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b.I. Mopos, A.C. Kpyrinuk, .M. Mopos, A.A. MapTMHEHKO
MATEMATUYHA MOJEJb PAIIIOHAJIbHOI OPTAHI3AILIII OBPOBKU
IHOOPMAUIMHUX ITOTOKIB B CUCTEMI JIOCTABKU
JIITAIbHUMU AITAPATAMU

AHomauis. Y pobomi po3znsaHymo mamemamuyHy MoOesb Macos020 06C/y208YBAHHSA, W0 00380
UMb po3nooiIAMU Yac MiX Yepaamu Makum YuHoM, w06 2apaHmysamu BUKOHAHHSA (06pO6KY)
KOXHO020 NOBIOOMJIEHHSA 8 Yep2ax B8 Mexax 4acy, 06ymMosieHo20 041 KOXHOI 3 Yyepe. Memoto po
6omu € onuc mamemMamuyHoi MoOeni 015 KBAHMYBAHHSA Yacy. Bekmop ynpasniHHA nosuHeH 3a
6e3nequmu cucmemi 2Hy4YKiCMb, WO B CBOK Yepay 003B0UMb Kepysamu cucmemoto ob6pobKu
Oaxux (C0J), 8 3anexHOCMi 810 HABAHMAXKEHHA HA NEBHOMY NPOMIXKY 4ACy YU KINbKICHTU 3MIiHI
OKpemMo2o muny nosioomieHb. Taka mMooesb Moxe bymu akmyasnbHow 0415 cucmem 0OCMABKU
BAHMAXy AIMAAbHUMU anapamamu, 0e HaBaHMAXeHHA HA cucmeMy MOXe 3MIHIBAMUCH BNPO
008 006U, @ mpuMamu napk AimaabHUX anapamis, 0JI5 NOKPUMMS NiKOBUX HABAHMAXEHb €
eKOHOMIYHO HEOOUIIbHUM.

Knto4osi cnosa: mamemamuyHa Mooesib, KBAHMYBAHHA 4ACY, BEKMOP ynpasiiHHA, NiKOBI HABA
HMaXeHHsA, NImaabHi anapamu.

ITocraHoBKa Hpoo6semMu. Y CydacHOMY CBiTi, SIKMi1 TIepeskMBaA€ CTPiMKe TEXHO-
JIOTiYHEe PO3IIMPEeHHSI, POJib JITAJIbHUX anapaTiB y CUCTeMaxX JOCTaBKU CTA€ HAO3BU-
YyalfHO BakIMBOIO. 3 KOXKHMM POKOM KiJIbKiCTb ITepeBe3eHb BaHTAXy 3a JOIIOMOI0I0
NiTaJIbHUX amapaTiB CTPiMKO 3pocTae. 3poCTaHHS iHTepecy 40 6e3IMiJIOTHUX JTiTaKiB,
KBaJIPOKOTITEPIiB Ta iHIMX JIiTAJIBHUX TPAHCHOPTHMUX 3aC00iB BM3HAUAE ITOTPEOY Y
IucrieTyepusallii BXigHux iHdopmMalliiiHuxX MOTOKIB (3asIBOK) Bil MHOKMHM KOPUC-
TyBauiB Ha JOCTaBKYy BaHTaxy. [IMTaHHS OycneTdepusallii MOTOKIB IMOBiAOM/IEHD Ti-
CHO TIOB’si3aHe 3 BMOOpPOM Mojesli pallioHa/JIbHOI opraHisaliii 06po6KyM Takux IMOTO-
KiB. ToMy 110 10 Takoi CUCTeMM Mpep sIBJASIOThCS ITeBHI BUMoru. Harnpukian, Bap-
TiCTh OCTaBKM MOXe 3a/IeXXaTy Bif TepMiHiB, 3a IKi 00YMOBJIEHO TaKy IOCTaBKY BU-
KOHATU. MOKYTh OYyTU SIK TePMiHOBi JOCTaBKM, SIKi IIOTPiOHO BMKOHYBATU SKOMOTa
CKopillle, abo0 HaBITaKy, 3asiBKa Ha OCTABKY MOXXe BUMKOHYBATUChb KOJM CHUCTeMa

HaliMeHIII HaBaHTa)Xe€Ha, ITPpM1 IbOMY BapTiCTb Takoi JOCTaBKI 6yL[e HIK4Ya. Ase Inpu
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IIbOMY IIOTPiOHO BpaxOBYBaTH, HE3aJIEXKHO Bif KiJIbBKOCTi 3asIBOK, iX T€pMiHOBOCTI i
T. ., KOKHA 3as1BKa ITOBMHHA OyTM BUKOHAHA B MeKax ii YaCOBUX 0OMeEKeHb.

OTke po3pobKa METOIIB pallioHa/JIbHOI opraHiszarii 06poOKu iHbopMaliiiHuX
MOTOKIiB B CUCTeMax AOCTABKM JIiTAJIbHMMM anapaTaMy € aKTyaJIbHUM 3aBIaHHSIM.
Amke OTPiOHO PO3POOUTH TaKy CUCTEMY, IO Oyje BiAIOBimaTH mpej’ siBIeHUM O0
Hel BUMOTraM.

AHaJti3 ocTaHHIX DOCTiIKeHb i myosTikariii. BupimeHHsIM NUTaHHS MacOBO-
ro ob6cayroByBaHHS iHGOpMaIifiHMX IMOTOKIB 3aiiMalOThCs HAYKOBIIi i MpaIliBHUKA
nounHawun 3 1900-x pokiB. TpaguiliiiHO BBaxka€ThCs, 110 BIIepIie 3a/1auyy MacOBOTO
00CTyrOBYBaHHS BUPIITyBaB aTChKMII MaTeMaTUK, CTATUCTUK Ta iHkeHep KoreHra-
reHChKOi TejeoHHOI KoMnaHii ArHep EpiaHr, sSkuii BUpillyBaB 3aBIaHHS 3 YIIOPSI-
IKyBaHHS poboTu TeaeoHHOI cTaHIIii.

I3 ocTaHHIX BiZoMMX poOOIT y HAIPSIMKY PO3pPOOKM CHMCTEM MacOBOI'O OOCIYTro-
ByBaHHS B focTaBili ToBapiB BIIJIA e mikaBow po6ota b. I1. Kuui «MeTton po3nominy
yacy Ha JOCTaBKy TOBapiB 3a AOIOMOIOI0 Oe3IMiJIOTHUX JITaJbHUX aIlapaTiB 3TiIHO
npioputety» [3]. B po60Ti pO3IJSHYTO PO3MOAiJ KBAHTY Uacy Ha 0OCITYyroByBaHHS
3TigHO 3 mpiopuTeTOM. AJIe HEMIOJiK CUCTEMM MAacOBOrO OOCIYTrOBYBaHHS 3 IIPiopu-
TETOM MOKe ITOJIITaTy B TOMY, II[0 TaKa CMCTeMa rapaHTye, o OyayTh JOCTaBjIeHi
TOBapyu B MeXkax BM3HAUEHOTO uacy, Jiuiile 3 HaliBUIIUM IpiopuTeToM. Ile Moske Oy-
TU HEKOPEKTHO, SKIIO CUCTeMY IOCTaBKM JiTAIbHMMM allapaTaMy PO3IJISAaTu SIK
Taky, /e BapTiCThb JOCTaBKM 3MiHIOETHCSI B 3aJI€5KHOCTI BiJ, TepMiHiB gocTaBKu. Ha-
MIPUKJIAJI, 3aKOHOMipHO, 1110 BIeHb HAaBaHTaXeHHS Ha CUCTEMY OOCTYyTOBYBaHHS Oye
6inbIie, Hi’K BHOYi. 3 IIbOrO MOKHA 3pOOMUTM BMCHOBOK, III0 JOCTaBKa BHOYI MOKe
OyTM memieBIIO0, MO0 MiHIMi3yBaTy MPOCTOi JiTaJIbHMUX amapaTiB i oTpuMaTH Bif
IIbOTO €KOHOMiUHMI edeKT. Ajle B TOJ Ke vac, HaIPUKIIAMI, SIKIIO 3’SIBJISEThCSI €KO-
HOMIYHO BUTiJHIiIIa JOCTaBKa y 4YaCy MMPOCTOI0, He MOKHA HEXTYBATH BKe iCHYIOUOIO
3 OLIBII HM3bKOIO BapTiCTIO AOocTaBKM. CHUCTeMa MOBMHHA 00POOJISITH 3asIBKM BYACHO,
abo BiZMOBUTH B 0OCIYTOBYBaHHI, SIKIIIO BUKOHATYU TaKy 3assBKY HEMOXK/IMBO Yy BKa-
3aHMX YaCOBUX OOMEsKeHHSIX.

MeTa DOCTiIKeHHSI — OIMCATH KOHIIEITyaJbHY MOZeab 00po6Ku iHdopma-
LifiIHMX TOTOKIiB B CUCTeMax AOCTAaBKM JIiTaTbHMMM arlapaTamMiu 3 BUKOPUCTAHHSIM
KepOBaHOI OIUCHUIUTIHM JIJIS pallioHaJIbHOI opraHisaliii 06po6ku iHdopMmariii 3 ypa-
XyBaHHSIM i1 XapaKTepMUCTUK I[iHHOCTi i cTapiHHS, po3pobisieHy Impod. Mopo-
30M B.1. [6].

Bukaaa oCHOBHOIO mMaTepiany mociaigkeHHs. KoHilenTyasibHa MoZe/b OC-

TaBKM BaHTaXy 3a JJOITOMOT'OI0 POHiB MPeICTaB/IsIE COO0I0 CTPYKTYPHMIA Ta QYHKILi-
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OHaJIbHUI 3pa30K, 110 BM3HAuUa€ OCHOBHi eTanu, aclleKTU Ta B3a€EMOJil y cuUcTeMi
moctaBku. Llei onmmc BKIOYA€E KAIOYOBI CKIaA0BI KOHIIEIIIil, SIKi CIIPSIMOBaHi Ha OIl-
TUMi3allil0 MpoIecy JOCTaBKM BAaHTa)Ky Ta MaKCMMi3sallilo eeKTUBHOCTI BUKOPUC-
TaHHS 0e3ITJIOTHMX arapaTiB. [IpOTIOHYEThCS PO3IISIHYTU MOJIENb SIK CUCTEMY, IO
Mae TaKi OCHOBHI CKJIAZIOBi: Mepeska APOHiB, Ikepesa JaHuX (CKIaiB, allTeK, TOUYOK
TOCTaBKM Ta iH.), MHOKMHA KOPUCTYBAYiB, 1[0 € IMHAMIYHOI BEJIMUYNHOIO 1 MOCTili-

HO 3MiHIOETHCS B Yaci, a TAKOX AUCIIeTYEPCbKUI ITyHKT (IUB. puc. 1).

MYHKT

Mepexa
[pOHIB

[xepena
AaHux

MHOXKHa
KOpWUCTYBauiB

PucyHok 1 — KoHIlenTyaibHa MOJie/ib OpraHi3aiiii 00po6Ku BXigHUX iHpopMalliitHux

IOTOKIB Ta JOCTaBKIN JITaJTbHUMU ariapaTaMm

3aMOBJIeHHSI Ta po3MillleHHs 3aBIaHb. KopucTyBau po3mililye 3aMOBJIEHHS IU-
cIieTuepy 3a JOIMOMOrOI0 J0AaTKy abo BeO iHTepdeiicy, BKa3yuM TOUHMI ajmpecar
Ta MapamMeTpyu I0CTaBKU. [lapaMeTpu AOCTaBKM € XapaKTepUCTUKOIO, [0 BU3HAUAE
yac, HeoOXimHMi1 A1t 00poOKM 3asiBKM (TIOIIYK 00’€KTa JOCTABKM B AMHAMIUHIi CUC-
TeMi MarasuHiB, ITOOYI0Ba ONTUMMAJIbHOIO MapIIPyTy JOCTAaBKM, ITOTOIKEHHS Yacy
3aBaHTa)KEHHSI/BiIBaHTa)KeHHSI, TEPMiHOBICTb TOCTAaBKM i T. iH.) a TAKOX 4ac, He0O-
XigHWUit 6e3rocepeaHbO /I 3aBaHTAXKEHHS/BiIBAHTAKeHHS i TPaHCIIOPTYBAHHS JIi-
TaJIbHMM arapaToM 3a aapecaTom. ToOTO IO CyTi, KOXXKHA 3asiBKa Ma€ Pi3HY I[iHHICTb
a TaKOXX XapaKTepUCTUKU CTAPiHHSI.

Mepeska IpOHiB TpeAcTaBisie 0000 IiTiCHY CUCTeMY — TapK JIiTaabHUX ara-
paTiB 3 Pi3HMMM TEXHIUHMMM XapaKTepuUCcTuKaMy. TakoX BK/IIOUA€E B cebe 06CIyro-
BYIOUMI1 TepcoHasI, HeOOXiIHMII IJiT PeMOHTY Ta OOCJIyrOBYBaHHS IMapKy. Mepexy
MapKy JiTaJbHMX arapaTiB MPOIIOHYETHCS PO3IJISAATU SIK €KOHOMIUHO JIOIiJIbHY Be-
JMYMHY, JIe KiJIbKiCTb IPOHIB Ta iX XapaKTepPUCTUKM BU3HAYAKOTHCS MiHIMaJbHO [10-
CTaTHbOIO BEJIMUMHOIO JJIsI BUKOHAHHS YCiX 3asBOK a TaKOXK BpaxXxOBYIOUM aMOpPTHU3a-

1[i10 i TOTOYHI PEMOHTM.
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II>kepena JaHUX € OMHAMIYHOIO BeJMUMHOI0. Ile MOXyTb OYyTM MarasmHMu, II0

TIPOIIOHYIOTH CBOi TOBAapy Ta MOCIYTH, SIKi MOKe 3aMOBUTM KOPUCTYBad. ATITEKM abo
CKJIaay, MyHKTU MepeBaHTa)XeHHS i T. . A TaKOX € pi3HOBiAgaJIleHMMM BiJl KOPUCTY-
Bava. Lo cKIagoBy cuCTEMM CJIif pO3I/ISIAATH SIK OyAb SIKe JisKepesio, 3BigKu MOyKHa
OTpUMAaTHU AaHi PO BaHTaX, AOTO HAsIBHICTb, JOCTATHIO KiJIbKIiCTb, iHIIIi TapaMeTpu,
SIKi MO’KHA OTPMMATM i TIPOaHasi3yBaTu AJ1s1 LOCATHEHHS KiHI[eBOl MeTU — CBO€Yac-
HOI JOCTaBKM BaHTaXy 32 BKa3aHOK 3aMOBHMKOM aApecoro.
IIeTYEPOM CJIiZi pO3YMiTM aBTOMAaTH30BaHe mporpamHe 3abesmneueHHs (I13) i3 miHi-
MaJIbHMM BTPYyUYaHHSIM orepaTopa abo 6e3 BTpydyaHHS Takoro. Jlucrmeryep, BUKOPHUC-
TOBYIOUM aJITOPUTMM, 3aliMa€ThCS IIONIYKOM TOBapy, MOOYAOBOIO OINTMMAaIbHOTO
MapuIpyTy DOCTaBKU, MMOJA€ 3asIBKY 10 ollepaTopa 3 HaJaHHS MOCIyT BUKOPUCTAHHS
JIiTAJIbHUX araparTiB 3 BiAMMOBIAHMMM XapaKTepUCTUKAMM i T. iH.

[3 BKa3aHOro Buille CTa€ 3p03yMiJio, 1110 came AucreTyepchbke 13 MOBMHHO pa-
IIiOHAJIbHO OPraHi30ByBaTy O0OPOOKY BXimTHMX iH(POpPMALifiHMX IIOTOKIB, 1100 3a0e3-
MeYMTY BUKOHAHHS BXiJTHOI 3as1BKM 3TiJHO 3 HaK/JIaJeHMMM Ha Take 13 BUMoramu.

BukoHaHHSI QYHKIIii aycrieTyepmsallii BMMara€ CTBOPEHHS LIiJIOTO PsSImy Mpo-
1enyp, SKi 3ab6e3revaTrb ONTUMAaIbHY (palliOHaJbHY) OpTaHi3allilo MopsiIKy ix 006po-
O6ku. IlpM LBOMY TaKOX HEOOXigHO 3abe3meunTy peasisalilo psgy MpooseM,
MIOB’SI3aHMX 3 OpraHisalli€lo eTamiB 300py, OUMCTKY i 30epiraHHsI TaHUX Bif 30BHillI-
HiX Kepes. B sIKOCTi mkepen MOKYTb BUKOPUCTOBYBATHUCS pi3Hi 6a3u manux (BJ),
apxiBHi CIIpaBy i 3a9BKU (OmepaTUBHI Akepena).

[Ipu cTBOpeHHi iHOpMalliliHO-aHATITUYHUX CUCTEM 3 BUKOpUCTaHHSIM OLAP
TEeXHOJIOTi1, icHy€e psi mpobJyieM, MOB’SI3aHMX 3 OpTaHi3alli€lo eTary 300py, OUUCTKH, i
MOTOA)KeHHS JaHMX i3 30BHIILIHIX AKepes. B SKOCTi Ikepen BUKOPUCTOBYIOThCS Pi3-
Hi 6asy JaHUX pi3HMUX iH(GOpPMAIiifHUX CUCTEeM, IO MiCTITh B CODOi OrepaTuBHi, J0-
BiZKOBi, apxiBHi i T. iH. IaHi, puc. 2

3 puc. 2 BUIHO, 110 OTlepaTuBHi, JOBIIKOBI, apXiBHi i iHIIIi JaHi MOCTYNAKTb Y
BUTJIAAI OKpeMux ToBigomiens 3 B/I1, B/I2, B/I3 i T. A. B cucTeMy TonepeaHboi 00-
pobku COJI (cuctema 06pobku mauux) um COI1, COM2, COO3 i T. m., 06pO6ISIIOTHCS
I[i€l0 CUCTEMOIO (UM CHCTeMaMM), HaKOMIMUYIOThCSI B 6a3i JaHUX IoIepeaHbOro 36e-
piranns (BJI13) a6o B/I131, B/I132, BAII33 i T. a. ITic/g pOro 3aBaHTaKyIOTHCS Y
cxoButie gauux (CII) ab6o BiTpuny ganux (BI).
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et el
et el

col cof2 con3 iT A

36ip, oMMCTHA | YErogweHHA OaHWUX i3 20BHIWHIX gxXepen

el

3aBaHTaMeHHA JaHWX B CXOBULE O3HUX

CxoBuLe
A3HWX

-

BitpuHu ganux (BO)

PucyHok 2 — Cxema 300py JaHMX i iX 3aBaHTaK€HHS B CXOBUIIE JaHUX

Vci onepaTuBHi, JOBiAKOBi, apXiBHi Ta iHII JaHi BiAIIOBial0Th IEBHOMY MO-
MEHTY Yacy Ha 4acoBilt oci i BpeIITi pemT moBUHHI 6yTy chopmoBaHi y BUT/SAI dhak-
TiB MOB’SI3aHMX 3 BiAIOBiAHMM MOMEHTOM Yacy.

@axTy i ix arperatiii B CJI TOBMHHI 3 HEOOXiJHOIO TOUHICTIO i B HEOOXigHI Mo-
MEHTM Yacy BimoOpakaTy CTaH MpeaMeTHOI 00JacTi, BiTHOCHO SKOi NMpuUiiMalOThCS
pillleHHSI.

HeobxigHo Bim3HaunTu, mo madi 3 B/ 8 COJI, moCTyIaoTh Y BUJIi peryaspHUX

ab0 BUITAIKOBMX ITOTOKIB ITOBiIOM/IEHDb 3 IIEBHOIO iIHTEHCUBHICTIO, III0 3MiHIOETHCS B
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yaci. [ToBimomIeHHsI 06pOOJISIOThCS K B aBTOMaTUUYHOMY, TaK i B aBTOMAaTM30BaHO-
MY pekumax.

T'ooBHMMM i HEOOXiZHMMM BUMOTaMy A0 0O0pOOKM ITOBigOMIIEHDb € HACTYIIHI

1. J)KopmHe moBioMIeEHHST He TIOBMHHO OYTM BTpaueHo (TOOTO BCi ITOBimoMIeH-
HSI [IOBMHHI OyTV 06p006J1eHi)

2. Yci noBigomiieHHSI TOBMHHI 6yTU 06p06JieHi B paMKax MeBHUX YaCOBUX 00-
MeskeHb. 1Ii yacoBi 06MesKkeHHS BM3HAUYaI0ThCS BMXOISUM i3 UiTKO BM3HAYEeHOI Heob-
XiTHOCTi 3aBaHTaXXeHHs KOKHOTO (haKkTy B UiTKO BM3HAUEHMIT yac.

3. O6po6Ka BCix IMOBigOM/IEHD ITOBMHHA OYTY BMKOHAHA B YMOBaX MiHiMa/IbHO1
haKTUIHOI MPOXYKTUBHOCTI Pgar CO,.

4. Oprani3ailiss 06po6Ky MOTOKIB ITOBiIOMJIEHb IIOBMHHA BUMKOHYBATHUCS 3 ypa-
XYBaHHSIM SIKiICHO-KiJIbKICHMX XapaKTepuUCTUK iHpopMallii (TakuX SK L[iHHICTb, CTa-
piHHS Ta iH.), SKMMM XapaKTepU3yIOTbCSI OKpeMi MOBiIOMJIEHHS.

Po3ryisHeMO MUTaHHS OpraHisailii 06poOKM IOBiZOM/IEHb Ha JeSIKOMY iHTep-
Basti yacy At B CO/], 6isibIlI IeTa/IbHO.

Ha Bxig CO/] mocTyria€e MoTiK MOBiOMJIEHDb, HA iHTEpBaJIi yacy At XxapakTepu-

3Y€ThCSI BEKTOPOM:
AAt = AL, LA, AAL, AAL), (1)

Ie, LAt — iIHTEeHCUMBHICTb ITOTOKY IMOBiJOMJIEHD i-T'O TUITY Ha MPOMIXKY yacy At.
i — iHIeKc MOBiIOMIEHHSI TI0 J0TO HAJIESKHOCTI 0 IESKOTro IOPOTrOBOro Yacy o6poo-
ku CO/JI.

BBesieMo BEKTOP:

Tnopor. = {Tnopor.l, Tnopor.z, ceey Tnopor.i, ceey Tnopor.h}, (2)

Ie Tropor.i — MAKCMMAJIbHMIA UaC IepedyBaHHS MTOBigoMIeHHs i-ro Tumy B CO/I.

Yac 06po6KM MOBiLOMIIEHHS i-TO TUITY BU3SHAYMMO $IK
bi= [ tdBi(1), (3)

Ie Bi(t) dyHKIIig po3moisy yacy 06poOKy MTOBiIOMIEHb i-TO TUITY.
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ISSN 2707-7977 (Online)



«CucremHi TexHomnorii» 2 (151) 2024 «System technologies»

[ToBimomMneHHST iHTeHCUMBHOCTeN AAt, LAt, LAt, At 3’saBasioTbes B COJl Ha
MPOMiXKKY 4acy At depes iHTepBaiu 4acy t,ri i CTAlOTb B Yeprm KO>KHOTO IOTOKY B
CBOIO, puC. 3.

turi — YaC UMKy reHepallil MOBiJOMJIEHHS [-TO TUITY.

MoTik noeigomneHe epra
Apt = Aqat, NAL ) ApAL Y
3 BEKTOPOM NOPOrOBMX 3HAYEHD Tnoport, tyr
Tnopor. = 4 Tnopor.1, Tnopor, ..., Tnopor.h .
Yefdra j
Tnopor1, t, . ; con
} Yepra h
IMomeHTH Yacy HaOxo4HeHHA NoBIAOMNEHb
3 PIZHUMK 3HAYEHHAMKM Tnopor.i Tnopor.1, Lyrk

PucyHOK 3 — @opMyBaHHS Yepr 3 pi3HUM MOPOTOBUM YacOM 00pOOKM Tropor.i, IO TTO-

CTYIAIOTh Uepe3 IMPOMiKKM 4acy ti.r.i

OO6pob6Ka MOBiTOMIEHb OPTaHi3yeEThCS i3 HACTYIMHOW auciuiutiHoo: CO/l Bi-
Ila€ KOXKHii uep3i rmoueproBo KBaHT yacy Ty, 3a SIKMiI MOXXHa 0b6pobuTn 1, 2, 3...12 i

T. I. IOBigoMJIeHb i-1 uepru, To6To

ti/bi=1,2,3...iT. 1. 4)
Taka mucHMIUTiHA AO3BOJISIE KepyBaTH OOPOOKOI0 MOTOKIB ITOBiZTOMJIEHb MIPU
3MiHi BEKTOPY iHTEHCMBHOCTI ITOTOKY MOBiAOMIeHb Aat.

LIk 006pOo6KM IJ1s1 i-i uepru JOPiBHIOE:
thi=ta ttet ... tn= Z?:l tki (5)
KinpKicTb IMMOBHMX IIMKJIiB HA MOMEHT Yacy t — ny; Oyae JopiBHIOBATH:

nt%f’— ng-0,12,3i1.n0. (6)
H

Yac 3akiHUe€HHS N-TO UMKy IJs i-1 uepru

(n)

t[_ga;(,m'} = tHﬂ?‘ip.ﬂi + tt;ini, (7)

Iie n; IOPSIIKOBUI HOMep IIUKITY i-1 4epru.
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Yac movyaTKy n-ro UMKy OJs i-1 uepru:

(n) _ ,m

t(not.!.b;:’} - t{sak.r.gi

)+ tyi- )

Beenmemo 3HaueHHs Ci(t):

(n) At
a®) =mn —f 4 tempiney (Etrounerp )4 trenpords (¢ et + ( — - l) - _ZJE (G-
i

by b; by b; Ly J'f= 1
tye))ds) it
€
aer — IIOYaTKOBMI CTaH yepr;
&8)] (0
4 0,t = tnoq.qa" . — 0,t= tnou.t.;i’
=@ IR
P Tnowyi’ ’ nou.yi’
(m) .
do = [G’ t— tHDH.HE?‘Ep.f =0, da = {G; Cl(t - tt;.z.a') =0, (10)
27 (m) A (r—¢ . :
Lt— t?’ioid.h'ﬁnp.i' > 0; L Cl(t tl{-f-i) <0

BenmumHa ci(t) — 1€ KiJIbKiCTh MMOBigOMIIEHbD i-i yepru, sike MOBUHHO 6yTU 006-
pobJieHe 0 TOro, SIK HACTYIUTh yepra OOpoOKM ITOBiOMJIEHD i-i Uyeprum B MOMEHT
yacy t.

BBenemMo BEKTOp yIpaB/IiHHS:
Ti={tu, teay vy Ty «evy tn}y (11)

Ie t; — KBaHT vacy, skuii COJ/I Biggae Ha 00p0OKY IMOBiIOMJIEHD i-TO THUITY.
Bubupawouy BeKTOp YIpaBiHHI Tx MOXKIMBO 3HAWTM TaKe YIIPaBIiHHS, IPU

SIKOMY BUKOHYIOTbCSI YMOBMU:

Wi (t) + bl = Tnopoz.l
Wi (t) + bi = Tnopaz.i (12)
Wi (t) + bh = Tnc-poz.h

Wi(t) — dbyHKIIiS yacy o4iKyBaHHSI 0OpPOOKM MOBiIOMJIEHHSIM, 110 Haxiimwio B COJI y
MOMEHT 4acy t.

BucHoBKM. B poboTi HaBemeHO aHai3 ITy0stiKkaliif, B SIKMX IPOBEIEHi J0CTi-
JI>KeHHSI PO3IVISIHYTOI BUIlle OUCIUILIIHK, @ TaKOXX HaBeJeHa MaTeMaTMUHa MO/Ieb,
1[0 T03BOJISIE BUSHAUMTU IOJIOBHY XapaKTEPUCTUKY 0OCTYTOBYBaHHS — (PYHKIIiIO ya-

Cy OuiKyBaHHS 00p0O6KM MOBiTOoMIeHHS, 1[0 nocTynuiao B CO/l B MOMEHT yacy t.
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Mathematical model of the rational organization of the information flows

processing in aircraft delivery system

The growing interest in unmanned aircrafts, quadcopters and other flying vehicles
determines the need for dispatching incoming information flows from multiple users for
the delivery of cargo by these flying vehicles. The issue of dispatching message flows is
closely related to the choice of a model for the rational organization of processing such
flows.

Analyzing the latest research and publications in this area, I would like to point the
work of B. P. Knysh " The method of the time distribution for the goods shipment by the
means of unpiloted aerial vehicles based on a priority." But the such priority mass service
system can guarantees that the only highest priority goods will be delivered in time.

The purpose of this work is to describe a conceptual model of information flow pro-
cessing in aircraft delivery systems using the discipline for the rational organization of
information processing based on several characteristics. There are provides mathemati-
cal model that allows determining the main characteristic of the service - function of the
waiting time for processing of a message received in the data processing system(DPS) at
the time't.
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K. Pynenko, JI. boxkyxa
ITPO IHTETPAIIIIO PEKOMEHJIAITMTHUX
AJITOPUTMIB B CUCTEMY MOBIJIbHOI TOPTIBJII

AHomauis. Po3ensHymo npouec po3pobsieHHs, BNPOBAOKEHHS ma onmumizayii pexomeHoauyid
Hux cucmem y cghepi MobiIbHOT Mop2iBi 3 3aCMOCYBAHHAM XMAPHUX cepBsicis. Y pobomi sukopu
CMaHo Memoou MAWUHHO20 HABYAHHA MA PeKoMeHOayiliHT an20pummu 3 Memor nioBULYeHHS
nepcoHanizayii ma moyHocmi nponosuyil. Pe3ysemamu pobomu pekomMeHOO0BaAHT 015 NioBuU
WeHHs nepcoHanizayii nocaye y 6i3Heci (ocobnuso 8 po30pibHili mopeigni ma OHAAUH
naamgopmax) 014 3pOCMAHHA 300080/1€HOCMT MA JI0ANLHOCMI KAIEHMIB, A MAKOX ONA Noain
WeHHA MapKemuH208UX cmpamezilti ma aHani3y mpeHoi8 puHKy.

Kniouosi cnosa: amazon personalize, amazon sagemaker, amazon services, peKoMeHAaLiiiHi
cucTemu, nepcoHanisauis, MobisbHa TOproens.

ITocraHOBKa mpo6ieMmn. AKTMBHE BUKOPUCTAHHSI PEeKOMEHIAIIMHUX CUCTEM
B MOOITbHMX TOProBMX HOAATKax BiJIKpMBA€ HOBi MOXIMBOCTI IJIsl ITiABUIIEHHS
MpoJakiB Ta 3abe3rmeueHHsI BMCOKOIO PiBHS 3aJ0BOJIeHHS KiieHTiB. Ili cucrtemu,
aJanToBaHi 10 iHAMBimMyaabHUX MOTPeb Ta BOA00aHb CIIOXKMBAYiB, TO3BOJISIOTH Oi-
3HecaM e¢eKTUBHO pearyBaTy Ha 3MiHM y CIOXMBAIbKMX TpeHIaX, MiABUIIYIOUU
JIOSITbHICTD Ta 3a7y4eHiCTb KITIE€HTIB.

BaknuBow0 3amayero CTae iHTerpaiiis Ta ONTHMIi3allisd peKOMeHOalliiHuX CUC-
TeM y cdepi MOGITbHOI TOPriBJIi 3 3aCTOCYBAaHHSIM XMapHMX CEpBICiB, [0 BMMAarae
I7IMOOKOTO aHasTi3y icTOpii 3anMTiB i TOBeiHKOBUX MaTepHiB KOPMUCTYBaviB Ta B1OO-
py icHyIOUMX iHpopMaliiHUX TeXHOJIOTiIA.

AHaji3 ocTaHHiX FOCTiIKeHb i myOsiKariri. PekomeHgaiiiiHi cucreMm Ma-
I0Th BEJIMKUI BIUIMB Y PO3BUTOK MOOiJTbHOI TOPTiB/Ii, HA 3a/Jly4eHHS Ta YTPUMaHHS
KJII€HTiB, HA ONTUMi3allil0 MAapKeTUHTOBUX CTpaTeriii [1]. BUKOpMUCTaHHS MallMHHO-
ro HaBUAHHS 3a0e3Ieuye peKOMeHAAIiMHMM CUCTEMAM MOK/IMBICTb ITOKpAIyBaTH
KOPUCTYBAlbKUIA TOCBif Ta 36i7bIITyBaTH MPOJAsKi, CTBOPIOIOUM OCOOMCTICHI Ta By-
YHi IpOMO3uLii /IS KOKHOTO KopucTtyBayva [2]. TexHomoriunmit aHasni3 peKkoMeHza-
LiJiHMX CUCTEeM BKJIIOUAE JeTajbHe BUMBUEHHS Ta OL[iHKY Pi3HMUX aJTOPUTMIB Ta IMiJi-

XO[IiB, SIKi € pyHIaMeHTaJbHUMM JIJIS iX QYHKIIIOHYBaHHSI.

© Pypenko K., Boskyxa JI., 2024
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KitouoBi aroputmm peKoMeHAaliiiHuX CUCTEeM OXOIUIIOIOTH IIMPOKUIT CIIEKTP
TeXHIiK Ta MiaxXoniB. Y Migxofi, 3aCHOBAHOMY Ha KOPUCTyBauyax, CUCTEMa IIyKa€e KO-
PUCTYBaYiB i3 CXOXMMM iHTepecaMy ab0 BIOAOOAHHSIMM 10 3aJaHOr0 KOPMUCTYBaya
Ta peKOMEeHIy€ MPOAYKTH, SIKi CIOI06anncs UMM CXOXUM KopuctyBauam [4]. KoH-
TEHT-Opi€HTOBaHi QiIbTPM MO3BOMSIIOTh CUCTEMI BM3HAUATM peKOMeHIallii Ha OCHO-
Bi KOHKpPETHMX aTpUOYTiB MPOMYKTY, TAKUX SIK KAHPU, TEMU, CTUJIi, aBTOPU Ta iHIII
BimoMocrTi [5]. Ti6puaHi Mojesi BUKOPMCTOBYETHCS IJIs1 BUPillIeHHSI 0OMeskeHb, iHOIi
OB 'I3aHMUX 3 OOHMM METOJIOM, 3a0e3Ieuyioui Oi/IbIy THYUYKICTh Ta TOUHICTh Y pe-
KOMEeHIalisix [6].

AKTya/JIbHMM MMUTAHHSIM € 3a7jaua ajarnTallii peKoMeHIaliifHUX aJropuTMiB A0
MOOiIIbHMX TUIATGOPM IIpU BpaxXyBaHHI 0OMEXeHMX OOUMC/IIOBAJIbHUX PeCcypciB Ta
crietndiky Mob6iTbHUX iHTepdeliciB [7]. BukopucTaHi aropuT™Mu MOBUHHI 6yTH I0-
CTaTHbO e(dEeKTUBHMMM [OJjIsI 00pOOJeHHSI MaHMX 0e3 3HAYHOrO HaBaHTa’KEHHS Ha
arnapaTHe 3a0e3MeueHHs IpUCTPOiB. BupilleHHs 1iei 3amaui BKIOYAE ONTUMIi3allilo
00uMCIeHb, MiHiMi3allil0 BUKOPMUCTAHHS IaM'sITi Ta 3ab0e3MeueHHs] MBUIKOI BiIIlo-
Bii cuCcTeMM Ha 3alUTU KOPUCTyBadiB. [0 BasKIMBUX NMUTAHb MOKHA BigHeECTU 3a-
mady apamTailii iHTepdeiiciB peKOMeHIALiMHMX CUCTeM 10 MOOiIJIbHMX eKpaHiB.
EdekTrBHEe BUKOPUCTAHHS KEITYBAHHS Ta JIOKAJIbHOIO 30epiraHHs JaHUX MOXKe J10-
MOMOTTM 3MEHIIUTY HaBaHTaKeHHSI HA MepeXy Ta MiABUIIUTU IMBUIKICTb POOOTU
momatkiB. KpiMm Toro, BaskMBUM € 3a0e3IedyeHHsT 6e3IMeKM Ta IMPUBATHOCTI JaHUX
KOpUCTYBauiB, 0COOJIMBO B YMOBax 3pOCTaHHS yBaru A0 LIMX NUTaHb Yy 1IMGpOBOMY
CBiTI.

AHani3 mpobiieM y peKOMeHIalliiHMUX cUCcCTeMax HabyBa€ 0COOJIMBOTO 3HAUEH-
HS$I, OCKiJIbKM BOHM BIUIMBAIOTh Ha e(PeKTUBHICTb Ta TOUHICTb IIUX CUCTeM. [IBi KiIto-
YyOBi IMpobJieMn - 1ie "XOJIOJHMI CTapT' Ta yIepemkeHicTh maHux. I[Ipobsema xoso/-
HOT'O CTapTy B PeKOMEHAIliifHMX CUCTeMax BMHMKAE, KOJIY HEeOOXiTHO 3pobuTu pe-
KOMeH/allii /11 HOBUX KOPMUCTYyBauiB abo MPOAYKTiB, PO SKi cucTemMa Ma€ Majio abo
30BCciM He Mae€ iHdopmarii. Ti6puaHi cucTreMu, IKi KOMOIHYIOTh KOJ1ab0paTUBHY i-
JAbTpAIlil0 Ta KOHTEHT-OPi€HTOBaHI MeTOIM, MOXYTh e(peKTUBHO BUPIlIyBaTH MpPO-
6J1eMy XOJIOIHOTO CTapTy, BUKOPUCTOBYIOUM TlepeBaru 06ox miaxomis [8].

VnepemKeHiCTb JaHUX B peKOMEHJAliiHMX CUCTeMax MOXXe MaTy pi3Hi Mpu-
YMHY Bif crIOTBOpeHOoi a60 HermoBHOi iHGopMallii y 360pi JaHUX 10 HaBiTh aJITOPUT-
Mi4HOI yniepeakeHocTi [9].

Meta mociimkeHHsI. MeTo poO0TH € MOPiBHSIbHMII aHa/li3 Pi3sHUX HigXOMdiB
IIo iHTerpailii peKoMeHIAIliifHUX aJITOPUTMIB Y MOOiJIbHY TOPTiB/IIO, 3 aKIIEHTOM Ha

ONTMMi3allil0 KOPUCTYBAlLIbKOTO AOCBiAYy Ta MiaBUILeHHS edeKTUBHOCTI IPOIaxiB.
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3HayHa yBara NpUAUISIETbCS TAKOX BU3HAYEHHIO KIIOUOBUX BUKIIMKIB Ta MOKIUBOC-
Tel, 10 CTOSITh Mepel, peKOMEeHJAliiHMMM CUCTEMaMy B Cy4aCHOMY AMHAMiYHOMY
cepeoBUIILi.

BuknageHHsI OCHOBHOIO MaTepialy JOCTiIyKeHHS.

Bubip apxitekrypHoro pimeHHs. [IJs apXiTeKTypHOI opraHisailii IMpOEKTYy
obOpaHa 6araTopiBHeBa N-tier apxiTekTypa, [0 € KJIACUUYHUM pillleHHSIM Y cdepi po3-
POOKM KIIi€HT-cepBepHMX HopaTkiB. lleit mimxim mepembauae po3mijeHHS Ha pi3Hi
piBHI (YHKIIi}I TIpemcTaB/ieHHs, Oi3HEC-JIOTiKM Ta YIpPaBIiHHS JaHUMM, KOXKEH 3
SIKMX MOXKe pO3MiIllyBaTHCSI Ha OKpeMMX cepBepax abo KjiacTtepax JJjis ONTMMi3allii
pob0oTH Ta pecypciB. 3alIpoOIIOHOBAaHA apXiTEKTypa CIIPOIIYE MacCIITabyBaHHS, MMiAT-
PUMKY Ta i30JIS11i10 ITOTEeHLiIHMX ITPOOJieM Ha OKPeMMUX PiBHSIX, OKPAILIYIOUM 3ara-
JIbHY HaZifIHICTb CUCTEMN.

Y nporpaMHOro MpoAyKTi MpuijieHa yBara IpoeKTYBaHHIO 6a31 JaHUX JIJI Ka-
Teropm3saiiii ToBapiB, CUCTeMi I[IHOYTBOPEeHHS Ta iHGopMallii M0 TOProBUM TOUKaM,
3amayvi 36epiraHHsI KOMePIIiifHMX JOKYMEHTIB Ta iH. IHdopmallisi mpo TOProBi TOUKU
BKJIIOUA€E JeTali Mpo Miclle3Haxo[kKeHHs, nemMorpadiuHi xapakTepUCTUKU paiioHy,
naTepHy TpadiKy KIi€HTIB Ta iHIII KIOUYOBI METPUKH, IO CIIPUSIE Y BU3HAUEHHI M10-
TeHIIiaJly PUHKY [IJIT BIIPOBAIKEHHSI HOBUX TPOAYKTIB ab0 IMOCAYT Ta B yIIpaBIiHHI
pU3MKaMM, TIOB'SI3aHMMM 3 reorpadiuHMM po3MilleHHSIM. Y MOOiJIbHOMY IOIATKY
iHbopmallist Tpo TOProBi TOYKM Ta iCTOPi0 MPOAAKiB MOXKe BUKOPUCTOBYBATUCS JIJISI
OIITMMI3allii poooUMX MPOIIECiB.

Oniinka xMapHuX mwiaTdopM Ajss MOOUIBHOI TopriBiai. XMapHi maTdopmmu
€ HOBMM iHCTPYMEHTOM [1Jisi MOOiIbHOI TOPTiBJIi, MPOMOHYIOUM THYYKiCTh, MacIIITa-
O0BaHICTb Ta MOCTYMHICTb iHGPACTPYKTYpH, HEOOXimHOI Mg cydyacHUX Oi3Hec-
IomaTkiB. Bubip XMapHMX cepBiciB BIJIMBA€E Ha 3JaTHICTD iX iHTerpyBaTUCS 3 MOOi-
JBHUMMU IOAATKaMU, 3ab6e3mevuyBaT 6e3mepepBHY poOOTY, BUCOKMIL piBeHb 6e31meKku
Ta BiTIOBiHICTh CTaHAApTaM iHAyCTpii. [IJ1s1 BUpillleHHS MOCTaBAeHol 3aaui obpa-
Huit Amazon Web Services mjist nuHamMiyHMX 6i3HEC-BMMOT 32 PaXyHOK JOr0 THYYKO-
CTi, MacuITaboBaHOCTI Ta BCEOIUHUM IMOCIyraM. Amazon MOBHICTIO aBTOHOMHO BU-
pimrye, un € mpobsema kinacudikaiiiero abo perpecieio, a IOTiM CTBOPIOE i TPEHYE Ki-
JIbKa KOHBeEPiB 3 pisHMMM MogensMmu. OTske, HaKpauuii KOHBEEP MOXKHA JIETKO
PO3TOPHYTHU, TOJIi SIK IIPOTHO3M MOTPiOHO reHepyBaT, HAACUIAI0UM 3aIUTH A0 3MO-
HTOBaHOi KiHIIeBOi Touku. Ile BimpisHseTbcst Big Amazon Personalize, e pekoMmeH-
marii MoxkHa oTpuMaTu 6GesrnocepenHbO 3 rpadiuHoro iHTepdeiicy, age Autopilot
CTBOPIOE Gisbilie KOHBeepiB. [laHi KIi€HTiB 36epiraloTbcs Ha AbOTY B DynamoDB i ex-
criopTyioTbes B S3 3a momomorow AWS Data Pipeline. ITotim Buknnkaetbcss Athena
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IJIst BUKOHaHHST HeobxigHoro ETL i 06'eqHanHs iHdopmaliii rpo cecii 3 maHMMU KJTi-
eHta. HoBi maHi 36epiraioTbcsi B S3-6aKeTi pasoMm 3 iCTOpUYHMMM JaHUMMU TPEHY-
BaHb, a Sage Maker 3amycKaeTbCsl IJis1 TTIOBTOPHOTO 3aIyCKy MO/IeNi 3 OHOBJIEHUMMMU
nanuMmu. Sage Maker Moxke OyTU HajalITOBaHUIA Tak, 11006 BiH CJIYTyBaB KiHIIEBOIO
TOUKOIO AJIs mepefadi JaHUX Ha3aj KaieHTy. YacToTa OHOBJIEHHSI MOZe/Ii 3a/1eXXUTh
Bifg 6i3HeC-BMKOPUCTAHHS. SIKIIO MOJie/Ib ITOTPiOHO OHOBJIIOBATH YaCTO, TOHi BUHU-
Ka€ HeOoOXiIHICTh afallTyBaTy YaCTMHY 0OpOOJIeHHS HaHMX Yy BUINE ONMCaHii apXi-
TekTypi. Y oMy Buriagky Amazon Kinesis MoxkHa BUKOPUCTOBYBATU [JIS Tlepenayvi
HOBMX laHUX A0 KiacTtepa EMR, sikuii TakoX 3uMTyBaTUMe JaHi KJIi€HTIB, JOCTYITHI B
S3 bucket, g HeobximHoro ETL. TakoX Ma€ CeHC iHTerpyBaT OHOBJIEHHS peKoMe-
HIaliiHOI Mogeni y ¢gpeiiMBOpK O0OpOOKM maHMX, IO ITpalioe Ha kiactepi EMR,
OCKIJIBKM 1€ JO3BOJUTh CKOPUCTATUCS MepeBaraMy BeMKOl KiJIbKOCTI BY3JiB, IO
BUKOPUCTOBYIOTbCSI B KJIACTepi, & TAKOXK YHUKHYTU 3aTPMMOK MiXX HAJXOIKEeHHSIM
HOBUX JaHMX TIPO CECilo Ta OHOBJEHHSIM Momei. IToTiM pe3yabTaTu MOXKHa Oy10 6
3HOBY BCTaBUTM B Tabnuio DynamoDB, 3 sikoi 6yia 6 cTBopeHa KiHIleBa TOUYKa IS
00CTyTOBYBAaHHS KJIi€HTIB 3 BiIIOBiMHMMM PEKOMEHIAIIiSIMMA.

[ly1st 36epiraHHsl JaHUX BUKOPUCTOBYETHCSI 6a3a JaHMX KIIOY-3HAUYeHHS abo [10-
KyMeHTiB DynamoDB, sika macirabyeTbcs g0 retabaitTiB ganux. Y DynamoDB 3a
6a30BYy iHGpacTpyKTypy BigmnoBigzae AWS, 3a BUHSITKOM MPOITyCKHOI 3TaTHOCTi Tab-
quii. Y BUIIQAKy 3 TapsiuMMy CeCisiMM MOKHA aKTUMBYBATU MPUCKOpioBau DAX, akuit
MOXKe SIK 3MEHIIUTH JTaTeHTHICTb 3aIlMTiB.

AWS DataPipeline BUKOpUCTOBY€ETbCS OJj1s1 BUIydyeHHS 3amnuciB 3 DynamoDB i
30epiranHs ix y S3. O6'egHaHHS ABOX HAOOPiB MaHMUX (KIi€HTCHKUX i CEAaHCOBUX)
MOKHa 3ailicHuTH; 3a mornomoroio AWS Athena a6o Glue, sKi € 6e3cepBepHUMU cep-
Bicamu 06pobxku maHux B ekocuctemi AWS. Athena mae 6yt cepBicom BuUOOpY, SIK-
0 JIJIsT 00pOOKM JAaHMX BUKOPUCTOBYETHCS B ocHOBHOMY SQL. Glue kparie migxo-
IuTh ajs natepHiB ETL, gKi 3HaUHO BimpisHSOTHCS Bim mmpoctoro SQL, abo 3amistHo
6araTo aHaJIiTUKMA.

Ij1s1 CTBOpPEHHS 3aBAaHb 3 aITOPUTMaMM MAIIMHHOTO HaBYaHHSI BUKOPUCTAHUI
cepBic AWS Sage Maker, sikuit MO>ke aBTOMaTMUYHO CTBOPIOBATU KiHIIEBY TOUKY Ta
poOUTHM pe3yibTaTy MOJesIi MaIlIMHHOTO HaBUaHHS JIETKOJOCTYITHUMM IJIs OUMKYe€-
MOT0 Ha peKOMeH/aallii KJi€eHTa.

[yt 3axuieHHs NoJaTKy Big atak AWS BIipoBakye MpakTUKY 6e3IeKu 3a 10-
TIOMOT'0I0 1OATKOBMX Ha/IalITyBaHb.

MeTonu 300py Ta aHalidy AaHuUX IJs1 peKoMmeHpanin. AWS, Azure Ta

Google Cloud rporoHyoTh pisHOMaHITHi iHCTPYMEHTH AJis1 pOOOTH 3 BEJIMKUMM J1a-
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HMMM, IKi MOXKYTh OYTHM 3aCTOCOBaHi JJj1s1 pO3POOIEHHS PEKOMEHIALITHNX CUCTEM.
3okpema, AWS Personalize Ta Google Cloud Al BMKOPUCTOBYIOTH TIE€pPEIOBi ajiropu-
TMM MallMHHOTO HaBYaHHS [JI1s1 epcoHanisanii nponosuuin [10], Toai sik Azure ML
3a6e3I1euye MUPOKNUI CIIEKTP CEPBICiB MIJIsSI aHAJTi3y CIIOKMBAIBKOI IMOBeiHKM. Bubip
KOHKPETHOI IJ1aThOopMM 3aJIEXXUTD BiJ crienydiky 6isHec-BUMMOr, MacIITabiB JaHUX
Ta 6akaHoi iHTerpailii 3 icHyrOUMMM CUCTEMaMMU.

[Tpy mpoeKTyBaHHI peKOMEH/IAlifiHOi CHMCTeMM 3aCTOBaHI aIrOpUTMMU Kiaacudi-
Kallii IJisi TOUHOT'O CerMEeHTYBAaHHS KIIEHTIB, 110 JO3BOJISIE TIEPCOHAJI3YBATH IIPOIIO-
3UIII Ta MOKpAIIUTY B3aEMOJII0 3 KOPMCTyBauyaMy, 3abe3Iedylouy iM pejieBaHT-
HiCTb 1 I[IHHICTb. AHAJIi3 YaCOBUX PSAIB € KIOUOBUM IJISI PO3YMiHHSI C€30HHUX TEH-
IeHIIili y IpoJaykaxX, 10 CIIPUsE€ MPOTHO3YBAHHIO MaiOYTHIX IIOMMTIB Ta 3amacis.
MeToay 3HMKEHHSI PO3MIPHOCTI JaHUX, SIK-OT TOJIOBHI KOMIOHeHTH aHasizy (PCA),
MOXYTb BMKOPUCTOBYBATHCS IJis1 e(eKTMBHOI Bidyaslisallii Ta BUTSTY iHCATIiB 3 Be-
JIMKMUX HAOOPiB JaHMX, MOJIETIIYIOUM iHTepIIpeTallilo Ta MPUITHATTS pilieHb. [lakeT-
HUI aHaJTi3 Tepeabavace rmepiognyHy oopoOKy maHux. BaxkiuBum € BuGip onTuMatb-
HOro MeTony QinbTpallii Ta eeKTMBHOTO aJITOPUTMY HaBUAHHSI MOJIe/i IpU MPOEK-
TYBaHHi peKOMeHalliliHO1 CUCTeMM.

ETanu po3po06/ieHHsI peKOMeHAaIiifHOlI cucTteMu. Y 3alpOIIOHOBAHOMY pi-
IIeHHI peKoMeHJalliliHa cucTemMa € iHTerpalii€io obpaHux cepsiciB (Amazon S3,
Amazon RDS, Amazon SageMaker, Ta Amazon Personalize) y Bxe icHywouy iHbpa-
CTPYKTYpPY MOOi/IbHOTO AOAATKY.

Ha ocHOBi HaBUa/sbHOI BMOipKM 3a mormoMoroi Amazon Personalize cTrBopeHa
MOJeib peKOMeH/1allil, ika BUKOPUCTOBYE cTapinti 90% gaHMX KOKHOTO KOPUCTYBa-
ya 3 TeCTOBOro HAbOpY, SIK BXiIHi MaHi JIJIT HOBOCTBOPEHOTro peKomMeHaaTopa. OliH-
Ka edeKTUMBHOCTI BK/IIOUA€ MOPIBHIHHSI peKoMeHallii, copmoBaHUX MOJe/IIo, i3
peaqbHUMM B3a€EMO/ISIMM KOPUCTYBAauiB, BUKOPMUCTOBYIOUM OcTaHHI 10% maHux Tec-
TOBOTO Habopy. 3MiHHIOUM 3alIPOIIOHOBAHI METPUKM MOXKHA CIIPUSITU TOAATbIIOMY
YIOCKOHAJIEHHIO CUCTEMM PEeKOMEH[alliil, JO3BOJISIOUM BHOCUTU HEOOXiIHi KOpeK-
TUBU [1J1S1 TIiABUIIIEHHS 3a[I0BOJIEHOCTi KOpuCTyBauiB [11].

Cucrema ctBopeHa Ha Python 3.8 3 Flask mis 6exkenmy Ta React 3 C# mjisg kiie-
HTCbKOTO pAonaTka. [laHi oOpo6siioThcsi Ta 36epiraioTbcs uepe3 Amazon Web
Services, Bkimoyatoun Amazon S3 Ta RDS. Mopesi po3po6/ieHO Ta poO3TOpHYTO Yepes
Amazon SageMaker Ta Amazon Personalize.

BucHoBKM. BuxopucraHHsi TexHosoriii Amazon Personalize Ta SageMaker
Data Wrangler go3BoMI0 ONTMUMi3yBaT 0OpOOGIEHHST BeIMKUX O0'€éMiB HaHUX Ta
HAJaTy THYYKICTb Y PO3poOILi peKOMeHIALiiHNX cucTeM. PO3IISIHYTO TEXHOJIOTis
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MPAKTUYHOTO BIIPOBAKEHHS aJITOPUTMIB MAIIMHHOTO HAaBUAHHS y MOOiIIbHMIT [10-
IaToK 1151 e(eKTUBHOI B3a€MO/Iii 3 KOpUCTYyBayaMy Ta MiABUIINEHHS iXHbOI JIOSUIb-
HocTi. [HTerpaiiiss peKoMeHIAIiifHUX aJTOPUTMIB B MOOIJIbHI TOIATKM ITPU BUKOPU-
CTaHHI CepBiCiB XMapHMUX IMOCIYT OE€MOHCTPYE IOTEHIia/l MOAAIbIIOrO0 PO3BUTKY B
IVHAMIYHUX TalTy3sX.
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Integration algorithms of recommendation in the mobile trade system
The algorithms of recommender systems must be efficient enough to process data
without a significant load on the hardware of the devices. The solution to this problem
includes optimization of calculations, minimization of memory usage and provision of
quick response of the system to user requests.
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An important task is the integration and optimization of recommender systems in
the field of mobile commerce using cloud services.

The purpose of the work is a comparative analysis of different approaches to the in-
tegration of recommendation algorithms in mobile commerce, with an emphasis on opti-
mizing the user experience and increasing sales efficiency.

In the software product, attention are paid to the design of a database for product
categorization, a pricing system and information on retail outlets, the task of storing
commercial documents, etc.

Amazon Web Services was chose for dynamic business requirements due to its
flexibility, scalability and comprehensive services. To create tasks with machine learning
algorithms, the AWS Sage Maker service was used. When designing a recommender
system, classification algorithms are using for accurate segmentation of customers. Time
series analysis is key to understanding seasonal trends in sales, which helps predict
future demand and inventory. Data dimensionality reduction techniques such as
principal component analysis (PCA) can be used to efficiently visualize and extract
insights from large data sets, facilitating interpretation and decision making. Batch
analysis involves periodic processing of data.

In the proposed solution, the recommendation system is the integration of selected
services (Amazon S3, Amazon RDS, Amazon SageMaker, and Amazon Personalize) into
the already existing mobile application infrastructure.

The technology of practical implementation of machine learning algorithms in a
mobile application for effective interaction with users and increasing their loyalty is
considered. The integration of recommendation algorithms into mobile applications
when using cloud services demonstrates the potential for further development in dynamic
industries.

Keywords: amazon personalize, amazon sagemaker, amazon services,
recommendation systems, personalization, mobile commerce.
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A.10. 3umornsan, A.L. I'yna, C.M. Kiii
AITAPATHUI KOMIUIEKC
IIJISI BUMIPIOBAHHS ITOTY>XHOCTI UHF CUTHAJIIB

AHomayia. Y cmammi onucaHa cxema ma KOHCMPYKUIA anapamyo20 npucmporo, 014 BUMIPIO
BaHHA nomyxHocmi padiocueHanis dianazoHy UHF. Po3pobrerull anapamuuli npucmpidi moxe
BUMIpIOBAMU NOMYXHICMb Cu2Hany 8 diana3oHi Yacmom 0.8 — 6 GHz.

Knwo4osi cnosa: UHF, sumiprosaHHa nomyxHocmi UHF cuzHanis, padio KeposaHi npucmpoi.

Bceryn

B cydyacHOMYy CBiTi Bce Gibliie IMPUCTPOiB nepexoasTh Ha mianasod UHF (Ultra
High Frequency) cursani. CydacHi TenedoHM 3 MiATPUMKOIO cTaHAApTy 5G OoTpu-
MaloTh i IlepenaroTh AJaHHI Ha yacToTax 4.8 — 4.9 GHz, yactroTu 6;1m3bko 5.8 GHz Bu-
KOPUCTOBYIOTbCSI B PajJliOKEpOBAHOMY aBiaMoOfesli3Mi IJisl ITJIOTYyBaHHSI 3a 300pa-
’KeHHSIM BifleokamMepu. ABiaMmogeri [IJisi KepyBaHHSI BUKOPUCTOBYIOTh yacToTu 0.9 —
2.4 GHz. 3B'130K i3 KOCMiUHMMM arnapaTaMy Ha op6iTi 3emJi (30Kpema i CyImyTHUKO-
BOMY TeJjiebaueHHi) BUKOPUCTOBYE TepeBakHO niaraszonu C (3.4 — 7 GHz) i Ku (12 -
18 GHz). lle num masa 4yacTMHA Cy4yaCHOTO CBITY J€ BUKOPUCTOBYIOTH [ialla30H
UHF [1,2].

st mociimkeHb MPUIIMAIbHO - TepefaBaJibHUX MPUCTPOIB, a TAKOK aHTEH B
niarmaszonax UHF moTpibHo o6agHaHHS BeaMKOi BapTocTi. YacTo came 1ie i 3ymuHsIE
JOCJIiI;KeHHS 3 MM [Iiara30HOM XBUJjb. [IpoTe gkio Bugianty oonacts 0.8 — 6 GHz,
TO MOXJIMBO 3pOOUTHU AesKi MPUCTPOi [JiSI OILIHKMU TOTY>XKHOCTi CUTHa/Iy Ha OCHOBI
Cy4aCHMX MiKpOCXe€MOTEeXHIUYHUX PillleHb.

3BMUalftHO KOMILIEKC, L0 OyAe pO3TASHYTO y Iii€i po6OoTi, He I03BOJUTH
3aMiHUTM TIOBHOI[IHHMII CITEKTPaJIbHUI aHaji3aTop abo iHIIMII BMCOKOYACTOTHMIA
BUMipIoOuMii npuctpiit. [IpoTe cTaHe MOXIMBA $SIKiCHA OI[iHKA, CTaHE MOXJ/IMBO
OIIiIHUTM 3MiHMBCSI CUTHAJI ab0 sIKa aHTeHHa Oinble mepemae curHail. lle BKasyio Ha
Te, 1[0 pO3p0OKaA TAKOTO KOMIIIEKCY € aKTya/IbHOIO 3a7jauero.

IMincnmosau UHF curnaniB Ha 6a3i QPL9547

Hns migcunendss UHF (Ultra High Frequency) curHasiB 3acTocoByBaBcCS

migcuaoBad Ha 6a3i mikpocxemu QPL9547. Tana mikpocxema QPL9547 — 11e BMCOKO
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JIiHIMIHMI, HaAMasI0 ITYMHMI MiACMU/II0Bay Y HEBEJIMKOMY KOPITyCi po3MipoM 2X2 mm
Il TIoBepxHeBoro MoHTaxky. Ha wacrtorti 1.9 GHz migcuaioBau 3a3Buuaii 3abe3reuye
MaKcuMajibHe IocuiaeHHs +19.5dB a6o +39dBm Ha HaBaHTaxkeHHi 50 Q. Ilpwm
YCTAHOBIIi CTPyMy 3MilleHHSI B 65 mA Koedimient mymy — 03 dB. Mikpocxema
rpaiioe B mupokomy aianaszoHi yactoT Big 0.1 GHz go 6 GHz. Ha makcumarsnbHil
YaCTOTI NigcuIeHHs ckiamae +12 dB.
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Pucynok 1 — Cxema UHF migcuioBada Ha ocHOBi QPL9547

Ha puc. 1 mpencraBiieHO po3pobiieHy cxemy IMiacuitoBaya. OCHOBHUM eJleMeH-
ToM cxemu € Mmikpocxema Ul — QPL9547. [Ins1 BimoKpeMJ/ieHHS TTOCTiifHOTO CTpyMy, a
TaKOX 4acToT HIpKuUMX 32 0.1 GHz Ha BXO[i i BUXOJi CXeMM CTOSITh PO3Ai/ISII0UM KOH-
nmencatopu C3 ta C4. IngyktusHicTb L1 (10 nH) 6yno BukopuctaHo B Kopiryci 0805
dipmu Coilcraft 3 crerianpuoi cepii mnsg UHF curnaniB. Oxppa3sy 6inst Hei CTOSITh
koHzeHcaTopu Cl Ta C2 nns 670KyBaHHSI MPOXOAKEHHS HaJll BMCOKOUACTOTHOTO
CUTHAJTy B IIMHY XUBJeHHS. Takox mjst cTabinbHoi pobotn QPL9547 KUBUTHCS Bif

crabinizatopy Harpyru 78MO5, sskuit 3a6e3reuye cTabiizoBaHe skuBaeHHS +5 V. [l
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3aXMCTY Bif 30yIKeHHSI MiKpOCXeMM JIiHiifHOTo cTabinisaTopy kusBjeHHs 78MO05 Hap
BMCOKOYACTOTHMMM CUTHaJIaMu CTOiTh deputoBa 6ycuna FB1. Be3 Hei 30ymxyBaBcs
JiHiiHMIT crabinisaTop npM ImmigcwiaeHHi curHaniB micas 500 MHz. Xoua B
IOKyMeHTallii Ha MiKpocxeMy ITiACMU/IeHHST BKa3Y€ThCS, 1110 MOKHA [IJISI BCTAHOBJIEH-
HSI CTPyMy 3MillleHHSI B 65 MA BMKOPUCTOBYBaTM OIMH pe3uctop B 3.2 kQ, B
peasibHOCTI [JisI 3amobiraHHs 30y[KeHHS MifcuiaoBaua Tpeba BMKOPUCTOBYBATU
MOC/TiJOBHE TTO€AHAHHS 2 pe3ucTOpiB, a came R1 Ta R2 3 TOukM MoegHAHHST SKUX
cToiTh KoHAeHcaTop C5. I cxema € nmpocrimmm ®HY (PinbTpom Husbkoi YacToTn)
i 3axmiiae JIAaHIIOT 3MIIIeHHS Bif IMOMaJaHHS BMCOKOUYACTOTHMX cUTHaIiB. Jiof,
[lorTku D1 3axuiae Big HeIMpaBUJIbHOI IMOJISIPHOCTI KMBJIEHHS, a CBiTaomion D2 —

iHAMKATOP >KMBJIEHHS.
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PucyHok 2 — 3] mozenb ApykoBaHoi miatu B KiCAD

=
RS

Ockinbku migcumoBady UHF curHamiB mpaifioe B aianas3oHi yactot Big 0.1 GHz -
6 GHz, no nmatu ripen IBsIIOTbCS 0co61MBi BuMoru. I1o mepiie — 1e CyIijibHe 3aju-
BaHHS 3eMJISHMM TI0JIiTOHOM 6e3 TepmMobap'epiB y MicCIISIX Taiiku, 1o Apyre — Iie J10-
CUTh IIMJIbHE BCTAHOBJIEHHSI KOMIIOHEHTIiB OIMH JO OJHOro (0COOJIMBO
KOMITOHEHTIB, 1110 6JIOKYIOTb HaJ, BMCOKOYACTOTHMII curHas). IIo TpeTe — mOTpi6HO
BpaxOByBaTM II€BHi IapaMeTpu IIaTH, TaKi SIK OOBXWHA, TOBIIMHA AOPIKOK Ta
BigcTaHp 11X A0 3eM/ISIHOrO mosiroHy. I[lapamMeTpu TjiaTM MOXHA B3SITU 3
IOKyMeHTallil Ha MiKpocxXxeMy, B SIKMi1 IPUBOJSTLCS 3pa3Ky MPaBUJIbHOI PO3BOIKM
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IJIaTM Ta BUMOTM A0 Marepianay Tekcrosity. Ha pwuc. 2 306paxkeHo 3D Mogesb
IpykoBaHoi 1iatu B cepemoBuiii KiCAD. [TapameTpu riaTu 3a0BOJIBHSIOTh BKa3a-

HVM BMMOT'aM.

PucyHok 3 — Po3po6sena mnata UHF migcumioBaua

Ha pwuc.3 npencrasneHo dororpadito pospobieHoro miacwioBava. Ilnara
Tic/ss BUTPAB/IIOBAaHHS TMOKpMBAaach MPUIIOEM 3 BMiCTOM cpibsia 5% pjst kpamoi
po6otu B UHF miama3oHi yacTor.

Ins epeBipku mnpauesgatHocti UHF migcumioBava 6ysio 3p0o06JIeHO TECTOBUIA
creHp, (puc. 4). B aKocCTi Ikepesa BXiIHOTO CUTHATy BUKOPUCTOBYBABCSI BEKTOPHUI
a”asizatop cnekTpy nanoVNA. B Hbomy € pexxum CW, mipu SKOMy MOXXJIMBO JOTO
BUKOPUCTOBYBATH, SIK reHepaTtop BU curHamy 6am3bKoro Ao cuHycy. Ilpu 1mpomy
curHan OGepeTbcsi 3 Buxoay S11, MOTYKHICTh BMUXiZHOTO CUrHamay 3 Buxomy S11 -
+10 dBm.
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PucyHok 4 — TectoBuii ctenn ajs gociigkeHHss UHF mimcuaoBavua

B skocTi reHepaTopa nanoVNA Moske reHepyBatu curHaiu Bim 50 kHz mo
1.5 GHz. Lle 6yim0 BUKOPUCTAHO /I TOCTiAKEHHS BJaCTUBOCTEN IiICUIEHHS, a Ta-
KOX TMepeBipKM Ipale3aaTHOCTi. s uporo mopasaBcs curHaa Big 100 MHz po
1.5 GHz na BXin cTBOpeHoOro migcmuioBaua Ha 6a3i QPL9547. B akocTi HaBaHTasKeHHS
migcuiaoBaya BUKOpUCTOBYBaBcsl crenianbuuii UHF pesuctop 50 Q, sikuit OyB
TMOMillleHUI Y MeTalleBUii KOpITyC. B 1ibOMy KOpIycCi OKpiM pe3ucTopa TakKOoK 3HaX0-
IUTbCSI HAMITPOCTILINIA MiKOBUIt AeTeKkTop 3 mioga 1N5711 ta konmencatopa 100 nF.
B sgKoCTi mkepesa sKMBJIEHHSI BUKOPUCTOBYBABCS JT1a00paTOPHMIL OJIOK JKMBJIEHHS, HA
ssKoMy OyJ10 BCTaHOBJIeHO Hampyry 12 Vi ctpym o6meskeHHs1 500 mA. BumipioBanoch
MOCTiliHA HaAIpyra Ha MiKOBOMY [Ie€TeKTOpi, 110, Y BiAMOBIAHOCTI 0 JOKyMeHTallil,
ZI03BOJISIE OLIHUTY MTOTY>KHICTb CUTHAITY:

(U +0.35)-0.707)?
P - 50 1)

[ls niepeTBOoproBaHHS Hamnpyru U Ha MiKOBOM JIeTEKTOPi y MOTYXHiCTh P, 110
BUMINSIETbCA HA pe3uctopi 50 Q 6yno BuKopuctaHo ¢opmyay 1. dopmyna Takox
BpaxoBye najiHHS Ha gioni B 0.35 V.
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CriouaTKy BMMiproBajach MOTYKHICTb HacamMIepe[ Bif Akepesa BXiJHOTO CUT-
Hayy nanoVNA Ha HaBaHTaxkeHHsT 50 Q, roTiM Mixk HaBaHTaskeHHSIM B 50 Q i mkepe-
JIOM CUTHAJy BCTAHOBJIIOBaBCS MmigcmioBad Ha QPL9547. 3a mornmoMoroo Buile Onu-
CaHOTrO CTeHAy OyJIO TepeBipeHO IMiAcuIoBad y Aianma3oHi yactoT Big 100 MHz mo
1.5GHz mnpu npomy ImigcuaoBad Buaap migcwieHHs +23dB. Ha kamp, 3a
BiJICYTHICTIO IKepesa Ha OiMbII BMCOKiI YaCTOTM BMUMIipIOBAaHHS IMiICUIIOBAHHS He
BimoyBasoch 6inbiie 1.5 GHz, mpoTe Mo)kKHa cKasaTy PO Mpale3faTHICTh CXeMMA.

BumiproBau noty>kHocti UHF curnany Ha 6a3i AD8319

g BumipioBaHHsI noTy>kHOCTi UHF curHany 6yyo NpUIfHSATO pillleHHSI BUKO-
PUCTOBYBATU CyUdacCHY Clieliaji3oBaHy Mmikpocxemy — AD8319. AD8319 — e nemony-
JIIOI0UMii torapuMiuyHmMii MigcuIoBay, 34aTHU BUKOHYBATH TOUYHE IePETBOPEHHS
BxigHoro curdHany UHF Ha BigmoBigHy BUXiAHY Hampyry B JorapudmiuHOMy
MaciiTabi. BiH 3acHOBaHMII Ha MeTOHi MPOrPeCcMBHOI KOMIIpecii i CKIamaeTbcsl 3
MOCJiAOBHOTO 3'€AHAHHS IMiACWIIOBAJIbHMX KAacKaliB, KOKEH 3 SIKMX Ma€ BJIACHUIT
eJleMeHT, 10 JeTekTye. KOMIIOHEHT MOsKe IpalloBaTy B pPeskMi BUMipIOBaHHS abo
KOoHTpoJiepa. AD8319 miaTpumye BUCOKY TOUHICTh JiorapudMiuHOI XapaKTepUCTUKN
Mg yac poboTu 3 curHajiamm B cmysi vactoT Big 1 MHz mo 8 GHz ta 3a6esmeuye
MIPUIHSATHY SKIiCTh Ipu yactoTax A0 10 GHz. Tunosuii giamna3oH BXiTHUX CUTHAJIB, Y
SIKOMY ITiATpUMYEThCS ToxMbka meHue +1 dB, cranoBuTh 40 dB (mpy HaBaHTa)KeHHi
50 Q). AD8319 mae uac Biaryky 8ns/10ns (uac HapocTaHHs/4ac cIamy), IO
JI03BOJISIE IeTEeKTyBaTU 3a 1Oro AOMOMOTIOI0 iMMYJbCHI pafioCUTHa/IM 3 YaCTOTOIO
noBTopeHHsT MoHan 50 MHz. V mokymeHTarlii 3asiBjieHO, 110 KOMIIOHEHT Mae€ 6e3-
npelieJIeHTHY CTa0i/IbHICTh TOUYKM MepeTuHy jorapudMiuyHOi XxapakKTepUCTUKU TIpU
3MiHax TeMIlepaTypy HaBKOJUIIHbOTO cepenoBuina. st po6otr AD8319 HeobximHe
OfHEe IKepejio HaIlpyTy KUBJIEHHS B Aiamasodi Big 3.0 V mo 5.5 V. Tunosuit ctpym
CIIOKMBAHHS AOPiBHIOE 22 MA, i 3MeHITyeTbes 10 200 mKA 1pu mepeMuKaHHi KOM-
MOHEeHTa B HeakTUBHMI cTaH. AD8319 mokHa HanamtyBatu [as (HOpMyBaHHS
Kepyruoi HaIllpyru, 110 MOJA€ThCS Ha IMiACKII0BaY 3i 3SMiHHUMM Koe@illieHTOM IToCH-
JleHHs, abo Buaadi pe3ysnbTaTy BuMipioBaHb Ha BMBOMAI VOUT. OcCKibKY BUXiTHMI
CUTHAJI MOKe OyTM BMKOPUCTAHMIA Y 3aBIAHHSIX YIPaBJIiHHS, IIPU ITPOEKTYBaHHI
KOMITOHEHTa 0CO0/IMBY yBary O0yso MpuieHo MiHiMi3allii I1MpoKOCMYTOBOTO IITYMY.

YV pexkumi KOHTpoJiepa Kepyloua Hampyra, IO 3aga€e pobouy TOUKY
migcuaoBayva, npukaagaeTbes: o BuBoay VSET. KoHTYp KepyBaHHS MiiCMIIOBauUeM
BY 3amukaetbcst Ha BuBod, VOUT, BuximHMIt cCUrHa, Ha SKOMY Kepy€e BUXiAHUM CUT-
HanoMm migcwioBava. llnsxom 3miam Hanpyrm VOUT piBeHb BUXIZHOTO CUTHAITY

IMiCHUII0BaYa BCTAHOBIIOETHCS piBHI/IM BeJII/I‘II/IHi, IO 3aJa€TbCA 3a OOIIOMOIOIO
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VSET. Buxingna Hamnpyra Ha BuBoAi VOUT AD8319 mae mianasoH Big 0 mo (VPOS -
0.1V), mocraTHilt nas 3aBOaHb YIIPaBIiHHS MigcuioBadaMu. JIas po6OTH B SIKOCTi
BUMIipIOBa/JIbHOTO MpucTpor BuBim VOUT 3'eqHyeTbCSI 30BHIIIHIM JIAHI[IOTOM 3 BU-
BogoMm VSET, i xkommoHeHT dopmye Buximny Hampyry, VOUT, 1mo € cIamHoIo,
JiHi/iHOIO B jorapudmiuHoMy MacimTabi (YHKII€ aMIULTyau  BXiJHOTO
pagiocurHany. HomiHasbHMIT HaXWT Torapmu@MidHOi XapaKTepUCTUKY AOPiBHIOE —22
mV/dBm i Bu3Havaerbcs naHiporom VSET. Touka mnepeTuHy cTaHOBUTH 15 dB
(BigHOCHO 50 Q, O/11 HE MOJIY/IbOBAHOTO CUMTHAJTY) i 3aJa€ThCS 3 JOMOMOTOIO0 BXOMY
INHI. LIi mapameTpu 36epiraroThb BMCOKY CTAOiIbHICTD IIPY 3MiHaX HAIIPYI¥ XKUBJIEH-
HS Ta Temmepatypu. AD8319 BupoO/sseTbCcs 3a KpeMHili-repMaHieBoio (SiGe)
TeXHOJIoTi€l0 BUroTOBAeHHs IMC Ha 6iMosipHMX TPaH3UCTOPaX, BUITYCKAETHCS B 8-
BUBimHMIT Kopryc LFCSP_VD, mo Mmae rabaputu 2 MM x 3 MM, i IIpalffoe B TeMIiepa-
TypHOMY niara3oHi Bix -40°C go +85°C.

Bce Buie 3a3HaueHe [03BOJIsIE BUKOPUCTOBYBaTM AD8319 B Haliit 3amadi B
pPeXKuMi BMMIipIOBaJbHOIO IPUCTPOI0. Byso cmpoekToBaHO cxemy (puc. 5) 3 ypaxy-

BaHHSIM yCiX 0COOGIMBOCTEN OMMCAHMX B MOKyMeHTallii Ha AD8319.
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Pucynok 5 - Cxema UHF BuMipioBaua IOTY;KHOCTi Ha 6a3i eMOAy/TI0I0U0T0
norapudmivyHoro miacuiaoBaua AD8319

Ha Bxogi cxemy UHF BuMiproBaua MOTY;KHOCTI CTOITh pe3ucTop R1 HOMiHa/ioOM
51 Q, B IKOCTi HaBaHTasKeHHS. 3 HbOTO AM(epeHIliifHO 3HIMAETbCS CUTHAI yepe3 2
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koHzaeHcatopu C1 ta C2 HoMmiHanmom 47 nF, micasg HUX CUTHaAJI IIOCTYIA€ HAa BXOOU
mikpocxemyu AD8319. Konpencatop C3 obupaeTbes miist ¢GinbTpallii, A1 giamasoHy
yacToT 1-6 GHz jioro HomiHan ctaHoBuTh 10 pF. Pesuctop R3 HomiHasiom B 510 Q
3amae TemriepaTypHy kommeHcailiro AD8319. KoungeHcatopu C5 Tta C4 CTOSTH 1O
SKMBJIEHHIO MiKpOCXeMM i TaKOX GJI0KYyI0Th Iopaasbiie mpocyBanHss UHF curnamy B
HMIVHY XUBJIeHHS. [I1g cTabibHOTO KMBJIEHHSI CXeMM CTOITh JIiHiTHMIT cTabinmizaTop
78MO05, kM1 B CBOIO Yepry Iojae Hampyry +5V uepes depuroBy 6ycuny FB1 Ha
ADS8319, a Ha omnepaniiauii migcwioBady MCP6002 Hanpsmy. BimokpemeHHS >KUB-
nenHs MCP6002 Big AD8319 ¢epuToBOIO OYCMHOIO € B Kpail BaXK/IMBUM, IIOO He Ma-
TU TTOXMOOK Ha BMUXOZi MOB’I3aHMuX 3 MpoTikaHHAM UHF curxamy yepes mmHY KUB-
JIEHHSI.

Omnepauiriamii nigcuiaroBady MCP6002 BMKOPUCTOBYETHCS OJ151 ABOX 3aau: Mep-

11a 1e — iHBepTyBaTM BUXiIHMIT CUTHAJ, pyTa — 1e GibTpallisi BUXiJHOTO CUTHATY.
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Pucynok 6 — 31 momens UHF BumipioBaua IOTY>KHOCTi Ha 6a3i 1eMOTy/TI0I0U0T0

norapudmivHoro miacumoBada AD8319 B KiCAD

AD8319 dopmye Buxigny Hanpyry VOUT, 110 € cmagHow, JiHilitHOIO B Jiorapu-
dmivHOMy MaciITabi PyHKIIi€0 aMIUTITyIY BXiTHOTO paJioCUTHATY 3 HOMiHAJIbHUM
HaXMJIOM Jiorapu@pMiuHoi xapakTepucTuku —22 mV/dBm, ToMmy Ipu MaKCUMa/IbHY
CUTHAJIi Ha BUX0/i 6yme nmpu6oysmsHo 0.3 V, a mpu MiHiMaabHOMY ITpu6n3Ho 1.5 V.

[IIo6 monermmuTy 3UNTYBaHHS CUTHATy OyJia 3pobsieHa cxema, L0 Meperoprae
IKaay Ha audepeHIliitHoOMy miacuaoBadi. OOMH 3 BXOAiB audepeHIiiiHoro miacu-
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JII0Bava IMo€aHaHO A0 muHM +5 V iHmmit Ha Buxig AD8319. 3a paxyHOK 1IbOTO Ternep
Ipu HaliMmeHIomy curHati —60 dBm 6yme 3.5V, a nmpu curdani 8 0 dBm (1 mW mipu
50 Q) 6yme 4.7 V. TakoX omnepaiiifiHuii ITiaAcCHI0BayY BUKOHYE Ie (PYHKIiIO y3ro-
IskKeHHsT BuximHoro oropy AD8319. Haxun B 22 mV/dBm mipu 1ibomy 36epiraetbcst
(puc. 6).

@inbTp Mmicas audepeHIiiHOTO MigcuIoBayua 1modygoBanuit mo cxemi CasieHa
Ki. Ile ¢iabTp Apyroro mopsaKy HU3bKOI YACTOTH, BiH HEOOXiIHMIA [IJIST TOTO, 106 Ha

Buxogi UHF BumiproBaua MOTY;KHOCTi He OYJI0 BUCOKOUYACTOTHOTO IIYMY, SIKMiI MOXe
oytu Ha Buxoni VOUT AD8319.
CrtBopeHa mniaTa UHF BMMipioBaya MOTY>XHOCTi Ha 6a3i AD8319 (pI/IC 7)

Pucynok 7 - CtrBopeHna 1ata UHF BumipioBaua nmoty>kHocTi Ha 6a3i AD8319

Jnis niepeBipku mnpaiiesgatHocTi UHF BuMipioBaya moTyXHOCTi OyB ITpoBeieHO
eKCIIepUMEHT, TIpU SIKOMY 3 Jiskepesia BXifHoro curHaiay nanoVNA 1 GHz (+10 dBm)
yepe3 aTeHI0ATOPM IOJaBaBCsSI CUTHAN Ha BXiJ po3pobseHoi cxemu 3 AD8319 Tta
MCP6002. Buxinanuii curHan BuMiproBaBcs mynbTumeTpom UT136C+.
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Tabmuig 1
Buxinxa narnpyra Ha UHF BumMiproBaui B 3aJIeXKHOCTI Bif,
MOTY>KHOCTI BXiTHOT'O CUTHATY
BxigHa moTyskHicTh (dBm) Buxinxa Hanpyra (V)

0 4.80
-10 4.52
-20 4.27
-30 4.05
-40 3.77
-50 3.70
-60 3.60

[IpencraBiieHi gaHHiI B TabaMIli BKa3ylOTh Ha Mpalle3aaTHicTh ctBopeHoro UHF

BUMipoBayva. I'padix 11iei 3aeXXHOCTI mpecTaBJIeHo Ha puc. 8.
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PucyHoK 8 — 3anexxHicTb BUXiJHOI HAnpyru V

BiJ, MOTY>KHOCTI BXiTHOTO CUTHATy

3aJIeXXHICTDb MPOSIBIISIE JMiHilHICTh Ha Aiana3oHi —40 — 0 dBm. Brpara miHiitHOCTi
Ha OinbII C©1aOKMX CUTHAJAX IIOB'SI3aHa, CKOPilll YCbOTO, 3 CYTTEBUM piBHEM

30BHIIIIHIX 3aBaj.
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BucHoBku. OmnycaHuii arrapaTHMII KOMIUIEKC, SIKUII CKIAZA€Thes 3 2 GJIOKiB, a
came 3 migcwioBaya UHF curxaniB Ha mikpocxemi QPL9547 Ta memomy/ioiuoro
norapudmivyHoro miacuaoBada Ha AD8319 mokasany CBOO Mpaie3iaTHICTh.

PesynbTaTt mepeBipku, 1o Oy/aM MpecTaB/ieHHi y Tabs. 1 ToKa3yoTh, SIK pea-
ryBaB UHF BuMiproBau IOTY;KHOCTi CMTHaJiB Ha HU3bKY BXiHMX CUTHAIIB Pi3HOI
IIOTY)XKHOCTI.

Ileit KOMILIEKC MOXXe OyTM BUKOPUCTAHO Y J1aOOPAaTOPHMUX HOCIiIKEHHSIX
BUXiIHOI TIOTY)KHOCTi Ilepemalounux IIPUCTPOIB, MIJisI SIKICHOI OI[iHKM aHTeH abo
MOPiBHSIHb aHTeH. 3a paxyHOK IIACWIOBaYa Ha BXOMi MOXIMBO OCTiAKEeHHS
MTOTYKHOCTi curHamy 6;113bKo 10 —80 dBm.

OnucaHMii KOMILJIEKC TaKOXX Ma€ JOBOJIi MOMipHY I[iHYy, B IOPiBHSIHHI 3 IIPOMMU-
CJIOBMMM aHaAJIOTaMMU.
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Hardware complex for measuring the power of UHF signals

The article describes the scheme and construction of a hardware device for
measuring the power of UHF radio signals. The developed hardware device can measure
the signal strength in the frequency range of 0.8 — 6 GHz.

For the research of receiving and transmitting devices, as well as antennas in the
UHF bands, expensive equipment is required. This is often what stops research with this
wave range. However, if we single out the 0.8-6 GHz range, it is possible to make some
devices for evaluating the signal power based on modern microcircuit engineering
solutions. Of course, the complex that will be considered in this work will not replace a
full-fledged spectrum analyzer or other high-frequency measuring device. However, a
qualitative assessment will be possible, it will be possible to assess the changed signal or
which antenna transmits the signal more. This indicates that the development of such a
complex is an urgent task.

A hardware complex has been developed, which consists of 2 units, the UHF signal

amplifier on the QPL9547 microcircuit and the demodulating logarithmic amplifier on
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the AD8319. The results of the research, which were presented in the table. 1 show how
the UHF signal strength meter responded to a series of input signals of varying strength.

This complex can be used in laboratory studies of the output power of transmitting
devices, for qualitative evaluation of antennas or antenna comparisons. Due to the am-
plifier at the input, it is possible to study the signal power up to —80 dBm. The described
complex also has a fairly moderate price, compared to industrial analogues.

Key words: UHF, measuring the power of UHF signals, radio-controlled devices.
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O.1. 3emnsiamii, O.I. Baitoy3
METOIU IMITYTYBAHHS ITPOITYCKIB V ITAHUX
ITPO IIIEMIYHY XBOPOBY CEPIIA

Anomayia. [lponoHytombscs Oekinbka moougikayil aneopummis 1MepamusH020 MHOXUHHO20
IMNymyB8aHHA NPonycKig y 3MiLIAHUX OGHUX, WO npedcmaseH] KiIbKICHUMU 1 AKICHUMU O3HAKA
mu. Ceped KiNbKiCHUX € T HenepepsHi, 1 OuckpemHi. Ceped SKICHUX € NOPAOKOBT ma GiHApHI. [
aHami3y nioxo0iB BUKOPUCMOBYEMbCSA 0Ba munu mecmis. B nepwiomy mecmi damacem 3 8100
mMuMu OaHUMU WMYYHO 3ANOBHIEMbLCA NPONYCKAMU Y BUNAOKOBUX NO3UYIAX, NPOBOOUMBCA M
nymys8aHHA pi3HUMU MemoOamu, OUiHIEMbCA cepedHbO KBAOPAMUYHA NOXUOKA MA 4ac BUKO
HaHHA anzopummis. B dpyeomy mecmi Has4aomes modeni 6iHapHoi Knacugikayii Ha damacemax,
3 iMnymaujieo nponyckig pisHUMU Memooamu, ma nopisHIMb MOYHICMb Kaacudikayii Ha me
cmosili subipyi. [Jns nepemsopeHHsA AKICHUX 03HAK HA KIJIbKICHT 3anpONOHOBAHO BJIACHT G120
pummu, SKi npaylooms 3 nponyweHumMu 0aHUMu ma 00380/1510Mb BUKOHYBAMU 380pOMmHe ne
pemsopeHHs 3H08 00 AKICHUX 03HAK. Po3z2nadatomsca 0s8a 8i0oMux damacemu npo cnocmepe
JKeHHS CMOCOBHO iLieMiYHOT XBOpoOU cepys.

Knwo4osi cnosa: imnymysaHHs OAQHUX, imepamusHe MHOXUHHE iMnymysaHHA O0aHux, 06pobka
3MiwaHux 0aHUX, peapecis, OIHAPHA KAacugikayis, nepemeopeHHs AKICHUX 03HAK HA KiJIbKICHI,
MoBa npozpamysaHHs python.

Berym. V cdepi Hayky npo AaHi AOCTIAHUIIbKMI aHAJi3 € BaXKJIMBMM €TaroM.
Lleit aHami3 1O3BOJISIE JOCTIAUTY TI€BHI XapaKTePUCTUKM TAHUX, BUSIBUTU 3aKOHOMi-
PHOCTi, aHOMaJIii, ITPOBECTM OUMIIEHHS BiJi BUKUIIB Ta MOOyAyBaTM ITOYATKOBI MO-
Ienmi ajst mogasbinoi pobotu. Ha mbomy eTarri MOsKHa BCTAaHOBUTM BUJ, PO3IIOJIIY,
OIIiIHUTM 1OTO OCHOBHIi IapaMeTpy, BUSBUTU BUKUIM, TOOYAYBATH MATPUIIO KOpe-
JISIIii 0O3HaK i Take iHIIIe.

V momnepegHbOMY aHaTi3i TOCUTH CepitO3HOI0 MPOOIEMOIO € BUSIBJIEHHS MPO-
MyIIeHUX 3HaueHb, i HaliCKIAgHIIINM € Te, 1[0 HeMa€ XOAHOTO yHiBepCaabHOTO aJji-
roputMy. [Ij1s1 KOSKHOI KOHKPETHOI 3a7aui TOBOAUTHCS ITiI0MpPaTH Bimomi MeToau, ix
KoMbiHaIii, mogudikaiiii, a6o 30BciM HOBI migxomu.

BinpuricTe Mopesielt MallIMHHOTO HaBYaHHSI HE MOXYTh 0OpOOJISITU MPOIYIIeHi
3HAYeHHS, TOMy MM He MOXeMO MPOCTO MPOIrHOPyBaTU MPOITyCKU B maHux. [Ipo-

6/1eMy MPOMYIIEHMX TaHUX HeOOXiTHO BMUPIlIyBaTH ITiJI yac morepesHboi 06poOKu.

© 3emnstamii O.11., Baitoys O.I'., 2024
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HarinpocrimmM piiieHHSIM € BUOQJ€HHS KOXXHOTO CIIOCTepeXkKeHHS, L0 MiCTUTb
TpoITyIieHi 3HaueHHsI. Take pillleHHS peali3oBaHO Yy Bimomux 6ibGmioTekax MOBMU
nporpaMmyBaHHs Python, Takux gk Numpy a6o Pandas. Ane 1eit migxin € KpaiiHiMm
BUITaIKOM, 60 MM BTpavya€Mo BCIO KOPMCHY iHpopMalliio, sika MOXKe OyTM BasKIMBOIO
IIJIST aHaUTi3y JaHUX.

ICHYIOTBb HAaCTYITHI OCHOBHI CTpaTerii iMITyTyBaHHS IPOITYIeHUX TaHUX:

1. 3aMiHUTH IIPOITyIIeHi 3HaUeHHS cepeqHiM/MeIiaHOW UM MOOI0.

2. 3aMiHMUTM HaYaCTIIIMM 3HAUEHHSIM, 1[0 3yCTPiUaeThCsl, 860 KOHCTAHTOO.

3. IMnyTyBaHHSI JAHUX 3a JAOIOMOroi0 mMetonmy k HaibaMKuMx CycimiB (aaro-
putM kKNN).

4. MHOXXMHHe iMITyTyBaHHS IIPOIyIleHnX AaHux (aaroputm MICE).

5. IMmyTyBaHHS JaHMX 3a JOIIOMOTOIO TJIMO0KOTO HaBUaHHSI.

I1i MeTOomM 3aCTOCOBYIOTBCS JIJISI BUPiLIeHHS ITPOo6aeMM BiICyTHIX JaHMUX Y Ha-
6opax JaHUX.

[TocTaHOBKa Mpo6eMy B 3araJlbHOMY BUTJIsAAi. Po3risimaemMo aBa MOMYISIPHUX
HabopM AaHMX, IO € Y BiAKpuTOMy AOCTyI Ha ruiaTdopmi Kaggle.com. Lle 36ipHMIi
natacet UCI Heart Disease Data [1, 2], cTBOpeHMIT YOTMpMa KapAioJOTiYHMMU LI€H-
Tpamu Yropiuuau, [lIBeiiapii Ta CIIIA, Ta Habip ganux Framingham Heart Study [3,
4], IKuit OTPMMAHO 3 aKTMBHOI'O KapZioJOriYHOro JOCiI)KeHHsT MelTKaHI[iB Macca-
yyceTcy Ta dpemiHremy.

B 060x Habopax maHMX HaSBHiI MPOITycKu. [IaHi MiCTSTh IOPSIAKOBI SIKiCHI Ta
KiJIbKiCHI TIOKa3HMKM, IPUYOMY TPOILEHT SKICHMX MOKA3HMKIB BUIIE KiJbKiCHUX. B
Habopi manmx UCI Heart Disease Data  yacTuMHa MpPOITYCKiB CIOpUYMHEHA
00’eTHAHHSM KiJTbKOX JATaCeTiB, B SKMX He BCi 3 IIpe/ICTaB/IeHMX MTOKa3HUKIB Oy B
HagBHocTi. lleii martaceT MiCTUTh IIiJIbOBMII CTOBIIELIb 3i 3HAYEeHHSIMMU, IO
Bi/ITIOBiIAIOTh CTATyCy 3axXBOPIOBAHHS Ha imeMiuHy XBopoOy cepus, Bim 0, 110
BiJITIOBi/Ia€ BiJICyTHOCTi XBOPOOMU, 10 4 — KpUTHUUHA CTaflisl. B iboMy JOCTimKeHHI MU
OymemMo pos3rIsimaTy Habip mJaHuX Juile 3 TOUKM 30py GiHapHOI Kimacudikailii: € XxBo-
poba uu Hi. [IpMunHa Takoro BMOOPY B TOMY, 1110 BUXiTHMIT Habip JaHUX € He30a/IaH-
COBaHMM, a IpM pO3IJISAi ioro jauile SK 3amavy OiHapHOi Kimacudikaiii mu
OTPMMYEMO BXKe 30asaHcOBaHMii maTtaceT. [IJis SKiCHOTO aHasli3y KapZioJoTiuHUX
JaHUX TOTPiOHO BMKOHATM iMIYTyBaHHS IPONYINeHMX AaHuX. JlaHa poboTa mpu-
CBSTUEHA TONIYKY MOK/IMBUX IMiAXOMAiB OO iMITyTYBaHHSI JaHMUX B paMKax 3aJaHUX
YMOB.

AHani3 octaHHix mocmimkeHb. P.Jx.JIiTTa ta [1.5.Py6iH B cBOiii poOOTi Hamanmm

knacudikaliro MeTomiB 00pOOKM maHux 3 mpomyckamu [5]. st iMmyTyBaHHS
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MPOITYCKiB JaHMX MOMY/JISIPHMMM € Taki MiAXOOM: aHaji3 IMOBHMUX CIOCTepeXXeHb
(listwise deletion); MmeTonu, sIKi BUKOPUCTOBYIOTh AOCTYIHY iH(opmaililo (pairwise
deletion); migcTaHOBKa cepeIHbOro IO BMOipIi (mean substitution); meTon XoT-meK
(hot deck); perpeciitHuit aHami3 (regression) [6, 7]; OlLliHKa 3a JOIIOMOTIOIO
MakcuMisalii mpaBmomnoaioHocTi (maximum likelihood estimation); migcTaHoBka 3a
noromoro ¢akropHoro aHaiisy (factor analysis substitution) [8]; Mogenb MHO-
KMHHOTO BigHOBiAeHHS gaHux (MICE) [9 - 13]. B Hamomy mnomnepegHbOMY
nocnimkeHHI [14] 3ampomnoHOBaHO ifel IMIYTYBaHHS [JOaHUX TiJPOJIOTIYHOrO
MOHITOPMHIY B MeXXax 3HalileHMX TPyIl MOCTiB CIIOCTepeXkeHHs, Ae IiATBepaKeHO
36ir emmipnyHMX GYHKILIN pO3IOiny, ab0 B MexkaxX I'PYII ITOCTiB, e MiATBepIsKeHO
rirmoTe3y PO OJHOPITHICTh, @ TAKOXK 3a PaXyHOK MOOYIOBM perpeciiiHuX 3aesKHO-
cTeil Mixk o3Hakamu. Takuii migxim 6yB JOpeUHUM, KOJIM B MeXXaxX eK3eMIUISIPIB € psi-
Il CTIOCTepeXKeHb, M0 SIKMM MOSKHA ITYKaTU TPYMM CXOXMUX 00’€KTiB — IOCTIB, a Ta-
KO, KOJIY HasIBHI KOPeJISILIiliHi 3B’SI3KM MiXXK O3HaKaMM.

MeTa po60oTu. MeTo10 pobOTH € pO3pOOIEHHS METOIIB iMITyTyBaHHS ITPOITYCKiB
Yy KapioJIOTiYHMX OaHUX 3 IepeBaKHOKI OiMbIIICTI0 SKICHMX O3HAK Ha OCHOBI
MeTo/iB Kiacudikaillii Ta perpecii.

OcHoBHa yacTtuHa. [TouHeMo po3rJsif 3 ONUCY JaTaceTiB.

Hartacetr UCI Heart Disease Data mictutb 920 psinKiB maHux, 15 03HaK Ta OaUH
1iboBUit ctoBmenb. CroBmii id Ta Ha3Ba pJaTtaceTy MM BUK/IIOYAEMO SK
HeiHopmaTtuBHi. Cepep 13 03HaK, 1110 3aJMILIAITHCS, 5 03HAK — Ki/lbKicHi, 8 03HaK —
SIKiCHi TTOPSIIKOBi, cepen IKuX 2 — GiHApHi.

[MlepBuHHMIA aHa/Mi3 [OAHMX TI0Ka3aB HasIBHICTb mpomyckiB. Cepen 920
eK3eMIIsIpiB jauiie 299 € NOBHMMM.

Hatacer Framingham Heart Study mictutbh 4240 psigkiB maHux, 15 o3Hak Ta
OOVH 1iIbOBUIT  cTOBMelb. CTOBIEIb 3 O03HAKOK KYpiHHSI  BUSIBUBCS
HeiHQopmaTuMBHMM, TOMy MM Jioro BukiIouyaemo. Cepen 14 o03HaK, 1110
3aJIMIIAIOTHCS, 8 03HAK — KiJIbKiCHi, 6 03HAaK — SIKiCHi IMOPSAKOBI, cepen SIKUX 5 —
6iHapHi.

[lepBuHHMIA aHaMi3 [AaHUX T[IOKa3aB HasBHICTh TpomyckKiB. Cepenm 4240
eK3eMIUISIpiB 3658 € moBHMMM. [laTaceT € He30aIaHCOBAHMM, KiJIbKiCTh €K3eMILISIPiB
OJTHOTO KJIacy B 5 pasiB MepeBulilye KiibKiCTh €K3eMIUISIPiB IPYroro Kiacy.

[lepeTBOpeHHS SIKICHMX O3HAK Y KiJbKicHi. [Tomy/JSIpHMM MiAX0A0M I KOIY-

BaHHS SIKiICHMX NOPSIAKOBUX 03HAaK € Label Encoding [15]. Lleit meTon BUKOHY€E KOAY-

BaHHS VHiKaJbHMX $KiCHMX oO3HaK y umcna O, 1, 2, ..., k - 1, ge
k - KiZbKiCTh VHIiKaJbHMX 3HaueHb O3HaKM. BiH peamizoBaHuii B MoOmyJi
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sklearn.preprocessing 6i6ioTeku scikit-learn Ha moBi nmporpamyBanHst Python [16].
V 11bOr0 METOJY € Bi TOJIOBHI MpobaeMu: BiH KOIye IIPOITyIlleHe 3HAaUeHHS SIK OK-
peMe; BiH He BpaxOBy€ YaCTOTy KOHKPETHOrO 3HaueHHs. B pe3ynbTaTi KOgyBaHHS
MIPOITYIIeHNX 3HAaueHb BTpada€eTbcs iHQopmallis rmpo mpomycku. ToMy HPUITHSTO
pillleHHsI 3aIllpONIOHYBAaTM ABa BJACHUX aJTOPUTMMU, SIKi He KOAYIOTb MPOMYyIleHi
nmaHi. Ilepmmit le non_missing - 1e Mmommudikaris Label Encoding, skuit auiie
MPOIMYyCKae MPOMyIleHi AaHi, a ajas iHmmx 3actocoBye Label Encoding (mictunr 1),
npyruit le_ non_missing frequent — BpaxoBye uacToTy 3HaueHHs. lleit amroputm
IIO3BOJISIE HAIAaBAaTY MaKCUMaJbHUIT HOMEpP 3HAaUE€HHIO 3 HaliMEeHIIIOK YacTOTO0 ab0o
3 HalOI/IBIIIOIO B 3aJIESKHOCTI Bix mapamerpa ascending (JtictuHr 2). O6uaBa pilteHHS
MaloTh JleKoaep /151 3BOPOTHOTO MIepeTBOPEHHS.

Jlictunr 1. AnroputMm le_non_missing
def label encoding non missing values (df) :
dfl = df.copy()
encoders = dict()
for col name in dfl.select dtypes(
include=['object', 'category']).columns:
series = dfl[col name]
label encoder = LabelEncoder ()
dfl[col name] = pd.Series(
label encoder.fit transform/(
series[series.notnull()]),
index=series[series.notnull ()] .index
)
encoders[col name] = label encoder
return dfl, encoders
def label decoding non missing values (df, encoders):
dfl = df.copy()
for col name in encoders:
enc = encoders[col name]
nmap = dict(zip(enc.transform(enc.classes ),
enc.classes ))
dflf[col name] = dfl[col name]
.apply(lambda x: x i1f np.isnan(x) else nmapl[x])
return dfl
Jlictunr 2. AnroputMm le_non_missing frequent
def label encoding non missing values frequent (df,
ascending=False) :
dfl = df.copy()
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encoders = dict ()

for col name in dfl.select dtypes(

include=["'object', 'category']).columns:
d = df[col name].value counts() .sort values(
ascending=ascending) .to dict ()
k=20
for key in d:
dlkey] =k
k =k +1
encoders[col name] = d
dfl[col name] = dfl[col name]
.apply(lambda x: x if x != x else d[x])

return dfl, encoders
def label decoding non missing values frequent (df,
encoders) :
dfl = df.copy()
for col name in encoders:
d = encoders[col name]
nd = dict ()
for key, value in d.items():
nd[value] = key
dfl[col name] = dfl[col name]
.apply(lambda x: x 1f x != x else
nd[x])
return dfl

Oco6MMBiCTIO 3aITPOTIOHOBAHMX AJTOPUTMIB € (POPMYBAHHS CJIOBHUKY [IJIST KO-
JKHOI SIKiCHO1 O3HaKM AJ1s1 TTOJ/IbIIIOTO 3BOPOTHOIO ITIePeTBOPEHHSI Ta MPOITYCK MPO-
IyIleHOTO 3HaueHHs. B moganbioMy i MeToau OyayTh IepernycaHi Ha KjIacu B ap-
xiTekTypi scikit-learn gjsi yHiBepcanbHOro 3actocyBaHHs. CiliJi BpaxyBaTu Te, IO
aJITOPUTMMU COPALOIOTh TUIbKU OJIS CTOBIILIB, TUMNM SIKUX BiTHOCSITBHCS 10 SKICHUX
(object Ta category). Hanpukian, natacet Framingham Heart Study micTuThb BXe 3a-
KOJIOBaHi O3HAKM i Ile He Te, 10 HaM IOoTpi6Ho. ToMy /1 aHasIi3y criovyaTKy (GakTu-
YHO SIKiCHiI O3HaKM JaTtaceTy OyJi0 IepekoJOBaHO Ha iX MepBUHHMIA CTaH, 1[0 Mic-
TUTb AilICHO SIKiCHi 03HAaKM 3TiAHO CJIOBHMKY, HQJ@HOMY B OITMCi TaHUX.

3anporoHOBaHi aJITOPUTMU AAKOTh MOXIUBICTh OJipa3y MepeTBOPUTHU BCi SIKiCHI
O3HaKM Ha KiJIbKiCcHi 6e3 BTpaTu iHdopMallii mpo mMpoITyCcKu.

ImryTyBaHHSI JaHuUX. PO3MIsiHEMO ifero iMITyTyBaHHSI JaHUX K 3aAauvy IMpo-

THO3y 3HAUYeHHSI B CTOBIIIIi, 1[0 MiCTUTb IPOITYCK, HA OCHOBi MAaHMX 3i BCiX iHIIMX
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CTOBIIIiB, BPaXOBYIOUM IIi/IbOBUII CTOBMELb. SIKIIO 1iTbOBa O3HAKa € (PYHKIIi€I0 BiJ

IHIIMX O3HAaK:
Vi =f(-’f£,1:x£,z: e Xiger e Xip )+ €

TO MOYXKHA OYiKyBaTH, III0 iCHY€ TaKOK CTOXaCTMUYHA 3aJIeXKHICTb k-1 03HaKM Bif,
IHIIMX O3HAaK, BPaXOBYKOUM I[iIJIbOBY:

Xi=¢ (xi,pxi,zf s X 1o X fppar o rxi,p’yi )"‘ £ .

Lls1 izest meBHOIO Mipoo nexkuTb B 0CHOBI MeToaiB MICE [10, 11] Ta NoNa [13].

3aIporoOHOBAHO 4 BJIaCHi peajisailii Takoi imei 3 KilbkoMa MomydiKaiisiMu.
Mwu OymemMo BUXOIUTU 3 MOXK/IMBOI HAsSIBHOCTI TaKMX MATEPHiB Y IIPOMYyCKax JaHUX:

a) B JaHMX HeMa€ >KOJHOTO PsIIKa UM CTOBIILS 3 TOBHUMM JaHUMMU;

b) B maHuX € k CTOBIIIiB 3 ITIOBHICTIO HASSBHMMM IAHMMM Y BCiX eK3eMILIsSIpax;

C) B JAHUX € N PSAAKIB 3 TIOBHICTIO HASBHMMM TaHMMM 32 BCiMa O3HaKaMU.

Mu Takox OymeMo BpaxOByBaTH, L0 cepell 03HAK MOXYTb OYTU MPUCYTHi SIK
KiJIbKiCHI, TaK i SIKiCHi 0O3HaKM (B>Ke 3aKOJ0BaHi).

3ampoIroHOBaHi Taki aJiITOPUTMM:

Anroputm 1. Metogn fillna_k_columns — BpaxoBye natepHu a), b), 3acTocoBye pe-
rpecop uu KiaacugikaTop B 3a7€KHOCTI BiJl TUITY O3HAKM.

Anroputm 2. Mertog, fillna_k sorted columns — BpaxoBye matepHu a), b), 3acrto-
COBYE perpecop uu kiacudikaTop B 3a7€XXHOCTi Bifl TUITY 03HaKM, 0OpO6IIsie CTOBIIII
B 3QJIEXKHOCTI Bif, KiIJIbKOCTI IIPOMYCKiB Y HUX.

AnroputMm 3. Metog, fillna_2steps_rg class — BpaxoBye mmaTepHu a), b), c¢), 3acrto-
COBYE perpecop uu kiacudikaTop B 3aJeXHOCTI Bi TUITY 03HaKM, 0O6pOO6IIsi€ CTOBIILI
B 3QJIEXKHOCTI Bif, KiJIbKOCTi IMTPOMYCKiB Y HUX.

Anroputm 4. Metop fillna 2steps rg — BpaxoBye IaTepHu a), b), ¢), 3aCTOCOBYE
TUIbKM perpecop 3 KOpUTYBaHHSIM 3HaUeHHS JIJis SKiCHMX 03HaK, 00p0o0Jisie CTOBIIII B
3aJIe>KHOCTI BiJ, KIIBKOCTI ITPOMYCKiB Y HUX.

Hani HaBe#eMo 11i aITOPUTMMU.

Anroputm 1. Metogn fillna_k _columns

1. IIuks o CTOBILISIM maTaceTy for j in columns:

2. SIK1I0 B j-My CTOBIIIIi € MPOITYILeHi [aHi, TepexoaMmMo Ha KPOK 3, iHaKiie —
Ha HaCTYITHY iTepallito, Kpok 1.

3. 3HaXOOMMO iHJIeKCH PSIZIKiB, JIe € MPOITYCKM B j-My CTOBIIIi, Ta 36epiraemo

o MacuBy indexes_nan.
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4. 3HaxXoauMo IMiaMHOXMHY full data maTaceTy, ne B CTOBIIISX HeMa€ XOLHOTO
TpoITycKy. Lle 6yme HalI gaTaceT, 3a paxyHOK SIKOTO MM OyZeMo IpOorHo3yBaTH Ipo-
TyllleHi 3Ha4eHHS B CTOBIILI| j.

5. SIkwo full data mycTuii, 3aIIOBHIOEMO ITPOIMYCKi Ha OCHOBi CTaHIAPTHOTO Me-
TOJMY: KiJIbKiCHY O3HAKy 3aIllOBHIOEMO MeJiaHOIo, SIKicCHY — mopolo. ko full data
HEeITyCTUIA, IIepexoaumMo Ha KPOK 6.

6. Po3ginsgemo full data Ha TpeHyBaJbHY Ta TECTOBY BMOIpKM 3a TaKOIO O3Ha-
KOI0: B TpeHYBaJIbHil BUOIpIIi 3a/IMIIa€MO BCi pSIAKY, Jie B j-MY CTOBIIII € IaHi, TOOTO
BCi psimKu, OKpiM 3a3HaueHUX B indexes_nan.

7. SIKI0 j-¥ cTOBHElLlb MICTUTb SIKiCHi IaHi, BUKOPUCTOBYEMO KiaacudikaTop,
iHaKlIlle — perpecop.

8. HaByaemMo Moje/sib Ha TpeHyBa/IbHii BUOipIli. OTpMMaeMo MPOTrHO3Hi 3Ha-
YeHHS 7151 j-TO CTOBIILS 32 TaHUMM TeCTOBOI BUOipKu.

9. IlepexoaymMo Ha KpoOK 1.

HacTtynHuit anroputM € Mmoaudikaili€io momnepenHboro, ae Haga€ThCsI MOKINU-
BICTb CIIOYATKYy IMITyTYyBaTU MPOIyLIeHi JaHi Y CTOBIILSIX 3 HAIMEHILIOK KiJIbKICTIO
IIPOMYCKiB, a00 HABITaKM — 3 HalOI/IbIIIOIO.

Anroputwm 2. Metog fillna_k sorted_columns

1. CopTyeMoO MacuB KOJOHOK columns 3a KiJbKiCTIO ITPOITYCKiB B HUX. B 3amexk-
HOCTI BiJi mapamerpy ascending 6yaemMo BUKOHYBATH O0XiJl CTOBIIIIiB 3@ 3pOCTAaHHSIM
KiJIbKOCTi MPOMYCKiB ab0 3a CrafjaHHSIM.

2. 1IMKJI 110 CTOBIIISM JlaTaceTy for j in columns:

3. SIK1I0 B j-My CTOBIIIIi € IPOITyIleHi JaHi, mepexoauMo Ha KpOK 3, iHakiIie —
Ha HaCTYIIHY iTepaliio, Kpok 1.

4. 3HaXOOMMO iHJIEKCHU PSIIKiB, A€ € MPOITyCKM B j-My CTOBIIL, Ta 306epiraemo
10 MacuBy indexes_nan.

5. 3Haxogumo migMHOXUHY full data mataceTy, e B CTOBIILISIX HEMAE KOTHOTO
TIpoITycKy. Ile Oyme HaII gaTraceT, 3a PaxyHOK SIKOTO MM OyaeMo IPOrHO3YBaTH IIpO-
TMyIeHi 3HaYeHHS B CTOBIII j.

6. SIxuio full data rycTuii, 3aTIOBHIOEMO TIPOMYCKi HA OCHOBI CTAaHAAPTHOT'O Me-
TOAY: KiJIbKiICHY O3HAaKy 3allOBHIOEMO MeJliaHOlo, sIKicHy — Mopoto. Skiuo full data
HeIMyCTUI, TIepexoaumMOo Ha KPOK 7.

7. Posginsemo full data Ha TpeHyBaJibHy Ta TECTOBY BMOiIpKM 3a TaKOIO O3Ha-
KOI0: B TPEeHYBaJIbHii BUOIpIIi 3a/MIIa€MO BCi pSIAKY, JIe B j-MY CTOBIIII € IaHi, TOOTO

BCi pSIIKM, OKpiM 3a3HaueHUX B indexes_nan.
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8. SIK1Io j-i1 cTOBMELb MiCTUTh SIKiCHi JaHi, BUKOPUCTOBYEMO KiaacudikaTop,
iHaKIIe — perpecop.

9. HaBuaemo mopenib Ha TpeHyBa/IbHill BuOipii. OTpuMaeMo IIPOTHO3HiI 3HA-
YeHHS JIJIs1 j-TO CTOBIILIS 3@ JAHMMM TeCTOBOI BUOipKM.

10. Ilepexomumo Ha KpoK 1.

HacTynHuit anropuTMm € ABox-eTarnmHuM. Ha nepiiomy eTari mrykaemo ITiMHO-
KMHY [laTaceTy, 10 CKIaJAa€ThCs 3 pSIAKiB, e € MOBHICTIO BCi laHi 3a BCiMa O3HaKa-
MU. JIo€IHYEMO A0 HbOTO Ti PSIAKMU, [ie € Juille OAUH MPOITyCK. BUKOHYyEMO iMIyTYy-
BaHHS JaHMX B LIMX AOJATKOBMX PsAKax 3a aHAJOri€l0 morepefHix aaropuTMib. Ha
Ipyromy eTarli IIOBTOPIOEMO Aii, oTucaHi B anroputmi fillna_k_sorted columns.

AnroputMm 3. Metopn fillna_2steps rg class

Eram 1.

1. ®opmyeMo MacuB O3HaK cols_Inan, njisi psSIAKiB, B SIKUX € JiKIlle OOUH MIPO-
ITyCK CaMe B IIMX CTOBITIISX.

2. SIKu1o Takmuii MaCcuB ITyCTUM, IePexXoaMo Ha KPoK 11.

3. 1luvkia no cTOBHOLSM maTtacery forj in cols_Inan:

4. 3HaxoAMMO iHAEKCU PSJIKiB, e € TUIbKM OAVH MPOMYCK, i BiH 3HAXOAUTHCS
B j-MYy CTOBIIIIi, Ta 30epiraemMo 10 MacuBy indexes_nan.

5. 3uaxomumo mimMHOXMUHY full data pataceTy, me B psSAKax HeMae KOIHOTO
TIPOITyCKy. JIo HbOTO MpUETHYEMO PSIIKYU indexes nan. lle Gyme HaIn maTaceT, 3a pa-
XYHOK SIKOTO MM OyZeMO ITPOTHO3YBaTy MPOIMYIIeHi 3HaUeHHS B CTOBIIL j PSIAKIB in-
dexes_nan.

6. Sxwmo full data mycTuii, mepexoguMo AOCTPOKOBO A0 HACTYITHOI iTepailii,
TOOTO Ha KPOK 3.

7. Pospinsgemo full data Ha TpeHyBa/JibHY Ta TeCTOBY BMOiIpKM 3a TakolO O3Ha-
KOIO: B TPeHYBaJIbHil BUOIipIIi 3a/MIIa€MO BCi pSIAKY, Jie B j-MY CTOBIIIIi € IaHi, TOOTO
BCi psIKM, OKpiM 3a3HaueHUX B indexes_nan.

8. SIKio j-¥ CTOBIElb MiCTUTD SIKiCHI IaHi, BUKOPUCTOBYEMO KiaacudikaTop,
iHak1Ie — perpecop.

9. HaBuaemo mMopesb Ha TpPeHYBaJbHil BUOipIi. OTpMMaeMO MPOTHO3HI 3HAa-
YeHHS JiJ151 j-TO CTOBIILIS 3@ JAHUMM TeCTOBOI1 BUOIpKM.

10. Ilepexoaumo HaA KPOK 3.

Eram 2.
11. Buknukaemo anroputM fillna_k sorted columns.
OcTaHHilf aITOPUTM BMKOPUCTOBYE B OYIb-SIKOMY pasi perpecop, ajie y BUIa-

Ky SIKICHO1 O3HaKU BMKOHYE KOPUTYBAHHS OTPMMAHOI'O 3HAUYE€HHS OOJHMM 3 IBOX CIIO-
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cobiB: 06MpaeThCs 3BMYAliHE HalOIMK4Ye 3HAUEHHS 3i CJIOBHMKA 3a IIi€I0 03HAKOIO
(measure = ‘value’) a6o HaOIVKUE 33 CepPeIHbO 3BaXKEHOIO OLIIHKOIO 3 YpaXyBaHHIM
YacTOTY 3HauYeHb (measure = ‘weight’).

AnroputMm 4. Metop fillna 2steps rg

Eram 1.

1. ®opmyeMo MacuB O3HAK cols_Inan, gjsl pSAKiB, B SIKUX € JIUIIE OAVH TIPO-
ITyCK caMe B I[MX CTOBIILISIX.

2. SIK10 Takuii MacuB ITyCTUI, TIepexoaAumMo Ha KpokK 11.

3. LIMKJI 110 CTOBIIIISIM JaTaceTy forj in cols_Inan:

4. 3Hax0aMMO iHAEKCH PSIKiB, e € TiIIbKM OAVH MPOMYCK, i BiH 3HAXOAUTHCS B
j-MYy CTOBIILIi, Ta 30epiraemo 10 MacuBy indexes_nan.

5. 3Haxogumo migMHOXMHY full data maTtaceTty, e B psAaKax HeMae >KOTHOTO
npoITycKy. Jlo HbOro MpuegHyeMo psifiku indexes nan. lle Oynme Halll JaTaceT, 3a pa-
XYHOK SIKOTO MM OyZeMO ITPOTHO3yBaTy ITPOMYIIeHi 3HaUeHHS B j-MYy CTOBITIIi PSIIKiB
indexes_nan.

6. SIkuio full data myctuii, epexoauMo TOCTPOKOBO 0 HACTYMHOI iTepailii,
TOOTO Ha KPOK 3.

7. Posginsemo full data Ha TpeHyBaJIbHy Ta TECTOBY BMOiIpKM 3a TaKOIO O3Ha-
KOI0: B TpeHyBaJIbHilt BUOIpIIi 3a/IMIIa€MO BCi pSIAKY, [ie B j-MY CTOBIIIIi € IaHi, TOOTO
BCi psiiKi, OKpiM 3a3HaueHUX B indexes_nan.

8. B 6ynb-sIKOMY BUITIaIKy BUKOPUCTOBYEMO perpecop.

9. HaByaemMo Mojie/ib Ha TpPeHyBaJIbHii BUOipii. OTpMMaeMO MPOTHO3Hi 3Ha-
YeHHSI 151 j-TO CTOBIILS 32 TaHUMMM TeCTOBOI BUMOipKu.

10. SIKio j-¥ CTOBIIELb MICTUTh SIKICHI laHi, BUKOHYEMO KOPUTYBaHHSI OTpU-
MaHOT0 3HaYeHHSI 3a OAHUM 3 IBOX aAropuTMiB (value abo weight).

11. ITepexoaumo Ha KPOK 3.

Eram 2.

12. CopTyeMO MacuB KOJIOHOK columns 3a KiJIbKiCTIO IMPOIYCKiB B HUX. B 3aie-
YKHOCTI Bif, mapameTpy ascending 6ynemMo BUKOHYBaTH 00XiJi CTOBIILIB [0 3pOCTaHHIO
KiJIBKOCTI ITPOITYCKiB abo I10 CIaaHHIO.

13. LIukJI 110 CTOBIIISAM AaTaceTy for j in columns:

14. Skuio B j-My CTOBIIIIi € MPOIIYIIEHi TaHi, mepexoauMo Ha Kpok 15, iHakiie
— IOCTPOKOBO Ha HACTYIMHY iTepallio, TOOTO Ha KpoK 13.

15. 3HaxoauMo iHIeKCH PSIIKIB, e € MPOITYCKY B j-My CTOBIIIIi, Ta 36epiraemo

10 MacuBy indexes_nan.
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16. 3Haxonumo miagMHOXUHY full data maTaceTy, Ie B CTOBIIIISIX HEMAE XKOIHO-
ro mpomycky. Ile 6yme Haml gaTtaceTt, 3a paXyHOK SIKOTO MM OymeMoO ITPOrHO3YBaTH
MPOITyIlleHi 3HaueHHS B CTOBIILI] j.

17. ko full data mycTuii, 3aTIOBHIOEMO IIPOIMYCKi HAa OCHOBi CTaHAAPTHOTO
METO/Iy: KiJIbKiCHY 0O3HaKy 3allOBHIOEMO MeJliaHOI0, SIKicHy — Moo10. SKkio full data
HEeITyCTUI, TIepexoauMo Ha KpPOoK 18.

18. Posninsiemo full data Ha TpeHyBaJIbHy Ta TECTOBY BMOipKM 3a TaKOIO O3Ha-
KOIO: B TPeHYBaJ/IbHil BUOIpIIi 3a/IMIIa€MO BCi pSIAKM, Jie B j-MY CTOBIIIIi € IaHi, TOOTO
BCi psIIKM, OKpiM 3a3HaueHUX B indexes_nan.

19. B 6yap-sIKOMy BUIIAJIKy BUKOPUCTOBYEMO PETPECOp.

20. HaByaemo Mojie/ib Ha TpeHYBaJIbHii BuOipii. OTpuMaeMoO IPOTHO3Hi 3Ha-
YeHHS JIJIsI j-TO CTOBIIIIS 3@ JAHMMM T€CTOBOI BUOiIpKA.

21. SIkio j-it cTOBIellb MiCTUTh SIKiCHI JaHi, BUKOHYEMO KOPUTYBAaHHSI OTPU-
MaHOT0 3HaYEeHHSI 3a OJHMM 3 IBOX aArOpUTMiB (value abo weight).

22. Ilepexomumo Ha KpoK 13.

AHaJi3 pe3yabTaTiB 3aCTOCYBaAaHHSI MeTOAIB. /I aHai3y 3alpONOHOBAHUX
MiIXO04iB BUKOPUCTOBYETHCS ABa TUIM TeCTiB. B ImepIiioMy TecTi B JaTaceT IITYYHO
BHOCSITbCSI TIPOMYCKM, Jajli MPOBOAUTHCSI iMITYTYBaHHSI MPOITYIIeHMX 3HAaueHb Pi3-
HMMM METOHAaMU, OLIiHIOETbCSI cepeHbO-KBaJpaTUyHa MOXMOKa Ta 4yaC BMKOHAHHS
anroputmib. PosrisigatoTbest 10% nponyckis, 20%, 30% Ta 40%. B npyromy TecTi Ajis
BUXITHMX [ATaceTiB BUKOHYIOTb iMITyTYBaHHSI MPOMYIIeHMUX HAHUX Pi3HUMU METO-
JlaMM, HaBYalOTh MOJiesli 6iHapHOi Kinacudikaliii Ta MOpiBHIOIOTh TOUHICTb Kaacudi-
Kallil Ha TecTOBilt BMOipIli. B sKoCTi MeToAy Kiacuikallii BUKOPMUCTOBYETHCST BUTIA-
nkoswuii jtic (Random Forest). laracer Framingham Heart Study nornepensbo 6anaH-
cyetbcst Metogamyu SMOTE [17]. B tabnuii 1 HaBefeHO pe3yabTaTu TecTy 1 s ga-
tacetiB UCI Heart Disease Data Ta Framingham Heart Study, B Tabmuiii 2 — pe3yb-
TaTU TECTY 2 BiATIOBiAHO. BUKOHY€E€MO TeCTU AJis1 TAKUX CUTYallili:

1. Anroputm le non_missing, Simplelmputer — cTaHgapTHe 3allOBHEHHSI 3Ha-
YeHHSM 3 Halbi/IbIIIOI0 YaCTOTOO

2a. AnroputwMm le_non_missing, IterativelImputer(sample_posterior = False)

2b. Aniroputm le_non_missing, Iterativelmputer(sample_posterior = True)

3. Anroputm le_non_missing, kNNImputer

4. Anroputm le_non_missing, nonalmputer

5. Anroputm le_non_missing, fillna_k_columns

6a. Anroputm le_non_missing, fillna_k_sorted _columns(ascending = True)

6b. Anroputm le_non_missing, fillna_k sorted columns(ascending = False)
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7. Anroputm le_non_missing, fillna 2steps rg class

8a. AnroputwMm le_non_missing frequent(ascending=False), fillna_2steps rg class

8b. Anroputm le_non_missing frequent(ascending=True), fillna_2steps rg class

9a. AnroputMm le_non_missing_frequent(ascending=False),
fillna_2steps_rg(measure = ‘value’)

9b. Anroputm le_non_missing frequent(ascending=False),
fillna_2steps_rg(measure = ‘weight’)

Tabmuug 1

PesynbTaTut Tecty 1

Haracetr UCI HDD HOaracetr Framingham FHS

10

o°

20% | 30% | 40% | Yac, c | 10% | 20% | 30% | 40% | Yac, c

1 (3.23/3.91|5.48|5.73{0.037210(2.75(4.32|5.41|6.32(0.054037

2 12.42(3.35/4.72]4.82|0.642131(2.16(3.24|4.89| 5.5 [3.245387

3 12.63|3.59(4.44|4.82|0.614188(2.44/3.82(4.86(5.54(9.091372

4 12.49|3.51(4.31|4.66|4.917326(2.3313.43(4.44(5.12(4.973262

512.49(3.51|4.31/4.66{4.990149|2.33|3.43|4.44|5.12|5.004628

ba |2.44|3.45(4.32|4.68|4.468355(2.34| 3.5 (4.49]5.26|5.805581

6b |2.55|3.51(4.35|4.75|4.465862| 2.4 |3.63]4.65|5.24|5.847364

7 12.55|3.51(4.35|4.75|7.567574| 2.4 |3.63(4.65]5.24]9.386514

8a(2.56(3.82|4.35|4.68]7.706980(2.37|3.62(4.64|5.24|9.479322

8b [2.56(3.65|4.35|4.65|7.583769(2.37|3.62[4.64|5.24|9.406302

9a |2.55|3.77|4.37(4.71|0.605775|2.36|3.61|4.63|5.24|1.187455

9b |2.55|3.76|4.35(4.73|0.596536|2.36|3.61|4.63|5.24|1.241692

KupHum mipudToM BUAIEHO MePEeMOXKIIiB IT0 KOKHOMY PSIIKY 3a TOUHICTIO Ta
YacoM BMKOHAHHS. 3alpPOINIOHOBAaHI METO/i IMOKa3yIoTh MPUOJM3HO OAHAKOBY TOY-
HiCTh, OAHAK OCTaHHil MeTof fillna 2steps rg mae 3HaAUHMIT BUTpAI Y Yyaci BUKOHAH-
Hg9. | gKIIO TIOpiBHSATM 3ampolIOHOBAHI METOAM 3 pe3ylabTaTaMy METOMdY
IterativeImputer 3 6i6/ioTexu scikit-learn, To i 3ayBakuUTH, 10 1€V MeTOJ BUKO-
PUCTOBYE perpecop 6e3 KoperyBaHHS 3HaU€Hb SIKICHUX TaHUX, 4 3HAUUTb, BiH He Ha-
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Jla€ MOKJIMBOCTI AEeKOAYBAaTU OTPUMAaHI pe3yabTaTy AJis1 MOAAbIIOT0 BUKOPUCTAH-
Hg. Ha BimMiHy Bim HbOTO Oymb-sIKMii 3 3alIPOTIOHOBAHMX YOTUMPbOX aJTOPUTMIB
OTPMMYE 3HAYEHHS 3 MOTPiOHOI MHOXKMHM [IJISI KOXKHOI SIKiICHOI 03HaKM, a TOMY JI0-
IyCKAa€ NeKOAYBaHHS Ta MOAa/bllle BUKOPUCTAHHS.

Hasni posrisiHemMo TecT 2. Jlogamo B TabaMIIO e HYJbOBUI PSIOK 3 6a30BUM
pe3yabTaToM — Kiacudikallisi 3a mataceTamu, 3 SKUX BUAATEHO PSIAKM 3 MTPOMYyCKa-

MM. B Tabimili 2 SKUpHUM MPUGTOM BUIIJIEHO IIEPEMOKIIIB 38 TOUHICTIO.

Tabauig 2
PesynbTaTut TECTY 2
Haracetr UCI HDD Hartacetr Framingham FHS
Hankpawi rinepnapametpu mo- | TouHicTb | Havikpali rinepnapameTpyn Mo- | TOYHICTb
neni neni
0 {'max depth': None, | 0.83 { 'max depth': None, | 0.89
'min_ samples leaf': 'min samples leaf':
1, 1,
'min_ samples split': 'min samples split':
5, 'n estimators': 2, 'n estimators':
50} 150}
1 {'max depth': None, | 0.80 { 'max depth': 20, 1 0.89
'min_ samples leaf': 'min samples leaf':
2, 1,
'min_samples split': 'min samples split':
2, 'n estimators': 2, 'n estimators':
100} 100}
2a | {'max_depth': None, |0.88 {'max _depth': 20, 10.90
'min samples leaf': 'min samples leaf':
2, 1,
'min_samples split': 'min samples split':
5, 'n estimators': 2, 'n estimators':
150} 150}
2b | {'max_depth': ©None, |0.82 {'max depth': None, | 0.88
'min samples leaf': 'min samples leaf':
1, 1,
'min samples split': 'min samples split':
2, 'n estimators': 2, 'n estimators':
100} 150}
3 {'max depth': 10, [ 0.82 {'max_depth': None, | 0.90
'min samples leaf': 'min samples leaf':
1, 1,
'min samples split': 'min samples split':
10, 'n estimators': 2, 'n estimators':
50} 100}
4 { 'max depth': None, | 0.89 {'max depth': None, | 0.89
'min samples leaf': 'min samples leaf':
4, 1,
'min samples split': 'min samples split':
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10, 'n estimators': 2, 'n estimators':
50} 150}
5 { 'max depth': None, |0.89 {'max depth': None, .89
'min samples leaf': 'min samples leaf':
4, 1,
'min_ samples split': 'min samples split':
10, 'n estimators': 2, 'n estimators':
50} 150}
6a | {'max depth': ©None, |0.88 {'max depth': None, .88
'min samples leaf': 'min samples leaf':
4, 1,
'min_ samples split': 'min samples split':
10, 'n estimators': 2, 'n estimators':
100} 150}
6b | {'max depth': ©None, |0.91 {'max depth': None, .87
'min_ samples leaf': 'min samples leaf':
2, 1,
'min_ samples split': 'min samples split':
5, 'n estimators': 2, 'n estimators':
50} 150}
7 { 'max depth': 10, | 0.91 {'max depth': None, .88
'min_ samples leaf': 'min samples leaf':
2, 1,
'min_ samples split': 'min samples split':
2, 'n estimators': 2, 'n estimators':
100} 150}
8a | { 'max depth': 10, | 0.92 { 'max depth': None, .90
'min_ samples leaf': 'min_samples leaf':
1, 1,
'min_samples split': 'min_samples split':
5, 'n_estimators': 2, 'n_estimators':
50} 150}
8b | { 'max depth': None, | 0.90 { 'max depth': None, .88
'min_samples leaf': 'min samples leaf':
1, 1,
'min samples split': 'min samples split':
2, 'n estimators': 2, 'n estimators':
50} 150}
9a | {'max depth': None, | 0.90 {'max depth': 20, .88
'min_samples leaf': 'min_ samples leaf':
4, 1,
'min samples split': 'min samples split':
10, 'n estimators': 2, 'n estimators':
150} 150}
9b | {'max depth': None, [0.91 { 'max depth': None, .90

'min_samples leaf':
1,

'min samples split':
10, 'n estimators':
100}

'min_samples leaf':
1!

'min_samples split':
2, 'n_estimators':
150}
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3 aHaJi3y pe3y/JbTaTiB BUIIJIMBAE, 1110 3alIPONOHOBAHI MeTOAM OO3BOJISIIOTh I10-
KpaluMTy TOYHiCTh Kiacudikailii, a Ha mataceri UCI Heart Disease Data HaBiTb CyT-
TEBO IMOKPALIUTYU NOPIBHSIHO 3 83% mo 92%. Cepen, nmepeBar 3alpoliOHOBaHUX MeTO-
JiB CJIi[ BiHECTV MOJIMBICTDH AEKOAYBaHHS IMITyTOBaHMX JaHUX Ta BUTpall B 4yaci
ILJIs1 OCTAaHHBOTO METOy iMITYyTyBaHHSI.

BUCHOBKM Ta NMepCHeKTUBU MONAJbIINX MOCTIIKeHb. Y IaHili poboTi 3a-
TIPOMIOHOBAHO JBa aJITOPUTMM KOAYBAHHS Ta [eKOAYBAaHHS SIKICHUX IOPSIIKOBUX
O3HAaK Ta YOTUPU aJITOPUTMM iMITyTyBaHHS POITYCKiB JaHUX:

1. AiiropuT™M KOIyBaHHS / OeKOIyBaHHS le non _missing, siKuii MO3BOJISIE Mpa-
LIIOBAaTU 3 NAHMMMU, 1[0 MiCTSITh IIPOMYCKM Ta He BTPATUTU iHPOpMaIlLilo PO MpoITyC-
K.

2. AnropuT™M KoayBaHHS / IeKOonyBaHHS le non_missing frequent, sSIKuii 703BO-
JIsI€ TIPAIIOBATH 3 JAHMMM, 110 MICTSITh IIPOIMYCKM Ta HE BTPATUTH iHPOpMaILilo IIpo
MPOIMYCKM, i BpaXOBY€E YaCTOTY 3HAU€Hb.

3. Metop, fillna_k_columns, ssIKvit BUKOHYE iMITyTyBaHHSI IIPOMYILIEHNX OJaHUX 3a
k moBHMMM CTOBIILISIMU. BUKOPUCTOBYETHCS perpecop abo kiacudikaTop B 3a1esKHO-
CTi BiJ TUITYy CTOBIILISL.

4. Metop, fillna_k _sorted _columns, skuit BUKOHY€E 00XiJl CTOBIIIIiB Y ITOPSIAKY, IO
BiAIIOBiZIa€ KiJIbKOCTi MPOITYIIEeHMX 3HAaU€Hb. BUKOPUCTOBYETHCS perpecop abo Kia-
cudikaTop B 3a7€KHOCTI Bil, TUITY CTOBIIIIS.

5. Metop, fillna_2steps rg class, IKuit BUKOHYETbCSI Y 2 €Talu: CIIOUaTKy 3a MOB-
HYMM PSIIKaMM, a TIOTiM 3a TOBHMMM CTOBIIISIMU. BUKOPUCTOBYETHCST perpecop abo
KiIacudikaTop B 3a/IEXKHOCTI Bif] TUITY CTOBIIIIS.

6. MeTop, fillna_2steps rg, iKuit BUKOHYETbCS y 2 eTally: CIIOYaTKy 3a TOBHUMM
psiikamu, a TOTiM 3a TTOBHMMM CTOBIILISIMU. BUKOPUCTOBYETHCSI TIJIBKM perpecop 3
KOPUTYBAHHSIM 3HAUE€HHS JJIs IKiCHMX CTOBIIIIiB 3a JBOMAa KPUTEPisIMMU.

7. IlpoBefeHO IBa TUIIM TECTiB Ha ABOX Habopax HaHMX. AHaJli3 MTOKa3aB BU-
rpani y vaci myis meropny fillna 2steps rg Ta moKpallleHHsI TOUHOCTI Mojei Kiacudi-
Kallii y BUMagkax BUKOPUCTaHHS METOZy KOJyBaHHS 3 YpaxXyBaHHSIM 4YaCTOTU Ta Me-
tomy immyTyBaHHS fillna 2steps rg class.

Takum 4MHOM, 3alpPOIIOHOBAHI MeTOAM MOKa3aiu rapHi pe3yJbTarTi, sIKi MO-
KYTb CTaTU aJIbTEPHATMBAMM iCHYIOUMX METOZiB Ta HaJaTH MOCTiTHUKY JOAATKOBUIL
iHCTpyMeHTapiii [Jis MiABUIIEeHHS TOYHOCTI IPUIHSITTS PillleHb.

Hapani rtanyeThest opopMuTy 3aIIpOIIOHOBAHI METOAM B apXiTeKTypi 6idstio-

TeKu scikit-learn st yHiikOBaHOTO BUKOPUCTAHHS TOCTiTHUKAMM.
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Methods for imputing missing data on coronary heart disease

Preliminary analysis is an important stage of data analysis. A significant problem
is the detection of missing values, and the most difficult part is that there is no universal
algorithm to resolve this problem. For each specific task, known methods, their combina-
tions, modifications, or completely new approaches have to be selected.

Most machine learning models cannot handle missing values, so we cannot simply
ignore gaps in the data. The problem of missing data needs to be addressed during pre-
processing. The simplest solution is to delete each observation containing missing values.
This solution is implemented in well-known Python programming language libraries such
as NumPy or Pandas. However, this approach is extreme because we lose all the useful
information that may be important for data analysis. There are several main strategies
for imputing missing data: replacing missing values with mean/median or mode; replac-
ing with the most frequently occurring value or a constant; data imputation using the
kNN algorithm; multiple imputation of missing data (MICE algorithm); data imputation
using deep learning.

We suppose several modifications of algorithms for iterative multiple imputing of
mixed data represented by quantitative and qualitative features. To convert qualitative
features into numerical ones, we propose our own algorithms that work with missing
data and allow for the conversion back to qualitative features. Two well-known datasets
on observations of coronary heart disease are considered.

The following is a brief description of the data imputation algorithms. The
fillna_k_columns method, which performs data imputation based on k complete columns.
It uses a regressor or classifier depending on the column type. The
fillna_k_sorted columns method, which traverses columns in the order corresponding to
the number of missing values. It uses a regressor or classifier depending on the column
type. The fillna 2steps rg class method, which is executed in 2 steps: first by complete
rows, then by complete columns. It uses a regressor or classifier depending on the column
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type. The fillna 2steps rg method, which is executed in 2 steps: first by complete rows,
then by complete columns. It only uses a regressor with value adjustment for qualitative
columns based on two criteria.

Two types of tests are used to analyse the approaches. In the first test, a dataset is
artificially filled with gaps at random positions, imputed using different methods, and the
mean square error and execution time of the algorithms are estimated. In the second test,
binary classification models are trained on datasets imputed with different methods and
the classification accuracy is compared. The analysis showed a time advantage for the
fillna_2steps_rg method and improved classification model accuracy in cases of using en-
coding method considering frequency and the fillna_2steps_rg class imputation method.

Thus, the proposed methods have shown promising results, which can serve as al-
ternatives to existing methods and provide researchers with additional tools to enhance
decision-making accuracy.

Further, the plan is to formalize the proposed methods in the scikit-learn library ar-
chitecture for unified use by researchers.

Keywords: data imputation, iterative multiple data imputation, mixed data pro-
cessing, regression, binary classification, transformation of qualitative features into
quantitative ones, python.
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O.M. Ilonskos, b.1O. XKypakoBCbKuii
I[MPOTOTUITYBAHHS ITPUCTPOIB KEPYBAHHSI CUCTEM
3 ITIPOMHMCJIOBMUA KOHTPOJIEPAMUA

AHomayis. CKOpoYeHHA MepMiHiB NPOeKMyBAHHA NPUCMPOI0 KepyBAHHSA CUCMeMOK 3anuuid
EMbCA AKMYAbHUM 3AB0GHHAM PO3POOHUKIB yux cucmem. [Ipobremord NpoekmysaHHA npu
CMpOoi8 KepyBaHHA HA OCHOBI NPpo2pamMoBaHux no2iyHux koHmponepis (V1K) € ixHa sucoka sap
micmb 1, AK Npasusao, HedoCmynHiCMb HAG NOYAMKOBOMY emani npoekmysaHHsA. Memoro docni
OXeHHs € CKOPOYEHHS MEPMIHIB MQa 3HUXEHHA BUMPAM HA NPOEKMYBAHHA CUCMeMU WAXOM
npomomunysaHHA NpucmMpois KepyBaHHA 3 NPO2PAaMHOI0 Peani3auyielo an2opummis KepysaHHs
mosamu cmaHoapmy MEK 61131 3, ane BukoHaHHAM npoepam y naami ApdyiHo. Memoo docni
OXKeHHSA nosiAeae 8 0eKOMNO3UYTT NPOGKMHUX Modesieli npuCmpoio ynpasaiHHA ma peanizayii ix y
cepedosuwyi npoepamu OpenPLC y Bu2naoi komnoHeHmig opeaHizauyii npoepamu (POU) mosamu
SFC, FBD ma LD. Pe3ynemamom docnioxeHHs € Memoduka cmsopeHHa munosux POU onepayili
HUX Ma Kepyloyux asmomamis cucmemu KepysaHHs, AKi BUKOHYlOmMbCA y naami ApdyiHo. Hase
0eHO npuKknad 3acmoCyBaHHA 3anNpPonoHOBAHOT MemoOUKU NpOeKmyBaHHA npomomuny, AKul
MOXe 6ymu KopucHum 01 HasyaHHsa npoepamysarHio [1/1K. [IpogedeHo mecmysaHHs po3pobie
H020 npomomuny 3a donomozot a02i4Ho20 [N/IK ma ¢i3uyHo20 makema, ke niomsepousIo ixH
(YHKUIOHANbHY BIONOBIOHICMb OPURTHANY MQA 3HUXEHHA, AK MIHIMyM HA NOPAOOK BUMPAM Ha
06/100HAHHS.

Kntoyosi cnosa: npo2pamoBaHi n0214Hi KOHMpoJepu, MOBU NPO2PamyBaHHs KOHMpPosiepis, Npo
momuny8aHHsA cucmem ynpasiHHs.

ITocraHoBKa mnpooGiaeMu. [Ijisi KepyBaHHS OO6JaAHAHHSIM Ta BUPOOHUUUMU
TpoliecaMy IMUPOKO Ta eeKTUBHO 3aCTOCOBYIOTHCS IPOMMCIOBI KOHTposiepu [1-3].
Lli KoHTpoOIepH 1ile Ha3MBAKTh MPOrPaMOBaHUMM JIOTiYHMMU KOHTposaepamu (ITIK).

Cnipg 3a3Haumty, o IJIK e mopore obsamgHaHHs. ToMy Ha paHHIX CTazisx
MPOEKTYBaHHS CUCTEeMM JOLiJIbHO 3acTocyBaHHS npototutiB [IJIK — @yHKIioHab-
HUX aHajoriB peanbHoro ITVIK Ha 6a3si 6iibI gerieBUX MiKpOKOHTpOJIEpiB, HAIpu-
Kiag wiat ApayiHo [4]. Ane g niporpamyBaHHS [IJIK BUKOpUCTOBYIOTHCS crieliia-
AbHi MoBU 3a craHgaptom MEK 61131-3 [5], a Haib6isbIn momupeHi cepegoBuiia
nporpaMyBaHHs, Hanpukian Arduino IDE [4] migTpuMyoTs MOBY nporpamyBaHHs C
i TOMy He 3aCTOCOBHI IIPY NPOTOTUITYBaHHI 3aBAaHb KepyBaHHs cucTtem 3 [TJIK.

© MMonskoB O.M., XXypakoBcbkuii b.10., 2024
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Bigomi mporpamHi mpoaykTu mjist TpaHcopMaliii mporpaM, HamMcaHUX MOBa-
mu crangapty MEK 61131-3 B KoZ, BUKOHAHMI Y MiKPOKOHTpPOJiepi miatu ApAyiHo.
Hanpuknan, cepenoBulle IIpoOrpaMyBaHHS OpenPLC, 111(0) BiJIbHO
pPO3MOBCIOMXKYEThCS [6]. KommoHeHT 11bor0 cepenouiiia OpenPLC Editor mpusHaue-
HUIA OJ11 BB eHHs, peJaryBaHHS, KOMMIIJISLii IIPOrpaMHOr0 KOy MOBaMM CTaHap-
Ty MEK 61131-3 Ta cumyssil BUKOHaHHS 1bOro kony B sorivnHomy ITJIK. Komrio-
HeHT OpenPLC Runtime TpaHcioe Kon, ctBopenuii B OpenPLC Editor y 3mijicHeH-
HMIA KOp, i 3aBaHTaxye ioro B peasibHuit [JIK, gkuii nigkiIouyeHnii 4O KOMII'I0oTepa
yepe3 USB-mopr.

BoxgHouac Bukopuctanusi OpenPLC pjig NpOTOTUITYBAHHSI CUCTEM KepyBaHHS
yTpyAHEHe uepe3 BiACyTHICTb MeTOAMKM TpaHchopmallii IIPOeKTHUX MOeJei Cuc-
TeMM KepyBaHHS B KOMIOHeHTM opraHisaiiii mporpam (POU — Program Organization
Unit, aHri. MoBa) y 1IbOMY cepeloBuIli. TaKMM YMHOM, CTBOPEHHSI METOAUKU IIPO-
TOTUITYBAHHSI CUCTeM KepyBaHHSI Ha OCHOBIi ITVIK 3a 70moOMOrorw MiKpOKOHTpPOJIEep-
HUX TUJIAT TUITY ApAYIHO € aKTyaJbHUM He BUPillIeHMM HAayKOBO-TEXHIYHUM 3aBHaH-
HSIM.

AHaJti3 ocTaHHIX JOCTiAKeHb i myostikami. Haii6inbi y3arajbHeHa MOJIe/b
CHUCTEMM KEpPYBAaHHS Ha TEOPETUKO-MHOKMHHOMY PiBHi BM3HAYa€ BUIiIEHHS 00 '€K-
Ta KepyBaHHS Ta Kepywuoro npuctporo [7]. JeTasnisauisi Mopesni Kepynuoro mpu-
CTPOIO 3aJIeKUTh BiJl BUIY CUCTeMM KepyBaHHS (O6e3lepepBHA, OMCKPETHA, Triopu/I-
Ha), PO3MIillleHHS eJIeMeHTiB CUCTeMM B MIPOCTOPi (30cepeskeHa, po3IoisieHa), Ha-
SIBHOCTi iepapxil eJleMeHTiB, [0 KepylTb, Mapaae/ibHOCTI B 4acCi pisHUX MpPOILieCiB
KepyBaHHS Ta iHIMX dhakTopis [8]-[10].

00'eKT mOCTiAKeHb: MPOIeC MPOTOTUITYBAHHSI CMCTEM KepyBaHHS 3 Ha 0asi
IVIK. V po6oTi po3risia muTaHb IIPOTOTUITYBAHHSI OOMEKeHO IMCKPeTHUMM 30cepe-
I>KeHMMM CUCTeMaMy 3 IIPOrpaMHOI0 peastisalli€lo arTOpUTMy yrpaBiaiHHs. s Ta-
KUX CUCTEM y KepyrnuyoMy MPUCTPOi BUAIAAIOTH omnepailiiiHi (OA) ta kepytoui (KA)
apToMatu [7]. Mogenno Kepyrodoro aBTomara € KiHuesuii asromar (FSM - Finite
State Machine) Tuny meperBopioBau. Knacuunuit FSM omnmcyeTbcsi KopTexkom
BUny [7]:

A=<§8X,Y,5046,4 >,
:5xX—=5
A: 8 x X — ¥V(gna aeromaris Mini),
A: 8§ — Y(mna aeroMaris Mypa),
e S — CKiHYeHHa HeIlOPOXKHSI MHOXMHA (CTaHiB); X — CKiHUeHHA HEeIMOPOXKHS MHO-
JKMHA BXO[IiB (BXimHMIt andagiT); Y — cKiHueHHa HeITOPOXXKHSI MHOXMHA BUXOMIB (BU-
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xigHuii andasiT); SO — MoOYaTKOBUIL CcTaH; 6— (PYHKIIisSI mepexofiB; A— QyHKIIii Bu-
xoAiB aBTomMartiB Mini Ta Mypa.
Pospisustors BxigHi (BXxOA), Buxigni (BuxOA) onepaniriHi aBromatu. CTpyK-

TYpPHY CXeMy CMCTeMM KepyBaHHS HaBeJleHO Ha puc. 1.

JOBHIWHE s
cepegoBMLLE BxOA X
peAoENIH I X  E— Hepyroumi
J / y asTomat
8]
, BuxOA -
O6'ext cucTemu |

Pucynok 1 — CTpyKTypa cCuCTeMU KepyBaHHS

BximHuit omepariiinuit aBToMaT ¢GOpMye BEeKTOp BxOAiB X aBTOMarTa, IO
yrpaBiisie, Ik GyHKIi0 iHGopmarii Big o6'exra (I;) i 30BHimHbOrO cepemopuiia (1)
cuctemu. Buximauit onepariiinuii aBromaT Gopmye BeKTop O BIUIMBIB Ha 00'€KT CU-
cTeMM SIK (PYHKIIiI0 BUXOMIB Y Kepyrouoro aBromara. OmnucaHa JeKOMITO3UILisl efe-
MEHTiB MPUCTPOI KepyBaHHSI CUCTEeMM CIIPOIIY€E IXHIO IPOTpaMHy peai3allilo B
Mpo1ieci MPOTOTUITYBAHHSI.

HaBeneHi TeopeTMKO-MHOXWHHI MOJIe/li eJleMeHTiB KepyBaHHS € OCHOBOIO [IJIsI
MOOYI0BY IIPOrpaMHO-anapaTHUX MoJeseli TPOTOTUITY 6a30BOi CUCTEMM KepyBaH-
HS. Y CKIQOHINIMX cUcTeMax IIi Momaesi BioOpaykaloTb MOKIMBOCTI ITapaMeTpUUHOi
Ta CTPYKTYPHOI ajamnTaillii e1eMeHTiB KepyloUoro IMpuUcTpoio, HebiHapHi BIaCTUBOCTI
MHOXMH X, Y. I 11e TakoX BUMarae BimoopakeHHsI B METOIMIIi ITPOTOTUITYBaHHS.

MeTa poO6OTH: CKOPOUEHHSI TEPMiHIiB Ta 3HMKEHHSI BUTPAT Ha MPOEKTyBaHHS
CUCTEMU ILIJISIXOM MPOTOTUITYBAHHSI MPUCTPOIB KePyBaHHS 3 MPOrPaMHOI0 peasii3a-
I[i€l0 aAropuTMiB KepyBaHHSI MoBamu ctaHzapty MEK 61131-3, aje BMKOHAHHSIM
rporpam y riati ApayiHo.

OcHOBHUMIT MaTepian mociaimkeHHs. [1ing mpoTOTUIIOM 30CepeskeHOi CuUcTe-
MM yrpaBiiHHS Ha ocHOBI [TVIK posymiTmemo ii QpyHKIIiOHATbHMIT aHAJIOT, B IKOMY
[TVIK 3aminieHn’i CIpOIeHOK MiKPOKOHTPOJIEPHOIO IUIATO, IIPU LIbOMY:

e BuximHuii Kopd, Kepywouoi Mporpamu, sika BUKOHYETbCSI B MiKPOKOHTPOJIiepi
IJ1aTH, HallMCaHMiit MOBaMM IporpamMyBaHHs 3a ctaHgapTom MEK 61131-3 Ta QyHK-
1iIOHAJIbHO TTOBTOPIOE MPOrPaMHMIA KOZ, CUCTEMM OPUTIHATY.

« Jlo BXOIiB Ta BUXO/iB MiKpOKOHTPOJIEPHOI IJIaTU HiJAK/II0UYEHO BCi JaTUMKM Ta

BMKOHABYi MexaHi3mMyu 00'eKTa KepyBaHHS, sIKi migkiaodeHi go [TJIK y peanbHiit cuc-
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TeMi. Y MPOTOTHUMI CUCTEMU CUTHIM Bif, JATUMKIB Ta OO BMKOHABUMX MeXaHi3MiB
Y3roAyKeHi 3a piBHSIMM Ta IMOJISIPHICTIO 3 KAHAJIAMU MiKPOKOHTPOJIEPHOI IIJIaTH.

e € Tabymig BigmoBigHoCTI BXomiB/BuxoxiB ITVIK, KaHasiB MiKpOKOHTPOJIEPHOI
TUIaTH Ta 1X afpecu y mporpami.

e TMMUYacoBi KOHCTAHTM y MpOrpamMi MiKpOKOHTPOJIEPHOI IUIaTU 3aJieXXHi Bif
TAaKTOBOI 4aCTOTM MpOLieCcopa y3roJKeHi 3 KOHCTaHTaMy Kepyrouoi rporpamu [TJIK.

 3B'SI3Ky MiKpOKOHTPOJIEPHOI IIJIaTU 3 IepCOHAJIbHMM KOMII'IOTEpPOM Uepe3 Bi-
pryanbHuit COM-TIOPT IOCTaTHBO MJISI MepeBipKM (QYHKIIOHAJBHOCTI CUCTEMM 3a
IIOTIOMOTOI0 11 MPOTOTHUITY.

V pa3i HeBMKOHAHHS X0ua 6 OfHi€l 3 mepesiueHnx BMMOT TOBOPUTUMEMO IIPO
He IOBHY (PYHKIIIOHAJIbHY BiAITOBiIHICTh MPOTOTUITY OpuUTiHAMy. Aje, y 6araTbox
BUITaJKaX I1e TaKOK KOPMCHO, HAITPUKJaJ IpY HaBUaHHi nporpamyBaHHs [TJIK.

Mo>KIMBO Ba BapiaHTM BUKOPUCTAHHS MIPOTOTUITYBAHHS CUCTEMU KEPYBaHHS :

« CIIpOeKTOBaHO cucTeMy KepyBaHHs Ha 6a3i [TVIK, ane di3zuuHO He gOCTYITHMIK
obpanmii ITVIK. I TyT mpOTOTUITYBAHHS CIIPOIIY€E MePeBipKy MPaBUIbHOCTI aITOPUTMY
KepyBaHHSI peaJIbHUM 00'€KTOM UM 110TO MaKEeTOM.

o CIpoeKTOBaHMI Ta MPOTECTOBAHMII MPOTOTUII CUCTEMM KepyBaHHSI Ha 6asi
MiKpOKOHTPOJIEPHOI IIJIaTH Ta MakKeTa 00'ekTa KepyBaHHs. Lis poboTta crpoiye Bu-
o6ip IVIK.

BuxigHuMu JaHuUMM IJiS8 TPOTOTUITYBAHHS CMCTEMM KepyBaHHS € eJIeKTpUUHa
cXeMa CHMCTeMM Ta MOJIEJIi omnepalliiiHMX Ta Kepyluoro aBTOMariB, SIKi Tpeba peati-
3yBaTy y IIpOrpaMHO-ariapaTHOMY KOMILIEKCi TPOTOTUITY.

Ha mepioMy eTami MpoBOAMUTLCS BMOip MiKpOKOHTPOJIEPHOI IJIaTU 3 ypaxy-
BaHHSIM HeOOXiTHOI KiJIbKOCTi IM(POBMX Ta aHAIOTOBUX KaHAJIiB BBeJIEHHS/BUBOMY,
KaHastiB 3 IIM, oliHI0€TbCSA MOTpeba y MOJaTKOBUX BY3jax, SIKi BiICyTHi y IiaTi
npoToTuiry. lle MOXKyTb OYTM, HATIPUKJ/IA/I, BY3JIM Y3TOIKEHHSI BXOMiB/BUXO/IiB IIPO-
TOTUITY 32 piBHEM Ta IMOTYXHiCTIO, 1OJATKOBI Akepesa xxusyieHHs. baraTto ITVIK npa-
IIIOIOTh Y JIiania3oHi Hampyru 24 B, a MiKpOKOHTpOJIepHi IJIaTu — y AianasoHi 5 B.

Ha ppyromy etarti mpoBOAUTHCSI BUOIp CTPYKTYpu Ta esieMeHTiB POU mj1s mipoe-
KTy IIPOTOTUITY Kepytouoi rporpamu. [Iporpama € turmom POU BepXxHbOMY pPiBHi Op-
raHisailii mpoekTy MpOTOTUITY. Y MPOeKTi Moxke OyTM KisbKa mporpam. OrepalliiiHi
aBTOMATHU PeaTi3yloThCsl IK PYHKIi UM QYHKI[IOHAIbHI GJIOKM, a YIIPABJISIOUi — SIK
dbyHKITioHaMbHI 6/10KM. [IJi1 3B'SI3Ky KOMIIOHEHTIB IMporpamMiu 3 alapaTHOI0 YacTu-
HOK MiKpPOKOHTPOJIEPHOI MJIaT BUMKOPUCTOBYHOTHCS 3MiHHI KJaciB BXiJ Ta BUXIi,.

DyHKIIOHA/IbHI 6/I0KM Y TTPOTPaMi OMMUCYIOTHCS SIK JIOKATbHI KJIaCH.
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Ha TpeTboMy eTarri 06MparThCsi MOBM MporpamyBaHHs 1711 POU rpoekTy rpo-
TOTUITY IIporpamu, 1o ynpasJise. PisHi moBu crangapty MEK 61131-3 maroTh pisHi
eeKTUMBHOCTI Ipu peastisallii KOMIIOHEHTIB MPOEKTY IMPOTOTUITY CUCTEMMU KepyBaH-
Hs1. [Ipu BubGopi MOBM cJtif miepeBipuTH ii JOCTYIHICTD y IaHoBaHomy TTJIK. Skiio €
MOK/IMBiCTb BUOOpY, TO peanizarnii OA BubupawoTbcsa epexktuBHi moBu ST, FBD, pi-
nuie — moBa IL. V Toi1 ke yac, KA nipocrimie peanizyBatu Mmoot SFC, aje MOKIUBO
/1 iHIMMY MoBaMu. TakMM UMHOM, TUIIOBA Kepyloua nmporpama ajisi IpOTOTUITY CUC-
TEeMU € MYJIbTUMOBHOIO.

IIpuknaa npoToTUmyBaHHA. PO3riassHeMO HAMIIPOCTIIINIA TIPUKIAL, AUCKPeT-
HOi cucTeMu ctabimizalii Temmepatypu o6'ekra. CTPyKTypa CUCTEMM BiIIoOBimae
Mojesi, HaBedeHiit Ha puc. 1. Y boMy BUMNAJAKy 00'€KT CUCTEMU MiCTUTh JATUMK
TeMIlepaTypy Ta HarpiBad. 3a BiJICyTHOCTi HarpiBaHHSI 00'€KT OCTUTae€, Iepeaaun
TEIJIOBY €HEepPril0 Y 30BHIIIIHE cepenoBuile. 30BHIIIIHE cepeoBuine (opMye 3aBIaH-
Hs [; Ha TeMnepaTtypy o6'ekra. Onepariiinuii aBTomat BXOA nopiBHIoe hakTuuHy I, i
3agany I; Temmepatypu Ta dopmye mogii (Bxoau X): «TeMrepaTypa MeHIa 3a 3a-
BIAHHS», «TeMreparypa Oiblia 3a 3aBHaHHs». 1li BXomy BU3HAYAIOTh IMOTOUHMIA
CTaH Kepyluoro aBToMaTa («HarpiB» abo «OXOJIOMKeHHS»), B SIKOMY (POpMY€EThCS
Buxin Y. Onepanilinnii apTomaTt BuxOA mepeTBOpPIOE 1ieil BUXi[ CUTHA/I KepyBaHHS
HarpiBadyem.

V miin cuctemi sk ITVIK, Tak i MiKpOKOHTpOJiepHa IIaTa MOBMHHI MaTu MO OJI-
HOMY aHaJIOTOBOMY BXOIy (TeMIiepaTypa) Ta MO ABa AUCKPETHi BUXOIU (BBIMKHEH-
HSI/BUMKHEHHSI HarpiBaua). [IluM BuMoraM 3aJi0BOJIbHSIIOTH KOHTpoJiep Micrologix
1000 [3] Ta mnata Arduino Uno [4]. CxeMa MiAK/IIOYEHHS JaTuMKa Ta BMKOHABUMX
MeXaHi3MiB [0 1Ii€l IJIaT HaBeJleHa Ha puc.2.

IaTtuMk npuemHaHO A0 aHajoroBoro Bxody AO. [IBilikoBuii Kop, TemmepaTypu
HaJaHO 3MiHHIN temp (appeca %IWO0). YrpaBiaiHHSI HarpiBaueM BUKOHYETBCS yepes
undposi Buxoau 7 i 8. Vmpapisioua [isi «BKJIIOUMTY HarpiBaHHS» BUKOHYETHCS
3MiHHOI0 outon (Buxin 7, agpeca %QX0.0), a BIVIMB «BUMKHYTM HarpiBaHHSI» — 3MiH-

Hoi outoff (Buxin 8, ampeca %QXO0.1).
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PucyHok 2 — Cxema IiIK/TI0UeHHS 00'€KTa J0 MiKpOKOHTPOJIEPHOI IIaTH IIPOTOTUITY

Enementn POU mnpoeKkTy MpOTOTUITY CUCTEMM KepPyBaHHS y CepemoBUINi MPO-
rpamu OpenPLC Editor HaBemeHo Ha puc. 3.

ITpoexT Prototype BrItouae ¢pyHKIlioHaMbHI 6710KM OA i KA, SIKi BUKOHYIOTBCS B
nporpami LimTemp. lis mporpaMa peasi3ye aJropMTM KepyBaHHSI HarpiBoM 00 'e€KTa
CHUCTEMM 3a SIKOTO HarpiBaHHSI BimOyBae€TbCs 3a YMOBHM, IO TeMIlepaTypa 006'e€KTa
MeHIlIa 3a TpaHUYHy. Y MpOeKTi Prototype 3HaUeHHSI KOOy TeMIIepaTypyu MPUITHSITO
piBHUM 40.

Mpoexr

- ¢ Prototype
- dryrkunonaneHele Bnokn
gk OA
£a CA
L 89| LimTemp

PucyHnok 3 — EnemenTn POU nmpoekTy NpoTOTUIY CUCTEMU KepYBaHHS

y cepenoBuiii mporpamu OpenPLC Editor

3MiHHi Ta jorika ¢gyHKIioHambHOTO 610Ky OA HaBemeHi Ha puc. 4. Lleit 610K
dbopmye Bxomu outheat i outcold xepytouoro aBTomaTta KA, To6TO X = {outheat,
outcold}.

dynkuioHanbHMl 6510k KA peamidye kepyiouuii aBToMaT 0OMeskeHHsI HarpiBy
06'ekTa, rpad SKOro rnpecTaBiaeHnit Ha puc. 5. BiH MicTUTh IBa cTaHM Ta JiBa Iepe-
xonu. [TouaTkoBuMit cTaH aBToMaTta — Cooling. Y 11bOMYy CTaHi BUKOHYETBHCS Hist outoff

— BUMKHYTM HarpiBaHHS 00 '€KTa.
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# ‘ [Am=A ‘ Knacc ‘ Tun AcxoaHoe aHaveHue
1 |temperature |Excr,u, |D|NT | |
2 |uutheat |Eb|xu,a, |BOOL | |
3 |uutcc||d |Eb|xu,a, |BOOL | |
LT e

tenperature || . . . . . . . INl1 oUT outheat

N2

e e
N I L out outcold
-------------- Nz

PucyHok 4 - I'padiuHe ysiBlieHHSI QyHKITiIOHATbHOTO 610Ky OA

I'padiunmii BapiaHT peanisanii @yHkiioHaabHOTO 610Ky KA MoBoio SFC HaBe-
IeHo Ha puc. 6. Ommcadi Buine (QyHKIIOHAAbHI 6JJOKM CIPUIIMAIOThCSI IIPOrPaMOI0
LimTemp sik kopuctyBanbHUIlbKi POU. I'padiuanii BapiaHT 1ii€ei mporpamu Ha MOBI

FBD HaBeneHo Ha puc. 7.

outcold

Cooling
outoff

Heating

outon

outheat

PucyHok 5- I'pag aBTOoMaTa oOMesKeHHSI HarpiBy

# mA Knacc Tun WMcxogHoe aHauenune| Keanudumkarop
1 heat Bxog BOOL
2  |cold Bxog BOOL
3 |outon Brixog BOOL
4 |outoff Brixog BOOL

PucyHok 6 — I'padiuHe nmpencraBiaeHHs QPyHKIIioHAIbHOTO 610Ky KA MoBoio SFC
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# ma Knacc Tun Anpec WcxonHoe aHavedne| Keanudwmkarop {
1 temnp Bxopn DINT

2 outon Berog BOCGL

3 outoff Berog BOCOL

4 |OAD fMokaneHbIA oA

5 |CAD fMokaneHbIA CA

B |outheat Bxog/Bermog, BOOL

7 |outcold Bxog/Berog, BOOL

2 |heatcontrol |Bemog BOOL
.................... ono oo - e e e
L on o o .
e L I L cuton —J- . . | outon
C temperature outheat —- e R
o outcold W cold outoff ——— cutoff

PucyHok 7 - I'padiune npencrapnenss nporpamu LimTemp moBowo FBD

dyukuioHanbHMI 610K KA 6yB cripoekToBanmii MmoBow LD. IIporpamy 1iboro

6JI0Ky HaBeZleHO Ha puc. 8. BoHa MicTUTb 6 paHTiB.

# Ama Knacc Tun McxonHoe aHadeHwe| Keanngwmkarop Onwcaxwne
1 firstscan NokaneHel@A BOOL 1
2 heat Bxoa BOOL 0
3 cold Bxog BOOL 0
4 outon Bexog BQOL [}
5 outoff Beicog BOOL 0
& |cooling NokaneHeliA BOOL 0
g EALSESCAIL. - - - el cpeldmge - e
..... N R S S
..... | P
....... CDDlingD'lJthf
........ [ LT
........ | I N e
ReatiTg: - - - - - - - - - e e ouEOT - - - - - - - e
[ L PN
A N
...... cooling. - -heat- - - - - - heating. - - - - - - - - - - - oo
....... L pN
....... Lo TS eoeling |
heating: -cold- - - - - cooling: | - - - - - - - P R
S e TR Bl —
| | | | fg L.
| O IR IR | T S heating e
........................................ r" -firstscan- - - - - -
................ \RJ A 'fﬁﬁ" e
.................................................... L3 S

PucyHok 8 — I'padiuHe npeacTaBiaeHHs1 PyHKIIioHaAbHOTO 610Ky KA MoBoio LD

[epmmnit Ta ocTaHHil paHTM 3a6e3IeuyloTh Mepexia y cTaH cooling Tipu iHilia-
nizauii. JIpyruii Ta TpeTiii paHrM BM3HAUYalOTh Aii (BUXOLM aBTOMAaTa) B aKTMBHOMY
CTaHi, a TPETiil Ta YeTBEePTHUI1 — IepexoAy 3 OAHOTO CTaHy A0 iHIIOrO.

ExciepumenTn IlepeBipka 1mnpoekTy Prototype y cepemoBuili nporpamu
OpenPLC Editor 3 Bukopucranusm joriudoro ITVIK gas o6ox Bepciit aBTomara KA
MiATBepAWIa BiATOBIAHICTh MPOEKTY BMMOramM CUCTEMM KepyBaHHS. bakaHe 3Ha-
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YeHHSI 3MiHHOi temp BCTAHOBJIIOBAJIOCS Y HaJaroxkyBaui y BikHi "¢gopcyBaTu 3Ha-
YeHHS 3MiHHO1".

[TepeBipka mpoeKkTy Prototype i3 BUKOHAaHHSIM MPOTPpaMHOr0 KOOy B mjaTi Ap-
IyiHO, IO SIKOI MiAK/II0YEHO 32 CXeMOK pUC. 2 MPOTOTUIIM JaTUMKA TeMIlepaTypu Ta
HarpiBaua mnpoBoausacsi 3 BukopuctaHHsi mporpam OpenPLC Editor ta OpenPLC
Runtime. ®akTnuyHa TemriepaTtypa 3ajaBajiacs LUISIXOM HarpiBaHHS gaTtdyuka. [Ipu
1IbOMY CUTHa/IM KepyBaHHSI HarpiBaHHSM iHAMKYBa/IM CBiTJIOAiogaMM i BiAIoBiganmu
BMMOTaM CUCTEeMMU KepyBaHHS.

OuiHMMO 3HMKEHHS BUTpPAT IIiJi 4YaCc BMKOPUCTAHHS MPOTOTUILY KEePYHUOro
MIPUCTPOIO CUCTeMM KepyBaHHS. [IpoToTum - minaty Arduino Uno, Ha MOMEHT HaIllu-
CaHHS CTaTTi, MOKHA OyJyio mpuabaTy rmpuom3Ho 3a 10 y. 0. YV TOii yac SIK ImpoMuc-
JIOBUII KOHTPOJIEp 3 aHAJOTiYHMM HabOpOM BXOJiB/BUXOZiB OLiHIOETHC Bim 300 mo
500 y.o. Hampuxknan, ITVIK Micrologix 1000 1761-L20BWB-5A (kommnaHiss Rockwell
Automation [3]) mae 20 AMCKpeTHUX BXOIiB/BUXOAIB Ta 4 aHAJIOrOBI BXOIM. Horo
MOsKHa Ipua6aty B YKpaiHi 3a 480 eBpo.

BucHoBKM. OCHOBHiI Mpo6jeMy MPOEKTYBAaHHSI Ta HAaBUAHHSI ITPOEKTYBAHHIO
cucteM KepyBaHHS Ha 6a3i I[TVIK — Bucoka BapTicTh Ta HegocTymnHicTb I[TJIK Ha moya-
TKOBOMY eTalli IPOeKTyBaHHSI.

3arporioHOBaHa MeTOoMKa MPOTOTUITYBaHHS N03BOJIsIE TpaHCHOpMYBaATH Ofle-
pailliiiHi Ta Kepyoui aBTOMAaTiB MPOEKTHMUX MOjiejieil CUCTeMM KepyBaHHS Ha KOMIIO-
HEeHTM OpraHi3ailii mporpam IpoeKkTy MIPOTOTUITY CUCTEMM.

Homatok OpenPLC mo3Bossie epeKTUBHO PO3POOJISITM Ta TECTYBATU IPOEKTU
MPOTOTUIIIB Y MYJIbTUMOBHOMY CepeIoBUIlli cimelicTBa MOB rporpamyBaHHs [1JIK 3a
crangaprom MEK 61131-3.

[Tpukiam MpOTOTUITYBAHHS CUCTeMM 0OMeskeHHsI HarpiBy BUKOHAHO 3 BUKOPU-
CTaHHSM JOCTYIMTHUX MiKPOKOHTPOJIEPHUX IIAaT ApZyiHO Ta peaJisaliii orepaiiiiHmux
Ta Kepyrounux aBToMmartiB rpadiunumyu moBamu LD, SFC, FBD. I[IpoBeieHe TecTyBaHHS
PO3p06IEHOr0 MPOTOTUITY 3a oIoMorolo joriunoro ITJIK Tta ¢isuyHoro makera Imij-
TBepAWIO ¥ioro GyHKIiOHA/IbHY BiMOBIMHICTh OpUTiHAMY Ta 3HMKEHHS, SIK MiHi-
MyM, Ha TIOPSIIOK BUTPAT HA 00J1aTHAHHS.

[Toganbplie OOCHiIKeHHST TepenoavyaeTbCsl MPOBOAUTU Y O6iK MPOTOTUITYBAaHHS

dJaIlITUBHUX iepapxquMX CHUCTEM KEpyBaHHS.
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Prototyping of control units for systems with industrial controllers

Reducing the design time of the system control unit remains an urgent task for the
developers of these systems. The problem of designing control units based on program-
mable logic controllers (PLCs) is their high cost and, as a rule, unavailability at the initial
design stage. The aim of the research is to reduce the time and cost of designing the sys-
tem by creating prototypes of control units with the software implementation of the con-
trol algorithms of the languages of the IEC 61131-3 standard and the execution of pro-
grams in the Arduino board. The research method consists in the decomposition of pro-
ject models of operating and control automata of the control device and their implemen-
tation in the OpenPLC application environment in the form of program organization
components (POU) in Ladder Diagram, Function Block Diagram and Sequential Function
Chart languages. The result of the study is a method of creating typical POU operating
and control automata of the control system, which are executed in the Arduino board. An
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example of the application of the proposed methodology for the design of a prototype of
the object's temperature control system, which can be useful for teaching PLC program-
ming, is given. The developed prototype was tested using a logical PLC and a physical
prototype, which confirmed their functional compliance with the original and a reduction
in the cost of the equipment by at least an order of magnitude.

Key words: programmable logic controllers, controller programming languages,
control system prototyping.
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SIMULATION MODELING IN THE RESEARCH
OF METALLURGICAL EQUIPMENT OPERATION

Annotation. Rolling production refers to the final link of the metallurgical cycle, the quality of
products shipped to the consumer depends on the consistency of the work of all units. The wear
and tear of the main production facilities of enterprises of the metallurgical complex requires
not only updating, but also constant modernization of dated equipment in the conditions of
active production. The main equipment of the production lines of wide scale rolling mills in
cludes coilers, the quality of which depends not only on the rhythm of the rolling equipment, but
also on the quality of the material shipped to the consumer. Simulation modeling of the winding
process of hot rolled billot made it possible to establish the possibility of torsional oscillations in
the coiler drum drive. Further analysis of the form of the resulting oscillations made it possible
to establish that the elastic deformations from the resistance forces of the electric motor and the
rotating parts of the coiler drum are in antiphase. The performed calculations create
prerequisites for the study of forced oscillations occurring in the coiler drum drive.

Key words: simulation modeling, coiler, strip, torsional oscillations, elastic deformations, free
oscillations

Statement of the problem

Modern production lines of rolling shops have a lot of additional and basic
equipment, such as scissors, plate straightening machines, coilers, uncoilers, turn-
over devices, manipulators, conveyors [1-3]. Not only the rhythmicity of the work of
the entire workshop depends on how well and efficiently each unit from the rolling
mill performs its functions, but also the timeliness of the shipment of the final
product to the consumer.

The main equipment of the rolling mill includes coilers of hot-rolled billot, the
quality of the billot’s winding depends on rolling mill’s operation, which affects not
only the next sheet cutting operation, but also the shipment of a high-quality,
tightly wound roll according to the requests.

Today, coilers are precisely the vulnerable technological equipment that
prevents the further improvement of the productivity of the rolling line. They are
often the reason for the lack of rolling. The creation of new high-speed models or
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the improvement of the design of existing ones require thorough studies of the loads
on their units in the form of a full-scale experiment [4].
Analysis of recent research and publications

Modernization of existing equipment poses the task of mechanical designers to
develop a sufficiently reliable design that can provide quick and easy adjustment
during the flow of the technological process. Correctly determined technological
loads and coefficients of the durability reserve allow not only to extend the life cycle
of the equipment, but also to significantly reduce its metal content [5].

Work [6] considered in detail the issue of the impact of dynamic loads on the
interaction of mechanical rolling equipment, while the impact of changing the
technological modes of operation of coilers on the dynamics of the staff winding
process was not covered.

Any calculation related to technological equipment is a prediction of its
performance. There are calculations designed to ensure the functioning of
mechanical systems and the possibility of performing the technological operations
entrusted to them (1st group), as well as calculations for strength and reliability,
designed to confirm the resource and quality of works due to the equipment (2nd
group). The first group of calculations includes calculations of operating parameters
of processes and structures for their implementation (productivity, speed,
technological supports, power). The second group includes calculations that
determine the load on individual structural elements and their stress-strained state,
limit state equations, durability reserves, and the probability of failure-free
operation [7].

Due to uncertainty during the martial law in the country, it is quite difficult to
conduct full-scale experiments that would allow to confirm or disprove certain
aspects of the technological process, therefore the problem of using simulation
modeling and experiment in the design of metallurgical equipment becomes
urgent [8].

Simulation modeling allows to replace the researched model with a
mathematical one and conduct experiments on it by means of statistical modeling
using numerical methods in specialized programs of computational experiments [9].

Purpose of the study

Taking into account the importance of the technological process of winding
hot-rolled billot, the purpose of the study was to develop a simulation model of
winding billot into a roll depending on the change in technological parameters, for
its further use in the conditions of current production in order to optimize not only
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the technological cycle, but also when modernizing the structural elements of
technological equipment.
Statement of the main research material

The nature of the movement of the coiler drum when winding the hot-rolled
billot is rotational, that is, all dynamic processes in this case will be characterized by
the moment of inertia. If we accept the case when the staff is tightly wound and all
structural gaps have already been selected, then the drum together with the wound
coiler can be considered as a rotating cylinder for which the moment of inertia [10]:

m 2
T 9

J, = ) kgmz (1)
8

6

where m. — technological load taking into account the weight of the drum;
Ds — coiler’s diameter;
Under the condition of a constant linear speed of winding the billot, the
instantaneous weight of the roll can be calculated by the formula:
m =Vv-t-m_ kg 2)

where V — winding’s speed (linear);
t — time of the technological winding operation,;
m,.». — the mass of one meter of winding billot:
m, =p-t-b,kg/m (3)

where p — density of the material of the winding billot;
t — thickness of the winding material;
b — width of the winding material.

Taking it as the technological load in the expression (1) — roll’s mass, drum’s

diameter — instantaneous roll’s diameter, expression (1) will be:

(m,+m )-D°
J, = - —, kg'm? 4)
8

where mg — directly the mass of the drum;

m; — instantaneous roll’s mass calculated by (2);
D, - instantaneous roll’s diameter, m;

During the flow of the technological process of winding hot-rolled stock, the
diameter of the roll is a variable value over time. The technological process should
be considered for a different assortment of billot, wound in the thickness range
t=1.5+4 mm with a roll width of 1250 mm, for the most complex technological mode,
when the mass of the product roll reaches a maximum, i.e. 16 tons.
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At the start of winding, the diameter of the roll will be equal to the diameter of
the drum. The results of the calculation according to formulas (1)-(4) are entered in
table 1 and we plot the dependence of the mass and diameter of the roll as a function
of time (Fig. 1-2).

m, kr 16000 9
14000 /
12000 / /
10000
8000 / / /
6000 / /
4000
2000 -+ // /

0

0 20 40 60 80 100 t, cex
[——m4 —B-m3 —A—m2 =m1.5]

Figure 1 — Graph of the dependence of the mass of the roll in a function of time

Table 1
The results of determining the moment of inertia of the coiler drum or different
conditions of flow of the technological process

The time Billot’s thickness
of the 4 mm 3 mm 2 mm 1,5
technical
operatio
nofroll| m, D, Is mp, D, Js m, Dy, Jo m, |D, I

formatio| kg m |kgm?| kg m | kgm?| kg m | kgm? | kg |m | kgm?
n

t, sec

0 0 0,75 | 1177 0 0,75 | 1177 0 0,75 | 1177 0 0,75 1177

4 1580 | 0,90 |1871| 1185 | 0,87 | 1688 | 790 |0,83| 1511 593 0,81 1425

8 3160 | 1,04 | 2666 | 2370 | 0,97 | 2256 | 1580 [0,90| 1871 | 1185 |0,87| 1688

12 4740 | 1,15 | 3562 | 3555 | 1,07 | 2881 | 2370 | 0,97 | 2256 | 1778 0,92 1965

16 6320 | 1,26 | 4558 | 4740 | 1,15 | 3562 | 3160 | 1,04 | 2666 | 2370 0,97 2256

20 7900 | 1,36 | 5655| 5925 | 1,23 | 4299 | 3950 | 1,10 | 3101 | 2963 |1,02| 2561

24 9480 | 1,45 | 6853 | 7110 | 1,31 | 5094 | 4740 |1,15| 3562 | 3555 |1,07] 2881

28 11060 | 1,53 | 8151 | 8295 | 1,38 | 5945 | 5530 | 1,21 | 4047 | 4148 |1,11| 3214
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32 12640 | 1,61 | 9550 | 9480 | 1,45 | 6853 | 6320 | 1,26 | 4558 | 4740 |1,15 3562
36 14220 | 1,69 |11049| 10665 | 1,51 | 7817 | 7110 | 1,31 | 5094 | 5333 |1,19] 3924
40 15800 | 1,76 |12649| 11850 | 1,57 | 8838 | 7900 | 1,36 | 5655 | 5925 |1,23] 4300
40,5 | 15998 | 1,77 |12857| 11998 | 1,58 | 9570 | 7999 | 1,36 5727 | 5999 |1,24] 4348
44 13035 | 1,63 | 9915 | 8690 | 1,40 | 6241 | 6518 (1,27 4690
48 14220 | 1,69 | 11049 9480 |1,45| 6853 | 7110 [1,31] 5094
52 15405 | 1,75 | 12240 10270 | 1,49 | 7489 | 7703 (1,34 5513
54 15998 | 1,77 | 12857 10665 | 1,51 | 7817 | 7999 |1,36] 5727
56 11060 | 1,53 | 8151 | 8295 [1,38 5945
60 11850 | 1,57 | 8838 | 8888 |1,41] 6392
64 12640 | 1,61 | 9550 | 9480 |1,45 6853
68 13430 | 1,65 | 10287 | 10073 1,48 7328
72 14220 | 1,69 | 11049 | 10665 |1,51] 7817
76 15010 | 1,73 | 11837 | 11258 |1,54) 8320
80 15800 | 1,76 | 12649 | 11850 |1,57 8838
81 15998 | 1,77 | 12857 | 119988 [1,58 8969
84 12443 (1,60 9369
88 13035 |1,63 9915
92 13628 [1,66| 10475
96 14220 (1,69 11049
100 14813 1,72 11638
104 15405 1,75 12240
108 15998 |1,77| 12857

By analyzing the graphs obtained in fig. 1-2, it can be concluded that the mass
of the winding roll is directly proportional to the winding time, and the diameter of
the roll does not change linearly, which can cause oscillations in the coiler’s drive; to
study the nature of these oscillations, it is worth studying their shape.

Concentrated masses, which during rotational movement at different moments
of time either lead or lag behind each other, create torsional oscillations. From the
point of view of the strength of the machine nodes, this can be very dangerous,
because with this phenomenon moments of elastic forces can significantly exceed
the calculated loads, especially if cyclical technological loads are added. Therefore,
there is an important issue of taking into account and controlling changes in the
nature and magnitude of elastic forces during the flow of the technological

process [11].
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Figure 2 — Graph of dependence of roll diameter in a function of time

When calculating the oscillations of a multi-mass system, the most important
stage is the compilation of the calculation scheme [10], while it is worth considering
that the more elements in the system, the more complicated the calculation,
therefore it is worth moving from multi-mass to two-mass calculation schemes

(Figure 3).

Jr

Jr

Figure 3 — Scheme for calculating free oscillations occurring in the coiler’s drive of
hot-rolled staff: J; — moment of inertia of the roll with the coiler drum,
J» — moment of inertia of the armature electric motor of the drive,
C12 — the stiffness of the intermediate shaft

The task of calculations on oscillations is to find, first of all, the spectrum of

natural frequencies and the shape of oscillations.
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When studying the oscillations of mechanical systems with a limited number of
degrees of freedom, Lagrangian equation of motion of the second kind is used [10].

For the case of free oscillations without taking into account resistance forces,
the Lagrange equation has the form [12]:

d OE oE OE
—. - + —=0 ©)
dt oq, oq oq

For a two-mass system, the Lagrange equation can be written in the form [13]:

d oE oE O0E _ d oE 0E  OE
— - + =0;—- - + =0 (6)
dt oq, oq, oq, dt oq, oq oq

1 1

After the necessary transformations of equations (5)-(6), we obtain the
formulas for determining, respectively, the spectrum of natural frequencies and the
form of oscillations for the calculation scheme of Fig. 3:

T
p? = 0({1.+ J,) or 7
1),
C,—ip’
p=—""——. 8)
C 0
where Cy=C,; — stiffness of the intermediate shaft:
.G -d°
.= ————, kgm )
64 -g -1
where | - length of the intermediate shaft;
G - modulus of rigidity;
d — diameter oft he shaft;
g — gravitational acceleration.
Next, we find the amplitude of oscillations:
()
A =— (10)
p(L-n)

where o — angular velocity of the drum;

Now that the frequency, amplitude and form of oscillations are known, it is
possible to determine the elastic deformations that occur during the winding of the
billot in a function of time using the formulas:

o, =A_sin( pt +B) ¢, =pA_ sin( pt +B), (11)
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where B - initial phase of oscillations (the angular displacement of the beginning of

oscillations relative to the coordinate reference point is $=0);

p — own circular frequency of oscillations;

1 — shape coefficient of oscillations;

A; — amplitude

of oscillations.

Using the known parameters of the technological process of winding billot and

formulas (7)-(11), we obtain the necessary data (table 2-3) for constructing a graph

of free oscillations occurring in the drive of the hot billot coiler (Fig. 4).

Table 2
Results of calculating the circular frequency of oscillations,
shape factor and amplitude of oscillations
The time of Billot’s thickness
the technical 4 mm 3mm 2 mm 1,5
operation of
roll
¢ . p u A |p u A |p u A |p u A
ormation
t, sec
. _ _ _ _
162|0,02150|0,16137|162(0,021500,16137 162 |0,02150(0,16137|162|0,02150|0,16137
A _ _ _ _
161(0,01352/0,13546|161|0,0149900,14076 161 |0,01674/0,14674{161|0,01775|0,15002
. _ _ _ _
161(0,00949/0,11898(161|0,01121/0,12643 161 |0,01352|0,13546/161|0,01499|0,14076
12 ) ) ) )
161(0,00710/0,10733|161|0,00878/0,11572/161|0,01121/0,12643/161|0,01288|0,13302
16 ) _ _ )
161(0,00555/0,09854|1610,007100,10733 161 |0,00949(0,11898/161(0,01121|0,12643
20 ) _ - _
160(0,004470,09159|1610,00588/0,10053 161 |0,00816/0,11271{161|0,00988|0,12072
24 ) ) ) )
160(0,00369/0,08593|160|0,00497(0,09487 161 |0,00710/0,10733/161|0,00878|0,11572
28 ) _ ) _
160|0,00310/0,08120|160|0,00426(0,09007| 161 |0,00625(0,10265/161|0,00787|0,11129
32 ) ) ) )
160|0,00265|0,07718|160(0,00369(0,08593| 161 |0,00555(0,09854{161|0,00710|0,10733
36 _ ' ) )
160|0,00229|0,07369|160(0,00324/0,08231| 160 |0,00497 0,09487|161|0,00645|0,10377
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40 ) ) ) )
160/0,00200(0,07064|160(0,00286/0,07911] 160 |0,00447/0,09159|161/0,00588|0,10053

40,5 ) ) ) )
160/0,00197|0,07028|160(0,00282/0,07874 160 |0,00442 0,09121|161|0,005820,10015

) - - -
160(0,00255/0,07626 160 |0,00405 0,08863|160|0,00539|0,09758

48 i R R
160(0,0022900,07369 160 |0,00369(0,08593|160|0,00497|0,09487

52 ) ) ]
160(0,00207/0,07137 160 |0,003380,08347160|0,00459|0,09238

54 ) ) )
160(0,001970,07028 160 |0,00324(0,08231|160(0,00442|0,09121

56 ) )
160/0,00310(0,08120/160/0,00426|0,09007

60 ) )
1600,00286(0,07911|160/0,00396|0,08793

64 R R
160 |0,00265 0,07718]160(0,00369|0,08593

68 R i
160 |0,002460,07537]160(0,00345|0,08406

72 R R
160 |0,002290,07369160(0,00324(0,08231

76 ) ]
1600,00214(0,07212|160|0,00304|0,08066

80 ) ]
1600,00200(0,07064/160|0,00286(0,07911

81 R R
160/0,00197(0,07028|160/0,00282|0,07874

84 R
160|0,00270|0,07765

88 )
160|0,00255/0,07626

92 R
160|0,002420,07494

9 ]
160|0,00229|0,07369

100 ]
160|0,00217|0,07250
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104 '
160(0,00207|0,07137
108 '
160(0,00197/0,07028
Table 3
Calculation results of elastic deformations resulting
from free oscillations and moments of elastic forces
Billot’s thickness
The time of the technical
operation of roll
formation 4 mm 3 mm 2 mm 1,5
t, sec
01 Q2 01 Q2 Q1 (O] 01 Q2
0 0 0 0 0 0 0 0 0
4 -0,131/0,00177 |-0,136/0,00204 | -0,141 |0,00237 |-0,144| 0,00256
8 -0,053] 0,00050 |-0,059| 0,00066 | -0,066 | 0,00089 |-0,070| 0,00106
12 0,085 [-0,00060| 0,090 |-0,00079| 0,095 [-0,00106| 0,097 |-0,00125
16 0,073 |-0,00041| 0,082 |-0,00058| 0,095 |[-0,00090| 0,104 |-0,00117
20 -0,048] 0,00022 [-0,049]0,00029 | -0,049 | 0,00040 |-0,047| 0,00047
24 -0,080/ 0,00030 [-0,090| 0,00045 | -0,104 | 0,00074 |-0,113| 0,00100
28 0,016 |-0,00005| 0,014 |-0,00006| 0,008 |-0,00005] 0,001 |-0,00001
32 0,077-0,00020| 0,086 |-0,00032| 0,098 |[-0,00054 0,106 |-0,00075
36 0,011|-0,00003| 0,016 |-0,00005| 0,027 |-0,00013|0,037 |-0,00024
40 -0,067| 0,00013 |-0,074| 0,00021 | -0,082 | 0,00037 |-0,086| 0,00051
40,5 0,011-0,00002| 0,016 |-0,00004| 0,026 |-0,00012|0,036 |-0,00021
44 -0,040( 0,00010 | -0,053 | 0,00022 |-0,065| 0,00035
48 0,055 |-0,00013| 0,059 (-0,00022| 0,059 |-0,00029
52 0,056 [-0,00012| 0,070 |-0,00024| 0,082 |-0,00038
54 0,014 |-0,00003| 0,024 |-0,00008| 0,035 |-0,00015
56 -0,031 | 0,00010 {-0,027| 0,00012
60 -0,077 | 0,00022 |-0,087| 0,00035
64 0,004 |-0,00001|-0,004| 0,00002
68 0,075 |-0,00018| 0,082 |-0,00028
72 0,022 |-0,00005| 0,032 |-0,00010
76 -0,064 | 0,00014 |-0,068| 0,00021
80 -0,043 | 0,00009 [-0,054| 0,00015
81 0,021 |-0,00004]| 0,031 |-0,00009
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84 0,047 [-0,00013
88 0,068 [-0,00017
92 -0,022| 0,00005
9% -0,073| 0,00017
100 -0,004| 0,00001
104 0,069 |-0,00014
108 0,028 | -0,00006

¢1, 92
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0.072

a NN
0.032 / \ I
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Figure 4 — The graph of free oscillations occurring in the drive
of the winding of the hot billot

Conclusions Simulation modeling of the technological process of winding hot-
rolled billot indicates that the mass of the winding roll is directly proportional to the
winding time, and the diameter of the roll does not change lineary, which causes the
need to study the form of possible oscillations in the coiler drum drive. According to
the obtained schedule of free oscillations that occur in the coiler drive during the
technological process of winding the billot, it can be concluded that the elastic
deformations from the resistance forces of the electric motor and the rotating parts
of the coiler drum are in antiphase, therefore the breakdowns associated with
resonant oscillations can be disregarded. The obtained results create prerequisites
for the study of forced oscillations occurring in the coiler drum drive and will allow
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to determine the most unfavorable technological mode from the point of view of dy-
namic component loads.
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Imimauiiine modentoeaHHs npu 0ocnioxceHHi podomu
Memanypeitinoz2o 001a0HAHHA

CyuacHi nomokosi JiiHii NpoKamHux yexie 8 c80eMy cknadi maroms 6azamo dono-
MIXCHO20 Ma 0CHOB8HO020 001a0HAHHS. Bid mozo Ha ckinbku 6e38i0M08HO ma AKiCHO 8UKO-
HYE c80i (hyHKUIT KoxceH azpezam 3i ck1ady NPOKAMHO20 CMAHY 3alexUums He milbKu
pummiuHicms pobomu 8cb020 Uexy, a ii CBoeUacHicms 8i08aHmMaMdceHHs KiHyesozo npody-
Kkmy cnoxcugauesi. /[0 0CHOB8H020 001A0OHAHHS NPOKAMHO20 CMAHA MOMHA 8i0Hecmu
MOMANKU, W0 HAMOMYKMb OCHOBHY NPOOYKYil0 WUpOKOwmabosux cmawie — wmaoy, y
pPY/N0H. Bid pobomu mMomanok 3anexcums SIKiCmb HAMOMKU wmabdu, w0 6Nnauedac He
MiJIbkKu Ha HACMYNHy onepauir pi3aHHs aucma, a Ui 8i08aHmMaxceHHs IKiCH020, WinbHO-
HAMOMAHO020 PYJI0HY 32i10HO 3as160K.

Ha cb0200Hi MOMAnKu € came mum 8pasiuéum MexHOJN02iUHUM YCMAMKYBAHHSIM,
WO nepewkooxHae nodanvbulomy nidsuujeHHo nPoOyKMueHOCMi NOMOK080i JiHii npoKa-
mku. BoHu Hepidko € npuuuHo 6paxky npokamy. CmeopeHHs. Hosux modeneil, abo yoo-
CKOHAJIEHHSI KOHCMPYKUii Jitouux, 8UMazarmos NPUCKinausux 00C1ioxeHb HA8AHMAMEHb
Ha iXHi 8Y3/1U y (hOpMi HAMYPHO20 eKCNepuUMeHMY.

B ymosax 80€HH020 cmaHy 8 KpaiHi 0ocume 8axcKo nposecmu HamypHi ekcnepume-
HmMu, 2Ki 6 do3eonunu niomeepoumu abo chpocmysamu mi uu iHULi achekmu mexHoJ102i-
UHO020 Npoyecy, momy akmyaibHUM NOCMA€E NUMAHHS BUKOPUCMAHHS IMIMayitiH020 MO-
0eNB8AaHHS. NpU KOHCMPYHBAHHI MemanypeiliHozo 06nadHanHs. Imimayiiine modenio-
8aHHSI 0038015€ 00CNIOHCYBAHY MOOE/Ib 3AMIHIO8AMU MAMEMAMUYHOW | HAO HEw 8xice
npogodumu 00Caiou WISAXOM CMAMUCMU4H020 MOOENI0B8AHHS UUCEIbHUMU MeMOoJamu 8
cneyianizo8aHux npozpamax 0oUUCII08aANbHUX eKCNePUMEHMIB.

Xapaxkmep pyxy 6apabaHa Momaiku npu HaAmMomyedaHHi wumaodu — obepmanbHull,
momy eci JuHamiuHi npouecu npu UybOMy NPOUECi Xapakmepusymvcs MOMEHMOM
iHepyii.

Ipu imimauii npoyecy HamMomyeaHHs wmaou pi3Ho20 MUNOpPo3Mipy 6CMaHo8yeHo,
Wo mMaca Hamomyemoz0 pyJjoHy npsimMo nNPonopuyitina uacy Hamomxku, a diamemp pyJioHy
MA€ He NPSIMOJIHITHY 3MIHY, W0 MOXe BUKIUKAMU y NPU80odi MOMAKu KOJUBAHHS, OJ1s1
00CNi0HeHHsT NpupooU Yux KOJIU8aHb 8 nepuly uepzy HeoOXiOHO 8CmaHo8umu chekmp
871aCHUX yacmom ma opmy KonueaHs. BusHaueni uacmoma, amnaimyoa i popma KoJiu-
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8aHb, 00380UIU DOCiOuMuU NpyxHi depopmauii, w0 8UHUKAIOMb 8 NPOYeci Hamomy-
8aHHs wmaou, y pyHKyii uacy.

I'pagiunuti ananiz opmu BuHUKaAUUX KOJAUBAHL 003601U8 BCMAHOBUMU, UJO
npyxHi depopmauii 8i0 cun onopy enekmpoodsuzyHa ma obepmosux uacmuH éapabaua
MOMANKU 3HAxX005imuvcs 8 npomugasi. BUKOHAHI po3paxyHKu Cmeopiowms hepedymosu
0211 JOCNi0HEHHS BUMYWIEHUX KOJIUBAHb, U0 BUHUKAIOMb 8 Npusodi bapabana Momaiku.

I'peuannii Onekciit MukonaiioBuu - ngoktop (¢inocodii (PhD), cT. BuKiIagau, Ka-
denpa metanypriiiHoro obsagHaHHs, 3aMI0Pi3bKMt HAI[iOHAIbHMIT YHiBEpCUTET.
BacuinbueHko TerssHa OnekcaHApiBHA - K.T.H., [IOLIEHT, IOLIeHT Kadeapu MeTamny-
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K.I. KapaBaeB
ITPO HEOBXIJTHI YMOBU ICHYBAHHS HIIVIbHUX VIIOPAIKYBAHD
B KJIACUYHIN 3AJAUI ITAPAJIEJIBHOT'O VIIOPSIIKYBAHHSI

Anomayis. [lobydosa cxem napanenizayii ob4ucnens Ha EOM npu 06pobui senuxkux macusis 0a
HUX HepO3pUBHO NOB'A3aHA 3 3a0aYyamu NApanebLHo20 ynopAoKysaHHA. Pozensdaemsca knacuy
Ha 3a0a4a MIHIMI3ayii 00BXUHU ynopsAOKYBAHHA Npu 3a0aHIU WUPUHT, B AKIU WYKAHEe ynopaoKy
BAHHSA € WiNbHUM. [JOCNIOXYIOMbCA He0bXiOHT YyMOBU ICHYBAHHA UWiNIbHO20 YNOpsAOKYyBAHHA npu
3acmocyBsaHHi Memody 2iJIOK ma Mex, NoB’a3aHi 3 06MeXeHICMI NOMYXHOCMI MiCUb Ma MOX
Jugicmio ix 3anosHeHHs. Ompumani ymosu 6ynu 38e0eHi 00 00HIET, 3aNPONOHOBAHO eheKMuUBHI
anzopummu ii nepesipKu 8 3a2a/1bHOMY BUNAOKY ma 015 2paghis, BCT BePUIUHU AKUX 3HAX00AMbCA
HA KpUMUYHUX WAaxax. B pe3ynemami 0ocnioxeHHs makox 6ynu ompumaHi HOBI YmoYHeHi
OYTHKU 3HU3Y 00BXUHU YNOPsAOKYBAHHA MA 3aNpPONOHOBAHT Y3a2a/IbHEHHSA CneyianbHux ynopsao
KYBAHb, SKI BDAXOBYIOMb WUPUHY YNOPAOKYBAHHS.

Kntoyosi cnosa: epagu, kKombTHamMopHa onmumizayis, meopis po3kaadis, Memoo 2iJIoK ma Mex,
PO3MIMKa 2paghis, WiNbHI ynopsAOKYBAHHA, ONMUMANbHUL po3n00ia BepUIUH.

ITocraHoBKa mpooGeMu. BypxyinBuit po3BUTOK Teopii poO3KIaiB y cepennHi
MMHYJIOTO CTOJITTS OYB IMOB’SI3aHMI 3 Pi3HOMAHITHICTIO BasKIMBUX MPAKTUUHUX 3a-
CTOCYBaHb 3a/ay, SIKi B Hiil po3TsmaoTbes. 1o HUMX HaleXaTh IIJIaHYBaHHS y 6ara-
ThOX cepax BUPOOHMUIITBA, TAKMUX SIK OYIiBHUIITBO, XiMiUyHa Ta aBTOMOOi/JIbHA IIPO-
MMCJIOBiCTb, CiJIbChbKe rOCIIOIAPCTBO TOLIO; MMTAHHS ITOO0YI0BM PO3KIAIiB TPAHCIIO-
pTy i omTuMmisalii ysorictuku, mMobymoBa CXeM po3mapasie/lloBaHHS 00YMCIeHb Ha
EOM Ta 6araTo iHmoro.

Okpema yBara AOCTiIHMKIB Oyja IpuaijieHa 3amadyaM, e Ha TOPSIIOK BUKO-
HaHHS POOIT HaK/IaJeHi MesKi TeXHOJOTiuHi oomeskeHHs. OHi€l0 3 pPO3MOBCIOJIKe-
HUX MaTeMaTUYHUX Mojesieii MUX 3ajad € 3a7aui napajeJbHOTO YIHOPSIIKyBaHHS.
Bouu ¢opmyn00ThCS SIK KOMOIiHATOpPHI ONTMMIi3alliiiHi 3aadi Ha Opi€HTOBAaHUX
AIMKIIYHMX rpadax, BepIIMHM SKUX BiIIIOBigal0Th pob0TaM, a IyTM 3aJal0Th YacT-
KOBMIA MTOPSIZIOK 1X BUKOHAHHS.

KiacuyHOI0 BBaXkKaeTbCsl HACTYIHA IT0CTaHOBKA [1]. Hexait 3agaHo aumuKkiIiyHum

oprpad G (v,U ) Ta mapaMeTp-IIMPUHA h, SIKMIi BiIOBia€ HasIBHiil KiJIbKOCTi BU-
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KOHaBIIiB. HeoOXiHO MOOYyayBaTH Take YIOPSIAKYBAHHS S JOTO BepIMH, TOGTO po-
3MOAITUTY 1X MIXK MiCLSIMM, PO3TAllIOBAHMMM B JIiHiIO, B IKOMY:
e IOTPMMAHO BMKOHAHHSI TEXHOJIOTiUYHMX OOMEXeHb, TOOTO, SIKIIO MiX mde-

SIKMMU BEPUIMHAMM v, Ta v iCHYE IUIIXY G , TO v, 3HAXOIOUTLCS B S JIiBilIe 3a v | ;

e HA KOXHOMY MiCIli 3HAXOIUTbCS He Oi/bIlle h BepIINH,

e KUJIbKICTb HEIOPOKHIX MiCLib Y HbOMY | (J10TO JOBXMHA) € MiHIMaJIbHOIO.

JoBkMHA yIOPSAKYBaHHS € ¢hopmMaJiisalli€lo 3arajJibHOro0 Yacy BMKOHAHHS YCix
3aBJlaHb. BBa)XkaeThbCs, 1110 BUKOHABIII € YHiBepCAJIbHMMM, @ YaC BUKOHAHHS BCiX 3a-
BIAaHb € OJHAKOBUM Ta AOpiBHIOE 1. Taky 3amauy NpMITHATO mo3HavaTtu S (G,h,l).
OTpumaHe yHOpSIAKYBAaHHSI Ha3MBaIOTh IIiIJIbHUM, SKIIO HA KOXKHOMY MicCIli po3Ta-
IIIOBAHO PiBHO h BepILNH (Take YIIOPSAKYBAHHS 3aBXAV € ONTUMAaIbHUM).

Oxkpim 3apaui S(G,h,l) TaKOX pO3IJIsiZA€ThbCs 3agava S(G,1,h), B sKiii 3a 3a7a-
HOIO JOBXMHOKI YIOPSAKYBAaHHS MOTPiOHO IMOOYAyBaTy YIIOPSAKYBAaHHS 3 MiHiMa-
JIbHUM 3HAUE€HHSIM IV PUHMA.

B 3aranbHOMY BMUIAAKY L 3amaui BusiBUINUCS NP-BaXkumu, ToMy AJ1s1 3HaXO-
IKEHHST TOYHMX PO3B’SI3KiB 3aCTOCOBYIOThCSI METOM HAIlpaBJIe€HOTOo Iepedbopy, 30K-
peMa MeTOJ, TiJIoK Ta MeX. TOUHi MoJliHOMia/IbHi aJITOPUTMM BiloMi Jiuilie Ojs Ae-
SIKUX CHeliaJIbHUX BUTIAJIKIiB.

AHaniz ocraHHIX pocrimkeHb i myoOmikamii. OCKiJIbKM MOJiHOMia/JbHA
PO3B’SI3HICTh 3a7aui S(G,h,l) mpu pikcoBaHUX h > 2 € HEBiZOMOIO, TO OCHOBHUMMU
HaTpsIMKaMu TOCJIiIKeHb 11i€il 3a7aui € MOUTyK KaaciB rpadis, Ojs IKUX iCHYIOTb TO-
YHi MMoJIiHOMiaJ/IbHi aATOPUTMMU, Ta ITOOYI0Ba HAOIVKEeHMX aITOPUTMIB.

3HayHe MPOCYBAHHSI MPOTITOM OCTAaHHIX POKIiB OY/I0 3/Ii/iICHEHO B HAIIPSIMKY
o6yIOBU (1 + ¢ )-HABAMKEHUX AJITOPUTMIB, 1[0 MAIOTh KBA3iMoaiHOMialbHy CKJIa/I-
HicTb [2-5]. Haitkpalioio BiloMOI0 IO TOTO BiITHOCHOIO TOXMOKOI HAOJVMKeHUX aji-
TOPUTMIB 1S h = 3 O6yJIo 3HAUeHHS 4 /3 [6].

Takosk BefieThCsl aKTMBHA pO3pOOKa aIrOPUTMIB, SIKi 3aCHOBaHi Ha MeTaeBpUC-
TUKax, TaKuX K baecoBa onTtumisaiiis Ta reHeTu4uHi aaroputmu [7,8]. Okpim 1bOTO
MIPOBOASATHCS NOC/II)KEHHST B HAIIPSIMKY y3arajbHeHHS] TOUHMX BilOMMX MOJIiIHOMia-
JIbHUX QJITOPUTMIB JIJIs1 pO3LIMPEHHS Kjacy 3a7ay, IJIsl SKMX BOHM MOKYTb 3HaXOO M-
TU TOYHI po3B’s13ku [9,10].

OKpim KJIacM4YHOI 3a7la4i HAYKOBISIMM TaKOX PO3T/SAAIThCS 11 y3araJbHEHHS,
SIKi MalOTh YCKJIaJHEeHi CTPYKTYpU 3aBJaHb Ta BMKOHABIIiB, JOAATKOBI YMOBM Ha BU-

KOHaHHS Po6iT, iHIIi 1inboBi PyHKIIi, Tomo [11]. B 3B’513Ky 3 PO3BUTKOM TyMaHHUX
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00ulC/IeHb MPOTSITOM OCTAaHHIX POKiB, 6araTo pooiT MPUCBSIYEHi SOCIiIKEHHIO Ta-
KMX 33/1a4 B paMKax came Iiiei cepu 3acTocyBanHs [12].

B paMKax JOC/TiIKEHHSI METOY TIJIOK Ta MeX BeJeThCsl poOboTa 1010 MTOOYA0BMU
cxXeM Iepebopy AJIs1 y3araJibHEeHMX 3a7au i CKOPOUeHHS Iepebopy IIISIXOM YTOUHEH-
HSI OIL[iIHOK 3HM3Y MOBXMHM Ta BUK/IIOUEHHS TiJIOK, IO BiIMIOBiZalOTh i30MOpPOHUM
nigrpadam [13,14].

MeTa gocmimkeHHs. [1ocaianT oOMeskeHHs, 1[0 HaK/Iaga€ Ha IMPOMIiXKHI Ipa-
bu y MeToii TijIOK Ta MeX yMOBa IIIJIbHOCTI IIYKaHOTO YIOPSAKYyBaHHS. OTpuMaTu
HeOoOXiTHi YMOBM iCHYBaHHSI II[iJIbHOTO YIIOPSIIKYBaHHS Ta 3aIllpONOHYBaTH e(eKTH-
BHI MEeTOIM 1X TIepeBipPKU.

Bukiia OCHOBHOTO mMarepiany gocihigkeHHs. Y poborti [9] 6y/no mokasaHo,
o OyIb-sIKa KJIacUMYHA 3ajadva IMapayiesibHOTO YIOPSIAKYBAHHS MOXKe Oyne 3BeleHa
[IO 3a7a4i, B SIKii1 IITyKaHe YITOPSAKYBaHHS € 1iyibHMM. OUueBUIHOO IlepeBaroi Takoi
3a7avi € Te, M0 JOBXNMHA ONMTMMAJbHOTO YIIOPSAKYBAHHS Bioma i MOTpiOHO juiie
ioro mobymyBaTu.

[IinpHiCTh YIOPSIIKYBAHHS HAKIAIa€ PO JOAATKOBUX 0OMeXKeHb Ha MPOMIiKHI
YIIOPSAKYBaHHS, 110 OyAYIOThCSI IIPY BUKOPUCTAHHI MEeTOAY TiJIoK Ta Mex [13], Tomy
iX BpaxyBaHHS MOXe JO3BOJUTY 3HAYHO CKOPOTUTU KiJIbKIiCTh T1JIOK, 11O HiJJISITAI0Th
po3IJIsay.

BigzHauMmo crepiy, 1110 yepe3 Te, 110 JOBXMHA YIOPSIIKYBaHHS Bigoma, MO-
’KeMO BU3HAUMTU MICIIS, SIKi B YIOPSIAKYBaHHI MOsKe 3aiiMaTy KO>KHa 3 BepiinH. Po-
3IJISTHEMO y3arajbHeHy CXeMy BM3HaUeHHSI KPaiHbOro JIiBOTO Ta MPaBOro MicCIis, SIKi
B YIIOPSAKYBaHHI MOXe 3a/iMaTy BepIlyHa.

Ily1st BU3HaYeHHS LMX MICIlb B 3a4aui S(G,l,h) BUKOPUCTOBYIOThCS CIielliabHi

VIIOPSIAKYBaHHSI S Ta S [1] I[J'IH KOXHO1 BEPIIMHN v, BU3HAYAIOTHCSI MICLIS /i Ta

4, , SIKi BOHA 3aliMae B LVX YIIOPSAKYBaHHSX BiAIOBigHO. Toal MPOMIXKOK IOITyCTU-
MMX MiCIlb, II0O MOe 3aiiMaTu I BeplliyHa, BU3HAYAETbCSI HACTYIHMM UYMHOM:
[ﬁ ; ,u_l +1 - I_], Ie | — DOBKMHA KPUTUUHOTO XY Y Tpadi G .

BigmiTimo, 110 1iei aJfropuTM HEMOXKIMBO 3aCTOCYBaTH A0 3amaui S(G,h,l) B
3araJibHOMY BUMAJIKy, OCKiJIbKM TOBXMHA YIOPSIAKYBAaHHS € HEBiJOMOIO BEJIMUMHOIO.
[MToMiTMO TakoX, 1[0 B HaBeJeHMX MipKyBaHHSIX He BPaXOBY€EThCS iHdopmallist mpo
JIOITyCTUMY IIMPUHY YIOPSIAKYBAHHS h, 60 Ayist S(G,I,h) BOHA € IIYKaHOIO BeINYMU-

Ho1o. [IpoTe 17151 WIiITbHOTO YIOPSIAKYBAHHS B 3amavi S(G,h,|) oOMIBI BeMUUMHU €
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BiIOMMMM, TOMY 3MO3KEMO OiJIbIII TOUHO BU3HAUYMTM MEKi MOXK/IMBOIO pPO3TalllyBaH-

HSI BEpIIVH.

3HaueHHs y, Ta |- x, +1 MOXHA PO3IVIANATU SIK eJleMeHTapHI OLIiHKM 3HU3Y
TOBXVHU YIIOPSIAKYBAaHHS 1 niarpadis G, Ta G, , MOXIMBO IIOPOXKHIX, BePIUMHNA

AKMX MalOTh LUIAXYM IO BEPIUMHM v, Ta 3 Li€i BeplnHY BiAnosigHo. [ijicHo, x4, Ta

| - 4, +1 Ha OOVHMUINO OiNIbIIi 32 TOBXKMHU KPUTUYHUX LUISIXIB y IUX rpadax (Heoo-
XiJHICTb AOAABATM OAVHMIIO TI0B’S13aHa 3 BiICYTHICTIO BepIuMHHU v, y rpadax). Bpa-
XOBYIOUM, 1O BCi BepluyHM rpadiB G, Ta G, MalTb OyTM PO3TAIIOBAaHMMU B yIIODSI-

INKyBaHHI JIIBOPYY Ta IIpaBOpyyY Bif 17; BiAIIOBIAHO, MOXEMO 3aMiCTh JOBXVUHU KPU-

TUYHOTO IIJISIXY BUKOPUCTATU OY[b-SIKY iHINY BiIOMY OI[iHKY 3HMU3Y IJISI JOBXKUHU
YIIOPSIAKYBAHHSI, OCKUIBKM 1€ € TEeOPETUYHO MiHIMaJbHO MOXXJIMBOK KiJIbKiCTIO

MiCIlb, Ha SIKMX MOXYTb OyTM po3TalioBaHi Bci BepmmuM rpady. Takum dmHOM

OTpMMaeEMO ,U,EHKi YTOLIHeHi 3HAUYE€HHA ,uih Ta ,uih , SIKI MOKeMO BUKOPUCTOBYBATU

AHAaJIOTIYHUM UMHOM.

BigMiTMMO TaKoK, IO TaKi K MipKyBaHHSI MOKHA 3aCTOCOBYBATH ¥ IIpu 00UMC-

JIeHi OIiHOK, SIKi BUKOPUCTOBYIOTD CIiellia/ibHi yIIOpSAKYBaHHS S Ta S . TakKuMM 4n-

HOM 3MOKEMO MOBYAyBaTV YIMOPSAKYBAHHS S" Ta S", B SIKMX KOXKHA BEpIIMHA v,

rpady 3ajimae KpaiiHe JiiBe Ta KpaliHe MpaBe Miclle Y BiAMOBiJHOCTI 3 JesIKOIO OIliH-
KOIO JOBXMHM Aj1s rpadiB G, Ta G, . Ti OLiHKM, IO BUKOPUCTOBYIOTb YIOPSIIKY-

BaHHA S" Ta S" 3aMiCThb S Ta S GYAYTh YTOUHEHMMM OLIHKaMM JOBKVHM 3HU3Y.

3ayBaxxuMo, 10 YIOPSAAKYBaHHA S" Ta S" MaloTh [Bi KIIOYOBI BiIMiHHOCTI
BiJ, YIOpSIIKYBaHb S Ta S : MO-Ieplie, BOHM MOXYTb MaTy MOPOXHI MiCIs, MO-

Ipyre, iX DOBXUHM MOXYTb OyTM pisHuMM. Tak, HanpuKiaamd, ajas rpady K h=3

1,4

Ta 6a30BOI OL[IHKM JOBXVMHM YIIOPSAKYBaHHSA S' Ma€ IOPOKHE Ipyre Micle, ioro
IOBXKMHA OPIBHIOE 3, B TOJ Ke 4ac JOBXMHA YIIOPAAKyBaHHS S " mopiBHIOE 2. 3 1iei
TIPUUYMHM TIPU BM3HAUYEHI KPaiHbOTO MPABOro AOIMYCTMMOTO MiCIls B YIIOPSIIKyBaHHI

3aMiCTh JOBXMHU KPUTUYHOTO NIISIXY Y rpadi moTpi6HO BUKOPUCTOBYBATH TOBXKUHY

YIIOPSAAKYBAHHA S " .
VYci HaBeZleHi MipKyBaHHS ITiICYMOBAHO Y HACTYITHOMY aJTOPUTMi.

Aneopumm u3HaueHHs: NOMIMOK u|
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1. Bepuius 6€3 BXiTHUX OYT OTPUMYIOTh IOMiTKA ,uih =1.

2. Po3riissHeMO MHOXMHY BepIIMH V , SIKi IIle He Mal0Th [IOMITOK, a YCi IX rore-
peIHMKM BXe ITOMiueHi.

3. II1s1 KOKHOI BepLIMHY v, e V. TOGYAYEMO creliaibHe YIIOPSAKYBaHHS S, , B

SKOMY TOTIePEeIHMKY v, BepuMHM v, OyAyTh PO3TAINOBaHi BIiANOBIIHO Ha MiCIX

h
7

4. BepumuHa v, OTPUMYE IOMITKY 4 =1+ f(S), me f(-) — mesiKa Bioma OIliH-

Ka 3HU3Y AOBXWHMU YIIOPSIAKYBAHHSI.
5. ko y rpadi sanmummamcs BepuiMHM 6e3 IMTOMITOK IMOBepTaEMoCs Ha 2, iH-

aKlIle KiHellb.

AHasIoriudi MOMITKM ;' MOXXHA OTPMMATH, SIKIIO PyXaTMCh Bil BepIIMH, IO

He MaloTh BUXiTHUX IVT.
[lepeitmemo Terep A0 PO3IJSIAY 0OMeKeHb, 110 HaKjIaJa€ BMMOra IiIbHOCTI Ha
MIPOMiKHI yropsiakyBaHHsI. ToX Hexail Ha JesIKOMY eTartri IooygoBM JiepeBa posra-

JIy>KeHb BKe 3alIOBHEHMMM B YVIIOPSIAKYBAHHI € meplni k Micllb Ta HEpO3TalllOBaHU-

MM 3/IMIIAI0THCS BepnHY miarpady G . Byaemo posrasgaTt oomexkeHHs B TTOPSiJI-

KY CKJIaJHOCTI iX IepeBipKu.

OueBuaHO, SIKIIO Y rpadi G MeHIIle HiX h BiIKpUTHUX BepILINH, TO MMOOYIyBaTU

1IiJIbHe YIOPSIAKYBaHHS BXXe He BAACTbCS, TOMY ITOTOYHY TiJIKy MOKHA BiJICiKTH.

[TomiTMMO, 110 B MpOLIeCi pO3TallyBaHHSI BepUIMH MiArpadu G, 3aJuIIaloThCs

He3MIHHMMM, a OTKe 3HAYEHHS ITOMITOK . MOXHA [OpaxyBaTu OIMH pa3 IS Io-
YaTKOBOTO rpady G , BpaXOBYIOUM Y MOAABIIOMY, 1[0 iX 3HAUEHHSI MOTPiOHO po3r-

MSLIATH BifHOCHO BMXimHOTO rpady, a He rpady G (\/~ U ) (BOHM OYAYTb BiIPi3HATHUCS

Ha 3HAUeHHS Pi3HMII MK JOBXMHAMMU YIIOPSAKYBaHb S s LMX ABOX rpadis).
[lJis1 3pyYHOCTI MOJa/IbIIOT0 BUK/IAIeHHS OyIeMO BUKOPMUCTOBYBATH 3BeleHi IMOMiT-

KM KpaltHbOro IIpaBOrO MicClisl, sIKe BepliyHa MOXe 3aiiMaTu B YHOPSIIKYyBaHHi:

h
i

A= u+1-1",me 1" - mOBXKMHA YIIOPSAKYBAHHS S IS TOYaTKOBOTO rpady G .

Po3risiHeMo Telep MHOXMHU BepIIMH th = {vi eV 1] < j}, j=k+1,...,1,
TOOTO TMUX BepIINH, SIKi MalOTh OYTM PO3TalllOBaHi Yy ITYKAaHOMY YIOPSIIKYBaHHI 10
MicIl j BK/IIOYHO. 3 iHIIOTO OOKY, KiJIbKiCTh BepIIMH, 1[0 MOKHA pO3TalllyBaTy Ha

Micus 3 k +1 TO j AOPiBHIOE h * (j - k). 3pO3yMisio, [0 Y BUMNALKY, KOJIU MOTYX-
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HiCTb BiATIOBiHOI MHOXWHM TepeBUIIYE 110 KiJbKiCTh, TOOTO r/j“ >h#*(j-k), IIO-

OyayBaTM IIiJIbHE YIIOPSAKYBAHHSI TAKOX BXKe He BIACTbHCS i MOJAIbIIN PO3TaTysKeH-

HSI MOXXHA He IpOBOAUTHU. Big3Haummo, 110 JOAATKOBO MOXKHA Oy/I0 6 IepeBipsTH,

110 BCi MHOXMHMU V ].“, j=1,...,k € IOPOXHIMMU, IPOTE AOCTATHBO IEPEBIPUTH JIUIIIE

MHOXMHY V," , 3a M0o6ynoBoio. Ll nepeBipka BIMCYETHCS Y 3aTalbHY CXeMY, OCKi/Ib-

KU MaEeMO h=(k -k)=0. Maemo TSI IIbOTO BUITAZIKY

Al <k=1-k<1"—u"<1"- 4" +1, TOBTO HOBKMHA KPUTMYHOTO ISIXY Y G Gyzie
TepeBUILYBATU KiJIbKiCTb MiCllb JOCTYITHUX JJISI pO3TalTyBaHHSI.

3ayBakuMo, 110 TYT i Iaji, JOBXMHA KPUTUUHOTO IISIXY PO3YMIETHCS Y [IelI0
y3araJbHeHOMY CeHCi SIK MiHiMaJIbHa KiJIbKiCTh MiCllb, HEOOXigHA 11 pOo3TallyBaH-
HSI BCiX BepIIMH rpady BiIMOBiIHO A0 IeSIKOT0 KPUTEPilo.

Il7ist iepeBipKy HACTYITHUX OOMeKeHb MOTPIGHO OGUMCIUTY TIOMITKU x| IS

BepiuuH rpady G , [Ki Ha BigMiHy Bif 4, TOCTIIHO 3MiHIOIOTHCS BHACTITOK PO3Ta-

IIyBaHHA BEPIINH. Takox 6y;[eMo BUKOPUCTOBYBATU SBG,U,EHi MMOMITKM KpaVIHbOFO

JiBOTO OMTYCTUMOTO MICIST: A! = /' + k .

. - . h T "
TlopiBHsieMO Temep ISl KOXXHOI BePIIMHM MOMITKM A, Ta 2; . SIKIO 3HalifeTDb-

Cs1 TaKa BepIIMHA v, , IJIS SIKOT 4 > A , TO LiJIbHE YIOPSIAKYBaHHS MOGYAyBaTH Ta-

KOX He BIACTbhCSI, OCKIJIbKM AJIsI pO3MillleHHSI BCiX HAIlla[KiB Ta IOIepeaHUKIB Ifi€l

BepLIMHM 3HAZOOMTbCS Ginbile HDK |-k Michb: 2] > A = u/ + (IT— ) )> -k .

[lepeitnemMo Termep OO0 BepUIMH, [IOJaS9 SIKMX Ii IIOMITKM CIIiBIAJal0Th:

= A = j}, j=k+1,. 1. Bci BepmvHM MHOXMH V' MOXYTb GYyTM

h h
i i

\Y p = {vi eV :
pOo3TalloBaHi JMIlIe Ha MICIli j, TOJi, IKIIO Xoua 6 OJHA 3 HMUX MiCTUTH OiJibIlle HixK
h eJileMeHTiB, TO TaKOXX He OTPMMA€EMO IIiJibHe YyIopsaaKyBaHHsS. OTXXe, OTpUMau

<h.

HEeOoOXiJHY YMOBY: ’\/ A

3aIMIINIOCS PO3IVISIHYTY BEPLIMHM, ANS SIKUX 2] < A, . [I06yayeMO MHOXUHU

v :{vieV:jlgﬂih,

h . . . .
i, < 12}, k+1<j,<j,<I|, BCi BepIIMHMA LMUX MHOXWUH MO-

XKyTb OyTM pO3MillleHHi JMIlle Ha MiCLSIX 3 BiApi3Ky [j,; j,]. 3 iHIIOro 60Ky e gia-

I1a30H BMIIIYE h * (j, — j, +1) BepILINH, a OTXKe y BUIAKY, KON IIOTYKHICTb SIKOICh 3
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IMX MHOXMH IIepeBMINYy€E HaBeJeHe 3HAueHHS, TaKOXX He BIACThCS IOOYAyBaTH

h
jlvjz

1IiJIbHe YIOPSIAKYBaHHSI, TOOTO Ma€ BUKOHYBATUCh: ’\/ ‘ <hs(j, - j, +1).

[TimcymMOBYyIOUM PO3IJISIHYTI BUIAAKM, 0auMMo, 1[0 HEMOX/IMUBO OTPUMATHU

1IiJibHe YIOPSIAKYBaHHS yepe3 Te, 10 [/ PO3MillleHHSI BepliuH rpady G Heob6xif-
HO Gisbllie HiX | — k Miclb. A OTKe, IKOM BIAJIOCS MOOYAYBaTH OIiHKY 3HU3Y JOB-
SKMHM, IKa 6 BpaxoByBaJia BCi 3a3HaU€Hi XapaKTepPUCTUKU Y CTPYKTYpi rpady, TO He
MOTPiOHO OY/10 6 MMepeBipsSATH KOKEH ITyHKT OKPEMO.

BigMiTuMo, 1110 3 BUKOHAHHSI OCTaHHbO1 HEOOXiTHOI YMOBM iCHYBaHHS IIiJIbHO-

rO YIOPSIAKYBAaHHSI BUTUIMBAE BUKOHAHHSI MaikKe BCiX MOIepeaHix Oi/IbIII MPOCTIiMmmX

yMoOB. [To-mepiiie, 1erko mob6aumnTH, 10 Vjh =V, j=k+1..,0Tah*(j-j+1)=h,

ji?

d OT>XXe yMOBa OJid BEpPpHIMH 3 piBHI/IMI/I 3BeJeHVMU IMOMiTKaMM BUKOHYETbCA. ITo-

Apyre, SIKIIO M‘

=0,Tomi v, =V , j=k+1.. 0 ihx(j-(k+1)+1)=h=*(j-k),

TOOTO BMKOHYETHCS YMOBA JJIs1 BEpPILMH, IIpaBa 3BeJileHa MOMITKa SIKUX He TepeBu-

h

«+21 - BOHA He MICTUTh BiIKPUTHUX Bep-

mye j. Ilo-Tpere, pO3rissHEMO MHOXMUHY V

IIMH, OCKIJIbKM BCi BiZKpUTi BepIIMHM MalOTh OMITKMU /1? =k +1. Topxi, IKIIO iX Ki-

h
k+2,1

JIBKICTh MEHIIIA 3a h , TO MaTUMeMO ’\/ >h*(l-k)-h=hx(1-(k+2)+1), a0TXe

BimmosimHa ymoBa 6yze mopyuieHa. OcTaHHi IBi yMOBM, [TOB’sA3aHi 3 V,' Ta BepIuu-
HaMu, JJIST IKUX A, > A , MOXYTb OyTM 3aMiHeHi [epeBipKOI0 OBXKUHU KPUTUYHOTO

HISIXY Y G , SIK TTOKa3aHOo BUIIIe.
BigzHauMMo TaKoXK, 110 Maike B YCiX IMonepegHiX HeoOXigHMX YMOBaXx IepeBi-
psITOCsT OOMEXKeHHSI IMMOTYKHOCTI MiCllb, @ HE MOSK/IMBICTh iX 3amoBHeHHs. Tak, Ha-

MIPUKIIAT, MOKHA PO3IJISIIAT MHOXMHM BEPIIMH, SIKi MOXYTb OYTH pO3TalllOoBaHi Ha
: .\ h Toor . h__h . .

3a[aHOMY MPOMIKKY: V' = {vi eV :[ii,]n [ﬂ_i,/li ];& @}, k+1< j, <j,<I.Oue-

BUIHO, IO JJ1SI I[i/TbHOTO 3aIIOBHEHHS ITPOMIiKKY MiCI[b HEOOXiTHO, 1106 MOTYKHOCTI

BCiX LIMX MHOXWH Oy/IM He MEHIIMMM 3a h = (j, — j, + 1) . PO3I/IssHeMO Telep MHOXM-

h h

HU Vv Ta Vv

Co1 i1 et 3a moOYyIOBOIO, 1Ii MHOKIHM, SIKIIIO BOHY HEMOPOXXHi, MiCTSITh

BepIUVHM, SIKi MOXKHA pO3TAllyBaTM BMK/IIOYHO Ha IMPOMDKKax [k +1;j, —-1] Ta
[j, +1;1] BiAMOBigHO, @ OTXXe BOHM He MICTSTh CIIIbHMX e/leMeHTiB. binbul Toro, me-

peTuH V j“ 3 LIMMM MHOXMHAMM TaKOX € MOPOKHIM, OCKiJIbKM TIPOMIKKM He Tepe-
X

I

TMHAIOTbhCA, i TaKOXX MOXXHa HO68‘II/ITI/I, 1O KO>XHa BeEpIIMHA HaJIEKUTb HpMHaIZMHi
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OOHiV 3 UMX MHOXMH. ToAi y BUITaAKy HeAOCTAaTHbOI KiJIbKOCTi BepIIUH IJIsI PO3Mi-

IIeHHS ’\/EY]Z‘< h=(j, - j, +1) OTPUMAEMO, IO

h h h h
’\/kﬂ,jl-l UV12+1,| = '\/ku,jl-l + ’iju,l

=hx(-(j, +D)+ 1)+ h=((j, -1)- (k +1)+1),

s (1K)~ (G, -y + 1) = hos (k- 4§, -1) =

a Tomi, 3a mpuHIMnom Jipixjie, IpuHaIMHiI OgHAa 3 HEOOXiTHMX YMOB JIJISI MHO-

SKUMH Vk L TAY J.“m Oyme mopyuieHa. A OoTxXe, 1110 HEOOXiTHY YMOBY TaKOXX MOKHA
241,
He TepeBipsI T OKpeMoO.

HacrpaBzi, 061Bi 3a3HaueHi HEOOXigHI YMOBM MOKHA 00’€mHATH Y OOHY. IS
IIbOTO ITPOBEAEMO CITOUATKY ITepeTBOPEHHS HaJl YMOBOIO /ISl Aialla30HiB MicClib, abu

3BeCTM ii A0 OiybIn 3pyyHOro BuUrasAy. Posminmmo o6uaBi yactTuam GopmMynn Ha h

Ta  CKOPMUCTaeMOCS  TuUM, 10  JJid Va,ce Z,beN BUKOHYETHCS
a [a] . . .
a<brceo —<co =c, OCKIMbKM [-] € HecrmagHOK (QYHKI€, Toxi
o=
r‘v " 1
orpumaemo | -l < j - j +1 mma k+1< j, < j, <. [lepeHecemo Temep JiBo-

"
pyu mpaBy YacTMHY HepiBHOCTI Ta mogamo | A0 000X YaCTUH, TOAi IJIS TUX caMe

W\/Jl i

3HayeHb j,, j, MaTuMemo (j, - (1-j,)< 1. OCKIJIBKM OCTaHHSI HepiB-

HICTb Mae€ BUKOHYBATUCDH OJId BCiX 3HAU€Hb k +1 < j,<j,<1,TOBOHA € €KBiBaJIeHT-

jan

HOI0 HACTYITHIN:

k+1< j,< j, <l

|
"

max [(jll)+ +(Ij2)}<l.
PosrisiHeMo geTasnbHillle TOJAHKY, [0 YTBOPIOIOTH el Bupa3s. Jpyruit moma-
HOK BiJTIOBiia€ MiHiMa/IbHi} KiJTbKOCTi MiCllb, HEOOXiZHMX [IJIST pO3TalllyBaHHS Bep-

IIVH, 10 MOXYTb PO3TaIIOBYBAaTVCh BUK/IIOUHO HA MICLSIX 3 AianasoHy [j,; j,]. Ile-

plINii Ta TPeTiii MOMAHOK — MiHIMaJbHIi AOBXMHI KPUTUMYHUX NUISIXIB 37iBa Ta
CIIpaBa JIJis IMX BepIIMH BiaMmoBigHO.
PosriisiHeMO Terep BUMAAO0K, KOJU AOBXMHA KPUTUUHOTO IUISIXY MepeBUIIYE
| - k. VY IIbOMY BMIIQJKy 3HAMOyTbCS TaKi 3HAY€HHS j, > j,, OIS SKMX MHOXMHA
Fr\/_“_ 1
h Iy

v, , He 6yme nmopoxubowo. Toai Il UMX BEpUIMH MaeMo | |>1, i Tomi
) "
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[y
(jl—1)+i i

i +(-1j,)=1+(j, - j,)>1, 10 BIKCYETbCS Y 3arajbHy IepeBipKy. A
h

OTKe 3MOKEMO 00’€THATM I[I0 YMOBY 3 ITOIepeIHbOI0, 3aMiHMBIIN JOIYCTUMY 00-

JIaCThb Ha MHOXMHY 11ap (j,, j, ), A1 AKUX MHOXNMHA vjh He € MOpPOXHbOMW. lle He
X

iz

h

3MeHINye 3arajbHOCTi, OCKITbKM Yy BMIIAZKy j, < j, Ta V, =@ MaTMMeMO
F’\/j“j 1
(j, -1+ I—=1+0-j,)=1-1-(j, - j,) <, TOOTO yMOBa Gy/ie BUKOHAHA.

"
BigMiTHMO OKpemo, 10 AJis OBOX Iap 3HadeHb (j,, j,) Ta (j;, j,) TaKux, II0

h h

iy <0 d, €03V, =V, , MATMMEMO HaCTyIIHe CITiBBiTHOIIIEHHS
[ ; j,? [ iy 1
(i; -1)+ . [+ (- d5)= (i, - 1)+ . [+ (0= 3,) = (i = i) = (i = 0y) s
" "
W\/,-h,- 1
<(j,-1)+1—=1+(1-1j,), a omke Gymb-sike DPO3MIMPEHHS [iala3oHiB He

"
MIpU3BOAUTD 10 TOPYILIeHHS] YMOBM i PO3IJISiIaTH Ma€ CEHC JiMille HaliKOPOTIIIi 3 HUX.

H . . h . .
3 iHuroro 60Ky, y BUNAIKY j, = k +1, j, = | MHOXMHA V', MICTUTMME BCi Bep-

iz

IIMHY, 38 TIO6YIOBOIO MO3HAYOK 4; Ta 4, , TOGTO r/ "

i 2

‘ = h#*(l - k), OCKiJIbKM IIIyKa-

He YIIOPSAAKYBaHHS € I[iTbHUM. Toni OTPUMAEMO
h
| LI [hs(1=k)T )
(11—1)+i—;+(| —j,)=(k+1-1)+ —‘+(I ~1)=1, a OT)Ke IIYKaHMIT MaK-
h h

CUMMYM OOMEXeHMIi 3BepXy Ta 3HM3Y 3HAUCHHAM JOBXUHM YIIOPSAAKYBaHHS, i HEO6-
Xi,[[Ha YMOBa iCHYBaHHH H_[i.r[bHOFO YIIOPAOKYBAaHHS HpI/II'/'IMae OCTaTOYHUM BUTJIAN,:
RO 2 [N
a,b
| = max |(a—1)+|—|+(l—b)|.
(a b)) +o ’ h ‘ )

PosriisiHeMO Teriep K 3CyBU 3HaU€Hb ;Lih ,/1? Ha KOHCTAHTU A Ta A BiMIOBiZHO

BIUIMBAIOTh HA OTpMMaHMii Bupas. 3adikcyeMo [AesKy [OOBibHY Ilapy 3HaueHb

h

., # @ . Po3srnsiHeMo Temep mapy (a +A,b+ A), 3pO3yMijio, IO B paMKax

(a,b):Vv
3CYHYTUX ITO3HAYEHb MHOXMHA BEPIINH Vah+A b n CHiBHaﬂe 3 MHO>XIMHOIO Vah’b Yy BUXi-
AHUX TIO3HAUYEHHIX, a OT>Ke ,E[perf;I AJOOAaHOK BMpa3y He 3MiHUTBCSI. ,H,]IH TPpeTbOoro

84 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi TexHomnorii» 2 (151) 2024 «System technologies»

JOJaHKy MaeEMO (l + A )— (b + A ) =1 -b,a OTKe 3CyB TAaKOX He BIUIMBAE i HA JAOT0 3Ha-
yeHHSI. [IJIsI TepIoro A0JaHKy — (a+ A —1)= (a—-1)+ A, TOOTO MiACYMKOBe 3HAUEH-
HSI IIPaBO1 YaCTMHM 3MIiHUTHCS Ha A .

Big3HaueHi crnocTepeskeHHsS MOO3BOJSIIOTH IIepeiTu Bi PO3IJISIAY MOMITOK

h h .
.m0 u u'. TIpy 1LBOMY JOMyCTMMA MHOXMHA IIpuUiiMe  BUIVISL

~

h
i

b::@},ne ﬂ,lh

h h

X = {(a,b):l <a<|"1<b<!"V) — IOBXMHM YIIOPSAAKYBaHb S " Ta

mst rpady G, TyT i mani v,', GYOYIOTbCS, BUKOPMCTOBYIOUM 3HAYEHHS 4, u,

w
=

3amicTb 4., 4, , 6e3 smiHM mo3HavyeHb. Toi yMOBa IpuiiMe BUTIISIA:

|— ah,b
l=k+ max | (a—-1)+|
(a,b)eXL )

Taka (opMma € 6i/bIII 3BUYHOIO [IJISI METO/Y TiJIOK Ta M€K, OCKiJIbKM TeIlep BCi

=
N——

eJIeMeHTH, SIKi MPUIIMAalOTh YYacThb B MOLIYKY MaKCMMyMYy MOB’sSI3aHi JIuIIe 3 TPOMi-

XHUM TpadoM G . BBemeHa JOIycTMMa MHOXMHA TaKOX € OiNbII 3pYyUHOIO [JIS

OIpalfOBaHHs BUMAAKY 1" = |
V 3araJbHOMY BUIIAZIKY, OTPMMaHMIT MaKCUMyM Oy/ie OL[iHKOIO 3HU3Y JOBXUHA

VIIOPSIAKYBAHHS 1J1s1 TPOMiXKHOTO rpady G , 10 BUIUIMBAE 3 HABEIEHOTO BUILE aHA-
JIi3y IOAHKiB, 3 SIKMX BiH CKIaAA€ThCsI. MOKHA TaKOX IMepeKOHaTUCS, 110 BiH € y3a-
TraJIbHEHHSM BXe BioMUX OIiHOK [14]. Lle n03BoJisi€e O4iKyBaTH, 110 BUKOPUCTAHHS
TaKOi OI[IHKM 3HU3Y TAaKOX AO3BOJUTb CKOPOTUTU KUJIBKICTb PO3raiy’keHb Yy METOi
TiJIOK Ta MeX Yy 3aTaJibHOMY BUIIAIKY.

Hepeﬁ,aeMO Terep 4o MMTaHHA, K MOXXHa E(i)eKTI/IBHO 00UMCTIOBATH 3HAUEHHS

I[bOTO0 MaKCMMYyMY 3a BiOMMX 3HAUEHb (u You ) i=1,n.

CKOpUCTaEMOCST TUM, 10 MA€EMO MepeBipUTH BCi MPOMIXKKM [a;b] Mo dep3si. 3a-

dbikcyemo IesIKi 3HAYeHHS a Ta b. Jlerko rmobaunTy, jiife)

v =Vah’bu{vie\/~:yih=b+1,y_ihza}Tth =V /{viev LU, sb,,uih:a}.

a,b+1 a+l,b a,b

O6UMCIMMO CIIOYATKY YMCJIOBMIT MacuB V, , e Ha KOKHOMY Micti k =1,...,1"

6y/Ie 3HAXOAMUTUCh KiIbKiCTh BEPIINH, /IS AKMUX 4, = k , TOA] ’\/ﬂb

:zb:vh[k].uenae

3MOTy OOUMCUTY 3HAYEHHS BMUpas3y IS BCiX 3HAUeHb b 3a JIiHiiHMIT yac.
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[l lepexony 0 a = 2 MAaeEMO BUKIIOUUTU 3 PO3IJISIAY BCi BEPIIMHM, AJIST SIKUX

,uih = 1. ]I/ bOT0 JOCTAaTHLO Y MAaCKBi V, 3MEHIUMTH BiATIOBiAHI 3HAUEHHS Ha KiJlb-

KiCTb BepuIMH v, : u =k, x;' = 1. Ilic/Is 1[bOTO MaTMMeMO '\/;b

b
= > v, [k]. Tlpomos-
k=1

JKYIOUM TaKMM UMHOM 3HalIeMO IIIyKaHUii MaKCUMYyM.

[TomiTMMO TaKOX, IO SKIIO IMOIEpegHbO BiACOPTYEMO MacCUMB IMO3HAUYOK 3a

3POCTAHHSIM 4. , TO KOKHE 3HAYEHHS] MacuBYy MOTPiGHO Gyme BUKOpMUCTATH Jmiie 1

pas i cKIagHicTh aIropuTMy CKIasaTuMe O (ﬂ w1" 4 n).

[IceBmokon, 3aIIpOIMOHOBAHOTI'O aJITOPUTMY HaBeAE€HO Ha pUC. 1.

Bxi0Hi daHi: WWpWMHa yNnopAaaKyBaHHA fi,
nekcuKorpadiyHo BigcopToBaHWiA Mmacue nap L = {(ﬂ,p:‘) ,i= L_n}

BuxioHi daHi: 3HAYEHHA OLLIHKKM 3HM3Y [.
procedure enh_lower_estimate(L, h)

Fanin, = 00 18 Ty = max; ()
fork = E11:1in to Ema:-c

‘ V}z[k] = 0;

end for

fori=1ton

‘ Vi [.ufl] =V [H?] +1

end for

[=0;j=1;
whilej<n

cnt = 0;

fork = -Hmin to -Emax
ent = cnt + Vi [k];
if ent > 0then

B o cnt]  _

= max(r’,#_j— 1+ [T] F ey — k);
end if

end for

while j < n and (j =1lor #}1—1 = F‘}I)

w ] =[] 1

j=j+1

end while

end while

return [;
end procedure

PucyHok 1 — ITceBOoKo/i 00UMC/IeHHS OIiHKM It JOBi/IbHOTO rpady
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V BUmaAKy, KOIU YIIOPAAKYBaHHA S' Ta S" cHiBmagaioTh (BCi BepLIMHM 3HA-

XOJSATHCSI HA KPUTUYHUX [UISIXaX), 00UMCIeHHSI MOKe O6yTY MPUIIBUAIIIEHE 0 JiHii-

HOi crnagHocTi O ("), OCKimbKM 4 = 4',i=1,n i KiIBKICTD BepmmH y V', MOXHA
00UYUCIUTH, TiJCYMYBaBIIM KiJIbKOCTi BEpIIMH HA MiCIISIX 3 a T10 b B YIOPSAKYBaHHI

s" (s").

1<a<b<|

LlinboBa QYHKILS MpUitMae BUTTISITL  max {(a -1) } —z ‘S [i ]‘ ] IMo-

MITMMO, L0 eleMeHT |" € cramuMm, a | = (b — a +1) JOPIBHIOE KiJIbKOCTI MiCI[b, 110
MpUiiMae y4yacTb y HifICYyMyBaHHi, TOJi IMMOITYK MaKCMMYyMY 3BOAUTHCS A0 HACTYITHOL
3a/1a4i:

1<a<b<|

max h(rii‘s y Zb:‘s ‘ 1‘ leﬁilhIri[i i[i]‘_uhﬂz

h i=a

f i(\ w5 e 3 (6000

1<a<bz<l ‘ h 1<a<b<i" _
Tob6To oTpumManu 3agavy MOIIYKY 6e3repepBHOI MOCTiTOBHOCTI 3 eJileMeHTaMU

\g [i]‘— h, IKa Ma€e MakCMMajabHy cymy. Taka 3amadya e(heKTUBHO PO3B’SI3YETHCS 3a

monomoroo aaroputmy Kagasa [15], ckaagHicTs gkoro i ckmagae o (1").

ITceBAOKO/ IIbOT'O AJITOPUTMY HaBeIeHO Ha puC. 2.

BxiOHi daHi: WWMpWMHAa ynopAAKyBaHHA h,
MaCMB NOTYKHOCTEW MIiCUb YNOPAAKYBaHHA Sih: C= {|Sr-h| =1, .. ,ﬂ}.

BuxioHi AaHi: 3HaUEHHA OLLIHKK 3HU3Y [.
procedure enh_lower_estimate_cp(C, h)
ent = 0;1=1"1:=0;
fori=1tol"

ent == ent + C[i];

Il=1+1;

if ecnt = l* hthen

- . [ent

[= max(l,[T] + 1" — l);
else

| cnt == 0;1:=0;

end if

end for

return [;
end procedure

PucyHok 2 — IlceBmoKo/ 06UMcIeHHS OI[iHKM 1IJ1s rpady,

BCi BEpHINMHMU IKOT'O 3HAXOASATHCA Ha KPUTUMUYHUX IIJISAIXaX
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BucHOBKM. Byj10 pOo3IJISHYTO i JOC/TiIKeHO HU3KY HEOOXiZHMX YMOB iCHYBaHHS
HIIJIBHOTO YTIOPSIAKYBAHHS, TTOB’SI3aHUX 3 OOMEXKEHICTI0 MOTYXKHOCTi MiCI[b Ta MOX-
JUBICTIO iX 3amoBHeHHS. Lli yMoBU Bmasocsi o6’emHaTy B OOHY Ta 3alpPOIIOHYBATU
eekTMBHMIT aITOPUTM ii TTepeBipKu.

B pe3ynbTaTi TakKox Oy/JM OTpMMAaHi HOBi yTOUHEHi OI[iHKM 3HMU3Y OOBXUHU

VIIOPSAAKYBAHHSA Ta 3aIlPOIIOHOBAHI y3arajlbHeHHS CIIeLiaJbHUX YIOPAAKYBaHb S

Ta ", IKi BpaXOBYIOTh 3HAYEHHS IUMPUHA h .

[TomanbIIoro JOCTiAKeHHS TOTpebye eKcriepMMeHTa/IbHa OlliHKa ITPUCKOPEeHHS
MeTOAy TUJIOK Ta MeX IIPU BUKOPUCTAHHI 3alIPOIIOHOBAHMX OL[IHOK JOBXUHU YIIOPSI-
IKYBaHHS, K )i rpadiB 3 HMIiIbHMM YIIOPSIIKYBAHHSIM, TakK i B 3araJJbHOMY BUITa -
Ky. LlikaBMM TaKOK € MOIIYK KjaciB rpadis, IJs SKMX OTPMMAaHi OLIiHKM JAI0Th TOY-
He 3HAUeHHS JOBXMHM, Ta BUBUEHHSI aJITOPUTMIB, 3aCHOBAHMX Ha METOZi TiJIOK Ta
MeX 3 00MeKeHOI0 TJIMOMHOIO MOIIYKY.
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On the necessary conditions for the existence of dense sequencing
in the classical parallel sequencing problem
The rapid development of the scheduling theory in the middle of the last century
was linked to the variety of important practical applications of the problems it considers.
Special attention was paid to problems in which the order of job execution is subject to
certain technological constraints. One of the common mathematical models of these
problems is the parallel sequencing problem.
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We consider the classical problem of minimizing the length of a sequencing for a
given width, in which the target sequencing is dense. Since the polynomial tractability of
these problems for fixed width > 2 is unknown, the main areas of research on this prob-
lem include searching for classes of graphs for which exact polynomial algorithms exist,
developing approximate algorithms and ways to prune state space search schemes.

Substantial progress has been made in recent years in the development of approxi-
mate algorithms with quasi-polynomial complexity and algorithms based on
metaheuristics.

In addition to the classical problem, scientists also consider its generalizations,
which have more complex structures of jobs and workers, additional constraints on the
job execution, other objective functions, etc. Due to the development of fog computing in
recent years, many articles have been devoted to the study of such problems within this
particular application area.

The aim of this study was to investigate the constraints imposed on intermediate
graphs by the condition of density of the target sequencing in the branch-and-bound
method, to derive the necessary conditions for the existence of a dense sequencing and to
propose methods to test them.

The necessary conditions for the existence of a dense sequencing when using the
branch-and-bound method, related to the limited capacity of places and the possibility of
filling them, are investigated. The obtained conditions were reduced to a single one, and
efficient algorithms to test it in general and for graphs with all vertices on critical paths
were proposed. In addition, the study also resulted in new improved lower bound esti-
mates of the sequencing length and generalization of special sequencings in which the
vertices occupy the leftmost and rightmost possible places, that take into account the se-
quencing width.

Keywords: graphs, combinatorial optimization, scheduling theory, branch-and-
bound method, graph labeling, dense sequencings, optimal vertex distribution.
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NEURAL NETWORK-ASSISTED CONTINUOUS EMBEDDING
OF UNIVARIATE DATA STREAMS FOR TIME SERIES ANALYSIS

Abstract. Univariate time series analysis is a universal problem that arises in various science and
engineering fields and the approaches and methods developed around this problem are diverse
and numerous. These methods, however, often require the univariate data stream to be
transformed into a sequence of higher dimensional vectors (embeddings). In this article, we
explore the existing embedding methods, examine their capabilities to perform in real time, and
propose a new approach that couples the classical methods with the neural network based ones
to yield results that are better in both accuracy and computational performance. Specifically, the
Broomhead King inspired embedding algorithm implemented in a form of an autoencoder neural
network is employed to produce unique and smooth representation of the input data fragments in
the latent space.

Keywords: time series analysis, time series embedding, dimensionality reduction

Introduction. Time series analysis is the process of extracting information
from the series of data points in an attempt to obtain useful information about the
system that produced it or to predict the next values in the series. The simplest form
of the time series is a univariate series or just a sequence of one-dimensional
measurements. If the system that the data was obtained from is sufficiently complex,
the time series may exhibit periodic, quasi-periodic, chaotic behavior, drift, etc. It is
easy for a human to see whether these behaviors are present or not simply by looking
at the plotted sequence of data points, but this can hardly qualify as proper analysis.
Luckily, there are methods developed in different fields that can be used for
identification and quantification of different properties of the time series data. Most
of these methods, however, have a hard requirements for the dimensionality of the
problem and can yield nonsensical results if the dimension of the problem they are
applied to is too low or too high. This issue can be solved by embedding the available
time series data into a higher-dimensional space where the analysis methods can be
applied.

© Koshel E., 2024
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Time series embedding is a mapping between the segments of the time series
data and some vector space R"™. This mapping is expected to be an injective function

that produces a smooth trajectory of embedding vectors for adjacent time series data
segments. In the following sections, we examine some of the methods for producing
time series embeddings, see how well they are able to uphold the requirements listed
earlier, compare their ability to preserve the qualitative characteristics of their
source system, their resistance to noise, and the overall computational cost of each
method.

Literature Review. The broad definition of time series embedding provides a
lot of flexibility in selecting the mapping functions. Below is the review of some of
the classical transformation methods.

One of the most well-known ways of embedding the time series data is the
short-time Fourier transform (STFT) and related wavelet transform-based methods
(WTs) which are widely used for feature extraction from a variety of signals [7, 10, 17]
by transitioning from temporal to frequency domain representation of signal frames.
The STFT algorithm is defined as follows:

1. Break down the signal into short overlapping frames.

2. Apply a window function to each frame to suppress the high frequency
artifacts at the edges.

3. Pad the windowed frame with zeros to achieve the required frequency
resolution and/or achieve the length required for fast Fourier transform (FFT) to
have maximum efficiency.

4. Compute the discrete Fourier transform of the padded windowed frame.

5. Compute the squares of the first half of the resulting vector to obtain the
relative magnitude of the frequencies that make up the original signal frame.

The STFT’s result is a sequence of n-dimensional vectors where n is the number
of “frequency bins” that depends on the chosen length of the frame. Selecting longer
frames will result in more available frequency bins and thus higher resolution in the
frequency domain representation of the signal. But this will not only introduce
latency but also lower the temporal resolution of the STFT because the frequency
information will be spread out over the longer stretches of the signal.

Another well-known class of embedding methods is time-delay based and is
intended for phase-space reconstruction of dynamical systems but also used for
feature extraction [3, 5] and data mining applications [14]. These methods operate
under the assumption that there exists a twice-differentiable observation function
a:R™ — R that maps all points on the m-dimensional attractor of the smooth map
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f:R™ — R™ to real numbers so that an embedding function can be constructed in

the following form:

o) = (aC0), a(£(0),....a(F (X)),
a(fiX) = xs,

where X is a point on the attractor in R™ space, x, is the time-series observation at

D

time t, and t; are lag values that specify the distance in time between the current

point and its neighbors.

When performing a time-delay embedding, the researchers must solve two
problems. First one is selecting a proper embedding dimension k which, according to
the Takens’s theorem [16], would ensure that the dynamics of the embedded
trajectory will be completely equivalent to the dynamics of the original system. The
second problem is selecting the proper lag values 7; which is especially difficult

considering that the Takens’s theorem doesn’t provide any guidance regarding this
and assumes that the time series is not noisy and only considers the minimal lag
time of 1.

To solve these problems, either separated or unified approaches can be taken.
Separated approaches start by selecting the time delay value T and use it to estimate

the optimal embedding dimension employing one of the False Nearest Neighbors
algorithm variations [2, 8, 9, 13]. The optimal embedding dimension is usually
selected based on values of some statistic. Unified methods recognize the
interdependence between the delay values and the embedding dimensions and
employ methods that allow them to select the t; values dynamically as they increase

the dimension of the embedding during the “embedding cycles”, essentially
optimizing the delay times and the dimensions in parallel. One prominent example
of the unified approaches is the PECUZAL algorithm [15] which uses two statistics to
objectively evaluate the quality of the embedding and decide whether or not to
continue increasing the number of dimensions and select appropriate delay values
for each dimension.

There is also an alternative to the delay embedding which applies more
complex transformations to the time series to obtain trajectories in a higher-
dimensional space. One such alternative is the Broomhead-King method for
extracting qualitative dynamics from experimental data [1]. It applies the Takens’s
theorem directly to the time series with the smallest possible delay and an
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embedding dimension d. Then singular value decomposition (SVD) is performed on
the resulting embedding:

xl xz e xd
1 X2 X3 v Xd+
X =— : : . S =U-S VT (2)
v IN
XN—d+1 Xn-d+2 Xn

where N is the length of the time series, x; is the value from time series adjusted to

have the mean of 0, U is the new embedding space, S is a diagonal matrix that holds
the “importance values” of each column of U. Since by the definition of SVD the
matrix U is a unitary one, its columns form an orthonormal basis which means that
the components of the high-dimensional trajectory it describes are guaranteed to
not contain correlations and redundant information. The properties of the matrix S
also allow the researchers to judge the level of importance of each of the columns of
U and reduce its dimensionality by dropping columns with importance lower than
some specified threshold.

Research methodology and results. The methods discussed above provide a
reliable set of tools for time series embedding, dimensionality estimation and
reduction. To make the further discussion easier, let us introduce some definitions
and generalizations.

First, observe how the definitions of all the methods from the previous section
can be rewritten in terms of matrix multiplication. The STFT is based on the discrete
Fourier transform which can be expressed as a square complex-valued
transformation matrix that the signal is multiplied by:

1 1 1
N-1
1 (1 w w
W==: @ : ’ (3)
1 V1 . w:jj_-\r—lju N—1)

where w = e/,

Similarly, the delay embedding methods can be reduced to a problem of finding
a rectangular matrix that yields an embedding vector given a signal segment:

1 7 14

. 21 33 Az g

A=l oo ) “
Armaxl  Qrpax2 A maxd

where columns of A are unitary vectors and Vj3i: a;; = 1. The number of columns d

is the embedding dimension and the number of rows is given by the largest selected
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delay value. As for the Broomhead-King approach, the transformation matrix can be
trivially derived from its definition in (2):

A=Wm)y= .87t =y.571 (5)

Notably, the matrices (4) and (5) both describe which values of the time series
segment contribute to the embedding vector by assigning coefficients to them. The
difference is that the matrix (4) is very rigid and can only “select” one value from the
time series per its column. The matrix (5), however, is a lot more flexible and can
incorporate multiple time series values into a single embedding vector component,
which is very similar to how the discrete Fourier transformation matrix operates.

Second, let’s examine the equation (1) more closely. It introduces the
assumption that there exists some unknown observation function « that associates
real numbers to high-dimensional points on the attractor. Its definition does not
constrain it to any particular structure and only requires it to be twice-differentiable.
In practice, however, it is almost always assumed to be a linear transformation that
selects a single coordinate from each point on the attractor. This assumption also

informs the « ( fix )) = X, equation which in the real world applications almost

never the case due to the presence of noise and the fact that neither the map f nor
the function « are known. Considering (3) and (5), the second part of the equation

(1) can be rewritten as follows:
Cf(fi(X)) = B(xXe, Xe—1snees Xe-1) (6)

where B:R' — R is the feature extraction function that maps time series segments to
the codomain of the unknown observation function «.

All of the above implies that if an optimal embedding can be achieved using
matrices of type (4) and the properties of the SVD transformation show that an
equally valid alternative embedding can be achieved with matrices of type (5), then
an optimization problem can be formulated that optimizes the equation (6) with
respect to a loss function designed to enforce the objective statistics used to evaluate
the quality of the embedding in unified embedding methods.

Since both « and f functions are unknown, a data-driven approach for their
modeling can be employed. More specifically, an autoencoder neural network
architecture can be used to find a model that accurately maps the time series data to
the codomains of « and f and back. The main idea of an autoencoder is to couple

two functions - encoder E and decoder D — such that x = D(E (x)) with the goal of
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either increasing or decreasing the dimensionality of x in some latent space.
Applying this idea with the context of equations (1) and (4), we get the following:

E([xexe—1,0n Xe-1]) :.B(Xt'xt—l ----- xe—y) =Y,
DY) =a(f* (X)) = x.

The advantage of using this neural network-based approach is that the

(7)

structure of functions E and D is not limited to linear transformations like all the
methods discussed in the previous section and can contain any number of
nonlinearities that can be tailored to a specific time series being analyzed.

Let’s now examine the performance of each of the discussed embedding
methods using some synthetic data. It’s best to chose a well-known system to make
the benchmarking of it easier to reproduce in different computing environments,
which is why the chaotic regime of the Lorenz system will be examined in the
examples below. However, to acknowledge the previous remarks about the
observation function « , it will be altered and instead of picking a specific coordinate

of the points on the attractor, it will compute the norm of each point. To evaluate the
preservation of the qualitative characteristics of the original attractor in the
embedding space, their Lyapunov spectra will be compared.
All computations and simulations will be done using the Julia programming
language and its various packages.
The system and the observation function that is used to generate the synthetic
time series data are as follows:
x=aly—x)
y=xlp—2)—y,
z=xy—pz ®8)
g=10,p = 28,5 =8/3,
a(X) = [1X1]

The shape of the time series generated by (7) and modified to have a mean of 0.

To obtain the STFT embedding of the test time series, we set the matrix (3) size
to 10 and apply it to windows of the time series with same length which have 9
overlapping samples. This transformation is different from all the others because it
yields complex numbers in its output which makes it difficult to visualize. For the
purposes of demonstration, we will avoid plotting the norms of the embeddings and
instead simply omit their imaginary parts. This will help us to keep the output
smooth and comparable to other embedding methods.
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Next, the PECUZAL algorithm is applied to the time series and is used to select
the embedding dimension and the delay values. In this example, the Julia
implementation of the algorithm from the DelayEmbeddings.jl [4] package was used.
No extra parameters were supplied to the algorithm aside from the time series itself.

The Broomhead-King algorithm was supplied two parameters for constructing
the embedding — the time series data itself and the target embedding dimension of
20. The matrix (5) was constructed using the algorithm’s output and all columns of
the resulting matrix were discarded except the first 3. In this example, the Julia
implementation of the algorithm from the ChaosTools.jl [4] package was used.

Finally, for constructing the autoencoder model, two simple linear models were
selected and trained:

E(x)=A.x +b,,
D(y) :Ady+bd}

where A, is a N by m matrix that maps N points of the trajectory into the m

)

dimensional latent space, A; is a m by 1 matrix that maps the points in the latent

space to the last point of the converted segment of the time series as shown in (7).
The b, and b, are the bias vectors.

To compare the quality of each embedding, let’s calculate their respective
Lyapunov spectra to see how well they preserve the dynamics of the original system.
Since the embedded trajectories do not have analytical representations, numerical
approach to calculating the spectrum will be used. The algorithm that is used is a QR
decomposition-based one described in [6] but instead of using the analytical
representation of the original map, the local Jacobian matrix is computed
numerically for each point based on its nearest neighbors using the algorithm
from [11]. The Lyapunov spectra values are given in Table 1.

Another embedding quality measure that we can use is the L statistic that the
PECUZAL algorithm uses to evaluate the quality of its own embeddings, the higher
the value of the statistic, the less correlation there is between the components of the
embedding vector The values of the L statistic for the original system trajectory and
each of the embeddings are presented in the Table 2.
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Table 1

Lyapunov spectrum values for the actual attractor compared to the values calculated

for the trajectories in the embedding spaces

Broomhead-
True values STFT PECUZAL ) Autoencoder
King
Ay 0.91 3.9 2.18 0.04 1.9
Ay 0 1.08 0.5 0 0.22
Az -14.57 -28.02 -13 -0.19 -12.07

As evident from both the Table 1 and Table 2, most embedding methods were
able to accurately reconstruct the trajectory in a way that preserved the original
dynamics of the system. The only outlier is the Broomhead-King approach that
turned out to not have the amount of information in its first few columns required to
create reliable embeddings.

Table 2

L statistic values for the actual attractor compared to the values calculated

for the trajectories in the embedding spaces

Broomhead-
True values STFT PECUZAL . Autoencoder
King
‘ -0.09 ‘ 1.41 ‘ 0.43 ‘ -0.48 ‘ 0.4

Another thing to point out is that the autoencoder can sometimes produce
intersecting trajectories if the loss function is not constructed properly or its non-
linearities do not allow for the valid behavior to be achieved [12].

Conclusions. In this article, we demonstrated and evaluated the performance
of different embedding methods and provided a basic framework for constructing
new embedding algorithms based on the autoencoder neural network approach.
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HeltipoHHo-mepexcesuli nioxio 0o HenepepeéHo20 8K1A0eHHA 00HOBUMIPHUX NOMOKie
daHux 0215 aHa1i3y 4acoeux psaoie é peajibHOMY Uaci

3adaua eéxknadeHHs 00HOBUMIPHUX UACO8UX PAdi8 y bazamosumipHi npocmopu oyxe
po3nosciodxceHa i 3ycmpiuaemecss y 6azamvox 2any3six 0ocnioxceHb. Memoou, sKi
po38’sa3ytoms yio 3adauy, 3a3suudii NOK1adarmscs Ha my 4u iHWy Gopmy 8K1a0aHHs 3
3ampumKoi, sIKe PeKOHCMPYWE (paszosuti npocmip HegidoMOi cucmemu ULISIXOM
acoyito8aHHs 3HAUEHb UaAC08020 pAdY 3 icmopuuHuMu daHumu. Mu nponoHyemo 6inbul
2HYUKUTi Memod, AKuli UKOPUCIMOBYE npasuia 0J1s1 KOMOIHY8AHHS 3HAUEHb UACOB8020 PSi-
0y, wjo6 cmeopumu 8KAA0eHHS, AKi € OibW penpe3eHmamueHUMU Wodo 83AEMO038°3KY
0aHux 4acosozo psidy 00He 3 00HUM.
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HallioHaJbHOTO YHiBepcuTeTy iMmeHi Osecst [oHuUapa.

Koshel Eugene - postgraduate student, department of computer technologies, Oles
Honchar Dnipro National University.
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O.I. Babauenko, P.B. ITogonbcbkuit, I'.A. KOHOHEHKO,
0.€. Mepkynos, O.A. Cadpponosa, C.O. [lygueHKO
AHAJII3 BIIMBY HIBUAKOCTI OXOJIOJIKEHHS HA TBEPIICTDH CTAJIEN
IJISI 3AJIIBHUYHUX PEMOK IEPJIITHOI'O TA BEMHITHOI'O KJIACY

AHomayis. llpoyec ekcnayamayii mpaHcnopmHux 3acobis BU3HAYAE B3AEMOOI Koeca 1 peliKu.
Bio napamempis yb020 npoyecy 6azamo 8 yomy 3anexams 6e3nexa pyxy ma OCHOBHI MeXHIKO
eKOHOMIYHI NOKA3HUKU 20CN00apcms Ko/ii ma pyxomo2o cknady. Pe3ynbmamom € 8naus, Wo
BUHUKAE BIO mepms KOYeHHs 1 0C06/1UBO B0 mepms KOB3AHHS KoJeca no peliyi npu 2anbmMysaH
Hi, BIOHOCHO UYux 3MiH BI00YBAEMbCA ICMOMHeE 3pPOCMAHHS THMEHCUBHOCMI 3HOWYBAHHSA KOJIC
pYyXoMo20 CKNaody, sKe, 8 CBOK Yepay MOxe npussecmu 00 KamacmpogiyHux pe3yabmamis 014
JIOKOMOMUBHO20 20cnodapcmsa. Takox 8 npoueci ekcnayamauyii peliku 8 6i1bwocmi 8UNAoKis
ymsopiolomsca Oeekmu, Wo Maoms Xapakmep CKAGOHOHABAHMAXEHO20 CMAHy: ii 20/108Ka
nio0aemeCa 3HOWYBAHHIO, 3MUHAHHIO, PO3MPICKYBAHHIO T BUKPUWYBAHHIO, B MEMAn MOXYmb
pO3BUBAMUCSA KOHMAKMHO BMOMHI NOWKOOXeHHA. B nepaimHux cmanax 3HOCOCMIUKICMb 3a
be3neyyemsCs 3a PaxyHOK BUCOKO20 BMICMY By2/ieylo 1 Maaoi BIOCMAHT MiX NaacmuHamu nepi
my (wo doca2aemsca 3a paxyHOK npouyecy 3a2apmyBsaHHsA 20/108KU peliku), AKi 06udsa niosu
wytoms meepdicms. Buxoda4u 3 0ocnioxeHb 0OCMAHHIX POKIB BIOOMO, WO MIYHICMb NepaimHUX
pelikosux cmaneli docsena mexi. Kpim mo2o, nooasbuie 36ibWeHHs 8Micmy 8y2/ieyio BnauHe Ha
yoapHy B'A3Kicmb ma 38aposaHicme mamepianis peliok. Omixe, iCHye 2ocmpa nompeba 8 THWUX
anbmepHamusHux mamepianax. beliHimHa cmanb, wjo 3abe3neqye K BUCOKY MiyHICMb, MaK i
BIOMIHHY NIACMUYHICMb, BBAXAEMbCA 00HUM 3 HALOINbW NepcneKmuBHUX HaNPAMKIB. BcmaHo
B8/1eH0, Wo 00caidOHa cmanb npu weudkocmi oxonodxeHHs 8io 0,2 “C/c do 0,52 °C/c mae beliHim
HY CMpyKmypy 3 HeBeJIUKOIO KiIbKICMI MapmeHcumy ma aycmeHimy 3a1UWKO8020; npu 36i1b
weHi weudkocmi oxono0xerHHs 8i0 1,3 °C/c  cmpykmypy mapmeHcumy 3 aycmeHimom 3a1ULKO
8UM.
Knwo4osi cnosa: 3ani3HUYHa pelika, nepaim, 6eliHim, 3HoCOCMIlKICMb, KOS,
Beryn

[Ipomec exkcruryaTtallii TpaHCIOPTHMX 3aCO0iB BM3HAUa€ B3a€MOJisl Kojeca i
peiiku. Bim mapamMeTpiB 1bOTO Mpoliecy 6araTo B YoMy 3ajexkaTb Oe3leka pyxy Ta
OCHOBHI TeXHiKO-eKOHOMiUHi MOKa3HMKM TOCMOAAPCTB KOJIii Ta PyXOMOTO CKIamy.
Pe3ynbTaTOM € BIUIMB, 110 BUHMKAE Bill T€PTS KOUEHHS i 0COOJMBO Bif TepTsl KOB-

3aHHS KOJjIeca Mo pejiri Mpy raJibMyBaHHi, BiTHOCHO IIMX 3MiH BiIOyBa€ThCS iCTOTHE

© Babauenko O.I., [Togonabcbkuii P.B., Kono"enko I'.A.,
Mepkynos O.€., Cadbponona O.A., Iynuenko C.O., 2024
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3pOCTaHHS IHTEHCUMBHOCTI 3HOIIYBAaHHS KOJIiC pyXOMOTO cKiagy [1], sike, B CBOIO 4ep-
Iy, MOKe TIPM3BECTM 0 KaTacTpodiuHMX pe3y/bTaTiB /IS JJOKOMOTMBHOIO TOCIIO-
mapctBa. Takox B IMpoOIIeci ekcruTyartallii peiiku [2] B 6ibIIOCTi BUMAAKIB YTBOPIO-
I0TbCSl MedeKTH, 0 MalOTh XapaKTep CKJIaJHOHABAHTAXXEHOTO CTaHy: ii rOJOBKa
MiA0a€ThCS 3HOLIYBAHHIO, 3MMHAHHIO, PO3TPiCKYBaHHIO i BUKPUIITYBaHHIO, B MeTasli
MOXYTb PO3BMBATUCSI KOHTAKTHO-BTOMHI ITOIIKOKeHHS [3].

VY nepiiTHUX CTaIsIX 3HOCOCTIMKiCTh 3pOCTA€ B Mipy 30i/IbIIIEHHS BMIiCTY BYTJIe-
1110 i 3MEeHIIIeHHSI MDKIUIAaCTMHYACTOI IepJIiTHOI BigcTaHi. [lepiT cKiamaeThCs 3 ma-
CTUH IIepJliTHOroO peputy i Kapbimy 3asisa 10 YepryrThCs, BilcCTaHb MiX IJIaCTMHA-
MM 3MIHIOETBCS B 3aJIEKHOCTI Bif, TemmepaTypu YTBOpPEHHS BiAMOBIZHO O YMOB
OXOJIOMXKEHHSI PeyKM ITic/as MpoKaTKMU. IIpu 306inblIeHH]I IIBUAKOCTI OXOJIOMIKEHHS
BiJICTAaHb MiK peiikaMM IIepJliTy 3MEeHITYEThCS, OTKe, 30ibITYEThCSI TBEPIIiCTD, SIKa
3a6e3MmevuyeThCsl B peitkax 3 TepMO0OOPOOIeHO rOJIOBKOIO. 30i/IbIIIEHHSI BMICTY BYT-
Je1o 36ibIIye 06'eMHY YaCcTKy KapOimiB 3asi3a, SKi € TBepAMMM i MalOTh TEHIEHIi10
MIpUiIIMaTy Opi€HTAllil0, ITapajiesibHY 31 3HOILIIEHOI0 II0OBEPXHEI0.

ToBmyHa KapOimHMX TIACTMH BIUIMBAE Ha CIocio iX medopmarlii B KOHTaKTi
KoueHHS [4]. ToBCTi racTMHM KapbiAiB MalOTh TeHAEHI[iI0 10 PO3CTPiCKyBaHHS IIpU
BUCOKMX AedopMallisix; B TOI Yac IK TOHKIi IJIaCTMHM Kapbimy nedopmyroTbes 1iac-
TUYHO, 6e3 pyiiHyBaHHS [5]. OJHaK BiiCTaHb MiX IUIACTMHAMM MEPJIITY He € MOCTili-
HOIO i, IMOBipHO, OyIe BapiloBaTUCS MPUOIM3HO HOPMAJbHMUM YMHOM MO0 UX Ce-
penHix BifcTaHei. OTXe, TOHKI TIACTUHM KapOigy B TepMiuHO 06pOOJIeHili roiBIli
peiiku 3 6i/IbIIOI0 MOBIpHICTIO TedOpMYIOThCS 6€3 YTBOPEHHS TPIilllMH, HiXX Oi/TbII
TOBCTi Kapbiay B rapsiyekaTaHiil cupiii peitkoBiit ctasni. TouHuit crmocié yTBOpeHHS
YaCTMHOK 3HOCY HEeBiloMUii, aje MOXXKHA MPUITYCTUTH, [0 MiKPOCTPYKTYPH, B SIKUX
IJIACTUMHKY KapOimy po3TpicKyioThes Mpyu aedopMaiiii (3 yTBOPEHHSIM ITOPOKHMH),
IMOBipHO, 6yIyTb MaTH GibIll HU3bKY 3HOCOCTINKICTh, HisK MiKpOCTPYKTYpa, Kap6i-
I SKUX AeopMyIoThCs TUIACTUUHO.

TakuM YMHOM, B IEPIITHUX CTAJISIX 3HOCOCTilKiCTh 3a0€3MeUyeThCS 38 PaXyYHOK
BMCOKOTO BMICTy BYTJIEI[I0 i MaJIOl BifCTaHi MiX IUIAaCTMHAMM MepiTy (1o Jocsra-
€TbCS 3a PaXyHOK IIPOLIECY 3arapTyBaHHSI TOJOBKM PeiiKM), SIKi 00MaABa ITiIBUILYIOTh
TBepaicTb. Ha migTBeps)keHHSI BTOPMHHOIO BIUIMBY TBEPAOCTiI Ha 3HOC, Xipakasa i
iHIII MTiABUINMIINM TBEPAICTD 3pa3KiB 3 MEPiTHOK CTPYKTYPOIO 32 PaXyHOK 3HVKEHHS
TeMIlepaTypy BiJIITyCKy, ajie B JIJabOpaTOPHMUX BUITPOOYBAHHSIX JaHe TBEP/sKeHHS He
MiaTBEPANIOCH (He 36ibIIMIN 3HOCOCTINKICTD) [6-7].

Buxopsium 3 JOCIiI)KeHb OCTaHHIX POKiB [8-9] BimoMo, 110 MiLIHICTb MEePJIITHUX
peiikoBux ctaneit gocsriaa mexi [10]. Kpim Toro, momasbiie 36ibIIeHHSI BMICTy BYT-
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JIel[l0 BIUIMHE Ha YJapHY B'SI3KiCTh Ta 3BaplOBAaHICTh MaTepianiB peiiok [11]. Hampu-
KJIaJl, y IOPIBHSIHHI 3 NOEBTEKTOIOHOI0 pelikoi R200 BigHOCHE MOJOBKEHHS pEeiKU
R400HT 3 3aeBTeKTOiIHOI CTasli 3HMKYETbCS Ha 6%. OTXKe, icHye rocTpa rorpeba B
iHIIMX aJibTepHATUBHUX MaTepianax. beitHiTHA cTasb, 1110 3a0e3Mevye sSIK BUCOKY Mi-
IIHiCTh, TaK i BiAMiHHY IUIAaCTUYHICTh, BBAXKAETHCS OMHUM 3 HaMOiIbII ITePCIIeKTUB-
HUX HAIPSIMKIB.

Hu3sbkoByr/eLieBi OeifHiTHI cTaji Bimpi3HSIOTbCS Bim 3BMYAMHMX MEPJIiTHUX
cTajiei TMM, 10 B HMX MaJjio KapbiiB, SIKIIO0 BOHM B3arasi €. beiiHiTHi HU3bKOBYTJIe-
1IeBi cTaji, MillHiCTh sIKuX 6inbie 1200 MIla mipu 11bOMY BOJIOIiIOTh BUCOKMM PiBHEM
yIapHOi B'SI3KOCTi, TPUOOJOTIUHMMM BJIACTUBOCTSIMM, CIIPUSITIMBOIO PEaKIli€l0 Ha
BeJIMKIi MBUIKOCTI gedopMailii, CTiliKicTIO 1O BTOMM i AemieBi y BUpOOHUIITBI [12].
Takuit KOMIIJIEKC BJIACTMBOCTEN AOCSITA€ThCS 3a PaxyHOK Ayke OpiOHOI i CuIbHO
3Mil[HEHOI MiKpPOCTPYKTYPMH.

3BUUaliHUII BepXHilt OeMHIT CKIaA€ThCs 3 HeJlaMeJUIIPHOI CyMillli IJIacTUH
6eifHiTHOrO (epuTy 3 MPOMIKHMMM YaCTMHKAMM LIEMEHTUTY. MiKpOCTpyKTypa
CTBOPIOETHCS MOC/IiTIOBHO: TUVIACTUHM POCTYTh 6e3 nudy3ii, ase moTiM HaAJIUIITKOBUIA
BYyIJIellb PO3MOIi/ISIEThCSI B ayCTeHITi 3a/muiikoBomy [13]. 3romom 1ieii 36araueHmii
ByIJIelleM ayCTeHIT pO3Mala€ThCs Ha CyMilll IIeMeHTUTY i ¢heputy. LieMmeHTUT morip-
IITy€ BJIACTMBOCTI, ajie 10ro BUAiIeHHIO MOKHA 3aIl00irTu, JOAABIIN B CTa/Ib JOCTAT-
HIO KiJIbKiCTh KpeMHito [14], 106 3aJUIIUTY MiKPOCTPYKTYPY 3 TJIACTUH 6efHITHOTO
dbeputy i 36araueHoro ByrJieliemM ayCcTeHiTy.

JK Bimomo, B xoi 6eifHiTHOTrO IepeTBOpeHHS (OPMYBaHHS ITaKeTy GeMHITHUX
peiiok BimOyBaeTbCs Ha I'paHIli ayCTEHITHOTO 3epHa i Mojasiblile 3pOCTaHHs MaKeTa
BiiOyBa€eThCs BriMb 3epHa. [lakeT GeifHITY CKIamA€eThCs 3 peiiok dbeputy, posmine-
HMX B OCHOBHOMY MaJIOKYTOBMMM I'paHMIIMU [15], B TOV yac K roayactuii pepur
reTeporeHHO 3apPO/KYEThCSI HA HEMeTa/IeBUX BKIIOUEHHSX BCepeAuHi ayCTeHITHOTO
3epHa i pocTe B pi3HUX HAMPSIMKaX, He YTBOPIOUYM BUPaKEHUX MMAKeTiB, B iHIIOMY X
3a/IMIIAI0YMCh TTOAIOHMM 3 6eitHiTOM [16]. EHepris 3apokeHHS Ha TpaHUIIi ayCTeHi-
THOTO 3epHa MPAaKTUYHO 3aBXIU 3aJMILAEThCSI HUKYE, Hi’K €Heprisl 3apo/KeHHsT Ha
YacTIi BK/IIOUEHHSI i TaKMM UMHOM 3apOJiKeHHSI Ha TpaHMIlI ayCTeHITHOro 3epHa
Oi/b1lI BUTiIHE 3 eHepreTUYHOI TOUKM 30py [14,16]. 3 11bOTO BUILIMBAE, 1110 CTPYKTY-
py CTasti, 10 MiCTUTb BUK/IIOUHO rOTYacTuii epuUT OTPUMATH IMPAKTUIHO HEMOXKJIM -
BO. Y TOJi 5Ke yac Mpy BiAHOCHO BeIMKOMY ayCTE€HITHOMY 3€pHi IMOBipHICTb iHTpar-
PaHY/ISIPHOTO 3apOJKeHHS OelMHITY K B 3BapHMX 3'€JHAHHSIX, TaK i B IMPOKATi ITiJI-

BUIIYETHCS [15].
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ITocTaHOBKM MeTM i 3aBJaHb JOCTiIKeHHS

Ha ocHOBi aHamni3y nepcnekTMB 3aCTOCYBAaHHSI HOBMX MaTepiasliB [Jis BUCOKO-
MIIIHMX 3a/Ji3HMUHUX PeiioK, 3alpONOHYyBaTM XiMIiUHMI1 CKIa[ OOCTIAHOI CTajli Ta
BUKOHATU OOCJIIKEeHHS BIUIMBY IIBUAKOCTI OXOJIOJKEHHSI Ha TBEPHICTb OOCJiLHOI
cTajii 6eifHiTHOrO Kjacy y IMOPiBHSIHHI 3 BiIOMOIO CTa/I/IIO MEPJIiTHOrO KjIacy Jjs 3a-
JIISHUYHUX PeioK BUIIO1 KaTeropii.

Marepiaa i MeTOAMKA AOCTiIKeHb

B ymoBax IHCTUTYTy 4OopHOi MeTanyprii Oyjna BMKOHAHA BUILIABKa AOCTiAHOI
IUIaBKM. BUIJIaBKy BMKOHYBaAM 3a AOIOMOIOK KOMIUIEKCHOI YCTaHOBKM, 1O CKJIa-
naetbcs 3 rtaBuabHoro arperaty ITIIE-0,01 3akpuTOro Tuily i BUCOKOYaCTOTHOTO
mxepena ctpymy BTT-20-22, mo mae BOyI0BaHy CTaHIIiI0 aBTOHOMHOT'O OXOJIOIKEeH-
H$1. 3araJibHMI BUTJISI, KOMILJIEKCHOI €KCIIepUMMEeHTalbHOI YCTAaHOBKM MOKAa3aHO Ha
puc. 1. LIg ycTaHOBKA [I03BOJISIE BUILIABISATY B 1aOOpaTOPHUX YMOBax JOCTiAHI CTa-
Ji, B TOMY YMCJIi CIIeliaJbHO JIeroBaHi MapraHiieM, KpeMHieM, XpOMOM, MOJTiOIe HOM

Ta iH.

PucyHok 1 - TIpouiec po3niaBaeHHS CTasli

[yt 3a6e31eyeHHsT HeOOXiJHMX MMOKA3HUKIB B TOC/TiIKYyBaHUX BapiaHTax i Bif-
CYTHOCTi HeOasKaHMX JOMIIIOK MPUCYTHIX B PSIIOBOMY OpYXTi B SIKOCTi BUXiIHOI CU-
poBUHM BubOpas Metan mapku CT3 - ByrjeneBa sIKiCHa CTajb 3 BMiCTOM BYTJIEIIO
0,1%, mac.

[I1aBKM IMPOBOAMIM METOIOM IeperIaB/IIoBaHHS 6e3 IPMMYCOBOTO OKMUCIEHHS
IOMIIIOK. 3 OIJISITy Ha Majuii oocsr medi (mo 12 kr), i Toii dakT, 1m0 giaMeTp TUTJIS
CTAaHOBUTH BChOTO 0/M3bKO 80 MM IIMXTY IOAPIOHIOBAIM IO po3MipiB @3x12 MM.

dakTUIHNI XiIMIYHMI CKITIaf, IIpeIcTaBaeHuii B Tabmi 1.
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Tabmmuig 1

dakTUYHMI XiMiUYHNUI CK/Ia[ 1ab0paTOPHOI IMIaBKU

C Si Mn |Cr Ni Mo | Al Cu |V
0,37 | 1,11 | 1,35 | 0,74 | 0,03 | 0,17 | 0,03 | 0,03 | 0,15

B pamMkax po60TH [Ijist TOPiBHSIHHS GY/I0 3aCTOCOBAHO CTaJIb [IJIsT BUPOOHMIITBA

BUCOKOMIIITHMX peitoK (Mapka K76® [NCTY 4344), xiMmiuHuii CKIaf, SKUX IpeAcTaB-
JIGHO B Tabmu1i 2.
Tabnuis 2
dakTuuHMI XiMiyHnit ckiaan craai K76D
Mapka | C Si Mn [Cr [Ni |Mo |V II>xepeio
K76® | 0,80 |0,25|0,97 | 0,04 | 0,03 0,05 | [17]

HocnigskeHHS MiKpOCTPYKTYpU OOCAITHUX 3pasKiB MPOBOAMIOCH 3@ AOMOMO-
rOI0 BUTPABJIEHHS B 4% PO34MHi a30THOI KMCAOTU 3 3aCTOCYBAHHSIM ONTUYHOTO MiK-
pockona Axiovert 200 MMat Ta enekTpoHHMX MiKpocKomiB Gemini Ta PEM-106.

3 pesynbTaTiB aHaMi3y MiKPOCTPYKTYpU 3AUTKY (puUc. 2) OGeiHITHOrO Kjacy
BCTAHOBJIEHO, IO AOCJiHA CTaab MOOGIM3Y MOBepxHi Ta 1/2 paziycy Ma€e CTpPyKTypy
TpaHyJISIPHOTO OelHITy 3 pi3HOOpi€HOTOBaHMMM OeHiTHUMM Jamenisimu (458...495
K[/MMm?). [locaigHuii 3TMTOK Ma€ CTPYKTYpPYy GeifHiTy, romuactoro dpepury (331...344
K[/MM?) Ta 3aJIMIIIKOBOTO ayCTEHITy IO TPaHUISIX 3epeH, cepeqHs MiKpOTBEPHAiCTb
MiKIEHIPITHOTO IpocTopy — 495 KI'/MMm2.

¥ S Cka 3 . . Ve co T
¢ g T N W Kol 5 Lo

PucyHoKk 2 - MikpocTpyKTypa 1a60paTOPHOTO 3JIUTKY Iic/s AuTTs, x100
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B nabopaTopHux ymMoBax Oy/jM BMKOHAHi €KCIIEpMMEHTM 3 BiIIpallloBaHHSIM
rapaMeTpiB TepMiuHOi 0OpOOKM 3pasKiB JOCTIIHOI CTaji Ta MOPiBHSIbHOI Bimomoi
CTaji 3 pi3HMM BMiCTOM JIETYIOUMX €JIeMEeHTIB.

3pasku HarpiBanu go Temmepatypu 900 °C, BUTpUMYyBaIM MPOTITromM ~30 XBU-
JIMH TIpU JaHiil TeMIlepaTypi Ta OXOJOIKYBaIM Y Pi3HMUX cepeloBuIlax 3 ¢ikcalliero
MIBUAKOCTI oxoJyiomskeHHs. Ha migcraBi TexHiYHMX mkepesn O6yau obpaHi IJis TOCHTi-
II>KeHb MIBUAKOCTI oxomomkeHHs Bim 0,2...5,1°C/c. Iys iX OOCSTHEHHS IIPU OXOJIO0-
IDKeHHi TaHOi TeMIlepaTypy BMKOHAHO: OXOJIOMkeHHs 3 mivuio — 0,2°C/c; HarpiB B
revi 3 TepMOCTi/IKMM ITOKPUBAJIOM Ta MOCAIAYIOUMM OXOJIOAKeHHSI B HbOMY Ha I10-
BiTpi — 0,52°C/c; HarpiB 3pa3KiB B I1e4i 3 OXOJIOMKEHHSIM Ha MOBITPi 3 TEPMOCTiIKMM
nokpusayioM — 1,3°C/c; Ha criokiitHomy moBiTtpi — 5,1°C/c.

3a pesyJbTaTaMM MiKpOCTPYKTYPHUX HOCTiIKeHb (pUC. 3) cTaymi OeifHiTHOro
KJIaCy BCTAHOBJIEHO TUIT CTPYKTYPM Ta CITiBBigHOIIeHHs (a30BOro ckiany. BctaHOB-
JIEHO, IO JOCHiAHA CTalb NpM IBUIKOCTI oxonomkeHHs 0,2°C/c mae depuro-
MepJIiTHY CTPYKTYPY; MpU 30i/bIIeHHI MBUIKOCTI oxonomkeHHs 10 0,52°C/c cTpyk-
Typa Ma€ 6eHITHY CTPYKTYPY 3 HEBEJIMKOIO KiJIbKiCTIO MapTEHCUTY Ta ayCTEHITY 3a-
JIMIIKOBOTIO; IIpyU 36iJbIleHi MIBUAKOCTI oxonoakeHHs Big 1,3°C/c go 5,1°C/c - cTpy-

KTypa MapTeHCUTY 3 ayCTEeHITOM 3aJIMUIIKOBUM.

-

PucyHOK 3 — MiKpOCTpYKTYypa JOC/IiAHO1 CTaJi MMic/as pi3HUX MIBUIKOCTEN
oxojomkenus: a — 0,2 °C/c, 6 - 0,52 °C/c, B - 1,3 °C/c, r-5,1 °C/c
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[Ipy mOpiBHSIHHI MeXaHiYHMX BJIACTUBOCTEI, a caMe 3Ha4eHb TBEPJOCTi, 3 Bi-
JIOMOIO CTa/ITIO TIepiTHOro Kiuacy K76® 6yno 1mobymoBaHO 3a/1eXHiCTh 3MiHU TBep-

IOCTi BiZ IBUKOCTI OXOJIOMKeHHS (puc. 4).
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PucyHOK 4 — 3aJieXXHiCTh 3MiHM TBEPAOCTI BiJI IIBUAKOCTI OXOJIOJKEHHS Ta piBeHb

BumMor 3rigao JICTY EN 13674:2019 po3po6sieHoi ctasti ta crani K760

B pesynbTari aHai3y OTpUMAaHOi 3aI€KHOCTi OY/I0 BCTAHOBJIEHO, IO TP HIBU-
IKocTi oxosomskeHHs >0,52°C/c MiKpoCTpyKTypa OOCTIAHOI CTali Mae CTPYKTYpY
6e3KapbimHOro OEiHITY 3 TBEPHiCTIO, IO IepeBUINYyE BMMOIM perjiaMeHTOBaHMUX
CTaHJAPTIB Ta JiTepaTypHUX JaHUX 3a piBHEM 3HAU€Hb TBEPAOCTI.

BucHOBOK

1. 3a pe3ysbTaTaMy aHAJITUUHOTO OTJISIAY CUCTEMATU30BaHi BigoMi LIJISIXM ITi-
IBUIIEHHS 3HOCOCTIKOCTi 3a/Ii3HMUHMX peifok. [Toka3aHo, 10 Hal6iabll eeKTUB-
HMM CIIOCOOOM ITiABUILIEHHSI TBEPHAOCTi CTaieil € YIIPaBIiHHS iX XiMiYUHMM CK/Iag0M
IIJISIXOM JIeTyBaHHSI, MiKpOJIeryBaHHS i 3MeHIIIeHHSI KiJIbKOCTI MIKiJIMBUX TOMIIIOK.
[lepcieKTMBHUM € MiAXiM A0 MiABUILIEHHS OTIOPY Yepe3 BUTOTOBJIEHHS 3ai3HUYHUX
peiiok 3 OeIfHITHOIO CTPYKTYPOIO.

2. BcTaHOBIIEHO, 10 AOC/IiIHA CTaIb MPY MBUIKOCTI oxojaomKkeHHs Big 0,2°C/c
1o 0,52°C/c mae GeifHiTHY CTPYKTYpPY 3 HEBEJIMKOIO KiJIbKiCTIO MAPTEHCUTY Ta ayCTe-
HiTy 3aJIMIIKOBOTO; MPY 36iIbIIeHI MBUIKOCTi 0XonomkeHHs Big 1,3°C/c - cTpyKTypa
MapTEHCUTY 3 ayCTEHITOM 3aJIUIIKOBUM.

3. BcTaHOB/IEHO BIUIMB HMIBUIKOCTI OXOJIOJKEHHS HA TBEPHiCTb CTayel Ajs 3a-

Ji3HMYHMX PEOK MepJIiTHOro Ta 6eitHiTHOro Kiaacy. ITokasaHo, 1[0 TBEP/iCTh CTaJIi
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OelfHiTHOro K/1acy 3HaYHO MEPEBUIYE TBEPAiCTh NEPJIiTHOI CTajIi AJIS1 BUCOKOMIIIHMX
peioK.
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Analysis of the influence of the cooling rate on the hardness of steel for railway
rails of the pearlite and bainetic classes

The process of operating vehicles determines the interaction between the wheel and
the rail. Traffic safety and the main technical and economic indicators of track manage-
ment and rolling stock largely depend on the parameters of this process. The result is the
effect arising from the rolling friction and especially from the friction of the wheel sliding
on the rail during braking, relative to these changes there is a significant increase in the
intensity of wear of the wheels of the rolling stock, which, in turn, can lead to cata-
strophic results for the locomotive industry. Also, in the process of operation of the rail in
most cases, defects are formed that have the character of a complicated state: its head is
subject to wear, crumpling, cracking and buckling, contact fatigue damage can develop in
the metal. In pearlite steels, the wear resistance is provided by the high carbon content
and the small distance between the pearlite plates (achieved by the hardening process of
the rail head), both of which increase hardness. Based on research in recent years, it is
known that the strength of pearlite rail steels has reached its limit. In addition, a further
increase in the carbon content will affect the impact strength and weldability of rail ma-
terials. Therefore, there is an urgent need for other alternative materials. Bainite steel,
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which provides both high strength and excellent plasticity, is considered one of the most
promising directions. It was established that the structure of the test steel at a cooling
rate of 0.2°C/s to 0.52°C/s has a bainite structure with a small amount of martensite and
residual austenite; with an increased cooling rate from 1.3°C/s - martensite structure
with residual austenite.

Keywords: railway rail, perlite, bainite, wear resistance, track.
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V.V. Hnatushenko, 1.V. Pavlenko
THE USE OF GENERATIVE ARTIFICIAL INTELLIGENCE
IN SOFTWARE TESTING

Abstract. This article explores the potential of using generative artificial intelligence (AI) for
software testing, reflecting on both the advantages and potential drawbacks of this emerging
technology. Considering the vital role of rigorous testing in software production, the authors
ponder whether generative AI could make the testing process more efficient and comprehensive,
without the need to increase resources. The article delves into the current limitations of this
technology, emphasizing the need for continuous exploration and adaptation. It concludes with
a summation of potential innovative solutions and avenues for future investigation. The paper
encourages discussions surrounding the question of fully automated testing and the role of hu
man specialists in the future of QA. It ultimately provides a thought provoking reflection on the
intersection of emerging technologies, and their societal impacts.

Keywords: generative AL, GenAl, software testing, large language model, test automation, Al
augmented testing, AI assistant, autonomous test creation

Statement of the problem. In the previous few years there was a significant
development in the pre-trained generative AI based on large language models
(LLMs) with transformers and the services built upon them, OpenAI’s ChatGPT,
Google’s Gemini, Anthropic’s Claude, GitHub Copilot, Amazon CodeWhisperer and
others. However, there remain several challenges and uncertainties regarding the
effective integration of generative Al into software testing frameworks. This includes
issues such as ensuring the reliability and accuracy of generated test cases, adapting
Al algorithms to diverse software environments, and addressing ethical concerns
surrounding autonomous testing systems. The following questions remain unan-
swered. At this stage of their development, what can GenAl on LLMs with trans-
formers bring to software testing, and what can be expected from their further ad-
vancement? For which software testing tasks can GenAl on LLMs with transformers
be used?

Analysis of recent studies and publications. Considering that GenAl on
LLMs with transformers is an emerging topic [1-3], the number of scientific articles
on the use of this type of GenAl in software testing is relatively small compared to
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more developed topics in the field of information systems. In the work [3] the au-
thors note that application of AI/ML has a long history in software engineering (SE)
research. However, the use of GenAl specifically, is a more emerging topic. While the
promise of GenAl has been acknowledged for some time, progress in the research ar-
ea has been rapid. GenAl was not a prominent research area in SE until 2020. Follow-
ing the recent improvements in the performance of these systems, especially the re-
lease of services such as GitHub Copilot and ChatGPT-3, research interest has now
surged across disciplines, including SE. At the present stage of development of the
considered models, there is a relatively rapid (a couple of times a year) growth in the
number of model parameters, the volume of data used for their training, and the size
of the model context. This leads to rapid growth in the capabilities of the models.
Thus, this topic can be characterized as fast-changing. In connection with this, in a
work [3] devoted to the analysis of existing publications for mid-2023, it is noted
that: “A comprehensive and systematic review might not be suitable for research on
GenAl in software development at the time this research being conducted”. The au-
thors further justify the use of preprints and other non-peer-reviewed works: “First-
ly, research work is rapidly conducted and published on the topic, hence rendering
the findings of a comprehensive review probably outdated shortly after publication.
Secondly, we found a lot of relevant work as gray literature from non-traditional
sources such as preprints, technical reports, and online forums. These sources may
not be as rigorously reviewed or validated as peer-reviewed academic papers, making
it difficult to assess their quality and reliability. Thirdly, we would like to publish the
agenda as soon as possible to provide a reference for future research. A systematic
literature review would consume extensive effort and time, which might be obsolete
by the time the review is complete”. They suggest conducting a literature review as
follows: “Our strategy is to conduct focused, periodic reviews to capture the most
current and relevant information without the extensive resource commitment of a
comprehensive review. This approach allows for agility in keeping up with the latest
developments without claiming comprehensiveness and repeatability” [3]. In this
paper, in addition to the literature review, focus group surveys are conducted: “We
conducted four structured working sections as focus groups to identify, refine, and
prioritize Research Questions on GenAl for SE... ... All participants are SE researchers
who have experience or interest in the topic...”. It is noted: “Almost all of the exist-
ing studies on the topic (e.g. “[13][14][15]”) are mostly experimental studies and thus
do not take into consideration the industrial context. Therefore, how GenAl models

deal with real-world software quality issues remains a mystery. We need more real-
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world case studies and industrial examples to understand the effectiveness of vari-
ous tasks of SQA with GenAl. Moreover, it would be interesting to study how well
GenAl enhances the productivity of SQA professionals” [3]. Because of what was
stated above and the practical nature of the selected theme (the topic is mostly prac-
tical, so focus groups from industry specialists would be much better), I used meet-
ings and webcasts of testing industry professionals as a kind of focus groups to ex-
plore ideas for potential opportunities and challenges when adopting GenAl in soft-
ware testing activities [10 - 12].

Purpose of the study. The purpose of this study is to explore the capability of
GenAl integrated with transformers within Large Language Models to tackle distinct
challenges encountered in software testing, such as test case generation, bug predic-
tion, and test data synthesis. Through an examination of existing literature and in-
sights from domain experts regarding the implementation of GenAl with transform-
ers in software testing contexts, this research aims to formulate pertinent inquiries.
These critical questions will serve as a framework for discussions concerning the
contemporary role of advanced Generative Al in augmenting and refining software
testing methodologies.

Statement of the main research material. As an introduction in [4] authors
state that software testing, an integral part of the development cycle. However, au-
tomated software testing can be challenging, and necessitates a high level of tech-
nical acumen. There is significant expertise required to appropriately test software,
as evidenced by the existence of test engineers/architects. Furthermore, software
testing and the writing of software tests can be repetitive, as Hass et al. note [16]. It's
important to acknowledge the crucial role of testing in software production. Testing
isn't just vital for ensuring software quality; it also plays a significant role in refac-
toring or transitioning between different project types (proof of concept, MVP, etc.).
Having test coverage is especially crucial when working on projects using an Agile
approach. During refactoring and migrations, it's essential to verify that functionali-
ty and data remain intact throughout the process. In the case of software, testing
serves as a similar verification tool. To ensure reliable verification, having a suffi-
cient level of test coverage is necessary. Insufficient test coverage can lead to limita-
tions in the ability to make changes, consequently affecting project development. It
might also demand extensive and comprehensive manual testing, thereby slowing
down project progress. Creating adequate test coverage for a project, especially
maintaining the functionality of tests while the project undergoes continuous
changes during its active development phase, is a labor-intensive task.
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Software testing plays a crucial role. Despite this, many projects either aren't
tested or are tested inadequately. This is attributable to the inherent complexity of
testing itself. Approaching testing as "exhaustive," meant to cover all paths in the
code or all possible input data, has highlighted that achieving complete software
testing is impossible under these conditions. The sheer volume of potential input
data, code execution paths, and system states is immense, rendering “exhaustive”
testing theoretically impossible. As a result, in testing, it's necessary to establish a
"stopping criterion," reaching which is regarded as a tradeoff between achieving as
comprehensive testing as possible and the resources allocated for testing within the
project's scope. However, the task of testing a project remains complex and unat-
tainable in its entirety. There's hope that generative AI might assist in conducting
more comprehensive testing without increasing the resources dedicated to testing.

Generative Al based on large language models with transformers is a new tech-
nology. We're only beginning to understand its capabilities and potential applica-
tions.

The primary tasks of testing can be generally described as follows:

1. Requirements analysis

2. Creating meaningful tests

3. Achieving code coverage targets

4. Maintaining the test suites

5. Documenting

When performing the aforementioned tasks, a human specialist encounters the
following difficulties:

1. Requires a lot of effort

2. Requires a lot of time

3. Overwhelming for a person

Often, tests and test data created for testing are very similar from one test to
another. During active project development and intensive changes to its codebase, a
significant amount of effort and time are required to maintain the functionality of
tests. Such work appears preferable for automation. However, automation based on
predefined procedures does not yield the desired effect. It seems possible that gen-
erative Al based on LLM with transformers at this stage of development could help
solve these tasks. It can be assumed that generative Al might assist in the following
tasks:

» Requirements analysis.

» Generating test plans.
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» Generating test scenarios.

 Generating mocks.

» Generating test data.

 Extending and supplementing existing test sets.

» Maintaining the relevance of tests.

 Defect detection and prediction.

» Reducing maintenance cost by eliminating redundant tests.

» Bug reports writing.

» Generating documentation.

What advantages (capabilities) of applying generative Al can be expected:

« "Self-healing” of test suites when changes are made to the source code.

» Generating tests in the background or without using resources designated for
development.

» Analysis of the user interface.

« Improving the productivity of human specialists.

» Generating tests from models or data description languages.

» Generating tests from informal descriptions, documentation written in natu-
ral languages, or audio descriptions.

e Optimizing test suites.

However, at this stage of generative Al development, attempting to use it
brings some challenges:

 The field is rapidly evolving. Approaches and tools developed might become
outdated before their completion with the publishing of more advanced models.

» High variability in generated tests (Deterministic vs. Probabilistic).

« Incorrect code generation.

« Inconsistent/Unreliable output.

 Performance issues due to reliance on external systems.

» Costs associated with using generative Al services.

« Project code exposure when using external services, which might be unsuita-
ble for certain cases.

One of the problems in generating tests using LLM is the probabilistic nature of
content generation. While test cases and the source code of applications and tests
themselves have a deterministic nature, LLMs built on transformers rely on a proba-
bilistic model. This inherent probabilistic nature poses complexity in using this type
of generative Al in tasks related to code generation. Additional efforts are required
in post-processing the results either by a human or possibly even using the same
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generative Al, not for generating but for analyzing the outcome, compiling, or
checking for functionality. There might be a need for an additional step in code gen-
eration, asking the generative Al model to correct identified errors or mismatches.
This process demands the development of additional criteria for the generated code
to meet the given task. It involves work on selecting prompts for the model (prompt
engineering), constructing a multi-step content generation system. However, due to
the probabilistic model [5], possible model hallucinations [6], obtaining the expected
result remains unguaranteed and requires verification by a human. You can see an
example below where Figure 1 and Figure 2 contain different tests generated by
ChatGPT 3.5 from the same prompt.

y () =>{
, () == {
passwordLength =

generatedPassword = (passwordL

(generatedPassword.length). (passwordLength);

generatedPassword =

lowerRegex =

upperRegex =

numberRegex =

(lowerRegex. (generatedPassword) ).
(upperRegex. (generatedPassword)).

(numberRegex. (generatedPassword)) .

generatedPassword =

(generatedPassword.length).

Figure 1 - Case 01
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y () =>{
y () =>{

passwordLength =

generatedPassword = (passwordL

(generatedPassword.length). (passwordLength);

generatedPassword =

(generatedPassword.length).

generatedPassword =

lowercase
uppercase
numbers =

pool = lowercase + uppercase + numbers;

i = 0; i < generatedPassword.length; i++) {

(pool. (generatedPassword[i])). (

generatedPassword =

Figure 2 - Case 02

The paper [2], however, notes that software testing appears to be in a better po-
sition regarding the impact of inaccuracies in the generated test code, compared to
business logic code generation: “However, there have been concerns about the cor-
rectness and reliability of the code generated by LLMs, as some studies have shown
that the code generated by LLMs may not always be correct, or may not meet the ex-
pected software requirements. By comparison, when LLMs are used for software test-
ing tasks, such as generating test cases or validating the correctness of software be-
havior, the impact of this problem is relatively weaker. This is because the primary
goal of software testing is to identify issues or problems in the software system, ra-
ther than to generate correct code or meet specific software requirements. At worst,
the only consequence is that the corresponding defects are not discovered. Further-
more, in some cases, the seemingly incorrect outputs from LLMs may be beneficial
for testing corner cases in software and can help uncover defects. Taken in this
sense, we think the LLMs are a natural match with software testing”.
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Thus, the question arises whether, at this stage of generative Al development,
it is possible to achieve automatic generation of a sufficiently complete set of tests
and whether it should be pursued. Or should the current goal be to build a generative
Al - human system using Al as an assistant? Some projects declare and attempt to
move towards automated testing. For example, projects like Pythagora [7],

TestCraftApp [8]. It can be expected that advancing the use of generative Al for test-

ing will enhance test coverage, improve the cost-effectiveness ratio of testing, and
expand the implementation of testing practices among companies and projects.

At the current level of development, automated creation of acceptable, not to
mention fully covered, tests are rather impossible. It seems more appropriate to aim
for test creation in cooperation with a human (developer) in assistant mode. At-
tempting complete automation might result in significant resource expenditure
without achieving an acceptable outcome. It seems reasonable to start with a hu-
man-driven Al assistant, while further continuing to create a framework for as com-
plete and comprehensive test automation as possible. Such paid platforms exist, cre-
ated even before the use of Al on LLM.

At present, it can be stated that generative Al does not replace a tester but ra-
ther serves as a force multiplier, a "new electricity,” as noted by the renowned ma-
chine learning expert Andrew Ng [9].

Efforts should also be directed towards creating a bridge (synergy) between Al
and the practices and knowledge already established by humans (human specialists)
in QA. Generative Al may help achieve greater efficiency in testing, but human in-
volvement and knowledge remain critical for defining testing objectives and evaluat-
ing results.

It's interesting to note that many anticipated that the emergence of Al would
allow humans to engage in creativity by eliminating routine tasks. However, it ap-
pears that, on the contrary, LLMs handle creative tasks better than tasks requiring
attention to details and precision. It's possible that even at the highest available lev-
el of generative Al development, we might end up with an analog of a human spe-
cialist with inherent issues in human-to-human interaction, such as precise task set-
ting (already emerging in prompt engineering and might remain unsolved in the fu-
ture), understanding the task and its execution process by the performer in their own
way. There might be incomplete or low-quality task execution (reports are already
emerging that existing models gradually provide less comprehensive answers over
time, indicating a sort of laziness in task execution).

Below are emerging questions that seem worth exploring.
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Utilizing for context and processing not only the source code of a program but
also existing documentation, both human-readable and formal documentation, DSLs
(e.g., OpenAl) or formal service descriptions (e.g., protobuf). It might even involve
the preliminary generation of documentation using Al as an additional supporting
step. Perhaps an additional source in some generalized, processed and less formal
form than the application source code, which the documentation is, will be useful in
the current implementation of generative Al (LLM with transformers) to achieve bet-
ter results.

Prompt engineering.

Fine-tuning the model specifically as a testing specialist.

How to best feed source code into the model?

Is it preferable to use and develop models with larger prompt token limits? One
significant issue with using a large prompt size is that the model may forget parts of
the prompt.

Alternatively, using retrieval augmented generation (RAG), or perhaps models
fine-tuning on project artifacts, might yield a more suitable result.

Another practical question regarding generative Al is whether to lean towards
more powerful proprietary models or use even smaller open-source models, possibly
with fine-tuning or RAG, to achieve the desired outcome.

Findings. This article explores the potential of using generative Al for software
testing, reflecting on both the advantages and potential drawbacks of this emerging
technology. To provide the above analysis a review of existing publications was con-
ducted. For initial assessments of interactions with LLM, the ChatGPT version 3.5
service and API access to the GPT 3.5 and GPT 4 models were used.
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BukopucmaHHs 2eHepamueHozo ulmy4Ho20 iHmeJieKkimy 6 mecmyeaHHi
npozpamHozo 3abe3neueHHs

YV pobomi docnidxucyemvcs nomeHuian 8UKOPUCMAHHS 2eHEPAMUBHO20 UWIMYYHO20
inmenekmy (GenAl) Ha ocHoai 8enukux mosHux modeneti (LLM) 3 mpauchopmepamu ons
NOKpauleHHs pi3HUX Acnekmis mecmysaHHsi NPO2PAMHO20 3abe3neueHHsl. AKYeHm po-
OUMBCS HA MOMCIUBUX NPAKMUUHUX 3ACMOCYBAHHSX | NpoOiemMax, ujo 8UHUKAIOMb Y YUX
Hosux nioxodax. BusHaueHO npobnemu mecmyeaHHs i nomeHuian zeHepamugHozo IIII
0J11 MOXCTIUBO20 iX 8UpIIEHHS AO0 3HUMEHHS IX 8NUBY HA 8e0eHHS NPoeKmie npozpam-
Hux cucmem. Xoua zeHepamugHuti IIII Ha daHoMYy emany po36umky He € N0BHOW 3aMi-
HOK Mecmy8albHUKaM-11005M, 8iH NPONOHYE 3HAUHI NepCneKmueu K nomyxcHuii dono-
MIXCHUT IHCMpyMeHm, IKUli Moxce mpaHcgopmysamu npakmuku mecmysaHHs. Ouiky-
8AHUMU hepesazamu € "camosulikogHi" mecmu, ki adanmywmascsi 00 3MiH K0dy; 2eHe-
pauiss mecmis y (ho0HOBOMY pexcuMi; MOXIUBICMb 2eHepysamu mecmu 3 pi3Hux oxcepen
(modeneti, onucie npupodHow M08010, Heo@iyilinoi dokymeHmauii), i 8 pewmi-pewm —
nidsuuieHHss NpoOyKMUBHOCMI npayi mecmyeaibHUKi8. 3a3HaAUeHO BUKIUKU BUKOPUC-
maHHs 2eHepamuerozo III Ha sequKkux MO8HUX MOdesix 3 mpaHcopmepamu.

I'narymenko Bomogumup BomogummupoBuy - 1.T.H., Ipodecop, 3aBigyBau kade-
Ipu iHdbopMalliliHMX TEeXHOJIOTiii Ta KOMIT'I0OTepHOI iHXkeHepii HallioHanbHOTO Tex-
HIYHOTO yHiBepcuTeTy «IHIMPOBChKA MOJiTeXHiKa» (M. [IHIIpo).

ITaBieHko €rop BikTopoBuu - acripaHT Kadenpu iHGoOpMalliiiHMX TE€XHOOTil Ta
KOMIT'IOTEpHO1 iHXKeHepii HallioHaJbHOTO TEXHIYHOTO YHiBepcuTeTy «JIHiMMpOBChKa

roJiiTexHika» (M. JJHIiIpo).

Hnatushenko Volodymyr - Doctor of Technical Sciences (Dr.-Ing. habil.),
Professor, Head of Department of Information Technology and Computer
Engineering, Dnipro University of Technology, Dnipro, Ukraine.

Pavlenko Iegor - doctoral student of Department of Information Technology and
Computer Engineering, Dnipro University of Technology, Dnipro, Ukraine.

ISSN 1562-9945 (Print) 123
ISSN 2707-7977 (Online)



«CucreMHi Tex”ouorii» 2 (151) 2024 «System technologies»
DOI 10.34185/1562-9945-2-151-2024-11
VIK 51-74

K.I'. Tyk, A.€. llleBenboBa
HEVPOMEPEJXEBUI ITIAXIA 1O ITEHTU®IKAILIL 3ATIOBHIOBAHOCTI
IMPUMIIIEHD 3A ITAPAMETPAMMU ITOBITPSI

AHomauyis. Y pobomi 3anponoHoB8aHo nioxio 00 BU3HAYEHHA KiJIbKOCMI 00ell Y NpuMiLieHHT Ha
OCHOBI 0aHUX CnocmepeeHb 3G napamempamu nosimps i3 3aCMOCYBAHHAM 6azamowaposoi
HelipoHHOT Mepexi. [JocnioxeHo numaHHA sBubopy apximekmypu ma napamempis HelipOHHOT
mepexxi 011 po38’A3aHHA 3a0a4T NpoeHO3ysaHHA. HaoaHo pekomeHOauyii a4 nidBuweHHA Nnpody
KmusHocmi mooeni.

Kntoyosi cnosa: koHyeHmpayis €0, HelpoHHa Mepexa, moYHICMb NPO2HO3YBAHHS, Yacosull pso.

ITocraHoBKa npo6iemu. OCTaHHIM YacOM MUTAHHS JOCTiIKeHHS ITapaMeTpiB
TIOBITPSI B IIKIJIBHMUX Kjacax, JiKapHSIX, oQiCcHMX Ta IMPOMMCIOBUX IIPUMIIIEHHIX
CTalOTh IOLIMPEHMMM Yepe3 CYTTEBUII BIJIMB SIKOCTi MOBITPsI Ha 340POB'SI Ta KOM-
dopT mogeit. HasiBHICTb Y MOBIiTpi 3HAUHOI KOHIIEeHTpallii Byryekucaoro rasy (CO,),
okcuay as3oty (NO2), api6bHux yacTok mmry (PM,s, PMyg), IeTIOUMX OpraHigyHMUX CITO-
ayk (VOC), 6akTepiii Ta rpMbKiB MPU3BOAUTD [0 Ipo6ieM 3i 3[M0pOB’SIM JIIOAVHH,
TOMY MOHITOPMHT IIMX ITapaMeTpiB, MOXJIMBICTh IIPOTHO3yBaTK iX 3HAUEHHS Ta Ke-
pyBaTM CUCTeMaMy BEHTWISIIIi € BaXXIMBUMM [IJig 3a0e3meueHHs 3[J0pOBOTO Ta KO-
MGOPTHOTO cepeloBUINA Y MPUMIillleHHSIX. TakuM UYMHOM, ITOCTa€ HAyKoBa MmpobJie-
Ma po3poO/ieHHSI MaTeMaTUUHUX MoAesieli Ta MeTOAiB MPOTHO3yBaHHS ITapaMeTpiB
TOBITPS 3a pe3y/JbTaTaMy MOHITOPMHTY B peaJibHOMY Yaci Ta CyMiXKHi 3a[aui, 30K-
peMa KepyBaHHS CYCTeMaMM BEHTWJIALII Ha OCHOBi crocTepekeHb, imeHTuUdiKallis
HAIIOBHEHOCTi MpUMillleHb TOIIO.

AHaiti3 ocTaHHIX mocCaigkeHb. [ligBuileHa yBara 10 SIKOCTi MOBIiTps y Ipu-
MimeHHsIX mig yac mangemii COVID-19, mpoMucIoBOro 3a6pyaHEHHS, JTiCOBUX ITO-
KeX Ta iHIIMX eKOJIOTiYHMX KaTacTpod CIpusiM po3poOiii Ta 3aCTOCYBaHHIO MO e-
JIeli Ha OCHOBi JTaHMX JJISI IPOrHO3YBAHHS PiBHIB 3a0PYIHIOIOUMX PEYOBUH B IPU-
MillleHHi i iX BIJIMBY Ha OpraHi3m jwoauHu. Y GyHgaMeHTaIbHOMY AOCTiIKeHHi [1]

HaBOJISITbCS BiJOMOCTI PO BIUIMB ITapamMeTpiB MOBiTpsI HAa KOMOPT JIOAUHM, METO-
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IV BMMipIOBaHHS IlapaMeTpiB IOBIiTpPs, BiZOMOCTiI Mpo pO3IOIia mKepen 3abpyn-
HEHHS 1 1X BIUIMB Ha SKiCTb MOBITPS.

OcTaHHIM Yacom 6arato JOC/iIKeHb IMPUCBSIYYETHCS 3aCTOCYBAHHIO MITYYHUX
HelipoHHUX Mepex (IIHM) s mporHO3yBaHHSI PiBHS 3a0pyAHIOIOUMX PEUYOBMH B
npuMillleHHi. B po6oTi [2] mITyyHa HelipoOHHA Mepeska BMKOPUCTOBYETHCS AJISI TIPO-
THO3YBaHHS LIOTOAVMHHUX KOHIeHTpawiin PM;s, PMio. [Ij1s1 HaBUaHHSI HEJIPOHHOI Me-
pexi B IKOCTi BXiTHMX JaHMX 00MParOThbCS 3HAYEHHS KOHLIEHTpaliit PM;s, PM;o, yac
Ta METEeOpPOJIOTIUHI IMapamMeTpu, a 3Ha4eHHsI BiAMOBIJHMX KOHIIEHTpAaIlili, 1[0 BUMi-
PIOIOTHCSI HACTYITHOI TOAMHU, BUKOPUCTOBYIOThCS SIK BUXiIHI AaHi. Po3rnsagarTbes
pi3Hi apXiTeKTypy HEIPOHHUX MepeX Ta MOCTiIKYyETbCS BIUIMB BUOOPY TPEeHYBasb-
HOi (yHKIIii MMakeTy MpuUKIagHuX IporpamM MatLab Ha pesynabTaT IIPOTrHO3YBaHHS.
[TopiBHIOIOTHCSI pe3yabTaTU IIPOTHO3YBAHHSI 3 BUKOPUCTAHHSIM 30 TpeHyBaJIbHUX
dbyHK1ii, cepen siIkux 6ajiecoBa peryasipusaliiss 3BOpOTHbOro mnomupeHHs: (Trainbr)
Ta MeTop, Jleenbepra-MapkBapara (Trainlm) BUsIBUIMCh HaMKpallyMy 3a 3HAYEH-
HSIMM CepeIHbOKBAAPATUYHOI Ta cepeIHbOI aOCOMIOTHOI MOXMOO0K. JIOBOOUTHCS, 110
00MaBi QYHKIIii MalOTh 3IaTHICTh A0 y3arajJbHEHHS Ta 3aJ0BOJILHSIOTH ITOTPEeOU I10-
TOJAMHHOTIO MPOTHO3YBAaHHS HASIBHOCTI YaCTOYOK M.

B [3] mocnimxkytotbces Tpu mogeni ITHM, a came IIHM 3BOpOTHOTO MOIIMpPEHHS,
6araTtomapoBa IIIHM, a Takox IITHM pgoBroTpmBajgoi Ta KOPOTKOUACHOI Iam’siTi
(LSTM). 3a pe3yabTaTaMy MacIITaOHOTO 0OYMCTIOBAILHOTO €KCIIEPMMEHTY BCTaHO-
BJIEHO, 110 HalKpalio /sl IMIPOTHO3yBaHHS KOHIeHTpallii PM,s, PM;, BusBuMIach
6aratomaposa IIIHM Ta aHcamb/ieBuii MeTO MallMHHOIO HaBUaHHSI — BUIIAIKOBUIA
Jlic, IKMi Tpallloe 3a AOIIOMOTOI0 MOOYI0OBY UMC/IEHHUX JlepeB MPUITHSTTS pillleHb
T Yac TpeHyBaHHS MOJIei i 3[Ii/iCHIOE ycepeJHEeHM I TPOTHO3.

ABTOpM [4] HABOASTD OIJISIA, TUITIB Ta JIKepes 3a0pyAHIOBauiB MOBITPs B IIpU-
MillleHHi, TOCTiAKYIOTh BifoMi B JiiTepaTypi mporHoctudHi moneni IITHM, 3o0kpema
MpoLecy MOAENIOBAHHSI Ta JTOPUTMM I1X HaBUYaHHS. 3a pe3yjabTaTaMM aHamli3y
BCTAHOBJIEHO, 1[0 HalyacTillle BUKOPUCTOBYIOThCS TpaauliriHi IITHM, Toxi Sk mofe-
7i pekypeHTHUX HelipoHHUX Mepexk (RNN) Kpailie po3B’s3yl0Th ITpo6emMy MTPOTHO-
3yBaHHS 4aCOBUX PSIiB.

[ToToYHiI HoCHigKeHHS HaluacTile BUKOPUCTOBYIOTh 3HAUE€HHSI KOHIIEeHTpalliii
PM;s, PM;o, CO; Ta He BpaxOBYIOTh BIUIMB XapaKTEPUCTUK CaMOIO MPUMIilleHHS,
rapamMeTpiB 0TO 3alIOBHIOBAHOCTI Ha pe3yJbTaTy MPOTHO3YBAHHS SIKOCTi MOBIiTpPS
yepes3 CKIAIHICTh BKIOUEHHS ILMX MMOKAa3HMKIB B MPOTHO3HI Mofesi. Takoxk akTya-

JIbHOIO 3Q/IMILIAETHCS 3a4a4ya BU3HAYEHHS KUJIbKOCTI JII0ell y NPpUMIilLleHHI BUXOASI4M
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3i 3HAueHb IMapaMeTpiB IOBITPSI IJIsI IOJAJIBIIOrTO PO3PaXyHKY MOBITPOOOMIHY Yy
MIPUMIIEHHSIX Ta KePYBAHHS CUCTeMaMM BeHTUJIALIII.

Mera pociigykeHHsI. MeTO10 IOC/TiIKeHHSI € CTBOPEeHHSI MOeJli i1 TIPOTHO-
3yBaHHS KiJIbKOCTI JIIOei y IPUMIlleHH]I Ha OCHOBI ITOTOYHMUX JAaHUX IIPO SIKIiCThb I10-
BiTp#, 30KpeMa KoHIleHTpailii CO,.

BuknageHHsI OCHOBHOTO MaTepiaxy gocaigkeHb. OOHUM 3 MiJXOMiIB, SKUIA
MOXXHAa BMKOPMCTOBYBATH [OJIs BU3SHAUEHHS KiJIbKOCTI JIt0/ieil y IpUMIillleHHi, € OlliH-
Ka KoHueHTpalii CO; B nmoBiTpi. BBaxkaemo, 110 mwoau suanxarTb CO,, 1 10TO piBeHb
y HOBIiTpPi 36i/MbIIYETHCS 3i 30ibIIEHHSIM KiJIbKOCTi JII0feit y npuMimeHHi. Takum
YMHOM, BUMipiooun piBeHb CO2, MOKHA 3pOOUTH MPUOIM3HY OLiHKY KiJTbKOCTi IIpK-
CyTHix moaeit. OgHak, BU3HAUEHHS KiJIbKOCTI JIIofieli y MpuUMillleHHi 3a TOIIOMOTOI0
rapamMeTpiB IMOBITPS € CKIAJHUM 3aBAAHHSIM, OCKiJIbKM B/MAara€ BpaxyBaHHS pi3HO-
MaHIiTHMX (PaKTOpiB, 30KpeMa, MPMU3HAUEHHS IIPUMIIleHHS, YMOB BeHTWISIIii, aKTHU-
BHOCTI JII0[iel, HAsIBHOCTI AOJATKOBMX UMHHMKIB, TaKUX SIK BiAKpMBAHHS BiKOH,
JIBepeit, HaIBHOCTI iHIMMX mkepen HaaxomkeHHs1 COz, HANIpUKIIaA, OKepes BigKpu-
TOTO BOTHIO TOINO. XapaKTep Ta KiJbKiCHi MOKa3HUKYU [eSKUX 3 mepeyiueHux ¢pak-
TOpPIiB He IMiAAaIThCsI OO/IIKY Ta He MOKYTbh OYTHM IOIAaHi 40 IapamMeTpiB Mojeri. Ma-
TeMaTUUHi MOJeTi, [0 BM3HAUYAIOTh ITapaMeTpy MOBITPOOOMIHY IMPUMIIlleHb BifIo-
BiIHO [IO KiJIbKOCTI JII0fieil, TAaKOKX He JO3BOJISIIOTh BpaxyBaTy mepesiueHi ¢pakTopu.
BUKOPUCTOBYETHCS JiMIlle He3HAUYHa KiJbKiCTh MapaMeTpiB B SIKOCTi Koe(illieHTiB
MOJIeJIi, a iX 3HaUeHHSI 00MParOThCS 3 IESIKOTO iHTepBaly.

ToMy y moc/iIKeHHi TPONOHYETbCST BUKOpucTaHHs [ITHM [jist mporHo3yBaHHS
KiJIbKOCTI JIIOAEil 3a pe3yjabTaTaMu CIIOCTEpPeXeHHs 3a MmapaMeTrpamu IOBITpS y
npuMilneHHi. [Ijs1 mobygoByu Moiesli POIOHYEThCSI BUKOPUCTOBYBATU TaHi BMIiCTy
CO; y MoBITpi, 1110 OJIEPKYIOTbCS 3 HaTUMKiB aHaTi3aTOPIB SIKOCTi MOBITps Ta 36Mpa-
I0TbCSI B OQiCHUX TIPUMIIIIeHHSIX Pi3HOTO MpU3HauUeHHs — KOH(epeHI[-3a1ax, CTaH-
IapTHUX 0diCHMX KiMHATaX, sIKi 00/aJlHAHO CyYacHMMM MeO/ISIMU Ta OPrTeXHiKOIO.
HanHi npo BmicT CO; pa3oM 3 JaHUMM PO KUJIbKICTb JIIOJel y IIPUMIIlleHHi, 110 Ta-
KOX OepKYIOThCSI 3a HOIIOMOTOIO JIiUMJIbHMKIB ab0 Kamep BimeocrocTepexkeHHsI,
TIPOIIOHYETHCS BUKOPUCTATH 11Jis1 HaBUYaHHS [ITHM Tak, 106 HaBYeHY Ha TaKUX JaHUX
HEePOHHY MepexXy B MOAajbIIOMy MOXXHA OYyJ0 BMKOPUCTOBYBATHM IJIsI TIPOTHO3Y-
BaHHS KUJIBKOCTI JIFOZ el y TIPUMIllleHHi Juiiie 3a JaHUMM aHajli3aToOpPiB SIKOCTi MOBIT-
ps.

[list criocTepeskeHHS 3a MapamMeTpaMM MOBITpsS Ta (GpopMyBaHHS HaBYaJbHOI
BUOIPKM y MIPUMIIIeHHSIX Oy/I0 pO3TallloOBaHO CEHCOPH, 1[0 BUMipIOIOTh KOHIIEHTpa-

11ii CO; OTOAMHM TIPOTITOM POKYy. Bubip 3a3HaueHOro 4acoBOTO iHTEpBay IMOSIC-
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HIOETBHCS TUM, 1[0 MOJe/Ib Ma€ BpaxOByBaTM 3MiHM 00yMOBJIEHi TOPOI0 POKY. Takoxk
B IIPUMIIlIeHHSIX 0yJI0 PO3TalIOBAHO JiUMIBHUKMY, SIKi BUMiPIOIOTh KiJIbKiCTb JIIOJIel B
IIpUMIIlIeHHi B Ti X caMi ITpOMiXKKM yacy. EKcriepyMeHTa/IbHO CTBOpeHMit Habip ga-
HUX, IKUi cKiIagaBcs 3 6;mn3bko 7000 3ammciB y BUTJISIAI YaCOBUX PSIiB, BUKOPUCTO-
BYBaBCS )11 HaBYaHHS Ta TectyBaHHs IITHM. [laHi, 3i6paHi B mpuMminieHHsax A ta B
OyJI0O BUKOPUCTAHO [IJIT HaBUaHHSI Ta TeCTyBaHHSI mMoneni. TecTyBaHHS BimOyBasoch
Ha BUITAAKOBO BifiopaHoi BuOipi, ska ckiaaganacs 3 20 % 3amuciB 3 yuciia 3arajb-
HUX IaHMUX [IJIsI HABUYAHHS 10 MpuMitneHHsIM A, B. [laHi, 1o 6yso 3i6paHo B MpuMi-
meHHi C, He 6pay y4acThb y HaJallITyBaHHi Ta TeCTyBaHHI MofeJli, ix 0y/JI0 BUKOpUC-
TaHO BUKJIIOYHO [J151 [IepeBipKM 3MaTHOCTI MOZeJIi 10 y3aralbHEeHHS.

[TonepenHbO, AJ1s1 MiHiMi3allii 06UMC/IIOBAIBHMX BUTPAT Habip JaHMX OYJI0 HO-

pMaJTi30BaHO B TaKuii CIIOCIO:
P = (a - amin)/(amax ~ 85 ) ’
e P — HOpMaJli3oBaHe 3HAUEHHS MapaMeTpa; a — 3HAUeHHsS rmapamMeTpa 3 BUOIpKuU;

a_, — MaKcuMa/bHe Ta MiHiMajibHe 3HaU€HHS IapaMeTpa a 3 BUOipKU.

min’ ma

a

Mopgenb BUKOPUCTOBYE BUMIpsIHI KOHIeHTpalii CO, Ta BioMi 3Ha4YeHHS IIPO
KiJIbKiCTb JIIOZEM B MOMEHTH Yacy Bif (t-1) OO (t—i), he i= 2,_m, 11100 CITPOTHO3Y-
BaTM KiJIbKICTh JIIOMIEl B IpUMillleHHi Ha MOMeHT t. Hagasi Momenb 6epe mporLo3o-
BaHi 3HaueHHs KoHIeHTpallil CO,y mpuMillleHHi Ta KiJIbKiCTb JIIOJIe/i Y MOMEHT 4acy
t i BUKOPUCTOBYE iX SIK BXiHi JaHi [/ MPOTHO3YBAHHS KiJIbKIiCTb JIIOAE Yy MOMEHT
yacy t +1. B Takuit croci6 MoskHa MPOTHO3YBATU KiJIbKiCTb JIIO/Iel y IpUMIillleHHi B
yaci.

Jl7is1 OLIiHIOBAHHSI SIKOCTi MPOTHO3YBaHHSI MOJeJi 3aCTOCOBYBJINCh METPUKU
cepelHbOKBAaApaTUUHOI MomMuiiku nporHosy (RMSE) Ta cepenHboi abCOMIOTHOI TMO-

Muiaku niporiosy (MAE):

y(t) =y (1)}

1 N R 2 1 N
RMSE = mztzl(y(t)— y(t)) ; MAE =WZM

Ie N — 3arajbHa KiJIbKiCTb BUKOPUCTAHMX HAHUX; y(t) — €KCIIepMMEHTaIbHO BU-
MipsiHe 3Ha4YeHHsI, a y (t) — MpOorHo3oBaHe 3HaUYeHHs MapamMmeTpa.

Iyt mporpamMHoi peartisaiiii IITHM 6yn0 BUKOpucTaHo 6i6/1i0TeKy ITporpaMHOro
3a0e3IevyeHHsT 3 BiZKPUTUM KOIOM JJISI UMCIOBUX PO3PAXYHKIB 3 BUKOPUCTAHHSIM
rpadiB noToky ganux TensorFlow. Bysio mo6ymoBaHo 6araToliapoBy HeipOHHY Me-
pexy, sIka CKJIaJa€ThCs 3 BXiJHOr0, BUXIJHOTO Ta KiJIbKOX IMIPUXOBaHMX wapis. bara-
tomaposi [ITHM 3 nipuxoBaHMMM IIapaMu 34aTHI 4O allpOKCUMAllil CKJIaJHUX HeJi-
HiJiHMX 3a71e5KHOCTel, IKMMU € 4acoBi psaau. Mogenb [IIHM oHOB/IOE BaroBy MaTpu-
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L[}0 IPMXOBAHOIO 1IApy 3a JOMOMOIOI0 aIrOPUTMY 3BOPOTHBOTO MOLUIMPEHHS TOMMU-
JIKM i BUKOPUCTOBYE BUXiJl TTOME€peIHbOTO MPUXOBAHOTO 1Iapy B SIKOCTi BXOAY ITOTO-
YHOI'0 MPUXOBAHOTO IIapy, 00 MOCTYIIOBO 3MiHIOBATY BHYTPIIlIHiI ITapaMeTpu Me-
pexi. Cnif 3a3HauMUTH, IO BUKOPUCTAHHS 3HAYHOI KiJIbKOCTI MPUXOBAHMUX ILIApiB
MPU3BOAUTD A0 YCKIAAHEHHS HaBUAHHS Ta 3HMXKEHHS SIKOCTi IIPOTrHO3yBaHHS. Bu-
6ip apxXiTeKTypu Mepexi, 30KpeMa BU3HAUYEeHHS KiJTbKOCTi IIapiB, KiIbKOCTi Helipo-
HiB y IIapi MOMITHO BIUIMBA€ Ha TOYHICTh IPOTHO3YBAHHS KiJIbKOCTI IO Y TIPU-
MimeHHi. BapianTu koH@irypaiiiit, Mo po3Tasmanuch, Ta SIKiCTb pe3yabTaTiB MpPo-
THO3yBaHHSI HA TECTOBMX BMOipKax HaBemeHO B Tabi1. 1, onTuMasbHi pesynbTaTu Ta
BiITIOBimHMIT BapiaHT KOHQirypailii Mmepeski BUIiIEHO XUPHUM mipudTom. s 060X
MPUMIillleHb OINTMMAa/JIbHMM BUSIBUBCS OOMH i TOV camMmii BapiaHT KOHirypaiiii
[ITHM. OuiHOBaHHS SKOCTi MIPOTHO3YBaHHS, 110 3MAi/ICHIOETHCSI Mepeskero, BimOyBa-
Joch 3a Kputepiem Kpackasna — Yostica, 10 103BOJIUJIO IIepeBipUTY PiBHICTh MefiaH

KiJIbKOX HaBYaJIbHUX BUOipOK.

Tabmnug 1
Bub6ip koudiryparuii ITHM

[MpuminieHHs BapiaHT KinbKicTb HelipoHiB MAE RMSE

KoHiryparirii y Iapax Mepexi

[ITHM

MIPUMIilIIeHHS 1 [20, 10, 1] 0.2597475 | 0.1976358
A 2 [20, 10, 5, 1] 0.0923175 | 0.1259638
3 [20, 10, 5, 5, 1] 0.0349712 | 0.0463273
4 [20, 10, 5, 5, 5, 1] 0.1158294 | 0.1078490
5 [20, 10, 5,5,5,5,1] | 0.1435618 | 0.1096385
npuMilieHHs B | 1 [20, 10, 1] 0.2749025 | 0.2112699
2 [20, 10, 5, 1] 0.1479261 | 0.1611635
3 [20, 10, 5, 5, 1] 0.0477911 | 0.0586487
4 [20, 10, 5, 5, 5, 1] 0.1247318 | 0.1414523
5 [20, 10, 5,5,5,5,1] | 0.1636910 | 0.1866812

Ha puc. 1 HaBOASTHCS pe3yabTaTy MPOTHO3YBAHHS KiJIbKOCTI JITOAei y pumi-

IIeHHi A IO JHSIX, IMPOTHO3HI 3HAUEeHHSI MO3HAUEeHO ITyHKTUPHOIO JIiHi€l0, CIIOJIOII-

HOIO JIiHi€I0 TI03HAUeHO [iliCHY KiJIbKiCTh Jofeli (AaHi ofep>kaHO 3 BCi€i TeCTOBOi

BUOipKM).
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1204 — KinbKicTe niopei y npumMierHi
—=- MporHo3oeaHa KiNbKiCTe NRAEA Y NPUMILLEHHI
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PucyHoK 1 — [TopiBHSIHHSI IPOTHO30BaHMX 3HaUeHb KiJIbKOCTI JItoAel y MpuMillleHHi

A i3 ciocTepeskyBaHMMM 3HAUYEHHSIMU 151 BCi€l TeCTOBOI BUOipKM

Ha puc. 2 HaBeZeHO ycepeqHeHi 3HaUeHHS IMPOrHO30BaHOI KiJIbKOCTI JIOAeN y
npuminieHHi C (BimobpaskeHO MYHKTUPHOIO JIiHi€I0) Ta IMOPiBHSHO i3 ycepeaHeHUMM
CITOCTEpEKyBAaHMMM 3HAUEHHSIMM [IJIT BCiei HaB4ajabHOI BMOipku. Cilifi 3a3HAUYMUTH,
110 MOJie/Ib YCHILIHO BiATBOPIOE XapaKTep pO3IOfiJly MPOrHO30BaHOTO MapaMeTpy,
X0ua CIIOCTepeXyBaHi AaHHi 3 npuMiinieHHs C He Opanayu y4acTb y HaBYaHHI MOJeTi.
3a pe3y/ibTaTaMy HaBUaHHS MOJe/Ib BUSIBUIACh 3JaTHOI0 OXOMNUTY CKIAAHiI HeTiHi-
Hi 3aJIeXKHOCTI MiX pisHMMM daKToOpamMu, IO BIUIMBAIOTh HA pe3yJbTaT IMPOTHO3Y-

BaHHHI.

—— KinekicTe nioged y npuMiwerHi

40 4 === TpOrHo308aHa KinbKICTL NI0AEA y NPHMILLEHH
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PucyHOK 2 — IlopiBHSIHHS ycepeJHeHMX TPOrHO30BaHMX 3HAUY€Hb KiJIbKOCTi I et
y npuMiteHHi C i3 ycepeHeHUMM CIIOCTEPEKYBaHUMM 3HAUEHHSIMU

ISl BCiei HaBUa/IbHOI BUOipKM

He3HauHi MOXMOKM ITPOrHO30BAHMX 3HAUEHb, 10 3a/IMIIAIOTHCS B pe3y/bTaTax
IIPOTHO3Y, MOKHA ITOSICHUTM OOMEKEHIiCTIO ITOYaTKOBMX JaHMX, MOXMOKOI camMoi

MOJIieJsli Ta HasIBHICTIO ¢aKTOpiB HeBM3HAueHOCTi. CiliJ 3a3HAUUTH, 10 MTPOAYKTUB-
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HiCTh MOJIEJIi MOKHA 3HAYHO ITOKPAIUTH, SIKIIO J0 HAabOpy JaHMX HOJATH IapaMeT-
pU BIUIMBY CUCTEMM MeEXaHIYHOI BEHTWJILil, IHTEHCUBHICTb JIFOACHKO1 AisITBHOCTI,
YacTOTY BiIKpMBaHHS Ta 3aKpUBaHHS ABepeii, BiKOH TOINIO.

BucHoBKM. VY po0OOTi JOC/TiIKEeHO MOXKJIMBOCTI 6araTomapoBUX HEMPOHHUX
MepexX A1 pO3B’sSi3aHHS 3aJaui MPOrHO3yBaHHS. 3a pe3yjbTaTaMM aHai3y JiTepa-
TYPHUX [Kepesa IOOCTiIKeHO CTaH IIpobsieMy, BM3HAUEHO OCHOBHI Migxomu OO
PO3B’sI3aHHS 3a7a4, ITOB’SI3aHMX 3 aHA/Ii30M SIKOCTi IOBITps y NpuMilIeHHSX. [100y-
JIOBAaHO MaTeMaTU4YHy MOJejb 6araToiapoBoi HEMPOHHOI Mepeski IJIsT BU3HAUeHHS
KiJIbKOCTi JIIoAei y MpuUMillleHHi 3a pe3y/JbTaTaMM CIIOCTepeskeHb 3a IapaMeTpamMu
TOBiTps Ta ii MporpaMHy peasisaliifo. 3a pe3yJabTaTamMu IIPOBEeIEHNX 00UMCIIOBAb-
HMX eKCIIEPMMEHTIB i3 3aCTOCYBaHHSIM CTaTMCTUYHOTO aHalIi3y chopMy/IbOBAHO pe-
KOMeH/allii oao BUbopy apxiTeKTypu Mepexki Ta ii mapamerpiB. HamaHo pekoMeH-
Jarii aJist miaBuIleHHS TPOAYKTUBHOCTI MOAeJTi.
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A neural network approach to the identification of room occupationalness

according to air parameters

The paper introduces an approach to determining the number of people in a room
based on data from observations of air parameters using a multilayer neural network.
Monitoring of air parameters, the ability to predict their values and manage ventilation
systems are important to ensure a healthy and comfortable indoor environment. The
purpose of the research is to develop mathematical models and methods of forecasting
air parameters based on the results of real-time monitoring. Different approaches to pre-
dicting air parameters and the number of people in rooms using mathematical models in
the form of equations and artificial neural networks with different architectures and types
of training functions are considered. The paper proposes an approach to forecasting with
the help of a multilayer neural network, which allows taking into account various factors,
the nature and quantitative values of which cannot be taken into account and cannot be
added to the model parameters. The CO; data together with the indoor occupancy data
from the meters are used to train the neural network. In the future, a neural network
trained on such data can be used to predict the number of people in a room based only on
data from air quality analyzers.

The issue of choosing the architecture of a multilayer neural network and its pa-
rameters for solving the forecasting problem has been investigated. Neural network
training is carried out by the method of error back propagation. To evaluate the forecast-
ing quality of the model, the metrics of mean square error of forecast and mean absolute
error of forecast are used. The Kruskal-Wallis criterion is used to take into account the
results of forecasting on several samples. Based on the results of the computational ex-
periment, the optimal network architecture is determined. The model successfully repro-
duces the nature of the distribution of the predicted parameter, as it captures the com-
plex nonlinear dependencies between the various factors of the model. Recommendations
are given to improve the performance of the model.
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B. XKymman, T. 3aiiueBa
KOMIUIEKCHU HIAXIJ IO PO3B’I3AHHS 3AZTAUI B3AEMO/IIT
ABCOJIIOTHO >KOPCTKOTI'O IBO3B’SI3HOT'O LITAMITY
TA ITPY>KHOT'O ITIBITPOCTOPY

AHomayis. ¥ pobomi npedcmassieHo KoMnaeKcHUl nioxio wo 6a3yembCa Ha NPUHYUNAX cucme
MHO020 QHANI3y 01 pO38°A3AHHA KOHMAKMHuUxX 3a0a4. Po3enadaromscs 3a0ayi npo BOABAEHHA 8
00HOpIOHUl ma 130mponHull npyxHul nignpocmip abCOMOMHO XOPCMKUX NJOCKUX 00
HO38'A3HUX 1 0B038’A3HUX WUMAMNIB Y (hOpMI HEKPY20B8020 KiNibUA. 18 OMPUMAHHA AHANTMUYHO
20 pilieHHsA 3aCMOCOBYEMbCA Memo0, W0 6a3yEMbCA HA BUKOPUCMAHHT PO3BUHEHHS nomeHyiany
npocmoeo wapy 01 obaacmeli 6u3bKux 00 Kilbyesux. [ 8i3yanizayii i aHani3y pe3ysabmamis
Ha mosi C++ cmBopeHo npozpamHe 3a6e3nedeHHs. CKIHYeHHO eneMeHmHi MoOesi 014 8i0mBo
peHHs B3AEMOOTT JKOPCMKO20 Wmamny 3 NPYXHUM Nignpocmopom 6yO0ymsCs y npo2pamHOMy
cepedosuwyi ANSYS. Baxxnusum emanom € nepesipka adexksamHocmi modesel, sKa 8i06YBaemMbCs
Y momi qucni 1 3a paxyHOK NOPIBHAHHA OMPUMAHUX YUCE/bHUX pe3ybmamis 3 GHAMIMUYHUMU.
HocazHymo 3a008i1bHe y3200)KeHHA pe3ysbmamis YUCesbHO20 MOOeN0BAHHA 3 OMPUMAHUMU
paHiwe aHanimuyHumu. Y pasi nepebysarHHs cucmemu wmamn npyxHil nisnpocmip 8 CKAAOHUX
npupodHux ymosax abo 8 azpecusHomy ceped0oBuULYT 3a NeBHUL YaC MOOebHO20 3ACMOCYBAHHS,
BPAX0BYIOMbCS MOXKIUBI BUNAOKOBT NOWKOOKEHHS ab0 MakKi, Wo BUHUKAOMb 3G NEBHUM 3AKO
HOM, Hanpukaao, Kopo3is. Tobmo, 3a MaKux yMos, 3 YaCOM, PO3MIipUu 30H KOHMAKMY MOXYmb
3miHloBamuca 1 cmarms Hegidomumu. CmBoplOEMbCA yucnosa 6a3a po3paxyHKis cucmemu
wmamn npyxHud nignpocmip 0415 pi3HUX ()OpM nonepeyHuUx nepepisig WmMamnis, NOEOHYLYU iX y
cneuiansHi epynu. [Jns po3pobKu i niOmpuMKu eKcnepmHoi cucmemu BUKOPUCMAHO NPo2paMHuli
iHcmpymeHm CLIPS. Po3paxyHkosa 6a3a nepedaemscs 8 Hb020 30 00NOMO20K0 CneyianbHO Cmeo
peHo20 npoepamHoz20 000amky Ha mosi C++. Ha ocHosi Habopy npasun ma 3HaHb, AKi Gyau
CMBOpeHi 1 BUKOPUCMAHT OJ151 PO38’3AHHSA KOHKpemMHUX 3aB0aHb BIOOYBAEMbCA asmomamu3ayis
npouecy npuliHAmms piweHs. [N KOXHOi okpemoi Komn'tomepHOi moOeni, po3paxosylomscs
Macusu 0aHux — HOPMAIbHI 1 00MUYHI HANPYXeHHS B8 NesHUX moykax. [Iposodumscs i0eHmugi
Kauis ¢hopmu nonepeyHo20 nepepizy wmamny 8i0N0BIOHO 00 BU3HAYEHUX Yy 6a31 3HAHb Kpumepi
is. Mpoyec 2eHepayii popmu nonepe4yHo2o nepepizy wmamny 8i0bYBAEMbCS 30 00NOMO2010 Cne
yianbHo po3pobsieHo2o npo2pamHo2o 3abesneyeHHs 8 OpenGL. Y akocmi mamemamu4Ho20 iH
cmpymeHmy, BUKOPUCMAHO Kybi4HY cnaaliH THmepnoasyito.

© JKXymmas B., 3aiiiieBa T., 2024
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Kntoyosi cnosa: aHanimuyHul po3s’a30K, KOHMAKMHA 3a0a4d, WmMamn, MamemMamuyHa mMooesis,
mMemoO CKIHYeHHUX efleMeHMmIiB, HaNPYXeHHs, meopis NpyxHocmi, 061acme KOHMAKMY, ekcnep
mHa cucmema, cucmemHud nioxio.

IToctaHOBKa mpoO/eMu. 3aCTOCYBaHHSI CMCTEMHOTO MigXOIy A0 BUPIlIeHHS
3a/1au KOHTAKTHOI MexaHiky J03BOJISIE BPaXOBYBaTU Pi3Hi aclleKTU CUCTeMM, TaKi SIK
reoMeTpisi, MaTepiajibHi BJaCTUBOCTI, TPAHNYHI YMOBM Ta HaBaHTaX€HHS; AOMOMa-
ra€ YHUKHYTU CIIPOIEHb; M03BOJISIE CTBOPIOBATM MaTeMaTMuHI MOJeJi, sIKi Bifo-
O6pa’kaloTh B3a€MO/IiI0 BCiX YaCTMH KOHCTPYKIIiit Ta MeXaHi3MiB.

AHaJi3 ocTaHHIX DOCTiIKeHb i myosmikaiii. BaxkinBow 3a7auero ChOroieH-
HSl € MiABUIIEHHS SKOCTi, HAi/iHOCTi, €EKOHOMIYHOCTiI Ta MPOAYKTMBHOCTI MaIllMH,
006JyiagHAHHS Ta iHIIOI MPOAYKIIii MalIMHOOYIyBaHHS, 3HMKEHHS iX MaTepialToMicT-
KocTi. ToMy pO3BUTOK MaTeMaTUUHOI Teopii Ta migBuilleHHsI ePeKTUBHOCTI ii BUKO-
PUCTAHHS B MPUKIATHUX LISIX 3aBXKAM 3aMUIIAETHCSI aKTyaIbHUM NUTaHHIM. Came
IIJIIXOM 3aCTOCYBaHHS aHAJITUUHUX METOHiB Y po6oTi [1,2] oTpumMaHO pO3B'SI3KU
KOHTaKTHUX 3aj7jau Jis KIacuMuyHux obsacTteit. Y poboTi [3] aBTOpamMu 3amporoHOBa-
HO HOBMI MiAXi[ 4O MOIIYKY PillleHHS 3a[aydi [J1s1 KUIbILeBOTO IITaMIla Y BUTJISIAL MO-
IBITHOTO PsSIAY, B IKOMY KOeillieHTM OOUMCIIIOIOTHCS TOYHO 3 MPOCTUX PEKYPEHT-
HUX CITiBBiJHOIIIEHb.

MaioTh pO3BUTOK AOCTIIKEHHS Yy HAIIPSIMKY B3a€EMOZi0 TIPY>KHMX Tijl 3 TTOYaT-
KOBMMM 3aJMIIKOBMMM HAIPYKEHHSIMM 3 ypaxyBaHHSI cua TepTsi Ta 6e3. B
poboTtax [4, 5] po3IISHaeTbCsd B3aEMO/IiSI SKOPCTKOTO IMJIiHAPUYHOTO KiblleBOTO
IITaMIia Ta MPy>KHOTO MiBIIPOCTOPY BMBYABCSI.

VY poborax [6,7] aBTOpamMM BUPIIIYIOTbCS KBa3icTaTMUHI KOHTAKTHI 3aaadi, siKi
MarTh HellepeciyHe 3HaUeHHS Y 3a/jauaxX MPOMMUCIOBOCTI.

[IIMpoOKO 3aCTOCOBYETHCS AOCAITHMKAMM MeTOJ CKiHUeHHUX eJIeMeHTiB, SIK iH-
CTPYMEHT [JIs1 3HaXOJ/)KeHHSI PO3B’SI3KiB iHTerpaJibHMX Ta AudepeHIliaTbHUX PiB-
HSIHb Y YaCTMHHUX TTOXigHMX [8, 9]. Tpeba cka3zaTu, 1m0 eeKTUBHICTh 3aCTOCYBaHHS
METOAY CKiHUEHHMX eJIeMEeHTIB IpOJIeMOHCTPOBAaHA aBTOpaMM IJIs1 BUPIllIeHHS 00e-
pHEHMX KOHTaKTHUX 3aad B poboTrax [8, 9]. TakoX JOCTATHHO MOMYJSIPHUM € i Me-
TOJI TPAHMYHUX eJIeMeHTiB.

ABTopamu y po6orti [10], 3aCTOCOBYETBCSI pO3KIaJaHHsI MOTEHIially MPOCTOTO
1iapy Ajis1 OTpMMaHHS BiJIMOBifi, MO0 ONMTUMIi3allii po3MOily TUCKY B KOHTAKTHil
30Hi. 3ajavua JUINTHCS Ha [Bi MOC/iJOBHO PO3B'sI3yBaHi 3a4aui.

VY pob6otax [11-13] mociimskeHO TTpo6aeMy BAABIIOBAHHS IITAMITIB 3 IIJIOCKOHO

OCHOBOI0, 00MesKeHOI0 IBO3B’I3HMMM IIJIOIIaAKaMM KOHTAKTY. [ pO3B’SI3aHHS LIUX
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3a/1au 3aCTOCOBYETHCSI i Ma€ CBOE PO3BMHEHHS aHAJTITUYHMI MiAXiAd 3alpOIIOHOBA-
HUI1 y poOOTi [3] i TAKOK HIMPOKO BUKOPUCTOBYIOTHCS iHDOpMalliiiHi TeXHOOTi].

HeobxigHO Bifi3HAUMTH, 10 KOMOIHYBAHHS aHAJITUYHUX i YMCETbHUX METO/iB
€ BaKIMBYM i CyUYaCHMM ITiIXOJOM IIpU pO3B’sI3aHHi 6araTbox 3a7auy KOHTaKTHOI Me-
xaHiku. To6To, MoeAHAHHS Pi3HUX ITiAXO/iB IO pillleHHs 3a7a4 Ta HaJaHHSI KOMILIe-
KCHMX OLIiHOK AOIIOMAaraioTh 3HAWTYU LIISIXU IO BUPIIIEHHS CKIaSHUX IPOOIeMHUX
MUTaHb, 1[0 JABHO CTOSITh Mepep iHKeHepaMy i HayKOBLIMM. Taki Migxoau CTaloTh
MOTY)XHUM IHCTPYMEHTOM [IJISl aHa/Ii3y Ta MOJe/II0BAaHHS Pi3HUX ABUL i IPOLIECiB.

MeTo10 OOCTiaKeHHsI. MeTOoI0 MOC/iIKeHHSI € PO3p0OKa KOMIUIEKCHOTO ITif-
XOIy 1[0 0a3yeTbCs Ha IMPUHLMIIAX CHUCTEMHOrO aHali3y [Jis po3B’SI3aHHS 3a1ad
CTBOpPEHHSI Ta AOC/iIKeHHS MaTeMaTUUYHMUX i KOMIT'IOTepHUX MojeJieli KOHTaKTHOI
B3a€MO/ii abCOMIOTHO KOPCTKOrO LIMJIIHAPUYHOIO IITAMIIA i3 IVIOCKOIO OCHOBOIO 3
MIPY>KHIM IMiBOPOCTOPOM IIiJI Ti€l0 CTUCKAKYOi CUJTIN.

BukiageHHsI OCHOBHOTO MaTepialy ZOCTiIyKeHHS.

PosrnsimaeThcst aOCOMIOTHO SKOPCTKMUIA TVIOCKMIA IITaMII, 10 3aiiMa€ B IIJIaHi 00-
JIaCTh, KOHTYP SIKOi 0OMeXKeHMi ABOMA IMOAiOHMMM KpuBUMM. [TouaTOK KOOpAVHAT
pPO3TalllOBAaHO B TOUIIi, 110 CIiBMNAaa€ 3 LIEHTPOM TSDKiHHS Iepepi3y OCHOBM IITaMIIa.
[lITammr repebyBae B piBHOBA3i i mi€l0 MPUKIALEHUX OO HHOTO 30BHIIIHIX CUI i
peaxilii Ipy>kHOro cepemoBuia. InomyHa, Mo 06MeXY€e ITBOPOCTip, MiCTUTH 00-
JIaCTh KOHTAKTy (OCHOBA INTaMITy) i 00JIacThb, IO BiJibHA Bif BIUIMBY. [ToBepxHS
IITAaMITy, II[0 KOHTAKTy€ 3 TIIPY;KHMM CepeloBUIIEeM OMNUCYETbCS PiBHSIHHSIM

z=f(x,y) , me (xy)ea, . IlepembauaeTbcsl BifCYTHICTb CHMJI TepTs B 06IACTi

KOHTAKTHOI B3a€EMO/Iii IITaMMy Ta MPY>XHOTO cepenoBuila z >0 . byameMo BBaskaTH,
mo ¢opma mwramny f(x,y) € HemepepBHOIO i ITafKoK (PYHKIIEI0 KOOPAMHAT, a
K 6yze p = p(x,y) =0 [11]

Byno po3pobsieHO mporpamMHe 3abe3IleuveHHs IS aHalAi3y Ta Bisyasisalii
AHATITUYHOTO pileHHs. Bubip MmoBu nporpamyBanHst C++ 1151 peasisariii mporpam-
HOTO 3a0e3IeueHHsT BU3HAUMBCS HM3KOI0 OOIPYHTOBAHMUX MPUUNH, SIKi CIIPUSIIIA OT-
pMMaHHIO e(eKTUMBHOTO BUPIIIEHHIO ITOCTaB/IeHOi 3aaui. Tpeba 3a3HaYMTH, 11O MO-
Ba IporpamyBaHHs C++ BijoMa CBO€I0 BMCOKOIO IMPOAYKTMBHICTIO Ta MOKIMUBICTIO
eekTMBHO IpaIflOBaT¥ Ha HMU3bKOPiBHEBOMY piBHi, III0 OCOOJMBO BasKIMBO [IJIS
BUpillleHHi CKJIaJHUX MaTeMaTUYHUX 3a7ad4. Takox, HasIBHICTb
6araTodyHKIliOHATbHUX 0i6ioTeK C++ CBOPIOE MOSKIMBOCTI IJjIsSI BIAJIOTO ITPOBe-
IeHHSI MaTeMaTUYHUX 00umciaeHb. O0'€KTHO-OPi€HTOBAHMIA IMiOXim CIIpuseE CTBO-
PEHHIO CTPYKTYPOBAHMX Ta JIETKO 30epeskeHMX IMporpam, 10 € BasKIMBUM OJIsI 00-

UYMCTIOBAJIBHMX HAyKOBMX MOCTiIKeHb. IlepeHOCHMMiCTh KOMy AO3BOJISIE CTBOPIOE
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yMoOBM Ijig Kpocruiatdopmeocti. Tomy mporpamHe 3abe3redyeHHs IJisI aHAJIi3y Ta
Bisyastizallii aHaiTUUHOrO pillleHHs, OTpMMaHOoro padiiie [11], 6ys10 po3pobieHo Ha
MOBi C++.

ByJio mobynyBaHO CKiHUeHHO-eJIeMeHTHI MO/Iiesli B3a€EMO/ii SKOPCTKUX IITaMIIiB
3 IIPY>KHUM MiBIIPOCTOPY Y (pOpMi OHO3B 'SI3HMX i IBO3B'SI3HMX IITAMITIB 3a JOIIOMO-
row mnporpamHoro komiuiekcy ANSYS [14]. Bysno cTBOpeHO TpuBMMIpHI Mozeii
reoMeTpii MPYKHOTO IiBIIPOCTOPY Ta IITAMITy B IporpaMHOMY MomyJ i SpaceClaim.
s moctymna go GyHKIioHAy, IO BiACYTHIil B MoTouHil Bepcii iHTepdeiici ANSYS
0yJ10 pO3p00JIeHO MTporpaMumii ogaTok Ha MoBi APDL. [Ijs1 cTBOpeHHs opraHisarii
3a 0coOMMM IMpaBWIaMM MAacCHUBIB JaHMX, BimOyBajaocsl 3UMTYBaHHSI HampyXeHb i
rnepeMiiieHb 3i CIel[ia/ibHO PO3TalllOBaHMX YMOBHMX [ATUMKIB Ha TpaHULSX
mrtammniB. [IpoaHasnizyBaHO HampyskeHO-Aed@opMoBaHMII CTaH CUCTEMMU Ta OI[iHEHO
pe3yJabTaTy UIJISIXOM IIOPiBHSIHHSI 3 OTPMMAaHMMM paHill aHaMITUUHUMM. [Is
BUITIA/IKiB KOJIM ITOXMOKA IMEePEeBUIINYE AOMYCTUMY, TO IPOBOAMBCS YTOUHIOBAIbHMI
Mpoliec reHepallii CKiHueHHO-eJleMeHTHOI MOIeJTi.

Posrnaganucs BUIIAAKM KOJAM BBaXKaJIOCS, L0 CUCTEMB LITAMII- MPYKHUIA
MiBIIPOCTip TepebyBae B CKIAAHUX IIPUPOJHMX YyMOBaX abo B arpecUBHOMY
cepemoBuIIi, ab0 BigOyBalOTCS MpOIleC 3HOIIEHHS 3a MeBHMIT Yac MOJEeNbHOTO 3a-
CTOCYBaHHSI. BpaxoBaHO MOXJ/IMBiI BUITAJIKOBi ITOMIKOMKEHHS ab0 TaKi, 10 BUMHMUKA-
I0Th 3a IEBHMM 3aKOHOM, HampuKiad, Koposis. IloGymoBaHa 3HAUHA KiJIbKiCTh
CKiHUEHHO-eJIeMeHTHUX MOJeJieil IJisl pi3HMX BUITQAKiB MOMIKOIKeHb HITAMITIB, IJIsI
SIKMX HOBi pO3paxyHKOBi (popmu morepeyHux rnepepisiB 6ysa0 3MiHEHO Bifl TOYaTKO-
BUX 33 BU3SHAUEHUM NPABUIOM.

Hiokde B mporeci MOMIYKY KOHTaKTHOTO TUCKY p(xy ), (xy )egf, posrisaaa-

I0ThCSI pillleHHS IBOX KPaloBUX 3a4au Teopii MPy>KHOCTI AJist miBmpocTopy z =0 [10].

Towryk posmoginy Ticky p(xy ) B 06macTi @ , Npy 3aBIaHHI HOPMAJIBHMX ITe-
pemimens. w(xy )=f (xy ) Ha @ . P0o3B’30K naHoi KpaiioBoi 3amaui Teopii mpyxHO-
cti mns miBmpoctopy z=0 3 TIpaHMYHMMM yMOBaMM o _=o =0, w=f (xy ),

Xz

(xy)e@ ,mao =0 _=0 =0, (xy )EQ,, icuye i eauno [10], a pO3MOALT TUCKY, 110

BU3HauaeThesl, p(xy )=o _(xy ), (x y)EQ , Moxe GyTu mpesicTaBIeHO y BUNISAL
pp (f)=L,f, 1)

i€ o,,i,j=x,y,z, - KOMIIOHEHT) T€H30pa HAIpPYXeHb, w - KOMIIOHEHTa BEKTOpA

repeMillleHb, 1[0 HOPMaJIbHA [0 IUIOWIWHHA xy , a L, - JiHiJiHWIA omlepaTop.
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TMouryk posnofily HOpManbHMX 3MilleHb w(x,y)= f(x,y) B obnacTi o  mpu

NPUKIALEHH] J0 1iei 06/1acTi 3aJaHnX HeBiJ'€eMHMX LEeHTPaTbHUX TUCKIB p(x,y)=0.
P03B’5130K BiAIIOBIZHOI KpalioBOi 3a4aui AJ1s MiBIPOCTOPY z >0 3 TPAHUYHUMMU YMO-

BAMM 6, =0 =0, o =plx,y) IpU (x y) €Q, iCHye, eAMHUI i 3HAXOAUTHCS B BU-

y yz

IJISA1 TTOTeHIiay IIPoCTOro mapy. Posnomin HopMaabHMUX MPOrMHiB w(x,y)= f(x,y)

B 00/1aCTi Q , HAJAETHCA BUPA3OM
f=f(P)=LbP, (2)
3 JIIHIiHMM OIlepaToOpoM L, .
IIpu BigoMoMy po3IOAiNi TUCKY p(xy ), (xy )€€, , pe3ylbTyro4ya cujia P i MOMe-
HTU M _, M  BiJIHOCHO OCeii x i y , IO IPUK/Ia[eHi IO TaMITy BU3HAUalThCs BUPA-
3amu [10,11]

p = fdef,MX=j‘ydef,My=j}(def. 3)

Q Q Q

f f

Beezemo B posrsig GyHKIi0 p, = p (x,y) =0, W0 OMICYe DesSKMii 3aLaHMi
PO3IOZL TUCKY B 061IaCTi KOHTAKTY Q | . SIK ONTUMisyrounii GyHKIOHAT pO3IIIsiHe-

MO iHTerpa BUTTISAY

J,=1()= fp p(f))aa,. 4)

dyHKUioHaN (4) XapaKTepu3ye HEY3rOAKeHICTb MiX pO3MOAIIOM TUCKY
p(x,y), mo Bigmosigae mneBHiit dopmi mTamyf(x,y), i 3amaHuM (LIibOBUM)

posmoginom ucky p, (x,y) [10].

EkcriepTHy cucTeMy Oy/0 peanizoBaHO Ha 0a3i iCHyHOUOro BiAKpUTOro AJIs 3a-
raJIbHOTO BUKOPUCTaHHS MporpamHoro npoaykty CLIPS [15]. EkcriopT maHux 100
HaIlpy>XeHb i IepeMillleHb 3 YMOBHUX JaTUMKiB B 6a3y 3HaHb €KCIIEPTHOI CUCTEeMU
OyJi0 peasni3oBaHO B aBTOMaTM30BaHOMY ¢opmari uyepe3 po3pobiieHe criellianbHe
nporpaMHe 3abe3rneyeHHs Ha MOBi mporpamyBaHHs C++, Ta 3a JOIOMOTOI0 PYy4YHOI
nepenavi JaHux yepes immoprt iHpopmartii 1o Excel daitny, Ta rnmoganpiry ioro o6-
pOOKY aBTOPCHKMM [I0JIaTKOM Ha MOBi IporpaMyBaHHs JavaScript. basa 3HaHb cuc-
Temu 306epirae iHpopMalliro o010 reOMeTPUIYHMUX XapaKTEPUCTHUK IITAMIIIB Ta Bjac-
TUBOCTEeI MaTepialiB MiBIPOCTOPY i MITaMITy, a TaKOX Habip mpaBui i ¢akTiB, 10
BUKOPUCTOBYIOThCSI [IJIT BM3HAUEHHS BiAMOBiIHOCTI HampyskeHO-Ae(dopMiBHOIO
CTaHy CUCTeMM abCOTIOTHO KOPCTKMUIA IITAMIT — MPY>KHMIA MTiBIIPOCTip KOOpAMHATAM
TOYOK 3a 3aJaHUMU KPUTEPIIMMU.
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[Ticyist 06pOOKYM BXiTHMX JAaHHUX €KCIIEPTHA CHUCTeMa BuAa€e iHGopmaliiio momao

KOOPJMHAT TOUOK KOHTYpPY INTaMITy, sSIka IMepemacTbCsl Ha BXiJ A0 pO3p06JE€HOTO

CITeIiaJIbHOTO IMPOTpaMHOro 3abesneueHHs AJ1s Bisyatizallii KOHTYpY IITaMITiB. JIJis

BiJITBOPEHHSI KOHTYPiB IITaMIIiB 6y/10 BUKOPUCTAHO KyOiuHY CIIaiiH-iHTepIoJsIIilo.

Ha 3aBepirajibHOMY eTarli BiOyBa€ThCS MOPiBHSIHHI ITOOYAOBaHMX KOHTYPIB IITaM-

miB 3 MojaenbHUMM. Ha puc. 1. HaBeeHO 3arajabHy cxeMa OyI0BY KOMILIEKCHOTO ITi-

IXOmy [0 pO3B’SI3aHHS 3a7ay CTBOPEHHS Ta MOOCTiIKeHHS MaTeMaTUYHMUX i

KOMIT'IOTEpPHUX MOJeJieli KOHTaKTHOI B3a€EMO/Iii aOCOIOTHO SKOPCTKOTO VT HAPUY-

HOTO IIITaMIIa i3 IVIOCKOK OCHOBOIO 3 MPY)KHIM ITiBIIPOCTOPOM IIiJi, Ii€I0 CTUCKAKYO1

Pa3pobixa nporpamHoro 0

zalieanedeHHA fA aHanisy

CUJIN.
Noxnbra He Noxnbra
nepesuwye || nepesuwye
gonycrumy || ponyctumy

138

Ta Bi2yanisaLia aHanimMyHoro
pilueHHA

EKCHEpTHa CUCTEME 9

-
MNepesipka gocrogipHocTi
OTPMMaHUX Pe3ynsTatie

N

ANSYS

CTBOpEHHA TPMBHMIpHOT 1
MoZeni reoMeTpii npyHoro
MIBNPOCTOpY Ta WTamny

BikopuctanHA nporpamuoro )
AO/AATKY Ha MOBi IPOTPaMyBaHHA
APDL ann goctyny Ao dyHKuioHanY,
KM BICYTHIM B NOTOUHOMY
iHTepdetici nporpamd

[eHepaLyA cHiHueHHo-
ENIEMEHTHOI CITHH

OTpumaHHA pezynsTatie 5

KIIIMI'I'IOTEPHOFO MOAENBaHHA

Io3uLjioHyBaHHA YMOBHMX JaTuMKie

I

Mpaeuna

ApTomatuzoBaHa

nepe/jaua faHuy yepes
poapobnere N3

8
PyuHa nepefaua aHux
yepez poapobnexe 13

Excnopt Excel daiin

r y
3umTyBanHA iHpopmawi 3
. daktis ekcnepTHol cHcTemu |

Mporpamue 3abezneverna 1 ()
LA BigyanisaLii KoKTypy
wramny

Pozbutrs Ta copryeaxHs
KONEKLii TOUOK KOHTYpY

Iureprionavia kyBiuHuMM
CAIMHAMM 1A OTPHMAHHA

i33L4iA KOHTYpY WTaMny
8 pozpobnenomy 13

PucyHok 1 - 3arajsibHa cxeMa 6y/IOBM KOMIIJIEKCHOTO ITiIX0oy
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BucHOBKM

B po60Ti 3acTOCOBaHO KOMIIJIEKCHMI TTiAXifT 1110 6a3ye€ThCS HA MPUHIIUIIAX CUC-
TEeMHOTO aHaJli3y [OJis1 pO3B’SI3aHHS 3a7ay CTBOPEHHSI Ta aHaji3y MaTeMaTUYHUX i
KOMIT' IOTepHUX MOJIejieli KOHTAaKTHOI B3a€MO/Iii aOCOMIOTHO JKOPCTKOTO IIMTiIHAPUY-
HOTO IIITaMIIa i3 IVIOCKOK OCHOBOIO 3 MPY>KHIM ITiBIIPOCTOPOM MiJI, Ji€l0 CTUCKAKYOIi
cunu. B mpolieci BUKOHAHHSI po60TH OGy/I0 po3pobsieHO MporpaMHe 3abe3redeHHs
TSI PO3PaxyHKOBMUX (OPMYJT aHAJIITUUHOIO PillleHHs 3a7a4 1010 IJIOCKMUX HITaMITiB
pi3HOi hopMM B IIaHi 6JIM3bKUX 10 KiJIbIIeBUX JJISI TPOBeieHHST e(eKTUBHUX po3pa-
XYHKIB 1 aHaJli3y OTpMMAaHMX pe3yJibTaTiB; CTBOPEHHS CKiHUeHHO-eJIeMeHTHi Mojeri
B32a€MO/Iii TJIOCKOTO aOCOIIOTHO KOPCTKOTO BO3B'SI3HOTO B IUIAHI MITAMITY 3 TIPYXK-
HMM ITiBIIPOCTOPOM 3a JOMOMOTr0I0 ITporpamHoro kommjaekcy ANSYS; cTBopeHO Ipo-
rpaMHe 3ab0e3IeueHHs )i Mepeaadi MacuBiB JaHMX 3 IPOrPaMHOI0 KOMILIEKCY
ANSYS mo nporpamuoi cuctemu CLIPS; mobymoBaHO eKCIIEPTHY CUCTEMY IIPOrpaM-
HoMy cepemoBuii CLIPS mjist aBTOmMaTusailii MpuUHSITTS pillleHHS IOJ0 BUOOPY
HalOiIbII BAAJIOr0 BapiaHTy MOOYIOBAHOI I'PaHMIN IIJIOCKOTO IITAMITY, Y BUMAIKY
3MiHM Jioro ¢opMM IiJ BIUIMBOM [ii arpecMBHOrO cepemoBMIa ab0 BUITAIKOBUX
TTOIIKO/I3KEHbD.
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A complex approach to solving the problem of interaction between
a rigid double-connected punch and an elastic half-space

The paper presents an integrated approach based on the principles of system anal-
ysis for solving contact problems. We consider the problems of pressing rigid plane sin-
gle- and double-connected punches in the form of a non-circular ring into a homogene-
ous and isotropic elastic half-space. To obtain an analytical solution, we apply a method
based on the use of the development of the simple layer potential for regions close to the
ring. Software was developed using C++ to visualize and analyze the results. Finite-
element models to reproduce the interaction of a rigid punch with an elastic half-space
are built in the ANSYS software environment. An important step is to verify the adequacy
of the models, which is carried out, among other things, by comparing the numerical re-
sults with the analytical ones. A satisfactory agreement of the numerical modeling results
with the analytical ones obtained earlier was achieved. If the punch-elastic half-space
system is exposed to difficult natural conditions or an aggressive environment during a
certain time of modeling, possible accidental damage or damage that occurs according to
a certain law, such as corrosion, is taken into account. That is, under such conditions,
the dimensions of the contact zones may change over time and become unknown. A nu-
merical base for calculating the punch-elastic half-space system is created for various
shapes of punch cross-sections, combining them into special groups. The CLIPS software
tool was used to develop and maintain the expert system. The calculation base is trans-
ferred to it using a specially created C++ software application. Based on a set of rules and
knowledge that have been created and used to solve specific problems, the decision-
making process is automated. For each individual computer model, data sets are calcu-
lated - normal and tangential stresses at certain points. The cross-sectional shape of the
punch is identified in accordance with the criteria defined in the knowledge base. The
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process of generating the cross-sectional shape of the punch is performed using specially
developed software in OpenGL. The cubic spline interpolation is used as a mathematical
tool.

Keywords: analytical solution, contact problem, punch, mathematical model, finite-
element method, stresses, elasticity theory, contact zone, expert system, systematic ap-
proach.
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O.10. Pynuxk, O.B. Inxa, K.E. ['oneHko
THHOBAILIIVIHI ITIIXOOU ITPY BUKJIATAHHI TUCHTUITIIH
ABTOMOBIJIBHOT'O CITPSIMYBAHHS

AHomauia. [ns HagyanbHoi oucyunniHu «MooentoBaHHA MexHOI02IYHUX npoyecis nionpueMcms
asmomobisbHo20 mpaHcnopmyy» y cepedosuwiax SolidWorks Simulation i Ansys Workbench
C(hopMOBAHT OCHOBHI NPUHUUNU MA NONOXEHHS aBMOMAMU308aH020 NPOeKMYBAHHSA 8 obaacmi
KoMn'tomepHo020 MOOeIDBAHHSA a2pe2amis, By3/1i8 i 0emaneli MpaHCnopmHux 3acobis, @ MAKoX
npucmocysaHb 014 ix pemoHmy (nioHiMayis, doMKpamis, cmeHOi8, 3HiMa4yis mowo). OcHoBHa
yB8aza npudineHa meopii i NPAKMUYHOMY BUKOPUCMAHHIO Memo0iB CKIHYeHHUX efemeHmis ma
Habymms HABUYOK Y NPOEKMYBAHHI Ma pO3paxyHKax oemanell asmomobinbHO20 MpaHcnopmy.
Bu3sHayeHi 0608°a3k081 enemeHmu docnioxeHs y SolidWorks ma npakmuyHi Haguyku modesto
BAHHSA PI3HUX PeXUMIB HABAHMAXeHb OOPOXHIX Ma CneyiasbHUX MpAaHCnopmHux 3acobis y
Ansys Workbench. [lns nodosxeHHs pecypcy pobomu KOHCMpPYKMUBHUX efemeHmis i demarnel
asmomobifibHo20 mpaHcnopmy  BU3HA4YeHi Memoou ix BIOHOBAEHHA mMa  NiOBULEHHS
3Hococmilikocmi.

Knwo4osi cnosa: asmomobinbHuli mpaHcnopm, Komn'tomepHe modentosanHs, SolidWorks
Simulation, Ansys Workbench, memoouka.

HaBuanbHa IOUCHMUILIIHA «MogenoBaHHS TeXHOJIOTIUHMX IIpolieciB
i ITIPUEMCTB aBTOMOOITBHOTO TPAHCIIOPTY» € 00OB’SI3KOBOIO CKJIaJ0BOI0 (haxoBOi’
IiITOTOBKM 3/100yBauiB BUILOI OCBiTU JIs crien. 274 «ABTOMOOGITbHMII TPAHCIIOPT»
(6akanaBp). CTy[eHT, IKMUIt YCITIIIHO 3aBeplIMB BUBUEHHS OUCIUIUIIHM, TTIOBUMHEH:
BMIJIO BUMKOPMUCTOBYBATM TIOHSITiViHMIT amapaT 3 ¢axy; pO3yMiTU CTPYKTypy i
IVHaMiKy TexHoJjioriunux mpoieciB (TII) aBTOTpaHCIIOPTHUX ITiAIIPUEMCTB; YMITHU
BUKOPMCTOBYBATY YMCEIbHI METOAM PpO3B SI3Ky CTATUUYHMX i OMHAMIUYHMX 3a7ad
MeXaHiKM TBepHOro Tijia; MPaIoBaTy 3 MaKeTOM MPUKIAJHMUX IIPOrpam JJisl TIJI0CKO-
ro i TBepAoTiIbHOrO MojentoBaHHS SolidWorks; BonmoiTt iH>keHepHUMM pOo3paxyH-
KaMM TBepIOTiIbHUX MoOJesieil Ha MIilHICTh y MamuHooynyBaHHi (SolidWorks
Simulation i Ansys Workbench).

OcHOBHa yBara NpUAIISETbCS TeOPii 1 MPaKTUYHOMY BUKOPUCTAHHIO METOiIB

ckiHueHHMX eneMmeHTiB (MCE) Ta HabyTTs HABMYOK y MPOEKTYBAHHI Ta po3paxyHKax

© Pymuk O.10., Inxa O.B., Tonenko K.E., 2024
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JeTtajieii i By3iiB aBTOMOOiIbHOTO TpaHcopTy (AT), a TaKOXX MPUCTOCYBaHb IJIS iX
PEMOHTY.

Meta gucuumiiHu: GOpMyBaHHSI CydaCHUX YSIBJIeHb i MPAaKTUUHMUX HABUUOK 3
BUKOPUCTAHHS METOAiB KOMIT'IOTEPHOTO IIPOEKTYBAaHHS [eTajiei, BY3/IiB Ta
arperaTiB TPaHCIIOPTHMX 3aC00iB 3 HACTYIHOIO iMiTalli€lo iX HATYpPHUX BUIIPOOYBaH
y po3paxyHKoBux cepepoBuiiax MCE; matu ysiBJeHHS IIpO OCHOBM UMCEIbHUX
METO/iB PO3B SI3Ky CTATUUYHMX i OMHAMIUHMX 33734 MeXaHiKy TBepHoro Tijia, a Ta-
KOX TIPO aJITOPUTMM Ta OCOOJIMBOCTI iX UMCeNbHOI peasti3allii; HABUYMTU 3aCTOCOBY-
BaTV HaOIVDKEHI MeTOIM IJ1s1 BUPilleHHS KOHKPeTHMUX 3a7adu, sIKi BUHMKAIOTh Y Hay-
KOBO-TeXHiUHii1 MPaKTHIli; OBOJOJAiTM HaBUUKaMM BUKOPUCTAHHSI CUCTEM aBTOMa-
TuzoBaHoro npoektyBaHHs (CAIIP) B o6acTi TII aBTOTpaHCIOPTHUX MiAIIPUEMCTB.

i HaBYaJbHOI JOMCUMIUIIHM «MOJe/NI0BaHHS TEeXHOJOTiUHMX TIPOLIeCiB
nignpueMctB AT» He0O6XimHO chOpMYyBaTM OCHOBHI MPUHLMITM Ta MOJIOKEHHSI aBTO-
MAaTM30BAaHOTO ITPOEKTYBaHHS B 00JIACTi KOMIT'IOTEPHOIO MOIE/IIOBAHHS [IeTaeid,
BY3JIiB Ta arperarTiB TPaHCIIOPTHMX 3aC00iB, a TAKOXK iMiTallii pi3HUX peXXMMiB iX Ha-
TYpHUX BUITPOOYBaHb Ta YMOB eKcIuTyaTtallii y cepemoBuiax SolidWorks Simulation i
Ansys Workbench.

O60B‘I3KOBUMM ejileMeHTaMu mociimkenb y SolidWorks Simulation e [1, 2]:
Bubip gomatky SolidWorks Simulation Ta KpokiB po60oTu y HbOMY [3]; IpM3HaAUEHHS
BUAY JOCTiIKEHHSI (CTaTUMUHMIA aHalIi3) Mopesi; oOpaHHS Marepiany nOeTtandi 3
6i6mioTexkn martepianiB SolidWorks; Bub6ip KpirieHHS AeTasti; IpUKIaJeHHs] HaBaH-
Ta)KeHHS JI0 MeBHUX IUIOIIMH, TpaHeil 4M eJleMeHTiB JieTasli;cTBopeHHs ciTku MCE;

BIJIMB SIKOCTi CITKM Ha TOUHICTh PO3paxyHKiB (puc. 1 — [4]);
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PucyHOK 1 — 3aJieXXHiCTh By3/I0BOTO HAaMIPYy>KEHHSI

BiJ, uMc/a CKiHUeHHUX eJIeMeHTiB Mo eJi
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— MOXJ/IMBICTb 3aMiHM MaTepiany getaiti (puc. 2 - [5]);

PesviabTaTn J0CTKeHHA BaJ-HIECTepHi

Craab Hanpy:xkeHus | Ilepemimenus | Jedopmaris | 3amnac
(Makc.), MIIa | (Makc.), MM | (MaKC.), MM | MilIH.
(MiHiM. )
12X141'14H 89.9025 0.0713178 0.000333314 | 3.05887
20 89.670 0.071990 0.00030610 | 2.7880

PucyHoOK 2 - Pe3ynbTaTt 3aMiHM MaTepiaity geTaiti

— eKOHOMIiSl MaTepialy JeTali Ha OCHOBI aHasi3y Halpy>KeHOro CTaHy i1 Mmojesti
(puc. 3 - [6]);

PucyHok 3 - [letansb 1o (a) i mics (6) onTumisariii

— 30HJyBaHHS HAaMPYy>KeHb Y KPUTUUHUX TOUYKaX JAeTasi (puc. 4 — [7]);

hdakc |§,967e+ 001
o

¥zem 27694

|2 Mectononoxedye X ¥, 2 [-21.2,29.1,-120 mm

IHAYEHKE: 3.473e+001 Bimm "2 [MPa)

Y5en: 1008

g fMectononoxerme X Y, 2 [-21.5,24.5,-121 mm

JHaYeHMe: 2.221e+001 MymmA2 [MPa)

Mecrononoxedue ¥ ¥, Z0|-17.8,26.5,-121 mm -

| SHadeHMe: 4,497e+001 Memm2 [MPa) -

PucyHOK 4 — 30HIyBaHHS HAIIpyXeHb Y HeOe3IeuHOMY mepepisi

Mo6/IM3y iX MaKCMMa/IbHUX 3HAUE€Hb
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— MOXKJIMBA BTpaTa CTifikocTi metarsi (puc. 5 — [8]);

PE3AMN
Wima mogenn: Gwynt_St 1,120e-02
Hassanue uccnegosanua: MNotepa yeronuusocru 1(-MNo ymonvanumo-) .
Tun 3ntoper: Motepa yeroiiumsocT Amnantysal _ 1,008e-02

Dopma xonebanuin : 1 Kospduunent narpysen = 580,38
Wkana gedhopmaymu: 2,8731 _ 8,961e-03

. 7,841e-03

- 6,721e-03

I 5,601¢-03
| 4,481e-03

&

= & g - 3360e-03
&= R _ 2,240e-03
s 1,1206-03
0,000e+00
Uma Twn MuH Makc
Amnmtyaal PE3AMN: pesynsTupyowas 0,000e+00 1,120e-02
amnamTyga Sniopa - Ana GopMmbl Yaen: 1 Y3en: 513
kone6anuit: 1(Koapduument
Harpysku = 580,383)

PucyHok 5 — Pe3ysbTyioua aMIUTITy/1a Ta 3arac Mil[HOCTi ITpY BTPaTi CTifiKOCTi

— MaKCHMajbHe HaBaHTa’KeHHS, SIKe MOKe BUTPUMATU 3MOJeIbOBaHA JIeTajb
6e3 pyiitHyBaHHSI, ITpU 3aJaHOMYy KoeditieHTi 3amacy mimHocTi [9];

— BIUIMB KPiIlJIeHb JeTajieil Ha iX npane3naTHicTb (puc. 6 — [10]);

51‘,.3};».&? Mutn:| 1,138 404
4

o

PucyHok 6 — Enopu po3noniny cyMapHMUX Hallpy>XKeHb JeTalli:
a — i3 3aKpiInIeHOI0 KPOMKOIO 3aXBaTy; 6 — 6e3 ii 3aKpirIeHHs
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— BIUIMB YIapy Ha CTiliKiCThb AeTaneii KomicHuX MmamnH (puc. 7 — [11]);
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PucyHok 7 — Po3nofin eKBiBaeHTHUX HAIPYKeHb Y MOZEJIi PYJIbOBOi COLIKU

a — IMMOBOPOT Ha Miclli; 6 — yaap JiBMM KOJIeCOM; B — yaap IpaBUM KOJIECOM)

MeTo10 iHAMBiAYaJIbHOTO 3aBOAHHS OUCHMUIUIIHKU € 3M00yTTS MPaKTUUYHMX Ha-
BMYOK 3 OCOOJIMBOCTEN MOJIEMIOBAHHS Pi3HMX PEXMMiB HaBaHTaXKeHb ITOPOSKHIX Ta
CrieliaIbHMX TPAHCIOPTHMX 3ac00iB, a TAKOX iX CK/IAOBMX, 3 HACTYIIHMM aHa/Ii30M
Harpy>XeHo-1e(OpMOBAaHOTO CTaHy, TepMiUHMX HaBaHTaXXeHb, aepPOAVHAMIKH,
Tervionepeayi, KOHBEKIIii, TepTs, TOIIO. 3aBOaHHS IOJISITA€ Y MOJe/JI0BaHHI Ha-
Mpy>KeHO-1e(OPMOBAHOTO CTAaHy KapKaCHUX eJIeMEHTiB TPaHCIIOPTHUX 3aco0iB y
cepenoBuilli Ansys Workbench: 3acBoeHHSI METOIMKM OI[iIHKM MiIlHOCTi KapKacy Ky-
30Ba MiChKOTO aBTOOyca IpU CTATUYHUX BUIIPOOYBAHHSIX Y PEKUM «3TMHAHHS» Ta
«KPYYE€HHS».

CTyZIeHTU B pe3y/bTaTi BUKOHAHHS iHAMBIAYaJIbHOIO 3aBaaHHs [12]:

— JOCJIiIKYIOTb 0COOAMBOCTI OopMyBaHHS KpaitoBUX YMOB imiTallii HaTypHUX
BUIIPOOYBaHb; HAOYBAIOTh JOCBiMy POOOTH 3 TiOpUAHMMM MOJIENSIMMU, TIpeCcTaBIe-
HuMM cTpvskHeBUMM (beam) Ta o6omoHkoBuMM (shell) ememeHTamMu, ekcriepMMeH-
TyI0Tb 3 GyHKIioHamoM Ansys Workbench mpu ix immopTi Ta 06po611i; OTpUMYIOTb
MpaKTUYHI HaBUYKM 3 (DOPMYBAHHS CiTKM CKiHUEHHUX €JIeMeHTIB, MOCiIKyIoun
0COGIMBOCTI PO3OUTTSI MOJIENTi; IMPOBOASITh PO3PAXyHKM HA PEKMM KPYUeHHS (pUC.
8); IpoBOASATh PO3pPaxyHKM Ha 3rMHaHHS (puc. 9-10); aHai3yl0Th OTPUMaHi pe3yib-
TaTU, BCTAHOBJIIOIOTh 3aKOHOMIPHOCTI Ta 3a/1€3KHOCTi MOKa3HMKIB.

Ilo 0cob6gMBOCTI OCBiTHHO-TIIpOdeciitHOi TporpamMyu «ABTOMOOITbHMUIT TpaHC-
MOPT» TaKOX BiHOCATh MOKIMBICTD OTPMUMATHM IIOINIMOJIEHY TIpodeciiiHy
MiITOTOBKY 3 aHaJIi3y IPUYMH BUXOAY 3 JaLy KOHCTPYKTMBHUX €JIEeMEeHTIB i ferane

aBTOMOOIJIBHOTO TPAHCIIOPTY Ta PO3POOKY MPOrpeCUBHUX TEXHOJIOTIN X TeXHIUHOTrO
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00CTyTOBYBAaHHSI, PEMOHTY, BiTHOBJIEHHS Ta ITiIBUILEHHSI 3HOCOCTIMIKOCTi 3 MeTOI0
TIOJIOBKEHHSI pecypcy poOOTH.
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Pucynok 8 — Kapra gedopmaliiit Momesii Kapkacy Ky30Ba aBT0o0yca Ipy Kpy4deHHi
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Pucynok 10 — KapTa MOMeHTIB 3rMHaHHS KapKacy Ky30Ba aBTooyca
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OTke, BIIPOBAKeHHS iHPOPMAIiifHMX TEXHOJIOTii Y BMBUEHHS PO3IVISIHYTOI
OUCUMIUTIHKU: TIpodecioHalIbHO OpPIi€HTYE C/yXadiB; Ja€ I'PYHTOBHY ITiITOTOBKY 3a
dbaxom, sgKa TOB'sI3aHa i3 CIIAJAKOEMHICTIO Yy BMK/IAAAHHi; aKTUBi3ye€ HAyKOBO-
IOCTIAHUIIBKY AiSIIbHICTD, MiABUIYIOUM TapaHTii MpalieBJalliTyBaHHSI BUITYCKHUKIB.

BuBUYeHHS OVCUMUIUIIHM 1 BUKOHAHHS iHAMBIAYaqbHOTO 3aBOAHHS CIIPUSIE I10-
rbeHHIO Ta pPO3LIMpPeHHI0 (aXOBUX KOMIIETEHTHOCTeN, 30KpeMa, TaKuxX 3[JaTHO-
cTeit IK: cKaazaTtu, oopMIIIOBaTH i1 OTlepyBaTH TexHiuHOIO mokymeHTaillieio TIT Ha
nignpuemctBax AT; 3acTOCOBYBaTH CIielliali3oBaHe MpOorpaMHe 3a0e3IevYeHHs s
pO3B’si3aHHS CKIagHMX 3amad AT; BU3HAYaTV OCHOBHI MexaHi3MM 3HOIIYBaHHS Jie-
Tajeii Ta arperaTiB CHUCTEM aBTOMOOIJS; PO3POOJSITH iHXKeHepHi 3axomu 3
TMiIBUILEHHS Pecypcy JeTaseii aBTOMOOIIS 3a KpUTepieM 3HOLIYBAHHS; IPOBOAUTHU
PO3PaxyHKOBY Ta €KCIIePUMEHTAJbHY OL[iHKY TEXHOJIOTiUHUX, KOHCTPYKTOPChKUX Ta
eKCIUTyaTaliiHMX 3aX0/IiB IiIBUILEHHS 3HOCOCTIIIKOCT JeTaieit aBTOMOOi/s.
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Innovative approaches in teaching automotive disciplines

For the educational discipline "Modeling of technological processes of road
transport enterprises” in the SolidWorks Simulation and Ansys Workbench environ-
ments, the basic principles and provisions of automated design in the field of computer
modeling of units, assemblies and parts of vehicles, as well as devices for their repair
(lifts, jacks, stands, puller etc.). Complemented following program results: install special-
ized software, information and information-communication technologies to track object
models and vehicle processes on automobile transport (AT), operational authorities of
AT functions, construction engineering and technical and economic developments, devel-
opment of design documentation and development of other AT tasks; find necessary in-
formation in scientific and technical literature, databases and other sources; analyze and
evaluate this information; make effective decisions, analyze and compare alternative op-
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tions taking into account goals and constraints, quality assurance issues, as well as tech-
nical, economic, legislative and other aspects; analyze the information obtained as a re-
sult of research, generalize, systematize and use it in professional activities; develop and
implement technological processes, technological equipment and technological equip-
ment, means of automation and mechanization in the process of operation, repair and
maintenance of JSC facilities, their systems and elements; to analyze the technical-
operational and technical-economic indicators of AS means, their systems and elements;
apply mathematical and statistical methods for building and researching models of ob-
jects and processes of AT, calculating their characteristics, forecasting and solving other
complex tasks of AT; to present the results of research and professional activities, to ar-
gue one's position. The main attention is paid to the theory and practical use of finite el-
ement methods and the acquisition of skills in the design and calculations of AT details.
Mandatory elements of research in SolidWorks and practical skills of modeling various
load modes of road and special vehicles in Ansys Workbench are defined. In order to ex-
tend the service life of structural elements and parts of AT, methods of their restoration

and increase in wear resistance are defined.
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B.B. Ckano3y6, B.M. I'opstukiH, 1.B. Knumenko, I.A. TepelnbKuii
JOCJII)KEHHS IHTEJIEKTYAJIBHUX MOJEJIEN VIIPABJITHHSA
HA OCHOBI ITPOLIEAYP KJIACU®PIKAIIII HEBU3HAUYEHNX TAHUX
31 BCTAHOBJIEHUMU BUMOT'AMU JOCTOBIPHOCTI PE3VJIbTATIB

Anomayia. Cmammsa npucssyeHa 00CNI0KeHHAM saacmusocmedl 1 po38UMKY THMENACKMYaNbHUX
modesiell ynpasaiHHA CKAAOHUMU cuCmemMamu 3a YMOB HeBU3HAYeHOCmi 0aHUX Ha OCHOBI npoue

0yp Knacugikayii Ha ocHosi memodis pedykuyii ma cmamucmuku kanna KoeHa. 3acmocysaHHs
yux memoois 3a6e3neqyye 00CMOBIpHe BUPILUEeHHS 3aBOAHb 3 YPAXYBAHHAM OUIHKU 2pAHUYHOT
po3mipHocmi modenell knacugikayii. B pobomi 6ynu 0ocnioxmeHi MOXAUBOCMI YOOCKOHAIGHHS
HelipoHHUX Mepex XeMMiHea 01 Knacugikayii 0aHux y hopmamax HeYImKuUX BenuquH i certainty
factor CF(A). Takox 6ynu su3HayeHi ocobausocmi yooCKoOHaneHoi mamemMamuy4Hoi Modesni 3a8

0aHb HeYimKoi Knacugikayii Ha ocHoBi Habopy wabsoHiB 03HaK. [lpedcmasneHo cmpykmypy
npo2pamMHo20 Komnjekcy iHopMayiliHoi mexHoNMo2ii ynpasaiHHA Npu3HayeHHam/8i060pom
BUKOHABYIB HA OCHOBI Kaacugikayii Habopis wab/IOHIB 13 NeBHUX HeYIMKUX 03HAK, SKUl
BUKOPUCMOBYE npoyedypu pedyKuii 1 Kanna cmamucmuku.

Kntowosi cnosa: knacugpikayis Habopis wabnoHi8, HeBU3HAYeHT OaHI, pedyKuis po3MipHOCI,
cmamucmuka kanna Koexa, Heyimki senuyuHu, certainty factor CF(A), modugikosaHa mepexa
XemmiHea, TH¢popmayiliHa mexHon02is, npoepamHe 3ab6e3neqeHHs, 3a80aHHA BU3HAYEHHS asmop

CMBa ma Npu3Ha4eHHs,/8i06ip BUKOHABUA.

Bctynm Ta mocraHoBKa mpoOiemu. Haremep 3acob6aMy IIMPOKOro KoJia
TEeXHOJIOTiN Kiacudikaliii Ta miarHOCTYBaHHSI HEIIOBHO BM3HAUEHMX HAHUX IOM0
CTaHiB Ta yMOB ()YHKI[IOHYBAaHHS CKIAJHUX CUCTEM BUPIIITYIOTHCS 3aBIaHHS BUOOPY
BapiaHTiB KepyBaHHS Pi3HOMaHITHMMM TeXHOJIOTIYHMMM IIpoliecaMy, Bimbopy
BMKOHABI[iB BCTAHOBJIEHUX 3aBAaHb TOIIO [1, 5, 6, 9]. [Ipu 11bOMY aKTyaJbHUMM 3a-
JUINAITHCS 3aBAaHHS GOPMYBaHHS aJleKBaTHMX MaTeMaTUUHMUX MOJesiei mpoIemyp
Kiacuikallii Ta BCTAaHOBJIEHHS iX KOPEKTHOCTi, TOBHOTM Ta JOCTOBipHOCTi
pe3yiabTaTiB. Y cTaTTi[l] oTpMMaHO pO3BUTOK Mojeseit Kiacudikailii B ymoBax
HEBM3HAYEHOCTi JaHMX 3 BUKOPUCTAHHSIM IIPOIeNyp peayKiiii Ta CTaTUCTUKM «Kall-
na Koena» [4, 8]. B Hili po3misiHyTi 3aBOaHHS [OOCTOBIPHOCTI pe3yJbTaTiB
knacudikarii. A came, 3abe3rnedyeHHsT Y3TOMKEHOCTi MMOBiIpHICHMX BMMOT MO0

IOCTOBIPHOCTI HACTYIIHMX pe3yJbTaTiB, PpPO3MIPHOCTI IapaMeTpiB Mopenei
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(1abyIoHiB), a TaKOX KUJIBKOCTI HJaHMx (KJaciB) 3a SIKMMU BUKOHYETHCS
miarHoCcTyBaHHSI. s peanmizamii  mporenyp kiacudikailii  3ampoIioHOBaHi
MoaudikoBaHi Mepexki Xemminra (MXH) [1, 2, 10], a ast 3a6e3meyeHHsT BCTAHOBJIe-
HMX BUMOT JOCTOBIPHOCTI pe3yJbTaTiB — METOAM penyKilil, MPUCTOCOBAHI [IJIsT 3aB-
IaHb Kiaacu@ikalii 3a paxyHOK BMKOPUCTAHHSI CTaTUCTMKM Karma KoeHa.
KopekTHicTh, AOCTOBipHiCTh Ta ePeKTMBHICTb Mojeselt i mpouenyp Kiaacudikarii
MpY HEBU3HAYeHMX JaHuX [1, 2] BU3HAUa/lachb Ha OCHOBI Pe3y/bTaTiB YMCIOBOTO MO-
Ie/lfoBaHHS. Pa3oM 3 TUM MOTPeOYIOTh MOJaIbIIOr0 MOCTIIKEeHHS 3aBIaHHS LIOA0
YTOUHEHHS i pO3IIMpPEeHHS METPUK HEeUiTKOi momioHocCTi mabioHiB Kiacudikaiii, a
TaKOX 3acTocyBaHHSI MeTpuk (opmary CF(A)e[-1; 1] (bimonspHi KoedillieHTH,
certainty factor), popMyBaHHS iHTe/JIeKTyaJIbHMX 3aCO0iB IJIs YIIpaB/IiHHS Ha OCHOBI
Kiaacu@ikailii HeBM3HAUEHUX JaHUX CKIAJIHUX CUCTEM i IpoleciB Tomo. TakuM 3aB-
IAQHHSIM MPUCBSIYEHA MpeICTaBaeHa CTaTTS.

AHaJti3 ocTaHHIX JOCTiIKeHb i myomikamiii. Y crartsax [1, 2, 5, 9] i 6aratbox
iHIIMX BiA3HAUalOTbCSI MOXJIMBOCTI 3HAUHOI CTYyIIeHi iCHYBaHHS [>Kepes i yMOB
HEBM3HAUEHOCTi MO0 XapaKTepUCTUK Ta CTaHiB Cy4aCHUX CKJIAJHUX CUCTEM,
HAsSIBHOCTi Pi3HOMAaHITHICTh MeTPUK HEBM3HAUEHOCTi, IIOBHOTU OTPUMAaHHS ITAaHUX
tomo. Cepen iHdopmaiiitHoi TexHosorii (IT), SKi BUKOPUCTOBYIOTb MOei
Kiacuikallii Ta JiarHOCTyBaHHS, Big3HAUMMO MpPOILIECH ONTHUMi3allii IMOTOKIB 3a-
MoBJyieHb y cepBicHuX cuctemax (C&C) [2, 6], po3dpopmyBaHHSI-GOPMYBaHHSI BaH-
TaXHMX 3ai3HUUYHMX COCTABiB Ta KEPyBaHHS ITIEBHMMM mpoliecamu [3, 9].

Po3BUTKY Mofeseii Ta OGaraTomapaMeTPUUYHMUX iHTENEeKTyaJbHUX IIPOIemyp
KIacuikailii Ta giarHOCTyBaHHS 3a HEIIOBHMMM i 30ypeHMMM JaHMMU IIPUCBSTUEHA
crarTd [1]. B Hili mOgaHO HOBI ITOCTAHOBKY, MaTeMaTUYHI MOJeJi Ta peai3aliii 3aB-
IaHb Kiaacudikallii 3a HegeTepMiHOBaHUMM maHumu. OGHUM i3 TPUKIALIB MOIETi
KiIacuikallii 3a HeUiTKMMM OAaHUMM SIBASETHCSI OKpeMe 3aBIaHHS, B SIKOMY Ha
OCHOBi HeuiTKOi kiacu@ikallii BCTaHOBJIOIOTbCS aBTOPM YKPaiHOMOBHMX TEKCTiB.
Takoxk Ha oOCHOBI Mopesneit knacudikaiii maHux y d¢opmati KoedillieHTiB
yrieBHeHOCTi CF(A) [5, 6] BUKOHYETbCSI ONTMMAaIbHUI BiOip KaHAMAATa Ha MEBHY
BUpPOOHMYY misutbHicTh (BI). [Ipy ToMy Mojenb 03HaK KaHAMIATiB Ha BJl mae ymo-
CKOHajieHy 6araToBeKTOPHY CTPYKTYpPY. Y BCiX 3a3HaueHUX Ipolleypax repenodave-
He 3aCTOCYBaHHS METOLY PenyKiil MpoCTopy mMozesi [3] 3a paxyHOK OOCJIigKeHHS
cratucTuky Karnmna Koena [4, 8], 110 rapaHTye OTPMMaHHSI pe3yabTaTiB i3 BCTAHOB-
JIEHOIO JTOCTOBipHICTIO pe3y/IbTaTiB BUOODY.

3aBmaHHS HeuiTKoi Kmacudikarlii (Takox i kimacudikaliii 3a 03HaKaMy MEeTPUKU
CF(A)) peanisyeTbcsl NUISIXOM 3aCTOCYBaHHSI MoAMGpikKOBaHOI Mofesi acoliaTMBHOI
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nmam’sTi Xemminra (MXH). B MXH BenuunHM BifcTaHi MiXk HEUITKMMU eJieMeHTaMU
(uX) 3paskiB mogeni knacudikailii (wy) i BXigHuM BekTopoM X = {xi: i=0...n-1} BuU-
3HAYaAKTHCS HA OCHOBI HEUITKOTO BiITHOIIIEHHS 9] BUAY

R(W, X) = {[uR(w;, x)/{w;, xi}=(1 — abs(wi-x;)))/{w;, x}}, i=0, 1, ..., n-1. (1)

BinHomeHHs (1) m03BOJIsIE BUMIpPIOBAaTH BiACTaHi MiXX HEUiTKMMM BeKTOpaMM
X = {x;: i=0...n-1} Ta BiAMOBiIHO MOIeJIIO 11aboHIB Kiaacudikalii (wi). 3ayBaskumo,
110 MPY OJHAKOBMX 3HAUEHHSIX CTYIIEHIB IMIPUHAIEXHOCTI BEIMUMH {W;, X;} 3HAUYEHHS
UR(w;, x;) =1. SIxwo onHa 3 BenmuuH {w; x;} nopiBHweE 0, a iHma 1, Toai 3HaUYeHHS
UR(W;, x;) = 0, iHakuie uR(w; x;) — [0; 1]. BinHomenHs (1) mo3Bosisse MonudikyBaTu
MXH p71a HeuiTKMX Mogereii kinacudikaiiii, a Takoxx moaesneit metpuku CF(A) [5].

[IpobnemMaTnKa IIOA0 BM3HAUEHHS PO3MIipHOCTI MapaMeTpiB MaTeMaTUUYHUX
Mozjeseil i3 3aCTOCYBaHHSIM MpoueAyp iHAyKUii i pengykuii npeacrasieHa y [3]. B
SIKOCTi Tpoleaypu, 3a SIKO0 BUKOHYETbCSI (POPMYBAHHSI MPOCTOPY MaTeMaTUYHUX
Mopesieii, Ipu3HaueHMX A1 3aBOaHb IIpeaCcTaBIeHHS «3aKOHOMipHOCTel piBHOCTi»
(y=f(X)) , BUKOPUCTOBYIOTb a-IpOLeAYypy. BigdHauumo, 1m0 3aBOaHHs Kiacudikaiii
BiIHOCUTBHCSI A0 BU3HAUEHHS «3aKOHOMipHOCTE CXOXKOCTi», IJISl peanisallii SKUX i
Oysia 3amporoHOBaHA CIiellia/li3oBaHa Ipolleaypa Ha OCHOBI BUKOPUCTAHHSI CTATH-
ctuku Kanmna Koena [1]. [Ipu TOMy OLiHKM TpaHMYHOI PO3MIpHOCTI mapaMeTpiB
Mmopeni kinacudikallii, 10 CUMHTE3YETbCS «No», BU3HAUAIOTHCS BiMOBIAHO 10
PiBHSIHb

no = (¢ *L+In(h))/In(m). (2)

BinnoBigHicTh JaHuX piBHSIHHSM (2) BM3HAUYa€ YMOBY I[OJ0 BMKOHAHHS 3aja-
HMX BUMOT HOCTOBipHOCTI «g, h»; (1 — h) omiHka JIMOBipHOCTi 6€3MOMMIKOBOTO
pO3IiJIeHHSI BUIIAAKOBOiI i He3ajekHOi BMOIpKM HOBXMHM «L» mpu 3amaHiin
TpPaHMUHIl BeIMYMHI IOMWIKOBOI Kiaacudikartii «e» [3].

[Ipu3HaueHHs1 cTaTUCTUKKU «Karna KoeHa» [4, 8] (y MpomoHOBaHii mpouenypi
penykilii po3MipHOCTI MaTeMaTM4YHOi Mozeni knacudikalii) mnossirae vy
BCTAHOBJIEHHI «IOiIOHOCTi», a60 HaeXXHOCTI KOHKYPYIOUMX 6araTorapameTpuUyHuX
MaTeMaTUYHMUX MoOjeseil OO0 OJHOro Kjacy, NIOA0 BiAIOBIZHOCTI BMMOram
11a6Ji0HiB, chOpMOBaHMX i3 O3HAK BJIACTMBOCTEN KOHTPOJIbOBAHMX IIpolieciB. s
TaKoi TMepeBipKM «MOMi6HOCTI» HEOOXiTHO YTBOPUTU MEBHY MHOXMHY MaTeMaTU4-
HUX MoOfeJsieii, maboHiB i3 pisHMMM Habopamyu 3MiHHUX, AJIST IKUX B MOJA/IBIIIOMY
BMKOHYBATM MOPiBHSIbHUIT aHAJTi3 iX BiAMIOBiMHOCTI Misk cob6ot0. Hanpukian, B [1] 3a
OIliHKaMM Karlra CTaTUCTUKU MepeBipsiach «MOAiOHICTb» pe3yibTaTiB Kiaacudikairii
IJIs1 BCixX map 3MmiHHMX mab6ioHiB (X/X;) Ta (X/Xi). [Ipy 1iboMy 3a KaIla-olliHKaMu
Habopam 3MiHHMX (X/X;) IJIs1 KOSKHOTO LIAaGI0HY MPUITMCYBAINCST 3HAUEHHS «+» abo
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«-» B 3aJIEKHOCTi Bim pesynbraTiB Kiaacudikaiii. ¥V Tabm. 1 npuBeseHO CTPYKTYPY
Mogesti kinacuikaliii Ta ii yMOBHI pe3y/ibTaTy IJIs 1a6JI0HIB 3 1ecTy 3MiHHMX. Jlati
3a MOPIiBHSIBHMM aHaJIi30M pe3y/bTaTiB Kiaacuikalii HabopiB 3MiHHUX (OpMY-
IOThCSI TAOMMIII PO3ODKHOCTEN Ta pPO3PaxOBYIOTh CTATUCTUYHI OLIHKM «Karlla
Koena» [4]:

K= (Po-Pe)/(1-Pe), 3)
e Py — iMOBipHiCHA OIliHKa IO MOKa3y€ HAaCKUJIbKM CIIOCTepeXXyBaHa y3roAKeHiCTb
Kpallla 3a BUMNAAKoOBY, a P. — pe3yabTaT MiApaxyHKy MaKCUMaJIbHO MOKIMBOI

Y3TOKEHOCTi 32 BUHSITKOM BUITaJAKOBOI Y3roIKEHOCTi KOHKYPYIOUMX I1a0JI0HIB.

Tabmuug 1
Knacudikartiii ma6sonis 3 mapamerpis (X1, X2, ..., X6).
Ki Li X X/Xa} | XAXa} | XAXs) | XAXKs} | XAXs) | X/{Xe}
K, Liy + + +
Loy + + +
K;
Las +
Lz + +
Ks
L41
La + + +
K4 Lys
| + + + +
Lss +
Kp
Lpy + + +
YV rtabmmui mo3HavueHo: Ki - kmacu/3pasku mopesi  (MOKIMBI - KijbKa

ek3eMIUsIpiB L; ); X — mapameTpu MoOJesli Ha MMOTOYHOMY eTtami penykuii; X/{X;} -
CKOpoueHi Habopu Mopesneit Knacudikailii (6e3 MHOXMHM MapaMeTpiB {X;}); 3HaAKU
«+» — BM3HAUeHHS 11a06JI0HIB MepeMOXIIiB (kiaciB) 3a Mome/mio MXH. V crosmii X
MO3HAYAIOThCS IIA6GIOHM-TIepeMOXKIli s X HabopiB mapaMmeTpiB. MHOXMHA

BapiaHTiB Mmogeneii knacudikaiii (KM) micTuTh Bci KomMbiHaIlii map CKOpoueHUX MO-
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nenert X/{X;}. 3aBoaHHS TONATAJIO Y BU3HAUEHHI cepel, CKOPOUYEHMX MoAesei
mabnaoxiB X/{X;} Takoro Habopy napameTpiB {X;}, siki HeOOXiTHO BUIAJIUTU HA Ha-
CTYITHOMY eTalli Ipoleaypu peaykilii. Pasom 3 TMM MOK/IMBOCTI G OpMyBaHHSI MHO-
*uH {Xj} y mpouenypax pegykuii 3aIMImnIncs He pO3KPUTUMN.

HaBeneHi Buille pe3yabTaTy CBifuaThb Mpo Te, 10 (OPMYBaHHSI KOPEKTHUX i
eekTMBHMX iHTeIeKTyaIbHUX 3aC00iB TEXHOJIOTI i cuCTeM YIIpaBJIiHHS Ha OCHOBI
Kiacuikailii HeBU3HAUEHUX TaHUX SIBJISIETbCS aKTyadbHMM. TakoXX aKTyaJIbHUMU
IJISI IIbOTO € DOCJIiIKeHHSI MOK/IMBOCTE MeTpUK HeuiTKoi kKinacudikalii Ta MeTpuk
dopmaty CF(A), gk i po3pobKa aBTOMATM30BaHMX 3aC00iB peasisallii mpouenyp
penykiii.

MeTa noChig)KeHHSI — pO3BUTOK IHTeJeKTyaJbHUX MOJeJieil YIpaB/iHHS
CKJIQAHMMM CHCTEeMaMM 3a yYMOB HEBM3HAUEHOCTi JaHMX HA OCHOBi Mpolemyp
Kiacudikailii, a Takox IUIIXoM (opMyBaHHS IIPOrpaMHMX 3ac00iB, SIKi 3a6e3meuy-
I0Th IOCTOBipHEe BUpillleHHS 3aBAaHb Kaacu@ikaliii 3 ypaxyBaHHSIM piBHSIHb (2) 3a
TaHMMM METPUK HEeUiTKMX BeJIM4MH i KoedinieHTiB BrieBHeHOCTi CF(A).

Pe3synbTaT Ta OCHOBHUIT Marepian pociaimkeHHs. Cepen 3aBIaHb IIi€i
CTaTTi BM3HAYEHO AOCTIIKEeHHS MOXJIMBOCTE METPMK HeuiTKOoi Kiaacudikaiii ta
dopmarty certainty factor CF(A) momo ix 3acTocyBaHHS Ajis1 MOAUDIiKyBaHHS Mepexi
Xemminra (MX) i3 ob61acTio 3HaueHb BEKTOPiB 03HaK {— 1; + 1} miisg ix nmepexomy 1o
Mepexk MXH i3 obsactsimu HediTKMx 3HaueHb Ux (X — [0; 1]), a TakoX MOKa3HUKIB
CF(A) i3 3HaueHHSIMU MHOXMHMU [—1; + 1]. B IkOCTi 0GIpyHTYBaHHSI 3aITPOTIOHOBAHO-
ro Hamu pimeHHs om0 MXH (1) po3riasHeMO OCHOBHI TUIM HEUiTKUMX METPUK
XeMMiHra BiATIOBIZHO [2], @ TAKOX iX CIiBBiZHOIIEHHS 3 Mepexxeo MX 3 03HakKaMu

{- 1; + 1}. B crarti [2] MeTpuKa HeUiTKOl BiAcTaHi XeMmMmiHra (3 OOZATHUM

BiAXWJIEHHSIM TMpU BBeJeHHI %r) MDK HEUITKMMM MHOXUHAMU A~1B ~ ,

BM3HAYAETHCS 3a OPMYJIOIO:
q

d*(A~.B~) =) a.lud~ () — uB ~ ()|
r=1 (4)

ne u, € U, pA ~ (u,), uB ~ (u,) €[0,1], r = 1, q, xonu &, — iIHAUKATOP:

Uy = {LHHH:LO uA ~ (u-r) = uB ~ (ur) 0, axmo pA ~ (ur) < uB ~ (u-r) (5)

3ayBakuUMo, 1110 MeTpuKa (4) 3 iHaukKaTopom (5) MO3BOJSIE TAKOX PO3Pi3HSITU
BMMOTH LIOJO TepeBaru mokasumkis #4 ~ W), uB ~ ) e 10,11 10670, BBOIM-
TU TeBHi BMMOTM/YMOBM CTOCOBHO OI[IHOK ITOPiBHIOBAHUX HEUITKMX BEKTOpPiB
A~ 1B~
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Metpuka (4) He BiIoBigae BeKTopaM 03HaK Mepexi Xemminra MX 3 0671aCTiO
3HaueHb {— 1; + 1}, Tomy B [6] Oysia 3ampornoHoOBaHa Mpolleaypa MepeKoayBaHHS
nokasHukip pX: X — [0; 1] mo MHOXuHM 3HaueHb Mogeni MX. Ilpu ubomy
Bil3HAUa€ThCS MPUHLMIIOBA ITOTEHIIia/iIbHA MOX/IMBICTD IIpeJCTaBAeHHSI OJJHAKOBY-
MM KOJIaMM IIeBHUX Pi3HMX HEUITKMX BeauuMH. TakoXK Bim3HAUa€ThCSI HEOOXiTHICTh
MOeAHYBaTM KOOYBAaHHS 3 MeTOW 3acTocyBaHHSI mopeni MXH, 3 mpoienmyporo
kiacudikaiii 3paskiB. UncioBi po3paxyHKu Ha ocHOBi MX rokasaiu iCHyBaHHSI Ta-
KMX ’Xe MUTaHb W00 peasisaliii 3aBmaHb Kiaacudikaiii manux dopmarty certainty
factor CF(A) Ha OCHOBi BUKOPUCTAHHS MOMiOHMX (4) METPUK.

HocnigskenHs npouenyp MXH Ha ocHoBi (1) migTBepAuaM KOPEKTHICTb i
eeKTUBHICTD 10r0 3acTOCyBaHHS mJis1 MmoaudikyBaHHs MXH, K 1151 HEUiTKUX MeT-
pUK Mogenei Kinacudikarii, Tak i mist mogeneit metpuku CF(A). IIpy ToMy TakoxX

BCTAHOBJIEHI MOXJIMBOCTI BM3HAUEHHS AJ00aTKOBUX BI/IMOI‘I/I/YMOBI/I mono

MOKA3HUKIB OJM3bKOCTI IMOPiBHIOBAHMX HEUITKMX BEKTOPIB A~iB~ [TpocTui
3MIiCTOBHMIA MNPUKIAML TakKuX OOJATKOBUMX YMOB IIOJSITa€ B HaCTynmHOMY. Hexaii
iCHYIOTh [Bi Mapyu BeKTOPiB HEUIiTKMX OI[iHOK I€BHMX O3HAK CUCTeMM, SIKi MalTh
HACTYITHi 3HAUYeHHS (A4 ~ (u,)= 0.2, yA ~ (1) = 0.8) Ta
(uB ~ (u,)0.3, uB ~ (u,) = 0.9)). Tyr abcomoTHi BifcTaHi MiX U, Ta Uy
nopisao0Th 0.1, ame BimHOCHi - (uA ~ (w,)— B~ (1) /(HA ~ (1) uB ~ (u,))
CYTTEBO Pi3Hi I U, Ta U,. [Ijis 3a06e3revyeHHs MOKIMBOCTI BCTAHOBJIEHHSI HOBUX
BMMOT JI0 METPUKM BifcTaHi BimHomeHHs Buay (1) Tpeba 3aMiHUTY HACTYITHUM

RW, X)={uR(w;, x))/{w;, xi}=(1-abs(wi-x;))/max{fabs(wy);abs(x;))}}, i=0, 1, ..., n-1 (6)

Sk i (1), BigHOIIEHHS (6) MpUAATHE [JIS1 HEUITKUX MOJeneli Kiacudikariiii, a Ta-
KOX MogeJjei Tuny certainty factor CF(A).

[lpuBemeMo pdesiki pe3yJabTaTM 3aCTOCyBaHHS MoAMGiKOBaHMX Mopesiet
kinacudikanii MXH s 3a3HayeHux TUITB gaHux. Ha puc. 1 mogaHi mpukiagu 3as-
IlaHb
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| Fuzzy Procedure — O

o

|| Fuzzy Procedure - O X

Enter vector values:
loss 035 [o03 [o34 Joss Joos
Enter matrix1 values:

086 |0.35 |[0.03 |0.34 ||0.BB (025

Enter vector values:
| o8l [oo7 [oar [oar Jozr Josr |
Enter matrix1 values:

0.15 [0.54 048 [o57 071 [o.09

0.88 |0.00 |0.79 (068 (0.35 |[0.27

0.42 |0.41 (018 ||0.00 ||0.62 ||0.67
0.11 (018 |(0.61 |0.90 |0.84 |0.33
0.80 |0.80 (0.76 |0.05 ||0.29 ||0.90

0.02 |0.04 (036 |0.94 [0.48 |[0.74
0.29 |0.06 (036 |0.28 |(0.61 ||0.30

0.04 |0.96 0.78 J0.32 |0.47 |0.13 0.32 |0.80 [j0.09 [ozo [o.32 [o07

Calculate Fuzzy Calculate Fuzzy

PucyHok 1 - [locTaHOBKM 3aBJaHb HEUiTKOI Kiaacudikairii

HeuiTKoi knacudikaiiii, a Ha puc. 2 ix peamizaiigs. B Hux, puc. 1 niBopyd,
BXiJTHMIT BEKTOP BiAIIOBizae 1m1aba0Hy (Iepiimii psaoK MaTpulli, ingekc 1), a mpaBo-
pyd MpuBeAeHa peani3allisi MoAesi AOCUTh HEBM3HAUEHOI HEUYiTKOI CTPYKTYpH.
[epire 3aBmaHHs OYy/I0 peasi3oBaHe 3a OIHY iTepallilo, SIK y CTaHAapTHiin MX, a apy-
re — yepes KiJibka KpPoOKiB mpouenypu (iHmekc 5). IIpy Tomy mokasHuK «value», 1110
03HAYa€ OI[iHKY CTYIIeHS MOPiBHSJIbHOI TOCTOBIPHOCTI pe3ynbTaTy Kiaacudikaiii, y
IPyroMy 3aBIaHHi OYB JOCUTH OAM3bKMIT TO HyJIS (TpaHMIlI TIPUIIMHEHHS Bigoopy
ma6soniB MX). Ha puc. 3 mpuBemeHO NpuKIaL peasisailii 3aBIaHHS HEUiTKOi

kiacudikaiii 3a MXH, 3 BUCOKMM CTyIleHEM JOCTOBiIpPHOCTI (ITOKa3HUK «value»).

Message K Message X
@ Fuzzy Procedure calculation resuit: index =1, value =1,14 @ Fuzzy Procedure calculation result: index =5, value =0,23

PucyHok 2 - Pe3ynbTaTu peasnisaliii 3aBgaHb HeuiTKOi knacudikariiii puc. 1

|£| Fuzzy Procedure - O X

Enter vector values:
1 Joz  Jos |
Enter matrix1 values:
0.86 [0.35 (0.03 |[0.34 (0.86 |0.25

0.42 (041 (018 |[0.00 (0.62 |0.67

=y

log  Jos |

011 {018 |0.61 |(0.90 (0.84 0.33 Meszage X

0.80 |0.90 076 (0.05 |0.29 |0.90
0.04 (096 |0.79 [[0.32 (0.47 [0.15 @ Fuzzy Procedure calculation result: index =3, value =1,21

Calculate Fuzzy

PucyHok 3 - PesynbpTaTi peasnisaliii HeuiTKoi kinacudikarii 3a MHX mj1g ma6a0Hy «3»
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Ha puc. 4 ta puc. 5 nomaHo nopaioHi pe3yabraTy Kiacudikailii 3a JaHMMU MO-
neneit Tuny certainty factor CF(A). Puc. 4 meMOHCTpye pe3yabTaT, KOAM BXimHMI
BEKTOD BiJIOBija€e mabIoHy «5», a Ha pUC. 5 JOCTiIKYETHCS OOBiJIbHUII BEKTOP 03-
HaK.

|| CF Procedure - O x

Enter vector values:
los oo [ose [03 foor [o13 |
Enter matrix1 values:

-0.34 ||-0.23 |-0.12 ||[0.54 |0.53 |0.96

-0.70 |-0.60 |[0.68 (0.92 |06 |0.77

-0.76 |0.86 (056 ||-0.58 |-0.29 [-0.47 Message x

-0.40 (-0.358 ||0.28 |-0.32 |-0.17 |[0.15

Y
'Q) CF Procedure calculation result: index =5, value =1,69
-0.50 ||0.90 (058 |-0.30 |0.87 |-0.13

Calculate CF

PucyHOK 4 - PesynbraTu peanisaiii CF(A) kinacudikaiii 3a MHX 1ma6iony «5»

|£| CF Procedure - m} >
Enter vector values:
l02d Jooe [0z Jotz [o1s foos |
Enter matrix1 values:
-0.34 ||-0.23 ||-0.12 ||0.54 (|0.53 [0.96
-0.70 ||-0.60 ||0.68 (0.92 (016 (077
076 (086 |0.56 |-058 [-0.29 |-047 Message b4
-0.40 |-0.38 |0.28 (-0.32 |-0.17 |0.15 pu
050|090 (058 |-0.30 097 [-012 '\D CF Procedure calculation resuit: index =4, value =0,71

Calculate CF

PucyHoOK 5 -Pe3ynbTaTtut peasnisaiiii mogesneit 3aBganb CF(A) knacudikariii

[IpuBegeMo CyTHICTb Ta pe3yJbTaTUM BMKOHAHHS TIpOLEeAypU penykiiii Ha
ocHOBi kamma cratuctuku ITIKP (3), npusHaueHoi Aj1s1 GopMyBaHHS JOCTOBipHUX Ma-
TeMaTUYHMUX Mojenei kinacudikaiii 3a MXH, sika Mae Taki eTanu:

- 1) Ha OCHOBI Mojeei mab/oHIB 3 Pi3HMM UKMCIOM ab0 CKIaJgoM ITapaMeTpiB
BU3HAUMTH OL[iHKY ITOKa3HMKa «Kara» (3),

-2) Ko pe3yabTaTv kiacudikaiii  mjsi  pisHUX Mojesieii-11ab/IoHIB
BiAIIOBiZaIOTh BMMOTraM «IIOHZiOHOCTi», CKOPOTUTM MOJ€/b, 3aJIUIIUTA OIUH i3
1a6JI0HIB,

- 3) BpaxOBYHOUM 3HAUeHHS «Ng» (2), BU3HAUUTU 1 BUIJAIUTU HalMeHIle
3HAUMMIi UM Halbinblle «Moi6Hi» MiXk C06010 mapamMeTpy MojiesTi Kiacudikairii.

1Sl TIOSICHEHHSI CYTHOCTI TpOLenypu penykKiiii, 3alporoHOBaHiin y [1, 6],

BUKOPUCTAEMO YMOBHMIA TpMUKIAm Tabi. 2 3i CTPYKTypolo Mopeni kiacudikariii
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ma6sioHiB 3 mapamerpamu (Xi, Xa, ..., Xe) Ta01. 1. V Tabs1.2 npuBegeHi sHaueHHs (3),

OTPMMaHi MpM CIiBCTaB/JIeHHi y3TOMKEHOCTI MpUBeIeHNX Y TabGINIIi map 3MiHHUX.

Tabanng 2
PospaxyHku npy m=>5 3a 3pa3kaMy 3 ypaxyBaHHIM Bigomux gaHux X (KM,, Ci)
| K(XoXs) 0150 | Tax_| wi | K(XoXy) 0103 | Tax | ni
TaK 12 5 TaK 13 4
Hi 5 4 Hi 6
| K(XXs) 0150 | Tax_| ni | K(Xo/Xs) 0,023 | Tax | mi
TaK 12 5 TaK 8 9
Hi 5 4 Hi 4
| K(XyXy) 0103 | Tax | ni | K(Xy/Xs) 0320 | Tax | wi
TaK 13 4 TaK 13 4
Hi 6 3 Hi 4
| K(XyXs) 0324 | Tax | ni | K(Xy/Xs) 0283 | Tax | wi
TaK 10 7 TaK 14
Hi 2 7 Hi 3 4
| K(XyXs) 0331 | Tax_| ni | KXgXe) 0173 | Tax | mi
TaK 11 8 TaK 9
Hi 1 6 Hi 3

HajiiBuma B Tab6im. 2 oliHka koedimieHTy «kamma» (3) y mapu IapaMeTpiB

K(X4/Xes) = 0,331 (momipHmii piBeHb y3romxkeHocTi), a y map KXsz/Xe) = 0,324 i
K(Xs/Xs) = 0,173. TIpu 11boMy BUIQISIETHCS TTapameTp Xe uepes Te, 10 «BIIUB» (aK-
Topy X6 Ha MoJesb Kiacudikailii BpaxoBYIOTh Ta OIOCEpPeIKOBAHO IMPeACTaBISIIOTh
dakTopu Xs, Xz i X4. Po3paxyHKM KpPOKy IpolieAypy aHajizy MaTeMaTUUHOi Mopei
kiacudikarii 3a maHuMu Tab61. 2 1eMOHCTpYIOTh 3MicT ITKP dopmyBaHHS mMopeneii
KiIacuikallii Ha OCHOBI peyKIiii Ta Karmna CTaTUCTUKHA.

Po3ryissHeMO 0COGIMBICTh MaTeMaTMUHOI Mojesi kinacudikaiiii Tabs. 1, 3 ypa-
XYBaHHSIM BMMOT 3aBJaHHS i3 BU3HAYEHHS aBTOPCTBA YKPaiHOMOBHMX TBOPiB (3AT),
NIpUBeLEeHOro y [6, 7]. Y Hamomy BapiaHTi 3aBgaHHs 3AT Ha mificTaBi CyKymHOCTi 03-
HaK, SKi XapaKTepu3yloTh HAOOpU TEKCTiB i YTBOPIOIOTh Kjiacu abo 3pasku Mopei
(MTpeACTaBISIIOTh 0COOMCTUI aBTOPChKUIA MPOodiib), HEOOXiMHO BU3HAUUTU Kiac, 10
SIKOTO HaJIeKUTh HOBUI TEKCT (MIpefCcTaBieHMii 3aKOJ0BaHUM BEKTOPOM O3HaKk). Y

ISSN 1562-9945 (Print) 163
ISSN 2707-7977 (Online)



«CucreMHi Tex”ouorii» 2 (151) 2024 «System technologies»

3aBJAHHi CMCTeMa 03HAaK y BCiX aBTOPiB OJTHAKOBA, a UMCJI0 HAOOPiB (TBOPIiB aBTOPIB)
MOsKe OyTM pi3sHMM, He JOCUTh 3HaUHUM. [Ipy ToMy neBHi gaHi mpodiio MOXyTb 0Y-
U «30ypeHMMM» abo HaBiThb BigcyTHiMu. UYepes Te, 0 OKpeMi TBOPU MOXKYTh
BiTHOCUTHCSI IO Pi3HUX IIepiofiiB, sKaHPiB TOIO, (OPMYBaHHS OIZHOTO OKPEMOTO
11a6JIOHY AJ1s1 KOSKHOTO i3 aBTOPiB MpeAcTaBiIsie eBHY MpobaeMmy. ToMy B HaBeIeHiii
Mogesti kinacuikallii TeKCTiB KOSKHOMY aBTOPY BiATIOBifgae KisibKa 3pa3KiB/11ab/IoHIB
y dopMi BEKTOpPiB HEUITKMX BeJUUYMH (3HaYeHb (YHKIIii MpUHATIEXHOCTi), IO
IeMOHCTpye Tabs.1. B Hiit kmacu K; — 11e Habopyu 3aKOJ0BaHUX O3HAK IIA0I0HIB 1T
OKpeMMX TBOPiB OJTHOTO aBTOPA, Cepe[i SKMX TAKOK MOXKe OyTH i 11abI0H y3arajibHe-
HUX TIOKa3HMUKIB, «Ipodiso». 3a pesyJbTaTaMu AOCTiAKeHb OyJ0 BCTaHOBJIEHO
[6, 7], mo mas BMOOpY HaibOinbil epeKTUBHMX i TOUHMX I1aOGJIOHIB Momeeii
Kinacudikailii aBTopiB yKpaiHOMOBHMX TEKCTiB HeOOXiTHI JOAATKOBI mocigkeHHSs. B
HUX B IIepIly 4yepry HeoOXimZHO BM3HAUMUTU palliOHAJIbHIi PO3MipHOCTI IPOCTOPY
Ki1acuikaiii (4Mca0 O3HAK TeKCTiB). Y UMCIOBUX eKCIIepMMEHTax 3 aHamli3y
mab/0HIB HA iCHYBaHHS HAIJMUIIKOBMX XapaKTepPUCTUK OyaM BCTAHOBJIEHI
MOSKJIMBOCTi CKOPOTUTM Habopu o3HakK X; — Xis, BUKOHATU IIPOLIEAYPY PemyKILii
[1, 3]. Hanmpukian, aJis eBHUX BXiAHMX TBOPiB Oy/iM BM3HAUEHi CIIpOIeHi 111abJIoHU
i3 4-x mapameTpiB, SIKi 3a pesyabTaTaMM Kiaacuikallii BigMmoBimaauM CyKyITHOCTI
rmapameTpiB-o3HaK X; — Xisu JIOC/IIKeHHSI MOKa3aJy HeoOXimHicThb (popMyBaHHS
maba0HiB Mojeneii 3apaadb 3AT 3 ypaxyBaHHSIM BUMOT METO/Iy CITPOIIeHb [3].
BaxknMBicTh BpaxyBaHHSI PO3MIpHOCTI Mopesneit knacudikailii MOKasyoTh
OIIiHKM TpaHUYHOI po3MipHOCTi (3), BU3HaueHi 1151 ymoB pob6oTu [1]. Tak mas ymoB
(L=70, eps=0.2, h=0,1) orpumano (m= 14, no = 4,43)/( m= 7, no= 6)/( m= 6, np = 6,53).
Hani npu (L=200, eps=0,2, h=0,2) orpumano (m= 14, no= 14,6)/( m= 60, no= 9,4); npu
eps=0,1 rpaHMYHe 3HAUEHHS JILIIIe Ny = 4,5, a AJ1s1 3a6e3meueHHs] pO3MipHOCTi no= 58
notpioHo mMatu L =1200. Po3paxyHKM IOKa3yiOTh, IO IiJABUILEHHS TOCTOBipHOCTI
pe3ybTaTy 3a0e3IeuyeTbCsl B OCHOBHOMY 00CSITOM BUOipKM JaHMX (UMCIOM 3pasKiB
Mopesti). Takuii BUCHOBOK BMu3Hauae ¢popmu Mogmeneit 3AT, B akux 6e3rocepegHbo
BUKOPUCTOBYIOTbCS 3aKOJIOBaHi TEKCTH, 6e3 y3araJibHeHHS JaHMX B 11a00HaX.
BigzHaummo ocobnmuBocTi 3aBgaHHs 3AT i itoro peasisailii Ha OCHOBi HaIoi
Mozesi HeuiTKoi Kimacudikamii. A came, B 3AT HeMae BMMOT ILIOIO YMC/Ia eTalliB
npoleypu i3 BU3HAUEHHS aBTOpa TBOpPY. Pasom 3 Tum y [7] Ta momi6HMX TaKi 3aB-
IaHHS Tiepefbadasocsl BUpINTyBaTM 3a OOMH poO3paxyHOK. Takoxk BiCyTHS
HeoOXimHicTh popmMyBaHHS e€nmMHOI Mozeni Kiaacudikarii 3aBganb 3AT npu T06UX
MOSKIMBUX BXiIHMX TBOpaxX, a TaKOX IOTpeba IepeTBOPEHHSI Mojesielt I1ab/IoHIB

TIpY BBEIEHHS A0 MOJeJli HOBMX JAaHMX, TBOPiB. 3a3HaUe€Hi 0COOJMBOCTI MPOIEIyp
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Kiacudikallii BpaxoBaHi y Ipoleaypax pemykilii Ta karma KoeHa, IpuBegeHUX Y
CTaTTI.

Ha ocHOBi 3a3HaueHMX Buile Mojeseit kiacudikaiii i pegykiiii 6ynaa po3po6-
JIeHa Tporpama sl iHTe/leKTyanabHOi iHdopmariiiHoi TexHosorii (IIT) ympaBiiHHS

MIpU3HAYEeHHSIM/BiIOOPOM KaHAMIATiB HA OCHOBI HAOOPiB iX MeBHUX O3HAK, pUC. 6.

( {Pk} )—( Mog P

AHaniz

PucyHok 6 - Cxema IIT yripaBiiHHS IpoLiecaMy IpMU3HAYeHHST KaHAUIATiB

bioku ctpykrypu IT Bu3Ha4yawTh HACTyIHiI npouenypu: - {P«} — oTpumMaHHS
IaHux rnoptdorsio/pestoMe KaHauaaTiB; - MoanP — dopmyBaHHS 3arajibHOI Mojei
IaHux IopTtdosio/pes3ioMe KOHKYpPCY KaHAuAaTiB;, - MopJl — BubGip Tumy mopei
npencTaB/ieHHsT gaHuX MopaP (HeuiTKi BeauuuHu/KoedillieHTM BIIEBHEHOCTI);
{Mop P} — dpopmyBaHHS Mopeneli KoskHOro KaHauaaty y dopmari Mogn/l; - MogE —
MpeacTaB/ieHHsT eTaJoHy BUMOT y ¢Gopmati Mon/l; - Kinac — peasnizailis 3aBmaHHS
kiacudikailii Ha Mmogensx {Mog Pi}, pesynbTtat P*; - AHami3 — BU3HAUeHHS CTYTeHSs
OHO3HAUYHOCTI Ta JOCTOBIPHOCTi pe3y/ibTaTiB Kaacudikallii, IpuUHITTS pe3yabTaTy
/ BU3HAUEHHST HeoOXiHOCTI KOPUTYBaHHSI Mojenel Kauauaatis {Mog Pi}/ a6o kopu-

TyYBaHHS 3arajabHOiI Mofesi faHux nmoprdomnio/pesrome MonP.

K-ITK

Mogaeni PesyneTar
A Knacudikauia 4

‘L - Tabnuugs knacie

e 1 _i Pk
. Al
— @opmyBaHHA KoHTpone MOAE l

Pes. Npoueagypa KoperyBaHHA
KoperysaHHs {Pk*} peayKuii mogeneit Pk
P {Pk} Mogeneil kaHg. e laijl l

MonoeH.
w Kanna KoeHa

Tou4koBa Knac Moga Pk
> L& ouiHka h - {MPk} (pe3)

~p {Mog Pk} IHTepBankHa IaeHTudikauia
f ¥
ouiHka h Pk

MogenioBaHHs
P 3a TabnuuHUMM
AAHUMKA

Pucynoxk 7 - Crpykrypa IIT mporpaMHOro KOMIIEKCY BUOOPY KaHAMAATIB
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CTpyKTypHi efemeHTH puc. 7 tTaki. b1 Mogesni — ®opMyBaHHSI, KOHTPOJIb, KOPU-
ryBaHHSI Mojieneii kauauaatis {Mop Pi}; B2 Knacudikaiiiss — npouienypyu BU3HayeH-
HS KaHIuaaTa-IepeMoXIlsd Ha OCHOBiI MomaudikoBaHoi mepexi Xemminra; b3 Pe-
3yJbTaT — MpeACTaBJIeHHSI pe3y/lbTaTiB BMOOPY KaHaumaTa-nepemoxiisi; b1.1 ®op-
myBaHHA - {Pi}, MogP, {Mopn Pi}; B1.2 Koutponb; b1.3 KopuryBanHsi mopenei
KaHauaatiB; 2.1 MonE — mpepacraBieHHsT eTaJioHy BuMor y dopmarti Moxn/l; b2.2
Mogeni knacudikaiii; b2.3 Knac — peasnisaliist 3aBgaHHs Kiacudikailii Ha MoJensix
{Mop, P}, pesynbrat P*; B3.1 Tabnuis knaciB Py; 3.2 PesynbtaT Pi*; B3.3 Kopury-
BaHHS Mog Pi; B1.1.1 {P«} - orpumaHHsl maHux mopTtdoaio/pe3toMe KaHIUAATIB;
b1.1.2 MogP - dbopmyBaHHS 3arajbHOi Mojesi JaHuX mopTdosio/pe3roMe KOHKYPCY
kauaupatiB; b1.1.3 {Mog P} — dopmyBaHHS Mopesneil KOXKHOTO KaHAMIATY Y
dopmarti Mon/l; b3.2.1 ITonoBHeHHsT1 Mop, P« Ta BUBiz pesynbTaTiB; Mogenb i mpolie-
JIlypa OTpMMAaHHS eKCIIePTHUX OLIiHOK MOKa3HMKIB Mojesel Kauauaatis {Mop Pi}. B
SIKOCTi BUXIOTHMX OAaHUX A0 Tpolenyp Kiacudikailii Ha ocHoBi MXH HagxonasiTh
3akomoBaHi y ¢opmi HeuiTkux BeanumH (HB) abo xoedimienTiB BrieBHeHOCTI CF(A)
BEKTOpM O3HaK Mojesi kinacudikaiiii. Taki BeKTOpM HpeacTaBisSIOTh BJIACTUBOCTI
«ma6yoHiB» {Mop, Pk}, BapiaHTiB kiacu@ikailii, a Takox BeKkTOpiB BuMOI — «E-
eTaJIoOH». 3aBHAHHS IOJISITA€ Y BU3HAUEHHI «HAOIMKIOro» 10 BeKTopy «E-eTamoH»
ma6sioHy cepep Bcix {Mog Pk}. Y po6oTi BUKOpMCTAHO ABi MofeJi Ta Mpolleypu OT-
pMMaHHS eKCIepTHUX OLIiHOK MOKa3HUKiB Mojesnelt kauauaaTie {Mon Pk}. 3a Humun
KO’KHOMY TIOKa3HMKY 3arajbHOi Mojedi [HOaHux TopTrdosio/pesiome MoaP
MIPU3HAYAETLCS (EKCIIepTOM/MeHeI)KepoM) OLliHKa IMoKa3HuKa KaHaupara {Pi} vy
dbopmi HeuiTKMX BenunH abo KoedilieHTiB BrieBHeHOCTi CF(A). VY mepmriit Mmonenti
oriHioBaHHSI MO1 3HaueHHSI MOKa3HMKA BBOAUTHCSI Oe3rmocepeHbO, BPaxOBYIOUU
ob6sactb MoxInBKUX 3HaueHb HB i CF(A).

VY npyriii mogeni oniHoBaHHS MOZ2 3HayeHHSI MOKa3HMKA BM3HAUAETHCS Ha
OCHOBi OkpeMoi HeuiTKoi Mopeni «[TokasHuk» (MIIoK), nmpu3HadeHoi Ajs1 hopmy-
BaHHS 3HaueHb Ha OCHOBi ONIUTYBaHHS (€KCIlepTa/MeHeKkepa).

Po3pobsieHNii TMporpaMHuii KOMIIEKC 3abe3redyye aBTOMAaTM3allil0o 3aBlaHb
inpopmariitaoi Texrosorii (IIT) ympaBiiHHS TpM3HAYEHHSIM/BiZOOpOM KaHIMUIATIB
Ha OCHOBI HAOOPiB iX NMEBHMUX HEUITKMX O3HAK, a TaKOX KoedinieHTiB CF(A) mpu 3a-
JaHMX MMOBipHICHMX TOKa3HMKAX ITOCTOBIpPHOCTI pe3yybTaTiB BMOOpPY. 3pO3yMiso,
110 KOMILJIeKC puc. 7 peaidye Takox 3aBaaHHs 3AT, ko gaHi nmoprdorio/pesiome
TIpeICTaBJISIOTh 3aKOJIOBaHi YKpaiHOMOBHI TekcTu. Ha puc. 8 306paskeHO miarpamy
BapiaHTIB BMKOPUCTAHHS IIPOTPAMHOrO KOMILIeKCY puc. 7. Ha piarpami

rpeAcTaB/ieHi HACTYIHI QyHKIIiI mporpamu: @1 — mnpoieaypu OTpUMaHHI BUXiTHUX
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mauux; @2 - ¢yHKIii 30epeskeHHsT OJaHUX Ta Pe3yabTaTiB AOCHimKeHb; @3 —
BimoOpaskeHHs rpadikiB mopeseii mpoiieciB; @4 — dopmyBaHHS 11a0I0HIB ITPOIIECiB;
®5 - mobymoBa KjaciB IIa0JIOHIB AJIs1 Pi3HUX TUITIB HeBM3HAueHOCTi; P6 — dhopmy-
BaHHSI HEUITKMX Mojesieli mnpouenyp XemmiHra; @7 — HajgamTyBaHHS Mojesen
Kiacudikailii HeBu3HaueHUX gaHux; ®8 - aHami3 mogeneit kinacudikaiii gannx; @9
- CF(X) mpouemypn Xemminra; @10- OuiHioBaHHS KiaciB mabmoHiB; @11 -
Bimo6paskeHHs pe3ynbTaTiB; ®12 — mpoieaypy NOPiBHSJIBHOIO aHATi3y.

@1. 3aBaHTameHHA

narx Y 3. Mpacpiuxi Mogeni

@2, 36epemeHHA
mogeni

@E. DopMmyBaHHA
HEeYITKMX Mogened

@8, CFix) npouecie

ME. AHania mopg,.
npouecie Y 2
rpadpikom

@4, LllaGnoH

@10. OuiHka knacis
[oCTOBIpHOCTI

5. Mo6ynosa
Mogensd npouscis

@12, MNopieHAHHA
KnacuipikaLii

@11, BinoBpaeHHA
pesyneTatie

®7. Mopeni
XeMMiHra

PucyHok 8 - [liarpama BapiaHTiB BUKOPMCTaHHS IPOrPaMHOTO KOMILJIEKCY i3

BU3HAUEHHS aBTOPCTBA Ta IIPU3HAYEHHSI/Bi10ip BUKOHABIIS

BucHOBKM. VY CTarTi mOpuBeAeHi pe3yabTaT MAOCTIAKEHb Ta PO3BUTKY
iHTeNneKTyaJbHUX MoOJejeil yIpaB/liHHS CKIQHMMM CUCTeMaMM 3a YMOB
HEeBM3HAUEHOCTi JaHMUX Ha OCHOBi Tmpolenyp, SKi 3abe3rneuyloTb AOCTOBipHe
BUpIillleHHSI 3aBAaHb 3 YpaxXyBaHHSIM OI[IHKM TPaHMUYHOI PO3MIpPHOCTI MOJeJeii.
HocnimKeHi MOXKIMBOCTI YAOCKOHAJIEHHSI HENPOHHMX MepexX XeMMiHra [Jjist
kiacudikanii gaHux y Qopmarax HeuiTkux BenuuuH i certainty factor CF(A).
BusHaueHi 0CO6JMBOCTI MaTeMaTMUHOI MOJiesTi 3aBaHb Kiaacudikailii Ha OCHOBIi Ha-
O6opy 11ab/0HIiB O3HaK. IIpuBemeHO IporpaMHMII KOMIUIEKC iHdopmaliiiHoi
TEeXHOJIOTii YIIpaB/iHHS IPMU3HAUEeHHSIM/BiIO0OPOM BMKOHABIIIB, 8 TAKOX BM3HAUEHHS
aBTOPCTBAa YKPaiHOMOBHMX TBOPiB Ha OCHOBi Kiaacudikailii HabopiB 1mab/oHIB i3
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MeBHUX HEUiTKMX O3HaK. [IporpaMHMiIi KOMIUIEKC BUKOPUCTOBYE IpOLieaypU
penykiiii i Karma CTaTUCTUKN.
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Research of intellectual management models based on classification proce-

dures of uncertain data with established requirements of result reliability

For a wide range of complex systems, tasks such as selection of control options for
various technological processes, selection of performers for assigned tasks, and determi-
nation of authorship are resolved through classification and diagnosis of incomplete data
regarding states and conditions of operation. The relevant problems include forming ad-
equate mathematical models of classification procedures and establishing their correct-
ness, completeness, and reliability of results. This article focuses on investigating the
properties and development of intellectual management models for complex systems un-
der conditions of data uncertainty based on classification procedures using reduction
methods and Cohen's kappa statistics. It is noted that the application of these methods
ensures reliable resolution of classification tasks considering the assessment of the max-
imum model dimensionality. Additionally, the possibilities of improving Hamming neural
networks intended for data classification tasks in formats of fuzzy values and certainty
factors CF(A) were explored. The features of the proposed enhanced mathematical model
for fuzzy classification tasks based on a set of feature templates defining the classes of
objects under analysis were identified.

The article also discusses the peculiarities of the mathematical model of classifi-
cation designed for the task of determining the authorship of Ukrainian-language works
(UAW). The characteristics of the UAW task and its implementation based on a fuzzy
classification model include the absence of requirements regarding the number of stages
in the authorship determination procedure, the unnecessary formation of a unified classi-
fication model for UAW tasks for any possible input works, and the absence of the need to
transform template models when introducing new data or works into the model. The
listed features of classification procedures are accounted for in the reduction and Cohen's
kappa procedures outlined in the article.

To implement and study classification tasks of complex system parameters under
conditions of uncertain data, appropriate software was developed. The article presents
the structure of the software complex for information technology management of per-
former assignment/selection, as well as the task of determining authorship of Ukrainian-
language works based on classification of sets of templates with certain fuzzy features.
The software complex utilizes reduction and kappa statistics procedures.

Keywords: template set classification, uncertain data, dimensionality reduction, Cohen's
Kappa statistics, fuzzy values, certainty factor CF(A), modified Hamming network, in-
formation technology, software, authorship determination, performer assign-

ment/selection.
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A.B. bacbko, H.M. €Epiiosa
METOIOJIOI'TA ITIOETAITHOT'O ITPOEKTYBAHHS ITOPT®EJIA
IHBECTUUIMHUX ITPOEKTIB

AHomayis. @opmyBaHHA nopmeens NPOEKMIB € KAOHOBUM 3GBOAHHAM YyNnpasiiHHA Op2aHi3ayi
€10. AHQTI3 XUMMEBO20 YUKy nopmeens NpOEKMIB NOKA3YE, WO HalBaxausiwa € asza subopy
nopmgens npoekmis. JJomenep npobnemu yiei ¢pazu He 3HAlWAU ONMUMANLHO20 BUPTLWEHHS.
Tomy asmopu nponoHylms MemoOO0JI02il0  NOemanHo20 NPOEKMYBAHHA  nopmgens
iHBecmuuiliHux npoekmis. [lepwuli eman  ¢opmyBaHHS nopmebens NpPoOEKMIB HA OCHOBI
mMemodis MamemamuyHO20 NpPo2PamysaHHs ma MoOenBaHHA. [Jpyeil eman OUTHKa
ethekmusHocmi Bi0I6paHUX NPOEKMiB8 Memodom aHanisy iepapxil. Tpemili eman  po3nodin
Kowmig iHBeCmopi8 MiXX NPOEKMamu nopmeens NPOEKMI8 HA OCHOBI 2pu 3 Npupodok. BukoHa
Ha OYIHKA egeKmusHOCMI mMpbOX NpOEKMIi8 memodom aHanizy iepapxid. Kpumepiamu € noka3
HUKU egeKmUuBHOCMI: NOKA3HUK HAYKOBO MEXHIYHOI epeKmuBHOCMI, eKOHOMIYHULU NOKA3HUK,
coyianbHUl NOKA3HUK Ma NOKA3HUK 3abe3nedeHHs iHpopmayiliHoi 6e3neku. KoxeH kpumepil
Mae 4 niokpumepis. B peaynbmamu po3paxyHKy Bu3Ha4YeHi HaCmMynHi epeKkmusHoOCmi NpoeEKmMIB:
nepwozo (44,36%), opyzozo (22,95%) ma mpemsboeo (32,70%). Omxe, 8 makux nponopuyiax
HeobxiOHo po3nodinamu i pecypcu Mix npoekmamu. [JosedeHo, Wo nNpoEKmMyBaHHS nopmaens
IHBECMUUYILIHUX NPOEKMIB € CKNIAOHUM NPOYecoM, i BUKOHyBamu (io2o HeobxioHO noemanHo, su
KOpUCMOBYIOYU HA KOXHOMY 3 HUX Cy4acHi mamemamuyHi memoou npuliHamms piweHb ma
mexHoso2ii.

Knioyosi cnosa: memodosiozia npoekmyBaHHA, nopmeesb NPoEKMis, )ummesul Yuki, ¢asa
YUKy, Memod aHami3zy iepapxid

BcTyn Ta mocTaHOBKa mpoo6semMu. biosepos A. y po6oTi «YpaB/IiHHS ITOPT-
denem mnpoekTiB. HOBi MeTomosioriyHi Mmigxoau Ta iHCTPyMEHTM» PpO3IJISIIA€E
METO/IOJIOTiUHI MiAX0au A0 yhpaBjiHHS TopTdeneM IMpoeKTiB. Ha agymMKy aBTopa,
Pi3HMIISI MiK TOHSITTSIMU <«YIPaBIiHHS IIPOEKTAMM» i «yIMpaBiHHS ToOpTdeneM
MIPOEKTIB» OCh Y UOMY: YIIpaBJIiHHSI MOpPTdeseM IMPOEKTIB BU3HAUYAE MPOEKTHU, IO
MAalTh MaKCMMaJbHY L[iHHICTh B OpraHi3alii, a yIpaBaiHHS MPOEKTAMM [1O3BOJISE
MIPaBWJIbHO YIIPABJISITU MMM IIPOEKTAMM, TOOTO JOCSATATH IIPOEKTHUX IIijieii, He BU-
XO[ISTYM 32 paMKM IIPOEKTHUX 0OMeXKeHb, TUM CaAMUM 3a0e3I1euyoui 1110 IiHHICTb.

@a3y XXUTTEBOTO LIMKITY TOPTQesiss MPOEKTIB MpeIcTaBeHi Ha puc.l.

© Bacwko A.B., Epmiosa H.M., 2024
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KepyBaHHA
peanizawiero
HOpT(Qens MPOeKTiB

CTBOpeHHs YTy . Bubdip noprdens IInanyBaHHA
TIPOEKTIR TPOEKTIB nopTQens MPOeKTIR

Y

Y

PucyHok 1 - JKutteBuit ki moptdesist IpOEKTIB

OcHOBHOI0O MeTOW ¢a3u CTBOpPeHHS € (GOpPMYBaAHHS ITy/Ty MPOEKTIB, SIKi MOTIM
MOXYTh OyTM iHiliiioBaHi Ta NMpuitHATI m0 peanisamii. Ha miit ¢asi smiiicHI0eThCS
30ip MPOEKTHMX (iHBECTUIIIITHMX) iHilliaTUB Ta 3asiBOK 0e3 ypaxyBaHHS (iHAHCOBUX
Ta iHIIMX 0OMesKeHb OpraHisailii.

Merta a3y Bub0opy mopTdesst MPOEKTIB - Biibip MPOEKTIB y MOpTdesb 3 ypaxy-
BaHHSIM (biHAHCOBMX Ta iHIIMX 0OMexkeHb mopTdens. Ha wiit ¢asi 3 orpumaHoro my-
JIy TIOTEHIiTHUX IIPOEKTIB OOMPAETbCS TOI MOpPTdeNb, SIKUii Oyae MPUIAHSITO OO
peasisaiiii.

V das3i ryianyBaHHS MOpTQesst MPOEKTIB 3/1i/iICHIOETHCS

- 3amyCK IIPOEKTIB (MIPM3HAUEHHSI MeHeIKepiB IPOEKTiB, (GopMyBaHHS
OpraHi3aliiHUX CTPYKTYP, BUITYCK CTATYTiB [IPOEKTIB);

- IOTUIaHYBaHHS (HmeTasisallisi BCiX BMUIIB IIJIaHIB Oi3HeC-IUIAHY OO CTYIIeHS,
HeOOXiHOTrOo /1JIs YCITIIIHOI peasisallii MpPoeKTY);

- BUIJIEHHS pecypciB (BUAiIeHHSI KOHKPETHUX JII0Jieit, BUPOOHUUMX TTOTYKHO-
CTeil TOIL).

dasza KepyBaHHS peasi3alli€io opTdess MPOEKTIB TpMU3HaUeHa AJ1s1 BUpPillleHHS
HACTYITHUX 3a/1ay4:

- MOHITOPMHT BUMKOHAHHS MPOEKTIB y TMopTdeni, aHali3 BigxuiaeHb MOpu
peastisallii MPOEKTIB Ta iX BIVIMBY Ha 3aJIeXKHi TPOEKTY Ta MOPTQesb 3araaom;

- KOOpAMHAILiSl pecypciB - MifJ yac peasisaliii gesKi MTPOEKTU MOXYTb IIPU3YTIN-
HSITUCS, a X pecypcy epeKuIaTUCS Ha iHIli, Oi/IbII MPiopUTETHI TPOEKTH.

AHaji3 KUTTEBOTO LMKy MOpTdesis MPOEKTIB MOKa3ye, 110 HalBaXk/IMBillla €
dasa Bubopy moptdenst mpoekTiB. [0 cboromHi mpobaemu Iiei dhasy He 3HANIIIN
ONTMMAJbHOTO BUpillleHHS. ToMy aBTOpM IMPOMOHYIOTh METOOJIOTiI0 MOeTaImHOro
MIPOEKTYBAHHS MOPTQesisl iHBeCTULIIIHUX TTPOEKTIB, i B JaHiii CTATTi MpeaCTaBIsIIOTh
BUPillIeHHS 3a7jaui OliHKYM e(eKTMBHOCTI ITPOEKTIB METOIOM aHaJli3y iepapxXiii.

AHaji3 ocTaHHIX JocaimkeHb i myosikanin. Meron aHaniszy iepapxiit (MAI)
po3pobisiennii amepukaHcbkuM yueHum T. Caatu Ha mouaTtky 1970 poky [1]. Bin
3abe3meyye 3a JOMOMOIOI0 IIPOCTMX 1 OOIpPYHTOBAHUX TMPABUJI BUPIlIeHHS
O6araTOKpUTEepiitHUX 3a7au, sIKi MiCTSITh SKiCHi i KiJIbKiCHI TTOKa3HUKU, MPU I[bOMY

KiJIbKiCHI MOKa3sHMKM MOXYTb MaTM pi3HY pO3MipHicTb. MeTon 3aCHOBaHMII Ha
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IeKOMITO3MIIil 3amadi i ImpencTraBiaeHHi i1 y BUIISIAL iepapxiuHOi cTpykTypu. lle
JI03BOJISIE BKIIIOUMTHM B i€papXii0 BCi 3HAHHS M0 BUpIlTyBaHiii mpo6iemi. B pesynbraTi
BUpillleHHS BU3HAUAETbHCS BiTHOCHUI CTYMiHb B3a€MO/Iii eJleMeHTiB B i€papxii, 10
BUpakeHO Yy uncioBomy (opmarti. MAI BUKOPUCTOBYETHCS IJIs1 BUPilIeHHST cjiabo-
CTPYKTYPOBAHMX i HECTPYKTYPOBAHMX ITPOGIIEM.

BupimenHs 3agadi 3 formomorow MAI BUKOHY€ETBCS TTOETAITHO.

[lepmmit eTan rmepemdavyae MpeAcTaBJIeHHS MpobjgeMu y BULSAI iepapxii. B
HAMIIPOCTINIOMY BUIIAJIKY i€epapxisi 6yIyeTbCSI 3 METH, KA TTOMILIIA€THCS Y BEPUIMHY
iepapxii, MOTiM ¥AyTb MPOMiKHI PpiBHi, Ha $SKMX PpO3MIIIYIOTbCSI KpuTepii i
MmigKpuTepii, i HAMHVOKYMI pPiBeHb MiCTUTb MepeJiiK aJibTePHATUB.

Ipyruit eran. Ha 1iboMy eTarni He0OXiJHO BCTAHOBUTU IIPIOPUTETHU KPUTEPIiB i
OIIiIHMTM KOKHY aJbTEPHATUBY 3a KpUTEpisIMU 1151 BUOOPY 3 HMX HaliBaskIuBiIIiit. B
MALI ejieMeHTM MOPiBHIOIOTHCS MOIMAPHO MO BiJHOILIEHHIO 0 iX BIJIMBY Ha 3arajibHy
IIJISI HUX XapaKTePUCTUKY.

1St OTpMMAaHHS MO3UTUBHUX PE3y/IbTAaTiB B MOPiBHSHHSIX HEOOXiTHO YMIiTH:

e 3HAXOAMUTU BiAIOBIAHY UMCIOBY LKAy MMOPiBHSHbD;

e BM3HAUaTH CTYIIiHb HEY3TOJKEHOCTi HAlIUX CyIKeHUA.

l'onmoBHa BMMoOra A0 IIKa/IM MOPiBHSIHD — IIIKaJIa MOBMHHA OyTHU ITPOCTOI0 i Mpu-
ponHoro. llIkana T. CaaTi mictuTh unciaa Big 1 7o 9 i mobygoBaHa Ha OCHOBI ICUXO-
METPUYHMX BJIACTMBOCTEN JIIOAMHM, SIKi JOO6pe M03BOJISIIOTh ITPOBOAMUTU SIKiCHi
MOPiBHSIHHSI BJIACTMBOCTE [OBOX O00'€KTiB 3a ogHUM KpuTepiem. Kpim TOro, B
TICUXOJIOTil iICHY€ TIOHSATTSI IICUXOJIOTIYHOI MeXi 3JaTHOCTiI JIIOAVMHU OJHOYACHO
PO3Pi3HATH SIKYCh KUJIBKICTh MEX 3a SIKOIOCh BJIaCTUBiCcTIO. LIs1 Mexka mopiBHIOE 7+ 2,
TOOTO /1J1s1 CTBOPEHHS LITKa/IX HeOOXiTHO He 6iibllle 9 TOUOK.

Konu 3amava mpencTaBieHa y BUIJSAL i€papXiuyHOI CTPYKTYpH, TO MaTpPUIIS
CKJIa[Ia€ThCS IJIsI TTApPHOTO MOPiBHSIHHS KPUTEPiiB HAa APYTOMY PiBHI IO BiTHOIIIEHHIO
IIo 3arajbHOI MeTH, pO3TallloBaHOi Ha MmepiioMy piBHi. Taki >k MaTpuiii TOBUHHI 0Y-
TV TTOOYA0BaHi AJ1s1 MapHUX IMOPiBHSIHb KOKHOI abTepPHATUBY Ha TPETbOMY PiBHi IO
BiTHOIIIEHHIO O KPUTEPiiB APYroro piBHS i Tak Aaiu, KO KiJIbKiCTb PiBHIB OiJbIile
TPbOX.

Tpemiii eman. Ilicis dbopMmyBaHHSI MaTpuilp TapHMX TMOPIBHSIHL 3a BCima
KpPUTEPisIMM Ta aJbTEPHATMBAMM HEOOXiTHO BU3HAUUTU BJACHI BEKTOPU MATPUIIb,
TepeBipUTH y3rOIKeHICTb MaTpHUIlb 3a JOMOMOTOI0 iX BAACHUX YMCEN i MPOBECTU
CUHTE3 I7I06aJIbHUX MPiOPUTETIB aTbTePHATUB I0JI0 OCHOBHOI METH.

T. CaaTy 3aMmpornoHyBaB YOTUPH aJTOPUTMM HAGIMKEHUX METOiB BM3HAUEHHS
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HOPMOBAHMX BJIACHMX BEKTOPiB 00€pPHEHO CHMMETPMUUYHOI MaTpuili. Bci ajropmurmu
Ial0Th OAVH i TOJ Xe BjacHuUi BeKTop. Halt6ibI mpocTiii 3 HUX € anroputm 1.

Po3paxyHOK BMKOHYETBHCS MO KpoKax. CIio4aTKy BM3HAYA€TbCS BJIACHMUI HOP-
MOBaHMI BEKTOP MaTpulli IMapHMUX MOPIBHSIHb, CyMa €JIEMEHTIB SIKOrO AOpPiBHIOE 1.
lle € KOHTpoJieM IPaBMWIbHOCTI po3paxyHKiB. [IOTIM OILIiHIOETHCS Y3TOMKEHICThb
MaTpULli NapHUX MOPiBHSHb.

IcHylOTh ABa KpuTepii OLIHKM Y3TOJKEHOCTiI MaTpUIi MapHUX MOPIBHSHb:
iHAEeKC Yy3TOIKEHOCTI 1 BigHOIIEHHS Y3rOMKeHOCTi. IHAeKC y3romykeHOCTi
BU3HAvaeThcs y hopmyii 1.

I, = mash (1)

n-1
Ie Amax — MAaKCMMaJIbHE BJIaCHe 3HAUeHHSI MaTpUIi A; n — MOpSAOK MaTpulli. SIKio
Iy = 0,1, TO MPaKTMYHO BBAXKAETHCS, 110 Mipa y3romaKeHOCTi 3HaXOAUTbCSI Ha TIPuUii-

HSTHOMY DPiBHi. BilHOIlIeHHS y3TOJK€HOCTi BU3HAYAETHCS 110 (hopMyIIi 2.

Iy
By = M(Iz) 2)

e M(I.) — cepeiHe 3HAUEHHS iHAEKCY Y3TOMP)KEHOCTi BUITaAKOBMM YMHOM CKJIaieHO1
MaTpMUIi IMMapHUX MOPiBHSIHb, SIKE 3aJIeKUTh Bill MOPSIIKY MaTpuili i 6epeThbcst 3
TaOJINLII.

BigHollleHHS  y3TOJKeHOCTi yKa3y€, HACKiJIbKM OIIiHIOBAaHUI  CTYIIiHb
Y3TOIKEHOCTi CXOOUTHCS i3 CTymeHeM Y3TOJIKeHOCTi CaMOro HeifleaJibHO MpoOBeJie-

B, =0,1
HOT'O eKCIIePUMEHTY. BBaka€ThbCs, IO SIKIIO ¥

, TO MO’KHa OYTM 3aJI0BOJIEHUM
CTyIleHEM Y3TOoyKeHOCTi JYMOK.

HuHi MeTop, aHami3y iepapXxiit 3aBASKM CBOill YHIBEpCAJTbHOCTi 3aCTOCOBYETHCS
y 6araTbox cdepax HisVIbHOCTI cepen SIKMX €KOHOMiUuHA, coIliajJibHa, IOJTITUYHA
TexHiuHa Ta TexXHoJioriuHa cdepa. B poboTax [2-5] HaBeleHO MOCTAHOBKU 3ajad
pi3HOrO pOAy i BUPIillIeHHSI MPOCTINX 3 HUX MPAKTUYHO BPYYHY METOIOM aHamli3y
iepapxiit. OTxXe, 3’IBASIOTHCS BUCHOBKMU, 110 METOZ, AYy>Ke CKIagHMIA i 10r0 He MOXKHa
BUKOPMCTOBYBATM ISl BUPILIEHHSI CKIAgHUX TpobsaeM. ABTOp po6oTi [6] cTBOpuUB
MaTpUYHMIT MeTO[I aHaTi3y iepapxiit B cepemoBuiii Excel 3 70rmomMorow MaTpUUHUX
dyHK1Iii. B 11ii1 poboTi HaBegeHO BUpillleHHSI 6araThboX MPUKIAIIB 3 paHille MpuBe-
IeHux pobiT. MeTop BMKOpPMUCTAaHO B PoOOTi [7] mpu BUOOpi Miclig po3TalryBaHHS
iIIPMUEMCTBA JIJISI BUPOOHUIITBA TPOTYapHOI IIUTKKU. Ha MeTOAMKY MPOEKTYBAHHS
MiATTPUEMCTBA AJ151 BUITYCKY HOBOI IPOAYKIIii OTPMMaHO aBTOPChbKe CBigo1TBO [8].

MeTa JaHOTrO JOCTiAKeHHS:

1. Po3po06sieHHsI MeTO0JIOTii MOoeTarmHOro MPOEKTYBaHHS MOPTdesst iHBeCTu-
Li/AHUX ITPOEKTIB.
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2. BupimieHHs 3agadi oiHKM eeKTUBHOCTI IIPOEKTIB METOAOM aHaJi3y iepap-

BukiameHHsI OCHOBHOro Martepiany. Bino3epoB A. y po6oTi «YmpaBliHHS
noprdeneMm mpoekTiB. HoBi mMeTomosnoriuni migxoau Ta iHCTPYMEHTM» PO3TJISiIae
METO/IOJIOTiUHI Migxoay A0 YIIpaBIiHHS MOpTdeneM MPOEKTIB Ha yciX dasax ioro
KUTTEBOrO HMKIy. Haitbinpin ckimamHa ¢asa BMOOpPY MopTdens MpoeKTiB, TOOTO
Bibip mpoekTiB y mopTdesnp 3 ypaxyBaHHIM (iHAHCOBMX Ta iHIIMX OOMEXEHb
noptdernst. Ha 1iit ¢asi 3 oTpMMaHOro ITy/1y IMOTEeHIiTHMUX TTPOEKTIB 00MPAETHCS TO
noptdenb, SKuii 6yme MpuitHATO OO0 peanisanii. TyT BupilyoTbcs 3amadi: Gopmy-
BaHHSI ONTUMAJIBHOIO IIOpTdess IPOEKTIB, OI[iHKA e(peKTUBHOCTI BimibpaHMx
IIPOEKTIB Ta PO3MOIi/ KOIITIiB iHBECTOPiB MiXX MPOEKTaMM MOPTQeIsi TPOEKTIB.

Hamu mMOpOIOHYETbCS METOHOJIOTiSI IMOEeTAalHOTO IIPOEKTYBAaHHS IOpTdens
iHBeCTUIIiI/IHUX MPOEKTIB.

Iepuwiuti eman. ®opmyBaHHS MMopTdess MIPOEKTIB HA OCHOBI MeTOIiB MaTeMa-
TUYHOTO MIPOrpamMyBaHHS Ta MO E/TIOBAHHSI.

Jpyeiti eman. Ouinka eeKTMBHOCTI BifgiOpaHMX MMPOEKTIB METOAOM aHaji3y
iepapxiii.

Tpemiii eman. Po3nofin KONIITIB iHBeCTOPiB MiX MpoeKTamMu MopTdens
MIPOEKTIB HA OCHOBI I'pU 3 MPUPOIOI0.

BupimieHHs1 3agadvi OmiHKM e(heKTMBHOCTI NMPOEKTIB METOAOM aHali3y
iepapxiii posrisiHeMo Ha puKkiIaAi [5].

ITocraHoBKa 3amaui. € Tpu npoektu Al, A2, A3 3 moptdens IIPOEKTIB,
eeKTUBHICTb SIKMX IOTPiOHO oLiHMTHU. KpuTepisMyu € mokasHuKM edeKTUBHOCTI:
3aranpHuii mokasHuk (3[), mokasHMK HayKOBO-TexHiuHOi edektuBHOCTi (HT),
ekoHOMiuHM nokasHuK (E), conianpamit mokasHuk (C) Ta IMOKa3HUK 3a0e3eueHHs
inpopmarriitaoi 6esneku (IB).

Kputepiit HT 3anexxuts Bin:

e HayKoBO-TexHiyHOro piHs1 (HTP);

e HASIBHOCTI HOBUX MPOPUBHUX TexHouOTii (I1T);

e TexHOJIOTiuHuX 3aco6iB (CPT);

e IMiABUINEHHSIM PiBHS KBastidikaiiii mepconany (PKII);

ExoHoMiuHMi1 ToKa3HUK (E) 3amexxuTh Bif:

e Hopmoio nipubyTKoBocTi (HI);

e nepcnekTuBHOCTI (I);

e UYMCTUM OUCKOHTOBaHUM goxoaom (Y);

e KkoedilieHToM (hiHaHCOBOI aBTOHOMHOCTI IMPOeKTY (KD);
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CouianbHuii mokasHuk (C) 3a/1eXXUTh Bifl:

e piBHEM BIUIMBY Ha OiSVIBHICTh T'POMAACBKUX Ta MOJIOAIKHMX OpTraHi3ailin
1O);

e CIIPUSHHSIM PO3BUTKY MaJIoro Ta cepegHboro 6isHecy (MCB);

e CTyIleHsI MikHapoaHoi1 Koorepaiiii (MK);

e 30epeskeHHS Ta 30ibIlIeHHS poO0UMX MicIlb y rany3si Ta gepxkasi (PM);

ITokasHMK 3abe3meueHHs iHpopmarliiiHoi 6e3rexu (IB) 3ayeskuTh Bif:

e CIIPUSHHS PO3BUTKY TEXHOJIOTil Ta Ta CIIPUSIHHSI BUPIIIEHHIO MTPo6jeM TIJio-
6aspbHOI Ta perioHanbHOi 6e3neku (PIIB);

e CTYITiHb BaXXJIMBOCTI /151 BUpinieHHs 3aBaansb Ib (CB);

e TOTEHIifHOr0 MacIITady IMPaKTUIHOr0 BUKOpucTanHs (MIII);

e JIMOBIPHOCTI IOCSTHEHHS IMO3UTUBHUX pe3ynbTaTiB ([IP);

CtBopeHHs iepapxiuyHOi mMopaesi. IepapxiuHa Mopesnb 3aaaui IpeacTaBieHa

Ha puc. 2.

PucyHok 2 - IepapxiuHa Mozesb Ipo6ieMu OLiHKM e(eKTUBHOCTI ITPOEKTIB

BupimeHnHs 3agaui. V 11ii1 3a7aui MPOEKTU € ajJbTepHATMBAMMU i YTBOPIOIOTH
yeTBepTUIi piBeHb iepapxii. Kpurepisimm €: MNOKa3HMK HAYKOBO-TEXHIYHOI
e(eKkTMBHOCTi, EKOHOMIUHMIA TTOKA3HUK, COIia/IbHMIA ITOKAa3HMK Ta ITOKa3HMUK 3a0e3-
reveHHs iHGopMalliitHoi 6e3MmeKu.

Kpurepii yTBOPIOIOTH APYTUii piBeHb iepapxii. Y CBOI 4yepry KpuTepii 3ajieskaTb
Bif, migKpuTepiiB, SIKi yTBOPIOIOTh TPETiil piBeHb iepapxii. BepmmHolo iepapxii € me-
Ta —edekTuBHiCTh MpoeKTiB (EII)

st iepapxii cknagaeTbest 21 matpuiis: 1 — gjs Apyroro piBHS; 4 — OJIs1 TPEThO-
ro piBHA Ta 16 — Ay 4yeTBepToro piBHA. ocmimkeHHSI BUKOHYIOTbCS B Microsoft
Excel, mocmigkeHHs BIUIMBY KpUTEPiiB Ha 3arajibHy MeTy HaBeZleHO Ha pucC. 3.
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OuiHKka edeKTMBHOCTI MPOEKTIB

EMN HT E C b
HT 1 0,5 4 2
E 2 1 6 2
C 0,25 0,166667 1 0,3333
16 0,5 0,5  3,0003 1
BnacHui BeKTop W
anroputm 1
Kpok 1 75
11
1,749967
5,0003
KpOK 2 25,25027
KPOK 3 %
W 0,297027 |KoHTpONb 29,7
0,435639 1 43,6
0,069305 6,9
0,19803 19,8
nepesipka y3rogHeHocTi
1,188125
A*W 1,841581
0,282171
0,772298
4,000062
namboa | 4,227309
4,071449
3,899911
nambaa
MaKC. 4227309
n 4
ly 0,07577
M(lc) 0,9
By 0,084189

PucyHOK 3 — BriiMB KpUTepiiB Ha 3arajbHy MeTy

OTpumaHMii pe3yyibTaT CBiJUUTb MPO TapHY Y3TOMKEHICTh 3aJaHOi MaTpuILi
napHux nopiBHsgHb KputepiiB HT, E, C, Ib, mo 3a6e3meuye HOCSATHEHHS 3arajibHOI
meTu EIl. HopmoBaHmit BekTOp mpiopuTeTiB W CBiIUnTh Mpo Te, 110 eheKTUBHICTb
MPOEKTIB B IIJIOMy MOXe 3ajiekaTy Ha 29,7% Big MOKa3HMKA HAyKOBO-TEXHIYHOI1
edekTuBHOCTi, Ha 43,5% Bil eKOHOMIYHOro MOKa3HMKa, Ha 6,9% ColiaJbHOTO IO-
Ka3HMKa Ta Ha 19,8% Bim mokasHuKa 3abe3mneveHHs iHpopMalliifHoi 6e3meKu.

Iani BUKOHAEMO pO3paxyHOK JIpyroro piBHsSI mojesni. Ha puc. 4 nmpuBeieHO pe-
3yJbTaTU [OOCTI)KEeHHSI BIUIMBY ITiAKPpUTEpPiiB Ha IMOKAa3HMK HAyKOBO-TEXHIYHOI1

e(eKTMBHOCTI Ta HA €KOHOMIUHMIf TOKa3HMK MTPOEKTIB.
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HT HTP nT CPT PKN E HA n yan Ko
HTP 1 2 3 0,7| |HO 1 16 05 0,9
nr 0,5 1 06 0,7] |N 0,625 1 0,2 0,7
CPT 0,333333 1,666667 1 1| 444 2 5 1 13
PKN 1428571 1428571 1 1 KD 1,111111 1,428571 0,769231 1
Baackwii BeKTOp w1 Baachui sexTOp w2
anroputm 1 anroputm 1
Kpok 1 6,7 Kpok 1 4
2,8 2,525
4 9,3
4857143 4,308913
Kpok 2 18,35714 KPOK 2 20,13391
KpoK 3 % KpOK 3 %
w1 0,364981| koHTpons 36,5 w2 0,13867 | koHTPOAB 185
0,152529 1 15,3 0,12541 1 125
0,217899 218 0,461907 46,2
0,264591 26,5 0,214013 214
nepesipKa ysrogmeHocTi nepesipka ysrogeHocTi
1,508949 0,822891
Al w1l 0,650973 A2*W2 0,491768
0,858366 1,764515
1,22179 0,969228
4134328 4,142005
naméaa 4267857 nanmbaa 3,921283
3,939286 3,820063
4617647 4,528833
naméga nambaa
MaKC. 4,267857 MaKC. 4,142005
n 4 n 4
ly 0,089286 Iy 0,047335
M(lc) 0,9 M(lc) 09
By 0,099206 By 0,052585

PucyHnok 4 — BriiuB nigkputepiiB Ha HT Ta E nmokasHukmn

OTpumaHuii pe3yabTaT CBIAUUTb MPO TAapHY Y3TrOAXKEHICTb 3aJaHOl MaTpuIli
napHux nopiBHsiHb Kputepis HT ta E.

HopmoBanunii BekTop npioputeTiB W1 CBiUMTb PO Te, 110 piBeHb MOKa3HMKA
HT B nmizomy Moxe 3anexkatu Ha 36,5% Bing HayKOBO-TeXHiUHOI e(eKTMBHOCTI, Ha
15,3% Big HasIBHOCTI HOBMX ITPOPMBHMX TeXHOJIOTi, Ha 21,8% Bim cipusHHS poO3-
BUTKY TE€XHOJIOTi, Ha 26,5% Bim migBuilieHHs piBHS KBasidikaliii mepcoHary.

HopmoBaHnuit BekTop npioputeTiB W2 CBiIUMUTh PO Te, 1[0 piB€Hb MOKa3HMKA
E B misjomy Moske 3anexxaTy Ha 19,9% Bim BHYTpillIHbOI HOpMM IPMUOYTKOBOCTI, Ha
12,5% Big mepcrieKTMBHOCTI, Ha 46,2% Bil YMCTOrO IMCKOHTOBAHOTO IOXOMy, Ha
21,4% Bin KoeditieHTy hiHaHCOBOI aBTOHOMHOCTI ITPOEKTY.

OTpumaHMii pe3yabTaT CBiAUUTb MPO TapHY Y3TrOMKEHICTb 3aJaHOi MaTpuili

MapHuX MopiBHSHb KpuTepist C ta IB, mo 306pakeHo Ha puc.5.
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c ao MCB PM 16 PMB CB Mni np
Ao 1 3 2 4| |PNB 1 5 7
MCB 0,333333 1 09 2| |CB 0,2 1 16
MK 0,5 1111111 1 3| (M0l 0,142857 0,625 1 0,5
PM 0,25 0,5 0,333333 1| (AP 0,333333 1 2
BaacHui BeKTOp w3 Bnacuuil BeKTOD wd
anroputm 1 anroputm 1
Kkpok 1 10 Kpok 1 16
4233333 38
5611111 2,267857
2,083333 4,333333
KpOK 2 2192778 KpoK 2 26,40119
KpOK 3 % KpoK 3 %
w3 0,456043 |KoKTpOnb 45,6 w4 0,606033 konTpOns 60,6
0,193058 1 193 0,143933 1 144
0,255891 25,6 0,0859 86
0,095009 95 0,164134 16,4
nepesipka ysroameHocTi nepesipka y3rofmeHocTi
1,927033 2,419398
A3*W3 0,765391 Ad*W4 0,566713
0,983447 0,344501
D,390845 0,681878
4225556 3,992188
nsmbna 3,964567 nambaa 3,937343
3,843234 4010499
4113778 4154396
namBaa nambaa
MAHKC. 4 225556 MaKC. 4010499
n 4 n 4
ly 0,075185 Iy 0,0035
M(lc) 09 M(lc) 09
By 0,083539 By 0,003888

PucyHok 5 — Bruius nigkputepiiB Ha C Ta Ib mokasHUKM

HopmoBanmnii Bektop npioputetiB W3 CBiIUMUTh IIPO Te, 1110 piBeHb MOKa3HMKA
C B 1iyioMmy MoOKe 3ajeskatu Ha 45,6% Bin piBHS BIUIMBY Ha IisUTbHICTh rpoMaj, Ta
MoJofi, Ha 19,3% Bif cripUsIHHS PO3BUTKY MaJIOTO Ta cepeAHbOro 6i3Hecy, Ha 25,6%
BiJl CTyIIeHs MiskHapoHOI Koomeparlii, Ha 9,5% Bim 306epeskeHHSsI Ta 30iIbIIEHHS] PO-
00UYMX MiCIb.

HopmoBannii BekTop npioputeTiB W4 cBifuMUTh PO Te, 110 PiBeHb ITOKa3HMKA
Ib B 11iyiomy Moske 3asiexkaTt Ha 60,6% BiJ CIIPUSIHHIO BUPillleHHS TpobjieM Oe31eKn,
Ha 13,4% Bim cTymeHsI BaXXIMBOCTI JIJISI BUpillleHHS 3aaady, Ha 8,6% Bim macmitady
MMPaKTMUYHOI'O BUKOPUCTAHHS, HA 16,4% BiJ IMOBipHOCTI JOCSTHEHHS MO3UTUMBHUX
pe3yJibTaTiB.

HacTyrmHuM KpOKOM € po3paxyHOK TPEeTbOTO PiBHSI MOZeJli, a caMe PO3PaxyHOK
BIUIMBY aJIbTE€pHATMB Ha MOiaAKpuUTepii. Po3paxyHOK BMKOHYETHCS [JISI BCiX
niakpurtepiis HTP, IIT, CPT, PKII, HJ, II, Y41, K&, 10, MCb, MK, PM, PIIb, CB,
MITI, IP. Ha puc. 6 Bimo6paskeHO IIPUKJIAJ PO3paxyHKy ajis migkpurepiis HTP Ta I1T.
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HTF Al A2 A3 nr Al A2 A3
Al 1 4 3 Al 1 & 3
A2 0,25 1 0,6 A2 0,166667 1 0,6
A3 0,333333 1666667 1 A3 0,333333 1666667 1
BnacHui BEKTOP W1 BnacHui BEKTOP V2
anropuTm 1 anropuTm 1
Kpok 1 B Kpok 1 10
1,85 1,766667
3 3
KpoH 2 12,85 KpoH 2 14 76667
KpOK 3 KpOK 3
V1 0,622568 [koHTpOAL V2 0,677201 |koHTpOnL
0,143969 1 0,119639 1
0,233463 0,20316
nepesipLka Yarog#eHoTi nepesipLka Yarog#eHoTi
1,898833 2,004515
Al=V1 0,439689 A2=y2 0,354402
0,680934 0,628292
3,05 2,96
naména 3,054054 naména 2,962264
2916667 3,082593
namBaa mi 3054054 namBaa mi 3,092593
il 3 il 3
ly 0,027027 ly 0,046296
M{lc) 0,58 M{lc) 0,58
By 0,046598 By 0,079821

PucyHoK 6 — Bryins anbrepHaTuB Ha migkpurtepii HTP Ta I1T

OLIiHKa BIVIMBY aJIbTE€PHATMB Ha 3araibHy ME€TY BMUKOHYETbHCA B TPU €Talll:

e OIliHKa BIUVIMBY aJIbT€pHATUB Ha IMiAKpUTEPii;

e OIliHKA BIUVIMBY aJIbT€PHATUB Ha KpUTepii;

e OIlliHKa BIUVIMBY aJIbTepHATMB Ha 3arajbHy MeTY.

OuiHMMO BIUIMB aJibT€EpHATUB Ha IigkpuTepii. [ 1bOro ckaageMo MaTPUIIO
B (puc. 7)., CTOBILISIMU SIKO1 € BJACHI BeKTOPM MiAKpuTepiiB. CTOBIII 1i€el MaTpuIii
OIIiHIOIOTh BHECOK a/IbT€PHATUB B KOKHMIA IiAKPUTEPiii, TOOTO Mepinii CTOBIIEelb B
HAaYKOBO-TEeXHIUYHMI1 piBeHb, IPYIUil B MEPCIEKTUBHICTD i Tak mani. OliHKa BIJIUBY
aJbTepHATUB Ha KpUTepii BUKOHYETHCS 3a MaTpuiiero Bl (puc. 8), CTOBOLSIMU SIKO1 €
CTOBIILi - pe3yJabTaT MHOXKEHHS MAaTpUIlb BJIACHUX BEKTOpIiB IMiAKpUTEpiiB i3

MaTpuili B Ha BiAMOBiAHI B/IaCHI BeKTOPM KpUTePiiB.

MaTpuua B

HT E

V1 V2 V3 V4 V5 V& V7 VB
0,622568 0,677201 0540541 0,279057| 0,606061 0,520665 0,320197 0,24811
0,143969 0,119639 0,174174 0,070281( 0,128788 0,570071  0,203612 0,506144
0,233463 0,20316 0,285285 0,650662( 0,265152 0,109264 047619 0,245747

C
Ve Vio Vi1 viz
0,06527 0556166  0,271943 0,108533
0,676873 0,196026 0,034175 0,614596
0,257857 0,247808 0,693882 0,276772

5
V13 V14 V15 V16
0559172 0,668844 0,45302 0,674473
0,14487 0,128968 0,211408 0,24356
0,295858 0,202188  0,33557 0,081967

PucyHok 7 — O1liHKa BIIMBY a/IbT€PHATUB Ha HigKpuUTepii
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MaTpuua B1
HT*W1 |[E*W2 C=W3 IB*W4
0,522157| 0,361621| 0,217047| 0584764
0127342 0,29945| 0413664 0,164556
0,55052| 0,338929( 0,369288| 0,25068

PucyHok 8 — OLjiHKa BIUIMBY aJIbTEPHATUB HAa KpUTEPIil

AHani3 pe3ynbTaTiB MOKa3ye, IO MPIOPUTET 3a KPUTEPiEM HAYKO-TEXHIYHOI
edeKTUBHOCTI Ma€ mepiia ajbTepHaTuBa (52,21%), 3a KpuTepieM eKOHOMIUHOCTI -
repiia ajibrepHaTuBa (36,16%), 3a COLia/JIbHMM ITOKa3HMKOM — Jpyra ajJbTepHaTuBa
(41,36%) Ta 3a inpopMalliiiHo0 6e31meKolo — mepiia aabrepHaTuBa (58,47%).

AHanoriyHo [Jis OLIHKM BIUIMBY aJIbTE€PHATUB Ha 3arajibHy Metry (puc. 9)

HeOoOXiTHO MOMHOKUTM MaTpuIio Bl Ha BacHMIT BeKTOp MaTpuIii A.

MaTpuua B2
B1*W
0, 443467565
(0, 220532257
0,327000199

PucyHok 9 — O11iHKa BIUIMBY albTePHATUB Ha 3aTraJibHy METY

YV pesynbTari OoTpMManaM ysaraJbHeHMI (IJI00AJbHMIT) BEKTOP IIPiOPUTETIB
MIPOEKTIB CTOCOBHO KiHIIEBOi MeTU — e(DeKTUBHOCTI ITPOEKTY.

Takum uMHOM, OOMIK BCiX (pakTOpiB IOKasaB, 0 e(EKTUBHICTh MEPIIOro
(44,36%), mpyroro (22,95%) Tta Tpetboro (32,70%) mpoexty. OTKe, B TaKUX
TIPOTIOPIIiSIX HEOOXiTHO PO3IOIIISATH i pecypcu MisK IIPOEKTAMM.

BucHOBOK. OTsKe aHa/li3 >XUTTEBOTO LUKy MOPTdesis MPOEKTIB MOKA3YeE, 110
HalBaX/MMBimIow ¢Gasoi € Bubip rmoprdeno mpoekriB. ToMmy 6y/I0 3alpOIIOHOBAHO
METOM0JIOTiI0 MOeTAIHOTO MPOEKTYBAaHHS TMOPTdensi iHBeCTULIAHUX MTPOEKTIB, IO
BKJIIOUA€ B cebe: hopMyBaHHS MTOPTQes MPOEKTIB Ha OCHOBI MeTOMiB MaTeMaTu4-
HOTO IIpOTpaMyBaHHS Ta MOJeIOBaHHS, OIliHKa eeKTMBHOCTI BifliOpaHMX MTPOEKTIB
MEeTOJIOM aHaJli3y iepapxiit Ta po3MoAia KOLITiB iHBECTOPiB MiXX ITpoeKTaMu MopTde-
Jisl HA OCHOBIi TpU 3 IPUPOIOIO.

BinmoBimHO 10 3ampOIIOHOBAHOI METOMOJIOrii OyJI0 MNpMBEIEHO IPUKIAL
MPaKTUYHOI OIliHKM e(peKTUBHOCTI TpPbOX IpoekTiB. IlounHawuM Bif MOCTAaHOBKMU
3amavi, MmoOymoBOIO iepapxiuyHoi Mmopeni i 3aKkiHUyIOUM OIIIHKOK  BIUIUBY
MigKpuUTepiiB Ha eeKTUBHICTb MPOEKTiB. Y pe3yybTaTi JJjis1 KOKHOTO MPOeKTy OyJia
oTpMMaHa e(peKTUBHICTb, 110 JO3BOJISIE BU3SHAUUTY B SIKUX IPOIOPIIiSIX HEOOXiTHO

PO3TOAIMIUTI pecypcyu MiK IpoekTamu. OcoOJMBICTI0O METOOUKM € BUKOPUCTAHHS
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KiJIbKiCHMX i SIKICHMX KpUTepiiB 3 6araTOKpuUTepiaJibHUII PO3IJISAOM aJbTePHATUB,
1110 LO3BOJISIE OTPUMATH KiJIbKICHY XapaKTePUCTUKY PO3IIOAiTy pecypciB.
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Methodology of step-by-step design of investment project portfolio

Forming a portfolio of projects is a key task of managing an organization. Analysis
of the life cycle of the project portfolio shows that the phase of project portfolio selection
is the most important. Until now, the problems of this phase have not found an optimal
solution. Therefore, the authors propose a methodology for the step-by-step design of a
portfolio of investment projects. The first stage is the formation of a portfolio of projects
based on mathematical programming and modeling methods. The second stage is the
evaluation of the effectiveness of the selected projects by the method of analysis of hierar-
chies. The third stage is the distribution of investors' funds between the projects of the
project portfolio on the basis of playing with nature. The evaluation of the effectiveness of
three projects was carried out using the method of hierarchy analysis. The criteria are
indicators of efficiency: indicator of scientific and technical efficiency, economic indica-
tor, social indicator and indicator of ensuring information security. Each criterion has 4
subcriteria. The results of the calculation determined the following efficiency of the pro-
jects: the first (44.36%), the second (22.95%) and the third (32.70%). Therefore, it is nec-
essary to distribute resources between projects in such proportions. It has been proven
that the design of a portfolio of investment projects is a complex process, and it must be
carried out in stages, using modern mathematical decision-making methods and technol-
ogies for each of them.

Keywords: design methodology, project portfolio, life cycle, cycle phase, hierarchy
analysis method.
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PE®EPATU

YK 004.42:519.85

Mopo3 b.I., Kpyrauk A.C., Mopo3z [.M. Maptunenko A.A. MaremaTuyHa Mmopenb
pauioHanbHoi opraHisauii 06po6ku iHpopMaLiliHUX NOTOKIB B CUCTEMi fOCTABKM NiTaNIbHUMK
annapatamu // CuctemHi TexHonorii. PerioHanbHWii MixBY3iBCbKMIA 30IPHUK HAYKOBMX Npalb.
Bunyck 2(151). — Axinpo, 2024. — C.3 - 12.

BuKopucTaHHA KepoBaHOT AMCUMNNIHK A5 palioHaNbHOT opraHisauii 06pobku iHdhopmaLii 3
ypaxyBaHHAM T XapaKTepPUCTUK LiHHOCTI 1 CTapiHHA Ma€e BeNWKi NepcnekTUBM Npu JOCTaBLi TOBapy
33 [LONOMOrO0I0 NiTaNibHUX anapariB, 0COOMBO AKLLO TaKy MoAenb PO3rsaaTh K Taky, Ae BapTiCTb
AOCTaBKM 3MIHIOETbCA B 3aJ€XHOCTI Bif TepMiHiB TaKoi [OCTaBKWM. A TpMMATW MapK NiTanbHUX
anapariB AN NOKPUTTA YCiX NiIKOBMUX HAaBAHTaXKEHb € EKOHOMIYHO HeAoLiNbHO. 3aNpPoONOHOBaHA Ma
TemMaTUyHa MOAENb NOBMHHA [O3BONUTH KepyBaTh 00pOOKOI BXifHWUX NOBiAOMEHb i PO3NOAINATH
4ac TaKMM YMHOM, 0O 3a0€3NeYnT BUKOHAHHA YCiX 3asBOK B MeXax 4acy, 00yMOBNEHOro ans
TaKo1 3asBKMU.

bi6n. 6,1in. 3.

YK 004.67 , 004.042, 004.622

Pynenko K. Boxyxa JI. Tpo iHTerpauilo peKomMeHAALiMHUX anroputMiB B CUCTEMY
Mo6inbHOT TopriBni // CuctemHi TexHonorii. PerioHanbHWUiA MiXBY3iBCbKMIA 3GipHUK HayKOBKX
npaub. Bunyck 2(151). — iHinpo, 2024. — C.13 - 20.

Po3rnsiHyTo npouec po3pobneHHs, BIPOBAKEHHS Ta ONTUMi3aLii peKoMeHAaLiiHUX cucTem
y cdepi Mo6GiNbHOT TOPriBAi 3 3aCTOCYBAHHAM XMapHUX CEpBiciB. Y pobOTi BUKOPUCTAHO METOAM
MALWKWHHOTO HABYAHHA Ta PEKOMEHAALiiHI anropuTMM 3 MeTOl MiABMLEHHA NepcoHanisauii Ta
TOYHOCTI Npono3uLii. Pe3ynbtaTn poboTH peKOMeH0BaHi Ans NifBULLEHHA NepcoHani3alii nocayr
y 6i3Heci (0co6n1Bo B po3apibHiit Topriei Ta oHNanH nnatdopmax) Ans 3pOCTaHHSA 3a40BONEHOCTI
Ta NOANBHOCTI KMEHTIB, @ TAKOX ANA NOMIMIIEHHA MAPKETMHTOBMX CTpATerii Ta aHanily TpeHnis
PUHKY.

bi6n. 11,1in. 0, Tabn. 0.

YK 621.385.6.

3umornsap A.10., Tyaa A.L., Kniw, C.M. AnapaTHuit KoMnneKc ans BUMiplOBaHHA MOTYXHOCTI
UHF curHanie // Cuctemui TexHonorii. PerioHanbHUit MiXBY3iBCbKUI 30IpHUK HAyKOBUX Mpalib.
Bunyck 2(151). — [IHinpo, 2024. — (.21 - 32.

Po3po6neHo anapaTHMiI KOMNIEKC, AKUIA CKNAJaeTbea 3 2 6110KiB, a came 3 nigcuntosaya UHF
curHanie Ha mikpocxemi QPL9547 Ta femopayntotoyoro norapudmiyHoro nigcuntosada Ha AD8319.
Pe3ynbTaTi nepeBipky, WwWo Gynu npeactaBneHHi y Tabn. 1 nokasyioTs, sk pearysas UHF BumiptoBay
MOTYXHOCTI CUrHAIB HA HU3bKY BXiAHUX CUTHANIB Pi3HOT NOTYXKHOCTI.

Leii komnnekc Moxe OyTM BUKOPUCTAHO Y NAOOPATOPHUX AOCHIAMKEHHAX BUXiAHOT
NOTYXHOCTI Nepefatymx NpUCTpoiB, ANs AKiCHOT OLiHKM aHTeH abo NOPiBHAHb aHTEH. 3a PaxyHOK
NiACM0BaYa Ha BXOAi MOXIMBO LOCNiIMKEHHS MOTYXHOCTI curHany 6aussko go —80 dBm. Onuca
HUM KOMMNEKC TaKOX MA€E JOBONT MOMipHY LiiHY, B NOPiBHAHHI 3 NPOMUCIIOBMMUW aHaNoOramu.
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bi6n. 2,in. 8
YK 004.42:519.25
3emnsnuii 0.[., baiby3 0.I. MeToau iMnyTyBaHHA NPONYCKiB Y AAHUX NPO ileMiYHY XBO

poby cepua // CuctemHi TexHonorii. PerioHanbHUI MiXBY3iBCbKMII 36IpPHUK HAYKOBMX NpaLlp.
Bunyck 2(151). — [Hinpo, 2024. — C.33 - 49.

MponoHyioTbCA feKinbka MoaudiKauin anropUTMiB iTepaTMUBHOrO MHOXMWHHOIO iMNYTYBaHHS
NPONYCKiB Yy 3MillaHMX [aHKX, WO NpefcTaBieHi KinbKicHUMM i AKicHUMM o3Hakamu. Cepep
KibKiCHUX € i HenepepBHi, i auckpetHi. Cepen AKiCHUX € mopsaKoBi Ta GiHapHi. [na aHanisy
nigxoniB BUKOPUCTOBYETLCA ABA TUNK TeCTiB. B nepwomy TecTi gataceT 3 BigOMUMK JaHUMU LWITYY
HO 3aNOBHIOETLCS MPONYCKaMMW Y BUNAAKOBUX NO3ULiAX, NPOBOAUTLCA iMMYTYBAHHA Pi3HUMU METO
AaMK, OLTHIOETBCA CEPEAHbO KBAaApaTUYHA NOXMOKA Ta YaC BUKOHAHHSA anroputMmis. B gpyromy Tecti
HaBYaloTb Moaeni 6iHapHOT knacudikalii Ha faTaceTtax, 3 iMnyTauielo NPonycKieB pisHUMK MeTofa
MW, Ta NOPiBHIOOTb TOYHICTb KNacudikalii Ha TecToBiit BUGipLi. [Ins nepeTBopeHHs AKICHUX 03HaK
Ha KiNbKiCHi 3anponoHOBaHO BNACHI anropmMTMu, AKi NpaLooTb 3 NPONyLWeHMMU AaHUMU Ta A,03BO
NAKTb BUKOHYBATW 3BOPOTHE MEPETBOPEHHSA 3HOB A0 AKICHMUX 03HAK. Po3rnsapatoTbcs apa BigoMuUX
[ATaceTn Npo CNOCTEPEEHHSA CTOCOBHO iLUEMiYHOT XBOPOOU cepugs.

bi6n.15,1n.0, Tabn.2.

YK 004.942:

Monskos 0.M., Xypakoscbkuit b.10. MpoToTMnyBaHHA NpPUCTPOiB KepyBaHHA CUCTEM 3
NPOMUCIIOBMMU KOHTponepammu // CuctemHi TexHonorii. PerioHanbHUn MiXBY3iBCbKMIA 36ipHMK
HayKkoBux npaub. Bunyck 2(151). — Axinpo, 2024. — C.50 - 61.

3anponoHOBaHO METOLMKY NPOTOTUMYBAHHA MPUCTPOIB KEPyBaHHA CUCTEM i3 NMPOrpamHoi0
peani3auieto anroputmis kepysaHHs moamu SFC, FBD, LD ctanpapty MEK 61131 3. Y npoueci npo
TOTUNYBAHHA BWKOHYETbCA [EKOMMNO3WLIA MPOEKTHUX MOAEeNel onepauiiHUX Ta Kepyruux
aBTOMATIB NPUCTPOIO YNpaBNiHHA, peanizauia ix y cepegosuwi nporpamu OpenPLCy Burnagi Tuno
BMX KOMMOHEHTIB OpraHi3aLii nporpam cucTeMu KepyBaHHS, AIKI BUKOHYIOTbCA Y nnati ApayiHo. Ha
BEIEHO NPWKIAJ, 3aCTOCYBAHHS 3aNpONOHOBAHOT METOLUKM , AKNI MOXe OYTU KOPUCHUM ANs HaB
YaHHsA NPOrpaMmyBaHHI0 NPOMUCIOBUX KOHTPONEPIB.

bi6n. 10, in. 8.

YK 621.771.068

lpeyaHuii 0.M., Bacunbyenko T.0., Bnacos A.O., Bunpuxkkin 11.0., Akumuyk [.1. ImitayinHe
MOAEIOBAHHA NPU AOCTIAKEHHT po6oTH MeTanypriitHoro o6napHaHHsa // CuctemHi TexHonorii.
PerioHanbHMit MixBY3iBCbKMIA 30IpHUK HayKoBMX npaub. Bunyck 2(151). — [Owinpo, 2024. -
C.62 - 75.

MpoaHani3oBaHi TEXHONOTYHI PEXMMU HAMOTYBAHHS rapsAYeKaTaHol WTabu pi3HOT TOBLMHU.
BcTaHoBNEHO 3anexHicTb AiameTpa pynoHy Bif yacy HaMoTKW. BusHaueHa dopma BinbHUX KOMM
BaHb BWHMKAIOYMX B MPUBOAI MOTANIKW rapsyeKaTaHoi wrabu. BcTaHOBNEHO B3aEMO3B'A30K MiX
npyXHUMM aedopmauisammM Bif cun onopy eNneKkTpoaBuUryHa Ta 06epToBMX yacTuH OGapabaHa
MOTasKU.

bibn. 13, in. 4, Tabn. 3
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YK 519.8
KapaBaes K.[l. po HeobxifgHi yMOBM iCHYBAaHHA WiNbHUX YNOPAAKYBAHb B KJIACHYHIN

3apaui napanenbHoro ynopAaKyBaHHA // CucteMmHi TexHonorii. PerioHanbHUIA MiXBY3iBCbKMiA
36ipHMK HayKoBMx npaub. Bunyck 2(151). — IHinpo, 2024. — C.76 — 91.

Po3rnapaerbcsa KnacuyHa 3afada MiHimMizauii JOBXWHM yNOpAAKYBaHHSA NPU 3aAaHiin WUPKHI,
B AKii LWYKaHe ynopsaAKyBaHHA € WinbHUM. [locnigKytoTbcs HeOOXiAHT YMOBM iCHYBaHHS LWibHOMO
yNopsfKYBaHHA NPMW 3aCTOCYBaHHi METOAY MiNIOK Ta MeX, NOB'A3aHi 3 0OMEXEHICTIO MOTYXKHOCTI
MiClb Ta MOXMBICTIO iX 3anoBHeHHA. OTpUMaHi yMoBM Oynn 3BefeHi A0 OAHiET, 3aNPONOHOBAHO
edeKTUBHI anropuTMm ii nepeBipku B 3araibHOMy BUMALKY Ta ANs rpadis, BCi BEPLUMHN AKMUX 3HA
XOAATLCA HA KPUTUYHUX LWNsXaX. B pe3ynbTati JOCNimKeHHA TaKoX Oy OTpUMaHi HOBi YTOYHEHi
OLiHKM 3HW3Y JOBXWUHM YNOPSALKYBAHHA Ta 3aNpONOHOBaHi y3arajbHEHHs CreLiaNbHUX YNopAaKY
BaHb, B fKMX BEPLIMHN 3aliMalOTb KPAiHE NliBe Ta NpaBe MOXWBE Micls, fKi BPAaXOBYIOTb WHPUHY
yNOpAAKYBaHHS.

bi6n. 15,1in. 2, 1abn. 0.

YK 519.85:004.42

Koweno €.B. HeipoHHO MepexxeBMit nigxiA [O HenepepBHOr0  BKNAAEHHA
OAHOBMMiPHUX MOTOKIB JaHMX ANA aHani3y yacoBux pPAAiB B peanbHOMy 4Yaci // CuctemHi
TexHoorii. PerioHanbHUI MiXBY3iBCbKMWI 30ipHUK HayKOBMX nmpaub. Bunyck 2(151). — [Hinpo,
2024. - C.92 - 101.

3afaya BKNafeHHs OAHOBMMIpHMX YACOBMX PAAiB y 6araToBUMipHi NPOCTOpU Aye po3noB
ClOMKEeHa 1 3ycTpiyaeTbes y 6araTbox rany3sx AOCHimkeHb. MeToau, AKi po3B'A3yloTh L0 3aaady,
3a3BMYail NOKNAAAOTLCA HA Ty YM iHWY hopMy BKIAAAHHA 3 3aTPUMKOIO, IKE PEKOHCTPYIOE a3o
BWIA NPOCTip HEBIAOMOT CUCTEMM WNAXOM ACOLitOBAHHA 3HAYEHb YaCOBOr0 pPAAY 3 iCTOPUYHUMMU [id
HUMU. My NponoOHYEMO GiNbll THYYKUIA METOA, KU BUKOPUCTOBYE NMpaBUia Ans KOMOiHYBaHHS
3HayeHb YacoBOro psfdy, WOO CTBOPUTW BKIAAEHHSA, AKi € OiNbll penpe3eHTaTUBHUMM LLOA0
B3aEMO3B'A3KY AaHMUX YACOBOr0 pALY OAHE 3 OAHUM.

bi6n. 17,1in. 2, Tabn. 2.

YIK 669.15 194.53

babauenko 0.1., Moponbcbkuit P.B., KoHoHeHko I.A., Mepkynos 0.€., Cadpporosa 0.A., Qya,
yeHnko C.0. AHani3 BNMBY WBUAKOCTI OXONOAKEHHA HA TBEPAICTb CTaNel ANA 3aNi3HUYHMX
peiok nepniTHOro Ta 6eiHiTHoro knacy // CuctemHi TexHonorii. PerioHanbHUin MiXBY3iBCbKUI
36ipHMK HayKoBMx npaub. Bunyck 2(151). — iHinpo, 2024. — C.102 — 112.

Mpouec ekcnayaTalii TpaHCMNOPTHMX 3aco0iB BM3HAYAE B3AEMOfil0 Koneca i peiiku. Bip
napameTpiB LbOro npoLecy 6arato B YoMy 3anexatb 6e3neka pyxy Ta OCHOBHi TEXHIKO €KOHOMiYHi
NOKa3HWKM rocnofapcTB Koflii Ta pyxoMoro cknagy. Pe3ynbtaTtom € BNAWB, WO BUHUKAE Bif TepTs
KOYEHHs i 0CO6NMBO BiJ TEPTA KOB3aHHsA Kojeca Mo peili Npu raabMyBaHHi, BifHOCHO LMX 3MiH
BiAOYBAETbCA iCTOTHE 3POCTAHHA IHTEHCUBHOCTI 3HOLIYBAHHS KOJIC PYXOMOro CKNafy, iKe, B CBOIO
Yepry MoXKe NpM3BECTM A0 KaTacTpotiyHMX pe3ynbTaTiB A1 TOKOMOTUBHOIO rocnofapcTBa. Takox
B NpOLECi ekcnnyaTalii peiiku B 6inbWOCTI BUNAAKIB YTBOPIOOTLCA AedEKTH, WO MaloTb XapaKTep
CKNAAiHOHABAHTAXEHOr0 CTaHy: ii rofoBKa NigLAETHCA 3HOWYBAHHI, 3MUHAHHIO, PO3TPiCKYBAHHIO i

BMKPULUYBAHHIO, B MeTaJ'Ii MOXYTb PO3BNBATUCA KOHTAKTHO BTOMHi NOWKO4XEHHA.
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bi6n. 17,1in. 4, 1abn. 2
YK 004.4:004.8
MHaTyweHko B.B., MaBneHko €.B. BUKOPUCTAHHA reHepaTUBHOrO LITYYHOrO iHTENEKTy B

TecTyBaHHi nporpamHoro 3a6e3sneyeHHs // CuctemHi TexHonorii. PerioHanbHMi MiXBY3iBCbKMIA
36ipHMK HayKoBKX npaub. Bunyck 2(151). — IHinpo, 2024. — C.113 — 123.

Y cTaTTi PO3rNAAATLCA MOXIUBOCTI FEHEPATUBHOTO WTYYHOTO THTENEKTY MK 3aCTOCYBaHHI y
TECTyBaHHi MpOrpamMHoro 3abesneyeHHs. BusHaioun CTpiMKMIA PO3BUTOK MoOMepefHbo HaBYEHMX
reHepatuBHux mopenen LI 3 tpaHcdopmatopamu, Takux sk ChatGPT Big OpenAl Gemini Big
Google Ta iHWI, JOCHIAXYIOTLCA MOTOYHI Ta ManOYTHI PO LMX TEXHONOriN Yy BAOCKOHANEHHi
METOZA0/10ri TeCTYBAHHA NMPOrpamMHOro 3abe3neyeHHs. AKLLEHT pOOUTLCS Ha NepeBarax, BUKIMKaX i
NPaKTUYHUX ACMeKTax BMKOPWUCTaHHA reHepatuBHoro LI npu reHepauii, ob6cnyroByBaHHI Ta
AOKYMEHTYBAHHi TeCTiB.

bi6n. 16, puc. 2.

YK 51 74

lyk K.T., WesenboBa A.€. HelipomepexkeBuit nipxia Ao ipeHTucikayii 3anoBHIOBaHOCTI
npumilieHb 3a napametrpamu noBiTpA // CuctemHi TexHonorii. PerioHanbHMii MiXBY3iBCbKMA
36ipHUK HayKoBUX npaub. Bunyck 2(151). — AHinpo, 2024. — C.124 — 132.

Po3rnapgatotbcs pi3Hi NigXoAM A0 NPOrHO3yBaHHA NapaMeTpiB NOBITPS Ta KiNbKOCTI Ntoaeit y
NPUMiLLEHHAX 33 pe3y/ibTaTaMW MOHITOPUHTY CTaHy NOBITPA B PEXWUMi peanbHOro 4acy. 3anpono
HOBAHO NiAxiA A0 NPOrHO3yBaHHA 3a AONOMOrOI0 WTYYHOT HEPOHHOT MepeXxi, AKUI A03BONSAE BPA
XyBaTU Pi3HOMAHiTHI (haKTOpPK, XapaKTep Ta KiNbKiCHi 3HAYEHHSA AKUX He NiaaalTbea 0bNiKy Ta He
MOXyTb OyTM foAaHi [0 napameTpiB mopeni. [ocnigXeHo NUTaHHA BUOOpPY apXiTeKTypu Ta
napameTpiB HEMPOHHOT Mepexi ANA po3B'A3aHHA 3ajadyi NPOrHo3yBaHHsA. MOKa3aHO MOXIMBICTb
BWKOPUCTAHHSA 3anpomMOHOBAHOTO MiAXoly [0 BUM3HAYEHHSA KiNbKOCTI noged Yy  odicHuX
npumileHHax. HagaHo pekomeHAaaLii ana nigBuLLEHHA NPOAYKTUBHOCTI MOAEN.

bibn. 4,1in. 2, Tabn. 1.

YK 004.021, 004.042, 519.688

Xywman B.B., 3aituesa T.A. KomnnekcHuit nigxig Ao po3s’Aa3aHHA 3apaui B3aemogii ab
COJIIOTHO YKOPCTKOro ABO3B'A3HOrO WTaMNy Ta NpyXKHOro niBnpocropy // CuctemHi TexHonorii.
PerioHanbHMit MixBY3iBCbKMIA 30IpHUK HayKOBMX npaub. Bunyck 2(151). — [Owinpo, 2024. -
C.133 - 143.

3anponoHoBaHO KOMMIEKCHWIA MiAXiA Ans po3B'A3aHHA 3a4a4y CTBOPEHHSA i aHani3y matema
TUYHUX 1 KOMM'IOTEPHUX MOfeneil KOHTAKTHOI B3aEMOAIT abCONMIOTHO MOPCTKOrO LUTiHAPUYHOIO
WTamMna 3 npyHuM nienpoctopoM. MobyfoBaHO CKiIHYEHHO eNneMeHTHi Mofeni B3aemopii wramny 3
NPYXXHUM NiBNPOCTOPOM y nporpamHomy komnnekci ANSYS. MobGynoBaHo ekcnepTHy cucTemy 3a
gonomoroto nporpamHoi cuctemn CLIPS pna ipeHtudikauii gopmu wrtamny ons BUNAAKiB Konu
pO3Mipu 30HW KOHTAKTy Oyn0 3MiHEHO BMMAZKOBMM YMHOM abo 3a MeBHUM 3aKOHOM. [loaaTkoBo
po3pobieHo nporpamMHe 3abe3neyeHHs Ha MOBi C++.

bi6n. 15,1in. 1.
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YIK 378.14:629.331
Pyauk 0. 1., iuxa 0. B., FoneHko K. E. IHHOBaWiiHi nigxoan Nnpu BUKNAAAHHI AUCLUNAIH

aBTOMOGiNbHOro cnpaMyBaHHA // CucTeMHi TexHonorii. PerioHanbHUit MiXBY3iBCbKUI 301pHUK
HayKoBux npaup. Bunyck 2(151). — OHinpo, 2024. — C.144 — 154.

Ona HaByanbHOi AucumnniHn «MopentoBaHHA TEXHONOMYHMX NPOLECIB MiANPUEMCTB
aBTOMOGiNbHOro TpaHcmopty» y cepeposuwax SolidWorks Simulation i Ansys Workbench
copMOBaHi OCHOBHi MPUHLMMM Ta MONOXEHHA ABTOMATU30BAHOTO MNPOEKTYBaHHS B 06nacTi
KOMN'OTEPHOrO MOAENIOBAHHSA arperaTis, By3/iB i AeTanen TPaHCMOPTHMUX 3aC06iB, @ TAKOX NPUCTO
CyBaHb ANA ix peMoHTy (MmifHiMauie, AOMKpaTiB, CTeHAiB, 3HiMayiB Towo). OcHoBHa yBara
npuaineHa Teopii 1 NPaKTUYHOMY BUKOPUCTAHHIO METOAIB CKiIHYEHHMX €NEMEHTIB Ta HAbYTTA HaBM
YOK Y NPOEKTYBAHHi Ta po3paxyHKax AeTaneit aBTOMOGiNbHOro TpaHCnopTy. BusHaueHi 060B'A3KOBi
enemeHTn pocnigkerb y SolidWorks Ta npakTMUYHi HAaBMYKWM MOAENIOBAHHSA Pi3HUX PEXMMIB HaBaH
TaXeHb AOPOXHIX Ta cneuiasbHUX TpaHCNOpTHMX 3acobi y Ansys Workbench. [ns nopoBxeHHs
pecypcy pob0TW KOHCTPYKTUBHUX eNIEMEHTIB i fieTaneit aBTOMOGiIbHOro TPAaHCMOPTY BU3HAYEHT Me
TOAM X BiIHOBNEHHSA Ta NiABULLEHHA 3HOCOCTIMKOCTI.

bi6n. 12,1in. 10.

YK 004.6: 007.5: 004.94

Ckano3y6 B.B., TopsukiH B.M., KnumeHko I.B., Tepneupkuit I.A. [JlocniprkeHHA
iHTeNleKTyanbHUX MoAenen ynpaBiiHHA Ha OCHOBi mpoueayp Knacugikauii HeBU3HaYEHUX
AaHUX 31 BCTAHOBJIGHUMM BUMOraMu [OCTOBIpHOCTI pesynbratiB // CuctemHi TexHonorii.
PerioHanbHMit MiXBY3iBCbKMI 36ipHMK HaykoBuX npaub. Bunyck 2(151). — [Oxinpo, 2024. —
C.155 -171.

B pob6oti 6ynu mpocnimKeHi MOXNMBOCTI YAOCKOHANEHHS HEMPOHHUX Mepex XeMMiHra ans
knacudikauii gaHux y hopmartax HeuiTkux BennuuH i certainty factor CF(A). Takox 6ynu BU3HaueHi
0CO6/IMBOCTI YAOCKOHANEHOT MaTEMATUYHOT MOAeNi 3aBaHb HeYiTKoi Knacudikauii Ha OCHOBI Ha
6opy WabnoHiB 03HaK. [lpeacTaBneHo CTPYKTYpYy NpOrpamMHOro Kommaekcy iHdopmauinHoi
TEeXHOMOTii yNpaBiiHHA NpKU3HAYeHHAM/BiLOOPOM BMKOHABLIB HA OCHOBi Knacudikauii Habopis
WAGNOHIB i3 NEBHMX HEYITKMX 03HAK, KW BUKOPUCTOBYE NpoLeaypy peayKuii i Kanna cTaTUCTUKU.

bi6n. 10, 1in. 8.

YK 330.3

bacbko A.B., Epwosa H.M. MeToaonoria noeTanHoOro npoeKTyBaHHA nopTtdens iHBecTU
LiiHUX npoekTiB // CuctemHi TexHonorii. PerioHanbHUI MiXBY3iBCbKUI 36iPHUK HAYKOBMX MpaLib.

Bunyck 2(151). — Aninpo, 2024. — C.172 — 185.

Po3rnsiHyTO MeTofMKy NOETanHOro NPOEKTYBAHHA NOPTdeNs iHBECTULiiHUX NPOEKTIB. Buko
HaHa oUiHKa eheKTMBHOCTI TPbOX NPOEKTIB METOAOM aHani3y iepapxii. B pe3ynbTaTi npuBeaeHNx
pO3paxyHKiB BM3HayeHi edeKTUBHOCTI KOXHOro NPOEKTY 3 afbTepPHATUB 3aA/1f PO3Mofiny pecyp
ciB. [loBeneHo, WO NPOEKTYBAHHSA NOPTdeNs iHBeCTULINHNUX NMPOEKTIB € CKNAAHMM MPOLLECOM, i BU
KOHYBATK MOro HeobXigHO NOeTanHo, BUKOPUCTOBYIOYM HA KOXHOMY 3 HUX CyYyacHi MaTeMaTuyHi
METOLM NPUIAHATTA PilleHb Ta TEXHONONT.

bi6n. 8,1in. 9.
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UDC 004.42:519.85
Moroz B.I., Kruhlyk A.S., Moroz D.M., Martynenko A.A. Mathematical model of the ra
tional organization of the information flows processing in aircraft delivery system // Sys
tem technologies. N 2(151) Dnipro, 2024. P.3 -12.
Using of controlled discipline for the rational organization of information processing,
that based on characteristics of value and aging, may have a good prospects for dispatching

information requests/flows in delivery systems by aircraft vehicles. Especially if such a model
is considered as one where the cost of delivery varies depending on the terms of such deliv

ery. And the same time keeping a fleet of aircraft to cover all peak loads is economically im

practical. The proposed mathematical model should allow to process of incoming messages in
such a way as to ensure the execution of all requests within the time limit that defined for
such a request.

Bibl. 6, ill. 3.

UDC 004.67 , 004.042, 004.622

Rudenko K., Bozhukha L. Integration algorithms of recommendation in the mobile
trade system // System technologies. N 2(151) Dnipro, 2024. P.13 - 20.

The process of development, implementation and optimization of recommendation sys
tems in the field of mobile commerce with the use of cloud services is considered. Machine
learning methods and recommendation algorithms are used in the work in order to increase
the personalization and accuracy of offers. The results of the work are recommended for in
creasing the personalization of services in business (especially in retail trade and online plat
forms) for increasing customer satisfaction and loyalty, as well as for improving marketing
strategies and analyzing market trends.

Bibl. 11, ill. 0, table 0.

UDC 621.385.6.

Zymoglyad A.Yu., Guda A.I., Klishch S. Hardware complex for measuring the power of
UHF signals // System technologies. N 2(151) Dnipro, 2024. P.21 - 32.

A hardware complex has been developed, which consists of 2 units, the UHF signal am
plifier on the QPL9547 microcircuit and the demodulating logarithmic amplifier on the
AD8319. The results of the research, which were presented in the table. 1 show how the UHF
signal strength meter responded to a series of input signals of varying strength.

This complex can be used in laboratory studies of the output power of transmitting de
vices, for qualitative evaluation of antennas or antenna comparisons. Due to the amplifier at
the input, it is possible to study the signal power up to =80 dBm. The described complex also
has a fairly moderate price, compared to industrial analogues.

Bible 2, fig. 8.

YK 004.42:519.25

Zemlianyi 0., Baibuz 0. Methods for imputing missing data on coronary heart disease
// System technologies. N 2(151) Dnipro, 2024. P.33 - 49.
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We suppose several modifications of algorithms for iterative multiple imputation of
mixed data represented by quantitative and qualitative features. Among the quantitative
ones there are both continuous and discrete ones. Qualitative features include ordinal and
binary. Two types of tests are used to analyse the approaches. In the first test, a dataset is
artificially filled with gaps at random positions, imputed using different methods, and the
mean square error and execution time of the algorithms are estimated. In the second test, bi
nary classification models are trained on datasets imputed with different methods and the
classification accuracy is compared. To convert qualitative features into numerical ones, we
propose our own algorithms that work with missing data and allow for the conversion back to
qualitative features. Two well known datasets on observations of coronary heart disease are
considered.

Bibl. 15, pict. 0, tabl. 2.

UDC 004.942:

Poliakov 0., Zhurakovskyi B. Prototyping of control units for systems with industrial
controllers // System technologies. N 2(151) Dnipro, 2024. P.50 - 61.

A method of prototyping system control devices with software implementation of con
trol algorithms in SFC, FBD, LD languages of the IEC 61131 3 standard are proposed. In the
process of prototyping, the decomposition of project models of operating and controlling au
tomata of the control device is performed, their implementation in the OpenPLC program envi
ronment in the form of typical components of the organization of the control system pro
grams, which are executed in the Arduino board. An example of the application of the pro
posed methodology is presented, which can be useful for teaching programming of industrial
controllers.

Bibl. 10, ill. 8.

UDC 621.771.068

Hrechanyi 0.M., Vasilchenko T.0., Vlasov A.O., Vypryzhkin P.0., Yakymchuk D.I. Simula
tion modeling in the research of metallurgical equipment operation // System technolo
gies. N 2(151) Dnipro, 2024. P.62 - 75.

The technological regimes of winding hot rolled rods of different thicknesses are ana
lyzed. The dependence of the roll diameter on the winding time has been established. The
form of free oscillations occurring in the drive of the hot rolled strip winding is determined.

The relationship between the elastic deformations due to the resistance forces of the electric
motor and the rotating parts of the winder drum has been established.

Ref. 13, fig. 4, table 3

UDC519.8

Karavaiev K.D. On the necessary conditions for the existence of dense sequencing in
the classical parallel sequencing problem // System technologies. N 2(151) Dnipro, 2024.
P.76 - 91.

We consider the classical problem of minimizing the length of a sequencing at a given
width, in which the target sequencing is dense. The necessary conditions for the existence of

a dense sequencing when using the branch and bound method, related to the limited capaci
ISSN 1562-9945 (Print) 195
ISSN 2707-7977 (Online)



«CucremHi TexHonorii» 2 (151) 2024 «System technologies»
ty of places and the possibility of filling them, are investigated. The obtained conditions were
reduced to a single one, and efficient algorithms to test it in general and for graphs with all
vertices on critical paths were proposed. In addition, the study also resulted in new improved
lower bound estimates of the sequencing length and generalization of special sequencings in
which the vertices occupy the leftmost and rightmost possible places, that take into account
the sequencing width.

Bible. 15, ill. 2, tab. 0.

UDC 519.85:004.42

Koshel E. Neural network assisted continuous embedding of univariate data streams
for real time time series analysis // System technologies. N 2(151) Dnipro, 2024.
P.92 - 101.

The problem of embedding the univariate time series data into higher dimensional
space is a ubiquitous problem that is relevant in many fields of study. The variety of methods
that exists to solve this problem usually rely on some form of delay embedding that attempts
to reconstructs the phase space of the underlying system by creating high dimensional vec
tors from the time series data values that are far away from each other in time. We propose a
more flexible method that uses some rules to create a linear combination of the time series
values to arrive at a representation of the time series that more accurately represents the de
pendence between the historical values of the series.

Bible 17, ill. 2, tab. 2.

UDC 669.15 194.53

Babachenko O, Podolskyi R., Kononenko G., Merkulov 0., Safronova 0., Dudchenko S.
Analysis of the influence of the cooling rate on the hardness of steel for railway rails of

the pearlite and bainetic classes // System technologies. N 2(151)  Dnipro, 2024.
P.102 - 112.

The process of operating vehicles determines the interaction of the wheel and rail. Traf
fic safety and the main technical and economic indicators of track management and rolling
stock largely depend on these parameters. The result is the effect arising from the rolling fric
tion and especially from the friction of the wheel sliding on the rail during braking, relative to
these changes there is a significant increase in the intensity of wear of the wheels of the roll
ing stock, which, in turn, can lead to catastrophic results for the locomotive industry. Also, in
the process of operation of the rail in most cases, defects are formed that have the character
of a complicated state: its head is subject to wear, crumpling, cracking and buckling, contact
fatigue damage can develop in the metal.

Bibl. 17,ill. 4, table. 2.

UDC 004.4:004.8

Hnatushenko V.V., Pavlenko I.V. The use of generative artificial intelligence in soft
ware testing // System technologies. N 2(151) Dnipro, 2024. P.113 - 123.

The article discusses the possibilities of generative artificial intelligence when applied
in software testing. Recognizing the rapid advancement of pre trained generative AI models
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with transformers, such as OpenAI's ChatGPT, Google’s Gemini, and others, the authors interro
gate the current and future roles of these technologies in improving software testing meth
odologies. The focus is on the benefits, challenges, and practical implications of utilizing
generative Al in test generation, maintenance, and documentation.

Bibl. 16, Fig. 2.

ubC51 74

Huk K.G., Sheveleva A.E. A neural network approach to the identification of room
occupationalness according to air parameters // System technologies. N 2(151) Dnipro,
2024. P.124 -132.

Different approaches to predicting air parameters and the number of people in the
premises based on the results of real time air condition monitoring are considered. An ap
proach to forecasting using an artificial neural network, which allows taking into account var
ious factors, the nature and quantitative values of which cannot be accounted for and cannot
be added to the model parameters, is proposed. The issue of choosing the architecture and
parameters of the neural network for solving the forecasting problem has been studied. The
possibility of using the proposed approach to determine the number of people in office prem
ises is shown. Recommendations are given to improve the performance of the model.

Bibl. 4, il. 2, tabl. 1.

UDC 004.021, 004.042, 519.688

Zhushman V.V., Zaytseva T.A. A complex approach to solving the problem of interac
tion between a rigid double connected punch and an elastic half space // System tech
nologies. N 2(151) Dnipro, 2024. P.133 - 143.

A complex approach is proposed to solve the problems of creating and analyzing math

ematical and computer models of contact interaction of a rigid cylindrical punch with an elas
tic half space. Finite element models of interaction between a punch and an elastic half
space are constructed in the ANSYS software package. An expert system was built using the
CLIPS software system to identify the shape of the punch for cases where the dimensions of
the contact zone were changed randomly or according to a certain law. Additionally, software
was developed using the C++ language.

Bib. 15, Fig. 1.

UDC 378.14:629.331

Rudyk 0. Yu., Dykha 0. V., Golenko K. E. Innovative approaches in teaching automo
tive disciplines // System technologies. N 2(151) Dnipro, 2024. P.144 — 154,

For the educational discipline "Modeling of technological processes of road transport
enterprises" in the SolidWorks Simulation and Ansys Workbench environments, the basic prin
ciples and provisions of automated design in the field of computer modeling of units, assem
blies and parts of vehicles, as well as devices for their repair (lifts, jacks, stands, filmers, etc.).
The main attention is paid to the theory and practical use of finite element methods and the
acquisition of skills in the design and calculations of road transport details. Mandatory ele
ments of research in SolidWorks and practical skills of modeling various load modes of road

and special vehicles in Ansys Workbench are defined. In order to extend the service life of
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structural elements and parts of road transport, methods of their restoration and increase in
wear resistance are defined.

Bibl. 12, ill. 10.

UDC 004.6: 007.5: 004.94

Skalozub V.V., Horiachkin V.M., Klymenko I., Terlitskyi I.A. Research of intellectual
management models based on classification procedures of uncertain data with estab
lished requirements of result reliability // System technologies. N 2(151) Dnipro, 2024.
P.155 - 171.

The work explored the possibilities of improving Hamming neural networks for data
classification in the formats of fuzzy quantities and certainty factor CF(A). The features of the
improved mathematical model of fuzzy classification tasks based on a set of feature templates
were also determined. The structure of the information technology software complex for man
aging the appointment/selection of executors is presented based on the classification of sets
of templates from certain fuzzy features, which uses reduction procedures and kappa statis
tics.

Bibl. 10, ill. 8.

ubC 330.3

Basko A.V., Ershova N.M. Methodology of step by step design of investment project
portfolio // System technologies. N 2(151) Dnipro, 2024. P.172 — 185.

The method of step by step design of a portfolio of investment projects is considered.
Evaluation of the effectiveness of three projects was carried out using the method of hierar
chy analysis. As a result of the above calculations, the efficiency of each project was deter
mined from the alternatives for the distribution of resources. It has been proven that the de
sign of a portfolio of investment projects is a complex process, and it must be carried out in
stages, using modern mathematical decision making methods and technologies for each of
them.

Bible 8, ill. 9.
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