJIe)KHa
Bix ii 6aTpkiB y G . [Ipyra KoMIIOHeHTa mapu B — 11e MHOXKHHA TTapaMeTpiB, M0

BU3HAYAIOTh MEPEXKY; MICTUTh MapaMeTpH eX(i)|pa ( =P(X @ | pa(X @ )) ans

X
KOXKHOrO MOKMBoro suavenns x) e X i pa(X (i)) € Pa(X (i)), ne Pa(X (i))
— Ha0ip 0aTbKiB 3MiHHOT X e G. Koxua sminma X e G 300paKyETHCS Y
BUTJISAI BEPIIMHU. SIKIIO PO3MISIAIOTE Olibllie 0OJHOTO rpady, TO Ui BU3HAYCH-

Hsi GaTbKis 3minnoi X ) y Tpadi BUKOPUCTOBYIOTH TIO3HAYESHHS Pa® X" Tlosua
cribHa iMOBipHiCTH BM obuncmoeThes 3a Bupazom [12, 13]

N
1 N ' '
Py (XD, XM =TT P(X V| B,(XD)).
i=l
l'opumaa Mb B =(X,D,P) BuU3HA4YaeThCA Yepe3 HANPSIMIICHUHA aIfuKiIiv-
Huii rpad G =(X,E) i oro pynkuii P ={P(x;| pa;)}, ne pa, — Habip 6aThb-
KIBCBKHX BY31iB X;; X — HaOip 3MiHHUX, IIOJLIEHUX HA JUCKPETHI A 1 Hemepe-
pBHI [ 3wminHI, ToOTOo X =1 UA . Crpykrypa rpady G oOMexeHa THM, IO
HeTlepepBHi 3MiHHI HE MOXKYTh MaTé JUCKPETHUX 3MIHHHUX SK IX BY3JIH-HAIIaIKH.
YMOBHUII pO3MOAIT HEMEPEepPBHUX 3MIHHUX 3aJa€THCS JIHIHHOIO TayCiBCHKOIO
MOJICILTIO:

P(x;|I=1i,Z=z)= N(a(i)+B@)x z,v(@)), x; €I,

ne Z ta | — MHOXMHHU BIIIOBIAHO HENEPEPBHUX 1 JUCKPETHUX OAaTbKiB X; ;
N(n(o)) — MynbTHHOMIaJbHHNA HOPMaJbHUK po3nofil. Mepexka siBise co0or0
CHIUTBHUNA PO3MOIN yCiX HOro 3MiHHHX, 33JaHUX JAOOYTKOM YCiX TaOJUIb YMOB-
HUX IMOBIpPHOCTEH.

MoskHa posrisnatu copMyIbOBaHHK BUCHOBOK SIK IILIAX KOHBepTamii Oa-
TaTOBUMIpHHX TayciaHiB y Mb. 3MiHHI yHOPSAKOBYIOTECS y TEBHOMY TOPSIAKY
Xi,...,X, . IloTiM 1ell BUCHOBOK BUKOPUCTOBY€EThCS JUIsl 3HAXOKEHHS YMOBHO-

r'0 PO3MOJLIY:

i1
P(X; | Xp,.., X)) =N Xi;BiOZBi,ijaGiz
J=1

CrBoproetbest pebpo 3 X ;n0 X; (1<j<i) Toai 1 TUIbKM TOAI, KOIH

B; # 0. YmosHuii iMoBipHicHuii posnoain (YIP) X; HasusaroTs JiHiHHMM yMOB-

HUM iIMOBIPHICHUM PO3MOJUIOM, IO Ma€ BHUIJIAA ACAKOTO BHpa3y MiCIs CKOPO-
YeHHS YCiX HYJbOBUX 3HaueHb. JIiHIMHUI yMOBHUI IMOBIpHICHHI PO3MOIiN AJs
KOPEHEBHX BY3JIIB € IMPOCTO OJAHOBHMIPHOIO raycianoto. Mepexa baiieca, y sikiit
BCl YMOBHI iIMOBIpHICHI pO3MOALIM € JNiHIHHUMH, HA3UBA€THCS JIIHIHHOIO Taycia-
Hoto (JII'). TakuM umHOM, KOKHA OaraToBUMipHa rayciana mMoxe OyTH HoAaHa
JIT'. OGepHeHe TBepKCHHS Takox crpasemiuee. Koxxna Mb 3 niniitaumu YIP
SIBIISIE COOOI0 CHITBHUI HOPMAaTbHUI PO3MOALT.
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VYmoBHa niniiiHa rayciana (YJII) — ne MB, sxa MicTUTh SIK HemepepBHi
3minHi (), Tak i AuckpeTHi 3MiHHI (A) 3 TakuMu oOMexeHHsAMH [ 14, 15]:

® JIUCKPETHHUH BY30JI HE MOXKE MAaTH HEMEepepBHHUX OAThKIiB, TAKUM YHUHOM,
yci YIP amist mucKpeTHUX BY3J1iB MOKYTh OyTH TOAaHi SIK y AucKpeTHuX Mb;

® yYMOBHO-IMOBIPHICHUH pO3MOALT Oyab-IKO1 HEMIEPEPBHOI 3MIHHOI € JIIHIN-
HuMm YIP, 3aganuM Oyib-SIKOI0 KOMOIHAIIE€I0 TUCKPETHUX 0aThkiB. dopMaibHO,
SIKIIO By301 Y mae OatekiB {Xy,..., X} <" i D={Dy,...,D;} C A, BiH Bu3Ha-
gaeTbCsl sAK YIP 3 BHKOpPHCTaHHAM TaKUX TapaMeTpiB: I KOXKHOTO

d € Dom(D,Byqs-...By) i 05

k
P(Y | x,d)=N(Y;Byo+ > ByiXis05)-
i=1

Lle HaiOinpm mommpeHnid BUA TiOpUIHUX Mojeneld. BoHU T03BOISIOTE Ma-
TH JIWIIE JTHIHHI BiAHOMIEHHS MiX HEIEPEPBHUMHU 3MIHHHMH 1 HE JTO3BOJISIIOTH
JVCKPETHUM 3MiHHUM MaTH HenepepBHUX 0aThKiB. [lInpoke BUKOPHCTAHHS TaKUX
MoJeneil 3yMOBIIeHO ix MaTeMaTuuyHOIO 3pyuHicTio. B VJII' 3amano 3HaueHHs
JTUCKPETHUX 3MIHHUX, PO3MOJIiT HEMEPEPBHUX 3MIHHUX — 0araTOBUMIpHY Tayci-
aHy; OT)KE CITUTBHHUIA IMOBIPHICHHH PO3MOIIT — II¢ KOMIIO3UIIiS rayciaH, 3 SKUMH
MOYKHA TPAIfOBaTH, BAKOPUCTOBYIOUM aHAIITHYHI IHCTPYMEHTH.

Skmo BCl IMCKPETHI 3MiHHI 3a1aHi, To YIP HenepepBHUX 3MiHHUX € JIiHIH-
HUMH YMOBHUMH HeNlepepBHUMHU posnoinamu. Toi 3 HagaHHsAM OyAb-sIKUX 3Ha-
yeHb quckpeTHuM 3MiHHUM YJII' penykyerscs y JII' i ToMy € HOpManbHUM PO3-
MmoMijioM. 3BiCH BWIUIMBAE, WIO CHUTBHUN po3noxin, mnomaamid YJII, €
KOMITO3HITI€I0 TayciaH, /ie KOXKHa KOMIIO3HITisl KOMITIOHSHTIB BIIOBIAAa€ peari3artii
JMACKPETHUX 3MIHHUX.

Takum uywmHOM, BUKOpHCTaHHS MDbB mae 3Mory aHamizyBaTh NpPHIUHHO-
HACJTIIKOB1 3B’SI3KM MK OKPEMHUMH 3MIHHUMHY (TIOISIMH, TaHUMH) 1 (HopMyJTIoBa-
TH Ha 1ill OCHOB1 OOTPYHTOBaHMH iIMOBIpHICHHH NIPOTrHO3. BUKOpHcTaHHS Ti0pUa-
HUX MDB /103BOJIsIE KOPEKTHO aHANi3yBaTH HENepepBHi 3MiHHI y Mojeni (Hampu-
KJaJl, BIK YM CyMy KpeAUTY) 1 AOCSITaTH BUIIOI TOYHOCTI porHo3y [15].

3ACTOCYBAHHSA METOAIB MOJEJIOBAHHSA KPEIUTHUX PU3UKIB

[Iporno3yBaHHsI KpeAUTOCIIPOMOXHOCTI 1HIMBIyadbHOTO MO3UYATbHUKA BUKO-
HYETbCS Ha OCHOBI OiHapHOI Jorictuunoi perpecii. s moOynoBu Moesni BUKO-
PHCTaEMO HaBYAJIBbHY BHOIPKY JaHUX MO KIIIEHTA Ta Pe3yJbTaTH MOBEPHEHHS X
HETIOBEPHEHHS [IUM KIIIEHTOM KpeauTy (0 — SIKIIO KpeauT MoBEepHEeHo i 1 — sK-
o Hi). Maroun iHpopmariro mpo 1500 kiieHTIB, croYaTKy OyIyeEMO MOJETH JIO-
TICTUYHOI perpecii Ha ocHOBI ganuXx 1mpo 1200 KITi€HTIB, a MOTIM PpOOMMO ITPOTHO3
Ha OCHOBI 0OyaoBaHoi Mozeni it 300 KITiE€HTIB, MalOYH B MOJIENTi BCi aHi Mpo
HUX, OKPIM pe3yJIbTaTiB MOBEPHEHHSI YW HETIOBEPHEHHS KPEIUTY, i MOPIBHIOEMO
Ppe3ynbTaTi MoOYAOBAHOTO MPOTHO3Y 3 PEIbHUM CTAaHOM MOAIH. Y IOMY BHUIIAAKY
SIK BXiJHI JaHi BKIIOYEHO TaKi 3MiHHI: CyMy KPEOUTy, BiK MO3MYaJIbHHUKA, HOTO
JIOXif, TUTATIXK 32 KPETUTOM, TEPMiH KPEIUTY Ta OCBITY. XapaKTepHCTUKU MO0Y-
JIOBaHHUX JIOTIT 1 MpoOiT Mojernel moaano B Tad. 1.
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Taoauusa 1.Craructiudi XapakTepUCTHKHU SIKOCTI MPOTHO31B

XapakTepucTHKa Cepenno- CAIIN KoediuienT Teiina
KBaJPaTHYHA MOXHOKA
Jlorit 0,407083 13,23895 0,493373
[pobit 0,406719 13,23129 0,493053

OTpuMaHi CTaTUCTUYHI XapaKTEPUCTHKH IPOTHO3YBAHHS I 000X THIIIB
MoJenel yxe Onmu3bKi Mixk co00t0. ToOTO THI pO3MOALTY HE € 3HAYYIIUM JJIs
o0y 10BU MOZETI.

3ACTOCYBAHHA JEPEB PIIIEHD JIUISA OIHIOBAHHS
KPEJUTOCITPOMOXHOCTI TIO3NYAJIBHUKIB

JlepeBa pillieHb 4acTO BHUKOPHCTOBYIOTh JUIS PO3B’s3aHHS 3aj1a4 Kiacudikairii.
Hampuknaz, 3BepHEHHS 32 KPEAUTOM MOXYTh OyTH KiacudikoBaHi sIK Taki, M0
MaroTh BUCOKHH a00 HU3bKUH PU3WK — JIepeBa PillleHb J03BOJSIOTh BU3HAYHTH
MpaBuJIa JiJIsi BUKOHAHHS TakKol Kiacu(ikailii Ha OCHOBI IaHUX 3 HABYAJILHOI BH-
Oipku. [TopiBHSIHO 3 IHITUMU AJITOPUTMAMH JIEpEBa PillicHh MAIOTh TaKi MTEpPEeBary,
SIK BUCOKA IIBUJKICTh HaBYaHHS, MPUMHATHA TOYHICTh Ta JIETKO 3PO3yMiNi miad-
nonu. Ha Bubipui 3 1600 kpenutiB moOyAoBaHO IEpeBO pillleHb, LIO T03BOJISIE
kiacu(ikyBaTH HOBOTO KIIIEHTA K TAKOTO, 1[0 MOBEPHE KPEAUT, a00 HE TIOBEPHE.
Pe3ynbraTi MoOyI0BY JepeB pillieHb 3BEICHO IS MOPIBHSIHAS B Tabj. 2 Ta moja-
HO Y BHIJISIAI Tiarpamu (puc. 2).

Taoauunsa 2.Pesynbraru ajs BCiX TUIMIB JepeB pillieHb

Tun siepesa piters 3ar.am)Ha IMToxubxu knacudikamii
TouHicTh: CA I pony II pony CymapHa noxn0ka
Chaid 0,843 3,733 11,933 15,666
Exhaustive Chaid 0,825 3,733 13,733 17,466
CRT 0,922 4,4 3,4 7,8
Quest 0,885 5,333 6,1333 11,466

W TTomuiku I pony

@ [Tomuku II pony

E Tomunxu I Ta 1 I pony

Chaid Exhaust ve chaid CRT Quest

Puc. 2. TlopiBHsIpHA AiarpaMa MMOXHOOK aITOPUTMIB AE€PEB PillleHb
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INPOI'HO3YBAHHSA KPEJUTOCITPOMOXHOCTI IHAUBIZYAJBHOI'O
MO3NYAJBHHUKA 3A JIOMTOMOI'OI0 BAUECIBCLKHUX MEPEK

3a pik 6ankom BupaHo 1600 kpenutiB. Koxxuuii kimieHT onucyetbes 18 xapakre-
pucTHKaMH. 332 HAsSBHUMH JaHUMH MOOYIOBAHO MEPEXKY, sKa MOKa3ye 3B 30K
MDK XapaKTEPUCTHKaMHU KIII€EHTa 1 BEPIIMHOIO — ITOMIEI0 TTOBEPHEHHS KPEIUTY.
3a HasSBHUMHU HaBYILHUMH JAHUMH BH3HAYCHO HMOBIPHICTh TOBEPHEHHS Kpeau-
Ty HOBHMM KJIIEHTOM, IO 3BE€pHYBCs 10 O0aHKy. OTxe, Tpeba Bu3Hauutu PD;, —

IMOBIpHICTH Ae(ONTY MOTEHIIIHHOTO To3UJaTbHUKa. OCKUTHKY YHCIIOBI XapaKTe-
pUCTHKH (CyMa KpeAMTY, BiK, JOXiJ 1 T.iH.) Ha0yBalOTh 0arato 3Ha4eHb, TOOTO €
HETIepEepBHUMHU, TO AJIS1 PO3B’SI3aHHS MOCTABJICHOI 3a7a4i HOTPiIOHO BUKOPUCTOBY-
BaTH riopuaHi Mb. 3a onmcaHo0 BUIlle METOAUKOIO HEOOXiTHO BUKOHATH aHAi3
po0JieMH 1 3poouTH (HOpMai30BaHy MMOCTAHOBKY 3ajiavi. PO3riasHeMO JIeTalibHi-
1Ie CXEMY 3aCTOCYBaHHs 3alIPOIIOHOBAHOT METOIUKH.

Kpox 1. [ns po3s’si3aHHA 3a/1a4i OL[IHIOBAHHS KPEIUTOCIPOMOKHOCTI TO-
3UYaIbHUKA 310paTH CTAaTUCTUYHI JaHi PO BUAAHI KPEAUTH, YaCTHHY 3 SIKUX I10-
BEPHYTO, a YaCTHHA BUSBWIACH Ae(ONITOM, TOOTO OTpUMATH IMO3UTHBHI 1 HEraTu-
BHI MpUKIaaM HaBYAIbHUX JaHUX. Ha OCHOBI BHOpaHMX mapameTpiB
Mo3MYaIbHUKA Ta KPEIUTy pPOo3poOuTH (hopManbHy MOJAENH i OI[iIHUTH HMOBIpHO-
cti gedonrty nozuuansHuka PD; :

PD; = F(w/,x}),

ne w/ — Baru mapamerpiB xy; i — KUIBKICTh MO3WYANBHUKIB; j— KIIBKICTH

mapameTpiB KpeauTy. MoJienb IS OMiHIOBaHHS KPEAUTOCTIPOMOXKHOCTI Ha OCHO-
Bi Mb onmcyeThCst TAKUM YHHOM:

PD; = F(v*,G,J)=1-PR,,

e Vi

. — 3MiHHI, 10 ONHUCYIOTb XapaKTEPUCTHKHU KIi€HTa 1 Kpenuty; J —

IMOBIpHICHHI PO3MOALT 3MiHHUX vf‘T ; G — HamnpsIMJICHUH alMKIIYHUiN rpad, By3Iu
k

SIKOT'O BiI[HOBiZ[a}OTL BUITaJKOBHUM 3MIHHUM V; MOZCJIIbOBAHOT'O IIPOLECY, PRZ —

IMOBIpHICTh IIOBEPHEHHS KPEIUTY.

Kpoxk 2. Jlani 3aga4i — 1ie cratuctuyHi aadi 3a 1600 BumaHuMu Kpenura-
MU, 3 Akux 450 Bunaakis medonris, 1150 — MOBEpHYTHX KPEIUTIB.

Kpoxk 3. B3aeMOBUKITIOYHMMHU 3MIHHUMU JJ1s1 AaHOT 3ajad4i € 18 xapakrepuc-
THK, 110 OMUCYIOTh KJIIEHTA TA KPEAMUT.

Kpoxu 4-5. Ockinbku B 3a7adi BUKOPHCTOBYIOTBCS HENEPEpBHI 3MiHHI i
Oynyetbes ribpuana MB, To s HenepepBHUX 3MIHHUX BHKOPUCTOBYETBCS JIUC-
KpeTH3allis, TOOTO 00JIaCTh 3HAYCHb HETNIEPEPBHOT 3MIHHOT pO30MBAETHCS HA MPO-
MiKKH. KinbKiCTh TMPOMIXKIB BU3HAYAETHCS KOPUCTYBAayeM, Ti CTOBIYMKH, IJIS
SKMX HE BKa3aHO KUIBKICTh IHTEPBAIIB PO30UTTSA, aBTOMATHYHO pPO3OMBAIOTHCS
Ha JBa MPOMDKKHU. JIOIITFHO BUKOHYBATH JUCKPETH3AIIIIO JAHUX 32 OTHAKOBOIO
IIMPUHOI0 KJIaciB a00 3a OJIHAKOBOKO KINBKICTIO TOYOK YCEpPEAMHI KJIACTEpiB.
Kpim mporo, mmpuHa Ta KUTBKIiCTh MTPOMIKKIB MOXYTh OYTH perjlaMeHTOBaHi OaH-
KOM, BUXOJSIYH i3 COIIOJOTIYHUX ab0 meMorpadidHux MOCHIIKEHb TPYIT KIi€H-
tiB [15]. [ig wac moOynoBu cTpykrypu Mb ciin nmam’sitatu, mo oOpaHuii anro-
PUTM BIUIMBa€ HA LIBHIAKICT> BUKOHAHHS NpOrpaMH 1 Ha camy MOOYyJOBaHY
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cTpykrypy. HaimBuamum € anroputm Greedy Thick Thinning, #oro i Oyaemo
BUKOPUCTOBYBATH ISl aHAI3y NPUKIAMIB. Y pe3yibTaTi poOOTH aaTrOpUTMy
OTPUMYEMO TITBKH OJIHY CTPYKTYpY, SKa € JIOTIYHOIO 1 onTuManbHow. [ToOymno-
BaHy 3a LIMMHU JaHUMU CTpYKTypy MB 300paxkeHo Ha puc. 3. Bona HaouHo xe-
MOHCTPYE 3B’ SI3KH MK TAaHUMH.
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ﬂ “ ” H&
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Puc. 3. Ctpykrypa nobynoanoi Mb

OIIHIOBAHHA KPEJUTOCITPOMOKHOCTI ITIO3NYAJIBHUKA
3 BAKOPUCTAHHSIM HEYITKOI JIOTTKHA

st BpaxyBaHHsI HE TUIBKH KUTBKICHHX, aJie 1 SIKICHHX XapaKTepUCTHUK BEKTOp Ja-
HUX MOJXKHa IIOJIaTH 3a JOIOMOTOK0 JIHTBICTUYHWUX 3MiHHUX. JIiHTBicTHYHA
3MIHHA BU3HaA4YaeThesa Ak < b, T, X, G, M >, ne

b — iM’sI MHTBICTHYHOT 3MIHHOT;

T — 6a30Ba TepM-MHOKHHA JIHTBICTUYHOI 3MIHHO1, KOXXHUH €JIEMEHT SKOi
(TepM) Moa€EThCs SIK HEUITKAa MHOKMHA Ha YHIBEPCAIbHIN MHOXUHI X ;

G — CHWHTaKCHYHE MPaBWJIO, YaCTO y BUTIIANI TPaMaTHKH, IO JO3BOJISIE
OmepyBaTH €JIEMEHTAMHU TePM-MHOXHHH 71 , 30KpeMa, TeHEpyBaTH HOBI TEPMHU
(3HaueHHs);

M — ceMaHTHYHE TPaBUJIO, IO 3a1a€ (PYHKII0 HAICKHOCTI HEUITKUX
TEPMiB, YTBOPEHUX CHHTAKCHYHUMH TpaBuiamu [16, 17]. nsg noOymoBu nmpaBuia
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HEoOXiZHO TMOoOyAyBaTH (QYHKUIl HaJIEKHOCTI KOXHOI JIHIBICTUYHOI 3MiHHOI,
T00TO 3amarn BUTIAN (hyHKIIT Ta 1i mapameTtpu. [lapamerpn hyHKIIH HATGKHOCTI
BU3HAYAIOThCs B Tpolieci ii moOyaoBu. [linxin Ha OCHOBI HEYITKHUX HEHPOHHUX
mepesxk (HHM) nosBonsie aBTomatnuHo OyayBaTH (pyHKLiIO HaNeKHOCTI, a
BiNOBiIHO 1 0a3y 3HaHb Ta pealli3yBaTH HEUITKUH JIOTIYHWI BHCHOBOK. Y 3a-
TATHPHOMY BUTJIAII aJITOPUTM Ma€ TaKi eTallu.

1. Bu3HayeHHss MHOXWHH  BXIIHHUX 3MIHHUX TpO  IO3MYAIbHHKA:
X={X, X0, X;sos Xy}

2. Bu3HaueHHS MHOXHHH BUXIIHUX 3MIHHHUX — MOXIJIHBI TPYIH PHU3UKY:
D ={D,,D,,...D;,...Dy} .

3. ®opmyBaHHsg 0a30BOi TEPM-MHOXHHH 3 BIIMOBITHUMH (DYHKITIIMHA
HAJIeXHOCTI KOXKHOI 3MIHHOI: A = {a;,d,,....,ay} .

4. ®opmyBaHHs KiHIIEBOI MHOXMHU HEYITKHX TPABHJ, y3TOKEHUX OO
3MIHHHX, 10 B HUX BUKOPHCTOBYIOTHCA.

5. Peajizarist JIOTI9YHOTO BHCHOBKY, TOOTO BH3HAUYCHHS iICTHHHOCTI IS TIe-
pelyMOB KOXKHOTO TpaBHJIa Ta BU3HAYCHHS HEYITKUX IMiJMHOXHWH JJIs1 3MiHHUX
BUXOJTy JUIsl KOYKHOTO MpaBHJIA.

6. Komrmosuiliss HewiTKuX MiAMHOXHH KOXHOI 3MiHHOT BUXO/Y 3a BCiMa Tpa-
BUJIAMU.

7. 3HaXO/PKEHHSI YITKOTO 3HAYCHHS JJISI KOXKHOT 3 BUXIJAHUX JIHBICTHYHUX
3MiHHHX.

Y HHM 3 noriuanM BUCHOBKOM MamaHi peani3y€eTbCs JIOTiYHUH BUCHOBOK,

SIKUM Ma€ Takl eTaru.
1. YBeneHHs1 He4YiTKOCTi. 3HAXOAMMO CTYITiHb ICTUHHOCTI AJIS MEPEeIyMOB

KOXKHOTO TpaBunia: A, (xg), 4, (xg), B (xy), By (xy) -

2. JloriyHuii BHCHOBOK. 3HAXOAWMO piBHI BiJICIKAHHS IJIs IEPEIyMOB
KOJKHOTO 3 TpaBWsl (3 BHUKOPHCTaHHSAM oOrmepamii 3HaXOMKEHHS MiHIMyMY):
oy =4 (xg) N B(¥g); 0y =Ay(xg)NBy(yy). 3HaxXomaumo piBHI BiACIKaHHA
oyukuii HanexHocTi: C| = (o, NCi(2)); Ch =(a, NCy(2)).

3. Komno3unisi. IlincymoByeMo 3HaiineHi BifciueHi (yHKUIi HaJeKHOCTI
3 BUKOPUCTaHHSM OIepalii MakCUMyM Ta OTPHUMYEMO IiJICYMKOBY HEYITKY
MiZIMHOKMHY JUIi 3MIHHOI BHXOHy 3 QYHKII€IO HalexHoCTi: uy =C(2)=
=Ci(2) V() =(a; N Ci(2) U (ay N Cy(2)).

4. 3BegeHHss 10 4iTKocTi. BUKOPUCTOBYIOTBCS LEHTPOIAHUN MeETOX

(puc. 4).
Bxigaumu € Taki GpakTopu BIUIMBY, SIK BiK, piBeHb 3apOOITHOI IUIaTH, TEPMiH

KPEIUTYBaHHS, a BHUXIAHUM — IMOBIpHICTh MOBEpHEHHS KPEOUTY Ta BiAMOBIiI-
HUH (iHAHCOBMH KJIaC MO3MYAIbHHUKA. 3a/1a4y OLIHIOBaHHS KPEeIUTOCIPOMOKHO-
CTI MOXHa cgopmymoBatd TakuM 4duHOM [17-19]. KoxkHa kpeauTHa 3asiBKa
3a71a€TbCSI BEKTOPOM {X|,X5,..,X;,...X,, } , 1€ X;— IEBHUM 4YUHOM (hopMani3oBaHi

JlaHi 3 aHKETH MO3MYaJIbHUKA Ta TapaMeTpH Kpeauty. Jlami 3a 3a1aHuM BEKTOpPOM
Tpeba MPUHAHATH PIMICHHS PO HAJAaHHSA KPEAWUTY, TOOTO OIIHUTH WMOBIPHICTH
HOBEPHEHHS KpeIUTy. Y 3aralbHOMY BUIIAI HEWiTKUH JIOTTYHUH BUCHOBOK Ma€
Taki eTany: BU3HAUYECHHS MHOXMHU BXiJHUX 3MiHHHMX; BU3HAUYCHHS MHOXHHHU BH-
XiIHUX 3MIHHEX; (POpMYBaHHS 0a30BOi TEPM-MHOXHHHU 3 BiANOBITHUMH (DyHKIIi-
MU HAaJIEXKHOCTI KOXKHOTO TepMy; (OpPMYyBaHHS KiHIIEBOI MHOXHHH HEUITKUX
NpaBWI, Y3TO/DKEHUX IION0 BHKOPHUCTOBYBAHWUX y HUX 3MIHHUX. 3HAXOJKCHHS
YiTKOTO 3HAYEHHS I KOKHOI 3 BUXITHUX JIHIBICTUYHUX 3MIHHUX.
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Puc. 4. Imoctparist 10riYHOr0 BUCHOBKY MamaHi

[Tix yac BUKOHAHHS aHANTITUYHUX JOCIIIKEHh BU3HAYCHO TepeltiK (pakTopis,
IO BIUIMBAIOTh Ha (POPMYBaHHS PIBHS KPEIUTOCIPOMOXKHOCTI KiieHTa. Hinkue
MOJaHO TEpeNiK BXiTHUX (PAaKTOpiB, BUKOPUCTAHUX AJsl PO3POOJICHHS CHCTEMH,
30kpeMa: 1) Bik mo3uvanbHuKa (X)) ; 2) cTax podotu (x,); 3) micsuHa 3apobiTHa

mnara (x3); 4) HasgBHICTH MaiHa (x4); 5) HasABHICTH KPEeAMTHOI icTOpii (Xs5);
6) cyma Kpemuty (Xx4); 7) TepMiH KpeAUTYBaHHSA (X7).

JI1st OTiHIOBaHHS KPEIUTOCTIPOMOXKHOCTI (PaKTOpH, 10 BIUIMBAIOTH HA (Hop-
MYBaHHS PiBHS KPEAMTOCIPOMOXHOCTI KJII€EHTa, MOXYTh HAO0yBaTH TaKUX 3Ha-
4yeHb: Bik = 18-65 (pokiB); crax pobotu = 049 (pokiB); 3apoOiTHa muata =
= 0-30000 (rpH); HasgBHICTH MaiiHa = 1 — Hi; 2 — MamuHa; 3 — KBapTHpa; 4 —
IiM; 5 — 7Ba Ta Olblie 3 mepeidyeHux 3Ha4eHb. HasBHICTh KpeauTHoT icTopii: 1
— € KpeAWTH, OIJiara 3a SIKUMH NpocTpoueHa; 2 — He OyJo; 3 — € KpenuTH B
IHmMX O0aHKaX i MOTalIaf0ThCS CBOEYACHO; 4 — € KpeauTH Y 0aHKY i IMOoTamamTh-
Csl CBOEYACHO; 5 — HeMae BIAKPUTHUX KPEAWTIB, MOMEPEHI CIUIA4yBAUCh CBOE-
yacHO; cyma kpeauty: 1000—100000 (rpH); TepMiH KpeaUTyBaHHS: Bi 4 MicsLiB
IO 5 POKiB.

Sk BUXITHY MAa€eMO JIIHTBICTHYHY 3MiHHY «IMOBIpHICTH ITOBEPHEHHS KPEIH-
Ty», II0 Ma€ TaKi TEPMHU: «IyKe HHU3bKa HMOBIPHICTh TOBEPHEHHS», «HU3bKA
HMOBIPHICTh MIOBEPHEHHS», «CEepPeIHs] MMOBIPHICTH MOBEPHEHHS», «BUCOKA HMO-
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BIpHICTh TOBEPHEHHS», «JIyK€ BUCOKAa HMOBIpHICTH MOBepHEHHs». [Ipukiamu
(yHKITIH HaJISKHOCTI I IESKUX 3MiHHUX ITOJaHO Ha puc. 4, 5.

Jns 3anmcy mpaBuil, 110 BUKOPHCTOBYBAJINCH Y IPOrpami, yBeAEMO IO3HA-
yeHHs: «ayxe Hu3pkui» — JIH, «auspkwity — H, «cepenniity — Cp, «Buco-
KMy — B, «ayxe Bucokuii» — JIB.

: /2 / /_\/4
\WAVAWER W,
Y \)(/ \X/

A
AWAWATNA
Y EAVER VARV A

Puc. 4. ®ynkuis HanexHocti 3MiHHOT «Bik»:: [ — JIH, 2—H,3—Cp,4— 1B, 5 —B

\WAWAWAW
VoV
A AN A
AWAWAWA

Puc. 5. OyHKIliS HATEKHOCTI 3MIHHOT «CIIPOMOXHICTh moramieHas»: [ — JIB, 2 — B,
3—Cp,4—H,5—]JIH

3MiHHA «CHpOMO)KHiCTL IIOralmcHHsA» BU3HAYAETHCA TaAK:

Cyma kpeoumy x Cmpox KpeoumeanHs.

Cnpomodicnicme nocawients = .
3apobimua nnama

PO3POBJIEHE TPOI'PAMHE 3ABE3IIEYEHHSA

s po3poOneHHs] aBTOMATH30BAaHOI CHCTEMH MiATPUMAHHS MPUUAHATTS DilllcHb
(CIIITP) Buxopuctano Microsoft Visual Studio (MoBa mporpamyBanus — C#).
IIpuknaz inTepdeiicy po3po0IeHOT CHCTeMH I OIIHIOBAHHS KPEIUTOCIIPOMOXK-
HOCTI (i3MYHUX 0Ci0, BXITHUMH 3MIHHUMH SKOi € 3a3HaueHi (haKTOpH BIUIMBY, a
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BUXiJHOIO 3MIiHHOIO — IMOBIpHICTh MOBEpHEHHS KpEAUTY, MOJaHO Ha pHC. 6.
[Ticns 3amoBHEHHS MOMIB 3 1HPOPMAIIEI0 MPO MO3UYAIFHUKA HEOOXiTHO HATHC-
HyTH KHONKY «OOumcmutn». PesymbraTomM poOOTM KOMaHAM € BiANOBiZHA
iHopMartis HaBIPOTH MO «IMOBIpHICTh TTIOBEPHEHHS KPEIUTy» Ta (DiHAHCOBHIMA
KJIac MO3WYaIbHUKA.

-] AHanis kpeauTocnpo : | e el
_ s e e L T F x
KracudikyeaTn KiienTa: ZaBaHTENATM fEHI ]
IM’s1 no3M4yanbHuKa Gogi
Birc !25 E POKIB
JaranbHwii cTax pofioTa i5 }:3-_-1' pOKIB
JapobiTie nnaTa ;'E'E'DD I:Ji rpH/MIc
HageHicTs enacHocT ’Mau.ama - l
HaneHicTe KpematHOl icTopil lHe fiyno - l
Cyma sanpowyBaHoro KpeowmTy I'IEED :l
TepmiH Kpe oM TyBEHHRA !'E = | Mic
[ Ofuncnvma J
IMOBIpHICTb NOBEPHEHHA KpeauTy CepepHs iMOBIpHICTb NOBEPHEHHA
PiHEHCOEM KNaC NOSMUEnGHVKS B

Puc. 6. Ilpuxmnax pobotu nmporpamu

AHAJII3 PE3YJIBTATIB

Jlis  anamizy sKoCTi Mojeledl 1 BCTaHOBJCHHS HaWKpamiol MoZemi s
pO3B’s13aHHS MEBHOI 3aJla4i BUKOPUCTOBYIOTh JICKIIbKA KPUTEPIiB IS OIIHIOBAH-
HSl aJIcKBATHOCTI MOJIEJICH: 3arajabHy TOUYHICTE Mojeni; momunku [ Ta Il pony;
ROC-kpuBy Ta inmekc GINI Tta 3arampry TouHicTh Momem (CA — Common
Accuracy).

Ianexc GINI moxHa BU3HAuUTH Yepe3 IUIOILY (IrypH, MO MICTUTBCS Mix
ROC-kpuBoto, takum umHOM: GINI =2- AUC —1. Jliana3oH 3Ha4YeHb IHACKCY
GINI ctanosuts 0 < G <1, a Mozemi 3 HAWBHIIOIO PO3AUILHOIO 3AATHICTIO, TOOTO
MOJIei, SIKi BAKOHYIOTh BUCOKOSIKICHE COPTYBaHHS CXWJIBHUX 10 1e(OATy KITi€H-
TiB 1 KJIIEHTIB, HE CXUJIBHUX A0 NedoNTy, OTpUMAIOTh HaiBuili koediuieHtn. Ha
MIPAKTHIII OI[iHKA SKOCTI MOJIeJi CYTTEBO 3AJICKUTH BiJ TaHUX, 32 SKMMH BOHA OYy-
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nyeTbes. [ 3acTocyBaHHs Ha MPaKTHLI CKOPHHTY (OLIHKK (DiHAHCOBOTO CTaHy
HoBHX KiieHTIB) iHmekc GINI Ha piBHI 55% € BxKe qyKe BHCOKHM, Y TOH Hac SIK
JUIL CKOPUHTY TIOBEAiHKH (OIiHKHM (DiHAHCOBOT'O CTaHy iCHYIOYHMX KIIIEHTIB) iH-
nexc GINI 3a3Buuaii HaOyBae 3Ha4eHb BUIIHX 32 70%.

3naueHHs Touok ROC-kpHBOi BUKOPUCTAHO I 3HAXOKEHHS MOpOra Bif-
CIKaHHSI — KOMITPOMICY MK UYTIUBICTIO Ta crenudiuaicTio Momeni. Kpurepis-
MU BHOOPY IOpora BiJICIKaHHS MOXYTh OYTH:

1) BUMoOra MiHIMaJIbHOI BEJIMYUHH Yy TAUBOCTI (e iYHOCTI) MOJIENI;

2) BUMOra MaKCUMaJIbHOI CyMapHOI Yy TJIMBOCTI Ta CEM(ITHOCTI MOJEI, TOOTO

cut —off = max(Se; +Sp;);
k
3) Bumora OanaHCy MiXK 9yTIUBICTIO 1 cienuivHicTIO [6], TOOTO KON
Sp~Se: cut—off = mkin | Se;, —Spy |-

3a moOymoBaHMMH MOJCISIMH BHKOHAHO aHali3 MporHo3iB octanHix 300
3HaueHb (3 1600) mpo KpemuTH, OTPUMaHMX 32 METOJaMH JIOTiICTHYHOI perpecii,
nepeB pimenb, Mb Ta HewiTKO1 JIOTiKM, MOPIBHSAHO 3 PEATbHUMH 3HAYCHHSIMH.
ITicns npoBenennss ROC-ananizy 1 BCTAHOBIEHHS IMOPOTIB BiJICIKAHHS Ha TIEBHUX
piBHSX, TOOTO, SIKIIO HMOBIPHICTH Ae(ONTY TIEPEBUIIY€E BKa3aHHUH PiBEHB, TO KIIi-
€HT BB@KAETHCS TAKUM, 110 HE TIOBEPHE KPEAUTY, OTPUMAHO TaONHUIIO pe3ysbTa-
TiB JIJIS JIOTICTHYHOI perpecii (Tadu. 3).

Tadaumua 3. 3aranbHa TouHicTh Mozem Ta nomuiku I ta Il poxy ans pisHux
PiBHIB TIOpora BiICiKaHHS, OTPUMaHi IS JOTiICTUYHOI perpecii

XapakTepucTuka Hpori‘;tﬂg:;e(g;{ eHm Iporunos: Jdedoar (1)
cut-off = 0,1
®axT: [loBepuenns kpenuty (0) 57 183
dakr: dedonr (1) 0 60
3arangpHa TOYHICTh Mojgeni = 61,9 %
cut-off = 0,15
®axt: [loBepHenHs kpenuty (0) 86 154
®axkr: Jedour (1) 1 59
3arayipHa TOYHICTE Mofenl = 67 %
cut-off = 0,2
®axt: [loBepHenHs kpenuty (0) 109 131
®axkr: Jedour (1) 3 57
3aranpHa TouHicTh Mogeai = 70,3 %
cut-off = 0,25
®axkrt: [ToBepuenns kpeaury (0) 151 89
®axkr: Jedour (1) 6 54
3aranbHa TOYHICTE Mogeni = 76,5 %
cut-off = 0,3
®axkrt: [ToBepuenns kpeaury (0) 184 56
daxr: Jedour (1) 11 49
3aranbHa TouHicTE Mogeni = 79,2 %
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MakcuManbHa TOYHICTh MOJENI Ha piBHI 79,2 % mocsraerbes 3a 3HAUCHHS
nopora Biacikanus 0,3, mpu nHpoMy Mojenb mpomnyckae 11 nedonris Ta Bijacitoe
23,3% mobpocoBicHUX MO3WYalbHUKIB. 3HadeHHs Tuiomi mix ROC-kpuBoto cra-
HoButh: AUC =0,775, a ingexc GINI Bigmosigno: GINI = =2AUC —-1=10,549.
Ha ocnogi HaByanbHOi BUOiIpKu 3 1300 kimieHTIB Takok nmodyaosano Mb. [{ns me-
peBipHoi Bubipku (300 BumnakiB) o04rcIeHO IMOBIPHOCTI AedoTiB (Tabdm. 4).

Tadaumuna 4.3aransHa TOUHICTH MoAeNi Ta moMmwiku | ta Il poxy mis pizHuX
piBHIB TIopora BijicikaHHs, oTpuMaHi it Mb

XapakTepHcruka IIpornos: IIpornos:
IoBepHenns kpeauty (0) Hedoar (1)
cut-off = 0,1
®axkr: [ToBepuenus kpeaury (0) 3 237
®akr: edonr (1) 0 60
3aranpHa To4YHICTE Moaedi = 50,6 %
cut-off = 0,15
®akrt: [ToBepHennst kpeaury (0) 3 237
®akr: edonr (1) 0 60
3aranpHa To4uHiCTE Moaedi = 50,6 %
cut-off = 0,2
®akrt: [ToBepHennst kpeaury (0) 22 218
®akr: edonr (1) 0 60
3aranpHa TOYHICTH Mojaedi = 54,6 %
cut-of f=0,25
®akrt: [ToBepHennst kpeaury (0) 23 217
®akr: edonr (1) 0 60
3aranpHa TO4YHICTH Mojaedi = 54,8 %
cut-off = 0,3
®akrt: [ToBepHennst kpeaury (0) 146 94
®akr: edonr (1) 3 57
3aranpHa TOYHICTE Moaedi = 77,9 %

HalibinbIra TOUHICTh MOJISII JIOCATAEThCs Ha PiBHI 77 % Mix 4ac BCTaHOB-
nenns nopora 0,3; nmpu 11poMy Oyie npornyiieHo Tpu aedonru Ta BiakuayTo 39 %
MOOpPOCOBICHMX TO3WYAIBHHUKIB. 3HAUYEHHS IUIOMII IIiJ] KPHBOIO CTAHOBHTDH:
AUC =0,879, a ingexc GINI BignmoBigno: GINI =2AUC —1=0,758. Pesynbra-
TH OLIHIOBaHHS KPEIUTOCIHPOMOXKHOCTI JJIsl Pi3HUX IMOPOTIB BiAICIKAHHS IMiJl 4ac
BUKOPHUCTAHHSI HEUiTKOI JIOTiKH MOJaHo B TalxI. 5.

Sk BUIAHO 3 OTPUMAHHUX PE3yIbTAaTiB HEUITKA MOJIEH MTOKA3Y€ BHIII 3HAUCH-
HS1 3arajbHOI TOYHOCTI I TioporiB Biacikanns 0,2 i 0,25, a Takoxk BiJICitO€ MEH-
me Mo0pOCOBICHUX TO3MYAIBHUKIB MOPIBHAHO 3 maHumu it MbB. 3HaueHHs
IO ITiJi KPUBOKO JIJIs MOJIENi Ha OCHOBI HewiTkoi Jioriku: AUC =0,8875, a
ingexc GINI BigmoBigno: GINI =2AUC —-1=0,775, mo € Kkpamum pe3yJib-

TaTOM.

Cucmemni docnioxcenna ma ingpopmayivini mexnonoeii, 2019, Ne 2 45



B.I'. I'vcvkosa, I1.1. Biowk

Taoauunsa 5. 3aranpHa ToyHicTh MoAeni Ta nomuiku I ta Il poxy s pizHux
PiBHIB MOpora BiJICIKaHHS, OTPUMaHI I HEYITKOI JOTIKH

XapaKTepucTHEA IIpornos: IIporuos:
[oBepHenns kpeaury (0) Hedoar (1)
cut-off = 0,1
®axt: [loBepHenHs kpenuty (0) 42 198
®axkr: Jedour (1) 0 60
3aragpHa TOYHICTE Mozeli = 58,75 %
cut-of = 0,15
®axkr: [ToBepuenns kpeaury (0) 88 152
®axkr: Jedour (1) 0 60
3arajibHa TOuYHICTE Mojen = 68,3 %
cut-of = 0,2
®axT: [loBepuenns kpenuty (0) 121 119
®axr: Jedour (1) 0 60
3aranbHa TouHiCcTE Moaem = 75,3 %
cut-off = 0,25
®axT: [loBepuenns kpenuty (0) 161 79
®axt: dedonr (1) 2 58
3araipHa TOUHIiCTh Mojeni = 81,9 %
cut-off = 0,3
®axt: [loBepHenHs kpenuty (0) 173 67
dakr: dedonr (1) 3 57

3aranbHa TouHicTh Mogem = 83,5 %

TounicTh Mozeni Ta KinbKicTh HoMuIOK | Ta Il pomy 3amexars Bij mopora
BIJICIKaHHSI, IKUi OyJie BCTAHOBJICHUH OaHKOM. Y CTAaHOBJICHHSI [TOPOTa BiJCIKaHHS
BH3HAYA€ HE JIUIIE BiJCOTOK BiICISTHMX KITI€HTIB, a 1 HIDKHIO MEXY WMOBIPHOCTI
MOBEPHEHHSI KPEAUTY, TOOTO TOPIT, HIDKYE 33 SKUW KITIEHT BBAXKAETHCH TAKHUM,
1o He noBepHe kpeaut. [Ipu upomy 3HaueHHs iimoBipHOCTI nedonty 0,1 a6o 0,2
JUIS KJIIEHTa € CTAaTUCTHUYHO HE3HAYHUMH, a TOMY MOpIT BiJICIKaHHS IOIIIHHO
BcTaHOBIIOBaTH Ha piBHI 0,25—0,3. Takum YrHOM, MiJXi] 32 JOIOMOTO HEUiTKOT
JIOTIKM JI0 OI[IHIOBAHHS KPEIUTOCIPOMOYKHOCTI MO3UYAIbHUKA JO3BOJISE ITi/IBH-
IIUTH SKICTh MOJIENI, a TaKOX ii 3/ATHICTh PO3PI3HATH HAIWHUX Ta HEHAIIHHHUX
KJIIEHTIB Ta 3MEHLIMTH KiJbKICTh HEKOPEKTHO BIiACIAHMX KIi€HTIB. Pe3dympraTtn
3aCTOCYBaHHS BUKOPHCTAHUX METOJIB OLIIHIOBAHHS KPEIUTOCIPOMOKHOCTI HaBe-
JIEHO Ha Ta0I. 6.

Ta6auusa 6.llopiBHsibHA TAOIUIIS XapaKTEPUCTUK IS PI3HUX MOJIEen

Ha3zsa merony Inpexc GINI | 3navennss AUC TO‘IHI‘C Tol’ AxicTe Moaei
moaemi, %
binapna noricruamna | 549 0,7745 79,2 TpuiinsTha
perpecis
Hepesa pimeHsb 0,548 0,774 71,25 [MpuitasaTHA
Mepexa baiieca 0,758 0,879 77,9 Bucoka
Heuitka norika 0,775 0,8875 83,5 Bucoka
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OtpumaHi pe3yJbTaTH 00YUCIIOBATBHUX EKCIIEPUMEHTIB CBiAYaTh, 10 Hai-
Kpalli pe3ylbTaTH Ia€ HediTka jorika (83,5%), Tako XOopommid pe3yabTaT Iae
mMogens y popmi MbB (77,9%). Bucoki 3HaueHHsI TOYHOCTI MOZEJ OTPUMAHO 3a
norictuyHOO perpeciero (79,2%). 1i pe3ynbratu 1ie pas miaTBEPKYIOTh JIOIli-
JBHICTh BUKOPUCTAHHS HEYITKOI JIOTIKH, JIOTICTUYHOI perpecii, AepeB pillleHb Ta
Mb mix gac OIiHIOBaHHS KPEAUTOCIIPOMOKHOCTI ITO3HYAITHHHUKIB KPEIUTIB.

BUCHOBKMH

BukonaHo anami3 sikocTi Mojenel, moOyIoBaHUX 32 METOAAMH JIOTICTHYHOI pe-
rpecii, gepeB pimeHs, Mb Ta HEYITKOIO JIOTIKOIO. YCTaHOBJIECHO, III0 MOJAETH Ha
OCHOBI HEYITKOT JIOTIKM € Kpamoto (y pO3MIISAaHOTO BHIIAJKY) JUIsL pO3B’SI3aHHS
3aa4i BU3HAUYEHHS WMOBIpPHOCTI 1e(oATy AJsl KpeAUTHOTO MO3WYaIbHUKA, Ha L0
BKa3ye MmopaxoBaHa TOYHICTh MOJENI, SIkKa CTAaHOBUTH 83,5% st Mozeni HediTKO1
noriku ta 77,9% nns MB. Lle 3yMOBIIeHO TUM, 1[0 BUKOPUCTAHHSI METOAY HEUiT-
KOT JIOTIKM (32 HEYiTKUM BHCHOBKOM MaMmaHi) 1a€ 3MOTY TOYHillle BCTAHOBHTH
MPUYUHHO-HACTIAKOBI 3B’S3KM MK XapaKTepUCTHKaMH-(QakTopaMu 3aaadi, ix
BIUTMB Ha BUXIAHY 3MiHHY.

Jlist aHAImizy SIKOCTI pe3ybTaTiB BUKOPHUCTAHO KibKa KpHTepiiB. [ Koxk-
HOI 3 Mogeneit oouncineno nomunku I ta Il pony, 3aranbHy TOYHICTH MOAEEH AT
3aJaHMX TOPOTiB BiACIKaHHS, 3HAYEHH SIKUX 0€3MOCepeHBO BIIMBAIOTH HA TOY-
HICTh MO Ta KibKicTh moMuwiok I ta II poxy. [To6ymoBano ROC-kpugi i 00-
YHCIICHO TUIOII T KpuBoto Ta ingexc GINIL.

TakuM 4MHOM, 3aCTOCYBaHHSI METOJIB 1HTEJIIEKTYaJIbHOTO aHaJi3y AaHUX JI0
PO3B’s3aHHS 3aJa4i MPOrHO3YBaHHS KPEIUTOCIIPOMOXKHOCTI KII€HTIB (DiHAHCOBOT
YCTaHOBU YMO>KJIMBIIIOE OTPUMAHHSI BUCOKOSIKICHUX PE3yNbTaTiB, MPUAATHUX IS
HOJAJIBIIOTO IPAKTUYHOIO BUKOPUCTAHHSA AJISl IPUHHSATTSA PillleHb.

VY nomanbiux AOCTIKSHHSX JOLULILHO BUKOPUCTATH OLjbIli OOCSITH CTAaTH-
CTHYHHX JAHUX 1 PO3MIMPHUTH KTBbKICTh 3MiHHHX, SIKi XapaKTepU3yIOTh MO3NYalIb-
HUKIB KpeauTy. HeoOXimHO TakoX CTBOPHUTH iHGOPMAIIHHY CHCTEMY IMiATpHMAaH-
HS TpPUUHATTS pIlIEHh KOMEPLIHHOrO THIly Ha OCHOBI KOMOIHOBaHOTO
BUKOPHUCTaHHS 1I€0JIOTIYHO PI3HUX THITIB MOJEINel: CTATUCTUYHOTO THITY Ta iHTe-
JIEKTyalIbHOTO aHaNi3y JaHHUX JUIS PO3B’s3aHHA 3a7ay Takoro kiacy. Lle cyrreBo
CHpPOCTUTH po0OOTy IpaliBHUKaM OaHKiB, SIKi 3aiiMalOThCsl PO3B’SI3yBaHHAM 3a7ady
OITIHIOBAHHSI Ta MEHEIKMEHTY PU3HKIB.
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ONIHIOBAHHSA KOHTPOJIIOBAJIBHUX I KOPUI'YBAJIBHUX
BJACTUBOCTEMN PEOEPEHTHOI'O CJIOBHUKA
CUCTEMMU MEPEBIPKHU I BUTIPABJEHHS OP®OI'PA®DIT

B.A. JUTBUHOB, C.5I. MAMCTPEHKO, K.B. XYPIILJIABA, C.B. KOCTEHKO

AHoTamisi. Po3riissHyTO MOJeNi OIIHIOBAaHHS BIACTUBOCTEH pedepeHTHOro opdo-
rpadiunoro cioBuuka (POC) cucrtemu nepeBipku i BumpasieHHs opdorpadii.
KonrposmoBaiphi BiaactrBocTi POC BH3HAYaOThCS HMOBIPHICTIO HEBHSIBICHHS TH-
MOBOi MIOMIJIKH 1 HMOBIPHICTIO XHOHOTO CHTHAITY Ipo MOMIMIKY. [locTaBneHo 3aBmaH-
s omrtumizanii POC 3a Ilapero, 3amporoHOBaHO TOKPOKOBUI aJlTOpPUTM IOro
PO3B’sI3aHHSI, HABEACHO JaHI €KCIIEPUMEHTAIBHOI OIIHKM Pe3yJbTaTHBHOCTI airo-
pHUTMY JUTsl 0OpaHUX CIOBHUKIB pOCIHCHKOI i ykpaiHChKOI MOB. KopuryBansHi Biac-
THUBOCTI BU3HAYAIOTHCS IMOBIPHOCTSIMH NPAaBUIIBLHOTO | HETIPABUJIBHOTO KOPUTYBaH-
HS THIIOBUX ITOMHJIOK. 3aIPOIIOHOBAHO MOJIENIi OLIHIOBAaHHS, HABEACHO Pe3yJbTaTH
MOZENIOBaHHs Uisl 00panux ciaoBHUKIB. [Tokasano, mo POC, ontumizoBanuii 3a ko-
HTPOJIIOBAJILHUMU BJIACTHBOCTSIMHU, Ma€ 1 Kpallli KOpUTyBaibHi BiacTuBocTi. OTpH-
MaHi pe3yJbTaTH MOXYTh OyTH IOKJIAJEHI B OCHOBY iHCTPYMEHTY IOPiBHSUIBHOT
OILIHKHU, BUOOPY 1 MOMIIIIEHHsS MOTCHIIHHUX BIacTUBOCTeH KoHKpeTHOro POC ms
3aJ]aHOl IPEMETHOI Talry3i.

KunrodoBi cioBa: mommiika Taiminry, nepesipka opgorpadii, KOHTpoIIOBaIbHI Blla-
CTHBOCTI, KOPUTYBAJIbHI BIACTUBOCTI.

BCTYII

Harenep cucremu neperipku opdorpadii (CIIO) e sk 3arpeOyBaHMM CaMOCTiii-
HUM npoaykrom (OP®O, Language Tool 1a iH.), Tak 1 000B’I3KOBUM KOMITOHEH-
TOM TEKCTOBUX PEJaKTOPiB, MOUTYKOBHX CHCTEM, MOIITOBUX KIIEHTIB, €IEKT-
POHHHX CJIOBHUKIB Ta iH. LleHTpaJIbHUI €IeMEHT TaKUX CUCTEM — pedepeHTHHI
opdorpadiuamii CIOBHHK, IO MICTUTHh KOPEKTHI CIIOBA JESIKOI MPEAMETHOI Tairy-
31, 3 SKHUMH IOPIBHIOIOTHCS CJIOBA, IO IEPEBipsIOThCs. HasBHA B IOCTYNMHUX
JoKepenax iHpopmalis BimoOpaxae MepeayciM OpieHTOBaHI Ha KOPUCTyBada Bi-
nomocti npo incTpyMmeHTH CIIO — QyHKIioHaN, TEXHOJIOTiI0 POoOOTH, OCOOINBO-
CTi BUKOPUCTAHHS TOIIIO.

Pazom 3 BusiBIIeHHSAM OopdorpadivHIX TOMIJIOK 6araTo 3arajdbHHUX i cIiemia-
J30BaHUX TEKCTOBHMX PEAAKTOPIB Ta IHIIMX Mporpam oOpOOJIEHHS TEKCTIB IMPO-
MOHYIOTh (DYHKIIIF0 aBTOMAaTUYHOT'O 1 HAMIBaBTOMATUYHOTO BHIIPABIICHHS MTOMU-
7aok. KopoTkmil Orisii OCHOBHHMX METOMIB aBTOMATHYHOTO BHIIPABICHHS 1
HeuiTkoro noinyky (fuzzy string search) Ha OCHOBI OIiHKH BijacTaHel JleBeHii-
teiHa 1 Jlamepay—JleBenmreitna HaBemeHo y npamsx [1, 2]. TUTOBUM pilreHHIM
1010 BUOOPY aJTOPUTMIB AJIsl KOHKPETHOI peanizauii € BAKOPUCTaHHS (hOHETHY-
HUX anroputMmiB [3, 4]. JocmimkeHHas pi3HEX MoaudiKalliii TaKiuX alrOpUTMIB Ta
IBPTEPHATHBHUX AJITOPUTMIYHUX MIIXOXIB 1 cucteM (Hampuknai, [5, 6]) BimobOpa-
JKEHI y psiii My OJiKaliid B MOCTPaIsSHCHKHX 1 3apYOIKHUX JKeperax.
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Cucmemni docnioxcenna ma ingpopmayivini mexnonoeii, 2019, Ne 2 49



B.A. Jlumsunos, C.A. Maiicmpenxo, K.B. Xypyunasa, C.B. Kocmenko

3aranoM myOsikamii 3a TEMOIO NPUCBSUEHI KOPUCTYBALBKUM Ta aIrOPUTMi-
gHUM actiektam npooiematrku CITO. [TutanHSIM ke KiTBbKICHOT OITIHKH 1 MOKITH-
BOTO TOJIIMIIEHHS MOTEHIIITHUX KOHTPOIIOBAILHUX 1 KOPUTYBAIBHUX BIACTUBOC-
teit camux POC mano npuainseTses yBaru.

3anpornoHoBaHa po0OOTa CIIPSIMOBAaHA HA YaCTKOBE 3alIOBHEHHS BiJI3HAYCHOTO
MPOITYCKY IIOJI0 TUIIOBUX TIOMIJIOK TaHITiHTY.

Hanami BukoprcTaeMo 3arajibHi MO3HAYCHHS:

A; — cnoso POC (j=1..N) ;

A; — cnoso POC, croTBOpeHe IOMHIIKOIO;

g — andasit cumsoniB POC.
Honinnmo pisHOMaHITHI NOMUIKM A; Ha ABI rpynu: ancambmb creuudiy-

HUX NOMMIIOK K | 10 MiUISraloTh KOPUIYBaHHIO, Ta iHuI nomuiku. Tpanumiiao
(Ta y BiAMOBITHOCTI 31 CKJIaIOBUMHU MTOKa3HUKA BincTtaHi Jamepay—JleBenmeiina)
BiHEeCceMO 110 aHcamOmto K TumoBi opdorpadidni MOMUIKA TAHUTIIHTY — OJIHO-
KpaTHI TpaHCKpUnuii £y, ycraBku FE, 1 BuUmamiHHig FE;CUMBOIY Ta CyMDKHI
Tpancno3uii £, . Binactuocti POC cTOCOBHO Pi3HOMaHITHUX JOBIIBHUX ITIOMH-

JIOK TIPUHITUTIOBO HE OOJIIKOBYIOTH 1 HE aHAI3YIOTh, OCKUIBKH, SKIIO HE HaKJIaa-
T 06Me)KeHB Ha XapaKTep HUX IMOMUJIOK, MOXHA CTBECP/KYBATH, 10 JIS1 KOKHO-
ro CiI0Ba A; iCHYIOTb NMOMWJIKH, IO HEPEBOJSATH HOro y Oyjb-sKe iHIIE CIIOBO.

ToMy KOHTPOJIOBAJIBbHI 1 KOpHUTyBalibHI BiactuBocTi POC Hajaii oliHFOBaTHME-
MO IIOJI0 3/IATHOCTI BUSBIISTY | BUNPABIATH caMme 0a30Bi TOMUIKK aHcaMOmo K .

KOHTPOJIIOBAJIBHI BTJACTUBOCTI POC

Jduchynkuin pedpepeHTHOT0 CJIOBHUKA

KontpomroBansni BnactuBocti POC BH3HA4YalOTHCS HMOBIPHICTIO HEBHSBIICHHS
NOMWJIKHA B PE3YJIbTaTi BHIAAKOBOIO 30iry CIIOTBOPEHOIO CJOBa 3 AESKUM CTO-

POHHIM JIOITyCTHMHUM CJIOBOM. ['py0a olliHKa 3HaueHHS Qﬁ,ﬁ? Takoi HMOBIpHOCTI

MO)K€ IPYHTYBATHCS Ha TPHUITYLICHHI I[0JI0 BUIIAJKOBOTO XapaKTepy CIIOTBOPEHBb
cnoBa A; Ta 3icTaBieHHI MOTyX)HOCTel (), 3abopoHeHux (BixcyTHix y POC)

KOMOIHAIII CUMBOJTIB 1 0, nomyctumux [7]:
0) ~ —Q,[[ ~
HB
Q}j[ + Q3

JIe 71 — CEepeIHs KUIBKICTh CHMBOIIIB y CIIOBI.
Hns POC i3 minecnpsMoBaHO BBEICHOIO HAAMIPHICTIO i BITHOCHO PiBHOMIp-

X (1)
q

HUM (BUIAIKOBMM) PO3MOAIIOM N peanbHHX CIiB cepel ¢" pi3HHX 3HAuYeHb
KOMOIHaIIA 7 CHMMBOMIB B ajiaBiTi ¢ — 30KpeMa JJjIs KOJOBUX JOBITHUKIB —

orinka (1) Moke OyTH MOCTaTHBO OIM3BKOIO A0 iCTHHH. I MpHUPOTHOMOBHHUX
ciiB (CIIIB Y TEKCTOBOMY PEIaKTOpPi, KJIYOBOTO CJIOBA B MOIIYKOBIH CHUCTEMI i
T.iH.) 1 cienniYHUX CIIOTBOPEHb, BUKIMKAHUX TUIIOBUMHU TIOMUJIKAMH KOPHCTY-
Baya, IPUITYIICHHS MPO BHUMAJKOBHI XapaKTep PO3MOIIIiB 3HAYECHH CIIIB Ta IX
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MOXIJIMBUX CIIOTBOPEHb HE BHKOHYIOThCS. TyT HaiiOinpln iMOBiIpHiI MpoCTi cHo-

TBOPEHHS MOXKYTbH aTH 3HAYHO OLIBINY KiJTbKICTh HETPAaBIWBHX 30iTiB 3 peaqbHO

ICHYFOUMMH CJIOBaMH 1, BiIOBIIHO, HAbararo ripiry pe3yabTaTUBHICTH KOHTPOIIIO.
PeanpHi 3Hauenns Q 1 Q,,, MOXyTh OyTH OLIiHEHI 6e310cepeaHbo 3a AOMO-

MOTOF0 MOJIENI, IO IMITYy€ MPOIeC CIIOTBOPEHHS KOKHOTO 3i ciliB POC mommika-
MU aHcaMOIi0 K Ta BUSBICHHS IMX ITOMHJIOK IIISXOM TIOMTYKY 30ITiB MTOMUIIKO-
BUX chiB i3 ciioBamu POC.

[ToBHOBUOIpKOBE (j =1...N) MOHIETIOBaHHS MPOBEACHO y mpami [7] mis

IMOBIpHO piBHO3aTpeOyBaHHUX CIIiB TPHOX CIOBHHUKIB POCIHCHKOI MOBH 1 aJanTo-
BaHUX YKPAaiHOMOBHHUX BEpCii WX CIIOBHUKIB, CPOPMOBAHUX 32 JOIIOMOTOI0 PO-
CIHiChbKO-yKpaTHChKOI KOHBepTalii (mepekiany). 3okpema, nociimkeHi Cioapu
pycckoro s3pika. CrnoBapp A.A. 3ammsuska [8] (C3p — pociticekuii, C3y —
yKkpaiHcbka Bepcis), Jlomatua Braguvup — Pycckuit opdorpadraeckuii cnoBapb
[9] (CJIp — pociiicbkuii, CJly — ykpaincbka Bepcis), CioBapu pyCcCKOTo s3HKa.
CrnoBaps pycckoit sureparypst [10] (CPJIp — pociiicekuii, CPJI3y — ykpain-
chKa Bepcis). s Opi€HTOBHUX OIIIHOK IMOBIpHOCTI P, TOMMIOK KiaciB E
B3SITO 3HAUeHH 13 mparti [11].
Pesynbratu MojetoBaHHS HaBeACHO y Ta0. 1

Taoauns 1.Pesynsratn noBHOBHOIPKOBOTO MOAETIOBAHHS

C3p Cllp CPJIp C3y Clly CPlly
k | P, | N=92555|N=150213|N =161730| N =84575 | N =135401 N =129244
7=961 | 7=10,06 | 1=844 | 7=949 | 7=993 | =831

1 |0,56 0,39 0,41 1,2 0,28 0,28 1,0
2 | 0,16 0,06 0,07 0,27 0,04 0,04 0,15
3 10,12 2,14 2,16 8,8 1,39 1,40 5,2
4 | 0,06 0,95 1,55 1,2 0,91 1,22 1,1
O | 0,9 0,54 0,6 1,84 0,38 0,41 0,77

SIk BUIHO 3 JaHMX, HaBeIEHMX y Tabin. 1, peanbHi 3HaueHH (J,, 3HAYHO

(Ha IOPSAIKY) TIEPEBUITYIOTH 11€alli30BaHi 3HAYCHHS QI({(;). Ile € HacmigKOM TOTO,
IO JIAHIFOKOK B33aEMHHUX CIIOTBOPEHb CIIB THITY <KOJZ> :><I’ZOJZ, Mo, 2o, ¢oi,
8011, MOJL, 00J1> Jla€ 3HAYHO OUIBIINY KiUJIBKICTh 30IriB 31 CJIOBHHUKOM, HIK, HAIPH-

KJIaJl, BUIIQJKOBUM MaJIOWMOBIPHUN TINOTETUUHUN Tepexin <K0]1>:><Kpax>,

y pe3yJIbTaTi KOHTPOJIOBAIbHA 3JJaTHICTh CJIOBHHKIB K POCIHCHKOI, TaK 1 yKpaiH-
ChbKOT MOBHU BHUSBJISIETHCS 3HAYHO HUKUYOKO, HIXK MOXHA OyJi0O O MPUIYCTUTH, BU-
xojsum 3 BUpasy (1). [Ipu npoMy pi3Hi CIIOBHUKU MalOTh KOHTPOJIIOBAJIBHI Biac-
THUBOCTI, M0 MOMITHO PO3pi3HAIOThECA. Tak, i3 1000 BHMagKOBUX MOMUIKOBHX
CIIIB CJIOBHHKIB, CIIOTBOpEeHHX NoMmiIkamu 1, 2, 3, 4 (y BKkasaHiil mpomnopiiii),
y CepeIHbOMY HE BHSBISIOTHCA 5,4 mommiiok jiist CroBHuKa 3ami3Hska i 18,4 mo-
Muiku uisi CIIOBHHKA POCIMCHKOI JriTeparypu. Buxoasun 3 OTpUMaHUX JTaHUX,
MOYXKHA TPHUITYCTUTH, L0 Aiana3oH 3HayeHb (J,, U1 JOCTIHKEHHX CIOBHHKIB

BU3HAYAETHCS K YHCTO JIIHTBICTHYHUMH YMHHUKaMHU (MOBOIO, CTPYKTYPOIO), TaK
1 pi3HHIIEIO B 00csATax. 3MeHIIeHHS 00CATY CIIOBHHKA 32 iHIIUX OJHAKOBUX YMOB
IPOrHO30BaHO MOBHHHO 3MEHIIyBaTH (), 3a PaxXyHOK SIBHOTO 301IbIICHHS Bif-
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HOCHOT Ha/IMipHOCTI ITOJIaHHS CJIB 1 BiIMTOBITHOTO 3MEHIIICHHS MOXKJIMBOCTEH BH-
MaJKOBUX 30iTiB MOMIJIKOBHX CIIiB 3 JOMYCTUMHUMH. 3 1HIIOTO OOKY, BHITyYCHHS
31 CJIIOBHUKA CIiB 3 HEHYJILOBOKO 3aTpeOyBaHICTIO 301LIbIIy€e HMOBIPHICTH XHOHHX
MOBIIOMJICHB TIPO MOMUJIKU. TOMY KOMILJICKCHA OI[IHKA KOHTPOJIFOBAJILHUX BJac-
tuBocTelt POC, 110 OI1iHIOE HOTO SKICTh, BH3HAYAETHCS IBOMA YHHHHKaMU [12]:

— 3[TATHICTIO BUSBJIATH SKHAHOUIbIIE HAHIMOBIPHIIIHX (THIIOBHUX ) TIOMHJIOK;

— 3MTATHICTIO BUSIBIISITH SIKHAHMEHITIE XUOHUX TTOBiTOMJICHD ITPO TIOMUJIKH.

[Nepmmii yMHHWK OLiHUMO TIOKa3HWKOM aucyHkuUii POC, sxuii BU3HAYNMO
yepe3 3HAYCHHS P BITHOCHOI KUIBKOCTI CJIIB, IO CIIOTBOPEHI MEBHUMU ITOMUIIKA-
MM 1 30irIucs 3 iHIIMMH, PealbHO JONMYCTUMHUMH CIOBaMHM; BiAMOBIAHI MOMHIIKA
CUCTEMOIO HE BUSIBJISTIOTHCA.

Jpyruii 9UHHAK OI[IHUMO WMOBIPHICTIO (0 BiJICYTHOCTI 3alTUTAHOTO CJIOBA
y POC.

i yTOYHEHHS 1 pO3BUTKY MOHATTS TUCOHYHKIII 1 MATaHb, MOB’sI3aHUX 3 ii
KUTBKICHOIO OIIIHKOIO, PO3TJISTHEMO HACTYIHY MOJENbh CIOTBOPEHHS CIIB 1 BUSB-
JIEHHS TOMIJIOK ("eKiHTy) (puc. 1).

A,

Be3nomuikosi ciioBa

Teneparop 4,,1-p,

BHIIAKOBOL Yekep CrnoBa 3 BUSBJICHUMU
IMOCJIIIOBHOCTI CJIIB TMOMHMIIKAMH
Aj,j=1...N 1 7
J2 L
D;»9q; CnoBa 3 HEBUABIIEHUMU

IIOMHJIKAMHU

T
TIOMUJIK
___— ‘]7 \l_ P
POC
creudivHi JIOBIIBHI
R B R

Puc. 1. Cxema HIMOBIpHICHOT MOJIEJTi CIIOTBOPEHHSI CITiB

JInist IOsICHEHHSI TTO3HAYeHb PO3TIITHEMO iHTEpIpeTaito QyHKIii, moJaHnx
Ha puc. 1 00’ €ekTiB.

YSIBUMO TeHepartop ClliB A; y BUITISAL JESIKOI YPHU, y SIKiH MICTATBCS J€sIKi
(imku 31 cnoBaMu A;; 3HAYCHHs p; BU3HAYAE BIJHOCHY KUIBKICTbH (ilIOK
3 KOHKpeTHUM cioBoM A . Tlix vac 3amicHOro BUTsraHHs (IUIOK 3 ypHH (TeHe-

palii MmociiqOBHOCTI CIiB) (IIKKM MOXXYTh IMOIIKOAUTHUCS, MPUIOMY KOHKPETHA
(imka A; momkomxyerbest (A; — A;)3 IMOBIPHICTIO ¢ .

Y BHXIZHOMY IIOTOL CIIiB '€HEPaTOpa BIAHOCHA KUIBKICT p; IOLIKOJKE-
HHUX QIOK A; BU3HAYAETBCS JOOYTKOM p; = p;q; (3 TOYHICTIO IO yMOB HOPMY-

BaHHsT). Yekep nopiBuioe Gimiku A4;, A; 3 €TATOHHUMH I BHOKPEMIIIOE IOLIKO-
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JUKEHI, TIPUIOMY JIeska YacTHHA IOIIKO/KEHL 7 HE PO3IMI3HAETHCS, OCKIIBKH
NOUIKOKeHa (imka A; 30iraeTbes 3 AAKOI0 eTaloHHOW A, . [lokasHuk aucdy-

HKII1 7 BHU3HAYA€ BIJHOCHY KiIBKICTh HEBUSABICHUX ITOIIKOKEHB (IIOMHUJIOK) 10
MOBHOI KiJIbKOCTI MOIIKO/KEHUX (DilIOK (TTIOMUIIKOBHX CITiB).

Busnaunmo BenuunHy 7 4epe3 BIACTHBOCTI citiB A;, A; cnosruka POC.

ITo3naunmo qepe3 }"j Bi}_'[HOCHy KIJIbKICTh HEBUSBIIEHHUX ITOMHUIIOK y CJOBI Aj a0

BCIX MOYKJTUBUX TIOMHJIOK y IIbOMY CJIOBi. Togi
N
r=r"D;- )
J=1

3a BU3HAYCHHSM, OOMEXYIOUHCHh ToMIIIKaMu ancamomo K , mist Bupasy (2)
oepemo

plg'Pk
TETIEDY
J J : P
Ta
_ P b
rop=Y Y5 Lt G)
j ok

ae Py — BIJTHOCHA KUIbKICTh HEBUABJICHHUX MOMMJIOK MIJKIACY Kk 10 pi3HOMaHI-
THUX MTOMHJIOK IIBOTO TIJIKJIACY y CIOBi A ;-

3 oueBUIHUX MIpKyBaHb

Vii

__k

pk] - v ) (4)
ki

Ie Vy; — KUIbKICTh 30iriB cioBa A;, CIOTBOPEHOrO MOMHJIKAMHU TIKIACy k , 3

iHmmmu cnosamu POC; V), — moBHA KUIBKICTH PI3HOMAHITHUX CIOTBOPCHbB

cioBa A ; y MIAKIAC IOMUIOK k (KUIbKiCTb Bapiauii 4y; ) [7].
Takum guHOM, BUpa3u (3), (4) BU3HAYAIOTH 3MICT Ta 3HAYCHHS ITOKAa3HHKA

mucdyHkii qosinsHOTro POC Ta m0oBinbHOI QYHKIIT ¢ Iz

Jiis miporiecy IMOCIHiJOBHOTO BBEJEHHS (IIepelaBaHHS) CHMBOJIB CIIiB, IO
MEPEBIPAIOTHCS, MOKHA CKOPUCTATHCS BIIOMHUM JOMYIICHHSIM MPO TPAMY 3aJIeK-
HICTh IMOBIPHOCTI CIIOTBOPEHHSI CJIOBA BiJl IOTO JOBXKUHH:

q; =T u,

Je T, — CTaTUCTHUYHA HMOBIPHICTh CIIOTBOPEHHS JOBLIBHOIO CUMBOIY Y IpOLE-
Cl [IOCIIAOBHOTO BBEICHHS; 71; — KUIbKICTb CUMBOJIB y CIIOBL A;; U — HOpMY-
BaJbHUHA MHOYKHUK.

Toni 3 ypaxyBaHHSIM HOpMYBaJIbHOI YMOBHU qu =1
J

q; =

—
zj=1nj
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B okpemoMy BUIQJKy [UIsl 71; = cOnst =7 OTPUMAEMO ¢ ; = N

. 1 — . 1
HKII_IO me 1 pj = ﬁ , TO HOpPMOBAHC 3HAYCHHA pj TAaKOX JOP1BHIOE N .

3apaua y3roaxenHst KpurepiiB skocti POC Ta minxia no ii po3’sa3aHHs

Huni nn1s oqHEX 1 THX caMHX MPeIMETHUX Taiy3el (30KpeMa, MOHATH 1 CIiB yKpa-
THCBKOT, POCICHKOT Ta IHIIMX MPUPOJHUX MOB) ICHYIOTB Pi3Hi roToBi opdorpadi-
YHI CIIOBHUKH, 1[0 PO3PI3HAIOTHCS IIMPOTOI0 OXOIDICHHS Te3aypyca (obcsaraMu) i
KOHTPOJIOBAJIbHUMH BJIACTUBOCTSMH. 3MEHIICHHS! OOCATY CJIOBHHKA 32 1HIIMX
OJTHAKOBUX YMOB NPOTHJIKHAM YMHOM BIUIMBA€ HAa MOKA3HUKU SIKOCTI — 3Ha-
yeHHS P 1 ¢@. 3 ogHOro OOKy, 3a paXyHOK 30UIbIIEHHS BiTHOCHOI HaAMipHOCTI
[IOJAHHS CJIB 1 BIAMOBIIHOIO 3MEHIIIECHHS BUIAAKOBUX 30iriB MOMWIKOBUX CIIB 3
JOMYCTUMHMH 3MEHIIYEThCSI MOKAa3HUK TUCHYHKIIT P, 3 Apyroro OOKy, BHITY-
geHHs 3 POC cI1iB 3 HEHYIILOBOIO 3aTpeOyBaHICTIO (IMOBIpHICTIO 3BEepHEHHS) 30i-
TbIIY€ 3HAYCHHS .

VsBumo Te3aypyc 7 neskoi mpeaMeTHOi raiysi, CKIaJeHHM 3 JIBOX dac-
THH — JicHOT (BUamMOi) 1 yssBHOT (mmpuxoBaHoi). JlificHa 9acTHHA € KOHKPETHUM
peansauM POC, a ysBaa (YPOC) — wactuna cimiB 7, e noganux y POC, ane
NOTeHLIHHO 3aTpedyBaHuX. 3ajauya y3roJukeHHs KpurepiiB sikocti POC dopmy-
JIOEThCS SIK 3aBIaHHA BWIIy4eHHs i nepemimeHHs B YPOC cniB, ki Oinbmie 3a
IHIIMX 3MEHIIYIOTh P 1 MEHIIe HiX iHII 30UThIIyI0Th ¢. [Hakmie KaxKydu, i1eTh-
¢s1 Ipo TTOOYAOBY TApEeTO-ONTUMAIILHOT TPAEKTOPIl 3HAYEHh P, ¢ Y MIpy Iepe-

MimeHHs1 BuOpanux ciiB B YPOC 3 MeTO0 MOXJIMBOTO BHOOpPY TPHHHATHOTO
noefHaHHs p, . DopMyBaHHS TOYKOBOTO KPUTEPItO, IO OI[IHIOE KOHKPETHUH

BHECOK CJIiB, SIKi MOTEHLIHO BUJIy4YarOTbCsl, y 3HAUEHHS MOKA3HUKIB SKOCTi, IPYy-
HTY€ThCS HAa TAKUX TTOJIOKESHHSIX !

1. BuiryueHHST HEHTPaJIbHOTO CIIOBA, MOMMIKH Y SIKOMY HE CIPHYHHSIOTH
30iriB 3 pealbHUMH CJIOBaMH, HE 3MEHIIYIOTh 3HAYEHHS P, ajie 30UIbIIYIOTh 3Ha-

yeHHS ¢@. OTXKe, BWIyYEeHHS TaKHX CJIB HE BXOAWTh Yy MapeTO-ONTUMAaIbHI
PO3B’S3KH.

2. Jlnsa KOXHOro cioBa A;, npsma nomMunka A, — A; y AKOMy BUKIIMKAe
30ir 31 ciioBaMu A, (HamlpHKIAl, 61eub => {cleub, yeieub, eub} ), iCHYI0Tb 00ep-
HEHi IOMUJIKH, 10 He BUABISIOTECS, A, — A4; ({caeus, yeneuw, neuv} = éneus ).

3. I3 BunyuenHsM cioBa A; (30KpeMa, 67eub) OOEpHEHI MOMHIKH OyIyTh
BUSIBILITHCS (OCKLUIBKH clloBa 6neys He Oyne y POC), a npsmi momunku 4, — A, —
Hi (OCKiNBKU 3aTpeOyBaHICTh CIIOBA 7eyb HE 3HMKAE, a MOB’sA3aHi cinoBa A 3a-
mumatotees y POC).

HageneHi sikicHI MipKyBaHHS y3arajlbHIOE KPUTEPid BIAMIOBIMHOCTI (~), SIKAH
MO)ke OyTH TIOKJIaJIEHUH B OCHOBY TIOKPOKOBOTO aJTOPHTMY PO3B’SI3aHHS 3a7adi
BHOODY /Ul BUITyYEHHs CI0Ba A; :

1 _ pl _ — Vk/
A ~mino,;, =——, Ap; = R 5
e = Py %Pkgps Vi (5)

/
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ne V, — IOBHA KUIbKICTh PI3HOMAaHITHUX CIOTBOPEHb CIiB A, y Kiacax IMOMH-
0K Ej .

Y HaBeneHi# OCTAHOBIII 3a/1a4y MOYKHA PO3TIISIATH SIK JIeSKe y3araabHeHHS
3amaui prok3aka (Knapsack Problem [13]), a mOKpokoBH#l aiaroputm ii
PO3B’sI3aHHS HA OCHOBI KpHUTepito (5) — sK pisHOBUA kanioHoro anroputmy GA
(Greedy algorithm [14]), y sKOMy B pIOK3aK MTOMIIIAIOTE MTPEAMETH 3 MaKCHMAaJTh-
HUM CIiBBIAHOIICHHAM LiHM (Y po3risigaHoMy BUnaaky Ap ) mo macu ( p;). s
3a/1a4da Bipi3HAEThCS Bin KiacnaHoi Knapsack Problem tuM, mo Tam 1iHa i Mmaca
MPEIMETIB 3aJIUINAIOTHCSA MOCTIHHUMHU B TIPOIIECI YKIIAJaHHS PIOK3aKa, a B I[bOMY
BUTAJKY I[iHa PEIMETIB, 0 3aJUIIAINCS IICII YaCTKOBOTO 3aBaHTAKEHHS PIO-
K3aKa, MOXKE€ 3MIHIOBATHCS 3aJIEXKHO BiJl TOTO, 0 OYJIO 3aBaHTAXKEHO TIEPEI] ITHM.
OcTaHHE 3yMOBJIEHO THM, IO BUIYYEHHs CJIOBa A; 3MIHIOE PO3MOALT HACHiAKIB
MO>KIIMBHX TTOMIUIOK y yactuHi POC, mo 3anmumuiacs.

Pesynbpratu mopemoBanHs anroputMy GA 3 kpurepiem (5) HaBelIeHO
y Tabm. 2, 3.

Taoauusa 2. Crnosauk Jlomarina

a=38 A= 2y
N N
N-Y Bunanxose Po3spaxynkose Bunazaxose Po3paxynkoBe
N 3MEHIIICHHS 3MEHIICHHS 3MEHUICHHS 3MEHUICHHS

o176 | 0102 oM 1pM | 0.10% oM /o™ | 0-10% [ /6™ | ¢-10*

1 1,0 0 1,0 0,0 1,0 0,0 1,0 0,0
0,94 | 0,942 5,660 | 0,812 4,00 0,937 | 6,229 | 0,822 [0,000014
0,88 | 0,888 | 11,909 | 0,563 28,38 0,877 |12,525| 0,554 [0,003772
0,82 | 0,838 |17,901 | 0,224 299,36 0,822 | 17,957 | 0,197 | 9,72321
0,81 | 0,827 | 19,064 | 0,126 | 632,099 | 0,814 | 19,009 | 0,041 |229,8810

Ta6aunus 3. YkpaiHcbka Bepcist cmoBHuKa Jlomartina

L=8 L= Zy
N N
N-Y Bunankose Po3paxyHkose Bunankose Po3spaxyHkose
N 3MEHIIIEHHS 3MEHIICHHS 3MEHIICHHS 3MEHIICHHS

o /6™ 0.10% o1 /e™M| 6.102 o™ /o™ | 102 |0 /o™ | .10

1 1,0 0,0 1,0 0,0 1,0 0,0 1,0 0,0
0,94 | 0,939 | 6,077 | 0,710 | 50881 | 0,949 | 5,487 | 0,701 |0,000065
0,88 | 0,879 | 12,150 | 0,327 | 108,187 | 0,897 | 11,314 | 0322 |0,663742
0,86 | 0,864 | 14,001 | 0,126 | 449207 | 0,874 | 13,122 | 0,042 |1749,524

JaHi Tabn. 2 MaroTh Takuii 3MicT. [lapamerp A BH3Ha4Yae KPyTHU3HY €KCIO-
HEHLIaNbHOI KPUBOi, IO anpoOKCUMY€E CTYINEHEBHH PO3MOIN LIITFHOCTI HMOBIp-

HOCTI 3BepHEHb 110 ciiB. s A = %\, PO3MOALT XapaKTePU3y€EThCSI BiIHOLUICHHM

20/80 (80% 3BepHeHH OxOInTIOE BChoro 20% ciiB), a At A = 2%\, — CIBBia-

HomeHHsiM 10/90 (3 aHamoriyauM 3Mictom) [12].
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V pasi BunagkoBoro 3mMeHmeHHs: Y ciiB nepenocuincs B YPOC Bumaako-
BUM YMHOM, 32 PO3PaXxyHKOBOTO — BiJIOBIIHO A0 pe3yJbTaTiB pOOOTH OMHMCAHO-
TO BUIIE alrOpUTMy (TOYKOBHUM MiAOUPAHHSM).

MogentoBaHHS POBOAMIIOCS A7l cioBHUKA JlonaTina (Tabu. 2) 1 oro ykpa-
iHoMoBHOT Bepcii (Tabdmn. 3). JlaHi TabMUIE UTIOCTPYIOTH BiTHOCHY pe3yIbTaTHB-

. 8 .
HICTh poOOTH anropuTMy. 30KpeMa, HaPUKIIad, I A = N BHOIPKOBE BIUTYUCH-

Hs1 6% CITiB IPU3BOANTH J0 3HIDKEHHS 3HAYeHHs Moka3zHuka nucyHkii Ha 18%
(pociiicekuii cnoBHuk Jlonarina) 1 29% (ykpaiHOMOBHA Bepcisl CJIOBHHKA), a BU-
najgkoBe — ycboro Ha 5,8% i 6,1 %. BiamoBigHe 3HaA4YeHHS (@ CTaHOBUTH

57-10%159.107* JUTT BUOIPKOBOTO BHITYYEHHS 1 5710721 6.1-1072 IS BU-
[IaJIKOBOTO.

KOPUI'YBAJIBHI BJJACTUBOCTI POC

3arajabHi moJsioxkenHs. Jloriko-iMmoBipHicHa Moe/Ib KOpUTYBaHHSI
VBeaeMo Taki MOHSTTS Ta ITO3HAYECHHS:
d(A', A j) — (QyHKIiA BifcTaHi, 0 BU3HAYAE B JESAKIA METpUIl opdorpa-

(iuny 61m3bKicTh ci1iB A ;racniB POC (i=1...N) ;

a (A_;,Aj) — (QyHKIiA ToTIepeAHHOTO BUOOPY, 1110 BU3HAYAE MHOXKHUHY CIIiB

POC, pnsa saxux d(Ai~,Z) <d

max ’
Aj. — cunoBa POC, nmua sxux d(Al~,Aj)=mjnd(A’/-,A/); [=1...z
. J>
z=0,1,... Inga z=0 Takux cJiB HE 3HAUJCHO;
~l . .o .. .
F,(4; > A;) dynxuis npeepeHLii, mo Bu3Havae BUOIp i3 z CIIIB KOHKpe-
THOT'O CJIOBa Ai- JUIsL KOPUTYBaHHsI (3aMIHH) IOMHIKOBOTO ClI0Ba A .

YHacII0K KOPUTyBaHHS IIOMUJIKOBOTO CJI0BAa A; MOXIMBI Taki pe3yJib-
TaTHu:

e mommika A4; —> A; He BusiBieHa (iHaIbHA MOAISA S j,y , IMOBIPHICTE pe-

3ynbTaty Q iy );

e nommika A; — A, BusiBieHa (moxis ), 3HaieHO onHe abo Oliblie

CIIB-KaHIUAATIB A}l (m=1), ¢yskuisa F, (A},A ;) BH3HAYMIIA PaBUIbHUI BHOID,

KOPHT'YBaHHs BUKOHAHO MPABHIIBHO ((iHaIbHA MOXIS S, IMOBIPHICTE pe3yJib-

Tary Qjm( );
o nomwika A4; — A, BusBieHa, z21, dyHkuisn F, (A}l — A;) BU3Ha4MIa

HOMMJIKOBHH PO3B’S30K, KOPUTYBAaHHS BHKOHAHO TOMMJIKOBO ((hiHaNbHa OIS
S o » IMOBIpHICTB pe3ynbTaty O

JXK JXK );
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e momwika A; — A;BusBICHA, HE 3HAWAEHO >XOAHOro(z=0) cioBa-

Kauauara, juis skoro d(A', A 1) <dpnax ; KOPUTYBaHHS HE BUKOHYEThCs ((iHAIb-

Ha moxis S ;. , IMOBIpHICTB pe3ynbraty O

JHK ° JHK )

Meta moOynoBY 1 aHANi3y KOHKPETHOI JOT1KO-IMOBIPHICHOT MOJIEI TTOJIATAE
y BHU3HaueHHi i KoHKpeTHOoro POC 3Ha4eHb IMOBIPHOCTI BiIMOBITHUX Pe3yJb-
TaTiB, 0 BU3HAYAIOTh KOPHUTYBaIbHI BracTuBocTi POC miist okpeMux CIIiB i cIto-
BHHUKA B I[IIIOMY.

VYHacniiok peanizanii nporecy KOpUryBaHHsS MOXKJIMBI Pi3HI PillIeHHS MO0
BHOOpY (hyHKIIIH BigcTaHel 1 mepeBar. s oriHtoBaHHs BiactuBocTeit POC koH-
KPETU3YEMO y3araJlbHeHy MOJEINb (pHC. 2) U TAKHX YMOB.

1. Bu3navaroun (yHKITiIO ITOMIEPEIHBOTO BHOOPY, 0OMEKHUMOCS 0a30BUMHU
noMWIKaMu aHcaMOiio K | 1110 3a BU3HAUYEHHSIM 3BYKYIOTh 30HY IMOIIYKY BapiaH-
TiB KOPUTYBaHHS IIOMHJIKOBOTO CJIOBA.

2. Iokmagemo
0 ms Aj- = ZJZ, e Z]’ — BTOpPUHHE;
dO(Ai- A )= crmotBopens (BBapiawis ciosa A s (6)

d

max B 1HIIOMY BHUIIAZIKY.

PiBHicTb dO(A’j,Ai)zO O3Hauae, 10 Bapiamis A; 30iraeTbcs 31 CJIOBOM

Aj- . Y Mexax yBeJeHUX YMOB BijcTanbp Jlame-

Sj(Aj)_)SjHB o .
l pay—JleBeHiITeitHa MiHIMaIbHA ISl CIIB A’j , 3
g SKUMH 30iraeThcs Bapiamiss A j’ y Kiacax

A
E, — E, ancamOJr0 KOpUTOBAaHMX TTOMHUJIOK.
1Ly
‘/v,\ 3. lna  ¢yHKIii mepeBaru BH3HAYUMO
S. S S HaWTipIre pirmeHHs — PiBHOWMOBIpHHUI BHOIp
JIK JXK JHK

i3 z306iriB. OCKIJIBKM T€HEPYIOThCS yci Bapia-
Puc. 2. V3aranbHeHa MOJCIb MO 1ii MOMUJIIKOBOTO CJIOBA, MPUHAKNMHI OJUH 30ir
TYT 3a0e3medeHui, To0To z > 1.

Jloriko-iMOBIpHICHY MO/Iellb, KOHKPETU30BaHY Ui MPUHHATUX YMOB, HaBe-
JICHO Ha puc. 3.

JlonaTKOBI MO3HAYEHHS JJI OKPEMUX ITOJIIM:

Sjo 1S jy — HOMHIIKA BUSBIICHA/HE BUSBICHA;

Sj 18, =5, — NOMHIKa HAJIC)KUTH/HS HANCKUTH 10 aHcambo K Bizmo-

BiJHO;
S;f] — MOMMJIKA HAJIEXKUTH 10 Knacy £ ;
Sin18j,= §j11 — MOMMJIKA O/1HO3Ha4Ha (z =1)/ HeoxHOo3Ha4Ha (z >1);
S fmd — MOMMJIKA KJlacy E; KOPUTYEThCS OAHO3HAYHO MPABUIIBHO;
S;‘m — daxTuuHO OaraTo3HauHii momMuiLi Kiacy £, BiINOBizae mepiuii

(/=1) 31 30iris;
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Sj'clzz = S;‘}l — (akTuyHO OaraTo3HayHil MOMMIII Kiacy Kk BiJNOBIAIOTh

30iru3 [ =2...z.
Takum quHOM,

Sk

Jnkl =

k k.
Sio ASHAS

St = (S0 ASSH ASK V(S5 ASH ASH, ASKL ) =

JIK

=(Sj0 A S.?l) A (Sfll v (Sj?lZ A Sflzl)) ;

k k k k k
S SjOASleSjIZ/\Sj122’

Jaxl =

S TIK, JIK

HartypHo-imiTaniiine MoxeIl0BaHHS

=VVS
j ok

$;(4)———| S

I N

an1<1 Sj‘?121 Sflzz
'.. A) fm( .‘. ..o S jcxx .'.
\ M/ % VI
Sjr[[( SJXK
)2 <
SHK SXK

k
JOK, jOK*

HarypHo-imiTariiiine MOaeTFOBaHHS
MIPOLIECY CIIOTBOPEHHSI Ta KOPUTY-
BaHHs cimiB POC r1pyHTyeThCs Ha
reHepauii Juis KOXHOro cinosa A;

MOJKJIBIX KOPHUTOBAaHUX ITOMHIIOK
aHcaM0io K, mepeBipii MOXKIIMBO-
CTi BUSIBJICHHSI TIOMUJIKH, TeHepallii
JUTSE KOXKHOI TIOMHIIKH MOXKITUBUX
BapiaHTIB KOPUTYBaHHS (3BOPOTHUX
CIOTBOPEHb) 1 ToHIyKy 30iriB
y coBHHKY. llpm 1mpoMy #WMOBIp-
HICTh MPOMDKHHUX 1 (DiHATBEHUX TIO0-
I BU3HAYA€ThCs Jae-(hakTo Jyis
KOHKPETHOTO CIIOBHHMKA 4Yepe3 Bij-
MMOB1IHI KUIBKOCTI 30iTiB.

[Ipukmagm MOXIMBUX OKpe-
MHUX BHMNAIKIB JUIS KOHKPETHOTO
cnoBa A; = apax :

Ay = Mpax , TOMUIIKA HE BH-

SABIISIETHCA,

~

Ay =aeax , Ay, ={apax},
z =1, MOMUJIKa KOPUTYETHCSI OJTHO-

3HA4HO,

Ay =npax

bpax, mpax, mpax, paxk, napx} ,

~

Ay = {apar,

z=06, 3a BUIAJIKOBOTO BHOOpY I10-
MUJIKA KOPUTYETHCS  TPaBUIBHO

Puc. 3. Jloriko-iMOBipHiCHa MOZIE/Ib BU3HAYEHHS 3 IMOBIPHICTIO 1/6 1 HENPaBUIIBHO
KopuryBanbHuX BiactuBocteit POC MozienmtoBaHHsT 3 imMoBipHicTIO 5/6;
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A ks = aapk, A ks = {0apk, kapk, mapk, napk, mapk, apaxky, z=6, 3a BH-
MaJIKOBOT'O BHOOPY IMOMHUJIKA KOPUTYETHCS MTPaBHUIIHHO 3 iMOBIpHICTIO 1/6 1 Hempa-
BUJIBHO 3 IMOBIpHICTIO 5/6;

Ockinpky miJ Yac MOJENIOBAHHS T€HEPYIOThCS YCi MOXKJIMBI KOPUTOBaHi
HNOMMJIKH Ta BCi BapiaHTH IX BHUIPABIICHHS, pe3yJbTaT MOJEIIOBaHHS (30Kpema,

3HaueHHA UMoBipHOCTI O, 1 O,, ) MOBHICTIO XapaKTepU3y€e KOPUTYBaJIbHI BlIac-
TuBOCTI KOHKpeTHoro POC.
MogentoBaHHS BUKOHAHO AJIs1 HAOOPIB CIIOBHHMKIB 1 3HaueHb P, . Y 3B’S3Ky

3 BIIHOCHO BHCOKOIO OOYHCITIOBAIFHOK) TPYIOMICTKICTIO MPOIIECy TeHepallii mo-
MUJIOK 1 BapiaHTIB X BUIIPABJICHHSI 00pOOISIIHCS BUMTAIKOBUM YMHOM c(hopMoBa-
Hi BuOipku o6csrom 20000 ciiiB (3 OLIHKOI BiANOBIIHOT AOBIpYOT HMOBIPHOCT).
Pe3ynbTati MOZETIOBaHHS HABEJCHO Y TA0. 4.

Tadoauusa 4. Pe3ynpraté MoJeNIOBaHHS AJIs1 HATYPHO-IMITAIIHHOTO KOPHTY-
BaHHS

CnoBnuk QOIIK QOJ'IK QHK QXK QHB QHK

CroBHuK pociiicekoi miteparypu, N =161730 | 0,7549 0,14430,74100,14160,0184/~01
Cnosuuk Jlonarina, N =150213 0,8282 10,07090,8233/0,07060,0060 ~01
CnoBHuk 3amizusika, N =92555 0,8281 0,07100,823600,07060,0054/~01

Cnosauk Jlonarina ckopouennii, N = 84575 | 0,8518 0,04740,8483/0,0472/0,0038 ~01
VYxpainceka Bepcist CoBruka JlomaTtina

N =84575

0,8610 0,03820,85850,03810,0028 ~01

JloBipui iHTepBaNM JUIi OTPUMAHHS CEpelHIX 3araibHUX 3HaueHb Oy,
Qyxx » O0UHCIIEH] Ha OCHOBI MPUITYLIEHHS NP0 OJIU3BKUNA 1O HOPMAIBbHOIO 3aKOH
posmoxiny okpemux 3Ha4eHb O o, Ojoxcs 3 IMOBipHICTIO 0,99 cTaHOBIATH
+0,5% nns ciaoBHUKA pociiichkoi siteparypu, * 0,3% st cnoBHukiB Jlonarina
ta 3amizusgka i £0,2% st CKOPOYEHNX CIIOBHHUKIB.

I3 nanux Tabmn. 4 BUAHO, IO KOPUTYBaJIbHI BIACTUBOCTI TaK caMo, SIK 1 KOHT-
POJIIOBAJIBHI TMOMITHO PO3PI3HAIOTHCS JJIsl PI3HUX CIOBHUKIB. Tak, JUIs CIIOBHUKA
pociiicekoi miteparypu 3 1000 1oBUIPHHX MOMHIIOK HE BUABISIETHCA 18,4 1mM0-
MUJIKH, TPAaBUIBHO KOPUTY€EThCs 741 moMunka i HempaBWwibHO — 141 mommuika.
BignorigHi 3Ha4YEeHHS U1 CKOPOUYEHOIro CiloBHUKa JlomaTiHa ckiianawTh 2,5;
850147.

Poskun 3Hauens Q. , Oy II1 PI3HUX CIOBHHKIB IOSICHIOETHCS ABOMA
YUHHUKAMH. 3 OJHOTO OOKy, CIIOBHHK MEHIIOro OOCATY 3a iHIIWX OJHAKOBHX
YMOB NOBHHEH MAaTu OiNbII BUCOKI 3HaueHHS (O, 1 MeHm O, 3a pPaxyHOK
O1IBIIOT0 3HAYCHHS BiHOCHOT HaJAMIPHOCTI MOJAHHS CJIIB 1 BIIOBIJIHOTO 3MEH-
HICHHS MOJMJIMBOCTEH 30iry 3reHEpOBaHMX BapiaHTIB BHUIPABICHHS MOMHIIOK
3 peaJIbHUMU CJIOBaMU CiIoBHUKA. Tak, s cnoBHuka Jlonmarina oOcsirom 92555
criB 3HaueHHa Q,, = 0,8233, a a1 CKOpOYEHOro (BHIIAAKOBUM YHHOM) LBOTO K

cioBHUKaA o0csirom 84575 O, = 0,8483 . I3 apyroro 00Ky, BiirpatoTh poib i 4u-

CTO JIHTBICTUYHI YNHHUKH (MOBa, Te3aypyc). Tak, s ykpaiHChKO1 Bepcii ckopo-
YEHOro cJioBHMKaA JlomariHa, 1o Mae Takuil camuii oOCAT 1 Takui caMuii HaOip
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cIliB, 10 1 pocilickkomoBHa Bepeid O, =0,8594. V ninomy, sik BUAHO 3 JaHUX
Tali. 4, iCHye SBHO BHUCOKHMH CTymiHb Kopessuii Mix 3HaueHHSIMU O, 1 O .
Le#i YyMHHMK y TIOEHAHHI 13 BIUIMBOM BiJJHOCHOI HaJIMIpHOCTI CIIOBHHUKA JIA€ TIijI-
CTaBH JUIsl TAKHUX ITONEPEIHIX BUCHOBKIB!

— CJIOBHHUK, OmNTUMI30BaHuil (3a [lapeTo) Mmoo KOHTPOIOBATIBHUX BIIACTHU-
BOCTEH, Ma€ 1 Kpalii KOpUryBajibHI BIaCTHBOCTI;

— MIOKa3HUK BiJHOCHOT HAIMIPHOCTI CIIOBHHKA MOKE€ OyTH BUKOPUCTAHUH SIK
OCHOBA JJIS OL[IHIOBAHHS OTO KOPUT'YBAJIBHUX BIACTHBOCTEH.

HaTypHo-aHaﬂianHa MOJ€JIb KOPUT'YBAJbHUX BJIACTHBOCTEH

3yNMUHUMOCS JIeTabHIIe HAa 3HAYCHHI 3rajaHoro IMOHATTS «BITHOCHA HAAMIp-
HICTH CIIOBHHKa» 1 HOTO KUIBKICHOTO 3B’SI3KY 3 KOHTPOJIOBAILHIUMHU 1 KOPHUTYBa-
JHLHUMH BJIACTUBOCTSIMH. PO3TIIsIHEMO i/1eaii30BaHUi TiMOTETUYHUH CIIOBHUK 00-
cssroM N CITiB OJTHAKOBOT JIOBXKWHH 7 CHMBOJIIB B ajdasiTi g.

Ha puc. 4 nokaszaHo JIiHiliHy MOJEJb TAKOTO CJIOBHUKA, Y Kl ¢” aKTHBHHX
KOMIpOK ITO3HAYaIOTh Pi3HOMAHITHI 3HaUYEHHS KOMOIHAINH # CHUMBOJIIB, a BUIiJIC-
Hi KOMipku A ; T03HAYA0Th KOMOiHaIii, o BiANOBIiAIOTh PEANbHO ICHYIOUYUM

cioBam (j=1...N).
4 4, 4, Ay

|| cevenoreresnerers 11
L T 1

Puc. 4. JliniiiHa iHTepOpeTalisi CJIOBHUKA

AKT nepeBipKU NPABUIILHOCTI CII0BA A ; , CIIOTBOPEHOTO JOBLILHOIO OMUJI-
KoK A; > A;, MOKHA PO3LISATH TYT 5K aKT OUUIICHHS KOMIPKH A 1 «KujaH-

Hs» KOMOIHauii A4; Ha PericTp KOMIpoK. 3a NPHIIYIIECHHS BANIAAKOBOTO XapaKTe-

Py pO3MOAiNy aKTUBHHX KOMipok B iHTepBami 0..¢" —1 iMOBipHicTh mOTpanuTu

KOMOIHALIE A; B 3alHATY KOMIPKY 7 = y , » @ BIIHOCHY HaJMIpHICTb CIIOBHH-
q

. N
ka C MokHa OIIHUTH IKC =1—r =1——n.

q

UuMm Ourpie N 3a IHIIMX OJHAKOBUX YMOB, THM OLNBIII€ 7, TUM Tipimi i
KOHTPOJIIOBAJIbHI BJIACTUBOCTI (BUILA HMOBIPHICTh BHITaJKOBOTO 30Ty MOMHUIIKO-
BOTO CJIOBA 3 PEAbHO ICHYIOUMM) Ta KOPHUTYBaJIbHI BIACTHBOCTI (OUTBINA KilTb-
KiCTh PIBHONIPaBHHUX BapiaHTIB KOPUTYBaHHS IIOMIJIKOBOTO CJIOBa, 30KpeMa Bapi-
aHTIB ITOBHOTO 30iry).

Hns GyHKOii (6) i TiMOTETHYHOTO 1/1eani30BaHOro CIOBHUKA MOXKIIMBA HMO-
BipHICHA OITiHKA KUJTBKOCTI BHITQJKOBUX 30iTiB IOBITLHOTO ITOMUIKOBOTO CIIOBA
(reHepoBaHOi Bapiaii) 31 CJIOBHHKOM Ha OCHOBI MOZEJi HE3aJIe)KHUX BHUIPOOY-
BaHb bepHyIi i BigmoBiaHOT hopMyiu GiHOMIaIbHOTO PO3MOJILTY

P(g,r,V)=CEré(1-r)""8, (7)
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ne P(g,r,V) — IMOBIpHICTh OTPHMAaHHS TOYHO ¢ BHIIAJKOBHX 30iriB y pe3yib-
TaTi V' mocinifiB, y KOKHOMY 3 SIKUX IMOBIPHICTb CHPUSTIMBOIO HACTIAKY AOPiB-

Hioe 7 ; Cj — KiIbKiCTb crioiy4eHs 3 V 3a g .

IIpore anst pealpbHOro CIOBHHMKA Taka OLIHKA 3HaueHb (O, O, € HaATO

rpy0o0r0, OCKIIFKHA BUIIPOOYBaHHS HE € OJHOPITHUMU: 3reHEpOBaHI Bapiamii Tak
camo, 5K 1 CJIOBa CIIOBHUKA, MAIOTh Pi3HY IOBXKHHY 1 pi3HY JIeKCUKorpadidHy Bpa-
3JIUBICTh Y CEHCI MOXJIMBOCTEH B3a€MHUX 30iriB. J{JIs MiBUINEHHS aJeKBaTHOCTI
mozeni (7) perictp (puc. 4) ciig po3riisiiaTH y ABOX BUMipax (HOMEp KOMIpKH i
TIOBXKMHA KOMIPKH), & 3HAYCHHS V' 1 7 — IHIWUBITyaIbHO IS KOXKHOTO CJIOBA CIIO-
BHHUKA 1 Bapiailii MOMHIIKOBOTO CJIOBA.

HpumycriMo 3axaHuMU HMOBIPHICTE 3 ; 30iry 3i CIOBHHKOM IOMUJIKOBOTO

cioBa Ta HMOBIpHiCTH f3,; 306iry Bapiawii nomumikosoro ciosa A4;. Toxi

Y BIATIOBIAHOCTI 3 JIOTIYHUMH BHpA3aMU JUIS TOAIHA (IUB. pucC. 2) 1 MOJEINI BUIIPO-
OyBaHb (7) MOXKEMO 3aIicaTH TaKi BUpa3n I KMOBIPHOCTI OKPEMUX TIOTIH:

QjHB = Ble;

V-1

L1
_P(g9B2]5I/] _1) N
-1 &+1

Qi = (1= Q)P (1B )7 ™+

Vj—l
g
Qe = (1= Q)P Y. ——P(g.By;.V; —1);
g=1 g +1

QjHK :(1 _QjHB)(l _P) .

[Tix yac BUBEIEHHSI BUPAa3iB ypaxoBaHO, IO i3 z MOMJIMBUX 30IriB CIIiB, IO
NEePEBIPSIOTHCSA, O/JHE IPABUJIBHE, TAKe, 10 BIANOBLIAE CIIOTBOPECHOMY CIIOBY A,

1 g BHIAAKOBUX 30iriB — HenpaBwibHI. [IpaBUIBHUM € KOpUTYBaHHS B pasi,

ko g =0 (imosiphicts noxii P(0,B,;,V; —1)=(1- sz)Vj_l , 400 sxmo 3 g +1

1
1)'

BapiaHTiB 3p00JIeHO paBUIbHUN BUOIp (IMOBIpHICTB

Mt BusHa4eHHs BeNMYuH By; 1 f3,; pO3risiHEMO Taky IHTEpIpPETaLio 3a-
JICXKHOCTI 3Ha4CHB IMOBIPHOCTI 3;(x) 30Iry 3i CJIOBHMKOM X pa3siB CLIOTBOPEHOTO

TUIIOBOKO IIOMUIIKOO clioBa A; (puc. 5).

SAxwo x=0, 10 By, =1, OCKUIbKM HECLIOTBOPEHE CIIOBO Ge3nepeyHo 30ira-
€THCS 31 CIOBHUKOM.

Sxkwo x=1, BenuunHa f;; NOPIBHIOE BIAHOCHIN KLIBKOCTI 30IriB CIIiB A i
CMIOTBOPCHUX THUIOBUMHU MOMIIKaMH. 1Is BenudyuHA BH3HAYAETHCS Oe3mocepen-
HBO 32 JIOITIOMOT'OF0 iMiTaIliiiHOi Mojeni (Tabm. 4).

SAkwo x=m;>>1, Benmuunna B, ACHMITOTMYHO TPArHe /0 3HAYCHHA

_ N(n j)

7 b

J nj
q
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ne N(n;) — KUIBKICTb CIIiB CJIOBHUKA JIOBKUHOW 71; 1.

p xj

T o rananinT

0 1 2 3 m, X

Puc. 5. I'padivna iHTEpHpeTalis 3a1eKHOCTI 3HAYCHHsI HMOBIPHOCTI 301ry 31 CIIOBHUKOM

Ha mincraBi nonepenHix MipKyBaHb A4Sl X =2 TOKJIaJeMO

N(n))

q"

B2j 3251]'_ Blj_

Y, A€ Koe]illieHT y BU3HAYa€ KPyTU3HY CIa/iaH-

HsL KpUBOI B (x) .

Jlist po3paxyHKiB 32 MOJICIUTIO OepeMo
2V
k

V)

P1,

B

e Vj; — KUIBKICTB 30IriB 31 CIIOBHHKOM CIIOBa A, CHIOTBOPEHOTO THIIOBOKO 110~
MHIKOKO Ey 5 V(n;)=V; — cymapHa KUIBKICTb PI3HOMAHITHHX THIIOBUX IOMH-

JIOK CII0BA IOBXKHHOIKO 71 CHUMBOJTIB;

N Vitn:))+V,(n; Vy(n: Viln;
N(n,) :N(nj)MJFN(n]_ _1)M+N(n]_ +1)M ’
' ' Vin;) ' Vin;) ' Vin;)
pe N(n;), N(n;—1), N(n;+1) — daxru4Ha KUIbKICTb CIIB JOBXHHOWO 7,

n;—=1, n;+1; y=087.

Y Bupasi st N(n;) B34TO 10 yBaru 3MiHy JOBXKHHH ClOBa A,

HOT'O MPOMYCKaMH Ta BCTaBKaMH CUMBOJIB, a 3HauUeHHS KoedilieHTa y migdupa-

CIIOTBOpE-

JIOCh y TIpolieci MoaenoBaHHs (3a Tpaekropiero 0,9 — 0,88 — 0,86 — 0,87 ).
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PC3ynLTaTI/I MOACIOBAHHS HABCACHO B Tabm. 5.

Taoauusa 5. Pe3ynpraté MOACIIOBAHHS I HATYPHO-aHATITHIHOTO KOPH-
TyBaHHS

CaoBuuk QOI'[K QI'IK QXK QHB
CuioBHuK pociiicekoi siteparypu, N =161730 | 0,7490 0,7355 0,1470 0,0184
Cnosruk Jlonatina, N =150213 0,8373 0,8323 10,0628 0,0600
Crnosuuk 3anizusaka, N =92555 0,8383 10,8338 0,0614 0,0054

Cnosuuk Jlonarina ckopouennii, N =84575 | 0,8608 0,8576 0,0394 0,0038
Ykpaincbka Bepcis ckopoueHoro CIIOBHHKA

Jlonarina, N = 84575 0,8698 0,8674 0,0300 0,0028

Sk BUIHO 3 maHWX TabOn. 2, pe3yNbTaTH po3paxyHK113 3a aHANITHYHOI MO-
JeJTI0 ONMU3BKi 0 pesynbrariB TaOn. 4. Tak, BiAXWIEHHS 3Ha4€Hb OCHOBHOTO
NOKa3HMKA KOPUTYBaJbHUX BiIacTUBOCTEH O craHOBUTH 0,75% JuId CIOBHMKA
pociiiceKoi JiTeparypu i He nepesuinye 1,2% st iHIMX Ca0BHUKIB. [Ipu 1bomy
00pOoOJICHHS CITOBHUKA HOTpe6ye Ha HOPAKK MEHIIE 4acy — 15l BAKOPHCTOBY-
BAaHOTO MAJIOTIOTY>KHOTO KOMIT’ roTepa i MOCIIZOBHOI CXeMH MOJEIIOBAaHHS dYac
00pOOJICHHST OJJHOTO CJIOBA 3a IMITaIiiHOI0 MOJEIUII0 CTAHOBMWIIO 6 ¢, a 3a aHaji-
tiyHOI0 Mozeuo — 0,04 ¢. KpiM Toro, BigXujaeHHsS MOIJIO O OyTH Ie MEHIIUM
(mo 1%) 3a perenpHimOro mMabOpy 3Ha4YeHH Y . I3 MOPIBHAIBHUX NaHWUX BHIIPO-

OyBaHb 1 X IHTEPHOALIAHUX OIIHOK BUILIMBAE, IO ONTHMAJIbHE 3HAUCHHS, SIKE
BIZIITOBia€ MiHIMaTLHOMY CyYMapHOMY BimxwmieHHO, Y = 0,865 —0,867 . IcToTHO,

IO BiAXWJICHHS PE3YJbTAaTiB MO 3aJIe)KUTh BiJl JTIHIBICTUYHOI CTPYKTYPH i 3Mic-
Ty CIIOBHHKIB, iX 00cAriB i MoB. [loniOHa «yHiBepcaqbHICTBY» A€ MiACTaBU IS
HiATBEpKEHHSI MPaBOMIPHOCTI POTIOHOBAHOTO MiAX0Ay 10 MOOYIOBH aHATITHY-
HOi Mozeni. Y cBO 4epry, e 03Hayae, [0 aHaTiTUYHA MOJAEIb MOXe OyTH MO-
KJIaJileHa B OCHOBY OL[IHKM KOPUTYBaJIbHUX BJIACTHBOCTEW MO0 OiNBLI CKIaJHUX
MIOMMJIOK, 110 MaloTh BincTaHb JJamepay—JleBeHmureiina Oinbiy, Hi>K TUIOBI HO-
MHJIKH.

BUCHOBKHA

1. Ilomani M™omenmi MOXyTh OYTH TIOKIaACHI B OCHOBY IHCTPYMEHTY
MOPIBHSUTHEHOI OIIHKYU IMOTEHITIMHNX KOHTPOIIOBATGHIX 1 KOPUTYBAIGHUX BJIaCTHBO-
CTeH KOHKPETHOTO ophorpadiTHOTO CITOBHHUKA ITI0I0 TUTIOBHUX TTOMIJIOK TAaHTIIHTY.

B omiHOBaHHI KOHTPOIIIOBAILHUX BIACTHBOCTEH (IuB. Taba. 1-3) Moperni Ta
ITOPUTM JIAIOTh MOXIIMBICTh JIJI1 KOHKPETHOTO CIIOBHHUKA OTPUMATH JaHI MPO
3HAa4YEHHS O4iKyBaHOTO TIOKA3HUKA TUCPYHKIIT 1 MOKIMBOCTI HOTO 3MEHIIICHHS 32
PaxyHOK TMPUAHATHOTO IiJBUIICHHS HMOBIPHOCTI HEMPaBAMBOIO CHUTHAIY IIPO
MOMUWJIKOBICTB ciioBa. Taki JaHi MOXYTh OyTH KOPHUCHI JUIsi NPUHHSATTS OOTPYHTO-
BaHMX pIllleHb U1 BUOOPY TOTOBOTO CIIOBHHKA, IO OMHUCYE 33aJaHy NpPEAMETHY
ranysb, OI[IHIOBaHHS MOJJIMBOCTI Ta JOUUILHOCTI HOTO MOJIMIIEHHS 3 YpaxyBaH-
HSM KPUTEPIiB p, ¢ Ta agantuBHOTO cynpoBoay POC (OMOBHEHHS, BUITYYCHHS )
Ha OCHOBI kpuTepito (5).

[Tim wac oriHIOBaHHS KOPHUTYBAIBHHX BJIACTUBOCTEH MOIEINI O3BOJISIOTH
OIIHUTH TIOTEHITIHE CIiBBIIHOIIEHHS HMOBIPHOCTI TIPABMIIBHOTO 1 HEMPABUIIb-
HOTO KopuryBaHHs. [Ipy bOMY aHAITHYHA MOJIENTb MOXKE CIYTYBaTH JJIsS MOTIe-
peIHiX pilIeHb, a iMiTaIlifHa IJI1 YTOYHEHUX OITIHOK, ITOBHOTA SKUX BU3HAYAETH-
csl ypaxyBaHHSIM YCiX MOXIUBHX THIIOBHX TIOMIJIOK 1 BHECKY KOXHOTO CJOBa
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B IICYMKOBE 3Ha4YCHHs O . 3a 3aJaHNX IMOBIPHOCTEH CIIOTBOPCHHs CIB A;

11l BHECOK MOJKe OyTH BiJITOBITHAM YHHOM 3Ba)KCHUH.
2. IcHye BHCOKHI CTYIiHb KOPEJISIii Mk 3HAYSHHSIMH MMOKa3HUKIB KOHTPO-
JIOBAJILHUX 1 KOPUTYBalbHUX BiacTuBocTed O,, 1 O, . 3 omHoro Ooky, 1e nae

Mi/ICTaBH BBAaXKATH, 110 CJIOBHUKH, MOJIMIIEH] MOJ0 KOHTPOIIOBAJIbHUX BIIACTH-
BOCTEH, MarOTh 1 BIIMOBITHO Kpallli KOPUTYBaJlbHI BJIACTHBOCTI, 3 Apyroro 60Ky,
TOBOPHTH MPO IESKHii 3arajbHUH MOKA3HUK Oporpadivnoi BpasmMBOCTI CIOB-
HHUKa LI0A0 SK 0 OKPEMHUX THIIOBHX MOMMJIOK, TaK i IX KpaTHUX KOMOiHAaLii.
SKO  B3ATH 32 OCHOBY NPHHHATY IHTEPIPETALil0  3alEKHOCTI 3HAUCHD
IMOBIPHOCTI 30iry 3i CIOBHHKOM BiJ KPAaTHOCTi THIIOBOI MOMUJIKH (PHC. 5 —
IHTepIpeTalio, MPaBOMIpHICTh SKOI MONEPeAHbO MiATBEPIKYIOTh PE3YIbTaTU
MOJENIOBAHHSA, TOAl SIK 3araJbHUM MMOKa3HUK MOXKHA OpaTh 3HaueHHS 3Ba)KEHOT
HMOBIpHOCTI 30iry JOBIIBHOTO CIIOBA, CHOTBOPEHOTO THUIIOBOKO MOMHJIKOIO aH-
camOmo K. KinbkicHa OIiHKa MOIJIMBOTO 3B’SI3Ky I[bOTO MOKa3HHKa 3 KOPHTY-
BAIbHUMH BJIACTUBOCTSIMH CIIOBHHMKA 32 IHIIMMHU (YHKLISMH IONEPEIHBOTO BU-
Oopy 1 mnpedepeHmiii (HampuKiIam, BIACTUBUX 3aCTOCYBaHHIO (HDOHETHIHHX
ANTOPUTMIB) TIOTPEOYE OKPEMOTO JTOCIIKEHHSI.
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AJITOPUTMHU BUBHAYEHHSA CTAHIB PIBHOBAT'U
EKOHOMIYHOI CUCTEMH 3A HAABHOCTI MOHOITOJIICTIB
TA 3 PI3BHUMHU TUITAMU IMOBEAITHKH CITO’)KUBAYIB

A.Il. MAXOPT

AHoTanisi. 3aCTOCOBaHO MOJEJb PIBHOBArM BaJbpacOBOIO THUILYy JIO OIKCY peary-
BaHHs CKOHOMIYHOI CHCTEMH Ha BIUIMBH BHOpPAaHHX YMHHHUKIB. JIOCIIIKEHHS MOJIS-
rae B ajanrauii 3aJa4i mpo eKOHOMIYHy PiBHOBAry y BHIAKy CKOHOMIYHOI CHCTEMU
3 PI3HMMHM THIIAMH MOBEIIHKH CIIOXKHBAYiB 10 BUKOPUCTAHHS OUIBII IPOCTUX METO-
IIiB PO3B’I3yBaHHs, SIKi CTOCYIOTHCS 3a/1adi 3 JIUIIe HCHACHYYBAaHUMH CIIOKUBaYaMH.
OOrpyHTOBaHO MOJKIHUBICTH 3aCTOCYBaHHS iTepaliiHIMX METOIIB IO PO3B’S3yBaHHSI
3aj1a4i PO EKOHOMIYHY piBHOBary. YKa3aHO YMOBH Ha 3a/aHi XapaKTePHCTHKH MO-
Jenti, sKi 3a0e3nedyBaTUMYTh 30DKHICTD iTepaniifHux Meroxni. HaBexeHo anroputm
3HAXOJUKCHHS PIBHOB)XXHUX XapaKTEPUCTHK, SIKUH T03BOJISIE 3’ICyBaTH YMOBH BCTa-
HOBJICHHSI CTaHIB PIBHOBaru 3 BUOPaHUMHU BIACTUBOCTSIMH.

KuiouoBi ciioBa: piBHOBara, MONMUT, MPOIO3HIISI, ONOJATKYBaHHS, MOHOIIONICTH,
LIHOYTBOPECHHSIL.

BCTYII

[ToBemiHKY €KOHOMIYHHMX CHCTEM aHAI3yIOTh 38 3HAYCHHIMHM iX XapaKTePUCTHUK.
OnHi€r0 3 OCHOBHUX XapaKTEPHUCTHUK, Ky BUKOPHCTOBYIOTH B OITUCI EKOHOMIYHUX
cucreM, € miHa. [liHa Oyap-siKoro TOBapy B €KOHOMIiUHiM cucTeMi pOopMyeThCS B
pe3yibTaTi JOCSATHEHHS 3TOId MiXK THM, XTO Horo moTpedye, Ta THM, XTO HOTO
Mae. [HakIIe Ka)XKy4du, BCTAHOBIIIOETHCS PIBHOBAra IMOMUTY 1 HMPOTO3HUIIIi TOBapiB.
Ha migcraBi BUKOpHCTaHHS MOAENel pIBHOBAarW € MOXIIMBICTh OTpUMaTH iH(OP-
MaIlif0 TIPO JIiI0 Ha CTaH €KOHOMIYHOI CHCTEMH Pi3HUX YMHHUKIB, KA JOTIOMOXKE
OLIIHUTH clieHapil MaitOyTHROro. Moeni piBHOBaru JAr0Th 3MOTY BUSIBJISATH NPU-
YMHA BUHUKHCHHSI HETaTUBHUX MPOIECIB B eKoHOMIuHUX cucteMax [1,2]. Ti mo-
Jielti, y SIKuX 0e3rmocepeiHhO0 KOHCTPYIOIOTHCS BUPA3H IS MOMUTY 1 MPOTO3HUIIii
[1], BUTIIAmAIOTE OIITBI LTFOCTPATHBHUMHE, KOJIH HIETHCS MPO 3’ ICYBaHHS MPUINH
1 HAC/IAKIB MOSIBM AUCOAIaHCIB.

[IpuunHM PO3BUTKY HECIPUATIMBUX TPOIECiB € pisHuMu. Hanpuknan, Mo-
HOIIOJIBHI SBUIA — II€ 3aBXXIM NOTECHIIIMHUI YMHHUK Aectadimizanii. HasgBHicTh
CIIO’KMBAYIB 3 PI3HUMH THIIAMHU CTPATETiH IMOBEIIHKA B €KOHOMIYHIM CHCTEMI Ta-
KO MOXKE CTBOPIOBATH JIOJIATKOBI pU3HKH [3].

Meta nocJiakeHHsI — MOPIBHSIHHS 1 BCTAHOBJICHHSI aHAJIOTIi B OIMUCI PiB-
HOBAaru €KOHOMIYHOi CHCTEMH 3i CIIO)KMBadaMH, SKi JOTPUMYKOTHCS TOTIOHHX
CTpaTeriii MOBE[IHKY, Ta Y BUMAJIKY, KOJIH LI CTPATErii pi3HUX THIIIB. YpaXxoByBa-
TUMETHCS 1 HasIBHICTh MOHOIIOJICTIB B €KOHOMIYHIH CHUCTEeMi. AJITOPUTM BHU3HA-
YEHHSI XapaKTepUCTHK CTaHIB PIBHOBAarM €KOHOMIYHOI CHCTEMH Ma€ BKIIOYATH
KOHTPOJIb 32 SIKICTIO CTaHIB PIBHOBATW 1 HaaBaTH MOXJIMBICTh BUOHUPATH CTaHH
PIBHOBArY i3 3aJJaHMMH BJIACTUBOCTSIMH.

© A.I1. Maxopm, 2019
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MOJEJIb EKOHOMIKU I PIBHAHHSA PIBHOBAI'U. BUTTIAJIOK
HEHACHYYBAHHUX CIIO’KUBAYIB

Hexaii gocmikyBaHa €KOHOMIYHA CHCTEMa CKIIAJAeThes 3 [ Cy0’€KTiB, KOXKEH 3
SKHX € CIOKMBA4eM TOBapiB (MOCIYrH TakoX € ToBapoM). CrovaTKy BBaXKaTH-
MEMO, ITI0 BCi CITOKMBAYi JOTPUMYIOTHCS CXOKOI CTpaTETii MOBEAIHKH, SKa TTOJISI-
raTMMe y TMparHeHHi MOBHICTIO BUTPATHTH OTPUMAaHHMU MPUOYTOK HA MPUIOAHHS
HOBHX TOBapiB (HEHaCHYyBaHi CriokuBayi). Hexail B ekOHOMIUHIN crcTeMi pi3HO-
BUJIB TOBapiB € n. YacTuHa 3 [ CHOXHMBA4iB € BOJHOYAC 1| BUPOOHUKAMHU, BOHU
BUTOTOBJISIIOTH HAa MPOJI&X OJIMH 3 # MOJMJIMBUX THUIIIB TOBAapiB, 00 MaTH 3MOTY
3M00yTH 3arJIaHOBaHI BUTPATH Ha CIIOKMBaHHA. Pemta /—n CIOXWBaviB OTPH-
MYIOTh (DiHAHCOBI HAIXODKCHHS 13 30BHIMIHIX JDKEpes. 3ac000M iX YTBOPEHHS €
MEPePO3NOALT KamiTany, chOpMOBaHHI B Pe3yJIbTaTi OMOAATKYBaHHSI.

Jyis onucy eKOHOMIYHOI CHCTEMH BHKOPHUCTAEMO MOJICNIb €KOHOMIKH 3 IO-
CTifHUMHU iHTepecamu criokuBadiB [1]. Toxi cTpykTypy BUpOOHHUIITBA B €KOHOMIY-
HIA CHCTEeMIi 3a1aBaTUMEMO TEXHOJIOTIYHOIO MATPHUIICIO Y HATypaTbHUX MOKA3HHU-

n

Kax BHUIIALY “aki +bkj /xij j=1

. ‘o n
31 CKJIAaJOBOK IMOCTIMHUX BUTPAT kujuk - Ta
S, =

BEKTOPOM OOCSTIB BHITyCKY TOBapiB {x;}. . BBaxarumemo, 1o cepen BUpOOHH-
KiB € 1 n—¢ MOHOIOJICTIB. 3a TaKOro BUOOPY BHUPOOHMYHX TEXHOJIOTIA Ta 3a

00csTiB IMIIOPTY TOBapiB {i;}/; i EKCOPTY TOBApiB 338 MEXi EKOHOMIYHOI CHCTe-
MU {e;}/_; TIPOIIO3HMIIis TOBAPiB HA PHHKY CKJIaJaTHMe
n n J—
Tkzxk—Zakixi—Zbki—ek +ik’ k=1,n, (1)
i=1 i=l
a uymctuit (abo omomaTkoBaHWM) MPUOYTOK, MO WOTO 3MOXYTh OTPHUMATH

Ccy0’€KTH €KOHOMIYHOI CHCTEMH B PE3YJIBTATI peajizamii Ha pUHKY CBO€I MPOIyK-
1111, MOaBaTUMEThCS BUPA30M

_ n n _
Dj(p):njxj pj_zakjpk _chzb]g'pka J=1n, (2)
k=1 k=1

ne p={p;}i.; — BekTOp LiH TOBapiB. Bekrop m={m,;} | BKa3ye piBHi omojar-
KyBaHHS Cy0’ €KTiB €KOHOMIYHOI CUCTEMHU.

CTpyKTypy CHOXXHBAaHHSI B €KOHOMIUHiM CUCTEMi BH3HAYaTUMYTh €JIEMEHTH

n
. XapaxkTeprucTuka chj P, 3alaBaTUME BapTICTh
s=l1

. n,
Matputi morutry C = HckJHk:1 i

Ha0oOpy TOBapiB, IKUMH ITIKABUTHCS j - CIIOXKUBAY, BiAMOBIMHO BUTpaTH (ab0 X

BeJIMYMHA PUOYTKY, IO HJle Ha BUTPATH) Cy0 €KTIB €KOHOMIYHOI CHCTEMH ITO/a-
BaTUMYTECS (HOPMYIIOI0

Ej(p):yjzcsjpsa ]:m 3)
s=1

VY craHi eKOHOMIYHOI piBHOBard Mae OyTH OanaHc nmpuOyTKiB 1 BUTpar. Bek-

TOp CTYIEHIB 3aJ0BOJICHHS MOTPEO CIIOKHUBAUiB Y = {yi}le BKa3yBaTHMe, SKOIO
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MipOIO piBeHb OTPUMAHOTO MPHUOYTKY JO3BOJSTHME 3IIMCHUTH 3allIaHOBaHI BU-
TpaTH, TOMY KOMIIOHEHTH LOTO BEKTOpa HanexatumyTs inTepBaiy (0,1]. Omxe,

. . . g n
JUISL THX 1HIEKCIB, 10 HYMEPYIOTh BUPOOHNUKIB BenmynHu {D;(p)};_; y BUpa3ax

(2) (3) noBuHHI 30iratucsa. A MOI0 BETUIHNH {5 i ( p)}_ljzn +1» TO BOHH HaOyBaTH-

MYTh 3HA4Y€Hb BIIOBIIHO JO MEPEPO3NOALTY NPUOYTKIB, CHOPMOBAHOMY OIOMA-
TKYBaHHSIM:

[ n
ZDJ'(P) = Z(l_nj)Dj(p)'
Jj=n+1 j=1

3a enementamu Matputli C gopmyBaTumerses i monuT Ay, (p) KOXKHOTO i -
ro HEHaCH4YyBaHOTO CIIO)KMBa4a Ha k -1 ToBap:

Aik(p):nckli, i=L1, k=1n. (4)

chips
s=1

ExonomiuHa piBHOBara o3Hadvae, IO MPOIO3UIlIS IMEPEBUITYE TOMUT Ha TO-
Bapy B €KOHOMiuHii cuctemi. llomuT Ha k£ -ifi TOBap B €KOHOMIiuHiN cucTemi
YTBOPIOETHCS 3 TIOTMUTY OKPEMHX CIIO’KUBAUIB 1 BEIMUYUHU 1X IPUOYTKY:

1 < ~ —
D) = p_zAik (P)Di(p), k=1n. ®)
k i=1

Sxmo Opatu 10 yBaru JMIIE Ti CTaHW PIBHOBAaru, ski 3a0e3redyBaTUMYTh
npuOyTKOBE BUPOOHUIITBO Cy0’€KTaM €KOHOMIYHOI CUCTEMH, TO YMOBY €KOHOMi-
YHOT pIBHOBAaru JOCTAaTHBO 3BY3UTH 0 PIBHOCTI MmomuTy i mponosuii [1]. I3 Bu-
paziB (1), (5) i (3) BurnmuBaTuMe

l n n L
zckjyj:xk_zakixi_zbki_ek +ik’ kzl,l’l (6)

J=1 i=1 i=1
A Ha mincraBi Bupasis (2) i (3) orpumaemo 6anaHc mpuOyTKiB i BUTpAT:

n n n -
X Pj—kzlalgpk —nj];bngkajzcsjpsa J=Ln (7)

s=1
PiBHsHHs piBHOBary (6), (7) po3B’A3yBaTUMEMO BifHOCHO 3MIiHHUX {p;}/_;,

l . . ..
it 3, 1 {m,;},,, 32 peluTn 3a1aHUX EKOHOMIYHHUX XapaKTEPHUCTHK. [x
PO3B’SI3KH ONUCYBATHUMYTh MOXKJIMBI PIBHOBa)XXKHI CTAHH €KOHOMIYHOI CHCTEMH 3
MPUOYTKOBUM BHUPOOHHUIITBOM. MOHOTIOJNIICTH MarOTh 3MOTY BIUTMBATH Ha PiBEHb

IiH CBOiX TOBapiB (p? loeees pg) 1 MOXKYTh CIPHUYMHSITH HETaTUBHUHA eQeKT Ha
IHIINX cy0’€KTiB €KOHOMIYHOI CHCTEMH 1 3MEHIIYBaTH 1X CHPOMOXHICTH 3a0e3-
TeYyBaTH HAICKHUI PIBEHb CIIOKMBaHHs. PiBHI omojatkyBaHHs {7;}.,,; OyayTh
Ba)keJieM BIUIMBY Ha MOHOIIONICTIB, a PiBHI 33J0BOJICHHSI TIOTPed CyO’€KTiB eKo-
HOMIYHOI CHCTEMH {yl-}le BKa3yBaTHUMYTb Ha SKICTb CTaHiB piBHOBaru. SKictb

BU3HAYaTHUMETHCS CIIPOMOXKHICTIO 33J0BOJIBLHUTH CBOI OTPEOH HE HIDKYE 3a TEB-
HHUI BCTAHOBJICHUH PiBEHB LI KOXKHOTO CY0’ €KTa €KOHOMIYHOI CHCTEMH.
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EKOHOMIYHA CUCTEMA 3 PI3HUMM TUIIAMHU CTPATETIi IOBEJIIHKHA
CIIO’KMBAYIB

V nmonepemHbOMY TiAPO3IiTi PO3TIISAABCS BUITAOK, KOJIHM BCi CIIOKHBAadi B €KO-
HOMIYHIH CHCTEMi JOTPUMYBAINCS CXOXKOI cTpaTerii moBeniHku. 3MiHa y BHOOpi
CTparerii MOBEAiHKHM CIOXXHMBAYiB MOB’A3aHa HAacamIiepe] 3 IUIaHyBaHHSIM BHTpa-
YaTH BECh CBiil MPUOYTOK HA MPUIOAHHS HOBUX TOBapiB (HEHACUIYBAHUI CIIOXKH-
Bay), a00 XK JIMIE HOTO YacTUHY. Y BUMAJKY HAsBHOCTI Pi3HUX CTpaTeriil moBei-
HKM CIIOKMBauiB 3MIiHUTBCS 1 ix ommc. Sk 1 padime BCiX CHOXHBaYiB

XapaKTepU3yBaTUMEMO CHCTEMOIO BEKTOPIB {c,g-}ZZI, j= 1,_1, 0 YTBOPIOE MaT-
n, 1

k=1, j=1

MaTpHuIli) 3a/1a€ MaKCUMaIILHUI HaOip ToBapiB, OakaHUI IJIS BIAMIOBITHOTO CHO-

JKBada. SIKIIO CIOKWBad BiIMOBJISETHCS BiJl HAMIPY BHTPATHUTH BECh CBIH IpH-
OyTOK Ha TpUAOaHHS HOBHX TOBApiB, BiH Ma€ MEPEOLIHUTH CBI CIIOKUBUYHMN Ha-

puwro nonury C =Hck]-

. Koxxen Bektop 3 mi€i cucrtemu (abo ) CTOBIEIH

0ip, kMl B LbOMY BHIAJAKY 3aaBaTHUMETbCS CHCTEMOIO BEKTOPiB {ékj}Z:l,

— . . o (P . .
j =11, abo x, BinnoBigHo, matpunero C = Hckf il HenacuuyBa#ni crio>xuBaui
= ,J:

NEepPEOLiHKY He pOOUTHMYTb, TOMY Ul HUX eneMeHTH marpuup C i C 30iratu-
MYTBCS. 3arajioM ke CTOCOBHO ejeMeHTIB Matpuile C i C BHKOHYBaTHUMETHCS
yMOBa

OmomaTkoBaHMi TPHOYTOK KOXKHOTO CTIOKHBa4Ya B EKOHOMIUHIA CHCTEMI, SIK
1 panime, MoXHa 3anucaTH y BUrsiAi popmynu (3). Ane Ha BiIMiHY Bif BUpazy

(4) BexkTopu momuty A; = {Al-k }Z=1 KOXXHOTO OKPEMOTO i -TO Cy0’€KTa eKOHOMIY-

HOI CHCTEMH 3aJIeKaTUMYTh Terep Bif enemenTis Matpuips C i C . Ix kommonen-
TH A, BKa3yrOTh HA 4aCTKy BapTOCTi, HEOOXiAHOI A NpuabaHHs k -TO TOBapy,
BIIHOCHO BapTOCTi BCHOTO Oa)kaHOTO HAOOPY TOBApPiB, TOMY

Aik(P)=nckl¢, i=11, k=1n.

Z csips
s=1

CripaBeijIMBI HEPIBHOCTI

n

ZAik(p)Sla i=1,l, (8)

k=1
SIKi HE JIO3BOJISTIOTh YMOBY PiBHOBAard aBTOMaTHUYHO 3BY3UTH JI0 PiBHOCTI ITOTHUTY i
MPOMO3HUIIIT TOBApiB B €KOHOMIUHIN CHCTEMI JIsi BU3HAYCHHS CTaHIB PIBHOBAru 3
npuOyTKOBUM BHUPOOHMITBOM. [Ipomo3umis Mae MepeBUILYBAaTH MOMUT i 3HAXO-
JOKCHHSI PIBHOB2XHUX CTaHIB €KOHOMIYHOI CHCTEMi TOJSTaTUME Y PO3B’s3aHHI
CHUCTEMH HENHIMHIX HEPIBHOCTEH

1 < ~ _
p_ZAik (p)D;(p)<Sv;, k=1Ln. )
k i=1
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Ane 1m0 3a7a4dy Bce K MOXKHA 3BECTH 10 PO3B’S3yBaHHS CHUCTEMHU PiBHSHB [1],
AKILO 3aMiCTh BEKTOPIB IONUTY croxusayiB A;, i =1,/, yBecTu epeKTuBHI BEK-

topu A; ={Aj };-1, i=1,/, KOMIIOHECHTH SIKNX 33I0BOJILHATUMYTb PIBHOCTI

n
S ANy(p)=1, i=1L
k=1

Teopema 1. Hexaifi mins BEKTOpIB TOMNHTY CIIOXHBAYiB BHUKOHYIOTHCS
HEPIBHOCTI

n J—
Y Ax(p)<1, =1L
k=1

Bekrop {p;}i_;, AKuii 3210BONBLHATIME YMOBY €KOHOMiUHOI piBHOBaru (9) i

3a0e3medyBaTuMe TPUOYTKOBICTh YCIX CYO’€KTIiB EKOHOMIUYHOI CHCTEMH, €
PO3B’A3KOM CHUCTEMH PiBHSIHb

1 & ~ _
p—ZAik(p)Di(p)wk, k=1n, (10)
k i=1

. * . 7 .
a KOMIIOHEHTH BEKTOPIB onuty A;, i=1,/, BuOUpaloThcs y BUIIIAAL

* A Co: — —
Ay (p)=—; wlp) Calk =10, k=1,
Z Ais (p) Z ésips
s=1 s=1

Hosenennsi. Hexait pisasans (10) po3s’s3He. Toxmi, Ha mijgcraBi yMoBH (9),
JUTSL HOTO JTOBLJIEHO BUOPAHOT'O IOJaTHOTO PO3B’SI3Ky Ma€ BUKOHYBAaTUCh

! ~ Lo, ~ o
Y Au(P)D(p) <Y Ay (p)Di(p), k=1n,
i=1 i=1

abo
i Ais (p)
I R, TP T f gy S vy
= Y Au(p) =TS A (p)

s=1 s=1

OueBM/THO, 110 32 TOJATHUX WiH {p;}i_; i y BUMaIKy MpHOYTKOBOI JisIbHO-
CTI BCiX CY0’€KTIB €KOHOMIUHOT CUCTEMH

D;(p)>0, i=11,
I BUMOTA 3aJ0BOJIBHATHMETHCS BHACIIOK CTIPaBEIIIMBOCTI HEPIBHOCTI (8):

[ 1 P
5 nAik(P) D.(p|1-Y Au(p) |20 k=1n
=Y A(p) =

s=1

TeopeMy JOBECACHO.
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Otxe, 3aMicTh CHCTeMH HepiBHOCTEH (9) Al 3HaXOIKEHHS CTaHiB piBHOBa-
TH, Y SKAX BUPOOHUIITBO CyO’ €KTIB €KOHOMIUHOI CHCTEMH MPUOYTKOBE, HOCTAT-
HBO PO3B’SI3aTH CHCTEMY HENiHIHHUX PiBHSIHb:

n
[ chjps n n -
ékjsnzl—yj=xk—2akixi—2bki—ek+ik, k=1n, (11
]:1 Zémjpm i=1 i=1
m=1
n n n JR—
X pj_Zakjpk _njzbkjpkzyjzcsjpsa J=Ln, (12)
k=1 k=1 s=1

BiZTHOCHO HEBiTOMHX {p; )iy, {x; 11,11, {yi}ﬁzl i {m;}",,, . SIkumo BBECTH 3MiHHI

to piBHAHHA (11), (12) HaOynyTh BUrIALy (6), (7), A€ 3aMiCTh €IeMEHTIB MaTpUIli
C MicTuTuMyThCs eneMeHTd Matpulli C , a 3aMiCTh CTYIIEHIB 3aJJ0BOJICHHS T10-
Tped CIOXUBaYiB {y,-}f:1 — BENWYUHU {j/l-}f:l. Omxe, 3amada piBHOBaru 3BO-

IUTHCS 10 BUIMAJKy HEHACHYYBAHHUX CIIOKMBAUiB, IO A€ 3MOTY BUKOPHCTATH BCI
HaIpabOBaHi AITOPUTMH 3HAXOKEHHS HEBITOMUX.

3poOuMO KiNbKa 3ayBa)KCHb CTOCOBHO PO3B’SI3yBaHHS 3a/adi piBHOBaru. 3a
CTPYKTYpOIO piBHSIHHSA (6), (7) MarOTh OUTBIT IPOCTHH BUTIIS, Hixk piBHIHHSA (11),
(12). Lei#t hakT i HAsIBHICTH AJITOPUTMIB PO3B’SI3yBaHHS CXHJISIE IO BUKOPUCTAHHS

came piBHAHG (6), (7) 3 BeKTOpOM { j/,-}le 1 MaTPHUIIEIO C [4]. Ame Ha BimMiHY Bix
BEKTOpa {y[}le , KOMITOHEHTH SIKOTO JIO3BOJISIOTH OILIIHUTHU MPUHHATHICTH CTaHIB
PIBHOBAry ik OKPEMHX CY0’€KTIB €KOHOMIYHOT CHCTEMH, BEKTOpP { f/i}le € edek-
TUBHOIO BeNMYUHOIO. KoMmoHeHTH BekTOpa { yi}le BU3HAUaTHUMYThHCS 3TOJIOM 32
KOMIIOHEHTaMHM BEKTOpa {f/i}le. [TpuiiHATHICTH CTaHIB PiBHOBAarM BCTAaHOBIIIO-

€THCS 32 BUKOHAHHSIM YMOB Ha PiBHOB2KHUH BEKTOD { yl-}f:l . Cepen ycix MOKIH-

BUX CTaHIB PIBHOBaru BHOUPAIOTHCS JIMINE Ti, IS SKUX BUKOHYBAaTUMYTHCS 00-
MEXEHHS Ha KOMIOHEHTH BEKTOpa CTYICHIB 3aJ0BOJICHHS MOTPed CHOXHBAYiB

Yy <y < yM , i=1,/. Ha KOMIOHEHTH BEKTOpa {f/i}f:l TEX MOXKHa HaKJIaCTH

moaiOHI oOMexeHHs [4], 00 MOCITTH BUKOHAHHS BKa3aHUX YMOB, ajlé BOHH MO-
JKYTh BUSBHTHCH MEHIII TOYHUMH, HIX SKIIO0 O OOMEKEHHS HaKIaJaIuch 0e3ro-

CepeIHbO Ha KOMITOHEHTH BEKTOpa { y[}le . Kpim Toro, Bektop { j/[}le 3IIEKUTH

BiJl ITiH 1 IIe HEOOXITHO BpaXxOBYBaTH, 1100 BKa3aTH MOTPIOHI OOMEKEHHS Ha HOro
KOMITOHEHTH. 3amlporoHyeMO anbTePHATHBHUN MiAXiA PO3B’SI3aHHS 3a7adi mpo

€KOHOMIUHY piBHOBary 0e3 BU3Hau€HHS BEKTOpa { f/i}ﬁzl .
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XAPAKTEPUCTUKH CTAHIB PIBHOBATI'M I AJITOPUTM iX 3HAXO/[KEHHSI

SIkimo 3agat ManHqu CIIEMEHTHU
n
Csjps
ci(p)=éy=——, k=Ln,, =11, (13)
Z émjpm
m=1

To cucrema piBasHb (11), (12) HaOyne BUTIsmY:

/ n n P
chj(p)y]'zxk—zakixi_zbki_ek"'ik, k=1,n; (14)
j=1 i=l1 i=l1

n n n _
njxj[pj_kzakjka_nijbkjpk:yjzlcsj(p)psa Jj=1n (15)
=1 =1 s=

Ha martpuuni eneMeHTH cy;(p), o3HaveHi Bupasom (13), Haknagemo oOme-
JKCHHSL:
¢y <cy(p)Scy, k=Ln, j=1L (16)

3amaua 3HOBY 3BeJach /IO BHIIQJIKy HEHACHYYBaHHMX CIIOKMBAdiB, ajie TErep
13 3QJICKHAMH BiJl BEKTOpA ITiH €IEeMEHTAMH MATPHIll MOMHUTY. 3 YCiX MOMKIHBHUX
CTaHiB pIBHOBaru HeOOXiJHO 3HAUTU XapPaKTEPUCTHKH IJUIIE THX, SKi HAJICKATH-
MYTb 3ajlaHiii oOnacti 3HaueHb. 1{t0 3agauy posrsHyTo y mparii [S]. BianosigHo
n
k,j=1
NPOIYKTHBHA, TOJI JUIS 3HAXOJKCHHS PIBHOBAYKHOTO BEKTOPA I[iH BUKOPUCTOBY-
BaTUMEMO PiBHSHHS

[0 paHille OTPUMAaHUX Pe3yJIbTATiB BBAKaTUMEMO, L0 MaTpPHLS Az“akju

e =B(p.y), k=Lt (17)
t 4 n 0 yj n 1 & _
B(p,y)=D(E-A)y| Dagps+ Yei(Ppg+— bgps |, k=11,
Jj=1 s=t+1 X s=1 Xj s=1

SIKe PO3B’sI3yBaTHMEMO OJJHOYACHO 3 PiBHSHHSM Ha PIBHOBAXKHI CTYIICHI 3aJ0BO-
JIEHHS OTPe0 CIOXKUBAYIB ,..., ), "

t -
Vs :Al(as_?\'s)+2(ak_>“k)dks(p)’ S:Lt’ (18)
k=1

ac

dy(p) =S (E=-A)ley(p),

s=1

Ta PiBHAHHAM HA TOTIOMiKHHUI BEKTOp {ou; — A; }i_;:

o —Ap =0 (p,oy —Apse.na, —L,), k=11, (19)
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O (poty =y, — 1) =%(b;? - id;g(p)al,]—%Z{idkl(p)dﬂ(p)}

1 j=t+1 AY 5o

X(aj _kj)_L zdkj(p)(aj _)\-j)"‘ zdjk(p)(otj _}“j) , k=1,
A= Jj=1
ne

n n

0 =t - S (e A S e
s=1 i=1

PiusiuA (18), (19) BUIUIMBAIOTH 3 €KCTpeMabHOI 3a1a4i [6]

min )’O(p) F(p)=2 Z[B (P)-y,T

Y1sooVn

3a JOJaTKOBHUX BUMOI'

n
2 dg(P)y; + Ay = Abi, k=Lt
=

Ta BenmuunHK {B;(p)}r , AKi MOAI0THCS BUPA3aMH:

t
BS(p) = AIO“S + Zakdks(p)a s=11,
k=1

t —
Bs(p):Aoai'FZOLkdks(p), s=t+Ln.
k=1

Piustans (17), (18), (19) MaroTh po3B’S30K Y MHOXKHHI JOJATHUX BEKTOPIB
[5], sxIo cnipaBe yIMBa OIliHKA

M
ZZ(E Ay L max y—c "y (20)
k=1j=1 ’ O se[Lt] j

i U1 3a7aHuX 3HAYeHb MOCTIMHUX A, A; Ta BeJIUYMH G, oM , BUOpaHHX
3 YMOBH

t t N
" SG'"(AI + Zd,;JSGM[AI + Zd,?sJSyM, s=1,,

k=1 k=1

BUKOHYIOThCS HEPIBHOCTI

m n [ t t
2 [ stkakj 2 (ZZdllcid;i+Alzd;i+AlzdilsJS
1 1

k=t+1 k=li=1 i=1 i=1
<", s=1s @1
A
g( chk kj [szcz Jji +A Zd +A Zdva
A k=t+1 j=li=1 i=1
>6", s=1t. (22)
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ac

n n
1 1A 0 -1
dy = 2 (E — Ay Cyr dij = D (E — A Cj
s=1 s=1

PiBHOBaXxHi cTymeHi 3a10BOJICHHS NOTped CIIOKUBaviB ,,;,...,), BH3HAYa-

n
TUMYThCS 3 PIBHAHHS

t -
Ve =Mooy + O (0 — A )y (p), s=t+1Ln.
k=1

VY 1poMy BUNAAKY BCi KOMIOHEHTH )i,...,J, 3al0BOJBHATHUMYTH OOMEKEH-
H1 y" <y, < yM , i =1,_n. PemTy piBHOBa)XXHUX CTYIICHIB 3aJI0BOJICHHS MOTPEO
CIIOXKMBAYiB ,,|,...,); BU3HAUUMO 3 €KCTPEMaIbHOI 3a1aui
=1

- i
min  §'(p), ¥ > IB(p) -y, 1% (23)
(J)n+17--->yl) 2 j=n+1

t -
By(p) = ydy(p), s=n+l,1

k=1
3a I0OJATKOBUX BUMOT
n [ _
DA (D) + Ay =40 D di(p)y;, k=1t (24)
j=1 j=1

Po3B’s130k 3amaudi (23), (24) Tex Ma€e 3aI0BOJIBHATH OOMEKCHHS
y" <y <YM k=n+1,1. (25)

IcayBanus po3B’sa3ky piBHSHE (17)—(19) moBeaeHo. OOTpyHTYEMO BHKOPHC-
TaHHA iTEpallifHUX METOZIB Ui HOro 3HaxomkeHHs. [loOyayemo itepauiiHuit
nporec

P/[cm] =Pk(p[s],ym)» k=L1¢
t
1 =1t
A =8y @fT =D+ Y =0hd (P, =1
k=1

ol a0 B, (Pl ol ), k=T,

Ta 3’ICyEMO MUTAHHS PO HOro 301KHICTB 10 PO3B’S3KY, JIe HYJILOBE HAOIMKEHHS
BHOMPATUMEMO 3 MHOKHH:

M m M __m _
M: OLk—Xk ER, %_ak‘i‘}\,k S%, kzl,l )

M m M m _
M=y <R, (v ;y )_yks(y 2y) i .

_ 13
Mp:{Pk 2pg, k=Lt kZkap}.
-l
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KosxHa itepauis 3H0By Hanexarume muoxunam M, , M, , M, [5]. Beaxa-
TUMEMO, 10 HepiBHOCTI (16) BUKOHYBaTUMYThCS Ui BCiX p € M, skmo mapa-

METp P BHOpAaTH 3 ypaxyBaHHSIM OOMEKEHHS [5]

ZZ(E A)jk Ol: zaypé +7 ZCS/ps z ]ps:|
f=1=1

j s=t+1 j s=t+1 s=t+1

<p.
M
I—ZZ(E A)jkmax[yc +b}

k=1=1 jve[lt] ]

OIiHUMO Pi3HUITIO

[s+1]

‘ ol [s]

- Dy k=1,1.

b

YBemeMo TOOMIKHY MaTPHINO 3 €IEMEHTAMH T jj » TAKAMH, 110

"y =r,g~yMckj, O0<ty <1 k=Ln, j =1,1.
BinmosiaHo 1o crpykrypu oneparopa {F(p,y)}i; OTpUuMaeMo

s+1]

)= B = B,y = - )

I}
Jj=1 Xj

]11

n
-1 1 -1 -1
{Zb,-,-(pl[”—p,“ e L Z(y e, (PP plsT = ybs=le, (pl = pls ])]s
i=1
t
1]
<S(E - Ay} {Zby‘pls] P
= .
-1 -1] -1
# 3 My (1)l e Ve (1l ]@S

]ll

SS(E-Ap— {
J= A

1] l

)+

1 ~
+_max[2(y ey Pt =y e pl* 1)Z(y cipr —ymcz‘fp’[ﬂ)ﬂg
J i=1

m n
-1, Y A 1] 1
{Zby‘pf = PP 2 Yy max(ey - ), o pl[s]))}ﬁ
i=1 i i

t
<>U(E- A);,i L.
j=1 Xj
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n
y
x| 2oyl = pb )+ L3 e max (ol - g, (o - E“))}
i=1

]11

3 I M [s] _  [s-1]
. P
:Z(E_A)jk b R— ‘P —Di ‘S
j=1 i=1] Xj X

ie[Lt]| x ;X

4 M
< Z(E—A); max{ b + Y J ‘p[S] pl[s—l]‘:
J=1 j X

, k=1,

t

1

=0y Z‘Piv z[v ]
i=1

1€ BpaxOBaHO, 110

P =P =pl, k=t+ln

3 ymoB# (20) BUILTMBAIOTH OYESBHJIHI HEPIBHOCTI

. t —
Oy —Z(E A)]k max b + Y ¢ |< Doy <l, k=1Lt
] =1 16[1 [] j chxj k=1

Tomy Oynme cripaBeyIMBa OITIHKA

¢ s
So,x Sl ]<| o
k=1

t
1
Z\p;[f* T- p;[f]
k=1 =]

1 0
“—P;E]‘-

OrienMo pi3HI/II_IIO
R R e ) N EN?

I3 Bupasy mist oneparopa {®, (p,a; —Aj,...,0, —A,)}io; I KOKHOI iTepa-
i1 BUILUIMBAE OLIIHKA

~ A n 1 t n
O, (p,oy _7\‘1’~-~aat_}\‘t)SA_§(blg_ Zdllcja_ljJ_EZ{zdki(p)dji(p)}X
1

=41 1 =1Lz

1[{ ! _
x(aj_x‘j)_A_l Z:ldkj(p)(aj_7"j)+.zldjk(p)(aj_>“j) , k=1t
J= J=

YBemeMo TONOMKHI MaTpHIIll 3 eJIeMEHTaMHU rgj, ?,2- TaKMMH, 1[0

{Zd,ﬁid}i} {del j,} <ty <1, k=Ln, j=Lmn
i=1

d,lg.zﬂ:gjd,g, 0<1:2j£1, k=Ln, j=Ln.

3BEepHEMO TaKOXK yBary, 10 JJIs IBOX IOCTIJOBHUX iTepamii s;1 s;,;(ae s;1
;41 MOXe OyTH BianoBigHO a6o s—1 1 s, a00 HaBnaku s 1 s —1) 3aBKAU MOXKHA
nipidpaTu AesKy crainy T2 1, mo0 BUKOHYBaJINCh

Cucmemni docniodicenns ma ingopmayivini mexronoeii, 2019, Ne 2 75



A.Il. Maxopm

@, PV, alti] o] gl gty

A 0 ¢ 1 1 S| 2 i S; 1 S; S;
=A—§£bk— de,-a_]-J—Z 2 (P (p) | (@ =2 -
1 1

j=t+1 j=1Li=1

t
_A_[Zd (p[s ])(OL[S 7\‘[15_[]) + Zdjk(p[si])(a[;i] _7\‘[;[])} k e[1,1].
1 j=1

T@k(p[si+l],a Sit1] 7\([?1+1] . a[sz-H] 7\([51+1 )< A ( dej ]}
1

j=t+l1

n

t
s; s 1 o, s
_ Z[del_(p[ z+1])djl_(p[ l+l]):|E(a[fl 1] _7“[][ 1])_
J=

1

t
_A_(Zd (p Si+l )(OL[S;H] ;i+1]) + Zdjk (p[.vi+1])(a[j§i+1] _ X[jiﬁ-l])} k e[L,z].
1 =

3 oueBHUIHOI HEPIBHOCTI

o) +(p Sz+1 [SHI] }L[Sm] agsm] —X[tsi“])—

PRREEY

B, (oAt ) <

A < 1 G| Si S S 8
SA_g[b]? _ Zdl}fja_ljJ_EZ{dei(p[llH])dji(p[ z+l]):|(a51+l] —X[j’”]) _
1

j=t+1 1 j=1Li=1

t
- Zd (p [si+1] )(a [si+1] 5"1'+1]) + Zdjk (p[SHI])(a[;Hl] _ l[;-"”]) _
Al =1 =1

~ 0, (pUi ol ol ol alsily ke,
OTpUMaEMO

‘@k(p[si+l]’agsi+l] _7\‘[;141]’._"0([5”1 ;\‘[Sm ) ‘

_@ (p [s:] [9] 7\‘[1?1] (XESI]—}\.[ISZ])S

< 1(2{2%@“ )d j;(p"] }(a sl Ly~

A]]lll

j=1Li=1

t n
_ Z{Z d,; (p[SHl])dji (p[.vi+1])}(a5§i+1] _ 7»[;"“])] n
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t
+—[Zd (Pl -y + 3 d (U ol _x[;i])j_
j=1

1]1

t
_A_[Zd (p [si+1] )(OL Si+1] ;i+1]) + Zdjk(p[siﬂ])(a[fiﬂ] _ 7\‘[;”1])}
1

J=1 =]
1 t | n i ; . )
j=1Li=
t n
- Z{Z dy (P[s_l])dﬁ (p[s_l])} (a[jS—l] _ }\‘[Js'—l])}
j=1Li=1
Ll [sINe ~[81 _ Als] : [sIne <[s]  ~[s]
+A_ D dy (PPN =K + D d (P =X | -
1\ =1 =t
_Ai(zd (ps 1])((13 1] l[é 1)+Zd (p[b 1)((1[3 1] 7‘[;_]])} <
1\ j=1 =

=3
1

Z{idk,(p N ;(p™) )}(a -l —

=1| i=1

t | n
]:

+ —
1

(dej (Pl =Ty + Zd (P"HlT - S])} _

Jj=1

! t
_ de""(" e S Y MU (T x[j-“”>] <

J=1 j=1

<Aimax£2|:2dkl :| [?]—Xpi])—i{idéd}i}x

1 jlll j:1 i=1

13 n t B n
Ty ) Z[Z d,gd;?,}(a[;-u -l -y Zd}dd},}(a[;] - x[;])J +
j=1Li=1

j=1Li=1

d t
+ A—maxHde]. (a[js] ) n Zd]ka k[j]J _ Zdllg (OLB;—I] B k[;—l]) N

1 =

! !
* Zd G K[i‘”)l[Zdz?j(aB-s‘” )+ Y d (ol - x[j-—”)] -
j:1 j:1
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(Zdl (a[s] ;L[5])+Zd k(a KJS-])}]S

1 s s s— 5—
<A—max[2|:2dkl /z}[fzg(ag]—ﬁj])—(ag 1]_7‘[1' 1])],

1 j=1Li=1

t n
Z{Zdiid}i}[?g(a[j‘” — s — (@l - x[;])]j +
j=

1 ! _ _
+A—max{[2dm - )+Zdjkrjk(a[]'s] _7“[;])} —[Zdij(a[j 0oty 4
=

1 j=1

t
+ zd}k(a[jiil] _7\4[;1 J[dejfkj )\«[S )+ ZdjkT]k(a x[;ll])J_
Jj=1

L s 1 ! < N s
_(zd,;(a_[ﬂ— )+Zd (a1 - )JS])J] . max( [Zd,gd},}[(q[i]—xﬁj])—
j=1 1 J=1

j=1 =1L i=1

t n
el -l S S, [l -ty -l —ﬂ_i])]}

j=1Li=1

t
+AimaxHZd1 (o [s] )L[S]) + Zd]k(a ;_'])J _[Zd}g(a[;_l] _ l[;f_l]) N
J=1

1 Jj=1

t t
+ Zd G %Ff”)}[Zdé(aB:‘” =+ R ol - 7»[5”>j -
Jj=l j=l

Al J:1

! S s : J 1 : N S
Bttt e St |- 3T Sk i -1 -
j= Jj=

— (ol s ]‘Jr_
1

(dej [s] 7»[3 )+Zd1 (OL [s]_ ;j])j_
Jj=1

<

t
j=1

< max(a ey (R U B
1,

X[?Z{id}ad}} de, Zdjk], ke[l,z].
=1

1]1 1]1
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OcTtaTo4Ho

2 [s] [s] [s—1] [s—1]
<(e” +2¢ max‘oc~—k- (o =N <
( )je[u]( G — (o )

/e[lt

2 s [1] [1] [0] [0]
<(e”+2¢ max‘oc-—?»- — (ot =N ‘,

ne
1
ge=—n max d, G-
Al k,jell, n]
BumararnMemMo BUKOHAHHS
2
e +2e<l.

Tomy BenmuumHA € Ma€ 33I0BOJILHITH OOMEKECHHS
0<e<~2-1. (26)

Llporo MO’KHa TOCSTTH 3a paxXyHOK BUOOpY 3Ha4e€HHA A;, IO HE BIUIMHE Ha
BUKOHAHHS BCTaHOBJIEHHX BUMOT (20)—(22) (xiba mo Oyme HeoOXiTHO CKOPHTY-

BAaTH 3HAYEHH CTaNol A ).
OIiHUMO 1 PI3HHIIIO

[s+1] [s] k=1t

yka

bk
I3 Bupasy (18) BummBae

Ao =25 = (e - ”]>+—Zd (Pl =25 -
1] 1

[s+1] [b]

‘y — Vi

<A(o! =) — (o T2+

LS (el )
Al] =1

¢ t t
+max [Z d‘?k (Ot[js] _ l[;]) _ Zld}k (a[js—l] _ 7\'[15'_1])} (Z [s 17 _ ;—1]) _
j= =1

j=1
—de(a x[;])}s
t

SAI‘(OLE:]— h— (oc k” ‘+ma [Z T (a[V] X[v])

_de(“[s 0l ]{Zd T (ol =l - de(a )] <
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< AI‘(an] =y = (ol =l ”)‘ + maxHZd (ol =20y —
t t t
—zd;km[;]—x[;h}(z@k(aef-”—x[;-lb—mmrf]—x[;-])] <
j=1 j=1 j=1

!
<A@ =) = (@ = + Y dy @l -2 - (@l -l <
J=1

[Al + dejjm[axl(a[s =y — @l T k=1

=1 Je|lt

Ha mizncraBi BCTAaHOBJICHHX OI[IHOK Ta TEOPEM PO HEPYXOMY TOUKY Orepa-
Topa [7] cpaBeasiMBa TeOpeEMa.

Teopema 2. Hexaii BukoHyt0ThCS yMOBH (20)—(22) icHyBaHHS PO3B’ 3Ky piB-
n

HsHb (17)—(19), a HopMa & marpuui Ld ,lg 3a7I0BOJIbHsIE 0OMexxeHHs (20),

1

k,j=1
Toni po3B’s30K piBHAHB (17)—(19) MOXHA 3HAWTH 3a JOMOMOTOK iTeparlifiHuX
npouenyp

pE =R, s=0 k=L,

31 MBUIKICTIO 301KHOCTIL

b

}Z\p

t
W = A BT -+ 3 (@ -, (o), s=01,... =1z
k=1

”1] X[HI C:)k(p[s],ocgs] —k[f],...,ocgs] - k[ts]), s=01,... k=1,
31 MIBUAKICTIO 301KHOCTI

2 s
(" +2¢) max(

(e 428 )~ (@l 50
1- (2 + 2¢) jellt )= U

H_IO,HO pemTn plBHOBa)KHI/IX XapaKTCpUCTHUK, TO 3a Bi,I[OMI/IMI/I BCKTOpaMHu

(v, i {p;}-; 3amagy (23)~(25) CTOCOBHO HEBiIOMHUX BETHYHH {yl}, —ns] MOX-

Ha PO3B’sI3aTH, BUKOPHCTABIIIN 3aIPOIIOHOBAHY Y TIparti [5] dopmyiry

des(p)Z{ del(p)d,l(p)}va +

kl J=lli=n+1
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Aneopummu 8U3Ha4eHHA CMAHIE PIBHOBACU eKOHOMIUHOI cucmemMu 3a HAsIGHOCHE MOHONONIICMIG ...

n [
+m= > d (D)(BY = Agbl + Ay —vay), s=n+11,
k=1

> =

n

- !
Je A € HalOUIbIIMM BIIACHWUM 3HAYEHHSIM MAaTpPHII des(p)d 55(P) , a
s=n+1 k,j=1

{d+ v)&,l- —Xli}l’-'zl € BJIaCHUM BEKTOPOM, SIKHH oMy Bimoinae. Bubip 3HaueHb

1 .
BenmumH {0}, 1 v Mae 3a0e3MeunT! BUKOHAHHS BUMOTH (25).

Haperuri piBHOBaXkHI piBHI ONOJaTKyBaHHS MOHOIIOJICTIB BU3HAYaTUMY ThCS
3a {HIIUMHU PiBHOBOXXHUMH XapaKTEPUCTUKAMH, SK 1 B MOJEN €KOHOMIKH 3 TIO-
CTIHHUMU IHTEpEeCaMH CIIOXKUBaYiB [4], BUpazom

t n
0
D CyYiPs+ D€V iPs
= s=1 s=t+l1 . T 1
T = . ; - 0, j=t+Ln.
pPjX;— Z(aijj +bkj)pk — Z(aijj +bkj)pk
k=1 k=t+1

BUCHOBKH

Po3rasiHyTO 0COOIMBOCTI BCTAHOBJICHHS! PIBHOBard B €KOHOMIUHIM cucTemi 3a
HasIBHOCTI MOHOTIOJICTIB Ta 31 CIIOKMBAaYaMH, sIKi JOTPUMYIOTBCS CTpaTerii moBe-
JIHKH PI3HUX THITIB. Y IOCKOHAJIEHO METOJ PO3B’S3yBaHHA 3a/1a4i PO €KOHOMid-
Hy piBHOBary. Ha BimmiHy Bij momnepeaHix pe3ynbTatiB [4], 1€ 3a1ada 3BOANIACH
JI0 BUMAJIKy HEHACHYYBAaHUX CIIOKHMBAYIB T4 BUKOPHCTAHHSA HAOJIMIKEHHS €KOHO-

. . . . Al
MiKM 3 NOCTIHHMMH iHTEpecaMH CHOXXHMBadiB 3 €(PEKTHBHUM BEKTOPOM {V;}i

3aMICTh BEKTOpa CTYTCHIB 3aI0BOJICHHS TIOTPEO CIIOKUBAUIB { yi}le , TeTep 3aaa-
Ya 3BeJIaCh TEX JI0 BUMAAKYy HEHACHIYBAaHUX CIIOKMBAYIB, aje i3 3aJI€KHUMH Bill
BEKTOpA I[iH €JIEMEHTaMHM MATPUIli MONUTy [5] 1 BEKTOpOM {yi}le. [Ipouenypa
PO3B’A3yBaHHA 3a7a4i PO EKOHOMIUHY PIBHOBAry JUisl 3aJ€KHHX BiJ LiH eJeMeH-

TiB MaTpULi MONHUTY € OUTBII CKIaJHOIO, HIX Il HAOIM)KEHHSI €KOHOMIKH 3 I0-
CTIMHMMHM IHTEpecaMH CIIOXKHBA4YiB, aje TEMep 3aBAsSKM HAsIBHOCTI BEKTOpa

{ yi}le 3’ABJISIETHCSI MOKIIMBICTh TapaHTOBAaHOTO BHOOPY CTaHy PiBHOBArH i3 3a-
JAaHUMHU BIIACTHBOCTSMH. 3alpOIIOHOBAHO ITEPALlIfHUI aJTOPUTM 3HAXOJIDKEHHS
PIBHOB2XHUX XapaKTEPUCTHK i3 3aJaHUMH BIACTHBOCTSIMH. 30KpeMa, BKa3aHO
MEXIi, Y SIKUX MAlOTh MiCTUTHCh 3HAYEHHS 3MiHHHX PIBHOBaKHHX XapaKTEPHCTHUK
Mozeni. 3’sCOBaHO 3a JOMOMOrOI0 SKHX MOJENBbHUX XapaKTePHCTHK MOXKHA
BIUIMBATH Ha 301KHICTH iTepauiiHOrO aJropuTMy Ta 3HaiIeHO OOMEXEHHS Ha ix
3HA4YEHHSI, 1[0 TAPAHTYBATUMYTh 3015KHICTb.

Poboty BHKOHaHO 3a wacTKoBOI miaTpuUMKH [Iporpamu GyHIaMeHTaIbHUX
JocmimpkeHb Bigminenns ¢isuku i actponomii HAH Vkpainum (mpoekt
Ne 01170000240).
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EKCHHOHEHIIAJBHA OIIHKA JIJISI PEKYPEHTHOI
HEMPOHHOI MEPEXI 3 JUCKPETHHUM 3AIIBHEHHSIM

B.Il. MAPIHEHIOK, A.C. CBEPCTIOK

AHoTamisi. Po3po0ieHO Ta 3aCTOCOBaHO METOJ PO3PaXyHKY IIBUAKOCTI €KCIIOHCH-
LiaJbHOTO 3racaHHs Uil MOJETi PEeKypeHTHOI HeHpOHHOI Mepexi Ha OCHOBI aude-
PCHIIaNbHUX PIBHAHB i3 JMCKPETHHM 3alli3HEHHsAM. EKCIOHEHILianbHY OLIHKY
OTPHMAaHO Ha OCHOBI pi3HHIEBOi HepiBHOCTI MWii (yHKumioHana JlsmynoBa. Posris-
HYTO IMPUKJIa] eKCIIOHECHIIaJbHOTO OLIHIOBAHHS JJISI MOJENI PEKYPEHTHOI HEeHpOoH-
HOI Mepesxi 3 TphoMa HeHpOHaMHL.

KunrodoBi ciioBa: pekypeHTHa HEHpoHHA Mepexa, Iu(epeHIlianbHi PiBHAHHS 13 3a-
Mi3HEHHSIM, eKCTIOHEHIia]bHA CTIHKICTh, (yHKIioHAN JIsmyHOBA.

BCTYII

[IpoTsiroM OCTaHHBOTO Yacy AOCTIKCHHS B Tally3i IITyYHHX HEHPOHHUX MEpekK
€ OJHMMHU 3 MPIOPUTETHUX Yy HAyLi Ta TEXHili. 3aCTOCYBaHHS HEHPOHHUX MEPEK,
OB’ sI3aHEe 3 MiarHOCTUKOIO [1-3], po3misHaBaHHAM o0Opa3iB [4, 5], 00pobIeHHIM
CUTHAJIB [6], Mae BaKJIMBE 3HAYCHHS ISl BUPIIICHHS 0araThOX MPHUKIAIHUX 3a-
BIaHb. [l BUpilIeHHs] HaWCKIaIHIIIMX 3aBIaHb (HAIIPHUKIIaA, MOJCIIOBAHHS Ta
00p0oOJIEHHST HENEPEPBHOTO PYKOIMCHOTO TEKCTY, MOBJICHHS 1 MOBH) IPOIIOHY-
I0Th BUKOPHUCTOBYBATH PEKYPEHTHI HEHpOHHI Mepexi [7, 8].

3 MEeTOr0 MOCIiPKeHHS IMPOKOTrO KoJia MpoOjeM aHami3y CTIiHKOCTi, CHH-
XpOHI3allii Ta OIiHIOBaHHS 301)KHOCTI 3aCTOCOBYIOTh MOJIEINI PEKYPEHTHHX HEW-
POHHHUX MepeX Ha OCHOBI CHCTEM TU(epeHIliabHUX PIBHIHD i3 YaCOBHUMH 3aITi3-
HeHHsIMH. HemepepBHO a00 IHUCKPETHO PO3MOAUICHI 3ami3HEHHS, CIPHUYMHEHI
4acoM, 110 3aTPavaeThecsi Ha 00UMCIICHHs Ha MONEePeHiX By3/Iax, CIIOCTEPIiraroTh-
csl B Pi3HMX HEHPOHHUX Mepexax. SIK MpuKIaau MOXXKHa HaBECTH HEWPOHHI Me-
pexi Xondinga, KIITHHHI HEHPOHHI MEpexXi Ta ABOHATIPSAMIICHI HEHPOHHI MEpexi
3 acoliaTHBHOK MaMm’aTTio. [Ipu LbOMY 3ami3HEHHS MOXXYTh BIUIMBAaTH Ha XiJ
KOJIMBaHb, HECTIMKICTh Ta MPOAYKTHUBHICTS Mepexi [9—11].

3a MOmoOMOror MoJee Ha OCHOBI mudepeHIliaTbHuX PiBHAHD i3 3alli3HCH-
HSIM MOXXYTb OYTH IOCTIKEeHI AMHAMIUHI XapaKTEPUCTHKH PEKYPEHTHHX Hel-
POHHUX MepeK i3 3ami3HeHHsIMH dacy [12, 13].

VYpaxoBytoun To# (hakT, 1m0 TII0OaIbHA CTIHKICTH € OJHIEI0 3 HAWBAXKIIHBI-
MIMX AMHAMIYHUX BJIACTHBOCTEH HEHPOHHUX MEPEXK, MPOTIATOM OCTAHHBOIO 4acy
JOCHIDKEHHSI CTIHKOCTI AN HEWPOHHHX MEpeX 13 3ali3HEHHSIM CTOCYBaJHCs
I00abHOI aCHMIITOTHYHOI cTikikocTi [9, 10, 14, 15], rmo0ampHOT eKCITOHEHITia-
JIBHOI cTifikocTi [11, 16] 1 pobGacTHOT critikocTi [17].

ExcrnioHeHIianbHa CTIMKICTh € YaCTO BUKOPHUCTOBYBAHOIO JUIA JOCIHIIKEHHS
0araTb0X CHCTEM, OCKLIbKHM BOHA OIMCYETHCS YITKMMHU ITOKA3HUKaMHM IIBUAKOCTI
3racaHHs eKCIIOHEHIIaNbHOI OIiHKHU. [y OTpUMaHHS TaKHUX OIIIHOK 3aCTOCOBY-
€TBCS PAJ METOJIIB, cepell SIKUX AOLIIFHO BUOKpeMHUTH HempsMi [ 18, 19] ta npsmi
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metoau. [IpsiMi MeTonu TpyHTYIOThCs Ha ToOyaoBi ¢yHKIioHana JlsmyHoBa Ta
OIIiHIOBaHHI MOTO 3arajbHOIl MOXiMHOI. EKCIIOHEHIabHy OIIHKY MOYKHA 3HAWTH
SIK pO3B’SA30K pi3HHULIEBO-AH(EepeHIiabHOI HEPIBHOCTI 010 QyHKIioHana Jlsmy-
HoBa [20]. YriMm, y nparti [21] ans JTiHIHHOT HECTAI[IOHAPHOI CUCTEMH PO3POOIICHO
METOJI, IKHW TPYHTYETHCS Ha OTPUMAaHHI Pi3HHUIIEBOT HEPiBHOCTI 1 QyHKIIIOHA-
na JlsmyHnoBa. et MeTom CKIIamHIMIIN 11 TOOYI0BH HEPIBHOCTI IS (BYHKITIO-
Hana JlsmyHoBa, aje mpomoHye OiMbII MPOCTHH PO3B’SI30K W€l HEpPiBHOCTI.
VY cBOIO dYepry, IIBUAKICTh 3racaHHs MoOXe OyTH po3paxoBaHa K pe3yJbTaT
YUCJIOBOTO PO3B’SI3aHHS HETIHIHHOTO alTreOpUIHOTO PiBHIHHS.

MeTta po6oTH — PO3pOOICHHS METOAY IMOOYIOBH OIIIHKH €KCITOHCHITiab-
HOTO 3racaHHs JJis PO3B’A3aHHS CUCTEM MU(epPEHIIaTbHUX PIBHSIHb, [0 BUKOPU-
CTOBYIOTBCS SIK MOZEJ PEKYpEeHTHHX HEWPOHHHMX Mepex. Taky OLIHKY MO)KHa
3aCTOCOBYBATH ISl BUOOPY TapaMeTpiB HEMPOHHOT MEpeXi, 1o 3a0e3neuyBain 0
il onTHManbHY 301KHICTh 10 CTIHKOTO CTaHy.

Y po0OOTi BUKOPUCTAHO TaKi MO3HAYCHHS:

|(p(0)|T = sup 7| 0, (6)| — HopMma BekTopa-(pyHKIii, ne ¢yHKIil

0e[-1,0], i=1,n

pe Cl[—r, 0] e memepepBHO nudepenuitoBannmu Ha [—T,0];
||M || — JIOBiJIbHA MaTpUYHa HOpMa Juist Matpuii M € R™" ;

||x|| — €BKJIiZIOBAa HOpMa s BeKTopa x € R” ;
A max (®) — MakcHuMallbHE BJIaCHE 3HAYEHHS MaTpPHUL;
T

max =Max{Ty,..,T,}.

MATEMATHYHA MOJEJb PEKYPEHTHOI HEUPOMEPEXI

POSI‘J’I)II[EI€TI:C$I PCKYpPCHTHA HeﬁpOHHa MEpeKa, ornrMcaHa CUCTEMOIO ,I[I/I(l)epeHLlia-
JIBHUX piBHHHB 3 JUCKPCTHUMU 3aIi3HCHHSIMHU:

-
() =—Ax(t) + 2 W, g(x(t =1, (1)), 0]

m=1
ne x(t)e R" — Bekrop crany; A=diag(a,,a,,...,a,) — HiaroHaabHa MATPHI 3
JOJAaTHUMU eneMmeHTamu; a; >0, W, = (wg’ Vusn> M :1,_r — MaTpulli Bar;

g(x()) =g (x(2)), g, (x(?)),....g, (x(t))]T e R", x(t) nosnauae QyHKIii aKTUBALii
HEPOHa, sIKi € MOHOTOHHO OOMesKeHHMH, HecraHuMe, g ;(0) =0 i BUKOHYOT-

c YMOBH

0< g;i(€)-g;(&,) <1;
&1—%
‘21,@2 € R: ‘:1 # éz, j = 1, 2,...,n.
OomexeH1 yHKLIT T,,(f) € AUCKPETHUMH 3aII3HEHHSIMHI CUCTEMH, IPUIOMY

0<t, )<y, 1,0)<Ttp(0)<], m=Lr.

2
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Excnonenyianvha oyinka 0ns pexypenmuoi HepoHHOI Mepedci 3 OUCKpemHUM 3ani3HeHHAM

[NouaTkoBi ymoBH cuctemu (1) MarOTh BUIIISIIT
x;(s)=9;(s), se[-1,,0]. 3)

VY dopmyni (3) ¢;(s) € HenepepBHUMHU IIHCHO 3HAUYIUMH (QYHKLISIMH,
AKIo s €[—1,,,0].

Sk mokaszaHo y mpami [22], mig 4ac BUKOHAHHS MPUITYIIEHHs (2) pO3B’ 30K
cuctremu (1) icHye utst BCix ¢ >0 1 € equHUM.

PO3POBJIEHHA METOA4Y EKCIIOHEHIOIAJIBHOI'O ONIHIOBAHHASA
OcHOBHa i/ies] METOly EKCITOHEHIIIaThbHOTO OIiHFOBaHHs Po3B’s3KiB (1) mosmsirae
B ITOOYOBI pI3HMIIEBOI HEPIBHOCTI I KBaapaTudHoi ¢yHKmii JIsmyHoBa

v(p)eC ! [—7,0] y Bursiai
v(t) <dvo(t—-21), t=21,

1t mesikoi cranoi d € (0,1).

BuxinHOW0 € HepiBHICTBH Ui MOXigHOI ¢yHKUioHana JIAmyHOBa y BHITISAL
v(f) < —u”x(t)zu Jutst estkoro > 0.

Jns oTpUMaHHSI €KCIIOHEHIIaJbHOI OLIHKM HEOOXiIHO BUKOHATH YOTHPH
OCHOBHI KPOKH, 30KpeMa o0y ayBaTH:

1) HWKHIO OLIHKY Ui po3B’s3Ky x(¢), a came ¢dyHkuiro M(¢), mo 3ane-
JKUTH BiJ 3Ha4YeHHs (yHKIioHana JIsmyHoBa v(¢) Taky, IO JUIA JOBUILHOTO JO-
CTaTHBO BEJIMKOI'O ¢ iCHYE § €[f —T,f] Take, 1O ||x(s)|| >M(t);

2) BEepXHIO OIMIHKY I X(¢), a came ¢pyHKImifo L(¢) (3ameXuTh BiJ 3HAYCHHS
L(t — 1) ), O 32 TOBUTFHOTO IOCTATHBO BEIMKOTO { OTPHMYEMO ||5c(t)|| <L();

3) HUXKHIO OLIHKY JUIS PO3B’si3Ky x(f), a came QyHKIito M (f) (3anexuTh
BiJI 3HaueHHs (QyHKHioHana JlsmyHoBa v(¢) ), MO U AOBIILHOTO JOCTaTHHO Be-
JUKOTO ¢ icHye Takwid iHTepBan [ C[t—1,t], 1m0 ||x(s)||2M (1)/2 nmns Oynb-
SIKOTO 5 € [ ;

4) pi3HHIIEBY HEPIBHICTh JUIs KBaJpaTUIHOTO (hyHKIioHANa JIsmyHoBa L(()
3a JIONIOMOTOI0 1HTErpyBaHHA Ha iHTepBami s €[t —1T,¢] owiHku L(f) < —p ||x(t)|| 2

IUtst neskoro p>0.

OIIHKA JIJISI MOXIJTHOT ®YHKIIOHAJIA JIAITYHOBA

Posrnsremo ¢ynkmionan JlsmyHoBa y BUTITISI

r 0
v(@) =" (090 + Y. [g" (@)}, (5)g((s))ds, 4)

mil_-[m

ne V,,(s)eR™", se[-1,,,0] — meski 10qaTHO BU3HAYEH] MATPUYHI DYHKLI].

Cucmemni docnioxcenna ma ingpopmayivini mexnonoeii, 2019, Ne 2 85



B.II. Mapyenwx, A.C. Ceepcmrok

O6uncanMo nmoxiaHy (hyHKIiOHA a B3IOBK po3B’A3KiB cuctemu (1):

0(p) = (— x'(A" + igT(x(z T, )Wy Jx(t) +

m=1

+x! (t)(— Ax(f) + Z W, g(x(t-1,, ))] +

m=1

+ i(gT(xa))Vm (Og(x(1) =g " (x(t =T, Wy (t =T, g(x(t = 7,,))) = ETEE, (5)

m=1
ne &= (x(1), g(x(1)), g(x(t = 11)), (Xt =T,)) ' ;

[-24 0 W W, w, ]

0 DV, 0 0 0

m=1

=_|Wm 6 -Wi-t) 6 0

W2 9 9 —Vz(z—fz)"' 9
! 0 0 0 ~V.(t-1,)]

ne 0e R™" — marpuis 3 HyJIbOBUMH €JIEMEHTAMM.
Jlema 1. 3riguo 3 mpaueto [21] st 10OBUTBHUX BEKTOpPIB y,z€ R" Ta Mmar-

puni C e R™" maemo
27T z<2TP 24+ yTCT POy,
i P — Z[OBiJ'IBHa JA0JaTHO BU3HAYCHA MATPULIA.

PosrnsiHeMo cknazoBy 2gT (x(t—tm))W,,f x(t) y ¢dopmymni (5). Jns Oynab-
SIKOTO (hiKCOBAHOTO PO3B’SI3KY X 1 (PiKCOBAHOTO ¢ MOYKHA 3aCTOCYBATH JieMy 1, e
samicts C, y Ta z mokmagemo W, , g(x(t—1,,)) i x(t) Bignosigso. Otpumyemo

28T (x(t =T, )W, x(1) < x"(£)P, " x(1) +

+g" (x(t -, )m," B, g(x(t-1,))

JUIsL JOBLIBHOI 10JaTHO BU3HAUeHOI MaTpuui P, .

3acTOCYBaBIIU BEPXHIO OIIIHKY Yy Gopmyi (5), AicTaHeMO

e (t)(— 24+ iP,;l Jx(r) + igT (X)W, (1) g (x(1)) +
m=1

m=l1

+ igT(w—rm Ny B,y =Vt =T, Ng(x(t —1,))=E"EE,  (6)

m=1

ac
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Excnonenyianvha oyinka 0ns pexypenmuoi HepoHHOI Mepedci 3 OUCKpemHUM 3ani3HeHHAM

—24+Y" P 0 0 0

0 v, (1) 0 0

g = 0 0 WA -Vit-1) 0
i 0 0 0 e WIBW,-V,(t-1,)]

Teopema 1. Hexaii cucrema (1) € Takoro, IO iCHYIOTh JIOJAaTHO BH3HAUYEHI
marputi A,..., P., 15 SKuX MaTpuls

o lpos
.
B, =-24+ Y.(B,' +diag(I*)W,, P,W,,)
m=1
€ BiI’eMHO BU3HaueHo1o; TyT diag (/ 5= diatg(ll2 ,...,1,2 ).
Toni icuye p; <0 Take, mo Vg < || x(7) ||2

Hosenennsi. IIponoskyroun popmyiy (6) Ta BAKOPHCTOBYIOUH IPHITYIIEHHS
(2) m1st g(e), MoxHa 3anmcaTH:

O < x! (t)[— 24+ Zr:P,,fl ]x(r) + Zr:xT (t)diag ())V,, (¢t)diag(l)x(t) +

m=1 m=1

+ 3 g (=t OV By Vit =1, g (3l — T,0)).
m=l1

- T
3aminuBum W,, P, W, na V, , orpumaemo

O < X! (z)(— 24+ Y P+ diag(l)W,) B, W,,diag (l)jx(t) <
m=1 m=1
- 2 2
hmax ED) 1 X@) [7=py [ (@) |7

TeopeMy noBenEHO.
CxanspHuii BUnaaok. Po3risiHeMo HepiBHICTh

-

) < [- 24+ P+ W,,%P,nlzsz(t).
m=l1

IIpaBa wacTMHa HEpiBHOCTI Mae MiHiMalbHEe 3Ha4YeHHs, skmwo W, #0 i

P = 1/|Wm , m= I,_r . Y 11b0OMy BHIIAIKY

O, s(— 2A+(1+ZTZ)Zr:| W, |Jx2(t). (7)

m=l

PIBHUILIEBA HEPIBHICTD JJISA ®YHKIIOHAJIA JISIITYHOBA
Bukopucraemo pmomomikHi  pe3ynabTatd  [21], oTpumani aus  JtiHiHHOT

HECTAIiOHAPHOI CHCTEMH i3 3aIi3HEHHSIM, BUXOASYU 3 HEPIBHOCTI ISl MOXiIHOT
(dynkiionana JlsnyHosa (4).
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Jlema 2. Jlna OOBUIBHOIO 27T, ICHYE S€E[f—T,,,¢] Take, M0
x(8)||=M(¢), ne
[ x(s) ] ) y

e w0
1+171 21| Pemax Vo (D ]z, T
=

Jema 3. Slkmo Oy <0, Tomi |[x(D)[[SL(), (2Tpe, Ao L()=

=(|| All+17]] iln W, ||](o(t—2rmax)>”2.
=

Jlema 4. Jlns nosimsHOTO ¢2>27,. IiCHYE S€[t—T,,,,¢] Take, WO 1A

. M
Oynp-sikoro 0Oe€/  chiBBiAHOIIGHHS ||x(6)||27 BUKOHYETHCS,  SIKILO

I=[s—=M/2L;s+M /2L N[t —T.,t], 7e M Bukopucrano 3 jemu 2 Ta

L, =(I| Al =+ iII W H](U(t_zrmax))l/z-

m=1

Teopema 2. BpaxxaTumemo, 1110 IpUTYIIEHAS TeopeMu 1 BUKOHYeThes. Tomi
icHye momatHa ctana d <1 Taka, mo

V() Sdu(t —Thay ), 221

max:

Josenenns. I3 Teopemu 1 BUIIMBae, 110
: = 2
Oty £ Amax (B2 [ X(@) [I7<0. )

Sxmo U(Z‘* —27max) =0 114 nesxoro £, 10 u(t*) =0 1 TBepmKEHHS €

*
CIIPaBeUIMBUMH IS ¢ .

[pumycTtimo, 110 U(t*—2rmax)>0 I IEAKOTO t Bin cynportuBHOTO
MaTHMEMO

V() > do(t =T ). 9)

I3 Bupasy (8) BummBae, mo

0<0(") <O =Ty )+ o Ea) [+ 1 X(0) PO < 0(¢” = T ) +

ax

2
*)
+xmax(az)j,(M ¢ J o<

£ \2 \
R R )
1
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VYpaxosyrwoun (9) mia M (t*)/ L (t*) , MAEMO TaKy OILIHKY:

M) _ u(t) i 1 1 S
L") (0 = 2tpy) o Yl
(D S RTACTIRN Q AR
m=1 -

> 1 1 d'’?.

1/2 r
[1mz”Wm”nmax(Vm(.»hm ] ERA
m=1 -

Buznagaemo KOHCTAHTY P TaKUM YHHOM:

1 1

0< p= - r :
A+ L0 Y P VD), 1)+ ]+ X7
m=1 m=1
. M(t%) 1/2
Toni —L1 ) >pd 7.

)2 1/2
Otxe, V(I*) SV * Ty ) + Amax (B )(Mg )j min(%i;&} )

. 1/2 -
CrioyaTky IpHUILYyCTIMO, IO T, > pPd '~ . 3Biacu

. . _ L t* d1/2
0(t) SO = Ty) + A (B2) . ) P 7
1LY Qo Ve (O, T,
m=1
To6to V(1) SV =Ty ) !
e 1— A‘max(EQ) + pd1/2
A B LD SN0
m=1 "
VY upomy BUMAAKY Hexail d € eTUHUM (OJATHUM) PO3B’SI3KOM PiBHSHHS
1
- 172 =d,
1- }\‘max (:‘2) + pd
8 r
111 R Vi (0], T
m=1 "
a0o
= 1/2
11T P V()] 7,
m=1 m

BuxopucroByroun (10), MoxHa 3amucaru U(I*) < du(t* —Toax), IO €
CYTIEpPEUHICTIO.

3 iHIIOT0 OOKY, MPUIYCTIMO, IO T, < pd 2
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. * * —_ 1 L t* T
Tomi v(f )<V —Tpax) + Amax (B2) - ) “;X .
1+ ITZ zp“max (Vm (.)]Tm Tm
m=I
% % 1 T
TobTto V(f )<Vt —Tpay) — 4 —max
1— kmax (‘:'2) T max
8 r
1+ o Vi (’))L:,, T,
m=1 g
VY npoMy BUNAAKY Hexail d MaTWMe TaKuil BUTIIS;
1
d= —
1— )“max (':‘2) Tnax
8 r
1Y P VD), T
m=1 g

Tomi U(t*) < du(t* — Ty ) » 110 TAKOXK € CYTIEPEUHICTIO.

Hacainox 1. Ilpumyckairouw, 00 yMOBH TEOPEMH 2 BUKOHYIOTHCS,
KOHCTaHTy d <1 MOXXHa MOJATH y BUTIISL

1

max

, SIKIIIO T <pd1/2,

1— )"max (52) Tmax e
(I T R0 WA (/Y AN U
dy, AKIIO  Tpay > pd'?,
ne dy — enuHUN JOAATHUN PO3B’SI30K PIBHIHHS
8 4 )
1Y P e, ]rm
m=l1
VY popmymi (11)
1 1

pi=

[lﬂTlix w2 e,w, k jm A+l

m=1

. T .
JloBeneHHs BUILIUBAE 3 HiAcTaBlIssHEa W, P, W, 3amictb V,, .

Teopema 3. [IpumyctimMo, 0 BUKOHYIOTHCS TPUITYIIEHHS TEOPEMH 2.

Toni icHyrore koHCcTaHTH A >0 1 k>1 Taki, mo v()< U(O)ke_M ,
122%T 00 -

JoBenennsi. Hexait A i & MaioTh BUTIISIA
logd

27

O<A=-

1
,I<k=—.
max d
[punycrimMo, mo ¢>27 — JIOBUIbHHM MOMEHT dYacy 3 IHTepBajy

tel2it 20+ )Ty ) - Tomi

max

max >
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O(t) SO(t =21, )d SOt — 41, )d* <. <t =2ty )d' <
< u(o%ar”1 < v(0)ke 2 max (FD) < Q) ke ™ .

Teopema 4. Hexaii BUKOHYIOTbCSI IPUIYIIIEHHS TEOPEMHU 2.
Tomi icHytoTh KOHCTAaHTH £ >1 1 A >0 Taki, mo

1/2 _(\/2 —(M/2)t
xl, <Ok e Dtmax =MDy 30

. . 2
JloBeieHHs1 BUIUIMBa€E OE3MOCEPEIHBRO 3 HEPIBHOCTEH ||x(t)|| <u(?),

(|X;| N )2 <v(t—1,,,) iTeopemu 3.

Tm

Mpuxaan. Po3risgaeTscs peKypeHTHA HEMPOHHA Mepeka 3 TphoMa HeUpo-
HaMH, 1[0 BUKOPUCTOBYBANACS sIK Mpukiaja y npaui [23]. Ilpu upomy

6 0 0 -3 -1 -1
A=[0 6 O|; W =|-1 -3 -1}; (12)
00 6 -1 -1 -3

g1(x) =g,(x)=g3(x) =tanh(x), xe R3, 1,=0,2.

3acTOCYBaHHAM pE3yJbTaTy TEOPEMH 4 BCTAHOBJICHO 3HAYEHHS E€KCIIOHCH-
mirHoro 3racanus A =0,12 .

TpaexTopii po3B’sI3KiB MOKa3aHO HA PUCYHKY, d, & CKCIIOHCHITIAIbHA OIliHKA

PO3B’S3KIB — Ha PUCYHKY, 0. I3 pucyHKa, a 6auuMo, 10 TPUBIAILHUHA PO3B’A30K
CUCTEMH € CTINKHM (HOKYCOM.

X1 1 norm_Xx
< © \ g
o B ) s 1L ---- exponential
X3 [0 estimate
o~ \
S ] s
o \
o A iR
c v ™ \
o \\
o | .
< o | el
T T T T r © T T T T T
0 5 10 15 20 0 5 10 15 20
a

0

TpaexTopii po3B’s3KiB (@) Ta eKCIIOHEHIlIAIbHA OIlIHKa PO3B’s3KiB (0) cucteMu nudepe-

HIIaJIbHUX DIBHSHB 13 3aIli3HEHHSM, 337aHoi napaMeTrpamu (12), M0 BHKOPHCTaHO SK
MOJIeTIb PEKYPEHTHOI HEHPOHHOI Mepexi 3 TpboMa HelipoHamu [23]

BHUCHOBKHA

Y po06oTi AOCTiAKEHO MOJIENb PEKYPEHTHOI HEHPOHHOI MepesKi y BUTIISI CUCTE-
MU audepeHIiaTsHUX PiBHSAHB i3 3ami3HeHHsAM. [1o0ynoBaHO eKCITOHEHIIaTbHY

OLIIHKY pO3B’s3Ky Au(epeHIiaTbHUX PIBHIHD 31 MIBUIKICTIO 3racaHHs, M0 3ae-
JKHUTB Bijl 4acy 3aIli3HeHHS.
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3’sicoBaHO, MO TPAJMIIiHI METOAM TOOYJOBH EKCIOHEHI[IAJILHUX OIIIHOK
PO3B’sI3KiB cUCTeM audepeHIiaTbHIX PIBHAHD 13 3aIi3HEHHSIM TPYHTYIOTHCS Ha
mudepeHianbHIX ad0 audepeHiaTbHO-PI3HUIIEBIX HEPIBHOCTAX, IO BKIFOYA-
10Th (YHKIT (byHKIIOHANH) JISTTyHOBA 1 MONATAIOTh B aHAi31 BiIIMOBITHHUX
JMHIMHAX MaTPpUYHUX HEPIBHOCTEH. BomHOYac MeTom Ha OCHOBI Pi3HHIIEBOI HEPIB-
HOCTI 7151 pyHKIioHamiB JIsmyHOBa Jae 3MOTy OTPUMATH OLIHKK €KCIIOHEHITiab-
HOT'O 3racaHHs SK PO3B’SI30K HEJIIHIHHOTO adreOpUYHOTO PiBHSIHHS.

VY nopaibiuX AOCHIKCHHSIX OTPUMAaHI pe3yJbTaTh MOXHA BUKOPHUCTATH
JUTSL BUPIIIICHHS MPOOJIEM ONTHMIi3allii peKypeHTHUX HEHPOHHUX MEPEK y Mpak-
TUYHUX 3aCTOCYBAHHSX.
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HABJIN)KEHE MIHIMAKCHE OLHIHIOBAHHSA
®YHKIIIOHAJIB BIJ] PO3B’SI3KY ITAPABOJITYHOI 3AJAYI
31 HIBUAKOKOJIMBHUMMU KOE®INIEHTAMUAU
1] YAC HEJIHIMHUX CIIOCTEPEXXEHD

0.A. KAITIYCTSH, O.. HAKOHEYHU

AHoTamisi. Po3risiHyTO 3a7ady MIiHIMAKCHOTO OIIHIOBaHHA (yHKIOHAIA BiX
PO3B’s3Ky mapabosivHOi 3a1a4i 31 MIBUIKOKOIUBHUMHU KoedimieHTamu. BUMiproeTh-
Csl HEe caMa BEJIM4YMHA, SKa OIHCYE JOCIIDKYBaHE SBHILE, a CIOCTEPIracThes AesKe
3HAYCHHs BiJ PO3B’S3Ky 3 ONEPaTOpOM, 1[0 BU3HAYae crocid BumiproBaHHs. [Ipo-
OJleMa YCKITaJHSIOTHCS HE JIMIIE Yepe3 IIBUIKOKOIHMBHI KOEQIlieHTH Ta HEBiZoMi
(hyHKOii, sIKi BXOAATH 10 PIBHAHHS Ta MOYAaTKOBUX YMOB, a 1 4epe3 Te, IO CIIOCTe-
peXeHHs € HeNiHIMHUM (Mae olepaTop THILy CyIepHosuiii). 3a 3Ha4eHHS Majoro
mapamerpa € > () icHyBaHHs PO3B’SI3KYy BHXIZHOI 3a1adi BCTAHOBIIOETHCS 33 JOTIO-
MOTOI0 TpaJHLiifHOro MiHIMakcHOro miaxoxy. Ilepexix mo 3amadi 3 ycepeaHEHUMHU
napaMeTpamMu J03BOJISIE 3BUIBHHUTHCS BiJl HeNiHIHHOCTI y crmoctepexeHHi. OCHOB-
HHUM pe3yJIbTaTOM POOOTH € JOBEISHHS TOro, 10 MiHIMaKCHa OLIHKA 3a1adi 3 yce-
penHeHnMHE KoedilieHTaMu € HaOIIKEHO0 MIHIMAKCHOO OLIHKOIO BUXITHOT 3a1adi.

KiouoBi ciioBa: MiHiMakcHe OIIiHIOBAaHHS, Mapa0oiiyHa 3a/ava, OIBHIKOKOJIWUBHI
KoeilieHTH, ycepeJHeHa 3a]a4a, HeBH3HAYCHICTh, HAOMIKEHA OLliHKA.

BCTYII

VY Teopii kepyBaHHS 3HAYHE MiCIIE€ TIOCIIAIOTh npobiemu no6y008U KOHCMPYKMU-
BHUX MemO00i6 MOOeN08AHH S, AHANI3Y Ma ONMUMI3ayii cucmem 3 HeNOBHUMU Oa-
HUMu SIK 711 IeTePMIHOBaHUX, TaK i CTOXaCTHYHUX CHUCTEM, IO OMHICYIOTHCS 3BH-
YailHUMU JuQepeHIlialbHIMU  PIBHSHHAMHA a00 PIBHIHHSIMH 3 YaCTHHHHUMU
noxigaumu. OcHOBH Takoi Teopii [1—4] 3anovyarkoBano B 70—80-Ti poku MUHYJIO-
ro CTONTTA. TeopeTuduHi pe3yIbTaTh Y IIbOMY HampsMi CTaIH OCHOBOIO ISl PO3-
poOsieHHsT e(DeKTHBHHUX aNTOPUTMIB PO3B’SI3yBaHHS 3a/1ad OIIHIOBAHHS, IPOTHO-
3yBaHHS, ONTUMI3allii, IOCTI/PKEHHS CTIHKOCTI Ta aHalli3y CHUCTEM, IO
(hYHKITIOHYIOTH B YMOBaX HEBU3HAUCHOCTI Ta HETIOBHOTH JaHUX. Ha OCHOBI Takmx
TEOPETHUYHUX PE3yNbTATIB YIPOBAKEHO iH(POpPMAIiHHO-MaTEMaTHYHI TEXHOIOT11
y PI3HHX MPEIMETHHUX Taly3ax, 30KpeMa JITaJIbHO-KOCMIYHOTO Ta TiAPOaKyCTHY-
HOTO HampsIMiB, ONITUMAJILHOTO MPOEKTYBAHHS CYYaCHUX MaHIMyJAMIHHIX PoOo-
TiB, COLIIATPHO-€KOHOMIYHUX Ta IHTETEKTYaJbHUX CHCTEM.
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Habnusicene minimakche oyinio8anus YyHKYIOHANI8 810 po3s a3Ky napaboniynoi 3a0aui ...

HesBaxaroun Ha akTyaJabHICTh, 3a/1ada MiHIMAKCHOTO OIIHIOBAHHS IJIT HE-
CKiHUEHHOBUMIPHUX CHCTEM € HEJOCTAaTHBhO AOCIiIKeHOI0. [IpHHIMMIOBI Tpyn-
HOIIlI BHHHUKAIOTh TIPH y3arajibHEHHI 3a7ad OI[IHIOBAHHS HA BWITAJIOK PIBHSIHB 3
YaCTHHHUMH MOXiTHUMHU. [3 1i€l0 MeTo0 moOyI0BaHO TEOPi0 MiHIMAKCHOTO OLi-
HIOBaHHS (YHKITIOHAIIIB BiJ PO3B’S3KIB PIiBHAHB [5—6]. MeTomamMu MiHIMaKCHOI
Teopii OLIHIOBaHHS PO3B’SA3aHO PsA 3aJad MPOTHO3YBaHHsS PO3B’S3KiB PIBHSIHB
apaboTiTHOTO THUITY 31 IMIBUAKOKOJIMBHUMH KOE(IIliEHTaMU 3a TaHUMH BHMIpIO-
BaHb, 30kpeMa [7]. CnenianbHi 0OMEXEHHS KOpeSImiHHNX QYHKIIH BUIaIKOBHX
MIPOIIECiB, IO BXOIATH IO MPABUX YACTHH Ta JO MOXHOOK BUMIpIOBaHb, TO3BOJIH-
JIM OTpUMATH 1MapaloIliyHi piBHSHHS JJIs1 MiHIMAKCHHUX TMPOTHO3HUX OIIiHOK.

Y mpangx [8—10] 3amponoHOBaHO i OOTPYHTOBAHO MPOIEAYPY MOOYIOBU
HaOIMKEHOTO ONTHUMAIBHOTO KepyBaHHS y (opMi 3BOPOTHOTO 3B’SI3KYy (CHHTE3Y)
JUTS IIUPOKHUX KJIACIB PO3IMOMITICHUX MPOIECIB y MIKPOHEOIHOPIAHUX CEPeIOBH-
ax, sKi JOCHipKyBanucs panimie y npaii [11]. V 3aranbHOMY BUNAAKYy 3HAWTH
TOYHY (OPMYJy ONTUMAIBHOTO CHHTE3Y U TaKWX 3ajad HeMoxiuBo. [Ipore
nepexij 10 ycepeAHEHUX apaMeTpiB 3HAYHO CHPOLIYE CTPYKTYpY 3a1adi.

Y poboTi po3risgaeThes 3amada MiHIMAKCHOTO OIIHIOBAHHS (YHKIIiOHANa
BiJl pO3B’sI3Ky MapaboIivyHOI 3aa4i 31 IIBUIKOKOJIMBHUME Koedilienramu. Bumi-
PIOETHCS HE cama BEIMYHHA, sIKa OTHCYE JAOCHIKYBaHe SBHIIE, a CIIOCTEPIracTh-
csl iesike 3HAYEHHsI BiJl PO3B’SI3KY 3 ONEPaTOpPOM, IO BHU3HAYAE CIOCIO BUMIpIO-
BaHHs. [[pobnema yckiragHsIe€TbCS He TUIIE Yepe3 MIBUIKOKOIMBHI Koe(illieHTH, a
1 yuepes Te, MO CIOCTEPEKECHHS Ma€e ONEepaTop TUIY cymepro3ulli. Tomy Bunpas-
JaHUM € Tepexin 0 3aaadi 3 ycepeAHeHUMH napamerpaMu. OCHOBHUM pe3yJibTa-
TOM POOOTH € JOBEICHHS TOTO, IO MiHIMaKCHA OITiIHKa 3a7adi 3 yCepeIHCHUMH
KoedilieHTaMu € HaOJIMKEHOI0 MiHIMAKCHOIO OIIIHKOKO BHXIIHOI 331a4i.

IMOCTAHOBKA 3AJTAYI
Y muniaapi QOp =(0,7)xQ, ne Qc R" — oOMexeHa 061acTh, PO3MIISIAETHCSA
3a1aya
Gyg €..E
=A + f(t,x),
Py Yo+ f(t,x)
Yy ¢ |aQ =0, (D
yg |t:0: Yo (X),

ne A° =div(a®(x)V), a®(x)=a(x/¢), ae L*(R") — 3amana marpuus.
Crnocrepiraerbest GyHKITIS

T
VE) = [ C2(t,x, 75 (1,2)) - y° (¢, x)dt + g (x), 2)
0

ne C®=C%t,x,8):(0,T)xQxR —- R — 3amana sumipHa (yHKIis. OyHKUii

f el? ©Or) 1 ¥y el? () 13 cuctemu (1), a Takox QyHKIIS g el? (Q) 3i crmo-
CTepeKeHH (2) HEBIIOMIi, IPOTE BiIOMO, 110 BOHU HAJIEKATh OITYKJIiH 3aMKHEHIH
mHOXUHI G 3 npoctopy L7 (Q) x L (Or)x *(Q):
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0. £ gy e G =ty + Bl +lel” <. 3)

Tyt i Hagami |||| i (-,) — HOpMa i cKaJsIpHUN NOOYTOK Y I* (Q); ""QT s

¢, ')QT — HOpMa 1 CKaJIsIpHHUHA TOOYTOK Y r’ 7).
Kiracnuna mocraHoBka 3amadi MiHIMaKCHOTO OIiHIOBaHHSA [1] momsrae B To-
My, 100 OLIHUTH QYHKIIOHAI
1°) = [, x)y"(t, x)drdx , 4)
Or
ne lel? (Or) — 3anana dyukuis; y° — po3s’s30k 3anadi (1), y kinaci gpyHkiio-
HAJIIB BiJl CLIOCTEPEKCHHS

1(y°) = [VC(Du(x)dx, ue*(Q), (%)
Q
ne QyHKIis #° € po3B’sA3KOM 3amadi
. 2
sup (l(y‘s)—l(y‘s)j —inf . (6)
{y05f=g}€G
IIpu upomy 3HavyeHHs (6)
G, = inufJS(u) , @)
ne
R 2
Jo(u)= " sup (l(yg)—l(yg)) , 8)
Uo./.2leG

HA3UBAECTHCS MTOXUOKOK MIHIMAKCHOTO OIlIHIOBAHHSI.

Heninidinicts C® 1 HasBHICTH MIBUAKOKOJMBHMX Koediuientis y 4°, C°
3MYIIYIOTh IIYKAaTH HaOMMKEHUH po3B’s30k 3amadi (1) — (6), BHKOPHUCTOBYIOUH

Teopiro ycepennenus [11], [7]. A came, Hexait a® — yCcepenHeHa MaTpHIlT IS
a®(x), A°=div(a’ V), € =C°(t,x) — sanmana ¢ysxuis 3 npocropy L°(Or),
sIKa HE 3aJIC)KUTh BiJ ()a30BOT 3MIHHOT ) 1 € YCepEIHECHOIO Y MIEBHOMY CeHCI (yH-
kuiero s Co(¢,x,E) .

Tomi [1] 3a dikcoBaHoro u € I’ (Q) po3B’s30k 3amaui (8), ko €=0,

~ 2
(Z(y) —My)] > sup, o
0. f.g}€G
Mae€ BUIIIAL
Yom-220), f=-Lz g=-tu, (10)
o p Y

ac

2 -1
2 [lEOF Flo,
o B Y

b
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f(y):jvo(x)u(x)dx, uel*(Q), (1)
Q

CIIOCTCPEIKECHHA
T
Vi) =€)y (L)t + g(x),
0

a z € PO3B’A3KOM 33jadi

O 01,

ot
Z|p0=0, (12)
zl_r=0

Jlnst 3HaveHHs 3amadi (9) Maemo

N 2 2 2
2 0 z U
Ju)= sup (l(y) —l(y)) FOL, H, M (13)
018G p Y
Toni 3anaua
o, =infJ° (u) (14)
u
Ma€ €TMHUNA PO3B’ 30K 07°, sxuii XapaKTEPHU3y€EThCS TaKOI0 cCcTeMoto [1]:
» =A% - lz,
ot B
Ploa=0, (15)
1
p |Z:O: _Z(O)’
o
T
i2® =y[CO(tx)p(t,x)dt (16)
0

Iie z € po3B’s3koM 3amadi (12).
OcHOBHA TUTaHHS, SIKE JOCTIKYETHCS B POOOTi, — 4u Oye OIliHKa

1(y°) = [vé ()i (x)dx
Q

CIIyTyBaTH HAaONIMKEHOI0 MiHIMAKCHOIO OIIIHKOK Ul BUXigHOI 3amaui (1)—(6) 3a
JIOCTaTHLO MaimuXx € >0 .

ICHYBAHHSI PO3B’SI3KY 3AIAUI (1) — (6)

Hexaii a(x) — cumerpuuna, mepioguyHa Matpuus Taka, mo Jv; >0, v, >0

VxeR" VneR":
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n n n
Vlznf = Zai,j(X)nmj SVzZn?, (17)
i=1 i,j=1 i=1

C®:(0,7)xQxR —-> R — ¢ynkuis Kapareomopi taka, mo VEe R, Vee(0,1)
JUIs Maiike Beix (M. B.) (£,x) € (0,T)xQ :

‘Ca(t,x,é)‘ <C,(t,x), (18)

ne Cy e L”(Qy) — 3anana HeBix’eMHa QyHKILisL.

Teopema 1. 3a ymoB (17), (18) 3agaua (1) — (6) mae po3B’s130K, TOOTO iCHY€
taka QyHKIig  °, HA AKil qocaraeThbes piBHICTH (7).

Josenenns. Jns ¢pikcoBanux u,y,, f,g MaeMo

107) = 1(7) = =(g.1) ~ (Z*(0),30) ~ (=%, ),

ne z° — po3B’A30K 3amaui

€
L 14 CRx v  (tx)),
ot
2 |50=0, (19)
z" |=r=0

Ockinbku Qynkuii u € L2(Q) i CE(t,x,y°) e L”(Qr), To 3amaua (19) mae
(crmabkwuit) po3B’s30K z°.

3a ¢ikcoBaHOTO U € I? (Q) 3amaua makcumizanii (8) Mae BUIIIA
((2°(0),70) + (2%, /), +(g:u))* = sup,

(20)
alvol + Bl g, +lel <1.

Ockimekn CE(t,x,y°) (a omxe, i z%) sanexuts Bix {yy,/}, T0 dopmymn
(10)—(13), (15), (16) BTpa4yaroTh CEHC.

Takum uuHOoM, QyHKmioHan u > J°(u) € OmyknuMm, HariBHENEPEPBHUM

3HM3Y, 1 JUIsl TOTO, 100 icHyBana #° Taka, 1o
o, =inf J*(u)=J*@"),
u
3TiIHO 3 TeopeMoro Beliepmrpacca [3] mocTaTHRO TOBECTH, IO | IHim Jiu)=o0.
u||—>00

JUst 1poro 3adikcyemo u € L2(Q) i naGip {yo, f, g}e G . Im BignosinaoTs
po3B’sa30k y°(z,x) 3amaui (1) i po3s’s30k z°(f,x) 3amaui (19) 3 npaBoro yacTu-
norw C°(t,x,y°(t,x))-u(x) . Posrmsremo 3agaay (1) — (6) i3 pikcoBaHor (yHKIL-

eto C®(¢,x):=C*(t,x,y*(t,x)). 3rigHo 3 MipKyBaHHSIMH, HaBEIECHHMH IIiJ 4ac
aHamizy ycepemrenoi 3amadi (9) — (16), po3s’s30k 3amadi (20) Mae BUTIISAA
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P =), [Pt g e,
o p Y

ae
-1
e
€ z 2
o Ol Flo |
o B Y
Posrsemo BinoGpakenns ¥ :G > G, ¥(yy, f,)= {6, f5 g°}.
Hexait
k ok _k 2 2 2
{yO af > 8 }_> {y05fag} €G cnabkoB L (Q)XL (QT)XL (Q) .
3Bigcu s poss’s3ky yp 3amaui (1) 3 ymoBamu f k. yé‘ 3TiHO 3 Tparero
[12] maemo

vi =B LX(Qp),

ne y°* =y°(t,x) — po3s’s30k 3anaui (1) 3 ymoBamu f, ;.

Toni 3 ymoBu (18) i Teopemu Jlebera oTpumaemo

C(t,%, ¥ (1,0) > C(1,x%, y* (6,%)) y L(Or). 21

Omxe, mis1 z; — po3B’s13Ky 3ama4i (19) 3 y; srigHo 3 mpaneto [12] maemo
zi > 2° B C(I0.T]; (), (22)

ne z° =z%(t,x) — po3B 30k 3amaui (19) 3 y°.
3i 30ixHOCTe# (21), (22) BummuBae, mo ¥ — HemnepepBHE BimoOpakeHHS i
Y (G) — xommakt. OTxe, 3a Teopemoro [llaynepa ¥ mae HepyxoMy TOYKY, TOO-
To 3{PE, f° 81 G
0. /5 8" =Yg, /% &°).

A

Hexait p°® — pose’ssok 3amaui (1), skwmii Bimnosimae 3, f°, Z° —
po3B’s30k 3a1adi (19), sxuii Bignosigae »°. Toxi na migcrasi (13)
A 2 5€ 2
=of Fly .
+ + <J*(u). (23)
a p Y

Orxe, lim J®(u)=o0 i TeopeMy I0BEIEHO.
Jue>

HABJINKEHA MIHIMAKCHA OHIHKA JJIA 3AJAYI (1) - (6)

Hexailt crana, nonaTHO BH3HA4€HAa MAaTpPHLIS ao € YCEepeIHEHOW I MAaTpPHIIi
a(x) [11], €% e L*(Q;) Taxa, mo

Vr>0 C®(,x,E)—> Co(t,x), e—>0y I* (Q7) piBHOMIpHO 1O |§| <r.(24)
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YBeaemo GpyHKIiOHAI

1(y°) = [ve(0)a° (x)dx, (25)
Q
ne i’ el? (©)) BusHauaeThCs 3 ycepeaHeHoi 3aaadi (9) — (16), 1 BenuaunHy
6.=J°@") = sup ((1.y*)g, —(v,0"))?, 26)
{v0.f.8}eG

ne y° — poss’sa30k 3amaui (1), ciocrepexenns v¢ mae Burasy (2).

HactynHa Teopema € OCHOBHHM PE3yJIbTATOM POOOTH.
Teopema 2. Ouinka (25) € HaOJMKEHOI MiHIMAKCHOIO OIIHKOO JIJISl BUXIiJI-
Hoi 3anaui (1) — (6), a moxu6k#u (7) i (26) G1MM3BKUMU 3a JOCTaTHBO MaUX € >0,
T06T0 YN >0 gy >0 Vee(0,g):
|csa - 6£| <n.
JoBenenns. 3a Teopemoio 1
o, =infJ*(u)=J°@°").
u
Toni

@) <IH 0= sup (LY, (27)
{r0./.g}eCG

ne y°®— poss’ssok 3anaui (1). st V{y,, f,g} € G 4epe3 ymosy (16) nis m. B. ¢
BUKOHYETHCS HEPIBHICTb

1 d e 2 € 2 e
@] v o| <lrolpro).
2.dt
3Biacu 3 HepiBHOCTI [lyaHkape BUBOANMO, IO
Ve e (0,1) sup [y® 0 <C, (28)
T

{vo./.g)eG
ne korcrauta C > (0 He 3aJIe)KUTH BII € .

3 mepiBHOcTel (27), (28) i (23) BuBOAMMO, IO {ﬁg}ge(o,l) oOMekeHa B
I’ (Q), oTxe, 32 MiANOCHIOBHICTIO JUIst Aesikol QyHKIIT v € I’ (Q)

7° —>v cnabko B L2(Q), £€—0.

0 0

Hosenemo, mo v=u", ae u — (QYHKIA, HA AKii omiHka /() BHUIIAILY

(11) € MiHIMaKCHOIO OITIHKOIO yCEepeaHEHOT 3a/1aui.

k

Hexaii ¢ =¢;, — 0, u°* =" . Toxi 3 ornsmy Ha HepiBHICTH (23)

. 2 | ak|P 2
k Zk(o)” “Z HQ i*
o =J%@")= + T + ,
&k
a p Y
ne Tpifika { j/(l)‘, 7% 651 e G e Hepyxomoro Touko0 BimoBpajkeHHS Y, 3 Teope-

mu 1, 36y 10BaHOTO 3a QyHKIIE X .
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Tonai 3a miAIOCIIIAOBHICTIO

6, FE 85> (9o, [, 8} cnabko B L2(Q)x L2(0) x L2(QY)

k

a 2% € pos’saskom 3amadi (19) 3 % i 4%, P — poss’ssox samaui (1), sxmo

€=¢g; 3 yMOBaMH f k. y{; . Tomi i3 mpari [4] BuIIMBae
e Q). (29)

Ie ¥ — po3B’s30k 3a1adi (1) 3 ymoBamu f, y, i €=0.

JloBeneMo, 1110 BUKOHYETHCS 301KHICTh
Co (t,x, 5" yi* > C%(t,x)v cnabro B L*(Qy). (30)

3i 30ixkHOCTI (24) BUIIIMBAE, 0 Vi >0

2
o (t,x,f/k(t,x))—CO(t,x)‘ didx =0, k- .

o (r) =sup I
[gf<r Oor

IToxmagemo
Or(k,r)={(t,x)|

3rigHo 3 HepiBHIicTIO Yebumiosa i 30ixHicTIO (29) oTprMaemMo

w0\ 0p k)<L |
r or

ne xkoncranta C >0 He 3amexuTh Bifg &, 7.

S, x)‘ <r

P, x)‘dt < S
r

Tomi
3 ~k 0 2
[ e x5 @xp - (t,x)‘ dt dx =
Or
¢ ~k 0 2
= | ‘c E(t,x, P (1,x) - C (t,x)‘ didx +
or (k1)
e ~k 0 2 2 C
o ‘c k(t,x, 3 (6,x)) - C (t,x)‘ didv<ay(r)+2Cle g, = G

Or\Or (k.r) r

ne ¢pyskniro C) B3sT0 3 yMoBH (18).
HepisHaicts (31) o3Hauae, mo
CH (1%, 55) > C'(Lx) y L(Qr).
Tomi 3rigHo 3 HepiBHICTIO ['enbaepa

J

Or

OT1Ke, 3a MAIOCIIIOBHICTIO

€ (20,3 (1,6)) ~ C° (1. x)

ﬁk(x)‘dtdx 50, ko

(C%* (1, x, 9% (1,x)) = C° (6, x))u* (x) > 0, k =00 wam. B. (,%).
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I3 71emu Jlionca [5]
(C** (1,x, 7)Y = CO (¢, x))i* -0, k — 0 cnabko B L*(0y). (32)
OckinbKu
c’ (t,x)(ftk —v) >0, k—> oo cnabko B L ©Or), (33)

To 31 301kHOCTeH (32), (33) oTpumyemo 301kHICTH (30).
Tomi

sty C(0,T1IA(Q)),

e z — po3B’sa30k 3amadi (19) mpu € =0 i 3 IPaBOO YACTHHOIO c? (t,x)v.
TaxuM guHOM,

2
uk

2 k|

o o Ol Fl
lim Jgk(ﬁ )= lim + T 4
k—o0 k—o0 a B Y

>

|12
NEC NN 7).
a p v

3 iHII0T0 OOKY, OCKUTBKU A Taka, 110
inf J (1) = J* (0",
u
10 Yuel? Q):
T @) < T (u) = (EF(0).570) + E*, )y, +(&".w),
e {y{; f ",g"} — po3B’s130k 3anayi (20) 3 pyHKIIEO U] zh — PO3B’SI30K 3aja-
ui (19) npu e€=¢; i 3 mpasoro yacturow C°F (z,x,ik )-u, )7k — PO3B’SI30K 3a-

nadi (1) mpu € =¢;, 3 BIANOBIAHUMH YMOBaMHU f(])“ f k.

AHajorigyHo 10 momnepennix Mipkysasb (31) — (33), ane 3 ¢ikcoBaHoIO ByH-
KITE€I0 % , OTPUMYEMO, IIIO

76,5, > (99, .8} cmabro B L*(Q)x L*(Qr)x L (Q),
v >3 B LX(Qp),
¥ 5z y C(0,T1; LX),

Je z — po3B’s30k 3anaui (19) mpu € =0 i3 npaBoro yactuHOO C 0 t&xXxu; y —

po3B’a30k 3ana4i (1) npu € =0 3 BIANOBIAHMMM yMOBaMH Y, f .

Toni
lim % @) = ((2(0), 7o) + (2, gy + (&))" (34)
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[Mokaxxemo, o npasa yactuna (34) — ue J %(u) . Hiiicro, V{yo, 7, g} eG:
T @) = ((Z5(0),y0) + (25, g, +(g.1), (35)

ne zF — po3B’sa30k 3amadi (19) 3 mpasoro wacturor C°F (2, x, yk )u, yk—
po3B’s30k 3a1a4i (1) 3 ymoBamu y,, f .

Amnaroriuno m0 MmipkyBasb (31) — (33) MokHa nepeiiTy 10 rpaHuLl B HEpiB-
HocTi (35) 1 3 1OBUIBHOCTI {)y), f,g} OTpUMATH, 1110

klim T ) =Ju). (36)

Taxum unHoM, Vu € L* (Q):

JO(v) < lim J%* @5y < T (w). (37)

k—o0
I3 Bupasy (37) orpumyemo, mo v=2" i
_ 70,0
o, >0,=J (), €>0.
3auIIMIoCs MOKa3aTH, 1o

6, >0, ¢&—0. (38)

Hexait e=¢; — 0. Toni

Q

Gy =7 (00 = (Ee(0.50)+ o [N, + (& 077

ne Z, — po3e’ssok 3anaui (19) 3 mpasoro uwactunor C°* (t,x,)N/k)-ﬁo, Vi —
po3B’s30k 3amadi (1) 3 ymoBamu %C , /7](; {%c ,J7 - g k} — po3B’s30K 3axadi (20)
3 dyHKUisIME Z), 0°.

Toni 3 Bupazy (36)
lim J%* &%) =J°@"),
k—ow
o i foBoauTh (38). Teopemy A0BeACHO.
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NMPOBNEMMU | TEXHONOTI AOCTIAXEHHA

MATEMATWUYHI METOOWU, MOLEI,
@'
CKINAOHUX CUCTEM

YK 519.6+625.1
DOI: 10.20535/SRIT.2308-8893.2019.2.09

MEPEXKEBI CTPYKTYPU TA CUCTEMMU:
IV. TAPAJIEJIBHE OITIPALITIOBAHHS PE3YJIBTATIB
HEIIEPEPBHOI'O MOHITOPHUHI'Y

O.1. MOJIIIYK, M.C. SUTKAK

AHoTamisi. dopmarnizoBaHO TPOLEAYPY IHTEPAKTUBHOTO OIIHIOBaHHS 00’ €KTIB
CKJIQIHUX i€papXidHO-MepexeBHX cucTeM. st eekTBHOI peanizaunii wmiel mpore-
Iypu Ha OaraTosiiepHUX KOMIT'IOTepax i KiacTepax 3ampOlOHOBAHO BiAMOBigHI ai-
FOPUTMI4HI KOHCTPYKLIl, 1[0 BUSBJISAIOTH MEPCIEKTUBH PO3IapaielOBaHHs Ta Bpa-
XOBYIOTb OOMEXKEHICTh MOXIIMBOCTEH 0OuHMCIIOBaIBHUX pecypciB. HaeneHo
OILIHKU CKIJIQJHOCTI Ta MPUCKOPEHHS MapajelbHUX OOYHCIICHb, SKI MATBEPIKYIOTh
BUCOKY €()EKTUBHICTh BUKOPHUCTAHHS 3alIPOIIOHOBAHUX KOHCTPYKUid. OTpuMaHi pe-
3yJNBTaTH MOXKYTh OyTH 3aCTOCOBaHi JUIS OLIHIOBAHHS B PEXXUMi peajbHOTO 4acy 3
BUKOPUCTAHHSIM Cy4YacHHMX INPOTpaMHUX 3aco0iB 0araTbox CKIAIHUX CHCTEM, CTaH
Ta TOBEIHKA SIKMX HEIEePepBHO 3MIHIOIOTHCS y daci, 30KpeMa TPaHCIHOPTHUX CHC-
TEM, CUCTEM CHEpro- Ta KUTTe3a0e3nedeHHs], 0aHKIBCHKHX 1 TOPrOBEIBHUX MEPEK,
€KOCHCTEM OKPEMHUX PETiOHIB TOLIO.

Kawuosi ciioBa: MepexeBa cucrema, i€papxisi, HEIEpEepBHUI MOHITOPHHT, 1HTEP-
aKTHBHE OLIIHIOBAaHHSI, PO3IapaleloBaHHs, 00UYHCIIOBAJIbHE CEPEIOBHUIIE, MPUCKO-
PEHHS OOYHUCIICHb.

BCTYII

Metoau Teopii OLIHIOBaHHS € MOTYXKHMM 1HCTPYMEHTOM [UIS aHali3y CTaHy Ta
epeKTHBHOCTI QYHKIIIOHYBAaHHS CKJIAQJHUX CUCTEM PI3HOTO THITYy Ta MPH3HAYCHHS
[1-3]. ¥V mpamsx [4-7] 3amponoOHOBAHO METOAHMKY KOMILJIEKCHOTO JIETEPMiHOBA-
HOTO OLIIHIOBaHHS CKJIAIHUX iepapxiuHo-mepekeBux cucreM (CIMC), sxa mons-
ra€ y moeAHaHHI METOIB JIOKaJIbHOTO, IPOTHOCTUYHOT0, arperoBaHoro Ta iHTep-
aKTHBHOTO aHali3y CcTaHy, SKOCTI (DYHKIIOHYBaHHA Ta B3a€MOJil EJIEeMEHTIB
TakuxX cucTeM. BenmyesHi oOCSrM AaHUX, SKi ONHCYIOTh MOBEAIHKY pPEaJbHUX
CIMC, notpebytoTs po3pobieHHs epeKTUBHIX METOJIB iX 00pobneHHs. Y mpa-
151X [8, 9] 3ampOMOHOBAaHO ANITOPUTMH PO3MAPAJIEITIOBAHHS METOIB JIOKAJIBEHOTO
Ta arperoBanoro oiiHroBanHs CIMC, a y [10] nogaHo 3arajibHy cXemy po3smapa-
JICNIIOBaHHS KOMIUIEKCHOT METOAMKH peryisipHux (TUIaHOBHX) OIliHIOBaHb [11]
cucteMu. He MeHIIT BaKJIMBOIO € TIpo0iieMa OoIepaTHBHOTO OOpOOJICHHS Ta aHai-
3y JaHHX, AKi HaJAXOAATH Y MPOLECi HENepepBHOTO MOHITOPHHTY cucTeMu. Lls
mpobieMa ITOCTaTHRO €(PEKTUBHO BHUPINIYETHCS METOJAMHU IHTEPAKTHBHOTO OIIi-
HIOBaHHS, JICTaJbHO ONMMCAaHUMU y mpaui [7]. ¥ OinpmocTi BUnaakiB ii JOLITBHO
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BHPIIITYBAaTH B PEKHUMI PEATBHOTO Yacy, TOMY IMOTPIOHO BHUSABIIATH Ta 3aTy9YaTH
MOKJIMBOCTI MapajieIbHUX OOYMCICHb. 3ayBaXKUMO, IO BXIiJHI JaHi, SKi HaJX0-
IIATH y TIPOIIECi HETepEepPBHOTO MOHITOPHHTY CHCTEMH B IIeHTP(HM) 0OpoOsIcHHS,
MOXYTh OyTH JIEIIO CIIOTBOPCHHUMH BHACIIJIOK TMEBHUX IOIIKO/PKCHb Ha eTari
nepenaBaHds abo MOXMOOK BHMIpIOBaHb (peectparii). ToMy mJIT TOMAIBIIOTO
BUKOPHUCTaHHS IMX JaHWX Y METOJaX IHTEPaKTHBHOTO OI[IHIOBAHHS IX MOTPIOHO
MOTIEPETHRO BiAQIIBTPYBATH, MO0 YCYHYTH TIpoOIeMHl GparMeHTH. Y 3B’S3KY 3
UM MMOOYJ0BaHO 1 OOTPYHTOBAaHO HHU3KY BHUCOKONAPAICIBHUX AJTOPUTMIB IUD-
poBoi GinbTpallii, Opi€eHTOBAHMUX Ha Pi3HI THUITH apXiTEKTYyp OOUMCIIOBATbLHHX
3aco0iB CrelianbHOTO (CUCTOIYHI 1 KBa3iCHCTONIYHI CTPYKTYpH [12]) Ta yHiBep-
cajbHOTO (3aco0M 31 CTPYKTYPHO-IIPOIIETYPHOIO OpTraHizalliero odumcieHs [13],
OarartosiiepHi KOMIT I0TepH, KJIACTePH, FOpHIHI apXiTeKTypPH, BUCOKOIPOIYKTHB-
Hi 00UMCITIOBANIBHI cepeaoBuila [14] ToI1o) npu3HavYeHHS.

MeTa po60oTH — PO3MAPANICITIOBAHHS METO/IIB IHTEPAKTUBHOTO OLIHIOBAHHS
CIMC i moOynoBa BiIMOBIJHUX ANTOPUTMIYHUX KOHCTPYKLIN I epeKTUBHOI 1X
peanizarii Ha TiJcTaBl BUKOPUCTAHHS CYyYacHHUX MPOTPaMHUX Ta alapaTHUX 3aco0iB.

HEINEPEPBHU MOHITOPUHI TA IHTEPAKTUBHE OLIITHIOBAHHSI
CKUIIAJHUX IEPAPXITYHO-MEPE)KEBUX CUCTEM

OnHi€elo 3 BU3HAYAIBHUX OCOOJMBOCTEH peaqbHUX MEPEKEBHUX Ta i€papXidHO-
MEPEKEBUX CUCTEM € PyX MOTOKIB Y HUX. B olHUX BUMagkax 3a0e3MeucHHs pyXy
MOTOKIB € OCHOBHOIO METOK) YTBOPEHHS Ta (PYHKIIOHYBaHHS TaKHX CHCTEM
(TpaHCIIOPTHHUX, CHCTEM PECYPCOIOCTavYaHHs, TOPTOBEILHUX Ta iH(OpMaIiitHIX
MEpPEeX TOIIO), Y IHIINX — OCHOBHUM MPOIIECOM, SKHI 3a0e3reuye iX KHUTTEMis-
JTBHICTE (PyX KpOBi, JiMpu, HEHPOIMITYIILCIB ¥ JTIOACHKOMY TiJli, CE30HHY Mirpa-
IO TBAPHH 1 T. iH.). 3aTpuMKa ab0 3yNMHEHHS PYXY HOTOKIiB MOKE TMPHU3BECTH JIO
3001B a00 NPUIMTMHEHHS ICHYBaHHS TaKMX CHCTEM. YacTo MPOBOJUTH IUIAHOBI J0-
CIIDKEHHS CHCTEMH HeMa€e 3MOTH Uepe3 3HauHI MaTepianbHi Ta (piHaHCOBI BUTpa-
T4 [4, 11]. Lle o3Hauae, mo cran abo sKicTh GpyHKIIOHYBaHHS CHCTEMH, IS AKOT
il YaC OCTaHHBOTO PETYISIPHOTO OISy OTPUMAHO TO3UTHUBHI BUCHOBKH, MO-
JKYTh TIEPETHYTH «IOPIr OE3MeKW» 10 MOMEHTY HACTYIHOT'O IUIAHOBOTO JOCIIi-
mokeHHs. OKpiM TOTO, ICHYIOTh CHUCTEMH, HETIEPEepBHUN MOHITOPHUHI CTaHy Ta
nporiecy (QpyHKIIOHYBaHHS SIKHX € 000B’SI3KOBOI0 YMOBOIO 3a0€3IICUCHHS HOPMATh-
HOT XKHUTTEMISLITLHOCTI 200 camoi cucTeMu (JIFOU, O XBOPIFOTh Ha JiadeT abo Ti-
MEPTOHII0), a00 OTOUYIOYOTO CepeoBHINa (IIKiTHBI Ta HeOe3MeYHi BUPOOHU-
[TBA, aTOMHI €JIEKTPOCTaHIIii TOIIO). 3anmponoHoBaHi y mpausx [7, 11] meromu
IHTEPaKTUBHOTO OI[IHIOBAHHS JIO3BOJISIOTH ONEPATHBHO ONPAaIllbOBYBATH PE3YJib-
TaTH HEMIEPEPBHOTO MOHITOPHHTY Ta MPHBEPTATH yBary 0 HaHOUIBII mpoOsem-
HUX EJICMCHTIB CHCTEMH, SIKi CTBOPIOIOTh PEaJIbHY 3arpo3y JJis il MOAaJbIIoro
(yHKIIiOHYBaHHs. 3aCTOCYBaHHS IHUX METOJIB Ja€ OO0 €KTWBHI MiACTaBU s
MPUIIBUANICHHS 200 BIATEPMIHYBaHHS HACTYIHOTO IIJIAHOBOTO OIIIHIOBaHHS €Jie-
MEHTIB CHUCTEMH Ta BHOPSAKOBYE Iiei mporec. Lle oco0nmBo akTyanbHO i Be-
muknx CIMC, OCKUTEKH OJHOYACHE PETENbHE MOCIIKEHHS 0araTboX eJIeMEHTIB
CHCTEMH YacTo € (Pi3HYHO HEMOKIINBUM.

IHTepakTHBHE OIiHIOBAHHS 3/IHCHIOETHCS Ha PiBHI aHAII3y B3a€EMOJIl TaKUX

00’extiB CIMC, sK MOTOKH P, j= I, M 1ininia [S,, Sy], 110 € NOCTIIOBHICTIO

By31iB §; Ta pedep D; =(S;_, S;), i=1 N, saxi ix 3’eqaytoTs. TyT M — Kinb-

106 ISSN 1681-6048 System Research & Information Technologies, 2019, Ne 2



Mepescesi cmpykmypu ma cucmemu: IV. [lapanenvue onpayrosanus pe3yiomamie ...

KiCTh TIOTOKIB, SIKi IPOXOJATH JIIHIEIO 32 IEBHUH MPOMiXKOK yacy. BBaxkaemo, 110
MIPOXOKEHHS ITOTOKIB € TIOBHICTIO AETEPMiIHOBAaHUM, TOOTO BH3HAYCHO rpadik ix
pyxy. JIst cripoleHHs MOJANBIIOT0 BUKJIAY BBRKAEMO, IO BiIpaBICHHS MTOTO-
Ky 3 By371a S BiIOyBaeThCs 0€3 3aTPUMOK.

3arpuMKa MOTOKY Ha peOpi Moxe OyTH CIpUYHMHEHa [7] TakuMu 00CTaBUHA-
MU, SIK HE3aJ0BITbHUI CTaH pedpa, HE3aJOBIIbHUN CTaH MOTOKY, HETOTOBHICTh
By3JIa JI0 PHUHMaHHs TIOTOKY Toulo. Jluire mepia o0cTaBuHa CTOCYEThCS Oe310-
Cepe/IHLO CTaHy pedpa. 3aTprMKa MOTOKY Y BY3Ji MOXe OyTH CIpUYMHEHA TaKH-
MU 00CTaBMHaMHU, SIK HE3aJIOBUIBHI CTaH a00 opraHisailis poOOTH By3Ja, HE3aJ10-
BIJIBHUI CTaH MOTOKY, HEMOXKJIMBICTh BiJTIPABICHHS MOTOKY Y 3B’S3KY 3 THM, IO
HACTYIIHE y HaNpsIMKy pyXy peOpo 3aifHsTe iHIIMMHU MOTOKaMHu Tomlo. SIK 1y mo-
nepeIHLOMY BHUIMAJKY, JIIIE Meplia 00CTaBHHA CTOCYEThCS Oe3MocepeIHbO Opra-
Hizamii poboTH By3da. I3 MPOXOMKEHHSM IMOTOKIB 1O JiHII BIUIMB HaBEACHUX
YMHHHUKIB MOXe€E IOCIiZOBHO HAarpoMajXyBaTHCS Ta KOMIEHCyBaTHcs. Jleski 3
HUX MalOTh BHITQJKOBUH XapakTep, a Jieski MOXKyTh OyTH peryisipanmu. Hepery-
JsipHI 3001 MOPOIXKYIOTH CYTTEBI mpobiemu y mpoueci ¢pyHkuionyBanus CIMC
JIUIIIE Y pasi iX MacoBOCTI 1 MOTPeOyIOTh PO3POOJICHHSI CTICIiaIbHIX METOMIB aHa-
73y ix BUHHMKHeHHS. Hampuknaza, Taki 3001 MOXKJIHMBI IiJ yac 3ampoBaKEHHS
HOBHX BEJIMKMX OHJIAH-CEPBICIB Uepe3 HEIOCTATHIO IMOTYXKHICTH OOJIaJHAHHSI,
cabKy 3aXMIICHICTh Bl KOMIT IOTEPHHUX BipyCiB, HEsKiCHE MporpamHe 3adesme-
YeHHs, SKe MIATPUMYE TpoIiec iX GyHKImioHyBaHHS Tomo. OCHOBHOIO METOIO iH-
TEpaKTUBHOTO OLiHIOBAaHHS € BUSBICHHS 1 JIOKAMI3allisi caMe peryJsIpHUX HeraTHB-
HUX (aKTOpiB, SKi 3yMOBIIOIOTH BIAXHJICHHS BiJl YCTaHOBJICHOTO Tpadika pyxy
MOTOKIB.

OOPMAJIIBANISA MPOUEAYPU IHTEPAKTUBHOI'O OIITHIOBAHHS

®dopmankHO TPOLEAYPY IHTEPaKTUBHOTO oOliHIOBaHHA 00’ekTiB CIMC MoxHa
MOJIATH SIK MOCJIIIOBHICTh TAKUX KPOKIB [7].

1. ObuncnenHs TOKaIBHUX OLIHOK e(P;, S;, T}) sAKOCTI 00pOOICHHS MOTO-

Ky P; yBysui S; 1a e(P;, D;, T};) sKOCTI IPOXOUKEHHs IOTOKOM P; pebpa D;

3a mepion 7, TPUBAIICTIO 7° mis j=1,M;i=1, N; k=1 K.

2. IlobynoBa Ha miACTaBi JIOKATBFHOTO OLIHIOBaHHS OLIHOK MEPILOTO PiBHS
y3araJbHEHHs, a caMe:

a) ouiHok E(P;, S;, 7% Bysna S; t1a E(P;, D;, 7% pe6pa D, 3ape3yib-
TaTaMHd OOpOOJIEHHSI TOTOKY P; mporsirom nepiony T K ne T =k7°, nns
j=1,M;i=1,N;

0) ouinok Ep(S;, T;,) By3na S; 1a Ep(D;, T, ) pebpa D; 3a pe3yinbTaTaMu

MIPOXOJPKEHHSI CYKYIMHOCTI TOTOKIB P = {P]-}]]‘-/il npotsiroM miepiony 7;,  ans
i=1,N; k=1,K,;

B) owiHOK Eg(P;, Tj) 00OpolGneHHA MOTOKY P; y MOCIIIOBHOCTI By3iiB

S={S ;}i]\:’1 1a Ep(P;, Tj) npoxomkeHHs noToky pebpamu D ={D;} ,.Azfl , IO PO3-

MileHi Ha niHii, npotsirom nepiogy 7, o j=1,M; k=1 K .
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3. OOuuciieHHS Ha MiACTaBl OLIHOK MEPIIOro PiBHS OLIHOK APYroro piBHS
y3araJbHEHHs, 30KpeMa:

a) owiHoK Eg(P;, T K) 00pOOJICHHsI OTOKY P; 'y MOCIHIOBHOCTI By3JiB S
ta Ep(P;, T K ) TPOXOMKEeHHs MOTOKY pedpamu D, sxi po3milueHi Ha miHii, npo-
Tarom nepiony 1’ K s j=LM;

0) ouinox Ep(S;, T K ) By3na S; ta Ep(D;, T K ) pebpa D; 3a pesynbrara-
MH [POXOJDKCHHS CYKYITHOCTI IoTOKiB P mpotsirom nepioxy 75 mist i=1, N ;

B) oliHOK Ep (7)) 00OpobieHHs CyKynHOCTI MOTOKIB Py mocminoBHOCTI
By31iB S Ta Ep pp(7}) MPOXOIKEHHS LUX TOTOKIB MOCIiA0BHICTIO pebep D, pos-
MILIIEHUX Ha JiHii, 3a nepiox 7, msa k=1, K .

4. IToOymoBa Ha TiACTaBI OIIHOK JAPYTOTO PiBHS OI[IHOK TPETHOTO PiBHA y3a-
rajJbHeHHS, a caMe:

a) omiHok Ep (T Ky 00poOIIeHHS CYKYyIHOCTI MOTOKiB Py mocmitoBHOCTI
By31iB S 1a Ep (T K) MPOXOJPKEHHS MoToKkaMu pedep D, po3MilieHux Ha JiHii,

npotarom nepiogy 7 K.
0) arperoBaHux OLiHOK Ep (7)) MPOXOIKEHHS CyKYIHOCTI HOTOKIB P iHi-

€ro npotsrom nepiony 7, anst k=1, K .
5. O0uuciieHHA Ha MiJCTaBi arperoBaHUX OLIHOK TPETHOIO PiBHS y3araib-

HEHHsI yCepeIHEHOI OL[iHKY 4eTBepToro piBHA Ep (T K npoxomxkenns cykymuoc-

Ti moToKiB P miHiero mpoTsarom riepioxy T K.

JleTanbHMIA aHATI3 HaBEJACHOI BHIIE TPOIEAYPH IHTEPAKTHBHOTO OIIHIOBAH-
Hs1 00’ekTiB CIMC no3Bossie 3poOUTH Taki BUCHOBKH TIPO MiAXOAW O ii MOMKIH-
BOT'O BUKOHAHHSL:

® yCi OIIIHKH B MEXax KOXXHOTO 3 MyHKTIB 1-4 MOXyTh OyTH OOUYHUCIEHi
0JTHOYACHO, TOOTO MapaliesIbHO;

® OIIHKH KOXKHOTO 3 MYHKTIB 2—5 € OLiHKaMH MEBHOTO PiBHS y3arajibHEH-
HSl, TIPA [IBOMY OI[iIHKW BHIIOTO PiBHS OyIyOTHCS HA TMiJICTaBi OI[IHOK HHIYKYOTO
piBHS y3arajbHEHHS; OTXKE, MOXKEMO TOBOPHTH IPO IMapajelbHO-TOCIiTOBHHN
crocib 0OpoOICHHS TaHUX;

e (Oe3nocepeaHe OOUMCIICHHSI CAMUX OLIIHOK IPYHTY€ThCS HA BUKOHAHHI Be-
KTOPHUX OIepariii;

e TIpoIleypa OIiHIOBAHHS € CYKYITHICTIO 13 5 ()parMeHTiB 3 pi3HUM CTyTIe-
HEM IapajiellizMy, TOMY Ui TOTEePEIHBOTO OIiHIOBAHHS MapajeIbHUX O0YrC-
JICHb CJIiJ] BAKOPHCTOBYBATH TaKy XapaKTePHCTHUKY, SIK CEpPEIHIl CTYIiHb mapaie-
Ti3My;

e peaizallis IpoIreaypy OIiHIOBAaHHS MOXKe OyTH J0BOJI €(pEeKTHBHOI Ha
CyYaCHHX BEKTOPHO-KOHBEEPHUX OOUYHCITIOBAIHLHUX CHCTEMaX, SKi MaloTh iepap-
XI4HY CTPYKTYpY 1 HaTelep € OJHUM 3 HAMMOTYXHIIIKX (X04a i TOPOrux) 00Umc-
JIOBAJIBHUX 3aC00iB, @ TAKOXK Ha KJIacTepax i 0araTosiepHUX KOMIT FoTepax.

OueBuaHO, IO 3aJIEKHO BiJi KOHKPETHOI METH OLIIHIOBaHHS Ta THUILY JOCHi-
JDKYBaHOT CKJIQJHOI CHCTEMH MOXKE Pealli3oByBaTUCh HE BCS ONMCAHA BUILE MPO-
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nenypa, a Juiie okpemi ii Kpoku abo Aeski pparMeHTH HUX KPoKiB. Y Wil poOoTi
PO3TIITHEMO OCOOJMBOCTI MapasiebHOI peaitizaril Beiei HaBeACHOI BHUIIE TIPOIle-
IypH iHTepakTHBHOTO owiHIoBaHHS 00’ ekTiB CIMC.

AJITOPUTMIYHI KOHCTPYKIIII TA IX AHAJI3

[ BUKOHaHHS ONMMCAHO1 BUIIIE MPOLEAYpH iHTepakTHBHOTO oiHoBanHs CIMC
PO3TIISTHEMO aNTOPUTMIYHI KOHCTPYKIII opraHi3ailii mapaienbHuX OOYHCIeHb Y
pasi, Ko HeMae 00OMeKeHb Ha 00CsT (KUTBKICTE siIep, MPOIECOPHUX SIEMEHTIB,
00OYHCITIOBAJIbHUX BY3ITiB; EMHICTB ONEPATHBHOI MaM’sITi By3J1a) OOYHCIIOBAIbHHX
pecypciB 1 Konu Taki OOMEXEHHSI € CYTTEBUMH. Y TEPILIOMY BHUMAAKY 3MOKEMO
BUSIBUTH ¥ OLIHUTH MOTCHUIHHMUI Mapajesni3M omnepauiil y npoueaypi OLiHIOBaH-
HS, a B APYyroMy BUNAQAKy — OiJbII peTeNnpHO MiNIATH IO peaiamii 3ragaHoi
HpoLeypH Ha KOHKPETHOMY IapajielbHOMY KOMII'IOTepi 3 Harepea BU3HAUYCHUM
00csAroM OOYMCITIOBAIBHUX pecypciB. i 3amaHHs mapajiejbHUX TiJI0K OyIemMo
BUKOPHUCTOBYBATH MPUMITHBH fork, join (po3ramyxkeHHs, 3autts) [9, 15]. ¥V pasi
BiJICYTHOCTI OOMEXEHb Ha 00CIT O0YHCIIOBAIBHUX PECYPCIB MIPOIIOHOBAHA aJIr0O-
PUTMIYHA KOHCTPYKIIis [l BUKOHAHHS MPOLEIYPH IHTEPAKTUBHOTO OI[IHIOBAHHS
CKJIaJIA€ThCSI 3 YOTUPHOX MapaielbHuX (PParMeHTIB 1 Ma€ TaKU BUTIISL

0 10 0y ; -
Sfork (b, hy ,..., hlo) join,
Jork (b, by ..., ) join,
fork (hlz, h22 yerrs hlzz) join, ey
3 13 3y . s
fork (hi, b ..., h,3) join,
X
0 +_717 . I a_717 . 2 17 - B3 n_171 P
pe hp,i'=Llys hp, j'=L1 5 hip, kK'=1,0,5 by, I'=1,l; — napanenbHi rinku, y
SIKUX OOYHMCITIOIOTHCS BiJIIIOBIIHO JIOKAJIbHI OIIHKH Ta OLIHKH MEPIIOTo, APYroro i
TPETHOTO PIBHIB y3araabHCHHS; - (hparMeHT, y SKOMy OOUHCITIOETHCSI OIlIHKA
YETBEPTOro PiBHS y3araibHeHHs Ep (T K) ; lg=2MNK ; I, =2(M(N+K)+ NK);
Lh=2(M+N+2K); ;=K+2.
3rizo 3 mnpauero [7] KoxkHa 3 JIOKAIBHMX OWIHOK e(P;, S, T}),
e(Pj, D, T,), j=LM;i =l,_N; k :L_K MO)kKe HaOyBaTH 3a YTOYHEHOIO Oab-
HOIO IIIKAJIOK OJHE 13 YOTHPHOX 3HAYCHB, SKI MOXKHA OOYHMCIIIOBATH OJIHOYACHO.

Toni anst peanizallii 004YHUCICHD Y KOXKHIN 3 T1IOK hlg, i'=1,/, moTpiOHO BUKOHATH

moHan6inpIe 8 apudmeTnuHux onepauiid (7 omepauiil nogaBaHHs i 1 onepaniro
TUJICHHS).

OOunCIIeHHs. OLIHOK TEpmIoro piBHS y3araneHeHHs E(P;, S;, T K ),
Ep;, D;, T K ) ; OLIHOK APYToOro piBHs y3aranbHenHs Eg(P;, T K ), Ep(P;, T K ),

Ep(S;, TK), Ep(D;, TK) I jzl,_M; izl,_N; OIIIHOK TPEThOTO PiBHA y3a-
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ramprenns Ep g(TX), Ep p(T™) Ta ouinok uerseproro pims y3aragbHeHHs

Ep(T K) noTpeOye BukoHaHHS K apudMeTHnaHuX orepartiit ((K—1) omepariro mo-
JlaBaHHA Ta | omepariro JiTCHHS).

TakoX ycTaHOBJIEHO, IO Ul OOYUCIICHHS OLIHOK MEPUIOTO PiBHS y3araib-
Henust Ep(S;, Ty), Ep(D;, 1), Eg(P;, Ti), Ep(P;, T}) Ta OLIHOK ApYroro
piBHs y3aranbHenus Ep g(T;), Ep p(T;) mma i=1,N; j=1L,M;k=1,K Heob-
xigHo BukoHatH 3M —1 apudmernuny omepaniro (M omepamiii MHOXEHHS,
2(M-1) omepartiit nogaBanHs Ta 1 omeparito aiteHHs). TyT CITig 3ayBaKHUTH, IO
mst obumcnennst owinok Ep g(7}), Ep p(T}); k=1,K npomnonyerbest i iHmmi
migxin [7], skuit motpedye BukoHaHHS 3N —1 apudmernuny omepariro (N ore-
pauiii MHOXeHHs, 2(N—1) oneparliii JogaBaHHs Ta | omneparito JiIeHHs).

OOGuucneHHs OLIHOK TPEeThOro piBHA y3arambHeHHs Ep (7)), k=1,K 3Bo-

IUTHCSI IO BUKOHAHHSI 5 apudMeTHUHUX omepariii (2 omnepariii MHOXESHHS,
2 omepaniii JoaaBaHHs Ta 1 oneparii JiieHHs).

Ha mizncraBi BUKJIaAEHOTO OTPUMYEMO, IO 3arajioM JUTS pealtizalii KOHCTPYK-
uii (1) noTpiOHO BUKOHATH

max {3M -1, K} + max{3M —1, 3N -1, K} + max{K, 5} + K +8 2)

napayenbHuX OIepariil.
VY pasi mocnioBHOT peaizalii onucaHol BUINE MPOIeIypy IHTEPaAKTHBHOTO
OIIiHIOBAaHHS IMMOTPIOHO BUKOHATH

36MNK +6M 2K +6K(N +M)+4K 3)

apu(METHYHUX OTIepaLliil.
[Mpunycrimo, mo ¢, t,, {3 — BIANOBIAHO Yac BUKOHAHHSA apU(PMETUIHUX
omepamiii 10JjaBaHHs, MHOXXCHHS Ta JJICHHS 1 IPU [OMY 3a3BUYAl 1 <1, < 1.

BukopucToByoun HaBeeHI OIMIHKN CKIATHOCTI 00uncieHs (2) Ta (3) 1 moKiIaBmm
M =N=K =L (s peansaux CIMC L € noBoJli BEITUKHUM), OTPUMYEMO BiJIIO-
BiZJTHO BHpa3H AJS 4acy BUKOHAHHs MPOLEAYPH 1HTEPAKTUBHOI'O OL[IHIOBAHHS Y
MOCJTITOBHOMY PEXHMI Ta Ha MiACTaBl 3aCTOCYBaHHS IMMapajielIbHO-TIOCIiJOBHOTO
croco0y 3TiTHO 3 aNTOPUTMIYHOIO KOHCTpYKIiero (1):

2L (171 + 2ty + 1)) + 2L (8, + 2t +383) + L(2ty = 71, +98) +3(t5 = 1) ;
2Lt +t))+t —5t5.

Haui, BBakarouu, mo L € sIK3aBrOJHO BEIMKHUM, OTPUMYEMO, IIO HPUCKO-
peHHst obuucieHs 3a (1) € OMU3bKUM 10 3HAYESHHS

AL’ +BL+C,
e
A=2+M; B=1+3f3—2f1+f2 : C=0,5+4’5Z3 +0,5¢, - 5¢ ‘
3 +1 3t +1, 3t +1,

3BiCH BUIUIMBAE BUCHOBOK, IIO 3a 3pOOJICHUX BHUILE NPHUIYIIEHb CTOCOBHO
4yacy BUKOHaHHS apuMeTHuHuX onepauii Ta M, N, K npuckopeHHsS 004nCIIeHb

MOYKE BUMIPIOBATHUCS AECATKAMH TUCSY 1 OiyIbIIe pasiB.

110 ISSN 1681-6048 System Research & Information Technologies, 2019, Ne 2



Mepescesi cmpykmypu ma cucmemu: IV. [lapanenvue onpayrosanus pe3yiomamie ...

OTtxe, anropuTMiyHa KOHCTpYKIis (1) T03BOJISIE OMIHUTH TOTEHITIHI MOX-
JUBOCTI pO3MapajefoBaHHs MPOIETyPH 1HTEPAKTHBHOTO OIIHIOBAHHS. XO04Ya 3a-
rajoM KOXEH 13 mapajelpHuX ii ()parMeHTIB Ma€ Pi3Hy KiIbKiCTh aBTOHOMHHUX
TiJIOK 1 B MekaxX IUX QparMeHTiB I'JIKK MOXKYTh MaTH Pi3HY CKJIaJHICTh, BAKOPH-
CTaHHS 3raJaHOi KOHCTPYKIIi B OKPEMHX BHUMAIKaX NacTh MOXIHMBICTH 3HAYHO
MIPUCKOPUTH OOYHCITIOBATEHUN MPOTIEC Ha 00UNCITIOBATLHUX 3aC00axX sK 31 CIiIb-
HOIO, TaK 1 3 PO3MOAUICHOIO ITaM’SITTIO.

VY pasi oOMexxeHHsI 00YMCITIOBAJIBLHUX PECYpCiB Ul pealtizamii mpouenypu
IHTEPAaKTHBHOTO OI[IHIOBAaHHS HA CYyYaCHHX IapalielbHAX 3aC00aX MOXHA CKOPHUC-
TaTUCS KOHCTPYKITIEIO:

Jork (2], g3 ..., g)) join,
Jork (g1, &35 &) Join,
Jork (g, &3 ,.... g5) join, )
Jork (g}, &3 ..., g}) join,

4
h,
Jie p — KUIBKICTh HapaleabHUX TiJI0K, sIKi peaibHO MOYKHA OJIHOYACHO BUKOHATHU

Ha HasBHIH 0OYMCITIOBAIBHINA CHCTEMI; glo , =1, p — mapanenbHi TiIKH, Y KOX-

Hill 3 SIKMX OOYMCIIIOETECS [/ p JIOKANbHHUX OIHOK; gll, g,z, 813 ; 1=1,p — na-
palenbHi TUIKH, y SKUX OOYUCIIOEThCS BiANOBiMHO [/ p, I,/ p, I3/ p ouiHOK

MEpPIIOro, JAPYroro i TPEThOTO pIBHIB y3araabHeHHS. TYT BBaXKa€eThCs, IO
lo, 1}, 15, I3 € xpatHUMHU 70 p. OOUHCIEHHS OLIHOK 3TiJHO 3 KOHCTPYKILI€IO (4)
MOYKHA OPraHi3yBaTH TaK, MO0 T'UTKKM B MeXax KOXKHOTO 3 MapajieibHuX (parme-
HTiB MaJy NPUOIU3HO OJHAKOBY CKJIQJHICTb.

YpaxoByrouH HaBe/IeH] BUIlE (POPMYITH JIJISl CKIIATHOCTI OOYMCICHHS KOXKHOT
OITiHKH, YCTAaHOBMMO Yac BHKOHAHHS KOXKHOTO i3 YOTHPHOX IMapaielbHuX (par-
mentiB U, Uy, U,, U; y koHCTpYKLII (4), a, OTKe, 1 3aranbHuii yac U peanizauii
yciel KoHCTpYKIii. OCKUTbKA OOYMCICHHS BCiX JOKAJIBLHUX OILIHOK MArOTh IMPH-
OJIM3HO OJTHAKOBY CKJIAJIHICTh, TO 3BiJICH BHUILTHBAE, IO Yac peattizallii 004ncieHb

y KOKHIH 3 TUTOK g?, [= G HaOyBa€ 3HAYCHHS

O1iHKY TepIIoro PiBHS 3arajJbHOCTI 3a CKJIAIHICTIO MOKHA TIOJIUIUTH Ha JIBa
. OOYHCIIEHHS OIIHOK OKPEMOTO THITY PO3MOIAUIMMO MiXK p Timkamu. OTXKe,

JUTSL peatizailii 00YMCIeHb Y KOXKHIHN 3 TII0K g,1 , [ =1, p motpiGeH vac:

U, =2(MNK (3t +t2)+M2K(2t1 +1,))+MN(t; —t;)+ (KN + KM )(t; —24))/ p .

OmiHKH Apyroro piBHA y3arajlbHEHHS 3a CKJIQJHICTIO MOKHA TOJUTUTH Ha
TPH TUIH. AHAIOTIYHO OOYHCIIEHHS OI[iIHOK OKPEMOTO THITY PO3MOILIAMO MiX p
rikaMy. YHacIiJJOK [IbOTO OTPHUMAEMO Yac peasizalii 00YHuCcIeHb Y KOXKHIN 3 Ti-

nok g, 1=1,p:
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U, =2((KN + KM)(3t; +t,)+ (M + N)(t; —t,) + 2K (t; = 2t;))/ p .

3a CKJIAQIHICTIO OIIHKH TPEThOTO PIBHS y3araJdbHEHHS MOYKHA TOMIIJTUTH Ha
nBa tTunu. O6uucneHHs K oiHOK OJHOTO THITYy PO3MOIUIMMO MiX p Timkamu. Ox-
HakK /Bl 3 IUX TUIOK OyayTh HAaWJOBIIMMH, OCKIIBKH B HHX I OOYMCIIOBATH-
MYTBCS TT0 OJHIM OIiHI 31 ckiamHicTIo K. OTxe, ISl BUKOHAHHS OOYHCIICHD Y

KOXKHIM 3 TBOX HAMIOBIIKX TLIOK 3 HA0OPY g;’ , = G MOTPIOEH Yac:

VY HaBeneHux Bullle (popMynax ais 4acy BBaxaeThes, mo M, N, K € kpaTHU-
MH [I0 D.

Takum 4yMHOM, 00YMCIICHHS 3TIHO 3 KOHCTPYKIIi€to (4) OyayTh BUKOHaHI 3a
qac:

U =2(MNK(15t; +1t, +2t3)+KM2(2t1 +1,)+ (KM + KN)(t +t, +t3) +

+(MN+M+N)t;—t)+ K254+, +(p=3)4)/ p+2(t: 1) . ®)]
3ayBaXuMo, 110 y HaBeleHill ¢opmyri BpaxoBaHo yac U, oOuHCIEHb Y
dparmenti h*:
Uy=(K-Dt; +t5.

Ha miacrasi ¢dopmyn (3) i (5)3aymoB M =N=K =L, L>> p, nud sx3as-
TOJTHO BEJIMKOTO L OTPUMYEMO, IO HPHUIIBHUIIICHHS MapalieIbHUX O0YHCICHD Y
JTAHOMY pa3i € OIU3BKUM JI0 CBOT'O ONMTHUMATBHOTO 3HAYEHHS, TOOTO 10 p.

OTxe, KOHCTPYKIis (4) M03BOIIsE NOBOMI €EeKTUBHO Peani3oByBaTH METO-
MUKy 1HTEPAKTUBHOTO OIIHIOBAHHS Ha HAsIBHUX OOUYHCIIOBAIHHUX 3aco0ax 3i
CIIUIBHOIO Ta PO3MOJUICHO0 NaM’ATTIO 3 Hamepe. BiJoMuM (0OMEKeHUM) 00Cs-
TOM PECypCiB.

3ayBaxkuMo, 1110 TIEBHI PE3epPBU PO3MAPANICITIOBAHHS MICTAThH 1 Ge3mocepen-
HBO (pparMeHTH OOYMCIICHHS OIIHOK, OCKUILKH B HUX YCIOJH BUKOPHCTOBYETHCS
orepallisi CKaJspHOTO AOOYTKY BEKTOPIB, sIka €)EKTHBHO PEai30BYEThCS Yy CHC-
TeMax Ha 0a3i BEKTOPHO-KOHBEEPHUX MporecopiB. KiacTepHi CUCTEMHU Ta CHUCTe-
MU 31 CHUIBHOIO MMaM’sITTI0, TOOY/IOBaHI Ha TaKUX MPOIECOpax, HaTemep OIHi 3
HaHTIPOIYKTUBHIIINX Y CBOEMY KIIaci, IpOTe € MOBOJI Joporumu [16] obGuwmcito-
BaJbHUMH 3aCO0aMHU.

BUCHOBKH

s pobota € mpomoBxkeHHAM nukIy poOitT [11, 17, 18], y AKHX HOCHIIKYIOThCS
MEpEeKEBl CTPYKTYPH Ta CHCTEMH, a TaKoX HU3KH pobit [8-10, 12-14, 19, 20],
NpUCBSYEHUX NpobieMaM epeKTUBHOI pearizamii MeTOJUKH KOMIUIEKCHOTO OIli-
HioBaHHA CIMC Ha cy4acHHX MapaielbHUX OOUYMCIIIOBAIBHUX CHCTEMax pPi3HOT
apxiTekTypu. 3okpema, GopMajizoBaHO MPOIEITYyPY IHTEPAKTHBHOTO OIIHIOBAHHS
00’€KTIB TaKUX CUCTEM Y BHIJISII MOCITOBHOCTI KpOKiB. HaBeseHo Ta mociimke-
HO aJITOPUTMIYHI KOHCTPYKLIi A7 mapanenbHoi peanizamii miei mpouenypu.
OTpuMaHi OIIIHKH NPHUCKOPEHHS MiATBEPIKYIOTh IX BHUCOKY €(EeKTHBHICTb.
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OCKiNbKH 3alpOIIOHOBaHI KOHCTPYKIII € CyKYIHICTIO ()parMEHTIB 3 aBTOHOMHHX
mapaJieTbHUX TUIOK, TO iX peajlizamis Ha CYJacHUX OOYMCITIOBAIEHUX CHCTEMax 3i
CHINBHOI0 (0aratosiiepHi KOMIT'IOTEpU) Ta PO3MOMAIICHOI (KJIAcTepH, TiOpHIHI
apXiTeKTypH, BUCOKONPOIAYKTUBHI OOYHMCIIOBAbHI CEpEeOBHILNA) MaMm SATTIO HE
BUKITMKae TpyaHOMiB. OTpuMaHi B poOOTi pe3yIbTaTH MOXKYTh OyTH BUKOPUCTaH1
JUISL OIIHIOBAaHHS B pexuMi peanbHOro yacy CIMC 3 pi3HHX IpEeIMETHUX Tally-
3eid, OCKUIbKM caMa METOAMKa OLIHIOBAaHHA € JOBOJI yHiBepCallbHOIO. YKa3zaHO
JIesTKi MOYKITHBI IIUISTXH MTOJIANTBIIIOTO MTPUCKOPEHHS O0YHCIIeHb Mij] Yac peajrizartii
MIPOIIETyPH IHTEPAKTUBHOTO OIiHIOBAHHS.
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ON THE WAY TO SOLVING THE PROBLEM
OF “SEMANTIC WEB - DATA BASE”

Y.l. KISLENKO

Abstract. The present state of the problem of “Semantic Web — Data Base” is ana-
lyzed. “Semantic Web” is analyzed from the standpoint of the integration approach,
covering the results of research in the fields of neurophysiology, psychology, phi-
losophy; it allows to formally define the quantum of knowledge as a separate situa-
tion of the visual level and clearly define the scheme of its verbalization in the form
of a basic semantic-syntactic structure. The main result of the integration approach
is presented by the following thesis: “The structural level of the linguistic organiza-
tion is derived from the structural and functional level of the neural organization of
the visual path”. From here we have a productive conclusion: the structural and
functional level of the language organization will be the same for all languages. The
second component of the “Data Base” covers (should cover) the entire social cogni-
tive potential of knowledge, presented by a plurality of accumulated texts. The struc-
tured level of knowledge base organization is presented by a very small fragment of
the neural network, which reproduces a separate situation of text information, but
which, through a plurality of separate tokens, of its constituents (with corresponding
references to other structural formations) forms a practically cognitive neural net-
work of a certain knowledge area.

Keywords: semantic Web, Data Base, integration approach, quantum of knowl-
edge, the basic semantic-syntactic structure.

THE PROBLEM OF “SEMANTIC WEB - DATA BASE”

Tim Berners-Lee has been working on creation of the WWW web for over ten
years. The main idea is to use a variety of agents for carrying out multiple tasks of
users creating separate tracks between the data bits stored on different computers.
Practically, this is the distributed system, which enables access to the variety of
interrelated documents through the Internet. With the advent of WWW, which to
some extent updated the hopes on modeling intellectual capabilities of human, the
ideology, presented by the interrelation “Semantic Web - Data Base”, which has
been heating the imagination of many researchers and generations up until now,
has been created. The first part is related to the problems of perception and “un-
derstanding” of a message, while the second deals with generation and utilization
of basic knowledge.

In the general case, those are the components of human cognitive potential,
which embrace the whole communication process, considering all its constituents:

© Y.I Kislenko, 2019
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perception of a message, understanding its content, making a decision, verbaliza-
tion of the decision, etc., which in general are connected with the first part of the
interrelation — Semantic Web. For its time it was a revolutionary step, which dra-
matically influenced the formation of the whole cluster of information technolo-
gies, oriented on modeling human speech activity. However, it is worth mention-
ing that this aspiring program stimulates the search and development of certain
directions of modeling the speech activity, and at the same time, it is still pretty
far from cognitive abilities of alive neurosubstance.

The second component — “Data Base” as a part of human cognitive potential
represented by global text information files, is practically formed in computer
networks, while the first component — “Semantic Web”, responsible for “under-
standing” the message, and is still on the stage of initial search. Nevertheless, Tim
Berners-Lee virtually suggested that realization of this ambitious intellectual pro-
ject might happen in next twenty years. However, time is passing and the number
of unresolved questions does not decrease, it even seems to increase, especially
regarding semantics.

In the wake of the euphoria of solving these ambitious perspectives, entire
groups, associations, institutes have been formed; presentations and polls have
been conducted, etc. The results of surveys conducted by a group of researchers at
Elon University (Janna Quitney Anderson — Pew Research Center's) and the
American Life Project (May 4, 2010) are considered to be quite interesting. The
main result is quite presentable, though cautious. The results of the survey con-
ducted by the research centers on this project are quite revealing.

895 respondents were selected; they would have spoken about the possibility
of realizing this project within certain timeframes. Evaluation of the results are
the following (based on [1]):

e about 47% of respondents expressed moderate expectations regarding the
possibility of realizing the project: “The project would not be as efficient as ex-
pected and the average users would not feel substantial difference when the pro-
ject is realized” — this is the point of professionals who understand the complexity
of the issue;

e almost 41% expressed hope that “by 2020 Semantic Web would succeed
and would be able to provide better service for average user” — this is the point
of those users who are quite unaware of situation and satisfied with the current
condition of the Internet;

o the rest (12 %) did not express anything regarding the evaluation of this
project.

Thus we can see that the society in general especially the professionals has
aken a rather reserved view of the project and further development is nothing
more than unfounded illusions regarding future perspectives. Of course, the prob-
lem posed and voiced by Tim Berners-Lee refers to one of the greatest challenges
— modeling human speech activity, which is mainly realized by our neurosub-
stance.

We see that the problem of finding information in the gigantic repositories of
data stored on electronic media is more or less solved, and partially satisfies the
users who have extracted information either through libraries or in dusty reposito-
ries, fluttering innumerable folios in the pre-computer era. Yet, in our opinion, the
problem of meaningful processing of information remains a priority for humanity.
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Can we shift this creative function on to the shoulders of the computer? Naturally,
the question arises, where does the problem lie, in which direction to go, and in
general — are these issues solvable?

Practically, this program (to our mind) is intended for modeling the proc-
esses of using (understanding) of natural linguistic information, which in general
quite often is “illogical and somehow playful and mistaken” and oriented on cog-
nitive potential of interlocutor. The last remark is that current natural linguistic
technologies are restricted to using them as key words. The key point is that our
language is still not analyzed enough; there are still a lot of problem and uncertain
issues. Practically, this is the main argument regarding the possibility of formal-
ization of natural linguistic technologies. Obviously, various questions arise, such
as what is the reason, why our knowledge about language are so poorly formal-
ized, why, ..., why?

The Semantic Web — Data Base program attracts more and more attention
to the problems of speech modeling, on the one hand, due to the wider use of
computer technology for applied linguistic tasks, and on the other hand, as it de-
fines a new vector for the development and use of information technologies in the
field of modeling information processes in our neurosubstance. That means, we
already face the problem of modeling quite complex psychological functions that
could not be implemented at previous stages of the development of information
technology. First of all, it concerns the modeling of speech activity.

INDIVIDUAL LANGUAGE SYSTEM

In the context of analyzing the interrelation “Semantic Web — Data Base” it is
worth addressing to the accomplishments of remarkable Kyiver Lev Shcherba,
who since his birth (since being six months old) has lived in Kyiv with his par-
ents, graduated from the lyceum, studied on the first course of Kyiv university.
Further, he proceeded studying in St. Petersburg, where under the supervision of
Jan Baudouin de Courtenay he was conquering the highest ranks of European lin-
guistic science. Shcherba’s collection of works “Language system and speech ac-
tivity” and the work “On a three-fold aspect of linguistic phenomena and on ex-
periments in linguistics” in particular are consider the highlight of his linguistic
experience and future foresight [2]).

The main scientific work of L. Shcherba is the concept of individual lan-
guage system (ILS) as a combination of linguistic processor (LP), responsible for
structural and functional level of message organization, and basic knowledge
(BK), where the complete cognitive potential of a subject presented on language
level is stored and accumulated. The key distinction of human “individual lan-
guage system” and computer models is that nowadays in information technologies
all the cognitive potential (basic knowledge) is still presented on language level as
fragmented variety of text information files, while in human system this potential
is integrated to a single medium, presented by our neurosubstance. Nevertheless,
we are fully aware of certain structural identity between Tim Berners-Lee’s
method and Shcherba’s concept of ILS, where linguistic processor, responsible
for structural and functional level of linguistic organization and provides the func-
tion of “understanding” of a message, and basic knowledge is responsible for the
whole human cognitive potential. Note that the ISL concept was introduced by L.
Shcherba back in1927, i.e. almost a hundred years before there appeared a chance
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to shift our linguistic competence on to the shoulders of computers. Well, let’s use
this ILS ideology as a combination of LP and BK for solving current problems of
modeling human speech activity, create their corresponding models M, M, , and

lock them out on each other with the help bilateral connections (fig. 1).

Linguistic processor

Morphology

DB of service
info ;

Text
synthesis
analisis

~Model
of the world

Fig.1. Individual language system: LP — linguistic processor; BK — natural linguistic
basic knowledge

In general, the LP is responsible for identifying the structural and functional
level of the organization of a separate message, while the basic knowledge (BP) is
considered a repository of all cognitive potential, taking into account the struc-
tural and functional level of the linguistic organization, but this time it is the cog-
nitive potential of a particular individual. We emphasize once more that there is a
difference between human cognitive potentials and computer networks: at pre-
sent, cognitive potential is represented in natural linguistic information technolo-
gies (NLITs) only by significant volumes of text (or speech) information, while
human cognitive potential comprises also the information from all sensory levels
(sight, hearing, touch, taste, smell).

When, apparently, everything is so transparent, the question arises, why
aren’t there no technologies for processing natural language information up to this
time? The reason is that (on the one hand) the language is such a complex and
multifaceted object for exploring, and especially for research, that it integrates
practically all directions of analysis of this phenomenon, starting with biology,
psychology, neurophysiology, philosophy, cybernetics, and other interdisciplinary
areas, (and on the other hand), language is still not sufficiently structured for for-
mal analysis and modeling.

The first author’s attempt to integrate diversified knowledge on linguistic
organization was in 1998, when on the occasion of century of establishing Kyiv
Polytechnic Institute (KPI) the author’s study guides “Language Architecture” [3]
was published. In this guides, from the perspective of statistical average level of
analysis of current state of structural linguistic organization (quite reflexively),
the notion of “basic semantic and syntactic structure” “(BSSS)” as a basic struc-
tural element of linguistic organization was introduced. However, the research
was some kind of generalization of that time knowledge regarding structural level
of linguistic organization, and did not reveal anything new in the sphere of lin-
guistics.
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The qualitative leap of author's approach to structural and functional level of
linguistic organization is based on many years of teaching the course “Sensory
Systems” at the Department of Technical Cybernetics at Igor Sikorsky Kyiv Poly-
technic Institute (KPI), during which the structural and functional organization of
all systems of sensation, including the stages of perception and processing of arbi-
trary information, were carefully considered. The significant moment was the fa-
miliarization with the works of Semir Zeki, concerning the structural and func-
tional level of the neuro organization of the visual pathway [4] and the work of J.
Hawkins “On Intellect” [5], summarizing the functional identity of all sensory
systems. Therefore, thorough analysis of the functional load of sensory systems,
taking into account the unresolved problems of linguistics, allowed synthesizing a
rather harmonious model of the formation and development of speech activity.

It is important to emphasize the significant stage of the author’s plunging
into neurophysiology of sensory systems after meeting and fruitful contacts with
the academician O. Kryshtal, which stimulated publication of the article “Neuro-
physiological bases of linguistic organization” in the NASU Reports (upon the
recommendation of O. Kryshtal) [6] and small but important author’s monograph
“From Thought to Knowledge”, published by Ukrainian chronicles in Kyiv in
2008 [7]. In these works the way from perceiving the information of visual level
to translating it onto language level has been thoroughly researched. All this al-
lowed making a solid conclusion that the structure of linguistic organization is
greatly defined by the level of structural and functional neuroorganisation of vis-
ual pathway.

The title page presents a procedure for translating information of a figurative
level onto language level in the form of a sequence of individual steps. In general,
visual information enters the retina, which is filled with receptors of two types:
sticks (in the number of 130 - 10° located on the periphery of the retina) and cones
(in the number of 6 - 10°, filling the central foveal area, and capable of thorough
identification of the color range). When we want to get a detailed look at some-
thing from the surrounding environment, we project this particle (with the help of
the lens muscles) to the central foveal area. Such fragment of the image will be
determined as a situation. The situation is a fragment of visual component of en-
vironment, which gets to the central “foveal area” of retina and is processed to its
full extent. In each particular situation all its components Obj/Subj, their dynam-
ics Mov, their attributes Attr (Obj/Subj), Attr (Mov) and the extent of those at-
tributes Attr (Attr).

In section 3.4 (Verbalization of visual information), taking into account the
results of neurophysiologists and psychologists research, the procedure for proc-
essing a particular situation of a figurative level with subsequent translation of its
results onto the language level is clearly traced. It is important to note that this is a
procedure for processing only one situation, and it is implemented with a fre-
quency of 25-75 Hz, tracking both the static and dynamic characteristics of the
components.

Only a part of visual component, which gets on the central foveal area, that
is a tenth part of a visual field, is thoroughly examined. However, it is processed
quite elaborately: through identifying all objects/subjects, their attributes and the
extent of these attributes, as well as identifying dynamic characteristics of all the
defined components, with further identification of their attributes and the extent
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of the attributes. This is, virtually, the scheme of processing of only one fragment
of an image on the retina — a situation. Although, in order to explore the visual
field totally we need to examine other situations as well. But on the way of evolu-
tion of visual pathway this function is realized in another way through using “sa-
cad”, the system of sporadic scanning of the retina completely in order to find
particular components. As we can see this algorithm is quite economical and we
don’t have to scan the retina field each time, it is enough to scan only those zones,
where the important (for the subject) components are. Thus, we examined the
whole path of processing both of certain situation for identification of all its com-
ponents with defining all objects, subjects, their attributes, extents of attributes,
and the complete image, getting to the retina. If it is true, there is still one ques-
tion — how the process of verbalization of information from sensory level to the
language one is carried out.

The first attempt by the author to integrate the accumulated diversified
knowledge of the linguistic organization (more precisely, about the stages of its
formation and development) was presented in the form Pre-Conference (poster +
workshop talk) on summit at the BICA-13 conference in Grandotel, Kyiv, where
the integration platform of linguistic organization “Systematic approach to the
modeling of speech activity” was presented.

The comprehensive view of such approach was shortly in BICA-14 journal
by the article “Back to basics of speech activity” [8]. Practically, it meant the
presentation of author’s vision of the problem of linguistic organization to Euro-
pean market. It is important that an extensive axiomatics of speech activity, which
turned to be not only possible but also quite important for understanding diversi-
fied functioning of speech activity, was presented. The next work of Yu. Kys-
lenko and postgraduate D. Serheev [9] was devoted to the problems of modeling
of knowledge base on the mentioned principles.

INTEGRATION APPROACH TO THE ANALYSIS OF LINGUISTIC
ORGANISATION

Tim Berners-Lee suggested the Semantic Web — Data Base interrelation about
twenty years ago, but the sense of progress in its implementation is still not very
visible. Why is this so? On the one hand, this is due to the fact that the problem
itself touches upon the issues of modeling complex cognitive processes occurring
in our neural circuit, and on the other hand, probably, when the problem is clearly
defined and voiced, presumably there are already certain horizons (achievements
and certain hopes) to solve it. Let's try to evaluate the prospects of solving the
problem more substantially, taking into account those developments that have
already been implemented. In particular, the author's last work “Personalized cog-
nitive feedback as a powerful lever for accelerated social development" [10] is in
some way related to the analysis of the cognitive processes that occur in our neu-
ral circuit and determine the progressive accumulation of cognitive potential. It is
necessary to clearly identify the platform from which the study begins, in order to
clearly understand how and where to go in this direction. Since the problem of
“Semantic Web — Data Base” is related to modeling of cognitive processes in our
neural circuit, and for their analysis, we have only a speech level available, then
we face the problem of analyzing human cognitive activity.
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Current state of classical linguistics

The stated research direction is a rather ambitious project, and the author abso-
lutely soberly assesses its complexity. However, here we can trace such a solu-
tion: we should only turn to the analysis of the current stage of development of
classical linguistics through the evaluation of modern achievements by recognized
representatives of this direction. We should only recall that the first qualified
study of the structural level of the linguistic organization was presented by “Gen-
eral rational grammar” (the grammar of Port-Royal in 1660) by the authorship of
the logician and philosopher Antoine Arno and the grammarian Claude Lanceleau
[11]. The grammar was formed according to the results of the analysis of the
structural level of the linguistic organization of significant volumes of texts,
mainly religious. We must pay tribute to the creators of this work, who “felt” and
identified the main features of linguistic organization in the form of a dichotomy
“simple / complex” sentences, and also identified a certain category of “word
combination” for which they did not have a clear definition at that time. Only
now, we can assert that such a structure occupies the status of a separate full-
fledged sentence, if we assume that the “missed” element of such a structure was
just mentioned in the previous sentence and is still activated for a certain time in
our neural circuit. This is practically a “saving” scheme of linguistic means, ori-
ented on listener.

The feedbacks from prominent linguists on the current state of the structural
level of the linguistic organization are presented in Table 1 from the work of
BICA-13. We see that practically the entire linguistic elite is rather restrained in
relation to the current state of our knowledge of the linguistic organization. Par-
ticular emphasis should be placed on the opinion of L. Astakhova (head of the
department of the German language of the Dnipropetrovsk State University), who
at one time clearly expressed her attitude to this problem: “Linguistic community
has long been ripe for rejecting the existing theories of a sentence; the object of
syntactic research is as well unknown” [12]. That is, these are key, painful issues
of classical linguistics, which are still waiting to be solved.

The revelation of B. Horodetskyi regarding the current state of linguistics
became an impetus for the formation of a coherent, holistic picture of the linguis-
tic organization. This is a person who has edited the collection “New in Foreign
Linguistics” for more than 10 years and kept the pulse on key pan- European lin-
guistic problems. His verdict regarding the prospect of a language organization
study looks very categorical, but rather constructive: “Many troubles in linguistics
are due to the fact that language is still considered a form of reflection of
“thought” rather than a scheme for the organization and presentation of knowl-
edge. So, from here we have a powerful conclusion: in the realm of classical lin-
guistics it is first necessary to deviate from the concept of "thought".

The revelation of B. Gorodetsky regarding the current state of linguistics be-
came an impulse for formation of coherent consistent picture of the linguistic or-
ganization. This is a person who has been editing the collection “New in Foreign
Linguistics” for more than 10 years and kept the pulse on key problems of Euro-
pean linguistics. His verdict on the perspectives of linguistic organization research
looks rather categorical, but still constructive: “A lot of linguistic problems are
related to the fact that a language is still considered as a form of conveying a
thought rather than a scheme of organization and transferring the knowledge [13].
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Therefore, hence we have a powerful conclusion that in the realm of classical lin-
guistics, it is first necessary to deviate from the concept of “thought” and master
and use the produc tive platform of “knowledge”.

Thus, for us, the generalized assessment of the current state of classical lin-
guistics and the way out of this critical state, when the concept of “knowledge” is
adopted as the basis of the research, instead of the “thought”, suggested by B.
Gorodetskyi becomes the directional sign. This is a very appropriate suggestion,
since current linguistics still defines language as the scheme of reproduction of
“thought”, which is a standard scholastic situation, when one (not clearly defined
concept) is interpreted through another, which is also not so well defined. How-
ever, the question remains — what is defined as “knowledge”, how is it formed for
a human and how is it used?

Table 1. Current state of classical linguistics

Authors Unresolved problems of classical linguistics

Whitney W., Language is a system of linguistic units of different levels

F. de Saussure with no logical connection between them.

Piotrowski R. Linguistics is not a theoretical science built on experimental data,
(St. Petersburg) it is a exploitative science based on brief samples [20]
Astakhova L. Linguistic community has long been ripe
Dnipropetrovsk for rejecting the existing theories of a sentence;
state university) the object of syntactic research is as well unknown [12]

All current knowledge of classical linguistics cannot be considered

Grammar — 70 from the perspective of a whole system [19]

Grammar

Port- Royal The problem of word combination still has not been resolved [11]

A lot of linguistic problems are related to the fact that a language is
Gorodetsky B. still considered as a form of conveying a thought rather than
a scheme of organization and transferring the knowledge [13]

The answer is formed naturally and fairly transparently if one traces the en-
tire chain of perception of information by the sensory system and the successive
stages of its processing. Knowledge is the end product of a very powerful intellec-
tual activity of a person, covering the stages of perception and processing of in-
formation by the sensory system, with subsequent identification of the obtained
results in the cerebral cortex with the subsequent possible translation it onto the
language level. This definition embraces the entire chain of transformations from
figurative to language level, but further, we will explore the entire sequence of
stages more thoroughly.

Therefore, it is important to observe what is happening on the way of per-
ception, formation and use of linguistic information, but this is an appeal to neu-
rophysiology that is rapidly developing in the modern world and provides answers
to many questions. Figure 2 presents a difference in the approaches to the process
of synthesis of linguistic material. Classical linguistics was formed on a set of
finished texts, not plunging into solving problems regarding the nature of forma-
tion and processing of a linguistic message. By this time, it adheres to the idea
that “we perceive a human through language”. On the other hand, when we stand
in the position that “text is the end product of a rather powerful intellectual activ-
ity of a person” which necessarily includes the stages of taking into account the
dependencies of the perception of the environment by the sensory system (ranging

122 ISSN 1681-6048 System Research & Information Technologies, 2019, Ne 2



On the way to solving the problem of “semantic web — data base”

from retinal functions that determine all components of a particular situation and
ending with the functional load of the visual cortex, which defines all their attrib-
utes), we can find out what knowledge is, how it is formed and used.

Integration approach to structural level of linguistic organization covers the
results of recent researches of linguistic organization in various joint spheres,
such as biology (Haeckels law); neurophysiology of visual pathway (Hubel, Wie-
sel, Semir Zeki, Jeff Hawkins); psychology of perceiving the environment (defin-
ing a situation); philosophy (the structure of a message in the triunity of time,
space and action); cybernetics (ontogenetic parallels law) etc.

Defining the category of “knowledge”

We can present a certain sequence of language message formation taking into ac-
count the following steps. Our sight, like other sensor systems (Semir Zeki, [4], J.
Hawkins [5]), works discretely at 25-75 Hz frequencies. So, for the “knowledge
quantum” that is perceived and processed by a human, it is worth taking a sepa-
rate discrete (separate frame) of visual perception of the environment when it is
assumed that human perceives a lion’s share (80-90 percent) of all the informa-
tion that comes in general through sensory system through the visual system.

Speech activity is one of the most significant functions of human society
and, probably, one of the least explored areas of society’s existence and function-
ing. However, to date much knowledge in many areas of research of various
spheres of its operation has been received and accumulated. For that reason, while
exploring this issue it is worth “integrating” together all the knowledge received
in different spheres.

Speech activity as a research object

Integrational approach
Thesis: discovering speech via human Classical

linguistics
Sensory
level of

information Text

perception

Thesis:
discovering human
via speech

—ZMEZO0OD_<Zm

Language structure

Sensory level of processing

Text as frozen monument
of speech activity

information

Fig. 2. Integration approach to creation of linguistic organization: Defining principle —
“we perceive the language through human”

Despite author’s “solid experience” in the domain of the linguistic organiza-
tion (generally about 40 years, and over fifty publications), he managed in a cer-
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tain way to form a rather clear scheme for the establishment, formation and use of
speech activity.

Practically, halfway comprehensive and uncontroversial picture regarding
linguistic organization has been formed over the last decade, when the author
gradually started overcoming the problems of speech activity taking into consid-
eration current researches in various related fields. Relation of integration ap-
proach and classical linguistics is well illustrated by the slides from author’s work
for the Conference BICA-13 in the form Pre-Conference. On the slides, the com-
parative characteristics of integration approach regarding the long-established
accomplishments of modern linguistics. Classical linguistics adheres to the idea
that “we perceive a human through the language”, while the integration approach
changes the vector of research for the opposite — “we perceive language through
human”; that means we are going to consider the way how human perceive the
environment, how process, generates, and translates it on language level, as well
as how human uses it.

Such approach practically settles a lot of problems of classical approach to
structural level of linguistic organization since it traces the whole path of perceiv-
ing and processing of certain knowledge quantum through the visual pathway.
Thus, we are considering a “knowledge quantum” of visual level as a particular
“frame”, which we further define as “situation”. Taking into account the re-
searches of neurophysiologists of visual pathway, we can define this notion as
follows: “situation is a fragment of visual component of environment which gets
to the central foveal area of retina and is processed to its full extent”.

On average, to the “central foveal area” of retina (according to psycholo-
gists) only ten percent of the information perceived by the retina gets. However,
when about a hundred objects / subjects fall into the retina, in general, we see that
no more than ten components gets to the central foveal area, which are then proc-
essed fully, and after that, they can be translated into the language level. Surpris-
ingly this number totally coincides with the statistical data of linguists, who state
that the length of a simple sentence does not exceed seven plus or minus two
components. The general scheme of processing information through the visual
pathway was well illustrated in author’s monograph “From thought to knowl-
edge” [7], in which the schematic overview of the sequence of stages on the way
to realizing the interrelation “Reality—Text” was presented (fig. 3).

...................................................................................

Image processor

C a
Environment;’ . Retina Current _ Textual
t Processing - image of the pggg;lslﬁ:g visual processing descfr{ﬁtlon
: environment fields orthe  ,

Fig. 3. The stages of processing the environment in the direction “Reality—Text”: D —
the environment getting to the retina; S — the variety of situations, that could be proc-
essed sequentially; D* — identifying situations; /P — image processing; D** — image
level of processing the situations; LP — linguistic processor; D*** — symbol level of
presenting the environment
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It is important to mention the perception of the environment through visual
pathway, hence processing of received information, is conducted with a frequency
of 25-75Hz. Such scheme ensures clear identification of not only static, but also
dynamic objects.

Stages of formation of the “Basic semantic and syntactic structure”

How does the individual situation is processed by the visual pathway? — Careful
researches of neurophysiologists give the answer to this question. According to
Semir Zeki [4], who has been summarizing the results of studies of the visual
pathway during the last half of the century, we have:

experimentally-confirmed the presence of ensembles of neurons (hundreds
/ thousands), which select all objects / subjects (Obj / Subj) from a separate situa-
tion (the third level of retina;

experimentally-confirmed the presence of ensembles of neurons (hundreds
/ thousands), which, select dynamic components with movement identification
(Mov) from a separate situation (fourth, fifth levels);

experimentally-confirmed the presence of ensembles of neurons in the vis-
ual cortex of the brain (hundreds / thousands), which identify their attributes Attr
(Obj), Attr (Subj), Attr (Mov) for all found components (Obj / Subj) and their dy-
namical characteristics (Mov);

experimentally-confirmed the presence of ensembles of neurons in the cor-
tex of the brain (hundreds / thousands), which also determine the extent Attr
(Attr) for the found attributes.

So, neurophysiologists gave us a clear answer to how the process of treating
the visual pathway of a particular situation is performed: with defining all of its
components, identification of dynamic characteristics, as well as with the clear
ability to differentiate all the diversity of attributes. Therefore, after processing a
separate quantum of knowledge - situation, a person should only “mark” the com-
ponents of the situation determined by the visual pathway with corresponding
language labels. But this is a very difficult, hard and long process of language
formation in human society.

The answer to how is the situation translated into the linguistic level was
given by A.N. Gvozdev, who had comprehensively and very carefully been traced
the peculiarities of the process of forming the linguistic system of his son Eugene
for seven years. He did what often many parents try to do, but he was a person
with higher linguistic qualifications who systematically and purposefully com-
pared every new step of mastering the language with a specific environment. The
results of the research were published in the academic edition in 1949 with dedi-
cation to his son [14]. These observations show a clear (Fig. 4) staged scheme of
formation of the linguistic system of a child, which ends at about three years.

At this age, the child finishes the process of forming the main structural ele-
ment of linguistic organization — the basic semantic and syntactic structure
(BSSS), as the main scheme of verbalization of a particular situation. Researchers
of child's language even claim that at this period the child becomes a “professor
of linguistics™ at the level of processing the household language level. But this is
a very difficult, important and responsible period both for parents and for the
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child, when you need to calmly and effortlessly compare and correct each compo-
nent of every real situation (subject, object, action, time, space, reason, condition,
consequence etc.) with the language equivalents of their verbalization. We should
mention Masaru Ibuka and his bestseller “Kindergarten Is Too Late” [15], which
excites all parents and future mothers. Why is it “late”? — Because, by this time
child’s neural network is the most plastic and effectively “sucks” (like a sponge)
all information about the outside world. Over time, this ability becomes less ef-
fective, and experts argue that if a child has not mastered the language by five
years, then, in practice, he is not able to become a full member of the society. Fig.
4 represents this level in stages (1-5), when the child learns the procedure of ver-
balization of a particular situation; the last stage (stage 6) represents the process
of synthesizing the message at the polypredicative level.

Stages of formation of monopredicative BSSS level | Polypredicative

Figurative level
£ T3 3 7 3 leyel 1

ojefeller"

O
O
S
8@

. § S § E/Fg\{ Objective Attributive | Situational level of
Situation g 8 E g Time level level message according
g g Space of BSSS of BSSS to BSSS scheme

Fig. 4. Staged scheme of formation of the linguistic system of a person

The sequence of these stages, and considering their functional load, a clear
organization of the verbalization scheme of a particular situation emerges in the
form of a standard procedure which is mastered by a child at the age of 2,5-3
years. Basically (according to the definition) — the structure of the BSSS is a
two-component, monopredicative scheme describing any situation from the real
or virtual world, all components of which are updated at the attributive level.
Practically, the Fig. 4 presents the sequence of stages of the child’s learning the
message structure of any complexity.

The functional organization of the BSSS structure (monopredicative level) is
mastered quite easily and on time, while the polydynamic scheme of message or-
ganization is learned later and harder; quite confidently the child masters it at the
age of ten or twelve years. The peculiarity of formation of the linguistic order of
the polypredicative level is that the system of functional connections remains
adequate to the BSSS with certain transformations, and a whole structure of the
BSSS may be put in the place of each component and so on, proceeding to the
level of reproduction of the recursive scheme of the message organization. In
general, the way of formation of this structure is carefully analyzed by the work
“To the origins of speech activity” [8], and the structure of the BSSS itself is pre-
sented at Fig. 5.
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Fig. 5. Basic semantic and syntactic structure: Subj — subject; Pred — predicate; R, —

main relations (mother-predicate); R,...R, — predicative relation; 7 ...r, — syntag-
matic relations; Predicator — core of the predicate

Forming messages at the polypredicative level

The BSSS structure (Subj — Pred) reflects only to the monopredicative level of
organization of a message, whereas the message can be formed generally on the
predicative level, which combines several BSSS structures. Generally, this will be
a structure similar to the BSSS structure (Fig. 3), where the whole structure of the
BSSS may be put in the place of a separate component. At the same time, only the
system of relations, which connects separate situations, changes. The issue of
forming messages at the polypredicative level is well researched by Yu. Kys-
lenko, A. Khimicha “The structural and functional level of organization of the
linguistic processor for informational natural and linguistic technologies™ [16].

The fundamental difference between the formation of messages of the poly-
predicative level is the usage of another semantic load as components of a sepa-
rate structure, as well as systems of relations in comparison with the BSSS struc-
ture. When the situational relations of the BSSS structure determine actual
coordinates of the situation in the surrounding world or environment (time, space,
reason, condition, consequence, etc.) then, in case of the polypredicative type,
these coordinates are formed in relation to another situation, using a relative rela-
tion type: “where there is Sy, then S, occurs”, “when S; is implemented, then .S,
will be”, and so on. In practice, the polypredicative message has a strict organiza-
tion and is clearly identified by a linguistic processor. Transformation of predica-
tive and situational relations is clearly analyzed in the following publication.
Generally, the scheme of forming a message of the polypredicative level can re-
late not only to the system of relations of the BSSS structure, but also affect the
relation at the attributive level (let's recall a familiar example — “This is the house
that Jack built. This is the malt that lay in the house that Jack built...”). It is im-
portant that the structure of the polypredicative message is also clearly identified
by the linguistic processor.

It should be once again mentioned that if an environment is perceived by a
person as a sequence of individual situations, each of which is processed by the
visual system under the same scheme, then the structural organization of the lan-
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guage, almost regardless of nationality, color of the color of skin etc. should be
processed under a standard scheme. Of course, languages differ significantly in
terms of lexical composition, schemes of formation of polypredicative level, but
their structural and functional organization have many common issues.

The final part to the integration approach

When the integration approach to the linguistic organization determines that the
linguistic organization is derived from the structural and functional level of the
neural organization of the visual pathway of a person and does not depend on the
nationality, color of skin, place of residence, etc., but is determined only by the
human genome, then we come to a significate conclusion that at the neural level
each separate situation should be processed in the same way - with defining all
components of the environment OBJ / SUBJ, their movement Mov, with further
identification of all their attributes ATTR (Obj / Subj), ATTR (Mov) and also the
extend of the specified attributes ATTR (ATTR). That is, the study of a situation
at the structural and functional level of the neural organization of the visual path-
way occurs in the same way, regardless of nationality, place of residence, color of
skin, etc. The difference is in the linguistic organization of certain components
(language labels), which identify the results of processing of a situation, in the
levels of lexical identification of certain environmental components, in the order
of their use, and also at the level of formation of mono/poly- predicative struc-
tures. Actually, this level finishes the analysis of the structural level of a particular
situation, which is translated into the linguistic level by the BSSS structure.

Therefore, we have a significant conclusion that all the cognitive potential
received, generated and accumulated by humanity, at the linguistic level (regard-
less of the language), will be structured by almost the same way based on the se-
quence of the BSSS structures (see Fig. 4), despite certain differences in their or-
ganization at lexical level, and at the text formation level in general. So, we can
now talk about the organization and accumulation of a global cognitive knowl-
edge base with free access thereto. Certain developments in this field have already
been made.

PROSPECTS OF FORMATION OF SEMANTIC WEB

Information load of Semantic Web

The integration approach gave us a coherent system of the structural level of the
linguistic organization, which is based on the standard BSSS structure. This is the
syntax of the language organization of an arbitrary message. So, naturally, the
question arises - what is semantics, and how is it formed? In our opinion, seman-
tics (semantics of a message) is a system of binary relations between elements of
the BSSS structure, the order and direction of which are determined by the
scheme presented at Fig. 4.

If we take the BSSS structure as a basis and remove all the relations identi-

fied by the system of relations: R, is the main relation “mother-predicate”, which

connects Subj and Predicat together; R,,...,R,, — relations that clearly identify

m
all the predicative components of the predicate; #,...,7, — situational relations
that determine the coordinates of a particular situation (time, space, reason, condi-
tions, consequence of actualization of a particular situation), what does remain?
Apparently, there is an unordered dump of lexeme with no semantic loading at the

entire message.
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It is worth noting, however, that the semantic load of all components of a
situation is gradually realized, shaped and generalized by the child in the way of
mastering the linguistic organization. That is, the process of mastering the lan-
guage also means the formation of a semantic message system at a monopredica-
tive (age up to 3—5 years) and a polypredicative levels (age from about five to ten-
twelve years).

Still, the question remains of how does the recipient identify these attitudes
at the stage of perceiving the text? The answer will also likely be clear - either by
using a certain lexical load of components that determine, for example, time
(hours, minutes, seconds), stages of the day (morning, day, night, etc.), etc., or
through the link to other situations, which were uniquely identified earlier.

This small excursion to the semantic relations of the BSSS structure draws
the attention of the readers to the problem of formation and usage (“understand-
ing”) of semantic relations to search for relevant information; moreover, they are
clearly identified either in separate word forms or have a relative reference
scheme to other quantifies of knowledge. Well, we can proceed with analyzing
this problem.

So, there is the problem of synthesizing the Semantic Web in such a way
that, in part, it was possible to identify semantic links from textual information.
We perfectly (and almost automatically) identify these relations, because during
the long evolutionary way, we have worked out such schemes for identification of
semantic relations, which ensure adequate perception and reproduction of text at
the stages of analysis and synthesis of the message. Again, please remember that
the semantic load of a separate BSSS structure is determined by a system of func-
tional (semantic) relations of its constituents. So, we can predict the Semantic
Web for one component of the message presented by the BSSS structure. One should
only consider that for our language, the order of BSSS formation can be free.

We live in the period of computerization, we often quantify our thoughts
with “bits” or “bytes”, but not always use “knowledge”. The language, the writ-
ing, is a great achievement of humanity, it is something that distinguishes man
from animals. We have learned to record our thoughts, our experience for the
term of preservation, which far exceeds the life cycle of a person.

It is time to pass it to your computer, in other words - to put knowledge to
the machine, presented by a plurality of texts accumulated and saved by human-
ity. We can confidently identify the temporal and spatial relations, reason, condi-
tion, consequence, etc. in the texts. This knowledge should be “put” into the
memory of the computer in the form of a linguistic processor (LP) and used.
These are almost simple problems that can help programs “understand” the text
by identifying individual functional relations between the words. This is the main
meaning and purpose of the computer — not to lose the accumulated knowledge
and learn to understand and use it.

Again, we return to the problems of modeling the Individual Language Sys-
tem (ILS), which clearly separates two components: the linguistic processor (LP)
and the basic knowledge (BK). Let's carefully form the BK, where, at the textual
level, there will be formed all the major accumulated cognitive potential and
“gradually” we will form a linguistic LP processor to teach the “foolish” machine
to “understand” the text, gradually putting separate bricks of knowledge thereto,
presented by the plurality of interactions of the same BSSS structures. It is impor-
tant to capture the semantic load of the individual BSSS functional relations (to be
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a reason, to be time, to be a place, etc.). The structure of such relations can be eas-
ily and unambiguously identified by a linguistic processor. All components of the
situation - Obj, Subj, predicate, situational relations (time, space, reason, conse-
quence, conditions) - are easily identifiable and work for us).

Let’s remember A.S. Narinjani and his school, which deals with problems of
“time”, “space”, etc., Let's also recall N. Leontiev, who argued that the texts al-
ways have all the information necessary for a thorough analysis of the message
and the use of this information. This issue is partly covered by to the publication
of the author “Structural and functional level of organization of the linguistic
processor”, which actually analyzes the means of identifying situational relations
for the mono/poly- predicative levels of linguistic communication organization
[17]. These works also presented a virtual experiment regarding the possibility of
searching the Internet for a “full text”. The main components here are components
of Subj-Pred, situational relations (time, space, movement), predicative relations.

It is important to emphasize that the system of relations of the BSSS struc-
ture at the mono/poly- predicative levels cements the set of components of the
“lexemes” into a monolithic knowledge quantum, which determines the “semantic
load” of a message. That is why special attention should be paid to connecting the
set of unsystematic lexemes to a semantically executed message. What do we
have now?

Comparative analysis of various schemes of formation of “Semantic Web”

The integration approach to the structural level of the linguistic organization,
presented in Section 3, gives a clear vision of the linguistic organization both at
the monoprostand level, which is confined exclusively to the BSSS structure, and
at the polypredicative level, covering a plurality of such structures, based on
general level of the recursive scheme of the organization of the message.
However, the basis of the structural level of the linguistic organization has always
been the basic semantic and syntactic structure — BSSS.

In practice, the basis of the entire structural level of the linguistic
organization is the basic structure, the semantic framework of which is de-
termined by the system of relations of the BSSS structure both situational and
predicative, presented at Fig. 4. Below is the list these relations:

e ratio R, — the main relation of the structure that identifies the connec-
tion “Subject-Predicate” — (Subj-Mov);

o the predicate itself with the “Predicator” core, which covers the verb (or
its transformations according to the schemes of the adjectives or adverbs, based
on two groups of relations - situational and predicative;

e situational relations #,7,,...,7, — determine time, space, reason, condi-
tions, consequances of action. . . in the environment;

e the predictive relationships R|,R,,...,R, Ri, R, ... R, determine other

entities / objects that are involved in the actualization of the action identified by
the predictor Pred.

It is important to emphasize: the total number of elements that are
simultaneously defined by one situation does not exceed from seven to ten. This
is the average number of components that can simultaneously be processed by our
visual pathway. In case of a polypredicative message, this number will depend on
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a plurality of sequentially reproduced situations. It is also worth considering the
number of attribute relations of all involved objects / subjects, when they are
identified as: Attr (Obj / Subj), Attr (Mov), Attr (Attr). This is a system of
components that uniquely identify the attributive level of a environmental
situation. The person is not able to perceive the situation in more details on a
figurative level and identify it, respectively, at the language one.

So, when we have determined the scheme of perception of a environmental
situation, and transform it into linguistic level, we can now correctly put the
question about the possibility and effectiveness of using this system of relations to
search for information in powerful natural and linguistics (NL) information
repositories.

Modern ways of presentation of Semantic Web

We have just studied how adequately, fully and thoroughly a person may perceive
environmental information, considering the semantic load of all components of a
situation and translate it into the language level. Here the process of the recipient
is actualized in the direction of “Reality — Text”, whereas for users (listeners /
readers) it is important to reproduce this dependence in the opposite direction —
“Text — Knowledge”.

The problem for the readers to apply to the gaining potential of knowledge
presented at the computer level, is solved so far, considering the artificial lan-
guages of NL texts. Such first attempt was implemented in the form of SGML
(Standart Generalized Markup Languuage), approved in the 80's when a certain
list of instructions (tags) was created to reproduce the text structure. HTML is a
simplified version of SGML structure that defined a certain set of Tags, their
attributes, and the internal structure of the text defined by the DTD rules for
certain types of document. However, it is important to emphasize that, in fact, the
texts themselves, as cognitive enhancements of our neural network, are by no
means connected with the Tags used for formal presentation of texts; nor does it
consider the semantic relations between Tags, the number of which is limited.
Considering the situation, the specialists have already expressed the idea that
HTML today does not fully meet the requirements of both the developers
themselves and the users. The proposed version of XML (according to the design
of the developers) itself should “synthesize” a specific set of tags by text; but this
means that it must have its own “intelligence” in all areas of knowledge.
Currently there is no answers of how to formalize this semantic problem!

Given these unresolved issues, the specialists state that: the evolution of data
structuring systems under the Obj-Attr scheme gradually brings researchers to the
complication of tags, which ultimately requires the ability to analyze the entire
structured level of text information.

Because of the analysis of the current state of the problems of searching
information on the Internet, considering the speed of computers, the possibility of
presentation of information in distributed systems there raises a question — should
one refer to a “full text” search? Certain proposals have already been stated [18],
although the author has not yet found this proposal.

The author is not an expert in computer technology but has achieved a good
level of generalization of the structural level of the linguistic organization, which
is derived from the structural and functional level of the neural organization of the
visual pathway, and therefore - will be the same for all languages at the structural
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and functional level of their organization. In connection with this, there is a
suggestion: to transform the search system according to the BSSS standards, as a
generalized scheme of synthesis, analysis and presentation of a linguistic
organization regardless of a language.

Let's consider modern schemes of indexing the linguistic material, which are
used for searching in modern technologies.

Using triplestore

The indicated ratio covers a large amount of developments related to the
knowledge and modeling of two diverse ways of modeling the linguistic activity
of a person. The first component is Semantic Web, which is related to modeling
the process of “understanding” the text information, while the second — the Data
Base is associated with modeling the processes of accumulation and use of human
cognitive potential. So, it's worth differentiating these, interconnected problems,
to thoroughly analyze their features.

The concept Semantic Web was introduced by Sir Timothy Berners-Lee in
the early 2000's. Conceptually, this is the development of the Internet in the
direction of presentation of knowledge (again this uncertain term ‘“knowledge™!).
By this time, Internet resources present this concept by unstructured WEB3.0 xb
WEB of DATA content, which is accompanied by certain metainformation.
A similar representation allows to create (intelligent / semantic) information sys-
tems that are oriented towards “understanding” the content. The ideology of
Semantic Web uses many formalisms fixed in standards.

The main scheme of information representation in Semantic Web is a triple,
which updates the combination of subject, predicate and object. The structure of
this representation is presented in Table 2.

Table 2
Subj Predicate Object
my apartment has my computer
my apartment has my beg
my apartment is in Philadelphia

The concept of triple is so generalized that with the help of an unlimited
number of triples we can describe anything. Next, in Semantic Web, as well as in
general, in Computer Sciences it has been agreed to share data and data model
(metadata). In this case, the model / metadata are implemented in the form of the
ratio of ontology / taxonomy using OWL / RDFS, and the actual data are realized
is in the form of RDF-triples.

The peculiarity of Semantic Web is that there is no clearly defined structure,
as in the world of relational data, where the types of relations between the
elements are recorded and stored in accordance with the model. The structure is
quite complicated. In 2000, many different schemes of triplestores were created.
Triplestore is the foundation of Semantic Web.

MIVAR approach to forming the “Semantic Web — Data Base” model

Another approach to solving the problem of “Semantic Web - Data Base” was
proposed by O.0. Varlamov (Moscow), where for the presentation of text infor-
mation and search implementation, there was used another triade — “mivar” as a

132 ISSN 1681-6048 System Research & Information Technologies, 2019, Ne 2



On the way to solving the problem of “semantic web — data base”

ratio “If ...S,..., then ...S;...”. This is, in practice, a model of metadata,
which, according to the author's idea, should solve the problems of the relation of
“Semantic Web — Data Base” in both directions:

e on one hand, it is used to create, accumulate and use the global database
and the rules of their use based on adaptive discrete, mivar informative space
based on the triade “object, property, relationship”. It was assumed that the
technology could be used both for accumulation of knowledge (Data Base
formation) and for search of information (Semantic Web);

o on the other hand, the mivar technology was developed to form a logical
conclusion using the ratio “If ...S;... then ... §, ..”, where §|, S, are related
situations connected by certain logical connections.

Somewhere at one of the conferences of the Seminar “Artificial Intelligence”
in Katsiveli (Crimea) the author managed to hear to the report O.O. Varlamov. At
that time, according to the speaker, there was accumulated a mivar base, which
included several million mivaras. A positive point is the use of logical conclusion
about the plurality if mivars. Such base can also be presented by the triples “If
.8, then... S, ...7,

However, despite the principled opportunity to present the environment
through such triplets, the procedure itself turned out to be quite complicated and
unusual for users of the natural language. On the other hand, real text turned into
a meta-text that is not badly perceived by the computer, but people who were
engaged in this unnatural transformation of the text, had a lot of problems.

BSSS-option

It’s time to present the problem of searching the information under the “full text”,
which is based on the basic semantic and syntactic structure of the BSSS, as the
main and standard structure of the presentation of text information. So, it is worth
to compare the existing Semantic Web presentation schemes with the system of
relations of the BSSS structure (Fig. 5).

For the system “triples — store” we have a set of standard triples “Subj — Pred
— Obj”, through the sequence of which (according to users) it is possible to repro-
duce (present in a certain way) an arbitrary text.

For the mivar approach, on the one hand, the standard scheme of the triples
“Subj — Pred — Obj” is used, and for forming the logical conclusion, there is used

the sequence of triples of another kind “If ...S;... then... §, ....” is used.

However, in both cases, experts who perform the procedure of indexing the
textual information under the unnatural scheme of text processing, express certain
claims to customers.

Let’s now look at the system of relations of the BSSS structure, which we
have mastered since childhood and perceive and use in a completely natural way.
The integration approach covers a system of simple binary relations:

Subj —Pred  Subj — Attr(Subj) Attr(Subj) — Attr(Attr)
Pred —Objl  Objl — Attr(Objl) Attr(Obj1) — Attr(Attr)
Pred —Obj2  Obj2 — Attr(Obj2) Attr(Obj2) — Attr(Attr)
Pred —Objn  Objn — Attr(Obj2) Attr(Objn) — Attr(Attr)

This is almost the system of relations of a separate structure of our native

language, which we use daily - it is part of our language: (noun, verb, adjective,
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adverb), the combination of which form the standard BSSS structure of a separate
message. If to use the system of relations of the native language, which we per-
ceive automatically, then our head will not ache. However, for the linguistic proc-
essor to automatically identify them, one, probably, should work a bit.

PROSPECTS FOR THE FORMATION OF THE NATURAL LANGUAGE “DATA
BASE” ON THE PRINCIPLES OF NEUROPHYSIOLOGY

Then we will continue the study the process of forming the structural level of the
“Data Base”, considering certain features of the organization of our neural net-
work. The publication Kislenko—Sergeyev [9] presents a model of memory or-
ganization, where the cognitive element of the linguistic organization is the BSSS
structure itself. There arises, of course, the question — how can a set of cognitive
structures pass through a separate node of the neural network (analogue of the
neuron)?

Here we come to the concept of “lexeme”, which, in practice, presents a
model of a separate neuron, through which there can be many options for imple-
mentation of individual components of other BSSS. Lexema, practically defines
all possible variants of usage of a wordform, which ensures the possibility of its
entry to any level of the cognitive element of the linguistic message. For modern
computer equipment, this is a simple procedure when we have a whole bank of
lexemes for each language, as presented as the first step towards the formation of
a cognitive structure.

The next step — there is “built” a corresponding framework of the BSSS
structure (as an element of the cognitive web) based on the set of corresponding
lexemes, through which many cognitive connections may pass. Thus, a real text is
formed based on the separate of actant of lexemes, etc. (this is where the required
lexemes are not in the dictionary). Continuing this procedure, we form a separate
BSSS structure, through the “body” of which many connections may pass. That
is, a separate lexeme can be a constructive element in creating a set of other simi-
lar structures. This is practically the procedure for the formation of a separate
element of the BSSS structures, through which several other BSSS structures can
pass. In general, such model represents integrational properties of the biological
neuron.

To implement such functions, there was suggested to use the “marker” de-
vice (see Fig. 5); A separate BSSS structure, when reproducing a text, receives its
unique marker (identifier). Thus, we have a model for forming a cognitive net-
work of separate text, where each component of the message (except for BSSS)
has its own unique number. Well, the procedure is complicated — but it can be
performed automatically, freeing a person from this unskilled hard routine. This
practically means that, with a limited number of lexemes (vocabulary), we will be
able to reproduce virtually unlimited number of real texts. In a certain way, we
are trying to implement the model of information accumulation in our neural net-
work at the neural level. This is a virtually definite model of the neural network,
where on the plurality of models of individual “neurons — lexemes” can be actual-
ized a practically significant set of individual quants of knowledge in the form of
BSSS structures, reproducing the cognitive potential of individual fields of
knowledge — astronomy, mathematics, physics, etc.

Is it possible to implement such a cognitive neural network? - Basically —
Yes. When taking into account the possibilities of forming and using powerful

134 ISSN 1681-6048 System Research & Information Technologies, 2019, Ne 2



On the way to solving the problem of “semantic web — data base”

distributed systems for the following functions: preservation of dictionaries of
different languages, preservation of appropriate vocabularies of lexemes, forma-
tion of linguistic processors for the decomposition of arbitrary messages based on
the BSSS structures, automatic marker formation system for each BSSS structure,
a powerful translation system, where the elements of the translation are not words
— but separate situation ... and so on.

What do we have in the final version? There is a large list of components
for normal formation and operation of a whole cluster of Information Natural and
Linguistic Technologies (INLT); a clear list of important tasks, each of which is
being already solved as of date; there is only a lack in systematicity the entire
chain of formation, processing and use of natural and linguistic information is not
carefully researched.

Nevertheless, it is positive that these issues have already been put on the
agenda, certain fields of research and design have been carefully described and
investigated; young, ambitious. unbounded people join the development. It is also
important that the set of lexemes of a particular area of research may be synthe-
sized for a significant number of other quanta of knowledge, which provokes an
ambitious question regarding the prospects of the possibility of automatic synthe-
sis of new Knowledge. It is difficult, but this is probably the principle of the
global artificial neural network, which is developed by the achievements in many
scientific fields.

This model covers a plurality of models of individual quanta of knowledge
presented at the level of the set of BSSS structures, which removes many prob-
lems, since a single quantum of knowledge is equally presented in all languages.
At the same time, almost, all problems with implementation of such network are
removed, if the basis of its formation is determined by the real text without any
restrictions. Apparently, distributed information systems will be the basis for
solving the problem of “Semantic Web — Data Base”. We can present a fragment
of the neural organization of the proposed knowledge base structure (Fig. 6),
where a separate element of the BSSS structure is updated with an appropriate
lexeme associated with other lexemes of the reproduced text by a plurality of
unique markers.

The linguistic processor, which allocates separate BSSS structures (for mono
or poly- predicative organizations), translates them to the lexeme level, automati-
cally forming a unique marker for each situation. This is, basically, a model of
what is being implemented in our neural network on a plurality of neurons; this is
a model of a neuron through which many relations with other quanta of knowl-
edge can pass.

The main conclusion is considered rather optimistic: “there is proposed a
model of automatic formation of the cognitive potential of the community in the
form of a system of integration of all accumulated text material in various fields
of human activity (physics, mathematics, biology, etc.) based on the standard
BSSS structure as a unified scheme of textual information presentation”.

This means that we proceed to the constructive level of formation of the
“cognitive potential of the society” in various areas of human intellectual activity,
because we have structural capability of formation, accumulation and correction
of knowledge presented at the linguistic level by a plurality of reports, research
results, monographs, textbooks etc. Perhaps, the first research in this field is the
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work of Toby Segaran “Programming the collective mind”, Symbol - Plus 368 p.
[18] (unfortunately, I have not yet been able to get acquainted with this work).
This is an interesting perspective direction of research, formation and generaliza-
tion of collective achievement of humanity in different fields of activity.

Fig. 6. The structure of the neural network fragment: Subj — BSSS subject; Attr (Subj)
— subject’s attribute; Attr(Attr) — extend of the attribute; Predicator — core of BSSS
structure; Attr(Pred) — predicative attribute; Attr(Attr(Pred) — extend of the attribute of
predicative

If the quantum of knowledge for the perception of a person of the environ-
ment presents a separate situation of a sensory level, and its verbalized form is the
BSSS structure, then it will be a “cognitive element” of perception, accumulation
and formation of the cognitive potential of the community, formed in separate
areas of scientific research.

In practice, this section is devoted to the problems of formation of the “Data
Base” on the principles of organization and operation of our neural network. In
many ways, the proposed model functionally resembles the work of our neurosub-
stantium: perceives, “understands’ and accumulates linguistic (text) information.

SEARCH FOR THE SEMANTIC UNIT OF LINGUISTIC ACTIVITY

Basically, the previous section gave us an answer to this question. However, it is
important to analyze the way of solving this issue. The presumption of
formulation of such a question is determined by the rapid (powerful) development
of computer technologies and the use of their capabilities, even for the simulation
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of the most complex intellectual functions of a person. However, before transfer-
ring individual functions of intellectual activity to a computer, it is necessary: to
clearly understand the statement of the problem and the question, the main princi-
ples of the linguistic organization, the scheme of language communication, repro-
duction of the environment by the means of language, “understand the message”,
etc., formalize these solutions for implementation at the computer level, or distri-
bution systems.

1. The first stage has almost been performed by Sir Timothy Berners-Lee —
he clearly set the problem of studying the linguistic activity as an acronym
“SEMANTIC WEB — DATA BASE”, which affects the main principles of the
linguistic organization.

2. The second stage, initiated by Sir Timothy Berners-Lee, in the form of
computer realization of this problem by using simplified speech message presen-
tation models only through a plurality of triples (Subj, Pred, Obj); O.0. Varlamov
has complicated the message presentation scheme by simultaneous use of the tri-
ples (Subj, Pred, Obj) and the logical functions “if .. §; .. then .. S, ”, which con-
nect separate situations in the form of messages of a monopredicative level.

3. The third stage (we can assume) is presented by the author’s work (“Back
to basics of speech activity”) [8], it forms a new platform for studying the lan-
guage activty, by introducing the concept of the Basic Semantic and Syntactic
Structure (BSSS), which is derived from the structural and functional level of
neural organization of the visual pathway and which will be the same for all hu-
manity. That is, for the unit of perception, processing and “understanding” of
language material it is necessary to take a separate BSSS, which simultaneously
becomes a semantic unit of formation and presentation of an arbitrary text. The
BSSS structure was presented at Fig. 5.

Of course, the question arises as to how complex is this presentation of natu-
ral language for a computer comparing with previous versions - the arguments
here are as follows:

1) BSSS is a derivative from the structural and functional level of the neural
organization of the visual pathway - hence, it will be the same for all languages;

2) BSSS is clearly and unambiguously formalized at the structural level;

3) it is completely conscious and correctly perceived by a person;

4) it appears as a structural unit for formation of an arbitrary message;

5) if the BSSS structure can be clearly and unambiguously presented at the
linguistic level, then, apparently, in the same formalized way it can be translated
to the computer level,

6) perhaps the main thing: it is possible to form a computer technology for
processing PM texts in an automatic mode without a compulsory scheme for the
formation of metatext for the computer.

FINAL PART

Only in the process of working with the given topic (in fact, during the last final
stage), the author himself realized the clear semantic load of the correlation
between notions “Semantic Web — Data Base”.

“Semantic Web” is a semantic matrix (standard relationship system), which
we constantly use at the stages of analysis or synthesis of speech messages. This
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is the level of our linguistic competence regarding the structural and functional
levels of linguistic organization that provide us with and guarantee adequate
character of implementation of the communication process in the modes of
synthesis / analysis of speech communication. Our linguistic competence is
formed, as they say “with mother’s milk” and the person / child masters the
linguistic system at about 2,5-3 years, and confidently uses it at about 10-12
years.

There has been created (synthesized) nothing better than the “matrix of
linguistic communication in the form of basic semantic and syntactic structure”
by the nature, since this scheme is derived from the structural and functional level
of the neural organization of the visual pathway; so, it is standard — the same for
all humanity. This is a generalized scheme of how a person perceives all available
information on the sensory or linguistic level, and the ability to translate it into the
language level in the form of a messages of the mono/poly- predicative level.

Data Base, in this case, is a generalized scheme of accumulation, storage
and presentation of the accumulated product by our linguistic activity for
perpetual storage. And all attempt to change, transform, improve this
communication scheme are useless. The only possible scheme of reproduction of
the human cognitive potential is the BSSS structure. We should work for the
computer to be able to understand this structural organization in the form of BSSS
sequence.

Data Base is the big cognitive potential accumulated by humanity through-
out the development of civilization, stored in papyrus, manuscripts, books, audio /
video records. That is, all efforts should be directed for the computers, networks,
distributed systems to store and generalize, but not lose the main values of our
civilization.

Well, after carefully analyzing the structural level of the linguistic organiza-
tion, we can come up with a more reasoned analysis of the individual language
system (see Fig. 1), the components of which are the interconnected powers of the
linguistic processor (LP) and the basic knowledge (BK). The first component de-
fines the structural and functional levels of organization of the language channel
as the basic scheme of perception and accumulation of the cognitive potential of
humanity at the linguistic level, while the second — the BK defines the collective
cognitive potential of a person, which stores all information both at the figurative
level (obtained through the entire sensor system), and at the language level re-
ceived through the perception of information by visual or audio channels. The
latter, upon the request of the recipient, can always be translated to the language
level.

The present study considers the functioning of LP and BK exclusively at the
linguistic level. It is appropriate to emphasize the significant assistance of post-
graduate students D.S. Serheiev and A. S. Khimicha in developing these issues.
This is basically a team of like-minded people who have fruitfully worked on this
ambitious program — modeling the speech behavior of a person in the form of an
interconnected LP-BK system. The author expresses his sincere gratitude for co-
operation in developing this area of research.

If Semantic Web is responsible for the process of perceiving and “under-
standing” the text, which, according to the integration approach, is based on a plu-
rality of standard structures, then we can assume that the cognitive element of
storage, and hence — the understanding and using the accumulated knowledge,
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will be the basic semantic and syntactic structure itself. We should also note that
the whole cognitive potential of a person is formed from a plurality of situations
not only of symbolic, but also of figurative levels, preserving mother’s voice
(with all its shades), appearance, character, all her attributes at the neural level.

The given work reproduces the results of the infinite stages of work on the
declared “eternal” topic, and I should note the actual, or virtual attention and sup-
port that I constantly felt due to certain individuals.

In this way, I want to note the very pleasant audience and the spirit of com-
munication at the “Artificial Intelligence” seminars, initiated by A.I. Shevchenko,
the main priorities of which were: freedom of thought, freedom of imagination,
goodwill and support for beginners. The last significant work of the author, “Per-
sonalized cognitive feedback, as a powerful lever of progressive acceleration of
the development of society” was published due to support of Anatolii Ivanovych
in the journal “Artificial Intelligence”, 2018, No. 1 [10].

Meetings and communication with the member of the academy O.O. Kryshtal
were very productive. I would like to thank for acquaintance with his interesting
treatises, covering the philosophical and linguistic problems of today, for his sup-
port to my search on the neurophysiological principles of linguistic activity; for
submitting the article “Neurophysiological grounds of the structural organization
of linguistic material”, which appeared at reports of the National Academy of Sci-
ences of Ukraine, Edition 11, 2007 [6], and which further inspired the author for
the monograph “From thought to knowledge” (neurophysiological grounds), pub-
lishing house “Ukrainian Chronicle”, 2008 [7].

It is important to emphasize the importance, urgency and timeliness of crea-
tion of the BICA (Biologically Inspired Cognitive Architectures) magazine,
which is focused on studying the cognitive processes occurring in our neural net-
work. For the first time we met (as I recall) with O.V. Samsonovich in Katsiveli
at the seminar “Artificial Intelligence”; I think that from that day, he had an idea
about creating the BICA magazine.

I am very grateful for the support and presentation of my research in this
magazine: presentation of the research direction (BICA-13, Kyiv, Grandhotel),
publication of the work “To the origins of speech activity” (BICA-14) [8], support
of this research from my graduate students Yuri Kyslenko, Danylo Sergeiev —
“Cognitive architecture of speech activity and modeling thereof” (BICA-15) [9].

In this context, one should note that when the main vector of social devel-
opment (according to B.F. Porshnev) is a “progressive acceleration process”, we
can predict that “the increase in the authority and the ranking of research of this
direction will also occur under the scheme with a progressive acceleration”.

The last work, “Personalized cognitive feedback, as a powerful lever of pro-
gressive acceleration of the development of society” [10], confirms that only a
living neurosubstance of a single individual is capable of synthesizing new infor-
mation that was absent in the database. Whether it possible to perform it by IT
technology in future, is a rhetorical question. But even this is very useful for im-
proving the cognitive potential of the society. All knowledge that can be synthe-
sized by living neurosubstances of the society and translated into the language
level, may potentially become an achievement of the artificial intelligence, pre-
served and transmitted for future generations.

In this context, one should mention the words of the famous Kyiv citizen
concerning the influence of the individual on the “progressive acceleration of the
development of society”, written on the walls of his Alma Mater — the Igor Sikor-
sky Kyiv Polytechnic Institute: “
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Y.1 Kislenko

The work of an individual remains the spark that drives the society even

more than collective work™ (Igor Sikorsky).
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PE®EPATHU ABSTRACTS

MPOTPECHUBHI IHOOPMAIIIAHI TEXHOJIOTTi, PROGRESSIVE INFORMATION TECHNOLOGIES,
BHUCOKOINPOJAYKTHBHI KOMIT'FOTEPHI HIGH-EFFICIENCY COMPUTER SYSTEMS
CUCTEMHA

V]IK 004.942:537.525
Anaroput™ pacyera (GOKAJbHBIX MAPAMeTPOB NMPO(PUIBHUX 3JeKTPOHHBIX MY4YKOB,
¢opMupyembIx razopaspsaausiMu nymkamu / Measuuk U.B., Ilounnok A.B. // Cuc-
TEMHI JOCIipKeHHs Ta iHdopmaiiui TexHoorii. — 2019. — Ne 2. — C. 7-17.
PaccmotpeH anroput pacuera ()OKYyCHOTO PACCTOSHHUS IOJIOTO KOHMYECKOTO JJIeK-
TPOHHOTO Iy4Ka, OPMHUPYEMOT0 IEKTPOHHBIMH ITyIIKAMU BBICOKOBOJIETHOTO TJICIOIIETO
paspsna, a TakkKe pacuera JUaMeTpa W TOJIIUHBI (JOKAJIBHOTO KOJbLA TAKOTO ITydKa.
[TpensoxkeHHbIH alNropuT™M OCHOBAaH Ha MOJIENIN CBOOOIHOTO Apeida 3JIeKTPOHOB B aHO/-
HOH I1a3Me B COPMHUPOBAH HAa OCHOBE 3aKOHOB AJICKTPOHHOM ONTHKH C HCIIOJIb30BAHUEM
METOJIOB AMCKPETHOM MaTeMaTHKH W MUHHMAKCHOTO aHaiu3a. [lomydeHHble pe3ysibTaThl
MOJACJIMPOBAHUA TMO3BOJUIIN YCTAHOBUTH BAXKHBIC 3aKOHOMEPHOCTHU, XaAPaAKTCPU3YIOUINE
3aBUCHMOCTh (DOKAJIBHBIX MApaMETPOB MOJOT0 KOHUYECKOTO 3IEKTPOHHOTO ITyuka, (op-
MHPYEMOT'0 3JIEKTPOHHBIMHU IYIIKaMH BBICOKOBOJIBTHOTO TJICIOILETO pa3psiaa, OT KOHCT-
PYKTUBHBIX IapaMETPOB AJIEKTPOJHOM CHUCTEMBI DJJIEKTPOHHOM mymku. Puc.: 3.
bubnuorp.: 21 Ha3B.

UDC 004.942:537.525

Algorithm of calculation of focal parameters of profile electron beams, formed by the
gas-discharge electron guns / Melnyk LV., Pochynok A.V. // System Research and
Information Technologies. — 2019. — Ne 2. — P. 7-17.

An algorithm of calculation of the focal distance of a hollow conical electron beam,
formed by high voltage glow discharge electron guns, as well as the calculation of the
diameter and thickness of a focal ring of such a beam, are considered in the article. The
proposed algorithm is based on the model of free moving of electrons in the anode plasma
and formed on the base of the laws of electron optics with using the methods of discrete
mathematics and minimax analysis. Obtained simulation results allow to find the impor-
tant regularities, which characterized the dependencies of focal parameters of a hollow
conical electron beam, formed by the high voltage glow discharge electron guns, on the
constructive parameters of electrodes’ system of the electron gun. Figs.: 5. Refs: 21 titles.

YK 519.004.942

Emnipudne focaifkeHHs BILIMBY rpasitauiiinoro noast Micsiust Ha r106a/1bHy TeM-
nepatypy 3emui / Mamyki U., Bimok ILI. // Cuctemni nocmimxeHHs Ta iH(popMamifiHi
texHosorii. — 2019. — Ne 2. — C. 18-27.

VY HoCHiIKeHHI BHBYAETHCS MOXIIMBICTH TpaBiTaIliitHOT XBmiIi MicsIs, ska MOXe
BIUIMBATH Ha INIO0ANBHY TeMIEpaTypy 3eMili i3 3aCTOCYBaHHSIM MaTEMATUIHOTO METOIY
eMITIPUYHOT0 aHaNi3y 3 YpaxyBaHHSIM JaHHX IJI00ajbHOI TeMIepaTrypH, KOHIEHTpallii
BYTJICKUCIIOTO a3y Ta BifcraHi Mixk Micsiuem ta 3emieto. [IpoBeneno perpeciiinuii aHa-
i3 TII00aNBHOI TeMIIepaTypu CTOCOBHO TpaBiTaiiHOTO MO MicArs, y3aTuX i3 3araiib-
HO1 Teopii BITHOCHOCTI, 3 Teopii TsuKiHHSA HpIoTOHA Ta BYIJIEKUCIOTH. Pe3ynpTar CBiTUNTH
Npo BIUIMB rpaBitariifHoro nois HeloToHa Ha rioOaibHy TeMmeparypy 3emili; BIUIUB
rpaBitamiiftaoi xBmii Micsnsd € HesHauHUM. OOHAaK BUSBICHO MOXIIUBICTh BIUIUBY
rpaBiTaIliifHOT XBWII Ha TpaBiTaniiiHe mosie MicsAId y YOTHPUBUMIPHOMY HEEBKIIIZIOBOMY
MPOCTOPI 3TiZHO 3 aHAJI30M MYJIBTHKOIIHEApHOCTI JBOX (akTopiB, y3sTHX 3 Teopii Hbro-
TOHA Ta 3arajibHoi Teopii BimHocHOCTI. Puc.: 1. Tabm.: 3. bibmiorp: 6 Ha3B.
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VK 519.004.942

OMNupuYecKoe MccaeI0BaHNe BJIUSHUS T'PABUTANMOHHOTO moist JIyHbl Ha riodann-
Hy10 Temnepatypy 3emun / Manyku M., Bumok ILH. // CucteMHi 101 mkeH s Ta iHpO-
pmatiiiiai TexHonorii. — 2019. — Ne 2. — C. 18-27.

B uccnenoBannn n3y4aeTcsi BOSMOXHOCTh TPABUTAIMOHHON BONHBI JIyHBI, KOTOpas
MOXET BJIMATH Ha IJIO0AJBbHYIO TEMIeparypy 3eMiId C NPUMEHEHWEM MaTeMaTHYeCKOro
METOZa IMIIMPUUYECKOTO aHAIN3a C YUYETOM JAHHBIX TII00aTbHON TeMIepaTyphl, TI00aib-
HOTO YTJIEKHCIIOTO Ta3a U paccrosHus Mexay JlyHoin u 3emureit. [IpoBenen perpeccroH-
HBII aHanu3 ro0aJbHOM TeMIeparypbl OTHOCHTENBHO TPaBUTAIMOHHOTO mojs JIyHBI,
B3ATHIX M3 O0ILEH TEOPHU OTHOCHTENILHOCTH, U3 TEOPHH TATOTeHNs] HploTOHA 1 yriiekucio-
THL. Pe3ynmbpTaT CBHIETENBCTBYET O BIUSHHUM TPABHTAIMOHHOTO Mo HeloTOHA Ha TI0-
OaNbHYI0 TEMIIEPaTypy 3eMJIM; BIMSHUC TPABUTAIIMOHHON BOJIHBI JIyHBI HE3HAYHTEIBHO.
Opnnako oOHapy)keHa BO3MOXKHOCTh BJIMSIHWSI TPaBHTALIMOHHOM BOJIHBI Ha TPaBUTALMOH-
Hoe moJie JIyHBI B UYETHIPEXMEPHOM HEEBKIMAOBOM IIPOCTPAHCTBE COTJIACHO aHAIU3Y
MYJBTHKOJUTHHEAPHOCTH IBYX (aKTOPOB, B3ATHIX W3 Teopuu Hpi0TOHA M 00mIel Teopuu
otHOcuTeNbHOCTH. Puc.: 1. Tab:.: 3. bubmuorp: 6 Ha3B.

V]IK 004.855.5

MeToau noJiinmeHHs: TOYHOCTI JIATHOCTHKH ieMeHl 32 10MOMOroI0 CKOPOYeHHs Po3-
MmipHocTi o3Hak / Hagepan M., 3aiiuenxo FO.IL. // Cucremni gocmimkeHHs Ta iHpOpMa-
miitgi Texaosorii. — 2019. — Ne 2. — C. 25-30.

PosrnsHyTO MIpoGeMy BHOOpPY HaOOPY O3HAK [UIA MIarHOCTUKH NEMEHIIii. 3amporo-
HOBaHO HaOip O3HAK IS MOCTaBJIEHOT MPOOIeMHU i OI[IHEHO 3HAYYIIICTh KOXHOI 3 HHUX.
Po3pobieHo Ta MOCHTIHKEHO aJrOPUTM Ha OCHOBI aHCAMOJIO JepeB pIllleHb i METOIY
OIIOPHUX BEKTOPIB JUIA JIIaTHOCTUKU AeMeHIii. ExcriepuMeHTanbHi JOCTIIKCHHS MTPOBe-
JICHO Ha OCHOBI 0a3m maHux, noganoi B Kaggle. BukonaHo mopiBHIBHUH aHAJI3 OTpHMa-
HUX PE3YJIbTATiB 3 pe3yJbTaTaMu HasiBHUX INpaub. [IpoaHaai3oBaHO OCHOBHI BiIMiTHI 03-
HaK¥ JIeMeHLil AJblreiiMepa, 3acTOCOBYBAaHMX METOJIB JIIKyBaHHS  JeMEHIii
AnprreiiMepa Ha paHHIA cTamii, SKi MOXYTh JOMOMOITH VHHUKHYTH HETaTHBHHX
HACJIIAKIB, 3yMOBJICHUX IPOIPECYBaHHAM 3aXBOPIOBaHHS. MeTol0 poOOTH € IiIBHIIEHHS
TOYHOCTI IiarHOCTUKHU AeMeHIlil. Puc.: 1. Tabn. 4. Biomiorp.: 7 Ha3B.

VIIK 004.855.5

MeToapl yJydqmieHusi TOYHOCTH AUATHOCTHKY JTeMEHIIUU MPHU TOMOIINM COKPAIIeHUS
pa3MepHocTu mpusnakos / Hagepan M., 3aiiuenko FO.IL. / CucremHi DOCTiIKEHHS Ta
iH(opmariiiai TexHoorii. — 2019. — Ne 2, — C. 25-30.

PaccmoTpena mpobnema BrIOOpa Habopa MPU3HAKOB JJIsI AMATHOCTUKH JEMEHIIHH.
[IpemtosxeH HAOOP MPU3HAKOB IS TOCTABJICHHON MPOOJIEMbI U OIICHEHA BAXKHOCTh KaX-
Joro u3 HuX. Pa3paboTaH u MccaenoBaH alrTOPUTM HA OCHOBE aHCAMOJIS IEPEBbEB pellie-
HUM W METOJa OMOPHBIX BEKTOPOB IJIsI THATHOCTUKH JEMEHIMHA. DKCIEpUMEHTAIbHEIC
UCCJIeIOBaHMs TIPOBE/ICHbI Ha OCHOBE 0a3bl AaHHbIX, peacTaBieHHol B Kaggle. Boimon-
HEH CPaBHUTEILHBINA aHAIH3 MOJNyYCHHBIX PE3yNIbTATOB C PE3YJIbTaTaMH CYIIECTBYIOIINX
pabot. [IpoaHanm3MpOBaHE OCHOBHBIC OTIMYUTEIbHBIC NMPU3HAKU NEMEHIWU AJbITen-
Mepa, IPIMEHAEMBIX METOAOB JICUCHHUs JeMEHIINN AJblreiiMepa Ha paHHEH cTaauu, Ko-
TOPBIC TOMOT'YT I/l36e)KaTb HEraTuBHbIX HOCHC}ICTBHﬁ, CBS3aHHBIX C IMPOTPECCUPOBAHUCM
3aboneBanus. L{enbio paboOTHI SIBISETCS MOBBIICHUE TOYHOCTUA JUATHOCTHKH JIEMCHIIUU.
Puc.: 1. Tab6m. 4. bubnuorp.: 7 Ha3B.
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NPOBJEMU MPUMHATTSA PILIEHG TA DECISION MAKING AND CONTROL IN

YIIPABJIIHHS B EKOHOMIYHHX, TEXHIYHUX, ECONOMIC, TECHNICAL, ECOLOGICAL AND
EKOJIOTTYHHX I COLIAJTBHIX CUCTEMAX SOCIAL SYSTEMS
V]IK 004.942

OueHnBaHne KpeAHTOCIIOCOOHOCTH 32eMIINKOB KPeINTOB METOAaMH WHTeJIEKTya-
JbHOro anaau3a gaHusix / I'yeskoBa B.I'., Bumok I1L.A. // CuctemHi mociimkeHHA Ta
indopmaniiini Texnosorii. — 2019. — Ne 2. — C. 31-48.

PaccmoTpeHa akTyanpHas 3ajada OLEHKH KPEIUTOCHOCOOHOCTH Ha OCHOBE JKC-
MEPTHOTO M CKOPUHIOBOTO IOJXO/O0B. BbINONHEH aHAIW3 MpeaMeTHO# o0sacTd U mpo-
AHAJIU3UPOBAHBI OCHOBHBLIEC MCTOJbI MAaTEMaTUYCCKOTO0 MOACJIHMPOBAHUA U OLCHKU KpEC-
JUTHBIX PUCKOB, MPEAJIOKEHBI MaTeMaTHUECKHE MOEIH ISl aHAIN3a KPEJUTHBIX PHCKOB
VHJIMBUIYJIbHBIX 3a€MIIMKOB HAa OCHOBE albTEPHATUBHBIX METOJIOB, pa3pabOTaHbl MaTe-
MaTH4ECKHE MOJENH JUIS aHajln3a KPEIUTHBIX PHCKOB MHIMBHAYAJIbHBIX 3a€MIIMKOB Ha
OCHOBE JI€PEBbEB PEILECHUH, JIOTUCTUUECKON perpeccuu, cereid balieca 1 HeYeTKOM J0ru-
KU. YCTaHOBJIEHO, YTO MOJIETIb HA OCHOBE HEYETKON JIOTMKHU JUIA PEIIeHMs 3a1adu OIpe-
JeJIeHHsI BepOsTHOCTU JieonTa Ui KPeIUTHOTO 3aeMIUMKa SIBISETCS Ooyee TOYHOM, Ha
YTO YKa3bIBAIOT MOCYMTAHHBIE TOYHOCTH MoJeNied. DTO OOYCIIOBJIEHO BO3MO>KHOCTBIO
HCIIOJIb30BaHUA MCTO/1a HEYETKOMN JIOTUKH C HEYETKUM BBbIBOJIOM MaMHaHI/I TOYHEC yCTa-
HaBJIMBAThH [IPUYNHHO-CIICACTBEHHBIE CBSI3U MEXAY XapaKTEpPUCTHKAMH-(PaKToOpaMu 3a1a-
YM U UX BIMSHHUE HA HCXO/AHYIO lepeMeHnyo. Puc.: 6. Tabun.: 6. bubnumorp.: 19 Hazs.

UDC 004.942

Evaluating the borrower's creditworthiness of loans using data mining methods /
Guskova V.G., Bidyuk P.I. // System Research and Information Technologies. — 2019. —
Ne2. —P.31-48.

The actual task of creditworthiness based on the expert and scoring approach was
considered. The analysis of the subject area was performed and the main methods of
mathematical modeling and a credit risk assessment were analyzed; mathematical models
for analyzing the credit risks of individual borrowers based on alternative methods were
proposed; mathematical models have been developed for analyzing the credit risks of
individual borrowers based on decision trees, logistic regression, Bayesian networks, and
fuzzy logic. It has been found that the model based on fuzzy logic for solving the problem
of determining the probability of default for a loan borrower is more accurate, this is
indicated by the calculated accuracy of models. This is due to the possibility of using the
fuzzy logic method with fuzzy Mamdani’s conclusion to precisely establish the cause-
and-effect relationships between the characteristics-factors of the task and their influence
on the initial variable. Figs.: 6. Tables: 6. Refs: 19 titles.

VK 681.3

OneHka KOHTPOJUPYIOIIUX M KOPPEKTUPYIOIINX CBOWCTB ped)epeHTHOro CJI0BapH
CHCTeMBbI TPOBepPKH W HcnpaBieHns opdorpaduu / Jureunos B.A., MaiicTpen-
ko C.Sl., Xypumnasa K.B., Kocrenko C.B. // Cucremni pocnijkeHHs: Ta iHhopMailiiHi
texHoyorii. — 2019. — Ne 2. — C. 49-64.

PaccMoTpeHbl MozeNM OLIEHMBAaHHUsI CBOWCTB pedepeHTHOro opdorpaduieckoro
cioBapst (POC) cucrembl mpoBepku u ucnpasieHus opdorpadun. Konrponupyromue
cpoiictBa POC ompeenstorcs BEpOSITHOCTHI0 HEOOHAPYKEHHUS THIIOBOW OIIHOKH U BEpO-
ATHOCTBIO JIOXKHOTO curHaia o6 ommoke. [Tocrasiena 3anaua ontumuzauu POC mo [la-
peTo, MpeIOXKEH TOIIArOBhId aNTOPUTM €€ PEIICHHS, IPUBEACHBI JaHHBIE IKCTIEPUMEH-
TaJBHOW OLIEHKH PEe3yNTATHBHOCTU alTOPUTMa IJIsi BHIOPAHHBIX CIIOBApe PYCCKOTO U
YKPAaUHCKOTO s13bIKOB. KoppekTupyomiye CBOWCTBa OINPEAEISIOTCS BEPOSITHOCTAMH Tpa-
BIWIBHOM W JIOKHOH KOPPEKUHH THIIOBBIX OmUOO0K. [IpemioskeHsl MOIenn OIEHKH, TPH-
BEJICHBI Pe3yNbTaThl MOICIUPOBAHUS U BHIOpaHHBIX cioBapeid. Ilokaszano, uro POC,
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ONTHMHU3UPOBAHHBIA 110 KOHTPOJIMPYIONIMX CBOHCTBaM, 00JIalacT M JIyYIINMH KOPPEKTH-
pyrouMu cBoicTBamMu. IlomydeHHbIe pe3yabTaThl MOTYT OBITh MOJIOXKEHBI B OCHOBY HH-
CTpyMEHTa CPaBHHUTEIBHOH OLIEHKH, BBHIOOpAa M YIy4YIIEHHS MOTEHLHAIbHBIX CBOWCTB
koHKpeTtHOro POC mis 3amaHHOW mpeamerHoW oOmactu. Puc.: 5. Tabmn.: 5. bubmmorp.:
14 na3s.

UDC 681.3

Evaluation of the detection and correction properties of the reference dictionary of the
system for checking and correcting orthography / Lytvynov V.A., Maystrenko S.Ya.,
Khurtsylava K.V., Kostenko S.V. // System Research and Information Technologies. —
2019. — Ne 2. — P. 49-64.

The models for evaluating the properties of the reference orthographic dictionary
(ROD) of the spelling check and correction system are considered. RODs’ detecting prop-
erties are determined by the probability of not detecting the typical error and the probabil-
ity of a false error notification. The task is formulated to optimize a ROD according to
Pareto, a step by step algorithm is proposed for solving it, the results of the experimental
evaluation of the algorithm’s effectiveness are given. RODs’ correcting properties are
determined by the probabilities of the correct and erroneous correction of the typical er-
rors. Models of their estimation are offered and simulation results are given for the se-
lected dictionaries. It has been shown that ROD optimized for detecting properties also
has better correcting properties. In general, the obtained results can be used as the basis
for a tool for the comparative assessment, selection and improvement of the potential
properties of a specific ROD for a given subject matter. Figs.: 5. Tables: 5. Refs: 14 titles.

VK 519.86
AJITOPUTM OmMpeeIeHNsI COCTOSIHHI PABHOBECUS] YKOHOMHYECKOI CHCTEMBI ¢ MOHO-
MOJIUCTAMM ¥ Pa3HbIMH THIIAMM NOBeAeHHs noTpedouTeneii / Maxopt A.®D. // CucremHi
JocHiKeHHS Ta iHdopMartiiHi TexHonorii. — 2019. — Ne 2. — C. 65-82.

[TpumeHeHa Moieb paBHOBECHSI BaJIbPACOBOTO TUIIA MPUMEHEHA K OIMCAHUIO peak-
L[ SKOHOMHYECKON CHCTEMbI Ha BIMsHKUE BhIOpaHHBIX (akTopoB. MccienoBanue cocTo-
UT B aJlaNTalliy 3224 00 3KOHOMHYECKOM PAaBHOBECHU B CIlydyae SKOHOMHYECKOW CHC-
TEMbI C Pa3HbBIMU TUIIAMU TMOBCACHUA n0Tpe6MTene171 JUIA UCIIOJIB30BaHUS 60ﬂee IMPOCTBIX
METOAOB PCUICHUA, OTHOCAIIHNXCA K 3aJa4€ ¢ MCKIIOYUTCIbHO HCHACBHIAOMIMMUCA T10-
Tpebutensimu. O60CHOBaHA BO3MOKHOCTh MPUMEHEHHUST UTEPAIMOHHBIX METOJIOB K peliie-
HUIO 3aJ1a4i 00 YKOHOMHYCCKOM PAaBHOBSCHU. YKa3aHBI YCIOBHS HA 3a/IaHHBIC XapaKTe-
PUCTHKH MOJICIH, KOTOPBIE OOCCIICYMBAIOT CXOJUMOCTh HWTCPAIIMOHHBIX METOJOB.
[IpuBeneHHBI ANTOPUTM OMpPEICICHUS PABHOBECHBIX XApPAKTEPUCTHK IMO3BOJHT BBISC-
HUTh YCIIOBUSl JOCTHIKCHHUSI COCTOSHUH paBHOBECHs] C 3aJaHHBIMH CBOHCTBaMH.
Bubnwmorp.: 7 Ha3B.

UDC 519.86

Algorithms for determining equilibrium states of an economy under the presence of
monopolies and consumers with different behaviours / Makhort A.P. // System
Research and Information Technologies. — 2019. — No 2. — P. 65-82.

The equilibrium model of Walrassian type is applied to a description of a reaction of
an economy system on an influence of selected factors. The research involves an adapta-
tion of an equilibrium problem in case of an economy with different behaviours of con-
sumers to use simpler solving methods that correspond to the case of exclusively insatia-
ble consumers in the economy. An application of iterative methods for solving the
economy equilibrium problem is justified. The conditions on the specified model charac-
teristics that lead to a convergence of the iterative methods are presented. The proposed
algorithm that determines the equilibrium characteristics allows to determine the condi-
tions for reaching equilibrium states with specified properties. Refs: 7 titles.
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VK 602.1:519.85:53.082.9:616-07
IKCNOHEHIMATBHASI OLICHKA PeKYPEHTHOI HelipOHHOM ceTH ¢ JUCKPETHbIM 3ama3/bl-
BanueM / Mapueniok B.IL., CBepctiok A.C. // CuctemHi gociipkeHHS Ta iH(pOopMamiitHi
texHoioril. — 2019. — Ne 2. — C. 83-93.

Pa3paboTaH u mprUMEHEH METOJ| pacyeTa CKOPOCTH 3KCIOHEHIMAIBHOTO 3aTyXaHHs
JUTS MOZIETN PeKypPEHTHOW HEHPOHHOH ceTH Ha ocHOBe Nu((epeHINaTbHBIX YPaBHEHUI
C AMCKPETHBIM 3ana3fblBaHuEM. DKCIOHEHIMAIbHAs OLCHKA MTOJy4YeHa Ha OCHOBE Pa3HO-
CTHOTO HepaBeHcTBa 11 pyHKIMoHana JlamyHoBa. PaccMoTpeH mpuMep KCIIOHEHIIHAIb-
HOT'O OLEHUBAHUS Ul MOJEIU PEKYPPEHTHOW HEHPOHHOW CETH € TpeMs HEMpOHAMH.
Puc.: 1. bubnuorp.: 23 Ha3B.

UDC 602.1:519.85:53.082.9:616-07

An exponential evaluation for recurrent neural network with discrete delays /
Martsenyuk V.P., Sverstiuk A.S. // System Research and Information Technologies. —
2019. — Ne 2. —P. 83-93.

The purpose of this study is to develop and apply a method for calculating the expo-
nential fade rate for a model of a recurrent neural network based on discrete latency dif-
ferential equations. An exponential estimate is obtained on the basis of the difference ine-
quality for the Lyapunov function. An example of the exponential estimation for a model
of a recurrent neural network with three neurons is presented. Figs.: 1. Refs: 23 titles.

METOAHU OHTI/IMBAHIi, OIITUMAJIBHE METHODS OF OPTIMIZATION, OPTIMUM
YIPABJIIHHS 1 TEOPIS ITOP CONTROL AND THEORY OF GAMES
VJIK 517.9

IIpnéanskeHHOE MITHUMAKCHOE OLlCHMBAaHUE (YHKIIMOHAJIOB OT pellieHHusl nmapadoJiu-
YecKoi 3a1a4u ¢ ObICTPOKOJICOIIOIMMIUCH KOI(DGUIUEHTAMH NPH HEJHHEHHBIX Ha-
omonenusx / Kanycrsin E.A., Hakoneunsrtii A.T'. // CuctemHi qociipkenHs ta iHbpopma-
uinHi rexHomnorii. — 2019. — Ne 2. — C. 94-104.

PaccmorpeHa 3ajaya MUHMMaKCHOTO OLEHWBAHMS (DYHKIMOHAIOB OT PELICHUH mNa-
pabosnnyeckoil 3amaun ¢ ObicTpokoseOmomumucs kodddunuenramu. M3mepsiercs He
caMa BeJIMYMHA, ONMCHIBAIOLIAsl UCCIIEyeMOoe sIBIICHHE, a HaOII0aeTcss HEKOTOpoe 3Ha-
YeHHE OT PELICHHs C ONEepaTopoM, KOTOPBIH ompenensier crocod usmepenus. [Ipodiema
OCJIOXKHSIETCSI HE TOJIBKO M3-32 OBICTPOKOJIEOIOMNXCS KO3(D(UINEHTOB U HEU3BECTHBIX
(yHKIMHA, KOTOpBIE BXOJAT B ypaBHEHHs W HadaJIbHBIE YCIIOBMS, a €€ M IOTOMY, YTO
HaOJII0ICHHUE SIBISIETCS] HEMHEHHBIM (MMEeT omeparop THma cyneprnosunun). I1pu 3Haue-
HHUM MaJloro TapaMeTpa CYIIECTBOBAHHE PEUICHHUS] MCXOIHOH 3a1aull yCTaHABIMBACTCS
IpY TIOMOIIM TPAJULIMOHHOTO MUHMMaKCHOTo moaxona. Ilepexox k 3amade ¢ ycpemaHeH-
HBIMH TTapaMETPaMH MO3BOJISIET OCBOOOJUTECS OT HEIMHEHHOCTH B HaOmoaeHnH. OCHOB-
HBIM pe3yJIbTaTOM pabOThl ABISIETCS 10KA3aTEIbCTBO TOTO, YTO MHUHHMMAKCHAsl OLCHKA
3aJaull C YCPEAHCHHBIMH KO3(G(HUIHEHTAMU SBISIETCS NPHOIMKEHHOW MHUHHMaKCHOM
OLIEHKOM MCXOHO¥H 3aaun. bubnmorp.: 12 Ha3B.

UDC 517.9

Approximate minimax estimation of functional from the solution of parabolic
boundary-value problem with rapidly oscillating coefficients under nonlinear
observations / Kapustian O.A., Nakonechnyi O.G. // CucremHi nocmimkerHs Ta iHdop-
MarttiiHi Texgonorii. — 2019. — Ne 2. — P. 94-104.

The article deals with the problem of the minimax estimation of a functional from
the solution of a parabolic boundary-value problem with rapidly oscillating coefficients.
We measure not the value that describes the investigated process, but some value from the
solution with an operator, which determines the way of measurement. The problem is
complicated not only due to the rapidly fluctuating coefficients and unknown functions
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that are included in the equation and initial conditions, but also due to the observation
being nonlinear (it has a superposition type operator). At a value of the small parameter,
the solution existence for the original problem is established using the traditional minimax
approach. The transition to a problem with averaged parameters allows us to get rid of
nonlinearity in the observation. The main result of the work is to prove that the minimax
estimate of the problem with averaged coefficients is an approximate minimax estimate of
the original problem. Refs: 12 titles.

MATEMATHYHI METOJH, MOJEJII, TIPOBJEMMU I MATHEMATICAL METHODS, MODELS,
TEXHOJIOTTi TOCJIJIKEHHSI CKJIAJTHUX PROBLEMS AND TECHNOLOGIES FOR
CUCTEM COMPLEX SYSTEMS RESEARCH

VJIK 519.6+625.1

Cerenble cTpyKTYyphI U cucTembl: IV, Ilapannensnas 06padoTka pe3yJibTaTOB Helnpe-
pbiBHOrOo Monutopuara / Iomumyk A.Jl., Simkak M.C. // CucreMH] IOCTIKEHHS Ta
iH(opmarriini TexHosorii. — 2019. — Ne 2. — C. 105-114.

DopMaTU3UPOBAHO MPOUEAYPY HHTEPAKTUBHOTO OIICHUBAHHS OOBEKTOB CIOKHBIX
uepapxuiecku-ceTeBbix cucreM. s addexTrBHON peanuzanuu 3TOi mpoueaypsl Ha
MHOTOAACPHBIX KOMIIBIOTCPAX M KJIACTEpaxX NPCAJIOKEHBI COOTBETCTBYIOIUC AJITOPUTMHU-
YECKHUEC KOHCTPYKIMH, ONPEACTIAONIUEC MEPCIEKTUBLI pacliapaljICIMBaHud U YUUTbIBAIO-
e OrpaHN4YCHHOCTDb BO3MOYXHOCTEN BBIYMCIMTEIBHBIX PECYpPCOB. HpI/IBe[leHbI OLICHKH
CJIO)KHOCTH M YCKOPEHUSI MMapaJUICTbHBIX BBIYUCICHHUN, TIOATBEPIKIAIOIIUE BBICOKYIO (-
(heKTUBHOCTH MPUMEHEHHS MPEUIOKEHHBIX KOHCTPYKIUii. [lomydeHHbIe pe3ynbTaThl MO-
TYT OBITh UCIOJB30BAHBI JUIS OLICHUBAHUS B PEIKUME PEATIBHOTO BPEMEHH C IPUMCHEHUEM
COBPEMEHHBIX IIPOTPAMMHBIX CPEICTB MHOTUX CIIOKHBIX CHCTEM, COCTOSIHUE U TTIOBEICHHUE
KOTOPBIX HENPEPHIBHO M3MEHSIOTCS BO BPEMEHH, B YACTHOCTH TPAHCIOPTHBIX CHCTEM,
CHCTEM DJHEpro- W Xu3HeoOecreueHns, 0aHKOBCKUX M TOPTOBBIX CETEH, YKOCUCTEM OT-
JIETBHBIX PETHOHOB U T. 1. bubnworp.: 20 Ha3B.

UDC 519.6+625.1

Network structures and systems: IV. Parallel processing of continuous monitoring
results / Polishchuk O.D., Yadzhak M.S. // System Research and Information
Technologies. — 2019. — Ne 2. — P. 105-114.

The procedure for interactive evaluation of complex hierarchical network system
components is formalized. Appropriate algorithmic constructions are proposed for an ef-
fective implementation of this procedure on multi-core computers and clusters. These
constructions determine the prospect of parallelization and take into account the limited
possibilities of computing resources. Estimates of complexity and speed up of parallel
computations, which confirm the high efficiency of proposed constructions, are given.
The obtained results can be used by means of modern software for real-time evaluation of
many complex systems, the state and behavior of which constantly change over time, in
particular transport systems, energy and life support systems, banking and trade networks,
ecosystems of separate regions, etc. Refs: 20 titles.

HOBI METOJAU B CUCTEMHOMY AHAJII3I, NEW METHODS IN SYSTEM ANALYSIS, COMPUTER
TH®OPMATHUIII TA TEOPIi IPUIHATTS PIIIEHD SCIENCE AND THEORY OF DECISION MAKING
YK 004. 81

Ha mnsaxy no BupimenHs npo6aemu «Semantic Web — Data Base» / Kucaenxo FO.L. //
CucremHi gocmimkeHHs Ta iHpopMattiiHi TexHomorii. — 2019. — Ne 2. — C. 115-140.
[IpoananizoBaHo cy4acHHWi craH BUpileHHs npoOinemu «Semantic Web — Data
Base». Anamniz «Semantic Web» BUKOHAHO 3 TO3UIIH IHTETpalifHOTO MigXOAY, IO 0XO0-
TUTIOE pe3yNbTaTh OCIIKEHb Y cdepax Helpoddizionorii, mcuxomnorii, ¢pinocodii; e mo-
3BOJIsI€ (POPMANBEHO BH3HAYUTH KBAHT 3HAHB SK OKPEMY CHUTYAIliF0 30pOBOTO PiBHA Ta WiT-
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KO OKpECIHTH cxeMmy ii BepOasizamii y BUTIIsIII 6a30BOi CEMaHTHKO-CHHTAKCHYHOI CTPYK-
Typu. ['0JIOBHUH TiICYMOK iHTETpaLifHOTO MiAXO0Iy perpe3eHTOBaHO Te3010: «CTPYKTyp-
HUM piBeHb MOBHO{ OpraHi3aimii € MOXiZHUM BiJl CTPYKTYPHO-(QYHKIIOHATHHOTO DPiBHA
Helipoopranizaiiii 30p0BOro TPakTy». 3BIJCH BUILIMBAE MPOJYKTUBHUN BUCHOBOK: CTPYK-
TypHO-(QYHKIIOHAIBHUI pPiBeHb MOBHOI oOprasizaiii Oyae OJHAKOBHUM JUis BCIX MOB.
Ckrnanosa «Data Base» oxoruttoe (IIOBHHHA OXOILIIOBATH) BECh CYCHIIBHUN KOTHITHBHHUNA
MOTEHLaJl 3HaHb, NPE3CHTOBAaHMH MHOXXMHOIO HArpoMajpKeHuUX TeKCTiB. CTPyKTypHHH
piBeHb opraHizaiii 6a3u 3HaHb NMPE3CHTOBAHO HEBEIUKUM (PparMeHTOM HEHPOHHOT Mepe-
XK1, SIKMI BIITBOPIOE OKPEMY CUTYalLlil0 TEKCTOBOI iH(pOpMallii, ajie KU Yyepe3 MHOXKHHY
OKpEMHX JIEKCEM 11 CKJIQJIOBHX (3 BiINOBIAHUMHM ITOCWJIAHHSAMH Ha iHII CTPYKTYPHI yTBO-
peHHs ) popMye KOTHITHBHY HeHpoMepexy NeBHOI ranysi 3HaHb. Puc.: 6. Tabxn.: 2. bi6-
miorp.: 21 Has3B.

VK 004. 81
Ha nytn x pemenuio npodiaemsl  «Semantic Web — Data Base» / Kucienko 10.H. //
CucremHi gociimKkeHHs Ta iHpopMariiiai TexHomorii. — 2019. — Ne 2, — C. 115-140.
[IpoaHamU3MpPOBaHO COBPEMEHHOE COCTOSHUE peIleHHs mpoobiemMsl «Semantic Web
— Data Base». Ananu3 «Semantic Web» BBIIOJIHEH ¢ MO3UIMIA HHTETPALIMOHHOTO HOIX0-
Jla, OXBATBIBAIOILIETO PE3yJIbTAThl UCCIIEAOBAHUI B cepax HeHpO(DU3HOIOTHH, ICHXOII0-
rud, ¢punocoduu; 3To MO3BoOISIET POPMATBLHO ONPEACTUTh KBAHT 3HAHUI KaK OTICIbHYIO
CHUTYaIMIO 3pUTEIBHOTO YPOBHS U YETKO OYEPTUTh CXEMY ee BepOaiu3aluu B Buje 0a3o-
BOM CEMAHTUKO-CUHTAKCUYECKON CTPYKTYphl. I'JIaBHBIM UTOI MHTETPALIMOHHOIO IIOAX01a
MIPe3eHTOBaH Te3ucoM: «CTpyKTYPHBIH ypOBEHb OpraHU3aIMM SA3bIKA SIBISETCS NMPOU3BO-
JHBIM OT CTPYKTYPHO-(DYHKIIMOHAJILHOTO YPOBHS HEHPOOpPraHU3aluy 3pUTEILHOTO TpaK-
tay. OTCro/1a CieayeT BaKHBII BEIBOA: CTPYKTYPHO-(DYHKIIHOHAIBHBINA YPOBEHbB SI3IKOBOM
OpraHu3anu OyJIeT OAMHAKOBBIM s Bcex sA3bIkoB. CocraBisromas «Data Base» oxBa-
THIBaeT (IOJDKHA OXBAaTHIBAaTh) BECh OOIIECTBEHHBI KOTHUTHUBHBIA MOTEHIMAN 3HAHUH,
MIPeJCTaBICHHBI MHOJKECTBOM HAKOIUICHHBIX TeKCTOB. CTPYKTYPHBIH YPOBEHb OpPTaHU-
3anuu 0a3bl 3HAHUHN MPE3EHTOBAHHBIN HEOOIBIINM (parMeHTOM HEHPOHHOM CETH, KOTO-
PBIH BOCHPOU3BOINUT OTACTBHYIO CHTYaIlMI0 TEKCTOBOH MH(pOPMAaNNHU, HO KOTOPBIA Yepe3
MHOYECTBO OT/AEIBHBIX JIEKCEM (C COOTBETCTBYIOIIMMH CCBIIKAMH Ha APYTHE CTPYKTYp-
Hble 00pa3oBaHus) (HOPMHUPYET MPAKTHUECKH KOTHUTHBHYIO HEHpOCETh ONpelesieHHON
obnactu 3HaHui. Puc.: 6. Tab6xn.: 2. bubnumorp.: 21 Ha3s.
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BIJOMOCTI ITPO ABTOPIB

Bimtok Ilerpo IBanoBuY,

npodecop, TOKTOp TEXHIYHHX HayK, mpodecop kadeapu MaTeMaTHIHHUX METOMIB
cuctemuoro anamizy IIICA KIII im. Irops Cikopcekoro, Yipaina, Kuis

I'ycbkoBa Bipa I'ennaniiBua,
acucTeHT Kadeapu MareMaTHIHUX MeToniB cuctemuoro ananizy ITICA KIII im. Iro-
ps Cikopcrkoro, Ykpaina, Kuis

3aityenxo IOpiii [letpoBny,
npogecop, TokTop TexHIYHUX HaykK, mpogecop IIICA KIII im. Irops Cikopcrkoro,
VYkpaina, Kuis

Kanycrsan Osiena AHaTO1iiBHA,
CTapimuii HayKOBHH CITIBPOOITHHUK, KaHAMAAT (Hi3MKO-MaTeMaTHIHUX HAYK, 3aCTYII-
HUK JIeKaHa 3 HayKOBOI Ta MIKHapoJHOI poOOTH (aKyJIbTeTy KOMII FOTEPHHX HayK
Ta KibepHeTnkn KuiBchkoro HarioHansHOTO yHiBepcurery iMeHi Tapaca IlleBuenka,
Vkpaina, Kuis

Kucaenko IOpiii IBanoBuy,
JIOLIEHT, KaHJIU/IaT TEXHIYHUX HayK, AOLeHT kKadenpu texHiuHoi kibepHetuku KIII
im. Iropst Cikopcbkoro, Ykpaina, Kuis

Koctenko CpsiTocsaB Bosiogumuposuy,
acmipasT kadeapu iHpopMmamiifHuX cucteM HarlioHaTBbHOTO YHIBEPCUTETY XapUYOBHX
TEeXHOJOTiH, Ykpaina, Kuis

JIutBuHoB Basepiii AHApoHNKOBHY,
npodecop, TOKTOp TEXHIYHNX HayK, IPOBiAHUI HAyKOBUI CHiBpOOITHUK [HCTHUTYTY
npobiem MaTeMaTHuHUX MamuH i cucteM HAH Ykpainu, Kuis

Maiicrpenko Cgitiiana SIkiBna,
CTapIIMii HayKOBHUIl CHIBpOOITHHUK, KaHIUAAT TEXHIYHUX HAyK, CTApIINi HAyKOBHH
ciiBpoOiTHUK [HCTHTYTY mIpobiiemM MaTemMaTndHUX MamiH i cuctreM HAH Ykpainn,
Kuis

Mapueniok Bacuas IlerpoBuy,
npodecop, TOKTOpP TEXHIYHUX HayK, mpodecop Kadenpu iHGOpPMATHKHA Ta aBTOMa-
TuKN YHiBepcuteTy B benbcko-bsniii, [Tonsma, M. benbcko-bsina

Maxopt Anapiit [Tnimmnosuy,
CTapIIuii HAYKOBHH CIiBPOOITHHUK, KaHAUAAT (i3MKO-MaTeMaTHIHUX HAYK, CTapIIAi
HAayKOBHH CHiBpOoOITHUK mnabopaTopii MaTeMaTHYHOTO MOJEIIOBAHHS Biaairy
cuHepreTuku IHcTuTyTy Teopernunoi ¢izuku iMm. M.M. boromo6osa HAH Ykpaiuu,
Kuis

Manyki Monmrio,
JIOKTOp TEXHIYHHMX HayK, 3aBijyBad jaboparopii eKOHOMETPUKH 1 NPOTHO3YBaHHS
CBiTOBOrO LIEHTPY NaHHX 3 reoindopmaruku i cranoro po3Butky KIII im. Irops
Cikopcrkoro, Ykpaina, Kuis

Meabnuk Irop BiraaiiioBuy,
npodecop, AOKTOp TEXHIYHUX HAyK, mpodecop Kadeapu eIeKTPOHHHUX MPUIAliB Ta
npuctpois ¢axynprery enekrpoHiku KIII im. Irops Cikopebkoro, Ykpaina, Kuis

Hapepan Mapbsm,
nmoktop ¢inocodii, cryaertka IIICA KIII im. Irops Cikopcbkoro, Ykpaina, Kuis
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Hakoneunuii Onexcanuap I'puropoBuy,
npogecop, TOKTOp (i3nKo-MaTeMaTHUYHUX HayK, 3aBigyBad KadeApH CHCTEMHOIO
aHami3y Ta Teopil NMPUHHATTA pimeHb (QaKyIbTeTy KOMII'FOTEpPHHX HAyK Ta Ki-
O6eprHernkn KuiBchkoro HamioHasbHOTO YyHiBepcuTery imeni Tapaca IlleBuenka,
Vkpaina, Kuis

Moaimyk Oaexcanap AmurpoBuy,
CTapIINi HAYKOBUH CHiBPOOITHUK, KAHIUIAT (I3UKO-MATEeMaTHUYHUX HAYK, CTApLIMNA
HayKOBHUIl CIHiBpOOITHUK Jsaboparopii MOJENOBaHHS Ta ONTHMi3alii CKJIaJHUX
cucteM  IHCTHTYTYy  NpHUKIagHMX  [pobieM  MeXaHikh 1  MareMaTHuKu
iM. f1.C. incrpuraua HAH VYkpainu, JIbBiB

IMounnok Ajsina BosionumupiBua,
KaHIUJAT TeXHIYHUX HAyK, MOICHT Kadeapu iHQOpPMAMIHHUX CHCTEM i TEXHOJOTIN
HaBuanpHO-HayKOBOTO I1HCTHTYTY iH(GOpMANiHHUX TEXHOJNOTIH Ta MEHEIKMEHTY
YHiBepcuTeTy AepxkaBHOI ickanbHOI ciry:x6u Ykpainu, Kuis

Ceepcriok Anapiii CrenaHnoBuy,
JIOTICHT, KAaHOUAAT TEXHIYHUX HAYK, JOLEHT Kadempu menuuHoi indpopmatuku Tep-
HOIUIBCHKOTO JIEPKaBHOTO MEAMYHOro YHiBepeutety imeHi 1.5, ['opbaueBchkoro, Ykpaina,
TepHominb

Xypuuiaasa Kocrsintun BikTopoBuy,
MOJIOJIINI HAayKOBHH CIIBPOOITHHK [HCTHTYTYy mpoOiieM MareMaTHYHHX MalIMH 1
cuctem HAH VYkpainu, Kuis

Snkak Muxaiijio CtenaHoBuY,
CTapIIMi HAyKOBHUil CHIBPOOITHHK, TOKTOP (i3MKO-MaTeMaTHYHUX HayK, 3aBilyBau
nabopaTopii MOJENIOBaHHS Ta ONTUMI3alil CKIaJHUX CHCTEeM [HCTUTYTY TNpH-
KIagHux 1npobdnem mexaHikn i marematuku iM. S.C. Ilimctpuraua HAH VYkpainu,
JIsBiB
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Ilpasuna ogpopmnenns cmameii

IMPABUJIA O®OPMJIEHHSI CTATEHA
IJIS1 JKYpPHAJLY

«CUCTEMHI JOCJIIKEHHSI TA IHOOPMA LI HI
TEXHOJIOI'Ti»

1. Crarrs 3 aHOTalisIMHU Ta 1HIIOIO 1H(QOPMAILI€I0 MOJAETHCS 3 BUKOPHUCTAHHIM
BeO-caiity xypHany (http://journal.iasa.kpi.ua).

HasBa cratti, mpi3Buine Ta iHiliagau aBTopa (aBTOPiB), a TAaKOXK aHOTAIlig (Bifg
700 no 1000 cuMBOJIIB) MOAAOTHCS YKPATHCHKOIO, POCIFICHKOIO Ta aHTIIIHCHKOI0 MOBa-
MH.

2. Tekcr craTti HabUpaeTbes B pegaktopi Microsoft Word 2003 mpudrom Times
New Roman i3 BupiBHIOBaHHSM T10 ITUPHHI.

3. Ha movarky crarti Bkasyethbes inaekc Y/JIK, Ha3Ba crarTi, iHII[iaTH Ta MPi3BUIIE
aBTOpa (aBTOPIB).

4. Cnucok JiTepaTypH IOJAETHCS B IMOPSAKY HOCHJIAHHS INCIS TEKCTy CTaTTi.
SIKIII0 € MOXIIUBICTB, y CHUCKY BKa3yeTbess DOI K0)XHOTO OCHITaHHS.

5. HaGip ¢opmyn 3xilicHioeTbest B peaakropi popmyn «Equations». J{i1st 3MiHHEX
3 iHIeKcaMu Ta 0€3 1HIEKCIB 3aCTOCOBYIOThCS IyXKKH KJIaBiaTypHOTO HAOOpy, HAPHKIIA]

/. 75)-

6. CumBonu y (opmynax (KpiM OCOOJMBHX BHUIIQJIKIB) HAOUPAIOTHCA KYPCHBOM.
JlomrycKaroThCs PsIMi CUMBOITH, ajie X Tpeba po3MIiTHTH a00 BKIFOYHUTH IO CITUCKY CIie-
iaJbHUX CUMBOJIIB.

7. HywmepyBatn HEOOXigHO TiNBKK Ti GOpPMYIH (BHHECEHI Ha CEpeIUHY PAIKIB),
Ha sIKi € IOCUJIAHHSI B TEKCTI.

8. Tabyuui Ta PUCYHKHM BHKOHYIOTHCS B OJHOMY CTWJI, IM HaJa€Thcsi HOMEp, Ha3Ba
1 PO3TAIIOBYFOTHCS MICIISI TIOCHIIAHB y TeKCTi. He citig mOBTOpIOBAaTH B CTATTI MiAMUCH 10
PHUCYHKIB Ta TaOIHIIb.

9. Crartst pa3oM i3 TabIULSAMH, PUCYHKaMHU i CIIMCKOM JIiTepaTypu Mae OyTH He
outbime 15 cropinok. OrIIsAIOBI CTATTI 00CATOM A0 25 CTOPIHOK NPUIAMAIOTHCS 32 JJOMOB-
JICHICTIO i3 PEIKOJIETIETO.

10. [lo pykommcy AOAal0THCS BiIOMOCTI PO KOXKHOTO aBTOpa: KpaiHa, MiCTO, MicIie
poboTH, ciryk0oBa 1mocaja, BUSHUH CTYIIHb Ta 3BaHHs, cepa HAyKOBHX JOCIIIKEHb,
KOHTaKTHI TesiehoHH, ajpeca Ta e-mail.
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