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P.C. lleguenxo, A.1O. [{opowenxo, O.A. Ayenxo

BBYIYBAHHSI CIMEVICTBA JIOTTYHUX MOB I3
MOXKJIUBOCTSIMHA NEPENTPOTPAMYBAHHS MOHAJTUYHOI
YHI®IKAILIL B SCALA

VY cratTi 3anponoHOBaHa CTPYKTypa s BOYJAOBYBAaHHS METOJIIB JIOTIYHOTO MPOTrpaMyBaHHS Ta IMPOrpaMyBaH-
HSI B OOMEXEHHSAX Y MOBY Scala IIIsIxoM MoOy/I0BH JIOTIYHOI MPEAMETHO-OPI€EHTOBAHOT MOBH HABKOJIO YHidi-
KaIlii THUIi30BaHOI JIOTiIKM Ha OCHOBI MOHaJ. BiIMiHHOCTI B MOMJIMBOCTSX JIOTIYHHUX MEXaHi3MiB MOYKHA BHpa-
3UTH SK TiIKJIacH MOHAIW yHidikarii. Takuit coci6 mae 3MOTy TeHepyBaTH OJIHY peaji3allilo HaJalmTOBYBaHO1
yHiQikamii 118 BOYJOBYBaHHS PIi3HUX JIOTIYHMX CHUCTeM Yy Scala Ta BUKOpHCTOBYBAaTH BOYyIOBaHi CTOPOHHI
MPOOJIEMHO-OPiEHTOBaHI MOBH Y JIOTIYHHX BHpa3ax. MOHaIWIHUN NMPUKIAJHAN TPOTpaMHUl iHTepdeiic Hamae
PO3pOOHHUKY IpOrpaMu MPOCTHUil Ta IHTYITHBHO 3pO3yMUIMI IHCTPYMEHT JUIsl peastizallii BJIaCHOT JIOTIKH Bcepe-

JuHI yHidikarii.

KnrouoBi croBa: BOYJIOBYBaHHS, JIeKJIapaTHBHE MPOrpaMyBaHHs, JOTIYHE NMPOrpaMyBaHHs, MOHA/Ia, IPEAMET-

HO-OpIEHTOBaHA MOBA, TepM, YHidikarris, Scala.

Beryn

JlexiiapaTUBHE IMpOTpaMyBaHHS € Ba-
KJIIMBUM €JIEMEHTOM 1HXKEHepli mporpamy-
BaHHA. CbOrojiHi OUTBIIICTH JIEKIapaTHBHUX
MOB € TIEPEBAKHO Taly3eBUMHU TEXHIKaMH,
pUYOMY B OLIBIIOCTI 00IacTeH JIOTiYHe Mpo-
rpaMyBaHHSl 3arajlbHOTO NpPU3HAUEHHS, SIK
MpaBUJIO, HE 3aCTOCOBYEThcA. Jlesiki 3afadi,
Taki SK B3a€EMOJIiA 3 KOpUCTyBadamu abo iH-
Terpamist 3 IHIIMMH TPOTPaMaMH, 3aBXKIH
OynyTh mo3a (opMmaiizaiiero, ToMy Mo CYyTh
Takoi pobotn — mOOIuHMI edekr, KU
Kpallle onucatu omepariiHo. [Ipore Haitmo-
[IMPEHIIIUM TIX0A0M € TiIOpUAHUN, KOJIH
PO3pOOHUKH BUKOPUCTOBYIOTH BUCOKOPIBHEBI
METOAM AJISl OHI€T YACTHHU CUCTEMH Ta OTle-
pamiiai — ais iHmmX. s mporo motpioHa
iATPUMKA 6a3zoBoi 1H(pPACTPYKTYypH,
30KpeMa:

— HE3&IEXHI Bl MOBU MOJENI CYyT-
HOCTEH;

— BOyIOBYBaHHS JeKJIapaTUBHUX
METO/IIB y HEeJIeKJIapaTHBHI MOBH.

[Iepmuii BUMIaJOK BUKOPUCTOBYETHCS
3 apXiTeKTYpOI MIKPOCEpPBICiB, KOJIU MU MO-
KEMO PO3JUIMTH BEIHKY CHCTEMY Ha Tpy0o-
3epHUCTI MiJCUCTEMH, J€ KOXKHA MiJcCHCcTeMa
Mae OaxaHuil cTiib. OgHaK IOMII CUCTEMH
Ha MIKpOCEpBiCH, K MPABUIIO, 3A1HCHIOETHCS
HE 3a TEXHOJOTIIMH, a 3a Oi3Hec-O3HaKaMH,
TOMY BHKOPUCTaHHS apXiTEKTypd Ha OCHOBI
MIKpPOCEpBICIB 4acTO € OuIbIl Oprasi3arii-
HUM, aHDK TEXHIYHUM PILICHHSM.

© P.C. lleBuenko, A.1O. Hopomenko, O.A. SAuenko, 2024
ISSN 1727-4907. Ilpo6aemu nporpamyBanHs. 2024. Nel

Hpyruii Bumagok — BOyIOBYBaHHS
€JIEMEHTIB JEKJIapaTUBHOTO IPOrpaMyBaHHs
B ONepamiiiHy ceMaHTUKy. TyT MH MOXXEeMO
nmo6aunTu B JIaHAMA(TI HOBI MyJIbTHUIIAPAIN-
IMajJbHI MOBHM MpPOrpaMyBaHHs, Taki sK
Flix [1, 2], uto moenHy0Th JIOT14HE, (YHKIII-
OHaJbHE Ta IMIIEpaTHBHE MpPOrpamMyBaHHS,
a6o x Logtalk [3], sxuii mnogae 00’ €KTHY Opi-
€HTaIio 10 MoBU Prolog Ta Oinmblny TeHIEH-
[it0 10 BOY/JOBYBaHHS JEKJIapaTUBHUX METO-
JiB TIpOrpaMyBaHHS B iCHYI04i MOBH. [lexia-
paTHBHA TMporpama TMpeiCTaBlieHa TYT SK
00’€KT y crcTeMi 00’ €KTiB OCHOBHOIO MOBOIO,
3a3BUYail CTBOPEHUN y MEBHOTO BUAY BOYIO-
BYBaHIl MpeaMeTHO-0pieHTOBaHiil MoBi (Em-
bedded Domain-Specific Language, EDSL).
CporogHi  1me  mommMpeHa  METOJHUKA.
TermWare [4, 5] BOymoBye mporpamyBaHHS
Ha OcHOBI npaBui y Java, 2P-Kt [6] BOymoBye
Prolog y Kotlin, a Byods [7] € nmpuxiagom
BOynoByBaHHs cuctemu Datalog y Rust sik
IPOIIEelypHOTO MaKpoCy.

Opniero 3 momupeHux mnpodsem BOY-
JIOBYBAaHHSI MOBH € PI3HHUIIS MIX JIOT1YHOIO Ta
OCHOBHOIO MOJIENIIMU OO €KTiB. Y JOrimi Mu
3a3BMYall MPAIIOEMO 3 HEIHTEPIPETOBAHUMHU
(GyHKIISMH, TOJ1 SIK HETUII30BaHe Mpe/ICTaB-
JICHHSl € PIIKICTIO B 00’€KTHO-OPIEHTOBAHHUX
MOBax 31 CTaTUCTUYHO TUII30BaHUMHU (YyHK-
uismu. [Hia npoGnema mossirae B oprasizaiii
JIBOHAINPABJIEHOr0 OOMIHY JaHUX TiJ 4yac BH-
KOHaHHA JIOT1YHUX nporpam. Jloriyna yactu-
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Ha TIOBUHHAa MaTW MOJJIMBICTh BHKIMKATH
IMIIEpaTUBHY YaCTUHY 1 HAaBIAKH.

VY naniii pobOTI IpeaCTaBIEHO CTPYK-
Typy Ul BOYIOBYBAaHHS METOMIB JIOTIYHOTO
porpaMyBaHHs Ta MPOrpaMyBaHHS B OOMe-
KEHHsAX y MoBy Scala nurixom mnoOynoBH
norigyHoi DSL HaBkoio yHidikamii TumizoBa-
HO{ JIOTIKH.

1. Onuc JOrivHOI CTPYKTYpPH

VYV nmanomy pos3niii HeOpMaTbHO OIH-
CaHO YaCTUHY HEOOXiTHOI JIOT14YHOi CTPYKTY-
pH, SIKy TTOTpiOHO BOYTyBaTH.

bazoBuMu 00’€kTaMHd B JIOTIYHOMY
MporpamMyBaHHI € JIOT14HI TepMH 1, Kl CKJIa-
TArOThCS 3:

— KoHcTaHT ¢ € C;

— JIOT1YHUX 3MIHHUX f € T};

—  HEIHTepHpeTOBaHUX byHKIiN

Jfi(x15.00s%,) €O.

Skmio y HAC € meBHA KOHIEMINS YHi-
¢ikarii TepMmiB (ska Oyne ommcaHa Mi3HIINIE),
MH MOXeMO MoOyTyBaTH JOT1YHUM BHpa3 HaJ
tepmamu E . JloriuHi Bupa3u OyayrOThCS SIK:

—  (yHKIIIOHAJIBbHI TePMHU
fi(xq,...,x,)), L0 NPEACTABISAIOTh JIOTIYHE

3HaucHHI O C £

— True i False e noriYyHUMH KOHC-
tantamu, True € E, False € E;

- A xek, yeE Mu MOXeMO

noOyyBaTl 3BHYAHY JIOTIYHY OIEPaLilo:
KOH TOHKIIS (X A V), AM3 FOHKIIA (X V ) );

— 3amepedeHHs (—X) Bimirpae oco0-
JIUBY POJIb 1 JOCTYyIHE HE Y BCIX IHTEpIpeTa-
isx.

Tenep, Konu y HAC € JOTIYHUIA BUPA3,
MU MOXEMO MOOYJyBaTH JIOTIUHY MpOrpamy,
IO CKJIAJAE€ThCs 3 TPaBHWI, SIKI OIMHCYIOThH
(hakTH, 3aJeKHOCTI MK MpaBUJIaMU Ta CTpa-
TET'1I0 JIOT1YHOTO TIOIIYKY.

[Iporpama moBuHHa Matu (GopMmy, IO
3aJIEKUTH BiJl OCHOBHOTO JIOTTYHOI'O MEXaHi3-
My. Hampukian, SKio MU Xo4eMo eMyIioBa-
T ceMaHTuKy Prolog 3 amropurmom iHTepIi-
petamii SLDNF (Selective Linear Definite
clause resolution with Negation as Failure —
BUOIpKOBA JIiHI{HA PE30JIIOLis 3 BU3HAYEHU-
MU TBEPJUKEHHSIMH 13 3alEPEUCHHSIM SIK BiJ-
MOBOIO) [8], KOXeH omeparop Mae OyTH

4

nu3’1oHKTOM ['opHa (x:— )), JIe JiiBa 4yacTH-

Ha Mae OyTH QyHKIIOHAJIbHUM CUMBOJIOM 200
True, a TmpaBa dYacTMHa Mae OyTH
KOH IOHKIII€I0 JIOTi9HUX BUpasziB. Kpim Toro,
mu3’toukT ['opHa B [Iposo3i MOXyTh MiCTH-
THU IICEBIOTEPM CUt:

(x:=y..y,) € Rpmlog —(x € ® Ax=True),

yie EAy; =cut.

Jns Datalog y Hac € nu3’toHKT ['opHa
0e3 3amepeyueHHs:

(=Y € Rpyraleg — (X € O Ax =True),

vieEny, #—z.

s mporpamyBaHHSI JIOTIKHM OOMe-
KEeHb Halll (PyHKIIOHAJIbHI CHUMBOJU MAalOTh
Oytu mpoctuMu (aktamu abo BHUpazamMu i3
CUTHATYp MiATPUMYBAaHUX TEOPIH.

2. BOynoByBaHHS JIOTIYHUX
KOHCTPYKIiil y MOBY Scala

Hani onumemo BOyIOBYBaHHS BHILE-
PO3MISIHYTHX KOHCTpYKIiK y Scala. Ileprre
MUTAaHHS TIONSITa€E B TOMY, SIK TOOYIyBaTH
yHiBepcaibHE B1IOOPAKEHHSI MIXK JIOTITYHUMHU
TepMamMu Ta 00’ekTtamu Scala, BUZHAYCHUMH
Oe3neYHuM I TUIIIB CIIOCOO0OM.

Jloriuni TepMu Ta BUpa3d MaTUMYTh
JIBa TIpeJCTaBICHHs Scala — s 4acy Kom-
i, sKke po3pOOHMK BUKOPUCTOBYE IS
CTBOPCHHSI JIOTIYHHX TPOTpaM, 1 4acy BHUKO-
HaHHS, 10 3aCTOCOBYETHCS, KOJH JIOTIYHHIA
MEXaH13M BUKIIUKA€E 3aCOO0M HU3bKOTO PiBHS.

[Tounemo 3  wacy  KOMIIUJISAIII.
Koncrantin Ta HeiHTeprnperoBaHi (yHKIIIT
(daxTn) BimoOpaxkaroThes B case-Kiacu Scala.
TepMu 3 TOTIYHUME 3MIHHUMH TIPEICTABIICHI
3a gomomoror BOymoByBanHs HOAS [9]:
MPEJCTAaBICHHA CKIagHoro tepmy f(x,y) €

(GyHKIIOHAIBHUM BHUPA30M Scala
(x:4,y:B)= f(x,y). Jlis noridHEX
BHpa3iB BUKOPHCTOBYIOTHCSL  BIAMOBIJIHI

orepatopu Scala: & ab6o /\ It KOH IOHKIIIT; |
abo V ans nu3’roHKLUIL; | Ui 3anepedeHHs; |-
st u3’toHkTa ['opna (|- oOpaHo 3aMicTh :-
yepe3 HIKYUNA IPIOPUTET OIeparopa).
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Hwxue HaBegeHO MpUKIAJ TaKOTO
BOYZI0OBaHOTO BUPA3y:

case class Edge(x: Int, y: Int)
derives Fact

case class Path(x: Int, y: Int)
derives Fact

val transitiveClosure = Prolog {
(x: Int, y: Int, z: Int) => {

Path(x, vy) |- Edge(x, V)
Path(x, z) |- Path(x, y) &
Edge(y, z)

}

Tyt Edge i Path — case-knacu Scala.
Mu moxemMo BU3HauMTH Habip (akTiB 3a 10-
MIOMOTOI0 TOTO CaMOT'0 CHUHTAKCHUCY,

val facts = Prolog{
Path(1,2) |- true
Path(2,3) |- true
Path(3,4) |- true

a00 CTBOpPUTH NU3’FOHKTH ['OpHA 3 KOJEKIIil
case-knaciB Scala:

val facts2 = Prolog.asFacts(Path(l,2),
Path(2,3), Path(3,4))

Sk OGaummo, BOyAOByBaHHs 30epirae
KOPEKTHICTh THUITI3AIll: BBEJACHHS BCEPEAMHI
i3’ FoHKTa ['OpHa mepeBipseThCsl CHHTaKCHY-
HUM  MakpocoMm, a BBeleHHs  Scala-
KOHCTAHT — KoMmusiTopoM Scala.

P0o3poOHUK iporpaMu MoXe OTpUMaTh
pe3yJbTar, iHIliaNi3yBaBIIM JIOTIYHUN 1HTEP-
nperaTop, mo po3yMie Prolog 1 Bukonye 3a-
TUT:

val results = Prolog.defaultEndinge (
rules ++ facts).query(x => Path(l, x))

HusbkopiBHeBe BOYIOBYBaHHS BHKO-
PHUCTOBYETHCSI, KOJIM HaM IOTPIOHO BIPOBa-
IUTH HAIly BJIACHY MOBEIIHKY YHi(ikarii B
noriuny nporpamy. Hanpuknan, y peaisHOMY
KUTT1 (PAaKTU YacTo MOTPIOHO OTPUMYBATH 3i
CXOBHII[ KJIFOU-3HAYEHHS a00 SIKOiCh JOKyMe-
HTO-OPI€EHTOBAHOT UM PEJIALINHOT 6a3u JaHUX.
APl Hu3BKOTO pIBHS [03BOJISIE HAMKMCATH
TEepPM JJIsl 3aMUTy 10 0a3u JaHUX Mija yac iH-
TeprpeTalii Ta MIOBEPHEHHS Ha0Opy AAHUX K
Habopy (akTiB y mporeci iHTeprnpeTarii.

[I{o0 HamucaTH Taki MjariHu, po3poo-
HUKH TIOBHHHI MPAITIOBATH 3 TIPEICTABICHHIM
JOTIYHUX TEPMIB ITiJl YaC BUKOHAHHSI.

ITou"eMo 3 TOT14HOI 3MIHHOI:

case class LogicalVariable(id: Long,
pos: LogicalVariablePosition)
extends LogicalTerm

Mu npunyckaemo, 1o JOTIYHUH Me-
XaHI3M MIATPUMYE 3B’SI3KM MK JIOTTYHUMH
3MIHHUMH Ta 1IeHTU(}IKaTOpaMH, TOMY 3MiH-
HI MaroTh JIMIIE TUT JaHUX long i3 101aHOI0
iH(oOpMalli€ro I HaJlaroJKeHHS.

TumizoBani  TepMH  TpeACTaBIEHI
00’exToM Scala, Ig AKOro MOKHA OIMCATH
ITOpPUTM YHi(iKaii:

sealed trait TypedLogicalTerm[T]
extends LogicalTerm

case class LogicalConstant|
T: Unificable] (value: T)
extends TypedLogicalTerm[T]

case class LogicalFunctionSymbol[T] (
unificator: Unifiable[T],
args: IndexedSeq[LogicalTerm])
extends TypedLogicalTerm[T]

[I{o0 BUBECTH BIACHUI THUI TEPMIB 3a
JIOTIOMOT'OF0 BJIacHO1 yHidikarii, po3poOHUKY
noTpiOHO BU3HAYUTH TUN Scala Ta HagaTw
JUTSL HBOTO pealtizartito Tunokiacy Unificable.

Curnarypa yHi(piKOBaHOTO THUITOKJIaCy
€ TaKoM:

trait Unifiable[T] {
def unify[R[ ]:UnificationEnvironment,
D]
(value: T,
term: LogicalTerm, ,
bindings: Bindings)
(using EnginelInstanceDatal[D]) :
R[T]

Tyr Bindings — 1ue 06a3oBana
(ground) migcTaHOBKA, MIO MiATPUMYETHCS
JIOTIYHUM MEXaHI3MOM, KW Hajae 3BHYaiiHI
METOAM POOOTH 3 IMiICTAHOBKAMH.

trait Bindings {

def get(logicalVariable:
LogicalVariable) :
Option[LogicalTerm]

def updated(logicalVariable:
Logicalvariable,
term: LogicalTerm): Bindings
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def bind[R[ ],A,D]

(variable: LogicalVariable,

a:A)
using unifiable: Unifiable[A],
EngineData[D]): R[A]

def bindM[R[ ],A]
(variable: LogicalVariable,
a:R[A])
(using unifiable: Unifiable[A]):
R[A]

def newVariable(): LogicalVariable

OckinbKH pi3HI MeXaHi3Mu yHiikamii
MarTh PI3HI MOXJIMBOCTI, THI TTOBEPHEHHS
yHidikarii 3aropraerscs B Tun R[_].

Ile mae HaM 3arajqpHy CHUTHATypy IS
yHiiKalii, SKy MO>KHa MEPEHOCUTH MIX pi3-
HUMH JIOTIYHUMH MeXaHi3MaMH. 3ayBakKHMO,
10 3arajoM pi3HI MEXaHi3MH MAaloTh Pi3HY
CEMaHTHUKY yHidiKaIlii, 1 TUT pe3yJbTaTy yHi-
¢ikamii TakKoX MOXE BIAPIZHATHCS.

MiniManpHa yHiikaris Haj JOTiYHU-
MH TepMaMu x 1y, unify(x,y), Moxe OyTn
OlMcaHa sSK OTPUMAaHHS 3aMiHU @ TaKoi, 10
x0 =y =mgu(x,y), ne € MiHIMaIbHUNA OC-
HOBHUH yHidikatop x 1 y, saxmo mgu(x,y)
icHy€, iHaKIIe — HeB/aya.

VY joriyHOMY NporpaMmyBaHHI B 0OMe-
KEHHAX YHiQiKalis MoXxe MoBepTaTu Halip
MOXJIMBUX 3aMiH ITiJI 4ac OOpOOKH JIOTTYHOL
3MiHHO{, 00 1HIMIIOBATH MOIIYK Yy KiHIIEBIH
um’ﬁz(x <5x> 3)

MOJKE IOBEPHYTH JIBi MiJICTAHOBKU — {x = 4}

obmacti. Hampukman,

i {x=>5}.
ISO Prolog Bu3Ha4Yae MOXIHMBICTh 3a-
TPUMKH  JUIS KEepyBaHHS TOPSITKOM

KOH IOHKTHBHUX TBEP/UKEHb, 1 OJHUM 13 MO-
KIIMBUX pe3ysbTaTiB yHiikamii Moxe OyTH
3aTpuMKa yHidikamii 70 MOMEHTY, KOJH BH-
pimaThCs AesKi 3aIeKHOCTI.

Ille omHMM acreKTOM € acHHXPOHHE
BUKOHAHHS MPOTH CUHXpOHHOTO. Hampuknan,
y JESKHX TPOMHUCIOBUX BHUIAIKaxX Kparmie
MaTH yHi(iKalito, sKa moBeprae Habip MOXK-
JMBUX 3aMiH SIK aCHHXPOHHMH mOTiK. Lle mo-
3BOJISIE Mporpami HeEraiHO mo4yatu OOpOOKY
pe3yNbTaTiB y KOHBEEPl, HE UEKAIOUM 3aKiH-
YeHHsl mporecy yHidikamii. 3ayBaxumo, 1o
el TUIT aCHHXPOHHOT'O PE3yJIbTaTy HE MOXK-
Ha TMPEJCTaBUTH 32 JOIMOMOTOI0 THITYy JTaHUX
CUHXPOHHOT'O IIOBEPHEHHS.

6

UnificationEnvironment B Scala omu-
Cye€ 3arajibHl MOKJIMBOCTI yHi(iKallii, Taki 5K
CHUHXPOHHI YM aCHHXPOHHI pe3yJbTaTH, MOX-
JUBICTh BIAKJIAMATH YyHI(QIKAIIO, TOKH HE
OyJie BUPIIICHO MMEBHUI TePM, 3/1aTHICTh CKO-
podyBatu ab0 pO3Taay>KyBaTUCS MICHS YCITIXY
Tomo. MU MaeMoO BIINOBIIHUI Kiac THILY,
ycnagkoBanuii  Bijg  UnificationEnvironment
U151 KOSKHOTO HAaOOpy MOXKIIMBOCTEH.

VHidikaiis, 3alaHa KOpPUCTYBayeM,
MOJKE€ CTBOPIOBATH IiJICTAHOBKU BpPY4YHY a00
OTPUMYBATH CEPEIIOBHINE 3 HOBUMH IijcCTa-
HOBKaMHM 3aBJSKH OmepalisiM npuB’sa3ku. Po-
0orta cepenoBuiia yHi(ikarii monsrae y 306e-
PEXKEHHI MOTOYHOI MiJCTAHOBKH.

MiHiMalIbHE CepeoBHINE Tependadae
HACTYIHI MeTo1 (popMyBaHHS PE3yIbTATIB:

def success[A] (a: A, bindings: Bindings):
R[A]

def failure[A] (a: A, right: LogicalTerm,
reason) : R[A]

def error[A] (e: Throwable): R[A]

Takox R[ ] yrBOproe MoHany, ne 3Ha-
YeHHs € (QYHKIISIMHU BiJ IOTOYHHUX TPUB’SI30K
70 Ha0Opy MOKJIMBHUX MaWOYTHIX NpPUB’SI30K.
Tob6ro R[A] MoxHa po3yMiTu K HaOip ycix
MOJKJIUBUX 3B’SI3KiB, Ha SIKUX JIOTIYHUIN BUpA3,
BimoOpaxkeHuit y Scala Ttumy A, € iICTHHHHM.
Tomy MM MOXEMO BUKOPUCTOBYBATH iCHYIOUI
MeTou 75l poOOTH 3 MOHAIUYHHUMH KOHCT-
pykuisiMu, Taki gk dotty-cps-async [10].

MultiunificationContext momae MoOX-
JUBICTh TOBEpPTATH OiNbIle, HIK OJUH pe-
3yapTaT yHidikamii. Komum miarpumyethes
MYJIbTHYHI(IKaIlis, MU MOXEMO BHUKOPHUCTO-
BYBAaTH U3’ FOHKIIIT

def or[A] (x:R[A]*): R[A]

[TpointocTpyeEMO BUKOPHCTAHHS YHI-
¢ikarii, 3a7aH0T KOPUCTYBa4eM, HAIHCABIIH
yHidiKalio A KIacy, [0 BUKOHYE 3alUT JI0
0a3u maHux nokymeHTiB. [Ipumyctumo, mo y
Hac € kinac User:

case class User (id: Long, name: String,
email: String,
phoneNumber: String,
score: Int)

Mu xo4eMo HammcaTH HH3BKOpiBHE-
BUI MexXaHi3M yHidikalii Tak, abu nepepipka
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(bakTiB KOpUCTyBaya 3aIryckaja 3amuTH 3 Oa-
31 gaHuX. J{ns 1mporo BHU3HAYMMO JaHUN
Unifiable ans Hamoro kopucryBaya siK IMoKa-
3aHO Ha puc. l. 3’emHanHs 3 0a3010 JaHHUX
nepefaeTses s yHiQikalii 3 MexaHi3My B
JaH1 eK3eMILIsIpa.

Jlorika yHigikarii npocta — SIKIIO0 MU
0aunMMoO He3B’s;3aHe JOTIYHE 3HAYeHHS, TOJIl
OTPUMYEMO BCiX KOPUCTYBauiB i HAJICHUIAEMO
B CHCTEMY HOBI 3B’A3KH 3 KOXHHM KOPUCTY-
BayeM 3a JOMOMOIol0 YyHidikaTopa (akTiB.
(Tobto0, KoMK cucTema 3amyckaTume yHigika-
III0 HaJl eK3eMIUIIPOM, MOBEPHYTHM 13 0a3u
naHux, Oyae Bukiaumkano userFact unify). Ha
KOHCTaHTI 3[11ICHIOBATUMETHCS MEPEBIPKa, UM
MIPUCYTHS 151 KOHCTaHTa B HamIii 0a3i JaHUX,
1 SIKIII0O MM Ma€EMO YacTKOBO 3alIOBHEHUH BU-
pa3, CTBOPIOBATUMYTHCS 3aIMT 10 0a3u JaHUX
1 HOBI 3B’SI3KH ISl KOKHOTO PE3YJIBTATY.

JUi BUKOHAHS L[bOTO 3alMTy, MU IO-
BuHHI BcranoButu a1 ConnectionProvider
3Ha4yeHHs instanceData

val results
Prolog.defaultEndinge (rules) .
withData (connectionProvider) .
query(x => ...)

object User {

val userFact

Fact.derived[User]

given Unifiable[User] with
override def unify[R[ ]
value:

UserInDB, term: LogicalT

using EngineInstanceData[ConnectionProvider]) :

val connection
term match
case lv:LogicalVariable =>

UnificationEnvironment,

erm,

3ayBaxxuMo, 110 IIei MpUKIIa] yce Iie
HEpEATICTUYHHI: OTPUMAaHHS BCIX 0a3 JMaHMX
0e3 1HIEeKCYBaHHS PIIKO MOXe OyTH TPHIAHS-
THUM BHOOPOM.

Ilo6  momomatu  me,  QyHKUIA
DelayedUnification m03Bojsi€e KOHTPOIIOBATH
MOPSAZIOK PO3Mi3HABAHHS JOTIYHUX 3MIHHHUX Y
MIPUB’SI3KAX.

API Burisimae TakuM 4YMHOM:

trait DelayUnificationContext[R[ 1]

extends UnificationContext[R] {

def waitResolved(v:
R[LogicalTerm]

LogicalTerm) :

Lls omeparrisi mepeBipsie, Ud € MOTOY-
HUW TEepM JIOTIYHOIO 3MIHHOIO. SIKIIO X Tak,
BOHAa NPU3YNUHSE BHUKOHAHHA IOTOYHOTO
yHI()IKOBAaHOTO TEPMY Ta MEPEMHUKAE JIOTTUHY
MallliHy Ha OOpOOKY IHIIMX BHpa3iB, PO3Ta-
IIOBAaHUX y TOMY K Ju3 I0HKTI ['opHa. SIkio
el TepM OTpUMY€E 3HauYeHHS a00 B OTOYHO-
My U3’ IOHKTI ['OpHA HE 3alUIIHIIOCS IiJeH,
BUKOHAHHS yHI(IKaIlii BIIIHOBIIOETHCS.

ConnectionProvider] (
bindings:Bindings) (

R[User] = {

summon [EngineInstanceData[ConnectionProvider]].get.connection

// retrieve all the users from the database and

val users:List[User]

or (users.map (u=>bindings.bind (1lv,u) (using userFact)):

case lc@LogicalConstant (value) =>

connection.collection[User] ("users") .findOne ({
=> userFact.unify[R] (userInDb,

case Some (userInDDb)
case None => failure (value, te

rm)

case LogicalFunctionSymbol (unifiable,

if (unifiable.checkType[User])

val query

val users

else
failure (value, term)

then

connection.collection[User] ("users") .find ()

*)

"id" -> value }) match
lc, bindings)

args) =>

Map.empty ++ args(0).ground.map{"id" -> id }
++ args(l) .ground.map{
++ args (2) .ground.map{
++ args (3) .ground.map{

connection.collection[User] ("users") .find (query)

or (users.map (u=>bindings.bind (1lv,u) (using userFact)):

"name" -> name }
"email" -> email }
"phoneNumber" -> phoneNumber }

*)

Puc. 1. Buznauenns Unifiable mst kopuctyBaua
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Tomy, AKIIO MM X0ueMoO yHi(iKyBaTu
poOOTy KOpHCTYyBaua JIUIIIE TO1, KOJIH JIEsKl 3
1HZIEKCOBAaHMX BIJIACTUBOCTEH BHPIIIEHO, MU
MOJKEMO 3MIHUTH HaIll TPUKJIA Ha

override def unify[R[ ]
(UnificationEnvironment &&
DelayUnificationEnvironment),
ConnectionProvider] (
value: UserInDB,
term: LogicalTerm,
bindings:Bindings) (
using EngineInstanceData
[ConnectionProvider]): R[User]
= reify[R]{
waitResolved (term) match
case lv:LogicalVariable =>
error (RuntimeException (
"Attempt to query all
users"))
case lc@LogicalConstant (value) =>
// the same logic as in
// the previous example

Tenep 3amur, sKUA BUMaraTuMe
OTPUMAaHHS BCiX O0’€KTIB 13 0a3u JaHUX, HE
BJIACThCS BUKOHATH. PO3MISIHEMO TakKoX
CKJIQJIeHy CUTHATypy KJacy THITB 1jIs unify,
& & BU3HAUEHUH K

type &&[A[ [ 11,B[ [ 11] =
[R[_]1] =>> A[R] & BI[R]
R[_]: MultyUnificationEnvironment &&

DelayUnificationEnvironment

Lle 103BOIUTH BUKOPHCTOBYBATH Unify
y BCIX CepeloBHIIAX, SKi MIATPUMYIOTH SK
multi, Tak 1 delay.

API DelayUnificationEnvironment mi-
IXOJUTH JJISl BHIQJKIB, KOIU (aKTH KOpHC-

case class User (id: Long, name: String, email:

score: Int) derives Fact
case class QueryAllUsers (u: User)

object QueryAllUsers {
given Unifiable[QueryAllUsers] with
override def unify[R[ ]
value: UserInDB, term: LogicalTerm,

TyBada TOTPiOHI [UIsl JOCTymy OO JAeTajei
mpo 1HII mofli. Aye o, SK MU IIHCHO XO4Ye-
MO OTPUMATH JOBI'MH CIIMCOK PE3YJbTaTiB 13
0a3u maHux?

AsyncUnificationEnvironment nonae
70 MOKJIMBOCTEW B3a€MOJII0 3 aCHHXPOHHHU-
MU OOYHUCIICHHSIMM B MOHa/HIN ymakosii. Lle
JI0JJaBaHHS HACTYITHUX METO/IIB:

def adoptAsync[A] (value: F[A]): RI[A]

def asyncResult][[A] (output:
AsyncList[F,A]): R[A]

Tun F[ | — wne Hama acuHXpOHHA
MOHAaJ1a, Ka BH3HAYAETHCH K ICEBIOHIM a0-
crpaktHoro Ttumy B AsyncUnification-
Environment, a1 yHUKHEHHS [1OJaBaHHS
F[ ] no curnarypu unify.

PobGoTta mepmioro MeTony mMojsrae B
MPUAHATTI Pe3yibTaTy aCHHXPOHHOTO O00YHC-
JIEHHS B MOTOYHY MOHanIy. HasiBHiCTH 1[bOTO
METOAY JI03BOJISIE HAM peali3yBaTH KJac TH-
IiB JIJIs1 IEPETBOPEHHS MK MOHA/JIaMH Ta BH-
kopucrtoByBatH reflect[F] B gyxxax reify[R].

Hpyruii MeTon — 1€ BUXiJ aCHHXPOH-
HOTO TIOTOKY pPe3yJbTaTiB, SIKUM Oyae achHX-
POHHO OOpOOJICHUI JIOTIYHOK CHCTEMOIO SIK
Hallp MOJIIMBHX aJIbTEpHATUB. PO3poOHHKY
ciig OyTH 00epeKHUM 13 OTPUMAaHHIM MOTOKIB
y 0a3i JaHuX, OCKUIBKM Ha CTOPOHI KJi€HTa
JIETKO BUKOHYBAaTH HEeCPEKTUBHI 00’ € THaHHS. Y
OLTBIIOCTI BUMAJIKIB Kpallle MOKa3aTH, 0 (aKT
BUTSATY€TbCA 3 0a3 JaHUX OCHOBHOIO MOBOIO.
Kon, sxmii Bm3Hawae ¢akr QueryLanguage,
MOYKE BUTJISIATH, SIK [TOKA3aHO Ha pUC. 2.

String, phoneNumber: String,

AsyncUnificationEnvironment.Aux[IO],ConnectionProvider] (
bindings: Bindings,

instanceData: InstanceData[ConnectionProvider]): R[User] = reify[R] {
val collection = instanceData.get.connection.collection[User] ("users")

term match
case 1lv: LogicalVariable =>

reflect (collection.asyncFind() .map(u => bindings.bind(lv, QueryUser (u)))

case lc@LogicalConstant (value) >

// logic similar to the previous example

Puc. 2. Buznauenns ¢akry QueryLanguage
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Tenep MU MOX€MO BUKOpPUCTOBYBAaTH
QueryAllUsers y noriuxiii mporpami Ta nuca-
TH TaKl JIOT14HI IpaBUiIa:

AllUsersAreScored |- QueryAllUsers(u) &
AssignScore (u)

[Ipuknan yce me CopolleHHi, HACTy-
HUM [PUPOJHUM KPOKOM € PO3LIMPEHHS
HaIIoi 37aTHOCTI BOYJOBYBaHHS ISl MEpeK-
Jaxy JIOTIYHOTO BHpa3y B 3alMTU 10 0asu
naaux. L{poro MOXKHa OCATTH HANIPOUYI JIeT-
KO, OCKUJIbKM 1oOyoBa DSL-3anuTiB y Scala,
sIKa B1IOOpakaeThcs B HAOIp KJaciB, € IMOIMY-
JSPHOIO TEXHIKOK. Yce, 10 HaM IMOTpiOHO
3pobuTtn, — 1e peanizyBatu Unificable mms
KJIacy 3amuTiB 00paHoi 0i0iioTekn HocTyIry
110 0a3y Ja”HuX.

BucnHoBxku

3anpornoHoBaHa CTPYKTypa aisi BOy-
JOBYBaHHS CiMEWCTBA MOB JEKJIApaTUBHOI
noriku B Scala i3 yHi(ikali€o Ha OCHOBI MO-
HaJI, 10 MOke OyTH mepenporpaMmoBaHa Ko-
pucTyBaueM. BigMiHHOCTI B MOMJIMBOCTSX
JIOTIYHUX MEXaHI3MIB MOYKHA BHPA3UTH 5K
niaTuny MoHax yHigikarii. Takuii cnocid nae
3MOTY T'€HEepyBaTH OJHY peai3allifo Hajarl-
ToBYyBaHOi yHi(ikamii s BOy10ByBaHHS Pi3-
HUX JIOTIYHHX CUCTeM y Scala Ta BUKOPHUCTO-
ByBaTd BOyJIOBaHI CTOPOHHI MPOOJIEMHO-
OpIEHTOBaHI MOBHU Y JIOTIYHHX BHpazax. Mo-
HaguyHuil API, MOXJIMBO, 3 BUKOPUCTaHHSIM
NPSIMOTO CTHJIIO TIOBEPX HBHOTO, HAZA€E PO3pPO-
OHUKY IPOTrpaMu MPOCTUH Ta IHTYITUBHO 3pO-
3YMUIMHA IHCTPYMEHT IS peai3allii BJIacHOi
JIOTiKHM BcepenuHi yHigikarii.

MoHauuHe MpeICTaBICHHS JIOTIYHO-
ro o04HCIeHHS € T00pe BiIOMOIO TEXHIKOIO.
CrannmaptHa Oiomioteka Haskell Bkirouae
tpancpopmarop monax LogKit [11] Ha ocHo-
Bi [12]. ¥V cBITI QyHKIIIOHAJIBLHOTO MPOrpPaMy-
BaHHSA 3acO0HM JIOTIYHOTO TIPOTPaAMyBaHHS
YacTO BBAXKAIOTHCS HEBEIMKUMH JIOMOBHEH-
HSMHU JIO iICHYIOUHX 3ac00iB MOBHU. Sk Oauu-
MO, OLIBIIICTh JIOTIYHUX (PpelHMBOPKIB y dy-
HKIIIOHAIBHIA MOBI pealli3yloTh TPEICTaB-
JICHHS aJTOPUTMIB «TeHepyBaHHS Ta (DiIbT-
pYBaHHs», SKI MAalOTh OOMEXKEHE MPaKTUIHE
3aCTOCYBaHHS, TOMY IO CIPAaBXKHS CHJIA JIO-
TIYHOTO MPOTPaMyBaHHS YacTO PO3KPUBAETH-
cq 3 MOJKJIMBICTIO CKJIaIHOI onTuMizalii, Ta-

KOI SIK 1HJIEKCYBaHHS TEPMIB 3aTPUMKHU LT
a00 po3B’s3yBavi, M0 3aJAI0THCSI KOPUCTYBa-
yeM [8, 13].

Jns Scala icHye HU3Ka pi3HUX peari-
3anid BOYJIOBYBaHHS JIOTIYHOTO Iporpamy-
BaHHS, cepel SKUX TIEPEeHECEHHS MOHAIH
Haskell LogKit [11], Scalano [14], axi npen-
CTaBJISIIOTH JIOTIYHUH 3B 30K sIK 00’ €KT Scala
HaJ TUII30BaHUMU TEPMaMU 31 3BOPOTHHUM
obuncmoBauem, Fusemate [15], sxkuit moen-
HY€ JIOTIKY MepIIoro MOpSJIKYy 31 cremianizo-
BaHOI0 MOBOIO UTSI aHANI3y Ta MOICIIOBAHHS
CHCTEM, 3aCHOBAaHUX Ha MOJisX.

Ham migxin 3a0e3nedye 9iTke BiAIi-
JIEHHS JIOT1YHO1 JAeAyKIii: koa Scala BUKOpH-
CTOBYEThCS Jnie s yHidikarii, mo 3aaana
KOpHUCTyBadeM, ajie 3arajbHe BUKOHAHHS LU
€ 30BHILIIHBOIO IHTEPIPETALI€I0, SKa MOXKe
peamizyBatu pi3Hi crparerii. Takuii cmocio
Ha/1a€ MOJAYJIBHICTH 1 TapHYy iHTErparito 3 pe-
IITOI0 €KOCHCTEMH, aje BOJHOYAC iCHYIOThH
Henoniku. B curyarii, komu API € cuaxpos-
HHUM 1 JaHi 3HaXOJAThCS B IaM’SITi, MOHaIU-
HUll iHTEepdelic Moxe OyTH BY3bKUM MiCLIEM,
mo OyJie MepeniKoHKaTH TOCATHEHHIO BUCO-
KOT IPOTyKTUBHOCTI.

[Momankima pobota monsrae B po3IIu-
peHHI Ha0Opy MIATPUMYBAaHUX AJITOPUTMIB i
PO3B’s3yBaviB ISl TIPUPOJTHOTO IHTETPOBAHO-
ro MmporpaMmyBaHHsI B oOMexeHHsX. Kopucry-
BalbKi yHi(ikamii Takok MOXYTh OyTH ere-
MEHTOM CHCTEMH MEepenuCcyBaHHS NpaBuil (B
TermWare TakoX BHKOPHCTOBYEThCS YHi(i-
Kamisi, Mo MoXe OyTH MepernporpaMoBaHa
KOPUCTYBa4eM), TOMY JIO/JaBaHHS MiATPUMKH
porpamMyBaHHs Ha OCHOBI MpaBHJ TaKOX
MOKe OyTH BEKTOPOM PO3LIMPEHHS.
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MOJU®IKOBAHUN METO/I IIOILIYKY KJIIOYOBUX CJIIB
TA TEPMIHIB Y TEKCTOBUX JTAHUX

VY nmaniit cTaTTi PO3MIISAAAETHCS TUTAHHS aBTOMATH30BAaHOTO IOIIYKY KIIIOYOBHUX CJIiB Ta TEPMIHIB y TEKCTOBUX
nmaaux. s minBumeHHs eeKTHBHOCTI 3ac00iB aBTOMAaTH30BAHOTO IOIITYKY KIIFOYOBHX CIIB Y TEKCTi 3a KpHTe-
pissME a0COFOTHOI TOYHOCTI Ta MOBHOTH 3a JKakkapoM po3poOiieHo Moau(dikaiito 0HOTO 3 HalicydacHIIMX
METOIB JJIS TOIIYKY KITFOUOBHX CIIiB. 3aIPOIIOHOBAHO MOIU(IKAIIiI0 iCHYIOYOTO TiOPHIHOTO METOIY TOIIYKY
KIIFOYOBUX CIIiB, III0 BPAXOBYE CKJIATHI 3aI€KHOCTI MK ITapaMHu CIiB Y TEKCTi Ui BU3HAUECHHS 0AaraToCIiBHUX
BHpAa3iB, IO, Ha BIMiHY BiJl OpUTIHAIEHOTO METOMY, TO3BOJISE 3HAXOAUTH KITFOUOBI TEPMiHH, SKi CKIaJaI0ThCS
3 KUIBKOX CIIiB. 31ificHeHI BUIpOoOYBaHHS cTBOpeHOi MoudiKarlii riOpuaHOro MeToly NOIIYKY KIIOYOBHX TEp-
MiHIB MOKa3aJdu epeKTUBHICTh 11 BUKOPHCTAHHS JUIsl MOUIYKY KJIFOYOBUX TEPMIHIB Yy TEKCTaxX y MOPIBHSIHHI 3
ICHYIOYHMH aHaJIOTaMH.

KirouoBi ciioBa: KIIFOUOBI ClIOBA, KITFOYOB1 TEPMiHH, 0OPOOJICHHS TEKCTOBHX JlaHuX, Python, crendopacrka kia-

cuikarisi.

Beryn

OcHOBHUI 3MiICT OyIb-IKOTO TEKCTY
MO’KHA OINHUCATH OJHUM a00 KiJbKOMa CJIO-
BaMU 3 I[bOTO TEKCTY, IO BiJ0OpakaroTh
fioro cyth. Taki cloBa Ha3WBAIOTh KIIFOYO-
BUMHU CJIOBaMHU. B OLIBIIIOCTI BUMIAAKIB KiJIb-
KICTh TaKUX CJIIB CTAHOBUTH OJIM3BKO IECITHU
[1]. [HOAl KAFOYOBUMHU MOXYTh BBa)KaTh HE
TUIBKH CJIOBA, @ ¥ Il CIIOBOCIIOJIYYCHHS 1
pEYCHHSI.

He3Baxarouu Ha MpocTe BU3HAYCHHS
MOHSATTS KJIFOUOBOTO CIIOBA, MPOLIEC MOIIYKY
KJIFOYOBHX CIIB € CKJIQJHUM aHATITHYHUM
3apaaHHsIM. He icHye ineanbHOro crocody
BHU3HAUEHHS TEpEeNiKy KIIOYOBUX TEPMIHIB
JUISL TOBLIBHOTO TEKCTY OYy/Ib-SKOT TEMATHKHU.
KoxeH TekcT Mae CBOIO CTPYKTYpY, CTHIIb
BUKJIAJCHHS, CTHIICTUYHI OCOOJMBOCTI Ha-
MUCaHHS [2].

Cnig 3a3HaunTH, 1O 33/1a4a MOLIYKY
KIIIOYOBUX CIIiB BUHHKAE y 6aratbox cepax,
OB’ s13aHUX 3 OOpPOOJICHHSAM TEKCTOBHIX Ja-
Hux. Tak iH(popMalis Mpo KIIOYOBI CIOBA
BHUKOPHUCTOBYETHCS y 1HGOPMAIITHOMY TEK-
CTOBOMY TOUIYKY, Kiacudikallii, Ki1acTepu-
3auii qanux. BogHouac BaKJIMBOIO BUMOTOIO
70 METOMIB BHU3HAUEHHS KIIFOUOBUX CIIIB €
MOJKJIMBICTB IX aBTOMAaTH3allil, aJlKe 00CATH
JaHWX, K1 TPOXOISATh Yepe3 CydacHi eIeKT-
POHHI TPHUCTPOi Ta CHUCTEMH, HEMOXKIIMBO
e(peKTUBHO 0OPOOIATH BPYUHY.

Yrponosxk 6araTb0X pOKiB JOCIHI-
JDKEHB CIIenialicTaMu OyJI0 3alpOorOHOBAaHO

12

METO/HM, Pi3Hi 32 €PEKTUBHICTIO Ta YMOBaMHU
3actocyBaHHs. OJIHI METOIU — 10Ope Haja-
IITOBaHi Ha 0OPOOJIEHHS TEKCTIB BY3bKOi Te-
MaTHK{, 30KpeMa, TEXHIYHOi JiTepaTypH,
HIII — MOXYTh OyTH METOJaMM LIMPIIOrO
3actocyBaHHsA. OIHAK JOCI TPHUBA€ MOIIYK
[UIAX1B TOKPAIIECHHS TOYHOCTI METO/IIB IS
MONIYKY KJIFOYOBHUX CJIIB Ta I IBUIIICHHS CTY-
NeHsl IXHbOI YHIBEPCAJIBHOCTI 111010 3aCTOCY-
BaHH$ 70 PI3HUX THUIIIB TEKCTIB.

MeTor maHol CTarTi € MHigBUINECHHS
edeKTUBHOCTI 3acO00IB JyIsi aBTOMATH30Ba-
HOT'O MOIIYKY KJIFOUOBHX CJIiB Y TEKCTi 3a KpH-
TepisiMU aOCOJIFOTHOI TOYHOCTI Ta IOBHOTH 32
Kakkapom nuisixom moaudikaiii oIHOTro 3
CydacHUX METOMIB TIOUITYKY KJITFOYOBHX CIIiB
Ta 3a JONOMOIOI0 BUKOPUCTAHHS Cy4acCHUX
JHTBICTUYHUX MPOTPAMHHUX MAKETIB.

Icnyroui MmeToamn

He icHye ineanbHOrO “3070TOTO IMpa-
BWIa”, 32 AKUM MOXHa Oyyi0 O BHU3HAYUTH
Ha0Ip KIFOYOBHUX CIIB JUI OyJIb-SKOTO TEK-
cty. Bimomi MeTonu MOKHa YMOBHO TOJi-
JUTH HA KUTbKa OCHOBHHX TPYII:

— CTaTHCTHYHI MeToIu — HalcTapi-
[IMMUA MOKHA HA3BaTH METOMAH, IO IPYHTY-
IOThCSI HA BUKOPHCTAHHI CTaTHCTUYHUX Ja-
HUX, OTPUMAHUX /1 Yac aHalizy Tekcty [3].
OHUMH 13 TIEPIINX CTATUCTUYHUX 3aKOHOMI-
PHOCTEH, BUSBICHUX U TPUPOJHOMOBHUX
TEKCTOBHX JITAHUX, MOKHA BBa)KATH 37100y TKH

©/1.0.byxanenkos, T.M.3abomnotHs1, 2024
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aMEepUKAaHCHKOTO JIHTBICTA Ta EKOHOMICTa
Jlxopmka Hunda. BuseneHi HUIM 3aKk0HU PO
PO3MOILT CITIB Y TEKCTaX € OCHOBaMHU Oara-
THOX BIJIOMHX CTATUCTUIHHX METOIIB.

CTaTUCTUYHI METOIU B OCHOBHOMY
aHaI3yI0Th YaCTOTY BXOJKEHb CIIIB Y TEK-
CTi, XHIO JIOBXXMHY, BIJICTaHb y TEKCTI MiX
HuMmu. [lpuknamum BiTOMHX CTATUCTHUHUX
MmeTpuk Ta MetoaiB — merpuka TF-IDF, me-
TOAU BUSBIICHHS CEMAHTHYHOIO MOJISA, Me-
TOJI CUCTEMHOT0 3BaKyBaHHS CJIiB 32 yac-
TOTOIO Ta J0B:KMHOI0, MeToA k-factor, me-
tox C-value, TEPMC Ta ixmi.

OCHOBHUMHU NepeBaraMM CTaTUCTHY-
HUX METOMIB MO’KHA BBa)XKaTH IXHIO IIBH/I-
KICTh Ta MOBOHE3AJICXKHICTh, aJ)KE CTaTHC-
THUYHI 32aKOHOMIPHOCTI Mai»e 0JTHAKOBO IPO-
CIIIIKOBYIOTHCS y OLIBIIOCTI TPUPOTHUX MOB.

XapakTepHi HeJ0JIKH TaKUX METO-
JIiB TIOJIATAIOTh Y BETUKOMY 00csi31 BepOasb-
HOTO IIIYMY B OTPUMaHUX pe3ysIbTaTax Ta He-
JOCTaTHIN TOYHOCTI y 3aCTOCYBaHHI Ha TEK-
CTaX HEBEJIMKUX PO3MIPIB.

— CJIOBHHKOBI MeTOOH — METOJH,
10 BUKOPUCTOBYIOTH 3a3JayIeTib 310paHi
CIIOBHHMKOBI JlaHi, a00 Te3aypycu 3 AESKHX
Tematuk [4]. Ha BigMiHy BiJl CTaTUCTUYHUX,
Takl METOIM 3aTHI HaIaBaTH OLIbLIN TOYHI
pe3yabTaTH 3 MEHIIOK KITBKICTIO BepOash-
Horo mymy. OfHaK Uit OTPUMaHHS TOUHUX
pe3ynbaTiB Tpeba MaTH yKe JOKJIaaH1 Te3a-
ypYyCH 3 BIAMOBIAHOI 10 TEKCTY TEMaTHKH. 3
IILOT'O BUILJIMBAE, III0 METOH, MO0y T0OBaHI Ha
OCHOBI BHKOPHCTAHHS CIIOBHHUKIB, CKJIaHO
3aCTOCOBYBATH /10 TEKCTIB BY3bKOi a00 HO-
BOI TEMATHKH.

— TI'iopuani MeToam — cyvacHi po3-
POOKM BHKOPHCTOBYIOTH TO€JIHAHHS OCO0-
JUBOCTEH CTATUCTHMYHUX Ta CIOBHHUKOBHX
METOJIIB JJIsi HalOiIbII €PEeKTUBHOTO IIO-
IyKy KI04oBUX ciB [5]. CTaTucTHYHI 3a-
KOHOMIPHOCTI  JI0MOMaraioTh  LIBUJKO
3HAWTA OCHOBHUII MacHUB IIOTEHIIIHHNUX KIIFO-
YOBHX CIIIB, 2 MOJIEJIi MAIITMHHOTO HABYaHHS,
HaTPEHOBaHI Ha CIOBHUKOBHX JaHUX, 30L/1b-
IIYIOTh TOYHICTH i BiacilOIOTH BepOab-
HMI 1IyM, B pe3yJbTaTi 4Oro Ha BHUXOAI
OTpUMY€EThCsL Habip KiodoBUX ciiB. Cepen
MOMYJISIPHUX CYYaCHUX MPOTPaAMHUX 1HCTPY-
MEHTIB JUII 0OpOOJIEHHS MPUPOTHOMOBHHX
tekctoBux AaHux: Python NLTK, Stanford
NLP, Keras, spaCy Toro.

Oo6pannii MmeTox st Mogu@ikamii

liopuanuii MeToa MOILIYKY KIFOYO-
BUX CJIB B aHIVIOMOBHHMX TEKCTaxX, 110 OYyB
3aMpONOHOBAaHUN  YKPaiHCHKUM  (paXiBLIeM
O.B. SIxumoBuuem [6], HAJIEKUTH 10 OCTaH-
HBOT 3 TPHOX BHINE3a3HAUCHUX TPYH METO-
niB. MeTosl BUKOPUCTOBY€E 1HCTPYMEHTH CY-
YaCHHUX MPOTPaMHUX CHHTAKCHYHUX aHaJi-
3aTOpiB Jisi OOpOOJIEHHS TEKCTIB 1 OTpH-
MaHHS HEOOX1THUX JaHUX IS TOJAIBIIOTO
3BaXYBaHHS CIIIB-KaHIUJATIB Yy KIIOUOBI
cioBa. HaBegemo OCHOBHI eTanu METOLY:

1. CuHTakcU4YHMI aHaJ3 TEKCTY 1 OTPH-
MaHHSl JaHUX PO 3B’SI3KH MIXK Ma-
paMu CJiB 1 YaCTHHU MOBH, JI0 STKHX
HaJeXaTh CIIOBA TEKCTY.

2. OiapTpyBaHHS Map CIiB, 3B’ A3KU MIXK
SKUMH HaJeXaTh J0 TMepeliky HeiH-
(dbopMaTUBHUX.

3. 3amiHa 3aliMEHHUKIB y Mapax CIiB
BIJITOBIJHUMH IMEHHUKAMHU.

4. BiaciroBaHHS CIiB, SIKI IPU CHUHTAK-
CHYHOMY aHaji3l OyJ0 3apaxoBaHO
110 He1H(OPMATUBHUX YaCTUH MOBH.

5. ®inpTpyBaHHS CTOMN-CIIB.

6. BusHaueHHS KUIBKOCTI 3B’S3KIB JUIS
KOXXHOTO CJIOBA 3 MapH.

7. TlpuifHATTS meplIUX N CIiB 3 HaKOI-
JIBIIOK0 KIJBKICTIO 3B’SI3KIB SIK KJIIO-
YOBUX (JI€ n - OakaHa KUIbKICTh LIy-
KaHUX KJITFOYOBHX CIIB).

JJ1s OTpEMaHHSI TIap CJIiB BHKOPHUCTO-
BY€ETbCs cTeH(opacbKa Kiaacupikanis [7]
3B'I3KIB MDK JICKCHYHUMHU OJUHUIISIMH De-
YeHb TEKCTy. Po3poOHMKamMu MeTomy Iis-
XOM YHCJICHHUX BUIIPOOyBaHb OyJi0 BHU3HA-
YEeHO 7 THMIB 3B’S3KiB, 1[0 HE HECYTh CYTTE-
BOI'0 3MICTOBHOI'O HaBaHTAXEHHS 1 HE BiIir-
paroTh BAXKIJIMBOI POJIi B KOHTEKCTI MOIIYKY
kmouoBux ciaiB. Ile 38’s3ku: CC, DET,
EXPL, FIXED, PUNCT, REF, ROOT.

Jlns dinpTpartii ciiB, 110 HAJIEXKATh 10
HeiH()OpMATUBHHUX YACTUH MOBH, aBTOPH Ti0-
PUIHOTO METOTY BUKOPUCTOBYIOThH KJIacu(i-
kaniro Ilenna [8] i BuausaoTh 21 Ter 3 miei
knacudikamii: CC, CD, DT, EX, IN, LS, MD,
PDT, POS, PRP, PRPS, RP, SYM, TO, UH,
WDT, WP, WP$, WRB, -LRB-, -RRB-.

3aMiHa 3aliMEHHUKIB Ha BIIIIOBIIHI
IMEHHUKH BiJOYBA€THCS 3a JONOMOTOO aHa-
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T3y KopedepeHIiHHnX 3B’SI3KIB MK CIIO-
BaMU B TEKCTI.

Po3poOHuKH MeTomy 3ameBHSIOTH,
10 3aMPOMIOHOBAHUHN TIOpUIHUI METOI Ma€e
MpHUpICT MOBHOTH y Mexax Bin 8,1% 1o
12,7% 3a meTpukoro Kakkapa, taBin 9,1%
10 14,3% a0coII0THOI TOYHOCTI MOUIYKY
KITIOYOBHUX CIIIB y MOPIBHSHHI 3 ICHYIOUHMH
aHasoramud. OT)Xe, METOJ MOXHa BBa)KaTw
OJTHUM 13 HalO1JIbIII TOYHUX CEPel CyYaCHUX
po3po0oK, 1 oro mMoaudikamis I OTpH-
MaHHS 111e O1TBII TOYHUX PEe3yIbTaTiB BOa4ya-
€THCSI IEPCIIEKTUBHOIO.

I'imore3a Nel nmpo migBUIIEHHSA
To4HOCTI “I'i0OpuaHoro meroay”

["'0710BHOIO OCOOMMBICTIO OPUTIHATB-
HOTO METOAY MOXXHAa BBa)KaTH BHU3HAYCHHS
KUTBKOCTI CHHTaKCUYHUX 3B’SI3KiB MIXK CIIO-
BaMHU 1 BIJICIFOBaHHS Tap CJiB i3 HeiHpopMa-
TUBHUMHM THIIaMU 3B’SI3KIB Ta CIiB, 1110 HaJe-
XKaTh 10 HEIHPOPMATUBHUX YaCTHH MOBH.
TakuMm 4nMHOM, Ha SKICThb pe3yJbTaTiB IO-
IIYKY KJIIOYOBHX CJIIB HAacamIiepe]l BIUTUBAE
BMICT CHHUCKIB HEIH()OpPMAaTUBHUX THIIIB
3B’SI3KIB Ta YaCTUH MOBH, IO OyJM BU3Ha-
YeHi aBTopaMu 3azjaneriip. Otxe, Moaugi-
Kallisg UX CMUCKIB ITOTEHIIITHO MOYXE IT0K-
palUTH KUIBKICHI XapaKTEPUCTUKU SKOCTI
OTPUMYBAHHX PE3yJIbTATIB.

ABTOpamM AaHOi cTarTi Oyno BUpi-
LIEHO 3pOOUTH HACTYIIHI MOJM(DIKAIIli CIMCKIB:

— BUKJIFOUUTH 31 CIIUCKY HeIHpOpMaTu-
BHUX 4vacTuH MoBH Ter CD, abo cardinal
number (kapauHanmbHE umcio). byno Bucy-
HyT€ TPUIYIIEHHS, 10 BAXKIHMBI IS 3MICTY
KJTFOYOBI €J10Ba a00 (pa3u MOXKYTh MICTUTH
KOHKpPETHI YuCIIa, IK-0T y Bupasi “Order 767”.
SIKIIIO € SIKMHCP 3araJbHOBIIOMUMN ICTOPUYHUIMA
Haka3 i1 HoMepoM 767, BHECEHHS TaKOTO YH-

ABconoTHa TOuHICTE

05
0.45
0.4
035
03
0.5
02
015
01
0.05

0.295853812 0.25421314

W Opari H maTog Maogudi i CMcHH

Clla JI0 CIHCKY KITFOUOBHX CJTiB MOKPAIIUTH pe-
3yNbTaTH TOMIYKY 1 MMOBIPHICTH 3HAXO-
JOKEHHSI TAHOTO PECypcy, NI OMHUCaHO 1Iel Ha-
Ka3. 3a OpUTIHAJTBHUM METOJOM YHCIIiBHUK
767 Gy10 6 TTOBHICTIO BUIYYEHO 31 CITUCKY TT0-
TEHILINHUX KIIOYOBHUX CIIB, IO, MOXJIMBO O,
MOTIPIITIIIO SKICTh THPOPMALIIHHOTO TIOITYKY;

— BIJIYYHTH 31 CIIHCKY HEeiH(OpMaTH-
BHHMX 4acTUH MOBHU TeT RP, a6o particle (ua-
cTKa). B meskux cnenudiyHuX MOHATTAX YU
TepMiHAX MOKE MICTUTHCS CIIOBO-YacTKa.
Hanpuknan, y pedenni “Located right on the
airfield, guests can watch other planes take
off and land.” “off” € wactuHoIO “take off”,
T00TO 3mitatu. Skmio BiAdiIIBTPYBaTH IO
YacTKy 31 CHUCKY KJIFOYOBHX CIIB, TO MOIIY-
KOBHUH 3amuT, 110 MicTUTh “take off”, He Oyxae
YITKO BiJIMOBIJIaTH HA0OPY KIFOYOBUX CIIIB;

— BKJIFOUUTH JI0 CIHCKY HeiHdopma-
THBHUX THUMIB 3B’S3KIB THI ccomp, abo
clausal complement (kommiemMeHTHa Kiay-
3ajibHA KOHCTpyKIis). Haigacrtime Takuii
3B’SI30K TPAIUIIEThCSI MK JIECTIOBOM abo
MIPUKMETHUKOM 1 JJOJJTATKOM. 3B 130K € TOCUTh
cnenudiyHIM 1 4acTO HE Hece JOCTaTHHOTO
1H(OopMaIiifHOr0 3MICTY, 11100 10/1aBaTH Baru
CJIOBaM-KaHIU1aTaM Y KJIFOYOBI CIIOBA.

bynu mnpoBeneHi BUNpoOyBaHHS 13
3allpONOHOBAHUMHU  MOJUQIKALISAMHU  CIHC-
KiB. Pe3yibpTaTi TecTyBaHHS Ha YHCEITHHHUX
TEKCTaX Te3 cTaTeil 3 HAyKOBUX >XypHaJiB
MOKa3aju, IO CIHUCKH HEiHPOPMaTUBHUX
YaCTHH MOB Ta THIIIB 3B’SI3KiB, BUIIJIEHI aB-
TOpaMU OPUTIHAIBHOTO METOAY, € e(PEeKTHB-
HUMHU. Maiixke B ycixX BUMaJKaX pe3yibTaTH
HE 3MIHIOBAJIUCS, CIIOCTEPITAIKCS JIIIE HEe-
BEJIMK] BIAXWIEHHS B TOH 4M IHIIHWI OIK HA
oaHe ciioBo. CepeaHi 3HaYeHHS a0COTIOTHOL
TOYHOCTI Ta MOBHOTH 3a JKakkapoMm BHSBHU-
JUCs Maike oTHaKOBUMH (puc.1).

MoeHoTa 3a Hakkapom
03

025
0.2 0.174013147 0.171651588
015
01

0.05

W Opri i meTog, Mogmdi i crickm

Puc.1. Pesynpratu TecTyBaHHA METONY 3 MOAMGDIKOBAHUMU ‘‘HEIHDOPMATUBHUMU® CIIUCKAMU
Y. Yy y
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OTOX, KUIbKICHI HMOKAa3HUKH SIKOCTI
pe3ysbTaTiB poOOTH METOAY 31 3MIHEHUMH
CIIMCKAaMH 33 a0COJIFOTHOIO TOYHICTIO 3HaM-
JIEHUX KIFOUOBUX CJIB Ta MOBHOTOKO JKa-
KKapa OyJIi TPaKTUYHO OJHAKOBI 3 PE3yIib-
TaTaMH OpHTriHanbHOrOo Meroxy. OTke, Te-
pia rirmote3a 0yJia CrpocTOBaHa.

I'imore3a Ne2 npo BUKOPUCTAHHS
inopmauii npo 6ararociiBHi
BUPAa3U 1JIs1 OIIYKY
KJIKOYOBHUX TePMiHIB

VY opuriHajabHOIro METOAY € CYTTE€BUM
HEOJIK — BiH J03BOJISIE IIyKATH JIMIIE O/-
HocCJiBHI K11040Bi Tepminu. I1ig yac Buko-
HaHHS AITOPUTMY, 1[0 PeaTi3y€e METO/I, Tapu
CIIiB pO3’€IHYIOTHCS B OKPEMI CIIOBA, MiCIA
YOro /Il KOKHOTO CJIOBAa OKPEMO BH3HaYa-
€THCST KIJIBKICTH 3B’SI3KiB, OTJKE, HAa BHUXOI
MOXKHa OTPUMATH JIMIIE OKPEeMi KIFOYOBi
ciioBa. BUkopHcTaHHs OZHOCITIBHUX KITIOYO-
BUX TEPMIHIB CIpUs€ OUIbII 3arajlbHOMY I0-
IIyKy, ajlé HEJAOCTaTHhO J00pe MOKpUBAE
crenuQivHi 1 KOHKPETHI 3alUTH.

ABTOpamu 11i€i cTaTTi OyJI0 BUPIIIEHO
MO (IKyBaTU METO/ TAKUM YMHOM, 11100 J0-
JaTH MOXJIMBICTD HOIIYKY KJIFOYOBHUX TEpMi-
HIB, IIIO CKJIAJal0ThCA 3 KIJIbKOX CJIiB.

[Ipoanamizyemo, siki THUMH 3B’SI3KIB
3yCTpPiYalOThCS MiXK CIIOBaMHU 6araTOCIIBHUX
KJIIOYOBHUX TepMiHIB. Jlyi1 oTpuMaHHs ‘“‘eTa-
JIOHHOTO” TIEpENiKy KJIIYOBUX TEPMIHIB Y
pamMKax JaHOro JOCHIPKEHHS OyJio BHpI-
IIEHO BHMKOPHCTOBYBAaTH CTaTTi HAayKOBHUX
’KYpHaJIIB, /1€ 1O KOXKHOI 3 HUX € HaJJaHUH aB-
TopamMH Hallp KJIIOUOBHMX CIIB Ta BHPA3iB,
KU MO’KHA BBa)KaTH JI0BIIKOBUM JJIS IIPO-
BEJICHHS MOPIBHSHB [9].

Jnst tekcty aHotamii 10 ctatTi [10]
JOCHITUMO 3B’A3KHM MDK CJIOBaMH KIIFOYO-
BOro TepmiHa ‘“‘ammonium perchlorate”

(puc.2).

compound(perchlorate-6, ammonium-5)

compound(perchlorate-25, ammonium-24)

compound(perchlorate-32, ammonium-31)
Puc.2. 3B’s13k1 MiX CIIOBaMH KITFOYOBOTO

TepMiHa “ammonium perchlorate” mis Tek-
cTy aHoratii 70 ctarti [10]

AHajizaTop BU3HAYMB, IO TaKUU
KIIIOYOBUH TEpMiH MOXKHA BiJIIYKaTH B TEK-

CTi 3a 3B’si3kamu THIy compound. 3rigHO
TaOJIUII THUMIB CHHTAKCHYHUX 3B’S3KiB
Universal Dependencies (crendopacpka
knacudikarisi) [11] tum 38’s13ky compound
HanexuTh 10 kareropii MWE (Multiword
Expressions), To0TO 0araTocimiBHUX BHpa-
3iB. PosrisHemo, siKi TUIOM CHHTAaKCHUYHUX
3B’sI3KiB MICTUTH Yy c00i kareropist MWE.

Fixed. BukopucroByerbcsi it mo3-
HAYCHHS CIIeHiaTbHUX CITY)KOOBHX KOHCTPY-
KIIi#, pikcoBaHMX BHUpa3iB, 3BOpOTiB. ClIOBa,
10 MaroTh 3B’s130K fixed, He MalOTh 3B A3KIB
IHIIMX TUMIB 3 IHIIUMU clioBamu. [Ipuknaau
TaKUX KOHCTPYKLIN B aHIVIIMCHKINA MOBI: as
well as, because of, rather than. Ha puc.3 Ha-
BEJICHO TPHUKJIAJA PEUCHb, JI€ BH3HAYCHO
3B’s3ku Tumy fixed [12].

1. 1 like dogs as well as cats
fixed
~— T
2. He cried because of you

Puc. 3. Ilpuxianu pedeHs 31 3B’ SI3KOM TUITY
fixed

Flat. Lleii Tum 3B’ 43Ky BUKOPUCTOBY-
€TBHCS JUIS €K30ILEHTPUYHUX BUPaA3iB, TOOTO
TaKWX, JIe HEMa€ TOJIOBHOTO cjoBa. J[o Takmx
HaJeXaTh iMeHa 1 natu. Ha puc.4 HaBeneHo
MPUKJIAN BU3HAYCHHS 3B S3KIB JJIs1 IMEH.

1. Hilary Rodham Clinton
lat
la

1o §
2. Carl XVI| Gustaf
lat

3. New York

Puc. 4. TIlpuxnanu Bu3HadeHHs 3B 53Ky flat
JUISL IMEH

3’530k flat Takok 3aCTOCOBYETHCS
JI0 BUPa3iB, JIe 3TaAYETHCS TUTYJ a00 3BaHHS
MIEPCOHM Pa3oM 3 iM’siM (puc.5).

ar“jik
1. |V|r/-rI Smith
fla

2. President Obama

2 at

3. billionaire Ross Perot

Puc. 5. 38’s13ku flat qy1s BupasiB 3 TUTYJIaMu
a00 3BaHHSAMHU
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Jns ckIaeHuX YHUCIOBHX BHpa3iB
TaKOX 3aCTOCOBYEThCS 3B’s130K flat [13]. Ha
pHuC.6 HaBEACHO MPUKIIAJ BHPA3iB 3 JTaTaMH
a00 CKJIQIHUMH YHMCIIIBHUKAMH, J¢ BU3HA-
YEHO 1IeW THUM 3B’SI3KY.
lat
la

1.1 December 2016

fla
2. four thousand

Puc. 6. Bupasu 3 naramu Ta CKJIaJHUMU YH-
CIIBHUKaMHU, JIe BU3HAYEHO TUT 3B 513Ky flat

Compound. Ileii Tun 38°s13Ky BU3Ha-
YEeHO Y BUpa3ax eHJOLIEHTPUYHOTO THILY, JIE,
Ha BIIMIHY B1Jl €K30LIEHTPUYHHUX, € TOJIOBHE
cnoBo. Taki BUpa3u € CIOTYYEHHSIMH 3 KiJlb-
KOX YaCTHH MOBH: IMEHHHUKOBI CIIOJTyY€HHS,
J€CITiBHI, TPUKMETHHUKOBI, 1XHI KOMOiHAIIi1
Ta 1HOJ1 cepiiiHl JaieciiBHI KOHCTpyKIii. bi-
TBIIOK0 Miporo BUpaxeHi [14]:

— CKJIQIHUMHK iMeHHUKamHu. Lle Mo-
KyTb OyTu IMenHuk + Imennuk (bus stop,
fire-flies, football), IIpuxkmenTuxk + ImeHn-
Huk (full moon, blackboard, software), ie-
cioBo + Imennmk (breakfast, washing
machine, swimming pool), Imennuk + Jlie-
¢J10BO (sunrise, haircut) Ta 1HII1 CIIOJIy4YE€HHS
(USB cell phone chargers);

— CepiiHUMH /11€CITIBHUMHU KOHCTPYK-
misitMu. CHHTAKCHYHA KOHCTPYKITiA, A€ Mpe/-
CTaBJICHA MOCIIiIOBHICTh JBOX a0o0 Oinblie
JIECIIB, K1 (QYHKIIOHYIOTH SIK OJUH IpeIu-
KaT Ta ONMUCYIOTh OJHY MOAit0. B cydacHiii
AHTIIIMCHKIA MOB1 MalKe He 3yCTpIYaroThCA,
ane 30epernucs neski Bupasu: let's go eat,
come live with me.

— (pazoBumu miecnoBamu. Kombina-
11is Ti€CIOBa 1 MpUMMEHHHUKA, a00 JIIECToBa 1
MpHUCIiBHUKA, a00 OIHOYACHO [i€cioBa i
MPUHMEHHHKA 3 MPUCTIBHUKOM, SIKa € OKpe-
MUM YJICHOM PEUYEHHS 1 yTBOPIOE OKpEMy ce-
MaHTUYHY oauHHIl0. Haituacrime ckiama-
IOThCS 13 BJIaCHE CMUCIOBOIO II€CIOBA Ta
OoJIHOTO a00 JEKUIBKOX MPUUMEHHHKIB (pi-
JIIe MpUCTiBHUKIB): keep on, pass out, look
up, give up, put off, come across.

Jlexinpka TPUKIAIIB, HABEJICHUX B
noBigauky Universal Dependencies, 300pa-
YKEHO Ha puc.7.
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/compoun
1. phone book

/com poundvcom pound&

2.ice cream flavors

compound

3. Sam took out a 3 million do@ loan

compound
4. Sam took out a é’) million loan

Puc. 7. llpuknaau Bupasis, e MpUCYTHIN
3B’A30K TUIy compound

I3 mepeniueHnx TprOX TUIMIB 3B’S3KIB
fixed cTaHOBUTH HaliMEHIIMIA 1HTEpPEC 3 TO-
YK 30py BUPILLIEHHS 3a/1a4l IOLIYKY KIH04O0-
Bux TepMiHiB. Fixed mo3nauae crnerianpHi
3BOPOTU 1 YCTaJIeHI CHOJYYEHHS CJiB, IO
YTBOPUIIUCS ICTOPUYHO a00 1HIIUM IUISIXOM,
taki sk instead of, rather than Ta inmi. Boun
CIIYTYIOTh pajille MOB’A3yI0UuMHU (PyHKITiO-
HAJIbHUMH YaCTUHAMHU PEYeHbB, e CMHCIIO-
BOT'0 HAaBAaHTAXKEHHS caMi COO0I0 HE HECYTh.

TakuMm uynHOM, 3 OTJISIIy HA BUIIIE3a-
3HayYeHe, U1 MOJAIbIIOT0 JIOCIIHKEHHS
Oyn0 00paHO MOXKIMBOCTI BUKOPHUCTAHHS
3HaieHnX 3B’ s3KiB Ty flat Ta compound
JUTSL OTPUMAHHSI CIIUCKY KIIFOUOBUX CIIOBOC-
MOJTy4YEeHb 13 TEKCTIB.

Byno 3HailiieHo HacTymHi BHpasu:
['Honolulu', 'Hawaii'|, ['Harvard', 'Law',
'Review'], ['Columbia’, 'University'],
['Harvard', 'Law', 'School'], ['community',
'organizer'], ['law', 'degree']. 3Haiineni cio-
BOCITOJTYYEHHSI JIIMCHO TIEBHOIO MIpPOIO BiJIO-
OpakaroTh 3MICT TEKCTY, 1 TCOPETUYHO ITiJI-
XOIIATH SIK KJIFOUYOBI CJIiBa.

OueBuaHO, 10 BHOIp 3 TEKCTY BCIX
BHpa3iB 3 TUIam# 3B’s13KiB flat Ta compound
0e3 sxoi-HeOy b (imbTpallii He € MOBHOIIH-
HUM DIIICHHSM 3aJladi TMOIIYKY KIFOUYOBHX
BUpA3iB.

SIK 3ameBHSIOTH aBTOPU OPHUTIHAIb-
HOTO METOAY, HOTr0 BUKOPUCTAHHS 103BOJISIE
JOCUTh TOYHO 3HAXOJIUTH OKPEMi KIFOYOBI
cinoBa [6]. 3BiACH MOKHA BHKOPUCTATH BU-
3HAYCHUH CIHCOK OKPEMHUX KIIOYOBUX CIIiB
Utst piTbTpyBaHHSA OTPUMAHHUX OaraToCHiB-
HUX BUpPa3iB. AJDKE JIOTIYHO TPUIYCTHUTH,
IO SAKIIO TEKCT MICTUTH AEsKI KIIFOYOBI CJIO-
BOCIIOJTyY€HHS a00 TepPMiHHU 3 KUIBKOX CIIiB,
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OKpeMi CJI0Ba 3 HUX WMOBIPHO OyIyTh 3HAM-
JICH1 allTOPUTMOM OPHUTIHAIILHOTO METO.Y.

Takum urHOM, MOXHa “Bia]inbTpy-
BaTu’ BCl 3HaWIeHI OaraTociiBHI BUpa3W,
OTpPHMaHIi 3 TIONIYKY B TeKCTi 3B’s13kiB flat Ta
compound, BUKOPHUCTOBYIOUM OTPUMaHI pa-
Hillle TOOJHHOKI KJIIOYOBI cjaoBa. To0TO,
SKIIO B JESKOMY 3HAWJIEHOMY 3 TEKCTY BH-
pasi, mo MaB MK cjaoBaMu 3B’s3ku flat um
compound, MiCTUTBbCS X04a O OJIHE CIIOBO 3
HaOOpYy KJIIOYOBHUX CIIIB, TAKUH BUpa3 3 BEJH-
KOIO IMOBIPHICTIO Oy/ie KIIOUOBUM IS Ja-
HOro TekcTy. [IpoBeaeni BUpoOyBaHHS Ha
TEKCTax Te3 CTaTel HayKOBUX YKypHaJIB IiJ-
TBEPKYIOTh €(EKTUBHICTh JAHOTO MPHITY-
IIEHHS 32 KPUTEPISIMH a0COJIFOTHOT TOYHOCTI
Ta MOBHOTHU MONTYKY KJIFOUOBUX CIIiB, PO 1110
WTHUMETBHCS aji B LIl CTaTTI.

MoangdikoBanuii MeTO MOMIYKY
KJIDYOBHMX CJIiB Ta BHpa3iB

[3 ypaxyBaHHSIM BHIICHABEICHOTO,
MIPOIMOHYETHCS MOAMQIKaIlis OPUTTHATEHOTO
METOAY 3 JOJATKOBUMH KPOKAMU ISl OTPH-
MaHHsI CIIMCKY KIIIOYOBUX BHpAa3iB Ta TEPMi-
HIB JI0 TEKCTYy. A came:

— Ha eTamni HoMep 1) OpUriHaJIBLHOTrO
MeTony 30upaerbcs i1HGopMalis NOpo Bci
3B’s13kM THMy flat i compound, 3 4oro orpu-
MyeTbes Hal1p ycix 0araTociiBHUX BUPA3iB 3
TAaKUMHU 3B’sI3KaMU B TEKCTI;

— MIcJs eTamy HoMep 7) OpUriHalb-
HOTO METOJly, BPaxOBYIOUM OTpUMaHi pe-
3yJbTaTH, BiIOYBaeThCs PUIbTpALis OTpUMa-
HUX Ha eTari 1) 6araTocIiBHUX BHpa3iB Ha-
CTYIIHUM YMHOM: SIKIIIO KJIFOUOBE CJIOBO MicC-
TUTBCSl Y BUPA3i, BiH NOTPAILISIE O CIHUCKY
KJIIOYOBHUX, 1HAKIIIE — BiJICIIOETHCS;

— B PE3YJIbTATI OTPUMYETHCS CIIHUCOK
KJIFOYOBHX CJIIB 1 CTUCOK KJIFOYOBHX BUPA3iB
13 1BOX 200 OibIe CIiB.

Crnucok KIIOYOBHUX BHMpa3iB MOXKHA
Oyse BUKOPHUCTOBYBATH y MpOIIECi iHAEKCa-
1ii pecypciB y NMOIIYKOBHX CHCTeMax, Hajia-
104YM iM OUTBIIMI MpiopHUTET 30iry i3 Momry-
KOBUM 3allUTOM KOPHUCTYyBada, aje KIIo-
YOBI TEPMiHU TOYHIIIE BiZOOPAKaIOTh 3MiCT
TEKCTY, aHI>K TOOJAMHOKI KJIFOUOBI CIIOBA.

OTxe, B 3araJlbHOMY BHIJISJI 3aIpo-
IIOHOBaHMUH aBTOpPAMU MOAU(IKOBAHUN Me-
TOJI € TAKUM:

1. CuHTakCU4HMIA aHATI3 TEKCTY 1 OTPH-
MaHHS JaHWX PO 3B’SI3KH MIX Ia-
pamu cIiB 1 YaCTUHU MOBH, JIO SKHX
HaJIeXKATh CIIOBA TEKCTY.

2. OtpumaHH# 3 TeKCTy Ha0opy Bcix
BHpa3iB 3 Tunamu 3B’si3kiB flat Ta
compound.

3. ®inkTpyBaHHS Hap CIiB, 3B’ I3KU MiXK
SKUMH HaJIeXKaTh J0 MEeperiky HeiH-
(bopMaTUBHHUX.

4. 3amina 3aliMEHHHKIB y Mapax CIiB
BIIIIOBIJHUMH IMEHHUKAMHU.

5. BixcitoBaHHg ciaiB, AKi IiJ Yac CHH-
TaKCUYHOTO aHaji3y OyJIO BIIHECEHO
710 HE1H(GOPMATUBHUX YaCTHH MOBH.

6. @iIbTpyBaHHS CTOI-CIIB.

7. BusHaueHHS KUIBKOCTI 3B SI3KIB IS
KOXXHOTO CJIOBa 3 MapH.

8. IIpuHHATTS mepuMx n CIiB 3 HailOi-
JIBIIOK0 KUTBKICTIO 3B’SI3KIB SIK KJTIO-
4OBi (7€ n - 6akaHa KIIbKICTh IIyKa-
HUX KITFOUYOBUX CIIIB).

9. diabTpanis oTpuMaHuX Oararoc-
JIIBHUX BHPAa3iB 32 J0NMOMOroI0 10~
nepeIHb0 OTPUMAHUX KJYOBHX
CJIiB.

Ha puc.8 HaBeneHo 3aralibHy cXemy
3alpONOHOBAHOTO  MOAM(IKOBAHOTO Me-
TOLyY.

Bu0ip meTpuK 1J1 BU3HAYCHHS
KIIBbKiICHUX XapaKTePpUCTUK
edexTBHOCTI MOIN(DiKOBAHOTO
MeTOoxy

BpaxoByroun mocTaHOBKy 3ajadi, a
came MoAM(DIKaIiI0 METOAY 3 METOI0 YMOX-
JUBJICHHS OTPUMAaHHS B PE3yJIbTATI aHAIIZY
HE TUIbKHM KIIFOYOBHX CIIiB, a i 0araTociiB-
HUX KJIIOYOBUX TEPMIHIB Ta BHpa3iB, IO
MOYKE J1aBaTH TOYHIII 3a ICHYIOYl aHAJIOTH
pe3yJIbTaTH, HiXK, YaC BUKOHAHHS HOBOT'O MO-
T(IKOBAHOTO METO/y Ma€ HE Take BHUpIIIa-
JbHE 3HAYCHHS, K TOYHICTH 1 SIKICTb OTPH-
MaHMX pe3yibTariB. OTKe, oTpiOHO 00paTH
METPHUKH, 10 TTOKAXYTh MEPEBArd BUKOPHC-
TaHHS MOJM(IKOBAHOTO METOY 3aMICTh ic-
HYIOUHUX aHAJIOTIB CaMe 3a 3HAWICHUMH KITIO-
YOBHMHU CJIOBAMH Ta BUPA3AMHU.

CknasiHO TPaBWIBHO OI[IHUTH TOY-
HICTb 3HAMICHUX KJIFOUOBHX CJIIB YA BUPA3iB
JUIS TIEBHOT'O JIOBLIBHO B3ATOTO TEKCTY, aJKe
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[ Mouarok ]

v

Tercr /
v

BussneHHA 38'A3KIB MiX
napamu cnosamm

v

/ Mapwu cnis i3 TMNamK 38'A3Ki8 /

[
Y

BukniodeHHa nap 3
HeiHopMaTUBHUMM TUNaMK
38'A3KIB

/ Mapw cnis i3 TMNaMu 38'A3Ki8 /

3amiHa 3aiiMEHHUKIB Ha
BIANOBIAHI IMEHHUKM

v

/ Mapy cnis i3 TUNaMK 38'A3Ki8 /

v

BuKno4eHHA cnis 3
HeiHpopMaTUBHUX YaCTUH
MOBU

O

O

l Cnosa-kaHauaat
Y KIto4oBi crnosa

Biabip Bupasis 3 TUNOM ¢
38'a3ky flat Ta compound

l BuknioueHHs cTon-cnis

BarartocnisHi Bupasu ¢
/ Cnosa-kaHauaat /

Yy KMnio4oBi cnosa

v

Biabip n neplumx cnis 3
HaiiBinbLLIOIO KINbKICTIO
38'A3KIB

OCTaToMHO BU3HAYEHI KMIO4OBI
cnoea

[
A 4 Y

Binbip knro4oBMX BUPa3iB Ha
OCHOBI BU3HaYEHUX
KMIO4Y0BUX CNiB

/ BinibpaHi kno4oBi BUpasu /

v ——
[ Kineub

Puc.8. Cxema eraniB Moau]iKoOBaHOTO METOY JJIS TIONIYKY KIIFOYOBHX BHPA3iB Ta TEPMiHIB

X04a y KJIFOYOBHUX CIIIB € JIesIKi BU3HAUCHI Xa-
PaKTEpUCTUKH, 1€ JOBOJII CyO’ €KTUBHA OIli-
HKa. TOX pi3HI CIIeLialiCTH MOXKYTb CIiepe-
YaTUCS MIOAO MPAaBHIBHOCTI BU3HAYCHHS
TOT'0 YM 1HILIOTO CJIOBA SIK KIH040BOro. Tomy
IUIL JOCSITHEHHS MaKCHMAJIbHO MOJKJIHBOI
00’€KTUBHOCTI OyJI0 BUPILIEHO BUKOPUCTO-
BYBaTH JJIs BUNPOOYBaHHS TEKCTH 13 Hare-
pell BU3HAuUE€HUM HAOOpPOM KIIFOUOBMX CIIB.
Cepen Takux TEKCTIB € HAyKOBI CTaTTi, J0
AKUX Ipu myOutikauii B XKypHaJi aBTop cam
nigoupae Habip KIFOYOBUX CIIIB YU MOHSATH.

Jist 0OOTpyHTYBaHHS TOLUJIBHOCTI BU-
KOPUCTaHHS TIOpUIHOTO METOAY IS TIO-
IIYKY KJIIOUYOBHX CJIiB aBTOpU 00paiu ABi Me-
TPUKHU: A0COJIIOTHY TOYHICTH Ta MOBHOTY
3a Kakkapom. KopoTko omnumemo cyTb
LUX METPUK.

A0COJII0THA TOYHICTh BU3HAYAETHCS
SIK BITHOIICHHS KIJIbKOCTI TIPaBUJILHO 3HAM-
JICHUX KJIIOUYOBHMX CIIB 3a JOIIOMOI'O) BHKO-
pHUCTaHHS MPOTPAMHO1 peastizallii MeToay 10
KIJIBKOCTI KJIFOUOBHMX CJIiB, BUSHAYCHUX aB-
TOPOM TEKCTY.

HaHpI/IKJ'IaZ[, SAKIIO B34ATU MHOXHWHY
CTAIOHHHUX KJIIOYOBHX CJIB JIO TEKCTY SIK A,
a MHOXHHY KIFOYOBHUX CIIiB, 0 OYyJI0 3HAM-

18

JIEHO MPOTpaMolo K B, ToJi abCoMOTHY TO-
YHICTh @ MOLIYKY KJIKOYOBUX CJIIB MOXKHA 00-
YHUCIUTH 32 GOPMYIIOIO:
n(ANB) "
=0 (D
ne n(A N B) — KiJbKIiCTb MPAaBUIIbHO 3HA1e-
HuX Karo4oBux ciiB; n(A) — KinbKicTh eTa-
JIOHHUX KIIFOYOBHUX CJIIB.
VY cBoto yepry, noBHoTa 3a Kakka-
POM BH3HAYAETHCS SIK BITHOIICHHS KUJIBKO-
CTi MPaBWJIBHO 3HAWJEHUX KJIIOYOBUX CIIIB
IO 3arajibHOI KIJIbKOCTI €TAJIOHHUX KIIFOYO-
BUX CIIiB 1 3HAHJCHUX KIFOYOBHX CIIB MiHYC
KUIBKICTh TIPABUJIBHO 3HAUIEHUX KITFOYOBHUX
ciniB. IloBHora 3a JKakkapom | oGuucimio-
€ThCs 32 POPMYIIOIO:

_ n(AnB) _n(AnB)
" n(A)+nB)-n(AnB) n(AUB)

J (2)
ne n(B) — KiIbKICTh POTPaMHO 3HANICHUX
KIr0490BuX ciiB; n(A U B) — KIIBKICTh €1e-
MEHTIB 00'eqHaHHS 000X MHOXUH [16].

i AB1 METPUKHU JTOCTATHBO JIETKO BU-
KOPUCTATH JUIs TOPIBHSHHS JBOX MHOXXWH
OKpEMHX CIIiB, aJK€ TOJ1 MOKHA TOYHO BU-
3HAYHUTH, Y1 BXOJUTH CJIOBO JI0 TIEPEITiKY BH-
3HAYEHUX aBTOPOM, UM Hi. AJie 3 BUpazaMu i
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KIIIOYOBHUMH TE€PMiHAMHU 3 KUIBKOX CIIIB II€
CKJIQJIHIIIIE 3acTocyBaTH. byne HE 30BciM
CHpaBeUIMBO MOPIBHIOBATH BHUPA3H OAUH 3
OJTHUM, aJ’)Ke€ TaK BTPATUTHCS BEIIMKA KiJlb-
KICTh MPaBWJIBHO 3HAMIEHUX KIIIOYOBUX BU-
pasiB, SKi JHIIE TPOXH BiApi3HAIOTHCSA. Ha-
MIPUKJIAJ, aBTOpaMu cTatTi [17] Oyno Bu3Ha-
YEeHO KIIOUOBHH TepMiH “reynolds number
test”, a aBTOMaTH30BaHUM METOJI 3HAMIIIOB
BUpa3 “reynolds number”. [TopiBHIOIOUYH BU-
pasu 3a JIOTIKOI “OAMH J0 OJHOTO” Pe3yib-
TaT Oy/ie BU3HAYCHO ITOMUIIKOBUM, HE3BaXKa-
oYM Ha 30ir 2 3 3 ciiB, 1 OQHAKOBHI CEHC
JBOX BUpa3iB. 3BIJCU IOCTA€ MUTAHHSA, 5K
MOPIBHSTH JIBa BUPA3u 13 JESKUM TMOPOTOM
JIOMYCTUMOI PI3HULI CKJIaly BUpa3iB.

€ coepu, ne HAyKOBIIl CTUKAIOTHCS 3
MOAIOHOI0 3a7a4€l0 OLIHKKA TOYHOCTI 30ITy
CIIOBECHUX BUpa3iB. J[0 HUX MOXKHA BITHECTH
po3po0JIeHHS 1 TECTYBaHHSI CUCTEM aBTOMa-
TUYHOTO PO3Mi3HAaBaHHS MOBIEHHS a0o cuc-
TEeM MaIIMHHOTO Mepekiany. B 00ox Buma-
Kax B pe3yNbTaTi poOOTH CUCTEM Ha BUXOI
OTPUMYETHCS TEKCT a00 K Habip CIIOBECHUX
BUpa3iB uu (pa3, ski Tpebda MOPIBHATH 3
“eTasioHHUM” HAOOPOM ISl OIIIHKU SIKOCTI
pOOOTH CHCTEMU YU METOTY.

OpHi€r0 13 HaMBIIOMIIIMX METPUK
JUTsl OI[IHIOBAHHSI pOOOTH CHCTEM DPO3IMi3Ha-
BaHHS MOBJICHHS Ta MAIIMHHOTO TIEPEKIIaTy
€ Word Error Rate (WER), a6o x Yactora
[MomunkoBux Ciis [18]. MeTpuka 6azyeTbest
Ha TOHATTI BiAcTaHi JIeBeHmITelina, ane mpa-
I[IO€ Ha PiBHI CIIiB, a HE CUMBOJIB. Bu3Haua-
€ThCS SIK BITHOIICHHS KUJIBKOCTI 3aMiH CJIiB,
BHUIAJICHHS CIIiB, a00 TOJaBaHHS CIIiB J0 J0-
BIJIKOBOTO BapiaHTy /I NMPUBEICHHS HOTO
710 BUTJISITY OTPUMAHOTO aBTOMAaTUYHOIO CH-
CTEMOIO, JI0 KIJIBKOCTI CIIiB Y JIOBIJIKOBOMY
3HAYEHHI.

3nauenns metpuku WER moxe Oyt

o04YrcIieHe 3a HACTYTHOI (POPMYIIOH0:
S+D+1
WER = —— (3)
N

e S — KIIbKICTh 3aMiH; D — KIJIBKICTh BHIa-
JIeHb; [ — KIJIbKICTb BCTaBlIeHb; N — KIJIbKICTh
CIIiB B “‘€TaJlOHHOMY’, a00 JIOBITKOBOMY Ba-
plaHTi.

Icnye Takox 1 o6eprena 10 WER wme-
Tpuka — WAce, abo x Word Accuracy, sika
OOYHUCITIOETHCS SIK PI3HUI OJUHUII 1 3HA-
gyenust WER.

WAcc =1—WER 4

DaKTUYHO 1Ie Ta caMa METPHKA, 1110 1

WER, ajie kiJIbKiCHO Bi10Opa)kaeThbCsl HE TIO-
MHMJIKA, @ TOYHICTb.

ExcriepumeHTansHuM HUISIXOM OyIi0
BUPIIICHO BCTAHOBHTU TIOPIr 3HAYEHHS
WAcc, 3a sikoro Bupasu OyayTh BBaXKaTHCS
piBHUMH, Y 66,66%. [3 3HIKEHHSIM IIHOTO
MOPOTy CITOCTEpiragocs 301IbIIeHAS BepOa-
JHHOTO IIYMy B pe3yJbTaTax IOIIyKY, a i3
30UTBIIEHHSM — BTPAdYaaocs OUIbIINE KIHOYO-
BUX BHUpa3iB, BU3HAUEHUX aBTOpamMu. Lle
O3Hauae, 110 32 YMOBH ICHYBaHHS €TaJlOH-
HOTO KJIIOUYOBOTO BHUpA3y reynolds number
fest, 3HAXOIDKEHHS aJIrOPUTMOM BHUpPaA3y
reynolds number Oyne BBaKaTHCS YCIIIII-
HUM. TakuM YMHOM, MU MO>KE€MO BUKOPUCTO-
ByBaTH MOAM(IKOBaHI METPUKU aOCOTIOT-
HOI TOYHOCTI Ta MOBHOTH 3a 7Kakkapom
JUUISL OLIIHIOBAHHS PE3yJIbTaTiB pOOOTH MOIH-
(1KOBaHOIO METOLY.

Oco0auBoOCTI MPpOrpaMHoOL
peaJizanii MmeToay

3anponoHoOBaHUN  MOAM(IKOBAHUI
MeToA OyJio peali3oBaHO y BUIJISAAI KOHCO-
JpHOTO Jonatky Ha Python 3 moxuiuBicTiO
B3aemoii 3a CLI. /[ BUKOHAHHS OCHOBHHX
ornepaniit 00poOIeHHs IPUPOTHOMOBHHUX Te-
KCTiB OyJ10 BUKOpHCcTaHo miaargopmy Python
NLTK, a Tako)X IOHNOMIXKHHH JIHIBICTHY-
Huit maket AllenNLP [19]. [lng obuucnenus
metpukn WER Buxopucrano naker JIWER
[20].

Buxopuctopytouu Python NLTK st
MOLIYKY 3B’SI3KIB MIXK IapaMu JIeM B TEKCTi
PEKOMEH/IYETBCS PO3MIISIATH KOXKHE pe-
YeHHs1 oKpeMo. [ 1poro HEOOXiAHO PO3-
OWUTH TEKCT Ha pPEYEHHS, ISl YOTO BUKOPHC-
TOBY€ThCsl (DYHKIIS Sent tokenize 3 MOIYISI
nltk.tokenize.

[Ticnsa Toro, sik TEKCT Oys0 po30UTO
Ha pe4eHHs, HeOOX1THO MpoaHalli3yBaTH KO-
’KHE 1 OTpUMATH CIHCOK YCIX 3B’A3KiB, a00
3anexxHocteil (dependency) Mik mnapamu
ciiB. I 1bOTO 3aCTOCOBYETBHCS MOJYJIb
StanfordDependencyParser, a came HOro
METOJl raw_parse, IKUi IpuitMae Ha BX1J1 pe-
YEeHHSI B CTPOKOBOMY BUTJISII, 1 HA BUXI] BiJl-
Jla€ CKJAJHy CTPYKTypy-A€peBO 3 yciMa
3B’sI3KaMH MiX [apaMu CIIiB.
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st oTpumaHHST ORI TOYHHX pe-
3yJbTaTIB 32 AITOPUTMOM HEOOX1THO IPUBO-
IMTH CJIOBa 10 OCHOBHOI (popmMu mepen BH-
3HAUEHHSM KITbKOCTI 3B’s13kiB. Lle mpubepe
MOXHUOKY pe3yibTaTiB. Y BHUMAJKY, SKILIO
oJHa i Ta cama CyTHICTh 20O MOHSATTA Ma-
JIUCS Ha yBa3l B PI3HUX YAaCTHMHAX TEKCTY, 1
BXKHMBAJIUCS B Pi3HUX (OpMax, BOHH OyIyTh
PO3IIIHEHI 5K Pi3HI CJIOBA TP BU3HAYEHHI Ki-
JBKOCTI 3B’A3KIB 1 3BaxKyBaHHi. lle moxe
3HAYHO 3HM3HTH Bary MOHSTTS B KiHIIEBOMY
BUMNAAKY. sl MpUBeIeHHS CIIiB 10 OCHOBHOI
dbopmu BUKOPHCTOBY€ETHCSA MOJ1yJIb
WordNetLemmatizer, Mo IMIOOPTYETbCA 3
nltk.stem, a came ioro Merojn lemmatize,
KW, OIHAK, NOTpedye MaHi MPO YacCTUHY
MOBH. [[J1s1 IbOTO BUKOPUCTOBYETHCS METOJ
pos_tag, MO A03BOJISAE MPH HaJaBaHHI TEK-
CTY OTPUMATH I KOXKHOT'O clioBa iHpopMa-
IO, KW TEer YaCTUHU MOBHM Ma€ KOXKHE
CJIOBO 3 IIbOTO TEKCTY.

Jns dimpTpanii cTon-ciiB BUKOPHC-
TOBY€TbCSA CJOBHHMK CTOI-CNIB, IO Haja-
€ETBCSI  MOJAYJeM stopwords 13 Habopy
nltk.corpus.

Jlyist 3amycKy JT0IaTKy HEOOX1THO 3a-
JIaTH TaKi MmapaMeTpu 3a JOTIOMOTOI0 psiiKa
CLIL

1. Ilnax mo daiiny 3 BXiIHUM TEKCTOM.
nsx no (aiiny 3 pe3yabTaTaMu, 1o
OyJie CTBOPEHO.

3. KinbkicTh 6akaHUX OKPEMUX KITFOUYO-
BUX CIIB B pe3yibTari n. Heo6o6 's3-
kogutl napamemp. Y pasi BiICyTHOCTI

ABCONOTHA TOUHICTDL

0.5

045 0.401754386
0.4
0.35
03 0.265789474
0.25
0.2
015
01
0.05

W BnacHa pospobra MonkeyLearn

0.2
0.18
0.16
0.14
012

01
0.08
0.06
0.04
0.02

rapameTpy 3a KJIF0YOB1 OyayTh y35Ti
CJIOBa-KaHAUAATH, IO JTUIIAIUCS TIi-
CJIsl KPOKiB (pIBTpyBaHHS.

4. ®aiin 13 nepeNiKoM €TAIOHHUX KITIO-
YOBMX CIIB, K10 Taki €. HeoOoB’ 13-
KOBHH IapameTp. BUKOpUCTOBY€EThCS
JUTSL TIEPEBIPKU TOYHOCTI pOOOTH Me-
TOIy JUIS TEKCTY 3 Harepe BU3Have-
HUMU KJIIOYOBUMHU CIIOBAMHU.

BunpoOyBanHs po3p00.1eHOr0
MOAM(]PiKOBAHOT0 METOXY
[Iporpamuy peanizaiito po3po0Je-
HOrO Moau(DiKoBaHOTO MeTOAy OyIio mpoTe-
cToBaHo Ha 50 MOBUIBHHUX TEKCTaxX Te3 M0
cTareil 3 HayKoBUX XypHauiB [9]. J{ns mopi-
BHSIHHSI OyJI0 0OpaHO iICHYHOYHI CEepBIC AJIs
nomyky kiodopux ciniB MonkeyLearn
[21], m10 € OHUM 13 HAWOLIBIIT MOMYJIIPHUX
1 edpekTuBHUX. PO3po0HUKY cepBiCy HE pO3-
KPUBAIOTh, IKUH CaMe METOJI TIOIIYKY KITFO-
YOBHX CIIIB BUKOPUCTOBYIOTH, AK€ CEpPBIC
Mae 0araTo MIaTHUX (QYHKIIA Uil aHAJI3y
KOHTEHTY. AJie 3TiTHO 3 1H(POPMAIIE MPO
cepBic [22], BUKOPHUCTOBYETHCS TiOpHUIHUNA
METO/, 110 OEAHYE CTATUCTHYHI MiIXOIU Ta
MOJKJIMBOCTI MAIIMHHOTO HaBUYaHHS.

Pesynprat BHUNpoOOyBaHHS Yy BHU-
TJISII1 JliarpaM MOPiBHSHB CEPEIHIX 3HAUYCHb
JUIE METPUK aOCOJIOTHOI TOYHOCTI MOIIYKY
KIIIOYOBUX CJIIB Ta MOBHOTH 3a JKakkapom
300pakeHo Ha puc.9.

MoeHoTa 2a HMakkapom

0.087730121 0.088661339

M Bnacra pospobra MonkeyLearn

Puc.9. Pesynbratu BunpoOyBaHHs BiacHoOi Moaudikanii Ta ceppica MonkeyLearn

CepenHe 3HaUeHHS a0COJIFOTHOI TOY-
HOCT1 A7l BiacHoi po3pooku — 0,402, mis
cepsicy MonkeyLearn — 0,266, oTxxe, BiacHa
po3po0Ka 301TkIIyE a0COIOTHY TOYHICTD TIO-
1IyKy kiodoBux ciiB Ha 13,6%. Cepenne
3HAYCHHS IOBHOTH 3a JKakKkapoMm Juis BIacHOT
po3pooku — 0,088, my1st cepricy MonkeyLearn

20

— 0,089, oTke MaeMO 3MEHIICHHS ITOBHOTH
MOUIYKY KIIHOYOBHMX ciiB 3a JKakkapom Ha
0,1%. Amnanizyoun pe3yJibTaTH, MOXHa
CTBEP/UKYBaTH, IO 332 HEBEIUKOTO 3MEH-
IIEHHSI TOBHOTH TMOIIYKY, MOJAW(IKOBaHHM
METO]l Ma€ CYTTEBE IMiABUIICHHS a0COIIOTHOI
TOYHOCTI MOPIBHSHO 3 aHAJIOTOM.
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BucnoBkn

VY naniit craTTi 0OIPYHTOBAHO aKTya-
JBHICTh MPOOJEMU MOUIYKY KIIIOYOBHX CIIB
B TekcTi. KopoTko omucaHo Ta mpoaHanizo-
BaHO 1ICHYIOY1 TUITH METO/I1B MOIIYKY KITFOUO-
BUX CJIB, iXHI IepeBark Ta HeJOJIKH.

[IpoananizoBaHo Ta OOIPYHTOBaHO
BHOIp TSI IOJATBIIIOTO JTOCIIIKEHHS T10pH-
JHOTO METOAY MOUIYKY KJIIOYOBUX CJIB 3a
aBropctBoM O.B. fIxumoBuua. Bucsitineno
HEJIOJIIKM I[bOTO METOJY, Ta BaXJIUBICTh iX
YHUKHEHHs. BuCyHyTO rinores3u mojo mij-
BUIIICHHS €(EKTUBHOCTI METONy Ta YCy-
HEHHS HEJIOJIIKIB.

Ha ocHOBi rinore3u mpo BHKOpHC-
TaHHsI JAaHUX 1010 0araTOCIiBHUX BUPa3iB y
TEKCTI JUIS MOLIYKY KJIFOYOBHUX TEPMIHIB 13
KUIBKOX CJIIB MOOYJA0BaHO MOAU(IKAIlIO
opuriHambHOTO MeTony. Lle mo3Bossie mry-
KaTH HE JIMIIEe OKpPeMi KJIIOYOBI CJIOBa, a U
KITFOUOB1 TEPMiHH, IO CKIIAJAIOTHCS 3 KiJib-
KOX CIJIIB.

Jns BumpoOyBaHHS pO3pOOJICHOTO
METO/AY pealli3oBaHO MHporpaMHe 3abesre-
YeHHs y BUIJISAL J0/1aTKy MoBoio Python 13
BUKOPUCTAaHHSAM CyYaCHHMX JIHTBICTHYHHX
nporpaMHHUX mnakeriB. IIporecroBano mpo-
rpamMHy peaizamiro Moan(iKoBaHOTO Ti0pu-
JHOTO METOJly Ha TEKCTaX Te3 cTaTeH i3 Hay-
KOBHUX JKypHaIiB, OTPUMaHi pe3yJbTaTH MO-
PIBHSHO 3 pe3yJbTaTaMH iCHYIOYOTO MOITy-
nsipHOTO cepBicy MonkeyLearn.

3anporoHoBaHa MoaMdiKalis Me-
TOJly TIOLIYKY KIJIFOYOBHUX CIIiB 301NIbIIyE a0-
COJIFOTHY TOYHICTh IOIIYKY KIFOYOBUX CIIIB
y aHTJIOMOBHHX TEKCTaxX 13 HEBEIUKUM 3Me-
HIIICHHSM ITOBHOTH 3a JKakkapom.

ABTOpH CTaTTi BBa)XaroTh 3a JOLi-
JBbHE TIPOBEJCHHS TOJMAIBINNX JOCITIKEHB
3a TAKUMH HAMPSIMKaMU:

—301IbIIEHHS. KUIBKOCTI BHUIIPOOY-
BaHb Ha TEKCTAaX PI3HUX PO3MIpIB Ta Tema-
THK;

— 3MEHIIIEHHS BEpOALHOTO IITyMY Ce-
pen OaraTrociaiBHUX KJIIOUYOBHX TEPMIHIB,
OTPUMAaHMX y pe3yJIbTaTi pOOOTH METOAY;

— odopmiieHHST pO3POOIIEHOTO MPO-
IpaMHOTr0 3a0e3Me4YeHHs Y BUIJIAI MPOCTOL
JUTSE BUKOPUCTAHHSI 010J1I0TEKH.

10.
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V. R. Kobchenko, V.M. Shymkovysh, P.I. Kravets, A.O. Novatskyi, L.L. Shymkovysh,

A.Yu. Doroshenko

AN INTELLIGENT CHATBOT FOR EVALUATING
THE EMOTIONAL COLOURING OF A MESSAGE
AND RESPONDING ACCORDINGLY

In this article, a recurrent neural network model, a database designed for neural network training, and a
software tool for interacting with a bot have all been created. The architecture of the neural network model
underwent optimization to enhance classification outcomes. Furthermore, work was conducted on enhancing
the user interface. The developed application was tested, and the results were demonstrated. The resulting
model demonstrated 85% accuracy in determining sentiments. The implemented application has got basic
design which can be cutomized and some settings for chatbot. Further improvement of the model’s
classification quality can be achieved by collecting a larger and better organised dataset or by researching other

RNN architectures.

Key words: recurrent neural networks, sentiment analysis, Python, tensorflow, keras, chatbot.

Introduction

Emotions in the broad sense are
psychological and physiological reactions that
arise in a person due to certain events, stimuli
or thoughts. They are reflected through
internal experiences and external expressions.

Usually, it is very easy to determine a
person's emotions by observing their
behavior, looking at their faces, or listening to
their voices. However, the text itself does not
have an emotional color. Instead, it can evoke
emotions in the reader and reflect or express
the emotional state of the author. This makes
the task of assessing emotionality more
difficult. And we usually don’t need to know
exact emotions, it is enough to know are they
positive or negative.

This task is known as sentiment analysis
[1,2] and is used in many areas of life. For
example, processing reviews for products in a
store can greatly simplify the work of
marketers.

Besides marketing it is used in psychology,
both for usual conversations and professional
online help by psychologists.

And while it is not hard task for people, it
can be still useful to automatize such analysis
[3]. For marketers it will help, because they
have to work with big number of reviews.
Automatic detection of sentiments can facilitate

the work of psychologists too. And this is
possible to do with neural networks [4,5].

Artificial neural networks (ANNs) are
computer models that imitate the functioning
of biological neural networks [6,7].
Structurally they consist of interconnected
artificial neurons that exchange signals in the
form of numbers. There can be hundreds,
thousands or even millions of such neurons.
Each neuron receives input data, performs a
certain function on this data and transmits the
result to the next neurons in the network.

ANNs can be used in a wide range of
applications, such as natural language
processing, computer vision and speech
recognition [7-17].

Recurrent Neural Networks (RNNs) are a
special class of artificial neural networks
[18,19]. Their feature is that they take into
account the contextual dependence between
elements of the sequence, that is, information
about previous states to be taken into account
in the current state.

In recurrent networks a directed sequence
of elements is formed, presented in the form
of a directed graph, and neurons are able to
transmit it together with the processed data.
This is achieved by using loops in each
neuron.
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1. Development of RNN

As already mentioned, the main feature of
recurrent networks is the possibility of using
pre-processed information for a better
understanding of the existing information.
This is a big step forward and it is actually
effective. But does it always work? It all
depends on how far down the sequence the
context we need now is. If this "distance" is
small, then everything really works well.

But it is quite clear that this is usually not
the case and this "distance" can often be
very large. At the same time, with its
increase, the network at some point
becomes unable to learn and combine the
necessary information.

This problem is known as the gradient
vanishing problem and is one of the main
problems of recurrent neural networks.

®

Various modifications have been developed
to overcome this problem. LSTM (Long Short-
Term Memory) is one of those [20].

LSTM is an improvement of the recurrent
neural network architecture that allows to
study of long-term dependencies [21-23].
This allows such networks to cope with a
large number of problems, thanks to which
they have been widely used.

All recurrent neural networks have the
form of a chain of repeated neural network
modules. In standard RNNSs, this chain has a
simple structure, usually one layer with a
certain  activation function:  hyperbolic
tangent, sigmoid, etc.

LSTM also has a chain-like structure, but
the module structure is different. Instead of
one layer, there are four layers that interact
with each other as shown in the figure 1.

€
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Figure 1. A recurrent LSTM module with four layers [24]

In the figure 1 each line carries a vector
from the output of one node to the inputs of
the others [24]. Pink circles represent
element-by-element operations such as vector
addition, and yellow rectangles represent
trained neural network layers. Merged lines
indicate concatenation, while split lines
indicate copying of content, which is then
sent to different locations.

The main idea behind LSTM is the cell
state, the horizontal line that runs along the
top of the chart.

The state of the cell is like a conveyor belt.
It is simply laid along the entire chain with

24

minor linear interactions. Information easily
passes along the entire tape without changes.

But LSTMs have the ability to remove or
add information to the state of a cell, which is
controlled by structures called gates.

Filters are a way of controlling the
transmission of information. They consist of a
sigmoidal neural network layer and an
element-by-element multiplication operation
between the results obtained from the
sigmoidal layer and the current state of the
cell state.

The sigmoid layer outputs a number
between zero and one, describing how much
of each component should be transmitted. A
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value of zero means "skip nothing" and a
value of one means "skip everything".

LSTMs have three such filters to control
the state of the cell.

The cell value is calculated in several steps.
First, analyzing the information from the
previous cell and deciding what can be removed
from it. This decision is made by a sigmoidal
layer called the "forgetting filter layer".

The next step is to decide what new
information we will store in the cell state, and
it consists of two parts. Firstly, the sigmoid
layer, which called the "input filter layer",
decides which values need to be updated.
Secondly, the hyperbolic tangent (tanh) layer
creates a vector of new values that can be
added to the state.

After that updating the old state of cell C.
and obtaining a new C; are performed. To do
this, we multiply the old state by the value of
fi (the "forgetting filter layer"), thus forgetting
what was decided to be forgotten in the first
step. Then we add the product of it and C..
These are the new potential values multiplied
by the "importance" factor, which is how
much we decide to update each state value.

Finally, we need to decide what we're
going to output. This will be based on our cell
state, but should also be filtered. First, a
sigmoid layer is applied, which decides which
parts of the cell's state we pass next. Then we
pass the cell state through the tanh layer so
that the values are in the range of -1 to 1 and
multiply by the output values of the other
sigmoid layer to output only what is needed.

This is the basic idea of LSTM. These have
the ability to remember long-term dependen-
cies, delete and add information to the cell's
state, and control what will go to the output.

2. Development of a dataset for
the training of model

This section describes the data collection
process for training the LTSM model.

Data collection and preparation is an
important stage in the process of developing
and training a neural network [25], because
we need to prepare the data on which it will
learn.

The online platform Kaggle can help with
this. Here you can find a large collection of

various datasets for any purpose. There is also
a proprietary development environment that
can also be used to build neural networks. At
the same time, the platform unites a
community of people engaged in machine
learning. Here you can ask anything on this
topic or discuss something. Various
competitions are also often held.

A dataset named IMDB Dataset of 50K
Movie Reviews was found in Kaggle [26].
This is a collection of 50,000 movie reviews,
each of which is marked with a sentiment
(positive or negative) as shown in the figure 2.

The dataset is well balanced, so we have an
almost equal number of positive and negative
reviews.

Since the bot, which is being developed,
must communicate in Ukrainian, the dataset
was translated using the googletrans library
for Python, which provides access to Google
Translate from a python code file. Of course,
the translation cannot be called exact, but

A review = A sentiment =

A wonderful
little
production. <br
/><br />The
filming
technique is
very
unassuming-
very old-time-
B

positive

I thought this
was a wonderful
way to spend
time on a too
hot summer
weekend,
sitting in the
air con...

positive

Basically
there's a
family where a
little boy
(Jake) thinks
there's a
zombie in his
closet & his
par...

negative

Figure 2. Content of the dataset
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translating 50 thousand reviews by hand
would take too much time, so it was used.

The data also includes a list of stop words
in the Ukrainian language. Fortunately, there
are already ready-made lists, so one of these
was used.

In addition, files were prepared with certain
variants of appeals to the bot and probable
reactions to such appeals. Scripts include
greetings, farewells, thanks, and questions.
And separately, of course, there is all the other
text, which can be positive, negative or neutral,
depending on which the bot will have a
different reaction.

3. Description of application

implementation

The developed application, with the help of
libraries [27,28], consisted of three Google
Colab[29] notebooks and three Python files.

The first notebook is used to translate the
dataset into Ukrainian.

The second notebook is the main neural
network, which is supposed to evaluate the
emotional coloring of messages. First, the
data is obtained from the dataset, the entire
text is divided into training and test data, then
the text is processed (removal of redundant
characters using regular expressions and
lemmatization using the pymorphy?2 library).

The neural network is not able to work with
the text, so the text is further tokenized. For
this, all unique words that occur in the dataset
are determined. A dictionary is formed from
them, in which each word is given a unique
token. This allows us to further represent the
text as a list of tokens, where each token
replaces a specific word. The dictionary is
saved in a text file for later use. The data is
also converted to the most suitable data format.

After that, the SentimentRNN neural
network itself is created and trained on
already processed data . Its structure is shown
in Figure 3.

SentimentRNN(
(embedding): Embedding(2001, 64)
(1stm): LSTM(64, 256, num layers=2, batch first=True)
(dropout): Dropout(p=0.3, inplace=False)

(fc): Linear(in features=256, out features=1, bias=True)
(sig): Sigmoid()

Figure 3. Structure of the SentimentRNN
model
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During training, a loss value is calculated
for each epoch, and if it is less than the
previous epochs, then the current state of the
neural network is considered the best. The
best state among all eras is saved to a file for
later use.

The third notebook contains another neural
network. Its task is to determine the intended
scenarios in the user's messages, such as
greetings, farewells, etc. In the data file for
each scenario, certain patterns are defined, as
well as responses to them.

Word processing is similar to the previous
notebook, but word lemmatization is not used
here.

The structure is much simpler as can be
seen in Figure 4.

NeuralNet(
(11): Linear(in features=30, out features=8, bias=True)
(12): Linear(in_featur out_featur ias=True)

(13): Linear(in_features=8, out features=4, bias=True)
(relu): ReLu()
)

Figure 4. Structure of the NeuralNet model

Since it 1is not possible to create
applications with a graphical interface in
Google Colab, this part of the project was
developed in Python IDLE, so we have three
more files with the extension .py.

The first file contains the application
interface, and the second and third are used to
load the two models trained in Google
Colab[29] and saved to files, and also contain
functions for these models to predict the
results.

4. Results of work and testing

If you look at the graphs of training and
validation accuracies and losses, you can see
that the results with the training data were
constantly improving, while the best result on
the validation data was achieved by the model
at epoch 3, after which the losses only
increased. This is indicative of overtraining
and is clearly worth fixing, however 85%
accuracy is a pretty good result, so the
decision was made to leave this trained neural
network as it is for epoch 3.

Then this is used in chatbot. An example of
the conversation with it can be seen in figure 5.
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§ Yar -_ b

Tensa Hactpid OcsiuenicTs

Bu: NoGpuaeHs.

bot: Bitawo!

Bu: Ak cA macw?

Bot: A npocTo GoT, TOMy HE MOMY PO3Ka3aTH HiY
Oro WiKaBoro, Kpalle po3kamm npo cebe.

Bu: MeHe B4Opa KMHYNA AiBYMHA, TENEp He 3Ha
Ky, AK HHATH Oani.

BoT: Bce By e nobpe.

Bu: fAakyio 3a nigTpumey |

BoT: Byab-nacHa.

Bu: Wacnueo!

BoT: MNapuoro aunal

Figure 5. An example of a conversation with a
developed chat bot

As you can see, the bot can recognize such
common scenarios as greetings, thanks and
goodbyes. When the user asks the bot about
bot itself, it explains that it is an ordinary
artificial intelligence and offers the user to tell
what is on his mind.

The following is an example of what an
average user could write to a bot. In this case,
girl broke up with him, and we see that he is
upset. And the bot, or rather the neural
network behind it, is also able to recognize
negative emotions, so it encourages the
unhappy user in response.

Conclusions

In this article, a recurrent neural network
with modification named long short-term
memory was developed to analyze sentiments
in messages.

A large dataset, 50 thousand comments,
containing different reviews and their
sentiments was collected and annotated to
successfully train and validate the model. It
was also translated into Ukrainian language.

The resulting model demonstrated
accuracy 85% in determining sentiments. One
more small model was developed to improve

make chatbot recognise the intended scenarios
in the user's messages.

And finally, chatbot application designed
like an ordinary chat was created. There user
can communicate with chatbot which uses
pre-trained models to understand how user
feels and responds reespectively. Also it has
some customization such as changing design
and bot behavior.

Further improvement of the model’s
classification quality can be achieved by
collecting a larger and better organised
dataset or by researching other RNN
architectures.
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PROBLEMS ASSOCIATED WITH CREATING SPECIAL
SOFTWARE FOR SIMULATING OF HUMAN PHYSIOLOGICAL
RESPONSES TO DYNAMIC +G. ACCELERATIONS

Under extreme accelerations, human physiological mechanisms cannot provide adequate circulation. Special
methods and devices protecting pilot’s brain and eye functionality have been proposed but their efficiency is
individual and depends on pilot’s skills. Currently, the lonely technology to safely acquire and test the nec-
essary skills is based on use of special centrifuges. However, lack of adequate data about physiological and
biomechanical events are two main causes worsening the training results. Special computer simulators, ca-
pable to model and visualize the main mechanical and physiological effects occurring under dynamic accel-
erations, could increase the effectiveness of future pilot’s training process. This publication aims to define
fundamental problems concerned with creating the required software. There exist two main groups of prob-
lems. The first group is concerned with the necessity to create basic mathematical models quantitatively de-
scribing both the physiological events and effects induced by protective maneuvers. Here special logical
procedures, individualizing the basic physiological models, have to be proposed. The second group of prob-
lems is predominantly technical and associated with the necessity of special user interface (SUI) develop-
ment. SUI must be subdivided into two functional sections — one for preparing a single computer experiment
(simulation), and another — for analyzing the results of simulation. An experiment preparation includes the
following events: i) a preliminary tuning of models according to biometrical data; ii) a setting of accelera-
tion profile; iii) a choosing of protective algorithms and tools (or without protections); iv) a choosing of
forms for results storage. Graphs presenting the dynamics of input and output variables are the main forms
while the table forms are also included. The user (trainer or trainee) will be able to retrieve from the
memory graphs of previous simulations to compare the effectiveness of additional protective elements. The
software must be autonomic for the Windows platform.

Keywords: human extreme physiology, quantitative models, simulator, training, information technology.

Introduction

Maneuvers on modern fighter aircraft
are associated with rapid altering and often
highly sustained extreme accelerations [1-3].
Both physiological [4-9] and biotechnical [10-
12] problems that arose in parallel with an
increase in military aircraft's maneuverability
have been properly investigated [4-18]. Hu-
man physiology evolutionarily adapted to the
one g Earth environment, cannot provide ade-
quate functioning of the brain and eyes of a
sitting person. Two of these organs, very sen-
sitive to oxygen and glucose supply, suffer in
parallel with the decreasing of their input
blood pressure. Under accelerations, the hy-
drostatic pressure proportional to the accelera-
tion value expands the vascular wall, accumu-
lating greater blood volume. The altered pres-
sure gradients do not provide the necessary
circulation at the cardiovascular scale. Accel-
erations also alter the ventilation-perfusion
ratio in lungs [13,14].

30

Most critical are positive (+Gz) accel-
erations acting in the direction of head-legs,
or negative (-Gz) accelerations acting in the
opposite direction [4-6]. In terminal zones
(brain, eyes), the lowered circulation causes
oxygen lack and worsens the pilot’s vision
and consciousness [9,12]. Under -Gz, the ele-
vated local blood pressure in the eyes and
brain causes rupture of microscopic vessels
and hemorrhages. Both the value of Gz and
the gradient of acceleration change play an
essential role in these events.

Under relatively slow (0.1-0.4 g/sec)
linearly increasing +Gz accelerations, a mean
healthy person not using artificial protections
is operable for approximately +4Gz accelera-
tions [11]. Further elevation of the G-load
causes the G-lock phenomenon usually disap-
pearing after a break [2,6,8].

Modern fighter aircrafts (like F16,
F35, and others) can provide acceleration gra-
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dients exceeding 2 g/sec. This requires special
protection algorithms and devices. Currently,
typical protection algorithms include the use
of special pneumatic or water-augmented an-
ti-G suits, muscle stress, as well as breathing
with a positive pressure air [1,11,17]. The
adaptive protection algorithms combining
multiple methods depending on the dynamics
of accelerations are the most effective. So, a
technology helping to optimally combine pro-
tective methods and tools is encouraged.
Traditionally, empiric research on cen-
trifuges is the main way for inventing more
effective protections [1,5,6-8]. As was
demonstrated in [18-20], mathematical mod-
els realized as special software provided by

- e

A model of a pneumatic anti-G suit

A model of a liquid anti-G suit

A model of a pilot’s armchair

A model of a breath under
supraathmospheric pressure

A model of a muscle stretching

I
I
I
|
I
I
) human cardiovascular system
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additional ways to maximize the individual
resistance of a pilot to the negative effects of
accelerations. The experience in this special
area is a basis for creating an advanced ver-
sion of such software.

This article defines the main require-
ments for future software and ways for its
creation.

Main functional blocks

of the future software
1. The main blocks of models

The main mathematical models conven-
tionally divided into two groups are shown in
Fig.1.

Procedures for individualizing of
the basic cardiovascular model

J

Basic mathematical model of

under Gz accelerations

I

A mathematical model of dynamic Gz
accelerations

Figurel. Mathematical models and procedures to be used in the future software.

Fig.1 indicates that there should be cre-
ated two blocks of quantitative models: mod-
els of physiological mechanisms; and models
representing environmental physical factors
modulating local, regional, or total hemody-
namics.

Models of physiological mechanisms
should quantitatively describe the dynamics
of blood pressures, volumes, and flows of a
sitting person under altering blood hydrostatic
pressure. Important is that the model must
describe the main neural-hormonal influences
(modulations) of characteristics, involved in
descriptions of both the cardiac pump func-
tion and vascular tonus.

A correct understanding of the student
(future pilot) of the essence of physiological
processes during flight overloads can play an

essential role in the acquisition of profession-
al skills. Usually, empirical technologies for
training pilots to counteract the undesirable
effects of g-forces focus on two main circum-
stances caused by extreme accelerations: 1)
narrowing of the field of peripheral vision or
loss of vision; 2) loss of consciousness as an
extreme manifestation (G-lock). These phe-
nomena, caused by a deterioration of the eyes
and brain oxygen supply, are only manifesta-
tions of more extensive changes in human
hemodynamics. However, empirics provide
very scant information about these hemody-
namic processes. The matter is that standard
measurements are limited to monitoring the
dynamics of heart rate (HR) and blood pres-
sure. The shift in HR can be provided by
multiple mechanisms. Several of them are
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known as physiological regulators reacting to
a drop in pressure in the reflexogenic zones of
the arterial tree. Other regulators can be large-
ly activated by the mechanical stretching of
body structures. Therefore, the proper model
must describe the effects of both mechanisms.
Finally, the specific dynamics of blood pres-
sure are associated with movements and re-
distribution of significant volumes of blood
under the influence of increased hydrostatic
pressure.

The quantitative mathematical model of
human hemodynamics is the single method
that can illustrate the cause-and-effect rela-
tionships of developing dynamic events. It
should be emphasized that the maximum ad-
ditive effect of protective agents can only
occur when each additional protective agent is
activated at the right time. It can be detected
using the mathematical model we create.

To increase the visibility of the protec-
tive effect, a special simulation mode will be
provided when the physiological regulators
are turned off. This simulation will reveal
what could happen to hemodynamics if the
body is late to respond to the mechanical
movements of blood in the human body.

In Fig. 1, the second group of models
collects models quantitatively describing the
influences of external mechanical dynamic
forces on local, regional, or total hemodynam-
ics. Namely, these models describe hemody-
namic modulations of each protective tool and
algorithm.

In the right part of the Fig. 1, two addi-
tional options are indicated. The bottom-
located rectangle accentuates the fact that a
special model will be proposed for the simula-
tion of acceleration profiles. At last, the upper
rectangle indicates that special logic and
mathematic approximations must be proposed
to individualize the physiology model using
anthropometrics and the sex of the person to
be tested (simulated).

At last, the software must provide a
computer experiment (simulation) and record-
ing of its results as a special experiment pro-
tocol (SEP). Personalized records of SEPs can
be accumulated in special files for their re-
producing and deep analysis. The latter must
provide an option for comparing of chosen
variables for at least two experiments. These
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basic requirements mainly determine the
software architecture.

The future software is intended to be
autonomous Windows oriented. Exe module
called “Accel.exe”. The success of software
depends on two main factors: 1) how much it
is needed; and 2) how practical is its user in-
terface (UI). In our particular case, Ul must be
oriented both to student pilots and their train-
ers-instructors. Therefore, icons intuitively
appointing procedures needed to be activated
for the program’s preparation before execut-
ing is desirable. In addition, special icons in-
tuitively appointing procedures for visualizing
and analysis of simulation results are encour-
aged. Fig.2 below indicates the main proce-
dures necessary for preparing and executing a
single computer experiment (simulation), and
that have to be provided by a UL

Setting parameters of acceleration profile

Setting biometrical parameters of a person
to be tested

Choosing protection types and parameters

Choosing experiment duration and a group
of variables to be recorded and visualized

Fig.2. Procedures that are necessary for pre-
paring and executing a single computer exper-
iment (simulation), and that have to be pro-
vided by a special user interface (UI).

2. Main functional blocks of UI

By downloading the future autonomous
“Accel.exe”, the user will have a core (basic
version) of the quantitative model that has to
be specially tuned for providing a single com-
puter experiment (simulation). The tuning
operations, provided by the Ul, are intended
to transform the basic version of complex
models to a person-oriented model possessing
a set of constants characterizing both physio-
logical and environmental parameters.

Personal sensitivity of nervous regula-
tors can vary in a wide range. There is no
strain recommendation for associating the
sensitivity coefficients with anthropometric
data. At the same time, it is known that some
tests (in particular, the postural test) can help
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us to approximately individualize the heart
rate’s neurogenic sensitivity. During the pro-
ject execution, several ideas have to be algo-
rithmically realized and tested.

Mathematical models

The principle is to differentiate two
blocks of mathematical models. The first
block describes human hemodynamics under
varying hydrostatic pressures and extravascu-
lar pressures. The model does take into ac-
count the main effects of physiological con-
trol mechanisms that normally provide acute
cardiovascular responses to dynamic accelera-
tions.

1. The background of the physiological
models
The human cardiovascular system
(CVS) must be presented in the model as a
structure combined with two subunits. The
first subunit represents the vascular bed as a
net of arterial and venous compartments each
localized at different distances from the foot
level. Every vascular compartment will have
its fixed initial parameters (rigidity D, (0),
unstressed volume U,(0), and resistance
7,(0)). Current (dynamic) values of these
variables will be calculated taking into ac-
count increments provided by nervous-
endocrine regulators:

U 0=U,0+Y AU, (1)
D(t)=DO0)xXAD;,  (2)

10 =10 Z(D,O.U,@). (3)

The principal is to model the influ-
ences of gravitational and extravascular me-
chanical forces on local output blood flows

q; (t) :
q,(t)=[(B(t)+ P° (1) + B* () -
(P, (6)+ PS(O)+ PEe))/ ()

where the gravitational component P°(¢) is

calculated using the distance of the vascular
compartment from the footh,, the current

value of accelerationG_(¢), and the angle

a,(t) between acceleration vector and body
vascular compartment.

BS()=7-h-G.()-sine(D).  (4.1)

As observation intervals under simu-
lating of acceleration events are limited by
minutes, the total blood volume V =const.
Shifts of compartmental (V;(¢)) and regional

blood volumes appear due to alterations of
compartmental input-output flows:

% —g (-4 ) 5)

Arterial baroreceptor reflexes are con-
sidered to be the main physiological mecha-
nisms counteracting to lowering of perfusion
pressure in the brain [67]. In a rigid cranium,
the normal extravascular pressure is slightly
subatmospheric. +Gz accelerations, especially
in non-collapsible venous sinuses, aggravate
the negative pressure. These biomechanical
factors, lowering the venous return from a cra-
nial basin to the heart, play a specific counter-
acting role against the gravitational decrease of
brain circulation. Besides, within 50 mm Hg
alterations of brain perfusion pressure, auto-
nomic nervous mechanisms provide a practical
constancy of the summary brain flow. Addi-
tional protective effects are provided by a re-
flector mechanism activated due to the lower-
ing of intravascular pressure in the circle of
Willis. This effect was first shown in [78].

Practically always real military fighter
missions are accompanied by mental stress
and delivery of catecholamines that addition-
ally mobilize CVS. Empiric observations
have also shown a phenomenon of heart rate
extreme increase despite essentially elevated
blood pressure in the aortic arch. This phe-
nomenon can be explained and modeled in the
assumption that under high levels of accelera-
tion, the mechanical stress of muscles origi-
nates high proprioception capable of compen-
sating the depressor influence of the aortic
arch baroreflex.

2. The background of models describing
the physical environment
Fighter pilots, functioning in a highly
dynamic environment, are provided by artifi-
cial specifically acting biomechanical protec-
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tive tools and methods. Standardly, they in-
clude: 1) a pilot’s chair with a declined to
horizon under angle 4 supine; ii) anti-G suit;
ii1) a helmet provided by a device for breath-
ing under positive pressure. To this list can be
added special technics for tensing the muscles
of the legs and abdominals.

So, to simulate the protective effects
of the artificial tools, additional equations
describing the transformation of external bio-
mechanical forces into the body’s regional
vasculature are required. Simulation algo-
rithms must provide applications of a chosen
acceleration profile for every combination of
protections. To demonstrate protection ef-
fects, as well as to compare the effects of eve-
ry single method, it desirable is to have two
special model versions. The first one illus-
trates hemodynamics under accelerations with
switched-of physiological regulators. The
second version does simulate hemodynamic
responses of a person with the normal func-
tioning of the physiological controllers of
CVS. There are three specific ways to coun-
teract extreme increases in vascular volume:
1) increasing the vascular rigidity; 2) decreas-
ing the non-stressed volume; 3) elevating the
extravascular pressure.

The first two ways are incorporated
into physiological reflector regulators. The
third opportunity can be used without or with
the application of artificial devices. In the first
case, the person being under acceleration
forces can consciously increase the tension in
the muscles of the legs and abdominals. When
additional efforts to exhale with a closed air-
way have been provided, the protective effect
is higher.

Constructively, anti-G suits can be
with pneumatic or water-filled chambers. The
standard anti-G suit is sectional (for body
sections of the abdomen, thighs, and shins).
Versions of suits containing special sections
for creating certain supra-atmospheric pres-
sure at the chest are also proposed [6]. In gen-
eral, these suits do resist the accumulation of
local blood volumes. So, in the background of
+Gz, a pumping of pressured air into the anti-
G suit lowers the sectional blood volume. The
matter is how to model these protective ef-
fects.
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In equation (4) above, there is a varia-
ble P”(t) which presents local extravascular

pressure. Certainly, leg muscles, abdomen, or
thoracic cavities will have their transfer coef-
ficients for transmitting the applied external
pressure ( P,(¢)) to the depth of blood vessels.

In (4), summary extravascular pressure should
be calculated as:

PE() =k, P(0) . 42)

3. Models describing input loads

The model to be used in the future
software will calculate human hemodynamic
responses to two different types of input dy-
namic loads. During simulations of the pilot
who is not using protections, the dynamics of
accelerations are the lonely input loads initiat-
ing alterations of the normal physiology of
circulation and causing reflector responses.
Protection activation should be considered as
the second type of input load. Real flight ma-
neuvers, especially combat maneuvers, occur
under combined input loads. To estimate the
separate effects of each input load, it is neces-
sary to design algorithms providing arbitrary
combinations of both types of input loads.
Below, supposing the value of A to be con-
stant, the first and the second types of input
loads are consequentially considered.
The initial hemodynamic alterations depend
on both acceleration gradients and amplitude.
So, to correctly simulate these biomechanical
events, our software must include a model,
describing accelerations dynamics. It is
planned to provide the following acceleration
profiles: a) a linear with a given gradient a
and of 7 duration; b) a linear with a further
transforming to a constant (plateau) of 7 du-
ration; ¢) a trapezoidal with given parameters;
d) a special profile for imitating the known
“push-pull” effect; e) arbitrary constructing
by a user profile. Formalisms for modeling
these profiles are described below.

The first profile is presented as:

~ 0, t<t,
a(t) = A (t—t), >t ©)

where 7 - is start time of the increasing
of acceleration with a gradient of 4, .
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The second profile is presented as:

0, t<t,
a(t)y=44,(—t), t<t <t,, (7)
a tp<t£tp+T

m?o

where 7, - is the time of reaching a plat-
eau level with acceleration value of a,, .

The trapezoidal profile formalism looks
as:

0, t<t;a,<0
a,(t—t), t<t <t,
w1, <t<t +T
a,—d,(t—t,-T), t>t,+T

a(t) = . (8)

a

where d, - is the deceleration gradient,

T - is the plateau’s duration.
Formalisms describing the second type
of the input loads look as:

0, a(t)<0

p(t) = A -a(t), a<a()<a, 9
A -a,—d, (), 0<a(t)<a,

where A, can be altered step-like.

Equations (1)-(9) were involved in this
publication to help readers to understand our
approach to the modeling. Much detailed in-
formation one can find in [18-21]. The final
version of the mathematical model describing
the formal basis of the future software and
simulation results will be published separately.

Requirements to input and output
data organization

As already mentioned above, the “Ac-
cel.exe” is planned to be autonomic software
that provides an option for personalization. To
satisfy these requirements, special algorithms
are needed. They should provide initial data
for characteristics of every vascular compart-
ment, as well as for physiological regulators.
In fact, this is the basic version of physiologi-
cal models (BVPM). All additional proce-
dures for BVPM’s personalizing using the
input data must be algorithmically organized.

1. The input data
BVPM should be tuned for the hemo-

dynamics of a healthy man with mean anthro-
pometric parameters of mas (M ) and, height
(H ). Special formulas used M to calculate
the total blood volume (V) must be provided.
Then, utilizing incorporated special massive
of coefficients must be distributed in four
cardiac chambers and 33 vascular (arterial and
venous) compartments. Coefficients will
characterize human horizontal position sec-
tional or regional blood volumes. The next
procedure does provide automatic recalculat-
ing of these initial blood volumes to new ones
characteristic for the relaxed human in a
standard sitting position on a pilot armchair.
Equations for these recalculations must take
into account the initial parameter }' . Individu-
al anatomical peculiarities (if they are) con-
cerning lengths of neck, tights, and shins have
to be taken into account.

2. The output data

There are planned two types of output
data: one by default, and another — in special
cases. The default data concerning accelera-
tion profile, arterial pressures in three body
zones (brain, eyes, aortic arch), and HR
should have been presented in graph forms.
This form is recommended to both student-
pilots and instructors. Additional data includ-
ing inside information about parameters of
models is best to collect in table forms. Ex-
perts developing advanced protections can be
the users of these data. Namely, this class of
users can prepare and simulate novel combat
maneuvers avoiding risks for testers.

Conclusion

Combat maneuvers of modern fighter
aircraft originate extreme accelerations nega-
tively influencing on pilot’s physiology and
operability. Empirical investigations were the
only way to develop and test protective meth-
ods and tools providing fighter pilots func-
tionality under combat maneuvers. The main
tools used for acquiring student pilot initial
skills necessary to resist the negative effects
of dynamic extreme accelerations were centri-
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fuges. The skilling process of student pilots of
modern fighter aircraft is not duly formalized
yet. Potentially, special computer simulators
providing additional data concerning charac-
teristics of both human physiology and pro-
tective methods under dynamic accelerations
could improve the skilling process and its
efficiency. Certain scientific-practical prob-
lems associated with creating the needed sim-
ulator have been considered in the paper. To
create special software, quantitative mathe-
matical models must be previously created.
They represent both the human cardiovascular
physiology and protective technologies under
exposure to sustained and extreme * G, accel-

erations.
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PROGRAMMING OF ONE-DIMENSIONAL
AND TWO-DIMENSIONAL TOKENS FOR TOKENIZATION
OF LAND PLOTS

The use of blockchain tools that allows spliting virtual objects into parts is considered. Examples of practical use
of the developed algorithms are presented. The concept of one-dimensional and two-dimensional tokens repre-
senting one-dimensional and flat objects is proposed. Algorithms for the implementation of one-dimensional
tokens are developed, and the peculiarities of their practical application are considered. A designed smart con-
tract allows to conduct a basic list of operations with one-dimensional tokens. Algorithms, providing implemen-
tation of two-dimensional tokens, are proposed. Peculiarities of presenting territories of virtual worlds and land
plots are suggested. A comparative analysis of the use of NFT and two-dimensional tokens for presenting the
Earth surface areas is performed. Methods that ensure ownership of tokens at different levels are proposed.
Keywords: Blockchain, EVM, smart contracts, NFT, fractional tokens.

Introduction

Blockchain technologies proved their
effectiveness within creating distributed data-
bases. They found many applications, including
cryptocurrencies; tokenized assets presenting
fiat currencies, shares, property and other finan-
cial instruments; non-fungible tokens repre-
senting digital objects; decentralized domain
name databases [1].

Some of the tools and solutions based on
blockchain technologies have been successfully
implemented. Algorithms and software tools
that have proven their suitability for practical
use and resistance to attacks have been
developed. However, current tools have limited
capabilities preventing the creation of
specialized blockchain-based solutions.

One of the long-term areas of using
blockchain technologies is the implementation
of database of land plots. Decentralized
applications will allow transactions with real
estate, land plots and virtual territories. The
implementation of solutions, providing an
opportunity to perform specialized transactions,
requires the deployment of new blockchain
tools. An infrastructure that is optimized for
working with land plots and virtual territories
are to be created.

The tools that are necessary for real
estate transactions are at the initial stage of
development. There are algorithms and
simplified solutions that, if customized, could
be widely used.
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Analysis of recent research
and publications

Cryptocurrencies, tokens and other
virtual assets are characterized by different
tokennomics. Virtual assets could be generated
once within startup or periodically after certain
time intervals. NFTs might have more complex
emission mechanisms. Most cryptocurrencies
and tokens have a variable volume of emission.
If the number of coins in circulation fluctuates
significantly, this leads to some difficulties, e.g.
when  determining the current asset
capitalization.

Coins in the Bitcoin network are issued
to pay miners who generate blocks [2]. The
exponential decay of the payment for the
creation of the block led to the fact that the
volume of funds in circulation ceased to change
significantly. The additional emission is
insignificant compared to the number of coins
in circulation.

Some cryptocurrencies are
characterized by constant emission. Payments
to miners or validators are conducted from
funds paid by customers for the performance of
transactions. Such an algorithm reduces
inflationary trends significantly.

There are also cryptocurrencies whose
emission volume is decreasing. The process is
implemented by burning virtual assets. The
source of funds could be commission fees, a part
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of which is withdrawn from circulation. An
example of the implementation of such an
algorithm is the Ethereum blockchain platform
[3]. After the activation of the London hard fork,
which includes EIP-1559 [4], a part of the
commissions is withdrawn from circulation. The
established algorithm is quite flexible, since the
volume of ETH emission could decrease or
increase according to external factors.

The proposal of stablecoins and
tokenized assets is determined by the
management company. Most often, their
emission of tokens depends on the market
demand for them.

Non-fungible tokens are put into
circulation through other algorithms. The
emission of tokens is implemented via smart
contract, which allows you to link NFTs with a
digital object. Most often, the token contains a
file hash. In this case, the file is not stored on
the blockchain, but the hash allows you to
identify the data-set and link it to the NFT. In
some cases, additional algorithms can be used
when performing operations with tokens. In
some cases, the author of the NFT can receive
royalties from the sale of the token [5].

Financial instruments based on
blockchain are characterized by different
volume of emission. Most often, the emission
of an asset is measured in millions, billions or
quadrillion units. A large volume of emission
provides customers with certain conveniences
when conducting small transactions.

Cryptocurrencies and ERC-20 tokens
[6] issued in EVM-compatible networks are
characterized by a large volume of emission, for
example10?. This is caused by current
limitations of Solidity programming language
when working with fractions [7]. Usually the
decimals parameter is used which means the
number of decimal places of the fractional part
of the token. As a rule, this parameter is chosen
equal to 18. In this case, one token contains
108 parts.

The approach involves the use of
auxiliary units. For example, users can specify
the transfer amount in thousandths or billionths
of the token. Ethereum uses Finney, Gwei and
other units to represent fractional parts.

In the generalized case, the entire
volume of emission can be represented through
one token, and its parts can be used for

calculations among customers. A similar
replacement can be used for comparative
analysis of various blockchain-based financial
instruments.

The concept will also make it possible to
implement some applied algorithms. At the same
time, you can use the same approaches when
conducting operations with cryptocurrencies,
tokens and NFTs issued in a single instance. In
certain cases, the approach can simplify network
interaction and  transaction  processing.
However, difficulties might arise within the
implementation of the concept due to the need
for additional emission. Operations with land
plots require more complex algorithms for the
emission of tokens and other approaches in
determining the volume of the emission.

Current algorithms do not consider the
specifics of properties. A special approach for
land plots is used. It considers that each of the
objects is presented as a non-fungible token [8].
There is no possibility of simultaneous
ownership of the plot on several levels (by the
owner and sub-owners). However, such
decisions are necessary to ensure ownership of
the plot by a private person while this territory
will belong to the state. New algorithms will
make it possible to implement more complex
forms of real estate ownership. There is no
possibility of spliting land plots into fragments
of arbitrary area and configuration or
combining them in current solutions.

Non-fungible tokens can be linked to
cadastral numbers [9], which include infor-
mation about them. It is placed in an external
database. The cadastral number determines the
boundaries of the land plot and allows you to
get all the information about it. All data on the
territory are placed in the register. However, the
database is constantly changing. Additional en-
tries are made to it during registration of new
plots. The spliting or unification of territories
will be accompanied by a change in cadastral
numbers. Thus, storing data on properties in a
separate database creates certain difficulties
when synchronizing information in the land ca-
daster and blockchain.

One of the features of NFTs is their in-
divisibility. The owner can only sell the token
as a whole, as it cannot be split into parts. The
widespread distribution of NFTs has led to an
increase in demand for them, as well as an in-
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crease in their value. The price of some tokens
reaches millions of US dollars, which signifi-
cantly reduces the liquidity of these assets,
making them similar to precious stones, which
also have a large value and cannot be divided
into parts. However, the implementation of
non-fungible tokens on smart contract plat-
forms provides an opportunity to create more
flexible mechanisms for issuiance and interac-
tion with tokens.

The high prices on NFTs have led to the
emergence of new tools that allow you to split
tokens into parts and conduct transactions with
them. The simplest solution that enables NFT
splitting involves locking the token in a smart
contract. At the same time, the contract issues
ERC-20 tokens. When an NFT is locked, a cer-
tain number of fragments are created, for exam-
ple 100. These assets can be sold for a corre-
sponding part from the NFT's market value.
The number of fragments is small, and it re-
duces the risk of losing one of them.

The technical implementation of frac-
tional NFTs requires the use of additional algo-
rithms. There are several projects that allow you
to increase liquidity and split non-fungible to-
kens into parts, and each of the solutions has
certain features.

The NFTX trading platform allows you
to create repositories that hold multiple NFTs
[10]. An asset lock allows contract to release a
certain number of ERC-20 vTokens that
represent parts of the repository. The algorithm
allows the user to withdraw a random NFT from
the repository by burning a single vToken.

NIFTEX and Fractional.Art platforms
use more complex algorithms to split non-
fungible tokens. After locking the NFT, the
smart contract issues ERC-20 tokens. To trade
these parts, the developers suggest creating
cryptocurrency pairs on decentralized trading
platforms, such as UNISWAP.

To regain ownership on a locked NFT,
you must collect all the fragments and use a smart
contract to return the NFT. This splitting method
can lead to the fact that some fragments can be
lost, burned or frozen (reserved) by their owners.
If you do not know special algorithms, NFT may
remain locked in a smart contract forever.

The Fractional.Art platform involves
setting a certain price value for a non-fungible
token. This value is determined by voting, in
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which only fragments' owners participate. An-
yone can buy a locked NFT at an auction if they
bid higher. However, the minimum value of a
non-fungible token cannot be lower than the
value determined during the voting. When re-
deeming, the fragments are burned, and their
owners receive a corresponding share of the
value of the non-fungible token.

The NIFTEX platform also provides the
possibility of redemption of fragments. The
algorithm allows any fragment owner to
redeem NFT. The initiator of the transaction
sets the redemption price, which requires him to
block the relevant funds. If any of the other
owners believe that the buyout price is low,
they have the option to buy out the ownership
share of the iniciator of the transaction at the
specified value. At the same time, the NFT
remains locked. Otherwise, the initiator
receives a non-fungible token, and other co-
owners get blocked funds.

Current ways of splitting NFT into
fractions provide necessary functionality, but
have certain limitations. Many algorithms
provide only splitting into fixed parts. The
technical implementation imposes certain
obligations and restrictions on each of the
fragment owners. In order to unlock an non-
fungible token, additional social and market
mechanisms are needed.

Current solutions do not consider the
type of non-fungible token when splitting it into
parts. If the NFT is a part of the virtual world or
a flat image, the token fractions will not be
associated with a specific area of that object.
Prospective solutions should provide the ability
to split a non-fungible token into arbitrary-sized
pieces that are associated with specific parts of
a digital object represented by an NFT. There is
also a requirement to ensure asset ownership at
multiple levels. Progressive algorithms should
provide more complex forms of ownership on a
virtual object, which will expand the scope of
their practical application significantly.

The purpose and tasks
of research
The purpose of this article is the
research of specialized tools of EVM-
compatible networks that implement the
splitting of tokens into parts, tokenization of
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properties and establishing the features of the
practical application of the proposed algorithms
for solving applied problems.

The research objectives include
substantiation of the need for one-dimensional
and two-dimensional tokens to represent linear
and flat objects and conduct operations with
them.

The tasks include the research of
algorithms that allow entering data on the
parameters of land plots directly the blockchain
and the specifics of their application. The work
includes the development and analysis of
algorithms that ensure the splitting of objects,
in particular, virtual territories into parts of an
arbitrary configuration and the unification of
these parts.

Tasks include the analysis of algorithms
that allow ownership of territory at different
levels and control over transactions by the
issuer establishing the features of the practical
application of the proposed solutions.

1. The concept of one-dimensional

tokens

Let's consider the geometric
interpretation of a one-dimensional token, the
emission volume of which is one unit. It can be
represented as a segment of unit length in one-
dimensional space.

One of the ends of the segment is selected
as a reference point. According to this
interpretation, the shares belonging to the owners
will be represented by parts of the segment, which
are determined by the coordinates of the
beginning and end. For example, Alice owns
0.45; Bob - 0.15; Carol - 0.25; Dave - 0.05; and
Ed — 0.1 token (Fig. 1). Unlike ERC-20 tokens,
customers own plots defined by two coordinates
(for example, Bob will own plot [0.45; 0.6]). At
the same time, plots equal in size will not be
identical and fungible.

1] 0,2 0.4 0,6 0.8 1,0

Fig. 1. A geometric interpretation of the one-
dimensional token with a segment

M Alice
M Bob

m Carol
W Dave

HEd

Fig. 2. Geometric interpretation of the one-
dimensional token with a circle

A circle of unit length might be used for
the geometric interpretation of the token instead
of a line segment. It is divided into sectors of
different sizes with corresponding angles (Fig.
2). It is necessary to choose a reference point on
the circle, in relation to which the boundaries of
the plots belonging to customers are
determined. According to this interpretation,
the units of measurement can correspond to
radians or degrees.

The initial emission involves the
transfer of token fragments to one or more
customers. Fragmentation of the segment and
token will be observed after performing a
number of operations. After the redistribution
of ownership shares, some customers may
own several parts (Fig. 3). For example, Alice
owns the parts [0; 0.3] and [0.65; 0.8], Bob —
[0.3; 0.4] and [0.8; 1.0], and Carol — [0.4;
0.65].

| = Alice
n Bob
[ = Carol

0 0,2 0,4 0,6 0,8 1,0

Fig. 3. Fragmentation of the one-dimensional
token

The implementation of a one-
dimensional token does not depend on a
geometric interpretation (segment, circle or
another curve). It is necessary to set its initial
coordinate and its increment for each plot,
which determine the share of ownership of the
customer. In the case the customer has several
plots, it is necessary to specify the parameters
of each of them.
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If only the share of ownership are to be
determined, a one-dimentional token will
function similarly to ERC-20 token. Each
customer will own a certain part of the total
emission volume. In this case, the order of
location of plots, as well as their number, is not
important. To find the property of the subject, it
1s more appropriate to use the initial coordinate
of the plot and the increment of the coordinate.
An alternative option is to specify the
coordinates of the beginning and end of the
segment directly.

Since a customer can own a large
number of plots, several sources of assets can
be used to perform transactions. A similar
algorithm has been successfully implemented
in Bitcoin [2] and other cryptocurrencies. The
technical implementation of Bitcoin requires
the use of one or more unspent transaction
outputs (UTXO) to perform the transfer. At the
same time, data on the sources of assets is
included in the transaction. One-dimensional
tokens can be implemented in EVM-compatible
networks, and customers can send several plots
in a single transaction (Fig. 4).

Transaction

Sender Recipient

Input Plot 1 Output Plot 1
[coordinate; coordinate increment] [coordinate; coordinate increment]

Input Plot 2 Output Plot 2
[coordinate; coordinate increment] [coordinate; coordinate increment]

Fig. 4. Transfer of several fragments within
one transaction

When transferring, the customer sends
previously received plots (Input Plot 1, Input
Plot 2, ...), accordingly, it is necessary to check
the ownership rights to them. The transaction
requires the address of the receiver and the
parameters of the source and transferred plots
(Output Plot 1, Output Plot 2, ...).

According to the technical
implementation, sending a part of a one-
dimensional token will be similar to the transfer
of'a ERC-20 virtual asset, but it will require two
parameters that determine the beginning and
end of the fragment.
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2. Peculiarities of technical
implementation and practical
application of one-dimensional tokens

A one-dimensional token (1DT) does
not conform to ERC-20 , so its implementation
on an EVM-compatible network requires
specialized algorithms and functions. It is
recommended to choose a token emission equal
to 108, If you use the value of the decimals
parameter equal to 18, then the volume of emis-
sion will correspond to one token. In this case,
the minimum plot size is limited. If we consider
fragments of unit length, they can be placed
sequentially from zero to the maximum value.
In fact, each plot will be unique.

To implement the token in an EVM-
compatible network, it is necessary to develop
a smart contract and declare two arrays
Beginning of the Fragment and
Fragment Length, which are created with the
mapping tool. The first array determines the
coordinates of the starting point of the plot, and
the second is used to specify its size (Fig. 5a).

Fig. 5. Implementation of a one-dimensional
token in an EVM-compatible network

Arrays are created for each address
with a non-zero balance. If the customer owns
only one plot, the arrays contain one record
each. In other cases, data structures include
information about a large number of
fragments. Elements of arrays can contain
zeros that appear after complete transferring a
plot to another customer.

Implementation of a one-dimensional
token in an EVM-compatible network requires
the wuse of specialized functions. The
GetSummaryBalance() function (Fig. 6) allows
you to find the total length of all fragments
belonging to the customer. The algorithm adds
the lengths of the fragments and finds the share
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of ownership corresponding to a certain
address.

Algoritm 1. Finding of the total balance.

1: function Get Summary Balance

2: get Number of User Fragments

3:set Summary Balance:=0, i =0

4 while i< NumberofUser Fragments do

5: increase Summaiy Balance by Fragment Length(i]
6: increaseiby 1

7 end loop

8: return Summary Balance

Fig. 6. Implementation of the function Get-
SummaryBalance()

The GetPlotsParameters() function
(Fig. 7) displays two arrays of data that show
the parameters of the fragments belonging to
the customer. The first array represents the
coordinate of the beginning of the plot, and the
second denotes its length. The function does not
display null array elements. The result of
GetPlotsParameters() can have the following
form (Fig. 5b).

Algoritm 2. Finding the parameters of the plots belonging to the user

1: function Get Plots Parameters
2: get Number of User Fragments
3:set1:=0
while i< Numberof User Fragments do
if Fragment Length[i] = 0 then
return Begmning of the fragment[i]
return Fragment Length[i]
increase i by 1
end loop

0 ONR R

Fig. 7. Implementation of the function Get-
PlotsParameters()

To transfer a plot to another customer,
you can use the function Transfer (Sender,
Recipient, Beginning of the Fragment,
Fragment Length) (Fig. 9). The procedure
involves the creation of additional elements in
the arrays of the recipient represented by the
Recipient address. The resulting ownership
share of the sender varies depending on which
part of the fragment is being sent. At the same
time, three transfer options are possible:

= The plot is transferred in full. Elements
of the Beginning of the Fragment and
Fragment Length arrays corresponding
to the specified area are reset to zero.

= The sender transfer a part of the plot that
is at the beginning or end of the source
fragment. In this case, the algorithm
change the values of array elements that
determine the beginning of the fragment
or its length.

= The sender transfer a fragment that
divides the source plot into three parts.
The first and third parts remain with the
owner, and the second (middle) is
transferred to the recipient. In this case,
the parameters of the source fragment
are changed on the sender's side. An
additional element of the Beginning of
the Fragment and Fragment Length
arrays is also created. It includes the
parameters of the third part.

The increase in the number of customers
and transactions will lead to significant
fragmentation of the one-dimensional token. In
some cases, one customer will own several
adjacent plots. If the fragments are placed in
such a way that the end of one of them coincides
with the beginning of the next, then it will be
more appropriate to combine them. To perform
this operation, the Defragmentation() function
is used (Fig. 8). It allows you to find adjacent
areas and combine them into one. Since the
operation requires gas consumption and also
changes the parameters of the arrays that
determine the ownership of the customer, it can
be carried out only by the owner.

Algoritm 4. Merging of the fragments

1: function Defragmentation
2: get Number of User Fragments

3:seti:=0

4. while i< Number of User Fragments do

5: setj =0

6: while j < Number of User Fragments do

7 if (Beginning of the Fragment [i]+ Fragment Length[i] ) ==
==Fragment Length[j] && Fragment Length{j] = 0 then

§: Fragment Length[i] += Fragment Length[j]

9: increase j by 1

10: end loop

11:  increase i by 1

12: endloop

Fig. 8. Implementation of the function
Defragmentation()
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Algoritm 3. Transfer of the fragment

: setr = Number of Recipient Fragment
: sets == Number of Sender Fragments

seti =0
while i < sdo

else

~e

: function Transfer (Sender, Recipient, Beginning of the Fragment, Fragment Length)

: create Beginning of the Fragment [Recipient] [1] = Beginning of the Fragment
: create Fragment Length [Recipient] [r] = Fragment Length

if (Beginming of the Fragment [Sender][i] == Beginning of the Fragment then
Beginning of the Fragment [Sender][1] =Beginning of the Fragment + Fragment Length

Fragment Length[Sender][i] = Beginning of the Fragment —

—Beginning of the Fragment [Sender][i]

-
[

if (Beginming of the Fragment {Sender][i] +Fragment LengthfSender][i] I=

!= Beginning of the Fragment+Fragment Length) then

,_.
e

+ Fragment Length

create Beginning of the Fragment [Sender][s]=Beginningof the Fragment +

15: create Fragment Length [Sender][s]=Beginningof the Fragment [Sender][i]+
+Fragment Length[Sender][i] - Beginming of the Fragment - Fragment Length

16: increase ;i byl
17:  end loop

Fig. 9. Implementation of the function Transfer()

FTMScan

FTM: $0.201 (-1.07%) | B} 34 Gwei

@ Contract 0xdfe84Ed9BD78db87C13C7137Fa1a365885734420 ©

Contract Overview

Balance: 0FTM
FTM Value: $0.00
Token: $o00 @ v B

Home

AllFitters ~ | Search by Address / Txn Hash / Block / Token / Domain Name

Blockchain ~ Staking ~ Tokens ~ Resources ~ More ~ @ signin Ej

More Info v

@ My Name Tag:

Contract Creator:

Token Tracker:

Not Available, login to update

0xafffc7426b81a89631ec... at txn 0x3f0853acaf633b67897

One-Dimensional Token (1DT)

Transactions Internal Txns ERC-20 Token Txns Contract Events Analytics Comments
{5 Latest 2 from a total of 2 transactions §
Txn Hash Method @ Block Age From T To T Value [Txn Fee]
@  0x572690a385907dbbf27... Transfer 64474214 79 days 13 hrs ago 0xafffc7426b81a89631ec... IN [3) OxdfeB4ed9bd78db87c13... Q0FTM 0.011519547398
@ 0x3f0853acaf633b67897 0x60806040 64473551 79 days 14 hrs ago Oxafffc7426b81a89631ec IN Create: One_dimentional_... 0FTM 0.20803457468

Fig. 10. One-Dimensional Token (1DT) smart contract

The One-Dimensional Token (1DT)
smart contract corresponding to the proposed
algorithms is deployed on the Fantom network
[11] at the address:
0xdfe84Ed9BD78db87C13C7137Eala365885
734420 (Fig. 10).

The functions of reading the smart
contract allow you to get general information
about the token, determine the share of
ownership and set the parameters of the plots
owned by the customer. Record functions
enable owners to transact and unify adjacent
plots. There are also tools that provide the
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possibility of transferring plots using a third-
party smart contract.

The plot transfer is implemented
through the transfer() function and involves
entering three parameters: the address of the
recipient, the initial coordinate of the plot and
its size. When transferring a plot, it is
recommended to set the gas limit to more than
274000 units. Since the 1DT does not comply
with the ERC-20 standard, it is possible to
find out the current balance of the customer
only wusing the corresponding reading
function.
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One-dimensional tokens have a number
of differences compared to ERC-20 virtual
assets and NFTs. These include the possibility
of splitting and unifying parts of the token. At
the same time, each of the fragments is unique
and is defined by two parameters. The one-
dimensional token allows us to demonstrate the
functionality of the solution and its capabilities.

3. Algorithms for the implementation
of two-dimensional tokens and their
application for solving applied
problems

A two-dimensional token is a virtual asset
defined in a two-dimensional coordinate system.
Graphical interpretation of an object — a section
of a spatial surface. In some cases, it is a part of a
plane, sphere or cylinder.

A token can represent an entire closed
surface, allowing it to be used for a sphere. In
other cases, the virtual asset corresponds to only
a part of the surface. For example, a token can
represent an area on a plane, bounded by a
polygon. When speaking about practical
application of the token, it is most appropriate
to use a rectangle. This plot is splited into
customer-owned fragments.

Two-dimensional tokens can be used to
represent areas of a flat or spherical surface,
assuming the use of identical algorithms. An
arbitrary fragment belonging to the customer can
be represented by a closed loop. The most optimal
is the use of a polygon, the parameters of which
are set by the coordinates of the vertices and the
order of their sequence.

Let’s consider the implementation of a
two-dimensional token on a spherical surface. It
is advisable to determine plot parameters in the
spherical coordinate system. In this case, the
position of a point in space is determined by two
angles and a radius. When the radius is constant,
it is enough to specify two angular coordinates.

To determine the location of the object on
the surface of the Earth, we use a geographic
coordinate system, and the parameters of the
point are determined by latitude and longitude.
For example, object coordinates can be specified
in the following form: 50.449214; 30.357773.
The number of characters after the separator
determines the accuracy of object positioning.

A territory of arbitrary shape on a
spherical surface can be represented in the form
of a polygon [12]. The order of passing the
vertices of the polygon determines its
configuration (Fig. 11).

Fig. 11. Representation of a land plot in the
form of a polygon

In certain cases, it is appropriate to
represent a polygon using the coordinate of one
vertex and increments that determine the
position of others. The algorithm allows to
reduce the amount of data recorded in the
blockchain. The parameters of a plot of
arbitrary shape (Area) can be set by an array
(Fig. 12). One of the vertices is selected as the
initial coordinate (/nitial coordinate). The
coordinates of other points are set in the form
of increments in relation to the initial
coordinate (coordinate increment 1, coordinate

increment 2, ... coordinate increment n). The
Area

Latitude Longitude
Initial coordinate 50,449214 30,357773
coordinate increment 1 0,004703 0,113006
coordinate increment 2 -0,123239 0,04289
coordinate increment 3 -0,120425 -0,131187
coordinate increment 4 -0,075794 -0,213764
coordinate increment 5 -0,145759 -0,375646
coordinate increment 6 -0,090647 -0,464117
coordinate increment 7 -0,048376 -0,380012
coordinate increment 8 0,043858 -0,466657
coordinate increment 9 0,089249 -0,234732
coordinate increment 10 0,145127 -0,288953
coordinate increment 11 0,163612 -0,175346

Fig. 12. Representation of plot parameters
using an array
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order of the vertices when passing a closed
circuit corresponds to clockwise movement.

The algorithm allows you to perform
operations with fragments of an arbitrary
configuration, to split and unify them. A special
configuration area may contain a void if its
interior belongs to another customer. In this
case, the territory can be represented by two
polygons that do not contain cavities, but have
common edges and vertices.

Two-dimensional tokens can represent
areas of any flat or spherical surfaces. They can
be used in virtual worlds containing territories
owned by customers. The developed algorithms
can be used to represent areas of the Earth or
another celestial body.

Two-dimensional tokens can be used to
distribute NFTs or other virtual assets among
multiple owners. At the same time, each cus-
tomer can own a flat fragment of any
configuration.

If it is necessary to have sub-owners of
the first and second levels, then the process of
emission and transfer of the land plot will be
different. The first level sub-owner must issue
a token. In order to carry out operations with a
land plot, a second-level sub-owner must initi-
ate a transaction. However, to implement it con-
firmations from sub-owners of the first and sec-
ond levels are required. When using such an al-
gorithm, all transactions with virtual assets will
be controlled by all their owners.

When transferring, information about
the parties will not be disclosed, since only their
addresses are placed in the distributed database.
Blockchain  technologies  will  provide
protection against unauthorized access,
eliminate the possibility of canceling a
confirmed transaction, and also prevent double
spending operations [14].

When creating and  conducting
operations with large territories that include a
significant number of vertices of the bounding
polygon, a significant amount of information
must be entered into the blockchain. We can
reduce the amount of data by using a base
coordinate and coordinate increments for the
remaining vertices. It is advisable to use
abbreviated coordinates within operations with
small areas.

The use of two-dimensional tokens for
the tokenization of land plots will require
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interaction with databases containing cadastral
numbers and other information about proper-
ties. It is more appropriate to place the specified
information in decentralized databases, e.g. by
using IPFS.

Conclusions

One-dimensional tokens are a powerful
tool for testing, creating arbitrary-sized plots and
conducting transactions. The developed smart
contract allows customers to own fragments of
any one-dimensional object and perform
operations with them.

2D tokens can be used to fragment
maps, flat images, and other 2D objects. They
have a number of advantages over NFTs when
used to represent land plots and virtual territo-
ries. Two-dimensional tokens allow you to cre-
ate fragments of arbitrary configuration, split
and unify them.

The developed algorithms can be used to
represent the territories of virtual worlds. Current
projects use fixed-sized plots, while two-
dimensional tokens provide greater flexibility by
allowing fragments of arbitrary configuration to
be operated on.

The technology can be applied to
spherical surfaces, including the Earth surface,
but it requires setting a reference point. The use
of two-dimensional tokens will require
interaction with external databases containing
data on cadastral numbers. At the same time, the
algorithm must be compatible with blockchain-
oracles that provide access to external state
databases that personalize the owners of
tokenized land plots.

Two-dimensional tokens can provide
ownership of a surface area at different levels. A
certain fragment can have one owner who is the
issuer and controls the operations with the virtual
asset and a sub-owner who conducts transactions
with the plot or its parts directly. Such an
algorithm provides an opportunity to implement a
model of ownership that is characteristic of the
land market of an individual country.
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KJIACHPIKANISI HU3bKOYACTOTHUX CUT'HAJIIB
3A TOITIOMOI'OIO METOAIB KJIACTEPU3ALII

VY crarTi po3rIsiHyTO MeTO/IU Kiacu(ikallii CUTHaIB 3ByKOBOTO Ta iH(ppa3ByKOBOTO JAialia30Hy 3a JOIMIOMOTO0
ITOPUTMIB KJIacTepu3allii y BUNagKax, KOJW MPUCYTHS JIMIIE 3arajbHa anpiopHa iHpopMalis, HalnpuKiIaz,
HEBiZJOMI1 TUTIH 00’ €KTIB, SKi TEHEPYIOTh BiAMOBIIHI CUTHATH. PO3TIISIHYTO MiATOTOBKY MaHUX 3BYKOBOTO Jia-
Ma30Hy, 0COOIMBOCTI IIEPBUHHOI 0OOPOOKH HAOOPY JaHUX, TapaMeTpH BHOOPY alrOPUTMY 3alle’KHO Bill 0CO-
6nuBocTeil Habopy maHuX. [logaHo MpuUKIamy KiacTepusalii HAbOpy HaHHUX 3a JOHOMOrow aiaroputmy OP-
TICS, onmcaHo MOXKIMBOCTI KacKagHOT 00poOKH HAObOPy HaHUX.

Kitouoni cnoBa: knacudikanis JaHux, HaBYaHHS 0€3 KOHTPOIIIO, KilacTepHu3anis JaHnX, 00poOKa 3ByKY.

Beryn

CyuacHi MmeToiu 00pOOKHU CUTHAIIIB Ya-
CTO 30Cepe/KEHI Ha 3aCTOCYBaHHI HEHPOHHHUX
Mmepex. OnHak HelpoMepexeBl METOIu Ma-
I0Th 3HAYHUHM HEIONIK — BEJIHKY CHEProeM-
HICTb, LII0 y BUMAJKY JOCTATHbO JOBIOr0 aHa-
mi3y € QaxTopom, SIKUH OOMEXye 3acTocy-
BaHH: Hellpomepex. Takox 3acTocyBaHHS Ie-
BHUX THUIIIB HEHpOMEpPEK OOMEXKEHO y pa3i He-
OOX1THOCTI MOMEepPeAHHOI0 HABUAHHS HEWUPO-
Mepexi. ToMy Ui MpakTHYHUX 3aCTOCYBaHb
I[IKaBO MpOaHaIi3yBaTH MOMJIUBOCTI 3aCTOCY-
BaHHS METOJIIB, aTbTEPHATUBHUX HEWpoMmepe-
’KaM 1 OLIHUTH IXHIO €(PEeKTHUBHICTh y BHPpI-
MIEHH1 3a/1a4 Kiacudikallii CUTHAIIB HU3bKUX
9acToT. Y CTAaTTi MU PO3IIITHEMO OCOOIMBOCTI
3amad kiacudikaiii CHrHajiB, OCOOJMBOCTI
00pOOKH 3ByKOBHUX CHTHAJIIB, Cy4acHI METO/H
aHaJli3y CUTHAJIB, MPaKTUYHE 3aCTOCYBAHHS
METOMIB 1 MOYJIMBOCTI MOAAJIBIIOr0 iXHBOTO
PO3BHTKY.

O0poOka HU3bKOYACTOTHUX
CUTHAJIIB

3a3HaunMo, 10 HHU3bKOYACTOTHI CHT-
HaJu HE OOMEXYIOThCS €JIEKTPOMAarHiTHUMH
XBHJISIMH, 1 00p0OKa HU3bKOUYACTOTHHUX EJICKT-
POMarHiTHUX XBUJIb € OOMEKEHO KOPHCHOIO,
OCKIUTBKHU JUIS IPaKTUYHOI nepenadi iHpopma-
mii B a0COMIOTHIN OLIBIITIOCTI BHIAIKIB BUKO-
PUCTOBYIOTHCSI BUCOKI YaCTOTH. 3BYKOBI Ta 1H-
(hpa3ByKOBI XBUJIl HECYTh Y COO1 3HAYHY KiJIb-
KicTh iH(opMalrlii, sika Moxe OyTH MpoaHai3o-
BaHAa B aBTOMAaTUYHOMY PEKHMI 1 B OIIAJIH-
BOMY PEXUMI CHOXHBaHHA eHeprii. OcTanHe
BAKJIMBO Y pa3i aBTOHOMHOI pOOOTH JaTYHKIB,
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SK1 TOJJATKOBO MOXYTh 1 HE BUIPOMIHIOBATH
€JIEKTPOMAarHiTHy €HEpriio.

BaxnuBo, MmO Ha BiIMIHY Bif «HO-
MEHY» EJEKTPOMArHiTHUX XBWJIb, 1€ MAaeMO
anpiopHy iH(QOpMALII0 MO0 CHEKTPY CHI-
Hajly 1 IEBHUX CUTHATYyp CUTHAIy, alpiopHa
iH(popMallis 111040 3ByKOBOI'O CUTHAIY 3a3BU-
yaii BicyTHs. [lig curnatyporo TyT Mu po3y-
MI€MO THUIIOBI CIIBBIJHOIIEHHS MOTY>KHOCTEH
CUTHAJIy B MiJiTIalla30HaX BUAUICHUX YacTOT 1
iXHIO TUMIOBY 3MiHY 3 IJTMHOM 4acy. Lle myxe
rpy0e BU3HaUEHHS, OCKIJIbKU 6araTo (pakTopis
BIUIMBAa€ Ha KOHKPETHI BUMOTH JI0 aHAJI3y
criekTpy. JleTanpHilIe 3 MUTAaHHIMH CUMYJISIIIT
CUTHATyp MO’KHa o3HaiiomuTucs B [1], ne po3-
[JIAJJA€ETHCSI OJIUH 13 BapiaHTIB MPOTOKOIY Wi-
Fi, sxuif BUKOpUCTOBY€EThCS K Oa3a Juis Besu-
KOro ciMeHCTBa IMPOTOKOJIB Meperadl TaHuX.
OToX, MiJ 4ac aHaJIi3y CUTHAIIB eJleKTpoMar-
HITHOTO CIEKTPYy MH 3HA€EMO 3 YUM CTHKae€-
MOCh, MOXEMO IpOaHaNi3yBaTH HUXHI PiBHI
KOMYHIKaIii y BusHaueHHsx mojeni OSI [2] 1
MIEBHUM YHHOM CKOPUCTATHUCS OTPUMAHOIO iH-
dbopmartiero. Hanpuknan, y nmpakTH4HIN T1I10-
IIMHI po3Mi3HaBaHHS 00’ €KTIB a00 pamioesnek-
TpOHHOI 60poThOM. OnucaHuil aHali3 eJIeKT-
POMArHiTHOTO CHEKTPY CTA€ MOKIMBHM, OCKi-
JbKY BUKOPUCTAHHS J1alla30HIB eJlieKTpomar-
HITHOTO CHEKTpy popmainizoBane. OQHAK y BU-
NajKy, KOJau 00’ €KT HE BUIIPOMIHIOE €IEKTPO-
MAarHiTHI XBUJI (PEXUM paiiOMOBYAHHS), He-
00X1THO 3aCTOCOBYBATH IHIIII METOAH. Y 3BY-
KOBOMY JIiaria3oHi Taka CTaHAapTH3AIlisi HEMO-
JKJIIMBA, OKPIM BHITQJIKIB IITyYHOTO OOMe-
KEHHSI TIOTY>KHOCTI TeHepallii 3ByKa IIiJl Jac
poOOTH sIKOTOCH 00NaqHAHHS. ToMy Tics Te-
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PBUHHOI'O aHaJi3y 3BYKOBOT'O CIIEKTPY MU Ma-
€MO CKOPHCTATHCS OJIHMM 13 METOJIB HaB-
yaHHs 0e3 KOHTPOJIIO (aHINMIHCHKOIO MOBOIO
unsupervised learning), HalO1IBIT aKTyabHI 3
AKUX po3ryAHyTO B [3]. 30kpema, cnenudiuHi
JUTS TIPOMHUCIIOBUX 3aBJaHb METOM HaBYAHHS
0€e3 KOHTPOJIIO pO3IJIsHYTI B [4].

Hamoro wMeroro €  kiacudikaiis
00’€KTiB, SIKI CTBOPIOIOTh MEBHY eJIeKTpoMar-
HITHY a00 3BYKOBY KapTHUHY JIO0 MIEBHUX THUIIIB
32 YMOBH, IO alpiopHO MM HE 3HAEMO, SIKI y
HAC TUIU 00’ €KTIB, UM 3 IBJISIOTHCS Y HAC HOBI
00’extu. Jlam OynemMo TakoK MO3HAYaTh TaKy
KJIacu (KAl TEPMIHOM «KIJIACTEPU3AIIIS.

PosrnsiHeMO croyaTtky mepBHHHY 00-
pOOKY 3BYKOBOTO CUTHANTY, MOTIM BTOPUHHY.
ToOTo croyaTky METO/H, SIKi I03BOJISIOTH Pe-
JTYKYBaTH PO3MIpPHICTh JaHUX 3 METOI0 MOfa-
Tp1101 epeKTUBHOT OOpPOOKH 1 KacTepu3arii
pENyKOBaHUX JTaHUX.

IlepBuHHa 00po0Ka CUTHATY

3BICHO, MEpBHHHA OOpOOKAa HHU3BKUX
YacTOT MPOBOJUTHCA INIISIXOM YacTOTHOTO
aHauizy, ajie € JeKijgbKa MOKIMBOCTEH TaKOTrO
a"amizy. [IpakTuyni yacToTH AJIs aHANI3y 3BY-
KoBoi iHpopmariii mounHaroThes Big 0.1 Ty 1
3akiHuytoTbes Ha 30 k[ 11 (ynbTpas3Byk). Takum
YUHOM Jlana3oH oOpoOku ckiamae a0 18 ok-
TaB (1111 OKTaBOIO MM PO3YyMI€EMO Jliana3oH 4a-
crot Bia f mo 2f T'). CtangapTu3oBaHo y Mpo-
MUCIIOBI 00poOIli MOTYKHICTh XBWJIb BHMi-
PIOETBCS Y YAaCTHHAX Jiama3oHy y 1/3 okraBu
(migmianma3zonax). Jlims cTaHAapTHOTO 3BYKO-
Boro miana3ony 20 I'ry - 20 xI'1 (10 okTas), mo-
TY>KHICTb CUTHaJy BUMIpIoeThcs y 30 minmia-
Ma30Hax y TPETI0 YaCTHHY OKTaBH. 3a3Ha-
YUMO, IO ISl TEXHOJOTis BHUMIPIOBAHHS €
MPAaKTUYHUM CIAJIKOM YaciB, KOJIM YaCTOTHHH
aHaJi3 BUKOHYBABCs 3a JOMOMOIo0 (GiIbTpiB
CMYT CHTHAITy HIMPUHOIO Y TPETIO YaCTHHY OK-
TaBU Ha CTaHAAPTHU30BAaHUX YaCTOTaX. 3apas
O0YHCITIOBANIbHA TIOTYXXHICTh 30UTBIIMIACH 1
no3Bouisge mpoBoauTH Dyp’e aHATI3 CHEKTPY,
SIK IIBUJIKWAM, TaK 1 3BUYalHUI, a00 IXHIO KOM-
Oinamiro. KiHIieBOI0O METOI0 aHami3y € OTpH-
MaHHsI BEKTOPIB p; = (po, p1, - .., Pn), A€ Pi € TIO-
TY>KHICTIO XBUJIb JUIS TIEBHOTO MiJ/iama3ony.
[TocniioBHICTh TAKUX BEKTOPIB Jalll MOKE BU-
KOPUCTOBYBATHUCS JJIs Kiacudikarii.

[TopiBHSIHO 3 €IEKTPOMArHiTHUMU XBU-
JIIMH, 3BYKOBHH JT1alla30H € BAKYHMM JIJIs aHa-
T3y, OCKUTHKM BEJHKAa KUIBKICTH Jiama3oHiB
MO’K€ MaTH CHTHATYPH HE3AICKHUX CUTHAITIB.

[TorpiOHO 3poOMTH peMapkKy, L0 3
MPaKTUYHUX MIPKYBaHb HEOOOB’ I3KOBO aHaJI-
3yBaTH Bech aianazoH Big 0.1 I'm mo 30 xI'm.
3BYKOBI XBUJI TOUYMHAIOTKCS 3 5 ['11, BiOparrito
npakThyHine suMiprosatu 10 50 I'u, y migcy-
MKY L€ 3aJIeXKHUTh BiJ] TUITY BUMIPIOBaHb 1 BCTa-
HOBJICHHSI 1aTUMKIB. J{ai TucKkpeTHe nepeTBo-
penHs Oyp’e s MEBHOTO CUTHALY JA€ HAM
JIMIIE TIEBHE YSBIEHHS MPO CUTHAJ, HOro Xa-
paKkTepHYy MOTYXKHICTh y Jlala30Hi, OCKIIbKH
TMCKpeTHEe TmepeTBopeHHs Dyp’e BHUMIpIO-
€ThCSI JUI 3HAYeHb YaCTOTH, KPATHUX YaCTOTI
muckperu3aiii. ToOTo, KO MepeTBOpeHHS
dyp’e mae HaM aMIUTITYAy 1 a3y s 9acToT
(fo, f1, f25 -, fu-1, fn), TO PI3HHUIIA CYCIHIX Yac-
TOT (f; — fi-1) 3aBk1u onHakoBa. [Ipore y mpu-
POTHOMY CEpPEIOBHIII MPAKTUYHO HIKOJIW HE
3yCTpIYarOThCs YacCTOTH, SIKI TOYHO CITIBMaIa-
I0Th 3 OyJb-SKHM f;, TOMy Ha BHUXiJIHOMY Ipa-
(biKy amMIUIITYy1 4acTOT MA 0a4yuMO HE IMKOBI
3HAUYCHHS YacTOTH, a J3BOHOIIOMIOHI XBHIII
(mmB. puc. 1). [{ns To4HOr0 BUMIPIOBAHHS Ya-
CTOTH CHUTHAJIy MO’KHA BHKOPHCTaTH ApOoOOBE
neperBopeHHss Dyp’e, sike MOKE BU3HAYUTH
aMIUTITY Yy 1 a3y ams Oyab-Koi 4acTOTH. AJie
3 MIpKyBaHb OOYMCIIOBAHOI MOTYKHOCTI II€
Hee(DEeKTHBHO 1 MPAKTUYHO HEMOXKJIUBO 0Oe€3
MOTIePETHBOTO aHaNi3y curHany. Tomy miamia-
Ma30HU B TPETUHY OKTaBu 1) 1o6pe ycepeaHto-
I0Th CUTHAJ; 2) PO3HOCSTh TAPMOHIKH CUTHAITY
y pi3Hi mijmiana3zonu. Jlanxi Ha 6a3i migmiana-
30HIB MOJKJIUBO MPOBOJUTH BTOPHHHY O0OpO-
OKy CUTHAIy.

Puc. 1. JI3BoHOMOAIOHUI CHEKTP CHUT-
HaJly y IOPIBHSIHHI 3 CUTHAJIOM, YacTOTa SIKOTO
CHIBIMA/IA€ 3 OJIHIEIO 3 YACTOT CITKU TMEPETBO-
penns @yp’e.
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Bropunna 00po0ka curmasnay

Jliis BTOpuHHOI 0OpOOKHU CUTHAIY 3 71
TiITlaria30HaMA BUKOPUCTOBYEMO BEKTOP Ce-
PEIHIX 3HAYEeHb aMILTITY AJI KOKHOTO TTiJITi-
anasony a" = (ai, a, ..., a,). a3zosa iHpopma-
i BIOKUOAETBCA, 00 IS HEl HEMOXKIHUBO
3HANTH «cepeaHe» 3HaueHHA. OCKUTbKU CHT-
HaJI IOCTIHHO 3MIHIOETHCS, BECh Yac CIocTepe-
KEHb 332 CUTHAJIOM Ma€ OyTu po30UTUH Ha Te-
BHI XapaKTEpHI 1HTEPBAJIM 3aJE€XKHO BiJl 4yacy
MPOTIKaHHS MPOLIECY, 3a IKUM MU CIlocTepira-
emo. Hanpuknan, y pa3i npuxoBaHOro crocre-
PEXKEHHS 32 PyXOM JI0JIel a00 TeXHIKH Ha J10-
PO31 MOKHA CIOCTEPIraTH 3a CUTHAJIOM 1 po-
OWTH yCEpEeIHEHHs MPOTATOM 1HTEpBaliB 5-7
CeKyH/. Y BUMAJKYy BEIMKHUX IPUMIIICHb 1HTe-
pBai Mmoxe Oytu 15 cexyna. Takum YMHOM CH-
THAJ BiJ CTIOCTEPEKEHB € MOCIiI0BHICTh BEK-
TOpiB { @" }, Ky B’KE MOKHA KJ1acu(iKyBaTH.

Sk Oyn0 3a3HaYeHO BUIIIE, Y HAC HEMAE
anpiopHoi iH(opMaLii Ipo CHEKTp CUTHAIB,
SIK1 CTIOCTEPITalOThCs, TOMYy MH MYCHMO 3pO-
OWUTH MEBHI MPUITYIIEHHS 111010 BUTIISAY Kila-
cudikoBanoro curHamry. Ha puc. 2 npencras-
JleHi NpuKIaau Habopis JaHux { @’} (1BOBHU-
MipHI) y TIOSICHEHHSX JI0 MaKeTy Kiacudikartii
Scikit [5], 3apamu sicHOCTI 3pOOJEHI JHIIe
JBOBUMIPHUMH. Y OUIBIIOCTI BHIAJKIB aHa-
73y pO3MIpHICTh cUTHAITY nepeBuirye 10.

>

O

Puc 2. Pi3ni Tunm HabopiB naHUX AJIs
KnacTepuzaiii (mpukian 3 6i6miorexu SciKit).

3riIHO eKCIepUMEHTAIBHUX JIaHUX, Pi-
3HI 00’€KTH (JIETKOBI aBTiBKH, BaHTaXkHi, Ba-
KKa OpOHETEeXHIKa, MIIOXO0IH, TBAPHHH Cepe-
JTHBOTO PO3Mipy, MPOMHCIOBE OO0JIaTHAHHS,
noOyToBi mpubopu) narwTh (iH(pa)3ByKOBY
KapTUHY MEBHOTO COPTY, SIKa JIOKalli30BaHA B
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MEeBHUX YaCcTOTax, TOOTO HE Ja€ MIyMOMoio-
HUX CUTHAJIIB a00 CHTHAJIB y MIUPOKIA CMYy3i
yacToT. Tak aBTOp crocTepiraB CUrHaj BiJ re-
odoHa, cipuyrMHEeHU pyxoM TaHka T-64 Ha
mBuAKocTi 20 km/roa Ha BijcTaHi y 50 M, 1 11e
OyJia cHHycoOifa OJiHi€] YacTOTH 1 MPAKTUIHO
OJTHAKOBOI aMILTITYH, siIKa Ha rpagikax 3 puc.
2 BUIJSIIATUME SIK KPArKW, CKOHIICHTPOBaHI
MPAKTUYHO B OJHOMY MicIi. Y MiJCYMKY 3a-
3HAYMMO, [0 OTPUMaHI HAOOPH JaHUX BUTJIS-
JTATHUMYTh SIK IPaBUH Y BEPXHBOMY DSy Ta SIK
CepeHil y HIKHbOMY pSIy Ha puc 2, 110 J10-
3BOJISIE€ OIIHUTH, SIKI BJIIACTUBOCTI JITOPUTMY
Kiacudikamii MarOTh 3HAYECHHS IS TOATh-
IIOT0 aHalli3y, a gKi — Hi. 3a3Ha4YuMoO, 110 Yy Tie-
PBUHHOMY CHUTHAJII JIOCUTH OaraTo mymy i Ha-
0ip JaHMX NEepeBaXHO MAa€ CUTHATYPH IIYMIB,
1 TYT MU pO3IJISIIAEMO HaOIp JaHUX, BXKE OUH-
IICHWA B [IyMy, METOJAH «OYUCTKW» BIJ
LIYMY pO3IJIAAI0THCS HUKYE.

OTOX, MU BBaKA€EMO, IO KIJIbKICTh TH-
miB 00’€KTIB, SIKI TEHEPYIOTh 3BYKOB1 XBHIII,
oOMexeHa (aBTIBKH, BAaHTaXKIBKH, TSXKKa Opo-
HETEXHIKa, MIIIOX0I!, BEJIOCUIIECINCTH, MOTO-
LUKJIM, TBAPUHH), TAKOXK MOXYTh OyTH iHIII
noAii (manexi abo 6JM3bKi Pi3Ki 3BYKH), sIKI HA
puc. 2 Maiu 0 BUITIAJ XaOTUYHO pO3TalllOBa-
HUX Kpamok. OcTaHHI MaroTh KiacudikyBa-
TUCSI OKpeMO. 3BiCHO, HelpoMmepexa Moria 0
aKypaTHilie KiracudikyBaTH Moii, ajie He 3aB-
KIW € MOXJIMBICTh 3aIy9UTH KaHall 3B’SI3KY
a00 00YHCITIOBAIIbHI MTOTY>KHOCTI YM KOPEKTHO
PO3pOOUTH HEUPOMEPEXKY IS BCIX MOKITHBHX
BUIIAJIKIB.

Ha puc. 3 nmokazana TtunoBa KapTHHa
3BYKOBHX IIYMIB 3 OJIHOTO 3 BUIIAJKIB PO3TJIsi-
HYTUX Y [6]. SIKII0 MpUAUBIATHCS A0 JiBOI Ya-
CTHHHU PUCYHKY, MU TOOAQUUMO Ha TEMHOMY TJi
OUIbII BEPTUKAJIbHI CBITJII CMYTH, K1 IO3Ha-
Yal0Th BIAHOCHO OUIBLIY CHEKTPajbHY MLIiJIb-
HICTh €HEeprii CUTHAIy Ha MEBHUX YacTOTax, a
BITHOCHO Tepediry vacy (BepTUKaJbHA BICh)
MU 0auynMMo, IO YacTOTHA KapThHa 30epira-
€Tbes y yaci. [lani poOuThbes miACYMOK eHeprii
0 MiJ/iana3oHax, OTPUMY€ETbCS BEKTOp aMIl-
TTYyI a™, SIK OTMCaHO BHUIIE, 1 pe3ysbTat mepe-
naeThes 10 Kinacugikaropa. Buxomsau 3 HasB-
HUX 1 OMUCAaHUX BHILE OOMEXEHb, MU KIIACH-
¢bikyBaTHMEMO 3BYKH 3a JIOTIOMOTOI0 METO/IIB
KJlacTepu3allii, a TakoX OMHUIIEMO 0COOIMBO-
CTl IIUX METOJIB 1 Jaji HaBEAEMO IMPHUKIAIN
KJ1acTepH3aLii.
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Puc 3. [Ipuxiag KapTUHH IIyMiB Y BU-
MaJKy JEKUTBKOX TPYII JIFOJIEH, SKi OJTHOYACHO
PO3MOBIISIOTH (TOPU30HTAIBHA BiCh — YaCTOTA,
BEpTUKAJIbHA — Yac).

Metoau kiaacudikanii
3a IOMOMOI 010 KJIacTepu3amii

st momanbmX eKCIepuMeHTIB OyIio
BUPIIIICHO BUKOPUCTOBYBATH HASIBHY JITOPHUT-
MiuHy 0a3y 6i0moreku Scikit[5], sxa Ha naHuit
MOMEHT Ma€ HaHOUIbIINI arOPUTMIYHUN J0-
poOOK MeTOIB Kitacudikarii.

OnHUM 13 HAUIMEePpITUX 1 HAUTTPOCTIIINX
€ meroa K-means [7], skuii po3mOIiisie TOUKH
Ha0Opy JaHMX Ha BH3HAYCHY KUIBKICTH Kiac-
TepiB. Aye y OULIBIIOCTI BHUIAKIB METOH €
IyXe MPOCTUM, Ma€ MiHIMAIIbHY IapaMeTpu-
3ali0, TOMY JOCHUTb IIBUAKO OyITH po3po0iieHi
MOKpaIlieHi MeToau Kiactepusaii. Po3ris-
HEMO CIIOYaTKy MOJKJIMBOCTI MapameTpHu3arlii
TaKUX METOJIB.

KinbkicTs kiacrepiB. Y Haimomy Bu-
MaJgKy JOCHTh 4acTO BHSBISETHCS, L0 MU HE
3HAEMO KUJIBKICTh KJIACTEPIB, TOOTO KUIBKICThH
TUMIB 00’ €KTIB, 1110 Oy1yTh pO3pi3HEHI B HA0OP1
naaux. KUTbKicTh KlacTepiB 3a1a€Thest 200 Tie-
BHUM YHCIIOM, IO Ma€ HACHiAOK MOAAIBIIO]
KJjacrepusaiii 00’€KTiB Ha OUIbIIY KUTBKICTh
THIIB, a00 aBTOMaTHYHO. ABTOMAaTH4YHA KJac-
Tepu3allisi BUMarae OUTBIIY OOYHCIIOBATIBHY
MOTY)KHICTb, OCKUIBKH IY)X€ 4acTO alrOpUTM
BHOY/IOBYE HABKOJIO HAOOpy JaHHUX IOTYKHI
JOTIOMIXKH1 CTPYKTYypu JaHuX. KijgbKicTh Kiac-
TEpiB MOXKE 3ajaBaTHcs HesiBHO. Hampukia,
MiHIMaJIbHA OUCTAHINS MDK TOYKAMH OJHOTO
KJacTepy (HaWmpoCTimie), MiHIMalbHA Kilb-
KICTh TOYOK Yy KJIacTepi, a00 MiHIMAJIBHO BiJTHO-

CHA IIIBHICTh JAHUX Y KJIACTEPi BITHOCHO 3a-
raJIbHOT IUTBHOCTI TaHuX. OKpeMo MOKe 3a/1a-
BaTUCSI METPUKa aHOMAJil, «3aliBUX» TOYOK,
K1 HE MOTPAIUISIOTh Yy KIJIACTepH, a BBaXka-
I0ThCS 200 32 BU3HAUCHHSIM HEYaCTUMH aHOMa-
JisiMu, a00 MOXUOKaMU BUMIpIB.

MacmiradoBanictb. OCHOBHUMH 11
napaMeTpamH € KUIbKICTh TOYOK y Habopi Ja-
HUX Ta KUIbKICTH KiactepiB. lle BrunBae Ha
IBUAKOMIII0 aIrOPUTMYy Ta 0OOCAT mam’sTi i
MOXe OyTH (HaKTOpOM, KU JIIMITY€E BUKOPH-
CTaHHS METOY.

TunoBe BUKOPUCTaHHS. € KIacTepu-
3allisl 3araJIbHOTO MPU3HAYEHHS, € KJIacTepH3a-
1ii JUIs1 HeBENMKOI (AecaToK) abo BeIuKoi (co-
THI1) KIJTBKOCTI KJacTepiB. BUpi3HAIOTHCS Me-
TOJIH, SIKI Kpallle MpalioTh Y BUMAAKY Oara-
TOBUMIPHHUX JITaHUX, OCKUIbKH BHUKOPHCTOBY-
I0Th CTPYKTYpHU JaHUX JUIsS aKceseparii Joc-
TYIly O MacuBy TOYOK, sik-0T KD-zaepeB [8].
MosxnuBi 0OMEKESHHSI Ha 3B’ SI3KU MiXK KJIacTe-
paMu, pi3Hi YMOBH ]ISl BUBHAUCHHS aHOMaJIiH,
BBEJICHHS l€papxii KimacTepis (10 MOXKIMBO 32
BuKopucTanHs TuX ke KD-mepeB [8]), 3a-
JaHHS Pi3HOI IMITBHOCTI KJIACTepiB, IHIYKTHU-
BHE (hOpMyBaHHS KJIacTepiB.

MeTpuka BHU3HAYeHHSI KJIACTEPiB.
3BHUaiiHa €BKJIiJI0BA BiJICTaHb MK TOYKAMH,
BUKOPHUCTaHHA rpadiB CyCijiB, JiMITOBaHA CY-
cijamMu METpUKa BiJICTaHI MK TOYKaMH, BiJiC-
TaHb THIY MaxasnaHooOic.

[lepen Tum, SK mepeTH 10 HAWOUIBII
[IKaBUX METOAIB, MiJCYyMy€eMO i 3poduMo 3a-
YBKEHHSI III0JI0 TTapameTpu3anii. 3BicHO, Me-
TOJIIB MEHIIIE, HIXK yCiX KOMOiHamiii mapamer-
piB KJIacTepu3allii, OCKUJIbKM BUHUKHEHHS HO-
BUX METOJIB CTHMYIIIOBAJIOCS HEOOXITHICTIO
ONTHUMI3yBaTU HAasBHI METOAM IJISl BEIHKHUX
Ha0opiB naHuX. Benuki o0cary n1aHux BUMara-
I0Th IIBUAKOI 1HAEKcAIlil HasBHUX JaHUX,
TOMY M€BHI METOAM BUHUKIIU SIK pe3yJbTaT 1H-
Terpaiii mpocTUX METOJIB KiacTepu3alii Ta
MPOrPaMHUX CTPYKTYP, IO € aKCeJIepaTopaMu
JIOCTYIly 10 JaHuX, Takux sk, KD-nepeso [§].
OcTaHHe BHpILIy€ BaXJIMBY 33Jady MOLIYKY
CYCiIiB TOUKH y 0araToOBUMIPHOMY IIPOCTOPI 3
JOoTapu(PMIYHOIO CKIIATHICTIO, a 0€3 HasIBHOCTI
KD-zmepeBa momryk cyciiiB cTae Qyke I0po-
THM 32 PecypcaMu 3aBJaHHSM. Y MiJICYMKYy —
111 BUOOPY €(PEeKTUBHOIO aIrOPUTMY KjlacTte-
pu3arlii HeoOX1JHO MaTH anpiopHy iHDOpMa-
10 MI0/I0 BXIAHKUX AaHuX. J[Jis 3ByKOBOTO -
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ara3oHy BUCTAuYa€ THXKHS 3aMUCy JaHUX 1 MO-
JTAJTBIIOTO BI3yaJIbHOTO aHai3y.

OkpeMo 3a3Ha4YMMO, IO TIEBHA KiJlb-
KICTh QITOPUTMIB Ma€ IMIUIEMEHTALli JIUIIE B
pamkax 610morek mMoBoro Python, mo moxe
BUKJIMKATH TOTIPUICHHs MBUAKOAIT Bix 3 110
10 paziB. € iMIuieMeHTalii 6araTboX aJropuT-
MIB BiJl MPHUBATHHUX OCi0, ajie, 3Ba)Karo4W Ha
CKJIQJIHICTh BHYTPILIHIX CTPYKTYp AAHUX, HE
MOJKHa CTBEP/KYBaTH, IO TakKi alrOPUTMH
BiaTecToBaHi. Ile Hakmamae oOMexeHHS Ha 00-
CSITU JTAaHUX, SIK1 MOXKYTh OyTH 00po0JieHi B pe-
aJIbHOMY 4acl. 3yNMMHUMOCS Ha JIEKUIbKOX all-
TOpUTMaXx.

Haii6insm npoctum anropurmom € K-
means [7]. OCKiTbKH ICTOPUYHO BiH OyB PO3-
poOIeHMit paHilie 3a iHIUX, BIH € HAUTPOCTI-
IIUM 1 Ma€ HaiiOuIbIe HeqoaikiB. OCHOBHUM
MPAKTUYHUM HEJIOJIIKOM € Te, III0 HEMOKIIHBO
BiJIpa3zy 3a anmpiopHUMH JAaHUMH BCTAHOBUTHU
HEOOXiHY KIJIBKICTh KJIacTepiB. Y BUMAJKY,
KOJIM KIJTBKOCTI KJIACTEPiB 3amaio, JeKiIbKa
TUIMIB 00’ €KTiB MOXXYTh OYTH BiJIHECEHI /10 OJ1-
HOTO KJIacTepy — TOOTO MU 1X HE 3MOXKEMO BiJI-
PI3HUTH. A SKIIO KJIacTepiB 3abarato, 00’ €KTH
OJIHOTO THUIY OYIyTh BIIHECEHI 10 PI3HUX KJIa-
CTepiB, IO CIIOTBOpIOE aHaui3. lle mokazaHo
Ha puc. 7. MoxHa mpoaHani3yBaTH BiJICTaHb
MK OTPUMaHUMH KJIacT€paMu i, SKIIO Bijc-
TaHb MK T€OMETPUYHUMH LEHTPAMHU JESKUX
KJIACTEPiB MEHIIIA 32 CEPeTHE 3HAYCHHSI, — 3Me-
HITUTU KUTBKICTh KJIACTEPIB 1 Mepe3amyCcTUTH
KJIacTepu3amio. Aje Takuili METOJ[ TMOTaHO
Mpalioe y 3BOPOTHHOMY HAIpPSIMKY — KOJH
KJIACTEepiB 3aMajo. YCKJIaHEeHA i eBPUCTHKA,
sKa J03BOJISIE 3pO3YMITH, UM TO JTIHCHO Mama
reoOMeTpUYHA BiJCTaHh MK KJIacaMH, 49U TO
Taka ocoOyuBicTh Habopy naHux. L{i obme-
YKEHHSI IPUBEJH IO PO3POOKH OLIbII JOCKOHA-
nux MertoniB. Hampukiazn, mean-shift [9], ge
napameTpu3yBajacsi HeoOXiJHa MILIBHICTD
KJIACTepiB Ta MiHIMAIbHUN 00’€M TPOCTOPY
st popMyBaHHs kiactepy. Kiacrepuzariis
YTOYHIOETHCSI ITEPATUBHO, BOJHOYAC 3MiHIO-
€THCSI TCOMETPUYHHIA IEHTP KJIacTepy, TOMY
el MeToJ| YCKIAIHeHUH Ui mapanenu3amii
Ha BigMmiHy Big K-means. Bsaram «mokpa-
IIeH1» METOAM BiIPI3HAIOTHCS MiIBUIICHUM
CIIOKMBAHHSM TaM’sITi Ta OOYUCITIOBAILHUX
pecypcis.

[TokpamuT KiIacTepusallilo Hamara-
JIUCS 32 JOTIOMOTOI0 BBEJIEHHS iepapXii Kiac-
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TepiB [10], mo Moxe OyTH KOPUCHHUM, SIKIIO
MH 3HAEMO, IO Hallp JaHWUX Ma€ i€epapxidyHi
BJIACTHBOCTI — TOOTO pi3HI TUIIH 00’ €KTIB MO-
KYTh T€HEpyBaTU JIy>)K€ CXOX1 CIIEKTpH, aje
1Ie MpAIIOe JIUIIE Yy HE3HAYHI KiNbKOCTI BU-
MaJKiB.

Mo>xHa CKa3aTu, 110 METO
DBSCAN [11] mae peBotroIIiiiHi BiIMIHHOCTI
Bix [7],[9],[10] oOCKimbKH OpIEHTYETHCS Ha
LIUTBHICTh TOYOK HAOOPY TaHUX Y T€OMETPHY-
HOMY IIPOCTOPI 1 KJIaCTePU3YE JIaHi 3a MPUHIIH-
MIOM 3HAaXO/DKEHHS 00J1acTeil mpocTopy 3 Haid-
OUIBIIOI0 LIUJIBHICTIO JaHUX. 100TO BHMAarae
00 11 eIeMEeHTa TaHUX Ha TIEBHIN TUCTaHIIIT
€ BiJl HbOTO OyJIO HE MEHIIE Syin TOUOK TAaHUX
(samples). Take BU3HAYCHHS JO3BOJSE MATU
KJIacTepH pi3HO1 (hOpMH, HE 000B’SI3KOBO OITY-
KJIi. SIKIII0 TeBHI TOYKHU HAOOpy JaHMX 3TiIHO
3 OOMEXEHHSMH Spin 1 € HE MOXKYTh OYTH CITiB-
CTaBJICHI JI0 TIEBHOTO KJacTepy, TO BOHHU BBa-
xaroTecsl outliers abo HazuBaTMMEMO iX aHO-
MalisiMU. 3a3BUYail aHOMaJlii po3TallloBaHI B
00JIaCTAX MPOCTOPY, /1€ HEMAE BEIUKOI IIiTh-
HOCTI JaHMX 1 3 (I3UYHOT TOUYKHU 30y, — OCKi-
JBKU MU PO3TJISIAEMO CUTHAIU — 3BUYAHHO €
nepemkogamu. Ha puc. 4 — 1o B3sTHid 13 KO-
MeHTapiB A0 SciKit — anoMarii 300pakeHo He-
BEJIMKMMH YOPHUMH KOJIAMH, IXHIH aJrOpUTM
HE 3MIr' JOJYYUTHUCS HE 0 KOJHOTO 3 TPbOX
KJIACTEPIB.

Estimated number of clusters: 3

Puc. 4. Ilpuknan knacrepusariii 3 aHoMaTisIMu

KinpkicTe aHOMaiii peryiroeTbesl BU-
IIEBKa3aHUMH TIapaMETPaAMU Spmin 1 €, 1 KiJb-
KiCTh aHOMaJTiii MOXKe OyTH peryjbOBaHa BiJ
1% no 5% Big 3aranbHOrO 00CATY NaHux. Taka
napamMeTpu3allisi BaXJIMBA y BHIIAJKaX, KOJH
MU Hamaraemocsi kiacugikyBaTH aHoOMalii, i
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noJlasiblia Kiaacuikaiis 3a1exuTh BiJ] IPaBU-
JTHHOTO BU3HAYEHHS aHOMAJTii.

I3 HeOMIKIB aNrOPUTMY BIAMITUMO J10-
CHThH BEJIMKHI 00CsaT HeoOxiaHol mam’gTi. Po3-
BuBae igei DBSCAN anroputm OPTICS [12],
KU TO3BOJISIE MATH KIACTEPH 3 PI3HUMH &, 1
J0JIa€ TIOHSATTS JOCSDKHOCTI, M0 (HaKTUIHO Y
nopiBasiHHI 3 DBSCAN no3Bonsie 6patu s
KJIAaCTEpiB HE OJHE 3HAYCHHS &, a TN 1HTEep-
BaJl 3HAYEHb [Emin,emax]. Ha gomauy OPTICS
ONTHMI30BAaHUN 111010 OOCITY BHKOPUCTAHOI
mam’ATi.

OcTtaHHIM 13 IIIKaBUX aJITOPUTMIB PO3-
risitnemo BIRCH [13], sikuit Mmoke onepyBatu
JTaHUMH, [0 HE BMIIYIOThCS B am’ati. Kiac-
Tepu3arlis 3A1HMCHIOETECS HAa OCHOBI CyO-KJiac-
TEPiB, A0 IKUX HAMAralOThCS BIJIHECTH BCi 3Ha-
YeHHs1 HabOpy JTaHMX, a Aajll BXKe KOMOIHYBaTH
Cy-KIIacTepu UIsl AOCATHEHHS HEeOoOXiTHOI Ki-
JILKOCTI KJIacTEPIB.

Meromu [7],[8],[9],[10],[11],[12],[13]
Oymu po3po0JIeHI TSl TIEBHUX 33]1a4, JUIsl TIeB-
HUX OOMEXKEHb (cepen AKuX 1 00csr mam’sTi, 1
MIBUAKO/ISA) 1 JUIsl TIEBHUX alpiopHUX 3HAHb
Mpo BXiJHI JaHi. 3a3HaYUMO, IO Cepel yciX
METOJIIB KJIaCTepHu3allii HEMOXJIMBO BHUPI3-
HUTHU HaWKpaIi 1 HAWTipI, OCKIJILKK BCl BOHH
OpIE€HTOBAHI Ha TIEBHI JIaHi.

SIKm1o aHai3yBaTH Hallli anpiopHi 1aHi
— 3BYKOBHI1 200 €JIeKTPOMAarHiTHUNA CIIEKTp, TO
HAHOUTBIN I[IKABUM KaHMIaTOM BUTJISIAE all-
roput™ OPTICS [12], sxuii Mu nani BUKOPHC-
TAEMO JUIS KJIaCTEepH3allii.

30ip nanux

HaitnpocTtimum BapianToMm 300py Ja-
HUX € 3BHYaitHuil MikpodoH 1 3Buvaiinuii (ogi-
cHUil) koM totep. Llporo obnagHaHHs BUCTa-
Yae Ui 3alKcy 3BYKOBUX CHUTHAJIB y Jiara-
30H1 200" — 10k 11, Takox HEOOX1AHMIA 3BYKO-
BHI pEIaKTOp JUIS 3amucy 3ByKy. Jlemo Oinb-
I [1lana3oH 4acToT Oy/e 32 yMOBU BUKOPH-
cTaHHs HamiBrpodeciiHux abo CKepoBaHUX
MikpodOHIB 1 IiicuoBaya. Y BHUIAJIKY BiOpa-
IHHUX XBHJIb MOXKHA BUKOPHUCTATH T€O(OHH
(geophone), siki mponarTbCs y MapKeTILICH-
cax enekTpoHiku. HeoOxigHum Oy e Takox Imi-
JCUIIIOBaY  €JIEKTPUYHOTO CHUTHANY, SIKHA
MOK€ BHJIATH CUTHAJI Ha JIIHIMHUHN BX1]1 3BYKO-
BOI KapTH.

Jnst miarotoBku HAOOPY AAHMX IS TIO-
nanpinoi 00poOKH 13 3po0JIEHNX 3aMKCiB 3BY-
KOBOTO JIiala30Hy MOXHAa BHKOPUCTATH
Matlab a6o Python, ockinbku 1i cepenoBula
IporpamMyBaHHs MalOTh HaiOaraTmii 06i6iio-
TeKH 00poOku curHamiB. CUTHAI AUIMTHCS HA
OJIHaKoBi iHTepBanu (Hampuknag 10 cekyHn),
JOB’KMHA 1HTEpPBAIy MOXE 3MIHIOBAaTHCS BiJ-
HOCHO THUITy 00’€KTy criocTepexenHs. Jls -
JSTHOK J1opir Moxke Oyt 10 ¢, AJis mpuMiIIeHb
abo cknaniB — 15-20 c. OtpumMaHi iHTEpBaIH
CUTHAITY OOpOOJISIOTHCS 3 JOTIOMOTOFO IIIBH/I-
koro neperBopenHst ®yp’e (FFT), BonHOuac
HaM JIOCTaTHbO aMILTITyIHO-4aCTOTHOI Xapak-
tepuctuku (AUX). Jam orpumana AUX po3-
JUISETHCS Ha TTIala30HU, Y KOXKHOMY TTiTi-
ama3oHl aMIUTITYId YCEPEIHIOITHCS 10 Of-
HOTO 3HAYCHHs aMILNTyau. JIJis KOKHOTO 1H-
TepBaJy OTPUMAEMO BEKTOp aMIutiTy a" = (ai,
a, ..., an), AKUH OyJe eIeMeHTOM Habopy Ja-
Hux. s inrepBany y 10 cekyHa moaoou ma-
tuMeMo 8640 BEKTOPIB, 1 1€ YKCIIO BITUBAE HA
BUOIp MeToza kiactepusanii. s anamizy go-
0OBHX JaHUX Oa)kKaHO MaTH HaOOPH JaHUX, IO
MEePEeKPUBAIOTHCS Y yaci. Y HaWmpocTimoMmy
BUITAJIKy MOKHa IpoOutn n1000BUiA HaOip aa-
HUX HA MHOXUHHA AP A, APp, ne D — YMOBHHI
HOMep 100H, a A 1 P mo3navae nepiry i apyry
moJIOBMHU 1o6u. Jlami uist kiactepusarii Mo-
xHa (opmysartun Habopu (44, APp), (APp,
AD+1A), (AD+1A, AD+1P), (AD+1P, AD+2A),... %
pasi HassBHOCTI OOYMCITIOBAIBHUX IMOTYXKHOC-
Tel Ta maMm’sATi MokHa (opmyBaTu Habopu
(AD, AD+1)’ (AD+I’ AD+2), (AD+2, AD+3), ... abo
HaBiTh JoBII Habopu. [ani nepeinemo 10 10-
CITIIB 13 KJIacTepu3aliii.

PesyabTaTn kiaacrepusamii

s nocmiziB 13 kiactepusaiii OyB 00-
panuii meronx OPTICS [12], 3rizHO 3 po3mipko-
BYBaHHSAMHU 1 OOYMCIICHHAMHU OOCATIB HAOOpY
JTAHUX, SIK1 TIOJIaH1 Y CTaTTi BUIE. BukopucTo-
ByBasiacsi 6ibmioreka Scikit [5] ans iMriemen-
tarii meroxy OPTICS, noBxuHa BeKTOpiB Ha-
6opy Oyna Bix 10 mo 20. Huxue ans inroctpa-
TUBHUX BUIIAQJIKIB BUKOPHCTaHA JIOBKWHA BEK-
Topy B 10, OCKiJIbKY OiIbIla JOBKHHA BEKTOPY
JIMIIE 3aXapanlye UTIoCTpaTUBHI MpukiIamu. I 'o-
pPHU30OHTANbHA BICh TMOKa3y€ CEPEIHIO0 YacTOTYy
MiJ/Iiama3ony, BEpTUKAIbHA BICh TTOKA3y€E BiJI-
HOCHY TMOTYXHICTh CHUTHAITy. AOCOIIOTHE 3Ha-
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YeHHs MOTYXXHOCTI CUTHAJIy HE Ma€ >KOJHOTO
3HAYEHHS ISl METOIIB Kiactepu3aiii. Ha puc.
5 mokaszaHuil pe3yibTaT KiacTepu3arii Ui oJl-
HOTO 3 BIOpariiiHux HabOpiB NaHUX.

1E4
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1E-5

e /

1E-7 <
1E-8

1E-9

1E-10

—0 1 2

Puc. 5. Ilpuxiiag KOpeKTHOI Ki1acTepu3alii Ha
Tpu kiacrepu (OPTICS).

Ha puc. 5 Mu 6a4nmo 1110 aropuT™ BH-
3HauuB 3 kmactepu. Y mepiiomy kimacrepi (0)
MK TOTY>KHOCTI 3apeecTpOBaHMN Ha YacTOTI
20T i mocuth wiaBHO mamae mo 50 I'm. Ik
npyroro knactepy (1) mpunanae va 16 'y i mBu-
ko cnanae micna 25 I'm. Tperiit knactep (2)
MPEICTaBIECHUI BUCOKOYACTOTHUM ITyMOM. OK-
PEMO 3a3HAYMMO, 1 I1€ BXJIMBO, 1110 HA YACTOTHY
KapTHHY HaKJIaIalOThCS OCOOJMBOCTI MIKpO-
¢oHa abo moBepxHi, Ha sIKii cTOITh reooH, y pi-
3HUX BUII4JIKaX BHMIPIOBAaHb KOHKPETHI 3Ha-
YeHHS TOTY>KHOCTI MOXYTh BIIPI3HATHCS, ayie
SIKICHa KapTHHA CITiBBITHOIIEHHSI TIOTY>KHOCTEH
CUTHAITy y KJIacTepax 3aJUIIA€ThCsl HE3MIHHOIO.
Ha nactynmHomy pucyHky 6 mokazaHui 11e O1H
npuKian podotu anropurMmy. Ilepmmii kmacrep
(0) Mae miK Ha HU3BKHMX YacCTOTaX 1 MOCTYIIOBO
criajiae B 00J1aCcTi BUCOKUX YacCTOT, IPYTHid Kila-
crep (1) mae ik B obmacti 40 I't, TpeTiit kmac-
Tep (2) mae nik B obnacti 16 I'm.
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Puc. 6. [Hmmit npukiaag KOPEKTHOI KIACTEPH-
3awii A7 TPHOX KJIACTEPiB.
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Ha puc. 7 nmokasanuii oIMH 3 NEPLIUX
JIOCITIJIIB pOOOTH 3 MPOCTIIIUMH AJITOPUTMAMHU
Ha 6a31 K-means. Ha pucynky nokasanuii npu-
KJIaJl HEKOPEKTHOI KJIacTepu3aIlii.
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— () ] —  —

Puc. 7. Ilpuknan HEKOPEKTHOI KiacTepu3aii
mij yac BUKopuctanus metony K-means.

Mertony kiacrepusariii, IKUid Opi€eHTO-
BaHUU Ha Hamepel 3a/JaHe YHCIO KIIacTepiB,
OyJo 3amaHo TepeOUTbIIeHy KUTBKICTh Kilac-
TepiB — 4. PeanbHa KiJIBKICTh KJIacTepiB (BU-
3Ha4eHa a posteriori) — 2. TakuM 4YMHOM aJj-
TOPUTM IITYYHO «PO3TSITHYB» OJMH 13 Kjac-
TEpiB, y SKOr0 BiJIHOCHO OuIbIIA KITBKICTH
eneMeHTiB, Ha Tpu kiactepu (0,2,3). ¥V pasi,
KOJIM Ha IIbOMY XK Ha0Opi JaHUX alIrOPUTMOBI
IPOIOHYETHCS PO3MOIUIMTH J1aHi Ha J1Ba KJia-
CTepH, JMIIAIOTHCS KIACTEPH, HANPHUKIAI,
Timpku 11 3.

I3 mpakTH4YHOTO OOKY MaEMO I AeKi-
JbKa CIOCTEPEKEHb MIO0 MiATOTOBKU JaHUX
1o kiacrepusarii. [To-nepie, He 060B’13K0BO
MaTH jJiana3oHu B 1/3 okTaBu, Kiactepuzarlis
no0pe Tpalloe 1y BUMAIKY Y2 OKTaBHU. bilb-
IIICTh XapaKTEPHUX LIYMiB BiJ] 00 €KTIB € CH-
HYCOIaJbHUMH CHTHAJIaMH He0aratboxX 4vac-
TOT, BiA 3 10 5, TOMy Jaiana3oH B 1/3 okTaBu
MOJKHA BBQ)KaTH ONTHUMaJbHUM. Bakka Tex-
HiKa MOXE JaBaTH CHHYCOIly JIMHE OJHi€l ya-
CTOTH, MOKJINBO TOMY, 1110 CHJIbH1 B1OpaIIii mi-
JIBICKM €KpaHYIOTb 1HIII YaCTOTH.

Maninynsuii 3 BUAUICHHS Miaaianaso-
HIB «HU3BKOD», «CEPEIHbOI» Ta «BUCOKOD» Ya-
CTOTH IUISXOM MPOCTOTO MIICHHS MiiIiana3o-
HIB Ha TPU IPYyNH, HOTIM - 3 KJacTepizauisiMu
y TaKUX MIATpyMax, He Jal0Th HaM TepeBar mne-
pen mpsSMAM BUKOPUCTAHHSM KJlacTepH3allii.
Taxuif BUCHOBOK MO>KHA 3pOOHTH K MIHIMyM
3 THX 3acajl, M0 JOBOJII BaXKO MOSCHUTH (i-
3UYHUN CMHCIT TAKOTO BHOODY.
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Anroputmu DBSCAN [11] Ta OP-
TICS [12], 1 He NHIIIe BOHU, AAIOTh HAM TaKOXK
€JIIEMEHTH Ha0opy NaHWX, MO3HA4YeHi K «0e3
KJIacTepy», abo aHoMalii. 3a3BuU4ail 11e TOUKH
HaOOPy IaHUX, sIKi 3HAXOATHCS JAJIEKO BiJ re-
OMETPHYHOTO IIEHTPY KIIaCTepy, MaKCUMaJTbHA
BiJICTaHb 3aJICKUTH BiJl OMMCAHUX BUIIE Mapa-
METpPiB AITOPUTMIB. 3BaXKaOUM Ha (PI3MUHUN
CeHC HAOOPYy JTaHUX, aHOMAJIi1 3 OLIBIIIMMU aM-
IUTITYJaMH Ha BUCOKUX 9aCTOTaX MOXKYTh 3 Be-
JIMKOIO BIPOT1IHICTIO BBAXKAaTUCS HIIYMOM, a
aHOMaJIli Ha HU3bKUX YacTOTaX MOXYTb OyTH
JOJJATKOBO PO3TIISHYTI MO0 TXHIX JHKEpeT.

KackanoBani kiacrepusanii

Jnst ananmizy HaOOpiB JaHUX HEOOXiTHA
iXHsl MMpaBWJIbHA MIATOTOBKA, OCKIIBKH, 3alie-
YKHO BiJ1 (P13MYHUX OCOOJTUBOCTEN cepeOBHIIA
(BiOpauii moporu i BiOpamii exa aye pizHi),
HEOOXITHO IIEBHMM YWHOM BHUIUIATH I[IKaBl
HaMm Habopu naHux,. CydacHi anropuTMH Kiia-
cTepu3ailii, ki MOKHa 3HAUTH y [ 5], mpomnoHy-
I0Th SIK KJIacTepHU3allito, TaK i BUALICHHS aHO-
Mamii. [ my>xe gacto 1ikaBi JJIs aHAJi3y CHUT-
Hayi Ha (poH1 mepBUHHOTO HAOOPY JaHUX BU-
IIAJAI0Th aHOMaTisiMU. ToMy Ba)KJIMBE BU3HA-
YeHHsI KacKaJyBaHHs KJacTepu3alliid, HarpH-
KJIaJl, Ha TEepUIOMY eTalll BUJIIJICHHS 3MIiCTOB-
HUX aHOMAJIiii, a Ha IPYroMy eTari iXHs Kiac-
tepusaiis. Ha TpeTboMy eTami TakoX MOXK-
TUBa KJIACTEpU3aIlisl aHOMATiH, 10 3aIIn-
JIUCS TTiCTIsA Mmepioi knacrtepu3ariii. KonkpeTtHe
KacKaJlyBaHHSI Jy)K€ CWJIBHO 3aJIe)KHTh BIiJI
00’€KTa, aHaji3 SIKOT0 MU MTPOBOJIUMO, 1 KOHK-
peTHI MOrnubJIeHi CXeMH KacKaayBaHHS IO-
BHHHI PO3TJIAIATHCS BUKITIOYHO ISl CBOET Mpe-
JIMETHOI 00J1acTi.

BucHoBKH

VY craTTi pO3MIISIHYTO MOXKIMBOCTI,
HaWOUIBII IIKaBi1 aJITOPUTMU KJacTepu3allii 1
MPUKJIAIU poOOTH 3 HAOOPOM JAHMX ISl aHA-
T3y 4YaCTOTHOI XapaKTEPUCTUKH CHUTHAIIIB
3BYKOBOTO Jlialla30Hy. 30KpeMa, PO3TIISHYTO
<CKUB1» TIPUKIAOU aHANI3y CUTHAIIB BUOpa-
HAMH METOJAaMH KJacTepu3arii Jis 3BYKO-
BOro 1 BiOpaIiiHOTro Jiarma3oHiB 3 MOSICHEH-
HSIM pe3yJbTaTiB. Y CydacHOMY CBITi pe3yJib-
TaTH TaKUX aHalli31B BUKOPUCTOBYIOTHCS AJIA
CIIOCTEPEKEHHS 3a KOPUCTYBaHHSIM 00’ €KTa-
MU 1 JJ1g aHani3zy o0’ €KTiB IJIsl TPOBAKEHHS

MEBHUX BHJIIB TPOMHUCIOBOI AISIBHOCTI, TS
SAKUX HEOOXIJTHO PEeryJloBaTH PEXXUMH LIyMY
1 BiOpamii.
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ABTOMATU3ALIA ITIMBOKOI'O HABYAHHS HA ITPUKJIAL
YTOUYHEHHSA YN CEJBHUX METEOPOJIOI'TYHUX ITPOI'HO3IB

3po0IteHO KOPOTKHIA OTIISA 3aCTOCYBaHHS “TIIMOOKOTO HABYaHHS ~ IO HAYKOBO-TEXHIYHUX 3a1a4. [lepeBipeHo Mo-
JKJIABICTH 3aCTOCYBAaHHS HEHPOEBOMIOIIIMHOTO MiIX0Y IO MPOEKTYBAHHS MOJIENEH “TITHOOKOTO HABYaHHS, TIPH-
3HAUCHUX IS TIOCTIIPOLIECHHTY PE3YJIbTaTiB METEOPOIOTIIHOTO MPOTHO3YBaHHA (Ha MPUKIIAAL IPU3EMHOI TeM-
HeparypH), OTPIMaHOTO 3a JIOTIOMOTOI0 YHCEIbHUX TiIpOJMHAMIYHUX MeToxiB. [Ioka3aHo, 10 B IOJIOBHHI BU-
MaJKiB 1 3HAYCHHSA CTAHAApPTHOTO cepenHboro-kBagpaTmyHoro BiaxwieHHsS (RMSE), 1 BigcoTka mokparieHux
MIPOTHO3IB U1 HEHPOEBOIMIOWIHHOTO MIAXOAY € KPalliMH (a4 B OKPEMHX BUIIAJIKaX Ha0araTo KpaimiMu) 3a Bij-

TIOBITHI 3HAYEHHS JIIA MigiOpaHol BpyUHY apXiTeKTypH.

KitrouoBi citoBa: “TmiOOKe HABYaHHS’, aBTOMATH3AIlisl MPOEKTYBAHHS HEWpOMepek, HEHpOCBOMIOLIs, METEOPO-

JIOT1YHE MMPOTHO3YBAaHH:.

Beryn

Benuka KibKiCTh JAaHMX, 1110 CTaja JI0-
CTYIHOIO MPOTATOM OCTaHHBOTO AECATUIITTS,
CIOPUYHMHIIIA PEBOJIIOIIO B JTOCTIAHUIBKHUX 1
OINEpPAaTUBHUX CXEMaxX I'€OHayKoBOI 0OpOOKH,
YMOKJIMBUBIII BUKOPUCTAHHS “‘TIIMOOKOTO Ha-
BYaHHS ISl 3a/a4, MO0 CTOCYIOTHCS aTMOC-
¢bepu, noBepxHi cymri Ta okeany. OkpiMm 301J1b-
IIEHHS1 JOCTYNHOCTI JaHUX CIIOCTEpPEXEHb,
LbOMY IIPOLIECY CIPUSIIO, TOMIXK 1HIIIOTO, Mi/-
BUIIIEHHS IBUIKOCTI iXHBOI Iepeayi, 1o Bxe
NepeBuIlye COTHI TepabalT Ha neHb [1]. Lli
JaHl HaIXoIATh BiJ Oe3Jndul JaTdMKiB, 30K-
pemMa, BOHHM BKIIIOYAIOTh JaHi AMCTAHIIIHHOTO
30HAYBaHHS Ha BHCOTI BiJl KIJTBKOX METPIB JI0
COTEHb KIJIOMETPIB HaJl 3eMJICIO, a TAKOX CIIO-
CTepeXKEeHHsI Ha Micli (Ha TOBEpXHI Ta MiA
HEI0) 3a JJOMTIOMOT'010 aBTOHOMHUX JaTYHKIB.

Bukopucranus “mmmOOKOro HaBYaHHS
JUTsL O3B’ I3aHHS ITPOOJIEM, 1110 TOCTAIOTh MEpe
TeOHAyKOI0, 3HAXOIAUTHCSA W€ B 3apPOIKOBOMY
CTaHi (Ha BIIMIHY BiJI TOMITHHUX yCITIXIiB Y MOJIE-
JIFOBaHHI BIOPSKOBAHUX MOCTIIOBHOCTEH 1 J1a-
HHUX 13 TPOCTOPOBUM KOHTEKCTOM Yy cepax
KOMIT FOTEPHOTO 30pYy, CHCTEM pO3MI3HABAHHS
MOBH Ta KEPYBaHHA [2], a TAKOXK y TaKUX HAYKO-
BUX Tramy3sx sk (izuka [3], Ximis [4] Ta Oiomorist
[5]). Xoua, SK MOKa3yrOTh JOCIIIKEHHS, HOTO
3aCTOCYBaHHS B T€OHAylll € IEpPCIEeKTUBHUM,
0co0MNMBO B 3aj1a4ax kinacudikariii, perpecii, Bu-
SIBJICHHSI aHOMAJIi Ta MPOTHO3YBaHHS 3aJIEXK-
HOTO BiJ] pocTopy abo yacy crany. Jlo mpuk-
Ty, B AOCHIIKEHHSX [6,7] IEMOHCTPY€EThCS 3a-
CTOCYBaHHS “‘IIMOOKOTO HaBYaHHS IO TIPO-

©A.10. Jopomenko, P.B.Kymripenko, 2024

ISSN 1727-4907. Ilpo6aemu nporpamyBanHs. 2024. Nel

O1eMM NMPOTrHO3YBaHHS E€KCTPEMalIbHUX IOroJ-
HUX YMOB, 33/1a4i, IpOOIEMHOT IJIsi TpauIiIiii-
HOTO MAIIMHHOTO HAaBYaHHS. 3a3HAuMMO, IO
0COONIMBO YCHIIIHUM € 3aCTOCYBAaHHSI apXiTeK-
Typ “IIMOOKOrO HaBYaHHS /10 BHOKPEMJICHHS
MIPOCTOPOBHX 1 YACOBUX XAPAKTEPUCTHK JIJISI BH-
3Ha4YeHHs Ta Kiacugikalii eKCTpeMaIbHUX CH-
Tyauiil (30Kpema, IITOPMIB) Y BUXITHUX JaHUX
YHCIIOBOT MOJIET POTHO3YBaHHS moroau. Bax-
JIMBUM € Te, 1110 BUSBJIEHHS IIUX MO/Ii Ta CTBO-
pEHHsI MPOTHO3IB BiJOyBaeThcsi Oe3 BHUKOPHUC-
TaHHS Cy0’€KTUBHHX CYIKEHb JIFOIUHH a00 Me-
TOJIB, SIKi TOKJIA/IAIOTHCS HA 3a3/1aJ1eT1/Ib BU3HA-
YeHi MOpPOroBi 3HAUEHHS /IS IIBUIKOCTI BITPY
Ta 1HITUX METEOPOJIOTIYHNX BEITMUHNH.

IMigxomu “rmuOokoro HaByaHHA KIIa-
CHUYHO TONUISAIOTbCA Ha MPOCTOPOBI (Hampu-
KJIaJl, 3TOPTKOBI HEHPOHHI Mepexi [8] mist kina-
cudikarii 06’ €KTiB) 1 MOCTIAOBHI (HAPUKIIA],
PEKYpeHTHI HeWpOHHI Mepexi AJs po3Mi3Ha-
BaHHs MOBJIeHHS [9]). OnHaK OCTaHHIM YacoM
CIIOCTEPIraeThCs Bce O1TbINA 3aI[iKaBICHICTh Y
MOEHAHHI IUX NBOX MiaxoniB. I[Ipukmamom
LbOTO TIOEJHAHHS € TPOTHO3YBaHHS BIIEO Ta
pyxy [10], mpobnema, sika Mae paztody mozio-
HICTh JI0 0araThOX AMHAMIYHUX T€OHAYKOBUX
npobiem. Yxke iCHYIOTh JOCIIDKEHHS, 10 T10-
YMHAIOTh 3aCTOCOBYBAaTH KOMOIHOBaHI 3ropT-
KOBO-PEKYPEHTHI MiIX0H IO TAKUX T'€OHAYKO-
BHX TIpo0JieM sIK IpOrHO3yBaHHs omasis [11].
MogentoBaHHs TUHAMIKH aTMochepH Ta OKe-
aHy, MOJICTIOBaHHS MOIIMPEHHS BOTHIO YU PY-
Xy ITPYHTY TaKOX € MpHUKJIaJaMu mpodiem, ae
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BaXJIMBA TPOCTOPOBO-YAcOBa JTWHAMIKa, ajie
Hapas3i BOHU HE OTpPUMAIM MepeBar Bif 3acTo-
CyBaHHsI KOMOIHOBaHUX 3TOPTKOBO-PEKYPEHT-
HUX MAX0IIB “TIIHOOKOro HaBYaHHS .

Kopotko kaxy4u, moaiOHiCTh MiX TH-
NaM¥ JIaHWUX, MPUTAMAHHUX IS KIACHYHUX
3aCTOCYBaHb “TIIMOOKOTO HABYAHHS ', 1 JAHHX,
3 SKMMHU TPALIO€ TEOHAYKa, € MEePEKOHINBUM
apryMEHTOM Ha KOPUCTh IPOHUKHEHHS “‘TJIU-
O0KOro HaBYaHHS B F€OHAYKH. 300paKEeHHS €
aHAJIOTOM JBOBUMIPHUX TOJIB JIaHUX, 11O Mi-
CTSTh TIEBHI 3MiHHI 3a aHAJIOTIEI0 3 TPUILJIeE-
TaMu KoJbopiB (3HaueHHss RGB) Ha ¢otorpa-
¢isx, ToAl AK Bile0 MOXKHA IMOB’SI3aTH 3 TIOC-
JTOBHICTIO 300pakeHb, TOOTO 3 JBOBUMIp-
HUMH TOJISIMH, Ki 3MIHIOIOTBhCS y Yaci. Tak
camo, MPHPOJHA MOBAa Ta MOBJIEHHS MalOTh
TaKi % XapaKTepHI 0COOIMBOCTI JUHAMIYHUX
YacoBUX PsIiB, IO IX MAarOTh JAaHi, NMpHUTa-
MaHHi reoHaykoBiii cdepi. Kpim Toro, knacu-
dixkarisi, perpecisi, BUSBICHHS aHOMAJIIN 1 TH-
HaMi4HE MOJICJIIOBAHHS € TUIIOBUMH IpoOe-
MaMH SIK JJIs KJIACHYHUX 3aCTOCYBaHb “‘TIH-
OOKOTro HaBYaHHS ", TaK 1 JJIsl TEOHAYK.

Sk 6aunmMo, 3 PO3BUTKOM “TITHOOKUX’
HEHPOHHUX MEPEX MU OTPUMY€EMO BCE JJOCKO-
HaJIII apXiTeKTypH, Ki MOXKEMO 3aCTOCOBY-
BaTH y pi3HUX cdepax, 30KpemMa, B TeoHayIli.
[Ipote Oe3mnarHuii cup OyBae TUIBKA B MH-
IIOJIOBIII, aJKE ITiABUILEHHS SKOCTI MOZCICH
€ pe3yabTaToM yce OUThIoi iX CKIJIaJHOCTI.
ToMy nocrae HOBa 3ajaua, a came 3ajaJya Ha-
JAIITYBaHHA CUCTEM OTPUMaHHS pimeHb. Lle
HaJAIITYBaHHS TOJATae y migdopi KoH)Iry-
paniifHuX TmapameTrpiB (rimepmapameTpiB).
ko mMX mapaMmerpiB Maio, TO iX MOXKHA
crpoOyBaTH ONTHUMI3yBaTH HUIIXOM €KCIIepHU-
MeHTiB. HatomicTh cywacHi “rmmuOoki” Hel-
POHHI MepeX1 MaloTh CKJIAJIHYy TOIOJIOTIIO Ta
COTHI rinepnapamerpiB. OKpiM LIbOTO, SIK 3a-
3HAYaJI0Cs BUILE, BAXXUTh BUOIP apXITEKTypH
HEeWpOMEepeKEBUX MOIENICH, OCKUIBKU YCITIIII-
HICTh OTPUMAHOTO PIIIEHHS YacTO 3aJIEKUTh
Bi mporo BuOOpy. BiacHe, octanHiM yacoMm
BEJIMKa 4YacTka poOiT y ramy3i “rimmbokoro”
HaBYaHHS OyJia MpUCBAYEHA MaHyaJIbHIN po3-
poOIi PI3HUX apXITEKTyp IS PO3B’sA3aHHS
HOBHX npobiem [12,13].

3a3HaunuMo, 1110 NMpodiemMa CKIaJIHOCTI
HE € MPUTAMAHHOIO JIUIIIE JJIs HEHPOHHUX Me-
pex. 3aramoM po3poOKa MporpaMHOTO 3a0e3-
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Me4YeHHs Ta 6araTboX 1HIIMX 1HKEHEPHUX CHUC-
TEM cTaja HAATO CKIAIHOK JJIs TOTO, 1100
JIIOIM MOTJIH 11 TIOBHICTIO ONTHMi3yBaTu. B pe-
3yJbTaTi 3’SBUBCS HOBHMM IMIAXIJ O MPOEKTY-
BaHHs MporpaMHoro 3abe3neyeHHs. Llei min-
X1J1 3QJIMIIA€ JIIOJIM BUCOKOPIBHEBE MPOEKTY-
BaHHsI, HATOMICTD 3’ ICYyBaHHS JICTAJICH JISKUTh
Ha omNTHUMI3aIiiiHUX cucTemax. Hampukian,
JIFONTU TIPOEKTYIOTHh IPOTpaMHy CHCTEMY, a Ta-
paMeTpu Ta KOJl HHU3BKOTO PIBHS ONTHMI3Y-
IOThCSI aBTOMATHU4HO [14].

[TomiGHMIT TiAXia MOXKHA 3aCTOCYBAaTH
710 TIPOEKTYBAHHS apXiTEKTYp “TIIMOOKHUX HeM-
poHHHX Mepesx. 17 1iboro Tpeda yMiTH JaBaTu
pay TpPhOM acreKTaM: MPOEKTYBAaHHIO KOMITO-
HEHTIB apXiTEeKTypH, 00’ € THAHHIO KOMIIOHEHTIB
(cTBOpEHHS TOMONOTIT Mepexi) Ta miadopy Ti-
neprapaMeTpiB (IIsi KO)KHOTO 3 KOMIIOHEHTIB
Ta ISl CHCTEMH B IJIOMY). 3BICHO, IO JJIS KO-
’KHOTO HOBOTO 3aBIaHHs MaTHMEMO OKpPEMY OTI-
THUMI3AIIII0 BUIIICTIEPEPAXOBAHOTO.

Lle nmocmimKeHHS BUKOPUCTOBYE TI/IXi
JI0 aBTOMAaTHYHOTO MIPOEKTYBAHHS “TITMOOKHX
HEHPOHHUX Mepex, onucanuil y [15]. Coero
4epror, meW MiaxXiJ BUKOPHCTOBYE TEXHIKY
HEWPOEBOJIIOIIIT TOMOBHEHUX TOMOJIOTIH [16].
L TexHiKa MOIMIMPIOETHCS HA KOEBOJIOIIHHY
ONTHUMI3aIIiI0 KOMIIOHEHTIB, TOITOJIOTIH 1 rire-
priapameTpiB.

BnacHe, gaHa ctarts npucBsYeHa 3a-
CTOCYBaHHIO HEMPOEBONIOIINHOIO MiIX0ay
710 TIPOEKTYBaHHS MoOjeNed “IITMOOKOro HaB-
YaHHS, TPU3HAUEHUX JI1 MOCTIPOLECUHTY
pe3yabTaTiB MPOrHO3y MPHU3EMHOI TeMIiepa-
TypH, OTPUMAHOTI'0 33 JOTIOMOT'0I0 YUCEIbHUX
TIAPOAMHAMIYHAX METOIIB METEOpPOJIOTid-
HOTO NMPOTHO3YBaHHA. B CTaTTi Takoxx BHKO-
HaHE MOPIBHSIHHS SIKOCTI TIPOTHO3Y 3 PE3yJib-
TaraMH, OTPUMaHUMHU PaHIIIe 3a JOMOMOTO0
pyuyHoro minbopy HelipoMmepexkeBoi apxiTek-
Typu [17,18]. Sk Oyne BUAHO, 3aCTOCYBaHHS
HEUPOEBOJIOIIMHOTO MIAX0MY 0 3a71a4l MOK-
pallleHHsT YHUCEeIbHOI0 METEOpOJIOTIYHOTO
MIPOTHO3YBaHHS MOKa3ye, 1110 MOXKHa 06€3 0co-
OMMBUX 3yCWJIb OTPUMATH PE3YyJIbTAaTH Kpalli
3a OTpUMaHi MiJ YaC MaHyaJlbHOTO MPOEKTY-
BaHHS apXITEKTypH HEHpOMEpeKeBOi MOJIEI.
3BicHO, Il MAXiJ € HaA3BHYaiHO BUMOIJIN-
BHUM JI0 OOYHCITIOBAIBHOI TOTYKHOCTI, IPOTE,
BPaxXOBYIOUM HEBEJIMKWNA 00’€M JaHWX, BiH
Jla€ TapH1 pe3yJIbTaTH.
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Onuc 1anux

“I'nnGoke HaBYaHHS’ SIK TEXHIKA BHO-
KPEMJICHHSI XapaKTEepHUX OCOOIMBOCTEH Na-
HUX CYTTEBO 3JICKHTH BiJl IKOCTI, penpese-
HTAaTUBHOCTI Ta LIJICHOCTI BUKOPHUCTOBYBA-
HUX AaHuX. ToMy npaBUIbHUN B1AOIp 1 M-
rOTOBKA JaHUX € BAXKIUBUMU (PaKTOpaMu ISt
OTPUMAaHHS XOPOIIUX Yy3arallbHIOIUHUX pe-
3yJbTaTiB.

3okpemMa, BiAOIp MdaHUX Mae OyTH
CIpsIMOBaHUI Ha OXOIUICHHS HANOUIBII MOB-
HOI BapiaTUBHOCTI 3HaY€Hb 3MIHHHX, HA SIKUX
0a3yBaTUMEThCSl BIACHE HABYAHHS HEHpome-
pexeBoi Mojeli. Xopoli JaHi MalTh JT03BO-
JIITU MOJIEN] OXOILUIFOBATH 3B’ SI3KU MIXK 3MIH-
HUMH, Ha OCHOBI SIKMX POOHMTBHCS IMPOTHO3.
BoaHoyac BaTHBUM € yYHUKHEHHS HAJJIUIII-
KOBOCTI Y JTaHHUX.

Hwxue moganuii onuc nanux, mo Oyau
BUKOPHUCTaHI ISl JOCIIKEHHS, OMTMCAHOTO Y
naniit crarri. Lli maHi ckmaganucs 3 4oTupue-
JIEMEHTHUX KOPTEXIB 1 MICTHJIA HACTYIHY 1H-
dopmartito:

e JaTa,
e yac 3a [punBiuem,
® [IPOTHO30BAHE 3HAYCHHS TEMIIEpPaTypu

(Fcst), 3a omHy 100y 10 MOMEHTY 1HIIIi-

aii3aiii 4MCeNbHOI perioHaIbHOI MO-

Iel,

® CIIOCTEepe)XyBaHE 3HAUCHHS TemIlepa-

Typu (Obs).

UncenpHOI0 MOJEUII0 MPOTHO3Y I0-
TO/IM, PE3YABTAT POOOTH KO MU XOYEMO TMOK-
paluUTU, € MOJEIb OJHOMMEHHOIO €BPOIIEH-
cekoro koncopiiymy COSMO (Consortium
for Small-scale Modelling). s monens BH-
KOPUCTOBY€THCS B YKPAaiHCHKOMY TiIpOMeTe-
oposoriunomy iHcTUTYTI JJCHC VYkpainu Ta
HAH VYkpainu Ui HaykoBUX Ta IPUKJIaJHUX
3aaa4, mounHarouu 13 mumHsg 2011 p. [19]. Ha-
ragaemo, mo COSMO € HeriapocTaTHYHOIO
MOJICJUTIO, SIKa 3/1aTHA €()eKTHUBHO BiJITBOPIO-
BaTHU IIMPOKHUHN CIEKTP aTMOC(hepHUX Mpoiie-
ciB B macmTabi Me30-f Ta Me30-y. B ocHOBY
OUHAMIYHOTO siApa MOJEeNi MOKJIAAeHO piB-
HSHHSI TEPMO- Ta TIAPOAMHAMIKH, 110 OMHUCY-
I0Th TOTIK y BOJOTiH atmMocdepi. PisHOMaHi-
TH1 (P13UYHI IPOIIECU BPAXOBYIOTHCS CXEMaMHU
napamerpusauii [20].

Puc. 1 300paxye po3paxyHKOBY 00-
JacTh YMCENbHOI PEeriOHaIbHOI MOJENi: Killb-

KICTh BY3JIiB 13 3ax01y Ha cxif — 209; KiJIbKiCTh
BY3J1iB 13 MiBAHS Ha MiBHIY — 101; KiIbKICTh pi-
BHIB 110 BepTukaii — 50; Kpok ~ 14 km.

Puc. 1. Po3paxynkoBa o6macTs Mozieni mpo-
rao3y norogu COSMO

HasBHI nmaHi OXOIUTIOIOTH TPOMIKOK
gacy Big 01.07.2012 mo 31.03.2014, a6o 639
nHiB. CriocTepekeHHsT 3MIMCHIOBAIMCS KOXKHI
Tpu roguHu, a came o 00:00, 03:00, 06:00,
09:00, 12:00, 15:00, 18:00 i 21:00 3a I'punBI-
yeMm. [[ns mux »ke MOMEHTIB Yacy oOYnCiIoBa-
BCS 1 MPOTHO3 PETiIOHATIBHOT MOIEII.

TakuMm 4uHOM, JJI KOXKHOI JaTH Ma€-

MO TIO BiciM KOpTexiB. BinmosigHo, 639 nHiB
naroth 5112 xopTexis.

[Ilo »x 1m0 MpPOCTOPOBOI MPUHAIEKHO-
CTi, TO JaH1 OXOILTIOIOTH CIIOCTEPEKYBaHi 3Ha-
YeHHs 1 mporHo3u J1st cTanuii “bina Llepksa”,
“bopucnine”, “KuiB”, “MuponiBka”, “Tere-
piB”, “@acriB”, “YopHoOumns” Ta “SArotun’.

HeiipoeBontouiiinuii miaxin

Haramgaemo, 1o TepMiH “HEHpOEBOIIIO-
1iss” TIO3HAYa€e MPOIeC BUKOPUCTAHHS T€HETH-
YHUX QJITOPUTMIB ISl TAOOPY apXiTEKTyp
HEUPOMEPEKEBUX MOJEIEH.

VY npoMy DoCTiKeHHI MH OyIeMO BHU-
KOPUCTOBYBAaTH ONHY 3 MoAudikaliiid Heipoe-
BOJIIOLIT IOMOBHEHUX TOIOJIOriH. Jlanui min-
X1, BiAnoBiAHO 10 [16], ctaBuTh c0o01 32 METy
OOpOTHUCS 13 TPbOMA OCHOBHUMH BHKJIMKAMU,
[0 TOCTAIOTh Mepel pillleHHSMU, sKi 0a3y-
I0THCSI Ha €BOJTIONIT Tomosorii. 11i BUKIHMKYM Ta
3aMpOINOHOBAHI PIlICHHS HaBEICHI HIDKYE:

e Uu icHye reHeTHYHE MpeICTaBJICHHS,
SIKE JI03BOJISIE PO3PI3HEHUM TOIIOJIO-
TiIM  CXpENlyBaTUCh 3HAYYIIUM YH-
HoM? PimieHHs: BUKOPUCTaHHS 1CTOPH-
YHUX MITOK JJII BUOKPEMJICHHSI T€HIB
OJHAKOBOI'O ITOXOJIPKEHHS.
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e Ik 3aXMCTUTH BiJ] IEPEAYACHOTO 3HUK-
HEHHS 3 MMOMYJISILIi TOMOJIOTIYHY 1HHO-
BalIlif0, JUIsI ONTUMI3allii K0T TOTPiIOHO
KUThbKa TMOKOJIHB? PimeHHs: po3momi-
JIEHHS IHHOBAIIi1 MK PI3HUMH BUJAMHU.
e Sk mpoTarom mporiecy eBOJOLIi MiHi-
Mi3yBaTH TOMOJIOTiI0 0e3 3alydeHHs
CHeIiaJbHO CTBOPEHOI IS 1bOTO ITi-
Tb0BOT (PYHKIII1, SIKa BUMIpPIOE CKIIaJ-
HicTh? PilleHHs: yce MOYMHAETHCS 3
MiHIMaJIBHOT CTPYKTYPH, SIKa €BOJIIOLII-
OHYE JIUIIIE 3a HEOOX1THOCTI.
3a3HaunMoO, IO 3aCTOCYBaHHS 3ampo-
MMOHOBAaHUX PIIIEHb J0 KO)KHOTO 3 BHKJIUKIB €
HEOOX1HUM, OCKIIIbKH €(EeKTUBHICTh HEHpoe-
BOJIIOIIITHOTO TIPOIECY 3HIKYETHCS 13 BHIIA-
JIEHHAM Oy/1b-SKOTO 3 OCHOBHMX KOMITIOHEHTIB.
3 iHmoro OOKy, 3/1aro/ykeHa po0oTa IMX CKJia-
JIOBUX CTBOPIOE HOBUH MEPCIIEKTUBHUN TT1X1/T
70 PO3B'A3aHHS CKJIAJHHUX 33/1a4 HaBYaHHS 3
MIIKPITUICHHSM 1 HE TUTBKH.
Takum 4MHOM, apXITEKTypa HEHPOEBO-
TOLIi JTOMOBHEHUX TOIIOJNIOTiH Oyna po3pol-
JieHa 3 ypaxXyBaHHSM IIepepaxOBaHUX BHIIE
mpo6seM. Onuc MbOro Mixoy NoAa€Thes Bif-
noBiHO a0 [16].
Jlana apxiTekTypa penpe3eHTye FeHOM
SIK CITUCOK T€HIB 3B 53Ky, KOXKHOMY 3 SIKHX BiJI-
MOBIAAIOTh J[Ba BY3J0BHUX reHU. KoxHHII reH
3B’S13KY MICTUTH 1H(QOPMAIIiIO PO BXiAHUH Ta
BHXIJTHUH BY3JIM, BarOBUM KOE(DIIIEHT 3B’ S3KY,
Mpanopenb aKTUBHOCTI, a TAKOX ICTOPUYHY
MITKY Ul TOUIYKY T'eHIB OJHAKOBOTO MOXO-
JDKEHHSI T11]] 9aC KPOCHHTOBEDY.
HeiipoeBomroriist JOMOBHEHUX TOMOJO-
rili BUKOPUCTOBYE MYTaIlil, 0 MOXXYTh 3Mi-
HIOBATH 1 BaroBi KOC(PIIIEHTH, 1 CTPYKTYpPy Me-
pexi. Barosi koedirieHTH 3’€IHaHHS 3MiHIO-
IOTBCSI SIK 1 B Oy/Ib-sIKiH 1HIIIH HEHPOEBOMIOLIIH-
Hii cucteMi. BomgHowac 3’enHaHHA He 30-
0O0B’s13aHE 3MIHIOBATHCh, BOHO MOXKE JIMIIIH-
TUCh He3MIHHUM. CTPYKTypHI MyTalii po31u-
PIOIOTH T€HOM 1 MOXYTH BiJOyBaTHCS JBOMa
HUIAXaMH: JoAaeThes abo HOBE 3’ €qHAHHS, 200
HoBHIA By30J1. Komm BinOyBaeThcs MyTaris
MIEPILIOTO THITY, y TEHOM JOJA€ThCS HOBUM TeH
3B’SI3KY, KM 3’ €IHY€ JIBa paHille He 3’ €THaH1
By3n1d. Jlpyruit TUI MyTallii 3yMOBIIO€ PO3PUB
HasSBHOTO 3’ €IHAHHS, Ha MiCIIi IKOTO PO3MIIIIy-
€Tbcsl HOBUH By3011. CTape 3’ €/IHaHHs CTa€ He-
aKTHBHUM, HATOMICTb JiBa HOBI1 3’ €IHAHHSA J0-
Jar0Thes 10 reHoMy. Takuit crocid nomaBaHHs
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BY3JIIB YMOXKJIMBIIFO€ MUTTEBY 1HTETpallito HO-
BUX BY3JIiB y MEPEXKY.

MyTanii 3yMOBIIOIOTH HOSIBY T'€HOMIB
pI3HOTO PO3MIipY, 1HOI 3 aOCONMIOTHO PI3HUMHU
TornoJyorisiMi. TyT MU MiAXOAUMO 10 IEPIIOTO
BUKJIMKY, 03HAYEHOTO BHIIE: 3HAUTH TIpe/icTa-
BJIICHHSI TEHOMY, SIK€ TO3BOJISITUME PO3pi3He-
HUM TOMOJIOTISIM CXPEUIyBaTHCh 3HAYYIIAM
YHHOM.

CxpeuryBaHHs (KPOCHHIOBEp) MOXK-
JMBE JIMIIE TOI, KOJM CUCTEMa Ma€E MOXJIU-
BICTb BHU3HAYMTH, SIKIi TCHU € CHUIBHUMH JIJIs
Oynb-KUX JBOX 0coOMH B momyssuii. Kio-
YOBE CIOCTEPEKEHHS NOJIATae B TOMY, 11O Ba
T€HU 3 OTHAKOBUM ICTOPUYHHUM IMOXO/KEHHSIM
MaroTh OJHAKOBY CTPYKTYpY (X04a, MOKJIMBO,
13 pi3HUMHU BaroBUMu KoeQilli€eHTaMu), OCKi-
JHKW BOHM 00W/1Ba Oy/IM OTPUMaHI BiJ OHOTO
TeHa-Tpe/ika y MeBHUI MOMEHT y MHUHYJIOMY.
OTtox, yce, 1o OTPiOHO 3poOUTH CUCTEMI, —
I BiJICTEXKYBaTH ICTOPUYHE TIOXOJKCHHSI KO-
HOT'O I'eHa.

Ha macts, BigcTeXEHHS iCTOPUYHOTO
IIOXO/PKEHHSI HOTpeOye 1yrKe Majio 00UHCIIEHb.
[Ilopa3sy, kosiu 3’ABISETHCS HOBUN I'eH (depes
CTPYKTYPHY MYyTallil0), MU 301JIbIITy€MO IJ100a-
JHbHUA HOMEp IHHOBAIil Ta MPHUCBOIOEMO
1IbOMY reHy. TakuM 4MHOM, ICTOpPUYHE MOXO-
JDKEHHSI KOOKHOTO TeHa B CUCTEMI BiJIOMe Tpo-
TSITOM €BOJIOLIIMHOTO MPOIIECY, 3a 1€ BiMOBI-
JIAr0Th TI00aTbHI HOMEPH 1HHOBALIIH.

IcTOpuYHI MITKH 1aOTh CUCTEMI, TTOOY-
JIOBaHiil Ha OCHOBI HEHPOEBOIIOIII JOMOBHE-
HUX TOIOJIOT1i, MOKJIUBICTh BU3HAYaTH CyMi-
cHi rean. HecyMicHi reHu MOXyTh OyTH 200
€KCIIECUBHUMHU, a00 B3arajii He epeTUHaTuCs,
3aJIeKHO BiJl TOTO, YU TXHI MITKH JIEXKATh Y M-
&Kax, Y 1032 MEXaMHU Jiara3oHy iICTOPUYHHUX
MITOK KOYKHOTO 3 0aTbKiB. Y Ipoueci KpoCcuH-
roBepy B 000X TE€HOMax BIIOPSIKOBYIOTHCS
TeHM 3 OJJHAKOBMMM HOMepaMu iHHoBauli. He-
CYMICHI I'€HH yCIaJIKOBYIOThCS BiJ] O1IbII IpU-
JaTHOTO 0aThKa a00 BHUITAIIKOBO, SIKIIO KOKHUAN
3 0aTbKiB OIHAKOBO NpUAATHHNA. Takum 4u-
HOM, ICTOPUYHI MITKHM JO3BOJISIOTH BUKOHY-
BaTH ONEpalil0 KPOCHHIOBEpY 0e3 3alyyeHHs
JIOPOTOTO TOTOJIOTTYHOTO aHaJIi3y.

3a3HauuMO, 10 OMMCAHUN METOJ Kpo-
CHHTOBEpY BUPI3HIETHCS CBOEIO IPOCTOTOXO 1 3a-
rajgpHicTIO. Bynb-siki 1B CTPYKTYpH MOXYTh
Oytu 00’eaHaH1 6e3 HEOOX1THOCTI KOHOTO TO-
nosoriyHoro axanizy. Ilpobnema noegHanss To-
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TIOJIOTI MEePEeTBOPIOETHCS Y MpoOiIeMy BU3HA-
YEHHS BIJMOBITHOCTI ICTOPUYHUX MITOK, a B Ta-
KOMY BUIJISLU i1 3HAYHO MPOCTIIIE PO3B’SI3yBATH.

3a3Buuaii 3MiHa CTPYKTYpU MEpesxi Npu-
3BOJUTH CIIOYATKY /0 3HMKEHHS ii epeKTUBHO-
cti. ToMy HEOOXiTHUM € MeXaHi3M 3aXHCTy TO-
MOJOTIYHUX (CTPYKTYpHHUX) 1HHOBAIlI Bif Iie-
peayacHoOro 3HMKHEeHHs 3 nomyisiii. HelipoeBo-
JIFOLTIS TOIIOBHEHMX TOITOJIOTIH Ma€ TaKUM Mexa-
Hi3M. Lle nocaraerbest 0cOOMMBUM YHHOM: CIIO-
YaTKy 1HUBIIM KOHKYPYIOTh Y MEXKaX BIacHOIO
BUJTY, @ HE B paMKax I1i101 nomyssuii. Tax, Toro-
JIOTIYHI 1HHOBAIIlT 3aXUIIEH] BiJ MEPEaIacHOrO
3HUKHEHHS Ta MalOTh 4ac [T ONTUMI3allii CBOET
CTPYKTYpH, MEPII HIXK JJOBEIEThCS KOHKYPYBaTH
3 IHIIUMH BUJIAMH B TTOMYJISAIIIL.

[cTopruHi MITKHM JatOTh 3MOTY CUCTEMI
PO3AUTHTH TIOMYJISII0 HA BUIM 33 TOTOJIOTIY-
HOTO MOi0HICTIO. KiNBbKICTh €KCIIECUBHUX Te-
HIB 1 I€HIB, IO B3araji HE MEePETUHAIOTHCS, €
MPUPOTHUMHU ITapaMeTPaMu JIJIsl BUMiPIOBAHHS
Mipu ONMHM3BKOCTI TeHOMiB. UuM MeHIy cIri-
JILHY €BOJIIOIIIHY iICTOPiI0 MarOTh JIBAa TEHOMH,
TUM O1IbIIIE BOHM PO3PI3HEHI, a OTKE, MEHIII
cyMicHi. ToxX, MU MOXEMO BUMIPSITH MIpy Cy-
MICHOCTI PI3HHX CTPYKTYp SIK 3BaKEHY JIi-
HilfHy KOMOIHAIIIfO KIJIBKOCTI €KCIIECUBHUX Te-
HIB Ta T€HIB, 10 HE MEePETUHAIOTHCS.

Ile MeTpu4HEe CHiBBITHOLIECHHS 103BO-
JIsie HAaM BBECTH TIOPOTOBE 3HAYEHHS JIJISI CyMi-
CHOCTI JBOX T'€HOMIB. MU TecTyeMO reHOMHU
OJIVH 32 OHUM. SIKIIIO BiJICTaHb BiJl TEHOMY O
HaBMaHHS 00paHOro MpeICTaBHUKA BUIY Me-
HIIIa 32 TOPOTOBE 3HAYEHHS, JAHUN TeHOM BBa-
KaeTbcd MPUHANCSKHUM A0 1boro Buay. [lpu
I[bOMY KOXXHHUH T€HOM MU BBa)Ka€EMO TpUHAJIe-
YKHHUM JI0 TIEPILIOTO BUY, /i€ 1151 yMOBa BUKOHY-
€THCS, IO TAPAHTYE TeE, IO JKOJACH TeHOM HE
MICTUThCS OLIBIIE, HIXK B OAHOMY BH/IL.

Jlexinbka ciaiB Ipo TPeTii BUKIIMK, 1110
[IOCTa€ Mepea HEeMpOEeBOMIOLIMHUMU IiIXO0-
JaMH: MiHIMi3allisl TONoJOorii OTPUMAHOTO pi-
meHHs. PimenHs, mo #oro nponoHye Henlpoe-
BOJIIOLIiSI IOTMTOBHEHHUX TOTOJIOTiH, — MPOCTE.
Mu nounHaeMo 3 HAaUTIPOCTIIIOT CTPYKTYPH Ta
YCKJIQIHIOEMO i Jiuie 3a HeoOxigHocTi. Hoa
CTPYKTypa BBOAMTHCS TIOCTYIIOBO B Mipy TOTO,
AK BiJOYBalOThCS CTPYKTYpHI MyTauii. B pe-
3yJbTaTl BUKHUBAIOTH JIMIIE TI CTPYKTYPH, SIKI
BUSBIISIIOTECSA €(PEKTUBHUMU y CEHCI 3HAYCHD
nUTEOBOT (PyHKIII. 3a3HAYMMO, 110 TaKUH IMij-
X11 MOKITMBUY 3aBJISIKH ONMCAHOMY BHIIE Me-

XaHi3My 3axXUCTy iHHOBaIii. be3 mporo mexa-
HI3MY HOBI CTPYKTypH HE MOTJIM O BYDKHBATH,
OCKIJIbKH, SIK 3a3HAYEHO BHIINE, IOWHO yTBO-
pEHa CTPYKTYpa CIIOYaTKy MPU3BOAUTH JI0 3HH-
KEHHS €(PEKTUBHOCTI.

Onuc ekcnepuMeHTy

Sk Oyno 3a3HaueHO BUIIE, OCHOBHOIO
7Ie€r0 TaHOTO JOCIIHKEHHS € TIepEeBIpKa MOX-
JIUBOCTI 3aCTOCYBaHHS HEHPOEBOIIOLIHHOTO
MiIXOMy 10 MPOEKTYBaHHS Mojened “rinbo-
KOTO HaBYaHHS’, MPU3HAUYEHUX JJISI MOCTIPO-
LIECUHTY Pe3y/bTaTiB MPOTHO3Y MPU3EMHOI Te-
MIIEpaTypH, OTPUMAHOTO 32 TOTIOMOTO0 YHUCe-
JBHUX TiAPOAMHAMIYHUX METOIIB METEOPOJIO-
T1YHOTO POTHO3YBaHHS.

JIns1 KO)KHOT METEOpOJIOTIYHOI CTaHITi
3a JIOTIOMOTOK) HEWPOEBOIOINIi JOMOBHEHUX
TOTIOJIOTIA TpEeHyBajacs BJIACHA HeWpomepe-
’KeBa MOJIeNb, KA Maja O sKHalKpalle BUOK-
peMuTd (i3uYHI OCOOIMBOCTI KOHKPETHOTO
MYHKTY CIOCTEpPEKEeHHA. TakuM YHHOM, MU
MaeMO 8 HaTPEHOBAHUX MOJIETIEH.

o 1o maHux, TO ISl KOXKHOI METEOPO-
JOTiYHOI cTaHIil ycs iX CyKymHIiCcTh Oyna po3-
OuTa Ha TPW KJIACH: TPEHYBalbHI (mepion 3
01.07.2012 no 30.06.2013; 365 nuiB), Bamina-
el (mepion 3 01.07.2013 1o 31.10.2013; 123
nai) 1 TecryBampHi (3 01.11.2013 1o
01.04.2014; 151 nenn).

3ayBa)XUMO, 110 IIeH TOMILT HA TPH KITaCH
(Habopw ) — 11e 3arajibHa MPaKTUKa s “TIr00-
koro HapyaHHs [21]. TpenyBanmbHHI HaOIp €
HalOLIBIIMM 1 BHKOPHUCTOBYETHCS JUII OHOB-
JIEHHS BaroBUX KOE(DIIIEHTIB MOJETI IILIIXOM
3BOPOTHOT'O PO3IMOBCIOIKEHHS MOMUJIKH a00 1H-
IIMX aIropuTMiB HaBuaHHs. [lpyruii HaOlp, Ba-
TAIHUN, BUKOPUCTOBYETHCSI BUKITIOUHO ISt
HaJIAIITYBaHHS rineprapaMeTpiB: KUIbKOCTI I1a-
piB, TUMIB MIapiB, PYHKINH aKTHBALIi1, HITHOBUX
GbyHKIiH, mBUAKOCTI HaB4aHHS TomIO. Kitrodo-
BOI0 METOIO0 I[bOT0 HANAIITyBaHHS € TIiJIBU-
IICHHS 3[IaTHOCTI MEpexXi 10 y3araJbHEHHS,
100 rapaHTyBaTy, 110 Mepexa 100pe GyHKITo-
HyBaTHMe Ha HEBIIOMUX ISl HEl JaHuX. TperTiit
Hallp JaHuX — IIe TECTOBHIA HaOip, paHilie He-
BIZIOMI J1aH1, SIKI BUKOPUCTOBYIOTHCS JIJIs1 OIIIHIO-
BaHHS MEpEeKi MiCIs HaJallTyBaHHSI.

3a3HauMMO, 1110 YC1 EeKCTIEPUMEHTH IPO-
BOJIWJTHCSL 3 BUKOPHCTAHHSM BiJJKPUTOTO HEW-
pomepexeBoro iHTepdeiicy Keras [22], Bigkpu-
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Toi mporpaMHoi 010Mi0TeKH 1A “TIIHOOKOro Ha-
BuaHHs” TensorFlow [23] Ta ¢peiiMBOpKy s
HelpoeBooLii TFNE (Tensorflow-
Neuroevolution Framework) [24]. TIporpawm-
HUi Koz OyB HamucaHuit MoBoro Python [25].

OTpumaHni pe3yjabTraTu

EdekTuBHICTh 3ampOINOHOBAHOIO MiJ-
XOAy OIIIHIOBAJIaCh 3a JIBOMa Kputepismu. [1ep-
M 3 HUX — 11€ KOPiHb CEPEeIHbOIO KBaApaTh-
yHoro BigxuwieHHs (RMSE), crannaptauii crio-
ci0 OIiHIOBaHHSA MOXHMOOK y METEOpOJIOTiuHIN
Hay1l. [HI1a MeTprka — B1ICOTOK BUTIAJIKIB, B
SKHUX TPOTHO3 MOKpaleHo (abo nmpuHaiiMHI He
TIOTIPIIIEHO) TOPIBHIHO 3 YHCENbHUM. Sk Oa-
YUMO 3 TaONMIl, B OLIBIIOCTI BUIAIKIB 1 3Ha-
yeHHss RMSE, 1 BiZICOTOK TOKpaIeHNX MPOTHO-
3iB /IS HEHPOEBOMIOMIMHOTO MiIXOMY € Kpa-
IUMH (HE TIPIIMMM) 32 BIANOBIIHI 3HAYCHHS
IS iAi0paHoi Bpy4YHY apXiTeKTypH.

Tabmuns. [TopiBHsTBEHA TAOTHUILS

S RMSE | Iloxpa-
Cranuis £ Toxpa- (NE) €HHS
M ONN) | menns, % | Vo | eI
o C %
,°C
Bima 69| 5481 | 1.96 | 5481
Lepksa

Bopucnine | 2.00 53.21 1.70 54.56
Kuis 1.98 53.97 1.85 56.84
MuwupoHiBka | 2.01 57.48 1.84 58.42
Tertepis | 2.02 52.29 2.03 50.79
dacTiB 1.86 54.68 1.86 54.42
YopHobuss | 2.01 50.59 1.94 52.53
fArotun | 2.12 52.21 2.05 49.40

BucHoOBKM

Ha nmpuxmani mporHo3iB  mopeni
COSMO mpuzeMHOi TeMIiepaTypu MOBITPA
IUIL BOCBMH METEOpOJIoTiuHuX cTanuiin Kuis-
ChKO1 00MacTi Ta BIiAMOBIAHUX iM JaHUX (ak-
TUYHUX CIIOCTEPEKEHB OYII0 MepPeBIpeHO MOXK-
JUBICTh 3aCTOCYBaHHS HEHPOEBOIOLIMHOTO
MIXOMy 10 TPOEKTYBAaHHS MoJeNel “‘Timbo-
KOT0 HaBYaHHS ', PU3HAYEHUX JIS MMOCTIPO-
[IECUHTY PE3YJIbTATiB MPOTHO3Y MPU3EMHOI Te-
MIepaTypu, OTPUMAHOI0 3a JOIOMOTOI0 Ynce-
JBHUX T1APOJAMHAMIYHUX METOJIB METEOPOJIO-
T'1YHOTO IPOTHO3YBaHHS.
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Byno mokazaHo, 110 B MOJOBHHI BUMNAJKIB i
3HAYCHHS KOPEHS CEPEIHBOTO KBAJPATHIHOTO
BIJIXHJICHHS, 1 BIICOTKA MOJIMIIEHUX MPOTHO-
31B JUUIs1 HEWPOEBOIIOLINHOTO MIAXOAY € Kpa-
mMH (2 B OKpeMHX BUIMAJIKax Habararo Kpa-
IIMMH) 3a BIJIMOBIJIHI 3HAYEHHsI I Tiai0pa-
HOT BPYYHY apXiTeKTypH.

OTtpumMaHi pe3ylbTaTy IaloTh IMiICTaBU IS 3a-
CTOCYBaHHSI HEHPOEBOJIOIIITHOTO MIAXOMY 10
KOPUTYBaHHS MPOTHO31B 1HIINX HEMEPEePBHUX
METEOPOJIOTIYHUX BEITHMYHH.
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Ilpo asmopis:

Jlopomerko Anaroniit KOxumoBuy,
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A. M. I'nuboseyw, T. A. Yepnosa, M. M. I'muboseyw

PO3POBKA METOJOJIOT I IMIINIEMEHTANIII TPAH3AKIIN
B PO3HNOJIIJIEHUX CUCTEMAX 3 MIKPOCEPBICHOIO
APXITEKTYPOIO

Y po6oTi onmcaHo aHami3 MpoOIeMaTHKN BUKOPUCTAHHS MIKPOCEPBICHOT apXiTeKTypH B PO3MOIIICHUX CHC-
Temax. Harosoc 3po0neHo Ha THYYKOCTI y BUOOPI TEXHOJIOTIN, MacIITabOBAaHOCTI Ta OpraHizaiii KoMaH/, siKi
MPamo0Th HAJl 33/IaHNMHU MIKpOCepBicaMM, TEXHIYHHUX 1 JOMEHHHX MpobieMax peajizalii TpaH3akuii y mo-
PIBHSIHHI 3 MOHONITHOIO cucTeMo0. OCHOBHY yBary mpHIiJICHO TpaH3aKIisIM, OCKITbKHA BOHH 3a0€31MeUyI0Th
JOTPUMAaHHS aTOMapHOCTi, KOHCUCTEHTHOCTI, 130JJbOBAaHOCTI Ta CTIHKOCTI HaJI JEKIIBKOMA CepBicaMHU.

VY mporeci aHami3y Cy4acHHX MiAXOJIB Ta PIlIeHb I poOOTH 3 TPaH3AKIISIMH B PO3MOAIIEHUX CHCTEMaX
OyJ10 BUSIBIICHO, IO OJHUM 3 €(peKTHBHUX PillleHb € BUKOpPHCTaHHS matepHy Transactional Outbox. [Ipencra-
BJICHO H0T0 pearnizamiro y BUTIAL Spring starter. OcTaHHIN T0AA€THCS 0 CHCTEMH, KOHDITYpy€eThCS Ta MoJie-
TIIye BUKOPWCTAHHS TPaAH3aKMii 1 myOmikamifo MOAii, sIKi € YacTHHAMH TpaH3akKmii y MiKpocepBicHIN
apXiTeKTypi.

KirtouoBi croBa: po3mofineHa cUcTeMa, PO3MOAUICHI TpaH3akiii, MIKpOcepBiCHa apXiTeKTypa, IaTepH

Transactional Outbox, acuaxponse cminkyBaHss, Kafka, Debezium.

Beryn

Hapasi qist po3poOku CKIagHUX TPO-
TPaMHHX CHUCTEM JeJali 4acTille BUKOPUCTO-
BYETBCS MiKpocepBicHa apxitektypa (MA). Lle
pilIeHHs 103BOJIsiE pO3OMBATH CUCTEMY Ha HE-
BEJIMKI HE3aJIeXKHI KOMITOHEHTH (3aCTOCYHKH)
Ta OTPUMYBATH IIBHJKY PO3TOPTKY, MacCIITa-
OOBaHICTh Ta THYYKICTh. OJJHAK B TaKUX PO3-
noninenux cucremax (PC) BUHUKAIOTh NEBHI
TPYAHOIII KEPyBaHHS TpaH3aKI[isSIMH, OCKi-
KA BOHU BUMAraroTh 3a0€3MeUeHHs aToMap-
HOCTI, KOHCHUCTEHTHOCTI, 130JbOBAHOCTI Ta
CTIMiKOCTI HaJ neKiibkoMa ceppicamu [1-3].

Tpan3akiii y 6a3i gaHux — poboya orme-
partiiina oguuuIs [2] s po6oTH i3 6a3010 na-
HUX, TICBHA IOCJIIOBHICTh 3MiH, III0 BUKOHY-
IOTBCS. B JIOTIYHOMY TOPSJIKY KOPHCTyBadeM
a0o0 mporpamoro, sKa Mparfroe i3 6a3010 JTaHMX.
Sxmo BimOyBaeTbes Oynb-sKa omeparis 3 iH-
TepdeiicoM KopucTyBaua, y 6a3i JaHUX BUKO-
Hy€eThCs TpaH3akiis. OCHOBHI KOHIIENIIIT Tpa-
H3aKLii omucyoTkes abpesiatyporo ACID -
Atomicity, Consistency, Isolation, Durability
(AToMapHiCTh, Y3roKEHICTh, [301b0BaHICTB,
JIOBTOBIYHICTD).

ATOMapHICTh TapaHTYye, 10 OyAb-sIKa
TpaH3akKiis Oyze 3adikcoBaHa TUTBKH IILUTKOM i
KOKEH KPOK TPaH3aKIlii BUKOHAETHCS MOBHi-
CTIO. SIKIIIO X OJTHA 3 OTepalliii B IOCIIiJOBHO-
CT1 3aBEPUINTHCS 13 TOMUIIKOIO, TO BCS TpaH3a-
KIIist Oye ckacoBaHa. ICHye MOHSTTS «BiIKaTy
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3min» (rollback), 3a sitkoro Bci 3MiHH Y 3BOPOT-
HOMY TOpPSJIKY CKacOBYBaTHMYThCs. Y pasi
BUHUKHEHHS MTOMUJIKH 1] Yac MPOXOIKEHHS
TpaH3akKIlii, KOPUCTyBad HE MOOAYUTH HISKUX
3MiH.

V3roKeHicTh (KOHCUCTEHTHICTD) 3a-
Oes3mneuye Te, 1m0 OyIb-SKa 3aBepIllIeHa TpaH3a-
Kiiss (iKCye TUIBKHA JOMYCTHMI pe3yJIbTaTH.
[Tix yac BUKOHAHHS IPUHIUIY Y3TOJKEHOCTI,
0a3a JaHUX TOBMHHA 3aBXKAM NEPEXOAUTH i3
OJIHOTO HECYNEepewSIMBOTO CTaHy B 1HIIUN He-
CyNepeuIMBUN CTaH. YMOBA y3TOJKEHOCTI €
HEOOXI1THOIO ISl TIIATPUMKH YETBEPTOi Biac-
THUBOCTI TPaH3aKIIii - JOBIOBIYHOCTI.

[3071b0BaHICTH BU3HAYAE T€, IO PE3YIIb-
TaT KOYKHOI TPaH3aKIlli He MOBUHEH 3aJIeKaTH
BiJl BUKOHAHHS IHIIHMX TMapajielbHUX TpaH3aK-
i, Ha mpakTuill moBHa 130J1b0BaHICTh BAXKKO
nocsibkHa. ToMy BBOJUTHCS MOHSTTS «PiBHI 130-
apoBaHOCTI». [TocnabnenHs 1301b0BaHOCTI Tpa-
H3aKIIi TPU3BOAUTH A0 BIAOMHUX MpOOIEM:
«Opyane uutaHHs» (dirty read), «BTpaueHe
oHosneHHs» (lost update), «OpyaHuit 3amucy
(dirty write), «HEBIATBOPIOBAHE YHUTAHHS)
(nonrepeatable read), «haHTOMHE YHMTaHHS»
(phantom read), «nepekoiieHe yntaHHs abo 3a-
nucy» (read and write skew) [2]. V cucremax i3
MA, nie 3aCTOCOBYIOTBCSI TPAH3aKIIi1, PO3MO/Ii-
JIeH1 MK KUIbKOMa cepBicamu, mpobiema i30-
JTLOBAHOCTI MOCTAE OCOOIMBO TOCTPO.
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PC - ne cykymnHicTh HE3aJIeXKHUX MIX
c00010 KOMIIOHEHTIB, AKi B3a€MOJIIOTh Ta KO-
OPAMHYIOTH CBOT il JIJIsl TOCSITHEHHS CIUTBHOT
metu [1]. [{i KOMIMOHEHTH MOXYThb OyTH arma-
paTHUMH a00 MPOTPaAMHUMH, MOXKYTh 3HAXO-
JTUTHCh Ha PI3HUX KOMI'tOTepax Ta OyTH MOB'-
s3aHl CIUIBHOIO Mepexero. KommnonenTu B3ae-
MOJIIOTh MK €000, Mepefaroyd TMOBIIOM-
JIEHHS, BUKOPUCTOBYIOUH BiJalieH] BUKJIMKHU
npouenyp abo iHmi ¢popmu komyHikamii. Llei
MIPUHIIMIT B3aEMOJII1 T03BOJISIE KOKHOMY KOM-
MOHEHTY MPALIOBaTH HE3aJIEKHO 1 CIIIBHO.
VYrpaBliHHA TakOK CHUCTEMOIO € CKJIaJHUM
MPOIIECOM, OCKUJIbKM BHMAara€e BHUPIIIECHHS Ta-
KHX Mpo0JieM, K 0araTonoToYHICTh, KOHCUC-
TEHTHICTb JAHMUX, CTIMKICTh 10 MOMUJIOK, 30€-
PEXKEHHS IIUTICHOCTI JaHUX Ta MacIITabOBaHO-
CT1 CUCTEMH.

Y MA 3acTOoCyHOK — 11¢ Habip HEeBEJIH-
KHX, HE3aJIC)KHUX CEPBICIB, KOKEH 3 SKUX Ma€
neBHy Oi3Hec-(pyHKIioHANBHICTB. Li cepBicu
MOXYTb OyTH pO3p00JIeH1, PO3TOPHYTI Ta Mac-
ITa0OBaHI HE3aJIeKHO OIMH BiJ OJHOTO, IO
JI03BOJISI€ OCATTH OUIBIIOI THYYKOCTI Ta JTH-
HaMIYHOCTI MOPIBHSHO 3 TPATUIIITHIMH MOHO-
JITHUMH apXiTeKTypHUMH pilieHHsIMH [2].

CrinkyBaHHs MiX cepBicamu B MA Bi-
NOYyBa€eThCS 32 BUKOPUCTAHHSIM YITKO BH3HA-
yeHux API, 3acTocoByroun NpOTOKOIN KOMY-
nikarii, Taki sk REST, depru moBigomiieHb.
Ile no3Boisie cucTemi Jierme po3BUBATHCA Ta
MacmTa0yBaTHCs, OCKUIBKA 3MiHH B OJHOMY
cepBici HE OOOB'S3KOBO MOTPEOYIOTH 3MiH Y
Bcii cucreMi. OgHaK apXiTEKTypa MiKpOCepBi-
CiB TaK0X BHOCHUTH BJIACHUI HaOip BUKJIHKIB,
BKJIIOYAIOYM YMPABIiHHSA KOHCUCTEHTHICTIO
JaHUX, OATaHCyBaHHS HABAHTAKCHHSI Ta MOHI-
TOPUHT, TpelcuHr ta joryBanHsa [4]. Lli Bu-
KITUKU TIOTPiOHO PETEeNhbHO AOCHIHKYBATH JIJIs
3a0e3neueHHs CTIHKOCTI Ta MacTaboBaHOCTI
CHCTEMH.

ToMmy BUHUKAE HEOOXITHICTD €PEKTHB-
HUX pillieHb a7 poOoTH 3 TpaH3akiisimu B PC.
Bunukm crierianizoBaHi maTepHU Ta METOJIO-
Jorii, SIKi MPOTMOHYIOTh BUKOPUCTAHHS OKpe-
MUX MIIXOIB 0 peaiizamii Takoi podoru. Ha-
npukian, mnarepH "Transactional Outbox
(TO)" po3pobiennii 1uist 3a0e3medeHHs aToMa-
PHOCTI omeparliii Ta myOsikaiii mojaii sk yac-
TUHH TPAH3AKIIHHOTO MPOIIECY.

Mertoto 11i€i CTaTTI € ONMUC aHaTI3Yy ic-
HYIOUMX 3arajilbHUX pilIeHb IMIUIEMeHTalil

Tpan3akuii B PC mikpocepBicHOro THIly Ta
CTBOPEHOI METOJI0JIOTIi peasizallii po3noiie-
HUX TpaH3aKIii Ha 0a3i 4yepr MoBiJOMIICHb.
Byno BusiBieHO, 1110 OAHUM 3 €PEKTUBHUX Pi-
nieHb € Bukopucranns narepny TO. Ilpencra-
BJIEHO pO3p00JIeHy HaMH HOTro peani3aiiio y
BurisaAl Spring starter. OctanHiil 10#a€THCS
JI0 CUCTEMU, KOH(DITYpY€EThCS Ta MOJIETIIYE BU-
KOPHCTaHHS TpaH3aKIlii 1 myOiKaIlito Mmomii,
AK1 € YaCTUHAaMH TpaH3akuii B MA.

1. IIpodJiemn B MiKkpocepBicHIl
apxiTrekrypi

[lim ywac mpoeKTyBaHHS KOMYHIKarii
MDX MiKpocepBicaMu MOTpiOHO BpaxOBYBAaTH:
HaJIAIITYBaHHS MPAaBHJIBHOI KOMYHIKAIl MiX
cepBicaMH, MOXKIIUBI 3aTPUMKH B MEPEXi, ITPO-
0JieMH 3 JOCTYITHICTIO CEPBEPIB Ta 3aTPUMKH
MiX 3anuTamu [5]. Y pasi HanmamTyBaHHS KO-
MyHIKaIlii MIX MIKpOCEpBiCaMU Ba)KJIMBOIO
CKJIaJIOBOIO € 3a0e3MeUYeHHs BiJIMOBOCTIHKO-
cti. IloTpiOHO BpaxoByBaTH 1 KOHCHCTEHT-
HICTh JNaHuX. Jlo mpHKIagy, aToMapHe OHOB-
JeHHs JaHux (abo Bcl omeparii ycrminiHi, abo
KOJIHA HE YCIIIIIHA) € HE MPOCTUM BHKIUKOM
y mobynoBi MA.

YrpaBiniHHS KOHCUCTEHTHICTIO JaHUX
BKJIIOYA€ PO3B'SI3aHHS JIBOX OCHOBHHX IIPO-
OmeM: poboTy 3 OaraTOMOTOYHICTIO Ta BiMO-
BOCTIliKicTIO. B 0GararomorouHomy cepemo-
BUIIIi, KOJIU KUJIbKA MPOLIECiB a00 MOTOKIB Ha-
MararoThCsl OJTHOYACHO OTPUMYBATH JOCTYII Ta
3MIHIOBATH Ti caMi JIaHi, MOKE BUHHKATH HE-
KOHCHCTEHTHICTh JJaHUX, OCKUIBKH Pi3HI BY3JIH
MO>KYTh MaTH pi3Hi Bapiallii THX CaMUX JaHUX.
BinmoBa x Moxe BinOyBaTuCs, KOJH BY30J
a00 MepexeBe 3'€THaHHS 3a3HAIOTH MOIIKO-
JoKeHb. Hampukiaza, cepBic B MOTOYHUN MO-
MEHT 4Yacy He BiJIoBigae abo OBEepTa€E MOMHU-
JIKy, IO MPHU3BOJAUTH 10 YaCTKOBUX ab0 He-
KOHCHUCTCHTHHUX OHOBJICHB JaHHX.

IcHye kinmpKa MiAXOAIB A0 YNpaBIiHHS
KOHCUCTEHTHICTIO naHuX. OauH 13 MiIXOIIB -
BUKOPUCTAHHS  PO3MOMAICHUX  TpaH3aKIii
(PT), sxi 3a0e3nedyloTh BHUKOHAHHS TPYIH
orepariiii Ha KiUIbKOX By3iax aTromapho. PT -
1€ TpaH3aKIlii, 0 OXOILIIOIOTH KiJIbKa 0a3 na-
HUX 200 CUCTEM, SIKi MOXKYTh 3HAXOJUTHUCS Ha
pi3HUX cepBepax ado HaBITh Y PI3HUX reorpa-
(bIYHUX MICISIX.
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VY PT xoopauHATOp TpaH3aKLii BiIOBI-
Jla€ 32 KOOPJMHALIIIO JIIH yCIX BY3JiB CUCTEMH.
Koopaunatop criouaTky 3aIryckae TpaH3akIilo,
a TIOTIM HaJICHJIAE 3aITUTH JI0 YIaCHHUKIB CHCTEM
U1l BAKOHAHHSA MOTP1OHKUX onepatiid. Ko Bci
BY3JIM YCHIIIHO BUKOHYIOTh CBOi omepariii, Ko-
OpIMHATOp MIATBEPIXKYE TpaH3akuito. OnHaK,
KO OyJb-sKa 3 CHCTEM HE BUKOHYE CBOIO
oleparlito, To KOOPANHATOP CKaCOBYE BCIO Tpa-
H3aKI[II0, CKAaCOBYIOUM BOJHOYAC YCl1 3MiHH,
3p0o0JIeH] yHJaCHUKaMU CUCTEM.

Xoua po3MoAisieH] TpaH3aKIlii MOXYTh
OyTH KOPHUCHI JJIsi KepYBaHHS y3TOIKEHICTIO
JaHuX y MA, BOHU TakoX MOXYTb CTBOpPIO-
BaTH BJIaCHUU HaOip mpoOiieM Ta TPYIHOIIIB,
TaKUX 5K 10/laTKOBE HaBaHTAXECHHs Ha POy~
KTUBHICTH Ta OIEpaIiiiHy CKJIaIHICTb.

2. IlaTepHu, 110 MOJIETIIYIOTH
poooTYy 3 pO3NOAiIECHUMHU
TPAH3aAKLWiSIMHA

PosrnsiHemMo nesiki BigoMi MikpocepBi-
CHI TMAaTepHU, IO BUPINIYIOTH MPOOIEMH,
noB’si3aHi 3 PT Ta ix peanizarii [6-7].

[[Ta6non nBodazHoro komity (2PC) €
KJIACUYHUM  PO3MOAUICHUM TpaH3aKLIIHHUM
1abJI0HOM, KM BUKOPUCTOBYETHCS ISl KO-
OpAVHAIIT TPaH3aKI[Il MK IEKIIbKOMA CHCTe-
MaMu. Y [bOMY MaTEpHIi iICHYE KOOPAUHATOD,
110 1HIIIFO€ TPAH3AKIiF0, i 1HIII YYaCHHUKH (Mi-
KpOCEpBIiCH, BY3JIU CUCTEMH), [0 OTPUMYIOTh
MOBIJJOMJICHHS BiJl KOOpJAUHATOpa Ta 30epira-
10Th TpaH3akuioo [8]. KoopauHaTop BHU3Ha4ae
TOTOBHICTh KOXXHOTO By3J1a 30€perTu TpaH3akx-
IO 1, y BUIIQJIKy TOTOBHOCTI YCIX CEpBICIB,
BiJIIIPaBJIsi€ IpyTe MOB1IOMIICHHS, 01 BKa3aTH
BCIM cepBicaMm 30epertu TpaH3akilito. SKIio
SIKUWCH CEPBIC HE TOTOBUI 30€perTH TpaH3aK-
111F0, KOOPJIMHATOP BiANPABIISIE TIOB1IOMIICHHS
po BiAMOBY Bij Tpan3akilii. Llei maTtepH Bu-
pitrye mpoOjeMy KOHCHCTEHTHOCTI JAaHUX B
PC 3abesneuyroun Te, 1m0 BCi cepBicH 3ilic-
HIOIOTh 200 CKAaCOBYIOTh TPaH3aKIII0 Y KOOp-
JTUHOBAHMI CIIOCIO (32 TOTIOMOTOIO CEepBICY
KoopauHaTopa). BiH ymoxnuBiroe 3abesre-
YCHHSI aTOMapPHOCTI Ta KOHCUCTEHTHOCTI MiX
KIIbKOMa CHUCTEMaMH, alieé MOXKE€ CIIPUUYHHSITH
poOJIeMH, TTOB's13aH1 3 MacIITa0OBaHICTIO, J0-
CTYIHICTIO Ta MPOJYKTHUBHICTIO.

Cepen BimoMux peamizaiiii bOro ma-
TEpHY MOXKHa BUAUTUTH HacTymHi: Atomikos
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(cuctema KepyBaHHS TpPaH3aKLISIMU, 3aCHO-
BaHa Ha Java), Bitronix (MeHemxep TpaH3aK-
i, 3acHoBaHMit Ha Java), NServiceBus (ra-
Thopma 11 mepenayi moBiJOMJICHb Ta 1HTET-
parii Ha ocHoBi .NET) .

[labnon Saga € anbTepHATUBOIO I1a0-
nony 2PC. Ilpunmun pobotu madiony Saga
HOJISITA€E y TOMY, 110 Micysl BUKOHAHHS JIOKaJlb-
HOT TpaH3akuii 0a3a JaHUX OHOBIIIOETHCS, a
MIOB1JIOMJICHHS TPO TOiI0 MyONIIKY€eTbCS IS
1HIIIFOBaHHS HACTYITHOI JIOKQJIBHOT TpaH3aKIii
70 0a3 naHux. Y Saga BUKOPUCTOBYIOTHCS TaKi
TEepMiHH, SK: compensating transaction (TpaH-
3aKIIisl, 110 CKACOBY€ 3MiHH, BUKOHAHI Morepe-
JTHBOIO TpaH3aKIl€w), countermeasure (au-
3aliH T€XHiKa, [0 BUKOPUCTOBYETHCS I KOM-
rescanii HecTaul piBHS 1307151111,
compensatable transaction (TpaH3akuis, Ky
MOXHa KOMIICHCYBaTH), pivot transaction
(TpaH3aKLis, 0 € MApKEPOM JIJIsI Caru: SKIIO
TpaH3aklisg YCHIIIHA, TO cara IpOAOBXKYyBa-
TUME PSIT i AJIs 3aBEPIICHHS TIOCTII0BHOCTI
TpaH3aKIlii) Ta retriable transaction (moBTOpHA
Tpan3akuisg). Lleit mabnon no3Bosse 3abe3mne-
YUTH MPaBUIbHICTh BUKOHAHHS PO3MOALIEHOT
MK MIKpOCepBicaMu TpaH3aKIlii, a KOXKHY JIO-
KaJbHY TPaH3aKI[I}0 MOXXHA KOMIIEHCYBATH 3a
JIOTIOMOTOI0  ii  KOMIIEHCYIOUOi1 TpaH3aKIIii.
Saga Tako rapaHrye, 110 BCi orneparii Oy 1yTh
3aBEpIICH] YCIIITHO a00 BIAMOBIIHI KOMITCH-
caliiini TpaH3akiii Oy1yTh 3amymieHi s cKa-
CyBaHHS paHilie BHUKOHaHOi poOotu. € aBa
BUJIM KOOpAMHALIT TpaH3akLiid y Saga: xopeo-
rpadist Ta OpKecTparis.

3acyroByIOTh Ha yBary Taki peaizarii
uporo narepHy: Uber Cadence (PC opkectpy-
BaHHS pOOOYHX MPOIIECIB, sIKa MICTUTH MiATPHU-
MKY SIK car Ha OCHOBI Xxopeorpadii, Tak i car Ha
OCHOBI opkectparii), AxonlQ (Biakputa mar-
¢dopma 1151 CTBOPEHHS MIKpPOCEPBICiB, 3aCHOBA-
HUX Ha MOJISX, KA BKIIOYAa€ MIATPUMKY car),
Lightbend Akka (na0ip iHCTpyMeHTIB Ta cepe-
JIOBUIIIE BUKOHAHHS JUTS TO0YI0BUA BUCOKOTIPO-
QYKTUBHUX, PO3MOIUIEHUX Ta BIAMOBOCTIHKUX
CHUCTEM, sIKa MICTUTb TIATPUMKY car).

Oxpemo croitb Mozaens Eventual
consistency. L{e coci0® ynpaBiiHHSI KOHCHCTE-
HTHicTIO 1aHuX B PC 6e3 BUKOpUCTaHHS Tpa-
JUIIAHUX TpaH3akuid. Y Monenl A03BOJS-
€TbCS CepBiCaM HE3aJISKHO OHOBJIIOBATH CBOL
JIOKaJIbHI CXOBHIIA JaHUX, a MOCIIIJOBHA KOH-
CHCTEHTHICTh JIOCSATA€THCS 3a JIOIIOMOTOIO
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ACHHXPOHHHUX OHOBJICHb Ta BUPIIIEHHS KOH(-
JKTIB. X04Ya el maxia Moxe OyTH O11bI Ma-
CIITA0OBAaHMM Ta THYYKHM, HIX TpaaulliiHi
TpaH3akIlli, BiH MOTpeOye 0OEPEKHOTO Kepy-
BaHHS KOH(IIKTaMU JaHUX Ta MOXE MPHU3BO-
IWUTH 10 THMYACOBHX HEY3TOPKEHOCTEH.

Kommnencariiinuii matepH - 1e crnocid
CKacyBaTH HACIIJKU HEBIAJOl TpaH3akLii 0e3
noTpedu MOBHOTO BIAKATY CUCTEMHU. Y LIbOMY
MaTepHI BUKOHYETHCSI KOMIICHCYIOUYa TPaH3aK-
IisT I CKacyBaHHS HACTIAKIB TTOYaTKOBOL
Tpan3akiii. Lleif maTepH yacTo BUKOPHUCTOBY-
€THCS B ITOETHAHHI 3 TTATEPHOM Caru JUist Kepy-
BaHHS JIOKAJIbLHUMHU TPAaH3aKIISIMA B MeXaxX
CepBicy.

[Tareps TO nHamae cmoci6 3abesme-
YeHHsI KOHCUCTEHTHOCTI manux y PC, komm
CepBIC TMOBWHEH MyOIiKyBaTH TOJIi SK Yac-
TUHY Tpan3akiii. Lle nerkuii Ta edexkTuBHUI
croci® KepyBaHHS KOOPJWHAIIEIO TOMIN MiXK
JeKiIbKOMa CUCTEMaMH, He BBOJISTYH CKJIAHO-
cTi Tpaauiiitnux mexaHismiB PT. Bin mo3Bo-
JIsi€ cepBicy MyOJIiKyBaTH MOi1 y crociO, SKui
KOHCUCTEHTHHUH 3 JIOKAJIbHOIO 0a3010 JNaHUX,
He moTpeOyroun mexaHismiB 2PC abo iHmmx
CKJIQJIHUX MEXaHi3MiB, SIK OT saga, Ui KOMIICH-
camiitauii mareps. Lle nerkuii i edeKTUBHUN
cnocid KepyBaHHS KOOPJWHAIIEIO MOMIN MiXK
JeKiTbKOMa CHCTEMaMHU.

[latepn wacto peanizyroTh Ha 0a3i
¢dperimBopky Spring Cloud Stream. Bin npus-
HA4YCHHI JIJIS CTBOPEHHS MIKPOCEPBICHUX 3a-
CTOCYHKIB, SIKI MpaIlOIOTh Ha OCHOBI TMOJIIH.
Bin no3Bomnsie myOiikyBaTH Ta OTPUMYBATH
MOZi1 32 IOMTOMOTOI0 PI3HUX CHCTEM TOBiIOM-
neHb, Takux gk Apache Kafka, RabbitMQ Ta
Google Pub/Sub. HMoro momenb mporpamy-
BaHHA Juisl peanmizaiii narepHy TO Ga3yerbcs
Ha API Spring Transaction.

['oBoOpsiuM Tpo BijoMi peamizamiii ga-
HUX MIKPOCEpPBICHMX MaTEpHIB BapTO 3a3Ha-
YUTH, [0 iX MOKHA peai3oByBaTH pi3HOMa-
HITHUMHU CTIOCO0aMH, ITiJIAIITOBYIOYHCH 1T
KJIIEHTCBKI 3aIIUTH Ta TEXHIUHY 0a3y 3acTocy-
HKy. Hanpukinan, Eventuate.io € mmatdop-
MOIO IS CTBOPEHHSI Ta YIPaBIiHHS MiKpO-
cepBicamu, [0 MPAIIOITh 32 MPUHIMIIOM
event-driven applications. Bona Bkitouae i
niarpuMky mabnony TO, Hagae Habip Kiie-
HTChKUX Oi0miorek juig Java Ta Spring, siki
CIpoIIyOTh 1HTerpaiio mabdmony TO B 3a-
crocyHku Spring Boot.

3. Transactional Outbox sk
ACHHXPOHHHUII cNOCi0 BUpilIEHHS
npood.ieMu 00OMIHY JaHUMH B
PO3MOIiJIEHUX CHCTEMAaX

[Tin gac Bukopuctanass MA mnommpe-
HUM € TIOCITyTOBYBaHHS CBOIMH JIOKQJIbHUMHU
CXOBUIIIaMH JJaHUX - database per service.

Hanpukian, cepsic, 1o BiANOBigae 3a
CTBOpEHHS 3aMOBJIEHb, 30€pirae 3aMOBJICHHS B
pensmiifHiii  6a3i manux. BomgHouac cepic
MOXe OakaTh HaiCcJIaTh TOJII0 MPO HOBE 3a-
MmosineHHs 10 Apache Kafka, mo6 nomuputu
110 1H(OpMAIIiIo Ha 1HIII 3aIliKaBJIeH] CEpBICH.
BukoHaHHS 1TUX BOX il MOKE IPU3BECTH 10
HEY3TO/DKEHOCT1 JaHUX: HOBE 3aMOBIJICHHS
Oyne 30epekeHe B JIOKAIbHIN 0a31 JaHuX, ane
BigmoBigHoro mnosimomieHHs no Kafka me
Oyze HazicinaHo (HaNpHKIal, Yyepe3 npodieMy
3 Mepekero). AOO HaBITaKu, MU MOKEMO HaJli-
caatu nosimomienns no Kafka, ame He 3Mo-
KEMO 30eperTu 3aMOBJICHHS B JIOKaJIbHIN 0a3i
nanux. OOuABI cuTyarii € HeOaKaHUMU Ta MO-
XKYTh MPU3BECTH J0 TOTO, 110 HIOUTO YCHIIITHO
CTBOpPEHE 3aMOBJICHHS He OyJne BiANpaBJICHE.
A0G0 Oyie CTBOPEHHMII 3aITUT HA BIIMIPABKYy, aje
B CaMOMY CepBici 3aMOBJIEHb HE Oy/ie BiIOMO-
CTEH TIPO BiJIMOBIIHE 3aMOBJICHHS.

OnTtuManbHUM pIIICHHSAM Ii€i Tpo-
osemu Oyna © 3MiHA JIUIIE OAHOTO PECYpCy:
a0 x 30epeKeHHsI JaHUX Ha cepBepi, ado K
Bi/IMpaBKa TOBIJOMJICHHS 1 B TOJAJIBIIOMY
OHOBJIIOBATH IHIIMK pecypc Ha OCHOBI yCHiII-
HOCT1 MEPIIOro. SIKIO PO3TISHYTH CHEpIIY
3miHy pecypey Apache Kafka, To mocmimos-
HICTh MOJIIH BUTJISAATUME HACTYITHUM YHHOM:
CepBic, IO BiAMOBiAa€ 3a 30€peKEHHS 3aMOB-
nieHb, He Oyze 30epiraTu 3aMoOBIIeHHS B 0a3i,
HaTOMICTb BIJNIPaBUTH MOAII0 B OpOKEp MOBI-
JOMJIEHb Ta MiMHUIIETHCS Ha e JKe TOMIK JIsI
OTpPHMaHHS Pe3yJIbTaTy MO YCIINIHY abo He-
ycIinHy Bianpasky. OTOX, 3MIHIOETHCS JIUILE
OJIMH pecypc 3a pas, i, IKIIO TIOCH MiJie HE TaK,
MU 0JIpa3y Jdi3HaeMOCS MPO 1€ Ta TOBIIOMUMO
3aMOBHHKY, III0 3aIUT HE BAAJIOCS BUKOHATH.
OcCkinbKHM CcepBiC MIANUCYEThCS Ha TOMNIK B
Kafka, BiH Oyze oTpuMyBaTH CHOBIILIEHHS PO
JOCTaBKY HOBOTO MOBIJOMJICHHS B 1IeH e TO-
IIK 1 3M0e 30eperTu HOBE 3aMOBJICHHS Ha 3a-
KYIIBIIIO y CBOiH 0a3i JaHUX.

Uum norane take pimeHHs? SKimo B
cucTteMi BUHHKaTHUMe motpeda gonatu (QyHk-
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I[IOHAJI Ha 3YMTYBaHHA yCIX 3aMOBJIEHb B 0a3i,
TO HAIll CEpPBIC HE 3MOXKE YUTATHU CBOI BIJIACHI
3anucH (read your own write semantic). I1pu-
MyCTHMO, IO CEpPBiC 3aMOBJICHb TaKOX Ma€
API nyist motryky BCiX 3aMOBIIEHB TIEBHOTO KJTi-
€HTa. Y pasi BUKIUKy nporo API 6e3nocepen-
HBO TICJS PO3MIIICHHS HOBOTO 3aMOBJICHHS
4yepe3 acHHXPOHHY OOpOOKY MOBIAOMIIEHB 3
tomika Kafka mosxe craTucs Tak, 1o 3aMoOB-
JIEHHS Ha 3aKYIIBIIIO 11e He Oyi10 30epekeHo B
0a3i JaHUX cepmicy i, OTKe, HOro He Oyze mo-
BEpHYTO MM TomikoM. lle Moxe mpu3BecTH
1o TutyTaHuHHA. Hanpukiaz, kopuctyBadi Mo-
KYTb MPOIMYCTUTH HOBOCTBOPEH1 3aMOBJICHHS
B CBOiif icTOpii MOKYIOK Ta 3arajJoM BTPAaTUTH
BKpail BaXJIMBY 1H(POpPMAIiF0 PO 3aMOB-
JICHHS.

IcHyrOoTH ciocoOu BmopaTvcs 3 €0
curyamieto. Tak, cepBic Moxke 30epiraTu HOBI
3aMOBJICHHS Ha 3aKYITBJIIO B ONIEPaTUBHIN IMa-
M'AITI Ta BIANOBIAATH HA HACTYIIHI 3alUTH HA
OCHOBI IMX JaHuX. O/IHaK 11e MIBUAKO CTa€ He-
MIPOCTOIO 3a7aueio y pasi peanisamii CKIIaaHi-
IUX 3anuTiB 200 BpaxyBaHHI TOTO, 11O CEPBIC
3aMOBJICHb MOYKE CKJIaJIaTUCS 3 KIJIBKOX BY3JIiB
y KJIACTEPHOMY CepeOBHIL, 110 MOTpeOyBa-
TUME TIepe/Iadi [IUX JaHUX B MEXKaX Kiacrepa.
binpmr ciymHuUM pimeHHsM Oyae 3MiHa crie-
piry crany 06a3u, a OTiM BiANpaBKa IMOBiIOM-
JIeHHs, 0a3yH4HCh Ha 3MiHI IILOTO PeECypcy.
Jlane pilIeHHs sKpa3 TaKd MOXKHA 1MITJIEMEH-
TyBaTH, BUKOpucToBytouu narepa TO [9].

[Tarepn TO Bupimye 3aBnanus 30epe-
JKEHHS KOHCUCTEHTHOCTI Ta HAIIHOCTI JaHUX
y PO3MOIUICHUX TPAH3aKI[IHHIX CepeIOBHINAX
NUBIXOM ~ 30€peXeHHs JaHuX Ta TOJiH,
OB’ sI3aHUX 3 HUMHU B MEXax OJHI€T 6a3u Ja-
HUX, Ta TapaHTye MyOIiKaIio 30epeKeHHX Mo-
niit. [TyOnmikoBaHi Tojii BiqoOpakaroTh 3MiHH
CTaHy CHUCTEMH, SIKi MOTPIOHO MOBITOMHUTH 1H-
MM BY3JIaM po3mojauieHoi cuctemu. [lona-
rouu noii B Tabmuirto "outbox", maTepH 3a6e3-
nedye ix HafiifHe 30epiraHHs B MeXax Ti€l ca-
MOi aTOMapHOI TPaH3aKIIii pa30oM i3 OCHOBHOIO
omepartiero OizHec yoriku. Llei miaxin Hamgae
rapaHTii KOHCHCTEHTHOCTI JaHHX, OCKUIbKH
a00 BC1 3MIHU KOMITATBCS pa3oM, a00 KOJIHA 3
HUX HE BUKOHY€ThCS (i3 cKacyBaHHSAM OAHI€l
CKacoBYIOThCs yci). IcHye i okpemuit (oHo-
BUIi Tpoliec, BigoMmuii sk "madmimep" momiid
abo aucnetdep mojaid. Bin unrae nmomii 3 Tab-
auti "outbox" Ta myOmikye iX y BiAMOBITHHIA
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HOCEPEeHUK IOBiIOMIIEHb a0o0 cucTteMy 00-
MiHY MOBIJOMJICHHSIMU — 1€ MoOXe OyTH
Apache Kafka, RabbitMQ Ta inmi. Ilnsxom
PO3MOICHHS TIpoliecy MmyOumiKamii moii Bif
OCHOBHOT Tpan3akiiii, madnon TO momomarae
MOKPAITUTH TMPOIYKTHUBHICTh, MAacIITabOBa-
HICTh Ta CTIWKICTh CUCTEMH.

OpuH 13 0a30BUX MiAXOIB peaizamii
natepHy TO € po3poOka Ta BUKOPUCTaHHS
BJIACHUX CEPBICIB, 110 OYyTh 3UUTYBaTH MOI1
3 Ta0nuii OutboX, MEHEKATH IXHIH MOIalIb-
MK JKATTEBUN IMKII Ta KepyBaTH 0OpPOOKOIO
PI3HOMaHITHUX MOMUJIKOBUX clieHapiiB. OCHO-
BHa TepeBara Takoro MiAXOay € HOoro ryd-
KICTh, OCKUIBKH BiH JIO3BOJISI€ HAIAIITyBaTH
JOTiKy OOpOOKHM MOBIZJOMJIEHB BiJIOBITHO J0
KOHKPETHHX BUMOT.

VY maTtepHi KOKeH MIKpOCEPBIC TiATPH-

Mmye Tabnuiro "outbox" y BiacHiil oKanbHIN
6a3i ganux. L{g Tabmuus € cBoepigauM Oyde-
poM, Jie 30epiraroThes MOil Ta MOBiTOMIICHHS
JI0 1X TIOIIMPEHHS Yy 30BHIINIHI CHUCTeMH (Ha-
OpUKIaA, 10 MyOniKyBaHHS y MecemkK Opo-
Kep).
Crpykrypa Tabuuni outbox table 3a3Buyaii 3a-
JISKUTH BiJ] KOHKPETHOI peai3aliii Ta BUMOT
MA. OnHax € KijbKa 3arajJbHUX aTpUOYTIB, SIKi
YacTO MPUCYTHI B TAOJIUIII BUX1THOI CKPUHBKH,
Taki sk message id, message payload, status,
timestamp Ta inmr. KoHkperHa cTpykTypa Ta
JIOJTATKOBI TTOJISI MOXKYTh BapirOBaTHUCS 3alie-
JKHO BiJI JeTaliel peastizallii Ta BUMOT apXiTe-
KTypH MIKpOCEPBICiB.

VY Takiil peamizamii maTtepHy iCHYIOTbH
CHeIiaibHI KOHCBIOMEPH, K1 BiJIIOBIIAOTH 32
MepioMYHI 3amUTH A0 Tabnwuii "outbox" mis
OTpUMAaHHS HE MEepPEAAHNX Ta HE 3UUTAHUX pa-
Hile moBigomiieHb. [luMu KOHChIOMEpamu
MOYTh OyTH OKpeMi MikpocepBicu abo Ok-
peMi MOAyidi BiacHOro 3actocyHky. Ilicms
OTPUMAaHHS MMOB1IOMJICHHS 3 Ta0uIl "outbox"
CreliabHUN KOHChIOMEp 00pobiisie Horo Bif-
MOBITHO 10 BHU3HA4YeHOI Oi3Hec-ymoriku. Ilei
MpoIeC MOXKE BKJII0YaTH (popMaTyBaHHS MOBI-
nomuieHHs1, BUKIUK API abo cepsici Ta oOpo-
OKy MOXIMBUX TOMWIOK YH MOBTOPHHUX
crpoO. Y po3poOIli TAKOTO KOHChIOMEpa BapTO
3Ba)KaTW Ha HEOOX1IHICTh HA/IaHHS TapaHTOBA-
HOTO YWTaHHS, BIAIPABKHA Ta MiATBEPIKCHHS
0o0poOneHux moBimomiieHb. lliATBepKEeHHS
YUTAHHS, JI0 MPUKIIATY, MOKHA peaTi30ByBaTH
OHOBJIIOIOYM cTaTyc y Tabmuii "outbox" .
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[Tigxin 13 BUKOPUCTAHHSAM CIielialib-
HUX KOHCBIOMEPIB HaJla€ JIeTaai30BaHU KOH-
TPOJb 1 HANAIITYBAHHS CIIOKUBAHHS Ta 00PO-
Ok TOBiIOMJIEHb. BiH 103BOJIsIE€ aganTyBaTH
JIOTiKy 00pOOKH i1 33J0BOJICHHS KOHKPETHUX
BHUMOT, TaKUX SIK TIEPETBOPCHHS JTaHMX, Iepe-
BipKa Oe3rneku abo mpaBuil Baslijarii.

Xoya gaHWM BapiaHT peajizallii mare-
PHY CHpUsi€ THYYKOCTI 1 MOXKIIMBOCTI HaJlall-
TyBaHHS, BIH TaKOXK Ma€ KUIbKa MOTEHUINHUX
HEJIOJIIKIB, sIKi BapTo Bpaxysatu. Cepen Baro-
MHX HEIONIKIB MO>KHA BBa)KaTH 30UILIIEHHI
o0csr po3poOKH Ta MOTPeOH MIATPUMKH B €KC-
myaraii. HeoO0XiiHO po€eKTyBaTH, peai3o-
BYBaTH, TECTYBAaTHU Ta MiATPUMYBATH KOMIIO-
HEHTHU BJIACHHX KOHCBHIOMEPIB. A 1€ 301IbIITy€
3arajibHUM 00csAT PoOOTH 3 PO3POOKHM Ta MOT-
pebye OibIe 3yCHIb IS IXHBOI IMATPUMKH.
MacmrabyBaHHs BITACHUX CIIOKHMBaYiB MOXE
TaKO)K BHUKJIHKATH IE€BHI CKJAJHOII, 0CO00-
JMBO Y poOOTi 3 BEJIMKOIO KUTBKICTIO TTOB1IOM-
JIeHb Ta TOJ1ii 200 OJJHOYACHUM JIOCTYTIOM JI0
tabmumi outbox. [ToTpiOHO BUKOPHCTOBYBATH
BI/IMOBI/THI MeXaHI3MU OajlaHCyBaHHS HaBaH-
Ta)kKeHHS Ta A0aTH Npo e(EeKTUBHY Ta MACIIITa-
O0oBaHy 00pOOKY TTOBITOMJICHD.

4. IMousarra WAL Ta CDC

Change Data Capture (CDC) Ta Write-
Ahead Log (WAL) € noB'si3anHiMH KOHIIETIITi-
SIMHA B KOHTEKCTI CUCTEM 0a3 MaHUX, ajle BOHU
CITyKaTh PI3HUM IIUISIM.

"Write-Ahead Log" (WAL) € texwi-
KOIO, 5IKa 4acTO BUKOPHCTOBYETHCS B CHUCTE-
Max 0a3 JaHux JUIs 3a0e3nedeHHs CTIHKOCTi
JaHUX Ta MIATPUMKHA KOHCHUCTEHTHOCTI TpaH-
3akmiid. Bona nepen6auae 3anuc 3MiH, MoB's13a-
HUX 13 TPAH3aKI[IsIMU, Y )KypHaJIbHUH (aiin ne-
pen IXHIM 3acTOCYBaHHSM 10 PaKTHIHUX (aii-
7iB naHux 6a3u mannx. WAL Bucrymae sk mo-
CIIZIOBHUH KypHAJ YCiX 3MiH, 3pOOJCHUX Y
0a3i JaHMX, K YCIIIIHO 3iiCHEHUX, TaK 1 He-
3aBepIIeHuX TpaH3akiii [10].

Komu tpansaxmis 3miHIO€ naHi B 0asi
JaHUX, BIAMOBIIHI 3MIHU CIIOYATKy 3aIlUCy-
1otecsi B WAL. Lle rapanrtye 6e3mneune 30epi-
TaHHS JKypHaJly Ha HaJIHHOMY HOCII, mepIr
HDXK Moaudikaiii 3aCTOCOBYIOTHCS IO Camoi
0a3u naHuX. 3aBISKH IbOMY MiIXOAY CHCTEMa
0a3u TaHUX rapaHTye, 10 B pa3i 30010 a0o aBa-
pii cucremu 3miHu, 3anucadi B WAL, MOXyTb

OyTH BiITBOpEHI Ta 3aCTOCOBAaHI JIJIsl BiTHOB-
JieHHs 0a3M JIaHUX Y KOHCHUCTEHTHUH CTaH.

WAL najnae xinbpka nepesar. Bona mo-
Kpallye IpoAyKTHBHICTh 0a3M JaHUX, J103BO-
nsoun OydepusyBaTi Moudikarii B mam'saTi
Ta 3aMUCyBaTH iX Ha JUCK y e()eKTUBHILIOMY
MOCTIIOBHOMY TOpsiAKY. BoHa Takox 3a6e3-
revyye IMITICHICTh JaHUX, HAJIAI04YM HaIIHHUMA
3amMc TpaH3akiliid, o T03BOJISE BiTHOBICHHS
micas 300iB Ta ckacyBaHHS omnepauiid. Kpim
toro, WAL n1o3Bosisie perutikaiiro 6a3u 1aHux
Ta peajizallilo pe3epBHUX CEpPBEPIB, PEILIIKY-
F0YM XKYpHAJ Ha 1HII CUCTEMH JUIs HOTpeOd cu-
HXPOHI3aIi.

3araom BukopucTanHs WAL migBu-
IIy€ CTIAKICTh, HAMIWHICTh Ta MOXKIIUBICTD BiJI-
HOBJICHHSI CUCTEM 0a3 TaHWX, pOOJISTIr HOTo Y-
HJaMEHTAILHOI0 TEXHIKOIO JIsi 3a0e3ledeHHs
KOHCHCTEHTHOCTI Ta JOCTYITHOCT] JaHUX.

Change Data Capture (CDC) - e Tex-
HiKa, [0 BUKOPUCTOBYETHCS Y Tally3l iIHTErpa-
1ii Ta CHHXPOHI3aIli1 JaHUX JJIs 3aXOIICHHS Ta
nepeaayi 3MiH JIaHUX Yy peaJbHOMY 4aci 3 6a3
naHux 10 muboBux cucreM [11]. CDC no3Bo-
JSi€ TIOCTIMHO BIACTEXXYBaTW Ta BUTATYBAaTH
3MIHM JaHHUX, TaKl K BCTaBKH, OHOBJICHHS Ta
BUJIAJICHHS, Y Mipy 1X BUHUKHEHHS B JDKEpei
0a3u manux. Lli 3710BIIeH] 3MiHU JAHUX ITOTIM
MIEPETBOPIOIOTHCS y PopMar, SIKUil MOXKe OyTH
BUKOPHCTAHUH HITUMU 3aCTOCYHKaMHu abo pe-
TikoBaHui 1o iHmmx 6a3 nanux. CDC no3Bo-
nsie epeKTHBHY Ta Maibke B pealbHOMY dHaci
peIuTikamio JaHUX, CHHXPOHI3AIII0 Ta 1HTET-
palifo MK pi3HOMaHITHUMH CHCTEMaMH, 3a-
0e3neuyou KOHCHUCTEHTHICTh Ta aKTyallb-
HICTh JJaHUX Y ekocucTemi. Lle mmpoko BuKO-
PUCTOBYETHCSI B CIIEHAPIsX, /I CBOEYACHA Ta
TOYHA Tiepeiadya JaHUX € KPUTUIHOIO.

3B's30k Mix CDC ta WAL mnonsirae B
tomy, mo CDC yacto BUKOpUCTOBYE 1HOOP-
Mailiro, 3anucany B WAL, miis 3aXorieHHs ta
Bigcrexxenus 3MmiH. Ockimbku WAL micTuth
MOCIIJOBHUM JKypHaln ycix Moaudikalii,
3pobneHux y 6a3i JaHuX, HOro MOXHa BUKO-
PUCTOBYBATH SIK HaIIHE JDKEPEIIO IS BUJIO-
OyTKy OKpeMHX 3MiH Ta iX repeaadi iHIIIM CH-
cTemMaM abo CIOKHMBaYaM.

Amnanizytoun WAL, mexanizmu CDC
MOXYTh 1I€HTHU(IKyBaTH KOHKPETHI 3MIHH,
IO CTAJUCS, BKIIIOYAIOUN pefaroBaHi PsIKH,
CTOBMIII Ta 3Ha4eHHS. [loTiM BOHU MOXYTb 3a-
¢ikcyBarty 111 3MiHU Ta IEPETBOPUTH 1X y pop-
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MaT, IPUAATHUN AJIs epeaadl, Ik HalpuKIIas,
CTBOPEHHS TIOM1 3MiHM a00 OHOBJICHHS perl-
JIK 0a3y IaHuX.

5. Debezium sk cnmocio
iMnJieMeHTamii TpaH3aKmin

Debezium - ne posnoniiena miargdo-
pMa 3 BIIKPHUTHM KOJIOM, SIKa BHKOPHCTOBYE
texHiky Capture Data Capture (CDC) s
OTpUMaHHS Ta mepeaayl 3MiH JaHUX Y pealb-
HOMY 4aci 13 )KypHaJliB TpaH3aKIIii 0a3u JaHux
(BukopucroByroun WAL) [12]. Bona inTerpy-
€TbCSA 3 PI3HOMAHITHUMH TONYJSIPHUMH Oa-
3aMu AaHux, Takumu sik MySQL, PostgreSQL,
MongoDB Ta inmi 3a paXyHOK KOHEKTOPIB J10
0a3 maHuX. A TakoXX HaJa€ He3aMiHH1 PYHKITIT,
TakKi, SIK 3/1aTHICTh 3aXOIUTIOBATH 3MIHU B YCIX
acmeKkTax 0OpOoOKM JaHWX BKIFOYHO 13 BCTaB-
KaMH, OHOBJIGHHSIM Ta BUAayneHHsM. Ilix uac
HaJaIITYBaHHS ISl pOOOTH 3 MEBHOK 0a3010
nanux Debezium miakito4aeThCs 10 KypHaTy
TpaH3akIid 0a3u NMaHuX, KU, K MPaBUIIO,
peanizyerbes 3a gonomororo WAL. WAL pe-
ecTpye Bci moaudikarii, 3pobneHi B 6a3i na-
HUX, BKJIIOYAIOYM BCTaBKH, OHOBJICHHS Ta BU-
JaJIeHHs, B MOCIIJOBHOMY Ta CTIHKOMY XYyp-
HasbHOMY (baiini. Debezium 3unrtye 3MiHy, 3a-
nucani B WAL, Ta mepeTBopro€ iX y MmoTiK 1o-
nit 3mid. L{i moxii 3MiH TOTIM TIEPETBOPIO-
I0ThCS B CTaHAAPTU30BaHUM (popmart, Takuii K
JSON abo Avro, i cTalOTh JOCTYITHUMH JUIS
CIOKMBaHHS 3aCTOCYHKaMH a0 cHcTeMaMu
BHU3 TI0 JIAHIIOXKKY.

3aBasku BuKopucTanHio migxoxy CDC
Ha ocHoBI WAL, Debezium 3abe3neuye Hamiii-
HUW Ta MIHIMaJIbHHUH BIUTUB 3aXOIUICHHS Ja-
HUX, HE HaBaHTAXYIOYH JOJATKOBO JKEPEIo
0a3u manmx [13]. Taka eheKTHBHICTH JTOTIOB-
HIOETBCS JIETKO PO3LIMPIOBAHOI0 apXITEKTY-
pOIO, sIKa MOYKE MPUCTOCOBYBATHCS 10 CUTYya-
il CTIHKOCTI 0 BIAMOB, CIIPHUSIOYH MPOCTIid
CUHXpOHI3aIli Ta iHTerpamii 3 YUCICHHUMHU
mwiarpopmamu. Tomy BHecok Debezium y
CTBOpPEHHS IPOLIECIB CTPIMIHTY B PEAILHOMY
Yaci, pa3oM i3 HaJaHHSIM MaclITa0OBaHUX pe-
aKTHUBHHX IMOTOKIB JUISI Cy9acHUX PO3MOZiJie-
HUX (GPEeMBOpPKIB, HEMOXKIIMBO HEJOOI[IHUTH.
Ie#t minxix MiHIMI3Y€e BIUIUB Ha IPOIYKTHUB-
HICTh JpKepena 0a3u JaHMX Ta 3alesrnedye
MaiiKe peasIbHUI Yac Ta TOYHY PETUTIKAIliio Ta
1HTETpaIlio JaHUX MK PI3HUMHU CUCTEMAaMHU.
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Debezium mnoOynoBaHUl Ha OCHOBI
Apache Kafka. Ha Bigminy Bim migxonmy, 3a-
CHOBAaHOIO0 Ha NyJiHry pgaHux, Debezium
OTPUMYE MOJIT 3 Jy’K€ HU3bKUM HaBAHTAXKEH-
HSIM Ha CUCTEMY Ta MPAKTUYHO B PEXKHUMI pea-
apHOTO Yacy [12]. Debezium nocraBmsieTbes 3
CDC-konexkTopamMu AJis KUTbKOX 0a3 JaHuX,
takux sk MySQL, Postgres Ta SQL Server 1
MiCJs OTPUMAHHS JaHUX MOXKE TepeaaBaTH iX
IHIITUM cepBicaMm, 30KpeMa, MOXKe My OTIKyBaTH
noJiito B Mecek Opokep. HaniliHicTh Ta 3amno-
OlraHHs BTpaTH JIaHUX € BOKIIMBUMH XapaKTe-
PUCTUKAaMU IIATGOPMH.

Debezium Hagae npiopuTeT HaAiiHO-
CTi, BUKOPHCTOBYIOUH >KypPHaJIM TpaH3aKIIii,
taki sik Write-Ahead Log, mo HaiaroThcs cuc-
TeMaMHu 0a3 JaHuX, 3 IKUMHU BiH IHTETPY€EThCS.
i xypHaIH € HaJIHHUM Ta MIITHUM JIKEPEIOM
JUTsL OTpUMaHHS iH(popMallii Mpo 3MiHH JJaHUX.
Debezium miIKIIFOYaETHCS 10 KYpHATY TpaH-
3aKIIii 1 3UATY€E 3amucaHi B HbOMY 3MiHH, Ta-
PaHTYIOUHM, IO JKOJIHI 3MIHM HE MpPOIMYyCKa-
I0ThCsl 200 He BTpavaroThes. Ilim wac 3axor-
JIeHHS 3MiH 3 XXypHaly Tpan3akuiii Debezium
3armamM’iTOBY€ CBOIO OCTaHHIO 0OpoOJieHy Mo-
niro, mo0 y pasi nepesamycky abo BiIMOBH CH-
cremu, Debezium Mir mpoJOBXKUTH YHUTATH
MOJIii 3 TOTO MICI, JIe BiH 3yIIMHUBCS, 1 MPO-
JOBKUTH YHWTAaHHSA 3MiH 0Oe3 JyOJroBaHHS,
TOOTO HE YUTATH IMOBTOPHO OJIHI ¥ Ti X JaHi.
Ileit mexaHi3M 3a0e3nedye IUTICHICTh JaHUX
Ta 3amo0irae BTpaTi JaHUX Yy pa3i OyIb-sKHX
3001B a00 BiAMOB.

Apache Kafka, Opokep mnoBiOMIICHB,
SIKUH BUKOPUCTOBYETHCA pa3oM 3 Debezium, Ta-
KOXX BIIirpae BaXKJIMBY POJIb Y 3a0€31eUeHH] Ha-
JIITHOCTI Ta CTIMKOCTI TaHuX. BiH perutikye paHi
Ha KUJIbKOX Opokepax y Kiactepi, 3a0e3neuyroun
ixHI0 00pOOKY B pa3i BiaMoB. KoxHe noBinom-
neHHa a0o mopis, ska myOmikyerbes B Kafka,
30epira€ThCsl y CXOBHIIIL, SIKE Ha3UBAETHCS "'TO-
nikamu". Tomiku po30MBalOTbCSA HA YACTHUHH, 1
KO)KHA YaCTUHA PEIUIIKYEThCSl Ha KUIbKOX Opo-
kepax. Lleil mexani3m perurikauii 3abe3neuye
CHUTYaLI0, KOJIM HaBITh y Pa3l BIIMOBU JESKUX
OpokepiB a0 By31IiB, 1aHi BCE 1€ AOCTYIIHI 1 MO-
KYTh CIIO)KHBATHCS KOPHCTYyBaYaMH.

Debezium BHKOpPUCTOBY€ Il Ta iHII
MoxkiuBocTi HafiiHocti Kafka, myGnikyroun
oTpuMaHi 3 Tabnuili outbox 3MiHU MOJIH B TO-
miku Kafka. [Ticns myGmikamii Kafka Binmosi-
nae 3a 3a0e3nedeHHs IXHLOI MIIIHOCTI Ta JOC-
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tynHocTi. [lomii MoOXyTe OyTH cCIOXKHBaHi
KOHChIOMepamMHu a0o 00poOseH] IHIIUMHU 3a-
CTOCYHKaMH.

6. Spring Boot Starter Ta ioro
PoOJIb B peaJizauii TpaH3aKIil

Spring Boot Starter - € KIO4Y0BOIO
CKJIaJIOBOI0 YacTUHOIO (PpeldMBOpKY Spring
Boot, 1m0 Hajae cnporeHuii cnocid HajamTy-
BaHHS Ta 3aIllyCKy 3aCTOCYHKIB uepe3 00'el-
HaHHS 3aJIe)KHOCTEH Ta HANAIITYBaHb JIJIsl KOH-
KpeTHUX (PYHKIIIOHATbHOCTEH a00 KOMITOHEH-
TiB. 3a3Buyaii Spring Boot Starter 3a 3aMoBuy-
BaHHIM BKJIIOYAE MiaI0panuii HaOip 61010TeK,
KJIaciB aBTOKOH(QIrypauii Ta HaJalTyBaHb,
HEOOXITHUX JIJIsl BKJIIIOUEHHS TEBHOI (PYHKITIT
abo 1HTeTrparlii 3 IeBHOIO TeXHoJori€lo [14].

3a nonomororo Spring Boot Starter po-
3pOOHUKH MOXKYTh IIBHJIKO J0JIaBaTH HE0O0-
X1JTHI MOKJIMBOCTI Ta (DyHKIIIOHAJ 10 CBOIX 3a-
CTOCYHKIB, HE TTOTPeOyIOUH PYyYHOI'O Haall-
TyBaHHS 3aJIe)KHOCTEH a00 HaNMCaHHS CTaH/1a-
ptHOTO KOxy. Lli cTaprepn ynmakoByOTh HEOO-
X1/THI 3aJIEKHOCTI Ta KOH)ITrypalliro, mo JI0-
3BOJISIE PO3POOHUKAM 30CEPEAUTUCS Ha HAITU-
caHHI Oi13HEC-JIOTIKH, a HE TasTH 4ac Ha CKJIaj-
HOIIIl HaJaIITyBaHHS Ta IHTErpamii pi3HHUX
KOMITOHCHTIB.

Spring Boot Starter Hamae mupokuit
cnekTp (YHKIIIOHATY BKIFOYHO 13 ITiIKJIFOYCH-
HaM J0 0a3 maHumx, BeO-po3pobOKoro, Oe3re-
KO0, OOMIHOM TOBIJJOMJICHHSIMH, KEIITyBaH-
HsM To110. KOXeH cTapTep HJOTpUMYETHCS Tie-
BHOT'O MMJXOMy 1 HaJa€ IMOCTIIOBHHM CIOCiO
1HTeTpaIlii MoB's3aHUX TEXHOJIOTIH Yy 3aCTOCY-
Hku Spring Boot. Ha mnpukmani craprepy
"spring-boot-starter-web" MoxxHa MOOAUNTH
3aNeXHOCTI Ta KOHQIryparii, HeoOXiIHI IS
PO3poOKH BEO-3aCTOCYHKIB 3 BUKOPUCTAHHSIM
Spring MVC, sikuit Bkitodae B cebe Lei crap-
tep. [Ipu nmomanui spring-boot-starter-web y
MPOEKT, ABTOMATHYHO IMIIOPTYETHCS KiJbKa
IHIIAX 3aJICKHOCTEH, TAKUX SIK:

e Spring MVC: ocHOBHMII KOMIIOHEHT (hpeii-
MBOPKY Spring Juisi CTBOPEHHS Be0-3aCTOCYH-
KiB, 0 Hajae apxitektypy MVC ta 06po0iisie
BiZJOOpaKeHHsI MapIUIPyTiB 3alUTiB, 00pOOKY
3aIUTIB Ta TEHEPALIIO BIAMOBLICH.

e Embedded Servlet Container: BOy1oBanmit
KOHTEIHep cepBiieTiB (Hampukiag, Tomcat,
Jetty a6o Undertow), mo m03BoJjsie€ 3amyc-

KaTu Be0-3aCTOCYHKHU 0€3 oTpeOH B 30BHIIL-

Hii KOHpITyparlii cepBepa.

e Spring Web: Moayb, 110 HaJIa€ JOJATKOBI

¢byHkuii Ta ytumit ans poGotu 3 BeOOM,

BKJIFOYHO 13 00poOKkoro HTTP-3anutiB Ta Bi-

InoBizei, o0poOkoo ¢(opM, 3B'SI3yBaHHAM

JIAHWX, BATIIAIIEI0 Ta OOPOOKOIO TTOMHIIOK.

e Jackson JSON: 0i0mioTeka BKIIOUEHA IS

MiATPUMKH cepiaiizamii Ta aecepiamizaiii qa-

Hux y ¢opmari JSON (JavaScript Object

Notation). Bona n103Bossie 1erko KOHBEpPTY-

Batu 00'exktu Java B JSON Ta HaBmaku.

Kpim HamaHux craprepiB, po3pOOHUKH

TaKOX MOJKYTh CTBOPIOBATH BIIACHI CTapTepH
JUTS YITAaKyBaHHS YK€ BUKOPHCTOBYBaHUX KOM-
MOHEHTIB 200 010J110TeK, cnerupIYHNX I iX-
HiX 3aCTOCYHKIB uM JIoMeHy. Lle cripusie Moy-
JBHOCTI KOy, TOBTOPHOMY BHKOPUCTAHHIO Ta
CTaHJApPTHU3AIlil B IPOEKTAX OpraHizaliii.

7. MeTtoaoJjioris iMmmiaeMeHTAaLil
TPAH3aAKUil

[TpoananizyBaBuu npodIeMaTHKy Tpa-
H3akuiid B PC, Mu po3poOuim BjIacHy METOJI0-
JIOTiI0 IMITJIEMEHTAIli]l TpaH3aKiii Ha 6a3i ma-
tepHy TO Ta 4epr MoBiIOMIICHb, sIKa CIIPSIMO-
BaHa Ha 1X BHUpIIIEHHS 3 HaroJI0COM Ha 3a0e3-
MEeYEHHI TOCIIIOBHOCTI, KOHCUCTEHTHOCTI Ta
HAJIHOCTI TaHWX y MHOKMHHUX cepBicax. Ha
pUCYHKY | HaBeZieHa CTPYKTypa 3alporoHOBa-
HOT METOJTIOJIOTI{ Ha IPHUKJIA]I pO3POOIICHOT CH-
CTeMH ISl IPEAMETHOI 00JIaCTi — 3aMOBJICHb
TOBapiB.

§,g Apache Kafka %g

Puc. 1. Meronosoriga iMIuieMeHTarii
TpaH3aKIin

Hexaif cucrema 3aMOBIIEHBb peaii3o-
BaHa y BUIJIAL IBOX MikpocepsiciB: Order
Service, 1110 OTpUMy€ 3aMOBJIEHHS TOBapiB, Ta
Stock Service, sxkuii Ha 0a3i IIUX 3aMOBJIEHD
3JIIACHIOE TIEBHI EPEBIPKU TOBapy Ta iHII Ma-

71



ATeHTHO-Opi€HTOBaHI iHpopMaLiiiHi cucTeMH

HIMYJIAMIT U1 YCHIIIHOTO 3aBEPIICHHS KUTTE-
BOTO UKy 3aMoBJlieHHs. OO0uaBa Mikpocep-
BicH peastizoBaHi Ha Java. Bonu BUkopucrtoBy-
101 Spring Boot Framework, JPA/Hibernate
JUTSL TOCTYTY JI0 CBOIX 0a3 AaHMX, SIKI peastizo-
BaHi Ha MySQL. [Ipore nns Hamoi Mmeronosno-
rii HeMae YiTKOi MPUB’SI3KK 10 06a3u JaHUX YU
TO (periMmpopKy, OCKITHKH BOHA JT03BOJISE Pe-
allizalilo 3 BUKOPUCTAHHSAM Pi3HOMaHITHUX
TEXHOJIOT1H, 30kpema, Takux sk: CDI,
PostgreSQL, WildFly Ta inmmux.

CepBic 3aMOBIIEHb HAJA€ MPOCTHH
REST API nns ctBopenHs 3amoBieHb. CepBic
ckiany 3a nonomoroto Apache Katka orpumye
MoJii, eKCIIOPTOBaHI CEPBICOM 3aMOBJICHb Ta
CTBOPIOE BIJMOBI/IHI 3aITMCH Y BIIacHii 0a3i na-
Hux MySQL.

st ekcriopryBanHsa monid 'y Apache
Kafka cepBic 3aMOBJIEHE BUKOPUCTOBYE PO3PO-
omenuit Spring Boot Starter, mo a6ae npo Ha-
JamTyBaHHs Tabnui outbox. 3amuc momiit 1o
Ta0JHIIl BiTOYBAa€ETHCS B ME¥KaX TI€T K TpaH3aK-
1ii, mo 1 30epekeHHs] 3aMOBIIEHHS B 0asi Ja-
Hux. CtapTep caMOCTiifHO 10a€ Mpo MOHITO-
PHHT Ta 3UMTYBaHHS JaHUX TaOmHIl outbox,
BukopuctoBytoun WAL, CDC, Debezium, ta
nmyOuikariro 3untanux qanux 10 Apache Kafka.

[licns 3umTyBanHs monmiii 3 Apache
Kafka, cTok cepBic crosimae mpo Baajiae ado
MpOBAJIbHE 3YMTYBaHHS Ta OOpOOKY NaHMX,
BukopuctoBytoun Apache Kafka. I1i moaii mi-
3HIIlIE CEpPBIC 3aMOBJICHb YUTAE TA 3MIHIOE CTa-
Tyc 3amoBiieHHsS 3 pending Ha closed /
canceled. Takox el cepic n6ae mpo BiaMO-
BOCTIWKICTh 3aBISKA IMOBTOPHOMY YHTaHHIO
JaHWUX, TApaHTy€e 0OPOOKY JaHHX Ta BiJMOBIb
y BHTJISI IyOJTiKalii crarycy oOpoOKu y Bij-
noBiaHuiM Tomik B Apache Kafka.

HoTpumyrouuch 1i€i METO0JIOrI],
MOJXHA 3a0e3lmeunuTH HamglMHUA OoOMIH 1a-
HUMH MIX MIKpocepBicaMu, oOpoOKy orepa-
i} y Me)Kax TpaH3aklii Ta BIAMOBIIHUX IO-
T, BIAMPABJICHUX 1HIIUM CepBicaM, aToMa-
pHO Ta mocaigoBHOo. HaBiTh y pa3i BUHHK-
HEHHs TPOOJIEMU 1] 9ac HaJACUJIAHHS MOIiH,
iX MOXXHa cmnpoOyBaTH IMOBTOPHO BiAIpa-
BUTH, a00 BIATBOPUTH 3 Tabnuili outbox, 3a-
6e3neuyroun NoTpiOHy nmociniioBHicTh B PC.
um moxkHa ckopucTtatucs 1 mis 30epe-
’KEHHS I[IICHOCTI Ta MOCIIZOBHOCTI JaHHUX,
OJTHOYACHO JIO3BOJISIFOYN ACHHXPOHHY KOMY-
HIKaIlif0 MK CepBiCaMH.
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8. IIpakTHuHa peaJizaiis

Ha ocHOBI 3anporoHOBaHOT METOI0JIO-
rii 0yB po3pobaenuit Spring boot Starter, sikuit
noJierurye KoHpiryparito poOoTH 3 TpaH3aKIIi-
amu B PC, 1o nmyOuikyIoTh noii ik 4acTUHY
TpaH3akili. BiH Mae Burisan cnerianbHOi 010-
JOTEKU JJIS TOJIETIIEHHs BIPOBA/DKEHHS Ma-
TepHy Transactional Outbox B 3aCTOCYHOK, I0-
OynoBanuii Ha OCHOBI Java. OCHOBHOIO METOIO
cTapTepa € CIpOUICHHS TpoIecy 30epeKeHHS
Ta nyomikauii noxii y PC.

Craptep BKITIOUaE HEOOX1IHI 3aJICKHO-
CTi Ta KOH(]Iryparii, a TAKOXX HaJa€ 3py4Hi Me-
TOHU JJ1s1 30epeKeHHs TIO/IIH Y BiIBEICHIH Tao-
nuii (outbox) 1 mepenaui ix y Debezium mis
MOJATIBIIIOTO  PO3MOBCIOKEHHS. BuKopHCTO-
BYIOUH IIei cTapTep, pO3pOOHUKH MOXKYTh ede-
KTUBHO BHpoBakyBaTu narepH TO, moknaga-
IOYHCh Ha MOTYXHICTh Debezium s 34uty-
BaHHA Ta po3moBciopkeHHs noni y PC, a Ta-
KO)K Ha TapaHTOBaHy JIOCTaBKY Ta IIUTICHICTb
JAHUX 3a pPaxyHOK BHKOpucCTaHHS Apache
Kafka six 6a3oBoi TexHomorii mis Debezium.

[HTerpamisi 3aCTOCYHKY 31 cTapTepom
PO3MOYHMHAETHCS 3 HOTO MiAKIIIOYCHHS y BH-
sl 3anesxknocTi (Puc. 2.):

d>com.chernova</grouplc

Id>transactional-outbox-starter</artifactId>

1>0.0.1-SNAPSHOT</versior

Puc. 2. IligkmoueHHs cTapTepy 10 Kili-
€HTCHKOTO 3aCTOCYHKY

ox-starter

Puc. 3. — [ligkmrouenuii ctaprep
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Pucynok 3 BimoOpakae momaHmii crap-
Tep 110 3aCTOCYHKY. 17151 KOpeKTHOI poOOTH cTa-
pTepy Ta miaTpuMku pobotu 3 outbox table Ta
Apache Kafka, HeoOxigHO mepenaTu HacTyIHi
KOH(Iryparii, 1o OyayTh 34UTaHi CTapTepOM
i gac iHimanmi3anii mpoekty. Connector.class -
BKa3y€ KIJIAaC KOHEKTOpa, SKUWA BUKOPUCTOBY-
€TBCS [T TTIKITFOUSHHS 10 JDKepea TaHuX (Ha-
NpUKIa[,  3HAYEHHS  KOHEKTOp  Kiacy
10.debezium.connector.mysql.MySqlConnector,
o3Hayae miakmodyeHHst 10 MySQL 6a3u gaHux).
database.hostname - Bka3ye iM'st XocTa, Ha
SKOMY poO3TalioBaHa 0a3a JaHUX KITi€HTA.
atabase.port — BH3HAYa€e IMOPT, HA SIKOMY JI0-
cryrnHa 0a3a aHux kiieHTta. database.user - yTo-
YHIOE IM'Sl KOPUCTYBava ISl MIAKITIOYCHHS 0
0a3u naHux kiienra. database.password - Bkazye
TapoJib s TAKIIIOUEHHST 10 0a3u JaHUX KITie-
Hta. database.server.id - 3aae yHiKaJIbHUH 11€H-
TU(dIKaTOp cepBepa, SIKUH BHUKOPHUCTOBYETHCS
ISt pO3Mi3HaBaHHS TpaH3aKLii.
database.server.name - BU3Haua€ yHIKaJIbHE IM's
cepBepa, SIKE 3aCTOCOBYETHCS ISl 11eHTU(IKAITT
KaHamry  3MiH  jgaHux y  Debezium.
database.history.kafka.bootstrap.servers - Bka-
3ye aapecy Ta mopt cepepa Apache Kafka,
SIKAI BUKOPUCTOBYETHCS JUTsl 30epiranHs icTopii
3MiH 0a3u naHux (10 npukiany broker:9092”).
database.history kafka.topic - yrounioe Temy
Katka, ne 30epiraerbcs icTopis 3MiH 0a3u na-
Hux. key.converter.schema.registry.url: Bkasye
aJipecy Ta IOpT cepBepa peecTparlii cxem Avro.

Puc. 4. Ilpuknan xoHdirypauii crap-
Tepa B yaml daitii

value.converter.schema.registry.url - BH3Hauae
aJipecy Ta mopT cepBepa peecTparlii cxem Avro.

L1i koHpiryparii MatoTh OyTH HagaHi y
yaml ¢aiiai i1 BUKOPUCTOBYIOThCS JJIs Halall-
TyBaHHs Debezium 3 MeTOI0 MiJKIIOUEHHS 10
6a3u gannx MySQL, 3unTyBaHHs 3MiH y pea-
JHHOMY 4Yacl Ta MEepEeTBOPEHHs iX Ha MOMil, AKi
MOJKHa PO3MOBCIOJUKYBaTH depe3 Apache
Kafka. Ilpuknan koH¢irypauii HaBeJeHO Ha
pUCYHKY 4.

Jliist kepyBaHHS MIJKIIOUYEHHSIM YU BiJl-
KITIOYECHHSIM pOOOTH CcTapTepa ITiJ] 4yac 3amycKy
3aCTOCYHKY HEOOXITHO TaKOoX 3aJaTH 3Ha-
YEHHS true/false TUTSt KoH(piryparti
transactionaloutbox.enabled.

Hns 30epexkeHHst oAl 70 outbox
table, 3untyBaHHs noaii 3 outbox table ta my-
omikartiro ix 1o Apache Kafka, neo6ximHo mo-
JaTH 0  METONy  CEepBICY  aHOTAIo
@WithTransactionalOutbox (puc.5).

PurchaseOrder order) {

.save(order)

Puc. 5. BukopucranHs aHoTamii
WithTransactionalOutbox momanoro craprepa

B mpoMy mpukiiazi craprep B Mexkax
onuiel TpaH3akuUii 31 30epeKEHHSM 3aMOB-
JIeHHs 10 0a3u 30epexe MO0 0 TadMIll
outbox. s peamnizarii Takoro (yHKIIOHAITY
CTapTep BUKOPUCTOBYE MOXKIUBOCTI Spring, a
came Spring AOP (puc.6).

Puc. 6. Spring AOP s peanizarii Jio-
TIKH cTapTepa

3acTocyBaBIIM yCl HEOOXIIHI Haami-
TyBaHHS cTapTepa, MOKHA IHTErPyBaTH 3aCTO-
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cyHoK 13 matepHoM TO i TakuM YMHOM 3a0€3-
MEYUTHU aTOMAPHICTh Onepaniii Ta KOHCUCTEH-
THICTb IaHUX MIXK PI3HUMHU cepBicaMu. biibie
TOTO, TOJJAI0YH CTAPTEP JI0 CBOTO 3aCTOCYHKY,
MOJKHa OTPUMATH Psii MOKJIMBOCTEH, SIKiI Ha-
naroThesl TexHogoriaMu Debezium ta Apache
Kafka.

9. PexoMenaamii moao
HAJIALITYBAHHS CHCTeMH Ha 0a3i
PO3p00JIeHOI METOA0JIOT ]I

[Tig yac mpoekTyBaHHS Ta peami3arii
PC, sixi BUKOpHUCTOBYIOTH METOJIOJIOTIIO0 1MII-
JIeMEHTAIlii TpaH3akKIliii, BApTO BpaxyBaTH Ki-
JIbKa peKOMEH TaIliil.

Hacamnepen, BaXIWBO TepeKoHa-
THUCS, II0 KOMIIOHEHTH CUCTEMU MAIOTh CJ1a0Ky
3B'SI3HICTD Ta CIUIKYIOTBCS 3a JIOTIOMOTOIO
ACUHXPOHHOTO OOMIHY TOBIIOMJICHHSIMU JIJISI
pO3AiIeHHsT TpaH3aKLiiHOT 0OpOOKH Bia 30B-
HIITHIX cepBiciB. Takuil Mmiaxig CIUIKyBaHHS
cripusie CTiiikocTi Ta MacimtaboBaHocTi [15-
16]. He MeHII BaKJIMBUM € BUKOPUCTAHHS Ha-
IiifHOTO OpOKepy MOBITOMJICHD /715l KOMYHiKa-
1ii Mi>kK MIKpOCEpBIiCaMH Ta TapaHTOBAHOI Ha-
JiHOT TOCTAaBKH MMOBIIOMJIEHB. Y POJIi TAKOTO
opokepy MmoxyTh Oyt Kafka abo RabbitMQ.

OpHi€ro 3 BAKIUBUX KOMIIOHEHT y PO-
3po0Ili TUCTPUOYTHBHOI CUCTEMH € BIIPOBa-
JDKCHHS MEXaH13MiB 00pOOKHU TTOMUJIOK Ta TI0-
BTOPHOT'O YUTAHHS JaHUX Y pa3l MOMIIOK, YII-
paBIIiHHS BiIMOBaMH Ta 3a0e31eYeHHs] KOHCH-
CTEHTHOCTI JaHMX. I3 1i€10 METOI0 MOKHA BH-
KopucTOBYBaTH MexaHi3mu Retryable Topic Ta
Dead Letter Topic [17-18].

Takok BaKJIMBO HAJECKHY YBary INpu-
TIMUTHA HaIiHHOCTI KoHChIoMepiB [19]. Ocki-
JIbKU KOHCBIOMEPH BUKOHYIOTH 00pOOKY MOBI-
JOMJIEHb 13 YepTU Ta BUKOHYIOThH MI€BHI orepa-
mii ado 3MIHIOIOTH CTaH CHCTEMH Ha OCHOBI
[UX TOBIJOMJIEHb, BXKJIMBO 3a0€3MEeUYUTH,
o0 111 omepaiii rapaHTyBaiy Oe3MeKy Ta Ha-
TIUHICTH CHUCTEMH, TMPUBOIMIA OOPOOKY Oa-
HUX JI0 OJIHAKOBOTO PE3yJIbTaTy HE3AICIKHO
BiJl KIIbKOCTI MOBTOPHHUX MOBigoMIeHb. lle
BXJIMBO IS 3a0€3MMeYeHHS] KOHCUCTEHTHOCTI
JaHUX Ta YHUKHEHHS HeOaxxaHMX MOOIYHMX
edexriB. Hampukan, Ko KOHCEIOMEP CTBO-
proe 3amuc y 0a3i JaHUX HAa OCHOBI OTpUMa-
HOTO TOBIJOMJIEHHS, TO HEOOXIAHO rapaHry-
BaTH, 11100 y 6a3i JaHUX OyJI0 CTBOPEHO TIIBKU
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OJIMH YHIKAJIbHUH 3aMKC, HAaBITh SKIIO MOB1I0-
MJIeHHs Oyie 00po0IeHo KinbKa pa3iB. Takox
BAOXJIMBUM Yy TPOEKTYBaHHI KOHCBIOMEPIB €
BUKOPHUCTAHHS YHIKJIBHHUX 11eHTHU(IKATOPIB
Uit oOpoOsieHnx ToBiAOMIeHh abo 30epe-
JKEHHS CTaHy Ipoliiecy o0poOkw, 1o 3a0e3mne-
YHUTh 11EMIIOICHTHY 00pOOKY.

10. TecryBanus

OCHOBHUMH acCIIeKTaMH TECTyBaHHS
Oyna nepeBipka Baasnoi interpauii Debezium 3
ICHYIOUMMH KOMITOHEHTaMH Ta TEXHOJIOTISIMHU
B cuctemi. e BrIroumiio mepeBipky 3ade3re-
YeHHs MPaBWIBHOI KOHQITYpaIlii Ta HaJIamTy-
BaHHS CTapTepa, IKUii 0a3yeThCs HA IMILIEMe-
Hramii TO natepny. Takox OyJo OIliHEHO iH-
Terpauito 3 Opokepom nosinomienp Kafka ta
TepeBipeHo MmyOITiKalliro MOBiIOMIIEHB 10 Opo-
Kepy, HassBHICTh MOBTOPHOTO YHTAHHS JAHUX
3a HeOOX1JHOCTI.

Ha namomy nmpoTtoTumni 6y 31iicHeHi
MePEBIPKY TOBEIIHKMA CUCTEMH Y BUIIAAKY Ha-
CTYITHUX CIICHAP1iB BUHUKHEHHS TTOMUJIKH:

- y pasi crpobu 30epeKeHHsI 3aMOB-
JICHHSI 10 KJTIEHTCHKOI 0a3u Ta MepeBipKu CUC-
TEeMH Ha CKacyBaHHS ITyOJiKaIli TOBIJOM-
JICHHS;

- y pasi nmyOJikarii MmoBiIOMJICHHS 10
Opokepa IMOBIIOMJICHb Ta MEPEBIPKUA CHCTEMH
Ha CKacyBaHHS 30€peXEeHHs JaHUX PO 3aMO-
BJICHHS [0 KJII€HTCHKOI 0a3H;

- Yy pa3i MOBiIOMJICHHS KOHCBIOMEPOM
y CTOK CEpBICi Ta MEepeBipKU CHCTEMH Ha TO-
BTOpHE YMTaHHA 3 BUKOPUCTaHHSM retryable
MeXaHi3My;

- TMCTIS KIJTbKOX HEBJIAHHUX CIIPOO 00po-
OKM TOBIAOMJIEHb, KOJIU KOHCHIOMEpP B CTOK
cepBici He MOke OOpPOOHUTH MOBIJOMIICHHS Ta
MEPEBIPUTH CUCTEMY Ha BIANPABKY MOB1IOM-
nennst 1o DLT Tomiky;

- micnsg ycmimHoi oOpoOKU MOBiIOM-
JIEHHSI CTOK CepBiC BIANPABUB CTATyC YCIIII-
HOT 0OpOOKU A0 BiJIMOBIAHOTO TOMIKY 1 CepBic
3aMOBJICHb, 0a3yIOUMCh Ha JaHIA BiAMOBIIL,
3MIHHUB CTAaTyC 3aMOBIICHHS Ha 3aBEPILICHUI;

- TiCTs HeYCHIIHOT 00pOOKH MOBIIO-
MJIEHHSI CTOK CEepBIC BiANpaBUB CTaTyC MpPO-
OyieMu OOpOOKM 1O BIAMOBIHOTO TOMIKY i
CepBiC 3aMOBIIEHb, 0a3yIOYUCH Ha JIaHiil Bij-
MOBI/ll, 3MIHUB CTaTyC 3aMOBJIEHHS Ha CKaco-
BaHUM.
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SIk pe3ynbTaT OLIHIOBAaHHS cCHCTEMa
KOPEKTHO BijmpaltoBaia B 000X yCHIIIHUX Ta
MOMUJIKOBHUX CIIeHapisx. Bapro 3a3Haunty,
10 IaHW# TMPOTOTHI Ma€ NMPaBUIHHO HaJall-
TOBaHI MEXaH13MH IIOBTOPHOI CIPOOU YMTAaHHS
Ta 00pOOKYU TaHUX, OCKUIBKU Y BUIIA/IKy BUHU-
KHEHHSI TIOMWJIKH, CHPOEKTOBAHMM MEXaHi3M
MOBTOPHOI CITPOOH aBTOMAaTHYHO MTOBTOPIOBAB
oreparito, Ui MOJOJAHHS TUMYAaCOBUX IPO-
OyieM, Takux SK MpoOJeMu 3 Mepexer abo
TUMYacoBa HENOCTYMHICTh pecypciB. [loBTo-
pHI cipobu 00poOKM BUKOHYBAJIUCH 13 BUKO-
PUCTaHHSM cTpaTerid myOmikauid Mmomii o
DLT romiky, 100 YHUKHYTH ITepEBaHTaKECHHS
CHCTEMH Ta 3a0€3MeYUTH 3aTPUMKY MIXK I1OC-
JITOBHUMH CITPOOaMH.

BucHoBkn

VY mporieci aHamizy cy4acHUX MiAXOMIIB
Ta pimmeHs st poboTH 3 Tpan3akiismu B PCax
OyJI0 BUSIBJIEHO, III0 OJHUM 13 €()EeKTHBHHUX pi-
IIEHb € BUKOpUCTaHHS naTepHy Transactional
outbox. Bin no3Bosisie 30epiratu noaii, mos's-
3aH1 3 TpPaH3aKIIsIMHU, B OKpeMiil TabmuIll, 110
YMOKJIMBIIIOE TXHIO MOAAJBINY IHTETpAIliio 3
IHITUMU CEpBiCaMU Yepe3 3aCTOCYHKH a00 Me-
XaHI3MH, SK-OT, uepe3 Opokep MOBiIOMIICHb
Apache Kafka.

[IpoBenenuii anamiz JO3BOJIUB PO3PO-
OMTH METOJIOJIOTIIO IMIUIEMEHTAIll TpaH3aK-
uiii B PC, a Takox CTBOPUTH CTapTep IS IO-
JICTIICHHS Takol POOOTH 3 PO3MOAIICHUMH
TpaH3aKIisIMU Ta My OITiKali€ro Mo, mo € Ja-
CTMHAMH TPAH3aKI[il B Yepry IMOBIIOMJICHb.
Lle#t craprep Hagae 3pydHUl 1 CTAaHAAPTH30BA-
Hui croci0 iHTerparnii marepuy TO B Spring
Boot 3acrocyHku, 3abe3neuyroud aBTOMaTH-
YHEe KepyBaHHS TpaH3aKIisIMHU Ta MyOIiKaIlio
TOJT1H.

OruiHIOBaHHS TPOTOTUITY  ITOKA3aJIo
e(eKTUBHICTb BOIPOBAKEHHS JAHOTO MiIXO0Y
B PC. Po3po0iieHa MeTomosoris ta craprep
MOKYTh JIONOMOTI'TH 3a0€3MeYUTH HAAIHHY 00-
POOKY pO3IMOAUICHUX TPAH3AKI[IH Ta MyOiKa-
LIFO HOMIIi.
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IJEHTUPIKALA PIBHA CIIOPIJHEHOCTI HAYKOBHUX
CIEIIAJIbHOCTEM HA OCHOBI JAHUX CUCTEMU DIMENSIONS

InenTudikoBaHo piBHI CHOPIAHEHOCTI HAYKOBUX CIIEIIaJbHOCTEH y Mexax ABcrpaiiiicbkko—HoBo3enanachKkoi
craniaptHoi kinacudikanii Hayk ANZCRC-2020. InenTudikariist 3ailicHeHa 3 BUKOPUCTaHHAM iH(opManiiHol
cucremu Dimensions nuisixom anamizy 33.8 mun myoOmikariiid 3a 2019-2023 pp. PiBeHb crniopiqHEHOCTI OI[IHEHO
3a ingekcoM JKakkapa. BeranosieHo, 1o i3 14535 moximBHX map crerianbHocTel, numie 131 mapa mae 3Ha-
4yIly CIOPIAHEHICTH, 3a iHAekcoM JKakkapa, mo nepesuinye 0.05. 3 Hux s 20 map crnenianbHOCTEH piBEHb

CIIOPIZIHEHOCTI € BUCOKUM, a 1u1s 61 mapu — cepeHiMm.

KnrouoBi cnosa: imenTudikamis, kiacudikaiis HayK, CIOPIIHEHICTh CIEI[albHOCTEH, aHai3 JaHHUX, 1HICKC
Kaxkapa, HaykoBi myOuikanii, migdip peueHseHTiB, HaykoMeTpis, Dimensions, ANZSRC-2020.

Beryn

VYHOpaBiaiHHS HayKOBOIO  JISUIBHICTIO
3MIACHIOETHCS B paMKax JIeIKOI CHCTEMH KJia-
cudikanii Hayk. B Ykpaini ogHogacHo fie 1Bi
cucreMHu Kiacudikarii Hayk: TpUpiBHEBa Ta
nBopiBHeBa. TpupiBHeBa cuctema Ghopmai-
3oBaHa «IlepenikoM HayKOBUX CHEIlalbHO-
CTeW», IKMH cKilafaeTbes 3 27 ramyseil Ta 488
crieriaapHOCTel. ['amy3p yTBOPIOIOTH BiJl 3 10
133 cneuianpHOCTEl. B meskux ramyssx cre-
1iaJbHOCTI 00’€/IHAH1 Y TPYNH, HAIPUKIIA[, B
rany3i «TexHiuni Hayku» yTBOpeHo 20 rpyn
cnemianbHocTe. 3 2015 p. nie 1 ABOpiBHEBa
cucremMa Kkinacugikanii OCBITHbO-HAYKOBOT
TISUIBHOCTI, sika GopmaiizoBana «llepenikom
ramy3eil 3HaHb 1 CIELiaJbHOCTEH, 32 SIKUMH
3MIMCHIOETHCSA TIATOTOBKA 37100yBadiB BHUIIIO]
OCBITH». BiAMoOBiHO /10 HOTO MOTOYHOI BEp-
cii € 28 raiy3eil 3HaHb, KOXKHA 3 SIKHX MICTUTh
Bix 1 mo 9 croemianpHOCTENH. 3araibHa Kijib-
KICTh crieniasibHOCTel nopiBHIOE 121. € Gara-
TO IHIIMX CHUCTEeM KiacH]ikalii HayK, sSK Ha-
[IOHAJBLHOTO PIBHS, TaK 1 MIDKHApPOJHOTO.
[Tomixk HAIIOHATFHUX CUCTEM BUILIMMO TPH-
piBHeBY  ABcrpaniiicbko—HoBo3enanaceky
knacudikamiro  ANZCRC-2020 [1], sxa
BKJIO4ae 22 raiysi ta 171 crnemiaibHICTh Ta
knacudikamiro  Opranizamii €KOHOMIYHOTO
CHIBpOOITHHUIITBA Ta PO3BUTKY [2], KA BKIIIO-
yae 6 raimysei Ta 42 creuiajabHOCTI.

Bnana cucrema xiacudikamii Hayk
JI03BOJISIE  Kpalle 3pO3yMITH OCOOIUBOCTI
¢binocodchKUX TMPOIECIB Mi3HAHHA y PI3HUX
HayKax, JOCTITUTH ICTOPUYHHHA PO3BUTOK Ta
B3AEMOJIII0 PI3HUX Taly3eil 3HaHb, MiABUIIH-
TH e(pEeKTHBHICTh MOUIYKY JOKYMEHTIB 1 Hay-

© C.[. UlTtorba, M.B. ITerpuuxko, 2024

ISSN 1727-4907. Ilpo6aemu nporpamyBanHs. 2024. Nel

KOBOi 1H(OpMaIIil Ta yJIOCKOHAJIUTH aIMiHiC-
TpYBaHHS Ta YIPaBIIHHS JOCTIIKEHHAMU [3].
Mertoro crati € ineHTHdiKallis MoToY-
HOTO PiBHS CIOPiTHEHOCTI HAYKOBHX CIelia-
apHOCTed. OIiHKK PiBHS CHOPIAHEHOCTI CIie-
[iaTbHOCTEH HEOOXiMHI ISl yXBaJeHHS pi-
IIEHb i/l Yac BUPILICHHS TaKUX 3ajay SK:

o YAOCKOHAJIEHHS CHCTEMM KJacudika-
mii Hayk, SK-0T, 00’€qHAHHS CIiemia-
JbHOCTEH a0o 3MiHa IXHBOI Tanxy3eBoi
HAJIE)KHOCTI;

J BUSIBJICHHSI CXOXHMX HAYKOBUX Ta OCBI-
THIX yCT@QHOB Il HAJAroJDKCHHS HO-
BUX KOOIEpaTHUBHUX 3B’S3KIB abo
IIPOBE/ICHHS IX peoprasizaiii;

o aBTOMaTu3alis MiAOOpYy PpELEeH3EHTIB
IUI €KCHIEPTU3U AMCepTalii, pyKoIu-
CiB cTaTeii, 3aBOK Ha TPAHTH TOIIO;

. dbopMyBaHHS MDKAUCIUTITIHAPHUAX
HAyKOBUX JIOCHIDKEHb Ta OCBITHIX
porpam.

Orsig JgiTeparypu Ta iges
AOCJTiIKEHHSI

Haiiuactime imentudikamis cropia-
HEHOCTI HAYKOBUX CHEI[IaIbHOCTEH 371iCHIO-
€ThCS NUIIXOM aHali3y uTyBaHHs [4]. [nes
OLIIHIOBAHHS CIOPIIHEHOCTI 32 IUTOBAHICTIO
MOJISITa€ B TOMY, IO CIIOPIAHEHICTh MIX CIie-
iaJTbHOCTSAMHU 301TBIIYETHCS, SKIIO B CTATTi
33 ONHICIO CHEAIBHICTIO € IIOCHWJIAHHS Ha
CTATTIO 3 1HINOI cremiaabHOoCTi. TakoX BHKO-
PUCTOBYIOTBCSI 1 METOJIM CTaTUCTUYHOTO aHa-
T3y TEKCTY, 30KpeMa, B [5] 3amponoHOBaHO
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JIHTBICTUYHUN MIAXiJ JJI JOCHIDKEHHS Op-
rafizamii Ta eBOMIOLii HAYKOBUX raiys3eil y
Web of Science. 3a TIHIBICTUYHUM MiIXOI0OM
CTHIOPIAHEHICTh BU3HAYAETHCS YaCTOTAMH TOSI-
BH CJIIB Y KOHTEKCTI KOHKPETHUX CHEIiaIbHO-
cTeir. Y poOoTi [S] mopiBHIOIOTECS 3 TIXOAH
JI0 BHU3HAYEHHS CIOPIIHEHOCTI CHEIiaabHO-
CTel: Ha OCHOBI €KCIIepTHOI Kiacupikarii; Ha
OCHOB1 IIUTYBaHb, Ha OCHOBI JIIHTBICTUYHOL
cxoxocTi. CIOpITHEHICTh OLIHIOEThCS 32
METPHUKOI PO301KHOCTI (dissimilarity) — aum
MEHIIIC 3HAUEHHSI METPUKH, TUM OLIbIIA CIIO-
piaHEHICTh 1 HaBmaku. ExcriepumeHTH 3iiic-
HeHo Jis ctareid 3 Web of Science, mo po3-
MiUeHi 3a TPUPIBHEBOIO CHCTEMOIO Kiacu®i-
Kamii Hayk. BusiBieHo, 1110 TiX0au Ha OCHOBI
IIUTYBaHb Ta JIIHTBICTUYHOTO aHAJTI3y Jal0Th
moai0HI 3HAYECHHS CHOPITHEHOCTI, BOJHOYAC
BOHHU 3HAYHO BIJIPI3HSIOTHCS BiJl €KCIIEPTHUX
OIHOK. EKCniepTHA OIliHKa Ja€ ifeali3oBaHe
YSBJIEHHS TIPO CIOPITHEHICTh CHeEIiaJbHO-
CTCH, B TOHM Yac SIK aHaJIi3 IUTYBAaHb JI03BOJISIE
BHSIBUTH COIliaJIbHY CIIOPITHEHICTh CIIeIiab-
HOCTEH, a JNHIBICTHYHMH MIiAXid J03BOJISE
BUSIBUTH 3MICTOBHY (KOTHITHUBHY) CHOpiaHe-
HicTh. B [6] piBeHb criopiIHEHOCTI 11eHTH]I-
KYIOTh 32 KIJIBKICTIO LIUTYBaHb 31 CTaTTi IEB-
HOTO JOCHIAHMKAa Ha CTaTTl y JXypHajax 3
Web of Science, ne koeH 13 XypHaJliB Bij-
HECEHO J0 OMHIEI 13 MpEeAMETHUX o0yacTen
Web of Science. B [7] inenTudikamis 3mikic-
HIOETHCSI 32 JOMOMOTOI0 TIOKa3HHKIB Pi3HO-
MaHITHOCTI 3a pO3MOJIIOM TMOCHIAHb MiX
CHELIAJIbHOCTSIMU 3 YypaXyBaHHSM BIJCTaHi
MK HUMH. Jleski mocmipkeHHs [8, 9] BuKo-
PUCTOBYIOTH OJHOYACHO aHaJI3 IUTYBaHb Ta
TIHTBICTUYHUN aHaNi3 JUIsl BUSBICHHS CIOpi-
JTHEHOCTi. JIemo MEeHII MOMWPEHUM ITiJIX0-
JIOM € ieHTudiKalis 3a aHaiizoM rpady Ko-
nabopalliid, SKui OMHCY€ HAJEKHICTh CITIBaB-
TOpIB 10 HayKoBHX crerianbHocTeit [10]. Sk
MareMaThuyHa MOJIENIb  BHUKOPHCTOBYETHCSA
iHeKc pisHOMaHiTHOCTI CTipiiHra.

Vi Bumesramgadi maxogyd BAMAararoTh
OIPAIIOBAaHHS BEJMKUX 1HPOPMAIIHHUX pecy-
pciB. OKpiM TOrO, METO/IH, IO 0a3yIOThCS Ha
aHami3l IUTYBaHHS, € JOCUTh I1HEPUIMHUMHU.
HeMO0XI1MBO MUTTEBO OLIHUTH MIKIUCIIUILTI-
HApPHICTh HOBOT POOOTH, OCKIIBKH JJIS 11 ITUTY-
BaHHs TOTpiOeH TeBHM 4vac. Ha mportuBary
3ralaHuM Tiaxoaam, y ctarti [11] 3ampomnono-
BaHO IIBHJKHI METOJ| OIIHFOBAHHS CIIOPiTHE-
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HOCTI HAyKOBUX CIHEI[IaJIbHOCTEH BIAMOBITHO
no cucremu kinacudikaii ANZSRC-2008.
MeToa OCHOBaHMI Ha TEKCTOBOMY aHai3l 3
BUKOPHCTAHHSAM CEpBiciB iH(popMariitHOI cuc-
temu Dimensions. Po3paxyHok cropimHeHOCTi
CIICIIATLHOCTEH 3/IMCHIOEThCS 3a 1HIECKCOM
JKakkapa sk BIAHOIIEHHS KUTBKOCTI CIITBHUX
myOmiKaIii TBOX CHEMiaIbHOCTI O 3araibHOT
KUTbKOCTI TyOJTiKaIliid 3a UMM JIBOMaA CIIerlia-
apHOCTsIMH. Hemonasro Dimensions nepeiii-
Ja Ha OHOBJEHY CHCTeMy Kiacudikarii
ANZSRC-2020 [1]. Takox 06a3a myOmikariii
3HAYHO OHOBWJACs. BiAmoBimHO OTpuUMaHi B
[11] omiHKHM piBHS CIOPITHEHOCTI BTPATHIN
aKTyaJbHICTh. TOMYy HIXKYE 3MIHCHIOETHCS
imeHTH(IKAIS CIIOPIAHEHOCTI HAYKOBHX CIIe-
niagpHOCTER 3a MeToqoM [11] Ha HOBIH mxe-
penbHii 6a3i 1 32 HOBOIO CHCTEMOIO Kitachi-
Kamii Hayk. ImeHTudikamis 3a1HCHIOEThCS 3a
myOmikarmisimu 3a iepion 2019-2023 pp.

IHouyaTkoBi AaHi 1is ineHTudikamii
CIIOPIAHEHOCTI creniajbLHOCTEel

ANZSRC-2020 - nie TpupiBHEBa Kia-
cudikamiss HayK 3a CXEMOI:  raiysi
(Divisions), crienianbaocTi (Groups) Ta oOna-
cti (Fields). Yesa nayka po3aijieHa Ha Taki 22
ramxysi:

30 Agricultural, Veterinary and Food

Sciences;

31 Biological Sciences;

32 Biomedical and Clinical Sciences;

33 Built Environment and Design;

35 Commerce, Management, Tourism and
Services;

34 Chemical Sciences;

36 Creative Arts and Writing;
37 Earth Sciences;

38 Economics;

39 Education;

40 Engineering;

41 Environmental Sciences;
47 Language, Communication and Cul-
ture;

48 Law and Legal Studies;

42 Health Sciences;

43 History, Heritage and Archaeology;
44 Human Society;

46 Information and Computing Sciences;
49 Mathematical Sciences;

50 Philosophy and Religious Studies;
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51
52

Physical Sciences;
Psychology.
Koxna ramy3s 00’eqnye Big 3 mo 19

cremianbHocTe. Ha3pa cremiaabHOCTI CKJIa-
JTa€Tbes 3 IUGPOBOrO KOAY Ta 3MiCTOBHOL
yactuHu. Koj ckiiafgaeThcst 3 HOMepa raiysi
Ta TOPSAKOBOTO HOMEpa CIHEIIabHOCTI B
Mexax ranmysi. Beweoro € 171 cremiaiabHICTb,
CIIMCOK HABEJIEHO HIKYE:

3001
3002

3003
3004
3005
3006
3007
3008
3009
3101
3102

3103
3104
3105
3106
3107
3108
3109
3201

3202
3203
3204
3205

3206
3207
3208
3209
3210
3211
3212
3213
3214

3215
3301
3302
3303
3304
3401

Agricultural Biotechnology;
Agriculture, Land and Farm Manage-
ment;

Animal Production;

Crop and Pasture Production;
Fisheries Sciences;

Food Sciences;

Forestry Sciences;

Horticultural Production;
Veterinary Sciences;

Biochemistry and Cell Biology;
Bioinformatics and Computational
Biology;

Ecology;

Evolutionary Biology;

Genetics;

Industrial Biotechnology;
Microbiology;

Plant Biology;

Zoology;

Cardiovascular Medicine and Haema-
tology;

Clinical Sciences;

Dentistry;

Immunology;

Medical Biochemistry and Metabo-
lomics;

Medical Biotechnology;

Medical Microbiology;

Medical Physiology;
Neurosciences;

Nutrition and Dietetics;

Oncology and Carcinogenesis;
Ophthalmology and Optometry;
Pediatrics;

Pharmacology and Pharmaceutical
Sciences;

Reproductive Medicine;
Architecture;

Building;

Design;

Urban and Regional Planning;
Analytical Chemistry;

3402
3403

3404

3405
3406
3407

3501

3502
3503
3504
3505

3506
3507

3508
3509

3601
3602
3603
3604
3605
3606
3701
3702
3703
3704
3705
3706
3707
3708
3709

3801
3802
3803
3901
3902

3903
3904
4001
4002
4003
4004
4005
4006

Inorganic Chemistry;

Macromolecular and Materials Chem-
istry;

Medicinal and Biomolecular Chemis-
try;

Organic Chemistry;

Physical Chemistry;

Theoretical and Computational Chem-
istry;

Accounting, Auditing and Accounta-
bility;

Banking, Finance and Investment;
Business Systems in Context;
Commercial Services;

Human Resources and Industrial Rela-
tions;

Marketing;

Strategy, Management and Organisa-
tional Behaviour;

Tourism;

Transportation, Logistics and Supply
Chains;

Art History, Theory and Criticism;
Creative and Professional Writing;
Music;

Performing Arts;

Screen and Digital Media;

Visual Arts;

Atmospheric Sciences;

Climate Change Science;
Geochemistry;

Geoinformatics;

Geology;

Geophysics;

Hydrology;

Oceanography;

Physical Geography and Environmen-
tal Geoscience;

Applied Economics;

Econometrics;

Economic Theory;

Curriculum and Pedagogy;

Education Policy, Sociology and Phi-
losophy;

Education Systems;

Specialist Studies in Education;
Aerospace Engineering;

Automotive Engineering;

Biomedical Engineering;

Chemical Engineering;

Civil Engineering;

Communications Engineering;
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4007

4008
4009

4010
4011
4012

4013
4014
4015
4016
4017
4018
4019

4101

4102
4103
4104
4105
4106
4201

4202
4203
4204
4205
4206
4207
4208

4301
4302
4303
4401
4402
4403
4404
4405
4406
4407
4408
4409
4410
4601
4602
4603

4604
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Control Engineering, Mechatronics
and Robotics;
Electrical Engineering;

Electronics, Sensors and Digital
Hardware;
Engineering Practice and Education;

Environmental Engineering;

Fluid Mechanics and Thermal Engi-
neering;

Geomatic Engineering;

Manufacturing Engineering;

Maritime Engineering;

Materials Engineering;

Mechanical Engineering;
Nanotechnology;

Resources Engineering and Extractive
Metallurgy;

Climate Change Impacts and Adapta-
tion;

Ecological Applications;
Environmental Biotechnology;
Environmental Management;
Pollution and Contamination;

Soil Sciences;

Allied Health and Rehabilitation Sci-
ence;

Epidemiology;

Health Services and Systems;
Midwifery;

Nursing;

Public Health;

Sports Science and Exercise;
Traditional, Complementary and Inte-
grative Medicine;

Archaeology;

Heritage, Archive and Museum Studies;
Historical Studies;

Anthropology;

Criminology;

Demography;

Development Studies;

Gender Studies;

Human Geography;

Policy and Administration;

Political Science;

Social Work;

Sociology;

Applied Computing;

Artificial Intelligence;

Computer Vision and Multimedia
Computation;

Cybersecurity and Privacy;

4605
4606

4607

4608
4609
4610
4611
4612
4613
4701
4702
4703
4704
4705
4801
4802
4803
4804
4805
4806
4807
4901
4902
4903

4904
4905
5001
5002

5003
5004
5005
5101
5102
5103
5104
5105
5106
5107
5108
5109
5110
5201

5202
5203
5204

5205

Data Management and Data Science;
Distributed Computing and Systems
Software;

Graphics, Augmented Reality and
Games;

Human-Centred Computing;
Information Systems;

Library and Information Studies;
Machine Learning;

Software Engineering;

Theory of Computation;
Communication and Media Studies;
Cultural Studies;

Language Studies;

Linguistics;

Literary Studies;

Commercial Law;

Environmental and Resources Law;
International and Comparative Law;
Law in Context;

Legal Systems;

Private Law and Civil Obligations;
Public Law;

Applied Mathematics;

Mathematical Physics;

Numerical and Computational Math-
ematics;

Pure Mathematics;

Statistics;

Applied Ethics;

History and Philosophy of Specific
Fields;

Philosophy;

Religious Studies;

Theology;

Astronomical Sciences;

Atomic, Molecular and Optical Physics;
Classical Physics;

Condensed Matter Physics;

Medical and Biological Physics;
Nuclear and Plasma Physics;

Particle and High Energy Physics;
Quantum Physics;

Space Sciences;

Synchrotrons and Accelerators;
Applied and Developmental Psychol-
ogy;

Biological Psychology;

Clinical and Health Psychology;
Cognitive and Computational Psy-
chology;

Social and Personality Psychology.



IndopmaTH3aniss HAYKOBHX JOCJTIIKEHb

Ha cporomai B cucremi Dimensions
npoiHaekcoBaHo moHan 140 MIIH HayKOBHX
nyOmikanii. binsg 80% Bin ycix myOuikariiif
KaTerOpU30BaHO 3a CIICHiabHOCTSIMH, TOOTO
BIJTHECEHO 10 OJHI€T 4M KUIBKOX CIIEIlaJIbHO-
creii [1]. Kareropusauis myOmikamiii y
Dimensions 3aiiicHeHa Ha OCHOBI MaIlIMHHOTO
HaBYaHHS, TEPEBAXXHO 3a aHAII30M 3MICTy
Ha3B, aHOTAIlIM Ta KIIOYOBUX CJIiB. 3a OCTaHHI
5 pokiB y cuctemi Dimensions mpoiHaeKco-
BaHo 33.8 muiH myOJmikariii, sKi € JpKepeb-
HOIO 0azor mocmimkenHs. [lyOmikamii 3a
CHeLiaTbHOCTSAMHU PO3IMOJIIEHI HEPIBHOMIPHO
(puc. 1). [euunpHuil KOEPIIIEHT TOPIBHIOE
14.9. Haii6inbme my6mikamniii — 3188112 Bin-
HECEHO 10 cremianpHocTi 3202, HaliMeHIIe —
3339 — ngo cnemianpHocTi 3606. HasiTh Haii-
MEHII MOMYyJIsipHA CHELiabHICTh Ma€ A0CTaT-

R S S TR
0 0.5 1 1.5 2 25 3
Number of papers, x 10°

Puc. 1. [lepmnii KBapTHIIB PO3MOALTY
myOJTiKaIiii 3a creniaTbHOCTSIMH
3a 2019-2023 pp.

HIO KUTBKICTh TyOJtikariiii, 1mo0 Ha iX OCHOBI
OTPHUMATH JIOCTOBIPHI CTATUCTHYHI BUCHOBKH.

InenTudikaunis cnopinHenocri
crneniajJbHOCTEN
[HaeKC CrOpiAHEHOCTI Mmapw creria-

npHOCTEH (A, B) po3paxoByeTbCS TaKUM YH-
HoM [11]:

N
J(4,B)= N5 (1)
N, 4+Np—N np
Ie N 4 — KiIbKiCTh ImyOJiKamii 3a creri-

aJBHICTIO 4;

Np - KiIbKiCcTh IyOJTiKallii 3a creria-
JIBHICTIO B;

N 4np - KIIBKICTb myOniKamii, sKi
OJHOYACHO BiHECEHO SIK 0 CIIEIiaIbHOCTI A4,
TaK 1 10 cHemiaabHOCTI B.

[TpoimtocTpyemMo 3acTocyBaHHs (op-
mynu (1) Ha mpuKIaAi po3paxyHKy CIOpiIHe-
HOCTI cnerianbHocTe 4602 Ta 4608. 3a cre-
mianbHicTIO 4602 € 316910 myOmikamiit, 3a
cnemnianbHicTIO 4608 — 239664 my6mnikarii. 3a
o0OoMa cremiaabHOCTAMH OJHOYACHO KaTero-
puzoBaHo 17757 mnyOnikauid. BigmoinHO
piBEHBb CIIOPITHEHOCTI crenianbHocTerd 4602
ta 4608 cranoButh:  J(4602,4608)=

17757

316910 +239664—-17757 0.03
Dimensions moxHa 3a API [12]. dani
MOKHa OTPHUMATH BHKOPUCTOBYIOYM 3BHYANi-
Huii HTTP 3anuT, ae Tijgom € Teket y ¢popma-
Ti Dimensions Search Language [13]. Hanpu-
KJIaJ, IJIi TOro, 100 OTpUMaTH PO3MOALT
KUTBKOCTI MyOJiKaliid 3a KOKHOIO CIIellialib-
HICTIO 33 OCTaHHI 5 POKIB HEOOXITHO BiIIpa-
BUTH 3aIIUT 13 TAKUM TIJIOM:
search publications
where year in
[2019, 2020, 2021, 2022, 2023]
return category for 2020
PesynbraTt moBepraerbes y JSON-dopmari, B
SAKOMY JUIs KOXHOI CIIeIIabHOCTI BKa3aHO
KUIBKICTh MyOmiKalliid, KaTeropu30BaHUX [0
BiAMOBIIHOI cmemianbHOCcTi. g Toro, mo6
3HAWTH KITBKICTh MYONIKamiii BiTHECEHUX
OJIHOYACHO JIO JIBOX CICHIaJIbHOCTEH Yy 3aImuTI
HEOOXIHO JOJAaTKOBO BKa3aTH iAeHTHUiKa-
TOp cheriaabHOCTi. SIK BiAMOBiAL TOBEpTa-
€TbCS KUIBKICTh IyOJTiKaLil, sSIKi KaTeropuso-
BaHl OJHOYACHO JI0 BKa3aHOI CIIELIaJIbHOCTI 1
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0 KOKHOI 1HIIOI creriaabHocTi. [lpuknan Taomuus 1.
TAKOTO 3amuTy JUIs crneniaabHOocTi 3202, sika CrieniaJIbHOCTI 3 CHITBHOIO CTIOPiTHEHICTIO

Mae BHYTpimHii ineHTUdikaTop 80045, HaBe- Creniansrocti | Tnaeke JKaxkapa
l[seeHa?r}::I/llrl)K[;61:1blications 3504 | 3508 0.485
. 4703 4704 0.378

where year 1in
[2019, 2020, 2021, 2022, 2023] ;282 3282 gigg
and category for.id=80045 2008 | 2000 0'322
return category for 2020 2002 | 2017 0'313

HapicnaBmm API-3anur aast KOXKHOL 3002 | 3002 0: 309
CHegiaJ'IB.HOCTi OTPUMYEMO 'HCO6XiI[H'i rmovar- 3901 | 3903 0297
KOBI JIaH1 i1l pO3paxyHKY PiBHS CIIOPiTHEHOC- 5106 | 5107 0294
Ti BCi?( nap CHe.I_liaJILHOCTeI\/'I. Panrosuit 2400 | 4805 0293
pO3MONIT TMap CIEiATbHOCTEH 3a 1HICKCOM 3503 | 3506 0247
Xaxkapa (1) naBemeno Ha puc.2. Bucoky 2901 | 2904 0.245
crnopiHeHicTe Mae 20 map creniaabHOCTEH, 2007 | 4010 0.236
innekc Kakkapa s saxux nepeBurrye 0.2 5106 | 5110 0.224
(ta6u. 1). ITomix 20 CHIIBHO CIIOpITHEHUX Hap 3705 | 3706 0218
3 mapu yTBOPEHO CHELiaJbHOCTSIMH 3 PI3HUX 3703 | 3706 0212
raimy3edl 3HaHb. CepenHs CIOPIIHEHICTb Mae 3703 | 3705 0211
micue i 41 mapu crneuianpHOCTeH (Tabdm. 2). 4902 | 5107 0.21
ITomix 41 napu 13 cepeJHbOIO CIOPITHEHICTIO 3605 | 4701 0.208
9 map yTBOPEHO CIHELiaTbHOCTSIMU 3 PI3HUX 4004 | 4011 0.2
raimy3eil 3HaHb. CHOpPIAHEHICTh Map 13 BHCO-
KMMH Ta CEpPeIHiMM iHeKcaMu JKakkapa BapTo ‘ _ Ta@m_m[ 2,
BpaxyBaTH Tiji 4ac aBTOMATHYHOIO MiGOpy CreniaabHOCTI 3 CEPETHBOIO CIIOPIAHEHICTIO
PELICH3EHTIB UM BUSBICHHS CXOXKUX HAYKOBUX Creuiansnocri | lngexc JKakkapa
Ta OCBITHIX yCTaHOB. MOXIINBO, JIeSKUA e(PEeKT 3802 3803 | 0.199
Oyze 1 Bl BpaxyBaHHS Map CHELiaTbHOCTEH 13 3302 4005 | 0.172
HU3BKUM DIBHEM CIIOPIAHEHOCTi. Takux map 3502 3801 | 0.169
BusiBiwiiocst 70. Permra map cremiansHOCTEH, a 4901 4903 | 0.168
came 14535-131=14404 mae mymoBy cno- 3501 3502 0.167
pinHeHicTh — ixHIN 1HAekc JKakkapa MeHIe 3801 3802 | 0.164
0.05. Iopir mono 1rymMy BCTAaHOBJIECHO Ha Mif- 5102 | 5108 |0.163
CTaBl OOUMCITIOBATIBHUX €KCIIEPUMEHTIB [ 14]. 5004 5005 | 0.162

4902 4904 | 0.159
3402 3405 | 0.154

o
(e,

Jaccard index

strong kinship 4006 | 4613 |0.152
02 ] 4203 [4205 [0.146
Average kinship 4604 4606 0.144

3103 3104 0.144
5201 5205 0.14

4803 4807 0.14

3304 3509 0.139
3102 3105 0.138
3209 5202 0.129
3705 3709 0.127
4407 4408 0.127
020 61 100131 200 300 200 500 5201 5203 0.126

Rating position

01F

Weak kinship

0.05f

Noise kinship

0.01

4605 4606 | 0.124
Puc. 2. ®parMeHT paHToBOr0 PO3NOALTY 3801 3803 | 0.123
CIOPiTHEHOCTI Hap crenialbHOCTeH 4006 4009 10123

(namiBnorapudmiuauii popmar)
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CreniansHocTi | Ingexc XKakkapa CreniansHocti | Ingexc XKakkapa
4602 4605 | 0.122 5202 5204 ] 0.109

5101 5109 ]0.122 4903 4904 | 0.108

3902 3903 | 0.119 4803 4804 [ 0.108

3204 3211 0.118 3702 3709 ]0.107

4804 4807 | 0.118 3503 4609 [ 0.106

3404 3405 ]0.112 4301 4303 [ 0.105

3403 4016 [ 0.111 5002 5003 ]0.104

3406 4016 | 0.11 3107 3207 10.101

05 0.5 05 0.5

Research group 3002 Research group 3004 Research group 3503 Research

03 03 group 3504

D‘ 1

0.5

0.3

0.1

05

0.5

0.5

0.3

0.1

0.5

3004 3008 4106 3108

3508 3504 3503 3507

05

0.3

0.1

3002 3108 3008 3001

3506 4609 3507 3504

O. 1

3508 3506 3503 4410

Research. |

3706 3703 3709 3104

0.5

0.5

3705 3703 3709 3708

3803 3801 3502 4905

05

3903 4704 3904 3902

Research group 3903

3801 3902 3904 4704

Research group 4002

4017 4007 4010 4012

Research group 4004

4011 3406 3006 4019

Research group 4007

4010 4901 4602 4008

Research group 4008

4009 4006 4010 4007

05

Research group 4009

4008 4006 5102 4007

4002 4012 4008 4016

0.5

0.3

0.1

4805 4804 4407 4801

Research group 4704

4703 3901 5204 3903

0.5

Research group 4805

4402 4804 4801 4807

Research group 4904

4901 4902 4903 5003

05

Research group 5106

5107 5110 4902 5101

0.1

0.5

0.5

Research group 4010

05

Research group 4011

3605 4702 3503 4408

0.1

4704 3901 4705 5204

Research group 4901

4904 4903 4905 4007

05

Research group 4902

5107 4904 5106 4901

Research group 5107

5106 4902 5101 5110

05

Research group 5110

5106 5107 5105 5101

Puc. 3. Jliarpamu criopitHeHOCTI crienianbHOCTeH 3 Torn-20 3a ingexcoM JKakkapa
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Ha puc. 3 HaBeneHi miarpamul criopin-
HEHOCTI Jiy1st 32 crenianbHOCTEH, SIKi yTBOPHITH
mapy 3 MakCUMaJIbHUMHM iHJekcamu JKakkapa.
binpmricte 13 HUX MalOTh CHIBHY CHOpIiIHE-
HICTB JIMLIE 3 ONHICIO CIelialbHICTIO. BoaHo-
yac, 7 CIeialbHOCTER CHIBHO B3a€EMOMIIOTH 3
nBoMa creriansHocTaMu. CrreniansHIicTs 3506
Ma€ BHCOKY CIIOPIAHEHICTh aX 13 TpbOMa CIie-
mianpHOCTAMH — 3504, 3508 Ta 3503. Yci BoHH
HaJIeXKATh 10 CHiIbHOI Tamy3i 35 — Commerce,
Management, Tourism and Services.

BucHoBku

InenTH(ikOoBaHO PiBHI CIIOPIAHEHOCTI
CHeIaIbHOCTeH 3a CUCTeMOIo Kiacudikarii
HaykoBuX crenianbHOcTeld ANZSRC-2020.
Inentudikamis 3aificHeHa 3 BUKOPHCTAHHAM
iHpopmaniiiHoi cuctemn Dimensions 1uisIxom
aHamizy 33.8 MmuH mnyOmikamii 3a 2019-—
2023 pp. PiBeHb cHOpiAHEHOCTI OIIIHEHO 3a
ingexkcom JKakkapa. BcraHoBnmeHo, mio i3
14535 MOKXITUBUX TIap CHEIMIAILHOCTEH, JIUTIIC
131 mapa mMae 3Ha4HIlly CIIOPIJHEHICTh 3 1H-
nexcoM JKakkapa, mo nepesuirye 0.05. 3 Hux
s 20 map creniadbHOCTEH piBEHb CHOPIN-
HEHOCTI € BUCOKHMM, a s 61 mapu — cepen-
HiM. [Tomik map i3 BUCOKOIO CIOPIIHEHICTIO
MEePEBAXKAIOTh CIEHIAIBHOCTI 3 OJHAKOBHUX
raimysei, aie 3 mapu i3 20 yTBOpeHo i3 creui-
aIIbHOCTEH 3 pI3HUX Tajy3eil.

OTpuMmaHi OLIHKU PiBHS CIIOPITHEHOC-
Tl CIEMIAIBHOCTEH MOXYTh OYyTH BHKOPHUCTA-
Hi JJIsl IOKPAIICHHS PO3B’s3aHHS 3a/1a4 aBTO-
MaTHYHOTO MPU3HAYCHHS PEIICH3CHTIB TUCep-
Talliif, 3aMUTIB HA TPAHTH, PYKOMHKCIB CTaTEeH,
JUISL CTBOPEHHS MDKIuCHUIUIiHApHUX PhD-
porpaM, yJIOCKOHAJIEHHS CHCTEMH Kiacudi-
Karlii HayK, BIiJICTIZIKOBYBaHHSI TPEHIIB MiX-
TUCIUILTIHAPHKUX JOCITIKEHB TOIIIO.

IHoasiku
Asmopu sucnosnoromos noosxy Digital
Science & Research Solutions Inc. 3a nadau-

Hs docmyny 00 pecypcie Dimensions 3a npoe-
kmom DIM-371.
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ARCHITECTURAL FRAMEWORK FOR A UNIFIED
BLOCKCHAIN INTERACTION LIBRARY

This research addresses the challenges posed by the fragmented nature of blockchain development tools, pre-
senting a comprehensive exploration of the imperative need for a unified architecture. In response to the grow-
ing diversity of blockchain networks, a solution in the form of a unified library based on a versatile and in-
teroperable interface that streamlines interactions across various blockchains is proposed. The current state of
blockchain development tools, an overview of existing solutions, formulation of design principles, and func-
tions of proposed unified library are provided. By mitigating the complexities associated with disparate tools,
the research aims to enhance the accessibility and efficiency of blockchain development, encouraging collabo-
ration and innovation within the blockchain community.

Keywords: Blockchain development, Interoperability, Decentralized applications, Development tools, Block-
chain networks, Software development kits (SDKs), Software Architecture

Introduction

The recent explosion of blockchain
technology has created a captivating land-
scape teeming with innovation and brimming
with potential. As mentioned in the survey
[1], the use of blockchain has already been
extended far beyond ‘“electronic cash”, as
initially described by Nakamoto S. [2]. The
rapid proliferation has birthed a multitude of
diverse blockchains, each boasting unique
features, consensus mechanisms, and smart
contract functionalities. While the abundance
presents developers with exciting opportuni-
ties to explore and create, it also presents a
significant challenge.

The tools currently available to devel-
opers for building upon and interacting with
these diverse platforms remain largely limited
to specific blockchains. This creates a frag-
mented development environment, forcing
developers to juggle a plethora of libraries,
frameworks, and SDKs just to navigate the
landscape. This fragmented ecosystem poses
a significant barrier to entry for newcomers
and seasoned developers alike, hindering effi-
ciency and collaboration within the block-
chain development community.

To address the pressing need for
standardization and interoperability, this re-
search proposes the development of a unified
library. The comprehensive library aims to act
as a cohesive interface, empowering develop-
ers to seamlessly interact with various block-
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chains. By providing a standardized, adapta-
ble, and interoperable solution, this research
seeks to empower developers by streamlining
their workflow, fostering collaboration within
the community, and ultimately propelling
innovation within the realm of blockchain
development.

The following sections describe the
challenges presented by the fragmented state
of blockchain development tools. After that,
existing solutions are examined before articu-
lating the foundational principles and features
of the proposed unified library. The aim of the
above-mentioned exploration is to provide a
comprehensive understanding of the motiva-
tion behind and the potential impact of our
research on the broader blockchain develop-
ment community. Looking beyond the pro-
posed solution, the research acknowledges the
valuable contributions of existing solutions
that play a vital role in the ongoing process of
improving interoperability and enhancing
developer experience within the blockchain
landscape.

1. Essential Components of Unified
Blockchain Interface

The unified blockchain library devel-
opment requires a thorough understanding of
its core components, independent of the un-
derlying blockchain technology. From manag-
ing accounts to facilitating transactions, these

© B.I. Dobrianskyi, I.V. Stetsenko, 2024

ISSN 1727-4907. IIpo6nemu nporpamyBanHs. 2024. Nel



IncTpymenTasbHi 3aco0M i cepeoBHIIA IPOrPaMyBAHHA

components are the building blocks of the
innovative framework.

To ensure a well-designed architec-
ture, the requirements that govern its con-
struction should be carefully analyzed. The
analysis delves into the complexities involved
creating a unified interface that seamlessly
interacts with diverse blockchains, beginning
with the fundamental domain of account
management, the cornerstone of any block-
chain system.

1.1. Account management

Regarding blockchain networks, one
common requirement is the solid management
of accounts, which emerges from the role of
accounts in the process of assuring secure and
authenticated connections. Blockchain securi-
ty heavily relies on private keys. Each user
has a unique digital identity formed by a key
pair: a public key (like a public address) and a
private key (kept secret). Creating an account
with a private key is the entry point for user
activity, smart contracts, and transactions on
the network. These cryptographic keys, which
play the role of digital signatures [3], form the
basis of the security architecture of the block-
chain networks. The algorithms used may
vary, for example, widely adopted cryptocur-
rencies like Bitcoin leverage the Elliptic
Curve Digital Signature Algorithm (ECDSA)
[4] for key generation and verification, ensur-
ing a robust foundation for secure transac-
tions. In contrast, Ethereum predominantly
utilizes ECDSA but also supports the RSA
algorithm in certain contexts [5], providing
flexibility in cryptographic operations across
its network. Additionally, emerging technolo-
gies explore more exotic algorithms, such as
the Lamport Signature Scheme [6], showcas-
ing the continuous evolution of cryptographic
approaches within diverse blockchain ecosys-
tems.

Creating a security key interweaves
the formation of a key pair comprised of a
public key visible to everyone and a private
key known only to the account owner. Thus,
creating an account serves as a starting point
for involvement in blockchain activity includ-
ing user activity and smart contract interac-
tions.

Amongst the diverse functionalities
encompassed by blockchain account man-
agement, two operations emerge as the most
generic and essential: account creation and
account retrieval. These operations prove crit-
ical in laying the groundwork for secure and
decentralized participation within blockchain
ecosystem, so they are included in the account
management.

Having established the significance of
account management, this analysis shifts its
focus toward the core entity that underpins
blockchain interaction: the account. While the
specifics of account implementation vary
across different blockchains, the library
should bridge this gap by presenting a unified
perspective. As per the accounts themselves,
their significance extends beyond mere place-
holders for cryptographic keys; they serve as
dynamic entities within the blockchain eco-
system. Within the unified library, the ac-
count encapsulates a suite of functionalities
tailored to these entities, fostering an envi-
ronment that not only ensures secure interac-
tions but also facilitates comprehensive ac-
count management.

The most basic functional requirement
of the account is the ability to retrieve its bal-
ance. This fundamental feature provides users
with a real-time snapshot of the account's
holdings, detailing the quantity of digital as-
sets or tokens it possesses.

Transaction signing equips developers
with the capability to sign transactions secure-
ly using the account's private key. This cryp-
tographic signature not only ensures the
transaction authenticity, but also safeguards
against unauthorized alterations, thereby forti-
fying the integrity of the blockchain network.

Beyond immediate financial insights,
the account encompasses the functionality to
query transaction history, which provides a
historical record of transactions associated
with the account. The comprehensive log of-
fers visibility into past interactions, empower-
ing developers to track and analyze the ac-
count activity over time.

To augment the versatility of account
interactions, one of the account features is the
ability to query metadata associated with it. It
includes information such as creation
timestamps, account types, custom tags, or
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any other pertinent details configured.
Metadata querying provides a flexible inter-
face for developers to retrieve contextual in-
formation, enhancing the richness of the ac-
count management experience.

Moreover, recognizing the dynamic
nature of blockchain ecosystems and the di-
versity among different networks, the account
is designed to be extensible. It ensures that the
account structure can accommodate additional
functionalities specific to particular block-
chains. Blockchain networks often introduce
unique features or token standards that may
require additional methods or attributes within
the account representation.

Consider the diversity across block-
chain networks such as Ethereum, Solana, and
Polkadot, each introducing unique function-
alities and adhering to specific standards. The
account structure within the unified library is
designed to be extensible, allowing develop-
ers to seamlessly integrate blockchain-
specific features. For instance, in Ethereum,
renowned for its extensive smart contract ca-
pabilities, the Account might extend function-
alities for interacting with sophisticated con-
tract deployment and execution processes.
Solana, with its high-performance blockchain,
might introduce account-related features per-
tinent to its unique consensus mechanism and
token standards. Similarly, Polkadot's multi-
chain architecture might necessitate account-
related features aligned with its parachain
model.

In essence, the Account class emerges
as a multifaceted entity within our unified
library, aligning with the diverse needs of
developers engaged in blockchain interac-
tions. By encompassing balance retrieval,
transaction signing, transaction history query-
ing, and metadata retrieval, the Account class
serves as a comprehensive toolkit, fostering
an environment where developers can seam-
lessly manage and leverage the full potential
of blockchain accounts within their decentral-
ized applications.

1.2. Block management

At the core of every blockchain lies
the foundational building block, quite literally
known as a "block." A block represents a unit
of data that contains a bundle of transactions,
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a timestamp, and a reference to the preceding
block. This sequential chain of blocks forms
the bedrock of blockchain technology, ena-
bling the secure and transparent recording of
transactions across a decentralized network.

The significance of a block extends
beyond its definition; it serves as a crucial
mechanism for achieving consensus and im-
mutability within the blockchain. Each block
is intricately linked to its predecessor through
cryptographic hashes, creating an indelible
chain that resists tampering and ensures the
integrity of the entire transaction history.

What sets the concept of a block apart
is its universality across diverse blockchain
networks. While blockchains may differ in
their consensus mechanisms, transaction pro-
cessing speeds, and smart contract capabili-
ties, the fundamental structure of a block re-
mains remarkably consistent [7]. This uni-
formity provides an opportune avenue for
unification, as the shared characteristics of
blocks can be harnessed to create a standard-
ized approach to managing and retrieving
blockchain data.

This section delves into the universal
nature of blocks, investigating their constitu-
ent components and exploring the potential
for a unified strategy in managing these foun-
dational elements across diverse blockchain
networks. By analyzing the shared character-
istics and functionalities of blocks, the
groundwork can be laid for the development
of a standardized approach to their manage-
ment, potentially fostering greater interopera-
bility and efficiency within the blockchain
ecosystem.

First and foremost, a crucial capability
in the toolkit is the ability to fetch the latest
block from the blockchain. This feature holds
paramount importance because it allows users
to stay synchronized with the most recent data
on the blockchain by ensuring that the appli-
cations are always up-to-date and aligned
with the dynamic nature of the blockchain.

Equally vital is the capability to re-
trieve a specific block using its unique numer-
ical identifier, often referred to as the block
number. The significance of this features lies
in the ability to grants users precision in data
retrieval. Consider a scenario where user
wants some specific details from a particular
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point in the blockchain's history. By being
able to get a block by its number, user can
precisely pinpoint and extract the required
information. This functionality caters to ap-
plications that demand targeted insights into
specific blocks, contributing to a more refined
and efficient data retrieval process.

Regarding the block itself, it serves as
a central entity within our unified framework,
facilitating a nuanced exploration of block-
chain data.

The following sections investigate the
inherent features of blockchain blocks, equip-
ping developers with the capability to effort-
lessly retrieve crucial metadata associated
with each block. This metadata encompasses
fundamental details, including the block
number, a unique identifier within the block-
chain sequence, and the mining time, which
provides insights into the block's creation
timestamp. These metadata elements collec-
tively offer a comprehensive snapshot, eluci-
dating the block position and temporal rele-
vance within the broader blockchain land-
scape.

Delving further into the capabilities of
the block entity, it extends its functionality to
enable the extraction of transactions stored
within the block. This feature proves pivotal
for developers seeking a detailed understand-
ing of the activities recorded in a specific
block. By accessing the list of transactions,
developers can explore and leverage the intri-
cacies of each transaction within the block,
facilitating a more granular analysis of block-
chain data.

In essence, the block entity serves as a
versatile tool, offering not only a unique iden-
tifier and temporal context through metadata
retrieval but also providing access to the
transactional intricacies encapsulated within
individual blocks. These capabilities enrich
the developer's toolkit, fostering a more nu-
anced and detailed exploration of blockchain
data at the block level.

1.3. Transaction management

Navigating the intricacies of block-
chain transactions, transaction management
takes center stage as a crucial orchestrator. Its
role is to simplify the complexities associated
with transactions, offering developers a set of

powerful functionalities for efficient interac-
tion with the blockchain network.

In terms of transaction retrieval, the
transaction manager empowers developers to
pinpoint and extract specific transactions.
Utilizing identifiers such as transaction hash-
es, transaction indices, or block references,
developers gain flexibility in accessing trans-
actions tailored to their needs. This capability
is particularly exemplified in networks like
Ethereum, where transaction hashes serve as
unique identifiers.

Moving beyond retrieval, the Transac-
tion Manager offers a real-time status check
for individual transactions. This feature
proves invaluable for developers seeking im-
mediate updates on a transaction's processing
status - whether it is pending, successfully
executed, or encountering issues. This real-
time insight into the transaction lifecycle en-
hances developers' ability to respond effec-
tively to changing conditions on the block-
chain.

Additionally, the transaction manager
facilitates historical exploration by enabling
developers to query the blockchain for a de-
tailed transaction history associated with a
specific account. This functionality is instru-
mental for applications requiring a compre-
hensive overview of an account's past transac-
tions. For instance, in decentralized finance
applications, users can leverage this capability
to review their transaction history seamlessly.

In summary, the Transaction Manager
emerges as a versatile guide through the
blockchain transactions. Its functionalities,
ranging from precise retrieval to real-time
status checks and historical exploration, equip
developers with the tools needed to navigate
the dynamic landscape of decentralized data
transactions efficiently.

1.4. Smart contract management

In the realm of blockchain develop-
ment, smart contracts shine as unique entities
injecting programmable capabilities into the
decentralized landscape. Unlike blocks, which
vary but retain some uniformity, smart con-
tracts stand out distinctly. It's worth noting
that not all blockchains, such as Bitcoin and
Ripple, natively support smart contracts.
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Despite this, smart contracts play a
crucial role in blockchain development. They
act as architects for self-executing agree-
ments, allowing developers to encode rules
directly into the blockchain. This capability,
though not universally supported, remains a
fundamental tool for developers crafting de-
centralized applications, which is why smart
contract management is included in the li-
brary.

The smart contract manager, a pivotal
component within the proposed architectural
framework, plays a crucial role in facilitating
seamless smart contract interactions across
diverse blockchain networks. This manager
offers two fundamental operations, catering to
various blockchain environments.

First of all, it provides a unified
interface for retrieving existing smart
contracts from the underlying blockchain.
This functionality enables developers to
interact with deployed smart contracts,
including tasks such as reading data, verifying
states, and executing predefined operations.
By abstracting the complexities of smart
contract retrieval, the manager enhances
developer efficiency and ensures a consistent
experience across different blockchain
networks.

In addition to retrieving existing smart
contracts, the manager empowers developers
to deploy new contracts onto the blockchain.
This essential feature facilitates the initiation
of decentralized applications and the
implementation of custom smart contract
logic. The manager abstracts the intricacies of
the deployment process, offering developers a
streamlined mechanism to bring their smart
contract creations to life on the blockchain,
regardless of the underlying blockchain's
specifications.

Building upon the foundation laid by
the smart contract manager, the smart contract
entity inherits the ability to read data directly
from the smart contract it represents. This
continuity ensures that developers maintain
real-time access to crucial information stored
within the decentralized ledger. The entity
becomes a conduit for understanding the
evolving state and conditions of the contract,
fostering an environment of informed deci-
sion-making.
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As an evolution of transactional capa-
bilities, the smart contract entity empowers
developers to submit smart contract transac-
tions to the blockchain. This functionality
signifies an active engagement in the execu-
tion of predefined functions within the smart
contract. Developers navigate the decentral-
ized landscape with a refined ability to partic-
ipate in the decision-making process encoded
within the blockchain.

Extending the narrative of event-
driven architecture, the smart contract entity
allows developers to seamlessly subscribe to
events emitted by the represented smart con-
tract. This continuity in observability enhanc-
es transparency, ensuring external entities, for
example other smart contracts or off-chain
systems, can monitor and react to changes
within the contract. The smart contract entity
becomes a vital component in fostering a col-
laborative and responsive blockchain ecosys-
tem.

1.5. Plugin system

A key component of the architecture is
a robust plugin system. Recognizing the dy-
namic and evolving nature of blockchain eco-
systems, the plugin system allows for adapta-
bility and extensibility. It enables:

* Streamlined integration of new fea-
tures: plugins can be added without modify-
ing the core library, keeping development
efficient.

* Empowerment for the developer
community: developers can contribute and
enhance the library's capabilities, fostering
collaboration and innovation.

However, achieving true unification
requires acknowledging the inherent diversity
of blockchain networks. The proposed solu-
tion addresses this by emphasizing the use of
blockchain-specific plugins. These plugins
cater to the unique characteristics and func-
tionalities of each blockchain, ensuring:

e Preservation of individual block-
chain design: developers can leverage the full
potential of each network without compromis-
ing its integrity.

* Optimal performance: plugins al-
low fine-tuning the library's functionality for
specific blockchains, maximizing efficiency.
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Balancing standardization and custom-
ization are crucial within this framework.
Blockchain-specific plugins acknowledge the
value of individual network characteristics
while maintaining a unified approach through
the core library interface. This embrace of
diversity reflects the richness and innovation
present in the blockchain landscape.

Moving forward, the proposed archi-
tecture provides a flexible and adaptable
foundation for blockchain development. It
empowers developers with a unified interface

BlockchainManager

<includes>

while acknowledging the unique needs of
individual blockchain networks, paving the
way for a more collaborative and future-proof
development landscape.

2. Results

Continuing upon the established con-
ceptual foundations, this section unveils the
architectural design of the proposed unified
library. Figure 1 presents a structure diagram
of this architecture.

implements=—®* BlockchainFacade

<includes= <includess <ncludes=> <includes>
AccountManager TransactionManager BlockManager SmartContractManager
d'nanagas;-J Btrai'.-\em|>- i

Transaction

dncludess———

SmartContract

Fig.1. Structure Diagram of the library

The architecture encapsulates key
components, allowing for seamless interac-
tions with various blockchain networks. A
brief overview of the major components is
provided below.

The blockchain manager serves as an
entry point to the library. It can include one or
more blockchain facades, that are implement-
ed as separate libraries (plugins) for each
blockchain.

Transaction Manager stands as a cen-
tral hub for retrieving, monitoring, and ex-
ploring transactions within the blockchain.

Transaction represents individual
transactions, this entity encapsulates details,
signing mechanisms, verification, and any
additional metadata associated with a transac-
tion.

Block Manager serves as a linchpin
for managing blocks, the Block Manager of-
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fers functionalities such as retrieving specific
blocks by number, obtaining the latest block,
and navigating through blocks with pagina-
tion and filtering. It also emits related events,
for example mining of a new block.

The Block entity encapsulates metada-
ta retrieval, facilitating the extraction of trans-
actions, and ensuring extensibility for block-
chain-specific features.

Account Manager is responsible for
simplifying account-related interactions, the
Account manager provides methods for creat-
ing and retrieving accounts, signing transac-
tions, and managing account-specific func-
tionalities.

The Account entity represents individ-
ual accounts within the blockchain, offering
functionalities like balance retrieval, transac-
tion signing, checking transaction history, and
querying metadata.

Smart contract manager is responsible
for deployment and retrieval of smart con-
tracts. The Smart Contract entity itself is re-
sponsible for reading data from the smart con-
tract, calling methods on smart contracts and
listening to the events emitted by the smart
contract.

This architecture is designed with ver-
satility and extensibility in mind. Its strength
lies in providing developers with a unified
interface for blockchain interactions, reducing
the complexities associated with navigating
diverse blockchain networks. The modular
structure allows for easy integration and adap-
tation to specific blockchain characteristics,
ensuring a robust foundation for blockchain
development. With a foundational under-
standing of the architecture now established,
the following analysis covers the advantages
and potential applications that make this de-
sign a compelling choice for blockchain de-
velopment.

2.1. Implementation

The wunified blockchain interaction
library has been successfully implemented
using JavaScript and TypeScript to support
the diverse needs of developers engaged in
blockchain interactions. The decision to
employ these languages is rooted in their
widespread adoption within the blockchain
development community, serving as the go-to
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choices for both backend and frontend
development. This approach ensures a
seamless integration of the library into
various projects, maintaining compatibility
across different layers of the software stack.

The Ethereum and Solana plugins
were also crafted in TypeScript using web3.js
and @solana/web3.js libraries corresponding-
ly, ensuring consistency and ease of use
across the entire ecosystem. The language
choice aligns with the prevalent practices in
blockchain development, where JavaScript
and TypeScript stand out as the primary
languages for facilitating comprehensive
blockchain interactions across different
platforms.

2.2. Pros and potential use cases

Versatility across blockchains. One of
the notable strengths of this architecture lies
in its adaptability to a variety of blockchain
networks. The modular design allows devel-
opers to seamlessly integrate the library into
diverse blockchain ecosystems, mitigating the
challenges posed by the heterogeneity of
blockchain technologies.

Reduced development complexity. By
providing a unified interface for blockchain
interactions, our architecture significantly
reduces the development complexity associat-
ed with navigating different blockchain net-
works. Developers can leverage consistent
methods and entities across various block-
chains, streamlining the development process
and fostering code reusability.

Facilitated cross-blockchain develop-
ment. The modular structure and unified inter-
face empower developers to engage in cross-
blockchain development more efficiently.
Whether working with Ethereum, Solana,
Polkadot, or other blockchains, the proposed
design simplifies the development of applica-
tions that seamlessly interact with multiple
blockchain networks.

Extensibility for blockchain-specific
features. The architecture's extensibility en-
sures that it can accommodate blockchain-
specific features seamlessly. For instance, if a
blockchain introduces new metadata or
unique transaction types, the library's extensi-
ble entities, for example the Transaction and
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Account, can readily adapt without requiring
a major overhaul of the existing codebase.

2.3. Challenges and considerations

While our architecture presents nu-
merous advantages, it 1is essential to
acknowledge potential challenges and consid-
erations.

Blockchain-specific limitations. Cer-
tain blockchain networks may have unique
limitations or characteristics that might not
align perfectly with the unified interface. De-
velopers should be aware of such nuances and
handle them appropriately when working with
specific blockchains.

Performance considerations. The ar-
chitecture's adaptability across various block-
chains may introduce slight performance
trade-offs. Developers should carefully assess
performance requirements and optimize im-
plementations accordingly. However, this also
heavily depends on the implementation itself.

3. Related works

From specialized libraries tailored for
specific blockchain networks to comprehen-
sive frameworks designed for cross-chain
compatibility, the variety in the approaches
mirrors the continuous evolution of block-
chain technology. The research through these
related works unveils the multifaceted efforts
that shape the current and future landscapes of
blockchain development.

In the following exploration of related
works, 3 distinctive solutions that have made
significant strides in simplifying and unifying
blockchain interactions are spotlighted. These
solutions, each with their unique approach,
contribute to the broader narrative of enhanc-
ing developer experiences within the block-
chain landscape.

3.1. Web3.js

Web3.js stands as a JavaScript library
specifically tailored for EVM blockchains,
providing developers with a streamlined inter-
face for interacting with the Ethereum block-
chain. It abstracts away the complexities of
Ethereum's native RPC (Remote Procedure
Call) and JSON-RPC protocols, offering a
simplified programming model.

Designed with a focus on Ethereum,
Web3.js provides comprehensive functionali-
ties for smart contract interactions, transaction
management, and blockchain data retrieval
specific to the Ethereum network.

Being a widely adopted library,
Web3.js benefits from an active and vibrant
community, ensuring continuous updates, bug
fixes, and the availability of extensive docu-
mentation.

It is important to note, however, that
Web3.js is primarily applicable for EVM-
compatible networks, and its features are op-
timized for the Ethereum ecosystem.

3.2. Cosmos SDK

The Cosmos SDK takes a broader ap-
proach by offering a framework for building
multi-blockchain applications. It allows de-
velopers to create their customized block-
chains (Zones) with specific functionalities,
while the Cosmos Hub acts as a secure and
interoperable hub connecting different Zones
[9].

Cosmos SDK focuses on enabling in-
teroperability between blockchains. The Hub-
and-Zone architecture allows for secure
communication between different block-
chains, fostering a vision of an interconnected
blockchain ecosystem.

Developers using Cosmos SDK have
the flexibility to design and launch their
blockchains with tailored features, ensuring
versatility in addressing specific use cases.

3.3. Polkadot and Parachains

Polkadot introduces a novel concept of
parachains, offering a framework for building
customized blockchains that connect to the
Polkadot relay chain. Parachains run in paral-
lel, fostering scalability and interoperability
across the Polkadot network [10].

The use of parachains in Polkadot en-
ables horizontal scalability, allowing multiple
blockchains to run concurrently. This ap-
proach addresses scalability concerns and
promotes efficient resource utilization.

By connecting to the Polkadot relay
chain, parachains benefit from enhanced secu-
rity and interoperability, creating a cohesive
ecosystem where different blockchains can
seamlessly interact.
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3.4. Challenges

This survey reveals a common thread
— interoperability is often confined to specific
blockchain ecosystems, lacking a universal
solution that spans the entirety of the block-
chain landscape. While these existing libraries
and frameworks excel within their designated
environments, the quest for a unified architec-
ture for blockchain interaction persists.

A constantly developing landscape of
blockchain innovation necessitates a compre-
hensive solution. Analyzing the process of
designing a unified library for blockchain
interaction revealed both challenges and op-
portunities. By envisioning an architecture
that transcends individual blockchain ecosys-
tems, the goal is to foster an interoperable
development landscape, empowering devel-
opers across diverse networks. With wider
adoption and expansion of blockchain usage,
the need for a universal framework becomes
increasingly evident, paving the way for a
more interconnected and collaborative future
in decentralized development.

Conclusions

This research addresses the challenge
of fragmented blockchain development tools
by proposing a novel unified library architec-
ture. This architecture aims to bridge the gap
by providing developers with a standardized
and interoperable interface, facilitating seam-
less interactions across diverse blockchain
networks.

The proposed solution presents a step
forward in blockchain development, offering
the following advantages:

— Enhanced developer efficiency. By
providing a unified interface, the architecture
significantly reduces the complexity caused
by navigating and interacting with various
blockchain ecosystems.

— Promoted cross-chain collaboration.
Whether building applications that interact
with Ethereum, Solana, Polkadot, or other
emerging networks, the architecture simplifies
communication and data exchange, fostering
collaboration and innovation across the
broader blockchain landscape.

— Future-proof design.  Blockchain-
specific features can be seamlessly integrated
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through adaptable entities within the library,
ensuring it remains relevant and adaptable as
new protocols and functionalities emerge.

Potential challenges requiring further in-
vestigation include:

— Addressing blockchain-specific nu-
ances. While the unified interface offers sig-
nificant advantages, particular blockchain
networks may possess unique limitations or
characteristics that it does not cover. Devel-
opers should know these nuances and imple-
ment appropriate workarounds interacting
with specific blockchains.

— Balancing performance and versatility.
The architecture adaptability across various
blockchains might necessitate slight perfor-
mance trade-offs.

Based on the proposed architectural
framework, the future improvements are the
following:

- conducting rigorous testing and per-
formance evaluations across diverse block-
chain networks to identify and address poten-
tial limitations;

- expanding the library's capabilities by
developing and integrating plugins for a wider
range of blockchain networks;

- investigating and integrating emerging
interoperability protocols and solutions to
further enhance seamless communication
across blockchain ecosystems;

- conducting in-depth research on opti-
mizing the library's internal data structures
and algorithms to ensure efficient and scala-
ble interactions across diverse blockchain
networks.

By taking these steps, the proposed
unified library architecture can evolve into a
robust and versatile solution, empowering
developers to navigate the ever-evolving
landscape of blockchain development with
greater efficiency and fostering a more col-
laborative and innovative future for decentral-
ized technologies.
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@.0. Kopobetinikos

KOHIENTYAJBbHA PAMKA PE3WIBEHTHOI NOBEJIHKA
THOOPMAIIMHUX CUCTEM

[TporoHoBaHe KOCIIIKEHHS TPUCBSIYCHE PO3POOJICHHIO KOHIETITYaIbHOT PAMKH JIJIsl OTIUCY PE3UIIBEHTHOT ITOBE-
JIHKY iHOpMaLiiHIX CHCTEM, sIKa BU3HAYa€ OCHOBHI OMeparliiiHi ¢a3u peakximii cCucTeM y KOHTEKCTI MPOTHIii
peai3oBaHUM PU3MKAM Y MOMEHT iHIHAEHTY. Pa3u BKIIIOYAIOTh y cebe K 3aX0IU MOTePeHbOI MiITOTOBKH Ta
Oe3mocepeHpOI MPOTHIIT 3arpo3aM, TaK 1 MEXaHi3MH BiTHOBJICHHS Ta aJarTaIlii micyis iHuAeHTiB. JlocarHeHHS
3a3Ha4eHO{ MeTH nepeadayae BUABICHHS OCHOBHUX IJIEH 1 3a7a4 pe3nIbeHTHOCTI, sIKi Oe3mocepeHbOo MOB'sI3aHi
3 IIpoliecaMu HelTpaiizanii MoTeHIiHHUX 3arpo3 1 BIUIMBAIOTh HA CTPATEriio YIPABIiHHS PU3HKAMHU, 1 3yMOBIIIO-
I0Th HEOOXIJHICTh BCEOIYHOTO aHallizy KPUTHUYHO 3HauyuX (YHKIIH opraHizauwid. Y mporeci JOCTiHKeHHS
0coOnuBy yBary Oyio MpHUAIJICHO CTBOPEHHIO MOZIENEH PE3WIILEHTHHX 1 HEPE3WIILEHTHUX CLIEHApiiB peakiiil Ha
IHIIMACGHT Ta BUOKPEMJICHHIO TIOBEIIHKOBHX BiIIMIHHOCTEH. 3acToCyBaHHs AeibTa-(QYHKIT 1aI0 3MOTy JAeTali-
3yBary (ha3y Pe3UILEHTHOI BI/IMOBI/II HA 3arpO3Hu, BKIFOYHO 3 €TallaMy aJIalTallii Ta MOJaIbIIOr0 BiHOBICHHS.
JocunimkeHHs: poOUTh 3HaYHUK BHECOK y cdepy iHpopMaliiiHoT 6e31eku, NponoHy4YH OaraTopiBHEBUI MiaAXin

JI0 TI/IBHUIIICHHS PEe3WIHEHTHOCTI iHPOPMAIIIITHUX CHCTEM.
KitrouoBi cioBa: pe3miIbeHTHICTD, 3aXUCT iH(hopMarii, iHpopmarriiiHa 6e3meka

Beryn

Po30ymoBa ¢GpeiiMBOpKY MiABUIIECHHS
PE3MIbEHTHOCTI Oyb-s1KOT iH(pOpMAIIiIHOI CH-
CTEMH, HE3aJIe)KHO BiJ 11 cnerudiku - 4u TO
cucTeMa 3aXuCTy iHdopmallii, 4u To cucreMa
00poOKku Ta 30epiranns iHdopMallii, o Haje-
KUTh Opranizaiii, Micii, a0 CIJILHOTI, - pO3-
MOYMHAETHCS 3 (POPMYITFOBaHHS KIIFOYOBUX IIi-
neit 1 3amau. [lpomec iX BU3HAYECHHS TICHO
OB’ sI3aHUH 31 CTpATETi€r0 YIpaBIiHHS PU3H-
KaMU{ OpraHi3alliii i BuMarae TimOOKoOro po3y-
MIHHS TOTO, IIT0 caMe Ma€ OyTH 3aXHUIIEHO 1 K1
came 3arpo3u MOXKYTh BITUBAaTH Ha KPUTHUYHI
¢dbyHKI1IT opraHizalii i Mo’ s3aHi 3 HUMH 1HO-
pMariiiHi cucreMu. MeToro JaHOTO HayKOBOTO
JOCIIKSHHS € pO3p0o0Ka KOHIIENTYaJIbHOT pa-
MKH Pe3UJILEHTHOI TOBEAIHKH iH(pOpMAaLiHHIX
CHCTEM, sIKa He TUIBLKU BIAINOBIJZA€ BHUMOTaM
PE3WITLEHTHOI TTAPATUTMH, a ¥ BMIIIY€ METOIN
igmeHTudikailii, peH>KyBaHHsS Ta YNPaBIiHHSI
eTarmaMH MPOTHUJIl 3arpo3am, BiJIHECCHHM [0
KaTeropii KpUTUYHHUX, BPAXOBYIOUH iXHE CITiB-
BiJTHOIIICHHS 3 IIJISIMU 1 3aa9aMH PE3UITHEHT-
HOCTI.

Lis1i pe3WJILEHTHOCTI
KorxHa 1111h pe3UILEHTHOCTI - 1€ TBEP-
JDKEHHS BUCOKOTO PiBHSI, IO (POKYCY€EThCS Ha
OHOMY 3 acleKTiB (Hampukiaja, mnepeada-
YUTH, BUTPUMATH, BIJIHOBUTH, a/IalITyBaTHC)
y BU3HAYEHH1 pe3UIbeHTHOCTI [1].
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Ha Bigminy Big minedt iHGopMaIliiHoi
Oe3mekH, AKi 30cepe/KeHl Ha 3aXHUCTi KOHi-
JEHITIMHOCTI, TOCTYIMHOCTI Ta LUIICHOCTI 1H-
(dopMarifHuX aKTUBIB, MU PE3UIHEHTHOCTI
BUXOATH 13 TIEPEAYMOBH, IO peatizallis 3a-
rpo3 €, Xxoua ¥ HeOaKaHUM, ajle HEMHUHYYHM
€JIEMEHTOM J>KUTTEBOIO LUKIY cucTemu. Lls
KOHIICTITyallbHA PI3HUI MIIKPECIIOE, M0 B
TOM Yac sk iHpopMaIliiiHa Oe3reka mparue 3a-
noOirTu peasnizanii 3arpo3, pe3UWIbEHTHICTh
BU3HAE€ 1 MpHUIIMae MOXIUBICTh X BHHHK-
HEHHs, aKICHTYIOUM YBary Ha 30epexeHH1
Mpare31aTHOCTI Ta MBUIKOMY BiTHOBJICHHI ITi-
CJISI IOPYIICHbD.

il pe3uIbEHTHOCTI, TAKUM YHUHOM,
BH3HAYAIOTh TMPUHIUIIOBO IHINUK MAXIT 0
yIOpaBIiHHS PU3UKaMU, IKUN niependadae pos-
pOOKy CTpateriii 1 pillieHb, sIKI CIPUSIIOTH ajia-
NITUBHOCTI CUCTEMH B yMOBaxX MiHJIMBOTO Ce-
penoBuIa i HecnoaiBaHux nofin. Ile He o3Ha-
4ae BIZIMOBY BiJI 3aXOJIiB 13 3a0e3meueHHs 0e3-
TEKH, aJie MiJKPECIIOE BaXKIUBICTh JOAATKO-
BUX 3aXOiB, CIIPSIMOBAHHUX Ha 3a0e3MeYeHHS
Mpane3aaTHOCTI KPUTUYHUX (QYHKLIA  cHC-
TEMHU, KOJIM CTaHJIapPTHI METO/IN OE3MEeKU BUSB-
JSIOTHCS HeEePEKTUBHUMU [2].

CykynHO BCl Il pe3WJIbEHTHOCTI Ha-
LUJIEHI Ha MPOTHUIII0 KPUTUYHUM PHU3UKaM 1
rapaHToBaHe MIATPUMAHHS Mpale3JaTHOCTI
OCHOBHUX (YHKIIN opraHizaiii, Micii abo

© @.0.Kopobeiinikos, 2024
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cuctemu. KoxkHa 3 1ineit Mmoxe OyTH CHiBBiJ-
HECEeHa 3 OJTHUM 13 KJTFOYOBHUX €TaIliB MPOTHIIT
PU3HKY, 3arpo3a SIKOTO peanizyerbcsi abo
MOke OyTH peali3oBaHa: MATOTOBKA, TPOTH-
nis abo abcopOyBaHHS, BITHOBJICHHS Ta ajan-
Taris.

Buxopucranuns aeabra-pyHkuii
AJISl ONIHCY eTamniB MPOTH/Il IHIUAEHTY

Ha mamonky (Puc.l) iHuuaeHT npen-
CTaBJICHUN K MUTTEBE 30ypeHHs, SKE MOXKHA
3MOJICTIOBATH 3a JIOIIOMOTOI0 JIeJIbTa-IMITy-
necy. L momis BUKJIMKAae HEraiHe 3HIKEHHS
MPOAYKTUBHOCTI CUCTEMH.

Jlenbra-iMITynbC, y paMKax Iboro Jo-
CIII/IKEHHS TPONOHY€ETHCS BUKOPHUCTOBYBATU
K s JeTanizaimii miieid pe3uIbeHTHOCTI,
TaKk 1 B KOHTEKCTI PO3POOKH Mojesi IXHBOT
B3aeMozii. 1{g KoHuemnis sBisie co0oro0 iea-
J30BaHUM OMHUC MHUTTEBUX, KOPOTKOCTPOKO-
BUX TIOMi, IO MalTh BUCOKUW pIBCHb
BILTKBY. Lle 0co0nMBO akTyalbHO AJI CIEHa-
piiB kputnuaux HILP-pusukiB, siki miansara-
I0Th ONPAIIOBAaHHIO BIJMOBIAHO O TMapajau-
I'MH PE3UIILEHTHOCTI.

KnacuuHa KoHIenIis 1enbra-iMnyinbey
YacTO acowLiloeThCs 3 Jenbra-pyHkuiero Jli-
paka [3]. Y 11boMy KOHTEKCTI 0-IMITYJIbC € iJ1e-

KOPOTKUM 1 CHJIBHUM CHUTHAJIOM a00 BIIMBOM,
KU B110yBa€ThCS B IEBHUII MOMEHT 4acy.
Oco06aMBOCTI A€TBTA-IMITYIIBCY:

. MUTTEBICTH: AENbTa-IMITYIBC BiIOyBa-
€TbCSA 32 HECKIHYEHHO KOPOTKHUH IMPOMIKOK
qacy.

. Jlokanizauis B yaci: IMmynec Mae micue

B KOHKpPETHUH MOMEHT 4acy T, 1 mo3a um mo-
MEHTOM HOTO BIUIUB JIOPIBHIOE HYIIO.
. Heckinuenna ammutityga: Y MOMEHT
IMITyJIbCY HOTO aMIUTITYy/1a Iparue 1o Oe3KiHe-
YHOCTI, aJie TaK, [0 1HTETpaj BiJl IMITYJIbCY 3a
YacoM 3aJIMIIAETHCS CKIHUEHHMM 1 3a3BUYait
HOPMAJTI3Y€ThCS 10 OAMHUILL.

Henvra-¢ynkuis [lipaka §(t — T), Bu-
3HAYa€ThCS TAKUMHU BJIACTUBOCTSAMHU:
. 6(t—T) = 0 pnascex t # T
. [f28-Tdt =1

Henvra-pyHKIis Moke OyTH BUKOPHC-
TaHa B KOHTEKCTI Pe3WJILEHTHOCTI U MOjie-
JIIOBAaHHS MHTTEBUX MOMIM abo IIOKiB, IO
BIUIMBAIOTh HAa CUCTEMY. Y IIbOMY KOHTEKCTI
BOHA UTIOCTPYE KPUTHYHI 1HIUJAEHTH, SKi
BIUIMBAIOTh HAa CHCTEMY PalTOBO 1 3 CUJIBHUM
eexToM, ane 3a JyX’e KOPOTKHH MPOMIKOK
qacy:
. MopnenoBaHHS 30BHIMIHIX MIOKIB: Jle-
npTa-QyHKII MOXe OyTH BUKOpHUCTaHA IS

aJII30BaHUM MUTTEBUM HECKIHUYEHHO .y
’ ’ IPEACTABIICHHS pPaNTOBUX IIOAIN, TaKUX K
v
IHLUMAEHT ETAIN MNPOTUAIIL:
PE3WIbEHTHA MOBEAIHKA I THATOTOBKA
1T ABCOPBLIIA
T BIAHOBAEHHS
TV AAATITALITS
POBACTHA MOBEAIHKA
________ LIAI PE3UABEHTHOCTT:
1 OUIKYBATU
II BUTPMIMYBATU
NNACTUYHA MOBEAIHKA 1l BIAHOBAIOBATU
———————————— IV AAATITYBATUCS
[MEKAENAGTUSHOETE R
=
=
i
(v}
=
v
0
=
=
o =
[+2)
=
¥
g KONANTOIAHA NOBEAIHKA
& >

YACt

Puc. 1 CniBBigHeceHHS 1JIel PE3UIbEHTHOCTI 1 €TaiB NPOTUAIl PUUKY
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IPUPOAHI KaTtacTpou, TEXHOJIOTIYHI 300i,
€KOHOMIYHI KpU3H Ta 1HIII KPUTUYHI 1HLIH]E-
HTH. i moxaii MOXXyTh OyTH mpencTaBlieHi sIK
MUTTEB1 IMITyJCH, IO BIUIMBAIOTH Ha CHC-
TEeMy.

. Amnani3 peakuii cucremu: Buxopuc-
TaHHS JenabTa-QyHKIIT 1a€ 3MOTY aHaJli3yBaTH,
K CHCTeMa pearye Ha MUTTEBI 30ypenHs. Lle
MO’KE IOIOMOTI'TH y BU3HAYEHH1 €()eKTUBHOCTI
3aXOJliB PE3UTLEHTHOCTI, TAKUX SIK 3/IaTHICTh
CHUCTEMH [0 MIBHUAKOTO BIIHOBICHHS IIiCJIs
IIOKY.

. [aTerpauis 3 iHmmMMu Monensimu: le-
npTa-QyHKIs Moxke OyTH iHTerpoBaHa 3 iH-
MMM MaTeMaTUYHUMU MOZENSMHU NIl CTBO-
PEHHS KOMIUIEKCHOI MOJEINi PEe3HIbEHTHOCTI,
10 BPAXOBY€E SIK MUTTEBI 30ypeHHsI, TaK 1 TPH-
BaJIIII MPOLIECH BiTHOBJIEHHS Ta aJlanTarii.

Baxxnusi 3ayBakeHHSI:

= Jlenpra-yHKITis - 11e i7eanizoBaHa Ma-
TeMaTu4Ha a0cTpakuis. PeanbHi mofii MOXyTh
MaTH OiJTBII TPUBAJIUIN BIUIUB 1 HE 3aBXKIU TO-
YHO BiJIOBIAaTH MUTTEBOMY IMITYJILCY.
. PeanpHi cucteMu 4acTo MaroTh CKJa-
JTH1 B3a€MO/IIT Ta 3aJIEKHOCTI, SIKI MOXYTh OyTH
HE MOBHICTIO OXOIUICHI CIIPOIICHUM MOaHHSIM
yepe3 Aenbra-(QyHKIIFo.

TakuMm 94MHOM, X04a JeNbTa-PYHKIIIS €
KOPUCHUM 1HCTPYMEHTOM [UIsl MOJECIIOBAHHS
NeSIKUX aCTEKTiB Pe3WIbEHTHOCTI, ii cIij BU-
KOPUCTOBYBAaTH 3 PO3YMIHHSIM MPUTaMaHHHUX
i1 0OMEXXEHB 1 YacTO B MOECAHAHHI 3 IHIINMHA
METOAAMH Ta MOJENISIMH.

Po3rnsiHemMo nBi Mozenm peakiii cuc-
TEMH Ha peawi3allif0 KPUTHYHOTO PHUBHKY.
Opnna 3 Mojienelt € Hepe3uILEHTHOIO, a 1HIIA -
PE3UIILEHTHOIO, M0 BKIIOYAE BCi MapagurMa-
TUYHI eTanu pearyBaHHsS Ha 1HIIUAEHT, OTOTO-
JKHIOBaH1 3 IUSIMU pe3wibeHTHOCTI. OOuBI
[l MOJIeNli BUKOPUCTOBYIOTh JIENbTa-(YyHKIIIO
JUTSL TIPEACTABIICHHS IHIUICHTY 1 3aCTOCOBY-
I0Th JIOJIaTKOBI MareMaruyHi QyHKIi 17
ONHCY OCHOBHMX €TalliB peakiii CUCTEMHU Ha
IO TIOAII1O.

[TpunmycTumo, 1m0 aHaNI3yeThCS peak-
1lisl CyITyTHUKOBOI CUCTEMH Tiepeayi JaHuX Ha
MUTTEBHUM 30BHINIHIA BIUIMB, HANPHUKJIAA, Ha
NOTYXXHUM coHsiuHMM cnanax. Ile 30ypenHs
MOJKE SIBJIAITH COOOF0, HAIPUKJIIAJ, BETUKUH Te-
XHOJIOTTYHUNA 3011 KpUTHUHUX (YHKLIA cuc-
TEMHU BHACIIJOK KOPOHAJIHLHOTO BUKHAY Mach
Ha Comri 3 inaekcom Dst -1500 T
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CueHapii Hepe3WJIbEHTHOI MOBEIIHKHN
VY KOHTEKCTI MOJENIOBaHHS HEPE3UITbEHTHOI
CUCTEMH, SIKA CTUKAETHCS 3 MUTTEBUM, KOPOT-
KUM, aje KPUTUYHUM IHIUICHTOM, MOJIENb
MOXke OyTu chopmMyIbOBaHA TAKUM YHHOM:

St) =P+ 6(t—Ty) 1, + R(t)
ze:
S(t) - cran cucremMu B Yaci t.

P - piBeHb MiATOTOBKH CUCTEMH 10 1HIIUJCHTY,
IO SBJS€ COOOK0 MOCTIMHE 3HAYCHHS, SIKE Bi-
noOpakae 6a30BUIA CTaH CHCTEMHU.

6(t — Ty) - nenvra-dynkiis Jlipaka, BUKOpHUC-
TOBYBaHa 11 MOJIC/IIOBAaHHS MHTTEBOTO
BIUIMBY 1IHIMACHTY B MOMEHT 4acy Tj.

I - IHTEHCUBHICTB 1HITUACHTY, 110 BigoOpaxae
BeJII/I‘-II/IHy I>'IOFO MHUTTEBOT'O BHJII/IBy Ha CHC-
TEMY.

R(t) - dbyHKIIS BIAHOBICHHS, IO OMUCYE TIPO-
1[eC BIJHOBJICHHS CHUCTEMH TMICJS 1HIIHICHTY.
s dysKI1is MOXKe OyTH JIIHINHOIO ab0 eKCITo-
HEHIIIHOI0, 3aJIeKHO BiJl XapaKTepy CUCTEMHU
Ta 11 30aTHOCTI 4O BITHOBJICHHS.

Hampukian:

R(t) = —Ry xe *& ) nnat > T,

VY i MoieNli MUTTEBUN KPUTHYHHUH 1HITUACHT
YUHUTH ICTOTHUH 1 HeTaliHWil BILUIMB Ha CHC-
TEMYy B MOMEHT 4acy, 110 MOYKE BUKJIMKATH KO-
pOTKOUYACHE, aje Cepio3HE MOPYIICHHS.
Binnosnenns R (t) sBnsie co60r0 mporiec, npo-
TATOM SIKOTO CHCTEMa HaMarae€ThCsl MOBEpPHY-
THUCS IO CBOTO TTOYATKOBOTO CTaHY.

OnHak y KOHTEKCTI HEpEe3WIbEHTHOI
CHCTEMH, IIeH Mpo1ec MoXe OyTH HETOCTaTHIM
ab0 3aTsHKHUM 1 BimoOpaskae oOMexeHy 3/aT-
HICTh CHCTEMHU JI0 €(DEKTUBHOTO BiTHOBJICHHS 1
MPU3BECTH JI0 peajizailii TphOX CIICHapiiB Mo-
BE/IHKOBUX PEaKIIii:

. Pobacmna nosedinka [4]: Cucrema,
10 IEMOHCTPY€E poOACTHY MOBEAIHKY, 30epirae
CBOIO (DyHKITIOHAJIBHICTH Ha TIEPBICHOMY PiBHI
HaBITh MICJSI BIUTUBY 30BHIIIHBOTO IIIOKY, HE
BUSIBIISIFOYH TTOMITHOTO 3HIKEHHS TIPOTYKTHB-
HOCTI - HE OMyCKAIOYUCh HIKYE PIBHS €1acTH-
9gHOCTI. L{e CBIqUHUTH MPO JOCTATHICTH 3aXO/iB
MiATOTOBKH /10 IHIUICHTY - PO HASBHICTH Y
cucTteMi BOy/10BaHOi CTilKocTi a0 HagMipHO-
CTi, IO Jar0Th 3MOry abcopOyBaTu pamnToBi
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BIUIMBHM 0€3 3HAYHUX MOPYLIEHb Yy ii poOOTi.
Taka cucTema 3a3BU9aii XapaKTepU3y€eThCS BU-
COKMM CTyINE€HEeM HaJiMHOCTI, 3aBASKH YOMY
BOHA 3JIaTHA MiATPUMYBaTH KPUTHYHO BaXK-
nuB1 QYHKIIT HABITh B yMOBaX eKCTpEMaIbHUX
30ypeHb.

. Ilnacmuuna nosedinka [5]: 'Y pasi mna-
CTHYHOI MOBEIHKHU, CHCTeMa BiUyBa€e TUMYa-
COBE 3HMKEHHS NMPOJYKTUBHOCTI y BIJANOBIAb
Ha LIOK, MiCJs YOro BiOyBaeThCs ii 4acTKOBE
BigHoBIeHHs. OnHAK cUcTEMa HE 34aTHA MOB-
HICTIO BIIHOBUTHCS 10 PiBHS MPOTYKTUBHOCTI
BUXIJHOTO CTaHy, L[0 BKa3ye Ha BIJCYTHICTb
MOCTaTHIX MEXaHI3MIB IATOTOBKH, amamTariil
Ta BIJHOBJICHHS.

o Konancoiona nosedinka (Collapsing
Behavior): O3HaueHuii THI MOBEIIHKN XapaK-
TEPU3YETHCS HE3JaTHICTIO CUCTEMH BIIOPATUCS
3 panTOBHM IIIOKOM, YHACHIiJOK 4YOrO BOHA
BTpayae CBOIO (yHKIIOHANbHICTh. Taka mose-
JHKa MOKE€ TIPU3BECTH J0 IOBHOTO Kpaxy CH-
creMu abo BuMaratu (pyHIaMeHTalIbHOI peop-
ra”izamii Ta nepeOyqoBH ISl BIAHOBIICHHS il
npanesgatHocti. Lle migkpeciioe KpUTHYHY
BaYKJIMBICTHh BKJIFOUEHHS 3aXOIIB 3amoOira”HHs
KaTacTpo(iYHUM TIOAISIM y 3arajbHy cTpare-
T110 YIIPaBJIiHHS PU3UKAMU Ta PE3UITLEHTHOCTI.

ToGT0, aHami3 HEPE3WILEHTHUX peak-
11 CUCTEM Ha IIOKOBI MOIi Ja€ 3MOTY TIIHOIIIe
3pO3YyMITH PiBEHb IXHBOI rapaHTOCIPOMOKHO-
CTl 1 BUABHUTU IIOTEHIINHO CJIA0KI MICLS B
CTPYKTypi Ta (DyHKIIOHYBaHHi, 110 € KJIIOYO-
BHM acleKTOM e()EeKTHBHOIO YIPaBIIHHS pHU-
3MKaMH Ta CTpaTerii pe3HIbEHTHOCTI.

Pe3sniib€HTHHH coieHapiil peakuil

B pamkax koHuenTyanizauii Mojien cu-
CTE€MH, IO 3a3HA€ BIUIUBY MHTTEBOTO, KOPOT-
KOYaCHOTO, MMPOTE KPUTHUYHO 3HAUYIIOTO 1HIIH-
JICHTY, TIPEJICTAaBIIEHHS MOJIETI Tiepeidadae cu-
CTeMaTUYHMH 1 BceOIUHUI MiJIXi1 0 MOAEIIO-
BaHHS PE3WJILEHTHOCTI, 3aCHOBaHWN Ha TOU-
HOMY KUTbKICHOMY Ta SIKICHOMY aHaji3l JUHa-
MIKH CUCTEMH B YMOBaX HEBU3HAUEHOCTI U 1O~
TEHIIMHNUX PU3MKIB, 1 MOXe OyTH 3/ilicHEeHe B
Takuii crocio:
S =P+6(t—Ty) Iy +W(t) -H(t—
Ty)+R(@) -Ht-T,)+A()-H(t—-T,)

ae:
S(t) - craH cuctemH B 4aci t.

P - piBeHb MiATOTOBKH CUCTEMH IO IHIIUJCHTY,
1[0 SBIISE€ COOOI0 MOCTIMHE 3HAYCHHS, SIKE Bi-
noOpaxae 0a30BHIl CTaH CHCTEMH.

5(t —Ty) - Iy - MOIEb MUTTEBOTO IHIUACHTY
B MOMEHT yacy Ty , e [, - IHTEHCUBHICTh
BILJTUBY IHIIUCHTY.

W (t) - dynkuis nporuaii abo abcopOuii iHIuU-
JICHTY.

H(t —T,) - cryninuacra QyHKIis XeBicaiina,
[0 aKTUBY€E BIAMOBIIHI MPOIECH B MOMEHT
qacy Ty

R(t) - pyHKIIis BITHOBJIECHHS, 1110 IOYNHAETHCS
micis yacy T, 1 TpUBa€e 10 TOCATHEHHs CTa0i-
JTBHOTO CTaHy.

A(t) - byHKIIIs amanTarii, o NOYHHAETHCS ITi-
cist yacy T, 1 BimoOpa)kae TOMIMIIEHHS CHC-
TEMH Ha OCHOBI JJOCBIy 1HITUICHTY.

B wiii momeni crymiHdacta QyHKIIS
XeBicaiiia, TAKOXX BiJioMa SIK OIMHUYHA CTYTIi-
HYacTa (QyHKIs, - IIe MaTeMaTuyHa (QyHKIIid,
10 Ma€ 3HAYCHHS HYJb J0 TIEBHOTO MOMEHTY
(Ha3zBeMoO #oro t,;) 1 3HAYEHHS OAWH TIiCIHA
IbOTO MOMEHTY [6]. Y MaTeMaTHYHOMY 3aITucCi:

{0, aKimo t < t,
1, aKuo t = ¢,

s ¢yHKIiST BUKOPHCTOBYETHCS IS
MOJICTIIOBaHHS CUTYyaIlil, KOJu BigOyBa€eThCs
panToBa 3MiHa CTaHy B IIEBHUW MOMEHT 4acy.
Y KOHTEKCTI MOJENi Pe3WIbEHTHOCTI, CTYIIiH-
gyacti (yHkmii Xeicaiiia BHKOPHUCTOBYBAIU
JUTSI aKTUBAIlli IEBHUX MPOIECIB TUIBKHU TTICIISI
HACTaHHS [IEBHUX ITOIIHN.

T, , T, , T, sBASAIOTH COOOKO YaCOBI TO-
YKH TOYaTKy mpoueciB abcopOuii, BiTHOB-
JIEHHS Ta ajgarnramii BiAImoBigHO.

[Mporunis/adbcopbuis W (t) Bimobpa-
’Ka€ 3axX0/M, SIKMX B)KHBAac CHCTEMa HETANHO
MICHS IHIWIEHTY JUIS TIOM'SIKIICHHS HOTO
BILJIUBY.

BimnoBnenns R(t) mokasye, sK cHuC-
TeMa MOBEPTAETHCS JI0 HOPMAJIbHOT (YHKIIIO-
HaJIBHOCTI Ta MOKJIUBO JIOCSTAa€ MOJIIIIEHOTO
CTaHy ITCJIS 1HIUICHTY.

Ananranis A(t) miIKpecIoe Mpolec
TMTOJTIMIIICHHS] CHCTEMH y BIIMOBiAb HA JOCBI,
OTPUMaHUI MiJ] Yac IHIUACHTY, TOCHIIOIYH
3arajibHy Pe3WJIbEHTHICTh CHCTEMH.

Mozens OXOITIOE OCHOBHI €Tarnu Mmpo-
TUJIT Ta UIIOCTPYE, K PE3UIbEHTHA CHCTEMA
MOke e(EeKTUBHO pearyBaTH Ha MUTTEBI
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IHIMJIEHTH, IIBUIKO BIJHOBIIIOBATHCA H ajan-
TyBaTHCs, 100 TOJINIIMTH CBOI 3aTHICTHh
MPOTUCTOSATH MaifOyTHIM 3arpo3am.

OpgHak He BCl IHIUJEHTH B KOHTEKCTI
PE3UIbEHTHOCTI, 0COOIMBO Ti, III0 CTOCYIOTHCS
KiOepnpocTopy, MOXYTb OyTH aJeKBaTHO
npezcTaBieHl uepe3 aenbra-gyHkuio [lipaka,
sIKa CHMBOJTi3y€ MUTTEBHI BIUIUB.

Hanpuxnan, APT-araku (Advanced
Persistent Threats) 3a3Buuail po3BUBarOTHCS
MOCTYNOBO 1 MOXYTh 3aJUIIATUCS HEMoMiye-
HUMH TPOTATOM TPHUBAJIOTO yacy, MepIl Hix
1XH1 HACJIIIKU CTAaHYTh SBHUMH.

VY Takux BUMAJKax iHIUIEHT XapaKre-
PU3YETbCS TPHUBAJIMM MEPIOOM, MPOTATOM
SKOTO 3arpo3a IOCTYIOBO TMOCHIIIOETHCS, 1
MOXe He OyTH BHABIEHA JIOTH, JIOKH HE 3a-
BJACTb 3HAYHOI IIIKOIU.

3aMiCTh BHKOPUCTAHHA JebTa-QyHK-
uii juist mpeacrainends APT-arak, Mu moxkeMo
BUKOPHCTOBYBAaTH (YHKIIIO, siKa 30LIbIIy-
€THCSL 3 4acoM a0o0 3MIHIOETHCS 3aJIEKHO BiJ
BUSIBJICHHS 1 BIUIMBY araku. Hampukmnan, mo-
YKHA BUKOPUCTOBYBATH Oe3nepepBHY (YHKIIIO
I(t), sixa mounHaeThea 3 MOMEHTY T 1 30111b-
LIY€THCS 3 YACOM:

{a'(t_To)b, HK]_uOtZTO
0, akio t < T

ne: aib - mapamerpu, 0 BU3HAYAIOTH MIBU/I-
KICTh 3pPOCTaHHS Ta IHTCHCUBHICTh BIUTUBY
araku. T - 9ac MovyaTKy iHIUAEHTY a00 aTakH.
t - HOTOYHMI yac.

InTepnperanis: o Ty IHIMIEHT 1ie HE
MIOYaBCs, 1 HOro BIUIMB Ha CUCTEMY JIOPiBHIOE
uymo. [licns T, iHIUIEHT MOYNHAETHCS 1 HOTO
BIUIUB HA CHCTEMY IIOCTYIIOBO 301IBIIYETHCS.
Crenenena ¢ynkuis (t — Ty)? nae 3mory mo-
JeTIOBATH Pi3Hi CIieHapii PO3BUTKY 1HIUACHTY
- BiJI TUX, IO MOBIJILHO HAPOCTAIOTh, O OLITBIII
CTPIMKHX.

[Tpummyctumo, 1o Ha Kibepcucremy
Oyuno 3aificneno APT-araky B MomeHT vacy Tj.
®opmyna ansa 1(t):

I(t) = a-(t—Tpy)?, akmot>T,

o T, araka e He moyJanacs, i ii BILTUB
Ha cucteMy BiAcyTHIH. Y MomeHT T 1 micis -
araka nounHaeTbcsd. Crioyarky ii BIUIUB MOXKE
OyTu HE3HaYHMUM, ajie 3 4acoM BiH 30UIbLIYy-
€Tbcs. Hampukmazn, 3II0BMUCHUKH MOXKYTh
CMOYaTKy OTPUMATH AOCTYI 10 HEKPUTUYHHUX
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YaCTUH CUCTEMHU, aJI€ MOCTYNOBO MPOHUKAIOTh
TTUOIIIE, OTPUMYIOYH JTOCTYII 0 BaXKITUBIIINUX
TaHuXx abo pecypcis.

[Tapamerpu a i b: [Tapamerp a: Busna-
yae MOYaTKOBHH piBEHb BIUIUBY aTaku. SKio a
MaJIMH, IIOYaTKOBUM BIUIUB aTaKW HEBEIUKHIA.
[Tapamerp b: BusHauae, HaCKIIBKUA IIBHIKO
MMOCWIIIOEThCS BIUIMB aTaky. biblie 3HaYeHHS
b o3Hauae GBI MIBUAKE 3POCTAHHS 3arPO3H.

Hanpuknan, skmo araka rovaiacsi B
MoMeHT Ty = 5 (Hampukiazn, S5 qTHIB MiCIs 1Mo-
YaTKy CIIOCTEPEKEHHs), 3 MapaMeTpaMu a =
0.11b = 2, 1o uepe3 10 qHIB micis MOYaTKy
cnoctepexkeHHs (t = 10) BriuB aTaku Oyje:

1(10) =0.1- (10 —5)2 =0.1-25=25

Ile o3Hauae, 1m0 BIUIMB aTaKW HA CHC-
TEMY MOCUIIOETHCS 3 YacoM, 1110 BUMarae 6e3-
MePEpPBHOTO MOHITOPUHTY Ta IEPEOCMUCTICHHS
cTparerii 3aCTOCYBaHHS aJalTHBHUX 3aXOiB
pearyBaHHs 17151 3a0e31eueHHS ePeKTUBHOT Bi-
JIIIOBIJII Ha 3arpo3y.

IarerpyBaBmm ynkuito I (t), sika omu-
CY€ JIOHTITIOMHUH TIepeOir IHIUACHTY B 3a1po-
MOHOBaHY paHillle MOJENb PE3UIBLEHTHOCTI,
0 MICTUTh €Tanmu MiATOTOBKH, peary-
BaHHs1/a0copO1Iii, BIJHOBICHHS Ta aJamnTarii,
OTPUMAEMO:

S@W=P+It)-H{t—Ty) +W(t) -
H(t-T,)+R(t)-H{t—T,) +A(t) - H(t —
Ta)

I{s iHTEerpoBaHa MOJETh BPAXOBYE SIK
MHUTTEBI, TaK 1 TPUBAII 3arpO3H, UTIOCTPYIOUYH
JTMHAMIKY peakiii pe3uIbeHTHOI CHCTEMH Ha
pPI3HOMAHITHI 1HIMACHTH Ta ii 34aTHICTH 110
BIJIHOBJICHHS ¥ ajanTariii.

Cepen ycix pO3IISIHYTHX MOAelNel 1mo-
BE/IHKM CUCTEMH Y BIJIMOBIIL HA Pi3HI CIIeHA-
pii BIUIMBY KPUTUYHUX 3arpo3, Pe3nIbEHTHA
MOJIeNTb, IO XaPaKTEPU3YETHCS aalTHBHOIO
MOBEIIHKOIO, IEMOHCTPY€E HAHOUIbITY eeKTH-
BHICTh. L[s1 MOIe)Tb BUXOIUTH 32 paMKHU TIPOC-
TOTO BITHOBJICHHS MiCIIS IIOKY, Iepeadadatodu
aKTUBHY aJIallTaIlil0 CHCTEMH, IO Iependayae
noJinieHHs i GpyHKIii 1 IPOIyKTUBHOCTI ue-
pe3 TpOIeCH HaBYaHHS 1 caMooprasizarii.
AnanTuBHa TMOBEIIHKA CUCTEMH Iependadae
PO3po0Ky 1 BIPOBAHKEHHS HOBUX CTPYKTYD,
(byHKILIH, 3BOPOTHUX 3B'SI3KIB 1 JUKEpen 3aiy-
YEeHHs PECypCiB, 1110 IPUBOAUTH HE TIIBKHU JI0
BITHOBIEHHS, a W J0 (QyHAAMEHTaIbHOL
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TpaHchopmarlii cucTeMu, 3MILHIOYN 11 CTiH-
KICTh 10 MallOyTHIX IIOKIB 1 3arpo3.

Oco06nuBOi 3HAYYIIOCTI PE3UITLEHTHA
MoJieNb HaOyBae B JIOBIOCTPOKOBIH MepCreK-
THBI1, OCKUIbKM BOHA CIIPUSIE CTAJIOMY pPO3BHU-
TKY 1 MiJBUIICHHIO 3arajJbHOI 3[aTHOCTI CHUC-
TEMU aJIalTyBaTHCs JO MIHJIMBHUX YMOB 1 HeTle-
penbauenux obcraBuH. CHUCTEMU, IO BOJIOII-
I0Th aJ[aNTUBHOIO TIOBEIIHKOIO, HE TUTBKU ede-
KTUBHO JOJIAIOTh MOTOYHI mpoliemMu, a i 6e3-
MIEPEPBHO PO3BUBAIOTHCS, TMOCHUIIIOIOYH CBOIO
PE3UIBEHTHICTD MPOTATOM YCHOTO JKUTTEBOTO
ITUKITY.

JleTanpHuli aHAI3 PE3WIIBEHTHOI MOBE-
TIHKWA CHCTEMU BUSBIISE HASBHICTh YOTUPHOX
KPUTUYHUX 1 HEBII'€MHHX €TaIiB, sSIK1 KOPEIto-
I0Th 3 OCHOBHUMH MLUISIMU PE3UIBEHTHOCTI,
BU3HAYCHUMH BIAMOBIHO 0 1i KOHIICTITyaslhb-
HOT mapanurmu. Lli eranu BKJIFOYAIOTh: MiATO-
TOBKa (IIJIb - OYiKyBaTH), abcopOiist (BUTpHU-
MaTH), BIIHOBJICHHS (BIJTHOBUTH) Ta a/IallTaIlis
(amanityBatucs) [7]. KokHa 3 nux nuien xapa-
KTEpU3Y€EThCS YHIKQIbHUMHU arpulOyTamMH Ta
GbyHKIISIMU:

J Ouixyeamu. ItepaTuBHE BIOCKOHA-
JICHHST METOJIMK BHSIBIICHHS Ta OIPAIFOBaHHS
KPUTHUYHHUX PHU3UKIB, 3HAYYIIUX Y KOHTEKCTI
pe3wibeHTHOCTI. [loiHpOpMOBaHA TOTOBHICTD,
o nepeadavyae MjaHyBaHHS Ha BHUITAJOK HeE-
nependadyyBaHUX CHUTYyaIlil, BKIIOYHO 3 IUIa-
HaMH MiTHTalii Ta yHUKHEHHS 3arpo3, a TAKOX
pearyBaHHsI Ha BUSIBJIICHHS Bpa3IMBOCTEH a0o
MOPYUICHHS JIAHIIOTa TocTadaHHd. Po3Binka
HOBUX THIIIB 3arp0O3 HaJa€ BaXXJIUBY iHpopma-
1ir0 [Tt iHPOPMOBAHOT TOTOBHOCTI

o Bumpumamu. s 1mine akueHTyeThCs
Ha CTBOPEHHI MEXaHi3MiB 3a0e3eueHHs rapa-
HTOBAHOT CTIMKOCTI KPUTUYHHUX (YHKIIIH cuc-
TEMM JI0 HEFaTUBHUX BILIMBIB 1 31aTHOCTI 30e-
piratu QyHKIIOHATBbHICTh HaBITh B YMOBax ce-
PHO3HUX NOPYIICHB.

° Bionosumu. BrockoHaneHHs mpoiecy
BIJHOBIIEHHS CHCTEMH IIICIISI BUHUKHEHHS 3a-
rpo3u abo HIUACHTY, BKIIOYHO 3 MOBEpPHEH-
HSIM JI0 HOPMAJIBHOTO (DYHKIIIOHYBAHHS.

° Aoanmysamucs. Ha upomy Kiro4o-
BOMY, B KOHTEKCTI pPE3WJIBEHTHOCTi, eTarli
CTBOPIOIOTHCS MOXKIIMBOCTI JIJIsl IIBUJIKOI a/1a-
ITallii CHCTEMH JI0 3MiH 1 HOBUX 3arpo3, OHOB-
JIOIOTbCSL  Ta  MOAM(DIKYIOTBCS  3aXMCHI

MEXaHI3MHU U1 M1 ABUIIEHHS 3arajibHOI CTIHKO-
CT1 Ta €(pEeKTUBHOCTI BCI€1 CUCTEMH.

Citit miIKpeCIUTH, 0 MPUHIIAITH, ME-
TOZIOJIOTIi Ta CTpaTerii, 10 3aCTOCOBYIOTHCS
JUTSL TOCSITHEHHS IUIEH PEe3UIIbEHTHOCTI, 3Ha-
YHO BIJIPI3HAIOTHCA BiJ NPUHHATHX y Tpaju-
WIAHIA mpakTull 1HQOpMaliiHOT Oe3neKu.
BinMiTHa 0COONMBICTh PE3WILEHTHOTO IMiJI-
XOJy TIPOSIBIISIETHCS BXKE HA TOYATKOBOMY €Tarti
1noOy/I0BH PE3UJIbEHTHOI CHUCTEMH, JI¢ MOTpi-
OHE MPOBEIEHHS KOMIUIEKCHOI Ta TIIHOOKOI
TpaHcopmalii METOAMK PHU3UK-MEHEIKMe-
HTY Ta MEPEOCMHUCICHHS TEOPETUYHMX OCHOB
BUOKPEMJICHHS Ta OMpALIOBaHHS PU3HKIB. Y
pamkax 1i€i TpaHcdopmalii po3poOISIOThCs
HOBI METOJIMKH, 1[0 TAPMOHIIOIOTH 13 KOHIIE-
LI€I0 PEe3UIILEHTHOCTI TA OPIEHTOBAHI Ha iJ1EH-
TU(]IKaIliI0 PU3HKIB, SKI MalOTh KIIFOUOBE 3Ha-
YeHHs1 U1 CTaOlIbHOCTI Ta Oe3nepepBHOCTI
(yHKIIOHYBaHHS CHCTeM abo oprasizaiiil.
MeToro Takoro miJIX0ay € rapaHTyBaHHS IMOC-
TIHHOI TPaINe3qaTHOCTI KPUTUYHO BaXKITUBUX
¢GyHKLIH B yMmMOBax HerependauyBaHOCTI Ta
IuHaMivyHUX 3arpos. lle mepenbavae He mpo-
CTO aJIaNTallilo HassBHUX IHCTPYMEHTIB yIpaB-
JIHHS pU3UKaMH, a i CTBOPEHHS HOBUX, THYY-
Kimux 1 e(QeKTHBHIMMX MiAXOAIB, 3MaTHUX
aJIeKBaTHO pearyBaTd Ha yHIKaJbHI BUKJIHKH,
XapakTepHi Ui Cy4acHuX iH(pOpMaliiHUX CH-
CTEM Y CBITI, 1110 O€3MepEePBHO 3MIHIOETHCS.

BucHoBku

VY cTaTTi BUKIAACHO PE3YIIBTAaTH PO3PO-
OKM KOHIIETITYyaJIbHOI PaMKH, sIKa OIUCYE OCO-
OMMBOCTI PE3MIIHEHTHOI TMOBEAIHKH iHpOpMa-
idHKX crcTeM. BoHa BMillye sk eTamnu morme-
PEIHBOI MiITOTOBKY Ta aKTUBHOT MPOTHUIT 3a-
rpo3am (TUIIOBI JUIsl KIIACHYHUX CIICHApIiB iH-
¢dbopmaniiiHoi Oe3rekn), Tak 1 MexaHi3MH ajia-
nTanii Ta BIAHOBJIEHHS IICJd IHIMAEHTIB, Xa-
paKTEepHi IS CYyTO PE3UILEHTHHX CIICHAPIIB.
BaxmBuM acmekToM poOOTH CTalio BH3HA-
YCHHSI KJTFOYOBUX 33J1ad 1 IUIeH pe3rIIbEHTHO-
CTi, sIKi IPSIMO KOPEJIOIOTh 13 KIIFOUOBUMHU MPO-
[ecaMu HeWTpaizalii MOTEHIIHHUX 3arpos,
10 MAlOTh 3HAYHUU BIUIMB Ha CTPATETIIO YII-
paBIIiHHS PU3MKAMHU Ta IiJKPECIIOIOTh HEOO-
X1IHICTh BCEOIYHOTO aHAaNi3y KPUTUYHO 3HATY-
muX QYHKIIH y KOHTEKCT1 OpraHi3arfii.

Ocob6nuBy yBary HpHUIUIEHO po3po0-
JICHHIO Ta TIOPIBHSHHIO MOJIEICH PE3UITBEHT-
HUX 1 HEPE3UJILEHTHUX CIICHAPIiB MOBENIHKH
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CHUCTEM, a TAKOX aHai3y BiAMIHHOCTEH iXHIX
peakmiii Ha 3arpo3W. 3aCTOCYBAaHHS JICIbTa-
GyHKIIT CIPHUSIIO AETaTBbHOMY ONPAIOBAHHIO
da3 pe3wIbEHTHOI BIAMOBIAI Ha 3arposw,
BKJIFOYHO 3 €TallaMM aJanTailii Ta ImoaaibIioro
BIIHOBIIEHHS.
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YK 004.424

BOynyBanHsi cimeiicTBa JIOTiYHMX MOB i3
MOKJIUBOCTSIMH TepenporpaMyBaHHs MoO-
Hajau4uHoi yHigikamii B Scala / P.C. IlleBuen-
ko, A.1O. Jlopomenko, O.A. SAnenko.

VY crarTi 3ampornoHoBaHa CTPYKTypa ajst BOy-
JIOBYBaHHSI METOAIB JIOTIYHOTO NPOTpaMyBaH-
HS Ta TIPOrpaMyBaHHsI B OOMEXEHHSIX y MOBY
Scala nnisixoM MOOYZOBH JIOTIYHOT HpenMeT-
HO-OPI€EHTOBAHOI MOBHM HaBKOJIO yHidikamii
THUII30BaHOI JIOTIKKM Ha OCHOBI MOHaz. Po3mis-
narotees 1Ba Buau APl — BucokopiBHeBe Ta
HU3BKOPIBHEBE, 1110 3a0e3Iedye JABOHAIpaBe-
HUI OOMIH HAHWX IIiJI YaCc BUKOHAHHS JIOT1Y-
HUX TporpaM. BigMiHHOCTI B MOXIJIHMBOCTSIX
JIOTIYHUX MEXaHi3MiB MO>KHA BUPA3UTH 5K TTi/I-
Kjlacu MoHa ¥ yHidikamii. Takuii crocid nae
3MOTY TeHEpYBAaTH OJHY peajli3alilo HalamTo-
ByBaHOI yHi(ikarii 1t BOy1oByBaHHS Pi3HUX
JIOTIYHHMX CUCTeM y Scala Ta BUKOPHCTOBYBATH
BOy/I0BaHI CTOPOHHI MPOOJIEMHO-OPiEHTOBaHI
MOBH Y JIOTIYHUX BUpa3ax. MoHaMuHUN pH-
KJIaTHUH TTpOTrpaMHMi iHTepdelc Haxae po3-
POOHMKY THpOrpamMH MPOCTHH Ta IHTYiTHBHO
3pO3yMUINIl IHCTPYMEHT JUIs peaji3amii Biac-
HOI JIOTIKHM BeepeanHi yHi(ikarii.

Knro4oBi cnoBa: BOyZOByBaHHS, JeKJIapaTHB-
HE TporpaMyBaHHsI, JOTIYHE HpOrpaMyBaHHS,
MOHAa/1a, IPEIMETHO-OPI€EHTOBAHA MOBA, TEPM,
yHi¢ikamis, Scala.

2024 — Ne 1

UDC 004.424

Embedding a family of logic languages
with custom monadic unification in Sca-
la / R.S. Shevchenko, A.Yu. Doroshenko,
O.A. Yatsenko.

The paper proposes a framework for embed-
ding logic programming and constraint pro-
gramming methods in Scala by building a
logical object-oriented language around the
unification of typed logic based on monads.
Two types of API are considered — high-lev-
el for language embeddings and low-level for
organization of the bidirectional flow of data
during the execution of logic programs. Differ-
ences in the capabilities of logical mechanisms
can be expressed as subclasses of the class of
unification monad types. This design makes it
possible to share the implementation of cus-
tom unification between different frameworks
and to use other languages’ embeddings in
Scala from the declarative side. The monadic
API provides the application developer with a
simple and intuitive tool to implement custom
logic within the unification. Our frameworks
provide a clear representation of logical deduc-
tion: Scala code is only used for ad hoc unifica-
tion. But the overall goal execution is an exter-
nal interpretation that can implement different
strategies. This design provides modularity and
good integration with the rest of the ecosystem.

Keywords: declarative programming, embed-

ding, logical programming, monad, object-ori-
ented language, term, unification, Scala.
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MonugikoBaHuii MeTOJ MOIIYKY KJIIOY0-
BHUX CJIiB Ta TepMiHiB y TEKCTOBHX JaHMX /
J1.0. byxanenkos, T.M. 3a6onoTHs

VY nmaniil crarTi po3mIAOAETHCS NMUTAHHS aB-
TOMAaTH30BaHOTO TOIIYKY KJIIOUOBHX CIIB Ta
TEPMIHIB Y TeKCTOBUX AaHUX. [l minBuUIIeH-
H e(eKTUBHOCTI 3ac00iB aBTOMAaTH30BAHOTO
MIOITYKY KITIOUOBHX CIIB y TEKCTI 3a KpHTe-
pissMu aOCONIOTHOI TOYHOCTI Ta MOBHOTH 3a
Kaxkapom po3pobieHo Moan(ikaIito OgHOTO
3 HaHCYJaCHIMIMX METOZIB JJIS MOIIYKY KITIO-
YOBHX CIiB. 3amporOHOBAaHO MoupiKamito
ICHYIO4OTO TiOpHIHOTO METOAY IOIIYKY KITIO-
YOBHUX CJIiB, III0 BPAXOBYE CKJIAIHI 3aJICKHOCTI
MK TapaMHd CITiB y TEKCTi ISl BU3HAYCHHS
OaratocimiBHUX BHpa3iB, M0, Ha BiAMIHY Bix
OPHTIHAJIBHOTO METOMY, I03BOJISIE 3HAXOIUTH
KITIOUOBI TEPMIiHH, SKi CKIANAIOThCA 3 KiJlb-
xox ciiB. IIpoBeneni BumpoOyBaHHS CTBOpe-
HOi Momudikamii TiOPHIHOTO METOIY TOIIYKY
KITIOYOBHX TEPMIHIB IMOKa3aiu e(eKTHBHICTH
1l BUKOPUCTAHHS JJIs1 OLIYKY KJIIOUOBUX TEp-
MiHIB y TEKCTaxX y TOPIBHSAHHI 3 ICHYIOUMMH
aHaJOTaMH.

KitrouoBi ci10Ba: KITIOYOBI CITOBA, KIIFOYOBI TEp-

MiHH, 0OpOOJIEHHS TEKCTOBUX HaHWX, Python,
cTeH(dopachka Kiacuikartis.
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UDC 004.4

Modified method of searching keywords and
keyterms in text data / D.O. Bukhalenkov,
T.M. Zabolotnia

This article discusses the issue of automated
search for keywords and key terms in text data.
To improve the efficiency of the tools of au-
tomated search for keywords in the text ac-
cording to the criteria of absolute accuracy
and Jaccard index, a modification of one of the
most modern methods for searching for key-
words has been developed. A modification of
the existing hybrid keyword search method is
proposed. It takes into account complex de-
pendencies between pairs of words in the text
to determine multi-word expressions, which,
unlike the original method, allows finding key
terms consisting of several words. Tests of the
created modification of the hybrid method of
searching for key terms showed the effective-
ness of its use for searching for key terms in
texts in comparison with existing analogues.

Keywords: keywords, key terms, text data pro-
cessing, Python, Stanford classification.
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Po3ymHumii 4aT-00T 111 OHIHKM eMOLiiHOT0
3a0apBJ/IeHHs MOBiIOMJIEHHSI TA BiANOBiAHOT
Bignosini / B.P. Kobuenko, B.M. IllnmkoBuy,
A.O. Hosanpkuit, I1.I. Kpaseus, JI.JI. Illumko-
Bu4, A.1O. [lopomenko

CTBOpEHO peKypeHTHY MOJIeNIb HEHPOHHOI Me-
pexi, 6a3y naHuX, MpU3HAYCHY JJIsl HABYAHHS
HEWPOHHOI Mepexi, MPOrpaMHHU THCTPYMEHT,
o ii peanisye, i B3aemoaii 3 Gorom. s
YCHIIITHOTO HABYAHHsS Ta MEPEBIPKUA MOJEII
0OyJ10 310paHO Ta aHOTOBAHO BEJIMKUI HAOIp Ja-
HUX, 50 THCSY KOMEHTapiB, IO MICTSITh Pi3HI
BirykH Ta xymKu. Moro mepexiaieHo ykpain-
CHKOIO MOBOIO 32 JIOTIOMOTOK0 aBTOMAaTHYHOTO
nepekiazada. ApXiTeKTypa Mojiesi HelpoHHOT
Mepexi Oyiia ONTHMI30BaHa JJIs TOKPAICHHS
pesynbrariB kinacugikanii. Kpim Ttoro, Oyna
NpoBe/ieHa po0OTa HaJl BIOCKOHAJICHHSM 1H-
tepdeiicy xopuctyBaua. Po3pobienuit mona-
TOK IPOTECTOBAHO, PE3YJbTaTH IPOIEMOH-
cTpoBano. OTprMaHa MOJIEIb MPOJIEMOHCTPY-
BaJIa TOYHICTh 85% y BH3HAYEHHI HACTPOIB.
PeanizoBana mporpama mae 0a3oBHil JM3aliH,
SIKMH MOXKHA HaJaIlITYBaTH, a TAKOXK JEsKI Ha-
JamTyBaHHs s yar-6ota. [lopanemoro mo-
KpalIeHHs SKOCTI Kiacudikaiii Moesi MoxKHa
JOCSTTH HUITXOM 300py OUIBIIOTO Ta Kparie
OpraHi3oBaHOT0 HaOOpy MaHUX ab0 MUIIXOM
JOCIHI/pKeHHS 1HImX apXitektyp RNN.

Knro4oBi ciioBa: pekypeHTHI HEHPOHHI Mepe-
ki, aHaJTi3 HacTpoiB, Python, tensorflow, keras,
chatbot.

UDC 004.93°1

An intelligent chatbot for evaluating the
emotional colouring of a message and re-
sponding accordingly / V.R.Kobchenko,
V.M. Shymkovysh, P.I. Kravets, A.O. Novat-
skyi, L.L. Shymkovysh, A.Yu. Doroshenko

A recurrent neural network model, a database
designed for neural network training, and a
software tool for interacting with a bot have
all been created. A large dataset (50 thousand
comments) containing different reviews and
sentiments was collected and annotated to
successfully train and validate the model. It
was also translated into Ukrainian language
with the help of an automatic translator. The
architecture of the neural network model un-
derwent optimization to enhance classification
outcomes. Furthermore, work was conducted
on enhancing the user interface. The developed
application was tested, and the results were
demonstrated. The resulting model demon-
strated accuracy 85% in determining senti-
ments. The implemented application has got
basic design (which can be customized) and
some settings for chatbot. Further improve-
ment of the model’s classification quality can
be achieved by collecting a larger and better
organised dataset or by researching other RNN
architectures.

Keywords: recurrent neural networks, senti-

ment analysis, Python, tensorflow, keras, chat-
bot.
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UDC 517.958:57 +519.711.3 + 612.51.001

Problems associated with creating special
software for simulating of human physio-
logical responces to dynamic £ G, acceler-
ations / R.D. Grygoryan

Under extreme accelerations, human physiolog-
ical mechanisms cannot provide adequate circu-
lation. Special methods and devices protecting
pilot’s brain and eye functionality have been
proposed but their efficiency is individual and
depends on pilot’s skills. Currently, the lonely
technology to safely acquire and test the neces-
sary skills is based on use of special centrifuges.
However, lack of adequate data about physiolog-
ical and biomechanical events are two main caus-
es worsening the training results. Special comput-
er simulators, capable to model and visualize the
main mechanical and physiological effects occur-
ring under dynamic accelerations, could increase
the effectiveness of future pilot’s training process.
This publication aims to define fundamental prob-
lems concerned with creating the required soft-
ware. There exist two main groups of problems.
The first group is concerned with the necessity to
create basic mathematical models quantitatively
describing both the physiological events and ef-
fects induced by protective maneuvers. Here spe-
cial logical procedures, individualizing the basic
physiological models, have to be proposed. The
second group of problems is predominantly tech-
nical and associated with the necessity of special
user interface (SUI) development. SUI must be
subdivided into two functional sections — one for
preparing a single computer experiment (simula-
tion), and another — for analyzing the results of
simulation. An experiment preparation includes
the following events: i) a preliminary tuning of
models according to biometrical data; ii) a setting
of acceleration profile; iii) a choosing of protec-
tive algorithms and tools (or without protections);
iv) a choosing of forms for results storage. Graphs
presenting the dynamics of input and output vari-
ables are the main forms while the table forms are
also included. The user (trainer or trainee) will be
able to retrieve from the memory graphs of pre-
vious simulations to compare the effectiveness
of additional protective elements. The software
must be autonomic for the Windows platform.

Keywords: human extreme physiology, quanti-

tative models, simulator, training, information
technology.
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YIK 517.958:57 +519.711.3 + 612.51.001

IIpoOsieMu CTBOpeHHSI CHeHiaJbHOIO IPoO-
rpamMHOro 3ade3nevyeHHs 1JIs1 MOJeJII0BAHHS
¢pisionoriynux peakuii JOIMHU HA JMHA-
miuni = G, npuckopenns / P.JI. I'puropsu

[lix gac excTpeManTbHUX MPHCKOPEHHIX (i3iomo-
TIYHI MEXaHi3MH JIIOIIHU HE MOXKYTb 3a0€311CUITH
HaJISKHUN KpoBOOOir. Bynu 3ampomonoBaHi MeTo-
I Ta TIPUCTPOI IS 3aXUCTY MO3KY Ta O9eH Iiio-
Ta. IxHs eekTHBHICTS iHIMBITyaTbHA i 3ATEKHUTH
Big HaBWYOK minora. Hapasi eamHa TexHOMOTIsA
0e3MeYHOT0 OTPUMAHHSI Ta TTEPEBIPKU HEOOX1THIX
HaBUYOK 0a3yeThcsl Ha BUKOPHCTAHHI CIICIialib-
HUX HeHTpudyr. OgHAK BiACYTHICTD aIeKBaTHUX
JaHUX Tpo Qi3ionoriynai Ta GioMexaHIvHi Mol €
JIBOMa OCHOBHHUMH IIPUYMHAMH MOTIPIICHHS pe-
3yNbTaTiB TpeHyBaHb. [linBummTH edexTHBHICTh
MIPOIIeCy MiATOTOBKH MaiOyTHROTO MIJIOTa MOTIH
0 crermianbHi KOMITIOTEpHI TpeHaKepH, 3IaTHI
MOJICITIOBATH Ta Bi3yasli3yBaTH OCHOBHI MEXaHIUH1
Ta (¢izionoriuni eeKTH, 0 BUHUKAIOTH y BUMA-
Ky OUMHAMIYHHAX TpHCKOpeHb. Llg myOmikamis mae
Ha METi BU3HAYNTH (QyHIAMEHTAIbHI MPOOIEMH,
OB’ s13aHi 31 CTBOPEHHAM HEOOXiTHOTO Tporpam-
Horo 3abe3medeHHs. ICHye ABI OCHOBHI TpyITH
mpobnem. [lepra rpyma noB’s3aHa 31 CTBOPEHHAM
0a30BUX MaTeMaTWYHUX MOJIENEH, SIKI KiJbKICHO
OIMUCYTOTH (pi3iooriuHi momii Ta epeKTH, CIpHIn-
HEHi 3aXMCHUMH MaHeBpamH. TyT MOBHHHI OyTH
3aIpOIIOHOBAaHI CHEHiabHI  JIOTIYHI  MPOIIEIy-
pH, IO IHAWBIIYyaNi3yIOTh OCHOBHI (i3ioiorivHi
Mozemi. Jlpyra rpyma mpobieM Mae TepeBaKHO
TEXHIYHHAN XapakTep 1 MOB’sA3aHa 3 HEOOXiTHICTIO
Ppo3podKku crieniabHOTO iHTEpdeiicy KopucTyBada
(CIK). CIK HEoOXiqHO pO3IiITUTH Ha ABI (PyHKIIIO-
HaIIbHI YaCTHHH — TIEPIITy VIS MiATOTOBKH OHOTO
KOMIT TOTEPHOTO €KCTIEPUMEHTY (MOZICITIOBAHHS ), a
IpYyTy — AU aHaJI3y pe3yJbTaTiB MOJCTIOBAHHS.
[linroToBKa EKCIEPUMEHTY BKIIIOYa€ HACTYITHI
3aXO0/: 1) TIOTIepeTHE HAJIAIITYBaHHS MOZCIEH 3a
010METPHYHUMH TAaHUMW; 1i) HaJaIITYyBaHHS IPO-
(uTr0 IpUCKOpPEeHHS; iii) BUOIp 3aXHCHUX aNTOPHT-
MiB Ta iHCTpyMeHTIB (200 0e3 3axucTy); iv) BUOIp
¢dopm mms 30epiranHs pesynsrariB. [padiku, mo
MIPE/ICTABISIIOTh TUHAMIKY BXITHUX 1 BUXIiTHHX
3MIHHUX, € OCHOBHHMH (OpMaMH, a TaOmmdaHi
¢dopmu Takox BkIrodeHi. KopmeryBau (TpeHep
abo craxkep) 3MOXKe OTPUMATH 3 IaM sTi Tpadiku
TIOTIEPeTHIX CHUMYJIALIN JUIA TOPIBHSHHSA edek-
TUBHOCTI JTONATKOBHUX 3aXMCHUX eneMeHTiB. I1po-
rpaMHe 3a0e3redeHHs Mae OyTH aBTOHOMHHM IS
mraropmu Windows.

KitrouoBi cioBa: exctpemanbHa (izionoris imo-
JIUHH, KUTBKICHI MOZETi, TpeHakep, HaBYaHHSA,
iH(pOopMaIiiiHa TeXHOJIOT .



YIK 621.09.04

IIporpamyBaHHs OJAHOBMMIpPHOIO Ta /IBO-
BUMIPHHMX TOKeHIiB /sl TOKeHi3auii 3e-
MeJibHUX AiasiHOK / C.B. CTpyTHHCBHKUH,
B.A. Slnanenpkuit

VY myOmikamii po3mISHYTO KIIFOYOBI acIeKTH
3aCTOCYBaHHS OJIOKYEHH-IHCTPYMEHTIB, IO
JIO3BOJISIFOTH OTIEPYBATH YaCTHHAMHU BipTyailb-
HUX 00’ekTiB. [yl BHpIMICHHS NPaKTHYHUX
3a7a4 MPOITOHYETHCS BHKOPUCTOBYBATH OHO-
BUMIpHI Ta JABOBHMIpHI TOKeHH. Po3pobieHo
QITOPUTMH Ta TPOTPAMHO PEATi30BaHO OIHO-
BHUMIpHI TOKEHH Ha 0a3l iCHYIOuMX Iarhopm
CMapT-KOHTPAKTIB. 3amporoHOBaHi pilICHHS
JIO3BOJISIFOTH PO3AIISITH OJHOBUMIPHI 00’ €KTIB
Ha YaCTHHM Ta NMPOBOAUTH TPAH3aKMii i3 UMK
¢parmenramu. Po3pobiieHo anroput™u peai-
3aIlii TBOBIMIPHHUX TOKEHIB Ta PO3IIISTHYTI 0CO-
61MBOCTI TX 3aCTOCYBaHHS JUISl IPECTABICHHS
3eMENIbHUX JIUITHOK Ta BIpPTYaJIbHUX TEPUTO-
piil. Bu3HaueHO OCHOBHI TepeBaru JIBOBUMIp-
HUX TOKeHiB y ropiBHsHHI i3 NFT mpu ix BuKo-
PHCTaHHI JUIsl IPEICTABICHHS AIISTHOK 36MHOT
noBepxHi. Po3pobieno anroputmu, mo 3ade3-
TIeYYIOTh BOJIOIHHS BipTyaJIbHUIMH 00’ €KTaM1
Ha PIi3HMUX PIBHSX.

KirouoBi CJIoBa: OJTOKYETiH, EVM,
cmapr-koHTpakT, NFT, ¢paxiiiini TokeHH

UDC 621.09.04

Programming of one-dimansional and
two-dimensional tokens for tokeniza-
tion of land plots / S. V. Strutynskyi,
V. A. Yalanetskyi

The use of blockchain tools that allows split-
ing virtual objects into parts is considered.
Examples of practical use of the developed al-
gorithms are presented. The concept of one-di-
mensional and two-dimensional tokens rep-
resenting one-dimensional and flat objects is
proposed. Algorithms for the implementation
of one-dimensional tokens are developed, and
the peculiarities of their practical application
are considered. A designed smart contract al-
lows to conduct a basic list of operations with
one-dimensional tokens. Algorithms, provid-
ing implementation of two-dimensional to-
kens, are proposed. Peculiarities of presenting
territories of virtual worlds and land plots are
suggested. A comparative analysis of the use of
NFT and two-dimensional tokens for present-
ing the Earth surface areas is performed. Meth-
ods that ensure ownership of tokens at different
levels are proposed.

Keywords: Blockchain, EVM, smart contracts,
NFT, fractional tokens
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VIIK 681.3

Kinacudikanis HHU3bKOYACTOTHHUX CHUTHA-
JIiB 32 JONOMOI0I0 MeTOlIB KJacTepu3auii /
J1.B. Paro3in, A.}O. JlopomieHko

VY crarTi po3MISHYTO METOaW Kiacudikamii
CUTHANIB 3BYKOBOTO Ta iH(Pa3ByKOBOTO Iia-
[a30Hy 3a JOINOMOIOI0 alrOpUTMIB KJacTe-
pu3anii y BHIIagKax, SKIIO MPUCYTHS JIUILE
3araibHa ampiopHa iHOpMAIls, HATIPUKIA,
HEBiZOMi THII 00’ €KTIB, sIKi TEHEPYIOTH BiATIO-
BifHI cCUTHAIN. PO3IMISHYTO MiATOTOBKY HaHUX
3BYKOBOTO Jialla30HY, 0COOINBOCTI MTEPBUHHOL
00poOKHM HAOOPY NaHWX, TMapaMeTpH BHOOPY
ANTOPUTMY 3aJIeKHO BiJl OCOOMMBOCTEH Ha-
Oopy nanux. IlogaHo mpuKiIamy KiacTepusa-
1ii Habopy JaHWX 3a JOTOMOTOI0 AJITOPHTMY
OPTICS, omnmcano MOXXIUBOCTI KacKaaHOI 00-
poOKku HAOOPY TaHUX.

Kitrouosi cioBa: knacudikamis JaHUX, HABIaH-

Hs 0e3 KOHTPOIIO, KJIAaCTepH3alis JaHuX, 00-
poOKka 3ByKYy.
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UDC 681.3

Low frequency signal classification
using clustering methods / D.V. Rahozin,
A.Yu. Doroshenko

The article considers the problem of low fre-
quency signal classification, as sound or vi-
bration pattern footprints may describe types
of objects very well. In cases of a priori ab-
sence of object signal pattern information, the
unsupervised learning methods based on clus-
tering looks good enough for classification,
and outperform neural net-based methods in
case of limited power envelope. We have used
big real-world sound and vibration data set to
check several clustering methods (K-Means,
OPTICS) for classification without any a priori
data and have got good enough results. The ar-
ticle considers data set preparations including
primary signal processing and the parameters
to select appropriate clustering algorithms,
which depends on input data shape. There are
several examples of data classification, also
cascaded methods for data set improvement
are considered. Finally, we provide a good and
practical guide for exploring low frequency
signals using clustering methods, which can be
used for real world observations and analysis
for open space and inside buildings.

Keywords: data classification, unsupervised
learning, data clustering, sound processing.



YIK 51:681.3.06

ABTOMATH3aIlid IINOOKOr0 HABYAHHA HA
NPUKJIAAI YTOYHEHHSI YHUCEJIbHHX MeTeo-
poJioriuaux nporuosis / A.}O. JlopomieHko,
P.B. Kymnipenko

3po0ieH0 KOPOTKHHA OIS 3aCTOCYBaHHS
“IIMMOOKOTO HABYAHHS JT0 HAYKOBO-TEXHIYHUX
3amad. OnwmcaHi MPOOIEeMH, IO MOXYTh BHU-
HUKHYTH Y pasi IIMX 3acToCyBaHb. [lokazaHo
BaXKITUBICTh aBTOMATHU3AIlil pO3pOOKH METO/IB
“rmu0Ooxoro HaBuaHHs . IlepeBipeHO MOXITH-
BICTh 3aCTOCYBaHHS HEHPOCBOIIOIIHHOTO ITif-
XOJy /10 TPOEKTYBAaHHS Mojeied ‘“‘TimmboKoro
HABYAHHS’, MPU3HAYCHUX IS TTOCTIIPOIIECHH-
Ty pe3yJbTaTiB METCOPOIOTIYHOTO TPOTHO3Y-
BaHHS (HA TIPUKIATI TPU3EMHOI TeMIIepaTy-
pH), OTPUMAHOTO 32 JIOTIOMOTOI0 YHCEThHHUX
rizpoguHamivHuX MertoniB. [lokazaHo, 1o B
MTOJIOBHHI BHIIAJIKIB 1 3HAYCHHS KOPCHS Cepel-
HBOTO KBaJIPaTHYHOTO BiIXWUJICHHS, i BiICOTOK
MTOKPAIICHNUX MPOTHO3IB I HEHPOEBOIIOIIH-
HOTO ITiTXOAY € KpaIuMHU (a B OKPEeMHUX BHUITAI-
Kax Habarato KpaimuMH) 3a BiOIOBiTHI 3Ha-
YeHHsS Ui MigiOpaHoi BPY4HY apXiTEKTypH.
Takum 9uHOM, HA TIPUKIIA 3a7a49l YTOUHCHHS
YUCETPHUX METCOPOJIOTIYHHUX IPOTHO3IB TIO-
KazaHo, 10 HeHpoMepeKeBl MOJIET, OTpUMaHi
ABTOMATHYHO, MOKYTh IIEPEBEPIIYBATH MOJIC-
JIi, CIPOEKTOBAHI BPYYHY.

KitrouoBi ciioBa: “rimboKe HaBYaHHS’, aBTOMa-
THU3aIlis] MPOEKTYBAHHs HEHpOMepexk, Herpoe-
BOITIOLTisI, METEOPOJIOTIYHE TTPOTHO3YBAHHS.

UDC 51:681.3.06

Automatic development of deep neural net-
works for improving numerical meteoro-
logical forecasts / A.Yu. Doroshenko,
R.V. Kushnirenko

This paper briefly describes the examples of
deep learning applications to scientific and
technical problems, as well as the difficulties
that may arise with these applications. The pa-
per shows the importance of the automatic de-
velopment of deep neural networks. The paper
verifies the possibility of the application of the
neuroevolutionary approach to the post-pro-
cessing of the results of meteorological fore-
casting (2m temperature) obtained using nu-
merical hydrodynamic methods. The results
show that in half of the cases, both the root-
mean-square error value and the percentage of
improved predictions are better (and in some
cases much better) for the neuroevolutionary
approach than the corresponding values for the
manually designed architecture. Thus, neural
network models obtained automatically can
outperform manually designed models while
applied to improving numerical meteorologi-
cal forecasts.

Key words: deep learning, automatic develop-

ment of neural networks, neuroevolution, me-
teorological forecasting.
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YIK 004.41

Po3pobka  mertomosiorii  iMmiieMeHTamii
TPaH3aKUiil B po3noaijieHuX cucTemMax 3 Mi-
KpocepBicHOI0 apxiTekTyporw / A. M. I'nu-
6osenb, T. A. Uepnosa, M. M. ['muboBerns

110

VY po0oTi onmcaHo aHaiz MpoOIeMaTHKN BH-
KOPHCTaHHSI MIKPOCEPBICHOI apxXiTeKTypu B
posmnozinennx cucremax. Haromoc 3po0GieHo
Ha THYYKOCTI y BHOOPI TEXHOJIOT1#, MacmTado-
BAHOCTI Ta OpraHi3aiii KoMaH/, sIKi MPaIo0Th
HaJ 33aJaHAUMHU MIKpOCEepBiCaMH, TEXHIYHUX i
JIOMEHHHX TpoOiemMax peaizamii TpaH3aKmii
y TIOPiBHSHHI 3 MOHOJIITHOIO cHcTeMOr0. OCHO-
BHY yBary NpHIUICHO TPaH3aKI[isIM, OCKLITBKA
BOHM 3a0e3NeuyloTh JOTPUMaHHS aromap-
HOCTI, KOHCHUCTEHTHOCTI, 130JbOBAaHOCTI Ta
CTIMKOCTI HaJI JCKLIEKOMA CepPBICaMH.

B mpomeci anami3y cy4acHHX MiIXOIiB Ta pi-
IIeHb JUIst poOOTH 3 TPaH3aKIisIMU B PO3IIOIi-
JIHNX CHCTeMax, OYyJI0 BUSIBIICHO, III0 OTHUM 3
e(eKTUBHMX PINIEHb € BUKOPUCTAHHS MaTepHY
Transactional Outbox. IIpencraBieHo ioro
pearmizamito y Bunsiai Spring starter. Ocran-
Hill 1o7aeThesl 0 CHCTeMH, KOH(DIrypyeTbes
Ta TOJIETIIy€e BUKOPUCTAHHS TPaH3aKLiH 1 Imy-
OJIiKAaIlifo MO, SIKi € YaCTHHAMU TPAH3aKIIi1 B
MIKpOCEPBICHIN apXiTeKTypi.

JleTanbHO OMMCAHO CTBOPEHY  METOJOJIOTII0
peairizamii po3moAiIeHNX TpaH3akLiid Ha 0a3i
Yepr TOBIJIOMIIEHb, 3 BUKOPUCTAHHSM BHIIE-
3a3HAYEHOro cTaprepa. BusHaueHo 0a30Bi
KOH(irypanii Ta HaJamTyBaHHs Yepr IOBiI0-
MJIEHb JUIsI KOPEKTHOI poOOTH TpaH3akKuiii B
PO3IIOIICHNX CHCTEMaX.

Kiro4oBi ciioBa: po3nosiiieHa cucteMa, po3Io-
JINIeHI TpaH3akKIii, MIKpOCEpBICHA apXiTEKTy-
pa, nareps Transactional Outbox, acHHXpoHHe
crinkyBanss, Kafka, Debezium.

UDC 004.41

Development of a methodology for the im-
plementation of transactions in distrib-
uted systems with microservice architec-
ture / A.M. Hlybovets, M.M. Glybovets,
T.A. Chernova

The paper describes the analysis of the prob-
lems of using microservice architecture in dis-
tributed systems. Emphasis is placed on flexi-
bility in the choice of technologies, scalability
and organization of teams working on given
microservices, technical and domain problems
of transaction implementation in comparison
with a monolithic system. The main focus is
on transactions, as they ensure atomicity, con-
sistency, isolation, and persistence across mul-
tiple services.

In the process of analyzing modern approaches
and solutions for working with transactions in
distributed systems, it was found that one of
the effective solutions is the use of the Trans-
actional Outbox pattern. Its implementation
in the form of Spring starter is presented. The
latter is added to the system, configured and
facilitates the use of transactions and the publi-
cation of events that are part of a transaction in
a microservice architecture.

The developed methodology for implement-
ing distributed transactions based on message
queues, using the above-mentioned starter, is
described in detail. The basic configurations
and settings of message queues for the correct
operation of transactions in distributed systems
are defined.

Keywords: distributed system, distributed
transactions, microservice architecture, Trans-
actional Outbox pattern, asynchronous com-
munication, Kafka, Debezium.



VJIK 001.2

InenTndikaniss piBHA cnopigHeHoCTi Ha-
YKOBHX cHelliaJIbHOCTell Ha OCHOBi Ja-
Hux cucremu Dimensions / C. JI. IlIToBOa,
M. B. Ilerpuuko

InenTndikoBano piBHI CHOpiAHEHOCTI Hay-
KOBHX CIELiaJIbHOCTEH y Mexax ABCTpaliii-
cpko—HoBO3emanAChKO1 CTaHJapTHOI KIIacH-
¢ikamii Hayk ANZCRC-2020. InenTudikaris
37ifiCHeHa 3 BHUKOPUCTAHHSAM 1H(pOpMAIiiHO]
cucremn Dimensions nmisixom anamizy 33.8
MiH myOnmikamid 3a 2019-2023 pp. Pisens
CTIIOPITHEHOCTI OI[IHEHO 3a iHJeKcoM JKakka-
pa. Beranosieno, mo i3 14535 MoxmmBux map
crieriaibHOCTEH, e 131 mapa mae 3HaUNMY
CHOpPiMHEHICTH 3 iHIeKkcoM JKakkapa, mo nepe-
Bumye 0.05. 3 Hux g 20 map criemiaabHOC-
Tel piBeHb CIIOPITHEHOCTI € BUCOKHM, a Jyis 61
TIapy — CepesiHIM.

KnrowoBi croBa: inenTudikaris, kimacudika-
i HayK, CIIOPIAHEHICTh CIIeIiabHOCTEH,
aHaji3 NaHuX, iHjgekc JKakkapa, HayKoBi ITy-
Omikarii, migbip pereH3eHTIB, HayKOMETpisd,
Dimensions, ANZSRC-2020.

UDC 001.2

Research specialties’ kinship level identi-
fication based on data from Dimensions /
S. D. Shtovba, M. V. Petrychko

Knowledge about research specialties’ kinship
level is needed for solving such problems as:
improving current research classification sys-
tem; detecting similar scientific and education-
al institutions to set up cooperative relations
or perform their reorganization; automatic re-
viewer assignment for peer reviewing PhD-the-
sis, papers, grant proposals etc. In this paper
research specialties’ kinship level is identified
according to Australian and New Zealand stan-
dard research classification ANZCRC-2020.
The identification is done using information
system Dimensions by analyzing 33.8 million
publications for 2019-2023. The level of kin-
ship is assessed by Jaccard index as the ratio
of two specialties common publications’ num-
ber to the total number of publications in these
specialties. It is found, that from 14535 pos-
sible pairs of specialties only 131 pairs have
significant kinship with Jaccard index greater
than 0.05. For 20 pairs among them the kinship
level is high, and for 61 pairs — average.

Keywords: identification, research classifica-
tion, specialties’ kinship, data analysis, Jaccard
index, research publications, reviewer assign-
ment, scientometrics, Dimensions, ANZS-
RC-2020.
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VK 004.4°2

ApXiTeKTypHHMil Kapkac 0i0jgioTexkn s
yHidikauii B3aeMonii i3 0J10k4eiiH-Mepeka-
mu / B.1. JIo6pstacekmid, .B.Crenienko

VY mpoMy MOCHIIKEHHI PO3TISAAIOTHCS IPO-
Omemu, TOB’si3aHi 3 (ParMEHTOBAHUM Xapak-
TEpOM IHCTPYMEHTIB B3aeMomii 3 OJOK4eiH
Mepexamu. PoboTa mpencraBisie KOMIUIEKCHE
JOCTI/KeHHST BIMOT 0 HEoOXimHOI yHi]iko-
BaHil apXiTeKTypi. Y BiANOBigs HA 3pOCTAIOTY
PI3HOMaHITHICTh OJOKYCHH-MEPEK MPOIIOHY-
€THCS pIlIeHHS y BUITIAAI yHi(iKoBaHOT 610mio-
TEKH Ha OCHOBI YHIBEpCAIIBHOTO Ta CYMiCHOTO
iHTEepdeiicy, KUl ONTHUMI3Y€e B3a€MOMII0 MiXK
pizHUME OnokdeitHamu. OmHCAaHO Ta OCII-
JDKEHO TIOTOYHHUM CTaH IHCTPYMEHTIB JUIA B3a-
emopii 3 6JI0KIeHH-MepeKaMH, TIPOBEACHO OT-
TS ICHYIOUUX pillleHb, POPMYITIOBaHHS MTPHH-
LUTIB MIPOEKTYBAaHHS Ta (QYHKIIIH, 10 JIeKATh B
OCHOBI TIPOIIOHOBAHOI yHi(ikoBaHOi 0ibmioTe-
ku. JloCHiKeHHS CIIpSMOBaHe Ha ITiBUIICH-
HS JOCTYHMHOCTI Ta €(QEeKTHBHOCTI B3a€MOMii
i3 OMoKUYeHH-MepeKaMy, 3MEHITYIOYHN CKIIaf-
HICTB, TIOB’S13aHy 3 PO3Pi3HEHUMH IHCTPyMEH-
TaMH Ta 320X0UYIOUYH ITOAANIBIIY CIIBIPALIO Ta
PO3BHUTOK HOBHX ITiIXOIIB B paMKaX CIITEHOTH
OJOK9IEHH pO3POOHHUKIB.

KirouoBi cimoBa: po3poOka OnmoxdeiHy, cy-
MICHICTb, JEIeHTPaJi30BaHi JONATKH, 3aCO0H
Ppo3po0KH, OITOKIEHH-MEpexKi, KOMIUIEKTH PO3-
poOku mporpamuoro 3abe3nedenns (SDK), ap-
XITeKTypa MporpaMHOTo 3a0e3MeueHHS.
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UDC 004.4°2

Architectural framework for a unified
blockchain interaction library / B.1. Dobri-
anskyi, [.V. Stetsenko

This research addresses the challenges posed
by the fragmented nature of blockchain devel-
opment tools, presenting a comprehensive ex-
ploration of the imperative need for a unified
architecture. In response to the growing diver-
sity of blockchain networks, a solution in the
form of a unified library based on a versatile
and interoperable interface that streamlines
interactions across various blockchains is pro-
posed. The current state of blockchain develop-
ment tools, an overview of existing solutions,
formulation of design principles, and functions
underlying the proposed unified library are
provided. By mitigating the complexities asso-
ciated with disparate tools, the research aims
to enhance the accessibility and efficiency of
blockchain development, encouraging collab-
oration and innovation within the blockchain
community.

Keywords: Blockchain development, Interop-
erability, Decentralized applications, Develop-
ment tools, Blockchain networks, Software de-
velopment kits (SDKs), Software Architecture



YK 004.056

KonuenrtyanbHa paMka pe3mJb€HTHOI MO-
BeliHkH iHdopmaniiinux cucrem / ©.0. Ko-
poOeiiHIKOB

[IponoHOBaHe XOCIIHKEHHS IPHCBSTYEHE PO3-
POOJICHHIO KOHIENTYaIbHOI paMKH Ul OIH-
CY Pe3WIbEHTHOI MOBENIHKN iH(OpMAIiHHNX
CHCTEM, sIKa BHW3HAYa€ OCHOBHI OmeparliifHi
¢a3m peakmii cuCTeM y KOHTEKCTI MPOTHIii
peani3oBaHUM PH3MKAM B MOMEHT iHIIUICHTY.
da3y BKIIOYAIOTH y cebe SK 3aX0OH Iolepe-
JHBOI MiATOTOBKH Ta Oe3MmocepeHboi IpoTHu-
Iii 3arpo3am, Tak i MEXaHi3MH BiJIHOBICHHS
Ta ajganTailii micis IHOMAeHTIB. JIOCSTHEHHS
3a3Ha4eHol MeTH Iependadae BHUABICHHS OC-
HOBHHX IIIeH 1 3amad pe3WIBEHTHOCTI, SKi
0e3mocepeIHbO OB’ A3aHi 3 MPOoLecaMu Hell-
Tpasizanii TOTeHIIHHUX 3arpo3 i BIUIMBAIOTh
Ha CTpATETil0 YNpPaBIiHHA PHU3UKAMHU, 1 3Y-
MOBITIOIOTh HEOOXITHICTh BCEOIYHOTO aHAII3y
KPUTHYHO 3HAYYIIUX (QYHKIIH opraHizamiil. Y
MIpOIIeCi JOCHiKEHHSI 0coONMMBy yBary Oyio
NPUIUICHO CTBOPEHHIO MOJETEH Pe3MIbEHT-
HUX 1 HEPE3WIHEHTHUX CIICHAPIiB peaKiiii Ha
IHITMIEHT Ta BHOKPEMJICHHIO ITOBEIiHKOBUX
BiIMIHHOCTEH. 3acToCyBaHHS JAenbTa-(yHKII{
JIaJIo0 3MOTY JeTami3yBatu a3y pe3mIbeHTHOL
BIMOBiI HAa 3arpo3M, BKIIOYHO 3 €TalaMu
ajganTalii Ta MOJAbIIOr0 BiJHOBICHHS. [o-
CIiDKEHHS POOUTH 3HAUHUI BHECOK Yy cdepy
iH(popMamiifHOi Oe3meKu, MPOMoHyUn Oara-
TOpIBHEBUI MiAXiJ M0 MiABUIICHHS PE3UIIb-
€HTHOCTI iH(OPMALIHHIX CHCTEM.

KitrouoBi ciioBa: pe3nIbEHTHICTH, 3aXHCT iH-
¢dopmarii, iHpopmariiitna 6e3meka

UDC 004.056

Developing a conceptual framework
for resilience in information systems /
F. Korobeynikov

This study focuses on the development of a
conceptual framework that delineates the re-
silience of information systems through the
analysis of their key operational stages in the
context of countering prevalent threats. These
stages encompass preliminary security mea-
sures, active counteraction against threats, as
well as strategies for adaptation and recovery
following security breaches. The realization
of this objective necessitates the identification
and formulation of fundamental goals and ob-
jectives associated with resilience, which play
a crucial role in the neutralization of potential
threats and significantly influence risk manage-
ment policies, emphasizing the importance of
a comprehensive analysis of the key functions
of organizations. Throughout the research, spe-
cial attention was devoted to the creation of
models for resilient and non-resilient behavior-
al scenarios of systems and their responses to
threats. The employment of the delta function
facilitated a detailed examination of the stages
of resilient response to threats, including the
processes of adaptation and subsequent recov-
ery. The work contributes significantly to the
field of information security, presenting a mul-
tifaceted approach to advancing the resilience
of information systems.

Keywords: resilience, data protection, infor-
mation security
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BUMOTI'M 1O O®OPMJIEHHS CTATEM

Kypnan «IIpobnemu mnporpamyBaHHs» MyOJiKye HAayKOBI MaTepiand, sKi paHile He
MyOJTiKyBaJuCs B IHIIUX BUIAHHSX.

Moga craTTi: yKkpaiHcbka, aHrmiiiceka.® O0csr crarTi - Bix 6 1016 ctopinok dopmary A4.
O06csr marepianis, 10 monarThest Ha KoHpepenito YkpITPOI™ (koxHuiA TapHUiA piK) 1718 myOsmikarii
y TOJIBITHOMY HOMepi ckianae Bim 6 g0 8 cropiHok dopmary A4. ABropu 3 YKpaiHM MOAAOTh
Marepiajgu Ha KOH(QEpEeHIiI0 YKPaTHCHbKOI MOBOIO.

JlokymeHT 30epiraerscst y popmari doc abo docx. Hassa daitmy BkITtouae TpaHCmiTeparito
Mpi3BUIIA aBTOpa (aBTOPIB), Hanpukiam, “Petrenko.doc”.

ABTOpPH MOXXYTb KOPUCTYBATHCS €JIEKTPOHHOIO MOIITOIO JJIS Mepeaadi 10 peAakiii TeKCTy
CTaTTi, JIIIOBOI TEPENHMCKH Ta MPaBKU NMpH KopekTypi. E-mail pemakmii: alengoro@isofts.kiev.ua.
Tenedon: +380 (96) 418 3082.

1. OopmireHHs1 paiiiry 3 TEKCTOM CTATTI

[Tpu miaroroBui (aiay BUKOPUCTOBYIOTHCS: CTHJIb HOpMajbHUI (3BUYaiiHMil) a0 normal;
mpudt Times New Roman, po3mip mpudra 12 nt.; mixkpsakoBuii inTepBai — 1,0; ab3arauii BiacTym
-1,25 cM; BUpIBHIOBaHHS — IO LIMPHUHI. Y TEKCTI HE JIOMYCKA€ThCS BUPIBHIOBAHHS IPOIYCKAMU;
pO3cTaHOBKa MepeHociB — aproMarnyHa. @opmar namnepy A4, po3MipH mojiB gokymeHTa — 20 MM.
TexcT crarTi micys 3a3Ha4YeHHS aBTOPIB, HA3BU 1 aHOTAIIH (IBOMa MOBaMH) Ma€ OyTH opOpMIICHUH Yy
2 KOJIOHKH, IIUPHUHA IKUX — 7,86 cM, a mpoOin Mixk HUMHU — 1,27 cMm.

2. Po3amimenHst marepiajy crarri

Bepxnuiii kononmumyn: Ha3Ba pyOpUKH BIIIMOBITHO JIO0 TEPENTIKY, TPUHHATOMY PEAAKIII€I0
KYPHAILY (NPONOHYEMbCS ABMOPAMU, OCMAMOUHO Y3200HCYEMbCS PEOAKYIEIO).

VIIK (3ni6a nio puckoio 6epxHb020 KOIOHMUMYY): HACKC 32 YHIBEPCAIBHOIO JECATKOBOIO
kinacudikamiero; DOI: B ToMy X PSIIKY TPaBIIIe (3aN08HIOEMbCS PEOAKYIETD).

Aemopu: iHiiaNy Ta Mpi3BUILA aBTOPIB, KypCHUB (CBITIUI).

3azonoeok 1 (Ha3Ba cTarTi): HE MICTUTH a0peBiaTyp Ta CTPOTO BIAIOBiNA€E 3MICTY CTAaTTi.
[pudt 15 0T, HaMIBKUPHUH, PETICTP BEPXHIi.

Anomauia: 50-100 cniB, He MICTUTH a0peBiaTyp, HE 3pO3yMIIMX 31 3MicTy cTarTi. [lpudt
10 1T, 3BHYaliHuii.

Knrouoei cnosa: ne 6inpiel 0 ciaiB, He MICTUTH aOpeBiaTyp, HE 3pO3yMUINX 31 3MICTY CTaTTi,
MOJIAI0THCS B HA3UBHOMY BiAMIHKY, po3aiieHi komamu. [lpudt 10 0T, 3BMuaitHuii.

YBATA! Aeémopu, 3azon0eox cmammi, anomauia i K1104086i cioea 3a3Hadaorbes ABIYI:
YKpaiHCHKOIO 1 aHTIIIMChKOIO MoBamMH. CITOUaTKy MOBOIO CTATTi, MMOTIM 1HIIIOKO MOBOIO.

Huosicniii kononmumyn (TUIBKY JUTsL TIEPIIOT CTOPIHKM) BKIIIOYAE CTaHAAPTHY 1H(OpMAIliio
copy right: meprmmii psioK — Mpi3BUIIA aBTOPIB, PiK; Apyruid psok — Homep ISSN, HazBa xypHamy,
pIiK, HOMEp BHUITYCKY.

3azonosox 2 (Ha3Ba posnpiny): mpudt 14 0T, HamiBKUpHUI; ab3al 13 LEHTPATbHUM
BHUPIBHIOBaHHSM, 0€3 TIEPEHOCIB. 3arojOBKU HIKYOTO PiBHS (IMYHKTH 1 T.IL.) Y CaMOCTIHHUI a03air
HE BUJIUISAIOTHCS 1 IPOXOJIATH MEPITUM PEUEHHSIM TEKCTOBOTO ab3aity, mpudT 12 1T, HamiBKUPHUIA.

Ocnoenuii mexkcm cmammi ( BUCTYI Ha KOH(EPEHIIi1) BKIIOYAE TaKi HEOOX1HI €JIeMEHTH:

MOCTaHOBKA MPOOJEMH B 3araJlbHOMYy BHIVISIL 1 11 3B’S30K 3 B&KIMBHMHU HAyKOBHUMH 200
MIPAKTUYHUMU 3aBAAHHIMY;

aHaJli3 OCTAaHHIX JOCII/DKEHb 1 MyOiKalii, y sSIKHX pO3M0YaTo pillIeHHS AAHOI MpoOiaeMH i
Ha SIKI CITUPAIOTHCSI aBTOPH, BUIIJICHHS HEBUPILNICHUX paHIlIe YacTWUH 3arajibHOi MpOoOJIeMH, SKUM
IIPUCBAYYEThCA JaHa CTATTS;

(dbopmyrOBaHHS LiJeH cTaTTi (MOCTAaHOBKA 3a/1a4i BUCTYITY Ha KOH(pepeHLii);

BHKJIaJ] OCHOBHOT'O MaTepially JOCJIJKEHHS 3 TOBHUM OOTPYHTYBAHHSM OTPUMaHUX HAYKOBUX
pe3yJIbTaTiB;

BUCHOBKH 3 JJAHOTO JOCIIJKEHHS 1 NEPCIEKTUBH MOAATIBIINX PO3POOOK y TAHOMY HAIPSIMKY;

nmoJisKa (3a HasIBHOCTI TaKo1).
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@opmynu ctBoprooThes B penaktopi Microsoft Equation 3.0 abo MathType. @opmynu, Ha
SIK1 € TIOCWJIaHHSI B TEKCT1, TOBUHHI MaTu HACKpi3Hy Hymepamiro. Homep dopmynu npykyetscs B
KpYIVIMX JAy’>KKax O11s Kparo rmpasoro nouist. Po3Mip ocHoBHoro mpudty penakropa gopmyn — 12 nr.
Po3mipu cumBoniB y hopmynax: 3BudaiiHuil — 12 nt, Benukuil iHaexc — 9 nt, 1piOHuit ingexc — 7 1T,
BeIUKUN cuMBoOJ — 18 nT, 1pibumii cumon — 11nt. He nomyckaerscst MaciraOyBaHHs (hOPMYIbHUX
00 €KTIB.

Pucynku marth Oyt cTBOpeHi BOymoBaHUM pemaktopoM Word Picture abo excmoproBaHi
3 npukiagaux nporpam Windows y rpadiunux dopmarax (bmp, pcx, gif, jpg ab6o tif). Pucynku
PO3TalIOBYIOTECSA 1O IeHTpy. Hymepariss pHCYHKIB 3IIHCHIOETBCS BIJNOBITHO [JO TOPSIKY
3rajlyBaHHA y TekcTi. HymepoBaHi miamucu po3MilytOThCS MiJ] PUCYHKOM 3 Mo3HaueHHIM «Puc. »,
JaJli BKa3y€eThCs HOMEP PUCYHKA 1 TEKCT IiJIITUCY.

Tabnuyi maroth OyTH MiJITOTOBIIEHI CTaHJapTHUM BOynoBaHMM B Word iHCTpyMeHTapieM
“Tabmuus”. Tabnuii HyMepyrOThCS 3a MOPSAKOM 3raxyBaHHs. Ha Homep TaOmuii mMOBMHHO OyTH
nocujaHHs B TekcTi. Homep Tabnuili BKa3zyeTbesi B OKPEMOMY PSJIKY 3 BUPIBHIOBAHHSM IO MpaBiit
cTopoHi (Hanpukiaz, « Tabmuus 1»). Hazpu Tabnuite po3MilytoThCs HaJl TAOIUIICIO 3 BUPIBHIOBAHHSAM
1o neHTpy. MiHiManbHUN po3mip mpUPTy B TaOIUISIX — 11 1.

Jimepamypa: nymepoBanuii crimcok jpkepen srigao JACTY 8302:2015 Bix 01.07.2016 p.,
mpudT 11 0T, BiAcTym: cnemiaasHuid, HaBucaui, 0,63 cm. JIkepena 3 3aroJioBKaMu Ha JATHHMII
HaBOIATHCA Oe3 mepeknaay. [Him jkepena monarThest MOBOKO opurinaty. [Ipuknaan opopmiaeHHs
610miorpadiuHux nocunaHe 3riiHo 3 BuMmoramu Harvard Style naseneHi B Oararbox myOikaiisx,
Harnpukiaz: http://www.staffs.ac.uk/assets/harvard referencing_examples tcm44-39847.pdf

Jlama naoxooxcennsa cmammi (MatepiaiiiB KoH(EpeHLii) MO3HAYAETHCS UPPAMU OKPEMHUM
psakom micis cinosa «Onepxano:»/”Received:”.

Bioomocmi npo peyenzenmis 3a3Ha4at0ThCs PEAAKIIIEIO MICHA C0Ba «PelleH3eHTH:».

/Jlani npo aemopis: MaioTh nounHaTHCA psaakoMm “TIpo aBTopiB:”, HamiBXUPHUH KypCHB.
Jlani BKa3yroTbest 1715 KoxHOro 3 aBropi [11b nmoBHicTio, BYUeHMI CTyMiHb, HAYKOBE 3BaHHS, 10CA/A,
0008’ s13k0B0 HOMep ORCID (caitt ORCID http://orcid.org/).

Jlani npo micue pobomu aemopig: TIOYMHAIOTHCA psakoM “Micie poOoTH aBTOpIB:”,
HaIiBKUpHUK KypcuB. Jlami Bka3yroThCs micuie poOoTH, aapeca, TenedoH, eIeKTPOHHA IIOIITa,
KOHTAKTHHI TeneoH 0CcOoOH, BIAMOBITANBHOI 32 3B’ SI30K 3 PEAAKTOPOM.

JUist yHUKHEHHS HEY3TOJKEHOCTI EPETiK aBTOPIB IMOIAETHCS ITi1 HOMEpaMH, 110 BiAMOBIIal0Th
HyMeparlii 3aKJIajiiB, e BOHU MPAIIOIOTh.

3. Opopmienns ¢aiiay 3 aHoTaliAMHA

@aiin 3 aHOTANIIMUA MICTUTH iH(OPMAIIiI0 ABOMA MOBAMHU — aHDIIIMCHKOIO 1 YKPAaiHCHKOIO Ta
Mae Oytu oopmienuit y asi komoHku: YK (mpudt — 8 nr); Huxkde - HazBa ctarTi (mpudt — 12
T, HAMIIBKUPHUIA); TIPI3BHIIA Ta 1HILIAIK aBTOPIB (puT — 12 1T); TEKCT aHOTallii, KJIIOUOBi CIIOBa
(mpudt — 10 nr).

Bumorn no anoramii: o6csr Big 100 mo 250 cmiB, iHGOPMAaTUBHICTh, OPUTIHAIBHICTD,
3MICTOBHICTh (BiJJOOpa)ka€ OCHOBHMI 3MICT CTaTTi 1 pe3yJibTaTH AOCITIJKEHb), CTPYKTYPOBaHICTh
(IOTpUMY€ETbHCS JIOTIKU OMKCY PE3yJbTaTIB y CTATTI).

JlokymeHT 30epiraethes y hopmari doc abo docx. Hazpa daitny momaerbest TpaHCIiTEpaIli€eo
npi3BUILA aBTOpa (aBTOPIiB), Hanpukiam, “Petrenko Annot.doc”.

*16.07.2020 p. HaOynmu YMHHOCTI TOJIOKEHHS 3akoHy VYkpainu «[Ipo 3a0e3meueHHs
(GyHKLIOHYBaHHS YKpaiHChKOI MOBH SIK Jiep>KaBHOI». BimnosigHo mo crarti 22 «Jlep>kaBHa MoBa y
chepi HayKH» y HAYKOBUX BUJAHHSAX HE IIOBUHHO OyTH BMIIIIEHO MaTepialiB IHIIMMH MOBaMH, OKPIM
Jep’KaBHOI, aHIITIHChKOT Ta MOB €C.

[Tpumitka: Ilinnucauii inaekc xxypuany «IIpobremu nporpamysanus» — 90853.
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