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B. A. MaproBunbkuid, I. B. Pyban, O. B. Cesepinos, H. M. bonorosa

XapkiBchKUH HAIlIOHANBHUI YHIBEPCUTET PaIioeNIeKTPOHIKH, XapKiB, YKpaiHa

BIAbIP HAPAMETPIB MOHITOPHHI'Y MEPEKHOI IHOPACTPYKTYPH
JJIA KITACU®IKALII CTAHY MEPEXI

IIpeamerom nocitiKeHHs B CTATTI € eTar HonepeJHb0i 00pOOKH JTAHUX JUIS aIrOPUTMIB MAIIMHHOTO HABYAHHS 1 PO3IIIA]
PI3HUX TEXHIK HonepeHb0i 00pOOKH Ta OLiHKK iH(GOPMATHBHOCTI O3HAK IIPY BU3HAYEHHI NapaMeTpiB KOHTPOIIO Mepexe-
BOi iH{pacTpyKkTypu uist Oubll e(h)eKTUBHOIO iHTEIEKTYaIbHOIO aHali3y CTaHy MepexeBoi iHppacTpykTypu. Mera podo-
TH — PO3IJIAA Pi3HUX TEXHIK IONEepeaHboi 0OpOOKH JaHUX i OLIHKM iH)OPMATHBHOCTI IIPU BU3HAYCHHI apaMeTpiB KOHT-
poIto MepexHol iHQpacTpyKTypH it OUIbII e()EeKTUBHOTO 1HTEJIEKTYyIbHOTO aHaii3y. B cTaTTi BHPINIyIOThCS HACTYIHI
3aBAAaHHA: PO3IJIA] METOJIB BiIOOPY MapaMeTpiB, BU3HAYCHHS MHOXXMHHU I1apaMeTpiB I OL[IHKY CTaHy Mepexi. Bukopu-
CTOBYIOTbCS MeTOM (iIBTpALil, AKi OpraHi3oBaHi Ha KPUTEPIsX, 110 HE 3aeXaTh BiJl MeToay Kiacudikauii; Meroau ooro-
PTKH, IO TPYHTYIOThCS Ha iH(pOpMAaLLii PO BaXKIMBICTh 03HAK, K4 OTPHMaHa Bijl MeTO/iB Kiacudikauii abo perpecii, i To-
MY MOXYTh BU3HAUMTH OiIbII ITTMOOKI 3aKOHOMIPHOCTI B JIaHMX, HiXk (UIbTpH; BOYIOBaHI METOIH, SIKi BUKOHYIOTH Bi0ip
O3HAaK I/l 4ac NpoLeLypy HaBYaHHA Ki1acu(}ikaTopa, i IBHO ONTUMI3yIOTh Ha0ip BUKOPHCTOBYBAHUX O3HAK JUIS JOCATHEH-
HsI Kpamoi TouHocTi. OTpUMaHO TaKi pe3yJIbTaTh: IPOaHANII30BaHI Pi3HI TEXHIKH MONepeHbol 00poOKH Ta OLiHKK iH(pOp-
MAaTHBHOCTI O3HaK IPH BU3HAUCHHI NAPaMETPiB KOHTPOIIO MepexeBoi iHppacTpyKTypH Juist Oinblll epeKTUBHOrO iHTEeNIeK-
TYaJIFHOTO aHai3y CTaHy MepexeBoi iHppacTpykTypH. JlocmimkeHi pe3yapTaTi 3aCTOCYBaHHS METOIB BiIOOPY O3HAK JUIS
CIIPOLIEHHS Pi3HUX Mojenel MauHHOro HaBuyaHHs. CdopMoBaHO MiHIMaIbHUI HaOlp mapameTpis, sKi NMOTPiOHI Ul MO-
HITOPUHTY CTaHy MepexHoi iHdpacTpykrypu. BucHoBKHM: 3acTocyBaHHS METOAIB BifOOPY O3HAK JIO3BOJIMIO 3MEHIIHUTH
BXi/THHH HaOip mapamMeTpiB JuIs METOIB Kiacudikalii cTaHy MepexHOl iHQpacTPyKTypH.

Kaw4yoBi caoBa: MammHHe HaBuaHHS; BifOip O3HaK; Meroqu (inbTpamii; Meroqu oOropTKH; BOYIOBaHI METOIM;

Mepexi.

Bctyn

IMocTanoBka mpo6JeMu. 30UTBIICHHS KITBKOCTI
iHpopMmarii, 1o o00pOoOISIETECS OOUHCITIOBATLHUMHI
KJIACTepaMH, a TaKOX EKOHOMis Ha KUIBKOCTI 00CITy-
TOBYIOUOTO TEPCOHANY MOTPeOyIOTh BUKOPHCTAHHS
epeKTUBHUX 3acO0iB MOHITOPHHTY OOYMCIIOBAIBLHUX
pecypciB. Pe3ynbTaToM IhOro € 3pOCTaHHSA KUTBKOCTI
rapameTpiB, sKi TOBUHHA BiJICTE)KYBaTH TaKa CHCTEMa
MOHITOPHHTY. 3a PaXYHOK BEJIUKUX TOTOKIB JaHUX BiJl
PI3HUX JaT4MKiB 3pOCTae WMOBIPHICTH MPOMYCKY aiMi-
HICTPAaTOPOM CHUCTEMH HETaTUBHHX 3MiH B KOHTPOJIbO-
BaHHX MapaMeTpax Mepexi 00YHMCITIOBAIBHOTO KIIacTe-
pa [1]. Jdna BupimieHHA AaHOi MPOOJEMH B CHUCTEMI
MOHITOPUHTY TJI00aJbHO MOYHMHAIOTH BIIPOBAKYBATH
3aco0M aBTOMAaTH30BAHOI'O EKCIIEPTHOTO aHali3y Ja-
HUX, 3aCHOBAaHOI'0 Ha MAITMHHOMY HaBYaHHI.

[MiaroroBka AaHUX JjIsi BUKOPUCTAHHS B MAIlIWH-
HOMY HaBYaHHI BKJIOYA€ JeKinbka eramiB. [IpuitHsiTO
BBaXkaTH, 1o Onu3pko 60-70% uacy 3aiimae mepimit
eTar poOovoro MpoIecy: OYUIICHHA, (iIbTpalls i Ime-
pEeTBOpPEHHsS NaHUX B (opMaT, SKHH MiIXOOUTH IJIs
3aCTOCYBaHHS B aJrOPUTMax MAIIMHHOTO HaBYaHHS.
Ha npyromy erami BHKOHYeThbCs TonepenHs oOpoOka i
Oe3rocepeHE HAaBUAHHS MOJIEIIEH.

INonepenust oOpoOKka i OUMWINEHHS NaHUX — L€
Ba)JTUBI €Taly, 10 3a0e3Me4yI0Th e()eKTUBHE BUKOPH-
CTaHHsS HaOOpY MaHWX JUIS MAIIMHHOTO HaB4aHHs. He-
00po0JIIeHi JJaHi 4acTo € CHOTBOPEHUMU 1 HEHAAiHHUMU,
i B HUX MOXKYTh OYTH NpOIyIIeH] 3HaueHHs. Bukopuc-
TaHHS TaKUX JaHUX IPU MOEITIOBaHHI MOXKE MPU3BO-

JIUTH 10 HEBIpHUX pe3ynbTaTiB. Li 3aBnaHHS € yacTu-
HOIO TIpoIiecy 0OpOOKH i1 aHaNi3y NaHUX TPYIH 1 3a3BU-
Yaii MalOTh Ha yBa3i MOYAaTKOBE BUBUEHHs HaOOpy Ja-
HUX, 10 BUKOPUCTOBYETHCS U BHU3HAYEHHS 1 IUIAHY-
BaHH: HEOOXiTHOI MOoIepeaHpOT 00pOOKH.

Jlana craTTs MpHUCBSYCHA €TaIy IOMEPEIHbOI 00-
pOOKM JaHUX ISl aJITOPUTMIB MAIIMHHOTO HaBYaHHS 1
pO3TISIY PI3HUX TEXHIK IOMEepPEeIHboi OOpOOKU Ta
OLIIHKY 1H(OPMATHBHOCTI O3HAK IPH BU3HAYECHHI Mapa-
METpiB KOHTPOIIIO MepexeBol iH(pacTpykTypu s
OUTBII e(hEKTHBHOTO 1HTEIEKTYaJbHOTO aHAJI3y CTaHy
MepexeBoi iHPpacTPyKTypH.

AHaNi3 OCTaHHIX dO0CJHiIKeHb Ta MyOJikaniii.
CucremMa MOHITOPHHTY MepeKi HEOOXiTHa sl KOHTPO-
JII0 CTaHy BCi€l MepexeBoi iHQPaACTPYKTypH, 3 ycima
MPUCTPOSIMH 1 CHCTEMaMH. AJIMIHICTPAaTOpH MOXYTh
CIIOCTEpIraTd 3a BCiMa KOMIIOHEHTAMH MEpEKEBOI 1H-
(bpacTpyKTypH, sika BUKOPUCTOBYE MEBHUH iHTepdeiic 1
0OMIHIOETBCS 1H(OpPMAIIIEI0 TPO CBifl CTaH 3a CTaH-
JTAPTHUAM TIPOTOKOJIOM.

Jlyis BUSIBNIEHHS! Pi3HUX BHIB 3arpo3 Ta IMOPYIIEHb
cHCTeMa MOHITOPUHTY TIOBHHHA BiJICTE)KYBAaTH BEJIHKY
KIUJIBKICTh MapaMeTpiB KOMIIOHEHTIB MEpexi, sIKi peaji-
3YIOTBCSI Ha KaHAJbHOMY, MEPEXKHOMY, CEaHCOBOMY i
MpUKIIaIHOMY piBHsX Mozeni OSI.

CriocTepexxeHHst Ha AaHux piBHAX Moaeni OSI nae
MOXIIUBICTh KOHTPOJIIOBATH CTYIiHb BHUKOPHCTaHHS
pPECypCiB CHCTEMH, a TaKOXX 3HaXOIUTH HECIPABHOCTI,
NoB'si3aHl 3 poOOTOI0 OONagHAHHA, MIO MOTPIOHO s
MiATPUMKH BUCOKOI HaAIHHOCTI (pYHKIIOHYBaHHS Me-
pexeBol iHQPaCTPYKTYpH.

© Maprosunpkuii B. A., Pyban 1. B., Ceepinos O. B., bomnorosa H. M., 2018 5
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B [2] onmcyeTbest TEXHOMOTISI BAKOPUCTAHHS HEl-
POHHHX MEpEeX JUIsl BUDILICHHS 3aBJaHHS BUSBIICHHS
aHOMaJIbHOT Mepe)KHOI aKTHBHOCTI B Mepexi. Takox
PO3TIISTHYTa METOJMKa 300py JaHUX IPO MEPEKEBY
aKTHBHICTD 1 BUMIIJICHHSI TTApaMETPiB MEPEKHUX ITaKEeTiB
JUTS TIOJAJIBIIIOTO aHali3y. Y JaHill CTaTTi 3MiHCHIOETh-
csl KOHTPOJb HAa OMHOMY 3 PiBHIB MepexeBoi iH(ppa-
CTPYKTYpPH, IO TPU3BOJUTH 10 3MEHIIECHHS CIIPOMOXK-
HOCTI BUSIBIICHHS 3arpo03, HAIIPaBIECHUX Ha Pi3HOMaHIT-
Hi 00’€KTH MEpeKeBOi iHYPACTPYKTYPH.

B [3] aBTop ans mporHo3yBaHHS i Kiacuikarii
aHOMAaJILHOTO Tpa(iKy BUKOPUCTOBYE BEKTOPHY MalllH-
Hy (SVM) 3 ypaxyBaHHsSM IOKa3HHKIB €(DEKTHBHOCTI.
OCHOBHI NapaMeTpu BKIJIIOYAIOTh JTUCHEPCil0, aBTOKO-
pemsuito Ta camonoaioHicts. [lepeBaroto paHoro me-
TOJy € Te, IO BiH HE BUKOPUCTOBYE JaHi 3aroJIOBKiB
nakeriB. Ile no3Bose BHpOBa/KyBaTW LeH METON B
cucTeMax peajbHOro yacy. Hemosmikom naHoro miaxomy
€ Te, IO MapaMeTpH, sIKi MepelaloThCs, BKIIOYAIOTh B
ceOe HeBeIMKHI Halip JaHUX, 32 paxXyHOK YOO JaHWi
MeToJl MOKe e(EKTHBHO i TOYHO BHSBISITH aHOMalb-
HUH Tpadik JIUIIE IPOTATOM KOPOTKOrO MEPioay dacy.

VY [4] po3rasHYTO MiAXiA 10 MEPEKEBOr0 MOHITO-
PHHTY Ha OCHOBI TEXHOJIOTii MOOUIBHHMX Ta IHTENEKTY-
TbHUX areHTiB. Hemomik MaHOro MiAXOmy MOJsrae y
BiZICyTHOCTI (ibTpallii faHUX BiJ NIyMOBHUX i HeiH(Op-
MaTHUBHHX TapaMeTpiB, 10 3HAYHO YCKJIAJHIOE Ta 1HKO-
JM HaBiTh MOTIpUIye MOJENb MAIIMHHOTO HABYAHHSL.
[epen yckJIagHEHHSIM aJrOPUTMY Tpeba MepeKOHATHCS
B TOMY, III0 B)X€ HEMOXKJIMBO ITiIBUIINTH TOYHICTH HOTO
PpOOOTH LUISIXOM JIMILE 3MiHU MapameTpiB. ToMy ogHUM
3 OCHOBHHUX IapaMeTpiB, 10 BUMarae peTesibHol ONTHMi-
3aIil B KOKHOMY aJITOPUTMI, € CKIIAHICTh MOJIEII.

[ounHaty yckiaagHeHHs TpeOa He 3 arOpUTMY, a
3 IOJIaBaHHs MapaMeTpiB, 0 MalOTh (i3u4Hy iHTEpN-
perariiro, BayKJIUBY JJIsl MPOTHO3yBaHHS LiJbOBOI BEJH-
YHHH, — 1X 3a3BHYail (POPMYITIOIOTH EKCIIEPTH TPEIMET-
HOi oOmacti. OCKiJIbKM 4acTo MOAIOHI O3HAKU € Helli-
HIHUMH TIEPETBOPEHHSIMU IIOYATKOBHX JAHUX, TO
CKJIaHI aJrOPUTMHU HE 3JaTHI IX BIATBOPUTH caMoC-
TiliHO. Pa3oM 3 TWUM, OCKIUIBKM IIi MapaMeTpu MaroTh
XapaxkTepHui (hi3MYHUI 3MiCT, iX BpaxyBaHHS B IPOC-
THX MOJEJAX HEPIAKO IO3BOJISAE TaKi MOJACTI 3pOOUTH
OLIIbIII TOYHUMHM, HIXK CKIIaJHI MOZENI, sIKi HE BPaXxOBY-
I0Th IUX TIapaMeTpiB.

MeTo10 1aHOi podOTH € PO3IIISA PI3HUX TEXHIK
nonepeaHp0l 00pOOKM JaHUX 1 OLIHKKM iHPOpMAaTHBHO-
CTi IPY BU3HAYEHHI MapaMeTPiB KOHTPOIIO MEpexeBol
iHGPACTPYKTYpH It OLTBII e(eKTHBHOTO IHTENIEKTY-
anpHOrO aHamizy. /i MOCSTHEHHsS TOCTABJIEHOI METH
Oynu chopMOBaHi Taki 3aBIAHHS:

— PO3TIISTHYTH METOJIM BiAOOpY Mapamerpis;

— BU3HAYUTH MHOXHHY IIapaMeTpiB Uil OLIHKH
CTaHy MepeXi Ha IPUKJIIaZl JaHHX, IPE/ICTABICHUX B [5].

Buknapg ocHOBHOro matepiany

Metoau Bindopy o3Hak. [HTenexTyanpHuil aHa-
Ji3 JIaHUX BEJIUKOI PO3MIPHOCTI B JIAHWH Yac € ayxe
BXKJIMBHUM. PillleHHs Takoi 3aja4i HEpiAKO yCKJIaJHIO-
€ThCS 3aBISIKM HE JTY)KE BEJITHUKHUM BUOIpKaM abo HasB-
HOCTI HEKOPEIIOIYHMX O3HAK [0 BIJHOIICHHIO JO
IIJTbOBOI 3MIHHO1, 8 TAKO)K HAJAMIPHHUX O3HAK.

SkicHi naHi — 11e He0OXiHA YMOBA JIsl CTBOPSHHS
SIKICHUX Mojened nmporHo3yBaHHs. 11[06 yHUKHYTH TO-
SIBM CHUTYAIlil «CMITTS Ha BXOJi, CMITTS Ha BHXOII» 1
MiJIBUIIUTH SIKICTh TAHUX 1, IK HACIIJIOK, ¢(DEKTUBHICTH
MOJIeJTi, HEOOXITHO MPOBECTH MOHITOPUHI Mpare3aaT-
HOCTI JaHUX, SIK MOXKHA paHillle BUSBUTH MPOOJIEMH i
BHPIIINTH, SKi Aii 1010 MONEPEAHLOI 00pOOKH 1 0YH-
LIeHHs JaHuX HeoOximHi [6]. Tomy BHMHHMKae 3aaaya
BigOopy iH(popMaLiiiHNX O3HAK.

Buxozsuu 3 npupoau 03HAK MOXKHA BHIIIJIUTH JBI
OCHOBHI NPUYHMHU BiIOOPY O3HAK:

1. Benuka KinbKicmb 03HAK, WO icmomno 30i1b-
wiye yac pobomu xkaacugixamopie. Ha cborosi po3Bu-
BaIOThCSA aHCaMOJIeBI METOJM MAIMHHOTO HaBYaHHS,
TOMY Yac, HEOOXiTHWNA Ha OOYHUCICHHS, MOXE CTaTH
MIPOCTO BEJIMUYE3HUM 4Yepe3 BEIUKY KIJIbKICTh O3HAaK.
Takox I1e MOXe MPU3BECTH 10 BiMOBH B OOCIYrOBY-
BaHHI 3a PaXyHOK IEPEIIOBHEHHS ONEPATHBHOI MaM'sITi.
Ile TsarHe HEOOXiMHICTHP MOMU(IKAIT aJTOPUTMIB Kiia-
cuikamii a1t KOKHOI Mm1aThOopMU OKpEMO.

2. 3i 36inblenHaM KiTbKOCMI O3HAK YACmOo 3HU-
aHcyemvest mounicmes npoero3yeanns. OcoOIUBO, SIKIO
B JJaHUX 0araTo MIYMOBHUX O3HaK (0OMalib KOPEITIHYUX
3 HIIBOBOIO 3MIHHOIO). Takox Iie NPU3BOJIUTH 10 MOSBU
JyOIIbOBaHMX 1H(OPMAIIHHUX O3HAK, 1, IK HACIIIOK, 10
nepeHapuanus (overfitting).

Meroau BigOOpy O3HaK IUIATHCS Ha 3 KaTeropii.

Memoou ¢inempayii opraHi3oBaHi Ha KPHUTEpPIsX,
sIKI HE 3aJISKUThH BiJl MeTomy Kiacudikamii. Hanpukian,
TakKi, sIK KOpEJIAIlis 03HAK 3 I[JIbOBUM BEKTOPOM, KpHUTE-
pii indpopmaTuBHOCTI. [laHWIT METO BUKOPUCTOBYETHCS
JI0 3aCTOCYBaHHS alNropuTMiB Kiacudikaiii. [lepearoro
METOIB (UIBTpaLil € Te, MO iX MOKHA 3aCTOCOBYBATH B
SIKOCTI TIOTepeHboi OOpOOKH Uit 3HIDKEHHS PO3MIp-
HOCTI MHOKMHH O3HAK 1 ITOTOJIaHH NIepeHaBYanHs [7].

@inbTpH BUKOPUCTOBYIOTHCS LISl BiTOOPY O3HAK B
KJIacTepu3allii, s MoOYIOBH MOYaTKOBOTO HAOJMIKEH-
Hi. Hemomik Takux METOMIB — HEMOXKIIUBICTh BHSBIICH-
HS CKJIAJIHUX 3B'S3KIB MIXK O3HAKaMHU.

[Ipuknagom QinbTpamii 03HAK € METOI B3aEMHOI
iH(opMairii. B 0CHOBI IIOI'O METOMY JICKHTH MOHATTS
eHTporii iHpopmarrii

H(X)==2  _yPx)-loga(p(), (1)

ne p(x;) — WMOBIPHICTH TOro, MO 3MiHHAa X mpuiiMae
3HAYEHHs X;. Y JaHOMY NPHKIaJL 111 HIMOBIpHICTH PO3-
pPaxoBYEThbCsl SIK KiJBbKICTh INPUKIAIIB, B SKUX X =X;,
MOJTiJICHE HA BCI MPUKJIAIN.

Jnst  po3paxyHKy —Kopensmii MK 3MiHHUMH
BHUKOPHUCTOBYIOTHCS III€ JB1 BETUUMHH:
HY | X =x;) — 2

YacTHHHA YMOBHa eHTporis — eHtpomis H(Y), po3pa-
XOBaHa TUTBKH JIJIS TUX 3aITUCIB, IS SKUX X=X;;

HY[X)=2 xpO) HY | X =x) = (3)

YMOBHA €HTPOIIis — IIJIBHICTh PO3IOILTY Oe3mepepBHOI
BHUITAJIKOBOT BETUUHMHH X.

Pi3HuIlT MK [[MMH IBOMa BEIHYHHAMH BH3HAYAE
CTYMiHb KOpesuii (B3aeMHy iH(pOpMaIlio) MiXK 3HAUEH-
HaMH X 1Y, 1 HACKIIBKH BOHA BEJIHKA!
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IG(Y | X)=H(Y)-H(Y | X). 4)

Memoou obeopmku TPYHTYIOThCS Ha iH(oOpMarii
PO BaKJIUBICTh O3HAK, sIKa OTPUMaHa BiJ METOIB Kia-
cudikariii abo perpecii, i TOMy MOXXYTh BU3HAUHTH OLTBIIT
TIMOOKI 3aKOHOMIPHOCTI B JaHUX, HiK (QiasTpu [8]. OO6-
TOPTKH MOXYTh BUKOPUCTOBYBAaTH Oyab-sIKMH Kilacui-
KaTop, SIKUi BU3HAYAE CTYIIIHb BAYKJIMBOCTI O3HAK.

Po3pi3HstoTh JBa MiaX0aM B peanizalii Iux MeTo-
niB: meromu BkiaroueHHs (forward selection) i BuKITIO-
yenns (backwards selection) o3nak. Ileprr mouuna-
I0ThCS 3 TIYCTOT ITiAMHOKHHH, JI0 SIKOT ITOCTYIIOBO J0/1a-
I0ThCsl Pi3HI O3Haku [9]. Y ApyroMmy BHIIAJKy METOX
MMOYMHAETHCS 3 MIAMHOKHUHY, sKa TOPIBHIOE BHXIiTHIN
MHOXKHHI O3HAaK, 1 3 HBOTO TOCTYIIOBO BHIAJISIOTHCS
o3Haku. [Ipu npOMy KOXeH pa3 3/iHCHIOEThCS TTepepa-
XYHOK Kiacudikaropa.

OpuH i3 TPUKIIAAIB TAKHX METOJIB — PEKYpCHBHE
BujajeHHs o3Hak (recursive feature elimination). Sk
BUIUTUBA€ 3 HAa3BH, BiH BiJJHOCHTHCS /IO aJTOPUTMIB
MOCTYIIOBOT'O BUKJIFOUEHHS O3HAK 13 3araJIbHOTO MYITy.

3 oruisiiy Ha 30BHIMIHIO OLIHKY BaroBHUX XapakTe-
pUCTHK (HanmpukiIaa, KoedimieHTH JiHIHHOI Mozeni),
METOIO SIKOT € PEKYpCUBHE YCYHEHHS O3HAK BiJMIiTUMO
take. [lo-nepie, aaropuT™ OLIIHKY HABYAETHCS 32 Tep-
MM Ha0OpOM O3HaK i BU3HAYA€ BAKIMBICTH KOMXKHOL
o3Haku. [ToTiM HaliMeHI Ba)KJIMBI O3HAKH BUIAISIOTH-
cs 3 X motouHoro Habopy. Lls nponenypa pekypcrBHO
TIOBTOPIOETHCS TOTH, TIOKU B KiHIIEBOMY PE3YJbTaTi He
Oyne nocsrayTta O0a)kaHa KUTbKICTh O3HAK.

B6yoosani memoou BUKOHYIOTH BilOip O3HAK IiJ
Yac MpoueAypy HaBYaHHS KiIacudikaTropa, i came BOHH
SIBHO OINTHMI3YIOTh Ha0lp BHKOPHUCTOBYBAaHHX O3HAK
IUTsT TOCATHEeHHS Kpamoi TouHocTi [10]. OcHoBHMM
MeTo/IoM 3 Ii€i Kareropii € perynasipuszauis. € pi3Hi ii
peastizailii, ale OCHOBHUH NMPUHIIUI € 3aTalbHUAM. SIKII0
PO3TIIHYTH poOOTY KiIacudikaTopa 0e3 peryaspusarii,
TO BOHA TIOJISITA€ B MOOYIOBI TaKOi MOJIENI, sika HalKpa-
MM YMHOM HajalTyBajacs O Ha mepenOadeHHs BCiX
TOYOK TPEHYBAJIBHOTO ceTy. Hampukian, skimio ajiro-
puTMOM Kiacudikamii € JiHiiHA perpecis, To Iiaam-
TOBYIOTHCSI KOE(DIIIEHTH TOJIIHOMA, KU alpOKCHMYE
3aJIEXKHICTh MK O3HaKaMH 1 LIIJIOBOKO 3MIHHOIO.

Inest perynspuzanii nonsrae B Tomy, o6 nooymy-
BaTH aJITOPUTM, SKUA MiHIMi3ye HE TUIBKH ITOMHIIKY,
ajie 1 KUTbKiCTh BUKOPUCTOBYBaHMX 3MiHHUX [11].

[epeBaroro BOyJOBaHHX AITOPUTMIB € Te, IO
BOHH, SIK NPAaBWJIO, 3HAXOJSTh PIillIEHHS MBHUIIE, YHHU-
KalO04H MepertiAroTOBKU JaHUX 3 HYJsl, IPH [IbOMY 3HH-
Ka€ HeOOXIIHICTh pO3IUIATH AaHi Ha HaBYAJIBHY 1 Tec-
TOBY MHOXXMHY. Pa3om 3 TuMm Ha jaHuii 4ac HeBijoMi
Oynb-sKi BOYJIOBaHI METOJH, IO JTO3BOJISIOTH BUPIIIHU-
TH BCI iCHYIOYI 3a/1a4i.

[TpuknamoM Takux METOIB € METOJ PeryispHu3allii
Tuxonosa (ridge regression). PosrisiHemo ioro tak camo
Ha TpuUKIajal JHIAHOI perpecii. SIkmo B TecToBOMY
HaOoOpi JaHa MaTpuIlsl O3HaK A 1 BEKTOp IJIHOBOI
3MIHHOI b, TO pilieHHs Oyae MaTH BUIIIsI Ax = b.

VY nporeci poOOTH aNropuTMY MiHIMI3yETHCSI BUPA3

= oA + ol )

IS Hepmnﬁ J0JAaHOK € CEPE€AHbOKBAAPATUIHOIO ITOMUJI-

KO0, a IPYr'uil — Perysipu3ylouuM OIepaTopoM (cyma
KBaJIpaTiB BCIX KOe]illieHTIB, TOMHOXKEHA Ha anbda). Y
mporeci poOOTH AITOPUTMY pO3MIpH  KOe(DillieHTiB
OyIyTh MPONOPLIHHI BaXKJIMBOCTI BIAMOBIIHUX 3MIHHHX,
a mepesl THMHU 3MIHHUMH, SIKi Jal0Th HAHMEHIIINH BHECOK
B YCYHEHHSI IOMUJIKH, OyyTh HAONIKaTCs 10 HYIIS.

[Mapamerp o [03BOJSIE HAJALITOBYBATH BHECOK
PETYISIpU3YIOUOro OepaTopa B 3arajibHy cyMmy. 3 Horo
JIOTIOMOT'OF0 MOYKHA BKa3aTH IPIOPUTET — TOYHICTH MO-
neni abo MiHIMaBHY KUIBKICTh BHKOPHUCTOBYBaHHX
3MiHHHX.

Jliist ipoBeIeHHs! MOPIBHSUTBHOTO aHalli3y BUKOPHUC-
TOBYBAJIUCS JIaHi 3 YEMITIOHATY 110 MAalllMHHOMY HaBYaH-
o KDD 1999 i nani, oTpuMaHi mijJ yac MOHITOPHHTY
MepexeBoi 1H(PPaCTPyKTYpH HAaBYAIBHOTO Jara-LEeHTPY,
PO3TOPHYTOrO Ha OCHOBI MEPEKHOI (haiIoBOI CHCTEMHU
Lustre, qoximagHuil ONKC SAKUX MPEACTABICHO B TaOI. 1.
Jlami maroTe 38 03HaK, 3 HHX: 27 YHCIOBMX O3HaK 1
11 kaTeropiajabHUX.

Tabnuys 1 — Hapamempu mepesici

Ne I[Hapamerpu

TpuBaiicTp 3'efHaHHS, C

ITpoTOKOI TPaHCIIOPTHOTO PiBHSA

CepBic IPUKIAIHOTO PiBHS

Buxijgauii nmorik, 6aiT

1
2
3
4 | BxigHuii notik, 0aiT
5
6

IMpanopu, BcraHoBieHi B 3aronosky TCP-nakety

9 | HasBHicTb TepmiHoBuX nanux B nakeTi (nparop URG)

10 | KispKicTh rapsiux iHAUKATOpiB

11 | KizmpKicTh HEBIATIHX CIIpod BXOAY

12 | Yemimuuii BXif

13 | loctyn 3 npaBaMH aJIMiHiCTpaTopa

14 | KinbkicTb cipo0 IOCTYIy 3 IpaBaMu aJIMiHICTpaTopa

15 | KinbkicTb onepauiii 3 (aiinaMu KOHTPOIO IOCTYILY

16 | KinmpkicTs onepaniii ctBopeHHs daiiny

17 | Kinpkictb onepattiii 3 ¢aiiaMu ynpasJliHHS IOCTYIIOM

20 | O3Haka rictb CUCTEMU

21 | KinpkicTb 3'€1HaHbp 3 CHIBHAJAI0YUM XOCTOM

22 | Bigcorok 3'eqHann 3 moMuiakow SYN

KinepkicTs 3'€1HaHb 3 OJHUM KaHAJIOM BUX1JHOIO
opTy
24 | Bigcorok 3'equann 3 noMuiakow REJ

25 | Bizcotok 3'eHaHHS 3 cepBicoM, IO 30iraeThCs

26 | BizcoTok 3'etHaHb 3 pi3HUMHU IOCIyraMu

27 | KispKicTb 3B'SI3KIB 3 cepBicoM, 10 30iracTbest

28 | Bixcorok 3'eqaanp 3 nommiko SYN pkepena

31 | Bincorok 3'eqnans 3 nommiikoro REJ mkepena

Kinekicts exciopry Ha MDT, B ToMy 4ncii iHmmi

32 cepBepu Luster

33 | KispkicThb KiIi€HTCHLKHX 3'eqHans 1o NID

34 | KinbkicTb OJIOKYBaHb

Luster-posnoainenuii MmeHepkep OnokyBanHs (1dlm)

35
riepe/iaBaB OJIOKyBaHHS

36 |1ldlm-6noxyBannst piBHst HafaHHa GR

37 |1ldlm-6nokyBanHst piBHs BigMiHu CP

38 | KinbkicTb BUXiHUX KOMaH[ Y fip-ceanci
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VY Tabn. 2 po3craBieHi B MopsiaKy yOyBaHHS 3Ha-
YEeHHSI KOpEJISIii 03HAKU 100 LiIbOBOI 3MiHHOI.

Tabnuys 2 — Ciucok mapamMeTpiB Mepexi

Metonu Homepa o3nax
Info gain 5,3,6,4,30, 29, 33, 34, 35,38
Chi-squared 5,3,6,4,29,30,33,34,35,12
ReliefF 3,29,4,32,38, 33,30, 12, 36, 6
Variance threshold 3,6,4,32,29, 33, 30,12, 36, 38

Pi3Ha BIOpsIKOBAHICTh O3HAK BUKJIMKAHA THM, IO
Yy KOXHOT'O METOIY 3aCTOCOBYIOTBCSI CBOI aJrOpUTMHU
pamKUpyBaHHS.

s TectyBaHHS siKOCTi Kiacudikanii gaHHi Oynu
pO30HTI Ha TPH YACTHHM JUIS BUKOPHUCTaHHS KPOCCBA-
mipamii 3a Tppoma ¢ongamu. B sikocTi Kiacudikaropa

BukopucroByBaBcsi XGBClassifier, Random Forest,
AdaBoost, a moMmiIKa ajJrOpUTMIB OIIHIOBAJIACH IO
merpuui MSE.

Ha puc. 1 mpeacraBieHa cpenHs NOMHIKA 3a
TpbOMa (ONIAaMHU [UIi KOXKHOTO 3 METOJIB (iIbTparii.
Sx BuaHO 3 Tpadiky, micas ¢inbTparii O03HaK SKIiCTh
aNropuTMy KiIacudikamii NpakTUYHO HE 3MiHMIAcS. A
yac, HeOOXiMHHUH s moOymoBH Moneni Kiacuikarii,
SIKMH € TPUBAIICTIO MPOIIECY HaBUAHHS Kiacudikaropa
mcad  3aCTOCYBaHHA  KOXKHOTO — METOAY, 1CTOTHO
3MeHIIMBCs (Tao. 3).

HacTynHuM eTanoMm eKCIepHUMEHTY Oyilo BHKOpHC-
TaHHS METOLy OOTOpTKH, a caMe BUKOpHCTaHHA Ran-
dom Forest. Uucno nepeB B Random Forest BapitoBa-
nocst Big 100 no 500. Ha puc. 2 HaBeneno rpadik, Ha
AKOMY JUIsl TepIiux 12 o3HaK IoKa3aHa X BaXJIMBICTh
UL TPHOX YAaCTHH BHOIPKH 3a AOMOMOTrO0 BOYJI0BaHOTO
anroputMmy B Random Forest.

M Info gain

XGBClassifier

B Chi-squared ™ ReliefF

Random Forest

W Variance threshold ® Full set

AdaBoost

Puc 1. Tounicts xacudikamnii it MeToiB GinbTpanii

Taomuusn 3 [loxasnux epexmusnocmi

Merton AJITOPUTM MSE(%) Yac (¢)
XGBClassifier 88,74 182
Info gain Random Forest 84,34 167
AdaBoost 86,12 170
XGBClassifier 88,36 183
Chi-squared Random Forest 85,08 163
AdaBoost 88,49 172
XGBClassifier 87,92 183
ReliefF Random Forest 83,58 165
AdaBoost 88,13 172
XGBClassifier 88,92 182
Variance threshold Random Forest 83,62 165
AdaBoost 87,93 170
XGBClassifier 88,56 263
Full set Random Forest 87,12 197
AdaBoost 89,07 243
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3 4 5 6 12

——1-fold

29 30 30 33 34
Numbers of parameters

-u—2-fold

35 36 38

3-fold

Puc. 2. BaxnuBicTb 03HaK

[Hmi o3Haku Manu BaxuBicTh Mentry 0,1. Buko-
PHUCTOBYIOUH JIMIIE Ti O3HAKH, SIKI MaJld MaKCHMaJbHY
Ba)XTUBICTh, MMOOYIOBAaHUHA MPOCTUH aJITOPUTM, Cepel-
HSl IOMIJIKA SIKOro 1o MeTpuui MSE maio uuM Binpiz-
waetbes Bim XGBClassifier, ane mBuakicTe poboTH
aIropuTMY 301TBIINIACK.

BucHoBku

OpHi€r0 3 OCHOBHUX MpOOJEM, 3 SIKHMU CTHKa-
FOTHCS ICHYIOUI CUCTEMU BHSIBJICHHS BTOPTHEHb 1 MOHI-
TOPUHTY, € O00poOKa BEIUKUX MACHUBIB JaHHUX, IO
YCKJIaTHIOE 1X 1HTEeNeKTya IbHUI aHai3.

Bin0ip o3Hak € Ba)JIMBUM €TanoM MoOyJoBHU al-
TOPUTMIB MalIMHHOTO HaBYaHHA. [laHuWii etanm HEOoOXin-
HUHA U 1030aBJICHHS BiJ IIYMOBUX O3HAK, 3aBISKH
OMY TIOKPAIYEThCS SAKICTh 1 30LIBINYETHCS IIBUI-
KicTh po0OOTH MalMHHUX anroputMiB. [IpoBeneHi ekc-
MEpUMEHTH MiATBEP/PKYIOTh, IIO aJTOPUTMH BigOOpY
o3HaK 3a monomoror Random Forest i MeTomu ¢inbt-
pauii epeKTHBHO BUKOHYIOTH 11 3aBIaHHsL.

[pexncraBnenuit B crarrti [5] anropurm knacudi-
Kallii cTaHiB MEpeXi Ha OCHOBI BiJlIOpaHUX MapamerpiB
JIO3BOJIUTH BUKOPHCTOBYBATH HOrO B CHUCTEMax peallb-
HOTO 4acy.

10.

11.

12.
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OT1060p mapaMeTpOB MOHMTOPHHTIA CETEBOIl HHYPACTPYKTYPSI ISl KIACCH(PUKANNH COCTOSTHUS CETH
B. A. Maprosunxuii, 1. B. Pyban, A. B. Cesepunos, H. H. Bonorosa

IIpeameToM uncciieoBaHMs B CTAaThe SIBIISIETCS JTall IPEIBAPUTEIBHON 00pabOTKH JaHHBIX VISl alrOPUTMOB MAIIMHHOTO
00y4eHHUSI M PACCMOTPEHUE PA3IMYHBIX TEXHUK NPEIBAPUTEIBHON 00paOOTKH U OLEHKH MH()OPMATHBHOCTH MPU3HAKOB IIPH OI-
pEIeNeHNH ITapaMeTpoB KOHTPOJIS ceTeBOH MH(pacTpyKTyphl 1711 Oonee 3p(heKTHBHOrO MHTEIUIEKTYaIbHOIO aHAIN3a COCTOSHUS
cereBoil uH(ppacTpykTypsl. Lleqb paboThl - pacCMOTpEeHUE Pa3IMYHBIX TEXHHUK ITPEABAPUTEIFHOH 00paObOTKU JaHHBIX M OLCHKH
UH(OPMATUBHOCTH TIPH OIPEAEICHHN IIapaMeTPOB KOHTPOJIS CETEBOM HHPPACTPYKTYpHI st Ooiee 3ppeKTHBHOrO HHTEIIIEKTY-
aJIHOTO aHaJIN3a. B craThe pemarores cieyronuye 3aga4: pacCMOTPEHHE METOZI0B 0TOOpa NapaMeTpoB, ONPEAENICHHE MHOMXKe-
CTBa MapaMeTPOB JUIS OLEHKU COCTOSIHUS CeTH. VICTIONB3yIoTCS MeTOIb! (DHIBTPALMN, OPTaHW30BAaHHBIC Ha YCJIOBUSIX, HE3aBHCS-
IIMX OT METOAA KIAacCH(UKAIIN, METO/IBI 00EPTKH, OCHOBaHHbIE Ha MH(OPMAINK O BaKHOCTH IPHU3HAKOB, ITOJTYYSHHOH OT Me-
TOJIOB KJIACCH()MKAIMK WIIM PErPECCUH, U TI0ITOMY MOT'YT ONPEAEIHUTH Oonee rIy0oKne 3aKOHOMEPHOCTH B JaHHBIX, YeM (UIIBT-
PBI, BCTPOSHHBIE METOIBI, BBIIOIHSIOIINE OTOOp MPHU3HAKOB BO BPeMsI IIPOLIEAYPhI 00yUeHHUS KTacCUPHUKAaTOpa U SIBHO ONTHUMH-
3HpYIOIIUE HA0Op MCIONIB3YEeMBIX NMPU3HAKOB ISl HOBBIIICHNS! TOYHOCTH. [10MydeHbl clieylomue pe3ynbTaThl: IPOaHaIH3HpO-
BaHBI Pa3IMYHBIC TEXHUKH IPEIBAPUTEIbHON 00pabOTKU M OLEHKH HH(POPMATUBHOCTH NPU3HAKOB IPH ONPEJENICHUH TTapamMerT-
POB KOHTpPOJISL CeTeBOW MH(MPACTPYKTYPHI LIt Ooniee 3 PEeKTUBHOIO MHTEUIEKTYaIbHOI'O aHAIN3a COCTOSIHUS CeTeBOH MH(ppa-
CTpyKTYpHI. MccnenoBansl pe3yabTaThl IPUMEHEHUS] METOJIOB OTOOpa IMPU3HAKOB JUISl YIIPOLICHUS! pa3IMYHbIX MOJIENICH MallliH-
Horo oOy4enus. ChopMupoBaH MUHMMAaJIBHBIH HAOOp IMapaMeTpoB, HEOOXOAUMBIX JJIsI MOHHUTOPHHIA COCTOSIHUSI CETEBOH HH-
¢pactpykrypsl. BeiBoabl: [IpuMeneHre MeTOIOB 0TOOpa MPU3HAKOB HO3BOJIMIO YMEHBIIUTH BXOJAHON HAOOp mapaMeTpoB Ui
METOJIOB KJIACCH()MKALIMK COCTOSHUS CeTEBOH HHPPACTPYKTYPHI.

KawueBblie ciioBa: MammHHOE 00y4eHHE; OTOOP NPH3HAKOB; METOIB! (DMIBTPAIMU; METOABI 00EPTKH; BCTPOCHHBIE
METO/BI; CETH.

Selection of network infrastructure monitoring parameters to classify network status
V. Martovytskyi, I. Ruban, O. Sievierinov, N. Bolohova

The subject of research in the article is the stage of preliminary data processing for machine learning algorithms and con-
sideration of various pre-processing techniques and evaluation the informativeness of features-based parameters network infra-
structure monitoring for effective intellectual state analysis. The aim of the work - to consider various data preprocessing
techniques and evaluation of informativeness for determining controls parameters of network infrastructure for more efficient
intellectual analysis. The article solves following tasks: consideration of methods for selecting parameters; parameter determina-
tion for assessing the state of a network filtration methods, based on algorithms that are not related to classification methods;
wrapper methods, based on importance features information, obtained from classification or regression methods, which can de-
termine data deeper patterns; embedded methods that perform feature selection during the classifier training procedure and opti-
mize the set of features used to improve accuracy. Results: various preliminary processing techniques and evaluation of informa-
tiveness of feature were analyzed to determine the parameters of network infrastructure monitoring. The results of feature
selection methods were analyzed to simplify the different machine learning models. The minimum parameters set has been
formed for monitoring the state of the network infrastructure. Conclusions: The use of feature selection methods made it possible
to reduce the input parameter set for classifying the state of the network infrastructure methods.

Keywords: machine learning; feature selection; filtration methods; wrapping methods; embedded methods; networks.
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1 9 o
XapbKoBCKH yueOHO-HayuHbIld HHCTUTYT [ BY3 YHUBepcuTeTa 6aHKOBCKOTO Jlena, XapbKoB, Y KpanHa

2 o
Srennonckuit yausepcuter, Kpakos, [lonpmia

UHTEPBAJIBHOE ONEHUBAHUE KOJIMYECTBA YYACTHHUKOB
MACCOBBIX IPOTECTHBIX AKITAM

BeimonHeH KpaTkuid JIMTepaTypHBIA 0030p IO IMpobiieMe MOJICIMPOBAHUS MAaCCOBBIX MPOTECTHBIX akuuil. [Toka3aHo, uyTo
U3y4eHHEe 3TOro oduiecTBeHHoro (heHomeHa OblIO Hauato B KoHIE XIX Beka. B Hacrosiee Bpems B paccMaTpUBaeMOi
npobJieMe BBIIENMIIOCH JIBa HarpaBiieHus. [lepBoe — colMoiIoruueckoe, 1 BTOPOe, B KOTOPOM MAacCOBBI€ IPOTECTHBIE aK-
LM CTaJIY NIPeIMETOM U3Y4EHHsI METOIaMu HcciieloBaHus onepauuil. IlokasaHo, 4To B HacTosulee BpeMs MOSIBUIICS TaKOH
WCTOYHUK BJIMSHHMS, KaK COLHAIBHBIE CETH. JTO OOCTOSTEIECTBO HEOOXOAUMO YUUTHIBATh IPH IOCTPOSHUH MaTeMaTHie-
CKUX MOJeJIeil MaccOBBIX IIPOTECTHBIX akuMil. /L1 Mozpenu, ycraHaBiMBarolei cBsa3b Mexay yposHeM BBII u ypoBHem
COIMAEHOH HANpPsDKEHHOCTH, MOCTPOeHa (YHKIMS JIACTUYHOCTH YPOBHS COLMAJIbHON HAIPSHDKEHHOCTH B OOIIECTBE IO
BEJIMYMHE OTHOCUTENIbHOTO ypoBHs BenuunHbl BBII. ITokazano, uto oTHOCHTENbHOE NpupanieHue BeauunHsl BBII cHmka-
€T OTHOCUTEJBHBIN YPOBEHb COLIMAILHOM HAIPSDKEHHOCTH. PaccMoTpeHa ciucTeMa HeJIMHEHHBIX An( GepeHIHaTbHBIX ypaB-
HEHMH, OIMCBIBAIOIAs U3MEHEHHE BO BPEMEHH OTHOCHUTEJIBHOIO KOJIMYECTBA YJaCTHUKOB MACCOBBIX IPOTECTHBIX AKLHUM.
Jlnst onpeneneHus NOrpelIHoOCTe UX ONpeseeHNs B pe3ynbTaTe IOrpelHOCTel ONpeiesIeHUs] YUCIEHHbIX 3HaUeHuil Ie-
PEMEHHBIX H [TAPaMETPOB MOEIH UCIIOJIL30BAHbI METO/IBI IPUOIKEHHBIX BIYHCIeHnH. [loka3aHo, 9To 3TH METOBI IPH-
BOJUIT K YCIO)KHEHHIO Tporiecca HaeHTH(GUKanuy Mozesu. st ynpomeHus onpeieeHus IOrpeiHOCTed HCIToIb30BaHbI
METO/Ibl UHTEPBaJIbHBIX BBIUUCICHUHN C YUCIaMHU, OIIPEEeIEHHBIMU B CUCTEME LIeHTp — paauyc. [lonyueHo BelpakeHue uis
CTETIeHHOH (DYHKIIMY JUIsl apryMEHTOB, 33/IaHHBIX B CHCTEME LEHTP — paauyc. sl penieHnii MpruBeIeHHON MOIEIN BBIIION-
HEHO MHTEPBAJIbHOE OLICHUBAHUE KOJIMYECTBA YYACTHUKOB MACCOBBIX IPOTECTHBIX akuui. IlomydyeHHbIE pe3yabTaThl MO-
3BOJISIFOT ITPOTHO3MPOBATH JOJIIO JIUII, IPUHUMAIOIINX y4acTHE B MAacCOBBIX IPOTECTHHIX akiusaX. OHU TakKe MOr'YyT OBITH
HCITOJIb30BaHbl OpraHaMy MPaBOIOPSIIKA JUIsl INITAHUPOBAHMS MEPOIIPHATHI 110 o0ecieueHnIo 0€30I1aCHOCTH IIPU TIPOBE/Ie-
HUM MacCOBBIX IIPOTECTHBIX aKLUIL.

Kao4deBble cJIOBA: MacCOBEIC IIPOTCCTHBIC AKIU; HEJIMHCHWHbIE Z[I/I(i)(i)epeHLII/IaJ'ILHLIe YpaBHCHUS; METOAbI BbIYUCIIC-
HHﬁ; TeOpusd l'IOFpeI.HHOCTeﬁ; HWHTEPBAJIbHBIC BHIYHCIICHUS.

BBepgeHue

MaccoBble TIPOTECTHBIE aKIIMH, BCIEICTBHE KO-
TOPBIX MPOUCXOMIAT CMEHBI MPABUTENHCTB, a TO U Mpa-
BSIIIUX PEKUMOB WJIH, JTAXKe, CUCTEM TOCYIapCTBEHHO-
ro yIpaBJEHUS, UMEIOT JaBHIOK HCTopuio. OmHaKo
MPEJAMETOM HAYUYHBIX UCCIEIOBAHUI OHU CTalU B KOH-
ue XIX Beka. [Tnonepom B 3T0it obnactu cran [tocras
Jle6on (1841-1931). Ero pabora «IIcuxonorus Hapo-
0B U Macc» [1], mepBoe m3ganue BeIIUIO B 1895 T,
O3HAMECHOBAaJIa POXICHUE HOBOM 00NAacTH 3HAHUM —
COIIMAJILHOM TICHXOJIOTUU. BypHBIE COOBITHSA Hayaia
XX Beka MpUBENU K MOHUMAaHHUIO TOTO, YTO BHE 3aBHU-
CUMOCTH OT IIeJiel, KOTOpbI€ CTaBsSIT OPTraHU3aTOPbI
MAacCCOBBIX MPOTECTHBIX aKIMH, B TEXHOJOTUU UX TPO-
BEIICHUU UMEETCsl MHOTO 00Immx dept. OmHOHN U3 mep-
BBIX PabOT Takoro poma crajga pabora [2], (mepBoe
n3ganue — 1931 r.), Belmeanas Mo KpacHOPEUYUBHIM
Ha3BaHMeM «TexXHuKa TrocylapCTBEHHOrO IEepeBOpO-
Ta». B Hell aBTOp, HA OCHOBE aHAJIU3a MACCOBBIX HpO-
TECTHBIX aKIUW B Pa3IUYHBIX CTpaHax EBpomsl,
MMEBIIIMX MECTO B MEPBOM YETBEPTH XX BEKa, BBHITION-
HUJT KJIaCCH(HMKAIMIO UX TUIIOB, HAMEPEHHO OTBJICKA-
SIChb OT UAEOJIOIMYECKON OKpacku M ILienel, 3asiBieH-
HBIX UX pykoBomutensiMu. B rogsl Bropoit Muposoii
BoiiHbl MeTONbl IMCHXOJIOrMYECKOE BO3JAEHCTBUS Ha
VMBI JIIOIEH, JUIS TOCTHIKEHHUS! HYXHBIX OpraHU3aTo-
paM 3THX BO3JEHUCTBUM Iiejel, MONy4YWId Ha3BaHUE
MICUXONOTHYeCKON BOiHBI. CITOCOOBI BEICHUS ICUXO-

JIOTUYECKOW BOWHBI, MCIIOI30BAHHBIC B 3TOT MEPHO/I,
oJIpoOHO paccMOTPeHkI B pabore [3], mepBoe u3aHue
BoIIIIO B 1954 1. B konne XX Beka 3T METOJBI MOITY-
YW Ha3BAaHUE METOJOB IOJHUTTEXHONOTHH. llenbio
9TOr0 BHUJAA JEATCIBHOCTH SBIACTCS MOITOTOBKA H
pa3paboTKa IMOJUTUKH, MTOJIUTUICCKUX aKITUH, IMHKA
MTOJIUTUKOB ¥ MOJUTUYCCKUX MAPTUN JJIs JOCTHKCHHUS
onpenenéHHbIX TOJUTUYeCKuX Ienei. Jlrogei, wuc-
MTOJIB3YIONIUX 3TH METOMBI, CTAIM HAa3bIBATh MOJTUTTEX-
Hosoramu. Hy, a ecii eCTh CIIeNHANIHUCThI, TO JOJIKHBI
OBITh M CIIPABOYHUKHU JJI HHUX, HOCAIIMEC BEChbMa OT-
KpOBeHHBIC Ha3BaHHUsA. Hampumep, Takoe, kak pabora
[4]. PesyapTaThl paboT IO 3TOH TEeMAaTHKE, MOJIYUYCH-
HBIC B ITOCJICHHUE TOMABI, U3JI0KEHBI B padoTe [5]. Cre-
JIyeT OTMETHUTb, M 3TO BaXXHO JUIA MOCIEIYIOIIEro M3-
JIO’)KEHUS, YTO IPUYNHBI MACCOBBIX MPOTECTHBIX AKITHI
HE TaK OYEBHJHBI, KaK 3TO Ka3ajoch paHbiie. Jlmu-
TENbHOE BpeMs Npeolsazano MHEHHE O TOM, YTO B
OCHOBE MAaCCOBBIX MPOTECTHBIX AKIUH JIOKHUT, TIPEKIC
BCEro, HEIOBOJIIBCTBO MAaTCPUATBHBIM IOJIOKECHHEM
npotectyonmx. O0 3TOM O4YeHb TOYHO CKa3aHO B H3-
BecTHOU mbece beprompaa bpexrta: «TpéxrpormoBas
onepay [6, C. 220]:

Bbl y4nTe Hac YeCTHO XuTb M CTPOTO,

He BopoBaThb, He nraTb U He rpeLlnTb.
CHavana gavte Ham nNoXpaTb HEMHOrO,
A yX NOTOM y4MTeE YECTHO XKUTb
Mo6opHuk GrnaroHpaBbs U Ao6pa,
XaHxa 1 CKPOMHMK C TOMNCTbIM XXMBOTOM!

© Jy6ruukuii B. 0., 3yopunkas I'. I'., Koosutae A. M., 2018
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Pa3 HaBcerga 3anomHuTL BaMm nopa:
CHa4ana xneb, a HpaBCTBEHHOCTb — MNOTOM.
[obGeiTech, 4TOO Noackas ronb cHavana
JlomoTb OT KapaBas nonyyana.

Crnenyer OTMETHUTB, YTO ATO NPEANOIOKEHHE CUH-
TaNy OOWIETIPUHSATHIM JIO MOSIBJIEHUS] MAaCCOBBIX IPOTE-
CTHBIX aKIMH B OTHOCHUTENHHO OJIarOMoNyYHBIX TOCY-
napcrBax. V3MeHeHHe yCIIOBUH JKM3HU M TOSIBJICHUE
HOBBIX CPEJICTB MAaCCOBBIX KOMMYHHUKAIIUH TPHUBENU BO
MHOTUX CIIy4asiX K HOBBIM MOOYAMTEIHHBIM IMPUYMHAM
MAaCCOBBIX MPOTECTHBIX akiuil. [logpoOHO 3TO pac-
cMoTpeHo B pabote [7]. B aroii pabore moka3aHo, 4TO
HauOoliee BBICOKHE PHUCKH JAECTa0WIM3ALUH HUMEIOT
cTpanbl co cpenauMm yposHem BBII Ha mymny Hacene-
Hus. Tonpko npu BeicokoM ypoBHe BBII ecTs TeHneH-
LUSE K YMEHBIICHHUIO ATUX PUCKOB.

Cpenu paboT, B KOTOPBIX PacCMOTPEHBI MOJIEIH
MacCOBBIX OECITOpSIIKOB B COBPEMEHHBIX YCIIOBHSIX,
creyer BbLIENUTh paboThl [8-9]. B HUX paccMoTpeHbI
COLMAJIbHO-OKOHOMHYECKUE MIPUYNHBI, BHI3BABIIHNE JTH
Oecriopsinku. B wactHOCcTH, B pabGore [8] mokazaHo
BIIMSIHME BUPTYaJbHOTO IIPOTECTHOTrO OOIIEHMs Ha yBe-
JIMYEHUS] KOJMYECTBA PEAIbHO MPOTECTYIOMUX JIUI U
OTMEUYEHO TOSBJIICHHE HOBOH Crielu(pUuecKor cpeabl —
BHUPTYyaJIbHOU TONMBI. B pabdore [9] yke He TONBKO Mpo-
aHAJM3UPOBAHBI COLMATBHO-DKOHOMHYECKUE MPUYUHBL,
BBI3BIBAIOIIE TIPOTECTHBIE HACTPOSHUS Y YacTH 00Iie-
CTBa, HO U IPEAJIOKEHbI KOJMUECTBEHHBIE HHANKATOPHI
stux npuuuH. Ocobo ciemyer orMeTuTh pabotsl [10-
11], aBTOpPBI KOTOPHIX ITOKA3aJM Ha KOHKPETHBIX MpH-
Mepax, 4TO CIIUIIKOM OBICTPbIH SKOHOMHYECKHH POCT
TOXE MOXXET OBITh NMPUYNHONW MAaCCOBBIX ITPOTECTHBIX
akuuid. Takast cuUTyanss MOXKET BO3HHKHYTh HM3-32 He-
OCYIIECTBIICHHSI 3aBBIIICHHBIX COLMAIBHBIX OXHUIAHUM
UX y4aCTHUKOB.

[Tpu4nHBI BOBHUKHOBEHHSI MacCOBBIX ITPOTECTHBIX
aKIMH OKa3aJIUCh HE TOJNBKO B LIEHTPE BHUMAaHHS CIie-
LUAJKCTOB B OOJNACTH COLMANBHON IICHUXOJOTUH, HO H
CHELHUATIICTOB B 00JaCTH UCCIIEOBAHUS ONEPALIUii.

AHaJIN3 JUTEPATYpbl. YCIOBHO MPUHSITO, YTO
OJTHOM M3 MEPBBIX paboT 1Mo NPUMEHEHUIO MaTeMaThye-
CKUX METOJOB JUIS MOJENHUPOBAHUS  COLUAIBHO-
HSKOHOMHUYECKHX HpoleccoB Obuia padora [12]. B aToit
pabote ObLIa TIPEATIOKEHA MOJICIb IS OLICHKHU BIIASHUS
pasButus cetu xkene3nbix gopor B CIIIA Ha pa3ButHe
YEPHOW METaJUTypIHU U CBSI3aHHBIE C 3TUM COLUAIILHBIE
nporecchl. OCOOEHHOCTBIO 3TOW PabOThI OBLIO HCIIONb-
30BaHHE MEPBUYHBIX apXUBHBIX MaTepuasoB ¢ 1840 mo
1860 r.r. Takum oOpa3zoM, B 3TO paboTe, BO3MOXHO
BIIEpBBIE, OBLI MCIIONB30BAaH MAaTEeMaTHYECKUH ammapar
U aHaIM3a apXUBHBIX JAHHBIX O KOJMYECTBE ydact-
HUKOB MacCOBBIX IPOTECTHBIX akiui. B mepBwie mecs-
tunetns XX Beka B Poccum Takke Havalid MPOBOAUTH
nogoOHbIe uccnenoBanus. OHAKO OHU OBUIH IIPEPBAHBI
BHEITHUMH NPUYMHAMH, & CyAbObI MHOTHX HCCJIEN0Ba-
Tenei Tparumdecku obOopBasuck. Vcropum cyne® sTHx
JIOZICH W KpaTKoe CoNepKaHue WX PabOT M3JIOKEHBI B
pabore [13]. B mocnenneit Tpetn XX Beka 3aBepliv-
J0ch (POPMHUPOBAHHME HAYYHOTO HAINPABIIEHUS, B KOTO-
pPOM paccMaTpUBAIOT BO3MOXKHOCTH HCITOJIb30BAHUS
KOJIMYECTBEHHBIX METOJIOB JUISl aHAIN3a COLUAIBHBIX U
HCTOPHYECKUX MPOLECCOB. JTOT HANPABIICHUE MONTY4YH-

JI0O Ha3BaHUE KIMOMETPUKH WM Kiuomerpuu. Ero co-
BPEMEHHOE COCTOSHUE OMMCaHO B paborax [14, 15].

B nacrosmiee BpeMs IS MOJEIUPOBaHMSA COLM-
aJBHBIX IPOLECCOB CTAJM HCIONb30BaTh HEJIHWHEHHBIE
muddepeHnmansHple ypaBHeHM. JTO HAyYHOE HAIpaB-
JIEHUE CTaJli Ha3bIBaTh HEJMHEWHON AuHaMukon. OcHO-
BOIOJIAraloIIUe MPUHIMIIBI PUMEHEHHS METOIOB He-
JUHEHHOW JWHAMUKH Ui aHaJUu3a COLMAIBHBIX IpO-
IIECCOB paccMOTpeHsI B padote [16]. B padore [17] pac-
CMOTpEHBI BO3MOXXHOCTH MOJeNIel HEIMHEHHON auHa-
MUKH JUIsl KAY€CTBEHHOT'O MOJEIUPOBAHUS COLMATBHBIX
mporeccoB. B 3Toli paboTe NpaBHUIBHO, 1O MHCHHIO
aBTOPOB HACTOSIIETO COOOIIEHHS, OTMEYEHO, YTO ITH
METOABI MO3BOJISIOT TOCYAAPCTBEHHBIM CTPYKTypam
pa3pabaThIBaTh COOTBETCTBYIOIIUE YIPEKAAIOIINE BO3-
JIeWCTBHS, HEOOXOMUMBIE ISl CTAOMIM3ALUHA CUTYallH
B oOurectBe. HemocpecTBeHHOE OTHOIIEHNE K TeMAaTH-
K€ IAaHHOT'0 COO0IIeHus! UMeroT padoTsl [ 18—19]. B atux
paborax mpeanoxeHbl HenuHEeHHbIe nuddepeHmans-
HBIE MOJIEJTH MaCCOBBIX OECITOPSIKOB, OXBATHIBAIOLINX
OTIENBHBI PErHoH WIH CTpaHy B LenoM. [Ipemmerom
MOJICTTMPOBAHHUS OBUTO BHIOPAHO CTAYEYHOE JABHKEHUE B
Poccun B Hauane XX Beka. bbuio mokazaHo, 4To Ha4u-
Hasi ¢ HEKOTOPOr'o KOIMMYECTBA YYACTHUKOB, HAUWHAIOT
MPOSIBISITECS 3P PeKTsl camoopraHuzanuu. OTMEUYEHO
TaKKe, 4TO aHaJU3 TaKUX Mojeieil HaéT BaKHBIE CBe-
JIeHUs 0 Ka4eCTBEHHOM INPOTEKaHWH Ipoliecca, HO TOY-
HOCTh OTIpEJIeNIeHUs] KOJIMYeCTBA YYACTHUKOB MacCOBBIX
aKIuil orpaHMYeHa TOYHOCTBIO OMNpEAETICHUS MapaMmer-
poB Moaenu. OTMEUEHO TaKKe CYIIECTBEHHOE PacXoK-
JIEHUE OIIEHOK KOJMYECTBA Y4aCTHUKOB, IIPUBEJCHHOE B
ouIMaNBHEIX ¥ HEO(pHIUANEHBIX MaTepuanax. [Ipume-
HEHUE Mojiesiell HeNMHEWHON IUHAMUKU MPH aHaJIN3e
MOYYEHHBIX PEelIeHUH eCTECTBEHHO MPUBOAUT K aHaJIH-
3y BO3HHUKAIOIIUX IIPU 3TOM Karactpod u ux aHanmsy. B
YacTHOCTH, B pabote [20] mosydeHbl HelMHEHHbIE (-
(epeHIAIbHbIE YPaBHEHUSI B3aHUMOZICHCTBHS JJIUTHI U
Tpyadmumxcs. IlokazaHa BO3MOXXHOCTH BO3HHKHOBEHHS
KaTacTpo(bl TUNA CKIAIKH NPU M3MEHEHUH KOJIMYECTBA
CTaIlMOHAPHBIX TOUEK pEIIeHNUs YpaBHEHUS.

B TexHOIOrHIO MPOBEIEHUS MACCOBBIX MPOTECTHBIX
aKIMi 1 MOOWJTM3ALIMIO MX YYaCTHUKOB CYIIECTBEHHYIO
HOBU3HY BHEC (DAKTOp MOSBIIEHHS COIMANBHBIX CETEH.
DT0 00CTOATENHCTBO PACCMOTPEHO B padoTtax [8; 21].

B paGore [8] mokazaHO BJIMSHHE BUPTYAILHOTO
MPOTECTHOTO OOILICHUSI Ha YBEIMYECHUsS] KOJINYECTBa
peasbHO MPOTECTYIOWUX JIUI] U OTMEYEHO IMOSBJICHUE
crenuduIecKor cpeabl — BUPTYalbHOI Tonmbl. B pado-
Te [21] mpemoxeHna Moznens WH()OPMAIMOHHO-TICHXO-
JIOTHYECKOT'0 BO3ACUCTBUS IECTPYKTUBHOIO XapakTepa,
PacpOCTPaHSIOMIEroCs B COLUANBHBIX CETAX, B BUJE
HeIMHEHHOro IU(QepeHaIbHOr0 ypaBHEHHUs C eé
MOAPOOHBIM HCCJIENOBAHMEM W TPOBEICH ETalIbHBIH
aHaJIU3 OIBITAa MOJIEIUPOBAHUS YEJIOBEYECKOr O MoBeie-
Hus. B nutupyemoii paborte crenaH BBIBOJ, YTO Marte-
MaTH4YeCKHEe MOJeNN JAWHAMUKK WH(OPMAaIHUOHHO-
TICHUXOJIOTMYECKOT'0 BO3AECHCTBHS HA CETOIHSIIHEM 3Ta-
e Pa3BHUTHS IICHXOJIOTHYECKONH HAYKU NEepPCIEKTHUBHEI
JIUIIb MPUMEHHUTEIBHO K MacCOBOMY CO3HaHMIO. YT-
BEPKIAETCS, YTO MOJIENb Jajla XOPOIIMH pe3ynbTaT B €€
MPUIOKEHUH K ONMCAHUIO PACIPOCTPAHEHUIO HIeH
“apabCKOM BECHBI” Yepe3 COIMAIbHBIC CETH.
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B pab6ote [22] ObLIO BBECHO MOHATHE YPOBHS He-
CTaOMJIBHOCTH M OIMCaH croco0 ero ompeneicHus. B
9TOM paboTe MOKa3aHO, YTO MOJIOKUTEIbHA KOPPEIISIHS
Mexay ypoBHeM BBII 1 ypoBHEM HecTaOMIBHOCTH ISt
Oonee OEIHBIX CTpaH Ooliee 3aMETHA, YeM OTpHULIATENb-
Hasl Koppemsuus i OoraThix crpaH. MccnemoBanue
3TOr0 OOCTOSITENLCTBA MOAPOOHO BHIMOIHEHO B padoTe
[23]. Hnsa cessu mexay ypoBHem BBII u ypoBHem co-
LHaJIbHON HANPSHKEHHOCTH MOJTy4YeHO BBIPA)KEHUE BUJIA!

1(, 2 (bAEJ !
—| l=—arctg| — ,
2 i E

P= (1)

rne P — nHanpsbkeHHOCcTh B obOmectBe; E — ypoBeHb
BBII; A E — npupamenue BBII. I'paduk sToii 3aBucH-
MocTd 1ipu b = 20 1 n = 2 npuBe/eH B IIUTUPYEMOii pa-
0oTe ¥ MOKa3aH Ha puc. 1.

P,

. ; —e W AE/E
-0,55 -Q,35 0,15 0,05 0,25 0,45

3aBMCUMOCTB P, OT OTHOCUTENLHOIO U3MeHeHus BB A—FE npmb=20un=2

Puc. 1. 3aBUCUMOCTb BEJTMYMHBI HAPSHKEHHOCTH B OOLIECTBE
P ot Bennumnel oTHOCHTENEHOTO NTpHpamieHus BBIT
(1o naHHBIM padoTsl [22])

JleHCTBUTENBHO, C BO3pACTAHUEM OTHOCUTEIHLHOIO
ypoBHs uzmenenus: BBII cornnanpHas HanpsHKeHHOCTH B
obmrectBe ymeHbmaercs. Ilpumem, uto AE/E=¢.
Torna:

P= %(l—garctg(bs)J . (2)

T

)IJ'IH OIpCaACICHUA OTHOCUTCIIBHOI'O IPpUPpAIICHUA
YPOBHs COHPIaJILHOﬁ HaIlps)KCHHOCTU P no ornomenuio
K OTHOCUTCJIbHOMY NPUPAIICHUIO BEJIMYHUHBI P, TO €CTh
BCJIMYMHBI UCITIOJIB3YEM IMOHATHSA 3JIACTUIHOCTHU P o &:

B (P)=2-2 &)
ap _ 27" bl (n-2arcig(be) /) | W
de [2arcig(be-1)]-(b%2 +1)
CrenosatemsHo:

E, (P) = 26 ([2aretg (be=2)] (%2 +1)). (5)

I'paduk 31Ol 3aBUCHMOCTH MOKa3aH Ha PUC. 2.

U3 puc. 1, 2 BUAHO, YTO OTHOCUTENIbHOE TpUpa-
meHne BenuuuHbl BBII cHIKaeT OTHOCUTENBHBIN ypo-
BEHb COIMAJILHON HAIPSHKEHHOCTH.

Opnako, Oojiee BHHUMATEIBHOE H3YYEHHE 3TOTO
SIBJICHUS, ¢ y4éTOM BBIBOJOB pador [10—11], mpuseno
HccienoBaTeNied K BBIBOJAY O TOM, UTO Takasl 3aBUCH-
MOCTb UM€ET 00JIe€e CII0KHBIN BUJI.

Hamnpumep, B pabote [7] mokazaHo, 4To Haubosee
BBICOKHE DPHUCKH JCCTAOMIM3AIMd HMMEIOT CTPaHBI CO
cpeqauM ypoBHeM BBII Ha nymry Hacenenus. Tonbko
pu BbicokoM ypoBHe BBII ecTh TeHaeHIMA K yMEHb-
LIEHUIO 3TUX PUCKOB.

3MacTUYHOCTb
1
0,5
E 0 ‘
2 ST T ITEL
2 051~ - - - —— 3MaCTUYHOCTb
&
g
o -1
-1,5 \\‘
-2
OoTHOCUTeNbHbIA NnpupocT BBI

Puc. 2. DnacTuaHOCTH YPOBHS HAIPSHDKEHHOCTH B oOmmecTse P
I10 IEPEMEHHOM € — OTHOCHTENILHOMY YPOBHIO BesnurHbl BBII
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Jlis majpHEHnIero M3JI0XKeHHs! pe3ylbTaToB JaH-
HOH paboTbl Haubosnee BakHbI paboTsl [24-25].

PaGora [24] Obuta BBITIONHEHA MO pe3yNbTaTaM
W3Y4YEeHUs] MAaCCOBBIX IPOTECTHBIX akuuil B Jledmure B
1989-1990 r.r. B aT0#t pabore mis MOJACTHUPOBAHUS -
HAMHK{ KOJIMYECTBA YYACTHUKOB ITHUX aKIWH Hpemio-
JKEHa CHCTeMa HeNTMHEHHBIX AuddepeHnnanbHbIX ypas-
HEHU! Buja:

dN,

——=—0N;N, +0ON,;

dt 14V2 2
?%&=aNmQ+&%—ﬁNﬂ%—nN§—m%; (6)
dN

d—t3=—8N3+BN2N3+nN22,

npu
N]+N2+N3 =1 (7)

B pamkax Mozmenu mpuHATO, 4TOo N; — 1O mac-
CUBHBIX JIFOJICH, HE yJYaCTBYIOIIUX B MPOTECTHBIX AKITH-
aX; N, — 1ons Bo3OYXIEHHBIX JIFOJEH, OTEHIHAIBHBIX
YYaCTHUKOB IMPOTECTHBIX AKIIWH, WCIBITHIBAIOIINX JTUC-
KOM(OpPT ¥3-32 COIMATHHO-TIOIUTUICCKOA CHTYyaIlud B
obmecTBe; N3y — I0JIs JIHLL, YYaCTBYIOIIUX B MPOTECTHOM
aknuy. HavyaibpHbIC YCTIOBUS MPUHATHI TAKHUE:

N](O)le()’ N2(0)=N20, N}(O)=O

Benuuunsr N;, i=1,2,3 — nepeMeHHbIE MOJIENH,
o,B,6,1n,0 — mapamerpsl Mogenu. Crocod ux ompene-
JIeHUsI TIPEJIOKEH B ATOM ke padore.

Penrenue cuctemsl (6) mpu ycinoBud (7) MOITYYEHO
B pabote [25]. Ilpu pereHUU 3TOH CHUCTEMBI aBTOPBI
pa6ortst [25] npunsiy, yto Benuuuna 0 =0 . [lomobHoe
MIPEANONIOKEHUE, TI0 UX MHEHHIO, JOMYCTHMO IIOTOMY,
YTO MEPEeXOj U3 MPOTECTHOTO COCTOSHUSA B HEBO30YXK-
JIEHHOE BO3MOXKEH TOJIBKO TIPH yIOBJICTBOPSHUH TPeOO-
BaHUH TpoTecTyromuX. [lonyueHHOe pelleHue MpuBe-
JICHO B BUJIC:

-2¢ (1 —exp (zt)) _
b(l —exp (zt)) + z(l + exp(zt)) ’

z=b% —4dac ; )

N3y = ®)

a=n-P; (10)
2
c=n(1-Np)". (12)
Jis BenuuuHbl N NOTY4€HO BBIPaXKEHHE!
NIO (13)

1= Ny +(1—N10)exp(oct) '

B paborax [24-25] oTMeuYeHO, YTO TOYHOCTH IO-
JIYYEHHBIX PE3YJIbTATOB CYIIECTBEHHO 3aBHCHUT OT Be-
JIMYUH TIOTPEITHOCTeH TpU ONpeAesieHUH HadaJIbHBIX
YCJIOBUH U MTapaMeTPOB MOAEH.

ITo MHEHHIO aBTOPOB JAHHOTO COOOIICHHUS, MO-
nenb Buaa (6) MOXKET CIY)KHTh OCHOBOH TSl BBHITIOJHE-
HUS PacyéToB, HEOOXOAMMBIX OpraHaM TMPaBOMOPSIKA
NIPY TIPOBEACHUH MEPOIPHATHH 10 00ECHEeYeHUIo 00-
IIECTBeHHOH Ge3omacHocTH. B Tex ke chaydasx, Koraa
CHUTYaIlUsl MOXET BBIATH W3 O KOHTPOJS, CTOUT BOC-
MOJIH30BATHCS PEKOMEHAANUAMU paboThl [26, C. 77]:

Y7100 Tam peyeit He TpaTUTb MO - NyCTOMY,
'oe HyXkHo BnacTb ynoTpeduTb.

Mojenu ACHCTBUS CHIOBBIX CTPYKTYp B 3TOM
ciydae omucaHbl B paborax [27-28]. B atux paborax
MIPEUIOKEHa MOJCb Pe(IICKCUBHON UTPHI IJIs BRIOOpa
HaWIydlIero BapuaHTa JAEUCTBUMA TMPH MPOTUBOACHUCT-
BHH MAaCCOBBIM O€CIOpsIKaM W JBYMEpHAas HWMUTAIIU-
OHHAs1 MOJIEJTb, TI03BOJIAIONIAS OMPENCITUTh BO3MOKHBIC
MECTa COCPEIOTOYCHHUS 3JIEMEHTOB ToJMbI. [lapamerpa-
MU MOJIENI CIIY)KaT T'€OMETPUYCCKHE XapaKTCPUCTHKH
IUIOCKOCTH PAa3BUTHUSA MACCOBBIX OCCIOPSJIKOB U OT-
JIETLHBIX DJIEMEHTOB TOJIIIEL.

ITocTanoBka 3amauu. Vcrons30BaHHe MaTeMaTH-
YeCcKOM MOJIeNH JIFo0oro mporecca mpeArnoiaraeT onpe-
JIeJICHUE BBIYUCITUTEIBHBIX MOIPEITHOCTEH Mpu ¢€ mpu-
MeHeHuHu. [loaToMy, 1enb paboThI — ONpeeICHHUE OT-
HOCHUTEIIBHBIX BBIYUCIUTCIBHBIX TOTPEIIHOCTEH MPH
OIICHUBAHWU KOJIMYECTBA YUACTHUKOB MACCOBBIX IPOTE-
CTHBIX aKIUH C HCIONB30BAaHHUEM MOJIENH, MPEICTaB-
JICHHOH ycroBusaMu (6—7).

MonyyeHHbIe pe3ynbTaThl

[Tpyu4uHEI TOSIBIIEHHS TTOTPENTHOCTEH IPH HCIIOJb-
30BaHUM BBIpakeHHs! (6) MOXHO pa3JeluTh Ha JBE
rpymnmsl. [TorpemHocTy nepBoil rpymnmnsl, yCI0BHO Ha30-
BEM MX CTATHCTHYECKUMH, BBI3BAHBI CAMHM IIPOIIECCOM
MOJYYeHHsI OLEHOK ITapaMeTpoB Mojend. VcXomHbIMU
JTAHHBIMU ISl MX ONpEeNICHHs] CIY)KaT JaHHBIE O KO-
JIMYECTBE YYaCTHUKOB MAacCCOBBIX IPOTECTHBIX aKIIHH,
CTPYNIUPOBAHHBIE 110 IMPH3HAKAM HUX OTHOIIEHUS K
MIPOUCXOAIEMY. JTH CBEIEHHS MOXXHO CUUTATh CIy-
YaliHBIMH BeNIWYMHAMU. Takum o0pa3oM, st KOpPEeKT-
HOW HWACHTHU(HKAIMKA TapaMeTpoB Moxaenu Buma (6)
CllelyeT NMPUMEHSTHh TaKyl0 Pa3HOBHIHOCTH PErpeccH-
OHHOT'O aHajM3a, Kak KOHQIIIOAHTHBIN aHaiu3. OCHOB-
HBIM €r0 JOMYIIEHHEM CITYXKHT MPEIIOI0KEHUE O TOM,
YTO TIEpEeMEHHBIE MOJIENTU OIPEIEICHBI CO CIIyYalHBIMU
omuOkamu. boree moapoOHO 3TOT BUJ aHAIU3a JaHHBIX
omucaH B pabore [29]. [lns nmanpHeliiero uccienoBa-
HUS IPUMEM, 4TO KO3(QHUIIMEHTHI MO/IENN yXKe ompeie-
neHsl. [IpuMeM, 4TO aOCONIOTHAS MMOTPEIIHOCTh UX OIl-
peneneHus paBHa MIMPUHE JOBEPUTEILHOIO MHTEPBAIA,
OTIpPeNIeNIEHHOI0 C TEM YPOBHEM JOBEPUTENBHOM Bepo-
SITHOCTH, KOTOpBIA HCCIIEAOBATENb CUUTAET IS ceOs
MpUEMJIEMBIM. AHAJIOTUYHOE JOMyLICHUE IMPUMEM |
NpU omnpeneneHny aOCONIOTHON ITOTPEIIHOCTH Tiepe-
MeHHBIX Mojenu Buzaa (6). CienoBarenbHO, ¢ y4ETOM
TIPUHATBHIX JONYIIEHWH 3ajiada OIpeJeieHusl OTHOCH-
TENILHOM MOTPENIHOCTH KOJIMYEeCTBa YIaCTHUKOB Macco-
BBIX IIPOTECTHBIX KLU CBE/lEHa K 3aJ[a4e OIpe/IeIeHHs
OTHOCHUTEJIFHON IMOrPEITHOCTH, BO3ZHUKAIOIIEH NpU HC-
OJIb30BaHUU BhIpakeHui Buaa (8) u (13).

W3 Teopun mpuOIMKEHHBIX BBIYMCICHUH, HalpH-
Mep, pabora [30], u3BecTHO, YTO I (PYHKIUH BUAA

14



ISSN 2522-9052

CyudacHi iHpopmaniiiai cuctemu. 2018. T. 2, Ne 4

v = f(x],%p,..x,,) TIpefieNbHasi OTHOCUTEIbHAs OLIMOKa
paBHa

n

e[y]=2

i=1

¥ 1

Ax; (14)

ox; y

rae Ax; — mpejenpHas abCONIOTHAs MOTPEHIHOCTH OIl-
peneneHus i-i nmepeMeHHOM.

s onpeneneHus BETUYUHBI £[N3] IIPUMEHEH
CIIEAYIONIMH TIOPSIOK BBIYUCICHUS MPENENbHBIX OTHO-
CHUTENIbHBIX TIOTPEIIHOCTEH, JJIsl yCIIOBUH, ompenense-
MBIX COOTHOIICHUAMH (8—12):

(12) - (11) - (10) — (9) — (8).

JIyis 9THX BBIpaKeHUH pe3ysibTaT IpUMEHEHUs yc-

noBust (14) mpencraBuM, OIycKas HPOMEXYTOYHbIE

JIEWCTBHS BBUY UX OYEBUIHOCTH, B TAKOM BHJIE.
Juis yenosust (12) nony4yum, 9To:

1
8[6’]2 —A('I’])-I——A(Nlo) (15)
n 1=Nyg
Juist yenosust (11) nomy4um, uto:
1-Njp
rmue A =|——AB; 17
= o (17)
2(Np-1) |
A4, =| An; (18)
|(l3—2n)(1_N10)_5|
2n-p
|(B—2n)(1_N10)_5
Juis yenosust (10) nomydum, 9To:
1 -1
S[Cl]:ﬁAT]-Fn_B AB (20)
s yenosust (9) momydnm, 4to:
b
rae B =l5—— Ab (22)
b” —4ac
2
By =|—5——|Aa; (23)
b* —4ac
—2a
b —4ac
s ycnosust (8) momy4nm, 4to:
1 -1
8[N3] = S[Z] = ‘ZAC + 7‘Ab+

(25)
_ exp(2z) - 2ezexp(z) -1 |
exp(th)-(z—1)+2exp(tz)—z—1| '

OcobeHHOCTH yCoBHS (25) B TOM, YTO TpE/EIb-
Hasi OTHOCHTENIbHAS OIIUOKA BENUYUHBI N3, COOTBETCT-

BYIOIIEH J0JIE JIUI, YJAaCTBYIOIIMX B NPOTECTHOH ak-

uuy, Oyaer ¢GyHKIHEH BpeMEHH. JTO OOCTOSTEIHCTBO

YCIIOXKHSET pellieHHe 0CTaBIeHHOH 3agaun. [1ycTs:
exp(2tz) - 2tzexp(z)—1

v= _exp(2tz)-(z—l)+2exp(tz)—z—1 - (29)

Torna:
t(z+1)
lim U= lim +
t>w 1w\ exp(iz)-(z-1)+z+1

2

") [exp(e)(z—)rz+1]

27)

t 1 1
+ - =
exp(1z)-1 z-1 z-1
JInist TIONMy4eHHUs 3TOTO BBIPAKEHMs Oblia HCIIONb-

30BaHa cucTteMa KommbioTepHOH anreOpslt DERIVE.
CrnenoBaTenbHo:

g[z]=

O4eBUIHO, 4YTO HCXOISl M3 CO/EPKATEIBLHOTO
CMBICTIA 33J[ayM, STOT MpENENbHBIN Nepexo]] HelpHeM-
JIeM ISl JTF000H M3 CTOpPOH, YYacTBYIOUIMX B KOH(JIMK-
te. [loaToMy ISt pelieHus TOCTABIEHHOW 3ajadyd, MO
MHEHHUIO aBTOPOB JIAHHOI'O COOOIIEHHS, CIEAYeT HC-
MOJIB30BaTh CIIOCO0, OoJjiee OTBEYAIOIIUI peaslbHBIM
BO3MOXKHOCTSIM OITPEZIEICHUsI TIOTPEIIHOCTEH MepeMeH-
HBIX BEJIMYUH U MapaMeTpoB Mmomenu. B paGore [31]
OBUIO TOKa3aHO, YTO JUIsi OLEHKU BIIMSIHHSL HEOIIpere-
NEHHOCTH TIPH OIPEEICHUH UCXOAHBIX JaHHBIX Ha He-
OIPEe/IeTIEHHOCTD MOIYYaeMbIX PE3yIbTaTOB IIENeco00-
pa3HO UCIONB30BaTh WHTEPBAJIbHBIC BHIYUCICHUS C HH-
TEpBAIBGHBIMM YWCIIAMH, ONPEACNEHHBIMA B CHUCTEME
ueHTp — paauyc. OCHOBHBIE MPUHIMIIBI JEHCTBUM C
WHTEPBAIGHBIMU YUCIAMHU B 3TOM CIIydae H3JI0KEHBI B
pabote [32]. B pabote [33] omucaH crenuain3upoOBaH-
HBIH MPOTPaMMHBIN KaJbKYJISTOP AJISI OCYILECTBICHHS
COOTBETCTBYIOIINX BBIYUCIUTEIBHBIX onepauuid. J{is
BBINOJHEHHSI BBIYUCICHUI HMCIOJIB30BAHBI CIEAYIOIIUE

-1

lAc Ab+

! Az . (28)
c 1

NETIE L TR T T A L BT/ AL )

omepanuu: “+7; “— “x”; ;e 7 x

B cooTBeTcTBHU ¢ 3THMHU paboTaMU PACCMOTPUM
MHOXXECTBO JEHCTBUTEIBHBIX 4YHcenl R, Ha KOTOpom
OnpeJieIuM UHTEPBAIHHOE YUCIIO A B BUJIE 3aMKHYTOT'O
HHTEpBaJa;

A=(g,a)=(a],a2), QS;; a<ay, (29)

U TIPEJCTABUM B BHIE:
A=<a,ra >, (30)
rae azalzaz s razazga1 , a,1,,€R. (31

B pamkax JgaHHOH paOOTHI MPUMEM, YTO TPAHUIIBI
HMHTEPBAJIOB, KOTOpHIE OrPaHUYUBAIOT paccMaTpHBae-
MBbI€ YHCJIa, 00pa30BaHbl BBIYHCIUTENBHBIMH OIIMOKA-
MU, HOTPEIIHOCTSIMM U3MEPEHUH WM HEMOJHBIM 3Ha-
HHEM O0JIACTH M3MEHEHHs] HEeKOTOpOH (pu3nueckoil Be-
JIUYUHBL.
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[ostomy B ycioBuu (30) TOMKHBI OBITH BBINOIHE-
HBI HEPAaBEHCTBA!

a>2r,20,b2n,20, (32)

MHaye OyJeM CUYuTaTh, YTO 3ajada, B paMKaX HaIIUX
TIPE/ICTaBIICHNH 00 ncciaenryeMoM 00beKTe, (hU3MYecKO-
T'O CMBICTIA HE UMEET.

[Ipu mpUMeHEeHUU CHUCTEMBI IEHTP-PATUYC NEHCT-
BUSI CJIO’KEHUS! Y BBIYUTAHUS C WHTEPBAIBHBIMU UHCIIA-
MH BBITIOTTHSIOT TIO CJIEAYIOIIHUM TPaBUIIaM:

A+B=<a+b,ra+rb>; (33)

A—B:(a—b,ra+rb>. (34)

PaccMoTpuM OCHOBHBIE apu(MeTHYEeCKue orepa-
LMK B TOM Clly4ae, KOTJa OAWH M3 ONEPaHIOB — IOCTO-
SIHHOE YHCIIO.

B cucreme nentp-pamuyc, nocrosiHHoe uyucio C
BUZIE

MpEACTaBUM B C =<c, 0>. IIpumem, urto

A= (a,ra> u B= (b, 0> . Torma onepanuu CloXeHUsT U

BbIYHUTAaHUA NPEACTAaBUM B BUE:

A+B=(a+b,r,); (35)

A-B=(a—br,). (36)

Omnepaist YMHOXCHUS M JEJICHUS B CHCTEME
LIEHTP-PagnycC B BHIIE:

(a,ra><b,rb>=<ab+rarb,arb +bra>; 37
(a,ra> ab+r,n, an, +br,

= ) . 38

<barb> b2 —rb2 b2 —I"bz ( )

I[J'If[ YMHOXCHHA MHTCPBAJIBHOIO 4YHMC/Ia, HOPEa-
CTaBJICHHOI'O B CUCTEMC LICHTP-paaAnyC, Ha MOCTOAHHYIO
BCJIIMYMHY ITPUMEM, YTO:

AB =
B (a,O) (b, ”b> = (ab; arb>,A = const, B # const;  (39)
- (a,ra ><b, 0) = (ab;bra >,A # const, B = const.

HpI/I ornepanun ACJICHUA MHTCPBAJIbHOI'O YUCjIa Ha
TIOCTOAHHOC YUCJIO MTOJTYYUM, YTO:

A_{an)_[ab br,\_[a
-Gy @
Win

A <a,0> (ab,arb> ab an,

== = = , . (41)

B <barb> bz—rb2 b2—rb2 b2—rb2

B namem ciy4ae, McXxoms U3 CO/EPKATEIBHOTO
CMBICIIa MOJENH, MOKa3aTellb IKCIIOHEHTHI TOJIOKHTE-
JIeH, TO, corjacHo pabore [33], YuClieHHOE 3HAYCHHUE
SKCIIOHEHTHI OY/IEM OIPEENATh 10 YCIOBUIO:

6 -4

e<x,rx> =1 Z <a,ra >k (x, 7y >k 5

k=0

(42)

TaK KaKk
(xa =exp(aln x)) = (\/; = exp (%ln xD . (43)

B Hamem ciydae moixydum, 4To

(7 ) =exp Gln(x; rx)J.

Jlorapupmudeckyro  (QyHKIHIO,
[33], mpencraBum B BUze:

In <x, rx> =

“S'a oy (1;,0) ((x,rx)—(l;o))i (45)
_;'( #0) (750) (x,r) oy

Koa¢ppuumentst a;, He0OXOIMMBIE Uil BBIYUCIIE-

(44)

cnenys pabote

HUS BEJIUYHHBI In (x, rx> , IPUBENICHBI B Ta0II. 1.

Tabaruya 1 — 3HavyeHne KO3(PPHUHEHTOB /151 MPHOIHKEHHS

¢ynxkunu In(x)
Q 0,500000 a, 0,030303
a 0,227273 as 0,007576
as 0,090909 ag 0,0001082
OneHnM, HCHOJIB3yd MONTYYEHHBIE PpEe3YJbTaThl,

TIPE/ICNIbHYI0 OTHOCUTENBHYIO TOTPEHIHOCTh ISl YCIO-
Bus (13). Torna, ucnons3ys ycinosue (14) mis ycmoBus
(13) monmyumnm, yro:

s[Nl] =| exp(our) x
‘N]O [Nlo—exp(oct)(N]O—l)} (46)
><A[N10]+| texp(ar)(1-Nyg) |Aa

|exp(at)(Nyg =)= Nyg|

PaccMoTpuM mpUMEHEHHUE MOJYYSHHBIX Pe3yibTa-
TOB Ha TMPUMEPE YMCIICHHBIX MAHHBIX O 3HAYCHUSIX IIa-
paMeTpoB MoJIeTH [6] , MPUBEICHHBIX B paboTe [25].

JI71s1 IpOrHO3UPOBAHKS JTOJU JIUI, HE TMPUHUMAIO-
IIUX Y4acTHE B IPOTECTHBIX AKILMAX, BEIUYMHBI N,

ucrions3yem Boipaxkenue (13). Ilpumem, uTo BenmuuuHa
o =0,9. Pe3ynbTaThl BEIYMCICHUH PUBEIEHEI B Ta0IMI. 2.

W3 npuBeneHHbIX B Ta0J. 2 TaHHBIX CIIEIYET, UTO C
yBEITMUEHUEM MPOIODKUTEIBHOCTH MAacCOBOM MpOTeCT-
HOUM aKIMH JIOJsl JIML, HE y4YacTBYIOIIMX B HEH, PE3KO
YMEHBIIAETCs. YCIOBHO NPUMEM, YTO OTHOCUTEIbHAS

HOTPEIIHOCTb B ONPE/ENEHUU BEIMUMH Njy U O Oiu-
HakoBa M paBHa BenumuuHe €£=0,15. Torma npu

Ny =0,4 ucnons3ys ycnosue (30) moaydum, 4To:
[N19]=(0,4;0,06) =[0,36;0,46] ;
[a]=(0,9;0,135) =[0765;1,035] .

Pe3ynbraTel BeluMcineHnil 3HaYeHui ycinosus (13)
1 BBINOJIHEHHbIE B MHTEPBAJILHOM BHJE IPEACTaBIECHBI
B Ta0mI. 3.
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)IJ'IH HWHTCPBAJIBHOT'O OLICHUBAHUA JOJU JIWL, IpH-
HUMAOMMX y4aCTUC€ B NPOTCCTHBIX aKIHUAX, UCIIOJIb3Yy-

eM ycioBus (8—11) u rpaHMIlBI HHTEPBAJIOB, YKa3aHHBIC
B pabore [25]. DTu naHHBIC IPUBEICHHI B Ta0I. 4.

Tabnuya 2 — IIporHo3upoBaHue 10JIH JIML, He YYACTBYIOLIMX B MPOTECTHBIX AKIHUAX

JoJst Jiuu, He y4acTBYIOIIMX IIponokuTeILHOCTH IPOTECTHOH AKIUM B YCJIOBHBIX €JMHULAX BPEeMEHH, !
B NIPOTECTHBIX aKIUAX, N 9 4 6

02 0,04 0,007 1107

0,4 0,1 0,02 3.107°

0,6 0,6 0,04 6-107°

0.8 0,4 0,1 0,017

Tabauya 3 — IIporHo3upoBaHue 10JIM JHL, He y4ACTBYIOLIMX B IPOTECTHBIX AKLHUAX, BHINOJHEHHOE B HHTEPBAJIBHOM BH/IE

,Z[O.]'ISI JIMI HE YYACTBYKOUIMX B MPOTECTHBIX aKIUAX

Hw:xuss rpaHnna nHTEpBaJIa

HenTp nAaTEpBaa

BepxHussi rpaHnIa HHTEPBAJIa

2 0,08 0,1 0,124
4 0,015 0,02 0,025
6 0,002 0,003 0,004

Tabnruya 4 — HTEpBa/Ibl MAPAMETPOB MO/IEIH, HCIO/Ib3YeMOii UIsl IPOrHO3MPOBAHMUS 0/ JIML, Y4ACTBYIOIIHUX

B MIPOTECTHBIX aKIMUAX

I'panuue! HHTEPBAJIOB

IMapamerps1 Mogen

mapaMeTpoB MOAeIH o B n a b c
Hwxuss rpanuna 0,792 1,869 0,456 -1,947 0,21 0,16
BepxHss rpanuna 1,008 2,331 0,544 -1,353 0,63 0,63

Pe3synpraThl BBIYMCIEHHI NOKa3aHbl Ha pHC. 3.
Bpemst mporecTHOM akuuu NpUHATO YClIOBHOe. Mac-

Toro npu nocrpoennu moxenu (8—12). Ilpu nocrpoenuu
rpaduka Ha puc. 3 TPHUHAT YCIOBHBIA MaciiTab Bpeme-

mTad BpEMEHHU 3aBUCUT OT MaciiTaba BpEMCHH, MIPUHA-  HU.
0,8
07 P n) n) n) - o
x 0,6
s
E)
% 0,5 < * * - + <+
: s -
- 04
9 o / —= Bl
c
0,3
m E)
£ J
= 0,2
0,1
0
1 2 3 4 5 6 7 8 9 10
EonHuubl Bpe MeHun

Puc. 3. nrepBanbsHOE POrHO3MPOBAHUE JOJH JIML], YHACTBYIOIIHX B MPOTECTHBIX AKIMAX:
HI" — HmxHss rpanuna naTepBana, BI' — BepxHsisa rpaHnIia HHTEpBana
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[Mony4eHHble PE3yibTATHl MO3BOJSIOT MPOTHO-
3UPOBAThH OO JIMI, MPHHAMAIOIINX aKTHBHOE yda-
CTHE B MAacCCOBBIX MPOTECTHBIX akiusx. OHH Takxke
MOTYT OBITh HCIONB30BaHBl KaK COCTaBHAs YacTh
MPOrPaMMHOTO MPOAYKTa, TPEAHA3HAYCHHOTO IS
TUTAHUPOBAHUSI OPTaHaMHU MPABOMOPSIKA MEpPOMpPHSI-
TUH 110 obecnedeHno 0€30IacHOCTH MPU MPOBEICHHIH
MACCOBBIX MPOTECTHBIX AKIIHH.

BbiBogbl

1. BwbImosHeH KpaTKUi TUTEpaTYpHBIH 0030p 1O
mpo0iieMe MOJENMPOBAHUS MAaCCOBBIX MPOTECTHBIX
akuuid. [TokazaHo, YTO M3ydeHHUE 3TOTO OOIIECTBEH-
Horo peHoMeHna ObLIO HauaTo B KoHIe XIX Beka. B
HacToslllee BpeMs B paccMaTpuBaeMoil mpolieme
BBIJENIIIOCH JBa HampabiieHus. IlepBoe — comuolo-
THYECKOEe M BTOpPOE, B KOTOPOM MAacCOBBIE NPOTECT-
HbI€ aKIWW CTalU TNPEJAMETOM H3y4YeHHS METOJIaMHU
HCCIEA0BAHMS ONEepaluii.

2. Tloka3aHo, 4TO B HACTOSIIEE BPEMsI TTOSIBIIICS Ta-
KOW MCTOYHHWK BIIMSTHUS, KaK COLMAJIBHBIE CETH. JTO 00-
CTOSITENTBCTBO HEOOXOAMMO YYHTHIBATh MPU TOCTPOSHUH
MaTeMaTHYeCKUX MOJIeNiel MacCOBBIX MPOTECTHBIX aKIIH.

3. Jlng monenu, ycTaHaBIUBAIOMIEH CBSI3h MEXK-
ny ypoBHeM BBII u ypoBHeM comuansHOW Hamps-
KEHHOCTH, TOCTPOEHA ()YHKIIHSI HIaCTHYHOCTH YPOB-
HSl COLMaJbHON HANPSIKEHHOCTH B OOIIECTBE IO Be-

[TokazaHo, YTO OTHOCUTENBHOE TIpUpAIllEeHUE BEITHUH-
Hbl BBII cHMkaeT OTHOCUTENbHBIM YpOBEHb COIIH-
aJbHOU HANPSKEHHOCTH.

4. PaccmotpeHa cucrema HelWHEWHBIX nudde-
PEHIMAIBHBIX YPaBHEHHW, ONWCHIBAIONIAs M3MEHEHUE
BO BPEMEHH OTHOCHTEIIBHOTO KOJMYECTBA YYACTHHUKOB
MacCOBBIX NPOTECTHBIX akimid. J[is ompeneneHus mo-
TPENIHOCTEH UX ONpeneNieHHs] B Pe3yJIbTaTe MOrPeIIHO-
CTel OIpe/eNIeHNs] YUCIICHHbBIX 3HAYEHUH IIePEMEHHBIX
U TapaMeTpoB MOJENU HCIOJIb30BaHbl METOABI MpH-
ONDKEHHBIX BBIYHUCIICHHH.

5. Tloka3aHO, YTO 3TH METOABI NMPUBOAAT K ycC-
JIO)KHEHHUIO TIpoliecca HACHTH(HUKAIINY MOJIEITH.

6. Jlnsa ynporieHus onpeaeneHus: morpeurHoctei
WCIIOJIb30BaHbl METOJbI MHTEPBAJIBHBIX BBIYHCICHHUHN C
YHCIIaMU, OIPEACIEHHBIMU B CUCTEME LICHTP — PaanyC.

7. Tlomy4yeHo BbIpayKeHWE JUIsi CTEHNEHHOH (yHK-
LUK JUIS apryMEHTOB, 33JlaHHBIX B CHCTEME LEHTp —
panuyc.

8. Jlns pemieHuil NpUBEICHHONH MOJEIH BBINON-
HEHO WHTEPBaJbHOE OLCHUBAHUE KOJIUYECTBA yYaCTHH-
KOB MacCOBBIX IIPOTECTHBIX aKIHUi.

9. TlonydeHHble pe3yabTaThl MO3BOJISIIOT MPOTHO-
3MPOBATh JIOJIO JIMIL, TIPUHUMAIOIINX YJacTHE B Macco-
BBIX IPOTECTHBIX akiusiXx. OHHU TaKKke MOTYT OBITH HC-
TOJIB30BaHbl OpraHaMHM MPaBOIOpPS/IKA JJIsl IaHUPOBa-
HUSI MEPONIPUSTHH 110 00ECIIeYeHHIO OE30TaCHOCTH TIPH

JUYHUHE OTHOCHTEILHOrO YpPOBHs BeanuuHbl BBII.  IPOBEIEHMH MACCOBBIX IPOTECTHBIX AKLIUMH.
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InTepBajibHe OLIHIOBAHHS KiJTBKOCTI y4aCHHKIB MACOBHX IPOTECTHUX aKIii
B. 10. Iyonuupkuid, I'. I'. 3yopurpka, A. M. Kobunin

Buxonano crucnuii orysy myOuikaniil 11010 MOZIGNIIOBaHHS MAaCOBHX NPOTECTHUX akuiil. [loka3aHo, 1110 BUBYEHHS IIbOTO
cycniinpHOro (peHoMeHa Oyio posnodaTo B KiHii XIX cromitTs. B manuii wac B 3a3HaueHol Ipo0iieMi BUAUTAIOCS Ba HAIIPSIMKH.
Iepumii - conionoriuxmii i Apyruii, B AKOMY MacoBi IPOTECTHI aKLii CTAJIM MPEIMETOM BUBUCHHS METOJAMH JOCIIKEHHS OIle-
pauiii. Takox rmokasaHo, 110 B TaHWI Yac 3'IBUBCS TaKe JHKEPENo BILUTUBY, SIK colianbHi Mepexi. Lle 00ymoBiroe HeoOXiIHICTh iX
BpaxyBaHHs IPU NOOY0BI MaTEMAaTHYHUX MOJIeNIed MAaCOBUX IIPOTECTHHUX akIii. [list MoJiedi, 1110 BCTAHOBIIIOE 3B'I30K MiX piB-
HeM BBII ta piBHEM couiaJIbHOI HAIPYKEHOCTI, OOYI0BaHO (YHKIIIIO €IaCTUYHOCTI PiBHS COLIaIbHOI HAIIPY)KEHOCTI B CYCIIi-
JIBCTBI 3a BeMYHMHOIO BiqHOCHOro piBHs Benmuuan BBII. [Toka3zano, mo BigHocHe 36inbuienHs BeawmanHu BBII 3HIDKYe mono
BiZIHOCHMI1 piBEHb COLIaJIbHOI HAPYKEHOCTi. Po3risiHyTO cucreMy HeniHiHHUX IudepeHialbHIX PiBHSHb, 110 OIUCYE 3MiHY B
4aci BiJHOCHOI KiJIBKOCTI yYaCHHKIB MacOBUX NPOTECTHHX akuiil. J{is BU3HAUECHHS NOXMOOK 1X BU3HAYCHHS B PE3yNIbTATi IOXHU-
0OK BU3HAYEHHS YMCEIBbHUX 3HAYCHb 3MIHHMX 1 apaMeTpiB MOjeIi BUKOPHCTaHI MeToau HabmmwkeHux oOuucinens. ITokasaHo,
110 IIi METOAW MPUBOMATH 10 YCKJIaJHEHHs Ipolecy ineHTrudikanii Mogemi. s CripoleHHsT BU3HAYSHHS TIOXHOOK BUKOPHCTO-
BaHOI'0 METOJIM iHTEPBaJIbHUX OOYMCIICHD 3 YUC/IAMU, 110 BU3HAUCHI B CUCTEMI LIEHTp - pajiyc. OTpuMaHO BUpa3 Ul CTaTEYHOI
GbyHKUIT U1 apryMeHTiB, 33laHuX B CHCTEMI LIEHTp - paziyc. s pillieHb HaBeIeHOI MOJIeNi BUKOHAHO MHTEPBAJIbHE OLIHIOBaH-
Hsl KiJIBKOCTI YJaCHUKIB MacOBHX IIPOTECTHHX akiiil. OTpuMaHi pe3ynbTaTH A03BOJISAIOTH IPOrHO3YBATH YacTKy 0ci0, ki 6epyTh
y4acTb B MAaCOBHUX HPOTECTHHMX aKLisfiX. BOHM TakoX MOXYTh BUKOPHCTOBYBATHCh OpPraHAMH IIPABONOPSIKY Ul IUIAHYBaHHS
3aX01iB I0JI0 3a0e31e4eHHs Oe3IeKH IpU MPOBEJEHHI MACOBUX IIPOTECTHUX aKIIiH.

Kar4doBi cioBa: MacoBi NpoTecTHi akuii; HeJiHiNHI AudepeHniaibHl pIBHAHHS; METOIM 00YHCIIEHb; TEOPis MOXUOOK;
IHTepBaIbHI OOUHUCIICHHS.

Interval estimation of the number of participants of mass protest actions
V. Dubnitskiy, H. Zubrytska, A. Kobylin

A brief literature review on the issue of modeling mass protest actions has been carried out. It is shown that the study of
this public phenomenon was begun at the end of the XIX century. At present, there are two directions in this problem. The first is
a sociological and the second, in which mass protest actions have been the subject of study by methods of operations research. It
is shown that at present there is such a source of influence as social networks. This circumstance must be considered when con-
structing mathematical models of mass protest actions. The function of the elasticity of the level of social tension in society by
the magnitude of the relative level of GDP is built for a model that establishes a relationship between the level of GDP and the
level of social tension. It is shown that the relative increment of the level of GDP decreases the relative level of social tension.
The system of nonlinear differential equations describing the time variation of the relative number of participants in mass protest
action has been considered. The method approximate calculations were used to determine the errors of the numerical values of
the variables and parameters of the model. It is shown that these methods lead to the complication of the model identification
process. The methods of interval calculations with the numbers determined in the center — radius system are used to simplify the
determination of errors. An expression for the power function is obtained for the arguments specified in the center — radius sys-
tem. Interval estimation of the number of participants in mass protest actions is carried out to estimate the model. The obtained
results make it possible to predict the proportion of people participating in mass protest actions. They may also be law enforce-
ment agencies to plan security activities during mass protest actions.

Keywords: mass protest actions; nonlinear differential equations; methods of calculation; theory of errors; interval cal-
culations.
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METHOD OF THE MULTITONAL SIGNAL CONSTRUCTION
IN DECISION SUPPORT SYSTEMS ACS

Subject: The article deals with the issues of creation of a psychoacoustic model of perception of sound quality of sound
signals, the development on its basis of the method of creating a multi-tonal signal, which provides a high correlation with
subjective evaluation. Purpose: to develop a multitoon signal creation method. Objective: To analyze the distortion of the
sound signals that arise during reproducing them on the sound reproduction devices. Classify these distortions and assess
the extent of their impact on subjective assessment. Allocate the most significant of them in terms of impact on the quality
of sound. Investigate modern methods for assessing the quality of reproduction of sound signals, standards and
recommendations devoted to this task; to evaluate the effectiveness of modeling the human auditory system used in the
development of these methods; formulate the scientific and applied requirements for developing objective quality
assessment method. Results. The method of creating an artificial multi-tone signal for precise allocation of the nonlinear
distortion (ND) signal and its processing after passage through the sound path of the tested device for analysis and
evaluation of the electromagnetic radiation is developed. In the developed method, the calculation of a set of quantitative
characteristics of distortions of different types, which have the greatest impact on the generalized assessment of sound
quality. For formalization of the transition from a multidimensional quality indicator to a generalized objective
quality assessment by one number, a multiple regression model is used. Conclusions: The application of the
developed method will allow obtain results that coincide with the data of subjective and statistical examinations (SSE) with

the accuracy required for practice.

Keywords: DSS; ACS; multitonal signal; a model of quality perception.

Introduction

Formulation of the problem: Despite the fact that
today there are a fairly large variety of processing audio
signals algorithms, as well as elements of sound
reproduction systems and their characteristics, there is a
problem of choosing the best combination of sound
reproduction devices and algorithms for the audio signal
arise. Since the audio reproduction devices cause large
distortions in the reproduced signal itself, existing
methods for evaluating their quality do not provide a
comprehensive characterization of the distortion, but
only, at best, indicate a high degree of difference of the
reproduced signal from the original. All this makes the
actual task of developing fundamentally new methods
for creating multi-tone signals, which allow to ensure
the efficiency and reliability of the solution of
functional problems by operators.

Analysis of recent research and publications:
The problem solving of quantitative assessment of
sound quality began to be engaged in the middle of the
last century. In the 40s-50s, the work of H. Fletcher [1],
D.K. Gannet [2] and WBSnow [3], which investigated
the required bandwidth for quality reproduction of
certain musical instruments, male and female voices;
sensitivity of the human auditory system to changes in
the reproduced frequency range, perception of nonlinear
distortions, etc. The disadvantages of these works
include the lack of completeness of the perception of
distortions in the case of their simultaneous presence in
the evaluated signal and the impact on the subjective
quality assessment. In the 1990s, several methods for
objectively  assessing  sound  quality  using
psychoacoustic modeling were developed. In the
magazine AES 23 (Audio Engineering Society) were
published works, which considered the problem of

objective quality assessment using knowledge of the
human auditory system features. As a result of the
received data, the method [4] PERCEVAL
(PERCEptual EVALuation) was proposed. This method
based on the comparison of the signal of additive noise
with the threshold of masking, calculated from the
reference signal and the calculation of the probability of
detecting these noise by the human auditory system.
The next generation of this method was the method
PAQM (Perceptual Audio Quality Measure) [5], which
is based on the comparison of "internal representations"
calculated for the reference signal and the investigated
signal.

The result of comparing the 'internal
representations" of signals is interpreted in the assessment
of the sensitivity of distortions. In addition to the
aforementioned methods, a number of reports were also
presented at the AES conferences on psychoacoustic
methods for assessing the quality of sound [6], [7], [8].
As a result of a detailed investigation and comparison of
all available methods, the PSQM algorithm was approved
in recommendation P.861. The results of objective
assessments obtained with the PSQM method have a high
correlation (> 97%) with the results of subjective
listening  tests, which allowed the successful
implementation of this method in the telecommunications
market. Since the original algorithm proposed by the
ITU-T can not be used to assess the quality of sound
paths in general (taking into account losses, delays and
distortions), the authors continued to work on improving
the method in order to realize the possibility of taking
into account time delays. As a result, extensions of the
standard were developed: PSQM +, PSQM99 and PSQM
/ 1P, which it was decided to integrate into the new PESQ
(Perceptual Evaluation of Speech Quality) standard. This
standard was presented as a new recommendation of the

© Nesmiian O., 2018
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ITU-T Rec. P.862 [9]. The second group of ITU-R
developed a method that allows an objective assessment
of the quality of broadband music codecs. As a result of
the research, the group presented the recommendation
ITU-R BS.1387 [9] describing PEAQ (Perceptual
Evaluation of Audio Quality). Currently, this method is
the most reliable tool for evaluating the quality of musical
signals.

Purpose of the article: The purpose of the article
is to develop a method for creating a multi-tone signal
in the DSS ACS.

Main material presenting

The magnitude and spectrum of nonlinear
distortions introduced by the sound tracks of the
reproduction devices depends on the reproduced signal
characteristics.

Consequently, the generated multi-tone signal
must have a similar spectral composition with the
original signal, i.e. envelope of the spectrum of the
artificial signal should correspond to the envelope
spectrum of the input signal at each instant of time.

The proposed method for obtaining a multi-tone
signal in its base is based on the audio signal processing
procedures used in the psychoacoustic model used in the
MREO-1 180/ 1EC 11172-3 [10] standard.

Outbound audio signals used to subjectively assess
the sound quality of reproducing devices are subdivided
into samples, the size of which depends on the
amplitude-time characteristics of the signal. The size
(duration) of the samples is determined by the resolution
of the human auditory system and specified by the
requirements of implementing the FFT algorithm.

It is established that the auditory system of a
person processes audio signals of a duration from 80 to
140 ms [11]. For implementation of FFT algorithms are
used samples, the number of readings in which are
equals two in the integer degree. So, at a standard
sampling frequency of 44.1 kHz, the largest sampling
length not exceeding 80 ms and corresponding two
raised to the integer power, is a sample of 2048 signal
counts, that is, approximately equals 48 msec. In some
cases, the length of the sample may vary depending on
the structure of the audio signal within the sample, at
moments of sharp jumps, the sound sample length will
be 1024 counts (24 msec).

Change the length of the sample criteria is a peak
factor value [12]. Psychoacoustic entropy [13] is the
criteria for compression algorithms for digital audio
data, which is calculated for a long sampling. The use of
shorter samples (12 msec) is inappropriate, since the
human hearing apparatus, due to inertia, is not able to
accurately assess the spectral composition of short
sound segments, i.e. to notice the additive noise.

The use of a 50% overlay of samples used in the
short-term spectral analysis allows to reduce the
distortions that arise during orthogonal transformation.

Before the FFT procedure, the sound samples
should be processed by the Hannah function, which
allows to clear the signal from additional distortions,
known as the Gibbs effect, that arise when performing a
direct FFT.

As source material for investigation were created
multi-tone test signal which are used in the ICAO radio
exchange

The main steps of the algorithm for creating a
multi-tone signal:

Step 1. Analysis of the sound signal in the time
domain for the selection of samples with energy above
the threshold.

Step 2. Calculate the peak factor of the signal of
the selected samples, which is necessary to select their
length (1024 or 2048 counts of the sound signal).

Step 3. Calculation of the normalizing factor.

Step 4. The calculation of the energy spectrum
using FFT is performed for each selected sample.

Step 5. Calculate the energy of the sample signal in
critical audible bands; selection from the spectrum of
the sampling signal of the tonal components.

Step 6. The list of noise-like components creation.

Step 7. Thinning of the spectrum of tonal and non-
tonal (noise-like) components considering the absolute
threshold of sensitivity and simultaneous masking.

Step 8. Adjustment of the energy of the spectral
components to ensure the equality of energy of the
initial and synthesized multi-tone signals.

Step 9. Restore the time form of the multi-tone
signal.

On the first step of creating a multi-tone signal, an
analysis of the output signal in the time domain is
performed.

During creating a multi-tone signal it makes no
sense to analyze all the samples in a row, but rather
select those whose energy level exceeds a certain
threshold.

On the second step for decision making about the
length of the sample, the peak factor value calculation
for a long sample is performed using the formula (1):

CF (dBFS) =
Smax (dBFS) (1)

= \/ZZ](S(n)(dBFS)_s(dBFS))z/N

where | - input signal sample number,
n - input signal count,
s - maximum reference value,

B

max
s - average reference value for the sampling
signal.

All values are expressed here are in dBFS . At
magnitude of the peak factor greater than dBFS , the
length of the sample for analysis is 1024 (short
sampling), otherwise it is equals 2048 counts (long
sample) of the sound signal.

On the third step of creating a multi-tone signal,
the rationing of the fac coefficient and rationing of the

counts selection of the input signal is made:
fae =102/ [Norm 2)
x(n)=fac-s(n), 3)

where x(n) - normalized samples.
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In formula (2), a tone signal with a frequency of
989 Hz and an amplitude of 0 dB is used to determine
the normalization coefficient Norm, and the spectral
maximum for several frames is calculated. The value of
this maximum is taken as the value of the normalizing
factors, and then the calculation of the energy spectrum
of the sample is performed:

2

N-1 ‘
X(k):lOln%z h(n).x(n)e—jkl2ﬂ/]\7 r @
+90.3094B,

where h(n)=0.5-[1—cos(27m/(N—1))} — window
function Hannah; £=0,1..N/2; N =2048 0or1024;

k — index of the spectral component of FFT; X(k) —

level of & spectral component, in dB;

In this case, the normalization of FFT coefficients
to 96 dB SPL is used.

On the fourth step, the energy of the sample signal
is calculated in critical listening lanes [14]. The total
energy of all spectral components in each critical band
is calculated by the expression (5):

<)

Esb(z)=101g[210x(k)/lo}dB (5)

kez

In the fifth step, the allocation of so-called tonal
components is carried out. Spectral components of the
energy spectrum X (k) exceeding the frequency, except
for two neighboring at least 7 dB, are identified as tonal.
Note that the area of the examined frequencies expands
with increasing frequency [10]. The set of tonal spectral
components of 8T is determined by the following
expression

X(k)> X (k+1),
X (k)e X(kJ_rAk)+7dB}’ ©

Sy ={X(k)

where X (k) — k spectral maximum, A; depends on the
bandwidth and varies from 2 to £.

Examples of spectra of samples of a sound signal
with different number of tonal components are shown in
Fig. 1.

At the sixth stage, the formation of a list of noisy
components is taking place.
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Fig. 1. Spectra of samples of signals: a — 26 tonal, b — 8 tonal, ¢ — 4 tonal
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To do this, from the output signal of the
spectrum of the sample, all sub-tone and adjacent
components are removed, after which the energy
X, (2) of the spectral components in each critical
band is calculated. As a result, the real noise-like
components of the sample signal are replaced by one
spectral component whose energy is equal to the total

energy of the noise-like components that have fallen
into the critical listening band (7):

Xom (k)= 101g[2‘;:1100.1.x(j)}
VX (j) & { X} (kK1 k£AK)}.

()

At the seventh stage, the thinning of the received
tonal and noise-like components is carried out. That is
mean, that the number of components is reduced based
on two criteria: the absolute threshold of sensitivity and
frequency degradation. The tone and noisy components
below the absolute threshold of sensitivity are
discarded, and only the components that satisfy the
condition are left

le,nm (k)ZXy (Z)’ (8)

le’nm (k) - the

corresponding to the absolute threshold of sensitivity in
silence for the k spectral component.

Then, using a sliding window with a width of
0.5 barks, from any pair of dedicated spectral
components appearing in this window, one that has the
highest level of energy is selected.

At the eighth stage, there is an adjustment of the
energy remaining after the reduction of the spectral
components in order to ensure the equality of the
energies of the initial and generated signals in each
critical listening band.

To do this, in each critical listening band, the
scaling factor is calculated as the ratio of the output
signal energy to the sum of the energies of the generated
multi-tonal test signal components:

sef (z)= Esb/ e Ko (). )

where X, (k)— components of the multi-tone signal in

the critical band. After that, the adjusted energy of the
component is calculated:

where sound pressure level

Xt (k)= X (k)-5¢f (2),Vhkez.  (10)

This correction is necessary to achieve the same
level of load on the audio path of the tested device, real
and synthesized multi-tone signals.

At the final stage, the recovery of the time form of
the multi-tonal signal is carried out using the inverse
Fourier transform.

At the end of the multi-tone synthesis procedure, a
passport that contains information on sample length,
sets of numbers (indexes) of the spectral components,
and information about the type of each component
(tonal or noisy) is created. For the convenience of
analysis of the recorded signal (to search the beginning
and end of the content of the signal), before the main
multi-tone signal and after it, is added special tone
pulses.

For analyzing of the listening space noise between
the tone pulses and the useful signal, a section of the
signal with a zero level is inserted.

Conclusion

On the basis of a thorough analysis of
psychoacoustic models, procedures are selected and
validated for assessing the magnitude of certain types of
distortion introduced into the signal by sound tracks of
sound reproducing devices.

The revision of these procedures due to their joint
use within the framework of a single psychoacoustic
model was performed.

The method of creating an artificial multi-tone
signal for precise allocation of the nonlinear distortion
signal and its processing after passage through the
sound path of the tested device for analysis and
evaluation of the electromagnetic radiation is
developed.

In the developed method, the calculation of a set of
quantitative characteristics of distortions of different
types, which have the greatest impact on the generalized
assessment of sound quality.

The following list
indicators:

the likelihood of hearing ailment of the nonlinear
distortion;

the number of strongly distorted fragments of the
signal;

noise mask ratio in three frequency bands;

effective dynamic range;

peak factor;

distinction of specific volumes of signals in
frequency bands;

uneven frequency response in the field of voice
frequencies.

For formalization of the transition from a
multidimensional quality indicator to a generalized
objective quality assessment by one number, a multiple
regression model is used.

includes the following
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Meton cTBOpEHHSI MyJbTHTOHAJBLHOI0 CHTHAY B CHCTEMAaX MIATPHMKH Ta NPHAHATTA pimens ACY
0. 10. Hecmisu

IIpeamer: VY crarri po3miIsiHYTi HHUTaHHA CTBOPEHHS IICUMXOAKyCTHYHOI MOJEJ CHPUHHATTS SKOCTI 3BY4aHHS
3BYKOBUX CHUT'HAJIB, po3poOKM Ha ii OCHOBI METOMy CTBOPEHHS MYJIbTHTOHAJIBHOIO CHTHANy, 1O 3a0e3ledye BHCOKY
KOpeALilo 3 cy0'eKTHBHOI OILiHKO. MeTa: po3poOKka METOLy CTBOPEHHS MYJIbTUTOHAIBHOIO CUI'HATy. 3aBAaHHS:
IIpoBectu aHami3 CHOTBOPEHb 3BYKOBHX CHUTHANIB, 1[0 BHHUKAIOTh IPU BIJTBOPEHHI iX 3BYKOBIJTBOPIOIYHUMHU
npuctposmu. KilacugikyBaru 1i CHOTBOPEHHS 1 OLIHUTHU CTYIiHb IX BIIMBY Ha Cy0'eKTHBHY OLIHKY. Buainuru HaiGinbm
3Ha4ylli 3 HUX 3 TOYKH 30pY BIUIMBY Ha SKICTb 3By4aHHsA. IIpOBECTM BHMBYECHHS CYy4aCHHX METOXIB OLIHKH SKOCTI
BiATBOpEHHS] 3BYKOBHX CHTHAJIB, CTaHJApTiB I pEeKOMEHJAlii, NPUCBIYCHHUX JaHIN 3amayi; OLWIHUTH e(EeKTHBHICTH
MOJICJIIOBaHHS CIIyXOBOi CHCTEMHU JIIOJMHH, L0 3aCTOCOBYETHCS IIPU PO3pOOLI LUX METONIB; cHOPMYIIOBATH HAYKOBi Ta
MPUKJIATHI BUMOTH, IO MPEX'SBISIOTHCS 70 METOXy O0'€KTHBHOI OLIHKH SIKOCTI, SIKMH po3poOisierscs. PesyabTaTtn. Ha
OCHOBI PETEJIBHOrO aHalli3y ICHXOaKYCTHYHHX MOJEJNICH BiOMPAIOTHCS 1 MEpeBIPAIOTHCA IPOLENYPH ISl OLIHKH BEJIMYMHU
MEBHUX THIIIB CIIOTBOPEHb, 110 BHOCATHCA B CHUI'HaJI 3BYKOBUMH JIOPIXKKaMH 3BYKOBIJITBOPIOBAJIbHUX IPUCTPOIB. Po3pobieHo
METOJl CTBOPEHHS IITYy4HOro baraTOTOHOBMI CHTrHANly JUIs TOYHOIO BHIIUJICHHS CHUTHATY HENIiHIHHOIO CHOTBOPEHHS 1 #oro
00poOKM IIicIs IHPOXO/KEHHS 3BYKOBOTO TpPAKTy TECTYEMOIO HPHUCTPOI M aHali3y 1 OIIHKM eJIEeKTPOMAarHiTHOro
BUIIPOMIHIOBAHHS. Y PO3POOJICHOMY METOZl NPOBOAUTHCA PO3PAXYHOK CYKYIHOCTI KiJIbKICHUX XapaKTEpPUCTHK CIIOTBOPEHb
pi3HMX THIIB, SIKi MalOTh HaWOUIBIIMII BIUIMB Ha Yy3arajbHEHy OLIHKY SKOCTi 3ByKy. [lns ¢opmamizamii mepexomy Bix
6araToBUMIpPHOr0 MOKAa3HHMKA SKOCTI JI0 y3araJlbHeHOi 00'€KTHUBHOI OLIHKH AKOCTI I10 OAHOMY YHCI1y BUKOPHCTOBYETBCS MOZEIb
MHOXUHHOI perpecii. BucHoBKH. 3acTocyBaHHs po3po0IEHOr0 METOY J103BOJIUTh OTPUMATH PE3yIbTaTH, 10 30iratoTbes 3
JaHUMU cy6'ekTuBHO-cTaTHcTHUHUX ekcnepTH3 (CCE) 3 HeoOXiMHO A1 IPAKTUKU TOYHICTIO.

Kurouosi ciaoBa: CIIIIP; ACY; MynbTUTOHAIBHHUN CUTHA; MOJIENb CIIPHHHSATTS SIKOCTI.

Merton co3ganusi MyJbTHTOHAJIBLHOI0 CHTHAJIA B CHCTEMaX MOAAEPKKH M NPHHATHA pemiennii ACY
O. 0. Hecmusin

IIpeamet: B craTbe paccMOTPEHBI BOIPOCH! CO3AaHHS NCHX0AKyCTHYECKON MOJENIN BOCIPUATHS KauecTBa 3BYyJaHHs
3BYKOBBIX CHTHAJIOB, Pa3pabOTKH Ha €¢ OCHOBE METOIa CO3NaHUS MYIbTUTOHAIBHOTO CHTHAlla 00ECIIeYMBAET BBICOKYIO
KOppeNsnio ¢ cyObeKTHBHOI omeHkoi. Iemb: pa3paboTka MeToa CO3ZaHHMSA MYIbTHTOHAIBHOIO CHTHala. 3amada:
ITpoBecTH aHAJIU3 MCKAXXCHUI 3BYKOBBIX CHI'HAJIOB, BOSHUKAIOIIUX HPH BOCHPOU3BEACHUH HX 3BYKOBOCIIPOHM3BOISLIMMHU
yerpoiictBamu. KinaccnpuuupoBath 3TH HCKaXKEHUS U OLIEHUTH CTENCHb HX BIMSIHUS Ha CYOBEKTUBHYIO OLIEHKY. BbInenuts
Hanbosee 3HAYMMbIE M3 HUX C TOYKHU 3PSHHUS BIMSIHHS Ha Ka4ecTBO 3BydaHus. [IpoBeCTH M3ydeHNE COBPEMEHHBIX METOI0B
OLICHKU KayecTBa BOCIIPOM3BENCHHMS 3BYKOBBIX CHIHAJIOB, CTAaHAAPTOB M PEKOMEHIALMM, IOCBSIICHHBIX NAaHHON 3a/1ayy;
OLCHUTH 3()(PEKTUBHOCTH MOJCIHPOBAHUS CIYXOBOH CHCTEMBI YENIOBEKa, NPUMEHSETCS NPH pa3paboTKe STHX METOJOB;
chopMynupoBaTh HaydyHbIe M INpPUKIAAHbIE TPeOOBaHMs, NMpeNbsBIIEMble K METOAY OOBEKTHUBHOH OLIEHKH KayecTBa,
KOTOpHIiT paspabareiBacTcs. Pe3yapTaTel. Ha OCHOBe TIIATENBHOTO aHAM3a ICHXOAKyCTHYECKUX MOneNei oTOHparTcs n
HPOBEPSIIOTCS. TPOLEAYPH! UL OLEHKHM BEIMYHHBI ONPENCNICHHBIX THIIOB HCKKCHHH, BHOCHMBIX B CHTHAI 3BYKOBBIMH
JIOPOKKAMH 3BYKOBOCIPOHM3BOJIAIIMX YCTPOICTB. Pa3paboTaH MeToI CO3IMaHHSA HCKYCCTBEHHOIO MHOI'OTOHOBOTO CHTHAJA JUIS
TOYHOTO BBIETICHHUS CUTHAIA HEJIMHEIHOr0 HCKaXKEHNUS ¥ ero 00paboTKH MOCIIe IPOXOXKACHHS 3BYKOBOTO TPAKTa TECTUPYEMOTO
ycTpoiicTBa I aHAIM3a M OLCHKHM OJJICKTPOMATHUTHOrO HM3JIydeHHs. B pa3pa0OTaHHOM MeToIe NPOBOAMICS pacder
COBOKYITHOCTH KOJHYECTBEHHBIX XapPaKTEPHUCTHK HMCKKECHUH pAa3HBIX THUIIOB, KOTOPBIE OKA3bIBAIOT HaMOOJbLICE BIMSIHHE Ha
0000IIEeHHYIO OLIEHKY KauecTBa 3ByKa. JIns (hopMalu3aly Nepexosa OT MHOTOMEPHOTO MOKa3aTels KadecTBa K 00O0OIIeHHOI
OOBEKTUBHON OLICHKE KauyecTBa 110 OXHOMY YHCIy HCIIONB3YeTCsl MOACIb MHOXKECTBEHHOM perpeccuyl. BeiBoabl. IIpuMeneHue
pa3pabOTaHHOrO METOa IO3BOJHMT IONYYHTh PE3YJIbTAThl, COBIANAIOMIUE C JaHHBIMU CYOBEKTHBHO-CTATHCTUYECKHX
9KCIIEPTH3 C HEOOXOOUMOH JUIS IPAKTHKH TOYHOCTBIO.

Kawuesbie caoa: CIIIIP; ACY; MynbTUTOHAIBHUM CUTHANI; MOJIENIb BOCIIPUATHUS KauecTBa.
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TEXHOJIOT'ISI IOBY JOBU IBOXONEPAHIHUX OMEPAII KPUIITOTPAGIYHOI'O

NEPETBOPEHHS IH®OPMAIIII 3A PE3YJIbTATAMM MOJIEJIOBAHHSA

CaMuMH yHIBEpCaJIbHUMU OIEpallisi KpUIITONEPETBOPEHHS, 3 TIOIJIsALY 3aCTOCYBAaHHS € JIBOXONEPAH/IHI ONepallil, SKUM HaKalb
HE NPUALULUIOCS N0cTaTHbOl yBaru. MeToro cTaTTi € po3po0ka TexHomorii mo0yJ0BH MaTeMaTUYHNX MOJIENICH JABOXONEepaH-
HHX Ollepalliii KPUIITONEPETBOPEHHs], aHAIOTYHUX MOZIEIAM MOM(IKOBAaHUX Olepalliil 3 TOUHICTIO 0 MEPeCcTaHOBKH, 3a pe-
3y/bTaTaMH KOMII FOTEpHOro MojieitoBaHHs. PesyiabTaTu. Posrisanyti onepattii Oynu po3outi Ha 24 HabopH ABOXONEpaHHUX
omeparliii, 1o 4oTupH oreparii B koxxHomy Habopi. JlaHi Habopu (opMyBaMcs BUXOASYM 3 HASBHOCTI B HUX OJIHAKOBHX OI-
HOOICPAHHUX JBOXPO3PSHYX OIepaliiifi KpunroneperBopeHHs. Beiv Habopam JBoXonepaHIHUX onepauiii OyB PHCBOEHUH
nopsiiKoBUii HoMep. Hasenena i npoitocTpoBaHa 1ociiZIoBHICTh KPOKIB IIEpEeXO01y BiJ] pe3y/IbTaTiB KOMIT FOTEPHOI'O MOJIEIIIO-
BaHH: JI0 IPUJIATHOI B IHKeHEpHii npakTuii GopMaitizoBaHol onepaii KpUITONepeTBOPEHH: Bi100Opakae TEXHONIOTiI0 M00Yy-
JIOBU MaTeMaTUYHUX MOJENEH JIBOXOINEPaHIHUX orepaliil kpunrorpadivHoro nepersopeHHs iHopmauii. BucnoBku. Exc-
MEpPUMEHTAIbHO CHHTE30BaHi 96 JBOXOIEpaHIHMX onepauiii KpunrorpadiqHoro rneperBopeHHs Oyio kiacuikoBaHo Ha 4
MaTeMaTU4Hi Ipynu ornepauiil 1o 24 oneparii B KOXHIH, a TAKOX BUIUIIM 24 HAaOOpH IBOXOIEPAHHUX ONepaliil o 6 B
KOXXHIH I'pyIi, BUXO/SIYM 3 HASBHOCTI B HAX OJHAKOBHX OJIHOOIEPAHHUX JBOXPO3PSIHHX omepauiil. Ha npuxiaai omgHoro 3
HaOOpIiB JIBOXOINEPaHIHMUX OIEpaliii pO3rJIAHYTa IIOCIIIOBHICTh MAaTEMAaTUYHUX IIEPETBOPEHb, sKi 3a0€3MeuyoTh MO0YI0BY
y3araJbHEHUX MaTeMaTHYHUX Mojenel kpunroonepatii. I1ociinoBHICTh KPOKIB IIEPEXOIy Bill pe3yJIbTaTiB KOMII FOTEPHOIO
MOJIEITIOBAHHSI JI0 IPUJIATHOI B IHXKEHepHi npaxTuii ¢opmaizoBaHoi onepallii KpUNTONepeTBOPEHHs BioOpakae TEXHOIO-
rito no0yJ0BH MaTeMaTHYHHUX MOJeNeil ABOXoNepaHIHUX omepauiil kpunrorpadidHoro neperBopeHHs iHdopmarii.

Kaw4yoBi ciaoBa: KpHnTorpa(bque KOAYBaHHS; KPUIITO IIEPETBOPCHHSA; NO0JAaBaHHS 3a MOAYJIEM JBa; IIEPECTAaHOBKU;

MaTeMaTH4YHa MOJEJIb Olepartii.

Bctyn

IMocranoBka npo6aemu. CyyacHi HayKOBi JOCITi-
JOKEHHSI B cdepi KpunrorpadiqHoro 3axucry inpopma-
1ii Bce OlnblIe yBaru NpUAUIAIOTH aHANI3Yy Ta CHHTE3Y
orepariiif, Ha OCHOBI SIKMX OyIYIOTbCS CHCTEMU KPUIITO-
rpagivHoro 3axucry inpopmariii. 30UTbIIEHHS KIJIBKOC-
Ti omepauiii, IpUIATHUX U KPUITOIIEPETBOPEHHS, iX
3aCTOCYBAaHHS 3aMiCTh, HAllpUKJIaJ, CTAHIAPTHOI oOlle-
pauii 1ogaBaHHS 32 MOIYJIEM Ja€ 3MOTY IIiJIBUIYBaTH
Ha/IiHHICTh Ta CTIHKICTh mMppyBaHHs [1-2], mo € Haa-
3BHYAHHO aKTyaJIbHUM B Halll 4ac.

Onepartii xpunrorpadiyHOro nepeTBopeHHs iHgo-
pManii o aHayiorii 3 KOMaHJaMu SIKi peaii3yroThCs B
KOMIT FOTEpPHUX CHCTeMax KIacH(]iKyroThCs MO KUJIbKOC-
Ti ONepaHAiB Ha OJHOONEpaH/HI, JABOXOIEpaHIHI Ta
6araroorniepanHi [3]. OgHoonepanaHi omepanii KpuI-
TorpagiuHOro NepeTBOPEHHS 3aCTOCOBYIOTHCS B OJIOKO-
Bux mmdpax. J[BoxonepanHi ornepariii 3aCTOCOBYIOTh-
cs B OJIOKOBUX Ta MOTOKOBUX Iudpax. OCHOBHOIW 00-
JIACTIO 3aCTOCYBaHHSl OaraToOlepaHJHUX OIepalii €
OaraToMipHi TpuMiTHBH OJIokoBoro mmdpysanus. Ca-
MHUMH yHIBEpPCaJIbHUMH Ollepallisi KpUITOIEePETBOPEHHSI,
3 MOIJISIIY 3aCTOCYBaHHS € JIBOXOIEpAaH[HI oreparii,
SIKMM Ha)kaJIb He MPUALUIOCS JOCTaTHBOI YBary.

AHaJti3 ocTaHHixX Aocimkens i myoaikanii. Cu-
HTE3 JBOXOIIEPaHIHHUX OIepalliii KpUITOIEepPETBOPEHHS
MOXKE PO3BHMBATHCS 0 JIBOX OCHOBHMX HampsimMax. Ile-
plIMii HampsiM ToJsirae B Moxudikamii oneparii noxaa-
BaHHS 32 MOJYJIEM Ha OCHOBI IIEPECTAHOBOK OIEPaH/IIB
1 pe3y/bTaTiB BUKOHAHHS ollepalliif. Pe3ynbrat naHux
JIOCTIIPKEHBb MIPECTaBIeHO B podoTax [4—6]. B poborax
[7-8] 3ampomoHOBaHO IPYrHil HAMpPSIM CHUHTE3Y JBOX-
OIlEpaH/IHUX Ollepalliii KPUITOIIEPETBOPEHHS, B OCHOBI
SIKOT'O JISKUTh MOJICTFOBAHHSI JIBOOTIEPAHIHUX OIIeparii

KPHIITOIIEPETBOPEHHSI Ha OCHOBI OJHOOIIEPaHIHHX.
[Ipore oTpuMaHi pe3yabTaTH € PO3Pi3HEHUMH 1 HE CUC-
TEMaTU30BaHUMHU.

MeTor podoTH € PO3poOKa TEXHOJOTIT MOOYIOBH
MaTeMaTUYHUX MOJeNiell JIBOXONEPaHIHUX OIleparii
KPHIITOIIEPETBOPEHHS, aHAJIOTTYHUX MOJAEISIM MOAudi-
KOBAaHHUX oOllepaiiii 3 TOYHICTIO O IMEPEeCTaHOBKH, 3a
pe3ynbTaTaMy KOMIT FIOTEPHOTO MOJIEITFOBAHHSI.

OcHoBHMIW MaTepian

MarematuuHi Mozeni onepatiii KpunrorpadigHoro
JI0AIaBaHHS 10 MOJYJIIO J1BA 3 TOYHICTIO JI0 MEPECTaHOB-
KU MaroTh BUTISA [9]:

x @ yp

®
©_MTN 0% — :
.X'z@yz@l
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X @y

O® _ xl@yl@l . O® _ xl@yl@l
X (‘Byz (‘Bl’ X (‘Byz '

ne x;; € {0, 1} — omepangn, i € {1, 2} — HOMep omepaHaa,

j€{l,2} — HOMEp po3psimy omepaHma, @ — omeparis
JI0ZIaBaHHS 32 MO/IYJIEM JIBa.

Pe3ysnbpraTi 0OYUCITIOBAILHOIO EKCIIEPUMEHTY I10
MOJICTTFOBAaHHIO JIBOXOIIEPAHIHUX OIepalliii KpHUIToIle-
PETBOPEHHS Ha OCHOBI JBOXPO3PSITHUX ONEpaliid KpHII-
TO IIepeTBOpeHHs, Oynu onyoiikosaHi B [10]. B mpoueci
OCTIDKEHHST CUHTe30BaHUX 96 omepaniii [10], Oyimo
BUiJIeHO 4 MaTeMaTH4Hi TPYIH orepaliii mo 24 omepa-
1ii B KOXHi#. Pe3ynpTat maHOro JOCHiIKEHHS HaBe-
nmeni B Tabm. 1. JIng moganbLIoro JOCTIIKEHHsS, HaBe-
neHi B Tabu. 1 omepamii Oynmu po30uti Ha 24 HabOpHU
nBoxornepanaaux onepartiit (HO), mo yotupu oneparrii
B KO)KHOMY Ha0opi.
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Tabnuysa 1 — Pe3ynbTaTH MO/ TIOBAHHS ONepaliii Hajx 1BOMA onepaHIaMHu

I'pyna onepamiii 1 I'pyna onepamiii 2 I'pyna onepamiii 3 I'pyna onepauniii 4
HJO 1 HJIO 4 HJIO 7 HJIO 10 HAO13 | HJIO16 HJIO 19 HJIO 22
01,713,195 O416,1022: | 01813200 | O4171023- | Ouioge9 | 04137225 O1715.21> | Oat6,12,245
07119,13> O022416- | Os13201> | Or0,23.417- | Qioo16 | 07422135 0712115 | Q12241645
Oi319,1,7> Oi6,42210- | O132018: | O17,1023.4: | Qi 119,005 | O13,22,4.7 Oi52171> | Q16424125
019,13,7,1- Onio064- | 0201813 | Oai710- | Oiosi01- | 02,7134 Or1151,7- | Q2412416
HI0 2 HI0 5 HI0 8 HI0 11 HIO 14 HIO0 17 HIO 20 HIO 23
020148 | Os2311175 | O219147: | Os221106 | Q2241880 | 0521917 052017115 | 052338145
Q14202 | O117523 | Or21004 | Oing6s522: | Kisp42: | Qos517.215 Oi1,17,2,20- | 0814235
O148220- | Q1711235 | Ora7209: | Qies201s | 182824 | O179.215 O1711202> | Q148523
0x,2814- | Ons1711- | Q91472 | On21116,5 028218 | 0211759 02021117- | 0235148
HJIO 3 HJIO 6 HJIO 9 HJIO 12 HIO15 | HJO 18 HJIO 21 HJIO 24
O395115- | Os182412> | O3122118 | Os15249. | 311,23,15 | O6,14,20,125 0391913> | Os18.22,10
09315215 | On224186> | O12211835 | Dogi524> | Oi1153230 | Q12,20,14,65 0931319, | Q10,226,138
Oi50193: | O18612.24> | O18312215 | 152496 | Q15231130 | Q14126205 0131939, | Q136,102
211539 | Q22618 | 02118312 | Q249615 | 02331511 | Q206,12,14 0191393 | 9022110186

Jlani HaOopu hopMyBaIHCsA BUXOISIYH 3 HASBHOCTI
B HHMX OJHAKOBUX OIHOOICPAHIHUX JBOXPO3PSIHUX
oreparliii KpUNTonepeTBopeHHs. BciM HabopaM IBOX-
OllepaHIHMUX ormepalii OyB NpPUCBOEHUH MOPSAKOBHI
HOMep.

Posrisaemo neprimii HAO HaBenenwuii B Tabm. 1.
Jlaumii HaOip BKITFOUYAE B ceOe omepartii:

01713195 0711913> 9131917 O1913,71 -

YMoBHO Oyznemo BBaxkatu onepauito O 71319 0c-
HOBHOIO, TaK SIK BOHA IIPEJCTaBJICHA MEPIIO0 B JaHOMY
HaOopi. JlocnianMo MOXKIIUBICTE TOOYAOBH MaTeMaTHy-
uux mozaeneii HJJO Nel, mo amanorii 3 DoCimKeHHIMU
Mozenell Momudikalliii omepaii 3 TOYHICTIO IO Tepe-
CTaHOBKH, HaBeJeHUMH B [11].

MaremaTuuHa MOJIeNb OCHOBHOI oreparlii nepiio-
ro HIO O 71319 MaTtuMe BUTTSL:

X
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ne ki 1 k, — KOMaHOW yNpaBiiHHA KpUNTOrpadiuHuM
MEPETBOPCHHSIM.
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HaBeznena i mpoiirocTpoBaHa IMOCHIJOBHICTh KpO-
KiB IIepexolly BiJ| pe3ysibTaTiB KOMI IOTEPHOTO MOJie-
JIIOBAHHS IO MPHUIATHOI B IHXKEHEPHiHM mpakTuii (op-
MaJjIi30BaHOi oreparii KPUNTOIEPETBOPEHHS BimoOpa-
Ka€ TEXHOJOTiI0 TOOYIOBH MaTeMaTW4HUX MOJIelei
JIBOXOTICPAHIAHMUX OIepalliii KpunrorpadidHoro mepe-
TBOpEHHS iH(popMaIii.

BucHoBKM

[IpoBenene mociiKEHHS Jalo 3MOT'Y 3pOOHTH Ha-
CTYIHI BUCHOBKH.

1. KiacudikoBaHO YOTHpU MaTeMaTHU4YHI TIPYyIH
omepariii 0 MBAI[ATh YOTHPH OIepaiii B KOXHIH 3
€KCIIEPUMEHTAJIbHO CHHTE30BAHUX JIEB’STHOCTO MIOCTH
JIBOXOTIEPAaHIHUX omepanidl KpunrorpagiqHoro mepe-
TBOPEHHSI.

BupineHo aBaausTs 4OTHPH HAOOPH JIBOXOIEPaH-
JHUX OIepalliil o 6 B KOXKHIi# rpyIi, BUXOAIYH 3 HasB-
HOCTi B HAX OJJHAKOBHX OJIHOOIIEPAHIHHUX IBOXPO3PSI-
HUX OIeparii.

2. OTpuMaHa MOCiIOBHICTh MaTeMaTHYHUX Tepe-
TBOPEHB, SIKI 3a0e€3NeuyloTh MOOYIOBY y3arajabHEHHX
MaTeMaTUYHUX MOZENEH KpUNTOOoNepaliil Ha MpUuKiIai
OJTHOTO 3 HAOOPIB IBOXOMEPaHIHUX OIEpaLliii.

3. [IpencrarieHa MOCIIIOBHICTh KPOKIB IEPEXOY
BiJl PE3YJbTATIB KOMIT IOTEPHOI'O MOJEIIOBAHHS 10
NpUAaTHOI B IHKEHEpHIH MNpakTUil (opMai3oBaHOl
orepanii KpUITo MEpeTBOPEHHs, IO BiJoOpakae Tex-
HOJIOTiI0 1MOOYJOBM MaTeMaTHYHUX MOJIENIEH JBOXOIle-
paHOHUX omepanid KpunTorpadiyHOro IMepeTBOpPEeHHS
iHpopMmarii.
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TexHO0JIOrHusl MOCTPOeHMsI IBYXOIePaHIHBIX onepanuii
Kpunrorpaguyeckoro npeodpazoBanusi HHGOPMALMU N0 pe3yJbTaTaM MOJEJIUPOBAHUS

B. H. Pynuunxuii, H. B. Jlapa, C. I'. Ko3nosckas

CaMbIMH YHMBEPCAIBHBIMU OINEPALUS KPUNTONPEOOPa30BaHUs, C TOYKU 3PECHUS NPUMEHEHUs], SIBJIIOTCS JIBYXOINECPaHIHBIX
OIepaluK, KOTOPBIM K COXAIEHHIO HE YAEIOCh JOCTaTOYHOro BHUMaHus. Ilesibio cTaThm sBiseTcsl pa3paboTka TEXHOJIOIMH
MOCTPOEHHUS MATEMAaTUYECKUX MOJIENIeH JIBYXONEepaHIHbIX ONepalni KpUITONPeoOpa3oBaHsl, aHAJIOTMYHbBIX MOZENIAM MOJU(HIII-
POBAHHBIX OMEPAIUil C TOYHOCTBIO JI0 IEPECTAHOBKH, 10 PE3yJIbTaTaM KOMIIBIOTEPHOro MozenpoBanus. PesyabraTel. Paccmorpe-
HbI omeparuy ObUIH pa3ouThl Ha 24 HAOOPBI JIBYXONEPAaHAHBIX OIEPaLnii, [0 YeThIpe ONepaluy B Kax oM Habope. JlaHHble HabOpbI
(OpMHPOBANIMCH UCXOAS U3 HAIMYMSA B HUX OMHAKOBBIX OIHOONEPAH/IHUX ABYXPa3pSAAHBIX ONEpaliil KPUITONIPeOoOpa3oBaHUs.
Bcem HaOopam JiByxomnepaHaHbIX orepaliii ObLI IPUCBOEH MOPAAKOBbIH HoMep. [IpuBeieHHas 1 IPOMILTIOCTPUPOBaHA MOCHIE0Ba-
TEJIBHOCT 1I1aroB IEpPexosia OT Pe3yJIbTaTOB KOMIIBIOTEPHOrO MOJIEIIMPOBAHUS K IIPUTOIHON B MH)KEHEPHOU NpaKTHKe (opMan3o-
BaHHOW OIEpaIMU KPUITONPEOOPa30BaHUs OTPaXKaeT TEXHOIOIMIO OCTPOSHHUS MATEMAaTHUECKUX MOZEINEH JBYXONEpaH/IHbIX OIle-
panmii kpurrrorpaduyeckoro npeodpazoBanus HHGOpMaLU. BeIBoAbI. DKCIIEpUMEHTAIBHO CHHTE3UpOBaHHbIE 96 IBYyXONepaH/I-
HBIX oIeparuii kpurrorpaduueckoro npeodpazoBaHus ObLIM KIaccH(PHIMPOBAHbl HA 4 MaTeMaTHUeCKUE IPYIIIbI Onepalyii o 24
OIEpaliy B KaX/I0H, a TaloKe BhLICIWIN 24 HAOOpB! JBYXOEpaH/IHbIX ONEPALMii 110 6 B K&XKIOM TPYIIe, UCXOs U3 HATUYUS B HUX
OJIMHAKOBBIX OJJHOONEPAaH/HBIX JIBYPa3psIHbIX onepaimid. Ha npumepe onHoro n3 Habopos JiByXOHepaHAHbIX ONepalyii paccMor-
peHa I10C/eI0BATEIbHOCT MATEMATHYECKUX MPeo0pa3oBaHHil, KOTOpbIe 00ECNEUHBAIOT IIOCTPOEHHE ODOOLIEHHBIX MaTeMaTHye-
CKMX Mozenel kpunroonepanuil. [locienosareabHOCTh MIaroB IEPEX0a OT PE3YIBTaTOB KOMIIBIOTEPHOIO MOJEIMPOBAHMS K IIPH-
TOJIHOM B MH)KEHEPHOH IpaKkTUKe ()OPMAIN30BAaHHON OIepaliiy KpHITONPeoOpa3oBaHUs OTPaXKaeT TEXHOJIOIHIO IOCTPOSHUS MaTe-
MAaTHYECKHX MOJIETIeH IByXOIepaHAHbIX ONepalni KpUnTorpaguueckoro npeodpa3oBaHus HHPOPMaLUH.

KawueBnlie ciaoBa: KpI/IHTOFpa(i)I/I‘-IGCKOG KOAUPOBAHUE, KpI/IHTOHpeO6paSOBaHI/I5{; CJIOKCHHE I10 MOAYIIO Ba; Iepe-
CTaHOBKH; MaTEMaTHYCCKas MOJCJIb OIICpalu.

Technology of two operand operations construction of information cryptographic transformation by modeling results
V. Rudnytsky, N. Lada, S. Kozlovska

The most universal operation of cryptanalysis, from the point of view of application are two-step operations, which unfortu-
nately were not given enough attention. The purpose of the article is to develop a technology for constructing mathematical models
of two-operand operations of cryptographic, similar to models of modified operations with precision to permutations, based on com-
puter simulation results. Results. The operations under consideration were broken down into 24 sets of double-action operations, in
four operations in each set. These sets were formed on the basis of the presence of identical one-operand two-digit operations of
cryptographic transformation in them. All sets of double-action operations were assigned a serial number. The illustrated and illus-
trated sequence of transition steps from the results of computer simulation to the applicable in engineering practice of the formalized
operation of cryptographic transformation reflects the technology of constructing mathematical models of two-operand operations of
cryptographic information transformation. Conclusions. Experimentally synthesized 96 two operand operations of cryptographic
transformation were classified into 4 mathematical groups of operations for 24 operations in each, and also allocated 24 sets of two
operand operations on 6 in each group, based on the presence of identical one operand two-bit operations in them. On the example of
one of the sets of two-operand operations, a sequence of mathematical transformations is considered that provide the construction of
generalized mathematical models of cryptographic operations. The sequence of steps of transition from the results of computer simu-
lation to the applicable in engineering practice of the formalized operation of cryptographic transformation reflects the technology of
constructing mathematical models of two-operand operations of cryptographic information transformation.

Keywords: cryptographic coding; cryptographic transformation; adding by module two; permutations, mathematical
model of operation.
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JIroTHa akanemis HarionanpHoro aBiamiiHOro yHiBepcuTeTY, KpornmuBHUIIBKYA, Y KpaiHa

NPUHIUIIN NOBYAOBU HEPCIHEKTUBHUX TPEHAXKEPHUX CUCTEM
HIAN'OTOBKU OINEPATOPIB ABTOMATU30BAHUX CUCTEM
YIIPABJIIHHA IMTOBITPAHUM PYXOM

[MixTpuMka mpodeciiiHo BaXKIMBUX SKOCTEH 1 BiJHOBJIEHHS 1X 3a IOIMOMOIOI0 TPEHAXKHOI ITiJTOTOBKH — L€ OJMH 3 OCHOB-
HUX BuAiB miarorosku oneparopis AC VIIP, 1o 103Bossie 3aKpinuTH i MOrIMOUTH OTPUMAaHI 3HAHHSI, IPUAOATH HABUYKU
il yMiHHS B YIpaBJIiHHI eKinakamu B OyJb AKX YMOBaX HaBirauiiHo-TakTH4HOI 0OcTaHOBKHU. Bij Toro, Hackinbku mpomy-
MaHHH{ 3MICT TaKoI IiI'0TOBKH, SIK OPraHi30BaHUH 1 MPOBEEHUI HABYAJILHUI IIpoliec, Oyzie 3anexary piBeHs npodeciinoi
MalcTepHOCTI Ta Oe3MeKa MonboTiB. 3a3HaueHi 00CTaBUHYM BUKIMKAIOTh HEOOXIIHICTh yHiikauil MpoBeJeHHs TPEHAXHOI
MATOTOBKH HAa BCIX PIBHAX, MOYMHAIOYM BiJl HAaBYAJIBHOIO 3aKJIaJy 3aKiHUYOUM MiCLEeM IOCTiiHOI poboT QaxiBis.
IIpeaqmerom BUBYEHHS CTATTi € aHali3 CHOCOOIB Ta 3ac00iB 3a0e3MeueHHs IiJBUILECHHS PiBHA NPOQdeciiiHOl MiAroTOBKH
OIepaTopiB aBTOMaTUYHMX CUCTEM YHPABIiHHS HMOBITPSHUM PyxoM. MeToI0 poOOTH € BU3HAUCHHS HAIPSIMKIB I1iJIBUIIEH-
Hs e(heKTUBHOCTI Npo(eciiiHOI MiIrOTOBKU ONEpaTopiB aBTOMATHYHUX CHCTEM YIPaBIIiHHS MOBITPSHUM PYXOM IIPU BHKO-
PHUCTaHHI IHTENEKTYaJIbHUX TEXHOJIOTIH NMPOEKTYBAHHSA TPEHAKEPHUX CHUCTEM. 3agada — OOIPYHTYBAaHHS TEXHIYHHX pi-
IIEHb, BIIPOBA/UKCHHSA SKHX JI03BOJIUTH PO3IIMPUTH KOJIO BUPINIYBAHUX Ha TPEHAXKEPaX 3aBJlaHb, yPi3HOMaHITHUTH YMOBH
MPOBEJCHHS TPEHAXKIB, aJAITUBHO KOHTPOIIOBATH 1 PEry/IIOBaTH CKIAIHICTh BUPIIICHHS KOHTPOJIbHUX 3aB/aHb ,  TAKOX
(dbopMyBaTu 1 KOPUryBaTH iHAUBIAyallbHI NPOrpaMH MiJTOTOBKH Y4HIB 3 ypaXyBaHHAM IX 3HaHb, JOCBiJy Ta HaBUYOK. Bu-
CHOBKH - 3 MCTOIO HiJIBUILCHHS e()eKTUBHOCTI HaBUaHHS IPH MiArOTOBLI ONEPATOPiB HAa TPEHAKepaxX IMOBHHEH IPOBOU-
THUCS TIOCTIMHUI KOHTPOMb il OneparopiB, B TOMY YHCII MPOLEC CIPUIHATTS CUTYaLii OonepaTopoM, HOro OCMHUCIICHHS,
(opMyBaHHS HEOOXiZHUX HABUUOK, a TAKOXK MCUXO0(]i310JI0ri4HOr0 CTaHy OnepaTopa pH BUPIIICHHI IM [10CTaBJICHOrO 3a-
BaaHHA. KOHTposb 1 OLiHKa OnepaTopchKoi [isUIBHOCTI J03BOJISE 3[IMCHIOBATH 3BOPOTHMII 3B'30K, JAI0YM MOXIIMBICTH
OLIHIOBATH CTYIIiHb JOCSATHEHHS IOCTABJICHUX LiiJei, KOPUTYBATH MOZAJIBIIY [IPOrpaMy HaBYaHHs, POOMTH BUCHOBOK IIPO

PpiBEHb MiJArOTOBJICHOCTI ONepaTopa 10 NPAKTHYHOI pOOOTH Ha pealbHUX 00'eKTax.

KawuoBi cioBa: TpeHaxxuuii komiuiekc; ornepatop ACY; nucrieruep YIIP; miaroroBka.

Bctyn

IMocTanoBKa 3amayi. [[yis miaTpUMaHHS BiAMOBII-
HOrO piBHA MNPOQeciiHOl MiATOTOBKH JHCIETYEPIB
yrpaiiaHs noBiTpsHuM pyxoM (YIIP) neoOximHO 30-
cepeKyBaTH TOJIOBHY yBary Ha TpEHa)KHiH MiATOTOBII,
il 3abe3neueHocTi METOJMYHUM CYNPOBOKEHHSM, CY-
YaCHHUMH TPEHAKEPHUMH CHCTEMaMH (KOMILIEKCaMH),
IO [JO03BOJIUTH MIiATPUMATH ¥ 3aKpilUTH OTpUMaHi
3HaHHS, NPUA0ATH HAaBUYKA W yMIHHA B YIpaBIiHHI
eKilla)xaMyi B CKJIAJHIA AUHAMIYHIN HaBirauiigii o0-
CTaHOBIII Ta OCOOJIMBUX CHTYAIisIX.

IIpu po3podIi CyyacHHX aBTOMATHU30BAHUX CHC-
tem ynpasiinas (ACY) auHamMivHEMU 00'eKTaMu (J1iTa-
KaMH, KOCMiYHUMH KOpaOJIsIMHU, CyJaMu Ta iH.) BUHUKAE
BEJIMKA KiTBKICTh HEBUPIIICHUX 3aBaaHb. OIHUM 3 Hali-
BXUTUBIIIMX € 3aBAaHHS 3a0€3MeYeHHsI BUCOKOI e(ek-
TUBHOCTI B3aeMofii omnepaTtopiB 3 ACY B mporieci pea-
mizarii GyHKIii ynpatiaas [1].

[Ipu aBTOMaTH30BaHOMY YIIPaBJIiHHI MOBITPSHUMHU
cymamu (I1C) Ha mepmmii IUIaH BHUXOTUTH MpoOiieMa
(opMyBaHHs HEOOXiTHOrO piBHS HpodeciiHol maroro-
BKM JromuHH-oneparopa [2]. IIpoGiema migBUIICHHS
edextuBHOCTI podeciitHoi miaroroBku onepatopis AC
VIIP crae Bce Oinbin aktyanbHO. [liBHINEHHS Bax-
JUBOCTI pomi omneparopiB ACY, mos's3aHe 3 HEOOXiIHi-
CTIO YIIPaBJIiHHS MMOJIbOTAMH B OUTBII CKJIQJIHMX YMOBAX,
1LIe TOCTPO CTaBUTh NPOOJIEMY BIOCKOHAJIEHHS METOJH-
YHHX 1 TEXHIYHHUX 3aCO0IB IMiATOTOBKH OIEPaTOPiB.

Omneparop, SIK paBuIIo, IpUHMae HaHOLIbII CKIIa-
JIHI 1 BiMOBiNaNBHI pinneHHs mo ynpasiinaio [1C, npu-
YOMY BiJl NPaBWJIBHOCTI HOro Iiif, BMiHHS CBOEYacHO
3HAWTH 1 peasizyBaTH NpaBUIbHE IOMYCTHME PIllICHHS B

CKJaJHIA cUTyalii 3aJeXUTh HE TUIbKU €()EeKTHBHICTH
BUKOHAHHS TIOJILOTIB, aje B PSJi BHIIQJKIB IUTICHICTH
camoro I1C i xxurrs nroneii [2].

Haii0inpm egekTuBHUM 3aco00M mpodeciiiHoi Tmi-
nroroBku orepatopiB AC YIIP e Tpenaxepu, mo 3a-
0e3IeuyIoTh ITYYHE BIATBOPEHHS YMOB 1 (DaKkTOpiB, sIKi
MaloTh MiCIIe B MPOIIECi pOOOTH oreparopa.

Ha BigMiHY BiJl aBTOMaTHYHUAX CUCTEM, J€ JIFOIUHA
MOBHICTIO BHIKJIIOUEHAa 3 KOHTYpY ympasiinaig, ACY
nependavyae akTHBHY Y4acTb JIFOJAWHH B TIPOLIEC] yIpaB-
JIHHS, 10 3a0e31euye HeoOXiTHY THYUYKICTh 1 aJlanThB-
HICTh CUCTEMH YITPaBJIiHHSI.

ABTOMAaTH3allisl YIPaBIiHHS ICTOTHO PO3IIUPIOE
MOXIIUBOCTI OIlepaTopa II0 CBOEYACHOMY BHUPIIICHHIO
3aBllaHb YIPABIiHHS, NPU [bOMY CaM OIEpaTop CTae
HaWMEHII HaIiHHOIO JTAHKOIO IMPH peatizallii Mmporecy
yIpaBiiHHs. B mporeci poO0OTH Ha aBTOMaTH30BaHOMY
po0OYOMY MICIII OMepaTop MOXKE JOMYCKATH ITOMUIKU
[4, 5, 6], siKi iICTOTHO 3HIKYIOTb SIKICTh 1 OIIEpaTUBHICTH
Horo po0oTH.

JocmimkeHnns mokasyroTs [1, 3-6], o Oiibiie mo-
JIOBUHU TIOMUJIKOBHX [Iiii OIepaTopiB Ta MEpPEeayMOB JI0
HEIITaTHUX CUTYalil, KINacH(]iKyrOThCS SIK «HErPaMoT-
HA» eKCIUTyaTalis 1 BigOyBalOThCA dYepe3 HeIOCTaTHI
3HAHHS CYTI MPOLECIB, IO BinOyBaIOTHCS i Yyac podo-
TH CHUCTEMH, a00 HEIOCTATHHOI'O PO3YMIHHS HACIIMKIB,
110 BUKJIMKAIOTHCSl HEMPABUIILHUMHU [IISIMH OTIEpaTopa.

ToMmy mHpH IpOEKTYBaHHI TpEHaXKEepiB IS MiIro-
toBku oneparopiB AC YIIP 3 ympasninns I1C, moBunHI
OyTu peasizoBaHi Taki OCHOBHI CKJIaJIOBI iX JIsUTBHOCTI:

- YMOBHU pOOOTH OIEpaTopiB;

- 30BHiIIHE cepepouie ¢pyHkiionyBanus J10;

- HaBYaHHs, KOHTPOJIb 1 OIliHKA JIili OrepaTopiB.

© Cropuak B. C., 2018
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Ananiz gireparypm. IIpoGimemam CTBOpeHHS i
MOJIEpHi3alii TpeHa)KEpPHUX KOMIUIEKCIB PI3HOIO MpH-
3HAQYEHHS 1 METOOJOTIYHMM IIPHHIMIIAM CTBOPEHHS
IHTErpOBaHOI HABYAJIHHO-TPEHYBAIBHOI CUCTEMH IiIro-
TOBKH TPHUIUIEHO yBary B poOOTax TakHX aBTOPIB, SIK
IMansonuii A. C., CannikoB B. A., Heminsko C. H.,
Kpacoscekuii A. A. taiu. 3, 5, 7, 8].

[IpoGnemi miaBHIIEHHS SIKOCTI TpodeciiHoi miaro-
toBku mucrnieryepiB YIIP 3a paxyHok peanizauii iHIuBi-
JIyalbHOTO IIAXOAY N0 HAaBYaHHS 3 BHKOPHCTaHHSIM
MPOLIEAYPHHUX TPEHAKEPiB NPHUIIIEHO yBary B podorax
[4, 5], ne nocmimxyBanucs NUTaHHS PO3POOKM Hesale-
JKHUX aBTOMAaTHU30BaHUX 3aCO0IB peecTparlii, aHaji3y Ta
OIIIHKM Jii aBiaquCIIeTYepiB 1 3aCTOCYBaHHs 1X Ha Tpe-
Ha)kepax yIpaBJIiHHs MOBITPSHUM PyXOM.

Opanak mpobsieMa YIOCKOHAJICHHSA MpodeciiHol
miaroroBku oneparopiB AC YIIP, B ToMmy 4mcii 3 BUKO-
PHUCTaHHSIM TpEHa)XXepiB, TPEHAKEPHUX CHCTEM Ui (o-
pMyBaHHS YMiHb 1 HABHYOK B CKJIaJHiii 00CTaHOBII 3a-
JIMIIAETHCS. HEJOCTATHBO JI0CHTiDKeHOt0. He po3risiayTo
MUTAHHS TPOEKTYBaHHS 1 PO3POOKH MEpPCIEKTUBHUX
TpPEHaKEPHHUX CHCTEM sl Npo(deciiHOi MirOTOBKH
oneparopiB AC YIIP, siki 103BOJIATH HE TUIBKH (OPMY-
BaTH HABUYKW Ta BMiHHS B aBTOMaTH30BAaHOMY YIpaB-
JIHHI eKiMakaMu, a W 37aTHI aHali3yBaTH, KOHTPOJIIO-
BaTH 1 OLIHIOBATH X Jii, CTABUTH Pi3Hi PiBHI CKJIQJHOC-
Ti BIpaB i BapiloBaTH 1X 3MiCT.

MeTorw CTATTi € BU3HAYCHHS HANPSAMKIB ITiIBU-
HieHHs1 e()eKTUBHOCTI MpodeciifiHOl MiArOTOBKY olepa-
topiB AC VYIIP mpu BUKOpHCTaHHI 1HTENEKTyaJbHHX
TEXHOJIOTIH ITPOEKTYBaHHS TPEHAXKEPHUX CHCTEM.

Pe3ynbTaTu gocnigXxeHb

3aJeXKHO Bijl MPU3HAUYEHHS Ha TPEHAKEPH MOXKYTh
MOKJTAZaTHCSl HaWpPI3HOMAHITHININ 3aBJAaHHS: MOYaTKOBE
HaBYaHHS OIIEpPaTOPiB, iX MepeHaBYaHHS Ta TPEHYBAHHS 3
3aKpilUIEHHS HAaBUYOK, NpodeciiHuii BinOip, pilieHHs
3aj[a4 MPOEKTYBaHHS, JOCITI/PKEHHs 00JIaTHAHHS Ta CHC-
TEM YIpPaBIiHHA O0'€KTIB, BiIIpAIFOBAHHSI METOIUK 1
MporpaM HaBYaHHS OMEPaTOPIB, a TAKOXK BiAIIPAIIOBAHHS
3aBJIaHb ONEPAaTOPCHKOI MISUIBHOCTI Ha PI3HUX eTamax
ynpagininas [1C [2]. KonkpeTHi 3aB1aHHs, TOKJIaIeH] Ha
TpEeHAXKED, 3aJISKATh BiJI IiJICH HOr0 CTBOPCHHSL.

ParionanpHa MoOymOBa TPeHAXKEPHUX KOMILICKCIB
BHUMara€ 3acTOCYBaHHS CIICIiaIbHUX TEXHOJOTIH, IO
3abe3neuyoTs iH(opMalliiiHe, amapaTHe 1 MporpaMmHe
CHOJNY4eHHSI TPEHAXKHUX 3aco0iB, OaraTopa3zoBe, KO-
HOMIYHO peHTabenbHe BUKOPHCTaHHS PECypCiB, MOX-
JIUBICTh TMOCTIHHOI MOJepHi3alii TpeHaXepiB i po3IIn-
peHHs ix cxiamy. s 3abe3meveHHs (OpMyBaHHS Ta
BJIOCKOHAJICHHSI B ONEPaTOpiB MpOoQeciiHMX HABHYOK i
BMiHb 3 ynpaiinHg [IC Ha TpeHakepu NOKIAaJar0ThCs
TaKi OCHOBHI 3aBaaHHs [1]:

- MOJICNIIOBAaHHS B PEryJbOBaHOMY (yMOBIJIbHEHO-
My, peaJbHOMY, PUCKOPEHOMY) MacuITadi yacy (GyHk-
LiOHYBaHHs 00'€KTa (IMHAMiKW WOTO ITOBEIIHKH) 1 30B-
HINTHBOT 0OCTAHOBKHU B 3ac00aX CIIOCTEPEKECHHS 00'€KTa
BIJIMIOBITHO JI0 KEPYIOUMX BILIMBIB OIeparopa, 1o Ha-
BYAETHCS B HOPMAJIbHUX 1 KPUTUYHUX PEKUMAX;

- MozentoBaHHs (Pi3MYHKX (QakTopiB podoyoro ce-
penoBuIa, 0 BUKIMKAIOTh Y YYHIB BIAYYTTS, ajeKBa-
THO TIOB'SI3aHi 3 AJITOPUTMOM IX JAiSUTBHOCTI;

- YIPaBJIiHHS MPOLIECOM HAaBYaHHS i TPEHYBaHHS;

- KOHTPOIIb, OI[IHKA Ta peecTpallis IisUTbHOCTI orle-
paToOpiB B MPOIIECi HABYAHHS 1 TPEHYBaHHS,

- BiATBOpEHHs iHpopMarii, 3adikcoBaHOI B mpotie-
cl HaBYaHHA 1 TPEHYBaHHS, 3 MOMJIUBICTIO TUMYACOBOL
3YIUHKY Ta TIOBEPHEHHSI.

BukoHaHHs 3a3HaueHMX 3aBlaHb 1 BUMOT 3a0e3Iie-
YyeThCsl BIAMOBIHOIO CTPYKTYPHOIO MOOY/IOBOIO TpeHa-
Kepa. ANapaTHUH CKJIaJ KOHKPETHHUX TpEHaKepiB BHU-
3HAYAETHCS, MEPII 32 BCE, iX MPU3HAYCHHSM, TPUHHATH-
MU METOJAMH IIiITOTOBKH Ta CHEIM(pIKOK 00'€KTIB yII-
PaBJiHHS, A0 SKHX TOTYIOThcs omeparopu. OnHak, He-
3Ba)KAIOUW Ha BEJIMKY Pi3HOMaHITHICTh 3a3HAa4YeHHX (ak-
TOPIB 1 BIAMIHHICTh KOHCTPYKTHBHHUX 1 CXEMHHX OCOOJIH-
BOCTEW OKpEMUX TPEHAXKEPIB IX CTPYKTYPH 1I€HTUYHI.

3 ypaxyBaHHIM HaWOUIBII iICTOTHUX 3a1a4, sIKi O~
BUHHI OYTH peasli3oBaHi Ha TpeHa)Kkepi, WOro MOXKHa
YSIBUTH K CHCTEMY, IO CKIagaeTbes 3 omepatopa AC
VYIIP, aBTOMaTH30BaHOrO POOOYOro MICII OIepaTopa
(APMO AC VIIP), monentorouoro mpuctporo (MII),
amapatypy KOHTPOJIIO 1 OI[IHKH il THX, XTO HABYAETHCS
(AKO ) i iHCTpyKTOpa, @ TaKOX 3B’S3KIB MK HUMH
(puc. 1). OCHOBHUM €JIEMEHTOM L€l CTPYKTYpPH € aBTO-
MaTtu3oBaHe podoue micie oneparopa AC YIIP, Ha siko-
My BiITBOPIOIOTHCS YMOBHU iMiTOBaHOro mporuecy. AP-
MO AC VIIP siBnsic co00t0 BUKOHAHUH B HaTypalbHY
BEIMYMHY MaKeT po0o4oi 30HM peanbHOro od'ekra abo
caM peanbhuit 00'ekT. Ha APMO BCTaHOBITIOIOTHCS BCi
HEOOXIHI OpraHu YIPAaBIIiHHsI, 3aCO0HM BiOOpPaXKCHHS 1
3aco0M 3B'SI3KYy, SKUMH KOPHCTYETHCS OIEPaTOp IPH
YIIPaBJIiHHI pealbHUM O0'€KTOM.

B sixoCTI MOJIENIOI0UOT0 NMPHUCTPOIO BUKOPUCTOBY-
€ThCs, K TpaBmiio, odunctroBaibHa cuctema (OC). Ha
OCHOBI MPOrpaMHO peali3oBaHOi MoOfei 00'ekTa i Horo
CHCTEM PO3PaxOBYIOThCS MAapaMeTPH, SKi HEOOXITHI JIst
iMiTanii yMOB NpoOTiKaHHS peaynbHOro mporecy. Li ma-
paMeTpu BUBOJATHCA Ha 3aco0H BimoOpaxkeHHs APMO
AC VYTIIP. Kepyroui aii oneparopa € BXiIHUMH Iapame-
TpaMu MoJIeNIeH.

[Iporpamue 3a0e3neyeHHs, IO BUKOHYETHCS Ha
00YHCITIOBAIBHUX 3ac00aXx, MOIIJIBHO CTPYKTYPYBATH 3a
3aBIaHHAMH. Hanpukiaz, Taki 3aBJaHHsl, K yIOpaBIliH-
HA1 pOOOTOI0 MOJEICH CHCTEM B peEaJbHOMY dYaci,
YIIPaBJIIHHS PeXHUMaMHU TpeHa)Xxepa, OpraHizallisi TpaHc-
MOPTY J@HUX MK NPHUKIAIHUMHU NPOTPaMHUMHU MOAY-
JsIMH, € (aKTUYHO YHIBEpPCAILHHUMH, TOOTO HE 3aJIeK-
HUMHU BiJl cnenudiku 00'ekTa, IO MOJENIOEThCS. Bci
Noi0HiI 3aBJIaHHS Ma€ CEHC BUIIUINTH 1 pealli3yBaTH ix B
OKpEMOMY TaKeTi [POorpaM 3arajbHOro MaTeMaTHYHOTO
3a0e3meueHHs TpeHaxkepa (3M3).

Ockinbku 3M3 He 3a1eKuTh Bi crierudiku 00'ek-
Ta, IO MOJEIIOETHCS, TO, (pakTHYHO, HOro MOXKHA BBa-
xatu npuHaiexHicTio OC. CykymHICTh NpPHKIaTHAX
MOJIYIIiB, 110 PEati3yroTh crenudiyHi 3aBIaHHs TpeHa-
Kepa 1 IpaiforoTh mmia ynpasmiHHIM 3M3, Ha3BeMo
CICIiaJIbHUM MaTeMaTHYHUM 3a0e3neueHHsM (CM3).
Kpim 3M3 i CM3, o ckiiany TpeHa)epa 4acTo BKITIO-
YyaeThesl TecToBe porpamue 3abesneuenss (TI13), mpu-
3HAYCHE 30KpeMa Ui KOHTPOJIO ILTICHOCTI CHUCTEM 1
Mpane3faTHOCTI 00JaaHaHHS B NeEpioA eKcIuryaTaiii
TpeHaxepa [1]. HaiBaxumBimmmu ckiagoumu CM3
TUIIOBOT'O TPEHaXKepa €:
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Omneparop APMO
< - MII
AC VIIP A AC VIIP
&
[HCTpYKTOp P AKO
Puc. 1. V3aranpHeHa cTpyKTypa TpeHax)epa
- MoJenb O0'€KTa aBTOMAaTH30BaHOI CHCTEMH  Hillle PO3BUBAIOTHCS X 3410HOCTI TPaMOTHO BUKOHYBa-

yIpaBiaiHHS (IO CKIIQJAETHCS 3 amapaTHOl YacTHHH,
MAaTEeMaTUYHOI YaCTUHH IMITYE JIOTIKY poOOTH 00'€eKTa
ACY, inrepdetic onepatopa);

- MOJIeb 00'€KTa YIIPaBIIiHHS;

- MOJIEJIb CEpPEIOBUIIA;

- cucTteMa imiTallii 00CTaHOBKH.

SIK110 3aBAaHHS MiATOTOBKH OIEPATOPIB mependa-
YaloTh HAsBHICTh PO3BHHEHMX 3acC00iB MiATPUMKH Ha-
BYAJIBHOTO TPOLIECY 3 BUKOPHCTAHHIM TpEHa)Kkepa, TO
CTBOPIOETHCSL  CHCTEMa  YNPABIIHHSA TpPEHYBaHHSIMH
(CYT). Y 1o cucteMy MOXYTb BXOIUTH:

- mynbT KoHTpouto 1 ynpasininas (IIKY) 3 nexinb-
KOMa poOOYMMH MICIISIMU 1HCTPYKTODIB;

- TIporpamHe 3a0e3leueHHsl YIpaBIliHHS TpeHyBa-
JILHUM TIPOIIECOM 3 iHTep(heiicoM KOpHCTyBaua;

- mificucTeMa aBTOMAaTHYHOTO KOHTPOJIO Olepa-
TopchbKoi misutbHOCTI (AKO/);

- mporpaMHe 3a0e31edYeHHs MiJIrOTOBKH BIIPaB, pe-
€cTpalii Ta aHai3y HOro pe3ylbTaTiB;

- iH(opMaIliifHO-TOBIIKOBA CHCTEMa IO 00'€KTY i
TpeHaxepy.

3B'A130K Mik POOOYMMHM MICIIIMHU Ha TpEHaXKepi 3a-
oesmeuye cucrema 3B's13ky (C3). Ha Hel mokimamaroThes
TaKi 3aBJIaHHS:

- iMiTalis 3B'SI3Ky MiJK 00'€KTaMU YIIpaBJIiHHS;

- iMiTaIlis 3B'SI3KY «00'€KT YIPAaBIIiHHSI - OIEpaTop
AC VYIIP», a Takox Mix ornepatopom ta [TIKY;

- 3a0e3MeYeHHsI IepCOHAIY, 10 MPOBOIUTH TPEHY-
BaHHS, PEMOHTHO-TEXHOJOTIYHUM 3B'SI3KOM, SKHH MIr
O0u (yHKIIOHYBaTH MapajieilbHO ICHYIOUMM KaHajlam
3B'SI3KY.

[Ipu mpoekTyBaHHI TpeHaXKEPIB HENOCTATHHO 3BEP-
TAEThCS yBara Ha IPOIIEC HABUAHHS OMEpaTopiB, a came
Ha CUCTEMY YIPaBIIHHI SKICTIO MPOQeCiHHOT MiATOTOBKA
omneparopiB AC YIIP (mizcucreMy aBTOMaTHYHOTO KOHT-
poiro onepatopebkoi misuibHOCTI - AKO/I) (puc. 2). Ko-
HTPOJIb OIEPATOPChKOI MisTIBHOCTI Ma€ Ha MeETi, IO-
TiepIie, poOUTH OIIHKY il OIepaTopiB IOI0 BUMOT 10
BUKOHYBaHHX 3aBJlaHb, IO-APYTe, 3a0e31eyBaTH BUSB-
JIEHHSI TIPUYMH HENpaBWIBHUX il onepaTopiB abo mii,
SIKI MOXYTh OYTH HACIiIKOM HEIOCTATHHOI'O HABYAHHS
1, IIO-TPETE, BU3HAUCHHS CTYIEHS IX ITiJTOTOBJIEHOCTI 10
peajJbHUX YMOB, @ TaKOX MOMEHTY IX T'OTOBHOCTI IO
Nepex oy BiJl OfiHieT TpeHYBaJIBHOI 3a/1a4i 10 1HIIIOI.

UuM rulire 3iHCHIOETHCSA HA TPEHAXepi aHawi3
pe3ynbTatiB il omepaTopiB 1 YMM OLIBII OCMHUCIEHO
BHUKOHYIOTHCSI HUIMH TIOCTaBJICHI 3aBJIaHHS, TUM YCHill-

i (pyHKUiOHANBHI 000B's3kH. Lle 3aBnaHHs eheKTHBHO
BUPILIYEThCS HUISIXOM ONTUMI3alii Iporecy HaBYaHHS
Ha OCHOBI KUJIBKICHOTO aHamidy (yHKIIOHYBaHHs CHC-
TEMH TPEHaKEp-OIepaTop i mapaMerpis, Mo (iKCyrOThb-
csl B TIpOLIECi MPOBENICHHS TPeHYBaHb. [ boro B Tpe-
Ha)kepax 1 TPEHa)KEPHUX KOMIUIEKCAX, SK MpPaBUIIO, 3a-
0e3IeuyeThCsl MOMKIIMBICTD 3aIlaM'TOBYBaHHSI pe3yilb-
TaTiB MOJIOHOT0 aHaJIi3y 1 HAKOITMYEHHSI IAHUX 3 METOO
BiJJOOpa)KeHHsI ICHYIOUMX B3a€MO3B'SI3KIB MK PI3HUMH
MOKa3HUKaMU (YHKIIOHYBaHHS, SIKICTIO BHKOHAHHS
3aBJlaHb 1 pe3yJabTaTaMu HaBuaHHs. J[J1s bOTO B CKIaIi
TpEeHa)KepiB CTBOPIOETHCSI aBTOMATH30BaHA CUCTEMA
OLIIHKY OIepaToOpChKOi AisIbHOCTI [1].

APMO AC VIIP
Monens
Tlymemu | | 3acobu Sa.COGH 2acobie 28 23Ky
Binobpaxensa| 3B'A3Ky
IICO

ObuncnroraneHa cHcTeEMa

M3 | oM3 | Tmm3

|

CVT
nky [axon | m3 | 1c

MMonsne zrEaniMHOT
of exTa yopaEminaT

Puc. 2. Tunoa cTpyKkTypa TpeHaxepa
Juts miarorosku omneparopis AC YITP

Ha puc. 3 mpexcraBieHa 3arajgbHa cxeMa MOJENi
iHpOpPMaIifHUX TIOTOKIB aBTOMAaTH30BaHOI CHUCTEMH
YIIPaBJIiHHS SIKICTIO MiJTOTOBKH OIIEPATOPCHKOI JIisUTh-
HOCTI Ha TpeHaxkepi JJsi npoeciiHOl MiArOTOBKH Olle-
patopis ACY.

Posrisinemo iH(popManiiiHi MOTOKHM, IO MPOTiKa-
I0Th TiJ Yac BXiJHOTO KOHTPOJIO POOOTH CHCTEMHU B
npoueci HaByanHs oneparopiB AC YIIP. Ha nmouarko-
BOMY €Talli MiJIrOTOBKH (TI€pEeniArOTOBKH, MepeHaBYaH-
Hsl, TiJBUIIEHHsS KBamiikarii) ormepaTopiB HEOOXimHO
BUSIBUTH iX piBeHb NpOQeciiHOl MmiAroToBKU st (op-
MyBaHHsI cTparerii HaBuaHHs. [lJi1 IIbOrO B CHUCTEMY
3aHOCSTHCS TIEPCOHANBHI JIaHi orepaTopa, i popmyeThbes
HaOip iHAMBIAYaJIbHUX 3aBIaHb JJIS BiANpallOBaHHA iX
niit Ha TpeHaxepi. dopmyBaHHS HAOOPY 1HIMBITyaIIb-
HUX 3aBJaHb Iependavyac BUPINIEHHs OaraTokpurepia-
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JILHOI 3aJiavi onTUMizallii mo ¢popMyBaHHIO Habopy Tec-
TiB, 3AIMCHUTH SIKY MOKJIBO 3 BUKOPHCTaHHSIM arapaTy
TEHETUYHUX aJITOPUTMIB.

IIpu dhopmyBaHHI 1HAKMBIAYyaIBHOTO HAOOPY TecC-
TOBUX 3aBJaHb HEOOXIJHO BPaxOBYBaTH: MEPCOHAIb-
Hi J]aHi oneparopa, piBeHb CKIAJHOCTI TECTiB, Yac iX
BHKOHAHHS, BIIHICTG 1 iHII XapakTepuctuky [1, 2].
B mporeci TecTyBaHHSI 31 CHIOETHCS ONEPATHBHUNA
KOHTPOIIb, NPHU SIKOMY PEECTPYIOThCs Iii omeparopa
Ha TYJIBTOBOMY OOJIaJHAHHI aBTOMAaTH30BaHOTO PO-
6ouoro micust (APM), BU3HA4arOTHCS JIOT14HI, onepa-

MHoXuHa TecTiB

|
= DGopMyEaIHEA :
Buimamit Habopy IHIHEITyTE- |
KOHIpOTE i it
3aB7aHE

|
! Kontpomne
|
1

LifHI Ta TUMYACOBI BIOXWJICHHS Hil omepaTtopa (Ime-
PEBUIICHHS Yacy BUKOHAHHS Olepaiii, Tpusaya 0e3-
IisTBbHICTB). B pesynbTati Bei BigXWIleHHS Iii orepa-
TOpa MOPIBHIOIOTHCS 3 TUMH JIISIMH, SIKI PerjaMeHTOBaHi
B JIaHii cucteMi ynpasiiHHs. [Ipy bOMY BHSBIISIOTHCS
TIOPYILIEHHS ITOCHiJOBHOCTI Jil, HEBUKOHAHI 00OB'S3KO-
Bi a00 BHKOHaHI HenpumycTumi ii. YacoBi BiAXHUICHHS
TaKoK (DIKCYIOTBCS, OCOOJHBO SIKIIO BiJAMIHHICTH MiXK
HOPMAaTHBHUM (TI0 1HCTPYKIIT) 1 pakTHYHUM YacoM BU-
KOHAHHS Ti€l YW 1HIIOT KOMaHIM TEPEBUILYE JOITYCTH-
MU YacOBUH 1HTEpBAII.

BiamparoraHua i
Iifi omeparopa :
i
I

HocATHeHH
mim
M ITOTOEKH

TIporsoz HaEYaHOCTI
onepartopa

Puc. 3. 3aranpHa CTpyKTYpa yIpaBiliHHSA SKICTIO i IrOTOBKU
mucrieryepa YIIP Ha TpeHaxepi

3a pe3ynbTaTaMH BXIJHOI'O KOHTPOJIO IO BUKO-
HAHHIO OKpEMHUX OIlepaliii i eramiB pO3B'SI3yBaHOrO
orepaTopaMH 3aBjaHHs (DOPMYEThCS CTpaTeris iX Ha-
BYaHHS, i pO3PaxOBYBATHCS IMPOTHO3 HABYEHOCTI, IO
POOHTH MOXIIMBUM peajlizalilo iHIUBIAyaJbHOIO ITijI-
xony mo miarorosku oneparopis AC YIIP.

[Ticnst BU3HaUEHHs piBHS MiJrOTOBKH 1 popMyBaHHS
cTparerii HaBUaHHs BiJOYBa€ThCs MPOIEC CUTYALIIHOTO
aZlanTUBHOTO (pOpMYBaHHS CEpeIOBHUILA HABYAHHS OIle-
paTopa B TIpOILECi TPEHAKHOI MiITOTOBKH IILIIXOM HOro
IHTENeKTyai3alli 3 BUKOPUCTAHHSIM HEUITKAX MITY9HHX
HEHUPOHHUX MEpex.

Binbir neranbHO Mpoliec CUTYAIifHOTO aalTHBHO-
ro (OpMyBaHHS CEPEIOBHUILA HABUYAHHS TPEHAXKHOI ITijI-
TOTOBKH TIPECTABICHUH Ha puUC. 4.

Ha nouartky HaBuanus oneparopisB AC VIIP, Bu-
XOMS4M 31 cTpaTerii MiArOTOBKU, (hOPMYETHCS MEpeITiK
TUIIOBHX 3aBJaHb JUIS BiJIPALIOBaHHS X HA TPEHAXeEPI.
Jlami omepaTop MpHUCTYyMae 0 BiANMPAIIOBAHHSI CBOIX
.

Ipouec xoutpomo nii omepatopa AC VYIIP 3a
CBOEIO CTPYKTYPOIO HE 3MIHHUTKCS, aji¢ B 3aJICKHOCTI BiJ
XapaxkTepy BUpIIIYBaHMX 3aBlaHb, INPABHIBHOCTI Ta
eeKkTUBHOCTI Niii omeparopiB INTMOMHA 1 MaciTaOu
Horo mpoBeeHH MOXYTh OyTH pi3HuMU. [Iporec KoH-
Tposo Hamu Oyno po3risiHyro Bumle. OgHak y Mipy
npuaOaHHs HeoOXiMHUX HaBUYOK omepatopis AC YIIP
TpeHa)KepHi 3aco0M MOBUHHI 3a0e3neuyBaTu MoauQika-
LiI0 YMOB ITPOBEJICHHS TPEHYBAHb.

[TapameTpu yMOB 1 CHTYAIlili TOBUHHI 3MiHIOBATHCS
B HaWOULIBII HMOBIPHOMY Jiana3oHi, SIK B LUISIX ONTHMI-
3amii o0csry iHdopMaiiii, 10 MPeIBISIETHCA OIePaToPy
Ha pI3HMX eTamax IMiArOTOBKH, TakK i 3 METO0 (hOpMYBaH-
HSl THYYKHUX, QJANTHBHUX HABHYOK, SKI MOXYTb OyTH
BHUKOPHCTaHI B IPOTHO30BAHUX PEATLHHX YMOBax HOro
nisutbHOCTI. TOMY TpeHa)kep TIOBUHEH JI03BOJIATH 1HCTPY-
KTOpOBi 3MIHIOBAaTH CHUTYyallii, BBOAUTH HOBI abo monar-
KOB1 yMOBH, 1110 YCKJIaIHIOIOTh YIPABIIHHS 00'€KTOM 200
CTBOPIOIOTH TIEPEIIKOAM, a TAaKoX (HOpMyBaTH BIIPAaBU
JT030BaHO-TIPOrPeCcyroUuol CkiaaHocTi. [Ipu mpoMy HaBU-
YKH PaHKYIOThCS 32 3HAYMMICTIO; XapaKTep 3aB/aHb, SIKi
BUKOHYIOTHCSI B TIPOLIECI TPEHYBaHHSI, 1HAMBITyalli30BaHO
3 ypaxyBaHHAM (DYHKI[IOHATBHUX OOOB'SI3KIB 1 MOXKJIMBO-
cTelt oneparopa.

BuxizHi Ta mpoMiXHI pe3yJabTaTH KOHTPOJIO Jisi-
neHOCTI ortepatopiB AC YIIP 3aHOCSTBCS B 0a3y maHUX
Pe3yAbTATIB TPEHYBAHHS 1 MMICNIA BiANpaIfOBaHHA KOM-
IUIEKCY THUIOBHX 3aJad aBTOMATHU30BaHa CHCTEMa
YIIPaBJIiHHS SIKICTIO MiJTOTOBKH OIEPaTOPiB ITOBHHHA
BH3HAYUTU CTYIIHb MiATOTOBICHOCTI oreparopiB AC
VYIIP mo pobotu Ha peaqbHOMY poOOUOMY Miclli abo ix
TOTOBHICTh JI0 IEPEXOJy Ha BIANPAIFOBAHHS IHIIOTO
TpeHyBaJIbHOTO 3aBlaHHs. KpiM TOro B pa3i HEBHUKO-
HaHHS Oynb-SIKOI THIIOBOI 3a7adyi CHCTeMa IIOBHHHA
copMyBaTH IHOUBIAYal bHY NpOrpaMmy MiATOTOBKH 3
ypaxyBaHHsIM 3/110HOCTeH oreparopa, HOro HaBMYOK Ta
yMiHb, @ TaKOX CIPOTCHO3YBaTH WOro MOJajibllie Ha-
BYaHHS aHAJI3YIOUX Pe3yIbTaTH HOMEPEeaHbOI pOOOTH.
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Puc. 4. Cutyaniiine agantuBae GopmyBaHHs cepenoBuina HapdanHs oneparopa AC YIIP
B TPOLIECI TPEHAKEPHOI MiArOTOBKU

BucHoBKM

[MiaTpumka npodeciiiHo Ba)XJIMBUX SKOCTEH 1 Bif-
HOBJIEHHS iX 3a JIONIOMOr'OI0 TPEHAaXKHOI IMiATOTOBKU —
LI OJIMH 3 OCHOBHUX BHJIIB ITiATOTOBKH orepaTopiB AC
VIIP, mio 103BONSAE 3aKPINUTH W MOTIHOUTH OTpUMaHi
3HAHHS, NPUA0ATH HABUYKA W yMIHHA B YIpaBIiHHI
eKinmaxaMy B Oy/b SIKMX YMOBaX HaBiraliifHO-TaKTUYHOI
00CTaHOBKU.

Bij Toro, HaCKUIBKU MPOAYMaHUI 3MiCT TaKoi i JI-
TOTOBKH, SIK OPTraHi30BaHWH 1 MPOBEICHUH HABYAIbHUIM
npotiec, Oyzae 3aiexaru piBeHb npodeciiiHoi Maiictep-
HOCTI Ta Oe3leka IOIbOTIB. 3a3HaueHi OOCTABUHM BU-
KJIMKAlOTh HEOOXiJHICTh YyHi(iKalii IpoBeleHHs Tpe-
HA)KHOI MiJrOTOBKM Ha BCIX PIBHIX, TMOYMHAOYU BiJ
HABYAIBHOTO 3aKJajy 3aKiHUylOYH MICLeM IOCTiHHOI
pobotu daxisIs.

3 MeTO MiJBUIICHHS e(EeKTHBHOCTI HaBYaHHS
npu migrororui oneparopiB AC YIIP Ha TpeHaxepax
MMOBHHEH TIepea0avaeThCss MOCTIHHUA KOHTPOJb i
OIepaTopiB, B TOMY YHCII IPOLIEC COPUHHATTS CUTYaLlii
OIIepaToOpOM, HOro OCMHCIIEHHS, (JOpMYyBaHHS HEOOXi-
HUX HaBUYOK, a TAaKOXK MCHXO(]i3i0IO0TIYHOIO CTaHy
orepaTopa MpH BUPILIEHHI iM MOCTaBJIEHOTO 3aBJaHHS.

Ha nmaHuii MOMEHT MUTaHHS NMPOEKTYBAHHS 1 pO3POOKH
MEpPCIIEKTUBHUX TPEHAXKEPHUX CHCTEM JUIsl podeciiHoi
miaroroBku oneparopiB AC VYIIP, siki 103BOSTH He
TiIbKH (pOpMYBaTH HAaBMYKH Ta BMIiHHS B aBTOMAaTH30-
BaHOMY YIIPaBJIiHHI eKila)kaMH, a ¥ 3/1aTHI aHali3yBa-
TH, KOHTPOJIIOBATH U OI[IHIOBATH 1X Jil, CTABUTH Pi3HI
PiBHI CKJIQJHOCTI BIPaB 1 BapiloBaTH iX 3MICT 3ajMIIa-
I0ThCSI HE PO3TIISIHYTUMH.

TpeHaxkep MOBUHEH JTO3BOJISITH IHCTPYKTOPOBI 3Mi-
HIOBAaTU CUTYallii, BBOAUTH HOBI ab0O J0IaTKOBI YMOBH,
[0 YCKJIaJHIOIOTH YIPaBIiHHA 00'€KTOM a00 CTBOpIO-
I0Th Tepemkoan. KOoHTponb 1 OIiHKa OnepaTopchKOi
JUSUTBHOCTI JTO3BOJISIE 3IIMCHIOBATH 3BOPOTHHH 3B'SI30K,
JTAIOYM MOXJIUBICTH OIIHIOBAaTU CTYMIHb IOCSATHEHHS
MOCTABJICHUX MiJeH, KOPUTYyBaTH MOAAJIBIIY IIPOrpamy
HaBYaHHSI, pOOUTH BUCHOBOK MPO PiBEHB IiIrOTOBIICHO-
CTi omeparopa J0 NPaKTUYHOI pOOOTH Ha peaJbHOMY
po6oYOMY MiCITi.

Tomy mopmanbun JOCTiIKEHHS HEOOXiTHO Harpa-
BUTH Ha PO3POOKY aBTOMATH30BAHOI CHCTEMH OI[IHKH
OIIEepaTOPCHKOI ISUIBHOCTI, O sKOI BKJIIOYEHI 3acOo0H
peectpatii, aHasi3y, OLIHKY Jii onepaTopa, Moaudika-
LIi}0 YMOB TIPOBEICHHS TPEHYBAHb 1 IX 3aCTOCYBaHHS Ha
TpeHaKepax.
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Hpﬂl—lllﬂl]bl MOCTPOCHUSA MEPCNEKTUBHBIX TPEHAKEPHBIX CHCTEM IOATOTOBKH ONIEPaTOPOB
ABTOMATH3UPOBAHHBIX CUCTEM YIIPABJICHUA BO3AYIIHBIM ABUKCHUEM

B. C. Cropuak

IMomneprkka NpodeccHOHAIBHO BaXHBIX KAYECTB M BOCCTAHOBIIEHHS MX C [IOMOLIBIO TPEHAXKEPHON IOATOTOBKH - 3TO OJMH
13 OCHOBHBIX BHIOB NOAroToBKH oneparopoB AC YBJI, 4To N0o3BOJISIET 3aKPEHUTh U yrIIyOUTb MOIY4EHHBIC 3HAHMS, IpUodpe-
CTU HAaBBIKUM U YMEHHS B YNPABICHUHU SKUIAKaMH B JIFOObIX YCIOBHUAX HAaBUIALMOHHO-TAKTHYECKOH oOcraHoBKH. OT TOro, Ha-
CKOJIBKO IIPOIyMaHO COAEPKaHUE TAKOM MOArOTOBKH, KaK OpPraHW30BaH U MPOBEJCH y4eOHbIiH npolecc, OyaeT 3aBUCEeTh YPOBCHb
po(eCCHOHAIIBHOI0 MacTepcTBa M OE30M1acHOCTh MOJICTOB. YKa3aHHbIE OOCTOSTENILCTBA BBI3BIBAIOT HEOOXOIMMOCTh yHU(DHKaA-
LMY [IPOBEJICHUS TPEHAXKEPHO! MOArOTOBKM HA BCEX YPOBHSAX, HAYMHAS OT y4eOHOrO 3aBEIEHUS 3aKaHUMBAsi MECTOM IIOCTOSH-
HOH pabotel crenuanucra. IIpeqMeToM n3ydeHHs CTaThbH SIBIACTCS aHAIN3 CIOCOOOB M CPEACTB OOECIEUEHHUS MOBBIIIECHUS
YPOBHS NPO(eCCHOHANBHON ITOArOTOBKU ONEPaTOpPOB aBTOMATHYECKUX CHUCTEM YIIPABJICHUS BO3AYIIHBIM JBIDKeHHEM. Llesbio
paboThI ABJISAETCS ONPEEICHUE HAPABJICHUH MOBbIMIEHUS 3(PEKTUBHOCTH NPO(ECCHOHAIBHOM TOATOTOBKH OIIEPAaTOPOB aBTO-
MaTHUYECKHUX CHCTEM YIPaBJICHHUS BO3IYLIHBIM JIBHKEHHEM IPH MCIIOJIB30BAHUN MHTEIUIEKTYAJIBHBIX TEXHOIOIHI IIPOSKTHPOBa-
HUSL TPEHAXXEPHBIX CHUCTEM. 3aJadya — 00OCHOBAHME TEXHUUYECKHMX PEIICHUH, BHEIPEHHE KOTOPBIX IO3BOJUT PACLIUPUTH KPYr
pelIaeMbIX Ha TPEHakepax 3ajad, pasHOOOpa3uTh YCIOBUS IPOBEIEHUS TPEHAXEH, aJJallTUBHO KOHTPOJIMPOBATh M PETyJINPOBaTh
CIIOJKHOCTb PEIlIeHUs KOHTPOJIBHBIX 3371ad, a Takke (GopMHUpOBaTh MU KOPPEKTUPOBATh MHAMBUIYAJIbHBIE IIPOrPAMMbI IOAIOTOBKU
YHAIIUXCsl ¢ yYETOM MX 3HAHHH, OIbITa U HAaBBIKOB. BBIBOBI — C 11€J1b0 MOBBIILIEHUS 3P (EKTUBHOCTH 00Yy4eHHUsI P HOATOTOBKE
OIEpaToOpOB HA TPEHAXEPAX JIOJDKEH MPOBOIUTHCS MOCTOSHHBINA KOHTPOJIb JICHCTBUIH OIEpaTopoB, B TOM YHCIIE MPOLECC BOCIPU-
ATUSI CUTYallK OIEpaTOpOM, €ro OCMbIcIeHHe, (POpMUPOBAaHHE HEOOXOIUMBIX HABBIKOB, & TAKKE IICHXO()U3HOIOrHYECKOr0 COCTOs-
HUS OIlepaTopa MpH PeleHNH UM IOCTaBIeHHOH 3agaud. KOHTPOIb U OLIEHKa ONepaTopCKO ACATeIbHOCTH MO3BONISET OCYIIECTB-
JISITh OOPaTHYO CBsI3b, [JaBasi BO3MOXHOCTb OLIEHUBATh CTEIICHb JOCTHXXEHHUS MOCTaBJICHHBIX 1elIel, KOPPEeKTUPOBATh JaTbHEHIITYIO
nporpaMMmy oOy4eHusl, JIeJIaTh BbIBOJ 00 ypOBHE IOATOTOBJIEHHOCTH OIEPaTopa K MPaKTHYECKOl padoTe Ha peasibHbIX 0ObEKTax.

KuawueBbie caoBa: TpeHaxepHsli koMmiuiekc; oneparop ACY; nucneruep YB/I; noaroroska.

Principles of construction of automated control system operator
training perspective simulator systems

V. Storchak

The support of professionally important qualities and their restoration through training is one of the main types of training
of operators of the AU UPR, which allows to consolidate and deepen the knowledge gained, acquire skills and ability in the man-
agement of crews in any conditions navigational and tactical environment. The level of professionalism and flight safety will
depend on how well thought out the content of such training, both organized and conducted by the training process. These cir-
cumstances cause the need to unify the training exercise at all levels, from the educational institution to the place of permanent
work specialist. The subject of the study in the article is an analysis of ways and means to improve the determination of direc-
tions of increase of efficiency of professional preparation of ACS. The purpose is to determinate directions of efficiency of pro-
fessional preparation of ACS operator increase using of intelligent information technologies of of the trainer systems planning.
The task is justification of technical solutions, the introduction of which in the practice allow to expand the range of tasks, vary
conditions of simulators, adaptive control and regulate the complexity of the control tasks, as well as create and adjust individual
training programs for students with regard to their knowledge, experience and skills. Conclusion — to increase the effectiveness
of training in the training of operators on simulators, constant monitoring of operators' actions, including the process of perceiv-
ing the situation by the operator, his comprehension, the formation of necessary skills, as well as the psychophysiological state of
the operator when solving his task, should be carried out. Monitoring and evaluation of operator activity allows us to provide
feedback, making it possible to assess the degree of achievement of set goals, adjust the further training program, draw a conclu-
sion about the level of the operator's preparedness for practical work on real objects.

Keywords: training complex; ACS operator; air training controller; training.
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MATHEMATICAL MODEL
OF THE MODIFIED NIEDERREITER CRYPTO-CODE STRUCTURES

Subject of research is the modification of the Niederreiter crypto-code construction on non-binary codes. The purpose of
this work is to develop a mathematical model of a modified Niederreiter crypto-code structure using algebrogeometric
block codes with a shortening of the information parcel. The tasks to be solved are: to formalize the procedures for the
formation of codograms and their further decoding; develop a mathematical model of the Niederreiter crypto-code structure
modified by shortening the information parcel and fixing the admissible positional vectors of the plaintext transformation
based on equilibrium coding. The following results were obtained. Studies of the Niederreiter crypto-code structures in
MES revealed the main reason for the impossibility of the practical implementation of decoding algorithms when using
non-binary codes in the classical scheme. It has been established that it is necessary to fix a subset of plaintext for which
the error localization procedure, with the X, P and D (private key) masking matrices selected by the sender, cannot be
performed. With its help, we need to “weed out” the error vector sets that do not allow using the classical version of
decoding information on the receiving side when using the classical Niederreiter scheme on m-th codes. When constructing
a mathematical model, the identified feature was considered. As a result, a mathematical model of the Niederreiter crypto-
code structure modified by shortening the information package and fixing admissible positional vectors of the plaintext
transformation based on equilibrium coding is obtained. Conclusion. The scientific novelty of the obtained results is as
follows: the proposed modified mathematical model of the Niederreiter crypto-code structure ensures its practical
implementation. Reducing the field power when building a classic Niederreiter scheme reduces the amount of data
transferred by shortening the error vector before generating the syndrome on the sender side and, accordingly, the energy
costs of its implementation; The use of the quantum-stable and promising Niederreiter crypto-code construction has been
further developed, the identified feature and the proposed modification ensure its competitiveness.

Keywords: modified Niederreiter crypto-code structure; modified shortened elliptic-curve codes; equilibrium coding;

information secrecy.

Introduction

Modern requirements for ensuring the quality of
service for users of global computer networks put
forward new challenges for the integrated solution of
the main criteria for the quality of service - reliability
and security of service. Integrated mechanisms to ensure
increased requirements are unsymmetrical crypto-code
information security tools based on McEliece and
Niederreiter theoretic code schemes (TKS), built on
non-binary error-tolerant codes and allowing operation
in various data exchange modes [1 - 5]. The asymmetric
cryptosystems proposed in [1, 2] provide the required
performance indicators, cryptographic strength and
reliability of the transmitted data, and most importantly,
the use of a single software / hardware (hardware)
mechanism in ensuring the required performance of the
main criteria for quality of service.

At the same time, the analysis of the software
implementation of an asymmetric crypto-code system
on the Niederreiter TCS carried out in [4, 5] showed
significant implementation difficulties, which makes it
difficult to use code-theoretic schemes to build crypto-
resistant asymmetric systems. Development of modified
crypto-code systems using modified algebrogeometric
codes is a promising direction in solving this technical
problem.

During a pilot study of Niederreiter’s CCS on the
MES, it was determined that the use of non-binary
codes with the Niederreiter's classical ACCS requires
modifications, namely, fixing a subset of open texts for
which the error localization procedure, with selected X,

P and D, cannot be performed. The aim of the article is
to develop a formal mathematical description of
modified crypto-code information security tools based
on the Niederreiter TCS using algebrageometric block
codes based on the shortening of information symbols
and fixing a subset of open texts, allowing for a
reduction in the volume of key data while maintaining
the level of crypto resistance, crypto resistance and
energy costs on their implementation.

The potential strength of theoretical-code schemes
is determined by the complexity of decoding a random (n,
k, d) block code. Consequently, to build potentially
persistent theoretical code schemes, it is necessary to use
modification methods that do not allow the minimum
code distance to be reduced. By masking the code with a
fast decoding algorithm (of polynomial complexity)
under an arbitrary (random) block code, one can present
the decoding task for an adversary as a computationally
complex problem (exponential complexity). For an
authorized user of the system (having a secret key)
decoding is a polynomially solvable problem. In the work
of Sidelnikov [1], an effective method was proposed for
breaking into asymmetric McEliece and Niederreiter
schemes built on generalized Reed-Solomon codes. It is
noted that one of the promising directions in the
development of potentially stable theoretical code
schemes are schemes constructed using algebraic
geometry codes. Algebraic block codes constructed from
algebraic curves (algebraic codes) have good asymptotic
characteristics. Their use in discrete symmetric channels
allows you to get the greatest energy gain from coding
(among algebraic block codes) and effectively deal with
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the resulting error packets. Ways to shorten linear block
codes, without changing the minimum distance, allow
you to build hack-resistant asymmetric crypto-code
systems with a smaller volume of cryptograms and key
data. In accordance with the formal mathematical
description of asymmetric crypto-code systems based on
the Niederreiter TCS in the direct error correction mode
and automatic questioning proposed in [2], mathematical
models of modified asymmetric cryptosystems based on
the Niederreiter TCS are proposed that reduce the energy
costs of their implementation.

Research results

Mathematical model of a modified asymmetric
crypto-code system of information protection using
algebra-geometric block codes based on Niederrei-
ter's code-theoretic scheme based on shortening
(shortening of information symbols). Formally given
by the combination of the following elements [2]:

— set of open texts Miz{Ml,Mz,...,M k},,
q

where Mi:{eo’ehl,---ehk’ee—l}’ Ve, e GF(q), h. —

error  vector |h|=¢/2, or

e;=0, Ve, eh;
— the set of fixed open texts then the set of usable
open texts M =Mq-Mp;

symbols are zero,

— set of closed texts S={S0,S1,...Sq,}, where

s, ={S}O,SZ],...SZJ,S}V}, VSy €GF(q);

—a set of direct reflections (based on the use of a
public key - an elliptic-curve code check matrix (EC):
¢ ={¢;,0,,...¢,} , where a set of back reflections
(based on the use of a private (private) key - masking
o7 ={or 0y 0,7

matrices), where

0 S, > Mi=12,.e.

— the set of keys that parameterize direct mappings
(public key of an authorized user):

KU, = {KUlai KUy, KU, } _

_HEQ pEC2 | prECr
Xg Xy X

EC; . . .
where H™ ' — check rxn matrix disguised as a random
aj

algebrogeometric block code (n, k, d) with elements
GF(q), i.e

oM —">8, 4,

i=1,2,..,e , a — set of coefficients of a polynomial

curve a;...as, Va;eGF(q), uniquely defines a specific set
of curve points from space P’;

— a set of keys that parameterize reverse mappings
(personal (private) key of an authorized user):

KR ={KRy,KR,,....,KR,} =
{{x,P,D},{X,P,D},,...{X,P,D} },

{X,P,D} ={Xi,Pi,Di}, where X' — masking

1
nondegenerate randomly equiprobably formed by key
source kxk matrix with elements from GF(g); P —
permutable randomly equally formed key source 5 xn
matrix with elements from GF(g); D — a diagonal matrix
formed with a key source with elements from GF(g) i.e

oS, M, i=12,.,s.

The complexity of performing reverse mapping
(pl-_1 without knowing the key K ek connected with
the solution of the theoretical complex problem of
decoding a random code (code of general position). The
initial data when describing the considered asymmetric
crypto-code information security system are:

— nonbinary equilibrium code over GF(g), i.c.,
multiple sequences of length n and weight w(e;) ;

— algebrogeometric block (n, k£, d) code C over
GF(q), that is, so many code words C; eC, when

equality holds C;H T 0, where H — algebraic block
code check matrix;

— IV — initialization vector, V= |h| =/ where —
reduction elements (%, — error vector symbols are zero,
h=1/2e,i.e e; =0, Ve; € h);

— masking matrix mappings given by a set of
matrices {X, P, D};, where X — non-degenerate kxk
matrix over GF(g), P — permutation nxn matrix over
GF(q) with one nonzero element in each row and in
each column of the matrix, D — diagonal nxn matrix
over GF(q) with nonzero eclements on the main
diagonal,;

— r —parameter r ep qu, qu = {0,1,...2” —1} ,
— n— some parameter n €p an ,Z o, = {1,...2”} ;
q

Let M ={M1,M2’...qu }, set of all open texts

(n, k, d) of block code. Define a subset of committed
open texts M = {Ml,Mz’...Mn}, where

1 1
MY P* -D”!:Ml--(D”) -(P”) P*.D" .

When coding, the elements of the set of fixed open
texts do not participate, the set of suitable open texts
willbe M =M-Mp.

Based on the equilibrium coding, the closed text is
formed by the entered plaintext M; € M with a given

key H)E;C”, ueil2,..,s}.

This is done by forming a syndromic (in terms of
noise-resistant coding) sequence, which corresponds to
an equilibrium sequence:

M; =e={ey,e€,...€,1},
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T
EC EC
SX]. =y (MiaHX u)zMiX(HX u) ;

moreover, the Hamming weight (the number of nonzero
elements) of the vector is not greater than the corrective
power of used algebraic block (n,k,d) code:

Vi:0<w(M;)<t=|(d-1)/2].

The power of sets M and C is determined by the
allowable range of weights that is, in the general case

(for all valid values w(M;)) we have:

! . .
=3 (41 xC,
i=0

i!-(n;l)!'

The most appropriate value w(M;) choose

where C! — binomial coefficient, C. =

according to the required value of the security of
information transfer. Then for W(Ml-)=c0nst=w(e)

we have: m= (q—l)w(e) XCZV(e), and the sequence
M; ={ey,e,....e,_1} from the set
M ={M,M,,..,M,} formed as a result of some
mapping v , implemented by redundant coding by non-

binary equilibrium codes of non-redundant information
sequences.
Formed closed text C; € C' uniquely corresponds

to the vector M; = {ey,ey,...,e, 1} -

Form the initialization vector /V=EC-h;, where
hj— information symbols are zero, |h|=k/2, i.e,
;=0 VI eh.

Formation of a shortened error vector e,=e(4) — IV.

The public key is generated by multiplying the
check matrix of the algebraic code by the masking
matrix:

H)b;c” =X"H-P*.-D" uefl,2,..,s},

where HECY

ometric block code (n,k,d) with elements from GF(q).
Syndrome sequence enters the communication channel:

— check nx(n—k) matrix of algebroge-

* EcT
S},_he=(€n—he)><HX .

On the receiving side, an authorized user who
knows the masking (matrix set

{X,P,D}, ={X",P",D"}) and the
vectors (the number and places of the zero symbols of

the error vector) form a code sequence as one (any) of

the  possible  solutions to  the  equation:
£ _ & . T
S r— he =cC Xi H Xj ,

initialization

that is, finds such a vector c}i, which

. 3k
decomposes into an amount: cy. =c, +M;, where
; X; i

1

¢,, —one (any) of the possible code words of a masked

Xi

. . T . T _
code with a check matrix HX]-’ i.e cXi X HXJ =0.

Then an authorized user using the matrix set
{XaPaD}u = {XM’PM’DM}’

—%

-1 -1
c =c*X-(D”) (P”) , that is, unmasks the code

form a vector:

sequence c}i. After the substitution we get the

equality:
% -1 -1 -1
c =c*X-(D”) (P”) =(cX'+Ml-)~(D”) X

-1 -1 -1 -1 -1

X(Pu) =cX'~(D”) ~(P”) +Ml--(D”) ~(P”) .
The authorized user who formed the vector has the
ability to apply a fast (polynomial complexity) noise-
resistant decoding algorithm and thus form a vector

—%

-1 -1
¢ =cy (D”) (P”) and vector

M =MD" )_1 (P )_1.

1

To restore the information equilibrium sequence

M; enough to multiply the vector again M;' and the

masking matrix D" and P“, but in a different order:
M; =M} -P"-D" =M;-(D") 1-(P”) Lppt =,

Forming the desired error vector e: M = M;+ IV

When deciphering a cryptogram (after receiving
the error vector, before using the equilibrium coding
algorithm), “zero” shortening symbols are introduced
based on the initialization vector for information.

Evaluation of energy costs for software
implementation and the complexity of code
transformations in the proposed MACCS of
Niederreiter. For the evaluation of time and speed
indicators it is customary to use the unit cpb, where cpb
(cycles per byte) — the number of processor cycles that
must be spent to process 1 byte of incoming
information. The complexity of the algorithm is
calculated by the expression

Per =Utl * CPU __clock / Rate,

where Ut] - processor core utilization (%); Rate — the
bandwidth of the algorithm (bytes/sec).

In tablt 1 shows the results of studies of the
dependence of the length of the code sequence of an
algebraic code in the Niederreiter crypto-code system
on the number of processor cycles to perform
elementary operations in the software implementation of
the crypto-code systems.

Analysis table 1, 2 shows that the use of modified
(shortened) elliptic codes allows you to save the volume
of transmitted data in the Niederreiter asymmetric
crypto-code system, but at the same time to ensure the
required level of cryptographic resistance when
implemented over a smaller field GF(2° — 2°) due to the
use of the entropy of the initialization vector #4,.
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Table 1. The results of studies of the dependence of the length of the code sequence in the ACCS Niederreiter

on the number of processor cycles

The length of the code Niedereiter Nledereltiz)ggsshortened Niedereiter with fixed vectors
sequence
10 100 1000 10 100 1000 10 100 1000
Number of Character 11 30 80 10 28 76 11 33 82
ﬁmg?orfc;)lls reading 018 042 | 800 328 | 859933 | 294 397 | 750 457 | 759 874 | 431 2131 |460317| 473 442
implementin String 3 10 26 3 9 25 3 12 29
P & comparison | 663 356 | 199 898 | 364 634 | 406 921 | 246 748 | 478 498 | 673756 [119867| 469 389
elementary :
operations String 1 5 13 1 5 12 1 6 14
concatenation | 834983 | 125564 | 415329 | 705 544 | 045 748 | 379422 | 947 681 |114478| 456 729
S 16 46 120 15 43 114 17 51 12
um 516381 | 125790 | 639 896 | 406 862 | 042 953 | 617 794 | 053 568 |694 662|639 9 560
Character 2 2 2
The duration of reading 207487 | 831 609 183218 295374 | 810478 001 167 300479 1843 705 745 148
the functions™* String 1 1 1
in processor | comparison 197821 1550794 423 690 1788141531379 248 684 213478 1561754 739170
cycles String 1 3 1 3 1 4
concatenation 244990 522293 | 984 353 244990 328 114 | 586 486 T8 174 647 638| 007 883
Sum 1 2 7 1 2 7 1 3 8
040 298 | 904 696 | 591 261 | 006 781 | 749 548 | 247 488 | 092 131 |053 097| 492201
Duration of execution** in ms 0,55 1,53 4 0,52 1,37 3,4 0,56 1,55 4,1

Note: * 1000 operations per processor clock cycles: character reading - 27 clock cycles, string comparison - 54 clock cycles,

string concatenation - 297 clock cycles.

** for the calculation, a processor with a clock frequency of 2 GHz, considering the load by the operating system of 5%,

was taken.

In table 2 the results of studies assessing the
temporal and velocity indicators of the procedures for
the formation and decoding of information in crypto-
code systems based on the ACCS and the MCCS
Niederreiter. We will conduct a comparative assessment
of the developed mathematical model and practical
algorithms for the implementation of the Niederiterter’s
MACCS at MES.

Let’s introduce the following notation.: 1I — the
length of the information sequence (block), which is fed
to the input of the CCS scheme(in bits): 1K — the length
of the public key (in bits); IK+ — private key length (in
bits); codogram length (IS — codogram length (in bits);
OK - the complexity of the formation of codograms
(the number of group operations); OSK the
complexity of solving the problem of analysis (the

number of group operations); OK+ — the complexity of
solving the problem of analysis (the number of group
operations); LO — source text length R — relative coding
rate; old — the classical McEliece-Niederreiter ACCS
proposed in [16]. In table 3 and Fig. 1 shows the results
of studies of the complexity of cryptogram formation in
various GF(2m). Analysis of the results in Fig. 1
indicates an increase in the rate of cryptogram formation
when using shortened MES. The length of the codogram
(in bits) is determined by the expression:

lg =(2 q +q+l—l/2k)><m.
In tabl. 4 and fig. 2 shows the results of studies of

the complexity of decrypting a cryptogram in various
GF(2™).

Table 2. The results of studies assessing the time and speed indicators of the procedures

for the formation and decoding of information

Crvpto-code svstems The length of the Algorithm Throughput CPU core Algorithm comp-
P Y code sequence Rate (bytes / sec) utilization (%) | lexity, Per (cpb)
. . 100 46 125 790 56 61,5
Niederreiter’s ACCS 1000 120 639 896 56 62,0
. . . 100 51 694 662 56 61,7
Niederreiter’s MCCS with fixed vectors 1000 126 399 560 56 622
Niederreiter’s MCCS on shortened 100 52721778 56 61,5
elliptic codes 1000 127 389 928 56 62,1
Table 3. Dependence of the cryptogram formation complexity in different GF(2")
GF(2™) 3 4 5 6 7 8 9 10
1 0.5 (old) 817 2140 8706 10722 83000 207422 710920 52704
R 2 0.75 (old) 968 6282 11461 60760 210170 605005 1018079 | 103822
3 0.5 817 2140 8706 10722 83000 207422 710920 4572881
4 0.75 968 6282 11461 60760 210170 605005 1018079 | 5561379
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Table 4. The results of studies of the complexity of decoding cryptograms in various GF(2")

GF(2™) 3 4 5 6 7 8 9 10
1 0.5 (old) 120 680 2092 12397 127523 1203984 10637991 175645127
R 2 | 0.75 (old) 640 2378 7512 61246 136495 1494284 12768954 193648924
3 0.5 1280 | 11028 78634 760553 4566721 12948312 92516734 1.00E+09
4 0.75 5127 | 23674 | 277830 | 5220573 19768512 52694229 10637991 175645127
Is
9 9,00E+07
Ik g 8,00E+07
7 —RA4 7,00E+07
6 6,00E+07 —R1
5 R3 5,00E+07 R2
; 4,00E+07 —h3
) R2 3,00E+07 —R4
2 2,00E+07
- —R1 4 pop+o7
1 1,00E+01
3 5 7 9 11 13m 15 0 2 4 6 8 10 o
Fig. 1. The dependence of the cryptogram formation Fig. 2. The dependence of the cryptogram decoding
complexity in different GF(2™) complexity in various GF(2")

Analysis table 3, 4 and Fig. 1, 2 showed that further
reduction of the Galois field power leads to a significant
decrease in the complexity of formation (= 3 times) and
decoding (= 5 times) of the cryptogram.

In tablt 5 and Fig. 3 shows the results of studies of for non-systematic coding:
the complexity of hacking by the method of decoding

Ok =(r+1)x(2 q+q+1—1/2k)+0(1

—K%

XLJ;
Ky

decoding in various GF(2"). Og = O = (k+1)><(k+1)><(2 g+q+l —1/2k)+
The complexity of forming a codogram is "
determined by the expressions: 40 1-K¢ % L
- for shortened MES (when implementing systematic K,
coding, the following expression is defined): '
Table 5. The dependence of the complexity of hacking over GF(2™)
GF(2") 3 4 5 6 7 8 9 10
1 | 0.5(old) 2.868 4.843 6.22 7.891 8.995 10.37 11.74 13.19
R 2 | 0.75(old) 4.867 6.613 8.03 12.245 13.13 15.16 17.18 19.23
3105 8.234 12.647 14.742 18.767 21.102 24.05 27.002 29.95
4 10.75 9.764 13.32 16.892 19.76 22.93 26.11 29.302 32.484
OK 50
45
40
35
—RI1
30
25 -
—R3
20
15 —R4
10
5
0
0 2 4 6 8 10 m

Fig. 3. The dependence of the complexity of hacking over GF(2") (peer decoding)
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Analysis of fig. 3 showed that reducing the power
of the field to 26 did not lead to a significant reduction
in the complexity of cracking a cryptogram using the
method of decoding decoding.

The complexity of forming a codogram is
determined by the expressions:

— shortened MES: for systematic and non-
systematic coding, respectively, is determined by the
expressions:

_xu
Ok =(r+1)x(2 q+q+1—1/2k)+0(1 KI;C XLJ;

Og = (k+1)x(k+1)x(2 q+q+1—l/2k)+
u
+O(1_KC XLJ.
Ky

The complexity of solving the problem of analysis
(decoding) we define the expression:

Ok, =N 2g+q+1-1/2k)xr+Np v (Ng)

noxp X (

The complexity of decoding
determined by the following expressions:

codogram is

2
Osk = 2x(2Jq +q+1-1/2k) +1/2k> + 4% +
2 2
+(t +t-2)

2 +0((oc—leogk)/ )

In tablt 6 and Fig. 4 shows the results of studies of
the complexity of hacking and the complexity of coding
for different speeds R in different GF (2m).

In tablt 7 and Fig. 5 shows the dependence of the
volume of open key data for various indicators of
sustainability.

Analysis of the results of the table 6, 7 and Fig. 4, 5
clearly demonstrates why an increase in the relative data
transfer rate was obtained: the amount of key data in the
proposed Niederreiter crypto-code structure on modified
(shortened) elliptic codes is half as much as on binary
codes in the classic Niederreiter’s ACCS.

In table 8 shows the results of studies of the
capacitance  characteristics in  the  software
implementation of the power field.

The resulting table 8 shows the number of group
operations of the Niederreiter’s ACCS software
implementation when building on elliptic and modified
(shortened) elliptic codes depending on the field
strength.

K{xL

Table 6. Hacking complexity and coding complexity for different speeds R

Ig(ls) 3 4 6 7 8 9 10
1 0.5 (old) 18.22 21.42 38.77 54.13 82.14 165.84 358.33 672.37
R 2 0.75 (old) 33.17 51.75 61.09 78.37 83.72 179.13 371.09 684.94
3 0.5 56.88 78.92 9491 120.83 182.39 276.27 459.81 783.46
4 0.75 58.03 80.52 104.56 128.79 189.74 287.33 476.52 794.28
lg(lk+)
200 1 / [ 1,00E+09
186 // 1
160 e —
" /4l o ———
126 // / / —r1] y / / e —RI1
" // / — 6,00E+08 —
- = ] . , —x
// / / 4,00E+08 v e
® F - //
40 2,00E+08
0 / //
o %/ 1,00E+01
i 2 4 6 g lalls) 0 10 20 30 2 so Il
Fig. 4. Summary of hacking complexity and coding Fig. 5. Volume dependence of open key data
complexity for various sustainability indicators
Table 7. Volume Dependencies of Open Key Data
lg(li+) 5 20 35 50
1 0.5(old) 30 2278137 12329538 22541273
R 2 0.75(old) 87 4351076 14097276 77520337
3 0.5 968 1034682 6126273 8602376
4 0.75 799 1897092 6832018 7027160
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Table 8. The dependence of the speed of the software implementation on the power of the field

(the number of group operations)

Cryptosystems 2° 28 2’ 28 2° 210
Niederreiter’s ACCS on ES 1x10’ 1,8x10’ 3,2x107 4,7x10’ 6,3x107 8,2x10’
Niederreiter’s MACCS 7 7 7 7 7 7
on shortened MES 1x10 1,7x10 2,9%10 4,4x10 6,2x10 8x10
Analysis table 6, showed that when implementing Transferring the key sequence using the
the Niederreiter’s ACCS over GF (210), 82.5x10° Niederreiter modified ACCS based on shortened codes
group operations are necessary, then the implementation  allows using open communication channels of

of MACCS on shortened MES over GF (2°) requires
17.7 —18.6 x 10° group operations, which is 4.5 times
less than when implemented in ES.

As can be seen from the dependencies shown in
Fig. 6, the proposed modified crypto-code systems
based on the Niederreiter TCS provide high rates of
robustness and reliability of the processed and
transmitted information. Their use will allow the use of
open channels of IP networks for the transmission of
confidential (commercial) information in real time,
providing the required indicators of security and
reliability.

Conclusion

Thus, a formal mathematical description of
modified crypto-code information security tools based
on Niederreiter’s TCS using algebrageometric block
codes based on shortening information symbols is
proposed, which allows developing practical algorithms
and conducting a study of the energy costs of their
implementation.

communication systems and significantly reducing the
volumes of key sequences stored by users of this
system.

The assessment of the complexity of the software
implementation of crypto-code information security
tools based on the Niederreiter TCS confirms the
assumption that the computational cost of calculating a
cryptogram / codogram is reduced, that key data (public
key) need to be stored by an authorized user. The use of
shortened elliptic codes allows you to increase the
amount of data transmitted by hr characters, while
ensuring the resistance of the cryptosystem when it is
formed in the GF field (26-28), which significantly
reduces the energy costs of its implementation, and
allows its use in mobile applications.

Conducted research on the use of the fraction of
the weight of the error vector allows, based on the main
indicators of the communication channels of the
communication system, to strengthen one of the
indicators of the integrated mechanism - reliability or
security.
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MaremaTu4yHa Mozeb MoaHGikoBaHOI KpUNITO-KO0BOI KOHCTPYKUil Hineppaiitepa
O. C. Hyranenko, X. H. P3aes, T. A. MameoBa

IIpeamerom BUBYEHHS B CTaTTi € Moamdikamis KpUNTO-KOmoBoi KoHCTpykuii Himeppaiitepa Ha HenBiHKOBHI Komax.
Mertoro € po3poOka MareMaTuyHOi Mozeni MoaM(iKOBaHOI KPHUITO-KOAOBOI KOHCTpYKuii Hinmeppaiirepa 3 BHKOpPHUCTaHHAM
ajreOporeoMeTpUYHNX OJIOKOBUX KOIIB 3 YKOpPOUYeHHsAM iH(opmauiiiHoi mocwiku. 3aBmaHHs: (opManizyBaTH HpOLEAYPU
(dopMyBaHHS KoiorpaMm i iX IOZaNbLIOrO PO3KOMYBaHHS; PO3POOMTH MaTeMaTUYHY MOJEIb KPUITO-KOIOBOI KOHCTPYKLIT
Hineppaiirepa, MoandikoBaHoi 3a IONOMOrol yKOpO4YeHHs iH(popMamiiHOi nocwiku 1 ¢ikcarii DomycTUMHX HO3MIIHHHX
BEKTOPiB MEPETBOPEHHS BIJIKPUTOrO TEKCTY HA OCHOBI DIBHOB@XHOro KoiayBaHHA. OTpHUMaHi HacTyNHI pe3yJIbTaTH.
JocnimxeHHs kpunTo-konoBoi koHcrpykuii Hineppaiitepa Ha MEC no3Bonunm BHSBMTH OCHOBHY IIPUYMHY HEMOMIIMBOCTI
MPaKTUYHOI peaizallii aropuTMiB PO3KOAYBaHHS IIPH BUKOPHCTAaHHI HEABIMKOBHUIA KOZIB B KJIacH4Hil cxeMi. Beranosneno, 1o
NOTPiOHO (hiKCYBaHHS IIIMHOKMHY BIAKPUTUX TEKCTiB, JUIS SIKMX IPOLEYpa JIOKaJIi3alii HOMUIKH, IPH 00paHUX BiJIIPaBHUKOM
MaTpuisix MackyBaHHS X, P 1 D (ocobuctuii xitod) He Moxke OyTH BHKOHaHA. 3 HOro JOMoMoror norpibHo "Biacistun" Habopu
BEKTOpPa IIOMHJIKH, SIKi HE JI03BOJISFOTh BUKOPUCTOBYBATH KIIACUYHUI BapiaHT pO3KOyBaHHs iH(pOpMalii Ha npuiMansHOMy 001t
IpY BUKOPUCTaHHI KiacuuHoi cxemu Hineppaiitepa Ha m-Hux kozxax. [Ipu noOynoBi MaTeMaTHYHOI MOJIEIN BPaXOBaHA BUSBJICHA
ocobnuBicTb. B pesynbraTi oTpuMaHa MaTeMaTHdHa MOZENb KpUNTO-KonoBoi koHcrpykuii Hineppaiitepa, moxudikoBana 3a
JIOIIOMOr'00  YKOPOUeHHsI iH(popMauiifiHoi nmocunku i dikcauii HOMyCTMMHX HO3MLIHHUX BEKTOPIB NEPETBOPEHHS BiJKPHTOrO
TEKCTY Ha OCHOBI PIBHOB&XXHOTO KoAyBaHHS. BuchoBku. HaykoBa HOBHM3HAa OTpPUMaHHUX pPe3yJbTATiB HOJSAra€ B HACTYITHOMY:
3aIpoIOHOBaHa MOIM(iKOBaHa MaTeMaTH4HAa MOJENb KPUITO-KoJo0Boi kKoHCTpykuii Hineppaiirepa 3abesnedye ii npakTuuHy
peaizanito. 3MEHIIECHHS IOTYKHOCTI MOJIS 1Py 1o0Y10B1 Ki1acuuHoi cxemu Hineppaiitepa 103BOJIsIE 3HU3UTH 00CAT HEepeaaHnX
JIAHUX LIIIXOM YKOPOUCHHS BEKTOpa MOMMIIKY Iepe]] GOpMyBaHHSIM CHHIPOMY IIiJl 4ac NEepeCcUIaHHs 1 BiJNIOBIHO €HEepreTuyHi
BUTpPAaTH Ha II peaii3aliio; OTPUMaIM MHOJNAIBIIMA PO3BUTOK BUKOPHCTAHHS KBAaHTOBO-CTIMKOIO 1 MEPCIEKTHBHOW B
BUKOPHUCTaHHI KPUITO-KOJ0BOI KoHCTpyKLUii Hineppaiitepa, BusiBieHa ocoONuBICTS 1 3arporioHoBaHa Moaudikanis 3ade3neuye ii
KOHKYPEHTOCIIPOMOXKHICTb.

Karw4dosi cnoBa: moxmudikoBana Kpunro-komoBa KoHcTpykuis Hineppaiitepa; MoxudikoBaHi ykopoueHi eninTH4HI
KOZIM; PIBHOBAaXXHE KOyBaHHS; iH(OpMalliiiHa CKPUTHICTb.

MaremaTu4eckasi MoieJIb MOAU(PUIIMPOBAHHON KPUNITO-KO10BOIi KoHcTpykumu Huneppaiitepa
A. C. Ipiranenko, X. H. P3aes, T. A. Mamenosa

IIpeamerom n3ydeHust B cTaThe SBISETCS MOAU(UKANNS KPUITO-KOZOBOH KOHCTpYKumu Huneppalitepa Ha HEJBOMYHBIX
komax. Ilenblo sBisercs pa3paboTka MaTeMaTHYECKOH MOAENM MOAU(UIMPOBAHHON KPHMITO-KOJOBOH KOHCTPYKIHMHU
Huneppaiitepa ¢ ucnons3oBaHueM anreOporeoMeTprHYecKUX OJIOKOBBIX KOJOB C yKOPOYEHHEM HH(OPMAIMOHHOW MOCHUIKH.
3agaun: QopmanuzoBarh mHpouexypbl (OPMHUPOBAHHS KOAOIpaMM M HX JAJIBHEHINEr0o pPacKOAMpOBAaHMS; pa3padoTaTsb
MaTeMaTHYeCKyl0 MOJIe]b KpPHUIITO-KOJOBOW KOHCTPYKIMH Huneppaitepa, MOAM(HUIMPOBAHHYIO C IOMOIIBIO YKOPOUEHHS
HUH(OPMAIIIOHHOH ITOCBIIKK M (PUKCAIIN JOIMYCTUMBIX TIO3HIOHHBIX BEKTOPOB IPEOOPa30BaHUs OTKPBITOrO TEKCTa HAa OCHOBE
PAaBHOBECHOr0 KoaupoBaHusA. [lomydeHsl ciexyromue pe3yJbTarsl. VccienoBaHust KpPUITO-KOAOBOM — KOHCTPYKLMH
Huneppaiirepa Hra MEC no3Bonwin BBISIBUTH OCHOBHYIO NMPUYHHY HEBO3MOXKHOCTH IPAaKTHUYECKOH pean3alliy alrOpUTMOB
PACKOIMPOBAHMUS P UCIIOIB30BAHUU HEJJBOMYHBIX KOJIOB B KIIACCHUECKOH cXeMe. Y CTaHOBJIEHO, uTo Tpebyercs GpukcupoBanue
MIOZIMHOXKECTBA OTKPBITBIX TEKCTOB, JUISI KOTOPBIX IPOLEAypa JOKATU3alUH OIIMOKH, IIPH BEIOPAHHBIX OTIPABHUTEIIEM MaTpHUIAX
MackupoBku X, P u D (yimuHbli Kir04) He MokeT ObITh BbINoOMHEHa. C ero IoMOIIBI0 HYXKHO “OTCesATh” Habophl BEKTOpa
OIIMOKH, KOTOPIE HE ITO3BOJISIIOT HUCIIOI30BATh KIACCHYECKHH BapHaHT PacKOAWPOBaHMS MHGOPMALMK HAa IPUEMHOH CTOpPOHE
TP MCIONB30BaHMH KilaccHIecKoi cxeMbl Huneppaiitepa Ha m-HbIX kofax. [Ipu mocTpoeHnr MaTeMaTHYecKOil MOJIeIH ydTeHa
BBISIBJICHHAs! OCOOGHHOCTb. B pesynbrare mnomydeHa mMaTeMaTH4ecKas MOJENb KPUIITO-KOAOBON KOHCTpykumu Huneppaiirepa,
MOAN(HUIMPOBAHHAS C MOMOIIBI0 YKOPOUSHHUST HH(POPMAIIIOHHOM MOCHUTKU U (PUKCAIMU JOIMYCTUMBIX ITO3UIMOHHBIX BEKTOPOB
MpeoOpa3oBaHus OTKPHITOrO TEKCTAa HAa OCHOBE DPAaBHOBECHOTO KOAMpPOBaHUA. BbIBogbl. HaydHas HOBH3HA IONYyYEHHBIX
PE3yNIBTaTOB COCTOMT B CIEIYIOIIEM: IIPEUIOKEHHas MOIM(PUIMPOBAaHHAs MaTeMaTHdeckas MOJEiIb KPUITO-KOJLOBOH
koHcTpykumu Hupneppaiitepa obecrieunBaer ee MPakTHYECKYIO peallM3alidio. Y MEHBIIEHHE MOIIHOCTH IIOJS IIPU IOCTPOCHUU
KJIaccH4eckoil cxembl Huneppaiitepa HO3BONISIET CHU3UTH O00BEM IEpelNaHHBIX JAHHBIX ITyTEM YKOPOYEHHUsS BEKTOpa OLIMOKH
nepes; GOpMHPOBAHUEM CHHAPOMA Ha CTOPOHE OTIIPABHTENS M COOTBETCTBEHHO PHEPreTHUECKHE 3aTpaThl HAa €€ Peall3aluio;
TIONYYIIIN JajibHeiIee pa3BUTHE UCIIONB30BaHNE KBAHTOBO-YCTOMYMBOW U MEPCIIEKTHBHOW B UCIIONB30BaHUU KPHIITO-KOJIOBOW
KOHCTpYKIMM  Hupjeppaiitepa, BBISBICHHass OCOOCHHOCTh W IpeUIOKEHHas  Moau(UKaims  oOecrnednBaeT  ee
KOHKYPEHTOCIIOCOOHOCTb.

Kaoudesbpie cioBa: MomupHUUUPOBaHHAs KPUITO-KOAOBas KOHCTpykuus Hupneppaiirepa; MoxuduuupoBaHHbIe
YKOPOUEHHBIE JUIMITHYECKUE KOJIbl; PABHOBECHOE KOAMPOBAHHE; MH(POPMAIIMOHHASL CKPBITHOCTb.
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MOJEJMPOBAHUE MOJIHOM JIOTUCTUYECKOM IENA IOCTABOK
CYXO®PYKTOB B YKPAVHY C IPUMEHEHHUEM BJIOKEHHBIX CETEX ITETPH

Ieapb cTaThbu COCTOUT B UCCIIEIOBAaHUM BO3MOXKHOCTH ITPEJICTABIICHNUS OJIHON JIOTUCTHYECKON LIETHU MTOCTaBOK CyXO(dpyK-
TOB B YKpauHy B (hopme ceTeBoi MoJeiH, KoTopas JaBajia Obl BO3MOXKHOCTb aHaIM3a 3G (eKTuBHOCTH OM3HEC-TIPOLIECCOB
B 1IEMH 33 CUET CHIKCHUs (PMHAHCOBBIX M BPEMEHHBIX 3aTpar, B YACTHOCTH, 00ECIIEYeHNUs CBOEBPEMEHHOI! I0CTaBKH CyXO-
(GPYKTOB ISl pean3aliy yKpauHCKUM noTpedutensm. Pe3yiabrarsl. PaccMoTpeHb! BOIPOCH, CBSI3aHHBIE C pa3paboTKOil
aJICKBAaTHBIX CETEBBIX MOJIEJIEH MPOLECCOB CO3/aHUs, Pa3BEPTHIBAHUA M MOANEPKKU (YHKIMOHUPOBAHUS MOJIHON JIOrH-
cruueckoi uenu nocraBok cyxoppykros (LIIIC) B Ykpauny. [Tokazano, uro npu coznanuu 1 pyHkunonuposanuu LIIC,
10 CPABHEHHIO C IPYruMHU cucreMamu kiacca SCM, BO3HHKaeT psz crienuduueckux npodieM, 00yCIOBICHHBIX CIO0XKHO-
CTBIO B3aMMOJICHCTBYS IOCTaBUIUKOB ChIPbsS (CBEXKMUX (PYKTOB), HPEANPUATUNH-U3TOTOBUTENCH KOHEYHOH IIpo-
JIyKIMH (CylLIKa, YIaKOBKa), CKJIAJICKMX TEPMUHAIOB, TUCTpUObI0TOpOB, 3PL 1 4PL-npoBaiinepoB (pO3HUYHBIX
toprosues). Paccmorpena mozmens nonuoi LIIC B dopme ceru Ilerpu (CII) m mpemyioxeHa MHTEpIIpeTalus OM3HEC-
niporeccoB B 1ienu anementamu CII. IToka3ansl HegocTaTky Kiaccuueckux, 6ezonacHbix CII kak HHCTpyMEHTa MOJIEIUpO-
Banust LIIIC. BeiBoabl. Crenan BbIBOJ 0 HEOOXOAUMOCTH paciupeHus, BpeMeneM cereBoi Mozenu LIIC ms cobmonenns
HpHUHIUIA ‘just-in-time’ npyu MOIETMPOBAaHUHM OM3HEC-TIPOLIECCOB, a TAKXKE OTPAXKEHUS MEePAapXUYHOCTH, N3HAYAIBHO IPH-
cymeii crpykrype LITIC. IlpemioxeHo ucnons3oBath s cunresa cereBod Monenu LI1C Bioxennsie ceru [lerpu (BCII).
Ipu sTom cereBas monens ¢ynkimonuposanus LIIC B ¢popme BCII BkintouaeT 00bEKTBI IBYX THIIOB — LIEHTPAJIbHOE 3BE-
HO, OTPakarollee JeATeIbHOCTh (POKYCHON KOMIIaHHY MO NepepadoTKe UCXOAHOTO ChIPbs (CyXO(QPYKTOB), U P HOACETEH,
MOJICITMPYIOIIMX ASSTELHOCTD OCTABIIUKOB ChIPbs M PEAIU3aTOPOB F'OTOBOH IPOLYKLIUH.

Kamo4ueBble CJ0OBa: I1OCTaBKU CyXO(l)pyKTOB, IoJIHas JIOruCTUYCCKas ILCIIb IT0OCTaBOK, (bOKycHai[ KOMITaHUA, MOACIIN-

poBaHue 6H3H€C-HpOHeCCOB, BJIOXKCHHAs CCTh HeTpI/I, MUHUMU3AIUS JIOTUCTUICCKUX U3ICPIKEK.

BBepgeHue

Jist aHanm3a (QYHKIMOHUPOBAHMS JIOTUCTHYECKHX
CHCTEM, B YaCTHOCTH, TIOJIHBIX IETIed MOCTaBOK, CYIIECT-
ByeT OOIIMPHBIA WHCTPYMEHTapHid, KOTOPBIH IaeT BO3-
MOXXHOCTh aJIeKBaTHOT'O IIPE/ICTABIICHUS! B JUHAMHUKE
JM000r0 M3 KOHKPETHBIX BapWaHTOB pealM3alliy IIEHH
[1]. Bmecte ¢ TeMm, B HacTosIiee BpeMs CYIIECTBYET He-
00XOJIMMOCTh COBEPIICHCTBOBAHHS JIOTUCTHYECKUX Me-
TOJIOB yIPaBJICHHUS, B TOM YHCIIE MOJICITUPOBAHUS U aHa-
Ju3a 1ener mocraBok B cucteMax SCM MpoIyKTOB IH-
TaHMs, TOCKOJIBKY B COBPEMEHHBIX YCIOBHAX SKOHOMHKA
VYKpauHbl OPUEHTHPOBAaHA, NMPEHMYIIECTBEHHO, Ha YBe-
JTMYeHne o0beMa MMIIOpTa M Pa3BHTHE PO3HUYHOM TOp-
roBid. TUNWYHBIM OOBEKTOM pacCMaTPUBAEMOIO THIIA
SIBJISIETCSL 1IENb IMOCTaBOK CYXO(PYKTOB B YKpawHy
(I1C), kortopast mpexnctasisieT coOOW CIIOXKHYIO
COLIMO-TEXHUKO-DKOHOMUYECKYIO  CHCTEMY,  CO-
CTOSIIIYI0O M3 MHOXECTBAa IIOCTABIIUKOB CHIPHS
(cBexux (GPYKTOB), MPEANPHUATHH-U3TOTOBUTEIICH
KOHEYHOW MpONyKIuU (CyIlKa, YIakoBKa), CKIaj-
CKUX TEPMHHAIIOB, TUCTPUOBIOTOPOB, 3PL u 4PL-
NpoBaliIepoB (PO3HUYHBIX TOPTOBIEB), KOTOpHIC
0o0y1aiaroT OmpenereHHBIMA pecypcaMu. B3anmo-
JICHCTBUE Y4YaCTHUKOB OwusHec-nporneccoB B IIIC
OTpa)kaeTcss MHOXKECTBOM MaTepHaJIbHBIX, (UHAaH-
COBBIX U MH(OPMAIMOHHBIX ITOTOKOB, a TaK¥Ke I0-
TOKOB YCIIyI' OT MCTOYHHKOB HCXOJIHOTO CBHIPBS 0
KOHEYHOro mnotpeduresis. MHOrooOpasue peruoHOB
MUpa, U3 KOTOPBIX OCYIIECTBIISIOTCS TIOCTABKU B Y Kpau-
HY CyXO(pYKTOB, HIMpOKask HOMEHKJIATypa IOCTaBJse-
MOH TMPOIYKIHMH, YpPOXKAHHOCTh, KOJeOaHHEe KYpCOB Ba-
JIIOT, CE30HHOCTD SIBJISIFOTCSI IPMYMHAMY BOSHUKHOBEHHSI
BBICOKOT'O YPOBHSI HEOIIPEEIEHHOCTH B Mpoleccax (op-
MUPOBaHUS U NPUHATHA perieHuit yuactHukamu LTIC.

Konuemnmus SCM [2] npeanonaraer KOMIIEKCHOE
MIPE/ICTaBlICHUE OM3HEC-TIPOLIECCOB, a UMEHHO IPOM3-
BOJICTBA CBIPbs (CBEXHX (PYKTOB), MPOU3BOJICTBA H
YIIAKOBKH TOTOBOW NPOJYKIMH, IOCTABKH WM JUCTPH-
OBIOLHH.

Takum oOpazom, 3¢dekTuBHOE (QYHKIMOHHPOBA-
nue LIIC mpenmonaraeT WHTETPAIUIO KITFOYEBBIX OH3-
HEC-TIPOLIECCOB: YIPABJICHUS! B3aWMOOTHOILCHUSIMH C
MOTPEOUTEIISIMK;, O0CTYKUBaHUS TOTPEOUTEIICH; aHAIU-
3a CHpoca; YIpaBiieHUs BBITIOJIHEHUEM 3aKa3oB; o0Oec-
MeYeHUs] TIPOU3BOJICTBEHHBIX IIPOIECCOB; YIIPABJICHUS
cHaOxeHueM. [Ipy 3TOM OCHOBHBIM MEXaHH3MOM IIO-
BbimeHust dddexkruBHoct ynkunonuposanus LIIC
SIBIISIFOTCS. MUHUMHM3ALUsI COBOKYITHBIX JIOTHCTHYECKHX
U3JIEPIKEK, NOCTM)KEHHE MaKCHUMAJIBHON NMPHOBUIN HIIH
MUHHAMAIIBHBIX 3aTPaT OTAENbHBIX 3BEHBEB IIPH COOIIIO-
JIEHUH MpuHIMMa ‘just-in-time’[3].

Lleab cTaThl COCTOUT B UCCIIEIOBAHUU BO3MOXK-
HOCTH TIPEICTABJICHUS IOJHOW JIOTUCTUYECKON IIEHH
MOCTaBOK CyXO(pYyKTOB B YKpauHy B (JOpME CETEBOIi
MOJIETIH, KOTOpas JaBaia Obl BO3MOXKHOCTH aHaJIH3a
3¢ (GeKTUBHOCTH OU3HEC-TIPOIIECCOB B IIEMU 3a CYET
CHIKEHUsI (PMHAHCOBBIX U BPEMEHHBIX 3aTpaT, B 4acT-
HOCTH, oOecIieueHHsT CBOEBPEMEHHOH JIOCTAaBKH CYyXO-
(pPYKTOB [UIsl peasii3alu YKPAMHCKUM TOTPEOUTEISIM.

OcHoOBHas YacTb

B oTnuume OT KIIaCCMYECKOM CETeBOM MOJCIH
yrpasienus, cereBas mozens LIIC umeer psin ocoben-
HOCTEH:

®  OCHOBHBIMH JJICMCHTAMHU IICMIH TOCTABOK SB-
JITIOTCS 3BEHbS U MaTEPUAIbHBIC TIOTOKH;

= qenu nojcereid B cocraBe LIIC paznuyarorcs;

= B cereBoil Mmozenu LIIC Bcerna mpucyrcTByer
LIEHTPaJILHOE 3BEHO U TOJICETH;

© IHocrak U.B., Paxumu 4., 2018
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= s cereBoit moaenu L{IIC oTcyTcTBYeT moHs-
THE «KPUTHYCCKUHN TYTHY;

" [IOCTaBKU OJHOU mojceTu pamkax oanoit LI1C
OTHOCHUTEJIFHO HE3aBUCHUMBI OT MOCTABOK JPYroil IMoj-
CeTH.

CereBas Mozens LIIC sBnsercs mo cBoed CyTH
JIECKPUIITUBHON, HCXOMAsS W3 OTOr0, MpPEACTaBISETCS
Lesecoo0pa3HpIM IPUMEHEHHEe Ul aHann3a (QyHKIHO-
unupoBanus LIIIC ee onucanue B popme cetu Iletpu. B
obmrem ciyuae ceth Iletpu (CII) [4] mpencrasiser co-
00ii IBY/I0IbHBI OPUEHTUPOBAHHBIA MYIbTUTpad

S=(P, T, My 4, A°),

rae P — MHoxecTBO BepmiuH Tuma «llozummsy; 71—
MHOXecTBO BepunH tuna «Ilepexom»; M, - Bektop
HAYANBHOrO MapKupoBaHus; A', A° — MaTpHIEl HHIM-
JIEHTHOCTH, 33Jal0lIne, COOTBETCTBEHHO, BXOBI U BBI-
xozs! ayr u3 BepimH CII.

Hawubonee yacto npu pa3paboTke Mojesel peab-
HBIX 00bekTOB B (hopme CII, BepmruHbl THa «Ilo3umusdy
MHTEPIPETUPYIOTCSI KaK yCIIOBUS Havaja JIMOO OKOHYa-
HUS Kakoro-imbo OW3Hec-Tmpolecca, O HAIMYUHM TaKHX
YCIIOBUI CBUIIETENTLCTBYET MapKep B MO3UIHMH; ITO3UIMU
xe tuma «l[lepexomy WHTEPHPETUPYIOTCS Kak Te WU
uHbIe OM3Hec-Tporecchl. JInHaMuka GpyHKIIMOHUPOBAHUS
LIENMU TIOCTaBOK OTPaXKaeTCsl MepeMeIleHHeM MapKepoB
no CII. Ha puc. 1 npencrapieHsl pe3yJbTaThl MOJETUPO-
BaHusi mpouecca (opmuposanusi noxaceru LIIC «Ilo-
CTaBKU CBEXXHUX (PPYKTOB Ha IepepadoTKy» B BUJIE OITHOM
u Toit e CII, orpaxaromiel TOTOBHOCTb K IMOCTaBKaM
cBEXKUX (DPYKTOB Ha 1epepaboTKy, B repBoM citydae (1a),
MIEPBBIM U YETBEPTHIM IOCTABIIMKAMHU, O YEM CBHETEIb-
CTBYeT Haiuuue MapkepoB B nosunusx Pl u P4, B BO
BTOpOM citydae (106) — TpEeThbUM M YETBEPTHIM ITOCTABIIH-
kamu. IIpu sTom nepexonsl T1 — T4 unTEpnpeTUpyIOTCS
KaK IIPOLIECCHI MEPEBO3KHU CHIPbs (CBEXHX (PYKTOB) Ha
CKJIQJI OTHOTO W3 JBYX IlepepadaThIBAIONINX MpeIIpH-
situid, a nepexoabl TS u T6 oTpakaroT mpolecchl CKia-
nupoBaHus. Takum 00pa3oMm, ¢ MOMOIIBIO HavyalbHOW
mapkupoBku CII nmeercss BOSMOXHOCTh MOJIEITHPOBATH
npouecchl (POPMHUPOBAHUS MAPLIPYTOB TOCTABKH U JIpY-
rux ousHec-mporeccor LIIC.

I'maBHBIM HemocTaTkoM ammapaTta CII xak Mozenu
(hopMUpOBaHUS II€Nel MTOCTABOK SIBJISETCS M3HAYAIBHO
HU3Kash MOIIHOCTh NPEJACTABICHUS KIACCHYECKHX,
«6e3omacHbix» CII (Safety Petri Nets) npu makcumains-
HOM MOIIHOCTH pa3pemieHus. [lox MOIIHOCTBIO IMpen-
CTaBJIEHUs 3/€Ch IIOHMMAETCsl HaJH4YUe CPEICTB OTpa-
KeHUst 0a30BBIX (IIPOCTPAHCTBO, BPEMS M IPUUINHHOCTH)
W TIPOU3BOJIHBIX OT HUX KATErOpPHH OKPY)KAIOIIEro MH-
pa. MOIHOCTh pa3pelieHnss CBUAETEILCTBYET O BO3-
MoxHocTsix aHanmm3a CII kak rpadoBBIX CTPYKTyp Ha
HaJIMYUE€ B HUX AKTUBHOCTH, IOCTH)KUMOCTH, ITOKPHI-
BaeMOCTH, a TaKke TYNUKOB M 3aunukiuBanuii (dead
locks) [4].

IIpu monenmupoBanuu cerbto Iletpu mnpouecca
¢ynxmonuposanus LIIC, ¢ cobnroneHneM NpHHIUIA
«just-in-time», MPUHIMIHAIBHBIM MOMEHTOM SIBJISIETCS
OTpa)keHHE BPEMEHHBIX 3aBHCHMOCTEH MEXIy OTIelb-
HBIMH Om3Hec-niporieccamy. OJTHAKO Ha TMPaKTHKE, I10-
BbIIeHHe MomHocTy mnpencrasieHus CII myrem Ttak
Ha3bIBAEMOTO paCUIMpEeHUs] (BpEMEHHbIE, pacKpalleH-

Hble, croxactuueckre CIT) Hen30e)KHO BeIeT K CHIDKe-
HUIO UX MOIIHOCTH pa3pelIeHus, a CIeI0BaTeNbHO, U K
OIpaHMYEHUIO BO3MOXKHOCTEH 110 OIIEHKE KayecTBa Ou3-
Hec-niporieccoB B LIIIC Ha mpeamer WX MOJIHOTHI U He-
MIPOTUBOPEUUBOCTH.

[Iponecc cozmanus, pa3BepTHIBAHUS U MOJAECPIKKH
¢yuknmonupoBanus IIIC Moxker OBITH aJEKBATHO
MIPEJCTaBIeH B BHJE HEPAPXUUECKOH IBYXypOBHEBOU
BnoxxeHHoii ceru [lerpu (BCII) [5]:

1PN =< SN EN® | END >,

rae SN(]) — CUCTEMHas C€Tb, MOJACIIUPYIOIIasA IPOLECCC,

2 o
{ENI-( )} — MHOXKECTBO 3JIeMEHTapHBIX ceTed Ilerpu,

Kak7iasi U3 KOTOPBIX MOJEIHpPYET MpoIecch coopa cBe-
®uX (QPYKTOB, IPOU3BOJICTBA U YITIAKOBKH T'OTOBOH MPO-
nykuud (puc. 1).

T

T

6
Puc. 1. CII, monenupyromas noxacers LIIC
«[TocraBku cBe)XUX PPYKTOB HAa MEPEPabOTKY»

CereBas mozens IIIC (puc. 2, Tadma. 1, 2) B gaH-
HOM CJIydae MPeICTaBIIIeT COO0M KOPTEK:

IPN =< N,C,W,G,Q,M >,
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rne N =(P,T,F) — KoHe4Hasi CeTb C MHO)KECTBOM IIO-
3ulMid P, MHOXXECTBOM IIEPEXONOB 71;, OTHOLIEHHEM

uHIMAeHTHOCT! F;, C: P — Q) — (QYHKUMA pacKpacku
MO3ULIMH, CTaBAIIas B COOTBETCTBUE KaXKIOW MO3UIMU
p €P ee user; W — QyHKumMs, KOTOpas NPUIHCHIBAET

JyraMm ceTd N BbIpaKeHUH Tumna

((p,0),(t', p") € F :(Type(W (p,1)) = M(C(p) v
V(Type(W (¢, p") = M(C(p")),
rne G:T — L - pyHKUMs, KOTOpask KaXIOMY IEpexoy
teT CTaBUT B COOTBETCTBUE HEKOTOPbIC JTOTHYCCKHUEC

BBIPa)KEHHS], OTPaKAIOIUe COOTBETCTBYIOIIEE COOBITHUE;
C — dyHKIUS, KOTOpask KaKIOW IMO3UIIMA p € P CTaBUT

B COOTBETCTBUC CJICAYIOIICC BBIPAKCHUC!
Vp e P:(Type(My(p) =M(C(p)))).

Oynkuusas M ompenenseT HAyalbHYIO pa3METKy
BCII. HauansHas pasmerka BCII, Bxitouas omnpenene-
HHE I[BETa MapKepoB, 0TOOpakaeT KOHKPETHYIO MPOH3-
BOJICTBEHHYIO CHUTYaIIHIO, O0YCIIOBJICHHYIO (haKTOM Ha-
JIMYUSA Ha CKJIa/e NpeanpUsTHs TOTOBOM MPOIYKIIUH.

ITockonbky aByxypoBHeBbie BCII mo cBoeit mpu-
pole HMEIOT HEepapXUYeCKyl0 CTPYKTYpy, C TaKUMHU
MOJIENIIMU TIPOU3BOJICTBEHHBIX CUTYyallMil B Ipolecce
mozenupoBanust L{IIC moryt ObITH OZIHO3HAYHO COMOC-
TaBJICHbI OHTOJIOTMYECKHE CTPYKTYPHI, HA OCHOBE KOTO-
PBIX 11€71€cO00pa3HO MOCTPOUTH 0a3y IMPEIEIEHTOB PH
pelleHnH 3ajad, BO3HUKAIOUIMX INPH pa3BepThIBAaHUU
noHou LTIC.

SN

Puc. 2. Crpykrypa ceresoii monenu LIIIC B ¢popme BCIT

Tabnuya 1. UuTepriperanus co0bITHII MPH (YHKIIMOHUPO-
Banun IIIIC nepexonamu BCII

YcnoBust ConepsxaHue ycrnoBuii
1 v
pl( ) Hanyame y mocTaBIIMKOB IPOM3BOJCTBEHHON 0a3bl
YCTaHOBJIEHO
1
Pz( ) Hanuume Ha ckiage IOCTaBIMMKA JIOCTATOYHOIO

KOJIMYECTBA JaHHOI'O BU/Jia INMPOAYKIIUH YCTAHOBJICHO

1
P OTcyrcTBHE BapHaHTa 3aMEHBI MOCTaBINHMKA yCTa-
HOBJIEHO
1 o
J A Heobxomumblii 00beM NPOAYKIMHM Ha CKJIAJE I10-
CTaBIIMKA YCTAHOBJIEH
1
P VBenomiene 0 HEOOXOAMMOCTH 3aKasa OIpejie-
JIEHHOT'0 BUJ1a NMIPOAYKLIUH OTIPABIIEHO
1
P 3aka3 1711 m-ro BUJa NpoayKIHu ohopMIIeH
2
- Venosusa 3aKkiarodeHHMs JOrOBOPOB Ha IOCTaBKU
e KOHKPETHBIX BHJIOB NPOYKLIIUH

Tabnuya 2. InTepriperanus ycJOBHii B ceTeBoii Mogen,
KOTOpbIe NPHBEJIM K HACTYIJICHUIO COOBITHI
npu GYHKIMOHUPOBAHUH

CoObITHs CyTb coObITHI

n" ITpubbiTHE HapTHM NPOAYKLMH OT BHELIHEro

IOCTABIIMKA Ha CKJIa]] (POKYCHOIH KOMIIaHUM

LY AHanu3 NpUYHH CPhIBA MOCTABOK MPOAYKIIUH B
MPOLLTIOM

1
lg( ) Omnpenenenne HEOOXOIUMOro o0BbeMa
JTyKIAY Ha CKi1azie OKYCHOW KOMITAaHUU

npo-

1" 3aka3 MapTMM NPOAYKUUH Y BHEHIHUX IIO-
CTaBIINKOB

1 o
£V VBenoMileHHE MEHEDKMEHTY (DOKYCHOM KOM-
HaHUH 00 OTCYTCTBUM Ha CKJaJle HEOOXONUMO-
r'0 KOJIMYEeCTBA KOHKPETHOI'O BU/Ia MPOIYKIIUH

Ilepeuenp neHCTBHH, NPETyCMOTPEHHBIX Ta-
MOKEHHBIM 3aKOHOJATEIECTBOM IPH OpraHH-
3all1M TIOCTABOK UMITOPTHOH MPOAYKIUH

(-

BbiBogbl

AHanu3 0coOeHHOCTEH MOCTPOCHUS M (YHKIIHO-
HUPOBAHUS TOJHOW JIOTHCTUYECKON II€MH TMOCTaBOK
CyXOQpyKTOB B YKpauHy Aaj BO3MOXXHOCTb OOOCHO-
BaTh BBHIOOP B KayeCTBE CPEACTBA MOJACTMPOBAHUS Ma-
TeMaTU4YecKuil anmapat BIokeHHbIX ceteit [letpu. Ilo-
Ka3aHa HEOOXOIMMOCTh pacUIMpEeHUs ammapara 0e30-
nacHeix CII, myrem BBeZ€HHS CPENCTB MOJAEIUPOBAHUS
BPEMEHHBIX 3aBUCUMOCTEH MEXIy OM3HEC-TIpOolLeccaMu
B pamkax LIIC, s ontuMu3anuu 1enu ¢ coOmoIeHu-
eM MpHHIMNA ‘just-in-time’, a Takke MPUMCHCHUS all-
napaTa BIOXXEHHBIX cereit Iletpu st oTpakeHus ue-
papxuuHocTH cTpykTyphl LIIIC.
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MopeJiroBaHHS IOBHOT'O JIOTICTHYHOIO JIAHIIOTA MIOCTABOK CyXOQPYKTIB B YKpaiHi
3 BHKOPHCTAaHHAM BKJIajeHnx mepe:x Ilerpi

1. B. llocraxk, f. Paximi

Mera craTTi monsrae B JIOCHIDKEHHI MOMJIMBOCTI TONAHHS MOBHOI JIOTICTUYHOIO JIAHIFOTA TOCTABOK CYXO(MPYKTIB B
VYkpainy B hopMi MepekeBOi MOJIENI, sKa JaBajia O MOXKIUBICTh aHaJIi3y e(EKTUBHOCTI Oi3HEC MPOLECIB B JIAHIIO31 32 PaXYHOK
3HIKCHHS (hIHAHCOBUX 1 THMYACOBUX BHTPAT, 30KpeMa, 3a0€3MECUCHHS CBOEYACHOT JOCTaBKH CyXOMPYKTIB IS peaizaii ykpai-
HCBKUM criokuBadaM. PesynabTarn. Po3risiHyTo nmuTaHHs, NOB'3aHI 3 PO3pPOOKOI0 aeKBaTHUX MEPEKEBUX MOJIEJeH IpoLeciB
CTBOPCHHS, PO3rOPTaHHs Ta MATPUMKU (YHKIIOHYBAHHS IMOBHOTO JIOTICTHYHOrO JIaHIfora mocraBok cyxodpykris (LIIC) B
VYkpaiui. [TokazaHo, mo nmpu crBoperHi i pynkmionyBanHi [{I1C, B mopiBHsHHI 3 iHIIMMHU crcTeMaMu kiacy SCM, BUHHUKAE psi
crenupivYHUX TPOoOJeM, 3YMOBJICHUX CKIIQIHICTIO B3a€MOJIi MOCTAaYalbHUKIB CUPOBHHHU (CBIKUX (DPYKTIB), MiANPUEMCTB-
BHPOOHUKIB KIHIIEBOT MPOMYKIIi (CYIIIHHSA, YIaKyBaHHS), CKJIAJCBKUX TepMiHaiB, qucTpub'toTopiB, 3PL i 4PL-mpoBaiinepis
(po3mpiOHuUX TOpro.iie). Posrisayro moxens moBHoi LITIC B hopmi mepexi [etpi (CII) i 3anpornoHoBaHa iHTepIIpeTallis 0i3HeC
npo-npoueciB B yaHio3i enemenramu CII. TTokazaHo Hemomiku kinacudHux, Oesmeunux CII sk iHCTpYMEHTY MOJCITIOBAHHS
HLIIC. BucHoBKH. 3p00IeHO BUCHOBOK PO HEOOXIAHICTh PO3LIMPEHHS, YacoM MepexeBuid Mmoaei LIIC mist noTpuMaHHs NpyH-
oy 'just-in-time' npu MozeOBaHHI Gi3HEC TPOIIECIB, a TAKOXK BiIOOPaKECHHS 1€PapXidHOCTI, CIOYATKY MPUCYIIOK CTPYKTYpPi
HIIC. 3anpornoHOBaHO BUKOPUCTOBYBATH Ui cHHTE3y MepexeBuid mozeni LIIIC Briageni mepexi [letpi (BCII). [Tpu npomy
MepexeBa Monensb dynkiionysanas IIIC B ¢opmi BCII BkiIrouae 00'eKTH JBOX THIIB - IIEHTPabHA JIaHKA, IO BigoOpakae
JUsIbHICTD (hOKYCHOI KOMIIaHii 3 nepepoOKu BUXIZIHOI cMpOBHHU (CYXO(PYKTIB), 1 paa HmiaMepex, 10 MOJEIIOTh AisUIbHICTD
[OCTa4YaJIbHUKIB CUPOBUHH 1 peallizaTopiB roTOBOI MPOAYKIIIi.

Kaw4yoBi ciaoBa: mocraBku CyXO(ppyKTiB; MOBHA JIOTICTUYHHH JIAHIIOT TIOCTaBOK; (POKYCHA KOMIIAHisl; MOJIEITIOBAHHS
6i3Hec npoleciB; BKIageHa Mepesxy [leTpi; MiHiMi3aList JIOriCTUYHNUX BUTPAT.

Modeling of the complete logistic chain of supplies of dried fruits to Ukraine with the use of nested Petri nets
1. Shostak, Ya. Rahimi

The purpose of the article is to study the possibility of presenting the full logistic supply chain of dry branches to Ukraine
in the form of a network model that would enable analysis of the effectiveness of business processes in the chain by reducing
financial and time costs, in particular, ensuring timely delivery of dry fruits for implementation Ukrainian consumers. Results.
The issues related to the development of adequate network models of the processes of creating, deploying and supporting the
functioning of the full logistics supply chain of dried fruits (SCDF) in Ukraine are considered. It shown that the creation and
operation of the SCDF, compared with other SCM class systems, raises a number of specific problems caused by the complexity
of the interaction of raw material suppliers (fresh fruit), manufacturers of final products (drying, packaging), storage terminals,
distributors, 3PL and 4PL providers (retailers). A model of a complete SCDF in the form of a Petri net (PN) is considered and the
interpretation of business processes in a chain by elements of a PN is proposed. The drawbacks of the classic, safe PN as a tool
for modeling SCDF has shown. The conclusion was made about the need for expansion, the time of the network model of the
SCDF in order to comply with the-just-in-time ’principle in modeling business processes, as well as reflecting the hierarchy that
is inherent in the structure of the SCDF. Conclusions. It had proposed to use nested Petri nets (NPN) for the synthesis of the
network model of the SCDF. At the same time, the network model of SCDF functioning in the form of a NPN includes two types
of objects - the central link reflecting the activities of the focusing company on processing raw materials (dried fruits), and a
number of subnets that simulate the activities of raw material suppliers and distributors of finished products.

Keywords: dried fruit supply; full logistics supply chain; focus company; business process modeling; embedded Petri
net; minimization of logistic costs.
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STABILITY EVALUATION BASED ON THE SUSTAINABILITY TRIANGLE
APPLICATION FOR TRANSFER FUNCTIONS ABOVE 2™” ORDER

This research subject represents the transfer function of a system above the second order. Research goal: to simplify the
system stability assessment process for transfer functions higher than second order based on the stability triangle and inequations
of the transfer functions coefficients’ acceptable values. Task: to simplify the system stability assessment; to investigate the
characteristic equation and determine limiting inequations. Methods used: Jury stability criterion, the analytical method for
stability determining the when graphical representation used on the stability triangle basis, the characteristic equation analytical
solution, and mathematic modeling. The following results have been obtained: the maximum permissible coefficient values
are found, as well as limiting inequations for the transfer function coefficients. Found are the correlation coefficients between
the easily determined maximum theoretical values of these coefficients and their practical values, the correction coefficients’
functional dependences being obtained. Conclusions: based on the research done to estimate the coefficients’ boundaries for
frequency-dependent components above the second order, necessary is to determine the characteristic equation coefficients
maximum values multiplying them by the correction coefficients obtained at this research issue. The obtained values represent
the components’ stability boundary at denominator coefficients’ change. This greatly facilitates the stability evaluation when
rebuilding the component transfer function’s coefficients.

Keywords: Jury criterion; characteristic equation; stability boundaries; limiting inequations; frequency-dependent

component above second order.

Introduction

The specialized computer, programmable mobile
and robotic systems are functioning under difficult and
unpredictable conditions that imply the need to
restructure the system components transfer functions’
coefficients [1-5]. Therefore, we face a problem when,
prior to start the adjustment, it is necessary to evaluate
the system stability while ensuring its new condition, by
changing the system components transfer functions’
coefficients [6-9]. For first and second orders transfer
functions, this problem is solved easily, but when
transfer functions above the second order, it is not a
simple one [8—10].

The research aim is to simplify the process of
system stability assessment for transfer functions higher
that second order on the basis of stability triangle and
inequations of transfer function coefficients’ allowable
values.

Research results

In most stability problems, considered is the
system characteristic equation:

n .
D(z)= Zbl-zn_l ,
i=0
where b; — denominator coefficients at the system transfer

function (in most cases, by =1, n — system order.

To assess the n-th order system stability is
possible using the Jury criterion, according to which
satisfied shall be the characteristic equation’ inequations
of the form [10]:

D(1) > 0; (=1)" D(~1) > 0. (1)

This criterion works well with the system transfer
function constant coefficients, and the restructuring of
one or several coefficients involves problems arising. So
we have to find these coefficients limits to ensure
stability. For a second-order system, whose transfer
function has the form [10, 11]:

ap+ alz_l + azz_2

Hy(2)= = =)
1+bz +b)z

The characteristic equation is equal to
D(z) = 2 +bz+b,.
In this case, from (1) we can write:
1+5 +b, >0;
1-by+by, >0.

Then in coordinates (5y,b,) we can find the
stability triangle forming lines

b2 > —1—bl;
bz > —1+bl.
However, this triangle has no upper boundary
b2 max *
So next, we consider the variance with

characteristic equation complex - conjugate roots
25 =ae’ e, (2)

where o - modulus (|a| <1), ¢ - argument.

It should be noted that the frequency-dependent
components at computer systems above the first order
contain complex-conjugate roots, for example, filters.

© Ukhina H., Sytnikov V., Puts K., 2018
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Then, based on the Viet theorem, we can write
down [12]:

+2y ==0y;
{Zl ) ] 3)

z1-2p =by.
Substituting (2) into (3) we shall get
Z1+zy = oc(ejd) +e_j¢);
Zyzy = ae’® -(oce_jd’).

Based on the Euler formula and the rules of
complex numbers operation, we obtain

{zl +2zy =20cos ¢ =—by;

Z1°2Zp =(X,2 =b2.

then by . <1, with respect to |oc| <L

Based on the obtained relations, we can therefore
build a stability triangle, Fig 1.

1

05 . ....................................... fevsvirransry .......... -

b2
f=1

0.5 o

bl
Fig. 1. Stability triangle for second order transfer function

The stability triangle limits the denominator
coefficients’ values at transfer function of the second
order [11, 13]. This means that the transfer function
characteristic equation roots

D(z) =272 +bz+b, =0,

will be located inside the unit circle on the Z-plane.

To assess the stability of tunable transfer functions
above the second order, necessary is to solve the
corresponding algebraic equations. However, we thus
suggest the following procedure. Let we consider the 5™
order characteristic equation, which has the following

form:
D(z) = z +blz4 +b223 +b322 +byz + bs.
Then by the Juri criterion we can write

1+b +by + b3 +by +bs >0;
1—bl +b2 —b3 +b4 —b5 > 0.

Combining the odd and even coefficients
respectively
dl = bl +b3 +b5;
d2 = b2 + b4.

We get that lines forming the stability triangle will
have the form

1+d;+d, >0; dy >-1-d;
T
1—dl+d2 >0 d2 >—1+dl.

In coordinates (d;,d,) We again do not observe

the stability upper limit, which by analogy can be found
from the Viet theorem and Euler formulas, taking into

account theroots zy =a, zj5 = Beijd’, 234 = yet /v
a+2[Bcosd+ycosy]=—b;
[32 +y2 +20(Bcosd+7ycosy)+4Bycoshpcosy =by;
och + ocy2 +4aPycosdcosy +

+2Py[Bcosy +ycos§] = —bs;
2a[32y cosy + 20c[3y2 cosd+ B2y2 =by;
oc[32y2 =—bs.

Based on these equations, we can find limiting
inequations for both the coefficients and the sum of
even and odd coefficients:

-3<-bh <5;
-6 <b, <10;
-2 < —by <10;
-3 <by <5
0<bs <1

-9< dl <16,
and
-6<d, <15.

The results obtained allow us to construct a
stability triangle in the coordinates (d;,d, ), Fig.2 .

16

14 b\ R W B iy A
12+

Qb ............... O VRS b ........ 1 heor;etical .........

d2

0_

2 i I 1 i i
-300 -200

d1
Fig. 2. Stability triangle for the fifth order transfer function
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The resulting ratio allow generalisation. Based on
the analysis of the characteristic equation coefficients’
maximum values in the worst case, we can specify that
these values are determined by the combination
formulae [12]:

m _ n!
n

S L 4
ml(n—m)! @
where the characteristic equation order (or the
frequency-dependent component transfer function
order),

n, m— coefficient number,

C,' — coefficient value, for example, for the fifth

order equation coefficient
b3 = Cg .

Thus, it is possible to calculate the coefficients’
maximum values for all characteristic equation
coefficients at any order of the transfer function.

Studies and analysis of the stability triangle upper
boundary of the, determined by the sum of even
coefficients, showed that it can be calculated on the
basis of relation

dymax = 2" —1,

where n — the characteristic equation order (or the
frequency-dependent component transfer function
order).

Having analyzed the computer system frequency-
dependent components transfer functions of orders
above second we revealed that the obtained estimates
are higher than the coefficients’ possible values in the
entire frequency range, as demonstrated with Fig. 2,
representing the stability triangles of theoretical
calculations using formula (4) and their experimental
verification.

0.55 , , : : ; :
0.5 | |
0.45
0.4
03
0.25
0.2

0.1

Fig. 3. Graph of the correlation
between the coefficients’ largest values
and the maximum values obtained
for the digital Butterworth filters

In this case the theoretical assessment can be
considered as the upper limit of the characteristic
equation coefficients, which is overrated, but can be
easily calculated.

The study of correlation between the largest values
of coefficients obtained experimentally and the
maximum theoretical values of various computer
system frequency-dependent components above the
second order, using the digital filters example, showed
that there exists some dependency on the order,
Fig. 3-7.

These dependencies can be considered as
correction factors depending on the order # |

The dependences obtained appearing on the graphs
Fig. 3-7 are well approximated by power equations:

— for Butterworth filters:

Ky (1) = 45",

where A=0,6516; B=-0,2;
— for Chebyshev filters, Chebyshev inverse and
elliptic filters:

K(n)=Cn’> +Dn+E,

where the coefficients C , D and E values are
summarized in Table 1.

Based on Table 1 data, some coefficients values
can be neglected and the resulting equations are
approximated by dependencies:

— for Chebyshev, Chebyshev inverse and odd-

order elliptic filters:
K(RP)=F-RP*+G-RP+H.; (5)
- for even order elliptic filters:

K{(RP)=J-In(RP)+ L. (6)

Fig. 4. Graph of the correlation between the highest
coefficient values and the maximum values obtained
for inverse digital Chebyshev filters at various
oscillation levels in the attenuation band RS
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. RP-10dB

e <—RP:7de

¢ RP=5B

k 07 4

a b

Fig. 5. Graph of the correlation between the highest coefficient values and the maximum values obtained
for digital Chebyshev filters a) odd order sequence, b) even order sequence
at different oscillation levels in the RP passband

Fig. 6. Graph of the correlation between the highest coefficient values and the maximum values obtained
for the elliptic digital filters a) odd order sequence, b) even order sequence at different oscillation levels
in the RP passband and attenuation band RS =11 dB

Fig. 7. Graph of the correlation between the highest coefficient values and the maximum values obtained
for the elliptic digital filters a) odd order sequence, b) even order sequence at different oscillation levels
in the RP passband and attenuation band RS = 15 dB
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Table I — Value of the approximation dependencies’ coefficients

Chebyshev filter Inverse Chebyshev Elliptic filter
= RS
5| 2
S | £ RP RS 11 15
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Table 2 — Dependencies approximation coefficients’ values
Coefficient
Filter type Filter order =
F G H J L
odd -0,0034 -0,1426 0,8935 - -
Chebyshev
even 0,1429 1,3429 -0,4 - -
Inverse Chebyshev - 0,0082 0,0165 0,8465 - -
odd, RS=11 0,0018 -0,0926 0,7492 - -
odd, RS=15 0,0027 -0,1148 0,7395 - -
Elliptic
Even, RS=11 - - - 0,1283 0,7782
Even, RS=15 - - - 0,1223 0,7627
. correction factors determined by equations (5-6)
nclusion )
Conclusio depending on the type of frequency-dependent
Thus, to estimate the coefficients variation components (filters). The obtained values represent the

boundaries for frequency-dependent components above
the second order, necessary is, based on formula (4), to
determine the characteristic equation coefficients’
boundary values and multiply those values by the

components’  stability boundary at denominator
coefficients’ change. This greatly facilitates the stability
evaluation when rebuilding the component transfer
function’s coefficients.
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Oninka cTabiJIbHOCTI HA OCHOBI 3aCTOCYBaHHSI
TPHKYTHHKA CTa0iIbHOCTI Ui MepeJaBaJbHuX (PyHKIiH BHINE IPYroro nopsaKy

I'. B. Vxina, B. C. Cursikos, K. O. Iy

IIpenMeToM HOCTIKCHHS € TiepefaBaibHa (YHKIS CHCTEMH BHIIE APYroro mopsaky. MeTa poGOTH: CIIPOIICHHS
MPOLIECY OL[IHKU CTiHKOCTI CUCTEMH ISl IepeJaBaibHUX (PYHKIIH BHIIE APYroro MOpsAKY Ha OCHOBI TPUKYTHHKA CTIMKOCTI i
HEPIBHOCTEH JIONYCTUMHUX 3HAYE€Hb KOE(ILIE€HTIB HepeaaBaabHuX (QYHKIIH. 3aBAaHHs: CIIPOCTUTH OLIHKY CTIMKOCTI CHCTEMH;
JOCNTITUTA XapPaKTEPUCTHUUYHE DPIBHAHHS 1 BH3HAUYUTH OOMEXKYIOYi HEpiBHOCTI. MeTomm, SKi BHKOPHUCTOBYBAIHCH: KPHUTEpPiil
crifikocti JIkypi, aHaITHYHANA METOA JUIA BU3HAYCHHS CTIHKOCTI NMPH BUKOPHUCTAHHI rpadivHOro MpEACTABICHHS Ha OCHOBI
TPUKYTHUKA CTIHKOCTI, aHAJITHYHE DILIEHHS XapaKTePUCTUYHOrO PiBHIHHS, MaTeMaTHYHe MojeaoBaHHsA. OTpuMaHi HACTYITHI
pe3yJabTaTH. 3HalIeHO MaKCHMAajbHO JOIMYCTUMI 3HAYEHHS KOES(II[I€HTIB, a TaAKOX HEPIBHOCTI, SIKi OOMEXKYIOTh KOe(]illieHTH
nepeaaBaibHOl (DyHKINT. BUsABIECHO KOS(IIIEHTH BiIIOBIIHOCTI MiXK MAKCUMAJILHUMH TEOPSTUIHUMH 3HAYCHHSIMHU KOS(IIiEHTIB,
[0 JIETKO BH3HAYAIOTHCS 1 MPAKTHYHUMU X 3HAYCHHSIMH, OTPUMaHI QYHKIIOHAIBHI 3aJIKHOCTI KOPUT'YBATLHUX KOCQIIli€HTIB.
BucnoBku. Ha ocHOBI nipoBeieHOT poOOTH /ISt OLIIHKK MEK 3MiHHM KOS(iLli€HTIB 4YaCTOTHO-3aJI€KHUX KOMITIOHEHT BUIIIE PYroro
MOPSIIKY HEOOXiTHO BHU3HAYUTH MAaKCHMaJIbHI 3HAYeHHsS KOC(DILIEHTIB XapaKTepHUCTUYHOIO DIBHAHHA 1 TIOMHOXHTH iX Ha
KOPUTYBaJIbHI KOe(illieHTH, OTpUMaHi B pe3yJbTaTi MPOBEIACHUX NOCITipKeHb. OTprMaHi 3HAUCHHS MPEACTABISIOTH IPAHUIIIO
CTIHKOCTI KOMIIOHEHTIB IIpH 3MiHI 3HaMeHHHMX KoediuieHriB. lle 3HauHO moerurye owiHKY cTaGUIBHOCTI NpH nepepoOLi
koedinieHTiB QyHKIIT epenayi KOMIIOHEHTIB.

KawuoBi caoBa: xpurepiii [Kypi; XapakTepHCTHYHE DIBHSHHS; MEXI CTIHKOCTi; HEpiBHOCTI, IO OOMEXYIOTb;
YaCTOTHO-3aJIEXKHUI KOMIIOHEHT BUIIE APYIOro HOPSIIKY.

OneHka ycTOHYHBOCTH HA OCHOBE IPHMEHCHHS
TPeYroJbHHKA YCTOHYMBOCTH /LIS NepeJaTOYHBIX (yHKIMIi BbIlIe BTOPOro NOpsaKa

A. B. Vxuna, B. C. Curnuxos, K. A. ITyny

IIpeqmerom wuccienoBaHus sBISIETCS IepenaTodHas (yHKIMsS cHCTeMbl Bbllle BToporo mnopsjka. Lleas padorsi:
YIPOILEHUE MpolLecca OLEHKH YCTOWYMBOCTH CHCTEMbI Ul HepelaTOYHbIX (DYHKIMH BbIIIE BTOPOrO IOPSJIKA HA OCHOBE
TPEYroJIbHUKA YCTOMYMBOCTH M HEPaBEHCTB JIOIyCTUMBIX 3HaueHMH kodd¢uuueHToB nepenarouHbix ¢(yHkiumil. 3amanme:
YIIPOCTUTH OLEHKY YCTOHUMBOCTH CHCTEMBI; HCCIEI0BATh XapaKTEPHCTUYECKOE YPABHEHHE U ONpPENEIHTh OrpaHHIHMBAIOLINE
HEpaBEHCTBA. VICTONBb3yeMBIMH METONAMHM  SBJIAIOTCA: KPUTEPHH yCTOMYMBOCTH JKypH, aHAIMTHYECKUH METOI K
OIPEEICHUI0 YCTOWYMBOCTH IIPH HCIONB30BAHUU T'PaUuecKkoro MpeJCTaBICHUs] Ha OCHOBE TPEYrojbHHKAa YCTOHYHMBOCTH,
AHAJIUTUYECKOE PENICHHE XapPaKTEPUCTHYECKOIO YPaBHEHMs, MaTeMaTHieckoe Mojnenuposanue. Ilomydensl cnenyromue
pe3yiabTatbl. HalifieHpl MakcHMalbHO JOMYCTUMBIC 3HAYEHHs KO(QUIMEHTOB, a TaKKe OrpaHUYMBAIOIINE HEPABEHCTBA IS
ko3 dunmenroB nepenarouHoi QyHkumM. BbisBieHB! KOI(DGUIMEHTH COOTBETCTBHSA MEXIY JIETKO OIpeensieMbIMU
MaKCHMAaJIbHBIMH TEOPETHYECKUMHU 3HAUCHHUs KOI(QQUIMEHTOB U NPAKTUYECKUMH MX 3Ha4YEHWH, MOIydeHbl (yHKIMOHAIbHbIC
3aBHCHMOCTH KOppeKTupyromux koddunrenros. Beioasl. Ha ocHoBe npoBejeHHOI paboTh! 111 OLIEHKU IPAHUL] U3MEHEHUS
K03()(UIMEHTOB UYAaCTOTHO-3aBUCHUMBIX KOMIIOHEHT BBIIIE BTOPOrO MOpsAAKA HEOOXOIMMO ONpPEAENUTh MaKCHMAallbHbIC
3Ha4YeHUsA KOIP(UIMEHTOB XapaKTepPUCTHYECKOr0 YPaBHEHUs M YMHOXKHTb HX Ha KOPpEKTHUpyromue Ko3((HUIHEHTbI,
MOJIydEeHHBIE B PE3yNbTaTe MNPOBEICHHBIX HcclaeqoBaHUM. IlomydeHHbIe 3HAYEHUs MNPEACTABISIOT I'PAHUILy YCTOWYHBOCTH
KOMIIOHEHTOB IIPU HM3MEHEHHMHM K03((UIMEHTOB 3HaMeHarens. OTO 3HAYMTENBHO OOJIerdaeT OLEHKY CTaOWIBHOCTH IIPU
BOCCTAHOBJICHHHU KO3 QUIINEHTOB 1epenaTouHol QYHKIIMH KOMIIOHEHTA.

KawueBble cioBa: KpI/ITepI/Iﬁ I[)Kypl/l; XapaKTEPUCTUICCKOC YPABHCHUEC, 'PAHULIbL yCTOﬁ‘-IHBOCTH; OrpaHU4YUBarONINe
HEPABCHCTBA, YaCTOTHO-3aBUCHMBIN KOMITOHCHT BBIIIIC BTOPOr'o Iopsaka.
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METHOD OF COLLABORATIVE FILTRATION
BASED ON ASSOCIATIVE NETWORKS OF USERS SIMILARITY

The subject matter of the article is the processes of generating a recommendations list for users of a website. The goal is
to develop the new method of collaborative filtering based on building associative networks of users similarity to improve
the quality of recommender systems. The tasks to be solved are: to develop the method of collaborative filtering based on
building associative networks of user similarity, develop software to test this method, conduct experiments on the devel-
oped software to test the effectiveness of the developed method, determine the quality of its work and compare this method
with the standard method of collaborative filtering. The methods used are: graph theory, mathematical statistics, the theory
of algorithms, object-oriented programming. The following results were obtained: the method of collaborative filtering
based on building associative networks of user similarity was developed, to implement this method the software was devel-
oped, experiments using the developed software to test the developed method were conducted. Conclusions. The possibil-
ity of using associative networks in recommender systems was researched. The associative rule for building associative
networks of users similarity was proposed. The collaborative filtering method based on associative networks of users simi-
larity, which can be used to improve the quality of recommender systems, was developed. Experiments conducted on the
developed software have shown that the developed method significantly increases such performance indicators of the re-
commender system as user space coverage, item space coverage, user interaction coverage, and makes it possible to create
better-quality lists of recommendations for website users.

Keywords: recommendation systems; collaborative filtering; associative networks; similarity coefficients.

Introduction

Today, recommendation systems are used to im-
prove a work of many types of websites, such as online
stores, content websites, search engines, and more. They
are a good addition to the classic data search algorithms
and can significantly increase the overall interest in a
website, and give individual users the opportunity to get
more useful information and pay attention to more ob-
jects that are relevant to his or her preferences.

The working principle of a recommendation sys-
tem is based on the fact that for each user in a set of us-
ers K={kj,k,,....,k,} creates a set of recommenda-

tions R ={n,n,....k,}, sorted in descending order the

relevance of a recommendation to a interests of corre-
sponding a user.

One of the basic algorithms for building recom-
mendation systems is collaborative filtration [1, 2]. It is
based on the calculation of similarity coefficients be-
tween users to find a most similar users and objects.

To calculate similarity coefficients, previously col-
lected information about users and objects of a system is
used, such as ratings that users put on objects, user
transactions, pageview history, description of objects
and their characteristics, etc.

More often, in recommendation systems the fol-
lowing similarity coefficients are used: Euclidean dis-
tance (1), Heming distance (2), Pearson correlation co-
efficient (3), cosine similarity (4), and others:

d(xl,xz) =

-1 s (1)
i=1

m
d(x,x) = ) o = x5 2
il

XX,
il

d(x),xy) =

Z(xli_Xl)'(x2i_X2)
d(xl ,xz) = =l s (4)

\/Z(xli -X))° Y (x -X,)?

i=1 i=1

where d(x),x,) — the distance between objects x; and
Xy; X;, Xp; — the value of the i-th attribute, respec-
tively, in the Ist and 2nd objects; X;, X, — the set of

values of attributes in the 1st and 2nd objects.

After defining similarity coefficients between ele-
ments of a system, they are used to select elements simi-
lar to those previously selected by a user for their fur-
ther recommendation.

Not always a information gathered about elements
of a system is enough to determine a required number of
similar items to a given item. To solve this problem, an
additional analysis of a available data is needed.

Associative Network (AN) is a set of objects and
associative relationships between them.

Associative relationships are built on the basis of
associative rules.

© Ye. Meleshko, 2018
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Associative rules allows find patterns between re-
lated facts. For example, if user A will buy x;, then he
will also buy x, with probability p [3].

Associative rules can be used in recommendation
systems to determine the similarity between objects that
were not detected using similarity coefficients.

The rules in form "if A and B, then with probabil-
ity p also C", describe, for example, products that was
jointly purchased. In this case, the search for associative
rules can be done using, for example, the following que-
ries to a system:

- What products are sells together?

- How often do A and B products sell together?

- How the choice of a product A increases the
probability of choosing a product B?

- How the choice of a product B increases the
probability of selecting a product A?

Some of the most common algorithms used to con-
struct associative rules are APriori [4], DHP [5], Parti-
tion [6], DIC [7], and others.

If the association rules apply to descriptive analy-
sis, to determine which products are sells together, rec-
ommendation system can get some new information that
can be used in the process of forming a recommenda-
tion.

The disadvantage of this kind of information is
that there will be a low item space coverage with asso-
ciative rules: such rules will exist only for a small num-
ber of items. At the same time, even under such condi-
tions, the application of associative rules and the use of
an associative network of items will improve the quality
of a recommendation system.

The goal of this work was to create collaborative
filtering method based on associative networks of simi-
larity of users in order to increase the amount of data on
the basis of which a list of recommendations is built.

The main material

When developing recommendation systems based on
collaborative filtering, there is the following pattern: the
more users are identified with high similarity coeffi-
cients for a particular user, the more useful recommen-
dations for him will be can to create. In this way, the
task of finding as many as possible of similar users be-
comes relevant. It should be investigated whether more
relationships of similarity can be found between users
that correspond to reality than the quantity that can be
found through collaborative filtering. Associative rules
and associative networks were used to solve this prob-
lem.

Associative rules in recommendation systems are
used to determine associative relationships between
products, based on how often different products fall into
one transaction.

In this paper, associative relationships are proposed
to be built between users based on their similarity coef-
ficients in order to find more similar users.

The following associative rule was developed:

If the similarity coefficient of users 4 and B equals
1, this means, users are "completely" similar, and the
similarity coefficient between users 4 and C equals x,
then the similarity between users B and C equals x.

Let's illustrate this rule schematically in Fig. 1/

similarity =1.0
B

d
similarity,# x
7

similarity = x

/7
/7
'

Fig. 1. Schematic representation of the associative rule
for determining a similarity of users

The associative network is proposed to be built as
follows:

1) apply the proposed associative rule to build addi-
tional similarity relationships (similarity of level 2) be-
tween users;

2) repeat the action (1) for a network, taking into ac-
count similarity relationships with the basic similarity
and similarity of level 2 for obtaining similarities of
level 3.

To create recommendations it is suggested to use all
three types of similarity relationships and consider them
to be equivalent.

The series of experiments were conducted to test this
rule.

To test the work of the developed method, the soft-
ware to create recommendations and testing the recom-
mendation system was developed.

Consider the developed software. To build the rec-
ommendation system, it was decided to choose the pro-
gramming language Python and database type NoSQL
with the representation of data in the form of a graph -
database management system Neo4j.

Neo4j is the first and one of the most popular graph
database management systems. It has the application
programming interface for many programming lan-
guages, including Java, Python, Ruby, PHP [8].

To perform queries, it uses own language Cypher.

The example of the data format in the Neo4j data-
base is shown in Fig. 2.

id:696749 {Value:5} 1d:13116939

h 4

title: "Book
Club"

name: "Alice"
Fig. 2. The example of the data format
in the Neo4j database

To add nodes and relationships to the Neo4j data-
base, , the following queries can be used:

// creating nodes
CREATE (Userl:User {id:$id userl,
name: $name_userl })
CREATE (Objectl: Object {id:$id Objectl,
title:Stitle Objectl})
// creating relationship
CREATE (Userl)-[:Rated{Value:5}]->(Objectl)
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To work with Neo4j in Python the neo4j.v1 library
was used. It allows you to connect to a database server
and make requests.

Recommendations for users of a web-resource are
formed on the basis of previously collected information
about them and information about objects of a system,
which is convenient to represent in the form of a graph
(Fig. 3) and write to a graph database.

Advantages of using graph database Neo4j for rec-
ommendation systems [8]:

1. Productivity. Allows calculating recommenda-
tions in real-time, ensuring their actuality.

2. Convenient data model. Labels and properties of
nodes and relationships allow to easily filter datasets
and allocate a necessary subgraph for analysis.

:Rated

{Value: 2.5}

The recommended system based on collaborative fil-
tration was built, and similarity coefficients between
users were determined based on the Pearson correlation
coefficient (2).

In the developed recommendation system, all data is
represented as a graph, the example is shown in Fig. 3.
All data is divided into vertices and edges. For example,
users, objects, properties of objects are vertices. The
edges are represented by relationships of type: "rated",
"friends", "has_characteristic".

Ratings, for example, are the weight of the edges
type "rated".

Making requests to the database based on labels of
nodes and labels of relationships gives the opportunity
to get different subgraphs.

@ :has_ attri@‘

. :has_
iFriends {V:Irates 0} attribute
alue: 4.
:Rated ObjeCt 3
User 2 {Value: 5.5}
Rated .
{Value: 4.5} :has_ attribute :h?s_
:Follower attribute has._
attribute
Object 4
) :has_ attribute
:Rated
{Value: 3.0}

Fig. 3. The example of an input data set for the recommendation system

The developed recommendation system was tested
on the open dataset — MovieLens Datasets, that was
created in research laboratory at the Department of
Computer Science and Engineering at the University of
Minnesota [9].

During each experiment on the MovieLens Datasets,
N, users were selected. The ratings that they have set on
movies were divided into two parts by timestamp for to
calculate recommendations ("current data") and to test
the system ("future data"). For each data set the system
was launched in two modes:

- without using the associative network (without
AN);

- using the associative network (with AN).

In the dataset, ratings may take values: 0.5, 1.0, 1.5,
2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0. It was decided to divide
them into positive (from 3.5 to 5.0) and negative (from
0.5 to 3.0) ratings.

Predictions of users preferences were divided into
positive ones when predicting positive rating, and
negative ones when predicting negative rating.

To check the quality of the recommendation system,
the following metrics were used:

1. Prediction accuracy — shows how accurately is
predicted preferences of users.

2. User space coverage — the percentage of all users
for whom the system can provide recommendations.

3. Item space coverage — the percentage of all ob-
jects that can be recommended to users.

4. User interaction coverage — the percentage of all
objects among chosen by users that were recommended.

Let's consider how these metrics were determined in
the system being developed.

First, consider all possible results of giving a rec-
ommendation to a user (Table 1).

Table I — Classification of possible results of a recommendation

Recommended

Not recommended

Rated positive True-Positive (p)

False-Negative (fin)

Rated negative False-Positive (fp)

True-Negative (tn)
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Prediction accuracy of a recommendation system
was calculated by the formula (4):

(4)

Precision = ,
p+ fp

User space coverage was determined by the formula

(5):

User Space Coverage = ]\;” ,

u

)

where N, — the number of users for which it was

possible to create recommendations, N, — the number

of users that was taken in the experiment.
Item space coverage was determined by the for-
mula (5):

N
Item Space Coverage = —2 |

m

(6)

where N,,. — the number of movies for which were
able to predict ratings, N,,— the total number of movies

in the experiment.
User interaction coverage was determined by the
formula (5):

()

User Interaction Coverage = P ,
mc
where N,,,. —the number of correctly predicted positive
ratings,
N,,.— the total number of movies that were se-
lected by users in the test data.

Table 2 — Test results of the developed method of construction of recommendation systems

Number of cor- U
< rect positive Prediction User space Item space ) ser
D = 5 @ d interaction cov-
g 2 2 3 recommenda- accuracy coverage coverage erage
S E 5 4 tions
&z z. B3
= without | with | without with without with without with without with

AN AN AN AN AN AN AN AN AN AN

1 30 59 130 86.76% | 69.89% | 56.66% | 83.33% | 7.31% 19.56% | 4.66% 10.28%
2 30 55 104 77.46% | 81.25% | 73.33% | 83.33% | 6.48% 12.16% | 6.19% 11.71%
3 50 292 543 78.91% | 76.80% | 86.00% | 92.00% | 21.37% | 45.50% | 10.53% | 19.59%
4 50 211 346 79.02% | 78.28% | 74.00% | 90.00% | 20.06% | 33.51% | 15.41% | 25.27%
5 100 907 1153 | 74.71% | 75.31% | 94.00% | 98.00% | 60.48% | 79.24% | 28.27% | 35.94%
6 100 821 1033 | 64.95% | 61.16% | 96.00% | 100.00% | 54.87% | 77.46% | 14.61% | 18.38%

Based on the results of experiments it can be con-
cluded that the developed method allows to increase
the number of correct positive recommendations, user
space coverage, item space coverage and user interac-
tion coverage practically without reducing prediction
accuracy of a recommendation system, and in some
cases prediction accuracy even increased (experiment
number 2 and number 5). In general, the number of
useful recommendations for each user increases and
the number of users for which there are no recommen-
dations is reduced.

Conclusions

The possibility of using associative networks in
recommendation systems was explored.

The associative rule for building associative net-
works of users similarity was proposed.

The method of collaborative filtration based on
associative networks of users similarity was devel-
oped.

Series of experiments has been carried out, which
showed that the developed method increases the num-
ber of correct positive recommendations, user space
coverage, item space coverage, user interaction cover-
age, practically without changing the prediction accu-
racy. Using the developed method significantly in-
creases the number of useful recommendations, and
reduces the number of users for whom the usual col-
laborative filtering could not provide recommenda-
tions.
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Meton kos1adopaTuBHOI diabTpanii
HA OCHOBI 2COIIATHBHAX MepPekK NMoA00H KOPHCTYBaviB

€. B. Menemxko

ITpeaqmerom BUBYEHHS y CTATTi € IPOLEC IeHepallii CIUCKY peKOMEHaLi| Juls KopucTyBadiB BeO-caiity. MeToro € po3po-
6Ka HOBOro MeToxy KonabopaTHBHOI (inbTpalii Ha OCHOBI 1OOYOBH acOLiaTUBHUX MEpPexX MOJ00M KOPUCTYBAdiB JUISl ITi/IBH-
IIEHHS SIKOCTI POOOTH peKOMEHaliHUX CHCTeM. 3aBIaHHsI: pO3pOOUTH METOJ KoabopaTuBHOI (inbTpamnii Ha OCHOBI 1MOOYI0-
BU aCOLIIaTUBHUX MEPEXk 1101001 KOPHUCTYBadiB, pO3pPOOUTH NporpaMHe 3a0e3NedeHHs IUIsl TECTYBaHHs JJaHOTO METO.Y, IPOBec-
TH SKCIEPUMEHTH Ha PO3pOO0JIEHOMY IPOrpaMHOMY 3a0€3Ie€UeHHI /Ul NepeBipKH eEeKTHBHOCTI 3aCTOCYBaHHS PO3POOJIEHOro
METOy, BU3HA4YEHH: SAKOCTI Horo poOOTH Ta NOPIBHIHHS JaHOI'O METOAY 31 CTaHJapPTHUM METOJOM K0JabopaTUBHOI (iiabTpartii.
BuxopucroByBaHUMH MeTOJAaMHU €: Teopis rpadis, MaTeMaTHYHA CTATUCTHKA, TEOPisl alrOPUTMIB, 00’ €KTHO-OPiEHTOBAHE IIPO-
rpamyBaHHs. OTpuMaHi Taki pe3yJbTaTH: PO3poOJICHO METO] K0IabopaTUBHOI (inbTpalii Ha OCHOBI IOOYIOBH acOLiaTHBHUX
Mepex 01001 KOPHUCTYBadiB, pO3po0JICHO porpaMHe 3a0e3nedeHHs IS peati3amnii JaHOro METOY, POBEICHO EKCIIEPUMEHTH
Ha po3po0JICHOMY IPOrpaMHOMY 3a0e3IedeHHi Ul TeCTyBaHHS po3pobieHoro Merony. BucHoBku. JlocmikeHO MOXKIMBICT
BUKOPHCTaHHI aCOLIaTUBHUX MEPEX Y PEKOMEHIALIIHIX crcTeMax. 3alpollOHOBAaHO acOLliaTUBHE NPaBUIIO 11 MOOYI0BHU aco-
LIaTUBHUX Mepex Mojno0u KopucTyBadiB. Po3pobieHo Merox konabopaTHBHOI (ibTpalii HA OCHOBI acOLiaTHBHUX MEpPEXK IO-
00K KOPHCTYBauiB, KU MOXHa 3aCTOCOBYBATH UL IiABUIIEHHS SIKOCTI poOOTH pexkoMeHnaliiHoi cucremu. IIpoBeseHi Ha
po3pobIeHOMY IIPOrpaMHOMY 3a0€3He4eHH] eKCIepPUMEHTH II0Ka3aly, 0 po3po0IeHHI MEeTO CYTTEBO IiJBMILYE TaKi MOKa3-
HHUKH pOOOTH PEKOMEHIALiIIHOT CHCTEMH, SK MOKPHUTTS IPOCTOPY KOPUCTYBAdiB, OKPUTTS KaTaJlOT'y, IIOKPUTTS B3a€MOZIi 3 KO-
pHUCTYBauaMH, Ta J03BOJISE CTBOPIOBATH OUIBII AKICHI CITMCKM PEKOMEHJIALii KopUcTyBayaM BeO-CailTiB.

KawuyoBi ciroBa: pekoMeHnamniitHi cucremMu; konabopaTuBHa GiTbTpaLisy; acoliaTUBHI Mepexi; KoedilieHTH o100u.

Merton ko/1a00paTHBHON GUILTPAMH
HA OCHOBE ACONMATHBHBIX ceTel MOI00Us MoJIb30BaTe el

E. B. Menemko

IIpeqmerom u3ydeHHs B CTaTbe SBJIETCS IPOLECC I€HEpAlMM CIMCKA PEKOMEHJIALUH Ul Mosb3oBareliell BeO-caiTa.
Heasto sBisieTcss paspaboTka HOBOrO MeTola Ko/u1abopaTHBHONW (DMIBTpalMM Ha OCHOBE HMOCTPOCHUS ACCOLMATHUBHBIX CeTeH
10/100UsI MOJIb30BATENEH JUIS IOBBIICHHS Ka4eCcTBa paOoThl PEKOMEH/IATEIbHBIX CUCTEM. 3aJada: pa3padoTaTh METO KoIabo-
PaTHUBHOH (UIBTPAIMM HAa OCHOBE IIOCTPOCHMS ACCOLMATHUBHBIX CeTel MoioOus mosb3oBarelnel, pa3padoTaTh MPOrpaMMHOE
obecrieyeHne JIsi TECTUPOBAaHUS JAHHOIO METOJd, NPOBECTU HKCIEPUMEHTHI Ha pa3pabOTaHHOM IPOrPaMMHOM 00eCreUeHHU
JUIS IPOBEPKHU 3G PEKTUBHOCTH IPHUMEHEHUS pa3pab0TaHHOIO METO/IA, ONPEEICHUs KauecTBa €ro paboThl M CPAaBHEHUSI JaHHOTO
METOZIa CO CTaHIAPTHBIM METOJOM KoiuiabopaTuBHOH (uiibrparuu. Mcnonb3yeMbIMH MeTOZAMH SBILIOTCSA: Teopust rpados,
MaTeMaTH4yecKas CTaTUCTHKA, TEOpHsl aJIFOPUTMOB, 00BEKTHO-OPMEHTUPOBAHHOE HporpaMmupoBanue. IlomydeHs! ciemyromme
pe3yJbTaThl: pa3paboTaH MeTo KOJu1abopaTUBHON (riIbTpauy Ha OCHOBE MOCTPOSHUSI aCCOLIMATUBHBIX CETeH MO00MS 110Ib-
30BaTeNei, pa3paboTaHo POrpaMMHOe oOeciedeHHe sl peau3alliy JaHHOI0 METO/a, IIPOBE/ICHBI SKCIIEPUMEHTHI Ha pa3pabo-
TAQHHOM IIPOrPaMMHOM OOECIICUCHUHN I TECTHPOBaHUs pa3paboTaHHOro merona. BeiBoabl. VccienoBaHa BO3MOXKHOCTb HC-
I0JIb30BaHUS aCCOLIMATUBHBIX CeTel B PEKOMEHIATENbHBIX cHcTeMax. [Ipe/yioKeHO accoLMaTUBHOE MPaBMIIO JUIS ITOCTPOSHUS
acCOLIMATUBHBIX ceTell monodus nomnp3oBareneid. Pazpaboran Metoxn komnabopaTUBHON GMIBTPALIMU HA OCHOBE ACCOLMATHBHBIX
cerei mogo0us MoIb30BaTeNeil, KOTOPbIH MOJKHO HMPHMEHSTH JUIS TOBBIICHUS KauecTBa pabOThl PEKOMEHATENbHBIX CHCTEM.
IpoBeneHHbIe Ha pa3pabOTaHHOM IPOrPAMMHOM OOECIICYEHHH SKCIIEPUMEHTbI MOKa3alu, YTO pa3pabOTaHHBII MeTo[ CyllecT-
BEHHO IIOBBIIIACT TaKHE I10Ka3aTeld paboThl PEeKOMEHJATENbHOW CHCTEMBI, KaK MOKPHITHE MPOCTPAHCTBA IOJIB30BATENEH, O-
KpbITHE KaTaJlora, HOKPhITHE B3aUMOJCHCTBUS C II0JIb30BATENISIMH, U NO3BOJIIET CO3/1aBaTh OOJee KaueCTBEHHbIE CIIMCKU PEKo-
MEH/IallUH 110/1b30BaTeIsIM BeO-CaliTOB.

KaroudeBble c10Ba: peKOMEHIATENIbHBIE CUCTEMBI; KoJu1abopaTiBHAs (HHIBTPALMS; aCCOLMATUBHBIE ceTH; K03 dHLH-
€HTEHI [10100MsI.
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APPLIED INFORMATIONAL TECHNOLOGIES
INTEGRATION PRINCIPLES IN SYSTEMS
WITH DUAL PROCESSES

It is shown in this work that the topical question should be the implementation of innovative technologies in education
activity management, namely in the process of knowledge, skills and experience acquisition in educational systems, and
their realization in industry with the use of informational, communication and network technologies. Thus, there appears
necessity for the development of the applied informational technologies integration principles, in systems with dual
processes. The purpose of the creation of educational and industrial processes formalization technology is the development
of formal representation instrumental means that can guarantee a united approach at building the special mathematical
provision for informational and technological solutions in systems with dual processes. Processes and phenomena that
occur in educational and industrial systems, can be represented in bases of knowledge on the grounds of the methodical
base, and the integration processes and phenomena between them can be represented in the form of different algebraic
systems. These systems consist of some ensemble and a set of operations, i. e. an algebraic signature. The methodical base
of formal representation of knowledge consists of heuristic, logical, ontological and topological methods of modelling, and
at the base of the object domain kernel isolation lie methods and formalisms of the set theory. An example of adjacent
manifolds kernel building in topological space on the grounds of the algebra of sets is shown. The proposed logical
methods of the representation of knowledge allow to proceed to the heuristic representation of knowledge, i. e. with

production rules, semantic networks, frame systems, and the ontological constructions as well.

Keywords: integration; applied informational technologies; education; industry; systems with dual processes.

Introduction

At present, the priority of reforms that are carried
out in higher education field, is given to the improving
of educational services rendering with application of the
modern informational systems and technologies [1]. At
the same time, the complicated problem is to build a
united system of educational processes management,
taking into account the industrial requirements to
modern specialists.

There appears necessity to increase the
professional  knowledge and skills by the
implementation of new forms of education.

One of the ways to resolve the problem in question
is the implementation of the dual system of education
and teaching aimed at the improving of the personnel’s
vocational training quality.

This dual system is the new and more flexible
form of the vocational training organization, which
stipulates for the coordinated interaction between the
educational and the industrial branches for training of
qualified personnel of the certain profile in the context
of the organizationally different forms of training
[2-5].

In this connection, the topical question is the
application of innovative technologies in the
educational activity management, i. e. the management
of knowledge, skills and experience acquisition process,
in educational systems, and their realization in industry
with the use of informational, communication and
network technologies. Thus, there appears necessity for
the development of the applied informational
technologies integration principles, in systems with dual
processes.

The purpose of the creation of educational and
industrial processes formalization technology is the

development of formal representation instrumental
means that can guarantee a united approach at building
the special mathematical provision for informational
and technological solutions in systems with dual
processes.

1. Generalized Outline
of the Topological Manifold
Formalization Technology

Let us designate processes and phenomena that
occur between educational systems of 1st-2nd and 3rd-

1,2@3,4]

4th levels of accreditation with ¥ symbol,
and processes and phenomena between educational
systems of 3rd-4th levels of accreditation and industrial

(3,4@ p)

systems with ¢ manifolds, respectively.

Then, the semantics of processes and phenomena of
these manifolds will consist in reflections between the
systems in question, e. g. students of different schools
make their acquaintance with the resources of higher
education institutions and with professions they can
acquire in these institutions. Here, the students can be
interpreted as the elements of some space, with the
knowledge and abilities that reflect on the space of
information presented to the students and concerning
some set of professions.

In the fig. 1, the principal formalisms, their
hierarchy and their-based methods of knowledge

representation are shown, where with the 01’2, o>*

and OF symbols the manifolds of processes and
phenomena that occur in educational systems of 1st-
2nd, 3rd-4th levels of accreditation and in industrial
systems, respectively, are designated.
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Fig. 1. Nllustration of 0>* manifold formalisms hierarchy

It is necessary to mention that the abstraction
degree hierarchy shown in the Fig. 1, concerns only one,

0** manifold.
Analogically, it is possible to uncover the essence

of formalisms hierarchy for 0" and OP manifolds.
As a matter of fact, the worked out scheme allows
to assign temporal relations in the process of

formalization, e. g. to describe manifold 0 > to

assign space R”" — to select the significant elements of
the topological space, i.e. to form the space kernel

KR 5 to develop space kernel significant elements
models {MA,MB,MC}.

The arrows are used here to designate temporal
relations of the formalization procedures. Let us amplify

the temporal relations with the inclusion relations (<),

in order to assign analytically the hierarchy relations of
the formalization procedures. Finally, we can formally
write it down:

0" 5> R" - kR —>{MA,MB,MC};

1
02 D(Rn 5 (KR 5 {MA,MB,MC})). W
It follows from the interpretation above, that the
processes and phenomena that occur in educational and
industrial systems, can be represented in bases of
knowledge on the grounds of methods shown in the
Fig. 1, and the processes and phenomena of the
integration between are representable in the form of
different algebraic systems. They are composed of some
set, in this case, set of models, and of operations with
them, i. e. of an algebraic signature.

In this work, the methodical base of formal
representation of knowledge consists of heuristic,
logical, ontological and topological methods of
modelling, and in the basis of the object domain kernel
isolation lie methods and formalisms of the set theory.

An example of adjacent manifold kernel building
in a topological space, on the grounds of the set algebra,
will be shown in the next subdivision of this work.

2. Adjacent Topological Spaces Kernel
Models Synthesis Procedure

In the previous subdivision, the general scheme of
some formalization technology for processes and
phenomena that occur in educational and industrial
spheres, has been developed. Let us lower the degree of
community of the developed scheme, using
decomposition and abstracting methods (Fig.2). To
simplify the formal procedures notation we shall

suppose that from the every K{%, K3H§4, and KE

kernel, groups of three significant objects (topological
space elements [6, 7]) are isolated, which have between
each other some connection or relations assigned in the

form of functors or cones of morphisms F.K.

Before we proceed to describe the formal
procedure of synthesis of models shown in the Fig. 2:

R R R
R Ki» Ki» Ki
KE = {Ml My M
R R R
R K34 K34 3 K34
K%y = {Ml My My

R R R
R _ Kp Kp Kp
Kp —{Ml s My My .
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Fig. 2. Formal representation of integration processes at the level of topological spaces kernel elements

It is necessary to mention that between these
models there also are some connections and relations,
i. e. exist inner kernel morphisms. As a matter of fact,
models

R R R
R _ K34 K34 K34
K3’4—{Ml ,M2 ,M3

are analogous to the models of kernel, for their originals
are the elements of the educational system.
It is important to mention that the inner-kernel

morphisms of 0" and 0>* manifolds directly depend
on methods, procedures and technologies that are used
in corresponding educational systems, and the

morphisms of O manifold — on the industrial manuals,
logistic schemes and other attributes of one or another
industrial technology.

At the same time, in the work [8] the proposition is
made to represent separate processes and phenomena as
linguistic informational technologies, where are created
models of dictionaries, reference-books, methodical
working-outs and other linguistic objects. Then, the
isolated in the fig. 2 can be represented with three
models

M]K&, M2K3H%4 , M3K§4 ,
where their originals are ‘higher education institution’,
‘some educational technology’ (as a process), ‘higher
school pedagogics’ (as an object of the research),
respectively.

With the aim to isolate the inner-kernel
morphisms, on the basis of terminological dictionary the

0>* manifold ontological model there was built.

Let us suppose that between the element 1 of the
kernel, its model designated with, there exists some
connection or relations with elements 1 and 2 of the
kernel, models of these elements designated with

R R
K K
M, 3’4,M2 S

respectively, and the model is connected with models
R R
M]KP , M;(P

of the kernel K E .

Let us write these procedure down in the analytical
form using the methods of the set algebra.

We shall obtain:
R R R
K K K
K1I€{2§—3.4 _ Ml 1,2 U(Ml 3.4 /\M2 3.4} (2)
R R R
K K K
K3y, =M, 3’4U[Ml r /\M3pJ, 3)

The expressions 2 and 3 based on the developed
generalized formalization technology scheme, can be
transformed and and represented in the predicate form,
i. . on the basis of the algebra of logic.

R . R

vM; 2 IF L ks )
R _ kR

vk aK%MﬂP . (5)

Such notation signifies that between all the models

kB . . (1,2@3,4)
M; of R" topological space of the g

manifold, there exists F functor, the morphisms of

R
which are biuniquely reflected on the models M 5-(3-4 .

Conclusion

Thus, the generalized technological scheme of
formalization of processes and phenomena in the
educational and industrial fields on the grounds of
highly abstract topological manifolds, has been
developed.

The adjacent topological spaces kernel models
synthesis procedure has been shown. The generalization
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of this procedure has been obtained in the predicate
form. The technology of educational and industrial
processes formalization has been created for the purpose

representations, which can guarantee the united
approach at the building of the special mathematical
provision for informational and technological solutions

of elaboration of instrumental means of formal in systems with dual processes.
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OcHoBH iHTerpanii npuKIaIHUX iH(OpMaNiifHNX TEXHOJIOTIi B cHCTeMAaX 3 JyaJbHMMH NPOLECaMHu
O. I. Mopo3zosa

B po6ori nokasaHo, 110 aKTyaJIbHUM € 3aCTOCYBAHHS iHHOBALiHUX TEXHOJIOIIH B YIPaBIIiHHI OCBITHBONO IisUIBHICTIO, a
came mpolecoM HaOyTTs 3HaHb, YMiHb I HABUYOK B OCBITHIX CHCTEMax Ta peaii3alis iX Ha BUPOOHHLTBI 3 BUKOPHUCTAHHAM
iH}opManiiiHO-KOMyHIKaliHUX I MepeKHUX TexXHONOrid. TakuM YMHOM, BUHHMKA€ HEOOXIIHICTb B pO3pOOLI OCHOB iHTErpaii
NPUKIAAHUX iHPOPMALiHUX TEXHOJIOTIH B CHCTEMax 3 JyaJIbHUMH IIpolecaMH. MeTor CTBOpPEHHs TexHonoril ¢opmaimisarii
OCBITHIX Ta BUPOOHMYHX IPOLECIB € pO3po0Ka IHCTPYMEHTAIBHUX 3ac00iB (hOPMANBHHUX YSBJIEHb, IO 3a0€3MeUyIoTh €JIMHUI
MAXiT Opu MOOYIOBI CHELiaIbHOIO MaTeMaTHYHOro 3abe3nedeHHs iH(pOpMaliiHO-TEXHOJOTIYHUX pillleHb B CHCTEMax 3
IyanbHUMH npouecamu. IIpomecu i sBumia, ski BigOyBarOTbCS B OCBITHIX Ta BHMPOOHMYMX CHUCTEMaX, MOXYTb OyTH
npeJcTaBieHi B 6a3ax 3HaHb HA OCHOBI METOAMYHOI 0a3u, a MpOLECH H SABMINA iHTerpauil M’k HUIMH NPEACTaBICH] y BUIIIANI
pi3HuX anreOpaiuHux cucreM. JlaHi cuCTEMH CKIIa[aloThCs 3 KOl MHOKMHY i Habopa onepaniii Haj HUMH, TOOTO CUTHATYPOIO
anreOpu. Meroquuny 6a3y GpopMajbHOTrO MpPE/ICTaBICHHS 3HAHb CKJIaJar0Th €BPUCTHYHI, JIOTIYHI, OHTOJIOTIYHI Ta TOIOJIOT1YHI
METOAM MOJICIIIOBAaHHS, a B OCHOBI BHIUICHHS sJep NpeAMETHUX obiacreil jexarb MeToau W ¢opMalisMu Teopii MHOXKHH.
[Tokazano mnpukimax NOOyIOBH sApa CYMIKHHX pPI3HOMaHITH B TOIOJOTIYHOMY IIPOCTOPI HAa OCHOBI anreOpy MHOXHH.
3anpornoHoBaHi JIOTiYHI METOAM IPEACTABICHHA 3HAaHb [O3BOIAIOTH MHEPEeHTH [0 EBPUCTHYHHX YABICHb 3HaHb, TOOTO
HPOAYKIIHHUX NPaBIWI, CEMAaHTUYHUX Mepex, PperiMOBHUX CHCTEM, a TAKOXK OHTOJIONTYHMX KOHCTPYKILIH.

Karw4dosi caoBa: inrerpauis; npuknazadi iHpopmauiiiHi TexHOIOril; ocBiTa; BUPOOHUITBO; CUCTEMHU 3 IyaJlbHUMU
HPOLECAMH.

OCHOBBI HHTETPAIMH MPUKJIATHBIX HHGOPMAIHOHHBIX TEXHOJIOTHIl B CHCTEMAaX ¢ AyaIbHBIMH MpoIeccaMmu
O. 1. Mopo3zosa

B pabore moka3aHO, 4YTO aKTyaJIbHBIM SBJISIETCS MNPUMEHEHHE HHHOBALMOHHBIX TEXHOJIOTUH B  YIPaBICHUH
00pa30BaTeNbHON JeSTENFHOCTRIO, @ UMEHHO HPOIECCOM INPHOOpPETEHHs] 3HAHWI, YMEHHII M HaBBIKOB B 00pa30BaTENIbHBIX
CHCTeMax W peaju3aliisi WX Ha IIPOU3BOACTBE C HCHOJIB30BaHHEM HH(POPMALIOHHO-KOMMYHHUKAIIMOHHBIX W CETEBBIX
TexHonornid. Takum oOpa3oM, BO3HHKAaeT HEOOXOAMMOCTh B pa3pabOTKe OCHOB MHTEIPAaLUH IPUKIAJHBIX HH(OPMAIMOHHBIX
TEXHOJIOIMH B CHCTEMax C JIyalbHBIMH IIporeccamu. llenplo co3maHMsi TeXHOJOrMH (opmaim3anuy o0pa30BaTEeNbHBIX U
MIPOU3BOACTBEHHBIX IIPOLIECCOB  SIBISIETCS  pa3pa0OTKa HMHCTPYMEHTANBHBIX CPEACTB  (OPMAalbHBIX — IpEICTaBICHUM,
00€CIeUHNBAIONNX E€AWHBIA IOAXOA MPH MOCTPOSHUH CIIENUAIBFHOTO MaTeMaTH4ecKoro obecrieueHnsi WH(OpMaIOHHO-
TEXHOJIOIMYECKHUX PEIIeHHH B CHCTEMax C JyallbHBIMU IponeccaMu. [Iporecchl 1 siBIeHs, IpoTeKaronye B 00pa3oBaTeNbHBIX U
MIPOU3BOACTBEHHBIX CUCTEMAaxX, MOTYT OBITh NPEICTaBIeHBl B 0a3aX 3HAHMI Ha OCHOBE METOAMYECKOW 0a3bl, a MPOLECCH U
SIBJICHHSI MHTETPallii MKy HUMH NPEACTABICHBI B BUJIE PA3JIMYHBIX aIreOpandeckux cucreM. JJaHHBIE CHCTEMBI COCTOAT W3
HEKOTOPOr0 MHO)KECTBa M Habopa omepanuii HaJ HHMH, T.e. CHUTHAaTypod anreOpsl. Metomudeckylo 06a3y GopmanbHOro
NIPE/ACTAaBICHNUs] 3HAHMH COCTABIIAIOT OBPUCTHYECKHE, JIOTHYECKHE, OHTOJIOTMYECKHE M  TOIOJOTHYECKHE  METOJBI
MOZICIMPOBaHMs, @ B OCHOBE BBLICJICHHS siAEp NPEIMETHBIX O0JIacTed JiexaT MeTOAbl M (OpMaTM3Mbl TEOPHH MHOXKECTB.
[Noka3zan mpuMep MOCTPOCHUS Spa CMEKXHBIX MHOTO0Opa3Hii B TOIMOJIOTMUECKOM IIPOCTPAHCTBE HA OCHOBE ajreOpbl MHOXKECTB.
[pemnokeHHBIE JIOTHYECKHE METO/BI IIPEJICTABICHUS 3HAHUH MO3BOJISIIOT TIEPEHTH K OBPUCTHYECKUM IIPEACTABICHHSIM 3HAHUM,
T.€. IPOAYKIIMOHHBIM IIPaBIJIaM, CEMAaHTHUECKUM CETSIM, HPEHMOBBIM CHCTEMAaM, a TAKKE OHTOJIOIMIECKUM KOHCTPYKIIHSIM.

Kamw4ueBnle cJoBa: HHTCrpanus; I[IPUKIAJIHBIC I/IH(l)OpMaI_II/IOHHLIe TCXHOJIOI'MH, O6pa3OBaHI/Ie; IIPpONU3BOACTBO,
CUCTEMBI C yaJIbHbIMHU IIpOLECCaMU.
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TH®OPMAIIMHA TEXHOJOI'TI TEMATUYHOTI'O CETMEHTYBAHHSA
30BbPA’KEHb BOPTOBUX CUCTEM OIITUKO-EJIEKTPOHHOI'O
CIIOCTEPEXXEHHS 3 BUKOPUCTAHHSM METO10J10T'TI
CUCTEMHOI'O MOJAEJIIOBAHHS IDEF0

IIpeaqmerom BUBYEHHS B CTarTi € iH(pOpMAaIiliHa TEXHOJIOTiS TEMaTHYHOIO CETMEHTYBAaHHS 300paxeHb OOPTOBHUX CHCTEM
OITUKO-EJICKTPOHHOT'O CcriocTepexeHHs . MeTolo € po3poOka iH(opMaLiiiHOT TeXHOIOriT TEeMATHYHOTO CErMEHTYBaHHS 30-
OpaxceHb OOPTOBUX CHCTEM ONTHUKO-CJIEKTPOHHOTO CIIOCTEPEKEHHS 3 BUKOPHCTAHHAM METOOJIOTii CHCTEMHOIO MOJEIIIO-
BanHs IDEF0. 3aBpanns: aHaniz ocoOnuBocTel 300pa’keHb OOPTOBMX CHCTEM ONTHKO-EIEKTPOHHOIO CIIOCTEPEKCHHS,
(bopMyIIOBaHHA BUMOI JI0 METOAIB, METOMMK Ta iH(GOpPMALIMHUX TEXHONOriH CErMEHTYBaHHs ONTHKO-EIEKTPOHHHUX 30-
OpaxkeHb, aHAJI3 METAEBPUCTUYHUX METOJIB PillIeHHs ONTHMIi3aLiiHUX 3a1a4, po3poOka iH(popMaliiiHOi TexHonorii Tema-
THUYHOT'O CErMEHTYBaHHs 300paxeHb OOPTOBUX CHCTEM ONTHKO-EJICKTPOHHOIO CIIOCTEpEkEHHs. BukopucroByBaHuMH Me-
TOJAMHM €: METOJM TeOopii iIMOBIPHOCTI, MAaTEeMAaTHYHOI CTATUCTHKH, POHOBOr0 1HTEJIEKTY, KIacTepisallii JaHuX, eBOJIOLiH-
HUX OOYMCIIEHb, METOJM ONTHMI3alli, MaTEMaTHIHOIO MOJIEIIOBAHHs Ta II(pPoBOi 00poOKK 300pakeHb, aHANITHYHI Ta
eMITipUYHI METOIM HOPIBHAIBHOrO fociimkeHHs. OTpuMaHi Taki pe3yabTaT. Beranosieno, mo merogonoris IDEFO 3a-
CHOBaHa Ha METOJII CTPYKTYPHOro aHaizy Ta npoekryBanus SADT. V BignoigHocti 1o cuaTakcucy Ta cemantuku IDEFO
iH}opManiiiHa TEeXHOIOri TEMaTHYHOIO CETMEHTYBAHHS ONTHKO-CJICKTPOHHHX 300pakeHb OOPTOBHMX CHUCTEM CIOCTepe-
KEHHS MOke OYyTH Ipe/CTaBIlIeHa y BUIIIA/L: KOPTEXKY, BEpXHbOI J0UiPHBOI Jiarpamu, JodipHix aiarpaM. BucHoBku. Hay-
KOBa HOBM3HA OTPUMaHMX PE3yJIbTaTiB MOJIATAE B HACTYIHOMY: pO3po0ieHa NpuKiIaaHa iHpopMaliiiiHa TeXHOJIOTis TeMa-
THUYHOT'O CETMEHTYBAHHS 300pake€Hb OOPTOBHX CHUCTEM OITHKO-EIEKTPOHHOIO CIIOCTEPEXXCHHS, B SIKil, Ha BIIMiHY BiJ Bi-
JIOMHUX, BUKOPUCTOBYETBCSI METOIOJIOTIs cucteMHoro MonemoBanHs IDEFO0, mo 3acHOoBaHa Ha MeTOJI CTPYKTYPHOTO aHa-
ni3y Ta npoekryBanHs SADT.

Karo4doBi ciaoBa: O0pTOBa CHCTEM CIOCTEPEKEHHSI; OITHKO-EICKTPOHHE 300paXKeHHs; TeMaTUUHE CEIMEHTYBAHHS; 1H-
(bopMmariiiiHa TEXHOIOr'isl; METOOMIOTisl CHCTEMHOI'O MOJICIIFOBAHHS; METO]] CTPYKTYPHOI'O aHAJi3y Ta POSKTYBAHHS.

Bctyn

IlocTanoBKa Mpo0iaeMH y 3araJibHOMY BHIVISAI.
Bimomo, 110 pe3ynbTaT 00poOKH 300pakeHb OOPTOBUX
CHCTEM OITHUKO-EJIEKTPOHHOI'O CIOCTEPEXKEHHS 3aje-
JKUTh BIJ] SKOCTI METOMIB CETMEHTYBaHHS 300paKCHHS
[1, 2]. Ile mocraBmse mepes; po3pOOHUKAMH CHCTEM 00-
poOku 300pakeHs MpobeMy po3poOKH METOITUK, METO-
IiB Ta iH(OpMaLitHUX TEXHOJIOTiIH CerMeHTyBaHHS 30-
OpakeHb. OcCOOJIMBICTIO TEMAaTHYHOTO CETMEHTYBaHHS
OIITHKO-EIEKTPOHHUX 300pa)keHb OOpPTOBUX CHCTEM
CIIOCTEPEXKEHHS € TX CKIaIHICTh (CKJIaHOCTPYKTYpOBa-
HicTh). Taki CKIaIHOCTPYKTYpOBaHi 300pa)kKeHHs Ma-
I0Th HEJETEpPMiHOBaHY Ta HENIHIHHY CTPYKTYpY, CKia-
JAlOThCSA 3 BEJIMKOI KITBKOCTI CKJIaJOBHX €JIEMEHTIB, €
CEeMaHTUYHO HACHYCHUMH 1 MICTATH pi3HOpPiIHI 00aacTi,
B SKHX BHYTPIIIHI KJIACOBI CepeIHbOKBAJAPATHYHI Bij-
XWJICHHS XapaKTepPUCTHK YacTille TOpPIiBHSIHI 3 PO3KH-
moM Mix kimacamu [3]. CKIIaZHOCTPYKTYpOBaHi 300pa-
JKCHHS MalOTh TaKi 0coOIUBOCTI [3]:

— HasiBHICTb ~ BEJIUKOI  KIJIBKOCTI
00’€KTIB;

— 00’eKTH Ha 300pakeHHI BIIHOCATBHCS IO Pi3HUX
CTPYKTYPHO-IIPOCTOPOBUX €JIEMEHTIB;

— KO)KHOMY BHAY 00’€KTa IpUTaMaHHI BJIacHI 3Ha-
YUMi XapaKTePUCTHUKH, 110 HEOOXiHO BPaxOBYBaTH;

— 00’€KTH € MOP(QOJIOTIYHO CKIQAHUMHU CTPYKTY-
pamu;

— 00’€KTH € KOMIAKTHUMHU Ta MaJIOKOHTPAaCTHHUMH
y NOpIBHSHHI 3 (DOHOM.

Hageneni oco0nuBOCTI 300pakeHb BUCYBAIOTh Ta-
Ki BUMOTH JI0 METOJIB, METONUK Ta iH(opMaIiiiHux
TEXHOJIOTI# iX CerMeHTyBaHHs, a came:

PI3HOPITHHX

— BUCOKa IIBUKO/IS TP 0OpOOIi BETUKUX MacH-
BIB JIJaHUX;

— MOJKJIUBICTh CYMiCHOTO BUKOPHCTaHHS CHEKTpa-
JIBHUX Ta TEKCTYPHUX O3HAK.

Binomo [4 — 7], w0 B TenepimiHii yac He iCHYE 3a-
raJIbHOI TeOpii ONTHUMAJIBLHOIO MPEICTABICHHS Ta 00po-
Oxu 300pakeHb. BHOip KOHKpETHOI TeXHOJIOT1T 00pOOKH
300pa)KeHb 3aJeXKHUTh BiJl 33a7a4, 0 BUPILIYIOTHCS, Ta
BHMOT, III0 BUCYBAIOTKLCS IO PE3YIIbTaTy 00POOKH.

AHaJIi3 ocTaHHIX JocaimxkeHb i myOmikamiii. Bi-
noMo[1, 2], 1o XapaKTepHOI PHCOI0 TEMATUYHOTO Cer-
MEHTYBaHHS 300pakeHb OOpPTOBHX CHCTEM ONTHKO-
€JIEKTPOHHOTO CIIOCTEPEKEHHS € TOIIYK pPaljioHaIbHHUX
pillieHs B OaraToMipHOMY IPOCTOpi anbTepHaTuB. B Ta-
KX YMOBaX 3aCTOCYBAaHHS KJIACHYHHMX METOJIB IOLIYKY
eKCTPEeMyMY IITbOBOI (DYHKIIIT cTae Manoe(heKTUBHUM. Y
TEIepilIHIi Yac PO3BUBAIOTHECS METOAW MOIIYKY Tiio0a-
JILHOTO EKCTpEeMyMy, IO 3a0e3MedyroTh 301kKHICTH [0
TOYHOTO PillIeHHs ONTHUMI3aLliifHOI 3ajadi, mo 3ade3re-
Yyye onTuUMainbHe (MiHIMalbHE a00 MaKCUMallbHE) 3Ha-
4yeHHs iTboBol QyHKl [8 — 11]. [lo Takux mMeroaiB Bia-
HOCAThCS METaCBPUCTHYHI METOAM ONTHMI3allil, sKi, Ha
BIIMiHY BiJl KJIaCHYHMX METOMIB ONTHMI3allii, MOXYTh
BHUKOPHCTOBYBATHCS B YMOBAaX ITOBHOI BiICYTHOCTI iH(O-
pMallii o0 XapakTepy Ta BIaCTHBOCTEH ITLOBOT (hyH-
kuii [8 — 11]. MeraeBpUCTHYHI METOAM MAIOTh HACTYIIHI
BiacruBocTi [8 —11]:

— KepyBaHHS IPOLIECOM TMOIIYKY ONTHMalIbHOTO
pilieHHs;

— e(heKTHBHE JOCIIHKEHHS IIPOCTOPY HOIIYKY IS
3HAXOJDKEHHSI ONTUMAIILHOT'O PillIeHHST;

— BUKOPHUCTaHHS MPOCTUX TPOLEAYp JIOKaIBHOTO
TIONIYKY Ta CKJIQJHUX IPOIIECIiB HABYAHHSI;
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— € HaOJMIMKEHUMH METOJaMH Ta, SIK IPaBUIIO, He-
JIeTepMiHOBAaHUMU;

— BPaxOBYIOTh MOXKJIUBICTH TOIAIaHHs B IMACTKY B
00MEXEHOMY IIPOCTOPI MOIITYKY;

— € yHiBepCaJIbHUMU (BUPILIYIOTH Pi3HI MPUKIAHI
3amadi);

— BUKOPHUCTOBYIOTh ampiopHy iH(popMamito s
3HAXOJPKCHHS ONITUMAJIBHOT'O PIllICHHS.

BuinsoTh YOTUPU OCHOBHI TPYITH METACBPHCTH-
YHHUX METOJIIB ONTHMI3aIlil: €BOJIOIIHI METOIU; POHOBI
METOM; METOH, 10 IMITYIOTh (hi3WYHI MPOIECH; MYJIb-
TUCTapTOBI MeToaH [8 — 11]. J1o eBOMIOIIHUX METO/IB
BITHOCATHCS: TEHETHYHI METOAM; METOIH, IO IMITYIOTh
IMyHHI CHCTEMH OpraHi3MiB; METOIU PO3CIFOBAaHHS;
€BOJIIOIIHOT CcTpaTerii MepeTBOPEHHS KOPEJSIiHHOI
MAaTpHIli; METOJ JMHAMIYHHMX CITOK; MeToau nud)epeH-
HifHOT eBoroIii Ta iHmmn. Jlo poHOBHUX METOIB BiIHO-
CATHCSI: METOJ TOBEIIHKM YaCTUHOK y 3rpai; Mypallu-
HUI METOJI; METOI INTYYHOI OJKOJIMHOI KOJIOHIT; METO/I,
110 iIMiTye MOBEAIHKY 3rpai pud Ta iHIIi.

Meta craTTi — po3poduTH iH(pOPMALIHHY TEXHO-
JIOTiI0 TEMaTHYHOTO CErMEHTYBaHHs 300pakeHb O00OpTO-
BHX CHCTEM OITHKO-EICKTPOHHOI'O CIIOCTEPEKCHHS.

MocTaHOBKa 3agadi Ta BUKNageHHs
maTepianiB gocnigxeHHA

[HdopmaniiiHy TEXHOJIOTII0 TEMaTHYHOTO CerMeH-
TyBaHHs 300pakeHb OOPTOBUX CHCTEM OINTHKO-EJIEK-
TPOHHOT'O CIIOCTEPEKEHHS OYIeMO PO3IILAATH Y BUTIISI
JIesKoi  CYKYNHOCTi  (DYHKIiHM, $Ki TIEBHUM YHHOM
OB’ s3aHi OJ[HA 3 OTHOIO 1 Peai3yl0Th MPUHOMH, CIIOCO-
01 1 MeToaH, 110 3a0e3MeuyI0Th OTPUMaHHs, 30epiraHHs,
00poOKy, Tmepedadyy Ta  BHUKOPUCTAHHS  OITHKO-
enekTpoHHux 300pakeHb (OE3). Jlnsa Bisyamizarii Ta
MOAAJIBIIOr0 (POPMAJBHOTO MPEICTABICHHS CTPYKTYPH i
cKiIany iH(OPMAIIHOT TEXHOJOr i TEMATHYHOTO CerMe-
HTyBaHHs 300paxkeHs (intelligent information technology
for the thematic segmentation of images (IITTSI)) 6op-
TOBUX CHCTEM OITHKO-EJIEKTPOHHOTO CIIOCTEPEKEHHS
OyJeMO BHKOPHCTOBYBAaTH METOAOJIOII0 CHCTEMHOTO
mozemoBanHsi IDEFO (ICAM (Integrated Computer
Aided Manufacturing) Definition) [12].

V 3aranpHOMy Bunaaky meroznosoris IDEFO Buko-
PHUCTOBYETBCS IJIsl CTBOPEHHs (DyHKIIOHAILHOI MOJIENI,
10 BiZ0Opaxkae CTPYKTypy Ta PYHKINT CHCTEMH, a TAKOXK
notoku iHQopmarii 1 MarepianbHUX O00’€KTiB, MIO
3B’s3ytoTh i ¢yHknii. Meroponoris IDEF0O 3acHoBana
Ha METOIl CTPYKTYPHOTO aHali3y Ta IIPOEKTYBaHHS
SADT (Structured Analysis & Design Technique). Oc-
HoBy wMeronoinorii IDEFO ckmanmae cranmaprusoBana
rpadiuna MoBa onmcy (MozenmtoBaHHs) cucteM [12]. YV
BIJIIIOBITHOCTI 710 cuHTaKcucy Ta ceManTHkd IDEFQ ¢ho-
pmanbHO nipeactaBuMo TexHooriro [ITTSI y Bursai:

— koprexy T" ™' — pupas (1);
— MHO>KMHU Dll ITIst _ Bupas (2);

— MHOKMHU {L{j} — Bupas (3):

THTTSI _ < In IITTSI’{ DIIITTSI}> ’ )

pJITTS! — { { F! } ’ { z }} , 2)

R ARCIRCARCAR U NG
e In'TTTST (dbopMyITIOBaHHS ITOCTaBJICHOI I, B
JTAHOMY BHUIMAJKy II€ pO3poOKa CHCTEMH IIOB’S3aHHX
(YHKIIH, 0 peatizyloTh MPUHOMH, CIIOCOOU Ta METOAN
300py, 30epiranus, oOpoOKH, mepeaayi Ta BUKOPUCTAH-
HS 3HAaHb (AHWX) IIOAO TEMATUYHOTO CETMEHTYBaHHSI
300pakeHb OOPTOBHX CHCTEM ONTHUKO-CJICKTPOHHOTO
CHOCTEpEeXEHHS, K 1H()OPMAIiHHOT TEXHOJIOT'1;

{DIHTTSI } — MHOXHHA pIiBHIB jAeTamizauii npen-

craByieHHs iH(opmaniiiHoi Texuomorii IITTSI; 1=0,...,3,
ne ipu 1=0 GpopMyeThCsi KOHTEKCTHA Jiarpama (MOJIeNb)
BEPXHBOI'0 PiBHS, IpH =1 — BepXHs NO4YipHA Aiarpama,
nipu 1=2, 1=3 — nouipHi giarpamu;

{F;-l } — MHOXXKMHA (pYHKIIH, 0 peani3yroTh Mpu-

Homu, crocoOu Ta MeTonu poOOTH 3i 3HAHHIMH (IaHU-

DIIITTSI }

MH) Ha { PiBHI JeTaiizamii MHpencTaBICHHS

inpopmaniinoi Texnomnorii IITTSL. ¥V sxocti ¢yHKIiH
npu =0 posrisimaerscs (B tepminomnorii IDEFOQ) yza-
ranpHeHa "misubHICTE" (QyHKUis-misbHicTh) 3 IITTSI.
VY skocti QyHkuid npu 1=1 po3rasmaroTbcs OCHOBHI
"mporecn” (¢ yHKIii-miporiecu) poOOTH 31 3HAHHIMH
(marnmmu) B IITTSI, mo peanizytorses B IITTSL. YV siko-
cti ¢yHkui mpu 1=2 posrasmarorbes "mignporecn”
(pyskuii-mianponecu) podOTH 31 3HAHHAMU (IAaHUMU) B
paMKax BiIIOBITHOrO "mporecy" Ha eramax po3poOKu
Ta eKCIUTyaTamii MiJICHCTEMH TEMaTHYHOTO CErMEHTY-
BaHHS ONTHKO-EJIEKTPOHHUX 300paxkeHb. Y sSKOCTI (yH-
kuii npu 1=3 posrnspatorbes "omepanii” ((yHKII-
oreparii) poOoTH 31 3HAaHHSAMH (JAHUMH) B XOJi PO3PO-
OKM Ta eKCIUTyaTalil MmiJICHCTEMH TEMAaTHYHOTO CErMeH-
TyBaHHS B paMKax BiINOBiAHOro "mpomecy" Ha eramax
pPO3pOOKH Ta eKCIDIyaTalii MiACUCTEMH TEMaTHIHOTO
CErMEHTYBaHHS ONITUKO-EIIEKTPOHHHUX 300payKEeHB;

{Lll-} — MHO)KMHA BHYTPIIITHIX Ta TPAHUYHUX B3a-
€MOIii €JIEMEHTIB CHCTEMH,

{Vll- } c {Ll 1-} — MHOXKHMHA BHYTPIIIHIX B3a€MOIIH
MiX (QYHKISIMU 3 MHOXKHHH {F;l } ;

{C i} c {Ll 1-} — MHOXXMHA KepYyIUHX TPaHUYHHX
B3a€MOJII{ IPOrpaMHKX Ta TEXHIYHUX 3aco0iB, IO pea-
Ji3y10Th iH(popMarliiiay Texuomorito IITTSI;

{I i} c {Ll 1-} — MHOXHHA BXIJJHUX KEPYIOUHX Tpa-

HUYHUX B3a€EMOJIH, IO BigoOpakaroTh maHi (iHpopma-
1i10, 3HAHH), SIKI TIEPETBOPIOIOTHCS (DYHKIIIEIO;

o=t

TPaHUYHUX B3AEMOJIIH, 110 BifOOpakaloTh AaHi (3HaH-
HsI) IPO 00’ €KTH, 1110 BUPOOJISIOTHCS (PYHKIII€IO;

MHOXHHa BI/IXiI[HI/IX KEpYyrouux

{M i} C {Ll 1-} — MHOKHHA TPAaHHYHHUX B3a€MOJIMH,

110 BiZ0Opa)karoTh MaTEMaTHYHUI anapar, 110 BUKOPH-
CTOBYETHCSA JIIs (popMaJti3allii 3HaHb MO0 TeMaTHYHO-
T'O CerMEHTYBaHHS 300pakeHb.
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Ha puc. 1 npencraBieHa KOHTEKCTHa jiarpama
BEPXHBOT'O PiBHS, IO OIKUCYE 00JIACTH Ta TPAHHMIII IIPEI-
crapienns texuonorii IITTSI y BiamosiaHocTi 3 (4):

DTSRI _ {{Iﬂo},{C?,I?,Of),Og,M?}} @

MporpamHi Ta TeXHiYHi 3acobw,
Lo peanisytoTb dyHKuii [ITTSI

Ha puc. 2 HaBeeHa BepXHs TOYipHS Aiarpama, 1o
onucye (QyHKIIi-polecH 1HPOPMAIHHOI TEXHOIOTIT
IITTSI y BimnosigHocti 3 (5) (=1, 2, ..., 7):

Dt et b b of of mp ] o

CO

1

0 OO
1 ) PesynbTaTvt BUKOPUCTaHHSA
. IITTSI (pe3ynbTaTt TEMATUYHO-
3HaHHsA (gaHi) Wwoao tematu-
ro CerMeHTyBaHHs ONTUKO-
YHOrO CErMeHTyBaHHS OMTUKO-
€neKTPOHHMX 306paxeHb)
eneKTPOHHMX 306paxeHb
BukopucrtanHsa IITTSI
0
)
IHdbopmauis wopo ymos PesynbTatin BUKOPUCTaHHSA
OTPUMaHHS OMTUKO- AU 0 IITTSI (kepytoyi BNNBKM Mo pe-
eneKTPOHHMX 306paxeHb M] 3ynbTaTax TeMaTU4HOro cerme-
0 OO HTYBaHHSI ONTUKO-ENEKTPOHHMX

2 300paxeHb)

MaTemaTtnyHuii anapat cdopmaniaauii 3HaHb (faHux) Woao Te-
MaTUYHOrO CErMeHTYBaHHS ONTUKO-eNIEKTPOHHMX 306paxeHb

Puc. 1. KoHrekcrHa iarpama BepXHbOTO PiBHS, 110 ONUCYE 001aCTh Ta IPAHULIl IIPEACTaBICHHS
inpopmaniiinoi Texnomnorii IITTSI

"\ ¥ Y ) )
1
36ip 3HaHb (AaHUX) 36epiraHHs 3HaHb
wozno TemaTtnyHoro /S (BaHunx) wono Y
CEermMeHTyBaHHs TEMaTUYHOrO L/
OMTWKO-ENEKTPOHHMX —— CerMeHTyBaHHS v
306paxeHb OHTVIKO-GeJ'IeKTpOHHVIX 0OBpoBKa 3HaHb
N 306paxeHb (DaHMX) WoRo
Fll Flz TematuyHoro [Nepepaya 3HaHb
Al A A A CerMeHTyBaHHs (AaHnX) wono
ONTUKO-ENEKTPOHHUX TeMaTU4yHoro
306paxeHb ™) CerMeHTYBaHHIO
. ONTUKO-ENEKTPOHHUX
L Fs 306paxeHb
NI
: Y
A ?
BukopucTaHHs 3HaHb
L Y (BaHunx) wono
TeMaTUyHoro
MeTtoan bopmanisauii Th 06pobkmM 3HaHb (gaHNX) CerMeHTyBaHHA
OO0 TeMaTUYHO[ O CEerMeHTYBaHHS ONTUKO-ENEKTPOHHUX
ONTUKO-ENEKTPOHHNX 306paXxeHb L 306paxeHb
~ ) P,
AS
w [ ) ) 4

Puc. 2. Bepxnst nouipHs aiarpama, 1o onucye ¢yHkuii-nponecy inpopmauiitnoi rexnonorii IITTSI

. .. 1 ..
VY sikocTi QyHKIIH 3 MHOKUHH {Fl } BEPXHBOI J0-

HTTSI

4ipHBOI Aiarpamu piBHA Dj , 10 CTBOPIOETHCS MpHU

HTTSI

JEKOMITO3HLIT fiarpamu piBHA Dy , PO3TIISIAI0ThCA

¢GyHKIIT mpolecH, 10 peai3yloTh NMPUHOMH, CIOCOOU
Ta METOJIH:
— 300py 3HaHb (JaHKX) MO0 TEMATHYHOI'O CEerMe-

HTYBaHHS ONITUKO-EJIEKTPOHHUX 300paKeHb F]] € { Fl-l} ;

- ft) A ) o). e}

30epiraHHs 3HaHb (JaHUX) IIOI0 TEMATHYHOTO CErMEH-
tyBanHs OE3; 00poOku 3HaHb (IaHMX) I0J0 TeMaTHY-
HOT'O CETMEHTYBaHHS ONTHUKO-EJIEKTPOHHUX 300pa’keHb;
nepenadi 3HaHb (JaHUX) 100 TEMATHYHOTO CETMEHTY-
BanHs OE3; BUKOpHCTaHHS 3HaHb (JaHWX) OO0 TeMa-
THaHOro cermentyBanHs OE3 BinnosiaHo.

Po3risiHEeMO KOPOTKO OCHOBHI (PYHKITIi-IIPOIIECH
inpopmariinoi Texnosnorii IITTSI.

OyHKIiA-TIpoIec 300py 3HAHB (MaHUX) OO Te-

MatuyHoro cermenryBanHsi OE3 Fi] e{F}l} peainizy-

€THCS IIUISTXOM BUKOHAHHS TaKUX (YHKIIIH-TTiIpOIIECiB:
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— (QyHKUisA-TiaIporec Flzl € Fll 300py 3HaHb (1a-
HHUX) IOJ0 TEMAaTHYHOTO CErMEHTYBAaHHS ONTHKO-
EJIEKTPOHHUX 300pakeHb, 110 Pealli3yeThCs IIPH PO3PO-
6ui mporpamHo-amapataoro xommiekcy (ITAK) tema-
TUYHOro cerMmeHTyBaHHs OE3;

— QyHKUis-miamnporec 300py F]22 € Fll 3HaHb (1a-
HHUX) IIOJI0 TEMAaTHYHOIO CETMEHTYBAHHS ONTHKO-
ENIEKTPOHHUX 300pakeHb, 110 Peali3yeThCsl B XOJIi eKC-

ruryatanii [TAK TeMaTHuHOro cerMeHTyBaHHsI ONTHKO-
€IIEKTPOHHUX 300paKEHb.

B xopxi peamizauii QyHkuii-manporeca Fizl BU-
3HAYA€THCS CKJIAJ] 3HaHb (JaHuX) (B TOMY YHUCH, 3 TOY-
KA 30pYy BHIUICHHS JEKJIAPaTHBHUX Ta MPOLEIypHUX

3HAHb) IMIONO0 TEMATUYHOTO CETMCHTYBAHHS OITHKO-
€JIEKTPOHHUX 300paXKEeHb.

B xoni peamizarii ¢yHKmii-miamporieca Fizz BUKO-
HYETHCSI, TIPU HEOOXIAHOCTI, KOPEryBaHHSA CKJIamTy ic-
HYIOUHX 3HAHb (JaHHUX) IIO0J0 TEMATHYHOrO CErMEHTY-
BaHHS ONTHUKO-CJICKTPOHHUX 300paKeHb, a TaKOX 0e3-
MoCepeIHbO 3/IMCHIOEThCS MPUHOM AaHuX ((pakTiB) Ha
MMOTOYHUM MOMEHT Yacy BiJ| 30BHIIIHIX pKepen iH(op-
Mallii (HampuKIaj, II0I0 padoHy CIIOCTePeKEHHS, (o-
HO-00’€KTOBOT IiJTbOBOI OOCTAHOBKH TOIIIO).

®yHkuis-npouec 30epiraHHs 3HaHb (JaHUX) MIOI0
TEMAaTUYHOTO CErMEHTYBAaHHS  OINTUKO-EIECKTPOHHUX

300paxeHb le IS {F;l} peai3yeThest IUIIXOM BUKOHAH-

HSl HACTYITHUX ()YHKIIH-ITiAIPOIeCiB:
— (QyHKUisA-TiaIporec Fzzl erl po3podku  6azu
3HaHb (JaHUX), MO peanizyeTbcs npu po3podui TTAK

TEMAaTUYHOTO CErMEHTYBAaHHS  ONTHKO-EJIEKTPOHHUX
300pakeHb;

— (QyHKUisA-TiaIporec F222 € le peasizatii mpore-
cy 0e3mocepeHbOro 30epiraHHs 3HaHb (MaHUX) IIOIO
TEMAaTUYHOTO CErMEHTYBAaHHS  ONTHKO-EJIEKTPOHHUX
300pakeHb, IO peaizyeTbes mpu ekciuryaTamii [TAK
TEMAaTUYHOTO CErMEHTYBaHHS  ONTHKO-EJIEKTPOHHUX
300pakeHb.

OyHKUisA-mianpoec F221 peai3yeThesl MUITXOM
BUKOHAHHS HACTYITHUX (YHKIIIH-onepamnii:

— po3podIroeThes apxiTekTypa ITAK TemaTnaHOoro
CerMEHTYBaHHSl ONTHKO-EJIEKTPOHHHUX 300pakeHb, IO
BU3HAYAE CTPYKTYPY, QYHKIIi Ta B3a€MO3B’SI30K KOM-
moHeHTiB [TAK;

— BU3HAYAETHCS CKJIAJ TEXHIYHHUX 3ac00iB s pe-
amizanii kommoHeHTiB ITAK TemaTuyHOro cermeHry-
BaHHS ONTHKO-EJIEKTPOHHHUX 300paKeHb;

— BU3HAYAETHCSA CKJIAQJ MPOrpaMHHUX 3aco0iB JUIs
peanizauii kommonenTiB [TAK TemaTH4HOrO CerMeHty-
Banusa OE3 (omepariiina cucremMa, MOBa IPOrpaMyBaH-
HSl, IHCTpYMEHTaJIbHI 3acodu (CASE-3acobu
(Computer-Aided Software Engineering)) ToIo);

— BUKOHYETHCSI TIPOrPaMHa peaizallisi KOMIIOHEeH-
1iB [TAK TemaruuHoro cermenryBanus OE3 Ha ocHOBI
00paHHX TEXHIYHHUX Ta MPOrpaMHUX 3ac00iB peaizalii;

— 31IHCHIOEThCSI HamoOBHeHHs 0a3u mpaBun [TAK
TEMAaTUYHOTO CErMEHTYBAaHHS  ONTHUKO-EJIEKTPOHHUX
300pakeHb.

B xoni peanizamii ¢hyHKINI-miaIpoeca F222 BUKO-
HyeThCsl 30epiranns B 6a3i mpasmin [TAK TtematndHoro
CErMEHTYBaHHS OITHKO-EIEKTPOHHUX 300pa)KeHb BBeE-
JIeHNX 200 CKOpEeroBaHHMX Ha TOMEPEeIHbOMY eTarll mpa-
B, 30epiranns B 6a3i ¢aktiB [IAK TemaTuynoro cer-
MEHTYBaHHSI OINTHKO-EIEKTPOHHUX 300pa)keHb JaHUX
IIOJI0 YMOB BEACHHSI CIIOCTEpEXeHHs, (POHO-00’€KTOBOI
0OCTAaHOBKM Ta pe3yJbTaTiB OOpOOKM 3HaHb (JaHHUX)
00  TEMAaTUYHOrO  CETMEHTYBaHHS  ONTHKO-
€JIEKTPOHHUX 300paXKEeHb.

®OyHkuis-npoiec 00poOKM 3HAaHB (IAHHMX) MIOAO
TEMAaTUYHOTO CErMEHTYBAaHHS  ONTHKO-EJIEKTPOHHUX

300pa’keHb F3] € {Fll} peai3yeThest IUIIXOM BUKOHAH-

HSl HACTYITHUX QYHKUiK-miamnporeci (puc. 3):

— GyHKITIA-T IIpo1iec F321 € F31 pO3pOOKU METO-
ZliB 00pOOKH 3HAHB (AHHMX) IIOJA0 TEMAaTHYHOTO CerMe-
HTYBaHHS ONTUKO-CJICKTPOHHUX 300pakeHb (peaizy-

€Thcs Ha etami crBopeHHs [TAK TemMaTHuHOro cermeH-
TYBaHHS ONTHKO-CIIEKTPOHHHUX 300paKCHB);

— (QyHKUisA-TiaIporec F322 € F31 peasizarii mpore-
cy Oe3mocepeaHb0i aBTOMATH30BaHOI OOpPOOKM 3HaHb
(maHUX) IIOJ0 TEMATHYHOTO CETMCHTYBAHHS OINTHUKO-
CJICKTPOHHMUX 300pakeHb B Xxomi ekcruryaTamii [TAK
TEMaTHYHOTO CETMEHTYBAHHS  OITHKO-EJICKTPOHHHUX
300pakeHb.

OyHKUisA-mianpoec F321 peai3yeTbesl IUITXOM
BHKOHAHHS HaCTYNMHUX (YHKIIKH-omepartiii (puc. 4):

— MPOBOAUTHCS MMOCTAHOBKA 3aBJaHb 1Mo (opmali-
3arii mporecy oOpoOKH 3HaHB (JaHWX) MO0 TeMaTHY-
HOT'O CErMEHTYBaHHS OITHKO-EIEKTPOHHUX 300pakeHb;

— BH3HAYAIOThCS CIOCOOM TIPE/CTABJICHHS 3HAaHb
(maHux) (OOTPYHTOBYETHCSA BHOIp MaTeMaTHYHOI'O aria-
pary (Mozeni TpecTaBleHHS 3HaHb (AaHWX))) MIOAO
TeMaTtuyHoro cermentyBaHas OE3;

— MIPOBOAUTHCS (hOpMajbHE MpPEACTaBJICHHS MpO-
eciB 00OpOOKU 3HAHB (MaHWX) MIOJ0 TEMAaTHYHOTO Cer-
MEHTYBaHHSI ONITHKO-EIEKTPOHHHUX 300pakeHb, a came:

a) METOJ] TEeMaTUYHOI'0 CETMEHTYBaHHS 300pakeHb
OOpPTOBUX CHCTEM ONTHUKO-EJIEKTPOHHOTO CIOCTEpe-
JKCHHS;

0) MmeTon 00OpoOKHM OaraToMacmTaOHOI IOCIIIOB-
HOCTI 300pakeHb OOPTOBUX CHCTEM OIITHKO-EJIeK-
TPOHHOT'O CITOCTEPEIKEHHSI.

BucHOBKM i HanpAMKU
noAaanbLINX AOCHIAKEHb

B poboti po3pobnena mnpukiagHa iHdopmariiiHa
TEXHOJIOTiSI TEMAaTHYHOTO CETMCHTYBaHHS 300paKeHb
OOpPTOBUX CHCTEM ONTHKO-CJICKTPOHHOTO CIOCTEPEKCH-
HA, B SKil, HAa BIAMIHY BiJ] BiJIOMHX, BUKOPHCTOBYETHCS
MeTozoioris cucremuoro monemosanusa IDEFO, 1o 3a-
CHOBaHa Ha METOJ CTPYKTYPHOTO aHANi3y Ta MPOCKTY-
BanHs SADT. B momanbImux IOCTIMKEHHIX HEOOXITHO
JIETATBHO PO3TJITHYTH CTPYKTYPY AJITOPHTMY, IO peajti-

3ye ¢yHKUifo-manponec F3 Ta BiAMOBiAHI (yHKIi-
orepaTopu TPHKIaIHOI iH(pOopMaliiiHOi TeXHoorii Te-
MaTHUYHOTO CErMEHTYBaHHs 300paKeHb OOPTOBHX CHCTEM
OITUKO-EJIEKTPOHHOTO CIIOCTEPEKEHHSL.

67



Advanced Information Systems. 2018. Vol. 2, No. 4

ISSN 2522-9052

", ¥

Po3pobka meTogis 06p06|<|/|—l
—————————————Pp»{ 3HaHb (AaHuX) Wopao Tema-
TUYHOrO CErMEHTYBaHHsI

>

Peanizanis nmporecis 6e3mocepe-

_— ONTUKO-ENEeKTPOHHUX 30- .. .. ——
JIHBOT aBTOMATH30BaHOI 0OPOOKH
2 BGpaxeHb
F 31 JlaHMX (3HaHB) 100 TEMATHYHO-
o CErMEHTYBAaHHS OIITUKO-
MO A3 >
1 1 D — 5 CIIEKTPOHHUX 300paxkeHb
_— > F 32

MatematnyHuin anapat popmanisauii npotiecis 06pobky 3HaHb (AaHWX) LLOAO
TeMaTU4HOro CerMeHTyBaHHA ONTUKO-ENEeKTPOHHUX 306pa>|<eHb

A,

Puc. 3. Jlouipns niarpama, 1o onucye ¢yHKuii-nianpouecu indopmauiitnoi rexuonorii IITTSI

Jutst peatizanii GyHKnii-nponecy oOpoOKH 3HaHB (JaHHUX) OO TEMATHYHOTO CErMEHTYBAHHS ONTHKO-EJIEKTPOHHHUX 300pakeHb

M“] I

c’,

MocTtaHoBka 3aBaaHL Mo
opmanisauii npouecis

] ,

06pobku 3HaHiI (AaHnx)
LLOAO0 TeMaTU4HOro
CerMeHTyBaHHA
ONTUKO-ENEKTPOHHNX
306paxeHb

3
Fau |

O6r'pyHTyBaHHA BUGOPY
maTemaTU4HOro anapara
(Mopeni npeacTaBneHHs
3HaHil (BaHnx)) Wwoao
TEeMaTUYHOTO CETMEHTY-
BaHHS

dopmarnbHe

v

npefcTaBeHHs NpoLiecis
ONTUKO-ENEKTPOHHMX 06pOGKM 3HaHIN (AaHNX)
F 312 306pa)KeHb L0730 TEeMaTMYHOTO TWUYHOrO CerMeHTyBaHHs
306paxeHb 6OpTOBUX

CerMeHTyBaHHA Al cucrem OEC
ONTUKO-ENEKTPOHHNX F3314
3 306paxeHb
’ Flais s Y
Pospo6ka meTtoay o6po-

MaTtematnyHuin anapat popmanisauii npouecia 06pobku 6kn GaratomacwTabHoT
[laHuX (3HaHb) LWOA0 TeMaTUYHOTO CEerMEHTYBaHHS OMTUKO- nocnifoBHOCTI 306pa-
eNeKTPOHHNX 306paeHb XeHb GopToBUX CUCTEM
3 OEC
Fais

Pospo6ka meToay Tema-

v

. 7

Puc. 4. [louipus miarpama, mo onucye GpyHKUii-mianporecy inpopmaniitaoi Texnonorii IITTSI st peanizanii ¢yHkmii-

mianporecy po3poOKu MeTo/1iB 00pOOKH 3HAHB (JaHUX) IO/I0 TEMATHYHOTO CErMEHTYBAHHS ONTHKO-EJIEKTPOHHHUX 300pakeHb

10.

11.

12.

CIIMCOK JIITEPATYPH

I'yk A. I1. ABromaruzauus nemnppupoBaHus CHUMKOB. TeopeTHdecKue acleKThl CTaTUCTUYECKOro paclio3HaBaHUs 00pa3oB
/ A. 1. T'yk // NI3Bectus BhICIINX y4eOHbIX 3aBefieHnid. — 2015. — Ne 65. — C. 166-169.

KoG3eBa E. A. Apromaruzauust nemn(pupoBaHUs CIYTHUKOBBIX CHUMKOB: omblT M npobiemsl / E. A. KoG3esa,
K. A. TTo3nuna // T'eonesus u xaprorpadus. — 2008. — T. 6. — C. 40-44.

Sarmah S. A grid-density based technique for finding clusters in satellite image / S. Sarmah, D.K. Bhattacharyya // Pattern
Recognition Letters. —2012. — Vol. 33. — No. 5. — P. 589-604.

Wang Y. S. A New Image Threshold Segmentation based on Fuzzy Entropy and Improved Intelligent Optimization Algo-
rithm /Y. S. Wang, // Journal of Multimedia. —2014. — Vol. 9, Ne 4. — P. 499-505.

Zhu S. J. Rival Penalized Image Segmentation [Text] / S. J. Zhu, J. Y. Zhao, L. J. Guo // Journal of Multimedia. — 2014. —
Vol. 9, Ne 5. —P. 736-745.

Faroogue M. Y. Latest trends on image segmentation schemes / M. Y. Faroogue, M. S. Raeen // International journal of ad-
vanced research in computer science and software engineering. — 2014. — Vol. 4, Ne 10. — P. 792-795.

Choudhary R. Recent trends and techniques in image enhancement using differential evolution — a survey / R. Choudhary,
R. Gupta // International journal of advanced research in computer science and software engineering. —2017. — Vol. 7, Ne 4. —
P. 106-112.

Cyb6orin C. O. HeiteparuBHi, €BONIOLiHHI Ta MYJIbTHAr€HTHI METOIM CUHTE3y HEUITKOIOI1YHUX 1 HEHPOMEPEKHUX MOZEIICH:
monorpadis / C. O. Cy6otin, A. O. Oniiiuk, O. O. Oniiinuk. — 3anopixoks: 3HTY, 2009. — 375 c.

Ayman El-Baz. Biomedical image segmentation: advances and trends/ El-Baz Ayman, X. Jiang, J. S. Suru. — US: CRC
Press, 2016. — 546 p.

IMTanteneeB A. B. MeTasBpuctudeckue aaropuTMsl MoMcKa riobansHoro skcrpemyma / A. B. Ilantenees. — M.: MAU,
2009. - 160 c.

IMTanteneeB A. B. Metonpl ri100ajibHOM ONTHMHM3AlMKM: METa3BPUCTHYECKUE CTpaterud M anroputmsl / A. B. IlanTenees,
. B. Mernuukas, E. A. Anemuna. — M.: By3oBckas knura, 2013. — 244 c.

JeBug M.A. Merononorus cTpykrypHoro ananusa u npoexrupoBanus SADT / M.A.JI»eun, M.I' Kniemenr. — M.:Mup,
1993.-240 c.

REFERENCES

Guk, A. P. (2015), Automation of image interpretation. Theoretical Aspects of Statistical Pattern Recognition, News of
Higher Educational Institutions, pp. 166-169.

Kobzeva, E. A. and Pozdina, K. A. (2008), Automating the interpretation of satellite images: experience and problems, Geo-
desia and cartography, Vol. 6, pp. 40-44.

68



ISSN 2522-9052 CyuacHi indopmaniiini cucremu. 2018. T. 2, Ne 4

3. Sarmabh, S. and Bhattacharyya, D.K. (2012), “A grid-density based technique for finding clusters in satellite image”, Pattern
Recognition Lettersm, Vol. 33, No. 5, pp. 589-604.

4. Wang,Y.S. (2014), “A New Image Threshold Segmentation based on Fuzzy Entropy and Improved Intelligent Optimization
Algorithm”, Journal of Multimedia, Vol. 9, No. 4, pp. 499-505.

5. Zhu, S.J. Zhao, J.Y. and Guo, L.J. (2014), “Rival Penalized Image Segmentation”, Journal of Multimedia, Vol. 9, No. 5,
pp. 736-745.

6. Faroogue, M.Y. and Raeen, M.S. (2014), “Latest trends on image segmentation schemes”, International journal of advanced
research in computer science and software engineering, Vol. 4, No. 10, pp. 792-795.

7. Choudhary, R. and Gupta, R. (2017), “Recent trends and techniques in image enhancement using differential evolution — a
survey”, International journal of advanced research in computer science and software engineering, Vol. 7, No. 4, pp. 106—
112.

8. Subotin, S.0., Oliynik, A.O. and Oliynik, O.O. (2009), Non-interactive, evolutive and multi-agent methods for the synthesis
of non-iterative and neuromeregeal models, ZNTU, Zaporizhzhya, 375 p.

9. Ayman, El-Baz, Jiang, X. and Suru, J.S. (2016), Biomedical image segmentation: advances and trends, CRC Press, US, 2, 546 p.

10. Panteleev, A.V. (2009), Metaheuristic Algorithms for Searching Global Extremum, MAI Moscow, 160 p.

11. Panteleev, A.V. Metlitskaya, D. V. and Aleshina E. A. (2013), Global Optimization Methods: Metaheuristic Strategies and
Algorithms, University Book, Moscow, 244 p.

12. David, M.A. and Clement M.G. (1993), SADT Structural Analysis and Design Methodology, Mir, Moscow, 240 p.

Received (Hapniiinuna) 27.09.2018
Accepted for publication (ITpuitasita mo apyky) 31.10.2018

HNudopmannonHas TEXHOJIOTHS TEMATHIECKOH CerMeHTAlMN H300paskeHHi 00PTOBBIX CHCTEM
ONTHKO-3JIEKTPOHHOr0 HAa0JII0ICHAS C MCII0JIL30BAHMEM METON0JI0THH cHcTeMHOro moxeanposanus IDEF(

B.T. Xynos

IIpeaqmerom n3ydeHus B CTaThe SIBIACTCA MH(POPMAIMOHHAS TEXHOJIOTUs TEMaTHYECKOH CErMEHTAIuU 300paxkeHuid 6op-
TOBBIX CUCTEM OITHUKO-3JIeKTpOHHOro Habmonenus. llesblo sBisercs pa3padoTka MHGOPMALMOHHOH TEXHOJIOT MU TeMaTHUECKON
CErMEeHTAILMU N300pakeHU OOPTOBBIX CHCTEM ONTHUKO-3JIEKTPOHHOIO HAOIIOJCHHS C HCIIOIb30BAHUEM METOJ0JIOTHMU CHCTEMHO-
ro moxenupoBanust IDEF0. 3amaun: anann3 ocobeHHOCTEH M300pakeHNiT GOPTOBBIX CHCTEM ONTHKO-3JIEKTPOHHOr0 Halioje-
HUA, HOpPMyIMpOBKAa TpeOOBaHMH K METOAaM, METOIMKaM M HH(OPMALMOHHBIM TEXHOJOTMSM CErMEHTHPOBAHUS OITHKO-
NIEKTPOHHBIX M300PaXEHUH, aHAJIN3 METa’BPUCTUUECKUX METOJI0B PEIICHHs ONTHMM3AIMOHHBIX 3a/1a4, pa3paborka HH(popMa-
LIMOHHOM TEXHOJIOI'MU TEMATHYECKOr0 CErMEHTHPOBaHUs N300paXKeH!i OOPTOBBIX CHCTEM ONTHKO-IICKTPOHHOTO HAOIIOACHHUSL.
Hcrnonb3yeMbIMU METOAAMH SIBISIOTCS: METOJIbI TEOPUM BEPOSITHOCTH, MATEMaTHYECKOH CTATHCTUKH, POCBOIO MHTEIUIEKTa,
KJIaCTepH3alMy JAHHBIX, BOJIIOLUOHHBIX BHIUYMCICHUH, METOIbI ONTUMU3ALIH, MATEMATHYECKOI0 MOJIEIIUPOBAaHUA 1 LU(POBOit
00paboTKH N300pa)KeHUH, aHAIMTUYECKUE U 3MIIMPUYECKUE METOAbl CPaBHUTEIBHOrO MccienoBaHus. IlomydeHsl ciemyromme
pe3yJbTaThl. Y cTaHoBIIeHO, uTo MeTofonorus IDEF0 ocHoBaHa Ha MeToe CTPYKTYpHOr0 aHanu3a 1 npoektuposanus SADT. B
COOTBETCTBHE C cHTaKcucoM U cemanTukoi IDEF0 nHdopmManonHas TEXHOIOIUSI TEMaTHYECKOrO CerMEHTUPOBAHHS OITHKO-
NIEKTPOHHBIX M300paXKeHUH OOPTOBBIX CHCTEM HAONIOLCHUS MOXKET OBbITh IPEJCTaBIICHA B BUJIEC: KOPTEXKA, BEPXHEH JouepHen
JIMarpaMMbl, JIOUepHUX aAuarpamM. BeiBoabl. HaydHas HOBH3HA MOJIy4EHHBIX PE3yJIbTATOB 3aK/IIOYACTCS B CIEAYIOIIEM: pa3pa-
GoraHa npuKiIagHas UHOOPMALMOHHAS TEXHOIOIMS CerMEHTalUK M300paXxeHUi GOPTOBBIX CHCTEM ONTHKO-3JEKTPOHHOIO Ha-
OJroZieHHs], B KOTOPOIi, B OTJIMYME OT M3BECTHBIX, HCIONB3yeTCss MeTonoyiorust cucteMuoro mozaenuposanus IDEFQ, xoropas
OCHOBaHa Ha METOJIE CTPYKTYPHOI'0 aHayin3a 1 npoekruposanus SADT.

KawueBbie cJoBa: 60pTOBaﬂ CUucremMa Ha6J'lK)Z[eHI/IH; OIITUKO-3JICKTPOHHOE I/I306pa)KGHI/Ie; TEMaTHYCCKaA
CCIrMECHTaLUA, I/IHq)OpMaI_II/IOHHaH TEXHOJIOrvusl; METOAOJIOrUs CUCTEMHOI'0O MOACIMPOBAHUA; METOA CTPYKTYPHOI'O aHalli3a U
IIPOCKTUPOBAHMS.

Onboard optical-electronic observation systems images thematic segmentation information technology
using system modeling IDEF0

V. Khudov

The subject matter of the article is the information technology of thematic segmentation of images of onboard optical-
electronic surveillance systems. The goal is the development of information technology for thematic image segmentation of on-
board optical-electronic surveillance systems using the system modeling methodology IDEFOQ. The tasks are: onboard systems of
optical-electronic observation images features analysis, requirements for methods formulation , techniques and information tech-
nologies of segmentation of optical-electronic images, meta-heuristic methods for solving optimization problems analysis , de-
velopment of information technology of onboard systems of optical-electronic monitoring images thematic segmentation. The
methods used are: methods of probability theory, mathematical statistics, swarm intelligence, data clustering, evolutionary com-
puting, optimization methods, mathematical modeling and digital image processing, analytical and empirical methods of com-
parative research. The following results were obtained. It has been established that the IDEF0 methodology is based on the
SADT structural analysis and design method. In accordance with the syntax and semantics of IDEFO, the information technology
of thematic segmentation of optical-electronic images of onboard surveillance systems can be presented in the form of: a tuple,
an upper child diagram, and child diagrams. Conclusions. The scientific novelty of the results were obtained as follows: an ap-
plied information technology has been developed for image segmentation of on-board optical-electronic observation systems, in
which, unlike the known ones, the system modeling methodology IDEFO is used, which is based on the SADT structural analysis
and design method.

Keywords: onboard surveillance system; optical-electronic image; thematic segmentation; information technology; sys-
tem modeling methodology; structured analysis & design technique.
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ANALYSIS OF THE PROPERTIES OF NON-ORTHOGONAL METHODS
OF SIGNAL PROCESSING IN MIMO SYSTEMS

Conflicts of the last decades (the Chechen war (Russian Federation), armed confrontation in the countries of the Middle
East and North Africa, anti-terrorist operation in the territory of Donetsk and Lugansk regions (Operation of the United
Nations)) go beyond the existing (traditional) forms and methods of warfare, conducted on the background of information
and psychological operations and the active using of electronic emitters. One of the directions of increasing the noise
immunity of radio communication devices is using of multi-antenna radio communication systems. They are complex
technical systems. There are many approaches to increasing the impedance of multi-antenna systems, but the authors of this
article limited themselves to considering only the methods of signal processing, namely, non-orthogonal spatial-temporal
codes. During the research, the authors used the basic provisions of the theory of communication, the theory of antennas,
the theory of noise protection and signal-code structures. In the course of the research, it was found that non-orthogonal
methods of spatial-temporal signal processing have more spectral efficiency than orthogonal ones, with an equal number of
transmitting antennas, but they lose in energy efficiency the orthogonal methods of space-time signal processing. Using of
non-orthogonal codes leads to the increasing the number of computational operations in the receiver of the radio
communication device. All this results in further research on the development of the spatial-temporal signal coding method
in multi-antenna radio-communication systems with high energy and spectral efficiency, and it is necessary, that the
proposed method has an acceptable computational complexity.

Keywords: signal-interfering environment; information transfer speed; bit error probability; spatial-temporal processing;

MIMO system; parallel channels.

Introduction

Conflicts of the last decades (the Chechen war
(Russian Federation), armed confrontation in the
countries of the Middle East and North Africa, anti-
terrorist operation in the territory of Donetsk and
Lugansk regions (Operation of the United Nations)) go
beyond the existing (traditional) forms and methods of
warfare, conducted on the background of information and
psychological operations and the active use of electronic
emitters. Therefore, the provision of sustainable
communication is one of the priority directions of
scientific research. One of the directions to increase the
noise immunity of radio communication devices is using
of the multi-antenna radio communication systems.
MIMO (Multiple Input Multiple Output) technologies
have been found to be practical in many modern
telecommunication systems, in particular, wireless LANs
of the IEEE 802.11n standard, as well as WIMAX and
LTE mobile wireless networks, and others [1-5].

The essence of MIMO technology is similar to the
method of spaced reception, when several uncorrelated
copies of the signal created on the receiving side due to
the diversity of antennas in space, in polarization, in the
distribution of signals at the frequency or in time. Spatial
multiplexing was implemented in MIMO radio systems:
the data stream on the transmission was split into two or
more sub-streams, each of which was transmitted and
received using various antennas [1-6, 10-12].

The transmission of signals in the MIMO system
results in inter-symbol interference (ISI) on the
receiving side and may cause errors in the receiver
output. In order to compensate for these distortions,
channel alignment or evaluation of its impulse response

must be performed, which will allow the most faithfully
recovered symbols.

The authors of this article in the previous research
have established [13] that it is most expedient to use
non-orthogonal processing methods to increase the
frequency effectiveness of multi-antenna systems.

The purpose of this article is to analyze the
properties of non-orthogonal methods of signal
processing in the MIMO system.

Presentation of main material research

Let's formalize the work of the MIMO system. In
general, the structure of the MIMO system has in its
composition M, transmitters (transmit antennas) and M,
receivers (receiving antennas) (Fig. 1). Transmitted
signals after the influence of the relay fading and white
Gaussian noise (WGN) in the radio channel, arrive at
the M, receiving tracks [1-10].

Consider the MIMO system M,xM,, depicted in
Fig. 1. High-speed data flow was divided into M,
independent sequences at 1/M,, which was then transmitted
simultaneously from several antennas, respectively, using
only 1/M, of their primary band.

The data flow converter at the transmitter end of the
communication line converts the serial stream into parallel,
and at the receiving terminal, it performs the inverse
transformation.

In such a system, signals on the transmitting side
were emitted simultaneously and in the same band of
frequencies through the M, transmit antennas. The
transmitted signals, after the effect of the fading of the
signal and the additive white Gaussian noise, arrive in the
M, of the receiving paths. Each additive tract receives an
additive mixture of transmitted signals.
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Fig. 1. The block diagram of the MIMO system

You can increase the bandwidth of communication
channels by using non-orthogonal spatial-temporal codes.

The symbolic speed with non-orthogonal encoding
can reach values corresponding to the number of
transmitting antennas M, that is K, , time intervals can be

transmitted from a block L, =K,-M of information

symbols.

This condition corresponds to the coding scheme
V-BLAST (Vertical Bell Labs Layered Space Time). For
the V-BLAST, the following generating matrix is used

(a;) ()

where a; - information symbols.

For the WiMax systems with two transmitting
antennas of the IEEE 802.16e standard, that is
recommended not to orthogonal code, the so-called code
“C”, the symbolic speed of which also coincides with the
number of transmitting antennas:

1 o+ jrag  roptag
: , ; @
/1 + r2 a)—raz jrop+aoy

where r =(\/§—1)/2.

Fig. 2 shows the maximum likelihood demodulation
characteristics for systems with 4 transmitting and
receiving antennas using the V-BLAST code and the “C”
code in the case of QAM-16 (Quadrature Amplitude
Modulation).

Code "C" allows better protection of the system than
the V-BLAST code. At the same time, the cost of
increasing energy efficiency is the complication of the
signal processing procedure on the receiving side.

Another example of a non-orthogonal code is the
double-code of Alamouti, which generates a matrix, which
can be represented as

o —ap
’
o o
i 3)
a3 —a4
Oy (2%

The specified pair consists of two blocks, each of
which is a matrix of Alamouti for two pairs of information
symbols oy,a, and as,o4. The specified code is used in

systems with 4 transmitting antennas.

Fig. 3 shows the maximum likelihood demodulation
characteristics for systems with 4 transmitting and 4
receiving antennas using V-BLAST and the Alamouti dual
code while using QAM-16.

BER 1
VBLAST
code
0.l
nm \‘
Ny \\
Lot \“\
1407

Fig. 2. Dependence on the probability of a bit error
from the signal/noise ratio for the BLAST code and the “C”

From the above graph, it can be seen, that
demodulation of the code V-BLAST with a symbolic
rate of 4 requires a signal-to-noise ratio of more than 5
dB while demodulating the double code of Alamouti.
Increasing the spectral efficiency in the MIMO system
was achieved by using the spatial-temporal code with a
higher symbolic speed for a given number of
transmitting and receiving antennas leads to the increase
in the energy efficiency of the MIMO system.
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Fig. 3. Dependence on the probability of false reception
from the signal/noise ratio for the double code
of Alamouti and V-BLAST
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In the case of orthogonal spatial-temporal codes,
the procedure for calculating the transmitted symbols
that are optimal for the criterion of maximum likelihood
with linear computational complexity, that is, the
number of arithmetic operations is directly proportional
to the number of transmit antennas, is implemented on
the receiving side. In non-orthogonal coding, the
maximum likelihood algorithm is complicated.

In general, the process of demodulation in systems
with spatial-temporal coding mathematically reduces to
the solution of the equation

Z =HA + B, 4
where Z is the vector, each component of which z,

i= L_V is the countdown of the complex output at the i-
th input of the demodulator STC; A is the vector, whose

component is a;, j=1,§ is a complex information

symbol belonging to the set {a'”, ..., a®}is transmitted,
K is the multiplicity of quadrature amplitude
modulation, QAM (Quadrature Amplitude Modulation);
H is a matrix, each element of which 7; is a complex
transmission coefficient of the path of propagation of
the signal emitted by the j -th antenna and taken by the i
-th antenna; B is a vector, every component of which b;
is counting the complex Gaussian noise at the i-th input
of the STC demodulator, having a zero mean and a
dispersion of 26°.

However, in the expression (4) is a random
component in the form of Gaussian noise, then
traditional methods for solving linear equations can lead
to errors.

Different methods can be used to compute
estimates of transmitted symbols: Zero Forcing,
Successive Interference Cancellation (SIC), Maximum
Likelihood Method (MLM), and Spherical Method
Decoding (SMD) and so on.

Consider the spatial-temporal codes, that is used in
the standards of wireless communication.

In IEEE 802.16, IEEE 802.11 standards governing
the radio interface for broadband radio access systems,
it is recommended to use orthogonal and non-
orthogonal spatial-temporal codes.

Tables 1 and 2 show the basic codes of spatial and
temporal signal processing for broadband radio access
systems.

As it can be seen from tables 1 and 2, most spatial-
temporal codes are non-orthogonal.

Conclusions

In this article, the authors analyzed the parameters
of non-orthogonal spatial-temporal codes, that are used
for signal processing in MIMO systems.

Thus, having conducted a comparative analysis of
orthogonal and non-orthogonal codes, it should be
noted, that the cost of increasing spectral efficiency in
systems with non-orthogonal spatial-temporal coding is

Table I — IEEE 802.16 spatial-temporal codes

Formation matrix Number of |- Code Code class
antennas | speed
o —ah
, 2 1 Orthogonal
A Oy
o -
1 > > Non
oy orthogonal
o N
on-
%2 3 3 orthogonal
a3
o —ah 0 0
oy 0 0 0
0 0 oy o 4 1 Orthogonal
0 0 o4 aj
o —ah os —aj
a, aj oag -—ag Non-
' , 4 2
a3 -ay oy aj orthogonal
oy a3  ag  Og
A
o -
2 4 4 Non
o3 orthogonal
Ay
Table 2 — IEEE 802.11 spatial-temporal codes
Formation Number of Code
. Code class
matrix antennas speed
A
, : 2 1 Orthogonal
—0y o
o (0%
_a]' o 3 5 Non-
2 orthogonal
(€5 Oy
o 0
_a' a’ -
2 o 4 5 Non
a3 oy orthogonal
-0y oj
o 0
Y Non-
4 3
a3 Oy orthogonal
A5 Qg

the complication of processing procedures on the
receiving side, as there is no algorithm that is optimal
for the criterion of maximum likelihood and with linear
computational complexity.

Since non-orthogonal codes have not always
provided sufficient diversity of transmitted signals, this
led to the decreasing the energy efficiency of MIMO
channels.

Consequently, an urgent scientific problem arises,
which was solved in further studies by the authors,
which consists of developing spatial-temporal signal
processing methods with acceptable computational
complexity and high energy and spectral efficiency.
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AHaJIi3 BJIaCTHBOCTEH HEOPTOrOHAILHHUX METONIB 00p00KH cHrHaTIB B cuctemax MIMO
P. M. )Kusotoscekuii, O. C. Momit

Kongunikru ocrannix necstunith (HeueHcbka BiitHa (Pociiicbka Denepanist), 30poiiHi NPOTUCTOSHHA B KpaiHax biusbkoro
Cxony Ta IliBHiuHOI Adpuky, AHTHTEpOpHCTHYHA omepaiis Ha Tepuropii [Jlonenpkoi Ta Jlyrancekoi obmacreit (Onepatist
006’ enanux Cuin)) BUXOIATh 32 PaMKHU iCHYrOuHX (TpaauuiiHux) GopM Ta criocoliB BeieHHs O0OHOBUX i, IPOBOAATHCA HA (OHI
iH(OpMAaLHHO-TICUXOJIOTIYHUX Ollepaliii Ta aKTUBHOIO BMKOPHCTaHHS 3ac00iB paiOelIeKTPOHHOro moiasieHHs. OpHuM 3
HAaIpsIMKIB HiJIBUILICHHS 3aBa103aXUIIEHOCTI 3aCO0IB pajio3B’s3Ky € BUKOPHUCTaHHS 0araTOaHTEHHUX CHUCTEM pajiio3B’s3Ky. BoHu €
CKJIQTHUMHU TEXHIYHAMHU cHUcTeMaMH. IcHye GaraTo miJXoAiB O ITiBHINEHHS 3aBa/I03aXHIICHOCTI 0araTOaHTEHHUX CHUCTEM, IIPOTe
aBTOPH 3a3HAYCHOI CTATTi OOMEXMIIHCS PO3IJIALOM JIMILIE METONIB OOpOOKM CHUI'HAJIB, a caMe HE OPTOrOHAIBHUX IPOCTOPOBO-
4acoBHUX KoJiB. B xomi nociipkeHHs aBropamu Oyinu BUKOPHCTaHi 6a30Bi MOJIOXKEHHS TEOpil 3B 13Ky, TeOpii aHTeH, Teopii 3aBaio-
3aXMILEHOCTI Ta CUTHAJIbHO-KOIOBUX KOHCTPYKLIH. B X0z npoBeeHoro 10ciipKeHHs BCTAHOBJICHO, 110 HE OPTOrOHAIbHI METOIU
IIPOCTOPOBO-4aCOBOI OOPOOKM CHTHAIIIB MalOTh OijIblle CHEKTpalbHy e(EeKTUBHICTD y NMOPIBHAHHI 3 OPTOrOHAIBHUMH, IIPU PiBHIH
KUIBKOCTI Tepe/laBaJIbHUX aHTEH, MPOTe BOHM IPOrParoTh B CHEPreTH4HIN e()eKTHBHOCTI OPTOrOHAJIBHUM METOIaM IPOCTOPOBO-
4acoBoi 00poOKM cUrHaIiB. BHKOpHCTaHHS HE OPTOrOHAIBHUX KOIIB NMPH3BOJWTH O 30UIBIIEHHS KiJBKOCTI OOYHCIIOBAJIBHHX
omepariii B mpuiiMadi 3aco0y paaio3B’si3Ky. Bce 1ie o0yMOBIIOE MOJaibIle IMPOBENCHHS IOCTIIKEHb 3 PO3POOKH METOIy
IIPOCTOPOBO-YaCOBOI'0 KOJIyBaHHsI CUI'HAJIB B 0araTOAaHTEHHUX CHCTEMAaX Pajlio3B’sI3Ky 3 BUCOKOIO €HEPreTHYHOIO Ta CIIEKTPATIbHO0
e()eKTUBHICTIO, IIPH LIbOMY HEOOX1/1HO, 11100 3aIPOIOHOBAHUIT METOJ MaB IPUIHATHY OOUHCITIOBAIIBHY CKIIQHICTb.

Karo4doBi cioBa: curaaibHO-3aBajjoBa 00CTaHOBKA; IIBUAKICTH Iepesaul iHpopManii; IMOBIpHICTH GITOBOI MOMMIIKY;
MIPOCTOpPOBO-YacoBa 00podka; cucrema MIMO; mapaiiesibHi KaHaI.

AHaJIN3 CBOHCTB HEOPTOrOHAIBLHBIX METOA0B 00pa0O0TKH CHTHAJIOB B cictemax MIMO
P. H. )KuBoroBckuii, A. C. Momut

Kongmixrel nocnemnux pecsarmwneruid (Ueuenckas BoiHa (Poccuiickas ®deneparys), BOOPY)KEHHbIE HNPOTHBOCTOSIHUS B
crpanax bmmwknero Bocroka n CeepHoit Adpuxu, AHTHTEppOpHCTHUECKas onepauus Ha Teppuropun Jlonenkoit Ta JyraHckoi
obnacreit (Onepauus OO0benuHeHHbIX CHIT)) BBIXOIAT 32 PaMKH CYLIECTBYIOIIMX (TpaJMIMOHHBIX) (OpPM Ta CIIOCOOOB BEICHHE
OOEBBIX JIEHCTBUI, NPOBOAATCS Ha (poHE HMH(OPMAIOHHO-IICHXOIOIMYECKUX OIllepaliii Ta aKTUBHOTO HCIOJIB30BaHHUE CPEICTB
PaaMONIEKTPOHHOro nofasineHus. OIHMM W3 HANpaBiICHWH IIOBBIMIEHUS IOMEXO3ALIMIIEHHOCTH CPEICTB PAJHUOCBS3U €CTh
HCHOJIb30BAHUS MHOTOAHTEHHBIX CHCTEM pajuocBs3u. OHU SBISIOTCS CIOXKHBIMH TEXHMYECKUMH cucreMamu. CyliecTByeT MHOrO
TIOJIXO/I0B K IOBBILICHHUIO IOMEX03aIMIIEHHOCTH MHOIOAHTEHHBIX CUCTEM, TEM HE MEHEE aBTOPbI YKa3aHHON CTaThbU OrPaHUUMINCH
PAacCMOTPEHUEM JIMIIb METOAOB 00paOOTKH CUIHAJIOB, @ UMEHHO HEOPTOrOHAIIBHBIX IPOCTPAHCTBEHHO-BPEMEHHBIX KOIIOB. B Xxoze
HCCIICZIOBAHMS aBTOPaMM ObLIM MCIIONb30BAHHbIE Oa30Bble IOJIOKEHHS TEOPUM CBSI3U, TEOPUM AHTCHH, TEOPHM IOMeXa
3alUIEHHOCTH U CUTHAJIBbHO-KOJOBBIX KOHCTPYKIMH. B Xo1e npoBeieHHOro uccie10BaHus yCTaHOBIIEHO, YTO HE OPTOrOHAJIbHbIE
METO/Ibl MPOCTPaHCTBEHHO-BPEMEHHOH 00pabOTKM CHUTHAJIOB MMEIOT OOJIBIIYI0 CHEKTPabHYIO 3((EKTHBHOCTh B CPaBHEHHH C
OpTOrOHAJIBHBIMHU, IIPH PABHOM KOJIMYECTBE MEpE/ArOIUX aHTEHH, TAKKe OHM HMPOMIPBIBAIOT B SHEPreTndeckoi 3ddekrusHocTH
OPTOrOHAJIBHBIM METOJIaM IPOCTPAaHCTBEHHO-BPEMEHHOI 00paboTku curHanoB. Vcronb3oBaHHE HEOPTOTOHAIBHBIX KOIOB
MPUBOAUT K YBEIMUYEHUIO KOJIMYECTBA BBIYMCIMTEIIBHBIX ONEpalyii B IPUEMHUKE CpeJCTBa pajuocBsa3u. Bee aro oOycnasimBaer
JlabHelIee MPOBEACHNE MCCISOBaHNN 110 pa3paboTke MeToa IPOCTPaHCTBEHHO-BPEMEHHOrO KOAMPOBAaHUS CHTHAJIOB B
MHOTOAHTEHHBIX CHCT€MaX PaJMOCBSA3H C BBICOKOH SHEPreTHYECKOH M CHEKTPabHOH 3(P(EKTMBHOCTH, IIPU 3TOM HEOOXOIMMO,
4TOOBI PEUIOKEHHBII METOJI UMeIT IPUEMIIEMYIO BBIYMCIUTEIIBHYIO CIIOKHOCTb.

KaoueBble ciioBa: CHIHAIBHO-TIOMEXOBAas OOCTaHOBKA; CKOPOCTH Iepefadyd MH(POPMAIUK; BEPOSATHOCTH OWUTOBOW
OIIMOKH; ITPOCTPAaHCTBEHHO-BpeMeHHas 00padotka; cucrema MIMO, napauiesibHbIe KaHAJIBI.
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CIRCUIT BREAKER IN SYSTEMS
BASED ON MICROSERVICES ARCHITECTURE

The subject of the article is a review of Circuit Breaker pattern in systems based on microservices architecture. The
purpose of the article is to analyze the advantages and disadvantages of Circuit Breaker for microservices. Results. The
precise way that the circuit opening and closing occurs is as follows: assuming the volume across a circuit meets a certain
threshold; and if the error percentage exceeds the threshold error percentage; then the circuit-breaker transitions
from closed to open; while it is open, it short-circuits all requests made against that circuit-breaker. After some amount of
time, the next single request is let through (this is the half-open state). If the request fails, the circuit-breaker returns to
the open state for the duration of the sleep window. If the request succeeds, the circuit-breaker transitions to closed and the
logic in 1 takes over again. Conclusions. Circuit Breaker has been reviewed and explained. This pattern is emerging as
essential for the reliability, ease of access, and flexibility of MSAs. Since microservices is in its early development, we can
expect more patterns like this to appear in the future. It is interesting that it is structural, in the sense that they do not change
the operations that services offer. Being of this nature, their implementations benefit from parametricity to achieve
reusability. However, their adoption also makes MSAs more complicated, and they influence the communication structures
that will be enacted in a system. This suggests that methods for the programming and verification of communications
among services should keep patterns such as these into account.

Keywords: microservices; Circuit Breaker; Hystrix, software; hardware.

Introduction

Systems based on microservices architecture
(MSA) are becoming more and more popular in modern
IT environments. Integration of different components is
an integral part of any system. Almost all systems,
which perform anything useful for a given business,
need to be integrated with one or more third party
component. But this integration also presents huge
challenges with respect to the performance of the
overall integrated system. With MSA, where a number
of services are broken down based on the services or
functionality these microservices offer, count of touch
points increase. = While connecting to other
microservices (within the same bounded context or of
some remote, external system), a lot of things can go
wrong. Microservices being connected to may be slow
or down. If our system is not designed to handle this
scenario gracefully, it can have an adverse impact on the
performance and stability.

Base material

Even the most reliable services will eventually fail,
if it given with enough number of incoming requests.
What makes it even more complicated is that, in
MSA [6], a failing service probably has other services
that depend on it. If we do not properly manage this
failure event, we have a risk of a cascading failure.

The Circuit Breaker pattern [1-5] is aimed at
preventing the failure of a single component to cascade
beyond its boundaries, and thereby bring the entire
system down with it. So, when a service becomes
unresponsive, its invokers should stop waiting for it and
start dealing with the fact that the failing service may be
unavailable. As a result, Circuit Breakers contribute to
the stability and resilience of both clients and services:
clients limit their waste of resources on trying to access
unresponsive services, and overloaded services are
given a chance to recover by finishing some of the tasks

they are currently processing. Circuit Breaker works by
wrapping calls towards a target service and monitoring
their failure rates. The idea is that when the target
service becomes too slow or replies too often with
faults, the Circuit Breaker will trip and future
invocations from the client will immediately return a
fault. More specifically, the pattern can be implemented
as a finite-state machine, depicted in Fig. 1.

—+] Closed
v b

open

Sucecs

try one request

fast faling
Half-open ‘

fad open chrcult l {

SULCESS, Close CHEUR

Fig. 1. Circuit Breaker State Diagram

We describe these states as the following.

Closed: Requests are passed to the target service.
Faults caused by the requested operation such as
exceptions or timeouts increase the Circuit Breaker's
respective failure and timeout counters. When these
counters exceed a specified threshold, or when another
predefined criterion is met, the breaker is tripped and
transitions into the open state.

Open: Requests are not passed to the target
service. Instead, a failure message is immediately given
to the client as reply. Potential fallback mechanisms can
be called to handle the failure. The Circuit Breaker can
transition to the half-open state, either by periodically
pinging the service to check for when it becomes
responsive again, or after a specified amount of time.

Half-Open: While in this state, a limited number of
requests are allowed through to the service. If the target
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service sends back successful replies, the Circuit
Breaker is reset back into the closed state as well as its
failure and timeout counters. However, if any of the
requests fail while in the half-open state, the Circuit

Table I — Circuit Breaker Parameters

Breaker transitions back into the open state. The state
transitions for Circuit Breakers are generally controlled
by a set of parameters, which typically includes those
described in Table 1.

Parameter

Description

callTimeOut

timeout the client request after N seconds without a response from the server

rollingWindow

monitor errors over a rolling window of N seconds

tripTreshold

open the circuit if the error rate gets > N%

resetTimeOut

attempt to reset the circuit after N seconds of opening the circuit

One of the most famous implementations of
Circuit Breakers is provided by the Hystrix [2]. It is a
library that helps you control the interactions between
distributed services by adding latency tolerance and
fault tolerance logic. Hystrix does this by isolating
points of access between the services, stopping
cascading failures across them, and providing fallback
options, all of which improve your system's overall
resiliency. Hystrix evolved out of resilience [11]
engineering work that the Netflix API team began in
2011. In 2012, Hystrix continued to evolve and mature,
and many teams within Netflix adopted it. Today tens of
billions of thread-isolated, and hundreds of billions of
semaphore-isolated calls are executed via Hystrix every
day at Netflix. This has resulted in a dramatic
improvement in uptime and resilience.

The Fig. 2 shows what happens when you make a
request to a service dependency by means of Hystrix.

The first step is to construct a command object to
represent the request you are making to the dependency.
Pass the constructor any arguments that will be needed
when the request is made.

There are four ways you can execute the
command, by using one of the following four methods
of your Hystrix command object (the first two are only
applicable to simple Hystrix Command objects and are
not available for the HystrixObservableCommand):

{ constructa HystrixCommand J @ «0f HystrixObservableCommand '

| execute{ ) | | .queuef } | I .observe( } I |.100h5ervanlec)

resultis) of the command. Note that they all ultimately

@ Then, choose one of the above methods to obtain the
depend on .toObservable( |

Legend:

invoke path —————»
4——return path

available in
cache?

yes; return cached response

e cxecute() — blocks, then returns the single
response received from the dependency (or throws an
exception in case of an error):

e queue() — returns a Future with which you can
obtain the single response from the dependency

e observe() — subscribes to the Observable that
represents the response(s) from the dependency and
returns an Observable that replicates that source
Observable

e toObservable() — returns an Observable that,
when you subscribe to it, will execute the Hystrix
command and emit its responses

If request caching is enabled for this command,
and if the response to the request is available in the
cache, this cached response will be immediately
returned in the form of an Observable. When you
execute the command [12], Hystrix checks with the
circuit-breaker to see if the circuit is open.

If the circuit is open (or "tripped") then Hystrix
will not execute the command but will route the flow to
(8) Get the Fallback.

If the circuit is closed, then the flow proceeds to
(5) to check if there is capacity available to run the
command.

If the thread-pool and queue (or semaphore, if not
running in a thread) that are associated with the
command are full then Hystrix will not execute the com-

++{ calculate circuit health
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Fig. 2. Hystrix Flow chart
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mand but will immediately route the flow to (8) Get the
Fallback.

Hystrix reports successes, failures, rejections, and
timeouts to the Circuit Breaker, which maintains a
rolling set of counters that calculate statistics.

It uses these stats to determine when the circuit
should "trip", at which point it short-circuits any
subsequent requests until a recovery period elapses,
upon which it closes the circuit again after first
checking certain health checks.

Hystrix tried to revert to your fallback whenever a
command execution fails: when an exception is thrown
by construct() or run() (6), when the command is short-
circuited because the circuit is open (4), when the

— e, sleep is passed. Allow | request (return troe on | theead] —

T

Ma
remm oag

es
circuit is open

¥

HyserimCammand

allowRequest(} Mo, reourn false

- IsOpen{] (failure}  (success+faillure] = % of errars . % = threshald, trip ciecuin, retuen trie, else falsp,. ————
Get latest bucker and increment "suceess” or "larent ——0———————

command's thread pool and queue or semaphore are at
capacity (5), or when the command has exceeded its
timeout length.

Write your fallback to provide a generic response,
without any network dependency, from an in-memory
cache or by means of other static logic.

If you must use a network call in the fallback, you
should do so by means of another Hystrix command.

If the Hystrix command succeeds, it will return the
response or responses to the caller in the form of
an Observable.

Interaction of Hystrix commands with Hystrix
Circuit Breaker and its flow of logic and decision-
making is shown in the Figure 3.
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Fig. 3. Interaction with Hystrix Circuit Breaker

The precise way that the circuit opening and
closing occurs is as follows:

1. Assuming the volume across a circuit meets a
certain threshold

2. And if the error percentage exceeds the
threshold error percentage

3. Then the
from closed to open.

4. While it is open, it short-circuits all requests
made against that circuit-breaker.

5. After some amount of time, the next single
request is let through (this is the half-open state). If the
request fails, the circuit-breaker returns to the open state
for the duration of the sleep window. If the request
succeeds, the circuit-breaker transitions to closed and
the logic in 1 takes over again.

circuit-breaker transitions

Conclusions

Circuit Breaker has been reviewed and explained.
This pattern is emerging as essential for the reliability,
ease of access, and flexibility of MSAs. Since
microservices is in its early development, we can expect
more patterns like this to appear in the future. It is
interesting that it is structural [13], in the sense that they
do not change the operations that services offer. Being of
this nature, their implementations benefit from
parametricity to achieve reusability. However, their
adoption also makes MSAs more complicated, and they
influence the communication structures that will be
enacted in a system. This suggests that methods for the
programming and verification of communications among
services should keep patterns such as these into account.
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Circuit Breaker y cncremax, mo 0a3yloThcsi Ha MiKpocepBicHiii apxiTekTypi
I'. I. Momuanog, A. 1O. XKmaer

IIpeamer cTaTTi — HOCHIIHKEHHS MOXIMBOCTI BUKOpHcTaHHA mnatrepHy Circuit Breaker y cucremax, 1o 6a3ytoTbest Ha
MiKkpocepBicHiii apxitextypi. MeTor0 € aHaii3 nepear ta Henoinikis narrepHy Circuit Breaker st mikpocepsicis. Pesyiabrarn.
Crnoci6 3acrocyBanns Circuit Breaker momnsrae B HacTymHOMY: HPHITYCKAa€MO, IO T'YYHICTh B JIAHIO31 BIJIIOBIZA€ NEBHOMY
HOPOTY; SIKIIO BiJICOTOK IIOMHJIOK IEPEBUIIYE BiJICOTOK MOPOroBOi IIOMMJIKH, TO aBTOMAaTHYHMII BHUMHKAad IEPEXOIUTH i3
3aMKHYTOrO B PO3IMKHYTHH pexuM. IToku BiH pO3IMKHYTHH, BiH 3aMHKa€ BCi 3alWTH, 3pOOJIEHI A0 LBOr0 aBTOMATHYHOTO
BUMUKa4a. Yepes neskuil yac HACTYIMHUH OAMHOYHHIN ITOBTOPHUH KBECT MPOITYCKA€ThCs (11€ HalliBBIIKPUTHH cTaH). SIKIIO 3amuT
HE BUKOHYETBCS, aBTOMaTUYHMII BUMHUKA4 BEPTA€ThCA B PO3IMKHYTHIl CTaH Ha 4ac OUiKyBaHHS. SIKIO 3aIUT BHKOHYETHCS
YCIIIIHO, TO aBTOMATHYHUI BUMHKaU NIEPEXOJUTH B 3aMKHYTHH pexuM. BucHoBok. [lociikena Ta 00rpyHTOBaHAa MOMXJIUBICTD
BukopucranHs mnarrepHy Circuit Breaker mnpu po3poOui NporpamMHUX KOMIUIEKCIB 3 BHMKOPHCTAHHSAM MiKpOCEPBICHOI
apxitektypu. Lleii narTepH € Haa3BMYaliHO BaXJIMBUM Uil 3a0e3NEYEHHS HaJiHHOCTI, JErkocTi IOCTYIy Ta THYYKOCTI
MIKpOCEpBICiB, IO PO3pOOISIIOTHCS. BajkiuBo, IO Iie CTPYKTYPHMI HaTTepH, ajpke BiH HE BIUIMBAE€ Ha (YHKIIOHAJIbHI
MOJMUIMBOCTI, 10 HAJAlOTh CepBiCH. BiAmnoBinHO 0 CBOET NMpUpoOaM BiH JO3BOJIAE AOCAITH 0araTopasoBOr0 BUKOPHCTAHHS
3aBJIIKM apaMerpu3auii. B Toit xe gac, ne poduts MSA 0iibll CKIaHOIO, @ KOMYHIKaLiiHI CTPYKTYpH, sKi OyZyTh BBEJIICHI 10
CHCTEeMH, MOXKYTb HiJUIraTé JeskuM 3MiHam. Lle cBiguuTh npo Te, 1o, OOMparOdd METOIM NPOrpaMyBaHHS Ta IEPEBipKU
KOMYHIKallilf MiX cepBicamH, Ha eTali JAW3aiiHy pilIeHHs HeoOXiZHO OpaTu 10 yBaru, IO BUKOPHUCTOBYETHCS CaMe TaKHid
narrepH, sk Crcuit Breaker.

KawuoBi ciaoBa: mikpocepgic; Circuit Breaker; Hystrix, nporpamue 3a0e3nedeHHs; anapaTHe 3a0e3eueHHsL.

Circuit Breaker B cucTeMax Ha 0CHOBE MHKPOCEPBHCHOI apXHTEKTYpPhI
I'. 1. Monuasnos, A. 10. XXmaes

IIpeamer cTaThH — HCCIe0BaHKE BO3MOXKHOCTH Hcronb3oBanus natrepHa Circuit Breaker B crucremax, OCHOBaHHBIX Ha
MHKpocepBHCHOW apxutektype. Lleablo sBiseTcss aHanu3 mnpeuMyiiectB M HejpocraTkoB marrepHa Circuit Breaker mis
MHKpocepBucoB. PesynbraThl. Crioco6 npumenenus Circuit Breaker 3akitouaercst B cieyromeM: NpearonaraeM, 4To FpOMKOCThb
B IIEIIM COOTBETCTBYET OIPEACICHHOMY IIOpOrYy; €CIIM IpPOLEHT OIIMOOK IPEBHIAET IPOLEHT IIOPOroBOH OIIUOKH, TO
aBTOMATHYECKUH BBIKIIIOYATENb HNEPEXOIUT M3 3aMKHYTOrO B Pa3OMKHYTHIH pexuM. [loka OH pa3oMKHYT, OH 3aMbIKaeT BCe
3aIpoCkl, CIeTaHHbIe K 9TOMY aBTOMAaTHUECKOMY BBIKIIOUaTelto. Uepes3 HeKOTopoe BpeMst CIIe YOI OJJMHOYHBIN TIOBTOPHBIN
KBECT TIPOITyCKaeTcsi (3TO IOJIYOTKPBITOE cocTosHKE). Ecim 3ampoc He BBINONHSETCS, aBTOMATHUECKUH BBIKIIOYATENb
BO3BpaIaeTcss B Pa3OMKHYTOE COCTOSIHUE Ha BpeMsi OKuAaHWs. Eciy 3ampoc BBINONHSETCS YCIEIIHO, TO aBTOMAaTHYECKHUId
BEIKJTIOUATEIb NIEPEXOANT B 3aMKHYTHIN pexxnM. BeiBoa. VccienoBana m 0600cHOBaHAa BO3MOXKHOCTh HCIIOJIb30BAHUS MMATTEpHA
Circuit Breaker npu pa3paboTke nporpaMMHBIX KOMIDIEKCOB C MCIOJIB30BAHHEM MHUKPOCEPBUCHOH apXUTEKTYpHl. DTOT MaTTepH
SIBJISICTCS. UPE3BBIUAIHO BAXKHBIM JUISI OOECIEUYEHHS HAaIEKHOCTH, JIETKOCTH JOCTylla W THOKOCTH pa3pabaThiBacMBIX
MHUKpocepBrcoB. Bakno, uyto Circuit Breaker sBisiercss CTPYKTYPHBIM IATTEPHOM M HE BIMSET Ha (DYHKIMOHAJIBHEIE
BO3MOXXHOCTH, KOTOpBIE TIPEJIOCTABIISIIOT CEPBUCHL. B  COOTBETCTBMM CO CBOEH CYIIHOCTBIO, OH IIO3BOJISIET JIOCTHYb
MHOT'OKPAaTHOTO HCIIONIB30BaHMS Ojarojapsi mapaMmerpuzaimu. B To ke Bpems, 9to gemaer MSA Oonee CIOXHOH, a
KOMMYHHKAI[HOHHBIE CTPYKTYpPBI, KOTOpbIe OYIyT BBEICHBI B CHCTEMY, MOTYT IIOJJIEKAaTh HEKOTOPHIM H3MEHEHHUSM. OJTO
CBHJETENIBCTBYET O TOM, YTO, BBEIOMpAsi METO/BI IPOrPaMMHPOBAHKS M TIPOBEPKH KOMMYHHUKALMH MEXIy CepBUCAaMH, Ha dTarle
I3aliHa peleHnst HeoOX0IMMO IPUHUMATh BO BHUMAaHHE, YTO HCIIOIb3YeTCss IMEHHO Takoi narrepH, kak Crcuit Breaker.

KawueBsie caoBa: mukpocepsuc; Circuit Breaker; Hystrix; mporpammuoe obecrieuenue; 000pynoBaHue.
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ANALYSIS OF TECHNICAL CHARACTERISTICS OF THE NETWORK
WITH POSSIBILITY TO SELF-ORGANIZATION

At present, wireless technology is widely used in our everyday life and in military networks. In the sources, in the future,
their percentage will only increase, according to an the analysis conducted. In this article, the analysis of technical
characteristics and the classification of network routing protocols with the possibility of self-organization based on the
main features of the organization and the mechanisms of the operation of the protocols. These mechanisms include the
mechanism for updating route information, based on the method of storing route information, the topology of information
organization and the use of protocols specific resources. The authors of the famous scientific papers in which the
simulation was conducted do not fully describe the dependence of the influence of such criteria as the speed of the nodes,
change of the network area, change of the number nodes in the network, change of the number of hops to the addressee to
work routing protocols. The analysis of modern research directions in scientific editions and the tendencies of the
development of routing protocols, analysis of routing protocols modeling data provided by the authors of the simulation
was conducted. While the review of the simulation results, a description of the behavior of the protocols in different
scenarios of modeling and commenting on the logic of the work of the protocols is carried out in accordance with the given
classification, which subsequently makes it possible to determine the appropriate features of the protocols in accordance
with the categories. Analysis of the advantages and disadvantages of network routing protocols with the ability to self-
organization when changing the following criteria affecting the operation of protocols such as change the number of nodes
in the network with the possibility of self-organization, the operation of protocols depending on the intensity of change in
topology (speed of nodes), change the size of the area the network, which in turn also affects the number of nodes that
redirect packets for delivery to the addressee. The dependence of the routing protocols on the use of higher level TCP and
UDP protocols was also analyzed, where the coefficient of delivery of packets from the source to the addressee was
analyzed. The main advantages and disadvantages of the main routing protocols of networks with possible self-organization
that were considered by the authors of scientific works in modeling, such as AODV, DSDV, OLSR, and DSR, are
highlighted. The definition of the actual and perspective direction of scientific work in further researches was conducted.

Keywords: networks with possible self-organization; Ad hoc; radio network; wireless network; multi-hop; base station;
multicast; traffic; decentralized networks; special wireless network; intelligent mobile nodes; real-time mode; classification

of routing protocols.

Introduction

At present, wireless technology is widely used in
our everyday life and in military networks. As the
analysis in the sources [1-31] suggests, in the future,
their percentage will only increase. This feature
determines the relevance of this direction for conducting
scientific research.

In our time, work is underway on the introduction
of data transmission systems using networks with the
ability to self-organization (Ad Hoc Networks).

The main task of networks with the ability to self-
organization are:

- building a network-based infrastructure failure;

-an increase of efficiency of use of radio
frequency resource;

- ensuring adaptation of networks to external
factors;

- reduction of the cost of deployment and operation
of the network in comparison with the classical
principles of construction.

The analysis of recent publications [9, 19, 28, 30,
31] indicates that current research is being carried out to
improve the routing protocols of Ad-hoc networks,
which are further implemented in modern data
transmission technologies.

A decentralized network with the ability to self-
organizing consists of routers and mobile devices that
are interconnected and simultaneously serve both the
client and the router.

In the classic version of the construction of
wireless networks, all customers are connected to the
router and data transfer occurs only through it. In a
decentralized network, each of these devices can move
in different directions, with the result of the move to
break and establish new connections with neighboring
devices (hosts) [19].

In the well-known publications [9, 19, 28, 30, 31]
analysis of the technical characteristics of routing
protocols was conducted, however, this analysis is
superficial and requires deepening and improvement in
the part describing the effects of individual indicators on
the efficiency of communication networks with the
possibility of self-organization.

Therefore, the purpose of this article is to analyze
the characteristics of the routing protocols of ad hoc
networks.

Presentation of the main material

Ad hoc wireless network (WANET) is a wireless
decentralized network that does not require a pre-
existing infrastructure, nor does it have a permanent
structure where the client devices (node) are equivalent
and dynamically interconnect themselves, forming a
network. Each of these devices participates in routing
by forwarding information to the destination via other
devices. In this case, determining which device to
transmit information is determined by the network
connectivity. A special wireless network consists of a
multitude of mobile hosts (hosts) that are connected
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wirelessly. The network topology in such a network can
constantly change unpredictably and by chance [19].

Routing protocols that determine the transmission
paths from the source node to the destination node used
in traditional wired networks cannot be directly applied
in special wireless networks, which are characterized by
features such as [1, 6, 8, 9]:

- high dynamics of change of topology;

-an absence of the established centralized
administration infrastructure (base station or access
point);

- the limited bandwidth of wireless communications;

-an occurrence of false packets during
broadcasting by a radio channel,

- limited power supply;

- the effect of intentional obstacles and other
negative factors.

Taking into account the above, you can define the
following requirements for routing protocols [1, 8, 9]:

- a short time of construction of the route in the
conditions of high dynamics of change of network
topology;

- high reliability of delivery of packages provided
a constant change of interconnection;

- the minimum amount of official information
transmitted on the network;

- ability to quickly detect and restore broken links;

- Detection and prevention of routing loops;

- Support of high scalability of the network with
preservation of the given parameters;

- maintain quality of service (Quality of Service).

Fig. 1 shows the classification of routing protocols
used in communication networks with the ability to self-
organize [1, 6, 9].

Routing protocols can be divided into three main
categories such as proactive (tabular) is a protocol that
stores information about the routes of the entire network
as a rule in tabular form and periodically exchanges
information (tables) about all known routes usually
throughout the network. Each time a node requests a
packet transmission to the destination, it performs an
appropriate path search algorithm and topology
information in the data tables. Proactive protocols
include DSDV (Destination-Sequenced Distance-Vector
Routing Protocol), WRP (Wireless Routing Protocol),

CGSR (Cluster-Head Gateway Switch Routing
Protocol), STAR (Source-Tree Adaptive Routing
Protocol), OLSR (Optimized Link State Routing
Protocol), FIS (Fisheye State Routing Protocol), HSR
(Hierarchical State Routing Protocol), GSR (Global
State Routing Protocol).

The advantages of these protocols are a low
latency of the route definition, the constant relevance of
route information, which is effective at low dynamics of
changing the network topology, a relatively small
amount of service traffic at a significant load on the
network.

Disadvantages can be taken away: High bandwidth
requirements for high-dynamic networks, low
scalability, and high memory requirements require some
time to climb the network before data transfer

[1,2,6,8,9].
Reactive (up-to-date) protocols that do not support
network topology information, these protocols

occasionally do not exchange routing information; they
get information about the path to the destination when
needed, ie upon request, using the connection setup
process. Reactive protocols include DSR (Dynamic
Source Routing Protocol), AODV (Ad-hoc on-demand
distance routing protocol), ABR (Associative-Based
Routing Protocol), SSA (Signal Stability-Based
Adaptive Routing Protocol), FORP (Flow Oriented
Routing Protocol), Preferred Link-Based Routing
(PLBR).

The advantages of these protocols are a small
amount of service information with low data transfer
activity and a low memory requirement (usually only
cache memory is used).

The disadvantages include a high delay in the
route setup process and low scalability [1, 2, 6, 8, 9].

Hybrid routing protocols combine the best of
proactive and reactive protocols. For example, nodes at
a certain distance from the corresponding node or within
a particular geographic region are in the routing zone of
the node. For routing in this zone, a tabular approach is
used. For nodes located in this zone, the approach to the
request is used: Hybrid protocols include CEDAR
(Core-Extraction Distributed Ad Hoc Routing), ZRP
(Zone routing protocol), ZHLS (Zone-Based
Hierarchical Link State Routing Protocol).

[ Routing Protocols Ad-hoc network }

{ By mechanism of routing update } Based on time information for roullng]

[ According to the topolegy of ] [

Classification based on
information organization

specific resources

[ [ I | r______i______j

The path of " R Routing based A

Vproscver | | ot o) { o ‘ (roca usng e ‘ st ‘ Fasesroung | | L ey | | onguomc || SR,
—_ DSDV | DSR | CEDAR | I~ DSDv FORP | CGSR I-! PAR I-{ LAR ,—‘—‘
— wrp | AODV_ | ZRP | —_ wrP RABR FSR_
—_ CGSR | ABR | ZHLS | I~ AoDV | LBR | HSR |
‘ Proactive ‘ ‘ Reactive
DSR

GSR GSR

Fig. 1. Classification of routing protocols for ad hoc networks [1, 6, 9]
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The advantages of hybrid routing protocols are
quick connection setup, less overhead than table and jet
protocols.

The disadvantages of these protocols are high
requirements for storing and processing information
about routes in comparison with reactive protocols [1, 2,
6,8,9].

Classification of routing protocols based on timely
saves information of a route that is temporarily stored
on a node because ad-hoc networks are very dynamic
and data breaks are much more frequent than wired
networks, the use of time information that determines
the duration of wireless connections and the duration
work of the chosen paths. Protocols falling into this
category can be divided into two types [1, 6, 9]. Ad-hoc
wireless networks by a mechanism for updating
information:

Protocols that use pre-assembled and processed
route information to the destination are generally used
by the routing table. These protocols include DSDV,
WRP, AODV, STAR (Source-Tree Adaptive Routing
Protocol), DSR, FSR, HSR, GSR [1, 2, 6, 8, 9].

Protocols with a prediction of route identification.
Protocols belonging to this category use information
about the expected future status of wireless connections
for routine routing decisions. In addition to the duration
of wireless connections, information about the future
status also includes information on the duration of the
site, prediction of the location and prediction of the
availability of the communication channel, etc. The
forecasting protocols include FORP, RABR, LBR [1, 6,
9].

The advantages of protocols with a prediction of
protocol routing are high adaptability of protocols to
high-dynamic topology changes, QoS support.

The disadvantages of protocols with a prediction
of a route determination are dependence on the
infrastructure, which protocols are additionally used to
search for the shortest route such as GPS, etc., which, in
the absence of this infrastructure, affects the efficiency
of the protocol, a high cost of the computing resource.

Protocols based on topology routing. For example,
the hierarchical topology is used on the Internet, which
reduces the amount of information and load of the core-
level routers. In ad-hoc networks, as a rule, in
comparison with the networks used for transmitting a
signal using a wired signal transmission environment,
there is a smaller number of nodes, and a flat and
hierarchical topology is used for routing [1, 6, 9].

Protocols of Route Plane Topology. Protocols
falling under this category use the schema of flat
addresses, similar to the scheme used in LANs of the
IEEE 802.3 standard [31]. It involves the presence of a
global unique addressing mechanism for nodes in the
Ad-hoc wireless network. These protocols include DSR,
AODV, ABR, SSA, FORP, PLBR [1, 6, 9].

Hierarchical topology routing protocols use the
logical hierarchy in the network and the associated
addressing scheme. The hierarchy can be based on
geographic information, or it can be based on hop
distance. Protocols of this category include CGSR, FSR,
HSR.

The advantages of hierarchical topology routing
protocols include: reducing the size of routing tables,
improving scalability and reducing service traffic.

The disadvantages of routing protocols in the
hierarchical topology include high consumption of
computing resources.

Protocols based on the use of specific resources
such as PAR (Power-Aware Routing Protocol), LAR
(Location-Aided Routing Protocol), OLSR and PLBR
[1,6,9].

Routing protocols that build a route based on the
power of the signal with a minimum level of radiation
power or minimize the use of the battery of the site.
This category of routing protocols aims to minimize the
consumption of a very important resource in wireless
ad-hoc networks, namely the power of the battery.
Routing decisions are based on minimizing energy
consumption both locally and globally over the network.
Protocols in this category are PAR. To determine the
route in the protocols of this category, the following
indicators can be taken into account [1, 6, 9]:

- minimum energy consumption per package. This
indicator includes several nodes from the source to the
destination, to achieve even energy consumption
throughout the network;

- the maximum connection to the network, to
balance the traffic load, this difficult to achieve due to
the mobility of nodes;

- the minimum difference in power levels of
nodes, for load distribution, energy consumption
remains equal between nodes, almost optimal
performance is ensured by routing the packet to the
least downloaded next hop;

- the minimum cost of a package, where the cost
depends on the battery charge (for example, less energy
- more value) and uses it as a metric, it is easy to
calculate (available batteries), and this indicator
processes traffic on the network.

Protocols that build geographic data routes improve
routing efficiency and reduce overhead on control,
effectively using available geographic information.
Protocols of this category are LAR [1, 6, 9].

In the scientific paper [30] is given six scenarios
with simulation of routing protocols AODV, DSDV and
OLSR, according to the above-mentioned these
protocols belong to different classes of routing
protocols, which in turn will make it possible to
compare the effectiveness of approaches search route in
routing protocols data also before the simulation of the
included TCP and UDP protocols, which correspond to
the higher transport level of the OSI model.

In the first scenario of this work [30, p. 90-100]
the basis of a design by the example of the road from
two lanes where the speed on the front page for the units
moving speed of 28 meter per second in the second 33
meter per second speed as a result of the difference
should be observed as a result of increasing delays
increase the distance between objects and respectively,
to increase the number of relay packets for delivery to
the addressee. In the next step, the simulation speed of
objects change under first strip speed of objects is 28
meter per second, the second strip movement at a speed
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of 55 meter per second, which should create a more
frequent change of network topology.

And so let's look at the results obtained by the
author and try to draw the appropriate conclusions.

So, according to Table 1 [30], the author provides
such data delays based on the use of the transport
protocol TCP, a speed of 28 m / s of the first band and
33 m per second of the second lane.

Table 2 [30] also shows the delay in data
transmission taking into account the use of UDP
transport protocol, the speed of 28 m / s of the first band
and 33 meter per second of the second lane. Indicators
of the number of sent and received UDP transport

protocols (Table 3) [30] due to the peculiarities of their
work. It is in contrast to the TCP protocol, which, in the
case of failure to deliver or accept the mistake of
requesting it to be re-sent, non-delivered or accepted
segments with an error are simply deleted. This feature of
the UDP protocol demonstrates the effectiveness of
delivering packets from sender to destination.

After analyzing the data provided in the graphs
[30], the data rates of TCP and UDP higher-level
protocols with respect to time can be inferred for the
stability of the transmission of data from source to
destination at the frequency change of the network
topology (Table 4).

Table I — A time delay in data transmission using TCP transport protocol [30]

. Minimum Maximum Average .

Routing protocol delay value delay value delay value Initial delay Average value
AODV 0.0050919920 0.6537681730 0.1716732224 0.28866014 0.50010847
OLSR 0.0098262930 6.3630483810 0.1767772492 0.28858440 0.50025779
DSDV 0.0045719920 0.2477734980 0.1231930545 0.28865030 0.50019508

Table 2 — Time delay data rates when using the UDP transport protocol [30]
. Minimum Maximum Average o

Routing protocol delay value delay value delay value Initial delay Average value
AODV 0.027840518 47.185497177 0.8358558674 0.96577239 0.497221200
OLSR 0.012571992 13.178178803 0.8198667509 0.70803833 0.507178314
DSDV 0.012651992 5.984668514 0.9500924252 1.04989802 0.4983542355

Table 3 — The number of UDP packets sent and delivered [30]

Routing protocol Number of sent packages

The number of packets accepted

The ratio of delivered packages

AODV 12990 10356 80%
OLSR 12495 9202 74%
DSDV 13333 8887 67%
Table 4 — Percentage of data transmission stability time
Time of data transmission (sec), at different | Percentage of time without disturbing data transmission
Routingl rates of motion of the object (%) at different rates of motion of the object
protoco 33 m/s, TCP/UDP 55 m/s, TCP/UDP 33 m/s, TCP/UDP 55 m/s, TCP/UDP
DSDV 56/163 88/87 77/32 20/21
OLSR 44/47 35/52 82/80 68/53
AODV 32/4 28/10 87/98 75/91

Summarizing the analysis of the results of the first
scenario, we can conclude that in AD-HOC networks
with increasing dynamics of network topology change,
the AODV protocol shows a more reliable and stable
data transfer compared to DSDV and OLSR protocols.
AODV routing protocol is less susceptible to topology
changes due to route search only if packet transfer is
required. But this protocol is inferior to the maximum
speed of data transmission and the delay time before the
data transfer in networks with low dynamics of
changing the network topology, this is achieved by the
fact that proactive protocols store the route table and, if
necessary, transmit the package does not search the
route to the addressee and directly take the route already
available from routing table.

In the publication S. Mohapatra and P.Kanungo
[31], the authors conduct modeling of routing protocols
of AD-HOC networks using the NS2 emulator. In this
paper, the authors studied the effect of three variables
such as node speeds, namely the speed of change of the
topology, which is demonstrated in the form of graphs
in Fig. 6-9, the size of the network area is shown in the
graphs in Fig. 10-13 and the number of nodes in AD-
HOC networks are shown in the graphs in Fig. 2-5. The
rest of the parameters in the simulation were unchanged.

The authors were given the following simulation
parameters [31]:

- routing protocols DSR, DSDV, AODV and
OLSR;

- simulation time for 150 second;
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- type of traffic CBR / UDR (Constant Bit Rate /
User-Defined Routing);

- package size 512 bytes;

- IEEE 802.11 Channel Level;

- number of nodes 10, 20, 30, 40, 50;

- network size m2 200, 400, 600, 800, 1000;

- delay time with. 0, 30, 90, 120, 150.

Fig. 2 [31] has the best performance with the DSR
protocol because this protocol does not periodically send
routing tables and does not send hello packets to
neighboring nodes. Somewhat worse results show DSDV
and the more heavy load of the channel is the official
information displayed by the protocols AODV and
OLSR. In Fig. 3 [32], as expected in accordance with
previous modeling work, the AODV and DSR protocols
traditionally have a high packet delivery rate. DSDV
parameters are much worse than others due to the fact
that changing the topology of the network's proactive
protocol takes time to update routing on the nodes, which
is why in rather dynamic networks, packets are sent over
an outdated route. Such a mechanism is the reason for the
low packet delivery coefficient to the addressee. The
OLSR protocol, compared to AODV and DSR, has
slightly worse delivery rates for packets to the recipient,
although the routing table's basic principle is also
proactive. Unlike DSDV, the protocol OLSR periodically
exchanges routing tables has an addition on its armament
trigger partial routing table in case of changing the
topology or state of the site.

0,7
0,6
0,5
04 e AODV
=== OLSR
0,3 g DSDV
DSR
0,2
> M
0 A
10 20 30 40 50

Fig. 2. The ratio of official information to data,
depending on the number of nodes [31]
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Fig. 3. Coefficient of the delivered data from the source
to the addressee, depending on the number of nodes [32]

In the demonstrated result in Figure 4 [31], the
author points out a high delay in the DSDV protocol

with the number of nodes 10, according to my belief,
and taking into account the operation of the protocol,
this indicator is rather dubious as the routes in the
memory of the node are constantly present and the
transfer of packets is executed instantly. after being
found in memory, this method minimizes the latency of
the start of packet forwarding, as unlike reactive routing
protocols, there is no need to search the route.

The speed, depending on the number of punctures
AODV shows Fig. 5 [31] is the worst result that is
characteristic of him in connection with the need to
constantly search the route before sending a package
that increases the time delay and the amount of official
information. Traditionally higher data rates show
proactive DSDV and OLSR protocols.

0,12
0,1
0,08
e AODV
0,06 === OLSR
e DSDV
0,04 A DSR
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0

10 20 30 40 50

Fig. 4. The time of delivery of packages
from the source to the addressee,
depending on the number of nodes [31]
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Fig. 5. The speed of data transmission from source
to destination, depending on the number of nodes [31]

The first scenario of this work was designed to
expand the network by increasing the number of nodes
in the network.

The second scenario [31] focuses on the properties
of protocols for node mobility, the change in the delay
parameter from 0 to 150 seconds in increments of 30
seconds, in this case, for 150 seconds, this is a
practically constant and relatively unchanged network, 0
means constant movement of nodes.

With regard to the dependencies of routing
protocols on the speed of nodes in Fig. 6 [31], there is a
significant dependence of the AODV protocol where the
amount of service information increases at the speed of
the nodes, the DSR protocol shows the best indicators of
the ratio of service information to the data.
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Fig. 6. The ratio of official information to data,
depending on the time delay

Also, the AODV and DSR protocols have
traditionally shown (Fig. 7) [31] the highest percentage
of delivery of packets from source to destination, while
the DSDV protocol has a low packet delivery rate at
high node density, and this indicator is gradually
improving with decreasing nodal activity.

1,2

Vb Al

08 \//‘_‘
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0 30 90 120 150

Fig. 7. The amount of data delivered from the source
to the destination, depending on the mobility of nodes [31]
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Fig. 8. The time of delivery of the package from source to
destination, depending on node mobility [31]

The data is provided by the author of the time of
delivery of the package from source to destination,
depending on the mobility of the nodes presented in the
paper [31] in Fig. 8 are quite contradictory so
traditionally reactive protocols have a longer delivery
time and proactive protocols have a shorter delivery time
but with a delay of 120 seconds on the chart there is a
large decline in delivery time and a sharp 150 increase in
time. Judging by the logic, the diagram should look a
little different. So with the high intensity of the nodes

and, consequently, the frequent change in the topology of
the network, routing protocols have to respond more
often to these changes by looking for and calculating the
route to the addressee, which in turn increases the time
for delivery of the packet from the source to the
addressee. The time for delivery of the packet will
decrease with a decrease in the intensity of the change in
the network topology by spending less time and resources
on the route search. These changes should especially
affect the proactive routing protocols. So, unlike
proactive routing protocols, the delivery time of packets
should be slightly higher than the proactive ones and,
accordingly, the impact curve of node mobility should be
more moderate, since, in fact, reactive protocols are
searched for each route before each packet is transmitted.

So in view of the above, the diagram of the
dependence of the data transfer rate in relation to the
mobility of objects should look like (Fig. 9) [31]. In this
case, with a decrease in the mobility of objects, the
speed should increase.

3500
3000 |4
2500 \.——- 5 = \
2000 \ e AODV
=== OLSR
1500 e DSDV
DSR
1000
500
0
0 30 90 120 150

Fig. 9. The speed of data transmission from source
to destination, depending on the mobility of nodes

The next stage of the modeling [31] the author
changes the 200x200 network size factor: 400x400,
600x600, 800x800 and 1000x1000 meters. In this
simulation, with each step increasing the size of the
network, the number of intermediate packets transfers
from the source to the destination increases, which in
turn should increase the route search time and the time
the packets are transmitted to the destination.

Analyzing the results of the simulation where the
variable coefficient is the size of the network. You can
observe completely predictable properties of protocols.
Thus, in Fig. 10 [31], DSR and AODV protocols
traditionally have OLSR and DSDV protocols with a
significantly higher traffic factor due to the need to find a
route to the destination before sending the packet. In Fig.
11 [31], it is observed that the AODV and DSR protocols
show substantially similar high packet delivery rates to
the destination and the worst performance in the OLSR
protocol and the lowest DSDV indicator may be due to
constraints The protocol, in particular, the maximum
range of the route cannot exceed 2 redirects.

On the diagram (Fig. 12) [31], the delivery time of
the packets to the destination, we see a faster
transmission time in the DSDV and OLSR protocols
ahead of the AODV and DSR, because there is no need
to pre-route the route before the package is sent.

&3



Advanced Information Systems. 2018. Vol. 2, No. 4

ISSN 2522-9052

0,7

0,6

0,5

0,4 e AODV
=== OLSR

0,3 g DSDV

DSR
0,2
0,1

0

200 400 600 800 1000

Fig. 10. The ratio of official information,
depending on the size of the network area
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Fig. 11. The rate of delivery of packages from the source
to the destination, depending on the size of the network area

Also, a similar situation is observed at speeds on
Fig. 13 [31] data transfers in DSDV and OLSR
protocols show a higher speed, unlike the AODV and
DSR protocols.

The main problems are related to the design of the
routing protocol and the different classifications of
routing protocols for ad-hoc wireless networks, which
should be addressed by a special wireless routing
protocol, there are node mobility, rapid topology
changes, limited bandwidth, hidden and detected
problems with the terminal, limited capacity the battery,
the properties of the channels in time, as well as the
dependence on the location. Different approaches that
can be used to classify protocols include a classification
based on the type of topology service approach used by
the routing topology, the use of temporal information,
and the type of specific use of resources considered for
decision-making purposes for routing.

Conclusion from this explosion

According to the results of the research, the The
study analyzed and conducted the classification of AD-
HOC network routing protocols, taking into account the
specifics of networks that can be used in special-
purpose networks and rescue services. These networks
have high dynamics in changing the network topology,
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Fig. 12. The time of delivery of packages from the source
to the addressee, depending on the size of the network area
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Fig. 13. The rate of data transmission from the source
to the destination, depending on the size of the network area

lack of infrastructure, the need for rapid deployment and
network convergence, the random change in the number
of nodes in the network, the possible impact of
interference and interception of information, all these
criteria significantly affect the operation of routing
protocols.

So the best adaptive properties to the above criteria
are the jet and hybrid routing protocols. Taking into
account the analysis of the modeling results and the
classification of the AD-HOC networks and, in
accordance with the tasks set forth in the further
research and development, it is advisable to pay
attention to DSR and AODV routing protocols with the
best packet delivery rates and better performance in
high-end networks.

In accordance with the foregoing, attention should
be paid to further research on routing protocols which
have inherent properties of adaptation to high dynamic
changes in network topology, reduced number of
transfer of service information to maintain network
operation, high packet delivery rates, but the available
routing protocols use one or several criteria to determine
the route and to increase the efficiency of routing
protocols in future scientific works pay attention go to
take into account more criteria for determining the route
in the routing protocols.
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AHaJIi3 TeXHiYHMX XapaKTePHCTHK MepesKi 3 MOKJIMBICTIO 10 caMoopraHizamii
O. JI. Hanamnko, A. B. IInmanpekuit

Ha renepimmHiii 9ac TexHouorii 6e3ApOoTOBUX MEpeX LIMPOKO BUKOPHCTOBYIOTHCS Y HALIOMY ITOBCSKICHHOMY JKHTTI Ta B
Meperkax BiHCBKOBOrO NpU3HAYCHHA. SIK CBIAYMTH NPOBEIEHUH B JUKEpeNlax aHajl3, B IIOJAJIBIIOMY iX BiJICOTKOBAa 4acTka Oyne
nuie 30ibiryBaTucs. B 1ilt craTTi npoBoauThCs aHai3 TEXHIYHMX XapaKTepUCTHK Ta Kiacudikallis MpoTOKONIB MappyTH3auii
MEpEIK 3 MOAUIMBICTIO CAMOOPraHi3allil 32 OCHOBHUMH OCOOJIMBOCTSIMH OpraHizallii Ta MeXaHi3MiB pOOOTH IPOTOKOIIB, TAKUMH 5K
MEXaHi3M OHOBJIEHHsI iH(popMalii MapipyTy, crocié 30epiraHus iHdopMawii MapupyTy, TOnonoris oprasisauii iHpopmawii Ta Ha
OCHOBI BHMKODHCTaHHsS IPOTOKOJIAMHM KOHKPETHHX pecypcCiB. ABTOpaMM BiJIOMHMX HAYKOBHUX Ipallb B SKHX IIPOBOJMIIOCS
MOJICITIOBAHHSI, TIPOBEEHO HEMOBHMIA OIMC 3aJISKHOCTI BIUIMBY TAKUX KPUTEPIiB 5K MIBUIKICTh PyXy BY3JIB, 3MiHa IUIOLI MEpexi,
3MiHa KUIBKOCTI BY3JIB B Mepexi, 3MiHa KUIBKOCTI IepecHIaeEMUX IMaKeTiB 710 agpecaTy Ha poOOTy MPOTOKOJIB MapIIpyTH3amil.
ITpoBezeHO aHaNi3 CydacHUX HANPSMKIB JOCHI/UKEHHS B HAYKOBUX BHIAHHSAX Ta TEHIEHLUi PO3BUTKY IIPOTOKOJIB MapIIpyTH3aLlil,
aHaJli3 JaHUX 3 MOJEJIOBAHHS IPOTOKOJIB MapLIpyTH3alli, sKi HajaHi aBropamu MozentoBaHHA. [l yac orisny pesynbTaTiB
MOJICITIOBaHHS IPOBOAMBCS OIMC MOBEIIHKM IPOTOKONIB Y PI3HUX CLIEHApisX MOJETIOBAHHSA Ta KOMEHTYBAHHS JIONKH poOOTH
IIPOTOKOJIIB BIJNOBIZHO 10 HAJIaHOI Ki1acuikallii, 10 B HOJAIBIIOMY Ha/IaJI0 MOAUINBICTh BU3HAUEHHS OCOOIMBOCTEH NPOTOKOIIIB Y
BIINOBIIHOCTI 110 KaTeropii. AHaji3 mepeBar Ta HEIONIKIB IIPOTOKOJIIB MapLIPyTH3aLii MepexX 3 MOAUIMBICTIO IO CAMOOpraHi3arii
IpY 3MiHI KpHUTepiiB, IO BIUIMBAIOTb Ha POOOTY IPOTOKONIB, TAKMX SK 3MiHA KUIBKOCTI BY3JiB B MEpEXi 3 MOXIIMBONO
caMoopraHizali€ero, podoTa IPOTOKOMIIB y 3aJIXKHOCTI Bijl IHTEHCHBHOCTI 3MiHH TOHOJIOTIT (IIBHAKOCTI IIEPEMIIIEeHHST BY3JIB), 3MiHH
po3Mipy 06J1acTi Mepexi, Ka B CBOIO Yepry TaKOX BIUIMBA€E HA KUIBKICTb BY3JiB, 10 IEPEHAIIPABIIAIOTH [TAKETH 3a IS JOCTaBKU JI0
azpecary. [IpoaHanizoBaHO TaKOXK 3aJIEXHICT POOOTH IPOTOKOJIIB MapIIPyTH3aLii {010 BUKOPUCTAHHS MPOTOKOJIB BUILIOIO PiBHS
TCP Ta UDP, 30kpemMa npoaHaiizoBaHO KoedillieHT 10CTaBKH MAKETIB BiJl JuKepesa o aapecary. BuaineHo ocHOBHI nepeBaru Ta
HEJIONiKM OCHOBHHX IIPOTOKOJIB MapLIpyTH3alLii Mepex 3 MOXIJIMBOK CaAMOOPraHi3ali€lo, sKi pO3IVIANaINCs aBTOpaMU HayKOBHX
npaip i3 Monemoanus, Takux sk AODV, DSDV, OLSR ta DSR. IIpoBeneHo BU3HAue€HHS aKTyaJbHOrO Ta HMEPCIEKTHBHOTO
HAaIpsIMKy HayKOBOi pOOOTHU B MOJAJIBIINX JOCII JUKEHHSIX.

KawuoBi ciaoBa: Mepexi 3 MoximBicTio camoopranizanii; Ad hoc; pamiomepexi; Ge3nporoBa mepexa; multi-hop;
6a3oBa craHuis; OararoaapecHuil Tpadik;, JELEHTpali30BaHl MEpexi; crenialibHi 0€31pOTOBI Mepexi; IHTeNeKTyalbHi MOOLIbHI
BY3JIM; PEKHM PEAILHOT0 Yacy; Kiacu(ikalis IPOTOKOJIIB MapIIPyTU3ALLi.

AHAJIN3 TEXHHYECKHX XapAKTEPUCTHK CETH ¢ BO3MOKHOCTHIO CAMOOPTaHN3ANHU
A. JI. Hanmamnka, A. B. [lunrankuit

B Hacrosiiee BpeMst TEXHOJIOTUM OECIIPOBOHBIX CETEH LIMPOKO UCHONIb3YIOTCS B HAIlICH MOBCEIHEBHON JKM3HH U B CETSX
BOGHHOr'0 Ha3HaueHHs. Kak cBUIeTeNnbCTBYeT IIPOBEACHHBIH B MCTOUHHUKAX aHAM3, B JalbHEHIIeM UX MPOLEHTHas 10 OyneT
TOJBKO YBEIMYMBATBhCA. B NaHOH cTaTbe NPOBOAMTCS AaHAIM3 TEXHMYECKHX XapaKTEPUCTUK M KIacCH(HUKAIMSA IPOTOKOJIOB
MapILIPYTU3ALMHU CETeH ¢ BO3MOXKHOCTBIO CAMOOPTIaHU3ALUK IO OCHOBHBIM OCOOCHHOCTSIM OPraHM3alMid U MEXaHU3MaM paboThl
IPOTOKOJIOB, TAKUX KAaK MEXaHW3M OOHOBIICHHA HMH(OpPMAalMK MapuipyTa, crocoba XpaHeHHs HH(opManuu Mapuipyra,
TOMOJIOTHsl OpPraHu3alMy MH(pOpManuy, a TaKkKe Ha OCHOBE MCIIOJIb30BAHMUS IIPOTOKOJIAMH KOHKPETHBIX PEcypcoB. ABTOpaMU
U3BECTHBIX HAYYHBIX TPYIOB IO MOJEIMPOBAHHUIO CETEH BO MHOIMX CIy4asX IPOBOJHMIIOCH HEIOIHOE OMHMCAHHE 3aBUCUMOCTHU
BIIMSIHUS TaKUX KPUTEPHEB KaK CKOPOCTb JIBIKEHMS Y3J10B, U3MEHEHHUE IUIOLIAAN CETH, N3MEHEHHE KOJIMYECTBA y3JIOB B CETH,
M3MEHEHHE KOJIMYECTBA IIEPEChUIOK IIAKETOB B ajpecaTy Ha paboTy NPOTOKOIOB Mapiupyru3auud. IIpoBeneH ananm3
COBPEMEHHBIX HAIPaBJICHUI MCCIIE/IOBAHUSA B HAYYHbBIX M3JAHUAX M TEHACHLMU Pa3BUTHUS IIPOTOKOJIOB MapIIPYTU3ALIU, aHATIN3
JIAHHBIX O MOJIEJIMPOBAaHUIO MIPOTOKOJIOB MAapLIPYTH3alMH, NPEIOCTABICHHBIX aBTOPaMM TPYAOB IO MozenupoBaHuto. Ilpu
aHaJIu3e Pe3yJIbTaTOB MOAEIUPOBAHUS IIPOBOAUTCS OMMCAHUE IIOBEACHNUS IPOTOKOJIOB B PA3JIMUHBIX CLIEHAPHAX MOJEIUPOBAHUS
1 KOMMEHTHPOBAHHE JIOTHUKU PabOThI IPOTOKOJIOB B COOTBETCTBUH C IIPEAOCTABICHHON Kilaccu(puKanuel, B 1anbHEHIIeM 1aeTcs
BO3MOJKHOCTB OIPEIEICHUS XapaKTePHbIX OCOOCHHOCTEH IPOTOKOJIOB B COOTBETCTBUH C KATErOPUAMH. AHAINU3 IPEUMYILECTB U
HEJJOCTAaTKOB POTOKOJIOB MAapLIPYTH3aLMK CETeH ¢ BO3MOXKHOCTBIO K CAMOOPTaHU3ALUHU IIPU U3MEHEHUH KPUTEPHEB, BIMAIOLINX
Ha paboTy HPOTOKOJOB, TAKMX KaK H3MEHCHHE KOJIMYECTBA Y3JI0B B CETH C BO3MOXKHOCTBIO CaMOOpraHm3aluu, pabora
MPOTOKOJIOB B 3aBUCHMOCTH OT MHTEHCUBHOCTU M3MEHEHHs TOIOJIOTMH (CKOPOCTH NEpPEeMELICHHs Y3J10B), U3MEHEHHE pa3Mepa
001acTH ceTH, KOTOpas B CBOIO Ouepellb TAKKE IOBJIMSET Ha KOJIMYECTBO Y3JIOB, NEPEHAIPABISAIOT MaKeTbl IS JOCTaBKH K
aznpecaty. IIpoaHanu3upoBaHa TaKKe 3aBHCHMOCTb PabOTHI HPOTOKOJIIOB MAapLIPYTH3allMM OT HCIIONB30BaHUS IHPOTOKOIOB
Beicirero yposHs TCP u UDP, rne paccMoTpeH KOI(QHIMEHT IOCTAaBKM HAaKeTOB OT HCTOYHMKA K ajpecaTy. BrlieneHs
OCHOBHBIC IIPEHMYIIECTBA M HEAOCTATKM YacTO HCIOJIb3YEMbIX IPOTOKONIOB MapIIPyTH3alMM CETeH ¢ BO3MOMKHOCTBIO
CaMOOpPraHHU3alluM, KOTOPbI€ PAacCMaTPUBAIMCh aBTOPAMU HAYYHBIX paboT MO MoeNupoBaHHIO, Takux kak AODV, DSDV,
OLSR u DSR. IIpoBeneHo ompeneneHue akTyalbHOrO M IEPCHEKTUBHOTO HAIpaBJICHHs HAay4dHOH pabOoThl B JanpHEHIINX
HCCIIEZIOBAHUSX.

KawueBblie ciioBa: ceTH ¢ BO3MOXKXHOCThIO camoopranm3anuy; Ad hoc; pamuocern; 6ecrnipoBoaHast cetTh; multi-hop;
6a30Bast CTaHIMS; MHOT0aIpECHBIH TpaduK; AeLeHTpaIN30BaHHbIEC CETH; ClIeLUaIbHbIe OECIIPOBOHbIE CETH; UHTEIUICKTYaJIbHbIC
MOOHIIBHBIE Y3JIbl; PEXKUM PEAILHOIO BPEMEHH; KJIaCCU(HUKALs IPOTOKOJIOB MapIIPYTU3ALIH.
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KITACU®IKALIA, TUIIOBA ®YHKIHIOHAJIBHICTD TA OCOBJIMBOCTI
3ACTOCYBAHHA CUCTEM EJIEKTPOHHOI'O HABYUAHHSA
TA TPEHIHI'Y IIEPCOHAJIY B IT-KOMITAHIAX

IIpeameTom nociiPKEHHS CTATTi € OCOOJIMBOCTI €JIEKTPOHHOIO HaBYaHHs Ta TPEHIHTy nepconany B IT-kommnanisx. Me-
Ta po0OTH - aHAII3 OCHOBHHMX OCOOJHMBOCTEH CyJacCHHX CHUCTEM elleKTpoHHOro HaB4yaHHs (LMS) ta cucrem TpeHiHTY
nepconany (TMS) y BixnmoBigHocti 10 BuMor IT-kommaHiii, knacudikamis TakKuX CUCTEM 33Ul BU3HAYEHHS YMHHUKIB
BIUIMBY Ha e(eKTUBHICTH IpOLECiB X BUOOpPY, BIPOBAUKEHHS Ta IoAajblie (YHKLIIOHYBaHHS, po3po0OKa MpONMOo3HIii
o0 iX BAOCKOHAJICHHS. B crarTi BUpIlIYIOTHCS HACTYIHI 3aBJAHHSI: aHali3 IepeBar Ta HEJONiKiB BUKOPHCTaHHS
LMS, TMS B IT-xomnaHii; BU3HaYEHHS 3arajbHOI CTPYKTYpPH Ta KIacu(ikalii CUCTEM elIeKTPOHHOI0 HaBYaHHs; XapakK-
TEpUCTHKA OCHOBHMX OCOOJIMBOCTEH BIpOBaKeHHs 1 BUKopucTanHs LMS-, TMS- cucrem y manux Tta cepepHix IT-
KOMIIaHIsIX; XapaKTepUCTHKa TUIOBUX (DYHKIIH CHCTEM eJISKTPOHHOrO HaBYaHHS Ta TPEHIHTy nepcoHany. Bukopucro-
BYIOTbCS TaKi METOAM: CHUCTeMHHUil miaxia. OTpHUMaHO HACTYIHI Pe3yJIbTATH: IIPOAHAII30BaHO OCOOIMBOCTI KOpIIOpa-
THUBHOI'O HaBYaHHS Ta BU3HAa4YeHO crnenudiky Bukopucranas LMS, TMS B IT-koMnaHii; HanaHO XapaKT€PUCTUKY OCHO-
BHHX IIPOOJIEM Ta CKJIAJHOCTEH, sKi BUHUKAIOTh IIPU BIIPOBADKCHHI TaKUX cucTeM B pobOory IT-xoMmnaHii; BU3HauUeHO
TUNOBUI ()YHKIIIOHAJI CHCTEM €JIEKTPOHHOI'O0 HaBYAHHS Ta TPEHIHI'Y IEPCOHATY Ta MOXJIUBI aclEeKTH HOro BIOCKOHA-
nenss. [IpoananizoBaHo npoGieMy, OB’ s13aHi 3 OpraHi3alieto poOOTH CHCTEM €JIEKTPOHHOI'0 HaBUYAHHS Ta TPEHIHTY Ie-
pCoOHally, cepes sKUX HaiiOuibIl BaroMuMu € iHaHCOBHUH acleKT, CKJIaJHICTh TEXHIYHOI pealtizalii Ta noOyoBa HaB4a-
JIBHOTO KOHTEHTY. BHCHOBKHM: Ha npukiazai JisnbHOCTI kommaHii «AcademySmarty BU3HaueHI OCOONMBOCTI BIIpOBa-
mxeHHst LMS ta TMS y 6iznec-nipouecu IT-komnanii.

KawuoBi ciooBa: e-learning; e-training; cucrema yrpasiiHHS HaB4aHHAM; LMS; cucrema tpeHinry nepconary; TMS.

Bctyn

OcHoBHUM KarmitanioM komraHii B IT-iHxycTpii Bu-
CTyNae CIEIiajicT, sIKUH He JIUIe BUKOHYE CBOI MpsMi
000B’sI3KM, TOB’sI3aHI 3 Y4acTI0 B MPOEKTax KOMIaHii,
ajne ¥ po3BHBae BIAcHI MpodeciiiHi HaBUUKU 3 METOO
Kap’epHOro pocty. Takuil po3BUTOK HOCHUTH HE JIMIIIE
IHAMBIAYadbHUI XapakTep, ajie i Mae OyTH CHXPOHI30-
BaHUM 3 IMOTpedaMy KOMIIaHii Ta BEKTOPOM ii Mpocy-
BaHHS Ha PUHKY. Y 3B’s3KY 3 HEOOXiqHICTIO (pOpMyBaH-
Hs e(eKTUBHHUX KOMaH Ui pOOOTH HaJl HOBUMH TIpoe-
KTaMH KOMIIaHii, aKTyaJbHUM € 3a/laya HaBYaHHS Ta
TPEHIHT'y CHiBPOOITHHKIB, BUPIIIEHHS SIKOI TIOB’s3aHE 3
e-learning Ta e-training BiAMOBiHO.

MeTor0 AaHOTO JOCHIMIXKEHHA € aHali3 OCHOBHUX
0COOJIMBOCTEH CYYaCHHUX CHCTEM €JIEKTPOHHOTO Ha-
BuanHsg (LMS) Ta cucteMm TpeHinry nepconany (TMS) y
BIAMOBITHOCTI 70 BuMoOr IT-kommaHii, Kiacudikaris
TaKUX CHCTEM 3aJUls BU3HAUEHHS YMHHUKIB BIUIUBY Ha
eeKTUBHICTh IPOIECiB iX BHOOpY, BIPOBAKEHHS Ta
nojajibiie (QYyHKIIOHYBaHHS;, pO3pOOKa MPOIMO3HUILIH
I0JI0 1X BIOCKOHaleHHs. J[sl mOCATHEHHs MeTH Oyiu
TIOCTABJICH] TaKi 3aBIaHHS:

- IIpoaHalli3yBaTH OCHOBHI IEpeBaru Ta HeIONi-
K/ BUKOPUCTAHHS CHCTEM EJIEKTPOHHOTO HaBYaHHS Ta
TpeHiHry nepconany B IT-komnaHii;

- BH3HAYWTH 3aralibHy CTPYKTYpY, Kiacudikaiito
CHCTEM €JIEKTPOHHOI'O HaBYaHHS Ta KpuUTepil BUOOpPY
TaKUX CHCTEM B 3aJISKHOCTI BiJ crielU]iKi KOMIIaHii;

- OXapaKTepU3yBaTH  OCHOBHI  OCOOJIMBOCTI
BITpOBapKEHHS 1 Bukopuctans LMS-, TMS- cucrem y
Manux Ta cepeanix [T-komnanisx Ha npuknani «Acade-
mySmart»;

- HaJIaTH XapaKTEePUCTUKY TUTOBUX (YHKIIH cH-
CTEM €JIEKTPOHHOTO HaBYaHHS Ta TPEHIHTY IIEPCOHAIY,
BU3HAYUTHU 1X €TAJIOHHY apXiTeKTypy Ta MOXJIUBI LIS
XU IX yOCKOHAJICHHS.

AHani3 npo6nemu gocnigxeHHsA

Ha BiaMmiHy Bia 3BMYaiHOI CHCTEMHU OCBITH, METa
KOpIIOPaTUBHOI'O HaBYaHHS OB s3aHa, Y MEPIIy Yepry, 3
PEHTA0ENBHICTIO IHBECTHIH, a caMe — 3 MPaKTUYHHM
BUKOPHCTAHHSM HaOyTHX Y MpOIleci HaBYaHHs 3HaHb [1].
[MpaniBuuk B IT-koMnaHii BUCTYIIAE y SKOCTI OCHOBHOTO
aKTHBY, y 3B’sI3Ky 3 UAM TEXHOJIOTI4HI OCOOJIMBOCTI pO3-
poOku Ta opMyBaHHS HaBYAIBHHX IIPOTpaM MaroOTh Ha
MeTi He juile 3a0e3nedyeHHs e(EeKTUBHOCTI HaBYaHH,
CTIMIKOCTI OTpUMaHMX 3HAHb Ta HABUYOK, a 1 MOYKIIUBICTh
MpaliBHUKA OpaTH y4acTh y OUIBII CKJIaJHUX Ta €KOHO-
MIYHO BUTIJHHUX MPOEKTaX. 3HauHa PI3HUI MK akaje-
MIYHHUM Ta KOPIIOPAaTUBHUM CEPENOBHUILEM HABYAHHS
mojisirae came y (OKyci Jpyroro Ha OOMiHI 3HAHHSIMU
MDK TMpalliBHUKaMH, crioco0aMu 30€peKeHHs] HaKomuJe-
HUX 3HaHb 1 IX BUKOPHUCTAHHs Y mpotieci podotH (puc. 1),
IO Y CY4acHHX KOMIaHisIX Peali3yeThCs NUISIXOM 3Bep-
HEeHHs J10 e-learning Ta e-training [1].

E-learning, To0TO «eNeKTpOHHE HABYAHHS», MOXE
OyTu BH3HaueHE SIK Oy/b-sfiKa pPO3BUBAIOYA IPAKTHKA,
sIKa TOCTaYaEeThCs Yepe3 [HTepHeT uu iHIe eNeKTPOHHE
mxepeno iHpopmari [2]. e mepekeBa cucTeMa Ha-
BYaHHS, 110 repeadadac BHKOPHCTaHHS KOMII IOTepa,
HOYTOYKa 200 Oy[ab-SIKHUX €NEKTPOHHHUX MPUCTPOIB (Ha-
MIPUKIIa], MOOUIBHOrO TenedoHy, KOMIIaKT-IHMCKY, Bi-
JIeOKaMepH TOIL0) Ta HaJae 3MOry Oe3lepepBHO 3aCBO-
I0BaTH 3HAaHHS Ta HABHYKH 332 PaXyHOK HaBYaJbHUX
TIOAIH, sIKi (POPMYIOTHCS, TOCTAYAFOTHCS, MiATPUMYIOTh-
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csl 3a JIONIOMOTOI0 BeO-TeXHOJOTii. 3araioM Iie 3aruia-
HOBaHHWH HaBYAIILHUH TPOIEC, IO MOXE BilOyBaTHUCS
Oynb-J1e, 1 TOMy BAUMArae CrelialbHUX METOIIB MpPOCK-
TyBaHHs, HaBYaHHS, CHIJIIKYBaHHS Ha OCHOBI €JIEKTPO-
HHHX Ta HIIUX TEXHOJOTIH, a TaKOXX MEeBHUX OpraHiza-
LiffHUX Ta aaMiHicTpaTHBHUX MexaHi3MmiB [3]. E-training
(EJIEKTPOHHUI TPEHIHI' TEePCOHATY) PO3IJLINAETHCS SIK
YacTHHA EJIEKTPOHHOI'O HaBUYaHHS, SKa HOCUTH OiIbII
MPaKkTHYHUN XapakTep Ta mependavdae 3acTOCYyBaHHS
HaOyTHX 3HaHb Ha KOHKPETHUX NpHKIaaax [4].

OHOBMEHHS1 3HaHb CTOCOBHO MPOEKTIB abo NPoAYKTIB

Cuctema ynpaBsniHHA HaBYaHHSM

x
=
I
E TemaTuka npoekTy
O
o
Q.
a ]
= [ 1
O

Hasun4ku MpoaykTtu
T OTpVIMaHHFl 3HaHHA ONA 3aBepLUeHHA p060TVI

Puc. 1. 3HaHHs y KOpIIOpaTUBHIH cucTeMi
YIpaBiIiHHS HaBYaHHM [1]

Jlo nepesar e-learning Ta e-training BiJIHOCSITh Taxe.

1. MoxnuBicTb HaBYaTHCS B Oy/Ab-sIKMHA Yac 1 B
Oynmp-sKoMy mici [5, 6, 7].

2. TlocnimoBHicTh HAaBYAHHSA [6].

3. HasBHICTH JOCTYIY 10 CYKYITHOTO apXiBy 3Mi-
CTy KypCy Ta HOTO CBO€YaCHUX OHOBJICHb Ha MOCTIHHIN
OCHOBI [5, 7].

4. 30epexeHHs 4acy Ta MiHIMi3alisl BiIpUBY Bix
po6oru [8].

5. EKOHOMIYHICTh 332 paxyHOK 3HM)KEHHsI BUTpAT
Ha MOJIOPOXKIi CIIiBPOOITHHUKIB [5, 6].

6. TlimBuieHHS TPOAYKTHBHOCTI, TOKpPAIIEHHS
IisUTbHOCTI y cepi HaBUaHHS, PEHTAOENBHICTH iHBeEC-
Tuii [5, 8].

7. TlinBuieHHs piBHS BIOBOJEHOCTI MpAI[iBHUKIB
Ta KJIieHTIB [6, 9].

8. YIockoHaJeHHs HABUYOK Ta 3HAHb INpPAalliBHU-
KiB [5, 6].

PazoM 3 THM, 3a3Ha4alOTh HEONIKH BUKOPUCTAHHS
€JIEKTPOHHOTO HABYaHHS, 10 SKUX BIJIHOCATH TEXHIYHI
npo0OJieMH, TIOB’s13aHi 3 CyMICHICTIO TEXHOJIOTIH, HEsIKi-
CHUM I|HTEpHET-3B’S3KOM TOIIO; BHCOKj. BapTiCT. pO3-
POOKHM Ta MiATPUMKH; OpraHizauiiiHi mpobiemu [6].

Hes3Bakaroun Ha HasBHI HEHOJIKH, EJIEKTPOHHE
HABYAaHHSA CTaJO aJIbTCPHATHBHOI (OPMOIO HAOYTTS
3HaHb Ta NPAKTUYHUX BMiHb B IT-(ipmMax 3aBasku Tex-
HOJIOTIYHUM 1HHOBAIliSIM Ta CYYaCHUM CHCTEMam
3B’s13Ky. 301IbLIEHHS BHKOPHCTaHHS TaKOro BHIY Ha-
BYaHHS BIUIMBAE€ Ha poOOYE CEpEeOBUILNE 32 PaxyHOK
BiAMOBIZHOCTI CHCTEMH BHMOraM MacIITaOOBAHOCTI,
JIOCTYITy Ta cBoeyacHocTi [10].

CucrteMu eneKTPOHHOro HaBYaHHA
Ta TPEeHiHry nepcoHany, ix knacudikadis
Ta 3aranbHa CTPYyKTypa

Sk i Oyap-siKi CUCTEMH, IO BUKOPHCTOBYETHCS B
JTAaHUH MOMEHT, KOPIIOPaTHBHI CUCTEMH €JIEKTPOHHOT'O

HaBYaHHS Ta TPEHIHTY IIEpCOHATY TOBUHHI BiJIIOBiIaTH
BcraHoBIeHUM cranaaptam. ®opmatu SCORM (Shar-
able Content Object Reference Model), AICC HACP
(HTTP-based AICC/CMI Protocol by Aviation Industry
Computer-Based Training Committee), Tin
Can/Experience API, IMS € crammapramu mis e-
learning. Konmu roToBuii KOHTEHT /JIsl €JIEKTPOHHOTO
HaBYaHHS KOHBEPTYETHCS B OIMH 3 UX (hOpMariB, BiH
CTa€ JOCTYITHMM B KOXHIW MIATPUMYIOUill Horo cucre-
Mi, 110 JIO3BOJISIE BIJIbHO PO3MOBCIOJKYBATH 3HAHHS Ta
LIBHJKO 3MIHIOBATH BHOIp CUCTEMU HAaBYaHHS Y BiIIO-
BITHOCTI JO TEMATHUKH IPOEKTIB, 3 SKUMH KOMIIaHisg
npaigtoe y naHui nepiox [11].

CucremMu €JIEKTPOHHOTO HaBYaHHS B 3aJIEKHOCTI
BiJl CKJIQJHOCTI MOMALIAIOTh Ha (Bif OUIBII MPOCTHUX IO
OB CKJIaIHUX):

- 3acobu po3podOku KypciB (Authoringtools) —
3a0e3Meuy0Th MOJMJIUBICTh PO3POOKH JUCTAHIIIHUX
HaBYAJILHUX MaTepiajliB Ha OCHOBI Bi3yaJILHOI'O IPO-
rpaMyBaHHS a00 TEKCTOBHX PEIAKTOPIB;

- cucremu ynpasiiHHs koHTeHTOM (Learning Ob-
ject Repositories or CMS) — n03BOJIAIOTH YIIPABIIATH MPO-
LIECOM HaBuYaHHs (PEECTPOM KOpHCTYBauiB 1 iX mpaBamu
JIOCTYITY, IIPH3HAYEHHSIMU KOPHUCTYBa4YaM KypciB, 300poM i
30epiranHaM iHdopmarii 1po il KopucTyBadiB);

- cucreMa ynpasiiHHs HaBuaHHAM (LMS);

- CHCTEMH YIpPAaBIIiHHS HaBYAHHSAM 1 KOHTEHTOM
(LCMS) [12].

Sk mpaBuIto, Il BUSHAUYEHHS TIPO/IYKTIB, SIKI BUKO-
PHUCTOBYIOTBCS JUISl €JIEKTPOHHOTO HABYaHHS, BHUKOPHC-
TOBYIOTh TepMiH “learning management system” (LMS,
chUcTeMa YIpaBliHHA HaB4aHHsAM). LMS — ne BeO-
chcTeMa, sKa JIO3BOJISIE BUMTENSIM Ta CTYJIEHTaM OOMi-
HIOBATUCh MaTepialaMy, Ha/laBaTH, BUKOHYBATH, ITOBEP-
TaTH Ha TEPEBIPKY 3aBAAHHS Ta CIUTKYBATHCS, BUKOPHUC-
toBytoun [HTeprer [4, 13]; ne nporpamue 3a0e3neyeHHs,
SIKe BUKOPHCTOBYETHCS JUISl IUIAHYBAHHSI, BIIPOBA/KEHHS
Ta OLIHKM KOHKPETHOro mporecy HaBuaHHs [14, 15]
(puc. 2). OcHoBHe 3aBnanHs LMS — 3amiHa i30160BaHHX
1 pO3pi3HEHHNX HABYAIBHUX IPOrpaM Ha CHCTEMaTH30BaHi
METONMKHA IO OLUHII Ta IIOJIIIIIEHHIO KOMIIETEHIIN 1
MIPOAYKTUBHOCTI B MacIuTabax opraHizari.

Kommasii, ski X04yTh BHOCHTH 3MiHU B OKpeMi Kyp-
yaii BuKopHCTOBYIOTh Learning Content Management
Systems (LCMS, cuctemu yrnpapiiHHS HaBYaIbHUM KOH-
TeHToM). BukopucroByroun LCMS po3poOHHK KypciB
MOXXE CTBOPIOBATH HEBENMKI 3MICTOBHI (pparMeHTH Ha-
BYaHHsI, 10 BKJIIOYAIOTh YPOKH, TEMH, MOIYJI, TECTH IS
1HIMBIyaJbHOr0 HABYaHHS, SIKI MOXKYTh OYTH BHKOPHCTA-
Hi HeomHOpa3oBo [16]. Taka cucremMa H03BOJSE KepyBaTH
IHTErpaljiero MoAIOHMX HAaBYAIBHUX O0’€KTIB, IO A€
3MOT'y IEpPCOHATI3YBaTH 3MICT €IEKTPOHHOrO HaBYaHHI,
3aI0BOJIBHUNY TIOTPEOU OKpEeMHX Ipyrm abo CriBpOOITHH-
KiB IIpY MiATOTOBII JI0 peaiizaiii HoBoro npoekry. Kpim
toro, LCMS Takox cHopollye 3aBJaHHS CTBOPEHHS,
YOpaBIIiHHS Ta MMOBTOPHOIO BUKOPHCTAHHS HABYAIBLHOTO
KOHTEHTY B JICKUIBKOX Kypcax, ypokax ado temax [11, 17].
Tpamumiitno, LMS 3a0e3neuye MEeHEPKMEHT TUIaHYBaHHS
HaBYAJILHOT'O TPOIIECY, BUMOT JI0 HAaBYaHHS, HaBYAIIBHUX
nporpam Ta jgocsirHens, a LCMS — yrpaBmninns Oe3moce-
PEIHBO 3MICTOM HaBYAILHOIO Kypcy (Tadir. 1).
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Cuctema ynpaBniHHA HaBYaHHAM
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E Moakactn KopnopaTtumsHa BHyTpiLWLHIR
é’ Tolo 6a3a 3HaHb KOHTEHT
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30BHiLLHi KOHTEHT KOHTEHT |<—

Puc. 2. 3aranpHa CTpyKTYypa CUCTEMH YNPABIiHHA HaBYaHHAM [1]

Tabnuya 1 —IlopiBHssIbHA XapakTepucTnka LMS Ta LCMS

LMS

LCMS

Hanae momimnmeHi MOXJIMBOCTI JOCTYIy Ta BiICTEXCHHS
HABYaJIbHOI'O KOHTEHTY

Hanae nosninmeHi iHCTPYMEHTH CTBOPEHHS Ta YNPABIiHHS
HAaBYAJIbHUM KOHTEHTOM

BukopuCTOBYETBCS YUHAMU Ta a/IMiHICTpaTOpaMu

BuKopUCTOBYEThCS pO3POOHUKAMHU KOHTEHTY

IMponoHye roTOBi KypcH

Jlo3Bonsie popmyBaTH HaBYAIEHI 00’ €KTH

Jlo3Bousie 31iiiCHIOBATH YIPaBIIiHHS JIIOIBMH, 3aTydeHHUMHU
JI0 HaBYaHHS

Jlo3Bouiste 3ailiCHIOBATH yIPABIIiHHS KOMII FOTEpHUMH (aiina-
MH

Cria 3a3Ha4YMTH, 10 BCE OLTBINA KUIBKICTH Cydac-
HUX LMS HajgaioTh MOXKIIMBICT YIIPaBIATH KOHTEHTOM,
110 pPO3MHUBAE YiTKi po3oixuHocTi Mixk LMS i LCMS [11].

CucreMa ynpasiliHHSA TpeHIHroM mepconany (TMS)
— IIe CHCTEMa, 1[0 BUKOPHCTOBYETHCS CIIEIIAICTaMU 3
TpeHiHry Ta (axiBIFIMH 3 HaBYaHHS JUIsl Oprasizaiii
TPEHYBaJbHOI JSUTBHOCTI Ha OCHOBI HABYAJBHUX IIPO-
rpaM, 3amuciB KOPHCTYBadiB Ta CHUJIKYBaHHS. Y IIO€-
HaHHI 3 LMS, TpeHiHIH, 10 MPOBOAATHCS 1HCTPYKTOpA-
MU BIJITIOBIJTHO JI0 PUHIIUIIB €JIEKTPOHHOTO HaBYaHHS,
JIO3BOJISIFOTH 3aKPINHUTH OTPUMaHi 3HaHHS HA MPAKTHIII.

Kpurepiem kinacudikamii cucreM yrnpapiHHS Ha-
BYaHHAM MO)ke OyTH pO3IOALT Ha KOMEpIIiHHI Ta open
SOUrce CUCTEMH.

SIK mpaBWIO, CHCTEMH 3 BiJIKPHUTHUM KOJIOM € Oe3-
komroBHuMH (Moodle, Sakai, Dokeo Torio), a Ti, B IKUX
Kol 3akputuii — komepuiiinumu (Blackboard, SAP,
HCM, LMC romo) [18]. ITopiBHsIbHA XapaKTepUCTHKA
takux LMS HaBenena y Ta0i. 2.

[Ipu HasBHOCTI MPUIATHUX YMOB, MOXKHa BIIPOBa-
JIUTH TIOTYXHI, ajieé HEJOPOri NMPOEKTH EJIEKTPOHHOrO
HaBYaHHA 3a Jgonomororo LMS 3 BimkputuMm komom. 3
iHmoro Ooky, BukopuctaHHsi Open Source cucTeMH
YIIpaBJIiHHS HABYaHHAM Y KOMaHI, 1[0 HE Ma€ JIOCTaT-
HiX MOXXJIHMBOCTEH Ta MOTHBAIIii, TPU3BEIC 0 HEBAAUI,
ajpKe 3arajibHa KUIBKICTh BUTPa4eHOT0 Yacy Ta pecypciB
Moxe OyTH BHILOIO, HXK BHOIp KOMEPIIHHOI CHCTEMH 3
KOHCYJIbTaHTaMH-EKCIIepTaMHu JUIsl IpoekTy. Kpim Toro,
Bubip LMS 3anexuts Big ocobauBocTed 0Oi3Hec-
npoueciB B IT-xomnanii Ta HasBHHX pecypciB. Lle pi-
LIeHHs1 0e3I0CepeIHbO BIUIMBAE Ha SIKICTh HaBUAJIBHUX
3axo0iB, iXHIO BapTiCTh Ta ycIIiX B opraHizamii. Komma-
Hisl, IPUHMAIOY PIlIEHHS CTOCOBHO BHOOpPY CHUCTEMH
HaBYaHHS Ta TPEHIHTY IIEPCOHANY, TIOBUHHA OL[IHIOBATH
CHPaBXHIO CIPOMOXHICTh BHKOPHUCTOBYBATH ayTCOp-
CHIHT, CBii OIOJDKET, IIEPCHEKTUBU BIACHOTO PO3BHUTKY
Ta iH(popMaLiiiHi MOXKIIHBOCTI.

OcobnuBocTi 3actocyBaHHA cuctem LMS
i TMS y manux Ta cepepHix IT-komnaHisix
Ta 0COOGNMUBOCTI IX BNpOBafKeHHA

B zanexsocti Bix Hamnpsmy gisuibHOCTi IT-
komrmanii, LMS ta TMS MoxyTh po3risgatucs sK iH-
CTPpYMEHTH [UIsi aBTOMAaTH3allii 3aB/laHb HaBYaHHS, IO
JIO3BOJISIE MMiZBUIIMTH TPOAYKTHBHICTH IPalliBHHUKIB 1
e(eKTUBHICTh HABYAJILHOTO BIITY, a00 Xk 5K IUJIICHE
Oi3Hec-pillleHHsl, TiICHO TOB’si3aHe 3 Oi3HEeC-CTpaTerielo
oprasizamii. Y 3B’3Ky 31 3MiHOIO (QYHKIIi HaBYaHHS y
KOPITOpaTHBHINA OpraHizaiii i Horo mepexoay Bim agmi-
HICTpaTHBHOI HEOOXIMHOCTI IO CTaTyCy CTPATETiYHOTO
MapTHepa y PO3BHUTKY Oi3Hecy, y IaHid poOoTi mpormo-
HYETBCS B3ATH 3a OCHOBY JpPYrHMHd MiAXix, 1m0
IIOB’A3aHUH, B MepIIy Yepry, 3 TaK 3BaHUM ‘‘aJalTUB-
HUM HaBYaHHSIM”, TOOTO HABUaHHAM, IO 3aCHOBAaHE Ha
HasIBHUX 3HAHHAX CIIBPOOITHMKA 1 OakaHiil Uil HHOTO
TpaexTopii HOro po3BUTKY B KoMIaHii (puc. 3).

VY sxocTi 00’€KTa MOJANBINUX JOCTIIKCHb 00paHO
IT-xommanito «AcademySmart» 3 rosoBHHM odicom B
Vxpaini (XapkiB) ta ¢imianom B I3paini (Tens-AgiB),
3arajbHa KUIBKICTh CIHIBPOOITHHKIB SIKOI HapaxoBYye
75 yonogik. «AcademySmarty Hamae TOCIYTH 3 PO3POO-
KM TIPOrpamMHoOro 3a0e3MedeHHs! MpOTAroM ocTaHHiXx 10
POKIB Ta CHIBIIpAIOe 3 JIilepaMu Taily3i Ha CBOIX pUH-
Kax, 30KkpeMa, B cdepi enekTpoHHoro HaB4yaHHs. Crerria-
JIICTH KOMITaHil MaloTh AOCBiJ y TaKUX cepax sk (piHaH-
coBi goxatku, cuctemu ERP, EDP, cucremu OpoHioBaH-
HSl Ta KOpIIOpaTHBHI BeO-caiiTu. He3Bakaroun Ha HasB-
HICTh KOPIIOPATHBHOI 0a3W 3HaHb, Y KOMIaHIl BiJICYTHS
cucrtemMa LMS, a nepenaya 3HaHb i NPAKTUYHUX HABHYOK
3IICHIOETHCS Yepe3 AOCTYII 10 ICHYI4YO0l JOKyMeHTallii,
a TAKOXK Y MPOIIEC] B3aEMOJIIT MK ITEPCOHAIOM KOMITaHii.
Hapazi naHOI0 KOMIaHI€l0 pO3IISIIAETHCS MOXKIHMBICTH
MJIOTHOTO BITPOBA/KCHHSI CUCTEMHU OH-TAllH HABUaHHS
PO3POOHHUKIB IIPOTPaMHOI0 3a0€3CUCHHS.
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Tabnuys 2 — Komepuiiini Ta cncTeMHu 3 BITKPHTHM KOIOM

crienianizoBanuii nepconan. Cepsep Moxe Oyru
TiepeiaHuii B OpeH Ty 200 Ha ayTCOPCHHT

XapakTepucTHKa Open source LMS Komepuiiina LMS
Inara Maiike Bci NPOLYKTH Ha PUHKY € Oe3komToB- | JlineH3ilHi NPOAYKTH Ta iX OHOBJIEHHS IOCTaya-
HHMH. I0ThCA 32 OILIATY.
Texuiuna TexHiyHa HiITPUMKa 3TIHCHIOEThCA HUIIXOM | KommaHis-moctadanbHUK Haslae TEXHIUHY HiITPUM-
i ATpUMKa (dbopMyBaHHs 3alIMTaHb Ta OTPUMAHHS BIAIOBI- | Ky 3TiZHO 3 CEPBICHOIO YrOZ0t0.
Jeil Ha HUX Y hopMax KOpHUCTyBada Ta BiJKpH-
THX JOKYMEHTaxX IOCTaYyaJbHUKA. Y JEsSKHX
BUIIAZKaX Ul BEPIIIEHHS IPOOIeM OroBOpIO-
€TbCS yJacThb PO eciiiHOro KOHCYJIbTaHTA.
AnapaTHe LMS posmilyersest Ha BIacHOMY cepBepi KoM- | BinnoinHo no morosopy, LMS moxe po3milryBa-
3a0e3reueHHs miaHii. st cepBicHOrO 00CIyroByBaHHs HOTPiOEH | THCS HAa CBOEMY BIIACHOMY cepBepi abo Ha cepBepax

nocradaJibHUKa.

MacraboBaHicTh

LMS moxe Oyrn MacmiTaboBaHa TakuM 4H-
HOM, 100 obcayroByBatu 50 abo 5000 xopuc-
TYBa4iB 3 OJTHAKOBOIO SIKICTIO.

MaciraboBaHicTh KOMIIaHI€r0-

ocCTadyaJiIbHUKOM.

rapaHTYEThCS

ajanTarii 1o iCHylOUMX Ta 30BHIIIHIX CHCTEM,
BCI TPOEKTH MOXKYTh OyTH pealli3oBaHi Tak, K
no3BOIIsE apxitekrypa LMS.

Po3zBurok 3a J0rMoMOror BHKOPHCTaHHA MOBM Hporpa- | Po3BuTok BinOyBaeThcs 3a iHILIATHBOIO MOCTayallb-
MyBaHHS, Kol Harmmcana LMS, i1 MoxHa | Huka. Kommnanis-nocradanbHUK 3 MeTor 30epe-
HEOOMEKEHO PO3BHMBATH Yy BIJIIOBIIHOCTI JO | )KEHHS BHCOKOIO DiBHS 3aJIOBOJICHOCTI KII€HTIB,
norpe6 kommadii. ['OTOBI pimleHHS MOXKHa | IOKpaIlye IIPOAYKT, alle Pe3yabTaT MOXKEe He Bimo-
OTpUMaTH, NpUI0ABIIN BiNIOBI/HI IIaTiHA. BizlaTn norpeGaM KOHKPETHOI opraHizawii. Y npomy
BUIAJIKY, 3TiHO 3 YroJOl0, [UIS MOJOJAHHS TaKuX
[TMUTaHb MOXKYTb 3Ha/IO0MTHCS OJATKOBI IUIATEXKI.
Besneka Opranizauiss 1nOBHMHHa BXUTU 3axoniB i | Cucrema Gesnexd, sIK IPABUIIO, TaPaHTYEThCS KOM-
3axucTy BCix JaHuX y LMS. OckilbKH CHCTe- | HaHI€0-TIOCTAUalIbHUKOM.  YPaKCHHS  CHCTEMH
MH BIJIKPHTOTO KOLY PO3POOJISIOTHCS Ta Hepe- | Oe3leKH MOXKe CYNPOBOKYBATHCS BTPATO Ta
BIPSAIOTBCSA THCAYaMM JIIOAEH, iX ypa3sUBICTb | BUTOKOM JaHUX. J[jisi YyHUKHEHHS TaKuX HACHliIKiB
MOJke OyTH IIBUAKO BUABIICHA Ta YCYHEHA. nepe;i 3aKI0USHHSIM JI0T0BOPY HEOOXIZHO peTellb-
HO TIpOAaHANII3yBaTH HAIIMHICTE Ta KOMIIETEHIIIIO
KOMIIaHii-I10cTayaIbHUKA.
IaTerparis OCKiNbKM BHXiZHI Komu € BigkpuTtuMu Juisi | OCKUIBKM BHXIiJIHI KOJIHM 3aKpHTI, ICHYE 3aJIeXKHICTh

iHTerpamii BiJ KOMITaHii-IocTayajabHUKA. MOXIIH-
BiCTH iHTETpalii Ta HAasBHICTH CHELIaJbHUX IPOIIO-
3WIIH HEeOOXIHO 3a3/ajeriib OrOBOPIOBATH 3 KOM-
MaHi0-1I0CTaYaIbHIUKOM.

l
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Jus popmyBaHHS pekoMeHIalii# CTOCOBHO BHOO-
Py CHCTEM EIEKTPOHHOIO HaBYAHHS Ta TPEHIHT'Y TepCo-
Hany i «AcademySmarty, y Tabmuii 3 HaBeIeHO
MOPIBHSJIbHY XapaKTePUCTUKY TPHOX HAUTONIMPEHINIHNX

Puc. 3. AnantuBHa MOJIENb €IEKTPOHHOIO HaBYaHHS (PO3POOIEHO aBTOPAMH)

LMS — Moodle (6e3komToBHa cucTeMa 3 BiAKPHUTUM
konoMm), Blackboard for Business (komepiiiiHa cucre-
Ma) ta E-front (komepiriiiHa cuctema) 3 MO3MINH IX
BukopuctanHs B [ T-komnasii.
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Tabnuysa 3 — IlopiBHAVIBHA XapaKTepUCTHKA HalOLIb1 monyasapaux LMS [12]

XapakTepucTHKa

Blackboard for Business

E-front

Moodle

ITouarkoBa miHa

750%/Micsin

ITigmmucka, 0€3KOIITOBHO

IlinoBa Moz€eIIb ITignmcka [Tigmucka, 6e3koTOBHUH IPOOHHH TEPMIH

Jlinensist IInatna IInatua Be3koniToBHa, BiIKpUTHH KOJ

Kopucrysaui Benuxki mianpueMcTBa; | Benuki mignpueMcrsa; Mani Ta cepeiHi| AkajeMidyHi opraHisawii; He-
Majli Ta cepeHi MiANpHeM- | MiANPHEMCTBA; HeNpUOYTKOBI opraHizanii |npuOyTKoBi oprasizauii; aep-
CTBa; HENpHOYTKOBI opra- YKaBHUH CEKTOP
Hi3allii; AepKaBHUI CEKTOp

Posropranns Software as a Service /|Software as a Service / xmMapa; camocTiiiHa | caMocTiifHa cucTeMa; camo-
XMapa; caMOCTiifHa cHCTe- | CHCTeMa; CaMOCTiliHa cHcTeMa Ha XMapi; | CTiliHa chcreMa Ha XMapi; Mo-
Ma; MOOUTBHMI JOJATOK; | MOOUTBHUIL TOAATOK; Iporpama Juis rnepco- | OiIbHUIA T01aTOK
nporpama uis [IK HaJILHOI'O KOMIT'FOTEPY

TpenyBanHs JoxymenTanist; BeOiHapy; | JlokymeHTauis; BeOiHapy; OH-IalH ypokw; | JJokymMeHTawis; OH-JIaiH ypoKu
KUBI TpaHCIALIT OH-JIAKH; | )KMBI TPaHCISLIT OH-JIAMH;
[IEPCOHAJIBHO 3 TPEHEPOM

[Mixrpumka XKupi TpaHcmsii on-naiiH; | Enextponna momra; 6a3a 3nanp; FAQ; | FAQ; oH-naiiH crimbHOTa
Oi3nec-roaunu; 24/7 JKHBI TPAHCIISILIT OH-JIAHH, 0i3HEC-TOMHH

[MixTpumyBani TinCanAPI; SCORMI1.2; | TinCan APL;SCORM 1.2;Section 508;IMS | TinCan  API;SCORM 1.2;

CTaHJapTH SCORM 2004;AICC; | CommonCartridge SCORM 2004;AICC
IMS LTI

IMinTpumysani AcHHXpOHHE caMOCTiiiHe Ta | ACHHXPOHHE CaMOCTiliHe; acCHHXpOHHE 3 | ACHHXpPOHHE caMmocTiline;

TUIIM HaBYaHHA

3 IHCTPYKTOPOM; CHHXPOHHE
Y BIpTYaIbHUX KIACHHX KiM-
HaTax; 3MilllaHe HABYAHHSI

IHCTPYKTOPOM; CHHXPOHHE Y BipTyaJIbHHX
KJIaCHUX KIMHATax; 3MilllaHe HABYAaHHS

aCHHXPOHHE 3 IHCTPYKTOPOM;
3MilllaHEe HaBUaHHS

MobinsHa -
TPUMKA HABYAHHSI

On-nmaiiH  (IpU HAsBHOCTI
IHTepHET-3B513KY)

On-maitH  (Ipy  HAsBHOCTI  IHTEpHET-
3B’513Ky); o d-naiiH (npu BincyTHOCTI)

On-nmaiiH (Ipu HasBHOCTI iH-
TEpHEeT-3B’5I3KY)

Poni  kopucryBa- | Komannm Ta  kxomanaHi | Posmoaineni poni; mpusHaueni pomi; cuc- | Posmoaineni pomi; npusHaueHi
4iB iepapxii TEMHHMH J03BUI JUI DPOJi; KOMaHIM Ta|poili; CHCTEMHMH O3B U
KOMaH/IHi iepapxii poii; KOMaHZM Ta KOMAaHIHI
iepapxii
Artentnikanisi | Camocriiina  peecrpartist; | CamocTtiliHa peectpamisi; camoctiiiHa pe- | CamocTiiiHa peecrpauis; — ca-
KOPHCTYBa4iB inTerparniss SAML2/API €CTpallisl 3 MATBEp/KEHHAM aJMiHICTpa- | MOCTiifHa peecTpariist 3 MiATBe-
Topa; iHTerpamis  ActiveDirectory Ta|pKeHHsIM aaMiHicTpaTopa
LDAP4; interpauiss SAML2 / API; nepco-
HaJli30BaHa CTOpiHKa BXO/y KOPHCTYBaua,
Joctyn 0e3 aBropu3alii
CrBopenHs KypciB | BOynoBanuii  incrpymeHT | BOynoBaHuii iHcTpyMeHT aBropu3anii; 3MiHa | BOynoBanuii iHCTpyMeHT aBTo-
aBTOpM3alil; (GopMyBaHHS | MapaMeTpiB 3a 3aMOBUYBaHHAM VI KypCiB; | pu3allii; 3MiHa HapamerpiB 3a
OH-JIAMH  BiJIeO-KOHTEHTY; | 3aBAHTaXXECHHS KYPCiB; MOMUIMBICTD IIOBTOp- | 3aAMOBUYBAHHAM Il KYPCIB;

IHCTpYMEHTH JUISl TECTy-
BaHHS; IUIAHYBAHHS 3aHATH
Yy BUIIIAAI OH-JIAHH TpaHc-
TSt

Horo Buxopucranus PPT, PDF, Bineo; ¢op-
MYBaHHsI OH-JIAlH Bi/ICO-KOHTEHTY; 1HCTpY-
MEHTH JUIS TECTYBaHHS; IHCTpPYMEHTapiil u1s
HarsAny, iHCTpyMeHTapiii Uit GpopMyBaHHS
3aBJlaHb; OILII JXyOJIIOBaHHs KypCiB; IIaHy-
BaHHS 3aHATh y BUIVIAAI OH-IAHH TpaHCIA-
11i1; pO3KJIa/l HABYAHHS

3aBaHTa)XXCHHA KypCiB; 1HCTpPY-
MEHTH JUIi TECTYBaHHS; iH-
CTpYMEHTapill Ul Harsimy;
IHCTpyMeHTapilk it popmy-
BaHHS 3aBJaHb;, OMLii JIyOro-
BaHHs KypCiB

®dopmatu KypciB

CorianpHuit ¢dopmar;
BineokoH(epeHuii Ta BeObi-
HAapyu B PEXHUMi peasbHOro
4acy; OIILLT JKMBOT'O YaTy

VY Burmni Tem; reimigikamis; BiICOKOH-
(bepeHLii Ta BeGiHAPH B PEKUMI PEanbHOro
4acy; omuii ’KMBOro uary; OOroBOpPEHHS
KypciB

CouianpHuil  opmar; IIOTIK-
HeBuil (opmar; y BUIIIAAI TEM;
00roBOpeHHs KypciB

Ouinka  pocsr- | KypHan owiHok Pydna owninka («vapkyBaHHA»); icropis|XypHanm oLiHOK; KOMEHTapi
HEHb Kypcy XKYpHaIly OLIHOK; Di3HI IIKaIu
OL[IHIOBAHHA, pYy4YHa OLIHKa
(«mapKyBaHH:»); icTopist Kypcy
Tefimicikariist Beiiki; criucku HaitOimbI | Befimki; MOMUTMBICTS CaMOCTIHHO CTBOPIOBATH | —
YCHIIIHUX y4HIB Oeifmki; Oanmm; HAaropomW; PiBHI; CIIMCKHM Haii-
OLIbII YCHIIIHMX YYHIB; MOMUIMBICTB Camo-
CTiHO CTBOPIOBATH MeXaHi3MH reimidikarii
3BiTHICTB ApromatnyHuii  poskian | TexniuHe oOcCIyroByBaHHs HaBuaibHOro | HamamryBanns  3BiTiB  mpo
3BITiB; iH(oOpMaUiiiHi na- |3amucy; eKCropT 3BiTiB y pi3Hi (opmary; | OLiHKHM; OCTaBKa 3BITIB €JIEKT-
Heni Ta rpadiuHi 3BiTH (dopMyBaHHA 3BITHOCTI 3a PO3KJIAIOM; | POHHOIO IOIITOO
aBTOMATH30BaHE IUIaHYBaHHsS 3BITIB; J0-
CTaBKa 3BITiB €JIEKTPOHHOIO IOLITOLO;
iH(opManiiiHi naxeni ta rpadiyHi 3BiTH
Bbesneka - [P-6nokyBanbHUK;  aHTH-cllaM;  CHIBHI | [P-ONOKyBanbHUK; aHTH-CIIaM;

apoiti

aHTHU-Bipyc

91




Advanced Information Systems. 2018. Vol. 2, No. 4

ISSN 2522-9052

OueBUIHO, 10 HAHOLIBII IITUPOKI MOMKIJIUBOCTI
Hagae E-front, mo mnoemnye BiactuBocti LMS Ta
LCMS, oxnak #oro BHCOKa BapTICTh MOXKE CTAaTH Ha
3aBajli HOro BHPOBa/DKEHHS y poOoTy Heenmukoi IT-
KOMIIaHii, a/ke CHCTEMH TaKoro MaciTady € cepios-
HOIO iHBeCTHIIi€O Uit kommaHii. KpiM Toro, sxomna 3
MPOaHAJII30BaHUX CHCTEM HE HAJla€ MOXIIUBOCTI iHTET-
pauii 3 cucremamu CRM st nmpomaxis, HR Ta pexpy-
TUHTY, IO € HeoOXigHUM il (OpMYyBaHHS IUIaHY
Kap €pHOr0 PO3BUTKY CIHIBPOOITHHKA y KOMIIaHii Ta
CHpOUIEHHS NporeciB popMyBaHHSI POSKTHUX KOMAaH]
NpYU OTPUMAaHHI HOBHX 3aMOBJIEHb BiJl KOMIIaHiH-
kmientiB. Cmig 3a3HaunTH, 1mo BB LMS ta TMS
cucreM Ha OizHec-miponiecu [T-kommnaHii Moke OyTH sIK
NO3UTUBHUM, Tak i HeratuBHuM. Hampukmazn, y 2012
poui kommnanii CIIIA Burparunu 164.2 muipn 1onapis Ha
KOPIIOpaTHBHE HABUAHHS 1 TPEHIHTH MEPCOHAITY, OJHAK
OLIIBIIICTh TAKUX 1HBECTHUIIIN HE NMPUHECIA TO3UTHBHOI'O
edekry st 6i3Hecy [19]. OCHOBHOIO HMPUYMHOK TaKUX
MPOBAJIB € MPOTHPIYYsl MIX HISIMU KOMIAHIT Ta Iiis-
MH OKpPEMHX CHiBPOOITHUKIB, SIKI PO3IIISAIAIOTH KOPIIO-
paTuBHE HABYaHHS SIK OJMH 3 IHCTPYMEHTIB Kap €pHOTO
pocty B Mexax abo 3a Mexamu kommasii. Takum 4u-
HOM, BIPOBQ/DKCHHS TAKUX CUCTEM € HE TIJIbKH IpO-
0JIEMOI0 TEXHIYHOTO XapakTepy migdopy iHCTpyMeHTa-
JIBHUX 3aC00IB 1 KOHTEHTY, a i IpoOJIeMOor0 cTpaTeriy-
HOTO YNpaBiiHHA KommaHii. Takox BIPOBaKEHHS
TaKUX CHCTEM Iepen0dadae BUPILICHHS PsIy TEXHIYHHUX
npoOJyieM, TOB’SI3aHUX 3 OpPraHi3alliel0 HaBYAJILHOTO
nporecy [12, 20], moB’A3aHUX 3 aKTYaJIbHICTIO KOHTCH-
Ty, MOTHBALII€IO CIIBPOOITHUKIB, KaJeHIApPHUM ILIaHY-
BaHHSM HaBUYAJLHOTO MPOLIECY, & TAKOXK BIAMIHHOCTSIMU
B MEHTAJILHOMY 1 KyJIbTYPHOMY aclekTi yuHiB [21].

HacTtynHuM BaKIMBUM acCIIEKTOM € MOMJIUBOCTI
KOMITaHii Io/10 3aTydeHHs (paxiBIiB, 3ATHUX CTBOPUTH
SIKICHUH HaBYaJbHUN KOHTEHT. 3 OJIHOTO OOKY, TEXHIYHI
(haxiBIl, 110 BEAyTh pOOOTY HAJ MOTOUHUMH ITPOCKTAMH
KOMIIaHii, € KpaluMu Jpkepeiamu iHdopmMartii, i B ymo-
Bax XopcTKux npaBwii NDA 10 CyTi € eTUHUMU MOX-
JUBUMHU PO3POOHUKAMH TaKOTO KOHTEHTY. 3 1HIIOro
00Ky, 3aJlydeHHs Takux (haXiBIiB € HE 3aBXKIH MOXKIIU-
BUM Y 3B’S3KY 3 X 3aifHATICTIO y mpoekTax. Kpim Toro,
SIKICTh BUPOOJICHOTO HMMHU KOHTCHTY MOXE OYTH CyM-
HIBHOIO, aJKe BOHM He € (DaxiBIIMHU B PO3poOIIi HaBUa-
JILHO-METOJIMYHOT 0 MaTepiaiy.

OcobmuBocti modynou LMS ta TMS 3HauHEM
YMHOM 3aJIeXaTh BiJ TOro, MO0 came Oyae NpenIMeToM
KOpPIIOPAaTUBHOTO HABYaHHsA. 3a3Buuaii pobora IT-
KOMITaHil moisrac y peaiizamii OKpeMHUX MpPOEKTIB 13
PpO3po0KH TporpamMHoro 3abe3neueHHs. [IpeamerHi 00-
JacTi OKPEeMHX IIPOEKTIB MOXYTh OyTH B3araji He
MOB’sI3aHi OJTHAa 3 OJIHOIO, 10 OOYMOBIIIOE PI3ZHOMAHIT-
HICTb METOIMK PO3POOKH IIPOTpaMHOrO 3a0e3NedeHHs,
BHUKOPHUCTAHHS IHCTPYMEHTAJIBHUX 3aC00IB TOINO, 1, BiJ-
MOBIIHO, HaK/Tagae oOMexeHHs Ha cami LMS ta TMS.

TakuM YMHOM, IOKPHUTTS BCiX aCMEKTiB MisTBHOCTI
KOMITaHii HaBYAIbHO-METOIUYHUM MaTepialoM MOXKe
OyTu 1ocUTh Hee()eKTUBHUM Yepe3 HU3KY (aKTOpiB:

- BHTpaTH Ha po3poOKy HaBYAILHOTO MaTepiaiy
3HAYHO OLJIbIII, HIJK OIOKET IPOEKTY;

- Yac Ha pO3poOKy Marepiajy 3HAYHO OiTBIIHIA
3a 4acOBi PaMKH IPOEKTY;

- B IPOEKTI BXKE iICHYE ycTaJleHa KOMaH/a, sika He
noTpedye MONANBIIOT0 HABYAHHS;

- TPOEKTHa JOKYMEHTallisi HEeIOCTaTHhO CTPYK-
TypoBaHa, a00 HeroBHa (IO € XapaKTePHUM JIJIsl TTo4at-
Ky poOOTH HaJl IIPOEKTOM, KOJIU MPOBEIEHHSI KOpIiopa-
TUBHOT'O HABYAHHS € HAHOIIBII TOIITBHUM ).

TakuM 94MHOM, IS YCIIIITHOTO BIPOBA/PKEHHS CHC-
TeM eJIEKTPOHHOrO HAaBYaHHS Ta TPEHIHTY IEPCOHATY B
poboty IT-koMnaHii HEOOXiTHOIO € HasIBHICTH CTPYKTYpO-
BaHOI MPOEKTHOI iH(opMallii, sika Moria O CTaTH OCHOBOFO
JUTsl HaBYAJIbHOTO KOHTEHTY Y BHUIVISIII maparpadis, sKi
CKJIaJIal0ThCA 31 CTaTel, KO)KHa 3 SIKMX ITO3HAa4YeHa IEBHHU-
MH KITFOYOBHMH CIIOBaMH JUTSI CIIPOLIEHHSI TTOLIYKY.

TunoBa chyHKUiOHanNbHICTL Ta apXiTeKTypa
LMS-, TMS-cuctem Ta nepcnekTuBHi
MOXINUBOCTI 1l BAOCKOHANEeHHs

TunoBuit ¢pyskuionan LMS Ta TMS nepenbauae
HACTYITHE: peecTpallisi KOPUCTYBadiB; MiITPUMKa KaTta-
JIOTY KypciB; 30epeXeHHs Ta HalaHHsI JOCTYITY 10 3Mic-
Ty 1 MarepialliB KypCiB €JIEKTPOHHOI'O HaBYaHHS Ta
TPEHIHT'Y; 3aBaHTaKEHHS MOJYIIIB Ta IHCTPYMEHTIB JUIs
€JIEKTPOHHOTO HAaBYaHHS Ta TPEHIHTY IMEPCOHaIy; I0-
LIMPEHHs HaBYaJIbHOIO MaTepially; YIpaBIiHHS HaBya-
JBHAMH MaTtepiallaMH; IHTerpallisi pecypciB yIpaBIiHHSI
3HAHHSMU; IEpeBipKa Ta OLIHIOBaHHS Y4YHIB; BiJICTe-
JKEHHs Ta (piKCyBaHHsI Pe3yNbTaTiB Ta MPOrpecy y4HiB;
BIACTEKEHHS HaBYAJILHUX 3aXOMdiB; HaJaHHSA 3BITIB
HaBYaHHS KEPIiBHHUITBY; MOXIIUBICTH CIIIJIKYBaTHUCS Yy
yari Tomio [12, 22, 23]. KopriopaTHBHI CHCTEMH €JIEeKT-
POHHOTO HaBYaHHS Ta TPEHIHTY MEPCOHANY, SK MPaBHU-
JI0, CIIPSIMOBaHI Ha aCHHXPOHHE (CaMocCTiiiHe) OHJaiiH-
HaBYaHHS, OCKUIBKM HEMa€ MPHITYHICHHs, 0 1HCTPYK-
TOp 3aBXIu Oyle NPUCYTHIH. 3arajbHi OCOOJIMBOCTI
CHCTEMHU VIIPaBIiHHS HAaBYaHHSIM, LI0 BHUKOPHUCTOBY-
1oThest I T-xommanisimu, HaBeeHo y tabum. 4 [11].

TunoBa (YHKI[IOHAJIBHICTE CHUCTEM EIEKTPOHHOTO
HAaBYaHHS TOBMHHA MICTUTH CYKYITHICTH HiJICHCTEM, SIKi
HaBeJIeHO Ha puc. 4 y BUDsiAl nakeTiB B Hotauii UML, o
CKIIAZIalOThCS 3 JIGKUIBKOX OKpPEeMHX (DYHKILIOHAIBHHX
MOyNiB (BOHM TMO3HAYEHI K KJIAacH). 3 TO3MILIH IUIaHy-
BaHHS Kap’€pH CHIBPOOITHWKA, OCOOIMBY pOIb Biirpae
MOXJIUBICT CTBOPEHHs  IHAWBIAYyaJIbHUX HaBUQJIBHHX
TUTaHIB JUI OKPEMHX CITyXadiB Il BAKOPUCTAHHS aJIalTH-
BHHMX METOIWK HABYAHHS IS PO3POOKHU 1HIMBIAYaTbHHX
TIPOTpaMm JIOCSTHEHHSI KOHKPETHOI METH PO3BUTKY.

3arajgoM, KOPIIOPaTHBHI CHUCTEMHU EJICKTPOHHOTO
HaBYaHHS Ta TPEHIHT'Y IIEPCOHANY y BiANOBITHOCTI IO
METH HABYAJLHOI'O MPOIECY Ta OCOOJHMBOCTEH OpraHi-
3amii poooTu B IT-koMmaHii HamalOTh TOCTATHHO BEIIHU-
KU 00csT MOXIIHBOI (PYHKIIOHATIBHOCTI. Y TOM e yac,
HEBHPIIICHOI0 3aJIMIIAETHCS MPOOJieMa PENeBaHTHOCTI
iHdopMarii, oo moysArac y BU3HAYECHHI 3B’SI3Ky MiX
KOHKPETHUMHU HaBYaJIbHUMH 200 TPEHYBAJBHUMH Kyp-
caMH Ta KOJIOM NpoOJieM, 3 SKUMH MpaliBHUK KOMIaHii
Mae CIpaBy y mporeci podotu Haj npoekrom. Heobxi-
HUM € (OpMYyBaHHS CHUCTEMH, SiKa J03BOJIMIA O BHU3HA-
YUTH MOXIIUBI IUISXU.

MOXITBUM BUPILIEHHSM 1€l po0ieMu MoXKe OyTH
3aIpOBaDKEHHS (DYHKINIOHAJIBHUX 3B’3KIB MK HaBYasIb-
HUM KOHTEHTOM Ta KOHKPETHHMH IPOEKTaMH Ui YCy-
HCHHS TIPOOLTIB Y 3HAHHSX TPAIliBHHKIB.
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Tabnuysa 4 — 3arajibHi 0cO0JHMBOCTI CHCTEM YNPABJIiHHA HABYAHHAM

Ha3sBa

3micT

EHGKTpOHHe HaBYaHHA

3anyck Ta BiJICTe)XXCHHS KYpCy OH-JIAlH

3MilaHe HaBYaHHS

HasiBHICTb KypCiB, 1110 IOEJHYIOTh Tpa/IilliiiHe HABYAHHS B ayAUTOPI 3 elEKTPOHHUM

YnpapiiHHS TaTaHTaMH

IHCTpyMEHTH Ul HAOOPY HEePCOHAITY, YIPABIiHHS NPOAYKTHBHICTIO, IUIAHYBAHHS Kap’€pu

3B'SI3KM Ta KOMYHiKaLlii
(Web 2.0).

Yaru, popymu, oOMiH daiamu. YV neskux 3 cyqacHux LMS nepenbadaeTbcss BAKOPHCTaHHS
COIIAJBHIX MEPEX Ta poboTy y rpynax

Po3pobka e-learning

IHCTpyMEHTH JuIs po3poOKH Ta IyOulikalil HaBYILHOTO MaTepialy

YnpasiiHHS 3MiCTOM

[HCTpyMEHTH JUIsl yIpaBliHHS BHYTPIIIHIMU MaTepiatamMu Kypey

Owinka
Ta TECTYBaHHSI

31aTHICTh IPOBOAUTH TECTHU TA OLIHKY 3HaHb Yy PaMKaxX BUBYEHHX KypciB a0o okpemo. He 3aBxan
BKJIIOUECHI Y KOPHOPATUBHI CUCTEMH YIPaBJliHHs HABUAHHAM

BipryansHi ayauTopii

Jloctyn 1o BipTyanbHUX J1abopaTopiit kommaHii abo TPeThOl CTOPOHH

3BITHICTE

IIupokuii GyHKILIOHAT 3BITYBaHHSI Ta MOXKJIMBICTb HAJIALITOBYBAHHS 3BiTiB

1
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Puc. 4. Tunosa QyHKIIOHANBHICTE CHCTEMH €JICKTPOHHOIO HABYAHHS Ta TPEHIHTY IepCOHay (pO3po0IeHO aBTOpaMMu)

dopMyBaHHS TAKOTO KOMILIEKCHOTO TiAXOIY J103BO-
JIMTH BUPINIYBaTH 3aBJaHHSA IMIOOpY TNpaliBHUKIB Ha
cramii (opMyBaHHS KOMaHAW TPOEKTY 3a JIOMOMOIOI0
LMS ta TMS cuctem.

BUCHOBKM Ta HanpsiMKu
nopanbLMNX AocnigKeHb

OcHoBHOIO MeToro BukopuctanHs LMS ta TMS B
IT-koMmmaHii € GopMyBaHHsS y MEpCOHATY HABHYOK Ta
3HaHb, HEOOXIMHUX I POOOTH HaJ MOTOYHUMH Ta Maid-
OyTHIMU MPOEKTaMH, a TAKOXK 3a0€3T1IeUEHHSI CBOEPI THOTO
PETIO3UTOPIt0 1HTETIEKTY, MO JA03BOJIHMTh YHHUKHYTH Bijl-
TOKY 3HaHb Y pa3i 3MiHH NPALliBHUKOM MicLisl pOOOTH.

Y poboTi pO3IIITHYTI OCHOBHI 0COOIHMBOCTI Ta (DyH-
KI[IOHAJTbHI XapaKTEPUCTHKH CHCTEM EJIEKTPOHHOrO Ha-
BYAHHS Ta TPEHIHTY MEpCOHATy 3 MO3MIIH TX BUKOpHC-
taHHs B [T-komnanii. Ha nmpuknani qisiibHOCTI KOMIaHii
«AcademySmart» TpoaHasi30BaHO OCOOJMBOCTI Ta OC-
HOBHI ckJiaiHOCTI BripoBapkeHHs: LMS ta TMS y 6i3Hec-
mporec  IT-xommanii. [IpoananizoBaHo mpoOJieMH,
ITOB’s13aHi 3 OpPTaHi3aIlie€l0 POOOTH CUCTEM CIEKTPOHHOTO
HaBYaHHS Ta TPEHIHTY IEPCOHAITY, Cepe/l IKMX HaHOLIbII

BaroMuMu € (DiHAHCOBUH aCIEKT, CKJIAJHICTh TEXHIUHOI
peadizaiiii Ta mo0yI0Ba HABYAIBHOIO KOHTEHTY.

Pazom 3 TMM, BU3HAYCHO, IIIO PSII ACTIEKTIB HisUTb-
HOCTI KOMIIaHi1 Mo)ke OyTH B Tii 4M iHIIIH Mipi cTaHaa-
PTH30BaHUI 3aBISIKM BIPOBAPKEHHIO TaKUX CHCTEM.
Hamnpukian, BUKOpPUCTaHHS 3arajbHOI METOAMKH Opra-
Hizanii poOOTH Haja MPOEKTOM KommaHii abo okpemi
IHCTpYMEHTaJIbHI 3aCO0M — OpraHi3allisi CXOBHUINA KOXY,
MIPOCKTHOI JTOKYMEHTAIlii, 3aCO0iB YIpPaBJIiHHSA IPOCK-
Tamu Touo. Kpim Toro, HaBuansHUN MaTtepia 1o BUKO-
PHUCTaHHIO CTaHJAPTHUX I1HCTPYMEHTAJIBHUX 3aco0iB,
3arajJbHUX MPAKTUK PO3POOKH MPOrpaMHOro 3adesre-
YeHHs Be icHye. TakuMm 4MHOM, 3pOOJIEHO aKIeHT Ha
TOMY, IO A cydacHoi LMS € mpUHIMIIOBUM HasiB-
HICTH MOJAYJIS 1HTErpalii, o J03BOJISIE BECTH Bijaie-
HY poOOTY 3 KOHTEHTOM Ha YMOBaX OPEH[IH.

Iomanpimi  AOCHIHKEHHS TepeadadaroTh O
MoJIeNIel Ta METOIB I (popMaJIi3aliii mporecis mooy-
JIOBU Ta 3aCTOCYBaHHs cydacHHuX cucteM LMS i TMS 3
METOI0 BUOOPY KPHUTEPIiB, MOKa3HUKIB Ta METOJIB OIliH-
KA e(QEeKTUBHOCTI pPO3POOKH Ta BUKOPHUCTAHHS TaKHX
cucTeM y Manux Ta cepeanix IT-komnaHisx.
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Knaccndpukanus, Tunninas GyHKIMOHAIBLHOCTE H 0CO0EHHOCTH MPHUMEHEHUS
CHCTEM 3JIeKTPOHHOr0 00y4eHHsi ¥ TPeHHHTa nepconana B I'T-kommanmsix

H. B. Tkauyk, B. E. Cokon, M. A. benosa, A. C. Kocma4os

IIpeameToM uccenOBaHUS CTaThbU SIBIAIOTCS OCOOGHHOCTH JIEKTPOHHOrO O0y4eHMs M TpeHuHra mnepcoHana B IT-
kommnanusx. IleJbp padoThl - aHAIN3 OCHOBHBIX OCOOEHHOCTEH COBPEMEHHBIX CHCTEM IEKTpoHHOro oOyuenus (LMS) u cucrem
Tpennnra nepconaia (TMS) B coorBercrBun ¢ TpeGoBaHMsMH [T-kommaHuii, KIaccHU(UKAIMSA TaKUX CHCTEM JUIS OIpeleIeHUs
(bakTopoB BiMsAHUA Ha 3()(HEKTUBHOCTD IPOLIECCOB UX BbIOOPA, BHEAPEHUS U aIbHEHILEro (yHKIMOHUPOBaHHS; pa3paboTKa Ipe-
JIOKEHUH 0 UX COBEPIIEHCTBOBAHMIO. B cTaThe pelnarTcs claeayrolue 3a8a4M: aHaIu3 IPEUMYILIECTB H HEJOCTATKOB HCIOIb30-
Banusa LMS, TMS B IT-komnanuu; onpeeneHre o0mei CrpyKTypsl M KIacCU(UKALMN CUCTEM JIEKTPOHHOTO 00YYeHHMs; XapaKTe-
PHCTHKAa OCHOBHBIX OCOOCHHOCTEH BHeIpeHHUs U ucnonb3oanuss LMS-, TMS- cucreM B ManbIx U cpeHux IT-KoMnaHusxX; Xapak-
TEPUCTHKA THIMYHBIX (YHKLIMH CHCTEM JIEKTPOHHOrO0 OOY4eHHMsI M TPEHHHra nepcoHana. Mcrnons3yroTes creyrolye MeToabl:
cUCTeMHBIH nozxoa. ITomydeHsl ciexyrommue pe3yJbTaThl: IPOaHATU3UPOBAHBI OCOOCHHOCTH KOPIIOPATHBHOIO 00Yy4EHHUsI U OHpe-
neneHa crenuduka ucronb3oanusa LMS, TMS B IT-komaHuu; oXapakrepu3oBaHbl OCHOBHbBIE POOJIEMBI M CIIOKHOCTH, KOTOpBIE
BO3HUKAIOT NPY BHEJPEHHM TAKUX cucTeM B pabory IT-koMnaHmu; onpeneneH TUIUYHBIA (QyHKIMOHAN CHCTEM 3JIEKTPOHHOIO
00y4eHuUs U TPEHUHIa epCOHAIA ¥ BO3MOXHbIE aCIEeKThl €0 COBEPLICHCTBOBaHUsL. [IpoaHaIn3upoBaHsl MPOOIEMBl, CBA3aHHbIE C
opraHu3aiueil paboTbl CHCTEM IEKTPOHHOr0 00y4eHHs M TPEHMHIa IIEPCOHANA, CPEAN KOTOPhIX HanOoee 3HAUMMBIMU SBIISIOTCS
(MHAHCOBBII ACIEKT, CIOXKHOCTh TEXHUYECKOH pean3alliy U OCTPOSHHE y4eOHOro KOHTeHTa. BbIBOABI: Ha NpUMepe KOMITaHUU
«AcademySmarty onpezenens! ocobennocty BHeapenust LMS u TMS B 6usHec-nporneccs! IT-kommnanuu.

KawueBbie caoBa: e-learning; e-training; cucrema yrpasieHus ooydenueM; LMS; cicrema TpeHuHra nepconana; TMS.

Classification, typical functionality and application peculiarities of learning
management systems and training management systems at IT-companies

M. Tkachuk, V. Sokol, M. Bilova, O. Kosmachov

The subject of the article's research is the peculiarities of e-learning and e-training at IT-companies. The purpose of
the paper is to analyze the main features of modern learning management systems (LMS) and training management systems
(TMS) in accordance with the requirements of IT-companies, the classification of such systems to determine the factors influ-
encing the effectiveness of the processes of their selection, implementation and further functioning; development of sugges-
tions for their improvement. The article addresses the following tasks: analysis of the advantages and disadvantages of using
LMS, TMS in the IT-company; definition of the overall structure and classification of e-learning systems; characteristics of
the main features of LMS, TMS at the small and medium-sized IT-companies; characteristics of LMS and TMS typical func-
tions. The following methods are used: systems approach. The following results were obtained: the features of corporate
training are analyzed and the specifics of using LMS, TMS in an IT-company are determined; the main problems and difficul-
ties that arise when introducing such systems into the work of an IT-company are described; the typical functionality of e-
learning and e-training systems and possible aspects of its improvement are defined. The problems associated with the or-
ganization of work of e-learning and e-training systems are analyzed, among which the most significant are the financial
aspect, the complexity of the technical implementation and the construction of training content. Conclusions: using “Acade-
mySmart” as an example, the specifics of introducing LMS and TMS into business processes of IT-company are defined.

Keywords: e-learning; e-training; learning management system; LMS; training management system; TMS.
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METHOD OF SOFTWARE VERIFICATION
OF AIR OBJECTS CLASSIFICATION FUZZY LOGICAL SYSTEM

Objects of different classes are detected in the process of monitoring airspace. The classification of an air object is the
process of establishing its belonging to a preassigned class. Classes are automatically determined or set automated. The un-
ambiguous assignment of air objects to a particular class is an actual scientific task. The purpose of the article is to develop
a method for verifying software for a fuzzy logical system for classifying air objects. This problem is solved in a fuzzy set-
ting. To solve this problem, an appropriate software verification method has been developed. The method is based on fuzzy
colored Petri nets and uses a base of fuzzy productional rules. The structure of the fuzzy network verification model has
been developed. The basis of the model is a fuzzy colored Petri net for representing the base of fuzzy production rules for
classifying air objects. For the convenience of visualization of the fuzzy network verification model, the interpretation of
the elements of the fuzzy colored Petri net is introduced. The analysis of the state space of a fuzzy network verification
model reflects all possible markings. The state space allows to obtain the values of the indicators of all the basic properties
of the Petri net. The CPN Tools modeling system is used to build and analyze the state space. The full standard report for
the fuzzy logical classification system of air objects was obtained from the simulation results. The report fragment with
conclusions about the correctness of the model is given. The report contains sections of state space statistics - the number
of nodes, arcs and status, indicators of the properties of reversibility, limitation, survivability and fairness of transitions.
The method includes five steps. 1. A base of fuzzy production rules is being developed. 2. The set of interpretation rules
transforms the base of fuzzy production rules into the form of fuzzy colored Petri nets. 3. The model is examined for proper
functioning. 4. When an error is detected, its type is analyzed. After its correction, the program repeats, starting with any of
stages 1, 2 or 3. 5. Reports on the total space of states with various combinations of source data are issued. A final report is
issued after analyzing the correctness of the set of reports and correcting errors that have occurred.

Keywords: air object, classification; software verification; colored Petri nets; fuzzy production rule; verification method.

Introduction

Formulation of the problem. There are two main
problems, when developing a software verification
method. The first problem is related to the representation
of the subject area by some kind of mathematical appara-
tus. The second problem is related to building test suites.

It is obvious that the solution of both problems de-
pends on the subject area for which the software is being
developed. So, consider the fuzzy logical system of clas-
sification of air objects in the control of airspace. Soft-
ware verification in this case is represented by dynamic
interacting processes. They can be built on a colored Petri
net [1]. For a fuzzy logic system, it is necessary to de-
velop a base of fuzzy production rules [2].

Thus, when monitoring airspace the method of
verification of a software for the classification of air
objects must necessarily include:

a) representation of dynamic interacting processes
in the state space by a fuzzy colored Petri net;

b) the base of fuzzy production rules of a fuzzy
logical system. The system allows to classify air objects
while controlling the airspace;

¢) a set of interpretation rules for converting the
base of fuzzy production rules into the form of fuzzy
colored Petri nets.

The purpose of the article is to develop a method
for verifying the software of a fuzzy logical system for
classifying air objects while monitoring airspace.

Analysis of the References. In [1], a specific
fuzzy colored Petri net was considered. It is used to

classify air objects in the airspace control process. The
work [2] is devoted to the development of a base of
rules for fuzzy products. The fuzzy colored Petri net
corresponds to the specified rule base. Obviously, this
fuzzy colored Petri net is a fuzzy network model. The
model is used to verify the software of a fuzzy logical
classification system for air objects. The structure of
this fuzzy network model of verification is shown in
Fig. 1. The proposed fuzzy network model of verifica-
tion is a feasible model. The model is limited to the
framework of formal software verification methods.

The paper [3] is devoted to consideration of the
stability of solutions for fuzzy control tasks in classifi-
cation systems. Tasks take into account the interaction
of dynamic fuzzy processes.

In the papers [4, 5], the influence of errors and re-
dundancy in knowledge bases on the effectiveness of
solutions is investigated.

Thus, the aforementioned allows us to proceed
with the development of a method for verifying the
software of a fuzzy logical classification system.

Presentation of the main material

Fuzzy colored Petri net corresponds to the base of
fuzzy production rules for classifying air objects. This
network is a fuzzy network model of software verifica-
tion for classifying airborne objects. Its structure is
shown in Fig. 1.

The proposed fuzzy network model is considered
as an executable model in the framework of formal
software verification methods.
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Fig. 1. The structure of the fuzzy network model of software verification for the classification
of airborne objects, built on the basis of a fuzzy colored Petri net

We visualize a fuzzy network model of verifica-
tion. To do this, we interpret the elements of the fuzzy
colored Petri net in terms of a fuzzy logical system as
follows:

- the positions DefOfNat, Corr, Viol, Accom,
OpAc correspond to the linguistic variables from the
composition of the premises of the fuzzy production
rules for the classification of air objects;

- transitions fuzzl-fuzz4 correspond to fuzzifica-
tion operations (introducing fuzziness) for the corre-
sponding values of linguistic variables;

- the positions following the transitions (fuzzifica-
tion operations) correspond to the terms — the values of
linguistic variables from the composition of the base of
fuzzy products rules for the classification of air objects;

- transitions rulel-rulel1 correspond to the opera-
tions of aggregating the degrees of truth of prerequisites
for each of the fuzzy production rules for classifying air
objects and operations of activating of conclusions for
each rules;

- ClassAF1-ClassAF10 positions correspond to the
values of the output linguistic variable from the compo-
sition of the base of fuzzy products rules for classifying
air objects;

- the transition defuzz corresponds to the operation
of defuzzification (reduction to clarity);

- the Class position corresponds to the value of the
output linguistic variable with the maximum degree of
belonging to one of its terms according to the results of
processing the ClassAF1-ClassAF10 positions.

The state space of a fuzzy network verification
model reflects all possible markings. We know CPN
Tools modeling system [6]. It allows you to build a state
space and analyze the values of the indicators of all the
basic properties of the Petri net. According to the results
of the simulation of a fuzzy network verification model,
a complete standard report was obtained for the classifi-
cation of air objects.

A fragment of the report with conclusions about
the correctness of the model is given in Table 1.
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Table 1 — Analysis of the report on the state space of a fuzzy network verification model

Report Results

Conclusions

State Space (Statistics)
Status Full Nodes 45
Arcs 58

The state space of the model is calculated completely and contains
45 nodes and 58 arcs

Reversibility properties
Home Markings All
Dead Markings None

All markings are "home" — the model is reversible. There are no
"dead" markings — there are no dead ends in the model

Survivability properties
Dead Transition Instances None
Live Transition Instances All

There are no "dead" transitions. All transitions are "live".
IAll events occur during a communication session.

Restricted properties -
upper and lower bounds of numeric and multisets
Best Integer Bounds (Upper, Lower), Best (Upper, Lower) Multiset Bounds

I (L, D))++1 (2,(1, 1)
ClassAF511 ++ 1 2

The network is limited, with boundaries equal to
3 — for the present place,

Corr 1 0
present 3 0
ggis ! 0 1 — for Corr,

1 — for the Class location, etc., which corresponds to the source
data. Based on the data of the upper bounds of multisets of places,
we conclude that there are tags in the places in accordance with
the rules of the model

Fairness Properties (fairness transitions)

fuzz1 Just

rule3 Impartial
rule? Fair

defuzz No Fairness

The validity of the fuzz1 transition is justified, the transition of
rule3 is objective, the transition of rule7 is proved, and the transi-
tion of defuzz and of the other transitions is not proved

The presented report contains:

- sections of statistics of the state space — the
number of nodes, arcs and status;

- indicators of the property of reversibility — a
list of returnable markings (Home Markings) and
"dead" markings (Dead Markings);

indicators of survivability properties — a list of
“live” transitions (Live Transition Instances) and
“dead” transitions (Dead Transition Instances);

- indicators of the property of boundedness — the
upper and lower numerical boundaries (Integer
Bounds) and multisets (Multi-set Bounds);

- indicators of the property of fairness of the
conversion transition (Just — justified, Fair — proved,
Impartial — objectively, No Fairness — not deter-
mined).

Thus, a software verification method has been
developed for a fuzzy logical classification system
for airborne objects. It uses fuzzy colored Petri nets
and includes the following steps (Fig. 2):

1. A base of fuzzy production rules is being de-
veloped. These rules apply to a fuzzy logical system.
The system is designed to classify air objects in the
process of monitoring airspace.

2. The set of interpretation rules transforms the
base of fuzzy production rules into the form of fuzzy
colored Petri nets.

3. The model is examined for proper function-
ing. For this, various combinations of source data are
specified. These combinations are performed in dif-
ferent sequences.

4. When an error is detected, its type is ana-
lyzed. After its correction, the program repeats, start-
ing with any of stages 1, 2 or 3.

5. Reports on the total space of states with vari-
ous combinations of source data are issued. A final
report is issued after analyzing the correctness of the
set of reports and correcting errors that have oc-
curred.

Conclusion

1. A software verification method has been
developed for a fuzzy logical classification system for
airborne objects when controlling airspace. Extended
fuzzy colored Petri nets are chosen by the basic
mathematical apparatus for the method. This class of
Petri nets has a great advantage in comparison with
other classes.
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Fig. 2. Sequence of actions in the proposed method

It reduces the dependence of the dimension of a
fuzzy network verification model on the dimension of
dynamically interacting domain processes.

2. A base of fuzzy production rules of a fuzzy
logical system and a generalized algorithm for imple-
menting these rules for classifying air objects has been
developed.

3. The fuzzy logical model allows to take into ac-
count the non-stochastic and subjective nature of the
decision-making process on the classification of air ob-
jects.

4. The developed software verification method af-
ter analyzing various types of errors allows to classify
air objects.
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Meton Bepudikanii nporpaMHOro npoayKTy
HEYiTKOI JT0riYHoi cucTeMn Kiacupikanii moBiTpssHuX 00’ €KTiB

0. O. Timouko

V mporieci KOHTPOIIIO MOBITPSIHOrO NPOCTOPY MOBITPsIHI 00’ €KTH BUABIISAIOTHCSA 1 KIIACH(DIKYIOThCS 32 PI3HUMH 3a3]alIeriib
BU3HAUCHUMH KilacaMu. BiHeceHHs 10 KiaciB 31iHCHIOETBCS aBTOMATHYHO 200 BCTAHOBIIIOETHCS aBTOMATH30BAHO Ta € aKTya-
JIbHUM HayKOBHMM 3aBJAaHHAM. METOIO CTaTTi € po3poOka MeTony Bepudikallii mporpaMHOro 3a0e3neueHHs HEdiTKOi JOoriaHoi
cucreMu Kiacugikauii NoBiTpsHUX 00’ €KTiB. 3aBlaHHA BUPILIYEThCS Y HEWiTKiM nocraHoBui. Jns 1 BupilmeHHS po3poOiieHui
BiZNOBiIHMI MeTox Bepudikalil nporpaMHoro npoaykry. Meroxa 6a3yeTbcs Ha HeuiTKuX poddapOoBanux Mepexax Ilerpi i He-
YiTKUX HPOIYKLiMHMX npaBuiax. Po3pobieHa cTpykTypa HewiTKoi Mepexxi Moneni Bepudikanii. OCHOBOIO MOl € HeuiTka
posdapboBana Mepeska [leTpi Uit MopaHHs HEUITKUX MPOAYKIIHHNUX HpaBui Juis kinacugikaiii nopirpsHux o0’ exTi. [ 3pyd-
HOCTI Bi3yasi3allii MoJiesli epeBipKM HEUITKOI Mepexi BBOAUTBCS iHTEpIperallis eIeMEHTIB HediTkoi po3dapOoBaHOi Mepexi
IMerpi. Anaii3 npocTopy CTaHIB HEUiTKOi Mepexi Mozeni Bepudikallii, mo BigoOpaxkae BCi MOXJIMBI MapKyBaHHS i JIO3BOJISIE
OTPHMMATH 3HAYCHHS TIOKA3HHUKIB BCIX OCHOBHMX BJIACTHBOCTEH Mepexi Ilerpi. Moro nobymosa i aHaii3 BUKOHaHH 33 10MOMO-
roto cucremu mozenmoBaHHs CPN Tools. Cucrema moznentoBanas CPN Tools BUKOPHCTOBYeETbCS 1 TOOYIOBY i aHai3y Ipoc-
TOpY CTaHiB. 3a pe3yJabTaTaMy MOJICIIFOBaHHS OyB OTPUMAaHUIl IOBHUII CTAaHAAPTHUIH 3BIT /Ul HEUITKOI JIOT'IYHOI CHCTEMH KJIacH-
¢ikawii noiTpsaHUX 00’ extiB. HaBenenuit pparMeHT 3BiTy 3 BUCHOBKAMH IPO MPaBHIBHICT MOJIEN. 3BIT MICTUTbh PO3/LIN CTa-
THUCTHUKH TIPOCTOPY CTaHiB — KUIBKOCTI BY3JIB, YT 1 CTaTyc, MOKa3HUKH BIACTUBOCTEH 00OPOTHOCTI, 0OMEXKEHOCT1, )KUBYIOCTI i
CIPaBeIMBOCTI CIpaNIOBaHHs NepexoiB. JlaHuil MeTo/| CKITagaeThes 3 11 sTH eramiB. 1. Po3poOka 6a3n HEdiTKUX MPOIYKLIHIX
npasuil. 2. IlepeTBopeHHs 6a3u HEYITKHUX NPOAYKLIHHUX npaBuil B (opMy HediTKuX po3dapOoBanux mepex Ilerpi. 3. Jlocmi-
JUKCHHS NIPaBWIBHOCTI (DYHKLIOHYBaHHS Mozei. 4. AHaJII3 TUITy IOMWIKU NpH i1 BusiBieHHi. Ilicns i xopekuii nporpama mo-
BTOPIOETHCS, MOYMHAIOYH 3 Oy/ib-siKOro 3 eramnis 1, 2 a6o 3. S. Buryck 3BiTiB Ipo 3arajibHUiA IPOCTIp CTaHiB 3 pi3HUMH KOMOiHa-
LiSIMM BUXITHAX JaHUX. 3aKITIOYHUHA 3BIT BUAAETHCS MICIS aHANi3y HPaBHIBHOCTI HAOOpY 3BITIB i BUIPABICHHS HOMWIIOK, IO
BUHUKIIH.

Kar4dosi cioBa: HediTKe NpoxykuiiiHe nmpaBuio; kiacuikanis NoBiTPsHUX 00’€kTiB; 0a3a 3HaHb; (YHKLIA IPHUHA-
JIS)KHOCT1; O3HAKa MOBITPSIHOTO 00’ €KTa.

Merton BepuduKanuy NPOrpaMMHOI0 NPOAYKTA
HEYETKOM JTOrM4ecKol CHCTeMBbI KIACCH()UKAIMH BO3AYNIHBIX 00LEKTOB

A. A. Tumouko

B mporiecce KOHTPOIST BO3AYIITHOTO MPOCTPAHCTBA BO3IYIIHBIE OOBEKTHI 0OHAPYKUBAIOTCS M KJIACCH(DUIMPYIOTCS 10 pa3-
JIMYHBIM 3apaHee OonpeesieHHbIM KiaccaM. OTHeCeHHe K KilaccaM IPOM3BOUTCS] aBTOMATHYECKU MIIM YCTaHABIIMBAETCSI aBTOMa-
THU3UPOBAHHO U SIBJISIETCS aKTyaIbHOM HaydHOM 3anadeil. Llenbro crateu sBisieTcst pa3paboTka MeTona BepupUKaIuy IporpamMm-
HOro oOecredeHNss HeYeTKOM JTOrnIecKod CHCTEMBI KiIacCH(UKalny BO3AYIIHBIX O0BEKTOB. 3a/aya peraercs B HeUeTKOH I10-
craHoBke. J[yist ee pemenus pa3paboTaH COOTBETCTBYIOIINIA METO/ BEpU(PHKAIMU POrpaMMHOI0 Ipoaykra. MeTox 6asupyercs
Ha HEYETKHX pacKpalleHHbIX ceTsx [lerpn U HeYeTKHX MPOAYKIMOHHEIX IpaBmiiax. PaspaboraHa CTpyKTypa HEUETKOH CEeTH MO-
nenu Bepudukarmy. OCHOBOM MOJEIIH SIBIISIETCS] HEUeTKasl pacKpalieHHas ceThb [leTpr Ui npeicTaBieHns] HEUeTKHX MPOTYKIHU-
OHHBIX INPaBWJI JUIsl KJIACCU(HUKAIMM BO3IYIIHBIX 00BeKTOB. sl ymoOcTBa BH3yalM3allid MOJEIH IPOBEPKH HEUETKOH CEeTH
BBOJJUTCSI MHTEPIPETALUsl DJIEMEHTOB HEUETKOU pacKpalleHHO! cetu [lerpu. AHAIN3 MPOCTPAHCTBA COCTOSHUN HEUETKOH CEeTH
MOZIENN BepH(UKAUK OTpakaeT BCe BO3MOXKHBIE MAapKUPOBKHU U ITO3BOJISIET MOYYHTh 3HAUEHHMS ITOKa3aTeleld BCeX OCHOBHBIX
cBoiictB cetu Ilerpu. Ero mocropeHHune m aHann3 BBIONHSUICS ¢ momomibio Monenupyromeld cucteMsl CPN Tools. Cucrema
mozenupoBanuss CPN Tools ucronb3yercst uist TOCTPOSHHUS M aHAJIN3a IIPOCTpaHCTBa cocTosiHuit. [1o pesynpraTam MonenupoBa-
HUs OBUT MOJY4YEH IOJHBIN CTAaHIAPTHBIN OTYET Uil CUCTEMBI HEUETKOW JIOTHYECKON KITaCCU(HKAIMN BO3IYIIHBIX OOBEKTOB.
[IpuBenen ¢gparMeHT oTdera ¢ BBIBOJAMH O NMPAaBUIBHOCTH Moneld. OTYeT COIEPKHUT Pa3feNbl CTaTHCTUKHU IIPOCTPAHCTBA CO-
CTOSIHMI — KOJIMYECTBO Y3JIOB, YT U CTATYC, TOKA3aTEIH CBOHCTB OOPaTUMOCTH, OIPaHUYCHHOCTH, )KUBYUECTH H CIPABEIUBO-
CTH cpabaThIBaHUS Iepexo/oB. JJaHHBIN MeTox BKIIIOUaeT B ceds maTh dtanoB. 1. Pa3paGorka 6a3pl HEUETKHX IPOIYKIIMOHHBIX
npaBui. 2. [IpeoOpa3oBanne 6a3bl HEUETKUX MMPOLYKIIMOHHBIX IPaBWI B ()OPMY HEUETKUX packpamieHHbIx ceteil [lerpu. 3. Uc-
Clie/IoBaHKe MPABIIBHOCTH (DYHKIMOHUPOBAHUS MOJETH. 4. AHanM3 TUIA OMMOKY IpH ee oOHapyxeHuu. [locne ee KoppeKuuu
IporpamMma IOBTOpsIETCS, HAUMHas ¢ J1t000ro 13 atanos 1, 2 wim 3. 5. Beimyck orueToB 06 00IIeM MPOCTPAaHCTBE COCTOSHUI €
Ppa3IMuHBIMU KOMOMHAIMSIMU UCXOIHBIX JaHHBIX. OKOHYATENbHBIN OTYET BBIJAETCS II0CIIe aHan3a IPaBIIBHOCTH Habopa oTde-
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HIITPUMKA IPUHHATTS PINIEHb B IH® OPMAIIMHO-YIIPABJISIIOYHNX
CHUCTEMAX 3 BUKOPUCTAHHSIM TEMITIOPAJIbHOI BA3U 3HAHb

IIpeqmeroM BHBYEHHS B CTATTi € NPOLECH BUKOPUCTAHHS TEMIIOPAIbHUX 3HAHb IS MIJTPUMKHU IPUHHSATTA PillIeHb 110
YIIPaBIIiHHIO CKJIAJJICHUMH 00’ €KTaMH B yMOBaX HENOBHOTH iH(opMauii npo GyHKuioHyBaHHS mianpuemcrsa. MeTa momus-
ra€ B po3po0Li KOMIUIEKCHOTO MiZX0Ly 10 00YyN0BH, a TAKOXK 3aCTOCYBAHHS TEMIIOpaJIbHUX 0a3 3HaHb JUIA aHANi3y IIOTO-
YHOrO CTaHy IiJIPHUEMCTBA SIK CKIAIEHOro 00 €KTY Ha Pi3HHX PIBHAX OpraHizaliifHOI iepapXii Ta MATPUMKH MPUHHATTS
pilieHb 3 ympaBiiHHA. 3agadi: po3poOMTH MOJENb TEMIOPAIbHOI 0a3u 3HAHb U NPEICTABICHHS KOHTEKCTHO-
Opi€HTOBAHUX TEMIOPAJIBbHUX 3aJISKHOCTEH 110/I0 NOBEIHKU 00’ €KTY YIpPaBIIiHHS; yIOCKOHAIUTH METOJl BUSABICHHS aHO-
MaJIbHUX CTaHiB 00'€KTY yNpaBIliHHS Ha OCHOBI aHalli3y TEMIIOPAJIBHUX JaHUX 1 3HaHb; NPECTABUTH TEXHOJIOri] aBTOMATH-
30BaHOi MOOY/I0BU Ta BUKOPUCTaHHS TEMIOPAIbHOI 0a3u 3HaHb I MiATPUMKH IIPUHHSATTS PIILCHb 3 YIIPaBIIiHHS MTiAIPH-
eMcTBOM. MeTogamu, 1110 BUKOPUCTOBYIOTBCS, € METOM 100Y10B 6a3 3HAHb Ta METOAM MIATPUMKHM YIPABIIiHHSA B yMOBaX
HeBu3HaueHocTi. OTpuMaHi Taki pe3yJabTaTn. Po3po0ieHo Mozienb TeMIopaibHoi 6a3u 3HaHb I 3aCTOCYBaHHA B iH(pOp-
MaliHO-yIPaBIAIOUMX CUCTEMaX. Y JOCKOHAJICHO METOJl BUSBJICHHS aHOMAJIbHUX CTaHiB 00'€KTy ynpaBiiHHA B iHpopma-
LIHHO-yNPABIAIOUMX CUCTEMAX Ha OCHOBI BUKOPHCTAHHS TEMIIOPAIbHUX 3aJIeXKHOCTEH. 3alpOIOHOBAHO TEXHOJIOTIT 100Y-
JIOBU Ta BUKOPHCT@HHS TEMIOpalIbHOI 0a3y 3HaHb JUIS MiATPUMMKH YHNPABIIHCBKHX DillleHb B yMOBaX HEBH3HAYEHOCTI.
BucHoBku. HaykoBa HOBU3HA OTPUMAaHUX PE3YJbTATiB IMOJIArae B HACTYIHOMY: Po3pobieHo Mozenb TeMnopaibHoi 6a3u
3HaHb, 110 MICTUTh IIATEPHHU i pealli3allito JoriuHux (aKTiB, AKi BiOOpakalOTh CTaHU 00’ €KTY yNPABIIiHHSA, a TAKOX Hpa-
BHWJI, SIKI BU3HAYAIOTH 3B’SI3KM MK IIMMH CTaHaMH y 4aci. Moyens 103BOJISE MiBUIINTH e(eKTHBHICTh YIIPaBIiHHS ITiJI-
IIPHEMCTBOM B YMOBaX HEBU3HAU€HOCTI HA OCHOBI aHali3y HOro MOTOYHOIrO CTaHy Ta BUBOY JIOIyCTUMUX I1OCIIiIOBHOCTEH
IiHt 13 epexoy 10 [UILOBOTO CTaHy. Y IOCKOHAJICHO METO]] BUSBIICHHSI aHOMAJIbHUX CTaHIB 00'€KTy yIpaBIiHHA B iH(Op-
MaliHO-yIpaBIAOUMX CUCTEMaxX LUIAXOM BpaxXyBaHHS 3B’SI3Ky MK JisIMH Ha 00’€KTi ynpaBiiHHSA Ta KOHTEKCTOM BHKO-
HaHHA LMX Aifl. MeTon n03Bois€ BpaxyBaTH NOTOYHI BJIACTHBOCTI CKJIAJOBHX KOMILUIEKCHOTO O0’€KTY YIPaBIIHHS Ul
Ki1acudikalii MoTOYHOro CTaHy B yMOBaX HEBU3HAU€HOCTI. 3alpOIIOHOBAHO TEXHOJIOril OOYI0BH Ta BUKOPUCTAHHS TEM-
ropasbHOi 0a3u 3HaHb B 1HOPMALIHHO-YIIPABIAIOYMX CUCTEMaX, L0 3a0€3IeUyr0Th ITepaTHBHE IOINOBHEHHS 3HaHb IIPU
(bYHKLIOHYBaHHI HiIIPUEMCTBA Ta IX BUKOPHCTAaHHS B YMOBaX HENOBHOTH iH(popMalii Ipo 00’ €KT yIpaBiliHHS.

Karw4dosi caoBa: indopmariiiHo-yrpaBisioda cucTeMa; MiITPUMKA NPUIHATTA pIllIeHb; TEMIOPAIbHA 3aJ€XKHICTD;

TeMIIopalibHa 0a3a 3HaHb.

Bctyn

[HdopmaniliHO-yIpaBsAoUi CHCTEMHU INpHU3HAYEHI
JUIE aBTOMAaTHU30BaHOTO BHPIIIEHHS 3aJad yIpaBIiHHS
MAIPUEMCTBOM SIK KOMIUIEKCHHM 00’ €KTOM 3 BUKOPHC-
TaHHAM JaHUX, W0 BiZOOpa)kafoTh AWHAMIKY 3MiHH
cTaHiB nporo miampuemctsa [1]. 3agayi ynpaBiiHHS
peari3yloTbcsi B yMOBaX HEBH3HAYEHOCTI, sIKa XapakTe-
PHU3YETHCSI HEMTOBHOTOMO 1H(OpMarii mpo craH MiAnpu-
€MCTBA Ta € Pe3yJIbTATOM SIK BHYTPIIIHIX, TaK 1 30BHIllI-
HiX BIUTUBIB Ha HOTO MisUTBHICTH [2].

[Ipouec ympaBiiHHA B yMOBax HEBU3HAYEHOCTI
KOMOIHye THIIOBI TOCTiZOBHOCTI [Hiii Ta ¢parmeHTw,
TIOB’sI3aHi 13 PUHHATTSIM pillleHb BUKOHABISIMU. BHKO-
HAaBIli BUKOPHCTOBYIOTh CBOI IEPCOHAIIBHI, YacTo Hedo-
pMaitizoBaHi 3HaHHS AJIs1 BUOOPY palliOHAIBHUX PillleHb
B YMOBax HENOBHOTH iH(popMamii MO0 ITOTOYHOrO
cTany 00’exTy ynpasiiHas [3].

VY BHIAAKy HENOCTATHHOI iH(OPMAIIT PO 3HAYCH-
HS OKpEMHX IapaMeTpiB MOXYTb OyTH BHUKOpHUCTaHi
ampiopi 3HAHHS IPO THUIOBI BJIACTUBOCTI CKJIAJOBUX
KOMIUIEKCHOTO O0’€KTY YNpaBIliHHSA, IO BH3HAYAIOThH
3HAYEHHs IIUX MapaMeTpiB 3a 3aMoBuyBaHHsM [4]. On-
HaK y BUNaJKy HEBU3HAUEHOCTI MIOJ0 MOTOYHOTO CTaHy
00’€KTy yHOpaBIiHHA B IJIOMY JUIS aBTOMAaTH3AIlil
YIIPaBJIiHHS TOIIIEHO OOy IyBaTH Ta BUKOPHCTOBYBATH
0a3y 3HaHb, 110 MICTUTh 3HAHHS Ta JOCBiJ KBasidiko-
BaHMX CIIBPOOITHUKIB mignpremMcTsa [5].

ABTOMaTH30BaHa MMo0y/a0Ba Takoi 0a3u 3HaHb MO-
TpeOye NPOBEIEHHS aHaJli3y MOBEIIHKH 00’ €KTy ynpas-

niHHs [6]. OnHak 3a3BUYail iHQOpMaIlis PO MTOBEAIHKY
00’€KTy YIpaBIiHHI HE BigoOpakae MPUUMHHO-HACIII-
KOBI 3aJIG)KHOCTI MiXK HOro cTaHamu, a (pikcye mociigo-
BHICTh 3MIHHM CTaHiB B 4Yaci. ToMy aBTOMaTH30BaHE
BUSIBJICHHSI NMPUYMHHO-HACIIIKOBUX 3aJISKHOCTEH ISt
0a3u 3HaHb 10B’A3aHO 13 TPYIHOIAMH.

B Toii jxe yac aHami3 MOBENIHKUA 00 €KTYy yIIpaB-
JIHHS JIO3BOJISIE BUAUIMTH TEMIIOPAJIbHI 3aJEXKHOCTI
[7, 8]. 1li 3ameXxHOCTI BU3HAYAIOTH MOXKJIMBI Ta JIOMYC-
TUMI 3MiHM CTaHiB 00’€KTY YIpaBIJiHHS B 4aci, O JI0-
3BOJISIE IPOTHO3YBAaTH HOTO MOBEIHKY B YMOBax HeEIO-
BHOTH iH(OpMaIlii BiJHOCHO IIOTOYHOI'O CTaHy.

BukiazieHe CBiTYMTH MPO aKTYaNbHICTh BUKOPHC-
TaHHS TEMITOPAJIbHUX 3HAHb JJIS TATPUMKH MPUHHATTS
pillleHb B yMOBax HEBU3HAYEHOCTI Ha OCHOBI aBTOMAaTH-
30BaHOi MOOYIOBH TEMIIOPAIBHOI 0a3H 3HAHB.

CTpyKTypH3allis TEMIIOPAJbHUX 3aJIeKHOCTEH BH-
koHaHa B [9, 10]. Mozenp 6a3u 3HaHb, IO BigoOpakae
XapaKTepPUCTUKH apTedakTiB K CKIAIOBHX 00’ €KTy
YIIPaBJIIHHS, a TAKOXK 3aJISKHOCTI MiX IIMMHU apTedak-
TaMu, npencrasieHa B [9, 10]. V3arampHeHuit MeTon
aBTOMATHU30BaHOI 1MO0YM0BH 0a3u 3HAHb Ha OCHOBI aHa-
JIi3y 3ammcy MOCHiJOBHOCTEH CTaHIB 00’ €KTy ynpaBIliH-
H# 3amponoHoBanuii B [11]. Merox 11 BU3HaYeHHS Bar
TEMITOPAJIbHUAX TIPAaBHI, SIKi BPAXOBYIOThCS IIPH BH3HA-
YeHHI WMOBIPHOCTI YNpPAaBIiHCHKUX pillleHb, IPEICTaB-
neHo B [12]. Meronu HWMOBIpHICHOTO BHUBOJIY, IO 3a-
0e3IeuyloTh MOXKJIMBOCTI MIATPUMKH TPHUAHATTS pi-
LIeHb 3 YIPaBJIHHS ITJIPHEMCTBOM B yYMOBaxX HEBU-
3HAYCHOCTI, 3alPOIIOHOBaHI B podoTax [13, 14].
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OpHaK MUTAHHAM iHTErparli po3poOJICHUX MoJe-
Jie Ta METOMIB B paMKax iH(opMarmiiHOl TeXHOJIOTil
MiATPUMKH PillIeHb B YMOBaX HEBU3HAYEHOCTI HA OCHOBI
y3arajJbHEHOI MOJEi TEeMIOpalbHOi 0a3u 3HaHb HE
MIPU/IIIEHO JOCTAaTHHO yBary.

Taxum unHOM, 3aranbHa 3a7a4a NOOY/IOBH i BHKO-
pHUCTaHHS TEMIOpaJbHOI 0a3W 3HaHb [UIS IATPUMKH
YIPaBIIHCHKUX PillIeHb B yMOBaX HEBH3HAYEHOCTI ILIOI0
cTaHy 00’€KTY YIpaBJIiHHI BUMarae CBOro BUPIIICHHS.

MerTorw cTaTTi € po3podKa KOMIUIEKCHOTO ITiIXO0-
Iy 10 aBTOMAaTH30BaHOI IMOOYMOBH Ta 3aCTOCYBaHHS
TEMITOpaJIbHUX 0a3 3HaHB VISl aHaJi3y TOTOYHOT'O CTaHy
MiAMPHEMCTBA SK CKJIAICHOTO O0’€KTYy ¥ MiATPUMKH
NPUHHATTA pillieHb 3 YIPaBIliHHI B yMOBax HEBU3Haue-
HOCTI. J[ns OCSITHEHHS TOCTABJICHOI METH BHPIIIYIOTh-
csl Taki 3a/1a4i:

— po3pobKa MOJIelTi TEeMITOPaNIbHOI 0a3u 3HAHb JIJIS
MPE/ICTABJICHHS. YacOBHX KOHTEKCTHO-OPIEHTOBaHUX
MIPaBUJI IIOJI0 TTOBEIHKY 00’ €KTY YIIPaBIIiHHS;

— YIIOCKOHAJIEHHSI METO/ly BHUSBJICHHS aHOMaJbHUX
CTaHIB O0'€KTY YIpAaBIiHHS Ha OCHOBI aHaJ3y TEMIIO-
paNIbHHUX 3aIEKHOCTEH, 10 XapaKTepH3yIOTh HOro mo-
BEIIHKY;

— po3po0Ka TexHOIIOrii aBTOMaTH30BaHOi 00y 10~
BU Ta 3aCTOCYBaHHS TEMIIOpAJIbHOI 0a3u 3HaHb IS
MATPUMKH MIPUHHATTS PillieHb 3 YIPaBIiHHS i IIPUEM-
CTBOM.

Mopgenb TeMnopanbHOi 6a3u 3HaHb

Temnopanpaa 6aza 3Hanb (TH3) npusHaueHa ms
30epiraHHs 3aJIe)KHOCTEH, 1m0 (opMalli3yloTh HMOBEIiH-
Ky 00’€KTy YIpaBJiHHI B YMOBaxX HEBH3HAa4YeHOCTI. B
CUTyallil HEeBH3HAYEHOCTI 3aCTOCYBaHHS TpPaJMIIIHUAX
MojieNieii 00’ €KTy YNpaBJIiHHSA OB’ SI3aHO 31 3HAYHUMHU
TPYIHOIIAMH BHACJTIIOK HEIOBHOTH iH(opMalii mpo
3HAYEHHsI 3MIHHUX, SIKI XapaKTepU3yIOTh HOTO BIIACTH-
BOCTI Ta CTaH.

TemmnopasbpHa 0a3a 3HaHb MICTHTH K JaHi, (pakTy,
TEMIIOpaJIbHI TpaBWia, IO BU3HAYAIOTh MOMIJIUBY M
JIONYCTUMY TTOBEAIHKY 00’€KTY YIpaBIliHHS, TaK 1 Hadip
ITOPUTMIB, IO ONEPYIOTh 3 IMMH NpaBUIAMH Ta 3a-
0e31euyloTh MOXKIIMBICTh ISl MIATPUMKH TPHAHSATTS
TIOCITIZIOBHOCTI YIIPaBJIsIIoYKX pilieHb. CTPyKTypy TeM-
NopajbHOI 0a3M 3HAaHb MPEJCTaBIEHO Ha pHC. 1.

TB3 00’emnye ¢dopMmai3oBaHHI OMUC IATEPHIB
MIPE/ICTaBIICHHS JACKIAPaTUBHUX 1 MPOLEIYyPHUX 3HaHb,
a TaKo)XK WMOBIPHICHI 3HaHHS MPO MOCTIJOBHOCTI 3MiHH
CTaHiB 00’€KTY YNpPaBIIHHA y Yaci Ta PO MOXKIHBOCTI
(hopMyBaHHS MOCITIZIOBHOCTEH YIIPABIISIOUUX JiH.

Kb=(Kr,D,K,W), (1)

ne Kr — QopmaiizoBaHe NpeNCTaBICHHS 3HAHb Y BH-
il Habopy matepHiB; D — 3B’si3aHi JaHi, 10 Xapak-
TEpU3YIOTh CTaH Ta CTPYKTypa 00’ €KTY yIpaBiiHHs; K
— 3HAHHS Y BUIJIAAL JIOTIYHHUX (DaKTiB Ta TEMIIOPAIBLHUX
MPaBWJI, 10 BU3HAYAIOTh MOXKIIMBY W JIOMyCTHUMY HOBeE-
IIHKY 00’€KTy ynpaBiiHHS B yaci; W — Habip aiaropu-
TMiB iIMOBipHicHOro BuBeeHHs B TH3.

IIpencraBnenns 3Hanb Kr B Th3 Bu3Hauae cro-
cobu ¢opmansHoro onucy nanux Krp, JOridyHux Qak-

TiB K7y, npaBun Krp Ta anroputmis Kry :
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AJINOPHTMH BHBE/IEHHA HA
THIMEOMHUL TCMITOPATILITHX
NPEEHA 3 YPAXYBAHHAM
ocobnHBoCTCH 06 KTy
VIpEBNHHL

TemnopairHa Gasa 3RAHL

Puc. 1. Crpykrypa TemropanbHoi 6a3u 3HaHb
iH}opManiiiHO-ynpaBIs04oi cucTeMu

Kr = (KrD, Krp,Krg, Ky > (2)

Jlani B TemnopanbHiii 0a3i 3HaHb BHU3HAYAIOTHCS
TIJIBKH y (pOpMaTi 0OMEKEHb, 3aIaHHX MPECTaBICHHIM
Kr, D .

D={Af,{a_’;},nAf|KrD}, 3)

ne Af = {af 1-} — MHOXHHa apredakriB, ToOTO aToMap-

HUX O0O0’€KTIB, CHCTEMa SKHUX CKJIaJa€ KOMIUICKCHHIMA
00’€KT YIpaBJIiHHA, a MHOXKHHA BJIACTHBOCTEH apTe-
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aktiB af: — {a~ — I, < Af x Af — BigHOIIEHHS
J J Af

MiX apredakramy, 10 BU3HAYAIOTH, HAIIPUKIIA[, Opra-

Hi3aliiHy iepapXito Ha 00’€KTi yIpaBIiHHS.
Amnanoriyso, 3HaHHs K y ¢opmi JOriYHUX (aKTiB

Ky Ta TeMmmopanbHHX INpaBul Ky BU3HAYAIOTHCH

3rizgHo mabioHiB Krp 1a Krp:

K ={Kp,Kg}, “4)
Kp ={ﬁi |KrF}a (%)
Kp = {rm |KrR}. (6)

AnroputMu W peanizyloThCsl Y BUTJISIII 3a37aie-
Tilb BU3HAYEHHX MPOLEAYP, IO 331aI0Th OCIiI0BHICTh
00pOOKM TEMHIOpPANBHUX MPaBHI Uit (OPMYBaHHS pi-
LIeHb 13 MepeBOJy OO0 €KTY YNpaBIiHHS [0 I[JILOBOTO
crany. Taki npoueaypu MOXKyTh oniepyBaTi a0 Ha BCIi
6a3i 3HaHb, a00 Ha 11 M AMHOMKHHI.

B npyromy Bunanky oOMEKeHHs, IO BIUIMBAIOThH
Ha BHOIp IMIAMHOXWHH TEMIOPaJIbHUX MPABHII, BCTAHO-
BJIIOIOTBCSI 200 Ha OCHOBI apredakTiB, ab0 ILIIXOM
NpsSIMOTO  BH3HAYEHHs MIAMHOXXWHHM aTpHOYTIB IHX
apredaKTiB:

W= {1, W0 W, ). (7)

ne W, — anropuTM BHUBOAY, IO ONEpye Ha BCilk MHO-
JKUHI TEeMIIOPaNbHUX TPaBuWL; Wyr = {wAf |Afl} — an-

TOPUTMHU BUBOY, 110 BUKOPHCTOBYIOTh (DaKTH Ta mpa-
BWJIA, TTOB’SI3aHi i3 3a/1aHOI0 MiJIMHOXKUHOIO apTe(aKTiB

Afl; W, ={Wa

pHUCTOBYIOTH (pakTH Ta MpaBmIiIa, MOB’s3aHi 13 anpiopHO
3aJJaHOIO MiIMHOXKUHOIO aTpUOYTIB.

OTpuMaHa MOJIENTb TO3BOJISIE BiOOpa3uTH Oarato-
BapiaHTHICTh MOBEAIHKU 00 €KTY YIpPaBJIiHHS Ha OCHOBI
BiIOOpY MiAMHOXXHMH TEMIIOPAJIFHUX TPaBWI, 1 TUM
caMuM c()OPMYBATH CHEKTP YIPABIIHCHKUX pillIeHb i3
PIi3HOIO IMOBIpHICTIO peaizalii y MOTOYHOMY CTaHi.

Mopnenp 3a0e3neuye MOXIJIMBOCTI BHpILIEHHS 3a-
Jlad aHallizy IMOTOYHOIO CTaHy O0’€KTy YIpPaBJIiHHS Ta
MATPUMKH YIIPABIIHCHKUX PillIeHb.

{Cll;}} — aJIrOpUTMH BUBOAY, IO BHUKO-

MeToa BMSABNEHHA aHOMarnbHUX
CTaHiB 06’eKTy ynpaBriHHSA
3 ypaxyBaHHAM KOHTEKCTHO-
OpPIEHTOBAHMX 3aNeXHoCTen

3ajava aHaii3y MOTOYHOTrO CTaHy O0’€KTy ympaB-
JIHHS BUPIIIYETHCS 33 JIOMOMOrO0 3aIllpOIIOHOBAHOTO B
poboTi [15] MeTony BUSBICHHS aHOMAJbHHX CTAaHIB Ha
OCHOBI aHaJIi3y TeMIIOpaJbHUX 3HaHb. 1lei MeTon Bpaxo-
BYE 3aJIEKHOCTI MDK CTaHAMH O0’€KTY YIpaBIIiHHSA, SIKi
BifoOpaxeni Joriunmmu aktamu. KoxeH i3 ¢akriB
MIPE/ICTABIICHUH TIPEUKATOM i3 TIOBHUM HaOOpOM 3MiH-
HUX, [0 XapaKTEepU3YIOTh BJIACTHBOCTI YCIX aTOMapHHX
00’€KTIB, SIKi BAKOPHCTOBYIOTBCS B TIPOLIEC] YIPABITIHHSI.

OpHak 3a3Ha4eHHd METOJ HE BPaXOBYE KOHTEKCT-
HO-OPIEHTOBAHI 3aJISKHOCTI, SKi 3aJal0THCS ITiIMHOXKH-

k

HOIO aTpUOYTiB {a i } , IO 1 CBIYUTH TIPO HEOOXIIHICTh

HOro JIOTIOBHEHHS! TAKOIO BIIACTHBICTIO.

lonoBHa imes Merony monsrae GopMyBaHHI y3a-
rajJbHEHOI XapaKTepUCTHKH MIOTOYHOI'O CTaHy 00’€KTy
YIIPaBIiHHS SK CyMH Bar TEMIIOPAIGHHX HpPaBWI, IO
00YMOBJIIOIOTh TEPEXi Bijl IIOYATKOBOTO JO MOTOYHOTO
CTaHy, Ta BUKOPHCTAaHHI L€l XapaKTePUCTUKHU ISl Kila-
cuikaii HOTOYHOr o CTaHy.

B mporeci knmacudikailii Bara MOTOYHOTO CTaHY
MOPIBHIOETBCSI 3 AHAJIOTIYHUMH  XapaKTePUCTUKAMH
aJbTEpHATUBHUX CTaHIB, HOCATHEHHS SIKMX BHKOHYETh-
csl B pe3yJIbTaTi TUIIOBUX IOCIIIOBHOCTEH Aiid, ampiop-
HO 33/IaHKX B ICHYIOUii MojiesTi 00’ €KTy yNpaBiIiHHSL.

Merto/ B SIKOCTI BXiIHUX JAaHHX BUKOPHUCTOBYE 3a-
MUCH TIPO TOBEIIHKY O0’€KTY YIPABIiHHSA Yy BHIVISII
TIOCITIZIOBHOCTI HOT0 peayi3oBaHUX CTaHiB.

Y 1ocKOHaNIEeHHId METO/] MiCTHTh Y CO01 Taki eTarny.

Eman 1. ®opMyBaHHS MHOXHHHU TIOCITiJOBHOCTEH
S =<ftl-’l,...,ft’l-’j> noriyHnx (GaxTiB ft; ;, WO BisO-
Opa’karoTh IOCHIIOBHICTh 3MIHM BIIACTUBOCTEH 00’ €KTY
YIPaBJIiHHS, SKi TPUBEIH JO HOTOYHOTO CTaHy s
[ToTouHM#t CTaH MPEACTABIAETHCA (haKTOM ﬁ;’ j

KokeH noriunmii (akT i3 mi€l MOCiiOBHOCTI BH-
3HAYAETHCS SIK TPEIMKAT Ha MiJIMHOKWHI 3HAYEHb 3MiH-
HUX, [0 ONUCYIOTh MOTOYHUH CTaH.

iy =o({af )} < ®

Bubip migMHOXWHU 3HAYCHb 3MIHHHX J03BOJISE
chopmyBaTi sk mpaBwia tuny NeXt Ta Future, sxi
3aJ1atf0Th MOCJIIIOBHICTh CTaHIB B LIJIOMY, TaK i IpaBuia
tunty Until, siKi BU3HA4alOTh KOHTEKCTHI YMOBH BHUKO-
HaHHS yIpaBisitounx aii [8].

Eman 2. ®opmyBaHHS MHOXHHH TEMIIOPaJIbHUX
npaBwin THIiB NeXt , Future ta Until. OcoOIHBOCTI
(dopMyBaHHS BKa3zaHMX IpaBWJ TPEJCTaBIEHI B
pobori [8].

Eman 3. ®opMyBaHHs NiIMHOXHUH p,, 3 ABOX Ta

OinbIIe MOCIiIOBHUX (aKTiB TS KOKHOTO KOpTexy S';

P = fizss Sl gt firp s Sl JASTS G (9)

i mocninoBHOCTI (hakTIB € «MapKepammu» MOCIi-
JIOBHOCTI CTaHIB, IO INPHBEIU 1O MOTOYHOIO CTaHy
00’€KTY yIpaBIIiHHS.

Eman 4. ®opmyBaHHs aNbTepHATHBHUX ITOCIIIO-

BHOCTeH (akTiB S; , 0 CKIamaloThes i3 p,, Ta MPUBO-
JIATh IO TUIIOBUX CTaHIB 00’ €KTY YIpaBJIiHHS, TOOTO:

(10)

Eman 5. ®opMyBaHHS MpaBWI Ta OOMEKEHb IS

Si = Pm flin # fijo S = fli .

nociigoBHocTel S; .

OOMexeHHS! BHKOHYIOTHCSL JUISI BCIX MOMIIUBHX
MOCJTIIOBHOCTEH CTaHIB y BXiTHUX AaHUX. OCOOIMBOCTI
(opMyBaHHs 0OOMEXEHb IpejcTaBieHi B podori [13].

Eman 6. BusiBieHHss aHOMaJbHOI'O CTaHy Ha OC-
HOB1 0OME)KEHb.
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HKH_IO iCHyIOTL O6MC)KCHHH, 10 BUKOHYIOTHCA B

TUIIOBUX PEKUMax S;

; (GYHKI[IOHYBaHHA 00 €KTY

YIIPaBJIiHHS 1 BOHM HE 33JI0BOJBHSIOTHCS ISl TIOCIiZIOB-

HOCTi S';, TO HOTOYHHUI CTaH BU3HAYAETHCS K aHOMa-

npHUH. PoOoTa MeTOy Ha IIbOMY eTarli 3aBepIIyEThCSL.

B iHmomy BuIaJky BUKOHYIOThCS eramu 7-9 me-
PEBIpKM HA OCHOBI CyMH Bar IpaBuJL.

Eman 7. Bunanenus oOMeXeHb i3 3arajbHOrO Ie-
peniky npaBumit. OOMEKEHHS MalOTh Bary, IO JOPiBHIOE
HECKIHYEHOCTI i TOMy HEe MOXYTb OyTHM BHKOpHCTaHi
IIPY CYMYBaHHI Bar MpaBuiL.

Eman 8. Po3paxyHOK MOTEHINAJIB ISl TOTOYHOT'O

craHy fi; ; Ta ajbTepHAaTUBHUX CTaHiB fi; ; . [loTenui-
aJll po3paxoBYETHCS SK CyMa Bar MpaBHJ JJIsL KOXKHOI

nocnigoBHocTi S; Ta S'; .

Eman 9. Knacudikariiisi IoTOYHOTO CTaHy Ha OC-
HOBI TIOPIBHSHHSI MHOXXMHH MTOTEHIIIAIB.

Knacudikaiiss BUKOHYETbCSI UIIXOM OOYHCIEHHS
PI3HUIB MK TOTEHIIaJIaM¥ JIJIsl MHOXKHHH aJIbTepPHATH-
BHUX (DaKTiB Ta IOPIBHSIHHS OTPUMAHUX PE3YJIbTaTIB i3
TIOPOrOBUM 3HAUYEHHSIM.

[pencraBnenuit MeTon BiIPi3HAETHCS BiJl iICHYIO-
YOro BpaxyBaHHSIM MiJIMHOXXHHU 3MIHHUX JUIS OIHCY
CTaHy Ha erami 1, II0 Ja€ MOXIIUBICTH BPaxOBYBaTH
npaBwia Tany Until Ha eranax 2, 5-8. Takox BBeIeHO
JI0aTKOBE OOMEKEHHS Ha eTari 4: XapaKTepUCTHKH
TepeJOCTaHHIX CTaHiB B MOCTIJOBHOCTSX p,, IHOBUHHI

CIIBIAIATH I aJbTEPHATUBHUX BapIaHTIB MOBEIIHKH
00’€KTY yIpaBIIiHHS.

Ile oOMexeHHS O3BOJISE BUAUIATH JIMINE Ti IO-
CIIZIOBHOCTI (haKTiB, sIKi 0OE3MOCEPEHBO TMPUBEIH 10
MTOTOYHOT'O CTaHy.

TexHonorii aBTOMaTM30BaHOI
no6yaoBu TemnopanbHoi 6asu
3HaHb Ta Ti BUKOPUCTaHHA
Ana NiaTPUMKU NPUAHATTA pillleHb
B YMOBaX HeBM3HA4Y€HOCTi

TexHoJIOTiA ABTOMAaTH30BAHOI NMOOYI0BM TeM-
TmopajJbHOi 0a3W 3HAHb pealli3ye eTamu JKUTTEBOTO
LUKy KOMIDIEKCHOT'O 3HAHHS-OPIEHTOBAHOTO 00’€KTY
YIIpaBJIiHHS, BUKOPUCTOBYE IIPECTaBICHY MOAENIb 0a3u
TEMIIOPaJIbHAX 3HaHb 1 MOJENi TEeMIIOpaJbHUX TMpa-
B [8], Ta BiANOBijaEe 3araJbHOMY METOAY aBTOMATH-
30BaHOi M0OymoBH 6a3u 3HaHb [11].

TexHomorist CKIamaeTbes i3 TPhOX OCHOBHUX (ha3:
MoOYIOBH MATEPHIB TEMITOPAJIbHUX 3aJIEKHOCTEH; (op-
MYBaHHS TEMIIOPaJbHUX TNPaBHJI; MOOYAOBH iepapxii
MPaBWJI 3TiHO 1€PApXIYHOI CTPYKTYpH 00’€KTYy ympaB-
JIHHS.

@asa 1. [TobynoBa maTepHiB TEMITOPAILHUX 3HAHB
Ha OCHOBI aHaNi3y XapaKTEPUCTUK CTaHiB KOMIUIEKCHO-
ro 00’€KTy yIpaBJIiHHS.

[Narepuu B 6a3i TeMmopanbHHX 3HAaHb BijoOpaXka-
I0Th CTaHU 00’ €KTy yNpaBIIHHS Ta IMEpexil MK LUMH
cranamu. [latepHu mepiioro BUIy NpenCTaBlIeHi JOTid-
HuMH (axtamu. Habip 3MiHHHX /T KO)KHOTO JIOTTYHOTO
(aKTy 3aJeKHUTh BiJi MHO)KUHU BJIACTUBOCTEH apredak-
TiB, SIKI XapaKTepPHU3yIOTh CTaHN 00’ €KTY YIPaBJIIHHSL.

[atepuu mpyroro BUIY 3a1aroTh 3B'SI30K MIX ITO-
CIIIJIOBHUMH CTaHaMU, Ta OyAb-SKMMHU CTaHAMH 00’ €KTY
yIpaBiiHHs. BrazaHuii 3B's130K Moxe OyTH BH3HAYECHHI
SIK JUTSL IPE/ICTAaBJICHOrO JIOTIYHUM (DakTOM OnHcy CTaHy
B LIJIOMY, TaK 1 JJIS MiAMHOXHHH 3MIHHHX, IO Xapak-
TEPU3YIOTH IIEH CTaH.

Tunosi narepHwu, sIKi HE 3aJIeXaTh Bijl BJIaCTHBOC-
Tel mpeaMeTHOi 00JIacTi, MpencTaBieHo B poOoTi [8].
Bkazanuii HaOip maTepHiB MoXe OyTH JOIMOBHEHHIM
XapaKTepPHUMH JIJIsI IPEAMETHOI 00J1acTi 3aJIeKHOCTIMH.

@asza 2. TlobynoBa noriyHUX (GaKTiB Ta TEMIIOpa-
JIBHUX TIPaBHJI Ha OCHOBI aHAI3y 3alHKCIiB PO MOBEAiH-
Ky 00’€KTy yIpaBJIiHHSI.

Ha naniii ¢a3i 3 BUKOPHCTaHHSM MaTepHIB Gop-
MYIOThCSI JIOTi4HI (haKTH IJISI KOXKHOTO CTaHy 00’ €KTy
yrpasiiaas. HaGip 3MiHHUX U1 KOXKHOTO (pakTy Xxapa-
KTepU3ye CTaH MiIMHOXHHHU apTedakTiB CKJIaJIeHOro
00’ €Ty yIpaBIIiHHS.

[Ticns Bu3Ha4YeHHs (akTiB (HOpMYIOThCS MTpaBuUIIa,
110 OB’ SI3YIOTh i (PaKTH.

[IpaBuia 3amar0Th 3B'A30K Y Yaci MK BiJIIOBIIHU-
MU CTaHaAMH 00’ €KTY YIpaBJIiHHI.

Jis  KO)KHOro TpaBHia OOYHMCIIOETHCS —Bara.
OcTaHHS BiANOBiNa€ WMOBIPHOCTI HMOr0 BHKOHAHHSA Ha
BIIOMOMY Ha0Opi 3amuCiB TPO TMOBEIIHKY 00’ €KTY
yIIpaBJIiHHS.

[IpaBuia, siKi BUKOHYIOThCS Ha BCiX BIJIOMHX Ha-
0opax, JOIIBHO PO3MNIAIATH K OOMEKEHHS Ha MOX-
JIUB1 BapiaHTH peaizamii MOCIiI0OBHOCTEH YIpaBIliHCh-
KUX MiH.

Tomy npu Bu3HaueHi Bar orpuMaHni Ha ¢asi 2 3a-
JISKHOCTI PO3ALISIOTHCS Ha ITPaBUiia Ta OOMEKEHHSI.

Bara mpaBui 0OYMCIIOETHCS 3aNPONOHOBAHUM B
pobori [12] meTonoM. Bara oOMexxeHb BCTAHOBIIIOETHCS
piBHOIO HeckiHYeHOCTI. Take 3HaYEHHS Baru JI03BOJISIE B
MOAAJBIIOMY 3MEHIIUTH CKJIaJHICTh HMOBIPHICHOTO
BUBOJIY B 0a3i TEeMIIOpaJIbHUX 3HAHb.

B pesynbraTi 3acTocyBaHHS JaHOI TEXHOJOTIT (o-
PMY€EThCS MHOXXHHA TEMITOPAJIBHHUX 3aJIEKHOCTEH, IO
BU3HAYAIOTh HMOBIPHICHI 3HAaHHS TPO MOBEAIHKY
00’€KTY yIpaBIIiHHS.

@asza 3. [lobynoBa iepapxii 3anexHocTedl B 0asi
TEMITOPAJIbHUX 3HAHb.

Ha naniii gasi 3a noTpeOu BU3HAYAIOTHCS JIEKITbKa
PIBHIB AeTaii3allii mpaBmi, MO BiIOBIIAIOTh OpraHiza-
LilHIH CTPYKTYpi MiNPHEMCTBA SIK 00’ €KTa YIpaBIiHHS
[16]. ¥ Bumanky BH3HAUeHHs piBHIB iepapxii 3acToco-
BYETbCS. METOJ HNMOBIPHICHOTO BHMBEACHHS, IO Tpe.-
cTaBJeHUH B poOoTi [14], a y Bunaaky «Iwiackoi» 6a3u
3HaHb — MeTOJ] BUBeAeHH: [13].

Pe3ysnbpraToM 3acTOCyBaHHSI TEXHOJIOTII € 3BajkeHa
0a3a (axTiB Ta TEMIIOPaJIbHUX MPaBHI, [0 XapaKTepH-
3YIOTh HiJIPUEMCTBO SIK 00’€KT yrpaBiiHHsi. CTpyKTY-
pa LuX mpaBmiI OOYMOBIIIOE BHUOIp METOIy MMOBIipHic-
HOT'O BUBOJY 3T'i{HO HaBeaeHoi moneni Th3.

TexHoJI0TiA MiATPUMKH NPUHHATTS PpilleHb B
YMOBax HEBH3HAYECHOCTi 3 BUKOPHCTaHHSIM TEMIIOpaJIb-
HOi Oa3W 3HAHb BIJIOBITA€ MOJAETI KHTTEBOTO IIMKIY
KOMIUIEKCHOTO 00’ekTy ympaiinHs [17] Ta Mmeromy
MATPUMKH MKy YIPaBIIHHS CKIaJeHUM 00 €KTOM B
iH(pOpMaIifHO-yIIPaBISIIOYMX CHCTEMax B yMOBaxX He-
BH3HAYCHOCTI Ha OCHOBI TEMIIOpAJbHUX 3HaHb [18]
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TexHomorist MiCTUTh y co0i JIBi KIIOYOBHX (a3H, sKi
LUKJIIYHO BUKOHYIOTBCS TIPH peastizallil ynpaBiIiHHI, Ta
BUPILIYIOTh 3ajlady aHalli3y CTaHy 00’€KTy YIpaBIIiHHSI
Ta CHHTE3Y CIEKTPY MOXIIUBHX IOCIIJOBHOCTEMH
YIIPaBJIIHCHKUX PillIeHb.

@a3a 1. AHani3 TOTOYHOrO CTaHy CKJIaJIeHOro
00’€KTY yHpaBIIiHHS.

l'onoBHa Mera 1i€i (as3u momnsrac B ToMy, mobd Ha
OCHOBI pe3yJbTaTiB aHallizy BUOpaTH OOUH i3 JBOX
MiXOIB IO YIPABJIIHHSA IMiAIPHEMCTBOM SIK KOMILIEKC-
HHUM 00’ €KTOM.

AHaJti3 BUKOHYETHCS Ha OCHOBI MOPIBHSHHSA JCKi-
JBKOX BapiaHTiB IONEPEIHbOI MOBEAIHKH 00 €KTy
YIpaBIiHHA, SK OYyJIO TOKa3aHO y TPEICTaBICHOMY
BUIIIE METOII.

VY BHUINaaKy THITOBOI ITOBEAIHKU (TOOTO BiJICYTHOCTI
HEBU3HAYCHOCTI) JaHUU CTaH KIACU(IKYEThCSA K CTaH-
JMApTHUH, [0 Tepefdavyae Momaiblly peasisalilo Tpa-
JUIIHHOTO IMAXOAY IO YHPaBIiHHS 3 BHKOPHCTaHHSIM
anpiopHO 33aJJaHUX JETEPMiIHOBAaHHX MOJIEIICH.

Knacudikauis moTo4HOro crany sSiK aHOMalIbHOTO
€ O3HaKOI0 HEIOBHOTH iH(opMallii npo 00’eKkT ympas-
JHHS, TOOTO CBIAYUTH MPO HOro (YHKIIOHYBaHHS B
YMOBax HEBHU3HAYEHOCTi. B maHOMy BUMAnKy i Imif-
TPUMKH TIPUHHATTS YHOPABISIOYHX PIillIEeHh BUKOPHCTO-
BYEThCS HMOBIPHICHUM 3HAHHA-OPIEHTOBAHWH ITiJIXi,
IO peai3yeThes Ha Ipyrii ¢asi.

®asa 2. GopMyBaHHS MHOXXHHU JOITYCTUMHX II0-
CIIIOBHOCTEH il IS TEpeXOAy Bil IOTOYHOTO [0
LIJTbOBOT'O CTaHY 00’ €KTY YIIPABIIiHHS.

Mera nanoi (asu nomnsirae y BUBeJIeHHI HMOBIpHHX
LUISXiB BUPILIEHHS 33a4i yIpaBIliHHSA, TOOTO TOCIiI0-
BHOCTI II€peBONYy O0’€KTY YIIPaBIiHHSA 0 I[JILOBOTO
CTaHy.

HaGip mociimoBHOCTEW cTaHiB (OPMYETHCS 3 BH-
KOPHCTaHHSIM TEMIIOpaJIbHUX NpPaBWI HIIIXOM HMOBIip-
HICHOTO BMBOAY B 0a3i 3HaHb 3 BHKOPHCTaHHSIM METO-
my [13]. It KOKHOT IOCTITOBHOCTI CTaHIB Ha OCHOBI
Bar TeMIopaJibHUX npaBui [12] oOpaxoByeTbcsi HMOBI-
pHicTh ii peamizanii. OCKUIBKM OIMUC KOXKHOTO CTaHy
MICTUTB Y cO0i YNpaBIslOUY [Iit0, sIKa MpHUBENa JO BU-
HUKHEHHS IIbOTO CTaHy, TO Ha OCHOBI IOCIHiJOBHOCTI
cTaHiB MoXke OyTu c(hOopMOBaHa BiJIIOBiIHA TOCIIIOB-
HICTb YNPaBIISIOUNX HiM.

[TiampueMcTBO € CKIaJeHUM 00’€KTOM YINpaBIIiH-
Hsl, TIPEJCTAaBIICHUM Ha PI3HUX PIBHAX OpraHizaiiiHol
iepapxii. Tomy Ha ngaHili (asi Takox BpPaxoOBYEThHCS
piBeHB JeTarizalii 3HaHb PO AiSUIBHICT MiANPUEMCTBA
Ha OCHOBI BHJIUIEHHS BiANOBIAHOI MiIMHOXXUHHA HOTO
craniB [16]. Lle no3Bonsie mpoBecTH MMOBiIpHICHUI

BUBiJ B 0a3i 3HaHb Ta chOpMyBaTH MOXKIIUBI ITOCITiZOB-
HOCTi YNpaBJiHCBKUX il Ha PI3HUX PIBHIAX OpraHi3a-
uiitHoi iepapxii 3 BHKOPHCTaHHSIM IPEACTABICHOTO B
poGori [14] meTona.

BucHoBKM

1. Po3pobnieno  Mojnenb  TeMmmopainbHOi  0asu
3HaHb, II0 MICTUTh TATEPHU 1 peai3alliio JOTIYHUX
(axTiB, sIKi BiZJOOpaXalOTh CTaHU 00 €KTY YIPaBIIiHHS,
MIPaBUIL, sIKI BU3HAYAIOTD 3B’ SI3KM MK [IUMH CTaHAMU Y
Yaci, Ta aNrOpUTMIiB HMOBIPHICHOTO BHMBEJCHHS, SKi
3a[al0Th 3B’S3KH MK TEMIIOPAIbHUMH IPaBHIAMH.
Mogens 103BOJSE MiABUIIUTH €(EKTUBHICTH YIPaB-
JHHA TiINPUEMCTBOM B YMOBaX HEBH3HAYEHOCTI Ha
OCHOBI aHaii3y HOro MOTOYHOTO CTaHy Ta BHBOAY
MOMYCTUMHUX TIOCTIAOBHOCTEH miii 13 mepexomy 10
LiJTbOBOTO CTaHYy.

2. YI0CKOHAJIEHO METOJ BUSBJIEHHS aHOMAaJbHHUX
cTaHiB  00'ekTy ympaBimiHHI B  iH(pOpMaliliHO-
YIPaBJSIFOYMX CHCTEMax IUISXOM BpaxyBaHHS TEMIIO-
paJIbHUX IIPaBUJI, 1[0 BCTAHOBJIOIOTh KOHTEKCTHI 3ae-
YKHOCTI BUKOHAHHS YNPAaBJISIOUHX Iild. MeToa no3Bosie
BpaxyBaTy MOTOYHI BJIaCTHBOCTI €JIEMEHTIB CKJIaIEHOTO
00’€KTy yIpaBIiHHA IS KIacudikallii HOro moToYHOro
CTaHy B yMOBaX HEBU3HAUEHOCTI.

3. 3anpornoHOBaHO TEXHOJIOTI] MOOYI0BH Ta BUKO-
pHUCTaHHS TeMIIOpajbHOI 0a3u 3HaHb B iH(OpMAIliiHO-
YIIPaBJSIFOYMX CUCTEMAX.

TexHosorist aBTOMAaTU30BaHOI IOOYJIOBH TEMIIO-
panbHOi 0a3u 3HaHb (QopMye If0 0a3y IDIIXOM BUII-
JICHHSI 3BOKEHUX TEMITOPAJIbHUX MPABUI Ta OOMEXEHb,
110 OB’ SI3YIOTh MK COOOI0 CTaHH 00’ €KTY yIIPaBJIiHHS,
a TaKkoX YIpaBJIsAIovi Jil Ta KOHTEKCT BHKOHAHHS IMX
.

TexHomorist IHTErpyeThCst B JKUTTEBUH  IIMKI
00’€KTy ympaBiiHHA Ta 3a0e3leuye MOXKIHBICTH IO-
TIOBHEHHS 0a3u 3HaHb B PEAILHOMY Yaci.

TexHosorist miATPUMKH IPUHHATTS pillleHb B yMO-
BaX HEBHM3HAYEHOCTI 3 BHKOPHCTAHHSIM TEMIIOPAIBHOI
0a3u 3HaHb nependavac GOpMyBaHHSI MHOKUHH HMOBI-
PHHX TIOCJI/IOBHOCTEH CTaHiB OO0 €KTY YIpPAaBIiHHS 3
ypaxyBaHHsIM HOro oprasizamiiiHoi iepapxii i, BiANOBi-
JTHO, MHO)KUHH WMOBIPHUX TOCJIIOBHOCTEH YIpaBIISIIO-
YUX Jii, 110 MePEeBOAATh 00’€KT YNPaBIiHHA JO MiJIhO-
BOTO CTaHy.

TexHomorist 3a0e3neyye migBUIIEHHs e()eKTHBHOC-
Ti YIpaBiiHHA B YMOBaX HENOBHOTH iH(popMmamii mpo
00’€KT ymHpaBiiHHS Ha OCHOBI BHOOpY i3 HaiOimbII
HMOBIPHUX  KOHTEKCTHO-3aJIOKHUX  IOCIIIOBHOCTEH
YIIPaBISIFOUMX JTiH.
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Honnep:xkka NpUHATASA pemIeHHii B HHPOPMaIHOHHO-YNIPABJISIOIIAX CHCTEMAX
¢ MCII0JIL30BAHHEM TEeMIIOPATBHOI 0a3bI 3HAHMI

B.M. JleBbikun, O.B. Yanas

IIpeameroM n3ydeHust B CTaThe SIBISIOTCS IPOLECCHl UCIIONB30BAHMS TEMIOPAIBHBIX 3HAHUH ISl MOIIEPIKKH IPHHATHS
PELICHUIA 110 YIPABJIEHHIO COCTAaBHBIMU O0BEKTAMH B YCIIOBHSIX HETIOIHOTHI MH(OPMAIMH O () yHKIMOHHPOBAHUH MPEATIPUSITHSL.
Iesnb 3aKmovaercs B pa3paboTke KOMIUIEKCHOTO MOAXO0/1a K HOCTPOCHHIO, a TAKXKE IIPUMEHEHNIO TEMITOPAIBGHBIX 0a3 3HAHUH It
aHaJIM3a TeKYIIEero COCTOSHUS MPEANPUSITHS KaK COCTaBHOTO 00BEKTa Ha Pa3sHbIX YPOBHIX OpPraHU3aIl[MOHHOW HepapXuy U IOJ-
JIep>KKU MIPUHATHUS PEIICHNH 0 yIpaBiIeHHuIo. 3agaum: pa3padoTaTh MOJEINb TEMIIOPAIBGHOM 0a3bl 3HAHUH JUIS IPeJICTaBICHUS
KOHTEKCTHO-OPUEHTHPOBAHHBIX TEMIIOPAJIBHBIX 3aBUCUMOCTEH O IMOBEIACHHH 00BEKTa YIPaBJICHHS; YCOBEPIICHCTBOBATh METOX
BBISIBJICHHSI aHOMAaJIbHBIX COCTOSTHHI 00BeKTa yHpaBlIeHHs] Ha OCHOBE aHAJIN3a TEMIOPAJIBHBIX IaHHBIX W 3HaHHH; pa3padoTaTh
TEXHOJIOTMH aBTOMATH3UPOBAHHOTO ITOCTPOSHUSI M HCIIONB30BAHMS TEMIOpPAIBbHONW 0a3bl 3HAHWH JUIS HOIIEPIKKH IPHUHSTHS
PELICHUI [0 yIpaBJICHHUIO TpeanpusaTieM. MeToqamMu SIBISIOTCS: METOIBI IIOCTPOEHHsI 0a3 3HAHWM W METOIBI MOIICPIKKH
YIIpaBJIeHUs B YCIOBHSIX HeompeaeneHHocTH. [lomydensl cienyromye pe3yabTarsl. Pazpaborana Momenb TeMIopaibHON 6a3bl
3HAHMH U1l IPUMEHEHUS] B MH()OPMAIMOHHO-YIPABISIONIMX CHCTEMaX. YCOBEPIICHCTBOBAH METOZ BBISBICHHS aHOMAaJIbHBIX
COCTOSIHUI 00beKTa yHpaBleHUs] B HH()OPMAIIIOHHO-YIIPABIISIIOIINX CHCTEMaxX Ha OCHOBE MCIIONB30BAHUS TEMIIOPAJIbHBIX 3aBH-
cuMocTel. [IpeyiokeHbl TEXHOJIOT MU TIOCTPOSHHUS M UCTIONB30BaHMsI TEMITOPATIbHOM 0a3bl 3HAHUH JUIS TTOJUIEP)KKU YIIpaBJIeHYe-
CKHX pEIICHHI B yCIIOBUSIX HeonpezaeneHHOCTH. BoiBoabl. HaydHas HOBU3HA IOJYYSHHBIX PE3YJIBTAaTOB 3aKIIOYACTCS B Clie-
nyroreM: Pa3paborana Mozelb TeMIIopanbHoOi 6a3bl 3HAHUHM, COIEpIKAILeH aTTEePHBI M PEATN3aLHIO JIOTHYECKUX (haKTOB, OTpa-
JKAIOIINX COCTOSTHUSI OOBEKTa YIIPABJICHHS, a TAKKe MTPABWI, YCTAaHABIMBAIOIIMX CBSI3M MEXKIY STUMH COCTOSHHSIMH BO BPEMEHHU.
Mopeins o3BONSET HOBBICUTH 3()(GEKTUBHOCTD YIIPABICHUS NPENPUSITHEM B YCIOBHSX HEOIPE/ISIEHHOCTH Ha OCHOBE aHAJM3a
€ro TEKYIIEro COCTOSHMSI M BbIBOZA IOIYCTHMBIX I10CIEOBATEIbHOCTEH NEHCTBUI 10 NEPEXOAY K LIEIEBOMY COCTOSIHUIO. Y CO-
BEPIICHCTBOBAH METOJI BBISIBIICHHSI aHOMAJIBHBIX COCTOSHUH OOBEKTa yIpaBJIeHHs! B HHPOPMALMOHHO-YIIPABILIIOIINX CUCTEMaX
ITyTeM y4eTa CBSI3M MEXIY JEUCTBUSIMU Ha OOBEKTE YIIPABICHHsI U KOHTEKCTOM BBITIOJIHEHHS 3TUX JeHCTBUIA. MeTo] mo3Bossier
Y4YECTh TEKYIIHE CBOMCTBA COCTABILIONIMX KOMIUIEKCHOTO OOBEKTa YIPaBICHHS IS KJIACCU(PHKAIIMU TEKYLIETO COCTOSHHS B
YCIIOBHSIX HeonpeaeaeHHOCTH. [IpeaioskeHbl TEXHOIOT MU IIOCTPOSHHUS M HCIIOJIb30BaHUS TEMIIOpaIbHON 0a3bl 3HAHKH B HH(OP-
MAaIMOHHO-YIIPABJLIIOIINX CHCTEMax, 00eCIeYHBAIOIIIe HTEPATUBHOE MTOMIOTHEHNE 3HAHUH NPU () YHKIIMOHUPOBAHHUH IIPEATIPH-
ATHSA, @ TAKXKE UX HCIIOJIH30BAHUE B YCIOBHSIX HEMOIHOTH HHPOpMaUK 00 00BEKTEe YIIPaBICHHS.

KawueBbie ciioBa: MHPOPMANMOHHO-YIIPABISIONIAS CUCTEMA;IIOIEPIKKA IPUHATHS PELICHHH; TEMIIOpajibHas 3aBHU-
CHMOCTb; TEMIIOpaJIbHas 0a3a 3HaHH.

Support decision-making in information control systems
using the temporal knowledge base

V. Levykin, O. Chala

The subject matter of the article are the processes of using temporal knowledge to support decision-making on the control
of composite objects within the framework of the enterprise functioning paradigm. The goal is to develop an integrated approach
to building, as well as the use of temporal knowledge bases for analyzing the current state of the enterprise as an integral object at
different levels of the organizational hierarchy and decision support for control. Tasks: to develop a model of the temporal
knowledge base for the presentation of context-oriented temporal dependencies on the behavior of the control object; improve the
method of detecting anomalous states of the control object based on the analysis of temporal data and knowledge; to present
technologies for the automated construction and use of a temporal knowledge base to support decision-making on enterprise
management. The methods used are: methods of construction knowledge bases and methods of supporting management in condi-
tions of uncertainty. The following results were obtained. The following results were obtained. A model of a temporal knowl-
edge base has been developed for use in information management systems. The method of detecting anomalous states of the
control object in information control systems based on the use of temporal dependencies has been improved. Technologies for
building and using a temporal knowledge base to support management decisions under uncertainty are proposed. Conclusions.
The scientific novelty of the results obtained is as follows: A model of a temporal knowledge base has been developed, contain-
ing patterns and the realization of logical facts reflecting the state of the control object, as well as the rules establishing the links
between these states over time. The model makes it possible to increase the efficiency of enterprise management in conditions of
uncertainty based on an analysis of its current state and the derivation of permissible sequences of actions for the transition to a
target state. The method for detecting anomalous states of a control object in information control systems has been improved by
taking into account the connection between actions at the control object and the context for performing these actions. The method
allows to take into account the current properties of the components of the complex control object to classify the current state in
conditions of uncertainty. The proposed technology for the construction and use of a temporal knowledge base in information
management systems that provide for the iterative replenishment of knowledge in the operation of an enterprise and their use in
the context of incomplete information about the control object.

Keywords: information control system; decision support; temporal dependence; temporal knowledge base.
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METHOD OF ACCURACY INCREASE IN RADIO CONTROL
SYSTEMS WITH ORTHOGONAL FREQUENCY MULTIPLEXING
AT THE CONSIDERATION OF THE TIMER SIGNAL CONSTRUCTIONS USE

The issue of improving the efficiency of radiocommunication systems and radiocommunication complexes in a complex
radio-electronic environment is a prime scientific problem, which attracts attention of a large number of leading scientists.
In this article, the author carried out research aimed at increasing the structural secrecy in radio-frequency communication
systems with orthogonal frequency multiplexing using timer signal constructions, due to the development of a method of
increasing the secrecy in radio-frequency systems with orthogonal frequency muxification due to the use of timer signal
structures. In the course of the research carried out by the author, the basic provisions of the theory of communication, the
theory of impedance protection, the theory of complex technical systems, the theory of antagonistic systems, the theory of
noise immunity coding, the theory of chaotic processes, the theory of orthogonal systems, the theory of radio frequency
planning and the theory of timer signal structures. The difference in the proposed methodology from the known, which
determines its novelty are: the use of timer signal structures, in contrast to the traditional position signaling structures, it
can increase the structural secrecy of signals with orthogonal frequency multiplexing; the use of expanding sequences of
different types and with different autocorrelation properties allows for the operational adaptation of parameters of systems
and radio communication equipment with orthogonal frequency multiplexing to the effect of destabilizing factors aimed at
disclosing the properties of systems and radio communication equipment for electronic intelligence; application of the
mechanisms of frequency adaptation to the effect of intentional obstacles allows you to determine the areas of the
frequency range struck by them and conduct the intellectual planning of using the radio frequency resources by radio
communication systems with orthogonal frequency multiplexing.

Keywords: radio communication systems, radio wave suppression, radio resources, signal-code structures, noise

immunity, orthogonal frequency multiplexing, timer signal structures.

Introduction

The issue of improving the efficiency of
radiocommunication systems and radiocommunication
complexes in a complex radio-electronic environment is
a prime scientific problem, which attracts the attention
of a large number of leading scientists. The increase of
the efficiency of radio communication systems and
complexes takes place in the following directions [1]:

- increase of energy efficiency of systems and radio
communication facilities;

- increase of frequency effectiveness of systems
and devices of radio communication;

- simultaneous increase of frequency and energy
efficiency of systems and radio communication
facilities.

Orthogonal Frequency Division Multiplexing
(OFDM) technology is widely used in telecommunication
systems [1-5]. The analysis of the known scientific
achievements in the mentioned subject field prove that
OFDM technology allows to use the bandwidth of multi-
channel radio communication channels as efficiently as
possible [4], however the given transfer technology has a
number of shortcomings [1-6]:

- high peak factor;

- nonlinear distortions in the radio path of radio
communication;

- synchronization errors
connection;

-is subjected to harmful effects of deliberate
disturbances;

while establishing a

- the absence of mechanisms for the protection of
radiocommunication devices (RCD) from intelligence,
revealing information about their state and status;

- high vulnerability to attacks such as "denial of
service";

- high probability of interception of traffic by
devices of electronic intelligence;

- vulnerability of synchronization channels.

One of the ways that can improve the efficiency of
OFDM radio communication systems is to increase their
stealthy use of timer signal constructions (TSC).

Taking into account the aforementioned, the
purpose of the article is to develop a method of
increasing the secrecy in radio communication systems
with orthogonal frequency multiplexing OFDM due to
the use of timer signals TSC.

Presentation of the main material

Tasks of wunauthorized access (UAA) to
information is to detect a signal, determine the structure
of the detected signal and disclosure of information
contained in the signal.

For the prevention of UAA information, signals
must have, including, such a property as secrecy.

The indicated tasks of the UAA, respectively, are
opposed to three types of secrecy of signals: energy,
structural and informational.

Energy secrecy characterizes the ability to
withstand measures aimed at detecting a signal by
devices of unauthorized access. It is known [1-6] that
one of the ways to increase energy secrecy is to increase
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the width of the spectrum of signals used, achieved by
the use of noise-like signals (NLS) and chaotic signals
in confidential information transmission systems.

Structural secrecy characterizes the ability to
withstand UAA measures aimed at disclosing the
structure of the signal, provided that the signal is
already detected. This means recognizing the shape of
the signal and measuring its parameters, that is,
identifying the detected signal with one of the set of
known transmitted symbols. Obviously, in order to
increase structural secrecy, it is necessary to have a
larger ensemble of signals used with variable-time
parameters.

Information secrecy is determined by the ability of
the system to withstand measures aimed at disclosing
the content of a message transmitted using signals
[8, 10]. Disclosure of the information contained in the
message means its reproduction in comparison with the
message that was transmitted.

The essence of the method under study is to select
the values of the OFDM-signal parameters, which are
optimal for the criterion for maximum structural stealth
at a given bandwidth of the RCD.

Setting the objectives.

Given: P, is the signal strength, L is the length of
the expansion sequence; 7, is the time interval of the
formation of timer signal constructions, n is the
number of elementary parcels, N is the number of
subcarriers, AF is the channel bandwidth. The values
AF, T, are constant.

1t is necessary: to determine the value of the signal
parameters (the number of active subcarriers, the type
and parameters of the TSK, expansion parameters,
transmitter power), which minimizes the probability of a
bit error P, in the execution of restrictions on the rate of

transmission in the channel v; > v; ;..

Limit: The number of subcarriers of OFDM signal
4<N<128.

The task of determining the parameters of the
OFDM signal with a minimum probability of a bit error
is reduced to a typical optimization problem. The
system of equations for solving the optimization
problem has the form [5-7]:

P, = F(v\,AF,M,n,R,d,P,,N,07,L)—> min;
v, = F,(M,R,N,AF,0%)> v,

1per»

where P, is the signal strength, M is the dimension of
the ensemble of signals, R is the speed of the correction
code (R=k/n), k is the number of information bits in
the code combination with length n, d is the code
distance, L is the duration of the expansion sequence; N
is the number of subcarriers, AF is bandwidth of the
channel. The values AF, T, are constant.

The method of selecting the parameters of the
OFDM signal, the algorithm of which is presented in
fig. 1, consists of the following steps [7, 8].

Input of input data. The parameters of the
transmitter and the communication channel V¥ = {y;}
are entered, as well as the value of the minimum
required transmission speed.

Selection of operating frequencies based on the
RES strategy. Based on the algorithm developed in [5]
for the selection of working frequencies for military
radio communications under conditions of deliberate
interference, the choice of operating frequencies with a
minimum probability of a bit error occurs. The indicated
algorithm is based on the representation of the process
of radio-electronic confrontation in the form of two
antagonistic systems [5]. In this case, the decision
making on the management is taken taking into account
the analysis of the electronic environment and the
criterion for minimizing the probability of a bit error. To
implement this algorithm, the use of the coefficient of
working frequencies use by each of the antagonistic
systems (the coefficient of overlapping with subcarrier
noise) was chosen [5].

The main stages of the implementation of the
algorithm:

1. Determination of the type and characteristics of
intentional obstacles.

2. Check the value of the overlap factor.

3. Formation of the matrix of the game of radio-
electronic conflict.

4. Formalization
programming.

5. Check the optimal control of the choice of
operating frequencies.

Determine the number of subcarriers and the
distance between them, as well as the duration of the
symbol. The distance between subcarriers of the OFDM
signal is chosen depending on the following parameters:
Doppler spectrum scattering; minimum delay time of
beams (reverb copies of the signal); the maximum
possible symbol duration (the coherence time of the
channel parameters).

Due to Doppler dispersion, as well as errors in the
evaluation of the frequency of the transmitter on the
receiving side, the orthogonality between the subcarriers
is violated. In a number of papers, studies have been
conducted on the equivalent loss in the required signal /
noise ratio for a given Doppler dissipation, as well as
the error of estimating the carrier at the reception [4-9].
For short-wave (SW) and ultra short-wave (USW)
channels, the equivalent loss in signal / noise of no more
than 0.5 dB Doppler scattering should not exceed 2-3%
of the distance between subcarriers. A frequency shift of
7-8% of the distance between subcarriers results in an
equivalent signal-to-noise reduction of 1 dB. After
determining the minimum distance between subcarriers,
you can calculate the length of the 7. = 1/AF character.

The minimum delay time between the rays
determines the degree of unevenness of the amplitude-
frequency characteristic (AFC) of the channel. Hence, a
greater delay between rays corresponds to a larger
period of uneven frequency response. At a maximum
delay of 4 ms between rays, the period of unevenness of
the AFC is 250 Hz. Thus, the distance between
subcarriers should be chosen in the assumption that the
frequency response on each of them will be a channel
with an additive white Gaussian noise (AWGN).
Accordingly, the distance between the subcarriers
should be considerably less than in the period of uneven

of the problem of linear
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frequency response of the channel. That is, from this
point of view, the distance between subcarriers needs to
be minimized. For the SW channel, the distance of 50
Hz is the maximum allowable, since larger values of the
distance between the carriers lead to a significant

distortion of the channel parameters, resulting in a
distortion of the symbol [6, 7]. Another limitation on the
length of a character is the assumption that the channel
parameters must be constant over the length of the
character.

START

1
1 Entering the

initial data
/ (¥ = {\uf})

Freq uency
selection based
on RES

,— T

Evaluate
the status of
the channel

Deﬁn ition of the
N, Af and T

oort subchannels
by the O/ value

—6

Adaptive power
distribution in the
subchannel

Select type
of the PRS

M- sequence Gold sequence Li sequence

—11

Choice duration
of the PRS

Select options
of the TSK

15

Changing the initial
data

16

Character transfer
of the OFDM

Fig. 1. Scheme of the algorithm for selecting signal parameters of radio communication with OFDM
depending on the condition of the communication channel
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This makes it possible to use a simple method for
evaluating and compensating the AFC of the channel in
the frequency domain on each symbol. The length limit
for a character in the SW range can be taken as an order
of hundreds of milliseconds.

Determination of the number of subcarriers N
should be based on the information (and technical)
speed of the group signal, taking into account the need
to reserve part of the bandwidth of the channel for a
variety of official information. In this case, N is selected
from a number of values provided by the operation of
the inverse Fast Fourier Transform (FFT). According to
[6], the calculation of the required number of FFT
points is carried out according to the formula

K=T.fy4,
and the sampling frequency f; is defined as
Jqa > 2AF .

Next, you can determine the frequency range
between the subcarriers and the number of N = AF/Af

subcarriers.

To eliminate the harmful effects of intersymbol
interference into a signal structure, a cyclic prefix was
introduced. The size of the prefix T b was selected

based on the values of the two parameters: the
maximum possible time shift between the rays; the
required ratio between the duration of the character
without the prefix and the prefix itself (in the case
where the prefix is used to find the clock
synchronization). For the SW channel, the maximum
multipath level is about 5 m/sec (maximum value for
one-two-bit passage of the radio signal). For data
transmission at short distances multipath is slightly
smaller and is 1-2 m/sec. The value of the cyclic prefix
is within range of

1, <T, <0,25T; .

Assessment of the transmission characteristics of
the communication channel. At this stage, the use of the
methods presented in [4, 5, 7, 9], the state of the multi-
channel communication channel was evaluated and its
transfer characteristic was determined. Thus, we can
draw the following conclusions:

1.In the presence of sufficiently well-known
information about transmitted information symbols, the
best results for the criterion of the ratio of accuracy of
estimation and complexity of implementation is
demonstrated by the algorithm of linear estimation with
a minimum of mean-square deviation.

2.In the absence of sufficiently well-known
information about the transmitted symbols, the best-
fitting unmatched version of the estimate for the
minimum of the smallest squares is preferred.

3.In order to increase the accuracy of the
evaluation of the transmission characteristics of the
channels in the conditions of a complex electronic
environment it is expedient to use iterative principles.

Adaptive  distribution of signal power in
subchannels. At this stage, according to the results of

the evaluation of the transfer characteristics of the
channel, the assignment of the sequence numbers to
each subchannel in the order of reduction of the
signal/noise ratios is carried out (worse subchannels
have larger sequence numbers):

2 2 2
O =2052..20y.

After this, the worst-case ratio is subtracted from
the signal/noise ratio subwoofer. Disconnecting
subcarriers with low signal/noise ratio reduces the
harmful effects of frequency selective fading on
bandwidth and allows you to redistribute the transmitter
power among other subcarriers.

Choose the type and duration of the expansion
sequence. To combat deliberate interference (especially
imitation) spectrum expansion is used with the help of
technology of expanding code sequences, the main
principles of which is the expansion of the spectrum in
combination with the code division of physical channels
through the use of pseudorandom sequences (PRS). The
indicated  principle of controlling intentional
interference is also implemented in the MC-CDMA
(Multi-Carrier Code Division Multiple Access) method.

The key feature of MC-CDMA systems is that all
chips that are mapped to the same bit of code are
transmitted in parallel in the narrowband subchannels,
using OFDM.

In the MC-CDMA technology, each bit of the
signal stream is displayed on all subcarriers, and each
subcarrier uses its phase-to-time phase shift, which is
selected according to the law-defined encoding.

In the mentioned method, the code sequence is
selected separately for each subcarrier, from the set of
expanding sequences shown in Fig. 1

Different types of expansion sequences are used to
expand the spectrum in OFDM systems: binary (Walsh
sequences, Shapiro-Rudin sequences, Barker codes,
Gold codes, M-sequences, Hadamard sequences) and
multiphase (Frank and Zadov-Chu sequences, Milevsky
sequences, Goley sequences) [10].

A comparative analysis of these sequences has
shown that in OFDM systems, the smallest peak factor
is provided by ideal, many-phase sequences of Frank,
Zadov-Chu, Milevsky (P< 2 (3 dB)) [10,11]. The
binary sequences of Shapiro-Rudin provide P < 4 (6
dB). The disadvantage of the above-mentioned ideal
sequences is that the volume of their alphabet increases
with the growth of the number of subcarriers.

Also, in [5, 7] four-phase Li sequences with one
zero are considered, ideal 8-phase single-zero hinges
and ideal 8-phase sequences with two zeros. These
sequences also show P < 2.

Broad application in broadband systems has found
so-called M-sequences. As a rule, binary M-sequences are

used, the symbols of which a(k) and d (k) accept values
a(k) 1and0, d(k), respectively -1 and 1 [5-7, 9].

Gold Codes have high value for autocorrelation
function and low correlation value. These properties
provide the ability to wuse these codes for the
implementation of multiple access with code division [5].
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Gold Codes with a 2/~ period were formed on the
basis of two M sequences with the selection of so-called
"gear pairs", which have three-digit autocorrelation of

the (1,¢(t),¢(t),2) function, where

2(L+1)/2, where L dual value;
B )={ (£+1) @

2(L+2)/2, where L odd value.

Gold codes were formed by adding in modulus 2
each character of two m-sequences. They are divided
into three types: primary, secondary orthogonal Gold
codes (256 bits long) and long code.

Gold's orthogonal Codes were formed on the basis
of the M-sequence of 255 bits in length and the addition
of one excess symbol. The primary sync code has an
aperiodic auto-correlation function and was used to
initialize the synchronization. The secondary sync code
is an unmodulated Gold code, which was transmitted
with the primary sync code. Each secondary sync code
was selected from 17 different Gold codes [9].

Selection the parameters of the timer signal
constructions.

The basic element in the formation of timer signal
constructions is A=1¢,/S [10]. Unlike the traditional

positional signal-code structures, when the bit rate is
determined by the energy of the elementary parcel
(Nyquist element), the information in the TSK was laid out
in the sequence of individual time intervals “7” with the
duration of each 1. =t, + kA, where ¢, is the interval of

the elementary Nyquist element, k£ =0,1,...,S(n-2) and

their mutual placement on the code sequence 7. interval.
Changing the n,S,i parameters makes it possible
at the output of the TSK encoder to receive different
sets of signal constructions, each of which may vary in
duration depending on the values #, the number of
base elements A and the number of transitions i, that
is, the structure of the signal. The frequency change of
the parameters of the TSK encoder is chosen such that
the amount of intercepted by the radioelectronic
intelligence station of the implementation of a signal
of a definite form with given parameters was not
sufficient to reveal the structure of the signal over a
period of time during which the indicated signal is of

interest to the radioelectronic intelligence station. After
selecting the signal parameters from the OFDM, the
condition of the constraint on the transmission rate in the
channel was checked. If this condition is not fulfilled, the
initial data starts changing.

The evaluation of the effectiveness of the proposed
methodology was carried out in the programming
environment MathCad 14.

The estimation of the computational complexity of
the implementation of the developed method showed that
for the given output data and while using the ADSP-
21261processor, the formation of a signal with optimal
parameter values can be carried out in real time with the
delay required for the transmission of information about
these values through the service feedback channel .

Conclusion from the article

In the mentioned article the method of increasing
the secrecy in radio communication systems with
orthogonal frequency multiplexing was developed due
to the use of timer signal constructions.

The essence of the proposed method is to increase
the structural secrecy of signals with orthogonal
frequency multiplexing.

The difference between the proposed methodology
from the known, which determines its novelty are:

-the use of timer signal constructions unlike
traditional positional signals, that allows to increase the
structural secrecy of signals with orthogonal frequency
multiplexing;

- the use of expanding sequences of different types
and with different actor-correlation properties makes it
possible to carry out operative adaptation of parameters
of radio-communication systems with orthogonal
frequency multiplexing under the influence of
destabilizing factors;

- the use of frequency adaptation mechanisms to
the effect of deliberate interferences that allows to
determine areas of the frequency range that were
affected by them and to conduct intellectual planning of
the radio frequency resource use.

The further research will be directed to the
development of methodological bases for increasing the
efficiency of the systems and radio communication
complexes with timer signal constructions use.
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Meroanka migBHIEHHS CKPUTHOCTI B CHCTEMAaX Pafio3B’ 3Ky 3 OPTOrOHAIBLHMM YaCTOTHAM MYJIbTHILICKCYBAHHAM
32 paXyHOK BHKOPHCTAHHS TaiiMePHHUX CHTHAJTBHHUX KOHCTPYKIii

B. B. l'opaiituyk

[MuranHs migBUIIEHHST e(EeKTHBHOCTI CHCTEM 1 KOMIUIEKCIB palio3B’s3Ky B CKJIQJIHIM paJioeNeKTpOHHIH 0O0CTaHOBII €
CIIOKOHBIYHOIO HAYKOBOIO NPOOJIEMOIO, 10 SIKOI MPHMKyTa yBara BEJIMKOI KiJbKOCTI NpPOBIIHMX BUCHHX. B 3a3HaueHiil crarri
aBTOPOM IIPOBEJICHO IOCII/UKEHHs, 110 CHPSIMOBAHE Ha IiJBUIICHHS CTPYKTYPHOI CKPHUTHOCTI B CHCTEMaxX pajio3B’s3Ky 3
OpTOrOHAJIBHUM YaCTOTHUM MYJIBTHIUIEKCYBAaHHSAM 3 BUKOPHUCTaHHAM TallMEPHUX CUTHAJIBHUX KOHCTPYKLIH, 3aBISKH PO3POOKU
METOAMKH MiJABULIEHHS CKPUTHOCTI B CHCTE€MaX PajJio3B’s3Ky 3 OPTOrOHAJIBHUM YaCTOTHUM MYJbTHIUICKCYBAHHSAM 3@ PaXyHOK
BUKOPHUCTaHHS TaWMEPHMX CHTHAJIBHMX KOHCTPYKLiH. B Xoni mpoBeneHOro aBTOpOM JOCHIKEHHS BHUKOPHCTaHI 0a30Bi
TIOJIOXKEHHS Teopii 3B’s3Ky, Teopii 3aBaJl03aXUILEHOCTI, Teopil CKIaJHUX TEXHIYHUX CHCTEM, TeOopil aHTarOHiCTHYHUX CHCTEM,
Teopii 3aBajOCTIMKOrO KOIyBaHHSA, TEOpii XAaOTHMYHHUX IIPOLECIB, Teopii OPTOrOHaJbHUM CHUCTEM, TEOpil pajiouacTOTHOro
IUIAHYBAHHS Ta Teopil TaiMEPHUX CUTHAIBHUX KOHCTPYKUiN. BiAMIHHICTIO 3aIIpOIIOHOBAHOI METOAMK Bifl BiZIOMHX, 11I0 BU3HAYA€E
il HOBU3HY IOJIATa€ B HACTYITHOMY: BUKOPHCTAHHS TalMEPHHMX CHUTHAJIBHMX KOHCTPYKIIH Ha BiIMiHy BiJ TpaauIiiHHX
MO3UIIHHUX CHUTHAJIBHUX KOHCTPYKLIH J103BOJISE MiABUIIUTH CTPYKTYPHY CKPUTHICTb CHUTHANIB 3 OPTOrOHAJIBHUM YaCTOTHUM
MYJbTHIUICKCYBAHHSAM; BHUKOPHCTAHHS PO3LIMPIOBAIBHUX IOCHIIOBHOCTEH DIZHOrO THIy 1 3 PI3HMMM aBTOKOpENALiHHUMHU
BJIACTHUBOCTSIMU JIO3BOJISIE IIPOBOJMTH OIEPATHUBHY aJalTallil0 MapaMerpiB CHUCTEeM i 3aco0iB pajio3B'si3Ky 3 OpPTOrOHAIbHUM
YaCTOTHUM MYIbTHIUICKCYBAHHAM /10 BIUIMBY J€CTa01Ii3yl0UMX YMHHHKIB, CIIPSMOBAHUX Ha PO3KPUTTS BIACTHBOCTEH CHCTEM i
3aco0iB pajio3B's3Ky Ul 3aCO0iB PajiOSNIEKTPOHHOI PO3BiAKH; 3aCTOCYBaHHS MEXaHI3MIB YacTOTHOI ajamnramii 0 BIUIUBY
HABMHCHHUX MEPEIIKOJ J03BOJIAE BM3HAUMTH JUISHKM YaCTOTHOIO Jialla30Hy, BPaXKCHI HUMH 1 IPOBECTH IHTENEKTyaJbHHI
IUIAHYBAHHSA BHUKOPUCTAHHS PaJiodacTOTHOrO PECypcy CHCTeMaMM 1 3aco0aMH pajio3Bsi3Ky 3 OPTOrOHAIBHUM YacTOTHUM
MYJbTHIUICKCYBAHHSM.

KurouoBi ciioBa: cucremu pazio3s’si3Ky, palioeleKTPOHHE IOJABIEHHS, PaJiopecypc, CUIHAJIbHO-KOIO0BI KOHCTPYKLIi,
3aBaJI03aXUILEHICTh OPTOrOHAJIBHE YaCTOTHE MYJIbTHIUIEKCYBAHHS, TAWMEPHI CUTHAIBbHI KOHCTPYKIIIT .

MeToanka NOBBINIEHHUS CKPBITHOCTH B CHCTEMAX PaJHOCBSI3H C OPTOrOHAJILHBIM YaCTOTHBIM MYJIbTHILIEKCHPOBAHHEM
3a CYeT MCIO0JIb30BAHUS TaliMEePHBIX CHTHAJIBHBIX KOHCTPYKIHii

B. B. I'opaeiiuyk

Bomnpoce! nosbienus 3¢p(EeKTUBHOCTH CUCTEM U KOMIUIEKCOB PaJMOCBS3H B CIOXKHOI paJMO3JIEKTPOHHOH 0OCTaHOBKE
SBJISICTCS MCKOHHOM Hay4dHOH INpoOJeMOH, K KOTOpPOH INPUKOBAHO BHUMaHME OONBLIOrO KOJNMYECTBA ydeHbIX. B yka3aHHOI
CTaThe aBTOPOM MPOBEJIEHO UCCIIE0BAHNE, HAMTPABIEHHOE HA MOBBIIIEHHE CTPYKTYPHOIH CKPBITHOCTH B CHCTEMaX PaJHOCBSI3H C
OPTOrOHAJIBHBIM YaCTOTHBIM MYJIBTHUIUIEKCHPOBAHHEM C MCIIONb30BAaHUEM TalMEPHBIX CHIHAJBHBIX KOHCTPYKLMH, Oiaromaps
pa3paboTKe  METOAMKM  MOBBIMIEHHS  CKPBITHOCTM B CHCTEMaxX  pPajloCBs3d C  OPTOrOHAIBHBIM  YaCTOTHBIM
MYJIBTHIUIEKCHPOBAHHEM 33 CYET MCIOIb30BAaHMS TalMEPHBIX CUTHAJBHBIX KOHCTPYKIMH. B Xone mpoBeneHHOro aBTOpPOM
HCCIIEIOBaHNs HCIOIb30BAHbl OCHOBHBIE ITOJIOKEHHS TEOPHH CBSI3H, TEOPHH IOMEXO3ALIMIIEHHOCTH, TEOPHH CIIOXKHBIX
TEXHUUYECKHX CHCTEM, TEOPUH AHTATOHMCTHYECKHX CHUCTEM, TEOPUH MOMEXOYCTOMYMBOrO KOIMPOBAHUS, TEOPUH XAOTHYECKHX
MIPOLECCOB, TEOPUH OPTOrOHAIBHBIM CHCTEM, TEOPHH PaJUOYaCTOTHOrO IUIAHMPOBAHMSA M TEOPHUH TaWMEPHBIX CHUTHAIBHBIX
KOHCTpyKIMH. OTav4mMeM INpemiaraeéMold METOAMKM OT H3BECTHBIX, ONPENENACT €€ HOBHM3HY 3aKJIIOYaeTCs B CIEAYIOLIEM:
HCITOb30BaHNE TAHMEPHBIX CHTHAJIBHBIX KOHCTPYKIMI B OTJIMYUE OT TPAJHLIUOHHBIX MO3UIIMOHHBIX CHTHAJIBHBIX KOHCTPYKIHIA
MO3BOJAET TMOBBICHTh CTPYKTYPHYIO CKPBITHOCTh CHIHAJIOB C OPTOrOHANBHBIM YaCTOTHBIM MYJIbTUIIEKCHPOBAHUEM;
HCITOb30BaHMs PACHIMPUTENBHBIX I10CIEI0BATEIBHOCTEH PA3HOTO THNA M C PAa3HBIMH ABTOKOPPEISLMOHHOW CBOHCTBaMH
MO3BOJIAET MPOBOJHUTH ONEPATHBHYIO aJANTalMI0 MapaMETPOB CHCTEM M CPEICTB PAJUOCBSI3H C OPTOrOHAIBHBIM YaCTOTHBIM
MYJbTHIUICKCHPOBAHMEM K BO3JCHCTBHIO ACCTAOMIM3HUPYIOLIMX (DAKTOPOB, HAIPABICHHBIX HA BCKPBHITHE CBOKMCTB CHCTEM M
CPE/CTB PAIHOCBS3M JUIL CPEACTB  PAaJHONIEKTPOHHON pa3BEIKH; INPUMEHEHHE MEXAaHU3MOB 4YaCTOTHOM aJanTaluHu K
BO3JICHCTBHIO NPETHAMEPEHHBIX MOMEX IMO3BOJSIET OMPEAEIUTh YJACTKH YaCTOTHOrO JWANa30Ha, MOPaXKEHbl UMU U IPOBECTH
MHTEJUIEKTYaIbHOE IJIAaHMPOBAaHUE HCIIONB30BAHMSA PaJMOYaCTOTHOTO pEcypca CHUCTEMAMH M CPEIACTBAMM DPaJUOCBI3H C
OPTOrOHAJBHBIM YaCTOTHBIM MYJIBTUILIEKCUPOBAHHUEM.

Knio4desbie caoBa: CHCTEMBI DPaJUOCBA3H, PaJMODJIEKTPOHHOE IOIABIEHHME, PaAHOPECYPC, CHIHAIBHO-KOIOBBIE
KOHCTPYKIIMH, TIOMEXO3AIIUIIEHHOCTh  OPTOrOHAIBHOE YacTOTHOE  MYNBTHIUIEKCHPOBAHWE, TaiiMEpHbIE CHTHAJbHBIE
KOHCTPYKIIUH.
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THE METHOD OF SELECTING MEASURES TO PROTECT
THE WEB APPLICATION AGAINST ATTACKS

The subject matter of the paper is the process of ensuring the protection of Web applications against attacks aimed at ob-
taining unauthorized access to the functions of the content management system administrator. The goal is to create a meth-
od to select measures to protect the Web application against attacks. The tasks are: to determine a list of common Web ap-
plication security measures, to develop a method of selection the most efficient protective measures within a limited budg-
et. The methods used are: attacks trees analysis, expert assessment method, methods for solving nonlinear integer pro-
gramming problems with Boolean variables. The following results were obtained. The method for selecting Web applica-
tion security measures based on the success rate estimation of a Web application attack has been developed. Inasmuch as
all protective measures differ in cost, effectiveness, and influence on various attack vectors, as a result of the choice an op-
timal set of countermeasures that will provide the maximal reduction level of attack success rate must be determined. That's
why not only changing the parameters of countermeasures, but also changing the parameters of the attack tree can lead to
changing the set of countermeasures. The problem of selecting protection measures is a nonlinear problem of integer pro-
gramming with Boolean variables. Conclusions. The scientific novelty of the results is as follows: the method of selecting
countermeasures by solving the optimization problem, which allows to select the most effective countermeasures in a lim-
ited budget, was improved. The minimization of the attack success rate is used as a target function; the budget of services is
specified as a limitation. However, it is also possible to use a minimization of a budget level as a target function, wherein

the maximum allowable value of the attack success rate is used as a limitation.

Keywords: attack; security; protection measure; Web application; cost minimization.

Introduction

Modern web applications provide opportunities for
providing a wide range of services on the Internet. Ow-
ing to the development of content management systems,
it is possible to create websites without writing code
directly. Content management systems can be divided
into classes, depending on the scope of their application.
At the moment, content management systems are also
used to run small and medium businesses in the World
Wide Web. In this regard, the interest of intruders who
can hack the site and, in any way, get a profit has in-
creased in such systems. In the area of Web application
security, there are a number of problems, normally be-
ing forgotten or missed by site owners. Moreover, site
owners often do not understand the consequences of
hacking the site by malicious users.

In general, there are two groups of reasons why
hacking websites are possible. The first group of causes is
associated with defects during creation a Web application
[1]. The second group of causes is related to problems at
the stage of exploitation. Causes from both groups arise
from the low level of knowledge in the field of informa-
tion security of those who develop the system and who
use it. For example, if an attacker was able to bypass the
authorization mechanism on the site and gain access to
the control panel, this is the reason from the first group. If
an attacker gained access to the control panel due to the
usage of a weak password by the system administrator,
then this is a problem from the second group.

Most of the problems from both groups are known
for a long time and methods of protection against them
are also known [2, 3]. Naturally, any method of protec-
tion can’t guarantee one hundred percent effectiveness,
but the usage of protection measures can significantly
increase the site's resistance against malicious attacks
[4, 5]. Insofar as the usage of protection measures is not

ubiquitous and the protection measures have different
efficiency levels, selecting protection measures for a
particular Web application is the actual task.

The goal of the paper is to create a method for se-
lecting the most effective measures for protecting a spe-
cific Web application.

Main results

This paper is based on the work [6], in which fre-
quent attack scenarios of Web applications were visual-
ized as an attack tree, and a method for estimation the
attack success rate was proposed based on the tree. It is
necessary to determine a variety of measures that can be
applied to counter attacks in the attack tree. The attacks
and countermeasures tree is shown in Fig. 1.

As an example, a site that implements the func-
tionality of an online store, created using a content man-
agement system considered. Assume that no counter-
measures from the list below have yet been applied to
the site in question. Such security measures can be ap-
plied to the site (C;):

1. Two-factor authentication usage to gain access
to the control panel. Such a measure will not allow an
attacker to log in to the system using compromised cre-
dentials of administrator.

2. Trainings for staff to improve the level of
knowledge in the field of information security. Often
the online store has several administrators who manage
the processing of orders. Often, site managers do not
know why they shouldn’t set an easy password, why
they shouldn’t store the password, or use untrusted
software on their computers. That is, this measure is
used to reduce the number of hacks for the reasons of
the second group, which was mentioned at the begin-
ning of the paper.

3. Using encrypted HTTPS connections. Statistics
shows that currently less than a half of sites in the net-
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work use an encrypted protocol to transmit traffic [7].
This protection is extremely important, because when
intercepting administrator credentials, password com-
plexity does not matter.

4. Using VPN when working in the admin panel.
This measure also protects traffic from interception.

5. Protection against busting usernames and pass-
words. Unfortunately, almost always the built-in brute
force protection mechanisms are either missing or not
effective. The usage of effective methods of protection
against brute force will save the site even in the case of
using dictionary logins and passwords.

6. Usage of complex passwords and non-standard
logins. If there is no effective brute force protection, the
brute force attack can continue infinitely. Using stan-
dard logins and weak passwords will lead to the fact that
the attacker automatically selects a combination of a

login and password that matches the credentials of one
of the site administrators.

7. Install and configure the firewall. It will allow to
restrict access to vulnerabilities for attackers that may
be present in the source code of the application. The
peculiarity of this protection measure is that its effec-
tiveness depends on the setting, and if it is not config-
ured correctly, such measure may completely obstruct
the correct operation of the site.

Each protection measure is characterized by a cost
and impact factor, which is determined by an expert.
The list of countermeasures and events subject to coun-
termeasures, as well as their impact coefficients and
costs, are shown in Table 1. The cost is given for illus-
tration on the assumption of there is a subject who is
ready to provide services for the implementation of se-
curity measures at a specified cost.

\ A |

%

oo E— S— E——
|
| Z (Y
|
i
i AFS - AFB AFR | | ABY | F_‘ ABE
| | |
| | |
3 7 S R ) |
| [ |
e [E ], | e, [ ] [Fw] |
I I | |
I I | |
A I (i (o) (o fRy
I I | |
b i | | | | | | | |
Il [arssc | [arsse | [aFssn] 11 : [arROv | [AFRDE |5 [acaw | [ AacaiE | [acapv | [acaDE | [Acwv | [ AGIVE |-——
| | | | | | |
I I | | | |
I I | [T O O a
I I |
I I |
I I |
I I [

|

|

i

I

Fig. 1. Attack tree, augmented by countermeasures

Table I — The list of countermeasures

Countermeasure Events affected Impa_ct Cost

by countermeasure coefficient (cu)

C,; — Two-factor authentication usage AF 0.8 120
C, — Staff training AFSS 0.5 300
C; — HTTPS usage AFSC 0.7 50
C4— VPN usage AFSC 0.8 80
Cs — Protection against brute forcing usernames and passwords | AFB 0.9 60
Cs — Setting complex passwords and non-standard logins AFBL, AFBP 0.6 20
C; — Installing and configuring the firewall AFRDE, ACAIE, ACADE, ACIUE, ABE 0.75 220

The full names of the events are given in Table 2.
The main event is event «A» — a successful attack of a
Web application that managed to gain access to the ad-
ministrator’s functions.

Selection of protection measures being held by
solving an optimization problem. For calculations, a
spreadsheet MS Excel is used, the function of calculat-
ing the attack success rate is implemented in VBA, the
add-in “Solver” is used for solving the optimization

problem [8]. The fragment of the document in which the
success rate is calculated is shown in Fig. 2. The values
used for evaluations, coefficients and costs for calcula-
tions are test values and they intended to demonstrate
how the methods for evaluating the attack success rate
and the selection of security measures for a Web appli-
cation work.

Another sheet of the document contains informa-
tion about countermeasures. The target function is to
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minimize the success rate of an attack; the limitation is  document, reflecting the source data for the selection of
the total amount of services cost. A fragment of the countermeasures, is shown in Fig. 3.

Table 2 — Event names

Abbreviation Full name of the event

A Get access to control panel functions

AF Find out the login and password of the current administrator

AC Create a new administrator account

AB Bypass authorization

AFS Steal login and password

AFB Find login and password using brute force

AFR Find a password using a known hash

ACA Add a new account with privileges directly to the database

ACI Increase standard user privileges

ABV Vulnerabilities to bypass authorization are found

ABE Exploit vulnerabilities to bypass authorization

AFSS Credentials stolen from storage

AFSC Credentials stolen during unencrypted transmission

AFBL The attacker has a dictionary that includes the desired login

AFBP The attacker has a dictionary that includes the desired password

AFRD Retrieve username and password from database

ACAI Usage of appropriate vulnerabilities (for example, SQL injection on insert)
ACAD The credentials for connecting to the database are known

ACIU Usage of appropriate vulnerabilities (for example, SQL injection on update)
AFSSC Credentials stolen from PC

AFSSE Credentials stolen from email or any cloud storage

AFSSN Credentials stolen from non-digital storage

AFRDV Appropriate vulnerabilities have been discovered that allow retrieving username and password from database
AFRDE Exploiting vulnerabilities that allows to retrieve username and password from the database
ACAIV Appropriate vulnerabilities found (for example, SQL injection on insert)
ACAIE Exploit vulnerabilities (for example, SQL injection on insert)

ACADV Appropriate database connection vulnerabilities found

ACADE Exploiting database connectivity vulnerabilities

ACIUV Appropriate vulnerabilities found (for example, SQL injection on update)
ACIUE Exploiting vulnerabilities (for example, SQL injection on update)

Event name ABV |ABE (AFSC |AFBL |AFBP |AFSSC|AFSSE |AFSSN |AFRDV |AFRDE [ACAIV |ACAIE |ACADV |ACADE |ACIUV |ACIUE
P S I N A A AT BN RS RN I N B R The  objective

Detection difficulty 4 3 1 1 1] 1] 1] 1 4 3 4 3 4 3 4 3 function is contained in
cell B7, the total cost of

Coefficient 0.32 . . . .
ﬁfcfe"twl oa services is contained in

Coefficient w, X

Coefficient w; 0.33 cell BS. In the example

coefficient ¢ 030 shown in Fig. 4, the
restriction B8 <= 450 is
used. In the process of
solving an optimization

Attack success rate | 0.512

Fig. 2. Calculation of attack success rate

A [ 8 | ¢ [ o | £ [ ¢ | & [ wu ] problem, the values of
Countermeasure name C, C, [ C, [oN [o [on the B4:H4 cells change,
Cost 120 300 50 80 60 20 220| conditional formatting
Coefficient of reducing 0.8 0.5 0.7 0.8 0.9 0.6 075 is applied to them for
Usage 0 0 0 0 o o 0| greater clarity. The

restriction for these

1Is is that th n
The objective function is to minimize P 0.511721 cells . s that t e.y ca
Cost of services 0 contain an  Integer
value not greater than
one, i.e. two values are

2 [~ [o ]2 e s ]~ |u

Fig. 3. Initial data for selecting countermeasures
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possible, 1 — a coun-
termeasure is used, 0 —
a countermeasure is
not used. If a coun-
termeasure is used, the
probabilities of the
events affected by this
countermeasure  are
multiplied by the im-
pact coefficient of the
countermeasure.

Fig. 5 shows the
graph of the attack
success rate depend-
ence on budget. In-
deed, the value of the
indicator is minimal,
subject to a limited
budget of 450 conven-
tional units. Frag-
ments of the graph,
going only up, are
dead-end and they are
caused by the fact that
the cost of different
combinations of coun-
termeasures is  the
same, but their total
impact on the success
rate of an attack can
vary greatly.

Of the total set of
possible combinations
of measures, sets were
selected that provide a
greater reduction of
the attack success rate
at the same total cost.
The optimized graph
of attack success rate
dependence on budget
is shown in Fig. 6.

Figure 6 shows
that even a small
budget can signifi-
cantly increase the
security of the site.
For example, with a
budget of 120 conven-
tional units, the attack
success rate is ap-
proximately  0.138,
with a total cost of
services of 440 con-
ventional units, this
value is 0.088. A sig-
nificant increase in the
total cost of services

4 A B | ¢ | o [ E | F | & | H ]
1 |Countermeasure name c, C; Cs C, Cs Cg
| 2 |Cost 120 300 50 80 60 20 230
| 3 |Coefficient of reducing 0.8 0.5 0.7 0.8 0.9 0.6 0.75
|4 |Uusage 1 0 0 1 0 1 1
15|
16|
| # |The objective function is to minimize P I 0.088255!
| 8 |Costof services 440
Fig. 4. The result of the countermeasures selection
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Fig. 5. The graph of the attack success rate dependence on budget
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Fig. 6. The optimized graph of the attack success rate dependence on budget

Conclusions

leads to a slight decrease of the attack success rate.
That’s why the customer must determine the feasi- The developed method allows to select the most
bility of purchasing the proposed set of protection effective protection measures for each individual Web

measures.

application.
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A set of countermeasures that provides the greatest  limitation. However, it is also possible to use budget
decrease of attack success rate is selected. minimization as a target function, and to set the maxi-

The minimization of the attack success rate is used mum allowable value of the attack success rate as a
as the target function; the budget of services is used as a  limitation.
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Merton BuGopy 3axonis 3axucty WEB-3acTocynka Bin atak
A. T'. Teupkunii

IIpeamerom nociipKeHHS € npolecH 3ade3nedeHHs 3axucty Web-3actocyHka BiJ| aTak, CIpIMOBaHUX HAa OTPUMAaHHs He-
CaHKLIOHOBAHOI'O 1OCTYITy 10 (DyHKIiH aaMiHICTpaTOpa CUCTEMH YIpPaBIIiHHS KOHTEHTOM. MeToI0 € CTBOPEHHSI METOILy BUOOPY
3axoniB 3axucrty Web-3acTocyHKa BiJ aTtak. 3aBHaHHS: BU3HAYMTH IIEpeNiK HaWOINbII MOMIMPEHHX 3aXOiB 3axucry Web-
3aCTOCYHKa, PO3pOOMTH METOX BHOOPY HaOUIBII eeKTUBHUX 3aXOJiB 3aXHCTY 32 YMOBH oOMexeHoro Oropkery. Bukopucro-
BYBaHMMH METO/IAMH €: aHAJIi3 JICPEB aTak, METOJ| €KCIIEPTHUX OLIHOK, METOM PO3B'I3aHHS HENiHIHHMX 3a/[a4 LIJIOUYKCETbHOrO
IporpamMyBaHHs 3 OyneBUMH 3MiHHMMH. OTpUMaHi HACTYyIHI pe3yabTaTH. Po3pobiieno meTon Bubopy 3axoaiB 3axucry Web-
3aCTOCYHKA, 3aCHOBAHMII Ha METOJi OLIHIOBAaHHSI MOKAa3HHMKA YCIIIIHOCTI aTaku Web-3acrocyHka. OCKiIbKH BCi 3aX01 3aXHCTY
BiZIPI3HSAIOTHCS BapTiCTIO, €EKTUBHICTIO 1 BIUIMBOM Ha Di3Hi BEKTOpa aTak, B pe3yJbTaTi BUOOPY BU3HAYAEThCS HAOip KOHTp3a-
XOJiB, SIKMIl HaZla€ MaKCUMaJIbHE 3HIKSHHS NOKa3HHUKa YCHIIIHOCTI aTtaku. ToMy 710 3MiHM HabOpy KOHTP3aXO/iB IPU3BOIUTH HE
TiNBKY 3MiHA IapaMeTpiB KOHTP3aXOziB, a i 3MiHa NapaMeTpiB JiepeBa aTak. 3aBJlaHHA BUOOpPY 3aXOIiB 3aXHCTy € HEJiHIHHUM
3aBJIaHHSIM LIJIOYKMCEIBHOrO MporpamMmyBaHHs 3 OyneBumu 3MiHHUMH. BucHoBku. HaykoBa HOBH3HA OTPHMAaHHUX Pe3yIbTaTiB
TOJISITa€ B HACTYITHOMY: YIOCKOHAJICHO METOJl BHOOPY KOHTP3aXO/iB HUIAXOM PO3B'I3aHHs ONTHUMIi3aliifHOI 3a/1a4i, 10 JI03BOJIsIE
BUOpaTH HaWOLIBII eEeKTHBHI KOHTP3aXO[u B yMOBaxX oOMexeHOro Owomxery. B AxocTi 1inboBoi (yHKLIT BUKOPUCTOBYETHCS
MiHIMi3allis NOKa3HHUKa YCHIIIHOCTI aTaku, OIO[DKET IOCIYT BKa3YeThCs B IKOCTI 0OMexeHHs. OJlHaK TaKOX MOXIIMBO BUKOPHUC-
TOBYBATH B AKOCTI I[JIbOBOI (DYHKLIT MiHIMi3aLit0 OIO[KETY, a B SIKOCTI OOMEXCHHs BCTAHOBUTH MaKCUMAaJIbHO JIOITYCTHME 3Ha-
YEHHS [OKa3HUKA YCIIIIIHOCTI aTaKH.

KawuoBi cioBa: araka; Gesneka; 3axijg 3axucry; Web-3acTocyHok; MiHiMi3amist BUTpaT.

Merton Bei0opa Mep 3ammThl Web-npuiioskeHust ot aTak
A. T. Tenxwmi

IIpeamerom n3ydeHus SABISIIOTCS NPOLIECCH 0OeciedeH s 3auThl Web-IIpUIIOKEeHHs OT aTaK, HallpaBJICHHBIX Ha IOIyde-
HHME HECAHKIIMOHUPOBAHHOIO JOCTYNA K (QyHKUMAM aJIMHMHHCTPATOpa CUCTEMbI yrnpaBieHus KoHTeHTOM. Lleiblo sBiseTcs co3-
JlaHHE MeToia BbIOopa Mep 3aluTel Web-IpuioxkeHus OoT arak. 3aja4uu: olpeJeluTh IepedeHb Haubosee pacnpocTpaHEeHHbIX
Mep 3amurbl Web-npuioxeHus, pa3paboTars MeTo]| BbiOopa Hanbosee 3p(heKTHBHBIX Mep 3alUThI IIPH YCIOBHU OrPaHUYEHHO-
ro Orokera. Mcrnons3yeMbIMH METOJAMHU SIBIISIOTCS: aHAIM3 JIEPEBBEB aTaK, METOJ AKCIIEPTHBIX OLEHOK, METOIbI PEeIIECHHS
HEJIMHEHHBIX 33/1au LEeJI0YUCIEHHOTO MMPOrpaMMUPOBaHKs ¢ OyneBbIMH IepeMeHHbIMU. [loiydeHsl cieqyromue pe3yabTaThl.
Pa3paboran Meroz BbIOOpa Mep 3aluTel Web-IpHI0KEH s, OCHOBAHHbIH Ha METO/Ie OLIEHMBAHMs I10Ka3aTellsl YCHEIHOCTH aTa-
ku Web-npunoxenust. IIockonbKy Bce Mepbl 3alIUThI OTJIMYAIOTCS CTOMMOCTBIO, ) ()EKTUBHOCTBIO M BIMSHUEM HA Pa3iIMYHbIE
BEKTOpa aTak, B pe3y/bTaTe BbIOOpa onpesessercs Habop KOHTPMED, OKa3bIBAIOLIMIA MaKCUMAaIbHOE CHUKEHHE NOKa3aTells yc-
MENIHOCTH aTaku. [103TOMy K M3MEHEHHI0 Habopa KOHTPMEp NPHUBOAUT HE TOJBKO M3MEHEHHE IapaMeTpOB KOHTPMED, HO U M3-
MEHEHHE NapaMeTPOB JIepeBa aTak. 3ajaua BeIOOpa MEpP 3aIlUThI SBJISIETCS HEJIMHEHHOH 3a7aueil 11eI0YHCIEHHOr0 IPOrpaMMH-
poBaHus ¢ OyaeBbIMH IepeMeHHbIMU. BbiBoABI. HaydHast HOBU3HA MOJIy4eHHBIX PE3YJIbTaTOB COCTOUT B CIEIYIOIIEM: YCOBEp-
IIEHCTBOBAH METOZ BbIOOpA KOHTPMEp ITyTeM pEIIeHUs] ONTUMHU3ALMOHHON 3a/laul, YTO 103BONISAET BbIOpaTh Hanbonee addex-
TUBHBIC KOHTPMEPBI B YCIIOBUSIX O'PAaHHYEHHOr0 OojikeTa. B kauecTBe LieneBoil ()yHKIMU UCTIONB3YeTCsl MUHUMHU3aLKs 10Ka3a-
TeJIsl YCIEIIHOCTH aTaKy, OOKET YCIIYr YKa3bIBaeTcs B KauecTBe orpaHnueHus. OJIHAKO Takke BO3MOXKHO MCIIONb30BaTh B Ka-
4ecTBE 11eJIeBOH (DYHKIIMM MUHUMH3ALMIO OIOJDKETa, a B KAUeCTBE OrPaHUUYCHHS YCTAHOBUTh MAKCHMAJIBHO JIOILYCTHMOE 3Haue-
HME N0Ka3aTells yCIEIHOCTH aTaKu.

KamodeBbie caoBa: araka; 0e30MaCHOCT; Mepa 3alMThl; Web-IpHIoKeHHe; MUHIMH3aLMs 3aTpar.
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THE ASSESSEMENT OF THE SCALES AND THE RISK OF THE APPEARANCE
TECHNOGENOUS SITUATIONS DURING THE PROCESS OF DEGASING
THE STORAGE TANKS OF LIGHT PETROLEUM PRODUCTS

The subject of study in this article is the processes of increasing the level of the environmental and fire safety during the
degassing of the vertical cylindrical tanks with the remaints of the light petroleum products. The purpose of this work is
concluded in controlling the level of the environmental and fire safety of the territories in the zone of the influence the oil
saving objective complexes using the application of the method proposed by U.S. Environmental Protection Agency. The
Office of Emergency Management Center, EPA, developed the ALOHA® software product that is used to calculate the
distribution of the concentrations during the evaporation of pollutants due to their getting into the oil processing station
under different conditions. The task is to assess the level of anthropogenic pressure on the environment, and the influence
oil product vapors by the forced decontamination of light oil storage tanks. The methods used here are researching
conducted with the use of gas analysis to establish the qualitative and quantitative composition of the gas mixtures at the
outlet of the tanks, using the modern test equipment. The following results have been obtained. Due to the researching, the
methodology for calculating and forecasting the level of the technogenic load on the atmospheric air by modeling and
forecasting the zones of the active pollution by emissions of the vapor-air hydrocarbon mixtures has been developed
further. The conclusions. On the basis of the conducted studies, an active contamination zone was determined when
performing forced degassing with the air supply, which was carried out using the traditional method, using software for
modeling dispersion of pollutants. It has been established that by the forced ventilation of RVS-5000 reservoir, 1.5 tons of
the vapor-air mixture get into the natural environment. Using the ALOHA® software product, the hazardous area was
estimated, and the area of possible explosion of the gasoline vapors during the natural degassing of the tanks with the
storage of light oil products. The size of the zone of the strong toxic influences on the population reaches 1.2 km, it was
calculated for the given initial conditions, the zone of the fire danger is 80 m, the explosion zone does not exceed 13 m.

Keywords: a forced ventilation; an evaporation rate; a tank cleaning; the environmental pollution; a risk of the

explosion.

Introduction

The formulation of the problem. The security
problems of the objects of the oil and gas complex are
paid a special attention at all levels of legislative and
executive power, while one of the most urgent issues
remains to ensure protection of the people and territories
from the influence of the dangerous factors that may
arise in the event of regular operation, emergency
situations and during regulatory work on the oil and
petroleum products stores.

The most dangerous sources of technogenic
loading on the environment are storage tanks of
petroleum products as the objects of uncontrolled
emissions or steam-air mixtures or steam-gas mixtures
and strains of petroleum products with the subsequent
occurrence of fires and explosions. According to its
physical and chemical properties, light petroleum
products are more lethal and explosive and fire hazard,
which cause the fire danger of the reservoir parks for
storage of this group of hydrocarbons.

The analysis of the recent researches and
publications. According to the statistics, [1] that more
than 20% of all hazardous emergencies in these
facilities are due to violations of the regulatory
requirements for regulatory work. The periodicity of the
execution of the cleaning the oil storage tanks is
specified in the requirements of the normative

documents, and on each particular enterprise is
supported by the internal regulations. The purification
of petroleum product tanks is carried out in the
following stages: degassing by ventilation; pumping out
of fuel residues; removal of hatches and hinged
equipment; cleaning of reservoirs and removal of
bottom sediments; diagnostics with replacement (if it is
necessary) of joints and gaskets; detailed careful review
of containers; drawing up an act of the performed work.

In Fig. 1 it is shown that most part of these stages
are associated with potential environmental hazards.

One of the most complex and fire-hazardous
technological operations in the process of exploitation
of the reservoirs is the preparation of the tanks with
residues of petroleum products for fire repair work [2].

The main reasons for the failure of steel tanks are
[3]:

- corrosion of the tank body;

- change in pressure (increase or decrease) in the
gas space of the reservoir above the permissible norms;

- the tendency of the main body material of the
tank boiled (made) from the boiling steel to a fragile
destruction in the conditions of a sharp drop in the air
temperature or the stored product, especially during
periods of negative temperatures and strong winds;

- uneven precipitation of the reservoirs during the
process of the exploitation (working), especially in the
areas with the unstable soils;

© Roianov A., Garbuz S., 2018
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Fig. 1. Stages of the reservoir preparation for carrying
out of the scheduled work and their ecological danger

- formation of stresses, especially dangerous in the
lower belt of the reservoirs when combined with walls
of the reservoir bottom.

Therefore, every year the number of accidents on
the tanks is increasing rapidly. The main reason for this
tendency is the exhaustion of the main exploitation
resource for the most tanks. The wear of used vertical
steel tanks according to [4] is 60-80%. An analytical
review of the state of the man-made and natural safety
in Ukraine, in particular the fire one, for 2013-
2017 years.

Setting the task and its solution

The normative document [5] proposed a method
for calculating the size of the distribution zones of the
cloud of combustible vapors in the case of the accident.
It is assumed that the resulting concentration of the gas
in the steam-air cloud is calculated by the formula:

n 20;
J
Clagr) = 2,

1,5 2 2
J=1 (27'[) "Gy Oy 2'0%' (D

coxn(-32/(2:04 o[- (2-3).

where O =m—1; — is the mass of the liquefied hydro-

2

carbon gases (LHG) in j elemental volume, kg; m - is
the mass rate of the leakage of LHG, kg / s; Gy, O -
the average square deviation of the distribution of the
concentrations in the j-th elemental volume, m,

(¥ —%,);0, (% —x,) —depends on Pascville's

resistance class.
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, 0,0 =——
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Also there are given the formulas for determining
the mass of vapor entering the room when evaporated
from the open surface of the liquid.

M, =WF,x, @)

where W —is the intensity of the evaporation from the
open surface, kg / m’s; F,, - the evaporation area, m?;
T - the time of evaporation, p.

W=10"%n-M- P, 3)

where m — is a coefficient, accepted for tab. 3 [5],
depending on the speed and temperature of the air flow;
M — the molecular weight; P, — the pressure of the

saturated vapors, kPa.

The indicated method does not take into account
the change in the rate of the evaporation of the liquid at
the wind speeds more than 1 m / s, the temperature of its
surface layer, which as a rule, is usually different from
the environment temperature, the change in the pressure
of saturated vapors, depending on the time of this
evaporation and the height of the liquid layer.

Given these restrictions, it is inappropriate to use
this technique to determine the intensity of the
evaporation from the open surface to the environment,
because the estimated calculations will be significantly
different from the actual ones.

Therefore, the method proposed by the U.S.
Environmental Protection Agency was used to estimate
the danger zone, which is determined by the influence
of reservoirs for storing light petroleum products during
their natural ventilation for the purpose of degassing at
the stage of pre-repair works. [6]. The Office of
Emergency Management Center, EPA, developed the
software ALOHA®, which is used to calculate the
concentrations by the evaporating of the pollutants as a
result of their input to the oil refinery (IOR) under the
different conditions.

All assumptions about the extent of evaporation in
the process of risk assessment focus on the worst
consequences.

The degree of contamination was ranked according
to concentrations of the Acute Exposure Guideline
Levels (AEGL) concentrations [7]. According to
AEGLs, 3 levels of the concentration are determined:
AEGL-1, AEGL-2 and AEGL-3, respectively.

In Ukraine, the value of the maximum permissible
concentration for gas vapors in the air at the level of 5
mg/m’ [8] is adopted. According to the standards of the
European Community, the total organic compounds
content is 35 g/m’ and EPA is 10 g/m’. The regulation
of the gasoline emissions in accordance with the
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German standard TA-Luft, the emission limit value of
total organic compounds is 0.15 g/m’ [9-11].

In order to calculate the air pollution zone by the
gas vapor, a vertical steel reservoir was selected at the
Shebelinsky oil refinery in the Kharkiv region of
Ukraine. The calculation was based on the given
conditions of the terrain, the type of the shelter
capacities, physical and chemical properties of
chemicals removed from the reservoir in the
atmosphere, meteorological and climatic parameters,
and others like that.

The algorithm for the diffusion of pollutants can
be represented by one of the possible methods, such as:
the Gaussian model of the dispersion or the model of the
dispersion of heavy gases. Referring to the initial data
on the estimated situation of the release of steam-air
mixture of petroleum products into atmospheric air,
simulation was conducted using a dispersive model of
heavy gases [12].

Using the ALOHA® software and source data, a
calculation of the pollution zone and concentration
levels was performed during degassing of a reservoir for
5,000 m’. The results are shown in Fig. 2 and 3. The
results of the distribution of the atmospheric air
pollution levels in the vapor of the gasoline are plotted
on the map of the area with the indicated location of the
reservoirs. Three zones are given based on the value of

kilometers

the maximum permissible concentration of MPC for
gasoline or isooctane, equal to 5 mg/m’. These zones
are painted in three different colours: red, orange and
yellow to reduce the level of danger. The text
information on the program screen indicates the size of
the specified hazardous zones:

-red: 1,2 kilometer - 5 mg/m?;

- orange: 1.6 kilometers - 3 mg/m’;

- yellow: 2.9 kilometers - 1 mg/m’.

In fig. 2 is shown the zone of the active air
pollution by the vapor of the gasoline. In the case of
being the population in the red zone there is a real
danger of the acute toxic effects.

The fires and explosions on the tanks with easy-
flammable substances and easy-flammable liquids often
happen during the cleaning, preparation for repairing
and directly during the repairing work [13, 14].

Fig. 3 shows the area of the fire hazard of gas
vapors, for which the concentration is in the flammable
range between the lower and upper limits of the
explosion (NMW and IWB). These Ilimits are
determined in percentages that reflect the concentration
of the fuel (the vapors of the chemicals) in the air. In the
case of a collision of the chemical vapor with a source
of ignition (for example, a spark), the combustion
process occurs only if the value of the concentration of
the fuel in the air is between LMW and IVF.

greater than 5 mg/(cu m)

greater than 3 mg/(cu m)
greater than 1 mg/(cu m)
wind direction confidence lines

greater than 1400 ppm (LEL)

greater than 840 ppm
(60% LEL = Flame Pockets)

[] greater than 140 ppm
(10% LEL)

wind direction confidence lines

1.5
0.5 Y
[ ——
:\__—\\ wind
0
————
0.5 ———
(.
145
] 1 2 3 4
kilometers
Fig. 2. Pollution from gas vapors during the natural ventilation of tanks
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Fig. 3. Dimensions(size) of the flammable zone for gas vapors
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ALOHA uses 60% of the NMS as the default level
for the highest threat zone (red), as some experiments
have shown that fires can occur in the places where the
average concentration exceeds this level. Another
typical level of the threat which is used by respondents
is 10% of LMW, which is the standard hazard rate for a
medium-threat zone (yellow).

As it can be seen from Fig. 3, there are no zones of
high and medium danger for the given conditions,
therefore the probability of the fire is minimal (10% of
NME), and is characterized by an area of 80 m.

Another no less important indicator is the area of
the explosive danger.

The excessive voltage, which is also called an
explosive wave, means a sudden onset of the pressure
wave after the explosion.

meters
15

This voltage wave is due to the energy which
releases during the initial explosion - the more initial
explosion, the greater the pressure wave.

ALOHA uses the surplus pressure (in psi, psi)
based on the review of several commonly used sources
of the excessive pressure and the explosions:

- 8.0 pounds / square. inch (destruction of the
buildings);

- 3.5 pounds / square. inch (possible the serious
damage);

- 1.0 pounds / square. inch (destruction of the
glass).

For the considered of this situation, the size of the
zone with the serious damage is 13 m in the direction of
the prevailing wind in accordance with the wind rose

(Fig. 4).

wind
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2 Y
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greater than 3.5 psi
(serious injury likely)

greater than 1.0 psi
(shatters glass)
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wind direction confidence
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Fig. 4. Explosion region of the cloudy steam of the gasoline
. vapors enter the atmosphere. The software,
Conclusions

On the basis of the conducted researches, the area
of the active contamination was identified in the
course of the forced ventilation with the traditional air
supply, using software for modeling the dispersion of
the pollutants. It was established that during the forced
degassing of PBC-5000 reservoir 1.5 tons of petroleum

ALOHA®, evaluates the toxic zone, fire hazard zone
and the gas explosion area by the natural ventilation
of the tanks.

The size of the zone of the acute toxic effects on
the population consists of 1,2 km and was calculated for
the given initial conditions, the zone of fire danger is 80
m, the explosion zone does not exceed 13 m.
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Ouninka MacuTa0iB i pU3MKy BHHHKHEHHS TEXHOT€HHHX CHTYaii
mijJ Yac mpomecy aerasanii peseppyapis 30epiranas cBiTiimx HagpTONPOAYKTIB
A. M. Posiros, C. B. I'ap0y3

IIpeamerom gocTixKeHHS B aHii CTATTI € IPOLIECH IiIBUIICHHS PiBHS €KOJIOTIYHOI Ta MOXKEKHOI Oe3IeKH Mpy Jera3amil
BEPTUKAIBHUX LMWIHAPUYHUX PEe3epBYapiB i3 3alIUIIKaMK CBITIMX HadTonponykris. MeTa JaHOi pofoTH IONArae B KOHTPOII
PIBHS €KOJIOTi4HOI Ta MOXeXKHOI Oe3MeKH TepuTopiil B 30HI BIUIMBY HadTorazo3beperarodnx 00'eKTHUX KOMIUIEKCIB 3 BUKOPHUC-
TaHHJIM METOJy, 3alPOIIOHOBAHOI0 AT€HTCTBOM 3 OXOPOHM HaBKOJMIIHBOro cepenosuina CIIA. YnpapniHHA HaJ3BHYaiHUMU
curyauisimu (EPA) pospobuio nporpamunii nponykr ALOHA®, sikuii BUKOPUCTOBYETHCS [JIsl PO3PAXYHKY PO3IO/ITY KOHIEHT-
pauiii mpyu BUNapoByBaHHI 3a0pyIHIOIOUMX PEUOBHH B PE3YNIBTATI iX MOTPAIUISIHHA Ha CTAHIIIO epepoOKku HadTH B Pi3HUX yMO-
BaxX. 3aB/IaHHsI MOJIATa€ B TOMY, 00 OLIHUTH PiBEHb aHTPOIOICHHOIO TUCKY HA HABKOJIMIIHE CEPEIOBHIIE Ta BIUIUB MapiB Had-
TONPOYKTIB HUIAXOM IIPUMYCOBOI Je3aKTuBaLii pezepByapiB Juist 30epiranns jerkoi HadpTu. BuxopucroByBaHni meroau - 1e
JIOCHIZKEHHS, 10 MPOBOATECS 3 BUKOPHCTAHHAM Ia30BOr0 aHAIII3y I BU3HAUYEHHS SIKICHOIO Ta KiJIbKICHOTO CKJIaJly ra30BHX
cyMilllell Ha BUXOZI 3 pe3epByapiB 3 BUKOPUCTAHHAM CY4aCHOrO BUIIPOOYBaJIbHOTrO oOnajHaHHA. Byinu oTpumani HacTymnHi pe-
3yabTatd. B pe3yJbTari npoBeeHUX A0CIiDKeHb Oyina po3pobieHa MEeTOMKa PO3PAXyHKY i HPOrHO3YBaHHS PiBHS TEXHOTC€HHO-
IO HaBaHT&KCHHA Ha aTMOc()epHE IOBITPS LUIIXOM MOJIEIIOBAHHSA 1 NMPOrHO3YBAHHS 30H AKTHBHOIO 3a0pyIHEHHS BUKHIAMU
[IApOIOBITPSIHUX BYIJIEBOAHEBUX cyMileld. BucHoBku. Ha mincraBi npoBeieHNX 10CHIKeHb Oyila BU3HAYE€HA 30Ha aKTHBHOI'O
3a0pyAHEHHs IIPU IPOBEAEHHI NPUMYCOBOI Jierasanii 3 oJauero MoBiTps, sKa 3iHCHIOBaNacs TpaAULIHIM METOZOM 3 BUKOPU-
CTaHHSM IPOrPaMHOro 3a0e3Me4eHHs [JIsl MOJEIIOBaHHS PO3CiIOBaHHs 3a0pyAHIOIOUUX peYoBUH. BeTaHOBIIEGHO, 110 IIpH IPUMY-
coBoi BeHTW ALl pe3epByapa PBC-5000 B npuposHe cepenoBuine norpamise 1,5 TOHHM IapoHoBiTpsHOI cymimt. Bukopucro-
Bytouu nporpaMuuii mpoaykt ALOHA®, Oyna oriHeHa HeOe3eyHa 30Ha i 30Ha MOXKIIMBOTO BUOYXY HapiB OSH3UHY IIPU IIPHUPO-
IHIH nerasariii pe3epByapiB i3 30epiraHHsIM CBITIHX HAQTONPOAYKTiB. PO3Mip 30HM CHIBHUX TOKCHYHUX BIUIUBIB Ha HACEJICHHS
nocsrae 1,2 kKM, BOHa po3paxoBaHa Ul 3aJJaHMX [OYaTKOBUX YMOB, 30Ha MOXKEXKHOI HeOe3neku cranoBUTh 80 M, 30Ha BUOYXy He
nepesumrye 13 m.

Karo4doBi cioBa: npuMycoBa BEeHTHIIALIS; IHTEHCHBHICTh BUNIAPOBYBAHHS; OUHIIEHHS pe3epByapiB; 3a0pyIHEHHs Ha-
BKOJIMIIIHBOIO CEPEJIOBUIIA; PU3HUK BUOYXY.

OneHka MacITa00B ¥ PUCKA BO3SHHKHOBEHHSI TEXHOTE€HHBIX CHTYAIHH
BO BpeMsl MPOLecca Aera3auuy pe3epByapoB XpaHeHHs! CBEeTJIbIX He) TENPOAYKTOB

A. H. PostoB, C. B. I'ap0y3

IIpeamerom mccaen0BaHMsI B JaHHOW CTAaThe SIBISIOTCS MPOLECCHI MOBBIMIEHHS YPOBHS SKOJIOTMYECKOW M IMOXKapHOU
6€30aCHOCTU HPH JIEra3alliyl BEePTUKAIBHBIX LMIMHIPUYECKHX PE3EPBYapoOB C OCTaTKaMu CBeTbIX Hedrenpoxykros. Ilean
JaHHOH PadoThl 3aKIIIOYAETCd B KOHTPOJIE YPOBHS JKOJIOIMUECKOH M MOXKapHOH OEe30MacHOCTH TEPPUTOPUNA B 30HE BIMSHUSA
HedTerazocoeperaromux 00bEKTHBIX KOMIUIEKCOB C HCIIOJIb30BAaHMEM METOJa, HNPEITOXKEHHOr0 ATeHTCTBOM II0 OXpaHe OKpY-
watomeit cpenpl CIIA. Ynpasnenue upessbrdaiibivu curyaiusamu (EPA) paspaGorano nporpammusiii npoaykt ALOHA®,
KOTOPBIM MCIONB3YEeTCsl JUI pacdeTa pacrnpeeneHus KOHIEHTpalui IpH HCIapEeHUH 3aTPSI3HAIOINX BEILECTB B pe3yabTaTe MX
TONAa/IaHus Ha CTAHLUIO epepaboTku HeTH B pa3IMyUHBIX YCIOBUSX. 3a1a4a COCTOUT B TOM, YTOOBI OLIEHUTH YPOBEHb aHTPOIIO-
TEHHOT'O JIaBJICHHS HAa OKPYXKAIOILYIO Cpelly U BIUSHHE MAapoB HE(TENPOAYKTOB IIyTeM INPUHYIUTEIBHON JIe3aKTHBALMU pe3ep-
ByapoB JUIsl XpaHeHus Jerkoil Hegru. Mcmosib3yemble MeTOABI - 3TO HCCIIE0BaHUs], IPOBOJUMBIE C HCIIONIB30BAHUEM Ia30BOr0
aHanu3a s OIIPE/IENICHUs KaYECTBEHHOIO U KOJIMYECTBEHHOIO COCTaBa I'a30BbIX CMECEH Ha BHIXOJE U3 PE3EPBYapOB C MCIIONb-
30BAHMEM COBPEMEHHOIO HCIBITATEILHOIO 000pyA0BaHMs. BbUIM HOMydeHBI CIEAyIOlHe pe3yabTaThl. B pesynsrate npose-
JICHHBIX HCCIIENOBaHUI OblIa pa3paboTaHa METOIMKA pacyeTa M HMPOrHO3MPOBAHUS YPOBHS TEXHOI'€HHOIH HArpy3kKd Ha aTMo-
cdepHbIil BO3IyX IyTeM MOIEIUPOBAHHS U IPOrHO3MPOBAHUS 30H aKTHBHOIO 3arps3HEHUs BHIOpOCAMU MAPOBO3YLIHBIX YIile-
BOZIOPOIHBIX cMeceil. BeiBoabl. Ha ocHOBaHMM IPOBEAEHHBIX HCCIIEIOBAHUI OblIa OIpeJieieHa 30Ha aKTHBHOIO 3arps3HEHUs
IIPU TIPOBEJIECHUH NPHHYIUTENBHON Jiera3alii ¢ MoJadel BOo3IyXa, KOTOpas OCYIIECTBIIANACh TPAJUIHOHHBIM METOJOM C HC-
I0JIb30BaHUEM IIPOrPaMMHOI0 00€CIIeYeHHs VTSl MOJICIIMPOBAHUS PACCEMBAHMUS 3aTr PA3HSIIOIINX BELIECTB. Y CTAHOBJICHO, YTO IIPH
MIPUHYIUTENBHON BeHTHIsIIMK pe3epByapa PBC-5000 B npuponHyto cpeny momnagaet 1,5 TOHHBI napoBo3aymHoi cmecH. Mc-
noinb3ys nporpamMMuslii mponykt ALOHA®, Oblita oneHeHa oracHasi 30Ha U 30Ha BO3MOMKHOTO B3pbIBa 11apoB OSH3MHA IIPU eCTe-
CTBEHHOMH Jierasalliyl pe3epByapoB C XPaHEHHEM CBETJIBIX He(TenponykToB. PazmMep 30HBI CHIIBHBIX TOKCHYECKHMX BO3JECHCTBHI
Ha HaceJIeHne JocTHraeT 1,2 KM, OHa pacCunMTaHa JUIsl 331aHHBIX HAa4aJbHBIX YCIOBHUM, 30Ha ITOKapHOH OMacHOCTH cocTaBiseT 80
M, 30Ha B3pbIBa HE NpEBhIaeT 13 M.

KuawueBble cjoBa: NpUHYAUTENIbHAsl BEHTWIALMSA; HHTCHCUBHOCTh MCIAPEHMs; OUMCTKA pE3epBYapoB; 3arpsA3HEHUE
OKpYXAIOLIEeH cpezbl; pUCK B3phIBA.
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"THCTHTYT TenekoMyHikawili i rmo6ansHOro iHdopManiiinoro npocropy HAH Vipainu, Kuis, Ykpaina
* XapkiBchkuit Hanionanbuuit yHiBepeuter Iopitpauux Cu imeni IBana Koxeny6a, Xapkis, Ykpaina

MOHITOPUHI' BUKOPUCTAHHA TA EKOJIOI'TYHOI'O CTAHY 3EMEJIb
3A TOIMMOMOI'OIO BE3INIVIOTHUX JIITAJIBHUX AITAPATIB

IIpeqmerom BHBUCHHS B HAYKOBii CTaTTi € MOXJIMBOCTI BUKOPUCTaHHS OE3IUIOTHUX JITAJbHUX arapariB Ta iX 3aBIaHHS
IIpY TPOBEEHHI €KOJIOriYHOr0 MOHITOPHMHIY 3eMellb. BH3HaueHO OCHOBHI XapaKTEpUCTHKU Ta IEpeBard MOHITOPUHIY
HPUPOJHUX pecypciB 3 BUKopucTaHHAM briJIA. Anaii3 icHyI0OUMX HayKOBHX JDKepel [10Ka3aB, L0 IIPU IPOBEICHHI €KOJIO-
I'{YHOr0 MOHITOPHHI'Y BUKOPHCTOBYIOTBCS Pi3HI 3aco0u Ta rnpuctpoi. MeTa 10CiiKeHb — HiJBUILECHHS SIKOCTI eKOJIOriuHO-
r'o MOHITOPUHT'Y 3 BUKOpHCcTaHHAM BriJIA B yMOBaX HEraTMBHOIO aHTPOINOICHHOrO BIUIMBY Ha NPUPOJHE cepelloBUILe. Y
3arajbHOMY 3a joromoror BrJIA Oynyiors oprodortomtany, mudposi Moxeni micieBocti Ta 3D-mMoneni, Ski € JOCUTH
€KOHOMIYHO BUTIIHMMH 1 3pyYHUMH Y IUIaHI eKOHOMIT yacy. OTpuMaHi pe3yJIbTaTH CBil4aTh, 110 BUCOKE IIPOCTOPOBE PO-
3pi3HEHHSI Ha MiCIIEBOCTI J03BOJISIE TOOAUUTH HAMpiOHImI netani penbedy i 00'ektu. Opranizais epeKTHBHOTO yIpaB-
ninHst BriJIA 3nificHIOETBCS IpU BUKOPUCTaHHI Ha3eMHOr0 iHGOpMAaLiiiHOro KOMIIIEKCY, 3aCHOBAHOIO Ha OOYMCIIEHHI KO-
OpJMHAT MOBITPSHOr0 00'€KTY MO BiJOMOMY 3HaUCHHIO 0a3UCy i BUMIPSHUM BIJICTaHAM JIO JIITAJILHOT'O arapary, 110 J103BO-
JIsi€ BUPOOJIATH OOUMCIICHHS NTOTOYHUX KoopiauHat. Jlns 3abe3nedeHHs 3a1aHoi eheKTUBHOCTI BUKOHAHHS 3aBJaHb IIOB'-
3aHMX 3 NIPOBE/ICHHAM E€KOJIOTIYHOTO MOHITOPUHTY B Pi3HHX YMOBaX, 3aCTOCOBYETHCS PE3EPBYBaHH €JICMEHTIB 3 MiJIBUIIE-
HHUM PiBHEM HAJIMHOCTI, a TAKO)X CUCTEMHU BOYZOBAaHOI'O KOHTPOIIO, SIKi KJIACH(DIKYIOThCS: 3a IIPUHIMIIOM YNPABIIiHHS, 3a
JIATIbHICTIO [, 32 TPUBAJICTIO MOJBOTY, 3a MAJIOrabapUTHUMHU XapaKTEPUCTHKAMU. YIIPaBIIiHHS Y IPUPOJOKOPUCTYBAHHI,
3aCHOBaHE Ha pe3yJbTaTax JeiudpyBaHHs acpodoTomMarepialiB (JOCTiHKEHHS TepuTopii o aepodororpadivrnx 300pa-
MKEHH$X), 03BOJIMTH MOJIETIIUTH 1 IIPUCKOPUTH BUPOOHUYMIA Ipoiec O3 BTpaTH AKocTi BUpoOHULTBA. [IpH oniHLI BIUIMBIB
Ha CTaH IPYHTIB IIijl YaC NPOBEAEHHS MOHITOPUHI'Y BPAXOBYIOTh I'DYHTOBI BiJJMiHH, XapaKT€PUCTHKH I'YMYCOBOI'O CKJIay,
MEXaHi4Hi 1 BOAHO-()I3U4HI BIACTHBOCTI, JIaHMA(THO-reoXiMidyHI Oap'epy (HAKONMYEHHS 1 Mirpauis pedoBHH), POJO-
4iCTb, CTYIIiHb PO3BUTKY IIPOLECIB Jerpajalii IpyHTiB Ta iH. BHCHOBOK 3BOAUTHCA 10 TOrO, 110 3aBAsAKH OaraTodyHKIio-
HanbHOCTI BriJIA MO)XHa BUKOHYBAaTH BEJIMKY Ta Pi3HOMAaHITHY KUIBKICTb pOOiT, siKi OyIyTh MeHII (hiHAaHCOBO 3aTpaTHi Ta

OynyTh 3a0e3nedyBaTy OibII SIKICHHI Pe3y/bTaT MOHITOPUHTY 3€Meb.

Karo4oBi ci1oBa: MOHITOPHHI; IPUPOIHI pecypcH; OE3IIIOTHI JIiTaNbHI allapaTh; eKOJIOTiYHUI CTaH.

Bctyn

KoHnenryanbHi HanpsIMKU PO3BUTKY OE€3MUJIOTHHUX
3ac00iB B iHTepecax BUPIMICHHS 3aBIaHb HAIliOHAJIBHOL
0e3MeKkr Ta EeKOHOMIKU BH3HAYAIOTHCS, 3 OJAHOTO OOKY,
CIIIBBITHOIIEHHAM MIDK Ba)XKJIMBICTIO W oOcAramu 3a-
BJIaHb, sIKi HEOOXIJHO 1 MOTPIOHO ePEeKTUBHO BUpIIIY-
BaTH 3a JIONIOMOT'OI0 MOBITPSHUX IUIaTGopM Oe3 JIHoau-
HHU Ha OOpTY, 3 IHIIOrO, — BapTICTIO PO3POOJIEHHS, BU-
pOOHHMIITBA, EKCILTyaTallii Oe3MiJIOTHUX 3aco0iB Ta ede-
KTUBHICTIO iX 3aCTOCYBaHHS, 1[0 3HAYHOIO MIpOIO 3aJe-
JKHUTB BiJ piBHS PO3BUTKY HAyKH, TEXHIKH i TEXHOJIOTIH.

AKTyadabHicTh TeMH. be3minoTHi niTansHUX amna-
paru (bnJIA) 3 KOXHHUM POKOM Bce Oinblie BUKOPHCTO-
BYIOTBCS Y Pi3HHX cepax i THM caMUM HOKPaIIYeEThCs
poboTa Ta SIKICTh pe3yNbTaTiB CIIOCTEPEKEHHSI, KOHTPO-
JIIO Ta MIPUHHATTS YIPaBIiHCHKUX pilieHs. MeTa ociti-
JOKEHb — ITiABHUIIEHHS SKOCTI €KOJIOTT1YHOr0 MOHITOPHH-
Iy 3 BUKopucTaHHiIM BbrJIA B yMoBax HEraTHBHOI'O aH-
TPOIIOTEHHOI'0 BILUTHBY Ha MPUPOJIHE CEPEIOBHUIIIE.

AHaJIi3 HAyKOBHX JKepeJI [T0Ka3aB, 1110 NP IpoBe-
JICHHI €KOJIONYHOr0 MOHITOPUHTY BHKOPHUCTOBYIOTHCS
Pi3Hi 3ac00H Ta IPUCTPOI, SKI XapaKTepH3yIOTh TIEBHI BlIa-
CTUBOCTI aHTPOIIOI€HHOro BIUTUBY. TaKoX JOCTaTHBO Po-
3pOo0JIEHO PI3HUX HAYKOBHUX INJIXOMIB, MEXaHI3MIB Ta Me-
TOJMK, B SIKUX ONEPATUBHO OLIHIOETHCS CTaH HABKOJHIII-
HBOTO TPUPOJHOTO CEPEOBHINIA TTiJl Yac MPOBECHHS €KO-
JIOTIYHOTO MOHITOPHMHTY AMCTaHLIHIME MeTonamu. Tak
TpH peati3aiii AUCTAaHLIMHUX METOJiB aKTHBHO BHKOpPHC-
TOBYIOTBhCS SIK CIIEKTpajbHA 3HOMKa, TaK 1 TEIUIOBI3iiiHI
cHCTeMH. 3a JaHUM HamnpsIMKOM TIPAIfoBajy Oarato Bue-

HHX, Cepell IKUX Bizomi npari aBropiB Kpacoscekoro I'.41.,
Jlstnpka B.1., Mamkoa O.A., Mokina B.B., UymaueHka
CM Tta inmmx. OgHaK B iCHYIOUMX HAYKOBHX IIPAIsiX B
OCHOBHOMY TIPEJICTaBJICHI DIllleHHs HAayKOBO-TEXHIYHHX
3aBJ/laHb, 110 MOB's3aHi i3 3a0e3neueHHsM (yHKIIOHYBaH-
Hs1 BriJIA Ta mo0ymoBoro OOPTOBOro 00JIaJHAHHS 1 CIelia-
JIBHHUX TIPUJIAJIB, 10 3a0e3MevyloTh BUPIIIEHHS 3aBIaHb
€KOJIOTIYHOr0 MOHITOpHHTY [1, 5, 6].

Buknan ocHOBHOro matepiany

Texniunuii nporpec XXI cromiTTs He CTOITH Ha
MiCIli 1 TOMY JTa€ HOBI METOJM JUTsI BHPIIIICHHS pi3HOMA-
HITHUX 3a/a4 MOHITOpPHUHTY. Tomy, 100 MOJErHuTH
po0OOTY Ta OKPALIUTH SKICTh 1 TOYHICTH, TOTPIOHO 3HA-
TH HOBI MOJKJIMBOCTI HOBITHIX PO3pO0OOK Cy4acHHX 3a-
co0iB MoHITOpUHTY. OIHUM 3 TEPCHEKTUBHHUX IHCTPY-
MEHTIB, III0 BUKOPHCTOBYIOTHCSI B €KOJIOTIYHOMY MOHI-
topunry, € briJIA. Bsarami 3a momomoroto bnJIA Oy-
IyIOTh opTo(OTOIIIaHu, M(pPOBI MOJIEINI MiCIIEBOCTI Ta
3D-moperi, sSKi € TOCUTh EKOHOMIYHO BHUTIIHUMHU 1 3py-
YHMMU Y TIaHI €KOHOMIT yacy Ta rpormeit (puc. 1, 2).

3a MOCTYIHICTIO OE3MiJIOTHI TEXHOJIOTIT HaOvKa-
FOTHCS 710 PiBHSA MOOYTOBUX TEXHOJOTIH. 3apa3 mporpec
y PO3BUTKY IMBUIBHHUX OE3ITIJIOTHUX CHUCTEM Mae€ Haii-
BUIIMI TeMIl, chopMyBasacs HOBa iHILYCTPisl MOCIIYT.

JlaHuit BHJ MOBITPSTHOrO MOHITOPUHTY HPEKPacHO
MiIXOMUTh ISl aHaJli3y MPUPOIHUX PECYpCiB Ta Haaae
YHIKaJIbHY MOJIUBICTB BiJICT€XKYBAaTH 3MiHU y BHKOPH-
CTaHHI 3eMeNbHOrO QOHIY. AHaNi3 METOMiB MOHITOpPH-
HT'Y JIa€ 3MOT'y BU3HAYHUTH IIEBHI IepeBaru Ta HeJOTiKH
B pi3HUX Aiana3oHax (Tadu. 1).
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Puc. 1. Lludposa monens pensedy

Puc. 2. 3D monens pensedy

Tabnuysa 1. Anaji3 pi3HEX MeTOAiB €KOJIOriYHOr0 MOHITOPHHTY IPYHTIB

MerTox MOHITOPHUHTY [lepeBaru

Henomiku

Hasemni Bumipn
pe3yabTaTIiB IOCIi JUKEHb.

MOXITUBICT JACTaJIbHOI'O ﬂOCJ’IiZ[)KCHHS{, BHCOKA TOYHICTh

OOMEXeHICTB JIIOJICBKUX PECypCiB Ta
CIeIiaJIbHOI TEXHIKH.

Aepodotositomka

JIEKIJIBKOX CAHTHMETDIB.

OO6csr pobiT, MO0 BUKOHYETHCS OJHMM BUKOHABIEM 3pOC-
Tae, a BapTiCTh podiT 3HWKYEThCS Ha 15-20% (B MOpiBHSHHI
3 Ha3eMHHMMH BuMipam#). JliTak Moxe JIiTaTH HIKYe 3a
XMapu ab0 MOBTOPUTHU HONIT HACTYIHOrO JHSA. MOXIIMBO
OTPHMYBATH 300pa)KEHHs 3 IPOCTOPOBUM PO3Pi3HEHHIM JI0

Bucoka BapTicTh OpeHIOM JITATBHHX
3aco0iB, SK HACII/JIOK HHU3bKa Iepi-
ONMYHICTB CIIOCTepeXxeHHs. Tpyno-
MICTKICTh Ta BEJNHKI BHTpaTH HpHU
00poO1Ii pe3ynbTaTiB.

Kocmiuna 3iiomka

YHICTH 00pPOOJIEHHS IM(POBUX TAHUX.

Benuka cMmyra orisiny. OnHodacHe ofep)kaHHS 300paskeHb
y BUIUMOMY 1 iHppadepBoHOMY Jriara3oHax.
Bucoxka nepiognunicts criocrepexenss. LIBuakicts i 3py-

3aJeKHICTh BiJ IOrOJHHX YMOB
(XMapHiCTh) B ONTHYHOMY Jliara3oHi.
Bucoxka nina Bceroroguux (paaioso-
KalliiHUX ) KOCMIYHUX 3HIMKIB.

Tpaauuiiiauii criocié aepohoTo3iioMKH TepUTOPil
nependadae BUKOPHCTAHHSA BEIMKOrabapUTHHX IiJIOTO-
BaHMX JITaKiB, SIKMA 3 CaMOro MOYaTKy Iepeadayae
3HAYHI BUTPATH 1 HaKIagae psj OOMEKeHb Yepe3 Horo
rabapuTy i 3aleXKHICTh BiJ MOTOJHUX YMOB. Bukopuc-
TaHHs MainorabaputHux BmJIA mae OGararo mepesar i
nepeBepiIye TpaIumidiHUNA MeToJ| 3HOMKH 3 JliTaka 3a
PaxyHOK MOXKJIMBOCTI IIBUJIKOTO PO3TOPTaHHS 1 omepa-
TUBHOI MIATOTOBKH 110 3amycky BrJIA (BiacyTHICTH He-
00XiZIHOCTI y CIielialbHUX 3JiTHO-IIOCAJKOBHX Mai/aH-
YHKiB). BiibII TOrO, MOXIIMBICTh JITATH IPH MiHIMaJIb-
Hiit Bucoti B 150-200 M no3Boisie mepeOyBaTu HUXKYE
XMapHOro nokpusy. KpiMm Iboro, BHCOKE IPOCTOpOBE
PO3pI3HEHHS Ha MiCIEBOCTI JI03BOJISIE ITOOAYUTH Haiil-
pioOHimi nerami penbedy 1 00'ektu. Opranizaumis edex-
TUBHOTO ynpasiiHHsa BriJIA 37ilicHIO€TBCS TIPU BUKOPH-
CTaHHI Ha3eMHOTO 1H(OPMALIIITHOI'O0 KOMIUIEKCY, 3aCHO-
BaHOTO Ha OOYMCIICHHI KOOPAMHAT MOBITPSHOTO 00'€KTY
IO BiZIOMOMY 3Ha4YEeHHIO 0a3ucy i BUMIPSHUM BiJICTaHsIM
JI0 JTITAIBHOTO anaparty, 10 J03BOJISIE€ BUPOOIISTH 004H-
CIICHHS IOTOYHHMX KOOpIMHAT. A A 3a0e3ledeHHs
3a7aHOI e()eKTUBHOCTI BUKOHAHHS 3aBJaHb IOB'S3aHUX
3 NPOBEAEHHSAM EKOJIOTIYHOI'O0 MOHITOPHMHIY B Pi3HHX
YMOBaX, 3aCTOCOBYETbCA PE3EpBYBaHHS €JIEMEHTIB 3
MiJIBUIIEHAM piBHEM HAJIHHOCTI, & TaKOX CHUCTEMH
BOY/IOBaHOT'O KOHTPOJIIO, SIKI KNACH(DiKYIOTHCSL:

32 NPUHLIMIIOM YNPABJIiHHA:

- QBTOHOMHI;

- IMCTaHILIHOrO0 KepyBaHH;

- KOMOIHOBaHi;

3a JAJBHICTIO Tii:

- Majoi gaigpHocTi (50 ... 150 km);

- cepenHbOol TabHOCTI (10 650 KM);

- BesuKoi ganbHOCTi (10 3000 km);

3a TPUBATICTIO MOIBOTY:

- Mautoi TpuBaiocri (5 ... 12 rox);

- cepenHpoi TpuBasocri (12 ... 24 rox);

- BEJIMKOI TpuBaJocTi (oHax 24 rox);

3a MACOradapMTHHMH XapAKTePUCTUKAMM:

- Mikpo (zo 10 xr);

- miHi (10 50 kr);

- cependi (1o 1 T);

- Baxki (10 5 1).

VYrpaBiliHHA y NPUPOJOKOPUCTYBaHHI, 3aCHOBa-
He Ha pesynbrarax nemmdpyBanHs aepodoromarepi-
aJiB (mOCHiKEHHS TEPUTOPIT 110 aepodororpadiuHux
300pa’keHHSX), JO3BOJIMUTh IOJIETIIUTH 1 IPUCKOPUTH
BUpPOOHUYHMH Tpouec 0e3 BTpAaTH SIKOCTI BUPOOHHIIT-
Ba.

OcobauBo 3atpeOyBannMu briJIA € mig yac cro-
CTEpPEeXKEHb 1 MOHITOPHHIY,Ki BHKOPHUCTOBYIOTH IIEBHI
BUJIY anlapaTypH:

Bumm cnenianbHoi anapatypu bnJlA:

— KazapoBi aepodoroanapati (ADA): rimaHoBi
a0o MepCreKTUBHI

— mnaHopamHi ADA

— aHanorosi tenesisiiiHi (TB) cucremu

— MaTpH4Hi KaIpoBi IU(POBI KamepH

— JTiHIHKOBI CKaHyBaJbHI IIM(POBI KaMepu

— JTiHIHKOBI 6araro- abo rinepcnexkTpaibHi Hud-
POBi Kamepu

— indpauepsoni (I4) ckanyBaibHI cHUCTEMHU Ja-
JBHBOTO (MoBXKHA XBHI 8...14 MKM) Ta (abo) cepen-
HBOTO (JIOBXKMHA XBUIII 3...5 MKM) iHppauepBOHOTO
CHEKTpaJbHUX Jlialla30HiB;

— pagionokariiiHi craHmii 60KOBOro Orismy i3
CHHTe30BaHOI0 aneptyporo anreru (PCA)

— JIa3epHi CKaHepu.

125



Advanced Information Systems. 2018. Vol. 2, No. 4

ISSN 2522-9052

Hanpuknan, y citbebkomy rocrniogapetsi briJIA no-
TIOMAraroTh 3a0MIa/DKYBAaTH Yac 1 KOIITH 3aBIISIKA KOHTPO-

JIFO 32 BPOXKAEM IIUISIXOM 3aMiHH TPAJULIHHOTO 00X01y 4n
00’131y yrijp Ha iX Oe3niIoTHHI 00T (Tl 2).

Tabnuys 2. TlepeBaru MeToAiB AMCTAHIIITHOTO 30HAYBaHHS CLILCHKOIOCNOAAPCHKUX YTi/lb Ta BinmoBigHi
NpeaMeTH J0TIOBHEHHS 1 YI0CKOHAJIEHHS TPAIULIHUX IPYHTO3HABYUX METOAIB

[lepeBaru MeToniB TUCTAHIIH-
HOT'O 30H/IYBaHHsI IPYHTIB

l'[pez[Mer JIOIIOBHCHHS Ta YIOCKOHAJICHHS Tpa}:[PIL[iﬁHHX IPYHTO3HABYHX MeTOL[iB

Tounicts
Ta iHpOpMaTHBHICTH
Ta Kaprorpad)yBaHHi.

MOXIMBICT BU3HAYaTH IIPOCTOPOBY BapiaOesbHICTh IPYHTOBHUX IOKa3HMKIB Ta X
JIMHAMIKy TOYHO 1 Oe31epepBHO, B KOXKHiH TOYLI CLIbCHKOrOCIOAAPCHKHUX YTilb.
Beinyka iHopMaTHBHICTE MaTepialiB Ta He3Ha4Hi BTpat iH(opmauii npu o6polIi

OriasaoBicTh

31aTHICTh MaTepialiB OXOILUTIOBATH BEJIMKI TEPUTOPIl 3 BAPOOHUUOIO TOUHICTIO.

OnepaTuBHICTH MOXKJIMBICTb

3IaTHICTh MIBHAKO Ta CBOEYACHO NPOBOAWTH BIAIOBIAHI OOCTEXEHHS C/T yriip Ta
HaJIaropKEeHHs
XapaKTepUCTHKAMH IPYHTY.

IIOTOYHUX CIIOCTEPEIKEHD 3a TUMHU qu IHIIAMHA

OO0’ €KTHBHICTE

Hesanexsicts BigmoBigHoi iH(opmamii Bix ymomoOaHe NOCHIIHHKAa Ta METOXY
HepBUHHOI 00poOKK (Ha BiMiHY BiJ TpajMLiHHOI KapTH, fKa € aBTOPCHKUM BHTBOPOM Ta
BMilIYE B C00i CI1iJt 0COOMCTOCTI aBTOpA).

ExoHoMiuHa e(eKTHBHICTH

3aoma/pKeHHs] 3HAUHUX KOMITIB (32 paXxyHOK 3MEHIIEHHS IIOJbOBOTO IeEepiomy Ta
YaCTHHH JIA00PAaTOPHO-aHATITHYHUX PoOiT).

HeBTpyuaHHs B IDyHTOBI
ITPOLECH

HepyitniBHuii crioci6 300py IpyHTOBOI iH(pOpMAIiii.

VY 1poMy BUMAJKy aKTyaJIbHOTO 3HAUEHHS Ha0yBae
MOHITOPUHT 3€Mellb, SKAH CHOpSMOBaHHWN Ha aHai3 Ta
OIIIHKY BIUTUBY JIIOACHKOI JisUTBHOCTI HA IPYHTH 3 ypa-
XYBaHHSIM OCOOJIMBOCTEH 3eMJIEKOPHCTYBaHHS, HAsSBHO-
CTi TJIONI LIHHKUX CUILCHKOTOCHOAAPCHKUX YTifb, XiMid-
HOro, OIOJIOTiYHOrO Ta pali0aKTHBHOrO 3a0pyIHEHHS,
BUHHMKHEHHS HEOEe3NMeYHHX IH)KEHEPHO-TEOJOT YHUX
MPOIICCIB 1 SABHUIN Ta IHIIMX YWHHHKIB, SIKi HETaTHBHO
BIUIMBAIOTh Ha CTaH IPyHTIB. [Ipy OIiHII BIUIMBIB Ha
CTaH IPYHTIB IIiJ] Yac MPOBEJCHHSI MOHITOPUHTY Bpaxo-
BYIOTh IPYHTOBI BiIMiHH, XapaKTEPUCTUKH I'yMYCOBOTO
CKNaJy, MeXaHi4Hi 1 BOAHO-(I3UYHI BIACTHUBOCTI,
JMaHIaQTHO-TeOXiMiYHI Oap'epu (HAKOMUYEHHS 1 Mir-
pallisi pe4oBHH), POAIOYICTh, CTYIIIHb PO3BHUTKY IpOIIE-
CiB Jierpajarii IpyHTiB Ta iH. [2].

Kpim TOro, pesynbrati MOHITOPHHTY 3€MeIb JI0-
3BOJISIIOTH OOTPYHTYBATH 3aXO0/IH LI0/I0 3arodiraHHs abo
3MEHILICHHS HEraTHBHUX BIUTMBIB HA TPYHTH 1 3HKEHHS
iXHBOT pOAFOYOCTI, PEKYIbTHBALT 3€MeJIb, SIKi THMYAcO-
BO BHJIYYalOTHCS 3 BUKOPHCTaHHS, MPOBENEHHS POOIT 3
TOMIIIIEHHST SKOCTI MAaJONPOMYKTUBHHUX 3€MENb TOIIO
[3]. MoHITOpHHT 3eMeJb - IIe CHCTEMa CIIOCTEPEKCHHS
3a CTaHOM 3€Mellb 3 METOI0 CBOEYACHOI'O BHSIBIICHHS
3MiH, 1X OIIHKH, BiJIBEpPHEHHS Ta JIIKBiJaIlii HaCIiAKiB

HEraTUBHHX IPOLECIB. Y CHCTEMiI MOHITOPUHTY 3eMEb
MIPOBOJUTHCS 30MpaHHsS, OOpPOOJICHHS, TepeaaBaHH,
30epekeHHsl Ta aHai3 iHdopMalii MMpo CTaH 3eMellb,
MIPOTHO3YBaHHS 3MiH 1 PO3POOJICHHS! HAYKOBO OOTPYH-
TOBaHMX PEKOMEHAIIN JJIsl IPUHHATTS YIPaBIiHCHKHX
pillieHb IOA0 3amo0iraHHs HEraTMBHUM 3MiHAM CTaHy
3eMellb Ta IOTPUMAaHH BUMOT €KOJIOTiUHOI Oe3nexu [4].

CaMe MOHITOPHHI 3€Mellb € IHHOBAI[IHUM iH-
CTPYMEHTOM JUIsi KOMILIEKCHOI'O aHaJli3y PO3BHUTKY 3e-
MEIIbHHUX BiTHOCHH Ta PO3POOKH YIIPaBIIHCHKUX PillleHb
y Wil rany3i. MOHITOPUHT POBOAUTHCS Ha PiBHI paiio-
HIB Ta MiCT 00JIACHOTO i ANOPSIKYBaHHSI.

BucHoBoOK

CHCTeMaTUYHHUHA 1 CHCTEMHHI MOHITOPHHT 3eMENTb €
OJIHMM 3 METO/IB BUSBJIEHHS TEHIEHLIN JMHAMIKY 1 OLliH-
KU 3€MJICKOPHCTYBaHH:I, BKIIIOYaE B cebe po3poOKy mpo-
MTO3MIIIN 1 3aXO/IB IIOA0 BEACHHS JEPIKABHOTO 3eMEb-
HOT'O KaJiacTpy, NPUHHSTTS PillleHb Y MPOIIECi YIpaBiiH-
HSl BHKOPHCTaHHSM 3eMeNbHUX pecypciB. Came Tomy,
3aBIIKK OaraTodyHKIoHadpHOCTI BriJIA MoxHa BHKO-
HYBaTU BEJIHMKY Ta PI3HOMAaHITHY KIJIBKICTH POOIT, SKi
OyayTh MeHI (piHAHCOBO 3aTpaTHI Ta OyayTh 3a0e3reuy-
BaTH OUTBII KICHUI Pe3y/bTaT MOHITOPHHTY 3EMEllb.
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MOHHTOPHHF HCMOJIb30BAHUSA U IKOJOIrHY€CKOro COCTOSIHUSA 3€MeJIb
C MOMOIIBI0 0eCMJIOTHBIX JIeTATEILHBIX anmaparos

B. M. Tpuchiok, B. O. lllymeiiko, O. B. Kamumun, A. B. Kypuio, K. B. Cmeranun

IIpeaqmerom u3ydeHus B HAYYHOH CTaThe €CTh BO3MOXKHOCTH HCIIOJIB30BAHUS OSCIMIIOTHBIX JICTATEIbHBIX AIapaToB U UX
3aJjada NpH NPOBEIEHUU HKOJIOTMYECKOr0 MOHHMTOPUHTA 3eMelb. OmnpeliesleHbl OCHOBHBIE XAPAKTEPHCTHKUA M IPEHMYIIECTBA
MOHHTOPUHTA MPUPOJHBIX pecypcoB ¢ HcnonezoBaHueM BIIJIA. AHanm3 CylecTBYIOIMX Hay4HBIX MCTOYHHUKOB IT0Ka3aj, 4TO
IIPU MPOBEAECHUN SKOJIOTMYECKOr0 MOHUTOPHHIA HMCIOIB3YIOTCS Pa3iIH4HbIE CpejacTBa M ycrpoiicTa. Lleab mecienoBanmii -
MOBBIIIEHHE KAa4eCTBAa HKOJIOTMYECKOr0 MOHHMTOPHMHra C Hcronb3oBaHueM BIUIA B ycloBHAX HETraTHMBHOTO aHTPOIOr€HHOTO
BO3ZIECTBUS HA NPUPOIHYIO cpeny. B obmem, ¢ nomomnisto BITJIA crposr nudpossie Monenu MectHocTH U 3D-mMoznenu, Koto-
pbIE I0OCTATOYHO SKOHOMMYECKH BBITOJHBIMH UM yNOOHBIMH B IUIAHE SKOHOMHHU BpeMeHH. [losrydeHHbIe pe3yibTaThl HOATBEP-
KJIAI0T, YTO BBICOKOE NPOCTPAHCTBEHHOE Pa3pellieHHe Ha MECTHOCTH IO3BOJIAET YBUIETh MeNbpyaiiline AeTanu peiabeda u 00b-
exTbl. Opranuzauust s¢dexrusHoro ynpasinenust BIIJIA ocymiecTBisercst mpu UCNOIB30BAHUM HA3€MHOI0 MH(OPMALMOHHOIO
KOMIIIEKCa, OCHOBAHHOI'O HA BBIUMCICHUM KOOPJIMHAT BO3JYIIHOIO 00BEKTa MO U3BECTHOMY 3HAYEHHIO 0a3uca U M3MEPEHHBIM
PACCTOSIHUAM IO JICTATEJILHOT'O alIapara, M03BOJIAET IPOU3BOAUTD BHIUMCICHHS TEKYIIMX KoopauHaT. st obecriedeHus 3aaH-
HOH 3] ()EeKTUBHOCTH BBINOIHEHHS 3a/layd CBA3AHHBIX C IPOBEACHUEM BKOJIOIMYECKOI0 MOHHTOPHHIA B PA3JIMYHBIX YCIIOBMSX,
MIPUMEHSIETCS PE3EPBUPOBAHNE DIIEMEHTOB C MOBBIIIEHHBIM YPOBHEM HAJEKHOCTH, a TAK)KE CUCTEMBI BCTPOEHHOIO KOHTPOJI,
KOTOpbIE KJIACCU(DULUMPYIOTCS; 110 MPUHIMITY YIIPABICHUS, C JAJIBHOCTBIO AEHCTBU, O MPOAODKUTEIBHOCTH HOJIETa, 110 Macco-
rabapuTHBIM XapaKTepUCTHKaM. YIIpaBlIeHHE B NIPUPOIOIOIb30BaHUY, OCHOBAHHOE Ha Pe3y/bTaTax AeMH(POBKU a3podhoToMa-
TEpHAJIOB (MCCIICIOBAHUE TEPPUTOPUH 110 azpodororpaduueckuii H300paskeHHsX), MO3BOIUT OOJIEIYUTh U YCKOPUTD MPOM3BOI-
CTBEHHBIH Nporecc 6e3 MoTepu KauecTsBa INPOU3BOACTBA. BeIBoABI. [Ipy OlleHKE BO3/ICHCTBHUI HA COCTOSHUE MOYB IIPU IPOBEJIE-
HUU MOHUTOPMHIA YYUTHIBAIOT IPYHTOBBIE OTMEHBI, XapaKTEPUCTHKU I'YMYCOBOI'O COCTaBa, MEXaHUYECKHE U BOIHO-(DH3NUECKIE
CBOWCTBA, TaHJMAadTHO-reOXMMHUYeckue 6apbepbl (HAKOIUIEHHE U MUIPaLUs BELIECTB), INIOZOPOAUE, CTEIICHb Pa3BUTHUS IPOLIEC-
COB JIETPaJal{y [0YB U Jp.

KawueBblie cioBa: MOHHUTOPHHI'; 3€MCJIbHBIC PECYPCHI; OeCIUIIOTHBIE JIeTaTE/IbHbIE arrapaTbl; OXpaHa 3€MeEIlb.

Monitoring of use and environmental state of the land with unmanned aerial vehicle
V. Trysnyuk, V. Shumeyko, O. Kashchyshyn, A. Kurilo, K. Smetanin

The subject of study in the scientific article is the possibility of using unmanned aerial vehicles and their tasks in conduct-
ing environmental monitoring of land. The basic characteristics and advantages of monitoring of natural resources with the use of
UMAYV are determined. An analysis of existing scientific sources has shown that different means and devices are used in con-
ducting environmental monitoring. The purpose of the research is to improve the quality of environmental monitoring with the
use of UMAYV in conditions of negative anthropogenic impact on the natural environment. In general, with the help of UMAYV,
they build orthophotomaps, digital terrain models and 3D models, which are quite economical and convenient in terms of time
saving. The obtained results confirm that the high spatial distinction on the ground allows to see the smallest details of the relief
and objects. The organization of effective control of the aircraft is carried out with the use of a ground information system based
on the calculation of the coordinates of the airspace according to the known value of the basis and the measured distances to the
aircraft, which allows to calculate the current coordinates. To ensure the specified efficiency of the tasks related to conducting
environmental monitoring in different conditions, the reservation of items with an increased level of reliability, as well as the
system of embedded control, which are classified; on the principle of management, the range of action, the duration of the flight,
the mass-grossing characteristics. Environmental management based on the results of the decoding of aerophotographic materials
(study of the territory by aerial photography), will facilitate and accelerate the production process without losing the quality of
production. Conclusion. When assessing the impacts on the state of the soil during the monitoring take into account soil aban-
donment, characteristics of the humus composition, mechanical and water -physical properties, landscape-geochemical barriers
(accumulation and migration of substances), fertility, degree of development of processes of degradation of soils, etc.

Keywords: monitoring; land resources; unmanned aerial vehicles; land protection.
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AN ALGORITHM FOR SEA-SKY LINE DETECTION UNDER VISIBLE SEA IMAGE

Subject of research is the process of sea-sky line detection, based on color feature. The purpose of this work is to develop
the method is based on color feature as well as textural information. It consists of sea sky region extraction and horizon
detection, which is more precise and fast no matter in the sceneries created by camera mounted on board or on shore. The
tasks to be solved is: to propose the new linear fitting metric in sea-sky line extraction. The following results were
obtained. The proposed linear fitting method was studies. The performance of proposed horizon detection method is
estimated by comparison to other 3 state-of-art methods based on 13 challenging testing videos under different
circumstances. The 3 methods are: the method based on discriminates and eigenvalues of covariance matrices in RGB
space (H-DE); the method adopting probability distribution functions of sea and sky region (H-PDF) and the method by
multi-scale cross modal linear feature (MSCM). The video sequences can be classified into two categories: the camera
mounted on board and with camera mounted on shore horizon. Conclusion. The proposed linear fitting method can rectify
the outlier values. The experimental results on a sequence of test videos demonstrate that the proposed sea-sky line
detection method has a higher accuracy and it is more robust and efficient than other existed methods.

Keywords: Sea-sky line; extract the sea-sky line accurately even from low-resolution image; novel horizon detection

method for maritime environment.

Abstract

Sea-sky line is one of the most important semantic
boundaries in sea-sky images. We design an algorithm
consisting of three stages: region extraction, color
segmentation and line detection. At first, the region
extraction is performed by a spatial-contextual texture-
based model and each region is assigned a probability
for constructing a belief map to identify sea-sky region.
Then, the color segmentation algorithm calculates a
series of adaptive thresholds so as to create
corresponding breakpoints. Finally, a novel voting
method is developed to reduce the computation and the
expenses on storage for line detection. Under various
sea and sky background, our algorithm can detect the
partially occluded sea-sky line precisely.

Introduction

Sea-sky line, as a kind of horizon, bisects sea and
sky from sea-sky background image. Sea-sky line plays
an important role in maritime surveillance which has
been applied to several domains. Because targets on the
remote distance always firstly appear near the sea-sky
line, the sea-sky line is located to detect the remote
targets. Besides, the sky region is regarded as the
background, which is excluded to narrow the target
searching area and reduce computation cost. Unmanned
aerial vehicle (UAV) works on the sea, whose pitch
angle and roll angle can be estimated by sea-sky line to
automatically adjust its attitude. As the sea-sky line
become popular in maritime surveillance, more and
more methods are proposed to extract sea-sky line.

A two dimensions parameter space is constructed by
adjusting bank angle and pitch angle so as to indicate the
location of assumed sea-sky line. Based on color feature,
covariance matrices of sea and sky are created
respectively. The criterion using determinants and sum-
of-eigenvalues is proposed to determine the true sea-sky
line [2]. In [3] the probability distribution function is
introduced for describing the gray distribution of image.

The line with maximum Bhattacharyya distance is
regarded as the true sea-sky line. Shen et al. [4] proposed
a modified algorithm of H-HC with double-side narrow
band which reduces the influence from wave clutters to
some extent. Cornell et al. [5] simplified the calculation
by a circular mask. Within the circular mask, the image is
segmented into sea region and sky region using OTSU
algorithm [10]. The centroid coordinate in each region
can be acquired by the average values of x and y. The
position of sea-sky line is derived directly without extra
extraction of the linear feature. However, the method is
only conducted with clear sky over flat terrain. In [6], the
horizon angle ranging from 0° to 180° is divided into
several parts equally. Within each part, edge pixels
project to a line crossing origin. As the maximum
projection value may not correspond to the real sea-sky
line, several metrics are used such as the distribution of
the real sea-sky line projection is symmetric and narrower
than other edges projection; the sea-sky line project must
be a local extreme value. Edges produced by waves and
clouds also satisfy these metrics which are applicable to
sky-ground situation but not work well under sea-sky
circumstance. Luo et al. [7-8] designed a model
composed of color classification and physical-motivated
signature validation, which is only effective under
specific circumstance with clear and light-blue sky at
daytime. Dilip et al. [9] proposed an algorithm for sea-
sky line detection called multi-scale cross modal linear
feature. By multi-scale media filtering, the linear feature
is extracted by Hough transform and the intensity
variation over different scales. Affirm score composed of
geometric score and goodness score are calculated, the
largest value of which indicates the true sea-sky line. The
method can extract the sea-sky line accurately even from
low-resolution image or under the circumstance that
horizon is partially occluded by other objects. But the
method is easily influenced to waves with huge
computational complexity.

The paper is organized as follows. In Section 2, the
physical characteristics around horizon in maritime are
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investigated. According to these characteristics, abnormal
values are eliminated and a statistical gray-level co-
occurrence matrix is constructed. Then a weighted
contrast is designed to extract texture feature. Based on
color feature, the process of sea-sky line detection is
executed. A series of thresholds are obtained by OTSU
method to find appropriate split points. Thus a new metric
linear fitting method is desired using the split points.
Section 3 presents experimental results and discussion on
the performance of methods. Conclusion and suggestions
for future research are drawn in Section 4.

Algorithm

Clouds influence color distribution of sky region
which also constructs textural features while features of
sea region are consisted of light refraction and reflection
from waves. To extract sea-sky line, sky with its clouds
can be classified into one class and sea belongs to
another class. What we should to do is that reduce the
difference within the class without weakening the
difference between classes. In order to illustrate three
color distributions, we extract 1-D traces within the
image along blue sky-to-cloud direction. As shown in
Fig.1 (a), we find that in blue channel color changes
between blue sky and white clouds is not as significant
as in red channel and green channel. In cloud region
whose color is seen as whitish, all three channels reach
a high level in clouds [1] but only the blue channel in
blue sky has a high value as clouds. And in Fig. 1 (b),
three color distributions are similar to each other. One of
them can represent the others. It means that we can
adopt the blue channel value to transform the image
from RGB color space to gray space under this
circumstance. This principle is also applicable to
condition associating with sunrise and sunset.

giay level of pixel

gray level of pixel

Fig. 1. The first image of shows a trace (in black color) going
through clear blue sky and white clouds, crossing sky to deep
blue sea. The second image illustrates corresponding color
records of three channels (blue, green and red respectively)

For an original image / with M x N resolution

cells, its gray image is described as:
]gmy = f(x’y)MxN :

Where f(x,y) is gray level of pixel at position
(x,y) . We randomly select a region whose height or

width should be equal to height or width of image and
calculate average value of each channel. The value of
f(x,y) is computed by following equation:

R(x,y) if R>G,R>B;
f(x,y)=:G(x,y) elseif G>R,G > B,
B(x,y) otherwise,

where R(x,y), G(x,y), B(x,y) represent value of red,
green, blue channel at position (x,)) respectively while

RGB respectively represent the average value of three-
distinction image's color channel of red, green, blue in
selected region. Based on YUV model, there is a
traditional formula to acquire a gray image from
original RGB image:

S(x,3)=0299xR(x,y)+
+0.587x G(x, y) +0.114x B(x, ).

Fig. 2 shows the result of transformation by two
different formulas. From Fig. 2 we find that the
diversity between blue sky and white clouds is
weakened obviously and the difference between sky and
sea is reduced slightly by proposed formula. It is helpful
to separate the sky from sea.

a — Original image
—

b — Gray image by proposed method

¢ — Gray image by traditional method
Fig. 2. The obtained gray images using different formulas.

For that sea always has darker blue color
comparing to sky, color as the most prominent feature,
which can be directly used to identify sky and sea in the
most circumstance. But sky with saturated blue at the
top and sea with lights from reflection and scattering
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may disturb sea-sky line extraction. On the basis of
Rayleigh’s law, the color of sky gradually desaturates
from zenith to sea-sky line. The region appearing near
the horizon is almost white for scattering effect caused
by particles in air. To eliminate saturation effect on the
top of image and reflection light on large area
appearance of sea, we can extract sea-sky region,
including both partial sea and sky, to locate sea-sky with
less disturbance. Our experimental images show that for
true clear sky region or overcast sky region even color-
tinted sky region (at sunrise or sunset), the detected sky
region have a near uniform distribution. Because the
light scattering in some color channel is approximately
homogeneous, the sky region also appears fairly
homogeneous in terms of color as well as textural
feature. But the light reflection and scattering on the
appearance of sea cause them inhomogeneous. We use
textural feature to describe characteristics of sea and
sky. As the spatial relationship is regard as the function
of distance between two pixels, the textural feature of
region can be expressed by gray-level co-occurrence
matrix. Gray-level co-occurrence matrix is consisted of
the joint numbers by combination of every two gray
level i and j along direction ® , with distance d .

The co-occurrence matrix is defined as:
P(@i,j,d,0)=
#{[(x,y), (x+m, y+ )| f(x, ) =i, f(x+m,y+n) = j},

where m=dcos®, n=dsin®, (x,y) and

(x+m,y+n) are positions of two pixels in image, #
represents the number of elements in this set; ©
(®=0°,45°,90°,135°) denotes the angle between

horizontal direction and the line connected by two
pixels.

To reduce the computation, we rescaled the values
from 8 bit to 4 bit.

The rescaled formula is shown as:

fx.y)=f(x»)/16,

a normalized matrix is defined as:
PG, j,d,®)=P(,j,d,®)/R,

where R is the total number of pixel pairs.

We have got gray-level co-occurrence matrix and
need to evaluate the complex of textural feature. The
contrast, as an evaluated approach of textural features, is
calculated as:

C=3,2 (=)’ PG.j.d.0).

As gray distribution of sky and sea is anisotropic,
textural features from all four angles are useful for
constructing gray-level co-occurrence matrix. We add
up values from four directions as the final textural
feature value. For characteristics of sea-sky images, we
classify them into four classes: overcast images with
clouds, images containing rough waves, color-tinted
images with strong lights from scattering and reflection
as well as normal images including clear sky and calm
sea. These are showed as Fig. 3.

d — normal image

Fig. 3. The first column of a, b, ¢, d is original sea-sky image.
The second column describes their sky region.
The last column is from their sea region.

To illustrate the difference of sky region and sea
region, we calculate textural features of them from
Fig. 3. We set d starting at d =1 and the increasing
step is one pixel. The biggest value of d is 30. The
normalized contrast values of the textural feature
calculated from the sky and sea sub-images are shown
in Fig. 4.
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Fig. 4. The normalized contrast values with the variation of d

From Fig.4, when d =2,3 the normalized contrast
value performs better to get an obvious differentiation
between the sky region and sea region. In all four kinds of
scene, the textural feature of sea region is more complex
than sky region with certain pixel distance [8]. Especially
in color-tinted image and image with rough sea, the
textural features of sea and sky are even not in the same
order. But for image with overcast sky, the sea region is
more complex than the sky region only when the pixels
distance less than 28, because the thickness of clouds is not
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unformed. Lights scatter by particles in clouds, which
cause variable gray distribution and construct more
complex textural features comparing to other scenes.

We design a sliding window and calculate textural
feature value in each time window slides. The size of
sliding window cannot be too small because textural
features are based on statistics. As well the window size
should not be so large that it includes both sky and sea
which confuses discrimination. There is no identical
standard to devise the size of window. According to
experimental results, we set the size of sliding window
at a resolution of mxn, where m =[M/15],n =[N/15],

M is the number of original image’s rows while N
represents the amount of columns. The sliding window
starts moving on the top-left along the vertical direction.
The moving trajectory is given in Fig. 5, a.

5**

| T ! L s L L
100 150 200 250 300 350 400

L
0 50

450
C

Fig. 5. Each small white rectangular shows the size

of sliding window. Window moves along the vertical

direction from zenith to nadir. b — shows a series of
datas with oulier$ ¢ — shows datas without outlier

We compute textural features in each sliding
window and get a series of values, which are showed in
Fig. 5, b. It clearly can be seen that the curve increases
sharply near the conjunction of sea and sky on which
existing a specially high value exceeds over 18. This
oulier value is created by the window including both sea

and sky where gray distribution changes violently. We
eliminate this abnormal value (as Fig. 5, ¢) and these
remining datas distribute like a s-shape curve. Although
within one sliding window textural value of sea larger
than sky’s, there are still some special condition as
Fig. 5, a: sliding windows containing sky and sea may
have the maximum textural value over all image under
which the next regions are believed to be sea with high
confidence(the seed region of sea). On the same time,
the window with the minimum value is defined as sky
region in low confidence(the seed region of sky). Based
on experimental results, if the textural value in some
window 1is less than four times of minimum textural
value and no more than a quarter of maximum textural
value, corresponding windows belong to sky. Every
seed region of sea is assigned a belief value of 0.99999,
and each seed region of sky is given a belief value of
0.00001. We also need to assigned belief values to other
regions, in other words sliding windows, which are not
seed region. A logistic model of sea is applied to a
classification stage for assigning a belief value to each
region. The logistic model is represented as:

1
T = e

Where a is the offset of logistic function on x-axis.
c represents the extent of inclination for curve: the value
is higher, the curve is steeper. x is the location of seed
region in original image f(x) is belief value
f(x)e(0,1). We takes
logarithm of logistic function as:

ln( ! —ljzln(exp(—x_an=—£+£.
fx) c c c

1
Set y=1
et y n(f(x

corresponding to each x,

X a
-1[,s0 y=—-+—.
) j c ¢
The logistic function has been transformed into a
linear function. Suppose that the number of seed region
is NV, we have a series fitting points consisting of the
location of seed region x,,; and their belief values

Vpro- We should adopt a method to minimize the sum of
squraed residuals between observed belief value and
fitted belief value. The method of least square, as an
approach in linear regression, can be used in data fitting.

When two coefficients of logistic function has got,
the fitting curve of Fig. 5, a is descibed as Fig. 6.

Br G50 S0 D BT 0% o 08

oir

s

Fig. 6. The logistic curve of Fig. 5 is based on the location
of seed region and their belief value
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When the belief value of area approximates near 1,
the area is definitely sea area. Otherwise, when the
belief value decreases near 0, its corresponding area all
belongs to sky. Some areas with probability between 0
and lare hardly to be defined as sea or not. We called
these area as sea-sky area. Sea-sky area eliminates the
top region of original image on which satured effect
often apears. Sea region on the sea-sky area is almost
white. And on the sea-sky area, the reflecting light
scatters more times from appearance of sea whose color
becomes deeper dark blue. The boundary of sea-sky
region is decided by predefined belief values where the
smallest value decides the highest boundary of sea-sky
area and the largest value sets the lowest boundary. We
define two belief value as the largest one is F .,

another probability is P, The boundary of sea-sky

mall *
region is located in a definite interval. If B,

increases by degree, the area of sea as x;,, on the sea-
sky region would decrease gradually. On the same time,
when F,,; decreases, the value of x;,,;, increases and

area of sky region becomes more larger. In order to
obtain adequte area of sea and sky, we set
Barge =0.99, Byqn =0.01. Under this condition, sea-

sky region is extracted as Fig. 7 a)shows.

gray level of pixel

10
0

. . . . . . . . . )
5 10 15 20 25 30 35 40 45 50
distance

b
Fig. 7. Extracted sea-sky region with occluding boat

Above of sea-sky region has bluish color and the
part of sea shows dark blue color. It is obvious that sea-
sky region is partitioned into two classes according to
their color distribution. We can use color feature to find
a threshold distinguishing these two regions and extract
sea-sky line as a boundary between them. We randomly
select one of the columns (not includes boat) in Fig.7 a
and its gray distribution is showed in Fig.7 b. Gray
histogram is assumed to have a bimodal distribution
with a sharp change near the boundary of two classes.
We adopt OTSU algorithm searching for the threshold
that maximize the inter-class variance and minimize the
intra-class variance, which is described as:

0} ()= W (0w, (Do ()~ ()
where ¢ is the threshold when inter-class variance o%

wi (1),
probabilities of two classes by threshold while wj(¢),

reaches the maximum value wy(t) are

Wy (t) are class means:

t-1 g-1
wi(t) =D P)wy ()= 3 P(i);

i=0 i=t
=7 10) & iPGi)
)= W)=y —=,
ni(2) ig()wl(t) Ko (7) sz(f)

where g is gray level, P(i) is the probability under
gray-leve i.

When sky is clear whose light is bluish, both sky
region and sea region have their identical color features.
But obstacles, as Fig. 7 a, appears on the sea-sky line
disturbs gray distribution of sea-sky area, which
produces several undesirble false positives. We equally
divide sea-sky region into n parts (n=20) along the
horizontal direction and calculate threhold in each part.
If the part occluded by obstacles (i.e boats, waves,
islands), it will produce a outlier. The part without any
obstacles, or these obstacles can not disturbs gray
distribution evidently, it creates a threshold accurately. A
sequence of thresholds have been obtained, by which
we locate coordinates of segment in each part. Fig. 8
illustrates 20 candidate coordinates the are computed for
the image of Fig. 7, a. We should eliminate those
outliers and extract sea-sky line using reminder points.

Fig. 8. 20 candidate coordinate for segmentation

A straight line pattern is described as:
Vi = IOCI +b,i = 1,2,...7’1 ’

where (x;,y;) is edge points on the same straight line. &
is the linear slope and b is the intercept. n represents the
number of edge points. Every two points can construct a
linear equation. Each point set ((x;,;), (X y i j
will obtain a pair of parameters (®,b), ® =arctank .
We use angle © to quantify the gradient of straight line
instead of the slope k because of ® €(—90°,90°) which
has a definite boundary while k € (—o,4). In Fig. 8

every two candidate coordinates is connected in order so
as to create a set of coordinate pairs

{((x,-yl-),(x_,-y_,-))},m jiell,n—1],j €[2,n]

and their corresponding parameter pairs {(@i’ j,bl-’ ; } .

Once a pair of these parameters is got,

Count(®; ;,b; ;) as an accumulator, will be increased

by one. Some connections is illustrated in Fig. 9.
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123 85 B TRl gl 11125131415 61T 18- 19 20

Fig. 9. Some connections between coordinates.
The straight line in black color represents the connections
between the first coordinate(No.1) and other coordinates.
The yellow lines connect the coordinate, whose sequence
number is 14, with its following coordinates

Total number of connections is:

n-1 n -
Z Z COMnt(@lJ’blj)=1+2++(n_1)=—n(n 1)
. P > 4 2

i=l j=i+l

All of coordinates on the sea-sky line, like
(1,2,3,4,5,16,17, 18, 19, 20), can construct the same
straight line. But for coordinates in outlier, like point
No. 14, connections in yellow color may belong to
different linear equations.

Suppose that under extreme circumstances, all
coordinates in outlier arrange in the same straight line of
which the amount is m. If we could extract the sea-sky
line accurately, it should satisfy

-1
M>m(m—1)—>m<z.
2 2

In fact, as Fig. 9 shows, these outliers are not in
the same stright line in most cases. It means even the
length of obstacles are more than half of the image
width, we can also truely find the sea-sky line. After all
parameter pairs (©,b) have been obtained, we define
(Omax>bmax) as the parameter of sea-sky line if its
value in accumulator is the largest one. The conclusion
of procedure is: at first we partition coordinates by
angle ® and intercept b up to a certain tolerance; then
count the number of elements in each group that is done
by corresponding accumulators; finally, validate the
group which has the largest number of elements.

Step 1. Parameter calculation
A linear function is fitted by at least two points.
When we have two ponts (x;,¥;),(x Vi) the linear

equation is written as:

yj_yix+xjyi_xiyj

xj —X;

5
xj' —X;

where i < j,ie[l,n—-1],j€[2,n], Xj# X
And the angle ® and the intercept b are:

® = arctan Yi i b LY
; .
xj—xl' xj—xl'

We desigh a set S to deposit parameter pair (®,b) .

Step 2. Voting

When we get a parameter pair (©,b) by step 2, we
should judge whether (©,b5) have existed in set S or
not. If exist, the correspoding accumulator
counter(®,b) increases by one. Otherwise, (®,b) will
be added into set S. For that small waves and reefs

appearing on sea-sky line make the position of line
distorted.
We set up two predefined tolerances, tg for angle

and T, for intercept , so as to reduce distortion effects.
For V(®;,b;) €8S, if exits:
|®_®l| < r®and|b—bl| <Tp.
We updates the parameter pair as:

_ ©+Ocounter(©;,b;)
counter(®;,b;) +1

0,

b — b+ bcounter(®;,b;)
counter(®;,b;)+1

Then the correspoding accumulator will increase as:

counter(®;,b;) = counter(©;,b;)+1.

If not, we put (©,b) into set S as a new element.

The Step 2 continues until all parameter pairs are used.
Step 3. Validation
We search all over of the set S to find the
maximum value in their corresponding accumulators.

Suppose that the value of Count(® .y ,bmax)is the
largest, y =tan®,,, x+b,., is regraded as the linear

equation of sea-sky line. The result of extraction by
algorithm is showed in Fig. 10.

Fig. 10. The result of sea-sky line extraction

Experiments

The performance of proposed horizon detection
method is estimated by comparison to other 3 state-of-
art methods based on 13 challenging testing videos
under different circumstances. The 3 methods are: the
method based on discriminates and eigenvalues of
covariance matrices in RGB space (H-DE) [2]; the
method adopting probability distribution functions of
sea and sky region (H-PDF) [3] and the method by
multi-scale cross modal linear feature (MSCM) [9]. The
video sequences can be classified into two categories:
the camera mounted on board and with camera mounted
on shore horizon. For camera mounted on shore, the
location of sea-sky line remains stably. However, for
camera mounted on board, the location of sea-sky line
changes along the vessel. Under this condition, the sea-
sky line detection would be influenced significantly.

To evaluate the performance of proposed method,
in this experiment parameter of angle deviation tg is

set to 0.5 and the intercept deviation 1, is equal to 3.
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The details of video sequences used in experiments
are described in Table 1 (N — name of test sequences;
T — the number of ground truth/frames; TT — the total
number of frames).

Table 1 — Video sequence in the experiments

N T N T N T
I 299 6 255 11 299
2 279 7 299 12 539
3 299 8 299 13 502
4 299 9 29 | rp 4255
5 288 10 299

Several standards are proposed to evaluate the
performance of horizon detection method comparing to
manual denoted results. At first, the angle a between
horizon and the horizontal edge of image which
indicates the inclination of horizon. Y is the vertical
distance from the center point of upper edge in the
image to horizon and it is used to mark the location of
horizon [9]. The errors of angle a and distance Y are
produced by the subtraction of detected results and
ground truth at every frame.

Based on 13 test maritime videos, the performances
of 4 methods are evaluated as Table 2 and 3.

Table 2 — Average Center Location Error Y (in pixel)

Name of Method
test

sequences MSCM H-PDF H-DE PI'OpOSCd
1 340.8003 | 158.2167 | 34.5042 | 2.3870
2 2475191 | 24.3547 22.9409 | 3.4670
3 306.0614 | 25.2960 20.0490 | 3.0749
4 105.1453 | 25.6921 52.2371 | 5.8420
5 283.2996 | 139.0549 | 16.7897 | 3.0327
6 243.2897 | 15.4826 29.8568 | 1.8821
7 101.1494 | 13.8743 20.8121 | 2.7234
8 67.9964 19.2581 48.9061 | 2.7236
9 279.6231 | 39.5646 26.1926 | 6.5724
10 213.1621 | 59.2639 35.9400 | 7.7864
11 3.3323 66.3006 33.3258 | 4.6951
12 13.2109 135.8365 | 18.4610 | 11.9131
13 12.3280 28.7704 | 45.5998 | 1.8326

Y 152.8733 | 52.8953 | 32.0193 4.7867

Table 3 — Average Center Location Error a (in degree)

Name of Method
test
sequences MSCM H-PDF H-DE PI'OpOSCd
1 2.0608 2.6242 3.6478 0.0928
2 1.9307 1.3691 3.8127 0.1440
3 1.799 1.4702 3.3448 0.1650
4 1.1927 1.4903 5.5584 0.2747
5 1.9161 2.9089 3.1428 0.1159
6 1.7038 2.8763 2.8679 0.1342
7 0.9078 2.4501 2.5698 0.1539
8 0.6653 2.4911 6.0460 0.2490
9 1.4311 3.1889 3.3896 0.2914
10 1.5454 3.1667 4.2753 0.3280
11 0.3267 0.3267 5.3197 0.1465
12 0.1429 3.3221 2.9976 0.2211
13 0.1848 0.1815 4.9878 0.0275
a 1.0971 2.1105 3.8837 0.1761

The best result is remarked in red color.

It can be concluded from Table 2 and Table 3 that
the proposed method has a minimum detection error
both in average center location and in average angle
comparing to other methods. In 13 test videos, the
average center location error and average angle error of
this paper are 4.7867 pixels and 0.1761 degrees
respectively, which are smaller than other methods. In
Sequence 8, 11, 12, thick clouds constructs similar color
feature to sea region that attenuates the horizon. The
proposed method and MSCM present the best
performance in Sequence 8, 11, 12. But for other
methods, they totally depart from the true horizon.
Meanwhile camera mounted on board from Sequence 1
to Sequence 10 fluctuates irregularly. The gray
distribution of image is disorganized. Even if under this
condition, the proposed method gives the best results
and can capture entire horizon accurately. In addition,
the proposed method has a higher process rate in video
sequences which are shown in Table 4. The experiment
is executed on Matlab 2016b, CPU Intel i5-3210M,
Memory 2GB.

Table 4 — Process rates of 4 methods

The size of Process rate (seconds per frame)
frames | proposed | MSCM [9] | H-PDF [3] | H-DE [2]
1920x1080 1.021 6.223 3.556 7.404

From Table 4, the proposed horizon detection
method is more efficient with assurance of lower
average center location error and angle error.

Some detection results by proposed method is
illustrated in Fig. 11.

Fig. 11. Some sea-sky line detection result
(in green) by proposed method

From Fig. 11, it can be found that the proposed
method have a good performance in test sequences even
if a part of sea-sky line is occluded by vessels.

Conclusion

In this paper, a novel horizon detection method for
maritime environment is proposed. The method is based
on color feature as well as textural information. It
consists of sea sky region extraction and horizon
detection, which is more precise and fast no matter in
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the sceneries created by camera mounted on board or on  sequence of test videos demonstrate that the proposed
shore. New linear fitting metric is used in sea-sky line  sea-sky line detection method has a higher accuracy and
extraction. The proposed linear fitting method can it is more robust and efficient than other existed
rectify the outlier values. The experimental results on a  methods.
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AJITOpUTM PO3NMi3HABAHHS MOPCHKOI0 rOPH30HTY Ha ¢oTo i Bifeo3o0paeHHsIX
0. B. llImarko, B. O. Anekcies, JInanr JloHr

IIpeamerom n0CIiIKEHHS € NPOLIEC BUABICHHS JiHII MOPCHKOrO T'OPU3OHTY, 3aCHOBAHUI Ha KOJIBOPOBiH XapaKTepUCTHULII.
Merta i€l poboTu nonsrae B po3poOLi MeToay 3acHOBaHOro Ha (yHKIiT 00poOKky KombOpoBOi iH(pOpMAIlii, a TAaKOXK TEKCTYpHOI
iHdopmarii. Bin nonsrae B moxini odnacti Mops 1 HeGa i BUABICHHSA rOPU30HTY. MeTo € OLIbII TOYHUM 1 IIBUAKUM, HE3aJIEKHO
Bifl TOro, sIKi 3HIMKM 3po0OJIeHi KaMepor, BCTAaHOBIICHOI Ha Oopry abo Ha Oepesi. 3aBIaHH#, sIKi HEOOXiJHO BHpILIUTH -
3alpOIIOHYBAaTH HOBY JIiHIMHY MeTpuKy (IiTHHIY IpM BM3HAUCHHI JiHiI MOpCBKOro ropu3oHTY. bynum orpumani HacTymHi
pe3yJIbTaTH: BUBYEHO IPONOHOBAHMH METOZ JIHIMHOI MiAroHKHM. BHKOHAHO OLIHKY 3aIpPOIIOHOBAHOTO METONY BHSBICHHS
TOPU30HTY B IOPIBHSAHHI 3 IHIIMMU TPbOMA CYYaCHUMHU METOJAMM, 3aCHOBAaHUMH Ha 13 CKJIAJHUX TECTOBUX BiZEOPONMKAaX B
pi3HMX oOCTaBMHAaX. 3 MeTozma: METOJ, 3aCHOBaHMII Ha JMCKPHMIHAaHTaX i BIAaCHMX 3HAUCHHSAX KOBapiallilHMX Marpullb B
npocropi RGB (H-DE); merton, sikuii BukopucroBye (yHKIii posnoxniny iimoBipHocTeit obnacri Mops 1 He6a (H-PDF) i metoxn
6araromMacTabHOro KpOc-MOIaJIbHOrO JiHiiHOro o3Haku (MSCM). [laHi, BUKOpUCTaHi IPU JIOCIIPKEHHAX MOKHA PO3JIUINTH Ha
IIBl KaTeropii: kaMepa, BCTAHOBIIEHAa Ha OOpTy, i Kamepa, BcTaHOBJICHa Ha Oepesi. BucHoBok. IIponoHoBaHMiT MeTox JiHIHHOT
IiIOHKK MOKE BUIIPABUTH 3HAYEHHS BUKHIIB. ExcriepuMeHTasnbHI pe3ynbraTu 3a HOCHIIOBHICTIO TECTOBUX BiJIeO IOKa3ylOTb,
10 HPOIOHOBAHMM METOZ BHSBICHHS JIiHII MOPCHKOIO TOPHU30HTY Ma€ OLIbII BHUCOKY TOYHICTH i € OUIbII HamiHUM Ta
e(eKTHBHUM, HDX iHII iCHYIOUI METOAH.

KawdyoBi caoBa: JiHIS MOPCHKOrO TOPHU3OHTY; TOYHE BHM3HAYEHHS JIiHII MOPCHKOTO TOPU30HTY JUIS 300pa)eHb 3
HU3bKUM JI03BOJIOM; HOBU METOJ BUSBIICHHSI MOPCHKOI'O TOPU3OHTY.

AJITOPHTM PaCNO3HABAHNSI MOPCKOI'0 TOPH30HTA HA ()OTO U BHIEOM300PaKEHHIX
A. B. lllmarko., B. O. Anekcees, Jlianr JloHr

IIpeamerom uccnenoBaHus SBISAETCS NPOLECC OOHAPYKEHUs! JIMHUM MOPCKOrO I'OPU30HTA, OCHOBAHHBIN Ha IBETOBOIL
xapakrepuctuke. Ileanb 3Toi paboThl 3aKioyaeTcs B pa3pabOTKe METOJa OCHOBAHHOIO Ha (YHKIHMH OOpabOTKH IBETOBOH
nH(pOpMaIMy, a TaKke TeKcTypHoH uHpopMmaimu. OH 3aKiIodaercss B pasjeneHuu obnactd Mops M Heba M OOHapyKeHHs
ropu3oHTra. Merop sBisieTcst Gosiee TOUHBIM U OBICTPBIM, HE3aBUCHUMO OT TOT'0, KAKME CHUMKH CIeJIaHbl KaMepOH, YCTaHOBIEHHOMN
Ha Oopry miu Ha Oepery. 3ama4ym, KOTOpbIe HEOOXOIMMO PELIUThH - MPEUIOKUTh HOBYIO JIMHEHHYIO METpPHKy (uTuHra npu
OIPE/IENIEHNH JIMHUH MOPCKOIO TOPU30HTA. BBIIM MOMydeHbl CIeAyIOMNE Pe3yabTaThl: H3ydeH MpeaIaraéMblii METON TMHEHHOM
MOJATOHKY. BBINONHEHa OlEHKA IPEMIOKEHHOrO0 MeToia OOHApY)KeHHs TOPH30HTa IO CPaBHEHUIO C JPYTHMH TpeMs
COBPEMEHHBIMH METOJAaMH, OCHOBAHHBIMHU Ha 13 CIOXHBIX TECTOBBIX BHIEOPOIMKAX B Pa3HbIX OOCTOSATENILCTBAX. 3 MeETOda:
METOJI, OCHOBAaHHBII Ha JIMCKPUMUHAHTaX U COOCTBEHHBIX 3HAYCHUAX KOBapUALMOHHBIX Marpull B npocrpanctBe RGB (H-DE);
METOJI, UCHONB3YIOMI QYHKIMU pacrpesesieHns BeposTHocTel obnacti Mopst u Heba (H-PDF) u meron MHOromaciraGHoro
Kpocc-MOIabHOro JinHelHoro npusHaka (MSCM). [laHHble, MCHONB30BaHHbBIEC IIPU HCCIEAOBAHUAX MOXHO Pas/lelIUTh Ha JiBE
KaTeropuu: KaMepa, yCTaHOBJIEHHas Ha OOpTy, U kKamepa, ycTaHOBIIeHHas Ha Oepery. BeiBoabl. IIpetaraeMslii MeTos TMHEIHOTO
MOJTOHKH MOXET HCIPAaBUTh 3HAYCHUsI BEIOPOCOB. DKCIIEPUMEHTAIIbHBIC PE3YIIBTAThI 110 MOCIIEN0BATEIBHOCTH TECTOBBIX BUIEO
IOKa3BIBAIOT, YTO MPEeUIaraeMblii METOl OOHAPY)KeHHs JINHUH MOPCKOIO FOPU30HTA MMEET Ooriee BBICOKYIO TOYHOCTD U SIBIISIETCS
Gonee HaJeKHBIM U 3P (HEKTUBHBIM, Y€M APYTrUe CyIIECTBYIOIINE METO/IBI.

KawueBbie cJI0Ba: JIMHAI MOPCKOI'0 ropu30HTa; TOYHOE OIPEACIICHUEC JIMHUNA MOPCKOI'O ropu3oHTa Ui I/I306pa)KeHHﬁ
C HU3KHM pPa3pCUICHUEM HOBBIN METOX 06Hapy)KeHI/I$[ MOPCKOI'O rOpU30HTa.

135



Advanced Information Systems. 2018. Vol. 2, No. 4

ISSN 2522-9052

YK 621.391

A. O. 3yeB

doi: 10.20998/2522-9052.2018.4.23

HarionansHuii TEXHIYHHN YHIBEPCUTET «XapKIBCHKUH MONITEXHIYHUI IHCTUTYT», XapKiB, YKpaiHa

METO/I IEPBUHHOI OBPOBKH TEPMOTI' PAM,
OTPUMAHHUX 3A 1OITOMOI'OI0O MAJIOPO3MIPHUX TEIIJIOBI3OPIB

Mertoro cratTi € po3pobKa i JOCIiIKEHHS METOly BUJIAJICHHS LIyMiB Ha TEpPMOrpaMax HU3bKOI IPOCTOPOBOI PO3MIIbHOL
3[]aTHOCTI, OTPUMaHMX 3 KOMEPLIHHUX ManorabapuTHUX TEIUIOBI3IHHUX Kamep, sIKi 3a CBOIMH MacorabapUTHUMH XapaKTe-
PHUCTUKaMH MO)KHA BUKOPHCTOBYBaTH Ha MiHi-BIUIA mis TemnnoBoro MOHITOpUHTY 00'€KTiB €HEpreTHYHOI iHPpacTpyKTy-
pu. BuzHaueHo 1110 OCHOBHUM HapaMeTpoM, sIKUi Hece iHpopMalito Ipo pexuM podoTH 00'exTa 1 HasBHOCTI AedexTiB, npu
TEIIOBOMY MOHITOPHHTY € PO3IIOJIiJ TEMIIEpaTypH 110 MOBEPXHi 00'eKTa, SIKMI MOXKe peecTpyBaThcs TeruioBizopoMm. Ipo-
BEJICHO aHaJIi3 XapaKTepPUCTHK KOMEPLIIHIX TEIUIOBI30piB 3 HEOXOIOMKYBAaHUMU MAaTPUIIMU. BOHM MatoTh HEBUCOKY Ba-
PTICTh Ta HEBENMKY Macy, TaKMM YHHOM, IX 3aCTOCYBaHHs JI03BOJISE iCTOTHO 3HM3UTH BapTiCTh CUCTEMU MOHITOPHHTY 3a
PaxyHOK SIK 3HWKEHHsI BApTOCTI KOPHCHOIO HABaHTa)KeHHS TakK i BUMOT 210 BaHTaxkonigiomHocti BITJIA. OcobnuBictio Te-
IUIOBi3i#HOT 3HOMKH € MOPIBHAHO MaJla PO3/iJbHA 3/aTHICTh TEpPMOrpaM Ta 3HAYHHMI PiBEHb LIyMiB HA HUX, 1[0 BUMAarae
3aCTOCYBaHHs METOJiB 00poOKM 300pakeHb, siki O MiHIMi3yBaJli piBeHb IIyMiB. PO3IiIsHyTO Hpouec OTpUMaHHs TEepMOr-
paMu 3 BUKOPHCTaHHSM MaJIorabapHTHOIO TEIUIOBi30pa B peajbHOMY MaciuTabi 4acy. 3alpOoIloOHOBaHO i peajli3oBaHO Me-
TOJI BUJIAJICHHS! OCHOBHHX BHJIIB CIIOTBOPEHb HA TEPMOrpaMax, 3aCHOBaHHMI Ha aJalTUBHOMY LIU(POBOMY MeliaHHOMY (]i-
nbTpi. [IpoaHanizoBaHo HpoIiec MOSBY TEIUIOBOIO TPAI€HTA, 10 BUHUKAE ITiJ] 9ac poOOTH O0JIOMETPHYHOI MaTpHIL, HaBe-
JIEHO MeTo/] Horo BuasieHHs. IToka3aHo, 110 3aIPOIIOHOBAHI METOM JA03BOJISIOTH NPAKTUYHO ITOBHICTIO YCYHYTH apTeda-
KTH HasiBHI Ha TepMOrpami.

Karo4dosi ciaoBa: Temosi 30pu; ajanTuBHa MeAiaHHa (QiIbTpaliss; 00’€KTH €IeKTPOSHEPreTHYHOI iHppacTpyKTypH;

0e3MIOTHI JiTaNbHI anapaT; 00podka 300paxeHs.

Bctyn

B ocraHHI pokH 3HAa4HO 3pic iHTEpec 10 BUMIpIO-
BaHb TEMIIEPATypH 3a JOMOMOIOI0 TEIUIOBI3IHHMX Kamep
(TemyoBi3opiB). BOoHM BHKOPHCTOBYIOTHCS B THUX BHIAJ-
KaxX KOJIM HEOOXiTHUH KOHTPOJIb TEIUIOBOTO CTaHy 00'eK-
Ta, a00 HEOOXiqHO OE3KOHTAKTHE BHMIPIOBAHHS TEMIIe-
partypu [1]. Illupoke 3acrocyBaHHSI TEIUIOBI30PH OTPH-
MaJId B €HEPTeTHUII, OYIIBHUIITBI Ta TPOMKCIIOBOCTI [2].

TeruoBrii MOHITOPHHT 3aCHOBaHHMI Ha PEECTpaii
1 aHami3l TeMmepaTypyd KOHTPOJIbOBAaHHX 00'€kTiB. ['o-
JIOBHOIO YMOBOIO HOT0 3aCTOCYBaHHS € HasIBHICTH B 00'-
€KTI MOHITOPHHTY TeIUIOBHX MOTOKIB. [Iporec nepenayi
TEIJIOBOI €Heprii, BUAIJICHHS a00 MOIJIMHAHHS TeIlla B
00'€eKTI TPU3BOAUTH IO TOrO, IO HOr0 TeMIepaTypa
3MIHIOETBCS IOJI0 HABKOJIUINHBOTO cepenoBumma. Oc-
HOBHHUM IapaMeTpOM, sIKHi Hece iH(pOopMaIlio Ipo pe-
UM poOOTH 00'€KTa 1 HAIBHOCTI JIeEKTiB, MPU TEILIO-
BOMY MOHITOPHHTY € PO3IO/LT TEMIIEPAaTypH IO ITOBEp-
xHi 00'exta [3].

Orasig icHyl04uX pilleHb MOHITOPHHIY i3 3a-
CTOCYBAHHSIM TemIoBi3opiB. OcTaHHIM dYacoM s
peectpatii cTaHy Ta MOHITOPHHTY 00’ €KTIB, po3MHoiie-
HUX Ha BENUKIiH momi (kaprorpadis, ciibChbKe Ta JIico-
BE TOCHOAAPCTBO, BEIHKI NMPOMHUCIIOBI 00’€KTH Ta Me-
pexi) mopsa i3 TpaAWIIHHUMU METOaMH 3aCTOCOBY-
FOTBCS METOAM aBTOMATHU30BAHOTO TEILIOBI3iHHOTO [4]
CKaHyBaHHS 3a JOMOMOTOK OC3MJIOTHUX JIITAJTBHUX
anapartis (BIIJIA).

B mponeci monitopunry JIEI, 3actocyBanHs Tern-
JIOBI3IMHOTrO CKaHyBaHHs JIOIIOMAarae BHPILIUTH 3a7ady
BuniteHHst ainstHOK JIEIT 1 11 KOHCTPYKIIHHUX eleMeH-
TiB, TEMIIepaTypa SKUX BUXOIMTH 3a JOIYCTHMI MeXi a
TaKOX CYMICHO 3 300pa)XEeHHSIMUA BHIMMOTO Jliana3oHy,
Ui po3mizHaBaHHs pocnuHHOCTI. CminbHo 3 BIUIA
JIOIJIFHO 3aCTOCOBYBATH TEIUIOBI30pH 3 TMOPIBHSIHO
LIMPOKUM KYTOM MPOCTOPOBOIO JI03BOINY, SIKi JJO3BOJIS-

I0Th 3apEECTPYBATH INEPEBUIEHHS TEMIIEPATypU BHIIE
3aJ]aHOT0 PiBHs, 1 30epiraTi OTpUMaHi TEPMOrpamMH JIJIst
MTOJTAJTBIIIOT OOPOOKH.

3a3Buyail TEIJIOBI30PH BCTAHOBIIOIOTHCS Ha JIiTa-
104l TUIATQOPMH CITIJIBHO 3 KaMepaMy BHIMMOTO Jiara-
30HY Ta JA03BOJSIFOTH BUSIBUTH IOTEHIINHHI IPOOIEeMHU Ha
i3onsTopax abo mpoBigHux JniHisx [5]. OgHak mocmin-
HUKH [6] BiI3HAYaIOTh CKJIAJHICTH TOYHOTO BUMIpIO-
BaHHS TEMIIEPAaTypH HEBEIUKUX O0'€KTIB (SIKUMU € ere-
mentu JIEI]) HaBiTh 3 HeBenukoi BiacTani. Ha ne Brutu-
BalOTh IIOTOJJHI YMOBHU Ta 3aBajJM Ha TepMOrpaMax siKi
00yMOBJIEHI BIIACTUBOCTSIMHU MaTepialiiB 00'€KTiB.

B pobOoti [7] mokazaHa TeopeTHYHAa MOXJIUBICTh
3aCTOCYBaHHS TEIUIOBI30PIB 3 HEOXOJIOKYBAaHUMH MaT-
pULSIME /111 O€3KOHTAKTHOI'O BHMIPIOBaHHS TeMIIepa-
typu nposoxiB JIEIL. B [8] HaBeneHo MeTon BU3HAUYEH-
HSl CTaHy INPOBIJAHUKIB IO TepMOrpami 3 ypaxyBaHHIM
HarpiBy CTPyMOM, BITPOBHX YMOB 1 TeMIepaTypu Ha-
BKOJIUIITHBOT'O CEPEIOBHUIIIA.

3 aHawi3y JiTeparypd, MOXXHA BiJ3HAYUTH, IIO
METOJ BUKOPUCTAHHS TEIUIOBI30pIiB Ui MOHITOPUHTY
JIEII onpaupoBaHi HeAOCTaTHBO. ICHYIOUI METOIH, TIPH
BUKOPHCTaHHI TEIUIOBI3OpIB 3 JIITAIOYHX ILIATHOPM,
JTO3BOJISIFOTH B OUIBIIOCTI BHUITAIKIB BUSBUTH TEMIICpa-
TYpHI aHOMaJIii, a He TIPOBECTU BUMIPIOBaHHS TEMIIEpa-
TYpH.

Mertoro cTaTTi € po3po0Ka i AOCTIIHKEHHS METOLY
BUJAJICHHS IIyMiB Ha TepMOrpaMax HHU3bKOI MPOCTOPO-
BOi PO3JIIBHOI 3/IaTHOCTI, OTPUMaHUX 3 KOMEpLiHHMX
ManorabapuTHUX TEIUIOBI3IHHNX Kamep, SIKI MOXKHa
BukopucroByBati Ha BITJIA B mpomeci MOHITOpUHTY
00'€KTiB €HEPreTUYHOI IHPPACTPYKTYPH.

AHani3 komepuinHNX TennoBi3opis.,
AKi MOXKYTb OyTU 3acTtocoBaHi Ha BINJIA

OCHOBHUMH BHPOOHHMKAaMH KOMIIAKTHUX HEI0pO-
r'uX TerwoBi3iiHuxX kamep € gpipmu Thermal Expert, Flir,
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SeekThermal. OcTaHHIM YacoM criocTepiraeThest crifika
TEHJICHIIIS IO 3pOCTaHHsI PO3ALIBLHOI 3JJaTHOCTI TEILIOBI-
31HUX MaTpHllb, 3 OJHOYACHUM 3MEHIIECHHSIM radapu-

TiB 1 wiHu mpuctpoiB. [lopiBHsIIbHA XapaKTEpUCTHKA
TUIIOBUX KOMIAKTHHUX TEIUIOBI3IMHUX Kamep HWKHBOTO
LIHOBOTO Jiarla30Hy Moka3aHa B Ta0J. 1.

Tabnuya 1. TopiBHAJIbHA XapAKTEePUCTHKA KOMINAKTHUX TEIIOBI3iHHIX Kamep

Kamepa Kyt ornsimy Poznpinbha 3paTHiCTH Maca, rp Jianazon BumiproBanns, °C

Flir VUE 69-32 640x512 (336x256) 92-113 -20, 120 (0,1)
Thermal Expert Q1 28-56 384x288 27 -10, 150 (0,08)
Flir One First Gen 46 80x60 57 -20, 120 (0,1)
Flir One 46 160x120 57 -20, 120 (0,1)
Seek Thermal Compact 36 210x156 17 -40, 350 (0,5)
Seek Thermal XR 20 210x156 17 -40, 350 (0,5)
Seek Thermal Pro 32 320x240 141 -40, 350 (0,07)

[Tpu monTyBaHHI TemioBizopiB Ha BITJIA BaxxmuBy
POJIb BiJirpae psa YMHHHUKIB, SKi HE YHHATH ICTOTHOT'O

. OnrtuyHa

BIUIMBY IPH CTBOPCHHI Ha3eMHHX CHCTEM aBTOMAaTH30- —  Marpuiis
BaHOro 300py i 00poOku curHaimie. Ile B mepiny vepry cacrema
MacorabapuTHI XapaKTePUCTHKH, Ta CIIOKUBaHA IOTY-
JKHICTb, a TAKOX OpTraHi3alis KaHaliB 3B'A3Ky CEHCOPY AAdA A A
TEIIoBi3opa i OOPTOBOTO MPHCTPOIO 300py 1 0OPOOKH L I
CHUTHAJIIB. [ T R B

Sk BuaHO 3 TaOm. 1, TUIIOBI KOMEPIIiHHI TEIUIOBI- : ' : Biok .
30pU MaroTh PO3AiIBHY 31aTHICTh Big 80 1o 210 eneme- | peecTpaitl
HTIiB (110 OUTBININ CTOPOHI) i Macy B KiIbKa IECSTKIB CUTHAJIIB
rpam. Cepen 0cCOONMBOCTEH [NESKHX IPUCTPOIB CIIif
BIJI3HAYNTH MOKJIMBICTH CYMIIIICHHS TEIUIOBI3IMHUX Ta
300pa)KeHb BUIUMOrO CIEKTpPY, IO J03BOJSE OiibII ———%-— |- ———
TOYHO BU3HAYATH MOJOKEHHS 00JacTei HarpiBy B Ipo-
cropi TPIBY B 1P : : : O6unco- :

Ha puc. 1 HaBeneHo cxemy OOJIOMETPUYHOTO TEII- | Monirop : | BaibHa :

: | : cucrema

noBizopa SeekThermal, sk HaiOLIBII TEPCHIEKTHBHOL
Mozeni Juisi Bukopucranus B BITJIA, manumit mpucrtpiit
Mae HalMeHIny macy (MeHuie Hix 20 rp.) Ipu JAOCUTH
BEJIMKUX pO3Mipax MaTpuii i MiHIManbHil HiHi. 300pa-
JKEHHsI TIOTPAIuIsSe B MPUIIAJ] Yepe3 00'€KTHB 3 XaJbKO-
reHigy 3 kyrom ormsany 36 (20) rpagyciB. O0'ekTHB Mae
KiJblle OKycyBaHHs. UyTIMBUM €IEMEHTOM € CEHCOp,
10 CKJIAJIAETHCS 3 MATPHIII MIKpOOOJIOMETPIB Ha OKCHUII
BaHAJil0, IO TNpPAILIOE B Jialla3oHi eJIeKTPOMAarHiTHHUX
XBWIB 7,2 ... 13 MIKpOH.

OCHOBHOIO TEXHIYHOIO ITPOOJIEMOIO TIPH BUKOPHC-
TaHHI JaHOTO TeIUIoBM30pa B OoproBiii cuctemi BITJIA
€ OOMEeXeHICTh iHTep(eiciB MmiaKIOYeHHs (TIpaIioe
TITIBKU 3 MOOTBbHUME Tenedonamu Ta ix OC) i 3akpu-
ticte API. [Ins migkmrouenns ao IIK abo GoproBoro
komm'rorepa BITJIA MONIIBHO CXEMOTEXHIYHO 3MiHUTH
inTepdeiic miaKIOYeHHS KaMepH, Uil 4Y0ro HeoOXiJIHO
MOETHATH CHUTHAJBbHY JIiHIIO Sense Ha TeMIoBi3opi 3
niniero GND, i 3miauta po3'eM Ha USB-Type-A (abo
Micro-B).

AJNTOpUTM B3a€EMOJIT 3 NMPHUCTPOEM CKIIAAETHCS 3
TaKUX KPOKIB:

1. INouaTkoBa HacTpoiika Ta iHimiamizamis. Bcera-
HOBJIIIOETBCS PEXKUM POOOTH, TMapamMeTpu OOpOOKH 30-
Opaxxennst 1 cran TtepmomTtopku (TILI). Ilicns dworo
BKIIIOUAETHCSI PEXKUM Tepenadi KaapiB 3 KaniOpyBauib-
HOIO Ta TEXHOJIOTIYHOIO iHPOpMAIIi€TO.

Puc. 1. Cxema remosizopa Seek Thermal.

2. KanibpyBanbHa iHpOpMaIlisi CKIaNaeThCs 3 Je-
KIUJIbKOX KaJpiB, SIKi 33J]af0Th: TEMIIEPATYpHHUH TPaJIiEHT,
MAaTpHUIIO 301HUX eleMEeHTIB 1 Koe]illi€eHTH TOCHIICHHS
MiKpOOOJIOMETPIB, a TaKOXK s KadiOpyBaJbHUX KOe-
¢imienTis (puc. 2, a).

a)|4|—|9|—|8|—|7}—‘

[ H s HTH 5]
Ole H1H3H3}

{eHTHEH)

1 - kaniOpyBanpHUil Kajp (IITOPKa 3aKpUTA);

3 - TepMorpama;

4 - TeXHOJIOTiIYHA MacKa JIe)eKTHUX EJICMEHTIB;
6 - noyarok kaniopauii (TIL 3axpuBaeTbcs);

8 - kazp 3 3akpuroro TII;

9 - TeMnepaTypHUi IPalieHT;

10 - xoedilieHTH MiACUICHHS eIEMEHTIB.

Puc. 2. ITocnitoBHICTE KapiB M0 MOCTYHAIOTH 3 TEIUIOBI30PY:
a — npH iHijanizanii; 6 — B podouoMy pexumi
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3. Pobounii pexuMm, B SKOMY IEpPENAEThCs Iapa
kajiOpyBanpHUX KaapiB (mpu 3akputiidi TII) i1 cepis
TepMorpaM. Bci kaapu MaroTh OIHAKOBY pPO3IUIBHY
3natHicTh. KaniOpyBasibHI Kaapu J03BOJISIOTH KOMIICH-
CyBaTH HarpiB OOJIOMETpIB, TPH PO3PaxXyHKY TeMIlepa-
TypH (puc. 2, 0).

4. BigximodeHHs TEIUIOBI30pa, Micis 3aKiHYEHHS
poboru.

HesBakaroun Ha HAasBHICTh KalliOpyBaJbHHX Ja-
HHUX, OTPUMaHi TEPMOTrPaMH BiJPI3HSIIOTHCS BEIUKHM
piBHEM HIyMiB, SIK B IPOCTOPOBOI, TaK 1 B 4acoBiit oOa-
cTi (puc. 3).

BonHu BUMararoTh HOAaIbIIOi 00pOOKH 3 BUKOPHUC-
TaHHSM METO/IB H(POBOi 0OPOOKH 300pakeHb.

Puc. 3. [Tpuknan repMorpamu, 10 HaXOIUTh
Oe3nocepeHbo 3 TerwioBizopa (kaap Ne3).

MeTon ycyHeHHsi 3aBaj 3 TepMorpamu

Koxxna Tepmorpama T siBisie coO00K0 MaTPHIO PO-
smipoM 208 Ha 156 eneMeHTIB, KOXKHE 3HAYCHHS eleMe-
HTY KOAy€eThCs 16 OiTamu. J[Ba OCTaHHIX CTOBIYMKA HE
B110OpaKaroThCsl, IEPEIOCTAHHIN MICTUTh BaroBWiA KO-
edimiedT miHil, a ocTaHHIA 3aBkau 3HaueHHs 0. [Ipu
LOMY, Jiala30H pOOOYMX 3HAYEHb 3HAXOIMUTHCS BIT
~2000 1o ~16000. SIx BugHO 3 puc. 3, TepMorpaMa He
MOKe OyTH BHKOpHCTaHa Oe3mocepennso, 6e3 (impTpa-
i 1 MoJabIIoi 06POOKH.

3aBaay Ha TEPMOTrpaMi MOKHa YMOBHO PO3JLIHTH
3a TAKUMU TPYIIAMU:

1. TexHoOTIYHI - KOXKEH 15 eeMeHT, TOYHHAIOYH
3 10, mictuth 0 3HaYEHHS.

2. Amapathi - 30iiiHI 00JIOMETPH, XaOTHYHO PO3-
TIOJIIJICHI 11O MATPHII IPWIATy. AHAI3 TAaKOXK MMOKA3ye,
10 YacTHHA 0OJIOMETPIiB BXOAUTh B HACHUYCHHS 32 KiJib-
Ka JIECATKIB MiTiCeKyH I micis Biakputts TIII.

3. TemyoBi - TEIIOBUH TPATIEHT 1O KpasX MaTpH-
1, 110 301IBIIYETHCS B IPOCTOPI Ta MO aMILTITY/l 3 Ya-
coM. Bunukae yepe3 HepiBHOMIpHE HpOrpiBaHHS 4Yac-
TuH Matpwii 1 TIIL

4. ®OnykTyamiiHi - TOBIIbHA 3MiHA PIBHS CHTHATY
[0 TIPUXOAUTH 3 OOJIOMETpa B Yaci. AMIUTITYIa TaKuX
3aBaJl 3MCHIIYETHCS 3 YACOM.

JInst BUIaNeHHsT TEXHOJOTIYHUX IIYMIB JOIITBHO
KOXKEH TEXHOJIOTIYHUH eIeMEeHT T(x, y) , (e x,y-

MIPOCTOPOBI KOOPJIMHATH), HA BCIX TepMOIpamMax BKIIIO-
Yaro4yu KaniOpyBaybHI, 0OpOONISATH HACTYIIHUM YHUHOM:

3aMiHIOBaTH HoOro 3HaueHHs Ha T'(x,), IO OTpUMAHO

3a JOMOMOI'0I0 MOAM(DIKOBAHOI'O MEIiaHHOTO (BiIBTPY 3

anepTyporo 3x3, B SKOMY ICHTPaJIbHHI €JIEMEHT HE
BIUIMBAE Ha Pe3yJbTaTH (LIbTpAIli:

T'(x,y)=median{T(x—l,y—l),T(x,y—l),
T(x+1,y—1),T(x—1,y),T(x+1,y), (1)
T(x—l,y+1),T(x,y+1),T(x+1,y+1)}.

O3Haka TEXHONOTIYHOro eneMenTa fj (x,y) Moxe

OyTH OTpHUMaHa 3a TaAKOK (HOPMYIIOH0:
fb(x,y)=(x+y-w—0)mod 15, (2)

ne w=206- mupuHa TepMorpamu; o =10 - 3CyB mep-
III0r'0 TEXHOJIOTIYHOTO €JIEMEHTa MATPHII.

Sxmio o3Haka AopiBHIOE 0, TO €IEMEHT 3 KOOPu-
HATaMH X, Y € TEXHOJIOTIYHUM 1 TIOBUHECH OyTH BHITyYe-
HUH.

®inptp (1) MOXIMBO MOIUGIKYBAaTH TaKUM YH-
HOM, 1100 y QinbTpanii Opaiu yuyacTs TUTBKH €IeMEHTH,

ISt SIKUX  f) (x, y) # 0 . lle 7103BONMTH BUAANATH 30iiiHi

€JIEMEHTH TI0 JOBUTBHIN Macili 03HaK m{ T (x, y) # 0} ,

HaIpHUKIaa OTPHUMaHiii 3 TermoBizopa (puc.2) kaap 3
inenTugikatopom Ned. 3 ypaxyBaHHsIM 1boro Bupas (1)
MOJKe OYTH MPEACTABICHO K

T'(x,y) = median; {T[c (x,y)l} € m} . 3)

Jus toro mo6 mpuOpaTH ONTHYHI CIIOTBOPEHHS
SIKi BIUIMBAIOTh HA IMOKa3aHHS IMpWIaNy, TOUUIBHO 3a-
CTOCYBATH IUTOCKY KOpekIlito Tepmorpamu [9]. Jlist ko-
YKHOT'O €JIEMEHTY TEepMOrpaMH MOXKHA TIOpIBHITH KOe-
¢imienT mocuieHns (kaap 3 igeHTudikatopom NelO)

G(x,y) Ta iHTCHCHBHICTb, 3apeeCTpOBaHY 3a BiJCYT-
HOCTI BHIIPOMIHIOBAHHS Ha CCHCOpI D(x, y) (kampu 3

inenTugikaTopamu Ne6 ta Nel, BinoBiIHO).
CkopuroBaHe 3HAa4YeHHs MOXXKHA OOYHMCIHMTH 3a
dhopmyIoro

T'(x,y)-D(x.y)
F(x,y)=D(x,y)

e o= G(x,y)-[F(x,y)—D(x,y)J; F(x,y) - mmoc-
Ke, MOHOTOHHE 300paKCHHSI.
[lincraBuB o 110 (4) OTpUMaAEMO

T (x%3)=G(xp)[T'(x)-D(xy)]. )

Taka KOpeKIisl KOMIEHCY€E PI3HUIIIO 3aCBIYEHHS Ta
3aTiHEHHsI B MATPHLI TEIIOBi30pa.

AnapatHi [IymMH, BHSBISIOTBCS Ha JBOX BHIAX
€JIEMEHTIB OOJIOMETPUYHOI MAaTpUIIi: MOBHICTIO Hempa-
1Ioro4i OooMeTpH, 1 GOIOMeTpH, Tpane3JaTHICTh IKUX
3MiHIOEThCS B yaci micns Biakpurts THI. fx mokazano
BUIIIE, JJIsI TIEPIIOTO THUITY €JIEMEHTIB JOLIJIBHO 3aCTO-
CyBaTH Takuil e QUIBTP, K 1 IS TEXHOJIOTTYHHX elle-
MEHTIB.

EnemenTn, ski nmerpaiayroTh 3 9acoM, IOIUIBHO
BUAAJIATH 32 JIONOMOTOI0 aJalTHBHOTO MeIiaHHOTO

T (xy)=0 , 4)
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¢inpTpa. s mporo Oymyerhes ricrorpama H posmosi-
7y piBHIB 1Mo TepMmorpami. Ha ricrorpami mpucyTHi Iii-
KM, BIATOBIJHI 32 OCHOBHI MOBEPXHI MiHIMaJIBHOI TeM-
nepaTypH, MpoTsHKHI 00'€KTH CepelHbOro Ta MaKCHMa-
JILHOT'O HarpiBy. 3a JTOMOMOI'OI0 TiCTOrPaMU BiJICIKAETh-
¢ 1% MiHIMAIBHUX Ta MaKCHMMalbHUX 3Ha4yeHb. lle
JIO3BOJISIE BUJAIMTH OUIBIIY YacTHMHY aHOMAJbHHX BH-
KHJIB O0OYMOBJICHUX HECTAOUIBHICTIO CIEMEHTIB, SKi HE
OyJIM 3apeecTpoOBaHi B MacIli 03HaK m.

HopMamizamist ricrorpaMu TNpOBOAWUTHCS TaKUM
YHHOM, 1100 ITOPOTOBE 3HAYEHHS, IPH SIKOMY BHKOPHUC-
TOBYeThCs (inbTpanisi, AopiBHIOBaj0 1. 3a HOpMali3o-
BaHOI ricrorpamu H', BU3HAYAETHCS HMOBIPHICTH IO~
BU €JIEMEHTY 3 IE€BHUM 3HAYEHHSM, sIKa BUKOPHUCTOBY-
€Tbecs SIK mapameTp ¢inbTpy. Buxossuu 3 #MoOBipHOCTI
noseu  p(H;) enemenry i=T'(x,y), BuOupaerscs
po3Mip amepTypu MemiaHHOrO (iabTpa, i BU3HAYAETHCS

HEOOXIMHICT, HOro 3acrocyBaHHs. DimpTparriss mpoBo-
JUTHCS TAKUM YUHOM:

T, (x,y), smwo p(H}) >

T" =
(x,y) median(x,y,b),ﬂkwo p(Hl-'

\ (6)

)<1’

ne b= f(p(Hl-')) €{3,5,7,9} - aneprypa BikHa GinsIpy.
3anponoHOBaHUN METOJ JO03BOJISE IMOBHICTIO BH-

JAJUTH TEXHOJIOTIYHI Ta 301HHI €IEeMEHTH, TIPH ILOMY
BHOCSYH MIiHIMaJIBHI CIIOTBOPEHHs B TepMmorpamy. Ile-

pPETBOpEHA TAKMM YHHOM TepMorpama (puc. 3) mokasaHa
Ha puc. 4.

TemnoBuii rpalieHT MO Kpasx MaTpHUIL IPeCTaB-
JIi€ HU3bKOYACTOTHHN IIIYM 3MIHIOETHCS (301IBIIYETHCS
3 yacoMm). Ha puc. 5 mokasanuii npuKiiajg 3apeecTpoBa-
HOTO HH3bLKOYACTOTHOTO IIIYyMY, OOYMOBJICHOT'O HEpIB-
HOMIPHHUM HarpiBaHHsSM MAaTpUIIl i XapakTep HOro 3MiHH
B yaci. BuMipu npoBoauimcs npu TeMIiepaTypi HaBKO-
numaboro ceperosumia 20°C. Ipunax O0yB opieHTOBa-
HUH Ha TEPMIYHO OJHOPITHY TOBEPXHIO.

KorxkHe 300pakeHHs QikcyBasiocsi 3 iHTEPBAJIOM B
2 xpuwiuHH. [licns 10 XBUIMH CHOCTEPIraeThCs CTPHO-
KOMOAIOHU# MPOIIEC 3pOCTaHHS PIBHIO TPAJIEHTY.

Puc. 4. Tepmorpama, 06podiieHa 3riJJHO
13 3aIPOIIOHOBAaHUM METOJIOM.

Puc. 5. 3miHa TeroBoro rpajaieHTa 60JIOMETPHYHOI MAaTPUIIL B Yaci (311iBa-HaIpaBo, 3BEPXy-BHU3).

Jlnst BUJANICHHSI [ITyMiB TAKOTO THITY MPOMOHYETHCS
BUKOPHCTOBYBAaTH LU(POBUIA (DUIBTp BUCOKMX YaCTOT.
Aunte (iTbTp TaKOro THITy 3HAUHO CIIOTBOPIOE PiBHI enieMe-
HTIB TEpPMOTpaMH, TOMY HOro 3acCTOCYBAaHHS JIOLIIBHO
JIMIIE B TOMY BHIIJIKY, SKIIO TEPMOrpamMa aHaJl3yeThCs
JIFOTHOLO, a HE MIIA€ThCsl aBTOMATHYHIH 00pOOITi.

BucHoBKM

Typoro 3%3 moka3ye, 1o MpU BUKOPUCTaHHI (iKCOBaHOT
anepTypH, TepMorpamMa CTa€ OULTBII PO3MHTOIO, TYO-
JISATHCS PiOHI AeTalti.

IIpu npoMy, amanTHBHA MeldiaHHA QUIBTpAIlsS B
cepenHpoMy Tpaitoe Ha 5-15% miBuamie, 3a paxyHOK
TOTO IO YACTHHA CJICMEHTIB HE 00pOOIIIETHCS.

3anpornoHoBaHi PillleHHs 3HAUILIA 3aCTOCYBAaHHS
B aBTOMATH30BaHIil CHCTEMI MOHITOPHHTY O0'EKTIB eJre-

IMopiBHAHHS TepMOrpaM aJanTHBHOTO MEIIAHHOTO  KTPOSHEPTreTUYHOI 1H(QPACTPYKTYpH 3a JIOHNOMOTIOI0
¢inbTpa i3 MenianHuM ¢QiTbTpoM 3 (ikcoBaHoro anep-  BIUJIA.
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Meron nepBHYHOIT 00pa0OTKH TEPMOrPaMM MOJTY4YEHHBIX C TOMOIIBI0O MAJI0PA3MEPHBIX TEIIOBH30POB
A. A. 3yeB

Lenpro craThu siBIsIETCst pa3paboTKa M MCCIIEI0BaHHE METO/a YIaJeHHUs ITyMOB Ha TePMOrpaMMax HH3BKOTO IPOCTPAHCT-
BEHHOI'O Pa3pelIeHus], MMOTyYeHHbIX KOMMEPYECKHMH MajorabapHTHBIMH TEIUIOBU3HOHHBIMHM KaMepaMH, KOTOpPBIE 33 CBOUMH
MaccorabapuTHBIMH XapaKTEPUCTHKaMH MOKHO HUCIONB30BaTh Ha MUHU-BITJIA 115t TEIsIOBOro MOHUTOPHHTa 00BEKTOB SHEpre-
THYecKoi MHPpacTpyKTypsl. OINpe/iesieHo YTO OCHOBHBIM HapaMeTpoM, KOTOPBIH HECET HHPOPMALIHIO O peXXUMe paboThl 00bEK-
Ta U HAIMYUH J1e(EeKTOB, IPU TEIUIOBOM MOHUTOPHHTE SBIISETCS paclpe/ielieHHe TEMITEPaTyphl 110 MOBEPXHOCTH 00BEKTa, KOTO-
pO€ MOXKET PEerucTpUpoBaThCs TeIIoBU30poM. IIpoBeneH aHanu3 XapakTepUCTUK KOMMEPUECKUX TEIUIOBU30POB C HEOXJIaXae-
MBIMH MaTpunamy. OHU UMEIOT HEBBICOKYIO CTOMMOCTH M HEOOJBIIYIO MacCy, TaKUM 00pa3oM, UX MPUMEHEHHUE IT03BOJISIET CY-
IIECTBEHHO CHU3UTh CTOMMOCTh CHCTEMBI MOHUTOPHHTI'A 33 CUET CHIDKEHUS, KaK CTOMMOCTH ITOJIE3HON HarpysKH, Tak u TpeOoBa-
Hui K rpyzonogseMaocT BITJIA. OcoGeHHOCTBIO TEIIOBU3MOHHON ChEMKH SBJISIETCS] CPAaBHUTEIIFHO MAJIOe pa3pelieHHe TepMo-
rpaMM ¥ 3HAYUTENBHBIN YpOBEHb LIYMOB Ha HHX, YTO TpeOyeT NMPUMEHEHUs] METOOB 00pabOTKH M300pa)KeHMH, KOTOpbIe OBl
MHHUMH3UPOBAIIN YPOBEHB IIyMOB. PaccMoTpeH nporiecc moiydeHns: TepMOrpaMM € HCIIOJIB30BaHUEM MaJlorabapUTHOTO TETLIO-
BH30pa B pealbHOM Maciutabe BpeMeHH. lIpeyiokeH U peann3oBaH METO]| YIaJCHHUsI OCHOBHBIX BHIOB MCKQ)KECHHI Ha TEpMO-
rpamMMax, OCHOBaHHBII Ha alaliTUBHOM I(poBoM MenuanHoM ¢uiibTpe. [IpoaHann3npoBaH npomnecc BOSHUKHOBEHHS TEILIOBO-
r0 rpaJeHTa, KOTOPBI BO3HUKAET BO BPeMs pabOThl OOJIOMETPHYECKOH MaTpUIbl, IIPUBEIEH METOX ero ynaneHus. [lokazano,
YTO MPE/UIOKEHHBIE METO/IBI TI03BOJISIIOT PAKTUYECKU TTOJTHOCTBIO YCTPaHEHBI apTe(aKkThl IMEIOLINECs Ha TEPMOTpaMMe.

KialouyeBble cJIOBa: TEIUIOBH3OPHI; alaNTHBHAsS MeAMaHHAs (GUIBTPALMS; OOBEKTHI dJIEKTPOIHEPreTHYECKOH HH(pa-
CTPYKTYpBI; OECIMIIOTHBIE JICTaTelbHBIE alllapaThl; 00paboTka N300paxeHUH.

The method of primary processing of thermograms obtained using small-size thermal imagers
A. Zuev

The purpose of the article is to develop and study the method of noise removal on low spatial resolution thermograms ob-
tained by commercial small-sized thermal imaging cameras, which due to their weight and sizes can be used on mini-UAVs for
thermal monitoring of power facilities. The main parameter that carries information about the operation mode of the object and
the presence of defects during thermal monitoring is the temperature distribution over the surface of the object, which can be
recorded by a thermal camera. The characteristics of commercial thermal imagers with uncooled arrays were analyzed. Due to
low cost and mass, their usage can significantly reduce the cost of the monitoring system by reducing both the cost of the payload
and the requirements for UAV payload capabilities. An issue of thermal imaging is a relatively low resolution of thermograms
and a significant level of noise on them, which requires the image processing methods that would minimize the noise level. The
process of obtaining thermograms using a compact thermal imager in real-time was considered. A method of removing the main
types of thermogram distortions, based on an adaptive digital median filter, was proposed and implemented. The process of oc-
currence of a thermal gradient that occurs during the operation of the bolometric matrix was analyzed, and a method for was re-
moval is given. It is shown that the proposed methods allow almost completely eliminated the thermogram artifacts.

Keywords: thermal imagers; adaptive median filters; objects of electric energy infrastructure; unmanned aerial vehicles;
image processing.
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