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MATEMATHUYHI MOJEJII TA METO/M Y3I'OAKEHOI'O IINTAHYBAHHS

CydacHi mpouecH riobanizarii, eKOHOMIYHOT KOHKYPEHLiT MOTPeOyIOTh CYTTEBOTO MiJBHILEHHS BHMOT A0 MPO(ECciiHOro piBHSI MEHEIKEPIB BUILOT
JAHKH, 110 KepyIOTh IisUIbHICTIO MKHAPOJHHX KOpIIOpALil, perioHaIbHUX EKOHOMIK, Taly3eBHX MiHIiCTEPCTB TOWIO. IX e(heKTHBHA IisiIbHICTH
HEMO>KJIMBa 6€3 BUKOPUCTAHHS OCHOBHUX HAYKOBMX JOPOOOK Ta BiJIOBIXHOTO HPOrPaMHOr0 3a0e3MeueHHs, 110 Peali3yloTh OCHOBHHIA SIKICHHI 3aKOH
YIPaBIiHHS CKJIAJIHUMU OPraHi3aliiHO-BUPOOHUYMME CHCTEMaMH — 3aKOH Y3TODKEHOTO YIPAaBIiHHA (IUIAaHYBaHHsI), KOJIHM YIIPABIiHCHKI PIillICHHS HA
BEPXHbOMY PiBHI BPaXxOBYIOTh IHTEpECH, II0 MOXYTh He 30iratucs, abo OyTH HaBITh AHTATOHICTUYHUMH y OPraHi3aliifHO-BUPOOHHYMX MiICHCTEMAX,
3B’s3aHHX NIEBHOIO CTPYKTYPOIO B3a€MHHX BITHOCHH B MEXaX €IMHOI OpraHi3aliifHO-BUpOOHHYOI ckianHoi cucteMu. B mawiit po6oti posrisgaersest
JIBOPIBHEBA OPraHi3alliiiHO-BUPOOHHYA CHCTEMA, SIKA B TEPMiHAX 3arajbHO BiOMOI TeOpil aKTHBHUX CHCTEM 3aJA€ThCS K “LEHTP HPUAHATTS PillleHb
— eneMeHTH (OpraHizauiiiHo-BupoOHIYo1l miacuctemu)”. opMabHi MOZIEII €JEMEHTIB PO3IIISAAI0THCS IBOX KIIACIB — JTiHIHHI HellepepBHi Ta JUCKPETHI
— arperoBaHi MoJelli BUPOOHHIITBA, [0 HAJIEKaTh O OJHOro kiacy NP-CKIaHHMX OJHOETAITHUX 3a[ay KaJeHIAapHOro IuaHyBaHHs. [l 060X THIIB
MoJIenelt eTeMEeHTiB IPUBOJIATECS KOMIIPOMICHI KpUTepii i Bi/moBiHi IM MeTou mo0y10BY KOMITPOMICHHX PillleHb, III0 OCHOBAHI Ha pe3yIbTaTax npod.
MasnoBa O. A. 11 6araTouiILOBOTO JIIHIKHOTO MPOrpaMyBaHHs, K HACHIZOK HOTO TEOPETHYHMX JOCHTI/PKEHb JUIS 3a/1a4 TUCKPETHOT onTUMizalli B
YMOBaxX HEBH3HAYEHOCTI, Ta CTBOPEHOI iM Ta Horo yunsmu Teopii I1J[C-anroput™iB, TO6TO aNrOpUTMIB, IO MICTATH MOTIHOMIANBHI ITiIaNTOPUTMH
MOOY/IOBH JIOMMYCTHMHX PO3B’A3KIiB, IO 3a/0BOJIGHSIOTH TEOPETHYHO OOTPYHTOBAaHMM JOCTaTHIM O3HaKaM ONTHManbHOCTI. B miif pobori
BukopuctoByethest [1/1C-anroputm st NP-ckiagHoi 3aadi Teopil po3kianiB — “MiHiMi3allis 3BaKEHOT0 CYMapHOTO MOMEHTY 3aBEPILCHHS BUKOHAHHS

pobiT Ha 0fHOMY TIPUCTPOi 3 OOMEXEHHAM Ha TTOCIIIOBHICTh BUKOHAHHS POOIT, 3a1aHNM Opi€HTOBAHNM aMKJIIYHUM Tpadom”.
Kurodosi cioBa: y3romkeHe ynpasiliHHS, aKTUBHA CHCTEMa, 0araTomiiboBe JiHiliHe nporpamyBanHs, Teopist [1J]C-anropurmis, koMOiHaTOpHA

ONTHMI3allisl, KOMIIPOMICHUIA KPUTEPii.

Beryn. IIpoGnema edekTHBHOrO ynpaBiliHHS CKIIaJl-
HUMH OpraHi3auiiiHo-BUpOOHHYMMH CUCTEMaMH, TOOTO CH-
cTeMaMH 3 6araTopiBHEBOIO CTPYKTYPOIO, B IKHX 00’ €KTOM
YIpaBIiHHS € JIOJH, 3aBXKIU iICHyBaja, iCHye i Oye icHy-
BatH [1, 2]. 3ycHiisa BYCHHX, IO MPAMIOIOTH B Pi3HUAX Ha-
npsiMkax (imocodii, comionorii, eKOHOMIKH, PUKIATHOT
MaTeMaTHKH) TPHUBENIN [0 3arajJbHONPHHHATHOTO BHCHO-
BKY, IO HEOOXiTHOI yMOBOK e()EKTHBHOTO (PYHKIIIFO-
BaHHS TAKUX CHCTEM € peastizallis B IKOCTI OCHOBHOTO 3a-
KOHY IJIaHYBaHHS POOOTH TaKUX CHCTEM 3aKOHY y3rOJKe-
HOTO IUTAaHYBaHHS, a HEOOXiIHMUM JOIOMIKHHM 3aKOHOM
MOBUHEH OYTH 3aKOH KOHTPOJIIO Ta mTpadyBaHHs (MOKa-
pauus) [3, 4].

HeoOxigHOIO yMOBOIO pealizarii 3aKOHY Yy3TO/Ke-
HOTO IUIaHYBaHHsS € Iapajurma, Io IHTepecH opraHiza-
LiITHO-BUPOOHWYHX MiJICHCTEM MOXYTh HE Y3T0JDKYyBaTHCh
MK CO0O0I0 1 CHCTEMOIO B LIJIOMY Ta MPOTHIISTH B IEBHUX
Mexax eeKTHBHOMY (YHKIIIOBaHHIO CKJIAJIHOI OpraHiza-

() ®

LIIfHO-BUPOOHNYOT CHCTEMH. 3aKOH Y3TrOJKEHOTo IUIaHy-
BaHHs Ha SIKICHOMY piBHI Ta B paMKax ctporoi popmairiza-
1i1 MOBUHEH PO3B’s13aTH JBi 3a1a4i [3—6]:

1. CrpykTypHUMH 3MiHaMH, MiZ0OpOM eQPEeKTHB-
HOTO MEHEKMEHTY BHILOTO DIBHS MaKCHMaJIbHO MOX-
JUBO Y3TOAWTH IHTEPECH PI3HUX OpraHi3amiiHO-BUPOO-
HUYHUX ITJCHCTEM, IO CKJIAJAIOTh €(EKTHBHY CKIIaJHY
opraHizaniifHo-BUpOOHHYY CHCTEMY.

2. Ha crporo ¢gopmasnizoBaHoMy piBHI peanizyBaTH
TaKWi 3aKOH IJIAHYBaHHA POOOTH KOXKHOI MiJCHCTEMH,
SKWAN OU BiATIOBiIaB KOMIIPOMICY MK e(eKTHBHICTIO (hyH-
KIIIFOBaHHS CUCTEMHU B IJIOMY 1 JOKaJIbHUMH €roicTHY-
HUMU iHTEepecaMH 11 miACUCTEM.

[I1poko BH3HAHOK KOHCTPYKTHBHOIO MaTeMaTH4-
HOIO TEOopi€ro, M0 JI03BOJISIE (OPMAi3yBaTH PO3B’SI30K
JIpyTOi 3a/1aui € Teopis akTMBHUX cucteM mpod. Bypko-
Ba B. M, iioro y4HiB Ta nociinoBHuKiB [3-9].
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OCHOBHOIO KOHIIETILIIEI0 TEOpii aKTUBHHUX CHCTEM €
peanizailisi B SIKOCTi OCHOBHOT'O 3aKOHY y3TOIXKEHOTO ILIa-
HYBaHHSI 3aKOHY ONTHMAJILHOTO TTAHYBAHHSI 3 MPOTHO30M
O gkuil BBOAMTH Taki mTpadu A1 MiICUCTEM 32 HEBU-
KOHAHHSI IJIaHIB, MPU3HAYCHUX LICHTPOM, SIKi TO3BOJISIOTH
miICHCTEeMaM B TIEBHUX MEKaxX HE BUKOHYBATH IUIaH, pea-
ni3yroun cBO1 BIacHi iHTepecH. OCHOBHUM KOHCTPYKTHB-
HUM MaTeMaTHYHHUM PE3yJIbTATOM TeOpil aKTHBHUX CUCTEM
€ cTpore OOIDYHTYBaHHS yMOB, IO HaKJIagalOThCs Ha
¢yHKii mTpadiB exeMeHTIB, Ipu BUKOHAHHI SKUX e(eK-

TBHICTh 3akoHiB =™ Ta T (uinkoMm ysromxeHoro
IUIaHyBAHHs) € OJJHAKOBHMH.
3akon mianyBanHs ™ — I 3aKOH IJIaHYBaHHS, B

SIKOMY TIPH 33J]aHUX [IEHTPOM (QYHKIIAX mTpadiB eremMeH-
TaM 3a HeBUKOHAHHS IIJIaHIB IICHTP BHOUPAE TUTaHU, SKi BH-
TiIHO BHUKOHYBAaTH €JEMEHTaM BiAMOBIIHO O iHTErpajb-
HOTO KpHUTEpis — 3HaYCHHs 0e3yMOBHOTO KpHTepis edek-
TUBHOCTI (YHKIIIFOBaHHS e€JIeMEHTa MiHyc mTpad 3a HeBH-
KOHAaHHS IUTaHy. 3HAYCHHS LUX pE3yJIbTaTiB MOJATAE B
TOMY, 1[0 ICHYIOTB JIOTi4Hi 3 TOUKH 30py NPAaKTUYHOTO BH-
KOPUCTaHHS Kiacu GyHKIIN mTpadis, 0 3a10BOJIBHSIIOTH
LM TEOPETUYHUM YMOBAM.

OCHOBHa CKJIQJIHICTh TPAKTHYHOTO BUKOPHCTAHHSI
MaTeMaTUYHOI Teopii aKTMBHUX CHCTEM IOJISIra€ B HEOO-
X1THOCTI PO3B’sA3aHHS 3ajadyi, Ky B CIPOIICHOMY BHIJISII
B TEpPMiHaX TEOpii aKTMBHUX CHCTEM MOXHA CHOPMYITO-
BaTH HACTYITHAM YHHOM.

max ®(x),
vz, €Y, i=1k, 1)
II10 33/I0BOJIBHSIOTE YMOBaM
h, (”i)zrpgxl{hi (J’i)_)(i (”i’yi )} ' 2

e n=m®®m;
k — 3araypHa KiJIBKICTh €IEMEHTIB CKJIaJHOI OpraHi-
3aIifHO-BUPOOHUUOT CHCTEMU;

7; —BEKTOp IUIaHy, IO NOBHUHEH peanidyBaTu i -if

CJICMEHT;
Y, €Y, — BEeKTOp, 1110 MO’KE peasli3yBaTH | -i elTeMeHT

3aMiCTh IUIAHY T, ;

Xi (ni, Y )Z 0 — wTpad ans i -ro enemeHTa 3a HEBH-
KOHaHH{ IUIaHy 7, ;

(D(n) — ¢yHKIIOHAN, 0 3aa€ e(eKTUBHICTH (PYHK-

LIFOBAaHHS CKJIAJHOI OpraHi3alifHO-BUPOOHUYOT CUCTEMHU.

TakuMm YHHOM, KOMIIPOMIC MK €(DEKTHBHICTIO QYHK-
LiIOBaHHS CKJIAJHOI OpraHi3aliiiHO-BUPOOHHYOI CHCTEMHU
Ta IHTepecaMH ii €JIEMEHTIB JIOCATAETHCS Ha OCHOBI 3aj1a-
HUX aHAJIITHYHUX BUpa3iB QyHKUIHA mTpadiB y; (7ri, yi),
10 MOYKE BUKJIMKATH NEBHI HE3PYYHOCTI, HE KaKy4dH IPO
HeTpUBIAIBHICTH po3B’si3aHHs 3agadi (1)—(2), sKa nuie B
JIeSIKMX BHUIAJIKaX 3BOJMUTHCS JIO CTaHJapTHOI 3a1a4i Mare-
MaTHYHOTO NPOTPaMyBaHHS.

B naniif po6OTI NPONOHYETHCS MaTeMaTUYHUN amna-
part, o peajizye METOAOJIOTIYHY HapaJurMy Teopii akTu-
BHHUX CHCTEM, IO ZI03BOJISIE B SIBHOMY BHIVISAI BPaxoBy-
BaTH IHTEPECH €JIEMEHTIB, 3HAXOISYM KOHCTPYKTHBHHUH
KOMITPOMIC MiX iHTEpecaMH OpTraHi3amiiHO-BUPOOHHUIOT

cucTeMH Ta 11 eleMeHTiB. MeXaHi3M IoKapaHHs 3a HEBUKO-
HaHHS IUIaHIB, 10 € AOTOMDKHHMM B TEOpil y3rOIKEHOTO
IUIaHyBaHHS, B JOPMaAJILHOMY acCIeKTi pealli3yeThes 3a 10-
MOMOTOF0 3MiHU 3HAYEHB JIOJJATHUX KOC(DIIlI€HTIB, Bl SKHX
B SBHOMY BUIJIAJI 3aJIe)KUTh KiJbKICHa XapaKTepPHCTHKa
CTYIICHI BpaxyBaHHS iHTEpECiB €IeMEHTIB OpraHizalliifHO-
BHpOoOHMYOI cucteMu. Ha siKicHOMY piBHI peakiist IeHTPY
Ha HEeBHUKOHAHHS IIaHIB MOXE Peai30ByBaTHUCH Yepe3 3a-
MiHy MEHE/KepiB — yIIPaBIiHIIB BUIIOTO piBHA. HaitOinpm
Ba)XKJTUBA 1 CKJIaHa pobieMa — 3HaXOKeHHS TaKUX Opra-
Hi3aIiifHUX 3aXO0/iB, AKi 0 MAKCUMAaJIbHO y3TOKYBAIH iH-
TEPECH EJIEMEHTIB 1 CHCTEMH B LIJIOMY, — B JIaHii poOOTi He
PO3IIISIAETHCSL.

1. ITocranoBka 3aga4i JBOpPiBHEBOI opraHizamiii-
HO-BMPOOHUYOI CHCTEeMH 3 NOBHOK iH(OPMOBaHICTIO
neHTpa. Ha sikicHoMy piBHI mocraHoBka 3ajadi ¢op-
MaJIbHO € YaCTKOBHM BHIIaJKOM ITOCTAHOBKH 3aJia4i Teopii
AaKTHBHUX cHcTeM. YacTKOBHMI BHIAJOK IOJISITAE B TOMY,
1110 y ABOPiBHEBY MOJIETb IITpady 32 HEBUKOHAHHS TUIaHIB
€JIEMEHTaMH He BBOIATHCA. ToOTO, meHTp Mae Bci opma-
JIBHI OITUMI3AIliiHI MOIEN 3 BIANOBIAHAMHA OOMEKEH-
HSIMH €JIEMCHTIB, (OpMalli3oBaHUN CKATSAPHHUHA KpUTepiit
e(eKTUBHOCTI OpraHi3aniiHO-BUPOOHNUYOT CUCTEMHU B IIi-
JIOMY 1 MOBHHEH 3alPOIIOHYBATH €JIEMEHTaM IUIaHHU JI0 BU-
KOHaHHI, sIKi O peanizoByBaJiu C(OPMYJIbOBAHUI B SIBHOMY
BUTJISAII KOMIPOMIC IHTEPECIB — OJIHE 3 MHOXKUHH 3aI1pOIIO-
HOBaHMX aBTOPAaMH TAKHX KOMIIPOMICHHX PillICHb.

2. Jliniiina Mopesab ABOpiBHEBOI opraHizamiiiHo-
BHPOOHMYOI CHCTeMH 3 NOBHOI iH(opMoBaHicTIO
uenrtpa. 2.1. [lepwa ninitina modenv opeanizayitiHo-eupo-

onuuoi cucmemu. Mopens | -ro, 1 =1,m, enemenra opra-
Hi3aIiifHO-BUPOOHNYOI CHCTEMHU:

mingy, , ®)
Aly, <b,0<h; <y, <b?

1j?

J :11 |
. J—
y|:<yll”"'yln,) d=Lm, 4
oe Yy — KOMIIOHEHTa BEeKTOpY IUIaHy Y, , skuif neHrp 3a-
nae | -My enemMeHTy;

C, —BeKTOp KOeQiIieHTIB JiHIHHOTO (QYHKIIOHAITY
(3), mo popmarisye BigHOMmIEHHS | -r0O eJeMeHTa [0 ITaHy
Y|, 331aHOTO LIEHTPOM;

b, 20 — pecypcHi oOMexeHHs.

Marpuus A' 3a7aeThCS TEXHOIOTIEIO BUPOOHUIITBA.
SIKIII0 KOMIIOHEHTH BEKTOPY b& > 0, TO BOHH MOXYTb Tpa-
KTYBaTHCh, SIK TEXHOJIOTTYHE OOMEXEHHs (Ha JaHOMY BH-
pPOOHMYOMY IMKJII BUPOOHMILTBO OAWHHMII IIPOIYKTY HE
MoOXe OyTh MeHIe b|1j 9l OOMEXEHHS, 1[0 BHIUIMBAE 3
YMOBH BXOJDKeHHs | -ro enmemeHTa B opraHi3ailiiiHO-BHU-
pobHuuy cucremy. TakuM YMHOM, BEKTOp IUIaHy Y, IIO

MOBHICTIO BifmoOBigae intepecam | -ro enemenTa, € onTH-
MaJBHUM PO3B’SA3KOM 3ajadi JIIHIHHOTO NpOorpaMyBaHHSI

(JIIT) (3)—(4), B sIKiii 3SMIHHUMH € KOMIIOHEHTH IUTaHy Y, .
Tlpumimka 1. B 3apaqax JIII

maxc'x, Ax<b = min(—c)T X, AX<Db .
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Kpurepiii sikocTi (QyHKIiIOBaHHS OpraHi3aliiHO-BH-
pOOHMYOT CHCTEMH Ha JaHOMY BHPOOHHUYOMY LMK 3a/1a-
€TBCS K

m
; T
min> dy, , ()
W=
ne (dikcoBaHi 3HaYeHHsS KOMIOHEHT Bektopy d,,l=1,m,

3aJ1al0ThCS LICHTPOM.

Takum umHOM, miepiia JiHIHHA MOJAENb OpraHiza-
LifHO-BUPOOHNYO] CHCTEMH TpPU 3HAXOIPKEHHI IEHTPOM
KOMITPOMICHOTO pillleHHsI (3HaXOJDKEHHS IUIaHIB Y|, IO
BPaxOBYIOTh IHTEPECH BCiX €IEMEHTIB) IEKOMIIO3YETHCS Ha
M okpemux Iia3agay.

2.2. llpyea ninitina mooens opeauizayiiHo-8upoOHU-
woi cucmemu. Jliniitna monens | -ro emnemenra, | :1,_m,
Ma€ BHTJIS:

mincy; , (6)

lj

Ay +¥)<b,0<bi <y, yj >0y, +y; <bj

j=Ln,I=1m, @)

KomnonenTtn matpumi A', Bektopu b,, b} maroTs Te
caMe TpaKTyBaHHS, SIK 1 B IepiIiil miHiitHiiH Moxem | -ro
enemenTa. KOMIIOHEHTH BEKTOpY Y, € NMPUBATHONO BJac-
HicTiO | -TO emeMenTa, 1 caMe 3HAUYE€HHS HOTr0 KOMIIOHEHT
OJIHO3HAYHO 3a/1al0Th 3HAUCHHsI KpuTepis (6), o Bupaxae
inTepec | -ro enemeHTa B BUKOHAHHI IUIaHy Y|, 3a1aHOTO
uentpom. Kpurepiii sikocti opraizauiiiHo-BUpOOHUUOT CH-
CTEMHU 3a7a€ThCs BUPa3oM (5).

SIk 1 mepiua JiHiHA MO/IENb, ApyTa IPH 3HAXOKEHH]
HeHTpoM IuIaHiB Y, | =1,m, mo BpaxoByl0OTh iHTEpecH
€JIEMEHTIB, JIEKOMIIO3YETHCS HA M OKpeMuX mijg3amad.

2.3. Tpems ninitina moodenv opeauiz3ayiuHo-6UpPOOHU-
4oi cucmemu € y3arallbHEHHSM IIEPIIOi Ta qpyroi JiHIHHOT
MOJIeNi Ta TMOJsATae B TOMY, IO MOZAETh | -To eneMeHTa,
I=1,m, Moxe OyTH MEPIIOI0 YK JAPYrOO JHHIHHOI MO-
nemtro. Tpets niHiiiHa MOJIeNh OpraHi3amiiHO-BUPOOHNIOT
CHCTEMH IIPU 3HAXO/PKEHHI LIEHTPOM KOMIIPOMICHOTO pi-
IICHHS TaKOX JEKOMITO3YEThCS HA M OKpeMHUX Imig3agay.

3. KombinaTopHa Moaesjb opraHizaniiiHo-BHpPoo-
HU4Y0i cucTeMu. BupoOHmua monens K-ro enemeHrta,

k =1,m, arperyeTtbcsi B OAMH NPUCTPild. MHOKHHA MOXKIIH-

BHX IUIaHIB BUPOOHUIITBA IHTEPIPETYETHCA K MHOKHHA
BCIX JOIYCTHMHUX pO3KIaAiB poOIT o, e{il,...,ink},

j=1n,,k =1m, ne i; — HOMep poGoTH, mO 3aiiMac B

posknam o, |-Ty MO3MILIO, — 4ac BMKOHAHHA | -i

L

po6otn Ha mpucrpoi. Ilpm 1upomy j-ta  pobora

IHTEpIPETYETHCS AK | -Ta Cepist OHOTUITHUX BUPOODIB, a ("
OJIHO3HAYHO 3a]1a€ BEMMUUHY | -i cepii. Koxkua | -Ta cepist

po30MBaETHCS Ha B MHOXHHHU. [lepiia MHOXXHHA BUPOOiB

HAJICXKHUTh CUCTEMI B IIJOMY, Apyra — K-My egeMeHTy.
T L T 2 _(1_
Tooro, =l +15, Iy =aly, 1IF =(1-a)l,, 0<a<1.

[Mpomopiiito & 3anae ueHTp, & BpaxoBye iHTepec K -To

eneMeHTa. Po0OTM BHKOHYIOTBCS Ha mpucTpoi 0e3
nepepuBanb. Ha opsiiok BUKOHaHHS poOIT B TOBITBHOMY
pO3KIanl o, HaKIaJIA€ThCs TEXHOJIOTIUHE 0OMEXKEHHSI, 1110

3aa€ThCSl OPIEHTOBAHMM alUKIIgHUM Tpadom. Hexait
t=0 — yMOBHMII MOMEHT HOYaTKy POOOTH NPHCTPOIO.
Toni, Bignosiauo a0 [10], 3agaemo

M
T >0
j=1

BesymoBHuil kputepiii eekruBHOCTI podoTH K -ro
BUPOOHHIITBA Ma€ BUIJISIN

'TLaXZwEF (T)(T =Gy (o)) =
(]

= min > o (1,)Cy (o). ®

v A

ne oy (T, )>0 — Barosi koedinienTu;
C, (o) — MOMeHT 3aBepIeHHs BUKOHAHHS K -M 1pu-

CTpoeM | -1 poboTH.

el

3Ha4YCHHS BarOBUX KOEQiIli€HTIB @y (Tk) 3a1aI0ThCS

excriepramMu Kk -ro enemenrta. CgopMyliboBaHAa MOJEIb
k -ro enementa € NP-ckiagHOO 3amaueto KOMOIHATOPHOT
onTumizaii. Ii epexrusuuit poss’szox (I1JIC-anropurm)
nasejienunit B [10]. Kpurepiii opranizamiiHo-BUpOOHHUOT
CHCTEMH B LIIJIOMY Ma€ BHUIJIS

;ff],axzwii (Tk )(Tk -Gy (”k )) =
=1 % j=a1

= > min} oy (%,)Cy (). ©)
k=1 % j=1

ne wﬁ (Tk)>0 — BaroBi KOe(DIIi€HTH, MO 3aTal0THCSI

LEHTPOM.

3agaya 3HAXOKEHHS KOMIPOMICHOTO PIIICHHS IS
HaBeJIeHO1 MOJIeNi OYEBUAHUM YMHOM JIEKOMITO3YETHCS Ha
M He3aNeXHUX MMig3a1ad.

4. 3aranpHa JeKoMNo3ulliiina 1BOpiBHEBa Mo/leb
opraHizaniiiHo-BHPOOHHYOI ccTeMH. Y3araabHEHHS Je-
KOMITO3MIIIITHOT MOJIeJTi NONIATa€e B TOMY, 1[0 MOJIENb KOX-
HOTO €JIEMEHTA CUCTEMH MOXX€ OYTH OJIHI€I0 3 TPHOX pO3-
INIAHYTUX BHINE MOJENEH eleMeHTa — NepIIolo, APYIolo,
’aroto. Kpurepiit epeKTHBHOCTI IIEHTpa — Lie cyMa BiJmo-
BIZTHUX KPUTEPIiB, KOXKEH 3 SIKMX 33]Ja€ThCsl BUOPAHOIO MO-
JIEJUTI0 KOYKHOTO eJleMeHTa. Bci HaBejeHI HUX4e pe3yinb-
TaTH € HACNIJKOM HAyKOBHX IIOJI0K€Hb, BHKIAJCHHUX B
[10-12].

5. KomnpomicHi kpuTepii Ta BiznoBigni HuM ajaro-
PUTMH Y3ro[KEHOr0 TIJIAHYBAHHSl [JIsl JBOPiBHeBOI
AeKoMIo3uniiiHol Mopesi opranizaniiiHo-BHPOOHMYOT
cucremu. 5. 1. [lepwa ninitina mooens enemenma. Komnpo-
MICHI Kpumepii y32004CeH020 NIAHYSAHHSA MA BIONOGIOHI
Hum 3a0ayi JITI. Tlepwuii komnpomicnuii kpumepii. LeHtp
3ajae | -My eleMeHTy IIaH Y, , 110 3a/0BOJIbHAE HACTYTI-

Hilf yMOBI:
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y; =argmind"y,, A'y, <b,, (10)
Y
0<by <y, <hbf, j :1:_n|,
Vi =(Yiwres ¥y )T Vi =2 minely. ()

1 . .
ne {y.} — MHOXXHHA BCIX ONTUMAaJbHUX PO3B’S3KIB 3a-
nadi JIIT (10). Hexaii

fu

optl

=mind,"y,, A'y, <b,
Y

O<bj <y, <bf, j=1n,. (12)

. 1 . .
Tomi Y, € po3B’A3KOM JIOBIJBHOI 3 JBOX HACTYIHHX 3a/a4
JITL.
Hepwa 3a0aua JIII:

y; =argmingy,, A'y, <b,, 0<bj <y, <b?,
Y

d'y, = fa, i=1n,1=1m. (13)
Upyea 3a0aya JIII:
Y|1 :argmyin{a<d|Tyl)+C|Ty|}v AIYl <b,
0<bj <y, <b’, j=1n, . (14)

Tpumimxa 2. B [11] noka3aHo, 1o Take BEIHKE, alie
obMexeHe yucio a >0 3aBXKIH iCHYE.
Ipumimka 3. Tlepma 3agaga JII1 MicTHTE TOTaTKOBE

obmexenns dy, = f B Apyriit 3amaui JIIT gucio a

1
optl ?
Tpeba BUOMpATH HAJTUIIIKOBO BEIUKUM.
Jlpyeuii komnpomicuutl Kpumepiii i i0n0GIOHA UOMY
sadaua JIII. Uentp 3amae | -my enemenry, | =1, m, mnan
y{, 110 32/I0BOJILHSIE YMOBI:
2 H T | 1 2
y, =argmind, y,, Ay, <b,0<b; <y, <h
Y

lj »

i=Ln,c'y, —foy <A >0, (15)
ne
foepJ:I = mylinclTyw A S bl )
0<bj <y, <b’, j=1n .
Excnieptae oomexenns A, | = 1,_m , € KUTBKICHOIO Mi-

pOXO BpaxyBaHHs IEHTPOM iHTepeciB | -Tro enemeHra, a
came,

T en
Gy - foptl

<A, (16)

Tpemiti komnpomicuuil Kpumepitl, Wo peanizycmvcs
imepayitinoio npoyedyporo:.

7 =argmin{dly, 3, +o (el ~ 15}

Aly, <b,0<bi <y, <b? j=1Ln,I=1m,

1j?

(17

ne >0 — BaroBuii KoeillieHT, 110 BPaXxoOBY€E iHTEpECH
| -ro enemeHTa.
B cuy [11] vy} € po3s’s3kom 3amadqi JITT

y? =arg nllin{(d,T+wc|T)yl},
Ay, <b,0<b} <y, <b?, j=1n,.

1j

Sxkmo d'y # foy ¢y, # foy, T0 w1 Aw >0 Bu-
KOHY€ETbCSA
T,,3.0 T,,3,0+Aw T,,3,0 T,,3,0+Aw
dly>e <dlyrere ey > clyPere, (18)
it Aw <0
T,,3.0 T,,3,0+Aw T,,3,0 T,,3,0+Aw
PN AEY T gy <y (19)

J11st TpEThOTO KOMIPOMICHOTO KpuTepist ymoBu (18)—
(19) no3BonsAOTH peanizyBaTH iTepaIiiiHy MpOLEAYpY Ui
3HAXOJKEHHS OCTATOYHOT'O KOMIIPOMICHOTO pillIeHHSI.

5.2. lpyea ninitina mooenv enemenma. [y npyroi ii-
HifHOT MOJIedl LEHTP MOXKE peasli3oByBaTH JOBUIBHHUH 3
TPbOX KOMIIPOMICHHX KPHTEpIiB, pO3MIAHYTHX B I 4.1 3
HACTYITHUMU 3MiHAMU:

1. OOwmexeHHs (4) BCIOAM 3aMiHIOIOTHCS Ha OOMe-

xeHHs (7).
2. Bcroau C]Y, 3aMiHIOIOTBCS Ha C, Y, Ta
f en

optk

=mincgyy, A (Y, + i) <b,

0<b <y, <bl.y, +Y, <b. v >0, j=1n,.

5.3. Komnpomicuuii xkpumepiii 0asi KomoOinamopHoi
MoOeni eleMeHma OpeaHi3ayiliHO-8UpOOHUYOI cucmemu.
Mopgens 1. 3 € quckperHoto NP-ckiagHoro 3a1a4eio Kom-
OiHaTOpHOI onTUMI3aIlil, i JOZaBaHHSA K 11 OOMEKEHHIM Ha
MOCTITOBHICT BUKOHAHHS POOIT y BUTIIAI OPi€HTOBAHOTO
AIUKITIYHOTO rpada Oyab-sIKoro iHIIOT0 00MEKEeHHS Iepe-
TBOPIOE ii pO3B’sI3aHHs B MOBHMH 1epedip BCiX MOXKIMBHX
posknaniB. TakuM YMHOM, KOMIIPOMICHI KpHUTepii Ta ajiro-
PUTMH 3HAXO/KCHHS KOMIPOMICHOTO PIllIeHHsI MMOBHMHHI
BPaxOBYBaTH 1€ OOMEXEHHSI.

Hepwuii komnpomicuuti kpumepiu 1y | -ro eneme-
HTa 33/1a€THCSI HACTYITHUMH BUMOTaMH.

o} =arg min iw,‘j‘ ()G (a7), (20)
o, =arg min iwﬁ ()G (01), (21)

o€ n,} =1

ne {all} — MHOXXHHA po3B’s13KiB 3axaui (20).
AJITOPUTM 3HAXOJUKEHHSI G| TIOJIATAE B HACTYITHOMY.
3HaxXoaUTHCS

i, =min> o} (1)G, (o) (22)
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[ AC-anropurmom [10]. Hani tum sxe I1/]C-anropurmom
PO3B’SI3y€ThCs 3a/1a4a 3 (PyHKIIOHAIOM

min 3 (-0} (1) + 5 ()G ().

ae  a>0 — jmocTaTHbO BEJIMKE YUCIIO Take, 10 ONTHMA-
JBHUHA PO3B’SA30K 3a1adi (24) € OAHOYACHO ONTHMAaIbHUM
po3B’s3koM 3azaui (23). B cuty [12] Take oOMesxeHe Yrcio
a > 0 3aBxau icHye.

Lpyauii komnpomicuuti kpumepiii. Ha mepmomy kportti
3HaXOIATHCS

(23)

foa =min > (1) Cy (@),
(Y

foepJEI = rrlin Za)lej” (TI )Clj (Ul ) (24)
[
Jpyruit KoMOpoMicHUH KpUTepiit Mae BUTIIAL
ot =g 3505 (1)6, () -
| =
+a, {Zwﬁ” (7 )Clj (o, )_ﬁn;? } ) (25)
j=L

ae @ >0, a, >0 —3mMiHHI KoedilieHTH.

BinmosigHa 3amaya KOMOIHATOPHOI ONTHMI3AIii Mae
BUIJIIAL

min 3" [af (1) + i’ ()]G ()

PekypeHTHa Tpolelypa HoJisirae B ToMy, 1o (Qikcy-
10YM 3HAYEHHsS @, V a, 1 3MIHIOIOYM 3HAa4YeHHS BiATIOBif-
HOTO KoedirieHTa, BiamoBigHo a0 [12] MoXxHa ynpaBisTH
3MiHOIO 3HAYCHD Pi3HUIIb

,lew“ (T)G, (o)~ Som (26)
an

;w“ (T)Gy (o)~ Som- 27)
BiIIOBiTHO.

5.4. Komnpomicre piwienns 015 080pigHegol 36 s13HOT

MooQeni (nepwa ainitina mooensv eremenma). B 1iid 1BOpiB-
HEBifl MoOJeni KOMIIOHCHTH HEBiJ €MHHX BEKTOPiB b, €

. . m
3MIHHHUMH, Ha AK1 HaKJIaga€TbCA 00MeXKEHHS Zlflb| <b.

[IponoHyeThCSI HACTYITHE KOMIIPOMIiCHE PillIEHHS:
m

Y= (Yo ) =arg max_>(=d,)"y,,

j

Ay, <b, > b <b,0<b; <y, <b
1=1

j:]_,nll(—cl)T y,Zfl,lzl,_m, (28)

ne 3HadeHHs f, | =1,m, 3amaeTbcs HeHTPOM.

Ipumimxka 4. 1le xOMIPOMICHE PINICHHS OYCBUIHO
y3araJbHIOETHCS Ha IPYTY JiHIHHY Moaens | -ro eneMeHTa,
l=1m.

Ipumimka 5. 3anponoHOBaHUI KpUTEPiilt MoXke OyTH

y3aranpHenuit [11] Ha BHIamOK, KOJH B JOMYCTHMOMY
PO3B’A3KY HO3BOJIIETHCS MOPYITYBATH OOMEKECHHS

() y, = f,1=1m. (29)

BucHoBkmu. 1. PosrngayTa B sikicHOMY Ta (opmans-
HOMY acIieKTax mpoOjeMaTHKa peaizamii y3TOIKEHOTO
IUIAaHYBaHHS Ta HOT0 YacTKOBOTO BHIAAKY — (hopMasibHUX
METO/IIB TeOpii AKTUBHUX CUCTEM.

2. BeneHi opuriHaipHi (opManbHi MOZAENI JBOpIB-
HEBOT opraHi3auiiHO-BUPOOHUYOT CHCTEMHU.

3. Jlnsg KOXHOTO THITy MOJEJI 3alpoNOHOBaHI HOBI
KOMITPOMICHI KpHUTepii, [0 peaji3yloTh Mapagurmy ys3ro-
JDKCHOTO TUIaHYBAHHS Ta KOHCTPYKTHBHI QJITOPUTMU iX pe-
amizarii.

4. BinMiHHICTB 3alPONIOHOBAHOTO PIllICHHS BiJ| iCHY-
I0YUX IOJIATa€ B TOMY, IO BOHO JI03BOJISIE B SIBHOMY BH-
T4l BpaxOBYBAaTH IPH IUIAHYBaHHI POOOTH €lIeMEHTaM,
0 CKJIAJAIOTh ABOPiBHEBY OpraHi3amiifHO-BUPOOHUTY CH-
cTeMy, 1X BIIacHI iHTepecH.

Cnucoxk BUKOPHCTAHOI JliTepaTypu

1. HuY, GuanY., HanJ, WenJ. Joint optimization of production planning
and capacity adjustment for assembly system. Procedia CIRP. 2017.
Vol. 62. P. 193-198. DOI: 10.1016/j.procir.2016.06.029

2. Dhungana D., Haselbock A., Meixner S., Schall D., Schmid J.,
Trabesinger S., Wallner S. Multi-factory production planning using
edge computing and 10T platforms. Journal of Systems and Software.
2021. Vol. 182, No. 111083. DOI: 10.1016/j.jss.2021.111083

3. Burkov V. N., Tsyganov V. V. Stochastic mechanisms of the active
systems functioning. IFAC Proceedings Volumes. 1986. Vol. 19,
Iss. 5. P. 323-327. DOI: 10.1016/s1474-6670(17)59817-1

4. Burkov V. N. Active systems theory and organizational mechanisms
design. IFAC Proceedings Volumes. 1989. Vol. 22, Iss. 10. P. 17-22.
DOI: 10.1016/s1474-6670(17)53140-7

5. AvdeevV.P., BurkovV.N., EnaleevA K., KiseliovaT.V.
Adaptive identification in multichannel active systems. IFAC
Proceedings Volumes. 1989. Vol.22, Iss.16. P.337-339.

DOI: 10.1016/s1474-6670(17)53035-9

6. Burkov V. N., Enaleev A. K. Stimulation and decision-making in the
active system theory: Review of problems and new results.
Mathematical Social Sciences. 1994. Vol. 27, Iss. 3. P.271-291.
DOI: 10.1016/0165-4896(93)00739-h

7. Arslanov M. Z. Multiobjective optimisation and binary relations in
active system theory. IFAC Proceedings Volumes. 1999. Vol. 32,
Iss. 2. P. 6282—6285. DOI: 10.1016/s1474-6670(17)57072-x

8. Arslanov M. Z. Scalarization of the problem of constructing a set of
Slater-optimal solutions. Aemomamuxa u menemexanuxa. 1997.
Beim. 8. C. 138-144.

9. Sagyngaliev K. S., Pachin S. T., Sanbayev Kh. Kh. Optimization of
coordinated control of active systems. Proceedings of the IEEE
International Workshop on Intelligent Motion Control. 1990. Vol. 2,
No. 687436. P. 867-869. DOI: 10.1109/IMC.1990.687436

10. Zgurovsky M. Z., Pavlov A. A. Algorithms and software of the four-
level model of planning and decision making. Studies in Systems,
Decision and  Control.  2019. Vol.173.  P.407-518.
DOI: 10.1007/978-3-319-98977-8_9

11. Paviov A. A. Models and algorithms of multipurpose linear programming.
Journal of Automation and Information Sciences. 2020. Vol. 52,
Iss. 11. P. 48-59. DOI: 10.1615/JAutomatInfScien.v52.i11.40

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii
ananis, ynpasninks ma ingopmayiiuni mexnonozii, Ne 2 (10) 2023 7



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

12. Pavlov A. A. Optimization for one class of combinatorial problems Mathematical Social Sciences. 1994, vol. 27, iss. 3, pp. 271-291.
under uncertainty.  Adanmusni  cucmemu  A8MOMAMUYHOZO DOI: 10.1016/0165-4896(93)00739-h
ynpasninns: mixcgioomuutl nayk.-mexn. 30ipnux. 2019. Tom 1,Ne 34. 7. Arslanov M. Z. Multiobjective Optimisation and binary relations in
C. 81-89. DOI: 10.20535/1560-8956.1.2019.178233 active system theory. IFAC Proceedings Volumes. 1999, vol. 32,
iss. 2, pp. 6282-6285. DOI: 10.1016/s1474-6670(17)57072-x
References (transliterated) 8. Arslanov M. Z. Scalarization of the problem of constructing a set of
. o . . Slater-optimal solutions. Avtomatika i Telemekhanika. 1997, iss. 8,
1. HuY. GuanY., HanJ., Wen J. Joint optimization of production planning pp. 138144,

and capacity adjustment for assembly system. Procedia CIRP. 2017, 9

vol. 62, pp. 193-198. DOI: 10.1016/j.procir.2016.06.029 ) coordinated control of active systems. Proceedings of the IEEE
2. Dhunggna D., Haselbock A., Melxner S., Sch_all D., S_Chm'd_J-' International Workshop on Intelligent Motion Control. 1990, vol. 2,
Trabesinger S., Wallner S. Multi-factory production planning using no. 687436, pp. 867-869. DOI: 10.1109/IMC.1990.687436

edge computing and 10T platforms. Journa_l_of Systems and Software. 1 Zgurovsky M. Z., Pavlov A. A. Algorithms and software of the four-
2021, vol. 182, no. 111083. DOI: 10.1016/j.jss.2021.111083 level model of planning and decision making. Studies in Systems,

Sagyngaliev K. S., Pachin S. T., Sanbayev Kh. Kh. Optimization of

3. Burkov V. N., Tsyganov V. V. Stochastic mechanisms of the active Decision and  Control 2019 vol. 173 407-518
systems functioning. IFAC Proceedings Volumes. 1986, vol. 19, DOI: 10.1007/978-3-319-98977-8 9 PR '
iss. 5, pp. 323-327. DOI: 10.1016/51474-6670(17)59817-1 11. Pavlov A. A. Models and algorithms of multipurpose linear

4. Burkov V. N. Active systems theory and organizational mechanisms programming. Journal of Automation and Information Sciences.
design. IFAC Proceedings Volumes. 1989, vol. 22, iss. 10, pp. 17-22. 2020 vol. 52 iss. 11 pp. 48-59.
DOI: 10.1016/51474-6670(17)53140-7 DOI: 10.1615/JAutomatinfScien.v52.i11.40

5. AvdeevV.P., BurkovV.N. Enaleev A K., KiseliovaT. V. 12

AT . . ) . Pavlov A. A. Optimization for one class of combinatorial problems under
Adaptive identification in multichannel active systems. IFAC

uncertainty. Adaptyvni systemy avtomatychnoho upravlinnya:

Proceedings Volumes. 1989, vol. 22, iss.16, pp.337-339. mizhvidomeh p
’ yy nauk.-tekhn. zbirnyk, 2019. Tom 1, Ne 34, C. 81-89.
DO 10.1016/s1474-6670(17)53035-9 . o DOI: 10.20535/1560-8956.1.2019.178233
6. Burkov V. N., Enaleev A. K. Stimulation and decision-making in the
active system theory: Review of problems and new results. Haoitiuaa (received) 05.11.2023
UDC 519.24

A. A. PAVLOV, Doctor of Technical Sciences, Full Professor, National Technical University of Ukraine “Igor Sikorsky Kyiv
Polytechnic Institute”, Kyiv, Ukraine, Professor of Informatics and Software Engineering Department; e-mail:
pavlov.fiot@gmail.com; ORCID: https://orcid.org/0000-0002-6524-6410

M. Y. KYSELOV, National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Bachelor of
Informatics and Software Engineering Department, Kyiv, Ukraine, e-mail: zeusmobilenick@gmail.com, ORCID:
https://orcid.org/0009-0005-3686-3419

MATHEMATICAL MODELS AND METHODS OF COORDINATED PLANNING

Modern processes of globalization and economic competition require a significant increase in the requirements for the professional degree of top-level
managers who manage the activities of international corporations, regional economies, branch ministries, etc. Their efficient operation is impossible
without the use of basic scientific developments and appropriate software which implement the main qualitative law of complex organizational and
production systems management: the law of coordinated management (planning), when management decisions at the top level take into account interests
that may not coincide, or even be antagonistic in organizational and production subsystems connected by a certain structure of mutual relations within a
single organizational and production complex system. In this work, we consider a two-level organizational and production system, which in terms of the
generally known theory of active systems is defined as “decision-making center — elements (of an organizational and production subsystem)”. We
consider formal models of elements of two classes, linear continuous and discrete, aggregated production models which belong to the same class of NP-
hard single-stage scheduling problems. For both types of element models, we give compromise criteria and corresponding methods of constructing
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the PSC-algorithm for the NP-hard scheduling problem “Minimization of the total weighted completion time of jobs on a single machine with precedence
relations given by a directed acyclic graph”.
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EXAMINING SOFTWARE QUALITY CONCEPT: BUSINESS ANALYSIS PERSPECTIVE

Software quality is a critical aspect of software development that significantly impacts business performance and customer satisfaction. However,
defining software quality can be challenging, as different sources provide various definitions and perspectives. The article presents a literature review of
software quality, acknowledging an ongoing debate over the years regarding the definition of software quality and the methods used for its assessment.
Among all the different ideas about software quality, the article highlights key concepts that are crucial in understanding software quality: meeting
requirements, satisfying users, using software features, and spotting defects. The article also checks out international standards like ISO/IEC 25010:2011
and ISO/IEC 5055:2021, introducing terms such as "Quality in use" and "Structural Quality." Unveiling a tripartite perspective elucidated in international
standards—internal quality, external quality, and quality in use - the article underscores the intricate interplay between subjectivity and objectivity. The
subjective dimension, influenced by user perception and contextual factors, is juxtaposed with more objective criteria such as conformance to
requirements and the absence of defects. The standards provide helpful perspectives, but the human side of things, like user feelings and specific contexts,
makes finding a universal definition tricky. The pivotal role of business analysis and requirements engineering in ensuring software quality is
underscored. Business requirements, stakeholder needs, and the quality of functional and non-functional requirements emerge as integral components.
The article argues that software quality is intricately tied to the quality of its requirements, presenting a dual perspective: compliance with quality criteria
and alignment with stakeholders' expectations and business goals. Practical software quality assessment is built upon the foundational understanding of

contextual nuances, user needs, and operational conditions, all discerned through business analysis.
Keywords: software quality, business analysis, requirements, quality in use, internal quality, international standards.

Introduction. The question of assuring quality is
always essential in the world of technology. Since people
started automating their work, ensuring the quality of these
automated tools has been a significant concern. It's hard to
imagine any organization aiming to produce low-quality
products because quality significantly impacts business
performance and customer satisfaction [1]. The quality of
software solutions can substantially affect organizations'
financial performance and projects' overall success.
According to the Consortium for Information & Software
Quality (CISQ), in 2020, the total Cost of Poor Software
Quality in the US reached $2.08 trillion [2].

In [3], the author analyzed 15468 publications starting
from the year 1954 and concluded that the interest in the
topic of software quality is growing exponentially.
According to the results obtained in [3], most research is
dedicated to the software development process, advanced
software engineering, software architectures, quality
evaluation, software testing, machine learning, and data
mining. It is noteworthy that, as indicated by the study's
findings [3], there was a noticeable shift in focus during the
late 2000s towards topics such as quality assurance in the
early stages of software development life cycles and
software process improvement. This underscores the
increasing significance of these identified subject areas. In
the ISO/IEC/IEEE 12207:2017 standard [4], it is mentioned
that the initial stages of the software development technical
process involve the identification and analysis of
requirements. One of the typical stages for a software
system is "exploration”, which is facilitated by business
analysis tools. Consequently, the quality assurance process
should commence from this very initial stage. Software
quality is a critical characteristic that software engineers

must choose and document at the outset of a project during
the requirements definition process [5].

In organizing any process, including the evaluation
and assurance of software quality, it is imperative to
establish clear boundaries and objectives essential for
achieving the desired outcomes. Developing a conceptual
framework serves as a vital tool for delineating these
boundaries. In essence, to establish effective processes for
the assessment and assurance of quality, defining the
concept of "Software Quality" is crucial. However,
defining software quality can be complex, as different
sources provide various definitions and perspectives.

Literature review and problem statement. As
previously mentioned, a considerable body of literature is
dedicated to examining software quality. However, the
majority of works primarily center attention on models and
methodologies for assessment, relying upon the definitions
outlined in international standards. For example, in the [6],
the authors explore the significance of software quality in
connection with risk evaluation and security conside-
rations. The article offers an examination of 1SO standards
pertaining to software quality and the advantages they offer
to promote the utilization of software quality standards
within the industry. In [7], the authors identified three
fundamental dimensions for determining software quality:
a set of quality factors, user satisfaction, and unexpected
software performance or errors. Nonetheless, the primary
emphasis of the work remains dedicated to the software
guality measurement. The article [8] explores the evolving
perspectives on software quality and their influence within
the software engineering community. The authors acknow-
ledge an ongoing debate over the years regarding the
definition of software quality and the methods used for its
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assessment. Furthermore, they investigate variations in the
emphasis placed on quality attributes within both research
and practical application. The authors aim to identify the
quality traits that practitioners consider crucial when
assessing the quality of code snippets. Furthermore, the
authors observe disparities in the evolution of the six
quality attributes within software quality models over the
past four decades.

The authors' focus on individual components,
characteristics, and aspects of assessing software quality
underscores the complex nature of studying this concept at
a more general level. Karl Wiegers, as referenced in [9, p.
189], acknowledges that no comprehensive yet concise
definition of Quality universally applies to software. He
presents a segment of the definition of "Quality" from The
American Society for Quality (2021a), which describes it
as "A subjective term for which each person or sector has
its own definition". The whole definition also includes
practical aspects: "In technical usage, quality can have two
meanings: 1) the characteristics of a product or service that
bear on its ability to satisfy stated or implied needs; 2) a

product or service free of deficiencies. According to Joseph
Juran, quality means "fitness for use"; according to Philip
Crosby, it means "conformance to requirements” [10].
However, in the sixth edition of Juran's Quality Handbook,
Joseph Juran and Joseph De Feo redefine it as "fitness for
purpose” and highlight, "we must first agree on a meaning
of the word so that an organization will know how to
manage "it" [11, p.5]. In the [12], the authors assert that the
quality is contingent upon the context and the interpretation
of quality attributes, as well as the interrelationship among
these attributes within a specific context; it is neither
substantive nor rational to posit that a single definition can
universally fit the diverse needs of all stakeholder groups.
Undoubtedly, the notion of quality is broad and subjective.
However, this subjective aspect of software quality
becomes apparent in practical applications, while at a
conceptual level, common attributes can be identified.
Therefore, the purpose of the article is to identify the
essential characteristics inherent in the concept of software
quality.

Table 1 — The definitions of the "Software Quality"

Author, source

Definition

Petrasch R. (1999) [13]

the existence of characteristics of a product which can be assigned to requirements. In addition
to this, we have to look at the characteristics that are not related to requirements:
characteristics, which reduce the software quality (contra-productive) and "neutral
"characteristics, which are not relevant for quality.

Tian J. (2005) [14, p.25]

a) may include many different attributes and may be defined and perceived differently based
on people's different roles and responsibilities.
b) high quality means none or few problems of limited damage to customers.

Nuseibeh B., Easterbrook S.M.
(2007) [15]

a) fitness for purpose;
b) an attribute of the relationship between software and the purpose for which it is used.

Juran J. M., De Feo J. A. (2010)
[11]

a) features of product that meet customer needs and freedom from failures (p. 6)
b) degree to which an inherent characteristic fulfills requirements (p. 1056).

Hossain A., Dr. Md. Kashem A.,
Sultana S. (2013) [16]

High levels of user satisfaction and low defect levels, often associated with low complexity.

Suman, Wadhwa M. (2014) [17]

conformance to explicitly state functional and performance requirements, explicitly
documented development standards and implicit characteristics that are expected of all
professionally developed software.

Alebeisat F., Alhalhouli Z.,
Alshabatat T., Alrawashdeh T.I.
(2018). [7]

Product attribute that meets the stringent performance and functional requirements, specific
development criteria, and inherent functions that all professionally designed software must
have.

Hussain S., Farid S., Mumtaz I.
(2019) [12]

conformance to predefined specifications that meet the customers' needs i.e. perception of a
user or customer that up to what extent the software product meets their need and expectations.

ANSI/ASQC A3. (1978) [18]

the totality of features and characteristics of a product or a service that bears on its ability to
satisfy the given needs

ANSI/ IEEE Std 729-1983 [19]

a) The totality of features and characteristics of a software product that bear on its ability to
satisfy given needs: for example, conform to specifications.

b) The degree to which software possesses a desired combination of attributes.

¢) The degree to which a customer or user perceives that software meets his or her composite
expectations.

d) The composite characteristics of software that determine the degree to which the software in
use will meet the expectations of the customer"

IEEE Std 610.12-1990 [20]

a) The degree to which a system, component, or process meets specified requirements.
b) The degree to which a system, component, or process meets customer or user needs or
expectations.

ISO / IEC 25010 : 2011 [21]

degree to which a software product satisfies stated and implied needs when used under
specified conditions.

1SO 9000:2015 [22]

the degree to which a set of inherent characteristics (existing in object) of an object (e.g.,
system, product) fulfils requirements (need or expectation that is stated, generally implied or
obligatory).

The term "quality" can be used with adjectives such as poor, good or excellent.

10
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Fig. 1. Requirements classification scheme

Analysis and results. Table 1 reviews several defi-
nitions of the concept of "Software Quality" as presented in
the existing scientific literature and international standards.
In addition to the definitions presented in Table 1, ISO/IEC
25010:2011 [21] defines the concept of "Quality in use" as
the degree to which specific users can use a product or
system to meet their needs to achieve specific goals with
effectiveness, efficiency, freedom from risk and
satisfaction in specific contexts of use. Furthermore,
ISO/IEC 5055:2021 [23] introduces the term "Structural
Quality" as the degree to which a set of static attributes of
a software product satisfies stated and implied needs for the
software product to be used under specified conditions — a
component of software quality. The standard also intro-
duces the term "Internal Software Quality," characterizing
the degree to which a set of static attributes of a software
product satisfies stated and implied needs for the software
product to be used under specified conditions.

Analyzing the diverse array of definitions provided, it
becomes evident that international standards define
Software Quality as a "degree" that can be good, poor, or
excellent. In contrast, the authors' definitions revolve
around terms such as "conformance," "fitness," "existence
of characteristics," and "attributes.” It should be noted that
words like "conformance" and "fitness" can also be
qualified with adjectives like "high" or "low," thus indi-
cating a level or degree.

A comprehensive analysis of these definitions reveals
several key concepts associated with the delineation of
Software Quality:

1. Conformance to requirements or specifications -
Software Quality relates to how well the software meets
specific functional and performance criteria, whether
explicitly stated or implicitly expected.

2. Customer or user perception of satisfaction needs
and expectations - Software Quality depends on how users
or customers feel about the software and whether it meets
their needs and expectations.

3. Set of features, attributes, and characteristics of a
software product - it's about the attributes and
characteristics that affect the software's ability to do what
it's supposed to do.

4. Existence of defects, problems, and damage - the
presence of defects and problems in the software can affect
its quality.

5. Specified conditions or context — the context and
conditions under which the software is used also play a
significant role in determining its quality, influencing the
requirements and feelings of the user.

Points 2 and 5 introduce a subjective dimension to the
concept of Software Quality. They emphasize the human

element, which acknowledges that what one person or
group of users considers "good" or "excellent" may differ
from the opinions of others and that quality can be
influenced by the unique circumstances in which the
software is employed. On the other hand, the remaining
points, 1, 3, and 4, strive to objectify the concept by
establishing more concrete criteria for evaluation.

It is worth noting that all of the above concepts, in one
form or another, refer to certain levels of software
requirements, which were the central element of business
analysis [24]. The business analysis body of knowledge
[25] proposed the following requirements classification
scheme that can be applied to software as well (fig. 1):

Considering that business requirements describe the
higher-level needs of the organization and measurable
representations of goals the business is seeking to achieve
[26]. This type of requirement is mentioned in the software
quality definition according to [12, 15, 18, 19, 20, 21, 22,].
It allows quality assessment not from a particular user
perspective but from the whole enterprise, a business area,
or a specific initiative point of view.

At the same time, business requirements can not be
achieved if stakeholder requirements are not met. In doing
S0, business requirements provide the context boundaries
for identifying stakeholder requirements in the form of a
problem to be solved or an opportunity to be realized. User
needs satisfaction as conditions of software quality are
mentioned in [11, 12, 16, 19, 20].

Functional requirements, which describe software
behavior, and non-functional requirements, which describe
conditions under which a solution must remain effective or
qualities that a solution must have, are mentioned in the
software quality definitions in [7, 10, 12, 13, 18, 19, 20,
22]. Some sources give special attention to non-functional
requirements. For example, the quality model proposed in
[21] includes eight categories, seven of which relate to non-
functional requirements. On this basis, it has even been
suggested in [27] that software quality depends only to a
relatively small extent on functional conformance. This
statement should be recognized as erroneous since
functional requirements cover the needs of stakeholders.
Therefore, the product quality and non-functional requi-
rements without implementing functional ones do not make
sense. It is confirmed in particular by the quality in use
model from [21].

Understanding quality as the implementation of a
software product in accordance with a requirements
specification [7, 12, 19, 20, 22] directly refers to paragraph
3 of the term "requirement" defined in the ISO standard
[20]:

1. A condition or capability needed by a user to solve
a problem or achieve an objective.

2. A condition or capability that must be met or
possessed by a system or system component to satisfy a
contract, standard, specification, or other formally imposed
document.

3. A documented representation of a condition or
capability asin 1 or 2.

It allows us to conclude that a software product's
quality depends on the requirements' quality, which are
usually created before the actual creation of the program

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii
ananis, ynpasninks ma ingopmayiiuni mexnonozii, Ne 2 (10) 2023 11



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

code begins. The quality of requirements can be discussed
in two dimensions: compliance with quality criteria and
compliance of requirements with stakeholders' expecta-
tions and business goals. The first is provided through
requirements verification activities that aim to check
whether the requirements are sufficiently defined and
structured so that the development team can use them in the
software solution's design, development, and implement-
tation. The second one is provided through validation
activities to ensure requirements support the delivery of the
expected benefits to stakeholders. The fact that business,
stakeholders, and functional/non-functional requirements
are the main deliverables of business analysis tasks allows
us to say that the quality of business analysis execution
directly affects the quality of the software product. This
conclusion is confirmed by the study [28], which shows
that problems such as "Customer dissatisfaction/loss of
trust”, "Low quality of the product/service”, and "Gap
between end-user real needs and implemented functiona-
lity" are caused by problems in business analysis and
requirements engineering activities.

Essentially, Software Quality emerges as a
multifaceted concept that seamlessly integrates subjective
and objective components. While the subjective aspect is
linked to user experiences and the dynamic context of use,
the objective elements aim to quantify and assess quality
based on defined standards, inherent software attributes,
and the absence of issues. This multifaceted nature
underscores the need for each organization to identify
which specific quality aspects are most significant. By
doing so, organizations can tailor their quality assessments
to align with their unique priorities and requirements,
acknowledging that Software Quality is not a one-size-fits-
all proposition.

The interplay between subjectivity and objectivity
makes Software Quality a comprehensive concept encom-
passing diverse viewpoints, evaluation approaches, and
models. The quality model outlined in international stan-
dards offers a tripartite perspective: internal quality, ex-
ternal quality, and quality in use. Internal Quality provides
an insider's view of the software, focusing on charac-
teristics typically accessible during development. External
Quality takes an outsider's perspective, concentrating on
properties related to the software's performance during
execution. Quality in use relates to the practical application
of the software in its operational environment, serving the
needs of specified tasks performed by designated users. It's
important to note that these three dimensions are
interconnected. Internal quality influences external quality,
which, in turn, impacts quality in use [5].

It's crucial to emphasize another significant notion
here. The context and conditions under which software
operates and the user's needs and expectations are defined
through the business analysis process. These aspects are
documented in business analysis artifacts and form the
foundation for requirement formulation. Consequently, it
becomes apparent that software quality cannot be measured
unless the requirements are correctly understood [15].
Hence, requirements engineering plays a pivotal role in our
capacity to comprehend and evaluate software quality. In
essence, understanding the specific circumstances and user

needs forms the bedrock upon which software quality
assessment is built.

Conclusions. The research aimed to identify the
fundamental characteristics inherent in the concept of
software quality. Drawing on ISO standards and diverse
literature, five key concepts associated with defining
Software Quality emerged: conformance to requirements or
specifications, user perception of satisfaction needs and
expectations, set of features, attributes, and characteristics
of a software product, existence of defects, problems, and
damage, and specified conditions or context. The synthesis
of subjective and objective elements, along with the
interconnected dimensions of the quality model,
underscores the multifaceted nature of software quality.
The analysis highlights that the intricate nature of software
quality requires a nuanced approach, and a comprehensive
understanding of contextual nuances, user needs, and
operational conditions is imperative. The findings
emphasize the pivotal role of business analysis and
requirements engineering, particularly in the early
development stages, shaping the software quality
trajectory. Measuring software quality demands a thorough
understanding of requirements; lacking a clear grasp of
specifications and expectations makes accurately assessing
software quality challenging. Essentially, the accuracy and
completeness of requirements are fundamental for a
practical evaluation of software quality and ensuring a high
level of it.

In our [29] publication, we establish the influence of
project context on the content of business analysis
documents. As a result, our ongoing research will primarily
focus on assessing the quality of requirements and business
analysis activities as a whole while considering the context
and examining how this, in turn, affects the overall quality
of software.
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AHAJII3 KOHOHENTY AKOCTI HPOI'PAMHOI'O 3ABE3IIEYEHHSA: IIEPCITIEKTUBA BIBHEC-AHAJII3Y

SIKicTh MPOrPaMHOro 3a0€3MEeUeHHS € KPUTUYIHUM aCIIEKTOM PO3POOKH IIPOrPaMHOro 3a0e3MeueHH s, SIKHil CyTTEBO BILTMBAE Ha MPOAYKTHBHICTD Oi3HECY
Ta 33/10BOJICHHS KIi€HTiB. OfHAaK BU3HAUCHHS SIKOCTI IPOTrpaMHOTO 3a0e3IeueHHs MoXKe OyTH CKIIQJHUM 3aBJaHHSAM, OCKIIBKH Pi3Hi JUkeperna HalaroTh
Ppi3Hi BU3HAYCHHS Ta MOTLSIAH. Y CTAaTTi MPEACTABICHO OTJISAM JITEPATypH 3 SIKOCTI MPOrpaMHOro 3abe3meyeH s, i ATBEPIKYIOUH TPUBATY THCKYCII0
MPOTSTOM POKIB IOAO BU3HAYCHHS SIKOCTI MPOrpaMHOro 3a0e3medueHHs Ta MeToniB #oro ouinku. Cepen pi3HHX igell mMpo SKICTh MPOrPaMHOTO
3a0e3MeueHHs B CTaTTi BHOKPEMJICHO KITIOYOBI KOHIIEIIIT, SIKi € Ba)XJIMBUMH JUISL PO3YMiHHSI IIOHSATTS SKOCTI IIPOrPaMHOT0 3a0e3IeUeHHS: BiJIIOBIAHICTh
BHMOT'aM, 33JI0BOJICHHSI KOPHCTYBauiB, GyHKIii MpOrpaMHOro 3abe3nedeHHs Ta BUsABICHHs AeeKTiB. B cTaTTi po3risaaoTscs MKHAPOIHI CTAHAAPTH,
taki sik ISO/IEC 25010:2011 ta ISO/IEC 5055:2021, B sikux mpeactaBiaeHo TepMminu "Skicte mix yac BukopucTanHsa" ta "CTpyKTypHa sKicTh'.
Po3kprBaroun TpifiKOBHI OIS, SIKUI TTOSICHIOETHCST B MDKHAPOJHHUX CTaHIapTaX - BHYTPIIIHS SIKICTh, 30BHIIIHS SIKICTh Ta SIKICTh BUKOPHCTAHHS — B
CTATTi MiIKPECICHO TOHKY B3aEMOJII0 MK CyO'€KTHBHICTIO Ta 00'ekTuBHICTIO. Cy0'€eKTHBHUII BUMIp, BU3HAUYCHUH CIPHAHATTSIM KOPHCTYBAadiB Ta
(hakTOpaMu KOHTEKCTY, MMOPIBHIOETHCS 3 OLIbLI 00'€KTHBHUMHU KPUTEPisIMH, TAKAMH SIK BiAIOBIAHICTh BUMOTaM Ta BiACYyTHicTh aedekriB. CTaHmapTu
HAJAIOTh CIYLIHHA IOV, ajle JIFOJCHKUM aCHeKT, TaKWil sIK I[OYyTTsS KOPHCTyBada Ta KOHKPETHI (DaKTOpH KOHTEKCTY, pOOJSTH HaIaHHS
YHIBEpCAIbHOIO BU3HAUCHHS HOHSITTS SKOCTI IIPOrPaMHOr0 3a0€3MeYEHHsI CKIIaHUM 3aBJaHHSIM.
Haronomyetscs Ha HaBaxIMBil podii Oi3Hec-aHai3y Ta iHKeHepii BUMOT y 3a0e3MeueHHi IKOCTI MporpaMHoro 3ade3nedyeHHs. bisnec-BuMoru, notpedu
3aIliKaBJICHHUX CTOPIH Ta sIKiCTh QYHKI[IOHATBHUX Ta He(DyHKIIOHATFHIX BUMOT BHOKPEMITIOIOTECS K HEBi/'€eMHI KOMITOHEHTH. B cTaTi aprymeHToBaHo,
10 SIKICTh IPOrPaMHOT0 3a0€3MeYeHHs TiCHO MOB'sI3aHa 3 SIKICTIO HOr0 BUMOT, IPEJICTABIISIOYH TTO/IBIHY NEPCIEKTHBY: BiATIOBIIHICTh KPUTEPISM SIKOCTI
Ta BiJIOBIIHICTh OYiKYBaHHSM 3alliKaBJICHUX CTOPIH i HisaM Oi3Hecy. OTxke, epeKTHBHA OLIHKA SKOCTI MPOrPaMHOro 3a0e3MeUeHHs IPYHTY€EThCS Ha
(yHIaMeHTabHOMY PO3yMiHHI HIOAHCIB KOHTEKCTY, TOTpeO KOPHCTYBadiB Ta yMOB EKCILTyaTallii, BCE Ile BU3HAYAEThCS B Tporieci Oi3Hec-aHami3y.
KurouoBi ciioBa: sikicth mporpamMHoOro 3a0esneyeHHs, Oi3Hec-aHali3, BUMOTH, SKICTb ITiJl YaC BUKOPUCTAHHS, BHYTPILIHS SKiCThb, MIXXHAPO/IHI
CTaHAAPTH
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APPLICATION OF BAYESIAN REGULARIZATION FOR IMPROVING THE QUALITY OF ELECTRICAL
ENERGY IN THE ELECTRICAL SUPPLY SYSTEM

The possibility of using neural networks in the field of the energy coefficients correction of a power supply system with uneven load in phases is being
studied. This need is justified by the fact, that the calculation of the necessary parameters of the symmetry-compensating device was previously based
on the Nelder — Mead search optimization method. Search optimization performing is computationally expensive, takes long computation times, and
may calculate anomalous values. The article develops the idea of using technology for predicting the parameters of a symmetry-compensating device,
based on neural network modeling using Bayesian regularization. For a given set of initial data, the best selected configuration turned out to be a neural
network of two layers, implemented in the MATLAB package using the machine learning tool Neural Network Toolbox. The network input parameters
are a set of tuples, consisting of load values in each of the three phases of the power supply system, which are resistive-inductive in nature. There are six
input quantities in total (load resistance and inductance values in each of the three phases) and all their values are different, which causes current
asymmetry in the network and reactive power. The target matrix is formed from tuples, consisting of three values, which are the parameters of the
symmetrical compensating device, calculated by the optimization method, in such a way as to compensate reactive power and to balance currents in the
network. The number of data tuples, required to train a neural network was determined empirically. During the experiments, the optimal number of
neurons in the neural network was also revealed. The use of the generated neural network to calculate the parameters of the symmetry-compensating
device determined approximate solutions is comparable in accuracy to the values, found by optimization methods. With the help of the generated neural
system, adequate quasi-solutions for calculating the parameters of the symmetry-compensating device were determined, which, in case of calculation,
using the optimization method, led to anomalous values, that didn’t optimize the energy coefficients of the power supply system to the required extent.
Also, such neuropredictions protect the system from receiving excessive high parameters of symmetry compensating device, which can be obtained with
an optimization approach.

Keywords: neural network, Bayesian regularization learning algorithm, input matrix, target matrix, set of taples, search optimization methods,
power supply system.

Introduction. Issues of improving the quality of
electrical energy are key to the development of the
Ukrainian economy and require the implementation of
modern intellectual tools to improve energy performance.
The unbalanced load of consumers in the phases of a three-
phase power supply system leads to such phenomena, as an
increase in current values in the network, their asymmetry
and an increase in reactive power. High values of these
indicators have a negative impact both on the equipment,
used by consumers themselves, and on the power supply
system as a whole. One way to solve this problem is to use
special symmetry-compensating devices connected to a
section of the power supply system, the parameters of
which are calculated in such a way as to balance the
currents in the power supply system and reduce reactive
power to zero.

Optimization methods make it possible to calculate
the parameters of symmetry-compensating devices with
high accuracy [1, 2], however, this approach has a number
of disadvantages. It takes quite a long time, since the hum-
ber of iterations on average reaches 200-300. In addition,
depending on the setting of the initial conditions, alterna-
tive cases may arise, when, using optimization methods,
where the values of symmetry-compensating devices de-
termined are by an order of magnitude greater than those,
used in practice [3]. Situations arise, when calculations lead
to anomalous values, that do not actually balance currents
in the network and do not reduce reactive power.

The application of neural networks is a powerful tool
for quickly determining the parameters of symmetry-com-
pensating devices and monitoring their adequacy of the
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solution [4-10], so the issue of their use in the field of im-
proving electrical energy coefficient is actual.

Purpose of the study. The purpose of the article is to
study the possibility of using a neural network with Baye-
sian regularization learning algorithm to calculate the para-
meters of a symmetry-compensating device, that increases
the energy coefficients of the power supply system.

Main part. The power supply system, considered in
the study, consists of voltage sources, resistance of power
line wires, characterized by active and inductive elements,
designated accordingly in each phase za, zb, zc, La, Lb, Lc,
load currents, consisting of active resistances Ra, Rb, Rc
and inductances La, Lb, Lc. Compensation of reactive
power, reduction of current values and their balancing in
the network is carried out by a symmetry compensating
device, which consists of three balancing capacitors, each
of which is connected between two phases of the supply
system, respectively Cab, Chc, Cac. An uneven load in each
phase of the power supply system creates current asym-
metry (fig. 1) and contributes to an increase in reactive
power in the power supply.

To balance currents in the network and minimize
reactive power, it is necessary to calculate the correspon-
ding values of compensating capacitors. Such values can be
determined with high accuracy using the Nelder — Mead
optimization method or the deformed polyhedron method.
In this study, this method was used to compile a training set
of experimental data for further training of the neural
network.

Fig. 1. Oscillograms of power network currents
in asymmetric load mode

The research itself was carried out in MATLAB using
the machine learning tool Neural Network Toolbox. To
train the neural network, the Bayesian regularization
algorithm was chosen, which is based on a probabilistic
approach. This kind of approach to training a neural net-
work has a number of advantages: it allows to carry out
fairly accurate data predictions, does not require iterative
training procedures, and is cost-effective from a computa-
tional point of view [11-13]. The architecture of the selec-
ted neural network is shown in fig. 2. During the experi-
ments carried out, it was found, that the most acceptable
network training occurs with a number of neurons equal
to 28.

Initial training of the neural network was completed
on data set, that consisted of 70 tuples. Here, the training
data sets were compiled in such a way, that the load value

in one of the phases (for example, in phase C) significantly
exceeded the load values in the other phases. To do this, the
load in phase C gradually increased in the following ranges

= [1-10] Om, Lc = [0.005-0.08] H in the tuples,
and the parameter values in other phases changed
within the following limits of their values — in phase A:
Ra = [0.09-0.1] Om, La = [0.001-0.02] H; in phase B:
Rb =[0.9-3] Om, Lb = [0.01-0.12] H. At the same time,
two variants of the target matrix were considered for
training the neural network. In the first version, the matrix
consisted of both positive and negative values of the
symmetry-compensating device (as it was determined
directly during optimization); fig. 3, a—c.

Muﬂhn uycv

'E"_,ofﬁ O_I o]

Omw' uyev

Fig. 2. Architecture of the selected neural network

In the second option, all negative values were repla-
ced with positive equivalents (fig. 4, a—c), since in fact va-
lues that are substituted into the symmetry-compensating
device, are previously converted to positive values and are
multiplied by 10-¢. Using a neural network, in which only
positive values are specified in the target matrix gives a
more accurate result (fig. 3, a) than a neural network in
which the target matrix was used with both positive and
negative values (fig. 4, a). Therefore, in future researches,
a target matrix is used, which consists only of positive
values.

The calculation results showed, that the data used, in
which the load value in phase C exceeds the load values in
the other phases, made it possible to train a neural network
that determines the parameters of the control system with
sufficient accuracy, setting the load in the phases within the
appropriate limits. However, for example, when the load in
phase B sufficiently increased, the neural network calcu-
lated values that do not balance the load currents in the net-
work and do not compensate reactive power (fig. 5, fig. 6).
So, we have to expand the data set.

To improve the accuracy of the calculations, the
dataset for training the neural network was increased three
times by adding new data sets of tuples. First additional
data set was generated by swapping position of the
parameters of phases of power supply system A with B, that
are parameters of the input matrix and in the target matrix.
Second additional data set has been received by swapping
tuples position of the input matrix and of the target matrix
of phases A with C. Such a way we reached an opportunity
to expand the training capabilities of a neural network.
Thus, the trained neural network made ability to conduct a
number of experiments that made it possible to find ade-
quate values for the parameters of symmetry-compensating
devices (fig.7).

However, in some cases, current balancing may not be
performed to the required extent (fig. 8). In such a case, the
neural network was retrained, which led to a positive result

(fig. 9).
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a a
b b
l
|
c c
Fig. 3. Oscillogram of currents in supply line with parameters of  Fig. 4 Oscillogram of currents in supply line with parameters of
SCD calculated by a neural network with a target matrix having SCD calculated by a neural network with a target matrix
only positive values: a — with parameters Ra = 0.1, La = 0.003, specified by positive and negative values: a - with parameters
Rb=1.2,Lb=0.1, Rc=25, Lc =0.04 and capacities of Ra=0.1,La=0.003,Rb=1.2, Lb=0.1, Rc =25, Lc =0.04
compensating capacitors Cab = 220.6514, Cbc = 90.8858, and capacities of compensating capacitors Cab = 17.1714,
Cac = 316.5833; b — with parameters Ra = 0.7, La = 0.005, Chc =-148.2129, Cac = 413.4182; b - with parameters
Rb=1,Lb=0.01, Rc =25, Lc =0.08 and capacities of Ra=0.7,La=0.005Rb=1,Lb=0.01, Rc=2.5, Lc =0.08
compensating capacitors Cab = 759.2736, Cbc = 317.1794, and capacities of compensating capacitors Cab = 707.7111,
Cac = 152.9549; ¢ — with parameters Ra = 0.6, La = 0.005, Cbc =-331.1599, Cac = 150.9918; c - with parameters
Rb=1,Lb=0.01, Rc =2, Lc =0.08 and capacities of Ra=0.6, La=0.005 Rb=1,Lb=0.01, Rc =2, Lc =0.08 and
compensating capacitors Cab = 711.8675, Cbhc = -281.2767, capacities of compensating capacitors Cab = 711.8675,
Cac =116.2679 Chc =-281.2767, Cac = 116.2679

Using the developed neural network, the parameters  optimization that did not balance the currents in the
of the control system were determined in operating modes  network. These data are shown in table 1.
in which anomalous values were obtained during search
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To reduce the number of iterations when using
optimization methods, non-zero initial conditions are set.
However, with this approach, the resulting solution can be

Fig 5. Oscillograms of currents of network with parameters
Ra=1,La=0.01,Rb=2,Lb=0.04, Rc =0.3, Lc = 0.003 and
capacities of compensating capacitors Cab = -346.0767,
Chc =-205.0130, Cac = 393.6867 calculated by a neural
network trained on 70 sets of tuples

Fig. 6. Oscillograms of currents of network with parameters
Ra=2,La=0.04, Rb=0.3,Lb=0.003, Rc=1, Lc=0.01 and
capacities of compensating capacitors Cab = 45.8234,
Cbc = 382.2415, Cac = -26.90376, calculated by a neural
network trained on 70 sets of tuples

Fig. 7. Oscillograms of currents of network with parameters
Ra=1, La=0.01, Rb =2, Lb =0.04, Rc = 0.3, Lc = 0.003 and
capacities of compensating capacitors Cab = 137.8644,
Chc = 45.4429, Cac = 621.1652 calculated by a neural network
trained on 210 sets of tuples

characterized by fairly large values of energy coefficients.
For example, with the parameters of the supply network
Ra=0.7, La=0.005, Rb=1,Lb=0.01, Rc =2, Lc =0.04

Fig. 8. Oscillograms of currents of network with parameters
Ra=2,La=0.04, Rb=0.3,Lb=0.003, Rc=1, Lc=0.01 and
capacities of compensating capacitors Cab = 46.1874,

Cbc = 631.5026, Cac = 26.9037 calculated by a neural network
trained on 210 sets of tuples

Fig. 9. Oscillograms of currents of network with parameters
Ra=2,La=0.04, Rb=0.3,Lb=0.003, Rc=1, Lc=0.01 and
capacities of compensating capacitors Cab = 35.7603,

Cbc = 613.3234, Cac = 128.8183 calculated by a neural network
trained on 210 sets of tuples after retraining

Fig. 10. Oscillograms of currents of network with parameters
Ra=0.7,La=0.005Rb=1,Lb=0.01,Rc =2, Lc =0.04 and
capacities of compensating capacitors Cab = 543.8627,
Chc =159.7113. Cac = 12.7429
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Table 1 — Parameters of symmetry-compensating device with anomalous values

Electrical network parameters Anomalous values received Capacitor values calculated using
Ra, La, Rb, Lb,Rc, Lc by optimization Cab, Chc, Cac | a neural network Cab, Chc, Cac
0.3; 0.0061; 1;0.04; 1.9; 0.06 135.4102; —0.0000; —0.4816 | 194.4882; 11.6204; 109.8851
0.3; 0.0061; 1; 0.04; 1.91; 0.06 135.4781; 0.0000; -0.4822 | 194.5336; 11.6506; 109.9143
0.3; 0.0061; 1; 0.04; 2.5; 0.06 139.3876; —0.0000; —0.4576 | 200.2118; 7.5557; 105.3951
0.3;0.006; 1;0.04;2; 0.06 135.9989; 0.0000; 0.8182 | 196.3479; 11.9890; 110.6901
0.3;0.001; 1;0.04;2;, 0.06 176.9020; —0.0001; —0.5585 | 270.6922; 25.1454; 156.7750

and the initial conditions Cab = Cbc = Cac = 4000, the 4 HuW., Liu B., Gomes J. Strategies for Pre-training Graph Neural

capacitance values of the compensating capacitors reached yft;”lo;'é;s)um-: https://arxiv.org/abs/1905.12265 (access date:

high values Cab = 3935.3, Chc = 3555.5, Cac = 3407.7. 5. pani G., Jaitly N., Salakhutdinov R. Multi-task neural networks for

Such values actually compensate reactive power and QSAR predictions. URL: https://arxiv.org/abs/1406.1231 (access

balance currents in the phases, however, the values of 6 dGatEZ 01;;1'\2/\923)' . Danihelka 1. Neural Turi hines. URL

: ; . Graves A., Wayne G., Danihelka I. Neural Turing machines. :

networkl currents reiCh hmore. thanf 8??0 A, which IIS https://arxiv.org/abs/1410.5401 (access date: 01.11.2023).

extremely dangerous or the wires of the power_supp y 7. Xaiikun C. Heiponnvie cemu. Ilomusni xypc. Mocksa: Buibsimc,

system and unacceptable for use. When calculating the 2006. 1104 c.

parameters of a symmetry-compensating device using the 8. Haykin S. Neural networks. A comprehensive foundations. McMillan

generated neural network, the values Cab = 543.8627, 9 JCTSOHF(:;%E gbléiy?c;éeiiifﬁ 635"?6.76167}1‘ cmpamezuu U Memoobl

Chc = 159.7113, Cac = 12.7429 Were Obtamed_' _They peutenus crodcHwix npoonem. Mocksa: Busbsmc, 2003. 864 c.

balance the currents and reduce their values sufficiently  10. Xianjun Ni Research of Data Mining Based on Neural Networks.

(fig. 10), and can be used in practice. It should also be World Academy of Science, Engineering and Technology. 2008. Vol.

; R 39. P. 381-384.

noted, that t.he results Obtamed. are qu!te close to the ex_aCt 11. Wyner A. J., Olson M., Bleich J., Mease D. Explaining the success of

values obtained from calculations using the optimization adaboost and random forests as interpolating classifiers. The Journal

method with initial conditions Cab = Chc = Cac = 0, where of Machine Learning Research. 2017. Vol. 18, no. 1. P. 1558-1590.

final result is Cab = 562.2, Cbc = 182.3, Cac = 34.4. 12. Opper M.,. Archambeau C. The variational gaussian approximation

Conclusions revisited. Neural Computation. 2009. Vol. 21 (3). P. 786-792.
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3ACTOCYBAHHSA BAMECIBCHKOI PETYJISAPU3AIIII JJISA MIJIBUIIEHHS AKOCTI EJTEKTPUYHOI
EHEPI'Ti B CHCTEMI EJJEKTPOIIOCTAYAHHS

JlocTipKy€eThesl MOXKIINBICTh BHKOPHCTAHHS HEHPOHHUX Mepex y cdepi IiJBUIIEHHS SHEPreTHYHUX ITOKA3HUKIB CHCTEMH €JIEKTPOIIOCTAdaHHS 3
HEepiBHOMIPHHM HaBaHTaXEHHSAM Yy (a3ax. Taka HeOOXigHICTP OOIPYHTOBaHa THM, IO PO3PaxXyHOK HEOOXiAHHX IIapaMeTpiB CHMETpO-
KOMIICHCYBAJIBHOT'O IIPUCTPOIO PaHillle IPYHTYBABCs Ha METOI molrykoBoi ontuMizauii Hengepa — Mina. BukoHaHHS MOIIYyKOBOI ONTHMI3aLlii BUMarae
3HAYHUX OOYMCIIIOBAILHUX BHTpAT, 3aiiMac TpHBaIWii yac OOYMCIICHHS I MOXKE PO3PaxOBYBAaTH aHOMAJIbHI 3HA4eHHS. Y CTATTi PO3BUBAETBCA inest
BUKOPHCTAHHS TEXHOJOIil HPOTHO3YBaHHS MHapaMeTpiB CHMETPO-KOMIIEHCYBAJBHOIO MHPHCTPOI0 HAa OCHOBI HEHPOMEPEkEBOTO MOJCTIOBAHHS i3
3aCTOCYBaHHSIM Oaii€ciBChbKOI perymsipusarii. s 3amanoro Habopy BHXIAHHX JaHUX HafKpaiow migiopanoro KoHQIrypariero BUABHIACS HEHPOHHA
Mepexa JBOX IuapiB peanizoBana B nakeri MATLAB 3acob6amu iHctpymenty mammaaoro HaBuauas Neural Network Toolbox. Bxigui mapamerpu
Mepexi SBISIOTH CO00I0 HaOIp KOPTEXIB, IO CKJIAAIOTHCS 3 BEIMYMH HABAHTAXKEHb y KOXKHIH i3 TphOX (ha3 CHCTEMH eNeKTPOIIOCTauyaHHs, [0 MaloTh
PE3UCTHBHO-IHAYKTUBHHUIT XapakTep. Y ChOro BXiIHUX BEIHYHH MIICTh (3HAYCHHS OIOPY Ta IHAYKTUBHOCTI HABAHTAXXEHHS B KOXKHIH 13 TppoX (a3) i Bci
X 3HA4YeHHS BiJPI3HAIOTHCS, IO 1 CTBOPIOE HECHMETPIIO CTPYMIB y MEpEXi Ta PEaKTHBHY IOTY)XHICTb. MaTpuus mineii copMoBaHa 3 KOPTEXKiB, IO
CKJIQJIAIOTHCS 3 TPHOX BEIMYHUH, L0 € PO3PaxOBaHi METOMOM ONTHMI3alil MapaMeTpy CHMETPO-KOMIICHCYBAILHOIO IIPUCTPOIO, TAKMM YHHOM, I00
KOMIICHCYBAaTH PEAKTUBHY MOTYXXHICTb 1 BIACHMETPYBATH CTPyMH B Mepexi. JloCBiI4EeHNM HITIXOM BU3HAYEHO KITBKICTh KOPTEXKIB JaHHUX, HEOOXiqHI
HaBYaHHS HeHpoHHOI Mepexi. Ilin 9Yac NpOBEZEHHS EKCIEPHMEHTIB TAaKOX BHSBICHO ONTHMAIBHY KUIBKICTh HEHPOHIB HEHPOHHOI Mepexi.
3acrocyBaHHs c(hOpMOBaHOI HEHPOMEPEKi /IS PO3paxyHKy HapaMeTpiB CHMETPO-KOMIICHCYBAJILHOTO MPUCTPOKO BU3HAYKMIIO HAOJIMKEHI PIllICHHS, SIKi
MO’KHA MOPIBHSATH 32 TOUHICTIO 31 3HAUCHHAMH, 3HAJCHMH ONTUMI3ali iHUME METOIaMU. 3a IOOMOTO0 C(OPMOBAHOI HEHPOHHOT CHCTEMH BU3HAYCHO
aJIeKBaTHI KBa3ipilleHHS pO3paxyHKY IapaMeTpiB CHMETPO-KOMIICHCYBAIFHOTO IIPHCTPOIO, SIKi NPH PpO3paxyHKaxX ONTHMI3allifHEM MeTOIOoM
MIPU3BOIIIN 1O aHOMAJIBHUX 3HAYCHB, SKi He BUKOHYBAJIM ONTHMI3allil0 eHePTeTHYHUX IIOKa3HHUKIB CHCTEMH €IEKTPONOCTAuaHHs y HeoOXiTHIN Mipi.
Takox Taki HeWponependayeHHs 3aXUIAI0Th CUCTEMY BiJl OTPUMAHHS HAJAMIPHO 3aBHIIECHHUX [TApaMETPiB CUMETPO-KOMIIEHCYBAJILHOTO PUCTPOIO, SIKi
MOXXYTb OyTH OTPHMaHi IIPH ONTHMI3aI[ifHOMY MiAXO0/i Ta aHOMAIbHUX 3HaYeHb,

Kuroqogi ciioBa: HelipoHHa Mepexa, HaBUYaHHS 3a anropuTMoM balieciBchKol perymspusarii, BXiZHa MaTPHIIS, MATPHIIA 1ieil, Habip KopTexeH,
METO/IH MOIIYKOBOI ONTUMI3aLlil, CHCTEMA )KUBJICHHSI.
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JNOCJILIKEHHS TA IPOEKTYBAHHS APXITEKTYPU MARKETING CLOUD SALESFORCE CRM B
3AJIEZKHOCTI BIJI MAPKETHUHI'OBOI CTPATEI'TI KOMITAHIT

MeTor AOCHIIKEHHS € IMiIBUIICHHS PiBHS €(hEeKTHBHOTO 3aydeHHs HOBHX KI€HTIB Ta YTPUMAaHHS ICHYIOUOi KIIEHTChKOI 0a3u KoMmmaHii depes3
peanizaniro iIHHOBaliHHIUX MAPKETHHIOBHX CTpaTeriit. JIOBeIeHO NOLiNbHICTh BUKOPUCTAHHS KOHLEIIII YIIPABIiHHS B3a€MOBITHOCHHAMHE 3 KJTIEHTAMH
(Customer Relationship Management) Ta Bukopuctanus iHpopManiiinux cucreM xiacy CRM it nocsraennst Metu. ocnimxeno CRM miatdopmy
Salesforce Marketing Cloud, sika BigHOCHTBCS 10 XMapHUX THIIIB iHdopManiiiHux cucreM. HaBeneHo omic 6izuec-noriku Salesforce Marketing Cloud,
sIKa BKJTIOYAE MPUHHATTA PillIeHb Ha OCHOBI aHAJITUYHMX JIAHUX, CETMEHTAIIi0 KJIIEHTIB, aBTOMATH3ALlI0 1HUBIAYaJIbHOTO MIIXOY JI0 KII€HTIB 3 METOIO
ITiIBUIIEHHS JIOSUTGHOCTI KIIEHTIB 1 3pocTaHHs noxomy kommawii. Salesforce Marketing Cloud Hajae MOXIMBICTH CTBOPIOBATH IE€PCOHAIi30BaHi
MapKETHHTOBI 3aXOI¥ Ta KEpyBaTH HHUMH, B3a€EMOJISTU 3 KII€HTAMU 32 PI3HMMHU KaHAJIAMM, aHAJI3yBaTH HACITIJKH MapKETUHTOBUX 3yCHJIb JUIS
MOCTIHHOTO BIOCKOHAJICHHS MAPKETHMHIOBUX CTpaTeriii Kommanii. JlocipkeHo QyHKIIOHATBHICTS Ta 0COOIMBOCTI OCHOBHUX KOoMITOHEHTIB Salesforce
Marketing Cloud. V Salesforce Marketing Cloud peani3oBao Taki ocHOBHi ¢yHKwii: email-MapkeTHHT, MOGITEHHH MapKETHHI, YIpPaBIIiHHS
coliaJlbHUMHU Mejlia-3axolaMy Ta iHmuMu Buaamu Mapketunry. Kopucrysaun Salesforce Marketing Cloud moxyts cTBOproBaTH mepconasizoBaHi
MapKETHHTOBI 3aX0/IM Ta YIPABISTH HUMH, 32 KiJIbKOMa KaHaJaMH B3a€MOJIATH 3 KJIi€EHTAMU Ta aHAJI3yBaTH MapKETUHIOBI 3yCHIUIS JUISl IOCTIHHOTO
BJIOCKOHAJICHHS] MApKETHHIOBHX CTpaTeriil. 3aiiiHeHo npoekTyBaHHs apxitektypu Salesforce Marketing Cloud a1 moBejiHKOBOI cerMeHTaIli{ KIIiEHTIB
kommaHii. Pozpo6ierno Web-nomarok st mokpaiieHHs po60TH KOPUCTYBaUiB M1aTGOpME 3 JaHUMH KIIIEHTIB, 110 30epiraioThes B Data Extensions. J{mst
aBTOMAaTH3allil CerMEeHTaLlil KJIIEHTIB HA OCHOBI TX MMOBEIIHKOBUX JaHUX OyJia BUKopuctana Automation Studio, moGynoBani SQL 3anmuTi, BUKOpUCTaHI
cucteMHi Tabimmni nannx Data Views. Po3po6nena apxitektypa Marketing Cloud Salesforce CRM Ha 0CHOBI OBEiHKOBOI CErMEHTAIi € BayKIIHBUM
IHCTPYMEHTOM JUISl pealtizallii MapKeTHHIOBOI cTpaTerii KoMmaHii, 3a0e3neyyroun yCinHe 3aTy4eHHs Ta yTPUMaHHS KITi€HTIB, a TAKOX JUTS JOCSTHEHHS
CTpaTeriyHux mijiei.

Kurouosi ciioBa: customer relationship management, mnoseninkoBa cermenraris, salesforce marketing cloud, apxitekrypa, 6aza manux, data
extension, automation studio, visual studio code.

Beryn. CyyacHa MapKeTHHTOBA JisSUTBHICTh KOMITAHIT
— Ie KOMIDIEKC iHQOPMAIIITHUX, TEXHIYHAX 1 IPOTpaMHIX
3ac00iB, 0a3 TaHMX, CXOBHII TaHMX, METOJIiB KOMYHIKaIIil,
a TaKOXX HAsBHICTH (PaxiBINB, sIKi 3IIMCHIOIOTH poOOTY 3
JaHUMH, aHaii3 iH(opMalil 3 METOI0 MiATOTYBaTH edek-
THUBHI MapKeTHHIOBI pillleHHA. B yMOBax BHCOKOTO piBHS
KOHKYpeHIii fK Ha r100ajJbHOMY, TaK i Ha JIOKAJBHHUX
PpHHKaxX KOMIaHii moTpiOHi eheKTHBHI MapKETHHTOBI CTpa-
terii. J{ms peamizarii MapKeTHHTOBUX CTpaTeriii KommaHii
HEOOXiTHO BHKOPHCTOBYBATH CHeHiaibHI iH(pOpMamiiHi
CHUCTEMH IJIsl HAKOIIMYEHHS Ta aHaJli3y PUHKOBHUX JaHHX.
Oco06mmBoi yBaru notpe0ye po3poOka cTparerii 3aTydeHHs
HOBUX Ta YTPUMaHHs CTapuxX KIIi€HTIB KOoMHaHii. 3rifHO
anamitukn Harvard Business Review migBUIeHHS piBHS

() ®

YTpUMaHHS KII€HTIB Jume Ha 5 % Moke 301IbpIIMTH
npubyTok kKomnadii 10 95 %. Tomy kommaHii 1 cBOTO
BW)KMBAHHS BIIPOBA/DKYIOTh B CHCTEMY YIpaBJIiHHSA
KOHLIETILIIO yIPaBIiHHS B3a€MOBITHOCHMHAMU 3 KJIIEHTaMU
(Customer Relationship Management — CRM). OnHiero i3
CTpaTerii akTUBi3alii JOBIOCTPOKOBHX KOHTAaKTiB 3
ICHYIOYNMH Ta TOTEHIIITHMMH KIIiEHTaMH € CTpaTteris
Bukopuctanas CRM. KoMmaHis KOHIIEHTpY€E CBOT 3yCHILIS
Ha YTpPUMaHHS CBOIX KII€HTIB 3aBIJKH SKICHOTO iX
obciyroByBanHs. 1 1150T0 OTPiOHO HA OCHOBI 310paHO1
iHpopManii (opMyBaTH MapKETHHIOBY CTparerilo, sKa
CTOCYEThCSI BUPOOHMIITBA TOBAapiB 3 BiIMOBIAHUMH SIKic-
HUMHU XapaKTepPHCTHKaMH, IPOCYBaHHS IIMX TOBapiB Ha
PHMHOK, opraHizauis e(QeKkTHBHUX KaHaiB iX Mpomaxy Ta
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oOciryroByBaHHs KJIi€HTIB. bizHec-niponiecy, siki BOy10BaHi
B MapKETHHTOBY CTpAaTerifo KOMNaHii, BUMararoTh HaJex-
HOTO IUIaHYBaHHA Ta NOTY)XHUX IHCTPYMEHTIB Ui 1X
ycmimHoi peanizanii. ToMy KOHIEMNIsl yHIpaBiHHS B3ae-
MOBIIHOCHHAMH 3 KJIIEHTaMH BTIJICHA Y BiINOBiTHY iH(OP-
Mariiiny cucremy — CRM cucremy. CRM cucremn
MIPEICTaBIIIOTh COOOI0 TporpamMHe 3a0e3ledeHHs, SKe
00’emHye B OfHY 0a3y JaHUX YCIO MapKeTHHTOBY iH(Op-
Marjifo, y TOMy 9HCIi JaHi IIOI0 MPOAaXiB Ta NAaHHUX 3
00CITyrOByBaHHS KIII€HTIB.

VY poboti mocmimxyerbcs CRM mnardopma Sales-
force Marketing Cloud (SFMC), ska BigHOCHTBCS 10O
XMapHUX THIIB cucteM. XmapHa CRM Hajgae noBHuiA
CHEKTp (PYHKIIIN YIpaBITiHHS B3a€MOBITHOCHHAMM 3 KITI€H-
TaMH, a came: JIOCTYI JI0 PUHKOBOI aHAJITUKH, JaHUX MO
KIieHTIB Ta iH(opMaIli Oi3Hec-aHAi3y, aBTOMATU3aLlis
KPUTHYHHX Oi3HeC-(YHKIIIN, HATIPUKIIA, 1100 TOTOMOITH
YTPUMYBATH KIII€HTIB HAJAIOTHCS IHCTPYMEHTH i ITPUMKH
a00 O0O0CIyroByBaHHS KJII€HTIB, MEXaHI3MH 3aKPHUTTS
npoxaxis Tomo [1]. Cepen momymsapaux xmapaux CRM,
okpim miatpopmu SFMC, e taki cucremu: Agile CRM,
HubSpot CRM, SugarCRM i Zoho CRM. Salesforce Sales
Cloud — e eexTBHA MmIaThopMa SIK mMporpaMue 3abes-
neuenns (Software as a Service — SaaS) 3 gocrymnom yepes
Oynb-skuii Gpaysep [2].

IMocranoBka 3agaui pociaimkenHsi. Mera mocmin-
JKEHHsI — Le TiJBULICHHS PiBHS €(EKTHBHOTO 3aJyueHHs
HOBUX KJII€HTIB Ta YTPUMaHHS ICHYIOYOI KITI€EHTCHKOI 0a3u
KOMIIaHii uepe3 peari3amiro iHHOBAIITHIX MapKETHHTOBHX
ctpareriit, BukopuctoBytoun CRM SFMC.

OO6’€eKT IOCIHIIKEHHS — TIPOLEC 3aTyYEeHHsI HOBUX Ta
YTpUMaHHS HasBHUX KIIIEHTIB KOMIaHii, popMyBaHHS Map-
KETHHTOBHX CTpaTerii 1yl BU3HAYCHUX CETMEHTIB KIIi€H-
TiB KOMITaHil.

BaxjMBUM €1eMEHTOM MapKEeTHHIOBOI JisSUIBHOCTI €
BU3HAYCHHSI CETMEHTIB PUHKY Ta PO3poOKa MapKeTHHIO-
BUX CTpaTerii KkoMmaHii s 1ux cermeHTiB. CerMeHTalris
KJIIEHTIB KOMIIAHIT — [1¢ MPOIEeC MOy BEJIUKOI Ta Pi3HO-
MaHITHOT KiJTbKOCTI KJIIEHTIB Ha MEHIII Ta O1IbII OTHOPIAHI
CEerMEHTH Ha OCHOBI CHUIBHHMX iX XapakTepHCTHK abo ix
motpeb. MeTa cerMeHTanii pHHKY — I CTBOPSHHS O1JIBII
MIEPCOHAI30BAaHNUX 1 PEJICBAHTHUX MapKETHHTOBHX 3aXO-
IiB, sIKi Tpeba MPOBOAUTH HAa KOXXHOMY CETMEHTI IS CITO-
HYKaHHS MMOKYIIB (KII€HTIB) 10 MEBHUX Iii, HATIPUKIIAL,
BiJIB1lyBaTH Mara3suHH Ta IOKYIIaTH TOBapH.

CermeHranis KiIi€HTIB (TOKYIIIB ICHYIOUMX Ta MO-
TEHIIHHUX) BOKJIMBA, OCKIJIbKM BOHA HAIliJIeHA Ha:

e BU3HAUCHHS LITHOBOI ayaUTOpii KIIE€HTIB Ta
pO3yMiHHS iXHIX TIOTpeO, yrnomaobanb, 60JIHOBUX TOUYOK Ta
MOTHBAILIIT;

e CTBOpeHHS €(EeKTHBHOI IPOTO3MINI BiAMOBIIHO
JI0 IHTEepeciB i O4iKyBaHb KOXHOTO CETMEHTA;

e  33J0BOJICHHS KOHKPETHOI MOTpedH, siKa JOIOMO-
e TiJBUIIUTH PiBEHb KOHBEPCIT;

e TI00yAyBaHHS CTOCYHKIB 31 CBOIMH KIiIEHTAMH Ta
3aBOIOBAHHS 1X JIOSIIBHOCTI;

e  ONTHMIi3allis MAPKETHHIOBOTO OKOJDKETY 1 pecyp-
ciB KOMIIaHii yepe3 30cepeKyBaHHs Ha HAHOUTBII mproOyT-
KOBHX CETMCHTAX;

e 3amydaHHS TMOTCHIIIMHWX KIIE€HTIB JJIS TPHUCKO-
PEHHSI IIUKITY TIPOJIaXKiB TOBAPiB KOMIIaHil;

® YHHMKHCHHS NAacCTKH CTBOPCHHS 3arajlbHOrO Ta
MOCepeTHHOT0 KOHTEHTY, SIKUH MOTIM He Oyie nmogodarucs
HIKOMY;

® CIIJIKYBaHHS 31 CBOIMH KJII€HTAaMH Ha CBOEMY
piBHI Ta 3a0e3MeueHHs IHHOCTI, sIKa IM Ba)JIMBa.

CdopmoBana 3amaga JOCTiKCHHS: 3MIACHUTH CET-
MEHTYBaHHA KII€HTIB 3a JOMOMOTOI0 CIIPOEKTOBAHOI
ctpykTypu Salesforce Marketing Cloud.

Onuc 6i3Hec-1oriku Salesforce Marketing Cloud.
[Tmatpopma CRM SFMC nobynoBana 3 OKpeMIX MOIYJIIB,
SIK TIOA1JIEH] Ha ABa Kiach: «Studio» Ta «Buildery.

Biznec-norika Marketing Cloud peanizyerscs yepes
peaizanito 11 Kio4oBUX GyHKIIH. Po3risHemo ui hyHKil.

YrpaBiaiHHA JaHUMHU KII€HTIB. BifcTexyroun icTo-
pifo MOKYNOK, B3a€MOJIl Ta iHII KIIOYOBI IMOKAa3HUKH,
MOXXKHA OTPHMATH LIHHY iH(pOpMaIlilo PO Te, 0 MOTHBYE
KJTI€HTIB 1 4Or0 BOHH XO4YYTh BiJ ToBapy abo mocayru [3].

CermenTamis. JIoTpUMYIOYHCH CTpaTerii cerMeHTamii
KITIIEHTIB, PO3NOINIMIOTECS KIIEHTH Ha KIACH 31 CXOXKUMHU
atpubyTtamu. IloTiM (GOPMYIOThCS MapKETHHTOBI IUIAHU
JUIS TaKuX KiaciB (cermeHTiB) [4].

MapkeTHHT elneKTpoHHOI0 momToto. Le edexTuBHMI
cnoci6 po3BUTKY Oi3Hecy. 3a nanumu OptinMonster, 99 %
HaceJIeHHs TEPEBIPSIIOTh CBOIO €JIEKTPOHHY HOIITY IpH-
HaliMHI pa3 Ha JeHb, 1I¢ HAJIIHNH CII0Ci0 OXOIHTH LITLOBY
aynutopiro [5]. Takox, 3a manuMu Litmus, koMmaHii Mo-
KyTh 3apo0isaTu 36 $ CIIIA 3a 1$, sxuil BUTpauaeThes Ha
MapKEeTHHT 4epe3 eeKTPOHY IOIITY.

MapxkeTuHr y comianbHUX Mepexax. Kommanii 3aie-
»ath Bij [nrepHeT-mMapketunry [6]. [lepcoHanbHuMi miaxig
IO «COMIaThbHUX» MeJia OpeHay KoMnaHii poOuTs HupPOBi
MapKETHHTOBI 3yCHJUISA JICTIIUMH. BiamosimHo mo 3BIiTY,
omybmnikoBanoro Gartner, 64 % pecIiOHICHTIB CKa3aJIH, 0
KOJIM CIpaBa JAOXOJHUTH JIO0 MPOJaXxy, TO KIIE€HTCHKHH /10-
CBiJ1 € BOXKJIMBIIINM (DAaKTOPOM, HIX LiHa. 3a pe3ybTaraMu
onutyBanHsM Timken Group, 77 % KIi€HTIB peKOMEHY-
IOTh JIPY3sIM KOMIIAHIFO ITICIsE O3UTHBHOTO JTOCBITY MOKY-
MOK TOBapiB KoMmasii Toro [7].

Amnanituka Tta 3BiTHiCTh. EdekTuBHa 3BITHICTH 1
aHANTHKa HaJga€ KEepiBHUITBY IHHY iH(OpMaIiio, ska
JIOTIOMOKe TpUiMatu ycrimHi Oi3Hec-pimennas [8]. Lle
HaJla€ MOXJIMBOCTI BiJICTEXYBaTH KIIIOYOBI TOKa3HUKU
epexruBHOCTI (KPI) i mpuiiMaTy pilieHHsS Ha OCHOBI aHa-
JIITUYHUX JAHUX.

MoOineHuit Mapketusr [9]. SIk HOBOIUTH cTaTHC-
THKa, CepeIHii Koe]ilieHT KOHBepcii pekIaMu y cMapT-
¢donHax nocsrae 64 % y MopiBHAHHI i3 cepenHiM Koedilri-
€HTOM KOHBEpCii JJIs1 KOMIT FOTepiB.

BignmosiganasHicTs 1 0e3neka. HeBia’ eMHOIO BUMOI'OIO
iCHyBaHHS KOMIIaHil Ta CIUIBHOI Tpami 3 KI€HTaMH €
BINOBITHICTS FOPHIMYHUM CTaHIApTaM, HOPMATHBHUM
BUMOTaM, HaWKpaIlluM Tajly3eBUM IpakTHKaM i JOTOBip-
HUM 3000B’SI3aHHSM, a TaKOX 3a0e3ledyeHHs Oe3NeKu Ja-
Hux KiieHTiB [10]. Bumorn Oe3neku qaHux BigoOpaxkeHi y
MDKHapOJHUX JIOKYMEHTAaX, HalPHUKIIAJ: y €EBPONIEHCEKOMY
3araJbHOMY 3aKOHI monxo 3axucty amanux (GDPR); y
3akoHax Capbeiinca — Oxkcni (SOX) ta I'pemma — Jliva —
bnaiini; y 3akoHy Mmoo TEpPeHECeHHsS Ta TMiA3BITHOCTI
MmenuuHoro crpaxysands (HIPAA); y cranpapri 6e3nexu
nannx miatixaux kaptok (PCI-DSS). Marketing Cloud
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HaJla€ pi3HOMaHITHI (QYHKIIT Ta IHCTPYMEHTH, SIKi JOTIOMO-
*yTh BUKOHATH BuMord GDPR i 3axuctut ocoducti naHi
KJII€HTIB.

Otxe, Salesforce Marketing Cloud Hamae mMoxu-
BICTh CTBOPIOBATH MEPCOHAI30BaHI MApKETHHIOBI 3aX0H
Ta KepyBaTH HUMH, B3aEMOJIATH 3 KIIEHTAMH 33 Pi3HUMHA
KaHaJIaMH, aHAJII3yBaTH HACIIIKA MapKETHHTOBHX 3YCHJIb
IUIsL TIOCTIHOTO BIOCKOHAJCHHS MAapKETHHIOBHX CTpa-
TeTiH.

Pe3ysibTaTH JOCTIZKEHHSI CTPYKTYPHHX eJIeMeH-
TiB SFMC. V¥ pe3yabTaTi NpoeKTyBaHHS HEOOXiTHOT
cTpykTypu miatdopmu Salesforce Marketing Cloud 3niic-
HIOETHCSI HAJIALITYBaHHS OKPEMHX ii MOJYJIB, a TaKoX
OpraHizallis B3a€MO3B’s3KIiB MiXK 11 MOIYJISIMU.

PosrasiHemo Oinbmn geranbHO Monyni cucremu. Lli
MOJyJi  JO3BOJSIIOTH  KOPHCTYBauy aBTOMAaTHU3yBaTH
Oi3Hec-npolLiecH KOMITaHii [JIs peajizaiii MapKeTHHIOBUX
crpareriit (puc.l).
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Puc. 1. JliarpamMa KOMIIOHEHTIB CUCTEMHU

«Email Studio» — me Momymp AN CTBOPCHHSA,
yrnpaBiiHHA Ta 3jidcHeHHs email-kammnaniii [11]. Tyt
pealtizoBaHi pi3Hi IHCTPYMEHTIB LIS IIOOYIOBH IUPPOBOTO
MapKETHHTY.

«Mobile Studio» — me Moaysb, SKHH JT03BOJIE
3MIACHUTH MOOUTBHUN MApKETHHI Ta CIEIali3yeThCs Ha
B3a€MOIii 3 KIIIEHTAMHU 4Yepe3 MOOULIbHI MPUCTPOT, TaKi sK
cMmapTdonu Ta raHmeru. TyT € IHCTPYMEHTH Ul CTBO-
PEHHS Ta BUKOHAHHS MOOUIBHHUX MapKETHHIOBUX 3aXO[IiB
Ta B3AEMOJIII 31 CIIOXKHBAYaMH.

«Social Studio» — 11e MOayJIb, KM cTIemiani30BaHUI
Ha COI[IAIbHOMY MeJlia-MapKEeTUHTY Ta B3a€MOJII 3 ayau-
TOpi€lo uepe3 couianbHi Mepexi. BiH go3Boisie daxiBusm
y cdepi MapKeTHHTY €(DeKTUBHO YIIPABISTH CBOEIO IPH-
CYTHICTIO Y PI3HUX COI[iaIbHUX MEPEKaX, CTBOPIOBATH Ta
BHKOHYBAaTH COIliaJIbHI Meia-3aX0/iH, BiJACTeXKYBATH Bill-
T'YKH CIIOKHMBAYiB.

«Web Studio» — 1e Momynb, SKHA JO3BOJISIE
MapKeToJIoTy 30HMpaTH JaHi KJIIEHTIB 1 CTBOPIOBATH
MePCOHATI30BAaHUM KOHTEHT JJIs IJILOBUX CTOPIHOK,
MOOUTEHUX JA0AATKiB TOmo. TyT MOKHa CTBOPIOBATH BECh
BEOKOHTEHT 1 yIIPaBIIATH M, a TAKOXK ITyOJIiKyBaTH HOTro Ha
IHTepHeT pecypcax 4m po3MIllyBaTd y MOOUTPHHUX JOJAT-
kax. «Web Studio» mae monyne «Cloud Pages», sikuii
HAJIa€ MOXJIMBICTh CTBOPIOBATH Ta pO3TOpTaTH BeO-
CTOpiHKM a00 JICHIIHrH Oe3MOCepe/IHhO B MEXKax Iuat-

¢dopmu SFMC. Lleit Mmoaynb CTBOpEeHHH AJIsl 3pY4HOI poO3-
poOku 1 myGuikariii BeOCTOPIHOK ISl 3aXOiB, ONUTYBaHb
Ta IHIIOTO BEOKOHTEHTY, SIKHH BHKOPUCTOBYETBHCS IS
B3aeMoii 3 ayauTopiero [12].

«Automation Studio» — e Momysb, SKHH TpPU3HA-
YeHWH JUI1 aBTOMAaTH3allil MapKEeTHHIOBHX IIPOIECIB i
3aBIaHp KoMIiaHii. Bin Hajae ¢axiBIsaM 3 MapKETHHTY TaKi
IHCTpYMEHTH: CTBOPEHHS aBTOMAaTH30BAHWX 3aXOMdiB Ta
VIpaBITiHHSA HUMH; 301CHEHHS PO3CHJIKH MOBiTOMJICHD Ta
IHIIAX 3aBJIaHh MAPKETHHTOBOI aBTOMAaTH3AIlii.

«Content Builder» — 1ie Mi>kKkaHaJIbHHN IHCTPYMEHT
KEpyBaHHS BMICTOM, SIKUIl 103BoJIsie 00’ €JHYBaTH 300pa-
JKCHHS, JIOKYMEHTH Ta BMICT B OJHOMY MICIIi JJIs BHKO-
pucranns B Marketing Cloud. «Content Builder» mae xinb-
Ka (YHKIIH aHaNi3y Ta onTUMIi3alii eIeKTPOHHUX 3aX0/1iB
gyepe3 Marketing Cloud. 3a cTaTHCTHKOIO 11010 BHKOPHC-
TaHHS EJIEKTPOHHOro MapkeTHHTy 47% pecroHAeHTIB
CTBEPJUKYIOTh, IO IHCTPYMEHTH CJIEKTPOHHOTO MapKeTHH-
Iy € epeKTUBHUMH IS IiABUILCHHS JIOSIIBHOCTI Ta YTpH-
MaHHA KIII€HTIB.

CydacHul MapKeTosor Moe 3a Jornomororw «Con-
tent Builder» peamizyBaru Taki GyHKIIIi:

® CTBOPCHHS €JEKTPOHHUX JIHCTIB 3 OJOKaMH
BMICTY;

e CTBOPCHHS aJalTUBHOIO [U3aliHy €JIEKTPOHHOI
MOIITH, BAKOPUCTOBYIOYX BOYI0BaHi M1a0JIOHH, MAaKETH Ta
0JIOKH BMICTY;

e 30iIBILICHHS 3aJy4eHOCTI Ta PEHTHHTY KIIKiB
(CTR) 3a nonomororo iHTEpaKTUBHOTO BMICTY (HANpH-
KJ1a11, popMa eIeKTPOHHOI MOIITH Ta KapyCeIb300paXKeHb );

® JI0CTaBKa PEJIEBAaHTHOIO IEPCOHAII30BaHOTO
BMICTY, BUKOPHCTOBYIOUH TIepcoHati3amiro 1-ra-1.

IcHyIOTB Taki BapiaHTH I IBAIICHHS MIEPCOHATI3AII Y
cucremi Marketing Cloud:

e JMHAMIYHMM BMICT — LIIJILOBMM BMICT IS KOX-
HOTO CErMEeHTa KIT€HTIB;

®  DpsJIKU MepcoHalti3alii — AaHi nepenmiaTHuKa abo
CHCTEMHI JJaHi y TeMi, onepeIHiil 3ar0JI0BOK 1 TiJIO eJIeKT-
POHHOTO JIUCTa TOIIO;

e AMPSscript — MoBa cuieHapiiB AJIsl BUKOPUCTAHHS
PO3IIUPEHNX CIICHAPIiB JHHAMIYHOTO BMICTY;

® aBTOMAaTH3allisl PYTHHHOTO IIPOLECIB PO3CHIIOK
EJIEKTPOHHOIO MOIITOK 3a joromoroio Content Builder
Approvals.

«Journey Builder» — 11e iHCTpyMeHT 15l IUTaHYBaHHS,
KUl ]a€ 3MOTy pO3pO0IISITH Ta aBTOMATH3YBaTH 3aXO0JIH,
SKi CIIPSIMOBYIOTB KIIIEHTIB Ha IXHIH IUIAX 10 KOMIIaHii Ta
ii ToBapi (puc. 2). Bin mo3Boisie peanizyBaTu KOPOTKO-
CTPOKOBY B32€MOJII0 3 KJI€HTOM, HAIPUKJIAJ, MTPOBECTH
PO3CWIKY-TIPUBITAHHSI HOBHUX KII€HTIB, BITAaHHS 3 JIHEM
HAapOJPKEHHS TOIIO, TAaKOX 3IMCHUTH M JOBroTpHBai
3aX0/1, HAIPUKJIaJI, BIPOBAIUTH POrpaMy HaKOTIMYEHHS
OOHYCIB JJIs IIOCTIMHUX KIIIEHTIB.

«Contact Builder» — wMonynb, skuil momomarae
KOMITaHii Kpalie po3yMiTH Ta YHPABJISATH KOHTAKTHOIO
iHpOpMalli€l0 Ta KIIEHTCHKOIO 0a3010. 3a JOIOMOTIO0
I[LOT'0 MOJIYJISl MOYKHA CTBOPIOBATH Ta YIIPABISTH OJHOPII-
HUMHU TPOPUISMH KOHTAKTIB KIEHTIB 3 PI3HUX DKEpE
aHuX s 3a0e3rmeueHHs MepCOHaTi30BaHol Ta eeKTUB-
HOT KOMYHIKaIlii 3 KTiEeHTaMHU.
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Puc. 2. Po6ounii poctip Journey Builder miatdopmu SFMC

«Analytics Builder» mo3Boinsie oTpumaru maHi mpo
MOBE/IIHKY Ta IHTEpPEeCH KOHTAaKTIB KOMIaHII y pI3HHX
KaHanmax KomyHikarii. I{s craTucTuka Moke OyTH BHKO-
pHcTaHa Juisi po3poOKH MapKETUHIOBUX IIiJIed Ta BJOCKO-
HaJIEHHA LUIAXIB B3aeMOil KoMmaHii 3 KIi€HTaMH. 3a
nmoromororo «Analytics Builder» MoxHa: BUMiproBaTH 3a-
JMYYCHICTh 1 e()eKTUBHICTh MApPKETHHTOBUX 3aXOJiB depe3
CJICKTPOHY TMOIITY; 3IIHCHUTH HAaJAIITYBaHHS BinoOpa-
JKCHHs 1HPOpMaNifHOI maHemi Ui Bisyamizamii JaHUX y
nmiarpamax i rpadikax Ta THYYKHX TaOJUIIX; BUKOPHUC-
TOBYBaTH MOxJIMBOCTI komrnoneHTn «Collect» nmst nepe-
[JISIHY/1y TOBEJIHKM KOHTaKTIB (KJIE€HTIB), HAPUKIAMI, iX
KJIKH Ta TOKYIIKH; JJIsl CTBOPEHHS LIJbOBOI ayUTOpil Ha
OCHOBI TMPOTHO3HUX MOJENeH MOBEAIHKH KIIIE€HTA; IS
BIJICTeXKCHHSI B3a€MOJIl mmig wac pobotu «JOUrney» ta
BUMIpPIOBaHHS NPOTPECy Y NOCSTHEHHI METH TOLIO.

[paBrmibHe NPOEKTYBaHHS CTPYKTYPH €JIEMEHTIB Sa-
lesforce Marketing Cloud cTBOproe ocHOBY mist (opmy-
BaHHS Ta peaizamii epeKTHBHOT MAPKETHHTOBOI CTpaTeTii.
Lle no3Boysie e(peKTHBHO BHKOPHCTOBYBATH MOXJIMBOCTI
w1aThopMu, MMEPCOHATI3YBaTH KOMYHIKAIIIO 3 KIIi€EHTaMHU
Ta aJlanTyBaTHCs JI0 3MiH y Oi3Hec-cepenoBuii. Ha puc. 3
HaBEJICHO MPUKIIAJ]l B3aEMOJil KOMIIOHEHTIB TIaTGOPMU 3
KIIIEHTOM.

>
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Puc. 3. Tlpuknan B3aeMo/1ii KOMIIOHEHTIB IIaTHOPMH 3
KIIIEHTOM

IIpoextyBannsa apxitextypu Salesforce Marke-
ting Cloud nuisi cermenTanii KiaieHTiB kKoMmnauii. Po3ris-
HEMO TpH TMOTYXHI IHCTPYMEHTH CerMeHTallii JaHuX
SFMC, ski OyneMo BUKOPHCTOBYBATH JUIS PO3B’s3aHHS
MIOCTaBJICHOI 3aadi.

«Data filters» € HaltmpocTimmM crmocoOOM cerMeH-
Tarii kaieHTiB. CTBOpIO€ThCs GiNBTp 32 omHUM abo 3a Je-
KUTbKOMA TIOJSIMA Ta0muIi. {7 KOKHOTO CTOBIIIS ITOJIS
oOupaeThes oniepaTop i 3HaUYeHHSL. BUKOPHCTOBYETHCS OT1e-
patop «I» abo «ABO», mo0 moxaTH yMOBH (iIETPYBaHHS.

«SQL Queries» — 11e OCHOBHHUI CITOCIO cerMeHTaIil
KiieHTiB 3 Bukopuctanusam SQL. 11106 oTpumaru goctyn
10 SQL, HeoOxiaHO nepeiitu 10 Moyt «Journey Builder»
y BikHi «Automation Studio». ¥ crucky «Activities» oopa-
1 «Create Activity» ta Bubpatu «SQL Query». MoxHna
aBTOMAaTH3yBaTH BHKOHaHHA 3anmuTiB SQL 3a momomororo
«Automation Studio».

«Audience Builder» — me iHcTpyMeHT cermeHTamii
JIAHUX KJIIEHTIB 3a gomomoroo (yHkiionany «drag and
drop» 3 pizHuMHU MOXITHBOCTAME. TyT MOXHA BiIBTPyBaTH
pPO3IIUpPEHHs NaHWX 1 JOoJaBaTH JaHi KIEHTIB (ToOTO
CTBOPIOBATH CETMEHTH). BiH Mae mpocTuil y BUKOPHCTaHHI
Bi3yaJbHUIl iHTep(eiic Ui CTBOpPEeHHS MNpocTux abo
HAITIBCKJIAJHUX CETMEHTIB. 3aBIIKA MOKJIMBOCTSIM I1HTE-
JeKTyanpHOro mifpaxyHKy OamiB «Einstein Al» Moxna
poOuTH TPOTHO3HM, IO OyIyTh POOWTH KIIEHTH y Maii-
OyTHBOMY

OxpiM 1MX IHCTPYMEHTIB CerMeHTamii JOaHux Yy
SFMC, MOXHa BUKOPHCTOBYBATH Pi3Hi TOJATKH, ITi KO-
yroud ix 10 SFMC.

Haiinmoryxnimmii  Meron, sSKHH BUKOPHCTOBYIOTh
MapKeTOJIOTH, 11100 PO3YMITH IOBEIHKY CBOIX KJIIEHTIB Ta
YTOYHIOBATH MapKETHHTOBHIA IJIaH i pearyBaTtu Ha MOTpe-
OM KJTI€HTIB /I MOKPAIEHHS B3a€MOIil KIII€HTIB 3 KOMIIa-
HI€IO € moBeAiHKOBa cermenTailisa kiaieHtis. Y SFMC Bcs
moBefiHKoBa iH(opmariis 30epira€Tecsi y KEpOBaHHUX
tabmmmisax «Data Viewsy, ki 30epiratoTh B3a€MOJIi Mixk
KIII€EHTAMH Ta BMICT, SKUH BOHH OTPUMYIOTh uepe3 SFMC
OCTaHHi 6 MiCSAIIiB.
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«Data Views» € IHCTpyMEHTOM JJsi CTBOPEHHS
TabnMUp TOAIH (HAaNpUKIaZ, PO3CHIKA EJEKTPOHHHUX
muctiB Ta SMS, mepernsan iHpopManii mpo MOBEAIHKY
KJIE€HTIB — BIJKPUTTS €NEKTPOHHUX JIMCTIB, NMEPECHUIIAHHS
€JIEKTPOHHHMX JIMCTIB, CTATYC MiAMUCHUKIB TOLIO).

i mani 36epirarotbes B TaOmIsax Meraganux «Data
Extensionsy». Ockineku maHi npuxosani B Marketing Clo-
ud, To X MOXHa BUKOPUCTOBYBATH JIMIIE 32 JOIOMOTOIO
momryky SQL a6o Ampscript. OTxe, MOBeIiHKOBI TaOIHIIi
He noctymHi uepe3 Ul miardhopmu.

Kosxxna xommaHis , BukopuctoBytoun SFMC, popmye
CErMEHTH CBOiX KJIEHTIB 0a3ylouuch Ha JAHUX, SIKI BOHU
MaroTh Ha TernepilHiii yac. Y paHiit podoti Oyso cTBopeHi
3 €aMOro IOYaTKy MOBEIIHKOBI TaOMMIl KIIEHTIB, SKi
PO3IUTHIIN KITIEHTIB Ha OUIBIN 1 MEHII MEPCIIEKTUBHUX.

Bubipka naHuX aBTOMAaTH30BaHa 3 BUKOPHCTAHHSIM
Monynsi «Automation Studio». Tpeba Big3HaumTH, IO
Oynp-sika KOMIIaHis 3 caMoro moyaTtky poootu 3 SFMC
MO’Ke BUKOPHUCTOBYBATH 11i HaJIAIUTyBaHHS.

IIpu mpoexrtyBanHI cTpykTypu Mmiatdpopmu SFMC
BpaxoBaHO, II0 OOpaHa MapKETHHIOBA CTPATEris 3TiJHO
MTOBEIIHKOBOI cerMeHTallii. by BUkopucTaHi Taki CTpyK-
TypHi enemeHTH (puc.4): «Email Studio»; «Automation
Studio»; «Content Builder»; «Web Studio»; «Contact
Builder»; «Journey Builder». Po3rnsinemo neransHo po6o-
Ty KOKHOTO 3 I[X €JIEMEHTIB.

Enement «Email Studio» OyB BHKOpUCTaHMH st
opranizaunii 0a3u nanux kiieHtiB. [ToOymoBaHi BapiaHTH
CTBOPCHHS YOTHUPHOX Tabmmip naHux ¢opmary «Data
Extensions». JIjs cerMeHTamii KII€HTIB Ha OCHOBI IX
MTOBEIIHKM Ta B3aEMOJIi 3 KOMITaHI€I0 OyIo cOpMOBaHO
Tpu Tabumi. 30ipKa aHAMITHIHNX JAaHUX email-po3cuku
Oyma BimoOpakeHa y deTBepTidi TabOmwii. MOKIHBOCTI
«Automation Studio» Oynu BUKOpPHUCTaHI AT aBTOMATH-

3amii mpolecy CerMeHTallii KIIEHTIB Ha OCHOBI IX IOBe-
TIHKOBHX HaHuX. bynu moOymoBani SQL 3amuTu, BUKOpHUC-
TOBYIOUM cHCTeMHI Tabnuui nanux «Data Viewsy. [epma
rpyna akTHBHHX KJIi€HTIB CTBOPEHA Ha OCHOBI JaHUX I1I0JI0
ix moBexinku. TyT 3xilicCHEHO HapaxyBaHHs OaiB 3a Bix-
KPHUTTS JIKCTIB Ta MEPEXO.y 3a MocHiIaHHamH, (puc. 5). Ile
JTa€ B TIOAATBIIOMY MOXKJIMBICTH (iNbTpyBaTH HaHUH cer-
MEHT, CTBOPIOIOYM MeHII Tpymu. [pyra rpyna ¢hopmysa-
Jacs 3 MOTEHIIIHAX KIIIEHTIB, SKi OTPHMAH SIEKTPOHHY
PO3CHIIKY, ajie BIIPOJOBXK 7 IHIB HisIK HE TPOSIBIIN cebe,
TOOTO He OyI0 peakilii Ha oTpuMany iHpopmarito (puc. 6).
Tpers rpyna — HeakTHBHi KinieHTH (puc. 7). OCKijbku 06a3y
JIaHUX MOTPIOHO MEPiOJUYHO YUCTUTH, TOMY (POPMYBaHHS
TaKOrO CErMEHTY MOTPiOHE AJIsi BUIAJICHHS «HEMPalIolo-
9ux» JaHuX y 0a3i koMmanii. Takox, 00 He OTPUMYyBaTH
OJIOKyBaHHS 3a CllaM PO3CHJIKM HEaKTHBHUM KJI€HTaM, iX
naHi Tpeba Bupanatu. s Toro, mo0 MaTH arperoBaHy
iH(pOpMAIIiFO TOA0 B3a€MOJIiT KOMMAHIi 31 CBOIMH KIIi€H-
TamMy, Oyna CTBOpeHa deTBepra TaOmuusd naHux. Ll
Tabuuns — e GoKyc Ha CTaTyc BU3HAYEHOT MapKETHHTOBOT
aKTUBHOCTI, HAIIPUKJIA]], CKUTPKM YCIIITHUX abo0 Bigxwie-
HHUX PO3CHIIOK 0YII0 32 OCTaHHIN Micslpb (puc. 8).

OTxe, IpeicTaBIICH] JaHi YOTUPHOX TAOIUIb MOXKYTh
OyTH BUKOPHCTaHI U1 MOOY0BH MapKETHHIOBHX 3aXO0/1iB
komraHii. Takox, BUKOPUCTOBYIOUH iX 3 IHIIUMH JaHUMH
MOYKHA TIPOBOJUTHU aHali3 e(EeKTHBHOCTI MapKEeTHHIOBUX
3aXOJiB Ta PO3pOOJIIOBATH MapKETHHIOBOI CTparerii Iuis
KO>KHOTO CETMEHTY KIII€HTIB.

Pesynbrat podotn SQL Activities 30epiratoTecst y
0asi maanx SFMC sk «Data Extensionsy.

OTxe, Mmomynb «Automation Studio» mo3BoIIsIE aBTO-
MAaTHYHO BHKOHYBAaTH BHOIPKY JaHUX Ta IIi AaHI MOXYTh
ABTOMAaTHUYHO TIOJABATHCS SIK CTApTOBA Ipyla KII€HTIB Y
«Journey Builder».
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KoskeH kiac KIi€HTIB, SIKMH CErMEHTOBaHHMM 3a
nonomororo SQL  Activity, BinnmpaBisieTbcsi 10 OKpeMoi
cepii MoAiH, sSIKi CTBOPIOIOTHCS 3 OTJISIY Ha T€, YH € Iepc-
MEKTUBHUM KJIIEHT JIJIsl KOMMaHii, uu Hi (puc. 9).

B 3anexHOCTI Bijl cTaTyCy KIIi€HTa Ta HOTO MOBEAIHKA
MOJKHa KOPHT'YBaTH poOOTY 3 HHUM 3TiJHO MapKEeTHHTOBOI

crparerii komnanii. Hanpuknan, monyns «Content Buil-
der», BuxopucroByroun nani 3i «Data Extensionsy», nae
MOXJIMBICTh OyqyBaTH NEPCOHATI30BAaHUH KOHTEHT JUIs
KOKHOTO KilieHTa. CaM Motyiib Hanucanuii MmoBoto SFMC
AmpScript.
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CONFIGURATION ACTION LOG
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ACTIONLOG

Tapet Cota Evcrsan

O — Cvivem Mow

Puc. 8. OTpI/IMaHHSI CTaTUCTUKU MaPKETUHIOBUX PO3CHUIIOK

Puc. 9. ®opmyBaHHs Aiil 1151 KOKHOT IPYIH KIIIEHTIB

Jus Toro, mo0 CTBOPIOBATH BIAMOBIIHI TMOBIIOM-
JICHHS B 3aJICKHOCTI BiJl PiBHSA aKTUBHOCTI KJII€HTA 3 KOH-
TEHTOM MapKETHHTOBOTO 3aXO0Jy, BUKOPHCTOBYIOTh MOBHU
HTMLS5, CSS3, AmpScript, SSJS. Otxe, y pe3ynbrari
KJIIEHT KOMITaHIi OTPUMY€E MePCOHATI30BaHE Ta JMHAMIYHE
BiZIOOpa)XCHHS KOHTEHTY. AJle, KOJIH JIaHi KilieHTiB y «Data
Extension» moTpamisoTs 10 «Journey», BOHU CTalOTh CTa-
THYHAMHU. TyT MOXYTh BHHHKHYTH HE3PYYHOCTI y mMoOy-
JIOB1 TaKO1 apXiTeKTypH, sika O J03BOJISIA JUHAMIYHO Bifl-
CTEXKYBAaTU MOBEIIHKY KIi€HTIB. ToMy, JUIs TUHAMIYHOTO
34NTyBaHHA iHpopMamii Kii€eHTIB Oyno moOymoBaHO
okpeMy 0a3y manmx y moxyii «Contact Builder». ¥V miid
0a3i JaHWX MOKHA CTBOPIOBATH 3’€THAHHS TaOJIHIlb, BUKO-
PHUCTOBYIOUH KIFOYOBI ITOJII TaOJIUIh, & TAKOXK BPaXOBY-
BaTH TaKi THITM BiTHOCUHB, SIK: «OJHH JIO OJHOTOY»; «OJHH
10 6araTpoX; «baraTo 10 6araTbox». Y po3TISIHYTOMY MPH-
KJIaJi AaHl KII€HTIB 3a PO3CHIIKOIO €JIEKTPOHHUX JIMCTIB
OTPUMYIOTh YyHIKaIbHHH Kitod «Subscriber Key». ILleit
KJII0Y J03BOJIsg€ mia egHatucsa a0 tabmmimi «Contacts». Y
pe3ynbTaTi 3’ SBISETHCA MOXKINBICTh CTBOPIOBATH 3aIUTH
1o «Contact Builder» i orpuMyBarty akTyansHy iHpOpMa-
L0 PO KIIiEHTA.

IIpu mpoekTyBaHHI CTPYKTYpH IUIATQPOPMH MOIYJIb
«Web Studio» 3a3Biyaii BUKOPUCTOBYETHCS AJIs MOOYAOBU

MUHAMIYHHUX Ta TEPCOHATI30BaHUX BEOCTOPIHOK, SKi J03-
BOJISIFOTH KJIIEHTY y OUIbII 3py4HOMY (hopmari meperiisi-
JATH 3alpOIIOHOBAHUM KOMITaHIE€I0 KOHTCHT Ta B3a€EMO-
nisty 3 HUM. Enementun «Web Studio» crarote mis kom-
MmaHii JOJaTKOBHM pecypcoM 300py Ta o0poOku iHbOp-
marii npo kmienta. Takox «Web Studio» 3a momomororo
MPOTPAMHOTO KOIy OO0 €IHYETHCA 3 PI3HUMH MOIYJIAMHU
SFMC, 3nxificHIO€TBCS 30ip JaHUX 3 KOXKHOTO MOIYJIS, 00-
poOKa TaHUX Ta BHOCSATHCS 3MIHH.

Jist 30epiraHHsi KOHTAKTIB KITIE€HTIB, ICTOPIl B3aeMoO-
Il 3 HUMH, a TAKOXK JJISI CTBOPEHHSI I[IJIbOBUX ayTUTOPIN
JUIS MapKETHHTOBUX 3aXO[[iB BUKOPHCTOBYETHCS IHCTPY-
ment «Data Extensions» (DE). Takox DE 3a6e3meuye
MEPCOHATI30BaHI Ta IMIJIECIIPAMOBaHI KOMYHIKAII 3 KITi€H-
Tamu. BiH gocTynHHI 3 JBOX MOJYIIiB:

e Email Studio > Emails > Data Extensions;

e Audience Builder > Contact Builder > Data
Extensions.

VY paMkax nmaHOi poOOTH PO3pOOIIEHO MONATOK ISt
aBTOMATH3allll TPOIeCy TMOUIYyKy Ta PoOOTH 3 JaHUMHU
CRM SFMC. Po3pobnennii Bednonatok «Data Extension
Manager» Ha 6a3i Cloud Page SFMC nosnermiye po6oty 3
JAHUMH, 3a0€3MeUyI0Yr KOPUCTYyBadaM 3PyJHHH 1 MIBUJI-
kuii goctyn no metaganux DE. Jlns moOynoBu gomaTky
Oynu Bukopuctani Taki moayni SFMC.

«Cloud Pages» — 11e ocHOBHHH (YHKIIIOHAJ, JIOTiKa Ta
iHTepdeiic kopucTyBaua po3poOieHi 3 BUKOPHUCTAHHIM
nmaHoro Moayns. ITig koxeH okpeMuil ciieHapiid OyB po3-
pOOJIEHUIT KOMIIOHEHT MOAYJIS. J{JIs TaKuX i, sIK: BXiJ O
CHUCTEMHU, BHXIJ i3 CUCTEMH, IOJJABAHHS HOBOTO KOPHCTY-
Baya Ta BioOpaKeHHS TOJIOBHOI CTOPIHKHM OyiH CTBOpEHI
OKpeMi BeOCTOPIHKH.

Jlorika mofiit BimOyBaeTbcs uepes3 kommoHeHT «Cont-
roller Page», B sskomy BifCyTHil iHTEep(elc KOpUCTyBaya,
MPOIMCaHi cieHapii oOpoOKH JaHMX B3a€MOJii KOPHUCTY-
Baya 3 JI0JJATKOM.

«Email Studio» — Moxyns rutaTdopmu 1 CTBOPEHHS
tabmuip «Data Extensiony, siki 30epiratroTh JaHi Uis po-
00TH 3 10JJATKOM.
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Mopayse po3pobneno 3rigao narrepuny Database Per
Service (Database Pattern), koxxeH cepBic Ma€e BiacHy 0a3y
JaHuX. Jns  HalalTyBaHHS — TPUTEPHOI  BiINpPaBKU
MOBIZIOMJICHHSI 3 TOKEHOM JUISi BXOJY B JOJATOK OyIio
Bukopuctano «Email Studio».

«Content Builder» — wmomyms ctBOpeHHs (aiiry
300paxkeHHs, skuii BukopuctoBye «Cloud Page» mms
BimoOpaxkeHHs1 iHTepdeiicy kopucrtyBada. ByB po3po06-
JIEHUH €JIEKTPOHHHUM JIUCT, SIKUH BUKOPHCTOBYETHCS IS
BIATIPaBICHHS TOKEHY JUIS BXOAY B IOJATOK.

CrpykTypa po3poOJIeHOT0 T0NATKy MPEICTAaBIeHA SIK
JiarpamMa KOMIIOHEHTIB Ta HaBeJeHa Ha puc. 10.

Ha puc.11 mpencraBiena miarpama IOCHiJOBHOCTI,
sIKa OIUCYE B3a€MOJII0 KOPHCTyBada 3 PI3HUMH CIEMCH-
TaMH JI0JIaTKa IIPU BXOJI B CUCTEMY.

PeanizoBani Taki moaii: 1) KOpHCTyBa4 3amyckae 1o-
JTATOK 3 TOJIOBHOI CTOPIHKH; 2) TOTIM NEepeBipsSI€ThCSI CTaH
cecii B3aemomil KOpHCTyBaya 3 IOJATKOM; 3) pOOHTHCS
3amuT JI0 0a3M JaHUX, B sKiil 30epira€ThCs TOKSH 3 HA3BOKO
Ta YaCOM CTBOPEHHS MOJIii, 3 TOJIOBHOI CTOPIHKY J0JaTKa,
4) ¢aiinamun Cookies MOPIiBHIOIOTHCSA 3 JAHHUMM; SIKIIO
cecis KOpUCTYBaya € akTUBHOIO, TO BIIKPHUBAETHCS I'OJIOBHA
CTOpiHKA JONATKy, B iHIIOMY BHIAIKy KOpHUCTyBad Oyne
HepeHaIpaBlICHU 0 CTOPIHKM BXOXy B CHCTEMY, 1€
HEOOXiIHO BBECTH CBOE iM’sl Ta Mapoiib; 5) BBeACHI AaHi
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MOTPAIUISIOTE JI0 KOHTPOJIepa, SIKUil IepeBipsie BasliIHICTh
naHux; 6) Mmcist yCIminmHOi TepeBipKH iMeHi Ta mapoio,
KOpUCTYBa4 OTPUMYE Ha €JIEKTPOHHY IOLITY JIUCT 3
CEKPETHUM TOKECHOM, SIKUI HEOOX1THO BBECTH Y BiIMTOBITHE
TI0JIe BXOJY B CHCTEMY; 7) TICJISl IEPEBIPKH TOKEHY KOHT-
poJIep Aa€ 3romy MO0 MepexoLy KOpUCTyBada 0 TOJIOB-
HOi CTOpiHKM noAatky. Skmo im’s abo mapoib Kopwuc-
TyBada IONATKy, ab0 TOKEH He MPOUIIIN MEepeBipKy, TO
Ha/Ia€ThCS BIATIOBIAHE ITOBiTOMIICHHS Ha ekpaHi. Kopucry-
Bay IICJISl BXOY B CUCTEMY Ma€ MOJKJIMBICTh Ha TOJOBHIN
CTOPIHIII T01aTKy BBECTH B IIOIIYKOBE TI0JI€ HA3BY TaOIHUII
«Data Extension» Ta oTpuMaTH TaKy iHpopmMamito: mMicue ii
pO3TalllyBaHHS B CUCTEMI, CTATUCTHYHY TaOJIUIIIO 3 OCHOB-
Hoto iH(popmarieto npo mykany DE ta mpo Bci DE, ski
po3mimeHi B iepapxii mamok. Ilpu BimCyTHOCTI IIyKaHUX
JIAaHUX KOPUCTYBay OTPUMYE BiAMOBIHE TIOBIIOMIICHHS Ha
Iif CTOPIHIII.

JonaTok po3po0seHO 3 BUKOPUCTaHHAM PECypCiB Ta
moxBocteit mardgopmu SFMC. Byrno BukopucTtaHo
MOBY mporpamyBaHHs AmpScript, sika € BOYZOBaHOIO
MoBoto Tardopmu, Ta SSJS. Takox BHKOpPHCTaHO
iHcTpymeHT WSProxy ams 3py4HOTO ZOCTYIY IO 00’€KTiB
miatdopmu. WS —11ie WebSocket, sikuit 3a0e3neuye criocio
CTBOPCHHS BEOJOJATKIB, IO y pealbHOMY Yaci MiATpH-
MYIOTh JIBOHAIIPABJICHHH 3B’S30K 3 KIIEHTAMHU Ta CepBe-
pamu. WSProxy y SFMC — 11e 00’€KT clieHapito, sSKuid
JI03BOJISIE CTBOPIOBATH 3B’S30K 3 OUIBIIICTIO JOCTYHMHHX
00’extiB SOAP uepes aBreHTH]IKaMif0 aThopmu. s
3MIACHEHHS BUKIIHUKIB uepe3 miaTgopmy Beepeauni Script
Activities abo CloudPages 06’ekt WSProxy BUKOPUCTOBYE
cuarakcuc SSJS 1 JSON. V¥V cepemoBuiii oOMiHY MOBi-
JOMIICHHSIMH 4M 3a Mexxamu 1uiathopmu SFMC BiH He
mpaioe. WSProxy 30ublIye MIBUAKICTh BUKJIHUKIB API,
30epiraroun BCTaHOBJICHHUH MIaT(HOPMOIO piBeHb Oe3reKn
JaHUX.

Po3po6ka gonarky BigbyBanacs y cepenosumti Visual
Studio Code 3 posmmpennsm MCFS [AMPScript], sike
3abe3neuye minkimo4eHHs koxy Visual Studio Gesmoce-
penHbo 10 obiikoBoro 3amucy MC, yBIMKHEHHS MiJICBi-
qyBaHHs cuHTaKkcucy st AMPScript Ta iH.

BucnoBku. Po3pobnena apxitektypa Marketing
Cloud Salesforce CRM, sika mpusHadeHa il MOBEIIHKO-
BO1 cerMeHTanii KIieHTiB. BukopucTanas Takoi apXiTexTy-
PH HaJla€ KOMITaHii MOXKJIMBOCTI €)EKTUBHOTO YIPABIIHHS
MapKEeTUHTOBUMH 3aXO0JlaM{ BIJIOBIHO O YHIKaJIbHUX
moTped KOXKHOTO CerMEHTa KITI€HTa, a TaKoX 3abes3mnedye
NIepCOHAJII30BaHEe CIIJIKYBaHHS 3 KIIIEHTaMH. Y pe3ysbTari
Oylle OTPUMAaHO 3HAYHE MMOKPAIEHHS HPOLECIB 3aTyueHHs
HOBHX KJII€HTIB, YTPUMAaHHS iCHYIOUHX, a TaKOX IMiJBH-
IIeHHs e)EeKTUBHOCTI IPOrpaM MiATPUMKH NOCTIHHHUX KJIi-
enriB. [lepconanizoBani crparerii, siki po3pobieHi Ha oc-
HOBI MMPOBEACHOT MOBEIIHKOBOT CErMEHTAaIli{, CIPUATUMYTh
MiABUINCHHIO 3aMyYCHHS ayAauTopii, 3a0e3rmedars OibIn
e(eKTUBHE BHUKOPHCTaHHS MapKETHHTOBHX pECypCiB Ta
MiBUIIATH 3arajibHy 3aJ0BOJICHICTh KJi€HTiB. KommaHis,
sika OyJie BUKOPUCTOBYBATH JIOJIATOK, MAaTUME MOXKJIMBICTh
BIZICTE)KYBaTH 3MiHH y NIOIIUTI Ha CBiif TOBap Ta pearyBaTH
Ha HUX Yy peaJbHOMY 4aci. |HIIMMH clioBaMH, BHKOpPHUC-

tanHs warhopmu Salesforce Marketing Cloud 3 po3po6-
JICHOIO apXiTEKTYPOIO CTBOPIOE YMOBH JUTS BIOCKOHAJICHHS
B3a€MOJIIT 3 KOYKHUM KJIIEHTOM, POOJISTUM IXHIH JOCBI mep-
COHAJILHUM.

OTtxe, po3poOiieHO BeOOPIEHTOBAHMHN IOINATOK LIS
MOKpAIIeHH poOOTH KOPHUCTYBAUiB TUIATHOPMHE 3 JTaHUMU
CBOiX KIIi€HTIB, o 30epiratoTbest B «Data Extensionsy.
Buxopucrosyroun moxatok 3 Salesforce Marketing Cloud,
KOMIaHii MOXYTh e(eKTHBHO CHPSMOBYBATH CBOi MapKe-
THUHTOBI 3yCHJIJISL HA OCHOBI CETMEHTH PHHKY, IO J03BO-
JUTH 3MEHIINTH PHU3UK MOMIJIOK Y 3IIHCHEHHI PIi3HUX
3axO0ZiB i 301IBIINTH KiTBKICTh ITOKYTIIIB TOBAPiB (KIIIEHTIB
KOMIIaHii).
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RESEARCH AND DESIGN OF THE MARKETING CLOUD SALESFORCE CRM ARCHITECTURE
DEPENDING ON THE COMPANY'S MARKETING STRATEGY

The purpose of the study is to increase the level of effective attraction of new customers and retention of the company's existing customer base through
the implementation of innovative marketing strategies. The expediency of using the concept of customer relationship management (CRM) and the use
of CRM-class information systems to achieve the goal has been proven. The CRM platform Salesforce Marketing Cloud, which belongs to cloud types
of information systems, was studied. A description of the Salesforce Marketing Cloud business logic is given, which includes decision-making based on
analytical data, customer segmentation, automation of an individual approach to customers with the aim of increasing customer loyalty and increasing
company revenue. Salesforce Marketing Cloud provides an opportunity to create and manage personalized marketing activities, interact with customers
through various channels, analyze the effects of marketing efforts for continuous improvement of the company's marketing strategies. The functionality
and features of the main components of Salesforce Marketing Cloud were studied. Salesforce Marketing Cloud allows you to effectively manage email
marketing, mobile marketing, social media campaigns and other types of marketing. Salesforce Marketing Cloud empowers companies to create and
manage personalized marketing efforts, engage with customers across multiple channels, and analyze their marketing efforts for continuous
improvement. Salesforce Marketing Cloud architecture was designed for behavioral segmentation of the company's customers. A web application has
been developed to improve the platform users' experience with customer data stored in Data Extensions. To automate customer segmentation based on
their behavioral data, Automation Studio was used, SQL queries were built, and Data Views system data tables were used. The developed architecture
of Marketing Cloud Salesforce CRM based on behavioral segmentation is an important tool for the implementation of the company's marketing strategy,
ensuring the successful attraction and retention of customers, as well as for achieving strategic goals.

Keywords: customer relationship management, behavioral segmentation, salesforce marketing cloud, architecture, database, data extension,
automation studio, visual studio code.
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ONITUMIBALIA TPUBAJIOCTI AYKIIIOHIB ITPU HASIBHOCTI YACOBUX BUTPAT

V cTarTi po3risAaeThCs BIUIUB TPUBATIOCTI KOHKYPCHHX TOPIiB Ha OYiKyBaHHI 10Xif X opradizaTopa. [lo1oBKeHHSs TPHUBAIOCTI TOPIiB ABOSKO BILTHBAE
Ha iX pe3ynbTaTH. 3 OJHOTO OOKY, IIe JO3BOJIIE 3aTyYHTH 0 YJacTi B TOprax OUIBIIY KifbKICTh yJaCHHUKIB, 1| KOHKYPEHIIis MK HUMH ITiIBUIITy€ MAHCH
ayKI[IOHICTa Ha OTPUMAHHS KpaIoi HiHK. 3 iHIIoro 60Ky, 3aTATyBaHHS TOPTiB 3aTPHMY€E OTPHMAHHS IPOIISH (171 ayKIioHiB) a00 HEOOXiTHUX TOBApiB
49U NOCIyT (U1 TEHAEPIB), @ YaC Ma€ LiHHICTh caM 1o co0i. BIuimB 1ux 1Box (HakTopis, sKi AIFOTh y MPOTHICKHHUX HANPSIMKAX, HABOAUTH HA JTYMKY IIPO
iCHyBaHHS ONTHMAJIBHOI TPHBAJIOCTI IIpoLiecy TOPriB. B poboTi po3podieHo eKoHOMIKO-MaTeMaTHYHy MOJIEIb IPOBEACHHS TOPTiB, ska (GopMalisye mi
MIpKyBaHHS Ta HaJa€ MOXIMBICTh BH3HAYCHHS iX ONTHMaibHOI TpuBajgocTi. IIpHOYTTS ydacHHKIB I ydacTi B TOpPrax pO3IISIAETHCS SIK
ITyaccouniBcbkuii nporiec. KoxHHIT y4acHUK XapaKTepu3yeThesl BIACHOKO OL[IHKOIO BAPTOCTI BHCTABICHOTO Ha TOPrU 00’ ekxTy. Lli OLiHKK BBaXKAIOTHCS
HE3aJICKHIMH BHITQKOBUMH BETMYMHAMH i3 CIIUIBHUM ITapaMETPUYHUM PO3MOALTOM. B nux npumyiueHHsx Teopema MaiiepcoHa po eKBiBaJIeHTHICTh
JIOXOAY HaJa€ MOXIMBICTh NPOTHO3YBaTH OYIKyBaHI pe3ylbTaTH AyKIIOHICTA B 3aJIEXKHOCTI BiJl KUIBKOCTI YYaCHHKIB TOPIiB HE3alEXkKHO Bif
oprani3auiiHoi popmu ix npoBenerHs. Ha wiif OCHOBI MOXXHa MOPIBHATH IepeBark i BUTPATH, OB’ s13aHi i3 30UIbLICHHAM Yacy JUisl IPHHOMY 3asiBOK Ha
y4acTb B TOprax, [0 Ja€ MOMJIMBICTh BHU3HAUHUTH IX ONTHMAIbHY TPHBATiCTh. OTpHMaHi YMOBH ONTHMAIBHOCTI MAalOTh 3MICTOBHY 1 IHTYITHBHO
3pO3yMily €KOHOMIUHY iHTepIperamilo. B mpakTnyHmX yMmoBax U OLIHKH ONTHMAaJbHOI TPHBAJIOCTI KOHKYPEHTHHX TOPIiB 3alpPOIIOHOBAHO
BUKOpHCTaHHS MeToAiB MoHTe-Kapino Ha OCHOBI eMMipUYHOrO PO3MOLLY LiH MOMUTY Yd mporo3uiii. [IpakTiuyna peasisaiis 3ampomnoOHOBaHOTO

ITOPUTMY MOYKE ITOKPAIUTH €KOHOMIYHI ITOKa3HUKH [isTTEHOCTI ayKIiOHICTa, IO € 0COOINBO aKTyaJIbHUM JUIS IEPAKABHOTO CEKTOPY CKOHOMIKH.
Kio4oBi c10Ba: ayKIlioH, TpHBAICTh, ONTHMI3aLlis, IPOTHO3YBAaHHS, TOPTH, IOPSAKOBA CTATUCTHKA, [TyaccoHIBChKHI IpoIiec

Beryn. IIpobnema eheKTHBHOTO BUKOPHCTAHHS JIEp-
YKaBHHUX KOIITIB 1 MaTepialbHUX aKTHBIB 3aBXKAH IPUBEP-
Taja 3HauHy yBary €KOHOMICTIB, ITOJIITHKIB, KypHAJICTIB,
rpoMasickkocTi. OJHUM 13 HNUIAXIB 3a0e3neueHHs epeKTUB-
HOCTI JIep)KaBHOTO CEKTOpa €KOHOMIKHM € BHKOPUCTaHHS
KOHKYPCHHX MEXaHi3MiB TOCHOAAPCHKOI  MisUIBHOCTI.
[puknagaMu TaKuX MEXaHI3MIB € ayKI[IOHH Ta TCHICPH,
TAKOX BiJIOMI ITiJl 3aTaJIbHOI0 Ha3BOIO «KOHKYPCHI TOPTH».

AVKITIOHH BU3HAHI SK OMWH 13 HaileeKTHBHIIIMX
croco0iB MpoAaXKy MPOAYKIii B yMOBaX HEIOCKOHAIOT
KOHKYpeHIIii. [X monynspricTs 3Ha4HO 3pocia micsis Toro,
SIK 3 MOSIBOIO €JIEKTPOHHUX TOPTOBHX MaiilaHYMKIB Pi3KO
3HU3WINCS BUTPATH Ha 1X OpraHi3amilo Ta MpOBEJCHHS. Y
JIep’)KaBHOMY CEKTOP1 BOHM BUKOPHCTOBYIOTHCSI JUIS IIPHBa-
TH3allii, OpeHAN AEp’KaBHOTO MaifHa, MPOJAXy pajiodac-
TOT JUIS TEJIEKOMYHIKaLliHHUX MEPEK TOLIO.

llle Oinpioro momupeHHs HaOYylIO0 BUKOPHUCTAHHS
TeHJIepiB (3BOPOTHUX ayKIIiOHIB) IJIsl 3aKyIiBelb. Y OlIb-
LIOCTI KpaiH CBITY 11€ OCHOBHHI IHCTPYMEHT Juisi 3a0e3Iie-
YeHHsI T0CTaYaHb TOBAPiB, HaJaHHS MOCIYT Ta BUKOHAHHS
polit y nepxaBHOMY cekTopi. B Ykpaini nmpaBuiia npose-
JICHHS periaaMeHTyoThest 3akoHoM «[Ipo myOmiuni 3aky-
miBmi» [1], skuii mepenbadae MpOBEACHHS EIEKTPOHHIX
TEHJIEPIiB JUIsl BCIX, KpPIM HaHOLIbII TPUBiaNbHUX JepiKaB-
HUX 3aKyHiBeJb (3a JeIKUMHI BUHATKAMH).

Haiiyacrime nepeMosust KOHKYpCHUX TOpPTiB o0upa-
IOTh 3a [IHOBUM KPHUTEPI€EM.

IcHye Benmka pi3HOMAHITHICTH HMPOLEAYpP MPOBEICH-
Hs TopriB. [lommpeHnMy € aHTTIHCHKI, STOHCHKI Ta TOJI-
JAHJCHKI AyKI[IOHH, AyKIIOHW 13 3aKPUTUMH IPOIO3HU-
misiMu oo [2]. Bubip KOHKpEeTHOT MpoIeIypH Ta IEBHUX
OpraHi3alifHUX TapaMeTpiB (HampUKIalg, I[TOYaTKOBOI
L[iHH) ONIOCEPEIKOBAHO BIUIMBAE Ha CTPATETIUHY HOBEIIHKY
YYacHHUKIB TOPTiB, 110, Y CBOIO Yepry, 3MIHIOE OYiKyBaHi
pe3yIbTaTH ayKIiOHY. 3a/1a4ya ONTUMI3aIlii TOPTiB MMOJISATae

() ®

y BUOOpi TaKMX MPOLEAYyp 1 HAIaTyBaHb, BAKOPUCTAHHS
SKAX HaBOJWIO O MO HAWKpamioro pe3yibTaTy Ui opra-
HizaTopa TOPTiB 200 IS CYCIiIbCTBA B IIJIOMY.

1. Anaui3 aitepatypu i nmocranoBka 3agaui. Cepen
Ba)KEJIiB BIUIUBY Ha MOBE/AIHKY YYaCHUKIB TOPTiB CJIif Bij-
3HAYUTH:

® BCTaHOBJICHHS CTaPTOBOI I[IHU ayKIIiOHY;

® CcXeMy BUHAropo.u (Tak, Ha OiJBIIOCTI ayKI[IOHIB
I[iHa KOHTPAKTy JOPIBHIOE CTaBIll MEPEMOXKIs, aje Ha
aykiioHi Bikpi BOHa BCTaHOBIIOEThCS Ha PiBHI Opyrol
HAMKpAaIIol IMpoITo3uIIii);

® IIIaTy 3a y4acTh y TOprax (y MUpPOKOMY PO3YMiH-
Hi J10 Hel Tako)kK HOBUHHI BXOJIUTH BUTPATH Ha MiATOTOBKY
TEH/ICPHOI TOKYMEHTAIlil, TeXHIYHE 3a0e3ICUeHHS TOIIO);

® BCIMYHMHY KPOKY 3MiHU IiHU;

® TEepMiHM NPOBEACHHS TOPTiB TOLIO.

Cepen Hux mepini nBa Oyiu BCeOIYHO BHBYCHI B Jii-
TepaTypi 3 Teopil aykiuioniB [3—5]. BruuBy iHmmx inctpy-
MEHTIB Ha pe3yJIbTaTH TOPTiB MPUALISIOCH 3HAYHO MEHIIIe
yBaru. CTOCOBHO CTPOKIB IPOBE/ICHHS ayKI[IOHY, B pOOOTI
[6] po3risimanoch MUTAHHS, SIK KIHIICBHI TEPMIH peatizaiii
TOBapy MOX€ BIUIMHYTH Ha BUOIp NpoJaBLs MiX HOro
MpoaaxoM 3a (HiKCOBAHOIO I[IHOIO Ta MPOBEACHHIM IIOPiB-
HSHO J0pororo aykuiony. B po6oti [7] nocnimxyBanach
npoOJieMa ONTHMAIBHOI TPUBAJIOCTI ayKI[IOHY B 1HCTHUTY-
LIfHOMY KOHTEKCTI ()OH/IOBUX PHHKIB.

MeTor0 JaHOTO JOCIIJUKEHHS € BJIOCKOHAJIEHHS MO-
JIeJTi BU3HAYCHHS ONTUMAIBHOI TPUBAJIOCTI TOPTiB, 3ampo-
MMOHOBaHOT aBTOpPOM V [8].

2. Mopeab TpoBeleHHsl TOPriB NpPU HASIBHOCTI
4acoBUX BHUTpAT. 30UIBIICHHS TPHUBAJIOCTI TOPTIB Mae
MOJBIAHWN BIUIMB Ha IX OYIKyBaHI pe3yJbTaTH 3 TOYKU
30py oprasizartopa.
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Burosa Bil BHUKOpUCTaHHS KOHKYPCHHUX HpOLENyp
CTBOPIOETHCS 338 PAXyHOK 3aJIy4EHHs IIMPOKOro Koua I10-
KyHIIB 1 mpojaBiiiB. KOHKYpEeHIlis Mik HUMH Ja€ ayKI[io-
HICTOBI MO>KJIUBICTH OTpUMaTH Kpaiy 1iny. [TogoBxeHHs
TPUBAJIOCTI AyKLIOHYy Ma€ TMPHU3BECTH [0 301JbIICHHS
KUTPKOCTI yYacHHKIB, IO, Y CBOIO 4epry, MOKpAIIUTh
OUIKyBaHHU pe3yNbTaT.

3 iHmoro OOKy, Take 3aTSATyBaHHS 3aTPUMYE OTpPH-
MaHHS TpoIIeH BiJ peamizamii mpoAykuii abo mpuadaHHg
HEOOXITHUX TOBapiB, a Jac 3aBXIW Ma€ IiHHICTh caM II0
co0i. Ile Takox 301BIIyE PH3UKH, ITOB’s3aHI 3 MOKINBOIO
3MIHOIO pUHKOBHX YMOB, 1 YCKJIQJHIOE [UIaHYBaHHSI.

Kommpomic MK MMM CYyNEpewIMBHMH MipKyBaH-
HSAMH MOXHa (OpMaii3yBaTd 3a JOMOMOI'OI0 HACTYITHOL
Mojeni. [[ns BU3HAUEHOCTI, PO3IJISIHEMO BMIAJOK ayKIli-
OHY, X04a MOJIeJIb MOKe OyTH 3aCTOCOBaHA i 1O TCHAEPIB
i3 MiHIMAJIbHUMH 3MiHAMH.

2.1. 3aranpHa cxema npoBeaeHHs Topris. [Tpumyc-
THMO, [0 MPOJABElb NMPOBOMUTH AyKLIOH M HPOAAXY
OJIMHMWIII TOBapy 3a HAHBHIIOO IIHOIO. 3asBKH BiJ MIOTCH-
LITHUX TOKYIIB, 1HACKCOBAHUX uepe3 I, MPUHMAaIOThCs
mpoTsroM nepioxy dacy [0, t]. IIpu mpoMy aykimioHicT Hece
BUTpaTH, NponopuiiHi TpuBanocti Topris: C(t) =ct.

KoskeH y4acHHK TOPTiB Ma€ IEBHY pe3epBOBaHY IiHY
V; (ToOTO MakCUMaJbHY LIiHY, SIKY BiH TOTOBHH CIJIATUTH

3a ToBap). BoHa HeBimoMa aHi MOKYMIIEBI, aHi IHITAM yJac-
HuKaM Topris. [Ipote, OyneMo BBaXkaTH, IO pe3epBOBaHi
LiHM OKPEeMHX YYaCHUKIB € HE3aJIeKHUMH OJIHAKOBO
posnoxinenumu  Ha intepami [0, V] BumagkoBHMU
BeNMYMHAMU. [HTerpanbHa (QYHKIIS HOTO PO3MOILTY
F(x) = P{v, <X} € BimomMor0 BCIM ydJacHUKaM.

KoxHnil yJacHUK Halae ayKI[iOHICTY CBOKO IIHOBY
NpONO3ULi0 D, sika, BOUYeBHIb, Ma€ 3alexaTH Bix V.

30kpema, i3 MipKyBaHb OCOOMCTOI  paIliOHAIBLHOCTI

BUILIHBAE, 0 b <V, . [IpaBuia ayKilioHy BU3HAYAIOTh, SIK

o0upaeThcs TMEPEeMOXKEIb 1 AKy CyMy BiH CIUIAYye:
(b,...b,) = (i", p") . MozmemoBanHs 1LOrO NEPETBOPEHHS

Oyze ONMcaHo y HACTYITHOMY PO3MLi.

Hapemri, npumycTiumo, o HaIXOIKEHHS MPOTO3H-
il 10 ayKIioHICTa MiAIOPIIKOBYEThCs mporecy [lyacco-
Ha 3 iHTEHCHBHICTIO A. To/i IMOBIPHICTH OTPHMATH PiBHO
N 3asBOK MpOTSroM yacy t Oyze ckinanaru:

n,—At
2(nty= A€ )
n!

2.2. MoneJ10oBaHHS MOBEIiHKM YYACHUKIB TOPriB.
CriBBiIHOIIEHHSI MK pe3epBOBaHMMH IIHAMH IOKYIIIIB
Ta IXHIMH IPOTIO3UIIIIMH 3AJICXKHUTH BiJl CXSMH ayKI[IOHY Ta
€ JTyXKe CKJIaHUM IUTaHH:M, sike OyJI0 IpeIMeTOM iHTeH-
CHUBHHX JIOCJI/DKCHb B MaTeMaTHYHIi €KOHOMIIII Ta Teopil
irop mpoTsirom ocranHix 60 pokiB. HaBememo crucimii
OIS TEOPETHYHUX PE3YJIbTATIB, BOKIMBUX JJISI MOJalIb-
[I0TO BHKJIAJy MaTepiamy.

JIBa opmMaTi KOHKYPEHTHUX TOPTiB, AKi HaifuacTime
BHKOPHCTOBYIOTBCS B JI€PKAaBHOMY CEKTODi, II€ ayKI[IOHU
nepmoi ek 13 3akputumu npomnosumismu (ITH3IT) Tta
anTmichki aykmionu. Ha aykmionax ITL3IT ywacHukm
MO/IAl0Th CBOT 3asIBKM QYKIIOHICTY B 3aKPUTOMY BHIJISIII
(icropu4HO, y 3ameyaTaHUX KOHBEpTax). Y 3a3jaleriibp

BU3HAYCHUI1 4aC KOHBEPTH PO3KPUBAIOTHCS 1 MEPEMOKIIEM
OTOJIOINIYETHCSl YYacCHHK, IO 3alpoloHyBaB HaKparry
LiHY, SIKy BiH B Pe3yJIbTaTI i CIUIAYYE.

Ha anrmiiicekux aykiioHax ayKI[IOHICT BCTAHOBIIIOE
CTapTOBY LiHY. YYaCHUKH TOPTiB MOXXYTh 3alIPONOHYBATH
Kpamry ImiHy (3a3BHYail i3 BH3HAYCHHM MiHIMAIbHUM
MiABUIIECHHAM). TOPry MPUIMUHAIOTHCS, KON 3aIHIINTHCS
JIIIE OIMH YYaCHHUK a00 KOJM 3aKiHIUTHCS BiIBEACHUH Ha
Topru 4ac. IlepeMoXelp cCIuladye 3ampoNOHOBaHY HUM
migy. lle ocHoBHHWII Qopmar nyONIYHHX 3aKyIiBeh
(peBepcHBHUX ayKIiOHIB) B YKpaiHi, SIKi IPOBOIATHECSA B
€JICKTPOHHIH (hOpMi 32 MpaBUIIaMH, BU3HAYEHUMHU B [1].

Jnst BUrpanry B aHrIIiHCbKOMY ayKIIiOHI IIEpeMOXKelb
Mae MepeOuTH IiHy NMepeoCTaHHbOI0 yYacHUKA. Y4YacHU-
KaM JIOIJIHO MPOJIOBXKYBAaTH y4acTh B TOprax, JOKH iX
pe3epBOBaHa LiHa MepeBuIlye notoyHy. OTxke, SKIIO He
BPaxOBYBaTH JHCKPETHICTh 3MiHM LiH, BUTpalllHA CTaBKa
MIOBHHHA JIOPIBHIOBATH JIPYTii 3BepXy pe3epBOBaHIN IiHI
YYacCHHKIB ayKIliOHY.

VY BmmuBoBii ctatTi [9] B. Bikpi 3ayBaxkuB, mo Toit
caMuii pe3ysIbTaT MOKHA OTPUMATH Ha0araTo mpocTime Ha
ayKIioHI Apyroi IMHM 13 3aKPUTHMH MPOTO3UIISIMHU
(ALI3T1), me mepeMoskellb MIATUTH IiHY, II0 TOPIBHIOE
Jpyriii HaWOLIbIIIKA 3 MoJaHWX Mpomo3ulid. BiH Takox
JTOBIB, 1110 33 TAKOI CXEMH TOPTIB JIOMIHYIOUOIO CTPATETIEI0
JUIsl BCIX YYaCHHUKIB € «BiIBEpTa» cTpaTeris, ToOOTO moaaH-
HS mponosuiii Ha piBHI CBO€I pesepBoBaHOi wiHu. lle
TaKOX 3BUIbHAE YYaCHHMKIB ayKILIOHY BiJi HEOOXiIHOCTI
¢i3n9HO OyTH MPUCYTHIM Ha 3aXOIi.

Ha aykmionax ITTL3II BimBepta cTpaTerisi He MOXe
OyTH ONTHUMAaNbHOIO, OCKUIBKM BOHA IIPU3BOJIUTH JIO
HYJIbOBOTO BUTpAlly Ul BCIX yYacHHUKIB TOpTiB. Takum
YUHOM, CTaBKH YYacHUKIB OyIyTh HIDKYMMH 32 IXHI
pe3epBoBaHi IiHU. HallBayKIMBIMAM pe3yIbTaTOM Teopii
ayKIIOHIB € TeopemMa MaiiepcoHa IMpPO EKBIBaJIECHTHICTh
nqoxony [3]. Bona crBepkye, mio (3a MEBHUX TEXHIYHUX
NPUITYIEHb) OYiKyBaHa IiHA, SIKY IMOKYIelb 3aIlIaTUTh Yy
BCIX HaBEJICHUX BHUIIEC CXeMaxX ayKI[iOHY, Oy/e 0JHAKOBOIO.
Bimbin TOro, aykI[iOHICT HE MOXE pO3PaxOBYyBaTH Ha
OTPUMaHHS KpalluX pe3yJbTaTiB, BAKOPUCTOBYIOUH OYIb-
SKy IHITy MOXXJIMBY HpOLERypy NMpoBeIeHHS TopriB. Pe-
TENBHUH PO3TIIS IIUX Pe3ybTaTiB MOXKHa 3HaiTH B [10].

Teopema Tpo EKBIBAIEHTHICTH J/JOXOAY [JO3BOJISE
abcTparyBaTHcs Bif crienin(iky ayKIIOHHHUX MPOLEYD, SKi
(aKTHYHO BUKOPHUCTOBYIOTHCS B THUX YU IHIIMX yMOBAaX.
Be3 BTpaTH 3arajJpHOCTI MOXHA MPHUITYCTHTH, IO AyKIIOH
npoBoauThes 3a cxemoro JIII3II, ne ydacHWKam TOpriB
ONTHMAJILHO 3aCTOCOBYBATH BiZIBEpTY cTparerito. OTxke,
I[iHa TIPO/IaXy TOPiBHIOBATHME APYTii HAWBHIIINA pe3epBo-
BaHIl IiHI yYaCHUKIB TOPTiB.

2.3. TIporno3yBaHusi mpoaaxHoi wiHu. Y Tteopil
fiMoBipHOCTEl k—Te HaliMeHIle 3HAYEHHS X, BUNAIKOBO-

ro BEKTOPY X =(X;,X,,...,X,) BigoMe sik K—Ta mopsakosa

CTaTHCTHKA. SIKIIO KOMITOHEHTH BEKTOPY X € HE3aJICKHU-
MU Ta OJJHAKOBO PO3MOIIICHUMH, TO MUIBHICTh PO3MIOILTY
K—1 mopsiIKOBOT CTATHCTUKH BU3HAYAETHCS SIK

n!
o0 (0= G —yin ion T % @

x[FOO] " [1-FOO"™,
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ae F(x) Ta f(x) — inrerpanbHa (QyHKIIS Ta MIIIBHICTD

PO3MOJiTy KOMIIOHEHT BEKTOPY X, BiJIIOBIIHO.
MipkyBaHHs, PO3IJIAHYTI B IONEPEAHBOMY PO3JIiIi,

03HAYaI0Th, IO I[iHA TPOAaXy P € (N —1) —f0 HOPSIKOBOIO

CTAaTHCTUKOKO V(, ;) BEKTOPY PE3€PBOBAHMX LiH yYaCHUKIB
topriB V= (V;,V,,...,V,). 3 piBHAHHSA (2) BUIUTHBAE, WO 1l
LITBHICTD PO3MOUTY BU3HAYAETHCS SIK

f,(xn) =n(n-DIFY"*[1-F)]F (), (3)

VY dopmymi (3) maeTbes Ha yBasi, mo N> 2 (iHakme
V(,q) HE BU3HA4eHO). Slkmo N=0, T0 Hemae KOMHOTO

ydJacHHUKa TOPTiB, a AKIm0 N =1, To HeMae KOHKypeHIii. Y
KOHTEKCTI IEpiKaBHOTO CEKTOPY EKOHOMIKH YKpaiHCBhKE
3aKOHOJABCTBO Iependadae, Mo B 000X LIUX BHUMAAKaX
TOpPTH MalOTh OyTH CKacoBaHi Ta mepeHeceHi. OTxe, Oyze-
MO BBaXKaTH, IO B 000X LUX BUIIQJKAX MPOIYKT He Oyre
NpOJaHUH 1 MpoJaBenb He OTPHMAE A0X0Ay (ajie Bce OTHO
Oyze HecTH BUTPATH).

Ha puc. 1 nmokasaHa ImijgbHICTh PO3MOALTY IIHU IIPO-
naxy mis pisaomiproro U[0,1] (puc. 1, @) i HopmansHOTO

N (%%j (puc. 1, 6) po3nominy pe3epBOBaHUX ILiH ITOKYTI-

uiB. [lapaMeTpn HOPMANBHOTO PO3IONITY OOpaHO TaKUM
YHHOM, IIOOH 32 MPABHJIOM TPHOX CUTM OCHOBHA YacTHHA
po3moxiny Oyzae 30cepeKeHa Ha OIMHUIHOMY i1HTepBali i
pe3ynpTaTé OyJo JIETKO IOPIBHATH i3 BUIMAJKOM PiBHO-
MIpPHOTO PO3TIOALTY.

Jns  craHmapTHOro  PIBHOMIPHOTO — PO3MOJLITY
F(x)=x, f(x)=1inpsama miacraHoBka ux QyHKLIH y
¢dopmyny (3) mokasye, 1o IiHa peanizamii p Oyme matu
Oera—posnozin 3 napamerpamu (N—1,2) . s HOpMaib-
HOTO BHITAJKy PO3MOJLI MPOJAKHOI IiHA HE MOXe OyTH
BHPaXCHUM B elIeMEHTapHUX (DYHKIISX i OYB po3paxoBa-
HUH YHUCEIIBHO.

Sk BumHO 3 rpadikiB, 30UIbIIEHHS KIIBKOCTI y4ac-
HUKIB 3Millly€e HIUIBHICTD IIHK peati3aliil BupaBo, TOOTO B
00J1aCTh BUIIMX IIiH.

®dopmyna (3) 103BOJsIE OOYHCIUTH YMOBHE OYIKY-
BaHHS I[IHU 3aKYIIBJI B 3aJ€KHOCTI BiJl KUIBKOCTI ydJac-
HUKIB N2>2 5K

P, =M[p|n]=[xf,(xn)dx. @)

Hamnpukian, 1as craHAapTHOTO PiBHOMIPHOTO PO3IIO-
Iy pe3epBOBaHMX IiH

_n-1
n+1

n (%)
3a BIACTHBOCTSMH OeTa—posnoxiny. Ha puc. 2 mokaszano
OUiKyBaHy HiHy NpPOAaxy fK (PYHKIIIO KiTBKOCTI ydac-
HUKIB TOPTiB i pO3MOALTY iXHIX pe3epBOBAaHUX IIiH.

IIpoTe, KUTBKICTh yYaCHHKIB TOPTIB € BHIIQIKOBOIO
BEJIMYMHOIO 3 PO3IMOAiIoM, Bu3sHadeHuM (opmynoro (1),
SIKH{ B CBOIO Yepry 3aJIS)KUTh BiJl TPUBAJIOCTI ayKI[IOHY.
[Moennyroun Gopmymu (1) i (4), 32 3aKOHOM MOBHOT HMO-
BIPHOCTI OTPUMYEMO TaKMi BUpa3 AJsl OYiKyBaHOI I[IHM
MPOJaXy K QYHKIUIT BiJl TPUBAJIOCTI TOPTIB!

pt) =", z(n1)p,

na-At V 6
-y (/H)n!e _‘!'xfp(x, n)dx. ©

3ayBakTe, IO IMiICYMOBYBaHH: ¥ Gpopmyui (6) moun-
HaeThess 3 N=2, OCKUIBKU Ui N <2 mpoaykT He Oyne
MPOAAHO 1 JOXiJM TMPOAABIs JOPIBHIOBATUME HYIIO, SIK
00roBOpIOBAIIOCS BHIIIE.

fix)

fix)

Puc. 1. Po3monin mpoaxHOT IiHK B 3aJIEKHOCTI BiJ KIJTBKOCTI
YYaCHHKIB TOPTIB IS PI3HUX PO3NOILIIB pe3epPBOBAHUX IIiH:
a — piBaomipanit U[0,1], 6 — sopmamsrmit N (1/2,1/6)

2 4 5 2 10
— L]0, 1] =N 17210

Puc. 2. OuikyBaHa I1iHa peanizauii B 3aJ1€KHOCTI BiJl KiTbKOCTI
YYaCHHKIB TOPTiB

3. OnTumizanisi TpuBayiocti TOpriB. Y TepMiHax
BH3HAUEHUX BHWINE 3MIHHHUX 3a7ady OMNTHUMIi3alii TpuBa-
JIOCTI ayKI[IOHY MO>KHa C(OPMYJIIOBATH TaK:

V() =p) —ct—t>max. )
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[epmmit nonaTox y HaBeJEHOMY BHIIE BUPas3i € 3poc-
Taru010 QYHKIIEI 4acy, 0OMEKEHOIO 3BepXy 3HAYCHHIM
V. Ipyruit noaaTok JiHiiHO 3pocTtae 3 yacoMm. OTxe, icHye
€MHE pINICHHS Miel onTuMizamiiHoi 3amadi. Ha puc. 3
MOKa3aHo [UIOBY (DYHKIIIO JJIs CTAaHJAPTHOTO PiBHOMIp-
HOTO PO3IOJIUTY Pe3epBOBAHUX IiH YIACHUKIB TOPTIB.

-
-
a

®
=
=

= Dlf) ' =58 Vit

Puc. 3. BusHaueHHs1 ONTUMAJIBHOT TPUBAIOCTI TOPTIB

Heo0xigHOI0 YMOBOIO ONTHMANIBHOCTI [T 3amadi (7)
BUIJIAAE TAK:

=C. (8)

dp(t) - Oz(nt) _
dt Lo a
®opmyrna (8) Mae TOCUTH CTAaHIAPTHY SKOHOMIYHY
IHTepIIpeTaNnilo: OdYiKyBaHa TPaHWUYHA BHUIOAA BiJ 301b-
LICHHS TPUBAJIOCTI ayKIIOHY Ha OJWHMIIIO Yacy IOBHHHA
JIOPIBHIOBaTH TPaHUYHIA BAPTOCTI IIOTO Yacy.
@opmyny (8) MOXXKHA TNEPEeTBOPUTH y HACTYITHHUH
croci6. 3 hopmysu (1) BUTUTHBAE, 1110

or(n,t) _2 n(At)" e ™ 4 (e

ot n! nl 9)
= A(z(n=1t) - z(n,1)).

[lincraBUBIIM OCTaHHE CITiBBiTHOMICHHS B (OPMYITY
(9), orpumaemo:

Z:lz (z(n-Lt)—z(n,t))p, = % ;

o0 — © _ C
(OB - X, w1 -10P, ==

Z"C (Zt)n e—/lt

C
n:]_T(pn+l_pn) ZZu (10)

ne BBaxkaetwes, o P, =0 . Lle n03BoJisie oTpuMaTH OisbLI
3MICTOBHY iHTepnperaliro. Bupa3 y niBiit yactuni popmy-
mu (10) — e ouikyBaHHWH IPUPICT WiHU MPOJAXKY BiJ] HAsB-
HOCTI JJOJATKOBOTO y4YacHWKa aykKuioHy. Jlist posmomimy
[Tyaccona BesmunHa, oOepHEHa IHTEHCUBHOCTI 4, € cepell-
HiM iHTepBanoM Mix moxisimu. Oxe, Bupas C/ A y npasiii
gactuHi Gopmynu (10) € cepeHbOI0 BAPTIiCTIO OUiKyBaHHS
JIOZIATKOBOT'O YYacHUKA TOpPriB. TakuM YMHOM, ONTHMAIIb-
Ha TPUBAJIICTB ayKIIOHY € TaKOI0, 110 OUiKyBaHUH BUTpaLll
BiJl 3aJly4eHHs JI0 TOPTiB J0JATKOBOI'O YYacCHHUKA TOPTiB
JIOPIBHIOE BapTOCT] Yacy Ha OYIKyBaHHS I[bOTO yYacHUKa.

OO6uncenHs 1iIboBOI (YHKIIT B (7) BUMarae 3HaHHS
PO3MOALTY PEe3epBOBAHMX I[iH MOKYIIB, OTPUMATH SKi
Moxe OyTu npobiemarnyHo. Ko € mxepena iHpopmarii
Npo Aiana3oH NPUHHATHUX IiH, Taki SK KaTajord, OroJyo-
IIEHHS B COLIAJIbHUX Mepekax TOIIO, IS OLIHKH O4iKyBa-
HOI IiHM peaiizamii Moke OyTH 3pydHIIIEe 3aCTOCYBaTH
Metoau MonTte-Kapimo. Matoun CiiicoK IiH, MOKHA CKIIac-
TH 3 Hel BUIaIKOBY BHOIPKY 3 N €JIEMEHTIB i B3SATH APYTY
HaWBUIy IiHY SK OWIHKY PE3yJIbTaTy 3MOZEIbOBAHOTO
aykmiony. [ToBTOpeHHS i€l MpoleaAypr Ta yCepeaHEeHHS
pe3yIbTaTiB AaqyTh OaxkaHi OLIHKH.

BucnoBku. Y po0oTi 3amponoHoBaHa €KOHOMIKO-
MaTeMaTUYHa MOJIEINb, KA JO3BOJISIE OL[IHUTH BIUIUB TPH-
BAJIOCTI KOHKYPCHHMX TOPriB Ha X OYiKyBaHi pe3yJbTaTH
Juist aykuioHicta. Ha mili ocHOBI po3po0iieHO METOIMKY
BU3HAYCHHS iX ONTHMaJIbHOT TPUBAJIOCTI, 3aCTOCOBHY IS
IIMPOKOTO KOJIa OpraHi3allifHuX MEXaHI3MiB IPOBEICHHS
toprie. OTpuMani GopMyIH MatOTh 3MICTOBHY Ta IPO30PY
eKOHOMIUHYy IiHTepmperamifo. B yMmoBax HemockoHaNol
iHpopMamii Mpo PHUHKOBE CEPEAOBHIIEC HMPOTHO3YBaHHSI
pe3yIbTATIB TOPTIB 1 OMIHKA ONTHMAIBHUX TEPMIHIB iX
MPOBEICHHS MOXKEe OyTH 3/1iiCHEHA 3a JIOTIOMOT 00 METO/IIB
Mounre-Kapuo.

3anpoBa/PKeHHST METO/IMKU CIPHATUME CIPOLICHHIO
Ta MiBUIICHHIO ¢()EKTUBHOCTI KOHKYPCHHUX MPOLIEAYP, LIO0
€ 0COOJIMBO BKJIMBUM [UISl I€PIKABHOTO CEKTOPY €KOHO-
MIiKH B yMOBax BiliCbKOBOro yacy. B komepuiiiHoMy cek-
TOpi MOzENb MOXe OyTH aKTyaJbHO, 30Kpema, JUIsi OH-
JIAiH ayKI[IOHIB 3 PO3MIIICHHS PEKIaMH, SKi BiTOyBarOThCS
Ha TIOCTIHHIN OCHOBI y peasisHOMY MacmTabi dacy [12].
Apantariss MoAeni 1O [BOTO CEpPEelOBHINA € IIIKaBOIO
TEMOIO JUISl TTOJANIBIIUX JIOCIIPKEHb.
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OPTIMIZATION OF THE AUCTION DURATION IN THE PRESENSE OF TIME-DEPENDANT COSTS

This paper examines the influence of the duration of auctions or tenders on the expected gain of their organizer. Extending the duration of bidding affects
auction results in two ways. On the one hand, it allows attracting a larger number of participants to the auction, and the competition between them
increases the chances of the auctioneer to get a better price. On the other hand, delaying bids delays the receipt of money (for auctions) or required goods
or services (for tenders), and time has value in itself. The influence of these two factors, which act in opposite directions, suggests the existence of an
optimal duration of the bidding process. The paper develops a mathematical model of bidding, which formalizes these considerations and provides an
algorithm to determine their optimal duration. The arrival of bidders willing to participate in the auction is modeled as a Poisson process. Each participant
is characterized by his own assessment of the value of the object put up for auction. These estimates are assumed to be independent identically distributed
random variables drawn from some parametric distribution. Under these assumptions, Myerson's revenue equivalence theorem makes it possible to
predict the expected results of the auction as a function of the number of bidders, regardless of the auction rules. On this basis, it is possible to compare
the benefits and costs associated with changing the duration of time for accepting applications for participation in bidding, which makes it possible to
determine its optimal value. The obtained optimality conditions have a meaningful and intuitive economic interpretation. For practical applications, the
use of Monte Carlo methods based on the empirical distribution of bid and ask prices is proposed. The practical implementation of the proposed algorithm
can improve the economic performance of the auctioneer, which is especially relevant for the public sector of the economy.
Keywords: auction, duration, optimization, forecasting, bidding, ordinal statistics, Poisson process.
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BLOCKCHAIN PLATFORM SELECTION AND SOFTWARE DEVELOPMENT FOR DECENTRALIZED
EXCHANGE OF BUSINESS PROCESS MODELS

Modern organizations employing the Business Process Management (BPM) approach typically handle collections of hundreds or even thousands of
business process models. Business process modeling stands as the central technology within the entire BPM methodology. In line with the BPM lifecycle,
these models visually represent current organizational activities that necessitate improvement using various diagramming notations. These graphical
business process models can subsequently be employed to analyze ongoing activities in the enterprise, identifying potential drawbacks or “weak spots”
that hinder the company’s performance. Through business process models, organizations can modify the “virtual twins” of their organizational
workflows, conduct simulations, and make informed decisions for business process improvement. Thus, business process models constitute the most
valuable assets of the organization, conveying knowledge about ongoing activities and potentially encapsulating the best organizational or industry
practices. The implementation of a centralized database for business process models can significantly benefit the entire organization, enhancing the
efficiency of knowledge sharing and accumulation. However, centralized business process model repositories prove less efficient for inter-organizational
knowledge exchange. Additionally, most business process models require significant person-hours for development and cannot be shared freely with
competitors. The exchange of business process models should adhere to established mechanisms for managing valuable digital assets. Presently,
Distributed Ledger Technologies (DLT), especially Blockchain, have gained enormous popularity. Therefore, we can employ the principles of
Blockchain technology and the cryptocurrency industry to create software for the Decentralized Exchange (DEX) of business process models. This study
explores the selection of a DLT platform and the development of software for the decentralized exchange of business process models, utilizing asset

tokenization and smart contract technologies.

Keywords: blockchain platform selection, software development, decentralized exchange of business process models.

Introduction. The most of existing studies in the
BPM and Blockchain interdisciplinary domain focus on
business process (BP) execution enabled by smart
contracts. For example, Corneli A. et al. [1] propose a
framework for BP choreographies execution driven by the
Blockchain tasks notarization. Another study by Lopez-
Pintado O. et al. [2] offers the Business Process Model and
Notation (BPMN) execution engine named “Caterpillar”
that serves for BP scenarios execution on the Ethereum
Blockchain. The paper by Di Ciccio C. et al. [3] suggests
the principles of inter-organizational BP execution using
Blockchain technology. In paper [4] Mahgoub S. et al.
propose an approach to Blockchain-driven BP modeling,
execution, and monitoring. The most interesting paper by
Tran A. B. et al. [5] proposes the “Lorikeet” tool that can
create smart contracts from BPMN models to facilitate the
execution of collaborative BPs. The object of this work is
the DEX process of BP models in the cross-organizational
environment. The subject of this work is the model of the
DLT platform selection to implement the DEX workflow
of BP models. The goal of this work is to simplify the DEX
process and handle BP models using asset tokenization and
smart contract technologies.

Motivation for the decentralized exchange of
business process models implementation. DLT, or
distributed ledger technology, functions as a digital
platform for recording asset transactions, where
information is simultaneously stored across multiple

locations. In contrast to conventional databases, distributed
ledgers operate without a central data repository and
administrative capabilities [6]. Each node within the
distributed ledger independently processes and verifies all
transactions, creating a comprehensive record and
achieving consensus on their authenticity. This technology
is versatile and can accommodate the storage of both static
and dynamic data, including financial transactions [6]. An
exemplar of DLT is the widely recognized Blockchain [6].

Blockchain technology represents a specific type of
distributed ledger. In distributed ledgers, independent
computers, known as nodes, play a crucial role in
recording, sharing, and synchronizing transactions within
their individual electronic ledgers, diverging from the
centralized approach of traditional ledgers. Blockchain
achieves this by organizing data into blocks, which are
linked in an append-only manner [7]. Both Blockchain and
DLT serve as the underlying infrastructure for the “internet
of value”, enabling the recording of interactions and the
peer-to-peer transfer of "value" without the necessity of a
centralized coordinating entity. In this context, “value”
encompasses any record of asset ownership, ranging from
currency and securities to land titles, as well as ownership
of specific information like identification, health data, and
other personal details [7].

Over the past few years, a significant number of
companies have embraced various BPM (Business Process
Management) strategies. These initiatives have manifested
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in diverse forms, including directives for specific business
units or departments to document work practices, and a
broader organizational recognition of the imperative to
align business processes with the overall financial and
operational well-being. At one end of the spectrum, cubicle
shelves are filled with numerous binders detailing specific
work procedures, while at the other end, automated tools
are employed to uphold and integrate business processes
seamlessly into the daily execution of key applications. In
instances where automated tools are utilized, they are often
considered as essential assets for the organization [8].

The way an organization maintains information about
its business processes (BPs) can signify whether they are
perceived as mere optional documentation or genuine
business assets. Typically, these documents serve as
reference materials for the organization’s daily operations.
However, due to the nature of documentation, it tends to
become outdated rapidly, posing challenges for monitoring
and enforcement of adherence. The integration of these
processes with the organization’s automated technologies
provides a mechanism to ensure timely updates and
adherence [8].

A repository of business processes (BPs) acts as a
centralized reference point to ensure consistent
communication regarding the nature of each process, its
application guidelines, the responsible parties for
successful execution, a clear understanding of inputs or
triggers, and the expected outcomes upon completion. This
repository stores the necessary information for defining,
analyzing, improving, and regulating business processes. It
plays a crucial role in promoting awareness and acceptance
of the cross-functional nature of many enterprise BPs,
fostering collaboration across functional business units by
facilitating and enforcing an end-to-end process-focused
methodology [8]. The management of the business process
(BP) repository is a critical aspect of BP management and
should be regarded with the same level of seriousness as
any other company asset. Serving as the organization’s
blueprint for process management, it not only establishes a
common frame of reference and a method for consistent
communication but also functions as the system of record
for information related to process ownership, technological
enablers, business rules, and both financial and operational
controls. By promoting and acknowledging their cross-
functional nature, the effective and consistent
administration of this unique asset is essential for
establishing and maintaining the holistic nature of the
enterprise’s processes [8]. As the size of an organization
expands, there is a tendency to adopt a federated approach.
Similarly, tools, designed to support the organization’s
strategic goals, often exhibit federated models [9].

Tokens within the Blockchain ecosystem serve as
assets that facilitate the efficient and secure transfer,
storage, and validation of information and value. These
crypto tokens exhibit diverse forms and functionalities,
with the capability to be programmed with unique qualities,
expanding their range of applications. Categories such as
security tokens, utility tokens, and cryptocurrencies have
significant  implications across various industries,
contributing to enhanced liquidity, improved transaction

efficiency, and increased transparency and verifiability of
assets [10].

Therefore, we suggest to explore the adoption of a
decentralized business process (BP) model repository
leveraging Blockchain and Distributed Ledger Technology
(DLT). BP models are valuable knowledge assets that can
be tokenized using Blockchain platforms, similar to other
physical or virtual assets. Establishing such a repository
could facilitate the exchange of BP models, representing
best industry practices, among organizations implementing
Business Process Management (BPM) strategies. This
decentralized approach harnessing Blockchain and DLT
technologies has the potential to enhance collaboration and
knowledge sharing in the implementation of BPM
strategies across different organizations.

Analysis of existing distributed ledger solutions for
digital assets tokenization. Non-Fungible Tokens (NFTs)
are currently making waves in the digital art and
collectibles world, transforming the lives of digital artists
with significant sales to a new crypto audience. Celebrities
are also jumping on the bandwagon, finding a novel way to
connect with their fan base. However, NFTs can symbolize
ownership for any unique asset, whether digital or physical,
functioning much like a deed for a property [11].

Currently, Ethereum stands as the most widely
adopted Blockchain for establishing NFT marketplaces.
Leading NFT platforms like “Rarible”, “OpenSea”,
“SuperRare”, and “Decentraland” leverage the Ethereum
network. Creating NFTs on the Ethereum Virtual Machine
(EVM) is notably straightforward for beginners; often, it
involves uploading a file and providing some basic
information. Resolving ownership concerns is also
simplified due to the easily traceable transaction history
and metadata. The use of popular token standards such as
ERC-721 and ERC-1155 further enhances interoperability,
streamlining the overall development process [12].

Ethereum is organized in layers, each providing
essential support for the one above it (Fig. 1). These layers
come with their tools to navigate and respond to market
dynamics within the Ethereum economy [13]. The
architecture includes the Ethereum Blockchain platform
layer for ETH staking, the application layer for activities
like savings and DeFi applications, and the user
aggregation layer for liquidity providers [13].
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Fig. 1. The digital ecosystem of the Ethereum platform
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Binance, recognized as the world’s largest crypto-
currency exchange, unveiled plans to launch the Binance
NFT marketplace in June 2021. This platform is designed
to facilitate cost-effective communication between NFT
buyers and sellers, leveraging Binance’s substantial
liquidity reserves [12]. Not only does the platform prioritize
scalability and affordability, but it also boasts compatibility
with Ethereum, ensuring interoperability. Additionally,
numerous NFT marketplaces like “BakerySwap”, “Battle
Pets”, “PancakeSwap”, among others, are actively
operating on the Binance Blockchain [12]. Fig. 2 below
illustrates the digital ecosystem of the Binance Smart Chain
(BSC) platform [14].

Certainly, the BSC platform offers solutions for

NFT standard for Cardano is under development by NFT-
DAO (Decentralized Autonomous Organization), and
projects like "Cardano Kidz" have already sold out despite
the absence of real-world services. Additionally, initiatives
such as “Professor Cardano”, “LoveAda”, and “Somint”
are actively working on establishing an NFT marketplace
on the Cardano Blockchain [12].

The digital ecosystem of the Cardano platform is
depicted in Fig. 3 below [15].

Cardano, as shown in Fig. 3, provides solutions for
token management, NFTs, utilities, and DeFi [15].

TRUESY, an NFT marketplace on the Tezos
Blockchain, prioritizes minimizing its carbon footprint.
The platform asserts that it uses 2 million units less energy
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Fig. 2. The digital ecosystem of the BSC platform

cryptocurrency wallet management, decentralized gaming,
cryptocurrency tools, and DeFi, as illustrated in Fig. 2 [14].

The Cardano Blockchain currently does not support
smart contracts, but it does support NFTs. Users need to
trust projects before they are fully launched in the
platform’s 1CO-like (Initial Coin Offering) concept. The

than rival NFT platforms by optimizing computing

performance utilization. Another Tezos-based NFT
marketplace, “Hic et Nunc”, also emphasizes
environmental  conservation by reducing energy

consumption. “OneOf” is a new platform presenting itself
as an ESG-friendly (Environmental, Social, and Corporate
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Governance) NFT marketplace, offering affordable NFTs
for environmentally conscious music enthusiasts [12].

The Tezos platform offers cryptocurrency tools, DeFi,
and NFT applications [16].

The digital ecosystem of the Tezos platform is
illustrated in Fig. 4 below [16].

Despite the presence of competitors like BSC and

Blockchain, gain a lot of interest. As a result, we may
recommend the deployment of software components to
support the DEX process of BP models based on the
principles of Blockchain technology and cryptocurrency
industry.

However, the Blockchain platform should be selected
among the ones used for NFT token minting. The list of

Institutional / Brands
( 4 v 4 v )
( General Applications )
4 v 4 v
C Community )

%

Toois
( Utilities

NFTs (Non-Fungible Tokens) DeFi
( Gaming ) (" Collectibles ) (D‘:‘:gggged

Fig. 4. The digital ecosystem of the Tezos platform

Cardano, a review of current distributed ledger systems
highlights the maturity and leadership of the Ethereum
platform. Its standing as a promising Blockchain solution is
reinforced with the release of Ethereum 2.0. Additionally,
the compatibility of Ethereum’s programming with BSC
means that transitioning from one major platform to
another requires no additional software customization.

However, the challenge of choosing among existing
Blockchain smart contract execution platforms persists,
especially with the continual improvement and growing
popularity of other platforms like Solana, Algorand, and
others [12].

Formal problem statement. A unified database of
BP models can significantly enhance knowledge sharing
and accumulation throughout the entire organization,
improving efficiency. However, centralized BP model
repositories prove inefficient for inter-organizational
information exchange. Additionally, many BP models
require extensive person-hours for development and cannot
be freely shared with competitors.

The exchange of BP models should be based on
established methods for managing critical digital assets.
Nowadays, Distributed Ledger Technologies, especially

candidate Blockchain networks includes already given in
the previous section, as well as two more popular
Blockchain platforms — Solana and Algorand [12].

According to the practitioners’ guide [17], the most
important aspects to consider when choosing the NFT
Blockchain Platform (NFT-BP, P ) are:

e Transaction Speed (TS);

e Transaction Cost (TC);

e Smart Contract Functionality (SCF);

e Consensus Mechanism (CM).

Therefore, for each of the considered aspects (1 — 4),
respective ranks can be calculated:

e TSRank(TSg);

e TCRank(TCg);
e SCF Rank (SCFR);
e CMRank (CMyg).

The meta-model of NFT-BPs and their respective
aspect ranks is given in Fig. 5 below.

Thus, we can formally describe the problem of the
DLT platform selection to implement the DEX of BP
models as follows:

TSR — TS ~ _ - SCF =~ SCF-R
gy Fdg
Aspects
7 N~ _

TC-R |- = TC = "4 €M =+ CMR

NFT-BP

-~ 2 d o~ ~
P / ~
~ ' = =~
NFT-BP, NFT-BP, NFT-BP,

Fig. 5. The meta-model of NFT-BPs and their aspect ranks

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii
ananis, ynpasninks ma ingopmayiiuni mexnonozii, Ne 2 (10) 2023 39



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

TSg (P)+SCF; (P)+CM, (P) — max,
TC, (P) — min, (1)
R

Pe{R,i=1nf,

where n is the number of considered NFT-BPs for the
selection.

Selection of the blockchain platform for the
decentralized exchange of business process models.
Table 1 below contains the metrics of considered
blockchain platforms for NFT-based BP model collection
deployment [17].

1

(R), ©)

where TS, is the maximum TS among all of the
considered NFT-BPs:
TS = M2 ax{TS(R)}. (@)

While the TC-R can be calculated using the reversed
scaling:

Table 1 — Considered aspects and metrics of studied NFT-BPs

Aspect Ethereum BSC Cardano Tezos Solana Algorand
TS, TPS 15 60 250 40 2500 1200
TC, USD 7 3 0.02 0.1 0.00025 0.00022
SCF, smart contract Solidity, Solidity, Haskell, SmartPy, Rust, TEAL,
programming language Vyper Vyper Plutus, LIGO C, Python
Marlowe C++
CM, consensus algorithm PoS PoSA PoS LPoS PoH + PoS PPoS
Since the smart contract development language and
consensus algorithm are given as linguistic variables and TC,(P)=1- 1 TC(P), (5)
are not as much critical as transaction speed and cost, let us TC

reduce the initial model and propose the relaxed problem of
the DLT platform selection:

TS, (P) — max,
TCy (P) — min, )
Pe{R,i=1n}.
The TS and TC aspect’s metrics are proposed to be
scaled in the [0,1] range.

Hence, the TS-R can be calculated using the following
direct scaling:

1.00 | = ©
Cardano
Tezos
0.80
(14
¢ 0.60 e BSC
'_
0.40
0.20
Ethereum
0.00 =
0.00 0.20 0.40

max

where TC.x is the maximum TC among all of the
considered NFT-BPs:

TC,, =max{TC(R)}. (6)
The corresponding TS-R and TC-R values obtained
using equations (3) — (6) are demonstrated in Table 2
below.
Fig. 6 represents the map of NFT-BPs placed in the
Euclidean plane using the calculated ranks (Table 2).

Algorand
L}
Solana
0.60 0.80 1.00
TSR

Fig. 6. The map of NFT Blockchain platforms in the Euclidean plane
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Table 2 — Ranks of studied NFT-BPs

Aspect’s Rank Ethereum BSC Cardano Tezos Solana Algorand
TS-R 0.00600 0.02400 0.10000 0.01600 1.00000 0.48000
TC-R 0.00000 0.57143 0.99714 0.98571 0.99996 0.99997

Therefore, the “best” Blockchain platform in terms of
TS and TC metrics then can be found using the following
equation based on the Maximin principle [18]:

P :argiz;zignax{min{TS(R),TC(R)}}, (7

where P is the Blockchain platform selected as the “best”
to implement the DEX workflow of BP models.

process models. Its UML (Unified Modeling Language)
deployment diagram is demonstrated in Fig. 8 below.
According to Fig. 8, the software for minting NFT
collections of business process models has the client-server
architecture. The server side (back-end) is implemented
using the NodeJS platform and the JavaScript
programming language. The application uses third-party
library XML2JS [19] for processing BPMN 2.0 files given

The obtained results are demonstrated in Fig. 7 below, @S specially-structured XML (eXtensible ~Markup

1.20 1.00
1.00
0.80
0.60 0.48
0.40 I
0.20 0.10

0.00 0.02 0.02
0.00 — - —

Ethereum BSC Cardano Tezos Solana Algorand

Fig. 7. Ranks of evaluated NFT Blockchain platforms calculated using the Maximin principle

According to Fig. 7, Solana is the best DLT platform
for minting NFT collections of business process models.

Development of the blockchain platform for the
decentralized exchange of business process models. To
perform the experiments, the following software solution
was created for minting NFT collections of business

Web Browser

Front-End Application

: ; HTML Page [~
worhrrrrnen e )

+download

Language) documents. The server application consists of
two major components:

e “Endpoint” — for HTTP (HyperText Transfer
Protocol) requests processing and responses generation
when interacting with the client side (front-end);

]

BPMN 2.0
'?‘ Web Server

 simlond
X e i NodeJs

; ; Endpoint

D e cemmncssi) g Solana NFT Mint Tools

NFT Metadata

= "
=4 il NFT Metadata
A‘p . Provider

v
% XML2JS Libraray

Fig. 8. The structure of developed software solution for minting NFT collections of business process models
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o “NFT Metadata Provider” — for generating
Solana-based NFT metadata files in the JSON (JavaScript
Object Notation) for further deployment into the
Blockchain network.

The client side (front-end) is implemented using
HTML (Hyper Text Markup Language) and JavaScript.
Third-party components are CSS (Cascading Style Sheets)
framework Bootstrap [20] for web-pages design, Axios for
HTTP requests and responses handling [21], and ReactJS
for dynamic web pages rendering [22].

This software solution allows users to process BPMN
2.0 files and generate NFT metadata, which is further can
be deployed to the Solana platform (i.e. the “Solana NFT
Mint Tools” component in Fig. 8). The Metaplex protocol
[23] is used to build NFT collections.

In general, the workflow of minting the NFT
collection based on BPMN business process models
includes the following steps:

o the author of business process models uploads
corresponding BPMN 2.0 files;

e the data extracted from BPMN 2.0 files is sent to
the server where NFT metadata is generated;

e the generated NFT metadata is sent to the client
and displayed in the user interface;

e the author of business process models downloads
NFT metadata and images;

e the author of business process models uses
Metaplex to create the NFT collection (using generated

NFT metadata and images) on the Solana Blockchain
platform;

o the author of business process models now can use
the created NFT collection.

Let us demonstrate the sample BPMN 2.0 model,
which describes the travel booking business process of a
travel agency. Its diagram is illustrated in Fig. 9 below.

According to Fig. 9, this business process is described
using:

o 7 tasks;

e 1starteventand 3 end events;

e 3 XOR (exclusive logic) and 1 event-based (also
exclusive logic) gateways;

e 15 nodes in total;

e 15 sequence flows.

The home page of the created software for minting
NFT collections using BPMN business process models is
demonstrated in Fig. 10 below.

This web page illustrates the tokenized travel booking
business process model (Fig. 9) with downloadable NFT
metadata and image.

Experimental results and discussion. Table 3 below
demonstrates approximate costs in native Blockchain
network tokens and USD requited to create NFTs on
different Blockchain platforms [24].

Table 3 — Cost of creating NFTs on different Blockchain platforms

Blockchain Platform CO.St of creating NFT Cost of creating NFT (USD)
(native network tokens)
Ethereum 0.00252 ETH 2.90000
BSC 0.00500 BNB 1.24000
Cardano 1.50000 ADA 0.39000
Tezos 1.00000 XTZ 0.82000 (for an entire collection)
Solana 0.00045 SOL 0.00810
Algorand 0.00100 ALGO 0.00018
Book Halal
|
= ) )
Customar Sook Fighe | Beok Reatal Confirm Travel —O
Information Ca
s _7“;-‘“”' Travel Confrmed
S
Canoel Hotel _O
Reservaton
- J H:n):lA‘i):',;r.u!-:n
Fig. 9. The travel booking BPMN business process model of a travel agency
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Fig. 10. The home page of developed software solution for minting NFT collections of business process models

The experiments were performed using BPMN
models of the BPMAI (Business Process Management
Academic Initiative) collection [25]. It includes 18812
business process models. Therefore, the following results
were obtained to define the TC-R, TS-R, and total Ranks of
the compared blockchain platforms (Table 4).

According to results in Table 4, Solana demonstrates
the best deployment time, while Algorand demonstrates the
best deployment cost.

The Maximin principle [18] (6) demonstrates the
equal ranks of these Blockchain platforms, as well as the
comparison to their competitors (Fig. 11).

Table 4 demonstrates that Solana outperforms
Algorand by the total time (seconds) in 15.68 / 7.52 = 2
times only, while Algorand outperforms Solana by the total
cost (USD) in 152.38 / 3.39 = 45 times. Therefore,
Algorand could be considered as the alternative to Solana
for minting NFT collections of business process models.
Nevertheless, Solana is the second largest DLT platform for
NFT (after Ethereum) with the unigque consensus
mechanism (PoH + PoS) capable of handling
approximately 2500 TPS [17]. Powerful NFT ecosystem
and community, relatively easy development and a low
entry threshold make Solana still a reasonable choice for

Table 4 — Evaluation results of minting the collection of NFTs on different Blockchain platforms

Blockchain Total cost, USD Total time, TCR TSR Rank
Platform Seconds

Ethereum 54554.80 1254.13 0.00 0.00 0.00
BSC 23326.88 313.53 0.57 0.75 0.57
Cardano 7336.68 75.25 0.87 0.94 0.87
Tezos 0.82 470.30 1.00 0.63 0.63
Solana 152.38 7.52 1.00 0.99 0.99
Algorand 3.39 15.68 1.00 0.99 0.99

1.20

1,00 0.87 0.99 0.99

0.80 0.63

0.60 0.57

0.40

0.20 0.00

0.00

Ethereum BSC Cardano Tezos Solana Algorand

Fig. 11. The comparison of Blockchain platform evaluation results for minting the collection of 18812 NFTs
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the tokenization of such digital assets as business process
models for decentralized exchange.

Conclusions.  Enterprises implementing BPM
strategies commonly manage extensive collections of BP
models, often numbering in the hundreds or thousands.
Central to the BPM methodology is BP modeling, a key
technology that involves visually representing current
organizational processes in need of change using various
diagramming notations, as per the BPM lifecycle.

The exchange of BP models should follow existing
procedures for managing crucial digital assets. Currently,
DLTs, especially Blockchain, are gaining significant
traction. As a result, in this study we proposed the model of
the DLT platform selection to implement the DEX
workflow of BP models based on the principles of
Blockchain technology and cryptocurrency industry.

Therefore, to streamline the DEX process of BP
models using asset tokenization and smart contract
technologies, this study has addressed the following tasks:

e the state-of-the-art is reviewed, and the research
object, subject, and goal are defined;

e the motivation for the implementation of the
decentralized exchange of business process models is
outlined;

e the analysis of existing distributed ledger
solutions suitable for digital access tokenization is made;

o the formal problem statement is made using the
multi-objective choice model, which is proposed to be
solved using the Maximin principle [18] due to the risk and
uncertainty involved in the Blockchain and NFT field,
while the tradeoff between the transaction speed and cost
objectives is eliminated by reversing transaction cost rank
values (5);

e the blockchain platform for the decentralized
exchange of business process models is selected — Solana
is identified as the best solution for NFT deployment by
transaction speed and cost criteria;

o the software solution for minting NFT collections
of business process models is developed — it takes BPMN
models and products JSON-based NFT metadata for further
deployment in the Solana network;

e experiments are performed and respective results
are obtained — even though Algorand may outperform
Solana in the transaction cost, Solana is still a reasonable
choice for minting NFT collections of business process
models.
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BUBIP BJIOKYENH-TIVIAT®OPMHU TA PO3POBKA ITIPOT'PAMHOI'O 3ABE3NIEYEHHS 110
JEHEHTPAJII3OBAHOT'O OBMIHY MOJEJIAMMU BIBHEC-ITPOLLECIB

CyuacHi oprasizanii, SiKi TpaKTUKYIOTh KOHLEIMIII0 MpoIecHOro ynpasiiHHs Business Process Management (BPM), sik mpaBuiio, MaloTh CpaBy 3
HabopaMH COTeHb ab0 HaBiTh THCSY Mojenelt Oi3Hec-nponeciB. MoemoBaHHs Oi3HeC-TIPOIIEciB — Iie KIII0U0Ba TEXHOJOTIS Y BCii Meromonorii BPM.
BinnoBinHO 10 XUTTEBOrO LMKy YNpaBiiHHS Oi3Hec-mpolecaMu, Mozeni Oi3HeC-NpoLeciB BUKOPUCTOBYIOTHCS Ul Bi3yalIbHOTO MpPEACTABICHHS
MMOTOYHOI OpraHi3alliifHOl AiSVIBHOCTI, K2 HOTpeOye yJOCKOHAJIEHHS, 32 IONOMOTOI0 pi3HUX Tpadiunux HoTtauii. Li rpadiuni Mmoaeni 6i3Hec-npoueciB
MOXYTh B TOJAIBIIOMY BHKOPHCTOBYBATHCH I aHAJIi3y MOTOYHOI JAISIIBHOCTI MiANPHEMCTBA [T BU3HAYEHHS MOMKIMBHX HETONIKIB a00 «clIabKux
MICIIbY», 110 3HIKYIOTh HPOJYKTHBHICTh KOMIaHii. 3a 10MOMOrorw Mmozeneil 6i3Hec-npoleciB opraHisaiii MOKYTb BHOCHTH 3MiHH JI0 «BIpTYaJbHUX
JIBIHHUKIBY OpraHi3auifHuX MPOIECiB, 3MiHCHIOBATH iMiTalliliHe MOJEIIOBaHHS Ta MPUMATH PIIICHHS 100 BIOCKOHAJEHHs Oi3Hec-mipoueciB. Takum
YUHOM, MoyieNi Gi3Hec-TpolieciB € HalOIIbII IIHHUMH OpraHi3alliifHUMN aKTHBaMHM, OCKIIBKH BOHHM TEPEJAl0Th 3HAHHSA NP0 MOTOYHY AisSUIBHICTB Ta
MOXYTh MICTUTH HalKpallli opraHisauiiiHi abo ramxy3eBi npakTuku. HasBHICTH LeHTpani3oBaHOi 0a3u JaHUX Mojelnel Oi3HeC-NpoIeciB MOXKe CTATH
KOPUCHHUM s BCi€i opraHi3aiii — pO3MOBCIO/KEHHS Ta HAKONUYEHHS 3HAHb CTAaHE 3HAYHO e(QeKTHBHIMUM. [IpoTe, LEeHTpamizoBaHi pPerno3uTopii
MoJieneit Oi3Hec-TporieciB He ayxe eeKTHBHI I MijkopraHizaniiiHoro ooMiny 3HaHHAMH. KpiM Toro, Ha Ginbmricte Mojeneit GisHec-mporneci 6y1o
BHUTPAUCHO COTHI JIIOJJMHO-TOAMH 1 BOHM HE MOXYTh OyTH PO3NOBCIOJDKEHI cepe]] KOHKYPEHTIB Ha Oe3KOITOBHiH ocHOBI. OOMiH Mozpensmu Oi3Hec-
npolieciB Mae 6a3yBaTUCh Ha BXKE BIIOMUX MEXaHi3Max YIpaBJiHHS HiHHUMHU IMbpoBuMH akTuBaMu. Hapasi TexHonorii poznoainenoro peectpy (DLT
— Distributed Ledger Technologies), oco6imBo 610K4eiiH, cTamu HEHMOBIPHO NOMYNISPHUMH. TakUM YMHOM, MPOTIOHYETHCS 3aCTOCYBATH MPUHIIUIIN
TEXHOJIOTI1 GIIOKYEHH Ta KPUIITOBAITIOTHOI chepr st po3poOKH MpOrpaMHOro 3adesmedeHus st aereHTpanizoBanoro oominy (DEX — Decentralized
Exchange) mozensmu 0i3Hec-iporieciB Y oMy JOCHiKEeHHI po3risiaaeTsest BuOip DLT-mnatdopmu ta po3podka mporpaMHoro 3abe3rnedeHHs s
JICIIEHTPai30BaHOr0 00MiHy MoAeIsIMH Gi3HEC-TIPOIECiB 3 BUKOPHCTAHHAM TEXHOJIOTIH TOKEHi3alil akTHBIB Ta CMapT-KOHTPAKTIB.

Kurouosi ciioBa: Bubip 6rokyeitH-matopmu, po3podka mporpaMHOro 3ade3nedeHHsl, ACeHTPaIi30BaHnii 00MiH MOJESIMU Oi3HEC-TIPOIIECIB.
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ALGORITHM AND SOFTWARE OF MEDICAL PERSONNEL SELECTION SYSTEM

There is a lot of routine work in any organization, including in recruitment agencies. Effective management organization and automation of activities of
employees of recruiting agencies is not an easy task. The system should automate the routine actions of workers of recruiting agencies and be convenient
for their clients. This paper proposes an approach to automating the selection of necessary medical staff. Not all information systems used by recruiting
agencies can compare candidates and generate results that include several of the best candidates. Based on the analysis of the subject area, groups of
parameters that significantly affect the choice of medical personnel were determined. The proposed approach is to analyze the request from the client,
and then in the system find requests of other clients similar to it in terms of parameters, for which a candidate has already been found. The next step is
to take the profiles of healthcare professionals that have been suggested for these requests (they act as benchmarks) to further compare them with existing
candidates. Each employee profile parameter has its own similarity function. Available candidates will receive scores and will be ranked. We also
additionally adjust the assessment by comparing candidates with the current request. Software was developed to automate the selection of medical
personnel. For its implementation, a three-level client-server architecture is proposed. MVVC (Model View Controller) architecture was chosen for the
server part. The Single Page Application architectural template is used for the client part. The server part is divided into three layers, which further
demarcate and structure the responsibilities of the system components. .NET technologies are used to implement business logic. SQL Server is used for
the server and database provider. The use of the software implementation of the developed system demonstrated quite good results. The average time

for selecting the 10 best candidates out of 500 is 0.4 seconds, and the processing of only 1 resume by a person takes several minutes.
Keywords: personnel selection, automation, data processing, algorithm, software, system architecture, development technologies.

Introduction. In the era of information overload,
people use a variety of strategies to make many decisions:
what product and service to choose, how to spend your free
time, what movie to watch, who to meet, where to repair
your car, or which candidate is more suitable for a
particular job. To speed up decision-making and simplify
the process, information systems that automate some of
these strategies come to the rescue in order to provide
individual, accessible and high-quality recommendations
for further choices. The use of information systems in the
field of medical personnel selection can be extremely
relevant for several reasons.

First, medical personnel play a crucial role in
providing quality medical care, so it is important to find the
most competent specialists to work in medical facilities.
These systems can analyze volumes of data about potential
candidates, take into account their skills, education, work
experience, as well as specialization and other factors that
influence successful performance in the medical
environment.

Second, information can effectively reduce the time
spent by recruiters on searching for and evaluating
candidates, which increases productivity and lowers costs
for the recruitment process. In addition, such systems can
provide a more objective approach to candidate selection,
as they are based on data analysis rather than subjective
assessments.

The purpose of the work is the development of
algorithmic and software for the task of automation of

personnel selection in the field of medicine. This will
improve the quality of the selection of doctors and reduce
the amount of time needed to find the right specialist.

Analysis of recent research and publications.
Recommendation systems are very often used to solve
selection problems [1]. The field of data analysis is
constantly developing and improving, and the direction of
recommender systems is one of the most promising in it.
Today, we can find a huge number of examples of the use
of recommender systems in many areas of our life [2], [3].
As the simplest example, in advertising, for different users,
the ad is always tailored to them. Popular services, such as
Google Ads, Yahoo Gemini, Microsoft Advertising, create
hidden profiles for users, and use them to personalize the
search results and add personal advertising positions to it.
The same approach is used in popular social networks such
as Twitter, Facebook, and Instagram, where we see
personalized advertising between posts.

The first commercially available recommendation
system was developed by Amazon and was called
Recommendations for You. This system was implemented
in 1998 [4]. The goal was to improve the personal
experience of customers and increase sales. The PC
analyzed each user’s purchases and product views, and then
recommended other products they might like based on that
information.

Technically, recommender systems have a lot in
common with forecasting theory, information retrieval
systems, approximation theory and the science of
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management and modeling of consumer choice, but
modern recommender systems are considered as an
independent scientific field. The main task of the
recommender system is to determine ratings for objects,
which can be goods and services or even other users, which
are not yet known to a specific user or consumer [5]. These
ratings are based on information about the customer’s
previous transactions or other characteristics related to his
preferences, actions or personal information [6]. The
system analyzes the data, assigns a rating to the objects and
chooses those with the highest ratings to offer them to the
user [7].

In the medical field, recommendation systems are
used in several directions. The first is decision-making,
when it is necessary to analyze a certain case and make a
certain decision related to treatment. The second is the
selection of medical personnel, when the patient is looking
for, for example, a good family doctor and the system tries
to recommend someone to him. Or when a certain
organization, such as a rehabilitation center or a home for
the elderly, is looking for a certain specialist with the
necessary skills to solve certain tasks (providing therapies,
care). Usually, such organizations turn to certain recruiting
centers that search for and select potential candidates. Such
recruiting centers can use recommender systems for an
optimal and quick search for specialists to close a specific
request.

HealthNetsocial [8] is an Italian social network in
alpha testing. This network connects patients with similar
health situations. This system helps find solutions to health
problems through recommendations from doctors or
medical organizations that best match the user’s profile.
The key part of the system is the recommender system,
which suggests other patients who are most similar to the
user and helps with the choice of a doctor or hospital
according to the state of health. Their algorithm first
calculates the similarity between patient profiles. And then
it generates a ranked list of doctors or medical institutions
that best match the patient’s profile. In addition, data on
health conditions and previous cases of other patients are
also taken into account to clarify the results [5].

The University of California and the Nova School of
Business and Economics have jointly developed a
prototype algorithm [9] that helps match primary care
physicians to patients. This research was sponsored by
grants from Amazon and Microsoft. For their study, they
used a large dataset from a private European provider of
health advice. Which contained 1.07 million records of
consultations between 380 thousand patients and 314
doctors in 16 hospitals for the period 2012-2017. As a
method of solving the generation problem, they used the
method of collaborative filtering. Their task was to generate
a rating of patients’ trust in doctors, that is, as a result, the
user will receive a list of doctors whom he is likely to trust
the most [6].

In 2019, the article "An adaptive doctor-recommender
system" was published, which considers the research
process of the problem of generating recommendations for
the selection of doctors [10]. The study was conducted by
several universities in Pakistan (NUML, 1lU UET). A
hybrid recommendation system was proposed and

implemented, combining content, collaborative and
demographic filtering approaches for efficient generation
of a doctor’s recommendation. The proposed system solves
the problem by analyzing the patient’s interest in choosing
a doctor. And also uses a relatively new adaptive algorithm
for generating the rating of doctors. Moreover, the rating
function converts patients’ criteria for choosing doctors
into a numerical value that will be used in the rating of
doctors. The main feature of the system is the use of an
analytically hierarchical model, which was presented by
Thomas Saati.

Formulation of the problem. In general, the use of
information systems in the field of medical personnel
selection can improve the quality of recruitment, ensure the
optimal distribution of staff and contribute to the growth of
the efficiency of medical institutions. We need to develop
software that, based on certain information and
characteristics of medical professionals and information
about users looking for a specific specialist, will be able to
provide quality recommendations for the selection of
medical professionals.

The following information about the needs and
requirements of the user (details of specialization, personal
characteristics, information about experience) should be
submitted to the input of such a system, which will help to
build a basic portrait of the necessary specialist and user,
and information about the user’s past operations with the
system, namely, with which specialists he has already
interacted and how satisfied he was with it (quality
assessment from the user).

At the output, the system should generate ratings for
possible recommended specialists, select those with the
highest ratings and offer them to the user.

Proposed solutions. During the analysis of the
subject area, the following parameters were determined that
can be used when solving the task of generating recom-
mendations. Thus, the parameters can be conditionally
divided into three groups, depending on which entity they
belong to.

The first group corresponds to the medical worker and
the vacancies posted by the client, it covers the main
parameters that recruiters take into account when searching
for candidates. These parameters are:
age;
sex;
education and its degrees;
professional experience and its duration;

o availability of certifications, licenses, medical
certificates, vaccinations;

o list of specializations;

e expected salary;

¢ language knowledge.

The second group refers to the client itself (a company
looking for an employee), namely the minimum necessary
information about the client that can be used to clarify the
assessment. In it, the parameter is information about past
requests.

The third group takes into account parameters
corresponding to past inquiries and contains certain
information that can be used to analyze the success of the
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recruitment. Such parameters are: the status of the request
(hiring took place or not); employee assessment; reviews

The key entities in the system are the profiles of
medical workers, system clients, requests for the search of
medical workers. The point of searching for a candidate is
always a search request that has a certain set of charac-
teristics-desires of the client, this is a kind of documented
model of the client’s preferences. The main idea is to
analyze the request from the client, and then find in the
system similar requests from other clients that have been
successfully implemented (the candidate was found and
evaluated by the client).

After finding an array of similar queries, they are
ranked by comparison with the current query, where the
parameters of both queries are compared to each other to
find the level of similarity. The comparison function for
each parameter can be arbitrary and depends on the context,
but the result will always be a certain number of points that
are added to or subtracted from the total similarity value.
All requests start with 0 points. In the results, the 10
requests with the highest score, which are considered to be
the most similar to the current one, are selected.
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The next step is taking the profiles of healthcare
professionals that have been proposed and matching to
close these ten similar requests to further compare them
with existing candidates. That is, further we compare each
available free candidate from the system with these ten
benchmarks. The principle of comparison is similar to the
principles of query comparison. Each employee profile
parameter has its own similarity function, which also
calculates points. In this way, we rank the available candi-
dates based on their similarity to the benchmarks.

But that’s not all, we additionally adjust the
assessment by comparing candidates with the current
request. Since some parameters of the candidate’s profile
and the search request are the same, we have the
opportunity to compare the candidate’s suitability to the
requirements of the request. The result of this adjustment
increases or decreases the score of each candidate.

A schematic diagram of the algorithm for generating
recommendations can be seen in fig. 1.

As a result, after completing three stages of candidate
selection, the system should return ten candidates with the
highest score. The user will know the number of points
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Fig. 1. Scheme of the algorithm for selecting candidates
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scored by each candidate, and the candidates will be offered
in order from the highest score to the lowest.

To create software, it is necessary to choose a system
architecture. Choosing the correct system architecture for
implementing a web application is an important step that
can significantly affect its quality, performance and
scalability. A list of factors that can affect the choice of
system architecture is given in [11].

For our solution, it is proposed to choose a three-level
client-server architecture, which will allow to remove some
risks there.

In our case, data storage will be on a separate database
server, which will improve stability and data protection. On
another server, there will be a PC that will process the logic.
And the user will work directly with a thin client. Fig. 2
shows the general scheme of the chosen three-level client-
server architecture.

The client is a Single Page Application, an
architectural template that allows you to develop a user
interface that never reloads the page, but only dynamically
changes its contents. This solution can be developed using
the ReactJS library and Redux, which in turn form the
React Redux Architecture architectural template. This is a
certain analogue of a system based on events and reactions
to them.

For the server part, the MVC (Model View
Controller) architecture was chosen [12], which allows
structuring and dividing the responsibility of individual
parts of the server part.

The server part is a set of APIs (Application
Programming Interface) for accessing business logic and
data. This API is implemented according to the REST
(Representational State Transfer) architectural style [13]. It
is a set of principles and constraints for building network
applications. Web services that are “RESTful” typically use
standard HTTP methods (GET, POST, PUT, DELETE,
etc.) to perform operations on resources. In the RESTful
architecture, "resource" is a key concept, and each resource
is identified by a URI (Uniform Resource Identifier). Data
in RESTful services is often transmitted in JSON or XML
formats.

TS SN Setn S

During the implementation of the software system, a
detailed analysis and planning was carried out. The purpose
of the analysis was to determine the optimal structure of
application ~ components  for  further  convenient
maintenance and scaling. These components are a logical
continuation of the selected architectures, and only in a
more granular way they divide responsibility between
system components. To begin with, it is worth considering
the component diagram for each application. Fig. 3 shows
the general component diagram for the client application.

As we can see, the server part is divided into three
layers (fig. 4). These layers further demarcate and structure
the responsibilities of system components.

The first layer is the API Layer, its responsibility is to
control incoming requests and respond to them. This layer
is further divided into groups of components.

API Controllers are direct entry points to the system.
Requests from the client system are received here.
Controllers clearly understand what to do for each request,
which services to call, which error messages to return,
which format of the return response. In turn, they use two
other groups of components.

Validators are special components that contain all the
necessary rules that check the completeness and
appropriateness of the input data that comes to the
controller.

APl Models are a group of components that describe
the structure of input and output data.

The next layer is the business logic layer (Business
Layer). This layer contains two groups of components.

Services are special components that contain all
business logic according to their domain. Each domain
entity has its own service. These services carry out data
transformation and processing, calculations, etc.

DTO Models are special components — models, which
are an alternative representation of domain models, and are
used as a means of communication between the API level
and the logic level. Regardless, we would have to provide
dependencies of the Data Access Layer to the API layer.
And this, in turn, would affect the possibility of easily
replacing the domain level with another implementation.

Fig. 2. General scheme of the system architecture
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Fig. 4. Diagram of server application components

The last layer is the level of domain models and the
level of access to the database, Data Access Layer. This
level contains three main components.

UnitOfWork component is responsible for transact-
tion control in the system and access to repositories.

Repositories are a group of components for each
entity that contains a group of methods for accessing the
database to perform read, write, edit, and delete operations.

DAL Models are domain models, database entity
models. They represent the structure for each entity from
the database and show the relationships between them.

During the software design work, several class
diagrams were developed that reflect the general hierarchy
of objects, their relationship types, and attributes. The main
domain classes include:

e ClientCompany is a client-company model;

e Candidate is a candidate (medical worker) model;

e HiringRequest is a candidate search request
model;

o Discipline is a model of specialization in the
medical field,;

e Language is a language model that the candidate
can sign;

e CandidateEducation is a model of information
about the candidate’s education;

o WorkExperience is a model of the candidate’s
work experience;

e User is a system user model required for autho-
rization.

The use of .NET technology was chosen for the server
part and business logic. SQL (Structured Query Language)
Server was used as a server and database provider. The
development environment Visual Studio Community
edition was used for the development of the server part. The
ReactJS library was used for the client interface.
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As a result of the development of the software, all the
necessary functionality, including the user interface, was
fully implemented.

Experiments were conducted to test the operation of
the information system, during which 50 requests were
processed and the data of 500 candidates that could be
recommended were processed. During the testing, informa-
tion was collected on the speed of recommendation gene-
ration, and proposed candidates were checked for compli-
ance with the vacancy and its requirements. In the table 1
shows several examples of queries that were used for
testing.

Table 1 — Examples of candidate search request

Request
parameter Request 1 Request 2 Request 3
Position Nurse Surgeon Trichologist
Direction Surgery Neurosurgery | Dermatology
Preferred Man Is missing Is missing
gender
Minimum
age 30 45 31
Maximum
age 55 66 60
Min. rate
per hour 59 87 96
Max. rate
per hour 151 127 189
Desired Basic Master’s Master’s
level of higher degree degree
education education
Duration
of
experience 5 8 6
Language German, French, Ukrainian,
knowledge Italian, Polish Spanish

Portuguese

The results of generating recommendations for
Request 1: the total number of candidates in the system is
500; the total number of candidates in the system with the
chosen specialization is 37; generation time — 0.6 seconds.

The results of generating recommendations for
Request 2: the total number of candidates in the system is
500; the total number of candidates in the system with this
specialization is 23; generation time — 0.3 seconds.

The results of generating recommendations for
Request 3: the total number of candidates in the system is
500; the total number of candidates in the system with this
specialization is 31; generation time — 0.4 seconds.

The average recommendation generation time is 0.4
seconds on 50 experiments. We believe that this is a very
acceptable result, since during such a period it is possible
to generate 10 candidates who potentially fit the given
parameters of the request and are selected in comparison
with candidates who have already been hired for similar
requests. Which significantly speeds up the process of
searching for candidates compared to manual processing of
a large volume of data. The average time of a cursory
review of one resume by a recruiter takes from about 12
seconds to several minutes [14].

Conclusions. The developed software can generate
information for the selection of medical professionals based
on already existing historical data of past requests from
other customers. The developed site can be used for real
recruiting systems.

In the future, the improvement of the implemented
software can go along the path of adding the following
functions:

e allow candidates to register themselves in the
system and fill in their data and apply for vacancies;

e add the ability to integrate with third-party
systems for data import and export;

e add the ability to recognize photos and documents
to automatically extract data and fill in candidate profiles.
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AJI'OPUTM TA NPOTPAMHE 3ABE3INEYEHHA CUCTEMH HNIIBOPY MEJUYHOT' O TIEPCOHAJIY

B pobori 6yap-s1K01 opraHizatiii € 6arato pyTHHHOT pOOOTH, B TOMY YHCII i B areHTCTBaxX M0 HaiiMy nepconany. EdexTuBHa oprauisaiiis yrnpaBmiHHs Ta
aBTOMATH3allil AiSTTEHOCTI CIiBPOOITHIKIB PEKPYTHHIOBUX areHTCTB — HETpocTe 3aBJaHHs. CHcTeMa MOBHHHA aBTOMAaTH3yBaTH PyTHHHI /i1 pOOITHHKIB
PEKpYTHHTOBHX areHTCTB Ta OyTH 3pYy4HOIO Ais iX KimieHTiB. Llg poOora mpomonye miaxix ais aBroMaTusauii poOoTH mo migdopy HEoOXigHOro
MeIUYHOro rnepcoHaiy. He Bei inopmaliiiHi cucTeMu, 0 BAKOPHCTOBYIOTHCS PEKPYTUHIOBUMH areHTCTBAMU MOXKYTh POOMTH MOPIBHSHHS KaHIUIATiB
Ta TEHEepyBaTH IPOIO3MII, fKi BKIIOYAIOTh JEKibKka HaWKpamux kaHaunaatie. Ha mixcraBi aHamizy mpeaMerHoi oGmacti Oynmy BH3HA4YeHi TPYIH
napameTpiB, sIKi CyTTEBO BIUIMBAIOTh HA BUOIP MEIMYHOTO MEPCOHATy. 3alpONOHOBAHUI MiJXijA MOJArae y ToMy, 1100 MpOaHaTi3yBaTH 3alUT Bil
KJIIEHTA, a MOTIM BiJJHAlTH B CUCTEMI CXOI Ha HHOTO 32 APAMETPAaMH 3alMTH IHIIMX KJII€HTIB, 10 SKUM BKe OyIo 3HaiineHo kanauaata. Hactynaum
KPOKOM OepeTbest Mpodini MeIUMYHNX TPaliBHUKIB, M0 OyIIM 3alpONOHOBAHI I IIMX 3aNUTiB (BOHM BHCTYMAOTh SK €TAaJOHHI) I ITOJANIBIIOTO
MOPIBHSAHHS iX i3 ICHYIOUMME KaHAuAataMu. JIJist KOYKHOTO mapaMerpa Ipodiiio mpamiBHuKa € CBOst PyHKIIis cX0KOCTi. HasBHI KaHIHIaTH OTPUMAIOTH
OLIIHKH, IICIISl 4OTO BiJIOYBA€ETHCS 1X paHKyBaHHs. TakoX 10JaTKOBO MPOBOJUMO KOPEryBaHHS OLIHKH NIJISIXOM MMOPIBHAHHS KaHIUIATIB i3 HOTOYHUM
3anuToM. Jlnsi aBTOMAaTH3alii MisUTBHOCTI MO MiZ0OpPY MEIMYHOrO MepcoHaly Oyio po3pobiieHe mporpamue 3abesnedeHHs. s iforo peanizamii
3aIpOIIOHOBaHa TPHOXPIBHEBA KIIIEHT cepBepHa apXiTektypa. [is cepBepHoi yactunu Oyno odpano MVC (Model View Controller) apxitektypy. [ns
KJIIEHTCHKOI YaCTUHM BUKOPUCTAaHHMH apxiTekTypHui mabnon Single Page Application. CepBepHa yacTuHa po30MTa Ha TPH IIApH, SKi JOTATKOBO
PO3MEKOBYIOTh Ta CTPYKTYPYIOTh Bi/IITOBIIaJIbHICTh KOMITOHEHTIB cucTeMH. J1ist peanizanii 6i3Hec noriku Bukopucrtano texHonorii .NET. Jlis cepsepa
Ta mposaiinepy 0a3 manux BukopuctaHo SQL Server. BukopucranHs mporpamHoi peainizaiii po3po0ieHOI CHCTeMH IMPOJEMOHCTPYBAIO IOCUTh
Heroradi pe3ynsTati. Cepenniil yac nmindopy 10 kpammx xkanauatiB 3 500 craHoBuTH 0,4 cekyHaH, a 0OpoOKa Timbku 1 pe3roMe JIIOAMHOI0 3aiiMae
JIEK1JIbKa XBHUJINH.

Kurouosi ciioBa: migdop nepconaiy, aBroMatu3aitis, 00poOka JaHUX, aITOPUTM, IPOrpaMHe 3a0€3NeYECHHs, CHCTEMHA apXiTeKTypa, TEXHOJIOTIT
PpO3pOOKH.

Ilosni imena aemopie / Author’s full names

Astop 1/ Author 1: SImGypenko Biktop Bikroposud, Yamburenko Viktor Viktorovych
AsTop 2 / Author 2: JTliorerko Ipuna Bikropisna, Liutenko Iryna Viktorivna

ABTop 3 / Author 3: Konm Anzpiit Muxaitnosuy, Kopp Andrii Mykhailovych

ABTop 4 / Author 4: Tonoers Imutpo Muxkonaiiosud, Holovnia Dmytro Mykolaiovych

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIIy. Cepisn: Cucmemnuii
52 ananis, ynpasiinus ma ingopmayiiuni mexnonozii, Ne 2 (10) 2023



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

MATEMATHUYHE I KOMIP'IOTEPHE MOJAEJIIOBAHHA

MATHEMATICAL AND COMPUTER MODELING

DOI: 10.20998/2079-0023.2023.02.08
VJIK 51-73

0. C. MASMAHIIIIBIII, noxtop di3suko-MaTeMaTAYHUX HayK, MPodecop, CTapiunii HaykoBuii criBpoOiTark HHI| X®TI,
M. XapkiB, Ykpaina, € mail: mazmanishvili@gmail.com, ORCID: https://orcid.org/0000-0003-0373-0626

I'. 10. CH/IOPEHKO, xannunar TexHIiYHHX HayK, JOLEHT, TOLECHT KadeJpu CHCTEMHOTO aHali3y Ta iHpopMaliiiHo-
aHamiTnaauX TexHonoriii HTY «XI1ly», noneHT kadbeapu MoaentoBanHs cucteM i Texnonorii XHY im. B. H. Kapazina, m.
Xapkis, Ykpaina, € mail: annsydorenko01@gmail.com, ORCID: https://orcid.org/0000-0002-0761-2793

MOJIEJTIOBAHHSA MOIIAPEHHSA IJIOCKOI EJJEKTPOMATHITHOI XBWJII Y HEQTHOPIJTHOMY
HENOI'IMHAIOYOMY CEPEJOBHIII

Po3rsiHyTO aHANITHYHI pilleHHs HmapaboiidHoro piBHAHHA IciMapy Uit (yHKIIT KOTepEeHTHOCTI eIeKTPOMArHiTHOIO IOJIs, IO ONUCYIOTH YacoBi
BJIACTUBOCTI IMITyJIbCY Ha BUXO/I HEOHOPIIHOTO HEJUCHIIATHBHOTO cepenoBuiia. OTPUMAHO y3araabHEHHs MiIXO01y, BAKOPHCTAHOTO B Mozedi Icimapy
JUISL OIUCY YacoOBOi CBOJIIOL{I MOHOXPOMATHYHOIO €IEKTPOMATHITHOIO IMITYJbCY, IO OTMHA€, B OAHOPIAHMX HEAMCHUMATHBHUX CEPEIOBHINAX, HA
BUIAJI0K HEOJHOPIAHNX HEIMCUIIATHBHUX cepenoBuil. Tum camum OyIto 3pobiieHo cripoOy BpaxyBaTH BIUIMB HEOZHOPIJHOCTI cepenoBuiia Ha GopMy
pe3yabTyiodoro iMmyiabcy. [Ipu BHpilIeHHI MOCTAaBICHOI 3a[adi MOAOJAaHO TPYIHOLIl, MOB’si3aHi 3 OOYHMCICHHSAM KOHTHHYAIBHOrO iHTErpaia, IIo
BUHHUKAE, B IPOcTOpi Anudy3iiiHux Tpaekropiit. Lle mo3Bonuno otpumaru siBHU# Bupa3 mist GyHKil ['pina 3aBxaHHs Ta moOyayBaTH OOYMCIIOBATBHHI
JITOpUTM, Ha 6a3i sIKOro MPOBEJECHO HU3KY YUCIICHHUX €KCIIEPHUMEHTIB. AHaJi3 pOOOTH MPOBEICHO BUXOISYH 3 allapaTy KBaJPaTHYHUX IHTETPAIbHUX
(yHKLIOHATIB, 3aCHOBAHUX HA PIMICHHAX MH(EepeHLiaTbHIX CTOXaCTUYHUX PIiBHSIHB. Y poOOTI BUBYCHI iHBAapiaHTHI YacOBi BJIACTHBOCTI OrMHAOYOT
MOHOXPOMATHYHHX €IEeKTPOMATHITHUX IMITYJIbCIB, IO DPEECTPYIOTHCS MICHsl MPOXOMKCHHS KPi3b IUIOCKHI IIap PO3CIIOI0YOro HEOTHOPiTHOro
CepeJIoBHIIa, TOOTO. BIACTHBOCTEH, SKi 3aJIMINAIOTHCA HE3MiHHUMU TIPU Bapiallii mapamMeTpiB cepeIoBHUIIa, 30KpeMa, PO3NOALTY KOHIIEHTpaIlii IIeHTpiB,
110 po3citoroTh. [IpoananizoBaHo quHaMiKy (JOpMyBaHHS 4aCOBHX LUIEH(IB pO3CISTHOT XBUII, Y SIKMX XBOCTOBA YaCTHHA pO3TAlllOBaHa B nepudepiinii
vacoBiit gimstami. [Ipu mommpenHi 31 MBHAKICTIO MepeTBOPEeHHsT GPOHTY XBHIII BiAOMBAE BU LIapiB 00JIACTI PO3CIIOBAHHS Ta i TO3MOBKHIO (HopMy.
3a3HavaEeTHCs, PO3BUTKOM 3aMPONIOHOBAHOIO ANPOKCHMAL[IHHOTO MiJXO0/Ly [IO/O MPOLECIB, 110 BILIMBAIOTH HA YaCOBE 3aTATYBAHHS eJIEKTPOMArHiTHHX
IMIyJIBCIB, MOKE OYTH OOJIIK 3racaHHsl BUIIPOMIHIOBaHHS IIPH HOTO MOIIMPEHH] B HEOTHOPIHOMY MOTJIMHAIOYOMY CEPEIOBHILI.

KuiouoBi cjioBa: MOHOXPOMATHYHI €JIEKTPOMArHITHI IMIYJIbCH, HEOJHODIJHE CEpeloBHUINE, IO po3citoe, piBHAHHA Icimapy, Qopma
Pe3yIBTYIOUOTO IMITYIIbCY, IHBapiaHTHA JareppiBchka (popMa, YHCEeNTbHI eKCIIePHIMEHTH.

Beryn. B crarTi nocTaBlIeHO 1 pO3IIIIHYTO 3aBAaHHSA ® DPO3MIISHYTE BHIPOMIHIOBAHHSA SBJISE COBGOIO

mpo (opMy IMITyNbCYy, IO TOMIUPIOETHCS B HEOIHOPIA-
HOMY 1 HEMOTJIMHAIOUOMY CEPEIOBHIII THITY, IO PO3CIIOE.
Y po6oTi sIK BUXiAHUIT BUKOPUCTAHUH €JIeKTPOMArHiTHHH
IMIyJIbC y BUTIISAL O-(DYHKIIIT OO0 HAMPSIMY ITOIIAPEHHS.
Taxum unHOM, HIeThCs, 1o cyTi, po ¢yHKuio ['pina pos-
[JISTHYTOTO 3aBJIaHHs. IMITyJIbCH ITPOXOSITH KPi3b LIap TOB-
muHE L, 110 MICTUTH PO3CitoBabHI IEHTPU 3 TOBIIEHUM
npodiseM KoHUeHTpalii p(z) B3IOBXK OCI MOMKUPEHHS 7,
[IPU LILOMY CaMe PO3CiIOBaHHS BBAXKAETHCS MAIOKYTOBHM
[1, 2].

Ipu po3risazai OyxyTh NPUHHATI TaKi NPUITYILCHHS:

e BHXiJHA (CTapTOBA XBHJIA) € TUIOCKOIO;

® [IOKa3HUKH CEepelOBHINA, OyIy4dn 3MIHHHMHU B
IIPOCTOPI, € TOCTIHHUMH B Yaci; Il XapaKTEePUCTHKH OYAyTh
MIOKJIaIATUCSI BIZIOMUMHU Ta 33 JaHUMH;

® [IPOCTOPOBI XapaKTEePHCTHKH CEPEeJOBHIIA a3u-
MYTalIbHO CUMETPHUYHI 11010 HAIPSIMY [TOLIMPEHHSI BUIIPO-
MIHIOBAHHS;

OO

MOHOXPOMATHYHY XBHJIFO 3 IMITYJTCHOIO OTHHAIOUOI0.

Tpere mpumymieHHS O3HAYae€, IO XapaKTCPUCTHKH
CEpe/IOBHUINA 3MIHIOKOTHCS IIAapaMH, MapaeIbHUMH 0
(GpOHTY BUXITHOT MJIOCKOT XBHJII. X04Ya MOYKHA PO3TJISIHY TH
3arajipHIIINN BHIMAJ0K, HIKYC MH OOMEXHMOCS UM
MPUIYIICHHSM, MAlOYX HA yBa3l OTPUMAaHHS PE3yJIbTaTiB
MPUHIUIIOBOTO TUIAHY.

Y po0GOTi pO3TISHYTI YaCOBi BIACTHBOCTI OTHHAKOYOT
MOHOXPOMATHYHHX CJICKTPOMArHITHAX IMITYJIBCIB, IO
PEECTPYIOTBCS TICIS MPOXOJKCHHS KPIi3hb IUIOCKHU IIap
HEOJTHOPITHOTO CepefoBHUINa, o po3citoe. OcoliuBy
yBary 3BEPHEHO Ha BJIACTHUBOCTI, IO XapakTepHI BCIM
aHATI30BaHUM CEpPeOBHUINAM. 3aBISKH iHPoOpMaIlii mpo
iHBapiaHTHI BIACTHBOCTI CTA€ MOKIIMBUM JIOJIATKOBA Iepe-
BipKa BIAMOBITHOCTI JOCBiMYEHNX MAaHUX Ta iX iHTEpIpe-
Tallis, He TIOB’s3aHa 3 KOHKPETHUMH TTapaMeTPaMU cepeio-
BHIIA PO3MOBCIOKEHHS. Taki BIaCTUBOCTI MepeaaBabHOT
¢yHKIIi, IK TO3UTHBHA BU3HAYEHICTh, 3BEPHEHHS B HYJb
Ha T0YaTKy IMIYJIbCY Ta Ha Horo mepudepii, equHICTH
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MaKCHUMYMY Ta HasBHICTb JIMIIE JBOX TOYOK IEPETHHY, €
SIKICHIMH O3HAKaMH 1 JIETKO iIeHTUQIKYIOThCS.

3agauy npo ¢ynkuito [piHa cepepoBuina, 110
MICTUTh IIEHTPH, L0 PO3CIIOIOTH, MOXHA BIJHECTH [0
kinacu4yHuX. Pi3Hi (i3nvHI Ta 00YHCITIOBAIBHI ACTICKTH ITiET
pobJIeMH BXKe JaBHO OOTOBOPIOIOTHCS Y HAYKOBUX (paxo-
BUX BUAaHH:AX [ 1—7]. PIBHSAHHS, SKi OMCYIOTH MOMNUPEHHS
IMITyJIbCIB, Ty’Ke CKIIaIHi, TOMY OTPHMaHHS MOBHUX aHAaJli-
THUYHUX PIICHb ITOCTABICHOI 3aBJaHHS € MUTAHHAM Maii-
OyTHBOTO. SIK MpaBIIIO, B IyOJIKAIlisX HABOIATHCS TOUHI
BUpa3H JUIS MEPIIUX CTATHCTHYHUX MOMEHTIB OrMHAI0YOi
iMIynecy abo Jesiki BHpas3H, CHpaBeUIMBI B paMKax
o0OpaHux HaOmkeHb. HasiBHI 5K TOYHI aHAIITHYHI BUPa3n
NPE/ACTAaBICHI TEPEBAXHO Yy BUMLAAI KOHTHHYaJbHUX
iHTerpaiiB Ta/abo po3kiaiB y HECKiHUEHHI psiau. Y THUX
po0boTax, e HaBeJCHO aHAIITHYHE PILlICHHs 3aBJaHHS Y 5IB-
HOMY BUTJISIII, BOHO, SIK PABHJIO, BITHOCUTHCS JI0 CIIPOIIIe-
HUX Mojenei. J{nsd BHUpilmeHHs BUXiTHUX PIBHAHB 9acTO
BHKOPHUCTOBYIOTh PI3HOMAHITHI YHCEIbHI METOIH.

MeTta poOOTH TONsiTae y BUBYCHHI IHBapiaHTHHX X
BJIACTUBOCTEH OTWHAIOY0i MOHOXPOMATHYHUX YacOBHX
€JIEKTPOMATHITHUX IMITYJbCIB, IO PEECTPYIOTHCS ITiCISA
MPOXOKEHHS KPi3b IUIOCKHUIT 1I1ap PO3CII0I0UOr0 HEOHO-
pizHOTO cepenoBHIIa, TOOTO. BIACTUBOCTEH, 10 3ajIMIlIa-
FOTHCSI HE3MIHHMMU TIPH Bapiallii mapaMeTpiB CepeIOBHINA,
30KpeMa, PO3IMOALTY KOHLEHTpalil HEeHTpIB, IO PO3Cito-
10Th. OCOONUBY yBary MPHUIIJICHO MO3I0BXKHIM po3Mipam
PE3YJIBTYIOUOIO IMITYJIBCY, IO BU3HAYAE HOTO PO3MUIBHI
BJIACTHUBOCTI.

Buxigni npunymennsi. IlocraBumo 3aBaaHHS 1po
(dbopMy IMIYIbCY, KU OUTHPIOETHCS B HEOJHOPITHOMY i
HETIOTJIMHAIOYOMY CePEIOBHILI TUITY, IO PO3CIFOE.

OO0roBoprMO 3a3HaYCHI BUIIIE MPUMYIICHHS Ta 00Me-
KEHH, [0 BUIUTUBAIOTH 3 HUX, Ha 00JIaCTh 3aCTOCYBaHHS
PE3yAbTYIOUHX BUPA3iB. Y JIHIHHOMY HAOIMKCHHI BHXI-
Huit 1, (t) ta iMoynsc Ha Buxomi i3 cepemosumy | (t),

MoB’si3aHi BijjoMuM Bupazom [1-3]
1(t) = jG(t—t')lin (t"dt’ 1)

i3a dopmoro |, (t) moxna BusHaumty |(t), sKio BU3Ha-
gyeHa Gpyukuis ['pina G(t —t').

[epetinemMo 10 (GOpMYIIOBaHHS BUXITHUX DPiBHSHB.
lykana ¢yskuis ['pina € @yp’e-nepeTBOpeHHAM QYHKIIT
KorepeHTHOCTI !

G(t) = % j I'(, ) exp(-io,t)dw, . )

VY cBoro uepry, anst pyskuii I' B ¢iznuHii curyanii,
IO PO3IJISIIAETHCS, MOMIMPEHHS IJIOCKOI €JIeKTPOMArHiT-
HOi XBHJI B IU(Y31HHO-PO3CIFOI0YOMY HENOTJIMHAIOUOMY
cepenoBui Mmaemo [1, 2]

2

o . 0
— +ia—+b(2)r* [T'(z,r;®,)=0. 3
> g (2) (z,r;0,) (3)

Tyr a=k,/2k*; k — XBUJIbOBE 4HMCIO MOHOXPOMa-
THYHOT XBWJIi, IO MOMHMPIOEThEs; K, = @, /C; C — mBua-
KICTh CBIiTJA;

b(2) = (4et,) " p(2), (2)K*, (4)

ne p(z) — KOHIGHTpAIlil PO3CIIOBAIBHUX LEHTPIB;
0,(2) — mepepi3 poscitoBanHs; «, — KYTOBUH Mapamerp
pO3CitoBaHHS, a SIK apryMeHTH (yHKIII KorepeHTHOCTI [
BKa3aHi MMO3JI0BXHSA KOOPAWHATA IOIIUPEHHS 7 Ta IoIe-
pEYHU BEKTOp I .

PiBusiHHA (3) € nudepeHiaTbHIM PiBHSIHHSIM Y 9acT-
KOBUX IMOXITHUX TMapaboJidHOTO0 TUMY 3 IOTCHIIAIOM
KBaJIpaTHYHOTO BUIY

U(z,r) =b(z2)r?, (5)

KPYTICTb SIKOTO 3aJIC)KUTD BiJl KOOPAWHATH Z 1 OYaTKOBOO

ymoBoro [(z=0,r)=1, mo 3abe3ne4yye BIACTHBICTH
I , et

¢byukuii I'pina G(t —t )|Z:O =o(t-t).

PiBasiHHS (3) BiZHOCHTHCS 10 KJIacy piBHAHB Ximia i
B 3arajibHOMY BHIIQJIKy HOT0 aHAIITHYHUX PIllICHb MOTEH-
wiany U (z,r) [0BiUNBHOTO BHAY OTPUMATH HE BIAETHCS.

IcTroTHUM BHSBISIETBCS TOMY T€ IO, IO 3 MOTCHIANY
KBajipaTUYHOTO BUAy (5) anpokcumaitiiine pimeHHs QpyHk-
uii ['pina G(t) moOynyBaTH MOXIHBO.

PiBHSIHHSL /151 ABOYACTOTHOI (PYHKUii KOrepeHT-
Hocri. Po3risHeMO map, 1o po3Cil0€, TOBIIMHA SKOTO
(B3moBx oci 7 ) nopiBHioe L . Po3i6’emo noexuny L Ha

. N o
N mimseok {A . }: L= ZMA” . Hexaii Benmmuunu po(z)
Ta 0,(2) 3amaHi i€ 6e3nepepBHUME QyHKIisMH Z . Bube-
peMoO JUITHKU A =2,-7,, n=1.., N TakuMm 4YUHOM,
o6 mepepaT Bei ictoTHi getanmi noteHmiany U (z,r), i
nosHaunmo b, =b(z,), p, = p(z,) i 0, =0,(z,) . Matoun
Ha yBasi Bunagok N >>1, 3aminumo B notenriam U (z,r)
BCI 3HAYCHHS, 110 JISKATh YCepearHI KOXKHOT N -0 MiIsIH-
n
m:lAm
npaBa Mexa AUISHKH. OTpUMaHuil TAKMM YMHOM IOTEH-
mian U (z,r), mo € KycKoBO-TIOCTiifHOI0 (YHKIIIE Bix Z,

ki, 1<n< N, na Bemumanny U (z,,r), ne Z, =

OyZneMo BHUKOPHCTOBYBATH HMKYE B alPOKCUMAIiHHOMY
piBHsHHI (8).

Habnusumo piutenns pisustaus 'y (Z,1;0,), mwo €
pIIICHHSIM aNpOKCHMAaNiiHOTO pIBHSHHS 31 KYCKOBO-
nocriitnuM 3a Z Bupazom U, (z,r) mis noTeHuiany
U(z,r)

2

o .. 2
—+ia—5+U,(z,r) [Ty (z,r;0,) =0, (6)
oz ort " N ‘
3 ymoBoro ' (0,r;@,) =1. SIkuo Oyae 3HaliAeHO pilleHHS
piBasiHst (7) mig 'y, To motpiOHa yHKIIS KOrepeHTHOCTI
Oy/e BummBaTu 3 Hporo B Mexki mpu N — 0o, PiBHsHHIO
(6) exBiBaJIeHTHA MTOCITIAOBHICTE piBHAHL (N =1,...,N )

2

’J . 0
—+ia—+U _(z.,r) |T (z,r; =0, 7
ﬁZ é,rz n( n ) n( a)d) ( )

PO3B’SI30K SIKMX BU3HAYaIOTHCS MOYAaTKOBOIO YMOBOIO
I'y(z=0,r;w;)=1 i nNaHUIOXKKOM TIpPAHUYHHX YMOB
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Vou(Z)=V,(z,), n=1..,N, ne byHKITis

I'y(z,r;@,) HA N-if ginsHO.

Y,(2)

IlepeiinemMo 0 pO3B’A3aHHS PO3TOPHYTOI CHUCTEMU
piBHsHB (7). Po3rasHeMo asis nporo N -ty AinsHKY B (7). Y
Uil gingHmi noteHuian U 3aleXkuTh BiJi KOOPIHHATH Z,
IK  OT U, (z,r)=b(z)r’ =b,r*, ne

b, = (4,) * p(z,)0, (2, )K?

Kosxne 3 piBHsHB (10) € mapaboniyHUM piBHSIHHIM 32
Z y YaCTKOBUX HOXIHHUX 3 KYCKOBO-TIOCTIHUM IOTEH-
uiasom. llykarumemo pimneHHs N-ro piBHSHHS Ha iHTEp-
Bami (z,,,2,) Yy BUDJIALL

napamerpa,

n-1'“n

r.(zr; a;d)_ exp[g(z)r ] (8)

Taxa ¢opma mrykaHoro po3s’si3Ky 00yMOBIICHa TTapa-

0oiyHOIO BiacTHBicTIO moTeHmiany o r. 3 (7) i (8) Bu-
IUTMBAIOTh HACTYITHI PIBHSHHA I BBEICHUX (QYHKITIH

f(z) Ta g(z2):

C L I@D  iag(y) -
T +4iag(z) =0, (9a)
d%—(zz)+4iagz(z)+bn=0. (9b)

Posrnsiremo apyre piBHSHHA i3 cucteMu (9), mo €
piBasHHAM Pikkati. Hexait g, =0(z,), Toni mns Bcix N

PO3B’SI3aHHS I1HOTO PIBHSHHS 3 IOYAaTKOBOIO YMOBOIO
9(z,,) =90, Mae BUIIIA]

_ gn—l - (4|a/bn )71/2 tg(\/4|abn (Z - Zn—l))
L+ (4ia/b, g, , to(4iab, (z-2,.,))
a Ha oro MpaBoMy KiHII

_ gn—l - (4Ia/bn )7]/2 tg(\j 4iabn An)
1+ (dia/b,)? g, , to(/4iab A,)’

Oyukuis  f(z) 3Haxoauthes 3 (9) 3 MOYATKOBOIO

(10)

ymoBoto f(z, ,)=f_,, me f , — 3HadeHHs ¢yHKuil Ha

paBoMy KiHili nonepeaHpoi (N —1) -oi ginsHku

@ _ cos(/4iaD, (22, ,)) + Aiafb, g, ,sin(AiaD, (2-2,.,)),

a Ha floro mpaBoMy KiHIIi

fn—[cos( diab, A, )+ \/‘an_lsin( 4iabnAn)} - (1)

I'y(z,r;o,) mupu

Orxe, QYHKIiST KOTEPEHTHOCTI
z =1, =L nopiBHrO€

1
Iy (Zer;wd):f_eXp(ger) ) (12)

N

MPH I[bOMY TIOCJTiJOBHOCTI { fn} i {gn} , 1<n<N, BusHa-
4aroThcs 3 peKypeHTHuxX cmiBBigHomeHs (10) 1 (11), a
takox nodarkoBux ymoB f,(0)=1 1 g,(0) =0. 3okpema,

y Touni npuifomy, ko r=0 ta Z=L , Maemo

Iy(Liroy)= (13)

1
fu (zy)
®ynkuia I'pina. Hexait T, — 4ac nomupeHHs no4at-

KOBOi TOUKH iMIynbey. Toni GyHKIIS iMITYTIBCHOTO BiATY-
Ky (pynkuis I'pina) HacTynHa

1 % exp(—im t T,
Gy ()= [ «(1T,) do, . (14)

27 2, (0,0,)
npu upomy y ynkuii fy = f (0,0,) 3a3HaueHa
3aJISKHICTh SIK BiA YacTOTH pi3HUII @, (3MiHHOI

IHTETPpYBaHHS), TaK i BiJ 9aCTOTH () MOHOXPOMATHIHOTO
IMITyJIBCY.
3 pekypentHoro crhiBiaHomeHHs (11) BUMInBae

f, :ﬁ[cos( 4iabnAn)+\/4:)Egn15in( 4iabnAn)] (15)
n=1 n

IMpunyctumo aai, o ¢ysxuis b(z) — rnagka (piski

MeXi Ta pO3pWBH KOHIEHTpauii Biacytai). Tomi 3 (11)
BUILIUBAE

tg(wn—l)_tg( 4iabnAn)

1+tg((pn71)tg( 4iabnAn)’
nie tg(e,) = \4ia/b,g, .
O =0, —J4ia/b A,

—Zn”:l 4iab A, ,

t9(p,) =

3BiJKH OTPUMYEMO
0 TPHU3BOAWUTH 1O PIBHOCTI

TOMY

diab A, ). (16)

1 N
W= THam, 0(X].

[MixgcraBnsiroun neit Bupasz y crmiBBigHomeHHs (15),
HOCIIIIOBHO 3HalIeMo

N :cos(z::1 4iabnAn). 17
Ockinbku ab, = (pnana)d)(SapC)'l,zle o, =p(z,) Ta

o, =0,(z,) , Toai i pynkuii 'piHa oTpuMaemo
G(t)_—.f exp(—iw, (t-T,)) do,. (18)

- COS(\/EZA J(p,0,)/2a ) j
Z L A(p,0,)/(20,C) cyma B Tipasiii

N — oo mepeTBOPIOETBCA Ha IHTETpai

V Bupasi 7%’
YaCTHHI B MEXI

V2= (2a c)’]/zjL p(2)o,(2)dz , mo nae Takuii Bupas:
p 0 s 4 :
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G(t)=im exp(—ia)({(t—Tl))dw
2r s, cos,fio,T

BukopucroByoun 3aMiHy @, = iS, OTpUMAEMO OCTa-
TOYHO HryKaHuii Bupa3 it Gpyskuii ['pina, mo GopmanasHo
30ira€ThCst 3 BiJOMHUM pillleHHAM piBHsAHHSA IciMapy [1, 2]
JUISl OJTHOPITHUX PO3CIIOBAJILHUX CEPEIOBHIIL
1 ‘jf exp[s(t—T,)]

G(t) = — [ P L
® 27i 4. chist

Leit Bupa3 3anexuTh BiJ ABOX MapaMeTpiB T, Ta 7.

ds. (19)

[Nepmwii BigmoBigae 3a 4ac MPUXOAY IMITYIBCY AK LIJOTO i
JTIOPIBHIOE BITHOIICHHIO JIOBKUHY IUIIXy L 10 mBHaKocTi
cBiTina C. [Ipyruii Bu3Hadae po3mmpeHHs iMmynscy. Hase-
JIEMO III¢ OJHEe mpecTaBieHHs At GyHkuil ['pina

1 ]" exp[n(t-T,)/7]

c0=5 | T dn.  (20a)
T-Le, r— :pc[j/p(z)a(z)dz) . (0b)

Otpumani Bupasu (20) Bigpi3HAIOTECS BiJ BiOMOTO
pesynbraty IciMapy [1] TM, IO BOHH CHpaBEIJIHBI IS
HEOJHOPITHUX CEPEIOBHIIL.

®@iznyna iHTepmperamia. IMmynecy i3 3amaHOIO

vacosoto sanexuictio | (t) sinmosinatume immysne Ha

BI/IXO,I[i 3 CepeaoBHIIa, 10 ONHUCYETHC BUPA3OM

0 ioo _ !_T
I(t)=$_|‘ @)t | st. 21)

Hexait monmuy z =0 craproBuil iMIyJIbC JOCST Y
MomeHT 4Jacy t=0. [lommprormuncs B cepeIoBHI, IO
po3citoe, BiH gocsarHe miomuad Z =L i B mpomy micri
Ooyne maru dopmy I (t) [8]. Ipoananizyemo mapamerpu
LBOT'0 IMITyJIbCY. 3 LI€I0 METOI0 BU3HAYMMO 3HAYEHHS HOTO
HEPIIUX TPHOX MOMEHTIB <t”> = J?t”l (t)dt, n=0,1,2, npu

bOMY NIPUAMEMO, He OOMEKYIOUH CITITBHOCTI, IO CTapTO-
BUI IMITyJIbC Ma€ 3aIlacHy €HEprio, 3a BETMYHHOIO YHCEIIb-
HO piBHy oxumHMLI. llikaBi MOMeHTH Oynemo BigpaxoBy-
BaTU Big T, :

d" 1
ds" ch+/sz

3 ypaxyBaHHSIM IIPUITYIIEHHS [IPO OAWHUYHY €HEPTi0
CTapTOBOTO iMITyJIbey IIpH N =0 U1 HYILOBOMY MOMEHTY

(t-t'=T)") =" (22)

s=0

3HalIEMO <l>L =1, o BiaNoOBinae npuitHATIH MoEN TO-

IIMPEHHS BUIPOMiHIOBaHHS Oe3 mornuHaHHA. [ani 3 (22)
OTPUMAEMO

(€T}, =2e+(0),, (23)

3BiIKM BUIUIMBAE, MO CEPENHIA 3a IMITyJIbCOM MOMEHT
OpHUXOAy OOpiBHIOE T, +7/2 3 ypaxyBaHHIM IIEpIIOTO

MOMEHTY <t'> craproBoro iMnynecy. Ilpu n =2 3naiine-

0
MO ISl CepeIHbOT TPHBAIOCTI IMITYJIbCY /D

D =((t-T,)*) = %TZ +Dy, (24)

ne /D, — cepemHs TPUBATICTh BUXiZHOTO imMmmyinscy. Ta-

KUM 9HHOM, JI0 AUCTiepcii D, 107a€Thes BeMduHa 7 /6.
SIKIo BUXiAHUI IMITYJIBC SIK QYHKIIS 9acy € O -(QYHKIII€IO,
I,t)=5("), To B pe3ymbTaTi MOMIUPEHHSI B PO3CilO-
I0YOMY CepeIOBHIIII HOTO CepeaHs TPUBATICTH CKIIaze

1 L 2
JD, =7 \/—:7( 1/p(z)as(z)dz) ) (25)
t / \/ﬂapc ‘[O
TakKAM YHHOM, TPHUBAIICTh IMIOYJIBCY  BimoOpaxkae
MO3IOBXKHI  Bapiamii KOHIEHTpAIil CcepeloBHUINA, IO

po3ciroe. Y 0KpeMoMy BUIIAIKy OTHOPITHOT B3JOBXK OCi Z
cepenoBuina, ko p(z) Ta o(z) NOCTiHHI, OTPUMAEMO

\/D_L =(po, LZ)(@apC)'l, TOOTO CepeHs TPUBATICTh iM-
MyJIbCY 3pOCTAE MPONOPLIHHO KBagpaTy MpPOrOHOBOI Bil-
crani L [9].

YuceapHe mMojeaoBaHHs. Yepe3 3HauHe pi3zHOMa-
HITTS BapiaHTIiB MapaMeTpiB CEpeAOBHINA, IO PO3CIIOE,
YHCeNbHE MOJIETIOBaHHS IPOBEIEMO, BUKOPHCTOBYIOUH
BimHOCHI 3HaueHHs [10-12].

Sk pobouy hopMyTy BUKOPUCTOBYEMO HACTYITHY

1t L) = ZT 1, (t)dt’

T exp[iu(t—'-[’—L/v)]du

o ch+/iur '

ne L — moBkuHA MPOMIEHOTo LUISIXY (GPOHTY 30HyBaJIb-
HOTO IMITyJIbCy Ha MOMEHT t, V — IMIBUAKICTH IMITYJIECY, a
caM imIyJibc BUOepeMo raycciBcbkoi popMu 3 TucIiepcieto

2.
T .

- (26)

1 n’
I = exp| ——— |. (27)
" e p( zf}
Sk edexTHBHE cepeqHbOKBAIPAaTHYHE BIAXHUICHHS T
obepemo

r= (jOL N (z)dz)z, (28)

ne N(z) — edexTHBHa TycTHHA HEHTPIB PO3CIFOBAHHS
cepeloBHINa.

Jnist uncenbHOT0 MOZENIOBaHHS BUOEpeMo sIK hopmy
30HYBJILHOTO IMITyJIbCy TaycCiBCbKY (QYHKII0 (27), sKa
Ma€ CepeAHbOKBAJAPATHYHE BIAXWIEHHS Ha CTapTi
7 =0.05 i mommproerbes 3i mBHAKicTIO V=0.1.

Ha puc. 1-5 nokasaHni npukiIaayn yTBOPEHHS S5 IIIeH-
¢iB poscisiHOT XBWIIi HA BUOpaHUX BIJICTAHSX y pasi BIICYT-
HOCTI PO3CIIOBaJIbHMUX LIEHTPIB Ta Yy pa3i iX HasBHOCTI Ha
IHTEepBAIi.

VY nepmomy Bunazaky (puc. 1) po3citoBansHe cepeno-
BUIIIE BIJICYTHE 1 cTapTOBUil iMITynbC |, (t') HOMIMPIOETHCS

31 IIBUAKICTIO V 0€3 3MIH K IiijIe.
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Puc. 1. IIpodine 30HU po3citoBaHHS Ta CiMecTBO YacoBux immyabeiB I (t,L); N(z) =0

N I(t,L)
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Puc. 2. IIpodine 308K po3ciroBaHHs Ta ciMelicTBO yacoBuX immyibeiB | (t, L) ; N(z) =0.1 Ha inTepBami 1<z<3

I(t,L)

N(z)
l_.
LT LTI EEr sl yrrkrsed
4 — L 2 s i’ 49 " W
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11 ; R s
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Z t

Puc. 3. TIpodine 300 po3ciroBaHHs Ta cimelicTBO yacoBux immysbciB | (t, L) ; N(z) =0.2 ua inrepBami 1<z<3

N(z) I(t,L)

1
6= .
'(m
= 4 2
0.5 & 27 5 7
a1 rrive o Crrrire
7 5 £
2 75 / /
M B . 0 R 2 /
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Puc. 4. TIpodine 308U po3citoBaHHs Ta ciMelicTBO YacoBux immyibciB | (t,L) ; N(z) =0.2 Ha intepBami 2<72<6
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Puc. 5. IIpodins 30HU po3ciroBaHHS Ta ciMeiicTBO YacoBUX iMmynbciB I (t, L) ;
N(z) =0.5 na intepBani 1<z2<2 ta N(z)=1.0 nainrepBani 55<z<75

Y npyroMy BUNAOKy pO3TISHYTI Pi3HI IIapd, IO
po3sciroroTe. Ha puc. 2-5 BumHO muHaMiKy (opMyBaHHS
9acoBUX IIICH(]iB pO3CISTHOT XBWIi, y SKHX XBOCTOBA
YacTWHA pO3TalloBaHa B repudepiifHiii 9acoBiid TiUIAHIN
t.

[Mpn nommpeHHi 31 IBUAKICTIO V HEPETBOPEHHS
(¢poHTY XBWIII BingOWBae BHJ IapiB 007acTi po3CitOBaHHS
Ta ii mo3momkHIO (popmy. Illmeid, mo yTBOproeTsCs 3a
(poOHTOM XBWJI, THM [OBIIWHA, YNM OiIbIIl e(eKTHBHA
nucrepcis 7, ska B CBOKO Yepry BU3HAYAETHCSH e(eKTHB-
HOIO IIUTBHICTIO IICHTPIB po3citoBanHs cepenoBuina N (z).

[pu 1mpOMy aucrepcis r° B pe3ysbTaTi iHTErpyBaHHS
YTBOPIOETHCS 3 YCIX MOXJIMBHX IIJSTHOK 30HH PO3CIFO-
BaHHs 3rigHO (27).

3 cimeiictBa kpuBHx | (t,L) , HaBeneHux Ha puc. 1-5,

BUJIHO, [I[0 BOHH MAlOTh JIArepPiBChKY BIACTUBICTH [9], a
came: pyukiis |(t,L) ToToxxHo nopiBHioe Hymro pu t =0
(paykryariitna o0nacts), Gyskiist |(t,L) mae ogun mak-
CHUMYM 1 JIBI TOUKHU TeperuHy (OCHOBHA 00JacTh), GpyHKIIis
I(t,L) Mae eKCIIOHEHTHY aCHUMITOTHUKY IPH BEIHKHX [
(mepudepiitna obmacts). 3a3Haunmo, 1o 3 Gopmyi (27),
(28) BUTITMBAE MOKITHBICTD PO3TISIIY PI3HUX BHJIIB 3aJI€K-
HOCTI KOHIEHTpallil Ta nepepi3y po3ciloBaHHs BiJl OTOY-
HOI KOOpJIMHATH Z.

BucHoBOK. 3a3HaunMo, IO PO3BUTKOM 3aIpOIIO-
HOBAHOTO alpOKCUMaNiiHOTO0 MiIX0/ Iy 100 MPOLIECIB, 110
BIUIMBAIOTh HA YacOBE 3aTATYBaHHS EJIEKTPOMAarHiTHHUX
IMITyJIBCIB, MOX€e OyTH OOJIIK 3racaHHs BHUIIPOMIHIOBaHHS
Ipy HOTO NMOUIMPEHHI B HEOIHOPIAHOMY IOTJIMHAIOYOMY
cepenoBuIli. MaTeMaTHYHOIO OCHOBOIO IIPH IIbOMY IOCITY-
XHUTh OOMK y mapaboyigHOMy piBHAHHI (3) DOmDaHKY,
[IOB’S3aHOTO 3 MOTJIMHAHHAM, IPH HBOMY KOeQiIlieHTH
PIBHSHHS MOXYTh 3aJIe)KaTH BiJ MO370BXHBOI KOOPINHA-
TH. 3a3Ha4YUMO TAKOX, IO aHali3 eBOJIoNii (GopMu
4acOBOTO iIMIYJIBCY MIPY HOTO MOIIMPEHHI 1a€ MOMJIUBICTh
CYZMTH PO NPOCTOPOBHI PO3IIOJIII XapaKTEPUCTHK PO3Ci-
IOBAIFHOT'O CEPEIOBHILA B3OBX OCI PO3IIOBCIOKEHHS.
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SIMULATION OF THE PROPAGATION OF A PLANE ELECTROMAGNETIC WAVE IN AN
INHOMOGENEOUS NONABSORBING MEDIUM

Analytical solutions of the Ishimaru's parabolic equation for the coherence function of the electromagnetic field, which describe the temporal properties
of the pulse at the output of a heterogeneous non-dissipative medium, are considered. A generalization of the approach used in the Ishimaru model to
describe the time evolution of a monochromatic electromagnetic pulse enveloping in homogeneous non-dissipative media is obtained for the case of
non-homogeneous non-dissipative media. Thus, an attempt was made to take into account the influence of the heterogeneity of the medium on the shape
of the resulting pulse. When solving the given problem, the difficulties associated with the calculation of the continuous integral arising in the space of
diffusion trajectories were overcome. This made it possible to obtain an explicit expression for the Green's function of the task and to build a
computational algorithm based on which a number of numerous experiments were conducted. The analysis of the work was carried out based on the
apparatus of quadratic integral functionals based on the solutions of differential stochastic equations. In the paper, the invariant temporal properties of
the envelope of monochromatic electromagnetic pulses recorded after passing through a flat layer of a scattering heterogeneous medium, i.e., properties
that remain unchanged when the parameters of the medium vary, in particular, the distribution of the concentration of scattering centers. The dynamics
of the formation of time plumes of the scattered wave, in which the tail part is located in the peripheral time area, were analyzed. When propagating at
the speed of transformation of the wave front, it reflects the appearance of the layers of the scattering region and its longitudinal shape. It is noted that
the development of the proposed approximation approach to the processes affecting the time delay of electromagnetic pulses can be the accounting for
the attenuation of radiation during its propagation in an inhomogeneous absorbing medium.

Keywords: electron beam, magnetron gun, electron dynamics, motion direction transformation, gradient magnetic field, control, mathematical
modeling.
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JOCJIJKEHHI JIEMOI' PA®IYHUX CUTYALIA HA BA3I JATOBUX MOJIEJIEM

ITponoHyeThCS HOCIIDKEHHS Ta IPOrHO3yBaHHS YaCOBUX PsIIiB Ha OCHOBI MOJieNIel 3 JJaraMu, a TAKOX PO3PaxyHOK JIOCTOBIPHOTO NIPOrHO3Y Ha OCHOBI
JTAHUX TPO HAPOKYBAHICTh MO YKpaiHi. EKOHOMIuHE MOJETIOBaHHS — II€ OAUH 13 BKIMBHX CYYaCHHX IHCTPYMEHTIB OLIHKH BIUTHBY TEXHOJIOTIH Ha
E€KOHOMIYHHI CEKTOp 3 METOI0 OTPUMAaHHS ONTHUMAJIBHOTO pilleHHS. EKOHOMIYHI OLIHKHM MOXYTh I'PYHTYBaTHCS Ha KUIBKOX Pi3HHX MiIXOAax IO
MOJISITIOBaHHSI, KOXKEH 3 SIKMX Ma€ CBOI CHIIbHI Ta CIIa0Ki CTOPOHU. AKTYalIbHICTh BUKOPHUCTaHHS €KOHOMIKO-MaTeMaTHYHUX MOJIeTIeH 3 METOI0 BUBUCHHS
nmeMorpadii moB's;3aHa 3 HEOOXiAHICTIO BUBYCHHS MOMMYJALIMHUX Ta MIrpaliifHUX MpOLECiB, a TAKOXK IS IMOJAIBIIOrO [UIAHYBAHHS Ta 3iHCHEHHS
€KOHOMIYHOTO Ta COLIJILHOIO PO3BUTKY KpaiHH. Y KOXHIH cepi eKOHOMIKH 3yCTPidaloThCs SBHINA, SIKi [[IKaBO Ta Ba)KJIMBO BUBYATH B X PO3BUTKY,
OCKIIBKY BOHH €BOJIIOLIIOHYIOTH y Yaci. [[iHu, eKOHOMIYHI yMOBH, PEXHUM IIPOTiKaHHSA IPOMHUCIIOBOTO IPOIIECy, AeMorpadivHi JaHi MalOTh BIACTUBICTH
3MiHIOBATHCS TPOTAroM dacy. CyKyIHICTh BUMIPIOBaHb MOAIOHOTO POLYy MOKA3HHUKIB B 3aJEKHOCTI BijJ Yacy mpeacraBise coboro yacoBuid psa. Llimi
BUBUEHHS 9aCOBHX PAAIB MOXKYTh OyTH pi3HUMH. MOXIHBO, HAIIPHKIIAJ, HAMAaraTucs rependadyuTH MaliOyTHE HAa OCHOBI 3HaHb MHHYJIOTO, KEPyBaTH
IIPOLIECOM, SIKHIT IOPOKYE PsiNl, HAMAraTHCS 3°ICYBAaTH MEXaHi3M, SKHH JIGKUTh B OCHOBI IIPOIIECY, OYUCTUTH PSJ BiJl KOMIIOHEHTIB, sIKi 3aTEMHIOIOTh
HOro TMHAMIKy, ab0 IIPOCTO CTUCIIO 3POOUTH OIKC XapaKTEPHUX 0COOIHBOCTEH psiay. [1pu BHBUEHHI B3a€MO3B SI3KiB Mi)K MOKa3HUKaMU a00 MPH aHai3i
X PO3BUTKY B 4aci B SIKOCTi NOSICHIOIOUMX 3MiHHUX BUKOPHCTOBYIOTh HE TUIBKH ITOTOYHE 3HAYCHHS 3MiHHHUX, aJie i JesKi IonepeiHi 10 Jacy 3HaYeHHs,
a TakoX caM 4ac. Mozeni JaHOro TUITy Ha3WBAIOTHCS AWHAMIYHHMH. B eKOHOMIYHOMY aHami3i JUHAMiYHI MOJENi BHKOPUCTOBYIOTHCS TOCTATHBO
mMpoko. Lle miakoM mpupoHo, ajke B 0araTboX BHIAJIKaX BIUIMB OJHUX €KOHOMIUHHMX (hakTOpiB Ha iHII 31iHCHIOETbCS HE MHUTTEBO, @ 3 JESKUM
3ami3HeHHAM — JaroM. OO’€KTOM JOCITiIKEHHS POOOTH SIBISEThCS MaTeMaTHYHA MOJENIb B3a€EMO3AJIKHOCTI BEKTOPHOTO YacOBOTO PSIY
«HapomxysanicTs o YkpaiHi 3a ciuens 2005 — mumens 2012 pp.» BijJ pealbHOTO JOXOTy Ha IyIry HaceneHHs. J{aHi BHOpaHi JOCHTB aKTyanbHO, ajike
0e3 monepeaHsoro AeMorpadgiyHoOro MporHo3y HEMOXKIMBO YSBUTH ITEPCIEKTHBU MPOMHUCIIOBOCTI Ta CIOXKHUBAHHS TOBApiB Ta IMOCIYT, XMTJIOBOTO
OyIiBHUIITBA, PO3BUTKY COLiaNbHOI iHPPaCTPYKTYpH, OXOPOHH 3I0POB’SI Ta OCBITH, IIEHCIOHHOI CHCTEMH Ta PillICHHsI T€ONOTITHIHIX IPOOIIEM.
Koro4oBi c;10Ba: eKOHOMIYHE MOZIENIOBAHHS, €KOHOMIYHHIT aHaIi3, YaCOBUI PS, J1ar, AMHAMIYHI MOJIE, MOMyJIsANiiiHI Ta Mirpamniifai nporecn.

Beryn. [Ipu miarorosmi Ta OOTpyHTYBaHHI IPOTHO31B ~ HACTYIHI 3ajadi: oOpaTH Ta TOOyAyBaTH JaroBy

perioHiB, BU3HA4YCHHI MOTpPe0 HAceJeHHS B TOCIyrax
OCBITH, OXOPOHHU 3J0POB’S, KHUTIOBO-KOMYHAIHLHOTO
TOCIOJapCTBa MIMPOKO BHKOPHCTOBYIOTHCS AeMOTrpadidHi
MPOTHO3M, 1[0 BU3HAYA€ aKTyalbHICTh JAHOTO IOCHIiI-
xeHHs1. O0’€KTOM IOCHIKeHHS € neMorpadivyHi mpoIecH,
a TPeIMETOM JOCHTIDKEHHS — IX eKOHOMIKO-MaTeMaTHIHE
mogemoBanust  [1], [2]. Tlpu wpomy HeoOXimHO
MIpOaHaTII3yBaTH CYTHICTh MaTeMaTHYHOI MOJAETl Ta
METO/IiB IPOTHO3YBaHHS Ha ii OCHOBI, MiJIXOAY A0 OIIHKH
aJIeKBaTHOCTI MOJIedi, feMorpadivHi TeHAeHLIT 1o Ykpaini
Ta moOyayBaTH MPOTHO3HY MOJIENb KiJTbKOCTI HACEJICHHSI B
VYxpaiHi.

MaremaTuuyHa mnocraHoBka 3anadi. HeoOxigHo
MPOBECTH TIOBHHI aHalli3 JaHUX YacoBOTo psLy, 00paTH Ta
imeHTHdiKyBaTH MaTeMaTH4YHy MOJIeNb, Ta 3pOOUTH
MPOTHO3 M0 BU3HAYEHIN Monenmi. BuxigHuMu naHUMU €
B3a€MO3B’sI3aHi JJaHi PO HAPOJKYBAHOCTh Ta PealbHUMN
noxix mo Yxkpaini. HeoOximHo npoaHamizyBaTu CTPYyKTYpY
JAaHUX Ta 3poOuTH mNpOorHo3. s IHOro BUPINIUTH

perpeciiHy MOJIeb Y4aCOBOTO PSIY, OLIHUTH aIcKBAaTHICTh
moOy10BaHOl MOJENi, 3pOOHTH MPOTHO3 aeMorpadidHol
CHUTYaIl.

MaremaTuyHa MoJeJb i MeTOAM PO3B'S3aHHS
3amaui. Psn cnocrepexens X(t,), X(t,), ..., X(t,) Bumamko-

Boi Benmumun &£(t) , M0 MpoaHai3oBaHa, MPOBEJEHUX B
MOCIIIZIOBHI pIBHOBiAJaneHi MoMmeHTH dacy t,t,,...t,,
Ha3WBAETHCS YaCOBUM psiioM. Bumnankosa Bennunna & (1)
3aleXuTh Bijg mapamerpy t, To6TO MoOBa e mpo

OJTHOTIApaMETPUYHE CIMEHCTBO BHIIQJIKOBHX BEJIMUYHH
{&(t)}. Le o3mauae, mo 3aKOH PO3MOMALTCHHS HMOBIp-
HOCTEH LMX BHIIAQJIKOBHX BEJIWYMH MOXE 3aJIS)KaTH BiX
qacy t (3oxpema ix mepmi Ta apyri MOMEHTH wHacy).
OCHOBHUMH BiJIMIHHOCTSIMH YacCOBOTO PSAY Bif ITOCIi-
JIOBHOCTI CIIOCTEPEKEHb X, X,,..., X, , SKi YTBODIOIOTbH
BHITQJIKOBY BHOIPKY, € WICHW YacOBOTO DAy, SKi HE €
CTATUCTHYHO HE3aJI)KHUMH, Ha BiMIHY BiJ €JIEeMEHTIB
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BHIIAIKOBOI BUOIPKH, YICHU YaCOBOTO PSIY HE € OJTHAKOBO
posnoxinenumu, To0T0 P{X(t,) < X} = P{X(t,) <X} npm
t, #t, . TakuM 4uHOM, B3a€MO3AJIEKHICTh YWIEHIB YACOBOTO

psAmy cTBOpioE CBOIO crenu¢piday 0a3y mius moOynoBH
MIPOTHO3HUX 3HAYEHb aHAJI30BAaHOTO NOKa3HHKa (TOOTO
1utst moOynoBu ominok X(N +K) s HeBimoMHX 3HaYeHb

X(N +Kk) ) 3a cnocrepexxenumu 3nadeHusmMu X(1), X(2), ...,
X(N). JoIiabHO BUIIIATH OCHOBHI THUIH (PAKTOPIB, ITi[

BIUIMBOM SIKHX (OpPMYIOTBCS 3HA4YCHHSA €JICMEHTIB
3HAUEHHs YacOBOTO DsAY: JOBrOYacoBi, siKi (HOpMyIOTh
3arajbpHy TEHJCHIII0 B 3MiHI aHamizoBaHoi o3Haku X(t),

CEe30HHI, SKi (OPMYIOTH MNEPIOJUYHI ITOBTOPIOBAIIBHI Y
BU3HAYCHY NOpPY POKY KOJHMBAHHS aHATi30BaHOI O3HAKH,
OUKITIYHI, SKi QOpPMYyIOTh 3MIHHM aHANi30BaHOI O3HAKH,
0OYMOBJICHHI MIIMH JOBFOYACOBUX IMKIIIB €KOHOMIYHOT,
nemorpadigaoi abo acTpodi3udHOi TPUPOAM, a TaKOK
BHIIA/IKOBI, SIKi HE MiJIATAIOTh OOJIKY Ta peecTparii. Ix
BIUIMB Ha ()OPMYBaHHS 3Ha4E€Hb YACOBOTO psAy K pa3 i
00YMOBITIOE CTOXaCTHYHY npupoy eneMenTiB X(t) . Buxo-

JSTYM 3 JaHuX (PaKTOpiB, MOKHA 3DOOUTH BUCHOBKH, 111010
(dopMmyroBaHHA 0a3UCHOI IIUII CTATUCTHYHOTO aHAIi3y
yacoBoro psay. [lo naHiit TpaekTopii aHasIi30BaHOTO Yaco-
Boro psay X(t) HeoOXiHO BH3HAYMTH, SKI 3 HEBUIIA[-

KOBHMX (YHKILIH y HbOMY NPUCYTHI, HOOYAyBaTH «TapHi»
OIIHKH JJIS IPUCYTHIX HEBUIAIKOBUX (PYHKIIH, migiOpaTu
MOJIeINb, KA aJeKBaTHO OIMHCYE TOBEHIHKY «BUIIaJKOBHX
sammmkiBy &(t), Ta CTATHCTUYHO OLIHUTH MapaMeTpy Liei

MOJIeIT.

VYeninHe pinieHHs OUX 33j1a4, o0yMoBieHe Oasuc-
HOK0 IUDTI0 CTaTHCTHYHOTO aHANi3y YacoBOTO PANY, €
OCHOBOIO ISl IOCSTHEHHS KiHIIEBUX TPUKIATHUX ILTCH
JOCII/DKeHHST Ta, Yy Ieplly 4epry, JJisl pilllieHHs 3ajadi
MPOTHO3y 3HAYCHb YacOBOTO pANy. Psam, sKi 3ycTpi-
YarOThCs Ha TPAKTHII, HAJEXKATh 3BHYAWHO IO OJHOTO i3
TPHOX BHIIB: PSAH, SAKI MPOSBISIOTH CBOi BIACTHUBOCTI
CTalLIOHAPHOCTI B CILIMBaHHI JOBI'HX NEPIOJIB Yacy; psiu,
SIKi JOCTaTHRO CTAaIliOHApPHI B CIUTUBaHHI KOPOTKUX Tepio-
Jlax 4acy Ta psju, sKi € SBHO HECTalliOHAPHUMHU.

Maiike BCi 1aHi B €KOHOMII TPEICTABIISAIOTH COOO00
HecTalioHapHUH psia. YacoBuid psijt HA3UBA€ETHCS HECTAIliO-
HapHUM, SKIOI0 X04a O OJHAa i3 WMOBIpHICHHUX XapakTe-
PHUCTHK € HemocTiliHOI. HectamioHapHi naHi, sk MpaBuiIo,
€ Herepe10adyBaHUMH Ta HE MOXYTb OyTH 3MOJIeTIbOBaHi
abo mporHozoBarnuMu. [1[06 oTpuMaTH OCIIIOBHI, HaTiH-
Hi pe3ynpTaTH, HECTALIOHAPHI JaHi MOBHWHHI OyTH mepe-
TBOPEHI B CTalliOHAPHI JaHi, TOOTO HEOOXIHO YCYHYTH 200
BiAQIbTpyBaTH HEecTaliOHApHY YacTHHY TakK, 1100 3aJu-
LIMBCS Psill, 3 KM MOJKIIMBO MpAIOBaTH SIK 31 crario-
HapHHM.

Psin X(t) Ha3sMBAE€THCS CTPOTO CTAI[iOHAPHUM (CTaIlio-

HAapHUM B BY3bKOMY 3HAUYCHHI), SKIIO COBICHE pPO3MOIi-
JeHHs HMoBipHOCcTe M cmocrepexens X(t,), X(t,),...,

X(t,) take came, sik i s M cmocrepexens X(t, +7),,

X(t, +7),..., X(t,, + 7) opu Oyme-sxkux M, t,t,,...t Ta 7.

IHaknre kaXKy4u, BIaCTUBOCTI CTPOT'0 CTAI[IOHAPHOTO Yaco-
BOTO DSy HE 3MIHIOIOTHCS IPU 3MiHI IIOYATKy BiITIKY
yacy. 30kpema, npd M =1 i3 npuITyIeHHs o CTPOTry cTa-
IIIOHApHICTh 4AaCOBOT0O psxy X, Tpeda, o0 3aKOH po3MHo-
Jimy HMOBIpHOCTEH BUMAAKOBOI BenMYuHU X, HE 3aJIeKaB
Bif t, a BUXOAUTh, HE 3ajeKaan Big U 1 BCi HOro OCHOBHI
YHCIIOBI XapaKTEPUCTHKH (SKIIO, 3BMYallHO, BOHU ICHY-
I0Th), y TOMY YHCIIi: MaTeMaTu4He ovikyBanHa E(X,) = u

i muenepeis D(X,) = o [3].
3HaueHHS 4 BH3HA4Ya€ IOCTIMHWI piBeHb, MIOAO
SKOTO KOJMBAETHCSl AHATI30BaHWH YacOBHH psn X, a

MOCTifiHA ¢ XapaKTepU3ye po3Max IMX KOJHBAHb.

OmHa 3 TOJOBHUX BIAMIHHOCTEN MOCIIZOBHOCTI CIIO-
CTEPEIKEHb, 110 YTBOPIOIOTh YaCOBHM PsiJI, TIOJISITAE B TOMY,
1[0 WICHH YaCOBOTO PSAY €, 3araJioM KaKy4dH, CTATUCTHIHO

B3a€MO3aJIC)KHUMH. CTyHiHL TICHOTH CTaTUCTUYHOTO

3B’SI3Ky MIX BHIIAQJIKOBUMHU BeJmanHaMu X, 1 X,,, MOXxe
Oyt 0OMiproBaHa MapHUM KOS(IIliEHTOM KOPeIALii
Cov(X,, X
Corr(X, X,,,) = X Xo) &)

\/ D(xl) : D(XHT) ,

Jc

Cov(X, X,,.) = E[(X, =E(X (X, ~E(X..))]. (2)

Skmo psim X,  CTalllOHapHMH, TO 3HAYEHHS
Corr(X,, X,,,) He 3anexuts Bix { i € QyHKIi€IO TIIBKH
Bil 7 ; MH OyAeMO BHKOPHUCTOBYBATH JJS HHOTO IO3HA-

yenns y(r):
y(7) = Cov(X,. X,..) ®)
3okpema,
D(X,) =Cov(X,, X,)=y(0) . 4)

BinmoBigHO, UL CTAI[iOHAPHOTO PSITy W 3HAYCHHS

koediuienTa kopensuii  Corr(X,,X,, ), L0 3aJeKHUTH
TIIBKH Bifl 7 , OYI1€MO BUKOPHUCTOBYBATH JIJIsl HHOTO ITO3HA-
yenns o(r), Tax mo

p(r) = Corr(X,, X,..) = ? . (5)

()
3okpema, p(0)=1.

[IpakTryHa mepeBipka CTPOroi CTamioHApHOCTI PALY
X, Ha MiJICTaBl CHOCTEPEXKEHHS 3HAYCHb X, X,,...,X, ¥
3araJlbHOMY BHIIQJIKYy CKpyTHa. Y 3B’A3Ky i3 IHM iJ
CTaIliOHAPHHUM PSIJIOM Ha MPAKTHII YacTO MAIOTh Ha yBasi
yacoBuil pax X, y skoro E(X,)=u, D(X,)=o°,
Cov(X,, X,) = y(r), nms 6yap-sixux t 1 7 [4], [5].

Psan, nns skoro BUKOHAHI 3a3HAa4YeHi TPU YMOBH,
Ha3WBalOTh CTAI[lOHAPHUM Yy IIHUPOKOMY CeHCi (ciabko
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CTaliOHApHHUM, CTAaL[IOHAPHHUM JIPYroro NopsiaKy ado KoBa-
pHALiHO CTAaiOHAPHIM).

SIK110 psizt € cTanioHapHUM Y IIUPOKOMY CEHCI, BiH He
00OB’SI3KOBO € CTPOro CTamioHapHUM. Y TOH e Hac, i
CTPOTO CTaIliOHAPHUH pAI MOXKe He OyTH CTalliOHAPHUM Y
IIUPOKOMY CEHCI IIPOCTO TOMY, L0 B HHOMY MOXYTh HE
ICHyBaTH MaTeMaTHYHE OuiKyBaHHs i/abo nucrepcis.
(ILlomo ocTaHHBOTO MPHUKIIAJOM MOJKE CITY’KHTH BUIIaKOBA
BrOipka 3 posnoxiry Komri.) Kpim Toro, MoxnmBi cutyaitii,
KOJIY 3a3Ha4Y€HI TP YMOBH BUKOHYIOTBCSI, ajle, HaIpUKJIa],

E(X?) sanexwuts Bin t [6].

Pan x,, t=1,..,n, Ha3suBaeTbCAd TrayCCiBCHKUM,

SIKIIO CMIBHUHM PO3NOALT BUNIAJKOBUX BeNU4UH X,..., X

n
€ N-MipHEM HOpPMaJIbHUM po3mofinom. s raycciBCbKoro
psOy TIOHATTS CTalliOHAPHOCTI Y BY3bKOMY H y IIUPOKOMY
CEHCI 301raloThesl.
Orxe, Hexail X, — cramionapuuii pag 3 E(X,)=u,
= 2 -
D(X,)=0o°, Cov(X,, X,)=y(r).

OCKiNbKH B [IbOMY BHMAAKY KoedillieHT p(7) BHMI-
PIO€ KOPEIALIFO MK YWICHAMHU TOTO CaMOT0 YaCOBOTO Py,
HOro MpHUUHATO Ha3uBaTH KOE(IlIEHTOM aBTOKOPEISIii
(abo mMPOCTO aBTOKOPEIISAIIIEI0).

I'padik 3amexxHocTi p(7) Big T YacTO HA3MBAIOTH
Kopejorpamoro. BiH Moxe BHUKOPHCTOBYBaTUCSA JUIA
OXapaKTepU3yBaHHS ICSKUX BIACTUBOCTEH MEXaHi3MYy, IO
MOPO/KYe YacoBHH psa. SIkmo X, — cramioHapHUH

YacoBHH psJl 1 C — JiesiKa MOCTiHA, TO 9acoBi paau X, 1
(Xt + C) MAaroTh OJIHAKOBI Kopenorpamu [7].

SIKIIO TPHIYCTHTH, IO YACOBHH PSII OMUCYETHCS
MOJICJUTIO  CTalliOHAPHOTO TayCCIBCHKOTO IIPOLECY, TO
HOBHUI OIHKC CIUILHOTO PO3IOALTY BUIAJKOBHX BEIHYNH
Xy, X, BUMarae 3amanns N+1 mapamerpis: u, y(0),

y@), =, y(n-1) @6o p, (), p@), - p(n-1))..
e HabaraTo MeHIIIe, HiXK 0€3 BUMOTH CTAIlIOHAPHOCTI, aJie
BCE-TaKH OLJIbIINE, HIXK KIIBKICTh CIIOCTEPEIKCHD.

[Ipomiecom 6inoro mymy (“OimuM mrymom™, “‘duCTO
BUIAJKOBUM YaCOBUM PsiioM’’) Ha3MBAIOTh CTAI[IOHAPHUHN
qacoBmii pag X, , s skoro E(X,)=0, D(X,)=0’>0
ta p(r)=0 mpu 7#0.

B exoHOMIIII Ay’Ke 4aCTO BUKOPHCTOBYETHCS ITOHSTTS
gacoBoro Jjiara. Yacto mociipKyBaHa BHXiTHA BEIMIHMHA
3MIHIOETHCSI HE 0JIpa3y MiCJIs 3MiHU 3HaUEHHs (PaKTopy, M0
BIUIMBAE, a Yepe3 JesKUil Yac — YaCOBHUH Jiar.

JuctpnOyTHBHO-TaroBi MoJzeni — Iie perpeciiini
MOJIeJi 3 IPUCYTHIM YaCOBUM JIarOM.

3aranpHUA BHTIIA O€3KIHEYHOI JHCTPHOYTHUBHO-
JIaroBOI MOJIENII:

Yy =const+ Sy X + X s+ PoX o+t & (6)
JuctpuOyTHBHO-TaroBa MOJIEIb 3 KiHIIEBUM JIATOM Y
k mepionis:
Y, =const+ B X + BX y + BoX p + ot BX e, (T)
ne t — morouHilt mepiof,

X i, 1=12,3... — cymapHe 3Ha4yeHHs (aKkTopy, IO
BruBae y t—1 mepion,

B.,1=123... —koebiuicHTH BIUTHBY | -T0 4aCOBOTO
nara,

& — noxuoOKa,

f, — KOPOTKOCTPOKOBHH abo BITMBOBUI
MYJIBTHILTIKATOP.

BpaxoByroun BaKIHMBICTh BUKOPUCTAHHS TUCTPHOY-
TUBHO-JIATOBOI MOZETi B EKOHOMIIl Ta IHIIMX Taly3ax
JKUTTEMISIIBHOCT] JTIFOIMHU, € 3aTpeOyBaHOK aJeKBaTHA
OIlIHKAa TMapaMeTpiB Takoi Mojeni. MaeMo 3aBHaHHS
OLIHUTU IapaMeTpu « Ta f,, AK HafOLIbII 3HAYUMI.
PosrnsHeMo mekinpka MiIXOZIB, MO BHPIMIYIOTH IaHY
npobiemy.

[Mpunycrtumo, mo X, — HE CTOXAaCTHYHI, TOAI MaEMO,
mo X, ;,i=1,2,3... TakoXk HE CTOXaCTHYHI, TOMY MOYJIHBO
3acTOCYBaTH METOX HaiMeHIHX kBaapatis (MHK).

Posrmsnemo minxon Koiika. Ilpumyctumo, 1110
koedilieHTH f; MId MOJeNl 3 HEBH3HAUCHUM JIaroM
MAalOTh OJIHAKOBHI 3HAK Ta 3MIHIOIOTHCS 32 TCOMETPUIHOIO
nporpecieto, Toai S, = S,A, npuuomy 0< A <1 — Temn
TOOTO

crajaHHs, 1 KIiHIIEBOIO,

< 1
éﬂk =hAC).

Brmue mara Ha Y, 3 4acoM cnajae i MOICIb MOXXHaA

MOJECIb cTrae

3alMcaTv HACTYITHUM YHHOM!

Yi :a+ﬁOXt+180/1Xt—l+180/12)(t—2+“'+81' (8)

Jaii B MOJie)ib BBOJUTKLCS 3aTPUMKA HA OJIUH IIEPio]]
Ta MHOXKUTHCS Ha A , TOJ1 MaeMo:

AYoy = Ao+ By A%, +ﬁ012X172 +ﬁ013xt73 +otg - (9)

Binaimaroun (9) Big (8), oTpuMyeMo TepeTBOpEHHS
Kotika:

Y, =a(l=A)+ BoX + Ay, +V,, (10)
ae vV, =& —A&,

BinmiTiMo nesiki ocoomuBocti nmeperBopeHHs Koiika:

e 3amiHa Oe3KiHEYHOI KITBKOCTI MapaMeTpiB Ha
ymie 3, sKi HeOOX1HO OLIHUTH, TOOTO 3HUKIA TpobiIeMa
MYJIbTHKOJTiHIapHOCTI.

e Mogenb i3 TUCTPUOYTHBHO-IArOBOI MEPETBOPU-
Jacsi B aBTO perpeciiiny [8].

Ane ockinpku Mojeiab Koiika € mocaigoBHOK MO-
JIEILITEO, SIKA HE MOE YiTKOT'O TEOPETHYHOTO OOTPYHTYBAHHS,
OyJnu 3anpOTNIOHOBaH1 JABI Moaudikamiimiei Moaeri:

e Mozenb aJanTUBHUX OYiKyBaHb, sKa BimoOpaxkae
MiATBEPKYBaHI Ha MPAKTUI[ MipKyBaHHSI, II[0 HACTYITHE
HaBYaHHS Bi0yBa€eThCs HAa 0a31 MUHYJIOTO JOCBIY, i UM
cTapiie J0CBiJ, TUM HOTO BIJINB MEHIIIHA.

e Moaens 4aCTKOBHX IPHUCTOCYBaHb, 3allPOITOHO-
Ba"a M. Heproy.
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Jani Mozeni sIBISIFOTBCS aBTOpPErpeciiHUMH Ta iX
MOKHa IIPEICTABUTH Y BUTIIAMI:

Y, =0, o X + oLy, v, . (11)

Jns OLiHKY HapaMeTpiB o, q,,, MOXHAa BUKOPHC-
TOBYBAaTH METOJ] HAaWMEHIIUX KBaJpaTiB, TIUIBKH SKIIO
MIPaBUIBHUM SIBJISIETHCS TPHUITYIIEHHS, IO CTOXAaCTHYHA
He3alle’)KHa BEIMYMHA Y, ; HE KOPENIOE 3 BUITAIKOBOIO

BenuuuHoIO V, [9], [10].
OCHOBHUM HEIOJIKOM ITMX METOMIB SBISETHCS IPHU-
MyIIeHHs, 10 KoediieHTH f; yOyBaroTh y reOMETpHUUIHIN

Iporpecii, 1110 Ha NPaKTHI B IESIKUX CUTYAIISIX SBISIETHCS
JIOCUTH CTPOTHUM.

Po3risHeMo mosiHOMianbHUH JIar AJTBMOHA.

III. AmpMoHOM OYB 3aIPOTIOHOBAHUM IMiAXIT, TIPU SIKOMY
koedinienTn S, 3rigHo TeopeMi Beifepmrpaca MoxHa
aIPOKCHMYBATH TIOJIIHOMOM Bi/IITOBITHOI CTYIICHI Bif

| -BEIMYIMHN TaCOBOTO JIary, TOOTO:

B =a,+ai+ai’+..+a,i", (12)
Je M — CTYyIiHb MoJIiHOMa, mpy YoMy M <K [6].
[TincraBumo (12) y KiHIEBY AUCTPUOYTHBHO-JIArOBY

MOJIeNb Ta 3p00MMO 3aMiHy:

OTtpumyemo Moens AIbMOHA:

Y, =a+a,Z,+a7, +a,Z, +..8,Z,+¢&. (13)

[Ipn ymOBI, 0 &, 3a/10BOJIBHSIE BCIM MPUIYIIEHHAM
070 KJIACHYHOI MOJEN JIHIHHOI perpecii, s OIiHKA
mapaMeTpiB MO>KHA BUKOPHUCTOBYBaTH cTaHaapTHuit MHK.
TakuMm uymHOM, y BinMmiHHOCTI Bij Merona Koiika, Hemae
npo0JeM, OB’ s3aHKUX 3 TPUCYTHICTIO 3aJEKHUX 3MIHHHX,
ane € npobieMa MyIbTUKONIHIapHOCTI 3MiHHKMX Z; [11].

PosrasiHEMO neski METOIW TOCIHIHKEHHS, 30KpeMa,
MepeBipKy HASBHOCTI aHOMAJIBHUX 3HAYEHb Ta iX BHKIIO-
yeHHs. [lomepennss 00poOka 4acoBHX PsAIB MICTHTBCS Y
BHSBJICHHI aHOMAaJbHHUX 3HAU€Hb PATy. AHOMaNbHI 3Ha-
YeHHS 4YacOBOTO pAAYy HE BIANOBIAAIOTH TOTCHIIATY
JOCIIJKYBAHOI €KOHOMIYHOI CHCTEMH, Ta X BHKOPHC-
TaHHSA A1 MOOYIOBH TPEHIOBOI MOJENI MOXE CHIIBHO
CIIOTBOPHUTH PE3YIBTATH, IO OTPUMYEMO.

[IprunHaMy mNOSIBM aHOMANBHUX pIBHEH MOXYTh
OyTn TEeXHIYHI NOMMJIKHM INpH 300pi Ta mepenayi iHpop-
Marii. Taki MOMHJIKA Ha3WBAIOTHCS TTOMUIKAMHU TEPIIOTO
poxmy, iX MOMIMBO BHSIBUTU Ta YCYHYTH a00 NPHHHITH
Mipu n0 ix He gomycky. KpiM Toro, aHomaibHi piBHI

MOXYTb BHHHUKAaTH 4Yepe3 BIUIMB (HakTopiB, SKI MaroTh
00’€KTHBHUI XapakTep, ayie [Ki JII0Th emi3oAnyHo. Taxi
MOMMJIKM Ha3HMBAIOTHCS MOMWIIKAMH JIPYroro poiy, 1 ix
HEMOJKJINBO YCYHYTH, aJle MOKJIMBO BUKIIIOYHUTH 3 PO3TJIs-
JTaHHA, 3MIHWB aHOMaJbHE 3HAYCHHS Ha cepelHe apudme-
TUYHE IBOX CYCiHIX 3HAYCHb.

J1nst BUSIBIICHHSI aHOMAJIBHUX 3HAUEHb PSIY BUKOpPHC-
TOBYIOTh KpuTepid IpBiHa, 3rimHO SKOTO aHOMAJIHHOIO

BBAXAETbCS Touka X,, sfKa BiAjaneHa Bij moneperHboi
Toukd X, , Ha BEIUYUHY, OUIBIIY CEepeAHbOKBaJpaTUy-

HOT'O BiIXMJICHH:

X, =X,
A= M , (14)
o
ne A, —xpurepii IpBinHa,
O — CepelHe KBaj[paTU4He BIJAXUJICHHS:

Touyka BBaXaeTbCs AHOMAIBHOK, SAKIO A > A",

TabnuuHe 3HaYCHHS A 3MEHIIYETHCSA 31 301TbIICHHAM
JOBXHUHH psiay (Tabm. 1).

Tabmuus 1 — 3nauenHs kpurepito Ipsina

n 10 20 30 50 100
A 1.2 1,3 1.2 11 1,0

Posrnsaemo kpurepiii Jap6ina — YorcoHa. Posrisia-
FOYH MOCTIIOBHICTh 3aJIMIIKIB SIK YaCOBHUU DS/, MOKIIUBO
nobyaysaru rpadik iX 3aJeHOCTi BiJ 4acy. Y BiIIoBi-
JTHOCTI 3 HepeIyMOBaMH METOJly HalMEHIIHMX KBaJpaTiB
3aJIMIIKKM & TOBUHHI OyTH BumaaxoBumu. OfHAK IPH MO-

JIEITFOBaHHI YaCOBHX PSMIiB HEPINKO 3yCTPIYa€ThCS CHUTYya-
11151, KOJIM 3QJIUIIKK MICTATh y CO01 TeHICHIIF0 a00 IUKIIiU-
Hi KonmBaHHs. Lle cBiTYMTH PO Te, 1110 KOXKHE HACTYIHE
3HAUCHHS 3AJIMIIKIB 3aJICKUThH BiJ TonepenHix. B mpomy
BUIAJIKY KaXXyTh NMpPO HAsBHICTb aBTOKOPEALINHUX 3a-
nuuikis [12].

IcHye nBa HaWOLIBII PO3MOBCIOKEHUX METONA
BHU3HAUYEHHS aBTOKOpENsAIii 3aymmikiB. [Tepmmii meTon — 1ie
mo0yoBa rpadika 3aIe)KHOCTI 3aJIMIIKIB BiJ] 4acy Ta Bi3y-
aJlbHEe BU3HAYCHHS HASBHOCTI a00 BiJCYTHOCTI aBTOKOpe-
nsnii. pyruit Mmeton — BUKOpUCTaHHS Kputepito [lapOina
— YoTcoHa Ta po3paxyHOK HACTYITHOI BEJIMUUHH:

n
2
z (gt - gt—l)

_t=2
= X .

Z &

t=1
Takum yuHOM, d SBISETHCS BiJHOIIEHHS CyMH KBaj-

patiB pi3HOCTEH MOCHIJOBHUX 3HAYCHD 3JUIIKIB IO OCTa-
TOYHOT CyMHU KBaJIpaTiB M0 MOJIENi perpecii.

d (15)
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BucHOBKM Ta mepcneKTHBH MOAAJBIIMX AOCJil-
skeHb. Ha HapoKyBaHICTh BIUIMBae 6arato (akTopis: Biii-
HU, COLliaJIbHI YMOBH, MEIMYHE OOCITyrOBYBaHHs, PIBEHb
KyJIBTYPH Ta OCBITH Ta iH. AJle HaifOIBII HAPOKYBAHICTh
3aJISKUTH CaMe Bil 10OpoOyTy ciM’i, 11 CYKyITHOTO JOXOAY.
CaMe TOMy B SKOCTI IIO9aTKOBHUX AaHUX IS JOCIIHKEHHS
Oyyno 0o0OpaHO B3a€MO3B’s3aHI Ps/AW: HAPOKYBAHICTh Ta

peanbHui noxin mo Ykpaini 3a mepiof ciuenb 2005 p. —
nunens 2012 p. (puc. 1-2).

Buxopsuu 3 rpagikiB, 0a4nMo, 110 HEOOXiTHO BHIi-
JIUTH aHOMaJIbHI 3HAYEHHSI JJIs1 HAPOXKYBAHOCTI, OCKIJIBKH
JIesIKi TIOKAa3HUKH DPSITy OyXKe BIIXWISIOTBCS Bill CYCia-
HbOro. TakuM YMHOM, OTPUMAaHUMN pAl, NPEACTaBICHUI
Ha puc. 3.

50000
43000
=
2
B 40000
33000
50000
’ 2006 2008 2010 2012
HAC, PO
Puc. 1 KinbkicTs HapomkeHux aiteit y nepion 2005 — munens 2012 pp.
2500
2000
3
o150
& 1000
=
o
300
0
2006 2008 2010 2012

HaC, POKH

Puc. 2 Peanbuuii moxin mo Ykpaini B nepion 2005 — nunens 2012 pp.
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—— Hapomsyeanicts 3 BMEIHOYMHMMH aHOMATEHHMH 3HATeHHAMH
---- Peansni sHaYeHHA HAPOMHYEAHOCT
SU0eH0 -
40000
3000
0 l?l}l}-‘l 2006 2008 2010 2012 2014

Hac, PO

Puc. 3 Buximauii psj HapoKyBaHOCTI, MICJI BUKITIOYECHHS 3 HHOTO aHOMAJILHUX 3HAYCHb

Po3risiHyTO Ta BHUKOPHCTAHO HAa MPAKTHUI[ METOIH
MOJICTIFOBAHHSI Ta MPOTHO3YBaHHS YACOBUX PSIiB; MpH
BHUBYCHHI Pi3HUX MiAXOMIB IS MOJAEJEH 3 PO3IIOAITICHIMHU
naramu, OyB oOpaHuil miaxina, skuil 6a3yeThCsl HAa TOCITI-
JOBHIH OIIHII HAPOIKYBAHOCTI Ta OYJIH PO3TIISHYTI alb-
TEPHATHUBHI MOJENI CE30HHOI CKIaJ0BOi. AJEKBATHICThH
po3pobieHol Mojeli Oyia mepeBipeHa Ha eK3aMeHaIliHii
BuOOp1i 3a nepue niBpiudst 2012 poky.
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ADVANCED DEMOGRAPHIC SITUATIONS BASED ON LAG MODELS

Research and forecasting of time series based on models with lags is offered, as well as calculation of a reliable forecast based on data on birth rates in
Ukraine. Economic modeling is one of the important modern tools for assessing the impact of technologies on the economic sector in order to obtain an
optimal solution. Economic evaluations can be based on several different modeling approaches, each with its own strengths and weaknesses. The
relevance of the use of economic and mathematical models for the purpose of studying demography is connected with the need to study population and
migration processes, as well as for further planning and implementation of the country's economic and social development. In every sphere of the
economy, there are phenomena that are interesting and important to study in their development, as they evolve over time. Prices, economic conditions,
industrial processes, and demographic data tend to change over time. The set of measurements of this kind of indicators depending on time is a time
series. The goals of studying time series can be different. It is possible, for example, to try to predict the future on the basis of knowledge of the past, to
control the process that generates the series, to try to find out the mechanism underlying the process, to clear the series of components that obscure its
dynamics, or simply to briefly describe the characteristic features of the series. When studying the relationships between indicators or when analyzing
their development over time, not only the current value of the variables, but also some previous values in time, as well as time itself, are used as
explanatory variables. Models of this type are called dynamic. In economic analysis, dynamic models are used quite widely. This is quite natural, because
in many cases the influence of some economic factors on others is not carried out immediately, but with some delay — a lag. The object of research is
the mathematical model of the interdependence of the vector time series "Births in Ukraine for January 2005 — July 2012." The data are chosen quite
relevantly, because without a preliminary demographic forecast it is impossible to imagine the prospects of industry and consumption of goods and
services, housing construction, development of social infrastructure, health care and education, pension system and solutions to geopolitical problems.
Keywords: economic modeling, economic analysis, time series, lag, dynamic models, population and migration processes.
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A M. KIIATYEHKO, xaununat TEXHIYHAX HAYK, JOLEHT KaeJapr CHCTEMHOTO MPOrpaMyBaHHs 1 CIIENiaTi30BaHuX
KOMII'IOTepHUX chcTeM HalioHanpHOro TeXHIYHOTO yHiBepcuTeTy YKpainu « KHiBChbKuil MONITEXHIYHUH iHCTHTYT iMeHi [ropst
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B. B. I'OJIYH, crynenr kadeapu CHCTEMHOTO IPOrpaMyBaHHs i Creliali3oBaHUX KOMIT FOTEPHUX cHcTeM HalioHanbHOro
TeXHIYHOTO yHiBepcuTery Ykpainu «KuiBchkuil mositexuiunuii iHctuTyT iMeHi Iropst Cikopebkoro», M. Kuis, Vkpaina; e-mail:

holub.volodymyr@I1l.kpi.ua
E®EKTUBHICTh MOJU®DIKAILIL AJITOPUTMY YIILIBHEHHS JAHUX BE3 BTPAT

CydvacHuii piBeHb PO3BUTKY iH(GOpPMALIIIHUX TEXHOJOTIH 00YMOBIIOE CTpiMKe 30imbIIeHHs 00cATiB iHhopMalii, 1m0 30epiracTbesi, NEPeaacThCs Ta
00pOOITIOETHCST B KOMIT FOTEPHUX CHCTEMax. 3a0e3leueHHs MOBHOLIHHOTO Ta e)eKTUBHOrO BHKOPUCTAaHHs wi€l iHGOpMALii BUMarae 3acTOCYBaHHS
HOBITHIX YJIOCKOHAJICHHX allOpUTMIB /Ui YIIIIbHEeHHs Ta ontuMizamii ii 30epiranns. Ilonmanbine 3pocTaHHS TEXHIYHOTO PIBHS amapaTHHX Ta
MPOrPaMHUX 3acO0IB TICHO MOB’sI3aHO 3 MPoOJIeMaMu HecTadi mam’sITi [u1st 30epiraHHsi, 110, TAKOXK, aKTyali3ye 3amady eeKTHBHOI KOMIIPECii TaHHX.
IMokpatieHi aJropuTMH CTUCHEHHS JO03BOJIAIOTH €(EeKTHBHiIIE BUKOPUCTOBYBATH PECYpCH IS 30€piraHHs Ta 3MCHIIYIOTh 4ac HMEPECHJIAHHS JaHHUX
yepe3 Mepexy. 1lopoky mporpamicTd, BYEHI Ta HAYKOBI[ IIYKAIOTh CIIOCOOHM YIOCKOHAJCHHS ICHYIOYMX allTOPUTMIB, a TaKOX BHUHAXOIATh HOBI,
OCKIJIBKH KOXXCH aJITOPUTM, HABITh SIKIIO BiH € MPOCTUM, Ma€ CBiil MOTeHIian yaockoHaneHHs. lInpoke Koo TeXHOJOriH, MoB's3aHuX 31 300poMm,
00po0KoI0, 30epiraHHsM i mepenadero iHpopmailii, 3HAYHOIO MIpOIO OPIEHTYETHCS HA PO3BUTOK CHCTEM, B SKUX rpadiuHe mogaHHs iHpopmaiii Mae
nepeBary HaJl iHIIMMH TATIAaMH TIPeJICTaBlIeHHs. PO3BUTOK CydacHMX KOMIT FOTEPHHX CHCTEM i MEpEX BILTMHYB Ha IIMPOKE PO3NOBCIOUKEHHS 3ac00iB,
IO OIEPYIOTh IU(PPOBUMH 300paskeHHSIMHU. 3pO3yMiio, M0 30epiraHHs i mepenada BENMKOi KiTBKOCTI 300paXkeHb y HMEepBiCHOMY, HEOOpoOIeHOMY
BUIJIIII € JOCHUTh 3aTPaTHOIO IO pecypcaM 3ajgauyero. B cBOO yepry cydacHi MyJIbTHME[iifHI CHCTEMH HaOyiaM 3HAYHOI MOIMYJISPHOCTI 3aBIIIKH,
HacaMmIepen, epeKTHBHAM 3aco0aM koMmmpecii rpadiunoi inpopmarii. CTHCHEHHS 300paXkeHb € KIIOYOBUM YHHHUKOM IS ITiJBUIEHHS €()eKTHBHOCTI
nepezadi JaHUX Ta BAKOPUCTAHHS 00UNCITIOBANBHUX pecypciB. PoGoTa npucBsueHa J0CiimkeHHI0 Moudikallii anroput™My cTucHeHHs naHux The Quite
OK Image Format, ao QOI, 1o onTuMi3oBaHO 3a MIBHAKOIIEIO sl CTUCHEHHs rpadiunoi indopmarii. TecTyBaHHs THX peanizaliiif anropuTMmy, sKki
OyJH 3aIpOIIOHOBaHI HOTrO aBTOPOM, JEMOHCTPYE Taki OOHAMIMJIMBI pe3ysibTaTH, IO MOXYTH 3pOOUTH HOTO KOHKYPEHTOCIIPOMOXKHHM IIOJIO BIXKE
Bizomoro anroputmy PNG, 3a6e3nedyroun OiblTy IBHIKOJIO CTUCHEHHs Ta HAIJIEHICTh HA poOOTy 3 apxiBamu. B cTaTTi mpoBeseHO MOpiBHAHHS
pe3ynbTaTiB poOOTH JIBOX 3alPOIOHOBAHUX MOIM(DIKaIiil aIropuT™My 3 OpUTiHAIBHOIO peaizalli€elo Ta MokazaHo ixHi nepeBaru. OuiHeHo eheKTUBHICTh
Mo HdiKaliif Ta 0cOONMMBOCTI IXHBOTO 3aCTOCYBaHHS JUISl Pi3HUX BUMAKiB. Takoxk MpoBeIeHO MOPiBHAHHS Koe(illieHTiB CTHCHEHHS (aiiiB, mo Oymu
yminsHeHi opurinansHuM anropurMoM QOI 3 Taknmu koedinieHTamu, siKi OyJI0 OTPEMaHO B pe3yJbTaTi 3aCTOCYBaHHS MoH(iKaliif iforo moyaTkoBoi
Bepcil.
Kurouosi ciioBa: crucHeHHs nanux, anroput™ QOI, Moxudikartis arroputMy, yIiiabHEeHHs JaHUX 6e3 BTpaT.

Beryn. Ilporpec B ramysi TeXHIYHHUX 3acOO0IB Bia-
TBOpEHHSI, nepenayi i 30epiranHs iH(opMalil He BCTUTAE
3a moTpedaMu JIF0CTBA, i TOMY BaXKIMBO €()eKTHBHO BHKO-
PHCTOBYBATH HasiBHI 3aco0u 30epiranus i nepeaadi iHdop-
Marii. OmHUM 13 YMHHUKIB, IO 1Ie 3a0e3nedye, Moxe OyTH
edeKTHBHA I0/1a4a HasIBHOI iH(popMarii 3 BUKOPHUCTAHHIM
yLIiJIbHeHHs (KoMmpecii) aaHux Oe3 Brpat [1].

3HauHM MOTIK iHpOpMALii crioXuBavi MyJIbTHMElia
KOHTEHTY OTPUMYIOTh 3aBJSIKM Mepexi IHTepHeT, nepers-
narouu BebcaiTn [2]. s GinbiIoi HAOUHOCTI, JOCTYITHOC-
Ti Ta pO3YMIHHS 3MICTY TaKHX CalTiB, 4aCTO I iHpOpMAITis
CYNPOBOIKYEThCA T'padiyHUMHU 300paKeHHAMH, SIKi Mia-
KpECIIOIOTh UM BUCBITIIIOIOTH OCHOBHY ii cyTh [3]. 300pa-
KEHHS € TaKuM THUIOM iH(opmalii, o B HEZaIeKOMY
MHUHYJIOMY MOIJIO TMOCTYMHMTHCS MOMYJISPHICTIO TiJIbKH

() ©®

TEKCTOBHM JIaHHM, aJie 3aBSIKH MOJMJIMBOCTSM CY4YaCHHX
MYJIBTUMEAIMHUX 3acO0IB 1L HOMYJSPHICTh BXKE JaBHO
nepeBepIiia CUMBOJIbHE TIO1aHHs iH(opMaiii.
MynbTiMeailHI  3ac00M  J03BOJISIOTH  €(EKTUBHO
BUPIIIUTH IIMPOKHUHA CIEKTP 3aBIaHb — MU 3yCTpidaeMo iX
KOJIM TIOYMHAEMO POOOTY 3 KOMIT FOTEPOM, BiIKPHBAEMO
Oynb-sIKy IIporpamy, HaTPaIuIIEMO Ha IMTKTOIPaMH, 10 TeX
€ BugoM rpadiku. [Iporsrom nobu poduthest He3miueHHA
KiJbKicTh  oTorpadili, SIKMMH AUIATBCS 3 KOJEraMH,
IOpYy3iMH, sIKi MyONiKYyHOTbCS B cOLMepekax Towo [4].
Xapakrepuctuku (ororpadiii, SKIiCTb mepenadi Koibopy,
pO3Mipu 300pakeHb, X PO3LIMPEHHS TOKPALYIOTCS IS
BiloOpakeHHs 00’€KTiB OmMk4de A0 MPHUPOMHIX, 00
TOYHO mepeaaTH ix cyTHicTh [5]. 3 omHoro Goky Iie
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MOKpallye COPUIHATTS JIOJUHOI0 KapTHHH, ajie 3 Ii/BHU-
LIEHHSM sIKOCTi ()OTO 3pOcTae i BMICT HaWTMIIKOBOT iH(pOp-
Marlii, ska € HeOa)kaHO 3 TOUKHU 30py 30epiraHHs, 00poo-
KU Ta TEpecHIaHH;IM 300paXEHHS MK KOMIT IOTEPHUMHU
3aco0aMu. Ha/umMInkoBicTh BILIMBAE Ha IIBUIKICTH Iepe-
Jladi JaHWX 110 MepeXi Ta BUKOPUCTAHHS PeCcypciB Mepexi
[6].

Just 60poTEOHM 3 HAAIHWIIKOBICTIO ab0 3MEHIIEHHS
pO3Mipy TOTO 9H iHIIOTO THUITY (aiiyliB, BUKOPHCTOBYIOTH
ITOPUTMH CTUCHEHHS 300pakeHH [ 7]. 3aBASKH CTHCHEH-
HIO JaHUX MOKEMO OTPHMATH (aiiiii MEHIIOTO po3Mipy, a
OTXKeE 1 CKOPOTHUTH Yac Nepeaayi TaKux JaHuX Ta 3BUIbHUTH
JIOJTATKOBE MICIle Ha MPUCTPOi i 30epiranus. Lle mo3so-
JIsl€ ONITHMI3yBaTH MPOCTIp Uil 30epiraHHs Ta HaBaHTa-
KEHHsI Ha MEPEKY.

[TpoGnema cTUCHEHHS 300paXKeHb 3aBXKIU OyIe aKTy-
aNpHOIO0 Ta MoTpedyBatuMme ynockoHaneHHs. [lomymsipHi
ITOPUTMU CTHUCHEHHS, AKi HaOYyNU IIHPOKOTO 3acTOCY-
BaHHS CBOTOIHI, Oyl BHWHAHACHI NECATKH POKIB TOMY.
Bararo 3 HuX Bxe Oynu HEOJZHOPA30BO MOIM(IKOBaHI Ta
MTOKpAIIIEH] JUIsI BAKOPHCTAHHSA 13 00MEKEHIM KOJIOM THIIIB
300pakeHb. [lompu 1ie, HOIIYK €IMHOTO YHiBEpCaIbHOTO
AITOPUTMY CTUCHEHHS 11ie TpuBae. KOKHOTo poKy 3aBASKH
PO3pOOHUKAM MPOrPAMHOT0 3a0€3MECUYCHHS MU OTPUMYEMO
HOBI aJTOPUTMH CTHCHEHHS, SKi ¢ MOTPIOHO YIOCKOHA-
JIUTH Ta TEepeBipUTH 1X eeKTHBHICTh Ha mpaktui [8]. 3
4acoM, MOXIJIMBO, BOHH 3aMiHSTh HOIIMUPEH] HUHI alropuT-
MU. Y JaHiil CTaTTi MPOMOHYETHCS PO3IIISIHYTH Ta OLIHUTH
e(eKTHBHICT, MOH(]iKaIiif BITHOCHO HOBOTO aJrOPUTMY
ctucHeHHs 300paxens QOI, skuit ctBopuB Hominik 11]a0-
neBChKi [9].

IMocTranoBka 3agaui. 3amava mossirae B po3poOI
YIOCKOHAJIEHOTO aNrOPUTMY CTUCHEHHS JaHUX Oe3 BTparT,
[I0 Ma€ MOKPAIIUTH PE3YJIbTATH ICHYKOUYOTO aJIrOPUTMY
[9], a Takox mpoOBeneHHSs TTOPIBHAHHS OPUTIHAIBLHOTO aj-
ropuT™My 13 MOAM(pIKOBaHUMHU BEpCisIMH Ta i3 MOMYJISp-
HUMHU GopMaTamH.

Omuc anaropurmy QOI. Anropurm QOIl cruckae
300pa)keHHs 32 OJIMH IPOXIJI 1O BCIX MKCEISX 300paKeHHS
[10].

OCHOBHI CKJIaJIOBIi :

e 3aroioBok — 14 GaiiTiB

e Tino (Oyap sika KiNbKiCTh ()parMeHTIB JAHHX),
po3Mip (parMeHTiB - kpaTHe 8 Oitam

e  3akirouHUl Mapkep

CTpyKTypa 3arojoBKy:

e char magic; — “mariuni” Gaittu “qoif”,

e Uint32_t width; — mmpunaa 306pakeHHs B TiK-
censix,

e uint32_t height; — Bucora 300paXkeHHS B ITiK-
censix,

e char magic; — “mariuni” Gaiitu “qoif”,

e int8_t channels; — 3 = RGB, a6o 4 = RGBA,

e uint8_t colorspace; — 0 = sRGB 3 iniiiHOIO
anbdoro ; 1 = Bci KaHaNM JIiHIHHI,

e channels Ta colorspace — Tingpku iH(popMaTHBHI
TOJIA.

Ha mouaTtky po0OoTH anropuTM BU3HAYa€ HasBHICTH
YU BIZICYTHICTh anbda-kaHamy. B 3aneXHOCTI BiJ IIbOTO

BUKOPHCTOBYETHCS OIMH 13 BapiaHTiB KOJYBaHHS MiKCEIb-
HHX TocTimoBHOCTEH ((parmenty) [11].
Skmo anpda-xkaHanm NPUCYTHIH, TO (parMeHT
QOI OP RGBA koayeThcs sk MOKa3aHO Ha pHc. 1.
Q0I_OP_RGEBA

Bytel@) Byte(l) Bytel2])
J. 8-8 4 32X B 7 ..0 7..0

Byte([3] Bytel4d)
7 .. 0 7 .. 0

& & & A48 & red green blue

Puc. 1 — ®parment QOI_OP_RGBA

be3 anmbda xanany ¢pparment QOI OP RGB kony-
€ThCS SIK HA pUC.2.

~ Q01_OP_RGB — - - -
Byte([9] Byte(1l] | Byte{2] | Byte[3] |

7 8'8. 4% .21 ¢ Teo® | 78 |7 a0}
! t |

ol (0 U5 Und e T WK red | green | blue |

| ' J

Puc. 2 — ®parment QOI_OP_RGB

[poxonsuu Mo MiKCeNsX, alTOPHTM MOXKE KOJYBaTH
MOTOYHHH TIKCENb OJHUM i3 YOTHPHOX BapiaHTiB. Takox,
i 9ac MPOXODKSHHS O MOTOYHHX MIKCEISIX 300paskeHHs
B IIPOMDKHOMY MAacHBi 3aBXIHU 30epiraetecs 64 momepen-
HBO MPOIJICHNX 3HAYEHB MIKCEIB.

Jns mepiioro BapiaHTy MepeBIPAEThCS 3HAYCHHS
KOJIbOPY TOTOYHOTrO TMiKcess. SIKI0 BOHO JOpIBHIOE
3HAUEHHIO MONEPEAHBOI0 MIKCeNsl 300paKeHHs, TO IMpH
I[OMY 301TBIIYEThCS 3HAYCHHS 3MIHHOI MPOMACHOI J0B-
KHUHH 300pakeHHs — 3MIHHY I'UN 3011bLIYEMO Ha OJMHUIIIO
Ta MEPexXoaUMO JI0 HACTYNMHOrO mikcens. Taky mociigoB-
HICTP JIili BAKOHYEMO IO THX IIip, TOKH IMIOTOYHUH MTiKCETh
He Oyze BiIpi3HATHCS BiJ momnepeaHboro. [licis 3Haxon-
JKCHHS YeproBOi BiIMIHHOCTI BiJl IOMEPEAHIX IKCENIB, Y
¢parmerr QOI_OP_RUN 3aHOCHTBCS 3HaYeHHS run —
KUTBKICTh ITOBTOPIB y OITOBOMY IpencTaBieHHi (puc.3).

— Q0I_OP_RUN ——
Byte[0)
76 5 4 3 210

| |
I |
| |
R G | run [
L J

b e e

Puc. 3 — ®parment QOI_OP_RUN

Hpyruii Bapiant. [lepeBipsieTbcst monepenHi 64
MmiKcessl, 1 B pa3i 3HAXO/KCHHsI CHIiBNAAIHHS y (parMeHT
QOI _OP_INDEX 3aHocuThCsl iHIAEKC TiKcenst 3 Oydepa

(puc.4).

— QOI_OP_INDEX —
| Byte[0]

| 7 6 5 43 210
I
[
L

l
l
l
l
J

1
]

0 0| index
1

Puc.4 — ®parment QOI_OP_INDEX

Tperiii BapianT. OCKiNBKH y OITBIIOCTI BHITAIKIB
PI3HHIIA MiX ITOTIEPETHIM 1 MOTOYHUM 3HAYEHHSM TTKCENiB
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HEBEJIMKA, TO parMeHT AOPIBHIOBATUME Pi3HHII 110 MOAY-
10 255 (8-6iTHuit KaHATT) MiXK TOTOYHUM TIKCeJieM i more-
penHiMm (puc. 5).

~ QOI_OP_DIFF ——
Byte[0] |

7 65 4 3 2 1 0|

d l 1 l

1 1] '

[ dr | dg | db |

1 1 L J

I
l
l
| e 1

Puc. 5 — ®parment QOI OP_DIFF

Takok MOXJIHMBHM BapiaHTOM (parMeHry €
QOI_OP_LUMA (nuB. puc. 6). Bin npezncrasisie co0oro
PI3HUIO MK IIOTOYHUM IIKCEJIEM 1 MOTIEPEIHIM, B TAHOMY
TPHUKIA] PI3HULS 10 3eJICHOMY KaHATY BUKOPHUCTOBYETHCS
sik 0a30Ba PI3HUI IJIsI 1HIIKUX KoJbopiB. Llei meron, sk
OyJio JOBeleHO, 30UIBIIYE CTYIiHb CTUCHEHHS B TECTax
OeHuMapKy.
~ QOI_OP_LUMA
I Byte[0]
| 76 54 3 210
l {

I |
L 1

1

Byte[1] |
7 6 5 4 3 2 1 0|
: l

I

J

1 0 diff green dr - dg db - dg

e —

Puc. 6 — ®parment QOI_ OP_LUMA

UYerBeptuil BapiaHT. Y BHIIQAKYy, KOIH >KOICH i3
MOTIepPEeTHIX BapiaHTIB HE MiIXOIUTh, 3alaM STOBYETHCS
OCTaHHE 3Ha4YEHHs 0€3 3MiH Ta IePEX0ANMO 10 HACTYITHOTO
TiKCeIs i BUKOHYEMO OJIHY 13 YOTUPHOX MOXKIUBHUH Jiif.

Jns 3amam’sitoByBaHHs Beiel iH(Gopmalii BUKOpHUC-
toByeTbest (pparment QOI OP_RGB (muB. puc.2) a6o
QOI_OP_RGBA (aus. puc. 1).

Moaugikauii anropurmy QOI. [{ns mouarky moau-
¢ikauii anropuTMy BH3HAYMMO KIIFOUOBI €JIEMEHTH ajro-
purmy (O0ydep, abo Te, IK KOIYIOTHCS CHMBOIH TOIIO) Ta
MIPOBEAEMO aHai3 MOXKIIUBOCTI MOTU(IKAIIIT KOKHOTO ee-
MEHTY OKPEMO YU Pa3oM i3 IHIIAMH.

V¥ anropurmi ctucaeHHs QOI MOkeMO BHIITUTH TaKi
eTarm:

e bydep i3 momepenHiMu 3HaUeHHAME 64 TIpoiie-
HUX MIKCEB.

e YoTupu MeTOaM KOJYBaHHS IiKCEINiB:

1. 3amam’sTOBYBaHHS, SKIIO MOTOYHUH MiKCENb J10-
piBaioe monepenapoMy (QOI_OP_RUN),

2. 3BamaM’sTaTd Pi3HMINO 3HAYCHD KOJIPHOI MOAEIi
110 TOTIEPETHIM nikcesiM(QOI_OP_DIFF abo
QOI_OP_LUMA),

3. Bignaiitn iHnmekc takoro x mikcens y Oydepi
npoiinenux mikcenis(QOI OP INDEX),

4. 3anumcaT OpHUTiHAIBHI 3HAYEHHS KOJIIPHOT MOJIEI
MIOTOYHOT'O iKCces (QOI_OP_RGB abo
QOI_OP_RGBA).

KoxkeH i3 MeTOiB KOIyBaHHs 3allUCyEThCs Yy (par-
MeHTH. Po3mip omHOTO hparMeHTy 3aieXnuTh Big foro Tu-
my (Taom. 1).

Just Toro, o0 BipHO PO3KOyBaTH YIIiJIbHEHE 300pa-
JKeHHS, BC1 ()parMEeHTH MAIOTh CBOI TerH, abo Kparie cKa-
3aTH, OiTH-11eHTHDIKATOPH.

Inentudikaniss  dpparmentie QOI OP RGBA Ta
QOI OP RGB ocob6nuBa, ix MOXHa ineHTH(IKYBaTH,

KOJIM 3Ha4YeHHs Oaiity mopiBHroe 11111111 a6o 11111110
BiAMoBigHO. [HIII hparMeHTH 11eHTU(IKYIOTBCS TUIBKH MO
JIBOM CTapIIMM OiTaM, OCKUIBKH LBOTO JOCTaTHBO TOMY,
1110 BCHOTO JINIMIAETHCS 4 BUAM HparMeHTiB (11 MHOXKUHH
Bapiaiiil 3HauCHb JTBOX OITIB IIUTKOM JJOCTATHKO).

Tabnuus 1 — Tabmui po3Mipy KOKHOTO i3 pparmMeHTiB, sxi
Mmictuts anroput™m QOI.

Hassa JloBxkuHa
QOI_OP_RUN 1 Gaiit
QOI_OP_DIFF 1 Gaiit
QOI_OP_LUMA 2 Gaiitu
QOI_OP_INDEX 1 Gaiit
QOI_OP_RGBA 5 GaiiTiB

QOI_OP_RGB 4 Gaiitn

3ayBa)KMMO, 110 BHACIHIZOK OCOOJMBOCTI ieHTH(DI-
kauii ¢pparmentiB QOI_ OP_RGBA ta QOI OP_RGB, nns
¢dparmenty QOI_OP_RUN icuytoTs ooOMexeHHs. L{i oOMe-
JKCHHSI [IOB’sI3aHi 3 TUM, 1110 AJ1st ineHTHdikamii pparMeHTy
QOI_OP_RUN jBa crapiiux 0iTa BCTAHOBIIOIOTECS B 1, a
pemira 6 OiTiB BUKOPHUCTOBYIOTHCS IJIS 3aI1aM’ITOBYBAHHS
KiTbKOCTI TIOBTOPIB. | siKIo y Hac moBTOpiB Oyzme 62 abo
63, y OiToBOMYy mpezncTaBieHHI e Burisgae sk 1111110
a6o 111111 BixmoBimHO 1 0 WX 3HAYCHb MOTPIOHO IEe
IojaTh crapiri OiTH, ski gopiBHIOOTE 11. V pesynbrati
MaTMeMo nBiiikoBi 3HadenHs a1 QOI OP RGB i
QOI_OP_RGBA. Tlix yac moaudikarii morpibHO Bpaxo-
BYBaTH TaKy OCOOJHBICTb, 00 YHHKHYTH HOMHJIOK MPH
JICKOTyBaHHI.

Monudikauis pparmenty QOI_OP_INDEX. Bi3b-
memo no yBaru QOI_OP INDEX, nomxuna skoro BiciMm
0iTiB, ZBa 3 SIKMX BIAHOCSTH J0 3aTOJIOBKY i IIiCTh OiTiB Ha
3amam’AToByBaHHS (64 pi3HUX 3Ha4eHb). Xem-QYHKIlis
JUTA BU3HAYCHHS 1HJeKCY mo3uii [12] Burisimae gk:

index=(r*3+g*5+b*7+a*11)%64

[Ticnst o3HallOMIIEHHST 3 KIIIOYOBUMHU €TarnamH ajro-
PUTMY, PO3IJITHEMO MOJXKJIMBICTh 3MIHH JOBXUHHU Oydepy
MpoiieHuX mikcemiB. Po3risiHeMo oHy i3 cuTyallii, Koy,
HATIPUKJIA], Y HAC MICJISA MPOXOKEHHS € 80 BIAMIHHUX MiXkK
co0oro mikceniB. [IpunmycTumMo, o My 3HaXOMMO HIKCEb,
sakuit OyB 14-m mikceneM i3 npoinenux 80 mikcenis. [lana
CHUTYyallisl HE TiJIXOJHUTh /0 XKOJHOTO 13 MONepeaHiX Bapi-
aHTIB KOJYBaHHS, OKPIM BapiaHTy 3aIlicy 3Ha4€Hb KOJIip-
HOi Mopeni 6e3 3miH y ¢parmentu QOI_OP_RGBA a6o
QOI_OP_RGBA. V rakiii curyartii 6yio 0 3py4HO MaTu
Oinpmuii Oydep MpolaeHNX MIKCEeNiB, MO Ja€ BUTPAII Bif
TPHOX J0 YOTHPHOX OalTiB. BpaxoByrouu Te, 0 cyJacHi
300pakeHHS MAIOTh JIOBOJI BEJIMKI PO3MIpH — HATIPHUKIIA,
300pakeHHs po3MipoM 2 560 x 1 280 mikceniB MiCTUTH B
co0i 3276 800 mikceniB. 3 LOTO BUIUIMBAE, IO BUIIE-
3rajjaHa CHTYyallisl I[IJIKOM MOXIIWBa 1 MpH Oijblne HiX
TPbOX MIUIbHOHAX IKCENB MOXE 3YCTPITHCh 4acTo. Y
Takiil cutyauii Tpu abo 4oTupm OaiiTW PI3HULI MOXYTbH
3irpaTd BHpILIAJbHY POJIb, BIUIMHYBIIM HO3UTHBHO Ha
BUXIZIHUI pO3Mip 300pakeHHSI.
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Jist Toro, mo6 301kImmTH po3Mip Oydepa, moTpiOHO
360impuTH po3mip ¢parmenty QOI OP INDEX (nus.
puc. 4) 3 1 OGaiity no 2 Oaiir. IIpu 30inbIIeHH] po3Mipy
¢dparmMenTy noTpiOHO BpaxyBaTu Te, O Tpeda 3MEHIIUTH
MOXKJIMBHI BUTpAIll Y PO3MIpi 3 TPhOX—YOTHPBHOX IO JIBOX—
TpboX Oaiiri. KibKicTh BUTpamrHUX OANTIB 3aJ1€KUTH BiX
TUMy 300pakKeHHS, Ta BiJ TOTO YM MICTHUTH BiH anb(a-
KaHai 4d Hi. [ IbOT0 BHIIAIKY MaKCUMaJIbHO MOJKJIUBE
3Ha4YCHHS IHAEKCY AopiBHIOE 16384 (Haramyemo, mo aist
MOTIePEeTHHOTO BapiaHTy MaKCHMalbHa KITBKICTh CHMBOJIIB
He TepeBuIyBaia 64).

Micns 3minm noBxkuHM Oydepa, NOTPIOHO 3MiHUTH
xem-(QyHKIlI0, SKa 3alucye 1HICKC 1 B 3aJeKHOCTI Bif
3HaueHHs R G B BupaBana ymme ojHe BiINOBiAHE 3Ha-
4yeHHs iHaekcy Oydepa. 11{o6 nepepobutn QyHKUilO Tak,
100 BUKOPHCTOBYBAJIKCH LIJIOYHCEIbHI KOCQII[IEHTH MO-
TpiOHO 3HAWTH TakKi 3HAUYeHHs KoedimieHTiB I, ¢, b Ta a,
00 BOHU OyJM IUTUMH YUCIIAMH i 32 MOXKJIHBOCTI Oyl
HaMEHIIIMMH CIUTEHUMH MHOKHUKAMH IS KOSQIIi€HTIB
3,5, 71 11. HatimeHmuii COIIbHUE MHOMKHHUK IS LIMX
grcen gopiBHioe 1 155. Omxe, OymeMo BUKOPHUCTOBYBATH
koedimientn, piBai 1 155, 2 310, 8 085 1 12 615 miamo-
BiJIHO. XemI-(hyHKIIis IJIsi BU3HAYCHHS 1HACKCY MAaTHME BH-
LIS

index = (r*1155+ g *2310+b*8085+ a*12615) %16384.

Mopudikauis pparmenty QOI_OP_RUN. Pozrius-
Hemo iHmmMi Bapiant — ¢parmenr QOI OP RUN. Bin
(ikcye KITBKICTh TIOBTOPIB MOMEpeHBOTO Tikcemns. OTxe,
SIKIIIO Y HAC BUHUKHE CHUTYaIlisl, KOJH Oy/e 3HalIeHO Oiib-
11e, Hi>k 62 0JJHAKOBHX ITIKCEJIS AP, TO AJIsl HACTYITHOTO
mikcenst MOTpiOHO OyAe BHKOPUCTATH OJWH 13 3 IHIIUX
BapiaHTiB. HactynmHuii mikcesbp Tex Oyze 3aK0OBaHO 3a
mornomororo ¢parmenty QOI_OP_RUN. Buacnifgok yoro

Im's

B amazoncom

. amazon.goi

. amazon run.qoi

B amazoning

o] apple.com

B zopieco

B zopte ungoi

E appieindexqoi
m

n_run.goi

creativecommens.org

creativecommons.qoi

ECOMMOonSs_Tun.Go

5]
i
El
. nnindex.qoi
5]
i
i
E

creativecommonsindex.qoi

orpumaemo 3 Oaiitu iHdopmarii. I A7t KOKHUX HACTYIHUX
62 OJHAaKOBUX IIKCENB 1€ BapiaHT Oyae momaBatu 2
OaiTH.

Jaii 3HOBY 301JIBIIUMO JTOBKUHY (pparMeHTa Ha 8 OiT.
Tak MokHa 3aKoayBaTd 10 15 872 OJHAKOBUX MiKCEIiB,
BPaxOBYIOUH OOMEXEHHS: 0 y 16-0iToBOMY YHCIIi B cTap-
mmx 0iTax HEe MOXKHA BHKOPHCTOBYBAaTH KOMOiIHAIIil, II0
JOPIBHIOIOTH 3HA4YEHHSAM 255 Ta 254 BigmomigHo. 3acto-
COBYIOUH TaKWil IPUAOM MOXXHA BHTPATH JCKIIbKA JIECAT-
KiB, a, MOKJINBO, COTEHb OaMT.

OcCKinbKku B OUTBIIOCTI 300pa)KeHb BAXKKO 3YCTPITH
CUTYAIliF0, KOJU OJHAKOBHX IIiKCeNiB Oyne Ounbiie 62
MOCT1JIb, TO 3pYYHHM BapiaHToM Oyiio 6 Te, o6 dparmMeHT
QOI_OP_RUN 0yB apanTHBHUM. AJAITUBHICTh Mae I10-
JSIraTd B TOMY, IO Y BUIAJKY, SIKIIO KUIBKICTh MIOBTOPIO-
BaHUX CHMBOJIIB OUIbINE HDK 62, TO MOTPIOHO BHKOPHC-
ToByBatd 30inpumienuit gpparment QOI RUN OP. fxmio
I KiJIBKICTh MEHINA, TO BHUKOPHCTOBYETHCS 3BHUYAWHUH
¢parmMeHT po3MipoM B omuH Oaiit. Taky peamizamito He
MOJKHA BIIKHIATH, aJie¢ B TAKOMY pa3i MOTPiOHO BBOAWUTH
HOBUI THN (parMeHTy, IO CHPUYMHUTH IOSIBY HOBOTO
ineHTHdikaTopa. ¥ MOTOYHOMY CTaHi BCi wothupm ¢par-
MEHTH KOJYIOThCs HA00poM i3 2 OiT, a sIKIo Oyie BBEAECHO
’ATHH (pparMeHT, To NOTPIOHO 0JaBaTH Lie OAUH OIT 10
Bapialiif i Taka 3MiHa BIUIMHE Ha BECh aJlTOPUTM. TakuMm
YHHOM L€ HEAOUILHO ISl aJITOPUTMY.

IHnn ¢parMeHTH 3MIHUTH CKJIAJHO TOMY, IO B HUX
MICTUTBCSl iHpOpMallis PO KOJIp i BOHA 3aleXKUTh BiX
MOTOYHOTrO 200 MONEPEAHBOT0 3HAYCHHS ITIKCEIIsL.

Ha puc. 7 moka3aHO CKpiHIIOT pe3yJbTaTy IOPiB-
HSIHHS CTHCHEHHS (hauiB i3 po3imuperHsM (oi ta png [12] B
Zip-apxiBi.

Pe3ynpTaTH CTUCHEHHS OJJHOKOJIPHOIO 300pa)KeHHs
mpecTaBiIcHi B Ta0I. 2.

Puc. 7 — IlopiBHsHHS cTUCHEHHs (asiB i3 po3umpeHHsM (Oi Ta png y zip-apxis
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Tabmuis 2 — Pe3ynpTaT CTHCHEHHS OTHOKOJIIPHOTO 300pa)KeHHs

Mopndixarris Po3mi CrucHytuit Bincorox Hac Yac nexoryBaHHs
A . 300pakeHHs P, CHYTH JIcoTO CTHCHEHHS, ¢ Ackony ’
AITOPUTMY Gaiir po3Mip, GalTH CTHCHEHHS CEKyHIH
CEKYH/IH
ORIGINAL black_1920_1080 8 294 457 367 46 99,56 5,78 4,35
RUN black_1920_1080 8 294 457 383 100,00 5,82 4,48
INDEX black_1920_1080 8 294 457 367 46 99,56 5,80 4,61
Tabmums 3 — Pe3ynpratn cTUCHEHHS 300pakeHHs 13 po3mipom 1 313 x 6 097
Momudikaris CrucuHyTuit Bincotok Hac Yac nexoryBaHHS
A 1 300pakeHHs Po3wmip, Gaiit CHYTH A CTHCHEHHS, prexony ’
ATOPUTMY po3Mmip, 6aiiTh | CTUCHEHHS CEeKYHIH
CEKYHIN
ORIGINAL amazon 32021501 5169 981 83,85 32,91 22,86
RUN amazon 32021501 5816 227 81,84 31,82 23,09
INDEX amazon 32021501 5816 227 81,84 32,10 24,39

Pesynbrati cTHCHEHHS 300pa)KCHHSA 13 PO3MipOM
1 313 x 6 097 HaBeneni B Tabi. 3.

BucHoBku. [IpoaHanizyBaBmIM OTpHMaHi pe3yibTa-
TH, MOXHA 3pOOUTH HACTYIIHI BUCHOBKHU :

e MomudikoBani amroputmu QOI
Jal0Th TIOKPAIICHHS MTOKA3HUKIB CTUCHCHHS.

e JSIKm0 MNOpPIBHIOBATH OPHTiHAJIBHUHA aITOPHTM
QOl Tta nBi ioro momudikamii, TO MOXHa 3pOOHUTH
BHUCHOBOK, 1110 Mouikamis QOI 3i 30ibmenusM 0ybepy
JUIsL  3amaM’SITOBYBaHHS MNPOMIEHMX MIKCENiB 3HAYHO
nporpae Momudikaiii QOIl, B skii MU pO3LIMPIOBAIH
¢parment QOI_OP_RUN.

e AmroputM i3  Moamdikamiero  pparMeHTy
QOI_OP_RUN Mo0Ha BHKOPHCTOBYBaTH 3aMIiCTh OPHIi-
HaIBHOTO anropuTMmy. OCKUTBKM PI3HHIS B Yaci KOIy-
BaHHS, JICKOAYBaHHs, Ta BUXITHIM PO3MIPOM CTHUCHYTOTO
300paXXeHHsI TPaKTHYHO OJHAKOBA, B BHIIAJKAX KOJIH
300pakeHHS Mae Oinpine, HiXK 62 OJHAKOBHX ITiKCEIS
HiIpsi, BIH BUTPA€ TOPIBHSAHO 13 OPHIiHAJIBHUM alro-
PHUTMOM.

eV Bunaaky nopisusHHs anroputMis PNG ta QOI
IIPU CTUCHEHHI 300pakeHHS, IO MPEACTaBiIsE o000
CKpIHIIOT €KpaHy, TO MHepIIMid mporpae BciM Moaudi-
kamism QOI Ta opurinansHOoMy anroputmy QOIl, Ha mo
BKa3yIOTh HaBE/ICHI BUILE PE3YJIbTaTH TECTIB.

HC 3aBXIU

Cncoxk BUKOPHCTAHOI JiTepaTypu

1. Fu S, Wang L., Cheng Y., Chen, G. Intelligent compression for
synchrotron radiation source image. 25th International Conference on
Computing in High Energy and Nuclear Physics. 2021. Bum. 251.
C. 1-7. DOI: https://doi.org/10.1051/epjconf/202125103073.

2. Hlxine JI. 63% mooeii 3apas onnauin. Beauxuii 36im Digital 2022 npo
xopucmysauieé inmepnemy. URL: https://ain.ua/2022/04/30/zvit-\
digital-2022/ (nara 3Bepuenns: 13.11.2023).

3. Use images and media to enhance understanding. URL:
https://accessibility.huit.harvard.edu/use-images-and-media-\
enhance-understanding (zara 3BepHenss: 12.11.2023).

4. Pixrep @®. Smartphones Cause Photography Boo. URL:

https://www.statista.com/chart/10913/number-of-photos-taken-\
worldwide (zara 3BepHenns:: 13.11.2023).

5. Xapaxmepucmuxu 306padicennss ma 3acobie 1020 GiOMEOPeHHs.
URL: https:/library.vpuhlukhiv.com.ua/subjects:basic:informatika:\

10.

11.

12.

graph:k%D0%B0r%D0%B0kterystyky zobr%D0%B0zhennia_t%\
D0%B0_z%D0%B0sobiv_ioho_vidtvorennia (lata  3BepHeHHs:
13.11.2023).

What are different types of redundancies in digital image? Explain in
detail. URL: https://www.ques10.com/p/7293/what-are-\ different-
types-of-redundancies-in-digi-1 (nara 3Bepuenns: 13.11.2023).
Compression algorithms. URL:
https://www.prepressure.com/library\ /compression-algorithm (zara
3BepHeHH:: 02.11.2023).

WebP. URL: https://uk.wikipedia.org/wiki/WebP (nara 3BepHeHHs:
13.11.2023).

Szablewski D. The Quite OK Image Format for Fast, Lossless
Compression. URL: https://qoiformat.org/ (mara 3BepHeHHs:
1.11.2023).

Szablewski D. QOIl - The Quite OK Image Format. URL:
https://qoiformat.org/benchmark (zara 3sepuenns: 7.11.2023).
Szablewski D. QOI-Specification. URL: https://qoiformat.org/qoi-
specification.pdf (zara 3Beprenns: 25.10.2023).

Portable Network Graphics (PNG) Specification (Second Edition).
URL: http://www.w3.0rg/TR/PNG/ (nara 3Bepuenns 8.11.2023).

References (transliterated)

Fu S., Wang L., Cheng Y., Chen G. Intelligent compression for
synchrotron radiation source image. 25th International Conference on
Computing in High Energy and Nuclear Physics. 2021. vol. 251
pp. 1-7. DOI : https://doi.org/10.1051/epjconf/202125103073.

Skil L. 63% liudei zaraz onlain. Velykyi zvit Digital 2022 pro
korystuvachiv internetu. Available at: https://ain.ua/2022/04/30/zvit-
digital-2022/ (accessed 13.11.2023).

Use images and media to enhance understanding. Avaible at:
https://accessibility.huit.harvard.edu/use-images-and-media-\
enhance-understanding (accessed: 12.11.2023).

Richter F. Smartphones Cause Photography.
Auvailable at: https://www.statista.com/chart/10913/number-of-\
photos-taken-worldwide (accessed: 13.11.2023).

Kharakterystyky zobrazhennia ta zasobiv yoho vidtvorennia.
Available at: https:/library.vpuhlukhiv.com.ua/subjects:basic:inform
atika:graph:k%D0%B0r%D0%BO0kterystyky zobr%D0%B0zhen\ni
a_t%D0%B0_z%D0%BO0sobiv_ioho_vidtvorennia (accessed:
13.11.2023).

What are different types of redundancies in digital image? Explain in
detail. Available at:  https://www.ques10.com/p/7293/what-are-\
different-types-of-edundancies-in-digi-1 (accessed: 13.11.2023).
Compression algorithms. Auvailable at:
https://www.prepressure.com/library/compression-algorithm
accessed: 02.11.2023).

WebP. Available at: https://uk.wikipedia.org/wiki/WebP (accessed:
13.11.2023).

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii

ananis, ynpasninksa ma ingopmayiiuni mexnonozii, Ne 2 (10) 2023

71



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

9. Szablewski D. The Quite OK Image Format for Fast, Lossless 11. Szablewski D. QOI-Specification. Auvailable at:
Compression.  Available at:  https://qoiformat.org  (accessed: https://qoiformat.org/qoi-specification.pdf (accessed: 25.10.2023).
1.11.2023). 12. Portable Network Graphics (PNG) Specification (Second Edition).

10. Szablewski D. QOI - The Quite OK Image Format. Available at: Auvailable at: http://www.w3.0rg/TR/PNG/ (accessed: 8.11.2023).

https://qoiformat.org/benchmark (accessed: 7.11.2023).
Haoiiwna (received) 17.11.2023

UDC 004.627

Y. M. KLYATCHENKO, PhD, associate professor of Department of System Programming and Specialized Computer Systems
of Igor Sikorsky Kyiv Polytechnic Institute; Kyiv, Ukraine, e-mail: y.kliatchenko@kpi.ua; ORCID: https://orcid.org/ 0000-
0003-4236-4059

V. V. HOLUB, student of Department of System Programming and Specialized Computer Systems of Igor Sikorsky Kyiv
Polytechnic Institute; Kyiv, Ukraine, e-mail: holub.volodymyr@I1l.kpi.ua

EFFICIENCY OF LOSSLESS DATA COMPRESSION ALGORITHM MODIFICATION

The current level of development of information technologies causes a rapid increase in the amount of information stored, transmitted and processed in
computer systems. Ensuring the full and effective use of this information requires the use of the latest improved algorithms for compaction and
optimization of its storage. The further growth of the technical level of hardware and software is closely related to the problems of lack of memory for
storage, which also actualizes the task of effective data compression. Improved compression algorithms allow more efficient use of storage resources
and reduce data transfer time over the network. Every year, programmers, scientists, and researchers look for ways to improve existing algorithms, as
well as invent new ones, because every algorithm, even if it is simple, has its potential for improvement. A wide range of technologies related to the
collection, processing, storage and transmission of information are largely oriented towards the development of systems in which graphical presentation
of information has an advantage over other types of presentation. The development of modern computer systems and networks has influenced the wide
distribution of tools operating with digital images. It is clear that storing and transferring a large number of images in their original, unprocessed form is
a rather resource-intensive task. In turn, modern multimedia systems have gained considerable popularity thanks, first of all, to effective means of
compressing graphic information. Image compression is a key factor in improving the efficiency of data transfer and the use of computing resources.
The work is devoted to the study of the modification of the data compression algorithm The Quite OK Image Format, or QOI, which is optimized for
speed for the compression of graphic information. Testing of those implementations of the algorithm, which were proposed by its author, shows such
encouraging results that it can make it competitive with the already known PNG algorithm, providing a higher compression speed and targeting work
with archives. The article compares the results of the two proposed modifications of the algorithm with the original implementation and shows their
advantages. The effectiveness of the modifications and the features of their application for various cases were evaluated. A comparison of file
compression coefficients, which were compressed by the original QOI algorithm, with such coefficients, which were obtained as a result of the
application of modifications of its initial version, was also carried out.
Keywords: data compression, QOI algorithm, algorithm modification, lossless data compression.
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METHODS AND MEANS TO IMPROVE THE EFFICIENCY OF NETWORK TRAFFIC SECURITY
MONITORING BASED ON ARTIFICIAL INTELLIGENCE

This paper aims to provide a solution for malicious network traffic detection and categorization. Remote attacks on computer systems are becoming
more common and more dangerous nowadays. This is due to several factors, some of which are as follows: first of all, the usage of computer networks
and network infrastructure overall is on the rise, with tools such as messengers, email, and so on. Second, alongside increased usage, the amount of
sensitive information being transmitted over networks has also grown. Third, the usage of computer networks for complex systems, such as grid and
cloud computing, as well as IoT and “smart” locations (e.g., “smart city”) has also seen an increase. Detecting malicious network traffic is the first step
in defending against a remote attack. Historically, this was handled by a variety of algorithms, including machine learning algorithms such as clustering.
However, these algorithms require a large amount of sample data to be effective against a given attack. This means that defending against zero-day
attacks or attacks with high variance in input data proves difficult for such algorithms. In this paper, we propose a semi-supervised generative adversarial
network (GAN) to train a discriminator model to categorize malicious traffic as well as identify malicious and non-malicious traffic. The proposed
solution consists of a GAN generator that creates tabular data representing network traffic from a remote attack and a classifier deep neural network for
said traffic. The main goal is to achieve accurate categorization of malicious traffic with a few labeled examples. This can also, in theory, improve
classification accuracy compared to fully supervised models. It may also improve the model’s performance against completely new types of attacks. The
resulting model shows a prediction accuracy of 91 %, which is lower than a conventional deep learning model; however, this accuracy is achieved with
a small sample of data (under 1000 labeled examples). As such, the results of this research may be used to improve computer system security, for
example, by using dynamic firewall rule adjustments based on the results of incoming traffic classification. The proposed model was implemented and

tested in the Python programming language and the TensorFlow framework. The dataset used for testing is the NSL-KDD dataset.
Keywords: cybersecurity, network security, malicious traffic identification, machine learning, generational adversarial networks, semi-supervised

learning.

Introduction. Computer networks are a key part of
modern digital communications. However, these networks
can be susceptible to malicious network traffic and various
attacks. These attacks can be categorized by specific packet
information used in them, such as the source address,
service and port used, protocol used, etc. As such, network
intrusion and attack detection play an important part in
identifying an attack and counteracting it and are relevant
areas of research.

Additionally, modern machine learning methods and
algorithms can be used to categorize data or objects with
great precision, provided there is a large enough training
sample. A variety of statistical analysis methods are used to
categorize the data. These include data clustering, which
attempts to group data points based on their similarity to
each other. A well-known example of such an approach is
k-means clustering, which attempts to assign N data points
to K clusters. A variation of this algorithm called k-nearest
neighbors is often used for classification problems.
However, accurate clustering often requires a large number
of data points. Another common machine learning
algorithm approach is supervised learning, for example,
using a decision tree classifier. In this approach, we attempt
to create a relation between input data and class labels in a
tree-like structure. However, as a supervised learning
algorithm, this requires the input data to be labeled. A
common problem with these approaches is the necessity of
having a large number of labeled examples. With rapid
developments in security penetration, a problem has
appeared where new penetration methods appear frequently
and gathering enough packet samples for model training
becomes a difficult task. Therefore, the aim of this research

is to develop a method for classifying network traffic with
a small number of labeled examples.

Problem definition. The core problem that the
research focuses on is the problem of malicious traffic
identification and categorization. The first part of the
problem is the identification of whether or not traffic is
malicious in nature. Malicious traffic is one that can be used
to attack the computer network and individual devices in
the network and includes malware, DoS attacks, network
scanning, data exfiltration, R2L, etc. The second part of this
problem is the categorization of malicious traffic.

Relevant works. A number of researchers have
tackled the problem of network attack classification [1, 2]
and the effect of malicious traffic on computer networks [3,
4]. Of particular interest to this paper is the general
approach to performing a network attack described in [1],
as well as the classification and effects described in [2] and
[3], respectively.

Additionally, research into intrusion detection and,
more importantly, an analysis of malicious traffic packet
contents [5-7] help connect network attacks to packet
contents. This allows for the definition of features used by
the machine learning algorithm.

Lastly, research in the area of applying machine
learning to solve network intrusion detection problems was
performed [8], where a variety of models and algorithms
were used. Approaches to categorizing tabular data with
ML algorithms are described in [9]. This research describes
the architecture of GAN networks and semi-supervised
GAN networks [10-12].

In the author’s opinion, the problem of intrusion
detection using machine learning algorithms when there is
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insufficient data remains understudied. Additiona-
Ily, proposed solutions may encounter difficulty with
generalization when being applied in different scenarios. A
GAN-based model could be used to achieve a greater
degree of generalization.

Research objective. The purpose of this work is to
research methods and models of malicious network traffic
detection and categorization with the use of artificial
intelligence models. Additionally, the purpose of the work
is to create a ML model that can be used to detect and
classify malicious traffic with packet information.

Dataset information.

The dataset used in this research is NSL-KDD
[13], which contains 125000 examples of network traffic
packet data as well as 22 categories based on attack type.
Packets labeled “normal” indicate no attack. The features
used in the classification include internet protocol used,
service used, login status, login attempts, attempts to take
root status, file and script creation, error rate, and
others, for a total of 41 features. A total of 67000 records
are labeled as non-malicious traffic, and 58000 are labeled
as malici-ous (fig. 1, fig. 2, fig. 3).

Fig. 1 illustrates that most attacks seem to occur via
tcp and icmp protocols, whereas udp connections are less
likely to be malicious.

50000

40000 4

0000 4

unt

10000 1

elp p mp
prctecol_type

Fig. 1. Distribution of malicious and non-malicious traffic with
regards to protocol used

Fig. 2 shows a small sample of dataset entries. Here
we can see that most of the data is continuous numerical
data. However, it should be noted that the fields
“protocol”, "service,” and “flag” are categorical.

duration protocol type service flag sic bytes dst bytes

125568 &9
125969 8 3 <0 ] 0% 145
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Fig. 2. Selection of examples from the dataset [13]
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Fig. 3. Dataset information [13]

Fig. 3 shows all of the data fields used in the dataset.
This presents the full set of features (for this dataset) that
may be used to identify malicious traffic. For the purposes
of this research, no significant data processing was
performed.

Presentation of the main material.

The following data pre-processing was performed: the
categorical values were converted to numerical values, the
dataset was scaled using standard scaling, equation (1).

z=4, M
o

where Z — standardized value.
X — original feature vector.
 — mean of the feature vector.

o — standard deviation of the feature vector.

The labels were one-hot encoded in order to be used
for categorical classification.

For training, we make use of a 70:30 split of training
to test data.

As a baseline classifier, a simple deep neural network
was implemented using TensorFlow keras with two fully
connected layers with 32 and 16 neurons, activation
function is “relu”, batch normalization layers, and dropout
layers to prevent overfitting (fig. 4). The final layer is a
dense layer with “softmax” activation for categorical
classification. Model metrics are
“categorical_crossentropy” for loss function and
“categorical_accuracy” for accuracy. The model was
trained for 50 epochs on the dataset and achieved 99 %
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accuracy, indicating possible overfitting (fig. 5). This
classifier will be used to evaluate the performance of the
GAN-based classifier.
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[(None, 42)]
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l

batch_normalization_17

input:

InputlLayer output:

input: ‘ (None, 42)

BatchNormalization output: | (None, 42)
dense 18 | input: | (None, 42)
Dense output: | (None, 32)

batch_normalization_18
BatchNormalization

'

input: | (None, 32)

output: ‘ (None, 32)

dropout_13 | input: | (None, 32)
Dropout output: | (None, 32)
dense 19 | input: | (None, 32)

Dense | output: | (None, 16)
Y
batch _normalization 19 | input: | (None, 16)
BatchNormalization output: | (None, 16)

dropout 14 | input: | (None, 16)
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Fig. 4. Baseline classifier model

lonat ove Clavelw

emberiam |

| — Chsifer 2comacy

Bl

[

Fig. 5. Baseline classifier model training metrics: a — loss metric,
b — accuracy metric

The second model is based on a generative adversarial
network (GAN). These networks consist of a generator
model and a classifier model. The generator uses gaussian
distribution noise to generate fake information, equa-
tion (2).

—(x-p)°

1 252
e 7
oN2r
where P(x)— probability density function for x.

X — original feature vector.
4 — mean of the distribution.

o — standard deviation of the distribution.

The classifier model of GAN is used to classify
generator output as real or fake. For this, a DNN with
sigmoid activation is used, somewhat similar to the baseline
classifier network shown earlier. The result of the
classification is used to calculate generator loss and
discriminator loss (fig. 6). This allows the generator to be
trained to create more believable fake data.

P(X) = @

§
/L4
; :
?t | g
é'»- Germretrs “.*- Servpie Jg.,.........r .gi
| R
a i

Fig. 6. General architecture of a GAN network [14]

As seen in fig. 6, the GAN network can use portions
of real data and generator input to create fake data. This
data is then categorized by the discriminator model. The
main purpose of such a network is to train the generator
model to create fake data that is similar enough to real data
that the discriminator model cannot tell a difference.

A subtype of GAN networks is a semi-supervised
GAN. These are often used when trying to create a
generator with few real samples available. In this case, the
discriminator predicts N+1 classes, with an additional label
being used for fake data classification. Of particular interest
to this research is the efficiency of the categorical
discriminator, not the generator model. The approach used
is to feed a small number of labeled samples to the classifier
on each iteration alongside a large number of unlabeled
samples, partially by removing labels from real data and by
using generated data.

In our implementation, we use two discriminator
mo-dels, one for real/fake categorization and another for
attack categorization. The target of the research is the attack
categorization model. The models share weights to ensure
correct categorization for real and fake as well as attack
class. We use two dense layers of size 256 and “relu”
activation, as well as batch normalization and dropout
layers. Output layers are “softmax” for the categorical
classification model and “sigmoid” for binary
classification. Loss  functions and metrics are
“categorical _crossentropy”, “binary_crossentropy”,
"categorical accuracy" and “binary accuracy” for the
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categorical discriminator and the binary discriminator,
respectively (fig. 7, fig. 8). Since all of our input data is
labeled, we only use a small sample of labeled
entries, between 100 and 500 samples, as input for the
categorical classifier model. For the generator, a model
with three dense layers was used with 128, 256, and 512
nodes and “relu” activation. Additionally, batch norma-
lization and dropout layers were used. The output layer is a
dense layer with nodes equal to the number of features and
“tanh” activation (fig. 9). For model training, 10 epochs
were used. With final training, categorical accuracy is
around 99 % and binary accuracy is around 78 %. Final
validation categorical accuracy is around 89 %. This
indicates possible model overfitting (fig. 10-12).

batch_normalizstion_3 {Batc

Fig. 8. Binary discriminator model

In fig. 7 and fig. 8, we can see the characteristics of
the classifier models. As mentioned before, the classifier
model from fig. 7 is used to predict class labels, and the
binary classifier from fig. 8 is used to improve the generator
model.

In fig. 9, a generator model is presented that takes an
input of gaussian noise and real data and outputs generated
data fields similar to the initial dataset. The final layer of
the model goes directly into the classifier model.

lense

tation

Fig. 9. GAN (generator and discriminator) model
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Fig. 10. GAN model metrics: a — generator and binary
discriminator loss metrics; b — binary discriminator accuracy

In fig. 10, b we can see that the binary discriminator
accuracy can fluctuate a lot, whereas in 10, a we can see
that the loss of the binary discriminator is steady and
decreasing. This means that the generator is producing data
similar to real samples.

In fig. 11, a we can see that the training accuracy for
the categorical classifier is high, reaching over
90 %; however, in fig. 11, b and fig. 12 we can see that the
loss and accuracy on validation samples are lower, at 88 %.
This may be explained by overfitting, perhaps due to model
complexity or the values of the generated data being too
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disjointed from one another compared to real data. For
example, a combination of certain values in data fields in
real samples may indicate an attack, whereas in generated
samples, these values may differ; however, the data would
still be created under the “attack” label.

Discriminaton rainmg acourucy
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i
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st o
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Fig. 11. Categorical classifier metrics: a — classifier training
accuracy; b — discriminator loss on validation data

HSCNMMAION &% ACCUTACY

Fig. 12 Classifier model accuracy on validation data

Conclusions. This research proposes the use of
semi-supervised GAN model to train a classifier network
for categorizing malicious network traffic with a limited
number of labeled entries. For comparison, we also used a
baseline classifier DNN with a full dataset. The baseline
classifier managed to achieve a validation accuracy of
99 %, whereas the SGAN discriminator only achieved
88 %. The SGAN discriminator shows signs of overfitting
with a training accuracy of 99 %. While the results are
subpar compared to a full dataset classifier, it is worth
noting that the SGAN model only received a small portion
of the dataset labels, between 100 and 500 samples, in
different tests while still achieving a relatively high
accuracy score. It should also be pointed out that GAN
networks generally have trouble generating entirely new
information; instead, they create slight variations of

existing data. As such, it may not be able to be used to train
a network to predict entirely unknown threats.

Overall, SGAN networks may not be an effective
solution to training network attack classifiers; however,
additional research may be conducted. In particular, the
question of network hyperparameter tuning remains
open, as it may allow us to prevent overfitting and improve
model accuracy. Additionally, since the research was
conducted only on a single dataset, it is worth exploring
additional datasets to further evaluate the proposed
solution.

References

1. Chasaki D., Wu Q., Wolf T. Attacks on network infrastructure. 2011
20th international conference on computer communications and
networks ( ICCCN) Lahaina, HI, USA, 31 July — 4 August 2011. 2011.
URL: https://doi.org/10.1109/icccn.2011.6005919 (date of access:
01.08.2023).

2. Anderson R. Security engineering: a guide to building dependable
distributed systems. 2nd ed. Indianapolis, IN : Wiley Technology
Pub., 2008.

3. Kun-chan L., Alefiya H., Debojyoti D. Effect of malicious traffic on
the network. The ANT Lab: Analysis of Network Traffic. URL:
https://ant.isi.edu/~johnh/PAPERS/Lan03a.pdf (date of access:
03.07.2023).

4. Dubrawsky I., Noonan W. Firewall fundamentals. Cisco Press, 2006.
408 p.

5. John W., Olovsson T. Detection of malicious traffic on back-bone
links via packet header analysis. Campus-Wide information systems.
2008. Vol. 25, no. 5. P. 342-358. URL:
https://doi.org/10.1108/10650740810921484  (date of access:
14.08.2023).

6. Network traffic analysis and intrusion detection using packet sniffer /
M. A. Qadeer et al. 2010 second international conference on
communication software and networks, Singapore, 26-28 February
2010. 2010. URL: https://doi.org/10.1109/iccsn.2010.104 (date of
access: 12.09.2023).

7. Wang W., Gombault S., Guyet T. Towards fast detecting intrusions:
using key attributes of network traffic. 2008 the third international
conference on internet monitoring and protection, Bucharest,
Romania, 29 June - 5 July 2008. 2008. URL:
https://doi.org/10.1109/icimp.2008.13 (date of access: 09.10.2023).

8. Panda M. A, Igbal A., Zahid M., Siddiqui M. R. Network intrusion
detection system: a machine learning approach. Intelligent decision
technologies. 2011. Vol. 5, no. 4. P. 347-356. URL:
https://doi.org/10.3233/idt-2011-0117 (date of access: 27.10.2023).

9. Kelleher J. D., D'Arcy A., Namee B. M. Fundamentals of machine
learning for predictive data analytics: algorithms, worked examples,
and case studies. MIT Press, 2015. 624 p.

10. Odena A. Semi-Supervised learning with generative adversarial
networks. arXiv.org. URL: https://arxiv.org/abs/1606.01583 (date of
access: 14.10.2023).

11. Pasupa K., Tungjitnob S., Vatathanavaro S. Semi-supervised learning
with deep convolutional generative adversarial networks for canine
red blood cells morphology classification. Multimedia tools and
applications. 2020. Vol. 79, no. 45-46. P. 34209-34226. URL:
https://doi.org/10.1007/s11042-020-08767-z  (date of  access:
18.10.2023).

12. Langr J., Bok V. GANs in action: deep learning with generative
adversarial networks. Manning Publications Company, 2019. 276 p.

13. Zaib H. Nsl-kdd. Kaggle: Your Machine Learning and Data Science
Community. URL:
https://www.kaggle.com/datasets/hassan06/nslkdd/data  (date  of
access: 05.09.2023).

14. Overview of GAN structure | machine learning | google for
developers. Google for Developers. URL:
https://developers.google.com/machine-learning/gan/gan_structure
(date of access: 20.10.2023).

References (transliterated)

1. Chasaki D., Wu Q. and Wolf T., Attacks on network infrastructure.
In: 2011 20th international conference on computer communications

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii
ananis, ynpasninksa ma ingopmayiiuni mexnonozii, Ne 2 (10) 2023 77



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

and networks (ICCCN) 31 July—4 August 2011, Lahaina, HI, USA 8. Panda M. A,, Igbal A., Zahid M., Siddiqui M. R. Network intrusion

[online]. IEEE. [Viewed 1 November 2023]. Available from: doi: detection system: a machine learning approach. Intelligent Decision
10.1109/iccen.2011.6005919 Technologies [online]. 5(4), 2011, 347-356. [Viewed 27 October
2. Anderson R., Security engineering: a guide to building dependable 2023]. Available from: doi: 10.3233/idt-2011-0117
distributed systems. 2nd ed. Indianapolis, IN: Wiley Technology = 9. Kelleher J. D., D'Arcy A., Namee B. M. Fundamentals of machine
Pub., 2008. learning for predictive data analytics: algorithms, worked examples,
3. Kun-chan, L., Alefiya, H. and Debojyoti, D., Effect of malicious and case studies. MIT Press, 2015.
traffic on the network [online]. The ANT Lab: Analysis of Network 10. Odena A. Semi-Supervised learning with generative adversarial
Traffic. 2009, [Viewed 3 July 2023]. Available from: networks [online]. arXiv.org. [Viewed 14 October 2023]., 2016,
https://ant.isi.edu/~johnh/PAPERS/Lan03a.pdf Auvailable from: https://arxiv.org/abs/1606.01583
4. Dubrawsky I. and Noonan W., Firewall fundamentals. Cisco Press, 11. Pasupa K., Tungjitnob S., Vatathanavaro S. Semi-supervised learning
2006. with deep convolutional generative adversarial networks for canine
5. John W. and Olovsson T., Detection of malicious traffic on back-bone red blood cells morphology classification. Multimedia Tools and
links via packet header analysis. Campus-Wide Information Systems Applications [online]. 79(45-46), 2020, 34209-34226. [Viewed 18
[online]. 25(5), 2008, 342-358. [Viewed 14 August 2023]. Available October 2023]. Available from: doi: 10.1007/s11042-020-08767-z
from: doi: 10.1108/10650740810921484 12. Langr J., Bok V. GANs in action: deep learning with generative
6. Qadeer M. A, Igbal A., Zahid M. and Siddiqui, M. R., Network traffic adversarial networks. Manning Publications Company, 2019.
analysis and intrusion detection using packet sniffer. In: 2010 second ~ 13. Zaib H. Nsl-kdd [online]. Kaggle: Your Machine Learning and Data
international conference on communication software and networks, Science Community, 2018, [Viewed 05 September 2023]. Available
26-28 February 2010, Singapore [online]. IEEE. [Viewed 12 from: https://www.kaggle.com/datasets/hassan06/nslkdd/data
September 2023]. Available from: doi: 10.1109/iccsn.2010.104 14. Overview of GAN structure | machine learning | google for developers
7. Wang W., Gombault S. and Guyet T., Towards fast detecting [online], Google for Developers [Viewed 20 October 2023].
intrusions: using key attributes of network traffic. In: 2008 the third Available from:
international conference on internet monitoring and protection, https://developers.google.com/machine-learning/gan/gan_structure
29 June-5 July 2008, Bucharest, Romania [online]. IEEE. [Viewed
9 October 2023], 2008, Available from: doi: 10.1109/icimp.2008.13 Received 27.10.2023

Y JIK 004.056:004.089

A. K. TPEMOB, HaujonanbHuii TexHiuHuMii yHiBepeuteT Ykpainu «KuiBChKHiA MONMITEXHIYHUHA IHCTHTYT iMeHi ropst
CikopchKOTro», acmipaHT kKadeapyu 00YHCITIOBATIBHOI TEXHIKH, (GakyabTeT iHGOPMATHKH Ta 00UNCITIOBAILHOT TEXHIKH, M. KuiB,
Vkpaina, e-mail: a.k.dremov@gmail.com, ORCID: https://orcid.org/0009-0005-7214-9458

METO/M TA 3ACOBHU NIJIBUINEHHSA EOEKTUBHOCTI MOHITOPUHI'Y BE3IIEKH MEPEXKEBOI'O
TPA®IKY HA OCHOBI HITYYHOI'O IHTEJIEKTY

Ll cTaTTa Mae Ha MeTi 3aIPOTIOHYBATH PIllIeHHs JUIs BUABJICHHS Ta KaTETOpH3allii MIKiTHBOTO MepexeBoro Tpadiky. Binnaneni ataku Ha KOMITFOTepHI
CHCTEMH CTAIOTh BCe OLIBII MOMMPEHUMH Ta HebOe3neuHnMu B Haur yac. Lle moB'si3aHo 3 mexinbpkoma daxTopamu, Aeski 3 SKuX HaBedeHi Hikde. [To-
TiepIe, 3pocTae BUKOPHCTaHHS KOMITTOTEPHHX MEPEK Ta MEPEekKeBOi iHPPACTPYKTYpH B IIIIIOMY 3a JOMOMOTOIO TAKUX iHCTPYMEHTIB, K MECEH KEpH,
eNIeKTPOHHA nomITa Tomo. [lo-apyre, pasom 3i 30iMbIIEHHAM BUKOPHCTaHHS 3pocTae i o6csr koHbieHniifHOT iHpopMallii, Mo nepeaeThest MepexKaMH.
ITo-Tpete, 3pOCII0 BUKOPHUCTAHHS KOMITTOTEPHUX MEPEX y CKIAAHNX CUCTEMAX, TAKHUX K eJIEKTPOMEPExKi, XMapHi 00UHMCIICHHs, a TakoX [HTepHeT peueit
i «po3yMHI» JIOKaIii (HampyKiIaJ, «po3yMHE MicTo»). BUsIBIIEHHS IIKiIIMBOr0O MepeskeBoro Tpadiky € mepIrmM KpoKOM y 3aXHCTi BiJ] BiZJaIeHOT aTakH.
IcTopruno 11E poOMIIOCS 3a TOMOMOTOI0 Pi3HUX AITOPHTMIB, B TOMY YHCII QJITOPUTMIB MAIIMHHOTO HAaBYaHHS, TAKHX sK KiacTepusanis. OmHak i
ITOPUTMH BUMAraroTh BEJTMKOI KUIBKOCTI BUOIPKOBHX JIaHUX, 11100 OyTH e()eKTUBHIUMU MPOTH MEBHOI aTaku. L{e 03Hayae, 110 3aXUCT Bijl aTaK HYJIHOBOTO
JiHS a0 aTak 3 BENMKOIO JMCTIEPCIi€r0 BXiTHUX TAaHUX BUSBIIAETHCS CKIAJHMM JUIS TAKUX alrOPUTMIB. Y Iiif CTAaTTi MU NPOMOHYEMO HaIiBKEPOBaHY
TeHepaTuBHY 3MaranbHy Mepexy (GAN) Uit HaBUaHHS MOJIEN JUCKPUMiHATOpa T Kiacudikarlii 310BMICHOTO TpadiKy, a TaKoX 1T igeHTHdikariii
37I0BMHCHOTO 1 HEHIKiZATUBOTO Tpadiky. 3anponoHoBaHe pillieHHs CKIamaeThest 3 TeHepatopa GAN, sikuit CTBOPIOE TaOINYHI AaHi, II0 TPEICTABISIOTH
MepexeBui Tpadik Bia BimmameHoi aTakw, i KiacudikaTopa ramOokoi HEHpoHHOI Mepexi s mporo Tpadixy. OcHOBHa MeTa — JIOCATTH TOYHOI
KaTeropu3anii IKiuMBoro Tpagiky 3a JOIOMOTOI0 HEBEIHKOI KiTbKOCTI MAPKOBAHHUX HMPHKIANiB. TEOPETHIHO Ie TaKOXK MOXKE IiIBHIIUTH TOYHICTH
kiacu(ikarii mopiBHIHO 3 MOBHICTIO KOHTPOIBOBAHUME MOAEISIMH. Lle Takok MOYke TOKpamuTH epeKTUBHICTH MOJEI MIPOTH a0COTIOTHO HOBUX THIIIB
atak. OTprMaHa MOJENb MOKa3ye TOYHICTH IepembaueHHs 91%, 1Mo HmkdYe, HDK y 3BHYAifHOI MoJeni MIMOOKOro HaBYaHHS, OJHAK L1 TOYHICTH
JlocsATa€eThCs Ha HeBenwKii BUOipHi manmx (mexme 1000 mapkoBaHMX NpukiaafiB). TakuM YHHOM, pE3yNbTaTH IBOTO JIOCHTIKEHHS MOXYThb OyTH
BHUKOPHCTAHI /I MiJIBUIIEHHS O€3MeKW KOMI'IOTEPHUX CUCTEM, HANpPHUKIAM, 33 JOMOMOrOK0 JAWHAMIYHOTO HANAIITYBAHHS MpaBWIl OpaHaMayepa Ha
OCHOBI pe3yJbTaTiB Kiacudikaiii BXigHoro Tpadiky. 3ampornoHoBaHa MoJienb Oyia peali3oBaHa Ta MPOTECTOBaHA HAa MOBI mporpamyBanHs Python Ta
¢peiimBopky Tensorflow. Jlnst TectyBaHHs BuKopucToByBaBcst Habip garux NSL-KDD.

Kurouosi ciioBa: kibepOesneka, MepexeBa Oe3neka, ineHTrdikalis mwkiamBoro Tpadiky, MallMHHE HAaBUYAHHS, TeHEPATHUBHI 3MarajibHi MEpexi,
HaIiBKEpPOBaHE HABYAHHS
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METHOD OF CONVERTING THE MONOLITHIC ARCHITECTURE OF A FRONT-END APPLICATION
TO MICROFRONTENDS

Web systems have existed for a long time and quite a lot of them have been created. Modern development uses new microservice architectural to improve
performance, portability, and other important characteristics. This necessitates the transformation of legacy systems from a monolithic architecture to a
microservices one. Such a process is complex and costly, so improving the methods for converting old systems to a new platform is relevant. This
research aims to develop a method of applying microfrontends approach for monolithic single page applications (SPA). The article proposes a method
of transforming the software system architecture from monolithic to microservice architecture (MSA). Since the client part of the system is considered,
the term microfrontend is proposed, as an analog of microservers in the server part of the software systems. A brief review of existing architecture
reengineering research is made and the advantages of a microservice approach are identified. The proposed three-stage method differs from the methods
by the selection of an additional stage of conversion, which allows to gently change the connections between parts of the monolithic application, which
were implemented in the initial monolithic architecture. The first stage is reverse engineering, it is proposed to shift the focus from the search for outdated
code to the functional analysis of the program as such. The second stage, a transition to a modular architecture with the allocation of functionality into
separate modules is proposed. At the end of the third stage, we have several separate programs (microinterfaces) that are connected to the main program.
An experiment with a typical external SPA demonstrates the operation of the proposed algorithm. The system obtained as a result of the transformation
is compared with the original one according to the following measurable parameters: production builds building time, size of the main bundle, and first
page average load time. All comparisons showed the advantages of the system obtained as a result of the conversion. As a result, the architecture
transformation algorithm allows you to obtain a guaranteed better result, taking into account the limitations of the interface SPA, which were not

considered by the authors of previous articles.

Keywords: information system, software architecture, algorithm, monolith model of an information system, software development process,
software migration, microservice architecture, single page application, method of converting to microfrontends.

Introduction. To create scalable, future-oriented
software systems in modern industrial programming, the
microservice architectural approach is increasingly used [1,
2]. Microservices break traditional monolithic applications
into a set of smaller services that can be independently
developed, tested, and deployed [3]. Due to highly
decoupled software modules, microservice applications are
easy to debug, update, use third-party code, therefore, in a
professional environment, they believe that the future is
theirs [4].

However, many applications have already been
developed as monolithic or modular, so in order to improve
these applications, it is necessary to migrate them to a
microservice architecture. Such actions have become the
preferred solution for software upgrades [5] than new
development.

With the development of browser-based client
applications, as well as the requirements for them, the same
problems that occur in monolithic backend applications
become more and more relevant, this is especially acute in
single page applications (SPA), which were originally
conceived as a single monolith.

We use a microservice approach to break a monolithic
SPA application into separate microfrontends. The topic of
this paper is the method of converting the monolithic
architecture of front-end applications to microfrontends.

Lets' talk about motivation. Just imagine that you're
the developer on some great project with a beautiful
microservice architecture. Each service is developed by

separate team, services are tested and deployed in isolation.
But let's back from imagine and see what we have on
frontend. Here is the typical SPA application. It's designed
with modern framework, but it is monolithic by its nature
with all the disadvantages of this architecture. So we think
may be we can do something like this — apply
microfrontends.

In the second section we analyse existing articles and
papers related to the strategies of the migration to the
microservice architecture. We highlight that this migration
could be successfully applied to solve an existing problems
that could be occurred in applications with monolithic
architecture approach. We also point that despite of the
existence of the fact that all of the problems of the
monolithic backend applications are inherent in front-end
applications, approach with dividing has been less reflected
in front-end development.

In next section we describe exiting methods of
migration to the microservices. We propose to use a
microservice approach to break a monolithic SPA
application into separate microfrotends. In this section we
also highlight limitations of the front-end SPA applications
that could not allow to apply existing methods directly for
converting its monolithic architecture into separate
independent units similar to microservices. Here the
additional motivation of such migration is described.
Finally in the main part of the section, we propose new
determination of the existing steps and describe all the
changes to be done on every step.
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The next sections describes the existing technical
approaches to organize microfrontends. Here we mention
the main advantages and disadvantages of these approaches
and the ability to be used for SPA.

The results section contains a description of an
experiment to prove the method proposed. Here we high-
light the requirements to the application that should be the
subject of the experiment of the architectural transforma-
tion to the microfrontends. We point the detailed descript-
tion of the changes in code and architecture according to
the previously explained method steps. In this section the
choice of a technical solution for the organization of
microfrontends is justified. New microfrontends are hosted
and the final application is evaluated.

In the last section we point the questions that are still
not covered in the current experiment or could be improved
in future works.

Analysis of Migration Strategies. Many business
applications have been in use for many vyears, their
development does not stop, and a lot of unsuccessfully
fixed bugs have accumulated [6]. It would be useful for
such applications to get a second life with a new
architecture without this accumulated set of bugs. There is
reason to believe that migrating to a microservice
architecture will help overcome the existing problems.
Particular reasons for migrating older applications are the
fact that microservices improve maintainability over
traditional monoliths due to a smaller code base, strong
isolation of components, and organization of microservices
around business functionality. In addition, the development
company has the ability to create autonomous teams of
employees, which should reduce coordination efforts and
increase team productivity.

However, the introduction of microservices can com-
plicate the quality assurance of systems [7]. From an ar-
chitectural point of view, quality assurance is considered a
key issue when migrating or developing systems based on
microservices [8]. Most of the existing research on micro-
services is focused on architectural principles and the
application of architectural patterns [9-11] in microservice
migration practices, which can provide an analytical view
of the common patterns and methods used for MSA, and
can be considered the starting point of our work. Many re-
searchers have contributed to the development and quality
improvement of systems based on microservices [2, 3, 12].

As a result, MSA has also become the preferred path
for software upgrades based on the architecture [13].

There are many examples of successful rewriting of
applications based on microservices [14], when, next to the
original, applications are made immediately in the
execution of microservices [13, 15, 16].

While MSA has gained a lot of popularity as an
architectural style for back-end development of web
applications, this architecture has been less reflected in
front-end development. Web applications have been
around for a long time and many large systems have
accumulated that have a monolithic architecture. This
statement applies to both the server side and the browser
side. For several years, research has been published on the
transformation of the back-end from a monolithic or
modular architecture to a microservice one [4, 17, 18].

Migration method. Since the microservice
architecture primarily touched server applications, we will
first consider the published methods for migrating to MSA.

The process of moving from an existing system to
microservices, based on earlier work on systems
reengineering, is described in three steps: reverse
engineering, architecture transformation, and forward
engineering [19].

The described migrations were motivated by the need
to partially or completely modernize the system, to some
extent such a system was considered legacy, so the system
that existed before the migration was called pre-existing,
and the target microservice system was called new system.
At the reverse engineering step, the system was analyzed to
identify obsolete code, which became a candidate for
transferring it to services. Further, this transformation was
a restructuring of the code with the transformation of the
current architecture to a microservice one, but maintaining
the same level of abstraction. At this step, the architecture,
business model and business strategy are changed. At the
stage of backward engineering, the system is being
finalized, implemented and deployed.

However, the browser part of the system, the so-called
front-end, has a number of limitations that make such a
conversion a difficult task. Such limitations include the
need to work with a single environment. It is executed on
the client side, so within one application there is always
only one address bar, one global BOM object, and,
accordingly, the DOM that is part of it. It is around this
problem that the main limitations of microfrontends are
built.

The authors present the adapted process of transition
of a monolithic SPA application to microfrontends as
follows on fig. 1:

Step 2: architecture transformation
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Fig. 1. Migration to microfrontends

The SPA approach has become popular relatively
recently, so the motivations for migrating to
microfrontends are caused not so much by outdated
architecture, but by the non-functional benefits that
microfrontends can provide. That is why the authors
propose to revise the above transition steps and specify
them as more appropriate in the context of working with
client applications. So, for example, at the stage of reverse
engineering, it is proposed to shift the focus from the search
for legacy code to the functional analysis of the application
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as such. At this step, functions are grouped, unified, large
functions can be separated. At the end of this step, our
architecture (pre-existing) is still monolithic and requires
further analysis before moving on to the next step.

The purpose of the stage of architecture
transformation is to analyze the current application to
determine the main business functions of the application
and, based on them, to identify potentially separate parts of
the application that should not depend on each other as
much as possible. For these purposes, you can use the
Strategic Design Domain-driven design approach. In the
context of DDD, the main application domains are
identified. To successfully solve this problem, all
stakeholders can be involved: developers, architects,
product owners; the project documentation is studied,
compared with the main business requirements.

Based on the allocated domains, the application
modules are created, which allows us to move to the
modular architecture stage. It should be noted that at this
stage we have already solved some problems inherent in
monoliths: code is more structured and less coupled. And
although we still have one application with bundles hosted
on the one server, this architecture allows us to organize
lazy loading of modules. This leads to a decrease in the size
of the main bundle, and hence to a decrease in the initial
load time of the application.

On the forward engineering step, the coupling
between the components of the different modules are
finally broken. At this stage, a technical solution for
organizing microfrontends should be selected. Due to the
limitations of client applications, in any division into
separate parts we still need one main application to manage
other microservices. All existing technical solutions come
down to solve the problem of how individual
microfrontends connect to the main application and how it
orchestrates them.

Step by step architecture changes are described on
fig.2.
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Fig. 2. Architecture transformation during migration to
microfrontends

On the step of the backward engineering step there is
no architecture changes. Here we can see changes on low
level: grouping, unifying or removing unused functions. On
this step we still have the same business models as in pre-
existing system. On the next step the transformation of the
architecture is finally take place. By the end of the step we
have modular monolithic architecture. Business models
could be changed to ensure better isolation of the modules.
These modules are candidates to be moved into separate
micro-frontends on the last step of the forward engineering
step. By the end this step we have several separate
applications (microfrontends) that are connected to the
main application (shell).

Technical solutions for microfrontends. Currently
there are several variants how to provide microfrontend
architecture. The simplest way to organize microfrontens is
to create several independent applications. We need to have
one main application with hyperlinks to other
microfrontend applications. Clicking on such hyperlink the
user is navigated to the other application with other URL.
The only benefit of this approach is its simplicity, but bad
user experience is the biggest price for this advantage.

Another commonly used variant is applying single-
spa framework. The idea is to create framework-specific
wrapper for every microfrontend application to integrate
them in one single-spa application. The main disadvantage
of this approach is the necessary to follow strict single-spa
framework rules for every microfrontend to organize
integration with other microfrontends. If there is a ready-
made application, then it is a bug risk that it should be
rewritten taking into account the single-spa rules.

One of the most popular mechanisms is to apply i-
frames. All necessary widgets should be placed in i-frames
that load the corresponding microfrontend hosted on
separate host. Data is exchanged between them using POST
messages. The main disadvantage of the approach is the
necessary of the loading full bundle of the microfrontend.
This fact limits ability to use i-frames only for good isolated
applications. Another downside is the risk of reloading
libraries with the microfrontend bundles.

The most modern way to work with mircrofrontends
is to apply the Module Federation feature of the Webpack
module bundler. This approach allows both the good
communication of the microfrontends and the ability to
avoid code duplication. The main idea of the approach is
configurate the shell application to import just the
necessary module from mircofrontend application.

Results. The authors took for consideration the
previously created Chess Tutorials application, on the
client part of which experiments were carried out. When
writing, the authors, recognizing the problem, chose an
application that has a large number of internal
communications, in order to maximally reflect the
problems that developers face in the process of solving real
problems. The client part is typical monolithic SPA created
on the Angular framework with state management
organized with NgRx. The application is an educational
platform for learning the game of chess. The application is
designed for two types of clients — teachers and students.

To prove the ability to apply the proposed method of
converting the pre-existing monolithic SPA was refactored
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according to all the necessary steps of migration: reverse
engineering, architecture transformation, and forward
engineering.

At the stage of backward engineering, the interface
elements were unified, large analyzed, reused components
were identified. Functions related to authorization and
student entities were separated; an application routing was
changed by adding new route for home page, Angular SDK
was upgraded to higher version etc.

At the next stage, an analysis of the business functions
of the application was carried out. Business requirements
defined the following abilities for different types of users:
tutors could invite students to the system, create lessons and
manage study groups, including tracking learning statistics
for students; students could complete tasks from the lessons
available to them, view the study groups. All available
business documentation was studied including vision and
existing prototypes. The example of the documentation that
could be applied to identify business domains is application
user path is displayed on fig.3.
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Fig. 3. Chess Tutorials documentation:
path of the user with role tutor
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Summarizing all the abilities and data from docu-
mentation, we identified such basic business functions as
managing students, working with lessons, working with
study groups. Based on the selected business functions, the
following domains was determined: Lessons, Students,
Groups and subdomain for Groups — Group Statistics.
Schematic view of the modular application is displayed on
fig. 4. Since domains must have a separate model valid only
within their bounded context [21], at this stage, the
application state (store) was restructured.

ADD module

Groups Stassins

Shared

Fig. 4. Application structure by the end of the architecture
transformation step

All support functions of the centralized storage have
been broken into separate modules according to belonging
to a certain domain. The models of User and Student have
also been separated, since they belonged to different
domains. In reality, it is not always possible to achieve
complete isolation of domains. This is exactly the situation
that the authors are faced with. To solve this problem, the
data obtained during functional analysis were used — the
identified reusable components were taken out into separate
shared modules. It should be noted that creating a single
shared module is a bad solution for large systems.

Since not all functions are reused in each of the above
domains, it is recommended to organize several shared
modules to prevent unnecessary functionality from being
imported.

All the domain logic was moved to separate
independent modules. All smart and dump components and
support services responsible for working with students
were collected in the Students module; the components of
the lesson builder, view and list of lessons (support services
and other structures) were moved to the Lessons module;
everything related to group management, including a
separate module of Statistics, was moved to the Groups
module. After the necessary transformations, the Chess
Tutorials application still looked like one big monolithic
application, but consisting of as much as possible separated
domain modules, as well as shared modules. At this stage a
lazy loading of the modules was applied. Domain modules
also had their own internal routing. The above domain
modules were the candidates for separate microfrontends.
Module Statistics at this stage did not look independent
enough to be moved to a separate domain, and, accordingly,
was not a candidate for moving to a separate microfrontend.
With the development of the application and with the
addition of a new functions, such a transfer may become
relevant in the future, so such a decision may be postponed
for this stage.

On the forward engineering step, all possible links
between domains was broken down as much as possible,
since each domain will be placed in a separate application.
Orchestration by these applications was done by a shell
application that was built from the main application
module. Orchestration itself was done using routing. On the
last stage we finally created microfrontends. One of the
problems that we faced at this stage is the correct
development of individual microfrontends. Since they
should be separate independent applications, duplication of
a large amount of code, at least the framework itself and
styles, cannot be avoided. Our domain modules still had
some common functions placed in shared modules. We also
had state manager and common data used in several
modules. All this led to the fact that duplicate parts of the
code would be loaded several times, for example, when
using the i-frame approach. To avoid code duplication in
bundles of the future microfrondents we applied Webpack
Module Federation approach. Microfrontends was still
separate independent applications with duplicated code, but
webpack allowed to load only the necessary (declared)
modules of microfrontend applications in the resulting
application on the client side. Shared module was divided
into separate shared libraries. New microfrontend
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applications were created and main domains were moved
from main application to them. After that we set up shell
application to import just domain modules from our
microfrontends and deployed all the applications
separately. As a result we had shell application, mfel
(Students), mfe2 (Lessons) and mfe3 (Groups).

Comparison of the pre-existing system and refactored
system is displayed on table 1.

Table 1 — Pre-existing and target systems comparison

Measurable Pre-existing system Target system
indicator (monolithic SPA) (Microfrontends)
Production
builds building
time, ms 20290 15363
Size of the main
bundle, KB 540.5 82.7
First page
average load
time, ms 644 269

Because of the ability to run build process of every
single microfrontend and shell application in parallel, the
result build time could be equal to the build time of the
largest application — mfe2. The size of the final bundle of
the target system (microfrontends) has become smaller,
which reduced the load time of the first page of the
application.

Conclusions and Future Work. In current work,
existing methods of migration to microservices are adopted
to be acceptable for microfrontends. Steps of converting
and new states of the application are defined and described
to take into account the limitations of the front-end SPA
which was not covered by authors of previous articles.
Experiment with typical front-end SPA Chess Tutorials
interface proved that the proposed conversion method
shows a good result, in terms of the quality of the resulting
software. Further research will be related to the concept of
DDD for more efficient domain identification and
microfrontend separation. Better understanding of
conceptions of the strategic design and the boundary
context will allow to design better domain models and as a
result better isolated microfrontends.
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METO/I MIEPETBOPEHHA MOHOJITHOI APXITEKTYPH FRONT-END JIOJIATKY HA
MIKPO®POHTEH/ 1

Bebcucremu icHYIOTB TaBHO 1 IX CTBOPEHO AOCUTH OaraTo. B cyuacHiit po3po0ii BUKOPUCTOBYIOTHCSI HOBA apXiTEKTypa MiKpPOCEPBICIB AJIs ITiABUIICHHS
TIPOTyKTHBHOCTI, MEPEHOCUMICTI Ta iHIINX BaXIIMBHUX XapakTepucTuk. e 3yMoBiroe HeoOXiqHiCTh TpaHCchOpMAIii 3acTapimX CHCTEM BiJl MOHOMITHOT
apXxiTeKkTypH 10 MikpocepsicHoi. IIporiec TpaHchopmariii ckiagHuMiA i Jopornii, TOMy yIOCKOHAJICHHS METOIiB IIEPETBOPEHHS CTAPUX CHCTEM Ha HOBY
miathopmy € akTyansHuM. Lle nociipKeH s cpsiMOBaHe Ha PO3pOOKY METOIy Tpancdopmarii [Uisi MOHOMITHHX OAHOCTOPiHKOBUX mporpam (SPA). V
CTaTTi 3alPONIOHOBAHO METOJX TpaHc(opMamii apXiTeKTypH MPOrpaMHOi CHCTEMH BiJ] MOHOJIITHOI 10 MikpocepBicHOI apXiTekTypu (MSA). Ockinbku
PO3TIIATAEThCSA KITIEHTChKA YaCTHHA CHCTEMH, MPOTIOHYEThCS TEPMiH MIKPOMPOHTEH, SIK aHAJOT MIKPOCEPBEPIB Yy CEpBEPHIil YaCTHHI MPOTPaMHUX
cucTteM. 3poOJICHO KOPOTKME OIVISIN ICHYIOUMX JOCHI/DKEHb DPEIHXKMHIPUHTY apXiTeKTypH Ta BHM3HAYEHO IEpeBard MIKpOCEPBICHOTO MiAXOIy.
3anponoHOBaHMH METOJ 3 TPHOX ETAalliB BiJPI3HAETHCS BiJ IHIIMX METOMIB BHALICHHSAM JIOJaTKOBOTO €Tally NMEPEeTBOPEHHS, IO JO3BOJIAE M SKO
3MIHIOBAaTH 3B’S3KH MDK YaCTHHAMH MOHOJIITHOTO JOJATKY, sIKi Oyny peai3oBaHi B MOYaTKOBiH MOHONITHIH apXxiTekTypi. Ilepmmii eran — peBepc-
IHKMHIPHHT, TPONOHYEThCS NepeHecTH (POKyC 3 MOMIYKY 3acTapilioro Koay Ha (YHKLIOHANBHMH aHal3 mporpamu sk Takoi. Ha npyromy erami
TIPOTIOHYETBCS TIEPEXiJ 10 MOMYIBHOI apXiTeKTypu 3 BUAUICHHSIM (yHKIIOHaTy B OKpeMmi Momyini. HamnpukiHIi TpeThoro erarmy MM Maemo KilbKa
OKpeMHX IporpaM (MiKpoiHTep(eHciB), AKi MiKII0Yal0ThCSA 10 OCHOBHOI mporpamu. Excriepument i3 ToBuM 30BHIimHIM SPA nemMoHCTpye poboTty
3alpONOHOBAHOr0 ainroput™my. CucTema, IO OTpUMaHa B pe3yibTaTi TpaHc(opMmallii, MOPIBHIOETBCS 3 BHUXITHOK 32 TAKUMH BHUMIPIOBAHUMHU
IIapaMeTpaMHu: Yac CTBOPEHHs BUPOOHWYMX 30ipOK, pO3Mip OCHOBHOTO TMaKeTy, 1[0 HAJICHIAEThCA B Opaysep, Ta cepe/iHiil qac 3aBaHTaKeHHs IepIoi
CTOpIHKH. Yci NOPiBHSHHS TTOKa3aJIi IEPEBAark CUCTEMH, OTPUMAHOI B Pe3yJIbTaTi MEPETBOPEHHS. Y pe3ynbTaTi alrOpUTM TpaHC(hopMallii apXiTeKTypu
JIO3BOJISIE OTPUMATH KPAIIUi Pe3ysIbTaT, BpaxoByI4n oOMexeHHs inTepdeiicHoro SPA.

Karouosi cioBa: inpopmauiiiHa cucTeMa, apXiTeKTypa IPOrpaMHOro 3a0e3NedeHHs, aJropiT™, MOHOJIITHA MOJENb 1H(POPMALiifHOI CHCTEMH,
TpoIiec Po3poOKHU MPOTrPaMHOT0 3a0e3MeUeH s, Mirpallis IporpaMHoro 3abe3nedeHHs, MikpOoCepBiCHa apXiTeKTypa, OHOCTOPIHKOBHIA 10JaTOK, METO
MePETBOPEHHS Ha MiKpoiHTepdeiicu.
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THE SCIENTIFIC BASIS, SOME RESULTS, AND PERSPECTIVES OF MODELING EVOLUTIONARILY
CONDITIONED NOOGENESIS OF ARTIFICIAL CREATURES IN VIRTUAL BIOCENOSES

This research aimed to gain a profound understanding of virtual biocenoses intricate digital ecosystems, with the goal of elucidating and replicating the
emergence and evolution of intelligence in artificial creatures — referred to as noogenesis. A comprehensive analysis of existing studies within virtual
biocenoses was undertaken to glean valuable insights into the complexities of modeling dynamic ecosystems where artificial agents engaged in intricate
interactions. The pivotal role of neural networks in shaping the adaptive behaviors of artificial creatures within these environments was underscored. A
meticulous investigation into neural networks' evolution methodologies revealed the evolution of their architecture complexity over time, culminating
in the facilitation of flexible and intelligent behaviors. However, a lack of study existed in the domain of nurturing evolutionary-based communication
and cooperation capabilities within virtual biocenoses. In response to this gap, a model was introduced and substantiated through simulation experiments.
The simulation results vividly illustrated the model's remarkable capacity to engender adaptive creatures endowed with the capability to efficiently
respond to dynamic environmental changes. These adaptive entities displayed efficient optimization of energy consumption and resource acquisition.
Moreover, they manifested both intellectual and physical transformations attributed to the evolution and encoding principles inspired by the
NeuroEvolution of Augmented Topologies. Significantly, it became apparent that the evolutionary processes intrinsic to the model were inextricably
linked to the environment itself, thus harmonizing seamlessly with the overarching goal of this research. Future research directions in this field were
outlined. These pathways provided a foundation for further exploration into the evolution of artificial creatures in virtual biocenoses and the emergence
of advanced communication and cooperation capabilities. These advancements hold the potential to move artificial life and artificial intelligence to new
levels of understanding and capability.
Keywords: agent-based modeling, artificial life, artificial intelligence, growing neural networks, evolution, noogenesis, evolutionary design.

Introduction. In the dynamic landscape of modern
science and technology, the study of biocenoses, complex
ecological communities recreated within virtual environ-
ments where artificial agents interact, holds profound
significance. These virtual ecosystems mirror the intricate
interplay observed in natural habitats and serve as the
backdrop for the process of noogenesis modeling — the
emergence and development of intelligence and knowled-
ge. Understanding and harnessing the mechanisms under-
lying intelligence within these virtual biocenoses have
implications in various domains and applications.

Artificial agents, ranging from autonomous entities to
coordinated swarms, have permeated diverse fields,
including research, business practices, and creative arts.
Within the realm of Artificial Life, notable simulations like
PolyWorld [1] and EcoSim [2] employ virtual agents to
model the evolution of digital organisms within dynamic
3D environments, emulating aspects of natural ecosystems.
These simulations have paved the way for exploring the
evolution of intelligent behaviors and complex interactions
among artificial entities.

Neural Networks have emerged as a powerful model
for controlling agents, enabling them to exhibit advanced
and unpredictable behaviors. Crucially, the control of such
agents often involves machine learning techniques, with a
primary focus on reinforcement learning. This versatility is
evident in various applications, from generating nuanced
non-verbal facial expressions synchronized with agent
speech [3] to orchestrating intricate team dynamics in
competitive video games against professional human
players [4].

Furthermore, within the realms of artificial intelli-
gence and evolutionary algorithms, the concept of "Evolu-
tionary design” has gained prominence. This approach,
rooted in the principle of gradual cost function compli-
cation reminiscent of natural evolutionary processes, offers
a systematic means to synthesize and optimize intricate
systems [5, 6]. The article [6] proposes to use an evolu-
tionary approach to the design of multi-tier filters for a new
generation of radio-telecommunication systems for ultra-
high-speed and ultra-wideband information transmission.
The essence of the method is to replace traditional multi-
parameter optimization of a complex structure with
evolutionary optimization of previous, more superficial
structures. It allows us to find global extrema on a limited
number of optimization parameters and use them as initial
ones for optimizing subsequent increasingly complex
descendant structures with a more significant number of
parameters. Methodologically, this is an alternative
approach to the design of complex systems, regardless of
their nature, based on the principles of evolution from the
simplest forms. Our study of virtual biocenoses from these
positions will make it possible in the future to formulate
general methodological principles of such evolutionary
design.

In the context of advancing technology and scientific
inquiry, the study of biological evolution through virtual
models stands as a critically important endeavor. These
studies provide valuable insights that enhance our
understanding of intelligence and offer the potential for
innovative applications and interdisciplinary solutions.
This paper embarks on a rigorous exploration, analysis, and
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expansion of knowledge within virtual biocenoses. We are
going to elucidate the mechanisms underpinning evo-
lutionary-based communication and cooperation capabi-
lities.

Goals of the study. To analyze existing models
incorporating biological evolution, the use of neural
networks for controlling virtual agents, and the evolution of
neural networks influenced by genetic factors. Through
comparative analysis, we aim to provide a comprehensive
overview of the current state of research, highlighting both
achievements and limitations.

Build a basic model of artificial creature evolution in
virtual biocenose capable of further complexification. Stu-
dy its capability to model the evolution process.

To investigate the intricate interplay among evolu-
tionary theory, artificial neural networks, and the design of
virtual agents within simulated environments, specifically
focusing on the emergence of communication, socializa-
tion, and intelligence.

Furthermore, to establish a conceptual framework for
an innovative evolutionary design approach applied to
developing creatures and their intelligence within virtual
biocenoses. Drawing insights from evolutionary biology,
neural network control, and artificial life systems, we aim
to pave the way for novel methodologies that promote the
emergence and growth of intelligence in artificial ecosys-
tems.

Models of biological evolution. Darwin and Walla-
ce's theory is the bedrock of contemporary evolutionary
models, elucidating the principles of variation, selection,
and heredity [7]. These principles have given rise to various
computational paradigms aimed at replicating these pro-
cesses in simulated virtual reality.

Genetic Algorithms (GAs) Introduced by John H.
Holland [8], GAs are optimization and search techniques
emulating genetic variation and selection. GAs maintains
candidate solution populations, favoring fitter individuals
through selection pressure while preserving diversity via
recombination and mutation. GAs finds applications in
complex optimization problems, machine learning, and
evolutionary design.

Genetic Programming (GP), as an extension of GAs,
GP evolves computer programs and algorithmic structures
[9]. These programs are represented as trees and undergo
genetic operations like crossover and mutation. GP is
utilized in automated program generation, symbolic
regression, and diverse problem-solving domains.

Artificial Life (ALife) is an interdisciplinary field
introduced by Langton in the 1990s [10, 11] that focuses on
emulating lifelike behaviors, patterns, and systems within
computational environments. It employs evolutionary
concepts to simulate lifelike behaviors, exploring self-
organization, emergence, and adaptation. Typical tools in
ALife include cellular automata, agent-based simulations,
and virtual ecosystems.

Valentin Turchin's Theory of Metasystem Transitions
introduces a modern outlook on complex system evolution
[12]. This theory suggests that systems can progress to
higher organizational levels through a series of transitions,
each marked by the emergence of new control mechanisms
at a higher level. It extends the concept of evolution beyond

genetics and biology to encompass control hierarchies and
metasystems.

Incorporating these computational models and
theories, our research will advance the understanding of
evolutionary processes in both natural and artificial realms.

Models of biological evolution. In the realm of
Artificial Life (ALife), various models have emerged, each
with distinct attributes and methodologies. This review
offers a comparative analysis of these models, focusing on
key features like neural networks, learning, topology
evolution, encoding, environment, and communication and
cooperation capabilities.

Early ALife models, pioneered by Langton [10, 11],
centered on principles of cellular automata to study self-
organization and basic lifelike patterns. These models
lacked complexity and adaptability.

Tierra by Thomas Ray introduced self-replicating
computer programs [13], delving into the evolutionary
dynamics of digital code within computational environ-
ments. Though devoid of neural networks, it marked prog-
ress in illustrating the evolution in digital systems. Inspired
by Tierra, Avida [14] featured organisms as code segments
ina 2D grid. It exhibited self-replication through mutations
and local interactions. Communication was limited to the
local neighborhood, fostering diversity. Avida supported
genetic encoding, dynamic topology evolution, and Pois-
son-random mutations but operated in a simplified digital
environment.

Larry Yaeger's PolyWorld [15] expanded the horizons
of ALife by simulating 3D artificial creatures, each under
the control of evolving neural networks. Notably,
PolyWorld leverages evolving neural networks as the
cognitive substrate for its virtual organisms, fostering
dynamic topological changes in network architecture as a
result of natural selection. These networks serve as the
neural underpinning for various learning methods and
behaviors exhibited by artificial organisms. Encoding in
PolyWorld is grounded in software-coded genetics, and the
environment is structured to accommodate predation,
mimicry, sexual reproduction, and communication,
rendering it a complex and competitive ecological crucible.
The communication and cooperation abilities of the agents
within this environment give rise to emergent behaviors, as
their actions are shaped by individual survival strategies
and group dynamics. In essence, PolyWorld is a
noteworthy platform where neural networks, learning
methods, topology evolution, encoding, environmental
characteristics, and communication abilities intersect to
explore the dynamics of evolving digital lifeforms. Since
PolyWorld is a simulated 3D environment, it allowed
agents to receive a sensory input based on image and color
sensors as an input for a neural network agent control
center. The communication is limited by signaling via agent
color changing. The study focuses on successful survival
strategies and has a static genome size, which limits neural
network topology complexity. That limits its ability to
simulate meta-system transition and observability of
evolution.

Framsticks [16, 17] featured artificial creatures const-
ructed from stick-like components, aiming to simulate crea-
ture-environment interactions in a highly configurable 3D
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environment. At the same time, it had limitations in topo-
logy evolution and communication.

EcoSim [2] introduced an individual-based predator-
prey model employing Fuzzy Cognitive Maps (FCMs) for
agent behavior modeling. It allowed agents to assess their
environment and evolve unique FCMs. EcoSim incorpo-
rated species concepts and provided insights into macro-
evolutionary processes. However, predefined agent beha-
viors limited innovation.

Summarizing these studies achieved behavior similar
to biological natural objects at some scale focusing on
different aspects. Only PolyWorld and Framsticks utilize
agent control on neural-based or neural network appro-
aches. Learning strategies vary from clearly evolutionary-
based to Hebbian-learning in PolyWorld, which enables
behavioral difference even in agents with identical
phenotypes. Models utilize different environments, from
purely static in Tierra, Avida, and EcoSim, to static but a
highly per-session configurable environment with limited
resources in PolyWorld and Framsticks. The mentioned
studies do not have a highly dynamic environment that
evolves with the population, gradually increasing the
complexity and driving the population to open-ended
evolution. None of the mentioned studies utilize the
potentially infinitely growing and adapting neural network
separately but in sync with the creature's body to enable the
possibility of meta-system transition in the context of the
evolutionary progression of artificial creatures.

Core challenges in evolutionary modeling of
virtual biocenoses. The endeavor to model virtual
biocenoses encompassing artificial life forms unveils a
spectrum of intricate challenges that merit meticulous
consideration within the scientific discourse. In this section,
we explore these core challenges, delving into the comp-
lexities underpinning virtual ecosystems' evolutionary
modeling.

e Genetic Encoding of Phenotypes and Structural
Congruence. Central to the efficacy of evolutionary mode-
ling lies the genetic encoding of phenotypes and the align-
ment between an organism's physical structure and its
neural architecture [18]. This alignment, sometimes invol-
ving pruning mechanisms, necessitates meticulous design
to ensure that the neural system accurately embodies the
intended physical attributes.

e Stability of Evolution and Preservation of Useful
Innovation. Sustaining the stability of evolution while safe-
guarding opportunities for innovation presents a multi-
faceted challenge. It includes the study of neuro complexi-
fication, a process vital in preventing the population from
becoming entrenched in local optima or succumbing to
collapse within highly intricate environmental set-
tings [19].

e Environmental Complexity and Neural Network
Elaboration. The environment in which virtual biocenoses
evolve plays a pivotal role in shaping the complications and
elaboration of neural networks. Understanding the environ-
mental conditions that give rise to neural complexity is
crucial for comprehending the dynamics of artificial life
systems.

e Lifelong Learning or Open-Ended Evolution.
Enabling virtual organisms to engage in lifelong learning is
imperative for facilitating open-ended evolution. This
approach prevents populations from stagnating within
minimal optima and bolsters adaptability, even in dynamic
and intricate environments. Notable contributions from
researchers such as Larry Yaeger, Tim Taylor, L. B. Soros,
Kenneth O. Stanley, Rui Wang, Joel Lehman, Jeff Clune,
and Jonathan C. Brant have illuminated pathways in this
regard [20-25].

e Environmental Prerequisites for Communication
and Socialization. Formulating artificial agents' communi-
cation and socialization behavior hinges on understanding
the environmental prerequisites that foster these intricate
interactions.

These insights underscore the need for careful
consideration of genetic encoding methods, the role of
environmental complexity in shaping neural networks, and
the importance of lifelong learning mechanisms in
evolutionary systems. Addressing these challenges will be
essential for advancing the modeling of virtual biocenoses
and understanding the emergent behaviors of artificial life
forms.

Neural networks that control agents and other
virtual objects. In the ever-evolving realm of artificial
intelligence and virtual environments, neural networks
(NNs) have become pivotal in controlling virtual entities
across various applications.

Karl Sims utilized Recurrent Neural Networks
(RNNSs) to evolve virtual creatures' neural systems [26].
Focused on morphology and sensory input, it excelled in
single-agent environments, primarily for applications in
gaming.

Non-verbal facial behaviors in virtual agents using
Generative Adversarial Networks (GANs) and RNNs with
Long Short-Term Memory (LSTM) cells were studied in
[3] — the training process involved supervised learning,
resulting in realistic facial expressions for gaming and
cinematography.

The research emphasized energy-efficient control for
mobile agents, employing fully connected spiking neural
networks and Spike-Timing-Dependent Plasticity (STDP)-
-based unsupervised learning [27]. Promising for autono-
mous mobile agents, it showcased energy-efficient control
mechanisms.

Exploring multi-agent scenarios, this study investi-
gated the emergence of tool use behaviors [28]. It employed
fully connected RNNs with LSTM cells and Reinforcement
Learning (RL), promoting competition and coordination
among agents. It is vital for gaming, where tool use beha-
viors are crucial.

RNNs with LSTM cells facilitated infant agents'
learning from parent agents in a virtual 3D environment
[29]. RL drove interaction, revealing the potential for
virtual agents to exhibit curiosity-driven behaviors and
engage in social interactions.

Convolutional Neural Networks (CNNs) and RNNs
with LSTM cells to control a robot hand solving a Rubik's
Cube studied in [30]. Although single-agent, it hinted at
robotics and automated problem-solving applications.
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Using Graph Neural Networks (GNNSs), the study
trained control admissibility models with spatial data [31].
RL methodologies were applied, promising applications in
the enterprise, robotics, and complex environments.

Investigated the emergence of maps within 'blind" Al
navigation agents' memories [32]. RNNs with LSTM cells
utilized GPS, compass, and touch sensor data — valuable
insights into spatial cognition development.

Achieved performance enough to beat the team of
professional players in the Dota 2 video game through self-
play reinforcement learning [4]. RNNs with LSTM cells
controlled agents, facilitating multi-agent interactions
within the gaming domain.

In summary, NNs are pivotal in controlling virtual
entities across diverse applications. From evolutionary
algorithms to GANSs, these studies contribute to gaming,
cinematography, autonomous agents, virtual software
agents, robotics, and more. A common theme is the single-
agent focus, suggesting opportunities for exploring multi-
agent interactions and collaborations. Additionally, when
applying to NN, Evolution Strategies could surpass RL in
certain aspects, offering avenues for future research [33].

Evolving Neural Networks under the Influence of
Genetic Operators. In the dynamic fields of artificial
intelligence and evolutionary computation, the evolution of
neural networks under the influence of genetic operators
has emerged as a captivating and highly promising research
frontier, finding applications in various domains, including
robotics and gaming.

Carl Sims' pioneering work [26] centers on the evo-
lution of virtual creatures within physical environments.
Neural networks govern creature behavior and undergo
coevolution with creature morphological structures through
genetic algorithms. This approach has implications for em-
bodied Al, particularly in evolving robots with adaptable
neural control systems.

The NeuroEvolution of Augmenting Topologies
(NEAT) algorithm [34] refines neural network structures
iteratively across generations. NEAT preserves population
diversity, making it versatile for domains like robotics and
gaming. It introduces principled crossover, speciation, and
incremental growth, providing expedited learning and
insights into the evolution of increasingly intricate
solutions. NEAT serves as a cornerstone in the continuum
of neural network evolution methodologies, establishing a
framework for subsequent advancements in this evolving
field, leading to more than 61 extensions [35]. Real-Time
NEAT (rtNEAT) [36] empowers neural networks to adapt
continuously to changing conditions in real-time environ-
ments, ideal for autonomous robotics and adaptive game
Al. rtNEAT creates a new genre of video games, enabling
evolving and adapting agents during gameplay.
HyperNEAT [37] and the following ES-HyperNEAT [38]
focus on evolving neural networks with the capacity for
dynamic behaviors. It employs generative encoding,
connective compositional pattern-producing networks
(CPPNs), and hypercube-based NeuroEvolution of Aug-
menting Topologies (HyperNEAT) to optimize neural net-
works controlling agents with intricate morphologies and
behaviors. The Coevolution of Brain and Morphology in
Robotics (NEAT-M) [39] explores the concurrent

evolution of robot structures and neural control systems.
Genetic algorithms optimize both, leading to adaptive
robots, significantly impacting embodied Al within
robotics and autonomous systems. CoDeepNEAT extends
NEAT's principles to evolve architectures tailored for deep
networks, making it vital in domains relying on deep
learning.

These studies collectively advance neural network
evolution, showcasing their effectiveness in optimizing
architectures for various tasks and understanding the
interplay between neural networks, morphologies, and
behaviors. However, computational complexity and the
need for multi-agent exploration remain challenges, lea-
ving room for further research. Furthermore, while the
mentioned investigations excel in single-agent scenarios,
there is room for further exploration of multi-agent interact-
tions and collaborations. Many mentioned investigations
primarily focus on single-agent environments, leaving
untapped potential in domains requiring coordination
among multiple agents.

Our Approach. In the realm of artificial intelligence
and the emergence of intelligence, a significant research
gap exists in the domain of lifelong evolution applied to
multi-agent open problems. This void encompasses scena-
rios where creatures can undergo intellectual and physical
transformations through NEAT-inspired evolution and
encoding mechanisms. Specifically, these transformations
target the facilitation of communication and socialization
among creatures. Moreover, this model is unique because
it drives evolution and selection processes primarily
through interactions with the environment, without external
algorithmic control.

To better comprehend the core principles of artificial
intelligence and how intelligence evolves, there is a need
for a significant shift in focus. Instead of emphasizing
complex models, we should start with basic models,
gradually evolving them into more sophisticated structures
[6]. This approach promises to offer deeper insights into the
fundamental principles governing intelligence and its
development.

Model Overview. The proposed model logically
continues the previous study [40] and operates within a 2D
spatial environment possessing finite dimensions. Within
this environment reside creatures, each comprising two
integral components: a physical body and a control center
represented by a neural network. The foundational structure
of a creature's physical body takes the form of a circle.
Additionally, creatures can be equipped with sensors to
perceive environmental information and effectors to enact
various actions, including movement and rotation. The
neural network of each creature serves as the interface
between sensory inputs and motor outputs.

Genetic Encoding. The model encodes creatures'
physical attributes and their neural networks within their
respective genomes. Inspired by NEAT [34], this encoding
encompasses the topology and assignment of weights of the
neural network, all meticulously derived from the genetic
information contained within the creature's single
genotype. The critical update was to add specific types of
nodes representing the different physical attributes, such as
sensors and effectors. Similar updates were made in [39].
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The genetic encoding of creatures is captured as a genome,
denoted as 3, which consists of genes representing various
attributes of the creature. Each gene is represented as a
tuple (1,T,V), where I denotes the innovation number, T
denotes the gene type, and % represents the value associ-
ated with that gene, its role is different for each gene type.
The gene type T encompassed within the genome includes:

o food_sensor (FS): Represented as (I,FS,PL},
where IPL represents the placement of the sensor within the
creature's circular body.

o wall_sensor {WS): Represented as {1, WS,PL),
with the same attributes as food sensors.

e Dbot_sensor (B%): Represented as (I,B%,PL), with
the same attributes as food sensors.

e energy sensor {ES): Represented as {I,ES),
value is not used for LS.

e neural_node (NN): Represented as {I,NN,AF),
where AF signifies the activation function applied within
the neural node AF € | sigmoid,tanh,relu}. The neural
node does not have its own bias.

e movement effector (ME): Represented as
(1,ME,RV), where R¥ indicates the movement effector's
reactivity value.

o rotation_effector (RE): Represented as
(I,RE,RV), where RV indicates the rotation effector's
reactivity value.

e neural_connection (NC): Represented as
(1,NC,(F,T,W)), F denotes the source neural node, T
represents the target neural node, and % signifies the
weight of the connection.

e creatures_body node (CBN): Represented as
(1,CBN,SZ), where $¥ indicates the size of the creature's
main circular body. This node cannot establish a neural
connection.

So Te{F5,W5,B5 ES NN ME RE NC,CEN}. Inno-
vation number I is a global counter that helps track gene
history [34] while not playing the role of crossover in this
model.

Mutation Mechanisms. Define the mutation process
M as a stochastic function that takes as input a creature's
genotype G and returns a modified genotype (3',

M:G=G'. (1)

Mutation could be different

MT € | AddNode, AddConnection, RemoveGen, UpdateGen | . 1t is
picked randomly, X ~ weig]necl( MT, W ) where X

mit mit It

is a picked mutation type, Wmt is a weighted probability for

each possible type, which is a hyperparameter for the

current model. When KHT=.5Lt|IJNUL1C, the type of node

picked randomly “between available types
Kﬂ ~ *ﬂ."tiglued('l'.wﬂ), where I{I_t is a picked node type,

'Wm is a weighted probability for each possible type, which

is also a hyperparameter for the current model. The
additional M is also being added: 1 for sensors and
effectors and 2 for M. When two random connectable
nodes within the whole genotype are picked, and two
connections are created between them with random
coefficients to reduce the initial impact of newly connected

nodes, the maximum weight of the connection is limited to
().3. When Xm = UpdateGen, the random gen is picked

from the gen()type, and its associated value is randomly
changed. When KHT=.-’-'0.L14.ICU[1[1L:U'LLU[1, two random

connectable nodes within the creature genotype are being
picked, and a connection between them is being created
with random weight also upper limited to (1.5 for reduction
of initial impact which enhance population stability as
previous experiments shown, recurrent connections are
allowed. When X = RemoveGen mutation occurs, the

mit
random gen is selected and removed. If it is a node with
some connections, all related connections are also being
removed. Since the current model uses clonal replication,
there is no need to preserve disabled nodes for further
crossover operation like in the original NEAT approach
[34].

Sensory and Motor Capabilities. Creatures are
equipped with limited-length ray sensors, the placement
and object type reactivity of which are encoded within the
creature's genotype. These sensors can detect objects such
as obstacles, food sources, and other creatures. They
activate on the range |{},1]. The closer the intersection to
the source of the ray, the higher the activation, zero, when
there is no intersection. The energy sensor is not
represented as physical and activates with the amount of the
creature's energy. Creature effectors encompass actions for
movement (forward propulsion) and rotation. If a creature
has several movement and rotation effectors, their effect is
summarized.

Simulation Setup. The simulation is initialized with
a carefully constructed set of conditions. The initial
population of creatures is introduced into the 2D spatial
environment, and their placement within this environment
is randomized to ensure spatial diversity. Each creature in
the initial population possesses a minimal genetic structure,
including essential basic functionality components. These
components consist of one food sensor, an energy sensor, a
neural node, and movement and rotation effectors. The
connections between these elements are initialized with
random weights, giving the creatures a degree of variability
in their initial behaviors. The sample for the initial creature
phenotype is shown in fig. 1 a-b. Each one is also given the
introductory amount of energy to survive for the first time.
Additionally, food resources are distributed randomly
across the environment. These food sources serve as vital
sustenance for the creatures, motivating them to explore
and interact with their surroundings. The random
placement of food resources introduces an element of
uncertainty and competition, driving the creatures to adapt
and develop diverse foraging strategies. Wall-like obstacles
are strategically positioned at random locations within the
environment. These obstacles create physical barriers that
creatures must navigate around, adding complexity to their
interactions with the environment and fostering the
development of obstacle-avoidance behaviors.

Simulation Dynamics. The simulation proceeds in
discrete time intervals referred to as ticks. It initiates with a
population of creatures, accompanied by randomly
distributed obstacles and food sources within the envi-
ronment. Creatures possess an energy resource that is
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expended as they perform actions over time. Creatures
whose energy reserves deplete below a critical threshold
die. During each simulation tick, sensor activations are
conveyed through the creature's neural network, subse-
quently dictating actions based on effector activations.
Creatures can restore their energy by colliding with and
collecting food sources. When a creature's energy surpasses
a predefined threshold, it creates an offspring using clonal
reproduction with a mutated parent's genotype using (1),
transferring half of its own energy to this offspring. The
model incorporates the cyclical introduction of food
resources into the environment at specified intervals. These
intervals are governed by a food restoration schedule
encompassing high and low food influx periods. Addi-
tionally, obstacles are strategically repositioned at periodic
intervals, and how will be shown in future studies — fos-
tering speciation and innovative adaptations among creatu-
res. This environmental dynamism serves to shuffle ecolo-
gical niches, engendering competition among creatures for

limited resources.
Sensor.
energy color \A
indicator
a

neural connection
weight

Fig. 1. Sample initial artificial creature phenotype:
a—in environment, b — its neural network

In this model, the creatures' primary objective is the
population’s survival, achieved through personal survival
and the generation of offspring. The population, as a whole,
can progress towards this objective through mutations that
allow enhanced adaptability to the environment. In addition
to the base model [40], this version introduces several
enhancements, including support sensors for obstacle and
bot detection, recurrent connections in the hidden layer,
food seasoning, random wall placement, energy sensing,
and an energy penalty associated with genotype size. This
model was implemented as simulation software and
subjected to a series of experiments for study and analysis.

Results. Emergence of Adaptive Agents. The model
presented in this study effectively demonstrated the
emergence of adaptive agents within virtual biocenoses.
These agents displayed the capacity to respond to dynamic
changes in their environment over successive simulation
intervals. These agents evolved strategies through evoluti-
onary processes that enabled them to proficiently acquire
food resources while efficiently managing their energy
levels.

Emerged behaviors. For several experiments,
artificial creatures have embraced different behaviors,
including seeking food by forward or circular movements,
reducing movement to save energy and prolong life,
detecting obstacles and turnaround from them, detecting
bots around, and increasing speed to win in local
competition for a food resource. This model enables
creatures to develop a variety of strategies. In several
experiments, most of the population developed a strategy
to rotate in place and wait for food to appear in their field
of sensitivity, as soon as they notice it, they move forward
as fast as possible. This strategy is similar to the one in
saying by Confucius, "If you sit by the river long enough,
the bodies of your enemies will float by".

Metasystem Transitions. In several experimental
instances, we observed intriguing phenomena characterized
by metasystem transitions [40]. These phenomena require
an additional investigation into the underlying precondi-
tions that triggered such transitions.

Evolutionary Trends in Neural Network Comp-
lexity. Our experimental findings unveiled a captivating
trend in the evolutionary dynamics of neural networks
within virtual biocenoses. as illustrated in fig. 2, a. fig. 2, b
provides a visual representation of a creature within the
simulated environment. Initially, there was a noticeable
growth in the size and complexity of these neural networks,
possibly driven by the pursuit of heightened cognitive
capabilities. However, a remarkable adaptation emerged
during the course of our simulations. Artificial agents
within the system, when confronted with the increased
energy consumption associated with larger genotype sizes,
exhibited a strategic shift towards evolving more compact
neural networks, fig. 2, a. This adaptation appeared to be a
deliberate response aimed at conserving energy resources
while simultaneously maintaining a degree of variability
within the agent population. Since nodes in creatures'
neural networks do not have bias, they emerged that the
energy sensor is adaptive bias, and the hidden neural node
with sigmoid activation function became static bias due to
the nature of this function. These results underscore the
dynamic and context-sensitive nature of evolution within
artificial environments, highlighting the innovative
strategies employed by virtual agents to optimize their
cognitive resources while preserving population diversity.

Genotype evolution dynamics displayed a trend in
controlled genotype growth with dominance of genes
represented neural links as shown in fig. 3. Biocenose state
over simulation displayed the rapid population size growth.
At the same time, initial resources were highly available.
The population sought an adaptation to limited food
resources per creature and reached near equilibrium plateau

for a given environment near tick 10° as shown in fig. 4.
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Fig. 2. Artificial creature phenotype, generation 2888, simulation tick 107:
a — its neural network, b — its body in the environment
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Fig. 4. Simulation dynamics of biocenose

Conclusions. While acknowledging the valuable
contributions of previous studies, it is essential to note that
some of these endeavors have leaned towards employing
complex models within static environments.

Furthermore, some of these investigations have pri-
marily focused on locomotion movement patterns develop-
ment as a separate issue, which may have diverted their

attention from the broader context of communication and
socialization processes within artificial environments.

Modeling the evolution of artificial life's simplest
form will allow investigation of the emergence and deve-
lopment of intellect, in contrast to complex models prima-
rily constrained to study strategies. Attaining this under-
standing can be facilitated by gradually increasing model
complexity as it is required for evolving neural networks.
The complexification could be both in creatures' potential
abilities and environment influence them.

The interest in modeling the emergence of commu-
nication and socialization is in exploring and studying the
ability of evolving agents to form enough physical and
neural enhancements to be able for these functions. Model
potentially allows us to study social formations in the
evolving agents when reflection communication could
transform into a social one. It is necessary to study if
unconditional, acquired features are sufficient to formulate
communicational behavior or if artificial creature needs
personal experience.

The proposed model creates the basis for the
complexity of a virtual biocenosis, which will stimulate the
progressive development of artificial life forms to increase
their intellectual component. The conducted studies show
that even in the simplest models, the main trends in
biological evolution are observed, both metasystem
transitions of the neural network and its simplification to
occupy a specific ecological niche. In the future, it will be
necessary to determine the conditions for strengthening the
first trend and eliminating the second.

Future research. Dynamic Environment Complexi-
fication: Building upon these results, future enhancements
could involve further complexification of the environment.
This might include introducing additional environmental
factors or challenges to stimulate more intricate agent
behaviors.

Complex Effectors and Sensors: The model's capacity
to accommodate more complex effectors and sensors opens
doors for research into advanced agent capabilities, poten-
tially leading to more sophisticated communication and
socialization.

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii
ananis, ynpasgrinua ma ingopmayiini mexnonoeii, Ne 2 (10) 2023 91



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

To study the ability to apply evolutionary design in  18. Vejgstfa F_-f,. G:?tte KH How Idi_fferg?t enco?]inlgs affegt peftforlm?f;(:;
; ; ; ; and diversification when evolving the morphology and control o
gaming (Video G.ames)’ cmematpgrgphy, and bu.s".]ess.' as virtual creatures. ALIFE 2020: the 2020 conference on artificial life.

well as research in Al, communication, and socialization. Cambridge: MIT Press, 2020. P. 592-601.

The perspective of applying this approach is based on the  19. Yaeger L. S., Sporns O. Evolution of neural structure and complexity

fact that it is too hard to create complex virtual objects in in a computational ecology. In artificial life X: proceedings of the

perfect form directly. Evolutionary design could offer a ff\ztnhg ;’;ﬁgﬁ;'g%%'ecg”geégngg;“ the simulation and synthesis of

reliable possibility to grow perfect artificial creatures from 5, Yaeger L. S. How evolution guides complexity. HFSP journal. 2009.

simplest to target environments where they can act for Vol. 3, no. 5. P. 328-339. DOI: 10.2976/1.3233712.

business needs. 21. Yaeger L. S., Griffith V., Sporns O. Passive and driven trends in the

evolution of complexity. URL: https://arxiv.org/abs/1112.4906 (date
References of access: 29.08.2023).
22. Taylor T. Requirements for open-ended evolution in natural and

1. Yaeger L. Computational genetics, physiology, metabolism, neural artificial systems. URL: https:/arxiv.org/abs/1507.07403 (date of
systems, learning, vision, and behavior or Poly World: life in a new access: 29.08.2023).
context. Santa Fe institute studies in the sciences of complexity —  23. Soros L. B., Stanley K. O. Identifying necessary conditions for open-
proceedings volume. 1994. Vol. 17, P. 263-263. ended evolution through the artificial life world of Chromaria. In

2. GrasR., Devaurs D., Wozniak A., Aspinall A. An individual-based artificial life 14: proceedings of the fourteenth international
evolving predator-prey ecosystem simulation using a fuzzy cognitive conference on the synthesis and simulation of living systems. 2014
map as the behavior model. Artificial life. 2009. Vol. 15, no. 4. P. 793-800. DOI: 10.7551/978-0-262-32621-6-ch128.

P. 423-463. 24, Wang R., LehmanJ., Clunel., Stanley K. O. Paired open-ended

3. Delbosc A., Ochs M., Ayache S. Automatic facial expressions, gaze trailblazer (POET): endlessly generating increasingly complex and
direction and head movements generation of a virtual agent. diverse learning environments and their solutions. 2019. URL:
Companion Publication of the 2022 International Conference on https://arxiv.org/abs/1901.01753 (date of access: 29.08.2023).
Multimodal Interaction. 2022. P. 79-88. DOI:  25. BrantJ. C., Stanley K. O. Minimal criterion coevolution: a new
10.1145/3536220.3558806. approach to open-ended search. In GECCO '17: proceedings of the

4. BernerC., BrockmanG. ChanB. CheungV., Debiak P, genetic and evolutionary computation conference. 2017. P. 67-74.
Dennison C.,  FarhiD., Fischer Q., HashmeS., HesseC.,, DOI: 10.1145/3071178.3071186.

Jozefowicz R., Gray S., Olsson C., Pachocki J., Petrov M., Pinto H. 26, Sims K. Evolving virtual creatures. In proceedings of the 21st annual
P. d.O., Raiman J., Salimans T., Schlatter J., Schneider J., Sidor S., conference on computer graphics and interactive techniques
Sutskever I., Tang J., Wolski F., Zhang S. Dota 2 with large scale (SIGGRAPH'94).  New  York. 1994, P.15-22. DOI:
deep  einforcement  learning/  OpenAl.  2019. URL: 10.1145/192161.192167.

https://arxiv.org/abs/1912.06680 (date of access: 29.08.2023). 27. PutraR.V.W., Shafiqgue M. TopSpark: a timestep optimization

5. Yushchenko A. G., Volkova N. A., Teslenko A. A., Petrova K. R. methodology for energy-efficient spiking neural networks on
Recursive genetic algorithm for solving the traveling salesman autonomous mobile agents. 2023. URL:
problem.. Anniversary edition of "Information Systems" department https://arxiv.org/abs/2303.01826 (date of access: 29.08.2023).
at  NTU "KhPI". Kharkiv. 2014. P.154-162. URI:  28. Baker B., Kanitscheider ., MarkovT., WuY.  Powell G.,
https://www.researchgate.net/publication/262686057 (date of access: McGrew B., Mordatch I. Emergent tool use from multi-agent
29.08.2023). autocurricula. 2019. URL: https://arxiv.org/abs/1909.07528 (date of

6. Yushchenko A. G., Mamedov D. Evolutionary design of seven-tier access: 29.08.2023).

LM-mode filters optimized with original knowledge-based CAD  29. Doyle C., Shader S., Lau M., Sano M., Yamins D. L. K., Haber N.
system. Bulletin of NTU "KhPI". Series: technique and electrophysics Developmental curiosity and social interaction in virtual agents.
of high voltage. Kharkiv: NTU "KhPI", 2014. No. 21 (1064), P. 159— 2023. URL: https://arxiv.org/abs/2305.13396 (date of access:
170. 29.08.2023).

7. Darwin C. On the origin of species: or the preservation of the 30. Akkaya I., Andrychowicz M., Chociej M., Litwin M., McGrew B.,
favoured races in the struggle for life. Read Books Ltd, 2018. Petron A., Paino A., Plappert M., Powell G., Ribas R., Schneider J.,

8. Holland J. H. Adaptation in natural and artificial Systems: an Tezak N., Tworek J., Welinder P., Weng L., Yuan Q., Zaremba W.,
introductory analysis with applications to biology, control, and Zhang L. Solving Rubik's cube with a robot hand / OpenAl. 2019.
artificial intelligence. MIT Press, 1992. 232 p. URL: https://arxiv.org/abs/1910.07113 (date of access: 29.08.2023).

9. Kozal.R. Genetic programming: a paradigm for genetically 31, YuC., YuH., GaoS. Learning control admissibility models with
breeding populations of computer programs to solve problems. graph neural networks for multi-agent navigation. In proceedings of
Stanford: Stanford University, 1990. 127 p. the 6th conference on robot learning, in proceedings of machine

10. Langton C. G. Studying artificial life with cellular automata. Physica learning research. 2023. P. 934-945.

D: nonlinear phenomena. 1986. Vol.22. P.120-149. DOI: 32. WijmansE., SawaM., Essal., LeeS. Morcos A.S. BatraD.
10.1016/0167-2789(86)90237-X. Emergence of maps in the memories of blind navigation agents. 2023.

11. Langton C. G. Artificial life, volume I: proceedings of an URL: https://arxiv.org/abs/2301.13261 (date of access: 29.08.2023).
interdisciplinary workshop on synthesis and simulation of living 33. Salimans T., HoJ., Chen X., SidorS., Sutskeverl. Evolution
systems. Netherlands: Avalon Publishing, 1989. 655 p. strategies as a scalable alternative to reinforcement learning. 2017.

12. Turchin V. A dialogue on metasystem transition. World futures. 1995. URL: https://arxiv.org/abs/1703.03864 (date of access: 29.08.2023).
Vol. 45, no. 1-4. P. 5-57. DOI: 10.1080/02604027.1995.9972553. 34, Stanley K. O., Miikkulainen R. Evolving neural networks through

13. Ray T. S. Evolution, ecology, and optimization of digital organisms. augmenting topologies. Evolutionary computation. 2002. Vol. 10,
Santa Fe, 1992. 47 p. no. 2. P. 99-127. DOI: 10.1162/106365602320169811.

14. Adami C., Brown C. T. Evolutionary learning in the 2D artificial life 35. Papavasileiou E., Cornelis J., Jansen B. A systematic literature
system. Artificial life 1V: proceedings of the fourth international review of the successors of "NeuroEvolution of augmenting
workshop on the synthesis and simulation of living systems. 1994. topologies." Evolutionary computation. 2021. Vol. 29, no. 1. P. 1-73.
Vol. 4. p. 377-382. DOI: 10.1162/evco_a_00282.

15. Yaeger L. Computational genetics, physiology, metabolism, neural  36. Stanley K., Cornelius R., Miikkulainen R., D’Silva T., Gold A. Real-
systems, learning, vision, and behavior of Poly World: life in a new time learning in the NERO video game. Proceedings of the AAAI
context. In Santa Fe institute studies in the sciences of complexity — conference on artificial intelligence and interactive digital
proceedings volume. 1994. Vol. 17. P. 263-288. entertainment.  2021. Vol.1, no.1. P.159-160. DOI:

16. Komosinski M., Ulatowski S. Framsticks: towards a simulation of a 10.1609/aiide.v1i1.18736.
nature-like world, creatures, and evolution. European Conference on 37, Stanley K. 0., D'Ambrosio D. B., Gauci, J. A Hypercube-based
Avrtificial Life. Heidelberg, 1999. P. 261-265. encoding for evolving large-scale neural networks. Artificial life.

17. Adamatzky A. Framsticks. Kybernetes. 2000. Vol. 29, no. 9/10. DOI: 2009. Vol. 15, no. 2. P. 185-212. DOI:
10.1108/k.2000.06729iad.001. https://doi.org/10.1162/artl.2009.15.2.15202.

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIIy. Cepisn: Cucmemnuii

92 ananis, ynpasiinus ma ingopmayiiuni mexnonozii, Ne 2 (10) 2023



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

38. Risi S., Stanley K. O. An enhanced hypercube-based encoding for ~ 18. Veenstra F., Glette K. How different encodings affect performance
evolving the placement, density, and connectivity of neurons. and diversification when evolving the morphology and control of 2D
Artificial  life. 2012. Vol.18, no.4. P.331-363. DOIl: virtual creatures. ALIFE 2020: the 2020 conference on artificial life.
10.1162/ARTL_a_00071. Cambridge, MIT Press Publ., 2020, pp. 592—601.

39. Hewland J., Nitschke G. The benefits of adaptive behavior and 19. Yaeger L. S., Sporns O. Evolution of neural structure and complexity
morphology for cooperation. In 2015 IEEE symposium series on in a computational ecology. In artificial life X: proceedings of the
computational intelligence (SSCI). 2015. P.1047-1054. DOIl: tenth international conference on the simulation and synthesis of
10.1109/SSCI.2015.151. living systems. 2006, pp. 330-336.

40. Yushchenko A. G., Zachepylo M. O. Modelling of evolutionary  20. Yaeger L. S. How evolution guides complexity. HFSP journal. 2009,
conditioned noogenesis of virtual biocenoses. 2020. 10 p. (Preprint). vol. 3, no. 5, pp. 328-339. DOI: 10.2976/1.3233712.

DOI: 10.13140/RG.2.2.30785.38246. 21. Yaeger L. S., Griffith V., Sporns O. Passive and driven trends in the
evolution of complexity. Available at: https://arxiv.org/abs/1112.4906

References (transliterated) (accessed: 29.08.2023).
. . . . 22. Taylor T. Requirements for open-ended evolution in natural and

1. YaegerL. Cor_nputa_tlc_mal genetics, _physmlogy, metabo!|sn_1, neural artificial systems. Available at: https://arxiv.org/abs/1507.07403
systems, learning, vision, and behavior or Poly World: life in a new (accessed: 29.08.2023).
context._Santa Fe institute studies in the sciences of complexity — 53 goros L. B., Stanley K. O. Identifying necessary conditions for open-
proceedings volume. 1994, \{OI' 17,pp. 263-263. ended evolution through the artificial life world of Chromaria. In

2. GrasR., Devaurs D., Wozniak A., Aspinall A. An individual-based artificial life 14: proceedings of the fourteenth international
evolving predator-prey ecosystem simulation using a fuzzy cognitive conference on the synthesis and simulation of living systems. 2014,
map as the behavior model. Artificial life. 2009, vol. 15, no. 4. Pp. 793-800. DOI: 10.7551/978-0-262-32621-6-ch128.
pp. 423-463. . . . 24. Wang R., Lehman J., CluneJ., Stanley K. O. Paired open-ended

3. D'elbo'sc A., Ochs M., Ayache S. Automatlp facial expressions, gaze trailblazer (POET): endlessly generating increasingly complex and
dlrectlon_ and hgad_movements generation _Of a virtual agent. diverse learning environments and their solutions. 2019. Available at:
Companion Publication of the 2022 International Conference on https://arxiv.org/abs/1901.01753 (accessed: 29.08.2023)

Multimodal Interaction. 2022, pp. 79-88. DOI' 25 BrantJ. C., Stanley K. O. Minimal criterion coevolution: a new
10.1145/3536220.3558806. . approach to open-ended search. In GECCO '17: proceedings of the

4. OpenAl, Berner C., Brockman G., Chan B., Cheung V., Debiak P., genetic and evolutionary computation conference. 2017, pp. 67-74.
Dennison C.,  FarhiD., Fischer Q., HashmeS., HesseC.,, DOI: 10.1145/3071178.3071186.

Jozefowicz R., Gray S., Olsson C., Pachocki J., Petrov M., Pinto H. . 56 gjmg K. Evolving virtual creatures. In proceedings of the 21st annual
P.d.O., Raiman J, Sallmans_T., Schiatter J., SchnelqerJ., Sidor S., conference on computer graphics and interactive techniques
Sutskever I., Tang J., Wolski F., Zhang S. Dota 2 with large scale (SIGGRAPH' 94). New  York, 1994, pp.15-22. DOI:
deep  einforcement  learning. 2019.  Available  at: 10.1145/192161 192167 ' ' ' ' '
https://arxiv.org/abs/1912.06680 (accessed: 29.08.2023). 27. PutraR. V. W., Shafique M. TopSpark: a timestep optimization

5. Yushchenko A. G., VolkovaN. A, Teslenko A. A, Petrova K. R. methodology for energy-efficient spiking neural networks on
Recursive genetic algorithm for solving the traveling salesman autonomous mobile agents 2023 Available at:
problem.. Anniversary edition of "Information Systems" department https://arxiv.org/abs/2303.01826 (aécessed: 29'.08.2023). '
at NTU "KhPI". Kharkiv, 2014, pp.154-162. Available at: 58 garerB ~ Kanitscheider, MarkovT., WuY., PowellG.,
https://www.researchgate.net/publication/262686057 (accessed: McGrew B., Mordatch . Emergent tool use from multi-agent
29.08.2023). . . . autocurricula. 2019. Available at: https://arxiv.org/abs/1909.07528

6. Yushchenko A. G., Mamedov D. Evolutionary design of seven-tier (accessed: 29.08.2023)

LM-mode filters optimized with original knowledge-based CAD ~ ,q Doyle C. "Shader S. Lau M.. Sano M.. Yamins D. L. K.. Haber N.

system. Bulletin of NTU "KhP1". Series: technique and electrophysics Developmental curiosity and social interaction in virtual agents.

g;hl'gsg vlo?IBage. Kharkiv: NTU "KhPI" Publ., 2014, no. 21 (1064), 2023. Available at: https://arxiv.org/abs/2305.13396 (accessed:
CoT . . . 29.08.2023).

7. Darwin C. On the origin of species: or the preservation of the g4 OpenAl ,g\kkayal Andrychowicz M., Chociej M., Litwin M
favoured races in the struggle for life. Read Books Ltd Publ., 2018. " McGrew B.. Petron A.. Paino A Plappé;'t M.. Powell G.. RibasR..

8. Holland J. H. Adaptation in natural and artificial Systems: an Schneider J.. Tezak N.. Tworek J.. Welinder P. Weng L Yuan Q
introductory analysis with applications to biology, control, and Zaremba W., Zhang L. Solving Rubik's cube with a robot hand. 2019.
artificial intelligence. MIT Press Publ., 1992. 232 p. _ Available  at:  https://arxiv.org/abs/1910.07113  (accessed:

9. Kozal.R. Genetic programming: a paradigm for genetically 29.08.2023).
breeding populations of computer programs to solve problems. 37 vy c. yuH. GaoS. Learning control admissibility models with
Stanford, Stanford University Publ., 1990. 127 p. ) graph neural networks for multi-agent navigation. In proceedings of

10. Langton C. G. Studying artificial life with cellular automata. Physica the 6th conference on robot learning, in proceedings of machine
D: nonlinear phenomena. 1986, vol. 22, pp.120-149. DOI: learning research. 2023, pp. 934-945.
10'1016/0167'2789(8_6?9023_7')(' . . 32. WijmansE., SawaM., Essal, LeeS. Morcos A.S. BatraD.

11. Langton C. G. Artificial life, volume I: ‘proceedings of ~an Emergence of maps in the memories of blind navigation agents. 2023.
interdisciplinary workshop on synthesis and simulation of living Available at: https://arxiv.org/abs/2301.13261 (accessed:
systems. Netherlands, Avalon Publishing Publ., 1989. 655 p. 29.08.2023)

12. Turchin V. A dialogue on metasystem transition. World futures. 1995, 23 galimans T.. HoJ. Chen X. SidorS. Sutskever I. Evolution
vol. 45, no. 1-4, pp. 5-57. DOI: 10.1080/02604027.1995.9972553 strategies as a scalable alternative to reinforcement learning. 2017.

13. Ray T. S. Evolution, ecology, and optimization of digital organisms. Available at: https://arxiv.org/abs/1703.03864  (Available at:
Santa Fe, 1992. 47 p. 29.08.2023).

14. Adami C., Brown C. T. Evolutionary learning in the 2D artificial life 5, Stanley K. O., Miikkulainen R. Evolving neural networks through
system. Artificial life 1V: proceedings of the fourth international augmenting topologies. Evolutionary computation. 2002, vol. 10
workshop on the synthesis and simulation of living systems. 1994, no. 2. pp. 99-127. DOI:I 10.1162/106365602320169é11. LT
vol. 4, pp. 377-382. ) _ ) 35. Papavasileiou E., Cornelis J., Jansen B. A systematic literature

15. Yaeger L. Computational genetics, physiology, metabolism, neural review of the successors of "NeuroEvolution of augmenting
systems, learning, vision, and behavior of Poly World: life in a new topologies.” Evolutionary computation. 2021, vol. 29, no. 1, pp. 1—
context. In Santa Fe institute studies in the sciences of complexity — 73 DOI: 10.1162/eveo a 00282 ' oo
proceterng§ volume. 1994'_ vol. 17, pp- 263-288. . . 36. Stanley K., Cornelius R’_.,T\/Iiikkulainen R., D’Silva T., Gold A. Real-

16. Komosiniski M., Ulatowski S. Framsticks: towards a simulation of a time learning in the NERO video game. Proceedings of the AAAI
natufre—lire \f/vorld, gr(lestures, and evolution. European Conference on conference on artificial intelligence and interactive digital
Artificial Life. Heidelberg, 1999, pp. 261-265. entertainment. 2021, vol.1, no.1 159-160.  DOI:

17. Adamatzky A. Framsticks. Kybernetes. 2000, vol. 29, no. 9/10. DOI: 10.1609/aiide.v1i1.18736 o PP ' '
10.1108/k.2000.06729iad.001 ' ' ' '

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii

ananis, ynpasninksa ma ingopmayiiuni mexnonozii, Ne 2 (10) 2023 93



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

37. Stanley K. O., D'Ambrosio D. B., Gauci, J. A Hypercube-based = 39. Hewland J., Nitschke G. The benefits of adaptive behavior and

encoding for evolving large-scale neural networks. Artificial life. morphology for cooperation. In 2015 IEEE symposium series on
2009, vol. 15, no. 2. pp. 185-212. DOI: computational intelligence (SSCI). 2015, pp.1047-1054. DOI:
https://doi.org/10.1162/artl.2009.15.2.15202. 10.1109/SSC1.2015.151.

38. Risi S., Stanley K. O. An enhanced hypercube-based encoding for ~ 40. Yushchenko A. G., Zachepylo M. O. Modelling of evolutionary
evolving the placement, density, and connectivity of neurons. conditioned noogenesis of virtual biocenoses. 2020. 10 p. [Preprint].
Artificial  life. 2012, wvol. 18, no.4, pp.331-363. DOI: DOI: 10.13140/RG.2.2.30785.38246.

10.1162/ARTL_a_00071.
Received 15.09.2023

VK 004.8

M. O. 3AYEIIHNJIO, actipaurt kadenpu Cucremu [Hdopmarii, HarioHaIsHOT0 TEXHIYHOTO YHIBEPCHTETY «XapKiBCHKHUIA
noJliTeXHiYHUi iHCTUTYT», M. XapkiB, Ykpaina; e-mail: Mykhailo.Zachepylo@cit.khpi.edu.ua, ORCID: https://orcid.org/0000-
0001-6410-5934

O.T. OIEHKO, xaununar dizuko-maremarnunnx Hayk (Ph. D), mpodecop kadenpu Cucremu ludopmarnii, Harionansauit
TeXHIUHU yHiBepcuTeT «XapKiBChKHI MOITeXHIYHMI iHCTUTYT, M. XapkiB, Ykpaina; e-mail:
A.G.Yushchenko@ntu.kharkiv.edu, ORCID: https://orcid.org/0000-0002-0078-3450

HAYKOBI OCHOBH, JIESKI PE3YJIBTATH TA TEPCIIEKTUBU MOJIEJTIOBAHHA EBOJIIOIIMHO
OBYMOBJIEHOI'O HOOTEHE3Y HITYYHUX CTBOPIHDb Y BIPTYAJIBHUX BIOHEHO3AX

Ile mocimifukeHHS Malo Ha MeTi OTPUMATH INIMOOKE PO3YMIHHS CKIATHUX IHU(POBUX EKOCHCTEM BIpPTyalbHHX OiOLEHO3IB 3 METOI0 3’SICYBAaTH Ta
BIATBOPHUTH MOSIBY Ta EBOJIOLII IHTEIEKTY B LITYYHHX CTBOPiHb, [0 HA3WBAETHCS HOOTCHE30M. Byiio MpoBeieHO KOMIUIGKCHMI aHaii3 iCHYUYHX
JIOCIIDKEHb y BIPTyalbHHX OIOIEHO3aX, MO0 OTpUMATH WiHHY iH(GOPMALI0 MPO CKIAJHICTh MOAECIIOBAHHS JHHAMIYHHUX E€KOCHCTEM, 1€ IITY4HI
CTBOpPIHHS OepyTh y4acTh y KOMIUIEKCHiH B3aeMmopmii. Byno mizkpeciieHO KIIOYOBY poib HEHPOHHHX MepeX Yy (OpMyBaHHI aJalTHBHOI ITOBENIHKH
IITYYHUX CTBOPIiHb Y LMX CEPEHOBHINAX. PeresbHe NOCIIHKEHHS METOIOJIOTT eBOIIFOLT HEHPOHHUX MEPEX BUSBHIIO EBOJIOLI0 CKIIAJHOCTI TXHBOI
apXITEKTYpH 3 4aCoM, KyJIbMiHALII€I0 SKOT CTaIO CIPUSHHS THYUKiil Ta iHTeIeKTyasbHii moBeiHui. OxHak icHyBaB Gpak JOCIIDKEHD y cepi PO3BUTKY
CBOJTIOLIHNX MOM/IMBOCTEH CIIJIKYyBaHHS Ta CIIBIpali y BIpTyaJbHHX OiomeHo3ax. Y BIANOBiAP HAa LIO MPOrajuHy Oyia BBEACHA MOIETH Ta
00IpyHTOBaHA IUIAXOM IMITALIIHIX EKCIIEPUMEHTIB. Pe3y IbTaTi MOAEITIOBAHHS ICKPABO MPOLTFOCTPYBAIH JUBOBIXKHY 3/1aTHICTH MOJIEI IIOPOKYBATH
aIalTUBHUX ICTOT, HAMUICHUX 3JATHICTIO e(pEeKTHBHO pearyBaTH HA AMHAMIYHI 3MiHM HABKONHUIIHBOTO cepemoBuiia. Lli amantuBHI mrTydHi ictoTe
MoKka3ajiu eheKTHBHY ONTHMI3aLli0 CIOKMBAHH €HEPrii Ta OTpUMaHHs pecypciB. KpiM Toro, BOHH IpOIeMOHCTPYBAJIH SIK IHTEIEKTyallbHi, Tak i izudHi
Tpanchopmarii, MoB’s3aHi 3 MPUHIMIIAMA EBOJIOLIE] Ta KOJAYBAHHS, HATXHCHHUMH HEHPOCBOIONIEI0 JOMMOBHEHHUX TOMOJIOriH. BaxiuBo, o crano
OYEBHUHUM, [0 EBOJIOLIHHI IPOLIECH, BIACTHBI MOIeIi, Oy HEPO3PUBHO MOB’A3aHi 3 CAMHUM CEPEIOBHUILEM, TAKUM YHHOM OE30TaHHO Y3TOHKYIOUUChH
i3 TOJIOBHOIO METOI0 LBOTO IOCIIMKeHHs. Bynn okpeciieHi MailOyTHI HampsMH HOCTIIKEHb y Iii ramysi. Lli HanpsiMu 3a06e3nevnsid OCHOBY IJIst
MIOAAIIBIIIOTO TOCIIKEHHS €BOJIIONIT INTYYHUX CTBOPIHb Y BipTyalIbHUX GiOI€HO3aX 1 MOSIBU ITEPEOBHX MOJIMBOCTEH CIUIKyBaHHS Ta criBmpani. L1i
JIOCSITHEHHS MICTATh NOTEHIIA AL M THATTS [ITYYHOTO XHUTTS Ta IITYYHOTO IHTENEKTY Ha HOBHH PiBEHb PO3YMIHHS Ta MOXIIMBOCTEH.

KuiouoBi cjioBa: areHTHE MOJIENIOBAHHS, INTYYHE SKUTTS, IUTYYHHH IHTENEKT, 3pOCTAalO4i HEHPOHHI MEpexi, EBOJIOLis, HOOrEHE3,
EBOJIFOLI ITHUI JTH3aiiH.

Iogni imena asmopis / Author's full names

Asrtop 1/ Author 1: 3auenuno Muxaiino Onekcanaposud, Zachepylo Mykhailo Oleksandrovych
AsTop 2 / Author 2: FOmenko Onexcanap eopriiiosuy, Yushchenko Oleksandr Heorhiiovych

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIIy. Cepisn: Cucmemnuii
94 ananis, ynpasiinus ma ingopmayiiuni mexnonozii, Ne 2 (10) 2023



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

DOI: 10.20998/2079-0023.2023.02.14
VJIK 004.8:004.9

C. ®.YAJIHH, JIOKTOP TEXHIYHHUX HayK, podecop, XapKiBChbKUI HalliOHABHUH YHIBEPCUTET PamioeIeKTPOHIKH, Ipodecop
kadeapu iHpopMaIifHIX yIPaBIIOUNX CUCTeM, M. XapKiB, Ykpaina; e mail: serhii.chalyi@nure.ua, ORCID:
https://orcid.org/0000-0002-9982-9091

B. 0. JIEITHH ChKHH, xanunat TexHiqHux Hayk (PhD), nouent, XapkiBchKuil HalliOHAIbHUIN YHIBEPCUTET
panioenekTpoHiKH, TOUeHT Kadeapy mporpaMHoi imkeHepii; M. Xapkis, Ykpaina, ; volodymyr.leshchynskyi@nure.ua, ORCID:
https://orcid.org/0000-0002-8690-5702

METO/J MOXJ/INBICHOI'O OITHIOBAHHS MOSICHEHHS B CUCTEMI ITYYHOI'O IHTEJIEKTY

Ipeamerom focimKeHHs € npouecy GopMyBaHHS MOSCHEHb I0JI0 PIICHHS CUCTEMH IUTY4HOTO iHTeNeKTy. [T0sCHEeHHS BUKOPHUCTOBYIOThCS JIJIs TOTO,
mo0 KOPHUCTyBad 3pO3yMiB IPOLEC OTPHUMAaHHS pPe3ylabTaTy i Mir OiNbIIl e(eKTHBHO 3aCTOCOBYBATH IHTENEKTYyalbHY iH(GOpPMALiliHy CHCTEMY IS
(hopMyBaHHS IPAKTHYHO MPUHHSITHX I/ HHOTO pinieHb. Mera poOoTH mossirac y po3po0ii METOAy OLiHKH HOSICHEHb 3 ypaxyBaHHIM BiJMIHHOCTEH y
BXIiJIHUX JJaHUX Ta BIANOBITHOMY pIllIEHHI CHCTEMH IUTYYHOro iHTEIeKTy. BupilueHHs wiel 3a1a4i fa€ MOXKIUBICTD OLIIHUTH BiAMOBIAHICTD MOSCHEHHS
1070 BHYTPINIHBOMY MEXaHi3My NPUIHATTS illleHHS B iHTENeKTyalbHill iHpopMamiiiHiil cuCTeMi He3aleKHO Bifl piBHA 3HAHb KOPHCTyBada IIOJO
0co0IMBOCTEH (OPMYBaHHS Ta BAKOPUCTAHHS TAKOTO pileHHs. I JOCSTHEHH METH BUPIIIYIOTBCS Taki 3a31a4i: CTPYKTYpHU3aLlisi OLIHKH MOSICHEHb B
3aJIeKHOCTI Bif piBHA iX AeTanmizamii 3 ypaxyBaHHSM iX BiAOBIAHOCTI MPOLECY MPUHHATTS PIICHHS B IHTENCKTYaIbHIM CHCTEMI Ta PIBHIO CIPHUAHATTS
KOPHCTyBaua TaKol CHCTEMH; PO3p00Ka METO.Ly OLIIHKH ITOSCHEHb Ha OCHOBI X BiJIIOBIXHOCTI IpoLiecy NPUHHATTS PilIeHHs B iHTENEKTYaIbHil cucTeMi.
BucHoBkH. BuKOHaHO CTpyKTypH3allil0 OLIHKM IMOSICHEHb B 3QJIGKHOCTI BiJ piBHA IX neramisawii. BujineHo piBHI acouiaTMBHHX 3aJIe)KHOCTEH,
MPELEeICHTIB, Kay3albHUX 3aJEKHOCTEH Ta IHTEPAKTUBHUM, [0 BU3HAYAIOTh PI3HMIl CTYMiHb AeTamizawil moscHens. [lokazaHo, M0 acoiaTHBHHI Ta
Kay3albHUM piBHI JeTaii3amlii IOSCHEHb MOXYTh OYTH OLHEHI 3 BHKOPHCTAHHSIM YHCIIOBHX, HMOBIpHICHUX a00 MOXJIMBICHHX ITOKa3HHUKIB.
[peueneHTHril Ta iHTEPAaKTUBHHUIA piBHI MOTPEOYIOTh Cy0 €KTHBHOI OLIHKMA HA OCHOBI ONMHUTYBAHHS KOPHCTYBadiB CHCTEMH LITYYHOTO iHTENEKTY.
P03p006iieH0 MeTO MOMKIMBICHOTO OLIHIOBAHHS BiAMOBIIHOCTI MOSICHEHb MPOLECY MPHHAHATTS PillieHb B IHTEICKTYalbHIH CHCTEMi 3 ypaXyBaHHIM
3aJIOKHOCTEH MK BXIJHUMHU JaHMMH Ta DIlICHHSM IHTENEKTyaJlbHOI CHCTeMH. MeToJ MICTHTh €TalM OI[HIOBAaHHS YyTJIMBOCTI, KOPEKTHOCTI Ta
CKJIQTHOCTI MOSICHEHHSI HA OCHOBI MTOPIBHSAHHS 3HAYEHb Ta KIIbKOCTI BUKOPUCTAHKX Yy MOSCHEHH] BXIAHUX AaHUX. METOM Aa€ MOXKIHUBICTh KOMILIEKCHO
OLIIHUTH TTOSICHEHHSI 3 TO3H i CTIHKOCTI 10 HECYTTEBHX 3MiH y BXIAHHX JaHHX, BiAIIOBIAHOCTI MTOSICHEHHSI OTPIMAHOMY PE3YJIbTATY, & TAKOXK CKIIAJHOCTI
OOYHCIICHHS IOSICHEHHS. Y aCIeKTi IPaKTHYHOTO 3aCTOCYBAHHS METO] A€ MOMKIIHMBICTh MiHIMi3yBaTH KiJIbKICTh BXiZTHUX 3MIHHHX JUISl ITOSICHEHHS TIPU
3a/I0BOJICHHI OOMEKEHHS Ha YyTJIUBICTh TOSCHEHHSI, 1[0 CTBOPIOE YMOBH TSl GiiTbll e)eKTUBHOTO (hOPMYBaHHS TIIYMAueHHs Ha OCHOBI BUKOPHCTaHHS

MIMHOKUHH KJTIOYOBUX BXIIHHX 3MIHHUX, SIKi MAIOTh CYyTTEBUil BIUIUB HA OTPUMAHE B IHTEIEKTYaIbHIl CHCTEMI PIICHHS.
Ku11040Bi c10Ba: MOSICHEHHs], OL[IHKA [TOSICHEHHS, CHCTEMa IITYyYHOrO IHTEJEKTY, IHTEJIEKTyalbHa CHCTEMa, 3pO3YMUIMI ITYYHHUH IHTEJEKT,
acolLiaTHBHA 3aJIeKHICTh, Kay3albHa 3aJIOKHICTh, MPELEACHT, iHhOopMaIliiiHa cucTeMa, peKOMEHIaliiiHa CHCTeMa.

Beryn. EdektiBHE 3acTOCYBaHHS Cy4acHHX CHCTEM
IITYYHOTO IHTENEKTY 0a3y€ThCS HA BUKOPHCTAaHHI METOIIB
MAaIIMHHOTO HaBYaHHS, SIKi OpPI€EHTOBaHI Ha MTOOYIOBY ajro-
PHUTMIB IPUHHATTS PillIeHb 3 BAKOPUCTAHHSM BHSBJICHUX Y
HabOpax JaHUX MaTepHiB Ta 3aKOHOMipHOCTE#H [1].

HagueHi MoeIi 4acTo € HEIPO30PUMH 1, BiITIOBIHO,
HE3PO3YMUIMMHU ISl  KOPUCTYBAa4iB  I1HTENEKTyaJbHUX
cucreM. lle 3HMXKYE CTyMiHb JIOBIPH /10 3aIIPOIIOHOBAHUX
pitenb. B pe3ynbTaTi KoprcTyBaua MOXKe BiZ]MOBHTHCH BiJ|
BUKOPHCTAHHS pillieHb CUCTEMH IITYYHOTO IHTEJIEKTY i B
LJIOMY 3HUXKYEThCSl €DEeKTHBHICTH i 3acTocyBaHH [2].

Jis1 BupimnieHHs 1aHOT MpoOJIeMH BUKOPHUCTOBYIOTHCS
TIOSICHEHHSI, 10 MPEJCTaBIIAIOTh KOPUCTYBAaYeBl MPUYNHH
MPUHHATHX PIlIeHb, a TAKOX NPUIMHU OKPEMHUX il i3
MpoIeCcy MPUHHATTS OUX pillleHb. Takuil miaXin cTBOPIOE
YMOBH JUIS YCIIIIHOTO 3aCTOCYBaHHS DillleHb iHTENCK-
TyaJbHOI CHCTEMHU IPH BHUPIIICHHI NPaKTHYHUX 33734
kopuctyBaua [3].

IIpr 1oOyZoBi «IIpO30pOI» CHCTEMH INTYYHOTO
IHTEJIEKTY BUKOPHUCTOBYIOTHCS MiIXOAW HA OCHOBI Oioro
Ta YOPHOTO SIUKiB [4]. B mepmoMy BHIIaAKy BHKOpPHC-
TOBYIOTBCSI MOJENi, SIKi MOXYTh OyTH IHTepIpeTOBaHi
KOpPHCTYBa4eM, Hampukinaja nepesa pimieHs [5]. Tomy
npoOiema iHTeprperanii B pamMKax IEpLIOro IigxXonry
3a3BHYai € HACJIiIKOM OpraHi3auifHuX 0OMeXeHb.

VY npyromy BUNAAKY IapajieibHO 3 MOJEIUTIO MPHi-
HATTS PIlICHHS B CHUCTEMi LITYYHOTO IHTEJEKTy (opMmy-
€TBCSl CIIPOILEHAa MOJEIb MPOLECY OTPUMAHHs pPillIeHHS,

() ®

sIka BUKOPHCTOBYEThCA [UIA TOsICHEHHs. LI Monens He B
MOBHIN Mipi BignoBigae 6a30Biif MOJENi iHTEIEKTYaIbHOT
cucremu [6]. HeBigmoBigHiCcTe MIDK MOICIISIMH MOKE
MPUBECTH 1O HEKOPEKTHHX IMOSICHEHb, IO CBIAYUTH TPO
aKTyaJbHICTh MPOOJIEMATHKH OILIHKA TOSCHEHHS IIOJIO
HOro BiZIMOBITHOCTI NPOLECy NPUHHATTS PillIeHHS Ta Bij-
MOBIAHOCTI MOTpedaM MPaKTUYHOTO 3aCTOCYBAHHS OTpH-
MaHOTO B iHTEJIEKTyalbHIl cucTeMi pesynbrary [7-9].

Ha cporozni B Mexax BKkazaHOI 3a7adi MOCIIiJIOBHO
BUPILIYIOTHCS B ITi3a1ayi.

[lepiia opieHTOBaHa Ha TIEPEBIPKY BiMOBIAHOCTI IMO-
SICHCHHS OTPUMAHOMY pe3yJIbTaTy IPH BiJOMHUX BXiTHHX
nmarux. OIIHIOBaHHS BUKOHYETHCS 3 BUKOPUCTAHHIM BJac-
THUBOCTEH BXITHHUX AHHUX Ta PE3YIIbTATYy.

Jpyra moB’s3aHa i3 OWIHKOIO TOTO, SIK IOSICHEHHS
CHpUIMa€EThCS KOPHCTYBaueM CHCTEMH IITYYHOTO iHTe-
nexTy. OiHIOBaHHS BUKOHYETHCS Ha OCHOBI ONMTYBaHb Ta
IHTepaKTHBHOI B3aEMOI{ i3 KOPUCTYBadaMH CHCTEMH.

B nmaHiii po6oTi po3rasgacThes Mepia Imia3agaqa. It
BUpIICHHA € HEOOXiTHOIO YMOBOIO s €QEeKTHBHOTO
PO3B’sI3aHHS IPYToi 3aj1a4i, OCKUTLKA HEBIAMOBITHICT MiXkK
MOSICHEHHSIM Ta MPOIIECOM MHPHUUHSITTS PIlIEHHS CYTTEBO
3HWKY€E €(DEKTHBHICTH OCMHCIIEHHS TaKOTrO IIPOIEcy Ko-
pucTyBaueM.

AHai3 0CTaHHIX JOCIIKEHb 1 MyOITiKaIii.

CyuacHi HampsMK{ JOCHIPKEHb MIOAO IMOOYIOBH
MOSICHEHb B IHTEJIEKTYAIIbHUX CHCTEMax BHIUJICHO B pam-
Kax IporpaMu 3pO3yMIIOro INTy4HOro iHTenekty (XAl),
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peanizoBanoi B octanHi poku DARPA (ArenrctBo 060-
POHHHX JOCII/KEHb IIPOEKTIB 3 PO3MIMPEHUX MOXKIH-
Bocreit) [3, 8]. MeTa 3pO3yMiJIOro INTYYHOTO iHTEJIEKTY
MOJIATAa€e B CTBOPEHHI TAKUX IHTEJIEKTYalbHUX CHCTEM, SIKi
MOXYTh HOSICHIOBaTH CBOi BHCHOBKH KOPHUCTYBayeM Y
Takid Gopmi, OO OCTaHHI MOTIH 3PO3YMITH SIK JIOTIKY iX
(YHKIIOHYBaHHS, TaK 1 IOCIZOBHICTH pOOIT mporecy
OTPUMAHHS PIiIICHHS.

IcHyrodi MeTomW OWIHKH TIOSICHEHH CIIPSIMOBaHi
MEPEBAYKHO BU3HAYCHH BIUTUBY BXIJHHUX JaHUX Ha IPOLEC
NpUHHATTA pimens [2, 3, 8,10, 11]. Taki mixxoau € Kopwuc-
HUMH, KOJIN IHTEJIEKTyaJlbHAa CHCTEMa BHM3HAYAETHCS SK
«4OpHUI AMMK». TaKkoX pO3rIsAAETHCS CIIPUUHSITTS MOsIC-
HEHb CaMUMH KopucTyBadamu [2]. OmHak, TOBipa KOpHUC-
TyBadiB JI0 PE3YJIbTATIB Ta MPOLECY NMPUUHSATTS PILICHb B
LJIOMY BU3HAYAETHCS KOPEKTHICTIO, NMPABUIIBHICTIO LUX
BUCHOBKIB. OlliHKa KOPEKTHOCTI PillIeHb 1HTEJIEKTyaIbHOT
CHUCTEMH po3risigaeTbes B podorti [10]. B minomy B icHY-
109X poOOTaX OCHOBHA yBara NPUIUIIETHCS OLIHIOBAaHHIO
OKpeMHuX acmlekTiB mosicieHHs [2, 10, 11], BuminstoTecs
BiAMOBixHI MOKa3HUKHA. OMHAK KOMIUIEKCHIN OINHIM ITOsIC-
HEHHS 3 ypaxyBaHHAM BiATIOBITHOCTI MOSCHEHHS MPOLIECY
NPUIHATTA pillieHb, a TAKOXK CKJIAJAHOCTI peanizaiii nosc-
HEHHSI He MPUUISUIOCH TOCTaTHBO YBary.

BusHaueHHsT Takol KOMIUICKCHOI OINIHKH Y 3araiib-
HOMY BHITQJIKy CYTTEBO 3aJICKHTh BiJl IPEIMETHOI 00JIaCTI.
VYuiikamiss OI[IHKM MOSCHEHb 3 ypaxyBaHHSM BKa3aHUX
BiIMIHHOCTEH MOke OyTHM BHKOHaHA Ha 0a3i Teopil MOX-
JIMBOCTEH, OCKUIBKH OCTaHHS JI03BOJISIE HIMOBIPHICHO OIIH-
caTu BUKOPUCTAHHS BXITHUX JIJaHUX PI3HUX THIIIB, 3B’SI30K
JTAaHUX 3 Pe3yJbTaTOM, a TaKOX MOXKIMBOCTI 3MEHIICHHS
CKJIQJHOCTI OsICHEeHHs [12].

TakuM YHMHOM, B@XJIMBOIO € 3aj1ada (hOpPMyBaHHSI
KOMIUIEKCHOT OIIIHKH TTOSICHEHHS, OCKIJIbKH BOHA € MOX-
JIUBICTh CIPOCTUTH TIOSCHEHHsS, 3a0e3MeUyroun pa3oM 3
TUM (pOopMyBaHHSI KOPEKTHOTO TIIyMaueHHsI, 1110 Bi/IIIOBI1a€
MPOIIeCY MPUUHATTS PILICHHS B IHTEIIEKTYabHIA CHCTEMI
3 ypaxyBaHHSM [TIOTOYHHX 3HAUEHb BXIJHUX JaHHX.

Mera Ta 3aga4i gociaizkenHsi. Meta poOOTH MOJIs-
rae y po3po0Oiii METOIy OIIHKH TOSCHEHb 3 ypaxyBaHHIM
BiIMIHHOCTEH Y BXiJTHHX JAHUX Ta BIAIIOBIAHOMY pilIeHH]
CHCTEMH ITYYHOTO IHTENEKTy. BupimeHHs miel 3amadvi gae
MOJKJIMBICTh OI[IHUTH BiATIOBIIHICTh MiX ITOSICHEHHSI BHYT-
pIIIHBOMY MeXaHi3My NPUHHATTS pILIEHHS B IHTENEK-
TyalbHIl cHCTeMI He3aJeXXHO Bij piBHS 3HaHb KOPHCTY-
Baya 100 0COOIMBOCTEH (POPMYBaHHS Ta BUKOPUCTAHHS
TaKOTO PilleHHS.

Jis mocsrHeHHS MeTH POOOTH BHPIIIYIOTBCS TaKi
3amadi:

— CTPYKTYpH3aIlisl OIliHKH TOSICHEHb B 3aJIS)KHOCTI BiJl
piBHA iX jeramizamii 3 ypaxyBaHHSM iX BiJIOBiTHOCTI
NIpoLIeCy MPUHHATTS PillIeHHS B IHTEJIEKTYyalbHil cucTeMi
Ta PiBHIO CIIPUHHSATTSI KOPUCTYBaya TaKol CUCTEMH;

— po3poOKka METOJy OIIIHKH MOSCHEHb Ha OCHOBI X
BIZIMOBITHOCTI TIPOILIECY NMPUHHATTS PIilIEHHS B IHTEJEK-
TyasbHill cUCTEMI.

Crpykrypusaniss piBHIB jeTaiizamii
MOSICHEHb

TunoBwid Tporiec MOSICHEHHS B CHCTEMi IITYYHOTO
THTEJIEKTY Ma€ Taki KPOKH:

— peaJtizaiis mporecy mooya0BH MOSICHEHD,

Ta OLIHKHU

— HaJIaHHS 3Tr€HEPOBAHOTO MOSICHEHHSI KOPUCTYBA4EBi
IHTENICKTYaIbHOT CUCTEMU;

— OCMUCIICHHS TIOSICHCHHSI KOPUCTYBa4EM;

— HiIBUIIEHHS ¢()eKTUBHOCTI POOOTH KOPUCTyBaya 3
IHTEJICKTYaTbHOI0 CUCTEMOIO.

Heo0xigHOI0 YMOBOIO pealizallii OCTAHHBOTO €TaITy €
OIliHKA MOsiICHEeHHs. Taka omiHka Moke OyTH HajJaHa SK Ha
eram #oro moOyJOBH, TaK 1 Ha €Tami OCMHCICHHS
TIOSICHEHHSI KopHCTyBaueM (puc. 1).

1.IToGynoBa mosicHEHHS

O1iHKa Ha OCHOBI
BIUIOB1THOCTI
HOSCHEHH] Tapi
(BXinHI qaHi, pilieHHs
CHCTEMH)

2. HamaHHs NOSCHEHHS
KOPUCTYBaueBi

3. OcMHCIIEHHS
MTOSICHEHHS
KOpPHUCTYyBaueM

O1iHKa Ha OCHOBI
BI/IITOBITHOCTI ITOSCHEHHS
3HAHHSAM KOPHCTYBaya

3. ITigBuIeHHA
e(peKTHBHOCTI
BUKOPHCTAHHS

IHTEJIEKTY ATbHOI CUCTEMH

Puc. 1. Ouinka nMosCHEHHs Ha MEPIIOMY Ta TPETbOMY eTanax
(hopMyBaHHS TITyMadeHHS

VY nepiioMy BHNaIKy OLHKA J[a€ MOXKJIMBICTH yCTa-
HOBUTH BIJIOBIIHICTH ITOSCHEHHS BXIJHMM IaHUM Ta
pillIEHHIO, OTPUMAHOT'0 CUCTEMOIO IITYYHOTO 1HTENIEKTY. Y
JIpyroMy BUIIJIKy OLliHKa BiZtoOpakae BiIMOBIAHICTH MOsIC-
HEHHS IOTOYHUM 3HaHHSIM KOPHCTYBaua 1100 IPEIMETHOT
061acTi, TOOTO BCTAHOBIIIOE IPUHHSITHICTD TTOSICHEHHS IS
KopucTyBaua. B 000X Bumagkax MOSICHEHHS MoOXe OyTh
MPEACTaBICHO 3 pI3HUM piBHeM nertamizamii. Tomy mis
JIOCATHEHHS TIOCTAaBICHOI METH HEOOXiTHO CTPYKTypyBaTh
MOSICHEHHS 3a PIBHEM HOTO JeTami3allii Ta 3 ypaxyBaHHIM
MOXKITUBOCTEH HOTO Cy0’ €KTHBHOI Ta 00 €KTUBHOI OIIIHKH.
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CrpyKkTypH3allisi 32 piBHAMH JeTalli3alii 1a€ MOKIIU-
BICTh BpaxyBaTH CIIPUHHSATTS MOSICHEHHS! KOPUCTYBa4eM 3
ypaxyBaHHSM PpI3HOTO PiBHS 3HaHb OCTAHHBOTO ILOJO
IpeAMETHOI 00JIacTi.

CrpykTypus3allist 3a Cy0’€KTUBHUMH Ta 00’€KTHBHU-
MH XapaKTePUCTUKAMH [1a€ MOXKJIMBICTH OKPEMO OI[IHUTH
MOSICHEHHS 3a MOT0 BIAMOBIAHICTIO BXIIHAMH 1 BUXITHUM
JaHUM CHUCTEMH LITYYHOTO IHTENEKTYy, a TaKoX 3a Horo
BiNIOBITHICTIO 3HAHHSM Ta MOTpedaM KOpHCTyBaJa.

Ilepma omiHka Moke OyTH TIpeNCTaBlIeHa B HHC-
noBoMy BHUrIii. [pyra orminka morpedye po3poOku MeH-
TAJILHOT MOZIENI KOpUCTyBaya. Y TOTOYHOMY JOCIIKEHH]
KJIFOYOBa yBara 30cepe/pkeHa Ha OLiHI 00’€KTHMBHUX Xa-
PaKTEPUCTHK MOSICHEHHS.

3B’S30K MDX MEpUIMM Ta JPYTMM acleKTaMH Ipen-
CTaBJIeHO Ha puc. 1.

PiBHi geram3anii
MOSICHEHHS

IIpeuenentu,

IHTepaKTUBHE

KOPHUT'YBaHHS
TIOSICHEHHS

AcoLiaTuBHi,
TEeMIOpaJIbHI,
Kay3aJbHi
3AJIEHKHOCTL

OO0'ekTHBHA OIIHKA
MTOSICHEHHS :
BiJIMOBIIHICTh Kay3aIbHIi
3aJIEXKHOCTI MK
BX1THUMU(TIPOMIXKHUMH)
JIAHUMH Ta PIICHHSIM
CHUCTEMU

Cy0’€eKTHBHA OIlIHKA:
CHPUNHATTS NOSICHEHHS
KOpPHUCTYyBa4yeM

Puc. 2. OmuiHka MOsICHEHHS B 3aJISKHOCTI BiJ] piBHS JeTarizarii

3anpornoHoBaHa iepapXis piBHIB AeTamizallii mosc-
HEHHS IIpeacTaBieHa y Tabm. 1.

KirouoBa ifest BuAiNeHHS DPiBHIB HOJATaE B TOMY,
100 BiZJOKPEMUTH «IIOBEPXHEBI» Ta «TIMOWHHI» 3HAHHS
1010 MPEAMETHOT 00JIaCTi.

[epmi BimoOpakaroTh iHTEpdeic, 30BHINIHE Ipea-
CTaBJIEHHS POOOTH IHTENIEKTYaIbHOI CHCTEMH.

Jpyri 3amaroTh NPUYMHU HACHIAKOBI 3B’SI3KH, SIKi
00yMOBITIOIOTH TTPOLIEC POOOTH CHCTEMH.

[losicHeHHsT Ha mepIIOMy Ta APYrOMY pIBHSIX JeTa-
Jizamii BiqoOpa)xaroTh 3HAHHA 3 MPAKTUKH 3aCTOCYBaHHS
piIIeHHs iHTeNIeKTyaIbHOI cucTeMH. BoHN He oTpe0yoTh
3HaHHS PUHINIIB poOOTH IHTEIEKTYIbHOI CHCTEMH.

[Tosichennst Ha 3 Ta 4 PIBHAX MICTATH 3B A3KH, IO
0a3yroThcs Ha (DI3UIHUX, THPOPMAIIIHHUX Ta THIINX 3aJIeK-
HOCTSIX, IKi 00YMOBIIIOIOTh TIPUHHSITE B CHCTEM IITYYHOTO
IHTEJIEKTY pillIeHHS.

Tabmuns 1 — PiBHI gerasizanii mosCHEHHS

PiBeHn Oco0MBOCTI
1.AconmaruBHi 1) ITosicHeHHS BiJIIOBiTa€ Ha 3aIUTaHHS
3aJIKHOCTI «Ha mo cxoxi NpUYUHH TOPHHHATOTO

piteHHs?»

2) BiamoBins Ha BKa3aHe 3allMTaHHS
MpeAcTaBIsieThes y (HopMi giarpam rpa-
¢ikiB, paMoK Iy (parMeHTiB 300pa-
JKEeHb, TEKCTy, YTOYHEHHS CEMaHTHKU
TaKk, 100 BCTAaHOBUTH aCOLIATHBHHIT
3B’S130K MIDX BIIACTHBOCTSIMH BXITHUX
JAaHUX Ta pIIIEHHAM 1HTENEKTyalbHOT
CHUCTEMH.

1) IMosicHeHHs BiANOBizae Ha 3aIUTaHHS
«Slk Ha TpHKIami IOKa3aTH HPUIHHU
OTPUMAHOTO PillIeHHS?»

2) BignoBigs Ha jJaHe 3alMTaHHS MPe-
CTaBIISIETBCS  CIIPOLICHHM  3PO3YyMLINM
NPUKJIAIOM, SKUH OJHO3HAYHO BKas3ye,
yoMy OyJIO OTPUMAaHO PILIeHHS IUIA TO-
TOYHOI KaTeropii BXiTHUX AaHUX.

3) IlosicHEHHsT TOTIOBHIOETBCST 3HAYCH-
HSIM KpPUTEpis BiJIIOBIJHOCTI pillIeHHS
IHTEJIEKTyaIbHOI CHCTEMH.

4) Husbke 3HAUYCHHS OILIHKH BiIMOBIiI-
HOCTIi OTPUMAHOT0 PillleHHs (HAIpUKIAJ,
menme 0.5) cBiqUUTH PO HOrO HEHpH-
JATHICTb 10 IPAKTUYHOTO 3aCTOCYBaHHSI.
VY TakoMy BUNaJKy MOSICHEHHS Ma€e OyTH
JIOTIOBHEHE BJIACTHBOCTSAMHU BXIJHHX Jia-
HUX, SIKi TPUBEJU 10 HU3BKOi OLIIHKH.
1)IosicHeHHs BiITOBiIa€ Ha 3aMUTaHHS
«Slknmu € Ge3nocepeHi MPUIUHU OTPH-
MaHOTO pileHHs?»

2) BigmoBigp Ha AaHe 3alMTAaHHS MPE-
CTaBJIAETHCS Y BUIVIS MPaBHI MPOIYK-
mii, TMpaBWJI JIOTiKH, ab0 Yy TEKCTOBIid
¢opmi. PizHi ¢opmu mpencTaBIeHHS
NpaBWI MAalOTh CIIJIbHY OCOONHBICTB:
MICTSTB BXiIHI a00 IPOMDKHI 3MiHHI Ta
X 3HAYEHHS, 10 MAIOTh BH3HAYaJbHUH
BIUTMB Ha OTPUMaHE PillIeHHs.

3) HenmerepminoBaHe Kay3alibHE TOSIC-
HEHH$ I0TIOBHIOETHCS TIOKa3HUKOM OILliH-
KH BIATIOBITHOCTI NMPHYHHHO-HACIIKO-
BOI 3aIeXKHOCTI. [laHWi TTOKa3HUK MOXKeE
MaTH WMOBIpHICHUI a00 MO>KJIWBICHHUI
XapaxTep.

4) Husbke 3HAUEHHS OLIHKH BiAMOBii-
HOCTI OTPUMAHOT0 pillieHHs (HAIPUKIIa,
mene 0.5) cBigunuTh mpo Horo Hempwu-
JIATHICTh 10 IPAaKTUYHOTO 3aCTOCYBaHHSI.
1) Ha nanomy piBHIi MOSICHEHHSI yTOYHIO-
€ThCS 3 BUKOPHCTAHHSM 3HAaHb KOPHCT-
yBaua 00 npeaMeTHoi obnacti. [Tosc-
HEHHs BiamoBizac Ha 3anuTaHHs «SIK
JOITIOBHUTH ITOSACHCHHA U.l06 BOHO CTaJIO
3pO3yMITUM KOPUCTYBaueBi?».

2) YrouHeHHs BinOyBa€Thcsi i3 ypaxy-
BaHHAM JIOIATKOBHX BXIJIHHUX JaHHX, a
TaKOX 3HaHb KOPUCTYBaya.

2. Ilpeuenentu

3. KayzanpHhwuii

4. [HTepakTHBHUI

Kito4oBi BiIMIHHOCTI HEpIIOTO Ta APYroro pPiBHIB
JleTami3alii MoJiAraloTh B TaKOMY. ACOIIaTHBHI 3ajex-
HOCTi BIiAMOBIJAIOTh 3arajlbHUM 3HAHHSAM KOPHCTyBada
moao mnpeaMeTHoi obmacti. Taki 3aJl€KHOCTI MOXKYTh

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii
ananis, ynpasninksa ma ingopmayiiuni mexnonozii, Ne 2 (10) 2023 97



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

BUCTYIATH B SIKOCTI IPO0OOpPa3iB JAE€TEPMiHOBAHHUX MPABUII
BUBOJY pilieHHs. ToMy JaHuWil piBeHb MoXe OyTH oOmi-
HEHUI 3 BUKOPUCTaHHIM 00’ €KTHBHUX YUCIIOBUX OL[IHOK.

Hanpuknan, sSKo BHIUICHI B MOSCHEHHI KITHOYOBI
€JIEMEHTH 300paKeHHS MICTATh KiHIIIBKH JIIOJUHHU Y PYCi,
TO KOPHCTYBAad Ma€ 3pO3YMITH, YOMY CHCTeMa BimHecia
300pakeHH 10 KJIacy JIOIeH, o 0iKaTh.

PiBeHP mpeneneHTIB MICTUTh MHOXHHY acoIlia-
THUBHHX 3aJIC)KHOCTEH, OCKIUIBKH NMPELENCHT MPEICTaBIIsIE
co0010 BXiJHI Ta JaHi TUIIOBE pealli3oBaHe PillleHHS, IO €
3pO3yMITHM JUIS KOPHCTYBada.

Hampukian, 300pakeHHS JIOAWHM, IO ODKUTH Ta
PE3YNBTYIOUHH KJIac [IbOTO 300pa)KEHHS.

Ha npyromy piBHI Aerainizalii BUKOHYETbCS TOPiB-
HSHHS TIpELEe/IeHTy 13 3HaHHAMH KOpHCTyBada. Tomy
JaHWH piBEeHb MOTpeOye CyO’€KTHBHOI OILIHKUA HAa OCHOBI
ONUTYBAaHHS KOPUCTYBAYiB.

PiBens 3 3amae nerepminoBaHi a00 OMiHIOBaHI 3aJIeXK-
HOCTI, 10 BU3HAYAIOTh MPUYMHH DIilIEHHS ab0 OKpeMHux
Iiit mporecy (GOpMyBaHHS PIllICHHS B CUCTEMi IITYYHOTO
IHTETIeKTY.

JleTepMiHOBaHI 3aJIC)KHOCTI AJISI TIOSICHEHHST MOXYTh
OyTu OTpUMaHI JIMILE Y BUMAJKY HPO30POCTI I KOpHUC-
TyBa4ya MOJENI NPUHHSTTS pillleHh B CUCTEMI LITYYHOTO
iHTesnekTy. ToOTO B TaHOMY BHIIA/IKy MOJIEIb MAE MOMKITH-
BICTb iHTEpIIpeTaLii.

VY iHIMX BUMNAJKax, NPH IPEICTABJICHHI MOJEIi
NPUIHATTS pIllIeHb Yy BUIIAI «YOPHOTO» ab0 «ciporoy»
SIIUKY, Kay3albHI 3aJIe)KHOCTI MAaTUMYTh HMOBipHHI
xapakTep. ToMy Taki 3aJIe)KHOCTiI MarOTh OyTH JOTIOBHEHI
HMOBIpHICHOIO 200 MOJKIJIMBICHOI OIliIHKaMH. TakuMm
YHHOM, TPETii piBeHb AeTamizamii moTpedye 00’€eKTHBHOT
OLIIHKH MOSICHEHHSL.

YersepTuil piBeHb neTaiizalii 3ade3mneuye BHOIp Ta
YTOYHEHHsI TOSICHEHHs JIIOOOT0 3 IONEpeIHiX pIiBHIB.
BinnoBigHO, MOSCHEHHS MOXKE OyTH JOMMOBHEHO acollia-
TUBHMMH a00 Kay3aJbHUMH 3aJIe)KHOCTSIMH, LIO Bpaxo-
BYIOTh JIOJIATKOBI BXiJHI 3MiHHI. AGO X MOXYTb OyTH
BIZIKMHYTI BiZJOMI 3 TOYKH 30pY KOPUCTyBaya Ta TpPUBiaJbHi
3aJISKHOCTI.

AHanoriYHO, TpPH BHUKOPUCTAHHI IPELEAECHTHOTO
piBHS neTamizalil MOsSICHEHHS MOXe OYTH CKOPUTOBaHHA
nieperntik 6a30BUX MpereeHTiB. 3a1ada yTOYHEHHS Mpere-
JICHTIB BUHHUKAE, HATIPUKJIIA] TP 3MiHI COIiaJbHUX, IOPHU-
JUYHUX TIPaBWI, BIOJ00aHb KOPHCTYBaya IHTEJIEKTY-
aIIbHOI CHCTEMH, TOIIIO.

Hanpuknan, mpu 3MiHi JemorpadidHux XapakTe-
PHUCTHK KOpUCTyBada (OCBITH, MiCIle MMPOXKUBAHHS, TOIIO)
MOXYTh 3MIHHTHCS 1 HOTO BIOAOOAHHS IIIOJO TOBApiB Ta
MOCIIyT B CHCTEM eJIEKTPOHHOI Komepiii. BiamosigHa
peKoMeH/IaliifHa MiACUCTeMa TMOTpeOye HajaaroKeHHS,
1110 MO>Ke OyTH BUPIIIEHO Ha OCHOBI YTOUHEHHSI OSICHEHHS
I10/10 PEKOMEH/I0OBAHOT'O MEPEITiKy TOBApiB Ta MOCIYT.

MeTo/1 MOKIIMBICHOTO OLIIHFOBaHHSI MOSICHEHb

Mertosi OLIHIOBaHHS TOSCHEHb INPHU3HAYCHUN IS
NepeBipKH BiJIIOBITHOCTI OSICHEHb NapaM (Halip BXiTHUX
JlaHNX, PIIIEHHS IHTEJeKTyaldbHOi cucteMu) abdo (Hadip
MPOMDKHUX TaHWX, MPOMDKHHMH CTaHa IHTENEKTyalbHOI
crucTemMH). MeToll OpieHTOBaHHWI Ha TIEPEBIPKY TIIyMadeHb
Ha eTar o6y 0B moscHeHHs (puc. 1).

MeTo/1 BUKOPHCTOBYE Taki NOKAa3HUKH OL[IHKH IOSIC-
HEeHb: YYTJIMBICTh IMOSCHEHb JO BIIACTUBOCTEH BXITHUX
JIaHNX; KOPEKTHICTh TOSICHEHbB; CKJIAAHICTD (OPMYyBaHHS
MOSICHEHb.

[epmmii moka3Huk BinoOpakae OLIHKY BiIMiHHOCTEH
y pilleHHSIX CHCTEeMH NPH HE3HAYHHX 3MiHaX Yy BXIiTHHUX
nmaanx. OIiHKa 9yTIMBOCTI BHKOHYETHCS IIISIXOM YCTa-
HOBJICHHS BIiIMIHHOCTEH MiX eJeMEHTaMH pIIIeHHS Ta
BXIZTHUMH JTaHUMH 32 YMOBH, LIO NOSCHEHHS € CXOXHMH
a60 omHakoBUMH. ToOTO KOO Mapw (BXiAHI JaHi, pilIeH-
HS) BiAPI3HSIOTHCS HECYTTEBO, TO 1 MOSICHEHHS Mae OyTH
CXOKHMM a00 iIeHTHYHUM. Y BHINAJKY CYTTEBUX BiIMIiH-
HOCTei B IaHUX MOSICHEHHSI TAKOK Ma€ BiAPi3HATHCH [12].
@DakTUYHO NaHWH MMOKAa3HUK BIUIMBAE HA TOYHICTH MOSIC-
HEHHS: TP HEBUCOKIH YyTIMBOCTI OyayTh chopMoBaHi
OJTHAKOBI TMOSICHEHHs I PI3HUX map (BXigHi JaHi,
pe3ynbTar), MmO 3HWXKYE TOYHICTh TiayMadeHHs. [lpu
BHCOKIM YYTITUBOCTI IOSICHEHHS Ma€ BiAPI3HATHCH I
HECYTTEBHX 3MIiH y BXiIHHUX JaHUX, IO YCKJIaIHIOE
CIIPUIHATTS TOSICHEHHS KOpUCTyBadeM. TakuM YHHOM,
OLIIHKA YyTJIMBOCTI MOSICHEHHS € MiIIPYHTSAM Ul BH3HA-
YeHHs e(peKTHBHOCTI BUKOPUCTAHHS TIyMaueHHs KOPUCTY-
BayueM.

[Toka3HUK KOpPEKTHOCTI € OIHAPHOKO OLIHKOIO, SKa
BiJNOBiae Ha nHTaHHSI: «YM TOSCHEHHs BigoOpaxae
npolec  NPUHAHATTS — pIlIEHHS B IHTENEKTYyaJbHIN
cucreMi?», «Hu mosicHeHHs BioOpaxkae acolliaTuBHy a0o
Kay3aJbHy 3aJCKHICTP MIXK BXIJHUMH JaHUMH Ta
piLIeHHsM iHTeNneKTyanbHol cucTeMu?». Ilepliue muTaHHs €
aKTyaJJbHHM IIPH TPEICTAaBICHHI CHCTEMH Yy BUIIISAIL
«4OPHOT0» 200 «CipOroy SAIIUKY, a Ipyre — SKIIO CHCTEMa
NPEICTaBISIETECS K «YOPHHN» SIMK. J[aHWil MOKa3HMK
BU3HAYAE€ MOJIIUBICTH BHKOPHCTAHHS IIOSCHEHHS IpH
3acrocyBanHi cucremu [10].

TToka3HUK CKJIaHOCTI BiZOOpaXkae KibKICTh BXITHUX
JAHKUX, Ki HeoOXimHI Iyt moOymoBu mosicHeHHs. [1o0y-
JIOBA MOSICHEHb OB’ s3aHa 13 CTBOPEHHSIM MOJIEII MPOIECY
TIIyMa4eHHs, SIKa € MEHII CKJIQJIHOIO MOPIBHSHO i3 MOJIe-
JIFO TIPUAHATTSA pinieHHs. ToMy, Ha BiMIHY BiJ JABOX IO-
HepeHixX, el MOKa3HUK BU3HAYa€e MOKIIUBICTh peajtizanii
MOSICHEHb B IHTEIIEKTYaIbHIN CHCTEMI.

3B’30K MiXk MMOKa3HUKAMH BiJOOpakeHO Ha puc. 3.

KOpeKTHICTh MOSICHEHHS:
MOXCUTUBICTh
3aCTOCYBaHHS
KOPHCTyBa4YeM
InrenexryansHa
Kopucrysau CHCTEMA
. CKI1a[HICTh: MOXKITHBICTD
YyTuBICTS: S
. peanizanii NOsSCHEHHS
eQeKTUBHICTH
TIpH 3aaHHUX
BUKOPUCTAHHS
TEeMIOPATBHUX
TMOSICHCHHS
0OMEIKESHHSIX

Puc. 3. 38’430k MiXK IIOKa3HUKAMHU OLIHKH IIOSCHEHHS
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Merto/ OLIHIOBAaHHS TOSICHEHHS MICTHTH TaKi KIIIO-
YOBI eTamny.

Eran 1. [lepeBipka KOPEKTHOCTI MOSICHEHHSI.

Pesynpratu aHoro eramy JaroTh MOKIIMBICTH YCTa-
HOBUTH BIANOBIZHICTh TOSCHEHHS IIPOLECY NPUHHATTS
piIIeHHS B iHTENEKTyalbHIA CHCTEMI.

Eram 2. OrigKa CKJIagHOCTI ITOSICHEHHS.

PesynbraT aHOTO €TaIy Aar0Th MOKIHMBICTE 3 5CY-
BaTH, UM TOSICHEHHSI MOXe OYyTH peati30BaHO Ta BHKO-
PHCTaHO.

Etam 3. Ouinka 9yTJIIMBOCTI TIOSICHEHHSI.

PesysnpraTtu 1aHOro eTamy aroTh MOXKJIMBICTD BU3HA-
YUTH BIUIMB BIIXWIECHb y 3HAUYEHHSX BXIIHHMX JaHUX Ha
TIOSICHEHHSL.

Etan 4. 3MeHIIEHHS CKJIQJIHOCTI IPU OOMEKEHH] 110
YYTJIMBOCTI TIOSICHEHHSI.

Peanizarist JaHOTO eTamy Aa€ MOXIUBICTh 3MCHIIIUTH
BIUTHB HEKJIIOYOBHX BXiJTHHX JaHHX Ha MOSCHECHHS.

Ha mepiomy erami MeToy po3paxoBYEThCsl KOPEKT-
HICTh TOSCHEHHS. B paMKax MOXKIMBICHOTO MiIXOXy
KOPEKTHICTh BH3HAYAETHCSA Yepe3 HEOOXiTHICTh BUOOpY
OTPUMAHOTO PIillICHHS Ha 33JaHOMY Ha0Opi BXiTHUX TaHUX.

Mosxmusicts T1(R;) pimenns R, Busnauaetscst uepes

HaibinbIry WMOBIPHICTE BUKOPHCTaHHS R, B MuHyzomy
Ha MHOKHHI CXOKHUX pimens R = {Rj (V)R # Rj} . Ha-

MIPUKJIIAJI, MOXKJIMBICTh PILIICHHS II0JI0 BUOOPY KOMIT IOTepa
3 MEBHUM IMPOLIECOPOM B CHUCTEMi EIEKTPOHHOI KOMepIii
BH3HAYAETHCS dYepe3 HaWOUIbITy WMOBIPHICTH BHOOpY
KOMI'IOTepa 3 MpoIrecopoM Ii€i x ¢QipMu Takoro x
TTOKOJIiHHS.

HeoOxigHicTh pimeHHS N(Ri) 3aa€ThCS  depe3

MOJKJIUBICTh BCIX IHIIUX pilieHb, TOOTO

1-TI(R\R).
3a[Ja€ThCSL Yepe3 MOIIMBICTH BHOOPY MPOIECOPIB BCIX
iHmux (QipM, He3ale)KHO Big IX MOKOmiHHA. To0TO
MOXIIMBICTh BU3HAYAETHCS JUI LIIHOBOT MMIJIMHOXKHUHH
BXIJIHHMX JaHUX, & HEOOXIIHICTh — JJIs IOBHOI MHOKHHH 34
BUKJTIOUCHHSM I1JIbOBOT i IMHOKHUHH.

BHOODY
B HaBeeHOMY NPHUKIAAI HEOOXIAHICTH

DopMalibHO, TOSICHEHHS EXpI(Ri) pimenns R, st

BXIJIHUX JaHUX X; € KOPEKTHHM, SIKIIIO 3HAYEHHS He0OXi -
Hocri nepeuiye 0.5 [10]:
C(Expl(R))=true[l-TI(R\R)>05. (1)
CemanTuka Bupasy (1) mossirae B ToMy, 10 JUIsl KO-
pexTHOTO nosicHenHs EXpl (Ri ) IIOJ0 LUILOBOTO PillIEHHS

R; MOMBiCTh BUOOPY anbTepHATUBHUX pimieHb R; # R;

Ha miamuoxuai X \ X, mae craHoButH MeHme, Hixk 0.5.

MOXIHBICTE BUKOPHCTAHHS JAHOTO IIPEJCTaBICHHS
KOPEKTHOCTI TOACHEHHA 0a3yeThCsl Ha TOMY, IO BXiJHI
3MiHHI X, MaroTh 6e3mocepesHiil 3B’ 30K 3 Pe3yabTaTOM.

Hanpukian, B SKOCTI BXiTHHX JAHHUX BHKOPHCTOBYETHCS
MOJIENb TPOIecopa, a BUXIIHUX — KOMIT'IOTEp 3 IpOIe-
COpPOM JIaHOT MOJIETI.

Ha erari 2 omiHIO€TBECS CKIIAAHICTE IMITJIEMEHTALIIT Ta
BUKOPHUCTaHHSA TMOSCHEHHSA. CKIAAHICT  MOSICHEHHS

Expl (Ri ) OLIIHIOETHCS SIK KUIBKICTh BX1JIHUX 3MIHHUX |Xi |

JUISL TAHOTO TIOSICHEHHS.

Ha erami 3 BHKOHYETBCS OIiHKA YYTJIMBOCTI TMOSAC-
HeHHA. UyTIHBICTh 3a1a€ThCS Yepe3 BiIXWUIICHHS CITBBiI-
HOINICHb BXIJHHUX TAHUX Ta PIMICHHS 32 YMOBH CXOXOCTIi
nosicieHs [12]. YV MOXIMBICHOMY acrieKTi 4yTIHBiCTh S
BHU3HAYAETHCS Yepe3 BiAMIHHICTH MOMIINBOCTEH BHKOPHC-
TaHHS PI3HUX BXIAHUX NaHHX JUI1 OTPUMAaHHS OJHOTO i
TOTO X HOSICHEHHS I OHAKOBOT'O PE3yJbTaTy:

S (Expl) = max(‘H(Xi)—H(Xj)D
|Expl, =Expl;,R =R,.

Obmexenns R; =R, ycknanHioe oKy 9yTIMBOCTI

@

TOSICHEHHSI, OCKUIBKH JJISl CXOKUX PE3YNIbTAaTiB MOXKeE OyTH
HaJlaHO OJIHE M Te X mosicHeHHs. Hampukinan, B cuctemi
€JIEKTPOHHOT KOMepIii MM MOXXEMO PEKOMEHIIyBaTH Pi3Hi
MoJIeNTi HOYTOYKIB 3 OTHUM 1 THM K€ IOSICHEHHSIM: MOZICITh
MIPOTIOHYETHCS Ha OCHOBI BIIACTHBOCTEH ITporecopa.

Tomy y BuIasiky 0THaKOBOTO TTOSICHEHHS AJISI CXOXKHX
pe3ynbTaTiB MOTPIOHO BPaxOBYBATH BiANOBITHICTE MiX
MOXITHBOCTSIMH BXiTHUX JAHUX Ta PIIICHHS CUCTEMHU:

mx,) 1n(x,)

S(Expl)=max| | ———=-
(Bxol) n(R) 1I(R))

B ocHoBi MoxnuBicHOT oLiHKH (3) JIEXKUTH i1es Mpo
Te, IO YYTIMBICTh BiOOpaka€ MaKCUMaJbHE BIIXHUICHHS
M MOXXJIHBOCTSIMH BIUTHBY BXIJHHX TaHUX Ha PIIICHHS
CHUCTEMH MITYYHOTO IHTEJICKTY.

Ha erami 4 MiHIMI3y€eThCsI KIJIBKICTh BXITHUX TaHUX,
[I0 BHKOPUCTOBYETHCS Ui MOOYAOBH MOSCHEHHS. B
OCHOBI TaKol OI[IHKH JISKUTH i/Ies TIpo Te, MO0 HEOOXiTHO
BUJIUIUTH JIMIIE€ CYTTEBI Uil BUKOPUCTAHHS TMOSICHCHHS
BximHI naHi. CyTTE€BUMH € HaHi, SKi BIUIMBAIOTh HA UyT-
TUBICTh TosicHeHHA. Lli maHHI TOTpiOHO BPaxOBYBATH,
OCKIIbKM iX BWJIYYCHHS MOXE MPHUBECTU 10 3HUKCHHS
TOYHOCTI TIOSICHEHHS, TOOTO 0 HEBIAMOBIIHOCTI TOsC-
HEHHsI peaIbHOMY MpOLleCy MPUHHATTS pilleHHs. Biamo-
BIJTHO, SIKII0 YaCTHHA JaHUX HE BIUIMBAE€ HA YYTJIUBICTH
MOSICHEHHSI, TO BOHM MOXYTh OyTH BHKJIIOYCHI 3 OCTaH-
HBOTO.

ITocTanoBka 3amadyi
BHIJIS:

|Expl;, =Expl;. (3)

MiHiMi3amil CKJIAZHOCTI Mae€

Jano :
C(Expl(R;)) = true.

Heobxiono :
|X;| > min.

(4)

3a ymosu :
(Vi)S(Expl(R;))=S(Expl).
Ha nmanomy etami IUKITIYHO HAa KOXHOMY N-KPOIl
BUKOHYEThCS BHJIYyYEHHS CKIAJOBUX X, i3 IOTOYHOI

MHOXXHMHU JaHHUX Xi(”) IUTsL TIOSICHEHHSI 32 yYMOBH, IIIO
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S(Expl(R;)) =S (Expl), T06T0 4yTuBicTh HOACHEHHS He

SMCHIIYETHCA:

(n+1)
X,

=X\ X, | [8 (Expl (R)) = S (Expl).  (5)

BukopucTaHHs METONy A€ MOXKJIMBICTh 3MEHIINUTH
KIJIbKICT BXIJTHUX JAHUX JUIS TOSICHEHHSL, IPEACTAaBICHOTO
acoIiaTUBHOIO a00 Kay3aJbHOIO 3aJISKHICTIO 3T1JTHO JeTa-
Ji3arii mosicieHs y Taou. 1.

PosrnsinemMo mpukian GpopMyBaHHS BXIJHHX JaHHX
IUTS 3aIIPOTIOHOBAHOTO METOY Ha OCHOBI aHAIII3Y KypHAITY
MPOAaXiB y CHCTeMi eJIeKTpOHHOI Komepiiii. Bximammu
JTAHVMU € TIOSCHEHHS y (hOpMi 3aJIeKHOCTI

KAH0Y08i KOMNJIEKMYOUi KoM omepa —
NOACHEHHS W00 BUOOPY KOMN'I0mepd .
Ii maHi HEOOX1THO TONMOBHUTH 3HaUYeHHAMU 1 ( X, ) ,
I ( R, ) , |Xi | . Y xypHaii npojaxiB MicTUTECS iH(GOpMaIis
00 TPOJAHUX KOMIT FOTEpiB pisHUX THIB. [HQOpMAaris
PO TPOAaxi Ja€ MOMIIMBICTH TMOOYDYBaTH MHOKHHHU

HMoOBipHOCTEH BUOOPY X KoM fotepiB. Ha ocHOBI 00pa-
XOBaHUX HMOBIpHOCTEW (POPMYETHCS MOMKIIUBICTD PE3yJIb-

TaTy H(Ri), TOOTO MOXJIMBICTh MOKYIKH 3 IMPOJAHHX

KOMII FOTEpiB, HAIPUKIIA] i3 MPOIECOpaMH 3 OIHI€T cepil.
JI KOXKHOTO 3 KOMIT'IOTEpiB BiIOMi KIIFOYOBI KOMILICK-
TYIOUi, XapakTepUCTUKH SKUX BIDIMBAIOTH HA BHOIp
KopucTyBava. Lle nae MOMJIMBICTH po3paxyBaTH HMO-
BIpHOCTi IX BHKOPHCTAaHHS B KYIUICHHX MPOAYKTaX i BiX-

nosinni Moxmsocri I1(X;). Hampuknan, pospaxosy-

€TBCSl MOXKITMBICTh BUKOPHUCTAHHSI TIPOLIECOPIB MEBHOT cepil
3 ypaxyBaHHAM HMOBIPHOCTI iX BUKOPHCTAHHS B KOMII 10~

Tepax Pi3HUX TOPrOBHX MAapoK. 3HaYCHHS |Xi| po3spaxo-

BYETBCS [UISl BIATIOBITHHUX ITIIMHOXHH KOMILJICKTYIOUHX,
HaINpHKIaJ, IUis cepil MpoLecopiB, OJIUH i3 IKHUX € Y PEKO-
MEHJJOBAaHOMY KOMII I0TEpi.

ExcriepumeHTanbHa nepeBipka MeToy Oylia BUKOHA-
Ha Ha OCHOBI JXypHally MNPOJAXIB CBATKOBHX TOBapiB
Mepexi cynepMapkeTiB. [TosiCHEHHS MaJlo BUIJISL: PU3HA-
YeHHsl TPy TOBapiB, 4ac MOKYIIKH, KIIOYOBI CJIOBA SIK
ACOLIATUBHI IPHYMHH BHOOPY. 3a pe3yIbTaTaMH eKCIepH-
MEHTaJILHOT TEePEeBIPKH BCTAHOBJIEHO, IO IOSICHEHHS Ha
OCHOBI TpyIM TOBapiB Ma€ TOKa3HUK KOPEKTHOCTI
C =0.63 yuie Ha OKpeMUX iHTepBaJax 4acy, 3a3BHYaii B

Me)Kax THXKHIB BiJ HaTH cBAT. ToOTO MiHIMansHHUHA Habip
€JIeMEeHTIB, SKWil 3a0e3nedyBaB HE3MIHHY YyTJIHMBICTH
MTOSICHEHHSI CTAHOBHTD 2. 3HAYEHHS Yy TIUBOCTI CTAHOBUIIO
S=044.

BucHoBkH. BHKOHaHO CTpPYKTypH3alilo OLIHKH
TIOSICHEHb B 3aJIEXKHOCTI Bt piBHA 1X gerarnizauii. Buaineno
PIiBHI acOIliaTUBHUX 3aJIS)KHOCTEH, IPEIIeICHTIB, Kay3allb-
HUX 3aJI€KHOCTEH Ta iHTEPaKTHBHHH, IO BU3HAYAIOTh
pi3HHIl cTynmiHp neramizamii mosicHeHb. llokazaHo, MmO
acoIliaTMBHUM Ta Kay3aJIbHUH PiBHI JeTalli3alii MosicCHeHb
MOXYTh OyTH OILiHEHI 3 BUKOPUCTAHHIM YHCIIOBHX, HMO-
BipHICHUX a00 MOJIMBICHMX TOKa3HUKIB. [IpeneneHTHMiA
Ta IHTEpPaKTUBHUI PiBHI TOTPEOYIOTh CY0’ €KTUBHOT OLIIHKH

Ha OCHOBI OIMTYBAaHHS KOPHCTYBauiB CUCTEMH IITYYHOTO
IHTEITICKTY.

3aIrpornoHoOBaHO METOJ] MOXKJIMBICHOTO OLIiHIOBaHHS
BIAMOBITHOCTI TOSICHEHb IPOLECY NPHUUHSTTS pillleHb B
IHTEJIEKTYyaNbHIi CHUCTEMI 3 ypaXyBaHHSM 3aJIeXKHOCTEU
MDK BXiTHUMH JaHUMH Ta PIIICHHSAM IHTEIEKTYalIbHOI
CHUCTeMH. MeTOoJl MICTHTD €Taly OLiHIOBAHHS IyTINBOCTI,
KOPEKTHOCTI Ta CKJIAJHOCTI TOSICHEHHS Ha OCHOBI ITOPiB-
HSHHS 3HaY€Hb Ta KUTBKOCTI BUKOPHCTAaHHUX Yy ITOSICHEHHI
BXIIHUX JaHUX. METO 1a€ MOKJIMBICTh KOMIUIEKCHO OLTi-
HHTH TTOSICHEHHS SK Y aCIeKTaX CTIHKOCTI 10 HECYTTEBUX
3MiH y BX1IHUX JaHUX, BIATIOBITHOCTI OSCHCHHS OTPHMa-
HOMY Pe3yJIbTaTy, a TAKOX CKJIQJHOCTiI OOYHCIICHHS MOsiC-
HEHHSL.

VY acmekTi NpakTHYHOTO 3aCTOCYBaHHS METOA Ja€
MOXIIMBICTb HIJIBULIUTH €(EKTUBHICTH (POPMYBaHHS HOSIC-
HEHHSI [IUISIXOM BiI0OPY MiIMHOKUHHU KITFOUOBHX BXIJTHUX
3MIiHHUX, SIKi MafOTh CyTTEBHH BIUIMB HA OTPHMaHE B iHTe-
JIEKTYabHIH CHCTEMI pillleHHS.
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A METHOD FOR EVALUATING EXPLANATIONS IN AN ARTIFICIAL INTELLIGENCE SYSTEM USING
POSSIBILITY THEORY

The subject of the research is the process of generating explanations for the decision of an artificial intelligence system. Explanations are used to help
the user understand the process of reaching the result and to be able to use an intelligent information system more effectively to make practical decisions
for him or her. The purpose of this paper is to develop a method for evaluating explanations taking into account differences in input data and the
corresponding decision of an artificial intelligence system. The solution of this problem makes it possible to evaluate the relevance of the explanation
for the internal decision-making mechanism in an intelligent information system, regardless of the user's level of knowledge about the peculiarities of
making and using such a decision. To achieve this goal, the following tasks are solved: structuring the evaluation of explanations depending on their
level of detail, taking into account their compliance with the decision-making process in an intelligent system and the level of perception of the user of
such a system; developing a method for evaluating explanations based on their compliance with the decision-making process in an intelligent system.
Conclusions. The article structures the evaluation of explanations according to their level of detail. The levels of associative dependencies, precedents,
causal dependencies and interactive dependencies are identified, which determine different levels of detail of explanations. It is shown that the associative
and causal levels of detail of explanations can be assessed using numerical, probabilistic, or possibilistic indicators. The precedent and interactive levels
require a subjective assessment based on a survey of users of the artificial intelligence system. The article develops a method for the possible assessment
of the relevance of explanations for the decision-making process in an intelligent system, taking into account the dependencies between the input data
and the decision of the intelligent system. The method includes the stages of assessing the sensitivity, correctness and complexity of the explanation
based on a comparison of the values and quantity of the input data used in the explanation. The method makes it possible to comprehensively evaluate
the explanation in terms of resistance to insignificant changes in the input data, relevance of the explanation to the result obtained, and complexity of the
explanation calculation. In terms of practical application, the method makes it possible to minimize the number of input variables for the explanation
while satisfying the sensitivity constraint of the explanation, which creates conditions for more efficient formation of the interpretation based on the use
of a subset of key input variables that have a significant impact on the decision obtained by the intelligent system.

Keywords: explanation, evaluation of explanation, artificial intelligence system, intelligent system, comprehensible artificial intelligence,
associative dependence, causal dependence, precedent, information system, recommendation system.
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PO OAUH KJAC HECTAIHIOHAPHHUX KPUBHUX B I'lNIbBBEPTOBOMY ITPOCTOPI

CramioHapHi BHIIQJKOBI IPOIECH JOCTATHHO JOOpe BHBYAIKCS IPOTATOM OCTAaHHIX POKiB, modnHaroud 3 podiT A. H. Konmmoroposa. MoxnuBicTs
no0yyBaHHs KOpEJALiHHOI Teopii HecTal[ioHApHMX BHIIQAKOBHMX IIpoleciB posnisiganacs B Monorpadisx M. C. Jligmina, A. A. SHuesuua,
B. A. 3onoraproBa. Jlesxi KiIacu HecTallioOHapHUX KPHUBUX JociipkyBaiucs B. E. KannensconoM Ta iH. B maniit po6oTi po3riisiianucs HecTalioHapHi
BUITA/IKOBI IPOIIECH SIK KPUBI, 5IKi «CJ1a00 BIIXMISIOTHCS» BiJ BHIAJKOBHX IPOLECIB 3 KOPEISLIITHOW (QYHKIII€IO CIeliaTbHOro BUIILLY. BBoanuThCS
iHdiHITe3uMaNbHA KOpessLiiiHa QyHKIA, SKa 3a 3MICTOM € BIAXMJICHHS BiJl BHIIQAKOBOIO IpOLECY 3 JAaHOK KopensuiiiHow ¢yHkuieo. B pobori
PO3IIIAIOTECSL HECTAI[IOHAPHI BHIIAIKOBI IPOIECH Y BUIAJKY, KOJIU ONEPaTop MpOLecy Mac OXHOBHMIPHY YSBHY KOMIIOHEHTY, i KOJIU OIepaTop €
JIICHUIIATUBHYM 3 IUCKPETHUM CIIeKTpoM. [Ioka3aHo, 10 HecTalioHapHiCTh BUNAIKOBOTO IIPOLECY TiCHO IT0B’s3aHa 3 BIIXHIICHHSIM OIIepaTopa Bijl CBOTO
CIIPsDKEHOTr0. BHKOPHCTOBYIOUYM TPUKYTHY 1 YHIBEpCAIbHY MOAEII HECAMOCHPSDKEHHUX ONEPaTOPiB, MOJKHA OTPHUMATH IPECTABICHHS ULl KOPEISLifiHOT
(yHKIil y BUIIaJKy HECTAIIOHAPHOTO BUIIAIKOBOTO MPOIIECY, sIKe 3aMiHs€ peAcTaBlIeHHs boxHepa — XiHUMHA y BUIIAJKY CTAalllOHApPHUX BHIIAIKOBHX
nponeciB. OTpuMaHo Bupa3 s iH(iHITEe3UMaNbHOI (QYHKII U Pi3HUX BHUIIAJKIB CHEKTpa (IUCKPETHHIl CIEKTp, PO3TAallOBaHWH B BEpXHIil
HAMIBIUIOLINHI, 1 6€3KOHTPACTHHH CIIeKTp B Hyi). [t BUNIaaKy orepaTopa 3 IUCKPETHUM CIIEKTPOM iHGiHITe3uManbHa GYHKILsE MOXKe OyTH 3HaiaeHa
4epe3 cremianbHy IaMOpa-¢yHkniro. J[ns neGeroBoro mpocropy KOMIUIEKCHO3HAYHMX IHTEIPOBHHX 3 KBaJgpaToM (YHKLIH OTpHMMaHO BHpa3 Ll
indiniTesumansHoi (QyHKUIT yepe3 crnemianesHy MoxidikoBany ¢yHkmito beccens HympoBoro mopsaxy. IlokasaHo, o aHaJIOTIYHMI MigXix MOXKHA
BHUKOPHCTOBYBATH ISl €BOJIIOIIIHHO MPEACTABUMHX MOCIITOBHOCTEN B I'JIbOEPTOBOMY MTPOCTOPI.

Kurouosi cjioBa: rineOepTiB mpocTip, HecTallioOHAapHI BUMAIKOBI MpolecH, KopensiiiHa (yHKIs, iH}iHITe3uManbHa (QYHKISA, CHpsHKEHUN
oreparop, IMCHITATHBHUH OIepaTop, CHEKTP ollepaTopa, TUCKPETHHI CIIeKTp, 0e3KOHTPACTHHUI CIIEKTP.

Beryn. PosrisiHeMO KOMIUIEKCHO3HAUHMM IpoLEec A
&(t) 3 M&(t) =0 1 kopensmiiHOIO QyHKIIE0 S =e <,
B = ne A — caMOCTpsDKEHHH, B3araii KaXydH, HeoOMexeHUH
K(t=s)=MZ(0).<(s). oneparop [2-4].
CranioHapHi BHUIaJKOBI NPOLECH B TiIbOEPTOBOMY

Kopensuitina ¢yukmis K(t—S) 3a10BOJbHIE piB- . ]
MPOCTOpPi BUBYANNCH, ounHAt0YH 3 podiT A. H. Kommo-

HAHHA roposa [5]. I'iipbepTiB miaxin OyB MOJOXKEHHH B OCHOBY
oK oK moOyyBaHHS NESKUX KJIaciB HECTAI[lOHAPHUX IPOIECIB B
E“‘g =0. monorpadii M. C. Jlibmma i A. A. Sauesuua [1] Ta

iHmux npaisx [6-9]. SIkmo po3risHYTH pPIBHSHHS JUIs
Ile piBHAHHA MoXe OyTH MOKJIAJEHO B OCHOBY  kopemsmikinoi gpynxmii K(t,S) Burmamy
BUIIIICHHS HOBHMX KJIACiB BWIIAJKOBHX, Y 3araJibHOMY
BMIIAJKY, HECTal[ioHapHUX, npouecis [1]. CranioHapHOMY oK N oK __ Zr: 0 (01 0.()
BHIIAJIKOBOMY Tiporiecy ¢(f) BiamoBinae kpuBa &, B Tijib- ot s g @prerh

6eproBomy mpoctopi H P :V(kfk) [2-4], npuuomy nie Matpumsa | sajioRosBise yMoBy

K(t8) = ME@).E6) = (&0, =1 AR S 0 0L,

i a,p=1
Takum 9MHOM, B paMKax KOpEeJAMiiHOI Teopii MOkHA

BHKOPHCTOBYBATH TibOepTiB miaxia. CramioHapHOMY BH- 1 po3risiHyTH kpuBi &, B mpocrtopi H,, siki 3a10Boiib-
TaJIKOBOMY MPOLECY BiNOBiae KpuBa B mpoctopi H, HSIOTh PIBHSHHS
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ToOTO HecTaliOHAPHICTF BHMAAKOBOTO IIpOIEca
TICHO MOB’sI3aHa 3 BiIXMIECHHSIM omepaTopa A Bix cBOro
cpsokeroro A* [1]. BukopucrtoByroun TpUKYTHY i yHi-
BepCaJbHY MOZEI HECaMOCIIPSDKEHUX OMepaTopiB, MOJKHA
orpumaru npenacrasnenns i K(t,S) y Bumanky secra-
LiOHAPHOTO BUTIAIKOBOTO IIPOLIECY, SKE 3aMiHsE MPEICTaB-
neras boxHepa — XiHuWHA y BHNA/Ky CTalliOHAPHUX BH-
MaJKOBHX MPOLECIB.

Mera i 3aBmanns crarri. Hamam K(t,S) mepen-

0ayaeThCs HEMCPEPBHOIO, TAKOXK ICHYIOTh YaCTHHHI TOXI/T-
Hi mepuioro i apyroro mnopsaky. B po6oti B. A. 3ono-
TapboBa 1 A. A. SdHieBuya [6] Oyino 3amporoHOBaHO

MozemoBat &, B H, 3a I0moMorowo piBHsHHS

d .

£:|A§U

dt
ne A(t) — cimeiictBo omepatopis. Sxmo K(t,S) 3amo-
BOJIBHAC PiBHAHHS

oK 6K:0

ot os

To s A(t) orpmmaemo omepartopHe piBHAHHSA Pikkari:

%AMZ =B, A(0)=0, A= A".

Bunanok, xomu A(t) = A, T06TO He 3aexuTh Big
He posrisigaBcs. [laHa cTaTTs K pa3 1 IpUCBSYCHA [IBOMY
sunanky, npudomy A= A', a K(t,S) 3agoBonbHse pis-

HsHHS

K K A A
o os? :_[ i é"éj'

SAxmo K(t,S) mosxe 6yTu npeacTaBieHa y BUTIISI

K(t,s) =K, (t+s)+K,(t—s),

TO
K K _
ot o6s?

y IHIIOMY BUIAAKY
0’K  0°K
w

Brenemo ¢yHKIi0

°K &°K
== @)

W(t,s)=——
(t.5) o2 s’

Hassemo W (t,s)

HOIO (yHKIiero apyroro mopsanky. Hamami B skocti &,

iH}IHITe3NMAaTPHOIO KOPEIALiN-

OyIeMo pO3TIsiIaTH eBOJIIOLIMHO MpeACcTaBiIeHi KpuBi <&, ,

Ki € po3B’sa3kamMu 3ana4i Kouri B rinedeproBoMy mmpoctopi
H.[1,9]

g, . 3
E - IAé"tV é:t |[:0 = 50 . (2)

itA i
Tobto & =e"&,, ne €™ — onepaTopHa eKCIOHEHTa,
sIKa MOJke OyTH TIpe/iCTaBlICHA B IHTETPAIbHOMY BHTIISI:

eitAé/O — _i

- gSe‘f (A=21)" & dn. ©)

7

TyT 7 —3aMKHEHUI KOHTYp, IO OXOIUIKOE CIEKTP

omepatopa A[l, 3, 4].
JI7st TAKAX KPHBUX

W(t,s) =i <—A2 A e > _

:—i<[AA"iA*+A"iA* A*];,§S>. 4)

Skuo onepatop A Mae OJHOBUMIPHY YSIBHY KOMIIO-
Heuty [1], To6TO

=(;9)9, (5)

ne § — xaHanoBuil eneMeHt oneparopa A [1], to

W(t,s) =—%([(QAg>g+<fwg>Ag]'fs> =

=13 1,0, 00,0) (6)
ap

ne 9,=9; 9,=Ag;

| - 0 1) . -
41 ¢ — imBosmroris [1].

Posrasaemo CIIOYATKy BHUIIAAOK, KOJIH J € BmacHUM

BEKTOpoM oreparopa A, Todro Ag = Ag . Toxni
W () = ~2f0(1)(s), (7)
Ie
Jo =05 +iBy, () = ("¢, g).

Skmo A € JMCHIIATHBHUM ONEPAaTOPOM 3 JUCKPET-
HUM criekTpoM [1], To

o0 =2 fu ), ©

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii
ananis, ynpasninksa ma ingopmayiiuni mexnonozii, Ne 2 (10) 2023 103



ISSN 2079-0023 (print), ISSN 2410-2857 (online)

Ac

e Nt § e

A
2mi A

— Tak 3BaHa cremianbHa A -QyHkis [1].

Skmo {ij} 3aJI0BOJIBHSIOTH yMOBY [10]

o Im/l Im 4,

9
2l

TO ¢(e) = ZCke”kt.
k=1

Sxkmo Ag # Ag , 1O

A0 =3 fuh 0,
a s ¢, () MaeMo BHPa3
0(1) = (%%, Ag) = (&, 4g).
Jlari,
Ag =iA'g+i(g,9)g =iA"g +||g||2 g

(ue CcHiBBIHOIICHHS BHIUIMBAE 3 YMOBH OIIEPATOPHOTO
By3na [1]),

TaxuM arHOM,
0,0 =(&.e™ (id g+ 2)) = (e id )~ el (0™ ) =
d ita* . ita*
Ia<&>.e“\<g>+l||g||2 <éo,emg>-
OTxe,
do e d L 2\
0= =i+ 1ell Jo 0= (<1 ilel” |3 0,
k=1

SIKIIIO BUKOHYETHCS yMOBa (9).

Xaii Tenep H, = L[ZO,I] [3, 4], a omepatop A Mmae

BUTJISA
|
AF () =i[ (y)dy. (10)
Tomi
AT () =] F(y)dy,
0
1
A-A'
i f _<f'g>Lfo‘lJ g
ne g =1[1].

VY npomy BUMAagKy
|
¢1(t) = <ellAfo ) g1> = J.fo (y)lo (Zﬁ)dy,
0
e 1,(z) —monidixoBana ¢yHnkuis beccess HyJIbOBOIO
nopsnky [1].

0.0 =(eG022) = (foie ™ (v-Dga) =

0.)

=il (0 (e x) =il (0)-+igs 1),

0,1]

e
0.(1) = (&, x).
Hauni,
SitAy, 1 itA [ g% -1
e x_—zglse (A" = AD) xd),
=<,e>e+<U*,e>U*e=<,gl>g1+<,gz>gz,
(A =21) x=h(x,2),
X=A"h-h,
3BIJIKH
1= —h(x,h) = 44'(x, 1), h(0) = 0.
Otxe,
h(x,A) = 1I ‘(Xy)dy‘l—u: ewx‘l‘ei”du— d EA)
0 0 l

Toni

,‘ * __i 1| __ IU+1—)
- 27[143 * [1 eﬂJdA mcj} di.

BuxopucToByOUH TEOPitO JHUIIKIB, OCTATOYHO OTPHU-
Ma€eMO:

W =—1, (+/2xt).

Takum 4rHOM,
0.0 =3 [ @D = -1 4,0).

Hlasixu mogaabIIuX A0CTiTKeHb. BUKOPUCTOBYIO-
9 yHiBEpCaIbHI MOJIEI TUCUTIATUBHUX OMEPATOPiB, MOXK-
Ha oTpuMmaru nojganus it W (t,s) y Bunanaky, ko [11]

A-A

dim H=r<ow.
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AHAJIOTIYHAN TIAXiT MOXHAa BUKOPUCTOBYBATHU IS
CBOJIIOIIITHO TMPEJCTaBUMUX HECTAIlIOHAPHUX ITOCIIT0B-
HOCTEH B r'iIb,OEPTOBOMY MPOCTOPI, KOJIH

& =T",
ae T — oOMexeHnH omepaTop , IPUIOMY
dim(I -=T'T)H =r <o,

IIpu upomy kopermsmiiina pizaums W (n,m) BHU3HA-
YAETHCS K

W (n,m) = K(n,m)—K(n+2,m+2):<(I —T*sz)fn,ém>.

Sk
I-T'T =(,ee,
10
=T T =1 -TT+T°(I-T'T)T =
:(,e>e+<U*,e>U*e=<,g1>gl+<,gz>gz,
ae

g,=60,=U"e
Sk 1 ans BUMAIKOBUX MPOLECiB, KopeniiHa (QyHK-
mist K(n,m) BU3HAYAETHCS K CKANSIPHUI JOOYTOK B TIpOC-

Topi H,:
K(m,m) = (&0.¢0)ys,
Toni
W (n, m) = @, (n), (M) + @, (N, (m),
ne
@ (M) = (&, g),
@,(n) = <50,T*"“g> =®,(n+1).

BuxopucToByoun TPUKYTHY 1 yHIBEpcaJdbHI MOZAEII
OIIepaTopiB CTHCKY, MOXKHA OTpuMatH noganus &, (n) amus
pi3unx Bumajkie crektpa [7, 12].

BucHoBku. B poboti orpumaHo Bupa3 mis iHQiHI-
Te3rMaIbHOI QYHKIIT [T piI3HUX BUMAAKIB CIEKTpa. Ko
A € IMCHUTIATUBHUM OTIEPATOPOM 3 TUCKPETHUM CHEKTPOM,
To Qynkmis W (t,s) Moxxe OyTH BuUpakeHa ydepe3 CIielli-

anpHy A -¢yHKHi0. B rinebeproBomy npocTopi L[zoyl] iH}i-

HiTe3UMasibHa (YHKISI BUPAXKAETHCS 4epe3 CIelialbHy
MogidikoBany ¢yHkuito beccens HyIbOBOro IMOPSKY.
Takox po3rIANAcTbC MOMKIIUBICTh BUKOPUCTAHHS Tilb-
0epTOBOTO MiAXifa s €BONIOIIIHO MPEACTABUMHUX ITOCITi-
JIOBHOCTEH.

ABTOp BHpaxae moasky mpod. A. A. SIHueBudy 3a
MTOCTAHOBKY 3aJ1adi, JOMOMOTY i KOHCYJIbTAITi1.
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Institute", Associate Professor at the Department of Computer Mathematics and Data Analysis, Kharkiv, Ukraine; e-mail:
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ON A CLASS OF NONSTATIONARY CURVES IN HILBERT SPACE

Stationary random processes have been studied quite well over recent years starting with the works of A. N. Kolmogorov. The possibility of building
nonstationary random process correlation theory was considered in the monographs by M. S. Livshits, A. A. Yantsevich, V. A. Zolotarev and others.
Some classes of nonstationary curves were investigated by V. E. Katsnelson. In this paper nonstationary random processes are represented as curves in
Hilbert space which "slightly deviate" from random processes with the correlation function of special kind. The infinitesimal correlation function has
been introduced; in essence, this function characterizes the deviation from the correlation process with the given correlation function. The paper discusses
the cases of nonstationary random processes, the operator of which has one-dimensional imaginary component. Cases of a dissipative operator with
descrete spectrum are also considered in this work. It is shown that the nonstationarity of the random process is closely related to the deviation of the
operator from its conjugated operator. Using the triangle and universal models of non-self-ajoint operators it is possible to obtain the representation for
the correlation function in the case of nonstationary process which replaces the Bochner — Khinchin representation for stationary random processes. The
expresson for the infinitesimal correlation function was obtained for different cases of operator spectrum: for the descrete spectrum placed in the upper
half-plane and for the contrast-free spectrum at zero. In the case of dissipative operator with descrete spectrum the infinitesimal function can be found
in terms of special lambda function. For Lebesque spaces of compex-valued squared integratable functions the expresson of infinitesimal function was
found in terms of special zero order modified Bessel function. It was shown that a similar approach can be applied for the evolutionarily represented
sequences in Hilbert spaces.

Keywords: Hilbert space, nonstationary random processes, correlational function, infinitesimal function, conjugate operator, dissipative operator,
operator spectrum, dissipative spectrum, contrast-free spectrum.

IHogni imena asmopis / Author's full name

Asrop 1/ Author 1: boesa Auna Anaromniisua, Boeva Anna Anatoliivna

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIIy. Cepisn: Cucmemnuii
106 ananis, ynpasiinus ma ingopmayiiuni mexnonozii, Ne 2 (10) 2023


mailto:annaboeva19@gmail.com

ISSN 2079-0023 (print), ISSN 2410-2857 (online)

3MICT
CUCTEMHUIA AHAJII3 I TEOPISI ITPUMHSITTS PILLIEHD ......c.oooeeeceeeseeeeeeeeeeeee e 3
Ilagnos O. A., Kucenvoe M. €. MareMaTn4Hi MOZEII T4 METOH Y3TOJKCHOTO TUIAHYBAHHST «..vvevviavvevieeeaseesteeneeaseesseeneeanesseens 3
Gobov D. A., Zuieva O. V. Examining software quality concept: business analysis Perspective ..........ccccovvirvnininininninninninnnns 9
VIIPABJIIHHA B TEXHIUHUX CHCTEMAX ..ottt bbb bbbttt b e ab e bt b abeabeabeene 15
Yagup K. V., Yagup V. G. Application of Bayesian regularization for improving the quality of electrical energy in the
L] Yo g o TN o o] VAR 2 (=] 0 SRS PSSRRPRN 15
VITPABJITHHS B OPTAHIBALIIMHIX CHCTEMAX .....oooevoieveeeeeesseseeseesies s sssees s sessssssessessessassses s sessssssesssssesesnanss 21
Mockanenko B. B., Mamgicnko A. O., @onma H. I. JlocnijxeHHs Ta npoekTyBaHHs apxiTekrypu Marketing Cloud
Salesforce CRM B 3a11€KHOCTI BiJi MAPKETHHIOBOT CTPATETIT KOMITAHIT ..vv.vveveesreiiresieeresieesieesne et e e esne e nne e 21
Menvnukog 0. C. Onrumizailis TPUBAIOCTI AYKI[IOHIB TIPH HASBHOCTI YACOBUX BUTPAT ...e.vvervierresriesteaseesieesseesesseesseesesseesseenns 31
Kopp A. M., Orlovskyi D. L., Olkhovyi O. M. Blockchain platform selection and software development for decentralized
exchange Of DUSINESS PrOCESS MOUEIS. .........eiiiiii ittt ettt te e te et e e teeteebeeteebeeteateateeteabeabasteareanearenrens 36
Yamburenko V. V., Liutenko 1. V., Kopp A. M., Holovnia D. M. Algorithm and software of medical personnel selection
51 1RSSR 46
MATEMATHUYHE I KOMIT'FOTEPHE MOJTEJTHOBAHHST .......ciiiiiiiiiiieie ettt 53
Masmaniweini O. C., Cuoopenxo I'. FO. MojientoBaHHs TIOUIMPEHHS TIOCKOT eICKTPOMArHITHOT XBHJII Y HEOTHOPiTHOMY
HETIOTTITHAIOUOMY CEPEIIOBHIILL - v.vvesseesreessesseesseassesseesseassesseesseassesseeseasseameeseasneas e e e e e sne e R e e et en e e aE e e e e emneaE e e E e e n e e e reeneanneareenneennenreen 53

Axiezep O. b., Toniua O. B., I'enapoecvka O. A., Cepowk I. B., Acnandyxkoe M. O. JocnimxeHHi aeMorpadidHux
CUTYallii Ha 6a3i 1aroBUx Moeen

THOOPMAIIITHI TEXHOJIOT I ...t ee e ee e e e see s es e ee s seeeeese e eeseeeeeseeseee e eeeeeneseeeeeenons
Knamuenxo A. M., I'onyé B. B. EdextuBHicTs MoaudiKallii alTOPUTMY YIIITBHEHHS JAHUX 0€3 BTPAT ..vevvververvrereiarvesieeneeans 67
Dremov A. K. Methods and means to improve the efficiency of network traffic security monitoring based on artificial
(Lo T=] o To - PP 73
Nikulina O. M., Khatsko K. O. Method of converting the monolithic architecture of a front-end application to
ITHCTOTTONTENAS ......eeeetei ettt ettt ettt b e e e b e b e b e b e b e b e s e e e b e E oAb e eE e b4 e e R e AR e eE e e R e e b e ek e e b e e b e e b e e b e e b e e bt ebeab e e b e abeabe b e e 79
Zachepylo M. O., Yushchenko O. H. The scientific basis, some results, and perspectives of modeling evolutionarily
conditioned noogenesis of artificial creatures in Virtual DIOCENOSES. ..........cvviieiiieri e 85
Yanui C. @., Iewquncokuit B. 0. MeTox MOXIIHMBICHOTO OI[IHIOBaHHS NOSCHEHHS B CUCTEMI IITYYHOTO IHTEIIEKTY .............. 95
TTPUKITAZTHA MATEMATHIKA ..ottt b ettt se e b st £tk e e bbb £ b st bbbt e b e et e bt e b et ek et ekt nn et e ab st ebenes 102
Boesa A. A. TIpo oauH KJ1aC HECTALIOHAPHUX KPUBHUX B TLTBOCPTOBOMY HIPOCTOPI 1. vveuvenrerrereessesseesseenesssesseessesnesseessesnneseens 102
CONTENT

SYSTEM ANALYSIS AND DECISION-MAKING THEORY .....cotiiiiiiiiieiitiiiesieie sttt 3
Pavlov A. A., Kyselov M. Y. Mathematical models and methods of coordinated planning...........c.cccooevrineineininsiencrecene 3
Gobov D. A., Zuieva O. V. Examining software quality concept: business analysis Perspective ...........ccccccovoreineriiensieneennes 9
CONTROL IN TECHNICAL SYSTEMS ...tttk e b b s b s bttt et e bt e bt e ke et e b bt an st ebenes 15
Yagup K. V., Yagup V. G. Application of Bayesian regularization for improving the quality of electrical energy in the

L] T g o RSIN o o] VAR ] 1] 0 PSPPSR PRPPRRPRN 15
MANAGEMENT IN ORGANIZATIONAL SYSTEMS......ooo ittt sttt 21
Moskalenko V. V., Matvienko A. O., Fonta N. G. Research and design of the Marketing Cloud Salesforce CRM architecture
depending on the compPany's MArKETING SITALEIY ....v.vvivuiiiiiiiiii ettt e st e et e s e resbesteabesbeabeareareabeareareareareare e 21
Melnikov O. S. Optimization of the auction duration in the presense of time-dependant COStS...........cccovrrireiieiiniensiereene 31
Kopp A. M., Orlovskyi D. L., Olkhovyi O. M. Blockchain platform selection and software development for decentralized
exchange Of DUSINESS PrOCESS MOTEIS. ... ...cuiiiiiiiiiii ittt ettt be b e e be et e e bt e be et e e beateabesbeareaneatenrens 36
Yamburenko V. V., Liutenko I. V., Kopp A. M., Holovnia D. M. Algorithm and software of medical personnel selection
RS 1 SRR RURRPRPRN 46
MATHEMATICAL AND COMPUTER MODELING ..ottt sttt 53
Mazmanishvili O. S., Sydorenko G. Yu. Simulation of the propagation of a plane electromagnetic wave in an
inhomogeneous NONADSOMDING MEAIUM .........oiiiicee ettt et e st e st e st e s beebe et e e besteeteebeateereaneateane e 53
Ahiezer O. B., Tonitsa O. V., Gelyarovska O. A., Serdyuk I. V., Aslandukov M. O. Advanced demographic situations based

(o] 0T F: ol 1o L] T T TSP R PRSP P PRPRPRPRPPN 60
INFORMATION TECHNOLOGY ...ttt ettt ettt e b sae st ee st e be e et e e e b e ebeb e e Ee st ebe e e b e ne et e abe st abestebe s abe e arennns 67
Klyatchenko Y. M., Holub V. V. Efficiency of lossless data compression algorithm modification............c.ccccovoniiniiniienns 67
Dremov A. K. Methods and means to improve the efficiency of network traffic security monitoring based on artificial

(L0 G101 oo SRR 73
Nikulina O. M., Khatsko K. O. Method of converting the monolithic architecture of a front-end application to

LT[ 011 (o] 41151 Lo SO U R VS P TSP ORURURPN 79
Zachepylo M. O., Yushchenko O. H. The scientific basis, some results, and perspectives of modeling evolutionarily
conditioned noogenesis of artificial creatures in Virtual DIOCENOSES. ..o 85
Chalyi S. F., Leshchynskyi V. O. A method for evaluating explanations in an artificial intelligence system using possibility

LR 1=T0] Y TR PP PP PR PR PPUPPRPRPRPIN 95
APPLIED MATHEMATICS .. ettt ettt e ekt 4 et £e ke e e b £ 42 e b 442 Re £ 2Rt b2 e e b £ 42 eE £ eb e st e b e e b e e e b e eeeseabeneabe e abennans 102
Boeva A. A. On a class of nonstationary curves in HIilDEIM SPACE.........ciiiiririiisesesere e 102

Bicnux Hayionanvnoco mexuiunozo ynisepcumemy «XIIy. Cepis: Cucmemnuii
ananis, ynpasninksa ma ingopmayiiuni mexnonozii, Ne 2 (10) 2023 107



HAYKOBE BUJIAHHA

BICHUK HAIIOHAJIBHOT'O TEXHIYHOT'O YHIBEPCUTETY «XIII».
CEPISI: CHCTEMHUM AHAJII3, YIIPABJIITHHS TA IHOOPMAIIMHI
TEXHOJIOI'TI

30ipHUK HAYKOBUX NPpAUb

M 2 (10) 2023

Hayxosi penakropu: M. /1. 'omneBchkuid, 1-p TexH. Hayk, mpodecop, HTY «XI1I», Ykpaina
O. C. Kyuenko, a-p texH. Hayk, npodecop, HTY «XIIl», Ykpaina
Texuiunuit pegakrop: M. 1. beamenos, kana. TexH. Hayk, mpodecop, HTY «XIIl», Ykpaina

Bianosiganeuwmii 3a Bunryck M. 1. beameHoB, kana. TexH. HayK, npodecop

AJIPECA PEJKOJIET'TI TA BUJABIISA: 61002, Xapkis, Byn. Kupruaosa, 2, HTY «XITI».
Kadenpa cucremnoro ananizy ta iHpopmaIliitHoO-aHaTITHIHUX TEXHOJIOTIN
Ten.: (057) 707-61-03, (057) 707-66-54; e-mail: Mykola.Bezmenov@khpi.edu.ua

[ign. no npyky 27.12.2023 p. ®opmat 60x84 1/8. Ilanip odceTHuii.
Hpyk opcernuid. ["'apriTypa Times New Roman. YmoB. apyk. apk. 9,5. O6umik.-Buz. apk. 10.
Tupax 100 mp. 3am. Ne 312. I]ina norosipHa.

BumasaunTeo «CtunsHa THTIOTpadishy
CeigonrBo cy6’exta BumaBan4oi cipasu: JIK Ne 5493 Bix 22.08.2017 p.
61002, m. XapkiB, Bys. UepHumeBcbka, 28A, tei. (057) 754-49-42; e-mail: zebraprint.zakaz@gmail.com





