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O. B. IBaH4YeHKO, kaHAMAAT TEXHIYHNX HAYK,
AoueHT kadbeapun KOMMIOTEPHUX HAYK

Ta iHXeHepil nporpaMHOro 3abesneyeHHs
YHiBepcuUTeTY MUTHOI cnpasu Ta giHaHCIB

OIIHIOBAHHS PIBHSA BE3IIEKU CUCTEMMUM SCADA
KPUTUYHOI IHOPACTPYKTYPH 3 YPAXYBAHHSAM JOCTYITHOCTI
KIBEPHETUYHUX I XMAPHUX AKTHUBIB

3pocmanns cknadnocmi, macuimabie i OUHAMIKU 3A680AaHb, 5KI BUKOHYE
kpumuyna ingppacmpykmypa (Kl), nompebye pozwupenns pynkyionarbHocmi ma
NOKpawanHsl inghopmayitino2o 3a0e3nedenHs cucmemu Ynpasiints Her. 3Ha4Ho0
Mipoto po36’si3ants yici npobaemu 3anedxicums 6i0 YyHKYIOHANbHOL, iHhopmayiii-
Hol b6e3nexu cucmemu oucnemuepuszayii ma 3o0upanns danux muny SCADA, saxa
6xo0ums 0o koumypy ynpaeninua KI. Ocobauey 3anenokoeHicmes y yboMy CeHC
BUKTUKAIOMb He MITbKU BIOMOBU KOMN 1OMEPHO20 00NAOHAHHS, dle U 3a2po3u, SIKI
N08 S13aHiI 3 peanizayiero 3106MUCHUX 6NIUBIE HA BIONOBIOHI KibepHemuuHi akmueu. B
3anPONOHOBAHIU CcMammi pPO3SNAHYMO MONCIUGICMb 3ACMOCYBAHHS 000AMKOBUX
XMApHUX aKmueie 3 Memoro nokpawjauts pieus oesnexu cucmemu SCADA KI.

KitouoBi cnoBa: cucmema SCADA; xibepnemuuni ma Xmapui axmueu,
CMPYKMYPHI cXemMu HaAOTUHOCMI; MAPKOBCbKE MOOEI0B8AHHS.

Pocm cnooxcnocmu, macuuma6o6 u ounamuxu 3a0ay, peulaemvlx Kpumuye-
ckou ungppacmpykmypou (KH), mpebyem pacwupenus GynKyuonarbHocmu u
VAYUUleHUs. UHPOPMAYUOHHO20 obecneuenus ee cucmemsl ynpagienus. B 3navu-
MeNbHOU CMeneHuy peuileHue dmoti npodemvl 3a8UCUM Om QYHKYUOHATLHOU, UH-
GopmayuonHol bezonacHocmu cucmemsl oucnemuepusayuu u coOopa OaAHHBIX
muna SCADA, xomopas éxooum 6 konmyp ynpaeienusi K. Ocobyro o3zabouen-
HOCMb 8 2MOM CMbICIe 8bI3bI8AION HE MOIbKO OMKA3bl KOMNbIOMEPHO20 000pY-
008aHUsl, HO U Y2PO3bl, CEA3AHHbIE C peanusayueli 6pe0OHOCHbIX 8030eUCmeull Ha
coomeemcmayowue KubepHemuyeckue akmugvl. B npednacaemou cmamove pac-
CMOMPEHA B803MONCHOCHb NPUMEHEHUS. OONOTHUMENbHBIX 00JIAUHbIX AKMUBOE C
yenvio yayduienus yposrs besonacnocmu cucmemvt SCADA KU.

KiroueBsie cnoBa: cucmema SCADA; kubepnemuyeckue u oo1aunvle akmu-
8bl; CHPYKMYPHbLE CXeMbl HAOEHCHOCMU, MAPKOBCKOE MOOeIUpOBaHuUe.

© O. B. IBanuenko, 2019
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Growing complexness, scalable and dynamic of tasks for Critical Infra-
structure (CI) create necessary preconditions to extend functionality and to im-
prove information support of CI management system. According to distinct signi-
ficance of this issue, the solution depends on safety and security of Supervisory
Control and Data Acquisition System (SCADA), which includes into overall cir-
cuit of the CI Management System. Note that the malicious deliberate intrusions
together with different Hard Ware failures of the SCADA as well reflect growing
concern about low overall availability level of the SCADA system for CIl. Pro-
posed paper is devoted to possibility to use additional cloud assets in order to im-
prove safety and cybersecurity of SCADA system for CI.

Nowadays researchers should understand that different negative events,
such as data breaches, hacker attacks and malicious deliberate impacts are key
causes of SCADA ClI failures. Moreover, due to different sudden and hidden fai-
lures, the SCADA system of CI has low availability and safety that can lead to
great damages for providers and users. Therefore, before begin to create ma-
nagement system for Cl based on SCADA system vendors will perform justification
of safety and security requirements for the SCADA system. In order to solve the
task vendors can be used a proposed approach. The proposed approach is based
on consistent application of new and unknown techniques and models. In fact re-
searchers can use safety and dependability diagrams, including reliability block
diagrams in order to build analytical and stochastic models for different assets of
SCADA CI. These models can be used by researchers to get more modeling re-
sults, further these modeling results will be used by them in order to estimate
overall safety assessment for SCADA CI. Using Markov Modelling Processes re-
sults for availability assessment of the SCADA components, firewalls and pass-
word models, researchers can estimate overall safety assessment based on the use
of familiar stochastic equations. In according with proposed approach users can
use additional Amazon Web Services (AWS) in order to build effective functioning
safety and security protection system, which can be utilized by them to improve
safety level of SCADA CI. Numerical modelling results for cyber assets with de-
ployment of AWSs how additional cloud assets into overall management circuit
allow to improve overall safety level of SCADA CI about ten percent. It means
that in the near future time'’s vendors can use cloud assets in order to create ef-
fective functioning management systems for different Critical Infrastructures with
reciprocal connection among their components, service-oriented resources and
diverse users’ clusters.

Key words: SCADA system; cyber and cloud assets; reliability block dia-
grams; Markov Modeling Process.
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IlocTanoBka mpo6Jemu. Bimomi aBapii Ta IHIUAEHTH KPUTHYHOI iHGpa-
crpykrypu (KI) 3acBimuytoTh HEOOXiIHICTP MOHITOPHHTY 1 KOHTPOJIIO BEITHKOI
KUTBKOCTI 1H(OpMaIiiiHO-TeXHIYHUX cTaHiB, mapameTpiB KI, 1o 3HauHOI0 Miporo
Jla€ 3MOTy YCYHYTH HeOe3neuHi iHQpacTpyKTypHi BiAMOBU. AHAJOTiUHE 3aB/IaH-
HSl aKTyaJlbHE JJIsl CUCTEMH JUCIETYEPChKOrO YIPABIIHHA Ta 30MpaHHSA AaHMUX
(SCADA) KI.

®aktnuno SCADA sBiisie cO0010 CYKYITHICTh KOMIT FOTEPHOTO 00J1aTHAHHS,
MporpaMHOro 3abe3redeHHs, 3ac00iB KOMYHIKaIli Ta oOMiHy iH(opMarlieto i € o
HHUM 3 TOJIOBHMX KOMIIOHEHTIB 3aranbHoi cuctemu ympasiiHHa KI. Tomy 3arposmu,
AKi ICHYIOTH s (DYHKIIOHAIBHOI Ta iH(popMmaniiiHoi O6e3neku aktuBiB KI, crocy-
10ThCs TakoK cucteMu SCADA, a 115 iXHbOTO MOJAIBIIOT0 YCYHEHHS IPONOHYETh-
CsI 3aCTOCOBYBATH JIOJATKOBUH CEPBIC-OPIEHTOBAaHUN XMAapHUI pecypc.

AHAJIi3 OCTaHHIX J0C/iIKeHb 1 myOsikamiii. BiamoBigHo 10 OCHOBHOTO Ha-
IpsAMY JTOCITIKEHHS] BAKOHAEMO aHaJli3 BIJOMHX TyOJTiKalliil 3 ypaxyBaHHIM BIUIHBY
xmapHux cucteM (XMC) Ha QyHKIIOHATBHY Ta iH(popMariiiHy Oe3neky KL

Huni Buxopuctanass XMC K TOTY)KHOTO 1HQOPMAIIITHOTO pecypcy nae
3MOTY MOKpaIIUTH €(heKTUBHICTh 3aCTOCYBaHHs 3a npusHaueHHsIM K, ne 3acBin-
9yIOTh PE3yJbTaTH aHaji3y Bimomux mpoekTiB [1-3]. Bomnouac XMC no3Bois-
I0Th OTPUMYBATH, OOPOOIATH 1 aHaNI3yBaTH 1HPOPMAITiifHI TOTOKU JaHUX Y PEKUMI
peabHOro Yacy, 0 CYTTEBO PO3MIMPIOE JMHAMIYHHN Jiarla30H 1 oKpamiye edek-
TUBHICTh poboTu cuctemu ympasninHsa KI. Li oGctaBuHu cripusitorh yceOGiuHOMY
BUCBITJICHHIO iH(pOpMAIli m010 (YHKIIOHYBaHHS PiI3HOMAHITHUX KOMITOHEHTHHX
CKJIaJIOBUX 1H(PPACTPYKTYpPHU, JO3BOJISAIOTH 3aMI00IITH iXHIM BIIMOBaM 1 peuITi 3001B
Ha OCHOBI peaii3allii meBHUX cepic-opieHToBaHuX (yHKuin XMC.

Haii6inbm cxkmagui QyHKIIT BIATBOPEHHS Ta aHali3y aBapiiiHUX CHUTYyallii
TaKOXX MOXXYTb OyTH peaji3oBaHi y BUTJISAL TOJATKOBHX XMAapHHX CEPBICIB, fKi
MaroTh MijJ cO0OI0 BiAMOBiHE HAYKOBE MIATPYHTS 1 PO3POOIISIOTHCS 3 BUKOPHC-
TaHHSM CydacHUX HaykoBuX MerojiB. KpiMm Toro, XMC MoxyTh OyTH 3ajisiHi
Ui 1HOpMaLIfHOrO 3a0€3MEeYEeHHsI CUMYJISITOPIB, 10 BIATBOPIOIOTH BIANOBIIHI
HEeraTUBHI MOJIi Ta 3aCTOCOBYIOTHCS Ul MIATOTOBKU OOCIYrOBYIOYOTO IEPCOHA-
ny KI no aiit B ekctpemanbHux cutyanisx [4—6]. Takum yunom, XMC MOXyTh
CYTTEBO BIUIMBATH Ha BaXKJIMBI acnekTH ¢yHKuioHanbHOI 6e3nexku KI ta miarpu-
MyBaTH HEOOX1HUI pIBEHD ii FTOTOBHOCTI, O€3BIIMOBHOCTI Ta JKUBYUYOCTI.

He menm cyrreBo XMC MOXyTh BITUBATH Ha iH(popMaliiiHy 6e3nexy KI,
JIOTIOBHIOIOUN i1 KiOepHeTnuH1 akTuBU. Ha puc. 1 300paxkeHa cripoleHa CTpyKTy-
pa aKTUBIB KpUTUYHHX 1HPPACTPYKTYP, sIKA ICHY€E HA CbOTO/IHIIIHIN JEeHb.

HesBaxaroun Ha BIAMOBITHICTH TEBHHUM HOPMATHBHUM BUMOTaM, BiJOMi
(dakTy M HaCNIJKU XaKepChKHUX aTak Ha KiOEpHETHMYHI akTHBM HauioHadbHOI KI
[7] miaTBepAXKYyIOTH ii BpaznuBicTh. CBOEIO ueproro, cam (akT HassBHOCTI Bpa3iu-
BOCTEH CTBOPIOE YMOBH 111010 BUHUKHEHHS 3arpo3 JUIsl KiOepHETMYHHMX aKTHBIB
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cuctemu SCADA KI, ski peani3yroThCs 3JIOBMUCHUKAMH Y BUTJISIII THX YU THIITUX
HECaHKI[IOHOBAHMX JIi Ta BIUIMBIB. 3amO0IrTH I[bOMY MOKHA, 3aCTOCYBABIIH J[0-
JTATKOB1 XMapH1 PECYpPCH Ta CEPBICH, K1 TaI0Th 3MOTY pealli3yBaTH HAJIMIIIKOBUI
NpUHIUN 3axXucTy KibepakTuBiB Kl nuisixom cTBOpeHHst 6araTo(yHKIiOHATBHUX
ananTuBHUX OpaHamayepiB (BDAB), 1110 BUKOPUCTOBYIOTBCS ISl TBOCTOPOHHBOT
¢inbTpanii inpopmamiitHoro Tpadika.

! KpuTtuuHi iHcppacTpykTypm )
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Puc. 1. Ctpykrypa ¢dizuunux Ta kibepHetnunux aktusiB KI

Kputnuni iHpacTpyKTypH CTPYKTYPOBAHO MOXHA MOJATH Y BHUIIAIIL CY-
kynHocTi piznynux (PA), kibepHetnunux (KA) ta xmapHux aktusiB. Copolieny
CTPYKTYpPY XMapHUX aKTUBIB okpeMo B3aToi KI 300paskeHo Ha puc. 2.

Cepen nmepeBar BUKOPUCTaHHS XMapHUX aKTUBIB JUId 3a0e3neueHHs iHpop-
ManiiHoi Oe3nexku KI ciing Takoxk 3a3HAYMTH MOKIIMBICTH HMIATPUMKU (YHKIIH
PE3EpPBHOrO KOIIIOBAaHHS, aBapiiHOIO BIJHOBIEHHS 1H(OpMallii, KOHTPOJIIO 3a
TOYKaMH JIOCTYITY JIO CXOBHII JaHHUX 1HQPACTPYKTYpH Ta HAJaHHS 3aXUIICHUX
(TYHETbHMX) KaHAJIIB 3B’ SI3KY.

3a3HaveHi cepBiCH y BUTISAAI OCHOBHUX Mojened moOymosu i tumie XMC
(puc. 2) MOXyThb HaJaBaTUCS BIAMOBIIHUMH IMPOBaWIEpaMu, cepel SKUX Haii-
OuIbLI MOTYKHUM € KomnaHist Amazon (AWS). Oxniero 3 nepeBar AWS € 3acto-
CyBaHHs 1H(pacTpyKkTypHOi opraHizauii ¢i3nunux mamuH (PM) 3 BUCOKUM piB-
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HEM BipTyasi3alii, o0 MOKpallye THyYKicTh ynpasiiHas XMC, ane He 3aBkaAu
3a0e3mneuye JOCTYIHICTh IXHIX BiAMOBIAHUX cepBiciB. LlboMy crnpusiioTh pi3HO-
MaHiTHI ()aKTOPU HETaTUBHOTO BIUIMBY, IIO 30UIBIIYIOTH Yac mpoctoiB ®M Tta
MPU3BOAATH 10 CYTTEBHX pecypcHuX, ¢inancoBux BrpaT qist Kl. Posrmsaemo
SIKHM YWHOM BHMKOHYE€ThCs MojentoBaHHs noBefainku XMC Kl 3 ypaxyBanHsIM
ACIEKTIB JOCTYITHOCTI CEpBiC-OPI€EHTOBAHUX PECYPCIB.

N2 Ar xmMapHa Xmapna indppacTpyr-
nesnyra: 'r;ga: . .
= Mpurnagne N3 . _l:ulull-ra BipTyanw
npoEaRgepa Hi MM MK
M |- Epayzep npe- - CxoEMWA AINHX amazon
I& t satinepa - 3BCmEHI (TYHEREHT)| | e
(eefnawra) KAHIANH 2E'AINY ﬁ_[@
?Cma nnardhopma: - RnienTc LRI NpRETRSI -
- 3e'rayroue M2 I'IPEBH"IA“EPEI Ty
- CepeRoBHIIE BURSHAHHA - InTephens nparpamM
MOE NparpaMyEanHA u
, XMapHIi aKTUBM

Puc. 2. Ctpykrypa xmapHux aktuBiB KI

Binomo, 1o ams OIiHIOBaHHS PiBHSA TOCTYMHOCTI XMapHHUX aKTHUBIB BUKO-
PUCTOBYIOTHCS PI3HOMAHITHI MOJENI, SKi aJIEKBaTHO BiIOOPaKAIOTh TMOBEIIHKY
XMC y cutyanisix, MOB’sI3aHUX 3 iXHIM 3aCTOCYBaHHSIM 3a MPHU3HAYCHHSIM. Y Oijib-
IIOCTI BHITQJIKIB MOJICTFOBAHHS 3IIHCHIOETHCS 3TIAHO 31 CIICHApieEM, KUK BiT00-
paxkae peanmizalio okpeMoi ado IpylnH HEraTWBHUX IOAiM, HAMpPUKIAJ ParToBi,
MPUXOBaHi BiZIMOBHU Ta 3001, BTparta iHpopMaIllii B pe3yapTaTi 3lI0BMUCHUX BIUIH-
BiB 200 BTpyuaHsb, Ib0BHM ¢imuHr Tommo. Ha puc. 3 3006paxeno kiacudikarii-
HY cXeMy (TaKCOHOMIIO) JIECATH HAUTIOMUPEHINIUX aHAITHKO-CTOXaCTHYHUX Me-
TONiB MoJenmoBaHHs noBeniHku XMC, siki yTBOPIOIOTH BiATIOBIAHI XMapHi aKTH-
BU 1 pa3oM 3 KiOepHETUUHUMHU Ta (I3NYHUMHU aKTHBAaMH BXOJATH /10 ckiany Kl.

HMNn amn BNMn

cMn 1 l 1 HHMN
L— no::la:‘il: ::D )B(::::ux
[ cuctem Kl

Yaarans- T T I aHMn
HeHi CMN

Aepeso CCH cmo

Bigmos

Puc. 3. Takconomis moxentoBarHs moseainkn XMC K1 [8]
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VY3aranbHeHi JaHi OI[IHKH MOXKJIMBOCTEH BHKOPHCTAHHS 3a3HAUYEHUX METO-
IiB (puc. 3) nist MOACTIOBAHHS TTOBEIIHKYM Ta BU3HAUCHHS XapaKTEPUCTHK rapaH-
to3natHocTi XMC momano B Tabn. 1. 3okpema, croxactuyni mepexi Ilerpi
(CMII) MOXxyTh OyTH BUKOPHUCTAHI JIsi MOJCIIIOBAHHS Ta OLIIHKHA MOJIHBOCTEH
3a0e3neYeHHs] THYYKOCTI YIPaBIiHHA XMapHUMH CHUCTEeMaMHu. Y pasi HasBHOCTI
MapKOBCHKOTO albTEPHYBAJILHOTO MPOIECY BIJIMOB Ta BiJHOBJIECHb ISl OLIIHKHU
MOoKa3HUKIB roToBHOCTI XMC momisibHO BUKOpUCTOBYBaTH y3aranbHeHi CMIT [9—
11]. Lei#t ke amapat Mo)KHa BUKOPUCTOBYBATH JJISl OLIIHKH IMOKA3HUKIB THYYKOCTI
yIpaBiIiHHSA XMapHOIO iHGpacTpykTypor (XMI), sika OynyeThess Ha ocHOBI XMC
(puc. 2). He menm eheKTUBHO MOXKHA BUKOPUCTOBYBATH KJIACHYHI METOIH T00Y-
JIOBHU JIepeBa BiAMOB 1 CTpykTypHUX cxeMm HauiiHocti (CCH) [1; 12] ana Buko-
HaHHS 3aBJaHb 3a0e3nedeHHs roroBHOCTI XMC. [y OLIHKKA METPHK SIKOCTI I0-
ciyr (QoS), mo Hamarote XMC, Moxke OyTH BHKOPHCTAHO amapaT MmoOyIoBH i
MonemtoBanHs sk HenepepBHux (HMUJI) [13], muckpernux (AMJI) [14] Ta 6e3-
nporpamHux MapkoBebkux JaHIoriB (BIIMJI), tak i cucrem macoBoro o0ciayro-
ByBanHs (CMO) [15; 16].

VY pasi nopyuieHHs MapKOBCHKOT BIaCTUBOCTI [17] MponoHyeTbes 3aCTOCO-
BYBaTH METOAM MOJCIIOBAHHS HAaIlIBMAPKOBCHKHX TIPOIIECIB, a caMe HaIiBMap-
KoBchKkuXx JaHmoris (HMJI). Hampuxiaz, sIKIo BUKOHYIOTBCS Pi3HI BHIU CEepBic-
HOTO OOCITyrOBYBaHHSI, BIJHOBJICHHS MPAIE€31aTHOCTI, KOHTPOIIO iH(pOpMAIiitHO-
texHiuHux cTaHiB (ITC) kommonentis XMC KI, To 3’BnsitoTbCsl JOAATKOBI 1HTEp-
BaJI 4acy, TPUBAIICTh SKHX € JETEPMIHOBAHOK a00 BUIIAKOBOIO BEIMUYMHOIO 3
BIJIOMHUM CTOXAaCTHYHHM PO3MOJUICHHSM, IO BiPI3HAETHCS BiJ C€KCIIOHEHITIAb-
Horo. HamiBMapKoOBCBHKI MOJIENI TaKOX JOCHTH T0OPE Y3rOKYIOThCS Ta aJeKBaT-
HO ONHCYIOTH CHUTYallii, KOJIM HEOOXiTHO BPaXxOBYBAaTH IEPEIICTOPII0 PO3BUTKY
MOJIIH, SIKI CTOCYIOTBCSI 00’€KTa JOCHiKeHHs. Hampukman, 1o Ta micis mpoBe-
JICHHS CEPETHBOr0 a00 KamiTallbHOTO PEMOHTY; KOJIM BUHHKAIOTh MPUXOBaH1 Bij-
MOBH, $IKI BUSBJISIOTHCA 3 JIOIOMOTOIO MPOBEJEHHS JJOAATKOBOro OararoyHKIIio-
HasbHOTO KOHTpoto ITC 1 TexHiunux napamerpis XMC KL

VY BUNaIKy AETEPMIHOBAHOI BEIMYUHH TSI MOJICITIOBAHHS 3aCTOCOBYETHCS
MeTo ToOyJ0BH JUCKPETHUX HamiBMapKoBCchbkuxX jaHiorie (JHMII); y pasi
CTOXaCTUYHO PO3MOJUICHUX IHTEPBAJIIB Yacy 3aCTOCOBYETHCS METOJ MOOYI0BU
HernepepBHUX HamiBMapKoBcbkux JaHmoris (HHMJI). Jlns BukoHaHHs moAiOHUX
3aB/laHb BUKOPHUCTOBYIOThH amapaT BKJIaJEHMX MApKOBCHKHX JIAHIIIOTIB, SIKUW Bpa-
XOBY€ TUCKPETHHUI XapakTep nepexoiB MoJieli Ta yac rnepedyBaHHs 00’ €KTa J0-
CJIIJKEHHSI B KOHKPETHOMY CTaH1 nepe] nepexoaoM B iHmuMH. Kpim toro, 3acto-
CYBaHHS BKJIAJICHMX MAapKOBCHKHX JIAHIIOTIB JIO3BOJISIE CYTTEBO CIPOCTHTH PY-
TUHHUHN TPOIeC OTPUMAHHS Pe3yNbTYIOUUX BUPA3iB JUIsl MOJETIOBAHHS MOBEIIH-
KU CKJIaJHUX CHCTEM, 0 skux Hanexats XMC KI.
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Posmmputn MmoxnuBocTi aHami3zy noBeainku XMC ta XMI, mo BXoasts 10
cknany iHdopmamiiHo-ympasisrounx cucteMm Kl, 103Bossie Takok BUKOPUCTAHHS
MPUXOBAaHUX HaMiBMapKOBCbKUX Mojeneil. Llel Tunm Mozaeneil BUKOPUCTOBYETHCS
B yMoBax, koiu iH(opmarii npo ITC cucremu, sika JOCHIIKYETHCS, HEMAE, aje
JOCTYITHA 1H(pOpMAIIis 00 AWHAMIKHA 3MIHM 11 BXiJHUX Ta BUXIJIHHX ITapamMeT-
piB. IlpuxoBaHi HamiBMapKOBChbKi Mmojeni Oyayrotbes y Burisai JJHMJI abo
HHMJI. Oco6auBicTIO MPUXOBAaHUX HaIiBMapKOBCHKHX JIAHITIOTIB € JUCKPETHUI
a00 CTOXaCTUYHHMI XapakTep 3MiHM TPUBAJIOCTI HABHUX IHTEPBANiB, Ki y OlIb-
IIOCT1 BUTIAJIKIB XapaKTePU3YIOTh BX1THUH 1HGOpMaIiitHu# noTiK gaHuX [ 18].

Tabmuns 1

CroxacTuuni Mmeroau MmoaeaioBanHs noseainku XMC KI [17]

Monen, siki MOKJIHMBICTh BUKOPUCTAHHS JIJIS OI[IHKY XapPaKTEPUCTHK
3aCTOCOBYIOTECA rapantosaaraocti XMC KI
Ne | nmns peanizanii
BIAMIOBITHOTO TOTOB- HpPOJIYK- eHepro- | oo | Macma-
MeTony HICTh TUBHICTh | BHUTpaTH yi OoBaHICTb
1 CMII — — — + -
Y3aranbHeH1
2 + - - + -
CMII
3 HMJT + + + + +
4 JIMJI + + + + +
5 BIIMJI + + + + +
6 HHMUJI + + + + +
7 JHMJI + + + + +
8 CMO + + — + -
9 CCH + — - - +
10 I[.epeBo + _ B + _
BIZIMOB

Po3rnsiHyTi MeTonu Ta MOJENbHUN psAJ MEBHOK MIpOI0 MPETeHIYIOTh Ha
YHIBEPCAIBHICTh 1 MOXYTb OYTM BHUKOPUCTaHI JUIi OTPUMaHHS ONTHUMAaJIbHUX
apXITEKTYpHUX DIIIEHb BIJIOBIJHO 10 BCTAHOBJIEHUX KPUTEPIiB rapaHTO3aTHOCTI,
¢dyHKkuioHANBHOI Ta iH(opMaiiiHoi Oe3nexu it XMC KI.

Mera crarri. Buxonanuii aHani3 gae 3Mory 30CepeanTHCS Ha CTBOPEHHI Iepc-
MEKTUBHUX HAYKOBO-TIPUKJIAHUX, OpraHi3allliHuX METONIB 3abe3nedeHHs (PyHK-
mioHabHOI Ta iH(opMartiitHoi 6e3nekn XMC KI, ski 6a3yroThcs Ha IONEPEIHIX OIIiH-
Kax JIOCTYMHOCTI iXHIX CepBiCiB. BUXojsium 13 3a3Ha4e€HOro, MeTa CTAaTTi — OIIHIO-
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BaHHs 3arayibHOTO piBHA Oe3neku cucremu SCADA KI 3 ypaxyBaHHSIM CHUTBHOTO
3aCTOCYBaHHS HAsBHUX KiOEpPHETMYHMX aKTUBIB 1 JOAATKOBUX CEPBIC-OPi€HTOBAHUX
XMapHHX pecypciB KoMIanii Amazon ta OTpUMaHHS Pe3yJIbTaTiB MapKOBCHKOTO MO-
JIeITIOBAHHS BiJIIOBIIHO /IO CLIEHAPIIO PO3BUTKY IMEBHUX HETATHBHUX IOIM.

Buxian ocHoBHOro marepiajy. 3a0e3nedyeHHss HEOOXiAHOTO piBHs Oe3re-
K1 0a3yeTbcsi HA KOMIUIEKCHOMY Ta CHCTEMHOMY 3aCTOCYBaHHI OpraHi3aliiHuX
3aXOJiB 1 HAYKOBO-METOJIMYHOTO arapary oIiHoBaHHS nocTymHocTi KA ta @A
cucremu SCADA KI. Hanpuknaa, meroau moOynoBu nepumeTpa GizudHoi 6e3-
neku (PIIb) Ta enekrponnoro nepumerpa kidepoesneku (EITKB) posrusnatoTses
SIK HalOUTBII TOMYJSPHI MIOA0 peaizamii BiMOBIAHUX OpraHi3alliifHUX 3aXO[IiB.
Crpykrypny cxemy opranizanii ®IIb ta EIIKb mns cuctemun SCADA Ta iHmmx
kommoHeHTiB KI 300paxeHo Ha puc. 4.

SCADA - LieHTp ynpaBniHHs

==
i
Bl

l == KA
| BigaaneHoro
:rf-_* Roctyny

Puc. 4. CtpykrypHa cxema oprasizauii (i3M4HOro nepumerpa 6e3nexu
Ta eJIEKTPOHHOTO MepumMeTpa KidepHeTndHoi 0e3neku kommoHeHTiB KI
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Bomnouac mepeBipka edextuBHOCcTi 3actocyBanHs PIIb ta EIIKB mus
kommoHneHTiB KI, Bkimodaroun kibepHeTnuni aktuBu SCADA, Moxe 31iiCHIOBA-
THUCS IIUIIXOM OIIIHIOBAHHS IXHBOTO PiBHS O€3MEKH 3TiHO 3 METOAOM, 3alporio-
HOBaHUM Y miparii [17]. i mboro mocimiIoBHO BUKOHYIOTHCS Taki Jii: a) mooymo-
Ba CIPOILEHOI apXiTEKTYpHOI peamizalii KiOepHETUYHHUX, XMapHUX AaKTUBIB CHUC-
temu SCADA KI 3 ypaxyBaHHSIM MEpEKHUX PIBHIB 0OpOOKH aHMX, KOHTPOJIIO
ta MoHiTopunry ITC, mapamerpiB iH(}pacTpykTypu; 0) 3aCTOCYBaHHsSI METOJIiB
nepeBa BiMoB Ta oOyaoBu CCH [12] cmisibHO 3 BiJNOBIIHUM MOJICIBHUM PSi-
oM (tabi. 1); B) BU3HAYCHHS MMOKA3HUKA PU3UKY KIOEPHETHYHHMX, XMAapHUX aK-
tuBiB SCADA KI y pa3i BUHUKHEHHS] HETaTHBHUX ITOJIiH, K1 BIUIMBAIOTh HAa (yHK-
HioHaJIBHY Ta iIHPOpMaIiiHy O0e31eKy IHPPACTPYKTYPH.

Ha puc. 5 300pakeHO CIIPOIICHY apXiTeKTYpHY peai3allito KioepHETHIHUX
ta xmapHuX aktuBiB cuctemu SCADA KI. I'ooBHa 0cO0JIMBICTh HaBEIEHOT apXi-
TEKTYpH TOJISTa€ B YTBOPEHHI MapajieabHO IMiIKIF0YEHOr0 KOHTypa XMapHUX aK-
TuBiB AWS, SIKHii TIpaIlioe 3a MPUHIMIIOM (YHKIIIOHATBHOT Ta peCypCHOI HaaMip-
HocTi. OTxe, HEOOX1AHO BUKOHATH MOJECIIOBAHHA 1 JOCHIANTH, SKMM YHHOM 3a-
CTOCYBaHHS J10JaTKOBUX cepBiciB AWS BmMBae Ha rapaHTO3[aTHICTb, 3aralb-
HUH piBeHb Oe3nexu KibepHeTnyHUX Ta XxMapHuX akTuBiB cucreMu SCADA KI. B
Tabus1. 2 3riHO 3 pHC. 5 BiI0OpaKEHO pe3yNbTaTH aHalli3y MOXKIMBOCTEH BUKOPU-
cranHs cepBiciB AWS mozo 3abe3neueHns rapanroznaraocti SCADA KI.

VY Tabn. 2 BpaxOBaHO TaKi aCHeKTH OI[IHKH Ta 3a0e3MedeHHs] rapaHTo3/aT-
Hocti [19] SCADA KI, po3BuTKy SIKHX cripusie 3acTocyBanHs cepBiciB AWS: Al —
y3araJibHeHHsSI BUKJIMKIB, 5IKi OOYMOBJICHI HECIIPABHOCTSIMH Ta 3MiHAMH BHMOT i
ymoB Bukopuctanus cuctemu SCADA KI; A2 — mokpamnianHs aHaiizy 3abesme-
4JeHHs BiqMoBocTiikocTi kibepHetnunux akTuBiB SCADA KI; A3 — Gararosep-
CiliHI OOUYMCIIeHHSI y KOHTEKCTI (PaKTOpiB €BOJIOLIMHOTO PO3BUTKY KiOepHETHY-
nux aktuBiB SCADA KL

[Tobynyemo Teopernko-mHOkuHHY Mozenb [TC cucremu SCADA KI, Bu-
XOsiUM 3 TakcOHOMIi 3arpo3u ii QyHkiioHanbHId Ta iH(oOpMaliiHii Oe3merni
[17; 19], BiamoBimHO mo BuMor cranmaptiB ISA/IEC 62443, IEC 61508. Ha nep-
IIOMY eTarli po30yZ0BH MOJEN PO3IJIsTHEMO cXeMy i1 peasizalii 3 ypaXyBaHHSAM
3nmoBMUCHUX BIUuMBIB (3JIB) Ha ¢yHKUIOHanbHY Ta 1H(OpMauliiiHy Oe3neKy
SCADA KI (puc. 6), sixka BpaxoBye nedekTrt KOMIOHEHTHUX ckiagoBux DA, Bpas-
JUBOCTI 1 3arpo3u A KIOEpHETUYHHUX Ta XMapHUX aKTHBIB cuUcTeMu. BBaxaTu-
MEMO, 1110 pI3HOMaHITHI 30BHiIlIHI Ta BHYTpilIHI Gaktopu 3JIB cnpuyuHsIOTH M0-
ripmiennst ITC SCADA KI 3a paxyHOK BUHMKHEHHS BiIMOB, 3001B, TPOHUKHEHHS
HIKiATUBOTO Tpagika, KOMIPOMETaLlii CUCTEMH TOILO.
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Taomuus 2

3acrocyBannst AWS 15 3a6e3nedenHst rapanrosgatocti SCADA

Haszsa cepsicy

IIpu3nadeHHs ceppicy

ACTIEKTH OIIIHKH Ta 3a0e3MeYeHHS rapaH-
to3gatHocTi SCADA KI, po3BUTKY SIKHX

AWS AWS CIpUsi€ 3aCTOCYBaHHS cepBiciB AWS
Al A2 A3
Ynpasniaas I'nyuke ynpaBiiHHs
Opannmayepamu | mpouecaMmu QinpTparii - + —
Amazon Tpadika
[Tpwuitom, 06podKa,
. aHaJIi3 aHOMaJTiH,
AnazriTuxa no- 03MOIiIEHHs
TOKOBHUX JJaHUX p A + + +
N Ta TOCTaBKa
Amazon Kinesis . o
iHpOopMaLiHHIX
[IOTOKIB JaHUX
3anuc
XMapHe CXOBH-
Ta 30epeKeHHS JaHUX - + +
me Amazon S3 .
BEJIMKUX 00CATIB
CTBOpIOE 3axXUINEHI
BipryansHa MIPUBATHI MEPEeXKi
MpUBaTHA XMapa Ta miaMepexi + - —
Amazon VPC 0e3 BiioOpakeHHs
IP-anmpec B Internet
3o0BHiUIHI Ta BHYTpillHi
tbak'ropu HEraTHBHOIO
BILUIMBY
\ JedexTn
DizuyHi
A ey
V’\“"‘ XmapHhi N

AKTHBIB

3/10BMHCHI BILIMBH HA
OpanjMayepH Ta cucTeMy
napoJtizauii KiGepHeTHYHHX

AKTHBH

3710BMHCHI BILIMBH HA

OpaHMayepH Ta cucTeMy

napoutizanii XMapHHX
AKTHBIB

Puc. 6. Cxema peanizariii Teoperuko-MHOx)uHHOT Mojieni ITC SCADA KI
3 ypaxyBaHHsM 3JIB Ha i ¢i3uuHi, KiOepHETHYHI Ta XMapHi aKTUBU
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3rigHo 3 MOAAaHOI0 cxeMow (puc. 6), MoxkiuBi moaeni ITC onumemo 3a

. PhA . .
JIONIOMOT0K0 TakUX HoTauii: M — MHOXMHA CTaHiB, L0 ONUCYIOTh O€3NeyHi

BiaMOBH Ta 3001 ®A; M SE,'[,A — MHO>XMHA CTaHiB, 1o onucyoTs 3JIB Ha KA;
Mgm — MHOXMHA CTaHiB, mo omucyioTs 3JIB Ha xmapmi aktiem; Mg > —

MHOXKMHA CTaHIB, 110 XapaKTepU3yloTh (PYHKIIOHANBHY Ta iH(pOpMaIlliiiny Oe3rme-
ky SCADA. Tomi, BuXOAf4uM 13 3arajibHOi  Teopii, BigOOpaKEHHS
Q(Xl) Mg PhA = Mg SCADA 3aJa€ BIAHOIIEHHS MDK MHOXHHaMu M[ PhA Ta

M SCADA H SCADA

, K€ OTOTOKHIOETHCS 3 JIESKOI0 MIAMHOXHMHOIO Hpy\™~ J1eKapToBOro

nobytky [21] M EEA xM SCADA, 10 Ma€ Ha3By rpadika BiqoOpaxeHHS .Q(xl) i

BU3HAYAETHCS SIK:
SCADA PhA ] SCADA
Hpha {(X1'Y1)‘X1 €Mer Ay, € Mg /\-Q(Xl)= Y1}- 1)

AHAJIOTIYHO 70 BIIOOpaKCHHS .Q(X ) Ta BiAmoBigHO 10 (1) 3amaroThes Bi-
noOpaskeHHs _Q(Xz) M g,t\’,ﬁ = M P*, Q(xs) ‘M Sm MSSAPA,
. ChrA
Q(w): Mo =

MEtt, 2(w,): Mg = ME, o610

HE ={(%.Y2) %, e MEE A Y, eMEP* A 2(%,) = v, }, @
HER ={(%.¥5) s € MG A Y5 e ME A A 2(;) =5 3
NG ={(ws,22)| s € MEUR A 2y MP* A 2( ;) =2, @)
NG ={(w2.2.) W, € MR A2, e ME A 2(w;) = 2, &)
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OrpuMaHa TakUM YHHOM OIIOPHA TEOPETUKO-MHOXHHHA Mozeib (1)—(5),
JONOBHEHA (hOPMaTi30BaHUM OITMCOM ITOYATKOBUX YMOB, PEXKHMMIB EKCILTyaTawil
Ta HaNpsMKIB mepexoiB BixnosinHoro rpada ITC, moxe OyTH BUKOpUCTaHA ISt
moOy/IOBY OIIHHOI aHATITUKO-CTOXacTH4HOI Mozeni Oe3neku (OMB) cucremu
SCADA KI, sixa BpaxoBy€e 30BHIIIHI Ta BHYTPILIHI ()aKTOPH HETATUBHOTO BILJIUBY
Ha @A, 370BMHUCHI BIUIMBY Ha KiOEPHETUYHI Ta XMapHi akTUBU. [l MOJiennoBaH-
HS 3aCTOCYEMO TaKy CUCTEMY OOMEKEHb!

(00,9 =D keiji=1n;
0pc®,9 =D, fejj=1m;
£c 0,9, =®,p¢s,s=l,_/; ©)
pc 0,4, #J,0ez,z=1,h;
Ascapa ()= Aschoa, ;
ASCADA]-'Z ()< Ascapa, »

Coin, <Co <C
\CO >C

L2
I

maxo'

max, ;

ne @=600U@pUe\U p — N0Ka3HUK IUKiIoMatnyHoi ckiaagHocti (LIKC), 3HaueHHs
SIKOTO BiJINOBIJIA€ CYKYMHOCTI rpadiB iHPOpMAIIHO-TEXHIYHUX CTaHIB MapKOB-
cekoro mporecy mozaentoBanHs (MIIM) noseninku cucremun SCADA KI (maumi

ckopoueHo — rpadis MIIM); 49={19|}in_1 — muoxwuHa ITC, sika BiAmoBinae 3Ha-
yeHHio mnokasHuka LIKC gna rpadie MIIM 6e3 mnoOriaMHaIOuuX CTaHIB;

m . .
(o={19j}, L mHOkuHa ITC, sxa BigmoBimae 3HadeHHIO TokaszHuka [IKC mis
J=

. ¢ .
rpadgis MIIM 3 nornuHarOYUMU CTaHAMU; & = {193}5_ , — MHOXHHA ITC, mo Bia-
noBizae 3HaueHHI0 nokasHuka LIKC mns rpagis MIIM, ski He MICTATH CTaHIB
. . ¢ . .
Bpa3iauBocTi Ta nedekTiB (puc. 6); p ={195}S_1— muoxuHa [TC, mo BiamoBimae

3HavyeHH!o nokasHuka LIKC ms rpagis MIIM, siki MICTATh cTaHM Bpa3iMBOCTI Ta
nedexris (puc. 6); 9,9 — 3HaueHHs nokasHuka [IKC nng rpadis MIIM, sxi mi-

CTSTh IMOIIMHAIOYK CTaHW; ) ,9; — 3HadeHHs mokasHnka IIKC it rpadis
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MIIM, siKi MIiCTATb CTaHH BPa3IMBOCTI Ta AEDEKTIB; Agcaps, — TPAHHYHI JOMyC-

THMIi 3Ha4YeHHs cranionapHoro koedimienta rorosaocrti (KI'); C, — rpannyni Bu-

TPaTH Ha MiATpUMaHHS HeoOXimHoro piBHA roroBHOCTI cuctemu SCADA KI.
VY cucremi oomexens (6) mokazuuk [IKC BuU3HAYa€THCS 3T1IHO 31 CHIBBiJ-
HOIIeHHM [22]:

d=E-N+2, (7)
ne E — kinpkicTh mepexomiB rpada; N — KiIbKICTh BEpIIUMH rpada.

[Toganpmmii mporiec MOIEIIOBAaHHS BiIOYBAETHCS 3a BiAMOBITHUM CIICHApi-
em po3BuTKy 3JIB, QyHKIIIOHATBHY CXeMy pealtizallii Ikoro 300pakeHo Ha puc. 7.
BBaxkatumemo, 1110 3TOBMUCHUKHU CTBOPIOIOTH 1 3aCTOCOBYIOTH HIKIIJIMBUNA Tpadik
(LIIKT), saxuit BnnuBae Ha DA, KA Ta xmapHi aktuBu SCADA KI. dopmanbHO
KT moxHa mogaT y BUTIISIII TyacOHIBCHKOI Teuil MO/iid, OCHOBHI XapaKTepuc-
TUKH SKOT MOYKHA OTPUMATH, 3aCTOCYBABIIN €KCITIOHECHIIAbHUI 3aKOH PO3MOALTY
Ta CHIBBITHOIIIEHHS, 32 JIOIOMOTOI0 SIKUX ormucyeTbest MIIM [23].

Jlitoun BiAMOBiIHO 10 300paskeHO1 (PYHKIIIOHATBHOI CXeMH (pUC. 7), 3JI0B-
MUCHHKH MPAarHyTh TOCATTH TaKuX e [24]:

1) ctBoputu ymoBu 1mono nponuknenHs LIHKT yepes 6panamayepu, To0TO
YHUKHYTHU [i{, MOB’SI3aHUX 3 BUKOHAHHSIM (QYHKIiN (inpTpanii BXigHuX iHOOP-
MallifHUX ITOTOKIB;

2) orpumaru goctyn a0 KA 6e3 aBTreHTH(IKALIHHOT TPOLIEAYPH MTEPEBIPKU
naposro abo 3A1CHUTH 3710M MapoJIo;

3) NPOHUKHYTH B CUCTEMY, TOOTO 3MIHCHUTH ii 3710M, KOMIIPOMETAIIIf0, BU-
KpUBJICHHS iH(pOpMaIii; 3aMiHUTH KOpHCHY iH(opMmario Ha chanbcudikoBaHy
abo peanizyBaTu iHpopMalliiiHe nepeBaHTaxxeHHs KA Ta XMapHUX aKTHBIB ISt
MPUITMHEHHS JOCTYIY J0 HHX;

4) ctBopuTH yMOBU (Hamnpukiaa, DoS araka, po3ropTaHHs IIKiJUIMBOI 0OT-
MepeKi), KO 3a PaxyHOK BinkmtoueHHS KA Ta XMapHHMX akTHUBIB BHHHUKAIOTh
BIIMOBH KOMIIOHEHTIB, 5IKi yTBOPIOIOTh DA.

OTpumaeMo pe3ynabTaTd OLIHIOBAHHS PIBHA Oe3neku 0e3 ypaxyBaHHS Bap-
tocti HachiakiB 3JIB s momanoro cuenapito (puc. 7), KOJIM BCi 3a3HauY€H1 Mpo-
1[ecu B1I0yBarOThCS K MapKOBCBHKI, BPAXOBYIOUM BUIAJKOBI MOJIi, SIKI Tparuis-
I0TbCS Ha IHTEpBaJlax 3acCTOCYBaHHS 3a MPHU3HAUYEHHSAM OpaHAMayepiB, CUCTEMHU
naponizanii Ta SCADA KI. CykynHicTh IMX IHTEpBaJIIB YTBOPIOE 3arajbHUMN
poOounii UK a00 LMKI OLIIHIOBAHHS, MPOTITOM SIKOTO BiIOyBa€TbCs CKIIAJHA
nonist A (puc. 8).
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Iloain A3

Puc. 8. 3aranbuuii nuki oninoBaHHs piBHs Oesneku SCADA KI

BinnosinrHo 10 puc. 8 BumIMBae, MO KOMIUIEKCHHMH TNOKa3HUK Oe3leKu
Wscapa MOXKHA BU3HAUUTH K IMOBIPHICTB MOJII A4, 3aCTOCYBaBIIU BiIOMI Teope-

MU CKJIaJIaHHS Ta MHOXXEHHS IMOBipHOCTEH [23], a came:

Wscapa = Pew Pes Ascapa +|:1 —Prw :IPPS Ascapa + Pew [1 —Pes ]ASCADA +
[1— Pew :l [1— Pos ]ASCADA , 8

ne Pry — AMOBIipHICTH ycHimIHOTO BUKOHAHHS OpaHaMayepoM QyHKLiN (imbTpa-
il BXigHUX iH(QOpMaLiHKUX MMOTOKIB (BXigHOTO Tpadika); Prg — HMOBIpHICTH yC-
MIITHOTO BUKOHAHHS CHUCTEMOIO Mapouizallii aBTeHTU(DIKaIiHOI mpouexypu me-
peBipku mapois; Agcapa — CTallioHapHUil koedimieHt roroBHocTi SCADA KI.

Jl7is BU3HAUYEHHS CKJIaJOBHX cliBBiAHOIIEHHS (§) 3acTocyemo MIIM Ta me-
TOJ MOOYNOBU CTPYKTypHUX cxeM Oe3neku [17]. Ha puc. 9 300paxeno rpa¢ cra-
HIB CITPOIIEHOT MapKOBCHhKO1 Mojeni (yHKIIOHyBaHHsS Opannmayepa (bBJIM), na
SKY MOIINPIOIOTHCA A1l cUcTeMU 00OMeXeHb (6).

Apm Ap
AF

Puc. 9. I'pad craniB cipoiieHoi MapKkoBCbKoi MoJieni (pyHKIioHyBaHHS BJIM
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VY npoueci ¢pynkuionyBanus (puc. 9) B/IM moxke nepedyBaTH B TpPbOX CTaHAX:

1) cran S; — B/IM nparnie3aathuii Ta roToBHIA 710 (UIBTPALLii BXiTHOTO Tpadika;

2) cran S, — BJIM 3niiicHioe dinbrpanito LIKT (ToOTO 3arpo3y ycyHyTo) 3
IHTEHCHBHICTIO A, SIKMW HaJIXOIUTh Ha BXiJ 3 IHTCHCUBHICTIO Apy, 1 XapakTe-
pu3ye crpo0y 3T0BMUCHUKA IIPOHUKHYTH B CHCTEMY;

3) cran S; — dynkuis ¢inprpanii 5/JIM BuMkHeHa (TOOTO HAsSBHICTH 3arpo-
3n) ta LLIKT 3 iHTeHCHBHICTIO Ap YCHINIHO MOTPAIUISE B CUCTEMY.

V novatkoBuii MOMEHT 4acy, konu t=0, Mozens mepedyBae B cTaHi, B
sikoMy Xapaktepusyerbesi imoBipHocTsimu P(0)=1, P,(0)=PR;(0)=0. Husa
OTPUMaHHS PEe3yJbTaTiB MOJEITIOBAHHS 3aIlUIIEMO CUCTEMY Iu(epeHIiaTbHIX

3
piBHsaHb Konmoroposa [23] 3a ymosu, mo 2, P (t) =1
i=1

'dpé—t(t)%pz ()= Ao P, (1)
J dpét(t) = o P (1) = (A + ) P (1); )
dpz—t(‘)=zpp2 (1).

\

BukonaBmm npsme neperBopenHst Jlamnaca anst cucreMu nudepeHIiaib-
HUX piBHAHB (9) 3 ypaxyBaHHAM MMOYATKOBOI'O PO3MOJIIJICHHS IMOBIPHOCTEH, Ie-
peiIeMo 10 CUCTEMH JIHIHHUX PiBHSHB BHILY

(S+1DM|)7Z1( )—i,:ﬂz( ) 1;
Ao (S)+(s+ A + A ) 7, (5) = (10)
—/1P7z2( )+S7r3(s)=0.

Po3p’sa3aBmu cuctemy niHiiHUX piBHAHB (10) MmeTtogom Kpamepa Ta Buko-
HaBIIIM 3BOPOTHE MepeTBOpeHHs Jlamiaca, oTpuMaeMo CIiBBIIHOLICHHS JUIsl BU-
3HadeHHs iMoBipHOcTeit P (t), me i=1, 2, 3. 3Baxkaroun Ha Te, IO CHCTEMa Ma-
podiizanii mpaioe CHHEpriyHo 3 OpaHamayepamu, SK i XapaKTepPUCTUKH BHKO-
PUCTOBYBaTUMEMO aHAJIOTI4HI MMOBIPHICHI MOKa3HMKH. ToMy aisi KUIbKICHOL
OLIIHKM 3a3HaY€HUX MOKAa3HUKIB CHCTEMHU Mapoi3auii JOLIIbHO BUKOPUCTOBYBA-
TU cuctemu piBHAHB (9) Ta (10).
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OuiHka cTaioHapHOro KoegirieHTa roTOBHOCTI Agcppp MOXKE OyTH OTpH-

MaHa [UITXOM BHUKOPHCTAHHS aHATITUKO-CTOXaCTHYHOTO METOMy MOOYIOBU CTPYK-
TYpHHUX CXeM O€3MeKH Ta BIAMOBIIHUX BXIIHUX JaHHX, sKi moaaHo B [17]. 3okpema,
Ha puc. 10 300paxeno miarpamy cuctemHoi Biamosu ([ICB) kibepHeTnunux Ta
xmapHux aktuBiB SCADA KI.

Bianosigno no JICB (puc. 10) komruiekcHa WMOBipHICHA OI[iIHKAa TOTOBHOC-
Ti KA Ta xmapHux aktuiB SCADA KI Mmoxe OyTr BU3Ha4YeHa TaK:

UnAvailability = P(@(X ) =0) = P{UAy_3 UUA; U[UAs "UAG JUFW4 U
| FW5 (Dell EMC L DMI )]} , (11)

UAy_3 = {[ Clusterlu DMI | FW1} [ Cluster2 w DMI | o FW2}

m{[mu DMI]UWEB}, (12)
UA, =[AppSRv U DMl]m[DBSRV U DMl]m[DmnCTLu DMI ] (13)

UAg =| AuthSRV L DMI || CTU U DMI || EntprSRV U
UDMI]A[ AWS L DMI |, (14)

UAg =|WebSRV L DMI || EmailSRV L DMI |~[ ProxySRV wDMI |, (15)

ne Dell EMC — mopisi, sika mojsirae B HETOTOBHOCTI YHIBepCaJbHOI CepBEepHOI

wiargopmu ansa [T-inppactpykryp [25], ska po3ropHyTa Ha OCHOBI MaciITabo-
BaHOT CHCTEMHOI apXiTEeKTypHu Ui 30epeKeHHs BEIUKUX OOCSTIB JIaHUX, MPOBe-
JICHHS CKJIaTHUX OOUYMCITIOBATHHUX OMepalliii Ta po3MOiJICHHs BXiHUX MOTOKIB
nanux (BXimHoro tpadika); AWS — MOMis, 10 MOJSrac B HEFOTOBHOCTI CepBic-
OpIEHTOBAHHUX PECYPCIB XMApPHOTO MpoBailaepa Amazon, XapaKTePUCTHKY SKUX
HaBeJICHO B Ta0I. 2.

Y 3amporoHoBaHii MoJel nojis, nosHayena sk AWS = 3aciyrosye 0co0-

JIMBOI YBaru, TOMy 110 Xapaktepu3ye BiiMoBY Bciei XMI Amazon. Came 115 nofist
Bi10ynacs B motoMy 2017 p., konu Bci xmapHi cepBicu AWS Oynu HelnoCTymH1
BHACJI/I0K HENPaBUIBHUX Al 00cIyroByrouoro nepconany [26]. Xapakrepuctu-
Ka peIlTH CKJIaJ0BUX, K1 BXOAATH y criBBigHOWEHHS (11-15), HaBenena B [17].
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Toni WMOBIPHICTB TOII, sIKA MOJSATaE B TOMY, 10 Bci KA Ta XMapHi akTUBU
SCADA KI 6yayTs nocTymHi, MOXe OyTH 3amnucaHa y BUTIISAI1

Availability =1-UnAvailability =1 - P{UA;_3 UUA, U[UAs "UAg JUFW4 U

u[FWSm(DeII EMCUDMI)}}- (16)

3acrocyemo otpumany JICB (puc. 10) mist modynosu CCH [1; 12; 17]. Ha
puc. 11 3006paxxeno CCH kibepuernunux ta xmMapHux aktuBiB SCADA KI, mo
moOy/oBaHa 3 ypaxyBaHHSIM ITOCIIIOBHOCTI IMOJIM, JOTiKa peaiizamii SKuX BU-
3Ha4aeThes criBBBigHomenusmu (11)—(16).

Clusterl FW1

Begiﬂ — — — End

Cluster2 FW2 DBSRV

Dell EMC

Cluster3 FW3

DmnCTL

ProxySRV

Puc. 11. CtpykrypHa cxema HasmiiHocTi KA Ta xMapaux aktuBiB SCADA KI
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Ascapa={1-

BuxopucroByroun 300paxkeny CCH (puc. 11), cniBBigHOIIEHHS AJ11 BU3HA-
YeHHsI CTalliloHapHOoro KoedimienTa rotoBHocTi KA Ta xmapuux aktuiB SCADA
KI moxHa 3anucaru Tak:

[l_ ACIusterlAFW1] X [1_ ACIusterZAFWZ] X [1_ ACIusterSAFWS]} X

X{l— | 1= Aappsry |*[1- Apssry ]x[1- ADmnCTL]} x{1-[1- Aaytnsry ]
x[1-AcTy | [1— AEntprsrv ] x[1~ Awebsrv | *[1~ Agmaitsrv ]*[1 - Aaws ] ¥

<[ 1= Aprogsry ]} X {1_[1— Aews ]| 1~ Apell emc ]} < Arw 4

17

CriBBigHomenHs (6)—(17) moB’s3aHi Mk COOOK0 aHATITUKO-CTOXACTHYHOIO
3JICKHICTIO 1 MOKYTh OYTH BUKOPHCTaHI JIs1 PO3POOKH BIATIOBIAHOTO aJITOPUTMY
OLIIHKH KOMIUIEKCHOTO noka3Huka O6e3neku Wgeapa (8) 3 ypaxyBaHHAM AOCTYII-

Hocti KA Ta xmapaux aktusiB SCADA KI.

Aaropurm 1: OLTHKA KOMIJIEKCHOTO ITOKA3HUKA BE3NEKU Wgcapa SCADA KI

1 Busnauenns acy moaemoBattst Weeapa(T ) ax T = Z t;

2 BBoj BXiTHHX ITapamMeTpiB /IDMImax » Aomi

/1F ) j'Pa min » step’ ASCADA,

step

3 Busnauennst Agcapp =I1Ascapa
3 fori=1ton do *

o)

4| Jow, = ﬁ’DMImaX _i°’1DMIstep

5 for j=1to m do

6 Tj = tmin + J 'tstep;

7 k1j = Ap - Apw, > K2 = :L/[ﬁolvui '(/21P — A )J ; ,

8 Clj =—2p /2= Ao, [2:C2; = Sqrt(/lp —24p - Apwi, +Apm +44pw, ﬂ’F)’
9 c3; =—exp{c]1j —-0,5-¢2; }'c4IJ =exp{c],-j +0,5-02ij};k3,j =—C3;-4
10| | ka4 =c4; - Ao ka; =c4; - zp K5; =C3; - Ao K6y = C4; - Ao ;

1| | k7, =c2;-¢3;; k8 =2, -c4; L y=k3,; -+l - KBy, +kBy +K7y +hBy
12| z;= 220,\," 2c2,J (/1 J,F) P, = ﬁ§t!/vorkl(l' kzlJ Ly /Z

13 WSCADAU = w +(1- PFW ASCADA| AWS Fwij +(1- PFW”- 15
14 end

15end

16 figure;

17 meshgrid(T;, Apy, );surf (T, Apmi, Wscapa, );
18 shading interp; colormap parula; colorbar;
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Ha puc. 12—-14 300paxeHo pe3ylbTaTd MOJENIOBAHHS 13 3aCTOCYBaHHSIM
po3po0iieHoro anropuT™My 1 y BUIIISI TPUBUMIPHOT 3aJIeKHOCTI Uil BUMAJIKY,
KOJIM HPOTSATOM JOOW 3I0BMUCHHUKH 3/1MCHIOOTH aTaky Ha aktuBu SCADA KL
Pe3ynbrati oTprMaHo 3a yMOBH, IO aTaka 3/IMCHIOETHCS 3a CIeHapieM, (yHKIIo-
HaJbHA CXeMa peajizarlii SKkoro 300pakeHa Ha puc. 7.

-

0.8
0 0.8 -
L 0.7
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£ 0.6 - 0.6
8
_E- 04 0.5
3
0.4
202
0.3
0.
5 0.2
—_
Fascr— — 5 0.1
8 \\\rc—‘_'//(zo 15 0
InTeHcuBHicTb 311B, 1/rog 10 2 T, roa

Puc. 12. 3anexuicts iMoBipHOCTI poHuKHeHHs 3JIB uepes O6panamayepu (ITUB)
Ta 31omy cuctemu napodizarii SCADA KI Bix inTeHcuBHOCTI Ta TpuBasocti aii KT
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0.86
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©
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I

0.855

KomnnekcHui nokasHuK 6eanekun

0.84 - 0.85
25

0.845

T, ron InTeHcuBHicTs 3/1B, 1/ron

Puc. 13. 3anexHicTh KOMITIEKCHOTO IIOKA3HUKA OE3IIEKH
kibepHernunmx aktuBiB SCADA KI Bin inTeHcuBHOCTI 3JIB Ta TpuBanocrti aii IHKT
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0.925

KomnnekcHun nokasHUK 6e3neku
[=]
©
B
|

0.92

0.915

10 6

T, ron IHTeHcuBHicTb 3J1B, 1/rog

Puc. 14. 3anexHicTh KOMIUIEKCHOTO OKa3HUKA Oe3MeKU KiIOEpHETUYHHUX
i xmapuux aktuBiB SCADA KI Biz inTerncuBHOCTI 3JIB Ta TpuBanocTi xii LIIKT

V3araibHEeHI pe3yabTaTH MOJEIIOBAHHS 3aJICKHOCTI KOMIIJIEKCHOTO TTOKa3-
Huka Oe3neku Wgepp, Bifl iHTEHCHBHOCTI inbTpanii mkimmuBoro Tpadika Ag 3a
yMOBH, 110 iiMoBipHicTh [TUDB 3MiHIOETHCS BIAMOBIAHO A0 pHUC. 12 Ta iHTEHCUB-
HICTB 3J0BMHCHOTI'O BIULIUBY Apy, =10 1/rox, 306paxeno Ha puc. 15.

max

1
~ 0,95 m SCADA (AWS)
Cg 0,9 ESCADA
> 0,85

o oloN T ooy
LR o+ o

~ M -
Ly} M M

A

Puc. 15. Y3aranbHeHi pe3yabTaTu MOJAEIIOBaHHS 3a51eKHOCTI Wycapa (ﬂ,: )

TSt KibepHeTHIHUX Ta XMapHUX akTuBiB SCADA KI
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OTtpumani pe3yiabTaTd MOAETIOBaHHS (puc. 12—15) miaTBepHKYIOTh JOLITb-
HICTBh 3aCTOCYBaHHS JI0/IaTKOBUX XMAapHHUX PECYpCiB AJIs MIATPUMAHHS HEOOXiJ-
HOTO piBHS (pyHKIIOHAIBHOI Ta iHPopMartiitHoi 6e3neku SCADA KI.

BHCHOBKH 3 1aHOTO0 JOCJI:KEHHS i TePCNEKTUBH MOAAJBIINX PO3BIiIOK
y daHomy Hanpsimi. OTpuMaHi pe3yJlbTaTH aHaIITUKO-CTOXaCTUYHOTO MOJIEIIO-
BaHHS B yMOBaX 3JIOBMHUCHHUX BIUIMBIB Ta Jii IIKIJJIMBOTO Tpadika CBIIYaTh MPO
MepeBary 3aCTOCYBaHHS JTOAATKOBUX XMApHHUX aKTHBIB, IO A€ 3MOTY HiATPUMY-
Batu HeoOXximHui piBeHb Oesmeku cucreMu SCADA KI. KinbkicHi pe3ynbTaTu
MOJIETIIOBaHHS MIATBEPKYIOTh, 110 BUKOPUCTAHHSA XMapHUX aKTUBIB CHUIBHO 3
BIIMOBITHUMH CHCTEMaMH KiOEp3axXHCTy JO3BOJISE MIJBUIIATH 3HAYEHHS KOMII-
JIeKCHOro noka3Huka Oesneku Ha 10 % mopiBHSIHO 3 piBHEM O€3MEeKH HAa OCHOBI
3aCTOCYBaHHS JIMIIE KIOEPHETUYHUX aKTUBIB.

[Nonanpimi mepcreKTHBY PO3BUTKY PO3TIISTHYTOIO HAYKOBO-METOMYHOTO ara-
pary, cepBic-Opi€HTOBAaHUX CHUCTEM, iH(POPMAIIIHOT TEXHOJIOTII TIOB’sI3aHi 3 MOKIIU-
BICTIO TXHBOI peajtizailii B KOHTYp1 YIpaBIiHHSI KpUTHYHUMH 1HPPACTPYKTYpaMu st
miaBuIIeHHs edekTuBHOCTI BukoprcTanHs Kl 3a npusHadeHHsIM 3 TOTpUMaHHAM BU-
COKHMX CTaH/IapTiB TrapaHTO3AaTHOCTI i JOCTYIMHOCTI BCIiX BUIIB PECYPCIB.

JloclmipkeHHST BUKOHAHO B paMKaX HAYKOBO-JOCHITHUX Ta JIOCHITHO-
KOHCTPYKTOPCBKUX POOIT (mepkaBHH peectpariiianii Homep: 0119U100979), ski
npoBonsAThCs HarionaneHuM  aepokocMiyHMM  yHiBepcuteTtoM iM. M. €. XKykos-
CBbKOT0 y raiy3i 3abe3nedeHHs! iHpopMaIiiiiHoi 6e3neku KpUTHYHHUX 1HPACTPYKTYP.

Pesynbratu nmocnigkeHb OTpUMaHi B paMKax HAyKOBO-JOCTIAHHX pOOIT
“MeToI0JIOTIUHI 3acaad Ta TEXHOJOrI] OLIHIOBAHHA Ta 3a0e3nedeHHs Oe3IeKu
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BUKOPUCTAHHSI CYYACHUX TEXHIK DATA MINING
B MUTHIM CIIPABI YKPAIHU

Poszenanymo mexwixu 1 ancopummu iHmMeNeKmyanibHo20 auanizy OAaHux,
NPOAaHANi308aHO AKMYAIbHICMb IX 6UKOPUCMAHHS OJisl 6e0eHHs Oi3Hecy 1 0eparcas-
HO20 YRPABIIHHS 30 CYYACHUX YMO8 PO3BUMKY THGOPMAYIUHUX MeXHON02IL ma ix
VIPOBAOIICEHHSL 3 MEMOI0 ABMOMAMU3ZAYIL PIZHOMAHIMHUX chep TH00CbKOT Oislib-
Hocmi. [Ipoananizosano cyuachi meHoeHyii 3acmocy8anHs mexHono2li inmenex-
MYyaibHO20 AHANI3Y OAHUX 8 MUMHIl Cnpasi, inmezpayii yiei mexHonozii 6 cucme-
MU QHANI3Y PU3UKIG O/ BUABNEHH WAXPAUCLKOI OISIbHOCMI, a4 MAaKoxc OJisl
OMPUMAHHS THUWUX NOMEHYIUHO KOPUCHUX NPOSHO3I6 HA OCHOB8I AHANI3Y paHiuie
3000ymux 0anux. 3anponoHo8aHo NPUKIAO 0OHO20 3 MOICIUBUX BAPIAHMIE GUKO-
PUCMAHHA THMENEKMYANbHO20 AHANI3Y OAHUX Y CUCIEeMAX KOHMPOIIO PUIUKIE, a
came aHomanvHull ananiz. /{nsa yvozo suxopucmaro 6asy oanux Oracle 3 onyiero
Advanced Analytics, mexuixy Anomaly Detection, cmeoperno npomomun maobauyi
3 0aHUMU Npo onepayii excnopmy u iMnopmy moeapise.

KitouoBi cnoBa: 6aza danux Oracle; inmenekmyanvHuil ananiz OaHux, 6u-
SA6/IEHHA AHOMAIL, PICKATbHA CIYHCOA; cucmema KOHMPOII0 PUSUKIE.

Paccmompenvl mexnuku u ancopummvl UHMENIEKMYANIbHO20 AHAIU3A OAH-
HbIX, NPOAHANUSUPOBAHA AKMYATLHOCTb UX UCHOIb308AHUS O/ 8e0eHUsl OuzHeca U
20CY0apCmMeeHH020 YNpasieHUus 8 COBPEMEHHbIX YCIOBUAX PA3BUMUs UHGopmayu-
OHHBIX MEXHONIO2UU U UX GHEOPEHUs C Yelblo A8MOMamu3ayuu pasiudnslx cpep
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uenoseyeckoll dessmenvHocmu. Paccmompenvl u npoananuzuposamnsl cospemenivie
MeHOeHYUU UCNOb308AHUS MEXHON0SUU UHMELIEKMYAIbHO20 AHANU3A OAHHBIX 8
MAMOINCEHHOU 0esIMEbHOCMU, UHMeZPpayuu OAHHOU MEXHON02UU 68 CUCHEeMbl aHA-
JU3A PUCKOB C Yelbl0 OOHAPYIHCEHUST MOUEHHUYECKOU OessmelbHOCIU, A MAKice
0151 NOLYYEHUsT OPY2UX NOMEHYUAbHO NOJNE3HbIX NPOCHO308 HA OCHO8E AHANU3A PA-
Hee 000bimuvlx OannwiX. IIpednodicen npumep 00HO20 U3 BO3MOJICHLIX BAPUAHMOS
UCNONb308AHUS. UHMETIEKMYANbHO20 AHANU3A OAHHBIX 8 CUCIEMAX KOHMPOTs PUC-
KO8, 4 UMEHHO AHOMAIbHbIL anaus. s smoeo ovlia ucnoavsosana CYB/] Oracle
¢ onyueu Advanced Analytics, mexnukou Anomaly Detection u cozoan npomomun
mabauyvl ¢ OAHHLIMU NO ONEPAYUAM IKCNOPMA U UMNOPMA MOBAPOS.

KiroueBwie crnoBa: 6aza danusix Oracle; unmennexmyanvHulll aHaiu3 OaH-
HbIX, BbIAGIICHUE AHOMANUL, (PUCKATbHASL CLYAHCOA; cucmema KOHMPOs PUCKOB.

Nowadays using of data mining analytics is actual question. Data mining
techniques and their algorithms are becoming more common and necessary. Data
warehouses stores very big amount of data at the moment and their volume
increases every day. Performing analysis of data with data mining techniques and
algorithms allows to detect new potentially helpful and beneficial patterns in data
that can be used to make prediction. So getting results of predictive analytics
helps to make right business decisions for entrepreneur and solve many issues for
government institution.

Customs of developed countries started using data mining through
integration of data mining tools in the risk management systems to detect fraud
behavior and get other useful information from data as well. It is possible to find
some study related to this issue.

Risk management systems which are used by Ukrainian customs does not
support data mining tools. Simultaneously, Ukrainian customs uses Oracle
Database as well. So using data mining techniques and algorithms build-in
Oracle Database is obvious step to extend the available risk management system
and keep up to date. So this work reveals modern tendencies and importance of
integration data mining technology in business and public administration.

In this article have been considered data mining techniques, modern
tendencies of the usage data mining technology by customs, integration of such a
technology in the risk management systems so as to detect fraud behavior and get
other potentially useful predictions based on data has been collected before. You can
find brief descriptions of data mining techniques such as anomaly detection,
classification, clustering, regression, anomaly detection in this article as well as real-
world examples how each of this techniques can be applied for customs need. Also
here have been proposed, designed, implemented and described real scenario of
usage Oracle Data Mining in customs, in particular usage of anomaly detection
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technic for analysis tables which store data of export and import operations in order
to detect fraud behavior. The results have been described in this work and it have
been represented graphically.

Key words: Oracle Database; data mining; anomaly detection; customs;
risk management system.

IlocTanoBka npodJjemu. Huni maitke koxkHa ¢ipma 4u opraHi3allis BUKO-
pucToBye 0a3y maHMX I 30epexeHHs, OOpOOKM ¥ HakomWyeHHs iH(opMallii,
IHKOJIM HAaBIThb HE OJHY. AHaNi3yr4u paHime 3i0paHy iHdopMmaIllio, MOXHa
OTPUMYBAaTH KOPUCHI BHCHOBKH 1 MPOTHO3M JIJIsl BUKOPHCTAHHS Y PO3BUTKY (ip-
MU abo opranizamii abo A nepenOadeHHs] HETATUBHUX SBUII 3 METOIO 3aro0i-
ranus iM. [ 1boro i 3aCTOCOBY€EThCS IHTENEKTya bHUN aHami3 ganux. CydacHi
TEXHIKH, aJITOPUTMH ¥ IHCTPYMEHTH JUIs HOro peanizalii cTaloTh jAefani HeoO-
X1IHIIIMMH, PO3BUHYTUMHU U THYYKHMH, @ TEXHOJIOTIS — OUIBII OUIMPEHOIO 1 3a-
MUTYBAHOIO, HIXK KUJIbKa POKIB TOMY.

3a3HaueHa TEXHOJIOTIS MOXKE YCHIITHO BHUKOPHUCTOBYBATHCH SIK JJIsI BEACHHS
0i3Hecy 1 IpUIHATTS Oi3Hec-pilieHs GipMamMu OyAb-SIKOTO PO3MIpY, TaK 1 IS 3aIpo-
Ba/DKCHHS B JIep)KaBHUX ycTaHoBax. DickanbHa city>k6a He BUHSATOK Y I[bOMY CIIHC-
Ky. [HTenekTyanbHUI aHami3 JaHUX MO)XKHA BUKOPHCTOBYBATHU ISl OTPUMAHHSA Pi3-
HHUX TPOTHO3IB. 30KpeMa, Taka TEXHOJIOTIS iIHTErpyeThesl 0 CHCTEMH KOHTPOIO PH-
3WKIB, HAIIPHUKJIA]], BAKOPUCTOBYIOUHM TEXHIKY aHOMAJILHOTO aHaMi3y Ta ii alropuT™Mu
JUTSL BUSIBJICHHS IIAXPAHCHKOI TisUTPHOCTI 200 HIMX aHOMAMiH. | 11e He € TMHII MOXK-
JMBUI BapiaHT BHKOPHCTAHHS TEXHOJIOTII IHTENEKTYyaJbHOTO aHai3y AaHux. Po3-
BUHYTI KpaiHU BKe YCITIIIHO BUKOPHCTOBYIOTh MOXKJIMBOCTI 1HTEJIEKTYaIbHOTO aHa-
T3y IaHUX, JOCSITal0ur HEOOXITHUX PE3YJIbTATIB.

dickanbpHa ciyk0a YKpaiHM Mae Ha MET1 BIANOBIAAaTH CBITOBUM CTaHAAp-
TaM, JAJIs Y0r0 BOHA PO3BUBAETHCS 1 peOpMYy€eThCsl sl TOCSITHEHHS 1€l METU B
HUHIIIHI yacu. BoHa TakoX BUKOPHUCTOBYE CHCTEMY KOHTPOJIO PU3HKIB, SKa MO-
OyZoBaHa 3 BUKOPUCTAHHIM TEXHOJOrI1, BiaMinHOi Big Data Mining. ¥ cydacHo-
My CBITI TOH, XTO TIepecTae po3BUBATHCH, POrpae. ToMy MUTaHHS NEpeXoay Ha
HOBI TEXHOJIOT1i, TEXHIKH, AJITOPUTMH U 1HCTPYMEHTHU 1HTEJIEKTYaJIbHOTO aHAJI3Y
TAHUX 3TUIIAETHCS AKTyaTbHHM.

AHaJi3 ocTaHHIX A0CaiKeHb i myOJikauiii. HuHi Ha puHKY iICHY€E YMMaio
MPOTPaMHOTO 3a0€3IeUeHHs, CEPEOBUII PO3POOKH Ta IHCTPYMEHTIB JJIA 3]IiHC-
HEHHsI 1HTEJIEeKTYaJIbHOTO aHali3y JaHWX. BOHM Aai0Th 3MOTy BUKOPHCTOBYBATH
BCl MepeBaru TexHik 1 anropurMiB Data Mining sik y BUrisai rpagivyHoro iHrep-
¢eiicy, Tak 1 3 BUKOPUCTaHHSAM MOB IporpaMyBaHHs. [IpukiiagamMu Takux mpoay-
kTiB €: Oracle Data Mining, Microsoft SQL Server Integration Services, Rapid
Miner Studio, STATISTICA i 6araro inmux [1; 2].

Texnomnoris Data Mining moske 6yTH 3acTocoBaHa y pisHUX chepax. [i MoxyTh
BUKOPHCTOBYBATH MiNPUEMLI, HAYKOBI OpraHizallii i Aep»aBHi IHCTUTYIIii, 3aCTOCO-
BYIOUM Ty YH 1HIITY TEXHIKY Ta ii alTOPUTMH JIIsl BUKOHAHHS BIANIOBITHUX 3aBJIaHb.
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Kommanis Oracle Hagae cuctemy ynpasiinasa 6azamu nanux (namni — CYB]])
13 BOyJOBaHUM y HEl 1HCTpYMEHTapieM JJsl 1HTEIEKTYaJbHOTO aHali3y MaHUX.
Kommanii, siki BUKOpHUCTOBYIOTh 3acobu ¥ mociyru kommanii Oracle, minsarbcs
CBOIMH ICTOPISIMH IIPO YCIIIXM Ta OMUCYIOTh BapiaHTH BUKOPUCTAHHS 3acO0IB iHTe-
JIEKTyanbHOTO aHami3y manux. Hampukian, Turkcell € HaltO1IbIIO0 TEJIEKOMYHI-
KamiifHoI0 KowmmaHielo B TypewuwnHi, sika BukopucroBye Oracle Advanced
Analytics ta Oracle Data Mining njst aHaji3y 3amuciB KJIIEHTIB 13 METOIO BHSB-
JICHHA TOTEHIIMHMX MIaXpalChbKUX BUKJIMKIB Ta IXHIX MPOIJIAYEHUX KITI€HTIB.
Stubhub — 11e ToproBenbpHUI MaiiTaHUKMK 11 TPOAAKY KBUTKIB. KoMmaHis BUKO-
pucroBye Oracle Advanced Analytics /Uit Kpamoro po3yMiHHs KJII€HTIB KOMIaHii
Ta ixHbOi moBeniHku B [HTepHeTi. Hamionanena nabopaTopis Argonne BUKOpPHC-
toBye Oracle Data Mining, o6 MoJie/toBaT! Ta MPOTrHO3YBaTH CXMIIbHICTh KPH-
cTami3anii O1IKiB 13 OLIKOBUX MOCiOBHOCTEH. BueHi 1aboparopii 3MOriiM BUKO-
puctaru Oracle Data Mining nns inenTudikamii HaOopy aTpuOyTiB, 110 KOPEITO-
I0Th CXUJIBHICTH OUIKIB JJO KpHCTami3alii, BOHU TaKOX BUKOPUCTOBYIOTH Oracle
Data Mining st noOy10BH HEOOXiTHUX Mozenei [3; 4].

Buxopuctanns texnounorii Data Mining B MUTHIH clipaBi — HE HOBE NMHUTaH-
Hs1. 3aCTOCYBaHHS TeXHIK 1 anroputMiB Data Mining onucyeTscs B pansx, aBTo-
pom sikux € beptpan Jlanopt (Bertrand Laporte). Hanpuxnan, y nocnimkeHHi, 1o
mae Ha3By “Inspecting less to inspect better: The use of data mining for risk
management by customs administrations”, e BiH pa3oM 31 CIIiIBaBTOpaMH HaBO-
IUTHh MOJETh CUCTEMHU KOHTPOJIIO PH3HKIB, KA MOOY/I0BaHa 3 BUKOPUCTaHHSM 3a-
co6iB Data Mining 7151 BUSBJICHHS IIAaXpalChbKOi aKTHBHOCTI MiJ 4ac 0hOpMIICHHS
MUTHUX JeKIaparii [5].

Buxopucranns TexHiku Kinacudikailii i BUSBICHHS IIaXpaiChbKoi MisThb-
HOCTi JeMoHCTpytoTh aBropu crarti “A Novel Unsupervised Classification
Method for Customs Fraud Detection”, HaBoasluM BiAIOBITHI pO3paxyHKH U pe-
3yJabTaTH [6].

dickanbHa ciy’)k0a BUKOPUCTOBYE ABTOMATH30BaHy CHUCTEMY aHaNli3y Ta
ynpasniHHa pusukaMu (1ani — ACAVYP), mo 6a3yeTbcsi Ha BUKOPHCTaHHI aJIrOpHT-
MiB HeuiTkoi Joriku (fuzzy logic) [7]. Bonnouac €1una aBromatu3oBaHa iHpop-
maniiina cucrema JJ®C noOynoBana 3 BUKOpHcTaHHsAM 0a3u ganux Oracle [8].
OT1xe, 0riyHO O0yn0 O BUKOPUCTOBYBATHU 1HCTPYMEHTH 1HTEJIEKTYaJIbHOTO aHall-
3y JaHUX, K1 BXOAATH JI0 cydyacHHUX Bepcii 0a3zu ganux Oracle, 1 BUKOHYBaTH 3a-
BJIaHHSI KOHTPOJIIO PU3UKaMU 3 BUKOpUCTaHHAM 3aco0iB Data Mining, siki BKJItO-
yeni B CYB/I.

BukopucTtoBytoun HaBeleH1 TEHACHIIIT 1 KEPYIOUHCH JOCBIIOM MONEPEIHIX
JOCIITHUKIB, Y CTaTTi MPOBEJCHO BJIACHE JOCIIKEHHS MOPYLIEHOTO MUTaHHS,
pO3po0JIEHO MPOTOTHII, SIKHUA TPO30PO JAEMOHCTPYE MOMIHMBICTH 3aCTOCYBaHHS
OIMCYBAaHOI TEXHOJIOT1T MUTHUIIMH Y KpaiHH.
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Mera craTTi — npoaHasi3yBaTH aKTyalbHICTh BUKOPHUCTAHHS TEXHOJIOTII iHTe-
JICKTYaJIbHOTO aHANI3y JaHHWX, i alrOpUTMIB 1 TEXHIK, a TaKOXX Cy4acHi TEHICHIIT
BIIPOBA/DKCHHS JaHOI TEXHOJIOTIl Ha MUTHUIISIX, 1i IHTErparii JO CUCTEM KOHTPOJIIO
PH3HKIB MUTHHIIb, PO3IVITHYTH MOJJIMBICTD 3aCTOCYBAHHS ITi€i TEXHOJIOTIT B CUCTEMI
KOHTPOJTIO PU3HUKIB (DICKAIBLHOI CITY’KOM Y KpaiHy, 3alpOITOHYBABIIIN MOYIIMBI BapiaH-
TH BHUKOPHCTAHHS 1i TEXHIK Ta aJTOPUTMIB 1 TIPOJIEMOHCTPYBATH PO3pOOJICHUI Bac-
HOPYY IPUKJIaJ 3 KOHKPETHIMH JaHUMHU, TEXHIKOIO aHai3y, MOJICIUTIO 1 pe3yJbTaToOM.

Bukiaa ocHoBHoro marepiany. 100 npoieMoHCTpyBaTH MOXKIMBICTH 3a-
CTOCYBaHHS TexXHIK 1 anroputMmiB Data Mining, Oy70 CTBOpEHO W HaJaIITOBAHO
MOJIeNIb aHaNI3y JaHUX 3 BUKOPUCTAHHAM TexHiKM Anomaly Detection Ta i anro-
putMmy One-Class Support Vector Machine 3 Bukopucranusm CYBJ Oracle, korpa
Mmictuth onmito Advanced Analytics, yactunoro sxoi € Oracle Data Mining. Bu-
KOPHUCTOBYBaJIOCh Takok po3mmpenHs Oracle Data Miner cepenosumia Oracle
SQL Developer ans modynosu moneni B rpadiunomy iHTepdeiici. Byno ctBopeno
nporoTun 06a3u JaHuX (icKalbHOI CIY>KOM 3 IUILOBUMU JAaHUMH IS aHATI3Y.
[TpoexTyBaHHS 3IiIMCHIOBATIOCH 13 BHUKOpUCTaHHSAM cepenoBuma Star UML Ta
Microsoft Visio. [lepin Hixk po3risgaTi KOHKPETHY peatizailito, HeoOXiaHO po3i-
Opatucs y G yHIaMEHTaIbHUX MOHSTTAX.

Data Mining (iHTeneKTyalbHUN aHaNi3 JaHUX a00 OTPUMAaHHS JaHUX) — Ie
MIpOIleC BHSIBIICHHS B CHUPHUX, PaHillle HAKONMMYEHUX JIAHHUX, PaHIlle HE BiJIOMHX,
HETPUBIAIbHUX, MPAKTUYHO KOPUCHUX 1 IOCTYIMHUX JUIs iHTEepIIpeTallii 3HaHb, He-
OOX1HMX 7Sl IPUHHATTS pillleHb Y pi3HUX chepax JH0ACHKOI MisIbHOCTI [9].

Texnonorist Data Mining 06’eHye TeXHIKH, OMHMCaHI HIKYE W 300pakeHi
Ha puc. |, KoXKHa 3 IKUX 0a3yeThCcs HA OAHOMY a00 KUTBKOX alrOpUTMaXx:

o xnacudikamis (classification) — 3apaxyBaHHsS 00’€KTiB (CIIOCTEPEKCHD,
MOAi#) 10 OJTHOTO 13 3a3/1aJIeTi/Ib BI/IOMUX KJIACiB;

e perpecis (regression) — yCTaHOBJICHHS 3QJICKHOCTI Oe3IepepBHUX BHXI/I-
HHUX BiJ BXIIHHX 3MIHHHX;

e KiacTepu3allisi — IPYIyBaHHS 00 €KTIB (CIIOCTEpeX eHb, MOJIii) Ha OCHOBI
JMaHUX (BIIACTHUBOCTEH ), 110 ONMUCYIOTh CYTHICTb IMX 00 €KTIB, y Kiactepu. O0’ekTn
BCEPEIMHI KJIacTepa MAIOTh OYTH “‘CXOKUMH~ OJWH Ha OJHOTO W BIIPI3HATHCS BiJl
00’€KTiB, 10 BBIMILIM B iHII KiacTepd. YumM Oiiblie cXoxki 00’€KTH ycepeauHi
KJacrepa i uuM OuTbIlie BiMIHHOCTEN MK KilacTepaMH, TUM TOYHIIIA KJIacTepH3allis;

e mpaBmia acomianii (Association Rules) — BusiBIeHHsI 3aKOHOMipHOCTEH
MDK TIOB’SI3aHMMH MOfissMU. [IpukiaagoM Takoi 3aKOHOMIPHOCTI € TPaBHIIO, SIKE
BKa3ye, mo 3 noxii X BurumBae noaist Y. Taki mpaBuiia Ha3uWBalOThCs acollia-
TUBHUMHU. Briepiie 1ie 3aBanHs OyJ10 3arporoHOBaHe 11l 3HAXOXKEHHS TUTTOBUX
11a0JIOHIB MOKYIOK, 10 3/1MCHIOIOTBCS B CylepMapKeTax, TOMY 1HOJI HOro Iue
HA3MBaIOTh aHaTi30M puHKOBOro Kormka (market basket analysis);

e aHaJi3 BAXWJIEHb a00 BUsBIIEHHS aHOMaiil (Anomaly Detection) — Bu-
SIBJICHHSI HAHOUTBIII HEXapaKTEPHUX MIA0JIOHIB (aHOMAaTiH) y 1aHuX [9].
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Association Rules

Regression Anomaly Detection

Puc. 1. Texniku Data Mining

HacmipaBzai kOXHY 13 Ha3BaHMX TEXHIK MOXKHA aJanTyBaTH JUIsI BUKOPHC-
TaHHs B MUTHIH cnpasi. Hanpuknan, npaBuiia acowianii 3acTOCyBaTH Tak, K iX
3aCTOCOBYIOTH JUISI aHAJIi3y PMHKOBOTO KOIIMKAa B CylepMapKeTax. AHai3ylouH
paHillie MpoBe3eHI TOBapH, MOXKHA MOOYAYyBaTH acoLiallifo i AI3HATUCH, SIKI TOBApU
MIPOBO3UTHMYTHCS Y MaiiOyTHBOMY 1 3 SIKOIO BIpPOTIHICTIO ITf0 1H(OpMAIIi0 MOKHA
BUKOPUCTOBYBATH JJIs1 TAPU(DHOIO PEryJIIOBaHHS Ta BCTAHOBJICHHS KOPEKTHOT'O PiB-
Hs monartkiB. Kmacudikarito MokHa BHUKOPHCTOBYBATH JUISl 3apaxyBaHHS HOBOL
orepalii Ha Kop/oHi (ekcnopTy abo IMIOPTY) A0 OAHOTO 31 BCTAHOBJIEHUX KJIACIB.
Ckaximo, e Moke OyTH Kilac MOTEHIIHO MIaxpalChKuX orepamiid, 0e3neuHux
oreparii 1 MpOMIXHUK KJlac MK HepmuMu aBoMa. [Ipubnnu3Ho Takuil crieHapii
onmcano B crarTi “Classification Method for Customs Fraud Detection” [6]. Pe-
rpecito MOXXKHa BHKOPHCTaTH Ui aHali3y B yaci MOKa3HUKIB MHUTHHUX 300DiB.
Knactepu3zanist Moxke OyTH BUKOpHCTaHa Ui TPyNyBaHHS JEKJIApaHTIB y Ipynu
3a CTyIIEHEeM pU3UKY. AHaJi3 BIIXUJIEHb MOXKE OYTH BUKOPUCTAHO /ISl BU3HAUCH-
HS IIaXpaliCbKUX ONepalii — aHoMaiiil MmiJ yac po3paxyHKy CyMHU MOJATKY 1 HOro
CIUIaTH, KOJIM Taka CymMa Moke OyTH CKOMIpoMeToBaHa. BusBieHHs nmoaiOHuX 3amu-
ciB y 0a3i jae 3Mory OTprMaTH 1H(pOpMaIIiro Mo JEKIapaHTa, MOCATOBUX 0C10, sIKi 111
orepariii 3a1iiCHIOBAJIM, Ta Kareropiro ToBapi. [licis 11b0ro MokHa BXKUTH BiZITIOBI/I-
HUX 3aXO[IB, BUKOHATU [ii JUIs 3armoOiraHHs TaKUM MaxiHaIisM y MailOyTHbOMY.
Came wieil criieHapiii po3riitHeMo J1ati.

[MinboBUMHU KOpHCTYyBayaMy 3alpOIIOHOBAHOI CHCTEMHU CTaHYTh MPAIIBHUKH
(ickanbHOI Ci1yk0u, sIKI BAKOHYIOTh MUTH1 (hopMainbHOCTI. Po3pobitoBaHa cucrema
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MOK€ 3MEHIIUTH 00CST MarnepoBoi poOOTH, a TAKOX JIOMIOMOITH BHSBUTH MOPYILICH-
H$l, BAKOPUCTOBYIOUYH CYYacHi TEXHOJIOTI] iHTEJIEKTYa IbHOTO aHaJIi3y JTaHUX.

Ha miarpami (puc. 2) 300pa)keHO BapiaHTH BUKOPUCTAHHS PO3POOIFOBAHO1
CHCTEMHU JJIsl IHCTIEKTOpa (icKabHOI cy»0u. [HCIIeKTop, BUKOHYIOYH MHTHI (hop-
MaJIbHOCTi, BHOCUTH 1H(OpMaIlit0 3 MUTHOI JIeKJIapallii 10 6a3u JaHuX, siKi Hajasl
MOXKYTh OyTH BHKOPHUCTAHI IS IHTEIEKTYabHOTO aHANI3y JHaHUX 3 METOIO BUSIB-
JICHHSI PU3UKIB 1 OpYIIeHb. Tako IHCIIEKTOP MOXXE€ BUKOPUCTOBYBATH HAasBHY B
0a3i JaHuX iHGOpPMAIliI0 PO ACKIAPAHTIB, SIKi BKE 3AIMCHIOBAIM MUTHI omepariii
paHilie, a TakoX 1H(GOPMAIII0 CHCTEMH KOHTPOJIIO PU3HKIB, OTPUMAHY B Pe3yJib-
TaTi IHTEJIEKTYaJIbHOTO aHAJII3Y JaHUX a00 aHalli3y 3 BUKOPUCTAHHSAM AITOPUTMIB
HeuiTKoi Joriku (fuzzy logic).

Ha miarpami (puc. 3) 300paxeHO BapiaHTH BHKOPUCTAHHS PO3POOIIOBAHOT
CHUCTEMHU JIJIsl aHaJIITUKA (DICKAIBHOI CITYKOH, SIKHiA, 31 CBOro OOKY, MOKe OyayBa-
TH HOB1 MOJIEJIi IHTENIEKTYaIbHOTO aHaJi3y JaHUX, BHOCUTH MPABKU B HASABHI MO-
JieNi aHami3y JaHWX, aHajdi3yBaTH OTPUMaHi pe3ylbTaTH, OLIIHIOBATH €(EeKTUB-
HICTh MOJIENICHi HA OCHOBI LIUX PE3YNbTATIB, MPEJACTABIATH PE3yNIbTYIOUi JIaHi B
3pyuHid JJIs MOAANBIIOr0 BUKOPUCTaHHS (opMi — BUKOHYBaTH (iIbTpalliio aa-
HUX, HAJAIITOBYBAaTH aBTOMATH3AIlIIO 3aITyCKy POOOTH MOEIEH, KOJIU IUTbOBHIMA
HaOlp aHUX A7 aHANI3y PO3UIMPIOETHCS 3 BHECEHHSIM HOBOI iH(OpMaIlii iHCIeK-
TOpaMH, HAIPUKIIAJl, aHATITUK MOXE peajli3yBaTh aBTOMATHYHHI 3aIlyCK MOJENi
Ha BUKOHAHHS 3 TIEBHOIO MepiondHICcTIO, HanamTyBaBiu Oracle Scheduler.

OTpuMaHHA iHdopmawi npo AeKnapaHTiB HAABHUX Y 6a3i AaHMX

dncludes Fuzzy Logic aHania

7

BukopucTaHHs iHopmaLii, oTpuMaHoT 3a ONOMOTOH CUCTEMM KOHTPOMK PU3MKIB
\ dnclude >
IkcnexTop PeccTpajist MHTHoi onepai iMnopry Data Mining axanis

... «include»
Bl

BHeCceHHA AaHuX MUTHOI fiexnapaLii 4o 6asv faHux

“ include»

Peectpalisi MUTHOT onepaLii ekcropty

Puc. 2. [liarpama BapiaHTiB BUKOPUCTAHHS pO3pOOIIOBAHOI CUCTEMHU
JUIsl IHCTIEKTOpa (PicKaNbHOI CIIyK0n
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Mo6yaosa mogeneii Data Mining

BHeceHHs1 NpaBoK y HasieHi mopeni Data Mining

Axania peaynbTaris i ouiKa ehexTMBHOCTI Mogeni

Peaynita Data Mining B 3pyuHiii 1 Nofankwioro BUKOPUCTaHHA dopwi

Ananituk

HanawTyBaHHs aBToMaTH3aLlii MOSeNoBaHHS Nif Yac Po3LUMPEHHS LinboBoro Habopy faHux

Puc. 3. Jliarpama BapiaHTIB BUKOPUCTAHHS Ui aHANITUKA (PICKaTbHOI CITyKO0u

CkopucrtaBmuch ¢yHkiionansHoro moaemwto SADT, moxHa BigoOpasuTu
CTPYKTYpY po3pobmtoBaHoi cucremu. Cxemu B HoTanii IDEF0O natots 3Mory Bino-
Opasutu (QyHKIIi, SKi cHUCcTeMa J03BOJISIE aBTOMATU3YBaTH, 3B’ SI3KH MK HUMH, a
TaKOX BX1/IHI TapaMeTpH, MapaMeTpy YIpaBIIiHHS, MEXaHI3MH, 10 BIUTMBAIOTH HA
BUKOHaHHs (DYHKIII1, pe3y/ibTaTaMu SIKOi € MIEBHI BUX1HI apaMeTpH.

Ha puc. 4 300pakeHO KOHTEKCTHY Jiarpamy o(popMIIEHHS MHTHOI ITPOLIEY-
pH, sIKa OIUCYE TIPOILIEC Yy IIIIOMY.

) . 3akoHopaBCTBO
MocapoBa HCTPYKLjif

3anuT feknapaHta

3apeecTpoBaHa MITHa NpoLielypa
OtopMUTU MUTHY NpoLEeaypy

HeoGxiaHi aokymeHTM

IHcnexTop Nleknapant

Puc. 4. KonTekctHa aiarpama opopMIIeHHS] MUTHOI IPOLeTypH
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Ha puc. 5 300paxeno aiarpamy JAeKOMITO3uIlil mporiecy (puc. 4) mist Oiib-
101 JeTanizalii Ta 4iTKocTi. 3 METOI peanizamii mpouecy oQpopMICHHS MHTHOL
MPOIelypH BUKOHYIOTBCS TaKi (PyHKII:

e [IepeBipKa JCKJIapaHTa — BUKOPUCTOBYEThCS €JMHA aBTOMATH30BaHA 1H-
¢dopmamiiina cucrema JIOC 1 Cucrtema KOHTPONIIO PU3MKAMHU, SKI BKIIOYAIOTH B
ceOe IHCTPYMEHTH 1 TEXHIKU IHTEJIEKTYaIbHOTO aHaAII3y JIaHUX;

® BUKOHAHHS JIOJJATKOBUX il — 3aJIe)KHO BIJI Pe3yJbTaTiB MEPEBIPKUA BUKO-
HYIOTBCS TIEBHI i JUIs MOKpAIaHHS POIIeCy MUTHOTO O0(OpMIICHHS a0o JUIs 3a-
MOOITaHHS MPABOMOPYIIESHHSIM;

e peecTpalliss MUTHOI TIPOLEAYpU — OQOPMIICHHS MHTHOI JeKJaparlii, 1HIIHX
HEOOXITHMX JOKYMEHTIB, BHECECHHS JTaHHX 10 0a3u, ska € yactuHoro €AIC. Baeceni
JIaH1 Halali MOXKYTh OyTH BUKOPHCTaH1 JUIsl IHTENIEKTYaIbHOTO aHAJI3y JaHHX.

Mocanoza | 3a0n0pascrao
HeTpyKU

Sanut
JeknapaHTa

N

[epesipuTvt feknapanTa | Bycxosox

R

07

HeobxigHi
OoKyMeHTU

BukoHaTvt fonarkogi 4
Ha OCHOBI NepeBIpky

0?

3apeecTpyBai
MHTHY TIpLieRypY
apeecTpoBara

WTHa npoLieaypa

[leknapaiT  |lwerexron [EAIC B CHcTeMa KOHTPONIO PH3MKiB

01 fpee

Puc. 5. lexomnosuttis A0 niporiecy opopmMIeHHS MUTHOT IPOLIETypH

Ha puc. 6 300paxeno amiarpamy Data Flow Diagram (nami — DFD) nns
(GyHKUIT IepeBIpKH JeKkIapaHTiB. BoHa netanbHO onucye BKa3aHy (DYHKIIIO 1 BIJIO-
Opaxae 3B’S130K BUKOHYBAHUX 1 13 TaHUMU CHCTEMHU.
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4| Declarantsinfo 5| DeclarantsOperations 6| DataMiningPredictions

07

[lokyMeHTH fieknapaHTa

Mepernaa nonepeaHix
MUTHUX Npouieayp,
MOB’A3aHMX i3 AeKNnapaHTOM

Mowwyk 3aransHoi
iiior iEee
W AeknapaHTa

AHania puankis

Puc. 6. [liarpama DFD nepeBipku neknapanTiB

Jlnst neMoHcTpanii BUKopucTaHHs TexHiku Anomaly Detection 6yno cTBo-
peHO HEeBeNUKy 0a3y JaHuX 3 JeKuIbkox Tadimib. ER-Mozens 300pakeHO Ha
puc. 7.

Declarants Officers Customs

PK | DeclarantiD INTEGER PK | OfficerID INTEGER PK | CustomsID INTEGER
FirstName VARCHAR FirstName |VARCHAR CustomsCypher |VARCHAR
LastName VARCHAR LastName |VARCHAR Name VARCHAR
MiddleName VARCHAR MiddleName |VARCHAR Adress VARCHAR
PassportCypher |VARCHAR Position VARCHAR Type VARCHAR
Gender CHAR
Adress VARCHAR
Country VARCHAR

g

Goods Declarations ImportExportOperations
PK |GoodID INTEGER PK | DeclarationID INTEGER PK |OperationiD  |INTEGER
Classificator |VARCHAR FK | GoodID INTEGER FK|DeclarantlD  |INTEGER
Name VARCHAR FK | OperationID INTEGER FK | OfficerlD INTEGER
PriccUAH  |DECIMAL DeclarationCypher |VARCHAR FK|CustomsID  |INTEGER
Price DECIMAL Standart VARCHAR Tax DECIMAL
PriceUnit DECIMAL Date DATETIME OperationType |BOOLEAN

T y v ]

Puc. 7. ER-monens 6a3u JaHUX €KCIOPTHUX Ta IMIOPTHUX olepaliii BUKOHAHO
3a MPUHIIMIIOM 3ipKH (star schema)

Jlani Tabnuili MOB’sI3aHi TAKUM YHHOM, IO BiJNOBIIalOTh MPHUHIIUITY 31pKU
(star schema), KoM B LIEHTPI € TOJIOBHA TAOJHIIs, 3 SKOIO TOB’sI3aHA peIITa, 3a
JIONIOMOT0I0 MEXaHi3My 30BHIIIHIX KIto4iB. Ha puc. 7 300paxkeHo 1IicTh TabIuIb:
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e Import Export Operations — mMicTuTh JaHi PO OMEPIlii IMIIOPTY Ta €KC-
MOPTY, JaHi MI0JI0 CIUTATH MOJATKIB. Taka TaOuuIs € TbOBUM JIKEPEIOM JTaHUX
JUTSL aHATI3Y;

¢ Declarants — 36epirae BiioMOCTi Ipo JE€KJIapaHTIB;

o Officers — 36epirae BiToMOCTI PO MOCATOBUX OCIO MUTHHUIL;

o Customs — 30epirae iHpopmaIiiro mpo MUTHI TOCTH YKpaiHu;

¢ Declarations — MicTUTB BiIOMOCTI IIpo BCi 0opMITIEHi IeKIaparii;

e Goods — 36epirae BigomocTi mpo ToBapu, 3okpema YKT 3E]/], uiny ToBapy
B 1HO3E€MHIH 1 HAI[IOHATBHIN BaJIIOTI.

[Tepen Bukopuctanusm Data Mining Oyno ctBopeHo Data Mining perno3u-
Topiil. [Hpopmarito Ha cepBepi OpraHiz3oBaHO TAKMM YHMHOM: OJIHA CXEMa CIIYT'y€e
JUTsl HAKOTIMYEHHS JTaHWX MUTHHUII 1 30epirae onucani Ha ER-Mozeni Buiie tab-
JMII Ta iX JaHi, Ipyra cxema CIyrye i MaHImyJIsii i yac iHTeIeKTyalbHOTO
aHaJi3y JaHuX 1 30epe)KeHHs TaOJHMIb 3 Pe3yIbTaMU IPOrHo3yBaHHs (puc. 8).
Moens BUKOPUCTOBYE IITHOBI JIaHI B OHIM cXeMi Ta 30epirae OTpuMaHi pe3yib-
TaTu (MMPOTHO3HM), @ TAKOX TaOJHUIII 3 TPOMIKHUMH JTAaHUMH — B 1HIIIH cxemi. Taka
apxiTekrypa 3abe3neuye cTabipHy i 6e3meyny poOoTy 0e3 BTpaTH MiHHUX JaHUX.

/’fOracle Database\

DataMining Schema Result Data

= —= — (Prediction)

Temp Table Temp Table Prediction
Table

DataWarehouse Schema
Data for

6 EE

Supplement Import Export
Table Operations Operations

Data Mining Model

Puc. 8. CtpykTypa cTBOpeHOi 0a3u 1aHux
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VY mpoueci Bukopucranas rpagiudoro inrepdeiicy Oracle Data Miner 6yio
CTBOPEHO MOJIC/Ib IHTEJICKTYaIbHOTO aHAJI3y JaHUX 3 omnepailiit immopty (puc. 9).

&
a i
L% BINARY COMNVERT TEST

Explore Data

] ] _ltl g
. e BB _E &
2 e %_/’ — = — B/
L]
g — % — AnomalyOnly  AncmahyColurnGelRid0l ROUNDPROB f—

IMPORTOPERATIONS ~ Anomaly Build Apply

g5

FRAUDPREDICTION ~ NEEDCOLUMNS

Puc. 9. BusiBneHnHs anomaniit
i yac IMOOPTHHUX Ta €KCIIOPTHUX OTepamin

Jlxepeno nmanux — tabnmis 3 iHGoOpMariero mpo AaHi MOKymmiB Import
Export Operations. LlinboBuii arpudyt ananizy Operationld — inentudikatop mo-
kynis. [licns Toro sk aHami3 aHOMaliii BUKOHAHO, Pe3y/IbTaTH aHaIi3y HakKjaaa-
10Thbes Ha Aadi B Tabmuii Import Export Operations 1, 3pemror, OTpuMyeMo Tab-
JIUITIO, JIe HAaBEJCHO 1H(OpMAIIiI0 MPO aHOMAJBHI omepallii, MPOIeHTHA WMOBIp-
HICTB TOT'O YH IHIIOTO BUCHOBKY (puc. 10).

BusiBUTH aHOMAabHI 3alMCH HECKJIAAHO, HANHCKIAAHIIIAM 1 BaKIUBUM
3aBJaHHSIM II1J1 4ac aHayli3y aHOMalii € BCTAaHOBJIEHHS YMHHMKA aHOMaiiil. Bu-
KOHABIIM aHaJli3 JaHUX B pe3yibTYIOUid Tabaull, O0yja0 BCTAaHOBIEHO, 110 aHOMa-
JI0 BUKJIMKAIOTh aTpUOYTH, SIKI CTOCYIOTHCS CyMH CILJIau€HUX MOAATKiB. J[is
OTpPHMaHHS TaOIUII, Ky MOKHAa BUKOPUCTOBYBATH JIJISI TTOJATBIIOTO TPUHHATTS
pillleHb, TPOBOJAUTHCA HEOOXigHa (uibTpawis JaHuX. Tak, MOXHa oOparu JuIIe
QHOMAJIbHI1 3aIMKCH, TICJISI YOT0 3MEHIITUTH iXHIO KIJTBKICTh 32 MPOIIEHTHUM TOKa3-
HUKOM, SIKMH BKa3ye, HACKUIbKMA aHOMaJisl iiMoBipHa B 3amnuci. [lani MoxHa oOpa-
TH HEOOXiHY 1H(popMallito, OB’ A3aHy 3 AHOMAJIbHUMH 3allMCaMM, HalpHKIaJ,
KOHTAKTHI JaHl JAeKJIapaHTa, AaHl Npo 1HCHEKTOpa, SKUil 3/iHCHIOBaB OQOPMIIEHHS,
Miciie ¥ 4Yac — TaONWIF0 3 OpPraHi30BaHMMH TAaKUM YHHOM JAaHUMH MOXKHA
BUKOPHUCTOBYBATH HaJalli B poOOTi (iCKaIbHOI CITyKOHU JUIsl BUSBIEHHS PU3HKIB 1
MOPYIIEHB Ta IPOBEICHHSI BiMOBITHUX 3aXO0/I1B.
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Data Columns |SQL

Elﬂ v || Sort... | Parallel Query OffC] | Filter:
ANOM_SVM_1_6_PRED  ANOM_SVM_1_6_PROB CUST ID CUST_STATE_PROVINCE CUST LAST NAME COUNTRY_ID
261 10,5541455367317341 39 676 Maharashtra Rhodes 52771
22 10.5692326370479603 43 232 Parana Rhodes 52775
263 10.5108113617840054 25 514 South Africa Rhodes 52791
264 10,5709694436915912 47 010 England - Greater Manc... Rhodes 52 789
25 - 50 565 Kuala Lumpur Rhodes 52 769
266 10.5028507732024513 4 121 Wrodaw Rhodes 52 786
el 0[o.5150788637473082 7677 Andhra Pradesh Rhodes 52771
268 10.5199066252643458 11 232 Selangor Rhodes 52 769
269 10.5704633666349682 14788 Krakow Rhodes 52 786
270 10.5326732174194443 18 343 Noord-Holland Rhodes 52770
271 10,5413924427666915 46 557 England - Norfolk Rhodes 52789
272 [ 21898 Friesland Rhodes 52770
273 10.5191042741326525 25 455 Zuid-Holland Rhodes 52770
274 10.5339196413469113 29 010 Noord-Holland Rhodes 52770
275 10.517657795395787 32 565 Zuid-Holland Rhodes 52770
276 10,5865691757507908 37010 Kanagawa Ryan 52782
277 10.5501512943000599 40 565 Santa Catarina Ryan 52775
278 10.5417402340112204 44 120 Zuid-Holland Ryan 52770
279 10.5636864059357586 34403 Victoria Ryan 52774
280 10,5537763139068412 47899 Zuid-Holland Ryan 52770
281 10.536966685649159 1 455 Noord-Holland Ryan 52770
282 10,5139799695331775 5 010 Selangor Ryan 52 769
283 10.549732960702248 § 565 Rio de Janeiro Ryan 52775
284 10,5325904745946002 12 122 Gelderland Ryan 52770
285 10,5511124372937262 15677 England - Avon Ryan 52789
286 10.5330667157633009 19 232 Limburg Ryan 52770

Puc. 10. Pe3ynpTytoui JaHi micist 3aCTOCYBaHHS
TEXHIKM aHOMaJIbHOTO aHai3y (6e3 giibTpariii)

[TnanyBanpHuK 3aBAanb Oracle qomomarae aBToMaTU3yBaTH poOOTY, TEeEp
MO’KHA 3aITyCKaTH MOJIEJIi IHTENIEKTYaJ IbHOIO aHali3y Yepe3 YCTaHOBJIEHI MPOMIKKU
yacy ¥ OTpUMYBaTH OHOBJIEHI JaHl, KOJU LIJbOBUM HaOIp JaHMX IS aHaI3y
PO3ILIUPIOETHCS 13 BHECEHHAM HOBOi 1H(popMaii iHcnekTopamu. [liarpamy Iisuib-
HOCTI, 1110 OMHCYE AaHUH mpolec, 300pakeHo Ha puc. 11.
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PoO31MpeHHA HiIbOBOro HaGopy AaHuX Ana aHanisy

3anyck mogeni Data Mining Ha BUKOHaHHA

OTpUMaHHA HOBUX pe3ynbTaTtiB aHanisy

BUKOPUCTaHHS HOBUX JaHUX Y NPOrpamMHOMY AOAATKY

Puc. 11. liarpama gisutbHOCTI, aBTOMaTH3awis podotu 3 Monensimu Data Mining
i yac po3UIMPEHHsI LIbOBOro HAabopy JaHUX

Pe3synpTaTi 1HTENEKTYaJIbHOTO aHali3y MOXHAa BUKOPUCTOBYBATU JUIS
CTBOPEHHSI MPOTPaMHUX JIOJATKIB 31 3pydyHHM iHTep(eiicoM KopucTyBaya is
NOJIJIbLI0T 0OPOOKM OTPUMAHUX JaHMX Ta iX Bizyauizauii (puc. 12).

‘%' DM Analytics Application

JOO
1)) Menu
350

Anomaly Detect

with A 3 8 A | B crpome +

1099 068  Thayer Fot  (521)6282723
%44 062  Everst  Lovet  (765)344-1825
1066 061 Fiint Race  (751)503-5380
%00 084  Frarkin  Lyles  (778)5896802
268 067  Germaine  Diehl  (555)4966818
1034 083  Winted  Hemy  (780)385:2003
263 061  Winited  Wensel  (771)4302077
905 067  Gordon  Spence  (665)610-1481
287 061 Yonne  Lauderdale  (207) 3484062
207 068 dete  Forster  (407)716:9734
461 065 ¥is Spooner  (527) 7783205
%45 062 Jason  Bames  (715)976-1258
247 061  Jocehn  Jewel  (401)3162020
752 067 Joo! Mane  (532) 7864741
113 062  Keenan Day  (455)410-1127
a1 061 Keloy Krebs  (371)646-8050
150 061 Lesh  Snodgrass  (628)622-7305
173 068 Lisstte  Whitehead  (423)210-1800

CUSTOMERS WITH ANOMALY INCOME & CRED

thayer fot@company2 example com 57008 Berfin Berin 3267 Exchangeable Tumpike 1922 M
everett ovett@company2 example.com 53574 Flevopolder Almere 1952 Color Street 1948 L
flint race@company2 example com 84937 Brandenburg Cottbus. 8156 Chisel Drive 1949 M
frankiin lyles@company2 example.com 80074 Bremen Bremen 3545 Meteorite Tumpike 1931 M
germaine diehi@company2 example.com 40804 Barcelona Badalona 5300 Curtained Lane 1928 F
winted henry@company2 example com 47876 Aquitaine Bordeaux 6131 Reactionaries Lane 1929 M
winifred. wensel@company2 example.com 49147 Almeria Almeria 2830 Sequoia Avenue 1966 F
gordon spence@company2 example.com 53574 Flevopolder Almere 9567 Donated Boulevard 1932 M
com 42850 Drerthe Assen 4699 Albrecht Bouevard 1923 B
idette forster@company2 example.com 40804 Barcelona Badalona 2034 Maddest Street 1933 F
inis spooner@company2 example.com 88512 Dublin Blackrock 11340 Supematural Boulevard 1954 F
jason bames@company2 example com 30444  NorhJuland  Asborg 1437 Antiquity Street 1928 M
jecelyn jewel@company2 example.com 35228 Schieswig- Bad 782 Enduring Tumpike 1943 £
Schwartau
el mane@company2 example com 73071 Kerala Alleppey 3046 Twigs Street 1926 L
y@company2 example.com 30568 Aachen 8472 Barrack Boulevard 1930 M
Westfalen
keby krebs@company2 example com 36598 Cork Baltimore 5028 Hermann Street 1957 M
leah snodgrass@company2 example.com 34846 Girona Girona 9899 Stockpile Street 1830 F
W Austaian Canbera 8783 Specifically Street 1930 B
Capital Territory

Puc. 12. ITpuxnian BUKOPUCTaHHS OTPUMAHUX MPOTHO3IB Y MPOTPaMHUX JI0JAaTKaxX
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CtpykTypy Takoro nojatka 300paxeHo Ha puc. 13. Ll apxitexTypa Bifmo-
BiJJa€ Cy4acHUM TEHJCHLIAM y po3podui mporpamHoro 3abesnedenus. [Iporpam-
HUM JTOJATOK CKJIAIA€ThCS 3 TPhOX OCHOBHUX PiBHIB:

e Presentation Layer — piBeHb iHTepdeiicy KoprcTyBaua,

e Business Logic Layer — piBeHb, y SIKOMy MICTUTBbCS OCHOBHA JIOTiKa
J0JaTKa;

e Data Layer — piBeHb, y SIKOMY MICTHTbCS JIOTiKa B3aEMOJI1 3 6a3010 na-
HUX Ha IPOrpaMHOMY piBHI.

Object-Relational Mapping (ORM) — 3aci6 Entity Framework, cayrye must
B3a€EMO/IIT Mozienell TabNuIb Y TOAATKY 3 TaOJUIISIMHU, 1110 30epiratoThbes B 0a3l JaHUX.

Presentation Layer (Windows Forms)

Business Logic Layer (.Net)

Data Layer (.Net)

Models (.Net) Data Context (.Net)

Object-Relational Mapping (Entity Framework)

Oracle Database
Data Storage Schema Data Mining Schema

Puc. 13. TpupiBHeBa apxiTeKTypa MporpaMHOro A0AaTKa
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BHCHOBKH 3 1aHOT0 JOCJII:KEHHS i MEPCNEeKTUBH MOJAJBIINX PO3BIIOK
y JaHOMY HamnpsiMi. ¥ cTaTTi IpoaHaIi30BaHO W JOCIIHKEHO:

— OCTaHHI TEHJICHIIIi PO3BUTKY iH(OPMAIIHHUX TEXHOJIOTIN IS IHTEICKTY-
QJIIBHOTO aHaJlI3y AAHUX;

— CTPYKTYpPY, OCOOJMBOCTI Ta MOXJIMBOCTI peajizallii JaHOi TeXHOJOrii B
CVYB/] Oracle;

— MOMYJIAPHICTh BUKOPUCTAHHS 3ac00IB 1HTEIEKTYabHOTO aHAMI3y MiJIpH-
€MIISIMH, IEP’)KaBHUMH YCTAaHOBAMH Ta IHIIMMHU OpraHi3alisiMu;

— TeHJCHIII 00 3aIPOBaHKCHHSI BUKOPHCTAHHS JaHOT TEXHOJIOTI] B MHT-
Hil cIpaBi, a came JUIsl BAOCKOHAJICHHS POOOTH CUCTEMH KOHTPOJIIO PU3HKIB.

VY 3B’s13Ky 3 MM HaOyJa MOAAIBIIOTO PO3BUTKY MOXIIMBICTH BUKOPHCTAHHS
texHosorii Data Mining B MUTHUX MiApo3AiIax (icKadbHOI CiIy>KOu YKpaiHu ams
aHaJi3y OMepaliil eKCIopTy Ta IMIOPTY 3 METOK BHUSBICHHS MOTCHIIMHO MIax-
paiicbKoi AisbHOCTI. Pe3ynbraT IbOTO JOCTIKEHHSI MOXKYTh OyTH BUKOPHCTaH1
JUISL TIOAAJBIIUX TOCIIKEHb 1 pO3pO0OK, a TAKOXK JJIS 3alIPOBAKEHHS BUKOPHC-
TaHHS TEXHOJIOTIi MUTHUIIME Y Kpainu, po3mupenHs MoximBocteit ACAVYP.

Cnucox BUKOPUCTAHHUX JIZKEPEI:

1. Top 33 Data Mining software. URL: https://www.predictiveanalytic-
stoday.com/top-data-mining-software

2. 50 top free data mining software. URL.: https://www.predictiveanalytic-
stoday.com/top-free-data-mining-software/#

3. Tierney B. Predictive Analytics Using Oracle Data Miner: Develop &
Use Data Mining Models in Oracle Data Miner, SQL & PL/SQL: Oracle Press,
2014. 429 p.

4. Oracle Advanced Analytics Customer Success Stories. URL: https://
www.oracle.com/technetwork/database/options/advanced-analytics/odm/odm-customers-
086483.html

5. Geourjon A.-M., Laporte B., Coundoul O., Gadiaga M. Inspecting less to
inspect better: The use of data mining for risk management by customs
administrations measurement Applied to Customs and Tax Administrations in
Developing Countries ed. by T. Cantens, R. lIreland and G. Raballand.
Washington, DC: World Bank, 2012. November.

6. A Novel Unsupervised Classification Method for Customs Fraud
Detection / Habibollah R. R., Saeed A., Rahbar F., Ruhollah Rahmani and oth. //
Indian Journal of science and Technology. 2015. Vol. 8(35). DOI:
10.17485/ijst/2015/v8i35/87306

7. B I®C ¢yHKIIOHYe cydacHa aBTOMAaTH30BaHa CHCTEMa MUTHOTO KOHT-
pomo Ta odopmienns. URL: http://zp.sfs.gov.ua/media-ark/news-ark/print-
249074.html
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8. Enextponna muthuig. URL: https://www.mdoffice.com.ua/pdf/ jeais
dfs_1602281713.pdf

9. Mapuenxo O. O., Poccaoa T. B. AktyanbHi npo6iemu Data Mining: Ha-
BYAJIbHUH MOCIOHUK U1 CTYJCHTIB (paKyIbTeTy KOMI IOTEPHHUX HayK Ta KibepHe-

tuku. Kui: KuiBchkmii HamioHaneHUW yHIBepcuTeT imeHi Tapaca IlleBuenka,
2017. 150 c.
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OOLEHT Kadpeapn KOMM'IOTEPHUX CUCTEM,
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aepOKOCMIYHOIo YHIiBEpCUTETY

iM. M. €. XKykoBCbKoro “XapkiBCbKuM
asiauinHUA IHCTUTYT”

MAPHIPYTU3ALUSA TOJBOTY MYJbTUPOTOPHOI'O BILIA
3 BUKOPUCTAHHSIM MOBITPSIHOI ABTOMATUYHOI CEPBICHOI
CTAHUII I YAC MOHITOPUHT'Y TEPUTOPII
NOTEHIIMHO HEBE3IEYHOI'O OB’EKTA

Po3pobneno nioxio 0o eusnauenHs onmumanbHoi Mapupymu3ayii noaibomy
mynomupomoprozo BIIJIA 3 suxopucmanuim nogimpsaHoi asmomamuyHoi cepesic-
noi cmanyii (ITACC). Hagedeno npukiao 3acmocy8anHs 3anponoHo8aH020 nio-
X00y 0711 opeanizayii monimopuney 11 nocmie konmponio 3anopizvroi AEC. Po3-
PAX08AHO WAISIXOM PO38 A3AHHA 3a0ayi KOMIGOAXCepa ma NO3HAYEHO HA Kapmi
Hatikopomwui mapupym ooavomy BIIJIA 3a0anux mouok monimopuney. Busna-
yeno micys 3aminu bamapeu ma mapuipym pyxy 0o yux micyb IHACC. Cxnaoero
cninvruil epagix pyxy sa mapupymom BIIVIA ma ITACC, a maxodc oxpemuil
epaghix pyxy [HACC.

KirouoBi cioBa: myasmupomopnutl 6e3ninomuuti 1imaivHuil anapam, no-
BIMPSAHA ABMOMAMUYHA CEPBICHA CMAHYIs, MOHIMOPUHe, NOMEHYIUHO Hebe3neu-
HULl 00 ’€Km, 3a0aya Komigosicepda.

Paspaboman nooxoo no onpeodenenuro onmumanrbHOU Mapupymu3ayuu no-
aema mynomupomoproco BII/IA ¢ ucnonvzosanuem 6030VWHOU asmomamuye-
ckoti cepsucrnot cmanyuu (BACC). Ilpuseden npumep npumenerus npeoioiCeH-
HO20 N00X00a 015 opeanuzayuu MoHumopunea 11 nocmos koumpons 3anoposic-
cxoti ADC. Paccuuman nymem peuieHus 3a0a4u KOMMUBosdcepa u 0603HaAUeH Ha
Kkapme Kpamuaviwui mapupym oonema BIIJIA 3a0annbix mouex mMonumopuHea.
Onpeodenenvl mecma 3amenvl bamapeii U Mapuipym O8UNCEHUs K IMUM MeCmam
BACC. Cocmasnen coemecmmuulii epaghux Oeudcenusi no mapuipymy bBIIJIA u
BACC, a maxaice omoenvnuiii epagux osudicernuss BACC.

KitoueBbie crnoBa: mynsmupomophslii Oecnuiomubslil 1emameibHulll anna-
pam; 8030VWHAS ABMOMAMUYECKAs. CePBUCHAS CIMAHYUSL, MOHUMOPUHS, NOMEH-
YUATILHO ONACHBILL 00BEKM,; 3a0a4a KOMMUBOSCEPA.

©T. B. ®ecenkxo, 2019
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Multi-rotor UAVs have advantages over other UAVs because of their capability
of hovering, which is essential to guarantee more accuracy of the given parameters
measurement when performing monitoring missions. However, such UAVs have low
battery life and should be able to replace or recharge their batteries on the route. The
paper is devoted to the development of an approach to determine the optimal routing of
a multi-rotor UAV, which uses an airborne automatic service station (4ASS) for its
batteries replacement. On the basis of the analysis of the peculiarities of the use of auto-
matic service stations, a faceted classification one of their types — automatic energy re-
covery stations — was proposed. The following classification features were used: princi-
ple of operation, method of replenishment of energy, method of recharging, type of bas-
ing, type of construction, number of places for simultaneous UAV service. The example
of application of the proposed approach for monitoring of 11 control posts of Za-
porizhzhia NPP is given. The DJI Mavic 2 Enterprise Dual UAV, which travels at a
speed of 40 km/h and has a battery life of 31 minutes, was selected for the monitoring
mission. The AASS based on the SL-231 Scout helicopter, which travels at 100 km/h
and is capable of operating in unmanned mode, was used to replace the UAV batteries
on the route. The following results were obtained: the shortest flight route to visit all
the specified monitoring points calculated by solving the traveling salesman problem and
indicated on the map; a compatible UAV and 4ASS route schedule; a separate 4ASS
route schedule. The total time of the UAV monitoring mission and the total time of the
AASS mission to ensure the replacement of the UAV batteries were calculated. The pro-
posed approach and the software developed for its implementation can be used by
ground control station operators to develop optimal routes for the joint use of UAVs and
AASS while monitoring the specified points of potentially dangerous objects. Further
studies should include options for monitoring the specified points of potentially danger-
ous objects by UAV and 4ASS fleets for reducing the overall monitoring mission time.

Key words: multi-rotor unmanned aerial vehicl; airborne automatic service
station; monitoring; potentially dangerous object; traveling salesman problem.

IMocranoBka npo6aemu. OcTaHHIM YacoM O€3MIOTHI JITAIBHI anapaTy (Jat —
BITJIA) Bce wacrimie po3risaaoTbes K eheKTUBHUN 1HCTPYMEHT J10- Ta MicisaBa-
PIMHOrO MOHITOPUHI'Y aTOMHUX enekTpoctauiil (nani — AEC), iHmmX noTeHuiiHo
HeOe3neunnx 00’ekTiB (manmi — [THO). Pi3sHOMaHITTS 3aBlaHb, 1O BUKOHAHHS SKUX
3aimydatotbest BITJIA, BapitoeThes Bi pafialiiiHUX BUMIPIOBAaHb Ta CKJIQAAHHS KapT
Pal0aKTUBHOCTI IO CTBOPEHHS 0AaratoBepciiHOI CUCTEMHU MIC/IsIaBapitHOIO MOHITO-
puUHTY, sika 0a3yeThcsl Ha TEXHOJOT1i iHTepHeTa apoHiB (Internet-of-Drones) [1-5].

Psin takux 3aBganp nepenbavae o6t 3amanux Todok teputopii [THO, nHa-
npuKiIan noctiB KoHTposto (mami — I1K) aBromarn3oBaHOi CUCTEMH KOHTPOJIIO
panianiitnoi o6ctanoBku (nam — ACKPO) AEC [6], 3 skumu BTpaueHo pajio- Ta
IpOTOBUIl 3B’430K. MeToro 00JIb0TY B IIbOMY BHUIIAJKy MOXeE OyTH:

— YCTaHOBJICHHS CTYIEHS MOIIKOJKEHb MOCTIB JJI pO3paxyHKy CHII 1 3aC0-
01B 1040 IX BIJIHOBJICHHS,
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— BU3HAYEHHS TOTYXKHOCTI JI03M TaMMa-BUIPOMIHIOBAaHHS B MICISIX IXHBOTO
pO3TalTyBaHHs I PO3PaXyHKY yacy ocjiabjieHHs padiaiiHoro GpoHy 10 piBHSA, He-
00X1THOTO J1J1s1 0€3MEYHOT0 MPOBEICHHS aBapiiHO-BITHOBIIOBAIBHUX POOIT;

—34UTyBaHHS 1H(pOpMallii, HAKOMMYEHOI MOCTaMU 10 MOMEHTY BTpaTH 3
HUMH 3B’SI3KY 3 METOIO 11 OJANIBIIOT Iepeadl y KpU30BUH IIEHTD.

Jly>ke 4acTo Juis o0JIbOTY 3a/laHuX TOYOK 3acTOCOBYIOThCS BITJIA mynbTu-
POTOPHOrO THUMY, OCKUIbKU MOpiBHSAHO 3 BIIJIA miTakoBOro THIy BOHM MalOTh
TaKi IepeBaru:

—MOXYTh 3aBHCAaTH HaJ 33JaHOI0 TOYKOIO, 3a0e3Neyyroun SKiCHIIIe 3Hi-
MaHHs iH(OopMaIlil Ta MOHITOPHHT 00’ €KTa KOHTPOJIIO;

—He TNoTpeOyroTh OO0aJHAHOTO CHEUIaJbHOTO MaWJaH4YMKa I 3JeTy-
MOCAJIKH, a TAKOXK 3aCTOCYBaHHS CIEMiaAIbHUX 3aC00IB MyCcKy (KaTamyJibT) 1 ocaj-
KM (TTapantyTiB).

VYr1im BIIJIA MynbTHpOTOPHOTO THIy MalOTh, SIK IMPaBUJIO, MEHIIMH Yac
TPUBAJIOTO MOJILOTY NMOPIBHSIHHO 3 BIIJIA niTakoBoro tumy, a OTKe, 4acTO MOT-
peOyIOTh miA3aps Ky (3aMiHK) OaTapel i yac BAKOHAHHS ITOJIHOTHOTO 3aBIaHHS.
Taxa migzapsanka (3amina) Moxe OyTH 3/1iiCHEHa JBOMa OCHOBHUMH CIIOCOOAMM:

1) Ha craproBiii mo3umii, kynu BITJIA noBrHEH moBepHYTHUCS;

2) Ha BU3HAYEHIH TOYIl MapHIPYyTy 3a JOTIOMOTOI0 aBTOMATUYHOI CEPBiICHOI
cranii (gam — ACC).

[lepuunii croci®6 YHEMOKIIUBIIIOE OOMIT YCHOTO MEPETiKY 3a3HAYEHUX TOUOK
0e3 BIIXWJICHHS BiJ MapmpyTy i HoTpedye 3HaYHOI epepBU y BUKOHAHHI MOJIBOT-
HOTO 3aBJaHHS, TOAL SIK APYTUil cOciO J03BOJISE MOBHICTIO JOTPUMYBATUCS BH-
3HAYEHOT0 MapUIPYTy, POOJISIUM HEBENUYKi MepepBU (OIM3bKO 2 XB) IS Tia3apsi-
nxu (3aminm) 6arapei na ACC.

OTxe, npyruii crioci® 3aminu (mia3apsaku) 6aTapei OUTbII KOHKYPEHTHHH i
3a0e3MeynTh BUKOHAHHS MTOJIbOTHOTO 3aB/IaHHA 32 KOPOTIIUI yac.

Kpim toro, nasBHicTh ACC Ha BH3HAYEHOMY MicIi MiA3apsaku (3aMiHH)
Oatapei 103BOJISIE 3a TTOTPeOU 3a0€3MeUnTH A0JATKOBO MOTOYHUM peMoHT BITJIA
a6o 3aminy BITJIA Ha HOBWHI, a B pa3i po3rauryBaHHs ACC Ha pyXxoMOMy TpaHC-
OpPTHOMY 3aco0i — 1mie i eBakyartito BITJIA.

TakuM 4YHMHOM, aKTyaJlbHUM € 3aBJaHHS ONTHMAIBHOI MapIIpyTH3amii
1os1boTy MynsTupoTopHoro BITIA 3 Bukopucranusm ACC.

AHaJi3 oCTaHHIX Aoc/ilKeHb i myOaikamii. /lyxe neraarsHo ACC pos-
rISHYTO y [7]. ABTOpM NPUAUIMIIM 3HAYHY yBary aBTOMaTHYHUM €HEPTOBIIHOB-
moBanbHUM ctaHIlisaM (nami — AEBC), sxi € peanizamismu ACC, o He nependa-
Yal0Th 1HIIUX CEPBICHUX (YHKIIH, KpIM MOHOBJIEHHS €HEpril KUBJIEHHS CUIOBOL
ycraHoBku BILTA.

bazyrouncey Ha panux [7], 3 wmeroro (dopmamizamnii onucy Mojaenen
pO3B’sI3aHHSA 3a7a4 MapiupyTu3allii mpononyerbes (acetHa kinacudikamis AEBC
muist BITJTA 3 eneKTpryYHO0 CHIIOBOIO YCTaHOBKOO (Tabum. 1).
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Taomuus 1

®acerna knacudikanis AEBC sk peanizanii ACC

No Kon Po3nin Ore
dacera | ¢acera
1 2 3 4
1 A Knacudikanis 3a npuanunom GpyHKIioHyBaHHs
1 AptomarnyHi 3apsaHi ctadmii (A3C) — cTaHmii aj1s aBTo-
MaTHYHO] Mi3apsAKN OOPTOBHUX aKyMYJISITOPHUX Oarapeit
0e3 3aatTs ix 3 BIIJIA
2 AptomarnuHi 00MiHHI craHIlil (AOC) — craHIii it
aBTOMATHYHOI 3aMiHH BiANpalboBaHUX OOPTOBUX Oatapei,
10 HE Mepe3apsHKAIThCs, a00 MATUBHUX KapTPUIKIB (0a-
JIOHIB) Ha HOBI
3 ABToMaTnuHi 00MiHHO-3apsaHi cTaHuil (AO3C) — craHmii
JUTSE aBTOMATHYHOI IIBUIKOT 3aMiHU OOPTOBHX OaTapei, 1o
nepe3apsHKAOThCS, 3 IX TOAIBIIO0 3aPS KO0
2 B Knacudikanis 3a cmoco6omM nonoBHeHHs eHeprii
1 3amina Oarapeit
2 Ilinzapsinka Garapeit
3 C Kaacudikamis 3a ciocodom mixzapsaaku
1 KonTakTHi 3 p0o3’eMHUMH 3’ € JHYBaYaMHU
2 KonTakTHi 3 BIAKpUTUMH KOHTaKTaMHU
3 beskoHTakTHI 31 3B’I3aHUMHU KOJIMBaJHHIMH KOHTYPaMH
4 Be3KOHTAKTHI 3 EMHICHUM 3B’SI3KOM
5 beskoHTaKTHI i3 KUBICHHSM Bif JiHIN enekTponepenayd
4 D Kuaacudikauisi 3a Tunom 6asyBaHHs
1 CrarionapHi
2 Mo0inbHi
3 Taxi, o po3ropTarThCs
5 E Knacudikanis 3a THnomM koHCTpyKIii
1 Binxpura mnatdopma
2 3aKpUTa KOHCTPYKIIis
3 Oxpemuii TepMiHal
6 F Knacudikanis 3a KiabKicTIO MicIb 17151 0IHOYACHOTO
oocayrosyBanHsi BILJIA
1 OnHoMmicHi
2 BbaraTomicHi
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PoGotu mono po3m’szanHs npoOnemu mapripytusaiii BIIJIA 3 obomexe-
HOIO KUIBKICTIO 3apsiy Oarapei (majuBa) MOXKHA MMOAUTMTH Ha JIBI OCHOBHI IPYTIH:

1) poGotu, ne po3risaaeTbes Bukopuctanns cramionapaux ACC [8; 9];

2) po0OoTH, Jie PO3TJISIAEThCS BUKOPUCTAHHS K CTAIllOHAPHUX, TaK 1 pyXo-
mux ACC [10-12].

VY crarTi [8] 3ampornoHoBaHO BU3HAYUTH MapumpyT o0boTy omHuM BITJIA
BCIX YCTAHOBJICHHUX JUIA HBOTO IIiJIeH, o0 BiJBIAaTH SKHAHMEHIIE HAa3eMHUX
MICIIb J03arpaBieHHs 3 HAWMEHIIMMH BUTPAaTaMH MajluBa.

ABtopHu [9] mpOINOHYIOTH MIAXiJA 10 BU3HAYCHHS MIHIMAIbHOI KUIBKOCTI
BIUIA, ski, moTpeOyroun MepioJUYHOr0 MOBEPHEHHS HA CTAHIIIIO MiI3apsaKu, 3a-
Oe3meunin 6 Oe3nepepBHY poOOTY OE3APOTOBOI MEPEkKi Ta TUCTAHIIHHUI MOHITO-
PHHT MiCIIb pYHHYBaHb IIiJ] Yac JIKBiJallii HACiIKiB HaJ3BUYAHHUX CUTYaIliH.

VY npari [ 10] aBTopr po3poOmiy 1 OPIBHSIIH MIAXOIH 10 3MIIIAHOTO MiICYH-
CIIOBOTO TIPOTPaMyBaHHS Ta AWHAMIYHOTO MPOTPaMyBaHHS Ul PO3B’S3aHHS TPO-
OJIeMH MapIIpyTHU3AIlii JIITAILHOTO arapara 31 BCTAHOBJICHOKO €MHICTIO MMaJbHOTO Ta
TT1IMHO>KMHOIO TOUOK, B SIKMX TOBITPSHE CyJHO MOKHA ITOITOBHUTHU MaJIbHUM Y TOBIT-
pi. ObuBa migxoau mependadaid MiHIMI3aIio 3BaKEHOI KOMOIHAIIIT TpOiIeHOT Bi-
JICTaHi Ta KUTBKOCTI HEOOX1THUX OMepalliii, 110 CTOCYIOThCS 3alIPaBKU.

VY [11] aBTOpamu 3anIpONOHOBAHO CTPATETiI0 HA OCHOBI CKYIIOTO aITOPUTMY
JUIsL oprafi3aiii B3aeMo/ii MOOLTBHOT 3apsAHO1 CTaHIii Ha 6a3i O0e3MIOTHOTO Ha-
3eMHOTO TPAaHCIOPTHOTO 3aco0y, CTalllOHAPHHUX IIOCTIB MiA3apsaKu Oartapei i
BIUJIA 3 MeToro yCIINTHOTO BHKOHAHHS 3aBJaHb Ha 3aJaHOMy MapmpyTi. Jlms
TECTYBAaHHSI Ta MiATBEPPKEHHS CBOEI CTpATETii aBTOPH HABOJATH PE3YJIbTATH SK
3acTOCyBaHHsA iMiTaniHOi Mozeni B Matlab, Tak i mOJbOBHX €KCIEPUMEHTIB 13
BukopucTtanusM BITIJIA MynsTupoTOpHOTrO THITY (KBaJAPOKONTEPA).

[Tpans [12] 3HaYHO PO3MIMPIOE MOXKJIMBOCTI CTpaTerii, 3alpONIOHOBAaHOI B
[11], ockinbku MPOMOHYE Mi/IXi/ 3 BAKOPUCTAHHIM JEKIJIPKOX OE3IMIOTHUX Ha3eM-
HUX TPAHCIOPTHUX 3ac00iB 13 po3MinieHnmu Ha HUX ACC.

Opnak 3ampoINOHOBaHI CTpaTerii nepeadavyaroTh MiA3apaaKy (3ampaBKy ma-
JMBOM) a00 Ha CTalllOHApPHMX IOCTax, a00 3a IOMOMOT0I0 Ha3eMHOI'O TPaHCIIOPT-
HOoro 3aco0y. IIpomoHyemo BHKOpHCTOBYBaTH MOOUIBHY moBITpssHY ACC
(ITACC) na 6a3i BepTOJIbOTA, 1110 MOXKE 3aCTOCOBYBATHCH SIK y MIJIOTOBAHOMY, TaK
1 6e3MI0THOMY pexHuMax (y pas3l NEePEeBUILEHHS JOIMYCTUMOIO PIBHS pal0aKTUB-
HOTO 3a0pyTHEHHS] HABKOJIMIITHBOTO CEPEIOBHIIA).

Mera crarTi — po3poOKa MiaXoAy A0 BH3HAYEHHS ONTHUMAIBHOI MapIipy-
TU3aLil MOJbOTY MyJIbTUPOTOpHOro BIIJIA 3 BUKOpUCTaHHSAM MOBITPSHOI aBTO-
MaTUYHOI CEPBICHOI CTAHIII].

Bukusag ocHoBHOro martepiany. Posrisaemo taky 3agauy.

3agaHo:

1. 11 Touox mMouiTOpHUHTY (001bOTY), sikuMu Buctynawtsh 11 IIK ACKPO
3anopizbkoi AEC (Ha puc. 1 mo3HaveHi 3HaUKOM pajiiallli Ta BKa3aHi ixHi (pakTU4IH1
HallMEHYBaHHS BIJMOBITHO 110 [6]).
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2. Craprosa no3wurist s BITJIA DJI Mavic 2 Enterprise Dual mynbtupo-
tTopHoro Tumy (puc. 1) mo3naueHa suaukom BITJIA ta namucom “CII17).

QHK8

K14

[1K16

©

[1K19

©

)

K18 Khenokh Rem K9

[TK15 o Iilivr’-r'1‘1(:;141‘-'1-"{‘:1 r@ Victor
3anopisbka g [1K17 e erox Pem [epMaHoBIY
AEC

P

MNepe
Enerhodar

EHepropap
\ Heroya
@ s

Ch2:
Kam'srka-LlHinposchka

K1

M:(‘».Q'm

Miuypina

Puc. 1. Touku moniTOopuHry (noctu koHTpoito ACKPO 3anopizekoi AEC)
ta ctapToBi nmo3utii BITJIA DJI Mavic 2 Enterprise Dual i [TACC Hna 6a3i

BeprosboTa SL-231 Scout

3. Craprosa no3utiist (CI12) qns [TACC na 6a3i Bepronbota SL-231 Scout
(sBisie coboro AEBC 3 komom A3-B1-C2-D2-E2-F1 BimmoBigHO a0 dacerHOl

kinacudikanii, nmogaHoi B Tabn. 1), sika po3TalloBaHa y HACEIEHOMY ITYHKTI

Kam’suka-/IninpoBcebka (Ha puc. 1 cama CII2 He nokaszaHa, aje pa3oM 31 3HAUKOM
“BepromiT” 3a3HaueHo ii Miclle po3TallyBaHHs 3a Jornomororo Hammcy: “CII2:
Kam’siHka-/IHinpoBcbka”).

4. Marpuis BificTaneil Mixk ToukaMu Mapuipyty (tadi. 2).
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Taomuws 2

MaTtpuus BiacTaHeii Mi’k TOUKaMU MapLIPYTY, KM

Touku | CII1 | IIK8 |IIK14 |IIK16 |IIK19 |IIK18 | IIK15 | TIK9 |IIK17 [IIK10 |IIK11 | TIK1

CII1 0 535|469 | 336353294 148|268 |306 169 | 17 | 359

IIK8 | 5,35 0 585|489 | 564 | 534 | 475|368 | 6,16 | 6,03 | 535 | 8,07

I1K14 | 4,69 | 5,85 0 149 | 125 | 3,77 | 3,27 | 617 | 2,05 | 3,48 | 6,24 | 4,04

I1K16 | 3,36 | 489 | 1,49 0 079 1071|188 | 616 | 448 | 241 | 482 | 3,7

I1K19 | 3,53 | 5,64 | 1,25 | 0,79 0 056 | 221 5241091 | 23 | 516 | 312

IK18 | 2,94 | 534 | 3,77 | 0,71 | 0,56 0 159 1471|085 | 179 | 454 | 3,03

K15 | 1,48 | 475 | 3,27 | 1,88 | 2,21 | 1,59 0 3,25 11,96 | 1,27 | 2,99 | 3,39

IK9 | 2,68 | 368 | 6,17 | 6,16 | 524 | 471 | 325 | O |523]415| 183 | 6,26

I1K17 | 3,06 | 6,16 | 205 | 448 | 0,91 | 0,85 | 1,96 | 5,23 0 156 | 4,76 | 2,27

I1K10 | 1,69 | 6,03 | 348 | 241 | 23 | 179|127 | 415 | 1,56 0 3,39 | 2,16

K11 | 1,7 | 535 | 6,24 | 482 | 516 | 454 | 299 | 1,83 | 4,76 | 3,39 0 5,17

IK1 | 3,59 | 807 | 404 | 3,7 | 312 | 3,03 | 339 | 6,26 | 227 | 2116 | 517 0

5. 3HaveHHs IHIIMX MapaMeTpiB, HEOOXIAHUX IS MPOBEIACHHS MOATBIINX
po3paxyHKiB (Tadm. 3).

Tabmuns 3
ITapameTpu, HeoOXiHI 11 NPOBe/leHHsSI PO3PAXYHKIB
HasBa napamerpa, Horo rno3Ha4yeHHs Ta po3MipHICTh 3uauens
pamerpa, p P rnapamMmerpa
BI1JIA
Yac BinOyttst BITJIA i CII1 (Toukwu 1) Tg(l) (rom/xB) 11:00
TpuBaiicTs MOHITOPUHTY tM, (xB) 3
TpuBanicts 3aMinu 6atapei t36 , (xB) 2
WIsuaxicts BITJIA DJI Mavic 2 Enterprise Dual Vg, , km/ron 40
WBuakicts ITACC Ha Gasi Bepromsora SL-231 Scout V7, kM/rox 100
.. . bIJIA

Pecypc 6atapei BITJIA B MomenT BuiboTy i CII1 (Toukwm 1) tnp6 Q) XB 31

Heo6xigHo:

1. Bu3zHauuTy 1 MO3HAYUTH Ha KapTi HAHKOPOTUIMA MapuipyT OOIbOTY
BITJIA 3amaHuX TOYOK MOHITOPUHTY 3 OYaTKOBOK/KIHIIEBOIO TOUKOIO MapIIpyTy
Ha CII1.

2. Bu3HaunTH 1 MO3HAYUTH Ha KapTi Micls 3aminu Oarapeit (mami — M3B) 3
Bukopuctanssm [TACC.
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3. Busznauntu i mo3HaunmTH Ha Kapti Mapupyt pyxy ITACC 3 mowarko-
BOIO/KIHIIEBOIO TOUKOIO MapupyTy Ha CII2.

4. Cxnactu Matpuiio Biacraneit mixk CI12 ta Buznauennmu M35.

5. Cknactu cninbHui rpadik pyxy 3a mapmpyrom BIUJIA ta ITACC ra
okpemuii rpadik pyxy mis [TACC.

6. BusnauuTtu 3aranpHuii yac pyxy 3a mapuipyrom BITJTA.

7. Busnauutu 3aranpHuil 9ac pyxy 3a Mapiipyrom [TACC.

[TpuiiMeMo Taki MPUITYIIEHHS Ta OOMEXEHHS.

1. HaiixopoTmmii MapuipyT o0IbOTY 33JaHUX TOUOK BHU3HAUAETHCS HUISTXOM
PO3B’sI3aHHS 3a/1a41 KOMiBOsDKEpa METOJIOM Y3araJlbHEHOTO HaBEJICHOTO Ipa/li€HTa.

2. Micus st 3aminu OaTtapei 00JMagHYIOThCS BHUKIIOYHO HAa TOYKAX MOHI-
TOPUHTY (IIOCTaX KOHTPOJIIO).

3. batapes 3amiHIO€ThCA TiIbKY Ticis BUKoHaHHA BIIJIA moniTopuHTy 1o-
TOYHOI TOUKH MAPLIPYTY.

4. Anroput™m BH3HAYEHHS MiCIlb 3aMiHH OaTapei MoKa3aHo Ha pHcC. 2:

- =y

IMovaTok

e

<+

[lepenit Ha HACTYIIHY
TOYKY 1 31ifcHenHA
MOHITOPHHTY

€ HacTVTIHE
3aBaaHHA?

Samina datapel nma Samina Garapei A
nosepnenng Ha CI1 BHKOHAHHA 3aB1aHHA
L

B

[MTopepuenns ua CI1

Kinens

Puc. 2. Anroput™m Bu3Ha4eHHsI Micllb 3aMiHM OaTapei
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ae 1,5, — HOTOYHUH YacoBUil pecypc Garapei B MOMEHT 3aKIHYEHHS MOHITOPHHIY
IMOTOYHOI TOYKH, XB;

t,6» — 4acoBuil pecypc Oarapei, HEOOX1IHHMN Ul NEPENLOTY 0 1HIIOI TOYKU

MapIIpyTy 1 3iiiCHEeHHS 11 MOHITOPHHTY 200 1t oBepHeHHs Ha CIT1, xB.
5. ITACC noBunHa npubyBatu a0 MOTPiOHOI ToukH, ToOTO M3b, 1MOHAaI-
MeHIIe 3a 2 XB 710 3aKiH4eHHs1 BukoHaHHs BITJIA i MoHITOpHHTY.
BILJIA 3 nei.

6. ITACC noBuHHa 3aJIMIIIaTH TOYKY, 1110 € M3b, uepe3 2 XB micis BUILOTY
7. Tlicns BukoHaHHs BciX 3aBaadb BITJIA ta ITACC noBuHHI MOBEPHYTHUCS
Ha cBoi craprosi no3utii (CII1 ta CII2 BiamoBigHO).
HaBenemo Ta npoanainizyemMo pe3ysibTaTi po3paxyHKiB.

1. HaiikopoTmmii MapuipyT o0JIbOTY 3a/laHUX TOYOK MOHITOPHHTY (IIPOHY-

MEpOBaHi y MOPSJKY iX MPOXOHKEHHS) 3 MOYAaTKOBOK/KIHIIEBOIO TOYKOK MapIil-
pyty BIUJIA na CII1 300paakeHO Ha pHC. 3 MyHKTUPHUMHU CTPLIKAMHU.
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-
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e 4 leponm
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Kam’arka-LlHinposcokg < 3 HER) B, o ci== e z
2T = 10(MK11) <
WK »7 _ _em=mmTTT
Mici"na
Mivypina
0--0 0 g oooee .o S R ===t L (7.0 km

Puc. 3. Haiikopormmii Mmapuipyt o6b0Ty BITJIA 3agaHuX TOUOK MOHITOPHHTY

3 MMOYaTKOBOI/KIHIIEBOIO TOUKOt0 MapuipyTy Ha CII1, miciis 3aminu 6arapeit
ta Mmapupyt pyxy [TACC
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2. Micus 3aminu OaTapei, 0 BU3HAYEHI 3T1IHO 13 3alpONOHOBAaHUM aJIro-
puT™MOM (puc. 2), mo3Ha4YeHi Ha puc. 3 3HAYKOM pajialii, 00BEJICHUM CYIIIbHOIO
JiHi€r0, Ta mianucani “M3b” 3 BiIOBITHUM HOMEPOM.

3. Mapmipyt pyxy [TACC i3 mouaTKOBOIO/KIHIIEBOIO TOYKOI MapIIPyTy Ha
CII2 300paskeHO Ha pHC. 3 CYMUIBHUMH CTPUIKAMH.

4. Matpumio Biacraneit mixk CI12 ta Buznadennmu M3b nogaHo B Tabi. 4.

Tabmurs 4

Martpuus Bincranei mizk CI12 Ta Busnayenumu M3b, km

Touku

M3b1

M3b2

CII2

14,7

18,8

5. Cninpauii rpadix pyxy 3a mapmpyrom BITJIA ta ITACC nongaHo y BU-
riaal Tabm. 5, a okpemuii rpadix ans [TACC — y tabu. 6.

Tabmuus 5

CnisnbHuii rpagik pyxy 3a mapupyrom BIIJIA ta ITACC

T b4 { B T B
N Jlitaneauit ") t t =) “®) t
TOUKH amapar (T nAcc ) m? 36 (tm_tcc ) (T n_ACC) np6 (1) 1
(i) n(i) | XB XB (i@ / 6(i) ! XB
roli/XB XB rozi/xs
1(CII1) BITJTA - — — — 11:00 31
2(ITK15) BILIA 11:02 3 0 3 11:05 26
3(ITIK18) BIUIA 11:7 3 0 3 11:10 21
4(11K16) BITJTA 11:11 3 0 3 11:14 17
5(ITK14) BITJTA 11:16 3 0 3 11:19 12
6(ITK19) BITJTA 11:21 3 0 3 11:24 7
7(TIIK17) BITJIA 11:25 3 2 5 11:30 3-31
(M3B1) ITACC 11:26 = = 6 11:32 .
8(ITK10) BIUIA 11:33 3 0 3 11:35 26
9(ITK1) BIUIA 11:38 3 0 3 11:41 20
10(I1IK11) BITJTA 11:49 3 0 3 11:52 9
11(ITK9) BITJIA 11:55 3 2 5 12:00 331
(M3B2) ITACC 11:35 - - 27 12:02 —
12(ITK8) BITJTA 12:06 3 0 3 12:09 22
1(CII1) BIUIA 12:17 - — 14

ISSN 2521-6643

Cuctemu Ta texuosorii, Ne 2 (58), 2019 59




Taomuus 6

Oxpemnii rpagik ais ITACC
T mcc T nacc
) . n(M35j) TAcc 6(CI12)
Touka JlitanbHuii (T4 L5 (3 T icc
MapLpyTy amnapar n(cnz) XB ( 6(M3B)) ),
roJ/XB roJI/XB
CII2 ITACC — - 11:17
7 (M3b1) ITACC 11:26 6 11:32
11 (M3B2) ITACC 11:35 27 12:02
CII2 ITACC 12:13 — -

Jlnst po3paxyHKy MapaMeTpiB, MOJAaHUX y Ta0s. 5 Ta 6, Oyi0 BUKOPUCTAHO
dopmymu (1-11), siKi HaBeIEHO HIDKYE.

5.1. ®axruunuit yac npuOytTs BITIA y Touky mapmpyty i+1 (i=1,...,n;n—
KUIBKICTh TOYOK MOHITOPHHTY (TIOCTIB KOHTPOJIIO); Y HAIOMY BUNIaaKy N = 11):

ae R

i+l

5.2. ®aktuynuii yac suisoty ITACC 3 CII2:

. BIIJIA BIIJIA
ae: T =T, o

n(M351)

T 114cc

s(crr2) = ' n(m3p1)

T B4 _ 7 BIA Ri,i+1 (XB),

6(i) v

(ITK17), po3paxoBanuii 3a popmyioro (1);

R

CIT2,M351

bILIA

+t —2- Gow(roz{/m),

racc

— Bigctadb Mk CI12 Ta M3b1, Busnauena 3a ta0u. 4.

5.3. ®aktuynnii yac npudyrts ITACC no M3b1:

MIACC  _ ¥ I4ACC
Tn(mﬂ) =T +60

R

6(CII2)

a2 M351 (TOJI/XB).

1)

BiZICTaHb MK TOYKaMHU MapuipyTy | Ta i+1, BU3HaueHa 3a TadJ. 2.

()

— (aktnunuit yac npuOyrts BIIJIA no M3bB1 (y Touky 7

@)
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5.4. Tpusanicte nepedyBanus [TACC na M3bj (=1, ..., k; kK — KkinbKicTh
M3b; y Hatomy Bumnaaky K = 2):

o =t +t, +4(xB). (4)

L(M3Bj)
5.5. ®aktnunwmii yac BubotTy ITACC 3 M3Bj

T STt () -

5.6. ®aktrunuii yac npudyrts [IACC no M3B(j+1):

R .......

TIACC __ T 1acc M35.M35(j+) (TOI/XB 6

T 51y = Vo) + 60 (ro/xs), )
Vice

A€ Ry (g — BUICTAHB MK M3bj ta M3b(j+1), Bu3HaueHna 3a tab:i. 2 (Biac-

tanp Mk [IK17 1 ITK9).

5.7. Tpusaunicts nepedyBanns BIUJIA y Touni mapupyty i+1:

s {t  siugo (i +1) = M3Bj;

A (xB). (7)
HD N+t axwo (i +1) = M3B).

5.8. Tlorounuii pecypc 6arapei BIIJIA Ha MOMEHT BiOYTTS 3 TOYKHA MapIII-
pyry i+1:

i,i+1

t _ 1zpﬁn(i) _( +tm)7ﬂKWO (l +1) * M35]’ (XB). (8)

pon(i+l) — BIJIA

31, saxwo (i +1) = M3Bb].

5.9. ®akTuynuii yac BinOyTTst BIIJIA 3 Touku Mapmpyty i+1:

[ACC _ T [ACC | 4 BILIA
Ty =T T (rowxs). 9)

5.10. ®aktuunuii yac nosepHeHHs BIIJIA na CII1:

R
BIIA _ T BILIA n+11(CIT1)
T accmy = Tognagy +60——— (ron/xs), (10)

BIIJIA

M€ R ycmy — BUICTaHb MK OCTaHHBOIO TOYKOK MapIipyTy n+1 1 toukoro 1

(CIT1), Bu3HaueHa 3a tadm. 2.
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5.11. ®akTuynmii yac nosepueHHs [TACC na CI12:

Tice _mec 6o Rusan (ron/xp), a1
Y

1ACC

Iie: RM35k cr2 — BincTanb Mixk Ta M3bK Ta CI12, Bu3sHaueHa 3a Tabum. 4.

6. 3aranpHuii yac pyxy 3a mapupyrom BITJIA po3paxoByBascs 3a hopmy-
JI010:

tZEHJIA — 60( Ro1aemy + Z Riia )+ Zt%ﬁﬁl (xB). (12)

BIIJIA i=1 VB4 i=1

VY Hamomy BHIIAJIKY:

11
Z Riia HRosemy o

e —60(E— I G
BI1JIA i=1
- 60(5’351—021’83) +37=T77xs,

XB.

7. 3aranpauii yac pyxy 3a mapmpytom [TACC po3paxoByBascs 3a hopmy-

JIOIO:
k-1

R

CH2 M351 + '‘M3bj, /+1 M3Ek,C172

K
£, = 60( L )+ Yt (xB). (13)
j=1

VI'[ACC

VY Hamomy BHIIAJIKY:

RCHZ,M351 + Z RM3Ej,j+l + RM352,C[72
ace = mcc
t =60( )+ th(mz;/)

VHA cc

_ 60(14,7+i,0203+18,8)+33=56 .
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AHaiz OTpUMaHUX pe3yJIbTaTiB JO3BOJISIE 3pOOUTH TaKi BHCHOBKU:

1. O6mit moctiB KOHTpOIO 32 AornoMoror BITJIA HeoOXinHO 3ailicHIOBaTH y
Takiii nociigoBHOCTI: CII1-IIK15—IIK18—>I1K16—>I1K14—I1IK19— IIK17—>
—I[IK10—>IIK1->IIK11->IIK9—IIK8—CII1.

2. Micug ans 3aminu O6arapeit BIUIA i3 3amyuennsam [TACC HeoOxigHO 00-
nanHata y Toukax mapmpyty 7 (IIK17) ta 11 (ITIK9), ockinbku 3rizHO i3 3ampo-
IIOHOBaHUM AJIFOPUTMOM:

— mortouHoro pecypcy 6arapei BIIJIA Ha 3 XB HEJOCTAaTHBO /IS IEPETBOTY
3 Touku 7 (IIK17) no Touku 8 (ITK10) i mpoBeneHHs TaM MOHITOPUHTY (HEOOXin-
HO MaTHU pecypc LIOHaliMEHIIE Ha 6 XB);

— mnoto4Horo pecypcy 6arapei BIIJIA Ha 3 XB HEIOCTATHBO TSI IEPEIIBOTY
3 Toukd 11 (ITK9) mo touku 12 (ITIK8) i mpoBeneHHs TaM MOHITOPUHTY (HE0OX1/1-
HO MaTH pecypc ImoHaiMeHIe Ha 9 XB).

3. BILJTA Ha BUKOHAHHS CBOTO 3aBlIaHHs motpedye 77 xB, Toxi sk [TACC —
56 xB, T0OTO Ha 21 xB MeHIe. Lleii Burpam y gaci 10csraeTbesi 3a paxXyHOK TOTO,
mo ymoBu BukoHaHHs [TACC cBoro 3aBmaaHHS JTO3BOJISIOTH 1 BHIJIITATH 31 CBOET
craproBoi mo3utlii Ha 17 xB mizHime 3a BITJIA, a moBepraTucs Ha 3 XB paHiie.

BucCHOBKM 3 JaHOT0 J0CJiIKeHHS i NepCHeKTHUBH NMOJATbIINX PO3BiI0OK
y naHomy Hanpsami. Ha mincraBi ananizy ocoOIUBOCTEH BUKOPUCTAHHS aBTOMa-
TUYHUX CEPBICHHUX CTaHIlIK OyJIO 3amporoHOBaHO (haceTHy Kiacudikaiiro ix pis-
HOBHJTy — aBTOMAaTUYHUX €HEPTOBITHOBIIOBAIBHUX CTaHIIIH.

Bukopucrano Taki o3Haku kiacudikamii: mpuHIUN (QYHKIIOHYBaHHS, CIIO-
ci0 mMomoBHEHHS €Heprii, croci0 MmiA3apsAnKy, TUM O0a3yBaHHS, THIT KOHCTPYKIIII,
KUIBKICTh MicCllb JUISI OHOYAacHOTO oOciyroByBanHs BITJIA.

HaBeneno mpukiiaz 3acTocyBaHHs 3allpOIIOHOBAHOIO MiIXOAY sl MOHITO-
punry 11 nmoctiB koHTpoto 3anopizbkoi AEC. Jlis 3aiiicHeHHSI MOHITOPUHTY 00-
pano BITJIA DJI Mavic 2 Enterprise Dual, sxuif pyxaerscs 31 mBuakictio 40
KM/ToJ] Ta Mae pecypc 6arapei 31 xB. Jlns opranizauii 3aminu 6artapeit BIIJIA Ha
mapuipyTi BukopucraHo ITACC Ha ocHoBi BepTonboTa SL-231 Scout, mo pyxa-
eTbes 31 mBHIKICTIO 100 KM/TOA 1 31aTHUI TPAIIOBAaTH y OE3MIIOTHOMY PEKUMI.

Po3paxoBaHo mIIsiXoM po3B’si3aHHS 3a/ladl KOMIBOsDKEpa Ta MO3HAUYEHO Ha
KapTi HaltkopoTmuid MapuipyT 06ab0Ty BIIJIA 3amanux To4ok MoHITOpUHTY. Bu-
3Ha4YeHO Micis 3aminu Oatapeit (M3B) Ta mapmpyt pyxy mo mux wmicup [TACC
BIIMOBIIHO 70 po3poOsieHoro anroputmy. CKIafeHO CHUTbHHUMA Tpadik pyxy 3a
mapuipyrom BITJIA Tta ITACC, a takox okpemuii rpadik pyxy ITACC. Po3paxo-
BaHO 3arajlbHUM Yac BUKOHAHHS 3aBJaHb 3 MOHITOPUHIY 3 BHUKOPHUCTaHHSAM
BIIA i 3aransauii yac pyxy [TACC s 3a0e3nedenns 3aminu 6arapeii BITJIA.
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3anporoHOBaHUK MiAXig Ta po3polJeHe I Horo peaiszallii mporpaMHe
3a0e3neueHHs MOKe OyTH BUKOPHUCTAHO OINEepaTopaMy Ha3eMHOTO MYHKTY yIpaB-
JIHHS U1 pO3pOOKH ONTUMAIBLHUX MapHIPYTiB CIUIBHOTO 3actocyBaHHs BITJIA
ta [TACC mig 9ac MOHITOPHMHTY 3a/JlaHUX TOYOK IOTCHIIMHO HEOE3MeUHUX
00’ €KTIB.

[Momanbr gociiKEHHS AOLITBFHO 30CEPEAUTH HAa PO3POOIIl BapiaHTiB MPo-
BEJICHHS MOHITOPHUHTY 33/IaHMX TOYOK TOTCHIIIMHO HeOe3rmeuyHux 00’ €KTiB ¢uro-
tamu BITJIA Ta ¢pnoramu [TACC, 1m0 103BOJIUTE 3MEHIIUTH 3araJIbHANA 4ac MOHI-
TOPUHTY.

Pesynpratu mocHiKeHb OTpUMaHi B PaMKax HAyKOBO-JOCTIIHUX pOOIT
“MeToIoJIOTIUHI 3acaad Ta TEXHOJOrI] OLIHIOBAaHHA Ta 3a0e3nedeHHs Oe3IeKu
(3aXUCTy) KpUTUYHUX iHPOpMaLIHHUX iHPpacTpykTyp” (Iep:kaBHUI peecTpamiii-
uuii Homep: 0119U100979) i “MeTom0s10rist CTAIOr0 po3BUTKY Ta iH(OpMaIliiiHi
TEXHOJIOT11 3€JICHOT0 KOMIT IOTUHTY Ta KOMYHIKaIiil” (1ep:kaBHUI peecTpaliiHuii
Homep: 0118U003822), sixi BUKOHYIOThCS HarlioHalbHUM aepOKOCMIYHUM YHi-
BepcuteToM iM. M. €. XKXykoBchKoro.
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METHODICAL ISSUES OF IMPROVEMENT
OF ALREADY EXISTING TRAINING PROGRAMS
IN SPHERE OF CIVIL BUILDING ENERGY EFFICIENCY
BASED ON THE UKRAINIAN TRAINING CENTERS

This article presents the results of the proposal describing the conducting col-
lection, reviewing and analysis of the information on existing trainings and training
institutions for building energy efficiency in Ukraine. Also this article contents pre-
liminary results of identification of capacity needs of training institutions for building
energy efficiency for potential improvement of already existing training.

There consider the following issues: 1) short description of the methodical
approach and proposing an outline of the study; 2) the main education and train-
ing institutes for building energy efficiency in Ukraine; 3) training and qualifica-
tion measures on energy efficiency that are offered in Ukraine; 4) identification of
capacity needs of training institutions for building energy efficiency for potential
improvement of already existing training.

Key words: baseline; capacity needs; civil building energy efficiency; me-
thodical approach; study; training market.

Ilooano pesynomamu 00CniONHCEHHsl, WO ONUCYE 30UPAHHS MA AHANI3 iHGOp-
Mayii npo HAA6HI MpeHiHeU Ma HABYANbHI 3aKNA0U O NIOBUUEHHS eHepeoedekK-
musHocmi 6 Yxpaiuni. Taxooc y cmammi mMicmamscs nonepeoni pe3yiomamu 6u-
3HAueHHs1 nomped y NOMeHYIaNl HABYAIbHUX 3aKNA0i8 OJisl NIOBUWEHHS eHepeo-
epexmuernocmi OJisk NOMEHYIUHO20 NOKPAWAHHSL 8HCe ICHYIOU020 HABUAHMHS.

Poszensaoaromscs maxi numanns: 1) kopomxuti onuc MemoousHo2o nioxooy
i npono3uyis N1any 00CnioxdcenHs;, 2) OCHOBHI 0OC8IMHI Ma HABYAbHI IHCMUMYMU
07151 niosuwents enepeoeghexmusnocmi ¢ Ykpaini; 3) decsims Kiouogux kpumepi-
i8, o Oynu 6u3HaAUeHi 01 OYIHKU U PAHICYBAHHS HABUANbHUX yeHmpis. Koowcen
KpUumepiil HANeHCHUM YUHOM ONUCAHUll i mac oyinuy wkany. Ilicis napaxyeanus
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0ani6 3a KOMCeH HABYAIbHUL YeHMpP 8I0NOBIOHO 00 BUHAYUEHUX KPUMEPII8 MONCHA
oyn0 sudinumu nasuanvhi yenmpu;, 4) nasuanns i keanigpikayitini 3axo0u 3 enep-
2o0epexmusnocmi, AKi nponouylomecs 6 Ykpaini, 5) eusnauenns nompeb w000
NOMeHYIany HAGUANLHUX 3aKNA0I6 3 Memoio NIOBUUEeHHS eHepeoepeKmUuHOCmi
0J151 NOMEHYIUHO20 NOKPAWAHHS HAABHOI NIO20MOBKU.

Pezynomamu oyintoeanns 0cHOBHUX HABUYOK O/ MPEHEPI6 NOKA3ANU, WO 6
Vkpaini € nesni nompebu 6 Haguanmi 011 600CKOHANEHHA MAKUX OCHOBHUX HABU-
YOK, AK Ni020MOBKA Ma NPOBeOeHHs Npe3eHmayill, CRIIKY8aHHs 3 AyOumopicio ma
VINPABNIHHSA KOHDITKMAMU.

Pezynomamu oyinosanns 0CHOBHUX KOMNOHEHMI8 HABUAILHOI OiANbHOCHII,
SAKUX HEMAE 8 HABUAIbHUX YEHMPax OJisl 6eOeHHs C8020 Oi3Hecy Y 8uensadi OisHec-
npoyecy, noKazaaiu, wo 6 Ykpaini € maxi niaunu: Ha84anHs i npoobiemMu opeauiza-
yiu y eanysi enepeoepexmusHocmi yugiibHux 0yo0isenvb, OYiHKA 3HAHb | HABUYOK
VUACHUKIG, AKMYAIbHICMb 3MICMY HABYAIbHUX NPOSPAM, HABUAILHO-MEMOOUYH]
mamepianu 05l 038 °A3aHHA peanlbHUX npodiem Y4acHukie;, niOmpumKa yuacHu-
Ki8 niclisi MpeHinzy.

KitouoBi cnoBa: 6azosuii pigensb, nompebu 6 nomysucHocmi; enepeoeghex-
MUBHICMb YUBLTLHO20 OYOIBHUYMEA, MeMOOUdHUL NIOXI0, HABYAHHS, PUHOK, WO
Hasuac.

Ilpeocmasnenvt pe3yiomamvl UCCIEO08AHUSL, ONUCHIBAIOWUE NPOBEOeHUe
cbopa, 0630pa u aHaIU3a UHGOPMAYUU O CYUWECMBYIOUUX MPEHUHLOBbIX YEHMPAX U
VueOHbIX 3a8edeHusx no sxepeodd@exmuenocmu 30anuil ¢ Yxpaune. Cmamos
cooepaoicum npeosapumenvHvle pe3yibmamyl onpedeieHus nompeoHocmel nomeH-
YUATILHO2O COBEPUUEHCMBOBANUSL OJIL YIICe CYUWeCmayiouell NOO2OMOBKU 6 Y4eOHbIX
3a6e0eHusx 6 cghepe nogwvluenUs IHEP2OIPPeKmuUeHoCmu 30aHUl.

Paccmompenvt cnedyrowue sonpocul: 1) kpamkoe onucanue MemoouiecKo-
20 N00X00a K NPeON0AHCEHHOMY UCCIe008aHUI0, 2) OCHOBHbIE YUeOHble 3a8e0eHUs
U MpeHUH208ble YEHMPbl NO NOBLIULEHUIO IHep2odI(hdexkmusnocmu 8 Ykpaune,
3) yuebnvle u KeAIUDUKAYUOHHBIE MEPONPUAMUL NO IHeP2odphexmusHocmu,
Komopwle npednazaiomcs 6 Yxkpauwne, 4) onpedenenue nompednocmeti nomeHyu-
ALHO2O COBEPUIEHCMBOBAHUSL OJISL YoHce CYWecmeyIowell No020mMoGKU 8 Y4eOHbIX
3a8e0enusix 8 cghepe nogvluleHuUsi IHePeodIhhekmuenocmu 30aHull.

KnroueBsie cioBa: 6aszosbiti yposeHsb, nomeHyuaibHvle NOmpeoHOCm, Hep-
203¢hghexmusHocmb 30anull; MemooudecKuti 00xXoo0, ooyyeHue, PolHOK 00YUEeHUs.

Problem formulation. Energy efficiency is key to ensuring a safe, reliable,
affordable and sustainable energy system for the future. It is the one energy resource
that every country possesses in abundance and is the quickest and least costly way of
addressing energy security, environmental and economic challenges [1].
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While energy efficiency policies are becoming a key part of the global
energy market, there remains vast untapped potential to implement efficiency
measures.

In modern conditions energy efficiency is one of the crucial factors for the
energy strategy of Ukraine. It determines the effective functioning of the national
economy and socio-economic development of Ukraine.

Energy efficiency — which can be defined as using less energy for the same
or even increased output — is increasingly being recognized as one of the most
important and cost-effective solutions to reduce greenhouse gas (GHG) emis-
sions. Along with the benefits to the environment, successful energy efficiency
projects also typically improve a company’s overall efficiency, including by in-
creasing productivity and competiveness.

According to DSTI/SU/SC(2014)14/FINAL one of the main barriers to
adopting energy management measures and improving energy efficiency of com-
panies is a limited knowledge of energy efficiency, as companies often have no
readily available access to information about new and existing energy-saving
methodologies technologies [2].

To get some knowledge about improving building energy efficiency it is
needed to conduct different training in this sphere for relevant focal groups (ma-
nagers, technical personnel).

Training is any planned activity to transfer or modify knowledge, skills, and
attitudes through learning experiences. Personnel may require training for a varie-
ty of reasons, including the need to maintain levels of competence and respond to
the demands of changing circumstances and new approaches and technologies.
Training by itself cannot solve structural, organizational, or policy problems with-
in an organization, although supportive supervision and the use of motivational
strategies can help sustain performance improvement derived from training.

Training has been defined as “The systematic development of the
knowledge, skills and attitudes required by an individual to perform adequately a
given task or job” [3]. Training has also been defined in the Glossary of Training
Terms (Manpower Services Commission, U.K.) as “a planned process to modify
attitude, knowledge or skill behavior through learning experience to achieve ef-
fective performance in an activity or range of activities. Its purpose in the work
situation is to develop the abilities of the individual and to satisfy current and fu-
ture manpower needs of the organization”. It clearly implies that the role of train-
ing is to improve the overall performance of the organization. The term “perfor-
mance” is, therefore, interwoven with training.

In order to achieve its overall goal of performance improvement, training
must lead to the enhancement of professional knowledge and skills both at indi-
vidual and collective levels. It should also equip personnel to respond appropri-

ISSN 2521-6643 Cuctemu Ta texuosorii, Ne 2 (58), 2019 g9



ately to emerging challenges. Training should also bring about appropriate chan-
ges in attitudes and should strive for that unique synthesis between improvement
of the individual’s competencies and promotion of organizational objectives.

Purpose of the article. The target of this article is development methodical
approach estimation of baseline of the training market for building energy effi-
ciency and identification of capacity needs of training institutions for potential
improvement of already existing training.

Main material.

Description of the methodical approach of baseline assessment of the
training market for civil building energy efficiency

Background

First of all was prepared the list of organizations that can provide energy ef-
ficiency training services. For preparation of this list was used different sources of
information:

« Internet catalogs;

« the list of educational institutions with valid licenses of the Ministry of
Education and Science of Ukraine for conducting educational services and certifi-
cation of vocational education in accordance with the list of professions approved
by the Cabinet of Ministers of Ukraine;

» web-site of State Agency on Energy Efficiency and Energy Saving of
Ukraine (SAEE);

» web-site of State inspection of educational institutions of Ukraine;

« official web-sites of institutes that can provide energy efficiency training
services etc.

Before starting baseline assessment of the training market for civil building
energy efficiency we identified such boundaries for our study:

1. In accordance with the new Law of Ukraine “On Higher Education” dat-
ed July 1, 2014, No. 1556-VIl, the training of specialists with higher education is
carried out according to the relevant educational or scientific programs at the fol-
lowing levels of higher education: initial level (short cycle) of higher education;
first (bachelor’s) level; second (master’s) level; the third (educational-scientific /
educational-creative) level; scientific level.

2. Educational activity in the field of higher education is carried out by
higher educational establishments, scientific institutions (for preparation of spe-
cialists of the degree of doctor of philosophy) on the basis of licenses.

3. In accordance with the Law of Ukraine “On the Energy Efficiency of
Buildings” of June 22, 2017, No. 2118-VIII, professional certification of persons
who intend to carry out activities on certification of energy efficiency and inspec-
tion of engineering systems, shall be carried out by attestation commissions estab-
lished by higher educational institutions or self-regulating organizations in sphere
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of energy efficiency. Specialists need to undergo a relevant qualification and pass a
qualifying examination, as a result of which he / she will be awarded a qualification
certificate. The period of validity of the qualification certificate is five years.

4. Training (upgrading) of the personnel of the companies is stipulated by
Article 201 of the Labor Code on organization of personnel training. Frequency
of training of personnel at the courses of improvement of professional skill is es-
tablished, as a rule, at least once in 5 years.

5. In Ukraineg, in the field of qualified personnel training, the dual system of
vocational education and training is beginning to be actively used today. Duality
as a methodological characteristic of vocational education involves the coordinat-
ed interaction of the educational and industrial sphere with the training of skilled
personnel of a certain profile within the framework of organizationally-excellent
forms of training. The main task of introducing elements of the dual form of edu-
cation is to eliminate the main drawbacks of traditional forms and methods of
training future qualified workers, to bridge the gap between theory and practice,
education and production, and to improve the quality of training qualified person-
nel, taking into account the requirements of employers in the framework of new
organizationally-excellent forms of training.

Data collection and data gathering process

For collection and aggregation of general information of institutes that can
provide energy efficiency training services was used different questionnaire and
spreadsheets. The completed spreadsheets for aggregation of general information
about universities and institutes that can provide energy efficiency training ser-
vices included such information: name of the universities and institutes, link to
offer on web-site, scope (trainees/year), general purpose of training scheme
(scope; trainees/year; general purpose of training scheme; license for training or
certification), training courses’ name, duration of training courses, target group,
potential/ interest for co-operation with other training institutions, challeng-
es/gaps/demand: (regarding trainer pool, topics outreach, training results)).

In order to compile a list of training centers that provide education services
in the field of energy efficiency, it were used various sources of information:

— Internet-directories [4-7];

— list of educational establishments with valid licenses of the Ministry of
Education and Science of Ukraine for the implementation of educational services
and certification of vocational education in accordance with the list of professions
which are approved by the Cabinet of Ministers of Ukraine [8];

— web-site of State Agency on Energy Efficiency and Energy Saving of
Ukraine (SAEE) [9];

— web-site of the State Inspection of Educational Institutions of Ukraine [10];
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— official websites of companies and institutes that can provide energy ef-
ficiency improvement services, etc.

All training centers were state educational and training institutions, that
have higher education programs (master or bachelor degree), and additionally
they provide energy efficiency training services. Now the total number of training
centers on building energy efficiency in Ukraine is 42 [9].

Ukraine has a sufficient number of training centres that conduct training for
a short list of sub-sectors under consideration in the project. Among them: Train-
ing Centre for Energy Management (TCEM) of the National Technical University
of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, National Technical Uni-
versity “Kharkiv Polytechnic Institute”, Odessa Regional Center for Energy Ma-
nagement of Odessa National Polytechnic University, Center of Excellence in
Energy of Department of Electricity and Electromechanics Vinnitsa Polytechnic
Institute, Lviv Polytechnic National University, Dnipro University of Technology,
Association of Energy Auditors of Ukraine, AEE Ukraine and others.

On the next step for further evaluation and analysis of the activities of the
training centres, the questionnaire for conducting of market analysis of existing
trainings and the main education and training centers, institutes in energy effi-
ciency sphere in Ukraine was sent to the heads of these centres.

We received back completed the questionnaire from 14 State educational
and training institutions and organizations. The summarized information on exist-
ing trainings and the main education and training centers, institutes in energy effi-
ciency sphere in Ukraine is aggregated. The summarized information allowed us
to identify the readiness of the training centers for further improvement of their
training programs.

The baseline assessment process of the training market for civil building
energy efficiency

Taking into account the results of the questionnaires and interviews of dif-
ferent expert in EE sphere that were carried out on this stage of the study, 10 key
criteria were identified for the assessment and ranking of training centers, namely:

1) Scope;

2) Number trainees per education year;

3) Frequency of courses, trainings;

4) Training centre has a certification or state license on education;

5) Target group of training;

6) Potential interest in cooperation with international training centres;

7) Own training rooms availability and the willingness to provide these au-
ditoriums for conducting joint trainings with international organizations;

8) Possibility to involve the coaches of the centres with the appropriate le-
vel of education and work experience on the profile for conducting trainings;

9) Possibility to use appropriate presentation and demonstration equipment
for trainings;
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10) Possibility of conducting various forms of training sessions.

These criterion were achieved based on expert evaluation using approaches
suggested in [10-12].

Each criterion is appropriately described and has a score scale for its eva-
luation as suggested in [13]. After having been awarded points for each training
center according to certain criteria, it was possible to allocate TOP-5 of the best
training centers. In addition, it should be noted that only state institutions have a
license for advanced training of students, that is, after listening to the course stu-
dents receive a certificate of state standard.

The description is given below for each of these criteria.

1) Scope — this criterion can determine which sectors of the economy are
focused on training courses and training centers. It is suggested to evaluate the
appropriate training center on the following scale (table 1).

Table 1
The scale for evaluation of the criteria “Scope”
ofl\clsirt?e?ria Description Value

Scope general course or course for residential sector or for non- 0
industrial companies
general course and special course for all types of industrial 1
companies
general course, special course for all types of industrial com- 2
panies and specific course for short list sub-sectors companies

2) Number trainees per education year — this criterion allows you to esti-
mate the number of students trained in the training center in a year (table 2).

Table 2
The scale for evaluation of the criteria “Number trainees”
Name of criteria Description Value
Number trainees <50 0
from 50 to 500 1
> 500 2

3) Frequency of courses, trainings — using this criterion, you can evaluate
how often trainings are held in the center (table 3). Based on the information re-
ceived from the centers, trainings can be conducted more than once a month, ei-
ther once a month or in the case of a request from the company and provided that
there is sufficient number of students for training.
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Table 3

The scale for evaluation of the criteria “Frequency of courses, trainings”

Name of criteria Description Value
Frequency of trainings depends on request 0
once per month 1
more than once per month 2

4) Training center has a certification or state license on education — this cri-
terion shows the availability of a state license for conducting training, which al-
lows students to receive state-certified certificates of training (table 4).

Table 4
The scale for evaluation of the criteria “Quality certification/state license”
Name of criteria Description Value
Quality certification/state No 0
license Yes 1

5) Target group of training — the assessment of this criterion shows the
main groups of consumers of energy efficiency education services for the appro-
priate training center (table 5).

According to the survey were identified following target groups:

1. Top management (decision makers);

2. Management (chiefs of departments): Procurement department, HR de-
partment, Planning and Economic Department, Sales department, Accounting,
Legal service;

3. Technical personnel: Chief power engineer department, Chief Mechanic
Department, Design & Engineering Department, Department of Chief Technolo-
gist, Maintenance and operations department, Department of mechanization and
automation, Department of Capital Construction, Department of Metrology.

Table 5
The scale for evaluation of the criteria “Target group”
Name of criteria Description Value
Target group One possible type of target group shown upper 0
Two possible types of target group shown upper 1
All possible types of target group shown upper 2
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6) Ability to develop new training programs and materials through its train-
ers — this criterion can be used to assess the capacity of staff trainers in a training
centre to develop or improve training programs (table 6).

Table 6

The scale for evaluation of the criteria “New training programs”

Name of criteria Description Value
New training programs no 0
yes 1

7) Availability of full-time trainers with an appropriate level of education
and practical work experience on the profile for conducting trainings — according
to this criterion can assess the possibility to involve the full-time trainers of the
centers with the appropriate level of education and work experience on the profile
for conducting trainings (table 7).

Table 7

The scale for evaluation of the criteria “Qualification of trainers”

Name

of criteria Description Value
Qualification Higher education or lack of full-time trainers 0
of trainers Higher education and master’s degree at a minimum 1
Higher education and work experience on the profile 2

8) Presence of own training rooms, presentation and demonstration equip-
ment for trainings — according to this criterion can determine availability and the
willingness to provide these auditoriums for conducting joint trainings with inter-
national organizations (table 8). Possibility to use appropriate presentation and
demonstration equipment for trainings - this criterion shows the readiness of the
training center to use its own equipment for conducting a visual practical part of
the training.

Table 8

The scale for evaluation of the criteria “Training rooms and equipment”

Na_me_ Description Value
of criteria
Training No training rooms and equipment 0
rooms and Training rooms or presentation equipment 1
equipment Training rooms, presentation and demonstration equipment 2
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9) Possibility of conducting various forms of training sessions is a criterion
that shows the possibility of rapid adaptation of the training center to the needs of
its participants, i.e. conducting training sessions not only in the form of lectures or
seminars, but also with the departure of the company, conducting tours or webi-
nars, etc. (table 9). According to the results of the Internet research, the following
possible forms of training were identified: lecture; seminar, practical, laboratory
training sessions; non-traditional types of training sessions; excursions; individual
training sessions; consultations: individual, group; webinars and trainings at the
enterprises.

Table 9
The scale for evaluation of the criteria “Forms of training sessions”
Na_me_ Description Value
of criteria
Forms One of the possible options described above 0
of training Two or more of the options described above 1
sessions All possible options described above 2

10) Availability of own trainings in the field of energy efficiency of the
company - this criterion to evaluate the availability of training courses, which are
held on a regular basis and worked full-time coaches (table 10).

Table 10
The scale for evaluation of the criteria “Own trainings”
Name of criteria Description Value
Own trainings no 0
yes 1

Based on the results of questionnaires and telephone interviews of the cen-
ters, each of them was assigned an appropriate assessment according to the estab-
lished scale, which is described above. To determine the total index of the train-
ing center, the indicator of the dispersion of the values of the evaluation of the
corresponding criterion for the ranking of centers with respect to its maximum
possible estimate was used. The deviation shows how much the average values of
each criterion deviate from its maximum value on average. Given this, the total
index of the training center for each center was calculated. Formation of the spe-
cified rating is carried out by using the total index of the training center. l.e. the
center, which has the lowest total index, is the most attractive and promising for
further cooperation with international organizations in the direction of develop-
ment of training activities. Conversely, if the center has the highest total index,
then it is the least attractive.
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Below in Table 11 are shown the results of the assessment of the attractive-
ness of Ukraine’s training centers in the field of energy efficiency.

Table 11
The results of the assessment of the attractiveness
of Ukraine’s training centers
Name of the Number | Frequency Qua_llty certi- Target NeizEll Quialification
# training centre EeRlEs trainees |of trainings et group NI PYO- 1~ trainers
license grams
1 [Trainingcentrel | 2 2 1 1 2 1 2
2 [Trainingcentre2 | 2 1 1 1 1 1 2
3 [Training centre3 | 2 1 1 0 2 1 1
4 [Trainingcentre4 | 1 1 1 1 2 0 2
5 [Training centre5 | 2 2 1 0 2 1 0
6 [Trainingcentre6 | 1 1 1 0 1 1 1
7 [Training centre 7 | 2 1 0 0 2 1 2
8 [Trainingcentre8 | 1 1 0 0 2 0 2
9 [Training centre9 | 2 2 1 0 2 0 0
10 [Training centre 10| 2 1 0 1 1 1 1
11 [Training centre 11] 1 1 0 1 1 0 1
12 [Training centre 12| 1 1 1 0 1 0 0
13 [Training centre 13| 1 1 1 0 1 0 0
14 [Training centre 14| 0 1 0 0 1 0 0
)CUL Training rooms AU
# | of the training . of training | Own trainings | Total index
and equipment .
centre sessions
1 [Training centre 1 1 1 1 1,732
2 [Training centre 2 1 1 1 2,236
3 [Training centre 3 1 2 0 2,449
4 [Training centre 4 2 1 1 2,236
5 [Training centre 5 1 2 0 2,828
6 [Training centre 6 1 1 1 2,828
7 [Training centre 7 1 1 1 2,828
8 [Training centre 8 2 1 1 3,000
9 [Training centre 9 1 1 0 3,162
10 [Training centre 10 1 1 0 3,162
11 [Training centre 11 1 1 1 3,317
12 [Training centre 12 1 1 0 3,606
13 [Training centre 13 1 1 1 3,464
14 [Training centre 14 1 1 0 4,359

After evaluating all the factors, it is possible to allocate TOP-5 training centers
in Ukraine. The above training centers prepare more than 500 students for the aca-
demic year, including 30 % of the female audience. Training is carried out at least once
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a month. The designated centers conduct trainings in three or more training programs,
the training lasts more than three days. It should also be noted that these centers are in-
terested in cooperating with international institutions for the further development and
harmonization of training programs in accordance with international requirements.
With regard to trainers who are directly involved in training, all trainers have
higher education in the energy sector, in addition most of them have academic degrees.

The main training and qualification measures and capacity needs of
training institutions for civil building energy efficiency for potential
improvement of already existing training

Designing training program is an important component of systematic ap-
proach to training. If it could be possible, training experts will be consulted. De-
signing training programs will be involved determining the level of participants,
identifying the resource persons and selecting appropriate methods and tech-
niques for training.

Also the recommendation for an improvement of training programs by extend-
ing the analysis of existing training programs beyond a suitable mix of training me-
thods. A judicious mix of one or more methods should be adopted to suit each training
program. Some of the important training methods are enlisted below: lecture, discus-
sion, case study, role play, brain storming, computer assisted learning, exercise, busi-
ness games, on the job training, project work, programmed learning.

The training objective and the outcome an event seeks to achieve determine the
choice of training method. For example, if the objective is to develop technical
skill, then there is need for practical exercises; if conceptual skill, then case study
could be a method. If attitudinal orientation is intended, then role-play is an ap-
propriate method.

In today’s market for conducting trainings, seminars and advanced training
courses, it is necessary to evaluate trainers not only by professional skills and
hard skills, but also taking into account soft skills. Therefore, this study proposes
to assess the soft skills that are lacking for trainers during effective trainings that
would later be implemented as a business project:

1) activity of the trainer during the training is the ability of the trainer to at-
tract the attention of listeners to unusual information, to ask interesting questions,
to surprise with bright performance, to include the students in the joint decision of
educational issues and tasks.

2) flexibility of the trainer during the training — this is the ability of the
trainer to find compromises, solutions, accept changing conditions and quickly
adapt to them. Flexible trainer should be able to easily adapt to any changes, and
sometimes even provoke them.
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3) communicability of the trainer during the training — is the ability of the
trainer to establish contacts, the ability to constructively communicate with the
students, as well as the decisive skill of successful social interaction, affecting
both professional and personal relationships.

4) purposefulness — a conscious and active direction of the coach for a cer-
tain result after the training of students. Such a trainer knows exactly what he
wants to bring to the attention of the audience, where to go and what to fight.

5) concentration of the audience’s attention is the ability of the trainer to
separate the important from the secondary and to keep the audience’s attention to
the goal throughout the time of the whole study.

6) decision-making — the ability of the coach in any situation to rationally
choose solutions from the proposed alternatives, aimed at achieving a conscious
result. In this context, it also means the ability of the trainer to assume responsi-
bility for the consequences of the decisions taken.

7) teamwork and leadership is the ability of the trainer to create an envi-
ronment in which the differences between the students are encouraged and
healthy competition is welcomed, which ensures the best results for the team. The
coach should take on the role of organizer of team interaction: to structure work
in groups, to follow rules, to activate non-active listeners, and to hold a leadership
position until the problem is resolved.

8) time management is the ability of the trainer to plan and allocate time for
training as much as possible, namely: to set priorities for tasks according to their
importance, to focus efforts on the most important material, to continuously con-
duct training only on the scheduled schedule, if necessary, to adapt the training
schedule without losing the quality of the tasks, effectively delegate the tasks and
control the progress of their implementation, respect the time of the listeners.

9) personal development — this desire and ability of the coach to constant
personal development.

10) motivating yourself and participants is the ability of the coach to moti-
vate oneself and others to achieve their goals through an appropriately structured
system of values and attitudes that he himself realizes and follows.

11) conflict management is the ability of the coach to control his / her situa-
tion in conflict and stress situations, finding and implementing the most optimal
solution that satisfies the decision of all parties to the conflict.

12) presentation skills is the ability of the trainer to demonstrate confident
skills in preparing for a public speaking, engaging the audience and keeping the
attention of the audience, able to create and conduct dynamic, effective and con-
structive performances.

The results of the assessment of main soft skills for trainers are shown in
Figure 1 and Table 12.
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Figure 1. The results of the assessment of main soft skills for trainers

In order to further develop a competitive market for conducting trainings, sem-
inars and advanced training courses, it is also necessary to evaluate existing training
centers in terms of effective work and the possible lack of logistics for the implemen-
tation of their activities as business forms. To this end, this study proposes to assess
the main components of training activities that are lacking in the training centers for
the conduct of their business in the form of a business process, namely:

1) Training plans and problems of organizations in terms of energy efficien-
cy of civil buildings — in order to identify the most relevant and necessary training
programs in the field of energy efficiency, training centers should constantly
study the plans of enterprises for the subsequent years of work, as well as prob-
lems that arise during the production process.

2) Determining the demand for training — to clearly understand how much
the training center may receive financial profit next year, it is necessary to contin-
uously determine the demand for trainings, seminars and advanced training
courses in the field of energy efficiency of civil buildings.

3) Administration of training is the activity of the training center, which is
connected with the study of the strategic tasks of state bodies, enterprises, institu-
tions, organizations in terms of energy efficiency and development trends in the
competitive environment, as well as in certain sectors of social production.

4) Defining the goals of learning — the basis for effective learning is the
clear statement of goals and target orientation learning. Its manageability is con-
nected with the possibility of a clear definition of the purpose, planning, design-
ing the didactic process, operational feedback.
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5) Assessment of knowledge and skills of participants, taking into account it
when completing the groups is one of the most essential prerequisites for conduct-
ing qualitative training of students, because it is important to take into account a
preliminary assessment of their knowledge and skills in the field of energy effi-
ciency, as the students should get those hopes and achieve those goals, which
were set before the beginning of training.

6) Actuality of the content of training programs — some programs in the
field of energy efficiency have so far lost their relevance due to the lack of mo-
dern orientation of the content of training and lack of feedback.

7) Orientation training materials for real problems of participants — some
trainings are conducted without taking into account the real practical problems
that are constantly encountered by students at enterprises, organizations and insti-
tutions.

8) Methodical support — is implemented by obligatory accompaniment of
educational activity of the students with all necessary teaching materials of the
training.

9) Resource support — is implemented by obligatory accompaniment of edu-
cational activity of the students with all necessary technical means of training.

10) Logical structuring of training — the ability of learners to learn and pro-
cess complex information is limited and very often varies according to the abili-
ties of the training group, this contradiction can only be resolved by logical struc-
turing of the content of the training.

11) Evaluation of effectiveness of training — after conducting an education,
it should be evaluated for its effectiveness in order to understand whether the
teaching methodology was chosen correctly and whether something needs to be
changed in the future.

12) Support for participants after the training — the support is aimed at mo-
nitoring the effectiveness of the application of the training received by the partici-
pants in the practice, the identification of the need for further training.

It is necessary to organize: 1) observing the work of participants in real
conditions of work after the training; 2) individual counselling in the workplace
as needed; 3) discussion on the results of the training in terms of applied applica-
tion of the knowledge gained, questions of response, counselling.

The results of the assessment of main components of training activities that
lacking in the training centers for the conduct of their business in the form of a
business process are shown in Figure 2 and Table 13.
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Figure 2. The results of the assessment of main components
of training activities that lacking in the training centers for the conduct
of their business in the form of a business process

Conclusions and further researches directions.

1. The research was conducted to develop a baseline of the training market
for civil building energy efficiency, in order to gain a comprehensive understanding
of the current offer and demand for trainings available on the market. This study
aroused in connection with a necessity to conduct of significant change in the func-
tioning of conditions of the training market for civil building energy efficiency.

2. In the article described of the methodical approach estimation of baseline of
the training market for building energy efficiency which included: collecting, review-
ing and conducting of analysis of the information on existing trainings and training
institutions for building energy efficiency; conducting interviews with the relevant
institutions and stakeholders on the training market.

3. Inthe study were 3. In the study were identified 10 key criteria for the
assessment and ranking of training centers. Each criterion is appropriately describ-
ed and has a score scale for its evaluation. After having been awarded points for
each training center according to certain criteria, it was possible to allocate training
centers.

4. identified the main components of training activities of training institutions
for building energy efficiency for potential improvement of already existing training.
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10. J1. MoHO4YOBHMK, KAaHAMAAT TEXHIYHUX
HayK, CTapLUMin HAYKOBWUIN CMiBPOBITHUK,
AOLEHT Kadpeapu iHpopMaLiHNX CUCTEM
Ta TexHosorin NonTaBcbKOl AepXXaBHOI
arpapHoi akagemii

AHAJII3 KOHIENIIA YIIPABJITHHS KIBEPBE3IIEKOIO
PONOAUVIEHUX IT-IHOPACTPYKTYP

V3acanvneno axkmyanvHi numauHs YHNpasniHHA 0e3NeKoi OpeaHi3ayitiHo
CKIAOHUX cucmem. Buoineno ocHoHi npunyunu 6U3HAYeHHs KOHYENnmyaibHUux
nioxo0ié 00 YnpaeniHHa Oe3neKo 6 HAYKOBUX Npaysix ma HOPMAMUGHUX OOK)-
MeHmax 0ns pisHux cghep srcummeodisnonocmi noounu. Ilpuoineno ysazy ak cxkia-
o0osum besnexu IT-cucmem (¢hynxyionanvhna, inghopmayiiina, xibepdoesnexa), max
I AKOCMAM CKIAOHUX CUcmeM, 00 AKUX BKIIOUEeHO De3nexy (eapanmo30amHicms,
@yHkyionanvHa Haoditinicms). Hasedeno nopisHaANbHUIL nepenik NpuHyunie Ojis
Ppi3HuX KoHyenyit ynpaeninus desnexoro IT-cucmem ma ingppacmpykmyp.

KitouoBi cioBa: ghynxyionanpbna ma xibepoesneka, Kowyenyii ynpaeiinus,
posnodineni IT-inghpacmpyxmypu.

0600wenvl akmyanbHble 60NPOCHL YNPasieHus Oe30NacHOCMbIO OP2aAHU3AYUOH-
HO CNIOJICHBIX cucmem. Boldenenvl ocnosmble npunyunsl npedcmagienusi KOHYen-
MYAIbHBIX NOOX0008 K YNPAGIIEHUIO 6e30NACHOCHbIO 8 HAYYHBIX MPYOax U HOPMAMUG-
HLIX OOKYMEHMAX OISl PA3IUYHbIX chep JHCU3HeOesmenIbHOCmU YeloseKkd. Yoeneno
BHUMAaHUe Kak cocmasnsiiowum 6ezonachocmu  HUT-cucmem  (¢hynkyuonanvhas,
UHGopMayuonHas, KubepOe30naAcHOCmb), MAK U KAYecmedam CIONCHbIX CUCTEM, 8
KOmopule 6KII04UeHa 0e30nacHOCmb  (2apaHmocnocoOHOCmb, QYHKYUOHATbHA
Haoexchocmy). Tlpuseden cpagHumenvHblll nepeyeHb NPUHYUNO O/ PA3TUYHBIX KOH-
yenyutl ynpagnenus bezonacnocmoto UT-cucmem u ungppacmpykmyp.

KitoueBble cioBa: ¢@ynxyuonanvHas u Kubepbe30nacHocmv, KOHYenyuu
ynpasnenus, pacnpedenennvle UT-ungpacmpykmypol.

The paper summarizes the current issues of security management of organi-
zationally complex systems. Massive introduction of cloud technologies, the In-
ternet of things (loT), intelligent data processing systems, block chain technolo-
gies is not only a fashionable trend, but also dictates the conditions for the deve-
lopment of the information and communication systems industry.

© 10. JI1. IlonouyosHwuii, 2019
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Organization, definition and classification of safety and cybersecurity ma-
nagement concepts in organizationally complex systems are disclosed in the work
of researchers in various industries: aviation, economic, information (cybersecu-
rity), administrative, environmental and the like. The article summarizes basic
principles of conceptual approaches to safety and cybersecurity management in
scientific works and regulatory documents for various spheres of human life.

The purpose of this article is to summarize basic principles for presenting
conceptual approaches to managing the cybersecurity of IT-systems and infra-
structures in scientific and regulatory documents. To solve the problem, it is ne-
cessary to consider the concepts of security management in various spheres of
human life, to determine the concept and components of cybersecurity for 1T-
systems and infrastructures, to consider the basic principles for various concep-
tual approaches to security management.

Attention is paid both to the components of I1T-systems security (functional-,
informational-, cybersecurity), and the qualities of complex systems that include
security (dependability, functional reliability). Among the main provisions of se-
curity management concepts, an important place is given to security policy, both
the general and the whole (often as security strategies), and the separation of po-
licies into global and local.

A comparative list of principles for various concepts of managing
IT-systems and infrastructures security is given. The security management concepts
of distributed I1T-systems are analyzed on the example of critical infrastructures,
information and telecommunication systems, industrial automation systems, cy-
berphysical systems and continuous business systems. It is determined that vari-
ous concepts can use general principles, such as risk management, improvement/
adaptation of the security management system.

Key words: safety and cybersecurity; management concepts; distributed
IT-infrastructures.

IlocranoBka mnpoGaemu. Hapa3i BuxopucrtanHs posnoxauieHux IT-iHgpa-
CTPYKTYp HOIIMPEHO B YCIX Taly3sX >KUTTEMISTIBHOCTI JIFOAWHHU, Y TOMY YMCII H
rajgy3i KpUTUYHOTO 3aCTOCYBaHHS. MacoBe BIPOBA/DKEHHS XMapHUX TEXHOJIOTIH,
iHTepHery peuedt (IoT), iHTenekTyanbHMX CHCTEM OOpOOKHM TaHWX, TEXHOJIOTIH
OJI0K-4YeiH — He TIJIbKU MOJHUI TpeH[I, ajie i yMoBa pO3BUTKY raiysi iHpopmariiii-
HO-KOMYHIKalliiiHux cuctem. IIpore xpoHosoris aBapiii 1 karacTpod opraHizawiiiHo
CKJIQJIHUX CHCTEM Ta KOMIUIEKCIB aBialliifHOi, paKeTO-KOCMIYHOI, €HEepPreTUYHOI,
¢iHaHCOBOI Ta IHIIMX Taldy3ed BKa3dye Ha MpsAMY 3aJIeKHICTh MK PO3MIpamH i
CKJIAHICTIO CHCTEMH ¥ HacHiIKaMHd KpUTHYHOI cuTyallii B Hid. J[ns 3amoOiranus
HEIITaTHUM Ta KPUTUYHUM CHUTYallisiM, aBapisiM 1 KatacTpodaM CydacHi opraiza-
LIAHO CKJIQJHI CUCTEeMH O0OB’SI3KOBO MOBUHHI MATPUMYBATH O€3MEUHMM CTaH (SIK
caMol CUCTEMH, TaK 1 HABKOJIMIIHBOT'O BIIHOCHO HEl Cepe/lOBUILA).
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AHaJIi3 OCTAHHIX J0CHiIKeHb i myOJaikanii.
Amnaniz oxcepen inghopmauii w000 cnocoodie 6u3HaAYeHHA KOHUenyiil
YRPABIIHHA 0E3NEKOI0 Y PIZHUX 2AIY3AX HCUMMEOIATbHOCI

[Tutanns opranizamii yrpaBiiHHS O€3MEKOI0 B OpraHi3alliiHO CKIaIHUX CH-
cTeMax, y TOMY YHCII 3 BHU3HAYCHHS Ta KiacH(ikaili KOHIEHIINA YIpaBIiHHS
0E3I1eKO0r0, PO3KPUTO Yy MpalsgX JTOCTITHUKIB PI3HUX Tally3el: aBlamiiHoi [1], exo-
HoMmiuHO1 [2; 3], iHdopmamniiinoi (kibepOesneka) [4; 5], aamiHicTpaTuBHOI [6],
€KOJIOT14HO] [7] Tomo. Y3araibHIOYX ONpalboBaHUA MaTepial, CIIijl 3a3Ha4YUTH,
IO YOpPaBIiHHS OE3MEKOI0 € KOMILIEKCOM B3a€MOY3TOJKEHHUX PI3HOIUIAHOBUX
3ax0/iB, CHPSMOBAHMX Ha 3aMO0IraHHs PU3UKaM Pi3HOTO XapakTepy Ta MiHiMi3a-
it IXHiX HacmigkiB. OTxe, mijg Oe3NeYHUM PO3YyMIIOTh CTaH CHCTEMH, 32 SIKUM
PU3UKHU 3aBJAHHS IIKOAW JIOAMHI, CUCTEMI YM HABKOJHUIIHBOMY CEpPEIOBHILY a0o
3MEHIIYIOTHCS, 00 MIATPUMYIOTHCS HUXKYE Bijl IEBHOTO PiBHSI.

3a SHIMKIONEANYHUM BU3HAUYCHHSM [8], MM KOHIICTIIIED PO3YyMIIOTh CHC-
TeMy HOIJIs/iB Ha siBUIIa abo mpouecu. g cucreMa € mepBUHHOIO, TOJOBHOIO,
OCHOBOTBIPHOK. Y TOJIaHHI KOHIICTIIIH Ta iXHIX €JIEMEHTIB JOCIIIHUKHA 3a3Ha-
YaroTh IXHIM PO3PI3HEHHUM XapakTep, OCKUIbKH, 3 OJJHOTO OOKY, € HayKOBa CKJia-
7I0Ba, a 3 1HIIOTO — HEOOXITHO MPOJEMOHCTPYBATH IPIOPUTET CBOIX KOHIICTIIIII
HaJ IHIIUMU TIOTJISIIaMHU.

HaykoBi mociiykeHHsI KOHIICTIIIN yrpaBiHHS 0€3MeK0I0 MOJAI0THCS Y BH-
TISAL CTaTel, Mo MyOiKYIOThCS Y BHIAQHHIX BUCOKOTO piBHSA ((haxoBUX, MiKHA-
ponHUX), MOHOTpadisiX, HAYKOBO-AOCTITHUX MPAISX Ta MPOEKTaX. 3aBepIlaib-
HUM €TaIloM IOJIaHHs KOHIEMII{ MOKHA BBa)KaTH JTOBEJCHHS ii OJI0XKEHb JI0 PiBHA
HOPMAaTUBHUX aKTiB, 3aKOHIB YM CTAaHJAPTiB IEBHUX BIJIOMCTB, ACpPXKaBU YU
MDKHApOJIHMX OpraHizarliil.

Jl7is BUOKpEeMIICHHSI UM BUJUICHHSI KOHIIEMIII] SIK aBTOPCHKOTO pPEe3yNbTaTy
JOCITIJDKEHD 1 HaJlae€ThCs MEeBHUH iAeHTHdIKaTOop. TakuM 11eHTH(IKATOPOM MO-
e OyTH Ha3Ba, HANPUKIIAJ: KOHIICIIIS 30H CTpaTeTriYHUX pecypciB [9], KoHIET-
i “00’exT — 3arpo3a — 3axuct”’ [10], Konnenmis “Oe3neuna iHdpacTpykTypa 3
HeOe3neyHnx 1 HeHaaiiHnX HesanexHux cuctem” [11], conception of multilevel
complex security system [12]. JIyis 3araqbHOBIIOMUX KOHIIEMIIIi MOKJIUBE TO-
JaHHs 11 32 MpI3BUIIEM aBTopa, Hanpukiaa: kouuemnis . ®. Heiimana [11]. Ak-
10 KOHIEMIIiS pO3TIISIA€ThCS SIK CKJIaI0Ba METOOJIOTIT, TO BOHA MOXe OTpUMAaTH
JOJATKOBUH Ki1acudikaTop, HAMPUKIAA: KOHIENIis 2.1 CTpyKTypHO-CEMaHTHYHE
ysaBieHHs npodinis [13].

Konnenuii ynpapiaiHHs 0€3MEK0I0 TPAKTYIOTHCS PI3HUMH JOCTIIHUKAMU SIK:

— YIOpSAIKOBaHAa i CHUCTEMHA MHOKHMHA MPUHIIUITIB, METOIB 1 MOJIENEH, 110
BXOJMTH JI0 CKJIay BU3HaueHoi metoaouorii [11; 13; 14];

— KepiBHUI TOKYMEHT (CTaHJapT, 3aKOH, HOPMAaTUBHUMN aKT) Y iX CHCTEM-
Ha MHOXwHHa [ 15-18];

— 33JI0KyMEHTOBaH1 B3a€MO3B’3KH Mi’)K HOPMATUBHO-TIPABOBUMHU JTIOKYMEH-
TaMH, BUJIaMU 3arpo3, BIANOBIIaIbHUMHM BUKOHABLSIMU Ta MPOILIECaMU yIIpaBIIiH-
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Hs 0€3MeKoI0; IpU LIbOMY JIOKYMEHTH MaloTh y Ha3B1 KJIFOUOBI CJI0Ba “cTparteris’
gy “momituka” [6; 7; 19].

Merta cTaTTi — y3araJbHeHHS OCHOBHMX MPHHLUIIIB KOHIENTYaJIbHUX ITiJ1-
XOZIB 70 ympaBiiHHs 6e3nekoro IT-cuctem Ta iHPPACTPYKTYp Y HAYKOBUX 1 HOP-
MaTHBHHX JOKyMeHTax. /{7 boro HEoOXiqHO PO3TISHYTH KOHIIETIi yIpaBiiH-
Hsl O€3MEKOI0 Y Pi3HUX cepax KUTTETISUTBHOCTI JIFOAMHNA, BU3HAYUTHUCH 13 TIOHST-
TAM 1 ckiaagoBumu 6esrneku s [T-cuctem Ta iHGpacTpyKTyp, pO3TIsSHYTH 0a30Bi
MPUHITUIIN JUTsI PI3HUX KOHIENTYaJIbHUX MIAXOIIB A0 YIPABIIHHS O€3IEeKO0.

BukJiag ocHOBHOTO MaTepiaJy.

Ananiz HasaeHux nioxo00ie 00 6UZHAUEHHA NOHAMMA De3neKu Po3nooi1eHuUx
IT-ingppacmpykmyp

VY nuTaHHSAX BU3HA4YCHHS TepMiHa “Oesneka” moxao IT-inppactpykTyp Ha-
pa3i MOXKHA BUAUTUTH JIBa TOJIOBHUX PO3TATYKEHHS:

— Oesmeka sk “safety”;

— Oe3meka sk “security”.

“Safety” OUIBIIICTH BITYM3HSIHUX JOCTIIHUKIB MEPEKIIANAc K “‘(DyHKIIOHATb-
Ha Oe3meka”, Take K TpaKTyBaHHS LbOTO ClIoBa 1 B cTanmaprtax. [lix ¢yHkiio-
HaJIBHOI 0E3MEKOI0 PO3YyMIIOTh BIICYTHICTh HEMPUMHITHOTO PU3UKY 32 PaXyHOK
BUKOPUCTAHHS CHUCTEMH YIPaBIiHHS OE3MEKOI0 Ta 3aXO0JiB 3HI)KEHHS PH3UKY
[20]. Lle BnacTuBicTh BUKJIIOYATH a00 MiHIMI3yBaTH HIKI/UIMBI HACTIKH y pasi
BiJIMOB JIJIsl KOPUCTYBAUiB, IHIIUX CUCTEM Ta HABKOJHUIIHBOTO ceperoBuia [14].
KonnenryanpHi miaxoau 10 ynpaBiiHHS (QYHKIIOHAIBHOIO OE3MEKOI0 IOBEACHI
70 PiBHS MDKHApOJIHUX CTaHIAPTIB, 3aKPIIUVIEHUX 32 OKPEMUMH Taly3sMHU: aBia-
1ist [21], aBTOMOOUIbHA TexHIKa [22], 3aIi3HUYHAN TpaHCIIOPT [23], aTOMHI eJeK-
TpocTaHIii [24], eNeKTpOHHI/eIeKTPUIHI IpOorpaMoBani komnoneHTH [20].

TepMmin “security” 10 EBHOro Yacy mepekiafanu sk “iHdopmariiina 6e3-
neka”. Aje BOPOJOBK OCTAHHBOTO JECATHIIITTS MOPYY 13 UM TEPMIHOM aKTHBHO
BUKOPUCTOBYEThCS 1HIINI — “‘cybersecurity”, 1110 BXX€ OTPUMAaB YiTKHI Mepexia
gk “kibepbesneka”. [Hdopmarliiiny Oe3neky po3risgaloTh Y KOHTEKCTI 3abe3me-
YeHHsI KOH(1ASHIIHHOCTI, MITICHOCTI Ta TOTOBHOCTI [5; 25] (101aTKOBO MOXYTh
pO3TIAAATHCS aBTEHTUYHICTh, HEMOXJIMBICTh BiIMOBH BiJ aBTOpPCTBa W HaJiii-
HiCcTbh, TOOTO reliability [14; 15; 26]). KibepOesreka TpakTyeTbCsl sSIK CTaH Oe3ned-
HOro (YHKI[IOHYBaHHSI KiOepIpoCTOpy, HOro BUKOPUCTAHHS B 1HTEpecax ocolu,
CyCIuIbCTBA 1 AepkaBu [19]; um sk aii, HEOOX1AH1 AJIg 3a1100IraHHs HECAHKITIOHO-
BaHOMY BHUKOPHCTAaHHIO, BIIMOBU B OOCIyroBYBaHHI, IEPETBOPEHHSI, PO3CEKpe-
YeHHsI, BTpaTu NpUOyTKYy a00 MOLIKOKEHHS! KpUTHUYHUX CUCTEM 4M 1HpOopMaIliii-
HHUX 00’exTiB [16; 27].

KonnenryanbHi miAX0a1 A0 yHpaBiliHHA iHPOpMaLiiHOIO OE3MeKor0 peai-
30BaHi Ha piBHI 6araTb0X MIKHAPOJHUX CTAHAAPTIB, Cepell IKUX Tpeba BHOKPEMUTH
ISO/IEC15408 (xputepii ouintoBanns 1b), ISO/IEC2700x (cuctema MEHEAKMEH-
Ty IB). YnpaBninua kibepOe3nekoro Ha KOHIENTyalbHOMY PiBHI BUBHAYEHO B Ce-
pii cranaaptis ISO/IEC 62443 [16; 28].
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Crin 3a3HauMTH, IO PSAA AOCHITHUKIB MPUALISE yBary NMO€AHAHHIO BIac-
TUBOCTeH “safety”, “security” (“cybersecurity”’) y pamKax 3arajJbHOr0 KOHIEHTY-
anpHOrO Tigxoxy. Cepen BITYM3HSHUX JTOCIITHUKIB MPOBIHE MICIIE HAICKUTH
npausm B. C. Xapuenka [11; 13; 14], B sKkuX y3araibHIOBaJbHOIO BIACTHBICTIO €
“rapanrosnatHicth” (dependabiliyty). ['apaHTO3maTHICTE MOEAHYE TPYIMH IEp-
BHHHHMX BJIACTUBOCTEH (0€3BIIMOBHICTh, TOTOBHICTh, OOCIYrOBYBaHICTb, BIpOTiJI-
HiCTh, PYHKITIOHAJIbHA O€3MeKa, KUTTE3MAaTHICTh, [UIICHICTh, KOH(IICHIIHHICTD)
Ta BTOPUHHHX BJIACTMBOCTEH (iH(opmarliiiHa Oe3neka, kibepOe3neka, aBTeHTHY-
HICTh, HaMIMHICTH). KOHIENIIis TapaHTO34aTHOCTI € XPOHOJIOTIYHUM 1 MOCITiI0B-
HUM PO3BHTKOM 3amporonoBaHoi A. ABixenicom, XK. K. Jlanpi Ta B. Pernenom
[29] xonuenuii “Dependability”. ¥V mpami 1. b. lllydbuncekoro [30] Tparmiserscs
TepMiH “pyHKIiOHaNBHA HAAIHHICTE”, TOOTO MO€AHAHHS TOTOBHOCTI, OE€3B1IMOB-
HOCTI, TPaBHJIBHOCTI, 0€3MMOMIIIKOBOCTI, CTIHKOCTI, IIJIICHOCTI Ta JOCTYITHOCTI.

Ananiz KoHyenmyaibHux nioxooie 00 ynpaesiiHHA 0e3neKor
bazamoenemenmuux cucmem

3ano0iranHs HEOE3MEeUYHUM CHUTYallisIM y CY4acHOMY [IiJKUTalli30BaHOMY
HABKOJIMIIIHBOMY CEpPEIOBHII MPAKTUYHO HEMOXKIIUBE 0€3 BUKOPUCTAHHS CUCTEM
yIpaBJIiHHS Ha BCIX eTamnax >KUTTEBOTO IUKITY BiJl MPOEKTYBAaHHS A0 yTUii3amii. Y
0araThOX KOHIICTIISAX IMPOLEC YIPABIIHHS OE3MEKOI0 PO3IIIATAETHCS BITHOCHO
0araTroejIeMEHTHOI, ajie MUIICHOI CHCTEMHU.

VY mpami [31] BUAUISAIOTE ABa MiAXOMU M0 ympaBiiHHS Oe3nexoro. Tpanu-
HiHWIA (BpaXxoBYyIOUM Yac MyOJIiKallii, HOro MO)KHa TPaKTyBaTH SIK 3aCTapiiIvii)
MOJIATAE y pearyBaHHI HA IHIUIACHTH MICHsl iX BHHHUKHEHHS 3 BIANPAIIOBAHHSIM
KOPEr'yBIbHUX Ta BiTHOBIIOBAIBHUX 3axo/iB. CydyacHMI MiAXif TOJATKOBO Iie-
pendavae MOCTIMHUI MOHITOPUHT CUTYAIlil Ta 3aCTOCYBaHHS KOMILJIEKCY MOJiesiel
JUTsL Tiepea0adeHHs 1HIUASHTIB 1 BYKMBAHHS BIJIMOBIIHUX 3aXOiB 1070 3amo0i-
TaHHs 1M, a TAKOXK 1IHTErPYBAIbHOI 1HPOPMAIIIITHO-aHATITUYHOI CUCTEMH B CKJIaI1
KOMIUIEKCY YIPaBIiHHS O€3MEKOI0.

Takox po3pi3HAIOTH JIBA IMIIXOIH 10 BU3HAUEHHS KOHIICTIIii O6e3neku [2]:

a) moa0 (OpMH PO3BUTKY PECYpPCIB, Y3TOIHKCHHS KOHKYPECHTHUX BUKIIUKIB
Ta TISTTBHOCTI CTOCOBHO 30BHIIIHHOTO CEPEIOBUIINA;

0) SIK MPOTUIIO 3arpo3aM Ta 3a0€3MEUEHHS CYIYTHIX MTOKa3HUKIB.

Cepen OCHOBHUX TOJIOKE€Hb KOHIIEMIIT YIPaBIiHHS OE3MEKOI0 BAXKIIMBE MiC-
11€ HaJICXKUTh TOJITHII O€3MEKH K 3arajibHoMY U nutomy [2; 19], a Takox mominy
MOJIITUK Ha To0anpHy Ta JokanbHi [17; 32; 33].

Ananiz KonyenmyaipbHux nioxooie 00 ynpaesainna 6e3neKor po3nooinenux
IT-cucmem

KoHuenTyanbHi Mmiaxoau 10 mpolecy ynpasiiHHsA Oesnekoro IT-cucrem sk
CYKYITHOCTI PO3MOJUIEHUX €JIEMEHTIB BUCBITJIEHO y HU3LI Ipallb, 3aiKCOBAHUX Y
cragiaprax. THIOBI KOHILEMIII NPOaHaII30BaHO HA OCHOBI CYKYITHOCTI 17IeHTHU(]iKa-
TOpIB: (JKEPENO OMUCY, Ha3Ba, 00’ €KT 3aXUCTY, PUHIIUIIN) Ta 3BE€AEHO y Ta0. 1.
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Taomums 1

I[HopiBHAHHSA KOHUENTYAJbHUX MiIX0AIB
110 ynpasJiHHs 0e3nexoro po3noaiienux IT-cucrem

Ne .o
o/ [MokazHuku KonuenryanbHi niaxoau
Jxepeno Kpurnuni inppactpykrypu [11]:
Hasga Konuenuist: “0e3nedna iHppacTpykTypa 3 HeOE3MEUHUX 1 HEHAAIHHUX
HE3aJIeKHUX CHCTEM
O06’exT Kputnuna inppacTpykTypa K iHTeTpaIbHa CHCTEMA, 0 CKIIATAEThCA

3 (pyHKIIOHAIEHO CaMOCTIHUX (c1abo 3aJIe)KHUX) CHCTEM, SIKi MOXKYTh
(yHKIIOHYBaTH a0COIIOTHO HE3AISKHO (C1ad0 3aJIeKHO) O/IHA BiJ 0THOL

1 | Ipunnunu | — qUHamMigHUH aHai3 Ge3neKy;

— 00JIiK eMEepKEHTHOTO PH3UKY B KPUTHIHUX IHPPACTPYKTYPaX;

— iHTerparis pe3yabTaTiB apiopHOTO 1 alTOCTEPIOPHOTO aHAII3Y Oe3MeKy;
— TOCITiJOBHO-TIapajielbHa iHTEeTpallis METOIIB OLIHKN OE3IeKH;

— JIGKOMIIO3UIIisl HeBU3HAYCHOCTI;

— iH(ppacTpyKTypHE pe3epBYBaHHS 1 TUBEPCHOCTI IS 3a0e31eYeHHs
0e3IeKy KPUTUUHUX 1HPPACTPYKTYP

Jxeperno Kibepdizuuni cucremu [10]:
Hasga Konuenuist “o0’ekT — 3arpo3a — 3axuct”
0O06’exT Kibepdisnuni baraTopiBHEBI CUCTEMU:

— piBeHb KibepHeTH4HOI Iardopmu — iHpopmauiiiHi pecypeu (IP),
indopmaniiini cucremu (IC), indopmaniiini npouecu (II1);

2 — piBeHb KOMYHIKaIliiHOT I1atopMu — iHpopmariiiiai Mepexi Ta kanam (IM (K);
— piBeHb (i3nuHOi mIaThopmu — nasadi (/1)
[puHIMIHM | — MEHEIKMEHT PH3HUKY;

— 3000B’s13aHHS;

— cIry»K00Bi 000B’SI3KH 1 BiATIOBINATBHICTB;
— IIiJTi, cTpaTerii i Mo THKA;

— YIpaBIiHHS JKUTTEBUM IUKIOM

Jxepeno Cuctemu iHQOpPMALIHHIX 1 TeIEKOMYHIKAIiHHUX TeXHONIOTIH [15]:
Hassa Konmermnis MeHemKMeHTY Oe3meku iHpopMaritHnx
i TETICKOMYHIKaIiHHUX TEXHOJIOTiH
O0’exT AxTHBH iH)OPMAIIITHAX 1 TEIIEKOMYHIKAIIITHAX TEXHOJOTIH
3aXUCTy (Bce, 110 Ma€ LIHHICTD AJIst OpraHizanii). AKTHBHU BKIIIOYAIOTh B ce0e Take

(ayre HE OOMEXYIOTHCS):

— MaTepialibHi akTHBY (00UYHCIIOBaJIbHI 3aC00H, 3aCO00H 3B’ 3Ky, OYAiBIIi);
— iHpopmartito (1aHi) (JOKyMeHTH, 631 IaHHX);

3 — MporpaMHe 3a0e3NeyeHHs;

— 3/IaTHICTb BUPOOJISITH IPOJYKT 200 HaJAaBaTH MOCIYTY;

— IepCoHal;

— HeMaTepialbHi pecypcH (IpecTik QipMu, permyTario)

[puHIMIHK | — MEHEIKMEHT PU3UKY;

— 3000B’s13aHHS;

— cIry»00Bi 000B’SI3KH 1 Bi/AMTOBINATBHICTB;
— IIiJTi, CTpATeTis 1 MOTITHKA;

— YIpaBIiHHS JKUTTEBUM IUKIOM
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3akinyeHHs Taoa. 1

[xepeno [Ipomuciosi cucremu [16]:

Hassa Konnenuist 6e3neku CHCTEM IPOMHUCIIOBOI aBTOMATHKH i KOHTPOJIIO

O0’exT MaiiHoBi 00’ €KTH — (i3n4HI 200 JIOTiYHI 00’ €KTH, SIKI HaJIe)KaTh OpraHizawii
3aXHCTy a00 CcTOCYIOThCS ii y IEBHHIA CHOCIO, SBIAIOYN COO0I0 IS HEel BiTUyTHY

ab0 peaypHY IiHHICTB. Taki 00’€KTH MOXKHA TIOAUTUTH Ha (Di3M4HI 1 JIOTivHI,
a TaKoX KaJpoBi pecypcu

[Mpuanunm | Y sBHOMY BUIVIAAI IPUHIUIN HE TPeCTaBiIeHl. Mo)XHa pO3rIsIHYTH
4 AK (pyHIaMEHTaIbHI BUMOTH 10 O€3MeKH IPOMHCIOBOI aBTOMATHKH:
— ynpasninas goctymnoMm (AC);

— KoHTpob 3a BuKopuctanusam (UC);

— minmicHicTh ganux (DI);

— xoH(pineHniHicTh qanux (DC);

— obMexxeHHs ToToKy naHux (RDF);

— cBoevacHe pearyBanHs Ha nofiro (TRE);

— JjocrynHicts pecypciB (RA)

Jlxepeno Indopmauiiini cucremu [17]:

Hasga KoHnenuis mporecy MeHeKMEHTY iHpopMaliiHoi Oe3neku

0O06’ext I{inHi akTUBHU — BCE, 10 MA€ I[IHHICTH JIS OpraHizarii

3aXHCTY

[MpuHumnu | — po3yMiHHS BUMOT iH(pOpMaIiifHOT Oe3nexy opraHizauii Ta HeoOXiqHOCTI
5 MIPOBOIUTH TOJITHKY 1 BCTAHOBIIOBATH ITiTi iHpOpMaLiiHOT Oe3MeK;

— YBEACHHS ITUPEKTHB 100 BIPOBADKCHHS Ta SKCILTyaTaIil

JUTS YTIpaBIIiHAS pU3UKaMu iH(QOpMaIliifHO1 Oe3eKn opraHi3amii

B KOHTEKCTI CyMapHUX Oi3HeC-pHU3HKIB OpTraHizallii;

— MOHITOPHHT 1 TIepeBipKa AKOCTi PyHKIIOHYBaHHS Ta e(PEKTHBHOCTI
CHUCTEMH MEHEKMEHTY iH(OpMaIliifHO1 Oe3meKy;

— NOCTii{HE BIIOCKOHAJICHHS, 1110 TPYHTYEThCSl Ha peallbHUX OLIHKaX

Jxepeno bizuec-cucremu [34]:
Hasga Komnmermirist roroeHocTi IKT 10 3a0e3neueHHs 6e3nepepBHOCTI Oi3HECY
(IRBC — ICT readiness for business continuity)
O0’exT bisnec-onepariii, Gi3Hec-nocayru
g |3axucty
[IpuHnunu | — 3amo6iraHHs iHIUACHTAM;

— BUSBJICHHS 1HIMICHTIB;

— pearyBaHHS Ha iHIIUICHTH,
— BiTHOBJICHHS;

— YIOCKOHAJICHHSI

Konuyenuia ynpaeninns 6e3nekoro poznoodinenux IT-cucmem
i MiHIMI3QUIA eHEP2OCNONCUBANHHSA
Konuenis ympasiiHHS 0€3ME€KOI0 32 YMOBH MiIHIMI3aLlli €HEProCIoKUBaHHS
PO3BUBAETHCS BIMOBITHO /10 CKJIQJHUX CHUCTEM, MOOY/IOBAaHMX HA MPHUHIMIIAX PO3-
MOJUICHOT Ta IMHAMIYHOI apXiTeKTypu. BoHa dopmyntoeTbes SIK KOHLEMIIIs TapaH-
TYBaHHS Ta yIpaBliHHA iHpopManiiiHoo Oesnekoro IT-iHdpacTpykTyp 3a dakTuy-
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Po3pobmnieHi eneMeHTH METOAOJIOTI peani3yloThCsi 3a JOMOMOroK (GopMy-
JIIOBaHHS (p03p06KH) 1 BUKOPHUCTaHHS TAaKUX MTPUHIIMITIB:

1) nMHaMIYHOI KOMIIOHEHTHO-TIapaMeTPUYHOT KOH(plrypauu PO3MOAIICHUX
IT-inppactpykTyp Ta ixHIX iH(OpPMALIMHUX CUCTEM 13 MiHIMI3aIi€l0 €HEPTOCIIO-
KUBAHHS, IO PEali3yeThCs 3a IOIOMOIo0 (OPMaTbHOIO TEOPETUKO-MHOKUHHO-
ro TMPEACTABJICHHS JTUHAMIKHA 3MIHM BXIIHHMX 1 BUXiIHHX mnapametpiB IT-iadpa-
CTPYKTYp, iX (DYHKIIOHAJTIbHUX XapaKTEPUCTHK, apXITEKTYPHHUX PIllIeHb, a TAKOXK
pO3pOOKHM Ta 3aCTOCYBAaHHS MOJCIICH 1 METO/IB OILIIHKK PU3HMKIB Ha €Tarax po3-
ropTaHHs Ta cepTU(IKaIlii;

2) ycriaJKyBaHHS XapaKTEPUCTHUK, METO/IIB 1 MOJIeIIeH HaliIHHOCTI, (PYHKI[iO-
HaJIbHOI Ta iH(OopMaIiiHOI 06e3NeKH, CyTh SIKOTO IMOJATAE B 3aCTOCYBAHHI OIIHHUX
MIXOAIB IO BIACTUBOCTEH 1HopMaliiiiHoi O6e3neku i kateropyBanus IT-iHdpa-
CTPYKTYp Ha MiJICTaBi 3HAYCHb OI[IHCHUX MMOKA3HHKIB, 1[0 MAIOTh 3MIHHUH Y 4aci
HMOBIpHICHHIA XapaKTep;

3) IMHAMIYHOrO0 MOHITOPHHIY 1 MPOTHO3YBaHHS MMapaMETPiB BPa3IMBOCTEH
KOMITOHEHT posmnoaiieHux IT-iHdpacTpykTyp Ui OLIHIOBaHHS i MiHiMi3awii pu-
3WKiB aTak Ha HUX. J{7s peanizaiii HpOro NPUHLUITY TOTPIOHO PO3POOUTH MiAXif
IOJI0 JIOCIIKEHHsI BIUIMBY 30BHIIIHIX ()aKTOpiB Ha HMOBIpHICTH MPOBEACHHS
aTaku, a TaKoX 10 00’ €IHaHHA IHCTPYMEHTapiiB aHATITHUHUX anapaTiB rnepeada-
YEeHHsI YaCOBHX IMapaMeTPiB BUSBY BPA3JIMBOCTEH, MPOBEACHHS aTakK 1 3MiHH 30B-
HimHiX (akropis [T-mpoexTy;

4) IPUHLIUIT KEPOBAHOT nerpanauu SKOCT1 po3noinenux IT- 1H(1)paCpr1<Typ
B YMOBAax arpecHBHOTO CEpEIOBHINA i BTpAaTH KOMIIOHEHT. [l Horo peamizamii
noTpiOHO PO3pOOUTH:

— TEOPETUKO-MHOKUHHUI OIMHUC CTpaTerii BIAHOBJICHHS i TECTYBaHHS KOM-
MOHEHT 13 MOKJIMBUM BiJIKATOM JI0 TMONEPEIHBOI BEpCii;

— MOJIeNIb JIOMYCTUMHX BTpPAT SKOCTI OOCIYyrOBYBaHHSI Ta IXHBOTO BIUIMBY
Ha PEUTHHrOBI MOKa3HUKU [T-TIPOEKTY uepe3 MPOBENCHHS OHOBIICHHS MPOrpaM-
HOTO0 3a0€3MeUeHHs, TECTYBaHHS HOBOTO (DYHKIIOHAITY, ayAUTy iH(pOpMAaIiiiHOT Ta
Ki0epOe3nexu.

BucHOBKM 3 JaHOT0 J0CJiIKeHHS i MepCNeKTHUBH NMOJATbIINX PO3BiI0OK
y AaHOMY HanpsMi. BukoHaHo aHaii3 TEOPETUUHUX 1 TEXHOJIOTTUHUX Hampalio-
BaHb 13 KOHIIETITYaJIbHUX MMUTaHb YIPABIIHHS O€3MEKOI0 OPraHi3aliiiHO CKIaAHUX
CUCTEM PI3HMX rajly3ed *KUTTEIISAIbHOCTI. ¥Y3aralbHeHO BUBHAYCHHS O€3MeKU CH-
CTEMHU SIK CTaHy 3 BIICYTHICTIO HEPUHHATHOTO PU3HKY 3aBJaHHS ILIKOJIH €IeMEH-
TaM CUCTEMH, JIFOJIIM, HAaBKOJIMIIIHBOMY CEPEIOBHIILY, O13HECY Ta iH.

Hapasi konnenuii ynpasiiHHS 0€31MeK0I0 MalOTh CHUIBHY CKJIa/I0BY, 1110 BU-
3HAYa€ PU3UK-OPIEHTOBAHUM MiAXIJ 3 €JIeMEHTaMH TIaHyBaHHs, IPOrHO3YBaHHS,
3arno6iranHs, MPOTHIIL Ta alanTallii CHCTEeMHU yIPaBIiHHS.

JocnimkeHno myaii3M BU3Ha4YeHHs Oe3mneku sik “‘safety” Ta “security”. Ilpo-
aHaJII30BaHO MIJXOAW 10 MOEAHAHHS IMX CKJIAJOBUX Yy paMKax IHTErpauiiHol
BJIACTHBOCTI “TapaHTO3/1aTHICTh .
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CyyacHi KoOHIENIlli yrpaBiiHHS OE3MEKOI BHUKOPHCTOBYIOTH 1€papXiuyHe
paHXXyBaHHS BJIAaCTUBOCTEH ‘“‘safety” Ta ‘““security”, 3a sSIKOrO BHIIIOI0 METOIO € 3a-
noOiraHHs KaTacTpo(iyHUM HACHiJKaM Ta JIIOJCHKUM JKepTBaMm (CKJIagoBa
“safety”), 1o SIKMX MOXE MPU3BECTU BTPYYaHHs B iH(OpMaIliiiHe moyie Ta Kidbep-
npoctip (CkiazgoBa “security”).

[IpoananizoBaHO KOHIIEMIIIi yrpaBimiHHSA O0e3rnexoro po3nozauieHux IT-cucrem
Ha TPUKIAI KPUTHYHUX 1HPPACTPYKTYp, iH(OpMAIHHO-TEeIeKOMYHIKAlIHUX CUC-
TEM, CHCTEM IIPOMUCIIOBOI aBTOMATHKHU, KiOep(hi3MNUHUX CUCTEM Ta CHCTEM Hellepeps-
Horo Oi3Hecy. BusHadeHo, 110 pi3HI KOHIIEMIIi MOXKYTh BUKOPUCTOBYBATHU 3arajibHi
TIPUHITHIY, TaKi SK YIPaBIiHHS (MEHEPKMEHT) PU3UKOM, yIOCKOHATICHHS/a amTarlist
CHCTEMH YIPABJIIHHS OC3MEKO0.

VY nopanemomMy HEOOXiTHO JOCTIAMTH OCHOBHI IMIPHHITUIIH, 110 BXOAATH JI0
CKJIay KOHIIETIIN ynpaBiiHHs Oe3nexoro posnoaiienux IT-indpactpykryp.
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Tecmysanns ma OiazHOCMUKA CKIAOHUX PO3NOOLIEHUX IHGOpMayitiHux cuc-
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KittouoBi cnoBa: nosedinkosuii pobouuii KOHMPONb, eKCnepumMeHmu pos-
NI3HABAHHS, PO3NIZHABAHHS NO6ediHKU Mepedxc [lempi; i0enmughixamopu, KOHM-
PONBHI €8ONOYIUHI CUCeMU.

Paccmampueaemcess  00HOypoeHesbvili Memod nosedeHueckozo pabouezo
KOHMPOJsL ¢ pacnosHaganuem 3manoHnoeo noeeoenus PUC. Ocobennocmamu
Memooa ABNAMCA I60JIOYUOHHBIU NOUCK IMANOHHO20 NOBEOeHUs 8 HNOMOKe
@yukyuonuposanua PUC, pacnapannerusanue onepayuii KOHMpoIbHO20 pAcho-
3HABAHUSL U I80JIIOYUOHHO20 PA38UMUSL KOHMPOJIbHLIX nonyasyui. Memoo nozeo-
JISlem COKpamumy CL0HCHOCHb U 8peMs KOHMPO.A, COeNams €20 COBMEeCMUMbIM C
peanvhvim pyukyuornuposanuem PUC.

KiroueBbie cnoBa: nogedenueckuii pabouuti KOHMpPOIb, IKCHEPUMEHMbL PaC-
NO3HABAHUS, PACNO3HABAHUS nogedeHus cemell [lempu; uoenmuguxamopwl, KOHmM-
DPOJIbHbIE I60IOYUOHHbIE CUCTIEMBL.

Problem formulation. Complicating computer networks, the emergence of
new distributed information technologies and systems (DIS) [1], the growth of
their speed, information and computing power [2], accompanied by the expansion
of implementation areas and increased criticality [3] and the rapid development of
DIS reliability tools [4]. In such means, automated systems of technical diagnos-
tics occupy the most important place [5], including, among other things, subsys-
tems of online and offline testing and diagnosis [6].

Analysis of recept researches and publications. To date, a number of ef-
fective models and methods of online and offline testing and diagnosis have been
developed, based on the use of structural, informational, hardware, and functional
features of existing and promising DIS and their components [8-10].

However, this use is seriously complicated by the trends of increasing dis-
tribution and intellectualization of DIS [1], a sharp increase in the degree of com-
ponent integration and concealment of the internal structure [8] of the VLSI,
FPGA, microprocessors [11]. As a result, the methods of online and offline test-
ing and diagnosis of real DIS are shifted to the level of system, information, func-
tional specifications [12], and their computational becomes NP-complex [13], es-
pecially when the appearance of agent properties — autonomy, mobility, intellec-
tuality, co-operativeness [14] for components of DIS. As a result, systemic, de-
compositional, behavioral, information-functional [15-17], as well as intelligent
neural and evolutionary-genetic [18; 19] methods are developed intensively. In
most cases, integrated methods [20] and their based technologies of online and
offline testing and diagnosis are used to achieve greater effect.

The decompositional approach, in particular, makes significant use of in-
formation about the distributed spatial structure of DIS [17], but in most cases the
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verification does not involve information about the temporary multi-level struc-
ture of DIS, of course. appearing in the process of their end-to-end design. In this
case, the testing and diagnostic process can be simplified by presenting a special
build for the hierarchies of nested checks, which for offline testing and diagnosis
is fairly regular [21] (usually going from basic simple checks to complex checks).
However, in behavioural testing, which involves solving the problem of back-
ground (passive) recognition of reference behaviour in the functioning of the ob-
ject being tested, such a regular assembly of checks is not possible, the assembly
is done in random, subordinate to the basic functioning of the mode, and repe-
atedly changes direction, both from simple checks to complex (ascending) and from
complex to simple (downward). End-to-end multi-level organization of beha-
vioural testing, both online and online, in addition to this imposes new conditions
of hierarchical compatibility and inheritance (or not destruction) of multi-level
checks (their broadcasts down and encapsulations up).

In this regard, the multi-level decompositional bi-directional assembly of
checks in the recognition of reference behavior in behavioral online and offline
testing and diagnosis of DIS is of interest.

Purpose of the article. The purpose of the article is to develop an evolu-
tionary method of behavioural online testing based on a behavioural check model
of DIS based on Petri nets by determining the evolutionary mechanisms of identi-
fied check behaviour.

Main material. The behavioural work of DIS presented in this paper is
based on the recognition of the reference behaviour of DIS and its components in
accordance with the conditions determined by the formal model of behavioural
online and offline testing [22]:

cS=(W’, Pr, Ci, Cp, SQta, CCy). (1)

The model is based on the extended interval-probability properties of the
Petri network and represents special objects — W' — registered behavior of the ob-
ject being inspected,, checked reference properties Pr, reference behavioral iden-
tifiers Ci, check primitives Cp and fragments Cf, as well as special operations —
identification (as finding), identification as coincidence (further coincidence), de-
terminization and relationships — compatibility/incompatibility, ordering, uncer-
tainty/indifference for them in signature Sgiw, some check strategy Cc:. Special
objects form a carrier set, and special operations and relationships, replenished
with multiple and vector operations, form signatures respectively operations and
relationships of the algebraic system — a formal model of behavioral DIS work
control, which determines the general conditions of its conduct in a particular
method. Consequently, the initial carrier set, the signatures of operations and the
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relationship of the formal model of work control should be formed at the prepro-
cessor stage of behavioral work control Consequently, the initial carrier set, the
signatures of operations and the relationship of the formal model of online testing
should be formed at the preprocessor stage of behavioral online testing.

The background mode of behavioral check recognition allows only the ob-
servation of DIS (registration of input and output events in the respective input
and output alphabets), and not control the flow of its all events. Therefore, the
background mode should perform a full check analysis of current event recogni-
tion on the current carrier set at the main stage, with the possibility of using the
results of previous experience. Moreover, the formation of recognized behavior,
as noted above, should be performed in a random, subordinate mode to the basic
functioning of DIS, both on the basis of assembling simple checks in complex,
and on the basis of disassembly of complex checks in simple, with multiple
changes in this direction. These features of recognition analysis lead to the for-
mation of many variants of current checks and assume their current ranking by
the criteria of completeness, length and multiple of online testing, as well as the
distribution of these options for execution. Thus, in the construction of the recog-
nition process there is both a random component of the input-weekend event
flow, and a purposeful ranking according to the specified criteria. These proper-
ties determine the feasibility of evolutionary optimization by special evolutional
check system Ce [19] in the method of forming recognized behavior Cci=Ce:

Ce= (W, Ex, Lx, Sg, Cf . (2)

In the system Ce W'— recorded population behavior, Ex — check primitives-
individuals of evolution, Lx - binding primitives-individuals of evolution, Sg —
signature of evolutionary operations of mutation and crossover, evolutionary
function of fitness and choice, Cf T — final a set of check fragments, that meet the
goals and requirements for completeness, length and multiplicity.

One-level behavioral online testing method. In accordance with the ge-
neral strategy of the check analysis, the procedure of localized single-level agent-
based behavioral online testing DIS evolutionarily builds checks of properties Pr
in registered behavior W' based on reference behavioral identifiers Ci, control
primitives Cp and fragments Cf [22] using special operations and relationships of
signature Sgi, during the main functioning of DIS. The result of the check estab-
lishes the correspondence of the component Petri subnets (PSN) — the reference
models of the form S(f) for the checked DIS components and the actual models of
the form S(f)" for these components [22].

The preparatory stage of the method based on the formal cS behavioral
check model forms the initial carrier set — behavioral identifiers Ci and reference
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initial check fragments Cfo=¢4 o cfy;, the latter defined as appropriately indivisible
at the domain level. For the model cS, it is possible to talk about check primitives
Cp, which may form a subset of the initial check fragments CpcCfo.

The main stage of the method during the main operation of some verifiable
joint venture S(f)" for fragments of the current fixed behavior W= w;’, in par-
ticular, the initial Wo'=C4Wo; and the current set of modified check fragments
Cf=y4 o cfi (Cfo=9) based on the model of behavioral online testing cS performs
an evolutionary search for the next identifiers from Ci, initial check fragments
from Cfy, in particular, check primitives from Cp. Formation of a new current set
of modified check fragments Cf’=cjcfi’, as a result of markings found by identi-
fiers from Ci positions/transitions, as well as markings of initial check fragments
from Cfy, in particular, Cp.

Specifically, test relationships compatibility/incompatibility check into the
check fragments from the current set of Cf for positions/transitions, where identi-
fiers from Ci, initial check fragments from Cf, and check primitives from Cp are
found, when performing an operation of identification «. Further, operations co-
incidence S and determinization y are performed [21]. As result, a revamped set
Cf' of modified current check fragments is being formed in the current previously
recorded behavior W'=4w;". However, during these search-identification o,
coincidence £ and determinization y in the formation of the updated set of Cf' in
the current fixed behavior of the W'=cjw;’, which contains check new frag-
ments from the updated set of Cf', this behavior W' can be updated
again/replenished itself to W =c4yw; . This is the due to continued basic func-
tioning of DIS, with W<W (v eW (g eW (W =w wj'w’"&w”,
w’” e(XxY)*Ce)))&(W|< W'|). This circumstances necessitate another evoluti-
onary step of search-identification ¢, coincidence Sand determinization y for W'

As noted, behavioral online testing of separate component of DIS — Petri net
(PN) S(f) — is performed on the base of a pseudo-random purposeful search from
an evolutionary system Ce [20] with a modified check signature of operations and
functions (2).

Behavioral check is applied signature of evolutionary component operations
and functions on the reference positions/transmissions, containing g — partial bi-
nary mutation operation based on some, in particular, pseudo-random, substitu-
tion/expansion of own recognized behavior from Cf some other compatible (adja-
cent in reference positions) external (infectious) for S(f) — behavior from Cf'; « -
partial binary multipoint operation of crossover, based on some replace-
ment/extension of own behavior from Cf compatible (adjacent in reference posi-
tions) behavior from Cf'; ¢ — partial binary operation of immunity, based on a
search for an earlier, preserved mutational experience; ¢ — three-core fitness-
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function for new check fragments — results of mutation and crossover operations;
o — three-core function of choice of operands for mutation and crossover opera-
tions.

In the evolutionary operations of the crossover x and, to a lesser extent,
mutations u are used behavioral control and recognition operations, namely iden-
tification ¢, coincidence g, determinization y.

The functions of fitness ¢ and, above all, the choice o; taking into account the ne-
cessary criteria of completeness and complexity of check, can have control parameters,
external in relation to the check evolution, which are determined independently of it.

The method of single-level behavioral online testing on based of evolution-
nary search implements behavioral check functions and evolutionary functions,
allows parallelization, in particular, in the “wave” search in width — multi-process
(multi-thread) and multi-agent.

There are two stages in the method - preparatory and basic:

Preparatory stage

1. At the preparatory stage (with respect to the online testing) for the refe-
rence PN S(f) (or some PSN from PN S(f)) simultaneous and independent of each
other zero 1st and 2nd processes (or threads) are launched, which:

a) forms the 1st preparatory process (or thread) to highlight the verifiable
properties Pr for PN S(f), defined as F and S functions, as well as a priori-set
indivisible reference fragments of behavior @< Cf™";

b) reshapes at the end of the allocation of properties Pr — 1st process (new —
at the end of the first process from the previous item a)), the 2nd, 3rd, ..., i-th
preparatory processes (or streams), to synthesize identificators Ci of support
positions and transitions during the parallel evolutionary, partial or complete
construction of a special automata Rabin-Scott H(S(f), as a special graph of
multiple, achievable markings for PN S(f) based on its behavior in the characters
of the input (manager) X and output (observed) Y alphabets;

c) reworks at the end of the synthesis of Ci — 1st preparatory process (or
thread) (new process — at the end of previous processes from the item (b)) to
synthesize check O-primitives from Cp (as the inclusion of the received identifiers
Ci, associated with incidental identifiable support positions and transitions), 2nd,
3rd, ... i-th preparatory processes (or threads) for the synthesis of check primitives
from Cp during the parallel evolutionary application of the coincidence-crossover
operation for sets of pairs of checked properties Pr (item 1a) and identifiers Ci
(item 1b), associated with common, incidentally for its, identifiable support
positions and transitions;

d) independent of the steps 1la — 1c and simultaneous with them — 1th
preparatory process (or thread) takes (registers) a priori pre-set initial behavior
W, of verifiable model S(f)" — initial unrecognized check fragments of behavior,
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prior to the beginning of the check, and @< W', at zero step, the current behavior
W is accepted equal to the initial W' = W.

Main stage.

2. At the current moment of event time in a reed reconditioning iteration of
procedures by 1th main process (or thread) (preparatory from Step 1d) records the
updated behavior of the W'<= W’ W verifiable model S(f)", where W' is a new
recorded behavior for the period of the last previous steps of the procedure, as
preparatory la-1c (at the first performance of the item 2, if there have not been
any, W’=¢), and performed on previous iterations of the 3-5 item procedure, fol-
lowed by a rollback to item 2.

3. At the current set of check fragments of the functioning of model S(f),
registered before p.3, and the current set of its already confirmed positions P* and
transitions T (support in W"), named (identified) in W' to form the current check
fragments Cf, the 2nd parallel process (or thread) begins to perform parallel
(branching), background for the main functioning of DIS, eventfully initiated
from each observed input-output event, 3rd, 4th, ..., i-th evolutionary processes
(or threads) of recognition (with immediate transmission by appropriate processes
(or threads) of item 3a—3c successful results to item 4):

a) recognition (identification (e Sg:) of current identifiers Ci~ for new, as
yet unconfirmed for this moment (i.e. not yet supported in W) current positions
P" and transitions T, as well as the corresponding naming of these recognized
positions P"" and transitions T~ as a result of this new Cf and updated current
check fragments Cf'«—Cf _Cf , as an updated current markup of input behavior
WeW" OW';

b) recognition of related (incidental) with the new recognized positions P
and the transitions T~ of the current unconfirmed check primitives from Cp” and
the verifiable properties from Pr", the definition of coverage of a all set of
reference primitives Cp and properties Pr by the recognized primitives and
properties, both this step and all steps to this moment, switching to item 8, if all
processes (or threads) are finished or coverage is fully;

c) recognition of the previously confirmed current transporting
(connecting) paths CI" from the updated current Cf and W' to the unconfirmed
(not yet supported in the updated current W) positions and transitions, namely:
confirmed (already reference) updated current steps-primitives from Cp" and
updated current shortest paths from CI".

4. For the current set of updated check fragments Cp’, the next i+1th paral-
lel process begins to execute eventfully initiated (as registration), parallel
(branching), background for the main functioning of DIS, all sorts at this moment,
evolutionary i+2-th, i+3-th, ..., i+]-th-processes (or streams) for conversion opera-
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tions from the signature Sgi={«, B, 7} (the recognition-identification « of sup-
ported positions and transitions, coincidencef of supported positions and transi-
tions, determinization y after coincidencef) in several iterations, determined for
a, f and in general probabilistic for y to the moment, where their application
does not give new fragments to the W'

5. For still unfulfilled processes (or threads) from i+j-th in items 3, 4 of the
regular i+j+1-th parallel process begins to perform eventfully initiated (as registra-
tion), parallel (branching), background for basic functioning of DIS, all sorts of at this
moment the processes (or threads) of waiting for the consistent completion of the
i+]j-th processes (or threads) with their results at the exit of item 4, if the conversions
a, B, ynot empty and performed by any processes (or threads) of paragraph 4, then
for them the i+j+1-th process (or thread) performs an immediate translation to item 2.

6. In the i+j+2-th (reformed 1-st) process (or thread) determines the final
achieved current coverage of set reference check primitives Cp.

7. i+j+2-th (reformed 1-st) parallel process (or thread) pre-stops work (all
current processes (or threads) are completed at this point), wait appearance of a
new input-output event within the first specified time period and goes to item 2,
when it appears.

8. i1+j+2-th (reformed 1-st) parallel process (or thread) pre-stops behavioral
periodic check, when covering a all set of reference check primitives Cp with a reset
of recognition results, confirming of compliance S(f)" and reference S(f) models, after
the second specified period of time, possibly zero, again goes to item 2.

Evolutionary pseudo-random targeted search in most processes (or threads) al-
lows to achieve good results in most cases significantly faster, than the upper estimate
of NP-computational component, for S(f), complexity of deterministic method.

Estimating the dimension of the method. Larger than dimensions for PN
S(f) are ratings for the Rabin-Scott automata h(S(f)), which serves to build and ana-
lyze identifiers Ci of positions and transitions.

For a simple (not multiple) Rabin-Scott automata h(S(f)), the number of ver-
tices is no more, than mn(n — 1), the upper limit of the total number of fields for
vertices in h(S(f)) is 2mn(n — 1), the number of arcs does not exceed ((Im)"- 2, the
upper estimate of the total number of fields for arcs in h(S(f)) is 2((Im)"- 1). Here's
the n=|P|+|T|, m=|X|, I=|Y|. The upper estimate of the total number of fields in
h(S(f)) is 2(mn(n— 1)+(Im)™- 1). The longest simple identifier also has a length of n — 1.

For the Rabin-Scott multiple automata h(S(f)), the number of vertices is the
same, as for the simple one, i.e. the number of vertices is no more than mn(n — 1), the
upper limit of the total number of fields for arcs in h(S(f)) is 2mn(n — 1), the number
of arcs is greater, but does not exceed (Im2"™)" — 1, the upper estimate of the total
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number of fields for tops in h(S(f)) is 2((Im2")"- 1). The top estimate of the total
number of fields in h(S(f)) is 2(mn(n— 1)+ +(Im2 " )" 1). The longest multiple
identifier has a total length, also equal to n — 1.

The empirical experience of using Rabin-Scott automata h(S(f)) for real DIS
component models has shown, that simple identifiers are sufficient in most cases.
Still, analysis tasks, based on Rabin-Scott, are NP-complex.

Comprehensive upper estimate of the total number of elementary operations
in behavioral online testing for PN S(f) with simple identifiers is:

¢ <((Im)"2"~H(2n+3) — 3+n(2m + 1). (3)

Empirical experience of applying evolutionary methods in recognising ex-
periments for PN S(f) showed an average decrease in the given estimate in the sta-
tistical majority of cases compared to deterministic methods in log2(2nm) times.

The average empirical estimate of the number of elementary operations in
behavioral online testing for PN S(f) with simple identifiers is:

¢ < (((Im)"2" 1(2n+3) — 3+n(2m+1)+m(n — 1)(2n+1))/log2(2nm). (4)

Experimental tests of basic behavioral check procedures implementing the
developed component method were conducted for medium-complexity DIS facili-
ties and components. For selected objects and error class, comparing experiments
for procedures based on deterministic and evolutionary methods for DIS “Smart
Home” confirmed a near 90 % decrease in the computational complexity of check
(down to 5,000 conditional transitions) and timer (down to 0.1 hours of time),
when using an 17-based computer.

These results are in line with analytical estimates. The reduction in check is
achieved on the special components of the “Smart Home” DIS, which has partial
certainty of functions.

Conclusions and further researches directions.

These method, estimates and results of the experiment show that behavioral
online testing tasks are achievable by using the proposed method for simple and
medium-sized models with complexity of individual DIS components. This fact
makes it possible to develop decompositional methods on its basis.

Thus, the component method of behavioral online testing of DIS in an ex-
panded class of component errors with the features of component evolutionary
development of the population of control fragments reduces computational com-
plexity behavioral work control on logy(2nm) times in comparison with the auto-
mata deterministic method of behavioral online testing.
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MOJEJIOBAHHSA POBOTHU IOMHOKYBAYA
B KPUTUYHUX 3ACTOCYBAHHAX

Locniooiceno kpumuuni 3acmocy8ants NOMHONCYBAYA MAHMUC, WO BUKOHYE
KII0408y onepayito 8 oopodyi nabaudxcenux oanux. Pospobreno npoepamni mo-
oeni ma BUKOHAHO MOOENIOBAHHS NOMHONCYBAYA MAHMUC I 1i020 CUCMEM KOHMPO-
JI0 Y 8UNAOKAX KPAMHUX HECNPAGHOCMell, SKi MOJ’CYMb GUHUKAMU 8 A8APIlIHOMY
DPedNCUMI 8 YMOBAX HAKONUYEHHS HECHpPAGHOCMEU ) HOPMANbHOMY DeNCUMI CUC-
mem Kpumuuno2o 3acmocyeanus. O0epocarHo pe3yibmamu MOOent08aHHs O
MadNCOpUmMapHoi CMpyKmypu ma ii okpemux Kanaaiie MHOJNCEHHA, A MaKoiC Mam-
PUUHO20 NOMHOIICYBAYA MAHMUC 13 NOGHUM MA CKOPOYEHUM BUKOHAHHAM One-
payiti i cucmemamu KOHMpOJIo 3a MOOYIeM, HEPIBHOCMAMU MA GIACHUMU 3a00-
PpOoHeHuMU 3HadeHHAMU 000ymKy. OyineHo 00CmMOogIpHicmb pe3yIbmanmie Madxco-
pumapHoi cucmemu ti 00CMOBIPHICMb 3A0IAHUX MEMOOI8 KOHMPO.IO.

KirouoBi cnoBa: cucmema Kpumuuno2o 3acmocy8aHHsl;, MAadCOpUmapHa Cuc-
mema;, MampudHuil NOMHONCY8AY MAHMUC; KOHMPOTb 3d MOOYLeM, HepiGHOCMI,
3a00poHeHi 3HaueHHs 000ymKY, 00CMOBIPHICMb.

Hccnedosano kpumuueckoe npumeHeHue YMHOMCUMENS MAHMUCC, 8bINOTHSAIO-
wWeao Kmouesyio onepayuio 8 oopabomke NPUOIUNCEHHBIX OanHbIX. Paspabomarvl
npOcpamMMHble MOOEIU U GbINOIHEHO MOOETUPOBAHUE VMHOMCUMENs MAHMIUCC,
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a makaice e2o cucmem KOHMpOISA NPU KPAMHbIX HEUCNPABHOCMAX, KOMOopble MO2Ym
BO3HUKAMb 8 ABAPULIHOM pedicuMe 8 YCI08UAX HAKONAEHUsl HeUCNPAGHOCMell 6
HOPMAIbHOM pedcume Cucmem Kpumuueckozo npumeHnenus. Ilonyuenvt pesyinb-
Mmamul MOOENUPOBAHUSA OJIsL MAANCOPUMAPHOU CIMPYKMYPbL U ee 0OMOeIbHbIX KaHa-
JI08 YMHOMNCEHUS, A MAKAICE MAMPULHOLO YMHONCUMENSE MAHMUCC C NOTHbIM U CO-
KPAUjeHHbIM GbINOJIHEHUEM ONepayull U CUCMeMamy KOHMpOJisi N0 MOOYI0, Hepa-
BEHCMBAM U COOCMBEHHbIM 3ANpPeujeHHbIM 3HaueHusm npoussedenus. OyeneHna
00CMOBEPHOCHb  PE3VIbMAMO8 MANCOPUMAPHOU CUCEMbl U OOCMOBEPHOCHIb
3a0etcmB0BaAHHbIX Memo008 KOHMPOJIL.

KitoueBble cnoBa: cucmema Kpumuiecko2o NpuUMeHeHUst;, MAXCOPUMapHas
cucmema; MAMpPUUHbILL YMHONCUMENL MAHMUCC, KOHMPOLb NO MOOYIIO, HEPABeH-
cmea, 3anpeweHnvle 3Ha4eHue nPou3eederUs; 00CmMo8ePHOCb.

The paper is devoted to the study of the mantissas iterative array multi-
plier functioning as part of the safety-related system in case of multiple faults. Pro-
cessing of mantissas is considered because safety-related systems typically receive ini-
tial data from sensors, i.e. measurement results. These data are represented and pro-
cessed in floating-point formats that define multiplication like the key operation be-
cause they use it in the number record itself. Program models of majority multiplica-
tion system and iterative array multiplier have been developed with checking systems
built using various methods of on-line testing: checking, checking by inequalities and
forbidden values of the product, i.e. using natural information redundancy of the prod-
uct code. This redundancy is inherited by all mantissa processing results due to the key
nature of the multiplication operation. The majority system and iterative array multi-
plier with its checking systems in case of multiple faults were simulated. They can oc-
cur in the most responsible emergency mode of the safety-related system under condi-
tions of fault accumulation during prolonged normal mode. Faults are accumulated
due to the lack of input data showing them. These data are typical only for the emer-
gency mode of operation of the safety-related systems. As a fault, a short circuit be-
tween two points of the operation element circuit in the multiplier array is considered.
The simulation was conducted on a sequence of random input data with the injection of
a fault between randomly selected points and the operational element. Results of simu-
lation for majority system and its separate channels of multiplication, as well as itera-
tive array multiplier of mantissas with complete and truncated execution of operation
and residue checking system by modulo three, systems by inequality and own forbidden
values of product are obtained. The trustworthiness of the results calculated by the ma-
jority system under the action of multiple faults and the trustworthiness of the on-line
testing methods implemented in the considered checking systems were evaluated.

Key words: safety-related system; majority system; iterative array multiplier;
mantissa; residue checking; inequality; forbidden product value; trustworthiness.
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IMocTanoBka npo6jemMu. CucTeMu KPUTUYHOTO 3aCTOCYBAaHHS CIIPSMOBaH1
Ha 3a0e3nedyeHHs (YHKIIOHAILHOT O€3NeKH: BIACHOI Ta 00’€KTIB IiABUIICHOTO
PU3HKY, JUIsI 3amo0iraHHs aBapisiM Ta 3MEHIICHHS iXHIX HacmigkiB. J[o Takux
00’€KTIB HaJeXaTh CSHEProOJIOKH EJIEKTPOCTAHIIINA, eHeproMepeKi, IMIBUIKICHHMA
tpancnopt Tomo [1; 2]. [ludpoBi KOMIIOHEHTH CHUCTEM OYAYIOTHCS 3 BUKOPHC-
TaHHSIM MaTPUYHUX BY3IiB. BOHM 0epKylOTh pe3y/ibTaTH BUMIpIOBaHb BiJl JaT-
YHKiB, TOOTO MarOTh HAOJIMXKEHI JIaHi, K1 00poOIAIOTECSA Y PopmaTax 3 IiiaBaro-
YO0 TOYKOIO, /e MHOXKEHHS € KJIFOUOBOIO OIEpPalli€l0 HaJ MAaHTHCAMU, OCKLIBKU
HasiBHE B CAaMOMY IpeJICTaBlIeHH] uucen [3; 4].

CucreMu HPOEKTYIOThCA AJIsi poOOTH Y JIBOX PEXKHMAX: HOPMAIbHOMY Ta
aBapiiiHoMy. B HOpMaiabHOMY peXuMi ITU(POBI KOMIIOHEHTH IMPAIIOIOTh Ha 00-
MEXEHIM MHOXXHMHI BXIHUX JAHUX, 11O CIPHSI€ HAKOMUYECHHIO MPUXOBaHUX He-
CIPaBHOCTEH, sIKI B aBapiiHOMY PEXUMi MOXYTh BHSBHTHUCS OJHOYACHO, MOKa-
3YI0UHM KpaTHUH Xapakrep [5; 6].

Icaye GaraTo cucteM HMPOEKTYBaHHS, IO MOJEIIOIOTH POOOTY HUPPOBUX
MIPUCTPOIB, OJJHAK HE 32 YMOB KpaTHUX HecnpaBHocTeil. ToMy B cTarTi mpeacTas-
JICHO PE3yNbTaTH MPOTPAMHOTO MOJAETIOBAHHS, B IKOMY JAOCHIHKEHO (YHKIIIOHY-
BaHHS MAaTPUYHHUX IOMHOXKYBaudiB MaHTHC Ta METOJIB 1 3ac00iB iX poboyoro nia-
THOCTYBAHHSI Y BUMAAKY KPAaTHUX HECIPABHOCTEHU, IO BAXIIUBO AJII KPUTUUHUX
3aCTOCYBAaHb.

AHaJi3 ocraHHiXx AociailzkeHb i nmyoOaikauniil. @yHkuioHanbHa Oe3mexa
IPYHTY€ETHCSI Ha BUKOPUCTAaHH] BIIMOBOCTIMKHUX PIllIEHb, 13 SKUX HAHMOLIUPEHIIT
Ma)KOpUTapHI CHCTEMH, 110 BUKOPHCTOBYIOTh JIEKibKa KaHATIB JUIg OaraTopaso-
BOT'O PO3B’S3KY OJHIET 1 Ti€l XK 3a71a4i, a TAKOK MaKOPUTAPHHI OpraH, o 00upae
3 OIepKAHMX PE3yIbTaTiB HAUOLIBII JOCTOBIPHHUIA 32 OLIBIICTIO 30IriB.

ExoHOMIYHE pillIEHHS MICTUTh TPH KaHAJH, 110 BXKE Ja€ 3MOT'Y BUKOHYBAaTH
GyHKII0 TONOCYBaHHS. TEeXHOJOTIYHICTH Yy PO3pOOI MaXOPHTAPHOI CHUCTEMH
MOJIATAE B MOMJIMBOCTI “IITaMIyBaTH KaHAlH, 110 3 OOKY PECYpCHOTO MiIXOdy
3apaxoBYye Take PIlIEHHS JO HAWHUKYOTO PIBHS Yy PO3BUTKY PECYPCIB — MOJIENEH,
METO/IB Ta 3ac00iB — A0 perutikaiii. PecypcHuii miaxi aHasizye mpoiiec iHTerpa-
111 KOMIT'IOTEpHOTO CBITY, 10 CTBOPIOETHCS JIOAUHOIO, A0 MPUPOJAHOTO HIITXOM
CTPYKTYpYBaHHS TiJ] OCOOIMBOCTI I[OTO MPHUPOTHOTO CBITY, Cepell SKHX Haii-
OUTHIIMMY BUSBWIMCS MAIOTh JIBl: TTapaJiei3M Ta HaOImxKeHICTh [7; §].

EBomtoriist KoM’ I0OTEpHUX CHUCTEM Ta IMIIEMEHTOBAHUX y HHUX 1HpOpMa-
LIAHUX TEXHOJIOTIH — Iie ICTOpis MiJBUILEHHS PiBHS MapajenizMy i HaOIMKeHo-
CTi BUKOPHCTOBYBAaHUX pillleHb. JJOCHTh 3BEpHYTH yBary Ha pO3BUTOK IE€pPCOHA-
JIBHUX KOMIT IOTEPIB, SIKI CIOYATKy MaJjld amapaTHy MiITPUMKY HaOJIMKEHUX 00-
YHCIIEHb TUIBKH B CHIBIIPOIIECOpaX, a Jali BiKe OJepKalu MPUCKOPEHY KOHBEEP-
Hy 00poOKy B cimelicTBi Pentium Ta qoBenu KiIbKiCTh KOHBEEPIB, 10 MPAIFOIOTH
OJIHOYACHO, J10 TUCSY Y rpadiunomy mporecopi [9; 10]. Tomy posrisigaeTsest 00-
poOKka HaONMKEHUX JaHHUX y PO3MapaleIeHNX CTPYKTypax.
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VY npupomHOMY CBITI peruiikaris 3a0e3nedye 1HTerpamito KUBUX 1CTOT i
CIIOTaHOM ““‘OlIbIlIe HAPOAWUTH, HIXK ToMpe”. Perutikariis 3aBxau oOUpaeThCs i
Yac BIIKPUTTS PECYPCHUX HIll: €KOJIOTTYHUX, TEXHOJIOTTYHUX, PUHKOBUX TOILO.

[Tig yac KPUTUYHHX 3aCTOCYBAaHb PECYPCHI Hilll 374€0UIBIIOTO 3aKPUBAIOTh-
cs. Kimonn BMKHMBaIOTh, BUABIIAIOUM OCOOJIMBOCTI, TOOTO CTAalOYM OCOOMHAMH, a
HAIITAaMIIOBaHi eleMeHTH — BepcisMu. CitiJ 3a3HAYUTH, 10 B IPUPOAHOMY CBITI
HIYOr0 HE IITAMIYETHCS OJHAKOBO, 1 MAKOPUTApHA CUCTEMA € BiJIMOBOCTIIKOIO
JIUIIIE 3aBISIKK BEPCIHIN HAITMIIKOBOCTI HaIMITaMIoBaHuX kanaiis [11; 12]. s
amapaTHUX peajizaiiii KaHalliB PI3HUMH KOMaHJaMHu PO3POOHUKIB 1€l HaJIUIII-
KOBOCTI JJOCUTH JJIsi OOYHCIICHHS JTOCTOBIPHUX pE3yJbTATiB Y BUIAAKY BiIIMOBH
OJIHOTO 3 KaHaiiB. OJHAK 3aIMIIAETHCS MUTAHHS LI0J0 POOOTH Ma)KOPUTAPHUX
CHCTEM Y pa3i KpaTHUX HECIPAaBHOCTEH.

3a oHy 3 BepcCiii KaHally MOYKHA PO3IJISAATH MOr0 CUCTEMY KOHTPOJIIO, SKa
MOJKE€ 332 METoJlaMu pobodoro giarHocTyBaHHs [13; 14] BU3HAYUTH JOCTOBIpHUN
pe3ynbTaT i3 ABOX, IO OOYUCIIOIOTHCS JBOMa KaHanamu. OCHOBHUN METOJI po-
0040T0 iarHOCTYBaHHS apU(PMETUIHHUX IPUCTPOIB — KOHTPOIb 3a MOIyseM [ 15].
OTxe, IOUIIBHO AOCTIAUTH POOOTY CUCTEMH KOHTPOIIIO 32 MOJyJIEM Y pa3i Kpat-
HUX HecrpaBHocTel. Cepel abTepHATHBHUAX METO/IIB 3aCIIyTOBYE HA yBary KOHT-
pOJIb 32 HEPIBHOCTSIMH, KUl 32 OlepaHJAaMU BH3HAYA€ BEPXHIO M HIDKHIO MEXK1
pe3yNbTaTy, B MeXax 4oro BiH MPUHAMAEThCS HOCTOBIpHUM [16]. JloCTOBIpHICTH
METOJly POOOUYOTO [1arHOCTYBaHHS BU3HAYAETHCS 32 BUSBICHHSIM CYTTEBHX IIO-
MUJIOK 1 MPOITYCKOM HecyTTeBUX [7]. OCKUIBKY TOPIBHSHHS PE3yJIbTaTy 3 HOTO
MexaMu 0e3rocepeIHhO HE MOB’S3aHO0 13 CYTTEBICTIO MOMUJIOK, TO OIIHKA KOHT-
POJIIO 32 HEPIBHOCTAMH MOTPeOye HOro MOJETIOBaHHS.

Crig 3a3Ha4uTH, 10 3 KIOYOBOTO XapakTepy omnepallii MHOKEHHS BUILIH-
Ba€ HACIIiTyBaHHS HAOIMKEHUM pe3yJibTaTaM BIACTHBOCTEH JOOYTKY, OJHA 3
SKHX TIOJISITAa€ Y HAsABHOCTI MPHUPOIHOI iH(popMariifHol HagmipHOCTI y dopMi 3a-
O6opoHeHux 3HaueHb. KOHTpOJb 100yTKY 32 BIaCHUMH 3a00POHEHUMH 3HAYCHHSIMU
JI03BOJISI€ BIZIMOBUTHUCH BiJI PECYpCIB JJii CTBOPEHHS 1HQOpMaIliiiHOI HaJMipHO-
CTi, SIK 1€ BiAOYBa€ThCS 32 TPAAMIIIMHUMHU METOJaMU POOOYOTro MiarHOCTYBaHHS
[17], Ta 6yayBaT HaHIPOCTIIII KOHTPOJIbHI Bepcli KaHAaJIiB.

3a0opoHeHi 3HaYeHHs 100yTKY MOKYTh BU3HAYaTHUCS 3a JIOTIOMOI'OIO MPOC-
tux yucen [18]. Ogna 13 dopmyn mpocToro yuciaa Oyia 3amporioHOBaHA BHIAT-
HuUM MatematHkoM I1’epom @epma (1601-1665) y takomy Burnsai: C = 2"+1, ne
n = 2%, X — HaTypaJbHE YUCIIO.

®opmyna depma MigXOAUTh HE IS BCIX 3Hau€Hb X, OJIHAK BOHA MiJTBEp-
JOKYyeTbesl JUIst A =3 Tta A =4, T0o06TO 111 N =8 Ta N =16, 10 AK PO3PSAHICTD
OIepaH/IiB MIMPOKE 3aCTOCOBYIOTHCS JJIS 33a]a4, sIKi He MOTPeOyI0Th BUCOKOI TOY-
HocTi. Taki 3a/1a4l MOUIMPEH1 B MEXaHilll, TIAPaBIill Ta 1HIIKUX cepax TEeXHIKHU.
3a0opoHeH] 3HaueHHsI JOOYTKY MOXYTh YTBOPIOBAaTHCh 33 MPOCTUMHU YHUCIIAMHU,
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BUXOJIIYM 3 TOTO0, 110 npocte yncio C mae N+ 1 po3psia i He Moxke OyTH J00yT-
KOM JIBOX M-PO3PSIAHHUX IBIHKOBUX CIIBMHOXXHUKIB. J[0 3a00pOHEHHMX 3HAYCHB
noOyTKY HajexaTh TaKOX 4ucia, mo € kpataumu C, Tooto U = C - K, ne mus
manTuc K = 2"~ 1, ..., 2" — 1 BOHH YTBOPIOIOTH KO/ i3 IIOBTOPEHHSIM, IO J03BOJISE
ix ineHTH(]IKYBaTH MOPIBHAHHSAM CTAPIIOi Ta MOJIOALIOI YACTHH JOOYTKY.

Merta cTaTTi — JOCTIKEHHS TOCTOBIPHOCTI MaKOPUTAPHOI CUCTEMHU MHO-
’KEHHSI MAHTHUC 32 TOBHOIO Ta CKOPOYEHOIO OTEpalli€lo y pa3i KpaTHUX HecIpas-
HOCTEH, 1110 MOXYTh BUHUKATU B KPUTUYHUX 3aCTOCYBAHHSX, a TAKOX JOCTOBIp-
HOCTI METOMIB KOHTPOJIIO, 332 SKUMH JIOIIBHO CTBOPIOBATH KOHTPOJIbHI Bepcii
KaHaJiB.

Bukian ocHoBHOro marepiamy. /[jst MosieoBaHHsI 3a3HAYEHOT MayKOPUTAp-
HOI CUCTEMH MHOYKEHHS 3 MATPUUYHOIO Peai3alli€lo KaHaliB 1 BUKOPUCTaHHIM METO-
TiB KOHTPOJIIO Oy/y MPUAHATI Taki MOJIOKEHHs Ta OOMEKeHHS. MHOXEHHSI MaHTHC
PO3IIISAAETBCS Y JBOX BaplaHTaxX: 3 BUKOHAHHSIM IOBHOI Ta CKOPOYEHOI Orepariii.
BukonaHHs1 TOBHOI orepartii TpaauIiifHO HaB’s3yeThcsl 0i0TI0TEKaMU TOTOBHX Pi-
IIeHb, HanpuKIa Takumu, 1o cydyacHumu CAIIP immnementytotses B FPGA (Field
Programable Gate Array) Ta miarpumyrotbes ixHiMu 6i6miorekamu [19; 20]. Ckopo-
yeHa oreparis € HaoiIbI eheKTUBHOIO (HOopMOrO 00poOKHu MaHTHC [21; 22].

Matpuuynuil moMHOXKyBau OynyeTbes 3a cxeMoro bpayna, 1110 sBiisie co6or0
pEryJspHY MaTpUI0 onepauiiHux eixemeHTiB [23]. HecripaBHicTh, BBe/leHa B Mart-
PUYHHI TTOMHOXYBad, BIATBOPIOE 3aMUKAHHS JBOX TOYOK Y MEKax OIHOTO OIe-
paliiHOro eJIeMEeHTa, IKU € TUIIOBUM IS iHTerpaibHUX cxeM [24].

MaskopuTapHa cHCTeMa CKJIAJA€ThCS 3 TPhOX KaHATIB, SIKUMH € MaTpPHYHI
MOMHOXYBaui ManTuc. OOUHCIIOBaHI HUMU PE3YJIbTaTH OOUPAIOTHCS TOJIOCYBaH-
HSIM 32 KOXXHHM DPO3pSIOM, sSIKMK HaOyBae 3HAUEHHS 3a OLIBIIICTIO OJHAKOBUX
3HAYEeHb.

KonTtpons 3a Moaynem 3 OpiBHIOE KOHTPOJIBbHI KOJIU PE3YNIbTaTy, OlepiKa-
Hi 32 CAMHUM PE3yJIbTaTOM 1 32 KOHTPOJIBHUMH po3psiaaMu onepanis. s ckopo-
YeHOI oreparii KOHTPOJIBHUHN KO 3CIYEHOT0 Pe3yNbTaTy OOYMCIIOETHCS 32 KOHT-
POJIBHUMU KOJaMH (PparMeHTiB, Ha sIKi PO3OMBAETHCS OOYMCIIIOBaHA YAaCTHHA MaT-
pHII KOH FOHKIIH 100yTKY [25].

KonTtpons 3a HepiBHOCTsIMU TepeBipsie nooyrok P=AB, 0,5<A,B<1 3a
dbopmyioro P <P <Py, ne PL=P*npu A, B <3/4 abo A, B>3/4, Py=P* npu
A<3/4iB>3/4a60A>3/4iB<3/4,P*=3(A+B)/4-9/16,3/4.

KoHTpoJ1b 32 PUPOHOIO HAZIMIPHICTIO pe3yiIbTaTiB BUKOPUCTOBYE 3a00pOHE-
Hi 3HaYEeHHS KOAY JOOYTKY, 110 PO3TIISIHYTO JUISl pO3PSAHOCTI MaHTHC & Ta 16.

[Tporpamui moaeni, po3po6iieni Ha aemoepcii Delphi 10 Seattle [26], Big-
TBOPIOIOTH (DYHKITIOHYBaHHS MAaTPUYHOTO MOMHOXKYBaya 3 BUKOHAHHSIM MOBHOT
Ta CKOpOYEHOI orneparlii Ha JOBUIbHIN BXIHINA MOCTIAOBHOCTI IaHMX 1]l YacC yBe-
JICHHSI HEeCIPaBHOCTEH 3aMHKaHHS BHUIAJIKOBO OOpaHUX TOUYOK JIOBLIHHOTO OIle-
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pariiiiHoro eneMenTa. KpiMm Toro, 3aa€Tbcsi pO3psAIHICTh TIOMHOXKYBaya B MeXax
8—15 Ta KimBKICTh MPaBUIIBHUX PO3PSAIiB pe3yabTary. B MaxkopurapHiil cucremi
JOBLIBHO PO3IMOAUTSIETHCS Bl OJHIET IO MIECTH HECITPABHOCTEH.

BHCHOBKH 3 1aHOT0 JOCJIZKEHHS i IEPCNEeKTUBH MOAAIBIINX PO3BIIOK
y AaHomy Hampsimi. JIoCTOBIpHICTh pe3yabTaTiB Ha BUXOAaX KaHAJIB 1 BCiel Ma-
»)KopuTapHoi cucteMu ctaHoBUTh 90,2 % ta 98,8 % 1 81,5 % 1a 95,1 % 3a TphoX 1
IIECTH HECIIPABHOCTEH Y BUMAIKY 8-pO3PSAIHUX MOMHOXKYBauiB. i po3psaHOCTI
15 mocroBipHICTh miaBHIIMIACS BiAMOBiMHO a0 3HaYeHb 90,3 % Ta 99,4 % i
81,7 % Ta 97,2 %. CxopoueHHs omepallii MHOKEHHSI HE BIUTMHYJIO Ha JIOCTOBIp-
HICTh PE3Y/IbTATIB.

Kontposb 3a Mmomynem 3 mokaszaB goctoBipHicTh 53,8 % 1 55,1 % mist 1BoX
1 TpbOX HECHpaBHOCTEH Mij yac MoBHOI oneparii Ta 65,6 % 1 64,7 % y pa3si cko-
pOUYeHHST 00YHUCIICHD Y 8-pO3psAaHUX MOMHOXKYBadax. st po3psimHocTi 15 mocro-
BIPHICTh KOHTPOJIO pe3yJbTaTiB 3MiHMJAcCAd BIANOBITHO A0 3HadeHb 51,3 % i
52,2 % (3menmmnacs) ta 69,3 % 1 68,3 % (36inbpLInIacs).

ITix yac BUKOHAHHS TOBHOI 1 CKOPOYEHOI omeparlii KOHTPOJIb 3a HEPIBHOC-
TSAMHU MOKa3aB JOCTOBIpHICTh 63,8 % 1 57,3 % y 8-po3psAHUX MOMHOXKYyBadax Ta
52,9 % 1 38,4 % st po3psimHOCTI 15.

KoHTpons 3a mpupoaHO0 HAJAMIPHICTIO PE3yNIbTaTiB PO3TIISAIABCS y BUMA/-
Kax OJIHI€l HECTPaBHOCTI ¥ MmokazaB JocToBipHicTh 52,7 % ta 52,3 % mus mo-
MHO’KYBaUiB 13 po3psaaHicTIO 8 Ta 16 BiAMOBIIHO.

[IpoBenene MonenOBaHHS JO3BOJIMIIO BIEPIIE OLIIHUTU JOCTOBIPHICTH pe-
3yJbTaTiB, OOUHMCIIOBAHUX Y MOKOPUTAPHIN CUCTEMI MiJ] €0 KPAaTHUX HECTIPAB-
HOCTEH, Ta TOCIITUTH BIUIMB KPATHUX HECIPABHOCTEH HA JIOCTOBIPHICTH KOHTPO-
JII0 pe3yJIbTaTiB 0OpPOOKH MAHTHC 32 MIOBHOIO Ta CKOPOYCHOIO OTICPAIlisIMHU.

[Momanpmri KocmiKeHHs TOUUTFHO CIPSMYBAaTH Ha PO3BUTOK METO[IB KOHT-
POJIF0O MHOXKEHHSI Ta BUBUEHHS iX JOCTOBIPHOCTI M 1HIIMX XapakTEPUCTUK BHKO-
HAaHUX 32 HUMH KOHTPOJBHUX BEpCiii KaHaTiB Ma)XOPUTApHOI CHCTEMH AJsl 00poO-
K1 HaOMMKEHUX JaHHWX 32 MOBHUMH Ta CKOPOYCHUMH OOYHCICHHSIMH 3 PO3TJIs-
JIOM KpaTHUX HECIPAaBHOCTEH 1 MOMMPEHHSIM Ha 1HII apu(METHYH1 oneparii.
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Poszenanymo numanns onmumizayii 6upoOHU4UX NPOYecie ULIAXOM 3aCmo-
CY8AHHs 3a0ay MPAHCHOPMHO20 CHNPIAMYB8AHHA (MpaHcnopmHoi 3adadi, 3a0adi
npo Kilvbyesull mapuipym ma 3a0ayi npo Makcumanivhuii nomix). Pozpobreno
aoanmosany nio Cy4acHi 8UPOOHUYL YMOBU MOOeNb, SIKA BKIIYAE SUPIULEHHS NU-
MaHsb, N08 A3aHUX 13 8UOOPOM ONMUMATLHO20 MAPUIPYmMy, 000080 eKOHOMIY-
HO eqheKmuUBHUX pedcumie NOCMAYanHs, poO3PAaAXyHKOM MIHIMATbHUX NPOCMOig 00-
JIAOHAHHS, NONEPEOHbOI0 ONMUMIZAYIEIO HAABHOT MPAHCHOPMHOI Mepedici, 6Upoo-
HUYMBOM He0OXIOHOI KiTbKOCmI NPOOYKYIL 3 MIHIMAIbHUMU 3aMPAMamu.

KitouoBi cnoBa: eupobuuui cumyayii; MOOent08anHs MPAHCNOPMHUX
NOMOKiI8, OnMuMIi3ayilina Mooeb.
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Paccmompenvr 6onpocvl onmumuzayuu npouzso0CmMEeHHbIX NPOYECco8 3a
cuem npumeHeHus 3a0ay MpPaHCNOPMHO20 HANPABIeHUs (MPAHCNOPMHOLU 3a0ayi,
3a0a4u 0 KOIbYe8oM Mapuipyme u 3a0a4u 0 MAKCUMAIbHoM nomoke). Paspabo-
mana mooenv, a0anmupo8anHas N00 COBPEMeHHble NPOU3BOOCMBEHHbLE VCILOBUS,
KOmMopas 6KIOYAem peuieHue ONpocos, CEA3AHHLIX C 8bl100POM ONMUMATLHOO
Mapwpyma, nOCMpoOeHuem 3KOHOMUYECKU IPOEKMUBHbIX PeHCUMO8 NOCMAsKU,
HAaxXoxcoeHuem MUHUMATbHLIX NPOCmoes 000py008aHUs, NpedsapumenbHol on-
mumuzayueli cyuwecmayiowel mpaHcnopmHol cemu, npousso0Ccmeom Heodxoou-
MO0 KOIUYECMBA NPOOYKYUU ¢ MUHUMATbHIMU 3AMPAMamu.

KittoueBble ciioBa: npouzgoocmeeHntble cumyayuu;, MoOeIupo8aHue mpanc-
HOPMHBIX HOMOKO8, ONMUMUZAYUOHHASL MOOEIb.

Considered the problem of production processes optimization by applica-
tion of transport direction tasks. The development of approaches to improve the
existing production process based on the calculation of rolling mill capacity to
ensure the production of the required number of kits during the month is ana-
lyzed. An optimization problem is investigated in order to minimize the total time
for preparatory operations for assembly of metal structures, taking into account
the location of the existing transport network of the region.

With the help of the maximum flow task determined the possibility of the re-
quired production volume delivery from a certain point of manufacture to a spe-
cific warehouse in accordance with the existing production schemes of the enter-
prise. In the mathematical model to solve this problem, a linear programming
problem proposed to find the volume of production when using certain equip-
ment; the restriction specifies the possibility of supplying the workpiece of certain
products.

Using the circular route problem, established a sequence of operations with
minimization of the costs for equipment reconfiguration in the process of the en-
terprise’s planned task execution.

The developed methodology provides formation and systematic analysis of
basic factors, such as the production of the required quantity of certain products.

Developed the model adapted to modern production conditions, which in-
cludes solving issues related to the optimal route choice, creation of cost-effective
supply modes, finding minimal equipment downtime, pre-optimization of the exist-
ing transport network, production of the required quantity of products with mini-
mal costs.

By analyzing the results obtained at each step of the specified problem sol-
ving for the purpose of further optimization, the proposed mathematical model
can be implemented in the manufacturing process of any enterprise. Such model
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allows complex optimization of the enterprise processes as well as to achieve the
set goals by adjusting the existing transport network.

Key words: production situation; modeling of traffic flows; optimization
model.

IocranoBka npo6jeMu. CydacHUil CTaH EKOHOMIYHHX BiJHOCUH HE IPOCTO
CTaBUTh IEpe]] raly33i0 TPAHCIOPTY 3aBIAHHS 3 BUKOHAHHS MEPEMIIICHHS BaH-
TaXiB, ajie ¥ moTpedye raubOOKoi iHTerpamii y BUpOOHHYI, MOCTAaYaIbHULIBKI Ta
30yToBi mporecu. [logiOHe po3mupeHHs posi 3a3Ha4eHoi chepu MPUBOIUTH JI0
BITPOBA/KEHHSI 33]1a4 TPAHCIIOPTHOTO CIPSAMYBAaHHS JUIsl OJAJIBIIOI ONTHMI3amii
BUPOOHHUO-TIEPEBIZHOTO IMPOIIECY 1 MOTpedye 3aCTOCYBaHHS 1HHOBAIIMHUX 1HGOP-
MaIiiHUX TEXHOJIOTIH.

Ha cranii npoektyBaHHs HEOOX1THO BUKOHATH PO3PAXYHKHU 1 3HAUTH OINTH-
MaJIbHUH BapiaHT OyAiBHHUIITBA IPOMHUCIIOBOTO KOMIUIEKCY JJIsl BUPOOHHUIITBA Me-
TaJOKOHCTPYKLINA Ta CKJIaJaHHA iX Yy KOMIUJIEKT ISl OTIOpP MEPEX eIeKTporiepe-
nad. Ilpu oMy HEOOXiZHO BpaxOBYBATH [iI0YYy TPAHCHOPTHY MEPEXY PErioHy
Ta PO3MIILIEHHS MiIPUEMCTB, 110 TOCTAYaTUMYTh BUX1IHY 3arOTOBKY JJISl TPOCK-
TYBaJILHOTO TIPOMHCIIOBOTO KOMILIEKCY.

[MuTanHsS MOIENMIOBAaHHS TAaKOTO BUPOOHHYOTO MPOIIECY, SIKUH BKIIOYAE B
ce0e mporecH epeBe3eHHs, BXIIMBE Ta MEPCIEKTUBHE y PO3B’s3aHHI MOTOYHUX
BUPOOHUYMX TIPOOIIEM ISl TOJANBIIOTO BAOCKOHAIEHHS IPOIECY BUPOOHUIITBA.

AHaJji3 ocTaHHiX JociigxeHb i myoaikaniii. TeopeTnuni mpoOieMu ori-
THUMIi3allii BUpOOHNYOT MPOrpaMu MiAMPUEMCTBA B PI3HUI Yac TOCIHIIKYBaIl TaKi
BifOMi 3apyOikHI ¥ BiTYM3HSHI BueHi, sk A.I'panbepr, JIx. Jlanmwr,
JI. Kanroposuu, B. HoBoxwuiios, O. Opios, B. Ilapeos Ta in. [1-7]. TIpote, He-
3Ba)KAIOUM HA BEJIMKY KUIBKICTh (PyHIaMEHTAJIBHUX Ipalb 1 MPUKIATHAX POOIT 3
OINTHUMAIBHOTO TUIAHYBaHHS, 11€H MaTeMaTHYHHIA arnapar JI0Tenep He 3aCTOCOBYEThCS
B TIPaKTHII TUIAHOBOI poOOTH Ha MiaNpUeMCTBax. SIK MOKa3aaM MPOBEICHI JOCITi-
JDKEHHSI, IIMPOKOMY BHKOPHCTaHHIO ONTHUMI3aLiHUX pO3paxyHKIB y mporeci Gop-
MyBaHHsI BUPOOHMYOI MporpaMy HUHI NEPEIIKO/KAE HAABHICTh LIUIOTO PALY METO-
JIOJIOTIYHUX 1 METOJMYHHX MPOOJIEM, a TaKOK HEJOCTaTHE OIPAIIOBAHHS MPUKIIAI-
HUX aCIeKTiB 3aCTOCYBAHHS METOJIB ONTUMAJIBHOTO IUIAHYBAaHHS HA TIPOMHCIOBHX
mianpuemMcTBax. Tak, HUHI HEMa€ YITKOCTI y BU3HAYCHH] MICII ONTUMI3aliiHUX PO-
3paxyHKIB y Ipotieci GopMyBaHHS TOTOYHHUX 1 IEPCTIEKTUBHUX BUPOOHUUMX IJIAHIB.
He BusHaueHa cdepa 3acTocyBaHHS METOJIIB OJHOIILOBOT Ta OaraToijibOBOi OMTH-
Mi3atlii BupoOHM4oi nporpamu. He icHye TeopeTuduHO 00IpyHTOBAaHUX pPEKOMEH 1AL
I0/I0 TIPAKTUYHOTO BUKOPHCTAHHS 0araroliiboBOro MiaXoAy A0 ONTHMI3allii BUPOO-
HHUYOI IPOTPaMH TIPOMHCIIOBOTO i IITPHEMCTBA.

Mera cTaTTi — PO3BUTOK MiAXOJIB AJSl BIOCKOHAJIEHHS HAsSBHOTO BHUPOO-
HUYOTO MPOIIECY 3aBISKH PO3PAXYHKY MOTYKHOCTEH MPOKATHUX CTaHIB 3 METOIO
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3a0e3neYeHHs] BAPOOHUIITBA HEOOX1THOT KUTHKOCTI KOMIUIEKTIB IIPOTATOM MiCSIIs
3 MiHIMI3aIli€0 3araJbHOrO 4Yacy Ha MiATOTOBYI Omepamii uis CKIaJaHHS KOM-
IJIEKTIB METAJIOKOHCTPYKLIN 3 ypaxXyBaHHSIM PO3MILLIEHHS 10401 TPAaHCIOPTHOI
MEpEKi PETiOoHYy.

Buxiaa ocHoBHoOro marepiasy. /s po3B’si3aHHs MMOCTaBIEHUX 3a7a4d OyiH
BUKOPHUCTaHI MaTeMaTW4YHi METOJH, IO JIO3BOJISIFOTH ONTHMI3YBaTH BHPOOHHYHIA
MIPOIIEC Ta OTPUMATH TTO3UTUBHI €KOHOMIUHI pe3yJIbTaTH POOOTH ITiIPUEMCTBA.

3MicTOBa IOCTAaHOBKA CHUTYAIlil Taka. 3 BUXIIHOI 3arOTOBKH HEOOXiTHO BH-
poOutu 4 BUIM KyTKa 3a/1aHO1 MIpHOT JOBXUHU. Buau kyTka BUpOOISIOTHCA MPO-
KaTHUM CTaHOM, JJISi KOXHOTO 3 SIKHX BiZIOMi KOE(II[IEHTH BUTpAT METaly I
BUPOOHUIITBA KIHIICBOT MPOAYKIIii.

3aranpHa cXeMa PO3MOALTY BUXIIHOI 3aTOTOBKU MK MPOKATHUMHU CTaHAMU
300paxxeHa Ha puc. 1. [locTauaHHs 3aroTOBOK BUKOHYETHCS BiJl CTAJIEIMBAPHOIO
3aBOJIy Yepe3 MPOMIXKHI CKJIaJ1, BUKOPUCTOBYIOUM HASBHY MEPEKY 3aTi3HHII 13
3aJ]aHUMHU IPOITYCKHUMH MOMJIUBOCTSIMU Sjj .

O

1 ——/v
> /
\

Q

Q
X

Q

\ J \ J \

v Y vV
IIpomixHi Cxema Ipokarni  CkinaganbHui
TOYKH TIOCTaYaHHS MOCTaYaHHA CTaHU ex

—
—

Puc. 1. Cxema po3noiiry BUX1THOT 3arOTOBKH MI3K MTPOKATHUMU CTaHAMU

ITicna o6poOKM 3aroTOBOK MPOKATHUMHU CTaHAMU KYTKHM MIpHOI JOBXKUHH
HATPaBJISIFOTHCS 10 CKIIAAIBHOTO IIEXY MTPOMHUCIOBOTO KOMIUIEKCY ISl CKIIa/IaH-
Hsl KOMIUIEKTIB METAJOKOHCTPYKIIi OMop Mepex enekTponepenad. Jis ckianaH-
Hsl KOMIUIEKTIB B3a€MO3B’S3aHUX METAJIOKOHCTPYKIIIH HEOOXiTHO, 1100 BUPOOHH-
LITBO KYTKIB OYJIO JIUIIIE Y 3a/TAaHUX CITIBBITHOMIEHHSX: ¥4 ¥> : ¥5: ¥y = L:4:3: 2 ().

73 =
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MicsyHMii TUIaH KUTBKOCTI TOTOBUX KOMILUIEKTIB MPOSKTYBAILHOTO TPOMHUC-
JIOBOT'O KOMIUJIEKCY CTAaHOBUTH N = 82 OJHHHIII.

Taomums 1

1 2 3 4 5 6
) 20 26 22 40 32
38 o0 25 32 34 40
28 16 0 26 38 26
22 32 30 ) 30 31
42 34 30 26 0 37
34 45 28 30 32 0

OB WIN -

[TpoTsirom ckiasaHHs ONOpP yCi KYTKY TMOBUHHI MPONTH MiATOTOBYI omeparii
(cBepamiHHS JipoK, 0Opi3ka MeTany 3a KOH(IrypamisiMu, 3BaplOBaHHs TOIIO) —
ycboro 6 omepaiiiii. Burpatu yacy Ha mepeHallaro/KeHHs 3 OJHI€T omeparlii Ha
1HITY BigoMi 1 3a1aHi B Ta0. 1 (y XBUIUHAX).

B3aemo3B’s130K 3a7au As BUpILIEHHS JaHO1 BUPOOHMUYOI cuTyalii 300pa-
YKEHO Ha puc. 2.

3anaua npo

MaKCHMaJIbHHI MOTIK <

{Sii}; Vimax, {bj}

3azaua JiHiHOro

nporpamMyBaHHS 3MiHa yMOB

F, {X}, Vimax, {03}

[ToBTOpHMIT

PO3B’A30K

(n<N)
(n=N)

3anava npo
KiJIbLIEBHIT MapLIPYT

lICl

| BucHOBKH Ta npono3uiii

Puc. 2. Cxema B3aeMO03B’ 13Ky 3a1a4
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Cxema po3moaiTy BUX1JHUX 3ar0TOBOK 300paXkeHa Ha puc. 3.

Z
b1 » - a1
Z
b2 2 A7)
D
Z3
b3 B Py V3
2'3
Yy
Cxianu [IpokaTHuii uex

Puc. 3. Cxema po3nojiiy BUX1THUX 3arOTOBOK

KinbkicTh KyTKiB (y IIT. MipHOT IOBXKHHH) JOPIBHIOE:

z Z VA
L=y =Y = Y
Il |2 |3 (1)
2, 7, L. R
|_4:|_2+|_3:y4 =YY,
4 4 4

Je Zj — 3arajgbHa JOBXHHA KyTKa, SIKA MOBHHHA BHPOOJATHUCH |-M IPOKATHUM
CTaHOM,;
l; — mipHA NOBXXHMHA KyTKa Ha j-My HPOKAaTHOMY CTaHi;
Yj — KUIBKICTh KyTKa MipHOi IOBXKUHU Ha j-My IIPOKaTHOMY CTaHi (IUT).
BignosigHO 10 11HOTO:

K.Y, <bi;k,Y, + Koy, <b,ikyy, + Koy, <b,, (2

ne Kj — xoedirieHT BUTpAT Ha BUPOOHUITBO OJHOTO KYTKA Ha J-My IIPOKAaTHOMY
cTaHi;
bj — MOXIIHBICTB MOCTAUaHHS 3aTOTOBKH |-TO IIPOKATHOTO CTaHY.
3a 3agaHuM criBBiAHOMmEHHAM: y1:y2 133 :y4=091:02:93: 04 maemo:

Y V3 : .
———==,T100TO — - + =0,
y2+y3 }/4 ]/SyZ ]/3y3 74y3
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L:ﬁ, 10070 7,Y, =7y, =0,

Yo 72
&:ﬁ,TO6TO Va¥Y2—V2Ys =0,
Ys 73

7€ yj — Koe(IIEHT CMiBBIAHOLICHHS.
Maxkcumizariro KiIbKOCTI KOMITICKTIB METAIOKOHCTPYKIIIN 3aITUIIIEMO Y TaKHH
BUpA3:
F:y1+y2+y3+y2+Y3_>maX- 3)

Bukonaemo nepeinexcarito 3MiHHHX

Yi =X, Y, =X, Y3 =X,

Yo =X Y3 =X
Toxi oTpumMyeMO Taky MaTeMaTHYHY MOJIEIb JIIHIKHOTO MTPOTPaMyBaHHS:

F =X, x,— max,

VaXg —V3Xy — V3% =0,
V2%1 — V1% =0,
FaXy = Vo =0, (4)
T = 1
T ¥ . .
HH.}.H_K: .:LT lﬂ:j
koxg+ ki'x =b

=0
o

Taka mMaremMaTnyHa MOJENb PO3B’SI3YETHCS CHUMILICKCHUM METOJIOM, JUIS
K01 Tpeba 3HalTH BenuunHu by , b, 1a by,

Jliist BigHaxo/KeHHs BenuunH by, b, Ta by po3B’sa3yeThes 3a1a4a mpo Mak-
CUMaJIbHUM TOTIK 3T1/IHO 13 33/IaHO0 TPAHCIIOPTHOIO MEPEKEIO.

Jlnst miel Mepexi € OMH BXiJ — CTANENMBapHUI 3aBOJI, a KIHIIEBUX MMyHKTIB —
TpH (puc. 4).
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Puc. 4. Jliroua TpaHCTIOpTHA Mepexa

Jl5is po3B’si3yBaHHs 3a/1a4i PO MAKCUMAJIbHUHN MOTIK YBOJUTHCS OJAUH (PiK-
TUBHUH KiHIIEBUH TMYHKT t 3 YMOBHHUMHU 3B’s13KaMu (pHcC. 5).

by

Puc. 5. IlepenanaroyxeHHs! TpaHCIOPTHOI MEPEXi

[IpomyckHy MOXIIUBICTb ITyHKTY t B3STH 3a CyMy BXiHHX MOXJIUBOCTEH S;j
BIJ{ KIHIIEBUX CKJIAJiB:

Sgﬁt = Sg,g + 57,9 =32 + 18 =50,
S10t= S7,10 + Sg 10 = 18 + 32 =50,
S114=Se11 + S7.11 =32 + 25 =57.

KinmeBa MaTpuIls moTokiB Taka:
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s 1 2 3 4 5 6 7 8 9% 10 11 ¢

s | X|26])10| 14

1 X 12 14

2 X 10

3 X |26

4 X |12 14

5 X 22

6 X 14

7 X 14

3 X |22

9 X 22

10 X 14

11 X |14

T X
Puc. 6

Vimax = 26 + 10 +14 =50,
b1 =Xgg+X79=22+0 =22,
b2 = X710 + Xg10 = 14 + 0 = 14,
b3 =Xe11 + X711 =14 +0 = 14.

OneprkaHi TaKMM YMHOM TPOIYCKHI MOXJIMBOCTI Xjt 10 (IKTUBHOTO KiHIIe-
BOT'O IIYHKTY  JOPIBHIOIOTH 3HAUECHHAM D3;:

X1t = D1, X2t = b2, X3 = ba.
ITicns poro po3B’sA3yeThes 3a/1a4a JiHIMHOTO MPorpaMyBaHHS.
F =X+ X+ X3+ X4 + X5 — max,
1,1x1 <22,
1,08x, + 1,12 x4 < 14,

1,12x3 + 1,12 x5 < 14.
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Pesynbratu po3m’sizyBanHs: X; = 2,82; Xo = 11,29; x5 = 8,46; x4 = 4,032;
X5 = 28,23.
BupoOGHHMIITBO KIJTBKOCTI KYTKIB (IIT.):

Yi= X1 = 2,82,
Vo= Xo = 11,29,
Y3 = X3 = 8,46,

V4= X4+ X5 = 1,61 + 4,032 =5,632.

3a 3HAlICHUMH BEIMYMHAMH Y1, Y2, Y3 Ta Y4 1 3aJaHUM CITiIBBITHOLICHHIM
KOMIUICKTAIIT O0YHMCITIOETHCS KUTBKICTh KOMIUIEKTIB N, KOTPi MOXHA OJIEp>KaTH 32
npoBeneHumu pospaxyHkamu (Y1, Y2, Y3, Ya). Toxi nepimit kyrox mae koediti-
€HT Y1 = 1, TOMY KUIbKICTh KOMIUIEKTIB 3a 100y — 2,82 1mIT.

BupoOHUIITBO KyTKIB 3a MICAI TOPIBHIOE (Y IJIOYMCIIOBUX 3HAYCHHSIX ):

y1=24 - y1=24-2,82 = 67,68 = 67 wr.
Y= 24 - y,=24 - 11,29 = 270,96 = 270 .

y3=24 - y3=24 - 8,46 = 203,04 =20 367 wr.
y4=24 - ys=24-5,632 = 135,168 = 135 wr.

Ockinpku 3a miaHoM moTpibHo N = 82 mT., a oaepkaHO TiIIbKK 67 IIT.
(n=y1<N), TO B 1bOMY BHIIQJIKy MOTPIOHO MPOBECTH aHAJi3 3aBAHTAKCHHSI
TPaHCHOPTHOI MepeKi, 3aIIPONOHYBATH 3MIHHM 3HAYEHHs S;j AJs JEAKUX 3B S3KIB
Mepexi (ab0 3MIHMTH CTPYKTYpY Ii€l Mepexi), TOOTO 3amponoOHYBAaTH IUIAX
301IBIICHHS. MAKCUMAIIEHOTO TTOTOKY TIOCTAYaHHSI 3aTOTOBOK BiJ] CTAJICITMBAPHOTO
3aBOJIY.

[TepeBipsieThess TOBEMIHKA OOMEXKECHh MaTEMATHYHOT MOJENI JIHIHHOTO
MIpOrpaMyBaHHS IIJISXOM IiJCTAHOBKH PE3YJIbTATIB PO3B’SI3KY:

1.1x,=1,1-.2,82 = 3,102 < 22,
1,08 xo + 1,12 x,=1,08-11,29 + 1,12-1,61 = 13,99 = 14,0,
1,12 x3 + 1,12 xs=1,12-8,46 + 1,12-4,032 = 13,99 = 14,0.

TakuMm 4MHOM, BXKMBAIOTHCS 3aXO/IH, [UT 301IbIICHHS 3HaYeHb Dy Ta b3, Tomy
1110 BOHH € BY3bKUM MiCIIEM Y BUpOOHUUII cHTyallil, a BenmmunHa b; = 22 € B gocrar-
HIi KUTBKOCTI.

B pesynbraTi aHamizy (pakTHUHOTO 3aBaHTAKEHHS TPAHCIOPTHOI Mepexi
BH3HAYAETKCS, 110 301IbIIEHHs 3HaYeHb Dy Ta D3 MOXKIIMBE 32 paxyHOK 3pOCTaHHS
MPOMYCKHUX MOKIUBOCTEN 3B s3KiB (47) Ta (16) 3riiHO 13 TPAHCIIOPTHOIO Mepe-
kero. TakuM YWHOM, /U1 BUKOHAHHS TUTaHOBHMX 3aBJaHb (N = 82) BKHBarOThCS
3axo.u AJsl 301mbIIeHHs BenmnurH by Ta b3 3a paxyHok Ss7 Ta Sp6.

Buxonyrotecst 3amian Sg7 = 14 Ha Sp7=18,aS16 =14 Ha S35 = 18.
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KinneBa Matpuiis moToKiB Taka:

s 1 2 3 4 5 6 7 8 9% 1011 T

s 30(10( 18
1 X 12 18
2 X 10
3 X |30
4 X |12 18
5 X 22
6 X 18
7 X 18
3 X |22
9 X 22
10 X
11 X |18
i X
Puc. 7
Vinax = 58,
b1:22,
b2:18,
b3:18.

TpancnoptHa Mepexa i3 pakKTHUYHIM HaBaHTKEHHIM 300pa)keHa Ha puc. 8
(Y mykKax HaBeJleH1 TUIaHOB1 IOTY>KHOCTI):

Puc. 8. TpancnioptHa Mepexa 13 pakTUYHUM HAaBAHTAKEHHSIIM
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Po3B’s130k 3a7a4i JiHIMHOTO MPOTpaMyBaHHS 13 ITUMU JaHUMHU TaKHUMA:
X1 = 3,55, X, = 14,55, x3 = 10,67, X4 = 2,158, x5 = 4,95, F = 35,57.
BupoOHUIITBO KUJTBKOCTI KYTKIB Y HOBHX YMOBax (3a J100Y):

y1= X1 =3,55,
Vo= Xo= 14,55,
Y3 = X3 = 10,67,

V4= X4+ X5 = 2,158 + 4,95 = 7,108 mur.

BupoOHHMIITBO KYTKIB 32 Mics1Ib (I[IIOYUCIIOBE):
y1=24-3,55=285,2=85 mr.
v2=24-14,55=349,2 = 349 .
y3=24-10,67 = 256,08 = 256 mT.
ya=24-7,108 =170,592 = 170 mir.

Takum yMHOM, BUPOOHHYUIN KOMILJIEKC MPOTATOM MICSIS MA€ MOXIIUBICTh
BUITYCKaTH 85 KOMIUIEKTIB METAJIOKOHCTPYKIIH JJIsI ONOp MEpEX eleKTporepe-
nad. MeTu 10CATHYTO, TOOTO BUKOHYETHCS CITiBBiqHOIIEHHS N > N.

JIns po3paxyHKy MiHIMaJbHHX HPOCTOIB OOJaJHAHHS BUKOPHCTOBYETHCS
MaTeMaTU4Ha MOJIEJb 33/1a4i PO KiJIbIIEBUI MapIIpyT:

F :ZiZjCinij_)min’ ()
iZXij :1;;Xij =1

0,
Ae Xij =14
¢jj — BUTPATH 4acy Ha NEPeHaATIaro/KeHHs OONaHAHHA y pasi mepexony 3 i-oi
Ha j-Ty Omepariio;
Cy — 3B’SI30K, IKMH JJa€ HEMOBHUI KUIbLIEBUI MapIIpyT.
Cxema po3B’si3yBaHHA Taka (puc. 9).

1::11
41 @ (12)(36)
1:56 169 161

Puc. 9. Cxema 3agaui npo KUIbLIEBUH MapIIpyT

—
L
-
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Poss’s30k: F = 151 (xBunun), 6 = (1236541).
3arayibHi BUTPATH Yacy 3a MICSIb Ha TIEpEHAIArO/PKEHHS CTAHOBJISTh:

th=151-3,55-24 =12 865,2 xB =214,42 ron = 8,9 ni0.

Takum YMHOM, KUIBKICTh TOJIMH HAa BHPOOHHUIITBO MiATOTOBYOI omepariii Ta
CKJIQJIaHHS OTIOpP 3a MicsIb JOpiBHIOE: 567,1 Toxa, abo 98,4 % Bix 3aradpbHUX pe-
CypciB Hacy.

BHCHOBKH 3 1aHOT0 JOCJIiIKeHHS i MePCNEeKTUBY MOAAJIBIINX PO3BiIOK
y AaHoMYy HanpsiMi. Po3risiHyTO akTyallbHe MUTaHHS ONTHMI3alili BUPOOHHYOTO
MPOLIECY 3 BUKOPUCTAHHSIM 3a/1ay TPAHCIOPTHOTO CHOPSIMYBaHHA. Y po3poO0IieHiii
METOUIII TiependadeHo (opMyBaHHsS Ta CHCTEMHHUH aHali3 0a30BUX (aKTOpiB,
TaKUX SIK BUPOOHUIITBO HEOOX1THOT KITbKOCTI MEBHOT IPOAYKIIIi.

3a I0mOMOToI0 3a7adi Mpo MaKCUMATbHHM MOTIK BU3HAYEHO MOKIIHBICTH
MOCTaBKU HEOOXITHOTO OOCATY MPOAYKLII BiJl MEBHOI TOYKHM BUPOOHMIITBA /10
KOHKPETHOTO CKJIaAy BIJMOBIIHO /10 HASSBHUX BUPOOHUYMX CXEM HiAMPUEMCTBA.

VY 3anponoHoBaHiii MaTeMaTHuYHIA MOJENi A PO3B’sI3aHHS MOCTAaBIICHOT
npoOJeMH 3alpOIIOHOBAHO 3aJady JIHIHOTO MpOrpaMyBaHHS Uil PO3PaXyHKY
o0csATy BHUPOOHMIITBA 3 BHUKOPHCTAaHHSM IIEBHOTO OOJIATHAHHS; SK OOMEXCHHS
BKa3aHO MOXKJIMBICTh MTOCTAYaHH 3aTOTOBKH TIEBHOT MTPOTYKIII.

[IpoanaiizoBaHo pe3yJabTaTH, OTPUMaHi Micis (GopMyItOBaHHS 3ajaadyi Ji-
HIHHOTO TpOorpaMyBaHHs. 3TiHO 13 MM BUKOHAHO IEPEOLIHKY 3aBAaHTAKEHHS
TPAHCIOPTHOI Mepexki Ta il MoJaNbIIOro MepeHaNaroPKeHHs 3 METOIO JIOCSATHEH-
HS 1116 BUpOOHUIITBA (BUPOOHUYOTO IIIAHY).

3a 01OMOror0 BUKOPUCTaHHS 33Jadi MPO KUTBLIEBUH MapIpyT 3HAHAEHO
MIOCTIIOBHICTh TIPOBEICHHS Omepalliii 3 MiHIMI3aIliel0 BUTpAaT Ha IepeHaaro-
JDKEHHS 00J1aJIHaHHA Y MPOIIeci BUKOHAHHS TUIAHOBOTO 3aBIaHHSI MMiITPHUEMCTBA.

Buxonyroun anamiz OTpUMaHMX pe3yabTaTiB Ha KOXHOMY eTami
PO3B’si3aHHA 3a3HAa4YeHOi MPOOJIEMHU 3 METOI0 MOAATBIINOI ONTUMI3Alll, 3amporno-
HOBaHY MaTeMAaTUYHY MOJIEIb MOKHA BIIPOBA/KYBAaTH Yy BHPOOHWYHH TPOIIEC
Oyab-sikoro miAnpueMcTBa. Taka Mojenb Ja€ 3MOTy KOMIUIEKCHO ONTHUMI3yBaTH
MIPOLIECH MIAMPUEMCTBA 1 JOCATTH MOCTABIECHUX LUIEH IIJITXOM KOPUTYBaHHS Ha-
SIBHOT TPAHCIIOPTHOI MEpPexi.

Cnucok BUKOPMCTAHUX JKepeJ:
1. biouax M. H., biniuenko B. B. BupoOHU41 cucTeMu Ha TPAHCIIOPTi: T€O-
pis 1 mpakTtuka: MmoHorpadis. Binnunsa: YHIBEPCYM-Binnuus, 2006. 176 c.
2. Haxoneunuii C. I, Cagina C. C. MaremaTuyHe NporpaMyBaHHs. HaBY.
noci0. Kuis: KHEY, 2003. 452 c.

ISSN 2521-6643 Cuctemu Ta texuoorii, Ne 2 (58), 2019 137



3. Opzog O. O. IlnanyBaHHS AiSTIBHOCT] IPOMHUCIIOBOTO HiAPHEMCTBA: TTi]I-
pyunuk. Kuis: Ckap6u, 2002. 336 c.

4. [Japes B. B. Buyrpudupmennoe mianupoBanue. Cankr-IlerepOypr: [1u-
tep, 2002. 496 c.

5. Taxa X>mou A. BBeneHue B UCCieIOBaHKE OTEPALMil. 6-¢ U3IaHUE: TIEP.
¢ aari. Mocksa: Bunesamc, 2001. 912 c.

6. [Jopoxos O. B. Po3poOka Moneneit ais yAOCKOHAICHHS B3a€MOJIIi CITO-
KMBaYiB 1 BUPOOHUKIB MOCIYT Ha TPAHCIIOPTHUX PUHKAX BAHTAKHUX I1E€PEBE3CHb!
aBToped. 1MC. HA 3100YTTS HAayK. CTYIEHS KaH/I. TeXH. HayK: Xapkis, 2005.

1. Jlawxesuu A. A. Mopemi ynpaBlliHHsS JaHIIOTaMH TOCTABOK EKCIIpec-
BaHTaXIiB: aBToped. OuC. Ha 3700yTTA HAyK. CTYNEHS KaHJ. €KOHOM. Hayk.
Cankr-IlerepOypr, 2012.

References:

1. Bidniak M. N. and Bilichenko V. V. (2006), Vyrobnychi systemy na
transporti: teoriia i praktyka [Production systems in transport: theory and
practice], Press UNIVERSUM-Vinnytsia, 176 p. [Ukraine].

2. Nakonechnyi S. 1. and Savina S. S. (2003), Matematychne
prohramuvannia [Mathematical programming], Press KNEU, Kiev, 452 p.
[Ukraine]

3. Orlov O. 0. (2002), Planuvannia diialnosti promyslovoho pidpryiemstva.
[Planning of activity of industrial enterprise], Press Skarby, Kiev, 336 p.
[Ukraine]

4. Tsarev V. V. (2002), Vnutryfyrmennoe planyrovanye [Inter-company
planning], Press Pyter, Sankt-Peterburh, pp. 496-518, [Russia]

5. Taha Hemdi A. (2001), Vvedenie v issledovanie operacij, 6-e izdanie
[Introduction to Operations Research, 6th Edition ], Press lzdatelskij dom
“Vilyams”, Moscow, 912 p. [Russia]

6. Dorokhov O. V. (2005), Rozrobka modelei dlia udoskonalennia
vzaiemodii spozhyvachiv i vyrobnykiv posluh na transportnykh rynkakh
vantazhnykh perevezen [Development of models for improving the interaction
between consumers and service providers in the freight transport markets ],
Kharkiv, 24 p. [Ukraine]

7. Lashkevych A. A. (2012), Modeli upravlinnia lantsiuhamy postavok
ekspres-vantazhiv [Models of management of a chain of express cargo deliveries],
Sankt-Peterburh, 22 p. [Russia]

138 ISSN 2521-6643 Cucremu ta TexHosorii, Ne 2 (58), 2019



0. JI. ®ipcos, B. I1. 3epes, O. B. [llanosanos, M. B. Muxaitnos

DOI: https://doi.org/10.32836/2521-6643-2019-2-58-9
YK 656.025

O. . dipcos., kaHamaaT
di3nKO-MaTeMaTUYHUX HayK, OOLEHT
Kadbeipy TPaHCMOPTHUX CUCTEM Ta TEXHOSOTIN
YHiBepcuUTeTY MUTHOI cnpasu Ta giHaHCIB
B. . 3BepeB, kaHaANOAT TEXHIYHUX HaYK,
CTapLnin HayKoBMI CNiBPOBITHUK, MOMIYHMK
"onosn HauioHanbHOT noniuii YkpaiHm

0. B. lWlanoBanoB, kaHANAAT TEXHIYHMX
HayK, OOUEHT Kadeapu TpaHCNOPTHMX
CUCTEM Ta TEXHONOTIN YHIBEPCUTETY MUTHOI
cnpasu Ta piHaHciB

M. B. Muxaunos, marictpaHT YHiBepcutety
MUTHOI cnpasBu Ta (piHaHcIiB

YAOCKOHAJIEHHA TEXHOJIOTI'TYHHOI'O ITPOLECY
MAPHIPYTHOI'O PYXY

Ilpoananizoeano npunyunu ma cmax Mapuipymuoi mpancnopmuoi cucme-
mu micma J[Hinpo, napamempu pyuxyioeanus ooparnoco mapupymy. Ha ocnosi
npo8edeHo20 anaizy ma po3PaxyHKie 01 00pano20 Mapuipymy, 3 ypaxy8aHHM
pedcuMis niolomy ma CHycKy, po32oHy U 2albMy8aHHs, OV0 00paHo Hatieghekmus-
HIWI pexcumu pyxy MmMpaHCnopmuo2o 3aco0y, wWo 3a0080JbHAMUMYMb GUMO2Y
HAUMEHUL020 BUKOPUCMAHHA NAIUBHUX | NOMYIICHICHUX PecypCia.

KitouoBi ciioBa: mapwpymuuii pyx, onmumizayis, 600CKOHANEHHS, penved,
NOMYHCHICMb 0BUSYHA.

IIpoananuzuposarnvl NPUHYUNBL U COCMOSHUE MAPUPYMHOU MPAHCHOPIMHOU
cucmemsl eopoda [[nenp, napamempvi GYHKYUOHUPOBAHUSA 8bIOPAHHOO MAPUL-
pyma. Ha ocnose nposedennozo ananuza u pacuemos 0isi 8blOPAHHO2O Mapuipy-
ma, ¢ y4emom pexrcumos noobema U Cnyckd, paseona u mopmodceHus, Ovliu us-
Opanvl 3hhexmusHble percumvl OBUNCEHUS MPAHCHOPMHO20 CPEOCmEd, KOMOo-
pble Y0081emeopaom mpebosanue HauMeHbule20 UCHONb308AHUSL MONIUSHBIX U
MOWHOCTHBIX PeCypCos.

KiroueBsle crnoBa: mapupymmnoe Ogudicenue, ONMuMu3ayus; Co8epuleH-
cmeosanue, peivedh; MOWHOCMb 08ULAMENSL.
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The problem of reducing fuel consumption by buses, taxis and trucks is ur-
gent. Fuel economy and efficient use of the power resources of the motor vehicle
can significantly reduce fuel costs and maintenance. In today's passenger trans-
portation, fuel and lubricant costs, the savings on these consumables make it pos-
sible to significantly reduce transportation costs for transport companies and
trucking companies.

The purpose of the study is to analyze the situation on the road, helping
drivers to slow down and accelerate with calculated efficiency. For the stationary
route, you can use a terrain map and relief, allowing the driver to release gas in
advance when approaching the turns, forks and stops where you have to brake. Ana-
lyzing the route parameters and engine modes allows you to provide guidance on
the choice of speed mode and transmission. As a result, there is no need for fre-
quent accelerations and brakes, which has a positive effect on fuel consumption.

The route under consideration identifies the relief features of the route,
which, above all, enables the development of a more efficient driving schedule of
the vehicle, which in turn will allow the driver to use the engine power with ma-
ximum benefit based on these data. External velocity characteristics, traction-
velocity balance and fuel and economic characteristics of the engine of the vehi-
cle under consideration are calculated. Based on this data, the driving mode for
each section of the route is selected to match the lowest fuel consumption and en-
gine power. The problem with the implementation of this plan is to communicate
to the driver information on the optimal use of engine power, depending on road
conditions. On the one hand, an application can be developed for the driver that
will offer driving modes, but control of the parameters and the reaction of the
driver in real operating conditions may not be effective. Therefore, the approach
implemented in the work is rather a tool for automating the movement process.
Obviously, after the full automatic movement of the vehicle is realized, the next
steps will be the optimization of transportation costs.

Key words: engine power; route parameters; terrain map; fuel consump-
tion; relief features.

ITocTanoBka mnpoOJjevu. EdextuBHe (yHKIIOHYBaHHS MICBKOrO TMaca-
XKHUPCHKOTO TPAHCIIOPTY € OJHUM 13 KJIFOYOBUX HANpPSMIB PO3BUTKY COIIJIbHOI Ta
BUPOOHMYO-EKOHOMIUHOI cepu Oyab-skoro micra. Yepes 3pocTaHHs HaceICHHS
1 PO3BUTOK MiCTa 30UTBITYE€THCS] HABAHTAXKEHHS Ha TPOMAJICHKUNM TPAHCTIOPT, He-
MUHYY€ BUHHUKAIOTh IPOOJIEMHU, OB’ A3aH1 3 HAJJaHHAM TPAHCIOPTHUX MOCIYT Ha-
CEJIEHHIO; MIABUILYETHCS JOPOKHBO-TPAHCIIOPTHA aBApIHHICTh; 3pOCTAE HETATUB-
HUI BIUIMB TPAaHCHOPTY Ha CTaH HABKOJHIIHBOIO CEPEJOBHIIA 1 3A0POB’sI Hace-
JIEHHS; 30UIBIIYIOThCS BTPATH, MOB’sI3aH1 3 TPAHCIOPTHUMH 3aTOPaMHM, a TaKOXK
BUKH/M MMAPHUKOBUX I'a3iB 1 BUTPATHU MaJUBa.
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Icaye motpeba y cucTeMHOMY MiIXOJi JO OpraHi3allii maca)kKUupOIOTOKIB y
MICT1 3 ypaxyBaHHAM KOH(IIIKTHUX iHTEpeciB Oe3MOCepeHIX YIaCHUKIB MepeBe-
3€Hb, TPETIX CTOPIH 13 3aCTOCYBAHHSIM CY4aCHUX MOXKJIMBOCTEH TEXHIKH i 0Oumc-
JIOBAIBHUX NpUIaIiB. Aje moOyI0Ba CUCTEMH NepeBE3eHb Yy MICTi, KA BiAMOBI-
nana 6 yciM HeOOX1IHMM BUMOTaM, IPAKTUYHO HEMOJXKIIMBA, X04a 0 yepe3 Te, 110
caMi BUMOTH Y CYY4aCHOMY MICTI AMHAMIYHO 3MiHIOIOThCA. OTKe, WIEThCA PO
BJIOCKOHAJICHHS €JIEMEHTIB CUCTEMHU IMepeBe3eHb, HacaMIlepe.l Ipo MOILIYK Mpoo-
JIEMHHUX MICIIb 1 CITOCOOIB 1X MOJEpHi3allii.

Takox BaXXJIMBUM € TOMIYK HEIOJIKIB aKTyalbHOTO0 MapUIpyTHOI'O TpaHC-
MOPTY, 110 BUKOHYE TIEPEBE3E€HHS Ha MICHKUX MapupyTax JlHirnpa ajs Toro, moo
3HAWTH BapiaHTH YCYHEHHs IIMX HEIOJIKIB 1 cmocodu pamioHanizamii pyxy Mapui-
PYTHHX TaKci.

[Tpob6nema 3MeHIIEHHST BUTPAT MaJMBa aBTOOyCaMU, MapIIPyTHUMH TaKCi Ta
BaHTOKHUMH aBTOMOOUISIMH JIOCUTh aKkTyaibHa. Tak, Hampukiaa, kommanis Ford
IUTaHY€E PO3B’SA3aTH 10 MpolsieMy 3a JOMOMOTror cBoei HOBoi cuctemu Eco Guide.
l'onoBue 3aBnanns Eco Guide y ToMy, m00 mporHo3yBaTH CHTYaIlil0 Ha JOPO3i,
JI0TIOMararoyuy aBTOMOoOLTICTaM 3/11iCHIOBATH YIOBIIbHEHHS M PO3TiH 3 MAKCHUMAJlb-
HOWO edekTuBHICTI0. KoMIuieke BUKOPHCTOBYE HaHi Bl CUCTEMH CYIMYTHUKOBOI
HaBIrallii, J03BOJIAIOYHM BOJIEBI 3aBYaCHO CKMIATH Ia3 Iij Yac HaOIMKEHHS 10 I10-
BOPOTIB, PO3BUJIOK Ta IHIINX JOPOXKHIX TUISHOK, JIe JOBEAEThCSA TanbMyBaTH. Eco
Guide aHamizye MOBEMIHKY BOJIS 1 Ja€ PeKOMEHAIlli 100 BUOOPY MIBUAKICHOTO
pexxumy i iepenadi. B pesynbTari Binanae HEOOX1THICTh Y YaCTHX MPUCKOPEHHSX
1 TAIBMYBaHHSIX, [0 TIO3UTUBHO MTO3HAYAETHCS HA BUTPATI MAJIHBA.

Kommanist Volvo npononye kopuctyBauam cucremy [-Save Ha TexHiuHOMY
piBHI Ta cucteMy [-See Ha iHTENEKTyalbHOMY, SIKa COUPAETHCSA HA Malu MicIie-
BOCTI, aHai3ye penbed JOPOTH Ta aJanTye pyxX aBTOMOOLIS BiAMOBITHO.

3aBnaHHs Ii€1 CTAaTTI — BUSHAYUTH OCOOJIMBOCTI 33/1aHOTO MaplIPyTy Iaca-
KHUPCHKUX MEPEeBE3EHb Ta PO3pPaxyBaTH ONTUMAIBHHUIA PEXKUM PyXy MAPIIPYTHOTO
TPAHCIIOPTY.

Merta cTaTTi — po3poOKa TEOPETUUHHX MOJOKEHb 1 MPAKTUYHUX PEKOMEH-
Jarii 3 yIOCKOHAJICHHS! TEXHOJOTIYHOTO TMPOIIECY PyXy MapIIPyTHOTO MACAKHP-
CHKOTO aBTOTPAHCIIOPTY Y MEXax MicCTa.

JIJist nocSATHEHHS 3a3HAYCHOI METH TIOCTABJICHO TaKi 3a80aHHS

— BU3HAYUTH XapaKTep Ta OCOOJMBOCTI PO3TIISIHYTOTO MAPIIPYTY;

— OINKCATH TEXHIYHI Ta eKCIUTyaTalliiHI XapaKTEepUCTUKH TPAHCIIOPTHOTO
3aco0y, 110 BUKOHYE MEPEBE3CHHS Ha PO3TIISTHYTOMY MapIIpyTi;

— po3paxyBaTH OCHOBHI TEXHIYHI Ta €eKOHOMI4YHI TOKa3HUKHU POOOTU MapIil-
PYTHOTI'O TaKci;

— BU3HAYUTH PEKUM pyXy aBToOyca, SKM BiMOBiIaTUME HaWMEHIINM TI0-
TY>KHICHUM 1 TAJINBHUM BUTpaTaMm

AHaJi3 ocTaHHiX AociailkeHnb i nmyoaikaunii. [HdpacTpykTypa cydacHux
MICT OJHOYACHO YCKJIQJHIOETHCSA W MOPOKY€E MPOOJIEMU CBOEIO CKIAMHICTIO U
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po3mipamu. Tomy BUHUKAE 1inuil Habip 3a7ay, po3B’ 3Ky SAKUX MPUCBAYCHO Ipa-
11l 6araThb0X HAyKOBUX IIKIJI.

Ha nam mormnsia, icHye TUIBKM OJUH HUISX 0 HAOJIMXKEHOTO pO3B’S3aHHS
po0JieM TPAHCIOPTHOI 1HPpACcTpyKTypu MicT. Lle — iHTenekryamizaris cucreMu
3 JOJaBaHHSM CY4aCHUX TEXHIYHHX pimreHs [1-4].

[ToOynoBa iHTENEKTyalbHOI CHCTEMU KEpYBaHHS MICTOM KOHIIENITYaJIbHO
MOXJIMBA TUIBKH pa3oM 13 po30ynoBoro camoro micra. OTxe, 1 MicTa, [0 Mae
ICTOpiI0 CBOTO ICHYBaHHS, MOXJIMBO CETMEHTHE BIIPOBA/KCHHS €JIEMEHTIB 1HTE-
JIEKTyallbHUX TEXHOJIOT1H.

[TpuHIMNM CTBOPEHHSI TPAHCHOPTHOI MOJENi MicTa MOYKHA MOOAYUTH Y
npaui [5]. [punnunu ¢opmyBaHHS MICBKOI TPAHCIIOPTHOI CHCTEMH Ta KOHILIETI-
I[iI0 TPAHCIIOPTHOTO IUTAHYBaHHsI TPEICTaBIeHO B [6—9)].

Oco06auBOCTI NPOEKTYBAHHS 1HTEJIEKTYaJIbHOI TPAHCIIOPTHOI CUCTEMH JIJIS
mict Mockga ta [ninpo posrisayto y [10; 11].

[TpuHumnu GpopmMyBaHHS MApIIPYTHOT MEPEKi MICT Ta MPUHLIMIIA KEepyBaH-
HS TPAHCIIOPTHOIO CUCTEMOIO J0ciiKeHo y [12-16].

YaockoHaneHHs €peKTUBHOCTI POOOTH MICHKOTO MACaKUPCHKOTO TPAHCIIO-
PTy 3aliMae BEJIMKY YacTKy JOCTIIKEeHb TPAHCIIOPTHUX CUCTEM 1 TexHoJoriH [17].

OTxe, DOCTIIKEHHS IPOBOASATHCS IUIECIIPIMOBAHO 33 PI3HUMHU HaMpsIMaMH
1 B IJIOMY CHPUSIOTH 00 €THAHHIO PE3YJIBTATIB I1iJ] KEPyBaHHSIM €JIEMEHTIB IITYY-
HOTO 1HTEJIEKTY.

Bukiaan ocHoBHOro marepiagy. OCHOBHUM BHJIOM MICHKOI'O ITacaXup-
CBbKOro TpaHcropry JHimpa € MapIIpyTHI Takci, MapIIpyTH SKUX IPOKJIAJICHO I10
BCiM Tepurtopii micta. g Oarathbox paioHiB JlHinmpa MapIIpyTHE TaKCl €IHHUN
BUJI MICBKOT'O TPAHCIIOPTY, a B IHIIKX CKJIaJa€ KOHKYPEHIIIO eIeKTPOTPAHCIIOPTY.

TpancnoptHa cuctema M. [IHIipo siBiisie OO0 CYKYITHICTh TPAHCIIOPTHUX 3a-
co0iB, IHPPACTPYKTYpH ¥ ynpaBiiHHS, BKItOYae 158 pisHux MapuipyTiB (6e3 ypaxy-
BaHHS MPUMICHKHUX), 3arajIbHOI0 MPOTSHKHICTIO 10 2500 kM, 3 Okl Hix 600 3ymuH-
kamu. B Meskax npaBoro Oepera micta i€ 87 MapiipyTiB i OJ1HA JIiHIS METPO, JIBOTO —
12, 3B’A30K MK ITPaBUM 1 JIIBUM OeperoM 31HCHIOETHCS 59 MapIpyTaMu.

Jlyi1 BUKOHAHHS JTOCHI/DKEHb Oysi0 00paHO MICBKUN aBTOOYCHHMI MapuIpyT
Ne 108. e mapuipyT, 1110 Ma€e KiHIEB1 3ynUHKU: cTaHIis MeTpo “IlokpoBchka” Ta
ByJ. JIucenka. 3a cucteMoro Kiacudikaiii MapupyTiB BiH €:

* 3a yacoM [iii: MOCTIHHMI (TTPAIIO€ YIIPOIAOBXK YChOTO POKY).

* 3a MpU3HAUEHHSIM: MapIIPYT, II0 BUKOHYE NEPEBE3E€HHS /10 MapIIpyTiB
IHIINX BUJIB TPAHCIIOPTY a00 TPAHCIIOPTHUX BY3JIIB.

* 3a XapaKTepoM LUIAXY CIiAyBaHHS: MaSTHUKOBUH (Ma€ IUISIX CIilyBaHHS
y IpsIMOMY Ta 3BOPOTHHOMY HampsIMi O OJHiH 1 Tiil camiit Tpaci).

*3a XapakTepoM pO3MIIEHHS Ha TepUTOopii MicTa: TaHTeHCHAIbHUN
(3’enHye okpemi nepudepiitHi palloHu MicTa il He TPOXOJUTH YEPE3 LIEHTP).

*3a yMOBOK BUKOPHUCTAHHSI 3yNHHKOBHUX IYHKTIB: 36UuqiiHuti, MaplIpyT Ha
SIKOMY 3yITMHKA BUKOHY€EThCS Ha BCIX MPOMIKHUX ITYHKTaX B 00OB’SI3KOBOMY MOPSIZIKY.
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Sk Oyno 3a3HadeHo Buine, MmapuipyT Ne 108 He € OCHOBHUM MICBKUM MapIil-
pyToM, TOOTO HE MPOXOIUTH Yepe3 LEHTP MicTa W He 3’€IHye CHajbHI palloHU
Ta YXUTIOBI MAacHBH 3 MPOMHUCIOBUMH. BUKOPHCTOBYETHCS JKUTEISIMU CEJHIIA
JiiBka s Toro, moO JicTaTvcs 3yMUHOK IHIMUX BHUJIB TPaHCIOPTY, 30KpemMa
ctanuii metpo “IlokpoBcbka”, Ha xuTIOBOMY MacuBi “IlokpoBChKMi” Ta KiHIIE-
BOT 3yNUHKM 0ararb0X MapIIpyTHHX TaKCi Ha )KUTIOBOMY MacuBi “Tlapyc”.

3aranbHa MPOTKHICTH MapIpyTy — 4 kimomerpu. CepeqHiil iHTEpBaI MiXk
peticamu 10—-15 xB. [TounHae poboty mapupyt o 5:30 i 3akinuye o 22:00. 'oguna-
MK Npunajaae Ha Taki inrepBayu yacy: 3 7:00 mo 10:30 ta 3 17:00 mo 21:00. V ro-
JIMHY-TIIK IHTEpBaJ MIX peiicaMu Ha MapuIpyTi cTaHOBUTH 5—10 xB.

Penved na mapupyti Ne 108 BigmoBigHO 0T reorpadiyHuX KOOPAMHAT,
orpumanux y nporpami Google Earth Pro 306pakeno na puc. 3.

Puc. 3. 3D monens mapuipyty Ne 108

Haitamxkva Touka MapmipyTy MiCTUTBCS Ha BHCOTI 60 M HaJ piBHEM MOps
(cranuis metpo “IlokpoBcbka”), a HaliBUIIa — HA BUCOTI 169 M Hajg piBHEM MOpsL.
MaxkcumanpHU yXWJI Ha MapmipyTi — 6 TpamyciB, a cepemHid — 2 Tpagycu.
[epma yactuHa Mapmpyty (mpuOiIM3HO 1 KM) Mae cranuii Xapakrep, BUCOTa Ha
i YaCTWHI MapImpyTy He 3MIHIOEThCs. J[pyra yactuHa Mapmpyty (mpuOIH3HO
1,2 kM) Ma€e HEepiBHOMIPHHUI XapakTep 3MiHU pesbedy — TUISHKH 3 BEJIMKHM Ky-
TOM yxwity jaoporu (3—4 Tpan.) MeXYIOTh 3 PiBHUMH AiisHKamu (10 1 rpam.).
OctanHs yacTuHa MapuipyTy (mpuOau3Ho 1,4 KM) XapakTepU3yeThCsl PiBHOMIp-
HUM 301UTbIIEHHSIM (3MEHIIIEHHSIM) BUCOTH TP KYTi YXHITy 10poTy 3—4 rpagycH.
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BA3-A079 “Ertanon” — aBTO0yC Mayioro Kjiacy, Npu3HaYeHUN sl TiepeBe-
3€HHS MMAaCaXUPIiB HA MICHKUX, MPUMICHKHUX 1 MDKMICBKMX KOMEPLIHHUX Mapuipy-
tax. Ha BA3-A079 “Etanon” tak camo, 5K 1 Ha BCl aBTOOyCH, TOOy0BaHi Ha OC-
HoBi maci TATA LPT-613, BCTaHOBIIOETHCS AU3EIIHUN TBUTYH 1HIACHKOTO BH-
poonunTBa — TATA 697 TC 55L.

[IBuaKicCHA XapaKTePUCTHKA JIBUTYHA — 3QJICKHICTh OCHOBHHMX MOKA3HUKIB
poOOTH IBUTYHA BiJ 4acTOTH oOepTaHHs (KyTOBOI IBHIKOCTI) KOJIHYACTOIO Ba-
nma. OTpuMaHa 3a MOBHOI MMOJaYi MajrBa XapaKTePUCTHKA HA3MBAETHCS 30BHIIII-
HBOIO, 3a [IEBHOT HETOBHOI CTaNOl MOJjadi NaluBa — YaCTKOBOIO. OCHOBHUMH I10-
Ka3HMKaMU POOOTH JIBUTYHA € e(heKTUBHI MOTYXHICTb Ta 00EPTOBHI MOMEHT, IH-
TOMa ¥ TOJMHHA BUTPATH MajJluBa TOUIO.

30BHIIIHS IMBHIKICHA XapaKTEPUCTUKA JBUTYHA PO3PAXOBYETHCS 33 €MITi-
pUYHUMH (HOPMYITaMHU:

n n n
N, =N, |a—+b(—)°-c(—)® |, xBr, 1
M, =10° e Hy, @
a)e
ge = gnKo, T/kBT/TO7, (3)

e
a, b, ¢ — mapameTpu nBUTYyHA;
N, — IOTOYHE 3HaUeHHs 00epTiB KOIIHYATOr o Bajia, 00/XB;

M, — KpyTHHI MOMEHT Ha KOJIiHYaToMy Bairy 1BUryHa Hwm;

(g — KyTOBA IIBUJIKICTH 32 MAKCUMAIIbHUX 0OEPTIB JIBUTYHA JIOPIBHIOBATHME:
314-2400
Wy =———

30

g, — [IMTOMa BUTpaTa I1ajJInBa,

= 2512 pan\cek;

Jy — OuMTOMA BUTpaTa majavBa 3a MaKCHMaJIbHOL HOTY)KHOCTi. I[J'I}I AU3CIIbHOI'O

nsuryHa gy = 190 ... 240 r/kBr - ron.

3a nmporotunoM aBuryHa aBromoOiunss bA3-A079 “Eranon” mpuiimMaeMo:
a=0,68; b=1,38; c=1,06.

K, — koedilieHT, AKMi ypaxoBye 3MiHY MUTOMOI BUTPATH HaJUBa 3aJI€KHO
BiJl IBUJIKOCTI 0O0€pPTaHHA Bajia IBUTYHA.

ISSN 2521-6643 Cuctemu Ta texuostorii, Ne 2 (58), 2019 145



[0
K,=a,-b,—+c,(

2N

We

)%, 4)

Oy

ne a, =1,26; b, =0,85; c, =0,59— craruuHi KoedilieHTH;

1 Yo

@

(¢ — OTOYHE 3HAYEHHS KYTOBOI IIBUIKOCTI;

(DN — 3HAYEHHS KyTOBOI IIBUAKOCTI 38 MAKCUMAJILHUX 00EPTIiB JIBUTYHA,;

ITig yac MmakcumManbHUX o0epTax ABUryHa KoedinieHT K, mOpiBHIOE:

2512

2512

K, =126— 08522 4 059(=25)% =1,

2512

2512

3a BUILEHABEICHUMH 3AJIC)KHOCTSIMA BUKOHAHO PO3PaXyHKH, OTPUMAHO pe-
3ynbraty (Tadm. 1). [ToOynoBaHHO 30BHINIHIO IIBUAKICHY XapaKTEPUCTHKY.

Ta0muus 1

3oBHilIHA WIBUAKiCHA XapakTepucTuka ABuryna TATA 697 TC

No Obepn [ToTyXHICTB Kpyrnuit [IuToma BuTpara nanusa
3/ ABHTYHA Ne, kBt MOMCHT Je, T/KBT - TO
n, 06/xB M, H M

1 800 33,7 402 224,08

2 960 43,6 433 218,10

3 1120 50,7 432 213,24

4 1280 59,8 446 209,52

S5 1440 67,9 450 206,92

6 1600 76,1 454 205,44

7 1760 82,2 446 205,10

8 1920 89,3 444 205,88

9 2080 94,3 433 207,80

10 2240 98,4 419 210,83

11 2400 101,5 404 215
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JI1st motanbIMX po3paxyHKiB MOTPIOHI 3HAYEHHS MTepeAaTOYHUX YHCEIl Pi3-
HUX niepeaay (tadm. 2).

Tabmums 2

ITepenaTouni yncjaa KopoOku nepenay

Ne mepenaui 1 2 3 4 5
[lepenaToune uncno kopobku nepenau | 6,34 | 3,37 | 2,11 | 1,28 1

[MoTyxHM1 GalaHC aBTOMOOLIS — 1€ 3aJIeKHICTh MOTY)KHOCTI JIBUTYHA, T10-
TY)KHOCTI Ha BEIYYHX KOJIECAaX, MOTYXHOCTI ONOpPY KOYECHHIO Ta IMOTY)KHOCTI
OTIOpY MOBITPS B MIBHIKOCTI aBTOMOOIJIS HA PI3HUX Iepeavax.

BennunHy mOTYXHOCTI Ha BEIy4nX KOJecaX BU3HAYAIOTh 32 (POPMYIIOKO:

N, =N, -7 ,KBT. %)

3a MakcuManbHOI MOTy»)HOCTI N N, AopiBHIOBaTUME:

N, =1015-0,88=289,32, kBr.

JluHaMi4Ha XapaKTePUCTUKA — 1€ 3aJICKHICTh IUHAMIYHOTO (haKTOpa aBTO-
MOOUIS BiJT IIBUKOCTI PyXy Ha PiI3HUX Mepegadax.
Junamiunuii pakTop aBTOMOOLISI BU3HAYAETHCS 32 (HOPMYIIOHO:

Do = —n, (6)

e M, — IOBHa Bara aBTo0yca, 110 1opiBHIO€ 7730 Kr;
P, — cuia Ha Beyuux Kosiecax, sIKy BU3HA4aloTh 32 BUPA3OM:
_ Me-U, -U, -7,

P ; (7)
rk

ne M, — KpyTHUIl MOMEHT JIBUT'YHa;

U, — nepenaBanbpHe 4nCiIO MOTOYHOI IEpeaayi;

ISSN 2521-6643 Cuctemu Ta texuostorii, Ne 2 (58), 2019 147



U, — nepeaaBaibHe YHCIIO TOJIOBHOI Niepeayi;
n., — KKJI Tpancmicii aBromo61s. [l BaHTaXHUX aBTOMOOLIIB Ta aBTO-
OyciB Ha ix 6a3i KKJI[ = 0,85-0,92 npuitmaemo KK/[ = 0,88;
I, — paalyc KOYeHHs KOJIIC, III0 BU3HAYAETHCS 3a (HOPMYIIO0:

D — 3oBHimHIN giametp muHU 111 BA3-A079 nopiBHioe 605,75 MM;
P, — cuna omnopy HOBITps, Ky BU3HA4YaIOTh 32 (HOPMYJIOIO:

P =K, -F V% (8)

K — koediiieHT omopy MoBITPss PEKOMEHIYEThCS BUZHAUNTH 3aJICKHO Bl

n
Uiy aBroMo6is. st aBrobyca K = 05Hc? | m®;
F , — IUI0IIa MiJIeIeBOro Mepepizy aBToMOOIIIA, IKY BU3HAYAKOTH 33 (POPMYIIOKO:

F :a-BO-HQMZ, €)]

n

e @ — KOeQIIieHT 3aMOBHEHHS IO, JUISl BAHTAXKHUX aBTOMOOILTIB Ta aBTOOY-
ciB Ha 1x 0a3i: o =0,75...0,9.
3a pe3ynpTaTaMH pO3pPaxyHKiB OyJyeMO TMHAMIYHY XapaKTEPUCTHKY.

Ta0muus 3
THAroBui Ta NOTYKHiCHMIA 0a1aHC AaBTOMOOLIA
1 mepenava U = 6,34
V, Mm/c Pk, H Ne, kBt Nk, kBt D
1,25 23 749,96 33,7 29,66 0,313
1,50 25 581,42 43,6 38,37 0,338
1,75 25 522,34 50,7 44,62 0,337
2,00 26 349,46 59,8 52,62 0,348
2,25 26 585,77 67,9 59,75 0,351
2,49 26 822,09 76,1 66,97 0,354
2,74 26 349,46 82,2 72,34 0,348
2,99 26 231,30 89,3 78,58 0,346
3,24 25 581,42 94,3 82,98 0,337
3,49 24 754,31 98,4 86,59 0,326
3,74 23 868,12 101,5 89,32 0,315
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[IponosxenHnst Tabd. 3

2 nepenaya U = 3,37
V, m/c Pk, H Ne, kBt Nk, kBt D
2,35 12624,19 33,7 29,66 0,166
2,82 13597,7 43,6 38,37 0,179
3,28 13566,29 50,7 44,62 0,179
3,75 14005,94 59,8 52,62 0,184
4,22 14131,55 67,9 59,75 0,186
4,69 14257,17 76,1 66,97 0,187
5,16 14005,94 82,2 72,34 0,184
5,63 13943,13 89,3 78,58 0,183
6,10 13597,7 94,3 82,98 0,178
6,57 13158,05 98,4 86,59 0,172
7,04 12687 101,5 89,32 0,166
3 mepemava U = 2,11
V, m/c Pk, H Ne, kBt Nk, kBt D
3,75 7904,17 33,7 29,66 0,104
4,50 8513,69 43,6 38,37 0,112
5,25 8494,03 50,7 44,62 0,111
6,00 8769,30 59,8 52,62 0,114
6,75 8847,95 67,9 59,75 0,115
7,50 8926,59 76,1 66,97 0,116
8,24 8769,30 82,2 72,34 0,113
8,99 8729,97 89,3 78,58 0,112
9,74 8513,69 94,3 82,98 0,109
10,49 8238,42 98,4 86,59 0,105
11,24 7943,49 101,5 89,32 0,100
4 nepenaya U = 1,28
V, m/c Pk, H Ne, kBt Nk, kBt D
6,18 4794,94 33,7 29,66 0,062
7,41 5164,70 43,6 38,37 0,066
8,65 5152,78 50,7 44,62 0,065
9,88 5319,76 59,8 52,62 0,067
11,12 5367,47 67,9 59,75 0,066
12,36 5415,19 76,1 66,97 0,066
13,59 5319,76 82,2 72,34 0,064
14,83 5295,91 89,3 78,58 0,062
16,06 5164,70 94,3 82,98 0,059
17,30 4997,72 98,4 86,59 0,055
18,53 4818,80 101,5 89,32 0,052
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3akinyeHHs Ta0iI. 3

5 mepemada U =1
V, M/c Pk, H Ne, kBt Nk, kBt D
7,91 3746,05 33,7 29,66 0,047
9,49 4034,92 43,6 38,37 0,050
11,07 4025,61 50,7 44,62 0,049
12,65 4156,07 59,8 52,62 0,049
14,23 4193,34 67,9 59,75 0,048
15,81 4230,61 76,1 66,97 0,047
17,40 4156,07 82,2 72,34 0,044
18,98 4137,43 89,3 78,58 0,042
20,56 4034,92 94,3 82,98 0,038
22,14 3904,47 98,4 86,59 0,034
23,72 3764,69 101,5 89,32 0,030

3a naHuMu, OTpUMaHUMU 3 Tab. 3, Oyayemo rpadik TATOBOi XapaKTepPUCTUKU
aBTOMOOUIA (puc. 4).

Pk1
%,
25000 | *¢ .
- [ ]
12000 cevs®ee, Pk
. b
10000 PKL3
...........
5000 ........F.l(:‘ Pk
o P TL LY TP
0 10 20 30 40 50 60

Puc. 4. Tsarosa xapakrepuctuka ABuryHa apromo6ins bA3-A079 “Eranon”
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[Tig yac BU3HAYEHHA Yacy PO3TOHY aBTOMOOUIS JBUTYH IPALIIOE B PEXKHUMI
30BHIIIHBOI MIBUJKICHOI XapaKTEPUCTUKH, NEPEKIIOUEHHS Mepeay BiI0yBaeTbCs
32 MaKCUMaJbHOTO JWHAMIYHOTO (hakTopa aBTOMOOUIS, @ PO3TiH MOYMHAETHCA 31
IIBUAKOCTI aBTOMOOLJIS, sIKa BIATOBiIa€ MiHIMAIBHUM 00epTaM JIBUTYHa W HUX-
HiM Tiepeiayl B TpaHCMicli. 3a JMHAMIYHOIO XapaKTEPHUCTHKOI aBTOMOOLIIS BU3HAYa-
€THCS IIBHUJIKICTh aBTOMOOIIS, 32 SIKOT BiIOYBA€ThCS MEPEKITIOYCHHS TIepeaay.

CymapHHii 9ac po3roHy aBTOMOOLIS CKJIAJA€THCS 3 Yacy pO3roHy Ha KOXK-
HIi repeadi i BA3HAYAETHCSA 32 POPMYIIOH0:

=Y+ YAt (10)
1
Yac po3roHy BU3HAYAETHCS 33 (OPMYJIOKO:

_ 2(Vi,, —Vi)o , (11)
9ID, + D,., — f,(L+V,> /1500) - f, (1+V,?, /1500)]

i+l

At,

ne O — KoedimieHT 00epTOBUX Mac, IO BPaXxoOBYe 00OEPTOBI MacH TpaHCMICIT i
KOJIiC, SIKH PO3paxOBYIOTh 32 (HOPMYIIOH0:

5=1.03+0.08U,°%, (12)

e U x — HEepeaaToYHe YucCiio KOpO6KI/I nepeaay, Ha AKC BU3HAYAECTbCA 4aC pO3roHy.

CymapHHMii OUIAX PO3TOHY aBTOMOOUIS CKIIQIA€THCS 31 IIISIXY, KU MPOie
aBTOMOOUIP Ha KOXKHIN Iepenadi, yacy 1 IUIAXY 3a 4ac MEepPeKIIUYCHHS Imepeaad.
Bennunny S Bu3HauaeMo 3a GopMyIoo:

S,=Y" S+ AS,. (13)

3HavYeHHS MUIAXY MiJ Yac pO3roHy aBTOMOOUIS B iIHTEpBaIl IMIBUIKOCTEHN BiJl
Vi no Vi+1:

AS, = %Ati. (14)

Toxi nuisx po3roHy Ha i-Tii nepeaayi 10piBHIOBaTUME:
K
S, = AS, (15)
i=1

ne K — KinpKicTh IHTEepBaJliB IIBUIKOCTEH Ha i-il mepenayi.

Ha miacraBi oOuucineHux JaHUX MOOYAOBAaHO IMIBUAKICHY XapaKTEpUCTUKY
pasroHy aBTOMOO1IS.
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Yac Ta nuisiX po3rony aBTomMooiis

1 mepenava U = 6,34

V1, m/c V2, m/c T, c S\M
1,25 1,50 0,238 0,328
1,50 1,75 0,230 0,374
1,75 2,00 0,227 0,425
2,00 2,25 0,222 0,472
2,25 2,49 0,211 0,501
2,49 2,74 0,221 0,578
2,74 2,99 0,224 0,641
2,99 3,24 0,227 0,707
3,24 3,49 0,234 0,787
3,49 3,74 0,242 0,875

2 nepenavya U = 3,37

V1, m/c V2, m/c T c S, M
2,35 2,82 0,444 1,147
2,82 3,28 0,419 1,279
3,28 3,75 0,422 1,485
3,75 4,22 0,414 1,650
4,22 4,69 0,411 1,830
4,69 5,16 0,413 2,034
5,16 5,63 0,418 2,255
5,63 6,10 0,425 2,491
6,10 6,57 0,438 2,773
6,57 7,04 0,454 3,088

3 mepenmava U = 2,11

V1, m/c V2, m/c T c S, M
3,75 4,50 0,890 3,673
4,50 5,25 0,861 4,198
5,25 6,00 0,850 4,784
6,00 6,75 0,835 5,326
6,75 7,50 0,831 5,918
7,50 8,24 0,826 6,501
8,24 8,99 0,850 7,323
8,99 9,74 0,867 8,117
9,74 10,49 0,897 9,075
10,49 11,24 0,935 10,159

Tabmuus 4
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3akinyeHHus tadia. 4

4 nepemaya U = 1,28
V1, m/c V2, M/c T c S,Mm
6,18 7,41 2,181 14,819
7,41 8,65 2,141 17,194
8,65 9,88 2,115 19,599
9,88 11,12 2,115 22,205
11,12 12,36 2,126 24,956
12,36 13,59 2,154 27,948
13,59 14,83 2,240 31,827
14,83 16,06 2,307 35,630
16,06 17,30 2,463 41,082
17,30 18,53 2,617 46,883
S mepemava U =1
V1, m/c V2, M/c T c SMm
7,91 9,49 3,586 31,195
9,49 11,07 3,529 36,275
11,07 12,65 3,560 42,226
12,65 14,23 3,583 48,154
14,23 15,81 3,666 55,062
15,81 17,40 3,853 63,973
17,40 18,98 4,057 73,796
18,98 20,56 4,354 86,069
20,56 22,14 4,816 102,818
22,14 23,72 5,459 125,186

Takox BaxIJIMBUM ITOKa3HUKOM € IIJISX €(PEeKTUBHOIO raJilbMyBaHHS.
HInsax edeKTHBHOTO ralbMyBaHHSI BU3HAYAETHCS 32 YMOBHU MEpEXOay KiHETHY-
HOI eHeprii aBTOMOOLUIS B pOOOTY CHJT TEPTSI MIXK IIPOTEKTOPOM ILHHU Ta JOPOTOIO:

2
g = Yo (16)
290

ne ¢ = 0,6, ..., 0,7 — koedili€HT 3UETUICHHS.
Ha mizncraBi o04MciaeHUX AaHUX MOOYA0BAaHO HIBHJKICHY XapaKTEPHUCTUKY
pPO3rOHY aBTOMOO1JIA.
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Tabmuus 5

I'aabmiBHuMil muisx aprodyca BA3-A079 “Eranon”

Ul U2 U3 U4 U5
V,m/c| Se,m | V,m/c | Se,m | V,m/c | Se,m | V,m/lc | Se,m | V,M/c | Se, m
1,25 | 0,122 | 2,35 | 0432 | 3,75 | 1,102 | 6,18 2,996 791 | 491
150 | 0,176 | 2,82 | 0,622 | 450 | 1,587 | 7,41 4,314 949 | 7,07
1,75 | 0,239 | 3,28 | 0,847 | 525 | 2,161 | 8,65 5871 | 11,07 | 9,62
2,00 | 0,313 | 3,75 | 1,106 | 6,00 | 2,822 | 9,88 7,669 | 12,65 |12,56
2,25 | 0,396 | 4,22 | 1,400 | 6,75 | 3,572 | 11,12 | 9,706 | 14,23 | 15,90
249 | 0488 | 469 | 1,729 | 750 | 4,410 | 12,36 | 11,982 | 15,81 | 19,63
2,74 | 0591 | 516 | 2,092 | 8,24 | 5336 | 13,59 | 14,498 | 17,40 | 23,75
299 [ 0,703 | 563 | 2,489 | 8,99 | 6,350 | 14,83 | 17,254 | 18,98 | 28,27
324 | 0825 | 6,10 | 2,921 | 9,74 | 7,452 | 16,06 | 20,250 | 20,56 | 33,18
3,49 | 0,957 | 6,57 | 3,388 | 10,49 | 8,643 | 17,30 | 23,485 | 22,14 | 38,48
3,74 | 1,099 | 7,04 | 3,889 | 11,24 | 9,921 | 18,53 | 26,960 | 23,72 | 44,17

BusHaueHHs ONTUMANBHOTO PEXHUMY pPyXy aBToOyca 0a3yBaTHMMETbCS Ha
naHux 3 Ta0u. 1, 2, 3, 4, 5. JI7s1 KOXKHOI AUITHKY MapiipyTy AiOpaHo pexXxuM pyxy,
10 3aJICKUTh BiJl peNbe(PHUX MOKA3HUKIB JUISHKU Ta 33JJOBOJILHSIE YMOBY e(eK-
THBHOI BUTPATH NAJIMBA i TIOTY>KHOCTI JIBUTYHA.

Ha xosxHili AinsHII MapuipyTy OyJIo BCTAaHOBIEHO IIBHIKICHHM MTPOMIXKOK:
Bix 40 no 60 km/roa JuIsl piBHUX JUISTHOK Ta Big 25 10 60 KM/Toa — Uil AUISTHOK 3
yxmwioM. Takuii mpoMiXKok OyB YCTaHOBIICHHI SIK ONTHMAJIbHUH, aBTOOYC, pyxa-
IOYUCH y TAKOMY Jiara3oHi MBUAKOCTEH, HE MEPEBUIIYBATUME JTO3BOJICHUM IIBUI-
KICHMH JIMIT JUIs pyXy B MeXax MicTa il He 3aBakaTUMe 1HIIMM y4acHUKaM J10-
POKHBOTO PYXY, PYXalOUuuCh 3aHAATO MOBLIbHO. Po3rin n0 mBuakocTi 40 kM/Tox
BHKOHYETHCS 3 BAKOPUCTAHHSIM MaKCUMaJIbHOI MTOTYXHOCTI JBUTYHA, TOMY B PO3-
paxyHKax ydacti He Oepe.

Mapmpyt Ne 108 6yno moaineno Ha 11 AUISHOK B OJUH Ta 1HIIHMA OiK.

[IBuakicHuit mianazon: V1 = 11-16 m/c (40—60 km/rom) V2 = 6,75-16 M/c
(25-60 km/ron);

3arajibHa MPOTSKHICTE MapHIpyTy: S = 3,65 KM.

[nsx posrony mo mBuakocti 40 km/ro: S =90 M; 10 25 km/rox: S = 50 m;

lanpMiBHMIA TIIAX Ui Pi3HUX IIBUAKOCTEH MOKa3aHO B Tadm. S5 (ams
40 xm/ron 5.= 9,62 m).
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Po3paxyHok pexumy pyxy ais aiisiikm 1-11

Tabmuis 6

V, m/c S, m a, Tpaj. U N.,xBr | M_,H-m | g, /kBT-rox
11-16 313 0 4 67,9-94,3 | 433-454 | 205,1-207,8
V, m/c S, M 0, Tpa. U N._, kBt M., H-M | g., 0/kBt-TOR
11-16 548 0 4 67,9-94,3 | 433-454 | 205,1-207,8
V, m/c S, M 0, Tpam. U N._, kBt M., H-Mm | g., 0/kBt-TOR
6,75-8,99 109 0 3 67,9-89,3 | 444-454 | 205,1-206,9
V, m/c S, m a, Tpam. U N.o,xBr | M, H-m | g, t/kBt-rox
6,00-9,74 558 4 3 59,8-94,3 | 433-454 | 205,1-209,5
V, M/c S, M 0, Tpa. U N_, kBt M., H-Mm | 9., 0/xkBt-TOR
6,75-10,5 377 2,3 3 67,9-98,4 | 419-454 | 205,1-210,8
V, M/c S, M 0, Tpa. U N_, kBt M., H-wM | g., 0/xkBt-TOR
9,88-14,8 251 1 4 67,9-89,3 | 444-454 | 205,1-206,9
V., m/c S, m a, 2pao. U N, kBr M. H-wm | g., r/kBr-rox
11-16 236 0 4 67,9-94,3 | 433-454 | 205,1-207,8
V, m/c S, m a, 2pao. U N_, kBr M_,H-m | g., r/kBt-rox
8,99-10,5 401 1,8 3 89,3-98,4 | 419-444 | 205,8-210,8
V, M/c S, M 0, Tpa. U N_, kBr M. H-~m | g., /xBt- 101
6,00-9,74 189 4 3 59,8-94,3 | 433-454 | 205,1-209,5
V, M/c S, M 0, Tpa. U N_, kBt M., H-Mm | 9., 0/xkBt-TOR
7,5-9,74 332 3 3 76,1-94,3 | 433-454 | 205,1-207,8
V, m/c S, m a, Tpa. U N.o,xkBr | M, H-m | g, r/kBt-rox
7,5-9,74 306 3 3 76,1-94,3 | 433-454 | 205,1-207,8

[Tin gac pyxy Ha mapuipyti Ne 108 y Hanpsamky Byi. JIuceHka — cTaHIis
Metpo “TlokpoBchbka” Ha AUISHKAX 3 JocTaTHIM yxuioMm AT3 pyxatumerbcs 3a
JIOTIOMOT'0I0 BHUOITY (HAaKaTOM), BOJII€BI JOCTATHHO MIATPUMYBATH 3a3HAYCHUUN
IIBUAKICHUN PEXUM, Yac BiJ Yacy HaTHCKalO4M Ha Meaajib ra3y, Ha MPOMIKKax
nicns po3rony A0 40 KM/Tozt Ta 10 TajJbMyBaHHS Ha 3yIUHKaX.

BusnaueHuit pexxum pyxy A KOXKHOI JUISHKM MapIIpyTy 3a0esnedye
e(eKTHBHE BUKOPHUCTAaHHS MOTYXHOCTI JIBUTYHA Ta MaJIMBHO-€KOHOMIYHY e(eK-
TUBHICTb TPAHCIOPTHOTO 3ac00y IiJ] Yac pyxy B yMOBax MicTa.
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Tabmuus 7

Po3paxyHok pe:kumy pyxy aJjs gijisaku 11-1

V, m/c S, M 0, Tpa. U N_, kBt M_,H-w™m | g., r/xBr-roxn
11-16 337 -3 5 50,7-76,1 | 432-454 205,4-213,2
V,m/c | S,Mm | o, rpan. U N_, xBr M_ H-wm | g, t/kBr-Tron
11-16 267 -3 5 50,7-76,1 | 432-454 205,4-213,2
V, m/c S, M 0, Tpa. U N_, kBt M_,H-w™m | g., r/xkBr-roxn
11-16 236 -4 5 50,7-76,1 | 432-454 205,4-213,2
V, m/c S, M @, Tpaj. U N_, xBr M_,Hw™m | 4., r/kBr-roxn
11-16 | 409 -17 5 59,8-76,1 | 446-454 205,4-209,5
V, m/c S, M 0, Tpa. U N_, kBt M_,H-w™m | g., r/xkBr-roxn
11-16 235 0 4 67,9-94,3 | 433-454 205,1-206,9
V,m/c | S, M | o, rpan. U N_, xBr M_,H-w™m | g., r/kBr-roxn
1125,?8— 274 -09 5 59,8-82,2 | 446-454 205,1-209,5
V, m/c S, M 0, Tpa. U N_, kBt M_,Hw™m | g., r/kBr-roxn
11-15,8 | 354 -21 5 50,7-76,1 | 432-454 205,4-213,2
V,m/c | S, M | o, rpan. U N_, xBr M_,HwM | g., r/kBr-roxn
8-16 487 -3,7 5 33,7-82,2 | 402-444 205,1-224
V, M/c S, M 0, Tpa. U N_, kBt M_,H-w™m | g., r/kBr-roxn
11-16 736 0 4 67,9-94,3 | 433-454 205,1-207,8
V,m/c | S, M | a, rpan. U N_, kBt M_ H-wm | 8. r/kBr-rog
11-16 204 0 4 67,9-94,3 | 433-454 205,1-207,8
V, M/c S, M 0, Tpa. U N_, kBt M_,H-w™m | g., r/kBr-roxn
8,6-13,6 | 625 0 4 50,7-82,2 | 432-454 205,1-213,2
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BuCHOBKM 3 JaHOT0 JO0CJIiIKeHHS i NepCneKTUBH NMOJATbIUINX PO3BiI0OK
y Aanomy Hanpsimi. [lanuBHa eKOHOMIYHICTH Ta palioOHaJbHE BHUKOPUCTAHHS
MOTY>KHICHHX PECypCiB JBHTYHA aBTOTPAHCIOPTHOTO 3ac00y J1a€ 3MOTY CYTTEBO
3HM3UTU BUTPATH HA MAJHBO Ta WOTro oOCIyroByBaHHA. B cydacHuX ymoBax ma-
CaXUPCHKUX TEepEeBe3eHb, BAPTOCTI MalKMBa Ta MACTHJIBHUX 3aC00IB €KOHOMIs Ha
LMX BUTPATHUX MaTepiajiax Ja€ 3MOT'y CyTTEBO 3HU3UTU BUTPATH Ha MEPEBE3CHHS
JUIS. TPAHCTIOPTHUX KOMITaH1i Ta aBTOTPAHCIIOPTHUX MIANPUEMCTB.

AHani3 npuHIUIIB (OpPMYyBaHHS Ta CTaH TPAHCHOPTHOI CHCTEMH MiCTa
JIHITIpO TMOKa3aB, 0 TPAaHCIOPTHA CHCTEMa MiCTa Ma€ HEPIBHOMIPHUN PO3TOILIT
PO3rayKeHOCTi, TOOTO B LIEHTPI Ta MPHJIETIHX J0 HHOrO palloOHaX MiCTa po3ra-
JYXKEHICTh TPAHCIIOPTHUX MAapIIPYTIB JOCHTH BEJIMKA, a HA OKOJMIAX MIiCTa KOe-
GiIieHT pO3ramyKeHOCTI 3MEHIIYETHCS, [0 BUPAKAETHCS B HEBEJIMKIM KUTBKOCTI
PI3HOMAaHITHUX TPAHCIIOPTHUX IIJISAXIB.

Ha posrsinyromy Mapmpyti Ne 108, Bu3HaueHo penbedHi 0COOIMBOCTI Map-
IPYTY, 110 HAcCaMIIepe]l 1a€ 3MOTY PO3poOUTH OLIbIl eeKTuBHMUN rpadik pyxy aB-
TOTPAHCIOPTHOTO 3aco0y, 110, 31 CBOro OOKY, JAaBaTHUME 3MOTY BOJII€BI, HA OCHOBI
UX JaHUX, BUKOPHCTOBYBATH IOTYXKHICTh JIBUTYHA 3 MAaKCUMAaJbHOIO KOPHUCTIO.
Po3paxoBaHo 30BHIIIHIO MIBUAKICHY XapaKTePUCTUKY, TATOBO-IIBUIKICHUI OanaHC
Ta TAJUBHO-EKOHOMIUHY XapaKTEPHCTHKY JBUTYHA PO3MIISTHYTOrO TPaHCIIOPTHOTO
3aco0y. Ha ocHOBI ux gaHux 0OpaHO PeXUM PyXY ULl KOXKHOI JULTHKA MapIipyTy,
110 BIATIOBIAATHME HAMEHIIIMM BUTpAaTaM NajkBa Ta MOTYKHOCTI JBUTYHA.

[TpoGemoro pearizaiiii bOTO TUTAHY € TOHECEHHS 0 BOAIS iH(popMaIlii mpo
ONTUMAaJIbHE BUKOPHUCTAHHS MOTYKHOCTI JIBUTYHA 3aJISKHO BiJ TOPOXKHIX 0OCTa-
BHH. € JeKiIbKa cIoco0iB po3B’si3aHHS ITi€T TPOOIeMHU:

1. VcraHoBneHHs cremialbHUX JOPOXKHIX 3HAKIB, SIKI BKa3yBaTUMYTh ILIBH/I-
KICHHMI Ta MOTYXHICHUI PeXUM AJI1 KOHKPETHOI AUISHKH MapHIpyTy, JOTPUMY-
IOYUCH SIKOTO, BOAIl MAaTUMYTh 3MOTY OUIbII €EeKTUBHO TOJATH BEIUKI M Maii
BIJICTaHI.

2. O6nagHaHHs aBTOOYCIB CIellaIbHUMH HaBiratopamu, 1o OyIyThb CIO-
BILLIATH BOJISI PO ONTUMAIBHUM PEXUM PYXY Ha IUISHII, A0 KO HAOIMIKAETHCS
aBTOOYC.

3. Po3po0Oka creniansHOro MOOITFHOTO JOAaTKa JJIsS BOJIIB, IO CIOBIIIA-
THME 1X PO ONTUMAJILHUM PEXUM pyXy Ha HACTYIHIN JAUISHII MapLIpyTy.

Peanizanis nux cnocoOiB JO3BOJUTH CYTTEBO 3HU3UTU BUTPATH aBTOTpPAHC-
MOPTHUX MiJIPUEMCTB Ha NEPEBE3ECHHS.
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Ta iHXeHepil nporpamHoro 3abeaneyeHHs
YHiBepcuUTeTy MUTHOI Cnpasu Ta giHaHCIB
. 1. MpokonoBuY-TKkayeHko, kKaHauaaT
TEXHIYHMX HayK, BUKOHyBa4 060B’s3KiB
3aBigyBaya kadeapwu kibepbeaneku
YHiBepcuTeTy MUTHOI Cnpasu Ta giHaHCIB

OCOBJIMBOCTI BUABJIEHHSA IPUXOBAHUX OB’EKTIB
MTYYHOI'O TIOXO/J’)KEHHA B YMOBAX MUTHOI'O KOHTPOJIIO

Posenanymo axkmyanvny npobaemy ocobausocmeu 6UsGIEHHI NPUXOBAHUX
00’ €KMIi8 WmMy4H020 NOX0ONCEHHS, AKI nepedysaoms 8 yMo8ax 3aEMo0ii 3 KOHM-
PONIbHO-8UMIPIOBATILHOIO PAdioanapamypor MUmHo20 KOHmMpoao. 30iliCHeHO no-
DIBHAHHSA XapaKmepucmux po3citoeanus o0 ’ekma y euaiadi Ik KOMNJIEKCHO20 KO-
eiyicnma i0bumms (OMpumMano2o 3a OONOM0o2010 Mooeli padiokaHaty), max i
epexmuenoi niowuHu po3scitosants 06 'ekma. Hasedeno ocnosne pieHsanusa Heii-
HIUHOI padionoxayii, siKe ONUCYE NOBEOIHKY 0BOKOMNOHEHMHOI padiocucmemu, 8
SAKIU Y 8I000PANCEHHS HENIHIUHUMU eleMeHmamu 00 €EKma, wo ONpOMIHIOEMbCS,
BHOCAMBCA 0€KI AMNIIMYOHO-4aACMOMHI NePem8OPeHHs. 30HOVBALHO20 CUSHATLY
nepeoasaua padionoKkayiuHoi cmanyii.

KitrouoBi crnoBa: mumnuii KoHmpons, 00’ ekmu umy4Ho20 NOX0OHCEHHL, KOMN-
JIeKCHUll Koeiyienm iobummsl; echekmusHa NIOWUHA Po3Cito8ants 00 ‘ekma.

Paccmompena akmyanvuas npobrema ocobennocmetl 8vis81eHUsL CKPLLNbIX
00bEKMO8 UCKYCCMBEHHO20 NPOUCXONCOCHUS, HAXOOSUWUXCSL 8 YCIOBUSX 83AUMO-
oeticmeust ¢ KOHMPOJIbHO-USMEPUMENbHOU PAOUOANNAPAMYPOU MAMONICEHHO2O
Koumpons. Bulnonneno cpaenenue xapaxmepucmuk pacceuéanus 00bekma Kax 6
8Ude KOMNIEKCHO20 KO3 huyuenma ompasxicerus (NOJY4eHHO20 € NOMOUbIO MOOEU
Ppaouoxkamana), maxk u 6 eude 3phhexmusHol NIOCKOCMU pacceusanus 00beKma.
Ilpusedeno ocHosHOe YpaeHeHue HeNUHEUHOU PAoUuoIoKaAyul, ONUCHIBAluee
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nogeoerue 08YXKOMNOHEHMHOU paoUOCUCMeEMbl, 8 KOMOPOU 8 0MobpadceHus He-
JIUHETIHBIMU EMEHMaMu 001y4aemMo20 00beKmMa GHOCAMCSA HEKOMopble amMniu-
MYOHO-4aACOmHble NPeooPa308aHUs 30HOUPYIOUe20 CUSHANA Nepeoamyura pa-
OUOIOKAYUOHHOU CIMAHYUU.

KitodeBble ci10Ba: mamooiceHHblil KOHMPOab, 00bEeKmbl UCKYCCMBEHHO2O
NPOUCXO0AHCOeHUs;, KOMNIEKCHbIU Kodgduyuenm ompadsxicenus; 3@dekmusnas
NIOCKOCMb PACCeUs8anus 00beKma.

With the advent of near and later non-linear types of radar, it be came pos-
sible to solve, in addition to radar, a number of other applied problems, such as
problems of diagnostic and flaw detection, customs control, humanitarian
demining, forensic science, archeology and construction with terrorism.

The article deals with the actual problem of peculiarities of detection of
hidden objects of artificial origin, which are in the conditions of interaction with
the control and measuring radio equipment of customs control, which do not sa-
tisfy the criterion of the far zone.

The object/targets catering characteristics were compared both in the form
of a complex reflection coefficient (obtained using a radio channel model) and in
the form of an effective object/targets catering plane.

In general, the object/target is displayed from the point of view of aniso-
tropic fixed-point emitter f for a fixed stationary orientation of the signal/signal
relative to the propagation direction of the incident and reflected waves of stabi-
lity of the polarization characteristics of the transmitting and receiving antennas
of the radar.

The basic nonlinear radar equation is described, which describes the be-
havior of a two-component radio system, in which some amplitude-frequency
transformations of the radar transmitter sounding transducer signal are intro-
duced into the reflection by nonlinear elements of the irradiated object/target.

Basically, nonlinear radio signals describing the behavior of a two-
component radio system are considered, since the secondary reflection contains
nonlinear signal elements that are often used to transmit frequency signals.

The results of the nonlinear transformation of the sounding signal on non-
linear elements with harmonic frequencies are combinations there of are based
on the analysis of the scattering properties of the model in the form of antennas
with the nonlinearities included there in.

The task of expediency of carrying out full-scale experimental researches of
character of behavior of effective reflection ability of specific typical objects for
drawing up of a databank containing portraits of hidden images of typical cus-
toms control object isset.

Key words: customs control; objects of artificial origin; complex reflection
coefficient; effective scattering plane of the object.
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IMocTranoBka npo6Jemu. 3 mosiBOIO OMMKkHBOI [1], a B mojgansiiomy il He-
TiHIAHOT paaionokartii [2] 3’ sIBUIacsS MOXJIMBICTh PO3B’s3yBaTH, KPIM paJioioKa-
HiHuX [3—7], miny HU3KY IHIIMX TPUKIATHUX 3334, HAPUKIIA] 3aBJIaHb JIlarHoO-
CTMYHOTO U JePEeKTOCKOMYHOTO XapaKTepy, MUTHOTO KOHTPOJIO, TYMaHITapHOTO
PO3MiHYBaHHS, KPUMIHAJIICTUKH, apXeoJorii, OyIIBHUIITBA Ta OOPOTHOM 3 TEPO-
pusmoM [8]. 3 orismy Ha 1€ aKTyaJIbHUH PO3IJISAl 0COOJMBOCTEH BUMIpIOBAHHS
XapaKTEPUCTUK PO3CISTHOTO IMOJs Ha 00’ €KTax (IUIAX) MTYYHOTO MOXOMKEHHS (Y
TOMY YHCJi TIPUXOBAHHUX), SIKI MepeOyBarOTh B YMOBaxX B3a€MOJIii 3 KOHTPOJIBHO-
BUMIPIOBAIILHOIO PaJIioanaparyporo, 10 He 3a/10BOJIbHSE KPUTEPIN TAIbHBOT 30HHU.

AHaJni3 ocTaHHIX JocaiTxeHb i nmy0Jikaniii. 3a Bu3HaueHHSIM e(eKTHBHA
wioma po3scitoBanns (nani — EIIP a6o EBII, To6T0 edexTuBHa BigOMBHA IOBEPX-
Hs1) SIBJIIE COOOK0 PO3MIpHUN KOE(IIIEHT MPONOPIIHHOCTI Mi’K TYCTHHOIO TOTOKY
OIPOMIHIOBAIBHOT MOTY>KHOCTI €JIEKTPOMArHiTHOI XBWJII B TOYIIl PO3TallyBaHHS
00’€exTa (11iJ11) i TOBHOO, PO3CISTHOIO UM 00’ €KTOM (IIJUTIO) TIOTYKHICTIO.

[Tpu 1boMy 00’€KT (11iJ1h) 300paXKYIOTh Y BUTJISIAL 130TPOITHOTO TOYKOBOTO
BUIIPOMIHIOBaYa i3 PiKCOBAHOIO YaCTOTOK BHIIPOMiHIOBaHHS f 3a He3MiHHOT Opi-
eHTanii 00’exTa (1IiJI1) MO0 HAMPSAMKY MOIIKUPEHHS MaJarydoi Ta BiIOUTOI XBUITh
1 CTAJIOCT] MOJSAPU3ALIMHUX XapaKTePUCTUK MepeaBalibHOl Ta MpUHMaIbHOI aH-
TeH pajiosokaniinoi cranuii (qami — PJIC) [3; 9]:

4TTR3|Es|?
|Er|?

, 1)

o(8, 9) = limp e
ae 0, ¢p — KyToBe NOoJ0XkKeHHs 00’€eKTa (LiIi) 100 HANPSMKIB OIPOMIHIOBAJILHOTO
HOLIMPEHHS 1 PO3CITHUX XBHJIb;

E; 1 Es — BIONOBIIHO Majaroye MoJie Ha PO3CIFOBAIBHMNA 00’ €KT (I[JTh) 1 pO3Cito-
BaJIbHE (B1IOMTE) MOJIE B NAJIEKIiH 30Hi.

YMoBa RO —> o0 MIATBEPKYE JOUUIBHICTh 3HAXO/KEHHS 00’ €KTa (IIli) B

JAJeK1N 30H1, B K1 XBHJIbOBHM MPOIIEC MOKHA 300pa3uTH 3a JOMOMOTOIO TUIOC-
KHX XBHJIb.

Hanpuxnan, EBII 06’ekriB (1iyieit), onucyBaHUX MOJEIUIIO 1€aJIbHO MPO-
BIJIHOTO T1J1a, PO3MIPH SIKOTO 3HAUHO OLIbIII 3a JOBXKHUHY XBUJI1, Ma€ Bupas [3]:

J, exp(—jZr2avids’| )

LI ]

_an
oy = ;2

ne Ar=r—D — pisauna xoxy;
D i r — Bignosigno Bixcrani Big PJIC mo BiUTiKoBOI INIONIMHKA 00’ €KTa 1 10
JIOBUTBHOT TOUKHM Ha OCBITJIEHIH MOBEpXHi Oy/Ib-51KOi BUALIEHOI IJI0C
KOl eJleMEHTapHOT TiIsTHKY 3aBa0BXKH 0l i 3aBimpiku da;
Soce — TUIOIIMHA OCBITJIEHOT TOBEPXHI;
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dS'=d, - da- coso.

Orxe, EBII 044 3anexuts Bia dopMmu, po3mipiB 00’ ekta (1iji), ii opieHTa-
1ii 1010 HANPSIMKY OTIPOMIHEHHS 1 JIOBKWHU XBHUJI1.

Meta crarTi nosiArae B po3rnisidi 0COOIMBOCTEN BUMIPIOBAHHS XapaKTepuC-
THUK PO3CISHOTO €JEKTPOMArHiTHOTO IOJII Ha TMPUXOBAHMX 00 €KTaxX IITYYHOTO
MOXO/DKEHHS, fKI TepeOyBaroTh B YMOBaxX B3aeMOJii 3 KOHTPOJIBHO-BUMi-
PIOBAIBHOIO pajioanapaTypol0 MUTHOTO KOHTPOJIO, IO HE 33JOBOJIbHSE KPHUTE-
piil manbHBOI 30HH; MOPIBHIHHS XapaKTEPUCTUK PO3CIIOBAHHS 00’€KTa SIK Y BH-
U111 KOMIUIEKCHOTO KoedilieHTa BiIOUTTA (OTPUMAHOIO 3a IOMIOMOTO MOJE1
pamiokaHany), Tak i oro (06’exkra) EBII 3 akiieHTOM Ha MpaBOMIpHICTb, TOIITb-
HICTb 1 OJJHO3HAYHICTh IXHHOTO BUKOPUCTAHHS.

Bukiaa ocHoBHOro marepiauy. Posrnsgaroun ni3HaBajibHYy MOJEb Y BU-
IS pagioKaHaly, JOIIILHO BBECTH IMOHATTS KOMIUIEKCHOTO KoedillieHTa Bij-
OWTTS y BUIIIsiAL criiBBigHOIICHHS [ 10]:

pe(®.¢) = lim VEzk, £ ©
abo
P, (6.9) zz_ln [pne™rds, @
S

KoMmruiekcHuii  kKoeQillieHT BiIOUTTS Pg(ea(P) MICTUTh 1H(OpMALIIO HE

TIIBKH PO aMILUITYAy, aje ¥ mpo ¢a3y po3cistHOro moisi, nmpudomy (asoBuit
MHOKHHK BiJIIIOBI/Ia€ MICIFO PO3TANIyBaHHS Ti€l JIOKaIbHO-BiZOMBHOI 0COOIHMBO-
CTi MoBepxHi 00’€kTa (HANpUKIaA, y BUTIAAL “Onmckydoi” abo “a3epkaibHOI”
TOYKH), Ha SIKIH BiAOYIOCs po3citoBaHHS (BIAOUTTS).

Hanpuxnan, ans chepu paniyca a cniBBinHOmIeHHs (4) micias o0UUCIeHHS
1HTEerpaia Ma€e BUTTISA:

p, =5 (A—i/(2xa))e 2. (5)

OTxe, oOuparoum 3a TOUKY BIUTIKY (a3u HEeHTp chepH, KOMIUIEKCHUH Koe-
¢biieHT BIAOUTTS MOXKHA 3aMTUCaTH TaK:

P, (0,0)=|p,(0.9)]e", (6)

ne Yy=Ay+y Ay=21tR, /A — hasose HabiraHHs, 1O 3AIEKUTH Bil JATBHOCTI R ;
" = 2Kkl*— nonatkoBe (azoBe HaBGiraHHs, OTPUMAHE 3a PaXyYHOK BijcTaHi

* . .. . .. . .
14 BiJl TOKAJIbHOI PO3CitOBaIbHOI TOUKU (001acTi) Ha 00’ €KTI
JI0 BIJUTIKOBOT (ha30BOi TIJIOIIHHHU.

164 ISSN 2521-6643 Cucremu ta TexHosorii, Ne 2 (58), 2019



KyroBi 3anexuocti ammritymu (Moxyis | P, (0,9) |) i dasu posciroBaasroro
MOJIE IPUWHATO BBa)KATU HAWIPOCTINIMMH PaJioNIOKAIIMHUMH XapaKTepUCTUKA-
mu (nami — PJIX) o6’exra. 3a3naueni PJIX 3a3Buuail 300paxkytoTh y BUTIISAL KPY-
TOBHUX Jiarpam (Iiarpam po3cCitoBaHHS), 1[0 XapaKTePU3yIOTh 3AJICKHICTh BiTOMB-
HUX BJIACTHBOCTEW 00’€KTa BiJ| KyTa MajiHHS XBUJIl Ha 00’ €KT 1 BiJ KyTa MiX Ha-
MpSIMKaM¥ OTIPOMIHEHHSI 1 PUHAHSTTS.

Jnst ckaagHuX 00’ €KTIB, TAKUX SIK MIPUXOBaHI 00’ €KTH IITYYHOTO OXOHKe-
HH$I, MOKHa JIOCTIKYBATH SIBUIIE PO3CIFOBAHHS 3a JOMOMOIOI0 MOHSATTS €JIeMEeH-
TapHUX BigOMBaviB a00 IEHTPIB PO3CIIOBAaHHS.

VY oMy BUTIAJKY 00’ €KT Yy IUJIOMY 300paKylOTh HA0OpOM IIEHTPIB, KOKEH
3 SKMX BHKJIMKA€ PO3CISIHY XBUJIIO 3 JIESKOIO aMILIITY010, (pa3oro i moisipu3aiti-
€10. BigTak KOXHUK TakWi IEHTP IEPEBUIPOMIHIOBAHHS, JIOKAJII30BaHUN Ha
00’€KTi, MOXHA XapaKTepH3yBaTH MOT0 aMIUTITYIHOIO Jiarpamoro, Jiarpamoro
EIIP i ¢azoBoro miarpamoro. [TomiOHI XapaKTEpUCTHKH MPUHHATO HA3UBATH JIOKAJIb-
HUMH XapaKTePUCTUKaMH po3citoBaHHSA. BOHM MOXyTh OyTH BU3HAYEHi, HalpHU-
KJIaJ, HA OCHOBI 3aCTOCYBaHHSI MeTOAy KpaiioBux xBuib (nani — MKX) abo reo-
MeTpu4HOi Teopii mudpakuii (mami — ['T/I), Aki BUKOPHCTOBYIOTh KOHIICTIIIIIO
ueHTpiB po3citoBanug [10]. [Ipu nbomy po3ranryBaHHs LIEHTPIB pPO3CIFOBaHHS Ha
00’€KTi MO’KHA BU3HAYHTH 3 OTJISAY HA (Pi3MuHI MipKyBaHHS (SIK IPABUIIO, TUTBKA
JUIS TIPOCTHX 00’€KTiB) a00 eKCIepUMEHTaIbHI JaHi. 3BiJicH BUILUIMBA€E MOTpeda
CTBOpEHHsI 0aHKY JaHMX 3a 00pa3aMu 00’€KTIB MITYYHOTO MOXOJKECHHS (Y TOMY
YUCIT MPUXOBAHUX ), 10 MOAIOHUX BiAOUTKIB MaJblliB 00 POTiBKH OYeH.

VY migcymky 3HadyenHst moBHoi ETIP (EBII) moxHa oIiHIOBaTH, IMOCIYyrOBY-
IOYUCh XapaKTEPUCTUKAMH OKPEMHUX JIOKAIbHUX ILIEHTPIB Ta BUKOPUCTOBYIOUU
CHIBBITHOIIICHHS BUTJISTY:

S Wn=2xdytyne  (7)

(0.9) =[P, (0,9)|€™ +...+|p,, (B,@)] €™

ne dn — BiZICTaHp BiJ N-TO JIOKAJBHOTO IIEHTPA PO3CIFOBAHHS JI0 BiTIKOBOI (pa30Boi
IUIOIMHY 3 TIOYaTKOBOIO (ha30ro yNo.

Cnin 3BepHYTH yBary, 10 BUKOPHCTaHI HMOHATTSA Koe]ilieHTa BIAOUTTA (
e(EeKTHBHOI IUIOIII BTOPUHHOTO BUIIPOMIHIOBAaHHS MPUIYCKAIOTh MEBHI BUIIPAB-
JlaH1 MPUITYLIEHHS.

Tak, koedimieHT BiIOUTTS, 110 OMKCYE PO3CiIOBAIbHI BIACTUBOCTI 00 €KTa,
peaii3oBaHUi 3a JT0NOMOI0I0 MaTeMaTHYHOT MOJIEN] y BUIVISIIL paAioIoKaliitHoro
KaHaly, B IKOMY caM 00’€KT € He3aJIe)KHUM €JIEMEHTOM JaHOTo iH(popMaliiHOro
KaHaly.

[Tonsarts sx EBII/EIIP yBoaunocs npuHaiiMHI 3a 1BOX NpumyiieHs [10]:

" crajJHa XBWIS Ha PO3CIIOBAIbHOMY OO’€KTI NMpuilManacs 3a IUIOCKY U
MOHOXPOMAaTHYHY;
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" Hampy>XEHICTh BiAOMTOI (PO3CisiHOT) €IeKTPOMArHiTHOI XBUJII BUMIpIOBa-
Jacs Ha JIOCTaTHIM BiACTaHI BiJ PO3CIIOBAJIBHOrO 00’€KTa, MPH IOMY XBHIIIO
BBAXKaJI TAKOXK TJIOCKOIO.

Sk Bimomo [9—-12], 1i mpumymieHHsT BBaXAIOTh BUIPABJAHUMH, SKILIO JO-
TPUMaHO YMOB peajizarlii KpUTEepiro Najekoi 30Hu ab0o BpaxoBaHO OCOOJIMBOCTI
€JIEKTPOMArHITHUX IIOJIB Yy ONM3bKIA 30HI B3aEMOJIi 00’€KTa 3 KOHTPOJBHO-
BHMIPIOBAJILHOIO arapaTyporo (HampHKiam, 3a OJMKHBOT pajiionoKariii).

Takum 4YrHOM, JJIS ONMPOMIHEHHS 00’ €KTIB HAa HECY4id 4YacTOTi JOLLUILHO
3actocoByBaTtu MOHATTS EIIP 00’ekTiB/IsIel 3 MOAAIBIIO METOK CTBOPECHHS
0aHKy aHUX JJIs pO3Mi3HABaHHS IPUXOBAHUX 00’ €KTIB MUTHOT'O KOHTPOJIO.

VY pa3i BUKOPUCTAHHS CKJIAJHUX 30HIYBAIBHUX CUTHAJIB, CKaXXIMO, ITiJl 4ac
ONPOMiHEHHS 00’ €KTIB AOCIIHPKEHHS HaIIIMPOKOCMYTOBUMH CUTHAJIaMH, Oa’kaHO
MIOCTYTOBYBATUCS MOHATTAM Koe]imieHTiB BinouTTs. Ilpu npomMy oueBuAHO, 110
ONTUMAJIBHICTh 3acToCyBaHHs Toro uM iHmoro noHsATTs (EBII ab6o koedimienrta
BIIOWTTS) HacaMIiepe]] BU3HAYAIOTh PIBHEM CKJIATHOCTI MMOBEPXHI JOCIIKYBaHO-
ro 00’ekTa, 110, SIK MPaBUIIO, 3aJICKUTh BiJl BHOOPY METOY WOTO AOCTIIKEHHS Ta
YMOB pealtizailii eKCIIepUMEHTY.

Boanouac npuitHATO 300pa)xarty Mpolec CHOCTEPEeKEHHS B yMOBax Hei-
HiliHOT pamionokanii (mami — HPJI) y Burnani pagiocuctemu, A€ y BiAOUTTS BiX
00’€KTa HENMHIMHIMH €JIEMEHTAMH IIbOTO 00’ €KTa BHOCHTBCS JIESIKE aMILTITYIHO-
YaCTOTHE IEPETBOPEHHS 30HyBaJIbHOr0O curHany nepeaasauya PJIC. ¥V npomy Bu-
naaky ocHoBHe piBHsAHHSA HPJI mae Burmsig [11]:

PBI/[H GBl/ll'l Gn 1) 7\’2 }‘4
Pn p = : 5 : ( j K ((D)K ((Dn)Gu np —1n sunp 1T Hp(o‘)) KBI/IHp((D)an ((’0’ BHI‘[p (8)

47[R11

ne Ry, A — BIAMOBIAHO BiicTaHb 10 00°€KTa i TOBXXKMHA XBUJII ONIPOMIHEHHS;

PBHHp,GBHHp, Pn p (3n mp BIAITIOBIJTHO BHX1JH1 HA OCHOBHINA YaCTOT1 U BX1JH1

Ha N-i TapMOHIIli 30HIYBaJILHOTO CUTHAITY MOTYXHOCTI 1 Koe(illieHTH MmiICuIeH-
Hs nepeaBava i npuiimaua aktuBHoi PJIC;
K (), Ky(, — KOeDILIEHTH, IO XapaKTepU3yIOTh AUCIEPCIIO CepeoBHIIA

MOIIMPEHHS] HA OCHOBHUM 1 N-I TapMOHIIl BiANOBITHO 30HYBAJIBHOIO i MepeBu-
MIPOMIHEHOTO 00’ €KTOM CUTHAIIB;

G e — BIJMOBIAHO KOE(DIIIEHTH TIJACHIECHHS 00’€KTa B PEXXUMI TpU-

.1p N BHmp I

MMaHHS HeMHIMHUME efTleMeHTaMH 1 Horo nepeBUnpoMiHeHHs Ha N-if TapMOHILL;
Ko (©), Ky () = Koe(illieHTH, 10 BIAMOBIIAIOTH 32 YACTOTHY 3aJIC)KHICTh

BUIIP

JHIAHUX KT 00’ €KTa BIAMOBIIHO B peXXUMI1 IPUHMaHHS i IepeBUIPOMIHEHHS;

£ (@ Poy) KOE(DIIIEHT MEpEeTBOPEHHS HENMHIMHIMY eleMeHTaMu 00 €KTa Io-
n > " BUIIP

TYXXHOCTI 30HyBaJIbHOI'O CUTHAJTY Ha MOTY>KHICTh BUIIMX TAPMOHIMHUX CKJIJ0BHX.
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BHCHOBKH 3 1aHOT0 JOCJIZKEHHS i NePCNEeKTUBH MOAANBIINX PO3BIIOK
y naHoMy Hanpsimi. OueBHIHA CKJIAIHICTh, @ B OUIBIIOCTI BUTIAJKIB HEJHIMHUX
00’€KTiB — HEMOXKJIMBICTD IPSIMOTO BUKOPHCTAHHSI CITiBBITHOLICHHS (8), OCKUIBKH
IIPOrHO3YBAHHSA ITOBEAIHKH MOTO napameTpis K (m), K,(w,) » Kip (@), Ky (©);

an( , Panp) 3AIMIIAETBCA MPAKTUYIHO HE3J1MCHCHHHUM 3aB/IaHHAM. TOMy, SK Ipa-

BUJIO, PE3yJbTaTH HENIHIMHOTO MEPETBOPEHHS 30HIYBAIBHOTO CHTHAIYy Ha HEli-
HIMHHMX €JIEMEHTaX 13 4acTOTaMH rapMOHIK abo 1X KOMOIHAIi IPYHTYIOThCS Ha
aHaJi31 PO3CIIOBAJIFHUX BJIACTUBOCTEH MOZEN y BHUIIAAI aHTEHH abo aHTEH 13
BKJIFOUCHHMHU B HUX HemdiHidHOCTsIMU [9-12]. JlouijbHe MpOBEACHHS HATYPHUX
(excriepuMeHTaNbHUX) JOCHIHKeHb XapakTepy noBeminku EIIP xoHkpeTHHX TH-
MOBHX 00’€KTIB 3 METOI0 KOMIUIEKTAIil MOPTPETIB MPUXOBAHUX 00’ €KTIB MHUTHOTO
KOHTPOITIO.

Kpim Toro, y mepcrnekTuBi HE0OXiTHO BpaXxOBYBAaTH OCOOJMBOCTI 3abe3re-
YCHHST HOPMATUBHUX BUMOT IIiJl 4aC MPOBEICHHS PaJiOTEXHIYHUX BHMIPIOBaHb
JaHoro npodiito, 34aTHOTO 3a0e3MeYUTH PiBEHb TapaHTOBAHMX BHUMIPIOBAHb Y
MaJIOMY JOBIpYOMY IHTEpPBAII MPHUITYCTUMHUX MMOXHUOOK BHSIBICHHS MPUXOBAHHUX
00’€KTiB HITYYHOTO MOXOJIKCHHSI.
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PEKHUM BE3EXOBOCTI B IH®OPMAIIIITHO-BUMIPIOBAJIbHIN
CUCTEMI MUTHOI'O KOHTPOJIIO

IIpoananizosano modxcaugicms 3acmocy8anus y npakmuyi MUmMHoO20 KOHM-
poTio pedcumy 6e3exo80cmi, Cmeopro8ano20 3a 00NOMO2010 HeCmaHOapmu3086a-
HUX 3ac00i6 sumipiosants y euensoi beszexosoi kamepu (BEK). 3 nosuyitl npunyu-
ny 00CmMoGipHOCMI NIOMBEPOINCEHHS 8IONOBIOHOCI, NPOBEOCHO KANIOPYBAHHS DY-
noponoodionoi BEK ax ocnosu 000amko6020 iHcmpymenmapito 8 inghopmayiinii
cucmemi mumnozo koumponato (ICMK). Ilocmaeneno 3a60ants cmeopenHs 6aHKy
oanux (B/]) obpa3zie munogux 06’€kmis 0Nl BNPOBAONCEHHS Y MUMHY NPAKMUKY
Memoois i 3aco0ié padionokayiiHo2o eusaeienHs i po3nizHasants. Haeeoeno gymk-
yionanvny cxemy nabopamopnoi yemanoexku 3 BEK ma nooano pesynomamu exc-
NepUMEHMANbHUX O0CNIONCEeHb. 3anponoHO8AHO, BUKOPUCHOBYIOUU pe3ylbmamu
KOHMPONbHUX BUMIPIOBAHb eDeKMUBHOI NIOWi PO3CII08AHHA  KANIOPOBAHUX
00 ’exmig, 3abe3neuysamu KOHMPOIb PI6HSA OOCMOGIPHOCMI BUMIDIOBAHL Uepe3
anocmepiopte ix niomeepodiceHHs abo ONpomecmy8anHs.

KirouoBi cnoBa: 6anx danux; obpazu 06’ckmis; Mumuuil KOHMpoawb, 0Oe3-
exosa Kamepa.
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IIpoananuszuposana 603MONCHOCIb NPUMEHEHUS 8 NPAKMUKE MAMONCEHHO-
20 KOHMPOTA pexcuma 0e39X080cmu, c030a8aemMo20 NOCPeOCmEoM HeCmanoap-
MU308AHHBIX CPeOCME usMeperus 6 gude 6e33x08otl kamepol. C no3uyuii npuHyu-
na 00CMOBEPHOCMU NOOMBEPICOCHUSL COOMBEMCMBUSL NPOBEOeHA KAIUOPOBKA
PYHOpOooOpa3Hou 6e39X0801 Kamepvl KAK OCHO8bl OONOJIHUMENbHO20 UHCMpY-
MeHmapus 8 UHPOPMAYUOHHOLL cucmeme MAMONCeHH020 KoHmpoaa. [locmasnena
3a0aya co30aHusi OAHKA OAHHBIX 00PA308 MUNOBLIX 00bEKMO8 OJisi 6HeOPeHUsl 8
MAMONCEHHYIO NPAKMUKY MEeMO008 U CPeOCms paouoIoOKAYyUOHHO20 0OHApYice-
HUs u pacnozuasanus. llpeocmasnena @yukyuoHanbHas cxema 1abOpPamopHol
VCMAHOBKU ¢ 6e39X0801l KamMepou, a makxaice pe3yibmamol IKCHEPUMEHMATIbHBIX
uccneoosanuil. Ucnonv3ys pe3yibmamsi KOHMPOIbHLIX UsMePeHUll 3P HeKmusHotl
naowaou pacceanus KaiubpoBaHHbIX 00BEKMOo8, NPeoNoNHCeHO obecneyusams
KOHMPONb YPOBHs 00CMOBEPHOCIU USMEPEHUIl Yepe3 anocmepuopHoe ux noo-
meepatcoenue Uil OnpomecmosaHue.

KiroueBwie ciioBa: 6anx 0anuvix; 00pasbl 00beKmos8; mamoA*CeHHbIL KOHM-
poTib; be33x08as Kkamepa.

The problem of revealing hidden objects (HO) in the implementation of
methods and means of radar detection and recognition in the practice of customs
control poses the task of creating a database of images of typical HO artificial
origin.

In order to ensure the reliability of the information expert base of the Cus-
toms Information and Measurement System (CIMS), it is advisable to use the ane-
choic regime created by special methods and methods of its implementation. At
the same time, the establishment of the potential level of risk of HO omission (in
terms of the concept of acceptable risk in the conditions of uncertainty, given by
the corresponding probabilities of false alarm and omission of the object) is a
necessary condition for the successful solution of the problem of a priori assess-
ment of the reliability and reliability of detection of HO using CIMS. The fulfill-
ment of the requirement of sufficient information can be confirmed only by expe-
rimental methods implemented in conditions that allow to select active and pas-
sive interferences in the process of detection of HO customs control.

The theoretical description of the principle of operation is given, the func-
tional scheme is described and the laboratory installation of anechoic chamber
(AEC) is experimentally investigated to provide the process of creating a data-
base of images of typical HO models and to evaluate the criterion of reliability of
potential tactical and technical characteristics of control and measuring equip-
ment (KME). The graph of the radiation power and the electromagnetic field in-
tensity on the axis in the AEC is shown.
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In the process of measuring the effective surface of the sample scattering of
the models of calibrated HO, the experimental setup showed its efficiency and it
was experimentally proved the basic possibility and efficiency of the use of BEC,
which with a high level of screening, are able to provide the mode of attestation
of KME not only from the point of view of information security of pairs through
detection of electromagnetic radiation and interference, but also by positive con-
trol measurements of calibrated volume of HO models in the form of a sphere, as
well as to confirm or refute the accuracy of the KME measurements used in cuS-
toms control.

Key words: data bank; images of hidden objects; customs control; anechoic
chamber.

IlocTanoBka mpodemu. BuspieHHS NpuxoBaHUX OO’€KTIB MJIs BIIPO-
Ba/DKEHHSI METOJIB 1 3ac00iB pa/iOIOKAIIfHOTO BHSIBICHHS 1 pO3Mi3HABaHHS B
MIPAKTUKY MUTHOTO KOHTPOJIIO CTaBUTh 3aBJaHHS CTBOPEHHS OaHKY JaHUX (Iaui —
BJ1) BignosigHocTi 300paxens (B3) THIOBHX 00’ €KTIB ITYYHOTO MOXOMKEHHS. Y
1bOMY 1 TOJISiTae mpobsieMa JOCHIIKEHHS.

AHai3 ocTaHHiX aocjigkeHb i myOsikaniii. s 3aGe3nedeHHst 10cTo-
BIpHOCTI 1H(OpMAIIHHOT eKCIIepTHOT 0a3u sK MijAcKcTeMHy iH(pOpMaIliiiHol cucTeMu
MUTHOTO KOHTpOo (fani — ICMK) gominbHo 3a1iaTH pexxuM 0€3eX0BOCTi, CTBO-
pIOBaHUH cCHeliaJbHUMHA MeToAaMHu 1 cmocobamu Horo peamizamii [1-5]. Ilpu
[IbOMY BCTAHOBJICHHSI MOTEHIHHOTO pIBHSA pPHU3HKY MPOMYCKY MPHUXOBAHUX
00’€KTiB (3 MOTMSAAY KOHIIEMIII MPUMHATHOTO PU3KUKY B YMOBaX HEBU3HAYCHOCTI,
0 33JA€THhCS BiJIMOBIIHAMH MOKJIUBOCTSIMH TTOMIJIKOBOI TPUBOTU P, 1 TIpo-
HycKy 00’€kta P,,) — HeoOXiZHa yMOBa YCIIIIIHOIO BUKOHAHHS 3aBJaHH allpiOpHOT
OLIIHKU JIOCTOBIPHOCTI W HAIIMHOCTI BUSIBIICHHS TPUXOBAHUX OO0 €KTIB 3a JOIO-
mororo ICMK.

BuxonanHs BuMoru nocraTHocTi iHpopmaiii Moxke OyTH MHIATBEPIHKEHO
TIJIBKH €KCIIEPUMEHTAIbHUMH METOJIaMH, PEai30BaHUMH 32 YMOB, IIO JI03BOJIS-
IOTh CEJIEKTYBAaTH aKTUBHI I MACHUBHI NEPEIIKOH Y IPOIieci BUSBICHHS IPUXOBa-
HUX 00’€KTIB MUTHOTO KOHTpOIIO [1].

ITpobnema 3abe3nedeHHs TOCTOBIPHOCTI 3 MOMIIANY MiATBEPIKEHHS BiJIO-
BimHocTi ICMK 3amanuM BUMOram IiJl 4ac MPUUHSATTS PIIIEHb MIOA0 PO3Mi3Ha-
BaHHS 00pa3iB (iAeHTUdiKallil) Ta CTyneHs 0e3MeKH NPUXOBAHNUX 00’ €KTIB 10CUTh
aKTyajipHa 1 (PaKTUYHO 3BOAMTHCS JO OLIHKHM 3HAYEHb KPUTEPIIO JOCTOBIPHOCTI
KOHTPOJIbHO-BUMIpIOBaJbHOI amaparypu (nam — KBA) (Hacammepen 1ie crocy-
€THCS pajioanapaTypH) 3 ypaxyBaHHSIM METOJ0JIOT1T MEHEHDKMEHTY PU3HKY [6].

Ocrarouynuii Bubip pimeHHs 1moa0 BukopucranHs KBA mosxe OyTu oriHe-
HUM TIIBKU MicHs 11 eKcriepuMeHTalnbHoi anpoodarii. B omiHmi HaaiiMHOCTI Ta q0C-
ToBipHOCTI po6oTH KBA H011IBHO BUKOPHCTOBYBATH pexuM Oe3zexoBocTi. OTxke,
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JIMIIE y BUIAJIKaX MO3UTHBHOI peajizalii uX 1BOX YMOB (YMOB HEOOXIAHOCTI U
JIOCTATHOCTI) MOKHA CTBEP/KYBATH (3a anpiopi 0OyMOBICHUX 3HAYCHHSX P, 1
P,,) Ipo BiANOBIAHICTH JOCTOBIPHOCTI i mpaBoMipHOCTi KBA, BuKkoprcToByBaHoi
IiJ] 9aC MUTHOT'O KOHTPOJIIO.

Merta cTaTTi — PO3BUTOK 1 3aCTOCYBAaHHS IPUHIIUITY JTOCTOBIPHOCTI 32 yMO-
BH TIATBEPKCHHS BIIMOBITHOCTI MOTEHIIMHUX TAKTUKO-TEXHIYHUX XapaKTepUC-
tuk (mani — TTX) KBA, npusnaueHoi 1yist orpuManHs iHdopMallii 6e3rmocepeiHpo
sk Big ICMK, Tak i Bij JIO1iHOBaHUX 00’ €KTIB IUISXOM BHMIPIOBAHHS Ta KOHTPO-
JIF0 BTOPUHHOTO BUIIPOMIHIOBaHHs (IIEPEBUIIPOMIHIOBAHHS) BiJ Pi3HUX KaliOpo-
BaHUX 00 €KTIB 3 METOI0 MOJANBIIOTO CTBOPEHHS OaHKy 00pa3iB MPHUXOBAHUX
00’€KTiB HITY4YHOTO MOXOJIKECHHSI.

Buxaax ocHoBHoro marepianay. [Ipunnun Biporimnocti mogo KBA 3aB-
KU CYIPOBOKYE HEBH3HAUYCHICTh, PIBEHb KO OKPECIIOE anpiopHy HasBHICTh
PHU3UKIB HETOYHOT'O BHMIPIOBAaHHS a00 HEBHSBIICHHS, HANPHUKIIAML, MPUXOBAHUX
00’ €KTIB.

B ocHOBI OIlIHKM TPUHHATHOTO PU3MKY, 3a AHAIOTIEI0 3 PAII0IOKAIHHUMUI
METOAaMU OTPUMaHHA iH(opMaIii y BUIIISIII BUSABICHHS, BUMIPIOBaHHS, T03BOITY
1 posmi3HaBaHHS IUX 00’€KTIB CIOCTEPEKEHHS, MOXKYTh OyTH BHKOPHCTaHi BiJ-
MOBiIHI 3Ha4YeHHs P, 1 P,,, TOTIOBHEHI MOKJIMBOCTSMH TMPABHIIBHOTO 1 HETIPaBH-
JHHOTO BUSBJICHHS 3a KpuTepisimu Helimana—Ilipcona abo imeanbHOro crocrepi-
raya [7]. 3 ormsay Ha 11e MOXKHA TPAKTYBaTH JIOCTOBIPHICTH SIK CTYIIIHb JIOBipH Ha
TJI1 IOMYCTUMUX PU3UKIB 110 piBH mpare3gatHocTi KBA.

OueBunnuii B3aeMoBIUIMB KBA 1 mpuxoBaHux 00’€KTiB IMITY4HOTO IO-
XOJKCHHSI J1a€ 3MOT'Y KOHKPETH3YBAaTH TEPENTiK MOXKIMBUAX (PaKTOPIB, 110 BIUTUBA-
I0Th Ha JJOCTOBIPHICTh OTpUMaHOi iH(pOpMaIIii.

Tak, 3 60Ky mpUXOBaHUX O0’€KTIB MITYYHOTO MOXOKEHHS MOXYTh BHSIB-
JISITUCS 1 CYTTEBO BIUTMBATH TaKi (PaKkTOpH:

— MPOTSKHICTh 1 peNbeHICTh MPUXOBAHUX 00’ €KTIB, IO MPHU3BOIATH IO
MOSIBY IIJIOTO aHCAMOII0 OIUCKYYHX TOYOK;

— HEOJHOPIAHICTD SIK caMOl MMOBEPXHI B1100paKeHHsI IPUXOBAHUX 00’ €KTIB,
TaK 1 HasgsBHOCTI JAEKUIbKOX (J103BOJIEHUX a0o0 SIKI HE 3aJJOBOJIBHSIOTH LIEH KpHUTe-
piit) iHIIKUX 00’€KTIB, IO MPU3BOAATH, 31 CBOTO OOKY, IO MPOSIBY O0COOIMBOCTEN
IPYIMOBOTO NEPEBUNIPOMIHIOBAHHS;

— YMOBHU 30epiranHs abo MacKyBaHHsSI IPUXOBAHUX 00’ €KTIB Ta 1H.

3 6oky KBA, 3anexxHo BiJ 0cOOIMBOCTEN MPUXOBAHUX 00’ €KTIB 1 KOHKPET-
HOTO BHJy BUMIpPIOBaHb (ONTUYHMMH, pajliOXBUIbOBUI, PEHTTE€HIBCHKUH, pania-
LIHHUHN TOIIO), MOKYTh BUSBIATUCSA (AKTOPH, MEPENIK SIKUX PI3HOMAHITHUHN. 30-
Kpema, 11e:

— pi3HI METOAMKH BHUMIpPIOBaHb, 0araTbOM i3 SIKUX TaKOXX BJIACTHBA HEBH-
3HAUYEHICTh (HANpPUKIAJ, CIIB3BYYHI IPHUHIIAIIAM HEBU3HAYEHOCTI Y KBAaHTOBIN
MEXaHiIll Ta pajaioIoKaIlii);
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— TEXHOJIOTIYHUN pO3KHA TapameTpiB 1 xapakrtepuctuk KBA, 1o
3 SIBISIETHCSL B TIPOLIEC] TPUBAJIOT €KCILIyaTallii 1 moTpedye MmepioguIHOoi METPOJIO-
rivaoi arecrarii;

— iHIIIl HEe MEHII 3HAYYI{I YAHHUKH, 110 BIUIMBAIOTh HA JIOCTOBIPHICTH BH-
MiproBaHb 3a fgornomoror KBA.

Otxe, Buxoasun 3 TTX KBA i He marouu anpiopHoi iHdopmartii npo npu-
XOBaHi 00’ €KTH MITYYHOTO TIOXOKEHHS, IOMUIbHICTH CTBOPEHHS OAHKY BiJIIIOBII-
HOCTI NMPHUXOBAHUX OO’€KTIB 3 ypaxyBaHHSM iX B3a€EMOBIUIMBY B IIPOLIECI BHSB-
JICHHS, BUMIPIOBaHHS 1 pO3Mi3HaBaHHS OCTAHHIX, € 04eBUHOW0. [Ipu 1boMy 117151
YUCTOTH EKCIEPUMEHTY IIiJ] 4Yac MiArOTOBKH KaTajory o0pa3iB NpUXOBaHUX
00’€KTIB IITYYHOTO TIOXO/KEHHS (JI0 TAKUX HacaMIlepe/ HalleXKaTh KOHTpadaKTHI
TOBApPH HAPOJHOTO CIIOKUBAHHS) PEKOMEH/YEThCS BUKOPHCTOBYBATH PEXUM O€3-
€XOBOCTI, CTBOPIOBAHUH CIICHIAIBHUMH METOJaMH 1 criocobamu, sKi iX peai3y-
I0Th, HAIIPHUKJIAJ 32 TOMOMOrok0 Oe3exoBux kamep (nani — BEK) [1-5].

B ocHOBi cTBOpeHHSI pexuMy 0e3eXOBOCTI JIEKUTh MPUHIUI TOTJIMHAHHS
BiIOMTOTO CHTHAITY BiJ] OY/Ib-sIKOT TIEPEIIKOIM HA MUISIXY TOIMMUPEHHS aKyCTUIHOT
abo enexktpomarHiTHOI XBuii. Ilig mepemkoao0 NpURHATO PO3YyMITU OYyIb-AKY
HEOJITHOPITHICTh TIapaMeTPiB CEepPEIOBHUINA, B SKOMY TOIIUPIOETHCS XBHWIISA. Jlis
€JIEKTPOMArHiTHUX XBWIb — II€ OyJb-fKa 3MiHA JIEJIeKTPUYHOI /a0 MarHiTHOl
KOMIUIEKCHUX IPOHUKHEHB y CEPEIOBUILE, 10 OLIHIOETHCS SIK HEOHOPIAHICTb.

OcHoBHUMH (aKkTOpamu, 10 BHU3HA4arOTh sKicTh BEK, € ixHi po3mipu #
KoH(iryparii, a TakoX SIKICTb 3aCTOCOBAHOTO PaJIIOTIOTIMHAIFHOTO MaTepiany
(mami — PIIM).

l'onoBHUM mapameTpom, 1o Bu3Hauae sKicTb BEK, € koedimienT 6e3exoBo-
cti (mam — KBE) K. Uum MeHIle 3HAYeHHS Mapa3HTHUX PO3CISHUX TOJIIB, THM
menmuit KBE i kpama sikicts BEK.

Po6ounii o6csar BEK — e o6nacts npocropy BEK 3 anpiopi 3aganum KBE,
SIKUUM NPUHHATO TaKOXX Ha3UBaTH 0€3€XOBOIO 30HOIO.

Sk mpaBwmiio, rabapuTHi po3mipu 0e3zexoBoi 30U BEK BHu3HauaroTh ekcrie-
pumeHTanbHO, nopiBHIOOYM KBE y KkoxHIH Touni mepeadauyBaHOl 30HM BHMi-
pIOBaHb (JOCHTIKEHb) 3 amnpiopi 3aJJaHUM 3HAYeHHAM. {1 IbOro BUKOPHCTOBY-
IOTh CIIBBIIHOIIEHHS TAKOT'O BUTJISITY:

YE,(x,y,z
Ky = ZOZQ%, 1)
cnaao.

1€ X, Y, Z— KOOpAVHATH 3HAXOJKEHHS MPUHMaNbHOI aHTEHH (30H/a);
Ejp. — BIIOUTI HAMPY>KEHOCTI €JEKTPUYHOTO TOJIS;
Ecpqo. — HAIPYKEHICTH €IEKTPUYHOTO MO CIIATHOT XBHJIL.
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OueBuaHO, 110 3a Oyab-sakoi koHbirypanii BEK ycskiit cnagHiii (nepBuH-
Hiil) XBWII 3 HANPY)KEHICTIO €JNEKTPUYHOIO IMOJISi  BiANOBIAATUMYTH BiIOMTI
BiJl CTIHOK KaMepH BTOPHMHHI XBHJI 3 BIAMOBIIHUMH HAIPyraMHu EJIEKTPHYHUX
TOJIIB Y BUIJIALL CyKYnHOCTI E B, ,..... Ep.

[Tpu upomy B Oyab-sikii Touli TimoreTHuHoi 30U OezexoBocti BEK 3Ha-
k — —
2 Ei/Eq

1=1
piopi 3aganuii K. Omxe, wis Bunmajky, konu npuiiMaibHa aHTeHa (30HI) Mae

YEHHS CIIIBB1AHOIIEHHS 3aB)KIU TIOBHHHO OYyTH MEHIINM, HIX aI-

i30TpornHy giarpamy cnpsimoBaHocTi, BennunHy KBE (y nennbenax) moxxna 6e3-
HOCEPEHBO OL[IHUTH 32 JJOIIOMOT'OO CITiBBITHOLICHHS:

Ky = 20 lg kD, )

np

ne ErIp = |ED | — HaMpY>KEHICTh CHAaJHOTO MOJs (MPSAMOTo MPOMEHS) IepeIaBaib-

HOT aHTCHHU B TOYII CTIOCTEPEIKEHHS;
En(Xm> Yics Zj) — CyMa HampyXeHOCT1 BIIOUTUX XBUIIb BiJI YCiX CTIHOK KaMepH B

MPUUMAITEHIN TOYII;
Xm: Yy Zj — KOOpIHATH PO3MIIIEHHS TPUHMaIIbHOI aHTEHU (30H7a), J1e
Xm = MAX; Y, = KAY; z; = JAZ.
CniBigHomeHHs (2) BKa3yIOTh Ha MOYJIMBICTh TIOKPOKOBOTO TTEPEMIIIICHHS
30H]Ia 32 OPTOTOHAIBHUMH J€KaPTOBHUMHU KOOPANHATAMH.
Takum ynHOM, y TOUI IPUHMAHHS PE3YAbTYIOUY HAPYKEHICTh eNEKTPUY-

HOTO TOJIs, 300pa)KeHy y BUTIIA/I CYNEepHO3UIlii BIIOUTTS BiJ] yCiX CTIHOK MPSIMO-
KyTHOI KamepH (a ix 6), MOXHa 3alucaTy y BUTIISIL:

R 4 —V=1k(Ryi=Rn)
EZ(Xm,yk,Zj):—”..ZFF(Bni)Vr((pni)T+
Fr(en) i=1 ni 3
R & o v , oI Ry—Rn) )
+ —n_ , )cos(® _)~——,
FB(en)é B( n|) B((pm) ( n|) Rm

e Nj — CYKYIHICTh TPhOX 1HIAEKCIB M, K, |;
[ — HOMep BiJOMBHOI CTIHKH (HANPUKIIAJ, Y OPAMOKYTHiIH Kamepi I1=1, 2,
..6);
V5s(@ni) — bpeneneBcbki koedimientn BiadutTs Bia ctid BEK 3a ropusonranb-
HOI (1HJeKC “T”’) 1 BepTUKaIbHOI (1HJEKC “B”) Mossipu3ariii.
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VY dopmymni (3) mapamerp Rmkj — L€ BIACTaHb MIXk [I€PEAABAIbHOIO TOYKOIO,
TOYKOIO Ha I-i TIEPEBUIIPOMIHIOBAIBHII CTIHIII T4 TOYKOI CHOCTEPEIKCHHS, 00Y-
MOBJIEHOIO 31 CITIBBITHOIIIEHHSIM:

Ry :\/(XO_Xni)z+(y0_yni)2+(zo_zni)2 : (4)

[Mapamerp Rni y dhopmymi (3) — 1e BiacTaHb Mik NPUIMATBLHOK aHTEHOIO,
TOYKOIO BIAOWTTS Ha i-i CTIHII H TOYKOIO CIIOCTEPEKEHHS, 110 3a/J1aHO CITIBBiJI-
HOIIICHHSIM BUTIISATY:

Ry =y (X=X )" +(y = ¥u) +(2-24)" +
+\/(Xo — %2+ (Yo = Yui): + (2o — 2,1)°

()

V nopmanux popmynax (4) i (5) uepes (Xy, Yo, Zo) BimoGpaxkeHo micue pos-
TanryBaHHs nepenaBanbHol (onpominenoi BEK) antenu; a yepe3 (Xm, Yk, Zj) — Ko-
OpAMHATY MPHUIMAIBHOTO 30H/1A, IKWH MOKHA IepeMilnyBaTtu mokpokoBo B BEK,
3MIHIOKOYH KOOPIUHATH BIAMOBIAHO 10 BHPa3iB xm = mAx; Yk = KAy; z j =JAZ;a

(*mi, Yxis Zji) — KOOPAMHATH TOYKHU J3EPKATBHOrO BiJOUTTS Ha i-if CTIHII KaMepH.

VY dopmyii (3) yepe3 Frx(0ni) yBeneHo miarpamMu CIipsMOBaHOCTI mepeaBa-
JIbHOT aHTEHH JUIS BUIAIKIB TOPU30HTAIBHOI i BEPTUKAIBHOI MOJApU3allii, ae Oni —
KyT MDXK MaJaloyuM MPOMEHEM 1 BicCI0 MepenaBaibHOi aHTEHU, a Onj— KyT MiX
IpsIMAM 1 BigOUTUM npoMeHsiMu. [Ipu boMy KyT MajiHHS MPOMEHS Ha i-Ty CTiHY

. . _Z . ..
BinoOpaskeHuit 3amucom Ppi=— — 9, a kyT Mix npsMuM IpoMeneM i Biccro Tepe-

2
JaBaJIbHOT aHTEHH MTO3HAYCHUN Y BUTJISIII eni ,

ze: Olr']i =arcsin(z,-z))/R,;

0 —arct (6)

Orxe, ciBBigHOLIEHHS (3), K€ CKIAAA€ThCA 13 IBOX CyM, BiOOpakae Imo-
BHE TIEPEBIIOUTE T0JIe, 3 SIKUX TepIla CKIaJ0Ba CTABUTHCA 10 THX CTiHOK (i =1,
2, 3, 4), o0 SIKUX TOJSIPU3AIIiS CIIATHUX XBWJIb TOPU30HTAIBHA, a Jpyra — JI0
TUX CTiHOK (I = 5, 6), 110,10 AKUX BOHA BEPTUKAJIbHA.

VY Toulll, 1€ BUMIPIOETHCS TOJ€, JOIIBHO BUKOPUCTOBYBATH 30H] 13 130-
TPOTHOIO JliarpamMoro crpsiMoBaHOCTI. Tojil, epecyBarour MOKPOKOBO IIeH 30H] IO
ocsx (X, Y, Z) KaMepu, MOXKHA BUMIPSITH [TOBHUI CUTHAJ y PI3HUX TOYKaX KaMepH.

OueBuaHo, 1m0 MOXKUOKa mpoBefeHuXx BumpoOyBanb y BEK 3anexarume Bifg
JiarpamMy CIIpSIMOBAHOCTI KOHKPETHOI BUIIPOMIHIOBAHOI aHTEHU M 3alpOIOHOBAHOT
Meroauku orfiHku sikocTi BEK Ta 11 po6ouoi 30Hu. [Ipu 1ipoMy Oynib-sika METOIMKA
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eKCIepUMeHTaNbHOro Bu3HaueHHs sikocTi BEK Moske mperenyBaty nuie sk Ha ii
arOpUTM (METPOJIOTIYHOO MOBOIO II€ 03HAYa€ “rmporpama’) OLIHKH SKOCTI, a HE Ha
arectaiito. Y MPOTHICKHOMY BHIAAKY HEOOXIJIHO 3a0BOJILHUTH OCHOBHI IOJIO-
YKEHHS METPOJIOTTYHOT0 3a0e3MeUeHHs pO3pOOKH, BUTOTOBIICHHS i €KCILTyaTarlii He-
CTaHJAPTU30BAHUX 3aC001B BUMIPIOBaHb, J0 SKUX Cif 3apaxyBaTa BEK.

BignoBinHo 10 mporpamu arecrtarii He0OXiAHO BU3HAYUTH JAiana3oH podo-
yux yactoT BEK, ii KBE, “ysaBny” edextuHy miomy poscitoBanHs (EIIP abo
EBII — edextuBHa BinouBHa noBepxHst) BEK, po3mipu Ge3exoBoi 300U 1 eheKTHB-
HICTh €KpaHyBaHHS, 3aCTOCOBYIOUM, HANPUKIIAJ, METOAU BU3HAUYECHHS PiBHS Bij-
outux curnaniB y BEK y mporieci BunpoOyBaHHS KOHKPETHOI CIPSIMOBAHOI aHTe-
HH, a came [1; 7]:

— METOJI OPIBHSHHS JliarpaM;

— METOJI BU3HAaYCHHs Koe(DilieHTa CTOSAYO01 XBIJII Y BIILHOMY ITPOCTOPI;

— metof korepeHTHol Dyp’e-ontuku abo

— paniorojiorpadiyHANA METOI.

Jiis mporiecy cTBOpeHHs 0aHKy B3 BiIOBIIHUX THUIIOBUX MOJEIICH MPUXO-
BaHux 00’ekTiB 1 goctoBipHocTi TTK KBA 3anpononoBano mabopatopHy ycra-
HOBKY 3 BEK, QyHKkIioHansHy cxemy sikoi 300paxeHo Ha puc. 1.

8

1 2
13
5—6—?4‘ 10

Puc. 1. ®ynkuionanpHa cxema 1aboparopHoi ycraHoBkH 3 BEK

VYpaxoByrouu, mo 3anas crinka BEK € ocHOBHMM kepenoM mapasuTHHX
BIZIOUTTIB, TO Y HAIIOMY BUIIaJIKy BOHA BUTOTOBJIEHA y BUIIIAII PYIOpa, HTOKPUTOTO
PIIM tuny B2-®3 i3 koediriearom BimouTTs 3a motyxkuictio Ky= 0,05 (— 13 1b).

Posmipu 3actocoByBanoi BEK obupanucs 3a ymMoBH, 1110 BUMipIOBaHHS (MM)
MoOjIeJiel TPUXOBaHUX 00’ €KTIB TMOBUHHI MIPOBOJUTHUCS HA BIACTaH1 Bij MpuiiMa-
JTBHO-TIepeIaBaIbHUX aHTeH mopsaky R = 60—70 cM. Taka BifcTaHb 3a70BOJIBHSIE
KpUTepiil JaJIbHbOI 30HM AJIS 3aCTOCOBYBAHMX aHTEH PYMOPHOIO TUIY 3 PO3KpHU-
BOM 8%8 cM? a6o 15x16 cm? i 3 pobouum obcsirom O6sm3bko 4100 e’ 3a cepen-
HBO{ TOBKUHM XBHJI 4 CM.

3rigHo 3 uuMu ymoBamu, BEK y Burnszi 3pizaHoi YOTUPHUKYTHOT MipaMign
Maja Taki po3Mmipu: Bucora kamepu — 220 cM, HWIXKHIA NEpeTUH KaMepH
40x40 cm?, BrcoTa pymopa 3auboi crinkn BEK — h = 30 cm.

Jlns KkpimjeHHd i mepeMillleHHs Mofeneil pajiojokauiiHux Iiieit Oyio
3MOHTOBAHO CHEIiaIbHO Po3pOo0JIeHnI KOOpAUHATHUK. J{s 3aMiHU Mojenel me-
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pendadeno BiakuaHy cTiHKy. Ha 3amniii crinmi BEK 6e3mocepennpo kpinumucs
XBUJICBOIHI €JIEMEHTH MPUHMAITBHO-TIEPEaBATBHOTO TPAKTY YCTAaHOBKH.

3a K=4,3 cM KBE kamepu cranosus —47 1b, a 3a A =3 cM BiamoBimHO —
50 nb. B immmx toukax pob6odoro gianazony KbE OyB e ripmmuii (—35 nb). Bin-
OWTHii CHTHAN BiJl BUMIPIOBAaHMX MOJIENICH TepeBepIilyBaB (JOHOBUN CHTHAI, JIO
CKJIaJy SIKOTO BXOJHB 1 CHUTHAJI, BIMOWTHH BiJ OMOpPH KPIIUICHHS MOJETi, Ha
50 nb. Ilpu pomMy eMmipudHO 0OMipIOBaHa PO3B’sI3Ka MK MPUAMaIbHOIO (4) ¥
nepeAaBaibHOIO (5) aHTEHAMU, BIJCTaHb MIXK Kpalikamu aneprtyp skux — 0,5 cM,
craHoBuIIa BinoBigHo —6 nb 1 —48 b Ha nopxkuHax XBUIb 4,3 cM 1 3 cM (puc. 2).

Po6ota ekcniepuMeHTanbHOT YCTAaHOBKH 3/1HCHIOBAIACS B TAKWH CITOCIO.

HansucokouactoTrHa eHeprist Bi reepatopa 1 depe3 (epuToBuil BEHTHIb 2
MOTpAIUIsA€ Ha TIepelaBalIbHY aHTeHY 3, yMoHTOBaHY BeepenuHi bEK, i, Bunpomi-
HIOIOYHCH, TIaJ]a€ Ha MOJEIb PaJioIOKAIHOI i, 3aKpiruieHoi Ha omopi. Jlami
BIIOWTHI CUTHA BiJl MOJIE1 HAAXOIUTh HA TPUMUMAIIbHY aHTEHY 4, a TIOTIM 4epe3
y3roJUKyBaJIbHUH TpaHchopMaTop 7 — Ha JAETEKTOpHY cekiito 6. [IpomerekroBa-
HUW CUTHAJ MiJICHIIOEThCS MiJCUIIOBaYeM 5 1 pikcyeTbes ab0 CTPUTIOUYHUM IPH-
JaI0M TiICKITIOBada, a00 CaMOMTUCHUM TOTEHIIIOMETPOM 1 ocumiiorpadiaHum iH-
JIUKAaTOPOM. 3 TIEPEXO0JIOM BiJl OJHOTO YaCTOTHOTIO Jlialla30Hy BUMIPIOBaHb JI0 1H-
II0T0 TTPOBOMIIACH BiIIOBIIHA 3MiHA PYITOPHUX aHTEH.

FiFy, nb IlotyEuicT: BHOpOMIHKEARHA

5 Fy
1306 )
_10 MEKC. BITBHTTA
4

4306

-20 2505
30 MIE. CHIHAT

) , _ EimbuTTa
40 [ O%E Aoka WK r

AHTEHAMH = 1206 | curdan foHy
-50

Puc. 2. I'padik noTyXKHOCTI BUIIPOMIHIOBAHHS

Mertoz BUMiptOBaHHS €(heKTUBHOI MTOBEPXHI 3pa3KOBOI0 PO3CitOBaHHS (Aai —
EII3P) moneneit Ha naHiii ycTaHOBII 0a3yeThCsl HA BUMIPIOBAHHI MOTYXHOCTEH Y
JaNbHIA 30HI BIMOBIAHO A0 PIBHSHHS paJlioyioKallii, 3aMUCaHOT0 Y BUTIISII, IO
3aJI0BOJIBHSIB KpUTEPIH NalbHBOI 30HU, TOOTO:

R> pA% /A, (7)
ne p>1,
A — noBxUHa HaOUIBIIOT CTOPOHU alepTypy BUIIPOMIHIOBAJILHOI AHTEHU;
A — JOBKHMHA XBHITi.
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3okpema, y Bunaaky sumiptoBans EII3P omykinux Tin maHa BicTaHb MOXe
OyTu 3HaYHO MEHIIOI, HIXK Ta, sika BU3HaudaeThes 3a Gopmynorw (7) [1; 7]. Le
00yMOBJICHO THM, IIIO T10JI€ TPaHC(HOPMYETHCS A0 IUIOCKOTO (PPOHTY XBHIII B MIpy
fioro nmokaiizanii 1o oci cumerpii aurenu. Kpim toro, mist suznauenus EII3P pe-
aTbHUX 00’ €KTIB Ha HaABUCOKKX YacToTax (mani — HBY) B maGoparopHux ymoBax
JOLIUTEHO BUKOPUCTOBYBATH MOJICIIIOBAHHS. Y 1IbOMY BHUIIAQJIKy MalOTh BUKOHYBa-
THCS TaK 3BaHi YMOBH €JIEKTPOJMHAMIYHOrO MozeimroBaHHs [1; 7], sKi MOXYTh
OyTH 3amucaHi y BUTJISAI TAKUX CITIBBIIHOIICHD:

g=¢,; p=p,; f/f,=NA, =0/l ,=M; S=S,M? (8)

Jae € 1 L — BIANOBIAHO Ji€NEKTpHYHA H MarHiTHa HPOHUKHOCTI 00’€KTa J0-

CHIKCHHS,
€y 1 W, — BiJIMOBIAHO Ji€NIEKTPUYHA i MarHiTHA MPOHUKHOCTI MOJIET TiJa;

f 1 A — BIIMOBIAHO YacTOTA i JOBKWHA XBHJII PAJI0JIOKAI[IAHOT CTAHIIIT;
f,, i Ay — BiAIIOBiAHO yacToTa i JoBkuHA XBual Monen PJIC;

¢ i/, — BinnoBigHO po3MipH Tina i oro Moeni;
M — Macurtad MoJeri;
S 1S, — BianoBigHo EII3P nocnigxyBanoro o0’ekra i HOro MoJei.

OdeBHIHO, 110, OOMPAIOYU CXEMY JIA0OPATOPHUX YCTAHOBOK Y IPOIIECI BU-
miptoBanHs EIT3P mozeneit mineii, HeoOXiaHO 3a0e3neuyBaTH HAICKHY PO3B’ 3Ky
Mmixxk HBY-renepatopom i npuiimadem ycrtaHoBkd. [Ipraomy cxema mpuiiMaibHO-
NepeaBaJIbHOrO TPAKTY 3 OJHIE€I0 aHTEHOO J03BOJIAE JIUILE 3 MPUHHATHOIO TOY-
HICTIO pOOUTH BUMIpIOBaHHA MIOA0 Oibinux 3Ha4eHb EI13P.

VY pasi BumiproBaHHs Manux 3HaueHb EII3P HaBiTh y By3bKOMY Jiarna3oHi
YacTOT CYMYTHI MOXUOKM HAWYACTIIIe BUXOIATH 32 PAMKH MPUHHIATHUX, OCKUTBKA
Cy4acHe pO3B’s3yBajibHE OOJaJHAaHHA (CIPSAMOBaHI BiAramxyXyBaui, MOJABIHHI
TPIHUKOBI MOCTH, LMPKYJIATOPHU) HE 3a0e3leuye HaJeKHOIO PO3B’A3aHHS MIX
nepeaaBaJbHUMU i NPpUHMaTbHUMU TPAKTaMu. 3 OIVIATy Ha 11 BCi HaBeJleH1 HUX-
4ye pe3ysbTaTh eKcriepuMeHTaibHoro nociimxeHHs EIT3P o6’extip/mineir Oynu
oJiepaHi Ha JIabOpaTOpHIM yCTaHOBLI 3 JBOMAa aHTEHaMM: NEPeaBaJIbHOIO 1
NPUAMANBHOI0, PO3TAlIOBAaHMMH MOpPYY, IO aBTOMAaTHYHO 3a0e3meduyBajio
PO3B’SI3Ky MK BiAMOBIIHUMU KaHanamu He MeHIe 30 ab.

[Tpu 1pbOMy, 3BaXKarOUM HA KBAJPATHUHICTh BOJBTAMIIEPHOI XapaKTEPHUCTH-
KU JETeKTopa, (DIKCyBaJIMCs BEIMYMHHU, O€3M0CEepeIHhO MPOMOPLIHHI BiAOUTHM
MOTYKHOCTSIM. SIK OLIIHKU €KCIIEPUMEHTAJIbHOI YCTAHOBKU OYyJIM MPOBEACH]1 BUMI-
PIOBaHHs HAINpPYKEHOCTI eJeKTpoMarHiTHoro mnoist Ha oci BEK, BimbGutoro Big
MaCUBHOTO B10MBaya y BUIJISAL METaneBoro Aucka paaiycoMm Ri = 3.3 cm, skuii
nepeminryBascs o oci BEK.

ISSN 2521-6643 Cuctemu Ta texuosorii, Ne 2 (58), 2019 179



3anexHICTh MOTYKHOCTI BIIOMTOTO CUTHAITY PO, HOPMOBAHO{ J10 IOTYKHO-
CT1 BUIIPOMiIHIOBAaHOTO CUTHAITY PY), Bin Bincrani R 300pakeHa Ha puc. 3, 1e KpH-
Ba | BiAmoOBizae ekcnepuMeHTaIbHUM BuMiptoBanHsM y BEK; kpuBa 2 po3spaxo-
BaHa 3a JOPMYJIO0, 3aIMCAHOK0 Y BUTJISII PIBHSHHSA pagionokaii [1; 7]:

G*\?S

pH pt) = ’
(4m)*R*

9)

e P - BUIIPOMIHIOBaHA MOTY>KHICTb;
PO npuifHATa (BiI0UTA) OTYXKHICTB;
G — koedilieHT MiICUICHHS aHTCHU;
S — BemmuuHa EII3P 06’exta qudpakiii;
R — BigcTanb Bij 00’ €KTa 10 anepTypH MPUUMaIIbHOT aHTEHH.

PP o

BN
N

L2
. 1
224 P
i Thaay

40 50 60 70

R, oM

Puc. 3. Hanpy:xeHocti enekrpoMartiTHoro noist Ha oci BEK

[TopiBHSIHHS KpUBUX IOKa3ye, IO BIAXUIICHHS EKCIIEPUMEHTAIbHOI KpH-
Boi 1 Big kpuBoi 2 He mepeuilye 2 ab. [Ipu npboMy 10 OCHOBHUX MOXHUOOK Y
BUMIPIOBAaHHSIX Jiarpam 3pa3koBoro poscitoBanus (nami — [I3P) moxeneit na naniii
eKCIIepUMEHTAaJIbHIN YCTAHOBIII CITiJ] 3apaxyBaTH TaKi:

— noxubka, cupuuuHeHa HasBHICTIO (oHy Big cTiHOK BEK, sixa He nepeBu-
uryBana 2,5 nb;

— noxubkKa, MoB’si3aHa 3 MPOCOYyBaHHSM mnapaszutHoro curHany HBY no-
TY>KHOCTI 3 IIepeZjaBaJIbHOT aHTEHU B MIPUIMAaIIbHY;

— nnoxubka, oOyMoBiIeHa Bapiali€o (a3u BiJ Ocl BUIPOMIHIOBAHHA JIO Tie-
pudepii, 10 He MepeBHIyBaja T/4, a TAKOXK 3MIHOIO aMIUTITYAu Ha nepudepii
po3ciroBaua, 1o He nepesuiryBaia 2 nb.

IHTerpanbHy OLIHKY MOXMOKHM €KCIEpUMEHTAIbHOI YCTAaHOBKH HECKJIAJHO
3MIACHUTH, TOPIBHIOIOYM po3paxyHKoBi 3HaueHHs EIIP Mmopneneit KOHKpeTHOTro
BUJY 00 €KTIB 3 €KCIIEPUMEHTAIBHO OJIEpKAHUMHU 00’ €KTaMU. Y HaIlOMY BHIIaJI-
Ky TaKy OIIIHKY OyJIO 371HCHEHO ISl MOJIEJICH, 110 SIBJISIIOTH COOOI0 METaJIeBHIl
uuiiHap pagiycom R; = 1,5 cm 1 nosxkunoro L = 5 cm, metaneBy chepy pasaiyca
3 cM, a TaKOX MeTalieBuil AUCK pagiycom 3,3 cM Ha gactoti 10 I'T.
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Tak, po3paxynkose 3HaueHHs1 EII3P meraneBoro nucka pa-giycom 3,3 cm 3a
HOpPMAaJIbHOTO NaJIHHS Ha HHOTO €JEKTPOMAarHiTHOI XBHWJII CTaHOBUTH 1630 CMZ.
Bonnowac ans mporo kK AUCKa, po3ramioBaHoro Ha Biactani R = 70 cM Bifg
anepTypy aHTEH IO OCl BUIIPOMIHIOBaHHS, BUMIPIOBAHE 3HAYCHHS PO Oymo
BH3HAUYEHO y BHIVIs 3HadeHHs 7 - 10*. 3BicH, BUKOPHCTOBYIOUM DiBHSHHS
panionokauii y Burisai (9), ogepxxumo emnipuyny BenuuuHy EII3P meraneBoro
JICKa 3 pajalycoM 3,3 ¢cM 3a HOPMAaJIbHOTO MaJiHHS €JIeKTPOMAarHiT-HOi XBHIII, 110

nopiHioe 1400 oM.

BucHOBKH 3 1aHOTO AOCTI/I2KEeHHS | MePCNeKTUBH NMOAAJbIINX PO3BIIOK
y naanomy Hampsimi. OTxe, 3iCTaBIsAIOYM 3HAUEHHS JUCKa, OJEpKaHi
PO3PaxXyHKOBHM 1 EMIIPH-YHUM IUIIXOM, 0a4MMO, IO iXHI 3HAYEHHS Pi3HATHCS
Ha 14 %. KpiMm TOro, BHKO-PHCTOBYIOYH METAJCBUH ITUCK SIK €TaJOHHHMA
po3citoBay, MOXKHa 3jiiicHIOBaTH OliHKY noBeainku EIN3P mopeneit cknamnimoi
reometpii. Y uuioMy B noganbiioMmy mpoueci BumiptoBaHHs EII3P moneneit
KanmiOpoBaHux Iiaed (y BUrsAAl chepu Ta HMIIHAPA) I €KCIEPUMEHTATbHA
yctanoBka, BEK siko1 Takox Mae BUCOKMIA piBeHb €KpaHyBaHHs, MOKa3aua sKiCHI

pe3yJbTaTy.
Tak caM0 MOXHa MPOBECTH OLIbII CYBOpPUN HEOOXITHHN PEXUM aTecTarlii

3amistHoi KBA He TinbKM 3 TOTIsALY iX 1HGOpMAIitHOT 3aXHINEHOCT] Yepe3 BUSIB-
JICHHS BIIACHUX CYNYTHIX Mapa3sUTHUX EJEKTPOMArHITHUX BUIPOMIHIOBAHb 1 Ha-
BEJICHb, alie i 3a KOHTponbHUMHU BuUMipamu EIT3P kaniOpoBanux 00’€kTiB, 3a0€3-
MIEYUTH KOHTPOJIb PIBHS JOCTOBIPHOCTI BUMIpIOBaHb 3a jgomomororo miei KBA
gyepe3 anocTepiopHe iX MiATBEpIKEHHS a00 CITPOCTYBaHHSI.
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INCREASING EFFICIENCY OF INTERACTION
BETWEEN THE OBJECT AND SURROUNDING TARGETS
USING POSITIONING METHODOLOGY

In this article the idea of the theoretical model of the object (O) positioning in
space is discussed. The space object positioning takes place on the basis of the enemy
targets (ET) and friendly targets (FT) locations. The effective location criterion is
determined — the maximum number of ET and the minimum number of ET which falls
into the damage zone. Also, in the article the analysis of object own safety is carried
out. Proposed model expands the criteria for assessing the characteristics of the
object in relation to the environment in which the object is located.

Key words: positioning methodology; space object positioning; enemy tar-
gets locating; friendly targets locating.

V cyuacnux 6oiiosux Oisx mexuiuni KOMN TOMeEPU308aHi CUCEMU BUKOHY-
1omb 6ce Oibul 8axcIUBy U KpumuyHy pons. Lle nepedbavacmvcsa HeobOXiOHiCmIO
nioguweHHs eheKmueHoCmi 6e0eHHs GIHU — 3a0e3neueHHs MAKCUMANbHUX 60-
POdICUX 8MPaAm 34 MIHIMATLHUX GIACHUX empam. 3acodu eederHs 60uosux Oiti cma-
HOMb CKIAOHIWUMU A OOCKOHATIWUMU, Ye CNPUYUHAE NIOBULYEHHSL IXHbOI eKOHOMI-
unoi 6apmocmi ma Qizuunoi yinnocmi. Ilpome nopisHaHo 3 mexHiuHUMU 3acodamu
YiHHICMb dreummst i 300p08 st GiliICbKOBOCIYHCO0BYIE | YUBLIbHUX OCIO 3auMae Hatl-
saorcnusiwe micye. Hapasi ons po3e’sizanns makux npoonem 6UKOpucmosyromucs
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MoOeni ma nioxoou, sIKi Hacamnepeo OPIEHMOBAHI HA XAPAKMeEPUCMUKY ma napa-
Mempu 06 ’exmig Ootiosux Oitl. Paxmopu 6NIU8Y HABKOIUWHLO20 Cepedosua abo
ieHOpytombCs (K MAn03HaAYywi), abo OYiHIIOMbCA TH0O0bMU HA OCHOBI IXHbO2O
00c6i0dy (excnepmue OYIHIOBAHHS) MA MEOPEMUUHUX 3HAHb 0e3 HANEHCHO20 CUC-
MmemMHO020 Niox00y.

Omoice, y nputiHammi makmuyHux pitieHb TH00CLKULL hakmop cmas U3Ha-
YATILHUM, WO MOJICe Npu3eecmu 00 NOMUIKOBUX HE360pOMHUX piuieHb. B enoxy
yughposux mexnonoziti icHye nompeba 6 adeKeamHocmi ma eghekmusHocmi ma-
memMamuyHux mooenetl, SAKi Mo2iu 6 agmomamusyeamu npoyecu makmuyHo20
nIaHyeanus 8 peaibHomy uaci. Taxi mooeni maromo micmumu KpUmMuyHi 6UMO2U
00 OYIHIOBAHHA Ccepedosuwya, 8 KoMy nepebysae 00 ’ekm. Tomy HeobOXiOHO po3-
podoumu meopemuyHy ti MamemamudHy mMooensb (IKy MONICHA Al20pUmmizyeamiu),
ye 0acmo 3M02Y MAKCUMATbHO 3HUSUMU PUSUK 0151 OPYIICHIX Yinell ma niosuwumu
ehekmusHicmob 030pOEHHS T 6OE30AMHICIb BIUCLKOBOCTYHCOOBYIE.

Ooni€ro i3 HAUBANCUBIUIUX BUMO2 00 YIET MOOei € agmomamuzayis npoye-
€y Makmuunoeo niamyeanus U ynpaeiinua. OOHAK, He38aNCAIOUU HA BilICbKOGe
CNpAMY8anHa Yiei Mooeii, 60HA Modce Oymu YCHiWHO SUKOPUCAHA Ol THULOT
Memu, Hanpukiao OJisl NIAHYBAHHS 8 eKOHOMIUHIN cgepi. Adaice ys mooenb modnce
3HAxXo0umu He MINLKU BOPOXC YiNi YU OpYixucHI 06 ekmu, ane Ui Oiibl YCNiUHO
nianysamu O6isHec-cmpamezii ma 6UHAYAMU KOHKYDEHMI8 HA PUHKY.

Pezynomamom yiei cmammi € eepbanvHuil areopumm i meopemuyHa Ma-
MeMamuyHa MoOeib, KA NOMEHYIUHO Modce NiOBUWUMY eqheKMUBHICb Ynpas-
JUHHA 06 ekmamu (V 8ilicbK08ill, eKOHOMIuHIl ma iHwux cghepax). 3anpononosana
MOOellb pO3WUPIOE Kpumepii OYiHIO8AHHS XapaKmepucmux oo’ ekma wooo cepe-
oosuwa, 8 aKomy nepebysae o6 ’ekm.

KitouoBi cioBa: memooonocis no3uyiony8anus; PO3MIWEHHsT KOCMIYHUX
00’ exmis; po3miwents yiiei NpOMusHUKA, OPYACHE PO3IMILeHHS Yiell.

B cmamve obcyscoaemes uoes meopemuueckou mooenu no3suUyUOHUPO8a-
Hust obwvexma (O) 6 npocmpancmee. Tlo3uyuoruposanue KOCMULeCcko2o 0oveKma
npoucxooum Ha ocHoge pacnonodcenus epadxceckux yeneil (ET) u opyacecmeen-
uoix yeneu (FT). Onpedensemcs kpumepuii 3¢hgheKkmusrnoco mMecmonoioiceHus —
MAKCUMAIbHOE KOIUYeCmeo U MuHumMaivroe koauvecmso ET, komopoe nonadaem
6 30HY nospedicoenus. IIposeden ananuz cobcmeennou b6ezonacHocmu 0o6veKma.
Ipeonazaemas mooenv pacuwiupsiem Kpumepuu OYyeHKU Xapakmepucmux 00vexma
1O OMHOWEHUIO K Cpede, 8 KOMOPOU HAX00UMcsi 00beKml.

KitroueBble ciioBa: mMemoouxa no3suyuoOHUpoBanust, NOUYUOHUPOBAHUE KOC-
MU4ecko2o 0bvekma, onpeoenieHue MeCHONOLONCEHUS BPANCECKUX yeTlell, Onpe-
OelleHue MeCmMOoNON0HNCEHUsL OPYHCECIBEHHBIX Yelell.
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Problem formulation. In modern wars, technical computerized, often self-
assembled systems become more and more important and critical. It also provides
the need to increase the effectiveness of warfare — maximum hostile loss at mini-
mum own losses. The means of warfare become more complex and more ad-
vanced therefore more expensive and more valuable. Equally, the value of human
resources and lives of civilians takes the first place. At the moment, to solve such
problems, models and approaches are used and primarily focused on the charac-
teristics and parameters of the object. Environmental factors are mostly ignored or
evaluated by people based on their experience (expert assessment) and theoretical
knowledge, without proper systematicity approach.

Thus, when making tactical decisions, a human factor takes place as signifi-
cant part that can lead to false/incorrect decisions. In the era of digital technology,
there is a need for the models that could automate the tactical planning processes,
in a real time. Such models have to acquire the critical requirement to evaluate the
environment in which the object is located. Therefore, it is necessary to develop a
theoretical, mathematical model (which can be algorithmized), will maximize risk
reduction; increase the effectiveness of weapons and the combat capability of sol-
diers. One of the most important requirements of this model is the automation of
the tactical planning and management process.

However, despite of the military deviation of this model, it can be success-
fully used for other purposes, such as economic field. After all, this model allows
more successfully plan the business strategies, to define competitors, as well as
ET, as well as FT.

Main material. The main problem is to calculate the location of the object
in the space and damage points, based on the target zone of the targets (fig. 1).

Object means a transport or other which initiate interaction with targets by a
certain algorithm.

Target — transport or other, exposed to the object influence.

Characteristics — a set of the targets’ and objects’ parameters. The charac-
teristics include size, position in space and time, manoeuvrability, interaction
zone, type of interaction, aggressiveness, own safety.

Types of interaction — positive and negative — distinguish two types of in-
teraction on target.

Friendly target — the target that positively interacts with the object (an ag-
gressive object can interact negatively with such targets, neutral — neutrally, and
not aggressive should interact only positively). For such targets, it is necessary to
maximize the positive impact of the object and minimize the negative.

Enemy target — the target that negatively interacts with the object (an ag-
gressive object should interact negatively with such targets, neutral and not ag-
gressive — can interact neutrally). For such targets, it is necessary to minimize the
positive effect of the object and maximize the negative.
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Interaction zone (1Z) — zone, where object interacts with targets without
changing their position and other characteristics (fig. 2). Distinguish positive
zones (P1Z), negative interaction (NIZ) and zone of the object’s vulnerability
(VIZ). In most cases, the zones of positive and negative interaction completely
coincide or one of them is absent.

The positioning of the object in its basis is based on the theory of games [1-6].

Ideally, when the zones of interaction with friendly and enemy objects are
separated in space (fig. 3), the object is easily positioned by the following rules:

* The PIZ is located in the largest congestion of FT;

* NIZ is located in the largest concentration of ET;

* VIZ is located in the smallest accumulation of ET.

In case that it is impossible to reach the ideal state, or the zones coincide,
the priority of the above rules is determined as follows:

* For an aggressive object, the definition of a NIZ is of a higher priority
than the definition of the P1Z and vice versa;

* For a high-security entity, the definition of the VIZ has a higher priority
than the definition of the PIZ or NI1Z and vice versa.

In this paper, an algorithm for calculating zones is considered. However, the
algorithm for positioning the object based on the calculated zones is not consid-
ered. The algorithms do not take into account the accuracy of the object interac-
tion with the targets. This will be discussed in the further articles.

To determine the P1Z and NIZ the algorithm is applied the same only with
inverse logic — FT changes the values from ET.

The same algorithm is used to determine the V1Z, but the FT objects are not
taken into account.

Since the algorithm uses the same one only with inverse logic, there is a
need to enter additional definitions.

Algorithm terms.

The calculation zone (CZ) is one of three zones for which the algorithm is
used (given by the characteristics of the object) [7].

Target objects (TO) — objects that should be covered by the calculated zone
as much as possible [8].

Non-target objects (NO) are objects that should not fall into the calculation
zone, or their number should be minimized [9].

The calculated zone of the target objects (CZT) is the area equal to the CZ in
terms of size and form, in which the largest number of TOs is accumulated [8-10].

The calculated zone of non-target objects (CZN) — a zone equal to CZ in
size and form, in which the largest number of NO is accumulated.

The calculated zone of minimum non-target objects (CZM) is a zone equal
to the CZ in size and form, in which the smallest number of NO is accumulated
within the bounded area of target objects [11].
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As a result, we obtain the following algorithm propositions:

1) calculate the location of the settlement zones by the TO and NO location;

2) calculate CZ, based on the condition that the CZ should coincide with the
CZT, as much as possible but not include CZN;

3) repeat second point for all areas of the object;

4) establish the object for maximum coverage of the calculated zones.

This algorithm is valid both for stationary and for dynamic entities or ob-
jects. The only difference is that dynamic entities and computing objects must be
real-time.

Conclusions and further researches directions. The result of this article is
a verbal algorithm description of the theoretical model is shown. The mathemati-
cal model, which potentially can increase the object effectiveness (either military,
economic and oth.). Proposed model expands the criteria for assessing the charac-
teristics of the object in relation to the environment in which the object is located.
Present paper show the main idea on positioning the object based on friend-
ly/enemy targets.
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aBMaLMOHHbBIN UHCTUTYT”

CUCTEMA OBYUYEHHS B BBICHIEN HIKOJIE
HUTAJIMU U YKPAUHDBI

IIposedena cpasnumenvhas xapakmepucmurka cucmem gvlcuie2o oopazosa-
Husi Yxkpaunvl u Umanuu. Paccmompenvl ocobennocmu nocmpoenus y4ebH020
npoyecca 8 UMartbAHCKUX YHUBEPCUMEmax Ha npumepe 0OHOU U3 OUCYUNIUH, KO-
mopyro npenooatom 8 yHugepcumeme Tpenmo. OmauuumenbHol yepmou ooyde-
HUsl A61AeMCcs NPAKMUYEcKas HANPAasieHHOCMb CAMOCMOSMENbHOU pabombl
CMYO0eHmo8, HauUHAas ¢ blOOPA MeMbl U 3AKAHYUBASL NPAKMUYECKUM 8HeOpeHUeM
8bINOIHEHHOU pabombl. [lokazana 603MONCHOCMb 6HEOpeHUsi NPEOCMABIEeHHO20
onvlma 6 yueonblli npoyecc ynugepcumemos Ykpaunvl.

KitoueBrle ciioBa: swvicuiee obpazosanue; UHGOPMAYUOHHbIE MEXHOI02UU,
yuugepcumemsl, bononckasn cucmema.

IIpogedero nopisnANbHY Xapakxmepucmuky cucmem uwjoi oceimu Ykpainu ma
Imanii. Pozensnymo ocobnusocmi nob6y0osu HABYAIbHO20 Npoyecy 6 IMmAaitiCbKux
VHIgepcumemax Ha Npuxkiadi OOHIET 3 OUCYUNIIH, SKY UKIAOAIOMb 8 YHIgepcumemi
Tpenmo. Oomicio 3 8IOMIHHUX PUC HABYAHHA € NPAKMUYHA CHPAMOBAHICIbL CAMO-
CMIlIHOT pobomu cmyO0enmie, NOYUHAIOYY 3 8UOOPY MeMU i 3aKIHUYIOYU NPAKIMUYHUM
VAPOBAOIHCEHHAM BUKOHAHOI pobomu. Tlokazana mModciusicmes Ynpo8ao#ceHHs po3-
2IAHYMO20 00CBI0Y 8 HABUALHULL NPOYec YHIgepcumemie Ykpainu.

KirouoBi cnoBa: euwa ocsima, ingpopmayitini mexnonoeii; yHigepcumemu,
bononcvxka cucmema.
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The proposed paper provides a comparative description of higher education
systems in Ukraine and Italy. The comparison was carried out on nine indicators
that were taken from international publications and ratings of universities in the
world. Some publications relate to Italian sources, and some to Ukrainian. The
number of national universities in Italy and Ukraine that were included in the QS
World University Rankings 2020 rating was considered. All these data are shown
in the table. The organization of the educational process at universities in Italy is
based on the great independence of students. Students, choosing a specialty, have
a list of subjects for study, each of which has its own weight — credit. Among sub-
jects, students independently choose the discipline to study, gaining the required
number of credits. In Ukraine, the existing system assumes the existence of com-
pulsory disciplines (75 %) and disciplines of students’ choice (25 %). The fea-
tures of the construction of the educational process in Italian universities are
considered. The discipline “Project and Team Management Methodologies”,
taught at the University of Trento, was chosen as an example. One of the distin-
guishing features of training in this discipline is the practical orientation of stu-
dents’ independent work, starting with the choice of topic and ending with the
practical implementation of the work done. When analyzing the use of infor-
mation technologies in the educational process, it is shown that they are being
used starting from the first step of a student in Italian universities. This is due to
the very good organization of the educational process, the involvement of students
in the preparation and conduct of classes, the organization of their independent
work, approaches to teaching independent decision making and responsibility for
their implementation. In this regard, requirements for lecturer are increasing.
Video shooting of the lecture, which is conducted by students, requires more
thorough preparation of the lecturer, in-depth knowledge of the material presen-
ted, the ability to keep all students under control and the ability to remain “in the
frame”. The possibility of introducing the presented experience into the educa-
tional process of Ukrainian universities is shown.

Key words: higher education; information technology; universities; Bolog-
na system.

ITocTanoBka nmpo6Jemsbl. bypHoe pa3Butie MHGOPMALMOHHBIX TEXHOJO-
ruii B koHle XX — Hayane XXI crosertuil pe3ko U3MEHWIO IMPAKTHUYECKH BCE
cdepsl uenoBedeckoil xku3HU. [losABIAIOTCSA 3aBOJBI, HA KOTOPBIX PabOTarOT je-
CSAITKM YEJIOBEK, BBIITYCKAIOIINE MPOAYKIIMIO, CONOCTABUMYIO C MPOAYKIUEN 3aBO-
JIOB-TUTAHTOB, Ha KOTOPBHIX pabOTaId THICSIUM COTPYIHUKOB; aBTOMOOWIIH, B KO-
TOPBIX OTCYTCTBYIOT BOJMTEIM; OECHWIOTHBIE JIeTaTelbHbIE amIaparhl, coco0-
HBIC BBINOJHATH IPAKTUYECKU BCE 3aJaHUSA 10 MOHUTOPHUHIY 3a Pa3iIUYHBIMU
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oOBeKTaMu WU TepputropusmMu. He obommiock U 0e3 BHEAPEHUS COBPEMEHHBIX
TEXHOJIOTHI B 00pa3oBaTeNbHbIN Mpolecc U B Bbicmel mkone. Ecimu 35-40 ner
Ha3aJ] BBICIIUM MEPHJIOM TEXHHYECKHX CPEICTB 00y4YeHHS ObLTH MPOEKTOPHI, KO-
TOpbIE TTOKAa3bIBAJIM KAPTUHKU, HAPUCOBAHHBIE HA IIPO3PAYHOl OCHOBE, TO TEIEPh
K yCJIyram mperojiaBatesieil HHTepaKTUBHbBIE JOCKU, HU(POBBIE MPOEKTOPHI, MO-
3BOJISFOLIME OTOOpaXkaTh KOMIBIOTEPHOE N300paKeHNE Ha SKpaHe, BUACOKAMEPHI,
MO3BOJISIONINE TepeiaBaTh WH(GOPMAIMIO B PEXHME OHJAWH B ceTH VHTepHeT.
Bce npuBbIKIM K BO3MOKHOCTSIM BCEMUPHOM MayTUHBI, B KOTOPOM MOKHO HaUTH
OTBETHI MPAKTUYECKH HA BCE BOIPOCHI, pa3HOOOpa3HbIEe 00yYaroIIue MPOrpaMMbl
10 BCEM HayKaM H T. 1.

Ienbo craTbm SBISETCS CPABHUTEIbHAS XAPAKTEPUCTHKA COBPEMEHHBIX
MH(OPMALIMOHHBIX TEXHOJIOTHM, MPUMEHSEMBIX B BbICIICH Ikoje Wramuu u
VYkpaunsl, Ha mnpumepe HannoHaJIBHOrO a’pPOKOCMHYECKOIO YHUBEPCHUTETA
uM. H. E. XXykoBckoro “XAN” (HAY “XAWN”) (YkpauHa) W yHUBEpCUTETa
Tpento (YT) (Utanus).

N3n0:xxenne ocHoBHOr0 Matepuana. Cucmema evicuiezo oopazoeanus
Hmanuu u Yxpaune. OCHOBOI €BpOINENHCKON cHUCTEMBbl OOpa30BaHMSI CIEIYET
cuutath “bonoHckyro aexmapanuio”, kotopas Obuia noamucana 19 utons 1999 r.
B I. bonoups (Mramus) 29 muHucTpamu oOpa3oBaHMsI €BPOIEHCKHUX CTPaH OT
MMEHU CBOMX MpaBUTeNbCTB [1]. B 3T0i nekmapanuu MUHUCTPHI Opanu Ha ceds
00s13aTeNbCTBA MPEANPUHATH MOJUTHYECKUE IIaTH U JOCTIDKEHHS psiia Lejei,
BXHEHIIUMHU U3 KOTOPBIX SBIISIOTCS:

— IPUHATUE CUCTEMBbI aKaJIEMUYECKUX CTENEHEH, JErKOYUTAEMbIX U MOHU-
MaeMbIX;

— IPUHATUE CUCTEMBI, KOTOPAasi OCHOBBIBAJIACh Obl HA Y4EOHBIX ITPOrpaMMax
JIBYX TUIOB: MPOrpaMMax BICIIUX MPOECCHOHATBHBIX YUEOHBIX 3aBEACHHUI (Be-
OyUUX K IOJYyYEHHUIO CTENeHH OakajiaBpa) U IporpaMMax By30B aKaJeMHYECKOIO
paHra (BeAyIIMX K IMOJIy4YE€HHUIO CTEIEHH MarucTpa);

— COJICMCTBHE YCTPAaHEHUIO MPEMSITCTBUNA Ul CBOOOJHOTO IEperBUKEHUS
CTY/IEHTOB, NpenojaBaTeieil, a Takxke HccieqoBaresneil U pabOTHUKOB cdepsl
BBICILIET0 00pa30BaHUs;

— (popMupoBaHue €BpOIEHCKON CUCTeMBbI 00eCTIeYeHHs KayecTBa.

WranbsiHcKas cucreMa BBICHIETO 00pa30BaHUs OCHOBBIBA€TCS HA MPUHIU-
T1aX, U3JI0KEHHBIX B 3TOM JIOKYMEHTE.

B VYkpaune bonmonckuii mpouecc 6611 BHeapeH B 2005 r. Ha ceronnsiinamii
JIeHb y’Ke 3aJI0’keHbl U paboTatoT ocHOBBI bosoHckoit cuctemst [1]:

— BBEJICHO HE3aBUCUMOE TECTUPOBAHHUE JIJIS IIKOJIBHUKOB;

— YHOpOIIEHa CUCTEMA YPOBHEN BBIMTYCKHUKOB;

— BHEJIpeHa eJJMHasi CUCTeMa OLIEHUBAHUS;
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— co3naHa HamuonanbHas rpynmna npoMoyTepoB, KoTopast peryiaupyeT bo-
JIOHCKHUH TIpoIecC B YKpauHe.

Takum o6pazom, B Ykpaune k 2019 1. co3manbl ¥ 3a7105KEHbBI YCIIOBUS IS
UHTErpalul U MOOUIIBHOCTU CTYACHTOB B €BpOIIEHCKOE 00pa3oBareiabHOE U
HayyHOE MpocTpaHcTBO. CpaBHUTEIbHAS XapaKTEPUCTHKA OCHOBHBIX CBOMCTB
BBICIIIETO 00pPa30BaHMs B PAaCCMATPUBAEMBIX CTPaHAX U PEUTUHIOB BY30B JaHa B
Tabm. 1.

Tabauua 1

CpaBHeHHE OCHOBHBIX XaPAKTEPUCTHK BbICIIEr0 00pa3oBaHus
Ykpannbl u Utanuun

IIpu3Hak cpaBHeHHs Ykpauna Hramms
OcHoBHas aKkajgeMHYecKas ¢IUHHUIIA DK3aMeH, 3a4eT 3ageT
BospacT OonbIIMHCTBA CTYIEHTOB 17-18 19-25
MIEpBOro Kypca
OO11as YMCIEeHHOCTH BY30B
(II-1V yposHs) 652 (262) 4
Peiftunr By30B B Mupe 5 2%
(xomruectBo cpeau 1000 myummx) [2]

XapbKOBCKUI N
. o Munasckuii
Jlyqmmii By3 CTpaHbl HAIMOHATIbHBIH .
. MOJUTEXHUIECKUI
(MecTo B MEpOBOM pedTuHTE) [2] YHHBEPCUTET niepenter (149)
um. Kapasuna (491) | Y"™MPP
HannonanbsHbIH peHTUHT HAY “XAN” - YT -
(MECTO B MEPOBOM PEUTHHIE) 10 [3] (3195) [4] 14 [4] (389) [2]
OO01as YUCICHHOCTh CTYICHTOB
15 1,8
(MIJTH YeJI0BEK)
YUuCIIEeHHOCTh MHOCTPAHHBIX CTYJCHTOB 64 THIC. 52 ThIC.
CpoK OGVUCHIS CTVICHTOR bakanasp — 4 r. bakanasp—-3+ 1.
P i A Maructp—1r.4(9)m. | Maructp—2+1T.
I'ocynapcTBeHHBIE I'ocynapcTBeHHBIE
[TnaTa 3a oOyueHme BY3HbI: BY3HI:
(1t YKpanHbl — KOHTPAKTHAST) 5100-43 200 rpu 600-3000 eBpo.
3a y4eOHbIi rox [5; 6]: YacTHbIC BY3bI: YacTHbIC BY3bI:
4920-55 000 rpH 1o 15 000 eBpo

Ha B3rnsna aBTOpoB cTaThy, B MPEACTABICHHON Tabmuie cieayer oOpaTuTh
BHUMaHHE Ha BO3pacT abuTypueHToB. Moso/oi yenoBek B Bo3pacte 25 JeT oco-
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3HAHO WJIET B TOT WJIM UHOH By3. DTOMY CHOCOOCTBYET OpPraHM3aIUsl IIKOJIHHOTO
o0y4eHUsl, TJIe MHOTO BHHUMAaHHUS yJensercss Npo(ecCHOHATBHOW IMOATOTOBKE.
Beiciiee o0pa3zoBanue He SIBIISICTCS CAMOIIENbIO, a SIBISICTCS HHCTPYMEHTAPHEM I10-
JTydeHus 6osee MPeCTKHON paboThl, 3apab0THOM ILIATHI, TTOJIOKEHHSI B OOIIIECTBE.

Crnenyer oOpaTUTh BHMMaHHE M Ha YMCICHHOCTh BY30B. Ecnu HaceneHnue
Wrtanuu cocrapnser nopsaka 60 MIIH 4elOBeK, HaceJIeHHe YKpauHbI 10 pa3iuy-
HBIM UCTOYHUKAM — OT 39 10 42 MIIH, TO KOJIMYECTBO BY30B SIBHO HE COOTBET-
CTBYET YMCIEHHOCTU HACEJICHUS.

Hecmotps Ha TO, 4TO B moOCeIHIE TOJIbl CHUYKAETCS KOJIMYECTBO aOUTYypUEH-
TOB B YKpauHe, Hallla CTpaHa YCTOWYMBO 3aHUMAET MECTO B MEPBOIl JECATKE CTpaH
MHpa 1o KoiaudecTBy ctyAeHToB Ha 1000 xwutenelt. OmgHaKko MpencTaBieHHbIC peil-
THHTY TIOKa3bIBAIOT TO, YTO CHPOC HA BBITYCKHUKOB HAIIMX BY30B JKENAeT ObITh
OonbM. [ 1aBHAs MPUBJIEKATEIBHOCTh HAIMX YHUBEPCUTETOB — 3TO XOPOIIEE CO-
OTHOILICHUE IIeHA/KayeCTBO 110 CPABHEHHUIO C OOJIBITMHCTBOM CTPaH B MUPE.

[To npuBeneHHBIM JaHHBIM AT HauOOJIee MOMYISIPHBIX PEUTHHTOB B MUPE
yHuBepcuteTsl Utanuu 3anumarot 23-e mecto B mupe u 12-e B EBpone [7]. K co-
KaJIGHUIO, YKPAWHCKHE YHUBEPCUTETHI B YHCIIO 56 Ty4IIUX HE MOMaIH.

Ilocmynnenue ¢ gy3. B otnuunie oT YKpauHbl UTATbSHCKUE BY3bl 001a/1a10T
BBICOKOW CTENEHbI0 aBTOHOMHOCTH. JTO KacaeTcsi OpraHu3alluyd KakK MPUEMHOMN
KOMIIaHUH, TaK U yueOHoro npouecca. OTIHYNTETbHBIMU OCOOCHHOCTSIMU UTAJIb-
SIHCKUX YHHUBEPCUTETOB SIBISIOTCS [8]:

— OTCYTCTBHE BCTYNHUTEIbHBIX 9K3aMEHOB;

— IBEHaaTHIIETHEE IIKOJIbHOE 00pa30BaHMUE;

— IUTIJIOM €BPOIeNcKoro o0pasia;

— KOHBEpTalus pa3pemnieHusi Ha oO0ydeHHne B CTaTyc MOMCKa pabOThI C IO-
clieyronield BO3MOKHOCTBIO MTO/Ia4M Ha OJyYeHUE TPasKJaHCTBA CTPAHbL;

— IOCTYIIHOE TpyAoycTpoiicTBo B Utanuu u ctpanax EC.

B GonbIMHCTBE BY30B KOJMYECTBO MECT HE OrpaHHyeHo. [[nd momyueHus
TPAHTOB Ha OOYYE€HHE WU OCBOOOXKJICHUS OT YIUIaThl 32 yue0y HeOOXOIUMO Io-
Ka3aTh BBICOKHME aKaJEMUYECKUE pe3yibTaThl. BrICOKME akageMuyecKkue pe3ysib-
TaThl BapbUPYIOTHCS B 3aBUCUMOCTHU OT BY3a, HO B CpPEIHEM 3TO BbIlIe 89 Gaios
n3 100 Bo3moxHbIX. Taxxke B cpeaHeM cyimiectByeT 10 GecruiaTHbIX MECT JUIs
WHOCTPAaHHBIX CTYJEHTOB Ha OJIHY CHEIUATbHOCTb.

UYactabie ynuBepcuteTsl B Mtanuu emie 6oee cBOOOIHBI B CBOUX JIEHCTBU-
X U MPEJNOYUTAIOT TPUHUMATh BCEX KenarouuXx. [ yKkpauHueB, Kak v IpyTrux
MHOCTPAHIIEB, MPU OOYYEHUM Ha aHIVIMHCKOM $I3bIKE 3HAHHE HTAJbSIHCKOTO HE
CUMUTAETCs 00s3aTeNbHBIM, TIO9TOMY BCTYIHUTENbHBIE TECTHI CBOAATCA K OMpeIe-
nennto ypoBHs BrnaneHus aHriuickuM — IELTS unmu TOEFL. DTt sk3amensl
MO’KHO CJIaTh B JIMHTBUCTUYECKHX IEHTPAX MOYTH JTFOOO0N CTpaHBI.
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Cawmpble monyJsipHbIC HampaBiieHus o0yuenus B Mranuu [8]:

— apXUTEKTYpa;

— CTPOUTEIBCTBO;

— UCKYCCTBO U JU3ailH.

Cawmpble monyJsipHbIC HaMpaBlIeHUsI 00ydeHus B Ykpaune [9]:

— IIpaBo;

— ¢umnosorus,

— MEHE/KMEHT;

— KOMITbIOTEPHBIC HAYKH.

Opzanuzayusn yueonozo npouecca. Cucrtema oOydeHus B By3ax Mramum
MOAPa3yMEBAET CaMOCTOSITEIbBHOCTh CTYACHTOB. CTy/leHTHI, BHIOUpas crenuaib-
HOCTb, IOJY4YalOT CHUCOK W3 MPEAMETOB Il M3YyYEHHUs], KaKIbIM W3 KOTOPBIX
UMeeT CBOW Bec — KpenuT. Cpelr mpeIMeTOB CTYICHThI CaMOCTOATEIHHO BBHIOU-
paroT AUCUMILIUHBI JUIS U3y4eHHsI, HA0upast HEOOX0AUMOE KOJIMYECTBO KPEIUTOB.
B VkpauHe cymecTByromas cucTeMa NPEIIoJiaraeT Haaudue o00s3aTelbHBIX
aucturind (75 %) ¥ JUCIUILTHH 10 BBIOOPY CTYAEHTOB (25 %).

UtanesHckue CTYAEHTHI UMEIOT JIOCTYIT KO BCEM KypcaM B OHJIAMH-CHCTEME,
rae, KpoMe yueOHO-METOIWYECKOro MarepHalia, HaXOIUTCS THEBHUK OIICHOK U
noceniaemMoctu. Yepe3 CUCTEMY MPOUCXOIUT MOHUTOPUHT PACHUCAHUS 3aHSATHUH,
9K3aMEHOB, PErucTpauus Ha Kypchl U 3k3ameHbl. B HAY “XAN” B Hacrosmiee
BpEMsI BBOJIUTCSI aHAJIOTUYHASI CUCTEMA 3JICKTPOHHOTO JOKYMEHTO000pOTa, KOTOpast
COJICP’KUT y4eOHO-METOJIMYECKUN MaTepuan M TMO3BOJUT B PEKHUME PEalbHOTO
BPEMEHHU CJIEAUTH 32 YCIIEBAEMOCTBIO CTYICHTOB.

B nHauane cemecTpa v HOBOHM JAMCHUILIMHBI MIPEMOAABaTEeNb BEIOUPAET CTY-
JICHTOB, KOTOPBIE KEJIAIOT 3a JIOMOJHHUTENIbHbIE OaJIbl aCCUCTUPOBAThH Mpernoia-
BaTeNI0 BO BpeMs nap. B 0043aHHOCTH TaKuX CTYIEHTOB MOXET BXOJUTD:

— CO3/aHMe caiiTa JUCITUILINHEI;

— $oTO- U BUJICOCHEMKA JICKIIHil;

— KOHCIIEKTUPOBAHKE U ITyOJIMKAIUsI MAaTEPUAIIOB JICKIIHIA;

— MOJTOTOBKA MPe3eHTAIMIA, TPOYero MaTepuana s JeKuid u saboparop-
HBIX paloT.

Taxoit mogxon xk odydueHuro B YT mo3BONIS€T TUCIUIUIMHUPOBATH CTYJICH-
TOB, BOCIUTHIBAE€T OOJIBIIYIO OTBETCTBEHHOCTh 3a pe3yibTaThl oOyueHus. B
YKPauHCKHX BY3aX TAKOr'0 Y4acTHsl CTYJIEHTOB B MOATOTOBKE M MPOBEAEHUIO 3a-
HATHUI HE HAOII0JaeTCs.

VY4eOHbIii mpoliecc MOCTPOEH M CTYACHTOB JBYX THIIOB: MOCEUIAIONINX U
HE TOCEIAIMMX 3aHATUs. JIJIsi MOCEemaronuX 3aHsITHS HWTOroBas OILIEHKa 3a
MPEAMET BBICTABISETCA MO HAKOMUTEIBLHOM CHCTEME, 1O 3apaHee OrOBOPEHHBIM
OaimaM 3a Kaxkaoe 3anaHue. B 3aBUCMMOCTH OT JAMCIHUIUIMHBI MPETYCMOTPEH
MUCbMEHHBIA WM YCTHBIA 3K3aMEH, €CIU CTY/CHTa HE YCTPOUT HAKOIUICHHBIN 32
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cemecTp Oam. [l He MOCeIAoMX 3aHATUS CTYJEHTOB IIPEyCMOTPEHBI Habop
JUTEpaTyphl U CaMOCTOSTEIIBHOTO HW3YYEHHs, KOJIMYECTBO paboT, KOTOpbIE
HY>KHO BBIIIOJIHUTh U CIAaTh B YAAJICHHOM PEXHUME, U 00s13aTeIbHbIA THOPUIHBINA
9K3aMeH BO BpeMs ceccud. HapaBHe co CBOOOTHBIM BBIOOPOM IPEIMETOB CTY-
JIEHT caM BbIOMpPAET, B KaKyl0 CECCHUIO CIaBaTh 3K3aMeHbl. B TeueHue roxa mnpo-
XOJIAT 3 ceccuu: B stHBape—QeBpale, nroHe—utolie u ceHTsI0pe. CTyIeHTh UMEIOT
IIPaBO Ha OecIIaTHYIO Nepecaayy, eclid He YCTpauBaeT OLIEHKa, JJIs 3TOr0 HYKHO
CHATh 3TOT € 3K3aMEH BO BpeMs CIENyolled ceccuu. AHaJIOTMYHas CHCTEMaA
OIIEHKH ycrieBaeMocTH BBoauTcs U B HAY “XAN”.

3aHATHS B UTAIBSHCKUX YHMBEPCUTETaX JEJSATCS Ha JIEKLIMOHHBIE U TPYII-
nosble. Bo Bpemst jekuuii npenogaBaTenad MCHONb3YIOT MPE3EHTALUU U BUAEO-
CbEMKY, YTOOBI y HE MOCEIIAIOMX WU IPOINYCTUBIINX 3aHATHSI CTYAEHTOB ObLI
JOCTYH K MaTepragam JieKIuu. YacTo MpakTUKYIOTCSI COBMECTHBIE JIEKLUH C APY-
rumu  yHuBepcuteramu EBpomneiickoro Coro3a uepe3 Skype wumm  Google
Hangouts. Takxe Ha JIeKIUAX NIPUCYTCTBYIOT IPUTJIAIIEHHBIE JIEKTOPBI U3 APYTHX
YHHBEPCHUTETOB MJIM CIIEHUAIMCTHI U3 MPEIMETHOM o0sacTu. [ pynmoBbie 3aHATHS
MPOBOJAT JICKTOPBI JIHOO K€ acCHCTeHTHI JiekTopa — PhD-ctynentsl. Bo Bpems
IPYNIOBBIX 3aHITUNA €CThb BO3MOXHOCTh MHAWBHUIYaJbHOM pabOThl U KOHCYJIbTa-
LMY C IpenojaBaTessiMu. Takke BO3MOXKHO 3apaHee 3a0pOHUPOBATH KOHCYJIbTa-
0. B HAY “XAW” uspenka K IpoBEACHUIO 3aHATUM MPUTJIAIIAIOTCS Cielua-
JUCTBI B pa3In4HbIX 00nacTsax. OHAKO 3TO SBIAETCS CKOpee UCKIIOUEHHEM W3
IIPAaBUJI, YEM MOCTOSSHHOM NpakTukKoil. [IpobiieMaTHUHBIM SBJISIETCS BBICTYIICHHUE
MHOCTPaHHBIX JIEKTOpOB. Camblii OOJILHOW BOMNPOC — SA3BIKOBOW. AHIIMHCKUM
A3bIKOM Ha ypOBHE, HEOOXOIMMOM I NOHMMaHMs H3JIaraeMoro Mmarepuala,
BraneioT npumepHo 20 % oOydaembix. [losToMy mpoBeneHHE TaKuX 3aHATHN C
MIPUBJICYEHUEM 3apyOEKHBIX CIELIMATUCTOB HE UMEET CMBICIA.

Cpasnenue ocodennocmeil cucmem 6vicuieco 00pa3oeanus YKpaunvl u
Hmanuu. PaccMoTpyuM opraHuzanuio y4eOHOro mpoliecca Ha mpUMepe AUCLUII-
JUHBL “MeToMoNoruM yInpaBlieHUusT MPOeKTaMU U KOMaHJaMu’, KOTopasl Oblia
OpraHu30BaHa Ha NMPUMEPE PeabHbIX KeHCOB U MOCTOSHHOM paboThl. CTyIeHTOB
pa3leNuian Ha TPYNIbI 0 6 HE3HAKOMBIX YEJIOBEK, Al MHCTPYMEHTHI JJId aHa-
JM3a U NpUHATHA perieHuid. Heo6xonumo ObulO B TEUEHHMHM JBYX Map BBIOpATh
UJCI0 Ul IPOeKTa U 00OCHOBAThH €€ aKTyaJbHOCTh nepel npodeccopamu. Maes
MorJia ObITh JTFO00I: OT CO3AaHMs caiTa JIJIsl TOMOIIY BBIHYXJICHHBIM TIEpeceeH-
uam u3 Cupun a0 pazpabotku AR-npuinoxeHus A1 3HAKOMCTB OJIHOIOJIBIX Tap.
Bce 3aBuceno oT npuHATOro rpynnou pemeHus U uxX nociaeayromniei paboTsl.

B nameit komanne Obutn pebsita u3 ['epmanuu, Urtanuu, CIIA, Ykpaussl.
Hawm Bcem ObUIO CIIOKHO Ha HaYaJIbHOM 3Tare — MbI eIlle He YMEIH KOJIJIEKTUBHO
MPUHUMATDH PELIeHUs], paboTas B KOMaHJIEe, a TaKKe Y KaXJI0ro ObLIIM aMOMIINK U
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TOUYKa 3PEHUs HACUeT TOro, Ky/a HaM HY)XKHO JBUIaThCs. bbUI0 MHTEpECHO U mo-
JIE3HO MPOUTH BCE 3TAIbl pa3padOTKU MPOAYKTA U padOTaTh HAl PEIICHUSIMHU IS
cdepsl, KOTOPYIO MbI BbIOpanu. Tak jxe ¥ Hall IPOAYKT CO BpeMeHeM TpaHchop-
MUPOBAJICS, IOTOMY YTO ObUI OPUEHTUPOBAH HE Ha IOJIyueHHE OayioB 3a Ipe-
MET, a Ha TO, YTOObI IPUHECTH IOJIb3Y JIFOJIM U ObITh HYXHBIM. ITo nTory nanso-
ro MpoeKTa HaMu ObUTa co3fana nudposas apredakT-KapTa A1 HaBUTALUH B OJ1-
HOM U3 UTAIbSHCKUX My3eeB. B 3ToM My3ee y moceruteneil Bo3HUKaia mpooie-
Ma, BbI3BaHHAs OOJIBIIMMHU pa3MepaMH COOPY)KEHHUS M HEONPEAEICHHOCThIO, KO-
TOPYIO OHHM UYyBCTBOB&JIM BO BPEMs IOCEIIEHUs 3Kcno3uuuu Oe3 ruza. Ilyrem
OIpoca IIOCETUTENICH, COBEIAHUN ¢ aAMUHUCTpALUi My3€s, HHIUBUAYAIBHOU U
KOMaH/IHOW pabOThl U KOHCYJbTALUAMU C NIPENoAaBaTeNIIMU Tpymna pazpadorana
U IIPEJCTaBUIIa IIEPBYIO BEPCUIO IIPOEKTA.

IIpu paboTe Hax 3TUM IPOEKTOM Haula rpynna oOpena OeCLieHHBIH ONBIT
OOIIEHUS KaK MEXY COOOM, TaK U C IPEACTAaBUTEIISIMU aIMUHUCTpALlUU My3es. B
pe3yibTare OblIa JOCTUTHYTA JIOTOBOPEHHOCTh O OECIIATHOM IOCEIIEHUHN MYy3est
JUIS TIPOBEJIEHUSI MCCIEN0BaHUS M pa3pabOTKU MPOrpaMMHOIO MPOJYKTa, KOTO-
pBIf ynyumumia nocemaeMocts Myses. Celfuac Hamma rpymnmna npojaoipkaer pado-
TaTh HAJl TUM MPOEKTOM, HO YK€ IO MPOChOe aIMHUHHUCTPALUU My3€esl C OTUIATON
BBINOJIHEHHON paOOThI.

Hcnonvzoseanue ungopmayuonnvix mexnonozuii. Ecnu paccMoTpers op-
raHM3alUI0 y4eOHOro Ipolecca ¢ TOYKU 3pEeHUsl IpUMeHeHus: coBpeMeHHbIX [T-
TEXHOJIOTUH, TO OKAXETCSA, YTO B UTAIBSIHCKUX M YKPAWHCKUX YHHBEPCUTETaX
OHHU IIMPOKO MCIOJB3YIOTCS. OJTHAKO MCIOJIb30BaHUE 3TUX TexHojorui B Mra-
Juu uMeer OoJiee MMPOKOe pacnpocTpaHeHue. Kak BUIHO U3 IMPEablIyIUX Bbl-
B0/10B, IT-TexHOIOrMM NPUMEHSIOTCS HAuYMHAsl C MIEPBOro 1Iara CTyJIeHTa B yHU-
BepcUTeTe. DTO 00YCIIOBIEHO CaMOil opraHusainueil yuyeOHoOro mpoiecca, Ipu-
BJICUEHUEM CTYJEHTOB K IOATOTOBKE U IPOBEJCHUIO 3aHATHUI, OpraHu3anueil ux
CaMOCTOSITENIbHON Pa0bOThI, IOJX01aMHU K O0YUYEHUIO IPUHATHS CaMOCTOSITEIbHBIX
pelIeHni U OTBETCTBEHHOCTH 3a UX BBINOJIHEHHE. Yero TONbKO CTOUT IpoBeje-
HUE BHUJCOCHEMKH JIEKIMHA. DTO TpeOyeT OCHOBATEIbHON MOATOTOBKHU JIEKTOpa,
riy0boydaiiiliero 3HaHUsI M3JIaraéMOro Marepuaina, YMEHHUs KOHTPOJIUPOBATh BCEX
o0y4yaeMbIX U JiepxKaTbes “B Kajape”.

B HAY “XAN” B nocneaHue roibl AENa0T MPAKTUUECKHUE IIaru K BHEIpE-
HUIO ayajbHOro oOpaszoBaHus. Ho ecnu B ayanbHOM oOpa3oBaHHMU B OoJiblIeH
Mepe TOBOPUTCS 0 MPoheCcCHOHATHHO-TEXHUYECKOM 00pa30BaHMM, TO B 00yUEeHUHN
0akaaBpOB BO3HUKAIOT OIpeeNIeHHbIE TPYAHOCTH PU BHEIPEHUU TAKOTO BHJIA
oOpaszoBanus. [Ipu BceM TOM, 4TO €cThb HEOOXOJUMOCTh BHEAPEHUS CTYAECHTOB B
MIPOM3BOJICTBEHHBIH TMpolecc, Oyap TO CaMOJETOCTPOEHHUE, pa3paboTKka CHUCTEM
YIOpaBIEHUS WU MPOrPaMMHOTO MPOIYKTA, OCYIIECTBUTh €ro JOCTaTOYHO IMpO-
6nematuyHo. Vcronp3oBaHME WHAMBHUIYAIbHBIX 33JaHUM C BO3MOXKHOCTBIO HX
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KOHTPOJISL B PEXKUME OHJIAMH MO3BOJISIET YaCTUYHO PEIINTH 3TY 3a1a4y UCKIIOYH-
TEJILHO OJ1arogapsi COBpeMEHHBIM HH(POPMAITMOHHBIM TEXHOJIOTHSIM.

BbiBOABI M3 MaHHOIO MCCJIEJOBAHHUS M NEPCHEKTHBBI JaJbHEHIINX
HCCJIeJOBAHMI B JaHHOM HamnpasJjeHHHM. B npennaraemoil pabote BBIIIOJIHEHA
CpaBHUTEJbHAS XapaKTEPUCTHKA OpPraHU3aLuU U IIPOBEAECHUS yueOHOro Ipolecca
B /IByX yHHUBepcuTeTax: yHuBepcurere Tpento (Mranus) u HanmonansHOM a3po-
kocmuyeckoMm yHuBepcutete uM. H. E. J)KykoBckoro “XapbkOBCKHI aBUAIMOH-
HbI uHCTUTYT  (YKpauHa). O0a 3TH By3a BXOJST B IEPBYIO JIBAJLIATKY HaIHO-
HaJIbHBIX PEUTUHIOB. CpaBHUTEIbHAS XapaKTEPUCTHKA OCHOBBIBAJIACH HA IIPUME-
HEHHH CPEICTB COBpeMEHHBIX [T-TexHomoruii. B HekoTOphIX paszmenax paboThI
IIPUMEHEHHE 3TUX TEXHOJIOTHMH ObLIO MOKa3aHO ONOCPEACTBEHHO. ['N1aBHBIN BbI-
BOJI, KOTOPBI MOXHO CJIeJIaTh 110 MaTepualiaM MpeACTaBICHHONW pabOThI 3aKII0-
4aeTcss B TOM, YTO OpraHu3anus y4eOHOro Ipolecca B BbICIIEH IIKOJIE HE BO3-
MO>KHa 0e3 mpuMeHeHHs coBpeMeHHBIX [T-rexHonoruii. B uranbsHCKUX yHHUBEp-
cUTeTax 3TOMY BONpoCy MpuiaroT Oonbliee 3HaueHue. K coxxanenuto, B yKpauH-
CKMX YHUBEPCUTETaxX €Ile CKa3bIBACTCS HEIOCTATOK OOBIYHON BBIYMCIUTEIHLHOU
TEeXHMKU. Penienre 1aHHOro BOmpoca 3a4acTyl0 BBIXOAMT 3a IIPEENbl KOMIIETEH-
Ui yueOHbIX 3aBefieHUil. bonbioil moTeHnnan B UCIOIb30BAHUN COBPEMEHHBIX
IT-TexHONOrMIT B YHMBEpCUTETaX Hallleil CTpaHbl KPOETCs B MPUBJICYEHUU CTY-
JICHTOB K OIJIAYMBAEMOI Hay4yHOU paboTe, KOTOPYIO MOKHO ObLIO OBl OpraHu30-
BaTh IpaKkTU4ecKu B JitoOoM By3e. Kpome storo, B HAY “XAWN” ucnons3yercs
npusieyeHue IT-kommanuil k yueOHOMY mpoleccy U pa3BUTHIO MaTepUaIbHO-
yueOHOM 0a3bl.
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MIKHAPOJIHUM TOCBIJ MOBYIOBH TPAHCIIOPTHO-
JIOTICTUYHUX HEHTPIB I IEPCIHEKTUBU VIS YKPAIHU

IIpoananizosano egponeticokuii 00C8I0 PO3BUMKY MPAHCHOPMHO-TIO2ICMUYHUX
Yenmpis i3 Memor GUsBIeHHs Moxcausocmell adanmayii 6 Yxpaiui. Jlocniooceno
cneyudixy @GYHKYIOHY8AHHA MINCHAPOOHUX MPAHCNOPMHO-TOICIMUYHUX YEeHMPIE
Hivmeuuunu, Imanii, @panyii, Kumaro, Anonii ma in. Po3kpumo ocobaueocmi ¢hyHk-
YiOHY8aHHs l02icmudHux yenmpie 3axionoi €sponu, Pocii ma KHP.

YV pe3ynomami docnioswcenv 8Us61€HO OCHOBHI NEPEUKOOU PO3BUMK) GiMUu3-
HAHO20 JI02ICIMUYHO20 PUHKY, OKPECIeHO NePCHeKmusuU wooo CMeopeHHs mpaHc-
NOPMHO-TI02ICIMUYHUX YEHMPIE PE2iOHAIbHO20 MA MIHCHAPOOHO20 3HAYEHHS.

KirouoBi cnoBa: mpancnopm; nocicmuyni yenmpu,; 3apyOincHutl 00c8io;
Jocicmuka, ineecmuyii; epexmugHicmo.

Ilpoananusuposan esponetickuii onvim pazeumusi MpaHCNOPMHO-I102UCTIU-
YeCcKUX YeHmpos C Yenvio GblaGleHUsl 803MONCHOCMeEU adanmayuu 6 Ykpaune.
Hccneoosana cneyuguxa @pyHKyuoHUposauus mMeicOyHapoOHblX MpPAHCHOPMHO-
noeucmuyeckux yenmpog I epmanuu, Umanuu, @panyuu, Kumas, Anonuu u op.
Packpvimsr ocobennocmu pyHKYUOHUPOBAHUS TOCUCTIUYECKUX YEeHMPO8 3anaoHot
Eeponwt, Poccuu u KHP.
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B pezynvmame uccnedosanuii evia6ieHbl OCHOBHbIE NPENAMCMEUS HA NYyMU
Pazeumus OmeyecmeeHHo20 J02UCMUYEeCcK020 pulHKa. Onpedenienvl nepcnekmugol
CO30aHUSL MPAHCNOPIMHO-TO2UCIMUYECKUX YEHMPO8 PEeCUOHAbHO20 U MeNHCOYVHA-
POOHO20 3HAYEHUS.

KitoueBbie croBa: mpancnopm; no2ucmudeckue yeHmpoul, 3apy0OedsicHbll
ONbIM, I02UCMUKA, UHBECMUYUU; dPDeKmuUsHocmb.

Current trends in international trade are related to the establishment and
distribution of transport and logistics centers. Foreign practice demonstrates that
the latter is the most successful form of organization of international freight. Such
centers make it possible to combine transport types and offer a wide range of re-
lated services. The article describes the European experience in the development
of transport and logistics centers in order to identify opportunities for its adapta-
tion in Ukraine. The experience of the countries of Western Europe testifies to the
huge role of transport and logistics centers. The peculiarities of the functioning of
international transport and logistics centers of such countries as Germany, Italy,
France, China, Japan and others are investigated. The peculiarities of the func-
tioning of logistics centers in Western Europe, Russia and China are revealed. It
is revealed that in the countries of the European Union large transport and logis-
tics centers are created with the support of the state. All transport and logistics
centers in the European Union are in accordance with the conventional structure,
and the presence or absence of individual elements depends on the size of the
transport and logistics center, its location and purpose of operation. The research
revealed the main obstacles to the development of the domestic logistics market.
The prospects of creation of transport and logistics centers not only of regional
but also international importance in Ukraine are outlined. For successful opera-
tion of transport and logistics centers there is a lack of: developed transport in-
frastructure and integration of transport enterprises; cooperation between state
bodies of executive power; diversification of transport services; efficiency of or-
ganizational procedures; the latest high-tech and functional technologies; public
support or significant private investment. The development and implementation of
existing mechanisms and methods for the efficient management of transport and
logistics centers in Ukraine can provide significant competitive advantages to the
transport sector and the country’s economy as a whole, which is a promising area
for further scientific and practical research.

Key words: transport; logistics centers; foreign experience; logistics; in-
vestments; efficiency.

IMocTanoBka npodiaemu. [ToOynoBa TpaHCIIOPTHO-IOTICTUYHUX LIEHTPIB B
VYkpaiHi € MpiIOPUTETHIIIUM HANPsIMOM HiABUILEHHS e()eKTUBHOCTI TPAHCIIOPTHO-
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ro o0CIyroByBaHHs. AHaJi3 iHO3EMHOTO JIOCBIy PO3BUHYTHX KpaiH (QPyHKITIOHY-
BaHHS IHTErPOBAHUX TPAHCIIOPTHO-JIOTICTUYHUX LIEHTPIB CBIIYMTH, 10 TPAHCIIOPTHI
BUTPATH y TaKUX CTPYKTypax 3MEHIIYIOThCS mpubmusHo a0 20 %, BUTpaTu Ha
BaHTAKHO-PO3BAHTAXKYBaJIbHI poOOTH 1 30epiraHHs MarepiajJbHUX PEecypciB Ta
roroBoi mpoaykuii — Ha 15-30 %, TpancnoptHi Butpatu — Ha 12-35 %. OGopoT-
HICTh MaTepiajibHUX PEeCypCiB 3aBASKH BHUKOPUCTAHHIO TPAHCIOPTHO-JIOTICTHY-
HUX IEeHTPiB 301uIbIIyeThCs 10 40 %, a 3amacu MaTepiaJbHUX PECYpCiB Ta TOTOBOI
npoaykiii 30ibIrytoTees 10 65 % [1, 23].

3aKOHOMIPHO, 10 MUTOMA Bara JIOTICTUYHHUX LIEHTPIB y (hopmyBaHHI OroKe-
Ty PO3BHUHYTHX KpaiH CBITY 3HayHa, IIPU IbOMY BOHA MOCTiifHO 3011b1IyeThCS. TaK,
y lomnanmii aisyibHICTh TPAH3UTHUX JIOTICTUYHUX LEHTPiB npuUHOCUTH 40 % m0xo-
Iy TpaHCTIOPTHOTO KoMIutekey, Yy @paniii — 31 %, y Himewunni — 25 %. Y kpainax
Hentpanbhoi Ta CxinHoi €Bponu 1 4acTKa B cepeAHboMY cTaHOBUTH 30 %. Ycbo-
O JX 3araJIbHUI 000pPOT €BPONEHWCHKOTO PUHKY JOTICTHYHHUX ITOCTYT CSTAE MOHAM
600 mupa eBpo. 3 HUX 61u3bK0 30 % JoricTUUHUX (YHKIIH Y BCIX Taly3sX eKOHO-
MIKM IIOPIYHO peati3yloThCA CHEliali3oBaHUMHU KoMmnaHismu [2]. BogHouac B
VYkpaini 4acTKa TPaHCIOPTHO-JIOTICTUYHUX IIEHTPIB y 3arajibHOMYy 00cCs31 TpaHC-
MOPTHO-JIOTICTUYHUX MPOBANCPIB CTAaHOBHUTSH Jniie Oau3bko 1-3 % [3, 121]. Ta-
KMM YUHOM, TUTAHHS aHaII3y 3apyOKHOTO JIOCBIAY 1100 CTBOPEHHS i yIIpaBIliH-
HS TPAHCTIOPTHO-JIOTiICTUYHUMH IIEHTPAaMH BKpail aKkTyaJlbHe.

AHani3 ocTaHHixX gocaixkenp i mydaikamiii. [Ipodnemu dyHkioHyBaHHS I
VIIPaBIiHHA TPAHCIIOPTHO-JOTICTUYHUMHU IIEHTPAMH JY)K€ HOIIMPEHI B HAYKOBIH
miteparypi. Hag miero nmpoOieMaTHKOO MpaIfol0Th TakKi BITYM3HSIHI Ta 3apyOikHi
BueHi: O. B. Byne6a, B. O. [Iromin, JI. B. Kypoukin, H. b. Jlo6anos, JI. b. Mipo-
tuH, . B. [lanoBa, C. B. Casenko, B. 1. Ceprees, C. C. Cokonos, €. €. Tynennuies,
0. O. Xpomux. OnHaK 10aTKOBOTO JOCHIPKEHHS Ta y3aralbHeHHS OTpedye CBi-
TOBHI JIOCBIJT OpraHi3ailii JOTICTUYHOI AisUTHOCTI 3 METO BU3HAYCHHS MOJKIJIHBO-
CTel pO3BUTKY TPAHCHOPTHO-JIOTICTUYHUX IIEHTPIB Y KpaiHH.

Merta cTaTTi — BU3HAYEHHS CHEUU(IKH AISUTBHOCTI MDKHAPOTHUX TPAHCIIOPT-
HO-JIOTICTUYHUX LIEHTPIB 3aJISKHO BiJl KpaiHU; BCTAHOBJICHHSI KOHKYPEHTHHUX I1e-
peBar TPaHCHOPTHO-JIOTICTUYHUX IIEHTPIB PO3BUHYTUX KpaiH CBITY, OKPECIIEHHS
NEPCIEKTUBU CTBOPEHHS B YKpaiHi TPaHCHOPTHO-JIOTICTUYHUX LIEHTPIB HE JIMIIE
perioHaIbHOTO, ajie 1 MDKHAPOIHOTO 3HAYEHHSI.

BukJaa ocHoBHOro Matepianay. Po3risiiaioun cBiTOBHI JOCBIJ CTBOPEHHS
1 GYHKIIOHYBaHHS JIOTICTUYHUX LIEHTPIB, HA OCOOJIUBY yBary 3aciyroBye 3aKOp-
nonHuit gocsin Himewuwnnwu, Itanii, @panuii, Kurato, Anoxii Ta iH.

Haii6i1p11oro po3BUTKY TPaHCHOPTHO-JIOTICTHYHA 1H(PACTPYKTypa OTpHU-
masia B Himeuunni. ¥ 1993 p. Oyno cTBOpEeHO TOBapUCTBO PO3BUTKY Ta E€KCILTya-
tauii gorictuyHux HeHTpiB — Deutsche GVZ Geselschaft mbH, 3a nonomororo
SKOTo MOTiM OyB peasnizoBaHMii I1aH no0yaoBu 39 noricTuyHuX HEeHTpiB. LlenTpu
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TPAHCIIOPTHOI JIOTICTUKHU y i KpaiHi (opMyBajaucs Ha OCHOBI 3aJI3HMYHUX JIi-
Hill. [leski 3 HUX pO3paxoBaHi Ha MepeXpecHEe BUKOPUCTAHHS 3AII3HUYHOTO Ta
aBTOMOOIJIBHOTO TpaHCIOpTY [4].

VY HimeuunHi (QyHKIIOHY€E JBa TUIHU JIOTICTUYHUX LEHTPIB: OJUH THII MA€
MIPUBATHY BJIACHICTb, & IPYTHM — HAJIEKUTh O MICbKOI KOMYHaJbHO{ BIACHOCTI.
80 % ycix noricTuyHUX HEeHTpiB HiMeyunHU PO3MILICHO MOOIH3Y 3aII3HUYHHX
Marictpayieid, BOHU € 00’ ekTamu iHdpacTpykTypu 3aimizHuIs (Deutsche Bahn AG)
1 3a0e3meuyroTh iif JIeBOBY yacTKy iHBecTHLii. OKpim Toro, 6mm3bko 75 % mnoric-
TUYHUX LEHTPIB MAIOTh CIIOIYYEHHs 3 TPAHCIIOPTOM 3arajJbHOT0 KOPUCTYBAaHHS,
60 % — BUKOPUCTOBYIOTh Y CBOil HisNIbHOCTI KOMOIHOBaHUN TPaHCIOPT. 30Kpe-
Ma, TakKi BEJIMKI HIMEIbKI TPaHCTIOPTHI BY3JIH, K M. bpeMeHn ta M. JIto6ek, MaroTh
IpsiMe CIIOJIYY€HHS 3 BOAHMM TPAaHCIOPTOM, a M. ['amMOypr — i3 BOJHHUM 1 MOBIT-
psaHKM TpaHcmopToMm [5, 177].

L1i moricTU4Hi HEHTPH KEPYIOTHCS Yepe3 HarisAoBl oprand. Bonu cTtBopro-
I0TbCS PI3HOMAHITHUMHU KOMIAHISIMM U OpraHi3alisiMd — y4YaCHHUKaMHU MPOEKTY:
IHBECTUIIIMHIMHI KOPHOPAISIMA, KOHCOPIIIyMaMH, BETMKHMH KOMIIAQHISIMH CTapT-
amiB, acolliallisiMu Ta criuikamu. JlepaBHe peryirOBaHHS 3H1MCHIOETHCS TLUIBKU
Ha JBOX €Tarax CTaHOBJICHHS TPAaHCIOPTHO-JOTICTUYHOTO LEHTPY, a caMe — Ha
eTari MjJaHyBaHHS Ta Ha €Talli BKJIAJaHHS 1HBECTHIIIM y PO3BUTOK TPAHCIIOPTHO-
JIOTiCTHYHOTO LEeHTpY [6, 217].

JlorictucHuuHI IeHTpyH HiMedunHM MaroTh JesKi 0COOJIMBOCTI:

— BEJIMKA IiITPUMKa 3 OOKY JiepKaBH Ha BCiX PIBHSAX;

— y4acTh JEepKaBHOTO CEKTOpa IPYHTYEThCS Ha (perepalibHUX 3aKOHAX 1 3a-
KOHax (eiepaJIbHUX 3€MEb;

— ¢enepanbHuii Or0mKeT Oepe ydacTh y (piHaHCyBaHHI 1HBECTHIIIM udepe3
“HimMenbKy iH(pacTpykTypy 3amizaus” (Deutsche Bahn AG);

— BUJIUICHHS JTOTalild Oro/pKeTaM (eepalibHUX 3eMellb, IUTbOBHX JOTAIlil
Ta KpeAUTYBaHHS 32 KOHKPETHUMHU 1HBECTHUIIISIMU;

— (iHaHCOBA MIATPUMKA 1HBECTHULIN 3A1MCHIOETbCA (defepaTbHUMHU 3eMIs-
MU i MICIIEBUMH CaMOBPSITyBaHHSM.

Hapasi B Takux mpoexTax BU3Hau€HI jJkepena (piHAaHCYBaHHS 1HBECTHUIIIN-
HUX KOIUTIB. /[0 HUX HaleXaTh:

— TPAHCIOPTHI KOMIIaHii, 1HBECTOPH, K1 0axaroTh 3p0OUTH 1HGPACTPYKTY-
PY AOCTYIHOIO JIOTICTUYHUM OIepaTopaM;

— Cy0’€KTH PUHKY, 1110 YTBOPIOIOTH 00’ €THAHHS 3 MPUBATHUM KaIliTajaoM;

— OIO/KETHI KOIITH i 1i1boB1 (GOHM (eliepatbHUX 3eMEIb;

—mporpamu 1 deaepanbHi QOHIU, IO CIPSMOBaHI HAa PO3BHUTOK 1H(pa-
CTPYKTYpH,

— (piHAHCOBI1 MpOrpaMH, AOTAIii MICTaM 1 perioHam;

— noTariii Ta mporpamu €C.
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[HBECTHUIIMHMIA KaITiTal TOMOBHIOETHCS TAKOK 0AHKIBCHKUM KpeauToMm [7].

OpHiero 3 TPOBIAHKUX KpaiH, e GYHKIIOHYE TPAHCIOPTHO-JIOTICTUYHA CHC-
Tema, € Itamis. HailOimpImuM TpaHCIIOPTHO-JIOTICTUYHUM IIEeHTpOM B Itasii BBa-
xaeThest Bologna Freight Village. Bin po3TamoBanuii Ha epeTHHI 1’ SITH 3aJ113-
HUYHUX 1 YOTHPHOX aBTOMOOUIBHMX MUISAXIB, 3a0€3Meuyround OOCITyroBYBaHHS
noHaz 35 % BHYTpIIIHIX BaHTAXHUX MOTOKIB Ta 00poOKy 16 % MiKHapOAHHX
BaHTAXIB, 110 NPSAMYIOTh uepe3 KpaiHny. Bologna Freight Village € Berukum tpanc-
MOPTHO-JIOTICTUYHUM LIEHTPOM, JI0 CKJIaIy SKOTro BXOAUTh O1m3bko 100 HarioHasb-
HUX 1 MDKHapOJAHHMX TPAHCHOPTHHUX Ta JIOTICTUYHHUX KOMIIaHIM, a TaKOX MHTHA
ciry>k0a, 6aHKIBCbKI YCTaHOBH, OpraHi3allii MomToBOro 3B’ 3Ky Ta KyJbTYpHI 3a-
Kimaam [8].

3arajioM TpaHCIOPTHO-JOTICTUYHA iH(pacTpykTypa Itanmii mocsria 3Had-
HUX YCIIXIB y pe3yJibTaTi peanizallii HaIlilOHAJTBHOTO TeHEPATBHOTO TUIaHy PO3BHT-
Ky TpaHcropTy B 1986 p., ssikuii BU3HaYUB JABOPIBHEBY MEpEXKy “iHTEpropti” —
00’€KTIB TPAHCIIOPTHO-JIOTICTHYHUX IEHTPIB (MICIlI MaKpOPIBHS JIJIsi MI>KHAPOI-
HOTO TPAHCIOPTY Ta PIiBHSA HALIOHAJIBHOTO TPaHCHOPTY). OCHOBHOIO METOIO
CTBOPEHHSI MEPEXKi TPaHCIOPTHO-JIOTICTUYHHUX LEHTPIB B ITanii crasa KOHIICHT-
pamisi BaHT@XHUX IOTOKIB 3 ypaxyBaHHAM 30aJlaHCOBaHUX TPAHCHOPTHUX pi-
meHb. DiHAHCYBAaHHS MPOEKTIB PO3BUTKY TPAHCIOPTHO-JIOTICTUYHHUX LIEHTPIB Y
il KpaiHi BiAOyBaJoOCh Ha MPUHIMIAX JEP>KaBHO-MPUBATHOTO MapTHEPCTBA, Ji€
JieprKaBi BiABOJAMIACA POJIb SK IHII[IaTOpa MPOEKTY, TaK 1 IHBECTOpA, L0 33 paxy-
HOK JIep’KaBHHUX OOJUKETIB PI3HUX PIBHIB MOPSA 13 MPUBATHUMH 1HBECTHIIISIMU
3abe3nedyBaB (piHAHCOBUMU PECypCaMH I1i TIPOEKTH.

Takum unHOM, B ITaumii Oysn0 CTBOPEHO perioHaNbHY JIOTICTHYHY IUIATHOP-
My B oOnacti @piyni-Benenisn-/Kymis, sika € CUCTEMOIO B3a€MOJIT BCiX perioHa-
JBHUX MYJIbTUMOJAIBHUX TPAHCIIOPTHUX BY3JIB, MPEICTABICHUX TPAHCIOPTHH-
MU CTPYKTypaMH, B pe3ylbTaTi B3aeMojii SKUX (YHKIIOHYE €IUHHI B3aEMO-
OB’ sI3aHUI 1 B3a€MOJIOTIOBHIOBAJIbHUM PET10HATBHUN TPAHCIIOPTHUM KOMILUIEKC,
SIKUU CIIpUsi€ 3pOCTaHHIO SIK BAHTAXKOIMOTOKIB, TaK 1 aCaXKUPOTOTOKIB.

TpancnoptHo-norictuuHi HeHTpu Opaniii GopMyBaIUCh Y MEXaxX MPOEKTY 3
YIOCKOHAJIEHHS TpaHCHOPTHOI cucTeMu [laprky MIIsIXOM KOHIIEHTpalii JIoricTuy-
HUX mociayr Ha nepudepii. ns ¢paHiy3pkoi MoJeni pO3BUTKY TPaHCIOPTHO-
JIOTICTUYHMX LEHTPIB XapaKTepHO Te, 1O ii MIaHyBaHHS, PO3BUTOK Ta YIpPAaBIIHHS
3MIIACHIOETHCS BUKJIFOUHO NPUBAaTHUMHU 1HBECTOPAaMHU, SIKI IOBHICTIO 3a0€3Me4yI0Th
CTBOPEHHS 1 (DYHKIIIOHYBaHHS LUX 00’€KTIB 1HQpacTpykTypu. HuHi TyT HailOu1b-
IIMMH 1HBECTOpAaMH PHUHKY JIOTICTUYHOI 1HQPAcTpyKTypu € KommaHig “Garonor
SA”, mo HanexuTh aMepUKaHChKIN 1HBeCTUIIHHIN koMmaHil “ProLogis”, Ta KoM-
nadig “Sogaris SA”, sika nepeGyBae B pO3NOPSKEHH1 JIepKaBU Ta MyHIIUMATiTe-
TiB. HallO1nblIuM HEOOIIKOM 111€1 MOJENl PO3BUTKY TPAHCIOPTHO-JIOTICTUYHUX
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LEHTPIB € BIZICYTHICTh CKOOPJIMHOBAHOTO IIEHTPaIi30BAHOTO TUIAHYBAHHS MTPOEKTIB
PO3BUTKY MDKHApOJHUX JIOTICTHYHHMX IIEHTPIB, OCKIJIBKH JiepKaBa Oepe ydacTb y
iXHIM peanizamii JuIe NUITXOM HaJaHHs J03BOJIB Ha iXHE OyJIIBHHUIITBO, KEPYIO-
YKCh HIJSIMH MICIICBOTO i PErioHajbHOro IianyBaHHs [9, 5].

Bbpurancbka Mozens po30yJ0BH TPaHCIIOPTHO-JIONICTUYHUX LIEHTPIB OB’ sI3a-
Ha 3 OyaiBHUIITBOM TyHemo mij Jla-Manmem. Y 3B’s3Ky 3 UM OyIi0 rependadeHo
crBopenHs 10 iHTepMOAaTbHUX TEPMIHATIB 1 JIOTICTUYHHUX LEHTPIB JJIs1 00CIIyro-
BYBaHHS [TPOMUCIIOBHX paiioHiB. [HiiaTopoM iX opMyBaHHS BUCTYyMaia JOYipHS
kommanisi bputancekux 3amizHuip “Rail freight Distribution”. 3 npuBaTu3ariero
bputanchkux 3aii3HUIB BiAOymacs 3MiHa KOHIEMIIT (OpMyBaHHs TPAHCIIOPTHO-
JIOTICTUYHUX IEHTPIB y BenmukoOpuTaHii, OCHOBOIO SKOi CTaJM 1HTEPMOJAIbHI
TEpMiHAJI Ta CUCTEMH TPAHTIB HA 3aJII3HUYHI IepeBe3eHHs BaHTaxiB. Lle cripusiio
PO3BHUTKY 0co0auBOi popmu (piHaHCYBaHHS HPOEKTIB PO30YAOBU TPAHCIOPTHO
JIOTICTUYHHX IEHTPIB, 3 JBOMAa OCHOBHHMH CXEMaMHU OIOJKETHOTO (DiHAHCYBaH-
Hsl: IPaHTaMH Ha 00’€KTH BaHTa)XHOI 1HPPACTPYKTypHU Ta I'paHTaMHM 3a JOCTYI 10
3amizanyHOi Komii. Ilepiia cxema BuIUIEHHS OIOMIKETHUX KOIITIB YMOXKIUBIIIOE
MTOKPUTTS BUTPAT HA CTBOPEHHS 1HPPACTPYKTYPHUX 00’€KTIB 3 0OpOOKHU 3ali3HUY-
HUX BaHTAXIB. 3 11 JOMMOMOTO0 3/IIHCHIOBAIOCS 1 BIIHOBIICHHS HASBHUX ITyHKTIB
00poOKM BaHTaxiB. J[pyra cxema J1a€ 3MOTy KOMITaHIsIM 3/IIHCHIOBATH BHILIATH 32
KOPUCTYBaHHS 3QJII3HUYHOIO 1HQPACTPYKTYPOIO. 32 OLIHKOI EKCIEPTiB MPOEKTY
“€ppornatdopma”, OUIBIIICTh 00 €KTIB TPAHCIOPTHO-JIOTICTUYHOI 1HPPACTPYK-
Typu (nami — TJII) BenukoOpuranii SBiIsSIOTH cO00I0 pO3MOILILYL IIEHTPH, IO 3a-
0e3MeuyoTh IHTEPMOJAIbHUN 3B’A30K, a 3arajioM MOJENb IXHbOTO PO3BUTKY
XapaKTePU3YETHCS TIOCUTh HU3BKOIO €(DEeKTUBHICTIO Yepe3 BiJCYTHICTH 3arajibHOi
MOJIITHKHU PO30yJOBU Ta MIAXO/IB /10 TUIAHYBaHHS LUX 00’€KTiB iHPPaCTPyKTypH
[10, 29].

VY Kurai n0ricT4Hi LIEHTPU SBJIAIOTE COO00 BUIbHY €KOHOMIYHY 30HY, B
K1 YaCTKOBO MPOBOJATHCS HAYKOBO-IOCIIAHI pO3pOoO0KU. 30KpeMa, B KUTAHCHKIN
npoBiHLii TalBaHp JOriCTUYHUHN LEHTP MOAUIEHO Ha TpU 30HU. B iHaycTpianbHii
30H1 PO3MIIIEHO BUPOOHUITBO TEKCTUIBHOI, XIMIYHOI Ta IHIIOI MPOMHCIOBOCTI.
B HaykoBiif iHAYCTpiaNbHIN 30HI IPOXOAATH AOCHIIKEHHS W PO3BUTOK, MIATPUM-
Ka BUPOOHHMIITBA I HABYAHHS 32 BUCOKOTEXHOJIOTITYHUMH HAIPSIMaMH.

Y KHP HapanHs JOTICTUYHMX 1 (JIHAHCOBUX MOCIYT y 30HAX BUIBHOI TOPIiB-
ni (Free Trade Zones) peryiroeTbcs NPUHIMIIOBUMHU TOJIOKEHHSAMHU, 1110 peria-
MEHTYIOTh MEpeNiK AIsIbHOCTI, (JOpMy BIACHOCTI, BIANOBIAHICTH MEBHUM YMO-
BaM, HasIBHICTb JIOCBIAY AISUIBHOCTI y c(epl MI>KHApOIHOI TOPriBil W MiXKHaApOA-
HUX BaHTa)XHUX NEpeBe3eHb, 0OMexeHUI TepMiH il Touo [4]. Hanpuknaa, ta-
KUMHU TOJIO)KEHHSIMHM BH3HAUE€HO, IO JIOTICTUYHI HIANPHEMCTBA 3 1HO3EMHHMHU
IHBECTULIIIMU MOXXYTb 3/IHCHIOBATH IMOCIYI'M 3 NEPEBE3CHHS BaHTAXIB, CKIAJ-
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CbKOT0 30epiraHHs, HaBaHTAXYBaJIbHO-PO3BAHTAXKYBAJBHUX pPOOIT, MaKyBaHHS,
KOHCOJTiaIlii, KOMIUIEKTaIlii, iHhOpMaIifHOTO CYIPOBOKEHHS, a TAKOXK TOCITY-
v 3 0OPMIICHHS 30BHIITHHOTOPTOBEILHUX JIOTOBOPIB CTOCOBHO EKCIOPTY 3a-
3Ha4YCHMX BaHTaxiB. [Ipu 1iboMy x04a O OAMH 13 YYaCHUKIB-1HBECTOPIB CILJILHOTO
MIIMTPUEMCTBA TIOBUHEH MaTH MO3UTHBHUHN JTOCBIJl pOOOTH B Taly31 MiXKHAPOIHOT
TOPriBii, MIXKHapOJHUX BAaHTAXHHUX MepeBe3eHb a00 MPAKTUKY areHTa 3 TaKhX
nepeBe3eHb. JSUIBHICTH 31 CTBOPEHHS CHUIBHUX TPAHCIOPTHO-JIOTICTUYHHUX
LEHTPIB 3 1HO3EMHUMH IHBECTULISIMU Ta 3alIPOBA/KEHHS JIOTICTUYHOTO CEpBICY
(mepeBe3eHHs BaHTaXXiB, CTBOPECHHS 1HGOPMAIITHO-00YMCITIOBAILHUX MEPEKHUX
CUCTEM YIPaBIiHHS EPEBE3CHHSIMHI) CYBOPO KOHTPOJIOETHCS JAEPKABOIO LUISIXOM
BH1a4l 03BOIB. [Ipu oMy po3mupeHHs chepu AiSIbHOCTI TaKUX MiIPHUEMCTB
(po3mIMpeHHsT ACOPTUMEHTY JIOTICTHYHUX TOCTYT) BIAOYBAETHCS TUTBKH BIITIOBIJI-
HO JI0 3aKOHOJIABYO 3aTBEPKEHUX MPOTPaM.

B fAnownii norictuyHuii neHTp (JloricTHuHUA xabd) Tak camo, sk i B Kurai,
CTBOpPEHUI 3a MPUHIIUIIOM BUIbHOI €KOHOMIYHOI 30HU. TYT NMPOXOIUTH CKIAay-
BaHH#, Kiacudikailis, KOHTPOJb, TECTyBaHHS, epepoOKa, 30MpaHHs, MaKyBaHHS
Ta BUCTaBKH IMIIOPTHUX ToBapiB [11].

TpancnopTHO-1OTiCTHYHI TEHTPH A3il KOHLIEHTPYIOTHCS TEpPEBaKHO I10-
O3y mopTiB abo k Oe3mocepeHbO Ha iXHiNM TepuTopii. Ha cygacHomy erami po3-
BUTKY TPAHCIIOPTHO-JOTiICTUYHHUX HEHTPIB A3ii crocTepiraerbcs TEHICHIIS 10
nuBepcudikaiii BUIIB TPAHCIOPTY, PO3MIMPEHHS CIIEKTPAa OCHOBHUX 1 CYMYTHIX
MOCIYT, aKTUBHOI IISUIBHOCTI Ha MDKHAPOJIHUX PHHKAX TOLIO. TakuM YHUHOM,
KpaiHu A3ii IepeopieHTOBYIOTh JIOTICTUYHI KOMIIaHIi 1 IEHTPH y BEIUKI MiXKHa-
POJIHI TPAHCIIOPTHO-JIOTICTHYHI YTBOPECHHS.

s Cinramypy, 00 € MPOBIIHUM pPEerioHaJIbHUM 1 MDKHAPOJIHUM MYJIBTH-
MOJIITBHO-JIOTiCTUYHUM 1eHTpoM [liBnerHo-CxigHoi A3ii, JoricTHYHA 1HIYCTpis
BiJlirpa€ cTpaTeriyHo BU3HAYAIBHY POJIb cepel raysei ekonomiku [12, 33]. Toob-
TO JepKaBHA MIATPUMKA TPAHCHOPTHO-JIOTICTUYHHMX LEHTPIB A3il TakoX 3HaY-
Ha. [Ipu 1boMy Baromi (piHaHCOBI HAJXOJKEHHS 3JIHCHIOIOTHCS 3apyOiXKHUMHU
MIPUBAaTHUMH 1HBECTOPAMHU.

Takum 4yMHOM, aHaII3 CBITOBOTO JIOCBIJy CTBOPEHHS ¥ YIpaBIiHHS TPaHC-
MOPTHO-JIOTICTAYHIUMH LEHTPAMH JIA€ 3MOTY 3pOOHTH BHCHOBOK IIOJI0 MEPCIEK-
TUBHOCTI BIATIOBIAHOTO HAIPSIMY PO3BUTKY BITUM3HAHOI €EKOHOMIKH.

CyuacHa rajy3b TpaHCHOPTY B YKpaiHi B IJIOMY 3aJ0BOJIbHSE MOTpeOU
HAI[lOHAJIIbHOI €KOHOMIKH Ta HACEJECHHs y MEePEeBEe3eHHX, MPOTEe piBEHb Oe3MeKH,
MMOKa3HUKH SIKOCT1 Ta €()eKTUBHOCTI NEPEBE3EHb NMACaKUPIB 1 BaHTaXIB, €HEPro-
e(EeKTHBHOCTI, TEXHOTCHHOTO HAaBAaHTA)XKCHHSI Ha HABKOJIMIIHE MIPUPOIHE CEPEO-
BHUIIIE HE BIANOBIAAIOTH CBITOBUM CTaHJapTaM. Po3risiHeMo AeTanbHille CTpYyK-
TYpy PMHKY YKpaiHH 110]I0 BaHTA)KHUX NepeBe3eHb (puc. 1).
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17,51 % 0,02 %

0,89 % 51.60 %

29,99 %

M 3ani3Hu4HUN ™ aBTOMOOUIBHUI ¥ BoHMI M TpyOOnpoBiAHUN W aBiamiiHul

Puc. 1. CtpykTypa BaHTa)XHHUX II€PEBE3CHb yCIMa BUIaMHU TPAHCIIOPTY
322018 p., % [13]

I3 HaBeieHUX aHUX BUJHO, 110 HaiOLIbIIA YaCTKA BaHTA)KHUX I1€PEBE3ECHb
3MIACHIOETHCS 3alII3HUYHUM TpaHcropToM (51,60 %), a HalimeHma — aBiaiiHUM
(0,02 %). HeBiakmagHoro BHpIlIEHHS TMOTPEOYIOTh MUTAHHSA MOJAEPHI3aIil
00’€KTiB 1HPPACTPYKTYpH 3aJi3HUII, a€PO- Ta MOPCHKHX IMOPTIB, 3a0€3MeYCHHs
PO3BUTKY MepeXi aBTOMOOIIBHMX JIOPII 3arajlbHOr0 KOPUCTYBAHHS BIAINOBIIHO
70 TeMITiB aBToMoOuT3amii kpainu. [lorpedye pedopmyBaHHS cHcTeMa yrpaB-
JHHS 3aJ113HUYHUM, MOPCHKUM Ta aBTOMOOUIBHUM TPAHCIOPTOM, JIOPOKHIM roc-
MOJTAPCTBOM.

TpancnoptHa cucrema YKpaiHU Mae BCl HEOOXIJHI meperyMoBH s dop-
MYBaHHS BEJIMKUX TPAHCIIOPTHO-JIOTICTHYHUX IIEHTPIB, 30KpeMa:

1. YkpaiHa Mae y CBOEMY pO3HOPSIKEHH] MOTYKHY TPAHCIIOPTHY CHCTEMY,
70 SKOi BXOJATH 3aTI3HUYHHUNA, MOPCHKUMN, PIYKOBUH, aBTOMOOITHHUMI, TOBITpS-
HUH 1 TpyOONPOBIIHUI TPAHCIIOPT.

2. BurigHe reorpagiuHe po3TallyBaHHs, 110 Mepeadadyae MOXKIMBICTD 1 He-
OOXi/THICTh CTBOPEHHSI YMCIICHHUX TPAaHCHOPTHHUX KopumopiB. Lleit dakt mae ocob-
JIMBE 3HAUYEHHS B yMOBaX iHTeHCH(]iKallii 30BHINIHIX 3B’43KiB HE JIMIIE MK €BPO-
NeNChKUMHU KpaiHaMHu, ajie i MK KpaiHamu €Bponu Ta A3ii.

3. InTerpanis 3 kpainamu LlenTpanbHoi Ta CxiHOI €BponH, 1110 BUSBISETh-
Csl B PO3BHUTKY Bi/IMOBITHUX TPAHCIIOPTHUX KOPHIIOPIB.

4. Yyactb YKpaiHM B MDKHApPOJAHUX MPOEKTAX 1HTErpallii Ta pO3BUTKY.
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BHCHOBKH 3 1aHOT0 AOCJiIKEeHHS i NePCHEeKTUBH MOAAJIBIINX PO3BiIOK
y AaHomy HanpsiMi. TakuM YMHOM, HaBEJIEHUH MEPEIiK epeyMOB Hajae YKpa-
HI 3HAYHI KOHKYPEHTHI MepeBaru y pas3i CTBOPEHHS TPAHCIIOPTHO-JOTICTUYHHUX
neHtpiB. [Ipote mns ycminmHOro GyHKIIOHYBAaHHS Cepejl O3HAYCHUX BUIIE Tepe-
Bar BITYU3HSIHUM TPAHCIOPTHO-JIOTICTUYHUM IIEHTpaM Opakye:

— PO3BUHEHOI TPAHCIOPTHOI iH(PACTPYKTYPH Ta IHTErpauii TPaHCHOPTHUX
i IITPUEMCTB;

— cHiBIpali MiX Jep>KaBHUMU OpraHaMu BUKOHABYOI BlIaju; nuBepcudika-
i1 TPAaHCTIOPTHUX TOCIIYT;

— ONEPAaTHUBHOCTI OpraHi3aliifHuX MpoLenyp;

— HOBITHIX BUCOKOTEXHOJIOTIYHUX 1 QYHKIIIOHATBHUX TEXHOJIOT1H;

— HAsBHOCTI JIeP>KaBHOT MATPUMKH a00 3HAYHUX MPUBATHUX 1HBECTHITIH.

VY 3B’s13Ky 3 UM po3poOKa HOBHUX Ta BIPOBAKEHHS HASBHUX (Y TOMY YU C-
71 BIIOMUX y CBITOBiH MPaKTHIIl) MEXaHI3MiB 1 METO/IB €(PEKTUBHOTO YIIPABIiHHSI
TPAHCIOPTHO-JIOTICTUYHIUMH LEHTPaMU YKpaiHH MOXXYTh HaJaTH 3HaYHUX KOH-
KYPEHTHHX TIepeBar TPaHCIIOPTHOMY CEKTOPY Ta €KOHOMIIlI KpaiH! 3arajiom, IIo i
€ TIEPCIICKTUBHUM HAMPSMOM IMOJAIBITNX HAYKOBUX 1 IPAKTHYHUX JOCIIKEHb.

Cnmcoxk BUKOPHCTAHMX JKepeJt:

1. Tynenoues E. E. HayuHO-METOUYECKHE OCHOBBI Pa3BUTHS CUCTEMBI pe-
TMOHAJIBHBIX TPAaHCHOPTHO-JOTMCTUYECKUX LEHTPOB (Ha mpumepe PecrnyOmumku
Kazaxcran): aBroped. aucc. Ha COMCKAaHUE Y4Y. CTENEHU KaHJ. SKOH. HayK:
08.00.05. Munuck, 2009. 23 c.

2. Jlobanoe H. b. TpaHCHIOPTHO-JIOTUCTHYECKHE IICHTPHI: 3apyOeKHBIH
omeiT. URL: http://www.lobanov-logist.ru/library/355/57650

3. Jlyk’simosa O. M., Kpusyyn /]. FO. CBITOBHIA TOCBIJ Ta IEPCIICKTHBH PO3-
BUTKY TPAHCIIOPTHO-JIOTICTUYHOI cucTeMu YKpainu // ExkoHOMika Ta CycHiibeT-
BO: €JIGKTPOHHE HAayKoBe BHJAaHHS MyKadiBCbKOI'O JI€PXKaBHOI'O YHIBEPCHUTETY.
2018. Ne 18. C. 166-171. URL: http://www.economyandsociety.in.ua/journal-
18/25-stati-18/2231-luk-yanova-o-m-krivtsun-d-yu

4. TpaHCIOPTHO-JIOTMCTUYECKUE LEHTphl: 3apyOexHbiii ombiT. URL:
http://www.elc-ua.com/ru/news/60

5. llonaxosa O. M., lllpamenxo O. B. CyuacH1 TeHJIeHLIi PO3BUTKY TpaHC-
MOPTHO-JIOTICTUYHOT 1HPPaCTpyKTypu B YKpaiHi 1 cBitTi // [Ipobaemu TpaHcmnopt-
Horo komIuiekcy Ykpainu. 2017. Ne 58. C. 126-134.

6. llonaxosea O. M., Conomnixog I. B. TlepenymoBu (hopcyBaHHSI Mepexi
MYJIbTUMO/IAJIbHUX TPAHCIOPTHO-JIOTICTUYHUX LIEHTPIB B YKpaiHi // BicHuk exo-
HOMIKH 1 mpomucioBocTi. 2015. Ne 34. C. 217-222.

1. Ilanvnuxosa E. H. MeTopl TOBBIIICHUS] KOHKYPEHTOCITIOCOOHOCTH aBTO-
MOOMIIBHOTO Tpy30Boro Tpancropta // Monono# ydensrid. 2016. Ne 10. C. 809—
814. URL.: https://moluch.ru/archive/114/29633

208 ISSN 2521-6643 Cucremu ta TexHosorii, Ne 2 (58), 2019



8. Casenko C. B. Pa3BuTHE TPaHCIIOPTHO-JOTUCTUYECKHUX IIEHTPOB B €BPO-
neiickom perumone. URL: http://transportinform.com/315-razvitie-transportno-
logisticheskihcentrov.html

9. Kysbmenxo A. B. JlocBia Ta 3aKOHOMIPHOCTI ()OpMyBaHHS CBITOBOI TpaH-
CHoOpTHO-JOTicTUYHOI iHppacTpykTypu // HaykoBuit ormsig. 2015. Ne 7. C. 5-18.

10. Tapnascvka H. I1., Cusax P. 5. Oprani3zauniiifi Ta iHppacTpyKTypHi 1e-
pPEIyMOBH CTBOPEHHS MIKHAPOJHOTO JIOTICTUYHOTO IeHTpY // biznec-Iadopm.
2016. Ne 13. C. 29-35.

11. Hlupsesa JI. B., Kosepenxo I. A. TlepcrieKTUBHA PO3BUTKY JIOTICTUYHUX
IIEHTPiB B YKpaiHi Ha OCHOBI €BpOIEHCHKOI Ta a3iaTchKoi mojenel // BicHuk
CXiIHOYKpaTHCHKOT'O HAIIIOHAJILHOTO YHIBepcuTeTy iM. Bomoaumupa Jans. 2017.
Ne 4 (146). C. 74-81.

12. Manopa B. B. Ananiz CBITOBOTO JOCBiAYy YINpaBIiHHS TPAaHCIIOPTHO-
norictuyHuM HeHTpoM // ExoHomiunuit anami3. 2016. Ne 2. C. 92-97.

13. JlepxaBHa ciyx0a craructuku Ykpainu. URL: http://www.ukrstat.gov.ua

References:

1. Tylendiev E. E. (2009), Nauchno-metodicheskiye osnovy razvitiya siste-
my regional’nykh transportno-logisticheskikh tsentrov (na primere Respubliki Ka-
zakhstan) [Scientific and methodological principles of the development of the
system of regional transport and logistics centers (on the example of the Republic
of Kazakhstan)”]: Ph.D Thesis: 08.00.05. Minsk, 23 p. [Belarus].

2. Lobanov N. B. Transportno-logisticheskiye tsentry: zarubezhnyy opyt
[Transport and logistics centers: foreign experience], available at:
http://www.lobanov-logist.ru/library/355/57650 [Russia].

3. Luk’yanova O. M. and Kryvtsun D. Yu. (2018), “Svitovyy dosvid ta per-
spektyvy rozvytku transportno-lohistychnoyi systemy Ukrayiny” [“World experi-
ence and prospects of development of transport and logistics system of Ukraine™],
Journal Ekonomika ta suspil stvo [Economy and society], electronic scientific edi-
tion of Mukachevo State University, vol. 18, pp. 166-171, available at:
http://www.economyandsociety. in.ua/journal-18/25-stati-18/2231-luk-yanova-o-
m-krivtsun-d-yu [UKraine].

4. Trancportno-logictuchni centru: cvitovui dosvid [“Transportation and lo-
gistics centers: foreign experience”], available at: http://www.elc-ua.com/
ru/news/60 [Ukraine].

5. Polyakova O. M. and Shramenko O. V. (2017), “Cuchasni tendentsiyi
rozvytku trans portno-lohistychnoyi infrastruktury v Ukrayini i sviti” [*“Modern
tendencies of development of transport and logistics infrastructure in Ukraine and
in the world”], Journal Problemy transportnoho kompleksu Ukrayiny [Problems
of the transport complex of Ukraine, vol. 58, pp. 126-134 [Ukraine].

ISSN 2521-6643 Cuctemu Ta texnosorii, Ne 2 (58), 2019 209



6. Polyakova O. M. and Colomnikov I. B. (2015), “Peredumovy forsuvann-
va merezhi mul’tymodal 'nykh transportno-lohistychnykh tsentriv v Ukrayini”
[“Prerequisites for the formation of a network of multimodal transport and logis-
tics centers in Ukraine”], Journal Visnyk ekonomiky i promyslovosti [Bulletin of
economy and industry], vol. 34, pp. 217-222 [Ukraine]/

7. Pal'nikova Ye. N. (2016), “Metody povysheniya konkurentosposobnosti
avtomobil'nogo gruzovogo transporta” [“Methods of increasing the competitive-
ness of road freight transport”], Journal Molodoy uchenyy [Young scientist], vol.
10, pp. 809-814. URL https://moluch.ru/archive/114/29633/ [Russia].

8. Cavenko C. V. Razvitiye transportno-logisticheskikh tsentrov v yevrop-
eyskom regione [Development of transport and logistics centers in the European
region], available at: http://transportinform.com/315-razvitie-transportno-
logisticheskihcentrov.html [Belarus].

9. Kyz’menko A. V. (2015), “Dosvid ta zakonomirnosti formuvannya svi-
tovoyi transportno-lohistychnoyi infrastruktury” [“Experience and patterns of
formation of world transport and logistics infrastructure”], Journal Naukovyy
ohlyad [Scientific Review], vol. 7, pp. 5-18 [Ukraine].

10. Tarnavs’ka N. P. and Syvak R. B. (2016), “Orhanizatsiyni ta infra-
strukturni peredumovy stvorennya mizhnarodnoho lohistychnoho tsentru” [“Or-
ganizational and infrastructure prerequisites for the creation of an international
logistics center”’] Journal Biznes—Inform [Business-Inform], vol. 13, pp. 29-35
[Ukraine]

11. Shirayeva L. V. and Kozerenko 1. A. (2017), ”Percpektuvu rozvutky
logictuchnogo centry v Ykraine na ocnovi Evropeickoi ta aziatckoimodekeu”
[“Prospects for development of logistics centers in Ukraine based on European
and Asian models”] Journal Vicnuk Cxidnoykrainckogo nacionalnjgo ynivercitety
V. Dalay [Bulletin of the East Ukrainian National University named after Vladi-
mir Dahl], vol. 4 (146), pp. 74-81 [Ukraine].

12. Mandra V. V. (2016), “Analiz svitovoho dosvidu upravlinnya
transportno-lohistychnym tsentrom” [“Analysis of the world experience of man-
agement of transport and logistics center”], Journal Ekonomichnyy analiz [Eco-
nomic analysis], vol. 2, pp. 92-97 [Ukraine].

13. Derzhavna sluzhba statystyky Ukrayiny [State Statistics Service of
Ukraine], Official site, available at: http://www.ukrstat.gov.ua/ [Ukraine].

210 ISSN 2521-6643 Cucremu ta TexHosorii, Ne 2 (58), 2019



Ilanoeni agmopu!
IIpocumo BpaxoByBaTH TaKi BUMOIH /10 PYKONMCIB cTaTei i mopsaaky
iX mogaHHs 10 APYKY

1. IpuitmaroTecst poOOTH, HANKCAHI YKPATHCHKOIO, POCIiCHKOI0, AHIJIIICHKOK MOBAMM,
o6csirom 0,5—1 aBT. apk.

2. Pykomnuc cTaTTi IOBUHEH MaTH TaKi €JIeMEHTH:

— Ha MMOYATKy CTATTI aHIJIiChbKOI0 MOBOI: TIPI3BHIIE iHIIIAIH aBTOpa, HA3Ba CTATTI,
aJipecHi naHi aBTOpiB (Ha3Ba yCTaHOBH, 3aKIajay, BiJloMYa HAJIEKHICTh, ajpeca OpraHizailii,
MICTO, KpaiHa), po3IIupeHa aHIII0MOBHa aHoTauis (Bi7 1800 3HaKiB), KJIFOYOBI CIIOBA, IPU-
CTaTelHi CIIMCKH BUKOPUCTaHUX JUKEPENl Y pOMaHChbKOMY an(aBiTi (JIAaTHHULIEIO);

— npi3BuIle TA iHIiaau aBTOPa, HAYKOBU CTYNiHb, OCaAa (YKP. MOBOIO);

— Ha3Ba cTaTTi (YKPaiHCbKOI0 MOBOIO);

- YIK;

— aHoTallisi yKpaiHCHKO0I0 MOBOIO (3—5 psiAKiB);

— OCHOBHHU TEKCT CTATTI;

— CIMHCOK BHKOPHCTAHNUX J’KepeJl.

3. OCHOBHHUI1 TEKCT CTATTIi CKIIQIAETHCS 3 TAKUX CTPYKTYPHHUX €JIEMEHTIB:

Kuaroudosi cioBa (4-5 cJiB).

IMocTtanoBka mpod.JiemMu.

AHani3 oCTaHHIX J0CaiKeHb i my0Jikaniii.

Mera cratTi.

Buxnan ocHOBHOTo MaTepiauy.

BucHoOBKM 3 1aHOT0 J0C/IiIKeHHS i NepCNeKTHBH MOAAJBIIUX PO3BIIOK Y TaHOMY
HanpsAMi.

Cnucok BUKOPHCTAHUX AKepes1 ohopmittoeTses Binnoiano no JCTY 8302:2015.

3a3HaveHi eIEMEHTH BUAUIAIOTHCS B PYKOIHCI HAMIBKMPHUM HIPUQTOM.

4. Crarts Mae OyTH HaOpaHa B TEKCTOBOMY pemakTopi Microsoft Word. Tlomns 3 ycix
ctopid — 20 mm. Hlpudt — Times New Roman 14 3 intepBanom 1,5.

[Mocunanust Ha JiTepaTypy 3IIHCHIOIOTHCS Oe3MOocepeHbO B TEKCTi. Y KBaJApaTHHUX
Iy’KKax 3a3Ha4aeThCs MOPSIKOBHI HOMEP BUKOPUCTAHOTO JDKepesia B OPSIOKY 3raTyBaHHd, a
gepe3 KoMy — KOHKPETHA CTOPIiHKA.

5. Jlo peaakii moaarwThCs:

— nanepoBuUii BapiaHT cTaTTi 3a miAnmucom aBTopa;

— eJIEKTPOHHUI BapiaHT CTATTi;

— 3aBipeHa pelleH3ist JOKTOpa 200 KaHAWAATa HAYK BiAnoBigHOTO npodiio (kpim
BHNAJIKIB, KOJIH aBTOP caM Ma€ HAYKOBHIi CTYNHb JOKTOPA HAYK);

— JOBiKAa PO aBTOpa YKPATHCHKOIO MOBOIO (ITPi3BHINE, iM s, MO OATHKOBI TIOBHICTIO,
oprasizariisi, ocaja, ajpeca, HayKOBHI CTYIIiHb, BUCHE 3BaHHS, KOHTAKTHI TEJIC(OHH, CIICKTPOHHA
azapeca).

Iepeapyk mMaTepiaiiB JO3BOJISIETHCS JIHIIE 38 MUCHMOBOT 3TOIH PEAAKIIii.

Marepianu, o myOTiKyFOTECS, BiIOOpaKaroTh TMO3HIO aBTOPA, SIKAa MOXKe He 30iraTucs
3 MOTJIAAOM pefakiii. 3a JOCTOBIPHICTh (DAKTIB, CTATUCTHYHHMX JAHUX Ta iHIIOI iH(popmaril
BIIMTOBIAANBHICTH HECE aBTOP.

Penaxkiis 3anmuiae 3a co60r0 MPaBoO HAYKOBOTO Ta JITEPATYPHOTO pelaryBaHHs CTaTel
0e3 101aTKOBOI KOHCYJIBTAIII] 3 aBTOPOM. JIMCTYBaHHS 3 YNTaYaMH BEJETHCS JIUIIE HA CTOPIHKAX
KypHaIy.
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