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b.I. Mopos, A.C. Kpyrnuk, /.M. Mopo3, A.A. MapTuHeHko
MATEMATHUYHA MOJEJIb I 3AT AJTbHUM AJITOPUTM BUPIIIEHHSA 3AJTAYI
OBPOBKHU MOBIJOMJIEHD 3 YPAXYBAHHSAM IX IIIHHOCTI I CTAPIHHS B
CUCTEMAX JIITAJIbHUX AITAPATIB

Anomayis. 32i0H0O 3 00CAIOHCEHHAMU, NPOBIOHT KPAIHU CBIMY 8ICe MAIOMb OOPOI’CHIO KAPpmy iHmee-
PYBaHHs Oe3ninomHux (IimaibHUx) cucmem y cepeonbOCmpoKosill I 00820CMPOKOBIll NePCHeKmu8ax
v eiticokosiil cgepi. [lonum na cucmemu macoso2o obcnyeosysanmns (CMO) besninomuux (nimans-
HUx) anapamie 3pocmac. Y pobomi pozenanymo mamemamuyny mooeivb CMO, 6 axiii nogioomnenus
Xapaxkmepusyromscs He Julle SPAHUYHUM YACOM iX BUKOHAHHA, a U [HUIOI0 8AJICIUBOIO XAPAKMepU-
CIMUKOI0 — YIHHICMIO KOJCHO20 OKPEeMO20 NOBIOOMIEHHS 8 MedHCAX GU3HAUEHO20 4acy OJisl OaHO20
muny uepau. 3anponoHo8aHo 3a2aibHull aneopumm eupiuenus 3aoaui. Posenanymo icuyroue mexi-
YHe piuleHHs O/ PayioHAIbHO20 PO3OUBAHHS ANCOPUMMY HA MOOYII, O/ 3abe3neuenHs 2HyYKOCmi
ma a0anmoBarHoCcmi cucmemu 00 8NPOBAONCEHHSL IHHOBAYTUHUX MEXHIYHUX DIULEHb.

Knrouosi crosa: mamemamuuna modens, NimanvHi anapamu, ancopumm, 00 €KmMHO-OpieHmosane

npocpamy8anHs, HACIiOY8aHHs, NOAIMOPPIZM.

ITocTanoBKka npodaemMu. 3 KO)XHUM POKOM 1 HaBiTh MICSILIEM CTa€ BUAHO, SIKUMH ILIBUIKUMHU
TeMIaMHU BiZIOyBa€ThCS PO3BUTOK OE3MUIOTHUX JITAIbHUX amapatiB 1 KOJO iXHHOIO 3aCTOCYBAHHS.
MaOyTb 04eBHHO, III0 B yMOBaX MOBHOMACIITAaOHOTO 30pOIfHOr0 BTOPrHEHHS pociiichkoi denepa-
1ii Ha TepUTOPit0 YKpaiHH, JiTalbHI arnapaTtu, 0COOJUBO OE3MUJIOTHI, BIAIrpaloTh Ha/3BUYaiHO Ba-
KIJIUBY poJb. L{iIKoM 3p03yMisio, 1110 MpH BeeHH1 60iloBUX Ailf, 0cOOIMBO Y JOBFOCTPOKOBIH mepc-
MEKTUBI, MaTUMeE IepeBary CTOPOHa, 1110 3MOKe MiHIMI3yBaTH BTpaTH 0cOOOBOro CKiany. Sk nyxe
BaroMuil (gaxkTop MiHiMi3alii BTpaT 0coOOBOro CKJaay MOTPIOHO MaKCHMMalbHO BIIPOBAKyBaTH
TeXHoJIoT13alito npoueciB Ta MetoaiB y 3C Ykpainu. Bixe cboronHi Mu MoxkeMo 6auuTH, SIK OYH-
HAlOTh BUKOPUCTOBYBATHU 1 OE3MIIOTHI JIiTaJbHI anapaTy, 1 0€3MUJIOTHI CUCTEMHU PO3MiHYBaHHS, Ha-
3eMH1 poOOTH30BaH1 KOMIUIEKCH 1 T. iH. ABTOPH CTaTTi BBa)KalOTh, 1110 L€ JIUILE MEpPIIi eTanu po3-
BUTKY O€3MUIOTHHUX cucTeM B Mexax TpaHchopmanii 3C. Ha cborogsi yumanao HayKOBIIB y CBITI
3aJy4eHO 10 PO3BUTKY BiiicbKkoBOI ramysi. Hampukiaa BigoMo, 110 BXXe CHOTOJHI iCHYE BiiicbKOBa
¢dopma [4], 0 aBTOMATUYHO BH3HAYae (Hi3MUHUN CTaH BiICHKOBOCIYXKOOBIIS, /¢ KOMaHAUP B aB-
TOMaTHYHOMY PEXHMMI MOXK€ OLIHUTH (i3UMYHMUN 1, MaOyTh, ICUXOJOTIYHUN CTaHU MiAeraux. -
IIMM BaroMHMM HPUKJIAJ0M aBTOPH BBAKAIOTh MPE3CHTALII0 KUTAHCHKUM TEXHOJIOTTYHUM TiraHTOM
0E3MJIOTHOTO JIITAl0UOTO TaKCi, K€ JO3BOJISE MEPEBO3UTH 0 2-X MACAKUPIB HA JOCTATHIO BifC-
TaHb [5]. AHaJOT Takoi CHCTEMH IJIKOM Mir Ou OyTH aJanToBaHUM, HANPHKIAJ, 10 TPAHCIOPTY-
BaHHS MOPAHEHUX 3 BKKO MPOXIJHUX MICIb YU ONEPATUBHOI JOCTABKU OOEKOMITJIEKTY y MICLIs Be-
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JICHHSI aKTUBHUX 00HoBHX iid. ToOTO aBTOPU MPUITYCKAIOTh, 110 BXXE CHOTOHI PO3BUTOK 30pOMHUX
cwI Oy/ie HaNpaBJICHU Ha aBTOMATH3AIIII0 SKOMOTa OLIBINOI KUTEKOCTI TPOIIECIB.

Ha croroanimHiii 1eHb BUKOpUCTaHHS O€3MUIOTHUX arnapariB € XaOTUYHUM, 0e3 4iTKO1 Koop-
IUHALIT MDK TiApo3aiaamMu i OpuragamMu. A TaKOXX NPUCYTHS JIMIIE MiHIMalbHa aBTOMAaTH3auisi. 3
MOSIBOIO O1IBINOT KUTBKOCTI O€3IMIJIOTHUX anapariB Ta X pi3HOBUAIB 33 MPU3HAUYCHHSM Ta TaKTUKO-
texHiYHUMU Xapaktepuctukamu (TTX), moTpeda B nenTpamizanii 00poOku BxiaHOI iHpopMarii Bix
TaKUX amapariB Oyne cTpiMKO 3pocTaTtu. PO3BUTOK 1€l raiys3i aBTOpH BBAXKAIOTh YK€ CTPIMKHUM 1
MEPCIIEKTUBHUM. Bke B CHOTOIHINIHIX pealisx 3a JOMOMOTOK HEBEIHKUX KOMTEPiB ONepaTopu
CTEXaTh 3a CUTYAIli€l0 Ha MoJi 0010 B peanbHOMY 4Yaci. Takuil KonTep, MpH HASBHOCTI YCIiITHUX
pillieHb CTOCOBHO Oro yacy 0e3nepepBHOIO MOJIbOTY, MII' OM BUKOHYBATH 3aBJaHHS CIIOCTEPEKEH-
HSl CAMOCTIMHO 1 pearyBaTH Ha CUTYAIlil B 3aJI€KHOCTI BiJ] 3a1aHuX ainroputmis. Hanmpuknazx indop-
MYBaTH LEHTPAIBHUHN ITyHKT PO 3MIiHU B MOTOYHIN oOcTaHOoBILi. Byino 6 minkoM BaamuM pilieHHs,
HanpuKian, Skmo 0 mocratHii 3a TTX mitanbHUil amapatr Mir CaMOCTIHHO JTOCTaBISATH OO€KOMII-
JIEKT B 30HY aKTUBHHUX OOHOBHX JIii.

[TigBosI9M MiJCYMOK CKa3aHOTO BHIIE CTA€ 3pO3YMLNIO, 3 MiBUIICHHSIM PIBHA aBTOMaTH3AIlii
1 meHTpaizanii mporecis 00podku iHGOpMAIIii i MPUITHATTS pillleHb, BUHUKAE TIOTpeda y IeHTpali-
30BaHiil cuctemi 0OpOOKHM BXiJHHX BUMOT (3asBOK). SIK BHIIHO 3 HaBEICHUX MPUKIIAIIB, MOBa e
PO JWHAMIYHE CEePENIOBHILE, J€ IMOBIIOMIICHHS XapaKTePU3YIOThCS HE TUIBKH 4acoM X CTapiHHS,
aJe il Iy’Ke BaKJIIMBOIO XapaKTEPUCTUKOIO — IIHHICTIO. TOMy MOTPiIOHO omucaTu Ta po3poOUTH TaKy
CMO, ska 6 3a40BOJILHIIA BKa3aHUM BHMOTAM.

AHaJii3 oCTaHHIX Joc/igxeHb i myOaikaniii. [luTaHHSAM CTBOpEHHS Ta 3aCTOCYBAaHHS Ha3eM-
HUX POOOTHU30BaHUX KOMIUIEKCIB Oyiio o3ByueHe B [6,7]. 3rimHO 3 1OCHTIPKEHHSIMHU aBTOPIB POBII-
H1 Kpainu cBiTy, Taki sk CIIA, Benuka bpuranis, SnoHis 1 T. 7. akTUBHO 3aiiMaroThCsl PO3POOKOIO
aBTOMATH30BAHMUX Ta aBTOMATUYHUX CHUCTEM Ha OCHOBI IITyuHoro iHtenekry (LLI) y BilficekoBiit
cdepi 1 HaBITh B’KE MAIOTh JIOPOXKHIO KapTy IHTErpyBaHHs OE€3MIIOTHUX CUCTEM Y CEPEAHbOCTPOKO-
Bilf 1 JOBrOCTPOKOBIii mepcrnekTuBax. OkpeMo 06 XOTiIOCh 3rajgaTi podoTy [8], me aBTopu mposenu
JOCTIPKEHHSI MacOBOI0 0OCIYrOBYBaHHS 3 MPIOPUTETAMH Ha 3aJi3HUYHOMY TPAHCIOPTI B yMOBax
BeJIeHHs 00MOBUX iid. Ajie oOpaHa MoJIeb IPIOPUTETIB MOXKE HE 3aJOBOJILHUTH BUMOT JUHAMIU-
HOTO CEpEe/IOBUINA T€ATPy BOEHHUX iil.

[ToniOny 3anauy, Ae 00CIyroByBaHHS BXIAHMX 1H(QOpMalLiHUX MOTOKIB 3aJIEKUTh B1Jl IHTECH-
CUBHOCTI TaKHX MOBIIOMIIEHB (Aia), ABTOPH PO3MIIAIAIH B CTATTi [1], e BX1IHI BUMOTH XapaKkTepu-
3yBAJIUCh KPUTEPISIMU CTapiHHA. B il cTaTTi, K 1 B MOMEPEIHIN, s opraHizamii oOpoOKH MoBi-
JOMJIEHb BUKOPHCTOBYEThCS KepoBaHa Aucuuiutina [2,15]. Ane B 1bOMy JOCITIIKEHHI TUCIMILIIHA
Oyze BpaxoByBaTH He TUIbKU CTapiHHA 1H(opmallii, a 1 11 [IHHICTb.

Mera pocaimxennsi. Onuc 3arajJbHOr0 ajJropuTMY BHUpIIIEHHS 3afadl opraHizaiii o0poOKu
MOBIJOMJIEHb 3 ypaXyBaHHSAM IX LIHHOCTI 1 cTapiHHA. O ICHYI0UOrO TEXHIYHOTO PIIIEHHS IS
ONTUMAJIBHOTO (PalliOHAIILHOT0) PO3MOIJICHHS alTOPUTMY Ha MOAYII.

Buxiaan ocHoBHoro marepiaiy aociaigxenns. Konnenryanpaa monens CMO 6e3miaoTHHX
(JriTambHMX) arapaTiB B yMOBax BEJICHHsI OOMOBHX /i TOBUHHA 3a0e3MeuyBaTH MaKCUMAaJIbHY THY-
YKICTh 1 aJaliTOBAHICTh B YMOBaX IMOCTIMHOI 3MiHU AWHAMIYHOTO cepefoBuiia. OKpiM 1bOTo, Taka
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CMO noBuHHA 320€3NEUNTH THYYKICTh HANAIITYBAHHS 1 POLIMPEHHS 3aBISKH MOCTIHHOMY BIOC-
KOHAJICHHIO 1CHYIOUUX PillleHb, Ta MOSBI HOBUX.

Sk BugHO 3 Puc. 1, mo Bxe iCHYIOUMM TEXHIYHUM PIlICHHAM OE€3MUIOTHI JITalbHI anapaTH
MO>KJIMBO BHKOPHCTOBYBAaTH SIK CHCTEMH CIIOCTEPEKEHHS 1 CUTyaTHBHOI O0i13HAHOCTI, /i€ TIOTOKU
MOB1IOMJICHb B Pi3HI MOMEHTH 4acy OyAyTh MAaTH Pi3HY IHTEHCHBHICTb a TAK0XX MOXKYTb MaTH Pi3HY
[IHHICTD B KOKHUI OKpEeMHU POMIXKOK 4acy.

% %

ny ny

Pucynoxk 1 - KonuenryanabHa MoJiesib opradizarii o0pooku iHGopMaIiiiHux MoToKiB
3 BUKOPUCTaHHAM Oe3MiaoTHUX(JIiTalibHUX) anapartiB. LI — nenTpanbHuii MyHKT,
ITY — nyskT ynpasiiHHa (1HpOpMYBaHHs, KOOPAUHYBAaHHSA 1 T. 11.)

Ha ocHoOBI pe3ynbTatiB, oTpuMaHux B [2,15], HIk4Ye chopMyIbOBAHO KPUTEPil ONTUMAIBHOL
(partioHanbHO1) opraHizaiii 0OpoOKH MOTOKIB MOBiIOMIIEHb, IO (PYHKLIOHYIOTh B CUCTEMI JIITAlIb-
HUX armapatiB MHOKUHH X={X1, X2, ..., Xj,...,Xn} 3 BIAMIOBIAHUMH OpraHAMH yIPABIIHHS 1 TIPUIAHST-
TS piLLIEHb.

3rifiHO 3 KOHIENTYAIbHOIO MOJCIUTIO (AMB. pUC. 1) MHOXHHOIO JiTambHUX amapaTiB X={Xi,
X2, ..y Xi, ...,Xn} TEHEPYIOTHCS TOBIAOMIICHHSI, IKi BUMArarTh BIAMOBIIHOT 00p0oOKH . 3a aHATIOTi€I0
B [2,15] chopmynroeMo BUMOTH 10 BUKOHAHHS onepalliii 0OpoOKH MOBIOMIIECHB:

(Sfm -5, (tj) — max;
5.(t) = 57°%;
o ®
|, (£) — U | — min ;
I, (1) = 0%
ne, Si(t) — crapiHHS OBIOMIICHHS I-TO THITY HA MOMEHT 4acy 3aKiH4eHHs 00poOKH t;

Ao . . .
S; — monycTiMe CTapiHHS MOBiIOMIICHHS i-T0O THITY;

L1;(t) — wiHHICTH MOBIAOMIICHHS I-TO THITY HA MOMEHT 4Yacy 3aKiHUeHHs1 00poOKH t;
max . .. s .
i  — MakKCHMaJbHE 3HaYCHHS LIHHOCTI iHpopMaii i-ro Tumy;

L1;"°"(t) — momycTHMeE 3HAYEHHS BTPATH I[IHHOCTI TIOBiIOMJIEHHS i-T'O THITY.
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BukopucroByroun a1 oprasizanii 00poOku MoBiJOMIIEHb KepoBaHy aucuuiniiny /1, mo 3a-

nporonoBana B [2,15] ¢dynkuii Wi(t) [2,15], Ha Bimpisky wacy At} Bu3HAYAIOTBCS BEKTOPOM
YIpaBIiHHS.
Tadd = [tkl.ﬂrff} e b agd) e Ty g ) } : (2)
EdexktuBricTh 00p00KH OyIh SKOTO MOBIIOMJICHHS MaKCUMajlbHa TOMi, KOJIM MOMEHT 3aKiH-
YeHHs 00pOOKM CIHIBIIJAa€ 3 YacOM MOT0 MaKCHMAaJIbHOI IIIHHOCTI tL (t) nmet — MoMmeHT Hamxo-

JDKEHHS TTOB1IOMJICHHS. B sikocTi Mipu eeKTUBHOCTI 00pOOKH |-THM €JIEMEHTOM CUCTEMH IOBIIO-

MJICHHS i-il 4epry, 10 MOCTYMHIO B MOMEHT 4acy t, MO’kHa BUKOPUCTOBYBATH PI3HUIIIO MK MOMe-

oM uacy ty. (t) i MOMEHTOM 3aKiHUCHHS OGPOOKHU Tsax op.i (t):

nt:p z[t) |t§l[t) - I3ﬂK.Dﬁp.l(t)| ’ 3)
1_351&.05[::.2' [t) =W, (t) +b; + 1. (4)
Toxi ehexTuBHICTH 0OPOOKH MOBIIOMIIEHB BCi€i i-1 Uepri BUSHAYUTHCS HACTYITHUM YHHOM:
= acd
¢'nt:p i~ Z |t£[t) - I3ﬂK.Dﬁp.f(t)| . [5)
t=c/
EdexTuBHICTE 00pOOKH MOBIIOMIICHB j-THM €JIEMEHTOM:
t= r(f’+:1rf~“
DD[:II. Z Z |tA [t) T3ax. ubpz[t)| [6)
=1 e=c

Kputepiii Buny (3, 4) 3py4HO 3aCTOCOBYBATH B TOMY BUIAJKY, SKIIO (YHKIIisS 3MiHU HIHHOCTI

B yaci L(t) Bcix moBigoMiIeHb, 1110 0OpOOIAIOTHCS, HE BU3HAYEHI, a BIJOMI JIMIIE 3HaYeHHS L, (t).

Sxmo L(t) nns ycix moBiioMIIeHb, IO 0OPOOIISIFOTHCS, BU3HAYEHI, TO JIOLIIEHO BUKOPUCTO-
BYBAaTH KpHUTEPiil BUAY:
=L (i}
t=t; +Ar”

¢'nt:pz - Z Usz'.i'rj (rmﬂ.oﬁp.z’[t})r [?)

—_y
r=t;

ne L o (rnﬁloﬁplf[t)) LIHHICTh TOBIAOMIIEHHS I-i YEPTIH, 110 MOCTYNHIO B MOMEHT 4acy t Ha Mo-

MEHT 3aKiHUeHHS 1oro 0OpOOKH.
= r':f’+.ﬂr(3’

Dt:[:u i Z Z I, Erl Tzanobp. [t}) [8)

i=1 = I(_i'.l

Kputepiii HacTymHOTO BHIYy 3aCTOCOBYETHCS Y BHUIAJAKY, AKIIO (YHKII I[IHHOCTI MOBiIOM-
JIeHb BU3HAYCHI y PI3HUX IIKaJax:
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il ()
e=t +ae); ]
IS — 1L ) (Tameospe®) |
¢'DD[:IE = Z '-(-'U,[J LLH!II.J.' R [g)
_(jl (L)
=ty

I_L:”(‘:“I" - MaKCHUMaJIbHE 3HAYE€HHs LIHHOCTI MOBiJIOMIIEHD i-i YeprH, IO IIOCTYIIUIO B MOMEHT

qacy fi;

i o ..
)y — BaroBUU KOC(blI.IlEIHT.

I:_;, (71
=t,J' +at, )
i |U‘:nit:f‘ - U\z'.l:'r} (1-3&[{.!}5[3.!' [t)) |
DDPE Z z W uma.x . [lﬂ)
i=1 = I('h E-.I:II:I

Kpwurepii, 1o BpaxoByrOTh cTapiHHs iHPOpMaii.
KpHTepiﬁ BUTY:

nt:p z[t) = Tsakobpi tf,('p:. (£), (11)
ti,(r) — MOMEHT 4acy reHepatlii noBioM/IeHb i- Yepru, IO MOCTYIHIIO B MOMEHT 4acy {;
=t ey
¢'DDP P Z Tsakobpi — tz‘,('p:. [t) : [12)
r:tg}
=t acy
B S (oman®-t000). "
r=¢
n

KpI/ITepiﬁ BUY:
= rfd"+.ﬂr(3‘

mx mx
i Sie) — i) (T3HH.DE[J.E'[:I:))
nt:pz W max ' [14’)

5.
i=1 = r(_i'.l E'l:rl.'.-l

Aac S:T;?J: — MAaKCHUMAJIbHO JOITYCTHUMC CTaleHSI HOBII[OMJ'IGHHH i-1 qepru 3 MOMCHTOM reHepauu t.;

max

Si(e.) (r3ﬂﬁ.05p.f [t)) — CTapiHHA IOBIJOMIJIEHHS i-1 4Y€Pry 3 MOMEHTOM reHepallii t,, o Hagiimuo B

00UHCIIIOBANIbHY CHCTEMY B MOMEHT 4acy T 1 9acoM 3aKiHYCHHs OOPOOKH Txak o6p.i (t);

(jl (jl
t=ty +An, gmax max &)
i zn:r ] Sz(r ] T’-3E|.['LD|5[:I.E'
nt:p Wy gmax . [15)
t= 1-(-?1 L)

Taxum ynHOM, 3a/1a4a ONITUMAJIBHOI (pallioHaIbHOI) OpraHi3alii 0OpoOKH MOB1IOMIIEHb B CH-
CTeMI JTaTbHUX amapariB 1 iX MEHTPIB MPUUHATTA pillleHb, MOXE BUPIITYBATHUCS 3TiIHO cHopMy-
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JHOBAHUX BUIIIE BUMOT JI0 OOpOOKH i3 BUKOPUCTAHHAM C(HOPMYIBOBAHUX KPUTEPIiB €PEKTUBHOCTI
(3,15).
[Tigkpecnumo, 1m0 cama x 3aaada opraHizailii 0OpoOKH MOBITOMIICHB 32 KPUTEPISIMH IIIHHOCT1

1 CTapiHHS TOJISITa€ B TOMY, II0O 3HAWTH TakKi 3HAYEHHS CJIEMEHTIB (j) BEKTOpa YIpaBJIiHHSI

ki, Aty

T

k.4l s K1 0 3a710BOJIbHsUIA chopmynboBaHuM BuMoTraMm (1) 1 kputepism (3,15).

O‘-IGBI/II[HO, 10 3HAXO/PKCHHA 3HAYCHHSA BCKTOpPA TI;

- 4717} MOXKHa BHUPIIIATH METOAOM MPSMO-
' n

ro nepedopy Bcix BapianTis T, 20 - OpnHak, yepe3 BeNUKY KUIbKICTh BapiaHTIB epedopy, TOBHUM

nepedopoM M0 3aJa4y BUPIIIUTH B OUTBIIOCTI BUMAAKIB CKIAAHO. TOMY aBTOpH MPOIOHYIOTH BH-
KOPHUCTOBYBAaTH €BPHCTUYHI aITOPUTMH, SIKi O JO3BOJISUIM 3MEHIIYBAaTH KUIBKICTh BapiaHTIB Iepe-
6opy. Taki anropuTMH aBTOPH TUIAHYIOTH PO3TIISTHYTH B MOJANBIINX CBOIX IMyOTiKaIisX.

3arabHUI AITOPUTM MO YIPABIIHHIO CHCTEMOIO JIITAILHUX anapaTiB 3 BUKOPUCTAHHSIM 3a-
MIPONIOHOBAHUX BHIIE METOIiB OpraHi3aiii 00poOku iH(pOpMaiifHUX MOTOKIB MOYKE BUKOHYBATHCH 3
BUKOPHUCTaHHSAM HACTYITHUX ONeEpalliil i B HACTYMHIN MOCIiT0BHOCTI:

1. BusHaueHHS CTPYKTYpH MEpEXi JIITAIbHUX anapaTiB 1 iX MEHTPIB YIPaBIiHHS 1 TPUHHSITTS
pileHs Ha iHTepBaJi Yacy, A K01 Oy/1e BUKOPUCTOBYBATHCH YIPaBIiHHA. BUKOHYE HIEHTpaIbHUA
€JIEMEHT CHUCTEMHU.

2. JlekoMIo3HIlisi MepeKi Ha OKpPeMi IMiICHCTEMH 1 BU3HAUCHHS IIEHTPAJIBHOTO €JIeMEHTa IS
KOXKHOI mijicuicTeMu. BUKOHYE IEHTpabHUAN €IEMEHT CUCTEMH.

3. Bumaua TmeHTpaqbHUM €IEeMEHTOM CHCTEMH KOMaHJ IIAMOPSAIKYBaHHS BHU3HAYCHUM
LEHTPAJILHUM €JIEMEHTOM MiJcCUcTeMU. BUKOHY€E LIEHTpaIbHUI €1EMEHT CUCTEMHU.

4. Bujaua HEHTpaJbHUMHU €JIEMEHTAaMH ITiJICHCTEM KOMaH]I ITiIOPSIAKYBaHHS PSJIOBUM elie-
MEHTaM CHCTEeMH. BUKOHYIOTh IIEHTpaIbHI €IEMEHTH TT1ICUCTEM.

5. Busnauenns crany iHGoOpMaIifHUX MOTOKIB, 1[0 BUMararoTh 0OpOOKH, Ha BIIPI3KY Hacy
Atn. BUKOHYIOTH LIEHTpAJIbHI €JIEMEHTH M1ICUCTEM.

6. Opranizaiis 00poOKH MOBITOMIIEH 3 BUKOPUCTAHHSM JAUCIUILTIHY J[1 B paMKax oKpeMux
€JIEMEHTIB MiicucTeM 1 (OopMyBaHHS BEKTOPIB, 1110 HE BKJIIOYEHI B 00pOOKY 1H(pOopMaLiifHUX MOTO-
KiB, @ TaKOX BEKTOpIB 3allBUX OOUYMCIIOBAJIBHUX IMOTYXHOCTEH OKPEMHX €JIEMEHTIB MiJCHCTEM.
BUKOHYIOTH OKpeMI €JIeMEHTH MiJCUCTEM.

7. Poznoain o6unciaoBaIbHUX PECYpPCiB B paMKaxX OKpPEMHUX MiJCHUCTeM. BUKOHYIOTH LIeHTpa-
JIbHI €JIEMEHTH ITICUCTEM.

JIpyroro 4aCTHHOIO MOCTaBJIEHOI METHU € OTJIsiJ] ICHYIOUOTO TEXHIYHOTO PIIlIEHHS JUIsl ONTHMa-
JTBHOTO (palioHaasHOTO) po3noAutieHHs anroputMy CMO Ha moxayni. [le muTaHHS € BaXXITUBUM TIO
JEKUTBKOM TIPUYHHAM:

- KonuentyanbHa Mozienb HE € BUYEPITHOIO. 3 MOSBOIO IHHOBALIMHUX PIIIEHb IIIKOM 3aKO-
HOMIPHO, 1110 IHTEHCUBHICTh MTOTOKY MOBIJOMJIEHb A a TAKOK IHTEHCHBHICTh OOPOOKU KOYKHOTO TH-
Iy MOBIJOMJIEHHS - [L MOke 3MiHIoBaTHch. CMO noBHuHHa 3a0e31euyBaTu aIallTUBHICTD.

- Maru MOXIUBICTh TOJaBaTH HOBI MOAYJl «Ha JIbOTY». B yMOBax NMHAMIYHOTO Cepeno-
BHIIIA 11 TY’KE€ BAXIMBUN KpuTepid. e 103BOaUTh MpaitoBaTé 3 HOBUM OOJIaAHAHHAM (HEB1IOMUM
Ha ChOTOJTH1) 6€3 HeOOXITHOCTI MEPENUCYBATH, Ta TIEPe30UpaTH BXKE ICHYIOUY CUCTEMY KepyBaHHS.
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- Po30uBaHHS Ha MOAYII JO3BOJIUTH PO3MAPATICTUTH MPOIEC PO3POOKH MPOrPaMHOTO 3a0e3-
MICYCHHS.

- Kosken Momynb Moxke OyTH OKpEeMO MPOTECTOBAHUH AJIsl BUSIBICHHS TOMHJIOK (OariB) came
B KOHKPETHOMY () yHKITiIOHAJTI.

- BUHUKHEHHS KPUTUYHUX TOMHIIOK B poO0Ti [13 KOHKpeTHOro MOAy/sl YIpaBIiHHS HE MO-
BHUHHO BIUIMBATH HA POOOTY 1HIINX YaCTUH CUCTEMH.

Posrnsinemo npukiiaz. LlenTpanbHuil MyHKT BMi€ 0OpOOISTH TPU TUIH TOBIJOMIJICHB: TOIIYK
MiH, TOIIYK BOPOXXMX BOTHEBUX TOYOK, €BaKyalil0 MopaHeHHWX. be3minoTHuil niTanbHUi amapar
CIIOCTEPEIKEHHS BUSBIISE BOPOXKY MiHY 3 IHTEpBaJIOM KOXHi 4 roaunu. [10BiqOMIICHHS OTpAIUIsE Y
HneHTpabHui MyHKT — 13, sike aHamizye BXigHEe NOBIJOMJICHHS 1 MpUiiMa€e pillIeHHS CTOCOBHO CIIO-
co0y BUKOHaHHS po3MiHyBaHHS. [IpumycTuMo, cuctemMa BMi€ po3MiHOBYBAaTH BOPOKi MiHH Ha CY-
XOJI0JT1 IBOMa CIIoco0aMH: MepIInii — po3MiHyBaHHS Oe3nocepeanbo canepoM. Hexail po3MinyBaH-
HSl caliepoM 3aiiMae 5 roJuH Ha KOXKHY MiHy. [pyruii cnocid — BUKOPHCTaHHS JIITAI0YOTO anapaTy
13 camomigpuBoM. Takuii crocid 0OpoOKH BXiTHOT 3asIBKM BUKOHYEThCS, HAapHuKiaz, 20 XB. i MOXe
IIpalloBaTH JIMILE B yMOBaxX sCHOI oroau. Buxonasuu 3 uporo, po3podiaene 113 noBuHHO BMiTH 00-
poOIIATH TaKy 3asiBKY JBOMa CIIOCO0aMHM, B 3AJICKHOCTI BiJl KPUTEPIiB Y3rO/KEHHS 3 OOKY IYHKTY
YIIpaBITiHHS.

SIx BUHO 3 puc. 2 0a30BHI MOYJIb MOBUHEH 3AIHMIIATHUCS BIAKPUTHM Ui po3mmpenHs. Lle
JI03BOJISIE JIETKO JTOJIaBaTH HOBI PIIICHHS y BXKE ICHYIOUY apXiTeKTypy, HAIPUKJIIAI IPU MOSIBI HOBUX
Croco0iB po3MiHyBaHHS. AJie IPU I[bOMY 3aJHIIaTH 0a30BHH (yHKIIOHAT HE3MiHHUM. Taka apXi-
TEKTYpa J03BOJUTH MapajieIbHO PO3POOISATH aIrOPUTMU ISl KOYKHOTO 13 ICHYIOUHX CIIOCOOIB PO3-
MIHYBaHHS.

3 TOYKH 30py LIEHTPAIbHOI'O MYHKTY, HEMA€E PI3HULI SIKUM CIIOCOOOM Oy/ie BUKOHAHO PO3Mi-
HyBaHHs. BaxuBo nuie yac 1 CTaTyc yCHilIHOCTI BUKOHAHHS BUMOTH.

BazoBWid mogyne po3mMiHyBaHHA

Pucynoxk 2 - Tumosa cxema criocoOy oprasizaiiii 00poOKH BXiTHIUX BUMOT THITY «PO3MiHYBaHHS,
ne «1» 1 «2» 6e3mocepeHi CrocoOr PO3MIHYBaHHS 110 MOXYTh BUKOHYBATHCHh CHCTEMOIO

Bupimennst momioHOi 3a/1a4il 31a€THCS JIOTIYHUM 32 JIOMTOMOTOI0 TaKUX KOHIIETIIN 00’ €KTHO-
opienToBaHoro nporpamyBaHHs (OOII) sx HacmigyBanus 1 nomiMopdiszm. i konnenuii OOIT go-
3BOJIIFOTH PO3pOOJIATH TaKy apxiTektypy 113, siky MoxiauBo Oyae BUKOPHCTOBYBATH TYT 1 3apas,

PO3IINPIOBATH, BJIOCKOHATIOBATH, MOIU(DIKYBAaTH YK 3MIHIOBAaTH KOHKPETHY JIOTIKYy 0OpOOKH 1 mpu
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[IbOMY HE 3MIHIOBaTH camy apxiTektypy. [loOynoBa apxitextypu 13 3 BUKOpUCTaHHAM OCHOBHHX
koHnenuin OOII 103BOJIMT MAKCHMAJIBHO LIBHJKO PO3POOJIATH ApaiiBepu (B JAHOMY KOHTEKCTI -
[pOorpamMu, ajJrOpUTMH KEpyBaHHS) I BXKE ICHYIOUHX PIllIeHb, @ TAKOXK 3aJHIIUTHCH BiIKPUTHM
JUIsl BHECEHHS MEPCIIEKTUBHUX pileHb. OKpiM TOT0, TAaKUK MiAXiJ T03BOJUTH MAKCUMAIBHO SKICHO
BUKOHATHU TPOIIEC TECTYBAHHS.

Po3rnsiHeMo aOGCTpakTHUN MPUKIIAA OOCITYyrOBYBaHHS IOBIJOMJICHHS PO3MIHYBaHHS Ha MOBI
nporpamyBaHHs C++.

enum status {FAIL = 0, SUCCESS = 1}; //craTycu BMKOHAHHA SaBOaHHA
class MineClear
{
public:

bool virtual Run () = 0;

virtual ~MineClear () {}

}i

class MineClearFPV : public virtual MineClear
{
public:
bool virtual Run () override
{
//clearing a mine
return SUCCESS;
}
virtual ~MineClearFPV () {}
}i
class MineClearSapper : public virtual MineClear
{
public:
bool virtual Run () override
{
//clearing a mine
return SUCCESS;
}
virtual ~MineClearSapper () {}
}i
int main ()
{
enum ClearType
{
sapper,
drone
bi
MineClear* ptr = nullptr;
short clearType = drone;
short status = -1;
10 .
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switch (clearType)
{

case sapper:

ptr = new MineClearSapper () :;
break;

case drone:
ptr = new MineClearFPV () ;

break;
default:
break;
}
if (ptr)

{
status = ptr->Run();

delete ptr;
return status;

B manomy npuknani, abcrpaktHuii 6a3oBuit kiac MineClear peanizye ¢GyHKI[IOHAIBHICTH PO-
3MiHyBaHHA. [|JI1 MPOCTOTH CHPUAHSATTSA aBTOPH MOKa3ad B HboMY Juie 1 ¢yHKIito, ane 3BHyaii-
HO IIeH KJlac MICTUTH B co0i yBech 0a30BHI (yHKIIOHAT OOpPOOKH MOBIZOMIIEHHS PO3MiHYBAaHHS.
Jani Big Hporo ynacmigyrotecs 2 kiacu MineClearFPV ta MineClearSapper, siki 6e3mocepeaHbo
peai3yloTh MOBHUN LUK OOpPOOKHM KOHKPETHOIO IMOBIJOMJICHHS KOHKPETHMM criocoOom. Bupas
short clearType = drone; ciig po3risaaTH JHIIe K HAMISAIHUN MPUKIaA. B peaqbHUX yMOBax I
XapaKTepUCTHKa 1 Oyae BU3HayaTH crocid oOpoOku nosimomieHHs. 3miHHa Status iHopmye cuc-
TEMy IpO CTaTyC BUKOHAHHS BUMOTH. 3BEpHITh yBary, Taka apXIiT€KTypa J03BOJHUTH PO3POOISATH
JIOTIKY JJI1 KOYXKHOTO 31 CIIOCOOIB BUKOHAHHS 3asBKH MapajelbHO, a OTXKE, 1 TECTYBaHHS KOXHOTO
KOHKPETHOTO PIIIEHHS MO’KHAa BUKOHYBAaTH HE3aJIEXKHO B1Jl 1HIIOTO.

[Ipn nanomy apxiTeKTypHOMY MIAXOAl 10 po3podku [13 Mu Moxemo JoaaBaTH HOBI MOAYIII
4y criocodu 00poOKM MOB1IOMIIEHh HA OCHOBI HOBMX TEXHIYHMX pIlIEHb 1 IPU LIbOMY caMHil 6a30-
BH MIIX1]] 5KOJTHUM YUHOM He Oy/ie 3MIHEHUH.

[Ipuknan. B npoiieci BAOCKOHAIEHHS TEXHIUHUX PIllIEHb 3 SBISETHCS MEPCIIEKTUBHUM Oe3ri-
JIOTHUHM HA3eMHUU APOH po3MinyBaHHs. Jjis BUkopuctanHs Takoro apoHa B CO/l, moctaTHRO Juiiie
nonaty kiac BukoHanus Bumoru MineClearLand, i po3mupuTu noriky Bubopy o0poOku Takoi BuU-

MOTH, JT0 MOKJTUBOCTI BUKOPHUCTAHHS TaKOTO CIIOCO0Y 0OpOOKH TTOBITOMIICHB.
class MineClearLand : public virtual MineClear

{

public:
bool virtual Run () override
{
//clearing a mine
return SUCCESS;
}
virtual ~MineClearLand () {}
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}i
switch (clearType)
{

case droneland:
ptr = new MineClearLand() ;
break;

SIk BUIHO 3 IIpUKIaLy, po3podka HoBoro [13 it BupimIeHHs 3a1a4i >KOJAHUM YNHOM HE BIUIH-
Ba€ Ha poOOTY BXKE ICHYIOUHX DillIeHb 1 3a0e3meuye, OKpiM CKa3aHOTr0, MiHIMI3AIlI0 MePEKOMITLIIS-
1ii/mepe30upanHs yciel cucteMu. B 1aHOMy BUIIAIKy AOCTAaTHBO JIMIIE 3HOBY 310paT MOAYJb PO3-
MiHyBaHHSI.

BucnoBku. B po60Ti Bu3HaueHO Ta chOpMylbOBaHO KPHUTEPil ONTUMAIBHOI (pamioHaIbHOT)
oprasizaiii 00poOKH MOTOKIB MOBIIOMIJIEHb, 110 (PYHKLIOHYIOTh B CUCTEMI JIITATbHUX anaparis. Po-
3IJISTHYTO ICHYIOYE TEXHIUHE PIMICHHS ISl ONTHMAIbHOTO (palioHaIbHOI0) PO3MOALICHHS aaropu-
™™y CO/l Ha Mopymi.
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Mathematical model and general algorithm for solving the problem of processing
messages taking into account their value and aging in aircraft systems

According to research, the world's leading countries, such as the USA, Great Britain, Japan,
etc., are actively engaged in the development of automated and automatic systems based on artifi-
cial intelligence (Al) in the military sphere and even already have a roadmap for the integration of
unmanned systems in the medium and long term prospects.

The purpose of this work is to describe a general algorithm for controlling an aircraft system
with using controlled discipline taking into account the value characteristics of messages. In addi-
tion, an overview of the existing technical solution for the rational division of the algorithm into
modules is offered.

In the paper considers a mathematical model of the mass service system, where the messages
are characterized not only by limit time of execution, but also by another important characteristic -
the value of each individual message in the same type of queue. The authors proposed a definition
of the efficiency of message processing by system elements. The authors believe that a such model
can be quite relevant with the development of unmanned (aircraft) vehicles in the structure of the
armed forces of Ukraine. It is especially relevant and appropriate in conditions of active combat
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operations, where the real situation is very dynamic and the messages entering to the system have
different values within the same period of time. The existing technical solution for the optimal (ra-
tional) division of the algorithm into modules is considered. This will allow to parallelize the soft-
ware development process, test individual modules and make changes in accordance with the latest
technical solutions without the need to change the entire system architecture.

Mopo3 Bopuc IBaHOBHY - TOKTOp TEXHIYHHUX HayK, mpodecop, mpodecop kadeapu nporpaMHOro
3a0e3neueHHs] KOMIT I0TepHUX cucTeM, HamioHansHUi TeXHIYHUHI yHiBepcuTeT «J{HIIpoOBChKa 1O-
TITEXHIKa.

Kpyrauk Anapiii CeprifioBuy — 3100yBau BUIIOT OCBITH PiBHS JOKTOP (imocodii, Hamionansamii
TEXHIYHUN YHIBEPCUTET «/[HIPOBCHKA MOMITEXHIKAY.

Mopo3 Imutpo MakcumoBHY — TOKTOp (istocodii, TomeHT kadeapu mporpaMHOro 3a0e3MeYCHHS
KOMIT'IOTepHUX cucTeM, HalioHampHU TEXHIYHUN YHIBEpCUTET «/[HIMPOBCHKA MOMITEXHIKAY.
Maprtunenko AHpiii AHaTodiiioBUY — T0KTOp (itocodii, moreHT Kadeapu mporpaMmHoro 3abdes-
MIEYEHHSI KOMIT I0TEpHUX cucTeM, HarioHanbHUN TeXHIYHUN yHiBepcHTET «/IHIMpoBChbKa momiTex-

HiKa».
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V.A. Antonyuk, M.G. Sydorova
INTEGRATION AND USE OF ARTIFICIAL INTELLIGENCE
FOR AUTOMATED MACROS CREATION

In today's world, automation and optimization of work processes are becoming key success factors.
This work examines the combination of automation systems and artificial intelligence (Al) and their
impact on the optimization of work processes. The technology of integration into the process
automation system and learning of a large language model for the automated creation of macros
using the example of the author's software "Draw & GO™ has been developed and proposed.
Keywords: automation and optimization of workflows, macro, human-machine interaction,
artificial intelligence, LLMs, Prompt Engineering, computerized devices.

Statement of the problem. In today's increasingly valuable world, automation and workflow
optimization are becoming key success factors. Systems that allow you to automate routine tasks
and organize work significantly increase productivity and efficiency.

The system of automation and organization of work processes includes:

e Macros are sets of commands that automate repetitive tasks. They can be used to automate
almost any task that can be done manually, from data entry to text formatting.

e Workflow programs are more complex systems that allow you to automate entire task
chains. They can include conditional statements, loops, and other logical elements, making them
more flexible and powerful than macros.

«Draw & GOy [1] is an innovative cross-platform workflow system that is built on the mi-
crokernel onion architecture [2] of plugins using .NET MAUI and Blazor technologies [3], imple-
ments interaction based on graphic gesture recognition [4], allows users to create powerful and se-
cure workflows customized according to the needs and preferences of each client based on specific
conditions, actions and triggers in a secure environment of industry standards.

A relevant area of research is the use of artificial intelligence in automation and workflow
systems, which is based on a number of key factors:

1. Data Growth: The world is generating unprecedented amounts of data that humans cannot
analyze on their own. Al makes it possible to process and interpret this data, revealing hidden pat-
terns and gaining valuable insights.

2. Personalized experiences: Al enables you to create personalized experiences for users
based on their individual needs and preferences. This leads to better customer engagement and
loyalty.

3. Improved decision-making: Al can aid in better decision-making by providing data-driven
analytics and predictions. This leads to better results in business, science, and other areas.

© Antonyuk V.A., Sydorova M.G., 2024
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The combination of automation and workflow systems with Al makes them extremely power-
ful tools that can significantly improve operational efficiency in various areas:

1. Automate complex tasks: Al can be used to automate complex tasks that previously re-
quired human intervention. For example, Al can be used to:

e Data analysis: Al can automatically analyze large amounts of data to identify patterns and
make predictions. This can be used to automate tasks such as demand forecasting, fraud detection,
and price optimization.

e Natural Language Processing: Al can be used to understand and generate human language.
This can be used to automate tasks such as customer service, report writing, and text translation.

e Computer vision: Al can be used to analyze images and videos. This can be used to auto-
mate tasks such as quality control, object recognition, and robot navigation.

2. Adaptive automation: Al can be used to create adaptive automation programs that can self-
learn and adjust as they work.

3. Increased productivity: Al can be used to improve the productivity of automation applica-
tions. This will help in reducing the time and errors that may occur when manually completing
tasks.

Al applications are becoming more accessible and versatile. They are used by a wide range of
organizations, from small businesses to large corporations, as well as government and non-profit
organizations.

This article discusses the possibilities of using Al in process automation systems to improve
their capabilities using the example of the "Draw & GO" system.

Analysis of the latest research and publications. Today's important advances in artificial in-
telligence are large language models (LLMs) and Prompt Engineering technologies [5-6]. Some of
the most popular large language models include:

e OpenAl GPT (Generative Pre-trained Transformer) is known for its ability to generate co-
herent, informative text based on the instructions it receives;

e Gemini, which is an attempt to create a more versatile and efficient language model capa-
ble of adapting to a variety of language processing tasks;

e Facebook Al LlaMa, which is also a high-performance model designed for a variety of
applications in the field of natural language processing.

With the advent of language models, the term Prompt Engineering emerges. Prompt Engi-
neering is a relatively new discipline for developing and optimizing prompts for the effective use of
language models for a wide range of applications and research topics [7].

Some of the most popular Prompt Engineering techniques are:

e Prompt chaining is a method where a task is broken down into subtasks in order to create a
chain of operational operations [8].

e Few-shot learning is a method that allows a language model to learn from a small number
of examples. This method can be used to train a language model to perform new tasks for which
there is not a lot of data [9].
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e Zero-shot learning is a method that allows a language model to perform tasks without hav-
ing any training data. This method uses the knowledge that the language model has gained during
previous training in order to generalize to new tasks [10].

Objective. The purpose of this work is to investigate the combination of automation and
Al systems and their impact on the optimization of workflows, to review existing solutions, to
identify key factors that affect the successful combination of automation systems and Al, to
propose a technology for integrating and training a large language model for automated creation
of macros in a process automation system, to implement practical testing of the proposed
technology in the "Draw & GO" system, develop recommendations for the effective use of
automation systems and Al to optimize workflows.

Presentation of the main material of the research. In this work, the technology of integra-
tion and training with hints of the language model into process automation systems has been devel-
oped on the example of the "Draw & GO" automation system.

The proposed technology allows users to build workflows, describing only the requirements
for them, without the need to delve into knowledge of programming or even the system itself, and
consists of the following steps:

1. Choosing a language model of artificial intelligence. After analyzing the integration capa-
bilities of LLMs, it was found that Open Al provides the easiest way to use it, so let's consider this
particular language model. Currently, Al from Open Al offers two popular models: GPT-3.5 and
GPT-4. While both models are based on transformation architecture, GPT-4 tentatively shows more
improvements in accuracy, master learning ability, and pattern recognition. However, GPT-4 is a
more expensive and slower model because it provides a more detailed answer. After comparing
both models and the quality of the result, it was chosen to use the GPT-3.5 model.

2. We connect libraries to work with Open Al. To connect the model, the OpenAl Sdk NuGet
package was used [11].

3. We carry out prompt engineering in order to train the Al model to understand the system.
It is necessary to conduct several experiments to determine which prompt engineering techniques
are best to apply and what information will be sufficient to return the correct data. For example, to
integrate Al with the Draw & GO system, the following instructions for using each macro command
were developed:

3.1. We provide a basic role so that the system adapts the answers as if it were an expert in the
field. Prompt: "You know how to use Draw & GO plugins".

3.2. We provide a list of macros available in the system so that the language model returns re-
sults that Draw & GO will understand. Prompt: «You know such plugins as: Start, Search, Con-
soleLog, SendEmail, Text, Number, Booleany.

3.3. We provide basic information about the macro command. Prompt: «Each plugin has its
own set of parameters. The parameter has its name, type, and value. The parameter name is a
string. The parameter value is an object. The parameter type is a string. The parameter type can be
one of the following: string, number, boolean, or any.

18 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi TexHosorii» 5 (154) 2024 «System technologies»

Each plugin has its own set of Connectors. There can be input and output connectors. Input
connectors are used to connect plugins. Output connectors are used to connect plugins. Output
connectors can only be set to input connectorsy.

3.4. We provide detailed information about each parameter for each macro command.
Prompt: «The start plugin has no input connectors. The start plugin has one output connector. The
start plugin has no parameters.

The start plugin has a single output parameter with the name Start.

The search plugin has one input connector with the name In. The search plugin has one out-
put connector with the name Out. Search plugin has 2 parameters: Search (with type string) and
SearchProvider (with type string).

ConsoleLog plugin has one input connector with the name In. The search plugin has one out-
put connector with the name Out. Console plugin has 1 parameter: Message (with type string). »

3.5. If necessary, we provide constraints or rules for the overall system, which will help nar-
row down the answer to a more accurate result. Prompt: «Macros must contain one and only one
Start plugin. It's the start of the flow execution. »

3.6. We provide information about what requests will be made and how the system will be
used. Prompt: «The user will ask you to generate a flow diagram for Draw & GO plugins in general
format. You will need to understand the user's request and generate a flow diagram for Draw & GO
plugins. »

3.7. Set the view in which you expect to get the result. Prompt: «In output, you must provide a
valid JSON object with plugins and links (connectors). Example valid output:

{
"name": "Weather in Dnipro",
"macroCommands": [{
"Type": "DrawGo.Plugin.Essentials.Extensions.Start",
"Id": "68B34584-7649-4582-974F-FA8608570D58",
"position": "0:0",

"FieldData": []
Fod
"Type":
"WebExtensions.SearchMacroCommand.SearchMacroCommand",
"1d": "E7625C90-C643-4CA7-B093-7374BE9DBC71",

"Position": "199:266",
"FieldData": [
{"DataType": 5,"Key": "Search","Value": '"Weather 1in
Dnipro"},
{"DataType": 5,"Key": "SearchProvider", "Value":
"Google"}]}],
"links": [{
"DestinationKey'": "In",
"DestinationNode": "E7625C90-C643-4CA7-B093~-
7374BE9DBC71",
"SourceKey": "StartFlow",
"SourceNode": "68B34584-7649-4582-974F-FA8608570D58"
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3]

}»

3.8. After the general settings, the system is ready to accept commands from users. It should
be emphasized that users do not need to have deep technical knowledge or learn complex command
syntax to form these commands.

The system is designed to use ordinary human language to formulate queries, similar to how
people type queries into search engines like Google. For example, the user can simply type "open
mail™ or "launch music player”, and the system recognizes and executes these commands according-
ly. An example of such a command would be:

«Generate a flow diagram for Draw & GO plugins.

| want to search for a Smart Home in Bing. | want to write a log message with text containing
the current date and time. »

As a result, we get the following answer (Fig. 1):

I
L

"name"”: "Smart Home Search and Log",

"macroCommands": [
"Type": "DrawGo.Plugin.Essentials.Extensions.Start”,
“rd": "1,
"Position": “@:@",
"FieldData": []

T

"Type": "WebExtensions.SearchMacroCommand.SearchMacroCommand™,
IrIdII: IIEI"J

"Position": “Z@9:laa",
"FieldData": [

{"DataType": 3,"Key": "Search","Value": "Smart Home"},
{"DataType": 3,"Key": "SearchProvider","Value": "Google"}]7},
"Type": "Drawdo.Base.Extensions.Logs.Consolelog”,
"Id": "3,
"Position": "488:288",
"FieldData": [{"DataType": 5,"Key": "Message","Value": "Current Date and
Time"}151,
"links": [
"Destinationkey™: "In",
"DestinationMNade™: 2",
"Sourcekey": "StartFlow"”,
“SourceMode™: “1"
T
"DestinationkKey™: "In",
"DestinationMode™: 3",
"Sourcekey": "Out",
"SourceMode": "2"
h

Figure 1 - Al-generated result
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The result obtained in the "Draw & GO” system is automatically converted into a macro that
can be used in the future (Fig. 2):

Mouatok :

Search

Smart Home Current date and time:
[placeholder for date

Search Provider -
” and time]

Bing

(ow)

(out)

Figure 2 - Macro generated by artificial intelligence in the "Draw & GO" system

Conclusions. This paper proposes a technology for integrating and training a language model
for automated creation of macros in the context of the author's software "Draw & GO". The use of
Al significantly expands the capabilities of users and makes the development of customer-oriented
applications more intuitive and accessible. The combination of automation and Al systems has great
potential to streamline workflows and increase productivity. Al can help automate complex tasks,
improve decision-making, and create personalized experiences for users. It's important to choose
and implement the right automation and Al systems to get the most out of your investment. This
research will help to improve the understanding of the potential of combining automation and Al
systems to optimize workflows. The results of the study can be used to develop more efficient and
effective automation and Al systems. The study's recommendations will help organizations of all
sizes and industries successfully implement automation and Al systems to optimize their work-
flows.

Further research in this area may focus on developing new methods and algorithms for auto-
mating workflows using Al, studying the impact of combining automation systems and Al on the
workforce and society as a whole, and developing ethical norms and guidelines for the use of Al in
work processes.
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Inmezpauyisa ma euKopucmanusa wimMy4yHo20 inmenexkmy
0J151 AGMOMAMU306AHO20 CIEOPEHHA MAKPOCig

B cyuacnomy ceimi, doe uwac cmae Oedani yiHmiwum pecypcom, aemomamuszayisi ma on-
mumizayis pobouux npoyecie nepemeoproomsvcs Ha Ko4osi ¢akmopu ycnixy. Cucmemu, 5Ki 003-
80JIAI0Mb  ABMOMAMU3Z08Y8AMU PYMUHHI 3A80AHHA MA O0p2aHi308yeamu pooomy, 3HAYHO NIOBU-
wyrome npoodykmuenicme ma egpexmusnicmo. Ilpukiaoom maxoi cucmemu ¢ “Draw & GO” [1] —
epexmuene ma 2Hyuke Kpocniam@opmue npocpamue 3abe3nedents agmomamuszayii pobouux npo-
yecie ma 83aemo0ii 3 KOMN 10MEPU308AHUMU NPUCMPOIMU, AKe 3a0e3nedye YNPAasiiHHA HA OCHOBI
epaghiunux scecmie ma inmeepayiro 3 0Y0b-AKUMU ICHYIOUUMU CIMOPOHHIMU CILYHCOAMUL.

HImyunuii inmenexm (L) mae éenuxuit nomenyian 0 peBoOYIHUX 3MIH Y bazambox cghe-
pax. AkmyanoHum HanpsamMom € 00CHIOHCEeHHS MONCIUBOCMEN 1020 3ACMOCY8AHHA Y CUCMEMAX A68-
momamu3zayii ma opeanizayii pobouux npoyecis, 30Kpema iHmezpayis 6eIUKUX MOGHUX MoOeell ma
OOHABYAHHS IX 30 OONOMO20I0 HABYAHHS 3 NIOKA3KAMU.

Memorwo yiei pobomu € docrioumu noconanus cucmem asmomamuzayii ma LI ma ix eniue
Ha onmumizayio pooouux npoyecis, npogecmu 0210 ICHYIOYUX PieHb, BUSHAYUMU KIH0Y08i (hakK-
mopu, AKI 6NIUBAIOMb HA YCHIWHe NOEOHAHHA cucmem asmomamuzayii ma LI, 3anpononysamu
MeXHOI02I0 IHme2payii ma HABYAHHS BEUKOI MOBHOI MOOeNT Ol ABMOMAMUZ08AHO20 CMBOPEHHS.
Maxpocie y cucmemi asmomamusayii npoyecis, peaiizyeamu npakmuiHy anpooayito 3anponoHosa-
Hoi mexnonoeii y cucmemi “Draw & GO ”, pospobumu pexomenoayii wo0o epexmusnoco suxopu-
cmanus cucmem asmomamusayii ma LI ona onmumizayii podouux npoyecis.

Hocnioowcennsn noxazano, wo noeoHanus cucmem asmomamusayii ma LI mae eenuxuti no-
menyian 01 onmumizayii pobouux npoyecie ma niosuwenus npooykmuenocmi. LI mooce dono-
Mo2mU a8momMamu3ye8amu CKIao0Hi 3a80aHHsl, NOKPAWUMU NPUUHAMMA pPiuleHb ma CMeopumu nep-
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COHANi308aHUll 00cBi0 015 Kopucmysauis. QOHAK 8ANCIUBO NPABUILHO BUOpAmMU MA 6NPOBAOUMU
cucmemu aemomamu3zayii ma LI, wob ompumamu maxcumanvHy 8iooayy 6i0 iHeecmuyil.

AHTOHIOK BuiaauciaB AuapiiioBu4 - acmipaHT J{HIMPOBCHKOTO HAIIOHAIBHOTO YHIBEPCUTETY
imeni Onecs ['ongapa.

CunopoBa Mapuna I'ennaaiiBHa -10o1ieHT J[HIMPOBCHKOTO HAIIOHATHHOTO YHIBEPCUTETY iIMEHI
Onmnecs ['onuapa.

Vladislav Antonyuk - PhD student Oles Honchar Dnipro National University.
Maryna Sydorova - Associate Professor Oles Honchar Dnipro National University.
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S.J. Ocraneun
NPUHLOUIIU TIOBYJAOBU CUCTEM KEPYBAHHSA
BE3NIJIOTHUX TPAHCIIOPTHUX 3ACOBIB

Anomayisn. B pobomi pozensioaromvcs npunyunu noby0osu ma OpeaHizayis cucmemu KepyeaHHs
Oe3niNoOMHUX MPAHCROPMHUX 3aco0i8. Memorw pobomu € po3sumox npuHyunie nooyo0osu cucmem
KepysamHs Oe3niiomHUMU MPAHCROPMHUMU 3acobamu. Bupiuysani 3adaui: ananiz 3acobie 300py
iHGhopmayii npo cman ma noaoHCeHHs Oe3NLIOMHUX MPAHCNOPMHUX 3AC00i8, PO3POOKA Y3aeaibHe-
HOI apximexmypu cucmemu Kepy8auHs 0e3niiomHUMU MPAHCROPMHUMU 3acoOamu. 3anponoHO8aHO
Kaacugixayio 3acobieé ceHCOpHO20 CKaHysamHs. Po3pobneno ysazanvHeny cmpykmypy cucmemu
Kepy6auHsl, Onucano ii okpemi @yukyionanvui niocucmemu. Ilpedcmasnena apximexkmypa mooice
OYmMuU BUKOPUCMAHA NPU CIMEBOPEHHT OE3NLIOMHUX MPAHCNOPMHUX 3AC00I8.

Kniouosi cnosa: 6esninomuuii mpancnopmuuil 3acio, cucmema KepysauHs, apxXimekmypa, CeHcop,

0amuux, KOHmpoep.

IlocTanoBka npodaemu. B enoxy nudposizallii oHI€0 3 aKTyaJbHUX 33/1a4 Y TPaHCIOPTHIN
raiys3i crae BOPOBAPKEHHS TEXHOJIOTIH 0e3mioTHOro KepyBaHHs. be3ninoTHi TpaHCHOPTHI 3acobu
(bT3) — Bua TpaHcmopTHUX 3ac00iB, AKi MepecyBarOThCs 0e3 JIOANMHM — MiJIoTa Ha OOPTY 3a J0MOo-
MOTOI0 CIIeLialbHOT CUCTEMH aBTOHOMHOTO KepyBaHHs. Came HasBHICTh TOBHOI[IHHOT CUCTEMH aB-
TOHOMHOTI'O K€PYBaHHS € BIIMIHHOIO PHCOI0 0€3MiJIOTHOI'O TPAHCIIOPTY BiJ AUCTAHLIHHO KEPOBAHUX
Mojiesiel. OCHOBa KOHIIEMIIi aBTOHOMHOT'O K€pYBaHHS IOJISTae y BUMIpIOBaHHI BHYTPILIHIX Ta 30-
BHIIIHIX HapaMmeTpiB, iX MOPIBHSAHHI Ta CTBOPEHHI BIJNOBITHOIO BIUIMBY Ha YNPABIIHHA PYXOM
BT3. /lo ki1t040BHX KOMIIOHEHTIB CHCTEM KEpYBaHHS BXOIATh JATUYUKU CIPUUHATTS, HaBiramiiHi
HiCUCTEMH Ta aJTOPUTMH, AITOPUTMU OOPOOKH JAHHMX, aJTOPUTMH JIOKaTi3allil, TUHAMIYHI ajro-
PUTMHU IUTaHYBAaHHS MapUIpPYTiB, KOMYHIKalliiiHi 3acobu Tomo. B pamkax poOGOTH MpONOHYEThCS
aHaJIi3 IPUHIMIIB T0OYI0BH cucTeMu kepyBaHHs BT3.

AHani3 ocTaHHIX gocjaigxkeHb i myOaikanii. HalimpocTimum BTIJICHHSAM CUCTEMH KepyBaH-
Hs BT3 mMoxHa ysBUTH KiHLIEeBU 1udpoBuil asromar, 60 bT3 BukoHye 11ii BUXOs4U BiJl HOTOYHO-
IO CTaHy CUCTEMH Ta BXIIHUX JaHMX BiA AaTuyukis. [Ipore, sk npaBmiio, cucrema kepyBanHs bT3 He
€ KIHIIEBUM aBTOMAaTOM y KJIACHYHOMY CeHCi Teopii aBTomariB. KiHIeBi aBTOMAaTH € MOJENSAMH, SIKi
MaloTh OOMEKEHY KUIbKICTh CTaHiB 1 epexoiB Mixk umu cranamu. Hatomicts y BT3 Bukopucto-
BYIOTbCS CKJIQJIHIII Ta THYYKIIIi METOJIM YIPABIiHH, BKIIIOYAIOUN €JIEMEHTHU IITYYHOT'O 1HTENEKTY,
MalIMHHOTO HaBYaHHS, aJalTUBHI aJrOPUTMHU, T€HETUYHI aJrOpUTMHU Ta iHII TexHousorii. Kinmesi
aBTOMaTH 3HAXOJAATh 3aCTOCYBAaHHS B OKPEMHX Ipollecax, HaIpuKia, Uil aBTOMaTUYHOTO MOBEp-
HeHHst BT3 Ha MoYaTKoBY MO3MIIIIO IPH BTPATi 3B SA3KY 13 MyJIbTOM KepyBaHHs [1].

bT3 nmoainstoThcs HAa YOTUPH OCHOBHI KaTETOpii B 3aJIEKHOCTI BiJ] CEPEIOBUINA, Y IKOMY BO-
HU ¢GyHKUIOHYIOTH [2]: HazemHi UGV (unmanned ground vehicle), nmoBitpsai UAV (unmanned
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aerial vehicle), nagBogai USV (unmanned surface vehicle), miaBogai UUV (unmanned underwater
vehicle). Haitbinsin pozBunyToto € kateropis UGV, sika mpecraBieHa JISTKOBUMHU Ta BaHTAKHUMH
aBTOMOOUISIMU, TPOMAJICBKUM TPAHCIIOPTOM, IOi31aMH, Pi3HOLLIOBUMH KOJICHUMHU, T'YCEHUYHUMU
Ta KPOKyIouuMH poboTtamu. B ganiii po6oTi 30cepenumocs came Ha kareropii UGV.

VY IOCTYNMHUX JDKepenax 3yCTpidarloThesl pi3HI OaueHHs apXiTEeKTYpHUX DIllleHb AJIs CUCTEM
kepyBanHs bT3 [3-5]. fIx mpaBuio, Taki pileHHs 3a1exarb BiJl KOHKPETHOTO HAbOpy CEHCOpIB i
TAaTYHKIB.

Merta pociizkenHsa. Meroro poOOTH € PO3BUTOK MPHUHIUIIB NOOYAOBU CUCTEM KEepyBaHHS
BT3. B po6oTi BiAMOBIAHO 1O METH MOCTABJIEHI TaKi 3a/1ad4i: aHaji3 3aco0iB 300py iH(opmarii nmpo
cran Ta nonoxxeHHst BT3; po3poOka y3aranpHEHOI apXiTeKTypHu cucteMu KepyBanHs bT3.

OcHoBHUI MaTepiaa gociaigxenHs. 3a3Buuail bT3 3abe3neueHi MUPOKUM HaOOPOM CKIIa-
HUX Ta (QYHKIIOHAJIHHUX CEHCOPIB 1 JaT4uKiB. PO3riissHEMO pi3HOMaHITHI BUIU MPUCTPOIB, SKi MO-
KyTh OyTH BUKOPHUCTaHI JJIsl HUKITYHOTO 300py nanux y BT3 (muB. puc. 1), Ha3BeMo 11eii mporiec

@

CeHCOpPHe CKaHyBaHHSA

| T

KoMmn. 3ip opoMeTpis KoopAuHauia AanbHICTb BUABNIEHHS

A

/
C 0@ O W e

LUI kamepa BisynbaHa konecHa IMU RTKGNSS coHap papap LiDAR

ripockon akcenepoMeTp MarHitomerp

CCHCOPHHUM CKaHYBAaHHSM.

Pucynok 1 — Knacudikamis 3aco0iB ceHcopHOTro ckanyBaHHs y BT3

[Tpuctpoi (Moayni) 06’enHAaHO B TPYNH 32 (PYHKIIOHATBHUM MPHU3HAYCHHSIM, TOMY B OJHIMH
IpyIi MOXKYTh 3HAXOAUTHUCS JATYUKU Ta CEHCOPU KapIUHAIBHO Pi3HI 32 MPUHIIUIIOM ii.

Cuctemu komn’torepHoro 3opy (CV) B BT3 BUKOPUCTOBYIOTH pO3yMHI KaMepu Ui CIpUii-
HATTSI HABKOJMIIHBOTO cepefoBuina. Kamepu 3acTOCOBYIOTHCS /AJIs1 BUSIBICHHS, PO3Mi3HABAHHS Ta
BIJICTeKEHHS 00’ €KTIB.

KomicHa Ta Bi3yanbHa 010MeTpis — 1€ METOM BUMIPIOBAHHS MEPEMILLICHHS Ta OLIHKHU I0JIO-
xeHHs bT3. KonicHa o1oMeTpist IpyHTYEThCS Ha IaHUX BiJ MPUBOIY ABUTYHA PO 0OEpTaHHS KOJic
BT3. Leit MmeToa migXxoAnuTh TUIBKU JUIS KOJICHOT TEXHIKH 1 Bpa3IMBUN 710 TOMUIIOK uepe3 (akropu
KOB3aHHSI, 3HOCY LIMH, HEPIBHOCTI TOPOTH TOIIO. BizyanabHa ogoMeTpisi BUKOPUCTOBYE 300paKeHHs
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BiJl cTepeokaMep abo BcecpsiMOBaHUX Kamep 1 3acTocoBye Ha Hux CV-anropurmu. Cuctema mopi-
BHIOE TTOCITITOBHI 300paskeHHs 3 TOBKLUISIM 1 BU3HAYAE, HACKUIBKHU 3MICTUBCS 00’ €KT.

Koopaunariist 6a3yeTscsi Ha po3paxyHKy MPOCTOPOBUX KOOPAMHAT ISl BU3HAUYEHHS MiclIe3Ha-
xomkeHHs: BT3. BUKOpHCTOBYEThCS MOEIHAHHS ABOX CHUCTEM IMO3UIIIOHYBAaHHS: iHepIliiiHa HaBira-
uiitHa cucrema INS (inertial navigation system) Ta cymyrHukoBa cuctema Hasiranii GNSS (global
navigation satellite system). CynmyTHHKOBa crucTeMa Hajae abCOJIFOTHI KOOPIUHATH, SIKi BUKOPUCTO-
BYIOTBCA SIK TIOYaTKOBA TOYKA BiIIIKY Juid iHepuiitHoi cuctemu. Cuctema INS BUKOpHCTOBYE naHi
npo oOepTaHHsS Ta NPUCKOPEHHs, OTPUMaHI BiA iHEpUIHHOrO BUMIipOBaJIbHOrO Moxayins IMU
(inertial measurement unit) 11 BU3HAYEHHS 3MIHU BiZIHOCHOTO MOJIOKEHHS 00’ €KTa.

[Tin nambHICTIO MaeThcs HA YBa3l BU3HAUEHHS BiJICTaHI 10 HaibOmmwk4doro o0’ekra. I'pyma
MIPEJICTaBJICHA PaJapoM i COHapOM, OOMBA MPUCTPOI OCHOBAHI HA METOJII BUSBIICHHS BiIOWUTTS re-
HEPOBAHOTO CUTHaITY. Pajiap BUKOPUCTOBYE palioXBUJIi, a COHap — aKyCTHUKY. JlaHi, 0 HAAaOThCs
pajapom i coHapoM, MaiiKe He BUMAraroTh OOPOOKH 1 MOXKYTh HAJAXOJAUTH OE3IMOCePeTHHO B KOHT-
ponep kepyBaHHs, o ngo3Boiisie BT3 excrpeHo pearyBaT Tpu HeOesmeli 3iTKHEHHS 3
00’extoM [3].

Businennst mpezicraBieHe OararodyHkiioHanbHuM iHcTpymeHTomM — LIDAR - (light
identification, detection and ranging). TexHoJoOris 103BOJIIE BUMIPSATH BiJICTaHb 10 00 €KTa MUIS-
XOM ONPOMIHEHHS HOTo Jla3epHUM iMIrysbcoM. Jlimap BUMiproe vac, 3a sIKuil BiqOUTHII BiJ 00’ €KTa
IMITyJIbC MTOBEPTAETHCS HA3a/ 10 MpHUiiMaya Jijgapy. 3aBIsKH TOMY, IO IIBUIKICTh CBITJIA € CTAJIOI0
BEJIMYMHOIO, 1€ J03BOJISIE PO3PaXyBaTH BiJICTaHb 3 TyXe BUCOKOIO TOUHICTIO. LlMKIliYHE TOBTOpEH-
HS [IOTO MPOIIECY Y MpocTopi cTBOproe 1udpoBy 3D kapty HaBkoso BT3.

Ha ocHoBi ananizy noctynHux jpkepen [3—5] chopMoBaHO y3arajabHEHY CTPYKTYpPY CUCTEMU
kepyBanns bT3 Ilpencrasnena apxiTekTypa nepeadadae mporpaMHy peaiizaiiito. Bona Bkirodae y
ce0e ciM mifcucTeM (IUB. puc. 2).

3 MEeTOI0 MiHIMI3alil CTPYKTYpU CUCTEMH KEPYBaHHS MOXJIMBE 00’ €IHAHHA NESKUX MIACHC-
TeM OJIN3BKUX 3a IPU3HAUEHHSIM Ta B3a€MOJII€I0 MK co0or0. Tak, okamizallis Moxe OyTH BKIOYe-
Ha y MJICKCTEMY CIIPUHHSATTS, a MiJCUCTeMa HaBiraiii iHTerpoBaHa y OJIOK POTHO3Y PyXYy.

Monynb CIpUIHSTTS BIANOBIJIAE 32 BUSBIEHHS 00 €KTIB, K1 3HaXOJAThCS y Oe3nocepenHiil
o6mmspkocti A0 bT3. Llelt Mmonynb cTaBUTh mepes coO00r0 3aaadi 3 BiJICTEKEHHSI 00’ €KTIB, PO3IMi3HA-
BaHHA 00’€KTIB, a TAaKOX OLIIHKHM BUIBHOTO MpocTopy. BifcTexxeHHs 00’€KTiB Mae Ha MET1 OLIHKY
TpaekTopii 00’ ekTa, 1o nepedysace y pyci. [licns inerTudikarii 06’ ekTa MeTOAaAMH PO3Mi3HABAHHS,
CHCTEeMa aBTOMAaTHYHO CIIOCTEPIrae 3a MoBeIiHKO 00’ ekTa. Llei npoiec Mae miciie y MOHITOPUHTY
HaNUOJIMKYUX TPAHCIIOPTHUX 3aC001B, 110 PYXAIOThCs, @ TAKOXK 1HIINUX 00’ €KTIB Ta MEPEIIKO/, 3 Me-
TOIO 3ar00iraHHs 31TKHEHb 3 HUMHU.

briok nokanizarii Bu3Ha4ae MiCIie3HaXO0KEHHS Ta OPIEHTAIIII0 TPAHCIIOPTHOTO 3ac00y BiTHO-
CHO MICIIEBOCTI y pEXHUMI pealibHOTO 4acy, 110 J03BOJIsiE HOMY MpUHMaTH BUCOKOTOYHI PIIIEHHS B
JTUHAMIYHOMY CepelOBHUIII. SIKIO YacTOoTa OHOBJIEHHS JaHMUX JIOKaji3alli Oyae HaATO HU3bKOIO, TO
cucteMa Oyjie BUMYIIIEHA PyXaTHCS 3 HU3BKOK MIBUIKICTIO a00 HaBITh MEPIOJUYHO 3YMUHSITHCS.
Sxmo xk nokamizanist Oyzie HeJOCTaTHO TOYHOIO, TO 1€ MiJBUIIYE PU3UK 3ITKHEHHS 13 MEpeliKo-
71010, sIKa He Oyra BuacHO BuUsBIeHa. OTxke, mo6 3ade3neuntn ;s bT3 makcumansHO HaniHY J10-
KaJTi3allito, He0OX1THO 3aCTOCYBaTH BCl HAsBHI peCYpPCH CEHCOPHOTO CKaHyBaHHSI.
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Pucynok 2 — Apxitektypa cucremu kepyBanus bT3

bnok nporHo3y pyxy CiLy>KHUTb [Uls IPOTHO3YBaHHs JIoKasibHOro Mapuipyty bT3 npu nepemi-
IIeHHI 3 OJIHI€T TOUKH NUIAXY (Tak 3BaHMM «check point») 10 HacTymHOI i3 BpaxyBaHHSM HOTEpe-
HBO BHSIBJIICHUX IEPEIIKOJ Y 01011 cipuiHATTA. J{aHuii mporec € iTepaTUBHUM, Ul IPOTHO3YBaH-
Hsl HACTYIHOI iTepalii HEOOXiAHO OTpUMAaTH OHOBJIEHWH craryc jokamnizauii bT3 y sokanbHOMY
IpocTopi BiA migcucreMu Hapiramii. s nepeaOadeHHs Aiil IHIIUX yYaCHUKIB PyXY BUKOPHUCTOBY-
€TBhCS CTOXAaCTUYHA MOJIEIIb HA 0a31 HAOOPIB HMOBIPHOCTEH MOXKIIMBUX ITOJIOKEHB [3].

[Tincucrema HaBiranii npuzHadeHa ais popMyBaHHs riobansHoro Mapupyty bT3, To6to Bia
TOUYKHU MOYATKy PYXY J0 MYHKTY IPU3HAYEHHS, HA OCHOBI OTPUMaHMX JaHUX Bija OJOKY JloKai3amii
(mo3unis Ta opieHTanis). [IopiBHIOIOTECS BC1 MOKJIMBI MapLIpyTH, 1 Ha COHOBI 33JJaHUX KPUTEPIiB
o0upaeTbes HaOUIBII onTUMaNbHUM nuIAX. Lle 0co6aMBO BaXKIIMBO NPU MOXKIIUBOCTI BHOOPY allb-
TEepPHATUBHOI JJOPOTH B MPOLIEC] IepeCyBaHHs Ta B MOMEHTHU 3MiHU HanpsaMmKy pyxy bT3. Takox Ba-
AKIJIMBOIO (DYHKIIIEIO MIJCUCTEMH HaBIirauii € TouHe BU3HAUEHHs cTaTycy nonoxxeHHs bT3 Ha Tpbox-
MipHiii HD mami y BekTOpHOMY (opmarti, [0 HEOOXIJHO JUIsi BU3HAUYEHHS JIOKAJIbHOI TPaeKTOpIi
BbT3 y miacucreMi mporHosy pyxy.

bnok npuitHATTA pilleHb npuiiMae BCl MOBEAIHKOBI PILIEHHS sl KEPYBaHHS MiJCHCTEMOIO
BUKOHABUMX MeXaHi3MiB. [IoBeIIHKOBI pillIeHHS MOXYTh 3MIHIOBATHCS a00 MOBHICTIO HAaJaBaTUCA
MiJICUCTEMOIO BiJIaJIEHOTO KePYBaHHS, 3a HasiBHOCTI Takoi. [IporunozoBanuii Tpadik hopmyerbes 3
BpaxyBaHHAM TpaekTopii HaltOomkunx 10 bT3 yyacHukiB pyxy Ta 6€3mocepeiHbo TPAEKTOPii pyxy
camoro bT3, orpumanux Bia GJI0KY MPOTHO3Y PyXY, TAKOK BUKOPHUCTOBYETHCS MApIIPYT B OJI0KY
HaBirauii. Cuctema MporHo3yBaHHsl TpadiKy reHepye MOKa3HUKHU Pi3HOTO XapakTepy, Taki sk dac
710 3ITKHEHHS 3 00’€KTOM 4K MiHIMaJIbHY BiJICTaHb 10 HbOro. Ha ocHOBI wi€l iHpOpMaLlii aKTHUBY-
€TbCS MEXaHI3M 00XO/Ay MEPelKo/l, IKUi MPOBOJUTh JOKAJIbHE MEPEIUIaHyBaHHS IIISIXY 3 METOO
3aro0iraHHs 3iTKHEHb (NMePIIN PiIBEHb 3aXHCTY).

Jns 3abe3nedyeHHs: OesneyHoro nepecyBaHHs bT3 y O10k mpUHHATTS pillleHb 1IHTETPOBAHO
JpYyTUil piBeHb 3aXUCTY MijJ HA3BOIO CHCTEMa €KCTPEHOT0 3ar00iraHHs 3iTKHEHb, SKa BTPYYa€ThCS Y
MeXaHI3MU KepyBaHHS y pa3il HeclpalbOBYBaHHS MOAYJIS IJIaHYBaHHS pyXy (BHXiJ 3 Jaay abo BU-
HUKHEHHsI HenepeaOauyBaHoi noii). [Ipu BUsBIEHH] panTOBOI MEPENIKOIH, paaap ado coHap 3amy-
CKa€ eKCTPEHUH MEXaHi3M BTPYYaHHs y KepyBaHHS JUIs 3a100iraHHs 31TKHEHHIO.
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brok BimganeHoOro KepyBaHHS MPEACTaBIsS€ COOOK KOMYHIKAI[iHHY CHCTEMY 3BOPOTHOTO
3B’s13Ky 13 BT3 Ha OCHOBI IyILTOBOTO TENEYIPaBIiHHS oreparopoM. OnepaTop MOKe 3aCTOCOBYBa-
TH, SIK BACOKOPIBHEBE, TaK 1 HU3bKOPIBHEBE YIPaBIiHHI, a00 K MPOCTO crocTepiraTy 3a aismu bT3
y aBTOMAaTUYHOMY pexuMi. Bijg mynbpTa onepaTopa BiANpaBIsSIOTHECS KOMaHAW y OJOK MPUHHSATTS
pimens, obuaBa 0JI0KM OOMIHIOIOTHCS 1HGOpPMaLiHHUME TTOBiTOMIEHHSIMU TIpo ctatyc BT3 Ta Bu-
KOHaHHS KoMmaHJ. J[aHa mifcucTeMa € HeoOO0B I3K0BOKO, SKIIO bT3 € MOBHICTIO aBTOHOMHHM.

[lizcucrema ympaBiliHHS BHUKOHAaBYMMH MEXaHi3MaMH BUKOHYE O€3MOCEpeHE YIpaBIiHHS
eJleKTpoMexaHiYHUMHU opranamMu BT3 Ha OCHOBI OTPHUMAaHUX YNPABISIOYMX CHUTHAJIB BiJl MOAYIS
NPUAHATTS PillICHb.

OCHOBHUMH amapaTHUMHU KOMIIOHEHTaMH CHCTEMH € KOHTPOJEPH BUCOKOTO Ta HU3BKOTO PiB-
Hs (nuB. puc. 3). KoHTponep BHCOKOTo piBHS MPU3HAYEHUH I TPUHOMY BiIeo MOTOKY i peasizarii
KOMIT TOTepHOTO 30py. s 1miel 3amaqi migiiae moTyxkHui mini-komr torep (Raspberry Pi, Orange
Pi, Odroid Tomo). KoHTpoepoM HU3BKOTO PiBHSI, SIK IPABUIJIO, BUCTYITA€ MiKPOKOHTpPOJIEpHA TUIAT-
dopma (Arduino, ESP32, STM32 rtomo), npu3HaueHa Jyisi poOOTH30BAaHHOTO KEPYBaHHS BUKOHAB-
YUMU MEXaHI3MaMH.

KOHTponep |« | KOHTpoOnep
BUCOKOro HU3BLKOro
piBHA > piBHA

f |
Y
BUKOHaBMI
ceHcopwm -
MeXxaHiamu
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Pucynok 3 — OcHOBHI anapatHi Moy i Ui kepyBaHHs bT3

BucHoBku. B po60Ti po3risiHyTI NPUHLMIIM MOOYIOBH Ta OpraHizallisi CUCTEM KepyBaHHS
BT3. 3anpononoBano kiacugikaiio 3acobiB ceHcopHoro ckanyBanHs y BT3. 3a pesynpraramu
aHaJIi3y IOCTYIHHUX JIKEpeN po3po0JIeHo y3aralbHeHy CTPYKTYpY cucteMu kepyBanHs bT3, onuca-
HO 11 okpeMi (pyHKIIIOHAJIbHI MiACUCTEMH Ta OpraHizamilo oOMiHy AaHMMH MiX HUMHU. Bu3HaueHO
OCHOBHI arapaTHi KOMIIOHEHTH cucTeM KepyBaHHs. [IpencTtaBieHa apXiTeKkTypa Moke OyTH BHKO-
pucrtana npu crBopenHi bT3.
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Principles of construction of control systems for unmanned vehicles

The work considers the principles of construction and organization of the control system of
unmanned vehicles. Unmanned vehicles (UAVs) are a type of vehicles that move without a human
pilot on board using a special autonomous control system. The key components of control systems
include perception sensors, navigation subsystems and algorithms, data processing algorithms,
localization algorithms, dynamic route planning algorithms, communication tools, etc. In the
available sources, there are different visions of architectural solutions for UAV control systems. As
a rule, such solutions depend on a specific set of sensors.

The purpose of the work is to develop the principles of building control systems for unmanned
vehicles. Solved tasks: analysis of means of collecting information about the state and position of
unmanned vehicles; development of a generalized architecture of the control system of unmanned
vehicles.

A classification of sensor scanning tools is proposed. The following groups of sensor
scanning modules have been defined: computer vision, odometry, coordination, range, detection.
The generalized structure of the control system is developed, its separate functional subsystems are
described. The presented architecture involves software implementation and includes seven
subsystems: perception, localization, motion prediction, navigation, decision-making, remote
control, control of executive mechanisms. In order to minimize the structure of the control system, it
is possible to combine some subsystems that are similar in purpose and interaction with each other.
So, localization can be included in the perception subsystem, and the navigation subsystem is
integrated into the motion prediction unit. The main hardware components of the system are high-
level and low-level controllers. The presented architecture can be used in the creation of unmanned
vehicles.

Keywords: unmanned vehicle, control system, architecture, sensor, detector, controller.
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AHAJII3 TA NIAI'OTOBKA JAHUX ITPU MOJAEJIOBAHHI
MJIABMOXIMIYHUX NPOLECIB OTPUMAHHSA HAHOCUCTEM

Anomayisi. OOHuM i3 HOBUX HANPAMIE NPOMUCLOBOI XIMIUHOI mexHoN02ll € naazmoximiuna. Heszsa-
JAHCAIOYU HA 3HAYHI eKCNEePUMEHMANIbHI ma meopemudti 00CIiONCeH s, Qi3uKo-XiMiuHi npoyecu €
CKAAOHUMU | He NOBHICMIO 8UHEHUMU OISl MACUMAOY8AHHA Ma KOHMPOIO 3 HUMU & CepIHOMY
8UpoOHUYMEL. B HuzbKOmemnepamypHitl niasmi XiMiuHi npoyecu, 3aKOHOMIPHOCMI peaxkyiil ma oc-
HOBU NIIA3MOXIMIYHOI MexHOoN02Iii nompedyioms Komn 1omeprHo2o mooeniosants. Excnepumenmas-
HI OQHi HAMYPHUX eKCnepUuMeHmie nompedyoms 000amKo8020 aAHANi3y i NiO20MOBKU W00 nooa-
JIbUL020 iX 3acmOocy8anHs ma nooyo0osu a0eK8amHux iMimayitiHux mooenel niasmMoXiMiyHux npoye-
cig 0151 po3pobKu Hanocucmem. Y x00i nonepeoHbo2o eKCnepumenmy, sSKull ()akmudHo 6KIUae
06a emanu, 0y10 021AHYMO 8XIOHI MA BUXIOHI 3MIHHI NPUKIAOHO20 3a80anHs. Pospobneno npoepa-
MHULL IHCMpYyMeHmapiu 01 NPO8eOeH s aHANi3Y eKCNePUMEeHMANbHUX OAHUX, AKUL 0038015€ 3i0-
pamu cmamucmuuxy iHgopmayiro, eizyanizyeamu Oesaxi npoyecu. Pozensnymo ma peanizosano
npocpamuo nioxoou nob6yoosu AHATITMUYHUX MA IMIMAYIUHUX Mooeell NIA3MOXIMIYHUX npoyecie
OMPUMAHHA HAHOCUCTNEM.

O2nsanymo 08a MOANCIUBUX HANPAMKU U000 NiOX00i8 noby008uU 20MOMOPGHUX MoOenel: KIaCUYHi
ma 3 GUKOPUCMAHHAM WMYYHO20 IHmMeNeKmy. 3anponoHO8AHO PO3NAHYMU JIHIUHI Ma HENIHIUHI
peepeciiini modeni. B axocmi nepuioco muny mooeneu NponoHyEMbCsl MHONCUHHA pecpecis ma Me-
moou, SKi BUKOPUCTNOBYIOMb Pe2yNApU3ayi. Arbmepuamusoo nepulomy nioxooy € nobyooea Heli-
HIUHUX MoOerell, sIKi 6a3yiomvcs Ha Memooi ONOPHUX 8ekmopis. Posenanymo eexkmopHuy ma mynomu
sexmopHy pezpecii. bazamosumipna pezpecis cnpsimosana Ha susuenHs ma noby008y 8i000paiceH-
Hs 0a2amo8uMipHO20 8XIOHO20 NPOCMOPY 03HAK Y bacamosumipruli suxionutl npocmip. Ilposedeno
AHANI3  OMPUMAHUX YUCENbHUX pe3yIbmamie ma 3anponoHO8AHO  GUKOPUCHOBY8AMU Ol
KOMN TOMepHO20 MOOeNI08AHHS HeNIHIUHI MOOei NIA3MOXIMIYHUX NpoYecis Ol OMPUMAHHSL HAHO-
cucmem, 30Kpema: MyJnbmu 6eKmMOopHY pecpeciio.

Knrouoei cnosa: cmamucmuunuii ananiz 0anux, pezpecitini Mooeni, MOOent08an s NIA3MOXIMIYHUX
npoyecie OmpuManHsA HAHOCUCTEM.

IMocranoBka nmpo6Jemu. [Iporiec, y skoMmy HaHOMaTEpiaau CUHTE3YIOThCS 00 0OpOOISIOTH-
Cs1 32 JTOTIOMOTOFO TUTa3MH MOXE BiZIOYBaTHUCS y PI3HUX YCTAaHOBKAX Ta BKJIFOYATH PI3HOMAHITHI eTa-
1, TaKi SK: MATOTOBKY CUCTEMH, SIKa MO€E BKIIOYATH OYHUIICHHS MOBEPXHI MaTepiaiiB, BBEICHHS
peakiifHuX Ta3iB Ta IHIINX PEareHTiB, MiArOTOBKY MiAKIAI0K TOIIO; CTBOPEHHS IJIa3MH, 10 MOXKE
OyTH JOCATHYTO 32 JOMOMOT'OI0 METO/IB BUKOPUCTAHHS PaJiodacTOTHOI a00 MIKPOXBHIJIBOBOT €HEP-
rii Juis 10oHi3aIliil ra3iB; iHIIIAIA peakiii, sika PO3MOYMHAETHCS MK peareHTaMH Ta BiI0yBaeThCs
(dhopMyBaHHSI HAHOYACTHUHOK a00 1HIIUX HAHOCTPYKTYp; PICT Ta arjoMepailisi BKIIOYal0Th KOHTPOIIb
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[IUX MPOIECIB ISl OTPUMaHHS 0akaHOTO Po3Mipy Ta GopMH HaHOYACTUHOK. [1licist 3aBepIeHHs pe-
aKIii, HAaHOCHCTEMa MOXKe OyTH BHJAJCHA 3 PEaKIiifHOT KaMepH Ta MijjiaHa J0JaTKOBiii oOpooii,
TaKii K OYHIIEHHS 200 PyHKITIOHATI3aIlis.

[Tna3mMoxiMiyHi MPOLIECH MOXKYTh OyTH BUKOPHUCTaHI JUIsl OTPUMAHHS Pi3HOMaHITHUX HAaHOMa-
TepiaiiB, TAKUX K KBAHTOBI TOYKH, HAHOTPYOKH, HAHOKPHCTAIH TOLIO. MOXYTh BUKOPHCTOBYBa-
TUCS Ui 00poOKHM Ta mMoau(ikamii BKe ICHYIOUMX HaHOMATepialliB 3 METOI0 MOKpaIleHHsS iXHIX
BrnacTuBocTed. OYEBUIHO, MO TUIA3MOXIMIYHI MPOIECH € CKIIAJHUMH, PECYpCo- Ta MaTepialoeM-
Humu [1-3].

HanocucreMu pi3HOTO CKIIay Ta opraHizamii B JaHUH Yac MIUPOKO TOCIIHKYIOTHCS B XOI1
BJIOCKOHAJICHHSI METO/IIB CHHTE3Y BIAMOBITHO A0 BUMOT CYYaCHOCTI 3 MOXJIUBICTIO 00OB’SI3KOBOTO
MIPOTHO3YBAaHHS Ta YIPaBIiHHS (QYHKIIIOHAIEHUMH BJIACTHBOCTSIMH JUIsl TIOAAIIBIIOTO 3aCTOCYBAHHS
B pi3HUX cepax.

Merta npocaigkenns. [IpoBectu aHami3 eKCIEPUMEHTAIBHUX JAHUX Ta MPEICTABUTH METOAU
ix 0OpOOKHM IpU KOMIT IOTEPHOMY MOJICIIOBAHHI IJIa3MOXIMIYHUX TMPOLECIB OTPUMaHHS HAHOCHC-
TeM. 3anporoHyBaTH MiJXO0H 1010 MOOYI0BH MATEMATUYHUX MOJIEEeH BKa3aHOTO MPOLIECY.

AHaJi3 ocTaHHIX gocaixxKeHb i myOaikauii. 3 TOUKHM 30py HAHOIHAYCTPil HAIPSIMKOM, SKHIA
BIJITIOBIJJa€ Cy4acCHUM BHUMOTaM, € IJIa3MOPIIMHOBI METOAM CHUHTE3y pi3HHUX KOH(]Iryparmiil, sikui,
3aBIIIKA MOKJIMBOCTI Pi3HUX KOHQIrypariil i TEXHOJIOTIYHUX MapaMeTpiB, JO3BOJISE CHHTE3yBAaTH
HAaHOCHCTEMH PI3HOTO CKJIaAy 1 CTpyKTypu. He3Bakaroum Ha 3HA4HI €KCIIEPUMEHTAJbHI Ta Teope-
TUYHI TOCIIHKCHHS, (i3UKO-XIMIYHI MIPOIECH € CKJIAIHUMU 1 HE MOBHICTIO BUBUYCHUMHU JJIsI MACIII-
TaOyBaHHS Ta KOHTPOJIIO 32 HUMH B CepiiHOMY BUPOOHWITBI. TOMy akTyadbHHM € TUTaHHS
KOMIT IOTEPHOT'O MOJIETIOBAHHS TJIa3MOXIMIYHOTO CUHTE3Y.

[ToOynoBa ajnexkBaTHUX IMITALIMHUX MoOJEEH IUIa3MOXIMIYHMX IPOLIECIB HAHOCHUCTEM Ta
KOMIT IOTEPHE MOJICIIIOBAHHS 3 HUMU J03BOJISIIOTh BUPIIIYBAaTH NPUKIAIHI 3a/1a4l B JaH1i npeameT-
Hill 065acTi. MozentoBaHHs MPOLIECIB B P1JIMHI 1] BIUTMBOM IIJIa3MHU CKJIQJHE 1 BUMAarae po3yMiHHS
KOMIUIEKCHOTO BIUIMBY MPOIECIB 1 PIIUH HA MEXK1 pO3MOLTY (pa3 «piauHa-TIIIa3May.

OuyeBuaHO, IO NI TOOYIOBU MOJIETIEH MOXHA 3aCTOCOBYBATH SIK KJIACHYHI MIAXOIM, TaK 1
MIIXOAMN 3 BUKOPUCTAHHSM €JIEMEHTIB IITYYHOTO IHTENEKTY [4, 5]. SIKiio npualuTH yBary Tpaau-
IMHUM METOJaM, TO TYT MOKHa BHJIUIATH JBA HAMPSAMH: IMOOYT0BA aHATITUYHUX a00 IMITAI[IHUX
Mozeneit [4, 6]. TexHonorii 00YUCIIOBAIBHOTO IHTENEKTY Ha/al0Th MOKJIMBICTh BUKOPHCTOBYBATH
HEKJIACHYHI MIIXOH MO0 MOOYIOBH MaTeMaTHYHUX MoJeeil XiMidHuX mporieciB [6]. Helipome-
peXEBI TEXHOJIOTI1, HATPUKJIIA, JTO3BOJISIIOTH CTBOPIOBATH MAaTEMAaTHYHI IMITAIllifHI MOJEN PI3HUX
mporiecis [6-8].

ABTOpU BBa)XalOTh 3a JIOLJIbHE MPOBECTU CIIOYATKY aHaJI3 BXIJHUX JaHUX, SIKI 3aCTOCOBY-
I0ThbCs IIpH MOOYIOB1 aHAITUYHUX a00 IMITallIMHUX MOJeNel Mpu BUKOPUCTAaHHI PI3HUX TEXHOJIO-
riil, a HOTIM MepelTH A0 po3risay Oe3nocepeHboi MoOyI0BU MOIENEH MI1a3MOXIMIYHOTO TIPOLIECy
OTPUMaHHS HAHOCHUCTEM.

BuxianeHHsi 0CHOBHOro matepiaiay. Maemo pe3ynbTaTH €KCIEPUMEHTAIBHUX JOCIIIB 3
OTpUMAaHHS HaHOYACTOK 13 pOo34MHY HUTpaTy cpibia (AgNO3), onepkaHui pO3YMH B MOJAIBIIOMY
MO’K€ BUKOPHCTOBYBATHUCh B PI3HUX Tally3siX FOCIOAAPCHKOT A1SUIBHOCTI.

Cumynsiis T1a3MOXiMIYHUX TIPOLIECIB, Y TOMY YHCII OTPUMAaHHS HAHOCUCTEM, MTOTpeOye To-
NEPEIHBOI0 aHaJI3y E€KCIEPUMEHTAIbHUX JaHHUX Ta MOJAIBIIOrO iX BUKOPUCTAHHS, HANPHUKIAL,
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i moOyIoBH Mozesiei Ta poOoTH 3 HUMH. HaTypHI eKCepUMEHTH 3 OTPUMaHHS HaHOCHUCTEM Y
¢bi13UKO-XIMIYHHX TIpoIlecax MPOBOIMINCH HEOAHOPA30BO, TOMY iX MOYKHAa BHUKOPHUCTOBYBATH SIK
MHOXKHHY JTaHUX (BXITHHUX Ta BUXITHUX).

B sikoCTi BXiAHUX MMapaMeTpiB PO3TIIAIAIOTHCS:

- KoHIIeHTpalis pekypcopa AgNO3 (x1, /71);

- CHIBBITHOIIIEHHS IPEKypcopa Ta cTabinizaropa (xz, /1);

- TPUBATICT 00POOKH (X3, C. Ta X4, VM. 00.);

- JOBJKMHA XBHIIL (X5, HM Ta Xg, 8 O0JIAX));

- BUJ ctabimizaTopa (x7);

- cuiia cTpymy (xs, mB Ta xg, 6 00/15X);

- THCK Ta30B01 dasu (x19, ml1a);

- HanpyxeHHs (x11, B).

Buxignumu nmapamerpamu €:

- PO3Mip OTPUMAHUX HAHOYACTOK ()1, HM);

- innekc noniaucnepcuocti (IPD) (32);

- Z-noteHuiain (ys).

IaTepBanu BapirOBaHHS yCiX 3MIHHUX Ta iX €KCIIEPUMEHTAIIbHI 3HAYCHHS € BIIOMUMH, aje 3a-
JISKHICTh MK HUMU HeBifjoMa. Ha etamax mornepeHbporo eKCIepruMeHTy TpH aHali31 JaHHuX MOJKHA
HE BpaxOBYBaTH JIesKi 3MiHHI (puc. 1a) ToMy, III0 BOHU 0€3MOCEPEIHBO BILTUBAIOTH HA TEXHOJIOTIY-
HUH MPOIIeC, ajie BOHU € He3MIHHUMH Ha TPOTS3i MPOBEICHHS HATYPHOTO €KCIIEPUMEHTY Ta, SIK Ha-
CIIJIOK, X MOXHA 3alycaTy K KOHCTAHTH MPH JIOCHIKEHHI BXITHUX JaHUX. TaKuM YUHOM, TIPO-
MOHYETHCS 3 OJMHAAISTH BXIIHUX 3MIHHUX 3aJUIIMTH 3HAYHO MEHINY KUIbKicTh. Hampukman, ue-
3MIHHMMH €: THCK Ta30B0i ¢a3u abo HanpykeHHs. CTOCOBHO 3MIHHOI Cujia CTpyMY, TO 3HAUEHHS,
SIK1 BOHAa MOXe TipuiiMaTu — 11e € a6o 120 uB, a6o 220 mB. Tomy MOKHa PEKOMEHTyBaTH PO3IJIsiia-
THU JBa TUMHM MOJENICH /I BKAa3aHWUX BIAMOBIAHUX 3HaueHb. OUEeBUAHO, 110 HABEACHI IMapaMeTpu
BIUTMBAIOTh HA CaM TUIa3MOXIMIYHHI MPOILEC OTPHUMAHHS HAHOYACTOK, ayie Ui aHaNi3y JaHHWX Ta
U1 TOOyTOBU MOJIeJiel 111 3MiHHI € KOHCTaHTaMH Ta HE HECYTh 1HPOPMATUBHOCTI, TOMY iX IPOMO-
HY€ThCS HE BPaxOBYBATH MPH aHaJI31 JaHUX [4].

TakuMm 4MHOM, 3aMICTh OJUHAALSTH 3MIHHUX MA€EMO YOTUPH BUMIPHUN MPOCTIp X* BxigHux
HE3JICKHUX 3MIHHUX, a HA BUXOJ1 TPUBUMIPHUHN Y? sanexunx napameTpiB. 3aBJaHHs MOJATAE y
3HaXO/HKEHHI TaKoi MOJEII/MOJIeNeH, sIKi T03BOJSIOTh BUKOHATH B1IOOPaKEHHS MPOCTOPY X* Ha
MIPOCTIp Y2,

OckutbKH, K OyJ10 3a3HAYEHO BUIIE, IO B SKOCTI BXIJHUX 3MIHHHX 3aJHUIIAJIACA HACTYIHI
3MiHHI (pHc. 10), TO HaBeAeMO 1HTEPBAJIH iX BapiIOBAHHS:

- CIIBBIIHOIIIEHHS MPEKypcopa Ta cradimizaTopa (x, € [0,10; 0,30]);

- TpuBaicTh 00po0KH (x3 € [10; 300] ¢.);

- noBxuHa XBHI (x5, € [360; 412] 1m);

- B/ crabimizatopa (x; € [0,86; 0,98] ).

CTOCOBHO BUXIAHHMX JaHUX (pHUC. 1B), TO BOHU € HE3MIHHUMHU: PO3MIP YaCTUHOK (1), MOTIAU-
CIepCHICTS ()2), A3€Ta MoTeHIHan (3).
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Y po6oTi po3pobIeHO MpOrpaMHUIl IHCTpYMEHTApiH, KUl T03BOJISIE TIPALIOBATH 3 EKCIIEPH-
MEHTaJbHUMHU JAaHUMH Ta OyTyBaTH aHAMITHUHI Mojeni. s copMOBaHOTO JaTaceTy Ia3MoXiMi-
YHOTO MPOLECY OTPUMAHHS HAaHOCHUCTEM € MOKJIMBICTD OJIEPXKATH JEAKI CTAaTUCTHUYHI XapaKTepHC-
THUKH, TIOOYIyBaTH TiCTOIPaMH YCiX 3aJISKHUX Ta HE3AJICKHUX 3MiHHUX (puc. 1), moOynyBaTu Ter-
JIOBY KapTy (KOpeJsIiitHy MaTPHUIIIO), AlarpaMu JUIsi SMIHHUX KBaHTIIb-KBAaHTUJIIb, TOIIIO.
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B) BuxinHi 3anexHi 3MiHHI
Pucynok 1 — BxigHi Ta BUXiHI €KCTIEepUMEHTANIbHI JaH1

3 METOI0 aHali3y HAaIBHUX €KCIIEPUMEHTAIBHUX JaHUX Ta MOOYAOBU MOXIIMBUX MOJENEH s
BUKOPUCTaHHSA y TUIa3MOXIMIYHHX Mpoliecax OTPUMaHHS HAHOCUCTEM OYJI0 IPOTrpaMHO peasi3oBaHO
Ta No0yA0BaHO pi3Hi MareMaTHuHi Mojeni (Tabu. 1). Ciij 3ayBaXKUTH, 110 HE3BAKAIOUH HA MIPOCTO-
Ty oOyI0BH, HAIIPUKJIIAJ, JIIHIHHUX pEerpeciiHuX Mojesel, aBTOpU BBaXKAIOTh 3a JIOLIJIbHE HABECTH
11X, Ta IPOBECTH aHaJIi3 OTPUMAHUX YHCEIbHUX Pe3yiIbTaTiB.
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Ta6mmms 1
Pe3ynbTaTi YMCeNbHUX EKCIIEPUMEHTIB
[ToGynoBana Moiesb TToxuOka monemni Ha KoedirmienT ne-
TECTOBUX JaHUX TepMiHalii, R?
JliniiHl Moxer
Mmuoxwunna perpecis (Linear Regression) 1,1045 (MSE) 0,889
0,7090 (MAE)
Jlaco perpecis (Lasso Regression) 4,7621 (RMSE) 0,518
I'peonena (Ridge Regression) 3,1638 (RMSE) 0,755
Enactuuna perpecis (ElasticNet Regression) 4,7719 (RMSE) 0,509
Heminiitai mozeni
[MoniHOMiaNbHA MEPIIOTO MOPSIIKY 2,0619 (MSE) 0,885
[TonmiHOMiaJIBHA TPETHOTO MOPSAKY 0,4029 (MSE) 0,972
[ToniHOMIaNbHA 11’ ITOTO MOPSAAKY 0,0501 (MSE) 0,997
Bekropha perpecist (Support Vector Regression - 16,9769 (MSE) 0,733
SVR) 00,0033 (MSE) 0,798
11,15082 (MSE) 0,700
MynabTi BektopHa perpecis (MultiOutput SVR) 01,3505 (MSE) 0,904

Bubip kputepito SKOCTi poOOTH MOAEII XapaKTePU3yEThCS HACTYITHUMH METPUKAMHU: KBaJIpa-
THHI KOPIiHb 13 cepeHboKBaapaTiHyHoi noxudku (Root Mean Squared Error — RMSE), cepenns a0-
comorHa noxubka (Mean Absolute Error — MAE) Ta cepenns kBaaparuuHa moxuOka (Mean
Squared Error — MSE), siki € BifoMHMH Ta He MOTPEOYIOTh 10TaATKOBHX MOSICHEHD [9].

[IpoBenemo aHaii3 OTpUMAHUX PE3YJbTAaTIB YHUCEIbHUX €KCIIEPUMEHTIB. SIKIIO po3risiaTu
HaWMpOCTIII MOJEN, TO, Ha MEPIIUH TMOIJISII, MOXE 3JaTHCs, [0 MHOKMHHA JIHINHA perpecis
(Linear Regression) mae kpaiuii pe3yabTaT Ta OUTBII-MEHII HEMOTraHWuil Mae rpeOHeBa perpecis
(Ridge Regression), koedimientn nerepMinaiii skux BiamnosinHo € 0,889 Ta 0,755.

VY tabnuil He HaBe/eHI 0e3MocepeHhO OTPUMaHI KOe(IIIEHTH CaMUX MOJIEINIEH, ajie TIpu aHa-
731 IX MaeMo, 1110 y MOJEJNSIX IpeOHEBOT Ta €JIaCTUYHOI perpecii y BCIX MOJENAX AJIs 3MIHHHX X2 Ta
X7 KOe(IIIEHTH JAOPIBHIOIOTH HYM0. OCTaHHE MOE CBIAYUTH TIPO TE, MIO Il 3MIHHI MOXHa BiJIKH-
HYTH, ajie OyJIO MPOBEJACHO TOMEePEIHIN aHali3 I MO0y10BU TOMOMOP(GHUX MaTEeMAaTHYHUX MOJIe-
Jeil Ta 3aJUIIeHO JIMIIE Ti 3MiHHI, K1 HE MOXKYTh HE BPaXOBYBaTHUCh.

JonarkoBuii aHamiz 3MiHHHX X5 Ta x7 Ha VIF (variance inflation factor) abo koedirtieHT iH-
Gbasmii nucnepcii mokasye, Mo caMme Il 3MIHHI MalOTh HAHOLIbILY Mipy MYJIBTUKOJIIHEAPHOCTI MIX
3MIHHMMH y Mojeni perpecii. Takum unHOM, MOke OyTH CUTYyallisl, KOJIM OJHA 3MIHHA MOKe OyTH
JHIMHO 3aJI&KHO0 BiJ IHITUX, Ma€e 3aHaATO Beiauke 3HaueHHsa VIF, i, sk HACHII0K, 11e MOXKEe TIPHU3-
BECTH /10 HECTAO1IbHOCTI OLIIHOK KOe(IlLI€HTIB y MOJIENI Ta IO 3MIHM X iHTepIpeTalii.

Crin 3ayBaXKuTH, IO JUIs TOOYIOBU, HANIPUKJIIA, HAUTIPOCTIIOT JIIHIMHOI MOeN HeoOXiaHa
nepeBipKa Ta BUKOHAHHS 1OCTaTHbO HETPUBIAIBHUX YMOB, Y TOMY YHCHIi: BIICYTHICTh MYJIbTHKOJI1-
HEapHOCT1; HOPMAJIBHUI PO3MOALIT MOXHUOOK; TOMOCKEIACTHYHICTh MOXHOOK; BiJICYTHICTh BUKHIIB
(amomautiit) Tomro [10-13].
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[Iporpamua peamnizaiiisi JO3BOJISIE pealli3yBaTH MEPEeBipKy BKazaHMX BuMor. Hampukman, po-
60Ta 3 mOXHMOKaMu Ha TECTOBOMY HaOOpi UL yCiX TPHOX BHUXIIHUX 3MIHHHUX (TONYyOHMi Ui )1, po-
KEBUU — ), 3€JICHUH — y3) HABEJICHO HA PUCYHKY 2 B SIKOCTI rpadiky po3mo iy MOXHOOK.

Pucynok 2 — I'padik po3noainy noxubok

Sk BiIOMO, TOXUOKHU MOJIelli MOBUHHI MaTH HOPMaJIbHHUI PO3MO/ILT TOMY, IIO 1€ BaXKIHBO IS
TOYHUX CTATUCTUYHUX BUCHOBKIB Ta JOBIPYMX 1HTEpBaJiB /uid napamerpiB. [loxuOku moBuHHI OyTH
OJTHOP1IHUMH IO BCbOMY Jllalla30HY 3HaueHb O3HaK. [Hakie, Ko qucnepcis HoXuOOK HEOJHAKO-
Ba, TO MOXKE€ BUHUKHYTH Mpo0iieMa reTepocKeJacCTUYHOCTI.

AHani3 oTpUMaHuX Pe3yNbTaTiB (pUC. 2) MOKE CBIIUMTH, 1O YCi PO3MOAUIN MOXUOOK MO 3a-
JISKHUM 3MIHHUM HE CXOXKI Ta HE Mal0Th HOPMaJIbHOI'O 3aKOHY po3noziry. OcobnuBy yBary nmpu-
BEpTaE Te, 110 PO3NOILT JUIs MOJIAUCIIEPCHOCTI V2 Ma€ aHOMAJIbHO BEJIMKI 3HaUeHHS MoxuOok. Oye-
BUJIHO, IO 116 MOXKE€ BKa3yBaTH L0 MOJENb: 1) He BpaxoBye BcCiX (PaKkTopiB, sIKI BIUIMBAIOTH HA
3MIHHY )2, 200 MOke OyTH CUTHAJIOM IIpO T€, L0 JIaH1 MICTATh BEJIUKY KIJIBKICTh IIyMy Ta/ab0 BU-
MaJKOBUX Bapialliii; 2) MOke BKa3yBaTH Ha Te, 110 caMa 3MiHHA ), Ma€ BEJIHMKY TUCHEPCio abo mIu-
POKMIA /1iana3oH 3Ha4yeHb; 3) Moke OyTH pe3yJlbTaToOM Helepen0adyyBaHUX HECIO/IBaHUX aCIEKTIiB
JaTacery.

CTOCOBHO €KCIIEPUMEHTAIBHUX JAHUX, TO MOYATKOBY IMIJITOTOBKY Ta X 00poOKy Oyio 3po6-
JIEHO 1Ie Ha eTanax MonepeaHbOro eKCIepuMeHTy, TOOTO MUTAHHS IIYMY Ta Bapialliil MOXHa 3HSATH.
K110 MOAMBUTHUCS HA J1alla30H 3MIHHM I[i€T 3MIHHOI TOJITUCTIEPCHOCTI, TO HE MOXHA BBa)KaTH HOTO
mupokuM, [0,21; 0,60], kpiM Toro aucnepcis Ta CTaHAAPTHE BIAXWICHHS JOPIBHIOIOTH BiAMOBIIHO
0,016 Ta 0,13.

Jlia minTBepakeHHs a0 CpoCcTyBaHHS (DaKTy, IO 3aKOH PO3MOJLTY MOXHOOK HOPMAaJbHUI
a00 Hi, MPOMOHYETHCS JTOAATKOBO MEPEBIPUTH 3a JTOTIOMOTO KBAHTHIIIB MOXHOOK (110 BEPTHKAII)
(puc. 3). IlpencraBneHo KBaHTHIb rpadik, KU JoMOMarae MOpPiBHATH PO3MOJILT MOXUOOK 3 Teope-
TUYHUM HOpPMaJIbHUM (200 OyJib-SIKMM IHIIUM) PO3MOJAIJIOM (II0 TOPU30HTAN1). AHAJI3 OTPUMaHUX
PE3yNbTaTiB CBIIUUTH, 1110 BCl TOYKU Ha rpadiky HE JeXaTh MPUOIU3HO Ha MPSAMIi, [1e 03HaYae, 110
PO3IOALT MOXHUOOK HE BIAMOBIAA€ TEOPETHUHOMY PO3IOILTY.
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KB3HTHI-KEBHTWIS FBAIK NOMANOK

Pucynoxk 3 — KBantumni noxuboxk juis JiHiitHOT perpecii

B Oyzab-sikoMy BUMAJAKy, 3BICHO, BaXIIMBO JI0JIATKOBO IpOaHANI3yBaTH JaHi JUIsl PO3YMiHHS
IIPUYMH BEJIMKUX 3HaY€Hb B 3MIHHUX 200 MOXUOKaxX. SIKII0 TOBOPUTH PO NPOBEIEHHS 101aTKOBUX
HaTYPHUX €KCIIEPUMEHTIB, TO LIeHl Mpolec MOKIMBHIMA, ajle MaTepiaabHO 3aTPATHUIM.

OueBHIHO, 10 BUKOPUCTAHHS MHOKUHHOI JIIHIHHOI perpecii € mpobiemMaTuuHuM, ToMy Oyio
3po0eHo crpoOy BUKOPUCTAHHSI 1HIIMX BapiaHTIB 3 BUKOPUCTAHHSAM pEryisipu3allii, TaKux sK: Ja-
co (Lasso Regression - Least Absolute Shrinkage and Selection Operator Regression), rpe6HeBa
(Ridge Regression), kombinoBana (Lasso ta Ridge) perpecii.

3a Juis 3an00iraHHs Ta BHUpIlIEHHS NpoOjeMu nepeHaBuaHHs Oyno BukopuctaHo Lasso Re-
gression, ane pe3yibTaTH HaBYaHHS, K MarOTh Koe(illieHT nerepminaiii piaum 0,518, € cyTTeBO
HEIOCTAaTHIMU /71 11 BUKOpUcTaHHs. KpiM Toro, 3arponoHoBaHa MO/Ieb MICTUTh I11€ O1IbIIe HYJI1B
B SIKOCTI OTpUMaHUX KOe(illi€eHTIB MOJIENI, 10 TEX CBITYUTH HE HA 11 KOPUCTH.

Cnpoba BukopuctanHs komOiHoBaHoi Mozeni ElasticNet Regression, sika BUKOPHCTOBY€E THITH
mrpadiB Uit KoedilieHTIB MOJeNi, 3 METOI0 3MEHIICHHS NIepeHaBUaHHs Ta MOKPAILEHHS y3arajb-
HIOIOUMX MOKJIMBOCTEH MOJIENI, TeX MOoKa3aja He caMuil Kpaluii pe3ynsrat. BinnosiaHo 10 otpu-
MaHUX Ta OYIKYBaHUX pPe3yJIbTaTiB, CTOCOBHO BUKOPHUCTAHHS JIHIHHUX MOJENel, aBTOPH BBaXKAIOTh
3a IOIIJIbHE 3BEPHYTHUCS 70 HETMHIMHUX MOJICIICH.

Jlpyra yactuHa Tabnuui 1 MICTUTH HENHIHHI MOJIEN, sIKI aBTOPU BBaXKalOTh 3a MOTPIOHE Mpo-
KOMEHTYBATH. SIKIIO pO3TAaTy MOJiHOMIaIbHI MOEINI, TO B IPHUHIUII PE3yIbTaTH MOXKHA BBa-
KaTH TaKUMH, 110 MOXXYTh OyTH BUKOPHCTaHI y MOJAJIBIIOMY MOJIEIIOBaHHI. €1HE 3ayBa)KeHHs,
K€ MOXKe OyTH BUCYHYTE Ul TaKUX MOJeNel, TO SKUM YMHOM OoOpaTH CTeMiHb MOJIIHOMA IpH 3a-
CTOCYBaHHI NOJIiHOMiaJIbHUX Mojeneld. O4eBUIHO, 110 1€ MUTAaHHSA MOXKe OyTH BHpIIIEHO XiMiKa-
MHU-KOPUCTYBa4aMH €KCIIEPUMEHTAILHUM NUBIXOM. B 11ijioMy 11eii 0JIOK MOeNel moka3ye q0cTaT-
HbO HETIOTaHy 3/1aTHICTh J0 IPOrHO3YBaHHS, ajleé OTPUMaH1 MOXUOKH MatOTh OyTH KpaIMH.

OctanHi ABa paaky Tabuuil | npeacTaBisioTh BUKOPUCTAHHS BapiaHTIB METOly OMOPHUX Be-
kTopiB (Support vector machine — SVM): Support Vector Regression [14] Tta MultiOutput
SVR [15].
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3anponoHoBaHi MiAXOIH J03BOJIAIOTH OyayBaTH HEMiHIMHI perpeciiiHi MOAemi i MPOTHO3Y-
BaHHS HENEPEPBHUX YMCIOBUX 3HAUCHb 3 YPaxyBaHHSIM YMOBU MaKCUMi3allii IIMPUHH PEIrpeciiiHo-
ro kopuaopy. SVR no3Bossie neskuii pyHKIiOHATBHUAN IIyM, OCKUJIBKH HE BC1 TOYKHA MOXYTh TOYHO
MOTPAIUISATH B PEIPECIHII KOPHIOp Yepe3 HEPEeryIspHICTh B JaHUX. 3HAXOHKEHHS ONTUMAIILHOTO
PErpeciiHOro KOPUAOPY Y MPOCTOPI € MOMXJIMBUM 332 PAXYHOK BUKOPUCTAHHS SACPHUX (PYHKITIH.
Ockinbku y poOOTi pO3TISIAETbCcs HEBEIMKUI JaTaceT Ta Ma€ MiCIe HeiHIHHA 3aJIeKHICTh MikK
BXITHUIMHU Ta BUXIJHHMH 3MiHHMMH, TO BUKOpHCTaHHS Support Vector Regression e mouinbHUM.
3BiCHO, 110 HEOOXITHO 3BEPTATH yBary Ha YyTJIHMBICTh JO BUOOPY mapameTpiB (TUM sijipa, CTEIiHb
MOJIIHOMA Ta MapaMeTpH perysipusaiii) moaeni SVR.

Sk Bigomo, MynbTH BekTopHa perpecis (MultiOutput SVR) € metoioM ManimHHOTO HaBYaH-
Hs1, SIKUA posmuproe miaxig SVR Ha Bumanok, konm € GararoBumipHi BuximHi naxi. MultiOutput
SVR nHamae 3Mory Mojeli afanTyBaTHCs 0 CKIQJHUX 3aJICKHOCTEH MK BXITHUMH Ta BUXiTHUMHU
3MIHHUMH B 0araToBHMiIpHOMY IPOCTOpi Ta BUKOPHUCTOBYETHCS B 3ajJadax perpecii, Ae moTpiOHO
nepen0adnTH KiJlbKa BUX1THUX 3MIHHUX OJHOYACHO.

PesynbpTati 3acTOCYBaHHS MaTeMaTUYHOI MO, TOOYJOBaHOI 3 BUKOPUCTAHHSM ITOJIHOMi-
aJIbHOT Ta MYJIBTH BEKTOPHOI perpecii, MO’KHA BBa)KaTH HAMKpPALIMMHU Cepell 3alPOTIOHOBAHUX, SK-
[0 BPaxOBYBaTH OTPHMAaHI JIi OCTAHHBOI MOJENII METPHKH: CEpPeIHBO KBaJIpaTHYHA MOXHOKa
MSE = 01,3505 Ta koedinient aerepminarii R? = 0,904.

[opiBHsUTBHUE aHAMI3 MOJENEH y NBOX OCTaHHIX psaKax Tadmuii 1 CBiAYUTH, IO BUKOPHC-
TaHHS JIEKUTBKOX OKpeMux Mojeneit SVR Bce 5k Taku 04iKyBaHO BUAAE TipIIi pe3yabTaTh, aHK BU-
kopuctanus oaniei moaen MultiOutputSVR. Ocranus mozaens edeKkTHUBHIIIE BUKOPUCTOBYE KOpe-
JISALII0 MDK IUTBOBUMH 3MIHHHMH Ta BPaxoBYe ii JIJIsi MPOTHO3YBaHHs. SIK HACIIJIOK, 11€ MPU3BOIUTh
710 OUTBII TOYHUX MPOTHO31B Ta Kpalloi y3araiabHIOYOi 3/110HOCTI Mojeni. €auHe, 110 Ciij 3ayBa-
KUTH, 110 IPU BUKOPUCTAHHI LI€1 MOJAEN1 MOXE BCE OJIHO BUHHUKHYTH HEOOXIAHICTH i HajamTy-
BaHHA. Hanpukian, mindip rinepnapamerpiB Moneni. 3ayBakMMO, 110 OCTaHHI pe3ynbTaTtu Oyso
OTpHMaHO JUIs TapameTpy perymspuszanii C = 4,5 ta mupuHU Kopuaopy, sikuit nopisaioe € = 0,001.

BucnoBku. [Ipononyerscs poboTa 3 JaHUMH, SIKI OTPUMAaH1 €KCIEPUMEHTAIBHO NpU IIPOBe-
JIEHHI TUTa3MOXIMIYHHUX TIPOLIECIB ISl OTPUMAHHSI HAHOCUCTEM. BUKOHY€EThCS aHal3 IUX JTaHUX Ta
PO3TISIIAIOTHCS. MOKIITMBOCTI MOOY/IOBH MaTeMaTHYHUX MOJIENEH /ISl MOANBIIOTO X BUKOPUCTAH-
HSl y KOMIT'IOTEPHOMY MOJIENIFOBaHH1 TaKUX IPOLECIB.

OrnsiHyTO HaUIPOCTIII MOJEINI Ta 3pO0JIEHO aHalli3 MO0 X BUKOPUCTAHHA. 3alIpOIIOHOBAHO
3aCTOCYBaHHS HEJIIHIMHUX MOJEINIeH, 30KpeMa, MyJIbTH BeKTopHY perpeciro (MultiOutput SVR).

Pesynpraty 4ricebHUX €KCIIEPHMEHTIB J03BOJISTIOTH CTBEP/XKYBATH, IO TaKHH IMIAXiT MOXe
HETIOTaHO MPAIOBATH 3 JAaHUMHU, SKi MalOTh CKIAIHY CTPYKTYPY Ta HEOJHOPLAHHWM po3mosina. 3a-
CTOCYBAaHHS METOY J03BOJISIE MOJICITIOBATH CKJIA/IHI HETIHINHI 3aJI€KHOCTI MiX BX1THUMH Ta BUXIi-
JTHUMH 3MIHHMMH 32 JIOTIOMOTOI0 BHKOPUCTAHHS SIEPHUX (QYHKIIM Ta Ma€ 31aTHICTh €(EKTUBHO
MpalfoBaTH 3 HEBEJTUKUMHU BUOIpKaMM JaHUX, OCKIJIbKA BUKOPHCTOBYE OMOPHI BEKTOPH ISl MOJIe-

JIIOBAHHS PErpeciiHOro KOpUaopy.
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Analysis and preparation of data during modeling
of plasma-chemical processes of obtaining nanosystems

One of the new directions of industrial chemical technology is plasma chemical. Despite sig-
nificant experimental and theoretical research, physicochemical processes are complex and not ful-
ly understood for scaling and control in mass production. In low-temperature plasma, chemical
processes, regularities of reactions, and the basics of plasma chemical technology require computer
modeling. The experimental data of natural experiments require additional analysis and prepara-
tion for their further application and the construction of adequate simulation models of plasma-
chemical processes for the development of nanosystems. In the course of the preliminary experi-
ment, which includes two stages, the input and output variables of the application task were exam-
ined. A software toolkit has been developed for the analysis of experimental data, which allows col-
lecting statistical information and visualizing some processes. The software approaches to building
analytical and simulation models of plasma-chemical processes of obtaining nanosystems were
considered and implemented.

Two possible approaches to the construction of homomorphic models are reviewed: classical
and with the use of artificial intelligence. Without limiting judgment, linear and non-linear regres-
sion models were reviewed. The first type of model is multiple regression and methods that use reg-
ularization. As an alternative, the construction of nonlinear models based on the method of support
vectors is proposed. Vector and multi-vector regressions are considered. Multidimensional regres-
sion is aimed at studying and constructing a mapping of a multidimensional input feature space into
a multidimensional output space. The obtained numerical results were analyzed and it was pro-
posed to use nonlinear models of plasma-chemical processes for obtaining nanosystems for com-
puter simulation, in particular: multi-vector regression.

Keywords: statistical data analysis, regression models, simulation of plasmatic processes of
obtaining nanosystems.
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I.C. Makapos, T.A. Jlixoy3oBa
IMPOI'PAMHE 3ABE3INEYEHHS
JIJISA AHAJII3Y TEKCTOBOI IH®@OPMAIIIL 3 TELEGRAM

Anomayis. 'V cyuacnomy ceimi iHGOpMayitiHux mexHoNo2il pO36UMOK IHMeEPHEm)y Npu3eié 00
CMPIMKO20 3pOCMAaHHs KilbKocmi iHghopmayii. Bionoeiono, cb02o0Hi 0coOIUBOI aKmMyaibHOCMI
Habysaomv 3aCMOCYHKU, WO 30amHi nojecwumu pobomy 3 yicro inghopmayiero. Ocobausy yeazy 6
YbOMY KOHMEKCMI 3ACy208yIomb cucmemu azpezayii ma kiacugixayii mexcmoegoi ingopmayii, saxi
BUKOPUCMOBYIOMbCAL OJ1s1 00POOKU OAHUX 3 PISHOMAHIMHUX Odcepell, 30Kpema 3 menecpam-Kauauie.
Haiibinow axmuenorw cgheporo 0ocniodxcenv € SUKOPUCMAHHA MOOelel MAUUHHO20 HABYAHHSA OJls
aHanizy mekcmy, wo 8i0OKpUBAE HOBL MONCIUBOCTI OJisl NIOBUUEHHS edheKMUBHOCMI 0OPOOKU OaHUX.
3anpononosano npocpamme 3abe3neyenns — 6e03acmMoCyHOK OJisl AHANIZY MeKcmogoi ingopmayii 3
Telegram. Moocnusi cghepu 3acmocyéanns pos3podieH020 3ACMOCYHKY OXONII0IOMb  WUPOKULL
cnekmp 2anyseli — 6i0 Yyupposo2co mapkemunzy ma coyianrbHux 00CHI0HCeHb 00 AHANI3Y HOBUH MdA
HAYKOBUX QOCNIOHCEHD.

Knrouosi cnosa: ananiz mexcmogoi inghopmayii, mooeni MAUUHHO20 HABYAHHS OISl AHANIZY MEKCMY,
BERT, xracugpirayis.

CyuacHi MeToiiu 00pOOKH TEKCTOBUX JIaHUX, 30KpeMa MalllUHHE HaBYaHHsI, J03BOJIIE€ HAM BU-
3HAYaTH eMOIliiiHe 3a0apBiIeHHS TEKCTY, KJIacu(iKyBaTH HOro 3a MEBHUMH KaTE€ropisiMU, BUAUISITH
OCHOBHI T€MH Ta 1HIII XapakTepucTHKu. [IpoBiHI HaykoBi ycTraHoBU Ta IT-koMnaHii akTUBHO J1OC-
JOKYIOTH II0 Tally3b, PO3pOOJISIOUN aNroOpUTMHU Il €(heKTUBHOI 0OpOOKM Ta aHalli3y TEKCTOBUX
JaHuX. 30KpeMa, BaXJIMBY pOJIb BIAIrpalOTh poOOTH B raiy3l OOpOOKM MPHUPOAHOT MOBHU
(NLP) [1], mo BxiIto4aroTh po3poOKy aqropuTMIB AJIE PO3YMIHHS, IHTEpIpeTAallii Ta reHepaiii Jiroa-
CbKOI MOBH MaIllIMHAMU.

Jlana poboTta 30cepeKeHa Ha CTBOPEHH] B€03aCTOCYHKY, 110 CIPSIMOBAHUI Ha arperariro Ta
kyacugikaiio TekcToBoi iH(popMallli 3 Tenerpam-kaHamiB. [1o110H1 3aCTOCYHKH BIITparOTh KO-
YOBY POJIb Y CTPYKTYPYBaHHI Ta CUCTEMAaTH3aIlll TEKCTOBUX JaHMX, [0 CIIPOIILYE iX aHaui3. Y CBITII
CTpIMKOTO 301JIbLIIEHHS 00CsTiB iHpOpMaIlli B Mepexi IHTepHeT, Take mporpaMHe 3a0e3reyeHHs BU-
SIBJIE€THCS aKTYyaJIbHUM SIK JUIS CbOTOJICHHS, TakK 1y HallOImK4oMy MallOyTHEOMY.

MeTo10 po3poOKHU € CTBOPEHHSI IHCTPYMEHTY, 1110 Ha/J1aCTh KOPUCTYBadaM MOJIMBICTh eeK-
THUBHO KJacu(]iKyBaTH, aHAII3yBaTH Ta Bi3yali3yBaTH BEJIUKI 00CATH TEKCTOBOI iH(popMallii.

AHaJii3 ocTaHHIX JocailzKeHb i myOaikaniii. B koHTekcTi 00poOKHM TEKCTOBUX JTaHUX BapTO
mnam’siTaTu, 1o TeKCToBa iHGopMarllis B uppoBoMy GopMaTi — 11€ HE TUIbKH €JIEKTPOHHI KHUTH YU
CTaTTi, aJie ¥ TIOCTH B COITIaJIbHUX MEpexax, IMOBIIOMJICHHSI B MeCeH/pKepax Ta Onoru. B Hamn gac

COLIIAJIbH1 MEPEX1 Ta MECEHIKEPU MOYaJI BIAIrpaBaTH KIOYOBY POJIb B iHGOPMYBaHHI CyCHUIbCT-
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Ba Ta (hopMyBaHHI TyMOK MUTbHOHIB yKpaiHiiB. Tak, 3a nanumu KuiBCcbKOro Mi>kHapOTHOTO 1HCTH-
TYTy COLIOJIOTIi HalmomysipHilIe JyKepeno iHGopMalii A7 TPOMaIsSH HAIoi KpaiHu € Telerpam-
KaHamu [2].

[TomynsipHiCTh Ta aKTyaJNbHICTH 33aJau arperaiii Ta aHajizy TeKCTOBOI iHpopmaii npu3Bena
710 TIOSIBU Ta PO3BUTKY BEJIHMKOI KiJIBKOCTI MPOrpaMHUX MPOIYKTIB y AaHiil chepi. Oxnak, po3risa
ICHYIOUHX 3aCTOCYHKIB BUSIBIISIE PsAJ] IPOOJIEM, SIKI CYTTEBO OOMEXYIOTh IXHIN MOTeHLian Ta edek-
TUBHICTh BUKOPUCTAHHS B aKaJIEMIYHHUX Ta JOCIITHUIBKHX IisX. OCHOBHI MOMEHTH, Ha AKX Oyne
noOyJ0BaHe MOPIBHSAHHS, 11€ Y ICHYE MOXIIUBICTD alaiTyBaTH POOOTY 3aCTOCYHKY ITiJ] KOHKPETHY
3aJjauy KOPUCTYBaua, Yd JOCTYIHI KOPUCTYBaudy IHCTPYMEHTH JJIsl IPOBEIEHHS JOCIIIKEHb y che-
pi colliabHUX HAYK, HASIBHICTH aJTOPUTMIYHOI MPO30POCTi Ta TOCTYII IO BUXITHOTO KOAY 3aCTOCY-
HKIB 7151 cyibHOTH. OKpiM IIbOTO MU 3BEPHEMO YBary Ha JOCTYIMHHUH (YHKIIOHAJ: MOKJIHMBICTH
eKCIIOPTY CHUPHX JIaHHX, II0 Oy BUKOPUCTAHHI Y MOOYm0BI rpadikiB, m0 € KOPUCHUM IS OyIb-
SIKOT'O JIOCITITHAKA, MOYJINBICTh TIOOY/IOBH «XMapH CITiBY.

Tabmuns 1
[Mopisusaus 3 anaoramu (Kin-TXT — po3po6iiene)
@ ' Kin- R Talk Moneky 0
HKI[IOHAJ evuze OSICHEHHS
y TXT Walker Learn
ExcropT cupux N N MosxHMBICTB 30€perTu cupi
JTAaHUX aHl IUI IHIIUX JTOCHIIKEHb.
IaTerpariist kopuc- J103BOJISIE BHKOPUCTOBYBATH
TYBaI[bKUX KJIacH4- N N KOpHCTYBAIbKi MOJIET, 3a-
HUX Mojenel Ma- CHOBaHi Ha TPaIUIIHHUX aj-
LIIMHHOTO HaBYaHHS roputmax ML.
InTerparis kopuc- MOXIUBICTH BUKOPUCTAHHS
TyBaIlbKUX HEUPOH- + - - - KOPHUCTYBAI[bKUX HEMPOHHUX
HUX MEPEX MEPEK.
Bizyanizaiiist HalG1IBII YacTO
[TobynoBa xmapu N N N BXKMBAHUX CJIB Yy JAaTaceTi
CIIIB JUTSL IBUKOTO 11eHTU(DIKY-
BaHHS KIIFOUYOBHUX TEM.
. ) HasiBHiCTh TOTOBUX MOjETEH
BoynoBani mojeni )
) ML nns 3amad4, 1m0 KOpUcHi
JUTSL JOCIIIKEHb Y + - + + . .
) JUTSL TOCTTIKEHD Y COIlialb-
cdepi coil. HayK
HUX HayKax.
. BinkpuricTs aeraneit anropu-
Anroput™MiuHa . .
. + - - + TMIB, IO JIEKATh B OCHOBI
MIPO30PICTh .
00poOKH Ta aHANI3y JAHUX.
MOoNHBICTh Y4aCHUKIB CITi-
Bigkpuricts nposy- N JBHOTH BHOCHUTH 3MiHH 200
KTY JUJISl CIIUTBHOTH aJanTyBaTH MPOAYKT Mij Bla-
CHI OTpeoH.
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Pe3ysabTaTn Ta 0OCHOBHHMI MaTepian qociaigkenns. B pamkax nanoi pobotu nepeadavanach
po3poOKa MozeNi ISl KaTeropu3allii HOBHHHHUX MOBIIOMJICHb 32 TeMaTHKO. Lle BuMarae 3actocy-
BaHHS €(EKTHUBHHUX AJITOPHUTMIB MALIMHHOTO HAaBYAHHSI, 3aTHUX TOYHO 1EHTHU(IKYBATH KIIOYOBI
0COOJIMBOCTI TEKCTY Ta BITHOCHUTH KOTO JI0 BiAMOBiIHOI KaTteropii. Jlekiiibka MomyIsipHUX alropu-
TMIB JUIs KJacudikallii TeKCTiB BKIIOUYAIOTh: HAaiBHUIN OaeciB kiacudikarop [3], MeTox onopHUX Be-
ktopiB [4], RNN [5], BERT [6]. KoxeH 3 1iux aaroputMiB Mae CBOi OCOOIHBOCTI.

[IpoananizyBaBIy BCi MepeBaru Ta HEAOIIKA KOKHOTO 3 alTOPUTMIB TEKCTOBOI Kitacudikarrii
OyJio MpHifHATE PIlIEHHS MPO BUKOPUCTAHHS HEeWpoHHOI Mepexi apxitektypu BERT musa 3amaui
knacudikamii HoBuH. OOMekeHa KUTbKICTh TaHUX, 10 Oy 310paHi Ta po3MiueHi BpyYHY B paMKax
naHoi poOOTH, BUKIIIOYAE MOKJIMBICTb TPEHYBaHHS Oyab-siKOi HEMpOHHOI Mepexi 3 Hymia. OxpiMm
1p0r0, (PYHKITIOHA 3aCTOCYHKY HE Iependadae Kiacu@ikaiio JaHUX B PEKUMI PEaTbHOTO 4acy,
BIJIMOBIHO OOMEKEHa MIBUAKICTH poOOTH Mepexi Ha ocHOBI BERT He Oyne KpUTHYHUM HEHOIMI-
koM. Ha 1oiaTok y BUIBHOMY JOCTYIII iCHY€E BEIHMKa KUIBKICTh PI3HOMAHITHUX TMEpel] TPEHOBAHUX
MoOJIeNIel TaHOi apXiTeKTypH, HaBUCHHX Ha BEIMKHX KOpIycaxX AaHWX. BUKOpUCTaHHS Takoro mif-
X0y 3 IEPEAHABYCHOIO Ta B MOAAJBIIOMY aJalITOBAHOIO MOJICIIUIIO JO3BOJISIE CTBOPUTH €(PEKTUBHY
knacu(ikaimiifHy CUCTeMy HaBiTh Maloouyl oOMexeHud Hallp maHux. Bukopucrano 06a30By
multilingual Bepcito moxemi BERT. Jlana mozens miarpuMye oOpoOKY TEKCTY 0jpa3y Ha KiTbKOX
MOBaX, BKJIIOUAIOYH YKPATHCBKY Ta pOCIHCHKY. Lle KpUTHYHO Ba)KJIMBO, OCKIJIBKU 3aBJJAHHSM 3aCTO-
CYHKY € aHaJli3yBaTH yKpaiHChbKi HOBUHHI NMOTOKH (SIK YKPaiHOMOBHI TaK i pOoCIHChKOMOBHI) Ta po-
CIIICBKOMOBHY Ipomaranay. MoJIuBiCTb MOJeli eeKTHBHO MPAILIOBATH 3 TEKCTaMH Ha 000X MO-
Bax € KIIFOUOBOIO IS IOCSTHEHHSI TOCTABJICHUX LITEH.

l'onoBHOIO (hyHKIIIEIO TPOrpaMHOTrO 3a0€3MEUEHHS € 3aBAHTAXXEHHS KOPUCTYBALbKUX MOJie-
Jiel MaIIMHHOTO HaBYaHHS, MOOY/I0Ba CTAaTHCTHYHMX 3BITIB HA OCHOBI BOYy/OBaHOi Mojell, MO0Y-
JI0Ba CTAaTUCTUYHMX 3BITIB Ha OCHOB1 KOPUCTYBAI[bKOI MO/EN, TOOY/I0Ba 3BITIB TUILY «XMapa CIiB»
Ha OCHOBI BOy/I0BaHOi MOJeJl Ta MO0y 0Ba 3BITIB TUITY «XMapa CIiB» Ha OCHOBI KOPHCTYBAIbKOI
Moz, Olbiie QyHKIINH MOKHA TOOAYUTH HA PUCYHKY 1.

PerenbHuii aHani3 BapiaHTIB BUKOPUCTAHHS J03BOJIMB BU3HAUUTH KJIKOYOBI CIIEHapli B3a€MO-
Ji1 KOPUCTYBaUiB 13 CHCTEMOIO, BAOKPEMHUBILN OCHOBHI (PYHKIIIT, IKI Ma€ MATPUMYBATH PO3POOITIO-
BaHUI 3aCTOCYHOK. BUBYEHHSI CHCTEMHHX BUMOT JAJI0 3MOTY YTOYHHTH TEXHIYHI aCTIEKTH Ta YMOBHU
eKCIUTyaTallll CUCTEMH, IO € BaKJIUBUM JUIsl 3a0e3neueHHs ii cTalbliabHOI poOOTH Ta IHTErpauii 3
iHIMMH cepBicamMu. PopMynnoBaHHS (PYHKLIOHAIBHUX BUMOT BiIoOpa3uiio JeTallbHUN OMUC OCHO-
BHUX 33/1a4, SIKi TIOBUHHA BHUPINIYBAaTH CHCTEMa, BKIIOYAIOUH MIATPUMKY KOPHCTYBAIBKHX MOJIE-
JIeH, yrpaBIliHHS 1a0JI0HaMHM Bi3yai3allii, reHepallito Ta ynpasiiHHs 3BiTamu. Lle 103BommI0 9iTKO
BHU3HAUUTHU 00CAT poOIT Ta (HyHKIIOHATBHI MOKIMBOCTI 3acTocyHKy. HedyHkiioHanbHI BUMOrH, B
CBOIO Yepry, OKPECIMIIN KITIOUOBI SKICHI XapaKTEPUCTUKHA CUCTEMH, TaKl SIK MaciTaboBaHICTh, Ha-
JHHICTh, TOYHICTH, 103a011iT1, Oe3meKa, 1o 3a0e3MeYy0Th 3pYIHICTh BUKOPHUCTAHHS 3aCTOCYHKY Ta
HOro epeKTUBHICTb.

Jly1s Be63acTOCYHKY 00paHO MIKpOCepBICHY apXiTekTypy. Takuil BuOip oOymMoOBIeHUH moTpe-
0010 y BHCOKIA MaciiTabOBAHOCTI, THYYKOCT1 YIpPAaBJIIHHA OKPEMHMHM KOMIIOHEHTaMU CHCTEMH,
CIPOIIEHHSM TPOIIECY PO3POOKH Ta TECTYBAHHS 3a JIONTOMOTOIO IEKOMIMO3UINT (PyHKITIOHATY Ha He-
3aJIe)KHI CEPBICH.
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Bubip 3aco6iB po3poOku OyB OOIpyHTOBaHHMI Ha OCHOBI aHali3y HasBHUX IHCTPYMEHTIB Ta
cienniky 3a/1a4, 0 CTOSATHh IpU MOOYIOBI JAHOTO MPOEKTY. 30KpeMa, OyJI0 BU3HAUECHO BUKOPHC-
TaHHS MOBH NporpamyBanHs Python 3 Bukopucranusm ¢peiimBopky FastAPI s Gexenny ta React
st GpOHTEHTY, 3a0e3Meuy0ur TAKUM YUHOM €(PEeKTHBHICTh Ta Cy4acHICTh B€03aCTOCYHKY.

BeBG3acTOCYHOK ANA aHanizy TeKCToso
iHopmaui 3 Telegram

K

BuganexHs
WwadnoHy sisyanisayfy ~~-.

z<include=>

____________ 4 _ Mepernsa cnucky
sechdex a0roHis sizyanizauj

BuaanexHa
mozeni 3
PeparysaHHs
mogeni

BuganesHs
ity

PeparysaHHa
aGroHy sisyanizauj

HeastopuzosaHui
KOpUCTyBad
CTe0peHHA WwadnoHy'

sizyaniaauii

________________________ EKCIOPT CHpHX AaHuX
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ABTODHM30BAHMIA KOPUCTYBaLKOI
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Pucynok 1 — Jliarpama BapiaHTiB BUKOPUCTaHHS

B skocti ¢ynnamenty mis kiacudikamniiinoi mozeni obpaHo Base Multilingual BERT
(mBERT), axuii 3a0e3nedye MUPOKI MOXKIMBOCTI JUIs PO3YMIHHS PI3HOMaHITHUX MOB. [laHa Mo-
JIe7Tb Ma€ BUKOPUCTOBYe 12 miapiB eHKoiepiB Ta Mae 0113bK0 110 MinbiioHIB mapaMeTpiB.

IToBepx 6a3oBoi mynbTuMoBHOI Bepcii BERT Oyno nonaHo nBa mapu HeHpoOHIB, 3aJadero
akux Oyzae BrnacHe knacugikaris HoBuH. [lepmmii 1oqaTKOBUM map ckiaaaaeThes 3 128 HelpoHiB i
BIJIMOBIA€ 32 BUAUICHHS OUIBII CHIEM(IYHUX 0COOIUBOCTEH 13 BEKTOpHUX TpeacTaBieHh mBERT,
SK1 MOXKYTb OYTH BaXKJIMBUMHU JJIS1 PO3PI3HEHHS KaTeropiii HOBUH.

Jlpyruii map, skuil € KiHIIeBUM y MOJeNi kiacudikailii, MICTUTh 5 HEWpOHIB, IO BiAMOBiIa-
10Th 3a 5 kareropiit HoBuH: Crisis, Economical, Political, Corruption ta Other. KoxxeHn HelipoH y
[[OMY IIapi MpPEJCTaBIsE OJHY KaTeropito, 1 akTHUBAIlisl IIMX HEHpOHIB BiOyBaeThCs uepe3 QyHK-
1iro softmax, ska MepeTBOpPIO€ BUXi/IHI 3HAYEHHS HEHPOHIB Ha MMOBIPHOCTI NMPHHAJIEKHOCTI BBE-
JICHHS 70 KOKHOI 3 KaTeropiu.
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s mobynoBu Mozeni Oyio 3i0paHo Ta po3mideHo 0sn3bko 2500 HOBHHHUX TIOCTIB Pi3HHUX
kareropiid. KoskeH moct Oyio mepeyuTaHo Ta BPyYyHY aHOTOBAHO 3 METOIO 3a0€3MeUeHHs SIKICHUX
TPEHYBAJbHHUX JIaHUX.

3i0pani maHi Oynu po3/iieHI Ha HaBYaIbHY Ta TecTOBY BUOIpKYy y BimHomenHi 80 mo 20.
[Iporiec HaBYaHHS MOJIE1 TPOXOIUB MIPOTATOM IT'STH €I0X, [0 O3HAYAE, 10 BeCh HAa0Ip JaHUX OyB
BUKOPUCTaHUU JUIs TPEHYBAaHHS I'SATh pasiB. B skocTi ontumizamiitHoro anropurMy Oyino oOpaHo
Adam [7], axuii € OTHUM 3 HAWMOMYJSPHIMIUX Ta €PEKTUBHUX aJNTOPUTMIB JJIsl TPEHYBaHHS TJIU-
OMHHUX HEHPOHHUX Mepek. Adam onTUMI3ye MpoleC HABYaHHA 3a JOTIOMOTOI0 aJIaNTaIlii IIBUIKO-
CTi HaBYAHHS JUIA KOKHOTO TapameTpa MOJeli, 10 J03BOJISE JOCATTH KPAIIUX Pe3yJIbTaTiB 3a Me-
HIITY KUTBKICTB iTepartii.

3% Kin-TXT S p————

< BACK

Generate Report

GENERATE REPORT

Pucynok 2 — IIpuknaza popMmu 1711 reHepaiii 3BiTy TUITY «XMapa CIIiB»

:7%%: Kin-TXT REPORTS MODELS TEMPLATES LOG OUT

€ BACK

Word Cloud Demonstration

'V Filter out words

BIMCHKOBMM pakera
|PIVH

POCISIHUH

pd

YKpaiHCbKUM

Pucynok 3 — I[Ipuknan BiqoOpaxeHHs 3BITY THUITY «XMapa CIiB»
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[To 3aBepiIeHHI0 HaBUAHHS MOJENb Oyia MPOTECTOBaHA Ha OKPEMOMY TECTOBOMY Habopi aa-
HUX, 110 HE BXOJUB JI0 TPEHYBAJIBHOTO JaTaceTy, JEMOHCTPYIOUM TOYHICTh Kiacu(ikamii Ha piBHI
97.8%. Takuii BUCOKHUI MOKAa3HUK TOYHOCTI CBITYMTH MPO T€, IO MOJEIb J00pe y3arajabHUiIa Ha-
BYAJIbHI J1aHi Ta 3/aTHA e()EeKTUBHO KIacu(iKyBaTH HOBUHH 3a KaTErOPisIMHU, IO € MiATBEPHKCHHIM
JOCSITHEHHSI METH PO3POOKH.

BucnoBku. Po3pobiennii Be03acTOCYHOK BHOCUTH CBil BKIIAJ y cdepy arperaitii, o00poOku Ta
Bi3yautizamii TEKCTOBUX JaHUX. BpaxoBylo4H BIIKPUTICTH JAHOTO MPOEKTY JUIS CIUIBHOTH Ta aKTy-
QJIBHICTh aHANI3Y COLAIbHUX TEHJIEHIIIH, JaHa poOoTa MOXKE CHPUATH PO3BUTKY HAYKOBHX JIOCIi-
JDKEHBb B 00J1aCTi COILIOJIOTIT Ta MOJIITOJIOTI, Ie aHaJli3 COIlabHIX MEPEXk 1 Me/ia € KIIFOYOBUM JIs
PO3YMIHHS CyCIIJIBHUX TPOLECIB.

3acTOCYHOK JI03BOJISIE HAYKOBISIM, aHAJIITHKAM Ta CTYACHTaM HE TUIBKH JOCTYHATHCS JI0 O0-
TY)KHHUX IHCTPYMEHTIB 11 OOPOOKH BEJIMKHMX OOCSTIB JaHWX, ajie¢ i y4acTh Y HOTO BJIOCKOHAJICHHI
Ta HAJAIITYBaHHI M1 KOHKPETHI TOCIIHUIBKI 3a/1a4i 3aBISIKH Horo Binkputomy kony. Lle cripuse
HE JIMIIE aKaJeMIiuHii CIiBIpaIlli, aje i CTUMYJIIOE IHHOBAIIIIHI MMiJIXOIM Ta METOJIMKU B aHAII31 Te-
KCTOBOT 1H(OpMaIlii, poOsan JOCTiKEHHS OUTBII IITHOOKUMU Ta 00'€KTUBHUMU.
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Software for analyzing text information from Telegram

In the modern world of information technologies, the development of the Internet has led to a
rapid increase in the amount of information. Accordingly, applications that can facilitate work with
this information are gaining special relevance today. In this context, systems of aggregation and
classification of textual information, which are used to process data from various sources, includ-
ing telegram channels, deserve special attention.

World trends in this area indicate a growing need for improving tools for processing textual
information, which stimulates scientific research and the development of new technologies. The im-
portance of such systems is confirmed by active developments in this field by IT companies and uni-
versities around the world. The most active field of research is the use of machine learning models
for text analysis, which opens up new opportunities for increasing the efficiency of data processing.

In the context of developing systems for the analysis of textual information, many existing so-
lutions face challenges related to scalability and adaptation to various types of data. However, this
work seeks to approach the development of such software from a different angle, focusing its atten-
tion on the flexibility and openness of the system to the community. The application supports a lim-
ited set of built-in machine learning models optimized for different text data classification tasks,
while offering users the ability to integrate their own models according to their unique needs. This
approach not only provides a foundation for a wide range of applications, but also promotes com-
munity development and innovation by taking advantage of collective intelligence.

Software is offered - a web application for analyzing text information from Telegram. Possi-
ble areas of application of the developed application cover a wide range of industries - from digital
marketing and social research to news analysis and scientific research.

Keywords: analysis of text information, machine learning models for text analysis, BERT,
classification.
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A.B. Konosanbuyk, T.A. Jlixoy3oBa
AHAJII3 CEPBICIB JJIs1 HIATPUMKHU POBOTHU BIBJIIOTEKHU

Anomayis. Humi matidice eci cghepu nocnye nadaroms ysaeieHHs npo csiti cepgic onnatin. Lle cnpo-
Wye KiHyesum Kopucmysayam nouwyKk ma nopieHaAHHs, ma 3aoxodye ix eudip. Toowc, wob 3pobumu
Oioniomeuni KHueU OLbW NPUBAOIUBUMU OJIsL YUMAYi8, Cnepuly NOMpIiOHO nole2uumu nOulyK ma
O3HAUOMIIEHHS 3 HUMU. Biocymuicmob HeoOXiOHOCMI mpueanoz2o nepedysanus 6 npumiujerti, Qizuy-
HO20 NOULYKY NOMPIOHO20 KOPUCTYBAY)Y NPUMIPHUKA, PYUHO20 0271580) Md NOPIGHAHHS, eKOHOMUMDb
yac i Momugye uumava Kopucmygeamucs nociyeamu oionriomexu. Ilpome dinvwicms Oibniomex He
Maomy Cy4acHUxX eleKmpoHHUX pecypcis, a ix kamanoeu sacmapini ma manro@yukyionanvhi. [L[oo
30epeemu c8ol0 poab Yy yugpogy 000y, Oibniomexam NOMPIOHO OHOBNIOBAMUCS, NPONOHYBAMU
3PYYHI eleKMPOHHI Kamano2u ma [Huwi OHAAUH-cepeicu, wobd Kpawje 8i0onosioamu nompeoam cy-
YACHUX YUMAYi8 ma CMmanoapmy 8 inuux cepax nocuye.

Memoro docnidxcenns € onogumu Oibariomeuni cepgicu 01 Kpawoi 83aEmMo0ii 3 uumavamu: cnpo-
cmumu Kamanoeu, 3anponoHyeamu 3pyYHull NOWLYK, peKOMeHOayii, NO3HAYKU KHUZS ma OHIAUH-
NOBEepPHEHHS. 3anpoOnoHOBAHO NEPEeNiK 8UMO2 00 NPOSPAMHO20 3abe3nedeHHs OJisi NIOMPUMKU poOo-
mu 6ibniomexu.

Knrouosi cnosa: 6ibniomeuni cepsicu, ananiz mexcmis, NOUYKo8a cucmemd, peKoMeHOayiuHa cu-

cmema.

biGmioteka — iH(popMmaliifHuil, KyaIbTypHUH, OCBITHIN 3akian (ycTaHoBa, oprasizaiis) abo
CTPYKTYPHUH HiAPO3/iJ, 0 Ma€ YINOPAAKOBaHUN (HOH/ TOKYMEHTIB, TOCTYII JI0 1HIIUX JKEpel 1H-
¢dopmariii Ta TOJIOBHUM 3aBJaHHSAM SIKOTO € 3a0e3neyeHHs iH(popMaliifHuX, HayKOBO-JOCITIIHUX,
OCBITHIX, KyJbTYPHHUX Ta iHIIUX NOTpeO KopucTyBauiB 6i0mioTexu [1]. Bona Hanae ¢iznunnii abo
UG POBUI TOCTYI 10 pI3HUX MaTepiajiB 1 MOXe ICHYBaTH SK (i3MuHE Micle, BipTyaJbHHUM NPOCTIp
a00 00uBa OHOYACHO.

B ninomy, enekTpoHHy 6i6i0TeKy IMpeacTaBise KaTalor Ta MOLyK o HboMmy. Cucrema Jae
MOKJIUBICTh JI0/IaBaTH, 3MIHIOBATH Ta BUJANATH iHQOpMAIliiiHI 00’€KTH, a KaTalor 3ade3nedye
IpeJCcTaBIeHHs 30epexxyBaHoi iHpopmalii. Bin sBisie o000 CIMCKM YM TaOJIUII 3 KIFOYOBOKO 1H-
(dopmatti€ro, KOTpl pO3AUIAIOTHCS NariHamiero. [lomyk € OCHOBHOIO HaBiraii€ro Ta BigoOpakae 3a
MEBHUM BiMOBITHUKOM B KaTaJlo31 BC1 MiIXOMAIIII BapiaHTH, a JUIsl OUIBII TOYHOTO TMOIIYKY 3ai0-
€TbCS HE OJMH BIINOBIIHUK. Pemrty HaBirauii npeacTasise COpTYBaHHS pe3yJbTaTiB 32 BUOpaAaHUM
3arojoBKoM. baxkauuii 3amuc Mo>kHa NepersiHyTH abu OTpUMATH MOBHY 1H(OpMAILifo.

BinbIicTh €1eKTPOHHUX KaTaJIOriB BUKOPUCTOBYIOTH roToBI Iuatdopmu, CMS, ToMmy MaroTh
OJTHAKOBMH BUTJIAA Ta (pyHKIIOHAI. BOHM MICTATH MpaBuiia MOUIYKY, 110 BiAPI3HAIOTHCS J0JaTKO-
BUM (DYHKIIIOHAJIOM, KUIBKICTIO MOJIB MOMIYKY Ta iH(QOpMALi€o, MO0 BigoOpaxyeThcs. binbuiicts

© KonoBanbsuyk A.B., Jlixoy3zosa T.A., 2024
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GbyHKIIH peanbHOI 010T10TEKH 3IUIIIAIOTHCS TAKUMU XK, 1 HEMA€ CeHCY 1X IHTerpyBaTH abo kK mepe-
HOCHTH B €JICKTPOHHHH BUTIsAA. CaMe ToMy OUTbIIiCcTh 0i0I0TEK 0OMEKYETHCSI IPOCTUM (YHKITiO-
HAJIOM 1 HE OHOBIIIOE CBOT BeOCaTH, TOMY BOHU BUTJISIAI0TH JYKE 3aCTapiio.

MeTo10 J0CTiIKeHHSI € OHOBUTH O107i0TeuUHi cepBicH AJs Kpalloi B3aeMOJil 3 YMTA4aMU:
CIPOCTUTH KaTaJIOTH, 3alPOIIOHYBATH 3PYYHUH MOIIYK, PEKOMEH/allii, MO3HAUYKA KHUT Ta OHJIAWH-
MTOBEPHEHHS.

AHaJi3 ocTaHHIX AocaizkeHb i myOJikauii. PosrisHemo enexkTpoHHI Katajgoru 6i0moTex
VYkpainu ta €Bponu. Ha xanb, He BCi 0i10JII0TEKM HAAAOTHh TOCTYH JI0 PECypCy, ajke BUMAararoTh
aBTOpHU3YyBaTHUCs. ABTOpH3AIlisl BiIOYBAaETbCS 32 UATAIILKUM KBUTKOM, SIKHH O(OPMITIOETHCS B 010-
mioreti, a00 X 32 HOMEPOM CTYJEHTCHKOTO KBUTKA (Y JESIKUX YHIBEpCUTETChKUX Oibmiorekax). Ti,
10 HAJAIOTh JOCTYII, BCE PIBHO OOMEXKYIOTh YaCTHHY (DYHKIIOHATY Ui HEABTOPU30BAaHUX KOPHC-
TyBadiB, TOXX MOBHICTIO BIIEBHUTHCH B iCHYBaHHI (PYHKI[IOHATY YM HOTO CrpaBHiil poOOTI HEMOX-
nmuBo. Taki KaTaJoru 4acTo BUKOPUCTOBYIOTh TOTOBI IIIATQOPMH, TOXK MAIOTh OJJHAKOBUHN ()YHKIIIO-
Han Ta Burysia. Lle, manpuknan, enekrponsi karagoru HTB KIII im. Iropst Cikopcrkoro [2] (pucy-
HOK 1), Haykogoi 6iomiorekn HaVYKMA [3], JIHHB VYkpainu im. B. Credannka [4], mo xopucry-
I0ThCS iHTErpoBaHOIO Oibmioreunoro cucremoro ALEPH kommanii Ex Libris [5]. Pemra kopucry-
IOTHCSI BIIACHUMH BE03aCTOCYHKAaMH, KOTPi 3A€0UIBIIOrO BiPI3HAIOTHCS AM3AMHOM, ajie He MiIxo-
TIOM.

Karanor maiike 3aBXIM Ma€ BHUIJISA] CIUCKY YU TAOJHMIII 3 MAriHAI[€l0 — HA OJHIA CTOpIiHII
MIeBHA KUTBKICTh 3aIKCiB, 1HOJI HaJAMITOByBaHa. [lepeBara TaOnuilh — Kpaia yrnopsaIKoBaHICTh 3a-
rOJIOBKIB Ta 1H(opMallii, a TaKOK MOXJIMBICTb COPTYBAHHS 3allMCIB 3a PI3HMMM 3arojoBKamMu. Y
CIHMCKaX 3a3BUYail 1€ pSJIOK Y IEBHOMY (opMaTi, a COPTyBaHHS 3/1MCHIOETHCS 3a JOTIOMOTOKO BiJ-
MOBITHOT KHOTIKM YH OIIIii 3 BUITAJAI04Y0T0 CIUCKY. HaTnckaHHS Ha Ha3By NOKYMEHTY, PO3IIUPIOE
3amuc JO0AaTKOBOKO 1H(OpMaIlio, ado XK BIJKPUBAE CTOPIHKY 3 MOBHOIO 1H(GOPMAIIEIO MPO TOKY-
MEHT Ta MOXKJIMBUMU J1SIMH 3 IIUM JOKYMEHTOM (PUCYHOK 2).

£ - = @oprynsp Onuii. Buxin
Avern [ 3aranuumit xaranor | p— PR —
Nepernaa

Matepianw Ao xypcis i konesayii i KATANOFM.... Biryxn flonomora

epeani nowyxm Mos e-Tlonwus

1 Sxwo subpatu "Tak" 8 mexio "CnoBa nopyu" i BBecTu IcTopis YkpaiHu, TO cUCTEMa 3HalAe NuLe Ti 3anucu, 4e HaACTyNHUM nicns cnosa IcTopis Gyae cnoso Ykpainu.
2 ManeHbKi Ta BeNUKI NiTepu Npy NOWyKy piBHO3Ha4Hi. Hanpuknaa, wykao4u computer, cucTeMa TakoX 3Hange 3anucu, ski Mictate Computer yu COMPUTER.

- Miag Yac nowyky fo3sonseTbca BUKopucTosysaTu Bynesi onepatopu AND, OR, NOT Ta ayxku. Hanpuknaa, esiswwu (ekorHomMika OR dinancu) AND YkpaiHda, Bu 3HaigeTe Bci 3anucu, ski
~ MaloTb cnosa ekoHoMika abo giHaHcy pasoM 3i CnoBoM YkpaiHa.

3acTocosyiiTe 3HaK * (3ipoyka) Ans NOWyKy CNiB, WO YacTkoso 36iraTecs. Hanpuknaa, B pesynbTati NowyKy ykpaiH* Gyae 3xaitneHo YkpaiHa, YKpaiHy, yKpaiHceKa, yKpaIHCBKMIL,
4 ykpaiHcekoro i T.4. Mowyk *noris 3Haiae cnosa @inonoris, exonoris i T. A. 3HaK * MOXHA BUKOPMCTOBYBATY i B CepeauHi MowyKoBoro TepmMiHy. Hanpuknag, nowyk ictop*s 3xaitae
3anucw i3 cnoBamu icTopis Ta icTopiorpadis.

Pucynok 1 — Enexrponnuii karanor HTb KIII im. Iropst Cikopcbkoro
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HUAYKOBA BIBAIOMEKA
iw. M. Makcumobuva
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eog Ukraine
[ BuxIA
Viarat Biarernep MOAEA OTIATH 1ACTHKOBH “UrTANLHE KBITOR TAKV 38 A1pecoi: AiCTaI, (0 zoxerrs)
npocnext akazemixa [nymkosa 2, kim. 217, Tenér cTany Ta lcropll aamoRnens
Wi i Heper: :
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Hazax Hormii fomwyk
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\Hasea: "3 iioro ayxa meuarrio..."
\Bio. 14000 Haze.: [llepuenko3HaBYI CTYIIT
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Micmo: Ouzeca
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Cmopinox: 152¢.
\bBK: LLI5(4Vkp)5-4(1llepuenko)4,0243
LISBN: [966-318-254-7
Tun ooxy:sesmy: El(sm'a
| Bosatn Ao 3amosneHHsa | nosisomuTy npo nomunky & onuci | | BosaTtu ao cnucky

Pucynok 2 — Onuc nokymenta B Haykosgiit 6i0miorerni im. M. MakcumoBuua KHY

im. T. [lleBuenka [6]

KoskeH 3 HUX Tak 4M 1HaKIIe Bi10Opakae 3alucy 3a pe3yjbTaTaMu MOUIyKy. Tox, HanpHukias,
BUOIp KHUT 32 KaTEropi€lo «CaJiBHULTBO» € PE3yJIbTaTOM aTpUOYTHOTO HOUIYKY (pUCYHOK 3), a Bi-
J0OpaXeHHs OCTaHHIX HAJXOJKEHb — Pe3y/IbTaT CUMBOJIBHOIO MOIIYKY 3 BUKOPHCTAHHIM Mapame-

TPIB Ta JIOTIYHUX ONEPATOPIB (PUCYHOK 4).

subject:(&quot;) AND subject:(gardening) Search

Catalogue  Search for "subject:"gardening

Refine Your Search Results 1 - 10 of 1200 Sorted by Relevar

Build Search

1CE

Pucynok 3 — I[Momryk 3a KaTeropi€ro «caaiBHUIITBO» B KaTajo3i 0i0mioTekn

Panu oxpyry Jlankammp [7]

Pe3ynbTatv nowyky : flata inBedr= 20240311->20240318 and Cn-Hom.naprii= 202%;
Bipcoprosano 3a : Pik(C)/AsTop

Coptysarthu 3a : 9AsTop(3)/Pik 9AsTop(C)/Pik ®Hassa(3)/Pik eHassa(C)/Pik ePik(3)/AsTop @ Pik(C)/A

dopmar : Tabnuus Cnucok — Cnucok xopoTko (asr. Haipa) Cnucox (Hassu)
3anucu 1 - 3 3 81 (MakcumanbHe BigobparkeHHa: 9000 sanucis)

# AsTOp 1

] Buxnaes, OpiaA Mukonanosuy, Pexpeauiini TexHonori
"Nukraropu XX-XX TOMNTH HOnkratopu XX-XXI cTonite: TOTaNITapHI pexmuMmM 1a

TOTa MW Ta HacdmaKkm an|

MixHapo

3 [] Irypbe, AHTOHIO, bibmorekapka 3 Aywsiuy

By MOXETE 3MIHUTY BAw NOwyK:

wdi = (20240311->20240318 ) and WPT = (202 )

BTOP YABTOD

Hacniakw ans

Pucynok 4 — OctanHi HaIXOKEHHS 3a TIXKIeHB B kaTano3i HTh KITI
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Jlnist mOpIBHSTHHS aHAJIOTIB BiiOpaHo 4 eNeKTPOHHI KaTalory (Jlai B TyKKaX CKOPOYEHE MOo3-
nauenns): HTB KIII im. Irops Cikopceekoro (KIII), HaykoBoi 6i0mioTexu iMm. M. MakcumoBHuua
KHY im. T. Illepuenka (KHY), Hamionambnoi 6i0mioreku Ykpainu im. SpocmaBa Myaporo
(Mynp) [8] Ta 6i6miorekn Pagu okpyry Jlankammp (JIank). JocmimkyBanuch 6arato pi3HUX pecyp-
ciB, ayie BUOIp 3yNMHUBCS Ha IIMX Yepe3 aBTOPUTETHICTh: MPOBIJHI YHIBepCUTETH YKpaiHu, BU3HAY-
Hi 6i10i0TeKH, iHO3eMHA ypsioBa 0i0i0TeKa. A TaKOX Yepe3 AOCTYIHICTh (QYHKIIOHATY (3rajaHa
BHUIIE aBTOPU3ALlis), HOTO aJIeKBaTHICTh Ta POOOTOCTIPOMOKHICTh. BapTo 3a3HauMTH, MO AOCTIAUTH
MOJKHA JIUIIIE YaCTHUHY 3aCTOCYHKY, III0 JOCTYITHA YUTady, a YaCTHHY aJMiHICTpAaTOPiB Ta MparliB-
HUKIB O0107i0TE€KHM 3 BIJKPUTUX JUKEpeNl AOCHITUTH HE MOXIMBO. [lOpiBHAHHS 300pa’keHO B
Tabmmmi 1.

Cainx BigMITHTH, IO HE BECh 3rajlaHUil (PyHKI[IOHAN peai3oBaHU MOBHICTIO YW BiATIOBITHO
(mo3nauka “*” B Tabnmi). Po3mmpenuii momryk Moxxe OyTH peanizoBaHUM 3 BUKOPYCTAHHSIM JIUIIIE
JBOX-TPHOX TIOJIB 1 JiutIe 3 Jorikoo “AND”. Takoxk COpTyBaHHS MOXe OYyTH JIHMIIIE 32 JIBOMA 3aro-
JIOBKAMH YM TPAIIOBATH HE 30BCIM KOPEKTHO. [HTEpaKTUBHUM MOXKe OYyTH JIUINE OIWH 3aroJIOBOK,

a00 BiH MO>ke OyTH yHIKaJIbHHUM, 1 HaJISKATH JIMILE OJHOMY 3aITUCYy.

Tabmums 1
[TopiBHSHHS iICHYIOUUX pillIEHb

OyHKI1OHAT KIII KHY Mynp JIank IlosicHeHHs

CranpaptHuii  1o- | + + + + [Tomryk 3a OgHWM BiAOBITHUKOM, Ha-

LIYK 3BOIO JJOKYMEHTY

Posmmpenuit  mo- | + * * + [Tomyk 3a KinbKOMa BiAMOBIAHUKAMHU

LIyK (momsimm)

JHlonatkoBa Jiorika | + + [Tomyk 3 BUKOpPHUCTaHHSIM MapaMeTpiB,

B IIOILIYKY 3HAaKIB Ta JIOTIYHUX OIEpaToOpiB

CopryBaHHs + * * CopryBaHHSl pe3ysbTaTiB MOLIYKY 3a
3aroJ0BKaMu

InutepakTuBHI  3a- | + * + MoOXIHMBICTh B3a€EMOJIATH 13 3aroJjioB-

T'OJIOBKU KaMH JJIs1 HOJAJIBIIOTO MOLIYKY M J10-
CJIIJIKEHHSI 3aT0JIOBKY

JleTanbHUM onuc + + + MOXIUBICTh BIIKPUTH IOBHUN OIMC
JOKYMEHTY

[lepeBipka  HasB- | + + IepeBipka KUIBKOCTI IPUMIPHUKIB

HOCTI

Ocobuctuit  kabi- | + Ocobuctuil kabiHeT KOPUCTyBaya, 10

HET MICTHTb BCIO 0COOUCTY iH(OpMaIlito Ta
iH(popMalio s B3aeMOIl 13 616110-
TEKOI0, a TAaKOX JOJIaTKOB1 HaJallTy-
BaHHS

3akyaaKy, BIacHUM | + + + 30epeKeHHsI y CIIUCOK KOPUCTYBAaueM

CIIUCOK LIKaBUX HOMY KHUT

3amoBneHHs, Opo- | + + + MoxnuBICTh 3ape3epByBaTH HpUMIp-

HIOBaHHS HUK y 0i10ioTeni 3a YUTAIbKUM KBUT-
KOM
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[TponossxenHs Tabmuii 1

DyHKITIOHAT KIIT | KHY Mynp Jlank [Tosicnenust

IToBuHHOCTI + Cnucok 3a00proBaHMX KOPHCTYBadueM
KHHUT

Pexomenmarii * * CTBOpeHHsS pPEKOMEHJAIlli Ha OCHOBI

HepPEerisHyTOI KOPUCTYBadeM JriTepa-
TypH, Ta PEKOMEH/Iallii CX0KOi1 JliTepa-
TYpH J1I0 BUOPAHOTO NMPUMipHUKA

['enepartiss unTaIb- ['enepartiss HOMepa YUTAIBKOTO KBUTKA

KOTO KBUTKA IPU peecTparlii Ta HOro mojaibiia Be-
pudikaris

HaragyBanus HajcunanHs HarajgyBaHb Ha €JEKT-

POHHY TOILITY MPO TEPMiH MOBEPHEHHS

KHHUT'H

[Mono pexomennarniii, To B karaino3i HTb KIII Ta B iHo3eMHii 6i0mioTeni BOHH peaii3oBaHi
0JIOKOM 3 MPOIO3ULISIMA Ha CTOPIHLI 3 OBHUM OMMCOM KHUTH. CXOXe Ha Te, 110 peKOMEH]I0BaH1
KHUTHU Ta TOKYMEHTH JJOJaHi BPy4YHY, aJpKe JIMIIE AEsSKi CTOPIHKM MICTAThH iX. A NP Mepexoi Ha
3ampoIIOHOBaHI BapiaHTH, BOHU a00 HE MICTAThH MPOITO3HIIIK, a00 K TepesliueHnd TakKuidi caMuii Ha-
0ip peKOMEH/IOBaHMX KHUKOK. Tako MOMITHO, IO IIi 3aIIMCH HE IOB’s3aH1 MK COOOI0 OIHCOM,
aBTOPOM UM HABITb ’KAHPOM, 110 TAKOXK BKA3y€e Ha Te, 1110 BOHU JOJaHi BPyUHY.

3 ociiKeHb MOXKHA BUAUTUTH TOW (DaKT, 110 715 aBTOpU3aLlii UM IHIIMX MEBHUX i, KOpHC-
TyBauy HEOOXiJHO MOINEPEIHbO BOJOJITH YMTALbKUM KBUTKOM. TOXX MOKHa 3alpoIlOHYBaTH pi-
IIEHHs 3 WOro reHepariii, [0 JO3BOJHMTH 3apPEECTPYBATHUCS HOBOMY YHMTadyy 3 €JIEKTPOHHOIO IO-
IITOI0, Ta KOPUCTYBATHUCS yCIM HEOOX1THUM (QyHKIIOHATIOM. [lofanbia Bepudikallist 3reHepoBaHo-
IO YUTAIBKOTO0 KBUTKA Ta KOPHCTyBaya poOUThCS y Be03aCTOCYHKY MpaliBHUKOM 0107i0TeKu, Ha-
MPUKIIAJ, IPY OYHOMY BiJIBITyBaHH1 yMTayeM O10JII0TEKH Ta JIEMOHCTpALlil 3reHEPOBAHOTO YNTAIlb-
KOTO KBUTKa. A BUKOPUCTATH €JIEKTPOHHY IMOLITY YMWTaya MOXKHA JUIsd HaraayBaHb MPO TEPMIH IO-
BEPHEHHS KHUTH.

Pe3ysabTaTn Ta OCHOBHHII MaTepiaj xociailkeHHsi. MeToro nociikeHHS € (OopMyBaHHS
BHUMOT JI0 Be03aCTOCYHKY, IO MOKPAIIUTh B3a€MOIIF0 YUTAYIB 3 010J10TEKOI0, MOJIETIIUTh MOMIYK 1
BUOIp KHUTH, a TAKOXK KaTajorizaiiro poOiTHUKaM 010J110TeKH, TOOTO MPOEKT COPSIMOBAaHUN Ha MOK-
palleHHs JOCBily KOPUCTYBauiB OiOMIOTEKH 3a JOMOMOTOI OHOBIIEHHS Ta ONTHUMI3alil BiIOMHUX
TEXHIYHUX pIlIeHb CXOXKHUX 0107110TeUHUX cepBiciB. [ 11poro HEOOXiHO CHPOCTUTH KaTaJoOrH,
3alpONOHYBATH 3pYYHHUI Ta TOYHUHN MOIIYK, pEKOMEH/allii, TOKPAIIUTH B3a€MOJIII0 KOPUCTyBaya 3
KHUTaMH, a TAKOK 3pOOUTH 3pydHi CIIOCOOM KOHTPOJIIO OOPTiB AJIsi KOPUCTYBAUiB 1 MPALlIBHUKIB.

Tox, Be03acTOCYHOK pO3paxoBaHUIl HA BUKOPUCTaHHS SIK MpalliBHUKaMU Oi10I1OTEKH, TaK 1
BiJIBIyBauaMu. AJIMIHICTPaTOpy MalOTh MOXIJIMBICTh 3allOBHIOBATH 1 3MIHIOBAaTH KaTaJlorl Ta iHIIY
HEOOXiTHY A HbOro iH(opmarito. [ 30epexeHHs HUTICHOCTI Ta BaJiIHOCTI JaHUX, HEOOX1THO
MaKCUMAaJIbHO PO3JAUIATH BCIO iH(popMarlito npo kHuru. Hanpukian, Ha aAMiHICTpaTUBHIM CTOpPIHLI
OyayTh pi3HI BiAMOBITHI (GOpPMH Ta CIIUCKH JUIS AOJaBaHHS Ta KOHTPOJIO BCIiX BiAMOBIIHUKIB, TaKi

ISSN 1562-9945 (Print) 51
ISSN 2707-7977 (Online)




«CucremHi Texnonoriiy 5 (154) 2024 «System technologiesy

SK JKaHPU YU aBTOpH, a0M HaJajli KOPUCTYBATUCS HUMH TP 10JaBaHHI KHHUT Ta IJIsl TIOKPALCHHS
iHTepakii i3 3amucaMu B KaTaiosi.

Ji1st KOHTPOJIIO HaJl GOpramMu MPOMOHYETHCS BECTH OOJIIK y CITUCKAX, SKI MOXKHA JIETKO COPTY-
BaTH a TaKOX 3HAXOJUTH HEOOXIAHMIA 3amuc, 1 3MIHIOBATH Y BHIAISTH HOro. bopr 3aHOCHUThCS Yy
cucremy 0i0ioTeKapeM, KOJIM KOPUCTYBad 3a0upae KHUTY. J[J1s1 IbOro KOpHUCTYBaY, M0 3apPEECTPO-
BaHUIl y cHCTeMi, MOKa3ye CBil 3reHEpOBAHUIN YMTAIBKUA HOMEp, a00 K MOBIIOMIISIE IIPO TE, II0
MOTepeTIHRO 3a0pOHIOBAB KHUTY. Takok MPOMOHYEThCS POOUTH HaraayBaHHsS YWTady MPO IMOBEP-
HEHHSI KHUTH 32 €JIEKTPOHHOIO MOIITOIO.

Yuradi MOXKYTh BITBHO KOPUCTYBATHUCS KaTaJIOTOM, IPOTE PEECTPALlis M aBTOPHU3ALlis B CUC-
TEMY, JI03BOJISIE€ M KOPUCTYBATHUCA JOAaTKOBUM (yHKuioHamoM. Lle, Hampukiaza, 30epexenns mika-
BUX KHUT, ODOHIOBAaHHS, KOHTPOJIb OOPTiB UM MOMJIMBICTh 3JHMIIUTH OIIHKY KHH31. 32 IUMH J1aHU-
MU, YUTa4YeBl MOXKYTh (DOpPMyBaTHCS pEKOMEH Al KHHT.

Takox MPOMOHYETHCS 3pOOUTH THYYKHH MOIIYK, SIKMi OyJae BHIAaBaTH TOYHIII pe3yJabTaTH.
Jlist e O1bII TOYHINIOTO MOIIYKY Oye pO3MMPEHUH MOMIYK 3a KUTbKOMA TOJISIMHU, 8 TAKOXK MOX-
JUBICTh COPTYBaHHS PE3YJIbTATIB UM B3a€MOJIIi 13 3arojoBKamul (HAMpUKIAA, BiIOOpaKEHHS KHU-
KOK BHOpaHoro aBTopa). Ha cropiHii BuOpaHOi KHUTH TaKOX OyIyTh peKOMeHAamii 31 CXOXKUMHU
KHHUTaMH.

Ha HacTymHHMX pHCYHKax ONHMCAaHO MPHKJIAIH OCHOBHHUX Oi3HEC-TIPOIECIB 3 BUKOPHCTAHHIM
BPMN mogenen.
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HInsgxoM aHami3y BiJOMUX TEXHIYHUX pIIIEHb OyJI0 BU3HAYCHO, 110 HAMKPAIIUMU Il PO3PO-
Ok Be03aCTOCYHKY € BUKOPHCTAHHS KIIIEHT-CEPBEPHOI apXiTEKTYpH Ta apXiTEKTYPHOTO HaTEepHY
MVC. [ns cepBepHoi yacTuHN BuOpano Node.js 3 BUKopucTaHHs BeOppeiMBOpKYy Express.js, 1 pe-
nsidaoi 6asu garmx MySQL. {18 KT€HTChKOi YacTHHU BUOPAaHO BHUKOPUCTAHHS 0107T10TEKH IS
cTBOpeHHs iHTepdeiiciB React, 3 ycima iHIIMMH HEOOXiTHUMHU aKETaMHU.

BucHoBku. [/Iy11 mokpaiieHHs cepBiciB, 0 Hagae 6i6aioTeka, BapTo:

— BHECTH 3MIHM B JIOTIKY Ta MpPEJICTABICHHS KaTaJIOTiB, peali3yBaTH 3pydHi 1HCTPYMEHTH
JUTsE pOOOTH 3 HUMH Ta 1X 3alTOBHEHHS KOPUCHOIO JUIsl CHCTEMH 1 KOpUCTYyBada iHGOpMAITI€TO;

— BBECTH HEOOXITHUH JT0aTKOBUH (DYHKITIOHAN JUIs 3pYUHILIOTO KOPUCTYBAaHHS Ta poOOTH 13
Be03aCTOCYHKOM 1 B3aEMOJIIEI0 3 010JIIOTEKOIO B ILIIOMY;

— BHUKOPUCTATH CYYACHIII Ta THYYKIIIl aJITOPUTMH MOIIYKY;

— 3pOOUTH JaHi, 0 BUBOASTHCS, OLIbII IHTEPAKTUBHUMHU Ta BBECTH CHCTEMY pPEKOMEHAAIIIH

JUTSL TIOKpAIEHHs 3HaX0/DKEHHS! HEOOX1THOTO MPUMipHUKA.
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Analysis of services to support library work

Nowadays, almost all service areas provide an overview of their service online. This makes it
easier for end users to search and compare and encourages them to choose. So, to make library
books more attractive to readers, you first need to make them easier to find and read. The absence
of the need for a long stay in the premises, physical search for the copy the user needs, manual in-
spection, and comparison saves time and motivates the reader to use library services. However,
most libraries do not have modern electronic resources, and their catalogs are outdated and poorly
functional. To maintain their role in the digital age, libraries need to update themselves and offer
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convenient electronic catalogs and other online services to better meet the needs of modern readers
and the standard in other areas of services.

The goal of the study is to update library services for better interaction with readers: simplify
catalogs, and offer convenient searches, recommendations, bookmarks, and online returns.

Several authoritative Ukrainian electronic libraries, as well as one accessible foreign one,
were considered. Almost every one of them is designed for interaction with the reader who has a
reader card. Also, the problem is that all of them only state the fact that the book is in the library.
Because of this, finding the necessary book becomes more difficult, which does not give advantages
in using the catalog. Therefore, it is recommended to improve the service to implement all the key
functionality of analogs, improve search and navigation in the catalog, supplement it with a system
of recommendations, and for better interaction with readers - a debt control system that will simpli-
fy the control, receipt, and return of the book, with the possibility of reminders.

A list of software requirements to support library work is proposed. The business processes
that should be improved in the first place are described. Recommendations are provided for the se-
lection of technical solutions for development.

Keywords: library services, text analysis, search engine, recommendation system.
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B.B. ITonrasa, T.A. Jlixoy3oBa
AHAJII3 LIUISIXIB ABTOMATHU3AIIIL POBOYOTI'O ITPOLIECY
CTOMATOJIOTTYHOI KJIHIKA

Anomayis. Ha cb0200Hi 6y10 3p0baeHo He 00UH KPOK ) p0o38 SA3aHHI NpobaieMu cucmem YNpaeiiHHs
PpoboYUM NPOYEeCOM CMOMAMONIO2TYHUX KIIHIK. Mema 00cniodiceH s — NowyK MOACIUBOCIEN A8MO-
mMamusysamu OCHOBHI npoyecu pooomu CMmoMamono2iuHol KIiHIiKu, niosuwumu epexmusHicms po-
bomu niKapis-cmomamono2ie ma 3abe3neuumu 3pyyHe HA0aAHHs NOCYe KIIEHMAM. 3 0271510y HA 8dice
icHytoui npodykmu ma ix gyHKyionan, 6yoe 0opeyHumM NOKpawumu cucmemy Ha2aoy8aHvb ma peKo-
MeHOayiti makux npoepam. Lle moowce exnrouamu Ha2ady8anHs npo HAUOIUNCUULL 8I3UM, CKACYBAHHS
8i3Umy, NPUBIMAHHA I3 C8AMAMU, PeKOMEeHOayii nic/is 8i3umy 6i0N08IOHO 00 NPo8edeHOi npoyedypu
mowo. Ocobucmuil kabinem 015 NAYIEHMIB MAKOIC € AKMYAIbHOIO YHKYIE, Wob 3abe3neuumu
iM 3pyunUll docmyn 00 ix MeouuHoi icmopii 6 OyOb-sAKUllL 4ac ma MOMEHmM.

3anpononosano nepenix umoz 00 NPOSPaAMHO20 3a0e3neuents Ol agmomamusayii pooomu cmo-
Mamo02iYHOI KNIHIKU.

Knrouosi cnosa: asmomamusayis pobouozo npoyecy, BPMN, cmomamonociuna kninika, 63aemodis
3 KIIEHMAaMU.

CromartosoriuHi KIiHIKY, SK 1 OyJb-sKi 1HIII MEIUYHI YCTaHOBHU, MAlOTh KOHTPOJIIOBATH 0€3-
JIY MPOLECIB Ui OTPUMAaHHS NMPUOYTKY Ta PO3BUTKY crpaBu. KIIIHIKK 31IITOBXYIOTHCS 3 PAIOM
BHUKJIMKIB, TTOB’SI3aHHUX 13 00p0oOKOI0 1H(OpMaIlii mpo KITIEHTIB Ta OpraHi3aiicro podoyoro mpoiecy.
KopekTHe ynpaBiaiHHS KIIIEHTCHKOKO 0a3010, MEAUYHUMHU 3alIMCaMH, HarajgyBaHHSIMH PO MPUHOMHU
Ta IHIIUMU acleKTaMU iX 00CIyroBYBaHHS € KJIFOUOBUM JUIsl HAJIaHHS SIKICHOT Ta CBOEYACHOI 1010~
Moru. Bcei i 1aHi Tpeba KOHTPOJIIOBATH, aHAJI3yBaTH Ta BIIOPSIKOBYBAaTH, TOMY HEOOX1JJHa CUCTe-
Ma, 1110 JIOTIOMO>K€ LIEHTpajIi3yBaTH OaraTrorpaHHui pobounii npouec (HaxisliB B OAHOMY MICLII.

Metor0 aocaiIKeHHsl € MOIIYK MOJIMBOCTEH aBTOMAaTH3yBaTH OCHOBHI IPOLECH POOOTH
CTOMATOJIOTIYHOI KJIIHIKH, M1IBUIIUTH €(PEKTUBHICTh POOOTH JIIKapiB-CTOMATOJIOTIB Ta 3a0€31eYUTH
3py4YHe Ha/laHHA MOCIYT KIIEHTaM.

AHaJi3 ocTaHHIX AocaiTkeHb i myoJikaniii. OcTaHHE ASCATHIITTS CTOMATOJOTIUHI KIITHIKH
BIIPOBA/KYIOTh CUCTEMH 13 PI3HOMAHITHUM (PYHKIIIOHAJIOM JJIsl ONTUMIi3allii BHYTPIIIHIX IPOIIECIB
Ta MOJIMIIEHHS 00CIyroByBaHHS narieHTiB. OCHOBHI HallPSIMKH BUKOPUCTaHHS MOJIOHUX CHUCTEM €
aBTOMATHU3AIlisl TIPOIIECY 3aMKCy Ha MPUKAOM, BEACHHS MEIUYHOI iCTOPIl MarlieHTiB, 30epirands aa-
HUX TPO MPOBEJEHE JIIKYBaHHS Ta PEKOMEHMAIlll, 0 J03BOJIAE€ 3a0€3MEUUTH 1HIUBIAyaTbHUN Ta
KOMIUIEKCHUHM TIAX1T O KOKHOTO KIIi€HTa. TakoX BaKJIMBUM aCIEKTOM € MOMKIIMBICTh BHKOPH-
CTaHHSA B cucTeMmi (QYHKIIOHATy JUIsl HaraJyBaHHs TMallleHTaM TIpO 3alJIaHOBaHI BI3UTH Ta
npodiTakTHYH1 00CTEKEHHS, 1O CIPHUsE 30UTBIIEHHIO BiABIyBaHOCTI [1].
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Cepen ycix MOXIMBUX HANPsSMKIB pO3pOOKH MPOrpaMHOTO 3a0e3MeyYeHHs, Y Be03aCTOCYHOK
MOJKHa HaWKpaile BOpOBaJAUTH poOOUMii Mpolec CTOMATONIOTIYHOI KIIiHiKK. BeG3acTocyHOK Moxe
BUKOPHUCTOBYBaTH KOMOiHAIIO CIIEHApiiB HAa CTOPOHI cepBepa AJisi 30epiraHHs Ta OTPUMAaHHS iH-
¢dopmarii Ta cuieHapiiB Ha CTOPOHI KIIiEHTA JJIs IPeICTaBIeHHs iH(OopMaIlii KOpucTyBadaM.

Ha nanuii MoMeHT icHye OaraTo Be03aCTOCYHKIB JUIs BEACHHS OOJNIKY MAali€HTIB Ta poO04oi
iHpopmanii. Taki mporpamu po3poOISIOTH CHEiaTbHO JISI CTOMATOJIOTIN 13 ypaxXyBaHHSM YCIX
HEOOXITHUX THCTPYMEHTIB, 110 JJO3BOJITIOTh AaBTOMATH3yBAaTH OyICHHI TIPOIIECH.

Henouniku Takux mporpaM MOXYTbh BUSBIISITHCS y BiJICYTHOCTI KOHKPETHHUX (DYHKI[IOHAIBHUX
MO>KJIMBOCTEH y MOPIBHSAHHI 3 aHAIOTIYHHMHU NPOrpaMaMu, y oOMEXeHOCTI ab0 HeJOCTaTHINH po-
3BHHEHOCTI (DYHKIIIOHAIBHUX MOXIHBOCTeH. Takok BapTO BpaxoBYBaTH PI3HHULIO Y (YHKIIOHAITI
MK IJTATHUMH Ta O€3KOIITOBHUMH BEPCISIMU TIPOTPAMHU.

Jiist TOPiBHSUTBHOTO aHaji3y 00paHO YOTHUPU aHAJOTIYHUX MPOAYKTH Ha YKPaiHCBKOMY PHH-
Ky, a came iClinic [2], 3y6Ha des [3], Denty [4] Ta 3ybok CRM [5]. Lli mporpamul mpeacTaBisiOTh
cO0O0 1HHOBAIIIIHI PIMICHHS JJII CTOMATOJIOTIYHUX KJIiHIK. BOHM CrpsMOBaHI Ha aBTOMATH3AIII0
PI3HUX acHeKTiB poOOYMX MPOLECIB, HAAIOUM 3pyYHHUH iHTEepdeic Ta MUPOKUH QYHKIIOHAT IS
YIIpaBITiHHSA KIIHIKOIO Ta 00iKy namieHTiB. Cepes 3aralbHUX MOKIMBOCTEH IUX MPOrpaM — KapTKa
MarieHTa i3 3y0OHow (HOpMYIIOK0, 3pYIHHIA KaJleHAap 3aluCy, KepyBaHHS PO3CHIIAHHSIM CIIOBINICHb,
OO0JIIK Ta 3aMOBJICHHS PO3X1THUKIB, OyXrantepchbki GyHKII, )KypHaI 3alKcy Malie€HTiB, KacoBl Ore-
partii, 3BiTH Ta IHII KOPUCHI IHCTPYMEHTH AJIsl €PEKTHBHOT POOOTH KITIHIKH.

Tabmuus 1
[TopiBHSIHHS aHAJIOTIB
) e 3yboxk
DyHKIIOHAT iClinic 3y6Ha des Denty gRM [Tosicnenns
Peectparypa + + + + Poskian
baza marienTiB + + + + Kaptku narmienra
Ictopis Bi3uTiB Ta + + + + BizuTn, oraty,
JKyBaHHS MIPOBECHHI MPOLIETYypPH
. Crmcok Ta BapTiCTh
[Ipanc-nucr + + + + P
MOCITyT
Kontposb Ta ictopist
Ksuraniii + + + + . P . . p
(1HaHCIB NAIIEHTIB
. [Tprmi- 3BiTH 3a JIeHb, THXX]ICHb
3BiTH + + P + FICHE, g
THUBHO TOIIO
Cucrema .
[InatHe [InatHe IInaTHe Hamnpukian, Bi3utn
HaraJyBaHb
3y6Ha popmyna + + + + Cuctema omnucy 3y0iB
[Tpumi- . .
dopma aHaMHE3Y + p MenuuHna 1cTopist
THBHO
Benenus KoHTpoJIIO
Cxian + + A HA p
MarepiaiiB
[1nanoBe mpodinakTuy-
Jucnancep + + HE OOCTEXKEHHS YH
TKyBaHHS
PiBHi goctyny + + Jliist pi3HUX MpaliBHUKIB
ISSN 1562-9945 (Print) o7

ISSN 2707-7977 (Online)




«CucremHi Texnonoriiy 5 (154) 2024 «System technologiesy

[TponossxenHs Tabmuii 1

. e 3y6ok
OyHKIIOHAT iIClinic 3y6Ha des Denty gRM [Tosicnenust
MenudHa KapTka
dopma 043/0 + + + + CTOMATOJIOTIYHOTO
XBOPOTO
Hotatku + Jns1 3amiTok
. Jlst 30epiranns ¢aitniB
@DaiyIoBE CXOBUIIE + +
TOILO
. . Big 800 Bix 1600 Bix 370 Beskomro .
Bapricts/ micsib Bapricts nporpamu
TpH. TpH. TpH. BHO

dopmyBaHHS BUC-
HOBKY, PEKOMEH-
JAIin micys mpo-
1eypu

[Hdopmarris om0 mpo-
BEJICHMX Jiil, PCKOMEH-
Jarfii moa0 JTiKyBaHHS
Ta MOJAIBIINX KPOKIB

Ocobuctuit .
. HocTtyn 10 Mmeau4HO1
KaOiHeT s i
.. icTopii
MaIi€HTIB

3 ananizy nporpam iClinic, 3yona ®es, Denty Ta 3ybok CRM BHOKpEMIICHO psiji KIFOYOBHX
(bYHKIIH, TaKUX SK peecTpaTrypa, 0asza mamieHTiB, 3yOHa ¢opMa, KBUTAHIIi, 3BITH. Ta 1HIII HE MEHII
BaxxuBl QyHkuii. Halicrapimmuii 3actocyHok «3yOHa ®es» Mae mUpokuil Hadlp QyHKIIIH, ane Hes-
pyunuil iHTepdeiic kopuctyBauya. Haiimononmmii 3actocyHok «3yook CRM)» aBromarusyBas
3/1€0UIBIIOT0 OCHOBHI IMPOLIECH, a APYTOPSIHUX MPOLECIB 3aMajo y MOPIBHSAHHI 13 1HIIMMHU 3a-
crocyHkamMu. Takox CIijJ 3BEpHYTH yBary Ha CHCTeMY HarajayBaHb, BOHA IUIaTHa a0o0 BIACYTHS y
anasiorax. lle nocuTh BaXXJIMBUN THCTPYMEHT y poOOUOMY IpOILEC] KIIHIKH, TOMY HOTO CIIiJl aBTO-
MaTH3yBaTH Ta TOKPAIIUTH.

Pe3yabTaTn Ta oCHOBHMII MaTepian mpocaimxenHsi. [ onucy neskux O13HEC-TIPOIIECIB
MaiOyTHROTO BeO3acTocyHKy BUKOpucTaHO BPMN Mozens. CTBOpeHO Mojieni aJIMiHICTPaTUBHUX
Ta MeANYHUX (QYHKIIH, npuKiIag Mojeni (piHaHCOBOT 3BITHOCTI, CHCTEMH HaraJyBaHb Ta OCOOMCTO-
ro kabiHera naiieHra (pucyHku 1-5).
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CED 3anosHeHHA
dopmu ana
CTBOPEHHR BiauTy

MouaTox KiHpus

KopucryBau

Banigauis eeegerux Dawi Hi
AaHuX Ta Banigki? BinodpaxerHs
BiANPaBneHHA Ha CTBOPEHOTO BI3UTY

cepeep

+* Basi sisuty

Tak

CTEOPEHHA Bi3nTy Bianpaska &

y B4

CrBOp eHHA Bi3nTy B peectparypi
Knienr

iHtbopmauii npo
Bi3uT

La#i sizuty

Cepsep

Basa panux

Pucynok 1 — Cxema 6i3Hec-Tiporiecy CTBOPEHHS Bi3UTY

) )
BeeneHHA KopucTysay HatuckaHH=a
nocnym 8 00upae NOTPIoHY KHONKKM "CTBOPUTH
NOLLYKOBMK nocnyry paxyHox”
Mouatox KiHEUs

| if |

KopucryBay

A4

2
= v Bueig cnucky . BigoSpaxeHHa
s — noCnyr 3a 3an1MToM Bmﬁ;asga::nmy CTBOPEHOTO
g § BignpaenexHa KOpUCTYBaua pECh: paxyHKy
H G AaHuX Ha cepsep y S o
)
@2 (2
S B
Basi sarinry
v
fi
§ Mowyk BiANosiaHo Bm;:i:zz::;n” (CTEBOPEHHA paxyHKY
S I cnyr i} b5
2 nocnyru oMY XOM Cnmcox nocny: yBa4 g
3 d
Ba33 fanux Ba2a aanux

Pucynok 2 — Cxema 6i3Hec-1Ipoliecy CTBOPEHHSI paXyHKY

§ Cga 3anosHeHHA hopMu
g HOBOTO 3anuCy 4O Nnaxy
g NiKyBaHHA
S | Mouarox KiHEUb
Bignpaska 3anucy Y
Ha cepsep BigoOpaxeHHA
CTBOPEHOTO 3anucy

oy

Dawi sanucy

CTBOpeHHA 3anucy Bignpaska B

CTBOPEHOT0 3anuc!
v BQ P y

% Ha KIieHT

Baza ganux

CrBopeHHA 3anucy B Nnaui NikyBaHHA nauieHra
Knienr

Cepaep

Bani sanmey

Pucynok 3 — Cxema 6i3Hec-Tipoliecy CTBOPEHHs 3aMKCy B TUIaH1 JIIKYBaHHS
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g O0wupae pozgin OBupae noTpidHy
§ "3BiTH" aary
2 Mouatox KiBub
& i
=2
3 ¥
=
g = BigoOpaxerHa Bignpasxa 3anuty BigoGpaxenHn
2|z ety ap— % 4| 38iTy 3a 06paHoI0
g |2 po3ainy paep I:h faToI0
g =
£ I
2 Crucok npuitonss
o
2 ;
§ Mowwyk BCix o BignpaenexHs
2 npuiomis 3a aaTow [~ -, iHchopMAaLT Ha KNIEXT
= ﬁ
Easa A3kix

Pucynok 4 — Cxema 6i3Hec-iporiecy neperisily 3BiTy 3a JIeHb

& ﬂ% &Oc‘mpae NOTPIOHMX
a 6 pXeTi NoTPIo s '
g Oupae y BI;;YET! noTpIGHY NALIEHTIB, AKAM "B?a;‘1§;j:;1"
g Raty BIiANPaBNTY HaraayBaHHA AnD:
S| Mouarox
= R ]
=
=
~
=
-3
-3
£ 4 4
5 = Bignpasxa 3anuTy Busig sizuTie y BurnAgi Bignpasxa 3anuTy
% g Ha cepsep CNUCKY Ha CTOPIHUI Ha cepsep
] 8 E KiHEUb
= 3 2
§ (2] _~,’.",'a,. 3anucie
@ " .
3 >
g -
8| | 5
i K & )
a Mowyk 3anucie 2a pBeL;;r?:rZ:'ay < Mowyk BCix DQOpPMYBaHHA Bignpaska
a oBpaHoi aaTow [ i I NIoUYRY obpaHux sisutie [, HaraayeaHb HaraayeaHb
s B noLyKy :
B333 askux Ea3zz azkux

Pucynok 5 — Cxema 0i3Hec-mipoliecy BIANPAaBKY HarajyBaHHS PO BI3UT

l'onoBHOIO (PyHKITIEIO TTPOrpaMHOTO 3a0€3MEUCHHS € IMiABUIICHHS MPOIYKTUBHOCTI POOOTH
JKapiB Ta aBTOMaTHU3allis poOOYOro MpoOIECy CTOMATONOIIYHOI KIIHIKU. biibiie QyHKii MoxHa

MoOauYuTH Ha PUCYHKY 0.

OOuparoun TeXHIYHI pillIEeHHs JJs Be03aCTOCYHKY, OyJIO MpPOBEACHO aHall3 CydyaCHUX TEH-
JeHIIi#, m00 3a0e3neYnT BUCOKUN piBEHb Oe3NekH, eeKTUBHY poOOTY 3aCTOCYHKY Ta 3py4HHI
iHTepderic kopuctyBada. Tox A peanizarlii Be03aCTOCYHKY JJISI CTOMATOJIOTIYHO1 KITIHIKA OYI10
o0OpaHO Taki pimeHHs: apxiTekTypHuil nmarepH MVC, 6a3za ganux MySQL, kmieHT-cepBepHa ap-

X1TeKTypa, 616;i0Teka React.js.
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Beb3acTocyHoK ANA 0praHizauil poBoYoro Npouecy CTOMaTONOMYHOI KiHikK
S - > n =
C sogu ] oco§ucmu CreopuTh sanic epem_ﬁ,nam CEBOi
xabiseT nayicHTy / Bi3UTH
==zexignd==
N /
AZMiHICTPaTOp !/ z=zextendzz— — Buaanwuty sanuc flepernagay csiit nnan
MepernanyTH SaNUCB \g. . — — nikysakHa
peecTpatypi
<<extend=>
N UIEHT
Mepernaaaty icTopio
noeigomnexb
N T —esextends
A Y ~
N\ R
zzexidnd=> <zexlend==
N -~
MocTasuTv NauisHTa Ha N
Awcnarcep
MepernsxyTH nocnyry &
— npanc-nnucTi
KopcTysay {udgemun
Mepernaaati HOTaTEM — — — _ ==extend=>
2laioss CTBOPWUTH HOTATOK
~ “x<gxtend=>
==extend=> .
Penarysarti HOTaToK
Bignpasutu indopmayio
<<ipclrdass nayieHTy
ABTOPH3yEaTHCD
/4 <
=<incifde=> <<include=x
/ g n WS /
| BianpasuTu pexomeHaauii ’
Masinynauia is cucTemorn <<Jneludé>> <<inofude==
HaragysaHb ~ /
=<inCiudg== /
~./ CdopmyBaTh BUCHOBOK
NiCNA BisUTY
=zexiend=>
_______________ Peparysaru kapTky
v & nauyjiexta
-
=<gxtengd=>
| \\ ng -~ Buaanuty kapTxy
<<extend>> ==zetend>> nayiesta
\
. o \ 3apescTpysat
Masinynsyis is sySHow CTBOpWMTH KapTKy Kniiky CynepaaMis
Cromaronor hopmynoto nauicHTa nauiexTa

Pucynox 6 — Jliarpama BapiaHTiB BUKOPHUCTAHHS

BucnoBku. OCHOBHUM (PYHKITIOHAJIOM Be03aCTOCYHKY MarOTh OyTH MEIWYHI Ta aJMiHICTpa-
TUBHI (PYHKIIII, Taki K peecTpaTypa, Iucrancep, 3yoHa gopmyma, dopmyna 043/o ta iammi. Jlani
MaIieHTIB 30epiraTuMmyThes y 0a3i JaHuX, ¢ BOHM MaTUMYTh CBOIO OCOOHMCTY KapTy i3 3yOHOO
dhopmynoro, po3aiiom «llnan mikyBaHHS» Ta aHaMHE30M (CYKYITHICTH BIJIOMOCTEH IO MaIlli€HTa 1
PO3BHUTOK XBOPOO 32 HAsIBHOCTI).
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3a1s KOHTpOMO NMpHOYTKIB 00OBSI3KOBO Mae OyTu cTBOpeHa (pinaHcoBa 3BiTHICTB. Ilicis
KO>KHOTO OIJIaUY€HOT0 Bi3UTY, CyMa OyJe aBTOMAaTUYHO JI0JaBaTHUCh B JCHHUH 3BiT, KU MOXXHA
Oyze neperisiiati y Oynb-SKui 3pydHuil yac.

Jlnst mokpaiieHHs: Be03acTOCYHKY PEKOMEHIOBAHO pealli3yBaTH CUCTEMY HarajayBaHb Ta J0-
JaTH HOBI KOPUCHI MOXJIUBOCTI. CIOZM BiIHOCHTHCS MOKJIMBICTh BIAMPABISATH BHCHOBOK Ta PEKO-
MEHJAII] Michs BI3UTY BIAMOBITHO A0 TPOBEACHOI MPOIEAYpU, a TaKOXK OCOOHMCTHH KaOiHeT
narienTa JUist JOCTYIY 710 iX MEIMYHOI ICTOPii B OyAb-SIKHI MOMEHT.

[TincymoByrouM Bce BHILE CKa3zaHe, OUIKYBaHHSAMHU € CIIPOLICHHS Ta MPUCKOPEHHS poOoUuoro
MIPOIIECY CTOMATOJIOTIB, 30epeKeHHsI MeTM4HO1 iHpOpMallii B OIHOMY Miclli, 3a0e3NeUeHHs 3pydHO-
ro HaJIlaHHs MTOCTYT KJIIEHTaM, MEHEPKMEHT 4Yacy Ta (iHaHCOBA 3BITHICTb.
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Analysis of ways to automate the dental clinic's workflow

The purpose of the research is to find opportunities to automate the main processes of the
dental clinic, to increase the efficiency of the work of dentists and to provide convenient services to
clients. Considering the already existing products and their functionality, it is proposed to improve
the system of reminders and recommendations of such programs. This may include reminders about
the next visit, cancellation of the visit, greetings with holidays, recommendations after the visit ac-
cording to the procedure carried out, etc. A personal account for patients is also a relevant feature
to provide them with convenient access to their medical history at any time and moment.

A list of requirements for software for automating the work of a dental clinic is offered. The
main functionality of the web application should be medical and administrative functions, such as
registry, dispensary, dental formula, formula 043/0 and others. Patient data will be stored in a da-
tabase where they will have their own personal chart with dental formula, treatment plan section
and medical history.

In order to control profits, financial statements must be created. After each paid visit, the
amount will be automatically added to the daily report, which can be viewed at any convenient
time.

To improve the web application, it is recommended to implement a reminder system and add
new useful features. This includes the ability to send a conclusion and recommendations after the
visit according to the procedure performed, as well as the patient's personal office to access their
medical history at any time.
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Expectations are to simplify and speed up the work process of dentists, save medical infor-
mation in one place, provide convenient services to clients, time management and financial report-

ing.

Keywords: workflow automation, BPMN, dental clinic, customer interaction.

IMoaraBa Bioserra BiraniiBHa — crynenTtka xadenpu iHGOpMaTHKH Ta MPOrpaMHOI 1HXKEHepil,
Hamionanbnuit TexHiuHuil yHiBepcuteT YKpainu «KuiBChbKHI MOMITEXHIYHUHA 1HCTUTYT iMeHi [rops
CikopCBKOTOY.

Jlixoy3oBa TersiHa AHaToJiiBHA — K.T.H., JOIEHT Kadeapu iHPOPMATUKU Ta IPOTPAMHO]I iHXKEHe-
pii, Hamionanenuii TexHiunuii yniepcurer Ykpainu «KuiBCbKHI MOJITEXHIYHUI IHCTUTYT iMeHi
Iropst CikopcbKOro.

Poltava Violetta — student, Department of Informatics and Software Engineering National Tech-
nical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute».

Likhouzova Tetiana — PhD, associate professor, Department of Informatics and Software Engi-
neering National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute».

ISSN 1562-9945 (Print) 63
ISSN 2707-7977 (Online)



«CucremHi Texnonoriiy 5 (154) 2024 «System technologiesy
DOI 10.34185/1562-9945-5-154-2024-08
Y JIK 528.88:630

0.0. Kagar, 10.B. Kasan, A.Jl. I'upka, }0.0. KibykeBuu
AHAJII3 IHOOPMAIIMHOI TEXHOJIOI'TI CYITYTHUKOBOI'O MOHITOPUHT'Y
PO3BUTKY CIUVIbCBKOI'OCIIOAAPCBKUX KYJIBTYP
13 3ACTOCYBAHHAM HEUITKOI JIOT'TIKA

Anomayin. 3minu knimamy 6ce Oinbuie naU8aAOMb HA A2papHe BUPOOHUYMBO €8PONEUCHKUX KPAIH,
CyuacHi Memoou CynymHukosux OaHux nponoHy0ms NpaKmuyHi piueHHs Ol MOHIMOPUHZY CIAHY
PO3BUMKY CLIbCLKO2OCNOOAPCHKUX KYIbMYP 13 NOOANbUUM NPOSHO3VE8AHHAM iX ypoorcatinocmi. Poc-
JUHHUYMBO, SIKEe 3HAYHOI0 MIPOIO 3aNedcums 8i0 NPUPOOHUX PecypcCig i NO2OOHUX YMO8, NOCMIlHO
CMUKAEMbCA 3 MAKUMU Hebe3neyHUMU A8UWAMU, K PI3Ki nepenaou memnepamyp nosimps ma pe-
HCUMY 8071020300€3NEUEHHS BNPOO0BIHC 8e2eMAaYiliHO20 Nepiody, AKI HANPSAMY GNIUEAIOMb HA NPO-
OYKmugHicms Kynemyp. B cmammi docniooceno eniug 2iopomepmivHux yMo8 Ha CMaH po36UmK)
CIIbCbKO20CNO0APCLKUX POCIUH 13 3ACMOCYBAHHAM CYRYMHUKO8020 MoHimopuHey. [lani 3i cynym-
nukie Landsat-8, Sentinel-1 ma Sentinel-2 0o3eonsioms eusiéismu 0cooIU60Cmi po36uUmKy poCiuH
Yy nocisax ma 3azpo3u hopmyeaHHo NPoOyKmueHocmi Kyaemyp. Hocniodxcenus niomeepounu, ujo
3ACMOCYB8AHHS HEUIMKOI 102IKU 00NOMA2A€ V NIAHYBAHHI Ma ONMUMi3ayii 6UpoOOHUYMEA CilbCbKO-
20CNO0apCbKUX KyIbmyp 8 YMOBAX 3MIHU KAIMAMY.

Kniouosi cnosa: cynymuuxosuti monimopune, Landsat-8, Sentinel-1, Sentinel-2, epoorcaiinicmes,
HeuimKa 102iKa, padapui 0aui, po36UMoK CilbCbKO2OCNOO0APCbKUX POCIUH, NO2OOHI YMOBU.

IMocTranoBka 3aaayi. CiIbChKE TOCIOJAPCTBO, @ OCOOJIMBO POCIUHHUIITBO, 0€3MOCEPEIHBO
3aJIeKUTh BiJ MPUPOJHHUX pecypciB Ta Kiimary. HeraTMBHI 3MiHM NOTOJHUX YMOB, TaKl SIK aHO-
MaJIbHa CIIeKa, [TOBEHI, JIICOB1 Ta TOpPQ'siHI MOXKEX1, CyXOBii, BUMEP3aHHs, CYyTTEBO 3HUKYIOTh BpPO-
KaWHICTh CUIBCBKOTOCIIONAPCHKUX KyJabTyp. Hampukian, BHCOKI Temmeparypu HOPYLIYIOTh
3/IaTHICTh POCIMH OTPUMYBATHU Ta BUKOPHCTOBYBAaTH BOJIOTY, IO € OJHHUM 13 YHHHHKIB 3yMUHKH
po3BUTKY. Lle € cepiio3HO0 3arpo3010 I MPOJOBOJILYOI O€3MeKH, aJPKe CIIIbChbKE MOCHOJAPCTBO €
JDKEpesIoM 3aco0iB /10 ICHYBAaHHS JUIsL BEJIMKOI KUIBKOCTI JIoJei. 3a JaHMMHU IMPOIOBOJIBYOI Ta
ClIbChKOTOCTIONAPCHKOI opranizailii 06’ eqHanux Hariil (PAQO) B Haitbnmxk4i 30 pokiB CITBCHKOTOC-
MoJIapCchKe BUPOOHUIITBO MOBHUHHO MOTPOITUCH, 1100 3a0e3MeunTy MOoTpedu HaceleHHs y MpoJIo-
BOJIBCTBI.

EdexTuBHUM pilIEHHSIM MiJIBULLIEHHS MPOAYKTUBHOCTI arpapHOro BUPOOHMIITBA Ta BpPOKaii-
HOCTI € 3aCTOCYBaHHS KOCMIYHMX TEXHOJIOTiH. 3a JOMOMOTOI0 JIaHWX JUCTAHIIMHOTO 30HIyBaHHS
3emJ1i MOXKHA IBUKO OTPUMYBATH 1H(OpPMAILIiIO PO CUTLCHKOIOCIIOIAPCHKI YTiAs, a caMme po3Mip,
reorpadiuyHe po3TallyBaHHS IUISHKH, BUJ CLIbCHKOTOCIIOAAPCHKOI KYJIBTYPH, CTaH ii PO3BUTKY,
uudpoBy mojens penbedy (LIMP), npoBeneHHs arpoTexHIYHUX poOIT Ha moii Tomo. CymyTHUKO-
BUI MOHITOPUHI [103BOJII€ BUPIIIMTU 3a/Jayl KapTorpadyBaHHS CLILCHKOTOCHONAPCHKUX YT1/ib,

BU3HAYNUTH CTaH BOJIOTOCTI IPYHTY Ta HacCaJ)XCHb Ha piBHI/IX CTa}IiSIX PO3BUTKY, BYaCHO BUABUTH
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MPOIeCH TMOTEHLIHHOI 3arpo3u BPOXKalo, CIIPOrHO3YBATH BIUIUB MOTOJHUX YMOB IpH IUIaHYBaHHI
arpoTeXHIYHUX POOIT.

AHaji3 pocaimkenb i myOaikamiii. YuciieHHI DOCTIDKEHHS MOKA3aJId BEIMKUN MMOTEHITia
METOIB TUCTAHIIHHOTO 30HIYBaHHS JUIS BUPIMIEHHS 33Jad CUILCHKOTOCIIONAPCHKOTO HAIPSIMKY,
cepen SIKMX OIepaTHBHE OTPUMaHHS iH(OpMaIlil PO CTaH POCIMHHOCTI Ta BIUIMB MOTOJHUX YMOB
Ha 11 PO3BUTOK 3 MMOJAIBIINM IPOTHO3YBAaHHS BpoXKaiiHOCTI. ABTOpH pobdoTtu [1] y mocmimkeHi cta-
BWJIM 32 METY OI[IHUTH BIUIUB OMAJiB HA POCIMHHICTH Ta MOPIBHATH ONTHYHUHN CIIEKTPAJIBHHUNA T0-
ka3auk NDVI i3 inekcom panionokamiitnoi Bererauii (RVI). [lopiBHSHHS 3HaYeHb JBOX 1HJCKCIB
pOCIMHHOCTI ToKa3zano, mo ingekc NDVI i3 3aranbHoro TounicTiO moHayn 70% mae HaiOLIbITy
3/IaTHICTh BiJIOKPEMJIIOBATH HAIIBIyCTY POCIMHHICTH BiJl ryctoi. OnHak iHaeke RVI e 6inbin edexk-
TUBHUM JIJIS1 BIIOKPEMIICHHS PIKOT POCIMHHOCTI. Y poOoTax aBTOpiB [2-4] A7 OIIHKK CTaHy poc-
JIMH, HAsABHOCTI XBOpPOO, a TaKOoX MJs IMPOrHO3YBaHHS BPOXKAHHOCTI MOJIB BHKOPHCTOBYBAIU
JIEK1JIbKa OCHOBHUX OINTHYHUX CHEKTPAIbHUX BereTamiiHuX iHaekcis, Taki sk NDVI, LAIL, EVL. ¥
po0oTi [5] mocmigKeHHs ToKa3aiy, 0 TPAAULIIMHI MOJENI yIpaBIiHHS 3pOIIyBATbHUMH CUCTEMa-
MU HE 3a/I0BOJIbHSIOTh HEOOX1HI YMOBH arpapiiB, TOMy 3allpOIIOHOBAHO IHTEJIEKTYaJbHY CUCTEMY
HEUITKOT JIOTIKH, sIKa 3aCHOBaHa Ha JIaHUX 3pOILIYBaHHs MOJIiB. Pe3ynpTaT 1ocCiiaKeHb Ipo1eMOH-
CTpYBaJIM 3[JaTHICTh CUCTEMH HEYITKOI JIOTIKM 3 ypaxyBaHHSM KIIMaTHYHUX 3MiH, BUPIIIYBaTH He-
BH3HAYCHOCTI, HEMIHIKHOCTI 3pOIIyBaJIbHOI CHCTEMH Ta BCTAHOBIIIOBATH MOEIb YIIPABIIIHHS BHCO-
KOTOYHHMH OTiepamisiMi. ABTOpH poOoTH [6] 3amponoHyBal i€papxiuHy HEUITKY €KCIIEpTHY CH-
creMy s Kiacuikamii 3¢MeTbHOTO MOKPUBY Ha CYMYyTHUKOBHX 300paKEHHSX CEPEeIHBOIO IMPO-
CTOPOBOTO pO3pi3HEHHS y paiioni Pio-Panuo, mratr Heto-Mekcuko. ¥V po0oTi [7] mpencraBieHuit
QITOPUTM TPOTPECUBHOI Kiacuikailii, IKUi BU3HAYAE TUIMH CUIBCHKOTOCIIOAAPCHKUX KYJIBTYp Ha
OCHOBI iX ()€HOJIOTIYHOTO PO3BUTKY Ta BIANOBIIHUX XapaKTEPUCTHK BIAOUTTS Ha Oararo4acoBUX
CYIMYTHHKOBHX 3HIMKax 40oTHpboX narTuyukiB Landsat-7 ta -8, Sentinel-2A Tta RapidEye. Bin po-
3pI3HSIE TUIU CLIBCHKOTOCTIOAAPCHKUX KYJIBTYp Y MEploj BereTallii, MOYMHAIOUN 3 PaHHbOI BECHH,
TOYHICTH KJacuikarii ckrana 89,49%.

Meta pociifkeHHs1 nojsirae y po3poOui ta anpoOariii TeXHOJOrii CymyTHUKOBOTO MOHITO-
PUHTY BPOXaMHOCTI CLIbCHKOIOCIOAAPCHKUX KYJIBTYp Ha OcHOBI JnaHux /[33 3a momomororo 3a-
CTOCYBaHHS HEUITKO{ JIOT1KH 3 NMOAAJIBIIOI0 BaJiIalli€0 HAa OJABOBUX JOCHITHUX JIITHKAX.

OcHoBHaA yacTHHA. Y poOOTI JOCHIKYBAINCS CUILCHKOTOCIONAPCHKI JUISHKH 3arajbHOIO
wiomero Oinpm HiK 850 ra, siki Hanmexxats JlepkaBHiM ycTaHOBI [HCTUTYT 3€pHOBHX KYJIBTYp
HamionanbHoi akajgemii arpapHux Hayk YKpaiHM Ta posTamoBaHi y JlHImpoBCchKOMY paiioHi
JIHinporeTpoBchKoi 001acTi, YKpaiHa (IuB. puCyHOK 1).
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Pucynok 1 - CymyTHHKOBE 300pa)KeHHS 13 BEKTOPHHUM IIAPOM JOCIITHOT TIISTHKA
3 03UMOI0 TIIIEHUIIet0, J{HITponeTpoBchka 001acTh, YKpaiHa

Knimar periony momipHO KOHTHHEHTAJIBHHIA 3 M'SKOI0 3UMOIO. 32 TAKUX YMOB 3€PHOBI KYJIb-
Typu a00pe 3pocratoth. CepenHs Temrepartypa ciuas ctaHoBHUTH Bix —5 °C go —6,5 °C; nunHs —
Bix +23,5 °C mo +22 °C. CepennpobararopiyHa KUIBKICTh OTMAIiB y paioHi ckiagae S07 mm. Men-
1a X YaCTWHA MPUXOJUTHCS HA TEIUIMH MEPiof, 0 MOXE OCIa0III0OBaTH PO3BUTOK POCIHH Y BEre-
TaIiiHUHN TIepioj.

OCHOBHUMH KYJIBTYPaMH, SIKi BUPOIIYIOTECS B YKpaiHi € 03uMa MIIEHHIIS, SYMiHb, KyKYpYa-
3a, pimak, COHSIIHUK, cod Ta iHmi. J[is mocmimpkeHHs BimiOpano 15 minsHok muiomero 209 ra i3
03MMOI0 MILIEHUIIEI0, OCKIJIBKY 115 KYJIbTypa € HaiOUIbII 3aJIe)KHOIO0 Bil TOTOJJHUX YMOB.

JloCITiDKEHHST OL[IHKU CTaHy PO3BUTKY POCIMH MPOBOAMIOCH 32 JIOMOMOTOI0 Pi3HOYACOBUX
300pakeHb, OTpUMaHUX 3i cynyTHHKIB Landsat-8, Sentinel-1 Ta Sentinel-2. V wacoBwuii psin BigOu-
pajuCh ONTHYHI CYITyTHUKOBI 300pakKeHHS 3 MiHIMAaJIbHUM XMAapHUM MOKPUTTSAM 3a MEPioj 13 CIYHS
no rpyaess 2019 ta 2020 poxy. J{is nmepBHMHHUX 300pakeHb OYJIO NMPOBEJEHO N'€OMETPUUYHY Ta
paiioMeTpUyYHy KOPEKLitO JJIs1 BCTAHOBJIEHHS BIAMOBIIHOCTI Ta BUJAJIEHHS Mepemkon [9].

[Toka3HUKHU cepeHbOi TeMIepaTypy MOBITPS Ta BOJIOTOCTI I'PYHTY, BU3HAUAIOTh KIIMAaTHYHI
YMOBH Ta HampsiMy BIUTMBAIOTh Ha (i310JIOTIUHI MPOIECH POCIIHH, B3aEMO3B 30K MiXK HUMU € Ba-
roMHUM KpuTepieM. Hampukian, ontumansHa TeMIIepaTypa ClpHusie akTHBi3alii (POTOCHHTE3Y Ta po-
CTY POCJIMH, TOJ1 K BOJIOTICTb IPYHTY PErYNIO€ JIOCTYIHICTb BOAM JUIsl POCIIMH, IO BIIMBA€E HA X
BOJHU OOMIH Ta CTaH KOPEHEBOI CHCTEMH.
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Pucynoxk 2 - Criekrpanbauii inaekc NDVI gociigHux AUISTHOK 3 03UMOI0 MIIIEHUIICIO
13 CyImyTHUKOBUX 300pakeHs Sentinel-2, JIHinponeTpoBchka 001acTh, YKpaiHa

BukopucTaHHsS HEYITKOI JIOTIKH JTO3BOJISIE MOJICITIOBATH CKJIAJIHI B3a€MO3B'SI3KH MK IIHMH
dakropamu Ta (Pi3i0JIOTIYHUMH MPOIIECAMU POCIIHH, SKiI 9YaCTO € HEOTHOPIIHUMH Ta HEIIHIHHUMHU.
Hanpuxnan, cniBBiIHOIIEHHS TeMIlepaTypu MOBITPs 10 (OTOCHUHTE3Y J103BOJSE Kpalle MpOTrHO-
3yBaTU ONTHUMAJbHUI 4Yac g 30upaHHs Bpokaio [10] Ta mimaHyBaTh TEXHOJOTIYHI 3aXOAH 3
ypaxyBaHHSM MPOTHO30BAaHUX KIIMaTHYHUX 3MiH. Teopis HEUITKMX MHOXHH 0a3yeThCs Ha TIaB-
HOMY TIEPEeXO0/ii 3 OJIHOTO KJacy B iHIIUN. EneMeHTH MOXXyTh MaT YaCTKOBE YJICHCTBO B JEKITBKOX
MHOXHUHaX. Lle ocob6muBo epeKTHBHO NMpH aHami31 JaHUX CYMYTHHUKOBOTO MOHITOPHHTY CLIbCHKO-
TOCMOIAPCHKUX KYNIbTYp, OCKIIBKM HEYITKI MiTXOAH J03BOJSIOTH Kpalle BpaxOBYBaTH HEBH3Ha-
YEeHICTh BUXITHUX NaHUX. Hampukian, BUKOpUCTAHHS HEYITKMX METOJIB MOXKE JOTIOMOTTH Kpalle
po3mi3HaTH 00JIacTi 3 PI3HUM CTAaHOM PO3BUTKY KYIBTYp, 1[0 Ma€ BEIHUKE 3HAUEHHS A €(EeKTHB-
HOTO YIPAaBIiHHS CITBCHKOTOCHIONAPCHKUMU 3eMIISIMH. Taki MigXOA BHKOPUCTOBYIOTH Pi3HI Ome-
pariii HeJiTKoi JIOTiKH, Taki sk «HeuiTke [», «HeuiTke ABO», «HeuiTke anredOpaiuHe AOOYTOKY,
«HEUITKe anreOpaidyHe CyMyBaHHS» Ta «HEUITKE TaMmay, i 00'€JHAHHS Ta aHaII3y JaHUX ONTHY-
HUX 1 palapHUX CYITyTHUKOBUX 3HIMKIB CIJIbChKOTOCIOJAPCHKUX YTi/Ib.

Po3pobka moneneit mporHO3yBaHHs BPOXKAWMHOCTI HA OCHOBI HEUITKOI JIOTIKM BpPaxoBYE HE
TUIBKU OKpeMi (akTopH, a il iX B3a€EMO3B'SI3KH, 110 T03BOJIIE 3a0e3neunTy OLIbII TOYHI Ta HalilHI
MIPOTHO3M B YMOBAaxX HeMepea0aueHnX 3MiH KIIiMaTy Ta cepeoBuiia. Takuid miaxia cTa€ BaKIMBUM
THCTPYMEHTOM [UIsl CUIbCHKOTOCTIOAAPCHKUX MIAMPUEMCTB y BUPIIIEHHI 3aBJaHb MPOrHO3YBaHHS
BHPOOHUIITBA Ta 3a0€3MEeUeHHS CTa0lIbHOCTI Y BUPOIIYBaHHI ClIbChKOTOCTIONAPCHKUX KYIBTYP.

HopwmanizoBanuii BigHocHui BereratuBHUi iHaeKC (NDVI) — oiuH 13 OCHOBHHMX MOKa3HUKIB
3MiH pOCITUHHOCTI. Po3paxoByeThes 3a GopMyIoro:

NIR—-R

NDVI =————
NIR+R (1)
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ne NIR — 6nmoxHiii iHppayepBoHuii kanan, R — yepBonuii kanan. s pagapuux ganux NDVI po-
3paxoBYEThCS 32 (POPMYIIOH0:
oy =H=

H+Vy (2)
ne VH ta VV nonspusaitiii 3B0poTHOTO poscitoBanHs. Jlianazon 3nadenb NDVI pizauthes Big -1 110
+1. Konu poCIMHHICTh Ma€ BUCOKY LIUIBHICTD, 1IEH MOKa3HUK Onvxde 10 +1, a y pasi 3HUIICHHS
a00 3aXBOPIOBAHHS POCIMHHOCTI BiH 3MeHIIyeThcs 70 0. 3HaueHHs BeretauiiHoro iHaekcy NDVI
Ta MOKA3HUKHU BOJIOTOCTI IPYHTY JJIsl ONTHYHUX 300pa’keHb HaBeCHI Ha pUcyHKY (1).

Cloud-masked NDVI over time
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PI/ICyHOK 3 - Yacosi paan MMOKA3HUKIB PO3paxoBaHUX 3a ONITUYHUM CYITYTHUKOBUM 306pa)I(eHH$IM
Sentinel-2: a) Bererariiiinoro innexcy NDVI; 6) Bosorocti rpyHTy

Y po0oTi po3po0JICHO IHTEIEKTYaIbHY HEUITKY CUCTEMY, sIKa 3aCHOBaHA Ha TOYHUX JIAHHUX
PO CTaH IPYHTY 1 MOKE CTBOPIOBATH KapTH MMPOTHO3YBAHHS CTaHY MOCIBIB CLIILCHKOTOCIOAPChKUX
KyJbTYp Ha BU3HaueHux AuisiHkax (Puc. 2 1 3).
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Habip HeuyiTKuX mpaBuiI Ui OLIHKH CTaHy MOCIBiB

Tabmuus 1

HeuiTki BXiaHi na#i

HeuiTki BuxigHi nai

Bomoricts rpyHTY TeMHePaTypa Ho- NDVI CraH nociBiB
BITpS
HU3bKa HHU3bKa HHU3bKUI HHU3bKUI
HU3bKa HU3bKa cepeHin HU3bKUI
HU3bKA HH3bKA BUCOKHUI HOPMaJIbHUI
HH3bKa cepenHs BHCOKHUI HOpMaJIbHUI
cepeaHs cepenHs HU3bKUI HOpPMaJbHHUI
cepenHs cepenHs cepenHii HOpMaJIbHUI
cepenHs cepenHs BUCOKHUH BHUCOKHUU
cepenHs BHUCOKa CepeHii HU3LKUN
BHCOKA HU3bKa cepenHii HOpMaJIbHUI
BHCOKA HU3bKa BUCOKHUU HOpMaJIbHUI
Soll_moust= 34.5 NDVI=0.T5 atats = 0.5

|

o [
——

ow

averange

averange

high

a)

6)

Pucynok 4 — @yHKIIIT IpUHAIEKHOCTI IS BX1THUX JaHUX:

a) BOJIOTICTh IPYHTY BepxHboro mapy; 0) NDVI
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NDVI : 0.5 Soil _oust

Pucynok 5 — Kapra nporao3yBaHHs cTaHy HOCIBIB CLIIBCHKOTOCTIOAAPCHKUX KYIBTYP

BucHoBku. Po3rnsHyTo iHpOpMaNiliHy TEXHOJOTII0 CYITyTHUKOBOTO MOHITOPUHTY PO3BHTKY
CUTBCHKOTOCIIOAPCHKUX POCIHMH HAa OCHOBI HEUITKOI JIOTIKH. 3ampONOHOBAHWH MiAXiJ JO3BOJISE
MOJICITIOBATH CKJIQ/IHI B3a€EMO3B'SA3KM MK PI3HUMH 30BHIMIHIME (akTopamMu Ta (i3ioNoTiYHUMHU
mporecamMu caMoi pociauH. B poOoTi qociiakeHo 4acoBi psau pafapHUX Ta ONTHUYHUX CYMYTHHUKO-
BUX JIaHUX 32 JIOCIITHUMH JiIsSHKaMu. OCKUIBKU JAOCTIIKYBAIUCH AUISHKH 3 O3UMHUMHU KYJbTypa-
MH, 10 MOHITOPUHTY 00HpaBcs 4ac 3 Mi3HbOI OCEH1 JI0 JIiTa HACTYIMHOro poKy. B wacoBwuii psip mo-
Tpanuiau BiadUIbTpOBaHI ONTHYHI JIaHi, 3 MiHIMAJLHUM IOKPUTTSIM XMapHOCTI 3a MEBHHUH MEPioJ.
BI/ISHa‘-IeHO, 1o 3 3AJIYUYCHHAM HEYITKOI JIOTIKH A0 CYITYTHUKOBOI'O MOHiTOpI/IHFy MOJKHa CIIPpOTIHO-
3yYBaTH CTaH Ta PO3BHUTOK POCIINH CUILCBKOT OCIIOAAapChbKUX KYJIBTYP, BPaxXOBYIHOUU HOFOI[Hi YMOBH
perioHy 1 MpH TNEBHUX BIAXWUJICHHSIX BYACHO CIUIAHYBaTH JOJATKOBI omepalii Ha MOl i
MOJTIIIIIEHHS CTaHy pOCIIMH Yy [oCiBax.
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Analysis of information technology of satellite monitoring
of the development of agricultural crops using fuzzy logic
Climate change is increasingly affecting agricultural production in European countries, and

modern satellite data methods offer practical solutions for monitoring the development of crops and
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subsequently predicting their yields. Crop production, which is largely dependent on natural re-
sources and weather conditions, constantly faces such dangerous phenomena as sharp changes in
air temperature and moisture regime during the growing season, which directly affect crop produc-
tivity. The article investigates the impact of hydrothermal conditions on the development of agri-
cultural plants using satellite monitoring. Data from Landsat-8, Sentinel-1, and Sentinel-2 satellites
allow us to identify the peculiarities of plant development in crops and threats to crop productivity.
Studies have confirmed that the use of fuzzy logic helps in planning and optimizing crop production
in the face of climate change.

Keywords: satellite monitoring, Landsat-8, Sentinel-1, Sentinel-2, crop yield, fuzzy logic,
radar data, crop development, weather conditions.
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K.IO. Octposcbka, €.B. Octposebkuii, B.B. Ctapuk
TEXHOJIOT'ISI CTBOPEHHS [IU®POBUX JIBINHUKIB
HA OCHOBI PECYPCIB XMAPHOI OBUUCJIIOBAJIBHOI IVIAT®OPMHU

Anomayis. B pezyromami pobomu 6yn0 po3pobieno mexHonio2ito CmeopeHts Yu@dposux O8ilHUKIS,
a MaKodAIc CMeOPEeHo NPOMOmun Yuppoeozo OIIHUKA HA OCHOBI PeCcypCieé XMapHOI 0OYUCTIOBATLHOT
niamgpopmu Microsoft Azure. Taxooic 6y10 po3pobaeHo KIiEHMCbKY npospamy 0as pobomu 3 yugh-
POBUM OBIUHUKOM. Y X00i po3pobKu 0Y10 UpiueHo MaKi 3a60aHHA. NPOBEOEHO 02710 HAYKOBOI Ni-
mepamypu ma icHyuux piwenv lnmepnemy peuetl O0isi CMEOPEHHs YUDPOBUX OBIUHUKIG, BUBUEHO
MEXHON02IT, WO HAOAIOMbC XMAPHUMU OOYUCTIOBATILHUMU NIAMMOpMamMu 015 CMEOPeHHs Yuppo-
BUX OBIUHUKIG; CNPOEKMOBAHO MA PO3POOIEHO NPOMOMUN YUPDPOBO2O OBIUHUKA HA OCHOBI XMAPHUX
obuuc08aIbHUX pecypcie obuucaosarbhoi nramgpopmu Microsoft Azure; 30ilicheno mecmysamnhs
PO3POOIEHO20 NPOMOMUNY.

Kniouosi crnosa: microsoft azure, mecmysarnsi, npomomun, yupposutl OSIilHUK, XMAPHA 0OHUUCTIO-

sanvha niamgopma, api, ck60 microsoft sql server, sql-ckpunm, yaml-¢paiin, c#, http rest knienm.

Konnenmito Intepuery peueit (IoT) chopMmynboBaHO JOCUTH aBHO, MPOTE aKTHBHE HAIOB-
HEHHsI KOHIIEIIII1 TEXHOJIOTTYHMM 3MICTOM Ta BIPOBAHKCHHS MPAKTUYHUX PIIICHB I 11 peam3anii
Bi/I0yBa€ThCS caMe B OCTaHHI poKu. JlaHa KOHIIEMIisl € 00YHCIIIOBAIEHOIO MEpekero (PI3NYHMX Tpe-
JIMETIB, OCHAIICHUX BOYTOBAaHMMH TEXHOJIOTISIMH JIJISl B3a€MOJii OJMH 3 OJHUM a0o0 13 30BHIIIHIM
cepenoBuileM [1]. 3aranpHuii cBiTOBUi 00csar kamitanoBkiaaeHb y loT y 2018 pomi ctanoBuB 646
MinbsipaiB gonapis CIHIA. [IporHo3 moao xamiTaloBKIaAeHb y 1i TexHosorii Ha 2022 pik — 745
MminbsapaiB ponapis CIIIA, na 2024 — nonan 1 Tpuibiton qonapis [2].

Po3BuTOK po3moiieHO0i MepekHOT iHPPACTPYKTYpH B aBTOMATH30BAaHUX CHCTEMax YIpaB-
JIHHS TEXHOJIOTIYHUM TpoliecoM npusBeno 1o nossu IlpomucnoBoro Intepuery peueit (Industrial
Internet of Things — 110T) — konmenii B3a€EMO3B'I3KYy JATYHKIB, TMPUIAIIB Ta IHIIUX MPHCTPOIB,
00'€/IHAHUX y MEpEeXy 3 MPOMHUCIOBUMHU MPOrpaMaMu KOMIT'FOTEPIB, BKIIOUYAIOYH, KPIM 1HIIOTO,
yIpaBIiHHSA BUPOOHUIITBOM Ta €HEProcrmoxuBaHHAM. Takuil 3B'A30K 103BOIsIE 30MpaTH JaHi MPU-
CTpOiB Ta aHAJII3yBaTH iX, 10 MOTEHIIHHO CIPHIE MiIBUILICHHIO MTPOAYKTUBHOCTI Ipalli Ta epeKTH-
BHOCT1 BUPOOHHIITBA, a TAKOXK 1HIIUM eKOHOMIYHUX TiepeBar [3]. OmHiero 3 mepeBar BIPOBaHKCHHS
I[BOTO MiJIX0/1y € MOXKJIMBICTh CTBOpEHHs LMppoBoro nBiHuKa (Digital Twin) cuctemu, mo pospo-
OnsieTHCS.

udposuil nBIMHUK — II€ i€papXiyHa CHCTEMa MaTEeMAaTHYHUX MOJEJeH, 00YHCIIOBAIbHUX
METO/IIB Ta MPOTPaMHOTO 3a0e3MeUeHHs, 0 3a0e3rneuye CHHXPOHI3aIil0 MK CTAaHOM PEabHO ic-
HYIOUYOTO MPOIlecy a00 CUCTEMH Ta CYIYTHBOIO BIPTyalbHOIO Kormi€to [4, 5].

3aBAsIKM PO3BUTKY XMapHUX TEXHOJIOTIH, 3'IBUIIACS MOXKIUBICTH CTBOPUTH 1HOPACTPYKTYPY
30epiraHHs JaHuX, 3JaTHY MiaTpuMyBatu IHTepHeT peueid. [1yOmiuni XMapHi miIaTGOpMU HAAIOTh
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0e311i4 pimeHs g HUGPOBOro MepeTBOpeHHs Oi3Hecy. ' HyuKiCTh Ta aBTOMAaTH30BaHICTh OTPHMa-
HOTO CEPEeZOBHUINA JOCATAETHCS 38 PAXyHOK BUKOPUCTAHHS MPUKIAJHUX MPOTPAMHUX 1HTEp]eiciB
(API). Ile no3BoJisie pi3HUM MPHUCTPOSIM Ta CUCTEMAaM B3aEMOJIISITH MK COOO0, HAaBITh SKIIO BOHU
NPAIFOIOTh HA OCHOBI Pi3HUX CTaHAAPTIB Ta NPOTOKOIMIIB [6].

3acTocyBaHHS XMAapHHUX TEXHOJIOTIH MOXE CIPOCTUTH OOpPOOKY HaJBEIMKHX MACUBIB JaHUX,
10 TeHEPYIOThCS mpucTposimu [nTepHety peueil. Llelt pakt nepexonye HeoOXiAHICTH BUBYECHHS 1H-
CTPYMEHTIB XMapHUX MIaTdopM il pO3pOOKH T0JATKiB, 0 00poOisiIoTh naHi 3 nmpuctpois loT.
OnHUMU 3 MOXKJIMBHX PIIIeHb Y Iii ramy3i € xmapHi miatdopmu Microsoft Azure [7] Ta Amazon
Web Services [8].

KitouoBoro mepeBaroro JaHuX MmiIaTGoOpM € IUPOKUH HAOlp IHCTPYMEHTIB, 30Kpema Juis
CTBOPEHHS pileHb [HTepHeTYy peueil Ta mudpOoBUX JABIMHUKIB.

Mertoro po6oTH € po3poOKa TEXHOJOTIT CTBOPEHHS NU(POBUX JABIMHUKIB, a TAKOXK peai3arlis
Ta TECTYBAaHHS MPOTOTUIY HU(POBOrO NBIMHMKA HA OCHOBI PECypCiB XMapHOI OOYHMCIIOBATBLHOL
1athopmu.

Sk okepeno gaHuWxX Oylio TNPUHHATO pilieHHs BUKopuctatu mnpoekt Low Carbon
Project [9], mio 3abe3neuye QyHKIIOHYBAaHHS CUCTEMH CMC-TIOBIJJOMJICHHS KIIIEHTIB MPO MOTOYHY
IMHAMIYHY Tapu(HY BapTICTh €JIEKTpOCHeprii. Y pamkax peanizamii MpoekTy OyIWHKH-yYaCHUKU
Oy po30uTi Ha ABi TapudHi rpynu. [lepma rpymna kopucTyBajgacs CTaHAapTHUMHU Tapudamu cro-
KHUBaHHA enekTpoeneprii. CriokuBadaM Jpyroi rpylnH BiANPABISIINCS CUTHAIU MPO BHUCOKY ILIHY
€HEePrOoCIIO)KUBAHHS 3HIDKCHHS HABAaHTAXCHHS HA JIOKAIbHI PO3MOJUIBHI MEpeXi MPOTATrOM
NepioJliB BUCOKOI 3aBaHTaxeHOCTl. BuOpanuii HaOlp AaHUMX € MOKa3HUKaMU EHEProcroXUBaHHS
JUTst BUOIpKH 3 5567 JTOHIOHCHKUX OYIWHKIB, OCHAIIEHUX JAaTYMKaMU CIIOKHMBaHHS eHeprii. Yuran-
HSl JAaHUX MPOBOJMIIOCS 3 MIBFOJUHHUMHU 1HTepBaiamu. Halip naHUX MICTUTH CIIO’KMBAHHS €HEprii,
y kB1/rox (3a miBroguHu), yHiKalubHUH 11€HTU(IKATOP TOMOTOCIIOAAPCTBA, ATy Ta yac, a TaKOX
TapuQHy rpyny. MoxHa BUAUTUTH KUIbKa 3aBJJaHb, 1110 YTBOPIOIOTHCS IT1]] 4ac aHali3y IUX JaHUX:

— CeTrMEHTAIllisl ICHHOTO CIIOKUBAHHS €HEPTil;

— pO30MBKa KPUBOTO €IEKTPUIHOTO HABAHTAKEHHST,

— IIPOTHO3YBaHHS CIIO)KWBAaHHS €JIEKTPOCHEPTii Oy ANHKaMHU;

— JIOCII/PKEHHS BIIMIHHOCTEH HACIIAKIB BUKOPUCTAHHS €JIEKTPUYHOI Ta aKyMYJISITOPHOI CH-
CTEM OIIaJICHHS;

— MIPOTHO3YBaHHS CIOKHMBAaHHSA €JIEKTpOeHeprii y MaciiTadl MicTa.

Jliis po3pobku 1UGpoBOro ABiifHUKA OYyJI0 BUKOPHCTAHO YAaCTHHY BUIIEONHUCAHOTO HaboOpy
nanux [10], mo € daitmom dpopmary CSV, cxema sikoro onucana B Tadmuii 1. Tabmuiisg MicTUTh Ha-
crynni moisi: LCLId — yHikanbHuit inentudikatop kBaptupu; stdorToU — tapudnumii iaH KBapTH-
pu; DateTime — wac ueproBoro 36opy manux 3 loT-mpucrporo; KWH/hh - mokasanus 10T-
MIPUCTPOIO, IO BiIOOpaKarOTh KUTBKICTh CIIOKUTHX KUTOBAT enekTpoeHeprii 3a 30 xBuiuH; Acorn —
MMOTOYHA KaTEeropis KBapTHPH 3a IiKamor ACOrn ta Acorn_grouped — craTtyc MOTOYHOTO €HEPro-
CIOKMBaHHS 3a mKaiow Acorn.
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Tabmuns 1

Cxema BuxigHOTO HAOOpY AaHUX

LCLid stdor DateTime KWH/h | Acorn | Acorn_groupe

ToU h d

MAC000002 | Std 2023-10-12 0.143 |ACORN | Affluent
00:30:00.0000000 A

MACO000006 | ToU 2023-10-28 0.013 | ACORN Adversity
16:30:00.0000000 Q

MACO000027 | Std 2023-08-13 0.41 ACORN | Comfortable
15:00:00.0000000 -H

MAC000032 | Std 2023-09-11 0.112 [ ACORN | Comfortable
12:00:00.0000000 -]

Ha mincraBi aHamni3y iCHYIOYHX TEXHOJIOTiIH CTBOpEHHs MU(PPOBUX IBIMHUKIB Ha 0a3i Xxmap-
HUX OOYHCIIOBAIBHUX CHUCTEM OYJI0 3pOOJIEHO BHCHOBOK, IIO OOW/BI PO3IJISIHYTI CHCTEMH 3HAaXO-
ISIThCSA B TIOTIEPEIHIN cTaii, ToMy BHOIp CHCTEMH, 1[0 BUKOPHUCTOBYETHCS, 3aCHOBAHUI Ha 00Cs3i
HAQ/IaHUX MOJKJIMBOCTEH, KIIBKOCTI CYIIYyTHIX XMapHHUX IHCTPYMEHTIB 1 pillleHb, HasiBHOCTI oOMe-
KEHb BHKOpHCTaHHs. [Ipy MOpIBHSIHHI NaHUX HAaHKpalmuMH pe3yiabTatamMu Boisonie Azure Digital
Twins Big Microsoft.

Ha ocnogi ananizy Azure Digital Twins Oyn0 Bu3HaueHO 10 GyHKIIi IEpBUHHOI 00pOOKH
TeneMmeTpii OynyTh HamucaHi MOBOIO IporpamyBaHHs JavaScript. JlocTaBka IOBI1IOMIIEHb, IO
MICTATh TOKa3aHHS MPUCTPOIB, Ta KJIIEHTChKA IIpOrpamMa peasizoBaHl 3 BAUKOPUCTaHHSIM MPOTrpaMHOL
mnatdopmu .Net Framework.

Cucrema, 110 MPOCKTY€EBANACH, Y HAM3araJIbHIIIIOMY BUTJISAI CKIIAAETHCS 3 0a3u TaHMX, 10
30epirae 3arajibHy CTaTUCTUKY €HEProCloXUBaHHsI, ci1y>kOu [nTepuery peueit Digital Twins xmap-
Hoi matdopmu Microsoft Azure, mo npaitoe 3a npunmnunoM Platform as a Service (PaaS), 06po6-
HUKa TeJIEMETPli MPUCTPOIB — MpOrpaMu, 110 BIAMOBIAAE 3a 301p, BIAMPABKY Ta 00OpoOKy TereMeTpii,
a TakoX KilleHTChKoro Web-nonatka st KepyBaHHs LU(poBUM ABIMHMKOM, 110 3aikicHioe HTTP
REST 3anutu no API crBopeHnoro ex3emmusipa Digital Twins. Jliarpama noTokiB JaHUX HPOEKTO-
BaHOI CUCTEMHU TIpE/ICTaBJICHA Ha PUCYHKY 1.
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JlonaTok, 1o peaisye BiIIpaBICHHS Ta 0OPOOKYy TeleMeTpii, BUKOHYE OOpOOKY JaHuX, OT-
pUMaHUX i3 T€HEepaTopa, a TAKOX X mepenavdy Ha cepBep. BOHO ckilagaeThes 3 NEKIIBKOX KOMIIO-
HEHTIB: MOZYJIb CTBOPEHHS IIPOCTOPOBOTO IHTENEKTYaIbHOTO Tpada, GpyHKIisT 00poOKH TereMeTpii,
[0 BUKOHYE JIOTIKY KOPUCTyBada JJisg JaHUX, SKI HAJIXOASTh 3 MPUCTPOiB Ta 0OpOoOHUKA JaHWX i3
cepBepa Ul BU3HAYCHHS CTAaTYCy MPHUMILICHHS 3 METOI0 NEepEeBIpKH MEPEBHUILEHHS PEKOMEHI0Ba-
HUX MOKa3HUKIB €HEPTOCIIOKUBAHHS JUIS TIOAAJIBILIOTO BiAMPABICHHS MOBIIOMICHh KOPHCTYBaYaM.
KiienTchka mporpaMa CKIaQAaeThes 3 MOIYJS peecTpaiii Ta ayreHTudikaiii, a Takoxk reHeparopa
HTTP REST 3anuriB 1o API Digital Twins. I'enepaTtop Tenemerpii BkItouae 0a3y qaHux «3araibHe
CTMOKMBAHHS €HepTii». JliarpaMmy KOMIOHEHTIB BCi€i CHCTEMHU MOXKHA TOOAUUTH HA PUCYHKY 2.

<<component>> ]

<<component>> |
w<filg>>

<<subsystem=>>

<<component>> ]
XmapHa nnatdopma Azure Digital Twins

Daiin is (PaaS) KnieHTebkmii pogaTtok
onucom rpada ~
M, ‘\\
! <<component>> gl << == ]
e i el componel
H - c<sSamvice>>
; OB6pobHUK TenemeTpii leHepaTop
<<componant>> El .
<<gomponent>> E <<component>> E =<gRMVicE>> REST-zanurie
<<service=> <<sarvice>> Moayns |
Mopaynt DyurLia o6pobim nocrobpobum oo
ICTBOpPEHHA rpada TenemerTpil [aHux \/
==gomponent>> ]
<<sErVicE>>
eeyspn Moayne
¥ peecTpauii Ta
<<component>> &l ayTeHTrdikauii
<<senice==>
FeHepaTop Tenemetpii
<< gomponeant>> gl

<<filg=>
Baza gaHux "CnineHe cnomueaHHA eHeprii”

Pucynok 2 — Jliarpama KOMITOHEHTIB IIU(PPOBOTO IBIHHUKA

SIK moka3HUKM CEHCOPIB BUKOPHUCTOBYBasNCh AaHi npoekTy Low Carbon Project, mo € aii-
aom ¢opmaty CSV, mo mictuth | mMunbiioH psakiB. B pesynbrari imnopryBanns CSV-dailny Ta
CTBOPEHHS JI0JJaTKOBUX Tabnuilb O0yio orpuMano SQL-(aiin 3 yciero 6a3oro.

Ha na pucynky 3 mpejicraBiieHa Jiarpama JissIbHOCTI, sSIKa TIOKPOKOBO BiZJOOpaka€ BUKOHAH-
Hs B3aemonii 3 API Digital Twins 151 oTpumanHs iHpopMaliii mpo MoToYHe eHEeProcnoKNBaHHS.

Ha mepmomy kpotii KOprcTyBad 3/1MCHIOE BXiJl B CUCTEMY 3a JOTIOMOTOF0 MOAYJISl peecTpartii
Ta ayTeHTu(iKallli, MonepeIHb0 OTPUMABIIM TOKEH aBTOpHU3allli 3a JOMOMOIOI HajallTOBAaHOTO
g poboru 3 exzemmusipoMm Digital Twins kiienta Postman API. Ha upomy kpoui monyib
peecTparii Ta ayreHTU(IKAIT 3BepTaeThCs 10 Tadimii Registration myst mepeBipkH MPaBUIHLHOCTI
JTAaHUX, BBEJICHUX KopucTyBadeM. [1icist boro KOpHCTyBad 3a JOTIOMOTOI0 TpadidHoro inTepdeincy
KIIIEHTCHKOT Iporpamu iHinitoe renepauito REST-3anuty 1o API Azure Digital Twins, Bukopucro-
BYIOYH BIATOBIIHUIA €IEMEHT yIpaBIIiHHS.

I'eneparop REST-3anuTiB 3BepTaerhest 10 TabmuIl Spaces /uis OTpUMaHHS iAeHTUdIKaTOopa
MPUMILICHHS, JIe TIOTPIOHO BU3HAYUTH MOTOYHE 3HAYCHHS €HeprocnoxuBaHHA. Jlami BinOyBaeTbcs
BUKOHaHHA 3reHepoBaHoro 3anuty. I[licis mporo API Digital Twins moBeprae KiIi€HTCBKOMY I0-
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JaTKy pe3ybTaT BUKOHAHHA 3anuTy y BUTIIsAAl JSON BiaNoBifi, 3 SKOTO BUTATYETHCS MOTPiOHA 1H-
(dhopMallis NUITXOM Jiecepiaiizallii Ta BUBOJAUTHCS KOPUCTYBAUECBi.

Hopwcrysad Cucrema “Digital Twins”
9 KnienTchea nporpama Xmapwua naardopma Azure Digital Twins
" / b
f ‘!i"ﬂj%m ' OTpumati 3 61,
|\¢HCTEMH ) igedTudikaTop NnpUMilLEHHA
L s L
L 4
- \
| 3redepysaTi 3anuT |
b
i '\l i k.’
| BMHOHATH 3aNMAT | = OTpUMaTH 3anuT
L - . ¥ -
s o I ‘.. .
Decepianisysatv pesynbTan Hagicnatk pesyneTaT |
BMHOHAHHA 3aNATY | | BHEOHAHHA 3aNUTy
W
r -, .. \
MepernauyTu BuBecTH pesynbTat
PE3YALTAT ' BHHOHAHHA 3anNATY
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e J\ -

Pucynoxk 3 - Jliarpama IissIbHOCTI CHCTEMHU HaJlaHHS KOPHCTyBavy iHpopmarii

IIpO MOTOYHE CHCProOCIOKNBAHHA

[TlinroroBKa MpPOCTOPOBOTO IHTENEKTYyaJbHOTO Tpada 3MIMCHIOETHCA 3a JOMOMOrow Qailry
koHpiryparii popmary YAML, 110 MICTUTH €IEMEHTHY CTPYKTYpY rpada 3TiIHO 3 00paHOI0 OHTO-
JIOTIEO.

st cucteMu, MO po3podIisieTbes, Oyina oopana ctangaptHa oHToJorist BACnet, mo MicTUTh
BCl OCHOBHI THIIH JaHUX, HEOOX1JHI B CUCTEMI.

O®parment Y AML-daitny koHdirypauii iepapxii rpada npeacTaBieHuil y JICTHHTY 1.

Jlictunr 1. ®parment Y AML-daitny koudiryparii iepapxii rpada

- name: Quickstart Building
type: Venue
resources:
- type: IoTHub
spaces:
- name: Floor 3
type: Floor
spaces:
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- name: Focus Room 30
type: Room
subType: FocusEoom
devices:
- name: Raspberry Pi 3 30
hardwareId: 123456783030
5ensors:
- dataType: Light
hardwareId: MACO00030
matchers:
= name: Matcher Light
dataTypeValue: Light
userdefinedfunctions:
- name: Motion Frocessor
matcherNames:
- Matcher Light
script: actions/userDefinedFunctions/availability.djs
roleassignments:
- roleld: 98e4d4ad7-28d4-4007-853b-b9968adl32dl # System Role:
Spaceldministrator
objectHame: Motion Processor
objectIdType: UserDefinedFunctionId

Crpykrypa Y AML-(aiuny BiItoyae JeKiIbKa HAaCTYITHUX O0OOB'I3KOBUX PO3JILIIB:

— Resources — nmanuil By3on crBoproe pecypc Llentpy InTepHery ans B3aemonii 3 mpu-
crposmu. Llentp IHTepHeTry pedeil y KopeHeBOMy BY3ii rpada Moxe B3a€MOJIATH 3 yciMa HpH-
CTpOSIMU Ta JaTYMKaMHU y rpadi.

— Spaces — B 00'exTHiil moaeni Digital Twins meii By3on npencrasisie Gi3udHi po3TalIyBaH-
Hs1. Koxen nmpoctip mae tun (Type) ta im'st (Name).

— Devices — 11e po3/ij, 10 NpeACTaBIIsIe€ IPUCTPOT, 110 KEPYIOTh PsIIOM JaTYHUKIB.

— Sensors — 1aHuil po3/iJ ONKMCYE BUKOPUCTOBYBAHI TaTUUKU.

— Matchers — 11e po3i, 110 ONUCYE CMIBCTABHUKU — HAOOPH KOHKPETHUX YMOB, sIKI OTPiOHO
BIJICTEXKYBaTH y JAaHUX HPUCTPOIB YW JaTuukax. [IOpiBHAJIBHHMK BIJICTEKYBaTUME MATUUK THUILY
dataTypeValue.

Jlnist miArOTOBKYU CIIBCTaBHMKA, SIKMM BIICTE)XyBaTHMME OJIMH 13 IIMX AATYMKIB, HOro 3HaYeHHS
dataTypeValue noBunHoO BianoBigatu dataType nporo garyuka.

— UserDefinedFunctions — e By30i, 1m0 onucye ¢yHKLii MepBUHHOI 00pOOKHM TeneMmeTpii
BoHM BUKOHYIOTH JIOTIKY KOPHCTYBaya JJIs JIaHUX, 110 HAJXOJAATh 3 MPOCTOPIB 1 MPUCTPOIB, KON
BUKOHYIOTHCSI YMOBH, 3a3Ha4€H1 CITIBCTABHUKAMHU.

BinmoBigHo 10 po3pobneHoi cxemu, Oyia peamizoBaHa 0a3za JaHWX A 30epiraHHs JaHUX
JYMIIBHUKIB, @ TAKOXK 1H(OpMAIl Mpo KOpUCTYBavax.

Ha Ha pucyHKy 4 mpojeMOHCTPOBAHO KypHaJIyBaHHS IOBIJIOMJICHb, 1[0 HAJICHJIAIOTHCS 10
ueHtpy Iareprery peueil. KoxeHn 3amuc xypHaiy MIiCTHTb 1/IeHTH(IKATOp CEeHcopa Ta Horo moTOYHi
MOKAa3aHHs, JaTy HaJCHJIAaHHS MOBIJOMJICHHS, a TaKOXX YHIKaJbHUM ieHTudikaTop 3anuty no Iu-
TEPHET-LIEHTPY peUEH.

3rigHo 3 (YHKIIOHAILHUMHU BUMOTaMH, CUCTEMa MOBHUHHA CIOBIIIATH KOPUCTYBAYiB MpPO He-
e(eKTHBHE €HeProCIOKUBAHHS IPU BUKOHAHHI 3a3/aJIET1/Ib BU3HAUYEHUX YMOB. 3 aHaJi3y BUKOPHU-
CTOBYBAaHOTO HabOpy NaHUX OYyJIO MPUNHATO PIlLIEHHS BCTAHOBUTH I'PAaHUYHE 3HAUEHHS €(EKTUB-
HOCTI €HEeproCIOXUBaHHS JIHIIe Ha piBHI 2 KBT/4u. [Ipu nepeBuinieHHi JaHOTO 3HAYEHHS TTOTOYHU-
MU TIOKa3HUKaMHU €HEProCIOKMBaHHS BIIOYBA€ThCS peecTpallis moii mpo Hee()eKTUBHICTh CHEPTO-

8 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi Texnonorii» 5 (154) 2024 «System technologies)

CTMOXMBAHHS y MOTOYHOMY NPUMINICHHI 3 MOJANbIINM HajacuiIaHHsaM a0 Llentpy moniii Azure. ¥
nornepenHbo HajamrToBaHoMmy LleHTpi moxiit Azure BinOyBaeTbesi 0OpoOKa Moiid, siKka MOJsTae y
HaJCWJIaHHI email-moBiIOMJICHb BIaCHHKAM MPHUMIIIEHb Ta aJIMIHICTPATOPY CHCTEMH 3a JOIOMO-
roro BOynmoBanoro Gmail «kiienra. Ilpukiag TakuxX TOBIAOMIJIEHB MPEJICTAaBICHO HA

PHUCYHKY O.

EX Windows PowerShell - O b4

Pucynoxk 4 - XXypHanyBaHHs BiANpaBlIeHUX A0 LEHTPY [HTepHeTY peueil NOB1IOMIICHb

o 6 8§ & ¢ b @

n |

Digital Twins notification for poor electricity usage in space
7352eb10-28e2-4ebc-BeasS-4ce2bedefd11 ©

@ — g MAILCOM uT, 30 TpasHA, 11:32 (4 gua notomy) TF -

Poor electricity usage in a room, it needs o be adjusted

#. Bignosicti » Mepecnatu

Pucynoxk 5 - [Ipukiiag onoBileHHs: KOPUCTYBaya

TectyBanHs cucremu Oysio MPOBEACHO B JEKLIbKa €TaliB: TECTYBaHHS Mpalle31aTHOCTI CUC-
TEMH Ha OCHOBI MOAYJIBHOTO TECTY, L0 MEPEeBIpsie CTaTyCH BIANOBIJACH 10 3ailiCHIOBaHUX 10 IpOC-
TopoBoro rpaga APIl-3anuTiB, MOpiBHAIbHE TECTYBAaHHS 3 METOIO BU3HAUEHHS MPAaBUIBHOCTI 00pO-
OKM TeneMeTpii AaT4MKiB, a TakoX TecTyBaHHS APl ympaBniHHSA cucTeMoro, TOOTO MPaBUIBHOCTI
pe3yibTariB BUKoHaHHA API-3amuTiB, 1110 BUKOHYIOTHCSI CUCTEMOIO.

Jlnst mepeBipKH Mpare3laTHOCTI CUCTEMHM OyJ0 HamMcaHO MOJAYJIBHHM TeCT, IO IepeBipse
MPaBUIIBHICTE POOOTH KOMITOHEHTA, 110 BiMOBIIAE 32 CTBOPEHHS IPOCTOPOBOTO 1HTENEKTYaIHLHOTO
rpada Ha ocHOBI YAMLaiuny, mo MIiCTUTH i€papXidHy CTPYKTYpY (i3WYHOI, 10 MOAETIOEThCS
cucreMu. TecT nepeBipsie cTaTycu BiANOBiAeH cepBepa 1o cucteM API-3anuTiB, 110 3iiICHIOIOThCH,
a Tako)k 00pOOKY BUHATKOBHX CHUTYaIliH.

Jlnst mepeBipKy MPaBUIBHOCTI HaJlaHUX CHUCTEMOIO MOTOYHUX Ta JTOOOBUX IMMOKA3HUKIB Oyio
MIPOBE/ICHO MOPIBHAHHSA HA0OPIB TaHUX, OTPUMAHUX 0€3M0CePeIHbO 3 TAOIUILi, 110 MICTUTH YCi TO-
Ka3aHHS JIaTYMKIB Ta JaHUX, HAJIAHUX KOPHCTYBAauyeBi CHCTEMM Ha 3alUT, TOOTO OTpUMaHi Micis
00pobku cucremoro. Takox Oylo 0OUMCIEHO CepeiHl 3HAUEHHS €HeproClOKMBaHHS 3a /100y, Ta

3MIHCHEHO 1X TIOPIBHSHHSA 3 JAaHUMU JO0OOBOTO CIIOKUBAHHS, HAIAHUMHU CUCTEMOIO ISl BiATIOBITHUX
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npuMilieHb. Pe3ynpTar MopiBHAJIBHOIO TECTYBAaHHS 3 METOK BHU3HAYCHHS MPABUIBLHOCTI 0OpOOKH
TeJeMEeTPil NaTYNKIB HABEJCHO y TaOMuIIi 2.

Tabmurs 2
Pe3ynbTar mopiBHIHHS TaHUX
. BxinHi OuikyBanuii | OTpumMaHui Tect
TecToBuil BUIIag0K . . .
JaHH1 pe3ynbTar pe3ynbTar | ImponaeHHit?
OTpuMaTy MOTOYHE 3HAYCHHS
- 0,452 0,452 Tax
cencopa «MAC000003»
OTpuMaTy TOKa3HUK CEPETHHOTO
€HEeProCIOKUBAHHS
0,335 0,335 Tax
y npumimerai «<MAC000012
3a 100y

Jlist IepeBipKy MPaBHIBHOCTI pe3ynbTariB BukoHaHHS API-3amutiB O0yB Bukopuctanuiit REST
kiieHT Postman API [11], momepeanpo HaAMTOBAHUN T POOOTH 3 Tporpamoro Azure Active
Directory, mo Hanae HesiBHUH 1OTiK 103BOJiB OAuth 2.0. POST kitieHT BUKOPUCTOBYBABCS TSI BU-
koHanHa HTTP-3anuriB, mo mictate TokeHu a0 API ynpasninas eksemrmisipa Digital Twins, a ta-
KOX Ui ckianaHas ckianoBux 3anuTiB POST B API xepyBanns. Pesynerar TectyBanus API ke-
pyBaHHs 3a nonomororo Postman API HaBeneHo y nonartky.

BucHoBku. B pe3ynbrari 0yn0 po3po0JieHO TEXHOJOTII0 CTBOPEHHS MU(PPOBUX IBIIHHKIB, a
TaKOXX CTBOPEHO MPOTOTHN LU(PPOBOrO ABIMHHWKA HAa OCHOBI PECYpCiB XMapHOI OOYMCITIOBAIBLHOI
mwiargopmu Microsoft Azure.

Takox Oy0 po3po0IeHO KIIEHTCHKY Mporpamy Jisg podoTu 3 udpoBum aiitHUKOM. Cripo-
€KTOBAaHO Ta PO3pOOJICHO TPOTOTHUI ITU(POBOTO JABIHHHUKA HA OCHOBI XMapHUX 00UUCITIOBATBHUX
pecypciB obuncoBanbHO1 miatpopmu Microsoft Azure. [IpoBeneHo TecTyBaHHS po3pO0IEHOTO
MPOTOTHITY.
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Technology of creating digital double based on cloud computing platform resources

As a result of the work, the technology for creating digital doubles was developed, as well as
a digital double prototype was created based on the resources of the Microsoft Azure cloud compu-
ting platform. A client program for working with a digital double was also developed. In the course
of development, the following tasks were solved: — a review of scientific literature and existing In-
ternet of Things solutions for creating digital duplicates was conducted; — technologies provided by
cloud computing platforms for creating digital duplicates were studied; - designed and developed a
digital double prototype based on the cloud computing resources of the Microsoft Azure computing
platform; - testing of the developed prototype was carried out.

Keywords: microsoft azure, testing, prototype, digital double, cloud computing platform, api,
microsoft sql server database, sql-script, yaml-file, c#, http rest client.
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HIBT YAYHT.
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T. Xomanen, K. JIobozxa
AHAJII3 EJIEKTPOMEXAHIYHUX ITOJIIB B OKOJII BEPHIMHU TPILIIUHU
Y IPE30OEJEKTPUYHOMY MATEPIAJII

Anomayis.  Ilposooumvcsa  cucmemue  00CHiOdNCceHHs — 3a0adyi  NAOCKOi  Oeopmayii  0ns
n’€30e1eKmpudHo20 mina 3 MpiwuHoo, siKe NOAA2AE 6 3ACMOCYBAHHT AHANTMUYHO20 MA YUCETLHO20
Memooig OJisl yPaxy8anHs PiHUX eOMEeMPUYHUX XAPAKMEPUCTUK, PIZHUX MEXAHIYHUX MA eleKmpu-
YUHUX HABAHMAICEHb I PISHUX I3UUHUX 81ACMUBOCHEN N €30€1EeKMPULHO20 MAMEPIATY.

Cnouamky 66asicacmucs, wo posmip po3paxyHKogoi obracmi Habazamo Oinbuwiuil 3a O008ICUHY
MpiWUHU, MOMy 001ACMb NPUUMAEMbCA HECKIHYEHHO 8eNIUKOI0, i 0Jis pO38 A3KY 3a0ayi 3aCmocog)y-
EMbCA AHANIMUYHULL MeMOO KOMNAEKCHUX nomenyianie. Dopmynoemuvcs 3a0a4a AiHillHO20 Cnpsi-
JHCeHH s, OJiA AKOI BUNUCYEMbCA MOYHUU AHANIMUYHULL PO36 A30K. 3HAX00AMbCA AHANIMUYHT POpMY-
JU OJIsL BUSHAYEHHSI HANPYHCEHb MA eIeKMPUUHO20 3MIWYeHHs ) 6Y0b-AKIl Mouyi po3paxyHKoeoi 00-
nacmi. Jnsa npozpamuoi peanizayii 6UKOpUCmMos8y8ascs CReyianbHo CmeopeHull 000amoK 6 pamKkax
naxemy Mamemamuxa.

Posg’azoxk yici oc 3a0aui npoeoouscs makoxic Memooom CKiHUeHHUX eleMenmie, AKUll Modice Oymu
3acmoco8anum npu 6yo0b-aKux cni68IOHOULEHHAX 00BIHCUNHU MPIWUHU | XAPAKMEPHO20 PO3MIDY pO3-
paxyukogoi oonacmi. Cimka CKiHUeHHUX eleMeHmi8 32YWy8anact Npu HaAOIUNCeHHi 00 MpPiuHuU, i
ocobaueo — 0o ii eepuun. Peanizayia po3pooieHo2o aneopummy npo8oounacsh y NPocpamMHOMY ce-
peoosuwi ABAQUS. Jlns eunaoky mpiwunu, nabazamo MeHuoi 3a po3mip obaacmi, 8UKOHYBAN0CH
NOPIGHAHHS 3HAYEeHb HANPYHCEHb MA e1eKMPUYHO20 3MIUEeHHA HA NPOOOBIHCEHHT MPIWUHU i Ha 00-
BIILHO OPIEHMOBAHOMY NPOMEHI, WO BUXOOUMb 3 ii 6epuiunu. Y 8CIX UNAOKAX MANO Micye Oyice
Xopouwia y320024CeHicmy pe3yibmamis, OMmpUMaHux analimuyHo ma MemoOOoM CKIHUEHHUX eleMeH-
mis. Lle niomeepoaicye KOpeKmHicmob po3poOaIeHUX MemOOUK | NPOSPAMHUX NPOOVKMIE i 00380J1€
BUKOPUCTNOBYS8AMU  IX Ol PO36 A3AHHA  WUPOKO20 KOAA 3A0ay MeXawiku  pYyUHYSaHHs
n’€30e1eKmpuyHux mamepianis.

Knrouoei crnosa: nanpyscenns, deghopmayis, mpiwguna, anarimudnull po3e 130K, Memoo CKiHUeHHUX
eleMeHmi6, CUCTNEeMA MEXAHIYHUX MA eNeKMPUUHUX HABAHMAICEHD.

ITocTanoBKa npodaemMu. 3aCTOCYBaHHS CUCTEMHOTO MiAXOy 10 pO3B’sI3aHHS 337a4 MeXaHi-
KU pyHHYBaHHS I’€30€JIEKTPUYHUX MaTepialiB J03BOJSE BPaxOBYBaTH Pi3HI acCMeKTH Mpoliemu,
Taki sIK po3Mip 00JIaCTi, AOBXKHMHY TPILIMHH, BEIMYMHY MEXaHIYHOTO Ta €JIEKTPUYHOTO HABaHTa-
KEHb, XapaKTEPUCTUKHU I’ €30€JIeKTpHKa. 3 ypaxyBaHHAM IUX (aKTOpiB B POOOTI JOCHIKYETbCS
I’ €30€JIEKTPUYHUI €IEMEHT 3 TPIIMHOK0. Y BUNAJIKy KOPOTKOI TPIIUHM 1 3HAYHUX PO3MIpiB o0a-
CTi BUKOPHCTOBYETHCS aHAIITUYHUHN MIJIX1J, a JUI CIIIBBUMIPHUX PO3MIpIB TPILMHHM 1 0071aCTi — Me-
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ton ckindeHHuUX eneMeHTiB (MCE). OcHoBHA yBara mpHIiIsSETHCS aHATI3y MPUBEPIIMHHUX 0bJac-
TEH TPIIIUHM, SIKI BU3HAYAIOTh MOXKIIUBICTD ii PO3BHUTKY.

AHaJii3 ocTaHHIX J0CiaxKeHb i myOaikaniii. B cydacHiii MiKpoeIeKTpOHiIli IHUPOKO 3aCTO-
COBYIOTHCS T1’€30€TIEKTPHUHI MaTepianu. YacTo B eleMEeHTaX KOHCTPYKIIii, BUTOTOBICHHUX 3 TaKUX
MaTtepialiiB, MOXKYTh BUHUKATU TPIIIMHU, 30KpeMa MIKPOTPIIIMHH. 3 OTJIsly HA HEBEIHKI po3Mipu
1’ €30€JIEKTPUYHUX BUPOOIB, MIKPOTPILIIMHUA MOXKYTh CYTTE€BO 3HI)KYBAaTHU MILHICTh TAKHMX KOHCTPY-
KIIii, TOMY 1X JOCTIPKEHHS € BOXKJIUBUMHU JIJISI IPAKTHKH.

JIOCITiDKEHHIO TPIIIMH y T’ €30€IeKTPUYHUX Marepiajax MpHCBsUeHa 3HAYHA KUIBKICTb pO-
00T1. 30KpeMa B poboTax [1, 2] B MaTpuYHO-BEKTOPHIN GOPMI MpeACTaBICHO BU3HAYAIbHI CITIBBII-
HOWICHHS JUIsl Takux marepianiB. B po6ori [3] mocnimkeHo Moaenb TPIIMHK 31 CKIHUCHOKO €JICKT-
PUYHOIO MPOHUKHICTIO y T’ €30€IeKTPUYIHOMY Matepiaini. Bzaemomist TpilmuH y 1’ €30€1eKTPUIHUX
KBa3iKpUCTaIax BUBYAIACh y poOoTi [4]. CucTtemMu TPImUH y I’ €30€IEKTPOMArHITHIX MaTepiaiax
JTOCTIKYBAIHUCH Y CTATTSAX [5, 6] IS IJIOCKOTO Ta AaHTHILIOCKOTO BHITA IKIB, BIIITOBITHO.

Bkazani Bume poOOTH  TPHUCBAYECHI  AHATITUYHOMY  JIOCHIDKEHHIO  TPIIMH Yy
1’ €30€JIEKTPUYHUX MaTepiaiax i BUIAIKy HECKIHUEHHHX obOiacTeil. Aue, SKIO TPIlIMHA 3HAXO-
IUTHCS Y T’ €30€JIEKTPUKY CKIHYCHHHUX PO3MIpIB, TO aHATITHYHUHN TiIX1/1 BUKJIMKA€E 3HAYHI TPYIHO-
i, 1 HAHOUTBII e()EKTUBHUM amapaToM JOCIIDKEHHS Yy I[bOMY BHIIAAKY € METOJ CKIHUCHHUX eJle-
meHTiB (MCE). 3actocyBaHHS IbOTO METOMY JJISl TOCTiKEHHS I’ €30€IeKTPHYHUX MaTepiajiB 3
TPILIMHAMH OJICP)KAJIO0 CYTTEBUN PO3BUTOK B podoTax [7, 8], a pi3Hi BapiaHTH eNCKTPUYHHUX TPAHU-
YHHUX yYMOB Ha TPILIMHI B Takux Matepianax Oymu mocmimpkeHi B [9, 10]. IlutanHs BU3HAYCHHS
IIBUAKOCTI 3BUIbHEHHS €HEeprii JUIsl TPILUH y 11’ €30€JIeKTPUYHUX MaTepiaiiax, siki TpatoTh BaXIJIUBY
POJIb TP 3aCTOCYBAaHHI METOAY CKIHYEHHUX €JIEMEHTIB, BABYAIHUCH B CTaTTi [11].

Crnin BiA3HAYUTH, 10 TMUTAHHS JTOCIIKEHHS €JIeKTPOMEXaHIUHUX TMOMIB y Oyab SKii TodIl
OKOJIY BEpUIUHU TPIIUHU Y T’ €30€JCKTPUIHOMY MaTepiaji JOCHIKEHO HeJ0CTaTHRO. [le nuranus
SKpa3 1 BUBYAETHCSA y JaHiil poOOTI aHATITUYHUM 1 YUCEITBbHUM METOJaMH.

Mera nocaigxennsa. MeToro gaHoi poOoTH € MoOyn0Ba aHATITUYHUX MPEACTaBICHb ISl TO-
JIB HaIpYKEHb Ta €JIEKTPUYHOI 1HAYKLII B MPYKHOMY I1’€30€JIEKTPUYHOMY MPOCTOPI 3 TPIIIMHOIO
HOPMAaJIBHOTO BIJIPUBY T1J JII€I0 CUCTEMU MEXAHIYHUX Ta €EKTPUYHUX HABAHTAXKEHb 1 MOPIBHIHHS
pe3yibTaTiB PO3PAXYHKY BIAMOBIIHUX €IEKTPOMEXAHIYHUX (DAKTOPIB 3 PO3B’SA3KOM METOJIOM CKiH-
YEHHHX €JIEMEHTIB.

BukJiiajieHHs1 0CHOBHOI'0 MaTepiajy J0CHiIKeHH.

Ananimuunuii.  memoo po3e’sasky. Po3rmsmaerbes 3amada  IIockoi  aedopmartii s

I’ €30€JIEKTPUYHOTO Tij1a, Iepepi3 SIKOTO sIBJIsi€ COOO00 KBaapat ) <X < > (i=1, 3). Baxaerbcs,

110 B LIEHTPaJIbHIN YacTHHI Tina po3ramosana Tpimmna [piditca | X [ a, X, =0, Gepern sikoi Bi-
JbHI BiJl HABAHTA)XEHb Ta €NEKTPOi30JiboBaHi. Ti10 HaBaHTa)XEHE PO3TATYBATBHUMM 3yCHILISIMU
O3 = O B HaNpsMKy, HOPMaJIbHOMY [0 TPIIIUHM, NJOTUYHUMH 3YyCUULIMU T;; =7 Ta €JNeKTpHU-
Hoto inaykuieto D, =D.

CriBBiTHOIIEHHS /IS JTIHIMHOTO I’ €30€JIEKTPUYHOI0 MaTepiaiy 3a BiJICYTHOCTI 00 €MHUX CHII 1

BUTbHHX 3apsi/IiB MOXHA MIPEICTABUTH Y BUIJIsLI [2]:
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11y = Eyjgg Vi (1)
;=0 (2)
re Vi = {uk, K= 1,2,3’ )
p, K=4

., — o i,J=12,3

= {Dl- i=123;J=4" “
CinrJ,K=1,2,3

e & J=123K=4 )

Ko K=12,3J=4"
—xid =K=4

U, P, Oy Ta Di — nepemimeHHs, eIEKTPUYHUI TOTEHIIa], HAPY>KEHHS Ta €NEKTPUYHHUN TOTIK,

BignoBinHo. Kpim Toro C;i;,€; 1a ¥ - MOXIYJb I HOCTI, 11’ €30€JIEeKTpUYHA IPOHUKHICTL Ta
ijkl > ©lij ij Y. YK

JieNeKTpUYHa POHUKHICTD, BiAmoBigHO. Mam HiwkHI iHaekcu B (1) — (5) 1 maui, 3aBXAM MalTh
niana3oH Bin 1 710 3, BeMWKi HIDKHI 1HIEKCH 3HAXOMIThCS B Jiana3zoHi Bix 1 1o 4, a B (3), (4) Buko-
PHUCTOBYETHCS IIPABUIIO CyMyBaHHs ENMHIITENHA.

[ToOGyayemo criouaTKy aHATITUYHHUNA PO3B’ 30K B MPHUITYIIECHHI, 10 pO3Mip TpillMHU Habarato
MEHIIUK 3a po3mip Tiia. Toal MOKHA BBa)aTH, 110 TPAHMII 00JIACTI MOMEPEUHOTO Mepepizy mpsi-
MYIOTh /10 HECKIHYEHHOCTI. J{J1s1 po3B’A3Ky ofepxaHoi 3a/1a4i AJis TPILIMHU B HECKIHUEH1! TUIOLIUHI
CKOPUCTAEMOCS METOJIOM KOMIIEKCHUX MOTEHI[1aliB. 3aCTOCYEMO MPECTABICHHS:

V=af(z),
ne V= {ul u, U (D}T , a= {a1 a, a, a, }T , f (Z) — HeBioMa (QYHKILiS 3MIHHO{
Z=X + pX,.
Otpumano B [12], mo yotupu BnacHi BekTopH d, piBHAHB (1), (2) 3HAXOMATBCS 3 CUCTEMH:
[Q+p,(R+R")+p:T Ja=0 6)
ne Q, RiT -wmarpuri 4x4, 110 BU3HAYAIOTHCS TAKAM YHHOM:
Qi =Eiju. Ry =Bl T = Esjs (5. k=1-4),
a BJIaCHI 3Ha4YeHHs P, - 3 HACTYIHOTO XapaKTEPUCTUYHOIO PiBHAHHSA BOCHMOIO IOPSJIKY:
det[ Q+ p(R+R")+ pT |=0.

OObuparoun KOpeHi 3 10/1aTHOIO YSIBHOIO YaCTHHOIO, 3 ypaxyBaHHsM (1), (2) orpumyeMo npea-

CTaBJICHHA:
4
V = Af (z)+Af (z2)=2Re) a,f,(z,)
ot (7)
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t=Bf'(z)+Bf'(z) @®)

T
ne = {0'13 O,; Oy D3} , PYCKa 3BepXy O3Ha4a€ KOMIUIEKCHE CIIPsDKCHHs, a B — mar-
puiis 4x4 3 KOMIIOHEHTAMMU:

BJa = (E3JK1 + P, ESJK3)AKa '

Bekrop-pynkuis f (Z) BH3HAYAETHCS TaK:

f(z)={f(z) f,(z) f.(z) f.(z)}
df,(z) df,(z,) df(z,) df4(z4)}l

dz, dz, dz, dz,

ne Z, =X +p,X,,a f’(z):{

Ha ocHogi criBBiHOmIEHS (7), (8) OTpUMaHO Taki CHIBBIAHOIICHHS JJIsi CTPHOKA MEepeMilleHb

IpY NIEPEXOJ] Yepes Bich X :

V() =W (%) -W (%) ©)
Ta s Bekropa t:
t¥(x,0)=G[W* (x)+W"(x)], (10)
ne:
Df ,(1)(2) s X, > 0
W(z)=4 __ (11)
-Df’ (Z) s X, <0
——1
ne G=BD™, D=A-AB B, W*(x)=W((x %i0).
ITo3a Tpimuaoro W™ (Xl) =W~ (Xl), TOOTO 11 X, & [—a, a]:
t¥(x,0) = 2GW (x) (12)
Ile o3Hauae, 1110
W(z) . =%G‘1t‘“, (13)

ne t* Bimnosinae Bektopy t mpu Z =— 0.
Ockinbpku Oeperd TpILUHYU BUIbHI BiJ HABAHTAKEHHS Ta €JEKTPOI30JIb0OBaHi, TO t@ (xl, O) =0
npu X, € (—a,a). Tozi 3 (10) maemo:

W' (x)+W ™ (x)=0 s x, €(-a,a)

ITpu ymosi (13) us BekTopHa 3a1a4ya Pimana-['i1e6epTa Mae HaCTYITHHUI PO3B’A30K:

W (z)=1Gtt 2
2 72 _ a2
[TincraBnstoun (14) B (12), ogepxyemo:
t%(x,0) = X ¢ [-a,a] (15)
2 2
«/xl -a
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3HalIeMo pO3MO/IiT HANPYKEHb Ta €IEKTPUIHOI IHAYKIIIi B OKOJI1 BEPIIUHU TPIIIMHU.

3 piBusnHA (10) mia X, > 0 maemo:
f'W(z)=D"W (z)=RW (2). (16)

PiBusinnst (8) y posropHyToMy BUIsiAi pu X, > 0 Mae Burmsi:

tn(l)(xl,x3):2Re{ > B, fj'(zj)] (17)

j=1,3,4
OpUYOMy U BHMAAKy miockoi aedopmarnii n=1,3,4. IlincraBnstoun (16) B ocTaHHE PiBHSHHS,

OTPUMYEMO:

tn(l)(xl,x3):2R{ > B, D Rjka(Zj)} s X, > 0. (18)

j=1,3,4 k=1,3,4

3a momomoroto 1iei GopMysn MOKHA BUSHAYHUTH €JIEKTPO-HANPYKEHHUI cTaH B Oy/b SAKii TO-

4I[i BEPXHbOI YacTHHU Tina. Bukopucrosyroun ¢popmyny (10) qus X, <0 1 npoBoasun moaioHui
aHaJii3, MOKHa OTPUMATH aHAJOTIYHY (HOPMYIY AJisl HUKHBOI YACTHHHU Tija.

Yucenvruti ananiz. Y BUNAAKy 00JacTi CKIHUEHHUX PO3MIpPIB, 3aCTOCYEMO METOJ CKIHUEHUX
enemenTiB (MCE). Sk Bimomo, 1ieit meto 0azyeThcst Ha MiHiMI3anli GyHKuioHany Jlarpanxka ans
T0JIA TIEPEeMIIlEHb Y NUCKPETHIN Mojeni 00’ €KTy, 110 BUBYAE€ThCA. BpaxoByroun 0coOIMBOCTI reo-
MeTpii 3aj1a4i, a caMe HasBHICTh B IUIACTHHI TPIIIMHHU, TOOYIOBI CITKM CKIHYEHHUX €JIEMEHTIB IPU-
ninsinack ocobnuBa yBara. CiTka Mae 3ryHIeHHs eeMEHTIB IpU HaOMMKEHH] A0 TPILUHU Ta 10 il
BepmuH. CTpyKTypa CiTKU HaBeaeHa Ha puc. 1. JIiBa yacTuHa pucyHKa (a) BiMoBigae yciit obnacri,
a rpaBa (0) — JIoKanbHil 30H1 B OKOJIi BEpPIIUHU TPIILIUHU.
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Pucynox 1 - CiTka CKiHYEHHUX €JIEMEHTIB B 00JIACTI, 110 AOCTiHKYEThCS

BBaxanocs, oo TpinuHa Mae goBxuHy 2a=10 cm, a m’e30enexkTpuannii Matepian PZT-4 mae

Taki xapakrepuctuku: Cj; =139 ><10917a, C,=Cs= 74,3><109 Ila, Cyy =113x10° I1a,
Cuy = 25,6x10° 174, e =13,4 Kuin, ey =—6.98 Kuia, ey, =13,8 K14/,
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X1 = 6x107° D/m, Yoz = 5,47 x107° o/ ITpu 3acrocyBanHi MCE BBaxanocs, mo o0iactb

KBaJpaTHa po3MipoM 2x2 M. [Ipu TakoMy CHiBBiAHOIIEHHI pO3MipiB 00JACTI 1 TOBXKUHU TPIIIHHH
MpaBOMipHE TOPIBHSHHS OJIEP)KAHUX YHCIOBUX PE3yJbTATiB 3 BIAMOBIAHUMHU aHATITHYHUMHU pe-
3yJbTaTaMu JJII HECKIHYEHHOT 00J1acTi.

VY tabmuiax 1 1 2 HaBeGHO pe3y/IbTaTH 3HAXO/DKEHHS HOPMAIBHOTO HANPY)KEHHS Ta €JICeKT-
PUYHOTO 3MIIIICHHS Ha MIPOJIOBKEHHI TPIIIMHYU U BUMIAJIKY, KOJIH TUTACTUHA HABAHTAXKCHA 3YCHJI-

namu o =50MIla (Tabmn. 1) abo enexrpuyHoro inaykuiero Dy =0.02Kx / Mm* (Tabu. 2).

Taomuns 1
3HAYCHHS HOPMAJIBHOTO HATIPYKEHHS Oy, / 10’ [1a Ha iponoBsKeHH] TPilUHK
X1, CM 5,55 6,25 7,14 8,33 10,0
MCE 11,509 8,3612 7,0248 6,2709 5,7928
Ananitnynuin | 11,470 8,3333 7,0014 6,2500 5,7735
Tabmauus 2
3uauennst exexrpudaHoro 3mimenns 100 x D, K/m” Ha npoIOBXKeHH] TpiliHI
X1, CM 5,26 5,88 6,66 7,69 9,091
MCE 6,408 3,798 3,025 2,633 2,396
Anxamitnyanii | 6,404 3,796 3,023 2,631 2,394

3a nonomororo ¢popmyn (18) TouHi 3HaAUEHHS HANPYKEHb MOYKHA OTPUMATH y OyAb-sKil TOY-
11 OKOJIY BEpIIMHU TpimmHU. /s UmrocTpanii 1iei MoxauBocTi B Tabi. 3 HaBeAeHO 3HaUEHHS HOP-

MaJIbHOTO HAMpPYXCHHSI Oy 1 CNEKTpUYHOro 3MimieHHs D, y Toukax, siki po3TaloBaHi B3HOBXK
HPOMEHS, 0 BUXOJHUTH 3 BEPIIUHU TpimuHK mix kyroMm 30° Ha pi3HUX BiacraHsx | Bim BepuivHH.
. . . 0 2 .
30BHilIHI HABaHTaXeHHs BUOUpamuch piBaumu o =50MTIla, Dy =0.05K1/ m®. Jins nopiBHsH-

Hs HaBEJCHO TaKOK BiJMOBIIHI 3HAUEHHS IMX ke BeNn4nH, ki orpumani MCE.

Tabmums 3
3Ha4YeHHs eJIEKTPOMEXaHIYHUX (PAKTOPIB B OKOJI1 BEPIIMHH TPIILIUHU
AHaniTHYHUR MCE
l, cm 04, 110" ITa 100x D, Ku/m* Gy, 110" Ia 100 x D, Kn/m®
0,5 14,32 11,73 14,09 11,92
1,0 10,16 9,54 10,02 9,69
1.5 9,82 8,93 9,78 9,01
2,0 9,68 8,13 9,66 8,21

3 omepxkaHUX PE3yJIbTATIB BUIHO, IO XOPOIIA y3TOKEHICTh AaHAITUYHUX PE3YJIbTATIB 3 BiJI-

MOBIAHUMHU pe3yibTaTamu po3paxyHkiB o MCE Mmae Miclie mpakTU4YHO JJIs1 BCIX TOYOK OOJACTI.
Jlesika BiIMIHHICTB B pe3yibTaTax JUlsl Oy, i D, cmoctepiraethbest ast Took, ki 3HaX0AATECS 6e3-

nocepeHbo Oinsg BepmmHU. [ iHIIMX HaBaHTaXXEHb Ta 1HIIUX TOYOK OKOJIY BEpPIIMHU TPILIMHU

Ma€ Miclle aHAJIOTIYHa y3TO/KEHICTh aHAIITUYHUX Ta YMCENbHUX pe3yabTaTiB. Lle miaTBeppkye sk
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MPaBUJIBHICTH OTpUMaHUX Gopmy (18), Tak i KOPEKTHICTh PO3paxXyHKIB METOI0M CKIHUEHHHX eJle-
MCHTIB.

BucHoBkM. 3 BUKOPHCTaHHSIM METOAY KOMIUIEKCHHUX IMOTEHIiasliB MOOYJOBaHO aHAJIITUYHI
Bupasu (18) nist BU3HAYEHHS PO3MOAUTY JOTHYHUX 1 HOPMAJIbHUX HANpPYXKEHb, a TAKOXK EIEKTPHY-
HO 1HAYKUIi B OyIb-sKii TOYI 1T’ €30€JIEKTPUUHOTrO Tija 3 TPIIMHOI. PO3paxyHKH MoiB BKa3aHUX
BEJIMYMH 32 IIMMU (POPMYJIaMH MOPIBHSHO 3 YHCEIBHUMH PE3y/IbTaTaMH, OTPUMAaHUMH 32 JIOTIOMO-
rOI0 METOJy CKIHYEHHHUX €JIEMEHTIB /IS Tijla CKIHYEHHHX pO3MIipiB MPHU YMOBI, IO TpilmnHa Haba-
raTo KOpoTIia 3a po3mip Tina. [ pi3sHUX CHCTEM HaNpyXEeHb Ta €JIEKTPUYHOTO 3MILICHHS HaBeJIe-
HO PO3MOJUIM ITYKaHUX BETUYMH Ha MPOJOBKEHHI TPIIIMHM Ta HA JOBUIFHO OPIEHTOBAHOMY Bifpi-
3Ky, III0 BUXOJATH 3 i1 BepiwHH. [loka3aHo, 10 BKa3aHi ABa METOU JAIOTh PE3YJIbTaTH, 100pe y3-
TOKEH1 MK CO0OI0, 110 MiATBEPAKY€E KOPEKTHICTh aHAIITUYHO] 1 YMCETBHOT METOTUK, PO3BUHYTHX
B POOOTI.
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Analysis of electromechanical fields around the tip of a crack
in a piezoelectric material

A systematic study of the problem of plane deformation for a piezoelectric body with a crack
is carried out. It consists in the application of analytical and numerical methods for taking into ac-
count various geometric characteristics, various mechanical and electrical loads, and various phys-
ical properties of the piezoelectric material.

Initially, it is assumed that the size of the considered body is much larger than the length of
the crack, so the area is assumed to be infinitely large, and the analytical method of complex poten-
tials is used to solve the problem. The electromechanical characteristics are presented through a
piecewise analytical vector function. Using these representations, the problem of linear relationship
is formulated and an exact analytical solution of this problem is given. Based on this solution, the
analytical formulas for determining the stresses and electrical displacement at any point of the body
are obtained. For their implementation, a special software application in the framework of the
Mathematics package was created.

The solution of the same problem was also carried out using the finite elements method,
which can be applied for any ratio of the length of the crack and the characteristic size of the body.
Taking into account the specifics of the geometry of the problem, namely the presence of a crack,
the finite elements mesh was refined approaching the crack and especially its tips. The implementa-
tion of the developed algorithm was carried out in the ABAQUS software environment. Different
ratios of the body and the crack length sizes were analyzed. In order to be able to compare the ana-
Iytical and numerical results, a special analysis was performed for the case of a crack much smaller
than the body size. A system analysis was carried out, which included a purely mechanical load, a
purely electrical one, as well as their combination. A comparison of the stresses and electrical dis-
placement values were performed on the crack continuation and on an arbitrarily oriented direc-
tion emanating from its tip. In all cases a very good agreement between the results obtained analyt-
ically and by the finite element method were found out. This confirms the correctness of the devel-
oped methods and software products and allows to use them for the solution of various problems of
fracture mechanics of piezoelectric materials.

Keywords: stress, deformation, crack, analytical solution, finite element method, system of
mechanical and electrical loads.
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PRINCIPLES OF CONSTRUCTING EQUIVALENT CIRCUITS
FOR NONLINEAR ELECTROCHEMICAL ELEMENTS:
ANALYSIS AND EXPERIMENTAL PARAMETER DETERMINATION

Annotation. The paper proposes a generalized scheme for replacing the electrolyzer for the
deposition of metal coatings. As nonlinear elements of the specified scheme, the dependences of the
partial currents of metal dissolution and deposition on the near-anode or near-cathode voltage
drop are considered, respectively. The possibility of applying certain simplifications in the general
scheme, depending on the peculiarities of the deposition process of one or another metal, was also
analyzed.

At the same time, the general structure of approximating expressions is proposed and the
approximation coefficients for individual nonlinear electrochemical elements are determined. The
specified expressions differ from the previously known ones in that their structure is suitable for
obtaining the general regularities of electromagnetic processes that take place in systems of pulse
electrodeposition of metals in an explicit form.

Key words: pulse electrolysis, nonlinear circuits, electrochemical elements, cathode polarization,
deposition current, analytical approximation, cubic polynomial.

Introduction

The analysis of nonlinear electrical circuits is one of the most complex and critically im-
portant tasks in modern electrical engineering and electronics. Unlike linear circuits, where the rela-
tionship between current and voltage is described by linear differential equations, nonlinear circuits
are characterized by much more complex dependencies. These dependencies can be exponential,
power-law, logarithmic, or of other types, complicating their analytical solutions and requiring the
use of numerical methods and computer modeling.

Nonlinear components, such as diodes, transistors, thyristors, as well as various electrochemi-
cal components (batteries, supercapacitors), are widely used in modern electronic devices and ener-
gy systems. For example, batteries, which are typical nonlinear elements, have complex dependen-
cies of internal resistance and voltage on the state of charge and temperature. This makes their
modeling and analysis crucial for the development of efficient energy storage and management sys-
tems.

One of the main problems in analyzing nonlinear electrical circuits is the absence of universal
solution methods. Each nonlinear system requires an individual approach that considers its specifics
and operating conditions. To address this problem, various methods are employed: analytical, nu-
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merical, graphical, and combined. Each of these methods has its advantages and disadvantages, and
the choice of method depends on the specific task.

Analytical methods, such as the Volterra method or perturbation method, allow obtaining ex-
act solutions but are effective only for certain types of nonlinearities and usually require significant
simplifications. Numerical methods, such as the Newton-Raphson method or finite difference
method, are more universal and can be applied to a wide range of nonlinear problems, but they de-
mand significant computational resources. Graphical methods, such as phase diagram analysis, ena-
ble visualizing the system's behavior but do not always provide quantitative results.

Besides analysis methods, an important aspect is the construction of adequate models of non-
linear elements. For this, various approaches are used: physical modeling, empirical models, as well
as machine learning methods, which allow building models based on large volumes of data.

Thus, the problems of analyzing nonlinear electrical circuits are multifaceted and require a
comprehensive approach that combines theoretical knowledge, experimental data, and modern
computational methods. Solving these problems is key to developing new technologies and improv-
ing the efficiency of existing systems.

1. Analysis of the features and construction of equivalent circuits
with nonlinear electrochemical elements

As noted in [1], the first problem that arises in the analysis of nonlinear electrical circuits is
the adequate description of the system being studied. That is, it is necessary to construct an ade-
quate equivalent circuit, determine its parameters, and choose the characteristics of the nonlinear
elements. This fully applies to electrochemical circuits as well. Therefore, it is advisable first to fo-
cus on the specific features inherent to these circuits, to note which phenomena and under what
conditions are taken into account, and also how this determines the equivalent circuit.

In electrical engineering, electrical circuits containing only electronic conductors, i.e., con-
ductors of the first kind, which are metals or semiconductors, are predominantly considered. The
former, as is well known, have a specific electrical conductivity of more than 107 S/m, while the
latter have a conductivity ranging from 10-8 to 106 S/m. In contrast, an electrochemical circuit is
understood as a circuit that contains at least one ionic conductor (a conductor of the second kind).
An ionic conductor is an aqueous solution of one or more electrolytes, which can be salts, acids, or
bases. This conductor contains positively MZ+ and negatively MZ- charged metal ions. A charac-
teristic feature of ionic conductors is the ability to vary their specific electrical conductivity over a
wide range from 5-10-6 S/m (pure water) to 80 S/m (a concentrated solution of a strong acid) by
changing the concentration of the electrolyte [2].

Metal immersed into an electrolyte is called an electrode. The electrode from which current
conventionally enters the electrolyte is called an anode, and the one from which it enters from the
electrolyte is called a cathode (see Fig. 1). The anode can be either soluble or insoluble. Therefore,
the current passes through the following path: external circuit — anode — electrolyte — cathode and
returns to the external circuit. A structurally designed electrochemical circuit is called an electro-
chemical (galvanic) cell. In the case where processes in this cell occur with the release of electrical
energy into the external circuit, the cell is called a chemical power source or galvanic cell. If the
processes in the cell are accompanied by energy absorption from an external source, the cell is
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called an electrolytic bath or electrolyzer. In practice, electrolyzers are widely used for electrolytic
deposition of metals and alloys, metal refining, as well as in chemistry. Electromagnetic processes
in circuits with electrolyzers are distinguished for electroplating metals in stationary and pulse elec-
trolysis modes. In the stationary mode, the applied input voltage or current is constant, while in the
non-stationary mode, they are non-sinusoidal.

_ EinexTporiT _

LSS S S S S s S S S S s
Figure 1 - Scheme of an electrochemical cell

When the voltage u(t) is applied to the electrolyzer (Fig. 1), the discharge of MZ+ cations to
the metal coating M occurs at the cathode according to the reaction:
Mz + ze —M ("metal"), 1)

where € is the charge of the electron; z is the valency of the metal.

Simultaneously, the anode dissolves (if it is soluble) according to the reaction:

M-ze —M=", 2)
resulting in the replenishment of the electrolyte solution with MZ+ cations, which diffuse to the
cathode and discharge on its surface according to reaction (1).

During the current flow through the circuit (Fig. 1) and at the interphase boundaries of the an-
ode-electrolyte and electrolyte-cathode, electrode potential drops uk and ua arise, which in electro-
chemistry are respectively called anodic and cathodic polarizations. If the anode is insoluble, then
U, = 0.

In addition to the main "working" reactions (1) and (2), to which portions of the current i(t)
are expended, denoted respectively as ia and ik, accumulation and retention of electric charges oc-
cur at the interfacial electrode boundaries, forming their double layer. Thus, the interphase bounda-
ry between the electrode and the electrolyte can be represented (replaced) by a nonlinear resistive
element NR, which is equivalent to one of the reactions (1) or (2) with currents ia or ik, and a ca-
pacitance element C connected in parallel to it with a current is (Fig. 2). Moreover, as demonstrated
by the practice of electrochemical research, the dependencies ua(ia), uk(ik), i.e., the volt-ampere
characteristics (VAC) of these resistors are nonlinear. Classical analytical expressions for them are
provided in [2 — 4]. These expressions are determined by the features of the processes occurring in
the electrolyzer (electrolysis processes), namely the main stage of the process. For example, if the
main (slow) stage of the process at the cathode is reaction (1), i.e., the so-called activation polariza-

ISSN 1562-9945 (Print) 93
ISSN 2707-7977 (Online)



«Cucremni texuounoriin 5 (154) 2024 «System technologies»
tion of the cathode occurs [2 — 4], then the VAC of the nonlinear resistor are described by the ex-
pression:

Ly (uh) = jOSxexp (—CE ;_I-; ux)
: (©)
where jO is the so-called partial current density of metal ion discharge; Sk is the cathode area; o is
the so-called transfer coefficient of the cathodic reaction; z is the valency of the metal; F is Fara-

day's constant; R is the universal gas constant; T is the temperature of the cathode.

HPaJHPK - -
L.,

f mal “mk

al K

I(:a 1 I CK
a

Figure 2 - Electrical equivalent circuit of an electrode

If the slow stage of the cathodic process is the diffusion of cations to the cathode (Fig. 1), i.e.,
the so-called concentration polarization occurs, then the volt-ampere characteristics (VAC) have an
analytical form

u,(i,) = g In (1 - I’;;‘_f)
, (4)
where idiff is the so-called limiting diffusion current of the cathode.
If the deceleration stage (1) is overlapped by the deceleration of cation diffusion to the cath-
ode, the analytical expression of the 1-V characteristic is described as follows:

. . iy z-F
Ix(ux) = JOSK [(1 - 1_) exp (_‘IE ux)]
ap
. ()
In a number of electrolysis processes, the adsorption of various substances present in the elec-
trolyte on the cathode surface is decisive. In this case, the I-V characteristic of the nonlinear resis-
tive element in Figure 2 has an N-shaped appearance (Figure 3).
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i

K

uK

Figure 3 - Qualitative view of the I-V characteristic at the cathode-electrolyte interface
in the presence of surfactants in the electrolyte (1) and in their absence (2)

In practical tasks involving the analysis of nonlinear electrochemical circuits—electrolyzers—
the main quantity of interest is the cathodic voltage drop ux or ux(t) or its amplitude, which deter-

mines the quality of the deposited electroplating. Another important quantity is the current ik(t) and
its average value, which is directly proportional to the process rate (according to Faraday's law) and
thus to the rate of the coating deposition.

Another process occurring at the cathode is hydrogen evolution, which also consumes part of
the total current. This process is represented in the equivalent circuit by adding another nonlinear
resistor to the section that represents the cathode (Fig. 2). The characteristic of this resistor is de-
scribed by the expression [4]

iH(ux) = jOHSxexp (_‘IH gu}\')

, (6)
where jon is the partial current density of hydrogen ion discharge; ax is the transfer coefficient of the hy-
drogen ion discharge reaction.

At the same time, in the general case, two reactions occur at the anode [3]: dissolution of the
anode metal and charge concentration around it. Therefore, its equivalent circuit can also be repre-
sented as in Fig. 2. The I-V characteristic of the nonlinear resistor in this case is described by a for-
mula similar to (3), with a different transfer coefficient.

As mentioned earlier, the specific active conductivity of the electrolyte can vary widely, but
in any case, it is a finite value. This means that there will be thermal energy losses in the electrolyte,
which is represented in the equivalent circuit by the presence of an active resistance RR . Addition-
ally, if an alternating current flows through the electrolyte, it will create a varying magnetic field,
implying that the electrolyte (as a large conductive medium) possesses inductance L.

Therefore, summarizing the above, the overall schematic of the electrolyzer is shown in
Fig. 4.
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Figure 4 - General electrical equivalent circuit of the processes involved

in electrochemical metal deposition (electrolyzer deposition)

Below (Table 1) is presented the correspondence between the processes in the deposition elec-
trolyzer and the electrical elements that represent them.

Table 1
Correlation between phenomena in the electrolyzer and the elements of the equivalent circuit
Physical Phenomenon Equivalent Circuit Element
Discharge of metal ions being deposited on the cathode| Nonlinear resistor, NE
Accumulation of electric charges near the cathode surfaca Capacitance, Cx
Hvdrogen evolution at the cathode Nonlinear resistor, NEg
Dissolution of the ancde metal Nonlinear resistor, NEma
Accumulation of charges near the anode surface Capacitance, C;
Thermal losses in the electrolvte Linear resistor, R
Creation of a magnetic field in the electrolvte by the cur-
rent flowing through it Inductance, LL

From the perspective of theoretical electrical engineering, the circuit in Fig. 4 represents a cir-
cuit with nonlinear electrochemical elements. Since it contains three energy-storing elements, the
processes within it need to be described by a system of nonlinear differential equations, which can
be reduced to a nonlinear third-order differential equation. At the same time, in practice, it is not
always necessary to consider all these phenomena. As a rule, researchers analyze second-order elec-
trochemical circuits [5-7], neglecting certain phenomena. In this work, we also consider circuits
with nonlinear electrochemical elements that can be adequately described by nonlinear second-
order differential equations. However, unlike previous works, the aim here is to obtain a general
solution.

We will analyze possible simplifications, starting with the equivalent circuits of the cathode
and anode. Metal deposition on the cathode is the "working" process of the electrolyzer, so it cannot
be neglected under any circumstances. However, the concurrent hydrogen evolution does not al-
ways occur—an example is copper electroplating. In this case, the corresponding nonlinear resistor
will be absent. Depending on the material used, the anode may be insoluble or non-polarizable, or
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both. Assuming the anode is insoluble allows the exclusion of the corresponding nonlinear resistor
from its equivalent circuit. Non-polarizability of the anode reduces the order of the differential
equation describing the circuit's state to the second order, as the capacitance Ca is not considered. In
practice, non-polarizable anodes, such as platinum, are usually used under laboratory conditions.

Another simplification widely used by researchers [5-7] is neglecting the inductance of the
electrolyte. Thus, the processes in the electrochemical circuit are also described by a second-order
differential equation. However, in certain cases, such as deposition with rectangular pulses, the in-
ductances of the power supply, the electroplating bath, and the connecting wires have a significant
negative impact on the metal deposition process. For instance, in [8], the authors note the "slump-
ing" of the leading edge of current pulses, thereby reducing its peak density while maintaining the
same pulse length in the nickel plating electrolyzer. Ultimately, this necessitates loading the electro-
lyzer to only 30-35% of the normal level. The same work also suggests ways to mitigate this im-
pact, such as using capacitor power supplies for electroplating baths. However, it is impossible to
completely eliminate the bath's inherent inductance, so it needs to be considered. In general, calcu-
lating this inductance is a complex task involving the computation of the bath's electromagnetic
field. Nevertheless, for the reasons mentioned above, a simplified method is needed to estimate the
inductance of the electrolyzer. To estimate the inductance of the electroplating bath with electrolyte,
we will consider it as a straight conductor of rectangular cross-section and limited length (Fig. 5).

Figure 5 - General view of the electroplating bath for determining the inductance of its electrolyte

Then, according to [9-11], its inductance under the influence of direct current and low fre-
quencies is equal to

Ly =22l 42, (7)

24T b+c 2

where € is the length of the bath; b and ¢ are the width and height, respectively; po is the magnetic
constant.

If it is necessary to account for the uneven current distribution across the bath's cross-section,
then the inductance obtained from formula (7) should be increased by

AL=—'"—°£-§-}C(£), ®)

c—b,
wherex =0,2 -k -c, k= Jw - g - E= 1

2
{:1—5)3-(1-%)-{1+452+s4}

fle) = -
where y — he specific conductivity of the electrolyte.
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Formula (8) can be used when k(b + c¢) < 7 [9].

We will also consider the active resistance of the electrolyte in all cases, based on the finite
value of its specific conductivity y. Thus, the resistance of the electrolyte will be determined by the
formula

d
R = _ 9
.S ©

where d is the distance between the electrodes; S is the average area of the electrodes.

All calculations, both numerical and analytical, in the work were performed for nonlinear cir-
cuits of industrial electrolyzers. At the same time, experimental verification of the obtained results
was carried out in laboratory conditions on a scaled-down model of the setup, based on similarity
theory [12]. Therefore, let us formulate the main principles on which it is based and the require-
ments for this model.

The electrical equivalent circuit of the model and the real circuit must be identical, while the
model and the actual system will be described by similar differential equations, differing only in
similarity constants.

The model must be synchronous, meaning it operates in real-time scale.

Voltage drops at the anode and cathode, as well as current densities in the model and the real
setup, should be the same to ensure consistent coating quality and deposition rate.

The electrolyte composition, temperature, and specific interfacial capacitances between the
cathode-electrolyte and anode-electrolyte must also be the same. Consequently, the specific re-
sistances of the electrolyte, the current-voltage characteristics at the interfacial boundaries, which in
turn provide the same distribution of partial deposition current densities, should be identical.

The implementation of these principles using technical means is provided below.

2. Methods and equipment for experimental verification of calculated results

The verification of calculated results obtained by the proposed method was conducted exper-
imentally in laboratory conditions by studying processes, particularly the cathodic voltage drop, in a
series of electrochemical circuits of the "power supply — metal electroplating electrolyzer" system.

When supplying electric circuits from a constant voltage source, the circuit in Fig. 6 was used.
It consists of two loops: polarizing and potentiometric (or measuring). The polarizing loop, intended
for the flow of working current, consists of a battery AB with a voltage of 100-200 V, resistor R,
ammeter A, and electrolytic cell Ko. Standard cells of type YASE-2 or EYA-3 were used, where A
is the anode, K is the cathode, and EP is the reference electrode. The potentiometric loop, designed
for measuring the cathodic potential V(t) or the cathodic voltage drop uk(t) in addition to electrodes
K and EP, also includes a cathode voltmeter V, an oscilloscope with a direct current amplifier, and a
potentiometer P, which compensates for the DC component of the voltage between the studied elec-
trode K and the reference electrode EP. The cathode voltmeter V and the oscilloscope had high in-
put resistances (the current in the measuring loop did not exceed 10 A).

The circuit in Fig. 6 was also used to obtain volt-ampere characteristics of the subsystems
cathode-electrolyte and anode-electrolyte as nonlinear elements of the electrochemical circuit.
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Figure 6 - Scheme of the setup for studying processes under direct current

Measurements of the cathodic voltage drop ux(t) (or cathodic potential) when supplying the
electrodeposition electrolyzer from a non-sinusoidal current or voltage source (in the so-called pulse
electrolysis [1]) were carried out on a setup that compensates for the voltage drop in the active re-
sistance of the electrolyte (Fig. 7). The cell was switched on in a two-electrode configuration. As
known [1], if the condition RiR; = R3Ry, is satisfied in the circuit of Fig. 8, then the mentioned
voltage drop is equal to the voltage across R,, and the differential input 1 of the oscilloscope regis-
ters the potential of the cathode relative to a standard silver chloride electrode. The second input Il
of the device records the voltage drop ua,, Which is proportional to the cell current. The equality of
currents in both branches was achieved by adjusting the resistances of resistors Ry and R3 and the
volt-ampere characteristics of diodes VD; and VD,.

I
VD2 V vb1 I I
R3 Ry 6
| g
R, R
a)

Figure 7 - Scheme of the setup for studying processes during pulse electrolysis (a); photograph of
the laboratory setup for pulse metal deposition (b)

ISSN 1562-9945 (Print) 99
ISSN 2707-7977 (Online)



«Cucremui Texnonoriiy 5 (154) 2024 «System technologles»

}v

...., ee oo ..

Figure 8 - Photographs of laboratory power sources for pulse electrolysis

As laboratory sources of pulsed current, serial pulse generators (G5-54, G3-34) in combina-
tion with a single-stage transistor amplifier or specially designed energy sources were used (Fig. 8).
A reversible block of output cascades served as the power amplifier. Pulse transformers of the out-
put cascade block were designed considering the possibility of transmitting pulse lengths longer
than the supply pulse length. The generator and output cascade block were powered from stabilized
constant voltage sources of the "Agat" type.

The registration of the time dependencies of the current and electrode potential was performed
by photographing them from the screens of electronic oscilloscopes C1-68, C1-83, C8-14 with a
sensitivity of 1 mV/cm. The input resistance of the voltage amplifiers used for potential measure-
ments was not less than 10° Ohms. The average current value was determined by integrating the
voltage drop curves across R; and in some cases using sample magnetoelectric instruments of the
M253, M254 type with an accuracy class of 0.5. At low pulse frequencies, the use of magnetoelec-
tric milliammeters for small measurement ranges leads to distortion of the supply pulse shape. Con-
sequently, the average current values measured by the device and found from the oscillograms do
not coincide. The reason for this phenomenon lies in the influence of the inherent inductance of the
built-in shunts of the ammeters. Therefore, electronic measuring devices (oscilloscopes and digital
voltmeters B7-21, B7-21A) that record the voltage drop on the combined non-inductive shunt,
which was connected in the electrochemical cell circuit, were used for measuring pulse currents,
including the average value. Meanwhile, in the case of pulse mode experiments, the use of typical
constant current shunts is impractical due to their overheating caused by the thermal losses of high-
er harmonic currents and the skin effect phenomenon. These phenomena progress with the com-
pression of pulses, increasing their amplitude and frequency. Therefore, special measuring shunts
were fabricated, the use of which did not lead to the mentioned negative phenomena. The value of
the cathodic potential was recorded relative to a standard silver chloride electrode of the EVL-1MX
type with subsequent recalibration to the hydrogen reference electrode. Experiments under identical
conditions were conducted at least three times, and the results were considered reproducible if they
coincided within +3%. Each experimentally obtained volt-ampere characteristic was recorded in a
fresh portion of the electrolyte.
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The measurement of the so-called stationary potential of a de-energized electrode, which
gives its initial value, was carried out using a technique elements of which were borrowed from [1].
For this purpose, a special cell was used. The stationary potential of freshly deposited coating was
recorded in the electrolyte of its own ions automatically 3 - 5 ms after the current was switched off.

The value of the electrode capacitance C, was determined from the known Frumkin-
Kolotyrkin relationship [1]:

uﬁ(tp) =u,(0)— b, - In (1 1 ;M('—_O; : t), (10)

K

where ux(0). j(0) are the cathodic voltage drop and current density before circuit disconnection;

ux(tp) is the cathodic voltage drop after time tp following circuit disconnection; Dyt is the Tafel
equation constant.
Since for the initial segment of the voltage drop

t c:c: b.n'Ca.'

jo’ (11)

Then
__io)tp

® uh-(rp}—uﬁ-{:ﬂ}' (12)

The specific resistance of the electrolytes was measured using the bridge method in a special
electrolytic cell according to [13]. All electronic measuring instruments had standardized metrolog-
ical characteristics and were regularly subjected to verification and calibration.

3. Approximation of volt-ampere characteristics of nonlinear electrochemical elements

To perform an analytical calculation of a circuit containing nonlinear elements, it is necessary
to have functions that describe the volt-ampere characteristics of these nonlinear elements. In this
work, these characteristics were obtained in tabular form experimentally, using the methodology
described in the previous section. To approximate the data from the table or graph, constructed from
experimental data, we first define the general structure of the approximating function, and then de-
termine the parameters that enter into this expression. Since the ultimate goal of analytical calcula-
tions in this work is primarily to obtain functions of partial deposition currents and cathode over-
voltage as a function of time in explicit form, the main criterion in choosing the general structure of
the approximating expression is its suitability for obtaining the solution of the mentioned form
when applying the method of variable transformation. In addition, it is logical to seek maximum
simplicity and conciseness of the chosen structure. These considerations practically make widely
known analytical expressions that relate cathode overvoltage to the partial cathode current unsuita-
ble for application in this work.

Therefore, we mainly apply polynomial approximation, particularly for the case of activation
polarization (cathode overvoltage) in the form of an incomplete cubic polynomial

: _ 3
Jo(We) = zoqu, + Zpauy, (13)
If there are regions of negative differential resistance on the specified volt-ampere characteris-

tics (VAC), a complete cubic polynomial is used.
Je (W) = Zoa U + Zoo Ui + Zoz U3 (14)
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The expressions (13) and (14) mentioned above satisfy the criteria mentioned earlier and are
consistent with the qualitative appearance of the volt-ampere characteristics (VAC) of the nonlinear
electrochemical elements used in this work (Fig. 3). The criterion of accuracy of the approximation

in this case is the criterion of root-mean-square approximation [14].
1

1 b~ 2 \z
(5 P (fo-r) ax) =8
, (15)
where f(x)— the value of the approximating function; f(x) — the value of the function being approx-
imated; a, b — the limits of the approximation interval; & — the permissible deviation value.

In general, as noted in [14], the accuracy requirements in approximation problems are usually
not high; the approximation accuracy should be of the same order as the accuracy of the given char-
acteristic.

To conduct analytical calculations in this work, the following approximations of the VACs of
electrochemical elements are necessary:

- Anode dissolution current density from the anodic voltage drop jma(ua).

- Copper deposition current density from the cathodic voltage drop jcu(uc).

- Copper deposition current density from the cathodic voltage drop in the presence of PAR
in the electrolyte jmp(uc).

- Nickel deposition current density from the cathodic voltage drop jni(uc).

- lIron deposition current density from the cathodic voltage drop jre(uc).

- Hydrogen evolution current density from the cathodic voltage drop ju(uc).

For the first two characteristics, we will use linear approximation, aiming for the simplest ap-
proximating expression. We will approximate the third characteristic with a complete cubic poly-
nomial since it will allow us to represent the region of negative differential resistance. Characteris-
tics 5 and 6 will be approximated by an incomplete cubic polynomial to facilitate the solution pro-
cess. For the hydrogen approximation, we will use the classical electrochemical approach, using the
Tafel equation (6). The coefficients for this approximation are borrowed from [9-11].

Since the method outlined in the previous section involves obtaining the total VAC:

Je (W) = Jue () + o (), (16)

it is need to separate the parts of the current density that contribute to the deposition of metal and
the evolution of hydrogen. We will do this according to formula (2.16), using the experimental re-
sults jos(uc) and formula (6) for ju(uc). The results of the approximation for each of the six charac-
teristics will be summarized in Table 2.2.
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Table 2
Approximation of experimentally obtained VACs of nonlinear electrochemical elements
Monlnear Electrolyts Structurs of the L . . .
) - - F. | Approximation coeffi- | Argument, Function (experi- Function (zpprox-
ﬂegpﬂiﬂf "Eﬁ’dﬁ‘;ﬁ’: W‘;’;‘Efsﬁg = cients 7 mental), A/om® imated), A/om®
1 2 3 ! 3 3 7
0,00 000 0,000
0,03 5,13-10° 8.333-10°
0,10 1,00-10° 1,667-10°
e - 0,15 1,51-10° 2,500-10*
e . 020 2710, 333310
i) | NaCH0gL. folueg) = = R.=0,06 Ohm 03 S 0810 5 000.10°
H.BO.-30 gl taSe o e 10 i)
P 0,33 6,99-10 5,833-10
- 0.40 7.44-10° 6.667-10°
0.43 7,80-10° 7.500-10°
0,50 9,08-10° 8.333-10°
0.60 1,12-10° 1,000-10°
1 2 3 ] 3 3 7
0.00 0,00 0,00
0,05 9.0-10" 7,5-10°
0,10 69107 15-10°
0,15 16,1-10° 22-10°
CuS0.-250 (10 ) = 2 0.20 24.9-10° 30-10°
LG gL, Jou T g R =6.667x 023 48.6-10° 37-10°
e H.50.-70 gL, ' 107 Ohm. 0,30 30,9-10° 45-10°
.= 20°C. 0,33 56,4-10° 52-10°
0.40 66,7-10° 60-10°
0.45 69,6-10° 67-10°
0,50 70,3-10° 75-10°
1 2 3 ! 3 3 7
CuS0,-230 1053 S 0,00 0,00 000
gL, (ug) = zguuy + P 0,03 38-10° 38107
_ = Jum W? = Zpa i 220=-6,202 S/(V-cm?). ) 2110
funlte) | H,80,-70 gL, ; : : 0.10 88-10 54-10
Tiommerams —10 | TIes¥E T Tali =0=10.691 0.15 55-107 54-10
oL Col(B ar). 020 28-10° 4810
7= 20°C. 0.25 21107 43-10%
0,30 17-10% 46-10%
0.35 49-10% 67103
0,40 143-10°% 113-10%
0.45 216-10° 192-10%
0,50 317103 312-10°
2 3 4 5 6 7
0 0 0
0,03 0.5-10* 0,48 10
0,10 5.1-10% 1,4-10%
0.15 5.5-10% 3.3-10¢
NiSO: TH:0- 0,20 9,1-10% 6.5-10°
. 200 gL, ) =t s | 1=8,0-10% Som? 0,25 1,8-10% 1,3-10%
Tt () NaCl-10gL, | % ™ 23=0,061 0,30 1,9-10°3 1,9-10°3
H:BO:—30 g/L, Cat/(V2-cm?). 0,35 2.2-10° 2,9-107
1= 20°C. 0,40 3,7-10° 4,2-10%
0.45 5.4-10° 5.9-10°
0,50 7.3-107 8,0-107
0,55 10,7-10°% 11,0-10%
0,60 12.2-10°3 14,0-10%
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1 2 3 4 5 6 7
0 - 3.9-107
0,05 1,303-10°
0,10 4,353-10¢
0,15 1,454-107
0,20 4,858-107
0,25 1,623-10°
ag=0,62 0,30 5.423-10°
s TE_ 0.35 1,812-10°
i ae) - jiglteg) = jo o' ~HET RT 0,40 6,052-10°
=571V, 0.45 2,022-10+
JrE=3,9-10% Alsm?. 0,50 6.755-10
0.55 2257103
0,60 7.54-10°
0,65 0,025
0,70 0,084
0.75 0,281
0,80 0,939

Figures 9-14 show the corresponding approximated current-voltage characteristics (CVC)
with experimental points plotted, which visually allows for the assessment of the approximation ac-
curacy. From Figure 14, it is evident that significant hydrogen evolution begins at cathodic overpo-
tentials greater than 0.6 V. Accordingly, this process can be neglected if the maximum value of the

cathodic overpotential during metal deposition does not exceed this value.
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Figure 9 - Dependence of the current density of anode dissolution
on the anodic overpotential j.(us): ¢—experiment, — —approximation
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Figure 10 - Dependence of the current density of copper deposition

on the cathodic overpotential jcu(ux): ¢ — experiment, — — approximation
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Figure 11 - Dependence of the current density of copper deposition
on the cathodic overpotential in the presence of PAR in the electrolyte jmp(ux):
© — experiment, — — approximation
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Figure 12 -Dependence of the current density of nickel deposition
on the cathodic overpotential jyi(uk):¢ — experiment, — — approximation
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Figure 13. Dependence of the current density of iron deposition
on the cathodic overpotential jre(uk): ¢ — experiment, — — approximation
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Figure 14. Dependence of the current density of hydrogen evolution
on the cathodic overpotential ju(ux)

Conclusions

As seen from Section 1, from the standpoint of theoretical electrical engineering, the electrical
circuit of the electrolyzer represents an electrical circuit with at least one nonlinear electrochemical
element, which is described by the volt-ampere characteristic of the phase boundary between the
cathode and the electrolyte.

Even considering possible simplifications, for an adequate representation of processes in the
electrolyzer, the mentioned circuit should contain no fewer than two energy-consuming elements
(two capacitors or an inductance and a capacitor).

The methodology of experimental research described in Section 2 is quite complex, requiring
a specially equipped laboratory, equipment, and the availability of electrolyte components. Similar
experiments in industrial plants are generally prohibitively expensive. This underscores the general
necessity of widespread use of mathematical modeling to explore new metal deposition regimes in
pulse electrolysis with significantly reduced experimental research. However, only the presence of
an analytical solution for the specified circuit can ensure a wide variation of circuit parameters in
this case.

The approximating expressions (13), (14) proposed in Section 3 for the CVCs of nonlinear
electrochemical elements, while not “classical™ for electrochemistry, are suitable for describing the
obtained experimental data. These expressions are sufficiently simple in structure, and their accura-
cy is of the same order as the accuracy of the characteristics themselves.

From Section 3, it is evident that the process of hydrogen evolution can be disregarded for ca-
thodic overpotentials up to 0.55 V, as its partial current within these limits is small relative to the
current of deposition of any of the considered metals.
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Principles of constructing equivalent circuits for nonlinear electrochemical elements: anal-

ysis and experimental parameter determination

The analysis of nonlinear circuits is one of the most important tasks of modern electrical engi-
neering and electronics. Unlike linear circuits, which are characterized by linear relationships be-
tween voltages and currents on the elements, in non-linear circuits the corresponding dependencies
are more complex. Accordingly, in the general case, electromagnetic processes in the specified cir-
cles are characterized by systems of nonlinear differential equations. At the same time, one of the
main problems in the field of analysis of nonlinear circles is the lack of universal calculation meth-
ods. First of all, this applies to analytical methods that actually allow you to obtain general laws that
allow you to study the effect of changing various parameters on the nature of the process in the cir-
cle.

Thus, the task of developing and adapting existing methods of calculating nonlinear systems
for the analysis of processes in circles with nonlinear elements of various natures arises. In particu-
lar, this work is devoted to the issue of developing equivalent schemes for replacing electrotechnical
complexes of electrolytic deposition of metals, as well as experimental research on obtaining cur-
rent-current characteristics of nonlinear elements of these schemes.

The paper proposes a generalized scheme for replacing the electrolyzer for the deposition of
metal coatings. As nonlinear elements of the specified scheme, the dependences of the partial cur-
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rents of metal dissolution and deposition on the near-anode or near-cathode voltage drop are consid-
ered, respectively. The possibility of applying certain simplifications in the general scheme, depend-
ing on the peculiarities of the deposition process of one or another metal, was also analyzed.

At the same time, the general structure of approximating expressions is proposed and the ap-
proximation coefficients for individual nonlinear electrochemical elements are determined. The
specified expressions differ from the previously known ones in that their structure is suitable for
obtaining the general regularities of electromagnetic processes that take place in systems of pulse
electrodeposition of metals in an explicit form.

Key words: pulse electrolysis, nonlinear circuits, electrochemical elements, cathode polariza-
tion, deposition current, analytical approximation, cubic polynomial.

Bounpap Ouier - K.T.H., IOIIEHT, Kadeapa eIeKTPOTEXHIKH Ta eIEKTPOMEXaHiKH, YKpalHChKHIA ep-
KaBHHUI YHIBEPCUTET HAYKH 1 TEXHOJIOTIH.

Hikosenko AHaToqiid - K.T.H., IOICHT, Kadeapa eICKTPUUHOI IHXKeHepii, YKpaiHChKUI JepxKaB-
HUH YHIBEpCUTET HAYKH 1 TEXHOJIOTIH.

KoBanenko BikrTop - n.1.H., npod. kadeapa enekTpuuHoi iHkeHepii Ta Kibepdi3muHUX cHUCTEeM,
3anopi3bKHil HAI[IOHABHUH YHIBEPCHUTET.

KuraeB Ouer - kadenpa enexkTpoTeXHIKN Ta €IEKTPOMEXaHIKH, YKpPaiHChKUH Jep:KaBHUH yHIBEp-
CUTET HAyKH 1 TEXHOJIOTIH.

Crenanenko Quer - xadenpa eNeKTPOTEXHIKM Ta €JIEKTPOMEXaHIKW, YKpalHCHKHU JepKaBHHUN
YHIBEpCHUTET HAYKH 1 TEXHOJIOTIH.

CiBepcbkuii Cepriii - xadeapa eleKTPOTEXHIKH Ta €JIEKTPOMEXaHIKHU, YKpaiHChbKUM Jiep:KaBHUN
YHIBEPCUTET HAYKH 1 TEXHOJIOTIH.

Cnpuca Bacuiab - kadenpa enekTpuuHOl 1HXKEHepli Ta KiOepi3WYHMX CHUCTEM, 3amopisb-
KM HalllOHAJIbHUM YHIBEPCUTET.

Bondar Oleh - PHD, Associate Professor, department of electrical engineering and electromechan-
ics, Ukrainian State University of Science and Technologies.

Nikolenko Anatolii - PHD, Associate Professor, Department of Electrical Engineering Ukrainian
State University of Science and Technologies.

Kovalenko Viktor - Doctor of Technical Sciences, prof. Department of Electrical Engineering and
Cyber-Physical Systems, Zaporizhzhia National University.

Kitaev Oleh - Ukrainian State University of Science and Technologies, Lazaryan str., 2, Dnipro,
49010, Ukraine Stepanenko Oleh, Ukrainian State University of Science and Technologies.
Siversky Serhii - Ukrainian State University of Science and Technologies.

Sprysa Vasyl - Department of Electrical Engineering and Cyber-Physical Systems, Zaporizhzhia
National University.

108 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi Texnonorii» 5 (154) 2024 «System technologies)
DOI 10.34185/1562-9945-5-154-2024-12
YJIK 004.45

.. Oxpumuyk, T.I'. €men’ sHeHKO
PO3POBJIEHHS MTPOT'PAMHOI'O 3ABE3IIEYEHHSA
JIJIS1 ABTOMATU3AILIL PO3PAXYHKIB
NI YAC AHAJII3Y I'NJAPOTEOXIMIYHUX JAHUX

Anomayin. Y cmammi onucano cmeopeHHs npocpamHo20 3ACMOCYHKY OJis agmomamusayii po-
3PAXYHKI8 HA OCHOBI 2IOP02eOXIMIYHUX OAHUX MA (hOPMYBAHHS 36IMIB, WO € AKMYATbHUM Y 38 S3KY 3
HeoOXiOHICMI0 Ni0BUWEHHs 3pYYHOCME 00poOKU THhopmayii ma ¢opmysanns 36imis. Pyuna oopo6-
Ka Modice npu38o0Umu 00 MONCIUBUX NOMULOK I 3HUIICEHHS NPOOYKmueHocmi. Memoro oocniodcen-
HS € PO3POOKA 3aCMOCYHKY 3a 0onomozoto mexnoaozit C# ma MySQL ons cnpowenns 30epicanis
ma cmpykmypusayii oanux. Pezynomamu nokazytoms nioguujenHs weuokocmi i 3pyuHocmi gop-
My8aHnHs 36imHOCMI. 3ACMOCYHOK MA€ NepCneKmueu 01 NOOATbUUX 8600CKOHANEHb | PO3UUPEHHS
@yHKYIOHATY 8 MAUOYMHIX OOCHIONCEHHSIX.

Knouogi cnosa: 2iopoceoximiynuil MOHImMopune, 2i0po2eoximis, npocpamue 3aOe3nevents, npo-
2pamMHull 3aCmoCcyHoK, baza oanux, oiacpama kaacie, C#, MySQL, 36imuicmeo.

IMocTanoBka npodjemu. [igporeoximisi, SIK Ba)JIMBa Tajdy3b HAyYKOBUX JOCIIKEHb, CTA€
BCe OUIBII aKTyaJbHOIO B YMOBAaX 3pOCTAIOUUX IIIO0AIBHUX €KOJIOTiYHMX BUKIUKIB [1]. Ll inTep-
JMCLUIUTIHApHA Hayka o0O0'e€llHye NPUHIMIMN Teoiorii Ta XiMii A aHaimizy XIMIYHOTO CKJIaay
Mi3eMHUX BOJ Ta iX B3a€MOJII 3 reoNoTiyHUM cepenoBuiieM. OCHOBHE 3aBJaHHS TipOreoximii
MOJISiTa€ 'y BUBYEHHI MPOLIECIB, TAKUX K PO3UMHEHHS MiHEpajiB, I0HHMI OOMIH Ta iHINI XiMiuHI pe-
akuii, siki BiAOyBarOThCS B MiA3eMHUX Bojax. Lli mpoliecu MaroTh BUpIlIabHE 3HAYEHHS TS PO-
3YMIHHS €KOJIOTIYHOTO CTaHy BOJHUX OaceiHiB, a TaKOX JJIs 3a0e3MeueHHs IKOCTI MUTHOI BOJIU Ta
il MPUAATHOCTI [ CUTBCHKOTOCIIOAAPCHKUX MOTPED.

Tpaguiiiiai migxoau 10 TiAPOTeOXiMIYHHUX JOCHTIKEHh YacTO BHUMAaraloTh Py4HOI 0OpOoOKHU
BEJIMKUX MACHUBIB JJAHUX, 1110 MOKE€ MPU3BECTH JI0 TOMUJIOK Ta HEEPEKTUBHOCTI. Y CBITJII CTPIMKOTO
PO3BUTKY 1H()OpPMAIIHHUX TEXHOJIOTIH BHHUKAE HEOOXITHICTh aiamnTarii Ii€i ramy3i 10 Cy4acHUX
BUMOT IIMQpoBizaiii. BnpoBamkeHHS cy4acHMX TEXHOJOTIYHUX pIllIEHb, TAKUX SK aBTOMaTH3allis
300py Ta 00pOOKHM JaHWX, MAIIMHHE HABYAHHS Ta INITYYHUH 1HTEJIEKT, MOKE 3HAYHO ONTUMI3yBaTH
MPOIIECH aHaTI3y T1APOTeOXIMIYHUX MOKa3HUKIB. Lle He TUIbKM cripusie MiABUIIECHHIO TOYHOCTI Ta
MIBUJIKOCTI JOCII/IKEHB, ajie ¥ BIIKPUBAE HOBI MEPCIEKTUBH JIJIsl BUSBJICHHS Ta PO3YMIHHS CKJIA[I-
HUX T€OXIMIYHUX MPOIIECIB, 1[0 BIUIMBAIOTh HA SKICTh BOJHUX PECYPCIB.

AHaJi3 ocTaHHIX gociaizkeHb i myOaikaniii. CydacHi JOCTIIKEHHS B Tally3l T1JIporeoximii
aKTUBHO 30CEePEKYIOThCS Ha BUKOPUCTaHHI TEXHOJOTIN /Il aHAi3y Ta MPOTHO3YBAHHS SIKOCT1 BO-
. OJHUM 13 NMPHUKIATIB € JOCTKEHHs [2], sSKe OLIHIOBAJIO PHU3UKU 3a0pyJHEHHS apCeHOM Y
mig3eMHuX Bojax Bexapi, [lakucraH, BUKOPUCTOBYIOUH INTYYHI HEWPOHHI Mepexki A MPOTHO-
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3yBaHHS PiBHIB apceny. [Hme nocmimkeHHs [3] MpUCBIYEHO OIIHIN AKOCTI mia3eMHuX Boj y ban-
IJIa/IeNI Ha OCHOBI 1HAEKCY SIKOCTI BOJIU. AKTHBHO MPOBOJSATHCS TOCIIIKEHHS PO aHTPOIIOTEHHUN
Ta KJIIMAaTHYHUN BIUIMB HA ITiJI3¢MH1 Boau [4].

i Ta iHII JOCHIDKEHHS MiAKPECTIOITh 3p0CTaouy moTpedy B aBTOMAaTH3arii 0OpoOKu Be-
JUKUX 00CATIB JaHUX Ta BIIPOBAKEHHI MEPETOBUX METO/IB aHAJI3Y JJIsl TOYHOI OLIIHKH SIKOCTI BO-
JTH.

[Iporpamuuii 3aCTOCYHOK, SIKHH CHpoIye 30ip Ta aHai3 TiAPOTreOXiMIYHUX JAaHUX, Ma€ IOo-
TEHIIIaJ JUId PO3BUTKY 1 3aCTOCYBaHHSA, OCOOJIMBO Y KOHTEKCTI BUKOPUCTAHHS 310paHUX NaHUX IS
MIPOTHO3YBAaHHS MalOYTHHOTO CTaHY BOJU B JDKEpEIax.

B cBITI Bke iICHYIOTh 3aCTOCYHKH, SIKI aKTUBHO BHKOPHCTOBYIOTBCS JIJISL JTOCHIPKEHb BOJIU B
rigporeoximii. Halfyacrime ayis po3B’si3aHHA 3a/1a4y aHAJI3y TiAPOTreOXiMIYHUX JTaHUX BUKOPUCTO-
ByeTbcst AQUACHEM [5] - nmporpaMuuii iHCTpyMeHTapii UIsl T1APOreOXiMIYHUX JOCTIIKEHb. Aje
I CUCTEMa € BEJIMKUM KOPIIOPATUBHHUM TPOJYKTOM, SIKHH HE € OC3KOINTOBHUM, 1 MOTO BUKOpPH-
CTaHHSI MaJICHbKUMHU JA00paTOpiAMHU 1 JOCHITHUKAMU MOXKE OYTH HEIOIUIbHUM 3 TOYKU 30PY BH-
KOPUCTAHHS KOIIITIB.

Merta pociigxenas. OCHOBHOIO METOIO0 pOOOTH € po3poOKa MPOrpaMHOr0 3aCTOCYHKY 3 aK-
[IEHTOM Ha aBTOMAaTH3allil0 0OPOOKU JaHUX 1 MPUCKOPEHHS PO3PAXYHKIB TIPOreoXiMIYHUX MOKa3-
HUKIB Ta pOpMyBaHHS 3BITHOCTI.

BukiiageHHs1 OCHOBHOro Mmarepiaay aociigkeHHs. CTpyKTypa IpOrpaMHOTO 3aCTOCYHKY
CKJIAJIAETHCS 3 5 4acTUH (quB. puc. 1).

KopucTyBaLskii iHTepdeic

leHepaTop
3BiTiB

A
4

> Moayne MapLupyTusaLli < >

CxoBuLLE OaHWX

Mogyne oG4ucneHs

Pucynok 1 - CTpykTypa TeXHIYHOTO JOpPOOKY
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byna nmoOynoBana niarpama KiaciB IO BIANOBIZa€ CTPYKTYpi MPOrpaMHOTO 3aCTOCYHKY

" WaterQualityProtocolGeneratorUl 7
Class
4+ Methods
® CalculateFields
[ GenerateReport
[ SaveReport
DocxReportGenerator A
Clasz
 DataSource A) [ IDataSource A 4 Methods
Clasz Interfz (
e IReportGenerator [§ GenerateReport
' - Interface \ y
4 Methods [ Mediator ¥
Class
@ AddWaterMetricTypes | 4 Methods
) DeleteWaterMetricTypes h @ GenerateReport RtfReportGenerator A
@ DeleteWaterQualityProtocol Class
§ GetWaterMetricTypes
© GetWaterQualityProtocols 4 Methods
@ ModifyWaterMetricTypes @ GenerateReport
——
IMathModule A

Interfzce

4 Methods

Bicarbonates

>

" MathModule
Class

4 Methods
@ CalculateBicarbonates
7 CalculateKaNa

Pucynoxk 2 - Jliarpama KJj1aciB 3aCTOCYHKY

— DataSource. Knac, skuii Bu3Ha4ae JpKepesio naHux. BiH Mae MeToau s IOJAaBaHHSI, BH-
JaJieHHsI, OTPUMaHHA Ta Mojudikalii TUIIB METPUK BOJAM, a TaKOXK JIi poOOTH 3 MPOTOKOIAMHU
SIKOCT1 BOJIH.

— IDataSource. InTepdeiic, mo Bu3Hayae KOHTPaKT i Kiacy DataSource, 3 nepenikom me-
TOJIB, 5Kl IOBUHEH peajli3yBaTH OyaAb—sIKUI KJIac, 110 MPAIIOE SIK JXKEPENO JaHUX.

— WaterQualityProtocolGeneratorUI. Knac iHTepdeiicy kopuctyBaua, SKUH BHKOPUCTO-
BYETBCS JUIs TeHepallii 3BiTiB PO AKICTh BOJU. BiH MICTUTBh METOAM JUI PO3paxXyHKY IMEBHUX IOJIIB,
reHepalii 3BiTy Ta 30epeXeHHS 3BITY.

— Mediator. Kuac, sikuii ciiyrye mocepeiHUKOM, 1100 3a0e3MeYUTH B3aEMOJIII0 MiX PI3HUMHU
KOMIIOHEHTaMHU CHCTEMH.

IMathModule. InTepdetic, sikuit BU3HaA4a€ MaTeMaTUIHI METOIH.

MathModule. Knac, mo peanizye intepdeiic IMathModule.

IReportGenerator. Intepdeiic s renepanii 3BiTiB, Mae metoa GenerateReport.

DocxReportGenerator Ta RtfReportGenerator. Kiacu, mo peanizyioTs iHTepdeiic
IReportGenerator i ctBopeHHs 3BiTiB y popmarax DOCX Tta RTF BianosigHo.

Ha cxemi BugHO 3B's130K Mixk Ki1acoM Mediator Ta iHIIMMH KOMIIOHEHTAMH CUCTEMH, IO J103-
BOJISIE€ 3MEHIIIMTH 3aJI€KHICTh MIDK KOMIIOHEHTaMH Ta MOJIETIIUTH IX B3a€MOJIIIO.

BaxxnuBo 3ayBakuTH, 110 11€ HE MTOBHA JllarpaMa KJaciB, a Jiniie ii yactuHa. € e =111 KJ1acH,
SIK1 BIZICYTHI Ha Jiarpami, Taki SK MOJEJl 3BITiB, KJIACH JIJI1 BOJHUX METPHK, 1HIII MOJIYJI TOIIO.
Opnnak mpeacTaBiieHl HA Jiarpami €JIeMEHTH € OCHOBOIO 3aCTOCYHKY 1 BU3HAYAIOTh HOTO OCHOBHY
(hYHKITIOHAJIBHICTD.
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Jlaii geranpHIIIEe OMUCAaHO KOXKEH MOIYJIb OKPEMO.

Mooyns mapupymuzayii. Jlanuii MOIyJIb BUCTYIA€E MOCEPEIHUKOM MiXK IHITUMH YaCTHHAMH
CHCTEMH, IO O3BOJISE JI0JIaBAaTH Pi3HI MOAYJI HE3aJE€KHO OJWH BiJl OJHOTO 1 PO3LIMPIOBATH CH-
CTeMY 3a BIANOBIAHUMH 3allUTAMH BiJ] T1IPOr€OXiMiKiB B HEOOXiHY CTOPOHY, JOAAaBATH MOAYII i3
okpemuM ¢yskiionanom. Hanpuknan, I enepamop 36imis.

T'enepamop 36imie. Monynb BiIMOBIZA€ 3a TeHEPAIIiio 3BITIB 3a mabdbioHoM. BiH oTpumye 3a-
IUT 13 JAaHUMU Ha CTBOPEHHS 3BITY 13 MOYJIS MapIIpyTH3allii 1 30epirae 3BiT B 3a3Ha4eHE MicCIle Ha
TIACKY.

Cxosuue oanux. Monynb 30epirae 1aHi mpo MOMepeIHI BUMIPIOBaHHS, 1110 J03BOJISE 3a HEOO-
Xi7HICTIO chOPMYBATH 3BIT 1€ pPa3 3a 30epeKEHUMHU MiCIleM Ta AaTor. TakoxX Iie T03BOJISIE B paM-
Kax MPOTrPaMHOTO 3aCTOCYHKY PO3POOJIATH HOBI MOJYJI JJIsi IPOTHO3YBAHHS Ta aHANi3y CTATUCTHY-
HUX JJaHUX BUMIpIB, MIAKIIOYATH X O CUCTEMH Uepe3 MOIyIb MapuipyTusauii (auB. puc. 3).

:I waterqualityprotocol ¥ |

] address v ID INT

Id INT Mame VARCHAR(100)
Postd Code VARCHAR(20) WaterSourceType VARCHAR(200)
City VARCHAR(100) Custom er VARCHAR(100)
Country VARCHAR(100) = — — — b - MeteringL ocationId INT
AddressLinel VARCHAR(100) StartMeteringDate DATETIME
AddressLine2 VARCHAR(100) EndMeteringDate DATETIME

v v

PRIMARY PRIMARY
h ' FF_WaterQualityProtocol _Address_i ..
- i -

|

#

" ] watermetri v
covpe _| watermetric v

id INT

id INT
WaterMetricsMame VARCHAR(45)

< MetricTypeld INT

UndegroundStandartvalue V ARCHAR(45)

ResultValue DECIMAL (18,8)
Abovedl dStandartValue VARCHAR(45 =

oveGraUn: ndartValue (45) - P
DrinkingStandartyalue VARCHAR(45) v
WaterMetricsDescription VARCHAR(45) PRIMARY
v FF_WaterMetric_WaterQualityProtocol_idx

FF_WaterMetric_WaterMetricType_idx
PRIMARY |

Pucynok 3 - Cxema cxoBuIla JaHUX

Ha 300pakeHHI BU MOeTe MO0aunuTH cXeMy 0a3u JaHHX, sIKa CKJIAAEThCS 3 YOTUPHOX Tal-
munk: address, waterqualityprotocol, watermetric, i watermetrictype. L{s cxema 6a3u naHuUX BHUKO-
PHUCTOBYETHCSI ISl YIIPABIIIHHS JAaHUMHU PO BOJOMIPH Ta SKICTH BOJIH.

Tabmums address. 30epirae iHdopmaIlio Tpo aApecu Miclb 3aMipiB TiIPOreOXIMIYHUX MMOKA3-

HUKIB.

— 1d. YuikaneHuii ineHTrdiKaTop agpec.

— PostalCode. [TomToBuii inaexc micus 3amipis. [Ipuiimae TekcToBi 3HaueHHS 10 20 cUM-
BOJTIB.

— City. Micto micts 3amipiB. [Ipuiimae TekcToBi 3HadeHHs 10 100 cuMBOITiB.

— Country. Kpaina micug 3amipis. [puiimae TexctoBi 3nauenHs 10 100 cuMBoUIiB.
112
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— Address.linel. Ilepma yacTuna aapecu micis 3amipiB. [IpuiiMae TeKCTOBI 3HAUSHHS 10
100 cumBomiB.

— Address.line2. JIpyra yactuna aapecu micis 3amipiB. [Ipuiimae TekctoBi 3naueHHs 10 100
CHUMBOIIIB.

Tabmums waterqualityprotocol 36epirae mpoTokoiu sikocti Boau. st Tabmuis Moxe BUKOpHU-
CTOBYBATHUCS JJIs1 30€peKeHHS 3BITIB IPO SKICTh BOJAM, 310paHi 3a MEBHUN NEepio] dacy, 3 MOJISAMHU
IUIsL IMEH1, THITY JDKepesa BOJIM, 3aMOBHHUKA, 1IeHTH(]IKaToOpa MiCIlsl 3aMipiB MOKa3HUKIB Ta JaT IO-
YaTKy Ta KiHIS BUMIPIOBaHb.

— ID. VHikanba#i i1eHTH(IKATOP TPOTOKOTY.

Name. Ha3zBa nportokony sixkocti Boau. [Ipuiimae TexkcroBi 3HaueHHs 10 100 cMMBOTIB.

WaterSourceType. Tum mxepena Boau. [Ipuiimae TexcToi 3HaueHHs 10 200 CHMBOITIB.

Customer. 3aMOBHMK a00 KJI€HT, U1l IKOT'O BeIeThCsl poTokod. [IpuiiMae TekcToB1 3Ha-
gyenHs 10 100 cumBoutiB.

— MeteringLocationID. Inentudikarop micus 3amipis. [IpuiiMae yucIoBi 3HAYSHHS, 110
BiJIMOBIAAI0OTH 0qHOMY 3 ID B Tabnuii address.

— StartMeteringDate. [laTa nmouaTtky nepiony 3amipis. [Ipuiimae 3HaueHHs 1aTH.

— EndMeteringDate. JlaTa kinus nepioay 3amipis. [Ipuiimae 3HaueHHS IaTH.

Tabnums watermetric BUKOPUCTOBYETbCA [UIsl 30epiraHHs iHAMBIAYalbHUX MOKA3HUKIB,
310paHuX BOAOMIpaMH, 3 MOJISIMH JUTs 11IeHTU(IKATOpa METPUKH, PE3yIbTaTy BUMIPIOBAHHS 1 3B'SI3KY
3 IPOTOKOJIOM SIKOCT1 BOJIH.

— 1id. YHikanbHui 11eHTH(IKATOP METPHUKH.

— MetricTypeld. Inentudikarop tuny metpuku. Inenrudikarop tuny merpuku. [puiimae
YHCIIOBI 3HAYEHHS, 1110 BiMOBiIal0Th ogHOMY 3 ID B Tabmuii watermetrictype.

— ResultValue. 3nauenns pesynbrary BuMiptoBaHHs. [Ipuiimae 4rcioBi 3Ha4eHHs 3 IU1aBak0-
YOI0 TOYKOIO.

Tabnuis watermetrictype MICTUTh TUIIH BOJOMETPUYHUX MMOKA3HUKIB, K1 MOKYTh BKIIIOUaTH
CTaHJApPTHI 3HAYCHHS IS TiI36MHUX 1 TOBEPXHEBUX BOJI, @ TAKOXK CTAHAAPT JUIS MTUTHOT BOJIH.

— 1d. YHikanbHUH 11€HTU(IKATOP TUILY METPUKH.

— WaterMetricsName. Ha3Ba BogomeTrpuuHoro nokasnuka. [IpuiiMae TekcTOBI 3HaUYSHHS 710
45 cuMBOJIIB.

— UndergroundStandardValue. CrannapTHe 3HaueHHs 1 migzeMuux Boj. [IpuiimMae Tek-
CTOBI 3HAUEHHS 10 45 CUMBOJIIB.

— AboveGroundStandardValue. CtannaptHe 3HaueHHS Ui HaJ3eMHUX BoA. [Ipuiimae Tek-
CTOBI 3HaYeHHS 10 45 CUMBOJIIB.

— DrinkingStandardValue. Ctannapthe 3Ha4eHHst uist nuTHOT Boau. [IpuiimMae TekcToBI 3Ha-
YeHHs 10 45 CUMBOJIIB.

— WaterMetricsDescription. Onuc BoJOMETpUYHUX MTOKa3HUKIB. [IpuiiMae TeKCTOBI 3HaUEH-
Hs 10 45 CUMBOJIIB.

36's13xu midie mabauysmu:

— Tabmmus waterqualityprotocol mae 3B's130k 3 Tabnunero address, 0 CBIAYUTH PO Te, L0
KO>KEH MPOTOKOJI SIKOCTI BOJH MOB'I3aHUI 3 KOHKPETHOIO aJJPECoI0.
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— Tabmuui watermetric Ta watermetrictype mo'si3ai, o0 CBiIYUTH PO T€, IO KOKEH BOIO-
METPUYHUH MOKA3HUK Ma€ THUII, 3a3HaYCHUN B watermetrictype.

— Tabmunsa watermetric Takox moB'si3aHa 3 waterqualityprotocol, mokasyrouu, 1o KoKeH I1o-
Ka3HUK € YaCTUHOIO MMEBHOTO MPOTOKOJY SKOCTI BOJIH.

[Hnexcu B TaOMMLIAX BUKOPUCTOBYIOTHCS JJISl OKPAIIEHHS MPOJYKTUBHOCTI 3aIMTiB, 0COOIIH-
BO IpU  TONIIYKY, COpTyBaHHI Ta  3'eqHaHHAX  Tabmuub.  Hampukmax, — iHOeKc
FF_WaterMetric WaterQualityProtocol idx Bka3ye Ha iHIEKC, CTBOPEHUI Ha OCHOBI 30BHIITHHOTO
KIItoua Mk watermetric Ta waterqualityprotocol, 1110 103BOJIsIE€ MIBUIIIEC 3HAXOUTH 3AITUCH B IIHX
JBOX TaONUIX, KO BOHU 3B's3aHi 3a WaterQualityProtocollD.

Mooyns obuucnens. 1lelt MOIynb JO3BOJISIE IPOBOIUTH JI0AATKOBI 004YMCIICHHS, 30epirae Bce-
penuHi cede MareMaTH4yHi GOPMYIIN SKi MOXKYTh BUKOPUCTOBYBATHUCH JJIsi OOYHCIICHD MapaMeTpiB
0 pe3yJIbTaTaX BHMIpIB.

Kopucmysaywvxuii  inmepgetic. KopuctyBaupkuii iHTepheic BUKOPUCTOBYEThCS i 3a-
MOBHEHHS Ta0NHIll pe3ylbTaTaMi BUMIPIB, a TAKOK BiH aBTOMAaTHMYHO HAJCHIIA€ 3aMUTH B MOIYJb
MapuIpyTu3aiii mpo OTpUMaHHs JT0JaTKOBUX OOYMCIICHb, Te€HEpallil 3BiTy, 30epexeHHs] 0OUNCIICHb
B 0a3y ganux (auB. puc. 4). Takox B OKpeMOMY BiKHI KOPUCTYBAIIbKOTO iHTepdelcy MOXKHa 3aBaH-
TaXUTH J1aH1 B 6a3y JaHMX 13 B)K€ HasIBHUX 3BITIiB (AUB. pHC. 5).

i o¥ Water Quality Protocol Entry = [m] * |
Name: Water Metric Typeld  ~  Metric Type Result Value
Protocol 1 Koneoposicrs, (rpagyc) 7.5
Water Source Type: 2 3anax, Bann 1
Source 1 3 KanamyTHicTe, mr/am3 012 O64YMcNEeHO aBTOMAaTUYHO
Customer: 4 Boareswit nokastuk (og, pH) 7.24 0
Customer 1 5 TNMyxHicte saransna, mr-exs HCO3 7/ am3 12
E E—T T
Start Metering Date: 7 Cysenit sanuwiok(posunHesi FIEHDEMHMJ,MF-"AMH
| Friday , February 2, 2024 ‘f| 8 KopeTricts, Mr-exe/am3 19.99
End Metering Date: 9 TuMYaCcoBa HKOPCTKICTE, Mr-eK8/aM3 12
» 10 MocTifiHa #KopCTKicTy, Mr-exks/am3 7.99
. EE 1 Kanbuii (Ca2+), mr/am3 16859 OO4AC/IEHO SBTOMATHHHO
Metering Location: 12 Marwiii (Mg2+), mr/am3 8 72
Dripro 13 Harpiit u kaniii (Nas i K+), mar/gm3
Submit 14 3anizo (Fe2+, Fe3+), mr/gm3 0
15 Mapraneys (Mn2+), mr/am3 0.7
[[] Auto calculation off 16 Xnophan (7). mr/gu3 177.26
17 Cynedatn (5042-), mr/am3 526.36
18 Hirparn (NO37) mr/am3 86.77
19 @ocdatn (P043-) mr/am3 0.08
20 Mepmanranatha ckwcnrosanicrs, mri/gm3 4498
2 BixpomaTHa okucnroBaHicTe mrO/am3
22 Hitpumu (N027), mr/gm3 1
23 AmMOHIA (330T aMOHIAHKWEA, amiak), mr/gm3 0.3
24 Mige (Cu2+), mr/am3 0.11
25 Ceuneus (Pb2+), mr/am3 0.006
26 Lk, (Zn2+), mr/am3 0.14
27 CipkoBoaeHs
28 Cunikatn
N

Pucynox 4 - BikHo 1151 TeHepartii 3BITiB Ta 3A1MCHEHHS JOJIATKOBUX 00YHCIIEHB

114 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi Texnonorii» 5 (154) 2024 «System technologies)

. o Data Upload = O *

| Choosen file(s): C:\Users\Isksh' OneDrive\JokymenTeitAspirantura\Dissertation\ DataBxport\DataSet\ TP
) ) Ch\Usersh[sksh' OneDrive\ Jokymentel Aspirantura'\Dissertation' DataEx port\DataSet\ P
Fill the Water Metric | £ Users\Isksh' OneDrive\ Jokymentei\Aspirantura\Dissertation’\ DataExport\DataSet\ TP
Types ChUsersIsksh OneDrive' JokymenteiAspirantura’\Dissertation' DataExport\DataSet\ NP
ChUserstIsksht OneDrivel Jowymentel Aspirantura\Dissertation’ Databx port\DataSet\ NP
Clear Water Metric C:\Users\l5Inc5h\0neDr?ve\,ﬂ,ox}rmeHTbl\Asp?rantura\D!ssertation\DataExport\DataSet\I'lP
Types ChlsersIsksh Onelrivel Jowymenter Aspirantura\Dissertation' Databx port\DataSet\ NP

| ChUsersIsksh OneDrive' JokymenteiAspirantura’\Dissertation' DataExport\DataSet\ NP
ChUsershIsksh OneDrive' JokymenteiAspirantura\Dissertation' DataExport\DataSet\ NP
Ch\Users\Isksht OneDrive\ Jokymentei Aspirantura\Dissertation' DataEx port\DataSet\ NP
Ch\Usersh[sksht OneDrive\ Jokymentel Aspirantura'\Dissertation' DataEx port\DataSet\ [P
ChUserstIsksh OneDrive'\ Jokymenter\Aspirantura’\Dissertation' DataBxport\DataSet\ [P
ChUsershIsksh OneDrive' JokymenteiAspirantura\Dissertation' DataExport\DataSet\ NP
ChlUsers\Isksh OneDrivel Jowymentel Aspirantura\Dissertation' DataEx port\DataSet\ TP
Ch\Usersh[sksh' OneDrive\ Jokymentel Aspirantura'\Dissertation' DataEx port\DataSet\ P
ChUserstIsksh OneDrive'\ Jokymenter\Aspirantura’\Dissertation' DataBxport\DataSet\ [P
ChUsersIsksh OneDrive' JokymenteiAspirantura’\Dissertation' DataExport\DataSet\ NP

| | Click to choose file(s)

Upload Data

Pucynok 5 - BikHO J171s1 3aBaHTa)KCHHS 3BITIB B 0a3y JaHUX

OCHOBHHMIA aKIIEHT I[LOTO PIlICHHS 3p00JIEHO Ha aBTOMAaTH30BaHOMY 300pi Ta 30epeKeHHI Be-
nukoro obcsary nanux. @okyc 3pobieHo Ha 0O6poodui miei iHpopmarlii Ta aBTOMaTH3allli reHepaii
riIpOreoXiMivyHMUX 3BITIB. [HTErpoBaHMH KalbKyNIATOp 3abe3lnedyye po3paxyHOK TiApOreoxiMiuHUX
MOKa3HMKIB, ONTUMI3yrouHu mporec. Lle m03Bossie 3poOMTH BHCHOBKM Ha OCHOBI TOYHHUX pO-
3paxyHKIiB TpOreoXiMiuHuX MOKa3HUKIB.

[Tpuknagom Gpopmynu, siky OyJi0 3aKJIafieHO B MPOTrpaMHUIl 3aCTOCYHOK, Moke OyTH popmyrna
BHpaxyBaHHS HATPIIO Ta Ko 3a IHIMMHU Noka3HuKaMu(1).
equiv(CaNa)

= equiv(equiv(CL™) + equiv(S0Z7) + equiv(N 07 ) + equiv(P0; ™)
+ equiv(HC05))
— equiv(equiv(Ca®) + equiv(Mg®™) + equiv(Fe*) + equiv(Mn®**)) (1)

AnanTtuBHUM nu3aiiH iHTepdelicy nonaTky 3abe3nedye iHTYITUBHICTh BUKOPUCTaHHS, J103BO-
JISH0YM KOPUCTYBauaM €(EeKTHMBHO KOPHCTYBATUCh 3aCTOCYHKOM Ta a/IallTyBaTH 3BITHICTB /10 CBOIX
notpeo.

ABTOMAaTH30BaHi PO3PaXyHKH He JIUINIE MiJABHUIIYIOTh HIBHJIKICTb 0OpOOKH, aje i 3abe3nedy-
I0Th TOYHICTh PE3YJbTATIB 1 BIICYTHICTb JIFOJICBKOTO (pakTopy.

[IporpamHuii 3aCTOCYHOK € BiIOOpakeHHSIM CydyaCHHMX TEHJEHLIH B 00acTi iHpopMaliiitHux
TEXHOJIOTIH Ta iX 3acTOCyBaHHS B Tifporeoximii. BiH geMOHCTpye, SIK TEXHOJOTIYHUN PO3BUTOK
MOJKE CTaTh €(PEeKTHMBHUM IHCTPYMEHTOM Il HAYKOBHX JIOCIIIKEHb, PO3MIMPIOIOYH MOXKINBOCTI
aHaji3y. 3arajoM BiH TOPKA€TbCS HACTYNHUX c(hep 3aCTOCYBaHHS:

— ApromaTtu3oBaHuil 30ip manux. Llsg cucrema mo3Boinsie epeKTUBHO iHTErpyBaTtu iHGOP-
MaIlifo 3 pi3HUX JPKEepesl, TaKuX SK JOKyMEHTH y ¢ainoBomy ¢opmari. Lleit miaxia poouts mporec
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MEHIII BUTPATHUM YacCOM 1 3HI)KY€E WMOBIPHICTh NMOSIBU MIOMHJIOK, TTOB'SI3aHUX 3 PYYHUM BBEACHHSIM
TaHUX.

— EdextuBHa renepamis 3BiTiB. CHcTeMa BKIIOYA€ IHTErPOBAHUH KaJIbKyJIATOp IS PO-
3paxyHKIB T1POre€OXiMIYHUX MOKA3HHUKIB. 3aBIsSKH aBTOMAaTH30BaHOMY Ipoiiecy hopMyBaHHS, J10-
CIIITHUKH MOXKYTh €(peKTUBHO IPEACTABIISTH PE3YIbTaTH CBOET poOOTH.

— TounicTh po3paxyHKiB. Y CBITi, ¢ TOUYHICTh € KIIFOYOBHM (DAaKTOPOM YCITiXy, aBTOMATU30-
BaHI PO3PaxyHKU CHCTEMH MiATPUMYIOTh BHCOKMH CTaHAAapT HayKoBOi TouHocTi. Lle 3abe3neuye
HAIWHICTh JaHUX Ta JIONOMAara€ YHHUKHYTH MOTCHLUIHHUX MOMWJIOK, IMOB'S3aHUX 3 PYYHHUMH PO-
3paxyHKaMH.

— Exonowmis yacy. IlpuckopeHHs poOo4HX IMpOIECiB 3aBASKKA aBTOMAaTu3alii 300py JaHUX,
aHaJli3y Ta 3BITHOCTI JI03BOJISIE JOCIIIHUKAM BUTpayaTH MEHIIE Yyacy Ha PyTHUHHI 3aBJaHHS 1 OLIb-
11I€ Yacy Ha BJIAaCHE HAyKOBE JOCIIKECHHS.

[lepcneKTUBHUMM HaIpsIMKaMH JUIsl TIOKPAIEHb I[bOI0 TEXHIYHOI'O 3aCTOCYHKY Ta 3011bIICH-
Hs cpep BUKOPUCTAHHS € J0AaBaHHS TAKUX MOMYIIB, 5K:

— Posmmpenns moxumBocTedl nporrozyBanHs. lllisxom iHTerparii MareMaTHYHHX aJro-
PUTMIB, aJITOPUTMIB MAIIMHHOI'O HaBYaHHS Ta LITYYHOTO 1HTENEKTY, IporpaMa MO)Ke aHaJi3yBaTH
ICTOpUYHI /1aH1 Ta poOUTH MPOTHO3U LI0JJ0 MAallOYTHHOTO cTaHy BoAM. Lle Moke BKJIrOUaTH MPOTHO-
3yBaHHS PU3UKIB 3a0pyIHEHHS, 3MiH Y XIMIYHOMY CKJIa/i Ta IHIIMX €KOJOTTYHUX MapaMeTpiB.

— Po3BuTOK MOAYNIB TMMOOKOrO0 HaBUaHHS. BIpoOBaIKeHHs Creliali3oBaHUX MOJIYJIB TIIH-
OOKOr0o HaBYaHHS JO3BOJHUTH OOpOOJIATH CKIQJHI HAO0OPH JaHWX, BHSBJSIIOYM HEOUYEBUIHI
B3a€MO3B'SI3KM Ta 3aKOHOMIPHOCTI.

— I'ninGoxwuit anani3 naHux. 3 BUKOPUCTAHHSAM CyYaCHHUX JITOPUTMIB Ta METOJIIB aHaNi3y, Ta-
KHUX SIK KJIACTEpHHUI aHaii3, cUcTeMa 3MOKe 3a0€3MeUUTH 3MOTY JOCHIAHUKAM BUSBIATH CKJIaIHI
3aKOHOMIPHOCTI Ta KOpeJslii MK pi3HUMHU Habopamu naHux. Lle mocnpuse Ginbu rmubokomMy po-
3YMIHHIO TIPOre0XiMIYHUX MPOIIECIB Ta 1X BIUIUBY HA HABKOJIMILIHE CEPEOBUIIIE.

BucnoBku. Po3po6iiennii nporpaMHuii 3aCTOCYHOK MPUIIBUALIYE poOOTY 13 TiJIporeoximiy-
HOIO 3BITHICTIO, HaJ]a€ 3MOT'Y BBOAMUTH JJaH1 B 3pyYHOMY JUIsl BUKOPUCTaHHI iHTepdeiici. Takox BiH
€ JOCTaTHHO THYYKHM I 3aCTOCYBaHHS 1 MallOyTHIX MOKpAIIeHb 32 PAXyHOK MOJYJBHOI apXiTeK-
Typu 3acTocyHKy. Ha momady 10 1poro, 3BITHICTh 3 Halle)KHMM (pOopMaTyBaHHSIM MOXHa Ipo-
aHaJII3yBaTH 1 30€perTH J1aHl B CXOBUIIE JaHUX ISl MalOyTHHOIO BUKOPUCTAHHS.

Po3pobiiennii iIHCTpYMEHT CTBOPIOE OCHOBY JIJIsi OMTHMI3aIii poOOTH 3 TiAPOreoXiMIYHUMU
JaHUMHU. Xo04a HOro TMepBHHHA METa IMOJIsTae B aBTOMATH3aIlll PyTHHHUX 3aBIaHb Ta 3a0e3MeUeHH1
OUTBIIIOT CITPOIIEHOCTI 0OPOOKHM JTaHMX, BIH TaKOXK CTBOPIOE TUIATGOpMy MJisi MaOyTHHOTO TIUOO-
KOT0 aHami3y. 3aBAsKd 3pY4YHOCTI 30epiraHHs Ta o0poOku iHpopMallii, HayKOBLI 3MOXYTh B Maii-
OyTHBOMY JIeTIie Ta e(EeKTUBHIIIE MPAIfOBaTH 3 [UMH JaHUMU, BUSBISATA HOBI TEHJEHIIII Ta Mpo-
BOJUTH KOMIUIEKCHUN aHaIi3.

3 ypaxyBaHHSM MOCTIHHOTO PO3BUTKY TEXHOJOTIH Ta 3pocTaHHS NOTPEO JOCIHITHHUIIBKOI
CMUIBHOTH, MOTEHIIA PO3LIMPEHHS Ta ajanTamii bOro IHCTPYMEHTY IS 1HIIMX o0yacTel € oue-
BUIHUM. [HHOBAIilfHI pIIIEHHS TAaKOTO POJAY CHPUSIOTh MiJBUIIEHHIO €(PEKTHBHOCTI HAyKOBOI
JISUTBHOCTI Ta CTUMYJIIOIOTh PO3BUTOK rainy3i rijporeoximii.
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Development of software for automating calculations during
the analysis of hydrogeochemical data

Analysis of recent research and publications. Modern research in the field of hydrogeochem-
istry is actively focused on using the latest technologies for analyzing and predicting water quality.
One study[2] assessed the risks of arsenic contamination in groundwater in Vehari, Pakistan, using
mathematic calculations to predict arsenic levels. Another study[3] dealt with assessing groundwa-
ter quality in Bangladesh using the water quality index. These and other studies highlight the grow-
ing need for automating data processing and implementing active use of software applications for
calculations, reporting, and storing results for further groundwater analysis. Modern approaches
to hydrogeochemical research include using software tools such as AQUACHEM][5] to facilitate
data collection and analysis. However, such tools are often large corporate products that are not
free, and their use by small laboratories and researchers may be impractical from a cost perspec-
tive.

Research purpose. The primary purpose of this article is to develop a software application for
automating the processing of hydrogeochemical data and increasing calculations speed and time-
spending efficiency during report preparation, as well as creating a flexible data storage system
with extensive modification capabilities.

Presentation of the main research material. The developed software application consists of
several key components:
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— DataSource. A class that defines the data source and provides methods for adding, delet-
ing, retrieving, and modifying types of water metrics, as well as working with water quality proto-
cols.

— IDataSource. An interface that defines the contract for the DataSource class, listing the
methods that any class working as a data source must implement.

— WaterQualityProtocolGeneratorUI. A user interface class used to generate water quality
reports. It contains methods for calculating certain fields, generating reports, and saving reports.

— Mediator. A class that acts as a mediator to ensure interaction between different system
components.

— IMathModule. An interface that defines mathematical methods such as calculating bicar-
bonates and the calcium to sodium ratio.

— MathModule. A class that implements the IMathModule interface and contains the speci-
fied mathematical methods.

— IReportGenerator. An interface for generating reports with the GenerateReport method.

— DocxReportGenerator and RtfReportGenerator. Classes that implement the IReportGener-
ator interface for creating reports in DOCX and RTF formats, respectively.

The application supports modularity, allowing for the addition of new modules to extend func-
tionality. For example, the report generator module is responsible for creating reports based on
templates and saving them to the specified location on the disk. The data storage module manages
historical measurements, enabling the generation of reports as needed and the development of new
modules for data analysis and prediction.

Conclusions: The developed software application speeds up work with hydrogeochemical re-
porting, allowing data to be entered in a user-friendly interface. It is also flexible for application
and future improvements thanks to its modular architecture. The formatted reports can be analyzed
and stored in the database for further use.

The tool lays the foundation for optimizing work with hydrogeochemical data. Its primary
goal is to automate routine tasks and simplify data processing, but it also creates a platform for in-
depth analysis in the future. With the convenience of storing and processing information, scientists
will be able to work more efficiently with the data, identify new trends, and conduct comprehensive
analysis.

Given the constant development of technology and the growing needs of the research commu-
nity, the potential for expanding and adapting this tool for other fields is quite high. Innovative so-
lutions contribute to increasing the efficiency of scientific activities and stimulate the development
of hydrogeochemistry.
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Oxpumuyk Jlenuc JIMUTPOBHUY - acmipaHT Kadeapud MaTEMaTHYHOTO 3a0€3MEUCHHS eEKTPOHHUX
obuucmoBanbHuX MammH (M3 EOM) [IHINpOBCHKOTO HAIIOHATBHOTO YHiBepcHuTeTy iMeHi Onecs
I'onuapa.

€Emen’sinenko Tersina IeopriiBHa - KaHIUAAT TEXHIYHUX HAyK, JOLEHT, JOLEHT Kadeapu mare-
MaTUYHOTO 3a0e3MmeueHHsl eJICKTPOHHUX oOumcmoBanbHuX MamuH (M3 EOM) JIHINpOBCHKOTO
HaIlloHAIBHOTO yHiBepcuTeTy iMeHi Onecs ['oHuapa.
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1.1 Tasmroxk, O.I". Baiidy3
OIJISII METOIB CEMAHTUYHOI KJTACU®IKALIT TEKCTY

Annomayis: Y cmammi npogedeno ananiz memooié Kiacugikayii mekcmy, maxkux sK HaieHuil
batiec, nocicmuuna peepecis, memoo onopHux eexmopie (SVM) 3 axyenmom Ha cyyacHi memoou
2IUOO0K020 HABUAHHS, BKAOUAIOYU WmYYHI HelupouHi mepedici (ANN), 32o0pmKkosi nellpoHHI Mmepeci
(CNN), pexypenmui netipouni mepexci (RNN) ma mpancopmepu. /s oyinku 8uKopucmosyemucsi
oamacem 6iocykie npo ¢inomu IMDB. JlocniodcenHs nopisHioe epexmusHicms yux memoois y Kid-
cugixayii mexcmy 3a MOHAIbHICIIO, 8PAX08YIOUU MOYHICMb Ma 00YUCTI08ANbHI pecypcu. Mema
pobomu - 8uHAUUMU HAUKPAWUll niOXio 0Jis1 A8BMOMAmMu308anol Kiacugikayii mexkcmy ma Haoamu
pexomenoayii 0151 ROOAILULUX OOCTIOHCEHD.

Kmouoei crnosa: Knacugixayis mexcmy, Haisnuti baiiec, Jlocicmuuna peepecis, Memoo onopHux
eexkmopig (SVM), LLImyuni nevponni mepesxci (AHM), 32opmkosi neiponni mepexci (3HM), Pexy-
penmHi Hetiponni mepexci (PHM), Tpancgopmepu, Ananiz monanenocmi, 00podoka npupoonoi mo-
8u).

IMocranoBka mpodaemu. Kinacudikallis TEKCTy € BOKIMBOIO CKJIAJIOBOIO 3ajad, TaKUX SIK
aHaJIi3 HACTPOiB, PUIBTpAIlis CrlaMy Ta OpraHizailis JOKYMEHTIB. TpamuiiiiHi MeToau, sIKk HaiBHUH
Oaifec, JIOTiICTUYHA perpecis Ta MeToJ OMOpHUX BekTopiB (SVM), mBHIKI Ta €pEeKTUBHI, ane ix
MPOAYKTUBHICTh 3QJICKUTH BiJ SKOCTI O3HaK. MeToAu MalIMHHOTO HAaBYaHHsS, Takl SK JepeBa
pillleHb Ta TPajl€eHTHUIN OYyCTHUHT, BPaxOBYIOTh CKJIa/JHI 3aKOHOMIPHOCTI, ajie MOTPeOyIOTh peTelb-
HOTO Mi100py MapaMeTpiB.

I'mnboke HaBYaHHS, BKIIOYAIOUM IITYy4YHI HeHpoHHI Mepexi (ANN), 3ropTkoBi HEHpOHHI Me-
pexi (CNN) ta pekypenTHi HelipoHHi Mepexi (RNN), aBToMaTH4HO BUSBIISIOTH CKJIa/IHI TATEPHU B
TekcToBUX AaHuXx. [lepenosi metoau NLP, Taki sik TpanchopmepH, 3a0€3Me4yl0Th BUCOKY TOUHICTh
1 IPOAYKTUBHICTh y Kiacudikamii Tekcty. [Ipy 11bOMy Ba)KIMBO 3a3HAYMTH, L0 Cy4acHI MiIXOAU
BHUMAraroTh BEJIUKY KIJIbKICTh OOUMCIIIOBAIBHUX PECYPCIB JUIS IOHABYAHHS Ta HE 3aBXIU € ONTH-
MaJIbHUM PIIICHHSM JIOsI IEBHUX 3ajiau.

JocaimkeHHs: OpPiBHIOE e(DEeKTHBHICTh IIMX METOJIB, BU3HAYAIOYM HAWKpAIIUH MiAXid s
kiacudikamii TekcTy. BUkopucTanHs cydacHHX METOJIB INIMOOKOTO HaBYaHHS MOKa3ye MepeBard B
TOYHOCTI Ta IPOAYKTHUBHOCTI, LII0 CIIPHUSIE TIOKPALEHHIO CUCTEM OOpPOOKH TEKCTIB Ta HAJla€ HAIPSM-
KU JIJT1 MaOYTHIX JTOCITIIPKEHb.

Merta gocaimkeHHsi. MeToro poOOTH € OrJIsiT METO/IIB aBTOMATH30BaHOI Kilacu(iKallii TeKCTy
3a 03HAKOIO TOHAIBHOCTI. HeoOXiHO BU3HAYMIM TOUHICTh Nepe0aueHHs TOHAIBHOCTI AJIs PI3HUX
MOJIeJIel Ta MpOoaHaIi3yBaTH OTpUMaH1 pe3ynabTatu. [lig yac mocimipKeHHs Oyiau pO3MIISTHYTI Taki
Mmeronu knacudikarii sk Haisauii Baiiec, Support Vector Machines, Jlorictuuna Perpecist Ta pi3Hi
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iMIuIemMenTanii HelpoHHuX Mepex. Taki MeTonu K TpanpopMepH TEKCTY HE PO3IIISUINCS Yepe3 BH-
COKi cucteMHl BUMOrHu (He Brayiocs mpoBectn HaB4aHHS BERT ta ELMo Ha nokansHOMY cepeno-
BUILI Ta y XMapHOMY cepenopuii Google Colab).

Jani qus nociigxenns. /s HaBYaIbHOT Ta TECTYBAIBHOT BUOIPKU OYyJI0 BUKOPUCTAHO JlaTa-
cet “IMDB Dataset of 50K Movie Reviews”[2]. Bin Bkitouae y ceGe aBa CTOBIIII:

e Review (ormsin) - orisia GirbMy, 3a SKUM HEOOXiTHO HEOOX1THO Mepen0aYuTH BpaKCHHS
Bix neperyisany. [Ipencrapise 3 cebe TEKCTOBI J1aHi

e Sentiment (HacTpiii, BpaskeHHs) - eMOIliiiHe 3a0apBieHHS BIATYKY, SIKE HEOOXIAHO mepes-
0auntu. [IpescraBisie 3 cebe moJe, 10 MOXKEe MaTH JIBa TOMYCTHMI 3HAUYeHHs: POSitive ta negative.

Tabmnus 1
[Mepii 4 3anucu y naraceri “IMDB Dataset of 50K Movie Reviews”

review sentiment
One of the other reviewers has mentioned that after watching just 1 Oz positive
episode you'll be hooked. The...
A wonderful little production. <br /><br />The filming technique is positive
very unassuming- very old-time-B...
| thought this was a wonderful way to spend time on a too hot summer positive
weekend, sitting in the air con...
Basically there's a family where a little boy (Jake) thinks there's a negative
zombie in his closet & his par...

Po3poOka nporpamuoro 3aée3neyenHs. byjgo BukopucraHo MoBy nporpamyBaHHs Python
JUTS IMIIJIEMEHTAIllT pOOOTH MOJIEJIEH 11 MalllMHHOTO HAaBYaHHS.

Jlna Bizyamizauii pe3yibTaTiB JOCHIIPKEHHS poOOTy Oyjn0 BHKOHAaHO y (opMmi JOKYMEHTY
Jupyter Notebook. ®opmat no3Bomnsie cymimaru HTML-po3miTky Ha koa Ha Python. 3BitH 3 Bizya-
Ji3alli€l0 pe3yabTaTiB Ta MPOrPAMHUAM KOJOM MOKHA 3HaWTH 3a mocwiaHHsMm Ha GitHub-
penozuropiii[1].

3aBaHTaxkeHHs1 JaHUX. IMnopTyemo HeoOXinH1 O16mioTexku. HacTynmHuM KpOKOM ciIiji 3aBaH-
TaXUTH ZIp-apXiB C CSV-aTaceToM 3a CIellaJbHUM MOCHUJIAaHHSAM Ta KOHBEPTYBATU Yy naTadpeiim
(pandas.DataFrame) muis noganeiioi podotu 3 qanumu|[1].

IianroroBka Ta anaJji3 naracery.

HTML-posmimxa

SIxmo nmormistHeMo Ha Tabi. 1, To Moxkemo nobauntu HTML-tern, a came <br><br/>, y npy-
romy orisiai ¢pinemy. HTML-po3miTka He BiJirpae >K0AHOI posli y CEMaHTHYHOMY aHajli3i, TOMY
s Mojienielt 1 iHopmauis Oyae mymMoBow. Y TakoMy BHManky, Buganumo HTML-term 3
OLJISAIB.

Pezicmp

TexHIYHO MK CJIOBOM 3 MaJI€HBKOI JIITEPU Ta CIIOBOM 3 BEJIMKOI JITEPH HEMAE PI3HMUII 3 TOU-
KM 30py CEMaHTHYHOTO 3a0apBIIEHHS, TOMY MA€ CEHC NMPUBECTH TEKCT O OJHOTO pericTpy. IlpuBe-
JIEMO TEKCT /10 HUKHBOTO PEricTpy.
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Ilynkmyayis
IcuyroTh MOJeN, SIKi 37aTHI BpaXxOBYBaTH MyHKTyamiro[3], ane OiIbiI MpoCcTi BEKTOPU3ATOPH,
SKI MU PO3IJITHEMO 3 OYaTKy. BpaxoByroun 1eii GpaxkT, MOKeMO BUIATUTH MYHKTYaIII0 3 BX1IHUX
TaHUX.
Cmon-cnosa
Jlnst Mojienel, siKi He 3/1aTHI pO3Mi3HABaTH rpaMaTHUHI 3B’S3KH y PEUEHHsX, OakaHO BH[a-
JISITH TaK 3BaHi CTON-CJIOBA, SIKI MOXKYTh BHOCUTH IIYM Y BXiJHI JaHi. YacTo y TEKCTi 3yCTpidaroTh-
csl cnoBa 0e3 JIGKCHYHOTO 3HAYeHHS, Taki AK, Hanpukian, aptukm ("the", "a", "an"), comyyHuKu
("and", "but", "or") abo mpuitmenauku ("of", "to", "in"), TOMy iX BHIAICHHSI MOXKE CHPHUATH OLIbIII
BHCOKIi TOUHOCTI Kiacudikarii[4].
Cmemmine ma remmamu3ayis
Sk mpaBUII0, CTEMMIHT 3BOJUTH CJIOBA J10 iX 0a30B01 opmH, 3HIMAIOUU CY(IKCH BiAMOBITHO
70 Habopy MpaBWJI, TOAL SIK JEeMMAaTH3AIlisl PO3IIAJA€E TPAMATUYHUN KOHTEKCT, 1100 3HAMTHU CIOB-
HUKOBY (hopmy (J1emy) crioBa. TakuM 4MHOM, Ba METOAM JO3BOJISIOTH 3aXOMUTHU Pi3HI popmu o1-
HOTO 1 TOTO K CJIOBAa: CTEMIHT IEPETBOPUTH BCl clioBa y '"run'; HApHKIIa/, MPU 3aCTOCYBaHHI 1€l
TEXHIKM MOKHa oTpumMartu "run" Big "running" abo "ran" Big "runs" npu BUKOpHUCTaHHI JIeMaTH3allii.
Tum He MeHII, CTeMMIHT MOXe OyTH IIBUIIINM, HIX JIeMaTH3allisd, X04a 11€ MOKe JaTh MEHII TOYH1
pe3yabTaTtu. Y JOCHIDKEHHI PO3IIITHEMO JIEMAaTH3allilo, X04a Yy BUMIAJKY, KOJIM BXIJIHUX JaHUX
OlTpIIIe, CTEMMIHT MOXe OyTH OiIIbIII IPUAATHUM 3 OTJISAY Ha OOUHCITIOBANIbHY €(EKTUBHICTB[S].
binapni osnaxu
[Tone Sentiment mpuiiMae Ba 3HAYCHHS, TOMY MOXEMO TpaHc(hOpPMYBaTH HOro y Oysese, 1o
i Oy7o 3po0eHo.
Tabmuws 2
[Tepmri 4 3amucu y OHOBJIGHOMY J1aTaceTi
review sentiment
one reviewer mentioned watching 1 oz episode y...
wonderful little production filming technique ...
thought wonderful way spend time hot summer we...
basically there family little boy jake think t...

o Rk, K-

Ananiz oamacemy
[TpoBenemo aHaii3 paTaceTy 3a 03HaKor Sentiment.

Number of Positive and Negative Reviews

25000 4

20000 1

15000

Count

10000

5000 o

Negative Positive
Sentiment

Pucynox 1 - Po3noist mo3UTHBHKUX Ta HETAaTHBHUX BIATYKIB
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Bceworo y nataceri 50000 3amuciB. Sk MoxHa no6aunTti Ha Pucynky 1, mo3uTuBHI Ta Hera-
TUBHI BIITYKH PO3MOJIICHI pIBHOMIPHO, iHaIe Kaxy4yu, MaeMo 1o 25000 mo3uTHBHUX Ta HETaTHUB-
HUX peleH3ii, ToOTo Jaracer € 30aJaHCOBaHHM.

BexTopu3anis. AJropuTMu MallMHHOTO HaBYaHHSA HE MOXKYTh HPAIIOBaTH 0E3MOCEPETHBO 3
cupuM TekcToM. IIpobiema poOOTH 3 TEKCTOM y KOHTEKCTI OOpOOKH MPHPOJHOI MOBHU IOJISTAE B
TOMY, 110 BiH € O€3J1aJHUM 3 TOUKU 30pYy MAIIWHH, 1 TaKi METO/H, K aJITOPUTMH MAIIMHHOTO HaB-
YaHHSI, BIIJAIOTH NiepeBary n1o0pe BU3HAYCHUM BXITHUM JaHUM (hiKCOBAHOI JTOBXKHUHH (SK, HAIIPU-
KJIaJl, YUCIIOBI BeKTOpH). lIporec mpuBeACHHS TEKCTY Y 3pO3YyMUIMN MalllWHI BUTJISA HA3UBAETHCS
susedennam oznax (auri. feature extraction). /lomomMorTu 3 wmi€r0 3aa4er0 MOXYTh PI3HOMAaHITHI
ANTOPUTMH BEKTOPHU3aIlii Ta OLIBII TIEpeIoBI TpaHCHOPMEPHU TEKCTY.

Bag-of-Words (BoW)

Bag-of-Words - e meron mpeicTaBieHHs TEKCTY, KM MEPETBOPIOE IOKYMEHT Y BEKTOD
(bikcoBaHOT MOBXKHUHU. Y I1IbOMY METOJI TEKCT PO30MBAETHCS HA OKPEMi CJIOBa, 1 KOXKHE CIIOBO
PO3IIISLIAEThCS HE3AJIEKHO B 1HIIUX. BeKTOp npencTapiise KiIbKICTh BXOKEHb KOXKHOTO CJIOBA Yy
JOKYMEHTI, ITHOPYIOYH IpaMaTU4Hi CTPYKTYPH Ta MOPAIOK CIiB[6].

TF-IDF (Term Frequency-Inverse Document Frequency)

TF-IDF - e MeTo/1 3BakyBaHHS CIIiB y IOKYMEHTI, SKHl BUKOPUCTOBYETHCS IJI OL[IHKU BaXK-
JUBOCTI CJIOBa B KOHTEKCTI BChOTO Kopirycy aokymeHTiB. TF (Term Frequency) BuMiproe 4acToTy
cioBa y nokymenrti, a IDF (Inverse Document Frequency) omiHroe pinkicTe cioBa B HA0Opi TOKY-
MeHTiB. 3BaxxyBaHHs TF-IDF 3MeHmIye BIIIMB 4acTo 3yCTpidarOThCs CIIiB, MiJKPECTIOI0YH YHIKAIb-
HI CJIOBA, SIKI MAIOTh OUIbIIIE 3HAYECHHS 111 KOHKPETHOTO TOKyMEeHTa[6].

Word2Vec

Word2Vec — 1ie anroputm Jjisi CTBOPSHHSI BEKTOPHUX YSIBJICHb CIIiB, pO3POOJICHUN JTOCIITHNU-
kamu Google y 2013 poui. Bin BuKkoprucTOoBY€e HEHPOHHI MEpeKl JUIsl HaBYaHHS BEKTOPIB CIIIB Ha
BEJIMKHMX TEKCTOBHX KOpITycax, JIe CJIOBA 3 MOJIOHMMH KOHTEKCTAMH MAlOTh CXO0XIi BEKTOpHU. ICHY-
10Th 1B ocHOBHI Mozeni: Continuous Bag of Words (CBOW), sika mepenbavae ciOBO Ha OCHOBI
ioro koHrtekcty, Ta Skip-Gram, ska mependayae KOHTEKCTHI CJIOBa Ha OCHOBI IIILOBOTO CJIOBA.
Word2Vec 3nauno nokpamus 06poOky npupoaHoi MoBH (NLP), no3Bossitoun po3nizHaBaT ceMaH-
THUYHI Ta CHHTaKCHYHI 3B'I3KM MIX cioBaMHu[7]. IcHye BelMKa KUIbKICTh MONEPEAHbO TPEHOBAHUX
Moieneit, sIKi MOXKYTb 301IBLINTH TOYHICTh MPOTHO3yBaHH[12].

OrJisig cTAaTUCTUYHUX MeTOIB. [[1s1 poOOTH 3 MOJENAMHU TEKCT MOMEPeHbO 00pOOISEThCS
(3 BUKOPHCTaHHSIM BHIIEBKa3aHUX KPOKiB; HA OCTAHHHOMY KpPOLi HaJaMo IMepeBary JieMmaru3aiii,
TakK K 00CAT TaHMX € BIIHOCHO HEBEJIMKHUM Ta PI3HHUIIA y Yaci y MOPIBHAHHI 31 CTEMMIHIOM He OyJie
BimuyTHOO. [[1s1 poboTtu 3 monensimu HaiBauii baitec, SCM Tta Jlorictuunoi Perpecii BxiaHi naHi
BekTopu3yeMo 3 BukopucTaHHsM TF-IDF. Takox TpaHchopmMyeMO TEKCT 3 BHUKOPHUCTAHHSIM
Word2Vec nns SVM ta Jlorictuunoi Perpecii. MynbsTrHOMIanbHUI HaiBHMi baiiec He mpu3Have-
HUM 17151 poOOTH 3 BiJl' EMHUMH 3HAYCHHSIMH, a HOPMaUTi3allis JaHUX MOXE IITyM y TECTOBY BHOIpPKY.
Takox 3actocyemo Word2Vec, mo OyB momepenHro TpeHoBaHui Ha maracetri Google News
(6mmzpko 100 MinbsipaiB ciiB)[ 12]. BukopucTtanHs nonepegHb0 MOKe BUPIIIUTH MpoOdiIeMy KOiu y
TpeHyBaJbHIN HEMae BIAMOBIIHOTO TOKEHA JUIsl TECTOBOI BUOIPKH Ta 30UIBLIINTH TOYHICTH MPOTHO-

3yBaHHS 3arajioM 3a paxyHOK OUIbIII TOYHUX Bar JJisi TOKCHIB.
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Haisnuii baiiec

Haisuwmii baiiec - rpyna anroputmiB kinacudikamii JaHHX 32 JONOMOTO0 MAITMHHOTO HaBYaH-
HSl 3aCHOBaHUX Ha TeopeMi baiieca. Bxitouae y ce0e pi3Hi Bapiarii aroputMu s Kiacuikamii
tekcty. MynbTuHOMIiansHUH baiiec (Multinomial Naive Bayes peanizye anroputm HaiBawmii Baiiec
I MyJIBTHHOMIAIBHO PO3MOAUICHUX TaHUX. BpaxoByrouu Te, 110 B3sATHIA y poOOTY JaTaceT BKIIO-
gae y cebe aBi rpynu mo 25000 3pa3kiB, MOKEMO BBa)KaTH JaHi 30aJlaHCOBAaHHUMH, TOMY PO3IJIsi-
HEMO BapiaHT BUKOpHcTaHHSI MynbsTHHOMIansHOro HaiBHoro baiieca.

AJNTOpUTM BHUPI3HAETHCA MPOCTOTOIO peai3allii Ta BUCOKOK €(PEeKTHBHICTIO 00YHCIEeHb. XO0-
4a, BPaXOBYIOUYH (DaKT, 1[0 aIrOPUTM 0a3yeThCsl Ha MPUIYIIEHH] PO HE3aJIEKHICTh 03HAK, BiH € HE
30BCIM MIAXOSAIIMM JIJIsS BUITAQJIKIB KOJIM € 3aJIe)KHI 03HaKU. Bucoka eheKTUBHICTh OOYMCIICHD Ja€
MO>KJIMBICTb IPALIOBATH 3 BEIUKUMU 00CATaMU JIaHUX.

PosrnsHemo nmapamerpu A Kinacugikaropa:

alpha: Ileit mapamerp 3aiae BenuuuHy 3riiakyBanHs Jlamiaca. Jlonae HeBenuke (QikTUBHE
YHCIIO0 O KOXHOTO HiIpaXyHKY O3HAaK y KOXKHOMY kiaci. Jlomomarae 3amoOirTu nepeHaB4YaHHIo,
0COOJIMBO KOJIM KUTBKICTh O3HAK BEJIMKA, & KUIbKICTh HABYAIBHHUX MPUKIIA/IB - MaJa.

CnpoOyemo niepebpatu 3navenss: 0.1, 0.5, 1.0, 2.0, 5.0 (crangaptae 3HadenHs: 1.0).

fit_prior: Ileit mapamerp BKa3ye, 4u NOTPIOHO OOYMCITIOBATH AmpiopHi HMOBIPHOCTI KIIaciB 3
HaBYAIbHUX JIAHHX.

3HavYeHHS TapaMmeTpa:

True: PexoMeHIyeThCS, TaK SIK MOJIEIb aBTOMATHYHO ITiJUTAIITOBYETHCS ITiJ PO3IMOJIL KJIaciB
y JaHHX.

False: Moske mpu3BecTH 10 3MillleHHs B OiK TOIIMPEHOTO KIIacy.

Jlyis 30a1aHCOBAaHUX JTaHUX HE BIITpa€e BEJIMKOTO 3HAYCHHS.

OdikyeTbes, MmO AT 000X MapaMeTpiB HAMKpaml pe3ysibTaTH MOKaXYTh MapaMeTpu 3a 3a-
MOBYYBAHHSIM 3Ba)Kal0Uu Ha Te, 1110 JAaTaceT € 30amancoBanuM|§].

Po3wmip HaByanbHOI BuOipku: BpaxoByroun, BUCOKY €(heKTHBHICTh OOUMCIIEHB IJIsl JAHOTO all-
TOPUTMY MOKEMO BUKOPHCTOBYBATH JIOCUTh BEJIMKY HaBuaibHy BUOiIpKy. Po3risHemo Taki po30OuT-
14 (0.95 o3Hauae, mo 95% BigBOAUTHCA HA HAaBUANBHY BHOIPKY, a pemita - Ha TecToBy): 0.95, 0.9,
0.8,0.5,0.2,0.1, 0.05, 0.01, 0.005, 0.001, 0.0005, 0.0001.

Pe3ynbraTn nepesipku:

Accuracy of Naive Bayes Classifier with Different Training Set Sizes

05 08 09 0.95

0.0001 00005 0001 0.005 001 0.05 01 02
Pucynok 2 - Pesynbratu kinacudikarii Biarykis mis anroputMmy HaiBawmii baiiec
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SIx moxemo nobauutu Ha Pucynky 2, nounnatoun 3 5000-10000 3pa3kiB HaBuanbHOT BUOIPKU
MIBUJIKICTh POCTY TOYHOCTI B 3aJIeKHOCTI BiJl pO3MIpy TPEHYBaJbHOI BHOIPKH 3MEHIIYETHCS 1
rpadik TOYHOCTI BUXOAHWTH Ha cBoepiaHe 1uiato. [Ipu 3HaueHHAX HaBYAIBHOI BHOIPKH MeHIIE 25
3pa3KiB TOUHICTH JOPiBHIOE OJM3bKO 50%, 110 ()aKTHUHO € BraJyBaHHIM HAOCIHIIL.

Train Size Ratio: 0.2, Best Parameters: {"alpha': 0.1, 'fit_prior": True})

Confusion Matrix Classification Report

082 086 0.84 084

precision

Negative

087 082 084 084

recall

Actual

084 084 084 084

f1-score

Positive

084 4e+04

support

Negative Positive 0 1 accuracy macro avg
Predicted

Pucynok 3 - binbin geransHui 3BIT Ans anroputMmy HaiBuuii baiiec

Sk moxkemo mobaunty Ha PucyHky 3, TOuHICTH mepeabOadyeHHs NOpiBHIOE OMu3bko 84%.
Haiikpami pe3ynbraTu nokasanu napaMmerpu 3a 3amoBuyBaHHsaM (alpha: 0.1, fit_prior: true).

[IponyktuBHicTh: [linbip mapameTpiB, sIKMH BKIIOYAB y ce0e Kpocc-BamiJaliio 3 pi3HUMU
HabopamH mapaMeTpiB Ha BKa3aHMX BHOIpKax 3aifHAB O1M3bKO 5 XBUJIMH. BpaxoByrouu BiTHOCHO
BHUCOKY TOYHICTb Kiacudikalii mouynHarouu 3 TpeHyBasibHO1 BUOiIpku y 5000-10000 THCcsy 3pa3kis,
y peaJbHUX YMOBAax 3aCTOCYBaHHS 4ac HAaBUAHHS MOJIENI € HECYTTEBUM, OCOOJIMBO Y MOPIBHIHHI 3
OararbMa IHIIUMH MOJIEISIMHU.

[Tonepenni BucHoBku: IIpu HaBuanHi Ha BuOipui 3 10000 3pa3kiB TouHicTh ckiana 84%. Ilpu
BukopuctanHi 47500 3pa3kiB TOYHICTh ckayana 85%, 110 HE € HAATO CYTTEBUM pPOCcTOM. IcHye He
HaATO 6araro crocoOiB AJis HaJaIlITyBaHHs aJITOPUTMY, X04a BiH JO3BOJIAE 3a00IITH NTepeHaBYaH-
HIO Ta MPAIIOBATH 3 He30aJaHCOBAaHUMH JTAHUMH MTPH BUKOPHCTAaHHI HAJIAIITOBYBAaHUX IapaMeTpiB.
B minomy, anroput™ nmpugaTHuR Juist kiacudikamii TEKCTY, OCOOMMBO SIKIO HaByalbHA BHOIpKa
Mae€ BEJIMKHI 00CsT, a 00UHCITIOBaIbHI MOTYKHOCTI OOMEKEHI.

Support Vector Machines

Support Vector Machines (SVM) BUKOpUCTOBYeThCS Ui Kiacu@ikallii TEKCTOBUX IaHHX
[UIIXOM 3HAXOJUKEHHS ONTHMAJIbHOI TNEpPIUIOIIMHY, SKa PO3AUILE JaHi Pi3HUX KIIAaciB 3 MaKCH-
MaJIbHUM NPOMIKKOM. SVM Moke OyTH 3acTOCOBaHMH JuId 3aj1a4 kiacuikamii TEKCTY, TaKUX SIK
BHU3HAYECHHSI TOHAJBHOCTI TEKCTY, 3aBISKH 3JaTHOCTI MPAIfOBATH Yy BUCOKOPO3MIPHHUX IPOCTOpaxX
O3HaK.

C: Tlapamerp perymspusaiii, M0 KOHTPOJNIOE OadaHC MK MaKCHMi3alli€lo 3a30py Ta
MiHIMIi3aIier MOMUIKY Knacudikarii. Huzpki 3naderdss C poOasTh MOAENb OUTBII THYYKOO (BHUCO-
Ka peryispu3aiisi), ToAl sIK BUCOKI 3HaueHHS C 3MEHIIYIOTH PEryJsipu3alliio, poOsissuyd MOJETh
Ou1blI cyBOporo. Mojieni 3 BUCOKMM 3HAUEHHSIM I[bOTO MapaMeTpy MOXYTh MaTH CXHJIBHICTh JI0
nepenaByanHs. [Ipuknanu 3navens: [0.01, 0.1, 1, 10, 100].
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gamma: Koedirient s saaep, mo Bu3Havae "pajiyc BIUIMBY" OJIHI€T HAaBUYAIbHOT TOUKU. AK-
tTyansHui Juia RBF, moniHoMianbHUX Ta CUTMOIfanbHUX siiep. Bucoki 3HaueHHs gamma npHu3Bo-
JSTh IO MOJIENI 3 BUCOKMM TIEPEHABUAHHSM, & HU3bKi 3HAYEHHS POOJISATH MOACIH OB TTIaJKOKO 1
y3aranbHeHoro. [Ipuknaau 3HaueHs: ['scale’, 'auto’, 1, 0.1, 0.01, 0.001, 0.0001].

kernel: ®ynkiist simpa BU3HA4a€e Crocid MEPETBOPEHHS BXIJIHUX JaHUX Y OLIBII BUCOKHUI
npoctip o3Hak. OCHOBHI TUIIH siEp:

® 'linear': JliniliHe S1pO, MIAXOAUTH IS JIHIMHO PO3AITBHUX TaHUX.

® 'poly': [ToniHOMIaNBHE PO, KOPUCHE /ISl CKIAHUX HEIIHIHHUX B3aEMO3B'SI3KIB.

® 'tbf": Anpo pamianbHOi 6a3UCHOI HYHKITIT, JOOpE MOJEIIOE CKIIATHI HEMIHIAHI MEXI.

® 'sigmoid": CurmoinanbHe SApPO, aHAIOT HEMPOHHUX MEPEX 13 CUTMOINaIbHOIO (DYHKIIIEIO
aKTUBAaLil.

Cepen HenOMIKIB 3a3BUYall 3rayeThCs BPA3JIMBICTh 10 UIYMOBUX JaHMX Ta BUOArjauBICTH 10
o0uKCITIOBaJIBHUI pecypciB. Y BUMAIKy poOOTH 3 J€CATKAMU THCAY 3pa3KiB 3pa3KiB PEKOMEHAY€ETb-
Csl BUKOPHCTOBYBATH JIiHilHE A1po[9].

Po3mip HaBuanbHOI BUOiIpKU: BpaxoByroun, BUOArINBICT OOUUCIIEHB /TS JAHOTO AJITOPUTMY,
MaeMO IEBHI 0OMEeXeHHs Mo po3Mipy BubOipku. Posrmsnemo Taki pozoutrs: 0.5, 0.1, 0.05, 0.01,
0.005, 0.001, 0.0005.

Pesynpratu nepeBipku:
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Pucynoxk 4 - Pesynbratu knacudikaii BiIrykis ais anropurmy SVM

Ha Pucynky 4 MoxeMo moOauuTH, 1[0 TOYHICTH CYTTEBO 30UIBIIYETHCS 31 30UIBIICHHAM
HaBYallbHO1 BUOIpkH (25 3paskiB - 50% (dakTuuyHo, BraayBanHs Haocmimn), 50 3paskiB - 60%, 250
3paskiB - 71%, 500 3pa3skiB - 76%, 2500 3paskis - 83%, 5000 3pa3kis - 86%, 25000 3pa3kis - 89%).

126 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi Texnonorii» 5 (154) 2024 «System technologies)

Train Size Ratio: 0.5, Best Parameters: {'C": 1, 'gamma’: 'scale’, 'kernel": 'linear’})

Confusion Matrix Classification Report
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Pucynok 5 - SVM 3 TF-IDF ta ontumansHuii Habip mapaMeTpiB MOei

Confusion Matrix Classification Report
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Pucynok 6 - SVM 3 Word2Vec
Confusion Matrix Classification Report
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Pucynok 7 - SVM 3 nonepeanbo HatpeHoBanuM Word2Vec

Ha Pucynky 5 MokeM0 mo6aynTu onTUManbHUi Hallp mapaMeTpiB I 3a1aHoi BUOipku. Pe-
3yJIbTaTH MOXYTh BIAPIZHATUCS B XapakTepy TEKCTOBUX TaHMX, aje 3arajloM PEeKOMEHIYEThCS
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BUKOPHCTOBYBATH JiHIHHE S/IPO y BUMAJAKY BEJIMKOI KUIBKOCTI JAHUX 33JUId €KOHOMIil dacy Ta 00-
YUCIIIOBAJILHUX IIOTYKHOCTEM.

BucnoBku: IIpu Bukopucranui TF-IDF Brmamocs gocsrté TOYHOCTI mporHo3yBaHHS Y 89%
(Pucynox 5); 86% mus Word2Vec (Pucynox 6) ta 85% s momnepeaHbO HATPEHOBAHOTO
Word2Vec (Pucynok 7); mig0ip mapamerpiB Juis HaBYaJIbHUX BHOIPOK PI3HOTO po3Mipy 3aiHsB
6mu3pko 160 XBUIHH.

Jlocicmuuna peepecis

JloricTuuHa perpecisi € CTAaTUCTHYHUM METOJOM JJIs aHai3y Habopy JaHUX, Y SKOMY OJHA
a00 KiJibKa He3aJEeKHUX 3MIHHUX BU3HAYAIOTh Pe3yiIbTaT. BoHa BUKOPUCTOBYETHCS IS 3a1a4 Kila-
cudikarii, 1e 1iTbOBa 3MiIHHA € OIHApHOIO (HANPHUKJIAJ, MO3UTHBHA a00 HEraTHBHA TOHAJILHICTH
TekcTy). JlorictuuHa perpecis MoJeN0€ HMOBIPHICTh TOTO, 110 KOHKPETHUHN 3pa30K HAJEKUTh J10
IIEBHOI'O KJIacy, BUKOPUCTOBYIOUH JIOTICTUYHY (DYHKIIIO (CUTMOIAHY).

C: mapametp peryispusauii, skl BU3Ha4yae cwity peryispusaiii. Huspki 3nauenns C Bka-
3YIOTh Ha CHJIBHY pEryJisipu3allito, TOAl sSIK BUCOKI 3Ha4€HHs 3MEHIIYIOTh peryispu3zauito. [Ipuxia-
1w 3Hadens: [0.01, 0.1, 1, 10, 100].

penalty: Tun perynspusanii, sika 3aCTOCOBYETBCS IO MOJIEI JUIsl 3a100iraHHsI IePeHABYAHHIO.
[Tpuknanu 3navens: ['11', '12, 'elasticnet'(kom6inaris 11 ta 12)[11].

solver: anroput™m onTtuMmizanii, KU BUKOPUCTOBYETHCS IS MONIYKY ONTHMAIIbHHUX Iapa-
MmeTpiB mojeni. [Ipukinanu 3HaueHs: ['newton-cg', 'Ibfgs’, 'liblinear’, 'sag’, 'saga’l.

max_iter: makcuMalibHa KUIBKICTh ITepalliid, [0 BUKOPHCTOBYIOTHCS aJITOPHUTMOM JIJIsI
30ixkHOCTI. [Tpukitamu 3navens: [ 100, 200, 500].

I1 ratio: mapamerp s OamancyBanHs wMibk L1 Ta L2 perymspusatopiB s
ElasticNet[10][11].

Po3wmip HaBuaneHOI BHOIpKH: ANTopuT™M € MeHII BUTpaTHUM HiX SVM[10]. PosrisiHemo Taki
posouTTs: 0.5, 0.2, 0.1, 0.05, 0.01, 0.005, 0.001, 0.0005, 0.0001.

10 Accuracy of Logistic Regression Classifier with Different Training Set Sizes
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Pucynok 9 - Pesynbratn kimacudikamii juis Jlorictuanoi perpecii

Ha Pucynky 7 MoxeM0 100OauuTH, MO0 TOYHICTH CYTTEBO 301TBITYETHCS 31 301TBIIICHHSIM HaB-
JanpHOi BUOiIpKH (5 3paskiB - 50%, 25 3pa3kiB - 58%, 50 3paskiB - 67%, 250 3pa3kiB - 76%, 500
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3paskiB - 81%, 2500 3paskiB - 85%, 5000 3paskiB - 86%, 10000 3paskiB - 88%, 25000 3pa3kiB -
89%).

Train Size Ratio: 0.5, Best Parameters: {'C": 0.01, 'I1_ratio": 0.1, 'penalty": 'elasticnet’, 'solver" 'saga'})

Confusion Matrix Classification Report
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Pucynok 10 - Pesynbratu ans Jlorictuunoi Perpecii 3 ElasticNet perynspusaitiero

Confusion Matrix Classification Report
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Pucynok 11 - Pesynbraru s Jlorictuunoi Perpecii 3 Word2Vec

Confusion Matrix Classification Report
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Pucynok 12 - Pe3ynbTaTu A7 JOTICTUYHOI perpecii 3 monepeanbo HatpeHoBanuM Word2Vec
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Bucnosku: IIpu Bukopucranui TF-IDF Bmamocs gocsrté TOYHOCTI mporHo3yBaHHS Y 89%
(Pucynox 10); 86% mist Word2Vec (PucyHok 11) ta 86% mns momepeaHbO HATPEHOBAHOIO
Word2Vec (Pucynok 12); minbip mapamerpiB sl HaBYaJIbHUX BUOIPOK PI3HOTO pPO3Mipy 3aifHsB
6mu3pK0 20 XBHIIUH.

3acanvHi 6ucHoBKU

[Tpu xmacuikanii texcty 3 BukopuctanusaMm TF-IDF Tta mogpeneit Naive Bayes, SVM Ta
Logistic Regression Haiikpamia TO4HicTH Oyja AOCSATHYTa 3 BHKOpPHCTaHHAM Mojeneii SVM Ta
Logistic Regression (89% mpu po30UTTS HaBIILT HAa HABYAJIbHY Ta TeCTOBY BHOipkHu). Moaens Naive
Bayes nponeMoHCTpyBasia TEX NPUHHATHI PE3yNIbTaTH, ajle TIOKa3HUKa TOYHOCTI BHUILE 84-85% no-
carty He Baanocs. [Ipu Bukopucranni moaeni Word2Vec TouHicTh niepenOadeHHsT MPH 33 TISTHUX
80% BuOipku a1 HaBuaHHs ckjana 86%. [Jns SVM ta Logistic Regression MeTpUKH BHUSIBUIIUCS
nyxe cxoxumu. [ToniOHi pesynbratu Oynu npojaeMonctpoBani Word2Vec momepeqHb0 TpeHOBa-
HoMmy Ha BuOipui 3 Google News (tounicts ans Jlorictuunoi Perpecii: 86%, ans SVM: 85%).
Biporigno, mpo6iieMa momsirae y He CTUIBKH Y OOMEKEeHOMY 00’€Mi CJIOBHHKA, CKUIBKH Yy HE0O-
X1JTHOCT1 poOOTH 3 KOHTEKCTOM Ta PO3ITi3HABaHHI TEKCTOBUX IaTEPHIB.

Heiiponni Mepe:xki. Po3rnsgaemMo Tpu THIIM HEUPOHHUX MEPEX Ui 3a7adi kinacudikaii Tek-
cTy: mTy4Hi HeilpoHH1 Mepexi (ANN), sroptkoBi HeliporHi Mepexi (CNN) Ta pekypeHTHI HeUpOH-
Hi Mepexi (RNN) 3 Bukopucranasm LSTM. [[ins K0KHOT MOJIeni MH ONHCAId BUKOPHCTAaHI Mapa-
METpH Ta HAJIAIITYBAHHS, TIOSICHIIIN MIPUYMHU 1X BHOOPY Ta MPOBEIH KOPOTKHUI OTJIISI.

Kopomxkuii oenso

Artificial Neural Networks (ANN): ANN ckianarThcs 3 IIapiB HEHPOHIB, KOXKEH 3 SIKHX
3'€lHaHMI 3 HEMPOHAMHU HACTYMHOTO Iapy. Bonu miaxoasaTe 1is 6a30BHUX 3a/1a4 Kiacudikarii TeK-
CTY, ajlé MOXYTb HE BPaxOBYBATH MOPSAIOK CIIB Y TEKCTI, 10 0OMEXKYE iX ePEeKTUBHICTh Yy CKJIaj-
HIINIKX 3a7a4ax .

Convolutional Neural Networks (CNN): CNN BHKOPHCTOBYIOTH 3TOPTKOBI IIapu st
BHUJIUICHHS JIOKAJIbHUX O3HAK TEKCTY, TaKuX K (pazu abo H-rpamu. Bonu n1obpe miaxoasTs s 3a-
Jay, 1€ BayKJIMBI JIOKaJIbHI 3aJI€KHOCTI MK CIIOBaMH, ajleé MOXKYTh HE BpPaXOBYBATH JIaJIeKi 3alex-
HOCTI y TeKCTI .

Recurrent Neural Networks (RNN) 3 LSTM: RNN 3 LSTM-irapamMu 103BOJISIFOTE MOJEII
BpPaxOBYBAaTH IMOCIIJIOBHICT Ta 3aJI€KHOCTI MIXK CIIOBaMM Y TeKCTi. BoHM eQexkTHBHI A 3a1ay, ae
BXJIUBUI KOHTEKCT 1 MOPS/IOK CIIiB, 1110 POOMTH iX HAHKpalMMHU 1J11 0OOpOOKH MOCIiTOBHUX JaHUX.

ITiocomoska oanux

[Tpu xnacudikanii TEKCTY 3 BUKOPUCTAHHIM METO/IB TJIMOOKOr0 HaBUAHHS BUAAJICHHS CTOI-
CJIIB MO’K€ HETaTUBHO BIUIMHYTHU Ha SKICTh KiacHuikaiii uepe3 BTpaTy rpaMaTUYHUX 3B’ SI3KIB Y pe-
YCHHSIX.

BHKOPHCTaEMO TOKEHi3aTOp I1si poOOTH 3 JAHHMH. VOro MPHHIHI pOOOTH TOJATAE y TIepe-
TBOPEHHI CJIIB Yy YHCJIOBI TOKEHH, a TEKCTH, B CBOIO Yepry, y BEKTOpH 3 Iux yucen. [lonepenHpo
TEKCT MPUBOJUTHCS JJO HUKHBOTO PETICTPY, BUAAISIOTHCS CUMBOJIM MMyHKTYALlli Ta CreiaibHl CUM-
Boiu [13].

Kpim Toro, cmig mogatu 3HadeHHs «0» y KiHelb BEeKTOpiB (200 y MOYATOK) JJIS TOTO 100
MIPUBECTH YC1 BEKTOPH JI0 OJTHAKOBOT JTOBXKUHHU (JOBKHHH HAI0BIIOTO BekTopa)[13].
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Memoouxa
Artificial Neural Network (ANN):
Monens ANN Oyna noOyoBaHa 3i HACTYITHUMU IIapaMHU:

Embedding Layer: Bukopucrano map embedding 3 po3mipHicTio 256, 11100 IEPETBOPUTH TEK-
CTOBI JIaHi Yy BeKTOpH (hikcoBaHOi po3mipHOCTI. Lle q03Bossie Moemi e(heKTHBHO MPAIIOBATH 3 TEK-
CTOM.

Flatten Layer: Byno nonano map Flatten miist neperBopeHHs: 6araTOBUMipHOTO BUXOJY IHapy
embedding B 0THOBUMIpHMIA BXiJl JJIs IOBHO3B'SI3HUX IIAPIB.

Dense Layers: BukopucTtano aBa MoBHO3B'sI3HI mapu 3 128 Ta 64 HeiipoHaMu BiAMOBIAHO Ta
¢dbynkuiero aktuBarii ReLU mist HaBYaHHS CKJIQJHUM HEJIHIMHUM B3a€MO3B'SI3KaM y JIaHUX.

Dropout Layers: byno nomgano nea mapu Dropout 3 mapamerpom 0.5 ains 3ano0iraHHs nepe-

HABYAHHIO IIIJISIXOM BUIIAJIKOBOTO BUMUKAHHS HEUPOHIB I1iJ1 4Yac HaBYaHHSL.

Output Layer: Bukopucrano BuximHuii 1map 3 1 HefipoHoM Ta (yHKIIERO aKTHBarlii sigmoid
Jutst OiHapHOI Kiacudikartii.

Convolutional Neural Network (CNN)

Mopnens CNN ckiazianacs 3 HACTYHHUX [IapiB:

Embedding Layer: Bukopucrano mrap embedding 3 po3mipHicTio 128 11 iepeTBOpEHHS TEK-

CTY y BEKTOpPH (iKCOBAHOI PO3MIPHOCTI.
ConvlD Layer: Byno momano 3roptkoBumii map 3 128 ¢inbrpamu ta po3mipom dieTpa 5 mms

BHJIUJICHHSI JIOKAJIBHUX O3HAK TekcTy. DyHKIis aktuBamii ReLU 3a0e3neuye HENMHIHHICTS.
GlobalMaxPoolinglD Layer: BukopucraHo rio0aibHE MiJICYMOBYBAHHS Uil 3MCHIICHHS

PO3MIPHOCTI BUXOJly 3 3rOPTKOBOIO ILIapy, BUOMpAIOUM MaKCHUMajbHE 3HAYEHHS 3 KOXKHOTO (iib-
Tpa.

Dense Layer: /lonano nmoBHO3B'sI3HUM 1map 3 64 HelipoHamu Ta ¢yHKIi€eo aktuBamii ReLU
JuI Kiacugikalii Ha OCHOBI BUJIJIEHUX O3HAK.

Output Layer: Bukopucrano BuxigHuii map 3 | HeiipoHoMm Ta (yHKIi€r0 akTuBarii sigmoid
111 61HapHOT Kiacudikari.

Recurrent Neural Network (RNN) 3 LSTM:

Mogens RNN 3 LSTM Bruttoyasna Taki mapu:

Embedding Layer: Bukopucrano map embedding 3 po3amipHicTio 256 11151 mepeTBOPESHHSI TEK-

CTOBHUX JJAaHUX Y BEKTOPHU (hiKCOBAHOI pO3MipPHOCTI.

LSTM Layer: byno nogano LSTM-map 3 256 neiipoHamu At 0OpoOKH MOCIIOBHOCTEH Ta
BpaxyBaHHs 3aJIEKHOCTEH MiX €JIeMEHTaMH TEKCTY.

Dense Layers: BukopucTtano 1Ba MoBHO3B'sI3HI mapu 3 128 Ta 64 HelipoHaMu BiAMOBIAHO Ta
¢dbynkmiero aktuBarii ReLU mist HaBYaHHS CKJIaJHUM HEJIIHIMHUM B3a€MO3B'sI3KaM y JTaHUX.

Dropout Layers: byno nogano nsa mapu Dropout 3 mapamerpom 0.5 mist 3amo0iranHs nepe-
HaBYaHHIO.

Output Layer: Bukopucrano BuxigHuii map 3 1 HeiipoHoMm Ta (yHKIi€r0 akTuBarii sigmoid
Ui G1HApHOI KiIacu@ikarii.

Jly1a koxHOT MoienTi OyJI0 MPOBEEHO HaBYaHHS Ta OL[IHKY Ha T€CTOB1i BUOIpIIl 3 HACTYITHUMU
HaJIAIITyBaHHAMU:
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Byno o6pano ontumizarop Adam Ta ¢yHKuiro BTpaT binary crossentropy Al HIBHIKOI 1
CTab1IbHOT KOHBEPTeHII].

EarlyStopping: Buxopucrano callback EarlyStopping 3 MOHITOpHHIOM IOKa3HUKa
'val_accuracy’, patience=2 ta mode='max' aJsl 3yIIMHKY HaBYaHHs, KOJIM OKPAICHHS TOYHOCTI Ha
BaJTiMaIiiHIi BUOIpIIl 3yNUHAETHCA, 1100 YHUKHYTH TIepEeHaBYAHHSL.

Pesyrnomamu:

Learning Curve
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Pucynok 13 - Kpua napuanus st ANN

Taobmums 3
3BiT st ANN
Class Precision Recall F1-score Support

0 0.85 0.86 0.85 12500

1 0.86 0.85 0.85 12500
accuracy 0.85 0.85 0.85 12500
macro avg 0.85 0.85 0.85 12500
weighted avg 0.85 0.85 0.85 12500
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Pucynok 15 - Kpusa HaBuanus i1 CNN
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TaOuuns 4
3BiT g CNN
Class Precision Recall F1-score Support

0 0.90 0.90 0.90 12500

1 0.90 0.90 0.90 12500
accuracy 0.90 0.90 0.90 12500
macro avg 0.90 0.90 0.90 12500
weighted avg 0.90 0.90 0.90 12500

Ha Pucynok 13 MoxeMo0 moOa4uTu CXO0XKy TEHACHIIII0 3MEHIICHHS! TOXHOKH Ha TPEHYBAJIb-

HUX 1 TecTOBHX HaOopax. [lounHarouu 3 6 €moxu MOJIENb ToYaia JeMOHCTPYBAaTH O3HAKU ITEPEHAB-

YaHHS, TOMY Ha enoci 8 HaB4aHHs OyJsi0 3ynuHeHo. TouHicTh mporHo3yBaHHs ckiana 90%.
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0.95 4

Learning Curve

— Train Accuracy
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Pucynok 17 - Kpusa naBuanus it RNN

T
2
Epoch

T .
3 4

Taomus 5
3BiT m1st RNN
Class Precision Recall F1-score Support
0 0.87 0.86 0.86 12500
1 0.86 0.87 0.87 12500
accuracy 0.87 0.87 0.87 12500
macro avg 0.87 0.87 0.87 12500
weighted avg 0.87 0.87 0.87 12500
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Ha xpuBux naBuanns (Pucynok 13, Pucynok 15, Pucynok 17) mMoxeMo MoOaduTu CXOXKY
TEH/ICHIIIF0 3MEHIICHHS MOXMOKM Ha TPEHYBAJIBLHUX 1 TecTOoBHX Habopax. [lounHaroum 3 meBHOI
enmoxu (ANN: 3, CNN: 6, RNN: 3) mozeni nmodanu J€MOHCTPYBAaTH O3HAKH TEpEHABYAHHS, TOMY
JIBOMA €MoXaMH Ii3Hille HaBuaHHsS Oyno 3ynuHeHo. TounicTe mporrosyBaHHs st ANN ckiana
90%, miist CNN - 90% ta 87% miiss RNN, BiamoBigHoO.

Bucnosku:

® CNN moxkasana HaWKpail pe3yabTaTH 3a BCiMa TOKa3HWKAaMHU, IIO BKa3ye HA BUCOKY
3JIaTHICTH PO3Mi3HABATH OCOOIMBOCTI BXiTHUX JaHUX, /1€ BAXKJIMBA JOKAJIbHA CTPYKTYpa.

® RNN mnoxkasye kpamii pesynbratd HDK ANN, mo Moxke OyTH KOPHUCHUM Yy BHIIQJKax 3
MOCIIITOBHUMH JAaHUMU, TAKUMHU K TEKCT Y TOMY YHUCIII.

® ANN mae HallHUK4YY TOUHICTb, ajie BCe IIe € e(PeKTUBHOI Y BUMAIKAX 3 MEHII CKIIQIHUMU
JTAHUMH.

BucHoBkH. 3 J0CHIKEHHS MOXEMO 3p0OOUTH BUCHOBOK, IO 3a JIOTIOMOTOK) CTaTMYHUX Me-
TO/JaM Ta HEMPOHHUM MepekaM MOMIIMBO JTOCSTTH TOYHOCTI IPOrHO3yBaHHS 0n3bk0 90 BiACOTKIB
0e3 3HAYHHUX OOYMCIIOBAIBHUX BUTPAT Ta BUTpAT Yacy Ha HaBYaHHS kinacudikaropa. Taki meronu
sk Jlorictuuna Pecpeciss, CNN ta RNN MarT mupoBux npocTip Ui HaJalTyBaHHs MapaMeTpiB Ta
MOXXYTh OyTH MIJUIAIITOBAHI /U PI3HOMAHITHUX 331a4. SKiio € Oi3Hec-BUMOra y BHINIM TOYHOCTI
MIPOrHO3YBaHHs, TO, MOKJIMBO, € CEHC Y BHKOpPHCTaHHI Tpancopmepi Ta LLM (Large Language
Model). ITpu 11bOMy Ma€ MicCIie aCIIeKT HAsIBHOCTI HEOOXiTHMX OOYMCITIOBAIBHHUX MOTY)KHOCTEH Ta
eKOHOMIYHOT JominbHOCTI Bukopucants Open APl Bix LMM (GPT-3.5 Turbo, GPT-4 Ta inmi).

JITEPATYPA/REFERENCES
1.Source Code for the Article. URL: https://github.com/w3t4nu5/NLP-Article
2. IMDB Dataset of 50K Movie Reviews.
URL.: https://www.kaggle.com/datasets/lakshmi25npathi/imdb-dataset-of-50k-movie-reviews
3. HuggingFace: Transformers. URL.: https://huggingface.co/docs/transformers/index
4. Stopwords [NLP, Python]. URL: https://medium.com/@yashj302/stopwords-nlp-python-
4aa57dc492af
5. Pavliuk, D. I., Baibuz, O. H., and Honcharova, Y. S. "Text Preparation for Natural Language
Processing." 'XIX International Scientific and Practical Conference “Creative Business Manage-
ment and Implementation of New Ideas™, 14-17 May 2024, Tallinn, Estonia, pp. 223-225.
6. Feature extraction. URL: https://scikit-learn.org/stable/modules/feature extraction.html#text-
feature-extraction
7. Mikolov T., Chen K., Corrado G., Dean J. Efficient Estimation of Word Representations in Vec-
tor Space. 2013. URL.: https://arxiv.org/pdf/1301.3781
8. MultinomialNB.
URL.: https://scikit-learn.org/stable/modules/generated/sklearn.naive_bayes.MultinomialNB.html
9. Support Vector Machines. URL.: https://scikit-learn.org/stable/modules/svm.html
10. LogisticRegression. URL: https://scikit-
learn.org/stable/modules/generated/sklearn.linear_model.LogisticRegression.html

134 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)


https://scikit-learn.org/stable/modules/generated/sklearn.linear_model
https://scikit-learn.org/stable/modules/generated/sklearn.linear_model

«CucremHi TexHosorii» 5 (154) 2024 «System technologies»
11. Elastic Net Regression —Combined Features of L1 and L2 regularization. URL:
https://medium.com/@abhishekjainindore24/elastic-net-regression-combined-features-of-11-and-I2-
regularization-6181a660c3a5
12. Google Code: word2vec. URL.: https://code.google.com/archive/p/word2vec/
13. Natural Language Processing in TensorFlow. URL: https://www.coursera.org/learn/natural-
language-processing-tensorflow/home/week/1

Received 17.06.2024.
Accepted 21.06.2024.

Review of methods for semantic text classification

Recent advancements in text classification have focused on the application of machine learn-
ing and deep learning techniques. Traditional methods such as Naive Bayes, Logistic Regression,
and Support Vector Machines (SVM) have been widely utilized due to their efficiency and simplici-
ty. However, the advent of deep learning has introduced more complex models like Artificial Neural
Networks (ANN), Convolutional Neural Networks (CNN), and Recurrent Neural Networks (RNN),
which can automatically extract features and detect intricate patterns in textual data. Additionally,
transformer-based models such as BERT have set new benchmarks in text classification tasks. De-
spite their high accuracy, these models require substantial computational resources and are not
always practical for every application. The ongoing research aims to balance accuracy and compu-
tational efficiency.

Purpose of Research. The primary objective of this study is to review and compare various
methods for automated text classification based on sentiment analysis. This research aims to evalu-
ate the prediction accuracy of different models, including traditional machine learning algorithms
and modern deep learning approaches, and to provide insights into their practical applications and
limitations.

Presentation of the Main Research Material. This study utilizes the “IMDB Dataset of 50K
Movie Reviews” to train and test various text classification models. The dataset comprises movie
reviews and their associated sentiment labels, either positive or negative. The research employs
several preprocessing steps. For feature extraction, methods such as Bag-of-Words (BoW), TF-IDF
(Term Frequency-Inverse Document Frequency), and Word2Vec are used. These features are then
fed into various classifiers: Naive Bayes, Support Vector Machines (SVM), Logistic Regression,
Deep Learning Models.

Conclusions. The comparative analysis reveals that while traditional machine learning meth-
ods like Naive Bayes, SVM and Logistic Regression are efficient and easy to implement, deep learn-
ing models offer superior accuracy by capturing more complex patterns in the data. However, the
computational demands of deep learning models, particularly transformers, limit their applicability
in resource-constrained environments. Future research should focus on optimizing these models to
balance accuracy and computational efficiency, making advanced text classification accessible for
a broader range of applications.

Recent advancements in text classification have focused on the application of machine learn-
ing and deep learning techniques. Traditional methods such as Naive Bayes, Logistic Regression,
and Support Vector Machines (SVM) have been widely utilized due to their efficiency and simplici-
ty. However, the advent of deep learning has introduced more complex models like Artificial Neural
Networks (ANN), Convolutional Neural Networks (CNN), and Recurrent Neural Networks (RNN),
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which can automatically extract features and detect intricate patterns in textual data. Additionally,
transformer-based models such as BERT have set new benchmarks in text classification tasks. De-
spite their high accuracy, these models require substantial computational resources and are not
always practical for every application. The ongoing research aims to balance accuracy and compu-
tational efficiency.
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METO/ CUHXPOHI3AILII TEMIIOPAJILHUX MYJbTUMOJAJBHUX JAHUX

JIJISI CTBOPEHHSA HU®POBOI'O JIBIMHUKA TOPTAHI

Anomayisn. Y cmammi 3anponoHo8ano memoo CUHXPOHI3AYIl MeMNnopanbHux MyabmMuMOOanbHUX
OAHUX, KU NPUSHAYEHO OJi1 CMBOPEHHSA Ma ONMUMI3AYII0 YUPDPOBUX OBIIHUKIE 20pMaHI TI0OUHU.
Memoo nadae modciugicmo inmeepayii 0iaeHOCMUYHUX OAHUX BI0e0NAPUH2OCMPODOCKONIT ma aKy-
CMUYHO20 AHANI3Y 2010CY 0151 CMBOPeHHs MouHoi 3D-modeni eopmani, sska 8i0meopioe hizionociuni
Xapakmepucmuky ma 2010co8y (yHxkyito nayienma. Y cmammi onucano memoo, 3acHO8AHUN HA
2NUOOKOMY HABYAHHI, AKUL 3a0e3neuye mouHe SUPIBHIOBAHHS YACO8UX MApKepie (a3 2010coymeo-
PEeHHs Ha 6CIX munax 0auux, i0obpasicaroyu 0emanizosany Oiomexaniky copmaui 6 ounamiyi. Pe-
3yIbmamu 00Ci0ANCeHHs c8i0Uamsb npo Ni0GUUEHHS MOYHOCII YUPDPOBO2O OBIlIHUKA. 3ACmMOCY8aH-
HA Yugpoeozo OBIUHUKA 20PMAHI NOKIUKAHE CNPOCMUMU NAAHYEAHHS XIPYPIUHUX 6MPYYaHb ma
IHWUX IIKYBATILHUX 3aX0018.

Knrouoei cnosa: inscenepiss npocpammoco 3abe3neuenHs, npocpamue 3abde3neuenHs, yupposull
0gitinuk, 3D-moOent08anus, CUHXPOHI3AYIL OAHUX, BI0e0NAPUHEOCMPOOOCKONIS, aKyCMUYHULL
amanis, OiomMexauika 201008020 anapamy, nepcoHaNi308aHa MeOUYUHd.

ITocTanoBka npod.aemu. CTBOpeHHs IM(POBOTo ABIIIHMKA TOPTaHi € CKIaJHUM 3aBJIaHHSM,
K€ BHMarae TOYHOI iHTerpaiii pi3HOMAaHITHUX MYJIbTUMOJAJIbHUX JaHUX IS BiITBOPEHHS pe-
aicTUYHOI OloOMEXaHIKM Ta (YHKIIIOHAJIBHOCTI rojocoBoro amapary. [Ipobirema mossirae y cu-
XpOHi3alli JaHUX, 10 BUMIPIOIOTHCS Y PI3HUN Yac, HAAXOAATh 3 PI3HUX JKEpeE, 1 B PI3HUX YMOBaXx.
3okpema, y JOCHIKEHH], Pe3yJbTaTh SKOTO MPEACTABJICH] Y il CTAaTT1, BUPIIIYEThCS 3a/1a4ya CUH-
XpOHi3allii Bijieo3anuciB (oHialii rojaocy Ta akycTUYHUX 3anuciB. L1 glarHOCTUYHI JaHi MOBUHHI
OyTH B3a€MO3aMiHHUMH, 1[0 Ja€ 3MOTY MOJETIOBATH AMHAMIUHI 3MIHM Yy TOpPTaHi MiJ 4ac rojioco-
yrBOopeHHs. [lepima ckmagHICTh TONAra€ B OOMEXKEHIM TOYHOCTI TPaaWIIHHUX METOMAIB CHH-
XpOHi3allii, Kl He BpaXOBYIOTh 1HIMBIyalbHi Bapiauii B aHaToMii Ta ¢izionorii roprani. Jpyra —y
HEOOX1THOCTI po3pOoOJIeHHS TMpOrpaMHUX 3ac00iB, SKi 3/1aTHI 0OpOONATH BENUKI 0OCATH JaHUX B
pearbHOMY Yaci 3 BUCOKOKO MPOMYCKHOIO 37aTHICTIO Ta MIHIMAJIBHOIO TIOMHJIKOIO. TpeTs — y cTBO-
peHH1 YHI(IKOBAHOI MOJEINI, SIKa MOXKE aJanTyBaTHCS 10 3MiH y (Pi310JIOTIYHUX JaHHUX Malli€eHTa
MIPOTATOM Hacy, BKJIIOYAIOUYH 3MIHU B IOJIOCI Yepe3 3aXBOpIOBaHHA a00 BikoBi 3MiHHU. Lli mpobiemu
BHMAararTh HOBOTO MIIXOy 10 OOpOOKHM Ta aHai3y JaHUX, IO Nependadac BUKOPUCTAHHS Tepe-
JIOBHX TE€XHIK MAllIMHHOTO HAaBYaHHS JJIsl BUSIBICHHS CKJIAJHUX IIA0JIOHIB B TEMIIOPAIbHUX Ta MPO-
CTOPOBUX XapaKTEPUCTHKAX MYJIbTUMOJAIBHUX TAaHUX. Pe3yiabTaToM JOCTIJKEHHS Ma€ CTaTH po-
3pO0JIEHHS aJTOPUTMIUYHO-IIPOTPAMHOTO METO/TY, 3a JJOIIOMOT'0OI0 SIKOTO MOYKHA 3a0€3MEeUUTH BUCO-
Ky TOYHICTh CHHXPOHI3allli TEMIOPAJIbHUX JaHUX, AK1 HAIXOIATh 3 PI3HUX JKEPE, I CTBOPEHHS
IHTErpOBaHOI 1 IMHAMIYHOI 1HAMBITyaIbHOI MOIeJi TOPTaHi MaIli€exHTa.

© Iecuancekuii B.1O., Cynema €.C., 2024
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AHai3 ocTaHHiX gociimxkens i myoOaikamiii. Chepa MojemOBaHHSI MEIUKO-010JIOTTYHUX
00’€KTiB Bi/I3HAYAETHCS MBUIAKUM po3BUTKOM [ 1]. OnHak, monpu mporpec, 3aaadi, OB s3aHi 3 TOU-
HOI0O CHHXPOHI3AIlIEI0 JAHUX PI3HUX MOJAIBHOCTEH, 3alUINAIOThCS akTyadbHUMH. OcTaHHI 10-
CIII/DKEHHS 31 CHMHXPOHI3allii MyJIbTUMOJAIBHUX JaHUX JEMOHCTPYIOTh BaXKJIMBICTH PO3pOOICHHS
OUITBII KOMIUIEKCHUX Ta IHTETPOBAaHHMX CHUCTEM, SIKI MOXYTh 00’€IHYBaTH CTPYKTYpHY, (pyHKIIiO-
HaJgpHy Ta OlomexaniuHy iH(opmMariro [2]. Ocranni myOmikamii 3 KoM toTepHOi ToMmorpadii Ta
MarHiTHO-pe30HaHCHOI Tomorpadii 30cepekKeHi Ha MiABUINCHHI JeTaiizallii 300pakeHb, 10 Ja€
3MOTy TOYHIIIIE BU3HAYUTH MIKPOCTPYKTYypH roprtani [3]. V Tol e Yac, ITOCHIDKEHHS Yy Tay3i
(dboniaTpii Ta JAPUHTOJIOTIT aKIIEHTYIOTh BaKJIUBICTh TOYHOTO BIITBOPEHHS (Di1310JIOTIYHUX MPOIIECIB
roJocoyTBOpeHHs. Tak, iHHOBaIiiiHI METOAM aKyCTHYHOTO aHalli3y, TaKi SK BHCOKOIIBHAKICHA
BiJICOJIAPUHTOCTPOOOCKOITIis, BUKOPUCTOBYIOTHCS JUIsI BUBUCHHS JWHAMIKU TOJIOCOBUX 3B’ 30K [4].
CuHepris [uX IOCTiKEHb 3 TIEPEOBUMH TEXHOJOTIsIMH 00pOOKH 300payKeHb, TAKIMH SIK MaIlIHH-
HE HaBYaHHSA, J1a€ 3MOTY CTBOPIOBATH JeTalbHI HHU(POBI MOjeNi ropraHi, Mo IMITYIOTh peayibHi
¢i3ionoriyni npouecu. OnHak, icHye Opak JOCHIHKEeHb, IKi 0 30cepeKyBaliCh Ha iHTEerparii aa-
HUX PI3HUX MOJAJIBHOCTEN y €JMHHUM MOTIK TEMIIOPAIIbHUX JaHUX [5], 110 HEOOXIAHO AJIS CTBOPEH-
HS TOYHHX 1 JUHAMIYHUX HUQPPOBHX JBIHHUKIB MEAMKO-010JIOTIYHUX OO0’€KTIB, 30KpeMa TOpTaHi.
Indopmariis npo anropuTMu Ta MporpamHe 3a0e3neueHHs 3 BKa3aHOi rayrysi MOKM 110 JO0BOJI IO-
BEPXHEBO BHCBITJIICHA y HAYKOBHUX Ipansx. TakuM YHHOM, piBEHb TEXHOJOTIYHOTO PO3BUTKY L€l
raiys3i, 3riHo 3 ingekcom TexHomoriunoi roroBHocTi TIOBE [6], nepebyBae Ha eTami po3po0ieHHs
npoTtoTumiB. e BU3HaYae akTyaabHICTh CTBOPEHHSI HOBUX aJTOPUTMIB Ta METOJIB OOPOOKH JaHUX,
gkl Opamu 6 10 yBaru crierudivHi TeMmopaibHi XapaKTePUCTUKU Ta JAUHAMIKY PyXY TOJIOCOBHX
3B’s130K. [loTpeba y TakoMy MiAXOAl € 0COONMBO HAralbHOK, OCKIIBKM BOHA MOKE BIIKPUTH HOBI
MO>KJIMBOCTI JUI JIIarHOCTHKH, XIpypriyHOrO IUIaHYBAaHHA Ta peadimiTamii micias onepariii Ha rop-
taHi. B ornszai niteparypu [7] 3a3HavaeThes, 110 HE3BAXKAIOUU HA 3HAYHUM Iporpec y cerMeHTarii
MEIUYHHUX 300pakeHb 1 aHaJli3l rojiocy, 3aJUIIAEThCS MPOrajliHa Y JOCTIIKEHHSIX, MPUCBIUYEHUX
CHUHXPOHI3allil X MYJIbTHUMOJAAJIbHUX JaHUX. HasBHI MeToaM CHHXpOHI3allli 4acTO BHUMAararoTh
py4YHOTO BTpyuYaHHs a00 HE BPaxOBYIOTh BCIX acHEKTIB 0l0MEXaHIKM TOJIOCOYTBOPEHHs, 110 00-
MeXYe IXHE 3aCTOCYBaHHS y KIIHIYHIN mpakTuii. 3 oriasay Ha Li npobiaemMu, He0O0X1IHICTh PO3po0-
JICHHS BJIOCKOHAJICHOTO METOJy CHHXPOHIi3allii, sKHii OM BUKOPHUCTOBYBAB IEPEBar MAIIMHHOTO
HaBYaHHSI, € BAKJIMBOIO IS MM1IBUILIEHHS TOYHOCTI Ta €(eKTUBHOCTI HU(POBUX IBINHUKIB TOPTAHI.
Takuif MeTol Mae JONOMOITH HE TUIBKM BJIOCKOHAJIMTU CTBOPEHHS MOAEJEH, aje i MpUCKOpUTH
MpoIleC BIIPOBAKEHHS LIUX TE€XHOJIOTIH Y KIIHIYHY NPaKTUKY, COPUSIOYN PO3BUTKY IEPCOHANI30-
BaHOI MEIMLIMHY 1 3HAYHO MOKPAIYIOYH Pe3yabTaTH JIKYBaHHS MAalli€HTIB 3 MOPYIIEHHSIMHU TOJIOCY.

Meta gociaigeHb. ['0J0BHOIO METOIO JOCIIIKEHHS, PE3YIbTaTH SKOTO MpeJCTaBlIeH] y il
CTaTTi, € PO3pOOJIEHHSI Ta €KCIIEpUMEHTaJbHA IEpeBIpKa KOMIUIEKCHOIO METOAY CHHXPOHi3allil
TEMIOPATBHUX MYJIBTUMOJAIBHUX JaHWX, SKi BHKOPHCTOBYIOTHCS [UIsi CTBOPEHHS 1 TOYHOI
Bi3yanizauii uudposoro ABiHUKA ropTadi. OCHOBHI 3aBIaHHS JTOCI1PKEHHS BKJIIOUAIOTh:

— aHaJi3 BIAOMHUX METOJIB CHHXPOHI3AIIl JaHUX 1 BUSBJICHHS IXHIX OOMEXEHb y KOHTEKCTI
MO/IEJIIOBAHHS TOPTaHi;

— PpO3poOJIEHHS METOly IHTEIpyBaHHS JUHAMIYHUX 300pakeHb 3 BiI€OJApPUHIOCTPOOOCKOIIIT
Ta aKyCTHYHI JIaHi roJIOCy B €IMHUH MOTIK TEMIOPAIbHUX JAHUX;

— BHUKOPHUCTAaHHS METOJIB MAIIMHHOT'O HABYaHHS JJIsl aBTOMAaTH3Allil poliecy CHHXPOHI3aLii
1 3MEHIIICHHS TOMUJIOK, TIOB’ I3aHMX 13 JIFOJICHKUM (DaKTOpOM;
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- ajanTallis MOJeil A0 1HIWBIAyaTbHUX OCOOJMBOCTEH MAIIEHTIB JUIsl MiABUIEHHS TOYHOCTI
J1arHOCTUKY Ta e(pEeKTUBHOCTI JIIKyBaJIbHUX BTPYYaHb.

[TpakTHYHUM pE3yIbTATOM JOCSTHEHHS Ii€l METH Ma€ CTaTH MiJABHIIEHHS €()EeKTUBHOCTI
J1arHOCTUYHUX Ta TEPANEBTUYHUX METOJIIB Y JIAPUHIOJIOTIT Ta (hOHIATpii, CIPUSHHS PO3BUTKY HEP-
COHAJII30BaHOI MEUIIMHY Ta MTOKPAIIEHHS SKOCT1 JKUTTS MAII€HTIB 13 MOPYIICHHSIMH TOJIOCY.

BuxiajieHHs1 OCHOBHOI0 Marepiajly AOCJHiuKeHb. Y KOHTEKCTI CTBOpPEHHs IU(POBOTO
NBIMHMKA TOPTaHI aHaI3 MYJIbTUMOJAIBbHHMX JaHHUX BiJirpae KIHOYOBY pousib. Jlkepena mgaHuX
BKJIFOYAIOTh KOMIT IOTEPHY TOMOTpadiro, MarHiTHO-PE30HAHCHY ToMOTpadiro, BiA€OJapHHTOCTPO-
OOCKoOMmiI0 Ta aKyCcTHMUYHHMM aHaji3 rojocy [8]. KokHe 3 mmx mpKepen Hamae yHIKaIbHUW BUMIp
CTPYKTYpH Ta (GYHKI[IOHYBaHHS TOpTaHi. HalOLIbII MOMUPEHUMH CITOCO0AMU TIarHOCTUKH TOPTaHi
€ BIJICOJIAPUHTOCTPOOOCKOIiSI Ta aKyCTUYHHIA aHami3 ronocy. JlocmiKeHHs, pe3ylbTaTh SKOTo
HaBEJCHI y Ii CTaTTi, IPYHTYIOTHCS CaM€ Ha MHX TIarHOCTUYHUX CIOC00ax, SKi MOJSTaloTh Y
HACTYITHOMY.

Bioeonapuneocmpobockonis BUKOPUCTOBYETHCS ISl Bi3yaJbHOrO aHalli3y Ta OLIHKH IU-
HaMIYHUX XapaKTEPHUCTHK TOJIOCOBUX 3B 530K Mija yac (oHallii, 3a0e3rneuyoun BizyaabHe YSBICHHS
PO MEXaHIKy T0JIOCOYTBOPEHHSI.

Axycmuunuii ananiz JO3BOJIAE€ aHANI3yBaTH XapaKTEPUCTUKU TOJIOCY, SK-OT 4YacToTa, aM-
IUITYAa, Ta TeMOp, 10 HeoOX1qHO AJI BIATBOPEHHS PEaTiCTHUHOT MOJIEINI T'OJI0CY.

Jnist BUpimeHHs npooieM, OB I3aHuX 13 CHHXPOHI3AIIEI0 BiICOJaHUX 3 BiACOJIAPHHTOCTPO-
Oockomii Ta aymiofgaHUX 3 aKyCTHYHOTO aHaji3y, MPOMOHYETHCS METOJ, SKHH TIPYHTYETbCS Ha
KOMOIHOBaHOMY BHKOPHCTaHHI Kpoc-KOpesiuii Ta MallMHHOro HaB4aHHsA. Lleil miaxix mae 3mory
aBTOMAaTHYHO BUSBIIATH B3a€MO3B’SI30K MIXK ayJli0- Ta BiJEOCUTHAJIaMH, BPAXOBYIOUH IXHIO YAaCOBY
3aTPUMKY Ta BapiaOeNbHICTh Y JUHAMILIL.

[TponoHyeThCSI HOPMAJII3YBAaTH BiJICOMOTIK Iepen 3acTocyBaHHsM (GyHKIil correlate, mo
BIJIIrpa€ KJIIOYOBY POJIb Y MiJABHILEHHI TOYHOCTI Ta €(h)eKTUBHOCTI aHali3y KOpesLii MiXk Bijeo- Ta
ayniocurHanamu. Lle momomoske yCyHYTH BIUTMB Pi3HHUII y MaciiTa0ax Ta OCBITJIEHOCTI, a TaKOX
CIpoIIye 1IeHTU(IKAIII0 B3a€EMO3B’ I3KIB MK CUTHAJIaMHU.

ITponioHOBaHI KPOKH alrOpUTMY HOpMali3allii BiIEONOTOKY € HACTYITHUMH.

ITeperBopenns y cipmii koJip. Lleil kpok 3MeHITye 00UYHCITIOBANIBHY CKIAIHICTh PO3POOITIO-
BAaHOTO METOJY, OCKUIbKU KOXKEH KaJIp MICTUTUME TUIbKU OJIMH KaHaJl IHTEHCUBHOCTI 3aMICTh TPbOX
KOJIIPHUX KaHaJIB.

Jlictunr 1. [IpuBeneHHs Kaapy BiICOCUTHAIY IO CIpOTO KOJIBOPY.

Import cv2
gray video = cvZ2.cvtColor (video frame, cvZ2.COLOR BGR2GRAY)

MacmradyBanusi iHnTeHcuBHOCTi. HopMarizarisi iHTEHCHBHOCTI KOJIOPY TIKCENIB y BiI€O-
curHaiy a0 aianasony [0, 1] a6o [-1, 1] mae Ha MeTi yHidiKaIllito piBHSI OCBITICHOCTI Ta KOHTPACT-
HOCTI MDXK pI3HUMH Kagpamu. L[poro MoxHa JOCATTH, HampuKiIal, 3 BUKOPUCTAHHAM Oi0J1iOTEKH

ffmpeg [9].
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Jlictunr 2. Hopmaitizaritisi BiieOCUTHAITY.
Import cv2

ffmpeg-normalize input.mp4 -o output.mp4 -c:a aac -b:a 192k

BuaijieHHs1 XapakTepUCTHYHUX O3HAK. /{15 MOAanbIIOro BUSBIECHHS KOpenswlii Bimeo- 3
ayJIiOCUTHAIAMHU JIOIUTPHO BUKOPHUCTOBYBATH METOAM KOMII FOTEPHOTO 30DPY JUIsl BUIUICHHS XapakK-
TEPUCTUYHUX O3HAK, sKI BiJOOpakarOTh PyX T'OJOCOBUX 3B’530K. [IpOmoOHy€eThCS BUKOPHUCTOBYBATH
¢dbynxkuiro 6i6miorexu cv2 [10].

Jlictunr 3. BuzineHHs XapaKTepUCTHK JUIsl BU3SHAYCHHS KOPEJISLIi.

import cv2
import numpy as np
cap = cv2.VideoCapture ('path/to/your/video.mp4d")
while True:

ret, frame = cap.read()

if not ret:

break # Axmo kKagpM 3aK1HUMIMUCL, B3aBEPUUTU IIUKJI
# BusapjeHHa "xopoumx" TOUOK
corners = cv2Z.goodFeaturesToTrack (gray frame,maxCorners=50,

qualityLevel=0.01, minDistance=10)

Kpoc-kopeasinisi M ayaio- Ta BiIEOCUTHAJIOM JaHUMU BU3HAYAE CTYIIHb B3a€MO3B’SI3KY
MDXX HUMH TP PI3HUX 3aTpUMKax 4acy. Lle 103Bosisie BU3HAUNUTH ONTUMANbHY 3aTPUMKY MIX ay/io-
Ta B1ICOCUTHAJIOM, MAKCUMI3YIOUH IXHIO KOPEJALi0. Y BUNAAKY MOJEIIOBaHHS rOpTaHi, ayJdl0CHr-
HaJIM BIJMOBIAAIOTH 32 3BYKH, 1110 T€HEPYIOTHCSI FOJIOCOBUMH 3B’SI3KaMH, TOJIl SIK BIJ€OCUTHAIIH Jie-
MOHCTPYIOTh (Bi3UYHUI pyX ITUX 3B’ SI30K.

Jlnst neox curnaiis X(t) ta y(t) auckperna kpoc-kopernsiris [ 11] Bu3HauaeThes sK:

R(r) = Xy x[t] - vlt + 1],

ne R(1) — GyHKITISE KpOC-KOPEISLii Py 3aTPUMILL;

X(t) — aynio curHai;

y(t+ T) — Bimeocurua 3i 3MillleHHSM Ha T,

N — 1oBXHMHA CUTHAIY;
t — qacoBMii 1HJEKC.

JlocuTh 4acTo TPUBAIICTH ayJio- Ta BiI€OCUTHANY He 30iraethcs. Lle BuMarae cneriajibHOTO
niAXony Juid iX CMHXpoHi3awii. i1 aHani3zy Kopemsiii Mk CUTHaJaMy Pi3HOI TOBKUHH MOXHA BU-
kopuctatu 3cyB (lag) ayaio- BinHOCHO BifieocurHainy. Lle n1o3Bonse "npockanyBatu' B3a€MO3B’ 130K
MDK CUTHaJlaMH Ha PI3HUX IHTepBajiaX 4acy 3 METOI BMSIBJICHHS HaWOUIbIIOI Kopemnsmii. 3 mpak-
TUYHOI TOYKH 30pYy JAOLUIbHIIIE 3CyBaTH KOPOTIIMI CUTHAN, OOUNCITIOI0YN KOPeJsililo 171 KOXKHO-
IO 3CyBY.
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Jlictunr 4. BusiBJIeHHST KOPEJIAIIii.
import numpy as np
from scipy.signal import correlate
import matplotlib.pyplot as plt
# OBUMCIIIEMO KPOC—KOPEJIAIlin
correlation = correlate (video, audio, mode='full')
lags = np.arange(-len(x) + 1, len(x))
plt.figure (figsize=(10, 5))
plt.plot(lags, correlation)

[Ticns BUSBICHHS KOPEJISIIIIT MK BiJIeO- Ta ayAiOCUTHAIAMH, HACTYITHIM KPOKOM € 30epe-
KCHHSI TEMITOPATBHUX JaHUX, OTPUMAHHX Y IPOLIECi KOPEISAIHHOTO aHaTi3Yy.

JlotiyibHO 30epiraTu JaTv Ta YacOBi MITKH, 3HAYCHHS 3aTPUMOK, 1HJIEKCH KaJIpiB BiJCOCHTHA-
7y, Jie BUSIBJICHO MaKCUMAaJIbHY KOPEJISIIiIo, Ta BIAMOBIAHI ayAio(pparMeHTH.

Jlictunr 5. [Ipukinaa nponoHOBAaHOI CTPYKTYPH JaHHX.

import json

data = {
'max correlation values': [0.95, 0.89, ...],
'video frame indices': [150, 300, ...],
'audio timestamps': ['00:01:05', '00:02:10', ...]

[le mae 3Mory BUKOPUCTOBYBATH 111 JIaH1 ISl TOJATBIIOTO aHaJi3y, BIICTEKEHHS, BIJTHOBIICH-
HS 4YM 1HIIKX 3aBAaHb. Hanpukiaz, kpiM nmoOy10BH HUPPOBOro IBIHHUKA, MOXKHA BUKOPHUCTOBYBa-
TH MAalIMHHE HaBYaHHS IS I€TAJIbHOTO aHaJli3y B3a€MO3B’SI3KY MIX PYXOM TOJIOCOBUX 3B 530K Ta
XapaKTepUCTHKaMU rojocy. Takok MOXHa 3aCTOCOBYBAaTH €J1€MEHTH IITYYHOI'O 1HTEJIEKTY JJIsl BU-
SIBJIGHHS crielM(iuHUX O3HAK B ayJ10- Ta BJIEOJAHUX, K1 KOPEIIOIOTh 3 MTEBHUMHU (D1310J0TTHHUMHU
CTaHAMH.

Posrnsinemo pe3ynbTaTtu eKCriepruMeHTaIbHOI YACTUHH JOCTIKEHHS.

Ha puc. 1 noka3ano 3HaiiieH1 TOUKH AJIs1 TPEKIHTY. 3MILIEHHS TaKUX TOYOK BITHOCHO MEPIIO-
ro KajJpy MO’KHa BHKOPHCTOBYBAaTH SIK HOpMalli30BaHE IPEACTaBIEHHS BiJEOMOTOKY. 3a HOp-
MaJli30BaHe 3HAYEeHHs ay10CUTHAIIy BI3bMEMO HOTo 4acToTy. B ekcriepuMeHTI BUKOPUCTOBYBAIHCS
(dbparmMeHTH 10BXKHHOMW B 1.2 Ta 1 cexyHay.
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Pucynoxk 1 - Bisyanizaiist 3HaliICHUX TOYOK JJISI TPEKIHTY

[Tokazanuii Ha puc. 2 rpadik JEMOHCTPYE Bi3yalizallifo Kpoc-KOpeIsilii Mi>k HOPMOBaHUMU
BiJIeO- Ta ayniocurHajgamu. Touka Ha rpadiky, sika MO3Ha4eHa YEPBOHUM KOJIBOPOM, € MapKepoM
3MIIEHHS, TPH SKOMY KOpEIIAllis MK CHTHAJaMH JOCSTae CBOro Makcumymy. Lle 3mimenHs i €

ITYKaHUM ONITHMAJILHUM 3HAYCHHSIM CHHXPOHI3allii MiXk ay/io- Ta BiJICOCUTHAIIOM.

Kpoc-kopensuia Mix Bigeo Ta ayaio curHanamm
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Pucynok 2 - Bizyaiizairist 009nCIeHOT MaKCHMAaTBHOT KOPEIISIIii

[ToGymyemo rpadiku 000X CUTHAIIIB 1 HAKIIAJEMO 1X OJJMH Ha OJHOTO 3 YpaxyBaHHSM 3MIIIEH-
HS JUIs Kparoi Bizyamizaiii. OTpuMaHuii pe3ynbTaT HaBeASHO Ha puC. 3.
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HopMoBaHi Bifeo Ta ayflio CMrHanu 3 ypaxyBaHHSAM 3MilLeHHS
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Pucynok 3 - Haknaneni HopMaii3oBaHi 3Ha4€HHS

OTtpuMaHa Bi3yai3allisi UTFOCTpPYeE, SK JBa CHTHAIM BiJIOBIAAIOTH OJMH OJHOMY Yy Yaci, Bpa-
XOBYIOUM BU3HAUYEHE ONTHMAJIbHE 3MILIICHHS.

Xoua po3po0JIeHHI METO/I CHHXPOHI3alii TEMIIOPAIIEHUX MYJIbTUMOJAIBHUX JTAHUX JE€MOH-
CTpY€E BUCOKY €(DeKTHBHICTh, BiH HE 1M030aBiIcHUN HEeIO0MiKiB. OMH 3 OCHOBHUX HEJIOJIKIB MOJISITAe
y moTpedi y JOBOI 3HAYHUX OOUYMCITIOBAIBHUX PECypCiB, 0COOIMBO MPU 0OPOOIIi BEIUKHUX JTaHUX.
KpiMm Toro, anroputm peanizaiii po3po6JeHOro MeToay Moxe OyTH YyTJIMBUM J0 IIYMY B JIaHUX,
[0 MO’K€ BIJIMBATH Ha TOYHICTh CUHXpOHI3alli. Buxonsuu 3 BuIlle3a3HauY€HOr0, NUIAXHU MOJANIbIIO-
ro BJOCKOHAJIEHHSI MOKYThb BKJIFOUYATH pO3pPOOJICHHS OUIbII €(EeKTUBHUX aIrOpUTMIB OOpPOOKH, SIKi
ONTHUMI3YIOTh BUKOPUCTAHHS OOYHMCIIOBAIBHUX pecypciB. Takok KOPUCHUM OyJe BIPOBAIKEHHS
JOJJaTKOBUX METOAIB (QiIbTpalLlli IyMy Ta HOKpAIIEHHs YyTJIMBOCTI 10 NOMHWIOK y 1aHuX. Bukopu-
CTaHHS TEXHIK MAIIMHHOTO HaBYAHHS JIJI1 aBTOMAaTUYHOTO BUIIPABIICHHS MOMUJIOK Ta 17IeHTUDIKAITT
ONTUMATBHUX TAapaMETPiB CHHXPOHI3allli TaKOkK MOKE€ 3HAYHO MIJIBUIIMTH TOYHICTH 1 HAJIIHHICTD
METOJy.

BucHoBKH. Y CTaTTiI pO3TIASHYTO MEPEIOBI MIIXOIM Ta METOAMKHU JJIsi CHHXPOHI3AIlll TeMITO0-
pPaIbHUX MYJIBTHMOJAJIBHUX JaHMX, 30KpeMa B KOHTEKCTI MOJENIIOBaHHS ropTaHi. BctaHoBIEeHHs
TOYHOI KOpEJSAIii MK BiI€O- Ta ayJIOCUTHAJIAMH € BUPIMIATBHUM JJISI TOYHOTO aHAI3y JTWHAMIKA
rOJI0COYTBOPEHHS, III0 MOKE CIPUATH MOKPALIEHHIO A1arHOCTUKH Ta JIIKYBaHHSI PO3JIaJIiB TOJ0CY.

3anponoHOBaHO YJAOCKOHAJIEHUM METOJ] CHHXPOHI3allili TEeMIOpPaIbHUX MYJIbTUMOAAIBHUX
JaHUX, KU IHTETpye allfTOPUTMHU KPOC-KOPEJALii 3 TEXHIKAMH MAalllMHHOTO HaBYAaHHS JIJI1 TOYHOTO
BUSIBJICHHS 3B 513Ky MIXK BiZieo- Ta ayaiocurHanamu. Lleit miaxin nae 3Mory He TUIbKHM BUSBIISATH 3a-
TPUMKHU MK CUTHaJIaMU 3 BUCOKOIO TOUHICTIO, aje il epeKTUBHO 00poOIATH MYJIbTUMO/IAbHI JaHi
3 PI3HOMaHITHUMH XapakTepucTukamMu. OCHOBHOIO OCOOIHMBICTIO 3alPOTIOHOBAHOTO METONY € BH-
KOPHUCTAaHHS KOMIT IOTEPHOTO 30pY ISl aBTOMAaTUYHOI'O Ta KOPEKTHOT'O BUSIBJICHHS KIIFOYOBHUX TOYOK
Ha 300pa’keHH1 Ta BCTAHOBJIEHHS TXHBOI KOpEJsLIi 3 ayAionapaMeTpamu, 0 BIAKPUBAE HOBI MOXK-
JUBOCTI I aHANI3y JWHAMIKH TOJIOCOYTBOPEHHS Ta JOCIHIDKEHHS 1HIIMX MEIUKO-010JI0TTIHIX
00’exTiB. [IponoHoBanMii MeTo ] 3a0e3mevuye BUCOKY CTIMKICTh 0 30BHIMIHIX MEPEIIKO Ta IIYMiB,
a TaKOX HaJa€ MOXJIMBICTH aamnTailii A0 JOBLILHOI PO3AUIBHOCTI BXIIHOTO BimeomnoToky. lle €
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BXJIUBUM JJIs1 TOYHOI 0OPOOKH TEeMITOPAIbHUX JaHUX, HEOOX1THUX ISl OJANBIIOT0 MOJICIIOBAH-
Hs U POBOTO ABIITHIKA 200 1HIIUX MAHIITYJISIIN.

ABTopu BUCHOBIIOIOTHh NoAsky IumioBcekit T.A., JOKTOpY MeIUYHUX Hayk, mpodecopy,
3aBimyBadii ipaboparopii ronocy i ciayxy [lep:kaBHOi ycTaHOBU «IHCTHUTYT OTOJApUHTOJIOTIT iM.
npod. O.C. Konomiituenka AMH VYkpainny», 3a HagaHHsS MEAUYHUX 300pakeHb Ta KOHCYIbTALIHHY
noromory. MeauuHi 300pakeHHsI HaJjaHi 3 JOTPUMAHHSIM BHMOT MEIUYHOI €THKHU 1 KOH(IACHIII i-
HOCTI iH(OopMarii.
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Methods of creating digital twins of medico-biological objects
using otolaryngology as an example
The paper presents an in-depth analysis on the most suitable tools and techniques for the
formulation of a digital twin, specifically focusing on internal organs. The larynx, a pivotal organ
in the human respiratory and vocal systems, is highlighted as the primary case study. The basis of
this digital twin generation is the video stream sourced directly from a medical device's onboard
camera, which provides real-time visual data of the organ. Two methodologies are put under the
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microscope in this study: one that harnesses the power of neural networks and another grounded in
algorithmic reconstruction using crucial points or markers within the video feed. Each method is
evaluated against a set of well-defined criteria. These benchmarks include the efficiency of the tool,
the accuracy of the digital representation it produces, the speed of its response, and its overall ap-
plicability within the confines of a typical medical environment.

After a rigorous comparative analysis, the research gravitates towards neural network-based
approaches, spotlighting them due to several standout features. Neural networks, as elucidated in
the paper, exhibit remarkable adaptability, ensuring that they can be tailored to diverse medical
scenarios. Their accuracy, even when confronted with "noisy" or fragmented data, is another
standout feature. This is paramount, especially in real-world scenarios where the data might not
always be pristine. The ability of neural networks to sieve through such data and still produce ac-
curate digital representations is a significant advancement in the field.

In conclusion, by affirming the superior potential of neural networks in crafting precise digi-
tal avatars of internal organs, the research not only provides a blueprint for enhanced diagnostic
and therapeutic methodologies but also underscores a paradigm shift in how medical professionals
can leverage technology for better patient outcomes. This synthesis of medical expertise and cut-
ting-edge technology is poised to redefine the boundaries of medical science, heralding a new era
of advanced diagnostics and treatment modalities.
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H.A. T'yk, M.IO. MiTtikoB
CYUYACHI TPOBJIEMH ITEHTU®IKAIIL AHOMAJIIM
B POBOTI ENTERPRISE SYSTEMS

Anomayin. ¥V cyuachux KopnopamueHux cucmemax 3pocmaioda CKIaoHicms i macuimaodou npospam-
HO20 3a0e3neyeHHst CMEoPHIMb HOBI GUKIUKU OJis1 NIOMPUMKU X HAOIIHOT ma cmabiibHoi pobomu.
OO0HUM 3 KPUMUYHUX ACNeKmi8 € I0eHnmu@ikayisi aHoMaitl, sIKi ModiCyms npuzeecmu 00 300i8 y po-
bomi cucmem, empamu OaHUXx ado 3HUNCEHHs NPOOYKmMueHocmi. Busenenns maxux anomaniu Ha
PAHHIX emanax € 6addciugor 3aoauyerd Ol 3abe3neyeHHs Oe3nepedilinoco QYHKYIOHY8AHHS
nionpuemcmaa.

Memorw yiei nyoaikayii € HAOUHO onucamu HAAHI BUKAUKU, CKIAOHICMb NPOSPAMHUX CUCTEM,
Henepeobauy8aHicms SUHUKHEHHSI 300168, VHIKAILHICMb KOJCHOI OKpeMoi cucmemu ma Hemodic-
Jusicms 3anucy yciei neoOXioHoi inghopmayii 015l 3HAXOOHCEHHs. NEPULONPULUHIU.

Oonum 3 ehexmusHux memooie 0iacHOCMUKU AHOMANIU € AHANI3 3HIMKI6 nam'ami (memory dumps).
Leti nioxio 0o36onsa€e ompumamu 0emaibHUll CMax CUCmemu Ha MOMEeHM SUHUKHEeHHS NOMUIKU abo
AHOMANLHOT NOBEOIHKU, WO 3HAYHO CNPOULYE Npoyec uslenHs nepuionpuyun. Ilpome, cyuacui cu-
cmemu npayomy ) CKIAOHUX YMOBAX 3 BeIUYE3HUMU 00CA2aMU OaHUX, MOMY KIACUYHI NiOX00U 00
AHANI3Y YACMO BUABNAIOMbC HEOOCMAMHbLO ePeKMUBHUMU.

YV oaniti cmammi poszensioaromuca cyuachi npobremu ioenmughikayii anomaniti y pobomi xopnopa-
MUBHUX cUcmeM 3d O0ONOMO20I0 AHANI3Y 3HIMKIE nam'sami, aHanizyiomscs Memoou ma iHCmpymeH-
mu, Wo GUKOPUCIOBYIOMbCS 01 Yb020 3A80AHHS, MA 002080PIOIOMbCI MONCIUB] HANPAMU iX NO-
0anbUL020 PO3BUMNKY.

Knrouoei crnosa: ioenmugbikayis anomanitl, Kopnopamueui cucmemu, 3HiMKU nam'ami, onmumizayis
NPOOYKMUBHOCMI, BUABIEHHA NPOOIeM, MAWUHHE HABUAHHS, NPOQDINIO8AHH KOOY, ale0pummu on-

mumizayii, MOHIMOPUHe cucmem, po3noOileHi CUCTEMU.

Beryn. 3 KOXHMM POKOM KOPHOPAaTHBHI CHUCTEMH CTalOTh BCE OLIbIN CKJIAJHUMH Ta Mac-
IITa0OHUMH, 1110 30UIbIIY€E KUTBKICTh MOTEHUIHHUX MpoOeM, Ki MOXKYTh BIUTMHYTH Ha iXHIO IpO-
JTYKTUBHICTb 1 CTaOIbHICTS [1, 2, 3]. AHOMaIi B poOOTi TakuX cHcTeM, sIK 3001 B poOOTI mporpam-
Horo 3a0e3nevyeHHs: a00 HeOuiKyBaHi BIIXUJICHHS BiJ HOPMAJIbHOI MOBEIIHKH, MOXKYTh IPU3BOJUTH
710 3HAYHUX BTpAT MPOAYKTHBHOCTI a00 HaBiTh O MOBHOI 3yMUHKU poOOTH KoMnaHii. BusBienns
Ta YCYHEHHA IIMX AaHOMAaJiil € KIIOYOBUM acleKkToM /s 3ale3nedyeHHs Oe3nepepBHOIro
(GyHKI10HYBaHHS KOPIIOPATUBHUX CHUCTEM.

MerTo1o CTarTi € JOCHIKeHHSI Cy4YaCHHUX aJITOPUTMIB Ta IHCTPYMEHTIB JJIsi BUSBICHHS aHO-
Maiil y po6oTi KOPIOPATUBHUX CHCTEM 3a JIOTIOMOTOI0 aHai3y 3HIMKIB MaM'sTi, a TAKOXK OIlIHKA 1X
e(eKTUBHOCTI, BUKIHUKIB Ta 0OMexeHb. CTaTTs TakoX CIPsIMOBAaHAa HAa BUBYEHHS ICHYIOUHMX Me-
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TOJIB ONTHUMI3allii MPOJYKTUBHOCTI MPOrPAMHOT0 3a0e3MeUeHHs 1 BU3SHAYCHHS MOXKIIMBUX HaIPSIM-
KiB MOJAIBIIUX JOCTIIKEHb JJI MOKPAIIEHHS MPOIECiB ieHTUdIKaIll Ta yCYHEHHST TpodiieM y
KOPIIOPATUBHHUX CUCTEMaX.

AJITOPUTMH Ta iIHCTPYMEHTH /ISl BUSIBJIEHHA NMPo0OJjeM. B OCHOBI CTaTUCTHYHHX METOJIB
JSKUTH 17IesT MaTeMaTUYHOI pernpe3eHTanii TaHuX, SK-TO CepelHiX 3HaueHb, AUCHEPCii Ta 1HIINX
CTAaTHUCTUYHUX TOKa3HUKIB [4]. Lle m03Bose BUSBIATA aHOMAJIl Ha PiBHI arperoBaHuX JaHUX, 3a-
3BHYAil B METPUKAX CUCTEMHOTO MOHITOPUHTY.

BaxnBo 3a3HauMTH, 10 METOJ MO’KE JIMILE BUKOPUCTOBYBATUCH NMOCT()AKTYM AJIsi BUSBIICH-
Hs (akTy aHOMaJIli, ajie He MOXe HaJaTu MEepIIONPUYMHY KA IPU3BeIIa 10 MPo0JIeMHOI IOBEIHKY.

ANTOpUTMH MAaIlIMHHOTO HaBYaHHS MOXXYTb OyTH BUKOPHCTaHI JJIs1 aBTOMAaTHYHOT'O BHUSBIICH-
HSl aHOMaJTid B cucTeMi. BOHHM 103BOJISIIOTH MOJIENIOBATH HOPMAaJIbHE MOBEAIHKY CHCTEMH 1 BUSIB-
JATU BIOXWIEHHA Bin Hei. J{is BUSABICHHsS aHOMallii BUKOPHCTOBYETHCS 1CTOpUYHA 0a3za METPHK
MoHiTOpHHTY [5]. Jlo3Bossie inenTudikyBatu (pakT HacTaHHA HEOPAMHAPHOI CUTYAIlii, alle He HaJa€e
NEPUIONPUYHHU.

Jlyis netanbHOI MIarHOCTUKYA BUKOPHCTOBYIOTH 3HIMKM HaM'sATi Ta iHIN BHIW TpoQiTroBaH-
Hs [6]. Lle Moxxe gomomortu B ifeHTUdIKALIl By3bKUX MICIb Ha PiBHI KOJY, BKJIIOYalOUHd BUTOKU
nam'sti abo HeoNTUMaIbHE BUKOPUCTAHHS PECYPCIB.

JlimiTariero HpOro MAXOAY € HeOOXiMHICTh 300py MAaHUX caMe y Yac HACTaHHS HEOYiKyBaHOI
CHUTYaAIi.

bixeBiopasibH1 aNropuTMH CHPSIMOBaHI Ha aHami3 "MOBeAIHKH" cucTeMH abo ii KOMIIOHEHTIB.
Ile moxe BKJIHOYaTH B cebe aHali3 MOCHIIOBHOCTEH omeparliii, IIBUAKICTE OOpOOKHU 3amuTIB, 1H-
TepakKIliil M’k KOMIOHEHTaMH Ta 1HIIIE.

3aranoM, e(eKTUBHICTh BUSABIEHHS NMPOOJEM 3aJeXUTh Bl KOMOiHALIl aJITOPUTMIYHUX Me-
TOJIiB, IHCTPYMEHTapilo, Ta iX MpaBWIbHOI IHTETpallii B apXiTEeKTYpy CUCTEMH.

Metoau onTuMizanii Ta ix 3acrocyBanHsi. Meroau onTtumiszaiii B MporpaMHii iHXeHepii
OXOIUTIOIOTh MTUPOKHUH CIIEKTP TEXHIK, II0 MAlOTh Ha METI MOKpAaIIeHHs e(EeKTUBHOCTI, IMBUAKOIII,
Ta cTaOUIBHOCTI cucTeM [7]. 3acToCyBaHHS LIMX METOJIIB MOXE CYTTEBO BIJIPI3HATHUCS B 3aJI€KHOCTI
B1Jl JOMEHY, MOBH NPOTrpaMyBaHHsI, Ta apXITEKTYPHUX PIIIEHb.

[TponienypHa onTHMi3alis CTOCY€ThCSI HU3bKOPIBHEBUX AITOPUTMIYHMX MIJIXOIB, SKi BKIIO-
YaroTh ONTHUMI3AII0 LUKIIB, YHUKHEHHS TyOIIOBaHHS BHpa3iB, Ta BUKOPUCTAHHS ONTHUMI30BAHUX
CTPYKTYp nanux. TyT Moke OyTH 3aCTOCOBAaHO, HANIPHUKJIAI, OITOBI MaHIMYJSIIIT AJIST IPUCKOPEHHS
orepartii.

Metoau BekTopH3alii Ta mapaienizamii 30cepe/keHi Ha ONTUMI3alii JUIi KOHKPETHOTO
oOnaHaHHsI, BUKOPUCTOBYIOUN 06araTonoTo4yHicTh abo crenudiuHi iHCTPYKINi mpoiecopa. Lle 1o03-
BOJISIE€ 3HAYHO MIIBUIIUTH IIBHIKOIIO, aJleé MOXKe 0OMEeXyBaTH Kpoc-tuiatGopmeHicTs [§].

OjHi€I0 3 MIUPOKO 3aCTOCOBYBAHUX TEXHIK € KEUTyBaHHs pe3yJbTaTiB (yHKIIN Ta 3aluTiB 10
0a3u aHuX, 110 3HAYHO 3HWKYE HABAHTAXXEHHS Ta MPUCKOPIOE BIIYK cucteMu. Memopisarlist 103-

BOJIsIE 30epirat pe3ynbTaTH BAXKKUX QYHKINHN 711 TTOAATTBIIOTO TOBTOPHOTO BUKOPUCTAHHS.
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[IpodiatoBaHHs KOMy Ja€ MOXKIUBICTH 17eHTH(IKYBaTH "By3bKi Miclsl" B CHUCTEMI, JIe OII-
TUMI3allis pyuHece HanOiIbIMi eexkT. MOHITOPUHT J103BOJISE BIJICTEKYBAaTH CTaH CUCTEMH B pe-
aJIbHOMY Yaci, 17IeHTU(IKyBaTH Ta pearyBaTtu Ha MOKJIMBI IPOOJIEMH.

B o6macti po6otu 3 6azamMu JaHMX OCHOBHI METOJM ONTHMIi3alii BKIIOYAOTh B cebe mpa-
BWJIbHHMM BUOIp 1HJIEKCIB, onTuMi3allito 3anmuTiB SQL, Ta mreHopmaizalliro 1aHuXx.

Bukiuku Ta o0Me:keHHs. B 0CHOBI BUsIBIIEHHS IPO0JIeM B CUCTEMax IMPOrpaMHOro 3abe3re-
YEeHHs JISKUTh arperoBaHa JIiarHOCTUYHA 1H(OpMaLlis, sKka Moke OyTH OTpUMaHa 3 TBOX OCHOBHHX
JDKEpeN: CUCTEeMHUX XYPHATIB Ta JOCTYMHUX MeTpuK. Crneun(idHi BUKIMKHA BUHUKAIOTH Y KOH-
TEKCT1 HaBaHTAKEHHSI HA CUCTEMY Ta BaJIiTHOCTI OTPUMAaHUX JaHUX.

CriBBIAHOUICHHS] MK J1arHOCTUYHOIO €(PEKTUBHICTIO Ta HABAaHTA)KEHHSIM Ha CHCTEMY, a Ta-
KOX MK TNTMOMHOIO aHaji3y Ta obcsaroM 3i0panoi iHpopmartii, popMye KOMIUIEKCHI BUKIUKA B PO-
3po0IIi AITOPUTMIB Ta IHCTPYMEHTIB ISl BUSBICHHS MTPOOJIEM B IPOrPaMHUX CUCTEMax. AKTHBHHM
3amnMc JIarHOCTHYHUX JAHUX MOKE CYTTEBO BIUIMHYTU Ha 3arajibHy MPOIYKTUBHICTH cucTeMH [9].
Ile moxxe BimOyBatucs uepe3 [0-HaBaHTa)keHHSI a00 HaBiITh BUKJIMKATH BUOIPKOBY BTpary iHdop-
Marlii uepe3 HassBHI MEXaHi3MH CEMIUTIOBaHHS. 3arajlbHOJOCTYITHI METPUKH, X049a 1 MOXKYTh CITYXKH-
TH IHAMKAaTOpaMH Mpo0IieM (HaIpHKIIa, 3pocTaHHs BUKopuctanus nam'sati abo CPU), pigko 3a6e3-
MEYYIOTh JOCTATHIN KOHTEKCT JUIs iIeHTU(IKallil MepBUHHUX TPUYUH.

3a3BuYaii, aHATITUYHI METOJM BKIIIOYAIOTh B ce0e Bi3yaii3allilo arperoBaHux AaHHX, Gopmy-
JIOBAHHSA TIIMOTE3 HA X OCHOBI [6], Ta IHKpEeMEHTAIBHUHN 30ip 0IaTKOBOI MIarHOCTHYHOI iH(DOP-
Marii Juisi epeBIpKU IUX TinoTe3. [neanbHUM CIEHapiEM € MOXIJIHMBICTH PENPOJAYKYBAHHS IMPO-
OJIEMHOTO CIIEHApil0 B 130JIbOBAHOMY TECTOBOMY CEPEJIOBMILI HA OCHOBI 310paHMX JaHMUX. AJe JUIs
1no0yJOBH BiJNOBITHOI MOJIeII HEOOX1JHO BUKOPUCTOBYBATH peallbHI JAaHI.

[IpukiagoM € BUKOPUCTAHHS XEII-aliTOPUTMY KU BHIAE PIBHUH PO3IOIUT TaHUX HA IUIO-
IIMHI TOTEHI[IMHUX 3HAYEHb 1 3r1JHO MaTeMaTUYHOI MOJEII Ta TECTOBUX MAHUX € 1IeaJIbHUM KaH-
IUATOM. AJle Ha MPAKTHUIll, CUCTEMa MPAIIO€ JIUIIE 3 BY3KUM J1alla30HOM JaHUX 1 «T€OPUTHYHO-
OOI'PYHTOBaHMI» AITOPUTM XELIyBaHHS BHJIAE€ PE3yJIbTaTH HA MOPSAAOK TipIINi 3a aJrOpUTM SKUH
BHJIa€ PIBHUM PO3MOALI TIIBKH I BAKOPUCTOBYBAHOTO J1ana3oHy.

OpHi€ro 3 IHHOBAIIMTHUX TEXHIK € BUKOPUCTAHHS 3HIMKIB MaM'aT1 BiJl peabHUX MPOLIECIB IS
aHaJi3y Ta BUABICHHS aHoMaiii. Lli 3HIMKM MOXYTbh HaJaTH MIMOOKUIN 1HCAWT PO CTaH CHUCTEMH Y
MOMEHTH KpPUTHYHHMX 3001B a00 majiHHSA NPOJYKTUBHOCTI. BpaxoBylouum BENHKY KiJIbKICTh 00-
YHCIIIOBAJIbHUX OMEpalliil Ky BUKOHY€E CHUCTEMa, 3HATTS 3HIMKY 13 3aTPUMKOIO y J€K1JIbKa CEKYH]I
Oyzae MiCTUTH 1HGOpPMAIIiIO sIKa Ha JEKUIbKAa MUIBSIPAIB PO3PAaXyHKIB 3HAXOIUTHCS Jall y yaci 1 Mo-
e HE OXOIUTIOBATH JIaH1 SIKi IPU3BEIH 10 aHOMAJTIi.

Tpyanowi npu ananizi Ta ontumizanii nporpamuoro 3adesnevyennsi. CyyacHi BUCOKOHA-
BAaHTAXXEHI MPOTPAMHI CUCTEMH € BKpal CKJIATHUMH, 110 YCKJIAJHIOE aHaJ13 Ta BUOIP ONTUMATbHUX
pimeHb. MHOXKHHA 3aJI€)KHOCTEN MK KOMIIOHEHTAMH MOX€ MPU3BECTH JI0 HEOUIKYBaHUX MOOIYHUX
edekTiB mia yac omrumizaiii. HeoOXiAHICTE OTpUMaHHS JTOCTYIMHOCTI CHUCTeMH OJU3BKOI J0 CTa
BIJICOTKIB Ta HE3aJE)KHOTO0 MAacIITaOyBaHHS YAaCTHH ITiI HABAHTAKCHHSIM HaKJaJa€ HEOOXiTHICTh
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PO3HECEHHSI YaCTUH 1O (DI3UYHO-PI3HUM OOYHCIIOBATHFHUM MAlllMHAM, 110 O3HAYa€ HEJTOCTATHICTH
PO3TIISAY OJTHOTO MPOTPAMHOTO MPOIIECY JUTsl PO3YMIHHS 3arajbHOI MOBEIHKYA CUCTEMH.

HasiBHICTh TEOPETHUYHOTO ONTUMAIBHOIO AJITOPUTMY HE € TapaHTOM MPHUUHITHOI CYKYIHOL
mBuAkoaii. Hanpuknaz, cucrema 0e3 BUIBHUX MOTOKIB YIS 3allyCKy YaCTUHU PO3PaxXyHKIB y alro-
pUTMax 3 mapaeni3aiiero Ipu3Bee 0 CTarHalii MporpaMHoOro JA0JaTKYy.

[Tpu aHanizy mporo iHIUIACHTY HE Oy/e KOJHUX JTIarHOCTUYHUX BIAMITOK MIOJO0 pealbHOT
pUYrMHU 00 HOTo MepHIONpUYMHA € MEXaHI3M PO3MOLTY IMOTOKIB JJI1 BAKOHAHHS — YaCTHH Kepy-
F0YOT0 CEepeIOBUIIIA KA 3HAXOAUTHCS 11032 TOJIEM 30pY 1HXKEHEPIB MPOTPaMHOTO KOJTY.

HaBiTh BiIKHHYBIIM Heliepen0adyBaHy MPUPOIY SBUINA, IO YHEMOXKJIMBIIIOE 3aITyCK KOPOT-
KOi cecil mpo¢IIOBaHHA, a TaKOXK BUCOKE HABAaHTAXKEHHsI CHCTEMH IO HE TapaHTye MOXIIUBICTh
3aIycKy HOBOT'O IPOILIECy, B OTPUMaHii cecii po3moii BUKOPUCTAHOTO MPOIIECOPHOro Yacy Oyxe
IIJTIKOM ITO3HAYEHO Ha aJITOPUTMI.

Orus o0MeskeHb MOTOYHHMX METOMIB Ta iHcTpyMeHTIB. Buinieonucani npukiaau Ha04HO
JEMOHCTPYIOTh 0OMEXEHHS MOTOYHUX METO/IB:

— HerepenOavyBaHa y 4aci MPUpO/Ia SIBUIIA YHEMOKIIMBITIOE 3aBYaCHHH 3aITycK podiuToBaH-
HA,

— BUCOKOHABAHTAXXECHI CUCTEMH Y MIKOBI HABAHTAXECHHSI MAIOTh AC(IIUT MPOIECOPHOTO Yacy,
yCIIiX 3ammycKy npodiitoBaHHs (HOBOTO MPOIIECY) HE TapaHTOBAHO,

— Herepen0avyBaHICTh 32 KEPEIOM YHEMOMIIUBIIIOE 3aIHC Y NIarHOCTUYHHUH JIOT caMe THX
JaHUX SIK1 TO3BOJIATH 3pO3yMITH Ta YITKO 3MOJEIIOBATH MPOOJIEMY Y TECTOBOMY CEPEIOBHIIIL,

— BIUIMB CEPEIOBHUIIA BUKOHAHHSA (SIK MEHEIXKMEHT MOTOKIB) TEXK 3aJIMIIAETHCS 1032 yBaror
MOJIETIIOBAaHHS,

—KOJHA 3 icHytouux TexHoiorid He gae 100% vacy oHnaiiH, TO JOCTYNHICTh PO3MOJLICHOI
CUCTEMHU JETPAIYE BiJl KUTHKOCTI B3aEMO3AJIC)KHUX BY3JIiB,

— pO3MO/ILNIEeH] CUCTEMH BUKOPUCTOBYIOTH MEpEXKY, fKa TaKOX HE HAJa€ CTOBIICOTKOBY JO-
CTYITHICTb.

Takum 4YuHOM, HEOOXIAHO PO3POOUTH METOMOJOTII0 OCHIKEHHS BHCOKOHABAHTAKEHUX
MIPOrPaMHUX JIOJATKIB SKa:

— BIATIOBICTh Ha ICHYIOU1 BUKIIUKH TIaTHOCTYBaHHS,

— JI03BOJIUTHh MOJIETIOBAHHS MPOLIECIB 3 BUKOPUCTAHHSIM peanbHOi iH(popMallii (IK JaHHUX, TaK
1 omepaitiif),

— Oyjie BpaxOBYBaTH CHCTEMY BUKOHAHHSI,

— Oyze Opatu 10 yBaru He 1/1ealbHICTh OTOUYIOUHX YaCTUH CHCTEMHU,

— He OyJie MPU3BOIUTH JI0 A IiHHS IIBUAKO/IIT Yepe3 MPUCYTHICTh e(peKTy Harmsgaua,

—3Be/ie 0 MIHIMyMYy HEOOX1JHICTh PO3MIIICHHS OHOBJIEHHS MPOTPAaMHOTO 3a0e3IMeUeHHs 3
MOKPAIIEHUM 3aIMMCOM J1arHOCTHYHOI 1H(OpMaIrii.

BukopucTaHHs 3HIMKIB 11aM’sITi, Ha JYMKY aBTOpa, BiANOBiAa€ iICHYIOUUM BUKJIHKAM.
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Orysax MOTOYHUX TPeHAIB B aHATI3I mam'aTi Ta onTtumizanii. Uepes HeoOXiIHICTh TIIMOO-
KOT TEXHIYHOI EKCIIEPTU3U Y PO3yMiHHI TOBHOTO LUKy BUKOHAHHS MPOTPAMHOTO 3a0€3MeUeHHS:

— araparHa 4acTUHa (BUKOHAHHS MPOIIECOPHUX KOMaH], HassBHICTh OCOOHMCTO1/CITIJIbHOT Kelll-
ram’sTi y IpOIIECOPHUX sIEP),

— NPUHLMIIB POOOTH OmepaliiHOi cucTeMH (BUKOHAHHS KOPUCTYBada / sifpa, HAsABHICTh
rinepsizopa, CUCTeMa BBEJICHHS-BUBEICHHS),

— IPUHITUIIB pOOOTH CepeIOBHUIIA BUKOHAHHS (TpaHCIIAIIT Koy, po0oTa 3 MOTOKaMu, 00poo-
Ka MIOMHJIOK),

— poboTa MporpaMHOro J0JIaTKYy.

IcHye KpUTHYHO Majlo TEXHIYHO-3MICTOBHHX ITyOJIiKaIiil 3a TeMaTukoro. IcHyroui mporpamHi
pimenHs 31e6unbmoro (OKycyroThcsa Ha 30upaHHI Ta Bi3yamizauii giarHoctuyHoi iHdopmarii 3
JoTiB Ta MeTpuK, Hanpukiag Azure Application Insights, NewRelic, Datalog. Lli pimenus 6epyTtsb
Ha ce0e 3aBJaHHA 31 300py Ta arperailii JiarHocTH4YHOI iH(popMarllii. Ajie came aHalli3 Ta MOaJIbIII
ONTHUMI3aIlil € 000B’I3KOM THKCHEPIB.

Yepes HaBEIUKY TUIOMUHY MOXIIMBUX MPUYNH BUHUKHEHHS POOJIEMHUX CUTYAIIIH 1 iX mpu-
TaMaHHOCTI caMe KOHKPETHHM CHCTEMaM, BUKOPUCTAHHS IITYYHOTO IHTEIIEKTY HE MOKa3y€e rapHUX
pe3yabTaTiB. YPaxoByIOUYH 3HAYHI €KOHOMIYHI BTPATH BiJ MpoOJeM 31 CTaOIbHICTIO Ta MPOIYK-
TUBHICTIO, NIEPEI0BI KOMITaHii HaMararoTbCsl BUPIMIUTH 10 IpoOIeMy depe3 rpomMaay Ta myOsidHi
npoektu, Taki gk CltMD Tta PerfView. Bonu n03BoJs0OTh pO3pOOHHMKAM aBTOMAaTHU3YyBaTH aHai3
3HIMKIB I1aM’Ti Ta npodaiis.

Po3po0JieHa MeTOm0JIOTISI JOCTIIKEHHS] HEONTHMAJIBHOCTEl PodOTH NPOrpaMHOro 3a-
0e3neveHHsl. 3alPOINIOHOBAHA METOJIOJIOTIS TOCIIPKEHHSI HEONTUMAIbHOCTE poOOTH MPOrpaMHO-
ro 3a0e3MeyeHHs CKIaJa€ThCs 3 TAKMX KPOKIB:

1. ITocranoBKa mpoGieMy, BU3HAUYEHHS 1CTOPUYHOI MOBEIIHKU SIK HEONTHMAJIbHOI, BCTAHOB-
JICHHS 4aCOBOT'O MPOMIKKY

2. 3acrocyBannst USE [6] meTo0710Tii /711 BCTAHOBJIEHOTO YaCOBOTO MPOMIXKKY:

— Usage — aHani3 «Bukopuctaus» i koxxHoi metpiku (CPU / RAM / Sockets / Threads /
Requests),

— Saturation — 4u € «HaCHIICHHS» PECyPCiB MPH SKOMY 3’ SIBISTHCS Yeprd HA BUKOHAHHS,

— Errors — momuiiku, siki HOMUJIKM CUCTEMA 3aIKcaia B XKypHall.

3. Ha ocHOBI aHamizy METpUK Ta BU3HAYCHHs MpoOIeMHU, BCTAHOBJICHHS aBTOMAaTUYHOTO 300-
Py 3HIMKIB 11am’sITi.

4. Anaii3 3HIMKIB Mam’sITi SIKi MICTATh IIUTICHUHM TTPOLIEC SISl BUSBJICHHSI IEPITIOTIPUYHHHU.

5. Po3po0Oka pimeHHs Ta oriHKa Horo mBHAKOAIT BiIHOCHO 6a30B0i peaiisallii 3 BUKOPUCTAH-
HSIM peaJIbHUX JaHUX 1 PO3IMOALTY Onepartiil.

[Tomanpmie mocimKEHHS CIPSIMOBAHO HA 3HAXO/KCHHS MATTEPHIB y 3HIMKAX TMaM ATI SKi €
1HAMKATOPaMH HEONTUMAJIbHOCTI BUKOHAHHS MTPOTPaMHUX J10/IaTKiB.

BucHoBku. [cHyIOUI cCUCTEMHU aHaITi3y HEONTUMAIBLHOCTEH BUKOHAHHS TPOTPAMHUX JIOJIATKIB
HE BIJIMOBIIAIOTh BUKJIMKAM CYYacCHHX PO3IMOIUICHHX CHUCTeM. BiACYTHICTH MOXIMUBOCTEH 300Dy
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HeoOXigHOI iH(OpMaIlii caMe Yy MOMEHT HacCTaHHS 30010 MPU3BOAUTH O CTBOPEHHS rinore3. Y mo-
JanbpIIOMy, LI TINOTE3W MOXYTh OYTH MIATBEP/KEHI Ha OCHOBI MoJeNned NaHuX sKi OyIoyTh
BIJPI3HATUCH BiJl peaJbHUX 1 HE MPHU3BEAYThH 10 BUPILICHHS NMEPIIONPHYMHH. 3aIPOIIOHOBAHUHN HO-
BUI KOMIUIEKCHUHN MiIXiI SIKUH T03BOJIsE€ 30MpaTH yBeCh OOCST JaHUX SKHM OIEpye Ipolec, 0
POOHUTH MOMJIMBUM TOYHO 1I€HTU(IKYBATH MEPIIONPUINHY, PO3POOUTH MOKPALICHY MOJENb A ii
BUPIILICHHS, Ta OL[IHUTH e(EeKT Ha MOBHICTIO BIAMOBIIHUX JaHUX.

CyuacHi MpaKTUKU MPOCKTYBAHHS MPOTPaMHUX JOJATKIB OyIyIOThCS Ha MOIYJIBHOCTI, TIPO-
rpaMyBaHHI 3a KOHTPAaKTaMH, [0 YHEMOXIIUBIIIOE SIKICHUH CTaTUYHUIN aHai3 KOJy.

[TpoGnemu cTabiIBPHOCTI Ta MIBUAKOII MPOTPAMHOTO 3a0€3MEUYCHHS MOCTAIOTh BCE YacTillle
IpU 3pOcTaHHi 00csTriB iHpopMarii, GyHKIIOHATY, Ta OJHOYACHUX KOPUCTYBAYiB i IPU3BOIATH 10
OpsIMHUX MaTepialbHUX 30HMTKIB, 3pOCTaHHs 3araabHOi Baprocti Bojoxinmas (Total cost of
ownership).
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Modern problems of anomaly identification in Enterprise Systems
The article addresses modern challenges in anomaly detection within enterprise systems us-
ing memory dump analysis. As the complexity of enterprise systems grows, the number of potential
issues affecting their stability and performance also increases. Anomalies, such as software failures
or unexpected deviations from normal behavior, can lead to serious consequences, including data
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loss, reduced performance, or even complete system shutdown. Detecting and resolving these
anomalies is a critical task for maintaining uninterrupted operation in enterprise environments.

The primary method discussed in this article is memory dump analysis, which provides de-
tailed information about the system's state at the time of an anomaly. This method is effective for
identifying root causes of failures, such as memory leaks or other resource-intensive operations.
However, due to the large volumes of data and the complexity of modern software systems, memory
dump analysis faces several challenges, such as the need for precise data collection during inci-
dents and the requirement for powerful computational resources to process such data.

The article thoroughly analyzes algorithms and tools used for detecting problems in enter-
prise systems. Specifically, statistical methods, machine learning algorithms, and tools for memory
dump analysis are reviewed. Machine learning techniques enable the creation of models represent-
ing normal system behavior and automatically detect deviations from these models, facilitating
timely identification of potential issues. Additionally, optimization methods aimed at improving sys-
tem performance, including techniques such as parallelization, caching, and code profiling, are ex-
plored.

One of the main challenges discussed in the article is the limitations of existing methods and
tools for software analysis. High-load systems often face difficulties in real-time profiling and
monitoring, complicating the identification of root causes. The article also examines limitations re-
lated to the accuracy of data collection and the complexity of diagnosing issues in distributed sys-
tems.

Based on the analysis, the article suggests future prospects for improving modern methods of
anomaly detection in enterprise systems. Key areas for further research include enhancing machine
learning algorithms for memory dump analysis, developing more efficient optimization methods,
and improving monitoring tools to increase the accuracy and speed of problem detection. The arti-
cle also highlights the importance of integrating these technologies into real-world enterprise envi-
ronments to ensure stability and reliability.

Keywords: anomaly detection, enterprise systems, memory dumps, performance optimization,
problem detection, machine learning, code profiling, optimization algorithms, system monitoring,
distributed systems.
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0.0. Comnos, E.B. XKapikos
HIJIXII 10 MITPALIA Y 3AJIAYI POSMIIIIEHHS KOHTEHHEPIB

Anomayis. YV cyuacnomy ceimi inghopmayitinux mexnonoeiiu, XmapHi 0OYUCIeHHs, Mma KOHmelHepa
gipmyanizayis Hadysaiomo 6ce Oinvbuioi nonynaprocmi. Lllupokoeo nonumy nabysae nociyea pos-
Miwennss Konmetinepie. Ileped xmaprumu npogatidepamu nOCmMae 3a60anHs He MilbKU eqheKmueHo-
20 NOYAMKOB0O20 PO3MIWeHHs. KOHMeUHepis, a U iXHboi OUHAMIYHOL 3MIHU PO3MAULY8AHHS Y 8I0NO-
8i0b HA 3MIHHI BUMO2U, WO BUMA2AE PO3POOKU MA 3ACMOCYBAHHA MIcpAyiUHux aneopummis. Y
cmammi nPoaHaniz08aHo 8ANCIUBICIb BUKOPUCTNAHHI Micpayii KOHmMelHepie Y KOHmMeKCmi 3a0ayi
PO3MiujeHHss KOHmelHepie Y XMapHuxX yeHmpax oopooku oanux. Memoio 0ocniodcents € nioguuyen-
HA npooykmueHocmi xmaprozo L{O/] y 3a0aui posmiugennss KoHmeunepia, wisxom eUKOPUCTAHHSL
aneopummis miepayii. Buxopucmanusn miepayiti 00360/15€ YHUKHYMU NEPEBAHMANCEHHs aO0 Hedo-
BAHMANCEHHS cepeepie ma 8ipmyanbHux Mauwlun. B pamxax docniodcenns 6yno po3podieno 2iopuo-
HULL aneopumm miepayii, wo 6KIouae 8 cebe K Micpayito KOHmeuHepie, max i GipmyanbHUX MAUUH.
Onucano mamemamuyni acnekmu 3a0ayi po3miujeHHs KOHMeUHepie ma OnUcano aieopumm miepa-
yii. Excnepumenmu nokasanu, wo 8nposaoddCenHs Yb020 aicopummy 00360JIA€ 3HUSUMU Onepayiti-
Hi sumpamu Ha 24% NOpiGHAHO 3 MPAOUYIIHUMU MEMOOAMU, SKI He BUKOPUCTNO8YIOMb Micpayiro, i
Ha 9% nopieHAHO 3 MeHW SHYUYKUMU Micpayitinumu cmpameziamu. Takooc npooemoncmposano
3HUMCenHs yacy nopyueHvb SLA na 40%, wo ceiouums npo nokpawjeHHs AKoCcmi 00Cny208)68aAHHS.
Bucnosku yvoeo oocniodicenns niomeepoicyroms, wo miepayis KOHmMelHepie ma ipmyaibHUx Ma-
WUH € HeoOXIOHOW 0 epeKxmusHo2o YNpasiinHa OuHamivHumu pecypcamu y xmaprux L[ON y
KOHmMeKCmi 3a0a4i po3smiuyeHHs KOHmelHepis.

Kniouosi cnosa: xonmetinepna sipmyanizayis, micpayis, xmapuuii npogatioep, L[O/], eipmyanrona

MauwiuHa, onmumizayis, memoo YUPAaGIiHHs, AICOPUMMU.

IMocTanoBKa MpodJieMu

VY cydacHOMY CBiTi 1HPOpPMAIIHHUX TEXHOJIOT1M XMapHI O0OYMCICHHS HAOMPAIOTh BCE OUTBIIOT
MOMYJISIPHOCT1, OCKUIBKM BOHU MPONOHYIOTh 3HA4HI MEpeBaru y THYYKOCTI, MAacIITabOBaHOCTI Ta
edexTuBHOCTI. Lle TexHomoris J03BOJIsE€ OpraHi3alisiM 3MEHIIUTH BUTpPAaTH Ha 0OJaJHAHHA, €Hep-
rito Ta oOCIyroByBaHHA, a/jpke (Pi3WyHI JaHl Ta pecypcu 30epiraioTbesi y BIPTyallbHUX XMapax,
SKUMHU MOXHa KepyBaTH BifalieHo. 31 3pOCTaHHAM 00'€éMiB JaHUX 1 CKIATHOCTI OOUYHCIIOBAILHUX
3aBJlaHb, XMapHi PIlICHHS NPOMOHYIOTh 3HAUYHY THYUYKICTh Y PO3MOJLI PECypCiB, JO3BOJISAIOUN KO-
pHUCTyBauaM ONTHMIi3yBaTH MpolecH 6e3 HeoOX1AHOCTI IHBECTHLIIN Y 1opore 00aJHaHHS.

© Comos 0.0., Xapixos E.B., 2024
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[TapanenbHO 3 pOCTOM MOITYJIIPHOCTI XMapHUX OOYUCIICHB, TEXHOJIOT1i KOHTEHHEPHOI BipTya-
Ji3anii TakoXX 3a3HAIOTh 3HAYHOTO NomMpeHHs. KoHnTeliHepn HagaroTh YMMaJo IepeBar MmopiBHSHO
3 TpaJAULIHHUMU BIpTYaTbHIMH MallTMHAMH, 30KpeMa 3aBJIsKH iX JISTKil Ba3i Ta mBuaKoii [1, 2].

[Tepen xMapHUMU TIpOBaiifiepaMu TIOCTa€ 3ajada PO3MIMIEHHS! KOHTCHHEPIB — HA/IaTH KIIIEH-
TaM MOXJIMBICTH 3a 3aIIUTOM PO3MICTHTHU 3a/laHUi KoHTelHep. KoHTelinepu, B CBOIO Yepry, po3mi-
HIYIOTHCS Ha BipTyaJbHUX MammnHax [3].

Tomy, xmapHuUil poBaiinep Mae HEOOXiIHICTh Y €PEKTUBHOMY BHUPIIICHHI 3a/1a4i PO3MIIICH-
Hs: BipTyansHux MamuH (BM) Ha ¢iznunux cepepax (PC), ta xonreitHepiB Ha BM 3amms 3mMeH-
IICHHSI BUTPAT, a caMe 3MEHILIEHHs] BUTPAT Ha EJICKTPOCHEPTii0 Ta MOPYUICHHS yroJ Mpo HaJdaHHS
nociyr (SLA) [4,5].

3ajaua pO3MILIEHHS PO3IJIAAAETHCS K 3aj7a4a 0araTOBUMIPHOTO IMyKYBaHHS, Jie¢ HEOOX1THO
PO3MICTUTH PECYPCH TakK, 1100 OyJia BUKOPUCTaHa HAlO1IbIIa HasiBHA KIIBKICTh PECYPCIB.

Taka 3a1a4a MMPOKO OMHCaHa HAYKOBOIO CIIJILHOTOIO 1 BXKE HAsBHO 0ararto pimeHb epeKTu-
BHOI'0 IIOYAaTKOBOT'O po3MillleHHs! KoHTelHepiB. IIpore, pobora xmapHoro IO/l He oOMexyeTbes
JIMILE [TOYATKOBUM PO3MILLEHHIM KOHTEHHEpIB, aKe, y pealbHOMY CBITI HaJXOJATh 3alUTH 5K Ha
pO3MilIeHHs, TaK 1 HAa BUJAJIEHHs KOHTelHepiB. B pe3ynpraTi yoro, aeski BM abo ®C moxyTh Oy-
THU NepeBaHTaKeH1, 800 HEJOBAHTAXKEHI, 1110 CIPUYUHUTH Hee(hEeKTHBHE BUKOPUCTaHHS pecypciB. Y
TaKMX BHIAJKaX HEOOXI1THO BUKOPHCTOBYBATH MEXaHi3M Mirpariii.

VY nmaHiii cTaTi po3rISIAIOTHCS aclleKTH Mirparii KoHTeiHepiB i BM y 3ama4i po3mimieHHs KO-
HTEHHEepiB. 3apoIOHOBAHO AITOPUTM, SIKHI MOKpAIye BUKOPUCTAHHS PECYPCIB.

AHaJIi3 0CTaHHIX J0CTiIzKeHb i myOsikanii

VY poboti [6] aBTOpH ONMUCYIOTH TIOPUIHUMN MIAXIJ A0 KOHCOJIAAIi BIpTyaJIbHUX MAaIlUuHHU,
SIKAWA CIPSIMOBAaHUM Ha MIHIMIZAIllIO CIIOKUBAaHHSA eHeprii Ta mopymeHHs SLA msixom 3acTocy-
BaHHA MOJM(IKOBaHOT €BPUCTUKU 3MEHILIEHHS HaWKpallol BIAMNOBITHOCTI 10 MOYATKOBOTO PO3Mi-
1ieHHs BipTyanbHOi MamnHu (VM) 1 3acTocyBaHHs anroputmy beam search anst kepyBaHHS Mirpa-
uisMud VM. YV naniilt poOoTi onucaHo 1 JOBEIEHO HEOOXI1JHICTh 3aCTOCYBaHHS Mirpatiil npu Bupi-
IIEHH1 3a/1a4i pO3MIILEHHs BIpTyaJbHUX MAaIIMH, IPOTE, MpodiieMa pO3MIIIeHHs 1 Mirparii KOHTe-
HEPIB HE PO3TIIAAAETHCS.

Astopu [7-10] po3risiiatoTh 3aauy Mirpaii BipTyalbHUX MallMH Y XMapHOMY CEpEOBHILI.
ABTOpPHM BUKOPUCTOBYIOTh SIK CTaTH4HI, TaK 1 AMHaMIuHI MeToau mirpauii. IIpencraBieno riOpuaHi
ITOPUTM onTUMi3anii st 00pobku mirpanii BM. 3anponoHoBaHi MeTOIM Mirparii HallijeHi Ha
3MEHIIIEHHS CIIOKMBAaHHS €Heprii, yacy o04MCIIeHb 1 BApTOCTI Mirparii, a TakoX, Ha MaKCUMaJbHe
BUKOPUCTaHHA pecypciB. [loBeleHO, 110 BUKOPUCTAHHS Mirpauii 3MeHIye onepauiiHi BUTPATH.
IIpote, B nanux po6oTax 3ajada pO3MILICHHS Ta Mirpaiii KOHTeHHEpIiB He po3risAaeThes. 3aqaua
PO3MIIIEHHS] KOHTEIHEepIB BKIItOUae B cebe 3aJauy po3MILIeHHs BIpTyaJlbHUX MallliH, TOMY, BUKO-
PHUCTaHHS BXKE€ ICHYIOUHX METO/IIB € JOILTHHUM.

VY pobGoti [11], aBTOpU aHANMI3yIOTh Ta MOPIBHIOIOThH ICHYIOYl aIrOPUTMHU PO3MIILIEHHS KOH-
TeliHepiB, BUKopucTtoBytoun iHCTpyMeHT Cloudsim [12]. OcHoBHa yBara 3ocepe/keHa Ha OIlIHIII
CepeHbOTO CIIOKUBAHHS €Heprii, KITbKOCTI aKTUBHUX BIPTYaJIbHUX MAIIMH Ta (PI3UYHUX MAIIHH.
Bussneno, o anroput™m po3mimieHHs kKoHTerHepiB 3a MetogoMm First Fit Decreasing (FFD) nepe-
BEpIIy€E 1HIIN AITOPUTMH 32 €(DEKTUBHICTIO BUKOPUCTAHHS pecypciB. PosrisgaeThes 3amaua jauiie
MMOYaTKOBOTO PO3MIIICHHS KOHTEHHEPIB.
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V crarri [13], BUB4aeThCs Mirpaiist B pealbHOMY 4aci Juist 000X TUMIB BipTyamizamii: BM Ta
KOHTEWHepiB. Pe3ynpTaTu MOKa3yroTh, 10 BUKOPUCTAHHS MIrpaiii KOHTeHHEepiB, SKIIO 1€ MOMKIIH-
BO, 3aMicTh Mirpanii BM, 3HWXye CIOXKMBaHHSI €HEprii, CKOpOUye yac Mirpaiii, 10 BIJIMBAE Ha
QoS Ta 3Hmxkye nopymenns SLA. IIpore, BUKOPHCTOBYEThCS JIMIIE CTATUYHUN TPEIIXOJ]] Ha 6as3i
RAM, xo4a pecypcHa €MHICTh OIMHCYETHCS, B TOMY YHCII 1 4aCOM IPOIeCcopa, TUCKOBUM MPOCTO-
POM Ta KIJIBKICTIO OTepariif BBOIy-BUBO/lY B CEKYHILY.

ABtopu [14] 3anpomoHyBaiM METOJ] Mirparii Ha OCHOBI KOHTEHHEPIB 1 MOPIBHSIH MPOIYKTH-
BHICTb 3 ICHYIOUOIO CXeMO0, Ha 0a3i mirpariiii iume BM. Pe3ynpTatn mokasyooTh, 10 MOPIBHSHO 3
ICHYIOUOIO CXEMOIO Mirpallii, 3ampornoHoBaHa METOMKA Mirpailii KOHTEHHEPiB CKOPOUYY€ Yac Mpoc-
TOIO Ta 4ac mirpaiii. [Iporte, mirpartis auie kKoHTelHepiB, 6e3 Mirparlii BM He 103BoauTh eexTu-
BHO YMPaBISITH pECypcamu, ajke, MOXKIIMBA CUTYaIlisl IepeBaHTaKEHOCT1/HeI0BAaHTaXKEHOCT1 (i3u-
YHOTO cepBepa.

Meta pocJaixKeHHs

MeTor0 I0CHiPKeHHS € MiIBUIIEHHS MpoaykTuBHOCTI XxMapHoro 1O/l y 3amadi po3milieHHs
KOHTEHHEepIB, IUIIXOM BUKOPHCTAHHS AJITOPUTMIB Mirpailii KOHTelWHepiB. 3aBIsSKH BUKOPUCTAHHI
Mirpauiii 3MEeHIIUTH BUKOPUCTaHHS eyekTpoeHeprii y xmapHomy LIO/I, Ta 3MeHIIUTH yac HoOpy-
menHst SLA. Taka mera 3yMoBiIeHa HEOOX1IHICTIO XMapHOMY IIpOBaii/iepy BUKOPHCTOBYBATH CBOi
pecypcu epeKTHBHO 3317151 HAJJaHHA SKICHIIIIOTO CEpPBICY, Ta YTPUMaHHS KOHKYPEHTHOT LIHU HA CBOL
MOCIYTH.

BuxianeHHs1 0CHOBHOI0 MaTepiary J0CTiI:KeHHS

3anaya po3MILICHHS KOHTEWHEPIB MOKHA MPEJACTaBUTH SIK 3a7adyy 0araTOBUMIPHOTO IMaKy-

BaHHs, e ®C, BM Ta KoHTEefHEp MarOTh PeCypCHY EMHICTh, OMIICAaHy PiBHSIHHAMHA -3
PM; = (PMEPY, pMmR4M pMmPSK ppI9Fs) #(1)

1

VM;

1

— (VME-EFU, VMfAM, VMFISH,VM;IDFS), #[2)
— [EECPU, EEHAM, EEDISH, EE_IC"PS ), #[3)

Ha pucynky 1 cxematuuno 300paxxeno po3mimieHHss BM na ®C Ta konTtelinepiB Ha BM, Tak,

c.

1

1110, KO>KEH 3 KOMIIOHEHTIB Ma€ CBOIO PECYPCHY €EMHICTb.

r———————= | r———————= | r———————- ) r———————- 1
I PM, I I PM; I I VM, I | VM, I
| | | | | | | |
VML (VM| VM VMG VM| (VM| HlCu [Cue] [Cus| | | Cina| | Cint| [ Cine| |
1 1 I I I 1 I I

{ CPU | I I |] [ CPU | I | Iy
} 1 1 1 } 1 } }
| | | | | | | |

{ RAM | I | | ’ 1 RAM ,| | | | ]
} } } | } } } }

{ DISK | I I I] [ DISK | I | I]
| | | | | | | |
T T T T T T T T

10PS | | | | I0PS | | | |
I I | I | I | I
f—J_JuL__J| | | | | | |
L __ J L _ J L J L J
« > J " v J
Posmimenns BM Ha Posmimenns
oC KOHTelHepis Ha BM

Pucynox 1 — Cxemarnune 300pakeHHs po3mimieHdass BM na @C ta koHTeiHepiB Ha BM
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Jnst koskHoTro Kpoky ynpasminns L{O/], icaytoTs matpuni PMA (4), enemeHTamMu SKOi € 11is10-

_pmay(t) € {01} . VM .
YU CEIbH1 , SIKl BKa3yl0Tb, 4 J-Ta BM 3 MHOXHHH po3TaloBaHa Ha 1-My

PM ={PM;|i €{1,2, .., . .
OC, e (PM; | € { n}} — MHOXHMHa  (i3UYHHUX  cepBepiB  Ta

vM ={vM;|i €{1,2,..,m}} _
— MHOX>XHHa BIpTyaJIbHUX MalllWH.

pmay (t) - pma,(t)
PMA(t) = ; E #(4)
pMa,1(t) - pmay,(t)
Takoxk, Juis BIpTYalbHUX MalIMH 3 KOHTeliHepamu cmpaBemmBa marpuns (5), 1€

vma;; (t) € {0,1} o 5 -
, IKi BKa3yIOTh, YH j-THii KOHTEHHEp PO3TalIoBaHa Ha i-ii BM

vmay (t) - vmay,(t)
VMA(t) = : i #(5)
VM, 4 [t) o UMy [t}

BipTyaspHa MammHa MOKe 3HAXOJUTHCS B OJHOMY 31 CTaHIB: HEOBaHTAXECHA, HOPMAaIbHUN
cTaH, nepeBanTtaxena. VM 0; (t) € [0,1] — sikmio B MOMEHT Yacy t, i-Ta BipTyaibHa MallldHA HEIO0-
BaHTaxeHa, T0 VM O; (t) € [0,0.2), skmio mepeBaHTaxkeHa, To VM O; (t) € [0.8,1], inakme —
VMo, (t) € [0.2,0.8).

AHaJIOr4YHO crpaBeuIMBO 1 i (p13udHuX cepsepiB: FMO; (t) € [0,1]: sxmro i-# diznunmit
cepBep HEJOBaHTAKCHUH, TO PMO; (t) € [0,0.2), SIKIIIO NepeBaHTAXKEHUH, TO
PMO;(t) € [0.8,1], inaxme - VMO, (t) € [0.2,0.8).

Hexait, r ¢ynkuiga, sxka  BH3HAYa€e  3alUIIOK  pecypcy Ha  xocti.  Toxi,
revMEFYy  rMBAMy e PISE) umOFS
vMCPU © yyqRAM T yyDISK Ty lOPS

VMO, (t) = 2 . Anayioriuno i g1 PM 0, (t).

Benuuuau VM 0 ta FM QO npuiiMaroTh Jiana3oH 3HaY€Hb, [0 MO3HAE CTYIIHb MEepeBaHTaXe-

HOCTI, Y1 HEJJOBAaHTAKEHOCTI 33151 MOAJIUBOCTI nouryky @C ta BM, 3 sikux noTpiObHO MIrpyBaTy.

Jlna xoxkHOTO KpoKy ynpasmiHHs [{OJ] BUKOHYIOTbCS MOCIIIOBHI J1ii: pO3MICTUTH KOHTEHHED
Ta 3allyCTUTHU TIpouec mirpaiii. Po3mickeHHs1 KoHTelHepa nosisrae B Bubopi BM, BiibHa pecypcHa
€MHICTb SIKOT O1JIbIIIA 32 PECYPCHY €MHICTh KOHTEIHepa Ta po3MillleHHsI KOHTeiiHepa Ha ik BM. 3a
YMOBH, 1110 AocTynHoi BM He icHye — cTBOpUTH HOBY Ta po3MicTuTH ii Ha DC. SKIo BKIIIOUEHOTO
OC y HO/JI nemae, to Brmountu @C, 1 po3mictutu Ha HhoMy BM. 3a ymoBw, skio @C He 3Hal-
JIEHO — BI/IMOBUTH y Ha/IaHHI MTOCIIYTH.

["Opuanuii anropuT™ Mirpanii nojsira€ y BAKOHaHHI HAaCTYITHUX KPOKIB:

e Kpok-1: Busnaunurtu VM O;(t) nna xoxnoi VM; i3 muoxunu VM. CopTyBanns 3a 3poc-
tanaam VM O; (t) .

e Kpoxk-2: Busnauuru Bci VM 0; (t) < 0.2, sk MHOKUHY GUypm
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e Kpok-3: B xoxniit BM 3 GUyy , A1 KOXHOTO KOHTEHHEpa B BipTyaibHIM MamuHi —
MIrpyBaTH KOHTEIHEp Ha HOBY BipTyanbHY MaIUMHYy Tak, o6 micis mirpanii VM O;(t) < 0.8 | ne i

— HOMEp BIpTyaJIbHOT MAIllMHU, Ha Ky MITPOBAHO KOHTEUHED.
e Kpok-4: Bunanutu Bci BM 3 GUym

e Kpok-5: Buznauntu Beci VM O; (t) =08 , 1K MHOXKUHY GOy

e Kpok-6: Busnauntu mHOXHMHY KOHTeiHepiB GOyy , 3MIrpyBaBIIM SIKi, 3aJIMIIKOBHA
VMO,(t) < 0.8. Mirpysaru GOyy Tax, mo6 micns mirpanii VMO;(t) < 0.8, ne i — Homep

BIpTyaJIbHOI MAIlIMHU, Ha SIKY MITPOBaHO KOHTEHHED.

[Ticns Toro, sk BUKOHAHO BCi Mirpallii KOHTeHHepiB, BUKOHATH aHanoriyHi kpoku (Kpok-1 —
Kpoxk-6) mo mirparii BipTyaJlbHUX MalIiH MiX (i3HIHUMHU cepBepaMu. TakuM YMHOM, Iicis Mirpa-
il He OyJIe 3auIIaTUCh IepeHaBaHTaXCHNX, a00 HemoBaHTaxkeHnx BM ato ©C.

TakuM 9MHOM, BUKOPUCTOBYIOUM TiOpWIHHMI aJTOPUTM, 3MEHIICHI ONepamiiiHi BUTPATH Ha
niarpumky LIO/], amke, B KiHIIEeBOMY BUJIi, Oy/ie BAKOPHCTAHO MEHIILIE PECYPCiB, HIK SIKOM Mirparii
He OyJ0.

3ams miATBEP/HKCHHSI €PEKTUBHOCTI 3aIIPOIIOHOBAHOTO TIOPUIHOTO aIrOPUTMY, IMPOBEICHO
cepito 13 10 excriepuMeHTiB, BUKOPUCTOBYIOUM PO3POOJICHUM 1IHCTpYMEHTapii A CUMYJIALIT po3-
MilleHHs KoHTelHepiB y xMapHomy L{O/l. ExciepuMeHTH poBeAECHO y reTeporeHHii Xxmapi 3 JIBo-
Ma Tunamu ¢Gi3u4HHUX cepBepiB 13 pecypcHoro emHicTio: CPU (3, 24) anep, RAM (16384, 131072)
Mmb, DISK (256000, 1024000) 6, IOPS (40000, 60000) Ta TppoMa THHaMH BipTyaJIbHHX MAIIWH:
CPU (1.5, 8, 24) snep, RAM (8192, 43690, 65536) mb, DISK (128000, 341333, 512000) 6 Ta IOPS
(15000, 20000, 30000). /Ins mO4aTKOBOrO pPO3MIIIEHHS BUKOPUCTOBYeThCs anroputMm First Fit.
Bu3naueHi 11iHM Ha pecypcHy €MHICTh (B yMoBHUX oauHMLAX): CPU — 0.01 (3a 1 cekyHny onHOrO
anpa), RAM - 0.0001, DISK - 0.00001, IOPS - 0.000001 (3a 1 mb); uina nopymenus SLA — 0.01 3a
CEeKyHIY.

Ha pucynky 2 300paxeHo rpadiku 3aJeXHOCTI KyMYJISITUBHOI I[IHM €KCIIEPUMEHTY Ta Yacy
nopymieHHst SLA, B 3aJIe)KHOCTI BiJl aITOPUTMY.

2000 250

200
1500

1468.74
150

1000

100
112.97

KymynsTuBHa LiHa

500

3aranbHuii vac nopylueHHs SLA, ¢

50

o

Bea mirpauii First Fit  Ti6GpuaHuia anroputm Bea mirpauji First Fit  Ti6pugHuin anroputm

Pucynok 2 — I'padiku 3a51e:KHOCTI KyMYJISITUBHOT 1IHW €KCIIEPUMEHTY Ta yacy nopymieHHs SLA,
B 3QJIKHOCTI BiJl AITOPUTMY
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Pucynok 3 — HaBanraxenns Ha CPU oaniei 3 BM, B 3aiexHoCTi Big 9acy (TiOpHIHHIIA anropuTm)

Bunno, 1o 3anpornoHoBaHui TiOpUIHUI adrOpuT™M JO3BOJISIE 3MEHIIUTH KyMYJISITUBHY LIHY
xmapHoro L{O/] na 24%, mopiBHSHO i3 aTOPUTMOM, JIe Mirpallii He BUKOPUCTOBYIOThCS, Ta Ha 9%,
MOPIBHSHO 13 Mirpamismu 3a aroputmoM First Fit i3 cratuyaum tpenixongom y 80% 3aBaHTaKeHO-
CTi 3 MirpamisiMu TUTbKU KOoHTelHepiB. Takox, yac mopymenns SLA 3menmmBces Ha 40% ta 21%
BiJITIOBiTHO.

Ha pucynky 3 300pakeno HaBantaxxeHHs Ha CPU oxniei 3 BM, B 3a1e)KHOCTI BiJ] 9acy CHMY-
nsnii. 3 rpadiky BHIHO, IO KOJM HaBAaHTAXEHHS HAOIMXKATOCh J0 TPAHHUYHOTO, BiIOYBAIHCH
Mirpariii, 1 MOTOYHE HABaHTAXXCHHS 3HIKYBAJIOCh. 3aBISKUA IIbOMY PECYpPCH KJIACTEPY BUKOPHUCTO-
BYBAJIMCh OUIbII €EKTUBHO, 1110 MPU3BENO O 3HWKEHHS KyMYJIATHBHOI IIIHU Ta 4acy MOpPYIIEHHS
SLA.

BucnoBku

VY naHiil cTaTTi pO3MISHYTO BAXKJIMBICTH BUKOPUCTAHHS MIrpauiil y mpouecax po3MilIeHHs
koHTeitHepiB y xMapHux L{O/]. JocaimkeHHs miIKpecioe, Mo Yepe3 JMHAMIYHICTh 00YUCTIOBAIb-
HUX TIOTpeO 1 3MiIHU B POOOYMX HABAHTAKEHHSX, CHCTEMATUYHI Mirparii € HeoOXiJHUMH AJIsl ONTH-
MaJIBHOTO PO3MOJUTY pecypciB 1 3a0e3nedeHHs] BUCOKOI JTOCTYIHOCTI cepBiciB. Mirparii fomnoma-
raloTh YHUKHYTH TEepEBaHTAXEHb Ta HEAOBAaHTAKEHb CEPBEPIB, 3HIKYIOUM TaKUM YHHOM PHU3UKHU
MOPYILIEHHS YTOJ PO piBeHb o0ciyroByBaHHs (SLA) Ta 3abe3neuyroun Oiibin epeKTHBHE BUKOPU-
CTaHHS eHeprii.

Byno po3pobneHo ribpuaHuil anroputM Mirpaiiii 3 METO 3HWKEHHS BUTPAT Ta MiJABUICHHS
MPOAYKTUBHOCTI XMapHUX CHUCTEM. 3aBISKH BIPOBAKEHHIO I[LOTO AJITOPUTMY, BIANOCS 3HAYHO
3HU3WUTH ONepaliiiHi BUTpatu — Ha 24% MOpIBHAHO 3 METOJaMH, SIKi HE BUKOPHCTOBYIOTh Mirpa-
1ito0, 1 Ha 9% MOPIBHAHO 3 MiAX00M, KOJIM B Mirpariii 0epyTb y4acTb JHILIE KOHTCHHEPH.

Kpim Toro, riOpuaHuil anropuT™ CIpHUsB 3HAYHOMY 3HIDKEHHIO 4acy nopyuieHHs SLA (Ha
40%), mo neMoHCTpye Horo eeKTUBHICTh y 3a0e3meueHH OUThI cTaOlIbHOT Ta HAAIHOI poOoTH
XMapHHX cepBiciB. Lli pe3ynabTaTé MigKpecarol0Th 3HAYYIICTh MIrpamii sk KPUTHYHOI CKJIaJOBOT
CYy4acCHUX XMapHHUX OOYMCIIeHb, 3a0e3Meuylour aJanTaliio 0 3MIHIOBAaHUX BUMOT 1 ONTHMalbHE
BUKOPHUCTAHHS PECYPCIB.
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3arasioM, pe3ysibTaTH JAOCHIHKEHHS BKa3ylOTh Ha 3HAYHHMNA MOTEHIIad MIrpalifHUX aJropuTt-
MiB Yy MiJBUIIEHHI €()EeKTUBHOCTI XMapHUX OOYHUCIICHb, J03BOJIAIIOYN €(PEKTHUBHIIIE pearyBaTH Ha
3MiHHI BUMOTH JI0 PECYPCIB Ta ONTUMI3yBaT BUKOPUCTAHHS JOCTYITHUX MOTYKHOCTEH.
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An approach to migrations in the container placement task

The article examines the importance of container migration within the context of container
placement tasks in cloud data centers. Cloud computing offers organizations significant benefits
such as flexibility, scalability, and reduced costs for equipment, energy, and maintenance. Cloud
providers face the challenge of not only efficiently placing containers initially but also dynamically
reallocating them, along with virtual machines, in response to changing demands and workloads.
This necessitates the development and application of migration algorithms. The study analyzes how
migration is a critical component for ensuring optimal resource use, maintaining high service
availability, and reducing service level agreement (SLA) violations. The research aims to enhance
the productivity of cloud data centers in the task of container placement by utilizing container mi-
gration algorithms. This objective is driven by the need for cloud providers to use their resources
effectively to provide higher quality service and maintain competitive pricing. The use of migrations
prevents overloading or underloading of servers and virtual machines, which is especially im-
portant in the highly dynamic environment of cloud computing. The research developed a hybrid
migration algorithm that includes the migration of both containers and virtual machines. Mathe-
matical aspects of the container placement task are described, and the migration algorithm is de-
tailed. Experiments showed that implementing this algorithm reduces operational costs by 24%
compared to traditional methods that do not use migration, and by 9% compared to less flexible
migration strategies. There was also a demonstrated reduction in SLA violation times by 40%, indi-
cating improvements in service quality and reliability of cloud services. The conclusions of this
study confirm that container and virtual machine migration is necessary for effective management
of dynamic resources in cloud data centers in the context of container placement tasks.

Keywords: container virtualization, migration, cloud provider, data center, virtual machine,
optimization, control method, algorithm.
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O.I'. Tpopumenko, A.B. Cokonos, H.I. Jlorinoga,
I'.B. AxmamerseBa, [1.0. UukyHoB
INTYYHUM IHTEJEKT Y CO®EPI BINCBKOBOI JIOT'ICTUKH

Anomayis. Benuuesni nomoxku OuHamiuHo 3MIHIOBAHUX OAHUX NPO HASABHI JO2ICMUYHI npoyecu y
BILICLKOBILL 2any3l nompebdyromsb CB0EUACHO20 8PAXYBAHHS, KepYy8aHHsA ma onmumizayii. 3acmocy-
BAHHS UMYYHO20 THMeneKmy V cghepi 8illcbK0BOI 102icmuKku 00nomMazae onmumizy8amu npUHsm-
ms WeUOKUX ma eheKmueHux piulenv npu peanizayii nocicmuyHux npoyecis. Jlocicmuka nio wac
IlIHU € KII0Y08010 O/ YCNIXy GIliICbKOBUX ONepayill, aoxice CMOCYEMbC MEXHIYH020 | MUI0B020
3a6e3neyeHts, mpaHcnopmysanHs 30poi ma amyHiyii, NHOCMaYyanHs NPoO0BOILCMEA, 36 A3KY MOUO.
Howyk eghexmusHux winaxie wo0o weuokoi ma eghekmugHoi onmumizayii i MiHiMi3ayii pusuKie
JIOCICMUYHUX BIlICLKOBUX NPOYECI8 € 8elbMU aKMydlvHum. Y cmammi docnioxceno poaw LI 6 cy-
YACHOMY MPAHCHOPMAYIUHOMY PO3BUMKY GIICHKOBOI 102iCMUKU, NPOAHATI308AHO Chepu MOA*CIU-
8020 3acmocysanns LI y yiii eanysi, ockinbKu 2100a1bHi GilicbK08l cmpamezii 6ce Oinvule 3ane-
JHcamo 8i0 HAOIIHOCMI MA 2HYYKOCMI CUCmeM JIAHYI02I8 NOCMABOK.

Knrouoei cnosa: wmyunuti inmenexm (LLI), mexnonoeii' LI, siticoxosuti LI, giticbkosa nocicmuxa,

PUUKU, MAWUHHE HABYAHHS, HEUPOHHI MepedlCl.

IMocranoBka mpo6uemu. 3acrocyBanns mTyuHoro intenekry (ILI, Artificial Intelligence,
Al) y chepi BiiCbKOBOT JIOTICTUKH JOIIOMArae ONTHUMIi3yBaTH MPUUHATTS MIBUIKHUX Ta €()eKTUBHUX
pillieHb 11010 TeXHIYHOIO 1 TUJIOBOrO 3a0e3NeueHHs, TPaHCIOPTYBaHHs 30poi Ta aMmyHilii, mocTa-
YaHHS MPOJIOBOJIBCTBA, 3B A3KY, a/LKe KOMOIHAIS X CKJIAJJOBUX € KIIFOYOBOKO Ul YCIIXY BifCh-
KOBUX OIlepalii.

AHaJi3 ocTaHHiX aociaigxkeHb i myOuaikauiii. Y crarti [1] y3araapbHeHO MOCBiA KpaiH —
yuacaullb HATO, nacamnepen CLUA, mono ¢hopMyitoBaHHS HalpsIMKIB JIOCTIIKEHb 3 BUKOPH-
cranHs TexHousorid 11 y norictnunux cuctemax 30poitHux Cuil Ta MKHAIIOHAIBHUX BICHBKOBHUX
¢dopmyBanb. JlocmimkeHHs [2] posrmsnae cremudiky 3acrocyBanHs I y cdepi BiiicbkoBoi
JIOTICTUKM caMe y KOHTEKCTI TEeXHIYHUX 3ac00iB ciyk0 Twily. ABTOpH cTarTi [3] mpoinocTpyBaiu
XapaKTePUCTHKH Ta OCHOBHI TEXHOJIOT1, 110 BUKOPUCTOBYIOThCS B JioricTuii 4.0, 30cepeKyl0unch
Ha BukopuctanHi Il sk iHCTpymeHTa mporHo3yBaHHsI BiIHChKOBUX omepauiii. JlocmimkeHHs [4]
OLliHIOE OajaHC MK IMOKPAINICHUMH MOXIIMBOCTSIMHU JIOTICTHKH Ta CKJIQIHOIIAMH, CTBOPCHUMH
IMMH TEXHOJOTisIMU. 3arajioM cdepa TEXHOJIOTIYHOI ONTHUMI3alii yNpaBiIiHHS BiHCHKOBUMU
JIAHIIOTAMH TTOCTaBOK CTAa€ MPEIMETOM MIMPOKOTO aKaJeMidHOTO BUBYCHHS Ta JIOCIIIKEHB, IO
BiJoOpakae ii KpUTUUHY pOJib y 3a0e3neueHH] e(heKTUBHOCTI Cy4YaCHUX BIMCHKOBHX OIepariiil, Kojau
TEXHOJIOTIYHMI TMPOrpec, TEOMOJITUYHI 3pYIIEHHS Ta HOBI BIMCHKOBI JOKTPUHHU IOCTINHO

3MIHIOIOTh JIAaHAIA(T JOTICTHKH.

© Tpodumenko O.I'., CokonoB A.B., Jlorinosa H.I.,
AxmametneBa ['.B., Hukynos I1.0., 2024
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MeTa nocigkenHsi: npoananizyBatu pois LI B cyuacHoMy TpaHchopMaiiiiHOMy po3BUTKY
BIICBKOBO{ JIOTICTHKH, PO3TISHYTH chepu MoxiauBoro 3acrocyBanHs LI y miif ramysi, OCKiIbKH
rno0anbHi BIMCBKOBI cTparerii Bce Oinblle 3ajexaTh BiJ HaIIHHOCTI Ta THYYKOCTI CHCTEM
JIAHIIIOTIB TIOCTaBOK.

BukJjiageHHs1 0CHOBHOI0 MaTepiajy gociaigxenns. Jlorictuka B apmii oxorutoe 6arato pi3-
HUX (DYHKIII CBOEYACHOTO IMOCTaYaHHS Pi3HOI HOMEHKJIATypH 030pO€HHS, OOENpHIAciB, BiIHCHKOBOT
TEXHIKH, & TAaKOX ii MiArOTOBKM (PEMOHTY) i 30epiranHs. A oT)Ke, BEIUYE3Hi MOTOKA TUHAMIYHO
3MIHIOBAaHUX JTAaHUX PO HAsBHI JIOTICTUYHI IPOIECH Y BICHKOBIH Taimy3i mOTpeOyIOTh CBOEYACHOTO
BpaxyBaHHs, KepyBaHHs Ta onTuMmizaiii. Taka 3amada € JOBOMI CKJIAJHOIO IS Oy/Ib-SIKOTO KEpiB-
HUITBA, OCKUIbKU MOTpedye BpaxyBaHHsS YMCICHHUX YMHHUKIB 3 BU3HAUCHHSM Ta BpaxXyBaHHSAM
MOJKJIMBUX PU3UKIB, y TOMY YHCJI yepe3 HenepeadadeHi 00CTaBUHU 32 YMOB BO€HHOTO cTaHy. Came
JIOTICTUYHI MIOMUJIKM MOXKYTh CIPUYMHUTH HEBJA4l Ha MOJi 000, 3HAYHI BTPATH 1 30UTKH, TAKKI
couiajbHI Ta EKOHOMIYHI HACIIIAKH.

3 iHmoro 60Ky, nMpu 00CIYroByBaHHI YMCICHHHMX 3asBOK BIMCHKOBHUX YaCTHH 1 MIAPO3ALIIB
1010 IOCTauyaHHs 30poi, 3aIT4acTHH, NAJIIMBA, aMyHILIii, TPOJOBOJILCTBA Y Oyb-AKOi apMii € BeJIMKa
pobjeMa MOXKJIMBOIO BUHUKHEHHsSI CYMHIBHMX TpaH3aKLil yepe3 JIOAChKY Hel0alicTh, 1axpaii-
CTBO, MApHOTPATCTBO, 3JI0BXKHUBaHHA Ta Kopymnuito [5]. Tomy aBTOMaTH3amlis Ta onTuUMi3alis KOH-
TPOJIIO BETMYE3HUX 0OCSTIB BIHCHKOBOI JIOTICTUKH € YK€ BaXIIMBOIO 33/1a4€t0 Oy/b-sSKO1 IepKaBH.
3acTocyBaHHsI JUIsl YIIPABIIHHS JIAHIFOTOM MOCTaBOK TexHoJjorii Il i MmammHHOTO HaBYaHHS J103-
BOJISIE TIEPEBIPUTH Ta BIOPSAKYBATH BEJIHWKI MAaCHBH JAaHUX IS ineHTU(DIKALI] Ta BUSBICHHS ITiJ0-
3pLIMX nocTtavanbHUKIB [6]. Bike 3apa3 trexnomorii 111 y BilicbKOBIi JIOTICTUYHIN Mepexi MOCTyIO-
BO 3aMIHIOIOThH JIFOJMHY 3 MO3MIIIT cTabuii3amii NeBHUX HOMIHAIBHUX (DYHKLINA, TUM CaMUM J103BO-
JISIOTh TPUILBUIIINTY JIOTICTUYHUI Mpoliec 1 3p0OUTH HOro OUIBII THYYKHM.

3actrocyBanHs TexHosorii Il y pi3HuX cexTopax BiHICHKOBOI JOTICTUKU (OPMYy€E HOBUH MO-
TEHI[1aJ] Ta MOKJIMBOCTI:

— aBTOMAaTHu3allisl MPOLECIB 3aMOBJIEHHS, BIJCTE)KEHHS IOCTaBOK, CKJIAJACHKOro OOJiKy Ta
PO3MOALTY NAJIMBHUX, XapUOBUX Ta pedoBUX pecypciB. Lle nomomoxe 3abe3nednT epeKTUBHICTD
Ta TOYHICTh Y BIIICbKOBOMY IMOCTauyaHHi;

— MOXJIMBICTh KOMILJIEKCHOT KOOPAMHAIIIT TOJFOBUX MITA0IB 1 BIliCbKOBUX YaCTHUH;

— NIPOTHO3YBaHHA MOTPed y pecypceax, 10 A03BOJIUTH 3a3/1ajlerib IUIaHyBaTH MMOCTABKU Ta X
PO3MOIiT;

— po3po0OKa aBTOHOMHHX TPAHCIIOPTHUX 3aC00IB Ta APOHIB CIIPOIIYE Ta MPUCKOPIOE TOCTABKY
MaTepiaTbHUX LIHHOCTEH Ha TiepenoBy [7];

— ONTHMI3allis MapIIpyTiB JJIs EPEBE3EHHS BaHTAXIB, 3aBJSKU aHAI3Yy IITYYHUM iHTEIECK-
TOM reorpa@iuHux JaHUX;

— MABUIIEHHS 00€3/1TaTHOCTI 0COOOBOTO CKJIAy 32 PaXyHOK BHKOPHUCTAHHS TMEPCOHATBHUX
CMapT-IIPUCTPOIB;

— KOMITJIEKCHA KOOPAWHAITIS JUCTOKAITl ITa0iB 1 BINCHKOBUX YaCTHH;

— BCEOCSHKHUM aHalli3 MIHJIMBOI CUTYallll y pi3HUX perioHax 3a yMOB BEJE€HHS Cy4yacHUX OO¥-
OBHX i, epeKTUBHE BUKOPUCTAHHS aHAJI3Y JI1i POCIHCHKUX PEBAHIIUCTIB [2];

— MOKJIUBICTH 3amu(poBaHOi TOCTaBKH iH(OpMaIiiHUX JaHuX [8];

— TIOTEHIiaJI aBTOHOMHO1 pOOOTH 3a YMOB HeTlepe10auyBaHNX BOEHHUX JIiH;
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— epekTHBHE yINpaBIiHHSA pecypcamMH Ta JIOTICTHYHMMHU mporecamu 3a paxyHok LI moxe
Ha/1aBaTH aHANITUYHI J]aHI Ta peKOMEHAALIT I MATPUMKH IPUHHATTA PillICHb;

— BUSIBJICHHS PU3UKIB Ta MPOTHO3YBAaHHS MOJIMBOTO Hamaay Ta CIIEHApPiiB PO3BUTKY MOMIN 3
MO3UIIH YYaCHHUKIB OOMOBUX JIiHA.

ABTOMaTH30BaHE OMPAIIOBAHHS Ta IHTEIEKTYaJIbHUU aHAIli3 BETUKOI KUTBKOCTI JAHHUX JIOTO-
MararoTh OINTHUMI3yBaTH BUPILNICHHA MUTAaHb MOCTayaHHs, TPAHCHOPTYBAHHS, 3B’S3Ky Ta IHIIMX
JIOTICTUYHHMX 3a/1a4 32 YMOB CY4aCHUX BiliH.

be3ninoTHi amapath MOXYTh aBTOMAaTHU3yBaTH PYTHHHI JIOTICTUYHI 3aBJaHHA (TPaHCIIOPTY-
BaHHSA 30poi, 0COOOBOTO CKJIany, EKiMpyBaHHs, eBaKyallisl IOPAaHEHUX, JOCTaBKa OOENPHUITIACiB, BO-
JIY, TIPOJIOBOJIBCTBA TOIIIO), BAKOHYIOUH iX IIBUAIIC Ta ePeKTHBHINIE 3a Mrojaei. Taki miaTdopmu
MaloTh CYTT€EBI IepeBaru: BOHU He MOTPEOYIOTh 3aIy4eHHS eKiNaxy, KU MO)Ke BUKOHYBaTH BaX-
JMBIILI 3aB/IaHHS; HE NOTPeOYIOTh BIIOYMHKY; TXHS BTpara JCLIeBIla 3a BTpaTy TPaAULIHHOI BaH-
TaXIBKH 3 JIOJbMHU. 3 1HIIOTO OOKY, CIa0KOCTSIMU aBTOHOMHHUX TPAHCIIOPTHUX 3acO0iB € Te, IIO:
nesiki mathopMu IS MiABUIIEHHS HAAIWHOCTI MOTPeOYIOTh YHpPaBIiHHS ONEPaTOpoM; Ha Mapli-
PYTi MOXKe CTaTUCA MOJOMKA Yd TO 301l CUCTeMM KepyBaHHS, 1 TOJl BapTiCHA CUCTEMa BTPAYA€ThCs
abo morpelye eKcruTyaTaliiiHoro oOcayroByBaHHs, a MOCTaBJIE€HA 3a/laya 3aJIMIIA€ThCS HE BHKO-
HaAHOIO 3a peaJibHuX 0OMOBHX YMOB; BOPOI MOKE 3arIyIIUTH CUCTEMY HaBirauii abo KepyBaHHS 3a-
cobamu PEB i 3aBonoaitu Heto, TOOTO € pU3MK BTpATH OE3MIJIOTHUKA BiJ] KOHTP3aXOIiB MPOTHBHU-
ka. Jlo Toro X, BapTICTh TaKMX JPOHIB € JOBOJI BHCOKOIO 1 MOXXE IEPEBHIYBATH BapTICTh BaH-
TaXIBOK Ta ix oOciyroByBanHs [9].

UYepes 3a3HadeH] HEIOMIIKK HAbaraTo OUIbII MOMIMPEHUMH Y BIHCHKOBIN cepl € 4acTKOBO aB-
TOHOMHI IHTEJEKTyalbHl cuUcTeMH. Takl ajanToBaHl MPOrpaMHI CHCTEMH (YHKLIOHYIOTH Y
B3a€EMOJII 3 JIOAMHOIO, OUIBLIICTh 3 HUX 0a3yloThCS Ha MPOCTUX HporpamHux TexHosorisx LI
[IpuknanamMu Takux 3aco0iB €: O€3MUIOTHI Ha3eMH1 TpaHCHOPTHI 3acobu Bix komnanii Lockheed
Martin ans TpaHCIOPTYBaHHSI CIIOPSIKEHHS, 30poi, MEMKaMEeHTIB 1 nmaikiB; miaargopmu S-MET
B1J komnanii General Dynamics Land Systems, siki 37aTHI MiATPpUMYBaTH aKTUBHICTb 710 72 TOJUH 1
MaroTh paaiyc aii 10 96 KM, MOXYTb 3aps/PKaTHUCS B J0pO31 1 MAlOTh BaHTAXOMIAHOMHICTb 10
1133 xr [9].

ABTOHOMHI TPaHCHOPTHI 3ac00U Il KPAILIOTo MPOXOKEHHS IUIAXY 32 PI3HUX YMOB BUKOPH-
CTOBYIOTH Di3HI METOAM 1 TEXHOJOTIl IITYYHOrO I1HTEJEeKTY: IOBTOPIOBaHI HEHpPOHHI Mepexi
(Recurrent Neural Network, RNN), mepexi nororpuBainoi koporkodacHoi mam'sti (Long Short-
Term Memory, LSTM) 1 naBuanus 3 miakpimneHHsM (Reinforcement Learning, RL) [10].
CrenianbHi apxiTekTypu HelpoHHOI Mepexi RNN i1 LSTM 3patHi iHTepmpeTyBaTd JIOBLi
MOCTIIOBHI J1aHi, JUIs SKUX BAXKJIMBUH XpOHONOTIYHUH mopsaok. RL, sk mMOTyXHUH 1HCTpYMEHT Y
ML, no3Boiisie mocsAraTH ONTUMAIBHUX PE3YNIbTATIB y CKIATHUX CEpEelOBHUINAX 3 OaraThbma MpaBH-
JIaM{ Ta 3QJIEKHOCTSMHU. Y TOMY CaMOMY CEpPeIOBHII JIOUHA MOXKe OyTH HE B 3MO31 BU3HAUYHUTH
HalKpamuii IUISIX, HAaBITh MAlOYM 4yAOB1 3HAHHS MPO HAaBKOJUIIHE cepenoBuile. Hatomicts Oe3-
MozenbHl anroputMu RL mBHAKO amanTyroTbCs O CEPENOBUINA, IO MOCTIHHO 3MIHIOETHCH, 1
3HAXOJATh HOBI1 CTparerii /i ontuMizanii pe3yastati [11]. KpiM Toro, B 6€3nI0THUX JIITaTbHUX
anapatax (BIIJIA) mist noHaBeneHHs 3aCTOCOBYIOTH TEXHOJIOril komm'torepHoro 3opy (Computer
Vision, CV), ki 103BOJISITh aHAII3yBaTH BiJCOTIOTOKH B PEabHOMY Yaci, 3HAXOJIUTH U 1ACHTHU-

166 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi Texnonorii» 5 (154) 2024 «System technologies)

¢ikyBaru 00'exTH (aBTOMOOLT, JTrOAEH, apTHiepito Tomo). TooTo B BIIJIA mrydnuil iHTENEKT 1Mo
CyTi BUKOHY€E POJIb IU(POBOTO MIJIOTA, IKUI MMPOTHO3Y€E TPAEKTOPIIO PyXy 00'€KTa, pO3Mi3HAE IIiJb,
KOHIICHTPYETHCS HA Hill 1 3amam'aToBye i1 Ha BUMAJOK TUMYACOBOTO 3HHUKHEHHS 3 TOJIA 30pY, 11100
Oya¥ 3JaTHUM TIOTIM BiTHOBUTH ITOJTFOBAHHS.

o xareropii pobotm3oBanux Ha 0a3i LI BificCbKOBHX TpaHCIOPTHHUX 3acO0IB BIJHOCSTH
pi3HOTO IMaHy OE3MUIOTHI amapaTH: HA3eMHI, JIiTaJlbHI, maBOAHI, kKocMiuHi. Hampuknan, I, 3a-
KIAJCHUI B omeparlliiiny cucremy Lattice, aBTonomHoro migBoaHoro yoBHa Ghost Shark Big aB-
crpaitificekoi kommanii Anduril BUKOpUCTOBY€E NaHi 3 Pi3HUX CEHCOPIB, KOMII IOTEPHE 1 MAIIMHHE
HaBuanHs [12]. Ille ogaum npuxmagom inrerpamii I y BilickkoBy cdepy € Oe3nioTHHI 60i0BHI
mitak Loyal Wingman, po3po0aenuii komnanieto Boeing y cmiBmparii 3 KoposiBcbkuMu aBcTpa-
nificekumu BiiicbkoBo-noBiTpstnuMu cunami [ 13]. BopoBamxkenns cucrem I ta inTenexkTyansHux
QITOPUTMIB y HaBIraliiiHi CUCTEeMU CyYaCHUX TPAHCIOPTHUX 3aCO0iB HAJAIOTh MOXKIMBOCTI JJIs
MOKpalieHoi reoyiokamii Ta igeHTudikamii 3arpo3, 3a0e3MmevyloTh BUCOKOSKICHE 1HTETpOBaHE pa-
JlapHe TOINEepPEePKEHHs, TapHy CUTYyaliiHy 0013HaHICTh JUISl IIBUKOTO, ONTHUMAJIbHOTO HMPUNHHATTA
pillIeHb 110JI0 CAMO3aXUCTy T4 BAKOHAHHS MOCTABJICHUX 3a/1a4.

3aznaveHi TexHoszorii I Heabusk nornomararoTh BiiCbKOBUM, 3a0e3redyoduu poOoTy pi3HO-
MaHITHUX TUIMiB 0e3minoTHUKIB. Tum camum LI 1o3BONIsSIE ONTUMI3yBaTH IJIAHYBAHHS JIOTICTUYHHUX
MapuIpyTiB, KOHTPOJIb 3aIaciB, PO3MOLI PECypCiB, MiABUILYIOUN €PEKTHBHICTD Ta 3HU)KYIOUH BHUT-
paru.

BucnoBku. BnpoBakenns texnomnoriit LI B ynpaBiiHHS JIaHIFOTOM ITOCTaBOK Y BIHICHKOBIi
cdepl moKpalyoTh ePeKTUBHICTh, 0€3MeKy Ta THYUYKICTh JoricTuuHux omepamiit. I 1 rmuboke
HaBYaHHS 3a0€3Me4yI0Th IBUIKUNA 1 KOMIUIEKCHUN aHali3 BEJIMKUX OOCSTIB AAHUX, MOJIETIIYIOUH
BUSIBJICHHSI TEHJCHIIIN 1 3aKOHOMIPHOCTEH, SIK1 1HAKIIE MOIJIM O 3aJUIIUTHCS HemoMmiueHuMH. L1
TEXHOJIOTIT HAJlal0Th MOYJIMBICTH INependadaTd pe3ylbTaTH Ta ONTHMI3yBaTH DIIIEHHS B PEXHUMI
peaIbHOTO 4Yacy, TUM CaMUM CHPHUSAIOUM Kpalliil aJanTOBAaHOCTI Ta pearyBaHHs B JWHAMIYHUX 1
MOCTIMHO MIHJIMBUX CUTYallisIX, XapaKTEPHUX JUIsl BIMCHKOBHUX JAii. BUKopHcTaHHS IIUX NEepeoBUX
TEXHOJIOTIH y MPUUHATTI pillleHb MOXXE MPU3BECTH 10 OLIbIIOI TOYHOCTI, €PEeKTUBHOCTI Ta, 3pe-
IITO, TIOKpAIEHHs MPOYKTUBHOCTI. AJDKe LI TEXHOJIOTIi MPONOHYIOTh IHHOBAIIMHI pIIIEHHS IS
TpaIULIMHUX BUKJIMKIB KiIOEpBPa3IMBOCTI Ta ONepaliifHol Hee(eKTUBHOCTI Yepe3 pU3MK JIIOICHKUX
MIOMHUJIOK, OCOOJINBO B CTPECOBUX CHUTYalisAX O0HOBHX [iil. 3aBAsSKN €(EeKTHBHOMY BIIPOBAKEHHIO
anroputMmiB LI, BilficbkoBi oprasizamii 3MOXYTh JOCITTH Kpalloi KOOPAMHALII Ta MOHITOPUHTY
JIAHIIIOTIB TIOCTauyaHHs, THM caMUM 3a0e3Meuyour MIBUIKE Ta €(pEeKTUBHE pearyBaHHsS B KpUTHUHHUX
cutyauisx. BogHouac Takuil TeXHOJIOTIUHUI porpec Cripusie MiJBUIIEHHIO TPO30POCTi Ta MiA3BIT-
HOCTI, 1110 € BaKJIMBUMH €JIEMEHTAaMH B KOHTEKCT1 BiliCbKOBUX OIleparlii.

BomHOUac BaKIMBO BpaxOBYBaTH MOJKIIMBI PH3UKHU Ta MPOOJIEMH, TIOB’s13aHi 3 BIIPOBA/KECH-
HaM TexHousorid I yepe3 ix ckiagHICTh 1 HOTpeOy PO3BUTKY TEXHIUHMX HABUYOK 1 HaJAIMHUX Me-
XaHI3MIB O€3MeKu CKJIAJHUX HUPpoBUX cucTeM. HOBITHI i1HTENEKTyalbHI TEXHOJIOTl MaloTh
3HAYHUU BIUIMB Ha YIPaBIIHHS JIAHIIOTOM IIOCTayaHHs y BIMCHKOBINM opraHizalii, MPONOHYIOYU
IIMPOKI MOMJIMBOCTI MiJIBULIEHHS €()EeKTUBHOCTI Ta Oe3neku. AJie Taka €BOJIOIS BUMAarae crpa-
TETIYHOTO, aJIalITUBHOTO MIJIXOMY Ta MOCTIHHOI OIIHKA PU3UKIB 1 MOXIJIMBOCTEH. BaxkimBo, 1moo

BIMCHKOB1 OpraHizailii Oyiu B Kypcl TEXHOJOTIYHUX IHHOBAIId Ta aKTHUBHO iX iHTErpyBajH, 100
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MOKpAIIyBaTH CBOIO 3JaTHICTh €()EKTUBHO pearyBaTu Ha JUHAMIYHI BHKJIMKHA Cy4acHOTO BIHCHKO-
BOro cepcaoBuiia.

Amnai3 nokasas, 1o interpauis anroputmis 11 cipusie He nauie onTuMmizanii nmpouecis, a i
MIIBUIICHHIO O€3MeKH JaHUX 1 PecypciB, a TaKOXK aKTUBI3aIlil JOCTIDKEHb Y cdepi omTumizarlii
norictuku. OCKIJIBKU Il TEXHOJIOTIS MPOJIOBXKY€E PO3BUBATHCA, OUiIKYBaHO, IO ii 3aCTOCYBaHHS y
BiIiICbKOBOMY KOHTEKCTI CTaBaTUME BCE OUIBIII CKIIAHUM 1 MOIIUPEHUM.
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Artificial intelligence applications in military logistic

Huge flows of dynamically changing data about existing logistics processes in the military
industry require timely consideration, management, and optimization. Artificial intelligence in
military logistics helps to optimize the adoption of quick and effective decisions in the
implementation of logistics processes. Logistics during war is key to the success of military
operations, as it concerns technical and rear support, transportation of weapons and ammunition,
food supply, communications, etc. The search for effective ways to quickly and effectively optimize
and minimize the risks of logistical military processes is very relevant. The paper is devoted to the
research of the role of Al in the modern transformational development of military logistics as well
as analysis of the areas of possible application of Al in this branch, as global military strategies
increasingly depend on the reliability and flexibility of supply chain systems. Automated processing
and intelligent analysis of a large amount of data help to optimize the solution of supply,
transportation, communication, and other logistical problems under the conditions of modern wars.
Applying Al and machine learning technologies to supply chain management allows you to examine
and organize large data sets to identify and reveal suspicious suppliers. Unmanned vehicles can
automate routine logistical tasks (transportation of weapons, personnel, equipment, evacuation of
the wounded, delivery of ammunition, water, food, etc.), performing them faster and more efficiently
than humans. The implementation of Al technologies in military supply chain management
improves the efficiency, security, and flexibility of logistics operations. Al and deep learning enable
rapid and comprehensive analysis of large volumes of data, making it easier to spot trends and
patterns that might otherwise go unnoticed. The analysis performed showed that the integration of
Al algorithms helps not only to optimize processes, but also to increase the security of data and
resources, as well as to intensify research in the field of logistics optimization.

Keywords: artificial intelligence (Al), Al technologies, military Al, military logistics, risks,
machine learning, neural networks.
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B.P. Xapyn, P.B. PaukeBuu
IMOPIBHAJIBHA OHIHKA TEXHIYHUX XAPAKTEPUCTHUK
BUKOHABYUX MEXAHI3MIB NIPUBO/JIB CBEPJJIOBUHHUX HITAHI'OBUX
HACOCHHUX YCTAHOBOK

Anomayis. Hatibinbuw po3noscroddiceHumMu € O0ANaHCUpHi Npuoou c8epONr08UHHO20 UMAH208020
2NUOUHHO20 HAcoca MeXaHiuHoi Oii, AKi ompumanu Hazgy eepcmamis-kauanok [1]. Ilpome pozeu-
MOK HOBUX CXeM BUKOHABUUX MEXAHI3MI6 C8epOIOBUHHOI wman2080i HacocHoi yemanosku (CLIIHY)
00YMOBIIOE HEOOXIOHICMb 8UOOPY MEXHIYHUX XAPAKMEPUCMUK, AKI 00360JIs10Mb NPOGeCmU NOpig-
HAILHY OYIHKY HOBUX CXeM 3 MPAaouyitiHumu OaiaucupHumu npusodamu. B naykosii npayi asmo-
pamu pospobiieHo Memoouxy eubopy HeobOXiOHUX napamempis. Busumaueno, wo 0nsi nopieHauHs
mexHiyHux napamempie npusodie CLIIHY, sk mpaouyitinux (barancuprux) npueooie max i HOBUX
KOHCMpPYKYil, HeoOXiOHO nposecmu pO3PAXyHKU NepeoamoyHux (OYHKYIl 8UKOHABU020 MEeXAHI3ZMY
ma KpymHo20 MOMEHMY 1020 KPUBOWUNHO20 8AJld.

I'paghix kpymHo20 MOMEHMY KPUBOWUNHO20 8dlA 00360JISE€ po3paxysamu Koegiyienm gopmu
KPYMHO20 MOMEHMY, 3ACMOCO8YI0YU 0OHAKOBUL 3AKOH HABAHMANCEHHs WmaH2060i niogicku. Ta-
KUM YUHOM MOJNCHA 3POOUMU BUCHOBOK, NPO CHONCUBAHHS NOMYHICHOCMI OBUSYHOM MPAOUYIIHO20
banancupHo2o npueody uu Hogoi koHcmpykyii npusody CLIHY.

Knrouosi cnosa: eepcmam-kauanxka, mamemamuina mMooeib, AHAL02 KYMOBOi WeUuOKoCmi, aHanioe
KYMO0B8020 NPUCKOPEHHsl, MEXHIUHI Xapaxkmepucmuky, nepeoamoyHi OyHKyii, Kpymuuii MomeHm,

CB@pd]ZO(?MHHa wnmaHn206a HACOCHA yCMAaHOBKA.

ITocTanoBka npodaemu. TpanuiiiiHi cxeMHd BHKOHAaBYMX MEXaHI3MIB BEpCTaTiB-Kayalok -
OanaHcupHi npuBoau. Tak, Hampukiaja, nposigHa amepukaHcbka kommnadis LUFKIN (CIIA) mu-
POKO pekjiamye OallaHCHpHI MPUBOIU 8§ THUMIB PO3pOOJEHUX 3 BPAaXyBAaHHSIM KOHKPETHUX YMOB
eKCIUTyaTallii, 3 SKUX CTaHAapTHI JBOIJIeueBl HaIUy0Th oHaa 70 Moaudikamii, a oJHOIUIEYEB] —
50 [2].

B cBiTi nocriiiHO BeneTbes momyk HoBux cxeM npuBoiiB CIIHY, sxi MoxyTh 3abe3neunTu
BUJ00YBaHHS HAQTH 3 MEHIIMMM EKCIUTyaTallifHUMU BUTpaTaMu. ToMmy, MOps 3 TpaJullitHUMU
CXeMaMU BUHUKAIOTh HOBI, 10 HUX, HATIPUKIIAJ, MOKHA BigHecTH Oez0anancupuuit mpusin [THKIII,
sxuii Burmyckae HBIT “Ocnactka”, M. KpamaTopcrk, Ykpaina [3].

Jlnist CBEpUIOBUH 3 BUCOKUM J1€0iTOM HaTH MPOIMOHYETHCS 3aCTOCYBaHHs 0Oe30allaHCHPHHUX
nosroxojoBux npusoziB CIIHY [4], KOHCTpyKIIisi BAKOHABYMX MEXaHI3MIB SIKHUX BIJJPI3HAETHCS Bij
OaJaHCUPHUX.

Takox, TpUBAIOTH MOLIYKH 3aMiHM OaJaHCUPHOTO MPUBOJAY HA 1HINI CXEMH BUKOHABYOTO Me-
XaHi3My, HallpUKJIaJ] 32 PaXyHOK BUKOPHUCTAaHHS TiiponpuBoay [5].

© Xapyn B.P., Paukesuu P.B., 2024
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AHaJi3 ocTaHHiX Jociimxkedb i mydaikaniii. [[{ogo mommyky BIOCKOHAJIGHHS KOHCTPYKIIIT
BUKOHABYOT0 MEXaHi3My JIBOIICYMX BEPCTATiB-KAyaJIOK HANMCAHO HEMAJo Ipamb B SKUX aBTOPH
MPOIOHYIOTH Pi3HI NUISAXH iX yAOCKOHAICHHS [6,7]. Po3po0iieHO BeNMKy KiTbKICTh MOIU(IKAIIii
OaJaHCUPHUX MPHUBOIIB [2].

besbanancupHi BepcTaTU-TOMIaNKN [§] BUITYCKAIOTHCS 3 HABAHTAXXCHHSIM Ha TOJIOBKY OalaH-
cupa Bix 30 no 60xkH, 3 moBxuHamMu xoxy Bif 3,5 10 6M, IO MEPEBUIYE MAKCUMAJIbHY JTOBXHUHY
X0y OanaHCUpHUX MPHUBOAIB. BUKopucTaHHS OUIBIIMX TOBKUH XOIy J03BOJISIE BUJOOYBATH TY XK
KUTBKICTh PIIUHH MPH MEHIIMX YHCIaX MOABIHHUX XOAIB IITMOMHHOTO HAcOCa, IO 3HIKYE BUTPATH
Ha BUI00yBaHHS Ha(TH.

JI0Broxo/10BUiA JIAHITIOTOBHH MPHBiJ CBEPAJTOBUHHOTO IITAHTOBOTO Hacoca [4] MICTUTh CTiii-
Ky 3 6apabaHOM, paMy X0JIOBOTO OJIOKY, SIKUH 3’ €THAHUK TOBOPOTHUM KYJIAKOM 3 JIAHITIOTOBOIO TIe-
penavero Ta T03BOJISIE MPALIOBATH 3 OUTHIIMMHI HABAaHTAKECHHSIMHU Ta JOBKUHAMH XOJIiB.

OCKiNBbKHM CXeMH BUKOHABYMX MEXaHI3MiB OajlaHCHPHUX, Oe30aTaHCUPHUX Ta TOBrOXOJOBUX
MPUBOIB KOHCTPYKTHBHO BiJIPi3HIIOTHCS MK CO00I0, aje iX MpU3HAYCHHS CIIIJIbHE — MPUBOIHUTHU B
3BOPOTHO-TIOCTYHAJIBHUI PyX IUTyHXep TIHMOMHHOTO Hacoca, KM Bigkauye HadTy 31 CBEpAJIOBH-
HU, TO BUHUKAE HEOOXITHICTh y BUOOPI MapaMeTpiB, siKi O JO3BOJIHMIM MPOBOJUTHU iX HOPIBHSUIBHY
OIIIHKY.

Mera i 3aBaaHHs JociaizeHb. MeToro n1aHoi poOoTu € BHOIp mapameTpiB Uil TOPiBHIHHS
TEXHIYHHX ITOKa3HUKIB MMPUBOIB IITAHTOBUX HACOCHUX yYCTAaHOBOK.

Marepiain, MeTOAN Ta METOAUKH I0CTiAKeHb. OCHOBHI TEXHIUHI MMOKa3HUKH, SKI BHPOO-
HUKHU BKa3ytoTh B mm@pi npuBony CIIHY e iforo Bantaxomnigitomuicts (kH) , KpyTHUit MOMEHT Ha
BaTy kpuBomumna (kH-M) Ta 1oBkuHa X0Ay IITaHTOBOT MiABICKHU (M).

3a mepuMMHU ABOMA MOKa3HUKaMHU aBTOpoM [9] 3ampornoHoBaHUi MeToA 0O0UYMCIeHHs Koedi-
LI€EHTIB (PYHKLIOHATBHUX AIPOKCHUMYIOUHX 3aJISKHOCTEH, SIKUIl MOPIBHIOE 3HAYEHHSI MMTOMOI IO-
TYXHOCTI Ta MUTOMOT'O KPYTHOTO MOMEHTY PI3HUX MPUBOAIB, IO J03BOJISE€ MPUBECTH HAOIMIKEHY
OLIIHKY SIKOCTi IPUBOJIA.

s BuOOpy HEOOXIAHMX TEXHIYHMX XapaKTepUCTHK, 3 METO MOPIBHSHHS NMPHUBOJIB €KC-
tyarauiiaux xapakrepuctuk CIIHY, posrisiHemo ii 6110k-cxemy (puc. ).

1M BM ——{ PO

M — nBuryH npusony; /IM — nepenaTouHuil MexaHi3Mm;

!

BM — BukoHaBuunit Mmexanizm; PO — pobounii opran
Pucynok 1 — bnok-cxema CIIIHY

Koxnuit enement CILIHY, npuBenenuii Ha 6JI0K-CXeMi XapaKTepU3y€EThCSI CBOIMU TEXHIUHU-
MU [1apaMeTpaMHu.

JIns enexkTpoABUTYHA IPUBOAY MOKHA BuALHTH [11]: fioro moryxHicts Py, (kBm), HOMiHa-
JbHY 9aCcTOTY O0epTaHHS HOTO BaJyia Ny, (06/x6) a0 KyTOBY MIBUIKICTh My (pad/c), KoedillieHT Ko-
pucHoi nii (K.K.J{), koediieHT akTHBHOT OTY>KHOCTI (COS¢), CTPYM CIIO’)KMBAHHS IO HABAaHTAXKEH-
Hi0 |, (4), koediuienT nepeBantaxenus 1,/1,, Hanpyry xusneras U (B), criBBigHOIIEHHS MiX Ma-
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KCUMAQJIbHUM T4 HOMIHAJIBHUM KPYTHUMH MOMEHTAMHU Tmax/ T, CIIIBBIIHOIICHHS MK MyCKOBUM Ta
HOMIHQJIbHUM KPYTHUMH MOMEHTaMu T,/T,.

CIIHY Binpi3HAIOTHCSA TUIIOM MEXaHIYHHX Iepeaad B MpuBoi. Tak, Hanmpukmaz, ajs 6anaH-
cUpHUX BepcraTiB-roiganok adbo nmpusoxy [THKII naituacTime BUKOPHUCTOBYIOTH MAacOBY Iepeaa-
gy, sIKa XapaKTepPU3yeThCs CBOIMU mapameTpamu [12], Ta ABOCTyIEHEBUI 3y04acTUil PETyKTOP.

JU1st TOBroxXo/10BOTO TPUBOJY — JIAHIIIOTOBY Tepeady Ta PEAyKTOp 3 HOBOPOTHUM KYJIAKOM.

SIK110 BpaxoBYBaTH BCl TEXHIUHI XapaKTEPHCTUKHU, TO MOTPIOHO CKIIAJaTH CKIIA/JHI MareMa-
THUYHI MOJIEIT.

[Ipore, 3 TOYKK 30py MPUIIBUALICHHS aHaNizy moxumBocted mpuBoais CIIHY, momineHO
MOPIBHIOBATH TLIBKH BiZIMIHHOCTI B XapaKTEPUCTUKAX MEBHUX MEXaHI3MiB.

@®akTUYHO, pi3HI THITIB IPUBOJIB MOKHA MMOPIBHIOBATH JUIsI OJHOTO THITY HaBaHTa)KEHHS Bil
PO i 01HaKOBOT TOBXKUHH HOTO XOAY.

i xapaKTepuCTUKH BUPOOHUKH, SIK MIPABUIIO, BKA3YIOTh B IIU(PI IPUBOY.

Hanpuknan, 6anancupuuii npusig CLIIHY BupoOuunrsa CIIA mae mudp [2] C-320D-256-
120, sixuit o3navae C — TpaauuiiHuil (IBOIIICUnii) TN OaTaHCUPHOTO MPUBOY; 320 — MakCUMaIIb-
HUi KpyTHHIA MoMeHT peaykropa (10°-0miin -¢ynm); D — aBOCTYIIEHEBHIT peayKTOp; 256 — HaBaH-
Ta)KEHHS IITAHTrOBOI MiABicKU (ynm); 120 — MakcuMasibHa JOBXKHUHA X0y (0r0tiMm).

banancupuuii npusig BupoOHuULITBA PymyHii, sxuii mmpoko BHKOpUCTOBYeThcsi y HI'BY
VYkpainu mae mmdp UP12T-3-5050, axuit o3nauae UP — tun 6anancupHoro npusoay; 12 — HaBaH-
Ta)KEHHS [ITAHTrOBOI MiZBiCKU (monn); 3 — MakcuMaibHa A0BXUHA X0y (), 5050 — MakcuManbHuUit
KpyHHUi MOMEHT peaykTopa (H-m).

Iudp 6amancuproro npuoxy CK12-2,5-4000, BupobuunTBa Ykpaiau, o3Hauae: CK — aBo-
TUICYEBUil OaaHCUPHUI NpUBiA, 12 — HaBaHTAXXCHHS IITAHTOBOI MiIBICKU (monH); 2,5 — MaKCH-
MalibHa JoBXuHa xoay (m), 4000 — MakcuManbHUI KPYTHUIT MOMEHT peaykropa (H -m).

Mipu JOBXKHUH Ta Bar y KpaiHax-BUPOOHUKIB MOXKYTh OyTH PI3HUMHU, TOMY JUI 1X TOPIBHAHHS
HEOOXiIHO MPOBECTH MepepaxyHKH, M0 BiAMOBIal0Th MiskHapogHOMY cTanaapTosi SO [13].

[IpoTe nmaHi, 0 NPUBOAATHCA B HIM(PI, MOKA3yIOTh MOXIIUBICTh OaJlaHCUPHOTO MPHUBOAY 1
SKILO BOHU MOAIOHI, TO BUHUKA€E NMUTAHHS SK MPOBECTH MOPIBHAHHSA iX poOOTH B yMOBaxX €KCILTya-
Tami?

PesyabTaTn pocaimkens. [lepma xapakrepuctuka, Ky HeoOXiaHo 3abe3neuutu st PO —
11e TOBKMHA X0y TUTYHXKepa Ta HOro pyx 3 HeoOXiJHOI MIBUAKICTIO. BukoHaBui MexaHi3mMu Oana-
HCUPHUX MPUBOIB PI3HUX KpaiH-BUPOOHUKIB MO/AIOHI 32 CXEMOIO, IPOTE BiAPI3HAIOTHCS T€OMETPH-
YHUMU TTapaMeTpaMu (JIOB)KMHAMHU JAHOK).

Ockinbku 3aBaanHs BM 3a0e3neunTy HeOOX1AHUN 3aKOH PyXy IITAHTOBOI MiJIBICKH, @ OTXKE 1
PO, TO 11 MOpIBHSAHHS 3pYy4YHO KOPUCTYBAaTUCh Hepenarounnmu ¢yskmismu [10] Ta anamoramu
MIBUJIKOCTEH (Tepiua nepenaTroyHa (GyHKIISA) Ta MPUCKOPEHb (pyra nepenarodHa ¢yHKis). 3BU-
YaifHO /IS {HOTO MOTPIOHO CKJIACTH MAaTEMaTHYHY MOJIEINb, sIKa JO3BOJIUTH iX o0uncnuth [14].

3a ix o0uMCcIeHHAMHU OYAyIOThCS Tpadiku aHAJIOTiB HepeMillleHHs, BUAKOCTI Ta MPUCKOPEH-
HS IITaHTOBOI MiABICKU. | came iX popma, a He TIIBKKM MaKCHUMaJbHI 3HAUEHHSI, BaXJINBI JUIs MOPIiB-
HSIHHS SIKOCT1 BUKOHABYOTO MeXaHi3My (puc.2).
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Po6ounit nukn CILIHY po3ninserscs Ha 1Bi ¢pa3u BiTHOCHO pyXy IITaHroBoi miasicku. Ilep-
11a, pyx Bropy — KOJH Ha MPUBIJ AIFOTh MAaKCUMaIbHI HAaBAaHTAKEHHS, 3yMOBJICHI Baro0 MTAaHTOBOI
KOJIOHH Ta PIUHM, KA 3HAXOAUTHCS HaJl IUIYHXEPOM MIMOMHHOTO Hacocy. [Ipyra — pyx mTaHroBoi
MiJBICKH BHU3, KOJIM HABAHTAKEHHS 3MCHIIYETHCS 1 CKIQJA€ThCS TUIBKU 3 Bard INTaHT, OCKUTBKU
Bara piluHM CIIPUUMAETHCS KOJIOHOIO HacoCHO-KoMmpecopHux Tpyo (HKT).
ds' | ds” |

P e
P
21 + 21 + i

1,65 1 1651\
12 + 12 :\ /
\

2,554

075+ 4 075+

03 __/ @, epad 05 L \ ¢, 2pad
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o1 T 40 80 120 160 Q0 240 280 320 0 15T 40 SN 120 160 | 200 24:/ Y
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07 I 1,05 +- Xio szopy N ‘
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2 3

13 + 1
46 L 1 2 3
‘ a) 6)
1 - RM320D-256-120; 2 — CK12-2.5-4000; 3 — UP12T —3-5500;

Pucynok 2 — I'padixu aHanoriB MIBUAKOCTEN (a) Ta mpUCKOpeHsb (0) GalaHCHPHUX TPUBOIIB

BupoOHHMKH IPUBO/IIB HAMAratoThCsl CIIPOSKTYBATH BUKOHABYI MEXaHI3MH TaKUM YHHOM, 11100
MIBUJIKICTh IITAHTOBOI MiJIBICKM MPH pyci Bropy Oysia MEHIIOI0, YuM A ii pyXy BHH3. SIK BUAHO 3
puc.2a s pyxXy IITaHTOBOI MiJBICKM Bropy MakCHMalbHE 3HAUCHHS aHAJIOTy IIBUAKOCTI IS BCiX
TPHOX BEPCTATIB-KauyaJOK MPAaKTUYHO pIBHE 1 ckiafgae 1,65M, To/1 SK AJi1 X0y BHU3 — CYTTEBO BiJ-
pisusitoTees: i npuBoxy RM320D-256-120 3HadeHHs aHAIOTy MIBUAKOCTI HAWMEHIIE 1 CKIIaae
1,21m, st mpuBogy CK12-2.5-4000 — 1,45 (Ha 19,85 % Oinbe), a g npusoxy UP12T —3-5500
— 1,32m (na 10,7 % Oinpiie. SKmio po3rasiHyTH puc.20, Ha AKOMY 300pa)keHl 3HAUEHHS aHaJIOTiB
MPUCKOPEHB IMX BEPCTaTiB-KayaJIOK, TO MOXHA Bi3HAYMTH, IO JUII XOAY BrOpy MaKCHMallbHE
3HAUEHHS aHAJIOTy NMpucKopeHHs npuBoxy RM320D-256-120 ckmamae 1,4 M, mus npuBoxy CK12-
2.5-4000 ta UP12T —3-5500- 1,95m (na 39 % Oinbe), ans xoay BHU3 — s npuBoxy RM320D-
256-120 miniManeHe 3Ha4YeHHS ckiaaae -1,35 m, ansa npusoxy CK12-2.5-4000 — -1m (Ha 26% Mme-
ume), it UP12T —3-5500 — -0,8m (Ha 41% wmenme). OCKUTBKU aHAIOT TPUCKOPEHHS BKa3ye Ha
iHepIIiiiHI HaBaHTaXXEHHsI, TO MOXKHA BiAMITHTH, 110 15 ipuBoxy RM320D-256-120 inepiiini Ha-
BaHTaXXEHHsI U1 X0y Bropy OynyTh MEHIIMMH HIX IHIIUX JBOX MPHUBOJIB, a JJi1 XOAY BHU3 — Oi-
JBIIAMH.

[HIII0F0 BaXKIIMBOIO XapaKTEPUCTUKOIO IS MIOPIBHSHHS € KPYTHUI MOMEHT, SIKUH Ji€ Ha BTy
KPHUBOIIINITA BepCTaTa-Kavainku. Lle MOsSCHIOEThCS TUM, IO JJIst 3SMEHIICHHST €HEPTOCIIOKUBAaHHS Ta
HaBaHTAXXEHHS MEXaHIYHMX Iepeaay MPUBOJia BUKOPUCTOBYETHCS 3pIBHOBAaXKYBaHHS OaJaHCUPHU-
MU [IPOTHBAraMH, TiipaBIiyHUMH a00 MTHEBMATUYHUMHU MEXaHI3MaMH, 1 PO SIKICTh TaKOT'O 3piBHO-
BaXCHHSI MOXXHA TOBOPUTH aHANII3yI04H Ipadiku KPYTHOIO MOMEHTY KPHUBOILUITHOTO BaJja.

SIKicTh 3piBHOBa)XYBaHHA OyJie TUM Kpaloro, YuM Onmkde OyayTh criBnagatu Gopmu rpadi-
KiB IIBUAKOCTEH IITAaHTOBOT Mi/IBICKM Ta 3pIBHOBAXYIOUMX MexaHi3MiB. CyMapHUI MOMEHT BiJl CH-
JM, 10 Ji€ Ha IITAaHTOBY MiJBICKY, NPUBEACHUN MO KPHUBOIIMIIA, PO3PAXOBYETHCS 3a HACTYITHOIO
dopmysoro [15]
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e M ,:(qo) - 3BEJICHUM /10 KPUBOIIWIIA MOMEHT BiJl CHJIM KOPHCHOTO OIIOPY, SIKa Ji€ B TOYII

MiJIBiCY IITAHT;

M np (go) - 3BEJICHUIA 1O KPUBOIIIMIIA MOMEHT BiJ BarWl POTHBAT, SIKi 3HAXO/ISATHCS HA KPUBOIIUIII.
PiBusiHHS (1) MOXKEMO 3amucaTu K

V
M?e(@): Fko'_F_
21

ne, Fyo — cria KopuCHOTo Omopy, siKa Jii€ Ha IITAaHTOBY ITiIBICKY BUKOHABYOT'O MEXaHI13MY;

er

G,p Tup + Gy Y -cos(¢), (2)

VE — HIBUAKICTH IITAHTOBOI MiBICKH;
) — KyTOBa IIBUJIKICTh KPUBOILIUIIA,
Gy Gyp — Bara KpUBOLINIIA T2 KPUBOMIUITHUX NIPOTUBAT;

I'ps [np — BIICTaHb PO3MILLIEHHS HEHTPY Mac KPUBOILIMIIA Ta KPUBOLIMITHUX IPOTHBAT.
. . . o
[pu ineansHomy 3piBHOBakyBanHi M 7, (gp) =0, a 11e MOKJIUBO SKIIO

Ve _

Fep
o, an 'rnp +GKp 7 'COS((D)! 3)

Fro

[IpaBa yacTrHA PIBHSAHHA — 1€ MOMEHT, SIKUM CTBOPIOIOTH MPOTHBArd i BiH 3MIHIOETHCS 3a 3a-
KOHOM KOCHHYCa, BIAMOBITHO SKIIIO B JIBil YaCTHHI PIBHSHHS IIBHUIKICTh VE Takox Oyze BiIIMOBi-
JlaTH IIbOMY 3aKOHOBI, TO SIKICTh 3pIBHOBa)XYBaHHA Oyje HalKpaloxo.

BinmoBigHo m0 puc.2a dopma ananmora mBUAKOCTI npuBoay RM320D-256-120 OGyne Haii-
Kpale BiJNMOBiAaTH TapMOHIMHOMY 3aKOHY, TOOTO MOKHa CIPOTHO3YBAaTH 10 i MOMEHT Ha KPUBO-
i Oyzie HaltMeHIIM.

KK/I enekTpoABUryHA MOXKHA OLIIHUTH 3riAHO opmynu [16]

M
e = : 4)
¢ 77H+k¢'(1_777-t)

ne, 1, - HoMiHanbHe 3HaueHHA KK/l enekrponBuryna;

k b Koe]ilieHT GOpMH KPHUBOi KPYTHOT'O MOMEHTY, SIKHH Jli€ Ha BaJly €J1eKTPOJIBUTYHA.

To6to, Ha KK/ enekrpoaBuryHa BrjuBae popMa KpyTHOTO MOMEHTY, a OTXKe MOTPiIOHO aHa-
Ji3yBaTH MOMEHTH KPUBOLIMITHOTO Bajia WX MIPUBOJIB.

To6to, 1me oHUM BaKIMBUM (PAKTOPOM JJIS TOPIBHSAHHS MOXKIJIMBOCTEH NMPUBOJA BUCTYIAE
(bopma KpyTHOTO MOMEHTY, IO JIi€ Ha KPpUBOIIMITHOMY Baity (puc.3).
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1 — tpapuniiiHoro (0anaHCUPHOrO) MPUBOLY; 2 — MOJIU(DIKOBAHOTO OAIAHCUPHOTO TPUBOY 3
MOKPAIICHUM 3piBHOBAXXEHHSM; 3 — JJOBFOXOJIOBOTO ITPUBOLY
Pucynok 3 — KpyTHi MOMEHTH KPUBOIIMITHOTO Bajla BepCTaTa-KayaJiKH

BpaxoBytoun 3anexHicTh (4) Ta aHali3yrouu rpadikd MOMEHTIB pUC.3 MOXXKHA 3pOOUTH BH-
CHOBOK, 1[0 HAMOIIbIIY MOTYXHICTh OyJe CHOXUBATH ABUTYH TPAIUIiiHOrO OajaHCHUPHOTO MpH-
BOJY, HAMMEHIIY — IBUTYH JJOBT'OXOZOBOT'O IIPUBO/Y.

BucnoBku. OCHOBHI TEXHIUHI XapaKTEPUCTUKHU, SKI BUPOOHUKU BKA3YIOTh B MIK(p1 MPUBOAY
CIIHY, He 103BOJISIOTH MOBHICTIO OI[IHUTH MOXKIIMBOCTI MPUBOAY B YMOBaX €KCIUTyaTarlii.

Tomy, nns nopiBHSHHA TexHIYHUX napameTpiB npusoaiB CHIHY, sk Tpaguuiiinux (6anan-
CHPHUX) MPUBO/IIB TaK 1 HOBUX KOHCTPYKIIiH, HEOOXIJHO pO3paxOByBaTH HACTYIHI apaMeTpH:

1 — nmepenarouni ¢yHKIIi BUKOHABUOTO MEXaHI3MY, MO SKMX BU3HAUUTH BIIXUJIEHHSA (HOpMHU
rpadika MBUIKOCTI IITAHTOBOT MiABICKHU BiJl KOCUHYCOIIH;

2 — KpyTHUII MOMEHT KPUBOIIUIY Ta KoeQilieHT (pOpMU KPYTHOTO MOMEHTY, NMpUIMaouu
oJiHaKoB1 (popMu TrpadikiB MEXaHIYHOT XapaKTEPUCTUKHU - 3aJI€KHOCTI CHJIM KOPHUCHOTO OIOpY BiJl
MepeMIIeHHs IITAaHTOBOI MiABICKH.

JIITEPATYPA
1. Conventional Beam Pumping Unit. Vital Fluid Systems: Be6-caiir. URL: http://www.eco-
live.com.ua (mara 3Bepuenns: 25.02.2024).
2. LUFKIN. 2008/2009 GENERAL CATALOG.
URL: https://media.salvex.com/auction/d/1829848/182984728 720875.pdf (mata 3BepHCHHS:
26.02.2024).
3.TOB HBII “Ocnactka”. URL: https://www.ua-region.com.ua/13517472 (mata 3BEepHCHHS:
26.02.2024).
4. WEATHERFORD. Long-stroke pumping unit. Be6-caifr.
URL: https://www.weatherford.com/products-and-services/production-and-intervention/artificial-
lift-systems/reciprocating-rod-lift-systems/pumping-units/long-stroke-pumping-unit/ (nata 3Bep-
HeHHs: 26.02.2024).
5.C.B.Hacnennikos, J{.®.Tumkis, P.I".Onanko AHaii3 CTpyKTypHOi CXeMH YCTAaTKyBaHHS Ul BU-
no0yTky HadTH 1 11 KiHemaTnka. HaykoBuii BicHuk. IBaHo-®pankiBebk, 2012, Nel(31). ¢.70-79.

ISSN 1562-9945 (Print) 177
ISSN 2707-7977 (Online)


http://www.eco-live.com.ua/
http://www.eco-live.com.ua/
https://media.salvex.com/auction/d/1829848/182984728_720875.pdf
https://www.ua-region.com.ua/13517472

«CucremHi TexHosorii» 5 (154) 2024 «System technologies»
6. Hukun Yang, Jianping Wang, Hui Liu Energy-saving mechanism research on beam-pumping unit
driven by hydraulics. PLOS.ONE. April 1. 2021. p.1-16. https: doi.org/
10.1371/journal.pone.0249244.
7. Feng Z. M., Tan J. J., Li Q., Fang X. A review of beam pumping energy-saving technologies //
Journal of Petroleum Exploration and Production Technology. 2018. Vol. 8, Issue 1. P. 299-311.
URL.: https://doi.org/10.1007/s13202-017-0383-6.
8. JloBroxomosi 0e36anancupni Bepcratu-kavanku cepii [IHKIL — [TpuBoau mranroBoro Hacoca.
URL: https://ua.all.biz/uk/dlynnohodove-bezbalansyrnestanky-kachalky-seriyi-g40609 (nara 3Bep-
HeHHs: 29.02.2024).
9. CaBuyk B. B. BunoOyBanHs HaQT 3 BUCOKUM BMICTOM ITiICKYy, CMOJ 1 napadiHy i3 3aCTOCyBaH-

HSIM CTIeIiaIbHUX KOHCTpYKii HacociB. HaykoBuii Bicauk IOHTYHI'. 2016. Ne 1(40). C. 20-28.
10. Kinnnpkuit S.T. Teopis mexani3miB i mamus: niapydnuk / . T.Kianupkuii. — Kuis.: HaykoBa
nymka, 2002. —663 c.
11. INopiBHSIBHI XapaKTEPUCTUKH eIEKTPOABUTYHIB AIP.
URL: https://enasos.com.ua/blog/sravnitelnye-harakteristiki-elektrodvigatelej-air (nara 3BepHeHHS:
03.03.2024).
12. Isamenko B.T. Cenuimak B.M. Po3paxyHOK i KOHCTpYIOBaHHS AeTalell MallluH: HAaBYAJIbHHUNA
nociOHuK. [Bano-®pankiscek: Hosa 3ops, 2013. 808c.
13. Mixnaposna opranizamis 31 cranmaprusamnii. URL: https://uk.wikipedia.org/wiki/ (3BepuenHs:
03.03.2024)
14. B. P. Xapyn, B.M. Cenuimaxk B. f. ITonoBuu, [loctakiBcekuii I.1. TlopiBHsUIBHA OIliIHKA BUKO-
HaBUYOTO MEXaHI3My OajJaHCHPHOTO MPUBOJY BepCcTaTa-KayaJlKyd OCHAIICHOTO JIOBTOXOJOBOKO CTiM-
koro. Hadrorazosa enepreruka. IBano-®pankiscbk, 2021. Ne2(36). ¢.57-67. DOI: 10.31471/1993-
9868-2021-2(36)-57-67
15. B.P.Xapyn, B.M.Cenuimak, B.f.ITomosuu, I.I.IllocrakiBepkuii 1.I. JlocmimpkeHHST MyCKOBHUX
pexxuMiB Bepcrara-kayanku. HadrorazoBa enepreruka. IBano-@pankiBebk, 2021. Nel(35). c.48-
59.DO0I:10.31471/1993-9868-2021-1(35)-48-59.
16. A.B.Mamsap OnTumizarist 30a1aHCOBaHOCTI BepCTAaTa-TOMIAIKH EJIEKTPOIIPUBOAY IITAHTOBOT
HapToBUA00YBHOT ycTaHOBKHM // Enexktporexnika 1 Enekrpomexanika — Xapkis.: HTY “XIII” |
2009. — Ne3. — C.29-31.

REFERENCES
1. Conventional Beam Pumping Unit. Vital Fluid Systems: veb-sajt. URL: http://www.eco-
live.com.ua (data zvernennia: 25.02.2024).
2. LUFKIN. 2008/2009 GENERAL CATALOG.
URL: https://media.salvex.com/auction/d/1829848/182984728 720875.pdf (data zvernennia:
26.02.2024).
3.TOV NVP “Osnastka”. URL: https://www.ua-region.com.ua/13517472 (data zvernennia:
26.02.2024).
4. WEATHERFORD. Long-stroke pumping unit. veb-sajt.

178 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)


https://ua.all.biz/uk/dlynnohodove-bezbalansyrnestanky-kachalky-seriyi-g40609
https://enasos.com.ua/blog/sravnitelnye-harakteristiki-elektrodvigatelej-air
https://uk.wikipedia.org/wiki/
http://www.eco-live.com.ua/
http://www.eco-live.com.ua/
https://media.salvex.com/auction/d/1829848/182984728_720875.pdf
https://www.ua-region.com.ua/13517472

«CucremHi TexHosorii» 5 (154) 2024 «System technologies»
URL: https://www.weatherford.com/products-and-services/production-and-intervention/artificial-
lift-systems/reciprocating-rod-lift-systems/pumping-units/long-stroke-pumping-unit/ (data
zvernennia: 26.02.2024).
5. S.V.Nasliednikov, D.F.Tymkiv, R.H.Onatsko Analiz strukturnoi skhemy ustatkuvannia dlia
vydobutku nafty i it Kinematyka. Naukovyj visnyk. Ivano-Frankivs'k, 2012. Ne1(31). s.70-79.
6.Hukun Yang, Jianping Wang, Hui Liu Energy-saving mechanism research on beam-pumping unit
driven by hydraulics. PLOS.ONE. April 1. 2021. p.1-16. https: doi.org/
10.1371/journal.pone.0249244.
7.Feng Z. M., Tan J. J., Li Q., Fang X. A review of beam pumping energy-saving technologies //
Journal of Petroleum Exploration and Production Technology. 2018. Vol. 8, Issue 1. P. 299-311.
URL.: https://doi.org/10.1007/s13202-017-0383-6.
8. Dovhokhodovi bezbalansyrni verstaty-kachalky serii PNKSh — Pryvody shtanhovoho nasosa.
URL: https://ua.all.biz/uk/dlynnohodove-bezbalansyrnestanky-kachalky-seriyi-g40609 (data
zvernennia: 29.02.2024).
9. Savchuk V.V. Vydobuvannia nafty z vysokym vmistom pisku, smol i parafinu iz zastosuvanniam
spetsial'nykh konstruktsij nasosiv. Naukovyj visnyk IFENTUNH. 2016. Ne 1(40). C. 20-28.
10. Kinyts'kyj Ya.T. Teoriia mekhanizmiv i mashyn: pidruchnyk / Ya.T.Kinytskyj. — Kyiv.:
Naukova dumka, 2002. —663 s.
11.Porivnial'ni kharakterystyky elektrodvyhuniv AIR.
URL: https://enasos.com.ua/blog/sravnitelnye-harakteristiki-elektrodvigatelej-air (data zvernennia:
03.03.2024).
12. lvaschenko V.T. Senchishak V.M. Rozrakhunok i konstruiuvannia detalej mashyn: navchal'nyj
posibnyk. Ivano-Frankivs'k: Nova Zoria, 2013. 808s.
13. Mizhnarodna orhanizatsiia zi standartyzatsii. URL: https://uk.wikipedia.org/wiki/ (zvernennia:
03.03.2024).
14. V.R. Kharun, V.M. Senchishak V. Ya. Popovych, Shostakivs'kyj I.I. Porivnial'na otsinka
vykonavchoho  mekhanizmu  balansyrnoho  pryvodu  verstata-kachalky  osnaschenoho
dovhokhodovoiu stijkoiu. Naftohazova enerhetyka. lvano-Frankivs'k, 2021. Ne2(36). s.57-67. DOI:
10.31471/1993-9868-2021-2(36)-57-67.
15. V.R.Kharun, V.M.Senchishak, V.Ya.Popovych, I.I.Shostakivs'kyj I.1. Doslidzhennia puskovykh
rezhymiv verstata-kachalky. Naftohazova enerhetyka. lIvano-Frankivs'k, 2021. Nel(35). s.48-
59.DO0I:10.31471/1993-9868-2021-1(35)-48-59.
16. A.V.Maliar Optymizatsiia zbalansovanosti verstata-hojdalky elektropryvodu shtanhovoi
naftovydobuvnoi ustanovky // Elektrotekhnika i Elektromekhanika — Kharkiv.: NTU “KhPI”, 2009.
— Ne3. — S.29-31.

Received 23.06.2024.
Accepted 27.06.2024

Comparative assessment of the technical characteristics

of executive mechanisms in well rod pumping unit drives
Problem statement. The most common type is the mechanical sucker rod-pump units with bal-
anced drives, commonly known as pumpjacks [1]. However, the development of new schemes for
the executive mechanisms of the sucker rod-pump unit (SRPU) necessitates the selection of tech-
nical characteristics that allow for a comparative assessment of new schemes with traditional bal-
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anced drives. The authors have developed a methodology for selecting the necessary parameters in
this research. It has been determined that to compare the technical parameters of SRPU, both tra-
ditional (beam) drives and new designs, it is necessary to calculate the transfer functions of the ex-
ecutive mechanism and the torque of its crankshaft. The crankshaft torque graph allows for the cal-
culation of the torque shape coefficient, using a consistent load pattern for the rod suspension. This
way, it is possible to conclude the power consumption of the motor in either the traditional beam
drive or the new SRPU drive design.

Key words: beam-pumping unit, mathematical model, analogue of angular velocity, analog of
angular acceleration, specifications, transfer functions, torque, sucker rod-pump unit.

Xapyn Bikrtop PomaHoBMY — K.T.H, JOIEHT KadeapH TEXHIYHOI MEXaHIKW, 1H)KEHEpHOi Ta
KoMIT 1oTepHO1 rpadiku [BaHO-PpaHKIBCHKOTO HAI[IOHAIBHOTO TEXHIYHOTO YHIBEPCUTETY HaTH 1
rasy.

PaukeBuu Pycian BosiogumupoBuy - 1.T.H, npodecop kadeapu TEeXHIYHOI MEXaHIKH, 1HKEHEep-
HOi Ta KoMl toTepHOi Trpadiku [BaHO-PpaHKIBCHKOTO HAI[IOHAIBHOTO TEXHIYHOTO YHIBEPCHTETY
HadTH 1 Tazy.

Kharun Viktor Romanovich — candidate of technical sciences, associate professor, department of
technical mechanics, engineering and computer graphics Ivano-Frankivsk national technical univer-
sity of oil and gas.
Rachkevych Ruslan Volodymyrovych - doctor of technical sciences, professor, department of
technical mechanics, engineering and computer graphics Ivano-Frankivsk national technical univer-
sity of oil and gas.

180 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi Texnonorii» 5 (154) 2024 «System technologies)
DOI 10.34185/1562-9945-5-154-2024-19
VK 621.45.018.2

A.C. IBeus, B.A. IIpopoka, O.O. Jobponomos, O.B. Kynuk, B.A. Connies
PO3POBKA CTEHAY BOTHEBUX BUITPOBYBAHb PAKETHUX IBUT'YHIB

Anomayis. Cmenou 6ocHegux 8unpoOy8anb € OCHOBHUM 3ACOO0M OJisl OMPUMAHHSA THPopmayii npo
napamempu pobomu pakemuux O0BUSYHI6 mMa HeoOXIOHUll CMYNiHb IX HaAOUHOCMI Ha emani
gionpayroeanus. OCHOBHUMU BUMO2AMU, WO BUCYBAIOMbCA 00 CMEHOI8 802HE8UX BUNPOOYBAHbL €
3pyuHicms ma be3nexka npu ix excniyamayii, BUCOKUL PigeHb MOUYHOCMI OMPUMAHUX OAHUX eKChe-
PUMEHMY, HeBUCOKA 8apmicmb mMa OOCHYNHICMb eJleMeHmie KOHCMPYKYIi ma anapamuozo 3aoes-
neyenus. Memotw pobomu € po3poOKa YHI8epCalbHO20 CMEHOY, NPU3HAYeH020 OJisi 8UNPOOY8alb
PpakemHux 08U2YHI8 MEepo020 NAIUBA MA PIOUHHUX paKemHux 0sucyHie 3 msaeorw oo 7000 H. [ani
O0BUYHU MOJCYMb OYMU BUKOPUCMAHI Y AKOCMI CKIAO08UX PYWIUHOI YCMAHO8KU CYOOpOImanbHUux
PaKem-HoOCii8 HAONe2K020 1 1e2K020 KIACy, d MAaKodc npedcmasisimu cobow po3einHi o1oxku abo
NpUCKOpro8ayi IHWUX MUnie 1imanvHux anapamis. llpedcmagneno KOHCMpPYKYito cmenody, peanizo-
sany oocrionuyvkorw komanooro “Rocketry agency”, wo sionogioae sasenenum sumoeam. 3anpo-
NOHOBAHO 3aX00U, AKI 011 NOOAHOI KOHCMPYKYIT CMeHOY 00380IUNU CYMMEBO ZHUSUMU He2AMUBHULL
8NIUB POV (haKMOPI8 HA MOYHICMb BUMIPIOBAHL MACU PAKEMHUX 0BUSYHIE.

Knouoei cnosa: cmeno eoemesux eunpobysans pakemHux O08U2YHI8, cybopbimanvha paxema,
gionpayto8anus 00’ €KmMi6 paKemHO-KOCMIYHOI MEXHIKU, paKemHi O8USYHU mMEepo020 NAluad,
PIOUHHI pakemHi 08USYHU, PAKEMHI NPUCKOPIO8AYT NIMANbHUX Anapamis, MOYHICMb SUMIDIOBAHD,

MEeH300amyuK, MUcK y Kamepi 320panHsi.

ITocTanoBka npod/emMu. PakeTHi ABUTYHU € OJHUMM 3 HaWCKIIAJHIIIMX Ta HAaHBaXKIUBIIINX
€JIEMEHTIB 00’ €KTIB pakeTHOI TexHiKu. [Ipomecy, 110 BiiOYBalOTECS y paKeTHUX ABUTYHAX € CKIal-
HUMH 1 TOTPeOyIOTh PETENBHOTO 10CiKeHHs. Po3poOka pakeTHOTO IBUT'YHA CKJIAJA€ThCS 3 €TaIliB
BUOOPY KOMIIOHEHTIB PaKeTHOT'O MajiBa, MPUHIUIIOBOI Ta KOHCTPYKTHBHO-KOMIIOHYBAJIBHOI CXeMHU
JBUTYHA, MaTepiaiB HOro KOHCTPYKIIN, po3paxyHKy peXHMiB poOOTH JBUTYHA, pO3PaxyHKIB Ha
MIIHICTb TOIIO. [ miATBEpIKEeHHs poOOTO3JaTHOCTI pillleHb NMPUMHATUX HA JJaHUX eTarax mepe-
XOJSTh 10 €Taly BiIMpPAallOBaHHS PAaKeTHUX IBUTYHIB. J[Js IbOrO BUKOPUCTOBYIOTH CTEHIH, OC-
HOBHOIO 33J1ayel0 SIKUX € iMiTamis poOOTH JBUTyHA B yMOBaX MaKCHUMaJbHO HAOIIMKEHUX 10
eKCIUTyaTalliiHuX, OTpUMaHHs HeoOX1aHo1 iHdopMarlii mpo (i3uyuHi MmapaMmeTpu, 10 BU3HAYAIOTH
e(EeKTUBHICTb 3 SIKOIO IaHUH JIBUTYH MO’KE€ BUKOHATH IOCTABJICHY 3aj[ayy Ta MEpeBipKy HaIIHMHOCTI
fioro po6otu. CTeH10Be BiNPAIIOBAaHHS J03BOJIAE HA MOPSAAOK CKOPOTHTH BUTPATH HA aHAJIOTIYHE
BIJIPAIIOBaHHS JBUTYHA B YMOBAaX PEaJbHOrO IMOJBOTY Ta 3HAYHO CIPOCTUTH OTPUMAHHS HEOO-
X1IHUX JIaHUX PO pe3ynbTaT BUMIPoOyBaHHs. Tomy, po3poOKka CTEHAIB /Ui MPOBEICHHS BOIHEBUX
BUINIPOOYBaHb PAKETHUX JBUTYHIB € aKTyaJIbHOIO 331aU€lO.

© IlIserp A.C., TTpopoka B.A., To6pomgomos O.0., Kyiuk O.B., Connnes B.A., 2024
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VY pamikax gaHoi poOOTH pO3MIIAIAETHCS po3po0Ka YHIBEPCATHHOTO CTEH/IYy BOTHEBUX BUIIPO-
OyBaHb 17151 pakeTHUX ABUTYHIB TBepaoro nanmusa (PTII) ta pinuaHuX paketHux nsuryHiB (PP/I)
3 MaKCHUMaJbHO AOMYCTUMOIO TsAroto 10 7000 H. PakeTHi IBUTYHH Takoro Kjacy MOXKYTh BHCTYIIa-
TH Y SKOCTI CKJIQJIOBUX PYIIIHHOI YCTaHOBKH CyOOpOITaIbHUX PaKeT-HOCIIB HAJUIETKOTO 1 JIETKOTO
KJIaCy, a TaKOX MPEICTABISTH COO0I0 PO3TiHHI OJ0KM ab0 MPUCKOPIOBAUil 1HIIMX THITIB JIITATHHIX
amaparis. st PP/l aBuryHu 3 Takumu mapameTpamMH MOXYTh BHUCTYIATH y SIKOCTI €KCIIEPHMEH-
TaJIbHUX YCTaHOBOK-AEMOHCTPATOPIB JUISI TECTYBAaHHS MEPCIEKTHUBHUX PIKUX PAKETHUX IAJIHB, 110
y MOAATBIIIOMY MOXYTh OyTH 3aCTOCOBaHi y ckiiaji Oinbin motyxHux PP/,

JI0 OCHOBHHX BHMMOT, III0 BUCYBAIOTHCS MPHU po3poOIli CTEHAY BOTHEBUX BHIIPOOYBaHb Haje-
KaThb:

—3pYYHICTh eKCIUTyaTallii BUMPOOYBaIbHOIO OOJIAJHAHHS TPH INITOTOBII Ta MPOBEIACHHI
BUIIPOOYBaHb;

—3a0e3mneueHHs] MaKCUMAIBbHOTO PiBHS OE3MEKH TEXHIYHOTO MepCcoHaly, 110 Oepe ydacTb y
BOTHEBUX BUIPOOYBAHHSAX MPH ITATHUX 1 YCIX MOKIMBHX BHUITAIKaX HEIITATHUX CUTYAIIii;

—3a0e3meueHHsT He0OX1THOT OpieHTAIlil Ta HaJIHHOTO 3aKPITUICHHS 3aC001B BUIIPOOYBaHb, 110
SIKUX HaJIeKaTh O€3MOCePeIHBO IBUTYH, HEOOXIHI cTamneti, MiBICKH, JOITOMIXKHI arperatt TOIIo;

—3a0e3MneueHHs] MaKCHUMAJIbHOI TOYHOCTI BHMIPIOBaHb IapaMeTpiB, MO JOCTIKYIOTBCS B
X0/l BUTPOOYBaHb;

— MOJXKJIUBICTh MPOBEACHHS CIOCTEPEKEHb Ta BUAAUl YIPABIAIOUUX KOMaHJ Y PEKUMI pe-
QJIGHOTO Yacy y TUCTAHLIHHOMY PEKUMI,

— MIHIMYM MaTepiajlbHHUX Ta YaCOBMX 3aTpaT Ha po3pOOKY 1 BUTOTOBJICHHS.

IIpencraBnenuit y poOOTI CTEH]I BOTHEBUX BUIIPOOYBaHb PO3POOJIEHO JOCIIAHULBKOK KO-
maHor0 “Rocketry agency”, sika 3aiiMaeTbcsi po3pOOKOI0, BUTOTOBJICHHSM, BiAMPAIIOBAHHIM Ta
3aIyCKOM €KCIIEPUMEHTaIbHUX 3Pa3KiB JOCTIIHUIBKUX Ta CyOOpOITAIbHUX PaKeT-HOCIiB JIETKOTO
Ta Hajyierkoro kiacis [1-4]. lisibHICTh KOMaHIM 3iICHIOETHCS 3a aKTUBHOI TiaATpuMKH Space Lab
Noosphere Engineering School Ta JIHinpoBchbKOro HalioHANBHOTO yHiBepcuTeTy iMeHi Onecst ['oH-
qapa.

AHaJi3 ocTaHHIX Joc/ilxkedb i myOaikauiii. xepeno [5] MICTUTh OCHOBHI BiJOMOCTI Ta
METOAMYHI MXOAU O MpobieM, 10 BUHUKAIOTh NMPH BUMIPIOBAHHI TATH PaKETHUX JIBUTYHIB i
yac BOTHEBUX BUIPOOYBaHb Ha CTeHAAX. PO3MIISIHYTO MUTAaHHS MiABUIIEHHS TOYHOCTI BUMIPIOBaHb
[IJIIXOM MTOBHOTO 200 YaCTKOBOT'O YCYHEHHsI BIUIMBY (DaKTOpiB, BHOCSTH MOXUOKHU MPU MPOBEICHHI
EKCIIEpUMEHTY.

VY pobori [6] mpoBeAeHO PO3paxyHKH Ha MILHICTh T4 BTOMY CT€HJy BOTHEBHX BUIPOOYBaHb
PaKeTHUX JIBUTYHIB 3 0OMeXeHHsAM 1o napamerpy Taru 1o 3000 H meTonamu 4ucenbHOro Moje-
moBaHHs. [IpencTaBienuii y poOOTi CTEH]] BUTOTOBJICHO 3 aTIOMIHIEBOTO CILIaBY, 110 Ja€ MepeBary
y MEHIIH Horo maci, y ToH *e yac JaHa KOHCTPYKIIS € 3HaYHO JA0pok4oro. JloBeaeHo, 10 TpH-
BaJIICTh KUTTEBOTO LIUKITY 3allPOIIOHOBAHOIO CTEH]IY PI3KO CKOPOUYETHCS MPHU 301IbIIEHH] BEIUYH-
HU TSTH, IO Ji€ Ha KOHCTPYKIIO — 3 Ounbmn Hixk 32 miH mukmiB npu 131 2000 H no menm ik 1
MJTH mukiiB mpu 15131 3000 H.
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VY mxepeni [7] mpeacTaBiIeHO CTEH/ BOTHEBUX BUIPOOYBaHb, KOHCTPYKIIiS SIKOTO Tiepeadavae
BCTaHOBJICHHS JIBUT'YHA Ha CTamellb, [0 PYXA€ThCA Ha JIHIMHOMY MiJIIMITHUKY, a y SKOCTI Ipuia-
1y, o (iKCye CTBOPEHY paKeTHUM JBUTYHOM TATY BUCTYIA€ TEH30JaTYUK OAJTOYHOTO THUITY.

PobGora [8] mpucBsiueHa po3poOini anapaTHOi YaCTUHU CTEHJy BOTHEBHX BUIIPOOYBaHb, IO
npecTaBisie co00r 0e3IPOTOBUI MPUCTPIH, MO T03BOJIsE 3a0€3MeUNTH HAMIHHUA TpuiioM iH(Op-
Marlii, OTpUMaHOi 3 JaTYMKIB i1 Yac poOOTH JBUTYHA.

VY nocnimpkenHi [9] omucaHo AOCBiA BHUKOPUCTAHHS PI3HUX JATYUKIB BHUMIPIOBAHHS THCKY
BCEPEMHI KaMepH 3rOpaHHs Ta BUKOPUCTAHHA JaTYMKiB TEMIIEPATypH y CKJIa/li CUCTEMH aBapiiiHO-
ro TIepepruBaHHs BOTHEBUX BHIIPOOYBaHb.

Merta nocaimkennsi. Po3poOka cTeHay Ajs MpOBEICHHS BOTHEBUX BHIIPOOYBaHb TBEpAOIa-
JUBHHX Ta PIAMHHONAJIMBHUX JBUTYHIB 3 MakcuMasbHOO Tsroro 10 7000 H y BiamoBigHOCTI 110 3a-
JAHUX BUMOT.

BukJjiajeHHs1 0CHOBHOI'0 MaTepiary 10CiIsKeHHS.

OcHoeHi idomocmi npo po3podieHull cmeHo 602Hesux eunpooysans. Po3podieHuii B pam-
Kax JIaHOi poOOTH CTEH]I BOTHEBUX BHUIPOOYBAaHb CKJIAJIAETHCS 3 HACTYITHUX OCHOBHHX YACTHH:

— MEXaHIYHOI YaCTHHHU;

— JIaTYUKIB BUMIPIOBAHHS;

—cucTeMH 00poOKu Ta 3anucy iHpopMaIllii, OTPUMAHOI 3 JaTYUKIB BUMIPIOBAHHS;

— CHCTEMH JTUCTAHLIHHOTO KEPYBaHHS Ta CIIOCTEPEIKEHHS,

— CUCTEMH Mojadi nanusa ta HaanyBy (ans PP/I).

st po3MillleHHs OCHOBHOI YaCTHHH CTEHJy BOTHEBUX BHUIPOOyBaHb Oyino oOpaHO
MPUMIIIEHHS, IO TPEACTaBIsAe cO00I0 OYHKEp, 3arauOIeHU y 3eMiIto 3 TphoX OokiB. JlaHuit OyH-
Kep pO3TalllOBaHUM HMKYE pIBHS OyaAiBelNb, 10 3HAXOAAThCS nmoonusy. CTiHu OyHKepa IMpejacTaB-
JISIIOTH COOOK0 7Bl OOMYAaMKK 31 CKJIOIJIACTUKY TOBIIMHOIO He MeHie 20 MM, 110 J03BOJISE 3a-
MOOIrTH CepHO3HUM PYIHYBAHHSM y BUIAAKY HEIITaTHOI CUTYallli, OB’ A3aHOI 3 MOXJIMBOIO JETO-
Halli€l0 ABUTYHHOI ycTaHOBKH. OOMYaliKi pO3AUIAIOTE OYHKEp Ha JBa mpuMitieHHs (puc. 1a), B o1-
HOMY 3 SIKMX pO3TalllOBaHO OCHOBHI ME€XaHIUHI YacTUHH CTeHAY (puc. 16) Ta 3aco0u crocrepexeH-
HSl, y TOH Yac SK B IHIIOMY 3HAXOJUTHCS CHIJIOBHI IIUTOK, Ta 0OJIaAHAHHS IJIsl IPHIOMY, IEpETBO-

peHHs, 00pOOKH Ta 3aMuCy TaHUX 3 TaTYUKIB.
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Jnst 3a6e31meyeHHss BUMOT 1010 OE3MeKH MepcoHaly, o 0epe yyacTb y MPOBEACHHI BOTHE-
BUX BHUIIPOOYBaHb YCi BUKOHABYI KOMaHAM HAJXOAATH 13 KOMaHIHOTO MYHKTY, IO PO3TAIIOBAHUI
Ha Oe3neyHiii Bi/icTaHi B OyHKepy. 3B’ 130K MK KOMaHIHUM ITYHKTOM (pHC. 2a) Ta CHJIOBUM HIUT-
KOM Ta CHUCTEMOI 00poOkwu i1 3amucy iHdopmarii (puc. 20), po3TamoBaHux y OyHKepi, 3abe3me-
9y€ETHCS 32 JIOMOMOT0I0 CUIOBOTO Kabenro 220B Ta onToBOJIOKOHHUX KaOeiB.

Pucynok 2— Po3mitmeHHs anapaTHOro 3a0e31neueHHs CTeHIy BOTHEBIUX BHIIPOOYBaHb:
a) KOMaHIHUH ITyHKT; 0) CHJIOBHI IIMTOK Ta cUcTeMa 0OpoOKH 1 3anucy iHdopmartii

Jlana cuctema 3a0e3redye BijganeHy BHIa4y KOMaH]l Ha BUKOHAaBYI MPUCTPOi, 30KpeMa Mpu-
BOAWTH y 10 3alaJIFOIOUMN MPUCTPIN JABUTYHA, Ta JI03BOJISIE 3/11MCHIOBATH Bi3yallbHE CIIOCTEpeE-
KEHHSI Ta OTPUMYBATH ayJ10 CUTHAJI 3 IPUMIILIEHHS, /1€ B1I0YBAaIOTHCSI BULIPOOYBAHHS Y PEaIbHOMY
qaci.

Ha pucynky 3 npencraBiieHO cXeMy CUIOBOI KOHCTPYKIIT MEXaHIYHOT YACTUHU CTEHIY.

VY sKocTi MarepiaiiB, 110 BUKOPUCTAHI B YCIX CHJIOBUX KOHCTPYKIISIX CTEHIY Oys0 oOpaHO
MeTasieBl Npodiil, JIUCTU Ta IUIMTH HEOOX1AHUX po3MmipiB. KpurepisimMu BuOOpy maTepialiiB CcTaliu
MILHICTb, IOCTYIHICTh, TEXHOJIOTIYHICTh Ta HEBUCOKA BapTICTh.

OCHOBHOIO KOHCTPYKIIIEIO CTEH]Iy € METaJieBa pama, 10 MPUKPITUICHA 0 3eMJI1 IIJITXOM 3Ba-

PHOBAHHA 3 BEPTUKAJIbHUMU 3aKJIAAHUMU CIICMCHTAMMU.
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Ha pamy BCTaHOBIIOIOTHCS TaKi OCHOBHI €JIEMEHTH:

—pyxoma matdopma, o 3ade3rnedye nepenady TSIrd BiJ IPALOY0ro pakeTHOTO JBUTYHA
710 TeH301aTYHKa;

— BY30J1 Ilepeiayvi 3yCHIUISA MiX PyXOMOIO IJIaT(GOpMOIO Ta TEH30JaTYUKOM;

— cTarenbHe 00JIaJHaHHS, 110 3a0e3Meuye KPIIUIeHHs JBUTYHA JI0 PYyXOMOI TIATPOPMH,

— cucTeMa JUIsl BAKOHAHHS KalliOpyBaHHS TEH30/1aTYHMKA.

[Tig yac poOOTH paKeTHOTO JBUT'YHA HABKOJIO HIKHBOI MEPEIHBOI JIiHIi paMH CTBOPIOETHCS
nepekuHuit MOMeHT (puc 3a). J{is oro koMrieHcarii y 3a/iHiil YaCTHHI CTeH/1a 3aKPIIJICHO BaHTaX
3arajbHOI0 Macoro 213 kr.

Pyxoma mnatdopma mpencraBise cobor 3BapeHy 3 mpoduIB NpsSIMOKYTHY pamy, Ha SIKY
3BEpXy aHAJIOTIYHO 3aKpIIJICHO MeTalieBy IuMTy. [lepemimieHHs pyxomoi miatopmu 3adesre-
YyeThCS Uepe3 JiHINHI MiIIIUITHAKY, [0 PYXAIThCS M0 HAMPABIIAIOUUX Banax (puc. 4).

o | d
]

Pucynok 4 — Cxema MexaH13My KpIIUIEHHS PyXOMOi Iu1athopMu
JIO0 CTaIllOHAPHO 3aKPIIJIEHOT CUJIOBOI paMu

Ha pyxomy mnatdopMy 3a A0MOMOror0 OOJATOBUX 3’€JHaHb BCTAHOBIIIOETHCS CTaleIbHE
oOJasiHaHHs, 33J1a4€l0 SKOT0 € KPIMJIEHHS Ta OpI€HTAIllsl paKETHOI'O JIBUTYHA HAa BUIIPOOYBAILHOMY
CTeH/ll. 3aBAsKU OOpaHiil KOHCTPYKIII pyXoMoi miIaThopMu ICHYE MOXJIMBICTh 3MIHU MOJIOKEHHS
Ta Opi€HTAIII] CTaNeIbHOTO 00JIaIHAHHS Y IIMPOKOMY Jiarma3oHi.

Peanizosani 3axoou w000 RNIOGUUIEHHA MOYHOCMI BUMIPIOBAHL MALU PAKEMHUX
osuzynie. Ha pe3ynbTat BUMIPIOBaHHS TATH (PI3MYHO BIUIMBAIOTH CHJIM TEPTS Ta 1HEPIIi, 110 BU-
HUKAIOTh Ha MpH pyci miaaTdopMu mia yac poOOTH paKeTHOTO JABUTYHA; KOHCTPYKIIisS By3Ja mepe-
nadi 3ycuiuis; aedopMaliii Ta TeOMETPUYHI HETOYHOCTI KOHCTPYKIIM CTeHy, 10 BUHUKAIOTh MPU
BHUTOTOBJICHHI Ta MOJANBININ eKCcIuTyaTalli crermy. JJisi 3SMeHIIeHHs BIUTMBY AaHUX (haKTOpiB OYI10
31ACHEHO psiJ 3aX0/1B MOJaHUX HIDKYE.

1) [Ipu npoBeaenHi nepmux BUNPoOyBaHb pyxoMma Iutatdopma croiydanacs 3 TeH30JaTuu-
KOM 4Yepe3 KOPCTKUHM cTpuxkeHb. Lle mpu3Beno 10 nmosiBU AUHAMIYHUX €(eKTiB Y By3il KPiIJIEHHS
(puc. 5a), U0 y CBOIO Uepry, BUKJIHMKAIN BEPTHKaIbHI Aedopmarlii TeH3omaTyuka. Yepes naHuid
edekT Ha TpadiKy TATH CIOCTEPITAINCS MIKH, IO CYTTEBO CIIOTBOPIOBAIM pe3ynbTar (puc. 56). Jlms
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BUpIIICHHS I11i€1 mpobiemMu OyJI0 3aCTOCOBAHO KPIIJICHHS Yepe3 T'yMOBY TPYOKY, IO BUCTYIIAE Y
podi geMiyrouoro eaeMenTy. Sk moxka3any HaCTYIHI BUIIPOOYBaHHSI, peastizallis JaHOTO PilllCHHS
JI03BOJIMJIA 3HAYHOIO MipOIO BUPIIIUTH JaHy podiemy (puc. SB).
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Pucynok 5 — BupimeHss mpo6yiemMu 3alyMIeHOCT1 y By3Ji epeaadi 3yCHIuIs:

a) cxeMa 3arporoHOBAaHOTO BYy3I1a; 0) pe3yslbTaT OTPUMaHMUN 0 peasli30BaHUX 3aX0/1iB
B) pe3yabTaT OTPUMAHUH MiCIs peali3oBaHUX 3aX0/1iB
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2) Ille ogHUM BY3J7I0M KOHCTPYKIIii CTEHIY BOrHEBUX BUIIPOOYBaHb, 110 MOTPeOye 0COOIUBOT
yBaru 3 TOYKH 30py MOXKJIMBOI BTPaTH TOYHOCTI BUMIPIOBAaHHUX (Di3MYHHUX BEIWYHMH € B3a€EMOJIS PY-
xoMoi miIaTGopMu 3 CTalliOHAPHO 3aKPIIUIEHOIO CHIIOBOIO pamolo (puc. 4). Pyx mmatdopmu Ha
THIMHUX MIIIMITHAKAX MOXKE CYNPOBOJUKYBATHCS MEPEKOCAMH Ta 3aKJIMHIOBAHHAMU IUIAT(HOPMH,
3YMOBJICHUMH HETOYHOCTSIMH IPU BUTOTOBJECHHI KOHCTPYKII Ta 3aJIMIIKOBUMH JedopMalisiMu
IIPU eKCIUTyaTalii CTeHy, 10 CYTTEBO BIUIMBAE Ha Pe3yJabTaTH BUMIPOOYBaHb. [ 3SMEHIIEHHS IIHX
HETaTUBHHX SIBHIIl BUKOHAHO KPITUICHHS JIHIHHUX IMiIIIUITHAKIB IO pyXOoMoi rmiaTdopMu i3 3a30pa-
MU 4epe3 eNacTUYHMU €JIeMEHT 3 CHJIIKOHY, II0 BHKOHYE pOJb KOMIeHcaTopa aedopmariii ta
neMIi(hyrouoro eJeMeHTa.

3) OckinbkH 10 KOHCTPYKILIi pyxoMoi MiaThopMH CTEHIY BUCYBAIOTHCS BHMOTHU IO ii J0-
CTaTHIN MIITHOCTI 1 YKOPCTKOCTI, a TAKOX BPaxoBYIOYH OOpaHi MaTepiaju, 1€ MPU3BOANUTH JI0 TOTO,
10 JaHa KOHCTPYKIiSl Ma€ 3HA4Hy Macy. SIK BiJoMO, cuja TepTs KOB3aHHS IMPSIMO MPONOpIiiHa
Ba3i, MPUKJIAICHIA PyXOMOKO IIATGOPMOIO IO CTAI[IOHAPHOI KOHCTPYKIIii pamu. OCKUTbKH pyxoMa
aropma 3A1HCHIOE TOPU3OHTAIBHUAN PYX, 3MEHIIUTH TEPTS MOYKHA [UIIXOM CTBOPEHHS MPOTH-
JIS)KHO HAIpPaBIICHOTO Ba3i TuIaTGopMu 3yCHIUIS Ta €KBIBAJICHTHOTO 1il Mo BenmuuHi. J[aHy imeto B
KOHCTPYKIIIi CTEHy peani3oBaHO 3a JOMOMOTIOK TPOCIB MPHUKPIMUICHUX MK CTEJICI0 Ta PYXOMOIO
w1aThopMOI0 y YOTUPHOX TOUKax. CHila HATATY KOXHOTO i3 TPOCIB PErYIIOETHCS 33 JTOTIOMOTOIO
BaHTAXXHHX TAJIPEMIB Ta TUHAMOMETPIB (puc. 3).

3acTrocoBaHi gaTymku BUMipOBaHb. Ilin yac poOOTH pakeTHOro ABUTYHA BiIOYBa€THCS
BHUMIPIOBaHHS TaKHX MapaMeTpiB HOro poOOTH SK TsAra Ta TUCK y Kamepi 3ropanss, a ais PP/] mo-
JTATKOBO KOHTPOJIIOETHCS TeMIleparypa BcepeAuHl 0aka 3 PIAKUM paKeTHUM TMaJMBOM Ta Ha
30BHIIIHIN CTIHIII KAMEpPHU 3rOpaHHS.

Jlnist BUMipIOBaHHSI TSATH PAKETHOTO BUTYHA BUKOPUCTOBYETHCS TEH30JIaTUMK OAJTOYHOTO TH-
ny CZL803-M 1t Load Cell C2 [10] (puc. 6a). TeH301aTUUK € OCHOBHHM TIEPBHHHUM MPUCTPOEM
MEPEeTBOPEHHS (Pi3WYHOT BEIMYMHM Bard B HOPMOBAHUHN €IEKTpUYHUH curHai. CHrHal 3 TeH304aT-
YuKa OOpOOJISIETHCS 3a JOMIOMOTOI aHAJIOTo-IU(GPOBOrO TEPETBOpIOBaYa. 3asBJICHA IAcIOpPTHA

TOYHICTh BHUMIpPIOBaHHS M oOpaHoro TeH3ojartuuka ckiagae +0,02% Bix niamasony

BUMipioBaHb. OCKIIBKU ISl JAHOTO JaT4yHKa Jiana3oH BUMipioBaHb ckianae Bim 0 mo 1000 xIc,

TO1 TOYHICTh BUMIPIOBaHb TSTU qopiBHIOE 10,2 KT.

a) [10] 0)[11] B) [12]
Pucynok 6 — OCHOBHI TaTYUKH, 1110 BAKOPUCTOBYIOTHCS B CTEH/II: a) TCH30/1aTUHK;
0) IaT4YMK TUCKY; B) JaTYUK TEMIIEpaTypu
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VY mporieci ekcrutyaraiii TeH30/IaTYMKa 13 9acoM HOro IIKaia BUMIPIOBAaHb MOXKE 3MiHIOBATH-
sl uepe3 3aIMIIKOBI AedopMariii Kopiycy, Mo CHoJydeHul i3 TeH3opesucropamu. OcoOIMBO CyT-
TEBO 3MIHIOETHCS TOJOKEHHS HyJs Ha mKaii. /s Toro, mo6 CKOpUryBaTu BIUTUB LBOTO (haKTOpy
Ha pe3yJIbTaTH BUMIPIOBaHb Yy CKJIaJl CTEHAY IepeadadeHa cucTeMa sl MPOBEICHHS KaliOpyBaHHs
TeH3oaTuuka. KaniOpyBaHHS MpPOBOIATHCS Tepel 1 Micias KOKHOTO BOTHEBOTO BHIIPOOYBAaHHS
nsuryHa. [Iporec kaniOpyBaHHS MoJIATae y peecTparii JaHUX TeH30JaTyhKa IpU MOCTYIIOBOMY Ho-
IO CTYMIHYaTOMY HaBaHTAXECHHI 3a/IaHUM 3yCHIUISM, 110 (iKCYETHCS 3a JOTIOMOTOI0 TUHAMOMETPA,
IpOTAroM (PiKCOBAHOTO Yacy y MOPSAAKY HApPOCTAaHHS, a MOTIM y 3BOPOTHOMY MOpAAKY. Takum uu-
HOM YTBOPIOETHCS TpadiK y BUTISAII CXOJUHOK, PO3TAIIIOBAHUX CUMETPUYHO BIAHOCHO MaKCHMAaJTh-
HOT'O TPUKIIAEHOr0 KamiopyBaibHOro 3ycuiuid (puc. 7). Ilicas uporo /uis KOKHOTO i3 OTpUMaHHUX
JaHUX CTaBUTHCS Y BINMOBINHICTH MPUKIAJACHE Y BiINOBIIHUA MOMEHT 3yCHJUIA 1 OyIqyeThCs 3a-
JSKHICTh Koe]illieHTa MepeBoly OTPUMAaHUX JaHUX y (Pi3UUHI OAMHUII BUMIPIOBAHHS TSITH paKeT-
HoOro nBUTYHA. [IOpIBHSAHHS MK JaHUMH OTPUMAHUMH JUIs €KBIBaJICHTHOI BEJTMUYMHU 3yCHILIS Y TIO-

PSAIKY HAPOCTAHHS 1 CHaIaHHsI JO3BOJISIE OLIIHUTH TiCTEPE3UC MPH BUMIPIOBaHHI BETMYMHH THTH.

Pucynoxk 7 - Jlani 3 peecTpaTopa npu KaiaiOpyBaHHI TEH30/1aTUHKA

Jlis BUMIpIOBaHHS THUCKY BCEpPEIMHI KaMepH 3TOPaHHS 3aCTOCOBYETHCS JaTYHK THCKY
BTC-22-250B-A-G1/4-C-S30 [11] (puc. 66), miakIrOUeHHi 10 CHEialbHOTO BiIBOIY, IO CIIOJY-
4aeThCsAd 3 OTBOPOM HEBEIMKOro JiamMerpa y mepeaHboMmy (¢UiaHili pakeTHOTO JBUTYHA. 3asBlieHa

MacroOpTHA TOYHICTH BUMIPIOBAHHS [Tl OOpaHOTo Jartdnka TUCKY ckiamae +0,5% Bin miamasony

BUMIiprOBaHb. OCKITBKY JJIS IAaHOTO JIaTYMKA Jl1alma30H BUMiproBaHb ckiianae Bix 0 go 250 6ap, Tomi

TOYHICTh BUMIPIOBaHb TUCKY y Kamepi 3ropanHst gopiuioe +1,25 Gap.

[Ipu npoBenenni BunpodyBanb PP/l mMoxke BMHMKaTH moTpeda y BCTAHOBJIEHHI Ta KOHTPOJI
TeMIIepaTyp 30BHI KaMepH 3ropaHHs Ta MaJuBHUX Oakax. [lJig boro y ckiaji creHay nependadyeHa
HasBHICTh CHUCTEMH TITITPIBy NaJMBHUX OakiB Ta BCTAHOBJIEHO JIBa JaTYUKH TEMIIEpaTypH
REX-C100 [12] (puc. 6B), IO MiIKIOYAIOTHCS JO KOHCTPYKIIA JIBUTYHHOI YCTaHOBKH depe3
BIJIMTOB1/THI TEPMOTIAPH.

BucnoBku. Po3po0riennii cTeH1 BOTHEBUX BUMPOOYBaHb PAKETHUX JIBUTYHIB, IO MPEICTaB-
JIEHWH y JaHiid poOOTi, BIAMOBITAE OCHOBHHUM BHMOTaM, IO TPEI SBISIIOTHCS JO TAKUX KOH-
CTPYKIIIi Ta Ma€ JOJATKOBI MOKJIMBOCTI Ta MEPEBarv y MOPIBHSHHI 3 aHAJIOTIYHUMHU 3pa3Kamu.
VYKuTi B mporieci po3poOKH CTEHAY 3aXOJd JO3BOJWIN CYTTEBO 3MEHIIUTH BIUIUB (PAKTOpPIB, IO
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BHOCHJIM CYTT€BI MOXUOKM B pe3yJbTaTH BHUMipioBaHb. OOpaHa KOHCTPYKTHBHO-CHUJIOBA CXEMa, 110
JI03BOJIsIE BUMIPIOBATH TaKi MapaMeTpu poOOTH paKeTHOTO ABUTYHA SIK TATA, TUCK y KaMepi 3ropaH-
HS, a TAaKOXK TEMIIEpaTypy B OOpaHMX TOYKaX KOHCTPYKIIi JBUTYHA, CTBOPIOE IEPEIyMOBH IS
KOMIUIEKCHO OIIIHKH MPOIIecy pOOOTH ABUTYHHOI YCTaHOBKH.
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Development of a stand for fire tests of rocket engines

Fire test stands are the main means of obtaining information about the operating parameters
of rocket engines and the required degree of their reliability at the test stage. The main require-
ments for fire test stands are convenience and safety in their operation, a high level of accuracy of
the obtained experimental data, low cost and availability of structural elements and hardware. The
purpose of the work is the development of a universal stand designed for testing solid fuel rocket
engines and liquid rocket engines with a thrust of up to 7000 N. These engines can be used as com-
ponents of the propulsion system of suborbital launch vehicles of the ultralight and light class, as
well as being booster units or accelerators of other types of aircraft. The design of the stand imple-
mented by the "Rocketry agency" research team, which meets the stated requirements, is presented.
Measures are proposed that, for the given design of the stand, made it possible to significantly re-
duce the negative impact of a number of factors on the accuracy of rocket engine thrust measure-
ments.

Key words: stand of fire tests of rocket engines, suborbital rocket, development of objects of
rocket and space technology, solid fuel rocket engines, liquid rocket engines, rocket accelerators of
aircraft, accuracy of measurements, strain gauge, pressure in the combustion chamber.

IIBeupr Aprem CepriiioBuu — acnipaHT Kadeapu pakeTHO-KOCMIYHMX Ta 1HHOBALIMHHUX TEXHO-
norii, JIHINpoBCchKUi HallloHANBHUM yHIBepcuTeT iMeHi Onecs ['oHuapa.
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PE®EPATU

YK 004.42:519.85

Mopos b. 1., Kpyrnuk A. C., Mopo3 1. M., Maptunenko A. A. MartemMaTu4Ha MoJeJib i 3a-
TaJIbHUM aJIrTOPUTM BHPileHHS 3aja4vi 00po0KH MOBiIOMJIEHb 3 ypaxXyBaHHSIM iX LIHHOCTI i
cTapiHHs B cMcTeMax JiTaabHUX anapatiB / CucteMHi TexHosorii. PerionansHuii Mi>KBY31BChKHIA
30ipHUK HayKOBUX Ipailb. - Bumyck 5(154). — {ninpo, 2024. — C.3 — 15.

VY po0oTi po3risiIaeThes 3arajibHUM anropuT™M 00poOkH iHHOpMAIITHUX MTOTOKIB, B 3aJI€KHO-
CT1 BiJ] BU3HAYCHOI [[IHHOCTI OKPEMUX MMOBIJOMJICHb B MEXaX OJHAKOBHX YaCOBUX MPOMIXKKiB. Taka
MOJIeTIb Ma€ MepcrnekTuBU B CTpyKTypi 3C Ykpainu, 0cOOTMBO B yMOBaxX BEICHHS aKTUBHUX 00HO-
BHX JIili, JIe ICHY€ y’Ke AWHAMIYHE cepepoBuIe. Po3risiHyTO icHYrOUe TeXHIYHE PIIICHHS I pa-
[[IOHAJBHOTO PO3OMBAHHS AJITOPUTMY HAa MOAYII, IO JO3BOJUTH PO3MAPAIETUTH IPOLIEC PO3POOKU
13, a Takox 3a0€3MeYNTh THYYKICTh 1 QJIalITOBAHICTh CUCTEMH JI0 TIOSIBH IHHOBAIIMHIX TEXHIYHUX
pilieHs.

bi6m. 15, 1. 2.

YK 004.8

AnToniok B.A., Cunoposa M.I'. InTerpanisa Ta BUKOPUCTAHHS IITYYHOIO iHTEJEKTY AJIsl
aBTOMATH30BAHOI'0 CTBOpPeHHs MakpociB // CucremHi TexHouorii. PerionanbHuil Mi>KBY31BCHKHI
30ipHUK HayKOBUX Mpallb. - Burmyck 5(154). — Tninpo, 2024. — C.16 — 23.

MerToro i€l podoTH € AOCTIIUTH TOETHAHHS crucTeM aBTomaru3aiii Ta L1 Ta X BuB Ha om-
THUMI3allil0 poOOYNX MPOLECIB, IPOBECTH OIS ICHYIOUMX DIllIEHb, BUBHAYUTH KIIIOUOBI (HaKTOPH,
SK1 BIUTMBAIOTh HA YCHIIIHE OE€JHaHHs cucTeM aBToMaru3anii Ta I, 3anpononyBaTu TEXHOJIOT1IO
1HTEerpailii Ta HaBYaHHs BETUKOI MOBHOI MOJIENII /I aBTOMAaTH30BAHOTO CTBOPEHHS MaKpOCIB y CH-
CTeM1 aBTOMAaTH3allli IPOIECIB, peali3yBaTl MPAKTUYHY arpoOaIlito 3arpornoHOBaHOI TEXHOJIOTT y
cuctemi “Draw & GO”, po3pobutn pexomeHaarii mo10 €heKTUBHOTO BUKOPUCTAHHS CHUCTEM aB-
tomatuzarnii Ta I anst ontumizariii poOodnx mporecis.

biom. 11, i1. 2

YJIK 004.93, 004.3

Ocraneup S.JI. IlpyHumnmu nmodyaoBM cucTeM KepyBaHHSA 0e3NMIJIOTHUX TPAHCHOPTHUX
3aco0iB // CuctemHI TeXHOJOr1i. PerionanpHuii MIXBY31BCbKUI 301pHUK HAayKOBUX Ipallb. - Bumyck
5(154). — Muimpo, 2024. — C.24 — 29.

Posrnsinatotbes npuHIMNKM MOOYI0BH Ta OpraHi3allisi CUCTEMH KepyBaHHS O€3MUIOTHUX TpaH-
CIIOPTHHX 3aco0iB. 3amponoHOBaHO Kiacu(ikalliio 3aco00iB CEHCOPHOTO CKaHyBaHHS. Po3poOieHo
y3arajbHEHy CTPYKTYpPy CHUCTEMHU KEpyBaHHS, OMHCAHO ii OKpeMi (YHKIIIOHAIBHI MiJACHUCTEMH.
OnucaHo OCHOBHI anapaTHi KOMIOHEHTH cucteMu. [IpencraBieHa apxiTekTypa Moxke OyTH BHUKO-
pHUCTaHa IIPU CTBOPEHHI OE3MIJIOTHUX TPAHCIIOPTHUX 3aCO0IB.

bibn. 5, 11. 3.

YIK 004.4: 004.94

Makapuenko B.C., Kopotka JI.I. AHaji3 Ta miAroroBka JaHux NpU MOAeJIOBaHHI Mja3-
MOXIMiYHHX TIpoleciB OTpMMaHHA HaHOcUcTeM // CucTeMHI TeXHOIOT1i. PerioHanbHuit Mi>KBY31B-
ChKHH 30IpHHK HAyKOBHX Ipallb. - Bumyck 5(154). — Huinpo, 2024. — C.30 — 39.

[IpoBoauThCS aHami3 1010 MIATOTOBKH €KCHEPUMEHTANbHUX JaHUX Ui MOOYAOBH MaTeMa-
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TUYHUX MOJIENIEH TIa3MOXIMIYHUX IMPOIECIB OTpUMaHHA HaHOcUcTeM. OTIISIHYTO JBa KJIacH MaTe-
MaTHYHUX MOJEJIeH, 3p00IeHo aHalli3 iX SKOCTI Ta MOAAJIBIIOrO 3acTocyBaHHA. [IponoHyeThCcs BU-
KOPHCTOBYBaTH MYJbTH BEKTOPHY PETpEcilo, OCKIIbKMA TAaKHH MiAXiJ Mae 3MaTHICTh e()EeKTHBHO
MPALIOBATH 3 HEBEJIMKUMH BUOIpKaMH JaHUX, BUKOPHCTOBYE OIOPHI BEKTOPH AJISI MOJEITIOBAHHS
perpeciiiHoro KOpuIopy i, sk HaCIiJI0K, TO3BOJISIE MOJIEIIIOBATH CKJIAHI HENIHIWHI 3aJI€KHOCTI.

bi6n. 15, puc. 3.

YK 004.91

Makapos 1. C., Jlixoy3oBa T. A. IlporpamHe 3a0e3me4eHHsl /Il aHAJI3Y TeKCTOBOI iH(o-
pMmauii 3 Telegram // Cuctemsi TexHosorii. PerionanbsHuil MiXKBY31BCbKUiT 30ipHUK HAYKOBHX Ipallb.
- Buntyck 5(154). — JTninpo, 2024. — C.40 — 46.

PosrnsiHyTo cuctemu arperamii ta kinacudikamii TekcToBoi iH(popMarii, sKi BUKOPUCTOBY-
IOTHCS JUI OOpOOKH aHWX 3 PI3HOMAaHITHHX JDKEPET, 30KpeMa 3 Telerpam-kanaiiB. HaiiOinpi ak-
TUBHOIO c(hepor0 AOCIIHKEHb € BUKOPUCTAHHS MOJIEJICH MAITMHHOTO HABYAHHS JUIS aHAITI3Y TEKCTY,
10 BiJKPUBAE HOBI MOKJIMBOCTI IS MIJBUIICHHS €()eKTUBHOCTI OOpOOKHU NaHUX. 3ampOrOHOBAHO
mporpaMHe 3abe3nedeHHsT — Be03aCTOCYHOK IS aHalli3y TekcToBoi iHdopmarii 3 Telegram. 3acro-
CYHOK HiATpUMY€E OOMeXeHHi HaOlp BOYyIOBaHUX MOJieNieil MAaIIMHHOTO HAaBYaHHS, ONITUMI30BaHUX
JUISL pi3HUX 3aBAaHb KiIacH]ikalii TEeKCTOBUX JIaHHUX, IPOMOHYIOYH IPU EOMY MOXIIUBICTh KOPHC-
TyBadaM iHTETpyBaTH BJIACHI MOJIENI 3TiTHO 3 IXHIMHU YHIKQIbHUMH IMOTPEOAMH.

Bi6n. 7, 1n. 3, Tabm. 1.

YK 004.91

KonoBanbuyk A. B., Jlixoy3oBa T. A. AnaJi3 cepBiciB 1Jis1 NiATpUMKH podoTu 6id/1ioTexku
// CuctemHi TexHouorii. PerioHansHuil MiXKBY31BChKHI 30IpHUK HAyKOBHX Tpailb. - Bumyck 5(154). —
Huinpo, 2024. — C.47 — 55.

PosrasinyTo cepBicu anst miaTpuMku pobotu 616mioTexu. 1106 3pobut 610;110T€UH1 KHUTH
OUIbLI MPUBAOIMBUMU JIJIS1 YUTAUIB, CHEPITY MOTPIOHO MOJNETHIUTH MOUIYK Ta 03HAHOMJIEHHS 3 HU-
Mmu. [Ipore OubmIicTh 610J110TEK HE MAIOTh CyYaCHUX EJIEKTPOHHUX PECypCiB, a X KaTaJlloTH 3acTa-
pini ta manodyHkmionaneHi. [1[o6 36epertu cBoto poib y mudpoBy A00y, 6i6mi0TeKaM MOTPiIOHO
OHOBJIIOBATHUCS, IPOMOHYBATH 3pYy4HI €JIEKTPOHHI KaTajoru Ta 1HIII OHJAaiH-cepBicH, 11100 Kparlie
BIJIOBIAATH OTpeOaM CydyaCHUX YUTaUiB Ta CTAHJAPTY B 1HIIKUX cepax MOCIYT.

MeTor0 10CHIIKEHHSI € OHOBUTHU O10J1I0TEUHI CEepBICH AJIS Kpalloi B3aeMOJli 3 4MTayamu:
CIPOCTUTH KaTajorH, 3allpONIOHYBATH 3pYUYHUIl MONIYK, peKOMEHalllil, TO3HAYKH KHUT Ta OHJIAlH-
MMOBEPHEHHS. 3alpOIIOHOBAHO TEPENIIK BUMOT JI0 MPOTrPaMHOro 3a0e3MedeHHs sl MATPUMKH PO-
60Tu 610T10TEKHU.

bi6x. 8, 11. 9, Tabm. 1.

YK 004.91

[Tonrara B. B., Jlixoy3oBa T. A. AHaJi3 nuisxiB apromatusauii podo4oro mpouecy cTo-
MAaToJIOTiYHOI KJiHiku // CuctemHl TexHOsOrii. PerioHaabHUN MiKBY31BCHbKMIA 30IpHUK HAyKOBHX
npaiib. - Bunyck 5(154). — Ininpo, 2024. — C.56 — 63.

PosrnsinyTo cuctemu ynpapiiHHS poOOYMM MIPOLIECOM CTOMATOJIOTIYHUX KIIiHIK. MeTta nocii-
JOKEHHS — MOUTYK MOXJIMBOCTEH aBTOMaTH3yBaTH OCHOBHI MPOIECH POOOTH CTOMATOJIOTIYHOI KIIi-
HIKH, TIIBUIUTH €()EKTUBHICTH POOOTH JIIKAPiB-CTOMATOJIOTIB Ta 3a0€3MEUYUTH 3pydHE HaJTaHHS

198 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi Texnonorii» 5 (154) 2024 «System technologies)

MOCTYT KIIieHTaM. 3 OTJIs1y Ha BXK€ iICHYIOYI IPOAYKTH Ta iX (YHKIIOHAJ, 3alIPOIIOHOBAHO MOKpa-
[T CUCTEMYy HarajyBaHb Ta peKOMEHJaliil Takux mporpam. Lle Moke BKIIOYaTH HaraJyBaHHS
po HaOMMKYMK Bi3WT, CKaCyBaHHS BI3UTY, NMPHUBITAHHA 13 CBATaMHU, PEKOMEHAALIl Micis Bi3UTY
BIJITIOBITHO JI0 MPOBEACHOI mpoueaypu Tomo. OcoOucTuil KabiHeT /Ui MAIiEHTIB TAKOX € aKTyallb-
HOIO (QYHKII€I0, 00 3a0€3MeYnTy M 3pydHUI JOCTYI 10 X MEIMYHOI icTopii B Oynb-sSKUil yac Ta
MOMEHT. 3aIpONIOHOBAHO MEPENTiK BUMOT 0 MPOrpaMHOro 3a0e3nedeHHs i aBToMaru3anii pooo-
TH CTOMATOJIOTIYHOT KIIIHIKH.

Bi6mn. 5, i1. 6, Tabm. 1.

YK 528.88:630

Kasar O.0., Kasan }0.B., I'upka A.Jl., Kioykesud FO.O. AnaJi3 ingopmaiiiinoi TexnoJiorii
CYIIyTHUKOBOI0 MOHITOPHHIY PO3BHMTKY CiJIbCbKOTIOCIOAAPCHKUX KYJIBLTYP i3 32CTOCYBAaHHAM
HeviTKol Jioriku // CuctemHi TexHOJOTii. PerioHanbHMiA MiXKBY31BChbKHI 30ipHHK HAYKOBHX TIpallb. -
Bumyck 5(154). — qninpo, 2024. — C.64 — 72.

3MiHM KJIiMaTy Bce Oibllie BIUIMBAIOTH HA arpapHe BUPOOHUIITBO €BPONEHCHKHUX KpaiH, Cy-
9YacHI METOJHM CYIMYTHHUKOBHX JaHUX MPOMOHYIOTh NPAKTUYHI PIICHHS Ui MOHITOPUHTY CTaHy po-
3BUTKY CUIBCHKOTOCIONAPCHKUX KYNIBTYp 13 MOAAJBIINM MPOTHO3YBAaHHAM iX ypoxaitHocTti. Poc-
JMHHULTBO, K€ 3HAYHOIO MIpPOI0 3aJISKUTH BiJl MPUPOAHUX PECYPCIB 1 OTOJTHUX YMOB, MTOCTIHHO
CTHKA€THCS 3 TAKMMH HEOE3IEYHUMU SBUIIAMHU, SIK Pi3Ki Mepenaan TeMIeparyp HOBITPs Ta PeKUMY
BOJIOT0320€3MEeYCHHS BIIPOIOBXK BETETAIlIHOTO Tepioly, SKi HANPsSMY BIUIMBAIOTH HA MPOTYKTHUB-
HICTB KYJbTYp. B CTarTi AOCHIIKEHO BIUTUB TiIPOTEPMIYHUX YMOB Ha CTaH PO3BHUTKY CUILCHKOTOC-
MOJIAPCHKUX POCIIMH 13 3aCTOCYBAaHHSAM CYYTHUKOBOI'O MOHITOpPHUHTY. JlaHi 31 cynyTHukiB Landsat-
8, Sentinel-1 ta Sentinel-2 103BOJISIFOTH BUSBIIATH OCOOIMBOCTI PO3BHTKY POCIIHH Yy MOCIBax Ta 3a-
rpo3u (OpMyBaHHIO IPOAYKTUBHOCTI KyJIbTyp. JloCmiykeHHs MATBEPAMIIU, 1110 3aCTOCYBaHHS He-
YITKOI JIOTIKM JI0TIOMAarae y IjiaHyBaHHI Ta ONTHUMI3allil BUPOOHUIITBA CLIbCHKOTOCTIOAAPCHKUX KY-
JBTYP B YMOBaX 3MIiHM KJIiMary.

bi61. 9, puc. 5.

VK 004.942

Octposcrka K.}O., OctpoBcrkuii €.B., Crapuk B.B. Texnosoris crBopeHHsi uugpoBux
ABIHHUKIB HA OCHOBi pecypciB XMapHoi 004nc/II0BaJBLHOI M1aTdopmu / CUCTEMH] TEXHOJIOTTI.
PerioHanbHuil MiXKBY3iBChKHH 30ipHUK HAayKOBHUX mpailb. - Bumyck 5(154). — [Iuinpo, 2024. —
C.73-81.

B pesynbrati po6oTu 6yi0 po3pobIeHO TEXHOJIOT0 CTBOPEHHS IU(PPOBUX IBIMHUKIB, a Ta-
KOX CTBOPEHO MPOTOTUN LU(POBOIo IBIMHKUKA HA OCHOBI PECYpCIB XMapHOT 0OUYMCIIIOBAIBHOI I1J1a-
Topmu Microsoft Azure. Takox Oys0 po3poOIeHO KITIEHTCHKY MTporpamy i poOboTH 3 UGPOBUM
IBIMHUKOM. Y X0Ji1 po3poOKH Oys0 BHPINIEHO TakKi 3aBJaHHA: MMPOBEJEHO OIS HAYKOBOi JiTepa-
TYpH Ta ICHYIOUMX pillIeHb [HTepHeTYy pedeil A cTBOpeHHs HU(PPOBUX ABIMHUKIB; BUBYEHO TEXHO-
JIoTii, 110 HAJAlOThCS XMApHUMU OOYHUCIIOBAIBHUMHU IUIaTGOpMaMH ISl CTBOPEHHS LHUQPPOBUX
JBIMHUKIB; CIIPOEKTOBAHO Ta PO3pOOJIEHO MPOTOTHUIT IIUPPOBOTO JBIMHMKA HA OCHOBI XMapHUX 00-
YHCIIIOBAJIbHUX pecypciB obunciatoBainbHOi miatdopmu Microsoft Azure; 371iiCHEHO TeCTyBaHHS
PO3pO06IIEHOTO MPOTOTHITY.

bi6x. 11, in. 5, Tabm. 2.
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VK 539.3

Xonaunen T.B, Jlo6ona K.B. AHaqi3 ejiekTpoMexaHiYHHMX 1OJIiB B 0KOJIi BePIIMHHA TPilu-
HH Yy 1’€30ejieKTpU4YHOMY MaTepiani // CucremHi TexHosnorii. PerioHanbHU MiKBY31BCBKHIA 301p-
HHK HayKOBHX Ipailb. - Bumyck 5(154). — [Tninpo, 2024. — C.82 — 90.

Po3rnsiHyTO 33134y miaockoi aedopmarii 11k TYHENIbHOT TPIIMHN Y T’ €30€IeKTPHYHOMY TiJli
MPSIMOKYTHOTO Tepepidy. Ha rpanuni 3amaHi cucreMa piBHOMIPHO PO3MOJIJICHUX HANpPYKEHb Ta
eJIEKTPUYHOI iHAYKLIi. MeTogaMu Teopii KOMIUIEKCHUX MOTEHLIaNIB MOOyI0BaHO aHAJITHYHI BUpa-
3M ISl eNIEKTPOMEXaHIuHUX MOJIB y Oyab-skiid Toumi nepepisy. Ilo0ynoBano anroputm po3B’si3Ky
TaKOK METO/IOM CKiHUEHHHX €JIEMEeHTIB. J1Ji BUNIaJIKy, KOJIHM pO3Mip TPIIIMHU Habarato MEHIINHN 3a
PO3Mip TiJIa MPOBEECHO MOPIBHSHHS OAEP)KaHUX PE3YJIbTATIB 1 BCTAHOBIICHO iX XOPOIIY Y3TO/XKe-
HICTb.

Bi6mn. 12, in. 1, Tabm. 3.

YK 621.314

Boupgap O., Hikonenko A., KoBanenko B., Kutaes O., Crenanenko O., Ciepcbkuii C., Cripu-
ca B. IlpyHuunyu po3podKH eKBiBaJeHTHHX Kijl 3 HeJiHIHHUMH eJeKTPOXiMiYHMMH eJieMeH-
TaAaMM: aHAJTI3 Ta eKcllepUMeHTAaIbHe BU3HAYEeHHA napamerpiB // CuctemHi TexHoorii. Periona-
JIbHUIA MDKBY31BChKHIA 30pHUK HAYKOBHX Mpailb. - Bumyck 5(154). — [Tuinpo, 2024. — C.91 — 108.

B po6oTi 3amipoItoHOBAaHO y3arajibHEHY CXEMY 3aMillIEHHS eICKTPOIi3epa OCaPKeHHS MeTaJle-
BUX TOKPHUTTIB. Y SIKOCTI HENIHIHHUX €JIEMEHTIB 3a3HaY€HOI CXEMH PO3TJIISIAI0THCS 3aJI€KHOCTI da-
CTKOBHX CTPYMiB PO3YMHEHHS Ta OCAJDKCHHS METally BiJl MPUAHOTHOTO a00 MPUKATOIHOTO CHAIy
HaIpyry BiANOBIAHO. TakoXk MpoaHaIi30BaHO MOXKJIMBICTh 3aCTOCYBAHHS IEBHUX CIPOIIEHb y 3a-
raJibHIA CXeMl B 3aJIEKHOCTI BiJl 0OCOOJIMBOCTEN MPOLIECY OCAKEHHS TOr0 UM 1HILIOTO METay.

OnHOYacHO 3aNpoNOHOBAHO 3arajbHy CTPYKTYpPY alpOKCHMYIOUMX BHPa3iB Ta BU3HAUYEHO KO-
eQILIEHTH anpOKCUMAIlii /Ul OKPEMUX HENHIMHUX €IEKTPOXIMIYHUX €JIEeMEHTIB. 3a3HaueH1 BUpa3u
BIJIPI3HAIOTHCS BiJl paHillle BIJOMHMX THM, IO iX CTPYKTypa € MPUAATHOIO Ul OTPUMAaHHS 3arajib-
HUX 3aKOHOMIPHOCTEH €JIEKTPOMAarHiTHUX IPOILECIB, AKI MAalOTh MICIE B CHCTEMax IMIIYJIbCHOIO
€JIEKTPOOCAI)KEHHS METAIIB Y IBHOMY BUTJISAIL.

bi6mn. 14.

YK 004.45

Oxpumuyk J1.J1., €men’ssnenko T.I'. Po3po0JieHHss mporpaMHoOro 3aée3neyeHHs AJisi aBTO-
MaTu3auil po3paxyHkiB mix yac anamizy rigporeoximiunux aanux // Cucremsi textosnorii. Perio-
HaJIbHUI MDKBY3IBChKHIA 30ipHUK HAYKOBHX Mparlb. - Bumyck 5(154). — uinpo, 2024. — C.109 — 119,

VY crarTi onucaHo po3poOKy MPOrpaMHOro 3aCTOCYHKY JUIsl aBTOMaTHU3allli pO3paxyHKIB Tij-
poreoximMiyHUX JaHuX Ta (opmyBaHHS 3BiTiB. OCHOBHA METa JOCIIKEHHS TOJIATAE B ITIIBUIICHHI
e(eKTUBHOCTI 0OPOOKU TaHUX OTPUMAHMX IiJ1 Yac T'1IPOreoXiMIYHOTO MOHITOPIHTY 32 JIOTIOMOT OO
texHosoriit C# ta MySQL. Cucrema 103BoJisie CTPYKTYpOBaHO 30epiraTu JaHi, U0 CIOpUSE 3MEH-
IIEHHIO [TOMUJIOK Ta M1JBUIIEHHIO TOYHOCTI pe3yiabTaTiB. Takox 103Bojse popMyBaTH 3BITHICTH Ha
OCHOBI pe3yJbTaTiB BUMIpIOBaHb. PO3IIIIHYTO OCHOBHI KOMIIOHEHTH 3aCTOCYHKY, Ta HOTO MOAYJb-
HY CTPYKTYpY.

bibn. 5, 11. 5.
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YK 004.912:519.25
[MaBmok /J1.1., Baii6y3 O.I'. Orasiax meToaiB ceMaHTHYHOI Kiaacupikanii Texery // Cucremni

TeXHOJIOT1i. PerioHanbHuit MXKBY31BChKHI 30ipHUK HAYKOBHX Ipailb. - Bumyck 5(154). — [Tninpo, 2024.
—C.120 - 136.

VY cTarTi MpOBEACHO aHaji3 METO/IB Kiacu]ikalii TeKCTy, TaKUX SK HaiBHUH Oaiiec, JIOTICTHU-
YHa perpecis, MeToJ] onopHUX BEeKTOpiB (SVM) 3 akIeHTOM Ha CydacHi METOIU TIIMOOKOro Ha-
BYaHHS, BKJIIOYAIOUX MTY4YHI HelipoHHI Mepexi (ANN), sropTkoBi HeliponHi Mepexi (CNN), pexy-
pentHi HeiiponHi Mepexi (RNN) ta Tpancopmepu. /i OIiHKM BUKOPUCTOBYETHCS TaTaceT BIATY-
KiB npo ¢inemu IMDB. JlocnimkeHnHst TOpiBHIOE e(EKTUBHICTh IUX METOIB Y Kiacu]ikallii TekcTy
32 TOHAJIBHICTIO, BPAXOBYIOYM TOYHICTh Ta OOUYMCIIIOBAJIBHI pecypcu. Meta poOOTH - BH3HAYUTH
HaAMKpamwid miIxix Ui aBTOMAaTH30BaHOI KilachQikallii TEKCTy Ta Ha/laTH PeKOMEHIAI1 IS 1mojia-
JBIIUX JOCHIKCHb.

bi6u. 13.

VK 004.4 : 004.94

[lecuancpkuit B.1O., Cynema €.C. MeTtoa cuMHXpOHi3alii TeMIIOPpaJbHUX MYJbTHMOAAJIb-
HHX JaHHUX JJIs1 cTBOpeHHsI HudpoBoro ABiliHMKa roprani / CucremMHi TexHOJOTIi. PerionasHmiA
MDKBY3IBCBKHI 301pHUK HAYKOBHX Tipallb. - Bunyck 5(154). — Ininpo, 2024. — C.137 — 145.

VY crarTi 3ampoINOHOBAHO METOJ CHHXPOHI3alii TEeMITOPAIbHUX MYJIBTUMOJAIBHUX JaHUX,
KU TPU3HAYEHO JUIsI CTBOPEHHS Ta ONTHMi3aliio nu(poBUX IBIHHHUKIB ropTaHi JOAMHA. MeTos
Ha/Ia€ MOJIMBICTH 1HTErparii AiarHOCTUYHUX JaHUX BiJI€OJAPUHTOCTPOOOCKOMIl Ta aKyCTHYHOTO
aHaJIi3y ToJIoCy JUIsl CTBOPEHHS TOYHOI 3D-Mozeni ropTaHi, sika BIATBOPIOE (1310JI0TI4HI XapaKTe-
PHUCTHKH Ta ToJIOCOBY (YHKIIIO Malli€eHTa. Y CTAaTTI OMMCAHO METOJ], 3aCHOBAHUN Ha INIMOOKOMY Ha-
BUYaHHI, SIKUN 3a0e3leduye TOYHE BUPIBHIOBAHHS YaCOBHUX MapKepiB (a3 rojJoCOyTBOPEHHS Ha BCIX
TUTAX JIaHWUX, B1IOOpakarouu JeTai3oBaHy OlOMeXaHIKy ropTaHi B auHamiil. Pesynbratu mocii-
JDKEHHS CB1YaTh MpO MiJIBUILEHHS TOYHOCTI IU(POBOro ABIMHUKA. 3aCTOCYBaHHS LU(POBOIO
NBIMHUKA TOpPTaHl MOKJIUKAaHE CIPOCTUTH IJIaHYBAHHS XIPYpridYHMX BTpy4YaHb Ta IHIIUX JIKyBaJlb-
HUX 3aXO0JIIB.

bi6m. 11.

VK 004.6:004.4:004.942

I'yk H.A., MirikoB M.IO. CyuacHi mnpoOjemn igentudikaunii anomauiii B podoTi
Enterprise Systems // Cucremni TexHosorii. PerioHansHuil Mi>KBY3iBChKHIA 30ipHUK HAYKOBUX TPAllb.
- Bumyck 5(154). — [Tuinpo, 2024. — C.146 — 153.

VY naHiil cTaTTi po3rIIAIAlOTECS CydacHi Mpobiemu ineHTudikaiii anomanii y podoTi Kopmo-
paTUBHUX CHCTEM 3a JIONIOMOI'OI0 aHalli3y 3HIMKIB MaM'siTi, aHATI3yIOThCSI METO/IU Ta IHCTPYMEHTH,
10 BUKOPHUCTOBYIOTHCS JIJIS IIHOTO 3aBJIaHHS, Ta OOTOBOPIOIOTHCS MOKIIMBI HANIPSIMH 1X MTOATBIIO-
T'O PO3BUTKY.

bi6m. 9.

YK 004.4, 94

Comos O.0., Kapikos E.B. Ilinxix g0 mirpauiii y 3agaui po3mimennsi koureiinepis // Cuc-
TEMHi TeXHOJIOT1i. PerioHaTbHUIT MiXKBY31BCbKU#T 30ipHUK HAYKOBUX Mpallb. - Bumyck 5(154). — J{ninpo,
2024. - C.154 - 163.

VY mii cTarTi MOCHIKEHO KIIOYOBY POJIb MIrparlii y mporieci po3MillleHHs] KOHTEHHEPIB y
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XMapHHX IeHTpax o0poOku maHux. JoCHiKeHHS MiJKPECToe HeOOXiIHICTh aarOpUTMIB Mirparii
i €peKTUBHOTO YIPABIiHHS PO3MOAITIOM KOHTEHHEPIB Ta BipTyaJbHUX MAIIWH, YHUKAIOUH TEpe-
BaHTA)XCHHSI UM HEJIOCTATHHOT'O BUKOPUCTAHHS pecypciB. Po3poOiieHo ribpuaHuii anroputM Mirpa-
ii, A7 onTuMizanii eeKTUBHOCTI BipTyalbHUX MaminH Ta (ismuHUX cepBepiB. ExcnepumenTH
MOKa3aJiv, II0 pOo3pOOICHUHN MiJIXi]l 3HIKYE omepaliiiHi BUTpaTi Ha 24% Ta 3MEHIy€e MOPYIIEHHS
SLA na 40% y nopiBHSHHI 3 IiIX0A0M, KOJIX Mirpamii He BAKOPHCTOBYIOTHCSI.

Bi6n. 14, in. 3, Tab6mn. 0.

VK 004.056

Tpodumenko O.I'., Coxonos A.B., Jlorinosa H. 1., AxmamerseBa I'.B., Yukynos I1. O. LTy-
yHMii iHTeNeKT Y cdepi BilicbkoBoi JoricTuky // CucremHi TexHounorii. PerioHanbHMiA MIKBY31BCh-
KUii 30ipHUK HAYKOBUX Mpailb. - Bumyck 5(154). — [uinpo, 2024. — C.164 — 171.

Crarta mpucBsiueHa aociimpkenHio poni HII B cygacHomy TpaHchopMamiifHOMy pO3BHTKY
BIICPKOBO{ JIOTICTHKH, a TAKOX aHaNi3y chep MoxiuBoro 3actocyBanns LI B 11iif ramysi, OCKiIbKH
rio0anbHI BICBKOBI cTpaTerii Bce OibIle 3ajekaTh BiJ HAIHHOCTI Ta THYYKOCTI JIAHITIOTa ITOCTa-
BOK. cuctemu. [IpoBenenuii aHaiiz nokasas, mo iHTerpamis anroputmis LI nomomarae He TiTbKK
ONITUMI3yBaTH MPOIIECH, aJie i MiIBUIIMTH OE3MEeKy JaHUX 1 pecypciB, a TAKOXK aKTHBI3yBaTH JOCIi-
JUKEHHS B 00J1aCTI ONTUMI3aLi JIOTICTHKH.

bi6m. 13.

VK 622.276.53.054

XapyH B.P., PaukeBuu P.B. IlopiBHsliIbHA OLiHKA TeXHIYHHUX XapPaKTePUCTHK BUKOHAB-
YHUX MeXaHi3MiB NPHUBOJIB CBePIOBUHHUX IITAHTOBUX HACOCHUX YCTAaHOBOK // CUCTEMHI Tex-
Hotorii. PerioHaybHui MiXKBY31BChKHI 30ipHHK HAYKOBHUX Tpailb. - Bumyck 5(154). — [duinpo, 2024. —
C.172 - 180.

B naykoBiii mpatii aBTopaMu po3po0JIeHO METOAMKY BUOOPY HEOOXITHMX HapamerpiB. Bu-
3HAYEHO, 1110 JUIS MOPIBHIHHS TeXHIYHUX napameTpis npusoais CIIIHY, sk tpaguniiinux (OanaH-
CHUPHHUX) MPUBOAIB TaK 1 HOBUX KOHCTPYKLIN, HEOOX1HO MPOBECTU PO3PAXYHKH MepeaaTOUHUX Py-
HKIIiIi BUKOHABYOTO MEXaHi3My Ta KPYTHOTO MOMEHTY HOTO KPHUBOIIIMITHOTO BaJa.

bi6mn. 16.

YK 621.45.018.2

[sens A.C., IIpopoka B.A., lo6pomomor O.0., Kynuk O.B., Connie B.A. Po3podka cre-
H/AY BOTHEBMX BMIIPOOYBaHb PaKeTHUX JABMIYHiB // CucremHi TexHojorii. PerioHanbsHui MIKBY-
3IBChKHIA 30ipHUK HAYKOBHX Ipailb. - Bumyck 5(154). — [Tuinpo, 2024. — C.181 — 193.

VY po6oTi mpenacTaBIeHO KOHCTPYKINIO CTEHNY, peali3oBaHy MOCTITHUIIBKOI KOMaHIOH
“Rocketry agency”, 10 BiJTOBia€ 3asiBJICHUM BHMOTaM. 3aIipOIIOHOBAHO 3aXO/H, SIK1 JUIsl TTOTaHO1
KOHCTPYKLIi CTEHAY JO3BOJIUIN CYTTEBO 3HU3UTH HETaTUBHUUN BIUIMB Py (PaKTOpiB HAa TOUHICTh
BHUMIPIOBAaHb TATH PAKETHUX JIBUTYHIB.

bi6m. 12.
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UDC 004.42:519.85

Moroz B.I., Kruhlyk A. S., Moroz D. M., Martynenko A. A. Mathematical model and gen-
eral algorithm for solving the problem of processing messages taking into account their value
and aging in aircraft systems // System technologies. N 5(154) - Dnipro, 2024.- P.3 — 15.

The paper discusses a general algorithm for processing information streams, depending on the
defined value of individual messages within identical time intervals. Such a model holds promise in
the structure of the Armed Forces of Ukraine, especially in conditions of active combat operations,
where the situation is highly dynamic. An existing technical solution for rationalizing the algorithm
into modules is considered, which will allow for the parallelization of software development pro-
cesses and ensure the flexibility and adaptability of the system if innovative technical solutions ap-
pear.

Bibl. 15, ill. 2.

UDK 004.8

Antonyuk V.A., Sydorova M.G. Integration and use of artificial intelligence for
automated macros creation // System technologies. N 5(154) - Dnipro, 2024.- P.16 — 23.

The purpose of this work is to investigate the combination of automation systems and Al and
their impact on the optimization of work processes, to review existing solutions, to determine the
key factors that affect the successful combination of automation systems and Al, to propose a
technology for the integration and training of a large language model for the automated creation of
macros in process automation system, implement a practical approbation of the proposed
technology in the "Draw & GO" system, develop recommendations for the effective use of
automation systems and Al to optimize work processes.

Ref. 11, I11. 2.

UDC 004.93, 004.3

Ostapets Y. Principles of construction of control systems for unmanned vehicles // System
technologies. N 5(154) - Dnipro, 2024.- P.24 — 29.

The principles of construction and organization of the control system of unmanned vehicles
are considered. A classification of sensor scanning tools is proposed. The generalized structure of
the control system is developed, its separate functional subsystems are described. The main hard-
ware components of the system are described. The presented architecture can be used in the creation
of unmanned vehicles.

Bible 5, fig. 3.

UDC 004.4: 004.94

Makarchenko V.S., Korotka L.l. Analysis and preparation of data during Modeling of
plasma-chemical processes of obtaining nanosystems // System technologies. N 5(154) - Dnipro,
2024.- P.30 — 39.

An analysis is carried out regarding the preparation of experimental data for the construction
of mathematical models of plasma-chemical processes of obtaining nanosystems. Two classes of
mathematical models were reviewed, and their quality and further application were analyzed. It is
proposed to use multi-vector regression since this approach can work effectively with small data
samples, uses support vectors to model the regression corridor, and, as a result, allows the modeling
of complex nonlinear dependencies.
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Bibl. 15, Fig. 3.

UDC 004.91

Makarov I. S., Likhouzova T. A. Software for analyzing text information from Telegram
/I System technologies. N 5(154) - Dnipro, 2024.- P.40 — 46.

The systems of aggregation and classification of textual information, which are used to pro-
cess data from various sources, in particular from telegram channels, are considered. The most ac-
tive field of research is the use of machine learning models for text analysis, which opens up new
opportunities for increasing the efficiency of data processing. Software is offered - a web applica-
tion for analyzing text information from Telegram. The application supports a limited set of built-in
machine learning models optimized for different text data classification tasks, while offering users
the ability to integrate their own models according to their unique needs.

Bible 7, fig. 3, tab. 1.

UDC 004.91

Konovalchuk A.V., Likhouzova T.A. Analysis of services to support library work // Sys-
tem technologies. N 5(154) - Dnipro, 2024.- P.47 — 55.

The services to support the work of the library are considered. To make library books more at-
tractive to readers, you first need to make them easier to find and read. However, most libraries do
not have modern electronic resources, and their catalogs are outdated and poorly functional. To
maintain their role in the digital age, libraries need to update themselves, offer convenient electronic
catalogs and other online services to better meet the needs of modern readers and the standard in
other areas of services.

The goal of the study is to update library services for better interaction with readers: simplify
catalogs, offer convenient search, recommendations, bookmarks and online returns. A list of soft-
ware requirements to support library work is proposed.

Bible 8, fig. 9, tab. 1.

UDC 004.91

Poltava V.V., Likhouzova T.A. Analysis of ways to automate the dental clinic's workflow
/I System technologies. N 5(154) - Dnipro, 2024.- P.56 — 63.

Workflow management systems of dental clinics are considered. The purpose of the research
is to find opportunities to automate the main processes of the dental clinic, to increase the efficiency
of the work of dentists and to provide convenient services to clients. Considering the already exist-
ing products and their functionality, it is proposed to improve the system of reminders and recom-
mendations of such programs. This may include reminders about the next visit, cancellation of the
visit, greetings with holidays, recommendations after the visit according to the procedure carried
out, etc. A personal account for patients is also a relevant feature to provide them with convenient
access to their medical history at any time and moment. A list of requirements for software for au-
tomating the work of a dental clinic is offered.

Bibl. 5, fig. 6, tab. 1.

UDK 528.88:630

Kavats 0.0., Kavats Y.V., Hyrka A.D., Kibukevych J.O. Analysis of information technolo-
gy of satellite monitoring of the development of agricultural crops using fuzzy logic // System
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technologies. N 5(154) - Dnipro, 2024.- P.64 — 72.

Climate change is increasingly affecting agricultural production in European countries, and
modern satellite data methods offer practical solutions for monitoring the development of crops and
subsequently predicting their yields. Crop production, which is largely dependent on natural re-
sources and weather conditions, constantly faces such dangerous phenomena as sharp changes in air
temperature and moisture regime during the growing season, which directly affect crop productivi-
ty. The article investigates the impact of hydrothermal conditions on the development of agricul-
tural plants using satellite monitoring. Data from Landsat-8, Sentinel-1, and Sentinel-2 satellites
allow us to identify the peculiarities of plant development in crops and threats to crop productivity.
Studies have confirmed that the use of fuzzy logic helps in planning and optimizing crop production
in the face of climate change.

Bibl. 10.

UDC 004.942

Ostrovska K.Yu., Ostrovsky E., Staryk V. The technology of creating digital duplicates
based on cloud computing platform resources // System technologies. N 5(154) - Dnipro, 2024.-
P.73 - 81.

As a result of the work, a technology for creating digital doubles was developed, and a
prototype of a digital double was created based on the resources of the Microsoft Azure cloud
computing platform. A client program for working with a digital double was also developed. In the
course of development, the following tasks were solved: a review of scientific literature and
existing Internet of Things solutions for creating digital duplicates was conducted; technologies
provided by cloud computing platforms for creating digital doubles were studied; designed and
developed a digital double prototype based on the cloud computing resources of the Microsoft
Azure computing platform; the developed prototype was tested.

Bible 11, fig. 5, tab. 2.

UDC 539.3

Khodanen T.V., Loboda K.V. Analysis of electromechanical fields around the tip of a
crack in a piezoelectric material // System technologies. N 5(154) - Dnipro, 2024.- P.82 — 90.

The problem of plane deformation for a tunnel crack in a piezoelectric body of rectangular
cross-section is considered. At the boundary, a system of uniformly distributed stresses and
electrical induction are prescribed. Analytical expressions for electromechanical fields at any point
were found by means of the complex potentials method. The solution algorithm was also developed
using the finite element method. For the case of the crack sizeis much smaller than the size of the
body, the obtained results were compared and their good agreement was established.

Bible 12, ill. 1, tab. 3.

UDC 621.314

Bondar O., Nikolenko A., Kovalenko V., Kitaev O., Stepanenko O., Siversky S., Sprysa V.
Principles of constructing equivalent circuits for nonlinear electrochemical elements: analysis
and experimental parameter determination // System technologies. N 5(154) - Dnipro, 2024.-
P.91 - 108.

The paper proposes a generalized scheme for replacing the electrolyzer for the deposition of
metal coatings. As nonlinear elements of the specified scheme, the dependences of the partial
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currents of metal dissolution and deposition on the near-anode or near-cathode voltage drop are
considered, respectively. The possibility of applying certain simplifications in the general scheme,
depending on the peculiarities of the deposition process of one or another metal, was also analyzed.

At the same time, the general structure of approximating expressions is proposed and the
approximation coefficients for individual nonlinear electrochemical elements are determined. The
specified expressions differ from the previously known ones in that their structure is suitable for
obtaining the general regularities of electromagnetic processes that take place in systems of pulse
electrodeposition of metals in an explicit form.

Bible 14.

UDC 004.45

Okhrimchuk D.D., Yemelianenko T.G. Development of software for automating
calculations during the analysis of hydrogeochemical data // System technologies. N 5(154) -
Dnipro, 2024.- P.109 — 119.

The article describes the development of a software application for automating calculations of
hydrogeochemical data and generating reports. The main goal of the research is to improve the
efficiency of processing data obtained during hydrogeochemical monitoring using C# and MySQL
technologies. The system allows for structured data storage, which reduces errors and increases the
accuracy of results. It also enables the generation of reports based on measurement results. The
main components of the application and its modular structure are discussed.

Refs. 5, figs. 5.

UDC 004.912:519.25

Pavliuk D , Baibuz O. Review of methods for semantic text classification // System tech-
nologies. N 5(154) - Dnipro, 2024.- P.120 — 136.

Recent advancements in text classification have focused on the application of machine
learning and deep learning techniques. Traditional methods such as Naive Bayes, Logistic
Regression, and Support Vector Machines (SVM) have been widely utilized due to their efficiency
and simplicity. However, the advent of deep learning has introduced more complex models like
Artificial Neural Networks (ANN), Convolutional Neural Networks (CNN), and Recurrent Neural
Networks (RNN), which can automatically extract features and detect intricate patterns in textual
data. Additionally, transformer-based models such as BERT have set new benchmarks in text
classification tasks. Despite their high accuracy, these models require substantial computational
resources and are not always practical for every application. The ongoing research aims to balance
accuracy and computational efficiency.

Refs. 13.

UDC 004.4:004.94

Peschanskii V., Sulema Y. Methods of creating digital twins of medico-biological
objects using otolaryngology as an example // System technologies. N 5(154) - Dnipro,
2024.- P.137 — 145.

The paper presents an in-depth analysis on the most suitable tools and techniques for
the formulation of a digital twin, specifically focusing on internal organs. The larynx, a piv-
otal organ in the human respiratory and vocal systems, is highlighted as the primary case
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study. The basis of this digital twin generation is the video stream sourced directly from a
medical device's onboard camera, which provides real-time visual data of the organ.

Refs. 11.

UDC 004.6:004.4:004.942

Guk N., Mitikov N. Modern problems of anomaly identification in Enterprise Systems //
System technologies. N 5(154) - Dnipro, 2024.- P.146 — 153.

This article discusses the current problems of identifying anomalies in corporate systems by
analysing memory snapshots, analyses the methods and tools used for this task, and discusses pos-
sible directions for their further development.

Refs. 9.

UDC 004.4, 94

Sopov O., Zharikov E. An approach to migrations in the container placement task // Sys-
tem technologies. N 5(154) - Dnipro, 2024.- P.154 — 163.

This article examines the critical role of migration in the process of container placement with-
in cloud data centers. The research highlights the need for migration algorithms to effectively man-
age the distribution of containers and virtual machines, avoiding overloading or underutilization of
resources. A hybrid migration algorithm was developed to optimize the efficiency of virtual ma-
chines and physical servers. Experiments have shown that the developed approach reduces opera-
tional costs by 24% and decreases SLA violations by 40% compared to approaches where migra-
tions are not used.

Ref. 14, pic. 3, tab. 0.

UDC 004.056

Sokolov A., Trofymenko O., Loginova N., Chykunov P., Akhmametieva H. Artificial intelli-
gence applications in military logistic // System technologies. N 5(154) - Dnipro, 2024.-
P.164 — 171.

The paper is devoted to the research of the role of Al in the modern transformational devel-
opment of military logistics as well as analysis of the areas of possible application of Al in this
branch, as global military strategies increasingly depend on the reliability and flexibility of supply
chain systems. The analysis performed showed that the integration of Al algorithms helps not only
to optimize processes, but also to increase the security of data and resources, as well as to intensify
research in the field of logistics optimization.

Bible 13.

UDC 622.276.53.054

Kharun V.,Rachkevych R. Comparative assessment of the technical characteristics of ex-
ecutive mechanisms in well rod pumping unit drives // System technologies. N 5(154) - Dnipro,
2024.- P.172 — 180.

The authors have developed a methodology for selecting the necessary parameters in this re-
search. It has been determined that to compare the technical parameters of SRPU, both traditional
(beam) drives and new designs, it is necessary to calculate the transfer functions of the executive
mechanism and the torque of its crankshaft.

Bible 16.
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UDC 621.45.018.2

Shvets A., Proroka V., Dobrodomov O., Kulyk O., Solntsev V. Development of a stand for
fire tests of rocket engines // System technologies. N 5(154) - Dnipro, 2024.- P.181 — 193.

The work presents the design of the stand, implemented by the "Rocketry agency"” research
team, which meets the stated requirements. Measures are proposed that, for the presented design of
the stand, made it possible to significantly reduce the negative impact of a number of factors on the
accuracy of rocket engine thrust measurements.

Bible 12.
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