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BITPOBAIJKEHHSI CTAPTAIIIB ITIJT YAC ITIAT'OTOBKU ®AXIBIIIB
V TAJTY3I IHOOPMAIIMHUX TEXHOJIOTTN

AHomayia. Y cmammi HagedeHo no2nsid Ha 0CBIMHIL Npoyec 3 MOYKU 30py pi3HUX cmelikxosade-
piB — 31 CMOPOHU 0CBIMAH, pobomooasyis ma 3i cmopoHu 3006ysayis suwoi ocgimu. [lopisHAHO
pO38UMOK cmapman ekocucmemu 8 YKkpaiHi ma 8 €8poni, NOKA3aHO ixHili BNIUB HA eKOHOMIYHUL
3picm KpaiHu. ABmopamu 3anponoHOBAHO KOMNAeKCHUU nioxid 00 BNPOBAOXKeHHS cmapmanis 8
oc8imHill npoyec nid yac nidcomosku cneyianicmis 0aa IT-2any3i ma NOKa3aHo nepesazu, w0
OmMpUMQE KOXeH 31 cmelikxo10epis 810 4b020 BNPOBAOKEHHS.

Kntouosi cnosa: cmapman, ocsimuil npouec, 3B0, cmelikxondepu, IT-mexHonoeii, iHHOBAYIUHA
oianbHicms 8 3BO0.

Beryn. CTaTUCTUYHI JOCITII)KeHHS [I0OKa3ylTh 3pOCTaHHS 3alliKaB/JIEHOCTI Me-
IIKaHIiB YKpaiHM B OTpMMaHHI BUIOi OCBiTH. KiZbKiCTb IO/l BiATIOBIIHOTO BiKY,
10 orpumanu Buiny ocBity 3 2000 p. mo 2014 p. 3pocia maiike Ha 30% i goci monut
Ha OUIUIOM IIPO BUILY OCBITY He 3HMKYEThCS. 3a HAHMMM TPOMAAChKOiI CITIIKU
«OcBiTopisi», 82% yKpalHIiB MalOTh BUILY OCBITY cTaHOM Ha 2018 pik. OgHOYaCHO 3
IIMM pOOOTOABIIi MOBiTOMIISIIOT PO HAsIBHICTh Y IPaIiBHUKIB, SIKi IIOHO 3aKiH-
yniau 3akiaag Buioi ocitu (3BO), CyTTEBUX MPOraanH y HaBUUYKAX, 110 3aBaXka€e A0-
CSITHEHHIO 11ijieit 6i3Hecy [1]. 3 iHIIOro 6GOKY, ONMMTYBaHHS IOKA3ye, IO cepel TUX,
XTO OTPUMAaB UM OTPUMYE BUIINY OCBITY, MeHIIle MOJOBUHM CTYAEHTIB 3aJI0BOJIEHi
HAaGyTUMM 3HAHHSIMM Ta HaBUMYKamu. llikaBuM € Te, IO JMIlIe TPeTMHA 3 HUX Ipa-
I[I0€ 32 OTPMMAHOIO CIellia/IbHICTIO, Ille TPeTUHi MoTpioHa Oysa nepekBamidikaris,
iHIIII HEe 3MOT/IM IPOAATHU CBO1 3HAHHS Ta HABUYKMA [2].

AHasti3 ocTaHHiX JocaiakeHsb i myoutikanivi. Ha caiiti DOU nepioguuHo mpo-
BOJISITh ONMUTYBaHHS 1po 3BO, B sikux HaBUalThCs uu HaBuanucs IT-daxisii. CtaTu-
CTMKa TOoKa3sye, 110 3a mKkajaoio Bim 0 mo 10 6asiB akTya/lbHiCTh 3HAHb (axiBIli OIli-
HWwM B 4 6aym. Takox BimMmiuaeTbcs ciabka TexHiuHa 6asza 3BO, 3amano mpakTUKA
Ta Te, 1[0 3HAHHSI He TOCUTb KOPHUCHI Ajist po6oTu B IT ramysi. OmiHku pisHMUX mapa-
MeTpiB HaBUaHHS KOJIMBAIOTHCS Bif 5 10 6 6asiB 3a 10-6a/1bHOIO MIKAJIOW, PiAKO Ie-
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peBuinyoun 6 6asiB. MakcMMaabHO BMCOKO OI[iHEHO IMPECTKHICTh (QaKyabTeTy —
6,5 y cepeIHbOMY 10 BCiX BMILIAX.

3 inmoro 60ky, Bukaamaui 3BO He 3a70BoJIeHi c/1aOKOI0 MaTeMaTUUYHOIO Miro-
TOBKOIO HIKOJSpiB. Tak Mi>kHaponHi gocaimkeHHs PISA mokaszanu, mo 36% ykpaiH-
CbKUX 15-piuHMX YUHIB He JOCATal0Th 0a30BOrO PiBHS 3HAHHS 3 MaTeMaTuKu, 25,9%
He 37aTHi HaJIe)KHUM UYMHOM PO3YMIiTM Ta BUKOPUCTOBYBATU IMUCbMOBiI TEKCTHU, Y
26,4% — HeMa€ MiHIMaJbHUX MPUPOAHUYMX 3HAHB [3]. Pi3HUI MiX ycrixamu Ha-
IIMX MIKOJISIPiB Ta yUHiB i3 KpaiH Opradi3aliii eKOHOMIiYHOTrO CITiBpOOITHMIITBA Ta
PO3BUTKY €KBiBaJIeHTHA BiJiIcCTaBaHHIO B OAMH PiK HABYaHHSI.

Ha >xanb, cbOrogHi My y BUIIil OCBITI MA€EMO 3acTapisy MaTepialbHO-TEXHIUHY
6a3y, SIKy Majiske He OHOBJIIOBA/IM IIPOTSITOM OCTaHHIX POKiB Ta po3puB Mixk 3BO Ta
poboTOIaBLISIMU, SIKi, B CBOIO Uepry, MamThb 3apa3 medinuT KBajdidikoBaHMX KaapiB.
KaTacTpodiunux MacimTabiB gocsira€ AeMOTHUBallisl CTYOeHTiB [4], BilBO/MiKaHHS iX
Ha MigpoO6iTKY Mif yac HaBYaJIbHOTO Ipoliecy. | HaBiTh SAKIIO CTYIEHT MapaiesibHO 3
HaBUYaHHSM Ipaloe 3a ¢axoM, BiH Ha poOOTi OTpUMY€E MPAKTUUHI HABUYUKMU 10 BY3b-
Kiit crieriamizartiii, mo He 3abe3meuye HaAOYTTS BCiX KOMIIETEHTHOCTEIA, SIKi TOBMHHA
HagaBaTy Bula ocBitTa. OKpiM LbOTO, HE MEHII BasKJIMBMM UMHHMKOM € BTpaTa Io-
IYJISPHOCTI Y WIKOJSPiB iHXXKeHepHUX CIlelliaJibHOCTe, 3a BUHATKOM IT-ramysi, mo-
MYJISIPHICTD SIKOi 3a0e31euyeThCst OYpXJIMBYM PO3BUTKOM rajysi y LIiJIOMy, HECTAU€el0
KaJIpiB Ta MOKJIMBOCTIO IMPAIIOBATU BiAgaJieHO Y MI>KHAPOJHMX KOMaHIaX.

3HaUM TaKe MOJIOKEHHS peueit, YKpaiHCbKUI iHCTUTYT MaitOyTHHOTO PO3PO-
6B KPOKM TMOJ0IaHHS KpU3M B 0CBiTi axk 1o 2030 poky [5]. CBoi mopaau mozno pe-
dbopmyBaHHs Buioi ocBiTH B YKpaiHi HagaB CBiToBuit bank [1]. Okpim 11boOTO, iCHYE
myske 6arato ctaTei Ha caiTi OcBiTOpii TPO MOKIMBI MUISIXM PO3BUTKY OCBIiTH, PO3-
IyMMU TIPO Te, 1[0 HAaBYaHHS € TPEHIO0M UM BMMOTOI0 4yacy Toujo. Aje yci 1i MaTepia-
JIN € NOCUTDH y3arajJbHEHUMM 1 3aJUINAIOTh MiClle A AeTati3allil KO)KHOrO KPOKY.
Takum uyMHOM, B JaHiii CTaTTi 6yae PO3IJISIHYTO IepeBaru Ta 0COOJMBOCTI BBeAEeHHS
CTapTariiB B OCBITHIO IPOrpamy.

OcHoBHa yacTuHa. Y peiiTuHry Global Startup Ecosystem 2021 VkpaiHa moci-
Ja 34 micle cepep iHIIMX KpaiH 3a cTapTanaMyu, He3Ba)KaluyM Ha KOJOCAJIbHUIA I10-
TeHILliaJl Halllol eKOHOMiKM, ajie BifiHa CUMJbHO BIUIMHYJIA HA CYCHiJIbCTBO, 3aBASKU
yomy YKpaiHa B 2022 p. BTpatuia 16 mosuiliit Ta mocina 50-e micie. B Ykpainy cra-
pTanu 3aiililyin He Tak JaBHO, ajie cepel HUX Bxe € mpoekTu Grammarly ta GitLab,
SIKi Haby/M CBITOBY 3HaHHICTb. | Xoua B YKpaiHi HaCIIpUSTIAUBILIMMY BU3HAYAIOTD

nuiie Kinbka micT — Kuis, Oxeca, JIbBiB Ta XapkiB (JIHinmpo Ta TepHOITib BUIaau 3i
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CIIMCKY TUCSUi Halikpamux micT y 2022 p), cTapTanamy 3aiiMaroThCsl Maiiske BCi 00-
JacTi YKpaiHm.

[MopiBHIOIOUM KpaiHM, SKi 3aiiMaioTh 1 Ta 2 CXOAMHKY B PEMTUHIY HaACUJIbHI-
MIMX eKOHOMIK CBiTy, MOsKHa mobaunTty, mo Kurait mouaB HasmorausTtu CIIA pisko
MiABMILMBIIM KiIbKICTh IepsKaBHOTO 3aMOBJIEHHS Ha IiATOTOBKY iHXeHepiB (puc. 1),
y Toit yac gk CIIIA 3amyyaioTh 6araTo creliagicTiB 3 iHIMUx Kpaid. [HAis 3a BBII cTo-
iTh Ha 3 micui. Ciif Bim3HauMTH, 11O BCi 1i KpaiHM HagaioThb repeBary STEM ocBiTi.
Takum unHOM, nocunowumu STEM 0CBiTY MOKHA ITO3UTUBHO BIUVIMHYTU Ha €KOHOMi-
YHUI PO3BUTOK KpaiHN.
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PucyHok 1 - Bumyck 6akanaBpiB-iHkeHepiB

ITinroToBKY cIieriajicTa MOKHA PO3IJISIATH SIK BUITYCK OYAb-SIKOi IMTPOAYKIIii —
TOOTO iCHYIOTD 3allikaBjieHi 0c00u, 6i3HeC MpoIlec Ta pU3UKH, SIKi MOXKYTb BIUIMHY-
TU Ha JOCSTHEHHS IIiJIeil cTeiikxonaepiB. BinbyBaeTbcs 1ieit mmpoiiec, 3BicCHO, B pam-
Kax IMeBHOi cucTteMu. [Ijist Toro, mob cucTeMa IpaifioBaja HaJlesKHMM UYMHOM, BOHA
MTOBMHHA OYTM THYYKOIO Ta CTaJIO [6]. B 3aximHiit Momesti ctapTamn eKoCUcTeMU BCi
CTeMKxonaepu (oep>kaBa, YHIBepCUTET, MiANPUEMIL, KOpHOpallii) rapMOHIiiHO B3ae-
MO/JIiIOTh MiXX CO00I0, IPMUOMY YHiBEpPCUTETU TPalOTh KJIIOUYOBY POJIb B €KOCUCTEMI.
He MeHIII B&XXKIMBUM UMHHUKOM € iHBECTUIIil, SKi HAOXOOSITh OO YHIBEPCUTETIB Bif,
iHmuMx cTtelikxongepis. B YkpaiHi, Ha BigMiHy Bif 3axifHOI MoeJsi cTapTan eKoCuc-
TeMM, MiX IIpeJicTaBHMKaMM OCBiTH (MiHicTepcTBO ocBiTH, 3BO, BuItyckaioua Kade-
Ipa, BMKJIamadi) i poboTomaBIsIMM B OiTBIIOCTI BUITaAKiB He icHye cmiBIpari
(puc. 2). Inkonn 3BO peknapye yroay mpo crmiBmpaifo 3 [T-koMmmnani€ew i, HaltuacTi-
11e, Taki HAMipyM 3aJMIIAIOTHCS JiKile Ha namepi. PymrisiMu criiBopaili BUITyCKaruoil
Kadenpu 3 IT-koMmmaHi€lo, U, HaBiTh, 3 IT-community, € BuK/Iamayi, ki 3aiiMaioTh
aKTUBHY JXUTTEBY MO3MIIiI0 Ta BOOIIBAIOTh 3a CBOE MAil0. AJie IIbOTO 3aMaJiO, OCKiJIb-
KM Taka CITiBIIpalsl TPMMAaEThCSI JIKIlle Ha eHTy3ia3Mi KOHKpeTHOro BMK/azgaya i 106-

pPO3UYNMBOCTI TpaliBHMKa IT-KommaHii, 3 kUM J¥ige criBrpalsa. OCKiIbKM Bce 1ie
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HiKMM He OIUIauyeThCS Ta 3a01Mpae IeBHMII Yac, SKuii MOTPiOHO BiipMBaTH Bif OCHO-
BHOi poOOTY UM BiJl CBOTO BiIIOUMHKY, TO TaKa CITiBIIpallsd He MOsKe TPUBATHU JOBIMUIA
yac. 3 iHIoro 60Ky, MOTMBOBAHMIi CTYAEeHT OJHOYAaCHO HaB4aeThcsa B 3BO i Ha Kyp-
cax, sIKi mpoBoAsiTh IT-KommaHii. [ IK TiIbKM CTyJeHTa B3sUIM B J1aOOPaATOPi0 SIKOiCh
IT-koMraHii, SIK MpaBWI0, BiH 3aKujaae HaBuaHHS. Takum umHOM, 3BO «BTpauae»

MOTMBOBAHMX CTYJI€HTIB, OCKUJIbKM HEe MOXe iM 3aIllpOMOHYyBaTy Hi4Oro, OKpiM Ha-

BUaHH/SI.
Y
MiHicTepcTBO - PoboTopasii
3BO e
/
Ka{benpar,f”_f ‘//
Buknagay —+———|— CTymeHT

—

PucyHOK 2 — 3B’SI130K MiX CTeiikxoJigepaMu B YKpaiHi

3MiHa cTpaTerii MiArOTOBKM CIielliajgicTa i3 3aJydeHHSIM cTelikxonnepiB i3 IT-
rajysi gyske BaskiMBa, OCKUJIbKM CTyJeHTaM OijIbIll 1[ikaBO HaBUATUCS Ha peajbHUX
MpUKIaAax, MpuUitMaTi NOCWIbHY y4acTh Y BUPillleHHI akKTyaJbHMUX 3a/ady, siKi iCHY-
I0Th Yy raaysi. TakMm 4MHOM, BOHM OTPUMYIOTh MOTMBAIIil0, HAOYBalOTh KOPUCHI Ha-
BUYKM. OTHOYACHO 3i CTyJeHTaMM PO3BMBAIOTHCS i BUKI/IaAayi: BOHM HaOyBalOTh aK-
TyasibHi 3HAHHS i 3MOXYTb Ha/IaBaTU CTyJeHTaM KOPMCHi Mmopaay BUXOMASUM 3 BjaC-
HOT'O IPaKTUYHOTO AOCBiAY, a He JIXIIEe TeOpETUYHI 3HAHHS.

[Tepexin Ha OCBITY «3a KOMIIETEHIIIIMM» BMUMAara€ JOKOPiHHOI 3MiHM Mapaaur-
MM MMCJI€HHS Ta 3MiHM TPaAMULiiHMX METOAiB BUKIaJaHHS. SIK moKa3ye AOCBif, po-
60Ty yHiBepcuTeTiB I3painio, Himepnauzais Ta iHmmx Kpaid €C, gyske mo6pi pe3yib-
TaTU A€ PO3BUTOK CTapTall KyJbTypU B YHiBEpCUTETax, LIO AO3BOJISIE PO3BUHYTU
MiAMPUEMHMIIbKI HABUUKM Y CTYAEHTIB Ta BUKIaAavis. [Ipu niboMmy, iHHOBAIIi1 Ta Ii-
OIPUEMHUIITBO CTAIOTh FOJIOBHMMU ApaiiBepamMy 3pOCTaHHS Ta BUXOAY YHiBepcuTe-
TiB HA HOBUI PiBEHb SIKICHOI OCBiTM Ta B3a€EMOZi1 3 MiAnpueMcTBaMu. MexaHi3Mm I10-
JIITa€ B CTBOPEHHI cepef cTyaeHTiB 3BO KoMaH[, [0 CKIAaAy SIKMX MOKYTb BXOOUTU
CTYOEeHTU pPi3HUX crerniajibHOCTeli. KomaHan mig yac HaBYaHHSI, OAHOYACHO 3 Ora-
HYBaHHSIM 6a30BMX 3HaHb 3a (axoM, KOJIEKTUBHO MPAIIOI0Th HAJl BJACHUM iHHOBA-
LIifiHMUM CTapTam-IpOeKTOM, reHepyloTh TilOoTe3U CTOCOBHO CTBOPEHHSI BJIACHOTO
[TpoayKTy, 10TO BMPOOHUIITBA, Gi3HEC-MOJesli, KaHaIiB MPOCYBaHHS HA PUHKU Ta
IpaiiBepiB 3pocTaHHs. Lleit mpoliec MpoXoauTh 3a AOIIOMOIO BUKJ/IaAauiB IpyU MeH-
TOPCHKIili MATpUMII 3 60Ky 6i3Hec-iHKyb6aToOpiB Ta akcejepaTopiB, SKi 3a/Jy4aloTh
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MpeACTaBHMUKIB MPOBITHUX MiANIpueMCTB Ta (axiBIiB y SIKOCTi MeHTOpiB. IIpomixk-
HMMM eTaraMyu € MyOsTiuHi 3axMcTu (MiT4i) MPOEeKTiB Iepes Kypi, 10 CKIaAy SIKOTO
BKJIIOUeHi npeactaBHMKMY 3BO, mignpuemili Ta iHBectopu. KomaHau, sIKi Miarotysa-
M SIKiCHI TIPOEeKTU, OTPUMYIOTh IIAHC MOTPANUTHU [0 aKcejepaTopiB Ta OTPUMATHU
dbiHaHCOBY MiATPUMKY [JI1S1 TOAABIIOTO PO3BUTKY BJACHOTO MPoeKTy [7]. Taka npax-
TUKa OO3BOJIUTh MOTUBYBAaTU CTYJEHTIB IO HaBUYaHHS, CGOpPMYBaT HABUUKU KO-
MaHJIHOiI poOO0TH HaJ MPOEKTaMM, B TOMY UYMCJI i B «AMCTAHIIIIHOMY pesKUMi» 3a JI0-
MIOMOTOI0 CyJacHUX iHGOpMalliiftHUX TeXHOJOTiii [8], 10 € GakKTUUYHO HOPMOIO B CY-
YacHil iHHOBAIIiliHil cTapTam OpakTuili. TakoX CTyAeHTU OTPUMYIOTb MOXKIUBICTb
3aCTOCOBYBATH Ha IMPaKTUIi CBOi 3HAHHS Ta MOUYMHAIOTH CBiAOMO OyayBaTH BJIACHY
Kap’epy SK daxiBIis.

Mu BBa)ka€MO, WI0 HACTYIHI 3MiHM OCBITHBOTO TMpOLECY MMiABUINATH
SIKIiCTh MiATOTOBKY CIIELiaJIiCTiB:

1) CTymeHTM caMOCTiiTHO 0O0MpaloTh IikaBy iM Temy, abo TMM, XTO 3allikaBJie-
HUIA, CTEMKXOJIIepy TIPOTIOHYIOTh ITPO6GIEMHI TeMU, 3 SIKUX MOXKHA PO3BUMHYTU CTap-
Tarl.

2) ®opmMyBaHHS CTapTal KOMaH/, BigOyBa€eTbCs 3 UKc/ia CTYIEeHTiB, BUK/IaAauiB
i IpeaCTaBHUKIB CTEVIKXOJIEPIiB.

3) [IpakTuuHi Ta Ja60pPaTOPHi POOOTU PO3POOJSIOTHCS KadeapaMy CIIiIbHO 3
MaiOyTHIMM pPOOOTOAABIISIMM [JIS1 BiAIpallloBaHHS HABUYOK, 0e3 SKUX CTYIEeHT,
sIKMit Mpie ripaiioBaTyt B IT-ramysi, He 3Moske OyTM 3aaydyeHUM JJ1s1 po60TH Haf pea-
JIbHUM TIPOEKTOM.

4) IT-kommaHii gomoMaramTh BMKIaJauaM B PO3pOOIli aKTyaJbHUX HaBUaJIb-
HUX KYpCiB 3 BpaXyBaHHSIM CyuyaCHUX TeHJIeHIliii Ta nmotpe6 IT-ramysi.

5) BubipkoBi Kypcu € 4aCTMHOI HaBUaJbHOI mporpamMu ctyaeHTa. s Toro,
06 3aIlikaBMUTY BUK/IA[AUiB Y 3aCBOEHHI HOBITHIX TEXHOJIOTii ab0 IMiATOTOBINI AMC-
IUIUTiHY, SIKa HAZACTh OiJIbII IVIMOOKI 3HAHHSI 3 OTHOIO 3 HAIPSIMKIiB iH(popMalliii-
HMX TeXHOJIOTii, CJIi 3pO0OUTH Tak, 100 BMOIPKOBI KypCcyu MOTIJIM 00MpaTy He JILIIIe
CTYIEHTY 32 HaBUYAJbHUM IIJITAHOM, ajie 1 6yab-XTO iHIIMIA, ajle Ha TJIaTHil OCHOBI.
[Iponopiiiiina MaTepiajbHa BMHAropoga BMUKIanauy, sIKMii 3Mir 3i06paTu BeJINKy Ki-
JIbKICTh CJIyXauiB Ha CBOEMY KypCi, TaKOX mpuHece goxin i1 3BO.

6) [Is1 migBUIIeHHST BaJIiMIHOCTI HaBYAJIbHUX MOCIOHMKIB, 110 HAIMCAHi BUKIIA-
mauamu 3BO, ix pelleH3yBaHHS CJIif HagaTu IpeactraBHuMKam IT-ranysi (3 mopasib-
11010 peasli3alli€lo MiAPYYHMKIB HA PUHKY).
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7)'HyuKe IUIaHYBaHHS OCBiTHbOTO mporecy. [l TuUx, XTO MOpuUiiMae
y4yaCcTb B CTapTalli € MOX/IMBICTb OOCTPOKOBOTO 3apaxXyBaHHS IOUCIUILIIH, OTXe
MEHIIINIA TEPMiH HAaBYaHHS CTYEHTA.

8) ®opmyBanHs GoHIY 1151 GiHAHCYBAHHST HAMOIMBII BOAJIMX CTAapTalliB 3a pa-
XYHOK YYaCHMKIB CTapTall eKOCUCTEeMMU Ta iHBECTOPIB.

9) Beengenns B MOH kpurepiro 'IHHOBamiiiHa pAisnapHicCTh" Ta "Crapramn-
noisiibHICTB" (mJ1s1 peiTuHry 3BO / akpeauTallii / BiAIIOBiZHOCTI).

BripoBakeHHS 1IMX KPOKiB IpUBEE [0 TOTO, IO BCi CTyIeHTU OYIyThb OTpPU-
MyBaTM OiJbII SKicHI 3HAHHSA. PoboTa Haj cTapTalaMy € OII[iOHaJIbHOIO, TOOTO Ti
CTYIeHTH, SIKi He MaloThb Oa’kaHHS 3aiiMaTMCSl CTapTamaMy Iic/sl YCIIIHOrO Ha-
BUAHHS, SIK i paHilie, 6yaIyTh OTPUMYBATU OUIIJIOM, Y TOI Yac SIK Ti, XTO MPONMIIOB

cTapTar A0JaTKOBO OTPUMYIOTh cepTudikat (puc. 3).

]

MymaHiTapHi Ta couianbHO-eKOHOMIYHI AWCUMNAIHK ‘ daxoBa
MpUPoAHUHO-HAYKOBI AUCLMNAIHK ‘ niarotToBKa

Y

Y

Decision

CTYAEHTH, LLIO HE BU3HAYW/IMCE 3 METOK CBOIMO HaBYaHHSA

¢ [nA cTYAeHTIB, AKI 3HAKOTb 40T X04yTh 3 NPOcPeciAHOT TOUKM 3opy

TpaekTopis
HaBYaHHA, L0
BKa3aHa B
0CBITHbO-NpodheciiHii
nporpami

GopmyBaHHs NpoBneMu 40 ctapTany.
Kopekuin TpaekTopii HaB4aHHs, L0 BKazaHa B
OCBITHLO-NPOMECIAHIA Nporpami.
Y3ro/pKeHHA 3 KEPIBHULTBOM NUTAHHA 3apaxyBaHHA YacTku
cTapTany Ak 3axucT KypcoBoi poboTh (NpoekTy) 3
BiANOBIAHOT AUCLMNAIHIA.

Y

KeanichikauiiiHa po6oTta 3 enemeHTaMm
cTapTany 4y 3axucT cTapTtany (AKLLO NOBHICTIO
BigNoBigae cneyjianbHocTi HaBYaHHRA)

‘ Y

Aunnom Gakanaepa ‘

\
Keanichikauiiina
poboTa

Aunnom Gakanaepa (Marictpa) 3

(maricTpa) fofaTkoBuM cepTudhikatom

PucyHok 3 — Jliarpama 3anpOIIOHOBaHUX 3MiH

BucHoBKM. PeopraHizoBaHMit TaKMM UMHOM OCBiTHil ITpoliec 103BOJIITHUME:
- BusiB/iSITM HaMTATaHOBUTIIINX CTYOEHTIB, SIKi OYOyTh MO3UTUMBHO BIUIMBATHU

Ha piBeHb €KOHOMIUHOTO PO3BUTKY HAIlIO1 KpaiHN.
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- 3aBISIKM TOMY, 1110 CTYOeHTU Haby/u MpakTUUHi HAaBUUKM, pOOOTOAABISIM He
MOTPiOHO 6yZe JOoJaTKOBO BUTPAYATH Yac i Ipolli Ha “TOHABYAHHA”, a CTYIEHTU BKe
3poOuUIM MepIInit peaJbHUI KPOK Y CBOil Kap’epi.

- 3-BO Ta BMKiamauvi MawTh Tpolli 3 peasisaliil MiAPYyYHUKIB i MPOBEIEHHS
OIlJIauyBaHMX BMOipKOBMX KypPCiB, @ TAKOX IOJATKOBi 6ay A0 PEIMTUHTY 32 PaXyHOK
KpUTEPito iIHHOBALiiHOI AisSI/TbHOCTI.

- 36isbIIIeHHS BiACOTKY CTYAEHTIB, SIKi IIPaIIOIOTh 3a CIIeliaJIbHICTIO Oye Imif-
BUINYBATHM MTPECTMKHICTD BUITycKawuoi Kadenpu ta 3BO.
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Implementation of startups during the training of specialists in the field
of information technology
Now, the training of a specialist is considered as an output. When students enter
higher education, the curriculum is drawn up for them, which is strictly followed
throughout subsequent years, for example, four years for the bachelor. However, this
approach does not suit motivated students who lack creativity along with actual
knowledge. Thus, these students, in parallel with higher education, attend special courses
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in IT-companies. At the end of the course, students start working for an IT company and
lose motivation for further training at the university.

The authors of the article offer a comprehensive approach to the introduction of
startups in the educational process of universities during the training of specialists for
the IT-field. Attraction to the educational process of stakeholders from IT-companies to
solve actual problems will lead to the fact that students will be involved in the creative
process, in which they will receive useful knowledge and skills not only in the specialty,
but also learn to communicate in a team. The introduction of startups will lead to an
increase in the number of motivated students, because students can for creativity to
choose not only topics proposed by stakeholders, but also to offer their ideas. Close
cooperation with stakeholders from the IT-field will lead to an improvement in the
quality of the materials that teachers will offer students for training and will also allow
universities to earn on author courses and textbooks written by teachers. The authors of
the article propose, together with start-ups to introduce flexible planning of the
educational process for students who take part in start-ups, i.e. each motivated student
will be able to engage in their educational trajectory and after graduation to obtain not
only a diploma, But also certificates that will confirm the skills gained in startups. The
article also indicates other benefits that each of the stakeholders will receive from the
introduction of startups in the learning process.
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M.I. TBepmocTy1
BUMIPIOBAHHS CKVIALJOBUX IHAYKTHUBHOI'O
IMITEJAHCY HA HU3bKUX YACTOTAX

AHomauyia. [ocnioxeHT Moxaugocmi Memody mpbox 80AbmMempis 01 BUMIPY THOYKmMUBHOCMI
ma ii akmusH020 ONOpYy, @ MAKOX ix YacmomHux xapakmepucmuk. BcmaHosneHo, wo 8 diana-
30Hi yacmom 0o 100 kl'y noxubka sumipy iHOykmusHocmi ckaadae He 6inbwe 0,3%, aKMuBHO20
onopy - 8,7%, 0obpomHocmi — 5%.

Kntoyosi cnosa: iHOykmuBHICMb, 0Nip, iIMNEOaHc, Memod mpbOX BObMMempIs, BUMIp, 4Yacmom-
Ha xapakmepucmuka, 006pomHicms, NOXUbKa, 3pa3Kosa Mipa.

Beryn. Cepen MeTOniB BUMIPY iHOYKTMBHOTO iMITIeJaHCy BUIIISIETbCS METO[,
TPbOX BOJAbBTMETPiB [1,2], SIKMii BMKOPMUCTOBYIOTh Ha MpomucjaoBux uvactortax (50,
400 I'm) my1s BU3HAUEHHS MOTY>XKHOCTI, CIIOKMBAHOI puiiMayeM eJIEKTPUUYHOI eHep-
rii, 10ro aKTMBHOI'O OIOPY, peakTaHCy i MOBHOTO omopy. [lopiBHSIHHS MeToniB Q-
MeTpa i MOCTOBOTO, BUKOPUCTOBYBAHMX [JIs1 BUMIPY CKJIALOBUX iMIIeJaHCY B IIMPO-
KOMY [iala3oHi 4acToT, 3 MeTOIOM TPbOX BOJIbTMETPiB IMMOKA3Ye€, 110 OCTaHHIi Mae€
6e3repeuHy IepeBary - eKCIuryaTailiifHa IpoCTOTa i 3pyUHiCTb, 110 MOJISITAE B TOMY,
110 AJ1s1 BUMipy mapaMeTpiB mpuiiMmada JOCUTb YCbOTO JIMIle BU3HAUYUTU HATIPYTy Ha
TPbOX [IISTHKAX €eJIEKTPUYHOIO KOJja, IO CKIAJA€TbCS 3 IpuiiMada eaeKTPUIHOI
eHeprii i MOC/IiAOBHO BKIOUYEHUM 3pa3KOBUM aKTUBHUM OIIOPOM.

ITocranoBka 3aBaaHHA. OLIHUTU MOXJIMBOCTI METOHOY TPbOX BOJIbTMETPiB
IJ1S1 BUMIpYy CKJIaA0OBUX iHOAYKTUMBHOTO iMII€IAaHCY, & TaKOXX BU3HAYEHHS 1X 4aCTOT-
HMX XapaKTePUCTUK B [lialla30Hi BUIlEe 32 IPOMMUCIOBI YaCTOTM.

OcHoBHa yacTuHa. Ha puc.l npencraBieHa eKBiBaJleHTHA CXxeMa BUMiprOBa-
JIBHOTO KOJia (Q) AJji1 BM3HAUYEHHSI CKIaJOBUX IHAYKTUMBHOIO iMIIEJaHCYy METOOM
TPbOX BOJIbTMETPIB i ii BekTOpHa miarpama (6), me E - Halpyra reHeparopa rapMo-
HiiHUX KOJIMBaHb, R, - 3pa3koBmii omip, L, r - iIHAYKTUBHICTb i aKTUBHUI OMip BUMI-
PIOBAHOTIO iMIiefaHcy z. , Us,, Uy - criag Hanmpyru Ha 3pa3KoBOMY OIIOpi i BUMipIoBa-
HOMY imnienaHci, U, U, - peakTuBHa i akTMBHA cki1anoBi Hanpyru U, I - CTpyM y BuU-

© TBepmoctyn M.I., 2022
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MiproBaJIbHOMY KoJIi. IMITlejaHCy BMMipIOBaHOI iHAYKTUBHOCTI Zy i BUMipHOBaJIbHOTO

KOJIa Z MalOTb BUTIJISAL,

R, !
— i
1 1
LEA : F i
IR
! L
a)

PucyHok 1 - BumipioBasibHe KOJI0 () i /10ro BeKTOpHa Jiiarpama Harpyr i ctpymy (0)
Zy =IT2 + W2[2 (1)
7 _ J([RO + 1) + w2lz

(2)
Ile w - YaCTOTa KOJIMBaHb rapMOHiifHOro reHeparopa E. [IJ1s TOC/IiZ0BHOro KoJjia 3Ha-

YeHHSI IMITeaHCiB MOKHA IPeACTaBUTH SIK

R,E /
Zy=, Z = Us. (3)
I3 (1) — (3) BUnIMBae cucteMa piBHSIHb
R, U,
Vrz y w2]2 = U, 4)
R, E
2 a
J([RO + TP+ wsl? _ /Un, )
pillleHHS SIKO1 A03BOJISIE OTPMMATU BMUPA3U IJisI aKTUBHOI CK/IaJ0BO1 iHAYKTUBHOTO
iMrnemaHcy
EE_Uz
Ry =%
r= "2 ¢ o -1 (6)

i iI0r0 iIHAYKTUBHOCTI

IE 1(E2—U2 )z
R x_1 X_1
L=WO Ug *\ U _ (7

3 [BOX OCTaHHiX BUpa3iB BUXOOUTb, IO BeJIUMUMHM I' i L MOKHaA 3HATU

sumipom Harpyr E, Ux i U, 3 moganpumm o6umcaeHHsM 1o (6) i (7). Citig 3a3HaunTy,
IO 3HaMIeHi CKIaA0Bi iHIYKTMBHOIO iMIleaHcy r i L OyayTh OifiCHUMM i JOTATHM-
MM IIPY BUKOHAHHiI YMOBU

Ui+ U3sE*s(Uy+Up)", (8)
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Ha BEKTOpPHil miarpami (puc. 10) 1ie o3Hayvae, 10 KyT o MOXe HaOyBaTu 3HaueHb B

06MeXeHOMY Jliara3oHi Thsasr,

[J1s1 BU3HAUEHHST MOK/IMBOCTI BUMIiPY CKIaOBMUX iHAYKTUMBHOIO iMIlefaHCy OY-
Ja 3ibpaHa BMMiploBajibHa cxeMa 3TigHo puc.la. B IkocTi BUMipioBaHOro iMregaHcy
BUKOPMCTaHi KOTYIIKM 3 HAO0PYy 3pa3koBUX Mip iHmyKTuBHOCTI TuIry L - 0170 III po-
3psay kiaacy 0,2. Bumipu nipoBoauancs Ha 4yactoTi 1 KI'l BosibTMeTpom B7-27A/1 3
BUKOPUCTAHHSIM reHepaTopa rapMOHiiTHMX KoiMBaHb ['3-118. 3pa3koBum omnmopom R,
oyno BubpaHo pesuctop tuimy MJIT- 2 3 akTMBHMM omnopom 1475 Om (Ha 4yacToTi
1 xT'w).

V tabnuii 1 mpeacrasieHi pe3yabTaT BUMIpiB, e L, - HOMiHa/IbHI 3HAaUEHHS
3pa3KOBUX Mip iHAYKTUBHOCTIi; Ly, Iy - HOiViCHI 3HaYeHHSI iHAYKTUBHOCTEN i aKTUB-
HOTO OIOpPYy Mip, OTpMMaHi MOCTOBUM BuMiptoBaueMm E7-8; L, r - iIHIYKTUBHICTb i aK-

TUBHMIA OMip 3pa3kKOBUX Mip, BU3HAU€HI METOIOM TPbOX BOJbTMETPIB.

Tabmuus 1
PesynbTaTyt BUMipiB 3pa3KOBUX Mip iHAYKTUBHOCTI

Lo, 0,2 0,5 1 2 5 10 20 50 100 | 200
mI'H
iff,H 0,201 | 0,501 |1 1,999 | 4,997 | 10 20,01 | 49,99 100 199,9
ro"”M 1,612 1,944 |2,97 |4,73 [9,98 |20,6 |75,2 |125,5 |294 |241
IIVII,FH 0,225 | 0,518 | 0,997 | 1,984 | 4,907 | 9,99 19,9 |49,98 |99,97 |200,5
réM 1,499 | 1,999 | 2,987 | 4,948 | 11,67 | 20,7 |76,92 |125,6 |292,7 |217,6

BuxopucToByroum MeTop, HaliMeHIIMX KBAaAPaTiB OTPUMAaHI PiBHSIHHS JiHIHO1
perpecii gas iHgyKTUBHOCTI L = f (L)
L=-0,0641+ 1,0026L, 9)

i akTMBHOTO omopy r= ¥ (1)

r=1,0182 + 0,9601r; (10)
npu piBHi 3HauymocTi 0,001 koedimieHTH Kopensilii cKaaau mjsi iHAYKTUMBHOCTI
'L ® 1, nnst akTuBHOTrO omnopy ''r ® 0,9983; cepemHbOKBaApPaTUUHE BiIXMIEHHS OK-
peMoro BuMipy iHAYKTUBHOCTI 97.= 0,1168 MI'H, akTMBHOTO omopy Or = 6,5419 Om,
cepenHs BifHOCHA MOxMOKa BUMIipy iHOYKTUBHOCTI ckiaana 0,3%, akTMBHOTO OIIOpY -
8,7%.

PesynbTaTyt JOCTiAKEHHS 4YaCTOTHUX XapaKTepPUCTUK ITOKa3aHi Ha puc. 2.
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Q}lgr A L, MTu
1204 3,2 412 LO — 5ulH
4 o
1004 2,8 {10 0 =8,380m
1 Qo - 140
801 2,48
60 2,016 L
404 1,6 44
1 Q
204 1,2 42
I
| ere— — lof
0 = T T T T T T T T T T T T Lol
2.0 2.5 3,0 3.5 4.0 4.5 5,0

PucyHOK 2 - YacTOTHI XapaKTepUCTUKU IHAYKTUBHOCTI L, aKTUBHOTO OMIOPY
i mo6poTHOCTI Q 3pasKoOBOi Mipy iIHZYKTUBHOCTI Lo,

ExcnepuMeHTa/IbHI YaCTOTHI 3a/1€;KHOCTI iHAYKTUBHOCTI L, aKTMUBHOTO OTIOpY T
i moobporHocTi Q Bu3HaueHi B miama3oHi 0,1 — 100 xI'11. B sKoCTi moC/iisKyBaHOTO iH-
IOYKTUMBHOTO iMIIeJaHCy Oyja BMKOPMCTaHA 3pa3KoBa Mipa 3 iHAYKTUBHICTIO L, = 5
MI'H, omiuHuM orropom 8,8 Om i mo6poTHicTIO 140. 3 OTpUMaHUX 3a/IEXKHOCTEN BU/I-
HO, 1110 B Aiama3oHi yacToT Bif 0.1 o 30 KI'l akTMBHMIA OITip r i iHAYKTUBHICTB L 3a-
JUIIAITHCS MPAKTUUHO HE3MIHHMMM 3 BiIXMJIEHHSIMM B MeXKaX MOXMOKM eKCIepu-
MeHTy. ITiciast 30 k[ aKTMBHMIA OIip r MOYMHAE 30iJbIIyBAaTU CBOE 3HAUEHHS, IO
MOYKHA TIOSICHUTU 3POCTAl0UMM BIUIMBOM edeKTy OGM3bKOCTI i cKiH-edeKTy. Takoxk
CIIOCTepiraeThcst 36i/bIIeHHST IHIYKTUBHOCTI L 3aBIOSIKM IIYHTYIOUOMY BILIMBY PO3-
TOi/IeHOI €MHOCTI KOTYIIKM i BUMipHOBAJbHOrO KOJIa B LJIOMY, SIKi YTBOPIOIOTH 3
iHIYKTMBHICTIO MapaaeabHii KOHTYP 3 MEeBHOI0 YaCTOTOI0 BJIACHOTO PEe30HaHCY fo.
I3 3pocTaHHSIM 4YacToTu f mpu f< f, iMIlemaHc mapaaeabHOTO KOHTYPY 30iabIry-
€TBCS, 1[0 BUKIMKAE ySIBHE 301IbIIeHHS iHAYKTUBHOCTI L. Lle sBuIille BHOCUTD MOXM-
OKy Yy BM3HAUEHHS iHIYKTMBHOCTI Ha YacTOTax, 110 HAGIMKAIOThCS 10 YacTOTH Bja-
CHOTO Pe30HAHCY KOTYIIKM. [ToX1OKYy MOXKHA 3MEHIIUTY 32 YMOBU BpaxyBaHHS Be-
JUYMHU PO3TOAIIEHOI EMHOCTI, 151 IbOTO 3HAA0OUTHCS PO3IJISIA, Melllo iHIIOoi eKBi-
BAJIEHTHOI CXeMM BMMIipIOBaJbHOIO K0JIa, B SIKOMY BPaxOBYETbCS MiXKBUTKOBA €M-
HiCTb BMMIipIOBAaHOI KOTYIIKM, BXiHI €EMHOCTiI BUMipIOBaJIbHUX MIpWIaLiB i 3'€HYBa-

JIbHUX MIPOBiTHUKIB.
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YacToTHa 3ajekHicTbh Mo6poTHOCTI Q = 27fL/r HOCaiaKyBaHOI 3pa3koBOi Mipu
iHIYKTUMBHOCTI Ma€e MakcuMmym Q = 133 Ha yacToTi f = 30 K[, BeJMuMHa SIKOTO Bipi-
3HSIETHCS Ha 5% Big TOGPOTHOCTI, BKa3aHOi B MAacIOPTi 3pa3KoBOi Mipu.

BucHOBKM. Pe3ynbTaTyt JOC/TiAXKEHHS TOKa3yIOTh:

- METOZOM TPbOX BOJbTMETPIiB JOCUTDH MPOCTO BUMIipIOBATU CKIAI0Bi iHAYKTH-
BHOTO iMITelaHCy Ha (QiKCOBAaHMX UAaCTOTaX BUIIle TPOMMCIOBHUX; Y AianasoHi g0 100
K['1I BigHOCHA ITOX1MOKa BY3HAUEHHS iHIYKTMBHOCTI CKIagace He 6inbire 0,3%, akTUB-
HOTO oropy - 8,7%, mo6poTHOCTI — 5%, 110 BiAMOBigae Ki1acy TOYHOCTI BUKOPUCTA-
HUX BUMipHOBaJbHUX NPUIAJIiB;

- MeTOJ, TO3BOJISIE OTPUMYBATH iHGOPMATUBHY XapaKTePUCTUKY Y BUTJISI yac-
TOTHUX 3aJIEKHOCTEH aKTMBHOI'O OMOPY i iIHAYKTUBHOCTI; 1ie Ja€ MOK/IMBICTh BUOpa-
TU [Oiana30H 4YacTOT, B SKOMY 3aBakaluwuil BIUIMB PO3MOAIJIEHOI €MHOCTI He3Hau-
HMIA, @ TAKOX 3HAMTHU ONMTUMAIbHY YaCTOTY, IIPU SKiii TOOPOTHICTb iHIAYKTMBHOCTI
MaKCMMaJIbHa;

- TIojanblie MiABUINEeHHS TOYHOCTI BM3HAUYEHHS OiMiICHMX 3HAU€Hb CKJIAJOBUX
iHIYKTMBHOIO iMITeJaHCY MOXJ/IMBO 3 YpaXyBaHHSIM LITYHTYIOUOTO BIUIMBY PO3MOZi-
JIEHOi €MHOCTI.
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Measurement of inductive components impedance at low frequencies
The method of three voltmeters allows you to determine the components of the in-
ductive impedance by measuring the voltages on the tested impedance, on the reference
active resistance and at the output of the harmonic voltage source that feeds the measur-
ing circuit. The analysis of the measuring circuit using the method of three voltmeters
was carried out, mathematical expressions were found for calculating the active
resistance and inductance as components of the investigated impedance based on the
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results of the measurement of three voltages. Regarding the values of the voltages on the
investigated impedance, on the reference active resistance and on the output of the
harmonic voltage source, there is a well-founded condition under which the obtained
results will be valid. Using the method of three voltmeters, the frequency characteristics
of the active resistance, inductance and Q-factor of the reference coil were experimentally
determined in the range up to 100 kHz from a set of exemplary inductance measurements
with previously known parameters. Experimental frequency dependences indicate the
presence of a region of constant value of the impedance components at low frequencies.
At frequencies higher than 30 kHz, there is a region of growth of the active component
due to the influence of the proximity effect and skin effect and a region of apparent
increase in inductance due to the influence of the distributed capacitance of the coil. The
obtained characteristics make it possible to choose a frequency range in which the
interfering influence of the distributed capacitance is minimal, as well as to determine the
optimal frequency at which the Q-factor of the inductance is maximal. The relative error
of inductance determination was no more than 0.3%, active resistance — 8.7%,
Q factor — 5%.

TBepmoctyn Mukosna IBaHOBMY — IOIEHT, K.T.H., JOIIeHT Kadeapu eeKTPOHHUX
00UMCTIOBAIbHMUX MalllMH JJHIITPOBCHKOTO HAI[iOHAIBHOTO YHiBepcuTeTy iMmeHi Onecs

F'oHuapa.

Tverdostup Mykola Ivanovych - Associate Professor of Computer Systems Engi-
neering Department of the Oles Honchar Dnipro National University.
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V. Pakhomova, Y.Mehelbei
DETECTION OF ATTACKS OF THE U2R CATEGORY
BY MEANS OF THE SOM ON DATABASE NSL-KDD

Annotation. Creating an effective system for detecting network attacks requires the use of quali-
tatively new approaches to information processing, which should be based on adaptive algo-
rithms capable of self-learning. The mathematical apparatus of the Kohonen self-organizing map
(SOM) was used as a research method. Python language with a wide range of modern standard
tools was used as a software implementation of the Kohonen SOM addition, this section compiles
the Python software model «SOM_UZ2R» using a Kohonen SOM. Created «SOM_UZ2R» software
model on database NSL-KDD an error research was performed for different number of epochs
with different map sizes. On the «SOM_UZ2R» model the research of parameters of quality of de-
tection of attacks is carried out. It is determined that on the «SOM_UZ2R» created software
model the error of the second kind of detection of network classes of attacks Buffer_overflow
and Rootkit is 6 %, and for the class Loadmodule reached 16 %. In addition, a survey of the F-
measure was conducted for a different number of epochs of learning the Kohonen SOM. It is de-
termined that for all network attack classes (except Buffer_overflow) the F-measure increases,
reaching its maximum value at 50 epochs.

Keywords: category; class; NSL-KDD; SOM; Python; error; epoch; F-measure.

Formulation of the problem. Creating an effective system for detecting network
attacks requires the use of qualitatively new approaches to information processing,
which should be based on adaptive algorithms capable of self-learning. The most
promising direction in the creation of such systems for detecting attacks on a com-
puter network is the use of neural network technologies, which confirms the rele-
vance of the topic of this work.

The aim of this article is to identify U2R network classes by means of a Koho-
nen SOM. The following tasks are set according to the purpose: 1) review neural
networks to identify network attacks; 2) create a software model of a Kohonen SOM
to identify network classes of U2R category; 3) determine the optimal parameters of
the Kohonen SOM; 4) conduct research on network quality detection parameters.

© Pakhomova V., Mehelbei Y., 2022
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Analysis of recent research. At the present stage, the most promising direction
in the creation of attack detection systems is the use of neural networks: Multi Layer
Perceptron, MLP [10-11]; Radial Basis Function Network, RBF [4]; Self Organizing
Maps, SOM [2, 5-6, 8]; Adaptive-Network-Based Fuzzy Inference System, ANFIS) [4]
and based on a combination of computational intelligence methods [1, 4].

On the one hand, neural networks with different topologies can detect different
attacks, but erroneous triggers also do not always occur on the same network packets
when analyzed using different types of neural networks. In addition, each type of
neural network has its advantages and disadvantages that need to be considered or
additional research. For example, the RBF learns faster than the MLP, it is necessary
to determine the number of radial elements, their location and deviation values, the
RBF model requires slightly more elements, namely it will run slower and requires
more memory than the MLP model.

On the other hand, attempts are being made to use neural networks at different
levels. For example, in [11] the structure of a hypothetical complex is considered,
and consists of five neural networks (NNs) of the multilayer perceptron type. In [9]
reviewed existing datasets, the most common of which is the NSL-KDD database,
initiated by the US DARPA Agency based on the KDD'99 database [7]. It should be
noted that today there are a number of scientific papers by various scientists and
scholars on the definition of network attacks in the categories of DoS and Probe, but
there is little work on the study of network classes for categories R2L and U2R. Ac-
cording to [6], existing intrusion detection systems based on SOM have difficulties
due to the long computation time and low detection rate of U2R and R2L attacks.
In [3], a research of two approaches to detecting network attacks using a single neu-
ral network and a set of neural networks based on the calculation of quality indica-
tors for detecting attacks, among which errors of the first and second kind are im-
portant.

Setting task. The rapid development of computer networks and information
technology causes a number of problems related to the security of network re-
sources, which require effective approaches. The use of neural network technology is
the most rational, because neural networks have the following advantages: solving
problems with unknown patterns; resistance to input data noise; adaptation to
changes in the environment; potential ultra-high speed. In this paper, it is necessary
to identify network attack classes of the U2R category. U2R network attacks are sys-
tem attacks in which a hacker starts a system with a normal user account and tries to
abuse vulnerabilities in the system to gain superuser privileges. This type of attack is
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divided into the following classes: Buffer overflow, Loadmodule, Perl, Rootkit. The
NSL-KDD database [7] presents a sufficient number of parameters for the network
classes Buffer overflow, Rootkit, Loadmodule. Because the database does not have
enough parameters for the Perl class, it will not be used.

The structure of the Kohonen SOM. Kohonen neural networks — class of
neural networks used to solve classification problems. It is divided into many types
according to the methods of adjusting the scales. This work used a Kohonen SOM,
structure of the SOM is presented in Fig. 1. The initial parameters are 41 parameters
of network traffic. As the resulting data: Y1 — there was an attack of the Rootkit
class; Y2 — there was an attack of the Loadmodule class; Y3 — there was an attack of
the Buffer overflow class; Y4 (normal) — there was no attack.

1

ololle

xX41

Figure 1 — The structure of the Kohonen SOM

Algorithm of functioning of the Kohonen SOM can be represented:

Step 1. Arrange the weight vectors of the node in random order on the map.

Step 2. Randomly select the input vector.

Step 3. Bypass each node on the map.

Step 4. To find the similarity between the input vector and the weight vector of
the map node, you must use the euclidean distance.

Step 5: Remember the node that has the shortest distance as the Best Matching
Unit (BMU).

Step 6. Update the weight vectors of the nodes near the BMU inclusive, by
approaching the input vector according to the following formula:

W =W 0y, ) afs)* (DO - W' ),
where W, — new node weight vector; Wfld - previous node weight vector;
O(u,v,s)— proximity function; a(s)- learning rate; D(t?) - vector target input; s — cur-
rent iteration; u — index of the best matching node on the map; v — node index on
the map.
Step 7. Increase s and repeat until s < A, where A - limit of iterations.
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Characteristics of the created «<SOM_U2R» software model. To detect U2R
attacks, the «<SOM_U2R» software model was developed, which is based on the algo-
rithm of the Kohonen SOM. The structure of «SOM_U2R» model is shown Fig. 2. 41
parameters of network traffic were fed to the input «<SOM_U2R», the result of execu-

tion is a two-dimensional map with distribution on it of network classes of attacks.
The software model is waiting for the input clearly 41 parameters, otherwise it will
not work properly. Connect the libraries needed to implement the required func-
tions, namely: Numpy, Matplotlib, MiniSom.

Neural network training and testing. A training sample of 55 selections is
presented at the input of the neural network. The number of epochs of study was 10;
the dimension of the card was 20*20. A sample containing 40 vectors (examples) was
used to test the neural network. Neural network testing has been conducted for 10
epochs. The result of the «SOM_U2R» software model is presented in Fig. 3; Rootkit
class (red circle); Loadmodule class (green square); Buffer overflow class (blue
cross); Normal (yellow cross).

Pandas

read_csv

Selection uploading

Read data from a file

Numpy

creating an array based  — array.pop
on the read data

Dat lizati i
ata normalization sklearn.preprocessing

feature_range

fit_tranform
e Neural network training
Neural network
Download sample from configuration minisom
file and normalize data
‘l' Setting weights minisom
Kohonen's neural
network training Kohonen's neural ) o
l network training random_weights_init
Display results on the train
map
Output of results on the matplotlib
map
markers
Initialize the marker
and colors of the
results
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plot
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Figure 2 — The structure of the «<SOM_U2R» created software model
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Figure 3— The result of the «<SOM_U2R» model for training and testing

Determining the optimal parameters of the Kohonen SOM. Conducted on
the created «<SOM_U2R» model errors for different number of epochs (10, 20 and 50)
for different map sizes: 5*5; 10*10; 20*20. The table shows that the smallest value of
error is achieved for Kohonen SOM, the size of which is 20*20, with 10 epochs.

Research of parameters of quality of detection of network attacks. The as-
sessment of the quality of detection of network attacks on the «<SOM_U2R» model is
performed according to the following parameters: TP (True Positive) — the classifier
correctly assigned the object to the class under consideration; TN (True Negative) —
the classifier correctly states that the object does not belong to the class under con-
sideration; FP (False Positive) — the classifier incorrectly assigned the object to the
class under consideration; FN (False Negative) — the classifier incorrectly states that
the object does not belong to the class under consideration. One of the main ones is
the second kind of error; the results obtained are summarized in table 1.

Table 1
The results of research of different network classes on «<SOM_U2R»
Rootkit Loadmodule Buffer overflow
TP | FP | TP, % | FP, % | TP | FP | TP, % | FP,% | TP | FP | TP, % | FP,%
6 |0 11 0 18| 0 33 0 8 0 14 0
FEN [TN | EN, % | TN, % |EN | TN [ EN,% | TN, % | EN | TN | EN,% | TN, %
2 | 46 6 83 9 | 28 16 51 3| 44 6 80

The table shows that the largest value of the error of the second kind of 16 % is
achieved when detecting the network class Loadmodule. The obtained values of
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other parameters are summarized in table 2, where TPR (True Positive Rate) — shows
the proportion of found objects in the class; FPR (False Positive Rate) — shows the
proportion of incorrect classifier triggers to the total number of objects outside the
class; accuracy — shows the share of correct classifications; precision — shows the
share of class objects among the objects selected by the classifier; recall - shows the
proportion of class objects found in the total number of class objects.

Table 2

Parameters for assessing the quality of attack detection on «SOM_U2R»

Indicator TP | FP | EN | TN | TPR | FPR | Accu- Preci- Re-
racy sion call

Buffer overflow 8 0 3 44 | 0,73 0 0,95 1 0,73
Loadmodule 18 | O 9 | 28 | 0,67 0 0,84 1 0,67
Rootkit 6 | 0| 3 |46 |067| O 0,95 1 0,67
Normal 8 0| 2 |45 ]08 | O 0,96 1 0,80

The created «SOM_U2R» software model well detects network attacks such as
Buffer overflow and Rootkit with an accuracy of 0,95; but errors may occur when de-
termining the Loadmodule network class (accuracy was 0,84).

Research of F-measures on different number of epochs. A research of the
F-measure of detecting network classes of attacks on the «<SOM_U2R» model for a
different number of learning epochs (Fig. 4).

0,9
08

07

0,6

0.5 DU Ther_onermiow

F-rmeasure

04
0,3
0,2
0l
1 10 20 30 40 50
Mumber of epochs

Figure 4 — The value of the F-measure by the number of epochs of learning

The F-measure is the average harmonic value between accuracy and complete-
ness. The figure shows that for all types of attacks, except
Buffer overflow, the F-measure increases, reaching its maximum value
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at around 50 epochs. For Buffer overflow, the maximum value of the F-
measure is observed in 30 epochs, but to ensure maximum efficiency in
detecting network attacks, the neural network must be stopped at 50
epochs. As the Rootkit and Loadmodule network attack classes show the
best results at the 50 epoch mark, thus sacrificing the growth of the
Buffer overflow network class.

Conclusions

e Based on the results of the survey, the following neural networks may be used
to determine attacks: MLP; RBF; SOM; fuzzy network. To detect U2R network
classes: Buffer overflow; Load modules; Rootkit using NSL-KDD open database and
further research selected Kohonen SOM.

e To identify U2R network classes, the «<SOM_U2R» software model was created
on Python using a Kohonen SOM, the input of which was supplied with 41 network
traffic parameters. On the «SOM_U2R» software model error studies on the number
of epochs (10, 20 and 50) with different map sizes: 5*5; 10*10; 20*20. It is
determined that the smallest value of error is achieved on the map 20*20 at 10
epochs.

e On the «<SOM_U2R» model researches of parameters of quality of detection of
network classes of the U2R category are carried out. It is determined that on the
«SOM_U2R» model the error of the second kind of detection of network classes of
attacks Buffer overflow and Rootkit made 6 %, and for the Loadmodule class reached
16 %.

¢ On the «SOM _U2R» created software model the research of F-measure on
various quantity of epochs of training of the Kohonen SOM is carried out. It is
determined that using the «SOM_U2R» model for all classes of attacks of the U2R
category (except Buffer overflow) the F-measure increases, reaching its maximum
value at the level of 50 epochs.
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BusHnauenHnss amak kamezopii U2R 3acobamu SOM
Ha ocHogi 6a3u danux NSL-KDD
CmeopeHHst eeKmueHOi CcuCmemMu BUSIBJIEHHSI Mepexesux amax Bumazae
3aCcmocy8aHHsl SKiCHO Hoeux hidxodie 0o 00pobOku iHGopmayii, SKi NOBUHHI
TPYHmMyeamucst Ha a0anmueHux anzopummax 30amuux 00 camoHasuaHHs. Hatibinobw
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nepcnekmMu8HUM HANPSIMKOM y CMBOpPeHHI NodiOHUX CUCMeM 8UsI8JIeHHS amdaK Ha
KOMNtomepHy Mepexcy € 3aCmOoCy8aHHsl HellpoMepeXcHUX mexHos02ill, ujo niomeepoxcye
akmyaabHicme memu 0aHoi pobomu. Y sskocmi memody 00CNiOHEHHsT 8UKOPUCMAHUL
MamemamuuHuii anapam camoopzaisyiouoi kapmu KoxoHena 41-2-4, de 41 - Kinvkicmo
8xiOHUX HelipoHi8 (napamempu mepexcesozo0 mpadgiky); 2 - KilvKicme wapis;
4 - Kinvkicmes pe3yasmyrouux HelipoHie (Rootkit, Loadmodule, Buffer overflow ma
gidcymHicme amakxu). Y sIKocmi npozpamHoi peanizayii camoopzadizywuoi kapmu
KoxoHeHa sukopucmana mosa Python 3 wiupokum cnekmpom Cy4acHux cmaHoapmuux
3aco6ie. Ha cmeopeniti npozpamHiti modeni «SOM_UZR» 3 8UKOPUCMAHHAM 8i0KpUumoi
6a3u danux NSL-KDD nposedeHo 00CnidxceHHs: NOMUKU 3a Pi3HOI KiZbKiCmio enox npu
pi3Hux posmipax kapmu: 5%5; 10*10; 20*20. Bu3HaueHo, W0 HaliMeHuie 3HAYEHHS
nomusnku docsieaemosc Ha kapmi 20*20. Ha cmeopeHili npozpamHiii modeni «SOM_UZR»
nposedeHo docnidxieHHs nhapamempie sikocmi eusenenHs amak: True Positive; True
Negative; False Positive; False Negative ma iHwi. BudHaueHo, wjo Ha npozpamHtiti mooeni
«SOM_UZ2R» nomusnka dpyzozo pody cknana 6 % ons Buffer_overflow i Rootkit, 16 % 0ns
knacy Loadmodule. Kpim mozo, nposedero docnidmceHHs: F-mipku (cepedHezapmMOHiuHO20
3HAUYEHHS MI¥C MOYHICMIO Ma NO8HOMOK) 34 PI3HOK KINIbKICMI0 enoxX HABUAHHS
camoopeaHisywuoi kapmu KoxoHena. Bu3HaueHo, wo 0na ecix amak (Kpim
Buffer overflow) F-mipka 3pocmae, docsizarnuu €8020 MAKCUMANIbHO20 3HAUEHHS
(50 enox).
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S.M. Vovk
TWO-STAGE METHOD FOR PARAMETER ESTIMATING
IN UNKNOWN NOISE ENVIRONMENT

Abstract. This paper addresses the parameter estimation problem in the case of an unknown
noise environment. A two-stage method consisting of the tuning and estimating stages is pro-
posed for solving this problem. At the tuning stage, the estimator is tuned to the noise environ-
ment by minimizing the estimation root-mean-square error for a known data fragment in the
space of the three free parameters; these free parameters allow modifying the behavior of the
minimization problem objective function. At the estimating stage, estimation is carried out by
solving the corresponding minimization problem using already tuned free parameters. The fea-
tures of the proposed method, including algorithms for the tuning and estimating stages, are
demonstrated for estimating a Gaussian pulse that slowly moves in the unknown noise environ-
ment and locates on a known constant background. The numerical simulations confirm the high
performance of the proposed method.

Keywords: parameter estimation, cost function, Gaussian pulse.

Introduction. Classical estimation methods use an assumption about the com-
pleteness of data statistics. These methods solve the estimation problem in a noise
environment formed by additive noise with a known distribution. A theoretical basis
of these methods is the maximum-Ilikelihood criterion, where the likelihood function
is a common probability density function to be maximized [1] - [2]. The well-known
results of this theory include the least-squares method and the least-absolute devia-
tion method. These methods obey the assumption that data samples are independ-
ent and identically Gaussian or Laplacian distributed, respectively. The maximum-
likelihood criterion has remarkable achievements related to the myriad and meridian
filterings, which are generalized in [3]. These methods assume that the data samples
are independent and identically distributed according to the Cauchy and Meridian
statistics. They produce the so-called myriad (or Cauchy [4]) estimator and meridian
estimator, respectively. Because of the impulsive nature of the Cauchy and Meridian
noise, these estimators belong to the set of robust estimators.

© Vovk S.M., 2022
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Robust estimation methods use the incompleteness of data statistics [5] — [9].
They solve the estimation problem in the noise environment formed by additive
noise and anomalous values. A theoretical basis of these methods is the generalized
maximum-likelihood criterion that does not have a strictly probabilistic sense [7].
For that reason, the corresponding estimators usually are referred to as the “maxi-
mum-likelihood type” estimators or the M-estimators [6]. In contrast to the classical
approach, the robust one requires choosing a cost (loss) function that should keep
the data (inliers) and reject the anomalous values (outliers). The appropriate cost
functions used for these purposes have been proposed by Tukey [6], Hampel [7], An-
drew [8], Meshalkin [9], Geman and McClure [10], Demidenko [11], as well as by other
authors [12] - [13]. Assembling various cost functions into a common set, which we
call the “superset of cost functions,” eliminates the redundancy of well-known cost
functions and provides a wide range of possible solutions, including the mean, me-
dian, myriad, and meridian [14]. The modified version of this superset is given
in [15]. An advantage of using the superset of cost functions is the possibility of tun-
ing the M-estimator to the current noise environment.

The purpose of this paper is to present the two-stage method for parameter es-
timating in the unknown noise environment under the general assumption about the
symmetry of noise distribution. This method uses the generalized maximum-
likelihood criterion and the superset of cost functions. Through this paper, we show
the features and performance of the proposed method by solving the problem of es-
timating a slowly moving Gaussian pulse located on the known constant back-
ground, where a mixture of Cauchy noise and positive outliers simulates the un-
known noise environment.

Problem formulation. Let for a given observation interval X the observed
data g(x) are the sum of a given data model S(x;0), which specified up to a vector

0=(0,,..,0,) of the unknown parameters 0 ,...,0,,, and a random distortion &(X),
which describes the unknown noise environment, i.e.,

8(x) =5(x;0)+E&(x), (1)
where x € X, and M is given. The estimation problem is to obtain the estimates of
0,,...,0,,. Using (1), this problem can be formulated as the optimization problem:

0= argmein Flg(x)—s(x;0)]; xe X, (2)
where F denotes an error functional that defines the estimation quality, and
éz(él,...,éM) is a vector of the estimates él,...,éM for 0,....,0,,. For the discrete

case, the problem (2) has the form:
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~ N
0 =argmin p[g, -s,(0)]; xe X, (3)
n=1

where g, =g(x,), s,(0)=5s(x,;0), x, =n-Ax, Ax is a sampling step size, and N is
a number of data samples on the observation interval X. From (3), it follows that
the value of F is the sum of the values of cost function p(...) for each n-th data
sample, and these values depend on 0 . Since the cost function forms an objective
function to be minimized, the problem of parameter estimation in the unknown
noise environment consists of the problem of choosing the best cost function for the
noise environment and the problem of parameter estimation after the choice of the
best cost function.

Analysis of recent research and publications. A classical approach to the pa-
rameter estimation problem uses two main assumptions. Firstly, it assumes that the
statistical nature of random distortions is known completely. Secondly, it assumes
that each parameter to be estimated takes a single value. Within the framework of
estimation theory, these assumptions dictate the search for a global minimum (or a
global maximum) of an estimation quality indicator. Usually, the unconditional av-
erage risk is taken as this indicator. For a given loss (cost) function, the minimum of
this risk corresponds to a Bayesian estimate. Using the “0-1” loss function and as-
suming that the probability density of the unknown parameter is a constant, its
Bayesian estimate transfers to the maximum likelihood estimate [16]. The latter is
widely used to obtain optimal or suboptimal solutions. For example, under the as-
sumption of Gaussian data distribution, the corresponding maximum likelihood cri-
terion becomes a quadratic one, leading to the least-squares problem [17]. An advan-
tage of this problem is that, for the case of the data model described by a constant
function, the least-squares problem leads to the analytical solution, yielding the
arithmetic mean of data samples as the estimate. The assumption about the Laplace
distribution of data samples leads to the least-absolute deviations problem, which
gives a median value of data samples as the estimate for the same data model de-
scribed by the constant function [18]. However, the quadratic or other convex func-
tions are unsatisfactory for processing the data containing anomalous values [19]. In
this case, robust approach based on the generalized maximum likelihood criterion is
used. For the vector 6 of unknown parameters of data model, it has the form of the
following minimization problem:

min i o[r,;01, 4)
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where r, is a residual between the observed data and data model for a given 1, and
p is the cost function [6]-[7]. Usually, the robust approach (4) is implemented by the
cost function with horizontal asymptotes [9].

To obtain a wide range of cost functions, a “superset of cost functions” has
been proposed [14]. This “superset” is defined by the cost function:

ps (X) =ks[(1+] X/ a|)" ~1], (5)
where o >0 is a smoothing parameter with the same unit as X; q is a smoothing
degree parameter (0<g<ow); P is a shape parameter (—o<B<1; B<q);
ko (x)=1/[(1+]|x,/c|")"? —1] is a constant, which is used to transform the cost func-
tion within the “superset” framework; x, is a normalization point, where p,(x,)=1.

Let x, =1. The following limits are true:

. . x|, 0<P<l1
limp.(x)=|x1*; limp.(x) =
lim ps (%) =| x | lim p(x) {(X), o <BL0
limpy (%) =k -In(1+ | x [* /a); lim py(x) = 0(x);
(6)
. . x’
limps () =k, [+ ][ /aD)" ~1]; - limps(x) =k, —7—,

q—2
where @(x)=sgn’(x);k, =1/In(1+1/a?);k, =1/[(1+1/a")"" —1];k, = 1+ a?).
The modified version of the “superset” is given in [15]. It has been obtained by

equalizing behavior of cost function at zero. This modification expands the “super-
set” by a generalized Meshalkin’s cost function [11]:

Py (X) =[1—exp(=| x/a[")]/[1—exp(=| X,/ a[))], (10)
where the value of o must be recalculated concerning the value of a for the origi-
nal “superset.” For the modified superset, it holds: limg, , p,(x)=p,(X), where

P, (X) denotes the cost function of the modified superset. From (10), it follows that
lim,_ p, () =9(x), lim, _, p,(x)=x|*, and lim_,p, (x)=¢(x), where x, =1.
Besides this, if 0 <a < x,, then lim_,, p,(x)=p,,(X), where p, (x) has the shape
of a “rectangular pit” of 2o wide, i.e.,

111_1)130 pM(X) |x|<atpy = O; 111_1)2 pM(X)

=1,

(11)

where € is Euler’s number. The use of (11) changes the maximum generalized likeli-

ey = 1= 1/€ 2 0,63: limp, (X)) .,

hood method into the maximum histogram method, where the histogram bin width
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is equal to 2a.. Since the “superset” covers many symmetric cost functions, it can be
used to tune the estimation to the noise environment with the symmetric noise dis-
tribution and with the outliers to be rejected.

Theory of the two-stage estimation method. The proposed two-stage esti-
mation method uses the generalized maximum likelihood criterion and the superset
of cost functions. There are two ways to apply this method. For the first one, it needs
to set the three free parameters a, B, and q to a priori known values. For the sec-
ond one, it needs to tune these three free parameters to the current noise environ-
ment. The latter we discuss for a Gaussian pulse that slowly moves in the unknown
noise environment and locates on the known constant background. Here, we assume
that the observed data contain a background fragment with unknown location in the
measuring space, and a sufficient number of data realizations is available. Then, by
estimating the background at the tuning stage, we choose the best values of free pa-
rameters, thereby realizing some training procedure. At the estimating stage, we es-
timate the location, amplitude, and half-width of the Gaussian pulse by the iterative
algorithm proposed.

Let the data model is:

s(x;A,A,m,c,)= A + A-exp[-(x —-m)’ /(25,)], (12)
where A, is a known constant background, and A,m, o, are the Gaussian pulse pa-

rameters to be estimated. Let m is slowly changed in time comparing to the data
sampling rate, and the length of the observation interval X is larger than the half-
width o, of the Gaussian pulse in several times. Also suppose that c, >>Ax,

me X, and A is within a known range. In such a case, we have a Gaussian pulse,
which has a new location for each data measuring; we call this pulse a “moving
Gaussian pulse.” By using (12) for the discrete case, we state the following two esti-
mation problems. The first one is:

A, =argmin p (8, — A, Aexpl—(x, ~m)'/Co)1}, (13)

where p; denotes the superset cost function, which depends on the three free pa-
rameters o,p,q [14]. Assuming A=0 and excluding the Gaussian pulse model
from (13), we have the first problem in the following form:
— N
A, =argmin 3 pi[g, - A,]. (14)
0 n=1
The problem (14) describes the case of a “pure” noise environment when ob-
served data do not contain a Gaussian pulse to be estimated. However, below we ap-
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ply (14) both in this case and in the case of the presence of the Gaussian pulse. Solv-

ing (14) gives the estimate A, of the background parameter A, for the given values
of free parameters o, 3, and q. Since A, has a known value, the best values of free

parameters should minimize the estimation error. Note that subtracting the known
constant background from observed data gives a similar problem for zero back-
ground estimating.
The second problem is the following:
- N
(A,m,5,)=argmin 3 py{g, — A, —Aexp[~(x, -m)* (20,)]}, (15
TP n=l1
This is the Gaussian pulse estimation problem under the assumption that val-
ues are known for A ,a, B and q.

Let us consider the tuning stage. Substituting (5) into (14) yields:

A, = argrr}\in{ks -i[(H g, — A, |" /a®)P —1]}, (16)

where AO is the estimate of A,. For most cases, the objective function in (16) is a
non-convex. Therefore, its minimization needs using the zero-order optimization

methods. Naturally assuming AO €[8.>8m ], Where g . =min(g,) and

1<n<N

g...=max(g,), we offer to solve the minimization problem (16) by searching for

1<n<N

the best value of 4, either among data samples or given values. The former is more
attractive for the following reason. Because the value of each data sample turns into
zero at least one term of the objective function in (16), such a value can be consid-
ered a “quasi-optimal” one. There are no more than N quasi-optimal values for the
problem (16). Besides this, if g <1, the quasi-optimal value coincides with the opti-
mal value that minimizes the objective function in (16) (although, for the given val-
ues of a,f3,q this optimal value of A, may not coincide with the true value of A,).

The tuning stage is implemented by training performed over a given number of
random data realizations and aims to obtain the best values for a,f,q . For training,
we use the Mean-Square-Error (MSE) criterion. Let / be a number of data realiza-
tions used for training. The MSE, which we denote by the € symbol, is the three-
dimensional function for a fixed value of |, i.e.,

s(a,s,m{}ijAou;a,ﬁ,q)—Ao @ , 20)

where AO( J;0.,B,q) is the estimate of A, for the j-th realization and given o.,f3,q.
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The MSE minimum points to the best values &,B, q,i.e.,
(a.p.q) =argmine(c.,B.q), 21)

For tuning, it needs to choose the sequences of free parameters values. Assum-
ing that the scale of inlier distortions is less than 1, we propose the following ones.
For o, the sequence is (107*,107,107,107,1,10). For B, the sequence is
(-0,-16,-4,-2,-1,-1/2,-1/4,-1/8,0,1/8,1/4,1/2,1). For g, the sequence is
(1/2,1,3/2,2,5/2,3,4,5,10).

Let us consider the estimating stage. Substituting (5) into (15) yields:

(Am,5,) =arg min k3 ({1+]8, ~ A, = Aexpl=(x, ~m)* [Qo)] /') =),

(22)
where o,f3,q are already tuned parameters and A, is known. To solve (22), we pro-
pose to use a zero-order minimization method that consists in generating the initial
estimates and their refining.

Generating the initial estimates is to obtain the approximate values of A,m,c,.
To generate the initial estimates, we assume that each of the data samples
g.;n=1,..,N can specify the location and the amplitude of the Gaussian pulse. In

that case, the problem reduces to estimate the half-width o, . To solve this problem,
we construct a set of trial values for ¢, and select such a trial value that minimizes
the objective function presented in (22). We include in this set the following values.
The first value is ¢, = 0, indicating the transformation of the Gaussian pulse into a

constant background. Although it contradicts the assumption about the presence of

the Gaussian pulse, it can be used to calculate a maximum value of the objective
function for the given data sample. Other trial values are generated by the formula:
v 2In[(g, - A) (g, - A

J2In[(8, - A) /(g - A)]

under the condition that (g, —A,)/(g; —A,) >1, where i is the index of the data

(23)

sample g, considered as a center of the Gaussian pulse, and j is the index of some
other data sample g;, for which the inequality mentioned above holds. If, for the
given g, it is impossible to find g;;j =i such that (g, - A))/(g, - A,) >1, then g, is
excluded from contenders to be a center of the Gaussian pulse, and the trial value is

not generated for c,. However, if for the given data sample g; thereis g;;j #1i such
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that the inequality: (g, - A,)/(g;,—A,)>1 holds, the corresponding trial value is
generated for o, . After obtaining the set of trial values, we select among them such

a value that minimizes the objective function in (22). Thus, for each data sample, we
obtain the initial estimates of A,m,c, and the corresponding value of the objective

function. Then, passing through all the data samples, we select the best initial esti-
mates that give a minimum value of the objective function.

Refining of the estimates consists in iteratively refining the estimates of
A,m,c,. To implement refining, we use the trial values calculated as:

m=i-Ax-5,\2In[ANg, - A)]; if A/Ng —A)>1, (24)
A=(g - A,) expl(i-Ax—m)*/(262)], (25)
_ li-Ax—m)|

; it Alg - A)>1, (26)

G, = —
J2In[A/(g,— A))]
where the current estimate is at the left side of the equal sign, and the previous es-
timates are at the right side of the equal sign. We refine the Gaussian pulse parame-
ters estimates by the following algorithm. (1) Store the parameter estimate and the
objective function value. (2) Create an array of trial values of the estimated parame-
ter. (3) Check the performance of each trial value by calculating the objective func-
tion value and comparing it with the stored value of the objective function. If some
trial value of the parameter minimizes the objective function, it is the estimate of
this parameter at the current iteration. We use this algorithm iteratively through the
following sequence of Gaussian pulse parameters: the location, the amplitude, and
the half-width, and finish it when the estimates achieve the given accuracy.
Simulations. For simulations, we used (16) - (26), as well as the models of
positive outliers and Cauchy noise. We set N=256, A =1, A=1, m=1-Ax,
c, =8:-Ax, Ax=1, where [ has an integer value from 60 to 160. We used the Cauchy

noise distribution p(&)=(v/m){1/[(E-9)* +Vv’]} with 3=0 and v=0.1. For posi-
tive outliers, we set the probability of their occurrence to 0.1, and the uniform distri-
bution of their amplitudes in the range from 0 to 5. For each new data realization
containing a Gaussian pulse, changing | created the effect of Gaussian pulse mov-
ing. Therefore, averaging the data realizations will not be effective for estimating.
Moreover, averaging the Cauchy noise is ineffective.

At the tuning stage, we simulated 1000 random realizations of the noise envi-
ronment, formed by the Cauchy noise and positive outliers in both cases of the ab-

sence and the presence of the Gaussian pulse. For the latter case, we used different
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values of | obtained first by its decrementing by 1 from 160 to 60, and then by its in-
crementing by 1 from 60 to 160, etc. By estimating the constant background for vari-
ous values of o, B, and q, we calculated the three-dimensional function (20) for
each of the indicated cases. Fig. 1 presents these simulations, where Fig. 1a, Fig. 1b,
and Fig. 1c show cross-sections of the decimal logarithm of the three-dimensional

function (20) by the planes p=p and q=q, by the planes o =a and q=q, as well
as by the planes o =a and B= B, respectively. In these figures, the symbol @ de-
notes the ordinal number of the element in the given sequences for a, 3, g, which
starts from one and changes by one. Thus, if @o =1, then o =10"; if @a. =2, then
a =107, etc. In a like manner, if @B =1, then B =-x, etc., as well as if @q=1,
then q=0.5, etc. Fig. 1d shows the cost functions for values a =0.1, Bz —4,q=2
and a=0.1, B:—OO, q =1.5, which minimized the MSE for the indicated cases,
when J =1000. Here, we see that these cost functions visually almost coincide. The

obtained dependences of &,B,Q and MSE minimum on the number / of random re-

alizations show that tuning of o was the fastest, while tunings of 3 and ¢ were

log(e) p(x)
i ) gL u !
\.\ “| o5 \/

slower in both cases.

......
.....
e
.......

oot
......................................

(b) (©) (d)

Figure 1 — Tuning to the noise environment formed by the Cauchy noise and positive
outliers: the log of MSE along a-axis (a), p-axis (b), g-axis (c), and the best cost func-
tions (d); dotted and solid lines correspond to the absence and the presence of Gaus-
sian pulse, respectively

The second stage of the proposed method is the estimating stage. Fig. 2 shows
two examples of this stage for estimating the Gaussian pulse. Here, Fig. 2a and
Fig. 2e show two different data realizations. Fig. 2b and Fig. 2f show the estimates
obtained for "best" tuning (when ao.=v=0.1, f=-4, q=2), where plots of the true
Gaussian pulse and its estimates visually coincide. Fig. 2c and Fig. 2g present the es-
timates obtained for "good" tuning (when oo =v=0.1, B=—00, q=1.5). Fig. 2d and
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Fig. 2h show the estimates obtained for "bad" tuning (when o =v/100=0.001,
B=-0, g=1.5). A full demonstration of this stage is available by the reference
https://drive.google.com/file/d/1RVZIAKShghWAUDpzGPffI[C5INeCMtiY1.
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Figure 2 — Gaussian pulse estimation with known constant background: input data
(a,e); the estimate (solid line) for “best” tuning (b, ), "good" tuning (c, g), and "bad”
tuning (d, h); dotted line shows the true Gaussian pulse

Table 1 presents the average and maximal MSE values of the Gaussian pulse es-
timation obtained over 1000 realizations by using the mean, median, myriad, and
meridian estimators, as well as by using the proposed estimator with the best, good,
and two bad tunings, respectively. The plots in the table cells show the cost func-
tions used for estimation. A feature of these cost functions is their normalization at

x, =1, i.e. py(x,)=1. Here, we see that the shape of the cost function and the scale

of its argument are important at once.

Discussion. For considered example, the Gaussian pulse estimation should be
performed for each data realization obtained after measuring. Unfortunately, the
presence of the Gaussian pulse complicates tuning to the noise environment since
the Gaussian pulse also contaminates it. However, Fig. 1 shows if the ratio of the ob-
servation interval length to the half-width of the Gaussian pulse is large enough,
then the tuning gives the same results both in the absence and in the presence of the
Gaussian pulse. Simulations also show that the tuning time can be reduced essen-
tially by using the following algorithm. (1) Solve the three-dimensional tuning prob-
lem for a, B, q with a small number (e.g., 100) of realizations and take the best
value of a . (2) Fixing this value of o, solve the two-dimensional tuning problem for
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q and B with a moderate number (e.g., 200-500) of realizations and take the best
value of q. (3) Fixing this value of @, solve the one-dimensional tuning problem for
B with a large number (e.g., 500-1000) of realizations and take the best value of 3.

Fig. 2 shows that the quality of estimation depends on the tuning quality. In
this context, Table 1 shows that the best estimate corresponds to the "best" tuning
(both in terms of the average value and maximal value of MSE). But for the "good"
tuning, the estimate is slightly worse. Table 1 also shows that a small average value
does not guarantee a small maximal value. In total, Fig. 2 and Table 1 confirm the
effectiveness of the proposed approach for Gaussian pulse estimation for the case
when the free parameters are properly tuned to the noise environment.

Problem (2) was formulated for a parametric data model without using the con-
straints on the values of data model parameters. Using such information and includ-
ing it in the formulation of the estimation problem, we can improve the estimation
quality. Besides this, if the unknown parameter takes several values, it is advisable to
look for several local minima of the objective function.

Conclusion. The proposed two-stage method is an efficient method for pa-
rameter estimating of a given data model in an unknown noise environment. It can
be used under the condition that it is possible to tune the parameter estimation pro-
cedure to the noise environment. It is shown that tuning can be performed on a
fragment of known data. Further, subtracting the estimated data from the obtained
data after the estimating stage allows refining tuning. The proposed method can be
used to develop an intelligent system that can tune itself to the unknown noise envi-
ronment and perform the best estimation of the parameters of a given data model.
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Table 1
MSE of Gaussian pulse estimation
Estimator Cost function Average value of Maximal value of
MSE MSE
Mean " v 59.76 1502.44
Medlan px) \/ 0.36 2.24
Myriad " 0.50 3.00
(a=v, B=0, q=2) 05\/
Meridian N B 0.40 1.52
(uq/’ BZO, q:1) 05
proposed: “best” tuning " 0.34 1.47
(o=v, p=-4, q=2) 05 \ [
proposed: “good” tun- " 0.37 2.39
ing 05 \/
((X:V’ B=-OO, q=15) ERERERERE
proposed: “bad 1” tun- % 1.19 22.08
ing (a=v*100, P=-oo, = \/
q:1 '5) ?1 00 -50 0 50 «x
proposed: “bad 2” tun- ¥ 3.39 20.17
ing (a=v/100,  B=-o0, . V
q:15) 0050025 0 0025
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Jleoemantuti memoo ouiHw6aHHs napamempis
y He8i0oMOMYy ULYyMOBOMY cepedosuuli

3anponoHosaHo deoemanHuii memod supiuleHHs1 3adayi OYiHI08AHHS napamempis
3adaHoi modeni daHux 0ns 8unadky He8idomoz20 Wymo8020 cepedosulyd, KUl ckaaoa-
EMbCSL 3 emanié HaNaAuwmye8aHHs ma OyiHWEaHHs. Ha emani Haniawmy8aHHs OYiHH08au
HAIawmosy€emucsl Ha ulymose cepedosuuie WiasXxom MiHimizauii cepedHbo0K8adpamuuHoi
NOMUJIKU OUIHIOBAHHS O/l 8i00M020 (hpazmeHma OaHux y npocmopi mpvox 8ibHUX Na-
pamempis. Ha emani oyiH08aHHA OUiHI08aU p038°A3y€ 8i0N08iOHY 3adauy MiHimizayii,
BUKOPUCMOBYIOUU 8X(e HANAWIMO8aHi 8i/ibHi napamempu. HagedeHo npuxaad oyiH08aH-
HSl 2aYCCIBCbK020 IMNYNbCY, AKUL NOBLNBHO PYXAEMBCS Y HEGIOOMOMY WYMOBOMY cepedo-
suuil.
BoBk Cepriit MuxaiioBuy - K.(.-M.H., O1IeHT, [IHITpOBCbKMIT HAL[iOHATbHMIA YHi-

BEPCUTET, IOLIEHT Kadeapy KOMII'IOTePHUX HAYK Ta iHGOpMaLiiiHNX TeXHOJIOTIIA.

Vovk Serhii Mikhailovich - Ph.D, Associate Professor, Oles Honchar Dnipro Na-
tional University, Associate Professor of Department of Computer Science and In-
formation Technology.
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B.V. Irnatkin, 10.C. Xomou, B.C. [IyaHikos, O.I1. FOmkeBuy , B.A. TixoHOB

OLIHKA E®EKTUBHOCTI CUCTEMU ABTOMATHW30BAHOI'O
VIIPABJIIHHA METPOJIOTTYHVM OBC/JIYTOBYBAHHSM 3ACOFBIB
BUMIPIOBAJIBHOI TEXHIKU - SIK IHOOPMAIIITHO-TOBIZIKOBOI CUCTEMU
KOJIEKTUBHOI'O KOPCTYBAHHS

AHomayis. B akocmi oyiHku ecpekmusHocmi 01an02080i cucmemu KOEKMUBHO20 KOPUCMYBAH-
HA, HA NpuKAadi cucmemu asmMoMamu30B8aHO20 YNPABIIHHA Mempoa02iYyHUM 00CY208YBAHHAM
3acobis sumiptosanbHoi mexHiku (CAYMO3BT), sukopucmosyembcs 8IOHOWEHHA cepedHboi pea-
KmugHoCcmi cucmemu 00 cepedHix Bumpam Ha 00uH 3anum. [JocnioxeHo BIOHOWeHH:A cepedHbOoi
peakmusHocmi yinbosoi cucmemu 0o cepedHix sumpam Ha o0uH 3anum (C) . [1i0 peakmusHic-
mio NpuliHAMAa BesUYUHA, 380POMHA YACy NPOX0OxeHHA 3anumy y cucmemi. [lomik 3anumis y
cucmemi nionopsaOKOBYEMbCA 3GKOHY po3nodineHHs [lyaccoHa. [ns 0ocnioxeHHs BubpaHull me-
mod imimayitiHo2o modenosaHHsA. 00epxani: 3anexHocmi (C) 810 yacy nomix 08oma CyciOHIMU
3anumamu; 3a1eXHICmb BUMPAmM Ha o0uH 3anum B8i0 THMEHCUBHOCMI HAOXO00XKeHHA 3anumis;
3a71eXHICMb BUMPAM HA 00UH 3anum B8i0 NPONYCKHOI CNPOMOXHOCMI cucmemu ma iH. 36i/1b-
WeHHA epekmusHocmi 0ian0208uUX CUCMEM KOJNEKMUBHO20 KOPUCMYBAHHA MOXJ/IUBUM WJIAXOM
6iNblW NOBHO20 HABAHMAXeEHHS O6INbWOi nomyxHocmi iHgopmayiliHoi cucmemu. Bubparuli
Kpumepili OUTHKU NOKA3YeE, AKUL 3anac 8 nponyckHit 30amHocmi cucmemu € HaomipHum. Hage-
0eHo pe3y/ibmamu po3paxyHKi8 eKOHOMIYHOi eghekmusHocmi 8i0 3anposadxeHHs CAYMO3BT Ha
KinbKox nionpuemcmsax ma HAL Y 3aeansHomy sunadky memoou BU3HAYEHHA eKOHOMIYHOT ege-
kmusHocmi CAY pi3Hux npu3Ha4eHb po3pi3HAMbLCS MiX COOOK CKAAOOM esleMeHmiB HeBnopso-
KosaHocmi (8mpam) i cmyneHem 8nauBy BUKOPUCMAHOT IHOpMAyii Ha CMaH KeposaHoi cucme-
mu. OCHOBHUM Kpumepiem OUYiHKU eKOHOMIYHOT epekmusHocmi po3pobku CAY € 3pocmaHHA npu-
6ymKy npomucsio8020 nidnpueMcmsa 3 ypaxyBaHHAM 3pOCMAHHA NPOOYKMUBHOCMI CycnifbHOT
npayi, mobmo. nepesaxHo 3 0ONOMO20I0 3HUXEHHA 8UMpam 3a BUPOBHUYUMBO NPOOYKUii. AK
KIIbKICHO20 BUPAXEHHS eKOHOMIYHOi eghekmusHocmi cmsopeHHs CAY 3acmocosyemsca piyHa
eKoHomiA 810 3anposadxeHHs CAY 1 mepmiH oKynHOCmi 000aMKOBUX KANTMA/IbHUX BKAAOEHb.
Knwo4osi cnosa: peakmusHicms cucmemu,; imimayiltiHe MoOento8aHHA; 3akoH [TyaccoHa; nponyc-
KHA CNPOMOXHICMb CUCMeMU; eKOHOMIYHA eheKmUBHICMb, NPUBYMOK; MepMiH OKynHocmi

ITocranoBka 3amaui. [Ipu moOymoBi aBTOMaTM30BaHUX iH(POpMAIiiHUX CHC-
TeM OJIHI€I0 3 BaKIMBUX € OIliHKA eeKTUBHOCTI iX QyHKIIiIOHYBaHHS. 1le BaskiIMBO
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IIJIS BU3HAUEHHS pallioHaJIbHOI IMTPOAYKTUBHOCTI CUCTEMM, KO TOPSA, 3 BUMOTaMM
0 QyHKITIOHAJIbHUX MOSKIMBOCTEN CTaBUTHCS 3aBIAHHS BMCOKOe(eKTUBHOTO ii dy-
HKIIIOHyBaHHS [1-4 ].

VY miasoroBux CUCTeMax OAVMHUIECI0 POOOUOro HaBaHTaKeHHS € 3anuT. I1im pea-
KTUBHICTIO CUCTeMM Oy/IEMO PO3YMiTH BeIMUMHY, 3BOPOTHY Yacy ITPOXOJIKEHHS 3a-
uty Ty, TO0TO p=1/ Tk

B skocTi oniHku edektuBHOCTI (C) AiaJioroBoi cucTeMy KOJEKTMBHOTO KOPUC-
TyBaHHS OyleMO pO3IJIsiIaTy BiJHOLIEHHSI cepefHbOl peaKTUBHOCTI CUCTEMU O [0
cepenHix BUTpAT Z Ha OOMH 3aIlNUT:

C=L=(Ty*Z)
4 (1

BuknageHHsI OCHOBHOrO mMarepianxy. Y OiaJloTOBMUX CUCTEeMaxX KOJeKTUBHOTO
KOPUCTYBAHHSI, B SIKMX KOJIEKTMBHMUM PeCypCcOM € He TiJIbKM 00UMC/TI0Ba/IbHI 3ac00u,
a ¥ maHi, BUTpATyU PO3MOMIISIOTHCS MiK KOPMCTyBauaMy MPOIIOPIIiifHO yacy, HeoO-
XigHOrO IJ1s1 peasisailiii 3aruTiB KOPUCTYyBauiB, TOOTO

z=k T, ’ @

ne T, — cepenHiit yac peasisaliii ogHiei 3assBKM, kK — KoedillieHT MIpOnopIifiHOCTI.
Takum 4YMHOM, 3 TOUHICTIO 10 KoedillieHTa IMPONOpPLIifHOCTI MAaEMO:
szrx' Tz)-l
3)

Hocnimkeno BeanunHa (C) IK KpUTepiin eeKTUBHOCTI AiaJIoroBoOi CUCTeMMU KO-
JIEKTUBHOT'O KOPUCTYBaHHS. Y SIKOCTi MeTOY OOCTiIXKeHHsSI 00paHO MeTOJ, iMiTalliii-
HOTO MOJeNI0BaHHA [5 ].

[TpuiimeMo B SIKOCTi poOOYOro HaBaHTa)KeHHS IOTiK 3asIBOK 3 po3mnomisiom ITy-
accoHa, TOOTO IMOBIpHICTh HAAXOIKEHHST HACTYITHOI 3asIBKM CKIajae P = 1-e™ me A
— IHTEeHCUBHICTb HAAXOIKeHHS 3asIBOK.

[TpurrycTrmo, 1110 yac 06C/IyrOByBaHHS 3asIBKM Ma€ TaKuii ke 3aKOH PO3TOIiTy
P = 1-e*, e u — cepeaHs KiJIbKiCTh BUMOT, SIKi MOXKe OYTM 0OCTYKEHO 38 OIVHUIIIO
yacy. bygemo posriasmaTtii BUagoK CUCTEMM 3 OAHUM KaHaJIOM 00CTyTOBYBaHHSI.

3BiCcHO, 110 B pa3si, Koy [ << A cucTema HabyBa€ HECTiiKuii XxapakTep, 4yac odi-
KyBaHHSI 3aIBOK Ha OOCTYrOBYBaHHS iCTOTHO 36iJbLTYETHCS, IO BeJe OO0 3HMKeHHS
eekTUBHOCTI (QYHKIIIOHYBaHHS cucTeMu 3a Kputepiem (C). Bumagox, Koau p >> A
TIPU3BOAUTH IO CTAHY CUCTEMU, TIPU SIKOMY 3HMKYETHCS KOoedillieHT 3aBaHTasKeHHS
06J1afHAHHS, 30ibITYETHCS Yac IIPOCTOIO, IO TAKOX BeJle 0 3HMKEHHS KPUTEepPilo
(C), ToMy IO MPOCTOI CMCTEMM BilHECEHi 32 paXyHOK KOpuUCTyBauiB. Haioinbr 1i-
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KaBOIO BUJIA€ThCSI 06/IaCTh TAPAMEeTPiB CUCTeMMU, TIPU IKUX U == A .V 1iit o6nacTi i
6yme BMpOOIEHO MOJIe/TIIOBaHHS poO0TH iHGOpMaIliifHOi CHUCTEMM.

3pobMMo 3ayBaskeHHSI 3 MPUBOIY (Pi3MUHOrO ceHCy 06paHOT0 HaMyM KpUTepiio.
Bennuuna (C) npefcraBiisie UncI0Be 3HaUeHHS PeaKTUBHOCTI O, TIOAi/IeHe Ha Bejy-
YMHY BUTPAT, TOOTO ONTMMIi3allisg AiaJloroBoi cuctemu B ceHci Kputepiio (C), 3Bo-
IUTHCS A0 TOIIYKY MaKCMMaabHOI PeaKTUBHOCTI, 110 BiIIA€ThCS CUCTEMOIO 32 OJU-
HUIIIO BUTpPAT.

B mpoiieci momenoBaHHSI HeOOXimHO 3'siCyBaTM UM € oOpaHa HaMM BeJIMYMHA
(C) 06'eKTUBHUM KpUTEPi€M OLIiHKM e(PeKTUBHOCTI QYHKIiIOHYBaHHS cucTemu. Kpim
TOT0, HEOOXiTHO BU3HAUMTHU TTOBEAiHKY CMCTEMM 3a Pi3HMMMU ITapaMeTpamMiu B mepe-
XifiHOMY TIpotieci, Ko A ~= u.

Po6oTa MOMIeTI0I0u0ro aJirOPUTMY SIBJISE iMiTallilo MpoIecy Haax0IKeHHs 3asi-
BOK B JlesIKi MOMEHTM yYacy t;, po3aisieHi iHTepBajlaMy BUIIaAKOBO1 TPUBAJIOCTI T , 1
rpoliiecy 06C/JIyTOByBaHHS 3asiBOK B MOMEHTM 4acy tj, po3aiieHi iHTepBajaMy BUIa-
IKOBOi TpMUBAJIOCTi ®;. B mpotieci momemoBaHHs Oy/M BUSIBIEHI HACTYITHI 3aKOHOMi-
pHOCTi. 3anexHicTh BeuunHu (C) Big BeIMUMHM iHTepBay MiX OBOMa CyCimHIMM
3aluUTaMu T OJis pi3HUX 3HAUeHb BeJIMUMHM @, sKa MOKa3zaHa Ha PUCYHKYl A3BOHO-
MomiOHMMY KpuBMMM. MakcuMyM 3HadyeHb BeamumHyu (C) a1 pisHMX O SIK BUAHO 3
PUCYHKA JOCATAEThCS TIpU A &= (L, IO Aa€ MiacTaBy BBaxkaTu BeanunHy (C) 06'ek-
TUBHUM KpUTepieM epeKTUBHOCTI. 3ayBaskMMO, IO MPU 3MEeHIIeHHi MPOITyCKHOI

3IIaTHOCTI cucTemMu (36i/IbllIeHHST @) ONTUMAaIbHe 3HAaUeHHS BeanunuHu (C) 3MeHITy-

€TbC4.
Cu ro” 1
|
) - T /L;I\\‘ o
| / ] - —— . a_;.‘-'lg.m 2] r.rl"l":f-‘.:'.lllli.-l'ﬂ
; .. ‘] / ;
1 ] |
/1 LN |
o] IS 1_ [ ALl
/ bk
i
£ / = r "'_ Loy \.
..u:,:.g-" e
et | R % 8
- J_,.f""f : 1 - o
@epop —| S804 : D i
& + ol : 2T 2¥%)
] r r = TE v FIr o ’

Pucynok 1 — 3anexxHictb Beanuuuu (C) Bi BeIMUMHY iHTepBaJIy MK  IBOMA CYyCif-
HiMM 3alIMTaMMU T; IJIS Pi3HUX 3HAUeHb BeJIMUMHU @
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Ha pucyHKky 2 roka3zaHa 3ajekHiCTb BeuduHU T, Bifl BeIUMUMHU T TIPU Pi3HUX
0. Ak BupHO, 014 t € [1; 16] BenimumHa T, NPaKTUUYHO He 3MIHIOETHCS, i TIIBKU IIPU
T = 32 i Bulle BinOyBaeTbcs icTOTHe 36inbuieHHsT T, , TakMM UMHOM BUTpPATH HA iH-
dbopmaliiiiHe 06C/IyTOBYBaHHSI OJIHi€i 3asIBKM 3MEHITYIOThCSI ITPU 30i/TbIIIeHH] iHTeH-
CMBHOCTI HaJXOMKeHHSI 3asBOK (III0 MOXKe OYTM MOCATHYTO MigK/II0YEeHHSIM HOBUX
KOPUCTYBAauiB).

PucyHOK 3 1moka3sye 3ajJesKHiCTb BUTpPAT Ha OJHY 3asBKY BiJ MPOMYCKHOI 34aT-
HOCTi (a60 yacy 06C/IyTOBYBaHHS OfHi€l 3asiBKU O). SIK BUIHO 3 pUCYHKA MPU 36i/1b-
IIIeHHi MPOIMYyCKHOI 3aTHOCTI (3MeHIlIeHHS BeJIMuMHM ©) BUTpPATU BiJlHECEHi Ha OfI-

HY 3a$1BKy 3MEHIIYIOThCS.

I'F i Ta
g =
| | 1 | | .f’:l‘

ol

|
| =
| g ] — | L~

-

RN ‘___,_,..-v""' 1 =
iﬂ———'—'ﬂ_ | e :E'I,‘: I"I-‘_:I | -
| ¥ F] T 3z £ nr oL — = r T —
PyicyHOK 2 -3aiekHiCTh BeIMUMHU PucyHoK 3—-3anexHicTb BuTpart T, Ha
BUTpaT T, BiJI BEIUIMHM T OJHY 3asIBKY BiJl TPOITYCKHOI 34aTHOCTI

AHani3yioun oTpuMMaHi pe3yabTaTy MOMETIOBAHHSI MOKHA 3pPOOMUTU HACTYIIHI
BUCHOBKMU:

1. Bemnumua (C) mpyu BMOOpi BiAMOBIZHOI OAMHUIII BUMIPY IJISIXOM ITiZIO0PY
KoedimieHTa mponopiiitHocTi kK Moyke 6YyTH MpUITHSITA B SKOCTi OJHOTO 3 KPpUTEPiiB
OLIiHKM eeKTUBHOCTi MyHKIIIOHYBaHHS AianoroBoi iHdopmartiitHoi cuctemu. dizu-
YHMI CEHC KPUTEPil0 BU3HAYAETHCS 36ibIIIEHHSIM PeakKTUBHOCTI CUCTeMU TIpu 36i-
JIbIIIeHHI BUTpAT Ha 0OCTYTrOBYBaHHS OfHiel 3asaBKuM. BenuunHa, 38opoTHa (C) Moxke
OyTH PO3IJITHYTA SIK I[iHa OAVHUIIi PeaKTUBHOCTI CUCTEMM.

2. Tlpu 36inbIeHHI iHTEHCMBHOCTI HAAXOMKeHHS 3aBOK, Cyax 301TBITYETHCS.
TakuM 4MHOM, 30i1bIIeHHST e(PeKTUBHOCTI Iia/IOrOBOi CUCTEMM B CEHCi BEJIMYMHU
(C) MOXIMBO IIJISIXOM Oi/bIN TTOBHOTO 3aBaHTa>keHHSI Oi/IbIN MOTY)XHOI iHpopMa-
uirtHo1 cuctemu. Tak cuctema 3 © = 10 HaBiTh HAIMIOJIOBMHY 3aBaHTa’KeHA BBAXKa€Th-
cs1 6isb11 epekTBHOMO B ceHci (C), HixK TTIOBHICTIO 3aBaHTaskeHa cucTema 3 © = 20.

3. Ilpu 36inbIneHHI iHTEHCMBHOCTI HaJAXOMKEHHS 3asIBOK BUTpPATU Ha 00OCy-
TOBYBaHHS OJHi€l 3asiBKM 3MeHIIYIOTbC. OgHAaK NMpU 3MeHUIeHHi iHTEHCUBHOCTI €

Iesika HYDKHS TTIO3UTHUBHA MeXKa, HDKUe sKili BUTpaTy He MOXKYTb 6yTu. Tak, B Hallii
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MogeJIi TIpY OfHAKOBil iHTEHCUMBHOCTI HaJIXO>)KeHHSI 3asiIBOK IJIsl BCiX T <16 BUTpaTu
MPaKTUYHO OTHAKOBI.

4. Tlpwu 36inblIeHH] MIPOMYCKHOI CIIPOMOXXHOCTI CMCTEMM BUTpaTU Ha 00CTy-
TOBYBaHHS OJlHi€1 3asiBKM 3MEHIIYIOThCS. 3a/IeKHICTh MK BeuumMHamu O i T, niHii-
Ha. JIiHig perpecii TMM KpyTillle, UMM MeHIlle BeJuunuHa T. Lle 1e pa3 migTBepKye
Te3y Ipo Te, 10 Oibi eeKTUBHOI 1iaI0TOBOI CMCTEMOIO € Ta, sIKa Ma€ OibII BUCO-
KY IIPOMYCKHY 3JaTHICTb i € MOBHICTIO 3aBaHTa)KeHa. SIKIo B iHGopMalliiiHy cucteMy
BBECTU IOKYMEHTaAbHMI i hakTorpadiuyHmit KOHTYpH, TO pe3yabTaTU HOC/iIKeHHS
3aJIeXKHOCTEl HaBedeHi Ha puc. 4 i puc. 5, ge 3amTpuxoBaHi 00/1aCTi CTAHOBJIATH
rpegMeT OKpemMoro BUKIany [2].

Ha puc.5 o6paHni 3anexxsocti (C) Bif t 111 ©® MarOTh OJHAKOBE BiTHOIIIEHHS 3a-
TpaT MiX 3aTpaTaMM Ha IIOIIYK i 3aTpaTaMu Ha IMiATOTOBKY JOBIIKM, SIKY T'OTY€E IOBI-
IKOBa cuctema (Hanpukiaaz 1:4), BignoBigHo: 2+8; 4+16; 8+32; 16+64.

Ha pucyHky 5 cTpinkamu BkasaHi T, pyu onTuManibHOMY (B ceHCi C) Topt. 3 Tpa-
GdikiB BUIHO, 11O, MOYMHAIOUU 3 Topt 1, MOUMHAE 30iBITYBATHUCS iCTOTHO i CTiliKo.

Tob6To kpuTepiit (C) 1okasye, sKuit 3arac B MpoOITyCKHOI 3IaTHOCTi € HaIMipHOIO.

2y
y /)| 7
g Feiz
Kﬁ,fﬁ:’f Hf _./
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Fa

J&FM s /

I T—R=_ %

-.od‘:iﬂ-m Pl

7 2 M T ¥ 2 30 ¢ ez A7 dF m

PucyHOK 4 — Pe3ysibTaTyt AOCTII>)KEHHS BeIMUMHU T, Bi, BEIUUUHNA T

o
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OniHka edexkTy Bij, BIPOBaJKeHHSI CMCTeMM aBTOMaTH30BaHOIO YIIpaB-
JIIHHSI METPOJIOTIYHMM OOC/TYTOBYBAaHHSIM 3aC00iB BMMipIOBaHHSI Ha Mignpwu-
eMcTBi. Pe3ynbTaTyt PyHKIIIOHYBAaHHS JAHOI CUCTEMM SIK i Oyab-saKoi iHmoi CAY Bu-
SIBJISIIOTBCS B JikKepesiax ii eeKTUBHOCTI Py BIIPOBAIKeHHi. Y 3aralbHOMY BUITaAKy
MeTOIM BMU3HAUYEHHSI eKOoHoMi€io edekTuBHOCTI CAY pi3HMX NpU3HAUEHHSI 3HAUHO
BiJIpi3HSIOTHCSI MiXXK COO0I0 TOJIOBHMM UMHOM CKJIaJIOM €JIEMEHTIB HEBITOPSIIKOBAHO-
CTi (BTparT) i CTyleHeM BIUIMBY BMKOPMCTaHOiI Ha (popMallii cTaH KepoBaHOi cucTe-
MMU.

OCHOBHMM KpUTepieM eKOHOMiUHOi e(eKTMBHOCTI pO3pOOKM Ta BIPOBAIKEH-
Hs1 CAY € 3pocTaHHS ITPpUOYTKY TPOMMCIOBOTO ITiATIPUMEMCTBA Ha OCHOBi 3pOCTaHHS
MIPOAYKTUBHOCTI TPOMAJIChKOTO Mpalli, TOGTO B OCHOBHOMY 3a PaXyHOK 3HVDKEHHS
BUTpPAT Ha BUPOOHMUIITBO MPOAYKILii. SIK KibKiCHOTO BMpaskeHHSI EKOHOMiUHOi edek-
TUBHOCTI cTBOpeHHsI CAY mpuiiMa€eTbCsl piuHa eKOHOMIS Bif 3ampoBamkeHHsT CAYV i
TEepMiH OKYITHOCTI JOJATKOBUX KalliTaJbHUX BKIaJeHb. [I)keperaMyu eKOHOMIYHOI1
edekTUBHOCTI y cdepi BUpOOHMIITBA ITPY BIIpoBaskeHHi CAY €: 30i/IbIIIeHHS BUITYC-
Ky NPOAYKIIii; 3pOCTaHHS MPOAYKTUBHOCTI Mpalli 3aBAsSKM Kpalliiii opraHisalii Bu-
POOHMIITBA; CKOPOUEHHS ITPOCTOIB Ta MOHA, YPOUHMX pOOIT, migBuIneHHsT Koedilie-
HTa 3aBaHTa>keHHS 00JIaJiHAHHS; 3HVMKEeHHS OpaKy 3aBIASIKM MiABUIIEHHIO PUTMiU-
HOCTi BMPOOHMIITBA; 3MEHIIEHHS HOPMOBAHMX OOOPOTHMX 3aC00iB; CKOPOUEHHS
BTPaT TOBAapHO-MaTepiaJbHUX 1IiIHHOCTEe; 3HMKeHHSI HeMPOAYKTUBHUX BUTPAT, I10-
B'SI3aHMX i3 3MeHIIeHHIM IITpadiB, MeHi, HeyCTOOK; CKOPOUEeHHSI YMOBHO He3MiH-
HUX BUTPAT.

UMHHMKM €KOHOMII i BJIacHe eKOHOMIisl 32 KOKHMM UYMHHUKOM 4aCOM MOXYTb
OyTu BM3HAUYEHi MPSIMMUM paxyHKoM. Lle, 3a3Buyaii, MmoskHa 3poouTu st CAY, naioTh
BeJIMKY €KOHOMIIO, Jie 3MiliCHIOIOThCS PO3PaXyHKM 3 ONTHUMIi3allii IJIaHy BUPOOHUIIT-
Ba uM BUKopucTaHHsI CAY CynmpOBOMIKYETHCS 3HAYHUM CKOPOUYEHHSIM BTpaT y BUPO-
oHMnTBi. EKOHOMIS, ofepsKyBaHa B pe3y/ibTaTi ONTMMi3allii riaHy BUMPOOHMIITBA,
MPSIMO TIPOTIOPIIifiHA BUTPATaM i YMOBHO IMOCTiIMHMM BUTpPATaM i [IJIKOM BXOIUTb Y
3arajibHy eKoHoMiro Bim CAY. IIpuOYTOK, omep>KyBaHMiI1 Bim 30iJbIIEHHS BUITYCKY
MPOAYKIIii B pe3y/abTaTi ONTUMi3allii TJIaHy BUPOOHMIITBA, TAKOX JOMAETHCS IO 3a-
raJIbHOi EKOHOMii y ITIOBHOMY 00CsI3i.

HaijiuacTimie Ha eTtari 3actocyBaHHsS CAY iX edeKTUBHICTb JOBOAUTHCS BU3HA-
YaTy 3 JOTIOMOTOI0 HU3KY IMPUIOMIB, SIKi Y CyMi i CTAHOBJISITb METOIMKY.

ExoHoMiuHa epekTuBHicTb CAY BM3HAYAETHCSI PiUHMM IIPUPOCTOM IIPUOYTKY Y
3B'513KY 3 QyHKI[ioHyBaHHSIM CAY, piyHUM eKOHOMiYHUM epeKkToM Ta e(heKTUBHICTIO

BUTPAT HA 11 CTBOPEHHSI.
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PiuHmit mpupict npubyTKy (260 €KOHOMiI) PO3paxoBYyIOTh 3a GopMYyJIok0 [6,7]

Aq-A Cy-C
_(Ard €-C) ,

o+ |
mIp Al)l 100 2

) (4)
ne A;, Ay —piuHi 06cSITM MIPOAYKILii 0 i Mmicist BrpoBamskeHHS CAY, TpoIMBUX OOM-
Huilb; Ci, C; - BUTpATH HA BUPOOHUIITBO peai3oBaHOi MPOIYKILii /10 i Mmic/ist BIpoBa-
mkeHHs1 CAY; IT; - mpubyTOK Bin mpoaykiii 7o 3actocyBaHHs CAY, IpOLIMBUX OOMU-
HUIIb.

PiuHa ekoHoMis Big dyHKIioHyBaHHS CAY BUKOPUCTOBYETHCS AJISI PO3PAXYHKY
piyHOrOo eKOHOMIUHOTO e(deKTy i BimoOpaskaeThCs y IIaHaX 3a COOiBapTiCTIO MPOAY-
KIIii Ta (piHaHCOBMX IJIaHAaX ITiATIPUEMCTB Ta rajay3eit HapogHOTrO roCIoIapCTRa.

PiuHKit eKOHOMiuHMI1 edeKT MOKa3ye CTyIMiHb eKOHOMiUuHOI edekTuBHOCTI CAY
3 ypaxyBaHHSM BUTpAT Ha il CTBOpeHHS Ta BM3HAUYA€E€THCS 3a GOpMyJIoio:

D= (ﬂ}nﬁ_%. A, |-E.K®
A 100
, ©)
ne E, - HOpMaTuBHMII KoedillieHT eKOHOMiUHOi1 eeKTUBHOCTI KaITiTaJIbHMX BKJIa-
IleHb y AaHil ranysi; K¢ - kamiTaabHi BKJIaJeHHs, MTOB'13aHi 31 CTBOPEHHSIM Ta BUKO-
puctaHHsMm CAY, rpolinBuUX OOAUHNLLb.

EdekTMBHICTb BUTPAT BU3HAUAETHCS PO3PaXyHKOBUM KoedillieHTOM edheKTUB-

HOCTi BUTpaT
E, =(3,/K";-E,
(6)
ab0 TepMiHOM OKYITHOCTi BUTpAT
T=K*/3,, . (M

Po3paxyHkoBuii KoedilieHT epekTuBHOCTI E, 3icTaBisIeTbCcsl 3 HOPMATUBHUM
3HaueHHSIM E, i y pasi, Koim po3paxyHKOBUi1 KoedillieHT GibIInii 3a HOpMaTUBHMIA,
CAY BBaxkaeTbcs eeKTUBHOIO. SIK TTpaBMiIO, pO3paxyHKOBMIT KoedillieHT epeKTUB-
HocTi CAY mMae CyTTeBO IepeBUITyBAaTY HOPMATUBHMIA 1S 11i€] ramysi.

Tepmin okymnHOCTi BuTpaT T Ha CAY € MOKa3HMKOM, IO XapaKTepuUsye nepion
yacy, IMpOTIrOM SIKOTO 3arajibHi BUTPATU BiAIIKOJOBYIOTHCS 32 PaXyHOK €KOHOMil
MOTOYHUX BUTPAT Ta JOJATKOBOTO MPUOYTKY Bif, peanisallii mpoayKiiii.

[Ipu po3paxyHKy (pakTUIHOI eKOHOMiuHOi edeKkTUBHOCTI CAY BUKOPUCTOBY-
I0ThCST GaKTUUHI JaHi MPo 3MiHY IMOKAa3HUKIB - BUPOOHUYO-TOCIIOIAPChKOI MisITbHO-
CTi y 3B'SI3Ky 3 ii BIPOBaKeHHSIM (IVB.Tab6/1.1-4). OCHOBHMMM CKIaJOBUMMU €KOHO-
MiuHoro edekTy Bin dyHkuionyBaHHs cucteMu CAYMOB3BT €: ckopoueHHS JOKyMe-
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HTiB yrpaB/iHHS (06/1iKy, KOHTPOJIIO, TIJIaHYBaHHS), 110 CKJIAJal0ThCs BPYUHY, Ta iX
yHidiKallisi; moKpalleHHs opraHisallii Ta MigBUIeHHSs SIKOCTi riaHyBaHHS MO map-
Ky 3BT; edbektuBHe BuKopucTaHHs 3BT 3i 3HMKEHO K/IACHICTIO; 3HMYKEHHS BiICOT-
Ka 6paKy, BUKJIMKAHOTO BuKopuctaHHsIM 3BT, sike BiZMOBMIO (METPOIOTIYHO) TIpH
KOHTPOJIi BUPOO/I€HOT MPOMMCIIOBOI MPOAYKIIii; 3HMKEHHS TPYIOMiCTKOCTI yIIpaB-
JMiHCBKMUX TporieciB. OTKe, piuHa eKOHOMiuHA e(eKTUBHICTb CUCTEMM MOKe OYTU
po3paxoBaHa 3a GopMyJIOL0:
=05 T T, T2, 79,3 - K,y

)]
3,:= :’ -1 {H+(EH+5—O}KJ+B b, T, 1,
o2 T 100 100
100 '
)

e — eKOHOMiuHa e(eKTUBHICTb ITiABUIIEHHS SIKOCTi IepeBipOYHMX POOIT i 3HU-
’KeHHSI BifmcoTka 6paky mpoaykilii @ piunuit Gona yacy pobotu obnagHaHHS; B —
piuHmMii BUITyCK BMUpOOiB, by — 3MeHINeHHSI BUIIAAKIB IUIIOOY MPOAYKIi %

Hon . .
(b, = — 100); T.s — 4ac BUSB/IEeHHS Ta 3aMiHy OpaKy Ha HacCTYITHMX CTafigX Tex-
re

HOJIOTIYHOTO IMpPOLieCy BUTOTOBJIEHHS IMPOAYKIIii 4M cIiokuBaua, H — piyHa cyma
YMOBHO-TIOCTiMIHMX BUTPAT MPU BUIYCKY MPOAYKILii, do,—CepenHs amopTu3sarlis,%
(~13%), K — kamitasibHi BKIageHHs; 1, — BapTicTh OAMHMII 4Yacy IpalliBHUKA;
Au=([ZLp2-X1]'N) — exkoHOMiuHa edeKTMBHICTH Bif, 3acTocyBaHHS 3BT 3HMsKeHOi
K/I1acHOCTi, X1, Xl — cymu BaprocTi 3BT BiANOBiAHO MiABUIIEHOI Ta 3HUKEHOI
ki1acHocTi; N — kinbkicte 3BT; — ekoHomis Bin yHidikaiii mokymeHTiB; ;.= ([U-
AY]-3n'12) —exkoHOMiuHa e(deKTUBHICTh BiJi YMOBHOTO BMBiUJIbHEHHS UMCEIbHOCTI
IITATy y 3B'S13KY 31 3HMKEHHSIM TPYAOMICTKOCTI YIIPaBIiHCbKMX ITpoLieciB, U — unce-
JIbHICTD mepcoHany; AU — 4nMceynbHICTh NTePCOHANY IiC/s1 BUBIJIbHEHHS, 311 — Cepe/l-
HSI 3apIuiaTa ogHoro mpariBHuKa (~185 pyo); O = (3::-Ki) — eKoHOMIis BimpaxyBaH-
HS Ha corcTpax, K; — BificOTOK BifpaxyBaHb Ha colcTpax (~14%), 3 — omHOpa30Bi
BUTPATU HA MIPOEKTYBAHHS, MTiATOTOBKY Ta BIpoBakeHHs CAY, Bkiatouaroumu HIIP ta

IOKP, K; — HopmaTtuBHMit KoeditieHT (~ 15%).

TepMiH OKyITHOCTI

T= 3

O 12,9, 9. 19,,)

(10)
BukiazeHa Bullle MeTOAMKA PO3PaxyHKy €eKOHOMiUHOTO e(heKkTy BpaxOBYe€ BCi
JI0T0 CKJIa[IOBi (HA LIbOMY eTarli CTBOPEHHS CUCTEMM).
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Huni yepe3 BimCyTHiCTb HM3KM BUXITHMUX HAHUX PO3PAXYHOK e(PeKTUBHOCTI
(pakTMuyHOI) BUPOOGISIETHCS AENI0 CIPOoleHUM crmocobom. Tak, 3TiIHO 3 UM CITOCO-
60M, EKOHOMiUHMIT epeKT BM3HAUAIOTh 3a GOopMyIaMu:

9=31-32, (11)
ne 3; — piuHi eKcIUTyaTallifiHi BUTpaTH IIiJ Yac PyuyHOi 06po6KM, 3; — 3arajbHi piuHi
eKCIUTyaTalliliHi BUTpaTH mifJ yac 3anpoBamkeHHs CAY.

3:=T-Cuy , (12)
ne T — TpymoMmiCTKiCTb, HOpMO-TOf, / piK; Cuu. — BapTICTh OLHi€] HOPMO-TOAVNHMU,
IPOILUMBUX OOVHULIb.
_ 3, (I+HP+OC)
H.4. T )

T

(13)

ne 3, — cepenHs 3apobiTHa riaTa Ha mMicsub; HP — HaknagHi BuTpaTn,%; T, — cepe-
IHS KUIbKICTb TOAMH Ha Micsib; OC — BigpaxyBaHHS Ha COLCTPax,%.

T=N T
i (14)

ne N — xinbkicTb oguHuiib 3BT; Ty, - TpyoOMICTKICTb, HOpMO-TO/, HA OAVH MMpUJIa,
I10 BCiX po3B'a3yBaHux 3agay; Tyn = T1 + T2 + ... + Ty, n - KUIbKICTh PO3B'I3yBaHUX
3a/ad.
3,=3+K'E,,
(15)
ne 3'; — piuHi eKCcruTyaTalliiiHi BUTpaTH mif yac 3actocyBaHHs CAY; K — ButpaTu Bu-
kopuctanHs CAY; E, — HopmaTuBHMIT Koedilli€HT.

32 = 3eom + 3z, (16)
ne 3en — 3arajibHa BapTiCTb BuUpillleHHS 3aBaaHb Ha EOM; 3, ,. — BUTpaTu Ha MiAro-
TOBKY JaHMX Ha pPiK

n
. =u) =(i§1 Ti3 ) HT—I.E:DM
) 17)
Ile N — KiJIbKiCTh PO3B'SI3yBaHMUX 3aBAaHb; Ti; — yac Ha ofgHe (i-e) 3aBAAaHHS; Ly.eom —
BapTiCTh ofHiei roguam pod6oTt EOM.

3n.2=Trox" Cusu , (18)
ne Troq - Uac, HeOOXimHMIT HA MiATOTOBKY JaHMUX HA PiK;
Cu.u. - BApTICTh OJHIET HOPMO-TO[,

OTxe,

K=3_+ (1+HP+0C) 12
(19)
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3
3= T T 1 T 2 (LHHPHOC) 435 (1HHPHOC) 127 B, =

o

:( ; Tu)l uq.enm+[3nr (1+HP+OC)] I:(Tm;l;"lqu)-i_lz- EH:I

=1 . Qo)
Ie Ts,, — yac, HeoOXigHMII Ha BUKOHAHHSA 3a71a4 Ha EOM.
Tomi
3
3=3,-3,=N 'Tj,u T—“ (1+I—IP+DC)-11-"I‘3~ LH S
3, IHHP+OC)] [ (T, /T HH12-E, |
. (21)

B ekoHOMiuHY e(eKTUBHICTb, 1110 PO3PaXOBYETHCS 32 GOPMYIIO0, CJIif] BKITIOUM-
T €KOHOMIIO Bif IMiABUIIEHHS SIKOCTi CYKYITHOCTi BMMipIOBaHb Y BUPOOHMIITBI ITPO-
MMCJIOBOI MPOYKILii i eeKT Bif MmosinieHHs] yMOB eKcrutyaTtailii 3BT .

TepMiH OKYITHOCTi MOsKe O6YyTHM po3paxoBaHMii 3a GOPMYJIOI0

T=(3,+K)/3:. (22)

HaBepemo npukiaayu po3paxyHKy (GakKTMUHOTO PiYHOTO eKOHOMIUHOTO edeKTy
BiJl 3aCTOCYBaHHS CUCTEMM Ha KOHKPETHUX IiATIPUEMCTBAX.

ITpuknan 1. Po3paxyHOK eKOHOMiUHOI e()eKTMBHOCTI BiJI 3aCTOCYBaHHS CUCTe-
My Ha CTYMMHCHKOMY MeTanypriiHoMy KoMOiHaTi. BuximHi maHi Ojisi po3paxyHKy
CTAHOBJIATh: 35 = 161 rpommBux oguHMULb., Tr = 174 ron, HP = 123%, OC = 14%, N =
3000 mrt., Ty, = 0,21 HOpM™MoO-TOA, E = 0,15, n = 6, Ti; = 0,05 rog. Lyeom = 60 TpommMBUX
oguHMUIb. Trox = 9 TO.

[lizcTaHoBKa IMX MOaHMX y BUXiAHY dopmyny mana Taki pe3yabTaTu: 3 =
13091,4 rpommBuX OOUHAIIb., @ TepMiH OKymHOCTI T = 0,33 poKy (po3paxyHOK 3po6-
JieHO 110 1iHax 80-X pOKiB MUHYJIOTO CTOJIITTS).

[Mpuknan 2. Po3paxyHOK eKOHOMiUHOiI e(eKTUBHOCTI Bifj 3aCTOCYBaHHS CUCTe-
vy HIAIP® im. JI. A. Pacrierina. BuxigHi maHi mjist po3paxyHKy cTaHOBJISITh: N=2500
mIT., 3, = 185 rpomuBux oguuuilb., T = 124 roa., HP = 190%, OC = 14%, E. = 0,15, n =
6, Tis= 0,05 ron, Ly.eom = 60 TPOMMUBUX OOUHUIID., Troy = 9 TOI.

[lizcTaHOBKA LMX AAHUX Y BUXiAHY (OpMyny [Oaja HACTYIIHUI pe3yJsbTart:
9 = 18 575,5 rpommBux oguHUIl. (PO3PaXyHOK 3p0bJieHO Mo IiHax 80-X poKiB Mu-
HYJIOTO CTOJIITTSI).

SIKI1I0 TOBOPUTY TIPO HEIPSIMi CK/IaI0Bi e(eKTUBHOCTI 3aCTOCYBaHHS CUCTEMM,
TO CJIiJ 3a3HAaUNTU Take. [lepine MO3UTUBHE 3pYLIEHHS ITiC/Is1 BIPOBAIKEHHS CUCTe-

MU CIIOCTEpIra€ThbCsl B YaCTUHI CUCTeMaTu3allil BUMiplOBaJbHOI TEXHIKM, HABeIeHHS
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nopsiaky B 0071iKy 3BT. OcKiIbKY AJ1s1 cUCTeMM ITOTPioHa iHdopMallis Tpo HaIBHICTh
pisHux 3BT, ixX cTaH, TeXHiYHiI XapaKTEePUCTUKU, TO 11 BIIPOBA/I)KEHHIO Mepeaye eTar
rnacrnopTu3ailii BUMiproBaabHOI TeXHiKM. Ile MpMU3BOAUTDL OO0 HaBeOeHHS Jaay y BU-
MiploBaJIbHOMY rocnogapcTBi. HacTyrHe, 110 MPUHOCUTh BUKOPUCTAHHSI CUCTEMMU
aBTOMaTM3allii

MOB3BT — 11e HaBeJleHHS MOPSIAKY B OpraHisailii mepeBipoyHMUX pobiT, 110 MO-
’KHa 3p00OUTH i BpyUuHY, aje 3 BeauuesHumu Butpatamu; EOM Bugae rpadik rmoBipku
MpWIaAiB 3a MicSUSIMM Ta migposainamu. [lepinit rpadik rmepegaeTbcss B METPOJIO-
TiYHYy CIYKOY [JiS IJIaHYBaHHS IepeBipOuyHMX poOiT, iHIMIT — Migpos3mgiam s
TJIAaHYBaHHS Mpej siBjieHHs HasiBHMX Y HuX 3BT Ha mepeBipky. I'padik ckiamaeTbes 3
ypaxyBaHHSIM PiBHOMipHOTO 3aBaHTa)KeHHSI METPOJIOTiuHOi ciry>kOu. 1le cripusie Bu-
POOHMIITBY ITepeBipOYHMX POOIT Ta HAMKOPOTII TepMiHM. 3 iHIIOrO 60Ky, PeryIsipHi
noBipku 3BT crpusiioTh MiATPUMIL iX BUCOKMUX TEXHIUYHUX XapaKTepPUCTUK, IO, Y
CBOIO Uepry, MO3UTUMBHO MO3HAYAETHCS Ha SIKOCTI MPOAYKILii, IO BUITYCKAETbCS. Y
pasi BimxmiieHb y mepeBipouHMX poboTax (IIpuiiaj He mpeq SBJIeHNil BUaCHO Ha Ie-
peBipKy abo Iijjisirae CIMcaHHIO 3a pe3yJbTaTaMM MOBipKM) CHMCTeMa BUIAE BiAIo-
BigHy iH¢opMallilo SIK 3asIBOK IPUAOAHHS MPUIAIiB 3aMiCThb CIMCAHUX UM TOIepe-
I>KeHb IiAPO3isaM IMpo 3puB TepMiHiB npep saBieHHs 3BT Ha nepeBipky. Lle cripusie
CBOEYACHOMY OHOBJIeHHIO napKy 3BT, migTpumiii iioro y 3a0BiibHOMY TeXHIYHOMY
CTaHi, BUKOHABYIi OAUCIMUIUIIHI NiAPO3AUIiB, 0 eKCITyaTyioTh 3BT To1o.

Hani B nipoiieci GyHKI[iIOHyBaHHS CUCTeMM HAKOMUUYETHCS CTATUCTUKA BiJMOB
3BT, Ha ii migcTaBi MpOBaAUTHCS TlepepaxyHOK MikmepeBipouHoro iHnTepsaiy (MIII)
3 ypaxyBaHHSIM pPi3HMX KpUTepiiB (IKOCTiI MPOAYKILii, 1[0 BUMYCKAETHCS, EKOHOMIiU-
HMX TIOKA3HMKIB ToII0). [Tomasbiie miaHyBaHHS MPOIeCy IepeBipouyHUX PoOiT Ipo-
BOOUTUCS Ha miacTaBi HoBoro MIII, mo npmM3BOgUTh 4O 3HMXKEHHS BTPAT Ha MepeBi-
pPOUYHi po6OTH, TOKpAIeHHSI KOMIJIEKCHUX TTOKa3HUKIB pOOOTH METPOJIOTiUHOI CTy-
SKOM TTiAITPUEMCTBA.

CucTtema A03BOJISIE PO3PAaXOBYBAT BMPOOHMUI TIJIOIII ITi METPOJIOTIUHi CITYK-
61, BU3HAUATY TPYAOMICTKICTh BUKOHAHHSI POOIT 3 METPOJIOTiYHOTO 0OCTyTOBYBaH-
H4. [IpyyoMy BM3HAUYAETHCSI BEPXHS Ta HMKHSI MeXi TPYAOMiCTKOCTI BUKOHAHHSI Ta-
KX pobiT. T. e. MOXKHA OLIIHUTH, O SIKOi BEJIMUMHU MOKHA CKOPOTUTU TPYIOMiCT-
KiCTb BUKOHAHHSI TTepeBipOYHMX POOIT 3a paxyHOK pallioHa/JIbHOI opraHisaiiii Ta cy-
MiIlleHHSI pobiT, OCBOEHHS CYMisKHMX ITpodeciii i T.II.

OnTtumisailiss BupobseHHs kKepyrounx pimeHb B CAYMO3BT 3acHoBaHa Ha 6asi
Mojeseit (a6o omHiei KOMIUIEKCHOI 6araTorapamMeTpoBOi MofeJii) MpoLeciB o6cy-

ropyBaHHs1 3BT 3a KOHKpeTHMMM IPUBATHUMM KpuTepisiMu (abo 3a mekibKoma
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KPUTEPISIMM OHOUYACHO — OaraTOKpuUTepiaJibHa OMNTMUMi3allisg) 3TigHO 3 MeTOA0M
IeKOMMO3UIIii 3arajbHOi MeTu (QYHKI[IOHYBaHHS CUCTeMU (PUCYHOK 6). [Is1 cxemu
Ha puUC. 6 XapaKTepHi Tpu eTamnu; 1) mpouec HAJAITyBaHHSI Ta KOPUTYBAaHHSI MOJie-
neii i motoyHuit crad 06'ekta (CMO3BT) abo Ha BUMOTY 330BHi; 2) IIpoliec KOpu-
TYBaHHS MOJlesieii 3a HeJOCSTHEHHS 1Iijieli onTuMisaliii; 3) mporpaBaHHs (Iepebip)
Ha MO/JIe/ISIX BapiaHTiB KepyIUMX pillleHb, MOPiBHIOBAHHS iX MiK C000I0 3a TIeBHUM
KpuUTepiem (KpuTepisimmu), 3amam'siTOBYBaHHSI HalKpalloro Ta Bujaua Kepyruoro
pillleHHS.

Takum umHOM, panioHasbHa CAYMO3BT npomMucioBUMM HOiAIpUEMCTBAMU

Mae OymyBaTucs SIK iHQopmalliiiHo-10BiAKOBa cUCTeMa, SIK ITpaBwuIo, Ha 6a3i EOM.
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pimenb B CAYMO3BT: OB — opran BrinBy; U] - BXigHi gaHi;
OO, — opraH ouiHku crany; OCp— opraH nopiBHSHHA [8]

Po3pobka mporpamMHOro 3abesreueHHs] MOKe TTPOBOAMUTHUCH i3 3aCTOCYBAHHSIM
MOBM IporpaMmyBaHHsI PL/1. IHdopMalliiiHe 3a6e3neueHHsT MOXKe OYITyBaTUCS SIK Y
BUTJISI CUCTeMM JIiHiiHMX HAOOpiB maHMX, Tak i i3 3acTocyBaHHSIM CYB]. Takum
BMMOTaM 3aJIOBOJIbHSIE CMCTEMa aBTOMAaTM3allii MEeTpPOJIOTiYHOTO OO6CTYyrOBYBaHHSI
CAY MO 3BT, omuc K01 HaBeeHO Y [9].
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Po3paxyHOK eKOHOMiuHOi e(deKTMBHOCTi, ogep>kaHOi B pe3y/jbTaTi BTi-

JIeHHA Ieploi yepru aBromatusoBaHoi cucrtemu 3BT Ha [JHinmpoBcbKOMY Ma-

IIMHOOYAiBHOMY 3aBOJi. (PO3paxyHOK 3p00JieHOo 10 1iHax 80-X poKiB MUHYJIO-

rO CTOJITTSI). Pe3ynbTaTu poO3paxyHKiB €KOHOMiYHOI e(@eKTMBHOCTI HaBegeHO Y

Tabansax 1-4.

OCHOBHI TeXHiKO-eKOHOMi4Hi ITOKa3HUKU

Tabmuug 1

. . 1o BripoBa- [Ticnsg BopoBa-
HaiiMmeHyBaHHS TOKa3HMUKIB . .
II>KeHHS 3aXO0[iB | I>KeHHS 3aXO0fiB
TpyaoMicTKiCTh piyHOI MpoOrpaMu HOPMO-TOJ. 22016,2 7477
TpyaoOMiCTKICTb piYHOI MpOrpamMu 4OI-TO/. 22016,2 7477
KinpkicTh BUPOOHMUYMX POOOUMX, HEOOXiTHI BUKO-
HaHHS IJIaHY, YOJI. 10,6 3,6
Bupo6iToK Ha OgHOro pobiTHMKA, HOPMO-TOI.
Cob6iBapTicTh 3a CTATTIMM BUTPAT, [0 3MiHIOIOTh- 2077 2077
Cs1, TPOIIMBUX OJVHUIIb.
VYMOBHO-piuHa €KOHOMisI BiJl 3HMXKeHHSI cobiBap- 16048 6293
TOCTi, TPOIIMBUX OAVHUIIb. 9755
PiuHMi1 ekoHOMiuHM ePeKT, TPOIIMBUX OOUHUIIb. — 9661
HomaTkoBi KaltiTajabHi BKJIAaAEHHS, TPOIIUBUX — 626
OAVHUIIb. —
OKyIHICTh OOAATKOBMX KaIliTaJbHUX BKIaJ€eHb,
piK. — 0,06
Tabnuis 2
CobiBapTicTb 3a CTAaTTSIMM BUTPAT, 1[0 3MiHIOIOThCS
o BripoBa- [Ticas BmpoBa- PQSYJIBT{J.T
CraTTs 3aTpar . . (eKoOHOMIS,
JI’)KeHHSI 3aXO/iB | I>KeHHS 3aXO0iB
repeBUTpaTa)

OcHoBHa 3apobiTHa mJaTa, 14004 5820 -8724
IPOIUMBUX OJVHULIb.
HomaTkoBa 3apobiTHa IUIaTa 1120 422 -698
(8%), rpOLIMBUX OAVHULLb.
Burtpatu, moB's13ani 3 pob60TOIO
00jaflHAHHS, TPOIIMBUX OIIM- 924 376 -548
HULb.
AMopTu3alliiiHi BigpaxyBaHHS — 64 +64
[ToToyHMII pPEMOHT Ta YTpU- — 151 +151
MaHHSI 06J1aTHAHHS

BCbOTI'O 16048 6293 9755
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3 Tabna. 2 BUAHO, IO €KOHOMis BiJ 3HMXXEHHS CO0iBapTOCTi CTAaHOBUTH
9755 rpommMBUX OAVHUIID.

VTouHeHUH PO3pPaxyHOK eKOHOMIUHOI e(heKTMBHOCTI Ta PO3PaxXyHOK TePMiHy
OKYTTHOCTI KalliTaJIbHMX BKJIaAeHb Bif 3anpoBamkeHHss CAYMO3BT npoBoguThcs 3a
dbopmyiom

3~(C,-C,)-E- K

b

nme C; - cobiBapTicTh 3a 3MiHHMMM CTATTSIMM BUTPAT [0 BIPOBAIKEHHS, IO AOPiB-
Hioe 16048 rpommBuUx oAMHMIIb.; C; - COOIBapTICTh 32 3MiHHMMM CTATTSIMM BUTpAT
TiCJIS1 3aCTOCYBAHHS, 1110 IOPiBHIOE 6293 rpoMIMBUX OAMHUIIL. ; E - HOpMaTUBHMI KO-
edilieHT TOpiBHSIBHOI e(eKTUMBHOCTI KalliTaJbHUX BUTpAT, 1o mopiBHwe 0,15;

K - kamitajsbHi BUTpaTV Ha NPUAOAHHS TEXHIUYHMX 3aco06iB, PiBHi 626 I'POLIMBUX

OIVHUIIb.

PiuHa ekoHOMiuHa e(DeKTUBHICTb S = 9661 rpoMIMBUX OOUHUIID.

OKyMHICTh KaImiTaJbHMX BUTpAT BuU3HAuaeTbcs 3a ¢dopmynoo T=K/(Ci-C,) i

nopiBHioe 0,06 poky.

Tabanug 3

P03paxyHOK KiJIbKOCTi BUPOOHMUYMX POOITHMKIB Ta GOHIY 3apOoOiTHOI IIaTn

. . 1o BIIpoBaaKeH- [Ticsg BpoBa-
HajiMeHyBaHHS OKa3HMKIB . .
HSI 3aXO0[IiB II>KeHHS 3aXO0/1iB
TpymoMiCTKiCTh pidHOI ITPOrpamu, 40JI-4. 22016,2 7477
BukoHaHHS1 HOpM, %
TpymOMiCTKICTh PiYHOI Mporpamm 3 ypaxy- 104,6 104,6
BaHHSAM BUKOHAHHS HOPM, YOJI-TO[I. 21048 7148
Piunnii o yacy omHOTO pobiTHMKA,
KinpKicTb BUpOOHMUYMX POOITHUKIB, YOI, 1986 1986
OcHoBHa 3apo0biTHA IjIaTa, IPOIMNUBUX OJIM- 10,6 3,6
HUIIb.
HomaTkoBa 3apobiTHa IUIaTa, TPOIIMBUX 14004 5280
OAVIHULIb.
BigpaxyBaHHSI Ha COlLjiaJibHe CTPaxyBaHHS, 1120 422
IPOLINBUX OOVHUILD. 924 376
BCbOTI'O 16048 6078

BuTtpaT Ha MOTOUHMIT PEMOHT Ta YTPMMAaHHSI 06JaJHAHHS CTAHOBJATH 151

IPOIIMBA OJVHUIIS.
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Ta6nung 4
BapTicTh 06/1afHaHHS Ta aMOpPTHU3alliiiHi BigpaxyBaHHS
banaHcoBa BapTiCTh, AMopTu3saiiiiHi
. o IPOLIMBUX OJVHUILLD. BipaxyBaHHS.\
HailtmenyBaHHS 061ai- KinbKicTb, P paxy C
Ma
HaHHS IIT. ) o yMa,
OpguHuni Bcboro % IPOLIMBUX
OAVIHUIIb.
VYcTaTKyBaHHS, sIKe 3a-
CTOCOBYETBCS MiCs
Y . 1 626 626 102 | 63,8
BIIPOBAJ’KEHHS TeXHiu-
HMX 3aC00iB

BucHoBKU:

1. B sikocTi omiHkM epeKTUMBHOCTI diaJlorTOBOi CHMCTEMM KOJEKTUMBHOI'O KOpPMC-
TyBaHHSI CAYMO3BT BMKOPUCTOBYETHCS BiHOLIEHHS CepeIHbOI peaKTUBHOCTI CUC-
TeMM 10 CepelHiX BUTPAT Ha OLUH 3aIlnT.

2. 36inbiieHHsT e(eKTUBHOCTI AialOTOBUX CUCTEM KOJIEKTUBHOTO KOPUCTYBaH-
HSI MOSKJIMBO IIUISIXOM OiJIbIIl TTOBHOTO HaBaHTa)KeHHS Oi/bIIOi MOTYKHOCTI iHpOp-
Mal[iiiHO1 CUCTEMMU.

3. BubpaHmit KpuTepiii OL[iHKM ITOKa3y€ SIKMi1 3a1ac MPOIMyCKHil 3MaTHOCTi Cu-
CTeMU € HaIMipHUM.

4. HaBeieHO pe3y/nbTaTU PO3pPaxyHKiB eKOHOMiuHOro e@eKkTy BiJ 3ampoBa-
mxeHHsT CAYMOBS3BT Ha KilbKOX MpOMMUCI0BUX MignpueMmctBax ta HJIL.

5. 3ampomoHOBAaHO CXeMy ONTUMAabHOI (Y IEBHOMY CEHCi) BUpPOOJIEHHSI Kepy-
tounx pimeHb B CAYMO3BT.

HaykoBa HOBM3Ha: 3alpoIrIOHOBAaHO METO/, BUPOOIEHHS ONTUMAaIbHUX (Y TIe-
BHOMY ceHci) Kepyrouux pimeHb B CAYMO3BT — sk npuxiag peanisailii KOHKpeTHOI
CUCTEMM MiATPUMKU NPUIHATTS pimeHb (CIIIP) Ta onTuMmisaliii mpoiieciB MeTpoJio-
riYHOTO 0OCTYrOBYBaHHS 3ac00iB BMMipIOBa/JIbHOI TEXHIKM Ha TIPOMMCIOBUX ITiAIPU-
€MCTBAax.
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Evaluation of efficiency of the automated control system of metrological

maintenance of measuring instruments - as informatic information

As an assessment of the effectiveness of the dialog system of collective use, on the
example of the system of automated control of metrological maintenance of measuring
equipment (SACMMME), the ratio of the average reactivity of the system to the average
cost per request is used. The ratio of the average reactivity of the target system to the
average cost per request (C) is studied. Under the reactivity is the value inverse of the
time of the request in the system. The flow of queries in the system obeys the Poisson
distribution law. The method of simulation modeling is chosen for research. Obtained:
time dependences (C) between two adjacent queries; the dependence of the cost of one
request on the intensity of requests; the dependence of the cost of one request on the
bandwidth of the system, etc. Increasing the efficiency of shared dialogue systems is
possible through a fuller load of more information system power. The selected evaluation
criterion shows which margin in the system bandwidth is excessive.

The results of calculations of economic efficiency from the introduction of
SACMMME at several enterprises and research institutes are given. In the general case,
the methods of determining the economic efficiency of ACS for different purposes differ in
the composition of the elements of disorder (loss) and the degree of influence of the
information used on the state of the managed system. The main criterion for assessing
the economic efficiency of ACS development is the growth of profits of industrial
enterprises, taking into account the growth of productivity of social labor, ie. mainly by
reducing production costs. The annual savings from the introduction of ACS and the
payback period of additional capital investments are used as a quantitative expression of
the economic efficiency of ACS creation.
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K.IO0. OctpoBceka, T.M. ®enenko, O.0. I'myuieHKO
CTATUCTUYHUI AHAJII3 TEKCTY
TA JOCTIIXXEHHA TUHAMIKIA TOUYHOCTI KJTACUDIKAIIIL

AHomauis. Poboma npucssdeHa cmamucmu4yHoMy aHaai3y mekcmy ma 00CHIOKeHHI0 OUHAMIKU
moyHocmi Kaacugikauii. Y pobomi nposooumscsa 8i06ip cmamucmuyHUX 03HAK MeKcmy, Kaacu-
ikayia mekcmis, W0 HANEXAMb PI3HUM aBMOPAM, ma O0CAIOXeHHA OUHAMIKU MOYHOCMI KAa-
cugikauii 8 3anexHocmi 810 00BXUHU MeKcmoBux ppazmeHmis. [na supiwieHHa nocmasieHo2o
3aB0GHHS BUKOPUCMOBYBAAUCA: Memoou 06pobKU nNpupooHOi MOBU; CMAamMuUCmMuyHi xapakmepu-
CMUKU MeKCmis; Memoou MAawuHHO20 HABYAHHSA; MeMOOU 3HUXEHHA PO3MIPHOCMI O MOX/IU-
socmi 8i3yanizayii. Ha ocHoBl ompumaHoi QUHAMIKU 3MTHU MOYHOCMI KAacugikayii 8 3aaexHo-
cmi 810 00B)XXUH meKCcmoBux ¢pazmeHmis 6y0 3pobseHo BIONOBIOHT BUCHOBKU W000 onmuma-
JIbHOT Q0BXUHU MeKCmis, W0 BUKOPUCMOBYIOMbLCA O HABYAHHA mMa mecmyBaHHA Moolenel.
3asoaHHA supiwysanocs y npoepamHomy cepedosuwyi Jupyter Notebook ducmpubymusa
Anaconda, saxuli 0o3sons€ 00pasy scmaHosumu Python ma HeobxiOHi 6ibiomeKu.

Knioyosi cnosa: MawuHHe HABYAHHA, CMAMUCMUYHUU GHATI3 MeKCma, BU3HA4YeHHA asmopcmaa,
aHani3 0aHux, 06pobKa npupodHo20 MOBU.

Ornsp npeameTHOI o6JacTi. ImeHTHdiKkalliss aBTOpPCTBA TEKCTY IMMPOKO BUKO-
PUCTOBYETHCS Y Pi3HUX HATIpSIMax, 30KpeMa, [1Jisl eKCIepTU3M y KpUMiHaTiCTHULL, IJIs
60poTHOM 3 TIJIariaTom, BCTAaHOBJIEHHSI aBTOPCTBA aHOHIMHOT'O TECTY TOIIIO.

3aBmaHHs imeHTMdikamii myke ckiaagHe. ITo-mepiie, BUHMKAE mpobdieMa dop-
MyBaHHsI Ha60py 03HaK, 3a IKMMM BU3HAUAETHCS IMOBIPHICTh HAJIEXXHOCTi TTEBHOTO
TEeKCTy OKpeMoMy aBTopy. [lo-Apyre, 10 0OCTaHHBOTO Yacy AJis SIKiCHOI i TOUHOI po-
60T HMHI pO3p0o0IeHNX MOIesielt BU3HAUEHHS aBTOPCTBAa HEOOXiqHI BeJnKi 06’eMu
aBTOPCHKMX TEKCTiB Y HaBUa/IbHil BubOoOpIi. [To-TpeTe, sikicHe obmMexkeHHSI po3p0o6-
JIeHUX MOJiejiell Ha KiJIbKiCTb aBTOPIB.

1. CraTUCTUYHMI aHAJTi3 TEKCTY.

1. BuwiyueHHSI O3HAaK i3 mepeaonpanbOBAHOrO TEKCTYy. /IS I/IMOIIOro BuU-
BUEHHSI BUXiJHOTO TEKCTY HEOOXiTHO 3BepHYTUCS IO METOJiB, SIKi JO3BOJISATH BU-
SIBUTU IesIKi 03HaKM XapaKTepHi AJ1s1 HASIBHUX TaHUX.

1.1 Mimok ciiB"bag-ofwords". 1151 Mozienb TeKCTY € CyMaTUBHE €OHICTb CJIiB,

III0 CTAHOBJISITh BUXiIOHMUI TEKCT.

© Octposcbka K.10., denenko T.M., I'mymenko 0.0., 2022
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OnuHUIIi «MillIKa CJIiB» — CJI0Ba, KOKHE 3 SIKMX Ma€ aTpubyT, a caMe KiJIbKiCTb
3yCTpiveii JaHOTO CJI0BA B TEKCTi.

BasxiMBMMM 0COOIMBOCTSIMM JaHOI MO/l € BpaxyBaHHS MOPSIAKY CJIiB Y
IOKyMeHTi Ta Mopdoorivuux opmM MogaHHS CJIiB.

Pob6oTa «MilllKa CJIiB»:

1. lana BuOipKa, 10 CKIaJA€THCS 3 N Pi3HUX CIiB: W1, ..., wn.

2. TekCT KOAYETHCS 3a AOMOMOIOI0 N O3HAK, Jle i-Ta 03HaKa MO3HA4Ya€ 4acCTKy
BXO/I>)KEHHS CJIOBA Wi cepef, yCiX BXOJI)KEHHSI CJIiB Y TeKCT.

3a3BMyYalii «MillIOK CJIiB» 3aCTOCOBYETHCS BKe IO IOIlepeaHbO 0O0pOOIIEHOrO Te-
KCTY, 3 IKOTO OYyJIM BUK/TIOUEHI BCi cToM-cioBa. [laHi cjioBa He HeCyTh y c06i cMucio-
B€ HaBaHTA)XXEHHS], TOMY YaCTO YaCTKa 1X BXOIKEHHS 10 TEKCTY He BPaXOBYETHCS.

1.2 Mimok TepmiB"bag-of-terms". Ha BimmiHy Big Mimika c1iB, i0oro eieMmeH-
TOM € TePM, SIKUI XapaKTePU3YETHCS YaCTOTOI HAPOLKEHHS B TEKCTi.

Joro eeMeHTOM € TepM, SIKMii XapaKTepU3YeTbCs YaCTOTOK HApPOIKeHHS B
TEKCTi.

ITim TepMOM pO3yMi€ThCSI CMMBOJIbHE BUpaskeHHs 00'ekTa ¢hopMaabHOI Moperti
(cuctemu, MOBM).

1.3 TF-IDF meTon BekTopu3aliii TekcroBux paHux. Meton TF-IDF
Vectorizer BUKOPUCTOBYETHCS [IJIS1 IIPM3HAYEHHS Bar CJIOBaMM BUXiAHUX TEKCTiB.

1.4 N-rpammu. IlepeBara n-rpam IoJisira€ B TOMY, 1110 BOHU JI03BOJISIOTh BPaxo-
BYBaTy MOPSAOK CJIiB, HA BiAMiHY Bif, «Milika cjiB». KpiM 11bOT0, BUKOPUCTAHHS N-
rpaMiB pPO3IIMPIOE O3HAKOBMII TPOCTip 3aBASIKM OOJiKYy cJIOBOCHONyUYeHb. Tomy
MIPOCTi MoOMeNi MOXYTh OYTM MOIUIYKY OiMbII CKIAZHMUX 3aKOHOMipHOCTE MpOTU
«MIIIIKOM CJIiB».

BuKOpHMCTaHHS N-TpaMiB PO3MIMPIOE 03HAKOBMIA MPOCTIp 3aBIASIKM OOJIIKY CJIO-
BocnosyuyeHb. Cepes n-rpaM MOXKHA BUIIJINTH:

- VHirpamu: Ha6opH, 110 CKJIAAAIOTHCS 3 OJJHOTO TOKEHa;

- Birpamu: Habopu, 110 CKIAAAIOTHCS 3 IBOX TOKEHIB, IO MAYTh MOCHiJIb;

- Tpurpammu: Habopu, 110 CKIATAIOTHCS 3 TPbOX TOKEHIB, 110 MAYTh MOCIIi/Ib.

1.5 XemryBanHusi. h(x) — xem-¢gyHKIlisg, sika HaOyBa€e 2n MOXK/IMBUX 3HAUeHb.
Hauuit MeTom Iepegdavac 3aMiHy BCiX CJIiB X Ha ix Xeli h (X) Ta BUKOpUCTAaHHS IIUX
xelei sk ToKeHiB. Ilicasg bOro MOKHA 3aCTOCOBYBATHM OIMCAHi paHillle MeTOOU SIK
«mimok ciiB», TE-IDF BekTOopu3aTop i T.n.

3acTocyBaHHS XelllyBaHHSI Ma€ HU3KYy IepeBar. Hacammepen, 1ie CIIpOIIeHHS
36epiraHHsl Mozemi. Y pasi 3HaAUeHHS Xella MOXXHAa OTOTOXKHUTYU 3 iHJEKCOM KOH-
KPETHOTO CJI0BA (TOKEHaA).
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1.6 Cron-cioBa. CToI-cjioBa — Iie CJI0BA, SIKi 3YCTPiUalOThCS Y BEJIMKOMY
00cs13i TEKCTIB i He HECYTh 0COOJIMBOTO 3MiCTOBOTO HaBaHTAXKeHHSI. 3a3BUYaif 10 HUX
BiIHOCSTh BUTYKU, IPUITME@HHUKN, YACTUHKU, AesiKi 3aliMeHHUKU, TIPUKMETHUKU Ta
iHm yactTuHM MoBu. TOMy HailtuacTilile mepeAoIpalbOBaHUIi TEKCT OUMIIAIOTh Bif
CTOM-CJIiB.

2. BuginenHss mnokasHMKiB. OueBMAHO, IO 3 TEKCTy MOXHA BUSBUTU
HeCKiHUYeHHY KiJIbKiCTb XapaKTepPUCTUK.

O3HaKu, 1110 BUTSTYIOTbCS 3 TEKCTY:

1. O3HaKu, 3aCHOBAHi Ha PO3[AiJ0OBMUX 3HAKAX;

2. O3HaKu, 110 6a3y0ThCS HA CIOBAX SIK OAVMHUIISIX TEKCTY;

3. O3HaKH, Je OAMHUIIEI0 € OKpeMM i1 CUMBOJ — JliTepa.

[Tepma rpyna Moxke OOCHIAKYBaTU PO3IOMiIJA PO3LAITOBMUX 3HAKIB IO TEKCTY,
B33a€EMO3B'I30K MiX pO3[AiIOBMMM 3HAaKaMM i 3arajJbHUM UYMCJIOM CUMBOJIIB, CJiB Y
TEKCTi.

Ipyra rpyna 1a€ MOXK/IUBICTb OTPMMATH O3HAKM, 3aCHOBAHI Ha JOBXMHAaX CJiB,
YaCTOTax BXMBAHHSI Pi3HMX YaCTMH MOBM, OOBKMHAX pedyeHb, BaKIMBOCTI CIIiB,
«CTOTI-CJI0BaxX» UM YHiKaJIbHUX CJIOBAaX.

Tpets rpyna, HalpUKIIaA, JO3BOJIUTh OOCTiIKYBaTH BiJHOIIEHHS MiK BEeJTUKU-
MM i MaauMu JitepaMu, 6yayBaTy 6irpaMu Ta iH.

ITocTaHOBKA 3aJa4i BU3HAUEHHS aBTOPCTBA. 3aBIaHHS BM3HAUEHHSI aBTOP-
CTBa IIOJISITAa€ B HACTYIIHOMY: Ileped, HaMy € Habip TeKcTiB (hparMeHTM TBOPIB
aBTOPiB) YKpaiHCbKOi UM iHIIIOI0 MOBOIO. € HeimeHTMIKOBaHMIT TEKCT, aje BiloMo,
10 BiH HaJIEXXKUTh KOMYCh i3 MepesliueHuX Buile aBTopiB. Heo6XigHO BM3HAUUTU aB-
TOpAa L[bOTO TEKCTY.

HocimKkyBaTMMeMO OMHAMiKy TOUHOCTI Kiacudikallii TeKCTiB mpu 3MiHi J0B-
KMHM TeKCTy, 1o KiaacudikyeTbes. [Jjisi BUpilIeHHST 1bOTO 3aBOAHHS OYIyTh
BMKOPMCTaHi MeTOAM, OIMCaHi BUIIle, 8 TAKOX OYIYTh BimOMpaTUCs 03HAKM Ta BUKO-
PUCTOBYBATUCS Y TTOEAHAHHI 3 iHIIMMM MigX0AaMM IJisl BUSIBJIEHHS MMOE€IHAHHS, SIKe
IO3BOJUTbh OTPUMATHU HalKpaliuii pe3yabTar.

3. [Io6ymoBa TpeHYBaJIbHOIO TAa TECTOBOrO MHOXMH. ETamnu 360py Ta 1ooy-
IOBU TAHUX:

1. 36ip TekcTiB aBTOPIB;

2. 3aBaHTaXeHHS TEKCTiB;

3. Po36UTTS TEKCTiB Ha PiBHI AiISTHKM, ITOTIepeIHSI 00poOKa;

4. KoHCTpYIOBaHHS TPEHYBAJbHOTO Ta TEKCTOBOI'O HabOPiB.
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CriouaTKy IPOBOAMUBCS 30ip TBOPIB /ISl BimiOpaHMX aBTOPiB Ta 3aBaHTa’KEHHS
iX i3 e;leKTpoHHOI 6i6ioTekN. [TOTiM i3 TEKCTIB BUOAISIINCS CITY>KOO0Bi CMMBOJIN, 10
MepelKoAKalTh MOJATbIIOMY aHai3y.

Bci TBOpM mJisI OKpeMOro aBTOpa O0'€IHYBAaIMCS B €IMHUIT PSIIOOK, 3 SIKOTO
Hapi3aaucs NOoTiM pSIAKM MTeBHOI JOBXUHM. [IMHaMiKa TOUHOCTI

Knacudikaliisi TekCTiB mOC/IiIKyBadach 3aJeXKHO Bif, 3MiHM AOBXWHM TaHUX
psankiB. [Ilo6 YHUKHYTU IT€epEeTUMHY TECTOBOI'O Ta TPEHYBAJIbHOIO HAabOOpiB, Bimpi3zku
1711 TPEHYBAJIbHOTO HAOOPY BimOMpasncs 3 mepiioi MoJIOBMHM psiaKa, 00'eJHY€E TBO-
PU KOHKPETHOTO aBTOPiB, a TECTOBOTO — 3 APYIoi BiINTOBiTHO.

4. Po3B's13aHHA 3amaui. [Ijis1 BupillleHHS 3aBJaHHSI BUM3HAuUeHHS aBTOPCTBa
HeOoOXiTHO 3 BeJIMUYe3HOI KiJIbKOCTI ImapaMeTpiB (03HaK) BUOpaTu Ti, sIKi OyAyTh BU-
KOPMCTOBYBAaTUCSI N1 aHaJli3y TeKcTiB. Ha meBHUX eramax Bif0opy O3HAK TeKCT
MIPMBOAMBCS 10 HUXKHBOTO PETicTpy, 3AiMICHIOBaIACsS TOKeHi3allis Ta jeMaTu3allis.

SIk ocHOBHI 6y BimiOpaHi Taki CTaTUCTUUHI XapaKTepPUCTUKUA TEKCTY:

- BigHOIIeHHS KiJIbKOCTi BEJIMKUX JIiTep A0 KiJIbKOCTi MajuX JiTep;

- Po3nopis pi3HMX pO3/iI0BMX 3HAKIB 3@ TEKCTOM.

- Po3moiin IOBKMH peuyeHb.

- Po3nonin noBxXuH CJIiB.

- BusHauasacsi BOOHICTb TEKCTY.

- Pi3HOMAaHITHICTb MOBMN.

- Po3mofiis yacTMH MOBM Y TEKCTi.

KpiMm 11X 03HaK, po3paxoByBa/INUCS JIiTepHi 6irpaMu [IjiT KOpIyciB TeKcTiB. Ha
OCHOBi TpeHyBaJibHOi BUOipKM BHM3HavajaMcsd Oirpamm, 1[0 Hajtyacrime
3yCTPIYaKOThCS, iX 4aCTOTU BUKOPUCTOBYBAINCS B SKOCTiI O3HaK. IIpu TecTyBaHHI
iIpax0OBYyBa/IMCSI YaCTOTHU BimiOpaHMX Ha eTalli HaBUYaHHS Oirpam, 1o Hajtyacrie
3yCTPIivYatOThCSI.

5. Knacudikamis TexcriB. MaTpuuss mOMMIOK. [IJisi OLIHKM OTPUMaHUX
KiacudikaTopiB OymyBasacsi MaTpuIld TOMWIOK, IO IPYHTYETbCS Ha TabIuIi
crioyiyuyeHocTi. I1o oHil 0ci po3TaloBYOTbCSI OpUTiHAMbHI MiTKM KJIacCiB, 3 iHIIOTO —
nepenbaveHi. ['0JloBHA [iaroHaab MaTPUIli BKAa3y€ KiJbKiCTh UiTKO IependadyeHux
3HaYeHb JJ151 KOXKHOTO 3 KJIaciB.

HeBipHo nepenbaueHi efeMeHTH OyayTh pO3MillleHi [103a r0JIOBHOI [liarOHaTi.

CyMma [iaroHaJbHMX €JIEMEHTIB € BCce IMpaBWIbHO KaacudikoBaHi 00'e€KTH. 3a-
rajJibHy TOYHICTh Kiaacu@ikailii MOXHA BMPA3UTU SK BiJHOIIEHHS CyMHU

IiaroHaJIbHUX ejieMeHTiB (d;) J0 3arajabHOro KiibKocTi eiemeHTiB (N) ¢popmyioro (1).
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d.:
Overall Accuracy = T’

(1)
MokHa BBakaTM TOYHICTb BU3HAUeHHS peajibHOrO (PO3paxOBaHOIr0) Kiacy:
PO3IiMMBIIM UYMCJIO TPABWIbHO KaacudiKoBaHUX 00'€KTiB Ha 3arajbHy KiJbKiCTh

00'exTiB 11bOTO KjIacy. ®opMyJia IJIis IepIIoro Kjaacy MaTuMe BUIISL (2):
d
Producer's Accuracy = =
g (2)
MaTpuiuisi TOMMJIOK OymyBasiacsl OifibIl I[VIMOOKOTO aHali3y pes3yJbTaTiB
kinacudikaiii. Ha pucynkax 1 — 6 HaBefieHO JJaHi MaTpulli, mOOyIOBaHi 3 ypaxyBaH-

HSIM Kiaacu@ikaTopiB, HaBYeHUX TE€KCTaX Pi3HOI JOBXKUHMA.

dpaca | B0 @ B B W & B DA m @ M r .--.E| " a E M Om % = o
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laenirar | 4 ' ' ] . ] ] ] . N = L] i 5 . " 5 i i i . i
w;l;w;i.uhm Mepeafassnal uina
PucyHok 1 - MaTpuiisi moOMUIOK Ha PucyHoOK 2 — MaTpuiis mOMMUIOK Ha
TekcTax goBxuHoio 20000 cuMBOJIiB TekcTax goBxuHo1o 10000 cuMBOJIiB
e T s i Bl e
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PucyHoOK 3 - MaTpuIiisi IOMMUIOK Ha PucyHok 4 - MaTpuiist TOMMUJIOK Ha
TeKcTax JoBXMHOI0 5000 cMMBOJIIB TeKkcTax JoBXxuHo 1000 cnmBOIIiB
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J
Opwrdamni ainen
=

K

Tlepastoru smmen

PucyHok 5 - MaTpulisi TOMWIOK Ha PucyHOK 6 - MaTpuiii HOMUIIOK Ha
TeKCTax JOBXKMHOI0 500 cMMBOIIiB TekcTax goBxknHo10200 cMMBOIIiB

6. Iunamika TouHocTi Kinacudikamii. Kinacudikailis TekcTiB 3miiicHIOBaIacs
Ha OCHOBi BEKTOpIiB, ITOOYAOBaHMX HA CTATUCTUYHMUX O3HAKAX, BUTYUEHMUX i3 TEKCTIB,
Ta MOpaxoBaHMX YacToTax Oirpam. [as kiacudikailii BUKOPMCTOBYBAIMCS Pi3Hi as-
TOPUTMU: JIOTICTUYHA perpecisi, meTon, K-Haiiba/KUMX CYCifliB, MeTOM, OIIOPHUX BEK-
TOPiB 3 Pi3HUMU SIAPAMMU, TPASi€EHTHUI CTOXaCTUUYHUI CITYCK, CTOXaCTUYHMI Tpafie-
HTHUM CITyCK Ha BeKTOopu3oBaHux Tekctax metogom TF-IDF. Ik ocHOBHa MmeTpuka
BUKOPUCTOBYBAJACS «aKypaTHICTb» (accuracy). Halikpanii pe3ysabTaTu IoKa3aiu Jio-
TiCTMYHA perpecis Ta MeTOJ, OTIOPHMUX BEKTOPIB. [ JOCSTHEHHST HaliKpauj0i TOYHO-
cTi BimOyBaBcsl Migbip MmapameTpiB ONTUMAJbHMX IMapamMeTpiB i3 BUKOPUCTAHHSIM

GridSearchCV. PesynbTaTyt po60TH aJITOPUTMIB IIpeACcTaBieHi y Tabauii 1.

Tabmuisg 1
TouHicTb KIacuikailii (MeTpuKa accuracy)
L =20000|L=10000|L=5000 |L=1000 |L=500 L =200
Logistic 0.813 0.751 0.725 0.536 0.467 0.317
Regression
KNN 0.774 0.718 0.665 0.332 0.236 0.133
SVM 0.776 0.743 0.702 0.503 0.475 0.280
Thidf +10.709 0.721 0.733 0.606 0.534 0.332
SGDClassifier
SGDClassifier | 0.753 0.721 0.664 0.492 0.395 0.255
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SkicTh kKnacudikallii 3HaUHO 3HMKYETHCS ITiJ, YaC HaBUAHHSI TEKCTiB TOBXKUHU
MeHmie 5000 cumBosiB. SKicTh Kimacudikarii mpu 306ibIIeHHI JOBXMHA TEKCTIB 3
5000 go 20000 cMMBOJIiB MiABUILYETHCSI HE3HAUHO. BeKTOpM3allisi BUXiZHUX TEKCTiB
— OOCUTb TPYAOMICTKe 3aBOaHHS. ToMy 3a BiCYyTHOCTI JOCTaTHIX pecypciB, MOKHA
BMKOPVCTOBYBaTY TEKCTY HalOiIbIIOI JOBKMHM, HE BiIUyBalOuM y CBOii 0COBIMBUX
BTpAT SIKOCTI.

7. Bisyaurizanisi. B pesynbTaTi 6y/10 OTpMMaHO JOBTi BEKTOPH, 110 MiCTSITh O6€3-
JIiu 03HaK, 06UMCIeHNX Ha CTBOPEHiit BMOipIli. Byso 6 1ikaBo moguBuUTHMCS Ha I1i JaHi
Ta CIPOOYBaTy 3HAMTH AeIKi 3aKOHOMipHOCTI MK HUMMA. SIKOM Bi3yaJIbHO OTpMMaHi
BEKTOPM IOIISIIACS HA KJIaCTepH, BiAIIOBigHI pi3HMM aBTOpaM, 1ie 03HavaJo 0, 10
03HaKM O6YJ10 06pPaHO JOCUTb YCIIIIHO.

VY mekax poOOTM MeTOAM OCHOBHMX KOMMOHeHTiB i t-SNE 3acTocoByBammcs
11106 oiep>KaTy HAOUHOTO YSIBJIEHHSI OTPMMaHMX O3HaK.

BekTopnu, sIKi CKIamaloThCs 3i CTATUCTUYHMUX O3HAK i yacToT Girpam, Bigobpa-
>Kastucs Ha IUIomMHI. Kobopy KparkaMm MpuUCcBOKBAINCh BUXOASYM 3 OPUTiHATIBHUX
MiTOK (OpUTiHAJIbHOI MPUHATEXHOCTI OYAb-IKOMY aBTOpY), KO’KHA TOYKA TMO3HAYaE
KOHKPETHMI TEKCT, a caMe BEeKTOpP, OTPUMAaHMI Micjs BimoOpaskeHHsT TOBIMii BEKTOPD
(03HAKM TEKCTY) B IMPOCTip MEHIIOi po3MipHOCTi. Y 3B'SI3KY 3 I[MM MOXXHa OYJI0 CII0-
cTepiraTu ofiepskaHi po3MOIiiv TEeKCTiB.

s TekctiB moxkuHu 20000 6yno oTpumaHo rpadiky Mpy 3HUKEHHI po3Mip-
HOCTi 10 mpocTopy R?, saKi 306paskeHi Ha pucyHKax 7 - 8. KoxkHa ToOuka Ma€ KOJIip
(HOMep), 10 O3HAyva€ ii HAJIEXXHICTh KOHKPETHOMY aBTOPY. BUIHO, 110 3HMKEHHS
po3mipHoCTi 3a momomoroi metony t-SNE miis tekctiB goBxkuHu 20000 momomarae

BUIIIIUTYU Pi3Hi KJIacu aBTOPIB.

&)
&
s
%,
W

PuCyHOK 7 - Aroputm t-SNE mist Tekcrip ~ PUCYHOK 8 - Anroputm t-SNE fist TekcTiB
moBsxkuey 20 000 cuMBostiB TperyBanbHoro  AOBXMHM 20 000 cuMBO/IIB TPEHYBaTbHO-
Ha6opy. Bi6mioreka Matplotlib ro Habopy. bi6mioTeka Seaborn
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BucHoBKM. BupinryBanoch 3aBgaHHsS Kiaacu@ikaliii TeKCTiB BimoMux aBTOPiB.
Kpim 1poro gociigkyBaiach 3aeXXHiCTb TOUYHOCTI Kiacudikallii BiJi JOBKUHU TeKC-
Ty, sIKa He BMBYajacs y poboTax, 1110 OMUCYIOTh ITp0ob6/ieMaTUKY Ta Meplili Miaxoau A0
BUPIillIeHHS BUXiAHOTO 3aBIaHHSI.

[l BUpilIeHHsT JaHOi mpo6yieMy OyIy ITOCTaBjIeHi i BupilleHi 3aBmaHHS, 10
BKJIIOYAIOTh:

- [ligroToBKa TEKCTY A0 aHai3y;

- Jloc/miaykKeHHS TEKCTY SIK IOC/IiAOBHOCTI CMMBOJIIB;

- [Towryk Ta BUAiIeHHS 3aKOHOMipPHOCTEMH, 34aTHUX OXapaKTepu3yBaTy TEKCT;

- OTpuMaHHS BEeKTOPHOTO MOJaHHS TEKCTY;

- BizyasibHe npeacTaB/ieHHS OJep>XXKaHUX O03HaK;

- [TobymoBa Ta HaBUaHHSI MOIeJiedt, sIKi 3i/iCHIOITh Kiaacudikallilo TeKCTiB;

- [TopiBHSIHHS TTOOGYIOBaHMX MOJIesIeil IJisl pi3HUX KOPITycax TEKCTiB Ta BU3HA-
YeHHS MOPOTOBMUX MOBKMH TEKCTiB, MPU SIKMX TOUYHICTh Kaacudikailii 3MiHIOETbCS
He3HaYHO UM, HaBIaKM, 3a3HA€ CIIa UM MiliioM TOUHOCTI Ki1acudikarlii.
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Statistical text analysis
and study of the dynamics of classification accuracy
The work is devoted to the statistical analysis of the text and the study of the
dynamics of classification. In the work, the selection of statistical features of the
text, the classification of texts belonging to different authors, and the study of the
dynamics of classification accuracy depending on the length of text fragments are
carried out. To solve the problem, the following methods were used: natural
language processing methods; statistical characteristics of texts; machine learning
methods; dimensionality reduction methods for visualization capability. On the
basis of the obtained dynamics of changes in classification accuracy depending on
the lengths of text fragments, appropriate conclusions were drawn regarding the
optimal length of texts used for training and testing models. The task was solved in
the Jupyter Notebook software environment of the Anaconda distribution, which
allows you to immediately install Python and the necessary libraries.
Keywords: machine learning, statistical text analysis, authorship
determination, data analysis, natural language processing.
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A.S. Tonkoshkur, L..V. Nakashydze, S.F. Lyagushyn, V.R. Kolbunov
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Abstract. Modeling and analysis results concerning the influence of the electrical and thermal
conditions on the functioning of series-connected and thermally contacted layers of varistor
ceramics and a posistor composite are presented. Such structures may be useful for the
development of a promising limiter of constant and slowly varying voltages. The main attention
is paid to the behavior of their functional electrical and thermal characteristics with changes in
the internal resistance of the input voltage source and in heat flow intensity to the environment
as well as in its temperature. It is shown that a change in the internal resistance of the input
voltage source can only lead to a shift towards higher input voltage values ensuring the posistor
element actuation. At a low intensity of heat exchange between such a voltage limiter and the
environment, it may operate at voltages lower than the classification voltage of the varistor
layer, and thus the device under consideration is not capable of fixing a constant voltage at the
output and can function as a self-resetting high voltage fuse. In the case of an increase in the
ambient temperature (up to the temperature of the phase transition in the posistor layer
material), the temperature of the structure and the output voltage of the device change
insignificantly around the temperature limitation point, and the current value and dissipation
power of the structure are much reduced. For structures based on varistor ceramics with a strong
temperature dependence of low-voltage resistance (high activation energies of its temperature
sensitivity), the output voltage decrease (to values of one volt order) takes place.

Key words: varistor ceramics; polymeric positive temperature coefficient (PPTC) nanocomposite;
varistor-posistor structure, voltage limiter; voltage source internal resistance, heat transfer
intensity.

1. Problem statement

Inhomogeneous dielectrics, in particular posistor nanocomposite materials and
varistors, have found wide and effective use in modern technology as elements of
protection devices against current and impulse overloads of various electrical sys-
tems [1-6]. A promising application of inhomogeneous dielectrics of this type is the
implementation of protection of solar cells from overvoltage in their series connec-
tions (rows) in photovoltaic modules [7].
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Therefore, it is very important to model and analyze the influence of the elec-
trical and thermal conditions on the operation of voltage limiters — combined struc-
tures based on metal oxide ceramics and a polymer posistor composite used in well-
known self-healing fuses of the PolySwitch technology. Hence, relevant is the study
of behavior patterns of their functional electrical and thermal characteristics with a
change in the internal resistance of the input voltage source, the heat transfer to the
environment and its temperature.

2. Analysis of recent research and publications

The analysis of literature data showed that the use of the construction described in [8,
9] in the form of a combined two-layer structure of varistor and posistor layers in thermal
contact to limit overvoltage is a promising directional protection against current and im-
pulse overloads. The input voltage is applied to the entire structure (sequential connection
of specified layers).

The varistor layer determines the output voltage of such a quadripole and is
connected in parallel to the object of protection. When an input overvoltage occurs,
the heat generated by the varistor layer initializes the heating of the series-
connected posistor layer and causes an increase in its resistance. As a result, there is
a redistribution of the input overvoltage between the layers, which can ensure the
limitation of the output voltage on the varistor layer and, accordingly, on the load
connected in parallel to it.

A number of works are devoted to the study of the electrical characteristics of
the considered two-layer varistor-posistor structures [9, 10, 11]. At the same time,
the main attention was paid to the research on the substantiation of the very princi-
ple of operation of such an overvoltage protection element and the possibility of its
application in solar photovoltaic systems [7].

The tasks of developing the devices under consideration as voltage limiters
(VL) both for general multi-purpose use and for use as self-resetting surge protectors
in solar photovoltaic systems [7, 12] require detailed knowledge of their electrical
and thermal characteristics and their behavior under various conditions.

3. The purpose of study

The purpose of the work is to determine the patterns of behavior of the func-
tional electrical and thermal characteristics for such structures with a change in the
internal resistance of the input voltage source, in the heat transfer intensity to the
environment and its temperature.
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4. Description of the main material of research.

4.1. Model equations

The analyzed two-layer structure, consisting of layers of varistor ceramics and
a nanocomposite with a positive temperature coefficient of resistance connected in

series and in direct thermal contact, can be represented by the scheme in Fig. 1.
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Figure 1 - The structure under study and the circuit for supplying electric voltage to
it: Up and U, are the input and output (to be limited) voltage; R:(Ui, T1), R:(T>) and R
are the electrical resistances of the varistor and posistor layers and the internal
resistance of the input voltage source

When voltage U is applied to the structure under consideration, it is initially
applied to the varistor layer, since the posistor layer at temperatures below the
actuation temperature T, ~ 398 K [13, 14] has a low resistance (close to metal).
Because of this, the varistor layer begins to heat up due to the increase in the flowing
current and its temperature increases. The posistor layer also heats up due to
contact with the varistor layer, as well as due to the current flowing through it (self-
heating). Its resistance increases sharply as it approaches the actuation temperature
T:- (this designation is used because of the traditional term “tripping”). The current
flowing through the structure and, accordingly, through the layer of varistor
ceramics, slightly decreases, and the structure temperature drops. As a result of such
a transient process, the output voltage on the varistor layer and the structure
temperature are stabilized.

The set of equations for determining and analyzing the steady-state stationary
values of the main parameters of the considered electrothermal voltage limiter can
be written in the following form:

T-7T T -T
P T ,T — 1 0 "1 2 ,
1( ! 2) RTdiS RT‘con (1)
T -7 T -T
P (1, T,)= = - )
e RTdis con
2
where PI(TI’Tz):1(T1’T2)'U1(T1’T2) and Pz(T1’Tz):1(T1’T2) 'Rz(Tz) electrical
(converted into thermal) power dissipation of the varistor and posistor layers;
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Ti(t) u Tx(t) — temperatures; T, — ambient temperature (assumed to be 300 K);
RT, - temperature resistances of heat dissipation into the environment, which are

related to the heat transfer coefficient RTus~ 1/ (h.S), h, — coefficient of heat
transfer per unit area of the plate surface with the environment, S — plate area [15]
(taken the same for both layers of the structure); RT., — temperature resistance of
heat transfer of the contact between these layers.

Electrical resistance of the varistor layer, taking into account the temperature
dependence of their conductivity in weak electric fields (in the ohmic part of the [-V
characteristic) G(T), was represented on the basis of the analytical equation given in
[5] as

RUT)= — 3
G(T)+(;-(U] )

where Uc — voltage (sometimes called breakdown voltage) across the varistor layer at
current Ic = 103A [1, 5]; # — non-linearity coefficient;

G(T)=Gy-exp(-AEy/(kTn); k and AEg are the Boltzmann constant and the activa-
tion energy of the considered temperature dependence (which for zinc oxide varistor
materials ranges from 0.4 to 0.8 eV [16]; n is the correction factor for determining
the activation energy of the considered temperature dependence (determined ex-
perimentally).

To approximate the temperature dependence of the posistor electrical
resistance Ry(T), the equation is used [9], which is known for describing phase
transitions and suitable for nanocomposite materials based on PolySwitch
technology

1
R(T)= (Tm,p——TF’Tw, “
A4, T=6
where A; = Ry(To)(Twip—To)™; R2(To), A and m are values determined by the technical
parameters of samples of PPTC composite of PolySwitch technology; T, = 398 K is
the temperature of its operation (phase transition);

Ry(To) = R:(300 K) (equals to Ryin OF Rima[7]) is the resistance of the fuse layer in
the conducting state; R, is the minimum resistance of the posistor nanocomposite
layer at 23 °C; Rimax is the maximum layer resistance after switching off and
restoration within one hour at 23 °C;
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A, - resistance of the fuse in the insulating state (from 10* Q to 10'° Q) [5]; m is
the approximation parameter (from 1 to 4); 0 = Ttp.

Determining the magnitude of the electrical voltage U;(T;, T2) on the varistor
layer in a circuit from a series connection of the varistor and posistor layers, to
which the voltage U, of a power supply with an internal electrical resistance Rs is
applied, is carried out by solving the following non-linear equation, which can be
obtained from the well-known Kirchhoff laws,

v (r.7) U, RU,T.T,)T|

1’72

R L) R R ®

1’72

The solution of a non-linear equation (5) can only be numerical (in the form of
a two-dimensional array). To find it, the standard built-in root function of the
Mathcad package [17] can be used. To represent the function Uy(T;,T:) in the
analytical form required for solving the set (1)-(3), two-dimensional spline
interpolation was used (the interp and cpline functions of the Mathcad package).

The expression for the current passing through the structure under
consideration has the form:
)= et

R T AT A ©

1’72

The temperatures T; and T. were found by solving the set of nonlinear
equations (1)-(2), which was performed using the already mentioned standard built-
in root function of the Mathcad package.

4.2. Modeling the influence of the features of the electrical and thermal
conditions on the operation of a varistor-posistor voltage limiter

4.2.1. Influence of the internal resistance of the input circuit

The influence of the internal resistance of the input voltage source R; on the
steady state values of output voltage U, current I, and power dissipation of the
varistor layer P, after the actuation of the analyzed VL is shown in Fig. 2.
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Figure 2 -Ansient U;(Uy) and input I(Uy) characteristics, as well as dependences of the
power dissipation of the varistor layer P;(Up) of the varistor-posistor structure on the
input voltage when using voltage sources with internal resistances R; (Q2):
1-0.1:2-1;3-10;4-20;5-50;6 - 100

In numerical experiments, the typical values of the quantities R=1 Q;
RT(0n=1.15 K-W-1; h,=0.001 W-K'':cm? (RT4=318 K-W™!) and of the physical parameters
of the component materials of the structure under study, oriented for use in
protection circuits of solar arrays, are accepted. For the varistor layer, the
parameters of its working element - a layer assembled from several dozen parallel-
connected commercial frameless low-voltage varistors V3.5MLAO603NH (Uc = 3.7-7
V, B = 30-50) [18] and for the posistor layer, that of a self-restoring fuse of the
FRX110 60F type (element resistance in conductive state Ry(T,) ~ 0,3Q;
Tuipy=125 °C) [19] were used.

As can be seen, the dependences U:(Uy) and I(Up) presented in Fig. 2 correspond
to the known ones [8, 9]: with an increase in the input voltage above the
classification voltage of the varistor layer Uc, the output voltage is almost constant
and the current and the dissipation power values, respectively, decrease.

These results are in full agreement with the existing ideas about the
mechanism of electrothermal voltage limitation by the structure under
consideration, which can be described as follows. When an input overvoltage is
applied to the structure, the heat generated by the varistor layer heats the series-
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connected PTC layer and leads to an increase in its resistance. As a result, there is a
redistribution of the input overvoltage between the layers, which ultimately can
provide a limitation at a given level of the output voltage on the varistor layer and,
naturally, on the load connected in parallel to it.

A change in the internal resistance of the input voltage source can only lead to
a shift towards higher values of the input voltage that ensures the operation of the
posistor element. This does not contradict the ideas about the allocation of some
part of the electric power by the internal resistance of the source, that is, the
achievement of the actuation temperature T, takes place at a higher input
voltage (Fig. 3).
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Figure 3 -Dependence of the temperature of the varistor layer T and the
temperature difference between the varistor and posistor layers (T; — T;) after the VL
operation on the applied input voltage for voltage sources with different internal
resistances R; (): 1 - 0.1; 2-1;3-10;4 - 20; 5-50; 6 — 100

It should also be noted that at small U, the heating temperature of the varistor
layer is higher than the temperature of the posistor one (T; — T3) > 0, and for large U,
the opposite pattern takes place (T: — T:) < 0, which is the result of self-heating of
the posistor layer by the passing current.

4.2.2 Influence of the intensity of heat exchange with the environment

The intensity of heat exchange with the environment is one of the essential
factors that determine the temporal changes in the temperature of the considered
two-layer varistor-posistor structure and, accordingly, its functional electrical
characteristics. Such process can be regulated within certain limits, for example, by
using special metal radiators; this allows to consider it as a regime process.
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To simulate the effect of this heat transfer, the coefficient of heat exchange per
unit surface of the outer electrode layers of the structure with the environment (h;)
can be used, which determines the thermal resistance of dissipation to the
environment (RTg;s) in a specific mode of its functioning.

Presented in Fig. 4 data indicate a significant effect of this parameter on the
transient response and the dependences of the dissipated electrical power and the
temperature of the varistor layer in the active state (after actuation) for the device
under consideration.

Uy, V 5,6
4

6F 3

2
4+
ol 1
oL
P, W

Ug, V

Figure 4 - Dependence of output voltage U;, power dissipation P; and temperature of
varistor layer T; after VL actuation on input U at values of specific heat transfer
coefficient h, (W-K-*-cm%): I — 0.00001; 2 - 0.0001; 3-0.001;4-0.01; 5-1;6- 10

At low values of the heat transfer coefficient h,, the VL actuation (at T= Ty)
takes place at relatively low (Up<Uc) input voltages U, (curves I and 2 in Fig. 4). In
this case, the output voltage U; and the electrical power dissipated by the varistor
layer are significantly reduced. It follows that the device under consideration in this
mode is not capable of fixing a constant voltage at the output and can only function
as a self-resetting high voltage fuse.

At large values of h, a significant electric power is required for the
corresponding heating of the entire structure (curves 5 and 6 in Fig. 4) and,
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therefore, in the stationary state, large currents must flow through the structure,
which will eventually lead to the degradation of the varistor layer [20] and the
destruction of the voltage limiter. Regarding the accepted physical and technical
parameters of the structure, the optimal value of the parameter h; is within 0.001 -
0.01 W-Kl.cm™.

4.2.3. Influence of ambient temperature

In the technical application of the studied combined electrothermal devices,
detailed information is needed on their behavior under various conditions, in
particular, in various temperature regimes. One of the urgent tasks is to study the
influence of environmental factors on their electrical characteristics, first of all, such
factor as ambient temperature.

The calculated dependences of the output voltage, current, and temperature of
the structure under study on the applied input voltage in the open circuit mode are
shown in Fig. 5.
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Figure 5 - Dependence of the output voltage Ui, current and temperature of the
varistor layer T; after VL actuation on the input U, at the ambient temperature
values Ty (K): 1 - 293; 2 — 325; 3 — 350; 4 — 375

The presented patterns are in satisfactory agreement with the known data of
the experimental studies [11].

The effect of ambient temperature on the absolute value of the limited output
voltage is determined by a negligible thermal resistance factor.
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An increase in the ambient temperature T, leads to a slight increase in the
temperature of the posistor layer of the structure in the output voltage range where
the process of its limitation is implemented.

Input characteristics correspond to typical volt-ampere characteristics of
posistors [21, 22]. It should be noted that the main function of the varistor - the
limitation of the overvoltage pulse - takes only a short period of time at the
beginning of its action when the varistor element heats the structure to the
temperature of the phase transition of the posistor element, and then it performs
only the function of a heater. After switching the posistor element to the low-
conducting state, upon reaching T, the current of the structure decreases to a value
sufficient to keep it in this state [23]. According to the data in Fig. 4, an increase in
the ambient temperature T, causes a significant decrease in the magnitude of the
current I since such increase provides additional heating of the posistor element.

Accordingly, as the voltage U, increases, the current I flow through the
combined structure under study increases and passes through its maximum (when
the temperature of the structure approaches T, corresponding to the previously
indicated phase transition). Further, this current decreases due to an increase in the
resistance of the nanocomposite posistor layer.

Figure 6 shows the corresponding dependences of electrical power dissipation

by layers of varistor ceramics and posistor polymer nanocomposite/

P, W
0.4 1

0.2 3

oF

Ps, W
0.4f

Figure 6 - Dependence of the electrical powers dissipated by the varistor P; and
posistor P; layers of the structure under study after the VL actuation on the input
voltage U, at the ambient temperature values To (K):
1-293;2 -325;3-350;4 - 375
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After the transition of the posistor layer to a high-resistance state at T, there
is a redistribution of the input voltage and dissipated electrical power towards its
posistor component increasing.

An increase in the ambient temperature leads to a decrease in the additional
electric power required for the posistor layer to reach the phase transition
temperature.

In conclusion, it should be noted that the current-voltage characteristics (CVC)
of varistor, in particular, metal oxide ceramic materials, have sections that differ
somewhat in electrical and thermal properties [24]. At low voltage values, there is a
temperature-sensitive linear (ohmic) dependence of the current on voltage in the
form of Ohm's law, and the electrical resistance of the varistor has a temperature
activation dependence typical of a semiconductor. With a further increase in voltage,
the current increases nonlinearly with increasing voltage, and there are sections of
weak and varistor nonlinearity of the [-V characteristic, where there is practically no
dependence on temperature. At very high voltages, the volt-ampere characteristic is
also linear and has a temperature dependence of resistance with low activation
energies (<0.05 eV). As a rule, this section of the CVC of varistors is not technically
used.

Depending on the type of varistor material, as the temperature rises, its ohmic
section and the section of intermediate fields can significantly move to the region of
high currents. The activation energy of electrical conductivity in weak fields for
different types of ceramics is 0.4-1 eV [16]. This feature of the I-V characteristics of
the varistor layer, which is largely dependent on the activation energy of the low-
voltage electrical conductivity of metal oxide ceramics, can lead to the effect of
transformation of the transient characteristics of the considered LV, like those
described in the previous subsection.

The results of the analysis of the effect of the temperature sensitivity of the
varistor layer on the characteristics of the considered voltage limiting device within
the framework of the adopted model of its CVC are presented below (Fig. 7).

As can be seen from this figure, when using a varistor layer with a significant
temperature dependence of ohmic conductivity, a significant decrease in the output
(limited voltage) can take place.
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Figure 7 - Dependences of the output voltage Ul on the input UO after actuation for
VL based on varistor layers with conduction activation energies in the low-voltage
(ohmic) section of their CVC: AE=0¢eV (1, 2, 3,4) and AE=0.4eV (1', 2/, 3, 4').
Other designations correspond to those given in Fig. 6

5. Conclusions

The presented results of modeling and analysis of the influence of the features
of the electrical and thermal conditions on the operation of a voltage limiter based
on a combined structure of layers of metal oxide varistor ceramics and a posistor
polymer nanocomposite made it possible to establish the following regularities.

A change in the internal resistance of the input voltage source may result in a
shift towards higher values of the input voltage ensuring the posistor element
actuation that corresponds to the loss of some part of the electric power spent for
heating the structure on the internal resistance of the source.

Low levels of heat exchange intensity between the considered VL and
environment cause it to actuate at voltages lower than the classification voltage of
the varistor layer, and thus such a device is not capable of fixing a constant voltage
at the output but can only function as a self-resetting high voltage fuse. At high
intensity levels, significant currents are required for the appropriate heating of the
entire structure, which can lead to the destruction of the VL itself.

If the ambient temperature rises, the structure temperature and the output
voltage of the device change insignificantly in the section of the temperature
limitation, and the current magnitude and the dissipation power of the structure are
substantially reduced. For structures based on varistor ceramics with a strong
dependence of low-voltage resistance on temperature (high activation energies of its
temperature sensitivity), the output voltage decreases (to values of the order of one
volt).
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AHani3 ocodaueocmeti hyHKUYiOHYyBaAHHS 0OMexHcysauie Hanpyau

Ha OCHOBi KOMOIHOBAHOT 6APUCMOPHO-NO3UCINOPHOT CIMPYKMypu
Y pobomi HagedeHO pe3ysibmamu Mo0en8aHHs. ma aHanisy enaugy 0coo1usocmeti
e/IeKMPUUHO20 MA Menjio8o20 pexcumie Ha (PyHKYiOHy8aAHHS CMPYKMypu 3 NOCAi008HO
3’€0HaHUX ma mepmiuHO KOHMAaKMoBaHUX WApPI8 8aApUCMOPHOI Kepamiku ma no3ucmo-
PHO20 KOMNO3umy, w0 CMaHos/isimy iHmepec 07 po3poOKu. NepcnekmueHoz20 00Mexcy-
gaua NOCmitiHux i noeinbHo 3MiHHUX Hanpyz. OCHOB8Ha y8aza npudineHa O00CNiIOHCEHHIO
3aKoHOMIipHOcmell N08ediHKU (QYHKYIOHANBbHUX eIeKMPUUHUX I Menio8ux Xapakmepuc-
MUK Maxkux cmpykmyp npu 3MiHi 6HympillHb020 0Nopy Oxcepesa 8xiOHoi Hanpyzu ma
[HMeHcusHOCMi Menso0OMIHY 3 HABKONUWHIM cepedosuulem, a makoxc tiozo memnepa-

mypu.
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IToxa3ano, wo 3miHa 6HyMpilWH020 0NOPY Oxcepesia 8XiOHOT Hanpy2u Moxce npu3-
gecmu Jiuwe 00 3cyg8y 8 OiK suujux 3HaueH» 8KA3AHOI Hanpyau, Wo 3abe3neuye cnpaybo-
8YBAHHS NO3UCMOPHO20 eJleMeHma.

IIpu HU3bKIll iHMeHCUBHOCMI Men000MIHY Mixc maxkum oomexcysaiuem Hanpyzu ma
HABKONIUWHIM cepedoguuieM 8iH Moxce Npayweamu npu Hanpy2ax, HUX4Ux 3a Kaacugi-
KayitiHy Hanpyzy 6apucmopHo20 wapy, i, makum 4YuHoM, po32JssHymuil npucmpiti He
30amHuli ¢ikcygsamu nocmitiHy Hanpy2y Ha 8uxodi i Moxce (QyHKUioHy8amu minvKu sK
camogioHoeIeaHuli 3anobixcHuK 8id nepemanpyzu.. Ilpu nideuuieHHi memnepamypu
HA8KOJUWHB020 cepedosuuja (0o memnepamypu (pa3o8o20 nepexody 8 mamepiani uapy
nosucmopa) memnepamypa cmpykmypu ma euxioHa Hanpyza npunady 3MiHK0I0MbCs He-
CYyMmmeso HABKOJI0 MOUKU 0OMexceHHs memnepamypu, a 3HAYeHHS. CMpymy i nomyx-
HICMb PO3Ci06aAHHS CMPYKMYypU 3HAYHO 3MEHUWLYIOMbCs. [l cmpyKkmyp Ha 0CHO81 8apu-
CMOPHOI Kepamiku 3 CUNbHOIN 3AJIEHCHICMIO HU3bK0B80JIbIMHO20 0NOpy 8i0 memnepamypu
(8UCOKi eHepeil akmusayii 11020 memnepamypHol 3a1eX#HOCMI) MA€ Micye 3HUMIEHHS 8U-
XidHoi Hanpyau (Jo 3HaueHb NOPSAOKY 00HO20 801bMAQ).
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M.A. dkoBineBa, €.P. KoBuiin
THOOPMAIIIMTHA CICTEMA ITPOBEJEHHS
ITPOIIECY LIVENESS DETECTION 3A J1OITIOMOI'OI0O AWS

AHomauyis. Y pobomi 0ocnioxeHo npoyec nposedeHHs 8i0eoideHmuikayii ocobu 3a 0oNoMo2ok
npouecy Liveness Detection. Po3pobseHo anzopumm nposedeHHs npouecy Liveness Detection Ha
OCHOBI BUKOHAHHA BUNAOKOBUX 3aB80aHb 0C00010, W0 10eHmugikyembcs. [IposedeHo 00CniOXeH-
Ha API Amazon DetectFaces, y npoueci sK020, eMnipuyHuUM wWssxom, 6yau BCMaHoBIeHi N0po20si
3HAYEHHA Xapakmepucmuk o06/uyys Ha 306paxeHHT 0/ nposedeHHs npouyecy Liveness
Detection. Ha ocHosi nposedeHux 00cniOxeHb po3pobieHa npozpamHa cucmema 6iomempuyHoi
si0eoideHmu@iKayii MoOUHU, AKA 003B0JAE GBMOMAMUYHO BCMAHOBMIOBAMU NPUCYMHICMb
ocobu neped sideokameporo i ideHmugikysamu ii, 3anobieayu BUKOPUCMAHHIO (HaNbUUBUX
apmegpaxkmis 3 Memoto niopobKu ocobucmocmi 0OUHU.

Kntoyosi cnosa: Liveness Detection, sioeoideHmugikayis, Amazon Web Services, po3nizHasaHHsA
06/1u4YA.

ITocraHoBKa mpoosemu. JlycTaHIliiiHe TIpOBeIeHHs Mpoliecy BigeoimeHTUdi-
Kallii cTae Bce Oi/IbII aKTyaJIbHMM Y Hallliii KpaiHi. 3 0HOTO OOKY, ITOIIMPEHHS Y CBi-
Ti Bipycy COVID-19 BuK/IMKano pisKy 3MiHy NaTepHiB CIIOKMUBUYOI [IOBeAiHKU. 3pOC-
Jla yacTKa TUX CITOKMBAUiB, SIKi CBiIOMO UM BUMYIIIEHO BiIMOBJISIIOTHCS Bif i3nMuHO-
ro KOHTaKTy 3 OTOUYKUMMM. 3 iHIIOTO OOKY, BeluKa KiJbKiCTb 0l CTUKAETHCS 3
pisHMMM Tpo6JieMaMM y 3B'SI3Ky 3 IIepecejieHHSIM Ta peJIoKalli€lo MiAIpueEMCTB i3
TEepUTOPIii, me BeayThCs aKTMBHI 00710Bi mii. Hampukiaz, moauHa, sika 6askae Bilk-
PUTY OCOOMCTUIT PAXYHOK UM B3SITU KPEOUT, HE 3aBKOM MOKEe 3HAWTU BiIIieHHS
6aHKy, e OMepalioHiCT 3MOsKe IMepeBipUTHU CXOXKICTb JIOAMHYU 3 ii JOKyMeHTaMM.
A6O TpOMaISTHUH, SIKMI1 3BePTAEThCS AJIS1 HaTAHHS JeSIKMX eJIEKTPOHHUX AepsKaBHUX
MOC/IyT, Hapasi, Ha TeBHUX eTarax BUKOHAHHS 110ro 3aluUTy, MOBMHEH OyTH 0cobuc-
TO MPUCYTHIM Y BiIlIOBITHMX AepkaBHUX OpraHax, o0 ITiATBepPAUTI CBOK 0COOMC-
TiCTb.

OIHMM 3 IUISIXiB BUpIIIeHHS Ipo06JieMM OMCTaHIiiHOI BimeoimeHTudikaiii
ocobu € mporiec Liveness detection [1], sikuii 103BOJISI€ BiAPI3HUTY peanbHy JOOUHY
Bif IITYYHOI penpoyKilii i1 30BHimIHOCTI. [Ipy 1IbOMY MiAXOAi cucTeMa, sika BUKO-

© sxosneBa M.A., KoBuin €.P., 2022
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pucTtoBye Liveness detection, rmoBuHHa B3a€MOIISITU i3 0C000I0 TaKMM YMHOM, 1100
3HAUYHO YTPYIHUTHU ITiAPOOKY ii 0co6MCTOCTi XakepoM abo 1axpaem.

Po6oTa Ma€e BMCOKY aKTyaJbHICTh i MPAKTMUYHY 3HAUMMICTh, 4epe3 Io Oyi0
TIPUITHSTO PpillleHHS IIPO PO3pPOOKY BJIACHOTO aJTOPUTMY IIPOBEIEHHSI IPOIecy
Liveness detection, kit JO3BOJUTb AMCTAHIIIIHO MIPOAHaTIi3yBaTH i OLIHUTYU MIPU-
CYTHiCTb 0co0M, 10 imeHTMUGIKYeThCS, Ta MOOYIyBAaTM HA #Or0 OCHOBi IPOrpaMHY
cucTemy BimeoimeHTUdiKalii criBpoGiTHMUKIB MiAIPUEMCTBA, BiIKPUTICTh KOIY SIKOi
II03BOJIUTH BiJIbHO, 3a MOTPe60I0, MMOBTOPHO BUKOPMCTOBYBaTM ab0 3MiHIOBATM ii
KOMIIOHEHTH IpU peasisailii mpoiecy Liveness detection y 6yab-sIKMX cuCTeMax Bi-
neoimeHTUdIKaLii JIOOVMHNA.

AHaniz ocraHHIX JOOCTiAKeHb 1 myOJikamii. 3arajJbHuii  PO3BUTOK
KOMIT FOTepHUX TEXHOJIOTiH i BHOCKOHAJIEHHST aJITOPUTMIB pOOOTHU IITYIHOTO iHTese-
KTY, IIPOTSITOM OCTAaHHIX KiJIbKOX IecSTUpiub, JO3BOJMIM PO3POOUTU Oe3Jliu airo-
PUTMiB PO3Ti3HABaHHS 00/IMYUUS, SIKi YMOBHO MOXKHA MOIUIUTY Ha TPU TUIIK, 3aJI€K-
HO Bif, TOro, SIK BOHM ieHTMU(iKyI0Tb 06/1MuyYs [2]: HA OCHOBi 30BHILIHBOTO BUIJISILY
(byHK11il), IKMIT BUKOPUCTOBYE TMOBHI TEKCTYpHi (QYHKIIii; po3Mi3HaBaHHS OOIMYYSs
Ha OCHOBi MigNpOCTOpPY; MPUIIOMMU BUKOPUCTAHHSI HEMPOHHUX MepexX. KoHKpeTHi
pileHHs [IJis TIpoBefeHHs Ipoilecy Liveness detection € 3akpuUTUMM AJ1s1 BiTbHOTO
BUMKOPMCTAHHS Ta MpeJCcTaBjeHi KaTajorom KomepiiiiiHoro API, siki 6a3yioThcst Ha
MallMHHOMY HaBYaHHI Ta BUKOPUCTOBYIOTb HEMPOHHI Mepexi [Jisi BUKOHAHHS 3a-
BIlaHb, TaKi, 9K miaT@opma imeHTudikailii Acuant [3], Kairos Face Recognition [4],
API Animetrics Face Recognition [5], API Lambda Labs [6]. [IpoBenenuit aHasi3 cy-
YaCHOrO PUHKY IPOrpaMHUX 1 aJrOpPUTMIUYHMX pillleHb [JIsi BUKOHAHHSI MPOLECY
Liveness detection mokasas, 110 iCHYIOUM Hapasi MigXxo[u € IiJIKOM KOMepIiitHUMMU
pillleHHSIMM i3 3aKPUTUMM aJATOPUTMaMy CBO€i po6oTu. OKpiM IIbOTO, aaTOPUTM
Liveness detection 1ie He € cTaHZapTU30BaHMM i Ma€ Oe3jliu BapiaHTIB peasisarlii,
SIKi iHOZIi MOXKYTb MIPUBOAUTU 0 HEOAHO3HAUYHMX pe3yabTaTiB [7]. Came TomMy, 6ysi0
TIPUITHSTO pillleHHS IIpO0 PO3pOOKY BJACHOTO aJIrOpUTMy Ta cuctemyu Liveness
detection Ha OCHOBi OTpMMAaHHSI XapaKTePUCTUK 00/mMuus 3a goromoro AWS API
[8], ockinbky 1l cepBic MPOIMOHYE BMUCOKY TOUHICTh PO3Mi3HAHHSI 0OJMYYS, sIKa
ckiaagae 99.99% i momicssuHo Hamae 6e3komrToBHi 10000 3amuTiB 11711 BUKOPUCTAH-
HsI, YOO AOCTATHBO [IJISI BUKOHAHHS MEeTH HaIlloi po6OTH.

Mara pocaigskeHHsI: po3poOKa ajaropuMTmy MpoBefeHHS Mpolecy Liveness
Detection 3a momomorow AWS Ta mobymoBa cuctemyu BimeoimeHTudiKallii Ha iioro

OCHOBI.
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OcHoBHA yacTuHa: Hajimepmmm KpOKOM Hallloi po60TH, 10 Ma€ 6yTM BUKO-
HaHUI IJ11 PO3pOOKM cUCTeMMU BimeoimeHTUdikalii ocobu, € po3pobdka aJropuUTMy
npouecy Liveness detection. [loro ronoBHo0 MeTOI0 € KOHKpeTM3allisl IariB KOMy-
HiKallii MporpaMHOi CUCTEMM i3 KOPUCTYBA4YeM, 3 METOK OTPUMaHHSI BUCHOBKY III0-
10 GisMYHOI IPUCYTHOCTI 0COOM, sIKa MPOXOAUTD BigeoimeHTudiKallio, nepems Kame-

po10. PO3TI/ISIHEMO CTBOPEHMIT aJITOPUTM, 306pakeHnit Ha puc. 1. 6iIbII JeTaJTbHO.
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PucyHox 1 - Anroputm BUKOHaHHS Mpoliecy Liveness Detection

Hajinepimmum KpoKOM pO3p0o6JIEHOTO aJTOPUTMY € OTPMMAHHSI €TaIOHHOTO 30-
opakeHHsT 1151 imeHTHiKaIlii ocobu. Takum 300pakeHHSIM Moke OyTH (oTo 3 mo-
KYMEHTiB KOpUCTyBaua, abo, SIK 3p00JIeHO y Halllili cucTeMi - imeHTudikaTop nepe-
MyCTKY, 3ammndpoBannit y Burasani QR-komy, sikuit reHepyeTbCS 3a3aJieriib Ta Mic-
TUTb B COOi JIOTiH CHiBpOOITHMKA, JO SIKOTO MPUB’SI3aHa JOr0 eTaJioHa LieHTpaJbHa
dororpadis.

BigmoBigHO A0 1IbOTO, APYTMM Ta TPETiM KpokoM € posimndpoBka QR-kogy 3
TeperyCTKY Ta MOIIyK posumdpoBaHoi iHbopmaliii y 6a3i gaHux cucremu. SIKImo
npaiiBHXKA 332 OTPUMMAaHMUM JIOTiIHOM He 3HailfeHo, 1je 3HaUUTh, 1[0 MeperycTka Bu-
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SIBUJIACS IiAPOOJIEHOI0 Ta aJifTOPUTM He JOITyCKa€ TaKOTo CITiBpOOiTHMKA, 3aBeplia-
I0UM TaKMM UYMHOM IIPOLieC BigeoigeHTUdiKalii.

Skimo maHi meperrycTku Oy/iyM 3HaliIeHi, HA YeTBEPTOMY KpPOIli aIrTOPUTMY BU-
KOHYETbHCS TeHepallisi TpbOX 3aBlaHb, HalllJ/IeHMX HA OTPUMAaHHS IOJIOKeHb T'OJIOBU
ocobu, sika imeHTUdiKyeThes. [lepiiMm 3aBIaHHSIM € OTPMMAaHHS IIeHTPaabHOI ¢o-
tTorpadii ocobu, ABa iHIIMX 00MPAIOTHCS BUITAAKOBO 3 MAacUBY 3a3/Jajerigb JOCTYII-
HMX BapiaHTiB 3aBIaHb.

[’ITMM Ta MIOCTUM KPOKOM € 6esmnocepenHe (otorpadyBaHHsS 0cobu, 3 moaa-
JbIIMM aHasizoM doTtorpadii Ha MOJIOKEHHS TOJIOBY Ta JOr0 BiAMOBiIHOCTI ITOTOY-
HOMY 3aBJaHHIO.

Ha chomoMy Kpolii BiiOyBa€eThCs IepeBipka, Y/ BMKOHAHEe ITOTOYHE 3aBIaHHSI.
SIK1I0 Hi, TO KiJIBKiCTh JOCTYIHMUX CIIPOO 3MEHIIYEThCS HA OAHY. SIKIIO y MpalliBHUKA
IIe € JOCTYITHI CITpo6u, TO MpoIec MepexoauTh A0 II'ITOT0 KPOKY, TOOTO Ha MPOoILiec
dororpadyBanss. SIKio 3aBgaHHs 0yJ0 BUKOHAHO, CMCTeMa IepeBipsie, Uu CriBma-
nae ocoba Ha (ororpadii Ta Ha mepemnycTii. SKIIO BiACOTOK CITiBHAAiHHSI 3aHAATO
MaJinii, TO Tpoliec Oye 3aBepiieHO 3 He AOITyCKOM [0 IMiAIpueMCTBA. K0 ocoba
MpoilIa TepeBipKy, TO HAJAETHCSI 3MOra BUKOHATM OCTaHHI Ba 3aBJAHHS Ha IIO-
JIO’K€HHSI TOJIOBU, ITICJISI YOTO CUCTEMa IMOBEPTAETHCS HaA ITSITUI KPOK.

HacTynmHuM KPOKOM Hallloi pob0TH € JTOCTiaKeHHSI MOXK/IMBOCTI BUKOPUCTAHHS
TIPOCTOPOBUX XapaKTEePUCTUK OOIMUUS [JISI aHali3y ITOJIOKeHHS ToyioBM Bim API
AWS, ockinbky cam 110 cobi API AWS He Hagae GyHKIIiOHATY AJ1s poBeeHHs Live-
ness detection. 3 6e3/1iui MOKIMBUX XapaKTE€PUCTHUK TOJOKEHHS TOJIOBU Ta O0IMUUS
Ha dororpadii 6ynm obpani HacTynHi: isHead, sKuii BigmoBimae 3a HasIBHICTh Ta Ki-
JBKiCTh 0cib Ha ¢oTorpadii, brightness, sskuii Binmosigae 3a sckpaBicTb GoTorpadii;
distanceHead, sikuii BigroBimae 3a BigcTaHb 0cobu 10 Be6-Kamepu; sunglasses, sikuit
BiJITIOBi/la€ 3a HASIBHICTb COHIIE3aXMCHMUX OKYJ/ISIPiB HA 00/iMu4i; posX, BiAIoBimab-
HMIT 3a po3TalllyBaHHS 0COOM om0 oci KoopauHat OX; posY, BimnoBimanbHMII 3a
po3TalryBaHHsS 0cobu momo oci KoopamHat OY; sharpness, BimmoBimaJbHMUI 3a
SIKiCTb 300paskeHHsI, a caMe 3a JI0ro YiTKiCcTh; posYaw, BinmoBimajmbHMiI 3a IIOBO-
pPOT T'0JIOBM T10 CTOPOHAX; posPitch, sikuii BiATIOBimae 3a HaXMJI roJiOBU Bropy i BHUS,
posRoll, BinmoBiganbHMii 38 HAXWJI BEPXiBKU IO CTOpPOHaX; eyesOpen, SIKUi1 BilIOBi-
Ila€ 3a CTaH oYeil, a caMe, UM € BOHM Bimkputumu; mouthClosed, sskuii BinmoBigae 3a
CTaH pPOTa, a camMe, UM 3aKPUTUIA BiH.

[t TOTO, 11106 3pO3YMiTH, UM € aHe MOJ0XKEeHHS FOJIOBY KOPUCTyBaya BipHUM,
OyJI0O BUKOHAHEe JOCJIiIKeHHS ITigiopaHuX JiMiTiB AJIs1 KOXKHOTO MapaMeTpa OKpeMo,

eMITipMYHUM IIISIXOM. ITic/IsT OnmpalfoBaHHsI KOKHOIO 3 MapaMeTpiB OY/I0 BUAIIEHO
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IBa TUIIM T'PAaHUMYHMX 3HAUeHb: 3HAUEHHS, SIKi MiAXOASTh AJis KOKHOTO 3 IT'SITU 3a-
BlIaHb i 3HAUEeHHS, SIKi YHiKa/JIbHi /IS TIeBHOTO TUITY 3aBIaHHS. Y IepIly KaTeropito
BiTHOCSITHCS ITapamMeTpH, IO BiAIOBiZaIOTh 3a KiJIbKiCTh 0cib Ha ¢oTorpadii, ocBiT-
JIeHHS i YiTKicTh 300paskeHHs. 3HaueHHs mapamMeTpa isHead po3paxoByeTbcs 3a po-
3MipOM MacCUBY, IO MiCTUTh aHaJIi3 KOKHOI'O PO3IIi3HAHOro 06myyst cepBicom AWS.
S0 po3mip MacuBy AOPIBHIOE OOVHUIIL, 11e O3HAYAE, 10 Y KaApi BUSBJIEHO JIAIIIE
onHe 06/MYyYs, IO caMe i 3aJJ0BOJIbHSIE cucTemy. IlapaMeTp, 110 BiAIoBigae 3a sICK-
paBicTb, MOke HabyBaTy 3HaueHHs Bim O mo 100 (BK/IIOUHO), Ae OiJlbIl BMCOKe 3Ha-
YyeHHS BKa3ye Ha sICKpaBillle 300paykeHHsT 06/1muusi. [IpoBeeHi eKcIiepMMeHTH IToKa-
3a/IM TOTMYCTUMMIA iHTepBasn 3HaueHb Bing 50 go 97. [lns mapameTpa, 10 BiAMoBigae
3a 4iTKicTb 300paskeHHs, OyB migiopannii iHTepBas Big 40 1o 100 BKIOYHO. IHIII ma-
paMeTpu Ta iX AOIMYCTUMI 3HAYEHHS € YHIKQJIbHUMM [AJ11 KOKHOTO 3aBAaHHSI.

[TapameTp, 11O BiAIIOBila€ 3a HaxXUJ BepXiBKM MOKe IpUIIMATy HeraTUBHeE
3HAUYeHHs, 110 03HAaYae, 110 HaXUJI BUKOHAHMII B JIiBY CTOPOHY. | HaBmaku, mpu Ha-
XWIi IpaBoOpyY 3HAUYEHHsSI Oyje MO3UTMBHMUM. TaKuMM UMHOM, IJIS BMKOHAHHS 3a-
BIAHHS Ha ILIeHTpajibHe MOJIOKEHHSI TOJI0BU JOMYCTMMMMM BBaXKAIOThCS 3HAYEHHS,
SIKi 3HA-XOMSIThCS B Aiara3oHi Bim -5 mo 5. [l peliTy 3aBAaHb Aiaria3oH OyB 30i/b-
IIeHMI1, OCKiJIbKM, ITPU MOBOPOTI BCi€l rOJIOBU, HAIIPUKIIAL, BIiBO, cepBic AWS nae
MOXMOKY Y 3HAUeHHi HaxXwIy BepxiBKu. TaKMM UMHOM, B Jialta30H BKJIIOUEHi umcia
Big -20 mo 20.

Iy Toro, mo6 BU3HAUUTY HAXUJI FOJIOBM Bropy abo BHMU3, HEOOXigHO IMpoaHa-
Ji-3yBaTy 3HaAUeHHS possPitch. Pyx rosoBu 1j1s1 JaHOTO TTlapaMeTpa IToKa3aHo Ha pPHUC.
2 Bich pitch. JlaHi 3HaUeHHS TaKOX MOXYTb OYTHM HEraTMBHMMMU, 1[0 O3HAYAE, IO I'0-
JI0Ba OMYyIlleHa BHU3, a SKIO 3HAUeHHS Oijibllie 3a HY/b, TO r0JIOBA MiAHSATA Bropy.
Vci mipibpani giamasoHy NPUITHATHUX 3HAYEeHb )15 3aBAaHb BKa3aHi B Tabymii 1.

Tabmuig 1
Jiarta3oH migiopaHux 3HaueHb mapameTrpa possPitch ns BUKoHaHHS 3aBIaHb
Tun 3aBgaHHs MiHimMa/ibHe 3HaUEeHHS MaxkcumasibHe 3HaUeHHS
LleHTpaabHe QOoTo 0 18
MOAMBITHCS IIPABOPYY -5 18
MOAMBITHCS JTIBOPYY -5 18
MOAVBITHCSI BTOPY 20 50
MIOAUBITHCSI BHU3 -50 -20
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Yaw

PucyHoK 2 - Pyxu rosioBu 1o ocsix (pose) AWS API

[TapameTp possYaw BiAIOBiae 3a MOBOPOT r'OJIOBM IO CTOpPOHAX. PyX rososu

JIJIST TAHOTO IapaMeTpa IoKa3aHo Ha puc. 2, Bick Yaw. IIpu OoBOpOTi IoJIOBU B JIiBO-

pydY, 3HaUeHHS OYyAyTb HETaTUBHMUMMU, IIPYU MOBOPOTI ITPAaBOPyY - MO3UTUBHUMMU. YCi

migiopaHi gianma3oHM MPUITHATHUX 3HAYEHb /151 3aBIaHb BKa3aHi B Ta0/IMIIi 2.

Tabmuisg 2
Iiama30H 3Ha4YeHb IMapameTpa possYaw JIJisi BUKOHAHHS 3aBlaHb
Twum 3aBoaHHS MiHimManbHe 3HaUeHHS MakcumajibHe 3HaUeHHS
LleHTpasibHe HOTO -5 5
MOAMBITHCSI MPABOPYY 10 50
MOAUBITHCS TiBOPYY -50 -10
MOAUBITHCS BrOpy -5 5
MOOVBITHCS BHU3 -5 5

[TapameTpu, 1O BiAIOBiZalOTh 3a CTAH OYeii, poTa Ta HASIBHICTh COHIIE3aXMC-

HUX OKYJISIPiB MiCTSITh y c00i, KpiM O6y/IbOBOTO 3HAauU€HHSI, Iile it KoeillieHT yreBHe-

HOCTi maHoi BimmoBini. Hampukian, mpu aHainisi gotorpadii, me Ha o6imyyi 3HaxXO-

OSThCSI COHILIE3aXMCHiI OKYJIIpY, MM OTpUMa/IM 3HAueHHs mapameTpa sunglasses,
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SIKUII DOPIiBHIOE true, ajie BiICOTOK TOYHOCTiI MopiBHIOE 50%. Y Takomy pasi Mu He
MOXXeMO CTBEepIKyBaTH, 110 OKYJSIpU AiliCHO MPUCYTHiI Ha ¢oTorpadii. OgHak, 1o
CTOCYETHCS CTaHY OYeli i poTa, TO HAM He BaskIMBO B IKOMY BOHM CTaHi, SIKIIIO BUKO-
HYETbCSI OYyAb-siKe 3aBIAHHS Ha ITOJIOKeHHS TOJI0OBM, KPiM LIeHTpaabHOro. Po3risHe-
MO BapiaHTM 3HaYeHb KOXKHOTO MapaMeTpa JoKIafHiIre. Ko oui BiZKpuTi abo poT
3aKpUTUIA, 1[0 3a/I0BOJIbHSIE YMOBI BUKOHAHHS 1IEHTPAJIbHOTO 3aBAAaHHS, TO Y BiJiTIO-
Bizi Big cepBicy AWS mu oTpumaemo true, IpoTe OOITYCTUMMI BiICOTOK BIIEBHEHOC-
Ti TOBMHEH OyTU He MeHIle 60. [Ijis iHIMX TUTIiB 3aBAaHb HEBAKIUBO B SIKOMY CTaHi
oui i poT Ha doTorpadisix, TOMy 1110 BOHM BCe OTHO He OyIyTh OpaTu y4acTh Y IOPiB-
HSIHHI 3 ma-HMMM 3 6a3M JaHUX i He 3MOXYTb BIUIMHYTM Ha pe3ysbTat. [Ijs1 mapame-
Tpa, 10 BiAIIOBia€ 3a HASIBHICTh COHIIE3aXMCHUX OKYJISIPiB, MPUMHITHUM 3HAUeH-
HsIM € false i3-BmeBHeHicTIO y 70 BiJICOTKiB.

Iyig Toro, mo6 mepeBipUTU MPaBWIbHICTh PO3TAIlyBaHHS 00aMYYsS B Kaapi i
Bi/I-cTaHb 00JIMYYS 1O BeO-KamMepy HeOOXiTHO OiJIbIIl IeTaabHO MTpoaHaIi3yBaTH Ia-
pametp boundingBox. [laHuit mapaMeTp BiJIOBiZa€ 3a paMKy, IO OOMEXKY€E 00 IMUYS
HaBKOJIO, Je JIiBMi1 BepXHili KyT 300paskeHHS - 1e nmouaTok koopauHat (0,0), a Bepx-
He (top) i niBe (left) 3HaUeHHS € BiMHOIIEHHSIMM 0 3aTa/IbHOTO PO3Mipy 300paskeH-
Hs. Hampuknaz, sIKimo BXxifHe 306paskeHHsT mae po3mip 700x200 mikcesiB, a po3Mip
pamku craHoBUTb 350x50 mikceniB, To AWS API noBeprae niBe 3naueHHs (left) 0,5
(350/700) i BepxHe 3HaueHHs (top) 0,25 (50/200). Ha puc. 3 306paskeHO po3TallyBaH-
HSI paMKM T10 BiJHOIIIEHHIO 10 BChOTO 300paskeHHS.

0
Top Image
—Left—" Em;g‘:mq Huaight

a—Widlh—

PucyHOK 3 - Po3TanryBaHHsI paMKM I10 BiTHOLIIEHHIO 1O 300paskeHHS
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TakuM YMHOM, JIJISI pO3paxyHKY BiICTaHi Bifl 061Muus 10 Be6-KaMepy BUKOPU-
CTOBYIOTbCSI 3HAUEHHS IMIMPMHYM Ta BUCOTU PaMKMU, 1[0 0OMeskye obamuus. JomycTu-
Mi 3HaUeHHS HIMPUHM JiekaThb y miamasoni Big 0.15 mo 0.75, a Bucotu — Bim 0.2 go
0.65. 3HaueHHs, SIKi MePEeBUILYIOTh MAaKCMMyM, O3HAUalOTh, 110 KOPUCTYBAY Mifiii-
IIIOB HaATO OJM3bKO A0 KaMepu, a 3HAUeHHS SKi € MeHIlle MiHiMyMy, BiIIIOBiIHO
03HayvaloTh, 1[0 KOPUCTYBAU 3HAXOAUTHCS 3aHAATO Aanaeko Bif kKamepu. [Ijs BU3Ha-
YeHHs PO3TalllyBaHHSI 0COOM INOJO IIEHTPY Kajpy BUKOPUCTOBYIOTHCS MapamMeTpu
left i top. OmHaK mpy BMKOHAHHI 3aBIaHb HA IIOBOPOTM T'OJIOBY [0 CTOPOHAX BBasKa-
€TbCS AOMYCTMMMM HEBEeJIMKUI 3CYB BiJl IEHTPY Kaapy yoik. JIjs 3aBaaHb, e MOTpi-
OHO BiITBOPUTYM HAXWJI TOJIOBM Bropy abo BHI3, OOIMUYSI MOXKe OyTU 3MillleHe 100

1eHTpy. Y Tabauili 3 mpeacTaBeHi OTpUMMaHi Jiala30HM 3HAYeHb AJIs1 KOSKHOTO i3

3aBJaHb.
Tab6nuis 3
Iliama30H 3Ha4YeHb [MapaMeTpiB paMKU 11 BUKOHAHHS 3aBIaHb
Twur 3aBoaHHs Poss x min | Poss x max | Poss y min Poss_y max
1leHTpaabHe GoTo 0.25 0.35 0.1 0.25
MTOAMBITHCS TTpa- 0.35 0.65 0.1 0.25
BOpy4
TTIOMBITHCS JTiBO- 0.05 0.2 0.1 0.25
py4
TOJIUBITHCSI BTOPY 0.25 0.35 0.2 0.6
MIOAUBITHCSI BHU3 0.25 0.35 0.02 0.25

[IpoBeneHe TecTyBaHHS po3pobieHOI NTpuKIaaHOi cuctemu Liveness Detection
Ha OCHOBi CTBOPEHOTO aJITOPUTMY ITPOXOIKeHHS Liveness Ta migiopaHux MMOPOroBUX
3HaueHb AWS API cxnaganocs i3 100 TecTiB pi3HOI COPSIMOBAHOCTI, Bif, TIPSIMOTO
npoxomkeHHs1 user-flow mo TecTyBaHb i3 MeIMYHOIO MacCKO, OKy/sipamu i 60po-
1010, (OTOKAPTKOIO 00JMYYS i Bimeo300paskeHHSIM JIIOAVMHM 3 METOI0 IiapoOKM ii
0COOMCTOCTi. 3aBASKM MTOYATKOBi TOYHOCTI pO3Mi3HABAaHHSI XapaKTePUCTUK 00JIMY-
usg Amazon APIy 99.99% Ta BuIlaAKOBOMY ITiI0OPY 3aBaHb Y pO3p006/ieHOMY aJiro-
putMi Liveness Detection Bci TecTy manm ouikyBaHMIA pe3yiabTaT — ocoba abo ycIrimi-
HO BimeoimeHTMikyBanacs Ha MANIPUEMCTBI, ab0 OyJ0 BCTAaHOBJIEHO MiApPOOKY ii
0Cco6MCTOCTi y X0/1i BUKOHAHHS mpoiiecy Liveness Detection.
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BucHoBku. IIpoBeseHe OOC/iIKeHHS MOPOrOBUX 3HAueHb BiAmoBigeit AWS
API Ta po3pob6iennit y pob6oTi anroputm Liveness Detection m03B0osisie aBTOMaTUYHO
OIIiHIOBATH, 110 Y XO[i BUKOHAHHS BifleoimeHTHdiKkallii cucTeMma HiiicHO B3a€EMOJII€ i3
(bi3suYHO MPUCYTHDHOIO JIIOAVHOIO, 1110 T03BOJIsSIE O0POTUCS i3 BUTIAJKaMU IIaxpaicTBa
y 6aratbox cdepax poboTu iHGOpMaLifiHMX CUCTEM — Bif 6aHaJIbHOIO BpaxyBaHHS
yacy poboTu Ha MiATPUEMCTBI 0 3aM06iraHHs 3JI0My CUCTeM Oe3reKu OaHKiHTY Ta
iHmux ¢inTeyu pimeHsp. [Ij1s1 po3po6KM MpOrpaMHOi iMIIeMeHTallii CTBOPEHOTO ai-
roputMmy OyJia TIpoBefeHa iHTerpailis 3 cepBicamMyu OTpuMMaHHS HaHUX (poTo300pa-
skeHb AWS, i yac SKoi, eMITipMuHuM IUISIXOM Oy migi6paHi koedilieHTH IKOCTi
BXiTHOTO 300paskeHHs [J1s1 TpOBeieHHs Tpoliecy Liveness Detection.

BperTi, Ha OCHOBi MpOBeIEeHMX HOCTIIKEeHb i CTBOPEHMX aJITOPUTMIB, Oyja
po3-pobiieHa cucTeMa BimeoimeHTudikalii criiBpo6iTHMKIB MiAMPMUEMCTBA Ta ITPOBe-
IeHo ii TecTyBaHHS, sSIKe TTOKA3aJI0 BMCOKi pe3yabTaTy pOOOTH CTBOPEHOTO Iporpa-
MHOTO IPOAYKTY. BiZIKpUTICTh aIrOPUTMIB i KOLY CUCTEMMU, @ TAKOXK BUKOPUCTAHHS
repeoBMX TEXHOJIOTil Ipu il po3po0ili, J03BOJSIOTh BUKOPUCTOBYBATM HApOOKH,
OTpMMaHi y poOOTi, /IS iHIIMX IMTPOrPaMHMUX CUCTEM, Ie HeOOXiqHO BIIPOBAIKYBATHU
Trpoiiec BigeoimeHTudikailii ocoomu.
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The information system for the liveness detection process using aws
Analysis of recent studies and publications. The analysis of the modern market
of software and algorithmic solutions for performing the Liveness detection process
showed that the currently existing approaches are completely commercial solutions with
closed algorithms of their work. In addition, the Liveness detection algorithm is not yet
standardized, and has many implementation options that can sometimes lead to am-
biguous results [7]. That is why, it was decided to develop our own algorithm and liveness
detection system based on obtaining face characteristics using the AWS API [8], because
this service offers a high accuracy of face recognition, which is 99.99%, and provides
10,000 free requests to use every month, which enough to fulfill the purpose of our work.
Purpose of the study. Development of the algorithm for the Liveness Detection
process using AWS and the construction of a video identification system based on it.
Main research material. This paper investigates the video identification of a per-
son using the Liveness Detection process. The basis of the question, complexity of the Li-
veness Detection process and the implementation of biometric human video identification
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have been studied. An algorithm for conducting the Liveness Detection process based on
the execution of random tasks by an identified person has been developed.

Integration with the Amazon DetectFaces API was carried out in order to obtain the
character of a digital image of the head, as a result of which it becomes possible to ana-
lyze a photo of a person for a wide range of key facial features. A manual test of the Ama-
zon DetectFaces API was conducted, in the process of which, empirically, thresholds of
facial characteristics in the image for the Liveness Detection process were set. Integration
with the Amazon CompareFaces API was implemented to execute the biometric video
identification.

The testing of the developed Liveness Detection application system based on the
created Liveness passing algorithm and selected AWS API thresholds consisted of 100
tests of different orientations, from direct user-flow testing to tests with a medical mask,
glasses and beard, a photo of a face and a video image of a person for the purpose of for-
gery his personality. Thanks to the initial accuracy of Amazon API facial recognition of
99.99% and the random selection of tasks in the developed Liveness Detection algorithm,
all tests gave the expected result - the person was either successfully video-identified at
the enterprise, or his identity was faked during the Liveness Detection process.

Conclusions. Based on the research, the software system of biometric human video
identification has been developed, which allows to automatically establish the presence of
a person in front of a video camera and identify it, preventing the use of fake artifacts to
falsify a person's identity.
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1.O. Coxkoi, O.C. BOTKOBCbKUIM
JIEKCUYHUI AHAJII3 TIPOTPAMHOTIO KOZIY

AHomauyis. byob-akuli po36ip npoepamHo20 KOOy NOYUHAEMbCSA 3 JIeKCUYHO20 aHamzy. [lonpu
me, W0 JIeKCUYHUU GHAI3 BBAXAEMbLCS BIOHOCHO NPOCMUM emanom, BiH 2pae K408y posb Y
BCIl cucmemi GHANI3y Ma nepemsopeHHs NPo2PamMHO20 KOOY, @ MAKOX MAE BENUKY KIbKICMb AK
meopemuyHUX MaK i npakmuyHux ocobausocmel, wjo nompebyroms pemesbHO20 00CTIOKeHHS.
B danili cmammi po32150aombCa BU3HAYEHHS IeKCUYHO20 aHAMI3amopa, npuHyunu (io2o noby-
008U, meopemuyHi 0cob1uBOCMI Ma 0cobIUBOCMT NPAKMUYHOT peanizayii.

Knioyosi cnosa: nekcudHul aHanizamop, 1eKcema, MoKeH, pe2yaspHi 8upasu, meopia ¢opmass-
HUX M08, HeemepMIHOBAHUU KiHYesul asmomam, 0emepMIHOBAHUU KiHYesul asmomam.

Etanu mepeknagy IpOrpaMHOIO KOOy, SIKi HaBeOeHi Ha PUCYHKY 1, MOsKHa
po3minuTy Ha ABi ry1o6anbHi ¢asu — (asa aHasmisy Ta dhasa cuHTe3y. ETar jekcuuHo-
TO aHaIi3y IOpPsSA 3 CMHTAKCMYHMM Ta CEMAaHTUYHMM aHaJIi30M HaJeKUTh O0 (asu
aHamnisy [1].
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PucyHok 1 — ETanu nepekiany nmporpaMmHOro KOgy
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JlekcUYHMIA aHaTi3 — 1ie Mpoliec ITepeTBOPeHHSs MOC/TiJOBHOCTI CMMBOJIIB BUXi-
IHOTO MPOrpaMHOro KOAY B MOCTILOBHICTh TOKEHIB (TPyIl CMMBOJIIB, 1O BigmoBiga-
IOTb IIEBHUM I11a06JIOHAM) Ta BU3HAUeHHS iX TumiB. [Iporpama um ¢yHKIIiS, IO BUKO-
HY€ JIEKCMYHUI1 HaJli3, HA3MBAETHCS JIEKCMUHMUM aHaIi3aTOPOM, TOKEHI3aTOPOM 4u
CKaHepoM [2].

JIeKCMYHMIA aHA/Ti3aTOP CKAHYE BUXITHUI KO, PSAOK 3a PSIAKOM, NPUITMAOun
Ha BXiJl JieKCceMM BiH reHepye IOTiK TOKeHiB. Hampukiaza, B KOMHOiISTOpax, 4acTo,
JIEKCMYHMI aHami3aTop € QYHKIIi€l0, IKy BUKOPUCTOBYE CMHTAKCUUHUI aHaIi3aTOp
IJ1S1 OTPMMaHHS YeproBOro TOKEHY.

JlekceMu aHAJIOTIUHI CJI0BAM 3 NMPUPOLHIX MOB 3 OJHI€I0 HEBEJIMKOIO Pi3HUIIEIO:
CJI0BA OKpEeMO MaloTh BJIACHI 3HAUEHHS, TOJI SIK IeKCeMM YacTillle BChbOTO NepefarTh
3MiCT rpyraMmu. Hanmpukiaj, BU3HAUMMO HACTYITHUI PSITOK KOAY:

x=a+b*c; (1)

VY Bupasi (1) «x» OKpeMo He Mepefae >KOJAHOr0 3HaYeHHS, IOKM MU He PO3TJIsi-
HeMO BecCbh apudMeTnuHMii Bupa3. TokeH € 3HaUeHHSIM JiekceMu. TOAi 3 TOUKM 30py
3HAUEeHHS y JaHOMYy BUpasi «X» € imeHTudiKaTopoM, CUMBOJI «=» € OIIepaTOpPOM
(orepaTopoM MPUCBOEHHS), «a» - imeHTUdIKaTop i T.1. IK 6aUMMO JTEKCEMM «X», «a»,
«b», «c» MalOTh pi3HMII BUTJISA, ajle 3HAUeHHS IepefarTh OJHe i Te came. A OTXKe,
po0OOTOI0 JIEKCMYHOTO aHaji3aTopa € 3HaXOIKeHHSI 3HaUeHHSI KOKHOI JiekceMu. 3a-
raJioM B MOBax IporpaMyBaHHS BUAISAIOTh HACTYITHI TUIIM TOKEHIB [3]:

- inenTudikaTtop;

- orieparTop;

- KOHCTAHTa;

- KJIIOUOBE CJIOBO;

- TiTepan;

- 3HaK [TYHKTYyallii;

- CrieliaJIbHUIL CUMBOJI.

Ha pucyHky 2 HaBemeHMi (QyHKIIOHAJIbHUI CKIAJ JIEKCMUYHOTO aHalizaTopa.
Jlekcemu mepenaroTbcs 40 (a3M CKaHYBaHHS, SIKa B CBOIO Uepry yCyBa€ eJeMeHTH,
10 He € TOKeHaMM, Taki Ik KOMeHTapi, MOC/iIoBHiI Ipobinu Ta iHile. B pe3ynbTarti,
mig yac gasu aHamizy GopMyIOTbCSl TOKeHU. 3BMUYAITHO, SKILO JIEKCMYHOMY aHasi3a-
TOPY He BHOAJIOCST 3HAMTU BiIMIOBiIHMII TOKEH 10 JIeKCeMMU, BiH ITOBMHEH chOpMYyBaTHU

TTOBiZOMJIEHHS PO MMOMMJIKY 3 HEOOXimHO0 iHopMaIii€io.
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PucyHOK 2 — ®yHKUIIOH/IbHUIA CKJIa[ IEKCUUHOTO aHaJli3aTopa

IIpotiec opmyBaHHS TOKEHIB MOTpeOye MeBHMIT HAOip IMIa6JIOHIB AJIs1 3HAXO-
IKeHHsI 3HaueHb jekceM. CTaHAAPTHUM METOIOM OIMCY IIAa6JIOHIB IOIIYKY € pery-
JISIpHi BUpa3u.

PerynsapHi Bupasu (aHri. regular expressions) — dopmanbHa MOBa, sika BUKO-
PUCTOBYETHCSI B KOMIT'IOTEPHUX IMIpOrpamMax, 0 NpaIloloTh 3 TEKCTOM, AJIs MOIIYKY
Ta 3MAi/iICHEHHS MaHIiMyJsLii 3 MigpsakaMu y TeKCTi, 3aCHOBaHa Ha BUKOPUCTAHHI
MeTacMMBOJIIB. [IJisI TIOITYKY BUKOPUCTOBYETHCS PSIAOK-3pa30K, SIKMI1 CKIama€ThCS 3
CMMBOJIiB Ta METAaCMMBOJIiB Ta 3a/1a€ IIPaBUJIO MOIIYKY [4].

PerynspHi Bupasy MalOTb MHOXMHY HiaJIeKTiB, 0COOGIMBY IOMYJISIPHICTh Ha0y-
au HactynHi gianektu: POSIX, Perl, PCRE, ECMAScript, Python. B Teopii ¢opmasb-
HUX MOB peryJisipHi BUpasu CKIaJalThCsl 3 KOHCTAHT Ta OllepaTopiB, sIKi BM3Haua-
I0Tb MHOXMHY PSIIKIB Ta MHOXMHY OIlepalliii HaJ, HMMM BiAmnoBigHo. Ha 1iboMy KiH-
1eBoMy asdaBiTi ) BU3HAUEHi HACTYIHI KOHCTAHTH [5]:

- TIOPOXHS MHOXMHa @ 1o3Havae @;

- TIOPOXKHiN PSIAOK & IO3HAYa€ MHOXWHY {¢};

- PSOOK a B Y II03HauYa€ MHOXUHY {a};

Ta HACTYIHi omnepartiii [5]:

- KOHKareHallis (concatenation) RS mo3Havae Habip pSAOKiB, SIKMII MOKHA
OTpUMAaTM KOHKaTeHalli€l0 MHOXMH BU3HauUeHUX R Ta S (y LilbOMY MOPSAKY), HATIPU-
Ki1ama: Hexail R mosHavae {“ab”, “c”} ta S mosnauae {“d”, “ef”}, Tomi RS mosnauae
[“abd”, “abef”, “cd”, “cef};

- uepryBaHHd (alternation) R|S rmo3Hauae 06’€THAHHS MHOXMWH, OMMCAaHUX R
Ta S, HaIpMKIIaA: Ko R ommcye {“ab”, “c”} ra S onucye {“ab”, “d”, “ef”}, Toxi Bupas
RIS onucye {“ab”, “c”, “d”, “ef”};

- 3amukaHHsl Knini (Kleene closure) R* mo3Hauae HaliMeHITy HaJMHOXWHY
MHOXMWH, OMMCaHOl R, [0 MiCTUTD ¢ i € 3aMKHYTOI0 BiJHOCHO KOHKaTeHallii psSaKiB,
1le Habip BCiX psAKiB, KUt MoOke OYyTM CTBOpeHMI 3aBASIKM KOHKaTeHallili Oynb-
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SIKOTO KiHIIeBOTO ulc/ia (BK/IKUYAKUM HY/Ib) PSAKIB i3 HAO0Opy ommcaHoro R, Hampu-
K1aj: SKmo R mosuavae {“0”, “17}, Tomi R* mosHavae Habip BCiX KiHIEBUX IBIIKOBMX
PSIAKiIB (BK/IIOUAKOUM TOPOXKHINM PSIZIOK).

[yt mpuKIagy CTBOpUMO Habip IMIa6/JIOHIB HA OCHOBI PeryasipHMX BUpasiB Ajist
HACTYITHOI JIeKCMKYM MOBM IpOrpaMyBaHHSI:

1. MoBa mporpaMyBaHHsI Ma€ OfHe KJII0U0Be c10BO “while”.

2. ImeHTudikaTop Moxe CKIaZaTUCS 3 JIiTep JaTMHCbKOro andasiTy Ta 1udp,
ajie TIOBMHEH ITOYMHATUCS 3 JIITEPH.

3. Lline umciao moxke 6yt 0 abo ckimagaTumcs 3 uudp, 3a YMOBM TOTO, IO Iiepiia
unudpa He 6yge 0. Lise ymca0 MOKe MiCTUTHM 3HAK Ha ITOYATKY.

4. liticHe uyuciao 3 ¢ikcoBaHoo Kpankow (decimal), nampuknam 134.0093,
-76.11.

5. ijicHe umciao 3 ILIaBalOuol0 Kparkoi (real), nampuknam 1.3400E+02,
-98.345E-5, 156E8.

Iy 3pydyHOCTi MOXKHa copMyBaTM HACTYIIHI MMO3HAYEHHSI, BUKOPUCTOBYIOUM
OInMcaHi oneparii Haf, pSAKaMM:

1. P*= PP’. Hexaii P 1ie psgok “a”, Toni P*6yme BM3HA4YaTV HACTYIIHY MHOXKMUHY:

{“a”, “aa”, “aaa”, “aaaa”, ...}.

2. P? = P| e. Hexaii P 1ie psapok “a”, Togi P? 6yae BM3HAyaTy HACTYIIHY MHOXM-
Hy: {“a”, “e”}.

3. [a-z] = alb|c|...|z. Tlo3HaueHHs Gyme BM3HAYaTM MHOXMHY {“a”, “b”, “c”, “d”,
- “27)

Takox, 11 3pyYHOCTI MOKHA 1aBaTy iMeHa perysipHUM Bupasam, 1006 MoTiM
MOCUJIaTUCS Ha HUX 3a iMeHeM. B pe3synbTaTi, Habip peryisipHux BupasiB 1j1s1 HaBe-

IeHO1 JIEKCUKM Oy/ie HACTYITHVYM:
while-keyword = while

letter = [a-zA-7]

digit = [0-9]

identifier = letter (letter | digit)’
sign = + | -

integer = sign? (0 | [1-9] digit")
decimal = integer . digit’

real = (integer | decimal) E sign? digit”

IcHye 1Ba OCHOBHMX IpaBuWIa IIiJi YaC BU3HAUYEHHS TOKEeHy [6]:

1. {110 € HEOJHO3HAYHICTb, KOMU Y BXiIHUX JaHUX € 30ir 3 JeKisibkoMa I11ab-
JIOHAaMM Pi3HMUX PO3MipiB, TO 0OMPAETHCS MAOIOH 3 HalGITbIIOI TOBXKUHOK — Mpa-
BWIO HaiAoBIIOro 36iry. Hampukiam, sSIKIO B KOMi 3yCTPiHEeThCS MOCTiOBHICTb CH-
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MBOJIiB “while8”, To 3rigHO chOpMOBaHMX PETYAIPHUX BUPA3iB MU OTPUMAEMO TO-
KeH imeHTHdiKaTOpa, a He TOKEH KI0UoBOro cjioBa while, Tomy 110 1m1abyioH KiIo4yo-
BOTO CJI0BA Ma€ MeHIlle CMMBOJIiB.

2. ko € mabioHM, SKi BiAMOBigaroTh OMHAKOBili MaKCHMMaJbHil KiTbKOCTI
CMMBOJIi, TO 00MPAETHCS MIAOIOH, SKUIi BKa3aHMUil IepIIuM — IIPaBWIO IIPiOPUTETY.
Hamnpukiaz, Ko B KO 3yCTPiHeThCS MOCIiLOBHICTh cuMBOJIiB “while”, To maHa
JleKceMa BifITOBi/la€ 0JHOYACHO TOKEHY KJII0UOBOTro cjoBa while i Tokeny imeHTHdi-
KaTopa, IpoTe, TaK SK MabJIOH KIUOBOIO CJI0BA OMMCAHMIiI paHille B Habopi 1m1a6-
JIOHiB, TO 6yme cdopMoBaHMii caMe TOKEH KJII0UOBOTO CJIOBA.

Ha mpakTuii JekKCu4Hi aHa/li3aTopy BUKOPUCTOBYIOTD [0 iHIINIA MeXaHi3M
TIOIITYKY 3HaueHb JieKceM. A came KiHileBi aBTomaTyu (finite-state machine) — oco6-
JMBUII Pi3HOBU[ aBTOMATy - aOCTpaKiiii, 0 BUKOPUCTOBYETHCS MJISI OMUCY LIJISIXY
3MiHM CTaHy 00'€KTa B 3aJIEXKHOCTI Bifl ITOTOYHOrO CTaHy Ta iHpopMmallii oTpMMaHoi
330BHi. 10ro 0co61MBiCTIO € CKiHUeHHICTh MHOKMHM CTaHiB aBTOMATYy [7].

B peani3zaliisix 1eKCMUHMX aHaJi3aTOPiB 3aCTOCOBYIOTh Pi3HOBM/, KiHIIEBOTO aB-
TOMATy, a came JeTepMiHOBaHMIA KiHI[eBMi1 aBTOMAT. Lle 06yMOBJIEHO MPaKTUUHOIO
e(eKTMBHICTIO BUKOPUCTAHHS JEeTepPMiHOBAHOTO aJTOPUTMY Ha peaabHUX 00UMCIIIO-
BaJIbHMX MalllMHaX. ICHYIOTb iHCTPYMEHTH, SIKi AOIOMaralTh MepeBOOUTI BiJHOCHO
JIeTKi y CIIPUIHSTTI JIIOJAMHOIO peryJspHi BMpasu B KiHIeBi aBTomaTu. Hampuknan,
takuM iHcTpymeHTOM € GNU Flex. GNU Flex mo3BoJisie onmcaTy JeKCMYHMIT aHasi3a-
TOp MpocTo0 MOBOIO Flex, mepepaxyBaBIliu peryasipHi BUpasu JIJisi OKPeMUX TOKEHiB
i BKa3aBIIM KO, IKuit Oy/Ie BUKOHYBATHUCH IIiJl Yac 3icTaBAeHHS KOKHOTO TOKeHy. B
pesynbTaTi Flex reHepye Koxg moBoio mporpamyBaHHs C abo C++. OTpuMaHmit Kop,
BUKOPMCTOBYE IeTepMiHOBaHMI KiHLIeBUI1 aBTOMAT I aHaIi3y TeKCTY [8].

Po3sryisgsHeMo OOYAOBY KiHII€BMX aBTOMATIiB Ha MPUKIIAAi IEKiJIbKOX TOKEHIB 3
MOBM mporpamyBaHHsS C, a came K/IIO4OBe cj0Bo if, imeHTMdikaTop Ta 1fijie yuco.
Ha pucyHKy 3 HaBefeHi iHAMBIiAya/lbHi KiHII€Bi aBTOMaTH [IJISl LIX TOKEHIiB 3 BJjac-
HMMM MOYATKOBMMM CTaHaMU. [IJisi CIIPOIIEHHS CIIPUIHSTTS B PUCYHKaX KiHIIEBUX
aBTOMATIB CITelliaJIbHO He OyIyTh 300pakyBaTHUCh HEBM3HAYEHi CTaHM, SIKi MPUBO-
IOSTh 1O TTIOMUJIKM BM3HAYeHHS TOKeHY. AJiKe 3p03yMisio, 1110 3a BiICYTHOCTI mepe-
X0Jy, IKUii BiATIOBimae BXigHuM gaHmMm mu 6ygemMo hOopMyBaTy OMMUIIKY.
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PucyHOK 3 — [HAMBIAyanbHi KiHIIeBi aBTOMATH [J151 TOKEHIB

OTXe, pO3T/STHEMO aBTOMATH Ha PUCYHKY 3:

1. Insa kimouoBoro ciaoBa if. 3 moyaTkoBOTO CTaHy A, SIKIIO MU OTPUMYEMO Ji-
Tepy “i”, TO MM IIepPexXoaMMO [0 HACTYITHOro cTady B. IToTiMm 3 B oTpuMaBLIN JIiTEpPY
“f” mu 3akiHuyemo y KiHiesomy ctai C.

2. IIns inenTudikaTopa. 3 MOYaTKOBOTO CTaHy D, OTpUMMaHMii CMMBOJI TIOBUHEH
6yTH 6YIb-sIKOI0 MaJeHbKOIO JIITEPOIO 3 [Aialla30Hy JaTMHCHKOro ajdasity Bix “a” mo
“z” ab0 6yIb-SIKOI0 BEJIMKOIO JIITEPOIO 3 TOrO K Aiara3oHy, a00 HYKHIM MigKpecieH-
HSIM, TOZi MM TMepexoaumMo A0 (iHajbHOro cTaHy E, TOMYy II0 OJHA JIiTepa TaKoX
MoOsKe 0yTH imeHTHdiKaTOpOM. JI0AATKOBO imeHTMUdiKaTOp MOKe MaTy OYIb-sIKYy Ki-
JIbKICTh JTiTep, HMKHIX MigKpecieHb abo uudp, age BOHM TOBMHHI CIiTyBaTH 3a
OyIb-SIKOIO JIITEPOI0 UM HMKHIM MiAKpeCcJIeHHsIM, a TOMY MM pOOMMO Ilepexifi 3 KiH-
1IeBOro CTaHy E B HbOTO X, TOKM He 3aBepIINTbCS MPOoIieC epexony.

3. JInis 11ijoro umcia. 3 IoYaTKOBOTO CTaHy F, SIKIO MU OTPUMYEMO OYIb-SIKUiA
3HAK (TIO3UTUBHUI UM HETAaTUBHUI), TO MU NI€PEeXOaUMO A0 CTaHy G, i 3BiACH, IKIIO
HACTYITHUI CMMBOJI Oy[b-sIKMii 3 miama3oHy uudp Big 0 10 9 My moTparvisieMo 10
KiHlleBoro crany H. 1Iporo mocTaTHbO IJIs1 LIiJIOrO 4Kcjaa 3 omHieo uudporw. s
nBOX abo Ginbire 1Mbp B YMCI MM MAaEMO s-Tiepexif Bif KiHieBoro crany H B G. €-
repexij — 1ie mepexis 6e3 BUKOPUCTAHHS BXiTHOTO CMMBOJIY, 3pyUHMIi CIOCi6 Mope-
nmoBaHHS. Teriep, SIKIO MY He 6aUMMO iHIIOTO Iepexoiy, MU MOKEMO MTepeMiCTUTH -
cs1 B cTaH G, i TOZi MOXXKeMO MaTy O6yAb-sIKy KiTbKicTh Lydp. MixX iHIINMM, 11ijie Mo
MO>Xe He MaTM >KOJJHOTO 3HaKy Ha MOYaTKy, TOMY LIO [/ IIO3UTUBHOTO YKciia Mo3u-
TUBHMI 3HAK CTaBUTU He 000B’s13K0BO. Tomy HeoOXimHO cpopmyBaTH e-mepexin Bifg
[104aTKOBOro cTaHy F B cTaH G.
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ITig yac da3u aHami3y B IEKCMYHOMY aHaji3aToOpi He 3aCTOCOBYIOThHCS BigoKpe-
MJIEHHI KiHIIeBi aBTOMAaTy, BUKOPUCTOBYETbCSI OAMH KiHIIeBUII aBTOMAT, IO
00’emHye yci BimokpemsieHHi aBTomaTtu. OTKe, HaM HeOOXiZHO BMKOHATU
00’eTHAHHS KiHIIEBMX aBTOMATiB. B HalIoMy BUITaJKy MOXKHA BBECTM HOBMII IOYaT-
KOBMI cTaH S i MobyayBaTy e-mepexoiu M0 iCHYIOUMX aBTOMAaTiB (pUCYHOK 4). B pe-
3yabTaTti chopmyBaBcs HemeTepMiHOBaHMIt KiHileBuit aBTomaT (NFA). TouHinie 11e e-

NFA — pisHOBMUA, HeleTEpMiHOBAHOTIO KiHI[€BOTO aBTOMATa 3 e-fiepexogamu [3].

PucyHok 4 — HeeTepmiHOBaHMI KiHLI€BUI aBTOMAT 3 e-IlepexofaMu

B HemeTepMiHOBaHMX aBTOMAaTaX BXiJ MOKe IIPUBECTU IO OJHOIO, OijbIlle HiX
oHOTO a60 30BciM 6e3 repexonay JJisl JaHOTO CTaHy. SIKIIO B Teopii JaHa 0cobsu-
BiCTh HE Ma€ KPUTUYHOTO 3HAUEHHS, TO HA INPAKTUILl HeJeTepMiHOBaHUI aBTOMAT
He MiJIXOOUTh IJIS1 BIIPOBA/I)KEHHSI B MallMHHUX aJiropuTMax. JIeKCMUHi aHa/li3aTopu
BUKOPUCTOBYIOTb eTepMiHOBaHi KiH1leBi aBTomaTu (DFA). Ha BimmiHy Bifg Henmete-
PMiHOBaHMX, B JeTepMiHOBAaHMX aBTOMAaTaxX KOXXeH CTAaH Mae€ Julle OAMH Mepexif,
IJ1s1 KOKHOTO Bxony. IIpu 1ibomy, icHye aaropuTm TpaHcgopmaiiii 6yap-sikoro NFA B
ckinagHimmii DFA 3 ogHakoBoo dyHKIioOHaMbHICTIO [7]. OT>XXe, HA PUCYHKY 5 HaBeze-

HUJ eKBiBaJIeHTHUI 10 aBTOMATa 3 PUCYHKY 4 leTepMiHOBaHMI1 KiHLIeBUI1 aBTOMaAT.
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PucyHOK 5 — JleTepmiHOBaHMIi KiHIIeBUiT aBTOMAT

Bin posmisHae kio4oBe c10Bo if, imeHTMdikaTOp Ta Iiijsie uKcio. Po3rasHeMo
IeTabHillIe:

[TounHawuM 3i CTapTOBOTrO CTaHy S, SKILO aBTOMAT OTPUMY€E MaJIEHbKY JIiTepy
“i”, My mepexouMo 1o cTaHy I. 3Bimcu, SKIIO My OTPMMYEMO MaJIeHbKY jiTepy “f”,
TO MepPexoAMMO 10 cTaHy 2. Tak sIK cTaH 2 € KiHIEBUM CTaHOM, TO SIKILO MU 3YIIMHSI -
€MOCSI TYT, 1ie 03HaYae€, 1[0 aBTOMAT BU3HAUMB BXiJHY JIEKCEMY SIK TOKEH KJIF0UYOBOTO
ciosa if.

SKIIo BXigHa jJekcemMa Mae Oiyblne cMMBOIIB, HixX “if”, manpuxmam, “iffy”, To
MM TlepeiaeMo 10 KiHIeBOro cTaHy 3, i maii 6ymeMo BUKOPUCTOBYBATHU Tepexin 3 3
CTaHy B HbOTO XK. SIKIIIO MM 3yIIMHMMOCH Ha CTaHi 3, Iie 03Hayae, 10 aBTOMAT BU3HA-
YMB BXiJIHY JIeKCeMY SIK TOKeH igeHTudikatopa. Ha pucyHKy 5 BuAHO, 1110 cTaH I Ta-
KOX € KiHIIEBMM CTaHOM, ajiKe, SIKIIO MM OTPUMAEMO JIiTepy “i” BiJ IIOYaTKOBOIO
cTady S i 3a Helo He Oyme ciaigysaTu jgitepa “f”, Toxi Lie He KIOYOBe CJIOBO if, a imeH-
TudikaTop. SIKIO0 MM 3yIMHUMOCSI B CTaHi I, TO aBTOMAT BU3HAUYUTH JIEKCEMY SIK
imenTudikatop. Tenep posriassHeMO Mnepexif Bijg ctany I 1o ctany 3. TyT creliaJbHO
IepeBipsaeThCs Miana3oH MaJeHbKMX Jiitep Bim “a” mo “e” i Bim “g” mo “z”, T06TO MM
BUKJIIOUMIN 3 ianasony jgitepy “f”, amke nitepa “f” € ymoBoro mepexomy Bijg crany 1
IO CTaHy 2. 3a TaKOTO Aialla30Hy MM IIPOCYBAEMOCS OO CTaHy 3 i MOXKeMO BM3Ha4YaTU
nekceMmy K igeHTHUdikaTtop. Tak camo mpaljtoe mepexif Bifi cTaHy S 10 CTaHy 3, KO
MM OTPUMAEMO OYAb-SIKY JiTepy (a60 HMKHE MiJKpecJeHHsI) OKPiM MaleHbKoi JiTe-

@

pu 17, TO MU nepeigemMo 10 CTaHy 3.
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OueBMUOHO, 11O Mepexid Big cTaHy S I0 cTaHy 4 [03BOJISIE BUSHAUUTU BXiTHY
JIeKCeMY SIK TOKeH Iiijioro uucia. [lepexin Bim S go craHy 5 BpaxoBye IIijii umcia 3i
3HAaKOM Ha MOYaTKYy.

B pesynbTaTi KiHIIeBUi1 CTaH 2 BU3HAUYA€E BXiJIHY JIEKCEMY SIK TOKEH K/II0UOBOTO
cioBa if, KiHmeBi ctanu 1 Ta 3 — K TOKeH imeHTUdikaTopa, KiHIleBuit cTaH 4 — SIK TO-
KeH IIIJIOro Yucia.

IleTepMiHOBaHMI1 KiHIIeBUIA aBTOMAT SIK TaKWii, 1[0 HaBeAeHUI Ha PUCYHKY 5
peasnisyeTbcs y dasi aHamisy (PUCYHOK 2) B JJeKCMUHOMY aHajisaTopi. Flomy Ha BXig
repearThCs JeKCeMM, 38 BUK/IIOUEHHSIM eJIeMEeHTIB, 1[0 He € TOKeHaMM, O BU-
3HAUeHHS 3HAUeHb X JIeKCeM, TOOTO 1JiT popMyBaHHS TOKEHiB.

OTxXe, MM pO3IJISIHYAM 3arajbHe BU3HAUEHHSI JIEKCMYHOIO aHali3atopa Ta
MIPUHLMIIA #OTO TTOOYI0BY, peTeIbHO MOCTiININ TeOpPEeTUUHE MiAIPYHTS JeKCUUHO-
ro aHaji3y, a TaKoX OCOOJMBOCTI MPAaKTUYHOI peasizallii HA 0OUMCIIOBAJIbHUX Ma-
IIMHAaX.
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Lexical analysis of program code

The growing volume of technologies, the end of actively used development tools
support, outdated API etc., entails the need of program codes conversion. In IT compa-
nies and not only, often begged the question of deprecated software support, which cus-
tomers continue to use, or translation of current software to actual technologies. It is
more rational for programmers to use the conversion and save most of code base, than
rewriting all software by hand, even if manual adjustment is needed. At this moment,
there are few high-quality code conversion systems. Largely, conversion systems work
well only with similar programming languages. The task of program codes conversion is a
deep and complex topic. To convert the software code, you must first analyze, select com-
ponents and form a structural representation. Any analysis of program code begins with
lexical analysis. Although lexical analysis is considered a relatively simple step, it plays a
key role in the entire system of analysis and transformation of software code, and also
has a large number of both theoretical and practical features that require careful study.
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This article considers the definition of the lexical analyzer, its functional composition and
principles of construction, provides key differences between the lexeme and the token.
Two approaches have been proposed and considered to solve the search for tokens in the
program code: regular expression search and finite state machine search. For these ap-
proaches, examples of the formation of search templates under certain rules of vocabu-
lary were given. As a result, the optimality of the use of deterministic finite state ma-
chines during the practical implementation of the lexical analyzer on real computing ma-

chines was substantiated.

Cokou1 IBan OJieKcaHAPOBUY — acIlipaHT, Kadeapa KOMIT'IOTepHMUX HayK Ta iHGop-
MalliiiHMUX TeXHOJOrii, [JHIMpoBChbKMIA HallioOHA/IbHMIT YHiBepcuTeT iM.O. ['oHuUapa.
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D.G. Zelentsov, O.D. Brychkovskyi
RESEARCH OF POLYNOMIAL APPROXIMATION OF FORCES
IN ROD ELEMENTS OF CORRODING STRUCTURES

Abstract. The paper considers the problem of polynomial approximation of the "force - time" de-
pendencies in the elements of corroding hinged-rod structures from the point of view of the in-
fluence of the degree of the polynomial on the error in calculating their durability. A method for
determining the coefficients of approximating polynomials is proposed, which is based on the
use of a numerical-analytical algorithm for solving a system of differential equations describing
the corrosion process. The results of numerical experiments are presented, illustrating for various
constructions the dependence of the error in solving the problem on the degree of approximating
polynomials.

Keywords: corrosion process, correction functions method, systems of differential equations,
polynomial approximation.

Problem statement. Many structural elements of machines and units, primar-
ily those used in the chemical and mechanical industries, are exposed during opera-
tions to the process environment that are corrosive to metal. This leads to its corro-
sive wear — the destruction of the subsurface layer of the metal, a change in the ini-
tial geometric characteristics of the structure, a decrease in the bearing capacity and,
as a result, premature, often emergency, failure of the structural element. In the
general case of corrosion interaction mechanical stresses accelerate the corrosion
process.

The system of differential equations (SDE), which describes the corrosion proc-

ess taking into account the influence of mechanical stresses, has the form:

%:VO'q)(O-j(g)); 5i|t:0:0; i=1L,K. (1)

Here 0, - is the depth of corrosion damage (damage parameter); v, — is the cor-

rosion rate in the absence of stress; @ - is the known stress function; t — is time; K
— the number of damage parameters that uniquely determine the shape and dimen-
sions of the structural element (SDE dimension).

© Zelentsov D.G., Brychkovskyi O.D., 2022
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To calculate the stresses that are included in the right parts of the SDE (1), a
system of equations of mechanics is used: equations of equilibrium and compatibil-
ity of deformations, Cauchy relations and physical relations (for elastic bodies —
Hooke’s law). Since the stress functions on the right side of (1) have the form of
computational algorithm, only a numerical solution of system is possible (1).

When solving the problem of optimal design of corroding structures, the calcu-
lation of constraint functions (CF) involves the calculation of the stress state of the
structure at a given point in time, taking into account the corrosion process occur-
ring in it. The scheme for solving the optimization problem is a two-loop scheme
(Fig. 1), where OF - is the module for calculating the objective function, CF - is the
module for calculating the constraint function, SDE - is the module for solving the
system of differential equations, SSS - is the module for solving the problem of me-
chanics, NLP - is the module for solving the problem of optimal design.

NLP

XK XK1

X e-7

SSS

Figure 1 — Scheme for solving the optimization problem

The presence of feedback significantly increases the computational cost of
solving the optimization problem and increases its sensitivity to errors that arise
when calculating the constraint function.

Consider the error problem, which always arises when the parameter is the
numerical solution of system (1) does not change in the process of solving the opti-
mization problem. Let us assume that for some vector of variable parameters (VVP)

X’ a numerical solution was obtained for the parameter h with an error &*, which is
in the neighborhood of its maximum allowable value&*®, set by customer:

e —¢ *‘ < §. For the new VVP x**' the error of the numerical solution &**', ob-

tained with the same parameter h, will differ from &°.
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Thus, the entire feasible set of solutions can be represented as the union of
three subsets:

D=DuD,UD,. (2)

Here D, - is a subset of solution whose error is higher than the maximum al-

lowable, so any solution from this subset cannot be considered satisfactory; D, — a

subset of solutions, the error of which is less than the maximum allowable; obtain-

ing any of these solutions is inefficient in terms of computational costs; D, — a sub-

set of solutions, the error of which lies in a certain neighborhood of the maximum
allowable; any solution from this subset is optimal in terms of the efficiency of the
numerical method.

Obviously, when using the traditional approach to solving the problem, the
cardinality of the subset D, is incomparably less, than that of the other two. The ra-

tio of the cardinalities of the subsets D, u D, depends on the choice of the parame-

ter of the numerical solution of the SDE (1).
Increasing the accuracy and efficiency of numerical methods for solving the
problems of calculating durability and optimal design of corroding structures in-

volves increasing the cardinality of a subset D, in the ideal case - to the cardinality

of the entire feasible set of solutions. To solve this problem, new approaches to
modeling the process of corrosion deformation are needed, using methods of com-
putational intelligence [1]. When building such models, the problem of polynomial
approximation becomes very relevant.

Analysis of recent research and publications. In [2], apparently for the first
time, an algorithm was proposed for controlling the accuracy of a numerical solution
of an SDE of the form (1) using neural networks (NNs). It assumed the presence of
several NNs, each of which made it possible to determine the parameter of the nu-
merical solution for a given vector of variable parameters for a specific value of the
error margin. Later, this algorithm was modified - is used a single NN, one of the in-
put values of which was the value of the error margin [3]. The disadvantage of these
algorithms was ignoring the change in internal forces in the elements of corroding
structures when obtaining a training sample, as a result of which the real value of
the error in solving the problem did not always coincide with the predicted one.

In [4], a correction functions method was proposed, in which the correction
function (the error of the approximate solution of the SDE) was approximated by a
neural network. Its input values were, among other things, the coefficients of the
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polynomial describing the change in time of internal forces in the elements of the
hinged rod structure. The polynomial coefficients were determined at the stage of
obtaining an approximate solution. Thus, the accuracy of solving the problem as a
whole depended on the accuracy of the polynomial approximation.

Research objective. This paper proposes a research of the influence of the de-
gree of polynomials approximating the dependence «force — time» in the elements of
corroding hinged-rod structures, and the method of constructing them on the accu-
racy of calculating durability.

Presentation of the research main material. The solution of the problem of
durability of a corroding hinged-rod structure (HRS) will be sought in the form:

t*(x,5.¢,h) = 1(x,5,¢)- ¢, (v,c,@) k=1K, (3)
where 7()_6, v, E) — approximate solution obtained with minimal computational
costs, @, ()7,5 72 ) — correction function, which is the error of the approximate solu-
tion; x — vector of variable construction parameters; y - vector of constant design

parameters; ¢ — vector of process environment parameters; & — vector of parame-
ters determined in the process of obtaining an approximate solution; h — parameter
of the numerical solution of the SDE; K — the number of correction functions re-
quired to solve the problem.

In our case & is a vector of polynomial coefficients approximating the depend-
ence of internal forces in the rod elements of the structure on time. It is obvious that
the degree of the approximating polynomial and the way it is constructed will sig-
nificantly affect the value of the correction function and the accuracy of solving the
problem as a whole. In this case, the values of the coefficients must be determined
when implementing the algorithm for obtaining an approximate solution to the du-
rability problem.

To obtain an approximate solution, it is proposed to use a numerical-analytical
method for solving SDEs of the form (1), which is quite fully described in [5].

For the corroding element of the HRC, an analytical formula is known that al-
lows you to determine the time during which the stress in it increases from o, to o

at a constant value of axial force Q:

. _, _ 2kO 2a6 - P, 1A
t* ., =1 —v0-|d| arctg—|d| + arctg |d| , 4)
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Here A,, F, - area and perimeter of the section at the initial moment of time;

*

k - coefficient of influence of stress on corrosion rate; #, = —; a - section shape
\%
0

factor; c =4, + kQ; d = ‘POZ —4ac|, (d#0); 5 — depth of corrosion wear cor-

responding to the limit state of the element.

In well-known numerical-analytical algorithms, it is proposed to use a uniform

o|l-o
step by stress Ao = []—0 = const (Fig. 2), and the corresponding value At de-
n
termine by formula (4).
It is obvious that the accuracy of the numerical-analytical algorithm will de-

pend on the number of splitting points of the interval (0'0 ; [G]).

A 5-rod statically indeterminate HRC was taken as a model design (Fig. 3). The
parameters of the HRC and the process environment were assumed to be known: L =
200 cm; E = 2,1x10° MPa; [o] = 240 MPa; v, = 0,1 cm/year, k = 0,003 MPa '; external
load value P = 250 kN.

O, MPa 3 4
[ol}—————— (%)
[ i
e | @)

yr

Figure 2 — Graphic illustration of the method Figure 3 — Design scheme HRC

All rods had sections corresponding to standard shaped profiles (channel, I-
beam, equal and unequal angles) of various standard sizes. Numerical experiments
were carried out with various parameters of the rods, which were chosen randomly.
For each option, a reference solution of the durability problem was obtained. In this
case, system (1) was solved numerically using the Runge-Kutta method of the 2nd
order of accuracy. The numerical solution parameter was taken equal to

At =0,005-¢%*,
where *=min{t*, t*,, t*;, t*,, t*;} — element durability value calculated from

the formula (4) and determining the durability of the structure as a whole. Internal
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forces and stresses in HRC elements were determined by the finite element method
(FEM).

Two HRCs were selected for further research, differing only in the parameters
of the rod elements. Their durability was determined by the durability of the ele-
ments: element (2), working in compression (construction (A), ¢ ,* = 2,688 year), and
anemeHTOM element (3), working in tension (construction (B), 7,*=2,126 year).
Changes in internal forces over time in these elements are shown in Fig. 4 (solid and
dashed lines, respectively). For clarity, the values of time and force are given in di-

mensionless quantities:

T = r . Q _ Q_Qo
= o YT (5)
t Qt - QO
Here 0, = Q‘t:O; 0, = Q‘t:t* .
The choice of structures was determined by the nature of the changes in the
forces. For construction (A) function graph O, (t) has points of maximum and in-
flection; for construction (B) it is a smooth curve. Obviously, the polynomial ap-

proximation O, (t) is a more difficult problem than the approximation Q, (t)

Q

) AN,
/]
- J
| S

// P
- —

——

02 0.4 0,6 0.8 T

Figure 4 — Change in internal forces over time

Formula (4) makes it possible to obtain an exact solution of the durability prob-
lem only in the case when the internal forces in the rod elements of the structure
remain constant throughout the entire period of its operation, i.e. for a statically de-
fined construct. On the other hand, if the element number is known m, the durability
of which determines the durability of the structure as a whole, and the law of change
in the force in it, then the solution of a single differential equation of the form:

ISSN 1562-9945 (Print) 111
ISSN 2707-7977 (Online)



«CucreMHi TexHouorii» 5 (142) 2022 «System technologies»

@VO@[ 0,(1) ]

dt A —P°5 + 45>

will coincide with the solution of the system (1).

(6)

Let approximate the dependence Q,, (l‘) by a polynomial of degree n:

Qm(f)=Pn(t)=kfak i (7)
=0

To determine the coefficients of the polynomial, information is needed on the
stress-strain state of the HRC at (n+1) nodal points, including the initial time t = 0.
The application of the numerical-analytical method will make it possible to obtain

ab approximate solution ?()_c, v, E) with minimal computational costs (the number

of calls to the FEM procedure is determined by the order of the polynomial (7)) and,
at the same time, determine the number of the element that determines the durabil-
ity of the structure and the values of the polynomial coefficients.

Thus, the method for calculating the coefficients of polynomial (7) is deter-
mined by the method of obtaining an approximate solution. Next, it is necessary to
determine the degree of the polynomial, which provides the required accuracy of the
calculation.

When obtaining reference solutions to the durability problem, tabular values of
the functions Q, (t) and Q, (t) were obtained. We will use these functions in the

numerical solution of the differential equation (6). In this case, the results will coin-
cide with the corresponding reference solutions of the durability problem for struc-
tures (A) and (B). If approximating polynomials (7) are used in the numerical solu-
tion of (6), then the divergence between the results will depend only on their degree.
As a criterion for the quality of the polynomial approximation, we take the relative
error of the numerical solution (6) using (7).

Some research results are shown in the Table. 1.

Table 1

Construction (A) Construction (B)

P(¢) t,*=2,688 year t5*=2,126 year
t,,years E,% t,,years E,%
2 2.871 6,809 2.215 4,191
3 2.775 3,244 2.148 1,032
4 2.727 1,434 2.239 0,533
5 2.713 0,922 2.209 0,391
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As follows from the above results, an increase in the degree of approximating
polynomials does not lead to a significant increase in the accuracy of calculations.

Conclusions. The study made it possible to substantiate the parameters of
polynomial approximation when using the method of correction functions for solv-
ing problems of durability and optimal design of corroding hinge-rod systems. Since
the correction functions are neural networks, the presence of several matrices of
synaptic weights obtained for polynomials of different degrees will allow you to con-
trol the accuracy of calculating the constraint functions in the process of solving the
optimization problem. This approach is consistent with the strategy of the sliding
tolerance method and can significantly reduce computational costs.
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ZocnionceHHs noniHomianbHoi anpokcumauii 3ycune
8 cImepcHeBUX eJleMeHMax KopooyloUuux KOHCmpyKuiti

V pobomi po3sznsdaemocs npobiema noJaiHOMIANBHOI anpokcuMayii 3anexcHocmeti
«3YCULIL — 4ac» 8 eNleMeHMax UWlApHipHO-CMmepHcHe8UX KOHCMPYKYill 3 mouku 30py
8NJIUBY CMyneMsl NOJIHOMY Ha NOXUOKY o0uucieHHs ix doszosiuHocmi. IIpoyec Kopo3ii 6
KOHCMPYKYIX ONUCYEMBCS CUCMEMOK OupepeHUIliHUX PiBHSIHD i3 8PAXYBAHHAM MEXAHI-
UHUX HANPYMHEHb, IKA MOxce Oymu po38’13aHa MinbKu 3 8UKOPUCMAHHIM UUCEIbHUX
memodie. Aneopumm po36’si3aHHs 3a0aui ONMUMAaibHO020 NPOEKMYBAHHS KOPOOYUUX
KOHCMpYKUiil sumazae oduucneHHs GyHKUiti oOmexceHn, ki nepedbauaroms 00UUCTEHHS
HANpyxceHozo cmaHy KOHCMPYKYii 8 nesHutli momeHm uacy. HaseHicms 380pOmH020
38’93Ky 8 daHomy anzopummi 30i1bULyE 00UUCNIOBANbHI uMpamu ma yymaugicmes 0o
noxu6ok. OcmaHHi 00CNiOHCeHHS NPONOHYIOMb BUKOPUCMAHHSL HEUPOHHUX Mepexc O0Js
KOHMPOJII0 MOUHOCMI YUCeIbHUX PO38°A3Ki8 cucmem dugepeHyiliHuX pieHsIHb, 00HAK Ui
anzopummu i2zHopyms 3MiHy 8HYMPIUIHIX 3YCUIb Y KOpoOyouux KoHcmpykuisx. ITi3Hiwe
0y8 3anponoHo8aHuli memood KopuzyeaivHux (yHKyiti, de KopuzysaivHa GyHKkuis 6yna
anpoxcuMo8aHa HetipoHHOK Mepexcero 3 BUKOPUCMAHHIM KoeiyieHmie nosiHoma, siKull
oOnucye 3MiHU BHYmMpiwHix 3ycunv 3 uacom. Koegiuienmu noniiHoMy 6U3Hauaiucs Ha
emani OMpuMaHHs HabJIUMEH020 PO38°3KY, MAKUM YUHOM MOUYHICMb P038°a3KY 3adaui
8 YiziomMy 3anexaia 8id mouHocmi noniHoMianvHoi anpoxkcumauii. Memorw pobomu € do-
CNLiO}HEeHHSt 8NJIUBY CMYyNeHsl NOJIIHOMI8, SIKI AnNpPOKCUMYHOMb 3AJNEHCHICMb «3YCUMLISL —
uac» 8 eJleMeHmax Kopooyruux KOHCmMpYKuitl, ma cnocody ix ompumaHHs Ha MoOYHicCmMo
obuucneHHs 008208iuHOCMI. B pobomi 3anponoHo8aHo cnocib 8usHaueHHs KoepiyicHmis
anpoKCuMyouux noJliHOMI8, SIKUllL TPYHMYEMbCI HA BUKOPUCMAHHI  YUCENbHO-
AHANIMUYH020 A120pummy p038’sI3aHHs cucmemu JugepeHyitiHux pigHIHb, U0 ONUCY-
toms Kopo3itiHuii npoyec. HagedeHo pe3yibmamu uuceIbHUX eKChepumMeHmis, wo inoc-
mpyroms 0 pi3HUX KOHCMPYKUITi 3aiexcHicmb noXubKu po3e’sa3Ky 3adaui 8i0 cmyneHs
anpokcumyouux noyiHomis. HasedeHuti nioxio y32001#yemubcs 3i cmpamezier Hexcopcm-
K020 0onycKy i d0360J15€ Cymmeao 3HU3UMU 00UUCII08ANIbHI BUMpamu.
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3enennoB JIMmutpo 'ereMOHOBMY — TOKTOp TEXHIUHMX HAYK, Mpodecop, 3aBigyBayd
Kadenpi iHpopmaluiiiHux cucteMm, YKpaiHChbKUIT dep>kaBHUI XiMiKO-TeXHOIOTTUHMI1
YHiBepCcuTeT.

BpuukoBcbkuit Osekcit IMuUuTpoBuUY — aciipadT Kadeapu iHbopmalliitHUX cuc-

TeM, YKpPalHCbKUIA IepsKaBHUI XiMiKO-TeXHOJIOTiUHUI YHIBEepCUTET.
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PE®EPATU

YIK 378.14

KapneHnko H.B., Crauexko B.I., ®egopsupbka H.I., Konomoeus I.I. BnpoBaakeHHA cTapTanisB
nig yac nipgroroBku (paxiBuiB y ranysi iHdopmauiiHux TexHonorin // CuctemHi TexHonorii.
PerioHanbHMit MixBY3iBCbKUIA 30IPHUK HAyKOBMX npaub. - Bunyck 5(142). — [Owinpo, 2022. -
C.3-11.

Y cTaTTi HaBeaeHO NOrNAd Ha OCBITHiM NPoOLLEC 3 TOYKM 30pY Pi3HMX CTEMKXoNngLepieB — 3i CTO-
POHW OCBiTSIH, POOOTOAABLIB Ta 3 CTOPOHM 3[,00yBayYiB BUILOT OCBiTU. MNOPiBHAHO PO3BUTOK CTap-
Tan ekocuctemu B YkpaiHi Ta B €Bponi, Noka3aHo iXHi BNAWNB Ha €KOHOMiIYHMIA 3picT KpaiHu. ABTO-
pamu 3anponoHOBaHO KOMMNEKCHMIA NiAXif O BNPOBAAXEHHA CTapTaniB B OCBITHIN Npouec i yac
nigrotoBku cneuianictie ana IT-rany3i Ta nokasaHO nepeBary, WO OTPUMAE KOXEH 3i
CTENKXONAepiB Bif LbOro BNPOBALKEHHS.

bion. 8, in. 2.

Y[IK 621.382.08(035.5)

Teeppoctyn M.I. BumMiploBaHHA CKNapgoBUX iHAYKTUBHOIO iMnefaHCy Ha HU3bKUX 4acTo-
1ax // CuctemHi TexHonorii. PerioHanbHuWit mixBY3iBCbKWII 36IpHUK HAayKOBMX npaub. - Bunyck
5(142). — Ininpo, 2022. - C.12 - 17.

Bu3HaueHO MOX/IMBOCTI MeTOAY TPbOX BONLTMETPIB ANA BUMipIOBAHHA THLYKTUBHOCTI, aKTUB-
HOTO OMOPY, @ TAKOX X YACTOTHMX XapaKTepucTWK. BctaHoBneHo, Wo B Aiana3oHi yactot fo 100
Kl noxmbKa BUMipIOBaHHSA HAYKTMBHOCTI CTaHOBUTb He Ginblue 0,3%, akTuBHOro onopy - 8,65%.

bi6n. 2,in. 2, Tabn. 1

YK 004.056.53:[004.7:004.032.26]

MaxomoBa B.M., Merenbbeii E.O. BusHaueHHs aTak Karteropii U2R 3aco6amun SOM Ha
0CHOBi 6a3u gaHux NSL-KDD // CuctemHi TexHonorii. PerioHanbHuii MixBy3iBCbKUIA 30ipHUK Hay-
KOBWX npaub. - Bunyck 5(142). — [lHinpo, 2022. — (.18 - 27.

CrBopeHHs eeKTUBHOT CUCTEMU BUABNEHHA MEPEXEBUX aTaK BUMArae 3aCTOCyBaHHA AKiCHO
HOBUX MifxoAiB A0 06pOOKM iHdopMaLii, AKi NOBUHHI FPYHTYBATUCSA HA afanTUBHUX aNropuTMax
30aTHUX JO CaMOHABYaHHA. Y AKOCTI MeToAy AOCNIAXEHHS BUKOPUCTAHMWA MaTeMaTUYHMIA anapat
camoopraHi3yto4oi kapTu KoxoHeHa. Y AKocTi nporpamHoi peanisauii camoopraHisytouoi kaptu Ko-
XOHeHa BMKOpMCTaHa mMoBa Python 3 wWMpokMM CNeKTpOM cyyvacHMX CTaHZapTHUX 3acobiB. Ha
CTBOpeHi nporpamHiin mopmeni «SOM_U2R» 3 BukopuctaHHam 6a3u NSL-KDD npoBeaeHo
LOCNIAXEHHA MOMWIKM 33 Pi3HOK KiNbKICTIO enox nmpu pi3HMx po3mipax kapTu. Ha mopeni
«SOM_U2R» npoBefeHO AOCNimKeHHA napameTpiB AKOCTI BMABNEHHA aTaK. Bu3HauyeHo, wo Ha
CTBOpeHilh nporpamHin  mopeni «SOM_U2R» nomwunka ppyroro poay cknana 6 % pns
Buffer_overflow i Rootkit, 16 % ana knacy Loadmodule. Kpim Toro, nposeaeHo pocnigxeHHs F-
MipKM 3@ Pi3HO KiIbKiCTIO enox HaBYaHHA camMoopraHisyodoi kaptu KoxoHeHa. BusHaueHo, wwo
Ans Bcix atak (kpim Buffer_overflow) F-mipka 3pocTag, jocsraioun cBOro MakCUManbHOro 3Ha4eHHs
(50 enox).

bi6n. 11,1in. 3.

118 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucTeMHi TexHoJorii» 5 (142) 2022 «System technologies»
YK 004.02:519.254
Boek C.M. [lBoeTanHuit MeTop, OLiHIOBAaHHA NapameTpiB Yy HeBiAOMOMY LYMOBOMY

cepepoBuwi // CuctemHi TexHonorii. PerioHanbHUI MiXBY3iBCbKMUI 30ipHUK HAYKOBMX Mpaup. -
Bunyck 5(142). — [IHinpo, 2022. — (.28 — 41.

3anponoHoOBaHO ABOETAMHWUIA METOf BUPilEHHA 3afayi OUiHIOBAHHA NapaMmeTpiB 3ajaHol
Mojeni AaHux Ans BUNAAKY HEBIAOMOro WYMOBOrO CepefoBMLLa, AKUIA CKNAJAETbCA 3 eTaniB Ha-
NALITYBAHHA Ta OUiHIOBaHHA. Ha eTani HanawTyBaHH:A OLiHIOBAY HANALWTOBYETLCS Ha LWYMOBE Cepe-
AOBHULLE WAAXOM MiHiMi3aLii cepeAHbOKBAApPATUYHOT NMOMUNKM OLiIHIOBAHHA ANA Bigomoro dpar-
MeHTa AaHWX Y MpOCTOpi TPbOX BifibHMX MapameTpiB. Ha eTani OWiHIOBAaHHA OLiHIOBAY PO3B'A3YeE
BiANOBiAHY 3aAayy MiHiMi3alii, BUKOPUCTOBYIOUM BXE HaANALWTOBaHi BinbHi napameTpu. HaBeaeHo
NPUKNAL, OLiHIOBAHHA rayCCiBCbKOro iMNybCy, AKWIA NOBiNIbHO PYXA€ETbCA Y HEBILOMOMY LIYMOBOMY
cepenoBuLLi.

bi6n. 19, in. 2, Tabn. 1.

Y[K 658.52.011.56:389.1/.14

Irnatkin B.Y., Xomow 10.C., [Hdypnikos B.C., Hwkesuy O0.M., TixoHoB B.A. OuiHKa
e(heKTUBHOCTI CMCTEMM ABTOMATU30BAHOrO YNPaBNiHHA METPOJIOFiYHMM 06CNYroBYBaHHAM
3ac06iB BMMipIOBaNIbHOT TeXHiIKU — AK iH¢opMaLiNnHO-A0BIAKOBOT CUCTEMU KONEKTUBHOIO
KOPUCTYBaHHA // CucTemMHi TexHonorii. PerioHanbHMit MixBy3iBCbKMiA 30IpHUK HAyKOBUX MpaLb. -
Bunyck 5(142). — Aninpo, 2022. — C.42 - 59.

Y cTatTi Ha NpuKNagi CUCTEMM aBTOMATU3OBAHOTO YNPaBiHHA METPONOriYHUM 0OCNYroBy-
BaHHAM 3acobiB BuMmiptoBanbHoi TexHiku (CAYMO3BT) po3rnsagaetbcsi OLiHKA edeKTUBHOCTI
AianoroBoi  CUCTEMM  KONMEKTUBHOTO  KOPWUCTYBaHHA. B skocTi  Kputepia  edeKTMBHOCTI
BUKOPUCTOBYETLCS BiHOLWEHHA CepeHbOT PEAKTUBHOCTI CUCTEMM A0 CEPeAHiX BUTPAT HA OfMH 3a-
nut (C). MoTik 3anuTiB y cucTemi NigNOPAAKOBYETbCA 3aKOHy po3nopineHHs [lyaccoHa. [Ons
AOCNiAXKEHHS BUOPAHWUI METOZA iMiTaLiiHOrO MOAENOBaHHS.

Opepxani: 3anexHocti (C) Big yacy nomix ABOMA CyCifHIMM 3anuTamMu; 3aNeXHiCTb BUTpAT
Ha OfMH 3aNuWT BiJ THTEHCUBHOCTI HAAXOAXEHHA 3aNWTIB; 3aNEXHICTb BUTPAT HA OAMH 3aNuT Bif
NPONYCKHOT CNIPOMOXHOCTi CUCTEMY Ta iHLLE.

36inbleHHs edeKTUBHOCTI AianoroBux CUCTEM KONEKTUBHOTO KOPUCTYBAHHA MOXIUBO WS-
XOM 6ifblu MOBHOrO HaBaHTAXeHHs iH(opMaLiiiHOT cucTemn 3 Ginbwolo NOTyxHicTIo. HaBegeHo
pe3ynbTaTh po3paxyHKiB eKOHOMiYHOT edekTUBHOCTI Bif 3anpoBamkeHHs CAYMO3BT Ha Kinbkox
nignpuemcreax Ta HAIL.

bi6n. 9,in. 6, Tabn. 4.

YK 004.896

OctpoBcbka K.H)., ®eHenko T.M., Tnywenko 0.0. CTaTUCTMYHMK aHanNi3 TeKCTy Ta
DOCNiAKEHHA pHaMikum TouyHocTi Knacudpikauii // CuctemHi TexHonorii. PerioHanbHUi
MiXBY3iBCbKMI1 30IpHUK HayKoBMX Npaub. - Bunyck 5(142). — OHinpo, 2022. - C.60 - 68.

PoGoTa npucBAYeHa CTAaTUCTUYHOMY aHaNi3y TEKCTY Ta AOCHIIKEHHIO AMHAMIKM TOYHOCTI
Knacudikauii. Y poboTi npoBoguThCs Bigbip CTaTUCTUUYHKUX 03HAK TEKCTY, Knacudikauis TeKCTiB, Wo
HaNeXaTb pPi3HWM aBTOpPaM, Ta LOCHIAXEHHA OWHAMIKM TOYHOCTI Knacudikauii B 3aNeXHOCTI Bif
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LOBXWHU TEKCTOBMUX (hparMeHTiB. [ns BUpileHHA NOCTaBAEHOro 3aBfaHHA BUKOPWUCTOBYBANUCA:
MeToAN 06pOOKM NPUPOAHOT MOBM; CTATUCTUYHI XapaKTEPUCTUKM TEKCTIB; METOAM MALIMHHOIO HaB-
YaHHA; METOAM 3HWKEHHS PO3MipHOCTI /A MOXIMBOCTI Bidyanizauii. Ha ocHoOBi oTpumaHoi
AVNHAMiKM 3MiHW TOYHOCTI Knacudikauii B 3aN€XHOCTI Bif, AOBXWH TEKCTOBMX (hparmeHTiB Oyno
3po6NieHO BifNOBiAHI BUCHOBKM LOAO ONTUMANbHOT AOBXWUHM TEKCTIB, WO BUKOPUCTOBYIOTHCA 1S
HaBYaHHA Ta TeCTyBaHHA MoAeneil. 3aBfaHHA BUPilyBanocs y nporpamHoMy cepefosuili Jupyter
Notebook auctpubytmBa Anaconda, skuil po3Bonsie ogpasy BCTaHOBUTM Python Ta HeoOxigHi
6ibnioteku.

bi6n. 6,1in. 8, Tabn. 1.

YK 621.3

Tonkowkyp A.C., Hakawwupse N1.B., Narwywwnn C.®., KonbyHos B.P. AHani3 oco6nusocteit
(yHKLiOHYBaHHA 00Me)KyBa4iB HanpyrM Ha OCHOBi KOMGiIHOBaHOT BapUCTOPHO-NO3MCTOPHOT
cTpyKTYypY // CuctemHi TexHonorii. PerioHanbHMiA MiXBY3iBCbKUI 30ipHWUK HayKOBMX Mpalb. - Bu-
nyck 5(142). — Oninpo, 2022. - C.69 — 83.

B ctaTTi npeacTaBneHi pesynbTaT MOAENIOBAHHA Ta aHaily BMAMBY 0COOMMBOCTEN enek-
TPUYHOrO Ta TENJIOBOTO PEXMMY Ha (DYHKLiOHYBaHHA CTPYKTYPY i3 NOCNIAOBHO 3'€HaHKX Ta nepe-
OyBatOTb y TENJIOBOMY KOHTAKTI WAPiB BAPUCTOPHOT KEpPaMiKu Ta NO3UCTOPHOTO KOMMO3UTY, WO CTa-
HOB/ATb iHTepec A Po3poOKM NepcrneKTMBHOrO 0OMeXyBaya NOCTIMHUX i NOBiNbHO 3MiHIOBAHMX
Hanpyr. OCHOBHY yBary npuaiNneHo BUBYEHHIO 3aKOHOMIpPHOCTEN NoBeAiHKM (YHKLIOHANbHUX eNeK-
TPUYHMX Ta TENJIOBUX XAPAKTEPUCTUK TaKWUX CTPYKTYP NpW 3MiHi BHYTPiWHLOrO Onopy Axepena
BXiIHOT HANpyry, iHTEHCUBHOCTI TENI00OMiHY 3 AOBKiNAAM Ta i TeMnepaTypu.

bibn.24,in. 7.

YIK 004.93

flkonesa M.A., Kosunin €.P. IndopmauinHa cuctema npoBepeHHs npouecy liveness
detection 3a gonomoroto AWS // CuctemHi TexHonorii. PerioHanbHMi MiXBY3iBCbKMi 36ipHUK
HayKoBMX npaup. - Bunyck 5(142). — OHinpo, 2022. — C.84 — 94.

HocnipkeHo npoBefeHHs BigeoigeHTUdikaLii ocobu 3a monomoroto npouecy Liveness
Detection. Po3po6neHo anroputm npoBefeHHs npouecy Liveness Detection Ha 0CHOBi BUKOHAHHS
BMNaAKoBMX 3aBAaHb. [lpoBegeHo pocnigkenHs API Amazon DetectFaces, y npoueci skoro,
eMNipuYHUM  wnsaxom, Oynu BCTaHOBNEHi NOPOroBi 3HAYEHHA XapaKTepUCTUK 00aMYYs Ha
300paxeHHi Ans npoBeaeHHs npouecy Liveness Detection.

bi6n. 8, Tabn.3, puc. 3.

YK 004.4'412

Cokon I.0., Bonkoscbkmit 0.C. JlekcuuHuit aHanis nporpamHoro kopy // CuctemHi
TeXHOJOrii. PerioHanbHUn MiXBY3iBCbKMIA 30IpHUK HayKoBMX mpaub. - Bunyck 5(142). — OHinpo,
2022. - C.95 - 103.

Po3rnapaeTbcs BU3HAYEHHA NEKCMYHOTO aHani3aTopa, Noro GyHKLiOHaNbHMIA CKNag Ta NpUH-
UMK NoOya0BYM, HABEAEHO K/KOYOBI BiMiIHHOCTI MiX NIeKCEMOI Ta TOKEHOM. [ns pilleHHs 3apavi
MOLWYKY TOKEHiB y NpOrpaMHOMy Kofi Oynu 3anponoHOBaHi Ta PO3risHyT ABa MifX0AMu: NOWYK Ha
OCHOBI perynspHux BUPa3iB Ta NOLWYK 3a [LONOMOrolo KiHLeBMX aBToMaTiB. [ns aaHux nigxopnis Oy-
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M NpuBefeHi NpuKNaaum hopmyBaHHA WABGNOHIB MOWYKY 33 BM3HAYEHMX NPaBUA NEKCUKU. B

pe3ynbTaTi byna o6rpyHTOBaHA ONTUMANbHICTb BUKOPUCTAHHSA AeTepMiHOBAHMX KiHLEBMUX aBTOMATIB
nif Yac NpaKTMYHOT peanisauii NeKCMYHOro aHani3aTopa Ha peasbHUX 004YNCIOBANbHUX MALUMHAX.

bi6n. 8.

YK 004.94

3enexuos .., bpuukoscbkuit 0.[. flocnigeHHA noniHOMiaNbHOT anpoKcMMauii 3ycunb
B CTEpXKHEBMX eNeMeHTax KOpOoAyluuX KOHCTPYKUin // CuctemHi TexHonorii. PerioHanbHuit
MiXBY3iBCbKMI1 301pHUK HayKoBMX NpaLb. - Bunyck 5(142). — OHinpo, 2022. — C.104 — 115.

Y poboTi po3rnsaaETbea npobnema nosiHOMiaNbHOT anpoKCMMaLii 3anexHocTel «3ycunns —
4ac» B eleMeHTax KOHCTPYKLiN WapHipHO-CTEPXXHEBUX KOHCTPYKLN 3 TOYKW 30py BMAMBY CTyNEHs
nofiHoMa Ha NoxMOKy o6YMCneHHs X JOBroBiYHOCTI. 3anNpoNOHOBAHO CMOCIO BU3HAYEHHSA Koe-
(iLiEHTIB aNPOKCMMYIOYMX NONTHOMIB, AKUIN I'PYHTYETLCA HA BUKOPUCTAHHI YNCENbHO-aHANITUYHOTO
anropuTMy po3B'A3aHHA CUCTeMU AudepeHLianbHUX PiBHAHb, WO ONUCYIOTb KOPO3iMHUIA npoLec.
HaBepeHO pe3ynbTaTh YWUCENbHUX EKCMEPUMEHTIB, WO iMOCTPYIOTb [AAA Pi3HUX KOHCTPYKLUii
3a1eXHiCTb MOXMOKM pO3B'A3KY 3afayi Bifi CTyNEHs anpoKCMMYOYMX NOMIHOMIB.

bi6n. 5,1in. 4, Tabn. 1.
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uDC 378.14

Karpenko N.V., Statsenko V.I., Fedoriatska N.I., Kolomoiets I.I. Implementation of
startups during the training of specialists in the field of information technology // Sys-
tem technologies. N 5(142) - Dnipro, 2022.- P.3 - 11.

Now, the training of a specialist is considered as an output. When students enter higher
education, the curriculum is drawn up for them, which is strictly followed throughout subse-
quent years, for example, four years for the bachelor. However, this approach does not suit
motivated students who lack creativity along with actual knowledge. Thus, these students, in
parallel with higher education, attend special courses in IT-companies. At the end of the
course, students start working for an IT company and lose motivation for further training at
the university.

The authors of the article offer a comprehensive approach to the introduction of start-
ups in the educational process of universities during the training of specialists for the IT-
field. Attraction to the educational process of stakeholders from IT-companies to solve actual
problems will lead to the fact that students will be involved in the creative process, in which
they will receive useful knowledge and skills not only in the specialty, but also learn to com-
municate in a team. The introduction of startups will lead to an increase in the number of mo-
tivated students, because students can for creativity to choose not only topics proposed by
stakeholders, but also to offer their ideas. Close cooperation with stakeholders from the IT-
field will lead to an improvement in the quality of the materials that teachers will offer stu-
dents for training and will also allow universities to earn on author courses and textbooks
written by teachers. The authors of the article propose, together with start-ups to introduce
flexible planning of the educational process for students who take part in start-ups, i.e. each
motivated student will be able to engage in their educational trajectory and after graduation
to obtain not only a diploma, But also certificates that will confirm the skills gained in start-
ups. The article also indicates other benefits that each of the stakeholders will receive from
the introduction of startups in the learning process.

Bibl. 8, ill. 3.

UDC 621.382.08(035.5)

Tverdostup N.I. Measurement of inductive components impedance at low frequen-
cies // System technologies. N 5(142) - Dnipro, 2022.- P.12 - 17.

The possibilities of the method three voltmeters to measure inductance, a resistance,
and their frequency characteristics. It is found that in the frequency range up to 100 kHz, the
inductance of the measurement error is not more than 0.3%, resistance - 8.65%.

Bibl. 2,ill. 2, tabl. 1

UDC 004.056.53:[004.7:004.032.26]

Pakhomova V., Mehelbei Y. Detection of attacks of the U2R category by means of the
SOM on database NSL-KDD // System technologies. N 5(142) - Dnipro, 2022.- P.18 - 27.

Creating an effective system for detecting network attacks requires the use of qualita-
tively new approaches to information processing, which should be based on adaptive algo-
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rithms capable of self-learning. The mathematical apparatus of the Kohonen self-organizing
map (SOM) was used as a research method. Python language with a wide range of modern
standard tools was used as a software implementation of the Kohonen SOM addition, this sec-
tion compiles the Python software model «SOM_U2R» using a Kohonen SOM. Created
«SOM_U2R» software model on database NSL-KDD an error research was performed for differ-
ent number of epochs with different map sizes. On the «<SOM_U2R» model the research of pa-
rameters of quality of detection of attacks is carried out. It is determined that on the
«SOM_U2R» created software model the error of the second kind of detection of network
classes of attacks Buffer_overflow and Rootkit is 6 %, and for the class Loadmodule reached
16 %. In addition, a survey of the F-measure was conducted for a different number of epochs
of learning the Kohonen SOM. It is determined that for all network attack classes (except
Buffer_overflow) the F-measure increases, reaching its maximum value at 50 epochs.

Bibl. 11, ill. 4.

UDC 004.02:519.254

Vovk S.M. Two-stage method for parameter estimating in unknown noise environ-
ment // System technologies. N 5(142) - Dnipro, 2022.- P.28 - 41.

A two-stage method consisting of the tuning and estimating stages is proposed for solv-
ing the parameter estimation problem in the case of an unknown noise environment. At the
tuning stage, the estimator is tuned to the noise environment by minimizing the estimation
root-mean-square error for a known data fragment in the space of three free parameters. At
the estimating stage, the estimator solves the corresponding minimization problem using al-
ready tuned free parameters. An example of estimating a Gaussian pulse, which slowly moves
in the unknown noise environment, is presented.

Bibl. 19, fig. 2, tabl. 1.

UDC 658.52.011.56:389.1/.14

Ignatkin V.U., Khomosh Y.S., Dudnikov V.S., Yushkevich 0.P., Tikhonov V.A. Evaluation
of efficiency of the automated management system of metrological maintenance of
measuring equipment - as informatic information // System technologies. N 5(142) - Dni-
pro, 2022.- P.42 - 59.

In the article on the example of the system of automated control of metrological service
of measuring equipment (SACMMME) the estimation of efficiency of dialogue system of col-
lective use is considered. The efficiency criterion is the ratio of the average reactivity of the
system to the average cost per request (C). The flow of queries in the system obeys the Pois-
son distribution law. The method of simulation modeling is chosen for research.

Obtained: time dependences (C) between two adjacent queries; the dependence of the
cost of one request on the intensity of requests; the dependence of the cost of one request on
the bandwidth of the system and more.

Increasing the efficiency of shared dialog systems is possible by more fully loading the
information system with more capacity. The results of calculations of economic efficiency
from the introduction of SACMMME at several enterprises and research institutes are given.

Bibl. 9, ill. 6, table. 4.
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UDC 004.896

Ostrovska K., Fenenko T., Hlushchenko 0. Statistical text analysis and study of the dy-
namics of classification accuracy // System technologies. N 5(142) - Dnipro, 2022.-
P.60 — 68.

The work is devoted to the statistical analysis of the text and the study of the dynamics
of classification. In the work, the selection of statistical features of the text, the classifica-
tion of texts belonging to different authors, and the study of the dynamics of classification
accuracy depending on the length of text fragments are carried out. To solve the problem, the
following methods were used: natural language processing methods; statistical characteris-
tics of texts; machine learning methods; dimensionality reduction methods for visualization
capability. On the basis of the obtained dynamics of changes in classification accuracy de-
pending on the lengths of text fragments, appropriate conclusions were drawn regarding the
optimal length of texts used for training and testing models. The task was solved in the Ju-
pyter Notebook software environment of the Anaconda distribution, which allows you to im-
mediately install Python and the necessary libraries.

Bibl. 6, ill. 8, table. 1.

ubC621.3

Tonkoshkur A.S., Nakashidze L.V., Lyagshushin S.F., Kolbunov V.R. Analysis of the fea-
tures of the functioning of voltage limiters based on the combined varistor-posistor
structure // System technologies. N 5(142) - Dnipro, 2022.- P.69 - 83.

The article presents the results of modeling and analysis of the influence of the features
of the electrical and thermal regime on the functioning of the structure of sequentially con-
nected and thermally contacting layers of varistor ceramics and posistor composite, which are
of interest for the development of a promising limiter of constant and slowly changing volt-
ages. The main attention is paid to the study of the patterns of behavior of the functional
electrical and thermal characteristics of such structures when the internal resistance of the
input voltage source changes, the intensity of heat exchange with the environment and its
temperature.

Bibl. 24,ill. 7

uUDC 004.93

Yakovlieva M.A., Kovylin Y.R. The information system for the liveness detection proc-
ess using AWS // System technologies. N 5(142) - Dnipro, 2022.- P.84 — 94.

Video identification of a person using the Liveness Detection process was investigated.
An algorithm for carrying out the Liveness Detection process based on the performance of the
random tasks has been developed. Research of the Amazon DetectFaces API was conducted, in
the process of which, empirically, the threshold values of the characteristics of the face in the
image were established for the Liveness Detection process.

Bibl. 8, tab. 3, fig. 3.

124 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucrtemHi TexHosorii» 5 (142) 2022 «System technologies»

UDC 004.4'412

Sokol I., Volkovskyi O. Lexical analysis of program code // System technologies.
N 5(142) - Dnipro, 2022.- P.95 - 103.

The growing volume of technologies, the end of actively used development tools sup-
port, outdated API etc., entails the need of program codes conversion. In IT companies and
not only, often begged the question of deprecated software support, which customers con-
tinue to use, or translation of current software to actual technologies. It is more rational for
programmers to use the conversion and save most of code base, than rewriting all software by
hand, even if manual adjustment is needed. At this moment, there are few high-quality code
conversion systems. Largely, conversion systems work well only with similar programming lan-
guages. The task of program codes conversion is a deep and complex topic. To convert the
software code, you must first analyze, select components and form a structural representa-
tion. Any analysis of program code begins with lexical analysis. Although lexical analysis is
considered a relatively simple step, it plays a key role in the entire system of analysis and
transformation of software code, and also has a large number of both theoretical and practical
features that require careful study. This article considers the definition of the lexical analyzer,
its functional composition and principles of construction, provides key differences between
the lexeme and the token. Two approaches have been proposed and considered to solve the
search for tokens in the program code: regular expression search and finite state machine
search. For these approaches, examples of the formation of search templates under certain
rules of vocabulary were given. As a result, the optimality of the use of deterministic finite
state machines during the practical implementation of the lexical analyzer on real computing
machines was substantiated.

Bibl. 8.

UDC 004.94

Zelentsov D.G., Brychkovskyi 0.D. Research of polynomial approximation of forces in
rod elements of corroding structures // System technologies. N 5(142) - Dnipro, 2022.-
P.104 - 115.

The paper considers the problem of polynomial approximation of the "force - time" de-
pendencies in the elements of corroding hinged-rod structures from the point of view of the
influence of the degree of the polynomial on the error in calculating their durability. A
method for determining the coefficients of approximating polynomials is proposed, which is
based on the use of a numerical-analytical algorithm for solving a system of differential equa-
tions describing the corrosion process. The results of numerical experiments are presented,
illustrating for various constructions the dependence of the error in solving the problem on
the degree of approximating polynomials.
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